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OBPAIIEHVE PYKOBOJIOUTEIA
APOCITABCKOT'O TOCYJAPCTBEHHOTI'O TEXHUYECKOTO YHUBEPCUTETA
KYNTATEIAM

YBakaemble xojuieru!

I[TepBblit HOMep XypHana «OT XuMMM K TeXHOIOTHM 1Iar 3a marom» / «From Chemistry
Towards Technology Step-By-Step» BkmouaeT paboTbl, Kacarolmecss CMHTe3a OpPraHNYeCKIX
COEIVHEHMII ¥ TeXHOJIOIMII UX TIOTy4eHM s, HeOOXOAMMBIX JyIA CO3IaHNA HOBBIX MaTepUasIOB,
IIPVMEHSIEMBIX B PA3INYHBIX 00/TaCTAX HAYKM M TEXHVUKIL.

XuMns 3aTparuBaeT Bce cepbl )KIM3HM JIIOJEH, ¥ CETONHSA TPYAHO HANTY TaKyl0 OTPacib
IPOMBIIIIEHHOCTY, I7je He UCII0/Ib30BaINCh OBl COBpEMEHHbIE JOCTVDKEHIA XMMUY, He IIpUMe-
HSUIUCD OBI ee 3aKOHBI, OIIpefie/IAIoIie TOCTyIIaTe/IbHOe ABIDKeHMe obuiecTBa. HayyHo-TexHu-
JeCcKIII IPOTpecc HeBO3MOXKEH 6e3 pa3yMHOI0 OTHOLIEHNA K IPUPOHBIM pecypcaM, OpraHMu-
3aIlMy TPaMOTHOTO MOIXOJ2 K PelIeHNI0 SKOOTYecKuX mpobneM. OH HeMbICuM 6e3 co3fia-
HIIS1 KOMITO3VIIMIOHHBIX MaTe€pUaIOB ¥ pa3pabOTKM MHHOBALVOHHBIX TEXHNYECKNX pelIeHMNIT,
METO/IONIOTUYECKMX OCHOB MCC/IEJ0BAaHNA NUIIEBOTO ChIPbs, palllIOHA/IBHOTO MICIIO/Ib30BaHUA
obopynoBanusA. Bce aTu pemeHns OTHOCATCA K 007IaCTV XVIMUY U XMMIYECKOJ TeXHOIOTHIL.
Bripakaro Hamex/y, 4TO OHU OYAYT CIy>XKUTb IPefMETOM IIOCTOSHHBIX JJUCKYCCUII B HOBOM
JKypHasle, ¥ 3TO NPUBEJET K POCTY €T0 1L[e/IeBOIT ayAUTOPUIL.

JKemaro HacroAmeMy Hay4HO-TEXHMYECKOMY U3NAHUIO [UHAMUYHOTO PasBUTUA

Y HEYKJIOHHOTO TIOBBIIIEeHNA PeATHNHIa!

I.o0. pexropa Enena CrenaHoBa
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OBPAIIEHME
I'TABHOI'O PEJAKTOPA
KYNTATEIAM
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YBakaemble untatenn!

[TpoxBuyxeHMe BIIepef B HAYYHOI cdepe 3a4acTyI0 CPABHUBAIOT C HEOOXOAMMOCTBIO IO -
HIUIMAaTbCA I10 3CKAATOPY, ABVKYLIEMYCSA BHU3 U HE ITO3BO/IANIOLIEMY OCTAHOBUTBCA JaXke Ha
MrHOBeHMe. B 310l cBA3KM pefakumMoHHasA Komuerusa XypHama «OT XuMuM K XMMWYECKON
TEXHOJIOTMM: LIAT 33 IIarOM» BBIPa)KaeT HaMIEXKTY, YTO €r0 COfeprKaHMe CTaHeT I XUMUKOB-
TEXHOJIOTOB MICTOYHVIKOM BIOXHOBEHNA 1 6€CKOHEYHOTO NHTEpeca K TOCTVDKEHMAM COBPEMeH-
HOJ HAYKI, IIOC/TY>KUT CTUMY/IOM K Ia/IbHENIIEN HayYHO-MCCIEeL0BATENbCKOM EATEIbHOCTI.

He cexpet, 4T0 MHOTME HayYHbIE Pe3y/IbTaThl MUPOBOIO YPOBHA CO3JAIOTCA Ha CTBIKE
HayK 1 TexHOoormit. IloaTomMy npencraBieHHbI Ha CyJ| YATATe/NEN XMMUKO-TEXHOIOTMYECKII
JKypHa/ ABIAETCA MYIbTUAMCIMIUIMHAPHBIM. B ero 3saja4uy BXOgUT IeMOHCTpals COBPEMEH-
HBIX JOCTVDKEHWII (YHZAaMEHTAIbHBIX M IPUKIANHBIX UCCIENOBAHUII B HEOPraHMYECKOI,
OpTaHMYeCcKO 1 GU3NIECKOI XMMUY, OVOXVMIY ¥ CMEXXHBIX JVICHUIUIVH, a TAK)XXe Pa3IIHbIX
06/TacTAX XMMIYECKO TeXHONIOTUIL.

XoyeTcs BepUTb, YTO HACTOAIIee U3faHNe OyIeT BCeMEPHO CIIOCOOCTBOBATH PAa3BUTHIO
HAayYHOJ MBIC/IM ¥ IOCTY>XUT IUIOIIA[KOM I/ OOCY>K[EeHNUA HOBBIX MJEN ¥ OPUIVMHAIbHBIX
TeXHNYECKMX PelIeHN ], OTpele/AI0INX IPOTrPecc COBPeMEHHOTO obIecTBal

C yBaXeHMeM, ITITaBHBII PeJAKTOP XXypHasa — e
neiictBuTenbHbIN wieH PAEH, n.x.H. 2 ‘V\’ ( npod. [1.b. bepesun
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BBengenue

B mocrmemHue HECKONBKO HECATWIETUII MCCIe0BaTe/IAMI PasHBIX CTPaH MUpa IPOBO-
IUTCA MHTEHCUBHOE VI3y4eHe MaKPOTeTePOLMK/INYEeCKIX COeAMHEHUI PAa3IMIHOTO CTPOSHNA,
B IIEPBYIO OYepeab — NOpGUPIHOB U UX aHaIOroB [1-9]. Mornexyna mpocreiiiiero noppupnaa
- nop¢dmHa (1) - npeacrasisgeT codoi 18-37eKTPOHHYI0 ApOMATUYECKYIO 7T-CUCTEMY, COCTOS-
I[YIO U3 YeThIpeX IMMPPOIbHBIX KOJIEll, COeIMHEHHBIX MeXy coboit MeTnHOBBIMU (=CH-) Mo-
crukamn. [Top¢puH MOXXKHO paccMaTpuBaTh KaK IMPOAYKT OKMCUTE/IbHON KOH/IEHCALIUY YeThl-
Pex MOJIEKy/I IMPpoJIa ¢ YeTIpbMA MoeKyiamu ¢popmanbaerusa. OH AeiiCTBUTETBHO MOXKeET
OBITD ITOJTyYeH U3 Ha3BaHHBIX COEVIHEHNII, OfTHAKO 00pasyeTcst C HU3KMM BBIXOIOM BCETO IO-
panka 1-2% [1-4]. [Topdupunamu (H,P) HaspIBaoT IpogyKThl 3aMellieHNsA aTOMOB BOJOPOZa
Ha nepudepuy Makpouukia nopduHa, nmo P-monoKeHUsAM (B NUPPOIBHBIX KOJbIAX)
VULV TIO Me30-TIOTIOKEHNAM (II0 MeTVHOBBIM MOCTMKAM MEX/y PPOIbHBIMI KOJIbLIAMI); U3-
BECTHBI TaKXXe MOPQUPUHBI CMEIIAHHOTO THUIIA 3aMeIleHNs, KOT[a 3aMeCTUTENN MMEIOTCs
U B f3-, U B Me30-II0/I0>KEHMSIX MOJIEKY/IbL. B HacTosIee BpeMs M3BECTHO OOJIbIIIOE YMC/IO IPU-
POMHBIX U CUHTETHYECKUX IOP(UPIHOB, a TAKKE VX aHAJIOTOB — IOPPUPUHON/OB, COCNMHE-
HUI, popcTBeHHBIX H,P, oTmyaronuxcs ot, co6CTBEHHO, TOPGUPUHOB CTPOEHNEM BHEIIIHETO
KOHTYpa MaKpOIMKJIA VI/VIM BHYTPeHHe! KOOPAMHAIVIOHHON IOJIOCTY MOJeKynbl [10-14].
VHTepec K 9TUM COeVHEHMIM M3Ha4alTbHO 00YC/IOB/IEH UX OOJIBIIOI OM0TOTMYEeCKOIl BaXKHO-
CTBIO B IPMpPOJie — K MOpGUPIMHAM OTHOCATCA I'eM KPOBM U XJIOPOIIII 3€/IEHOTO JINCTA, TI0p-
¢GUpMHOBBIN QparMeHT HPUCYTCTBYeT B COCTaBe HEKOTOPBHIX (pepMEeHTOB (HampuMmep, LUTO-
XPOMOB, y4acTBYyWIIMX B IuKie Kpebca u obecrieunBaromyx KI1eTo4HOe AblxaHue) (2, 5-7].
[To3pHee BBIACHMIOCH, YTO He TO/IBKO IPUPORHBIE, HO 1 cuHTeTn4Yeckue H,P obnamator nHTe-
PEeCHBIMM IIPUKIATHBIMM CBOVICTBAMM M MOTYT HAiiTH IPUMEHEH)e B Pa3/IMYHbIX 00/TacTAX —
KaTa/nuse, MeIMIVHe, IPOM3BOJCTBE ONTIYECKUX MAaTePIaNIoB, CEHCOPOB, IIOTYIIPOBOJHIKOB,
INUTMEHTOB 1 T.1. [5, 15, 16]. Cno>xHOCTb poBeneHus cuHTe3da H,P u poxcTBeHHBIX coepuHe-
HUJI B IPOMBIIIIEHHOM MacIuTabe ABJAeTCA (aKTOPOM, CYIIeCTBEHHO OTPaHNYMBAIOLIVIM
UX IMpoKoe MpuMeHeHne. OTHAKO MHTepecC K Mop¢dupIMHAM U X aHaJIoraM He yracaet (puc. 1),
Y CMHTE3VPYIOTCS HOBBbIE IIPE/ICTAaBUTENN ITOTO K/IAcca COeAVHEHMI, 00/Iafaolye YHIKAIb-
HBIM Hab0OpPOM CBOJICTB [6, 7].

[Topdun, 1 Koppor, 2 Koppus, 3

[Topoit gaxke He3HAUNTENbHASA MOAMQPUKALNA YITIEPOJHOTO CKe/leTa MaKpOIVK/IA, BHYT-
pEHHell KOOPAVHAILMOHHON NONOCTY WM Iepudepun MOJNEKYIbl IPUBOAUT K BecbMa

10



OT XAMWU K TEXHOJIOTHW [ITEARETNTIEANVE TOM 1, BbINYCK 1, 2020

CyllleCTBeHHOMY M3MEeHEHMIO CBOMICTB coefiuHenusA. OTHUM U3 Hanbosiee SIpKIUX IPUMepPOB, UI-
JIOCTPUPYIOIMX CIIPaBeIMBOCTD STOTO YTBEP)KJEHMsI, ABJIAETCA XUMUA KOppoyoB [12, 16—
33].

Kopponer, 2 (HsCor) - 970 TeTpanuppobHble MaKpOIK/IYecKye TopupruHONono6-
HbIE€ COeIVTHEHMN A, COJi€PIKAlVIe HAPALY C TPEMA Me30-METVHOBBIMY MOCTUKAMI OIHY NPAMYIO
CBA3b NMPPON-NIMPPOJI 33 CYET OTCYTCTBYA aTOMA YITIEPOZA B OTHOM M3 Me30-II0JI0KEHNIT MaK-
ponukia. GakTUIECKy, KOPPOJIbI MOTYT PaCCMAaTPUBATHCA KaK IIPOMEXYTOYHOE 110 CTPYKType
3BEHO MeXZy mop(upuHaMy ¥ KOPpUHAMH - COCANHEHNAMY, POJCTBEHHBIMY BUTAMIHY Bia.
YrnepomHbIl CKeJleT MOJIEKY/IbI KOPPOJIOB aHAJIOTMYeH TAKOBOMY Yy KOPpPMHOB (3), ofHAKO B
OT/IN4¥e OT KOPPMHOB U TOff06HO TOpPMpPpIHAM, KOPPOJIBI ABIAIOTCA apOMATUIECKIIMIU COEMIM-
HeHusAMH |14, 34].

VccnepmoBanus [3-OKTaalKMI3aMelleHHbIX KOPpO/IOB ObumM HavaThl B 1965 1. [35].
OTU COenVHEeHN BBI3BA/IV MHTEPeC YIEHBIX O/1arofaps CXOACTBY YITIEPOJHOTO CKe/leTa MoJie-
KYyJIbI C KOpPMHOBBIM AJPOM B COCTaBe MOJIEKY/IbI BuTaMuHa Bi,. Kopponbl paccMarpuBanuch
KaK BO3MOJKHBIE CMHTETMYEeCKMe IpefIIeCTBEHHVKN I MoMydeHusa Kobamammua. OgHaKo
IIOIBITKY CMHTe3a BUTaMMHa Bi, 13 KopposoB He yBeH4anuch ycnexoM. bonee toro, monydenne
CaMIX KOPPOJIOB OKa3ajloCh JIeJIOM BeCbMa TPYHOEMKUM B CIUJIy OTCYTCTBUA OTpabOTaHHBIX,
3apeKOMEH/JOBABIINX Ce0sl CMHTETUYECKIX METORUK M KOMMEPUYECK! HOCTYIHBIX PEaKTVBOB.
[Tostomy BrioTh mo cepenybl 1990-X Tofj0B XMMMs KOPPOJIOB He IpuBJIeKana K cebe 60/1b-
IIOTO BHYMAHMAL.

B 1993-1994 rr. 6pUIM NIpeyIO>KeHBI METOZBI CMHTEe3a KOPPOJIOB B BUJje KOMIIIEKCOB
¢ xobanbroM n TpudenmndocdrHOM, 061X CMEIIAHHBIM TUIIOM 3aMeljeHus [36, 37],
OJJHAKO KOPEeHHBIM 00pa3oM CUTyauMs N3MEeHIIAch B 1999 r., Korga B muTepaType MOSBUINICH
IepBbIe COOOIIEHNS O CHHTe3e Me30-3aMell|eHHbIX KOPPOJIOB, He COflep KaIllX 3aMeCTIUTeTIeN
B f-nonoxeHusx Mmonekyn (38, 39]. HoBas cTpykTypHas rpymma coefjMHEHMIT OKa3aaach
ropaszo 6ojee IETKOZOCTYITHO CMHTETIYECKH, YTO CIIOCOOCTBOBAZIO HOBOMY BCIUIECKY MHTE-
peca K XumMmy KopponoB. Tak, K HacTOsAIeMy MOMEHTY IIO HaHHBIM MEXIyHapOJHON 6a3bl
120, Kox-so PubMed exxerogHo ny6nmkyercs Kak

Oy DIHKAHA

MVHUMYM HECKOJIbKO HOECATKOB CTa-

100/ Teil 1O HaHHOW TeMmarmke (puc. 1),
npu4éM 3Ta 6asa yIUTHIBAET TOIBKO
801 CTaTbU MEJUILIMHCKOTO COJepPIKaHNs
(ob1jee KOMMYECTBO MyONMMKALMIT HA

60-
caMoM fieste 6osblie). BoIacHUIOCH,

“0 g0 H3Cor npesocxopar H,P Bo MHO-

I'MX OTHOUICHMAX, I''TAaBHbIM O6p&30M,

20, II0 CTaOWJIBHOCTM ¥ PpeaKIL[MOHHOII

CIIOCOOHOCTY KOMIITIEKCOB C rnepe-

XOOHBbIMIM META/IZTAaMU B BbICOKUX CTE€-

0 : : : : .
1990 1995 2000 2005 2010 2015 2020
Fomer MeHAX oKmucaeHmsa [21, 22, 25, 27].

Puc. 1. ExeroHoe 4uciIo myGIUKaLHii 10 TEMATHKE COTTIACHO Crabmnmsanyio HeOOBIYHDBIX CTere-

nanaeiM PubMed (1 — mouck 1Mo KITIOYEBOMY CIIOBY «corroley; Hell OKUC/IEeHUS METa/UIOB B KOM-

2 — IIOMCK 110 KJIFOYEBOMY CJIIOBY «porphyrinoid»
y Yy «porphy ) IIJIeKCax O6yC}'IOBHI/IBaeT TaKOe
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CBOJICTBO KOPPOJIOB-/IMTAaH/OB, KaK HEVHHOLIEHTHOCTb — BO3MOXKHOCTb OOpaTVMOro 0OMeHa
57IEKTPOHOM MEX/Iy MeTa//IOM-KOMIUIEKCOOOpa3oBaTeeM I IMTaHAOM. DT 3/1eKTPOHHbIE TIe-
Pexopbl MIPUBOJAT K VIBMEHEHMI0 (POPMAIbHOI CTENIeH) OKUCIEHNUA MEeTa/UIOLleHTpa U Iiepe-
XOJy IMTaHJA B pafjuKanbHylo popmy [26, 27, 31, 32, 40].

Oxkasanock, 4TO KOPpOJIbl 06/1aal0T HeOOBIYHBIMU (POTOPUINIECKUMY XapaKTePUCTH-
KaMM 11 MMeIOT BbICOKYI0 NH-KICTOTHOCTD, @ B Bifie KOMIUIEKCOB IIPOSIB/IAIOT KaTaIUTUIeCKIe
CBOJICTBA B psfie NIPOIIECCOB, TAKMX KaK TMPOKCUIMPOBAHIE M SIIOKCUAVPOBaHIe OpraHmye-
CKMX CyOcTpaTroB, oOpa3oBaHMe a3VPUAMHOBBIX IIPOM3BOAHBIX, IIEPEHOC  TPYII
C OffHOTO cyOCcTpara Ha pyroii, okucnenne GpocdmHoOB 1 MOHOOKCHUAA yrneposa u T.1. Co3/aHbl
MOJIe/Yl CEHCOPOB Ha OCHOBE KOPPOJIOB I PeIleHNMsI MeANLMHCKMX U 9KOIOTMYEeCKIX 3aad.
Kopposbl MOTYT 1CIIONIb30BaThCA B ITpOIieccax peodpa3oBaHs CBETOBOI SHEPTUY B 3I€KTPU-
YeCKYI0 B KauecTBe KOMIIOHEHTa COJTHEYHBIX 6aTapeii. [lepCcreKTMBHBIM SIB/IAETCA IPUMEHEHIe
KOPPOJIOB JyIsI AMArHOCTUKYU ¥ (POTOAMHAMUYECKON Tepammy OIyXOJIeil, a TAKXKe B KayeCTBe
MHAKTVBATOPOB aKTVBHOTO KJC/IOPOJa M €r0 IIePOKCUAHBIX popM B opranusme [13, 15, 16, 22].

[TomuMmo Hambosee TUIMYHBIX PeaKLMil KMCTOTHO-OCHOBHOTO B3aVIMOJIE/ICTBMSI I KOM-
wiekcoobpasoBanus, st HsCor o6Hapy>xeH psf peakiyii Ha mepudepuy MaKpoIKiIa, Majio-
xapakrepHbIxX s HoP. Kpome Toro, maxke B 06mux ¢ moppupuHaMy peakuysax MOBefeHNe
KOPPOJIOB IMEET MACCy 0COOEHHOCTe. DTO 06CTOATEHCTBO B COUYETAHNM C IIOBBILIIEHHON XN~
MIYECKOJ1 aKTUBHOCTBIO KOPPOJIOB e/IaeT UX O HUM Y3 Haubojiee MHTEPECHBIX B XMMMUI MaK-
POreTepOLKINYECKIX COeIUHEHNIT 00 BEKTOB MCCIIeOBAHMIL.

OTnnunTeNbHbIE CTPYKTyPHBIE 0COOEHHOCT KOPPO/IOB KaK apOMaTU4YeCKUX MaKpo-
reTeponMKIOB. MHOroo6pasue CTpyKTypHBIX IPYIIII KOPPOIOB

C nmpuMeHeHNeM COBOKYITHOCTH CIIEKTPATbHBIX, CTPYKTYPHBIX U IPYTUX PU3NKO-XIMMI-
YeCKMX MEeTOZIOB ObIIO BBIICHEHO [18, 19, 24, 26-28, 30, 32, 33], uro H;Cor obnapatoT psagom
0COOEHHOCTEI TeOMETPUYECKON ¥ 7T-9JIEKTPOHHON CTPYKTYphI, oTIM4ammux ux or H,P
O/IM3KOTO CTPOEHMA.

1. BBuay oTCyTCTBMA aToMa yI7Iepofia B OJHOM U3 Me30-TI0JI0KEHNUIT MaKpOLIMK/IA B MO-
nekyne H;Cor BosHMKaeT mpsAmas cBaA3b, coeguHAomasg C, — C,-IONMOXEHUA COCeIHUX
NUPPONBHBIX (PparMeHTOB. DTO NMPUBOAUT K COKATUI0 KoopamHanyonHoi momocty (KII).
PesynbpraToM sABIAETCA yMeHblIeHNe pasMepoB U TpaneneupanbHas ¢opma KII. Tak, ecnmu
B cnydae H,P ycpepnnéHHbII [MaMeTp KOOPAMHALMOHHON IIOJIOCTM COCTAaBJISET 2.91A,
TO KpaTdaiilllee pacCTOSIHIE MeXly BHYTPUIMKIMYECKMMI aToMaMu a3oTa B Mosnekyne HsCor
PpaBHO 2.53A [18]. Cxarne KII Breuér 3a co60it PAN IOCTIeACTBUIA:

- TT-371EKMPOHOU3OBIMOUHDLIL XapaKmep MAKPOUUKaa Kopponos. KommiecTBo m-3/1ek-
TPOHOB B apOMAaTI4YeCKOM KOHTYpe Y IOPPUPNHOB ¥ KOPPOIOB OAVHAKOBO, HO B IIOCTIETHEM
CIydae OHM pacIpefie/ieHbl MeX/[y MEHBIIUM YUCIOM Sp*-TnbpuaHbIX atoMoB [18, 41]. Ilpu
3TOM 3a CYET CHIDKEHUS CUMMETPUM MaKpoIKIa (B caydae cBOOOJHOrO jmuraHga) ot Do
y nop¢upnHoB 10 C; y KOPpOJIOB 7-371€KTPOHHASA INIOTHOCTD B MOJIEKY/IaX IIOCTIETHUX pacIIpe-
Jile/ieHa HepaBHOMEPHO, a Cq — Co-OMIMPpPONbHEBLL pparMeHT MOJIEKY/IbI OOBIYHO SIBIIAETCS
6os1ee 3/71eKTPOHONM3OBITOYHBIM 110 CPABHEHMIO C AUIIVPPOMETEHOBBIM (GparMeHTOM, 4TO IpU-
BOZIAT K BO3HMKHOBEHMIO 3HAYUTEIBHOTO OUIIONBHOTO MOMeHTa [18, 26]. B cBo10 ouepenp,
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HepaBHOMEPHOCTb 7T-COTIPsKEHNSA CBUMIETENbCTBYET O HEKOTOPOM CHVDKEHMM apOMATUYHOCTH
makpouukira H;Cor o cpaBuenuto ¢ H,P [18, 33];

- MPUAHUOHHOCMb MAKPOUUKIA KOPPOIO6 ¢ KOOPOUHAUUOHHOL NOTOCMBIO CO-
cmaeéa N,H;. Taxoil aTOMapHBINI COCTaB KOOPAVHAIMOHHON IIOIOCTY, HEOOXOMVIMBIA IS
COXpaHeHNA apOMATUIHOCTY MOJIEKYJIbI, CHOCOOCTBYeT cTabumm3anyy 6ojee BBICOKNUX CTeIe-
Hell OKUC/IeHV I METaJ/UIOB B COCTaBe KOMIUIEKCOB KOPPOJIOB IO CPAaBHEHUIO C ITOPPUPUHAMI,
VIMEIOIVIMY IBYXaHMOHHBIN KOOPAVHALMOHHBIN eHTp [19, 24, 26-28, 30, 25, 42]. K Hacros-
IIeMy BpeMeH! 13BeCTHBI KOMIUIEKCHI Kopponos ¢ Mn'Y u Mn" [28, 33, 43-46], Fe'", Fe'¥ u Fe"
(19, 27, 42, 43, 47-52], Co! [36, 53-56], Nill [18, 27, 57], Cull [57-62], Ag" [63, 64], Au™ [65]
U T.0. B Tex cimyuasx, Korja cTeneHb OKMC/IEHNSA MeTa/la B COCTaBe KOMIUIEKCA He SIBJIAEeTCS
CTaOM/IBHOJ, BO3MO>KEH BHYTPUMOJIEKY/ISIPHBIN IIEPEHOC 3JIEKTPOHA M3 MaKPOIVK/INYECKON
T-CUCTeMBbl Ha d-opOuTanb MeTalla — TakKuM O0OpasoM peanns3yercss TaK HasbIBaeMas
HEeMHHOIIEHTHOCTD JIMTAH/[a KOPPOJIA, T.€. KOPPOJIBI ABJIAIOTCSA peOKC-aKTBHBIMY JINTAHAAMUI
(26, 27, 40, 43, 57, 60, 66);

- cyujecmeennoe obnezuenue N-NH-maymomepuu [14]. OHO 00yC/IOBI€HO IPOCTpaH-
CTBEHHBIM COMVDKEHVEM BHYTPUIVIK/INYECKMX a3a- ¥ MMMHO-LIEHTPOB B MOJIEKyJIe KOpPpOJIa.
Ecmu B cmyuae H,P sHepreTnuecknit 6apbep MeXmy mapoit Hanbosee CTabMIbHBIX TAYyTOMEPOB
COCTaBJIAET BEIMYMHY NOopAfKa 17 KKan/Monb, To B crydae H;Cor ananornynas Benn4yuHa He
npesblIaet 2,45 kkan/mMonb [30]. B mocienHee BpeMs ObIIO TOKAa3aHO, YTO KOPPOJIbI dhaKTIde-

CKM BCerja IPeNCTaBJIAIT co00/ cMecu cCHeKTpanbHO pa3nnyumbix N-NH-tayromepos

(puc. 2), cooTHOLIeHMEe KOTOPBIX 3aBUCKUT OT TeMIlepaTypsl [67-71]. IlockonbKy cTano us-
BECTHO, UTO 97IeKTPOHHAs 1 TeOMeTpudecKas CTPYKTypa TayTOMepOB KOPPOJIOB, a 3HAYNT, U UX
peakLMOHHas CIIOCOOHOCTDb CYIIeCTBEHHO OT/IMYAITCS, TO OONBIIMHCTBO KOMMYECTBEHHBIX
XapaKTePUCTUK, OMVCHIBAIOIINX PEAKLUVOHHYI0 CIIOCOOHOCTDh 9TUX COeAVHeHu [26, 32, 68],

ClIefyeT CHMUTaTh YCIOBHBIMMU.

R, Ry 2. IIns MeTa/mIOKOMIIJIEKCOB
s /H\“fiﬂ ,\r)ﬁ\%/ﬂ KOpPpO/IOB, HECMOTpPSA Ha CXKaTue
\{\,EN!; Hzi\JP ;’) {vcrils HN- 7 TI-CUCTEMBI U IlepepacIipefiesieHue

15 “’ Y 5_ o _15( ‘) 5_ o o
Rs3 ‘\,L_DﬁHE"]'A { Ry = Rs D%“':HH?'A )X R4 B HeM 3JIEKTPOHHOUN IMJIOTHOCTH,
\%}g {\V)S o J?‘\”)a XapakTepHa  IIPEeUMYIEeCTBEHHO
- 2 —_— IJIOCKasi CTPYKTypa, cmabo 3aBu-

csIas OT TUMA epudepuIecKoro
3aMemenusa [19, 27, 32]. CunbHo
Ra Ceo00pa3HO-HEIUIOCKUMM  SIB-
JIAOTCSL  JIAIIb MOJIEKY/IBI  KOM-
; 3 IIeKcoB Koppoynos ¢ Mepbio(11I)
[27, 58, 66], a pudnenue ms1 Kop-

A

w

1

N

.z
T
L
=

2

W N po/IoB BOOOIe He XapaKTepHO

T T [30, 72]. [ToMMMO KOMIIZIEKCOOO-
Puc. 2. NH-Tayromepus y cBOGOJHBIX TUTaHfIOB Me30-3aMelter- — Pa30BaHUA, K CeI000pasHOMy
HBIX KOppo7oB [71] VICKOKEHUIO CTPYKTYPbl MOJIEKY
H;Cor npuBoguT MX IPOTOHMPOBaHNE, YTO XapaKTePHO 1 /I HPOTOHMPOBaHHBIX popMm H,P
(18, 73]. OpgHako u B cy4ae CBOOOIHBIX JIMTAHJIOB Me30-3aMel[eHHBIX KOPPOJIOB MMEITCS
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OTK/IOHEHMA MOJIEKYII OT IVTAHAPHOCTHU, 9YTO ABJIACTCA PE3YIbTATOM BINAHNA OBYX IIPOTUBO-

IIOJIOKHBIX TEHJEHLIVI: C OFHOM CTOPOHBI — CXXATUA KOOPAMHALVOHHOW ITOJOCTY MAKpO-
LIVIKJIa, C IPYTOiT — 06/IeryeHnsi o6pa3oBaHus BOJOPOAHBIX BHYTpuMoneKynsipHbix NH-N cBs-
3ei1 [14, 71]. IlepBbli 13 Ha3BaHHBIX (PAKTOPOB AeCTAOMIN3NPYET IITAHAPHYIO CTPYKTYPY MaK-
POLIMK/Ia KOPPOJIa, BTOPOJI — HAIIPOTMB, CIIOCOOCTBYET e¥i. B uTore MoseKy bl CBOOOIHBIX /M-
raHyoB me3o-3aMelieHHbIX H;Cor mMeT «BOMHOOOpasHOe» VICKaKeHMe MaKpoluukiaa [71]

(puc. 3).

Kak u mopdupunel, xop-
POJIBI MOXXHO YCTIOBHO Pa3fenTh
II0 TUITYy BHELTHEIVK/TNYECKOTO 3a-
MeleHus Ha - (coen. 4-5), me3o-
(coen. 6-10) 1 MHOTOKpATHO (dexa-
, yHOeKd-) 3aMelLlE€HHble COefyIHe-

HUA, Hampumep, coex. 11 [29],

Puc. 3. «BonHOOOpa3HOe» MCKaKeHMe MaKpOLMKIa Koppona [71] a [0 XapaKTepy CTPYKTYpPHOTO
cxopcTBa ¢ gpyrumu Knaccamu H,P n nopouprnnonnos — Ha kopponasusel 12 (couetaHne se-
MEHTOB CTPYKTYpBI Koppoia u nopdupasuna) [42], TpuasareTpabeH30KOPpOIbI (CoUueTaHme
3/IEMEHTOB CTPYKTYpPBI Koppona u ¢ramounanuHa) [74, 75], usokoppoins! 13 (coueranne sne-
MEHTOB CTPYKTYpBI Koppona u ¢opuna) (76, 77], N-samemménusie kopponsl 14 [78], rerepo-
aToM3aMelléHHbIe KOPPOJIBL, IPIYEM BO3MOXKHO KaK BHEITHEIVIK/INYecKoe (110 Me30-I10TI0XKe-
HUIO), TaK ¥ BHYTPUIMKINYIECKOE 3aMellleHVieé aTOMOB COOTBETCTBEHHO YITIEpOZia M/IM a30Ta
pasnumunbiMy rerepoatoMamu (O, S, Se) 15 [19], nHBepTHpPOBaHHBIE KOPPOIIBI [79], KOPPOIIBI C
pacIIMpeHHOV KOOPANHAIMOHHO onocTbio 16 [80, 81] u T.1.

R, 4 Ris=Et, Y1.5=H;

5 R,=Rs =Et, Rys=Me, Y, s=H ~ N \
B R: 6 Ris=H, Y15=CsFs \ H H
Y, Y, 7 Ri.s=H, Y1-3=Ph; \
8 R1,3:H, Y1,3:4-N02Ph; \
N HN
RG R 9 R1,3:H, Y1,3:4-M60Ph; \ \
3
10 RLSZH, Y1,3:4—PY \ \
5 4 11 R1.3:BI', Y1.3:Ph 12
X
/ \ ,
/ NH HN \
R
13 14 15 (X=0, S, Se) 16
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CuHTeTHYeCKIe MOAXOABI K HOTYYeHNIO, PYHKIMOHATM3ANI M TOCT(PYHKIIOHAIN-
3aI Myl KOPPOJIOB

Cunmes3 [3-3ameujerHoix kopponos. Kax y>xe 0TMe4anoch Bblllle, Pa3BUTIE XMMUY KOPPO-
JIOB MOXKeT OBITh Pa3fie/leHo Ha Ba KPYIHbIX oTamna. [lepBoiit Hauancs B 60-x rr. XX B. 1 cBsA3aH
C CMIHTE30M ¥ MCCIIe[JOBaHVeM CBOJICTB 3-3aMelljeHHBIX KOPPOJIOB; BTOPOJ — B KOHIe 90-X IT.
XX B. U O3HAMEHOBAH IIOJIYYEHMEM Me30-3aMeIleHHbIX MaKpOreTepOIMKIOB. VIHTepecHO,
YTO BTOPOJT 9TAIl OKa3ajics 6ojiee MPOAYKTUBHBIM, YeM IIepPBbIii, Y€MY B HEMAJION CTEIIeHM CIIO-
COOCTBOBAJIa BBICOKAs CUHTETHYECKas JOCTYIIHOCTDb mMe30-3aMeleHHbIX Hs;Cor 1o cpaBHeHMIO
¢ [}-3aMeleHHBIMY COeMHEeHMAMM 3Toro Kimacca [29]. Ecmm mis cuHTe3a me30-3aMeleHHbIX
KOPPOJIOB MCXO{HBIMIY BeIleCTBAMM ABJIAITCA MUPPOJT VWIN JUIVMPPOIVIMETAHbI I apOMATH-
YecKye a/IbJIerNabl, TO IpYU CUHTe3e [3-3aMelleHHbIX KOPPOIOB OOBIYHO TPeOYIOTCS 3aMelleH-
Hble MPPOJIbI JOBOJIBHO CJIOXKHOTO CTPOEHMS, @ TAKXKe OM-, TPY- U TeTPAIIPPOTIbHBIE IIPEKYp-
COPBI, IIpefIBapUTe/IbHbIN CUHTE3 KOTOPBIX caM 10 cebe TpygoeMoK. Kpome Toro, mpu nomyde-
HUM f-3aMeIleHHBIX MaKPOILVK/IOB 3a4acTyI0 IIPOJYKTOM SIBJISIETCS He CBOOOJHBIN JIMTaHT, a
MeTa/UIOKOMIIIEKC, IIOCKO/IbKY MHMIMATOPOM Ipoliecca MX COOPKM BBICTYIAeT aleTar Ko-
6anpra(ll). OpHako ecnmu B cnydae H,P ymanenme Meranna u3 KoMIUleKca He IpefCTaB/IseT
OO0JIBIIION CTIOXKHOCTH, TO Y KOPPOJIOB 3Ta 3ajla4ya HOCUT HEeTPUBIAIbHBII XapaKTep, TIOCKOIbKY
JlaJIeKo He BCe MeTa/UVIOKOPPO/IbI 00pasyloT Ipy IONBITKE IPOBENEHMS J[eMeTa/UIVPOBAHNA
cBoOoaubIil murany [82]. OueBMAHO, YTO MMEHHO 3TU NPUYMHBI IPUBEIN K HEBBICOKOII CTe-
IIeHV M3yYeHHOCTH 3-3aMellleHHBIX KOPPOJIOB.

ITockonbky [3-3aMelleHHbIe COeVHEHMS 10 CPABHEHMIO C Me30-3aMellleHHBIMY TOPa3zio
6o071ee TPYAHONOCTYIIHBI, OTPAHNYMMCS IMIIb KPATKUM PAcCCMOTPEHMEM METONOB X CYHTe3a.
OCHOBHBIMI MeTOZIaMM HOTy4YeHNs [3-3aMelleHHbIX KOPPOJIOB, ONJCAHHBIMU B JINTEPATYype,
ABJIAIOTCA:

- OKMCIIUTE/bHAS UK/IN3aya OMIaglieHOB-4, C;

- [2+42]-umxnu3anus, Wi KOHAeHCAlVs JUIMPPOINIMETAHOB C a,-OUIMppoIamMi;

- TeTpaMepu3alyA d-3aMell[eHHBIX IMPPOJIOB;

- CKaTye MaKpOLUKIa THa(IOPIHOB.

Vcropuyecky nepBbIM 1 Hambosee OOLIMM CIIOCOOOM CHHTe3a SIBJISAETCA LVIK/IM3AIVs
O6unagueHoB-a,c [35]. TOT MeToJ IPUTOfieH He TONbKO IS IONy4eHus: COOCTBEHHO [-3aMe-
I[eHHBIX KOPPOJIOB, HO U HECUMMETPIYHBIX COeVTHEHNIT CMELIIAaHHOTO TUIIA 3aMeIl[eHN s, Me-
IOLIVX 3aMeCTUTENMN KaK B -, TaK ¥ B Me30-TI0JIOXKEHMAX MaKpouykia. IIpoljecc nukmmsanmum
IIPOBOZIMUTCS B METAHOJIE, COAep>KalljeM OCHOBHbIE peareHThl (aMMIaK, aleTaT HaTpus) — 6o
nop peiicTBueM cBeta [35], mu60 B MPUCYTCTBUU OKVCINTENEN, TaKMX KaK rekcanyaHodep-
part(IIl) xamis nm nepexuch 6eHzonna [83]. Beixon kopposna Ha 9To¥ cTafguy cocrasser 20—
60%. IIpoMe>XyTO4YHBIM IIPOYKTOM B XOfie IIPOBEEeHNA MTpOoliecca ABJIAeTCA OMIaTpyeH, KOTo-
PBIl ¥ HOABEpraeTcs IVKIN3anuy, 06pasys KOppos. f3-3aMeleHHble KOPPOIbI MOTYT OBITH
CMHTEe3MPOBaHbI TakxXe n3 1,19-auramoreH6MIageHoB-a,c [84-88].

Croco0bl, cBsi3aHHBIE C KOHJEHCALMell IVPPOIOB 1 OUIIMPPOTIOB, OCIOXKHSIOTCS TeM,

4TO 00pasoBaHMe MAaKpOLMK/IA KOPpPO/Ia IMPOMCXOAUT TONbKO B IpucyrcrBuu moHa Co*, u
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IPOJYKTOM peaKLuy sIB/IAETCS He CBOOOIHBIN TUTaH[, KOPPOJIa, a €0 KOMIIIEKC ¢ KOOaIbTOM
[89]. Tax, aBTOpbI [89] mONMy4YnIN KOppoaI MeTOAOM [2+2]-KOHEH AN TPV B3aMMOJEICTBIAN
5,5 -gudopmumn-2,2’-gunupponunMerana 17 ¢ 2,2’-6unupposn-5,5-iukapOoHOBOI KICTOTON
18 B xucnoi cpepe B mpucyrcTBuy aerara kobanpra(ll) u rpudpennndocduna. Tor xe pe-

3y/IbTaT HAGIOAJICA 1 TIPU UCIIONb30BAHUM B KaU€CTBE MCXOHBIX BEIIECTB COeuHeHmiT 19 u
20 [18]:

Co(OAc),

PPh,

B orcyrcrBue nona Co** o6pasoBaHMs MakpolMKIa KOppona He HaOmopanoch [90].
[TpegnonoxxurenbHo, noH Co** HEOOXOAUM IS CTAOVIM3AIMI IIPOMEKYTOYHOTO TeTpaIp-
POJIHOTO IIPOJYKTA, A TAK)Ke KaK MeMNnIamHbLil ueHmp JIs HEeIIOCPeICTBEHHOTO ITOCTPOCHA
Makpoumkiaa koppona. CBefieHui1 ke 0 BO3MOXXHOCTH IIO/Ty4eHVsI CBOOOIHBIX TUTAaH 0B KOpP-
POJIOB V3 X KOMIUIEKCOB C KOOa/IbTOM Ha JaHHBIVI MOMEHT B JIMTepaType HeT. Takum o6pasom,
METOJ, OTpaHIY€eH JINIIb II0/Ty4eHIeM KOMIUIEKCOB 3-3aMellleHHBIX KOPPOJIOB ¢ KOOATbTOM Py
HEBO3MOYXHOCTY BbIJe/IeHVs] CBOOOJIHBIX TUTaH/OB.

To >ke MOXXHO CKa3aTb 11 O METOJie TeTpaMepU3aLMyU (-3aMeIleHHbIX MMPPOTIOB, MCXOJ-
HBIMJ BeIleCTBAMM JU/IsI KOTOPOTO SIB/IAIOTCS HMPOU3BOAHBIE 2-(-TUPOKCUOEH3NIT)IMPpOsIa
i 2-¢popmumupporna. [Tpomecc IpoBOANTCA B cpefie STAHO/A B IPUCYTCTBUY CHIbHBIX KVIC-
n0T. Tak e Kak 1 B IpeAbIAYyLIeM CTydae, KaTaIu3aToOpoM 00pa3oBaHMsl MAKpOLMKIIa KOppoia
asnsercs noH Co*, 06b19HO B Buje anerara kobansra(Il) B mpucyrcreum tpudenmndocdnHa.
[Tpu ucnonbp3oBaHNUM -AU3aMelIeHHBIX 2-(-TUIPOKCUOEH3NI)IMPPOJIOB TIONTYYal0OTCs YHE-
Ka3aMelleHHble KOPPOJIbI B BIJie KOMIUIEKCOB ¢ KobanbToM [18, 29]. VI3 mpousBogubIx 2-dop-
MWIIVPPOJIA B 3TUX YCIOBUAX 00pasyeTcsi CMeCh TpeX M30MEePHbBIX KOMIUIEKCOB, COTEP KaIiX
MaKpOIVK/I KOPpOJIa, ¥ KOMIUIeKca atnonopdupuHa I [18], koTopas Mo>keT OBITh pas3jeneHa
Ha KOMIIOHEHTBI C IIOMOII[bI0 XpoMaTorpadun:
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CHO \ + ’ \ HN—
H CHO
18

Co(OAc),
PPh;

BbUTO BBIAB/IEHO, YTO IMIPOMEXYTOUYHBIMY IIPOAYKTAMM B XOfie CMHTe3a ABJIAITCA COOT-
BETCTBYIOLIVIE IUIVPPOMETEHBI [84].

Mertop, nonydennst u3 TMaIOPMHOB CONPSDKEH C TPYJOEMKIMM CUHTEe30M VICXOLHBIX CO-
eIVIHEHMII U X HU3KOJ yCTOMYMBOCTBIO [91]. VI3BecTHO, YTO KuIsTyeHMe Me30-TuadIOpUHOB
B 0-IMXTIOpOeH30/Ie B TedeHMe 2 4 IPUBOAUT K 0OpasoBaHNUI0 KOPPOJIOB C BBIXOZOM OKOJIO
40% [91]. [TpucyTcTBUE B peakLMOHHON cMecu TpudeHnnapocrHa MOBBIIIAET BEIXO KOPPO-
710B 10 60%, OHAKO 0OBSICHEHNE ITOMY SKCIIepUMEHTaNTbHOMY (pakTy He ObIIO HaliJIeHO.

Cunme3s me30-3amewseHHvix Kopponos. Ha MeTomax cuHTesa U JanbHeliiei GpyHKIMOHa-
NM3ALUY Me30-3aMellleHHBIX KOPPOJIOB ClIeyeT OCTAHOBUThCA Oojiee MOAPOOHO.

ITepBble cOOOIEHNA O CMHTe3e COOCTBEHHO Me30-3aMelljeHHbIX KOPPOJIOB, He CofiepKa-
VX 3aMeCTHTesIell B 3-TI0/I0KEeHMAX MaKpOLMKIIA, ObUIN OIyO/IIKOBAHBI IIPAKTIYECKY OffHO-
BPEMEHHO [IBYM: HayYHbIMU I'PYIIIaMJ HE3aBUCUMO APYT OT Apyra B 1999 r. IlepBbiMu npen-
CTaBUTESIMM 3TOTO Kjaacca coeguHeHuit cramm 5,10,15-tpuc(nentadropdenmn)kopporn 6
(3. Tpocc, Mspauns, [38]) n 5,10,15-tpudennnkoppon 7 (P. ITaonecce, Uramus, [39]) [33].
B panpHeiieM MeTOABI CMHTE3a Me30-3aMellleHHbIX KOPPOIOB COBEPIIEHCTBOBAIICD U JOpa-
0aTbIBa/MICh APYTVIMM aBTOPAMM, M3 KOTOPBIX 0CO00 CIefyeT OTMETUTb pabOThl I'PYIIIbI
1. I'puxo (ITonpra).

[TopasAmoee 6OIBIINHCTBO METONOB IIOTY4IEHNS Me30-3aMellleHHbIX KOPPOJIOB OCHO-
BaHO Ha peaKUMAX KOHAEHCAIVM Imuppona i 10-apyigunnpponniIMeTaHoB ¢ apoMaTide-

CKIVIMMU a/IbACTNaaMM I10 CXEME:
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OKHCIIHTEIIbHAAL Metoguxa ITaonecce

OAKIHA3ALAL
GuamenoB-a,c umerozuka JIn-Tpaxo
Z/ \3 + ArCHO
Alk Ar N

Al i

Alk Alk meTomuka ['pako

[2+2]on *

Ar'
KOHICHCAIIHA METOAHKa I‘pocca

2-3aMeMEeHHHX — > Ak Alk 4—/
mAppoNoB*

Alk Alk Ar
1. NaBHy4

2. IImppon, TFA mnn
BF; -Et,0 Ary

3.DDQ, CH,Cl, mix
*Q6pasyeTcs KOMIIIEKC Koppona ¢ kobansrom(III). EtCN/NH4C1

10-Ar-DPM + Ar'CHO

cEaTHe
MaKpOLEKIa
THad nopEHOB

OpHaKoO K/II04YeBYIO pO/Ib UTPAIOT YCIOBUA NPOBEJIEHNsA CUHTE3a, a TAKXKe CTPYKTypa Iie-
JIEBOTO NMPOJYKTa. B 3aBMcHMMOCTY OT XapaKTepa apMIbHbIX Me30-3aMeCTUTENIel OMH U TOT e
METOJ, CMHT€3a MOXXET IaBaTh BECbMa CHJIPHO OT/IMYAIOLIVECH BBIXObI COEVHEHNI.

Kpowme Toro, cuHTe3 me3o-3amerieHHbIX H3Cor ocnosxHseTcss 00pa3oBaHyeM 3HAYNTe Ib-
HOTO KOJIMYeCTBAa MOOOYHBIX IPOAYKTOB, OTHMM U3 KOTOPBIX OOBIYHO SABJIAETCSA Me30-3aMe-
meHHbI noppupuH (H:P). Xpomarorpapuueckoe pasgenenue cmecu H;Cor n H,P foBonbHO
TPY0€MKO, IIOCKOJIbKY COeIVMHEeHMsI 00/IafialoT OueHb OMM3KMMI 3HAYEeHVSIMM BpeMeH yaep-
xaHuA (Ry). [ToaTomy 3a4acTyio OCHOBHOI! 3aaueil IIpy CMHTe3€e Me30-3aMelleHHBIX KOPPO/IOB
ABJIAETCS MUHVMMU3AIA KOHKYPEHTHOTO 00pa3oBaHys NOppUpUHA I SPYTUX MOOOYHBIX ITPO-
IyKTOB. VIMEHHO 3TMM 0OCTOATENBLCTBOM OOBACHAETCA OO/MblIOe BIMSAHNE, Ka3amoch Obl,
He C/IMIIKOM 3HA4MTE/IbHbIX CMHTETUYECKUX JIeTajiell, TAKMX KaK COOTHOLIEHME ¥ KOHIIEHTpa-
LISl PEareHTOB, IPUPOJIa PACTBOPUTEILA, BpeMsA NMPOBENEHNA IpoLiecca U T.J., HA KOHEYHBIN
pe3y/IbTaT CUHTE3a, a TAK)Ke CPaBHNUTEIbHO HEBBICOKIIE BBIXOZBI KOpposIoB (o 20-30%, 6oree
BBICOKVIE BBIXOZIBI OBIBAIOT KpaiiHe pefko). Takum o6pazom, He OyzieT 60/IBIINM IIpeyBennye-
HIIeM CKa3aTb, YTO YCIOBUA CUHTe3a JIA Kaxoro koHkpeTHoro H;Cor Hy>kxHO og6uparh nH-
JVMBUJIya/IbHO.

CummMmerpuyHble KOpponbl As;B-tuma (copepikamiye TpU ORMHAKOBBIX 3aMeCTUTENIA
B Me30-TIOJIOXKEHNAX MOJIEKY/IbI) MOMTYy4aloT OOBIYHO KOHZEHCAlMell MUpposa ¢ apoMaTnde-
ckyMu anbaerupamn. [1o cyTy, JaHHBIN MeTOf, IpeAcTaBsAeT c060i MOAM(NIIMPOBAHHYIO pe-
akiyio PormyHza [92], mpoKo MCIonb3yeMyro U IIpU CHHTe3e Me30-3aMellleHHbIX mopdupu-
HOB. CylI[eCTBYeT HECKO/IBKO BapMaHTOB PaCCMAaTPMBAEMOI0 METO/IA, IIPUYEM Ta W/IM MHAS MO-
nuUKaIA CMHTe3a JIydlle TOAXOAUT /1A OFHOI I'PYIIIbI COAVIHEHNIT I MaJlOIpUMeHIMa —
I PYTOIA.

Memoouxka Ilaonecce. OfuH U3 BapUaHTOB CHHTe3a COCTOUT B KUIIAYEHUM B YKCYCHOI
KIC/IOTE B TedyeHue 3-4 9 cMecy IMPPOoJIa ¥ apOMAaTUYECKOT0 a/IbJiery/ia B MOJIbHOM COOTHOMIE-
Huu 3:1 [93]. [Tpu 601pLUINX KOMMYECTBAX aIbJer/ja B PEaKIMIOHHOI CMeCH Ha TePBBIil IUTaH
BBIXOIUT 0Opa3oBaHMe COOTBETCTBYIOLIETO Me30-TeTpaapwinopdupuna. OpHako mpu 607b-
IIOM M30BITKE MIPPOJIA MIPOVICXOANUT 00pa3oBaHMe CMOMMCTBIX IIPOAYKTOB IIOINKOHCHCAIIVIN,
YTO CMJIPHO 3aTPyJHAET OYMCTKY LI€JIEBOTO IPOAYKTA M CYLECTBEHHO CHIVDKAET €r0 BBIXOJ.
B 3aBucrMoOCTY) OT XapaKTepa 3aMecTUTe el BBIXOJ KOPPOIOB KoebeTcs B mHTepBae 4-22%;
HaMOOJIbINe BEIXOIBI KOPPOJIOB MTOTYYAIOTCS IIPY VICTIONIb30BAHNMY A/IbAETUIOB, COEPIKAIINX
3/IEKTPOHOAKIIENITOPHbIE 3aMECTUTEIM B apOMAaTUYeCKOM Kojble. 2,6-JInsameleHHble

18



OT XAMWU K TEXHOJIOTHW [ITEARETNTIEANVE TOM 1, BbIMYCK 1, 2020

OeH3a/IbJeINAbl B PeaKIVI0 He BCTYIAIOT, YTO, IO-BUVIMOMY, CBSI3aHO CO CTePUYECKMMU 3a-
TpysHeHusAMU [93].

Memoouxka JIu-I'puxo. ABTopamu [94] 6bU1a IpenoxeHa MeTOANKA CHHTe3a Me30-3aMe-
IIeHHBbIX KOPPOJIOB, OCHOBaHHAs Ha B3aMMOJIENICTBUY IMPPOJIA U aNbJeTU 1A, KaTaIU3UPyeMOM
tpudropykcycnoit kucnoroit (TFA), u mocrenyromnieM OK1CIeHUY 00pa3yoLIerocst Ha epBoit
CTaJiV IMHEVHOTO TeTPANMPPOILHOTO MPOAYKTa (611aHa) 10 KOpposia Ipy IOMOIIN JUX/IOp-
nuimaH-n-6ensoxuHoHa (DDQ). Ilo opuruHanbHOM MpoIUCH, STOT METOH, TpebyeT CpaBHU-
TEJIBHO TPYHZOEMKOJ OYMCTKM IIPOMEXXYTOYHBIX IIPOAYKTOB (OVIaHOB), a TaK)Xe MCII0NTb30Ba-
HUA TPYJFHOJOCTYIIHOTO ¥ TOKCMYHOTO paCTBOPUTENA — IPOIMOHUTPUIIA.

ABTOpBI [95] yCcOoBepLIEHCTBOBaMM METOAMKY [94] M mOKasamy, YTO MPOMMOHUTPUI
C yCIeXOM MO>KeT OBITh 3aMEHEH AMXTIOpMeTaHOM. JleTamyu ImpoBemeHMs Ipoliecca 3aBUCAT
OT peaKLMOHHOII CIIOCOOHOCTY a/bfieTuia. B clydae peakIoOHHOCIIOCOOHBIX a/Ib/IETU/OB, CO-
flep>KalX 37eKTPOHOAKIIEITOPHbIE 3aMECTUTENN, JUINTEIbHOCTh IIEPBON CTafuy Ipoliecca
cocraByseT 10 MUHYT, a MOJIAPHOE COOTHOILEHNME MMPPOI — anbierny — 1.5:1. MonsapHoe co-
otHomenue TFA - anbperus paBHo B atoM ciaydae 0.012:1. g mpoBefeHns npoiecca ¢ ajb-
leTU/IaMY CpeHel XMMIYeCKOI aKTMBHOCTY OBIIO MICIIOZIb30BAHO MOJISIPHOE OTHOILIEHME M-
pon — anbjerup 3:1, mepsas cTafysA IpoBoAMIach B TedeHue 1 yaca. Kpome Toro, ncnonbp3oBa-
nach 6ojee BBICOKas KOHIIEHTpauysi TpUPTOPYKCYCHOI KVCTOTHI (MOJLIPHOE OTHOLIEHNE KVIC-
nota — ampgernp 0.023:1). Boixom kopponos coctaBmn 8-15%. [lna monydeHMss KOppOIoB
U3 CTePMYECKY 3aTPYAHEHHBIX a/IbIETHU/IOB ObIIO 3HAUYUTETBHO YBEIMTYCHO BpeMs IPOBEIeHIA
HepBol cTafyy mpouecca (1o 16 9acoB), MCIOIBb30BAICA M30BITOK MUPPOJIA IO OTHOLIEHNIO
K anbfierny (MolIsipHOe coOoTHOLIeHMe — 5:1), a Tak)Ke NOBBIIEHHAsE KOHI[eHTpauus TpugTo-
PYKCYCHOII KUCTOTBI (MOJIIPHOE OTHOLIeHNe KUCmoTa — anbfierup 0.21:1) Ha mepBoit CTaguim.
Taxum crtocoboM, B 4aCTHOCTH, Iosy4deH 5,10,15-tpuc-(2,6-1uxmopdeHn) Koppost ¢ BBIXOLOM
9% u BIIEpBbIE IIOTYYEH Me30-TPUMESUTUNIKOPPOII C BBIXOHOM 7%.

Bropas cragus npolecca IpoBOAUIACh OAMHAKOBO IS BCEX TUIIOB COeIMHEHNII U BKIIIO-
Jajia B ce6s TaKkKe ylapuBaHIe pacTBOPUTEIS, paCTBOpEHNE OCTaTKa B AUX/IOPMETaHe U JI0-
6aBrenre pactBopa DDQ B amxiopMeraHe C 1Ie/Ibl0 IPOBeIEHNsT OKMCIUTEIbHON LMK/IN3a-
47078

Memoouka I'puko. ABTopamu [96] ObIIM IIpeIO>KeHBI C/IeAYIOLIVie YCIOBYS /IS CMHTe3a
Me30-3aMellleHHBIX KOPPOJIOB: PeaKLMOHHAs Cpefia — BOJHBIN pacTBOp MeTaHona (1:1 mo 06b-
eMy), KaTa/lM3aTop IepBOIl CTAAUN IPOIlecca — COMAHAA KICIOTA, BpeMs IPOBeJeHNs IIePBOI
CTajiuu mpoljecca — 3 9aca, MOJISIPHOE COOTHOILIeHMe U PpoI — anbaerny — 2:1. O6pasyromuiics
IIPOMEXKYTOYHBIN IIPOAYKT — OM/IaH — BBINAZIaeT B 9TUX YCTIOBUAX B OCA/IOK, KOTOPBII 9KCTpa-
TUPYIOT XJIOPOOPMOM ¥ IPOBOAAT OKUCAUTENbHYI LMKIM3ALMI0 ¢ noMmombio DDQ
napa-xX10paHuiIa Mpy KUMAYEHUN; JUINTEIbHOCTD BTOPON cTafguy — 1 9yac. 9TUM METOOM aB-
TopaM [96] ymamoch MOCTUTHYTH JOCTaTOYHO BBICOKMX BBIXOHOB KOpponoB — 6Gomee 30%.
JJocToMHCTBaMM MeTO/IA ABJIAIOTCSA TaKXKe €ro IPOCTOTA, JOCTYITHOCTD ¥ CPAaBHUTE/IbHO MATKME
ycnoBus cuHTtesa. OpHako 5,10,15-Tpuc(nenTadTopdeHnm)Koppos 6 mpy MONbITKAX HOTyde-
HISI 9TUM MeTOIOM 00pasyeTcsi /MUINb B CIIEJOBBIX KOMudyecTBax, a 5,10,15-tpuc(4-nupu-
nun)koppon 10 He o6pasyercst BOBce.

Memoouka I'pocca 6 omcymcmeue pacmeopumens. CUIbHO 371eKTPOHOAEPUIINTHbIE
amppernapl  (propmpoumsBomHble  OeHsampperypa:  neHTadTopOeH3ambmeruy,  2,6-
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nugTopOeH3anbierny, a TakKe rentapTopbyTaHanb) MOIyT BCTYIIAaTh B pPeaKLMIO KOHJEHCa-
IIVIV C IUPPOJIOM B OTCYTCTBYE PACTBOPUTEIIS, Ha TBEPOI ITOI0XKe (0K amroMuHus) [38]
npu HarpesaHuu o 100 °C B TeueHue 4 4 ¢ OC/IeAYIOUIVM BbIMbIBaHNEM PEAKI[MIOHHON CMeCcU
¢ nopoxXku u okucnenneM DDQ. CooTHolueHMe anbfieruja 1 Nuppoja SKBUMOJISIPHOE VN
XKe mupporn 6epércsa B HeKOTopoM u30bITKe (10 ABYKpatHOro). 5,10,15-Tpuc(nenrapropde-
HIJI)KOPPOTI 6 06pasyeTcs IIpy MCIIOIb30BAHNY 3TOTO METOJA C BBIXO[OM 0Koo 11%, 5,10,15-
Tpuc(2,6-m1dpTopdeHNIT)KOPpPOII — ¢ BHIXOOM 0KO0JI0 6% [38]. XitoprponsBogHble OeH3aIbe-
ruzia m160 He BCTYHAOT B peakVio, MO0 [T JMIIb OYeHb HM3KVE BBIXOABI IPORYKTA
(1% - B cmydae 2,6-puxnopOeHs3abernia npy ABYKPaTHOM MOJTBHOM M30BITKE NMPPOTIA);
He3aMellleHHbII OeH3aIbIern] B 9TUX YCIOBMX 00pasyeT ToIbKo 5,10,15,20-TeTpadenunmnop-
¢uH (c BeIXOHOM 5-8%) [38].

Kopponer A;B-tuna (¢ ogyHaKOBBIMM 3aMeCTUTESIMU B MOJIOXKEHMAX 5 u 15 Makpo-
IUIK/IA ¥ IPYTUM 3aMeCTUTeeM — B ojoxeHnn 10) momy4aior KoHgeHcanuer 10-apuagunmp-
PO/IMJIMETAHOB C APOMATIYECKUMM a/bfieruaaMu [95-97]. YcmoBusa peakumit Ipu 5TOM Ipak-
TUYECKV WJICHTUYHBI TaKOBBIM IIPY KOHJEHCALVV IMPpPOJa C aIbJeruiaMi 110 METOAMKAM
JIn-I'puko (B guxmopMmeraHe unm xnopodopme B IPUCYTCTBUU TPUPTOPYKCYCHOI KUCIOTBHI)
u I'puko (B cucreMe BoJja-MeTaHO B IIPUCYTCTBUY COMSTHO KMCIOTHI). Tak, Ipu poBefieHnn
npolecca o Meroauke JIu-I'pruko 66110 MOKa3aHO, YTO HambOsIee BBICOKIE BBIXO/IBI KOPPO/IOB
JIOCTUTAIOTCS TP HebOoMbIIMX fo6aBKax KucmnoTsl (0.02 oT KOoMMyecTBa BellecTBa a/bIeTUa),
MOJIbHOM COOTHOIIECHNM AUIVPPOINMIMETaH-aIbAerny 2:1; ONTMManbHOe BpeMs IPOBeLeH
HIepBOJL CTafiuy Ipoliecca — 5 9acoB. BTopas cragmsa — okucmTeIbHaA OMKIM3An IPOMEXY-
TOYHOTO IPOAYKTa — IPOBOANIIACE C McIonb3oBaHueM DDQ B kauecTBe okucnuTens. Boixop
KOppOJIoB — 0T 6% 110 30% IIpy MMHMMAaTbHOM BBIXOZIe COOTBETCTBYIOIIETO ITOpdUpPIHA.

J3BecTHBI Takxe Kopponbl ABC-tuma (Bce Tpy 3aMeCTUTENIA B Me30-TI0/IOKEHMAX MaK-
porykia pa3muyHbl). OCHOBHBIM METOIOM MX IOYYeHMs SBIAETCSA KOHAEH AV AUIIPPO-
JMIMETaHAVIKapOVHOIOB C MMPPOIOM (CM. BBIIIETIPYBENECHHYIO CXeMY) € IIOCTIeYIOLIVIM OKVIC-
nenuem DDQ [98-100]. BmecTo muppona MoxeT ucronb3oBaTbes 2,2 -6unuppon [101]. VHo-
I7ia TaKye COeVHEHMs YHAETCs MOMyIUTh U3 A,B-KOppoioB mmyTeM MogudyKanym OFHOTO U3
me3o-3amectureneit [102].

Kopposbl co cMeIIaHHBIM TUIIOM 3aMelleHNs (MMeolIye 3aMeCTUTeN KaK B f3-, TaK U
B Me30-TIOJIOXKEHUAX MOJIEKYJIbI) ITOJIYYaloT MO0 C MUCIIONIb30BaHMEM MCXOIHBIX BEI[eCTB He-
00XOIVMIMOJI CTPYKTYPHI (Me30-heHnn3amenieHHble Ovtaguensl v f3,3-nusaMelieHHble Ip-
poIbD), 160 MopMUKaIVeN yKe MMEIOIIerocsi MaKpOILVK/IA.

Ocob6enHocT GyHKIIMOHATN3AN KOPPOIOB

Ha cmoco6ax mopgudukanum (nm, Kak emré roBopAT, GyHKLIMOHATM3AINN) MAaKPOLIMKIIA
KOPPOJIOB C/IeflyeT OCTaHOBUTbCS O0JIee IeTalbHO, IOCKO/IBKY OHY IEMOHCTPUPYIOT He TOIBKO
CUHTETMYECKIe TOJXO/bI ¥ BO3MOXKHOCT) KaK TaKOBBIE, HO U JAIOT IPEACTaB/IeHNEe O MHOTO-
06pasuy 1 0COOEHHOCTSX XMMUY KOPPOJIOB B 1iesioM. Ecu st f-0KTaaIKMIKOPPOIOB BBULY
CKJIOHHOCTM VX MaKpOLMK/Ia K PAacKPbITMIO XapaKTePHBI JIMIIb HEKOTOPbIe BUJbI PeaKIuil
371eKTpOMIBHOTO 3aMelleHNs (AIKWIMPOBaHNe Y alMIMPOBAHNE 10 BHYTPULMKINYECKIM
aToMaM a30Ta, GOPMIIMPOBaHME — II0 Me30-TIOJIOKEHMIO C 0Opa3oBaHMeM HeapOMaTUYeCKINX
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IPOM3BOJHBIX, CM. HIDKE), TO KPYT aHAJIOTMYHBIX PeaKIii Me30-TpUapUIKOPPOIOB TOpasno
6osee MMPOK ¥ BKIKOYAET B ce6s1 MOMMMO Ha3BaHHBIX IIPOLIECCOB TAKXKe Ia/IOTeHMPOBAHNE,
HUTpOBaHMe, CynbGOXIOpUpoBaHue, Kapbokcunuposanue un T.4. [29, 33]. Hexoropele u3
OTMEYeHHBIX peaKIMil MOTYT IIPUBOAUTH K 00pPa30BaHMUIO IPOYKTOB HEOOBIYHOTO CTPOEHN,
He MMEIOIIMX aHAaJI0OrOB B NMOPQUPUHOBOM pAAY, YTO ellle pa3 MOAYepKuBaeT cBoeoOpasie
PEaKI[MOHHO CIOCOOHOCTYI KOPPOJIOB.

Anxunuposanue [}-3aMeIleHHbIX KOPPOTIOB METVIMOANAOM B alleTOHE B IPYCYTCTBUM
KapOoHaTa Kanus IPUBOAUT K 00pa3oBaHMIO CMeCY M30MEePHBIX N-MOHOMETU/IKOPPOJIOB [35].
N,N’-ayaqKniIKoppobl MOTYT OBITh IOMYYeHbI IpU ANKWIMPOBaHUM N-He3aMeIleHHBIX
KOpponoB mmu N-aJKMIKOPPOJIOB B JKECTKMX YC/IOBUSX, HallpyMep, M3 He3aMeleHHOTO
koppona u CHsl npu HarpeBanuu B 3amasiHHol TpybOke (100 °C) B Teuenme 15 yacos [18].
AnxunupoBaHMe Me30-3aMELIEHHBIX KOPPOJIOB pasIMYHBIMU areHTamy (OeH3mn6pommu,
2-XJIOpMeTWINMPUVH, 3TUIOpOMAIleTaT) Tak)Ke MPUBOAUT K cMecu N-MOHOIKMIKOPPOIOB
C IpeuMylecTBeHHBIM obpasoBanueM 21-N-ankunkoppona. 21,22-N,N’-[JnankuinpounsBoy-
Hble Me30-TPUAPUIKOPPOIOB MOTYT OBITh MOJyYeHBI Py 06paboTKe CBOOOIHBIX NTNUTAHOB
H;Cor MeTnmmoanaom B KUIIALILEM alleTOHe B IPUCYTCTBMM KapOoHaTa Kamms [103].

Ayunuposarue [3-OKTaa/JKIIKOPPOIOB YKCYCHBIM aHIMAPUIAOM IPOXOAUT C 0O6pa3oBa-
HueMm 21-N-anerwnpHoro mnpomusopHoro [18, 104]. Ilpm mombiTkax QopMmIMpoBaHMs
[3-3aMelleHHBIX KOPPO/IOB peakTnBoM BuibcMmeriepa (cmech N,N-pumernndopmammuzia u ok-
cupa-tpuxopusa pocpopa POCL) nponcxoaut o6pasoBaHne HeapoOMaTIYECKNX Me30-VIMe-
- —+ TV/IAMIHOMETIIIIPOV3BONHBIX C JMCKa)KEHHBIM

MaKpOLMK/IOM, OJJHAKO B3aUMOJENCTBYE ITUX

IIPOM3BOJHBIX ¢ areraToM Kobambra(ll) B mpu-

cyrctBuy TpudeHnnpochuHa NpUBOJUT K OT-

I[ETVIEHVIO AVMMETV/IaAMVHOMETU/IBHOV TPYIIIIbI,
Cl" peapomarusanuyu MakpoIMKIA U 06pasoBaHMUIO
KOMITIEKCa [3-OKTaaIKMI-Me30-GOpMIUIKOPpOsIa
c kobanbproMm [18]. AjeraT HMHKA TOJOOHBIX IIpe-
BpaleHnit He BbI3biBaeT [105]. O6paboTka peak-

tuBOM Bubcmeitepa 5,10,15-tpuc(mientadropde-

HIWI)KOppoJIa (B BUfie KOMIUIEKCA C Ta/UIMeM) IIpyu
26 HIOHIDKeHHOI! TeMriepatype (oxono 0 °C) mpuso-
JUAT B 3aBYICUMOCTY OT COOTHOILIEHNUs peareHToB K 3-MoHopopmmi- unn 3,17-gudopmunipo-
usBogHoOMy [106]. 5,10,15-Tpucdennnxoppon (B Buge cBOOOZHOTO IUTAHAA) B aHATOTMYHBIX
YCIOBUSAX 00pasyeT cMech 3-MOHOPOPMMIIPOU3BOJHOTO U IIPOAYKTA C HEOOBIYHOM CTPYKTY-
poit 21, He MMEIOIETO aHAJIOTOB B MOP(UPUHOBOM Psy U 00Pa3yOIIerocs Mpy B3auMOeii-
CTBUM peakTuBa BunbcMmeriepa ¢ aToMaMy a30Ta KOOPAMHALMOHHOM ITOTOCTH Koppora [107].
Kapbokcunuposarue me30-3aMeIleHHBIX KOPPOJIOB BO3MOXKHO ABYMsI criocobamu [108, 109].
Ha npumepe 5,10,15-Tpuc(nenradroppennn)koppona 6 6bu10 mokasano [108], yro o6paborka
€ro ra/yI1MeBoOro KOMIUIEKca POCTeHOM B TOJIyOJIe IIPUBOAUT K 00pa3oBaHMIO 3-KapOOKCHUIIPO-
usBogHoro. IIpu aTom gmeiictBue ¢ocreHa Ha CBOOOIHBII JIMTAHJ B aHAJTOTMYHBIX YCIOBMAX
npuBopgutT K obpasoBanmio 21-N-COCI-3amemennoro koppona [108]. [Ipyroit crmoco6
KapOOKCUIMPOBAHNUA COCTOUT B MSATKOM OKUCIEHUY (POPMIIBHON TIPYIIbI B MaKpOLVKIE
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(na mpumepe 5,10,15-TpudeHnnkopposn-3-kapbanpmernia) ¢ MOMOIBI0 TUAPOKCHIAMUHA
B TINATeJIbHO OcCylleHHOM aneroHutpure (MeCN) B mpucyTcTBum (TanmeBOro aHIMUAPHAA,
IpyyeM B peakIVI0 MOTYT OBITh BOBJI€YEHBl KaK JIMTaHJ, TaK UM MeRHbII KomIuiekc [109].
[Tpyn 3TOM M3BECTHO, YTO CTAHAAPTHbIE METOAVKI OKUCIEHUS anbJernaHon (popMIIbHOI)
TPYNIIBl He MAIOT pe3y/lbTaTa NPYMEHMTEIbHO K MaKpOTeTEePOIVKINYECKUM COefVHEHUAM
[108], a ncnonp3zoBanme cunbHbIX okucaureneit Tuna KMnO, u K,Cr,O; npuBoput k o6paso-
BaHMIO CTIOXKHBIX CMeceil IPOAYKTOB OKVIC/IEHMS, YTO XapaKTepHO TakKe U I GOpMIIIIIOp-
¢upunoB [109].

I Humposarus KOppoIoB B OONBLIMHCTBE CIydaeB TPeOYIOTCs 60/1ee MATKME YCIOBYS,
4eM [yIA HUTPOBaHMA NOPPUPUHOB, IIOCKONBKY KIacCMYeCKye HNUTPYIOIUe areHThl
(HNOs/H,SO4, N,O4, AgNO,/L,), mpuMeHseMble B peakIMAX Ha IOPPUPUHAX, B CITydae KOPpo-
710B Mano3¢eKTUBHBI, MOTYT IPUBOAUTH K JECTPYKLIMM MaKPOIMK/IA 1 0Opa3oBaHMIO CMeCH
HONMHUTpOCcoeAnHeHnit. Tak, HutpoBanue 5,10,15-Tpuc(nenradpropdennn)koppona (B Buge
ra//INeBOTO KOMIUIEKca) OBUIO OCylecTB/IeHO aBTopamu [106] mpy meiicTBUM Ha KOPPOJI HUAT-
PUTa HATPUA B ALeTOHUTPIIIE C TOCTEAYIOIUM 100aB/IeHIeM B PEaKI[MIOHHYI0 CMeCh IeKCaxX/Io-
paHTuMOHaTa Tpuc(4-6poMdenmn)amuuyusa. OCHOBHBIM IPOAYKTOM IIPYM 3TOM SIBJIAETCS
3-MOHOHUTPOIPON3BOJHOE (BBIXOZ — OKOIO 84%), HO 0b6pasyercs u 3,17-IMHUTPONIPON3BOJ-
Hoe (BBIXOf] — 0K0710 8,9%). IloBbIlIeH e COepKaHNA FeKcax/IopaHTUMOHaTa Tpuc(4-6pomde-
HIWI)aMVHMA B PEaKLMOHHON CMeCH IPUBOAUT K IpPEVMYILIeCTBEHHOMY OOpa3oBaHNIO
3,17-punautpo- u 3,17,18-TpMHUTPONIPOU3BOTHOTO, XOTS BbIXOJ, IIOC/IEHETO BCE K€ HE IIPEBBI-
mraet 27% [106].

HurpoBaHue KOppos10B MO>KET OBITh IIPOBEIEHO TAK)XXe IIPY eICTBUM HUTPUTA cepebpa
B DMF Ha cBOOOzmHBIN nuranp (06pasyercss KOMIUIEKC 3-HUTPOKOppona ¢ cepebpom) [110],
a TaKoKe JeViCTBMEM HUTPUTA cepebpa 1 MOfIa, XOTS IIOCTeHUI CIIOCO0 TOXOANT TONIBKO IS
KOPpPOJIOB, COREp KAIUX 3/MeKTPOHOJOHOPHbBIE 3aMeCTUTE/NM, KOTOpble OIaronpuATCTBYIOT
IPOTEKaHMIO PeaKI[Uy, B TO BpeMA KaK 3JeKTPOHOePpUINTHbIE MaKpOTeTePOLMK/IbI B 3TUX
YCIIOBUAX Pa3pyIIAIOTCS C paCKpBbITHEM MaKpoKosblia [29]. lanpHeimne nccIefOBaHN peak-
uu B cucteMe Koppon-AgNO,-NaNO, nokasany, 4T0 COOTHOIIEH)E MOHO- U JUHUTPOIIPOU3-
BOJHBIX 5,10,15-Tpuc(4-Tommm)Koppoa onpesenseTcs N3MeHeHeM CTeXIOMEeTPIYeCcKOro co-
craBa peareHToB [l111]. ABropamm [111] ObUIO YCTaHOBJIEHO, YTO HUTPO-3aMelljeHIe
OKa3bIBaeT OYEHb CYI[ECTBEHHOE BJIVAHNE HAa CIEKTPa/JbHbIE ¥ PeOKC-CBOICTBA KOPPOJIOB,
YTO CBSI3aHO C BBICOKOJ CTENEHBI0 CONMPSDKEHUA HUTPO-TPYIIL C 7T-CUCTEMOI MaKpOKOJIBbIA.
5,10,15-Tpudennnkopposn 7 B Bufe KOMIUIEKCA € Ta/UIIeM MO>KeT ObITh IPOHUTPOBAH CMEChIO
LiNO;/Ac;O/HOACc B iuxnopmeTaHe 10 3-MOHOHUTPOIIPOM3BOJHOI0; MICIIO/Ib30BAHME BMECTO
LiNO; NaNO; npuBogut kK o6pasoBaHuio cMecu 3-MOHO- U 3,17-AMHUTPONIPOU3BOIHBIX [29].
B paborte [112] omycaHo nonydeHne -TpMHUTPO3AMEIIeHHbIX KOPPOIOB B BUJie KOMIIIEKCOB
C MeZIbI0 113 CBOOOMHBIX INTAHMIOB NPV OJHOBPEMEHHOM KOMIUIEKCOOOpa3oBaHMM Y HUTPOBA-
HUM  CMeCbl0 HUTpUTOB cepebpa m Harpua. B pabore [113] momydeHs!
B-TeTpaHUTPOIIPON3BOHbIE KOPPOIOB B BMJE KOMIUIEKCOB C KOOQIbTOM IpU [eiICTBUM
HUTPUTA HaTpUsA U TPUPTOPYKCYCHOI KUCIOTHL. BBeneHue kobampTa 661710 HEOOXOAMMO IS
IepeBofia IePBOHAYAIBHO 00pa3yIIIMXCS M30KOPPOTIOB B KOMIUIEKCHI KopponoB [113].
Vcnonb3oBaHne AByX(}a3HO CUCTEMbI JUXIOPMETaH — BOJHBIN PacTBOP HUTPUTA HATPUA U
HCl nmpuBomut k 00pa3oBaHMIO CMeCH U3 3-MOHOHMTPOIIPOM3BOZHOTO MU 3-HUTPO-5-
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U30KOPpOJIa, KOTOPBIiI He peapoMaTU3UPyeTCs IPY AEVICTBUNU COTIeil KOOAIbTa, a TAKXKe MICXOJ -
HOTO coenuHenns [113].

HuTpoBanuio Tak)Ke IOABEPrauch KOMIUIEKChI Me30-3aMelljeHHBIX KOPPOJIOB Pa3HO00-
pasHoro crpoenus ¢ >xenezoM(III) [114], repmanuem(IV) [115] u pocdopom(V) [116].

Ha mnpumepe 5,10,15-tpuc(nenradropdenmn)koppona 6 usydanacb peaxius
cynbdoxnopupoBanus Kopponos [106]. Ilpu gmeiicTtBum XmopcynbOHOBON KUCIOTBHI Ha
Koppos-nurang obpasyerca 2,17-6uc(SO,Cl)-nponsBopHoe ¢ BbrxomoM, 6mmsknM k 100%. Ipu
KUIIAYEeHUY JAHHOTO COeIMHEHNs C BOZIOM B TedeHue 12 4acoB IOTy4aeTcsi COOTBETCTBYIOIAs

2,17-gucynbdokncnora ¢ BboixofoM 71%. Copmepkanme 3,17-m30Mepa He IpeBbIIIaeT 3-4%
[106]:

C6F5 C6F5 C6F5
Cl0, 0, |
1. 2. N
CeF CeFs — » C¢Fs
6r's —_— 6r's
3.
C6F5 ClOzS C6F5 02|S C6F5
N
6 \j j/
C¢Fs
HO;S
C¢Fs 1. CISO;H
2. [TnmepumaH, 298 K M = 3H, Co(PPhs)

3. Co(OAc);+-4H,0, Py, PPh;
4. H,0, xnnsuenne

5. H,SOy, 298 K
HO3S 6F5

B cny4ae ucnonb3oBaHMs B KadecTBe MCXORHOTO BellecTBa me30-Tpuc(2,6-gudropde-
HIJI)KOPPOJIa CeJIEKTUBHOCTD IIPOIiecca 3aMeTHO CHVKAETCA.

Cynvgpuposarue 5,10,15-tpuc(nenradproppennn)koppona 6 KOHIEHTPUPOBAHHON
CEpHOI KMC/IOTOM IIpY KOMHATHOM TeMIIEpaType JaeT KOAMYECTBEHHbIN BBIXOJ cMecu 2,17-
u 3,17- usoMepHBIX AuCynbPokmcnoT B cooTHomenvu 9:1 (33, 117]. [Tpu peakuunu 5,10,15-Tpu-
denmkoppoa 7 ¢ X10pcynbHOHOBOI KUCIOTON CeJIEKTUBHO IOTy4YaeTcst 2-Cynb(onponsBoy-
Hoe [118]. Bompocs! cenektuBHOCTH cynbdoxnopuposanus dpochop(V) kopponos obcyxpa-
10TCs B pabore [119].
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T'anozenuposanue. Cpeny peakiyii TaIoTeHNPOBAHNSA 6pOMUPOBAHUE KOPPOIOB UCIIO/Nb-
3yetrcst Hanboree yacto[29, 33]. B pabore [58] npennoxeH MeTon, 6poOMUpOBaHsT KOMIUIEKCOB
KOPPOJIOB CBOOOIHBIM 6poMoM. [Ipoliecc IpoBOANUTCS ¢ MCIOB30BAHVEM MEIHBIX KOMILIEK-
COB Me30-TPUAPUIKOPPOJIOB B cpefie XopodopMa ¢ IOC/IeAyIoUM Jo0aBIeHeM N PUIMHA
Ipy KOMHATHON Temueparype. [Ipy 9TOM IOy4aloTCsA KOMIUIEKCBI COOTBETCTBYIOIUX
B-0KTabpOM-Me30-TPUAPUIKOPPOTIOB. VI3 HUX IPK AEVICTBUY CePHOL KMCIOTHI MOTYT OBITD I10-
TydeHbl CcBoOOAHBIe sMraHmsl [33, 82], XOoTa mpolecc OCIOXHSIETCs 00pa3oBaHUEM
NOOOYHBIX IPOAYKTOB (TaK Ha3bIBa€MBIX M30KOPPOJIOB —
COe[IMHEHUII C HapyLUIEHHBIM KOHTYPOM COTIPSKEHUS, OT/IN-
YAOIINUXCSI OT COOCTBEHHO KopponoB Hamnmumem OH-
TPYIIIBI B OJHOM VI3 Me30-II0JI0>KEHNIT MaKpPOLMKJIa, Hallpy-
Mep, coefl. 22), a Takxke 06paTMMOCTbI0 mpouecca. Ok-
TaOpOMIIPOM3BOIHOE IOTY4aeTCs IpU OpPOMUPOBAHUU W3-
OBITKOM O6poma B MeTaHOoJIe KOMIIIeKca
5,10,15-Tpuc(nenradpropdpernn)koppona 6 ¢ npuauem [120],
a TaKXXe KOMIIEKCOB 3TOTO KOPPOJIa C JPYTUMU MeTaylaMu
(Fe, Co, Mn) [121]. ITpu mombITKaX IPOBeieHNU OPOMIPOBa-
Hus cBobopHoro nuranpa 5,10,15-tpudenunkoppona 7 N-

opomcyknuanmugoM (NBS) momydaercs cooTBeTCTBYOMIMIL
U30KOoppon — coeguHenne 22 [122]. CBoOogHBIE TUTAH/IBI
S-OKTabpOM-Me30-TPUAPWIKOPPOIOB (HanpuMep, coef. 11) MOTyT ObITh IOTy4eHBI JeMeTa-
JIMPOBaHVeM COOTBETCTBYIOIVIX KOMIUIEKCOB € Mezbo [122, 123]. B imrepatype Tarxoke omycaH psif
IPUMEPOB YaCTMYHOTO OPOMIPOBAHVS B MOJIEKY/IaX KOPPOJIOB I MX META/UIOKOMIUIEKCOB [33].
Tak, HanpuMep, B pabote [124] no peakun 5,10,15-Tpuc(4-rommn)koppona ¢ HBr B ykcycHoit
KICIOTe ¢ mocefyomuM npubasrerreM DDQ 6puta mosmydeHa cMechb MOHOIIPOV3BOJHBIX
(2-6pom 1 3-6poM) ¢ BBIXOZIOM OKOJIO 15% Kaxkblil. IIpy X/opupoBaHNUM TOTO >Ke KOpposia B
npucyrcrsun HCl nmonygamice yxe 3-xmop- (43%) u 3,17-guxnop- (9%) npoussopuble. Pe-
3y/IbTaThl 6POMMPOBAHNA KOMIUIEKCOB KOPPOJIOB C pas/IMYHBIMI MeTa/UIaMy ¢ HoMolibio NBS
CYyLIeCTBEHHO pas/INyaloTcss Mexxay cob6oir. Tak, ecnmu IpogyKTOM B c/lydae KOMIIIEKCOB cepe-
Opa sBnsgeTcs 2,17-mubpoMsaMelieHHbll KoMIieke [125], To B cmydae komiuiekcoB Cr(V),
Ga(III) n AI(III) - f-okTasameneHHble coemuHeHmns [33].

Hoouposarue xommnekcos 5,10,15-tpuc(nentadropdennn)koppona 6 ¢ amoMUHNIEM
¥ rajuIvieM Ipy oMoy N-MOACYKIMHYMIAA IPUBOAUT K 0bpasoBanuio 2,3,17,18-Terpanopn-
3aMellleHHOTO, a IIPY AeICTBMM Mofa — 2,3,17-3aMeleHHOro poaykKTa [126, 127].

Xnopuposaruem KOMIUIEKca TOro e Koppomna ¢ kobanbToM(III) cBobogHBIM XITOpOM
B OeHsoste ¢ mocnenyomuM gevicrsueM NaBH, nonydeHo f-okraxiopsaMelieHHOe IIPOV3BOJ-
Hoe (90%) [128]. B pabore [129] Take ObUTO MIPOBELEHO MOTTHOE [-XTOPUPOBaHME KOMIUIEK-
COB Me30-NIVIPUMVAVHUIKOPPOTIOB € Me[bI0 Ipy MoMoIly N-XTOpCYKIMHUMIA C BBIXOJOM
46% c moCenyOIM JleMeTa/UIMPOBaHeM KOMIUIEKCa B IIPYCYTCTBUY BoccTaHoBUTeA [130].
VHTepecHble pe3y/nbTaThl OBUIM IOTY4YeHBI IIPY Me30-XTIOPUPOBAaHMM M30MepHBIX 5,10- 1
5,15-6uc(nenradproppennn)kopponos pearenrom Ilamayxnop (2-xmop-1,3-6muc(meTokcukap-
OOHMI)TyaHUAVH) B cpefie X10podopMa Ipy KOMHATHOI Temmepatype [131]. IIpu satoM ecnu
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10-X710pIIpPOU3BOIHOE TOMYYaNOCh C BBIXOAOM 88%, TO 5-X/IOp-M30MeEP — TONBKO B C/I€OBBIX
KOJIYEeCTBAX, YTO AaBTOPHI CBA3BIBAIOT C BBICOKOJI PEaKIMIOHHOI CIIOCOOHOCTBIO IIOCTIETHETO B
Ipolieccax omroMepusanyuy. Xi1opupoBaHye K06aabTOBBIX U Ta/UINEBBIX KOMIUIEKCOB B CXOJI-
HBIX YCIOBUAX JlaeT CTI0XKHbIE TPYAHOPa3JenMMble CMeCU IIPOAYKTOB [33].

B nutepatype Takxe omycaHbl [3-oKTadTOP-Me30-TPUAPUIKOPPOIIBI, HO OHM IOTydYa-
I0TCSl  KOHJeHcauyenl f3,B-mupTopnyupponioB ¢ apoOMaTUYeCKVMM aabJierujjlaMyl OJ00HO
[-He3aMellleHHBIM TpuapunaKopponam [132].

[TpucyrcTBue B MOJIEKy/IaX KOPPOJIOB OIpefie/IeHHbIX (PYHKI[MOHAIbHBIX TPYIII I103BO-
JIeT, MCHONb3ys BeCh apCceHa/ll CMHTETMYECKON OpPraHMYecKOl XVMMM, MOAMUIVIPOBATDH
VX I OpUAAHVS TpeOyeMbIX IPaKTUIeCK) IOJIe3HbIX CBOVICTB. B KadecTBe mpumepa MOXHO
IIPUBECTY, B YAaCTHOCTH, peakuyull HyKIeoPunvoHozo 3ameueHus u Memani-Kamanusupyemole
peaxyuu.

I 5,10,15-Tpuc(nentadTopdeHnm)kopposa 6 xapakTepHbI peaKkIyy HyK/1eo(pnIbHOTo
3aMelleHN s, B KOTOpble BCTYHAIOT AaTOMBI GTOpa B napa-MoIoKeHNAX (peHIIbHBIX Kosters [38].
Tak, JaHHBIT KOPPOJI IPY [EVICTBUM 2-IUPUAMIIATHIA 00pasyert 5,10,15-Tpuc(4-(2-mmpuan)-
2,3,5,6-tetpadpTopdennn) Koppoi, mpyu o6paboTKe KOTOPOrO METWIMOAMUAOM IOTy4aeTcst
COOTBETCTBYIOLIAs MIPUANHIEBAA COMb C PACTBOPMMOCTBIO B BOZie 0K0j10 2 Mr/MiL. I1pu aTom
IIpY PaCTBOPEHMM COMY He HAaOJII0HAeTCsl SIBJIEHUIT arperalyi, YTO IOCTYXXIIO MOTVBOM K ee
IPYMEHEHMIO IIPY JIeYeHU N OITyXOJIeBBIX 3a00/IeBaHNI METOZIOM (POTOAVHAMIYECKOII Teparmin
(OOT). brino o6HapyxeHO, uyTO NMeHTadTopdeHMIbHbIe (PparMeHThl B MOMOXEHNAX 5- n 15-
60s1ee peaKIMIOHHOCIIOCOOHBI, YTO B JJa/IbHEIIIIIEM MICIIO/Ib30BA/IOCh IPY pa3pabOTKe CTpaTerun
cuHTe3a Kopposnos [102].

[To3pmHee 6bUTO MTOKA3aHO, YTO U B IPYTUX KOPPOIAX, CoflepKalux rneHTadpTopdeHnIb-
HBIII PpparMeHT, aTOM (TOpa B IONTOKEHNUN 4 MOXKET OBITh HyK/IeOPUIBHO 3aMellleH aMIHaMI
U amuHoOKucnoTamn (¢ BeIxomoM 55-70%) [102, 133]. ITpu 3TOM IpoTeKaHMe peakuuy CO
CTepUYecK) 3aTPySHEHHBIMM COeVHEHVAMM, HallpyMep, AUM3ONPOIIIAMIHOM, OKa3a/loCh
HeBO3MOXXHBIM. HykmeodnapHOoe 3ameleHne rajoreHa B MOJIEKyIaX KOPPOJIOB, HECYIIUX
neHTadTopdeHnNbHbIe PparMeHThl, II03BOJIVJIO OCYLIECTBUTD LIEJIBI PAL peaKIyii ¢ pa3ind-
HbIMU N-, O- S-Hykeodunamu 1 BIepBble TIONTYYNUTh KOHBIOTATBl KOPPOIa ¢ KPeMHMEBBIMU
HaHoyacTuLamy, pparmentamu BODIPY, ranmakrossl, XuTo3aHa, [-IIVK/IO/IeKCTPIHA, XOJIeCTe-
pUHA ¥ PyruX OMONIOTMYECKU aKTUMBHBIX coefyHeHMiT [33]. 3aMmelleHne rajoreHa MpoBOAM-
JIOCh TaKXXe B 2,6- IUXIOpIUpUMUANHUIbHOM dparmenTe [129]. ABropamu [134, 135] 6b110
YCTQHOBJIEHO, YTO B 3-IIOJIOXKEHUAX MOJIEKY/I KOPPOJIOB, COCETHMX C aKIEITOPHOI TPYIIION
(HampyMep, HUTPOTPYIIIOI), BOSMOXXHO HYKIeO(pIIbHOE 3aMellleHNe aTOMOB Bojopofa. Tax,
npu peiicTBuu 4-aMnHO-1,2,4-Tpuasosna Ha 3-HUTPOKOPPOT B popMe TepMaHNEBOTO WU Mefi-
HOTO KOMIUIEKCa IIPOTeKaeT aMIHIPOBaHIe MaKpOIMKIIa I 06pa3yeTcs 2-aMUHO-3-HUTPOKOP-
por. Erle ofHUM IOOOHBIM IIPUMEPOM SIBJIAETCS peaKLysi MeJHOTO KOMIUIeKca 3-HUTPOKOp-
poJIa C MaJIOHOBBIM 3G POM, Pe3y/IbTaTOM KOTOPOII ABJIAeTCA BHeApeHne C-Hykneodua B o-
JIOXKeHMe 2 MaKpoLukIa koppona [134, 135].

Peakiua kpocc-couetanyss Cynsyku-MuAypbl Takoke OTHOCUTCA K PeaKIVIAM HYKJIeO-
¢uIbHOTO 3aMelleHNA Y Fa/IOTeHN POBAaHHBIX KOPPOJIOB M MOXKET IIPOTEKaTh KaK IT0 3-I10TI0xXe-
HIIAIM, TaK U [PV HAIMYMY ATOMOB I'a/IOTeHa B Me30-3aMecTuTesAX. [Ipoliecc mpeacrapser co-
6011 HyK/IeopM/IbHOE 3aMellleHIie AaTOMOB T'aJIOTeHOB, CBS3AHHBIX C apOMATIYECKNM SIPOM, Ha
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QIKVIbHBIE VI apVJIbHbIE PaiMKayIbl PV AEVICTBUM QIKWI- ¥ apVIOOPOHOBBIX KUCTIOT B IIPHU-
CYTCTBUY HaJUIafMiI-COflepKalMX KaTa/ln3aTopoB. B mocienHue ropbl 9Ta peakums Urpaer
OO0JIBIIYIO PO/Tb B XVMMYU TETPANVPPOIbHBIX MAaKpPOTETePOLMKINYECKIX COSAVHEHMII B Kaye-
CTBe METOJa, OTKPBIBAIOIETO LIMPOKIE CHHTETUYECK)e BO3SMOXXHOCTY /ISl CO3AaHMs HOBBIX
cTpykTyp. PaKTHUecky OHa ABJIAETCA aTbTEPHATUBON TPAaAMLMOHHOMY MarHMilopraHmde-
CKOMY CUHTe3y, KOTOpBIII ManodddeKTUBEH B Cydae TaJoreH3aMelljeHHbIX MaKpOLMKINde-
CKUX coefyiHeHui. ABTOpHI [136-138] mokasamu npumeHuMocTb peakiyy Cyasykn-Musypst
110 OTHOLIEHNIO K KOPPO/IaM B KayeCTBe METOJIa, TO3BOJIAIOIIEr0 MOTyYaTh YHAEKaapui3aMe-
I[eHHbIE IPOM3BOJHBIE.

[Tpu meiicTBUM Ha MEIHBIN KOMIUIEKC f3-0KTabpoM-me3o-Tpudenmnkoppona 11 4-xmop-
(beHnn60pHOI KUCIOTHI B TOTYO/Ie B IPUCYTCTBMM 6€3BOJHOTO KapOOHATa Ka/yist ¥ KOMIUIEKCa
na/utagusa(0) B KauecTBe KaTanmu3aropa aBropaMm [136] ynanoch HOMyYUTh MEIHBI KOMITIEKC
B-okrta(n-xnopdennn)-me30-TpupeHNIKOPPOIa, IpK JeMeTa/UIMPOBAaHUY KOTOPOTO MOJKET
OBITD BbIfieTIeH CBOOOAHDI murany. Peakuys Cynsyku-Musypsl IpOBOANUIACh B MHEPTHON aT-
Mocdepe (asor) mpu Temueparype 90 °C B TedeHMe 4 4acoB; B Ka4eCTBe KaTaln3aTopa MCIO/b-
3oBanoch coepuHenue [Pd(dmfu)(P-N)] (B konmuecte 10% mort.), rae dmfu — gumernndyma-
par, a obosHauenne P-N coorserctByet cTpykrype 2-(PPh,;)C¢Hs-1-CH=NCsH,-4-OMe.

B HekoTopbIxX cnydanx peakuys Cyasyku-Musypel mpoTekaeT He II0 BCeM aTOMaM Tajio-
reHa B MOJIEKy/lIe KOpPpOJa, a HellpopearrpoBaBIIMil OpoM 3aMeljaeTcsi Ha Bopopox [139].
B nutepatype uMeroTcs TakKe npumepsl peakiyy Cynzyku- Mysiypsl ¢ KOppoIaMiy, 4aCTUYHO
OpOMMPOBaHHBIMY 110 f-nIONOXKeHMsM [123, 138].

OcHoBHBIe PU3NKO-XMMIYECKNE CBOVICTBA ¥ PEaKIIIOHHAsA CIOCOOHOCTh KOPPO/Ib-
HBIX MAKPOIIMKIIOB

Kak u B cay4yae ApYrMX TeTpanmuMppoOJIbHBIX MaKpOTeTEePOLVKINYECKUX COeVHEHMNIL,
B CIy4ae KOPPOJIOB 0COOYI0 BAKHOCTb MMEIOT IPOIIECCHI, TPOTEKAOIIE C YIaCTIEM KOOPHAM-
HAIVIOHHOJI TIO/IOCTY MaKPOI[MK/IA, 2 UMEHHO — IMPOILeCChl KICTIOTHO-OCHOBHBIX B3aMMO/Ieil-
CTBUI U KOMIUIEKCOOOpa3oBaHMs. Y TOOHBIM MHCTPYMEHTOM U3y4eHNsI 9THUX IIPOL[ECCOB sIBJIA-
eTCsl 9/IeKTPOHHAsT a0COPOIIMOHHAsT CIIEKTPOCKOMNNS, TOCKO/IbKY, KaK OyZeT MOKa3aHO HIKe,
pasHble (OpPMBI CYIIeCTBOBAHUA KOPPOTIOB B PAacTBOpaxX MMEIOT Pe3KO pasMyaiolyecs
10 BHELITHEMY BUAY CIIEKTPbI Hornolenns B Buanmoit obmactu (9CII). [ToaTomy crieKTpans-
Hble XapaKTePUCTUKU KOPPOIOB U UX GOPMbI HAXOXKAEHNS B PacTBOPax yOoOHO paccMaTpu-
BaTb B COBOKYITHOCTIA.

Kucnomno-ocnosHovle 83aumodeticmeusi kopponos. Kopponsl ormmyatorcs ot H,P
10 unciny NH-kucnoTHeIX 1 N-OCHOBHBIX LIEHTPOB B KOOPAMHALMOHHO IIOIOCTY MOJIEKYIBL.
Opun n3 Tpex NH-IIpOTOHOB 00OBIYHO PACIIONOXKeH BHE IIOCKOCTM MaKpOILMKIIa, OH Ooree
IIPOCTPAHCTBEHHO JJOCTYIIEH ¥ BCTYIAeT B CIEKTPANbHO (PUKCUPYeMble KICTOTHO-OCHOBHBIE
B3aJIMOJIEVICTBIA C 9TIEKTPOHOJJOHOPHBIMYU Mojiekynamu (ypaBHenus (1), (2)) [38, 39, 140-143].

H;Cor + Solv = H,Cor?®----H%*---Solv®> (1)
H;Cor + B = H,Cor - + BH* 2)
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N-OcCHOBHBIIT LIeHTp B MOJIEKY/Ie KOPpOJa, HAIIPOTUB, €UHCTBEHHBDIN, TI03TOMY 3TOT
MaKpOTeTepOILMK/I MOKeT IPUCOENNHATb BTOPOIl 3KCTPa-IIPOTOH TONIBKO B CpPeflaX C BBICOKOI
KUCTIOTHOCTBIO C JIOKa/IM3allMell ero Ha Me30-yITIepOJHOM aToMe, 00pas3ys CTPYKTypy THIIA
M30KOPpO/Ia; BTOpas CTaiMsA IPOTOHMPOBAHUA COIPOBOXHAETCA JeapoMaTu3anyent

7-cucteMbl (ypaBHeHus (3), (4)).

H:Cor o) + H* (solv) = HaCor* (solv) (3)
H4C0r+(solv) + H+(solv) = H4C0rH2+(solv) (4)

K1c1oTHO-0CHOBHBIE CBOJICTBA KOPPOJIOB B 3HAYNTE/IbHON CTENIEHN 3aBUCAT OT IIOJIO-
YKEHMS U1 97IEKTPOHHOI IPMPOJBI 3aMeCTUTeNIell B MAaKpoLnKe [26].
NH-xucnomnocmp. XapakTepHOil 0COOEHHOCTbIO KOPPOJIOB SIBJISIETCS UX CKJIOHHOCTD
K He3aBepIIEHHbIM KUC/IOTHO-OCHOBHBIM B3aUMOJIEVICTBVIAM C PacTBOPUTE/LAMM, B KOTOPBIX
KOPPOJIBI MOTYT BBICTYIIATh B PO/IM KaK JoHOpa (dame) (yp-s 1-2), Tak u akienropa (yp-s 3-4)
npotoHa. KucmorHsle (IIpOTOHOZOHOpPHBIE) CBOVICTBA Me30-3aMelLlleHHBIX KOPPOJIOB BBIpa-
JKEHBI CUJ/IbHee, 4YeM Yy [3-3aMelleHHBIX COe[VIHEHWI, ¥ 3HAYUTEeJIbHO CUIbHEe — YeM
y nOpdUPUHOB OM3KOTO CTPOEHNA, YTO OODBACHACTCS YBEMMYCHVEM B 3TOM Py CTEIeHM
IUIAaHAPHOCTY HeMTPalIbHBIX GOPM MOJIEKY/T ¥ YMEHbIIICHVEM UCKaXKeHNs (a CefoBaTe/IbHO —
M TPOCTPAaHCTBEHHOI MOCTYIIHOCTY) KOOpAMHALMOHHOTO IeHTpa. [lo aroit mpuymHe
Me30-3aMelljeHHbIe KOPPOJIBI OCOOEHHO JIETKO BCTYIIAIOT BO B3aMMOJENICTBIE C 37IEKTPOHOJO-
HOPHBIMJ) PacTBOPUTE/ISIMU, ABJIACH JOHOpPaMy IpoToHa. IIpu Takoro popa B3amMopeii-
CTBYSIX IPOVMICXOZIUT pe3Ko BrIpakeHHOe n3MeHeHme DCII (puc. 4), 4T0 00BIYHO B 3apyOe>KHON
JIUTepaType TPAKTYeTCs KaK 00pa3oBaHye MOHOAHVOHHBIX (OPM JIaKe B OTCYTCTBYIE CU/IBHBIX
ocHoBaHmit [39, 142, 143]. B Hanbonplueit crerneHy K B3aMMOJEIICTBUIO C 3I€KTPOHOIOHOP-
HBIMJ PacTBOPUTE/IAMY CKJIOHHBI KOPPOJIBL, COZlepKalliyie 9JIeKTPOHOAKIIEIITOPHbIE 3aMeCTH-
temm [143]. Tak, no ganHbIM paboTs [38], 5,10,15-Tpuc(nenradropdennn)koppon 6 BcTynaer
BO B3aMIMOJIeJICTBIIE ITOJOOHOTO POia aXke C STAHOJIOM.
A
1,4
1,2
1,0
0,8-
0,6-
0,4-
0,2

0,0 T T T T
400 500 600 700 800 A HM

Puc. 4. 9CII 5,10,15-tpudenmnkopponra 7 B Puc. 5. JJaHHbIe pPEHTIEHOCTPYKTYPHOTO aHaau3a

puxnopMmeraHe (a), DMF (6) n ykcycHolt kucnore (B)  mst 5,10,15-Tpuc(nenradgpropdennn)koppona 6, Bbije-

[39] JIEHHOTO M3 3Tuianerata (OYHKTMPOM IIOKa3aHa
H-cBa3b ¢ Monekynoit pactBopures) [141]

3mech CIefyeT HEeCKONIbKO 6ojiee MOAPOOHO OCTAaHOBUTBCA Ha XapakTepucrukax JCII
KOPPOJIOB. D/IeKTPOHHbIE CIIEKTPHI MOIIOLIEHNA f3- Y Me30-3aMellleHHbIX KOPPO/IOB 3aMETHO
OT/IMYAIOTCA KaK APYT OoT Apyra, Tak u oT ICII coorBeTcTByIOMMX MOpdupnHOB [19, 144].

27



OT XAMWU K TEXHOJIOTHW [ITEARETNTIEANVE TOM 1, BbINYCK 1, 2020

Kpome toro, Ha Buj ICII me30-3aMeljeHHBIX KOPPOJIOB OOJIBbIIOE BIVSHNE OKa3bIBAeT IIPU-
poza pactBoputen (puc. 4), a TaK)Ke XapaKTep 3aMeCTUTe/NIell B MAKPOIVIKIIe.

ITo MHeHuIO aBTOPOB [14, 57, 144, 145], HecMOTpsI Ha CyllleCTBEHHOE BU3YalbHOE Pa3yIy-
uyre CII H,P n H;Cor, yersipexopburanbHas Mmopens ['oyrepmana (puc. 6), mpemnoxeHHas
U1 TOpGUPVHOB, BIIOTHE TIOAXOANT JIA MHTEPIIPETalM CIIEKTPOB IIOIJIOIEHNSI KOPPOJIOB,
oguako Q-mornomenne Hs;Cor (500-700 HM) mmeer 6ojiee CIOXHYIO NpUpPORy, deM Q-
nornomenue H,P. Op6urane b;-B3MO makpounkina Hs;Cor, Tak >xe kak 1 az,-B3MO makpo-
nukita H,P (puc. 6), BMeljaeT 3HaUNTeIbHBIN 3apsAL Me30-YITIePOAHBIX aTOMOB [57]; ero n3me-
HeHIIe TIPU Me30-3aMelleHNN CIOCOOHO OKa3bIBaTh B/NAHNE HAa COOTBETCTBYIOIINE 9TTeKTPOH-

Hble Ilepexofbl B o6mactu Q-moroc.

E‘w B E'sy
A
B3,
?IIBU
II2u
E"
—_ . b B
Eu L _2u
ot T Bau
Eu - , Bay
Cope £ Bay
Byg I o Cope| TV| Tm T T|1]2 Bz
Bz Ellg
g . Ag

Puc. 6. Cxema S-a9HepreTndeckux ypoBHeit nop¢upurosoro Makporukiaa B HoP (Dan), a Taxoke MP, Hy,P** n P>
(Day). YepTa Haji CHMBOIOM 03HAYaeT KonmeGaTenbHbiit ciyTHUK anekTportoro mepexona (T u 4 - mormomenme n
UCITyCKaHJe MOJIEKY/IOoit KBaHTOB YD vyt BUayMOro usnrydenns) [1]

[Inis1 HeliTpanbHBIX GOPM f-OKTaaTIKMIKOPPOJIOB XapaKTepHa MHTeHCUBHas monoca Cope
B paitoHe 397-405 HM U MeHee VMHTEHCHUBHOE IOIJIOLIeHNe B obmactu 535-555 HM, a Takxe

nosoca npu 593-597 um (puc. 7).

A

A
A* 454
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Puc. 7. SCII xopponos-muranpos B xmopodopme (a) u DMF (6): 1 - Hs(3-MesEt;)Cor 5; 2 - Hs(ms-Ph);Cor 7;
3 - H3-(ms-4-NO,Ph);Cor 8; 4 - Hs(ms-4-MeOPh);Cor 9; 5 — Hs(ms-4-Py);Cor 10 [26]

1,0 2
43

15
0,5

IlnA HeTpanbHBIX GOpPM Me30-3aMell[eHHBIX KOPPOJIOB XapakTepHa mojoca Cope B
obmacty 413-430 HM, a TpM pasMbIThIe ITOJIOCHI YOBIBAIOIIEN C YBEIMYEHNEM [IVHBI BOJTHBI
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VHTEHCUBHOCTY (MHOTZa OHM C/IMBAIOTCH, Kak y 5,10,15-Tpuc(4-uurpodenmn)koppona 8, wim
BBIPOX/JAIOTCA B [iBe, KaK Y NMeHTaPpTOp(EeHNIbHBIX IPOM3BOAHBIX) PACIIONIOKEHBI B pailoHe
570-660 uM (puc. 7).

B 9CII me30-3aMel[eHHBIX KOPPOJIOB B 3/IeKTPOHOJOHOPHBIX PaCTBOPUTE/LAX (MMPUANH
[143], pumetundopmamuzp [39]) nonoca Cope nmpuobpeTaeT XapaKTepHbI “paciierieHHbIN
BUJ, a B BUOVMOI 00/1acTu BO3HMKaeT MHTeHcuBHasg Q-monoca (B obmactm 620-650 HM,
0OBIYHO — B parioHe 640 HM, pUC. 7), YTO OOBACHAETCS KMCITOTHO-OCHOBHBIM B3aIMOJIEVICTBYEM
MaKpOLMKINYECKOTO COeIMHEHNA C pacTBopuTeneM. CTeNeHb 3aBEpPIIEHHOCTM TaKOTO pofia
B3aVIMOJIEJICTBYSI MOXKET OBITh Pa3/IMYHON U 3aBUCUT, C OFHOI CTOPOHBI, OT IIPUPOJBI KOPPOIIa
(TmMma 3aMelleHUs M 3/TEeKTPOHHOI IPUPOJBI 3aMeCTUTeNIeil), C APYroil — OT MOJAPHOCTH
Y1 OCHOBHOCTYU cpefibl. ABTOPSI [39, 143] 06bsicHsI0T N3MeHeHne JCII obpasoBaHMeM aHMOH-
HBIX (POPM KOPPOJIOB, OZHAKO, II0 HAllleMy MHEHUIO, IMEIOTCSI OCHOBaHMsA Iist 6osee “ocTo-
POXXHOI” MHTepIIpeTalyi STUX HaHHbBIX KaK Ha/IM4MA He3aBepIIeHHOTO KVICIOTHO-OCHOBHOTO
B3aMOJIEVICTBIA C 0Opa3oBaHMEM TaK Ha3bIBaeMbIX KOMIUIEKCOB C HEIIOTHBIM HEepeHOCOM
npotoHa, i H-accoumaros [13, 140, 146, 147].

Cnenyer oTmeTuTb, 4YTO mpuymHa wusMeHeHmit ICII KopponoB B 3aBUCMMOCTH
OT IIPMPOJIBI PACTBOPUTE/LA OCTACTCH 10 HACTOAIIETO BpeMEH! He BBIICHEHHOI OKOHYATEIbHO.
B pabote [141] paccMaTpuBaIOTCs TPY BO3MO>KHBIE IIPMYMHBI 3TOTO siB/IeHu:. [1epBblit pakTop
- ato NH-tayToMepusa KOppoJoB, IIOCKOJIbKY TayTOMEpblI M3-3a ITOHVDKEHHON CHUMMeTPUN
MaKpOLMK/Ia CTPYKTYPHO OT/IMYAIOTCS MeX/y co00i1. B TO e BpeMst TayTOMepbl UMEIOT 6/1u3-
KJie OTKIIOHEHV OT IUIAHAPHOCTH, O/IM3Kye SHEPIUH, @ CKOPOCTh 0OMeHa IIPOTOHOB B HUX JIO-
CTaTOYHO BBICOKA, II03TOMY aBTOpPHI [141] He paccMaTpMBalOT 3TOT (PaKTOp KaK OCHOBOIIOTIA-
rajomuii.  Bropoit  ¢akTOp -  BO3MOXHOCTb  HENPOTOHMPOBAHMA  MaKpPOLMKIIA
B ITOJLAPHBIX PaCTBOPUTE/IAX, ONHAKO BO3HMKAIOT COMHEHNA B BO3MOXXHOCTY IIOJTHOTO OTPBIBA
IIPOTOHA B OTCYTCTBUE CI/IBHOTO OCHOBaHM:A. HakoHen, TpeTbs mpudunHa — o6pa3oBaHue BO-
INOPOMHDIX CBA3el ¢ yyacteM NH-rpyI kopposna 1 MONeKy/1 pacTBOpUTeA. VI3 JaHHBIX peHT-
TeHOCTPYKTYPHOTO aHa/IM3a aBTopamy [141] 6bI1 cienaH BBIBOJ, 4TO IIpM Bbifgenenun 5,10,15-
Tpuc(nenTadropdenHmn)koppona 6 u3 sTmnaneTata (PUKCUPyeTcss BOZOPOAHAA CBA3b MEXY
NH-1poToHOM ¥ MOJIEKY/IOiI pacTBOpUTENA (pIC. 5). AHa/JIOTMYHbIe BBIBOADI ObIIV CHE/TaHbI I
B paboTax [26, 140].

OpHako aBTOpHI padot [68, 70, 71] npuaep>KMBAIOTCA HECKOIBKO MHOV TOYKM 3PEHMS
u paccmarpuatoT NH-TayToMepnio B KauecTBe OCHOBHOJI IPUYVHBI CHEKTPATbHBIX M3MeHe-
HIJI KOPPOJIOB B Pa3/IMYHBIX cpefiaX. [To X MHEHNIO, TAyTOMEPBI MMEIOT CYIeCTBEHHO Pas/in-
JaoIIMecs KICTOTHO-OCHOBHBIE CBOJICTBA, U M3HAYA/IbHO B clenn@rieckoe B3auMOeiCTBIE
BCTynaeT 6ojee akTUBHBIN U3 HUX. Ec/iu B pacTBope B 3TOT MOMEHT IIPUCYTCTBYET TPY THUIIA
JacTHUL], HAaIlpuMep, JeNPOTOHNPOBaHHasA GopMa U [[Ba TAyTOMEPA, TO 3TO MOXKET OObACHUTD
HEBBICOKYIO Y€TKOCTD (MU JJaXKe OTCYTCTBME) M300eCTIYECKIX TOYEK NPV COOTBETCTBYIOIINX
TuTpoBaHusx [70]. ABTopam [70] He yaamoch OOHaPY>KUTb KOPPEALUN MeXKAY CIIEKTPaIbHBIM
IOBefIeHNEeM KOPPOJIa B pacTBOpE I OT/Ie/IbHBIMY ITapaMeTpaMI paCTBOPUTeEIEl], I03TOMY OHI
3aK/TIOYIIIN, YTO HEOOXOAVMMO PacCMaTpUBATh COBOKYIHOCTD ITapaMeTpOB, ITITABHBIMU U3 KO-
TOPBIX SIB/IAIOTCS OCHOBHOCTD Y IIO/IIPHOCTD. VIMEHHO 9TO coyeTaHMe U II03BOJIsIET OOBACHUTD
B3aJIMOJIeVICTBYIE KOPPOJI-PAaCTBOPUTE/Ib, YTO HAXOAMUTCS B COITIACUY C JAHHBIMM PaboThI [26].
ATops! [70] mBITaMuCh TaKkKe IPOBECTVM KOPPEALNIO MEXAY COCTOSHMEM KOppona B
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pacTBOpe 1 CpPOACTBOM NMPPOJIa (B KauecTBe YIPOILIEHHOTO MOJe/IbHOTO COeAMHEHM) K pac-
TBOPUTE/ISIM IIpU 00pasoBaHMM BOLOPOfHOI cBs3u. Koppensaunun obHapy>keHO He ObIIO, IO-
3TOMY aBTOpHI [70] BBIpasmiyM COMHEHMs B TOM, YTO IPUYMHOI CIEKTPAIbHBIX VI3MEHEHUI
KOPpOJIOB B PasJINMYHBIX CpefiaX fABJAeTCA 0o0pa3oBaHMe BOJNOPOAHBIX cBsA3ell. Hecoorser-
CTBUEM SBJIACTCSA TO, YTO B Al[eTOHUTPUIIE, CPOACTBO MUPPOIBHBIX PParMEHTOB K KOTOPOMY
HIDKe, KOPPOJI HAXOAUTCSA B JeIIPOTOHNPOBAHHOM (pOpMe, TOTZIA KaK B INOKCAHe, TeTParnuipo-
¢bypaHe v IUpUANHE, CPOACTBO MUPPOIBHBIX (ParMEHTOB K KOTOPBIM BBIIIIE, KOPPOJI IPUCYT-
CTByeT B HelTpanbHOI popme [70]. C mpyroit CTOpOHBI, Ha CBOJICTBA ApOMATIYECKIX MAaKPO-
LVIKIMYEeCKNX COeIMHEeHMIT O0bIIIOe BIMsHE OKasblBaeT MakpoLmkmaeckuii apdexr (MI]I)
[140], KOTOpPBIT OTCYTCTBYET B CIy4ae MUPPOJIA, IIO3TOMY K CPAaBHEHMIO CBOVICTB MaKpPOILIVIKIOB
¥ U PPOJIa HeOOXOAVIMO IOXOANTD € OOJIBIOI OCTOPOXXHOCTBI0. KpoMe Toro, maxke KOPpOJIbI
PasIMYHOTO CTPOEHMS CHIBHO OT/IMYAIOTCS IO CBOJICTBAM MeXAy c00011; emmé 6osee CHIbHBI
pasnnuusa MeXy Kopponamu U nopduprHamMy 671M3KOT0 CTPOEHMs, XOTS B OCHOBE BCEX 3TUX
COe[IMHEHUII TIEXUT TeTPAaMppo/IbHasA apoMaThIecKas m-cucreMa. BosMoXHO Takxe, 4To Ipu
B3aMMOJECTBUN NMUPPO/IA C PACTBOPUTEAMY OCHOBOIIOJIATAIOUIYI0 PO/Ib UTpaeT KaKOM-TO
onyH GaKTop, a He [Ba, KaK B CIy4ae KOppoiIoB. VIMEHHO I03TOMY KaKOii-TO BBIPa)KeHHOI
KOppe/sLnu Ui KOppOJIoB He Hab/ofaeTcsi. B mo6oM cy4yae JaHHBIN BOIPOC NPEACTABIsET
601110V MHTEpeC ¥ TPeOyeT AalbHelIIero u3y4eHns. ABTOpbI HACTOSAIIEro 0630pa B KauecTBe
OCHOBHOIJI TMIIOTE3BI PACCMATPUBAIOT 06pa3oBaHye KOPPOIAMI B paCTBOPAX COeAVIHEHNII C BO-
nopopHoit cBsA3bio (H-acconmaToB) ¢ pacTBOpUTEIAMIL.

B-OKTaanKuaKoppo/nbl B HaVMEHbBILIEN CTelleHM CKJIOHHBI K B3aMMOJEIICTBIIO
C 97IEKTPOHOJ OHOPHBIMM pacTBopuTenamu. Taxk, 2,3,7,13,17,18-rekcameTni-8,12- AU TUIKOPPOT
(Hs(B-MecEtz)Cor, 5) cymecTByeT B BUje HelTpaibHOI (HOPMBI laXke B TaKOM IIOISIPHOM
3/IEKTPOHOIOHOPHOM pacTBoputene, Kak aumermwidpopmamuy (DMF) (DN=26.6; £=36.7).
OpHaKo Npyu XpaHEHMM TaKOTO pacTBOpA B T€YEHME JBYX Hefle/Ib IIPOMCXOINUT MCYE3HOBEHNE
II07I0C HelTpanbHOI ¢popMbl B Buaymoit obmacty ICII npu coxpanennn nonocsl Cope. [Tony-
YEeHHBII PacTBOP, B OT/IMYME OT MCXOLHOTO Koppona (($hnoneToBo-po30BOTo 1jBeTa), 00/1afaer
KOPMYHEBATOJ OKPACKOJI U IIOBBILIEHHOJ PEaKIMIOHHO CHOCOOHOCTDIO B PeaKIAX KOMIUIEK-
co0Opa3oBaHMs C COMIMM MeTaIOB. TaK, eC/y CBEXEIpPUTOTOBIIEHHBINI PacTBOp coef. 5
B DMF B3auMoOpeICTBYeT € alleTaTOM [JMHKA B KMUHETUYECKOM PEXIME, TO IVINTEIbHO XPaHB-
IINIICS. PaCTBOP TOTO >Ke KOpposa 06pasyeT KOMIUIEKC IIPaKTUYeCK) MTHOBEHHO IIpU C/IMBa-
HUY pacTBOpoB, npryeM ICIT mpopyKTOB peakiuy B 000MX Crydasx ufeHTUIHbl. COCTaB 3TON
($hopMBI KOppOJIa IO CMX ITOP OKOHYATEe/IbHO He BBIACHEH, XOTH, 110 BCENl BUIMIMOCTY, B3aIMO-
eViCTBYE MMEET KMCIIOTHO-OCHOBHYIO IIPUPOJY.

B Takmx pacrBoputensx, kak auatwiamuH u nunepuanH (DN>50), SCII xoppona 5
TaK>Xe MOJBepraeTcs NU3MEHEeHUAM, BblpakaloyMcA B pacieryienny Cope 1 IOABIEHNEM IO-
nocel B paitoHe 570 uM (puc. 8). Takoit tun ICII coorBeTcTBYeT H-acconumpoBanHoit popme
B-OKTaaIKMIKOPPOIOB. MOHOAHMOH 00pasyeTcs TONbKO B MOJIAPHBIX CpefjaX BBICOKOI OCHOB-
HocTH, HanpuMep, B cMecu DMF — nuatunamun (Et;NH)). B emecn anetonntpun (MeCN) —
Et,NH BHauane obpasyercss H-accounar, ofHaKo co BpeMeHeM OH IepeXOANUT B MOHOAHVOH-
Hy1o popmy. [Tocnennsas xapakTepusyeTcs paclieIyIeHHOI monocoit Cope U ABYMS IOTOCaMU
(576 n 595 uM) B BupmMoit obmactu (puc. 8).

30



OT XAMWU K TEXHOJIOTHW [ITEARETNTIEANVE TOM 1, BbINYCK 1, 2020

Meso-3aMelieHHble  T-971€KTPOHOM30bITOUHBIe  Kopponbl  Hi(ms-Ph);Cor 7 u
H;(ms-4-MeOPh);Cor 9 pearupyor Takke ¢ MoaspHbIMU guMeTuncynbdokcugom (DMSO)
(DN=29.8; €=46.7) u DMF (DN=26.6; £€=36.7), HO He ¢ Ma/jONONApHbIM IupuanHOoM (Py)
(DN=33.1; £€=12.3). OnekrpoHofepuIMTHbIe MaKpOLK/bI, Hanipumep Hs(ms-4-NO,Ph);Cor 8,
CyliecTBYIOT B Buze H-acconmaTos gaxxe B cpefie TaKMX C/1abbIX 3/1eKTPOHOJOHOPOB, KaK alle-
ToH {(Me),CO, DN=17.0; €=20.7} m aneronutpmn {MeCN, DN = 14.1; ¢ = 36.0}.
B mocnenHeM cimy4ae mporjecc MOXeT OBITh PacTAHYT BO BpeMEHI, T.€. IIPU paCTBOPEHNUY CHa-
yana obpasyercs HeliTpanbHas ¢(opMma, a NPy XpaHEHUM pacTBOpa OHA IIEPEXOAUT B
H-acconuat. Tunmmunbivu gy OCII H-acconmaToB me30-3aMelleHHbIX KOPPOJIOB ABJIAIOTCA
pacliienyieHHas Ha iBe KOMIIOHEHTHI ITos1oca Cope U Brlpa>keHHasA Ioj10ca B paiioHe 640-645 HM
B BuauMon obnmactu (puc. 9). B cnyuae 5,10,15-tpuc(nenradropdennn)koppona 6 Q-momnoca
CMellleHa TUIICOXPOMHO, a B crrydae 5,10,15-Tpuc(4-HutpodeHnn)Kopposia 1monoca B BUAMON
obnacty 60ree pa3MbITa U PacHojIOXKeHa B paiioHe 689-696 HM B 3aBUCUMOCTI OT IPUPOLIBI
pacTBOpUTEISL; KpOMe TOTO, B 3TOM C/Iydae VIMeeTCsl pa3MbITas 1ooca B obmactu 512-519 Hm
(puc. 9). OCII anmonHbIx ¢GOpPM Me30-3aMellleHHbIX KOpponoB HamoMmmHaoT ICII

H-accommaTos, oTmM4asch M1ib UHTEHCUBHOCTBIO TTOIOC.
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Puc. 8. 9CII 2,3,7,13,17,18-rexcamerun-8,12-quatun-  Puc. 9. 9CII me30-3aMelleHHBIX KOPPOIOB B CHUCTeMe
koppona Hi(-MesEt,)Cor 5 B Gensone (1), DMF  puxmopmeran-Tpuatunamus: 1 — 5,10,15-Tpudenmnkop-
(2),0.13M pacrBope Et,NH B DMF (3),0.01M pac- pon 7, 2 - 5,10,15-tpuc(nientadropdennn)kopporn 6,
tBOpe [BusN]JOH B DMF (4) [26] 3 - 5,10,15-Tpuc(4-aurpodennn)koppon 8,

4 - 5,10,15-Tpuc(4-meroxcudenna)koppon 9 [141]

B manononapubx Hu3koocHOBHBIX cpefiax (CsHe - DMF) TaHTeHCH yI/1a HaK/IoHa MHAY-
KaTopHbIX 3aBucumocreii Ig Ind = f (Csolv), cooTBeTcTBYyIOLIME YNCITYy MOIEKY/I 91eKTPOHO0-
HOpa 7, YYacTBYIOIIMX BO  B3aMMOJENICTBUY, OOBIYHO  IIPEBBINIAIOT  eAVHMULYY
(puc. 10), 94TO CBUJETENBCTBYET O GOPMUPOBAHUY CTTAOOCBA3AHHON “CONMBBATHO 000/IOYKN”
MakpolMkna. B cucremMax ¢ HM3KOJ MONAPHOCTBIO, COAEpP>KALIUMX OCHOBHBII KOMIIOHEHT
(CéHs — Et;NH), nnu B monsapHbIX cpefiax B OTCYyTCTBME cunbHOTO ocHOBaHusA (MeCN - DMF)
IPOUCXOAUT IPUOIVDKEHNE CTeXNOMETPUY B3aMMOZENCTBYA K 1:1, OfHAKO HU3KVe 3HAYEHUS
KOHCTAaHT ycToitunBocTy npoaykros KOB cBuperenscrByor 06 o6pasoBanuu H-accormaToB
U B 9TOM C/Iy4ae. B momApHBIX cpepax, copepkammx cunbHoe ocHoBaHue (MeCN - Et,NH,
DMF - Et,NH), npomcxomut o0pa3oBaHye CIIEKTPAIbHO Pa3IMYMMBIX MOHOAHMOHHBIX
(H.Cor), a B ciryuae anexkrpoHopedunytHoro koppona Hs(ms-4-NO,Ph);Cor - u graHroHHbBIX
(HCor*) dopm.
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Puc. 10. CriextpasbHble usMeHeHus B xofe TutpoBanusa Hi(ms-Ph);Cor 7 B cucreme MeCN - (0-6.5M) DMF npu

298 K (Cuscor = 1.92:10° monb/m) (cneBa) M MHAMKATOPHBIE 3aBUCMMOCTH [JIS IIPOL[ecCOB obpasoBanms H-
acconmaToB H;(ms-Ph);Cor 7 ¢ DMF: 1) B CeHs (tga =n=11) n2) B MeCN (tg p =n=1) - (cupasa)

N-Ochnosnocmy. IIpoToHMpOBaHMEe KOPPO/IOB IIPOXOAUT B fiBe cTaguu. [Ipu B3aumopeii-
CTBMM C pa30aBJIeHHBIMU PacTBOPaMM CUJIBHBIX KUCIOT (TpudTropykcycHas kucmora, TFA)
VI KUCTIOTaMM cpefHeit cubl (ykcycHast kucmora, HOAc) kak f3-, Tak U Me30-3aMelleHHbIe
KOPPOJIBl 00pa3yloT ofHOKpaTHO N-IIpoToHMpoBaHHYI0 popmy (yp-e 3) [35, 39], obnaparomiyro
apOMaTIYECKVM XapaKTepoM. Bropas cTyneHb IPOTOHMPOBAHMA IPOTEKAeT MOJ, AeVICTBIEM
JIOCTATOYHO  KOHIICHTPMPOBAaHHBIX  CWIbHBIX  Kucinor  (yp-e  4). B cmyqae
3-3aMelleHHBIX KOPPOJ/IOB OHA 3aTparuBaeT OiMH V3 Me30-aTOMOB yI/epoja (B IOMIOXKeHNN 5
wu 15) 1 COPOBO>KAAETCS HapyIIeH)eM apOMaTUYHOCTY MaKpOLMKIIA C MICYe3HOBEHEM II0-
nocel Cope B OCII [18]. B ciiyyae me3o0-3amerieHHBIX KOpposoB nonoca Cope coxpaHsercs, a
II0/I0>K€eHe BTOPOTO IPOTOHA B MAaKPOILMK/Ie TOYHO He YCTAaHOBJICHO, OJHAKO HanboJsiee Bepo-
STHBIM TaloKe sAB/sieTcsi C-nipoToHypoBaHue [26]. IIpy 3ToM OCHOBHBIE CBOJICTBa 3aKOHOMEPHO
CHJIbHee BBIPaXXEHBI Y KOPPOJIOB, COflep KAIIX 9JIEKTPOHOOHOPHBIe 3aMmecTuTeny [148].

B coorBeTcTBMY € HaHHBIMU [26] KaK [-, TaK U Me30-3aMellleHHble KOPPO/Ibl HaXORATCS
B Cpefie YKCYCHOM KUCIOTBI B OJHOKPAaTHO IIPOTOHMpPOBaHHON ¢opme. B caydae
S-oxtaankmiakoppona Hi(-MesEt,)Cor 5 ata popma xapakrepusyeTcsi AByMs IIOJIOCAaMI B BUA-
Moit obnacty (580 m 599 HM) u omocoit Cope npu 408 HM; B C/Tydae Me30-3aMeIlleHHBIX COefIVHe-

HUII - pacmemieHHoi nonocoii Cope M TOMOCOM B BUAUMON 067acTM B paiioHe
670-700 M (puc. 11, cnesa).
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Puc. 11. 3CII OfHOKpaTHO IPOTOHMPOBAHHBIX (a) M [BYKPAaTHO IPOTOHMPOBAHHBIX (6) GopM KOppo/IOB
B YKCYCHOI M TpUTOPYKCYCHOI KucmoTax, coorBercTBeHHO: 1 — Hi(B-MecEt;)Cor 5; 2 — Hs(ms-Ph);Cor 7;
3 — Hi(ms-4-NO,Ph);Cor 8; 4 — Hs(ms-4-MeOPh);Cor 9 [26]

B pas6aBieHHBIX pacTBOpaX B3aMMOJEICTBME KOPPONOB C YKCYCHOI KUCTIOTOM
B 3aBUCMMOCTH OT THIIA PYHKIMOHATBHOTO 3aMeIl[eHN s B MAaKPOIMK/Ie IPOTEeKaeT B MHTEPBae
ee KOHLleHTpauii ot 0.9 o 17.5 MO/, mpudeM jierde usieT B HOIAPHBIX PAaCTBOPUTEIAX (arie-
TOHUTPWI) M CIOXHee — B HemnolApHbIX (6eHsom). OpHako B CiIydae, eciu
C IIPOTOHMPOBaHMEM KOHKypupyeT obpasoBanme H-accomyara, nepBblil 13 Ha3BaHHBIX IIPO-
I1eCCOB NPOTEKAeT 3HAUUTENIBHO XY’>Ke, IOCKOIbKY TpeOyeT IpeBapUTEIbHOTO paspylleHMs
H-accounmara c snexTponosonopom. IloaToMy B crydae me30-3aMelleHHBIX KOPPOTIOB MOTYT
Ha0/II0aThCA OTKIOHEHN OT YKa3aHHOI 3aKOHOMepHOCTH. [1o TolI e npu4mHe IpOTOHNPO-
BaHIe KOPPOJIOB CPAaBHUTE/IbHO TSKETIO IIPOXOAUT B TAKUX MOAPHBIX, HO IIPY 9TOM 3/1€KTPO-
HOJIOHOPHBIX cpefax, kak DMF u DMSO.

ABTOopamn [68] mokasaHO, YTO TayTOMepPbl KOPPOJIOB IIPOTOHMPYIOTCA C PasTNIHBIMU
CKOPOCTSIMM, a XapaKTep IIpoliecca B 1Ie7IoM, B YaCTHOCTY, BUJ, KPUBOJ TUTPOBAHNA, CUIbHO
3aBMCUT OT TeMIlepaTypbl. II03TOMy KOHCTaHTBI yCTOMYMBOCTY MOHOKAaTMOHOB KOPPOJIOB, I10-
nydenHble s 298K B paboTax [26, 142], MOTYT paccMaTpUBaTbCs MNIIb KaK YCTTOBHBIE BETIN-
YYHBI, KOTOpble, TeM He MeHee, IIO3BOJIAIT CHeNaTbh BBIBOA O PAfaX M3MEHEHUs
N-0CHOBHOCTH CO€/IMHEHMIA, COTTACYIOIMIACA C TPENCTABIEHNAMM O IPUPOJie 3aMECTUTEIEN B
MOJIEKy/IaX apOMaTUIeCKMX MAaKpOreTepouMK/IOB [11] ¥ BeMYMHaMy IPOTOHHOTO CPOZCTBA,
paccYMTaHHBIMU B paboTe [26] ¢ TOMOLIBIO TOTYyIMIMPUIECKUX MeTOROB. N-OCHOBHOCTb €O-
eITHeHMIT CHIKAETCs 10 Mepe 3aMeHbBI 3/71eKTPOHOJJOHOPHBIX 3aMmecTuTereit B monekyne HsCor
3/1eKTPOHOAKLIEIITOPHBIMUI rpynmnamuy, npuieM OCHOBHbIE CBOJICTBA
[-OKTaa/lKMI3aMelleHHbIX MaKpOLMKIOB Ha cTafguy **N-IpOTOHMpPOBAaHMA BbIlIe, YeM
y Me30-3aMellleHHBIX KOPPOJIOB, USMEHAACH B PAJY KOPPOJIOB:

H;(B-MesEt;)Cor 5 = Hs(ms-4-MeOPh);Cor 9 > Hs(ms-Ph);Cor 7 > Hs(ms-4-NO,Ph);Cor 8.

[TokazaHO Tak>Ke, YTO TAHTEHCBHI YITIOB HAKIOHA tgo MHAVKATOPHBIX 3aBUCUMOCTEIL,
NO/Ty4eHHBIX B XOfie CIIeKTPO(OTOMETPUIECKOTO TUTPOBAHMA KOPPOJIOB PA3IIMIHOTO CTpoOe-
HIIS1, XapaKTepU3YIOLIyie YIC/I0 MOJIEKY/I KUCTIOTHI (VI YMCTIO IIPOTOHOB), YYaCTBYIOIVX B pe-
aKIM, CYLIeCTBEHHO 3aBMUCAT OT IPUPOABI CPeAbl U MPUOIVDKAIOTCA K 0KMAaeMbIM II0 Mepe
pOCTa CWIBI TUTPAHTA ¥ HOIAPHOCTH pacTBoputend (puc. 12), Hanpumep, B cucreMe MeCN —
TFA. Yuer ¢pynxnym kucnmorHoct Ho B cucreme CsHes-HOAC Taxoke, Tie 3T0 BO3MOKHO, 1103-
BOJISIET IIOTyYUTh TaHTEHCHI yIyia HakitoHa 3aBucumocty lg (Ind) = f (Ig Ho), 6mmskue x epu-
HIIIE.
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Puc. 12. JVIHpuKaTOpHBIe 3aBUCUMOCTM IIPOLIECCOB CHEKTPOOTOMETPUIECKOTO TUTPOBAHUSA [Jis
Hi(ms-4-NO,Ph);Cor 8 B cucremax CsHs-HOAc (tg o = 4.7) (1) 1 MeCN-TFA (tg o = 1.1) (2) (cneBa, a)
U Ha/lOXeHMe MHAMKATOPHBIX 3aBucumocrteinn s Hi(ms-4-MeOPh);Cor 9 (1), Hs(ms-Ph);Cor 7 (2)
u Hs(ms-4-NO,Ph);Cor 8 (3) B cucreme MeCN-TFA (tg o = 1 Bo Bcex cnyyasx) (cmpasa, 6)

Bo Bcex m3y4deHHBIX cnydasx N-IIPOTOHMPOBaHNE Me30-3aMellleHHbIX KOPPOJIOB COIIPO-
BOXJaeTcss XapakTepHbIM usMeHeHueM OCII (puc. 11) m 6aTOXPOMHBIM CMelljeHVieM
ero Q,-10JI0Chl, KOTOPOE BO3PACTAET B PAMY 110 Mepe 3/1eKTPOHOLOHOPHOTO 3aMell[eH1 s MOie-
Ky/bl OT 22 fo 45 M [26, 149, 150].

[Tpu B3aMOgeVICTBMU KOPPOJIOB C YMCTON TPUPTOPYKCYCHON VI CEPHOI KVCTIOTaMI,
a TaK)Ke MX KOHIIEHTPMPOBAHHBIMM PAcTBOpPAMM B OPTaHMYECKNX PacTBOPUTEAX (Ipupopa
pacTBOpUTENIA B JAHHOM CiIy4ae He MMeeT 6onbuoro 3HadeHys) ICII mpofykToB coOTBeT-
CTBYeT JIByKpPaTHO IIPOTOHMPOBaHHBIM popmam (puc. 11, cnpasa) [26]. ITonoxxeHne BToporo
IIeHTpa IPOTOHMPOBAHN I OKOHYATE/IbHO He BBIACHEHO, OTHAKO Y>Ke IABHO CINTAETCS, YTO OHO
3aTparmBaeT Me30-TONOXKeHUsA Makporukiaa [104]. B xauecTBe mokasarenbcTBa MPUBOJATCS
pe3y/nIbTaThl KBAaHTOBO-XMMUYECKNX PacyeToB, a Takke AMP-creKkTpanbHble MCCIeIOBAHNA,
MO/ TBEPIK/AI0IIYe HeapOMaTU4eCKyI0 CTPYKTypy obpasyomuxcsa mpoaykros [26]. Tun 9CII
aTMx  ¢GOopM  KOppPO/NIOB  MHAMBUAYyaJleH B  CIydae  KaXJOTO  COe[MHEHVA
(puc. 11, cnpasa): ecmu C-IpOTOHMPOBaHME [-OKTAaNKMUI3aMellleHHOTO KOPPO/a MPUBOAUT
K JCYe3HOBEHMIO ITIOJIOC B BUAMMON 007acTi, TO B CIydae Me30-3aMelleHHbIX KOPpOJIOB,
HAIPOTMUB, B CIIEKTpe IOSB/IAIOTCSA MHTEHCUBHBIE ITOJIOCH B 061acTy 600-670 HM. B cpepne koH-
IIEeHTPMPOBAHHOI CEpPHOI KNCIOTHI IpoliecC 00pa3oBaHNA ABYKPATHO IIPOTOHMPOBAHHBIX
($hopM KOPPOJIOB OCIOXKHAETCS BO3MOXXHOCTBIO OKVICTIEHA KOPPOJIOB I APYIMX IOOOYHBIX pe-
akuuii. ITo atoit npuunne SCII ogHoro u toro >xe koppona B TFA n H,SO4 moryT Becbma cy-
IIeCTBEHHO pa3nmmyarbcs [26].

C-nporonupoBanHble, win H-accoumatnBHble, popMbBI HEOTHOKPATHO OOHApY>KMBa-
JINCh B PacTBOPaX CUIBHBIX KUCIOT Y COOCTBEHHO HMOPPUPMHOB (MM I'MIIepHOPPUPUHOB)
[151], mpuuem B cirydae HoP peus uaer o TpukaTnonHbIx yactunax tuna Hy,PH?*. B pabote [26]
criekTpanbHO 3adukcupoBanbl auKatnoHbsl H,CorH?* me30-3aMeIleHHBIX KOpPpOJIOB
H;(ms-4-MeOPh);Cor 9, Hs(ms-Ph);Cor 7, Hi(ms-4-NO,Ph);Cor 8, o6pasyrouiuxcs, B 3aBucu-
MOCTH OT Tumna (QyHKIMoHanbHo rpymnsl B 4.0-13.5M TFA, B cpee CsHe mmun CH5CN.

CregyeT OT/Ie/IbHO OCTAHOBUTLCS Ha IPOTOHNMPOBAHNM KOPPOJIOB, Nlepudepideckne 3a-
MECTUTeNMN B MOJIEKY/IaX KOTOPBIX TaKXe MOTYT IPUCOEAMHATb IPOTOHBL Tak,
Ipy IPOTOHMPOBAHMM 1O BTOpoit crymeHu 5,10,15-Tpuc(4-MeTokcudeHna)Koppona
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H;(ms-4-MeOPh);Cor 9 o6pasoBaHnio JByKpaTHO IPOTOHMPOBAHHON (HOPMBI IPEALIECTBYET
obpaszoBaHye MPOAYKTa (CyllecTByeT B MHTepBase oT ~1.5-107 no 4.0M TFA, pactBoputens —
CsHs, MeCN, HOACc), oTmmuaromierocs mo tuiry 9CII Kak 0T OZHOKPATHO, TaK U OT IBYKPAaTHO
IPOTOHMPOBaHHOI GopMmbl (puc. 13), a Ha KPUBOJT TUTPOBAHUSA 3TOMY IIEPeXOAy COOTBET-
CTBYeT OTZie/IbHAsl CTYIIeHb.
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Puc. 13. 9CII 5,10,15-Tpuc(4-metoxcudenun)koppona Hs(ms-4-MeOPh);Cor 9: HiCor (1), HsCort (2),
MeO-mporounposannsiit HyCor* (3), mmxatmon H,CorH** (4) (cnesa, a) u KpuBbBle TUTPOBAHUS IS
H;(ms-Ph);Cor 7 (1) u Hi(ms-4-MeOPh);Cor 9 (2) (cnpasa, 6) B cucteme MeCN - TFA

JIOTMYHO MPEIIONOXNTD, YTO ITOT IPOLiecC MPeACTaBsieT OO0 IPOTOHMPOBAHME T1e-
pudepryecKux METOKCUTPYIII, KOTOPble MEHSIOT IIPY 3TOM CBOJI XapaKTep C 3/1eKTPOHOJO0-
HOPHOTO Ha 3/1eKTPOHOaKLenTOpHbI. [TocienHee 06CTOATENBCTBO OOBSCHIET CPABHUTETHHO
HI3KYIO CKTTOHHOCTb KOPpOJ/Ia 9 K 00pa3oBaHMIO ABYKPATHO IIPOTOHMPOBAHHOI popMBI (HIDKe,
yeM y He3aMellleHHOTO 5,10,15-TpudeHnikopporna 7) BOIPeKU TeOPeTUYECKUM OKUTAHUAM
[26].

lukaTvoHHble (QOPMBI KOPPOTIOB  XapaKTepU3YIOTCS O4YeHb  CYIeCTBEHHBIMMU
CTOKCOBBIMM CJBUTAMM IIOJTIOC B CIEKTpax (IyOpecLeHIUN, 4TO, BEPOATHO, OOBACHIETCS
HEIVIOCKUM CTPOeHVeM 00pasyIoLuxcs HeapoMaTtudeckux Mosnekyn [11]. Tak, ecnmu B cnydae
H;(ms-4-NO,Ph);Cor 8 Benmmunna Ave cocrapysier B cpege TFA 895 cm™, To y Hs(ms-Ph);Cor 7
u Hi(ms-4-MeOPh);Cor 9 ona Bospacraet o 1767 u 2420 cM™' cCOOTBETCTBEHHO.

Komnnexcoobpasosanue H;Cor u peakyuonnas cnocobHocmv memannokopponos. OmHuM
3 BOKHEWIINX CBOVICTB TETPANIMPPOJIbHBIX MAaKPOT€TEPOLVIKINYECKUX COeIMHEHNIT SIBIISIETCS
UX CIOCOOHOCTD K 00pa30BaHMI0 META/UIOKOMITTIEKCOB. [Ipu mpoTeKaHnm peakiuii 3TOro TUIa
OOBIYHO BO B3aMIMOJIEVICTBIIE BOB/IEKAETCS BCS IIaBHAs KoopArHaLmoHHas monocts (KII) mak-
POLIMKIIA, YTO Y CUMMETPUYHO 3aMEelIeHHBIX apOMAaTUYeCKIX MOJIEKY/I COIIPOBOKIAETCS BbI-
paBHMBAHMEM “KOBAJIEHTHBIX ¥ “KOOPAVHAL[MOHHBIX CBs3el “MeTami - a3oT” [152].

[Topdupunsl n popcrBenHsle MI'T] 06pa3yroT KOMIUIEKCHI ¢ OONTBIIHCTBOM META/IIOB
[Tepnopmueckoit cucremsl [I.V1. MeHpaeneeBa, B TOM 4McC/ie C HEKOTOPBIMM HeMeTa/yiaMu [6].
[Tpu 3TOM CBOVICTBA KOMIUIEKCOB CU/IBHO 3aBUCAT He TOTBKO OT IPUPOABI KOMIUIEKCO0Opaso-
BaTeJIsi, HO U OT CBOJICTB M OCOOEHHOCTEN CTPOEHMS MaKpOUMK/INIeCcKoro nuranaa. Kak moka-
3bIBaeT IPAKTUKA, 3a4aCTYI0 MaKpOTeTePOLVKINYECK/ e COeNVHEHNS IPOSBIIIOT IPaKTUYe-
CKIi 3HaYMMBbl€ CBOJCTBA, UMEHHO HAXO/ACh B BIje KOMIUIEKCOB C META/ITAMIA.
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Kpyr xummdyeckux sjeMeHTOB, C KOTOPbIMU KOPpObl 06pasyT Komiiekcel (MCor),
TaK>Ke JOCTaTOYHO LIVPOK U BK/TIOYAET B Ce0s1 [/TaBHBIM 00pa3oM d-MeTaIbl I HEKOTOPbIe He-
MeTamnbl (pocop, MbIbAK) [19]. VI3BecTHBI Takke KOMIUIEKCBI KOPPOJIOB C p-37IeMEHTaMI
(amoMyHMIL, Ta/INiL, TepMaHuii, on1oBo) [19, 25, 106], a Takxe ¢ peKo3eMeIbHBIMY 3/IeMeH-
Tamu (puc. 14).

H He
Li | Be B C N (@) F | Ne
Na | Mg Al | Si P S Cl | Ar

K |Ca| S |Ti |V |[Cr|Mn| Fe | Co | Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr
Rb | Sr | Y | Zr | Nb| Mo | Tc |Ru ([Rh | Pd | Ag | Cd | In [ Sn | Sb | Te | T | Xe
Cs |Ba| * | Hf | Ta | W | Re [ Os | Ir | Pt | Au | Hg | T1 | Pb | Bi | Po | At | Rn
Fr | Ra | ** | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn |Uut | FI |Uup| Lv | Uus |Uuo
*Ln In | Ce | Pr [ Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
**Ac Ac | Th | Pa| U [ Np| Pu [Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr

Puc. 14. “Tlepuogudeckas cucTeMa” METAUTIOKOPPOIOB (110 COCTOSIHUIO Ha Havano 2017 1.) [33]

OTcyTcTBUE aTOMA YI/Iepojia B OJTHOM U3 Me30-II0JI0XKEHMIT MaKpPOIVK/Ia KOPPOJIOB IPM-
BOJUT K YMEHBUIEHUIO pasMepa WX KOOPAMHALMOHHON IIOJIOCTM IO CpPaBHEHUIO
¢ nopdupunamn. Hammane tpex NH-IpoToHOB 00yC/lIOB/IMBaeT “TPeXaHMOHHBI X XapaKTep
nurangoB H;Cor, xots, kak u HaP, KOpposibl SIBIAIOTCS TeTpajeHTATHBIMY TUTaHAAMU 3a CYeT
00pa3soBaHusA YeTBEPTOIl JOHOPHO-AaKIIENITOPHOII CBsA3Y. B pesynbraTe KOppoObl CTabumman-
PYIOT B COCTaBe KOMIUIEKCOB HEOOBIYHO BBICOKME CTEIeHV OKVCIEeHUs MEeTAJUIOB, HauMHas
oT +3 u BbilIe. B TO >Ke BpeMsl CKaThIil XapaKTep KOOPAVHALMOHHOII ITOJIOCTY CIIOCOOCTBYET
BMEIL[eHNI0 B KOOP/VHALIVIOHHBIN L[EeHTP KaTMOHOB MEHbBIIET0 Pajjuyca, T.e., €C/I TOBOPUTH 00
OIHOM XMMIYECKOM 3JIEMEHTE, — KATMOHOB B 00JIee BBICOKOI CTENIEHY OKUC/IEHNA. DTUM 00'b-
SICHSIETCS CYILeCTBOBaHMe KOMIUIEKCOB KOpponos, comepxammx Cu(IIl), Ag(II), Fe(IV),
Cr(V), Mn(VI) n 1.1. [49, 58, 153 n zip.].

['oBOps1 0 CKIIOHHOCTY KOPPOJIOB K CTaOM/IM3anyy BBICOKMX CTeIIeHel OKVICTIEHVS MeTaJl-
JIOB B COCTaBe KOMIIJIEKCOB, He/Ib3s HE OCTAHOBUTHCS Ha SIBJIEHUY, KOTOPOE MHOCTPAHHBIE aB-
TOPBI Ha3bIBAIOT «NON-innocence» (HEMHHOLIEHTHOCTD) [58, 60, 66, 154 u fip.]. Peunb upyet o ToM,
YTO BBUAY CBOETO 3JIEKTPOHOM3OBITOYHOTO XapaKTepa KOPPOJIBI JIETKO 00pasyloT KaTMOH-pa-
nuKanpHble GopMbl. I109TOMY Ha IepBBIl B3I/IAZ BBIJIAAUT HEOOBIYHBIM TO, YTO CPAaBHU-
TE/IbHO JIETKO OKVC/IAIOLIVECs COeAVHEHNs — KOPPOJIBI — CTAOVIM3UPYIOT METAJI/IBI B BBICOKUX
CTeNeHAX OKNC/IEHN A, ABHO 00/Iaarolie OKUCIUTEbHOM cl1o0cOOHOCThI0. OObsACHEHNE 3TOTO
(dbeHOMeHa COCTOUT B TOM, YTO KOPPOJIbI B COCTaBe KOMIUIEKCOB YaCTO CYILECTBYIOT B KaTHOH-
panMKanbHOI popMe, a KATMOHBI META/UIOB JINIIb (POPMANbHO MEIOT HEOOBIYHO BBICOKYIO CTe-
IIeHb OKJCIIEHM S, TOCKO/IbKY MeXX/Iy MaKPOILMIK/IOM U KaTMIOHOM MeTajUIa IMeeTCsl paBHOBeCe
(5), 3aK/m0valIeecs B IepeHOCe 9JIEKTPOHA ¢ MaKPOIMK/Ia Ha METaJlT:

M Cor = M®V*Cor* (5)

B nmurepatype 3TOMy BOIpOCY yAensAeTcs HOBONbHO 6onblnoe BHUMaHMe [49, 58, 154
" [Ip.], OHAKO eJTHOTO MHEeHMA OTHOCUTETbHO HENTPaIbHOTO («innocent») Uiy KaTMOH-pa-
IMKATBHOTO («non-innocent») Xapakrepa muraHgoB B cocrtaBe MCor He IOCTUTHYTO.
ITockonmpKy yCTOMYMBOCTD KOPPONIOB K OKMUC/IEHMIO ¥ OKMCIMTE/IbHbIE CBOJICTBA KaTMOHOB

36



OT XAMWU K TEXHOJIOTHW [ITEARETNTIEANVE TOM 1, BbINYCK 1, 2020

MEeTaJUIOB Pa3/IMYaloTCs MeX[y co00ii, TO Zaxke B OFHOTUIIHBIX KOMIIIEKCaX COCTOSIHUE JIN-
raHa MOYKET OTIMYIATHCA.

MeTamIoKOMIUIEKCHI KOPPOJIOB CKJIOHHBI K 9KCTPAaKOOPAMHAIIMY MOJIEKY/T 97IeKTPOHO-
JIOHOPHBIX PACTBOPUTEJIEI, YTO TAK’KE MOXKET COIPOBOXKAATHCS M3MEHEHUEM CTEIIeHU OKVC-
JIEHVSI MeTaJUIa ¥ BBIPOXKEHHBIM VMI3MEHEeH)eM 3/IeKTPOHHOTO CIIEKTpa MOTJIOLIeHNS.

Kommtekcsl Me30-3aMeleHHBIX KOPPOJIOB C METa//IaM B BBICOKMX CTETIEHSIX OKMCTICHUS
{Cr(V), Mn(V), Fe(IV) u 1.1.} mpeacTaBasAioT 60/bIIONI MHTEPEC B KauyeCTBEe HOBBIX 9P PeKTIB-
HBIX KaTa/IN3aTOPOB PA3/IMYHBIX IIPOLIECCOB — OKMC/IEHNSI-BOCCTAaHOBJIEHN S, IepeHOCa IPYIII U
np. [17, 22, 155]. AHanormyHble KoMIiulekchl ¢ nopdupunamy HemsBectHbl {Cu(Ill)}, He-
OOBIYHBI {Co(IV)} VIM  CTabWIBHBI ~ JMIIb  IpU HUSKMX  TeMIlepaTypax
{Fe(IV), Ni(IID)} [17, 155].

Cy1ecTByeT jBa OCHOBHBIX METO/]a CMHTe3a KOMIUIEKCOB KOPPOJIOB — LIMKIN3AIus O1-
JTaiYieHOB-a,¢ B IPUCYTCTBUM COJIM MeTajl/Ia I HeIIOCPe[ICTBEHHOE B3aMOJIEIICTBIIe KOPpOIa-
AWTaHZa € MeTA/UTOCOAepKaluuM  coeiuHeHueM.  Ilpumpoma  moHa  MeTamia
IpV CHMHTe3e IO IIePBOMY M3 3TUX CIIOCOOOB MMeeT pellarollee 3Ha4YeHVe: B IPUCYTCTBUYU
MOHOB HEKOTOPBIX MeTa/IOB 00pa3oBaHMs MaKpOIMKIa KOppona He Habmomaercs (Kak
B crrydae Zn**) [18], wim xe koppon nony4daercs B Buje muranga (Cr** u op.) [18, 155]. Ilepssiit
CIIOCO0 MIPYIMEHNM JiIsI IIO/Ty4eHNsI KOMIUIEKCOB [3-3aMellleHHBIX KOPPOJIOB, BTOPOJI — I KOM-
IJIEKCOB KaK f3-, TaK M Me30-3aMellleHHbIX coefirHeHnit. O4eBUIHO, YTO BTOPOJ IIyTh CHTEe3a
maet 60sree BBICOKIE BBIXO/bI KOMIIJIEKCOB.

OpHoJt 13 HEeTPUBYAIBHBIX 3ala4 KOOPAVHALVOHHON XM KOPPOJIOB SIB/ISETCS IO -
00p yCcnoBuMil IS NPOBEREHMS AUCCOLMALNU KOMIIEKCOB KOPPOJIOB B IPOTOHOZOHOPHBIX
cpenax o ceobopHoro nuranga [82]. ITpomecc ocmoXKHsAeTCS MpOTeKaHueM ITOOOYHBIX peak-
IIVIIA, Y 9aCTO NPY JEVICTBUY CUIBHBIX KMC/IOT KOMIUIEKCHI KOPPOJIOB 00pa3yloT He IPOTOHM-
poBaHHYyI0 popMy IMraHza, a COBEpIIEHHO MHBIe IPOAYKThL. KpoMe Toro, faxke B ciydae jjuc-
colyanyy KOMIUIeKca /10 IUTaH/a BbIfie/IeHe ITOC/IeHETO 13 PeaKI[MIOHHO CMecH, HallpuMep,
B ciay4yae koMmiutekcoB Menu(IIl), 3agacTyio BecbMa 3aTpyJHUTE/IBHO BBUJY €T0 CKIIOHHOCTY K
IIOBTOPHOMY B3aMIMOJEVICTBMIO C 0Opasyrolelicss py AUCCOLMALIMIU COMbI0 MeTalIa Py Io-
OBITKAX  MpOBefeHMsT  pa3OaBleHMst  WIM  SKCTPAKIUM  PEaKUMOHHON  MaccChl.
Ha sTom HampaBieHun cfie/iaHbl MUIIb repBble mary [25]. OueBuiHO, 4TO JaHHAsA MpobieMa
TpebyeT Ha/lbHeIIero BCeCTOPOHHET0 M3yYeHMs.

MertatoKOMITIEKCaM KOPPOJIOB MOCBSIIEHO 60/IbIIIOe KOMM4ecTBO padoT [19, 23-25 u fip.],
II03TOMY NOAPOOHOE PACCMOTpPEHMEe TUIIOB 3TUX COeAVHEHMI, X CIIeKTPaIbHbIX XapaKTepu-
CTUK M PEaKIIOHHOJ CIOCOOHOCTM B paMKaX OJHOTO 0030pa JOBONBHO 3aTPYJHUTENBHO.
CTouT MMIIb OTMETUTD, YTO PA3NINUMiT B PU3UKO-XMMIYECKUX XapaKTePUCTUKAX M XUMUYe-
CKOM TIOBefIeHIV METa//IOKOMIIIEKCOB KOPPO/IOB MHOTMA MMEETCs JaKe OOJIblile, YeM CXOf-
CTBa, II03TOMY Ka)Xk[J0e COeJIIHEHMe 3acTy>K/MBaeT OTJe/IbHOr0 paccMoTpeHus. Obummm xe
CBOJICTBaMI KOMIIIEKCOB KOPPOJIOB SIBJIIIOTCS: €II€ OO/blLIasi PasMBITOCTb 3/IEKTPOHHBIX
CIIEKTPOB IIOIVIOIEHS [T0 CPAaBHEHMUIO CO CBOOOIHBIMM JIMTaH/aMM (BIUIOTD O IOJTHOTO OT-
CYTCTBUA BBIPKEHHBIX IT0JIOC B BUJIVIMOJ 00/1aCTY CIIEKTpa); 60/IbIas CKTOHHOCTD K 9KCTpa-
KoOppuHanvy (I7IaBHBIM 00pasoM — 3/1eKTPOHOZOHOPHBIX MOJIEKYII), YTO COIIPOBOXK/JAETCS
BbIpakeHHBbIM 13MeHeHreM JCII 1 BOSHUKHOBEHIEM B HEM HOBBIX IOJIOC; PEIKOCTD JUCCOLIN-
alyy B IIPOTOHOOHOPHBIX CpefiaX O CBOOOJHOro MMUraHzaa (B MOAAB/AONEM OOIbIINHCTBE
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CTy4aeB 00pasylTCs Apyrye IPOAyKTh). PaccMoTpuM 60ree mogpo6HO HEKOTOPBIE MepCIeK-
TUBBI IIPAKTNYECKOTO UCIIONb30BAHNA 3TUX COeVHEHNII.

OcHoBHBIE HaIIpaBI€HUA NPAKTUYECKOTO UCIIO/Ib30OBAHNA KOPPO/I0OB

BonbUIMHCTBO MCCIeoBaHMil B 06/1aCTU MIPAKTUYECKOTO NMPYMEHEHVSI KOPPOIOB OBbITIO
BBIITOJTHEHO C VICIIOIb30BaHMeM BBICOKOCTabmbHOTO 5,10,15-Tpuc(nenradropdennn)koppomna 6
Y €ro HMPOM3BOJHBIX, B YaCTHOCTY, KOMIUIEKCOB C Pas/IMYHbIMM MeTautamMu (cM. [22, 24]).
OpHako M [pyrue KOPpOJBbI ABJISAIOTCSA He MeHee VHTEPEeCHBIMU COEJVHEHUSAMU B acIeKTe
BO3MOXXHOCTEI MX IIPaKTU4ecKoro mpumeHeHuA. OCHOBHbIMM cepaMy ITOTEHIVAIBHOTO
JVICTIOJIb30BaHVsI KOPPOJIOB M MX METa/UIOKOMIIIEKCOB SIBJISIIOTCS KaTaaus, IPOU3BOACTBO
CEHCOPOB U COTHEYHBIX OaTapeii, a Tak>Ke 61oMeaMIMHa.

Kamanus, ¢pomo- u anekmpokamanusz memannoxopponamu. Kommrekcsr 5,10,15-
Tpuc(nenradpropdennn)koppona 6 ¢ xemesom u MapranueMm (ClFe[(CeFs);Cor]
u Mn[(CeF5);Cor]) kaTanu3upyroT oKmcieHne sTuideH30/1a Nog0300eH30/I0M ¢ 06pa3oBaHeM
CMecH CMpTa u KeToHa [156, 157] (ypaBHeHue (6)):

(CDFe[(CgF5)3Cor]
Ph—CH,—CH; o Ph*(\?H*CH3 + Ph*%ﬁ*CH3 ©)
-Phl OH O

6.6% 4.2%

Kommekcsl mopdupuHOB, OZHAKO, fAIOT Oojiee BBICOKNME BBIXOABI MPORYKTOB (15,7%
1 8,9% COOTBETCTBEHHO).

Kommekcsl f-okraranoreH-me3o-rpuc(nenrapropdennn)kopponos ¢ mapranuem(III)
M3y4a/IiCh B KauecTBe KaTaIM3aTOPOB OKMCIEHMsS IIVIK/IOTeKCeHa 10K0300eH30710M (44, 158].
OTM KOMIUIEKCHI ITOKa3aIi XOPOLIYI0 KaTaIUTUYECKYI0 aKTMBHOCTb, OJHAKO CENEeKTVBHOCTD
Ipoliecca OKas3anach HEBBICOKOI: B UTOTe 00pa3oBbIBA/IACh TPYAHOPa3ie/IMMasAd CMeCh CIVPTa,
KeTOHa I 31oKcupa (ypaBHenne (7)):

OH 0)
Mn[Cor]
+ +
‘ PhIO 0 (7)
-Phl
Mn[(C4F5);Cor] 9.3% 0.3% 1.6%
Mn[B—Brg(C4F5);Cor] 36% 32% 32%

ITo nprymHe HEBO3MOYKHOCTH Ha IAaHHOM 9TaIle IIOBBICUTD CEIEKTUBHOCTD IIPOIiecca, CH-
CTeMaTUYECKUX MCCIEOBAHMIA KaTa/IMTUIECKOTO OKMC/IEHUA YITIEBOJLOPONOB KUCIOPOLOM
(bakTIYeCcKy He IPOBOAMIOCH, OHAKO OBIIO ITOKAa3aHO, YTO CKOPOCTD ITepeHOca aTOMa KICIIO-
pofia B ClTy4ae MeTa/VIOKOPPOJIOB BhIIlle, YeM B C/Tydae MeTayionoppupuHoB [159].

BosmosxeH u ipyroii moaxop K 3¢ GeKTVBHOMY U CeeKTVBHOMY IIPOBENEHMIO IIpoIjecca
OKIIC/IeHMs YTTIeBOJOPOJOB: OKMC/IEHNE C TIOMOIIbIO CHMHITIETHOTO K1cmopopa 'O,, KOTOpbIi
obpasyercst ipu QOTOBO3OYXEHUY AVAMarHUTHBIX KOMIUIEKCOB KOPPOJIOB C MeTa/UIaMN.
B wacTHOCTH, 6BUIO ITOKA3aHO, YTO KOMIUIEKCHI KOPPOJIOB C CYpbMOII ABJATCA 3G deKTUB-
HBIMU KaTaIM3aToOpaMy POTOOKUC/IEHN I OPTAaHNIEeCKUX MOJIEKY/I KICTTOPOioM Bo3zayxa [160].
YrneBongopojpl B 9TUX YCIOBUAX CENEKTUBHO OKUCIIAIOTCA [0 TUAPONEPOKCUIOB, IPUYEM
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OKIIC/IeHNe He 3aTparuBaeT JBOVIHbIE CBA3M: CTYPOJI B PEaKIMIO He BCTYIIAeT, @ OKUCTIEHNE IIUK-
JIOTeKCeHa U LIMKI0OKTeHa UJeT MCKTIOYNTE/IbHO 110 a/UINIBHOMY HOIo>KeHU o (ypaBHeHue (8)):
OOH

‘ (F)2Sb[(CeFs)3Cor] (8)
02, hv

Haub6omnee sapdextnBubIM KatanusatopoM sBjsiercss KoMmiteke (F).Sb[(CeFs);Cor]; kom-
mwiekcbl  (Py)Sb[(CeFs);Cor] m O=Sb[(CeFs);Cor] menee asddexrnBunr [160]. Hambomnee
JIelICTBEHHBIN U3 KaTann3aTopoB 06/1agaeT Hanbo iee NIMTe/IbHBIM BpeMeHeM >KVM3HI TPUIUIET-
HOTO cOCTOSIHMSA [161], 4TO AB/sAETCS OFHUM U3 ONpeNeAIX (aKTOPOB, 6IarOIPUATCTBY-
IOLIVIX TIOBBILIEHIIO BHIXO/Ia CMHITIETHOTO KMCTIOPO/A.

MeTanIoOKOMIUIEKChI KOPPOJIOB MOTYT OBITh KaTa/li3aToOpaMMy SIIOKCUMPOBAHMS ajKe-
HOB. Tak, CTMPOJ IIpU OKVUCIEHUM MOL0300€H30/I0M B HPUCYTCTBUM 1 MO % KOMIUIEKCa
(Cl)Fe[(CeFs)sCor] obpasoBbiBanm cMech OKcuja cTupona (BBIXOR - 66%) u deHmmaneranbie-
rupa (BbIxox - 21%) (ypaBHenue (9)):

(CDFe[(CgFs)3Cor]
Ph—CH=CH, - > Ph—CH CH, +Ph—CH,CHO
PhIO o 9)
-Phl

66% 21%

KaranuTudeckuMu CBOJICTBAMM B PeaKLMsIX TAKOTO TUIIA 00JIafialoT TaK)Ke KOMIIIEKCHI
5,10,15-Tpuc(nentadpropdennn)koppona 6 u ero P-oKTaraToreHIPOU3BOAHBIX C MapraHieM
(157, 44, 158, 159, 162, 163].

B pabote [164] nmpogeMoHCTpypoBaHa BO3MO>KHOCTD CEJIEKTMBHOTO OKMC/IEHNUSA CIIMPTOB
10 KapOOHW/IBHBIX COENVMHEHMII C IIOMOLIBIO Mperm-OyTUITUAPOIIePOKCHAA B IPUCYTCTBUN
KOMIIIEKCOB 371eKTpoHoAepuunTHEIX Kopponos ¢ MapranueM(IIl) (ypasuenue (10)), Hanpu-
Mep:

Mn[(C6F5)3Cor]
Ph—CH,~OH - » Ph—CHO
~-BuOOH
KOMH. [

(10)

B pabote [163] m3y4yanmoch OKMC/IEHME THOAHM30/Ia MOMO300€H307IOM U OKCUOM
N-IVAHOMVIMETV/IAHM/IVHA B IIPUCYTCTBUY KOMIUTEKCA OKTa-(4-mpem-6yTuideHnT)KoppoasHa
¢ mapranneM(III) (ypaBuenne (11)):

Mn{[(#-BuPh)sCz]
Ph—S—CH; —— > Ph—S—CH, (11)
PhIO O

Xopommmy KaTami3aTopamiu (pOTOOKMC/IEHNA TMOAHN30/Ia CUHITIETHBIM KUCTIOPOZIOM
B CIIMPTOBBIX PACTBOPAX ABJIAIOTCS Y>Ke YIIOMMHABILNECS paHee KOMIUIEKCHI 5,10,15-Tpuc(meH-
Tadropdenmn)koppona 6 ¢ cypbmoii [160]. EXMHCTBEHHBIM IPOAYKTOM OKVCIEHUA IIPY 9TOM
SBJIIETCS CYNIbPOKCU; TaTbHEIIEero OKIC/IeHNs B Cy/IbQOH He Habmopaercs (ypaBHenue (12)):

(F)2Sb[(CeFs)3Cor]
Ph—S—CH; ————> Ph—S—CH; (12)
02, hv 8
B cooTBeTCTBUM C TEM, YTO KOPPOJIBI CTAOM/IM3NPYIOT BBICOKNE CTETIEHV OKVIC/ICHMS Me-

TAa/IZIOB B COCTaB€ KOMIIVZIEKCOB [24], KOMIIZIEKCHI KOpPPOJIOB € ME€TA//TaM/ B HU3KUX CTEIIEHAX
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OKMC/IeHNsI JOJDKHBI ObITh OYeHb PeaKLMIOHHOCIIOCOOHBIMI. B 9T0JI CBsI3M pasyMHO O>XMAATb,
4TO OHM OY/YT IEMOHCTPUPOBATDH YHUKA/IbHbIE CBOJICTBA, CBSI3AHHBIE C aKTVBALIVIEN Ma/bIX MO-
nexyn. OfHAKO IMoKa 3Ta 06/1aCTh OTHOCUTEIBHO MajIO MCCTIEeOBaHa.

B pab6ore [165] momy4eHbl KOMIUIEKCHI KOPPOJIOB C XPOMOM B YeThIpeX CTeIIeHAX OKIC-
neHus U mokasaHo, yto Kominekc xpoma(Ill) Cr[(CsFs);Cor] criocobeH okmcnaTbest Kucmopo-
noM Bo3zyxa o okcokomitekca xpoma(V) O=Cr[(CsFs);Cor] (ypaBrenne (13)):

Cr[(C6F5)3C0r] +0.50;> O:CT[(C6F5)3COI'] (13)

BroXHOB/IEHHBIE 9TV pe3yIbTaTaMy, aBTOPHI [166] coBepLINMIN YCIIEUIHYIO TOTBITKY VIC-
IIO/Tb30BAHMsI KOMIIIEKCOB KOPPOJIOB C XPOMOM B KauecTBe KaTaIi3aTOPOB OKVCIEHUs Opra-
HIYECKNX CyOCTpaTOB KICIOPOAOM BO3Ayxa. B uwacTHOCTH, TpudeHMIPpochuH OKUCIANCT
no okcupa tpudennndpocpuna okcokomiiekcom O=Cr[(CeFs);Cor], koTopslit npyu 3TOM
BoccraHaBmmBanca fo komiiekca xpoMa(Ill) Cr[(CeFs)sCor] (ypaBHenne (14)):

O:CF[(C6F5)3COI']+ PPh3 -> OPPh3 + CI’[(CﬁF5)3COI‘] (14)

CymMMMpoBaHMe ypaBHEHMIT BYX IMOCIefHUX peakuuil (yp-sa 13-14) maér ypaBHeHue
okucnenusa TpudenmnpochrHa KUCTOPOZOM BO3AYyXa B INPUCYTCTBUM  KOMIUIEKCA
[(CeFs)sCor]Cr B xauecTBe KaTanusaTopa (ypaBHeHue (15)):

cr[(cgFs)3Cor]
PPh; + 0.50, ———— OPPh; (15)

CooTBeTCTBYOIINII 3-OpOMMPOBAHHBI OKCOKOMIUTEKC XpoMa(V) criocobeH OKMCIATD
PeaKIMOHHOCIIOCOOHbIe 0eUHBI THIIA HOPOOPHEHA IO 3TOKCHUIOB, OFHAKO BOCCTAHOBJICH-
Hast popMa KOMIUIEKCA C TPYAOM OKVC/IACTCS KUCTIOPOAOM BO3ZyXa.

B pabore [167] mpoBOAMINCH 9TEKTPOXMMUYECKIIE UCCIeOBAaHNSI KOMIIIEKCOB KOPPO-
JIOB € KOOAJIbTOM M >Ke/le30M U ObUIO TI0Ka3aHO, YTO BOCCTAHOBJ/ICHNE MOJIEKY/ISIPHOTO KIUCTIO-
POZia BCeTZia MJET 1O BOABI II0 YeTHIPEX3TIeKTPOHHOMY MeXaHU3MYy, 6e3 HaKOIUIeHNsI MeHee BOC-
CTQHOBJICHHBIX IEPOKCUHBIX MHTepMeuaToB (ypaBHeHue (16)):

0O, + 2H,0 + 4é > 40H" (16)

OueBuzHO, YTO JaHHbIE [167] yKa3bIBAIOT Ha BHICOKYIO 3¢ ()eKTUBHOCTD MCIONTb30BAHNUS
MEeTa//IOKOPPOJIOB B 9JIEKTPOKATa/IN3€e I HAXOJATCS B COITIACUY C TaK)Ke M3Y4aBLIENICsl CIIoco0-
HOCTBIO 3TUX COeITHEHUI KaTa/lM3MPOBaTh Pasjo>KeHue epoKcuza Bofopona [168, 169].

B paborax [26, 32, 170-173] 6b110 IpOBEIEHO M3ydeHME IMEKTPOXMMIYECKIX CBOVICTB
Me30-3aMellleHHbIX KOppoloB M X KomiviekcoB ¢ d-meravtamu (Cu(Ill), Zn(II), Co(III),
Mn(III), Fe(IV)) B naepTHOI aTMOcdepe, a Tak>Ke KaTaTUTUIECKON aKTUBHOCTI 9TUX COEMIM-
HEHUI B PeaKLVy 37IEKTPOBOCCTAaHOBJIEHMA MOJIEKY/IAPHOro Kucnopoaa B 0.1M BogHOM pac-
TBOpE TUAPOKCHUAIA Kams, HacbllleHHOM O,. 3aMeTuM, YTO MHTepeC K KaTAIUTUYECKUM CBOI-
CTBaM COe[IMHEHMIT B peaKLMM 3JIEKTPOBOCCTAHOB/IEHNS KUCTIOPOZia 00yC/IOB/IEeH BO3MOXKHO-
CTPI0O CO3aHMsI Ha WMX OCHOBE HOBBIX HM3KOTEMIIEPAaTypPHBIX JCTOYHMKOB TOKA.
B cooTBeTcTBUMU C IpaKTMYeCKMMU 3afadaMy Oblla BbIOpaHa M CUCTeMa, B KOTOPOU IIPOBO-
IATCSL M3MEPEeHNsI, a MMEHHO — BOJHO-IIE/IOYHON PacTBOP, II0 aHATIOTUM C yXKe IINPOKO VIC-
HOJIB3YIOLVIMIICS I1Ie/IOYHBIMY 97IeMEHTaMV IIUTaHNUA.
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CormocTaByieH1e 97eKTPOKATATUTIYECKOI aKTUBHOCTY KOMIUIEKCOB OJJHOTO M TOTO K€
MeTaJl/Ia C KOpPOJIaMIy, COJlepIKAIVIMV 3aMeCTUTENN PAa3/INYHOI 3/IeKTPOHHON IPUPOJIBI, T103-
BOJISIET CHIE/IaTh 3aK/II0YEHVE O TOM, YTO B OOJIBIIMHCTBE C/Ty4aeB HaIM4ye 31eKTPOHOLOHOP-
HBIX 3aMeCTUTeTIeN B MOJIEKY/Ie CIOCOOCTBYeT ITOBBIIICHNIO 3JIEKTPOKATAIUTUYECKIX CBOVICTB.
Ecmu roBOopuUTh 06 3/1€KTPOKATAIUTIYECKOI aKTVBHOCTY KOMIUIEKCOB B 3aBYICIMOCTY OT Me-
TaJl/Ia, TO HaOOJIbIIEN aKTUBHOCTBIO 00/TalaloT KOMIUIEKChI KOPPOJIOB C MapraHIleM U >KeJjle-
3oM. Ilo cpaBHEHMIO C QaHAIOTMYHBIMY KOMITIEKCAaMM OPGUPIHOB 3JIEKTPOKATATUTIYECKast
aKTMBHOCTb KOMIIIEKCOB KOPPOJIOB HECKOJ/IBKO BBILIIE.

beIlo mokazaHO, 4YTO KOMIUIEKCHI ene3a ¢ 5,10,15-tpudennnkopponom 7
n  510,15-tpuc(nenradproppernmwn)kopporom 6, a  TaKKe  KOMIUIEKCHI  pOAusA
¢ N-3aMeleHHBIMY KOPPOIaMy ABJIAIOTCA 9P PeKTUBHBIMM KaTaMN3aTOpaMy peaKkLuy “IIUK-
JIONPOIIAHMPOBAHMS CTUPOJIA STWIAMA30aL[eTaTOM. DTO y)Ke He IIepPBBIil IPUMepP peaKiiiy, B
KOTOPOJ KOpposbl 6ormee 3pPeKTUBHBI B KayecTBe KaTaIM3aTOPOB, YeM COOTBETCTBYIOLIVE
HOpQUPUHBIL, T/ie BBIXOJ, IPOAYKTOB HECKOIBKO HIDKe U cocTaBsgeT 7 1 40 % COOTBETCTBEHHO
(24, 156] (ypaBHeHue (17)):

(CDFe[(CgFs)3Cor] ? ﬁ
Ph—CH=CH, ——>  Ph \

OEt + PO OER
(@]
[ (17)

EtO" CHN, 20% 46%

OpHolt M3 mpU4YMH O0JIee BBICOKOJ KAaTaTMTUYECKON aKTMBHOCTY KOPPOJIOB B HaHHOI
peakIuy o CpaBHEHMIO C TOp(UPUHAMU ABJISETCS OTCYTCTBUE OFHOI U3 apPUIbHBIX TPYIII,
YTO IIPOCTPAHCTBEHHO OIaroNpuATCTBYeT 00pa3oBaHMIO MHTepMenaToB. Kpome Toro, mMeer
3HaueHMe CTeNIeHb OKVICTIEHM JKeJle3a B KOMIUIEKCax: B CIy4dae Iop(ypIHOB HeOOXOAVMO Iep-
BOHA4Ya/IbHOE BOCCTaHOBJIeHVe KOMIUTEKCOB >xerne3a(Ill), B To BpeMs Kak KOMIUIEKCBI KOPPOJIOB
¢ xene3oM(III) camm SIBIAIOTCS HENMOCPeCTBEHHBIMM KaTalayM3aTopaMy Ipouecca. B ciaydae
KOMIIJIEKCOB KOPpo7IoB ¢ >kene3oM(IV) HeoOxoauMo ux nepBoHaYaIbHOE BOCCTAHOB/IEHNE IO
KoMIuteKcoB xerne3a(IIl). 3ameTnm, YTO MpM UCIIONB30BAHNM B Ka4eCTBE KaTaIM3aTOPOB KOM-
IUIEKCOB JKele3a Kak ¢ MopUpIMHAMM, TaK M C KOPpPO/IaMM MIMeeT MeCTO II0O0YHBIN IpoLecc
[VIMepy3aLy STUIAMA30aleTaTa C 00pasoBaHueM IJIaBHBIM 00pa3oM AMaTHIManeara. B ciy-
yae KOMIUIEKCOB pojiys IPOTeKaHue NOO0YHOro Impoliecca BeIpakeHo cmabee [174]. OpHako
KOMIUIEKCBI POVl CO CTEPMYECKN 3aTPYAHEHHBIMY KOPpO/IaMI1 OKa3bIBalOTCA MeHee 3 dexk-
TUBHBIMM) KaTa/ly3aToOpaMM, 4eM KOMIUIEKCHI, CofiepyKaliyie Hebopluue 0 00beMy 3aMeCTH-
Term. KOMIUIEKChbI pojiyisi HAIOT BBICOKVIE BBIXOABI IIPOJYKTOB, OTHAKO COOTHOILEHNUE MPaHC- U
UUC-TIPOIYKTOB B 3TOM C/Ty4ae MEHbIIle, YeM B CTydae KOMIUIEKCOB >KeJle3a, I COITOCTaBJIMO CO
3HaYeHMsIMM, HaO/II0JaeMbIMY B CTy4ae MOpQUPUHOB.

ABTOopamn [22] ommcaHa BO3MO>KHOCTb BBeleHUs ¢pparMeHTa KapbeHa (13 sTmniamnaso-
aIreTara) 110 a/UIVJIbHOMY IIOJIO>KEHVIO IIMK/IOTeKCeHa, uruipoHadramua u nHaeHa. [Tpu nc-
II0/Ib30BaHMM B KayecTBe katanusaTopa komiiekca (PPhs)Rh[(CsFs);Cor] BpIXOzBI >KemaeMbIx
IPOAYKTOB ObIIV HE CIVMIIKOM BBICOKMMI, a OCHOBHBIMM IIPOAYKTaMM IpoIiecca ObUIM COOT-
BETCTBYIOII[Ve IPOM3BOAHBIE LIMK/IONPOIIaHa, 00pa3oBaBILecs B pe3y/IbTaTe IPOTEKaHNs pe-
aKIuy o ABOVHON cBsi3u [22]. IIpu 3TOM KOMIIIEKC popus okaszancs 6ojee MOAXOMSIUM
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KaTa/lIM3aTOPOM IIpoliecca IO CPaBHEHMIO ¢ KOMIIEKCAMU JKeJle3a, B CIydae MCIIOIb30BaHs
KOTOPBIX 00Pa3yTCsI TOIBKO MPOAYKTHI AMMepU3alNy STH/IAMA30aIleTaTa.

B 1o >xe Bpems xommiekce xxenesa (Cl)Fe[(CsFs)sCor] n (OEty).Fe[(CsF5)sCor] adpdex-
TMBHO KaTa/IM3UPYIOT IIPMCOeVIHEeHNe iuasoalierara (C oTuelvieHeM a3ora) mo NH-cBsasam
amMmuHOB [175]. IIpu atom obpasyioTcsa cooTBeTcTByIOIMe N-3aMelleHHbIe STUIOBbIE 3(UPBI
rmuyHa (1 anannHa) (ypaBHeHne (18)):

RiR:NH + R(N,) COOEt - RiRoN - C(R)COOEt + Ny;

18
R =H, Me; Ry, R, = Alk, Ar, H (18)

JlaHHBIe KOMIDIEKCHI KaTa/IM3NPYIOT JAHHYIO PeaKIVIio Jy4lle, YeM APyTie MeTaTIOKOp-
POJIBL ¥ JIpyrMe paHee M3y4yaBIIVMeCs KaTaaM3aTOPbl. Peakiys B IPUCYTCTBUY KOMIUIEKCOB
5,10,15-Tpuc(neHTadTOpPeHnI)KOpposa ¢ Xeae3oM IpoTeKaeT ceeKTUBHO o NH-cBsa3sam
Jlake B IPUCYTCTBUY O/IePUHOB.

CrefryeT OTMETUTD, YTO MOJOOHOE sIB/IeHMe HAOMI0AaeTCs U A/Isl KOMIIEKCOB Opupu-
HOB C )KeJIe30M, HO ITOC/IeJHIE JAal0T HEeCKOIbKO MEHBIIYIO CeeKTMBHOCTD IIpOIlecca, a I
HIepPBUYHBIX aMIHOB 00pa3yITCs C/efibl iU3aMelleHHOTO poAyKTa. OfHaKO Ipy MCIIOIb30Ba-
Huy ammuaka [176] B nmpucyrcrsun komiviekca (OEt,).Fe[(CeFs);Cor] o6pasoBsiBanuch mmuib
cnensl 3¢UpPOB AMIHOKICTIOT, B TO BpeMs Kak KoMiutekc xxenesa(Ill) ¢ rerpadennmmopdurom
naer 60s1ee BBICOKII BBIXO]I.

B surepaType usydamuch Takxke peakumu oneyHOB ¥, B YaCTHOCTM, CTUPOIA
c coepmHenvsivu PhI=NTs u NaTsN-Cl c o6pasoBannem asupuannos [177-179] (ypaBuenne (19)):

[(C6F5)3COT]F€C1
Ph—CH=CH, — > W
PhI=NTs (19)
50051
NaTsN-Cl s

BbU10 MOKa3aHo, YTO KOMITIEKCHI JKeJle3a ¢ KOppoIaMu SAB/IAI0TCA 6oree 9 PpeKTMBHBIMM
KatammsaTopamu peakuyn ctuposna ¢ PhI=NTs no cpaBHeHMIO ¢ COOTBETCTBYIOLIVIMM KOM-
IIekcaMy OpGUPUHOB, 001afias, B YaCTHOCTH, Oojee BBICOKON CeIeKTMBHOCTBIO. B 06oux
CITy4asX IOOOYHBIMY IIPOAYKTAMIU ABJIAIOTCA IPORYKTHI OKUCTIEHNA CTUPOIA — OKCHUJ] CTUPOJIA
u peHMIaLIeTAIBETI],

B cnyqae peakuunu ¢ xnmopamuuoM T (NaTsN-Cl) rompko kommekc [(CgFs)sCor]FeCl
IPOSIB/IAET KATAIUTUYECKYIO aKTVBHOCTb, IPUYEM II0O0YHBIX IIPOAYKTOB OKMCIIEHN onedpyHa
He oOpasyetcs. Peakuus oO6pasoBaHus asupuanHa us oneduHa npu geiicTBum xjaopamuua T,
katamsupyemas (Cl)Fe[(CqFs);Cor], sBnseTcsa nepBbIM puMepoM NOZOOHOTO Ipolecca, Iie
IIepeXOHbIM META/UIOM B COCTaBe KaTalu3aTopa sB/sieTcsl He aToM Mexn [178, 179].

B pa6ore [180] nmpopseMOHCTpMPOBAHO, YTO KOMIUIEKCHI Me30-3aMellleHHBIX KOPPOJIOB
C OKelme3oM KaTAIM3UPYIOT COIONMMEPU3AUMI0 JIMOKCUAOB C [AMOKCUAOM YINEepofa
¢ 06pa3oBaHyeM KPUCTA/UINYECKIX TTO/IIMEPOB.

Xemocencopuxa. IIpefIpMHIMANNCh MONBITKY M3Y4eHN METa/VIOKOMIUIEKCOB KOPPO-
JIOB B KauecTBe ceHcopoB. Hanpumep, 6b110 06HapyxeHo [181], 4To KOMIITIEKCH KOPPOJIOB €
kobanbproM(III) crioco6HBI cBsA3pIBaTh MOHOOKCHUT yriepopa CO (yrapHsiit ras). Kpome Toro,
0Ka3aJioch, 4TO KOMIIJIEKCBI kobanpra(I1I) VIHEPTHBI 1o OTHOIIEHNIO
K MOJIEKY/IIPHOMY KICIOpOAy. Bce 3TO cTmMymmpoBano mucciemoBaTesnell K MU3YYEHMIO
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KOMIUIEKCOB B Ka4eCTBe ITOTEeHLIMA/IbHBIX CEHCOPOB Ha YrapHbIii ra3. bblio mpogeMoHCTpupo-
BaHO, 4TO 3P PeKTUBHOCTb cBA3bIBaHMA CO 3aBUCUT OT 37IEKTPOHHOI IUIOTHOCTY Ha aToMe
MeTaJI/Ia: YeM OHa BbIllIe, TeM Xyke cBsizbiBaeTcst CO. B wactHocTH, KoMIiekc kobanpra(Ill) ¢
3JIEKTPOHOM3OBITOYHBIM [3-OKTasTMIKOPpoioM 4 Boobuie He pearupyet ¢ CO, B TO BpeMs Kak
KoMIUTeKC ¢ 5,10,15-tpuc(menradropdennn)kopponomM 6 HoKasblBaeT Hayboee BBICOKOE
CPOJCTBO K MOHOOKCHAY yriepopa [181]. CpaBHeHMe MeTa/UIOKOMIUIEKCOB KOPPOJIOB € HOp-
bUpPMHOBBIMM aHa/IOTaMM B OTHOIIeHNM 3¢ deKTUBHOCTY cBsA3biBaHMsA CO I03BOJIAET CHie/IaTh
BBIBOJ] 00 OYEHD BBICOKOJI CEIeKTVBHOCTY KOMIUIEKCOB KOPPOJIOB II0 OTHOLIEHNIO K YTapHOMY
rasy B IPUCYTCTBUY KMC/IOPOJA, Yero He HAOMIofaeTcsl JIA APYIUMX MaKpoLVKIOB. B pabore
[182] cooburaercst 06 yiayHBIX IOIBITKaX MMMOOVIM3AINY KOMIUIEKCOB KOPPOJIOB C KOOAIb-
TOM Ha CM/IMKAresb C LeJIbl0 CO3JJaHus XMMIYecknx ceHcopoB Ha CO.

Kommiekcpl KOppoIoB ¢ MapraHileM M3y4aayich B KauecTBe MOTEeHIMATbHBIX CEHCOPOB
Ha Qocdopoprannyeckue coefuHeHMs. DbUIO MOKa3aHO, YTO 3TU KOMIUIEKCHI 00OpPas3yloT
¢ oprannyeckumy ¢ocdoHaTaMy IPOAYKTHI NPUCOEHVHEHNA IO TUILY 9KCTPAKOOPAMHALIN
cocrasa 1:1, 4To nerko o6HapyxuBaercs 1o n3meHennsam ICII [183].

Koppobl npefcTaBisior coboit BecbMa IepCHeKTYBHbIE MaTepUaIbl I CO3LAHNA Ol
T4ecknx pH-ceHcopoB (ONTOAO0B), MOCKO/IBKY PV Pa3INYHbIX 3Ha4eHUAX pH oHm moryr
CyILIeCTBOBATh B BUJIE Pa3/IMYHbIX IPOTOHMPOBAHHBIX GOPM, OTIMYAIOLINXC MEX/Y Co00i
110 MHTeHCUBHOCTY prryopecuennunu [184]. B pabote [185] 6pia mpegnpuHsATa MONBITKA CO-
3maHus ¢ayopecueHTHOro onTnyeckoro pH-cencopa Ha ocHoBe 10-(4-ammHodennn)-5,15-
AMMe3UTUIKOpposa. MeMbpaHa onToja, Ha KOTOPOl ObUI MMMOOV/IN30BaH KOPPOJI, IeMOH-
CTpUpOBaa IMHENHbI OTKIUK B Auanasone pH 2.2-10.3, mpu 9ToM NpUCYTCTBIE HEOPTAaHN -
YeCKVX JIOHOB B PacTBOpe C/1a00 BIVSIIO HAa TOYHOCTD onpenenenus pH. OnToy coxpaHs cBou
CBOJICTBA BO BJIA)KHOM COCTOSHUY JINTE/IbHOE BpeMs, OOHAPY)XVBas XOPOILIYI0 BOCIIPON3BO-
JIMIMOCTD pe3y/IbTaTOB 1 BBICOKYIO GOTOYCTONYMBOCTD. [lnanason sHayenuit pH, nsmepsempix
C IOMOIIBIO IAHHOTO ONTOAa Ha ocHOBe 10-(4-ammHOdeHwMN)-5,15-AIMe3NTUIKOPPOIIa, OKa-
3JICsI CYIIeCTBEHHO LIMpe, YeM IIpY UCIob3oBanuu 5,10,15-tpuc(nenradpropdennn)koppona 6
(5.0-9.2) nnmu rerpadenunmnopduna (3.3-5.0).

B ToIJ1 >ke Hay4HOI IpymIe M3ydaJach BO3MOXKHOCTD JMCIIOTIb30BAHVA IIOIMBIHIIX/IO-
pupHOIT MeMOpaHBI, cofepxkameit 5,10,15-Tpuc(nenradpropdernn)Koppo 6, B KaueCTBe 4yB-
CTBUTEIBHOTO 37IEMEHTa CepeOpsAHOro 371eKTpoja [186]. DmexTpox Ha OCHOBe KOppO/Ia II0Ka3asl
3aMeTHO JIy4lllJie XapaKTePUCTUKM 110 CPAaBHEHMIO C aHAJIOTOM Ha OCHOBe TeTpadeHMIIOop-
¢uHa: B YaCTHOCTM, JTVMHENHBIN OTK/INK B [Aualla3oHe KOHLeHTpanui Ag" 5.1-10° - 1.0-10™
Monmb/n,  ObicTpoe  BpemMsA  oTKImka (MeHee 30 ¢), paboumit pmmamasoH pH
4.0-8.0. ImeKTpos NpOJEeMOHCTPUPOBAN BBICOKYIO CETIEKTMBHOCTD, OKa3aJ/ICsl BECbMa JIETKUM
B M3TOTOBJICHNY ¥ JICIIO/Ib30BAHNM, B YaCTHOCTH, JIA OIIpefieieHNs cepebpa B peaTbHbIX 00-
pasiuax pyasl. AHATOTMYHBIN 3JIEKTPOZ MO>KET OBITh MICIIOIb30BaH i onpenenenys pryru(Il)
[187]. OH mMMeeT NMHEVHBI OTKIMK B AManasoHe KoHIeHTpaumit Hg* 1.2-107 - 1.0-10*
Mo/ 11, pabounit fuanaszod pH 5.0-8.0 1 BpeMst OTK/IMKA OKOJIO 5 MVH.

B03MOXXHOCTb MCIIONB30BaHUA KOPPOJIOB B SKMAKOCTHBIX MeMOpPaHHBIX 3/IeKTPOJAX
MOXXET MCIIO/Ib30BAThCs P ITOTEHIIVIOMETPUIECKOM OIlpefe/ieHN i (peHONIOB B BOJHO-Opra-
Hudeckoit cpesie [188]. KimtoueBbiM (pakTopom pacriosHaBaHMs (HEHONIOB 3,€Ch CITY>KUT BBICO-
kas NH-kucnotHocTh Kopponos. Kak okasanoch, 4yBCTBUTENIBHOCTD 3/IEKTPOZia K peHOmaM
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YMeHbILIAETCS B PAAY N-HUTPOPEHOT — M-HUTPODeHON — 0-HUTpodeHoN 1 2,4-TMHUTPODEHOT
- 2,5-guHuTpodenon - 2,6-suanTpodeHon. IlockonpKy (eHobI pacmo3HaBaIiCch B HEMOHN-
3MpOBaHHOI popMe, 3TO TOBOPUT 00 0Opa3oBaHMM MEXKAY HUMM Y KOPPOIOM MOJIEKY/IIPHBIX
KOMIUTEKCOB. B pabore [189] 6110 3ydeHO BmsiHMe JOOABOK COJIel, @ TaK>Ke KUCTTOTHO-OC-
HOBHBIX CBOJICTB ()€HOJIOB ¥ KOPPOJIOB Ha CHMJIy MOJIEKY/LIPHOTO KOMIIEKCOOOPa3oBaHUA U,
KakK CJIeICTBYE 3TOT0, 3 (PeKTUBHOCTD onpefie/ieHst PeHOIOB B pa3INIHbIX YCIOBYX.

B nurepatype nmeroTcs faHHbIE 00 VICIIONb30BAHNMI KOPPOJIOB /ISI CO3/JaHMsI IOH-CeTIeK-
TUBHBIX 3/IeKTPO/10B. B 4acTHOCTH, aBTOPBI [190] cO06IAIOT O IIEPBOM OTEHIIVIOMETPUYECKOM
CeHCope, YyBCTBUTEIBHOM KaK K C/IMIIVIOBOI KMC/IOTe, TaK M K Ca/IIIMIAT-MOHY. MUHMMAaIb-
Has oIpefiesieMas KOHIL[EHTPALA CaINIMIaTa Hopsaka 10~ MOJIb/J1 IT03BOJIAET UCIIONIb30BATh
VIOH-CeJIeKTVBHBIE 9IEKTPO/IbI Ha OCHOBE KOPPOJIOB B PA3/IMYHbBIX CUCTEMAX, @ JOBOJIBHO LIN-
POKMII Ayana30H KOHIIEHTPALMIL M MaJIOe BIVISHME IPYTYX VIOHOB JaeT BO3MOXKHOCTD OIpefie-
JIATD CA/IVIIIWIATHI HEIIOCPEACTBEHHO B OJO/IOIMYIECKIX XKUIKOCTSX.

2,17-ucynbdo-5,10,15-Tpuc(nenTadpTOpPeHnI)KOppor, a TaK>Ke ero KOMIIIEKCHI C Tajl-
mueM(IIT) n onmoBoM(IV) 6bIIM MCHIBITAaHBI B KaueCTBe aKTVBHBIX KOMIIOHEHTOB I CO3IaHVs
conmHevHbIX 6artapeit [191]. X0oTs KOMIUIEKC € 0JI0BOM IIPOJIeMOHCTPUPOBA MEHBIIYIO aKTUB-
HOCTb II0 CPaBHEHMIO C TA/UIMEBLIM KOMIUIEKCOM U CBOOOIHBIM JIMTaHZOM, OBUIO ITOKA3aHO,
4YTO KOPPOJIBL B Iie7ioM 6ojiee 3 peKTUBHBL B KadecTBe GoTOIpeoOpasoBaTeneil, YeM Apyrie
TeTPaIMPpPOIbHbIE MAKPOTeTEPOLMKINIECKIIe COeVIHEHIA.

Buomeouyuna. CregyeT OTMETUTb TaKXKe IEPCIEeKTMBHOCTb NPYMEHEHNSA KOPpOJIOB
U MIX META/UIOKOMITIEKCOB B MeauiHe. OHM MOTYT MICIIONIb30BAThCs B Ka4yeCTBe MHIMOUTOPOB
XPOHIYECKOTO OKVCIUTEIBHOTO CTpecca, IPUBOJAIIETO K TaKMM ITOKa C1a00 MOANAONIIMCS
JIe4eHMIO HellpoJiereHepaTBHBIM IIaTOOTNAM, Kak 60/me3Hb AnblireriMepa mmu [TapkuHcona
(24, 192]. ITpu 3TOM MCIONBb30BaHME KOPPOJIOB B 9TOJT 06/1aCTY ME[IVIIIVIHBI II0KA JINIIb JOCTa-
TOYHO OTHa/leHHas MEepCIeKTMBa, XOTS COOTBETCTBYIOIME IATEHTbl HAa JCIONIb30BaHME
JIaHHBIX BEILeCTB yKe MOy4eHs! (CM., B yacTHOCTH, [193]). Hanbonbiee >xe BHUMaHMe uCCrie-
loBaTesIell IPUBIEKAeT VCII0/Ib30BaHe MAKPOTeTEPOLIVIKIIOB 1, B YaCTHOCT, KOPPOJIOB B Kaye-
ctBe cpenicTB dryopectientHoit guarHoctuku (P1), xummo- (XT) u poropmuammdeckoit Tepa-
vy (O/IT) pasnmuuHBIX HEOIUTACTMYECKMX IIPOLIECCOB U OaKTepyanbHbIX MHpeKunmit [194-205].
Be110 06HAPYXEHO, YTO META/UIOKOMITIEKCHI (B YaCTHOCTY, C TAJUIV€M) YIIOMUHABIIVIXCS BBILIE
KOPPOJIOB C aHMOHHBIMM TPYIIIaMy, B 4acTHOCTH, aMpudmibHoro 2,17-mucynbdo-5,10,15-
Tpuc(neHTadropdeHnn)Koppona, o6/1afal0T BEIPa)KEHHBIM LIMTOTOKCYYECKUM V/MIN LIUTO-
CTaTMYeCKVM HeVICTBUEM Ha LIeJIBIi PSAJ| IMHNI ATUIIMYHBIX KJIeTOK (JIMHMUU KIeTOK MeTTAaHOMBI,
paka rpyau 1 paka AM4HUKoB) [197]. B paborax [203, 204] n3y4anacb BOSMOXXHOCTb VMCIIO/b-
30BaHMA KaTMOHHBIX JI aHMOHHBIX KOPPOJIOB /I nofasenHus ¢ nomouipio GIT xusHenes-
TEJIbHOCTY Pa3/IMYHBbIX MUKPOOPTaHMU3MOB, B YaCTHOCTH, [y YHUYTOXKEHNUS IIECHEBBIX TPU-
60B 1 ¥X CIIOD, a TaKXe i 9PPeKTUBHOTO HGOTOMHIMONPOBAHNUS POCTA KY/IbTYP 3€/I€HBIX BO-
fopocreit u 6uorieHoK Ha ux ocHoBe. OJIT B aTOM CiTy4yae CIy)XUT XOpoILelt aTbTepHaTUBO
VICIIOJIb30BAHVIO Pa3/IMUHBIX aHTMOMOTUKOB U aHTUCENTUKOB. Ba)KHO, YTO Y MUKPOOpraHu3-
MOB He BbIpa0aTbIBaeTCsl MEXaHM3MOB YCTOMYMBOCTY K AeNiCTBUIO reHepupyeMbix PC akTuB-
HBIX POPM KUCTIOPOJia, @ OMOIIEHKH, CYLeCTBEHHO CY>KMBAIOLIIie BO3MOXKHOCTY aHTUOMOTH -
KoTepanuy, noasepraorcs spekTrBHOM amMuHanyy [205].
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Takum o6pasom,

1. Kopporb!l ABIAIOTCA TeTPAIMPPONIbHBIMY MaKpOT€TEPOLVIKINIECKVMU COeVIHEHN-
AMU, IPOMEXYTOYHBIMM II0 CTPYKTYpe MeXXAy nopdupyHamy 1 koppuHamu. C KOppuHaMu
KOpPPOJIBl 00BEeAVHSET CTPOEHE YIIEPOJHOTO CKeleTa MOJIEKY/IbI, C OpGUPUHAMHU — apoMa-
TMYHOCTb. CTpOeHMe KOOPAMHALMOHHOTO I[eHTPa MOJIEKY/I KOPPO/IOB OMVCBIBAETCSA CXeMa-
TraHON popmynoit NyHs, 4To crioco6cTByeT cTabummsanym 3STUMI COeJVTHEHWSMM IOHOB Me-
T/UIOB BBICOKVIX CTeIIeHell OKMCTIeHNA.

2. Kak u B pofiCTBeHHOM pARYy HOPPUPIHOB, B ALY KOPPOJIOB CYIECTBYIOT Pa3/INIHbIM
o6pazom MoaMUIpOoBaHHbIE coefinHeHM 1. CaMu ke KOPPOJIbI B 3aBUCUMOCTY OT THUIIA 3aMe-
IeHNs B Makpouykie (B- wiy me30-3aMelljeHHbIe COeHEHN) M XapaKTepa 3aMeCTUTeNIeN
B MaKpOLVKIIe (3/1eKTPOHOAeUIUTHBIE VI 3TIeKTPOHOM3OBITOUHbIE COENMHEHMsI) TEeMOH-
CTPUPYIOT LOBOIBLHO OO/BLION Pa3bpoc GUMKO-XMMUYECKNX XaPaKTEePUCTYK U PEaKIIOHHO
CITIOCOOHOCTIL.

3. VImeroTcs pasnmuyHble CUHTETUYEeCKIE TOAXOAbI K IIOTy4eHNI0 KOPPOJIOB, IPUYEM Me-
TOJ CMHTe3a KOHKPETHOTO COe[MHEeHMA HY>KHO BBIOMPATD, VICXOAS U3 ero CTPYKTyphl. OnuH
U TOT 5K€ MeTOJ] MOXKeT XOPOILO ITOAXOAUTb [/ CMHTe3a KOPPOJIOB OTHOTO CTPYKTYPHOTO THIIA
1 OBITb MaJIONPUMEHUMBIM — I Apyroro. CyIlecTBYIOT MeTOAbI MOAUMUKALIVIN YKe VIMeIo-
IMXCA B MOJIEKy/Ie KOPpo/a (PYHKIIMOHA/IBHBIX T'PYIII, YTO JOMOTHUTE/NIBHO PaCUIMpsieT BO3-
MOYXHOCTH ITOTyYeHNA KOPPOJIOB C 3apaHee 3a/JaHHBIMY CBOJICTBAMIL.

4. ITo cpaBHeHuI0 ¢ mopGUpUHAMM KOPPOJIBI 00/IafAl0T PALOM 0COOEHHOCTeN (Cy>KeH-
HBII XapakTep KOOPAMHAIIMOHHONM IOJNIOCTM TpM Hanuduy B Hell Tpéx NH-mpoToHOB,
T-3/IeKTPOHOM3ObITOYHOCTD MAKpOLMK/IA), YTO IPUBOAUT K BBIPRKEHHOMY W3MEHEHNIO
coiictB H3Cor mo cpaBuenuto ¢ H,P. Kopponbl B Bume cBOOOJHBIX JUTAH/IOB SIBIISIOTCS
NH-akTVBHBIMU COeMHEHVAMMY, CKTOHHBIMU K He3aBEPIIEHHBIM KIICIOTHO-OCHOBHBIM B3ali-
MOJIEJICTBYAM KaK C 37IEKTPOHOZOHOPHBIMY, TaK M C IIPOTOHOLOHOPHBIMY PaCTBOPUTETISIMIA,
npudeM NH-akTMBHOCTD 3aBUCUT OT TUIIA 3aMeIleHN B MAaKpPOLK/IE U 3TeKTPOHHOI Ipu-
POZBI 3aMeCTUTETIEN.

5. Kopposbl cTabMIM3upyoT BBICOKME CTENeH) OKVIC/IEHMS META/UIOB B COCTaBe KOM-
IIEKCOB, OJHAKO IIPY 3TOM BO3MO>KHBI OOpaTMMble 9TIEKTPOHHBIE IIEPeXOIbl MEXY aTOMOM
MeTaj/Ula U T-CHCTeMOJ MaKpOLVK/IA, IPUBOAAIIME K 00pa3soBaHMIO KaTMOH-PaiKaIbHBIX
¢dbopm muranza. MeTaIOKOMIUIEKCHI KOPPOJIOB CK/IOHHBI K 9KCTPaKOOPANHALINN 3/IEKTPOHO-
JIOHOPHBIX MOJIEKYJI, a TIPY JeVCTBUM KIC/IOT IMIIb B PeAKNX CIIy4asAx AUCCOUMMPYIOT 10 CBO-
6opHOTO NMUTaHfa, 00pasys 10 OOJIbIIelT YaCTU COBEPIIEHHO JAPYyTiie MPORAYKTHI.

6. Kopporb! 1 X MeTa/IOKOMIIEKCHI TePCHeKTVBHBI KaK HOBBIE KaTa/lM3aTOPHI B IPO-
1jeccax pasjIoyKeHMsI IEPOKCUIOB, OKMC/IEeHN (QJIKaHbI 1 aJIKeHbl, CyTbduabl, GochuHBI 1 T.1.)
1 BoccTaHoBeHN: (kucmopon, CO,) pasmnyHbIX CyOCTPAaTOB, peakIyAX IlepeHoca IPyYII, B Ka-
yecTBe ceHCOpoB (amyuubl, CO U T.JI.) ¥ KOMIIOHEHTOB MOHOCETEKTUBHBIX 3JIEKTPOJIOB, IIPe0s-
pasoBaresiell CBETOBOI SHEPTUY B 9TIEKTPUUECKYIO, & TAKXKe CPEACTB I (POTOAMHAMIYECKOI
TepaIuy B MefUIIIHE.

Paboma noooepxana epanmom PODV ben_a Ne 20-53-00038.
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]/I3yileHa mepmobur—tamum npoueccos KOM?’I/I(:‘KCOO6PLI3030HMH CMeuaH-

HbIX KOMNTIEKCHBLX COeUHeHULl UOH08 cepebpa c Oymaduerom-1,3 u ammu-

Knrouesvie cnosa: y p
axom 6 600HbIx pacmeopax. IIposeder cpasHumenvHblll AHANU3 YCMOTYLU-

KOMNAEKCYL, YCMOUMUB0CID, 80CMU KOMNTIEKCHBIX coeduHeruti uonos cepebpa(l) u medu(I) c ammuaxom
cepebpo(I), medv(I), mepmoduna- U HEHACLIUEHHDIMU Yer1e8000p00AMU (2-MeMUNNPONeHOM U OymaoueHom-
MUKQ, HEHACOIUEHHDLE Y2r1e8000- 1,3). Mokasato, 4mo cmewianHvie KOMNIIEKCbL UOHO8 cepebpa bornee ycmoii-
POObL, amMMuax. 4UBbL MO CPABHEHUIO C Y2rle8000POOHBIMU Komnekcamu. Pesynvmamut

0auHOtl pabomvl no CMAGUILHOCMU AMMUAYHBIX KOMNAEKCO8 cepedpa
C HEHACLIWEHHVIMU Yene8000p00amu 8 B00HBIX pacmeopax npedcmas-
JITHOM UHmMepec 05T XUMUU U XUMUUECKOT MexXHON02UU.

BBenenne

B mocnenHee BpeMs 0OJbIIOI MHTepec NPUBIEKAOT VICCACTOBAHNA TEPMOAVHAMIKI
KOMIIIEKCOOOpa30BaHMsI MOHOB d-MeTajIoB 11-71 IPyIIIIbI IEPMOANYIECKOT CUCTEMBI C Pas3ny-
HBIMI JIMTaHJAMV B BOJie VI HEBOJHBIX pacTBopuTenax [1-7]. HecmoTps Ha TO, 4TO 9TU KOM-
IUIEKCHBIE COeIVHEHMI M3BECTHBI JaBHO, UX 3HAYEHVE 1A XVMUU U XVMMUIECKON TeXHOIOTUI
C KXX/IbIM JIeCATIETIEM YCUIUBAETCsL. VI3BecTHBI Takye 00/1acTy IPUMEHEHN S 9TUX KOMIUIEK-
COB, KaK IIOJTy4eHe BellleCTB BLICOKOJ CTEIIEHN YMCTOTBI, pas3jie/ieHNe YI/IeBOZOPOJHbIX CMe-
cell, UCIIO/Ib30BaHNe B Ka4eCTBe KaTalIM3aTOPOB B MPOIeccax HMOMMMepPU3aly U OKVCIECHMSL.
B nacrosmiee Bpems kommiekcsl cepe6bpa(l) u megu (1) mpusiexny BHUMaHMe KCCTIefOBaTeNeN
Ha IpeJMeT X ITOTEeHIMAJIbHOTO KIMHIYECKOTO MCIIO0/Ib30BAHNA B KaUyeCTBe IPOTHBOPAKOBBIX
areHToB, a TaKKe A Pa3pabOTKM HOBBIX OMOJIOIMYEeCKM BaKHBIX IperaparoB [8-12].
VI3BecTHBI M [pyrue oOIacTM MCIOTb30BAHMS KOMIUIEKCHBIX COeJMHEHMIT MeTa/utoB 11-i1
rpynmsl. BBuay HectabuabHOCTM cOCTOsIHUSA OKucaeHus 3onora(l) B pspe pacTBoputeneit
Y BO3HMKAIOIINX OTCIOAA SKCIIEPUMMEHTATbHBIX TPYFHOCTEN, 6O/IbIINII MHTepeC MpUBIEKaeT
u3y4eHMe IPoLiecCOB KOMIIEKcooOpasoBanus MoHOB cepebpa(l) n memu(I).
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OcHoBHasA 4YacTh

B HacroslmeM WuccaefoBaHMM IPUBOAATCA TepMOAMHAMUYecKMe [laHHble IIpoljecca
KOMIUIEKCOOOpa30BaHNMA  CMEIIAHHBIX KOMIUIEKCHBIX COE[VMHEHMII JOHOB  cepebpa
¢ 6yragmeHoM-1,3 1 aMMMaKOM B BOZIHBIX PacTBOpAX, a TaKXKe IaH CPAaBHMUTE/IbHBIN aHAIN3
TEPMOAVHAMUKM KOMIUIEKCOOOpasoBaHMs coefuHeHnit ¥MoHOB cepebpa(l) u mepu(l)
C aMMJAKOM 1 HEHACBHIIL[eHHBIMY YITIEBOZOPOfaMu (2-MeTIIPOIIeHOM U byTagyeHoM-1,3).

Panee [13-16] mpu m3yyeHMM IIpPOLIECCOB KOMIUIEKCOOOpa3oBaHMs MOHOB cepebpa(l)
u Mepu(I) ¢ HeHaCBILIIEHHBIMY YITIEBOKOPO/IaMY OBIIO YCTAaHOBIEHO 00pa3oBaHIe T-KOMIUIEK-
CoB cocTaBa l:1, ompefesieHbl KOHCTAaHTbl PAaBHOBECUA U TepMOAVHAMMIYECKNe XapaKTepu-
cTuKy peakuuit. [IpexcTaBisano nHTepec u3ydeHme npoiecca 06pa3soBaHuA CMEIIaHHBIX KOM-
IUIEKCOB IOHOB cepefpa ¢ HeHACBILIIeHHBIMM YIJIEBOJOPOAAMI ¥ aMMIAKOM B BOIHBIX pacTBO-
pax. IIpu uccmegoBanuy m-KOMIUIEKCOB MOHOB cepebpa ¢ 2-MeTIU/IIIPOIIEHOM Y aMMIaKoM [8]
aBTOpaMu OBIIO JOKa3aHO 0Opa3oBaHye CMelaHHOro koMiutekca cocrasa [Ag(NH;)(CsHs)]" .

VsydeHne peakiyuy KOMIUIEKCOOOpa3oBaHNsA MOHOB cepebpa ¢ 6yragueHoMm-1,3 B Bof-
HBIX PacTBOpaxX aMMMaKa IIPOBOAVIN METOIOM ITOTEHIMOMETpUY IIpK aTMOC(epHOM JaBie-
Huu u temreparypax 10-40 °C. KonneHTpannio 1oHOB cepebpa B XOfie IIPOTEKAHNA PeaKI[un
KOHTponupoBany nsmepenneM JJ1C sneMeHTa, COCTaB/IEHHOTO 13 cepeOpsSHOro ¥ HaChIIeH-
HOTO KaJIOMeJIbHOTO 371eKTpo0B. CepeOpsHbIIi 57IeKTPOJ TOTOBVIIN 3/IeKTPOXMMIYECKIM OCa-
XJIeHMeM cepebpa Ha IUIATMHOBYIO IIPOBOJIOKY M3 BOJHOTO pacTBOpa COMMU IPU IUIOTHOCTHU
toka 0.003 A/cm?. VI3smeHeHNe KOHILIEHTPAIY MOHOB cepebpa B pacTBOpax HUTpaTa cepebpa
COIPOBOXXATIOCh M3MEHEHNEM MTOTeHIMaNa CepeOPsIHOTO 91EeKTPOAa, KOTOPOe MOJUNHSANIOCH
ypaBHeHMoo HepHcrta. OmnbpIThl NPOBOAMINCH B IPOTOYHON CHCTeMe IIPY HEIpepbIBHOM
M3MepeHNN IOTEeHIMa/Ia CePeOPAHOTO 3/1eKTPOfia BLICOKOOMHBIM IIOTEHI[MIOMETPOM C TOYHO-
crpio o 0.1 MB. IIpenBapurenbHo 4epes mccienyeMblil pacTBOP IPOAYBaIy a3oT 4O YCTaHOB-
JIEHUA TIOCTOSTHHOTO MOTEHIIAIa cCepeOpsHOTO 3/IeKTpoyia. Vcronbp3yeMsblit st peakiun 6y-
TagyieH-1,3 aHaIM3MPOBAIM METOZIOM I'a30)KMAKOCTHOI XpoMaTorpadumn. Ero koHIeHTpanus,
COIJIACHO IIPUHATON METOAMKeE, Obl/Ta IIOCTOSIHHOM U OTBevasa ero GpusnyecKoil pacTBOPUMO-
cru. [Tpu npomyckannu Oyrapyena-1,3 yepes pacTBOp IMOTEHLIMAII CepeOPAHOTO /IeKTPOfa IO-
HIDKAJICA, TaK KaK YacTb IOHOB cepebpa CBA3BIBA/IACh B KOMIUIEKC II0 CXeMe

Ag' + CiHs > [Ag(CiHo)]*

[Tocne BOCTYDKEHMSA COCTOSHNA PaBHOBECH S TIOfja4y YIJIEBOOPO/IA IIPEKpalljaii i B pac-
TBOP BHOCH/IM PacCUYMTaHHOE KOMMYIECTBO BOJHOTO pacTBOpa amMmMmaka. I[Ipu atom Habmozma-
JIOCh ITIOHVDKEHYe TIOTeHIMaIa CepeOpsTHOTO 9IeKTPOAIa, 00yCIOBIeHHOE 06pa3oBaHeM aMMI-
aYHBIX U CMEIIAHHOTO KOMIUIEKCOB. PaBHOBecHe B cuCTeMe YCTaHaBIMBAIOCh OBICTPO, ¥ IO-
TEHI[MaJI CepeOPSHOTO 97IEKTPOJa IPUHUMAJI IOCTOSIHHOE 3HaYeHue B TedeHye 15-20 MuHyT.

Tak kak peakuusa KOMIUIEKCOOOpa3OBaHMA NOHOB cepedpa ¢ HeHACBIIIEHHBIMM YITIeBO-
[IOPOAaMy ¥ aMMUAKOM SIBJISIETCSL CJIOXKHBIM MHOTOCTYIIEHYAThIM IIPOLIECCOM, TO PacyeT KOH-
CTaHTBI PaBHOBECHI CMELIAHHOTO KOMIUIEKCA IIPOBOJVIIN C UCIIO/Ib30BAaHNEM IIpe/iBapUTeIb-
HOTO pacyeTa CTyIeHYaThIX KOHCTAHT paBHOBecus [15]. KoaduimeHTbl akTMBHOCTY peareH-
TOB IIPMHVMA/IICh PaBHBIMU efIMHMIIE, TAK KaK JICCIefloBaHue TpoBoauaoch B 0,1M pacTBope
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®

HITpaTa aMMOHNS C HU3KVMM KOHIIeHTpanysamy ammuaka (10-102 mosnb/n) u 6yragyuena-1,3
(0.004-0.04 monb/n).

Ha ocHOBaHMM 9KCIIepUMEHTAIbHBIX JAHHBIX OBI/IV BBIYVICIEHBI KOHCTAHTBI PABHOBECUS
peakiuit 06pasoBaHys YKa3aHHOTO KOMIUIEKCA Y PAaBHOBECHBINI COCTaB NPV KOHL[EHTPALMAX
1OoHOB cepebpa 10*-10~ Monb/1. PaccunTaHHbIe 3HaUeHNSI KOHCTAHT paBHOBECHA [P pas3/ind-
HBIX KOHI[EHTPALMsIX MOHOB cepebpa U aMMMaKa IPaKTUIeCKN He U3MEHSIOTCS, YTO JOKA3bI-
BaeT 06pa3oBaHMsI CMeNIaHHOTO KoMIutekca coctaBa [Ag(NH;)(CiHs)] .

3aBUCHMMOCTD joraprdma KOHCTAHTBI PABHOBECHS CMELIAHHOTO KOMIIIEKCAa OT 0Opat-
HOJT aOCOJTIOTHOII TeMITepaTyphl IpuBefieHa Ha puc. 1. [To TaHreHCy yr/ia Hak/IoOHa 9TO IPSMOI
PacCcUMTaHO CTaHZAPTHOE 3HAUYEHNUe M3MEHEHUs SHTaNbIMM peakiyu. CTaHgapTHOe M3MeHe-
Hue sHepruy [166ca paccyuTHIBaMY 110 yPaBHEHUIO N30TEPMBI.
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Puc. 1. 3aBucumocts norapudma KoHcraHTbl paBHOBecust (K) obpasoBamms xommiexkca [Ag(NH;)(CyiHg)]*
oT 06paTHOIT A6COIOTHOI TEMIIEPATYPBL

BrryncieHHble Ha OCHOBE KOHCTAQHT paBHOBECUs TepPMOAVMHAMMYeCKyie PYHKLMU peak-
il KoMIuteKcoobpasoBanus npu 25 °C npuBeseHs! B Tabmuie 1.

Kak 13BecTHO, 110 BeM4MHAM KOHCTaHT PaBHOBECVS M CTaH[APTHDIX M3MEHEHUI 9Hep-
ruy I'n66ca MOXXHO CyanTh 00 YCTONYMBOCTY KOMITIEKCOB. Ha 0ocHOBaHMM NOTy4eHHBIX JaH-
HBIX YCTAHOBJIEHO, YTO IIO CBOEN YCTOMYMBOCTY KOMIUIEKCHI cepebpa ¢ aMMIAaKOM, HeHaChl-
I[eHHBIMY YITIEBOZOPOJJAMU U CMeIlIaHHbIe KOMIUIEKCHI B BOJHBIX PACTBOPAX MOXKHO PACIIOfIO-
JKUTDb B CIIEAYIOIUI PAL:

[Ag(NHs).]*> [Ag(NH;)(CsHs)]* > [Ag(NH;)(CsHe)] "> [Ag(NH3)]* > [Ag(CsHs)]* > [Ag(CsHq)]*.

Ta6nuna 1. KoHcTaHTHI paBHOBeCKs M CTaHZAPTHbIE TepMOAUHAMIYeCKIe GYHKIIMM IIPOLIECCOB KOMIIIEKCO00-
pasoBaunst nonoB menu(I) [13, 14] u cepebpa(l) ¢ ammmakom, 2-merwinporneHoMm [16] u Gyragmenom-1,3

mpu 25 °C
Kommrexc K, n/monb AHYg, xIx/Monb | AS2gg, I/ (Monb-K) | AGog, K]Ixk/MOMD
[Ag(NH3)]* 2.1'10° -30.1 -37.2 -18.8
[Ag(NH;),]* 16.2:10° -52.7 -38.5 -41.4
[Ag(C4Hq)]* 47.3 -29.7 -68.6 -9.6
[Ag(CsHe)]* 30.5 -14.6 -21.3 -7.9
[Cu(C4Hg)]* 31.310° -29.5 -13.0 -25.6
[Cu(CHg)]* 169.7°10° -34.5 -15.5 -29.8
[Ag(NH;)(C,Hs)]* 7.010° -31.4 -22.0 -30.9
[Ag(NH;)(CyHe)]* 2.610° -32.6 -19.3 -45.6
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Kak BupHO M3 Tabmmipl, OONbIIell YCTOMYMBOCTBIO OOIafaloT KOMIUIEKCHI cepeOpa
¢ 2-metrmmporneHoM. [To cpaBHeHumwo ¢ yrreBogopomubiMy Komivtekcamu ([Ag(CiHs)]®,
[Ag(CsHe)]*) cMemanHBIe KOMIUIEKCHI MOHOB cepebpa 6oree ycroitumsbl. [Tporecc obpasosa-
HJSI CMEIIAHHOTO KOMIDIEKCa MOXKHO IIPECTaBUTh KaK PeaKIMIo IPUCOeIVHEHVsI MOJIEKY/IbI
aMMMaKa K T-KOMIUIEKCY WIM KaK peaklMI0 BBITECHEHMs MOJIEKYT BOJBI U3 T-KOMIUIEKCa
MOJIEKY/IO} aMMMaKa:

[1ﬁg(C4H6)(H20)]Jr + NH; = [1ﬁg(I\H_I3)(C4H6)]+ + H,O

C yBenmuyeHMeM KOHIEHTpAllM} aMMMaKa MOJIEKylIa VIJIEBOLOPOAA BBITECHSETCS
U3 BHYTPEHHel KOOPAVHALMOHHOM cepbl MoHa cepebpa u obpasyercs [Ag(NH;),]*

OTHOCKTeNIPHO OnM3KMe 3HAa4YeHMs KOHCTAHT pABHOBECUSA peakluil o0pa3oBaHusA
[Ag(NH;)]* 1 cMelIaHHBIX KOMIUIEKCOB TaK)Xe MOXKHO OOBSCHUTDH Te€M, YTO MOHOAMMMaKat
cepebpa COEEP>XUT BO BHYTPeHHell KOOPAVHALMOHHON cdepe KpoMe aMMMaKa MOJIEKYITy
Boabl. OTCIOfia CTIelyeT, YTO YCTOMYMBOCTD KOMIUIEKCOB cepebpa ¢ ABYMsI TUIIAMM JIMTAHIOB
MaJIO 3aBMCUT OT IPUPOLBI BTOPOTO JIUTaHAA (BOJBI MM YITIEBOJOPOJA).

Kak M3BeCTHO, NpPOTEKaHMIO peaKIMM CIIOCOOCTBYET YMEHbIIEHMEe SHTATbINNU
U Bo3pacTaHue sHTporuu. Ha ycToiidmMBOCTD cMeNIaHHBIX KOMIUIEKCOB ITpeobiajjaroliee BI-
sTHJIe OKa3bIBaeT SHTA/IbIINITHBIN PakTop. EC/iu NpUHATD M3MeHeHMe SHTaIbIINY PeaKIMM B Ka-
YeCcTBe XapaKTePUCTUKIU IIPOYHOCTY CBS3Y B YITIEBOJOPOJHBIX KOMIUIEKCAX, TO HaO/MIOaeTCs
OIVMHAKOBas IIOCTIEIOBATEIBHOCTD KaK /IS YCTOMYMBOCTY, TaK ¥ JUIsI MUISMEHEHUs SHTAIbIINI
peakunit 06pa3oBaHMs ITUX KOMIUIEKCOB.

Vi3MeHeHMe 3SHTpoONMM B TIPOIlecCe KOMIUIEKCOOOPa3OBaHMUsI CBSI3AHO B OCHOBHOM
B 3aMeHe [IOCTYIIaTe/IbHOTO JBYDKEHMS IOHOB MeTa/lIa M JINTaH/ja Ha BpalljaTe/IbHOe 1 Kojieba-
TeJIbHOE JIBVDKEeHe 00pa3yolerocsi KOMIUIeKca. Tak Kak OCHOBHOJI BK/Iafi B CyMMapHOe M3Me-
HeHJie SHTPOIMY BHOCKT IIepBasi COCTAB/IAOIIAs, TO M3MEHEHe SHTPOIINH PeaKLIMil KOMIUIEK-
coobpaszoBaHys OyfeT OTpMUIaTe/IbHON BemnuuHOi. Kpome TOro, Ha M3MeHeHVe SHTPOIUYU
OKa3bIBaeT B/IMsIHIE Pa3/INYHAs CTETIeHb TUAPATAL[MY NOHA METa/l/Ia ¥ HeMTPaJIbHOTO JIUTAHA.
HesapsikeHHBIIT TUraHj MeHee IUIPaTHPOBaH, 4eM MOH MeTata. I109aToMy nmpoliecc KOMIUIEK-
coobpa3oBaHMs Oy/eT COMPOBOXKAATHCS YAaCTUYHBIM pa3pylleHMeM TUIPaTHON 000T0UKM Me-
TaJ/UIa ¥ TIOHIDKEHMEM OTPUIIATE/IbHOTO 3HaYeHMs SHTponuu. Hanudme conpspkeHHOI BOI-
HOJI CBSI3U B MOJIEKYJIe YITIEBOZOPO/ia B CMEIIAaHHBIX KOMITIEKCAX IPUBOAUT K YMEHbIICHNIO
OTPUIIATe/IbHOTO 3HAYEH ST SHTPOIINNA.

[171s1 BBISICHEHVA BIVSTHVSL IIPUPOJIBI MeTa/lIa Ha IPOL[ecCc KOMIUIEKCO0Opa3oBaHus Ipo-
Be[ICHO CpaBHEHNMe peakiuil 00pa3oBaHMs CepeOpPSHBIX YINEBOLOPOSHBIX KOMIUIEKCOB
C MEKIMMIICA B IUTEpaType AaHHBIMM I KoMIiekcoB ¢ yoHamu Meau(I) [13, 14]. Como-
CTaBJICHNE 3TUX JAHHBIX ITOKa3bIBAET, YTO KOMIIIEKCHI YI/IeBOZOPoaoB ¢ noHoM Mexu(I) 6omee
YCTOIYMBBI, YeM ¢ MOHOM cepebpa. OueBuzHO, noH Menu(l) ABngeTca 6onee CUNTBHBIM JOHO-
POM M aKI[eNITOPOM, YeM MOH cepebpa, Tak Kak yMMeeT OOJIbIIYI0 S9HEPTUIO CPOJCTBA K 9TIEK-
TpoHy. KpoMme TOro, nmoreHnman MoHM3anuy MOHA MeAM MeHblle, 4eM y cepebpa. [Toatomy
IIPOYHOCTD CBS3Y MeTa/lI-JINTaHf, 00yC/IOB/IeHHas KaK JJOHOPHO-aKI|eTOPHBIM, TaK U JJaTUB-

HbIM BS&I/IMO,‘E[CIU/ICTBI/IGM, 6YI[€T BbIIIEC Y KOMIUICKCOB ME€MN.
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BriBonb1

Takum o6pasoM, B JaHHON paboTe M3ydyeHa TePMOAMHAMUKA IIpoIiecca 0Opa3soBaHMA
CMeIIaHHBIX KOMIUIEKCHBIX COeJITHEHMII MOHOB cepebpa ¢ OyTagyieHoM-1,3 1 aMMIakoM B BOJI-
HBIX pacTBopax. [IpoBesieH CpaBHUTEIBbHBII AHAIN3 YCTONYMBOCTY KOMITIEKCHBIX COEIMHEHMIT
noHoB cepebpa(l) u megu(I) c aMMMaKkoM U HeHACBILIIEHHBIMH YITIEBOZOPOAAMIU (2-MeTU/IIIPO-
neHoM u 6yraguenoM-1,3). ITokasaHo, YTO M3y4eHMe YCTONIMBOCTY KOMIUIEKCHBIX COeVIHe-
HIJI C HEHACBIIIEHHBIMM YITIEBOJOPO/iaMI IIPEICTAB/IAET VHTEepeC I XVMUY ¥ XVMIYeCKO
TEXHOJIOTUL.
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Kntouesvie cnosa: y
Ha ocHose peakyuu 83aumodeticmeus 4-6pom-5-Humpopmanonumpuna
HyKeounvHOe 3amellerue, 3ame-
. U NePBUUHBIX 2eMEPUNAMUHO8 PA3PAbOman Memod CuHme3a He ONUCAH-
WEHHbLE 0PMO-0UKAPOOHUMPUTIDL,
HbIX 8 TUMepamype opmo-OuKapoOHUMPUTIOB, COOEPHAULUX 2eMePOLUK-
UHOA3071, XUHOUH, 6eH30MUA307,
JiuMecKue cucmeml ps0a uHoa3ona, XUuHonuHA, 6eH30Mmuasona, mempa-
mempazudpoXUHONUH,
2UOPOXUHOMUHA.
4-6pom-5-numpopmanonumpun

BBengenue

B Hay4HOI1 TuTepaType OMMCAaHO MHOTO IIPUMEPOB peaKLy 3aMelljeHl s aTOMa rajloreHa
Y HUTPOTPYIIIBI B apuIO6eH30/1aX, COflepKalUX 3/1eKTPOHOAKIIENTOPHbIE TPYIIIbI, ITePBUY-
HBIMU U BTOPUYIHBIMY QJIKWT- U apuaaMuHamu [1-4]. B pabore [5] mpencTaBien MeToy cuHTE32
IIVIAHCOIep KALIMX COeIHEeHNII a3THOBOTO Psijja Ha OCHOBe SyAr-peakiyy 4-6poM-5-HUTpod-
tanouutpuwia (BHOH) ¢ budynkumonanpusiMu N-HykineopuibHbIMK peareHTamu. O6pasyro-
myecss B pe3y/bTaTe STUX PeaKLUMil COefVHEHMs IPefCTAB/IAI0T OObLION MHTepec s
HOVMEPHON ¥ KOMOWHATOPHON XUMNM, XUMMUM (PTATIOUMAHNHOB 1 HOp¢dupasnHOB [6-8].
HexoTopble 13 HUX HAlUM NPUMeHEHNe I IOTy4eHNs MaTepUualoB ¢ HeMHENHO-OITuYe-
CKUMMY, (IIyopecUpYIOLIVIMIA, KUAKOKPUCTA/UIMYECKMMI CBOIICTBaMu [9]. VIMeroTcsa maHHbIe,
HOATBEP>KAoIIyie HalN4le y COeVHEHWIT 3TON IPYIIIIbI Pas3/INIHbIX BUIOB OMOIOTMYECKOT 1
dbapmaxonorndeckont aktuBHocTH [10,11], Bmouas OT [12,13]. HoBble BO3MOXHOCTY 3TUX
M3BECTHBIX peaKIyil aKkTMBMPOBAaHHOIO apOMATNYeCKOTO HYKIeO(pIIbHOTO 3aMelleHNs, pac-
cMaTpuBaeMble Ha puMepe B3aumopeiictByst BHOH ¢ psioM 5- 11 6-4IeHHBIX TeTepuIaMIHOB
00CyXX/IaloTcs B JaHHOI paboTe.
Ha puc. 1 npencrasneno ssanmopericteue bBHOH ¢ koHgeHcMpOBaHHBIMY aMUHOCOZEP-
JKAI[VIMY TeTePOLMKINYECKIMY COeIHEHMAMN Psijja MHAa3o/a 2a, XuHomHa 2b-d, 6eH3oTn-
asorna 2e,f, TerparuapoxuHoHa 2g, oomeit popmynsr H,N-Het.
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Puc. 1. Bsaumopeiictue BHOH ¢ KoHieHCMPOBaHHBIMY AMUHOCO/I€P>KaIlYMY T€T€POLMKINYECKMMI COe[IUHE-
HUAMUI

OTU coeiNHEHNs, cofep Kallliie IePBUYHYI0 AMUHOTPYIIITYy HEIIOCPEACTBEHHO B reTepo-
IVIK/IYECKOM KOJIbIle WIM B OEH30/IbHOM KOJIblle, aHHEJIPOBAHHOM C TeTePOLMK/INYECKON
CUCTEMOIJi, MOTYT OBITb OXapaKTepu30BaHbI KaK N-HYK1eo(uaIbl OCHOBHOTO XapakTepa. ITo
NaéT HaM OCHOBaHMeE IPEJIIONOKUTh CPABHUTENIBHO BBICOKYIO aKTMBHOCTb yKa3aHHBIX CyO0-
CTpaToB B SNAT peakiusx.

OCo06EeHHOCTM peaKILMOHHOI CIIOCOOHOCTM aKTMBUPOBAHHOTO cybcTpaTa 1 JOCTaTOYHO
nofpobHO paccMoTpeHbl B paborax [2, 5, 14-17] Ha mnpumepe B3aMMOJECTBUS €ro
¢ pazmmunbiMu O-, N-, S-Hykneodunamu. Ha ocHOBaHNMM pe3yIbTaTOB 9TUX UCCIELOBAHNIT MbI
C YBEPEHHOCTBIO MOKEM YTBEP>KIaTh, YTO BO BCEX pacCMaTpMBAaeMBIX B HacToslell padore
npruMepax N-HYKIeopVIbHBI LeHTp retepunamuHa 2(a-f) atakyer B mepBylo oyepefb aTOM
yrnepona BH®H, cBasaHHBII ¢ aTOMOM 6poMa, YTO NPUBOAUT K €ro 3aMelleHNI0 Ha TeTepo-
IVIK/INYECKYI0 CUCTeMY U 00pa3oBaHMIO COOTBETCTBYIOLINX Ipou3BoAHbIX 3(a-f). B BrOpaH-
HBIX, CPaBHUTE/IbHO MATKUX YCIOBUAX peakuuy, HuTporpymma B ucxogHom BHOH 1
u, TeM Oojiee, B 00pa3oBaBIIMXCS NMPOAYKTax MoHo3aMelleHus 3(a-f) B paccmaTpuBaemoit
SNAT peaxIy OCTaBIIMMCA B PeaKIIMOHHOI Macce N-HYKIeo(pI/IbHBIM peareHTOM He 3aMella-
ercsi. Bcé 9T0 1m0o3BOISeT BBIIENUTD Iie/ieBble TMPOAYKTHI 3(a-f) BBICOKOI CTENeHM YMCTOTHI
U C BBICOKUM BBIXOZIOM.

Oco0eHHOCTBIO OIMCHIBAEMOT0 METO/Ia SIBJIAETCS VICIIONIb30BaHVe B Ka4yeCTBEe PaCTBOPM-
tensa N,N-gumernaneramupa (JMAA), 4To CBSI3aHO C HU3KOJ PacTBOPMMOCTBIO MCXOITHBIX

reTepuIaMHOB B OOBIYHBIX OJIA IIPOBENEHNA TaKUX peaKL[VIf/I IIEPBUYHDBIX CIIMPTaX.
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Ob6s3aTe/IbHBIM YCIOBUEM YCIIEIIHOTO INPOBENEHNA TOMO(asHON peakIuy SABJAETCA
JICIIOJIb30BaHMe 9KBYMOJIAPHBIX KOJIMYECTB XOpOILIo pacTBopuMoro B JIMAA TpusTuiaMuHa,
BBINIOJIHAIOILETO POJIb IEIIPOTOHMPYIOLIETO areHTa 1 aKuenropa spiendaomerocsa HBr. B ero
OTCYTCTBUM ITPOTEKaHMe pPeaKIuy TaK >ke BO3MOXXHO, T.K. QyHKIuIo akijenTopa HBr 6epér Ha
cebs1 HaXOAAMMIICA B PEAKIVIOHHON CMecK ¥ ellé He BCTYNMBIIMII B PEaKIMIO VCXOJHBIN
reTepuIaMIH, KOTOPBIl IIOC/Ie 3TOTO IIpeBpalljaeTcs B COOTBETCTBYIOLVI OpOMIuppaTr u
TepsieT CBOI0 AKTMBHOCTb, YTO yMEHbIIAeT BBIXOJ, II€JIeBOTO IPOAYKTAa M TpebdyeTcs ero
OOTIOJTHUTEIbHAS OUICTKA.

Hamnune B KOHIEHCMPOBAHHOM MOJIEKYJIE peareHTa OJHOIO MM JIBYX IeTepoaTOMOB
3HAUUTETbHO CHIDKAET PEaKL[MOHHYIO CIIOCOOHOCTD N-HYK/IeO(pUIOB, YTO ¥ OBUIO 9KCIIEpU-
MEHTA/IbHO TIOATBEPXKEHO peaKUMeil CO CTPYKTYPHBIMM QaHAJOTaMy TeTePUIAMMHOB —
3ameréHHbIMY aHVIMHaMU 4(h,i). ITo ganabiM TCX 11 HOTHOTO 3aBepLIEHMS 3TUX PEaKIi,
IPOTEKABIINX B OFHMX U TeX XKe YC/IOBUSAX, IIOTPeOOBaIOCh MPUMEPHO B JiBa pasa MeEHbIIe
BpEMEHN.

Amnanus BbIfieIeHHbIX IpoayKToB peakuuu bBHOH 1 ¢ 8-amuuo-1,2,3,4-TeTparngpoxu-
HOJIMHOM 2g C Mcnonb3oBaHueM faHHbX 'H SIMP crekTpockonuu moxasan Hamudue cMecu
130MepoB 6g 11 7g ¢ HeOOBIINM NTpeodIafanneM coeqHeHuA 6g (puc. 2).

OpHaxo BBIIEUTD U3 CMECU B MHAVBUYa/IbHOM BIJiE YAA/IOCh TOJIBKO COeVIHEHNE 7.

NC NO,
NC N
H,N
NC NO, NC N
Het - NH, 69
NC Br 29 NC N
N e no,
I "
NC NH
H
1 N
749

Puc. 2. Cmech nzomepos nponykTos peakuyy BH®H 1 ¢ 8-ammuo-1,2,3,4-TeTparnipOXnHOMNHOM

OO6BbACHNTD 3TOT (PAKT MOXKHO TeM, YTO B MOJIEKy/Ie peareHTa 2g IMPUCYTCTBYIOT Cpasy
nBa N-peaKIMOHHBIX LIEHTPA C pa3HO aKTMBHOCTDIO — IIEPBIYHAS VI BTOPMYHA aMIHOTPYIIIA.
Kaxppli 13 HuX B OT[EIbHOCTM MOXHO CYUMTATh QIKIWI3AMEIIEHHBIM aAHVIJINHOM.
Ho BTOpmyHas aMuHOTpymma B TeTEPOLVKINYECKOM KOJblle, IO CyTH, SBIAACDH
N-alKiI3aMeléHHbIM aHWINHOM, JVIMeeT JOIOTHUTENIbHYI0 aKTVBALMI PeaKIMOHHOTO
IIeHTpa 3a CYET 3/MTeKTPOHOLOHOPHOTO MHAYKTMBHOTO 3¢¢eKTa HMpOMMIbHOTO (parMeHTa
TeTParuipOIVPUNHOBOIO LIMKIA 1, C/IeJOBATe/IbHO, VIMeeT 6ojee BBICOKYIO STIEKTPOHHYIO
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IUVIOTHOCTDb Ha aTOMe a30Ta, YTO VM IPUBOJUT K €€ 60Jiee BHICOKOI peaKLMOHHOI CIIOCOOHOCTI
IIpY NIPOBEJEHNM PEAKIINY B aTPOTOHHOM JUIIONIAPHOM pactBoputene JIMAA.

[Tpu anamse 'H SIMP criekTpoB coefyHeHMA, IIOTy4eHHBIX Ha OCHOBe 2g, HaMU 3auK-
CMPOBAHO TaKXe 0Opa3oBaHMe MPOAYKTA 78, YTO CBUJIETE/ILCTBYET 00 YIaCTUV B peaKL[Uy U
MEepBUYHON AMUHOTPYIIIIBL

IIpn nposenenun ykasannon peaknyuu bBH®H 1 ¢ 8-amnno-1,2,3,4-TeTparnipoXmHonm-
HOM 2g B 60slee XECTKMX YC/IOBMAX B IMPUCYTCTBMM IBYKPaTHOTO M30BITKA TPpUOYTMIAMMHA
B CMeCH, BBIJIEJICHHON M3 PEaKI[MOHHOM MacChl IO IAHHBIM MAacC-CIIeKTPOMETpUM, ObLI
3aUMKCUPOBAaH CUTHAJ MOJIEKY/IpHOrO WMoHa 272 [M]' mpopykTa pAusaMelleHus -—
2,3-guruppo-1H,7H-7,11b-nuasabenso[d,e]anTpauen-9,10 pukapb6onutpmna 8g, 4TO BO3-
MOXXHO IIpM YCTIOBUM 00pa3soBaHMA Ha CTafVM, IpeAIIeCTBYIOLIEN LMKIN3ALUY, TIPORYKTa
MOHO3aMellleHuA 7g.

Takum o6pasom, wucnonbsys BHOH wu pasnnynble MOHOQYHKIMOHATbHbIE
N-HyK1eoyIbl CTAHOBUTCS BO3MOXXHBIM CHHTE3 IIMPOKOTO KPyra He ONMCAHHBIX B IUTepa-
Type 0pmo-TMKapOOHUTPUIOB, COflepKAIMX TeTePOLVIK/INYECKIe CUCTEeMbI PsAfa MHAA30]1a,
XVHO/VHA, 6€H30TMA3071a, TeTPATUPOXIHO/IHA, KOTOPBIE IIOC/IE COOTBETCTBYIOIIEH QYHKIIN-
OHaJ/IM3aIMI MOTYT OBITH IIPEBPAIeHbl B MaTePIaIbI C IPAKTUYECKI IT0JIE3HBIMIU CBOVICTBAMIL.

SKCHCPI/IMCHTa}IbHa}I qacTh

VpeHTNUKanms CMHTe3MPOBAHHbBIX COeAVHEHMI IPeCTaBIeHa HIDKE.

Cnekrpsl '"H NMR 5%-HbIX pacTBopoB 06pasnos B [IMCO-d6 ¢ BHyTpeHHMM CTaHAAp-
toM TMC 3anmcanbr Ha mpubope «Bruker DRX - 500». D71eMeHTHbIe aHAIM3bI BHIIIOJTHEHBI Ha
C,H,N-anammsarope «Hewlett-Packard HP-185B», macc-criektps! - Ha npubope «MX-1321»
(sHeprus noHnsupymomux snekrpornos 70 3B) (MOX PAH).

BH®H 1 monyyanu 1o MeToAyKe, IIpefiCTaBlIeHHOI B pabore [2].

[Tony4yenue 4-reTepuaaMuHO-5-HUTPOPTATOHUTPUIOB 3(a-g), 4-apuIaMMHO-5-HUT-
podramonntpunos 5 (h,i) (obmas meroguka). B xonby momemntanu 2.52 r (0.01 mons) BHOH
1, 5KBUMOJIIpHBIE KOMMYECTBA TPUITWIAMIHA, reTepyiamuua 2(a-g) nwm apwiamnaa 4(h,i)
30 M IMAA. Cogmep>kumoe KOlObI MHTEHCUBHO IlepeMelIyBamy npu temuneparype 60-70 °C
B TedeHMe 1 4. 3aTeM peaKI[MOHHYIO MacCy OX/TaXKAaIn 1 BeimBanu B 100 cM’ X0/IOHOI BOZBI.
O6pa3oBaBLINIICSA OCAZIOK — 1Ie/IEBOIL IIPOAYKT OT(GMIBTPOBBIBAIN, IPOMBIBamu 50 CM? BOZBI 1
CYIININ.

[Tonyuenne coenyuenus 8g. B konby nomentanu 2.52 r (0.01 mons) BHOH 1, 0,74 T (0.005
MojIb) 8-aMuHO-1,2,3,4-TeTparuppoxnuonuua 2g, 0,9 r (0.005 mosnp) Tpubyrmnammaa u 30 M
IMAA. Copep>kumoe KOIOBI MHTEHCMBHO NepeMelnBany npu Temneparype 140-150 °C B Te-
qeHye 2 4. 3aTeM PeaKIMOHHYI0 MacCy OX/IaXK/Ja/M JO KOMHATHOJ TeMIIepaTyphl U BbUIMBAIN
B 100 cM® xomopHoIt Bozibl. O6pa3oBaBLIMIICA 0CalOK OTGUIBTPOBBIBAMY, TPOMBIBaN 50 cM?
BOJIBI U CYILVIINL.

3a: Boixop 87,7%, Tu= 192-194 °C. Haitgeno, %: C 59,62; H 2,60; N 27,43. C;sHsNgO..
Paccunrano, % C 59.21; H 2.65; N 27.62. 'H NMR, 8, 13.12 (s, 1H), 10.16 (s, 1H), 8.79 (s, 1H),
8.12 (s, 1H), 7.86 (d, ] = 7.3,1H), 7.62 (s, 1H), 7.54 (s, 1H), 7.09 (d, J = 7.3,1H).
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3b: Beixop 89,1%, T., = 234-236 °C. Haiigeno, %: C 64.47; H 2.84; N 22.53. C;;HoN;O,.
Paccunrano, % C 64.76; H 2.88; N 22.21. '"H NMR, 8, 10.39 (s, 1H), 8.98 (d, ] = 1.44 Hz, 1H),
8.87 (s, 1H), 8.37 (d, ] = 8.6 Hz, 1H), 8.12 (d, ] = 8.1 Hz,1H), 7.89 (t, ] = 8.6 Hz,1H), 7.66
(d, ] =7.8,1H), 7.58-7.53 (m, ] =2.2 Hz, 1H), 7.22 (s, 1H).

3¢: Beixonm 92%, 1., = 241-243 °C. Hainpgeno, %: C 62.55; H 3.28; N 20.19. C;sH;1N5Os.
Paccunrano, % C 62.61; H 3.21; N 20.28. 'H NMR, 8, 10.23 (s, 1H), 8.79 (s, 1H), 8.77 (s, 1H),
8.25 (s, 1H), 7.88 (d, ] = 8.8, 1H), 7.70 (s, 1H), 7.42 (s, 1H), 7.28 (d, ] = 8.8, 1H), 3.95 (s, 3H)

3d: Beixog 96%, Ty, = 272-274 °C. Haitmeno, %: C 64.33; H 3.65; N 23.74. C,,H;sN;O,.
Paccunrano, % C 64.54; H 3.69; N 23.95. 'H NMR, 9, 10.55 (s, 1H), 8.85 (s, 1H), 8.55(d, ] = 8.6
Hz, 1H), 8.20 (d, ] =8.4 Hz, 1H), 7.98-7.90 (m, J1 = 7.3 Hz, ]2 = 8.6Hz,2H), 7.80 (s, 1H), 7.65
(t,J=7.3 Hz,1H), 6.10 (s, 1H), 3.15 (s, 3H), 2.22 (s, 3H)

3e: Boixon 89%, 1w, = 265-267 °C. Haitmeno, %: C 61,89; H 4,45; N 15,69. C,3H19N505S.
Paccunrano, % C 62,01; H 4,30; N 15,72; S 7,2. 'H NMR, 9§, 12.22 (s, 1H), 10.17 (s, 1H), 8.74
(s, 1H), 7.94 (s, 1H), 7.78 (d, ] =8.7,1H), 7.52 (s, 1H), 7.38 (d, ] = 8.7, 1H) 1.91-1.73 (d.d,,
J1=11.9,]2 = 8.0 Hz,4H), 1.68 (d, ] = 8.0 Hz, 1H), 1.52-1.42 (m, ] = 5.0 Hz, 2H), 1.37-1.22 (m,
] =7.5Hz, 3H)

3f: Beixonm 76%, T, = 217-219 °C. Haipgeno, %: C 57.70; H 2.78; N 16.89; S 6.41.
C2sH1uN4OsS. Paccunrano, % C 57.83; H 2.83; N 16.86; S 6.43. 'H NMR, 9, 13.05 (s, 1H), 10.20
(s, 1H), 8.75 (s, 1H), 8.25 (d, ] = 8.2 Hz, 2H), 8.12 (d, ] = 8.2, 2H), 8.02 (s, 1H) 7.85 (d, ] = 8.0,
1H), 7.57 (s, 1H), 7.42 (d, ] = 8.7, 1H), 3.91 (s, 3H).

5h: Beixom 93%, T., = 231-233 °C. Haitgeno, %: C 67.21; H 3.96; N 18.43. C;;H,N,O,.
Paccunrtano, % C 67.10; H 3.97; N 18.41. 'H NMR, §, 10.03 (s, 1H), 8.73 (s, 1H), 7.42 (s, 1H),
7.32 (d, ] = 8.0, 1H), 7.20 (s, 1H), 7.09 (d, J = 8.0, 1H), 2.97-2.90 (m, J = 1.2, 4H), 2.15-2.06
(m, ] = 7.4, 2H).

5i: Beixom 79%, Tn: = 198-200 °C. Haitneno, %: C 67.59; H 3.68; N 19.68. CH;3N50,.
Paccunrano, % C 67.60; H 3.69; N 19.71. 'H NMR, &, 10.05 (s, 1H), 8.71 (s, 1H), 8.45
(d, ] = 5.7 Hz, 2H), 7.50 (s, 1H), 7.32 (d, ] = 8.0 Hz, 2H), 7.33 (d, ] = 8.0 Hz, 2H), 7.22
(d, ] =5.7Hz, 2H), 4.04 (s, 2H).

7g: Boixon 16%, Tu, = 228-230 °C. Haiigeno, %: C 64.06; H 4.13; N 21.96. C17H13N50..
Paccumtano, % C 63.94; H 4.10; N 21.93. 'H NMR, §, 9.45 (s, 1H), 8.62 (s, 1H), 6.96 (s, 1H),
6.92(d, J=7.3,1H), 6.86 (d, ] = 7.9,1H), 6.54 (t, ] = 7.8,1H), 5.5 (s, 1H), 3.23 (d, ] = 4.0, 3H),
1.88 (t, ] = 4.5, 3H).
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KnroueBbie cioBa:
UUKTI02eKCUNIOEH30T,
HUOKOPA3HOe OKUCTIeHUe,
mpemuuHbLii eudponeporcuo
yuknozekcunben3ona,
8MOPUUHDBLLL 2UOPONEPOKCUO
yuxnozexcunbensona

W3yuen cocmas npodykmos sudkopasHozo OKUCIeHUS UUKI02eKCUIOeH-
30na. B pesynvmame uccrnedosanuii 66110 00Ka3aHo HARU4Ue MpermuuHozo
U 8MOPULHO20 2UOPONEPOKCUOA 8 NPOOYKINAX OKUCTIEHUS UKI02eKCUIOeH-
3o71a. Onpedenetie 2u0ponepoKcU08 NPOBOOUTIU HENOCPEOCNBEHHO C NPU-
menenuem AMP'H-cnekmpockonuu u KOC8eHHbIM nymem no npooyKmam
UxX B0CCIMAHO67IEHUS 00 KetoHo6 u cnupmos. CpasHeHue UHMe2PATbHbIX
UHMEHCUBHOCIET CUZHATIO8 NPOMOHO8 MPEMUUHO20 U 8MMOPULHO20 2U0-
PONepoKCcUOa UUKI02eKCUNOEH30/IA NO360/IAEN CHUMAMb, YO COOepHa-
Hue nocnedHezo cocmasnsiem npumepro 15-20% om obujezo Konuuecmea
2udponepoxcuda, NPUCymcmaeyouezo 6 NPOOYKMmMax OKUCTIeHUsS YUKII02eK-
cunbensona. Ha 0cHOBAHUU NONYUEHHBIX IKCNEPUMEHIMANLHOIX OaHHbLX
u npedcmaeneHuil o mMexaHusme HuokoPasHozo OKUCTEHUS AnKun3ame-
UieHHBIX APOMATNUYECKUX U UUKIOANUPAMUUECKUX Yene6000p0006 nped-
CMassneHa 06uast cxema OKUCIUMENbHbIX NPespaueHuti YuknozeKcunoeH-
30714. YCmMaHo8neHo, 4mo npu nosvitdeHul KOH8epCUU UuKiozeKcunbeH-
30714 00 40-50%, ceneKmusHOCHb NPOUECCa OKUCTIEHUS 3HAUUIMENbHO CHU-

Haemcs.

BBenenne

DeHo U NUKIOTeKCaHOH ABJIAITCA KPYIHOTOHHAKHBIMU IIPOAYKTaMI OCHOBHOTO OP-

TaHNYECKOTO N He(bTeXI/IMI/[‘IeCKOI‘O CMHTE3a, HOTPC6HOCTB B KOTOPBIX C Ka)XXIbIM I'OZOM BO3-

pacCTa€T B CBA3U C YBEIMYCHUEM IIPOU3BOACTBA PA3JINMYHDBIX IIOJIVMMEPHbBIX MaTE€pUAIOB.

B HacToALlle€ BpEMA OCHOBHBIMI HOTPC6I/ITC}IHMI/I (beHona ABJIAIOTCA IIPOM3BOACTBA IVIACTU-

YECKMX MaACC, CMHTETMYECKMX BOJIOKOH, 3IIOKCUIHBIX CMOII, a}'IKI/IH(beHOHOB, CUHTETUYCCKUX

KpaCMTCHCﬁ, IIpUCATOK K TOIUVIMBaM U MacCjIaM, JJIEKTPOU3O/TIALNVNOHHDBIX JITAKOB U H}IaCTI/I(l)I/[Ka-

TopoB. Kpome TOro, QeHOn mucronpsyercss A/ IONy4eHNS JIEKAPCTBEHHBIX IIpelapaTos,

IIOBEPXHOCTHO-AaKTMBHbBIX BEUIECTB, AHTUCEIITUKOB, ANOXMMHUKATOB U Hap(I)IOMeprIX
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npopykTos [1]. LJMkorekcaHOH MIMPOKO NMPUMEHAETCS B IIPOU3BOACTBE aAMIINHOBOW KIIC-
JIOTBI, KaIIpoJIakTaMa (B KauecTBe ITOYIIPOAYKTa). Takke OH MCIO/Ib3yeTcs KaK pacCTBOPUTEIIb
CMOJI, )XVIPOB, MaceJl, BOCKOB, alleTaTOB ¥ HUTPATOB [2].

OCHOBHBIMU TIPOMBIIIICHHBIMJ METOJAMI IIONTy4eHNsA (eHosa ¥ IMKIOreKCaHOHA
SIBJISIETCS COOTBETCTBEHHO IPOLIECCHl a9POOHOTO >KMAKO(PA3HOTO OKMCIeHMs Kymona [3, 4]
U UKIOTreKcaHa [2]. TeXHO/morns OKMCIeHnsA UMKIOTeKCaHa OT/IMYAeTCS IIPOCTOTON U OffHO-
CTaMITHOCTBI0. B TO >Xe Bpems, HECMOTPSA Ha OTMEYEHHbIE NPEMMYILECTBA, 9TOT MPOLieCcC
UMeeT pAfl CyLIeCTBeHHBIX HeJOCTaTKOB. Tak, Hampumep, Ipu OKUCIEHUM LMKIOTeKCaHa
(remmeparypa 120-160 °C, naBnenue Bo3agyxa 1-2 MIla, B mpucyTcTBUM KOOATbTCOREPIKAIINX
KaTa/lIM3aTOPOB) KOHBEPCHA LIMKIOTeKCaHa He TIpeBbIlaeT 3-5%, CeeKTMBHOCTb 0Opa3oBaHMs
1e7IeBbIX TPOJYKTOB 70-75%, a COOTHOLIEHME LIMK/IOT€KCAaHOHA M LIMK/IOT€KCAHOIa B IIO/Ty4ae-
MoM okcupgate 6mm3ko K 1:1 [5]. TpaguioHHo 60/bliuye 3aTpaThl Ha YTUIN3ALVIO TOO0YHBIX
IPOAYKTOB, BbIfle/IeHNe U OYMCTKY LMK/IOTeKCAaHOHA B 3HAUYMTEIbHOI CTENEeHM CHIKAIOT
PEHTabe/IbHOCTD 3TOTO IIPOVM3BOJICTBA.

AspTepHaTUBOI Pa3feIbHBIM METOAAM MOTy4eHMs (PeHO/IA U IIUKIOTeKCAHOHA SBJIACTCA
IpOIleCC MX COBMECTHOTO CMHTe3a, 0asupymoIuiicd Ha >XMAKO(A3HOM MHUIVPOBAHHOM
okucnenuu nuknorekcunbdensona (LII'B) mo rupponepokcupa (I'TI). ViccnenoBanus B gaHHOI
0671acTV IPOBOJATCA KaK POCCUICKMMM, TaK ¥ 3apyOeXXHBIMM YYEHBIMIU, YTO ITOATBEPKAAET
B)XHOCTb 1 MIEPCIIEKTVBHOCTD Pa3pabOTKV HOBOTO METO/la COBMECTHOTO IOTy4YeHus deHona
U LIMKJIOreKcaHoHa [6-10].

Haymmruane B monexyne LII'B Tpetiranoit 1 60sbIoro konmndectsa BTopraHbix C-H-cBA3ern
IpeJiIio/IaraeT BO3MOXKHOCTb 00pa3oBaHNA IIPY €r0 OKMCTIEHUY ABYX TUIIOB TU/[POIIEPOKCIIOB,
a TaoKe pAfa KUCTIOPOAcofiep Kalmx coenyHeHnit. CBefleHnA o0 XapaKTepe ¥ cocTaBe o6pasy-
romuxca npu okucnenun LII'b mpoaykToB HOCUT OrpaHMYeHHBbII XapaKkTep. B Toxke Bpems, oHI
B 3HAYMTE/IbHON CTENEHN ONPENENAT JalbHENIIYI0 BO3MOXHOCTb OKMC/INTE/IbHbIX ITPEBPa-
mwennit III'B B xuMudeckoit TexHonoruu. TakuM o6pa3oMm, u3ydeHue cocTaBa MIPOYKTOB >KIUJI-
K0(a3HOTO OKMC/IEHN S IMK/IOTeKCUMIOEH30/1a SIB/ISIETCS] BAYKHOI Y aKTYa/IbHO 3a/jaderi.

OcHoBHasA YacTh

Hecmotps Ha T0, uTO Xnpkodasnoe okucnenue LII'b B rupponepokcus mporekaer ¢ BbI-
COKOIJ CeNIeKTUBHOCTBIO (95-98%) McIIob30BaHNA KICIOPOJa, TeM He MeHee, PV KMCIOTHOM
pasnoxxenuu rugpornepokcupa III'B, comeprkaierocst B IpofyKTax OKUCIeHNs], BBIXO], (peHOMa
OKas3bIBaeTCA HECKOIbKO HIDKe (Ha 15-20%) TeopeTmdecky BO3MOXKHOTO. VI3sMeHeHNA pexxnmMa
okucnenus LI'b o rupponepokcuja He MO3BOJIAIOT IIOBBICUTD BBIXOZ (eHO/MA Ha 3aK/II0YM-
TE/IbHOV CTafiuy Ipolecca. B To>xe BpeMs IpyM KMCITOTHOM PA3/IOKEHUN Mpem-TULPOIIEPOK-
cupa (mpem-TITI) IITB, momry4eHHOTO CMHTETUYECKUM IyTeM, BBIXOJ, (eHOsIa ABJIAETCSA KO-
JecTBeHHBIM. [IpuBeneHHbIe BbilIe (aKThl HEOCIIOPVMMO CBU/IETE/IbCTBYIOT O HAIMYNY B IIPO-
IyKTaX OKVC/IEHVS IVKIOTeKCWIOeH30/1a ABYX TUIIOB TH/IPOIIEPOKCHUOB — TPETUYHbIX U BTO-
PUYHBIX.

JI/1s1 IpOBepKY JAHHOTO IPeIIOI0OXKEeHN s OBbUI M3y4eH XapaKTep IePBUYHBIX IPOJYKTOB

oxucnenus LI'B (I), a Takxe MpOAYKTOB MX BOCCTAHOBJIEHVS 1O KETOHOB ¥ CIIVIPTOB.
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Copep>xanne tpetnanoro (II) u Bropuunoro (III) rupponepoxkcupa LII'b onpenennn
HeIoCpeCTBeHHO B rpopykTax okucnenus LII'b ¢ npumenennem AMP'H-cnexTpockomnmy mm
KOCBEHHBIM ITyT€M II0 IPOAYKTaM MX BOCCTAHOBJIEHMS 10 KETOHOB U CIMPTOB C IOMOIIBIO
VIK-creKTpocKonmm ¢ UCIO/NIb30BaHMEM psAJia BELIECTB M3BECTHON CTPYKTYPBbI, ITOTy4eHHbIX
BCTPEYHDBIMI CHTE3aMI.

Ycranosineno, uto cuektp IMP'H npopykros cenexktuBHoro okucnenns LII'D go TTI
ormyaercs ot cuexkrpa mpem-ITI IITB (II), momydeHHOTrO OKMCIEHNEM NIEPEKIChI0 BOZOPOAA
1-dennnukiorekcanona (V). OTmdmne 3aKI09aeTcsl B HAIMYMM Ha CIIEKTPe IPOAYKTOB OKIIC-
nenya II'b curnana 3.75 M.1., xapaktepHoro mia nporoHa CHO BTopuyHOTO raponepoKkcusa
(smop-I'Tl). CpaBHeHMEe MHTETPATbHBIX MHTEHCUBHOCTEN CUTHAJIOB IIPOTOHOB BTOPMYHOTO
u TpeTnyHoro ruaponepokcusa LII'B nossomser cunrars, uro cogeprxanne 6mop-I'TI LIT'B (III)
cocTapysieT IpuUMepHO 15-20% OT 00I1ero KOaM4yecTBa TUPOIEePOKCI/A, IPUCYTCTBYIOIIETO
B pojykTax okucnenua LI'b.

JJononHuTeNbHBIE MOATBEPXKAEHNA CTPYKTYPBI T'MPONEPOKCHIA, BO3HMKAIOIIETO IIPU
okucnenyu 1II'B, 6611 moydeHsl B pe3y/ibTaTe aHam3a KeTOHOB U CIVPTOB, 0OPa3yIOIINXCS

IIpu BOCCTaHOBIeHVHM rugponepokcnnoB FeSO, [11] wm Bogoponom B mpucyrcrsyun Pd/ALO;

[12] (puc. 1).
i
@7&—(CH2)4—CH3
FeSO,

H-aMI/IJI(beHI/I.HKeTOH
v

(0]0]

H,
o TPETHYHBIN THAPOIEPOKCHIL
2 III/IKJ'[OI‘BKCI/IJ‘I6BH30J13.
OH

1-¢heHnnIuKIOreKcaHoN

L[I/IKJ'IOFCKCI/IJ'IGCHSOJI
I 0, FeSO, ”
/ 0

(heHMITIMKIIOTeKCAaHOHBI
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\ -
HOO
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Anams MK-cnektpa mpopykroB >xkmpkodasHoro oxucnenus LII'D (cemexkTuBHOCTH
obpasoBaHua rugpornepokcunos 100%, rmybmna oxmcmerna 10%) mokasam, dYTO B HeEM
MIMEIOTCS JINIIb MIOJIOCH Tornomenns rpynmn >C=0, xapakTepHble A H-aMII(eHNIKeTOHa
n 2-denmnuuknorekcanona. [lonsa mocnegnero cocrasnmsier 10-12% ot obiiero comeprxaHus
KETOHOB.

Boccranosnenne mpem-I'TI LIII'D (I1I) FeSO4cBsa3ano ¢ paspoiBom C-C-CBA3M IMK/TOTEK-
CaHOBOTO KOJbLA, YTO NPUBOAUT K oOpasoBaHuio ammiadenmnkerona (V), KOTOpbI ObUI
BbIJie/ieH 1 upeHTHuuposan. Boccranosnenne emop-I'TI LII'D (I1I) FeSO, nomkHO npuBectu
K 06pasoBanuio 2-pennnnknorekcanona (VI).

[Tpn anamuse VIK-criektpoB ammndennnkerona (IV) u 2-pennmumxnorekcanona (VI)
OBIIO YCTaHOBJIEHO, YTO BaJleHTHbIe Konmebanus rpynmnsl >C=0 coegmuennii (IV) u (VI) umeror
3HayeHMA 1683 u 1704 cM™' COOTBETCTBEHHO, YTO IT03BOJIAET ONpeie/IUTh Ha/u4ye ¥ COOTHO-
IIeHNe 9TUX KeTOHOB KaK B ICKyCCTBEHHOI CMeCH, TaK U B IIPOlyKTaX BOCCTAaHOBJIEHN A OKIC-
nenHoro III'b. Conepxanne ammndennikerona (V) n 2-pennnumknorekcanona (VI) B mpo-
nykrax okucnenus 1II'B, o6paboranubix FeSO,, cocraBnger 5.2 n 1.2% cOOTBETCTBEHHO, YTO
TaKOKe CBUJIETETBCTBYET O TOM, YTO 15-20% oOIero KommyecTsa IMApONePOKCUIOB MIPIXO-
JATCS Ha JOMI0 BTOpryHoro ruaponepoxcupa TG (III).

B pesynbTaTe BOCCTAaHOBIEHUA IMAPOIEPOKCUIOB 1[e/I0UbI0, TpudeHN1HOCHUHOM NN
BOJIOPOZIOM B IIPUCYTCTBUY KaTa/a13aTopa IMAPUPOBAHUA 0Opa3yIOTCA CIMPTHI, COOTBETCTBY-
IOLIJie CTPYKType MICXOZHOTO IMAPOIIepOKCUAa. YTOOHBIM METONOM aHA/IN3a TaKMX COefVHe-
HUII SIBJISIETCA MX CHOCOOHOCTD B3aMMOJEICTBOBATD C a30TICTON KUCIOTON ¢ 06pasoBaHeM
AIKVTHUTPWIOB, MMEIOLIX MaKCYMYM ITOI/IoNeHys B o6macty 320-400 HM. AHaIN3 CIIMPTOB,
00pasyomnxcs Ipy BOCCTAaHOBIEHNN TPOAYKToB okucnenns LII'D, mokasas, 4to cymmapHoe
cofiep>kaHue CIiupToB Ha 15% 6orbine copepxanus 1-dermmmkiaorekcasona (V).

Taxum obpasom, cHmKeHMe Beixofia ¢perona (XV) mpu KMCITOTHOM Pa3yioKeHNN IPORYK-
toB okucnenns 1II'b cBsi3aHO ¢ ofHOBpeMeHHBIM 00pasoBaHueM B npolecce okucnenus [II'b
tpetnyHoro (II) u Bropuunoro (III) rupponepoxcupa. CopeprkaHe MOCTEIHETO COCTABET
15-20% oT 06111eT0 KOMYeCcTBa ITUAPOTIEPOKCHUIA.

Pe3ynbTaThl MccIeOBaHNA TePMIYECKOTO pacliafa TUPOIEePOKCIOB IIVKIOATKIUIOCH-
30710B B MHTepBajie Temmeparyp 125-150 °C mokasanu, 4To Hambojee BepOATHON IPUIMHON
HOSIBJICHUSA H-aIKMI(EHVIKETOHOB B IIPOAYKTAX OKMCIEHNS LVIK/IOATKIIOEH30/I0B SBIIACTCS
pacnag mpem-I'Tl, KoTopbii conpoBoXaaeTcs paspbIBOM CBA3Y Cop—Comop. B AMNLINKINYECKOM
KOJIbIIe C IIPOMEXYTOYHBIM 00pa3oBaHMeM 5-0eH30MIIeHTHIbHOTO pafukana [13]. TanpHeit-
IIee IIpeBpalieHe 3TOr0 KeTopaayKaa ¥ MPUBOAKT K IOJTydeHuIo H-aMmmidenmikeToHa (IV).

Oxucrnenne H-aMWIQEHIIKETOHA Yepe3 a-KeTOTMAPOIePOKCI, IPUBOAUT K 0Opa3oBa-
HUI0 6eH30JIHOJ ¥ BalepbsIHOBON KUCIIOT, KOTOpble KaTammsupywor pacrag mpem-ITI LIT'B no
nukiorekcanona (XIV) u dpenona (XV). ®eHon ke, Kak U3BECTHO, SBIAETCSA OFHNUM U3 OCHOB-
HBIX (PAaKTOPOB 3aMeJJIeHNA peaKLUy OKVC/IeHNs BIUIOTD IO ee ImpeKpaiieHns. OKMCINTeNb-
Hble TIpeBpalleHNs KeTOPajuKaia IPUBOAAT K IIOTy4eHMIo §-0eH30/1Ba/lepiaHOBOI KMC/IOTHI
(XIII). ITocnenHssA MOXKET CITY>KUTD HOIOTHUTE/IbHBIM MCTOYHUKOM J/ISI HOSIB/ICHMS B IPOAYK-

Tax peakuny ¢GeHoa, afUIMHOBOI, ITTyTapoBOIl 1 6eH301THOI KucoT [14].
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Tepmuuecknit pacag emop-I'TI conpoBoxaeTcsa obpasoBanueM 2-(eHMIIK-T0a/IKa-
HOHOB. Okxucrnenyue 2-QeHMINNKIOTeKCAaHOHA ¥ 2-(peHMIIMKIOreKCaHOMa IO AHATOTUM
C  METWIINUKIOTEKCAHOHOM M  METWINVK/IOTeKCAHO/IOM IIPMBOAMT K  IIOTY4EHNIO
a-(eHNIagMIMHOBO KMCIIOTHL. B pesynbraTe eKapOOKCHMIMPOBaHMS o-(QeHMTafUIIIHOBON
KUCTIOTHI BO3MOXXHO 00pasoBaHMe HUBIIMX MOHO- M AMKapOOHOBBIX KucnoT [15]. Tak mpu
okucnenun LI'D cpemyu neTy4mx ¢ BOASHBIM IIapOM IPOAYKTOB KVCIOTO XapakTepa ObUIN
obHapyxeHsbI (% Mac.): 6eHsoitHas (40-50), BanepuanoBas (20-25), mypaBbuHas (8-12), ykcyc-
Has (7-10) u mpormonoBas (8-12) kucmotsl. Cpeny HeleTy4YMX C BOJSHBIM ITAPOM KUCIIOT ObUIN
HaiieHs! (% Mac.): §-6eHzomnBanepuanoBas (55-60), rayraposas (25-30), maBeneBas (2-4),
agunuHoBas (7-10) u a-peHnmagumnmHoBas (2-4) KMCIOTHL. AHa/IN3 KUCIOT IIPOBOANICA C IIO-
MOIIIBIO Ta30KM/IKOCTHON XpoMaTorpadun.

[Tony4yeHHble 9KCIIEpUMEHTA/IbHbIE JAHHBIE IO COCTAaBY NPOAYKTOB OKMC/IEHUS LIMKIIO-
aJIKMIOEH30/I0B, a TAKoKe CYLIeCTBYIOIINE B HACTOsAIIee BpeMs NPENCTaBIeHN O MeXaHM3Me
KUKO(PA3HOTO OKMCIEHVS alKMI3aMelleHHBIX apOMaTUYeCKUX U LMKIOaINPaTHIecKnX yr-
JIEBOJOPOJIOB, IIO3BOJIAIOT IPEJCTABUTb CXeMy OKUCIMTEIbHBIX IIPEBpAlleHUIl IMK/IO-
QJIKMIOEH30/I0B, KOTOpasi pacCMOTpPeHa Ha IpuMepe LMKIoreKcunbeHsona (puc. 2).

Bce mpuBesieHHbIE B cXeMe COefVIHEHVs ObIIM OOHApY>KeHBI B IPOAYKTaX OKUCIEHVS
LT'b ipu BricOKOM KOHBepcUM nocnenHero 40-45%, KOTopoii COOTBETCTBYET JOCTAaTOYHO HU3-
Kasi CeJIeKTMBHOCTDb Ipoliecca. Ha C/IOXXHBI XapakTep IPOAYKTOB OKMC/IEHMs LMKIOTeK-
cunbeHs3oa npy OOJbIINX ITyOMHAX ero OKMCIeHNs YKasbIBanoch B pabore [16]. Ilpu cemex-
TUBHOM OKVCJIEHUM LIMK/IOTeKCHIOeH30/1a (GeHOJI, IIVKIOATKAaHOHBI U1 (PeHMILMKIIOaIKAaHOHDI

B IIPOJYKTAX peaKLyM NPAKTUIEeCKNA OTCYTCTBYIOT.
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SKCHCPI/IMCHTa}IbHa}I qacTh

Luknorexcunbensorn (I) momydanm ankunmmpoBaHueM OeH30/Ia IMK/IOTEKCAaHOIOM B IIPH-
CYTCTBUM KOHIJ€HTPVMPOBAHHOI CEPHOI KMCIOThL. MOIbHOE COOTHOLIEHME YTIEBOMIOPO/: CEP-
HasA KMCIOTA : IMKIOTEKCAHON cocTaBAno 3:1:3, remneparype 5-10 °C, Bpema peakuum 1 4.
LleneBoit MPORYKT BBICILAMN 13 IPOAYKTOB IKMIMPOBAHNA peKTU(UKaIVei 10 BAKYYMOM.

Knnxodasnoe oxucnenne III'b ocymjecTBismm Ha KMHETUYECKO yCcTaHOBKe [17] mpu
120 °C B mpucyTcTByM 1% OT Macchl IMAPOIIEPOKCH A IIMKIOTEKCIIOEH30Ia.

1-@enunuukinorekcanon (V) cuHTe3upoBamy 13 GeHNIMarHNitoOpoMmya 1 IYK/IOTeKca-
HOHa 110 peakuyy I'punbapa [18, 19]. Ty, = 61.5 °C (n3 nerponeitHoro a¢upa). Haitneno, %:
C - 81.80; H - 9.14 C;,H,60. Boruncneno, %: C - 81.79; H - 9.15.

Tpernunsiit rupponepokcup LI (II) momydanu okmcieHueM IepeKUChIO BOLOPOJA
1-¢pennnuknorekcanona (V) [20]. [IpogykTsl peakuyy OTMBIBaIM BOAOI, 1%-HBIM pacTBO-
POM COfibl, CHOBA BOJIOV O HEMTPAIbHOM CPENbl U CYLIU/IN B BAKYyMe.

2-@enmmuknorekcanod (VI) monmydamm m3 1-XI0pHUKIOTeKCaHOHA 1 (peHmIMar-
Huitbpomuza o peakuuu ['punbspa [21]. Ty, = 57 °C. Haitgeno, %: C - 82.98; H - 8.26 C1,H,14,0.
Boruncneno, %: C - 82.72; H - 8.10.

H-AMungennnkeroH (IV) momydanu BoccTaHOBIEHMEM TPETUYHOTO THUPOIEPOKCHA
LI'b (II) 1M pactBopoM cepHOKMCIOTO ene3a. [Ipogykt mpombiBanu 4 %-HBIM PacTBOPOM
NaOH, Bopoit, Cymmu 1 pasroHsAMN MOf BaKyyMOM. Tm = 101 °C (3 MM pr. c1.). Haiineno, %:
C - 81.65; H - 9.08 C;2H 0. Beruncneno, %: C — 81.77; H — 9.15. BoccranoBneHe OKCHaTa
HT'b cepHOKMCIBIM Ke/1e30M MPOBOJV/IN 10 aHAJIOTMYHON METOIMKE.

Boccranosnenne okcupara III'b fo cnmpros nmpoBoaniyn BOZOPOAOM IIPY KOMHATHOM
Temneparype B mpucyrctBun 2% Pd/C B xonndectBe 4% OT Macchl peaKI[MOHHOI CMecH Ha
YCTAaHOBKE, aHaJIOTMYHOMN YCTAaHOBKE, MICII0/Ib3yeMoii pu okucnenuu LI'b.

Merons! aHamm3sa. Cnexrper IMP 'H 3anucannr Ha ciektpomerpe NMReady-60PRO
(60MI'11) OTHOCHTELHO BHYTPEHHETO 3TA/IOHA — FeKCaMeTIIANCIIoKcaHa. CpeiHAA KBajipa-
TIYHas omnoka n3mepenuit £0,02 M. 1. VIK-cekTpockomnyeckor aHan3 IpoBOAVIIN Ha IIpU-
6ope VIK @ypoe RX-1. CriekTpsl 3anmcbiBamuch B obmactu 4000-400 cM™, B Bue MUKPOC/IOS
Mexpy creknamu n3 KBr wmm B kroBete 3 KBr.

BriBoabl

B pesynbTare npoBeeHHbBIX MCCAEJOBAHMUIT YIAZIOCh YCTAHOBUTD, YTO PeaKIA XKUJKO-
(ha3HOTO OKVCTIeHNA UKIOATKNIOEH30/I0B OT/INYAETCA BBICOKOI CTEIIEHDBIO CeJIEKTVBHOCTH B
OTHOIIEHNY 06pa3oBaHMA IMAponepokcusia — 95% u 6osee. OKMCINTENBHBIM IIPEBPALEHIAM
B MOJIEKY/Ie LIMK/I0Q/IKM/I0EH30/I0B OJHOBPEMEHHO ITO[IBEPTalOTCA TPETUYHbIE U BTOPUYHBIE
C-H-cBs31, 4TO MPUBOANT K IOTY4EHNIO COOTBETCTBEHHO TPETUYHOMN U BTOPMYHBIX TU/IpOIIE-
pexuceit. [Tpu aTOM OKUCNIEHNIO, B OCHOBHOM, TofiBeprarTca BTopudHble CH,-cBA3M nukio-
QIKVIbHBIX 3aMecTuTesIelt B monoxkeHun 2 () mo orHomeHnno K ¢penmnpHoit C-H-cBssu.
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OHKO/102UA B8AHULL C ﬂoxtmusauueﬁ 8 WC@ﬂyaOHHO-KuWEHHOM mpaKme.

BBengenue

Pak ABnserca BTOpoOii U3 OCHOBHBIX IPUYMH cMepTy B Mupe. B 2019 romy ot oHKOIOTH-
4eCKVX HOBOOOPa3oBaHMII yMep/Iu CBbIlIe 9,5 MIWUIMOHOB YenoBeK. OHUM 13 CaMBbIX PacIpo-
CTpaHEHHBIX METOIOB JICYEHMS paKa ABJIAETCA XMMMIOTEpAIs — JiedeHue 3a00/IeBaHNA ITyTeM
BEJIEHNMA B OPraHM3M IIaljieHTa XMMMUOTEPAIEBTUYECKOTO areHTa, ABJIAIIIErocsa ALOM MU
TOKCMHOM, aTaKyIOLIEro He TOJIbKO KJIETKY 3/I0Ka4eCTBEHHOM OITyXOJIN, HO U 3[JOPOBbIE K/IETKN
601bHOTO. V3-32 OTCYTCTBUA CETIEKTUBHOCTY, Ha CETONHAIIHNIL IeHb, OJJHON 13 BaXKHBIX 3a/ja4d
COBPEMEHHOI OHKOJIOTMY U (apMaKOIOTMH SBJISIETCS pa3paboTKa coeyIHEeHWIT, MHIMOMPYIO-
I[UX POCT OITyXOJIell, M30MpaTeNbHO BO3IEIICTBYA Ha PAaKOBBIe KJIETKM I He OKa3bIBas HETaTUB-
HOTO BO3JeVICTBUA Ha opranusM. HecMoTpst Ha 60/blII0e KOMNYeCTBO MPOBOJAVIMBIX MCCIEH0-
BaHMIT, OCTA€TCSA OTKPBITHIM BOIIPOC O MOMCKe U IIpuMeHeHuN 3(pPeKTMBHBIX IPOTIBOOITYXO-
JIeBBIX IIPENapaTOB, CIOCOOHBIX K CeIEKTMBHOMY BO3/IEVICTBUIO Ha pak [1, 2].

I'maBHBIMY MUILEHAMM IEVICTBUASA JTIEKAPCTBEHHDBIX CPEJCTB HOBOTIO ITOKOIEHNSA NO/KHBI
ABJATHCA clielnudeckyie KOMIIOHEHTBI PaKOBBIX K/IETOK, HEOOXO/MIMBIE JIA UIX CyleCTBOBA-
HIA Y Pa3MHOX€HMA. B HOpManbHBIX COMaTMYECKUX KJIETKAX CyLIeCTBYET MEXaHN3M KOHTPOJIA
nposdepanuy, o0yCITOBICHHDI TOCTEIIEHHBIM YKOPOYEHVeM KOHIIEBBIX Y4acTKOB XPOMO-
COM, TaK Ha3bIBaeMBbIX TelIOMep, B K&KIOM IIVIK/Ie KJIeTOYHOTO JeneHus. PakoBble KeTkm 06-
JTafal0T CIIOCOOHOCTBIO OOXOAUTH 3TOT MEXaHW3M M TeM CaMbIM IpKUoOpeTaTb CBOVICTBO
MIMMOPTA/IbHOCTY — HEOTPAaHNYEHHOTO PeIIeKaTMBHOTO IOTeHIuana |3, 4].

Oco6071 rpymnnoit coefyHEeHMIt, UCCIeAyeMOoil B HacTOosIee BpeMsl B Ka4yeCTBe MOTeHIIN-
a/IbHOTO JIEKAPCTBEHHOTO Ipelapara Jijid IpOBefeHNsA IPOTUBOPAKOBON Tepaluy, ABIAITCI
KOPOTKJ€ HYK/IEOTHJHbIe IIOCTIelOBATeIbHOCTY (OMMTOHYKICOTUIBI), KOMIUIEMEHTApHbIE
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k marpuuHoi PHK 6ernka, yqacTByromiero B pasBuTuu 3abojeBaHms, ¥ CIOCOOHBIE K MHIMOM-
poBanuto Tpancaanuu MatpuyHoit PHK mannoro 6enka [5].

OcHoBHasA 4YacTh
CuHTe3 prOOHYKICOTUTHBIX MOHOMEPOB

Jlna mpoBefeHNA MCCIefOBaHMA HEOOXOAMMO OBUIO pa3paboTaTb MeETOJ CHMHTe3a
2"-O-MomuUIVMPOBAaHHBIX ONMUTOPUOOHYKIEOTUIOB, KOMIUIEMEHTapHBIX K VMMYHHBIM
KOHTPOJIbHBIM TOYKaM T-mumdonyutos u T-KuiepoB 4enoBe4eckoro opranusma [6].

C penpio mopbopa yClIoBMil CHATUA 3 -TUPOKCUIBHOM (QYHKLMYM, He NPUBOJAILINX
K PaclelUIeHNI0 ¥ MUTPAllM/ MeXXHYK/ICOTUIHBIX CBs3€ell, ObIIO CMHTE3MPOBAHO COeITHEHE
(2). Ins atoro 5 -O-(tper-OyTunandeHICII) TUMUAVH B IPUCYTCTBYUM 3dupaTa TpexdTo-
pucroro 6opa 06paboTany IYMETOKCUMETAHOM.

ITpu obpaboTke coepmuenus (2) 1M pactBopom Lil B amleToHUTpMIE B IPUCYTCTBUN
HCl 0.01M 6buto O6HapyeHO, YTO 3TO IPUBOAUT K 3HAYUTEIBHOMY YHJICHUIO
3'-O-MeTOKCUMETHU/IbHON IPYIIIIBI, Ha OCHOBAaHMUM Yero OBbUI CAe/TaH BBIBOA, YTO 00paboTKa
2"-O-MeTOKCHMEeTHM/IbHBIX OJIMTOPUOOHYKICOTUIOB COITHON KICIOTO He OyIeT NpMBOANUTD
K UX flerpajaunu [7]. CxeMa peakuyy MOXKeT ObITb ITpeICTaBIeHa CIefyI0IuM 00pa3oM:

Thy Thy

TBDPSO o (RO),CH,. BFyELO 1 2DF S0 0

C,H,Cl,
OH

R=CHy CHy Lor

B xope BbImonHeHMs1 pabOTBHI, IJIABHOM 3a/ja4eil SAB/IS/IOCh CHU3UTD CTOMMOCTb CUHTE3a,
HIO3TOMY 11 OObEeKTUBHOCTY OLIEHKM BbIOOpA TMMUAMHOBOJ IPOM3BOLHON OBUIO MPUHATO
pelienne noMuMo 5',3'-0-3ammmeHme TUMUAVIHOBBIX IIPOM3BO/IHbIX, COIEPIKAIINX METOK-
CUMETM/IBHYIO IPYIIIlY, CUHTE€3MPOBATh [IBA COCAVIHEHNA, COleP KAIUX B 3-II0/I0KEHUM 3TOK-
CUMETM/IBHYIO ¥ OEH3MIOKCUMETV/IBHYIO TPYIIY, M, CPABHUB BpeMsI I PeCypPChl, 3aTpaueHHbIe
Ha CUHTe3, ONIPee/IUTh COeIMHEeHNe, KOTOpOe Oy/ieT MCII0/Ib30BaHO B Ka4yeCTBe MOHOMepa /IS
JanbHeNIIero CMHTe3a.

BBemeHme 3TOKCMMETHU/IBHOV TPYIIBL OCYILECTBIIANN 110 aHAJIOTUH C BBEIEHNEM METOK-
CUMETM/IBHOV TPYIIIIBI 110 HVDKEIIPUBELEHHOM CXeMe C MICIIO/Ib30BAaHMEM AMITOKCMMeTaHa. 1
HOTy4eHVsI COeVIHEHNs], COIepIKallero OeH3VIOKCUMETWIBPHYIO IPYIIY, CUHTE3 OCYIIeCTB-

JIAICA B HECKOJIBKO CTa,'E[Mf/I:
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Ha nepBoM aramne 6eH3nnoBsii cnpt (3) o6pabareiBany Ha MPOTSHKEHUY 2-X 4acoB IIa-
padopMOM ¥ TPUMETMIXPOCHIAHOM B TPEXXJIOPUCTOM YI/IEpOfie, MOTyYeHHBIN a-XI10papup
(4) KMIIATUIN C AL[eTaTOM KaJisA B alleTOHUTPUIIE, B Pe3y/IbTaTe 4eTo ObUI IO/Ty4eH alleTOKCH-
MetmnbeHswioBbt apup (5). Hamee, (1) koHpmeHcupoBamu ¢ (5) B mpucyrcrBum scupara
TpexTOpUCTOro 60pa, B Pe3y/IbTaTe 4ero b0 MOMydeHo coeinHene (6) - 5,3 -O-sarmuien-
Has TUMMJVHOBAs IIPOM3BOJHAs, COfep)Kallias B 3'-IONOXKEHUM OeH3VIOKCUMETVIbHYIO
rpymmy [8].

BeHsmmokcuMeTnIbHas ¥ STOKCUMETW/IbHAS TPYIIIBI TAK)Ke YAAIAIICh 06paboTkoit Lil
B npucyrctByuu 0.01M HCI. ITyrem mpoBesieHNs 9KCIepyMeHTa ObIIO YCTaHOBJIEHO, YTO CKO-
POCTb MX yJaleHus OKa3anach HVDKE, YeM CKOPOCTb yhaleHNs METOKCUMETWU/IbHOI T'PYTIIbI,
YTO CBSI3aHO C €€ MEHBIIVMM pa3MepaMy U B CBSI3Y C YeM OHa Obl1a BRIOpaHa JI/Is Ja/IbHeIIero
CMHTe3a.

[l BbIBEeIeHM TIOTHOCTBIO O/IOKMPOBAaHHBIX HYK/Ie03UzioB (9), B TedeHNe 2-X 4acoB, B
npucyrcTBumu adupara tpexdropucroro 6opa B 1,2-guxnopataHe M3OBITKOM AVMETOKCUME-

TaHa ObUIV 06pabOTaHBI IIPOV3BOIHBIE YPU/IVHA, IUTUAMHA U afieHo3uHa (7).

B B B
CH;0CH.0CH,

Y o o - o o T

si” BFyEL,Q >—\£|/ 1) TBAF/ THF DMTTO o

\b CLH,C \b

JHCl, 2) DMTrCL/ Py
\ 0 OH d o o ) :
i~ \ - o OH 0

-_‘( 7 -_< T\ ’ H.CO
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Dl N O—rlho CTPSCI
] 20

\( GualBu o
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Ona ymanenmsas TIPDS-rpynmbel M monaydeHMs METOKCMMETW/IBHBIX IPOM3BOJHBIX
MBI IPUHSIN pelleHle Bble/leHHble HyKIeo3uapl (9) obpabareiBath 1M pactBopom TBAF
u THF B Tedenme 1 yaca. Bpemss 06pabOTKM M KOHIIEHTpAIUsi PeareHTOB OIpeJesIsIiCh
OIIBITHBIM ITyTEeM.

MeTOKCHMeTIU/IbHBIE IIPOV3BOAHbIE AUMETOKCUTPUTIINPOBAIY, U Jajee ITOTyYeHHbIe
coenuuenns (10) obpabarbiBamu (4-xmopdennn)-(1-okcnmgo-4-meTokcn-2-nukonmn)docda-
TOM U 2,4,6-Tpu-nsonpommnbensoncynbdpounn- xnopunom (TPSCI), mocre dero nmonyuenHoe
coenyHeHMe 6b110 06paboTaHo AuasabuuykaoyHereHoM (DBU) B BogHOM alleTOHUTpUIIE.

Hamn 66110 06Hapy>keHO, 4TO IIPOV3BOJIHbIE TYaHO3HA, B CBA3Y C JeTpajaliyieil cBA3ei
Me>Xy HYK/Ie03UJaMM, TPy 006paboTKe AMMeTOKCMMETaHOM 00pa3oBbIBaIN OOJIbIIOE KOMMYe-
CTBO Qryopecuypymolero mo6o4Horo npogykra (40%), B CBA3M € 4eM B JAHHOM CTydae CIHTe3

2'-O-MeTOKCHMETU/IBbHOV-IPOU3BOAHOM  (9) MBI  OCYLIeCTB/IsUIM  IyTeM 00paboTKyU

77



OT XUMHU K TEXHONOTUH IIERETNIITAIY TOM 1, BbINYCK 1, 2020

MEeTWITHOMETUIbHOI IIPOV3BORHOII (8) TpudTOpMeTaHCYTbHOHOBOI KIMCIIOTOI U CYIbDUOM

HUKeJIs ecy TeTparufpodypana 1 MetaHona (25:1) B TedeHue mojyyaca.

CuHres, ge6n0KMpoBaHMe 1 04NCTKA 2 -O-MomupUIMpoBaHHBIX OMUMTOPUOOHYK-
TIEOTHU/IOB

Cunte3 ocymecTBLUIcs (GochoTpUsPUPHBIM METOJOM HA CHUHTe3aTope (QUPMBI
«Applied Biosystems» mopmenp — 381A. B kadecTBe CMOJ MCIONB30BAINCh YHUBEPCAIbHBIE
CPG-nHocuremu ¢upmel «GR». [l oueHkn apPeKTUBHOCTY HapaIlMBaHUsA el IPOBOY-
JIOCh CIIEKTpO(OTOMETpUIeCKOe U3MepeHe KOHIIEHTpalyt 00pasyIollerocsl B Xofie peakIiuu
KapOOKaTIMOHa IIpK J/IHe BOMHBI 478 1 498 HM. 1Mk 9moHranmy enm cocTaBui 7,5 MUHYT

VI IIpefiCTaB/IeH B Tabmuie 1.

Ta6muma 1. IIuk1 s70Hray Ieny OMUrOHyKIe0TH A

Cragnsa Pearentsr Bpems, mun
Herputunuposanue 3%-HasA IUXIOPYKCYCHAA KUCI0Ta B IUX/IOPMETaHe 1,0
ITpombiBKa AneTOHUTpUI 1,0
ITpombiBKa Aneronurpur-nupupus (3:1, 06/06) 0,5
0.05M moHoMepHbIit cuHTOH; 0.15M TPSCL B cmecn
Konpencanus 3,0
aneToHUTpUI-nupusyH (3:1, 06/06)
ITpombiBKa Aneronurpur-nnpupus (3:1, 06/06) 0,5
YKcycHbI aHTUPUT — 1-METUIMMIJIA30]T — alleTOHM-
Ksnmmposanne 0,5
tpur (1:1:8, 06/06)
ITpomMbiBKa AneTOHUTpUI 1,0

Ilo saBepuieHMI0O HapallMBaHMA LeNy, IPOU3BOAUIOCH YHaneHue P-samurTHo!
1-0Kcui0-4-MeTOKCH-2-IIMKO/IV/IBHOJ TPYIIIBL: IIpoLiecc febmoknpoBanus GochaTHBIX OCTaT-
KOB OCYLIECTBILA/ICA ITyTeM 00paboTkm onuronykaeorusaa 1M pacrsopom Lil B anjeronutpuie
IIpY KOMHATHOM TeMIlepaType B TedeHue 3 4.

2'-O-MomuduuypoBaHHbIe OMUTOPMOOHYKICOTABI ObUIM MIOTYYeHBbl OT 1abopaTopmun
«Lumiprobe» Ha ynusepcanbHoMm CPG-HOCHTEIE U /I VX OTINEIVIEHN OT HOCUTEA 1 febrio-
KMPOBaHMe allVIbHBIX 3al[MTHBIX TPYIII IPOAYKT 00pabaThIBaIy cMechio 28%-HOro pacTBopa
BOJJHOTO aMMMaKa u artaHona (3:1) B TedeHue 4-X 4acos npu Temmepatype 60 °C.

1 2 3 4 N-asugomMeTnnI0eH30MIbHAs TPYIIIIA C Te-

. TePOLMK/INMYECKIX OCHOBAaHWII OJMTOPMOOHYK-

g ey “ g JeOTUIOB ObUIAa yHaleHa IIyTeM peakLuu ¢

: 30%-HOM TpUPTOPYKCYCHON KUCIOTOM, Of-
HAKO 9TO IpPMBENO K YAaCTUYHONM Jerpajalumn
eI, YTO OTPAKEHO Ha 37IeKTpodoperpamme

(puc. 1).

Kak U3BECTHO, IIpU IIPOBEONEHUU IIEK-

Tpodopesa Pparmenter [JHK murpmpyror B

1 o
— rejae  ImoJ BO3AEUCTBUEM  IJIEKTPUIECKOTO
0 (1,3) n mocre (2,4) ux 06paboTKM B fEHATYPUPY- .
Ao (1,3) 24 p ACHATYPIPY™  caxapodocdaTHbrin OCTOB MOJIEKYTbI
omieM 15%-HoM pacTBOpe
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[IBUTAETCA B CTOPOHY ITOJIOXKUTEIbHO 3apsXKeHHOTO aHOA. [IIHHBIE MOJIEKY/IbI MUTPUPYIOT B
rejie MeJ/IeHHee, B CBA3M C YeM, IIocIe pasfeneHusa monekynsl JTHK, npu Busyanmsanym mMore-
KyJIBI IIpy oMoy (IyOpecIieHTHBIX KpacuTeslell KCUIeHI[aHoa 1 6poM¢eHOI0BOrO Toy-
6oro B YO-y4yax, MeHee [IIMHHBIE MOJIEKYIBI, IIO/IBEPIHYTHIE [ierpafaliuy ey, OyAyT pacmo-
JIO>KEHBI BBIIIE, YeM JIMHHbIE, He TIOIBEPIHYThIe JAHHOMY SIBJICHMIO MOJIEKY/IBI, 4YTO IIPOJe-
MOHCTpUpOBaHO Ha ¢ororpadum (puc. 1) B orpaxxenHom Y D-cere mpu 254 M [9, 10].

CyMMapHBIil BBIXOJ IIPOAYKTA U IIOC/IEMIOBATEBHOCTY ONMUIOHYKIEOTUNOB IIPECTaB-
JIeHbl B Tabmuiie 2.

Taﬁimua 2. HOC}ICI[OBaTe}II)HOCTI/I " BbIXO[ bl CMHTE3MIPOBAHHBIX OJINTOHYK/I€OTUA0B

Brixon Ha cTagum .
ITocnemoBaTenbHOCTD Vtorossiit BeIxom, %

KOHJeHcauun, %
r(UUUUUUUUUUUUUUD) 99,2 56
r(AUGGUGACCGACGCCA) 98,5 51
r(CGCUCUCGUCGCUCUCCAUGU) 97,4 47
r(AAGAAGAGCCUGGAGCCCAUCU) 98.1 50
r(AGAUGGGCUCCAGGCUCUUCUU) 97.6 48
r(GCUCUCGUCGCUCUCCAUG)dTT 98,3 49
r(CAUGGAGAGCGACGAGAGQC)ATT 97,7 55
r(UUUUUUUUUUUUUUU) 99,1 59
r(CGAUCUCAUCACCUCUCCAU) 98,9 57

BriBoabl

OmnmcaHHBIN METOJ| CMHTE3a, TI0/[Pa3yMeBaIoOIINIi MCIIOIb30BaHNe HOBBIX Gocdonmpyio-
I[MX PeareHToB, cofep>kamux O-HyKIeoMIbHYI0 KaTaaUTU4ecKylo P-samuTHyio rpymmy,
II03BOJIAET IIOBBICUTD BBIXOJ, MPOAYKTa Ha 14% 1 COKpaTUTh BpeMs CUHTE3a B IBa Pasa.

Takke cMHTe3VpOBaHHBIE ONBITHBIE 0Opa3LIbl KOMIIEMEHTAapHBI K YenoBedeckoit [JTHK,
YTO Jie/IaeT UX IEePCIEKTUBHBIMU I Ja/IbHEIIEr0 MCC/IEIOBAHNA B Ka4eCTBE JIEKAPCTBEHHOTO
KOMIIOHEHTAa MMMYHOTEPAINA paKa.
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Knrouesvie cnosa:
6uopasnazaemvlili KOMNO3U-
YUOHHDBLL NOSIUMEPHBLI Ma-

mepuan, 6uopasnoxerie,
JIAMEKCHAST KOMNOZUUUS,
MaKauvle usoenus, npupoo-
HOLTL HANOIHUMEND, CUHIe-
muyecKuti nonumep

Lenvio uccnedo8anust s6semMcs C030aHUue GUOPA3NALAEMbIX KOMNOSUUUOHHBIX
Mamepuanos Ha 0CHOBE UCKYCCHIBEHHLX IAMEKCO8 CUHMEMUYECKUX HOTUMEPOB
U npupoOHbLX HanonHumernetl. B cmamove npuseden ananus cospemenHozo cocmo-
SHUS 860NPOCA 11O MEMOOAM NOTYHeHUsT OUOPA3NIALAEMbIX NOTTUMEPHBIX MAMeEPU-
a7n08 U Mermooam noomeepioeHus ux 6uodecmpyxuuy nod enusHuem duomue-
ckux u abuomuueckux paxmopos. IIpedcmasnenvt pe3ynvmamovt Uccie008aHUS
1o paspabomye cnocoba U3zomosneHus 6U00eCmPyKmMUpyemvlx HONTUMEPHbIX Ma-
Mepuanos Ha 0CHOBe UCKYCCMEeHHbIxX iamekcos 1,4-yuc-nonuuzonpena. Vcnono-
35 MEMOOUKY onpedesieHUss crneneny pasnoieHus nonIumMepos 8 UMUMUPOBAH-
HbIX YCTIOBUAX KOMNOCMUPOBAHUS NPU IAG0PAMOPHBIX UCNBIMAHUAX, 00KA3AHA
CNOCOOHOCMY CO30aHHDIX NONUMEDHBIX KOMNO3ULUOHHDIX NPOOYKMO8 K 6uode-
cmpykuyuu nod 8030eticmeuem nouseHHot MUkpoouomot. Cmumynuposanue npo-
Ueccos GUOPA3TIONEHUS NPOUCXOOUM 34 CHern 86e0eHHBIX HA CMAOUU JIameKca
NPpUpOOHbIX HANOAHUMeNell OpeBecHOLl MyKU U KOgeliH020 HMbiXa 6 ude 3aparee
NpueomMoseHHbIX cychen3uti. Paspabomannas mexHonoeus no3eoniem mnomy-
4amv, UCNONIB3YS MeMO0 KOAZYNITHIMHO20 OMMIOHEHUST, KOMNO3ULUOHHDIE NOTIU-
MepHbvle MOHKONTIEHOUHbIE MAMEPUATIDL C Pe2YTIUPYEMBIM BPEMEHEM IKCHILYAMA-
Uuu, U 0aem 603MONHOCHD CHUNAMb HAZPY3KY HA OKPYHAIOuYo cpedy nocue
YMUNU3AUUU OTICTLYHCUSUAUX US0ETULL NYMeM UX 3AXOPOHEHUS 8 NO48Y HA NOTU-
eonax. Paspabomarinvie nonumepHoie KOMNOZUUUOHHbBIE COCMABYL MO2ym Oblmb
UCNONBb308AHDL 8 NPOU3BOOCTIBE MAKAHBIX U30ENIULL, HANPUMED, Nepuamox Ovimo-
8020, PapMAUEBMUUECKO20, XUMUHECKO20 HASHAYEHUS.

BBenenmne

CuHTeTU4eCKMe IIOJIMMEPBI HAXOOAT INMPOKOE IIPUMEHEHNE B IIPOMbBINIIEHHOCTU

JUISL UBTOTOBJICHVSI U3JIe/NIL, HAaIIpUMep, MeAUIIMHCKOTO, OBITOBOTO, XMMIYECKOT0, (papMalieB-

TUYE€CKOTr0, MAIMMHOCTPOUTENIBHOI'O Ha3HAYEHNA U [IP. HepanKm, YIIaKOBOYHbBIE MaTe€pHaJIbl,

OOHOpa30BbIE MENUIINHCKIE HPI/ICHOCO6H€HI/IH JIMEIOT KOPOTKI/HU/[ IOMKII NCIIO/Ib30OBAaHMA OT O[f-

HOKPATHOTO IIPUMeHeHMs o ogHoro Mecsua. [To mapopmanym Ha 2018 rog Tonbko B Poccun
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obpaszoBanoch 60see 3 M/IH. T. IVIACTUKOBBIX OTXOJIOB, @ Ha IepepaboTKy OBUIO HAIPaBIeHO
b 12% U3 yKa3aHHOTO KOMMYeCTBa, IIPU 3TOM MaTepyasibl YaCTUYHO TepAIT CBOM IIepBO-
Hava/ibHble MeXaHM4YecKMe CBOJCTBA. BcieficTBME 3TOTO KOMMYECTBO MYCOPHBIX IOTUIOHOB,
3a0MTBHIX TBEPABIMU IIOMMMEPHBIMI OTXO/IAMM, YBE/IMYMBALTCA eXXerogHo. OgHOI U3 IpUInH
OypHOTO pOCTa IVIACTYKOBBIX OTXOMIOB ABJIAETCA TPYAHOCTD €CTECTBEHHOM IeCTPYKI[UY CHHTe-
TUYECKVX IIO/IMIMEPOB: OHM He IepepadaThIBAIOTCsA MUKPOOPraHM3MaMy U3-3a BBICOKOI MOJIe-
KY/ISIPHOJ Macchl ¥ UMEIOT COIIPOTUBIIEHME K JIelICTBUIO (aKTOPOB OKpY»Kaloliel cpefsl (Boja,
CBeT, TeMIIepaTypa) M3-3a HAIMUYUA CHIMBOK MEXY MaKpOMOJIEKY/TIaMy VIV KOMIIO3UIIVIOH-
HOTO CTpoeHus uagemmii [1-5].

B mocnepHue rofbl BOSHMK HOBBI IOAXOM K pa3pabOTKe MOJMMEPHBIX MaTepPUaoB.
Llenbio TaKOTO TOAXOMA ABJIAECTCA MOTyYeHNe NTOIMEPOB, KOTOpble COXPAHAN ObI CBOU 9KC-
IUTyaTallIOHHbIe XapaKTePUCTUKM TObKO B TeUeHNe Iepuoja NoTpedIeHns, a 3aTeM IpeTep-
neBam (U3MKO-XMMUYeCKye ¥ OMOIormdeckme INpeBpalleHNns IIOf AeiicTBUeM (PaKTOpOB
OKPY>KaIoIlleil Cpeibl ¥ BKIIYaINCh B IIPOIecChl MeTabom3Ma IIpUpPOAHbIX cucTeM. Paspa-
60TKa 610pasIaraeMbIX HOMMMEPHBIX MaTepUaIOB MOXKET CTATh LIIArOM Ha IIyTY peIleHNs I7I0-
6a/IbHOTI 9KOJIOTMYECKO TPOOJIeMbI YTUIN3ALUI OTXO/OB.

Ha ceropHAmHNI IeHb MHOXECTBO 3apYOe>KHBIX KOMIIAHUI 3aHMMAIOTCS IIPOM3BOJ-
CTBOM OMOZeCTPYKTUPYEMBIX ITOMMMepHBIX MaTepuanoB. K npumepy, komnanus «ICI» (Bemn-
KOOpUTaHNA) CO3/1a/Ia HOBbIE IIPOMBIIIIEHHbIE ITO/IMEepPHbIe MaTepHaIbl, IOTydaeMble C MO-
MOIIbI0 OaKTepuil Ha HaTypalbHBIX cyocTpaTax. CUHTe3MpyeMblil OAKTepUsAMU IONTUMEDP —
HO/MN-3-TUIPOKCUOYTUPAT - SABISAETCA OCHOBOM KOMIIOSMIIOHHOTO MaTepuana MapKu
«Biopol», ucronp3yeMoro B MIeBOIi IPOMBIIIEHHOCTY /IS U3TOTOB/ICHNS YIIAKOBKIL.

B Poccun pbIHOK ITpon3BojCcTBa OMopas/iaraeMbIX OMVMEPOB IPefiCTaB/IeH He MIMPOKO,
a MIMIOPT TaKVX MaTepPUATIOB 0OXOAUTCS IPOU3BOANTEIIAM M3/ie/uil Zoporo. COOTBETCTBEHHO
U TIPORYKIMA 13 TaKUX MaTepyanos (yIaKOBKa, IePYaTKY, U3Te/NNA MeANIMHCKOTO Ha3Haye-
HMA) ABJIAETCA JOPOTOCTOALIEN U CMabo pacHpocTpaHeHa B Hamlell ctpase. [loaTomy paspa-
60TKa 11 co3faHye OMOAeCTPYKTHPYeMbIX MaTepUaIOB ABJIAITCA CETONHSA aKTyaTbHbIMU 3a/1a-
YaMy U MMeIOT OOJIbIlINe IePCIIeKTUBBI /I pasBUTHA [6].

B HacrosIee BpeMsA CyIeCTBYIOT pa3HbIe IIOJAXOMBI K CO3[JaHNI0 O1opas/iaraeMbIX O/IN-
MepHBIX MaTepuanoB. Hampumep, cenekums clenyaabHBIX IITAMMOB MMUKPOOPTaHNM3MOB,
OCYIIEeCTB/IAONINX JeCTPYKIIO TIO/IMMEPOB VIV CMHTe3 6110pa3jiaraeMbIX ITO/IIMEPHBIX MaTe-
PUAIOB, UMEINX XVMUYIECKYIO CTPYKTYPY, CXOFHYIO CO CTPYKTYpPOI IIPUPOJHBIX ITO/IIMEPOB.
[ToMyMo FaHHBIX CIOCOO0B BO3MOKHO CO3/IaHNe KOMIO3WIIVIL, OCHOBOI KOTOPBIX SIBJISAIOTCS
BBICOKOMOJIEKY/LIPHbIE COeIVMHEHNIs, BKIIOYAlole B ce0s pa3mIyHble IPUPOIHbIE HAIOTHNU-
TeJIM, CIIOCOOCTBYIOIIME AECTPYKIUY TIOf HeICTBYEeM MMKPOOPraHM3MOB. B kauecTBe Takmx
HaIlO/IHUTe el MMPOKOoe pacIpoCTpaHeHue IOMyIM/IN TOINCaXapyu/bl, TaKue, KaK KpaxMarl,
Ie/UTI0/I03a, a TakKe BellecTBa OenkoBoil mpupopbl. Takasd MoamduKaumsa MHO3BOJAET
He TOJIbKO CHM3UTb CTOMMOCTDb IIPOM3BO/ICTBA KOHEYHOTO IIPOAYKTA, HO TAaKXXe ¥ YIy4IIUTh
HEKOTOpble TEXHOJIOTMYecKe CBoVicTBa u3femmit. OOBIYHO B KauecTBe HAIIOMHUTE/Iel He VIC-
HOJIb3YIOT B YMCTOM BHUI€ YKa3aHHbIe BBILIE BeleCcTBa, a IMPUMEHSIOT OTXOAbI pasIMIHbIX
oTpacsiell IPOMBILIIEHHOCTH [7].
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Ha mnpomssopcTBe BaXKHBIM aCIEKTOM SABJIAETCA 3KOHOMMYECKASA COCTaB/IAOLIALA.
Vicxops n3 TOTO, 4TO NPMPOAHBIMY HAIIOTHUTENAMU MOTYT ABIATHCA OTXOMbI, TO IIPOU3BOJI-
CTBO 610pa3/iaraeMbIX KOMIIO3UIIIOHHBIX MaTepMaTIOB 3HAUNTE/IbHO cOeperaeT cpeficTBa Ha UX
nokynky. K Takum orxopaM, HampuMep, MOXKHO OTHECTY KO(eIHBIN KMbIX, KOTOPbIII ABJIA-
eTCsl TIOCTOSTHHBIM OTXO[OM OpraHM3aumii oOIjecTBEHHOro MMTaHysA. KpyImHOTOHHa>KHBIM
OTXO[IOM SB/IAETCA OTXOJ JepeBooOpabaThIBaoIlell IPOMBIIUIEHHOCTY B BUME APEBECHON
MYKW, KOTOPBbIiT yTOO€H I/I MCIIO/Ib30BAHNA B Ka4eCTBEe HAIIOJTHNUTEJLA M3-3a BBICOKOJ CTETIEHN
nucrepcHocTy. PaccMorpuM 6oree MOfPOOHO OOOCHOBAHHOCTD IPUMEHEHMs YHOMSHYTBIX
BBIIIE OTXO/[OB /I IIPOMBILIEHHOTO IIPOM3BOJICTBA 010pa3jlaraeMbIX KOMIIO3MIIMIOHHBIX II0-
JMIMEPHBIX MaTEPUATIOB.

JlpeBecHass MyKa IIpeficTaB/IsAeT COO0IT MeJIKVIe JaCTHUIIBI IpeBeCHHBI IMCTBEHHBIX U XBOJI-
HBIX IIOPOJ, iepeBbeB. B cocTaB yacTuly ApeBeCHON MYKM BXOJAT L€/UII0/I03a, INTHUH, IIEHTO-
3aHBL. BbIcOKas TepMudeckas CTOMKOCTD IPeBECHON MYKM (TepMudecKas HeCTPYKIA HaulHa-
ercs mpu 275-285 °C) raeT BOSMOXKHOCTb €e TepepabOTKM B KOMITO3UTHI CTAaHJAPTHBIMU Me-
Togamu. brmaromapsa comep>XaHUIO B [IpeBECHOV MYKe LIE€/UIIONIO3bI VM JINTHUHA IOAB/IAETCA
CKJIOHHOCTbD ee K Omogierpafanuy 3a c4eT GepMeHTAaTVBHOTO OKVCIeHNs rpubamu (epoKcu-
fiasa, makkasa). B 2012 rogy o6beM monydeHns fpeBecHoi Myku coctaBu 205,7 ThIC. M, a CTO-
MIMOCTb 32 KWJIOTPAaMM OIleHMBanach B 7-12 pyo6reii.

KoelHbIiT )XMBIX COIepXXUT B CBOEM COCTaBe IIe/UII0JI03Y U TEMUIIEIIIIONO03Y B KO/Ide-
ctBe 20%, MeKTVH, IMTHUH, MUKPOS/IEMEHTDI, TpoTenHbl. KodeitHblil )XMBIX 00/1ajjaeT BbICO-
KOJI TeMITepaTypoil TepMudecKoii ferpaganyy (okomno 285 °C), YTO MO3BOJISAET TaKXKe VCIIO/b-
30BaTh CTaHJAPTHBIE METONbBI IIPM M3TOTOB/IEHNM KOMIIO3UIMOHHBIX MarepuanoB. Crocob-
HOCTb K OMOmecTpyKLmu KoQeiTHOTO KMbIXa 00yC/IOB/IeHa Ha/IM4MeM IIe/II0I03bI B €r0 CO-
CTaBe, a TAK)XXe MIKPO3/IEMEHTOB I 0€/IKOB, MEXaHI3M OM0pPa3I0KEeHN I KOTOPBIX aHAIOTMYeH
IpeBecHO MyKe [8-13].

K ocHOBHBIM IpenMyIIecTBaM 6110pasaraeMbIX IOIMMEPOB MOXKHO OTHECTHU: BO3MOX-
HOCTB IlepepaboTKM Ha CTAaHAAPTHOM 000PYLOBaHMY; BO3MO>KHOCTD MCIIO/Ib30BaHMS J1s IIPO-
M3BOJICTBA YIIAKOBOYHBIX MaTe€PHA/IOB, B TOM YMCJI€ U IINILEBBIX; OTCYTCTBUE TPYJHOCTEI, CBA-
3aHHBIX C YTUIN3ALMEN OTXO/JOB, KOTOPBIE PA3/IaraloTCA B €CTECTBEHHBIX YCTOBUAX.

C TOuKM 3peHNs PbIHKA, IePCIIEKTYBBI POCTa HOTpeOIeHN: 6110pa3/iaraeMbIX IOIMEpPOB
3HaunTenbHbl. ChopMIUpoBaIach ppIHOYHAS HUMIA, IIOABWINCH peHTa0e/IbHble IPeAIIPUATIS,
CBOJICTBA HOBBIX OMOIIO/NMMEPOB CTaIM MPUOMVDKATHCA K XapaKTePUCTUKAM TPAUIIVIOHHBIX
IO/IMMEPHBIX MaTEPHUAIOB — IMOIMCTUPO/IA, MOMUIponIeHa u T.4. Celfdac JOCTYITHbIMM CYM-
TafoTcsA 6osee 30 pasMMYHBIX OMOIIOMMMEPOB, KOTOPbIe HAXOAAT IIVPOKOE IPUMEHEeHNe He
TOJIPKO Ha PBIHKE YIIAKOBKM, HO ¥ B TEKCTU/IbHOJM IIPOMBINIIEHHOCTH, CETbCKOM XO3ANCTBE,
Me#uIMHe, CTpouTenbcTBe. [IpakTiyeckn Bce KpynHble KOMIIAHUM B 00/IaCTU NIPOM3BOJCTBA
HOIVIMEPHOJ ITPOAYKIIVM IIPEIOKIIA CBOJ aCCOPTUMEHT Oyopas/iaraeMbIX MaTepuanos [14].

Hauboree ycriemrHpIM CYNTAIOT MPOEKT, IPEAIOKEHHBIN ABYMS KPYIHENIINMI B CBOMX
CEerMeHTaX KOMIAHUAMU — CebCKOX03AcTBeHHbIM ruranToM Cargill u mugepom B mponssop-
cTBe Xxmmudeckux npopykros Dow Chemical, cTaBmmmm coBMeCTHBIMM TpefUIpUATHAMI.
CospanHas komnanys Cargill Dow mpereHziyeT Ha Io3MIuy uziepa B IPOM3BOJCTBE ITOIVIMO-
nounoit kucnotsl (PLA) - monumepa, M3roTaBIMBaeMoro Ha OCHOBE PacTUTE/NIbHBIX CaXapoB
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U3 BO300HOB/ISIEMBIX CENTbCKOXO3SVICTBEHHBIX PECypPCOB: 3€PHOBBIX M CAaXapHOJ CBEKJIBL
[Tpepnomnaraemas cdepa MpUMeHEHNA — JBYOCHOOPMEHTMPOBAHHbBIE YIIAKOBOYHBIE IUICHKIL,
JKeCTKMe KOHTEeHEPHI U JjaKe MOKpbITUA. KoMIIaHmsA yTBepKaaeT, 4To ynakoBka u3 PLA-mo-
NMMepa CIOCOOHA IIO/THOCTBIO Pa3jaraTbcsl B TedeHue 45 JHell P YCTIOBUY CO3JJaHMsI COOT-
BETCTBYIONIEN CTPYKTYPbl KOMIIOCTMpOBaHuA. CrefyeT 3aMeTUTh, YTO B OTINYME OT CBOMX
KOHKYpPeHTOB, 6uonommmepsr oT Cargill Dow okasanich JOBONTBbHO yCHENIHBIMY ¢ KOMMepYe-
CKOJI TOUKM 3peHM. Y CIIeX ITOATBEPKAaeTCs 3afHTePeCOBAaHHOCTbIO B HMX KoMmanuy Hoechst
Trespaphan Gmbh, nssecTHoro nponssopuTeNA OPMEHTIPOBAHHON IIEHKIL.

[TpropuTeTHBIM HalpaBjIeHNEM IIOTy4eHNs 6MOpa3IaraeMbIX CUHTETHYECKUX IUIaCTH-
KOB B HACTOAIee BpeMs ABJIACTCA CHTe3 COOTBETCTBYIOLINX IOMMA(UPOB U IOMN3pUpaMu-
1oB. OcO6€HHO aKTMBHO B 9TOM IUIaHe paboTaloT fjBa XxuMmdecknx ruraita - BASF n BAYER
AG. PasmaraeMble cOnonMaMpsI IMONTYIA0T HA OCHOBE aMMQATUIeCKUX ANOJIOB I OpTaHMYe-
CKMX JVIKQpOOHOBBIX KMCIIOT. Y CTAHOBJIEHO, YTO MX CKIIOHHOCTb K OMOPa3/I0o>KeHNIO 3aBUCUT
oT KojymyecTBa B apupe TepedraneBoit KMCIOTHI 10 OTHOIIEHNIO K anndaTdecKoil KICIoTe
u cocraBysger 30-55% monb. Ha ocHoBe Takoro monmmadupa eme B 1995 rogy ¢pupma BASF
OCBOWJIA IIPOM3BOACTBO IIOTHOCTBIO O1opasaraemoro mwactuka Ecoflex F, npumensemoro nys
M3TOTOBJIEHN A MEIIKOB, CeIbCKOXO03AMICTBEHHO IVIEHKY, TUTYEHNYECKO IJTIEHKN U JI7IS JTaMU -
HypoBaHusa 6ymaru. Mexanudeckne corictBa Ecoflex F cpaBHMMBI ¢ ONMMATHIEHOM HU3KOM
IJIOTHOCTH. VI3 Hero No/y4aroT IVIEHKY C BBICOKOJ Pa3pbIBHOI IIPOYHOCTDIO, TMOKOCTBIO, BO-
JIOCTOMIKOCTBIO ¥ IPOHMIIAEMOCTDIO BOJHBIX I1apOB.

®upmoit BASF takke 0CBOeH BBIITYCK O10Opa3jiaraeMbIX IVIACTUKOB HAa OCHOBE MO -
poB 1 kpaxmasna. Haunnasa co BTopoit nonosuHel 90-x rogos, ¢upma BAYER AG Boimmyckaer
HOBbIe KOMIIOCTMpYyeMble OyopasaraeMble B a9pOOHBIX yCIOBMsAX TepMortactel BAK-1095
u BAK-2195 Ha ocHOBe nonmmadupamupa. IlpepmaraeMbli MaTepyan UMeeT BBICOKYIO aiTe31I0
K 6ymare, 4TO ITO3BOJIAET IIMPOKO JCII0/Ib30BATD €T0 /IS M3TOTOBJICHNA BJIAr0- 1 IIOTOXOCTO -
KOJ YNIaKOBKM, VICIIOJIb3yeMOM B IMILNEBOM IPOMBIIIJIEHHOCTY U B CEIbCKOM XO3AMCTBE.
Memku n3 BAK-1095 B KoMIOCTe INIpM COOTBETCTBYIOIEM YBIOKHEHMM pasaraloTcs
3a 10 Heit Ha 610Maccy, JVIOKCI], YITIepOAa U BOJY.

K cosxameHnto, BopocaM pa3pabOTKy U IPAKTUIECKOMY OCBOEHMIO Oyopas/iaraeMbIX
1acTuKoB B Poccuiickoit @efepanun yaendercsa HelOCTaTOYHOe BHUMaHMe. XOTH CIefyeT OT-
METHTD, YTO I B Halllell CTpaHe eCTh KOMITAaHMM, BBITYCKaIoIIye 6110erpaayipyeMyIo yIaKOBKY.
Opna 13 mepBBIX KOMIaHMi B Poccum, koTopas cTaja IpOM3BOAMTL OMOpasaraeMble
nomMepsl — «EBpobant», 1. Cankr-llerepbypr. BhINycKaloOT aHAJIOIMYHYI0 HPOAYKIINIO
n I® «ap», 3A0 «Tuxommactuk», OOO «Aptumiacr», OOO «MypMaHCKIIIACT»,
OOO «bnakcnmen». K coxxanennio, 3T0 IOKa eIVHNYHbIE IPEJIOKEHNA Ha POCCUIICKOM
PBIHKe OMOfIerpagyipyeMbIX yIIaKOBOYHBIX MaTepuanos [15, 16].

BruopasnaraemMble MONMMMepBl ¥ MaTepUaIbl JO/DKHBI OBITh YaCTUYHO VIV IIOTHOCTBIO
pasnaraeMbl Ha MUHepalIbHble (HeOpTaHMYeCKye) KOMIIOHEHTDHI, He IPOM3BOJA IIPYM 3TOM

HUKaKMX BPEJHBIX JJI OKPY>KaIOLel Cpefibl BEIECTB. ITO OINpe/ie/IeHIie€ BKII0YAeT He TONbKO
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CTelleHb OMOIerpafialy, HO U pasyioXKeHue IOouMepa 1of, IeICTBIEM CpPelbl I MUKPOOpra-
HI3MOB Ha KOMIIOCTVpYeMble BellleCTBa, KOTOpble HETOKCUYHBI /IS Ye/I0BeKa.

Takum o6paszoM, 6ymoperpafanys CBsA3aHa C PasloXKeHNEM OPTaHNYECKOro IOJIMepa
Ha HI3KOMOJIEKY/LIPHBIE BEIlJeCTBA 1 €r0 MMUHepaIn3aliyell, C MoTepeil BCeX ero MICXORHBIX
XUMMYECKUX U (U3NIeCKUX CBOJICTB. KoHeuHble IPOAYKTHI pasyioXKeHus sBIATC Oesomnac-
HBIMM JI/IS1 CPeJibl U YesloBeKa BemtecTBamu [17-19].

[l usydeHus ClIOCOOHOCTM K OMOPA3IOKeHNI0 B HACTOsIee BpeMsl IPUMEHSIOT pas-
JINYHBIE METOAbl OLIEHKM OMOJeCTPYKTHPYEMBIX IIOIMIMEPHBIX MaTepuajoB: MUCIBITAHNE
Ha rpuOOCTOIKOCTD, TECT NIPY 3aKalbIBaHUM B 104BY (Burialtest), onmpenenenne crenenu pas-
JIO>KeHNs IIACTMACC B IMUTVMPOBAHHBIX YCTIOBMSX KOMIIOCTMPOBAHNA IIPY TAOOPATOPHBIX MC-
IBITAHNAX, OLpeJie/IeHNe CIOCOOHOCTM K IOTTHOMY a3pOOHOMY OMOTIOTMYeCKOMY Pas/IosKeHNI0
U pacnagy B KOHTPOJMPYEMBIX VCIOBMSAX KOMIIOCTYPOBAHNSA, MCIIONIb30BaHNE MeETOfa

C IpMMeHEH)EeM aHa/I3a BbIJie/I1eMOro AMOKCKa yriepona [20-22].
OcHoBHAasA 9aCcTh

B HacrosAmieit paboTe [ co3aHMA IOMMMEPHON OCHOBBI KOMITO3UIIVIOHHOTO MaTepu-
aja OBUI MCIIO/Ib30BaH MCKYCCTBEHHBIN naTekc muc-1,4-nmommmsonpena (CKM-3), mmeHku
Ha OCHOBE KOTOPOTO OTIMYAIOTCA XOPOLIEi Ira30- ¥ MaPOHENPOHMIIAEMOCTDIO, TUIIOA//IEPTEH-
HOCTBIO.

ITepBbpIM 3TanmoM CO3[aHMA MAKaHBIX M3MIENNIl ABIANIOCH NONTyYeHMe MCKYCCTBEHHOTO
narekca. CyTb mpoliecca 3aK/II04anach B IpeiBAPUTEIbHOM MPUTOTOBICHUY OPTaHNYeCKOTO
pacTBOpa CHMHTETMYECKOTO KaydyKa C IOC/IEyIIIMM €ro 3MY/IbIMPOBAaHMEM C PacTBOPaMM
IIOBEPXHOCTHO-aKTUBHBIX BEIeCTB U BaKYYMHOJI OTTOHKON PacTBOPUTENA O 0Opa3oBaHNA
BOJHOII AVICTIepCHM TTO/IMMepa. [ IPUTOTOBIEHNS SMY/IbCUM B 6aK SMY/IbCMOHHOI MAIIVHBI
106aB/Is/Iach BOJA, CBEXXEIPUTOTOB/ICHHBII PACTBOP Ka3enHaTa HaTpys U IIPY BKIIIOYEHUY Ma-
mMHbl HebonmpmmMy nopuuaMu npummsancs pacrsop CKU-3. IIpouecc sMmynbprupoBaHms
IPOZIO/DKAJICA 1O 00pa3oBaHMsA YCTONYMBONM SMY/IbCUM MOJIOYHOTO IIBeTa. VI3 momydeHHON
3MY/IbCUY HA TIEPBOM 3Talle OCYIeCTB/IANACh OTTOHKA PACTBOPUTEIIA MK aTMOCHEPHOM JaB-
JIeHUM B IPUCYTCTBMM a30Ta, HEOOXOAMMOTO IS CHIDKEHNSA KOMMYEeCTBAa OOpasyIoIIerocs
KoarymoMa. Ha BTOpoM sTame ocCyllecTB/IANIOCh KOHIEHTPUpPOBaHMe IOTy4eHHOTO JlaTeKca
oz BakyymoM [23, c. 280].

[Tpupanue 6MoxerpaupyeMbIX CBOJICTB IIOIIMEPHOMY IIPOAYKTY 00eCIednBaioch BBO-
AVMbBIMY TIPUPOJHBIMM HAaIIOTHUTENAMMU — JPEBECHOI MYKON, PasnMYHbIX AMCIIEPCONIOTMYe-
cKuX ppakimit, KoPeTHBIM XMBIXOM.

[TpuroToBneHne TaTEKCHOM KOMIIO3MIINM JJIA M3TOTOB/IEHMA MaKaHBIX U3JENUI OCy-
LIECTB/IANIOCHh ITyTEM IIOC/IElOBATEIbHOTO BBEJEHNA B KOHIeHTpupoBaHHbI narekc CKI-3
CNIeAYIOIMX MHTPEeJVEeHTOB: HeMOHOTeHHOTro aMynbratopa OII-10 /1 JOMOMTHUTE/TbHO CTa-
OMMM3anyy KOMIIOSUIIMN, AVMCIIEPCUY Cepbl, OKCY/A IVHKA, AVITUIAUTIOKapbaMaTa IVHKa,
pacTBopa JAVSTWIAUTMOKapO6aMaTa HAaTpysA, NpPefCTaB/AINX Cc000J BYIKaHU3YIOLIYIO

CHCTEMY, a TaKXe AUCIePCHUM IPUPOLHOTO HAIIONHUTENA A obecriedeHNs OMOfeCTPyKIIUI
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KOMIIO3MIJMIOHHOTO MaTepuasa. BBeleHre KOMIIOHEHTOB IIPOBOAN/IOCH ITPY MEJJIEHHOM IIepe-
MEIIVBAHNM, 3aTeM JIaTeKCHasl KOMIIO3UIMA BbIJIEP>KMBA/Iach /7l CO3pEBAHMA.

[lyA co3paHMA IMOMMMEPHBIX IVIEHOK ObUI BHIOPaH CII0CO6 KOAryJIsIHTHOTO OT/IOXKEHMS,
B COOTBETCTBIY C 3TUM HEOOXO/[IMO IPUTOTOBJIEHNE PacTBOpa KOary/IsAHTa. B pesynbrare npo-
BeJJeHHBIX VICCTIEIOBAHMII B KaueCTBe KOAry/IsiHTa ObUI BBIOpaH BOHBII pacTBOP X/IOPM/A Kalb-
1V151, KOTOPBII 00ecriednBa paBHOMEPHOE ITOKphITHE POPM /I MaKaHMs, CIIOCOOCTBOBAN 60-
Jiee IETKOMY CheMy m3fenuii ¢ popm [23, c. 281].

[Tpu nomy4eHNy MaKaHbIX U3IEMNI ITOATOTaBINBAIICH POPMBI /I MaKaHM, KOTOpbIe
HOJBEPTalnCh OYNCTKE U CylIKe. [I/1s1 co3anms I1eHOK Oblu BbIOpaHbl papdpopoBbie GopMBbI
C TJIA[IKOJ T/Ia3MPOBAHHOII IIOBEPXHOCTBIO, YTO CIIOCOOCTBOBAIO IETKOMY MX CHATHIO C POPM.

[Torpyxenne (popMbI B KOATY/IAHT OCYILIECTBILATIOCh PABHOMEPHO, IVIABHO ¥ IOCTATOYHO
MeJIJIEHHO, YTOOBI He YBJIeKaTh Iy3bIpbKM Bo3ayxa. Hamboree npuemnemMast CKOpocTb IOTpy-
XKeHuA B pabore onpepenena Kak 0,6-1 cm/c. CKopocTb usBiedeHns GopM 13 BOJHOTO Koary-
JsIHTa BBIOpaHa B npepenax 0,5 cM/c.

3ateM (OpMBI IUTABHO IOTPYXKa/MNCh B IPUTOTOBJICHHYIO JIATEKCHYIO KOMIIO3MIINIO.
OueHNTDb IPaBUIBHOCTD CKOPOCTY MOTPY>KEHMSI MOYKHO II0 BBIITYK/ION pOpMe MEeHICKA MEX/Y
JTaTeKCHO KoMmo3uuyen n popmoit. B pabote ckopocTs morpyskenns cocrasana 1,5-3 cm/c.
BpeMms Boiep>KKY OPMBI B TATEKCHOV KOMITO3UIINY OIIpefe/sIach TpeOyeMoil TOIHO 13-
le/vs Y ToA0Vpaach SKCIePYMEHTATbHO /IS KOHKPETHBIX YC/IOBMIA. [l MCKIIoYeHNA -
TE/IbHOTO BBIJeP>KMBaHMA (POPMBI B JIATEKCHO KOMIIO3MIINY IIPYMEHS/ICA METOJ] IIOBTOPHOTO
MakaHuA. PopmMa IOBTOPHO OIyCKanach B KOATy/IAHT, a 3aT€M CHOBA B JIATEKCHYIO KOMIIO3M-
nyio. [Tpu aToM criocobe 0YeHb BaXKHBIM sIBJLA/ICS BBIOOpP BpeMeHM CYIIKM JIATEKCHOTO TeJIs
Y KOAry/IsHTa Ilepef; IOBTOPHBIM HorpykeHreM. OummbOka Ha 9TOM 9Tare MOXKeT IPUBECTH
K PACC/IOEHNIO U3MIETNA.

Vi3Bnedenne GopM 13 TaTeKCHON KOMIO3MIIMY IIPOBOAMIOCH MEJIEHHO /I TOTO, YTOOBI
M30BITOK JIATeKCHOJ KOMITO3UIIVIM YHAIWICA B IIpoljecce MofbeMa. PekoMeHiyeMas CKOPOCThb
uspnedenns 0,5-1 cm/c. ITocme m3BnedeHua Gopmbl M3OBITKY KOMIIO3MIVN [aBalu CTeYb
¥l Ha4MHa/IV MeJJIEHHO BpaIiaTh GOopMy ¢ BBIOPaHHOI CKOPOCTbIO (6 06/MIH) [11 paBHOMep-
HOTO pacIpefielIeHNs TaTeKCHOIO rejfd Mo moBepxHocTH. IIpomecc cymkm ocymecTBasanca
B KOHBEKTMBHOJ CyHIINMJIKE 3a CYeT IOfla4yM TEIIOTO BO3/yXa /10 IIO/IHOTO ya/eH N BIIaTu.

ITocne BbIChIXaHNA MTIEHOK MIPOBOAV/IN IIPOLIECC BYJIKAaHM3ALMN U3/I€/TNA IIPU TeMIlepa-
Type 130-140 °C. 3axI04nTe/bHBIMU CTAAVMAMM ABJISUIACh OTMbIBKA IIO/TyY€HHBIX U3MEINIA
OT HEKay4YyKOBBIX BeIIeCTB 1 CHATIE n3ens ¢ popMbl. OTMBIBKA OCYILECTBIAIACH IIOTPY>Ke-
H1eM (OpMBI C U3JeeM B AUCTV/UIMPOBAHHYI0 Boay Ha 30 MuHyT. IIpu sToM HambobLIeit
3ddEKTUBHOCTI YAaBanmoch TOOUTHCA 3a CYET YBeIMUIEHNA KPaTHOCTU CMEHBI Bofibl. CHATIE
IJICHOK € (POPM OCYILECTBILANIOCH BPYYHYIO.

AHayormyHbIM 00pa3oM ObUIM IOTyYeHbI 0OpasIbl IOMMMEPHBIX IVIEHOK CUHTETIYe-
ckoro nsonpenoBoro kayuyka (CKJI-3), obrmagaomyx TOTeHINATbHOM CIOCOOHOCTRIO K 6110-

Pas3Io>KeHNIO C IByMs TUITAMY HATIOJTHUTE/IEN — IPeBeCHOI MYKOI ¥ KO(EeITHBIM XMBIXOM.
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C 1enpl0 IOATBEPXJEHNUSA BO3MOXHOCTM OMORECTPYKIMM IIOYyYEeHHBIX O0Opa3lioB
KOMIIO3UIIVIOHHOTO IIO/IIMEPHOTO MaTepyana IPOBOAWIACH MCIBITAHUS B COOTBETCTBUU
c¢'OCT P 57225-2016 (MICO 20200:2015).

B pesynbTaTe npoBefeHNs MCCIEROBAHS OBV ITOTy4eHbI 3aBUCUMOCTH CTeTIeH) 6uoze-
crpykuuu D ot Bpemenn ¢ (puc. 1, 2).

o 1 2 3 a 5 6 7 8 9 10t HemenH

Puc. 1. 3aBuCHMOCTD CTeneHN OMOfEeCTPYKIVI IIONMMEPHBIX IIEHOK OT BpeMeH) KOMIIOCTMPOBAHNS: IVIEHKY Ha
ocrose CKV-3, Harto/THNTEND — IpeBecHaA MyKa, ppaxuma 200 Mxm: 1 - 5m.4.;2 - 10 Mu.; 3 - 15 M.4.; 4 - 20 M4
5 - 25 m.u.; ppaknysa 400 MKM: 6 — 2,5 M.4.; 7 — 5 M.4.

D. %

t, HeJgenu

Puc. 2. 3aBMCHMOCTD CTeIIeHM 6MOIeCTPYKLUY TONMMEPHBIX IVIEHOK OT BpeMeHM KoMmnoctuposanus: 1 - CKI-3,
6e3 HanonuuTensy; 2 - CKV-3, HaronHuTeNb — KOQeHbI XXMBIX: 2.5 M.4.; 3 - 10 M4 4 - 15 M.4; 5 - 20 M.4.

C yBenn4eHyeM KOIMYECTB IPYPOSHBIX KOMIIOHEHTOB YBe/IMYVBA/Iach 1 CTEIIeHb Ouoze-
CTPYKIMM, IIpY BBeJieHNN 60Jiee BHICOKOAVCIIEPCHOTO HAIIOHNUTE/IA 3a Mepuof IPOBeIeHNA
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9KCIEepUMEHTa IIpoliecc e 6omee MHTeHCUBHO. KodelHblil XKMBIX IO CPAaBHEHMIO C [IpeBec-
HOJ MYKOJ SBJIAJICA JIy4IIVM CTUMY/IATOPOM OMOJeCTPYKIUY, BUUMO, 33 CYET IIPYUCYTCTBIA
0e/IKOBBIX COENVHEHMII B ero cocTaBe. [TomiMepHbIe IIEHKM 3a BpeMsA IPOBefieHNA JCIIbITa-
HUI pparMeHTHPOBAINCH HA YaCTUIIBI pa3dMepoM 2-10 MM, 1 IpoBeIeHNe Ha/TbHEIINX VCIIbI-
TaHWI 10 3TOV IIPUYMHE He IIPENCTaB/IATIOCh BO3MOXXHbBIM.

BrIBOABI M peKOMEHJAN

B pesynbraTe mpoBefieHMs MCCIE[OBAHNUA IIOKa3aHa ITOTEHIMANbHASA CIHOCOOHOCTD K
O1opasIoKeHNno 00pas3loB pa3pabOTAHHOIO KOMIIO3MIMOHHOTO IONMMEPHOTO MaTepyuaja
Ha OCHOBE CMHTETMYeCKUX IONMMepOB U NMPUPOAHbIX HAOJIHUTeNel. PesybraToM nccneno-
BaHIA CTajla TEXHOJIOTYSA CO3[JaHMsA Y COCTaB JIATEKCHOI KOMIO3ULIMH JI/ISl TIOTy4€HUA TOHKO-
IVIEHOYHBIX MaKaHbIX U3/Ie/INi, COJep KAIINX MIPMPOAHbIE HAIIOTHUTEIN, KOTOpble BBOJUINICD
Ha CTaJuy JlaTeKca.

Cnemyer OTMETUTb 3HAYMMOCTb IPOBOAMMBIX MCC/IENOBAaHMII MJA Halllell CTpaHbl,
IIOCKO/IbKY B Poccyy Takme usgenus B HacTosllee BpeMs IIpefiCTaB/IeHbl c1abo. Pacmmpenne
UICTIO/Ib30BaHNA OMOMIeCTPYKTUPYEMbIX IIOMMMEPHBIX NMPOAYKTOB IIPY IIPOM3BOJACTBE YIIAKO-
BOYHBIX MaTe€pUaJIOB, IIPEAMETOB MEAVIIIMHCKOTO 11 OBITOBOTO Ha3HAUEHMS MOXKET SABJIATHCS
OJHVIM V3 IePCIIeKTUBHBIX ITyTell PelIeHN 9KOIOTMYeCKON IPOOIeMBI, CBA3aHHOI C HAKOIIIe-
HIeM NIO/IMMEPHBIX OTXO/[OB.
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Memoo nomyuenus, 3-uyuanobenson-1- 006 — YeHHbLX PeazeHN06 MOHK020 0peaHUYECK020 CUHMe3d, UCHOTb-
CYNbPOHUNXTIOPUOOS, AHMUMPOMOOUU-  3YEMbLX NPU NOTYHEHUU AHIMUMPOMOOUUIMAPHBIX U CeNbCKOXO03ATi-
mapHbvle U CenbCKOX03ATICMEeHHbLe CMBeHHbIX OAKMEePUUUOHBIX NPenapamos, GapmauesmuuecKux
6axmepuyudHvie npenapamol KOMNO3UUUTI U OUONIO2UHECKU-AKIMUBHBIX COEOUHEHUT.

BBenenne

3-1InaHO6eH3071- 1-CybPOHMIXIOPVADBI ABIAOTCA IIEHHBIMY peareHTaMI [JIA pasynd-
HBIX 00/1acTeil TOHKOT'O OPTaHNYeCKOTO CUHTe3a.

Clo,S CN

R

/I3BecTHO, 4TO JJaHHbIE COeAMHEHN HaXOAAT IIpUMeHeHMe i1 POPMUPOBAHNS COOT-
BETCTBYIOLIEI Cy/ITb(HOHAMUIHON KOMIIOHEHTHI B CIIOKHO-(QYHKIIVOHA/IBHBIX COEVHEHMX
pasIMYHOTO Ha3HaueHuA. B yacTHOCTHM, IpM MONMyYeHUY aHTUTPOMOOUUTAPHBIX [1] 1 cenb-
CKOXO3SI/ICTBEHHBIX OaKTepMUMIHBIX IperaparoB [2], dapmaneBTMYecKMX KOMIO3UIUI
[3, 4], mOTeHIMa/IbHBIX IPOTUBOOITYX0/IEeBbIX areHTOB [5, 6], aHTUTe/TbMUHTHBIX [7] ¥ IpoTH-
BOBOCII/INTE/IbHBIX (8, 9] cpencTB u ap.

HecMmoTpst Ha KaXXyI[yI0Cs IPOCTOTY CTPOEHMs, 3-1IMaHOOEH307I- 1-CyIbPOHMIXIOPU/BI
He SBJIIOTCS LIMPOKOJOCTYIHBIMM peakTyBaMu. B KaTanmorax KOMMepYecKUX IperapaToB
IpefiIaraeTcsl MIIb OTPAHNYEHHBI [lepedyeHb COeJMHEeHMIT, a UX CPeJHsA IjeHa COCTaBIIsgeT
70-100 € 3a 1 rpamm [10]. Ilenbio HacTosIIel pabOTHI AB/IAETCA Pa3pabOTKa YHUBEPCATBHOTO
MeTofa MOTy4eHN COeIMHeHNI] TaHHOTO PAJa, OCHOBAHHOTO Ha VCIIO/Ib30BAHNY HEIOPOTOTO
CBIPbSI U peareHToB.
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OTcyTCcTBME BO3MOXKHOCTY MX CMHTE3a IIPSMBIM CY/IbPOXIOpUPOBAHMEM COOTBETCTBYIO-
X 6€H30HUTPUIOB OTMEYAETCs Y>Ke B K/IACCUYECKMX TPYAAX IO PeaKLMAM CynbUpoBaHus
[11]. B aToMm crryqae ob6pasoBaHue B XOfie peaKIMM IVIKINIeCKOTO CyIbdamMaTa 1 ero pasjioxe-
HYle TPV BBUIMBAHUM PEAKIMOHHON MacChl B BOAY He IO3BOJISIET COXPAHUTb HUTPU/IBHYIO
TPYIIly B KOHEYHBIX MPOAYKTaX. AJIbTepPHATHBHBIM 1 IIVPOKO M3BECTHBIM METOAOM Hempsi-
MOTO BBeeHV CylTb()OHMIXIOPUIHOI IPYIIIBI B ApOMATUYeCKyie COeIMHEHSI SIB/ISETCS peak-
s Cynb(OXIOpMPOBaHUsA COOTBETCTBYIOIIMX [Ma3OHMeBBIX cojeit [12]. B pabore [13]
C VICIIO/Ib30BaHMeM JAaHHOJ peakiyuy Oblla IPOAEMOHCTPUPOBAaHA BO3MOXKHOCTD IIOTy4eHs
Pa3IMYHBIX 1[MaHO0eH30/1CynbQOHMNIXIOpKUA0B. ONHAKO HEZOCTATKaMU IIPelIaraeMoro Me-
TOJja ABJIAIOTCA CTIOKHOCTb TEXHOIOTMYECKOro 0(pOpMIeHN s, HeOOXOAMMOCTD B PAfe JOIOI-
HITEJIbHBIX PEareHTOB 1 Ha/lM4ue B IPOJjaXKe JOCTATOYHO Y3KOTO MepeyHsI MCXOZHBIX aMIHO-
OEH30HUTPUIIOB, YTO He II03BOJIAET PEKOMEH/J0BATh €TI0 B KaueCTBe YHUBEPCA/IbHOTO.

OcHOBHasA 4acTh

B Hacrosmeit paboTe mpefaraeTcss METOJ IIOTy4eHMA CYyTbGHOHMIXTOPUIOB 5, 0CHOBAH-
HBIJI Ha PeakMM JeTuApaTalyy COOTBETCTBYOIMX O6eH3aMIUIOB 4, OTy4YeHye KOTOPbIX 6a3u-
pyeTcs Ha GeH30JHBIX KMCIOTAX 1, IO cxeMe:
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i- (1) SOCl,, IM®A; (2) MeCN, NH, (25% BozusIii pactsop); ii: (1) HSO;CL 140°C, 2 9; (2) NH, (25%
BoAHsli pacteop); ifi: HSOLCL, 70°C, 2 u; iv: HSO;CIL, 90-100°C, 1-1.5 u; v: POCl;, 90°C, 30 mun;
vi: (1) MeCN, nuppomaann; (2) HCI; vii: MeCN, THppOIHIAH.

1-2,4-7. R, = H (b.c,e), Me (a), F (d), Cl (g); R, = H (a,¢,d,f), OMe (b), F (e), Cl (g).
3.R, = H(a,), F (b), Cl (d,e); R, = H (a,b,d), F (¢), Cl (e).
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3-Kap6amon-6eH307-1-cynbpoHMIXIopuabl 4 B 3aBUCMMOCTY OT TUIIa 3aMeCTHUTeIel
B sI/Ipe MICXO[JHOI OE€H30JIHOI KUCTOTBI 1 MOTYT OBITH ITOTy4eHbI ABYMS METOJAAMU: IPSMBIM
cynbGOXIOpUpoBaH/eM OeH3aMUIOB 2, COAEp)KALINX 3JeKTPOHOJOHOpPHBbIe Tpymmbl [12],
760 C UCTIOTb30BaHNEM PeaKI[ BHYTPUMOJIEKY/LIPHOTO NlepeaMIAVIPOBAH CyTbpOHAMI-
noB 3 [14], comepkamux 37eKTPOHOAKIENITOPHbIE 3aMeCTUTE/N. BBIXO/bI TOTyYeHHBIX JaH-
HBIMU METOaMU COeMHeHNIT 4a-g HaXOATCS B npemenax 42-78%. B VIK-cnekTpax 6eHsamu-
noB 4a-g 3adVKCUPOBAHbI ITOJIOCHI MTOITIOIIEHM S, XapaKTepHBbIe /L1 KapOOKCaMVUHbIX U Cy/Ib-
GOHMIXITOPUAHBIX PparMeHTOB. [I11 ZOIOTHUTETbHOTO MOATBEPXKeHNA CTPOCHNA CYyIbdo-
HIWIXJIOPUBI 4a-g ObUIM 06pabOTaHbl MUPPONUANHOM, a IONTy4eHHble Cynb(oHaMubl 6a-g
oxapakTtepusoBanbl Merogamy SAMP 'H u MK-cmexrpockommu. B SAMP 'H cmekrpax
coeqIHeHMII 6a-g BO BCeX CTy4asixX ObUIM OOHAPY>KEHBI CUTHAJIBI IPOTOHOB KapOOKCAMITHOTO
u cynboHaMUIHOTO HPparMeHTOB.

Peakiua germpparanyy 6eH3aMMIOB ABJIAETCA Haubosee IPOCTBIM ¥ XOPOIIO M3y4YeH-
HBIM METOZIOM TIONTy4eHMs O€H30HUTPIIOB. B KIaccuyeckoM BapuaHTe VICXOTHBIN OeH3aMup
JIO/DKEH HarpeBaTbcs B cpeme BojooTHuMamwmlero areHra (SOCL, POCl;, COCL, P,Os, mp.)
B NIpUCYTCTBUM OocHOBaHuA (mmpupuy, IM®A, NaHSO;, np.) [15, 16]. OnHako B cry4ae co-
eIVHeHWIT 4 Hamuuye CBOOOJHON Cy/IbGOHMIXIIOPUAHOI TPYIIBI MOXKET HeOIaronpusaTHO
CKa3bIBaTbCA Ha XOJie PEAKIMM C y4acTMeM OCHOBHBIX areéHTOB, KOTOpPbleé MOTYT IPUBECTU
K IMJJPO/IM3Y 3TON TPYIIBI MM VHOMY XMMMWYECKOMY IpeBpamenuio. [losToMmy mna cunresa
Ie/IeBbIX IMAaHOOEH30/ICY/IbGOHIIXIOPUAIOB 5a-g HaMU IpejjjlaraeTcs OTKa3 OT MCIIOIb30Ba-
HIIS1 IOTIOJTHUTE/IbHBIX peareHToB. CpaBHEHVE PeaKI[MIOHHOI CIIOCOOHOCTY GeH3aMMToB 4a-g
B cpesie SOCL, n POCI; nokasano, 4T0 XJIOPUCTBIN TMOHW JJaKe IIPY TeMIlepaType KUIIeHNs
U IJIUTe/IbHOM HarpeBaHMM IPOSIBIIAET CIabyIo HeTUpaTUPYIOLIyI0 aKTUBHOCTD. Bo Beex ciy-
YasX B IPOJYKTaX ObUIM OOHapY>KeHBI JIUIIb MCXOAHble OeH3aMu/ibl 4 (KOHTPOJIb OCYIIIEeCTB-
JISTIV METOZOM TOHKOC/IOMHOI XpoMaTorpaduu 11 1o TeMIlepaType IUiaBaeHns). ['opaspo myd-
HINX Pe3Y/IbTATOB YAAJI0Ch JOCTUYb C MCIIONb30BaHMEM B Ka4eCTBE BOJIOOTHMMAIOILIETO areHTa
POCIs. B He3aBUCHMOCTH OT TUIIA 3aMECTUTE/IA B ICXOHOM COeiHEHNN 4 IpY TeMIIepaType
85-90 °C n BpeMeHM peakiyy 30 MUHYT IjeieBble IIIaHOOEH30/ICYTbPOHMIXITOPUBI 5a-g yia-
JIOCh TIONMY4uTh ¢ BhIxofamy 80-94%. B VIK-crekTpax moTy4eHHBIX IIPOAYKTOB 3a(pMKCUPO-
BaHO JICYE3HOBEHJE I0JI0C IOI/IONIeHNA KapOOKCaMIHBIX (PParMeHTOB U IOSB/IEHME COOT-
BETCTBYIOLIX NONOC B obmacty 2230 cM!, CBUIETENBCTBYIOIMX O HAIMYUY IIVIaHOTPYIIIIBL.
Taxoke /11 JOTIOTHUTE/IBHOTO IO TBEP>KACHIA CTPOEHMA CYIbPOHIIXIOpH/bL 1a-g 6611 06-
paboTaHBl MMPPONMUAVHOM, a IIONy4eHHbIe CY/IbGOHAMUABI 7a-g OXapaKTepM30BaHBI METO-
namu IMP 'H n VIK-cnexrpockorvm. B IMP 'H cniektpax coeguHeHnit 7a-g Bo BCex CIydasx
He ObUIV OOHAPY)KEHBI CUTHAJIBI IPOTOHOB KapOOKCaMIHOTO pparMeHTa.

Ilnano6eH3o0cynbgoHaMuU/bl 7a-g OBUIN TAK)Ke YCIIEITHO MOTyYeHbl BCTPEYHBIM CHHTe-
30M Ha OCHOBE COEIVIHEHNI 6a-g, B AaHA/IOTMYHBIX YCIIOBMAX PEAKLMN IeTUpaTalyiy. Boixosb
IPOAYKTOB cocTaBmmm 82-92%, a MX CHEeKTpa/lbHbIe U (U3NKO-XMMIYECKIIe XapAKTePUCTIKI

VZIEHTMYHBI 3aPUKCYPOBAHHBIM J/Is COeJUHEHMIT 7, IOTTyYeHHbIX U3 COeVIHEHUI 5.
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SKCHCPI/IMCHTa}IbHIﬂe JAHHbIC

Cnextper IMP 'H perncrpuposamm Ha cnekrpoMeTpe Bruker DRX400 (400 MI'r). Pac-
TBOpuTenb: DMSO-de, BHyTpenHuii crangapt — TMC. VIK-crieKTphl perncTpupoBam Ha CIeK-
tpomeTrpe DPypbe RX-1 Perkin Elmer ¢ gmunoit Bomasr 700-4000 cM™. AHammsupyeMslit o6pa-
3el] TIOMeIaIy B Ipu6op B BIJE CYCIIEH3MY B Ba3e/IMTHOBOM Mac/ie MeXpy mnactuHamu us KBr.
Macc-cnextpsl perucrpupoamich Ha BIXKX/MC cnekrpomerpe Shimadzu Prominence
LCMS-2020, ocHaleHHBIM XpoMarorpadudeckoit KonoHko (t = 40 °C, 3/I0eHT — aljeTOHUT-
pwi) u Macc-criekrpomerpoM (LCMS-2020, m/z puanason 0-2000, pe>XMMBI MOHM3ALUINL:
ESI/ACPI).

3-Kap6amonn-4-mernnéenson-1-cynsponnnxmopup (4a). K 3 r (0.022 monb) 6eH-
3amyyia 2a npubasssm 4.4 M (0.066 Moyb) X7OpCYIbPOHOBOI KMCIOTHL. PeakIMoHHYI0 cMech
BbIgep xyuBamy 1npu temieparype 70 °C B Tedenue 2 4. [IpogyKT BbIfe/siin BbUIMBAaHMEM PeaK-
IIMIOHHOJ MacChl Ha Jief| ¥ OUYMINaIN IepeKpuCTaIn3alyeil u3 Tonyosna. Berxop 3.899 r (75%),
6exxeBble Kpuctamnpl, T.11. 149.5-151 °C. UK-cmextp (KBr), v, cm': 3446, 3302, 3259, 3200
(CON-H), 1663 (C=0), 1620 (CON-H), 1592 (C~Capox), 1374, 1175 (SO,).

CoepyHenne 4b mory4eHo aHaIOTMYHO.

5-Kap6amonn-2-merokcubenson-1-cynbdonmnxnopup (4b). Beixon 4.120 1 (83 %), Oe-
nble Kpuctamisl, T.IUL 135.5-136.5 °C. VIK cnektp (KBr), v, cm™: 3428, 3414, 3367, 3300
(CON-H), 1682 (C=0), 1625 (CON-H), 1601, 1503 (C-Cqpov), 1556 (CON-H), 1376, 1178
(SO»).

3-Kap6amonn6enson-1-cynbponnmnxmopug, (4c). K 3 r (0.015 monb) cynbdorammpaa 3a
npubasmssm 4.0 M (0.060 Mosb) XIOPCYbPOHOBOI KUCTOTHI. PeakI[MOHHYI0 cMech ITocIe
omazieHns oOpasylolleiicss MeHsl BblgepxusBamu npu Temuneparype 100 °C B Teyenme 1 u.
ITpoayKT BbIIE/IAIM BBUIMBAHNMEM PEeaKI[IOHHOI MaccChl Ha JIef] M OUMIIA/IN NTepeKpICTa/In3a-
et 3 Tomyona. Berxon 2.264 r (69%), 6enble kpucrassl, T.11. 78-80 °C. MIK-cnextp (KBr),
v, eM: 3427, 3290, 3210 (CON-H), 3072 (C-Hupou), 1654 (C=0), 1635, 1613 (CON-H),
1569 (C-Capoun.), 1556 (CON-H), 1382, 1373, 1184 (SO,).

Coennuenns 4d-g momydeHbI aHAJIOTMYHO.

3-Kap6amonn-4-¢propbenson-1-cynbponmnxmopupy (4d). Temmeparypa peaxnym
100 °C, nmpomomkuTenbHOCTh 2 4. Boixon 1.438 1 (44%), Genble UTOMbYaThIe KPUCTAIIBL, T.IUL.
110-113 °C. UK-cnextp (KBr), v, cm™: 3444, 3418. 3283, 3238, 3171 (CON-H), 3098 (C~Hapow),
1684, 1663 (C=0), 1628 (CON-H), 1608 (C~Capon), 1569 (CON-H), 1379, 1178 (SO,).

5-Kap6amonn-2-¢propbenson-1-cynbponmnxmopup (4e). Temneparypa peaxiyu 90 °C,
IPOJO/DKUTENbHOCTh 2 4. Beixon 1.351 r (42%), 6enble kpucramwiel, T.uL 135.5-137 °C.
UK-cnextp (KBr), v, cm™: 3471, 3356, 3289, 3150 (CON-H), 3072 (C-Hapou.), 1685 (C=0), 1600,
1494 (C~Capox.), 1376, 1188 (SO,).

3-Kap6amonn-4-xmop6enson-1-cyneponmnxmopuy  (4f). Temmeparypa peakuum
100 °C, mpomomkutenbHOCTDb 2 4. Boixop 2.501 1 (77%), 6enble kpucTamnsl, T.I01. 143-145 °C.
VIK-criextp (KBr), v, em: 3363, 3183 (CON-H), 1658, 1643 (C=0), 1618 (CON-H), 1589
(C-Capon), 1377, 1176 (SO,).

5-Kap6amonn-2,4-guxnop6enson-1-cynbponmmxnopuy (4g). Temmeparypa peakumm
90 °C, mpoAo/mKUTeNbHOCTD 3 4. Beixop 2.504 T (78%), 6exeBble KpucTa/UIbL, T.101. 138-142 °C.
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VIK-cnextp (KBr), v, em’: 3383, 3292, 3223 (CON-H), 3086 (C-Hupou), 1655 (C=0),
1619 (CON-H), 1606, 1585 (C-Capon), 1535 (CON-H), 1385, 1179 (SO,).
3-Ilnano-4-meTnn6enson-1-cynbponmnxnopup (5a). K 1 r (4.279 mmonb) 6eHzamuja
4a npu6bassmm 3 M (32.772 mMonb) xnopokucu ¢pochopa. PeaklioHHYI0 cMech HarpeBamm
B TedeHue 30 MyH npu Temmeparype 85-90 °C, 3aTeM oxyrax/jany, Ipnbassanmm 5 MyI alleTOHNU -
Tpuna. IIpofykT BbIje/sNM BBUIMBAHMEM IIONy4eHHOro pactBopa Ha 10 1 sbpfa
U OTGWUIBTPOBBIBA/IN IIOYYEHHBI 0CafoK. [IpOAYKT HOMOMHUTENIPHO MOXET OBITh OYMIIEH
nepeKpucTa/um3anyen us ronyona. Berxon 0.806 r (87%), 6exxeBble KpycTamisbl, T.11. 70-71 °C.
VIK-cnextp (KBr), v, cMm: 3056 (C—Hapow.), 2236 (C=N), 1596 (C—Capon.), 1376, 1194, 1168 (SO-).

CoepyHenus1 5b-g mojy4yeHbl aHAIOTMYIHO.

5-Ilnano-2-meToKcu6eH301-1-cynbponmnxmopusn (5b). Beixon 0.867 t (93%), Gemnbie
kpuctamwnel, T 129-131 °C. VK-cnextp (KBr), v, cm™: 3079 (C-Hapou.), 2233 (C=N), 1604,
1497 (C—Cypon.), 1369, 1167 (SO,).

3-Ilnano6en3on-1-cynspoumnxnopup (5¢). Beixon 0.747 r (81%), 6e>xeBble KpMUCTAIIbI,
T.101. 44-46 °C. VIK-criextp (KBr), v, ecm™: 3058 (C—Hapow), 2233 (C=N), 1596 (C-Capon), 1378,
1171 (SO,).

3-Ilnano-4-propobenson-1-cynbponmnxnopun (5d). Boixon 0.741 r (80%), b6exeBble
kpuctansl T.101. 68-70 °C. IK-cnextp (KBr), v, cm™: 3083, 3066 (C—Hapou.), 2242 (C=N), 1610,
1574, 1492 (C-Capow), 1373, 1192, 1163 (SO»).

5-Ilnano-2-propbenson-1-cynbponmnxnopup (5e). Borxox 0.759 r (82 %), TeMHO-KO-
pUYHEBOE MACIIO.

3-Ilnano-4-xnop6enson-1-cynspounmnxnopup (5f). Borxon 0.850 r (91%), 6embie Kpu-
cramnbl, T.0L 56.5-57 °C. VIK-cnektp (KBr), v, cm™: 3088, 3064 (C—Hapou.), 2242 (C=N), 1585
(C-Capon.), 1381, 1180, 1167 (SO,).

2,4-Tuxnop6enson-5-mmano-1-cynbponmnxnopuy (5g). Berxon 0.882 r (94%), 6enble
kpuctansl, T.01. 74-77 °C. UK-cnextp (KBr), v, cm: 3092, 3068 (C-Hapou.), 2240 (C=N), 1581,
1572 (C-Capow), 1390, 1379, 1181 (SO»).

2-meTnn-5-(nmupponuput-1-mwicynbgonnn) 6ensamup (6a). K pacrtsopy 1 r (4.280
MMOJIb) 6eH3amuzia 4a B 5 M1 aleToHUTpyIa npubassum 0.7 v (8.560 MMO/Ib) NUPPO/VHA.
Peak1jnoHHYI0 CMech IlepeMelIVBaIy B Te4eHe 2-3 MIH 1 IIPOAYKT BTSN IpUOaBIeHIeM
5 MJ1 BOABI. JJOIIOTHUTENIBHO MPOAYKT MOXKET OBITh OUMIIEH IepeKPUCTA/UIN3ALVel U3 CMeCU
atanon-Boja (1:1 06.). Berxop 0.90 t (78%), 6enbie kpuctamwsl, T.1w1. 205-207 °C. VIK-cnexktp
(KBr), v, cm: 3455, 3360, 3327 (CON-H), 1681, 1669 (C=0), 1610 (N-H), 1331, 1171,
1156 (SO,). Crextp AMP 'H (400 MTI'nr), §, m.x. (J, I'y): 1.66 (M, 4H, 2CH,), 2.44 (¢, 3H, CHs),
3.14 (M, 4H, N(CH,)), 7.49 (m, 1H, H-3, ¥J 8.0), 7.58 (¢, 1H, CONH.), 7.67 (1, 1H, H-6, ¥J 1.9),
7.73 (m.m., 1H, H-4, *] 8.0, ] 1.9), 7.96 (c, 1H, CONH,). Macc-cnexrp (ESI): m/z 267 [M]*
(100.0). M 268.33.

Coepunenust 6b-c, e-g monydeHbl aHanmorMyHo. B cumHTese coepuHenus 6d BmecTo
JIBYKPAaTHOTO MOJISIPHOTO M30bITKa NMMPPONMAVHA MCIONIb30BAIM MOJSIPHOE COOTHOLIEHME
peareHToB 4d : MMpPpONMUANH : TpUATHMIAMUH = 1:1: 2.

4-meToKcn-3-(muppomaun-1-uncynbdonnn) 6ensamup (6b). Beixon 0.975 r (86%),
6ernble Kpucrael, T.1I01. 218-220.5 °C. VIK-cnektp (KBr), v, cm™: 3411, 3367, 3306 (CON-H),
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1682 (C=0), 1626 (N-H), 1601, 1504 (C-Cqpox.), 1320, 1158 (SO,). Cnextp AMP 'H (400 MTI1y),
O, m.o. (J, I'p): 1.74 (m, 4H, 2CH,), 3.23 (M, 4H, N(CH,),), 3.96 (¢, 3H, OCHs), 7.31 (n, 1H, H-5,
3] 8.7), 7.38 (¢, 1H, CONH,), 8.08 (¢, 1H, CONH,), 8.13 (m.m., 1H, H-6, ] 8.7, 4] 2.3), 8.30 (m,
H-2, %] 2.3). Macc-cniextp (ESI): m/z 283 [M]* (100.0). M 284.33.
3-(mupponupun-1-mncynbponmn) 6ensammp (6¢). Boixon 0.943 r (81%), GexxeBble
UronbyaTble Kpuctamisl, T.aul. 226-229 °C. VK-crextp (KBr), v, cm': 3431, 3370, 3327
(CON-H), 1690, 1664 (C=0), 1617 (N-H), 1335, 1167 (SO). Cnextp SIMP 'H (400 MI1),
O, .. (J, T'y): 1.64 (m, 4H, 2CHo,), 3.16 (M, 4H, N(CH.,),), 7.62 (c, 1H, CONH,), 7.72 (1, 1H, H-
5,37 7.8), 7.95 (n, 1H, H-6, ] 7.8), 8.18 (1, 1H, H-4, ¥J 7.8), 8.25 (m, 1H, H-2), 8.29 (c, 1H,
CONHs;). Macc-criextp (ESI): m/z 253 [M]* (100.0). M 254.31.
2-¢prop-5-(muppompun-1-wicynsdonnn) 6ensamup (6d). Beixon 0.8351 (73%), 6enble
Kpuctansl, T.I0I. 172-174 °C. K-cnextp (KBr), v, cm™: 3374 (CON-H), 1695, 1662 (C=0),
1608 (N-H), 1575 (C-Capon.), 1340, 1169 (SO,). Cnextp AMP 'H (400 MI'n), §, m.za. (J, T'my):
1.67 (M, 4H, 2CH.), 3.16 (M, 4H, N(CH,),), 7.55 (1, 1H, H-3, Ji’s* 9.1, *Jicr 9.1), 7.86
(c, 1H, CONH.), 7.96 (M, 2H, H-4, CONH.), 8.00 (1., 1H, H-6, s 6.6, ‘Jis* 2.4).
Macc-cniexrp (ESI): m/z 271 [M]* (100.0). M 272.30.
4-¢prop-3-(mupponupuH-1-wicynbdonnn) 6ensamup (6e). Berxon 0.867 r (76%), Gernble
kpuctawpl, Tl 190-192 °C. MK-cnextp (KBr), v, cm™: 3454, 3353, 3297 (CON-H),
1686 (C=0), 1616 (N-H), 1598, 1485 (C—Capon.), 1337, 1156 (SO»). Crextp SIMP 'H (400 MT'wy),
8, m. (J, Tr): 1.76 (v, 4H, 2CH,), 3.25 (m, 4H, N(CH,),), 7.60 (M, 2H, H-5, CONH), 8.27
(M, 3H, H-2, H-6, CONH). Macc-cnextp (ESI): m/z 271 [M]* (100.0). M 272.30.
2-xnmop-5-(mupponupus-1-uncynbponnn) 6ensamup (6f). Borxon 0.962 r (85%), bemnbie
kpucramwnbl, T.UL 196-198 °C. VK-cnektp (KBr), v, cm™: 3365 (CON-H), 1654 (C=0),
1628 (N-H), 1592 (C-Cupon.), 1338, 1150 (SO,). Cnextp AMP 'H (400 MI'n), §, m.a. (J, Tmy):
1.69 (M, 4H, 2CH,), 3.17 (M, 4H, N(CH.,),), 7.75 (M, 2H, H-3, H-6), 7.80 (¢, 1H, CONH),
7.83 (m.;., 1H, H-4,° 8.4,%72.2), 8.09 (¢, 1H, CONH). Macc-cnektp (ESI): m/z 288 [M]* (100.0).
M 288.75.
5-(mupponuauH-1-wicynbponmn)-2,4-quxnopoensamup (6g). Beixon 0.920 r (82%),
CBeT/I0-KenTble Kpuctajwiel, T.IwL. 218-221°C. VMK-cnektp (KBr), v, ecm™: 3358 (CON-H),
1657 (C=0), 1631 (N-H), 1586 (C—~Capow), 1352, 1155 (SO,). Criextp SIMP 'H (400 MTw),
8, mn. (J, Ty): 1.84 (v, 4H, 2CH.), 3.32 (m, 4H, N(CH.),), 7.84 (c, 1H, CONH), 7.90 (c, 1H, H-
3),7.98 (¢, 1H, H-6), 8.11 (¢, 1H, CONH). Macc-cnexrp (ESI): m/z 322 [M]* (100.0). M 323.20.
2-meTnn-5-(nupponupuH-1-wicynbgonmn) 6ensonntpun (7a). Merop a. K pactsopy
0.5 r (2.318 MMosb) coenmHeHMs1 5a B 3 Mt aleToHnTpuIa npubasssn 0.38 mi (4.637 MMOID)
NUppoNVuHA. PeakI[MOHHYI0 cMech ITepeMelIBaIi B Te4eHNe 2-3 MUH Y IPOAYKT BBIAEISIIN
npubaBIeHreM 5 M1 BOAbL. [JOMIOTHUTEIBHO IPOAYKT MOKET OBITh OUMILEH NepeKpUCTaIN-
3arueit u3 cmecu aranon-soxa (1:1 06.). Meron 6. K 0.5 r (1.863 Mmmornb) GeHsamua 6a mpu-
6aBysm 3 M (16.386 Mmonb) xnopokucu gocdopa. PeakImoHHyI0 cMech HarpeBaayu B Tede-
Hue 30 MuH npu temmneparype 85-90 °C, 3aTteM oxyIakKgamy, IprOaB/LAIM 5 MJI alleTOHUTPIJIA.
ITpopyKT BBIfie/IAIM BBUIMBaHMEM IIOTy4eHHOTO pacTBopa Ha 10 T jbja ¥ oTUIbTPOBBIBAIN
HOTy4eHHBI 0cafjoK. IIpOAYKT JOIIOTHNTEIBHO MOKET OBITh OYNMILeH MepeKpUCTa/IM3alIeN
u3 cMecy 3taHon-Bofa (1:1 06.). Beixopm 0.419 1 (72%) (Metox a), 0.427 1 (91%) (Metog, 6), 6eibie
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kpuctanel, T.I0L 113-115 °C. VIK-cniektp (KBr), v, cm™': 3055 (C—Hapow), 2231 (C=N), 1597
(C—Capon)> 1342, 1154 (SO,). Cuextp SIMP 'H (400 MTI'ny), §, m.i. (J, ['m): 1.66 (M, 4H, 2CH,),
2.58 (¢, 3H, CHs), 3.17 (M, 4H, N(CH,),), 7.72 (g, 1H, H-3, 3] 8.1), 8.00 (m.m., 1H, H-4, 3] 8.1, 4]
1.9), 8.17 (m, H-6, *J 1.9). Macc-cnextp (ESI): m/z 249 [M]* (100.0). M 250.32.

CoepyHeHys1 7b-g 1oTydeHbI aHAJIOTMYHO € VICIIONIb30BaHeM 000X MeTO/IOB. B cuHTe3e
coenyHeHus 7d 1o MeTOy a BMECTO JBYKPaTHOTO MOJIIPHOTO M30bITKA MMPPOINANHA VCIIO/b-
30Ba/IMi MOJIAPHOE COOTHOIIEHNE peareHToB 5d : MMPpONMNANH : TpUITMIaMUH = 1:1: 2.

4-meToKcu-3-(muppomauH-1-micynbgonnn) 6ensonurpun (7b). Beixop 0.435 1 (76%)
(meton a), 0.421 r (90%) (metop 6), 6enmbie kpuctamwiel, T.101. 145-148 °C. VIK-criextp (KBr), v,
eM™: 3056 (C—Hapon), 2225 (C=N), 1599, 1487 (C—Capow), 1336, 1151 (SO,). Criextp SIMP 'H
(400 MT), §, m.g. (J, Tm): 1.76 (M, 4H, 2CH,), 3.25 (M, 4H, N(CH,),), 4.01 (c, 3H, OCHs),
7.45 (@, 1H, H-5, °] 8.5), 8.11 (M, 2H, H-2, H-6). Macc-cniextp (ESI): m/z 265 [M]* (100.0).
M 266.32.

3-(mupponupun-1-micynbponnn) 6ensonntpui (7c). Beixox 0.379 r (65%) (metop a),
0.379 t (82%) (meron 6), 6enpie kpuctamwiel, T.w. 100-103 °C. VK-cmektp (KBr), v, cm™:
3056 (C—Hapow), 2234 (C=N), 1414 (C-Capon), 1345, 1160 (SO,). Criexrp IMP 'H (400 MTw), &,
.. (J, T): 1.66 (m, 4H, 2CHs,), 3.19 (m, 4H, N(CH,),), 7.84 (1, 1H, H-5, %] 7.9), 8.12 (n, 1H, H-
4,%7.9),8.17 (n, 1H, H-6,% 7.9), 8.25 (m, 1H, H-2). Macc-cnextp (ESI): m/z 235 [M]* (100.0).
M 236.29.

2-¢prop-5-(muppomupnn-1-mncynsponmn) 6ensonntpun (7d). Boxom 0.337 r (58%)
(metop a), 0.405 r (87%) (Mmetox 6), 6enbie kpucTasl, T.11. 142-145 °C. VIK-cnektp (KBr), v,
eM": 3066 (C—Hapow), 2236 (C=N), 1574, 1490 (C—Capon), 1348, 1337, 1156 (SO,). Crrextp SIMP
'H (400 MTI'ny), 8, m.g. (J, Tx): 1.68 (M, 4H, 2CH,), 3.19 (M, 4H, N(CH,),), 7.77 (1, 1H, H-3, 3Ju3_
11 9.0, *Jus ¢ 9.0), 8.20 (m.m.m., 1H, H-4, *Jua 13 9.0, Y4 5.0, YJuans2.4), 8.41 (m.1., 1H, H-6, *Juer
6.1, *Jue-ns 2.4). Macc-cnextp (ESI): m/z 253 [M]* (100.0). M 254.28.

4-¢rop-3-(mupponumuH-1-mwicynbponmn) 6ensonntpun (7e). Beixon 0.398 r (69%)
(metop a), 0.390 r (84%) (meTop 6), 6enbie Kpuctamisl, T.L. 112.5-114.5 °C. VIK-cnextp (KBr),
v, eM': 3061 (C—Hapon ), 2235 (C=N), 1600, 1485 (C~Capon), 1344, 1154 (SO,). Ciextp IMP 'H
(400 MTny), 8, m.zi. (J, Tx): 1.78 (m, 4H, 2CH,), 3.29 (m, 4H, N(CH,),), 7.74 (1, 1H, H-5, *Jus_t16
9.7, Jus-r 9.7), 8.26 (m, 2H, H-2, H-6). Macc-cniextp (ESI): m/z 253 [M]* (100.0). M 254.28.

2-xnop-5-(muppomupauu-1-micynbponnn) 6ensonntpun (7f). Borxop 0.421 t (73%)
(metop a), 0.416 T (89%) (Metox 6), 6enbie Kpuctamibl, T.11. 163-165.5 °C. VIK-crextp (KBr),
v, eM'!: 3064 (C-Hapow), 2231 (C2N), 1582 (C-Capon), 1358, 1161 (SO,). Criexrp SIMP 'H (400
M), 8, M. (J, Tur): 1.68 (M, 4H, 2CH.), 3.20 (M, 4H, N(CH,),), 7.98 (n, 1H, H-3, %] 8.5),
8.10 (m.;., 1H, H-4,%7 8.5, 4 2.2), 8.39 (1, H-6, ] 2.2). Macc-cniextp (ESI): m/z 270 [M]* (100.0).
M 270.74.

5-(mupponuauH-1-nncynbponnn)-2,4-guxnopbensonntpui (7g). Berxopn 0.430 T (76%)
(metop a), 0.436 T (92%) (MmeToq 6), xenTbie KpucTawsl, T.11. 148-150.5 °C. VIK-cnextp (KBr),
v, emt: 2230 (C=N), 1581 (C-Capou), 1356, 1159 (SO,). Cnexrp AMP 'H (400 MTI1), §, m.x.
(J, T): 1.84 (v, 4H, 2CHo,), 3.34 (v, 4H, N(CH,),), 8.28 (¢, 1H, H-3), 8.39 (¢, 1H, H-6). Macc-
criextp (ESI): m/z 304 [M]* (100.0). M 305.18.
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BrIBOABI M peKOMeHJAN

Takum o6pa30M, HECMOTP:A Ha IIPOCTOTY, Hpe,unaraeMbHZ METO[, ABNACTCA YHUBEPCA/Ib-

HBIM U TT03BOJIAET II0/Ty4aTh IIMPOKYI0 HOMEHKIATYPY IIPOM3BONHBIX 3-1[MaHOOEH301-1-CyIIb-

($OHUAXITOPUIOB 5 C BBICOKOJI CTENIEHBIO YJMCTOTHI HA OCHOBE JOCTYIIHOTO CBHIPbs U PEareHTOB.

Taxoke OH IIO3BOJISET 3HAYUTENIBHO YIOPOCTUTDb BO3MOJKXHOE TEXHOTOTMIECKOE O(bOpMTIeHI/Ie

Ipoliecca 0 CPAaBHEHMIO C paHee NMPENIoKeHHbIM [13] ¥ yMEHBIINTD CTOMMOCTb KOHEUHBIX

COeJIUHEHUIA.

10.
11.
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13.
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2UOPABTIUUECKO20 CONPONUBTIEHUS

B nacmosuweti pabome npedcmaesneHvt pe3yiomanmvt UCCie008aAHUL OCHOB-
HbIX XAPAKMEPUCIMUK NPOUecca OPOCCENUPOBAHUS HUOKOCU 8 Pe2yIupy-
10U4eM 0CeB0M KIIANAHE C YHeHoM 3A6UCUMOCU MOOETIUPYeM020 KOIPPu-
YueHma 2udpasnUUeckoz0 CONPOMUBTIEHUS O KOHCHPYKIMUBHBIX U pe-
HUMHOIX napamempos. B uacmuocmu, 6vinonHen pacuyem nponyckHow
CNOCOOHOCMU U NPONYCKHOTL XAPAKMEPUCUKU Cenapamopa ykasanHoz0
KAANAaua ¢ no3uyuti 6apouposanus cmenexu e2o omxpoimus. Boigsnenv
Haubonee 3HaUUMble PAKMOPbL, EAUAIOULUE HA USMeHeHUEe OAHHBIX NOKA-
3amerneti pabomvt ocesoeo knanaua. Hanpumep, npu maxcumanvroii cme-
neHu OMKPLIMUS KIANaHa yeenudenue ouamempa OpoccenibHbix omeep-
crmuii 8 2 paza npusooum K pocmy ycio8Hot nponyckHoll cnocooHocmu 6
1.66 pasa u nponycknoil xapaxmepucmuxu 6 1.19 pasa. Iloxasaro, umo 6
8bIOPAHHBIX OUANA30HAX USMEHEHUS KOHCMPYKMUBHbIX NAPAMEmpPos
npoyecca Opoccenuposanuss paboueti cpedvt yeenuueHue creneHu 0mKpol-
must knanaua 0o 60% npueooum K niaHOMy pocmy NPONYCKHOU Xapax-
mepucmuku 00 3HaueHuil, He npesviuiarouux 0.3. Ykasanuas HenuneiiHas
3a8UCUMOCb NPONYCKHOTE XAPAKMEPUCINUKU  De2yRUpyouez0 0ces020
Knanana cozdaem npednocviiKy 07s 6bi60pa NPOPUAUPOBAHUST OAHHO20
noxasamens. IIpaxmuueckoe npumererue pacCMOmpeHHbLX 6 HACIOAULEM
UCCIe008aHUL B0NPOCOE HAUUIO OMpaxceHue Npu paspabomke uHieHep-
HOU MemoOuKy pacuema KOHCMPYKIMUBHbIX NAPAMEMPO8 O7IT COOmeem-
cmeylouezo pezynupyousez0 KIanaua ¢ peanusayueii npovecca opoccenu-
posarus nomoxos paboueii cpedvl.
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BBengenue

ObecrieyeHne 6e3aBapuilHOrO pe>xuMma pabOTHI PEryIMpYOIUX KIallaHOB B paMKax
BBIIIOIHEHMA ~ TEXHOJOTMYECKOTO  pEIlaMeHTa  fABNIAETCA  OCHOBHBIM  YCIOBUEM
(YHKUVMOHMPOBAHNSA PasINYHbIX OTPAC/Iell XMMIYECKOro IPOM3BOACTBA 1 3a/jauell BeAyIux
IPOM3BOANTENIENl TPyOOIPOBOLHOI apMaTyphl. TedeHMe >KUAKOCTY B IPOTOYHBIX pabodMx
0071aCTAX COOTBETCTBYIOIINX PETYIMPYIOINX YCTPOIICTB COMPOBOX/AETCS KaBUTAIVIOHHBIMU
ABJICHUAMU TUJPOAVHAMMYECKOTO ¥ aKyCcTM4YecKoro xapakrepa [1-3]. B wactHOCTH,
BO3HMKHOBEHME TUAPOAMHAMMYECKON KaBUTALMM HEIOCPENCTBEHHO CBA3AHO C OCHOBHBIM
HasHaueHMeM K/IAIIaHOB — PeTy/IMpPOBaHNUe ITOTOKOB XUAKOCTK [4-6], M B yCIOBUAX Pe3KOTO
CHIDKEHUA NaBJIE€HMS CO3[AIOTCA IPEANIOCBUIKM 00pa3oBaHMA KaBUTAIVIOHHBIX IIOIOCTEN
B paboueii xuakoctn [2, 3]. IloBefeHne cucteMbl 00pas3yoOIMXCs KaBUTALVIOHHBIX IY3bIpeit
B OCHOBHBIX y3/IaX TPyOOIIPOBOIHOII apMaTyphl TpebyeT BCeCTOPOHHETO MCCIeOBaHNA YCTIOBUIL
IIPOTEKaHMA YKa3aHHOIO IIPOLjeCCa PerylMpoBaHusA C MMUHUMAAbHBIMU IIOCIENCTBUAMM
ABJIEHUA TULPOAVHAMMYECKON KaBUTALMM ¥ MaKCUMMAJIbHO BO3MOXXHOV IIPOITYCKHO
criocobHoCThIO. IIpuMeHeHMe psfjla KOHCTPYKTMBHBIX IPUCHOCOONIEHMIT ISl pasfie/neHNs
IIOTOKA XMUJKOCTY IIO3BOJIAET PEANIM30BATh €r0 JPOCCENMpPOBaHIe B OCHOBHOM y3Jie K/allaHa.

OcHoBHasA YacTh

Ilenplo Hacrosmieil pabOTBl ABISAETCA WCCIEOBaHME OCHOBHBIX XapaKTEPUCTUK
Ipolecca JIpOCCeMPOBAaHNsA >KUAKOCTY B PEryIMPYIONeM OCeBOM KJIAllaHe C BHEIIHeN
obeuaiikoil [7] ¢ y4eToM 3aBUCHMOCTU MOJENINPYEMOTO K03 (UIMeHTa TUAPABINIECKOTO
COIIPOTMBJIEHNSI OT KOHCTPYKTMBHBIX M PEeXMMHBIX IapamerpoB. IIpo6nema npmobperaer
0COOBIT MHTEpeC IPYU CTOXACTUIECKOM MOJenMpoBaHuu [8] sHepreTmyeckuM MeTopoM [9]
mporiecca IpoccenpoBanus pabodeit xugkoctu [10-14] B oTamume OT MCIOIB30BaHUS
MHO>K€eCTBAa MMUTAIMOHHBIX Mogeneln [15-17].

Kpartkoe onmcanme MeToja OLleHKY MPOITyCKHOI CIIOCOOHOCTH PeryINpyIoLero oce-
BOTO K/IallaHA C BHEIIHNM 3aTBOPOM cellapaTropa

O1eHKa OCHOBHBIX XapaKTEePUCTHK IpoIlecca JpOCCeNMpOBaHMs PeTyIupyoleil apMa-
TypBI SABJLIETCS IIEPBOOYEPEHON 3a/jadueil MPOEKTUPOBIINKOB IpU BbIOOpe 3HAYEHWIT KOH-
CTPYKTUBHBIX ¥ PEKVMHBIX ITapaMeTpoB KianaHa [18-20]. B wactHocTH, Hanbosblee 3HaYe-
HIIe VIMEIOT JiBa Iokasarens [19, 21] — mponyckHas ciocobHocTh K, M IpoINycKHast XapakTe-
PUCTMKA B 3aBUCHMOCTH OT CTeIIeHY OTKPBITU KanaHa T € [0;1]

6. =K, /K,), (1)
3Hauenue G_B BbIpakeHuy (1) ompefiesnisAeTca OTHOIIEHeM 3HaUeH Ui IIPOITYCKHOIA CTIO-
cobHocTy nipu TekymeM ( K, ) u momHoM ( K, ) OTKpBITUY KPOCCETIBHBIX KaHAIOB.

KoHcTpykTuBHOE 0popMIeH e IpoLiecca ApOCCeTNpPOBaH HOTOKOB KIIKOCTI MOXKET
OBbITb BBIIIOJTHEHO KaK C OJHUM CenapaTopoM [22, 23], Tak u ¢ HabOpOM CTYIIeHell Jie/uTenei
HOTOKOB [24] paboueit cpenpl. [Tpn aTom nepdopanys cerrapaTopoB 0CeBBIX KJIAIIAHOB MCIION-
HAETCS [POCCETbHBIMY OTBEPCTUAMU Pa3IMYHbIX KoHpurypanuii. [IpennoskeHHas aBropamu
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KOHCTPYKI[MI OCEBOTO KJIAllaHa IIpJ BHEIIHEM 3aTBOpe LVIMHAPWYECKOTo cemaparopa [7]
¢ BbIXOAHBIM auamerpom D, Tommmuoit g u jmuHoit Ly nepdopupoBaHHOI YacTu nmeet

S, pAmNOB KPYI/IBIX PaMalbHBIX [POCCENBHBIX OTBEPCTUII AmMaMeTpoMd,c UX 4muciaom S,

B KOKIIOM Ay U paccTostHueM /i, MexTy psAfaMu. 3aKpbiTie TaHHbIX KaHA/IOB C IIe/IbIO0 peTy-
MPOBAaHMSA TIEPeNajoB JIaBIeHNA OCYIIECTB/IAETCSA C MOMOINbI0 BHENIHeN obedaiiku Ipnu
ee IBVKEHNY BIO/b LIeHTPa/IbHO OCHU Jie/INTeIA IOTOKA C AMaMeTPOM YCIOBHOTO IIPOXOJHOTO
_ 1/2
cedenus D, =d,(S,S,7)'".
Pacyer ycnoBHOI NPOIMyCKHOIT cCIOCOOHOCTHN Kanana K, MpOM3BOAMTCA B 3aBUCUMO-

cti oT K03 uImeHTa IUAPABINIECKOTO CONPOTUBIEHNU (,;,, B EPEXORHOI 061acTy Tede-

HUS SKUAKOCTU (B MHTepBane M3MeHeHus kputepus Peitnonmbaca (10< Re<10*) B coorBer-
CTBMM C SMIIMPUYECKUM COOTHOLIeHNeM [18]

K, =5.04-10"nD *C " )

3aMeTuM, 4TO BC/IE[CTBUE HE3aKOHYEHHOCTN Teopyuy (popMUpoBaHUA TypOYIeHTHBIX
IOTOKOB [25] B HacTosAIIee BpeMs HAOIIOZAeTCA aKTUBHOE Pa3BUTHE METONOB OLIEHKM KO3(-
¢bumyeHTa I'MApaBINIecKOTO COIPOTUB/IEHNA B TPeX HallpaBIeHNUAX: IIPMMEHeH)e SMIIVpIye-
CKUX COOTHOIIIeHuii [4, 18, 20, 26], uclonb3oBaHne MMUTALIMOHHBIX Moferei [27-30], Momenu-
pOBaHNe aHATUTIYECKNX 3aBucumMocreii [10]. B yacTHOCTY, aBTOpaM IIpeJIo>KeH CIeAY IOt
crioco6 pacuyera JaHHON XapaKTepUCTIKI

Cine =g (LT =) =2 Dy A 4 2 (= Ay Gt + i) [2(LsT-h)e 'Y (3)
MOJIEIMPYEMON B 3aBUCHMOCTM OT KOHCTPYKTMBHBIX U PEXMMHBIX IapaMeTPOB Ipoliecca
IipoccenupoBanus pabdodeit xxupkoctu [10] Ha OCHOBe MPUHINIIA CYIIEPIIO3ULIUN /IS TIOTEPh
[laBIeHNA B 97IeMEHTAPHBIX MECTHBIX COIpPOTUBIEHMAX [4, 26]. Bripakenme (3) comep>xut
0003HaYeHNIA:
ho=htdys 2, = Sth;::(9OO)_1[(DiCE ~2h.) =D,,"T7%5 Ay =4Dy(7S,d,”) "5
4 =4S, (h, + dh)(”doz )71 ; 16 =L /25 Aae =2[(Dye — 2hc)2 —(Dg +hy )2 ]2 /Djz ;

/111‘—’64ShhSDyT2(Reyta?hg)_1 5 2,28, hho[1+ Dy (D +hg ) 1{90°[(D,. - 2h. ) - D1} .

rie D, ., — BHyTpeHHMIT AMaMeTp BHeIIHell KaMepbl TomuuHoi A.; D, - BHeWHUI [uaMeTp
BHYTpeHHel KaMepsl; /I, — PAacCTOsIHVE MeXAY JPOCCENbHbIMI OTBEPCTUSAMMU B OXHOM PSIAY;
@ - YTONI CKOCa JyIg BHEIIHEro 3aTBOpa Celaparopa B opMe IVJIMHAPIYECKON oOedyaiKiL.
I koaddunyeHTa OKATHA CTPYU €, B BBIpaKeHNUM (3) MpeIIoskeHo UCII0NIb30BaTh MoAndu-
IVIPOBaHHYI0 GOPMYITY, IIONTy4eHHYI0 Ha ocHOBe popmybl A. [I. Anbuityns [26], B Buze
e =0.57+4.3-10°{1.1-2""[A, + 4, ]}, (4)

rae 15,228, (h, +d,)(h +d,+ A7) (nd,’)". CBsi3b Mexpy 3HaueHMeM Kputepus PeitHombzca
Re,, ¥ ImaMeTpoOM YCTOBHOTO TMPOXOAHOTO cedeHust D mpu pacuere koadduimenta 4,
B BbIpaXeHUM (3) OTPaXkaeTcs M3BECTHBIM COOTHOWIeHMEeM Re, =3530, . (v,D )" [18]
Ipy cTeneHy oTKpbITysA KianaHa Te€[0;1], rae Q.. — MaKCUMalTbHOe 3HaUYeHME pacxofa pa-
6oueit cpensl (M*/4); v, - 3HaUEHNE ee KMHEeMaTIIeCKoil BA3KOCTH (cM?/c) py GUKCHPOBAHHOM

TeMIepaTypHoM nokasarene ! (°C).
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Takum o6pasoMm, MopenupoBaHMe aHAIUTUYECKON 3aBUCUMOCTM Ko3pduieHTa
TUAPABINYIECKOTO COINPOTVB/IEHNA OT CTENeHM OTKPBITVSA KIAllaHA C 6HEUHUM 3ameopom
cenapamopa [7] BBINONMHAETCS ¢ TOMOIIBIO (3) ¢ ydeToM (4) U O3BOIAET IPOU3BECTH OL[EHKY

MpOMyCKHOM crnocobHocTM K, M TPONYCKHOi XapakTepucTuku G cormacHo (1)

JUISL peryupyolell apMaTypbl yKa3aHHOTo Tima [31].

IIpumeHeHNe pe3yTbTATOB MOETMPOBAHNA K03¢ PIIMeHTa ITNApaBIITIecKoro co-
MPOTUB/IEHNA K PacieTy OCHOBHBIX XapaKTepPHUCTHUK IPoIiecca APOCCeTMPOBAHN )KUIKO-
CTH B 0CEBOM KJIallaHe C BHEIIHUM 3aTBOPOM Celaparopa

VicnonpayeM TpemioKeHHbIT CrIoco6 oueHKu Habopa xapakrtepuctuk y={K, o }
JUIA IIpoIiecca APOCCepPOBaHUA XXMIKOCTI B OCEBOM KJIAIlaHe C BHELITHMM 3aTBOPOM CeTlapa-
TOpa [7] Ha KOHKPETHOM IIpMMepe APOCCeIMPOBAHI IIOTOKOB BOJIBI COITTACHO HOMEHKJ/IAType
BbIOOpa paboyeit cpefibl /I UCIBITAaHWUI TPyOOIIpOBOHOIT apMatypsl 19, 21, 32].

BxopusivMu sanueivu x = {a,b} s pacuera mokasareneit y ={K,, ,0,} ykasaHHoro mpo-
necca (MpOIycKHOM criocobHocTM K, ¥ IPOITYCKHOJ XapaKTepUCTUKU o, ABJIAITCA 3HaYe-
HISL PEXXUMHBIX a={a,, ] =1,n,} U KOHCTPYKTUBHbBIX b= {a,.j =1,n,} mapametpos. [Toryden-
Hble 3HaYeHNs [UaMeTpa YCIIOBHOTO IIPOXOJHOTO cedeH s, Kputepus PeitHonbzca u koaddu-
IVIEHTa TU/[PaBIMIeCKOT0 COPOTUBIIEHN B 3aBUCYMOCT OT CTEIIeH) OTKPBITA cerapaTopa
C BHEIIIHVUM 3aTBOPOM COI/IacHo (3), (4) mpexcTaBeHsl B TaO. 1.

Ta6muma 1. 3HaueHNA o1aMeTpa YCIOBHOTO IIPOXOJHOTO CedeH s, kputepus PertHonmbaca u ko dumyenTa rup-
PaBIITIeCKOTO COMPOTVBIICHM B 3aBUCHMOCTH OT CTEIIeHU OTKPBITHA CellapaTopa ¢ BHEIIHUM 3aTBOPOM

T D,, 1072, Re,,,, 10* {iper 103
0.23 1.40 1.5564 3.1857
0.62 2.21 0.9844 0.2658
0.81 2.80 0.7782 0.1128

1.0 3.13 0.6961 0.0919

[IpuBenemM OCHOBHbIE 3HAYEHMsI PEKMMHBIX mapamerpoB a={Q, ;AP

min

JLv ), =4
IAHHOTO MPOIecca APOCCENMPOBaHNA: MaKCUMasbHbI pacxon xupkoctn @,  =0.5 m/q;
MMHUMAJIbHBIN Tiepenay fapnenns AP =15 klla; rtemmeparypubiit nokasarens ¢ =30 °C;
KIHEMaTU4YeCKas BASKOCTb V, = 0.81-107 cm?/c. 3HaueHMs KOHCTPYKTUBHBIX MapaMeTPOB
b={D¢;h;;Ls;d,;h;S, ;S ;h ;D .;h.;D . ;¢;h}, n,=13 pasobpém Ha Ty rpymmbL:

1) nnsa cemapatopa: (BbixofHOM amametp D =3.4-107m; TomuMHA hy =0.15-10" ™

o 2

nmiHa nepdopuposannoi yactn L;=2.35-10" m; uMCIO pANOB KPYITIBIX PajiaibHbIX IPOC-
CebHBIX OTBePCTHil S = 5 4MC/IO JaHHBIX OTBEPCTHIl B OffHOM paAxy S, =16; mmamerp mpoc-

CENIbHBIX OTBEPCTUN d, = 3.5-10” M; paccTosHMe MeX]y pAmaMu h = 0.1-10% m; paccrostHue

MEX]Ty IPOCCENIbHBIMYU OTBEPCTUAMN B OfIHOM psany h, = 0.3 107 m);
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2) mna DVIMHAPUYECKON YacTy KaMepbl (BHYTPEeHHMIT [uaMeTp D. . =65- 107 M u TonI-

muHa A, =0.28-10° M BHemHell KaMmepbl; BHEIIHWII JWaMeTp BHYTPEHHell KaMmepbl
2 .
D, . =53-10" m);
3) A BHelIHero 3aTBopa B (opMe IVUIMHApUYECKON obedaiiku (Yyron ckoca ¢ = 45%
TOMmMHA 1, =0.15-107 m).
Pesynbratsl onleHKy Habopa xapakrepuctuk y={K, ,o_} cormacto (1), (2) c yaerom (3),

(4) p1d mpolecca APOCCENMpPOBAHNA XIUAKOCTY B OCEBOM KJ/IallaHe C BHEIITHVM 3aTBOPOM Cella-
paropa [7] mpuBenens! Ha puc. 1 1 2. AHanu3 pe3ynbTaTOB pacyeTa i HAO0pa XapaKTepPUCTUK
y={K,,,0,} no3Bomm1 BBIABUTH HanboO/Iee 3HAUMMbIE KOHCTPYKTMBHBIE [TAPAMETPHI, OKA3bIBa-

follie Hayubosblilee BIVAHNE HA YKa3aHHbIE ITOKa3aTe MCCIefyeMoro npolecca. B gactHo-
CTH, K TaKVM ITapaMeTpaM OTHOCATCA CIeAylollye: BBIXORHOI fuameTp Dy, 4ucio gpoccens-
HBIX OTBEPCTMII B OJHOM Psfiy Ha LMIMHPUYECKOI TIOBEPXHOCTHU ceraparopa S, , AuaMeTp
IPOCCENTbHBIX OTBEPCTHIt d, .

Hab6mopatomuiicss o6umil XapakTep NOBeIeHNUs 3aBMCUMOCTEN IS IPOIYCKHOM CIIO-
cobHOocTn K, (puc. 1, a-8) 1 IpOITyCKHOJ XapaKTepUCTuKu o, (puc. 2, a-e) oT Habopa mapa-
merpos c={D,;S, ;d,}€b pnanpouecca fpoccentpoBaHms IOTOKOB XUAKOCTH B OCEBOM K7Ia-
IIaHe C BHEIIHVM 3aTBOPOM CelapaTopa 0O0bACHACTCS IPOMOPIIVIOHATIBHOCTDIO JAHHBIX MOKa-
3aTesell coracHo BelpakeHnio (1). Hampumep, mpyu MakcuMa/nbHON CTelleHM OTKPBITHUA KiIa-

mana (7=1) yBenmuenme guaMeTpa NPOCCENbHBIX oTBepcTuit d, B 2 pasa (¢ 2.5-10°

no 5.0-10° M) mpMBOIMT K POCTy YCTOBHOII MpOIycKHOI crocobroctu K, B 1.66 pasa
(c 2.7 mo 4.5 M’/4; puc. 1, 8) m MpOMYCKHON XapakTepucTuku o, B 1.19 pasa (c 0.70 go 0.83;
puc. 2, 8).

AHaNIOTrMYHO yBeIMY€eHNEe YMC/IA JPOCCETbHBIX OTBEPCTUI B OJHOM PANY LUIMHJpUYe-
ckoro cemaparopa S, B 1.8 pasa cormacHo puc. 1, a u puc. 2, a oTpakaeTcsi Ha MOBBIIIEHNN
COOTBETCTBEHHO YC/IOBHOJI IIPOIYCKHON criocobHocT K. B 1.75 pas3a u MpOIYCKHOII Xapak-
TepucTuky o, B 1.15 pasa. [Ipn sToM Hambosblee BIMAHME Ha YKa3aHHbIE XapaKTePUCTIKI
u3 Habopa y={K, ,0.} okasbiBaeT Bo3pacTaHme CTelleH! OTKPbITUS KaanaHa T. Hampuwmep,
IIOBBIIIEHNE CTENIEH OTKPBHITUA KIamaHa o 60% NpUBOAUT K IJITABHOMY POCTY IIPOITYCKHOI
XapaKTepPUCTYUKY [0 3Ha4eHM, He npeBbinraronmx 0.3 (puc. 2, 6). YkasaHHas He/lMMHeHas 3a-
BJYICMUMOCTD IIPOIYCKHOJ XapaKTE€PUCTUKY PEryIMPYIOIIEr0 OCEBOTO KIallaHa C BHELIHMM 3a-
TBOPOM CellapaTopa ¢, OT CTEIIeHN OTKPBITHA K/IAllaHa T CO3JaeT MpefIOChUIKN JJIA BbIOOpa
npo¢dUINPOBaHMS JAHHOTO ITOKAa3aTesIs, YTO SB/IAETCS OCHOBHOI 3afadell IPOeKTUPOBIKOB
TpyOOIIPOBOJHON apMaTypbl. 3aMeTM, YTO IIPaKTMYeCKOe IPYMEHEHNe PacCMOTPEHHBIX
B HACTOSIEM MCC/IeJOBaHNM BOIIPOCOB HOTYy4eHO IPU pa3pabOTKe MH)XEHEPHON METOLVIKI
pacyera KOHCTPYKTMBHBIX ITapaMeTpoB [33, 34] 111 COOTBETCTBYIOLIETO PeryIMpyoIero Kia-
IIaHa C peay3aniell mporecca IpoCceIPOBAHNA IOTOKOB paboyeil Cpeibl.
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K, .3

a) 6)
Puc. 1. 3aBUCHMOCTD MEXAY YCTOBHOI IIPOITYCKHON CIIOCOOHOCTBIO OCEBOrO KIAllaHA C BHELIHUM 3aTBOPOM I
IapaMeTpaMi Ipoliecca ApoCCceTMPOBaHM IOTOKOB SKMUAKOCTI:

a-K,.(S,0):D;=3.4-10"m d, =3.5-10" m; 6 - K, (D;,7)5 d, =3.5-10°m; S, =165 6 - K, (d, 1)}
D, =34-10"M; §,=16;1- D =1.4-10"m52~ D =22-102M; 3 - D, =2.8:10°M 4-D =3.1-10"m

»T

L
e ree e,
T
s ”J’f,;:‘;:;’:;:::;: e,
SRR s, g
ELRFSEEIREIARL, Attt teretins
LEREEFEIRTIREI o F e S "35 7t

oy

G P My

i Tk g e

“’103’05;'4;,, e
'J'"‘,‘I),}’(f;‘:hq’.’

Ty S
S tsigies -

0.0040 0.7
0.0050 93

8)
PMC. 2. ?)aBI/ICI/IMOCTb MC)KJIY HpOHYCKHOﬁI XapaKTepI/ICTI/IKOI?I OCEBOT0 KJiallaHa C BHEIIITHM SaTBOPOM n napaMeT—
paMu Ipoiecca poCcCepoBaHusA IOTOKOB XXUIKOCTI:

a-0.S,,1);D,=34-10"m d,=3.5-10° »; 6 - 6,(D,7)5 d, =3.5-10°™; S, =1656- 0.(d,,T);
Dy=3,4:10"m; §,=1651- D, =1,4-10"m; 2- D _=2,2-10"m 3- Dy, =2,8:10"s; 4-D, =3,1-10"n

BriBoabl

ITo pesynbraTamM NPOBENEHHOTO MCCIENOBAHNA OL€HKM OCHOBHBIX XapaKTEPUCTUK I
IpoIiecca IpOCCeTMPOBAHNA XUSKOCTY B OCEBOM KJIallaHEe ¢ BHEIIHNM 3aTBOPOM cCelapaTopa
MO>KHO CJIe/IaTh CIEeYIOLI€ BbIBOJIBL.

1. ToxasaHa 3¢(eKTUBHOCTD NPeIIOKEHHBIX aBTOPaMy KOHCTPYKTMBHBIX OCOOEHHO-
CTell perynmupylomero o00pyoBaHNA LI pealn3alui Mpoliecca JpOCCeTpOBaHNA IOTOKOB
pabouert cpefibl, BCIEACTBUE Yero 0003HAYEHO NEPCIeKTVBHOE HAIpaB/IeHUe [JIA CO3NaHNA
YCTPOJICTB PeTyIUpyIOLeil apMaTyphl, IpeSHA3HAYEHHOII J/I pelleHNs IPoOIeMbl UMIOPTO-
3aMeIleHNA.

2. BbIsABIIeH psiJ KOHCTPYKTUBHBIX IIaPaMeTPOB, OKa3bIBAIOLINX HanbosIee CyIeCTBEHHOe
BIMSAHME Ha IIPOTEKaHMeE MPollecca JpOCCeNMpPOBaHNsA XUIKOCTY B OCEBOM K/IallaHe C BHEIII-
HVIM 3aTBOPOM CellapaTopa, YTO CIIOCOOCTBYeT pa3paboTKe COOTBETCTBYIOLINX PEKOMEH/ LN
IpY IPOEKTMPOBAHMI HOBOTO perynmmpymolnero obopynosanna. Hanpumep, nmpu MakcuMaib-
HOJ CTENEHM OTKPBITHA KJIAllaHA yBe/IMYeHNe AMaMeTpa APOCCENbHBIX OTBEPCTMII B 2 pasa
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IPUBOJUT K POCTY YC/IOBHOJI IIPOITYCKHO CIIOCOOHOCTH B 1.66 pasa 1 MPOIYCKHOI XapaKTe-

puctuku B 1.19 pasa. Kpome Toro, pocT creneny OTKpbITHA KlanaHa o 60% IpUBOAXT K I/I1aB-

HOMY POCTY IIPOITYCKHOJ XapaKTePUCTUKA O 3HAYEHUI, He IIpeBbIianimx 0.3.

3. HOHY‘ICHH&H HeJIMHelHas 3aBUCUMOCTD HPOHYCKHOﬁI XapaKTEPUCTUKU PErynnpylro-

Iero OCeBOro KjallaHa ¢ BHEUIHMM 3aTBOPOM ce€IllapaTOpa OT CTE€II€HM OTKPbITHA KilallaHa

CO3J1aeT MPefIOCBUIKN /IS BBIOOpA IPOQUINPOBAaHNs SaHHOTO ITOKasaTesisd Py BapbUpOBa-

HUM Jy1alila30HOB M3MEHEHVISI KOHCTPYKTVBHBIX IIAPAMETPOB U IMEET IIMPOKOE ITPAKTUIECKOE

IIpUMEHEHNE IIpU pa3pa60TKe I/[H)KCHCPHOIU/I METOOVKMN pacdeTa JaHHbIX XapaKTEPUCTUK.

10.
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ADDRESS OF THE HEAD OF
YAROSLAVL STATE TECHNICAL UNIVERSITY
TO THE READERS

Dear colleagues!

The first issue of the journal "From Chemistry Towards Technology Step-By-Step" in-
cludes a wide range of papers dealing mainly with the synthesis of organic compounds and the
abundance of ways to use them to produce novel substances that can be used in various fields
of science and technology.

Chemistry affects all aspects of human life - it is difficult to find a modern industry that
does not use breakthroughs in chemistry or apply its laws that determine the progress of society.
The progress in technology and science is impossible without rational attitude to natural re-
sources, organization of competent approach to solving environmental problems of our time.
The progress is unthinkable without producing composite materials and developing ground-
breaking engineering solutions, methodological foundations for research of non-traditional
raw food, rational use of complex equipment. All these solutions belong to chemistry and chem-
ical engineering. I hope that they will serve as the subject of constant discussion in the new
journal, and that, in turn, will nurture the target audience.

I wish this scientific and technical periodical a dynamic development and a steady rating
growth!

Acting Rector Elena Stepanova
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APPEAL OF THE CHIEF EDITOR
TO READERS

Dear Readers!

Advancement in the scientific field is often compared to the need to climb an escalator
that goes down, which does not allow you to stop even for a moment... In this regard, the edi-
torial board of the journal "From Chemistry to Chemical Technology: Step by Step" feel hopeful
that its subject will become a source of inspiration and endless interest for chemists-technolo-
gists to the achievements of modern science and will serve as an incentive for further research
activities.

It is no secret that many world-class scientific results are created at the intersection of
science and technology. For this reason, the chemical-technological journal presented to the
reader's judgment is multidisciplinary. Its task is to demonstrate modern achievements of fun-
damental and applied research in the field of inorganic, organic and physical chemistry, bio-
chemistry and related disciplines, as well as various areas of chemical technology.

I would like to believe that this publication will in every possible way contribute to the
development of scientific thought and serve as a platform for discussing new ideas and original
technical solutions determining the progress of modern society!

Best regards, editor-in-chief

Full member of the

Russian Academy of Natural Sciences, pa

Doctor of Chemical Sciences N g{\/ }’(( Prof. Dmitry B. Berezin
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The review deals with literature and own experimental data for synthesis,
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i shown that corroles have number of features and unique characteristics in
properties; metallocomplexes; ) L )
, . despite of insignificant change of structure compared to the most studied
catalysis; photodynamic therapy ] X
class of macroheterocyclic compounds - porphyrins.

Introduction

Over the past few decades, researchers from various countries have been conducting
in-depth research on heterocyclic macrocycle compounds with various structures, first of all
porphyrins and their analogues [1-9]. The molecule of the simplest porphyrin, porphine (1),
is an 18-electronic aromatic fused 7m-system, which consists of four pyrrole rings connected
to each other by methine (=CH-) bridges. Porphine can be considered a product of oxidative
condensation of four pyrrole molecules with four formaldehyde molecules. It can indeed
be derived from these compounds, but is formed with a low yield of only about 1-2% [1-4].
Porphyrins (H,P) are products of substitution of hydrogen atoms at the edge of porphine
macrocycle at S-positions (in pyrrole rings) or at meso-positions (at methine bridges between
pyrrole rings); there are also mixed substitution porphyrins, in which the substituents exist both
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in -, and meso-positions of a molecule. Currently, a large number of natural and synthetic
porphyrins are known, as well as their analogues — porphyrinoids — compounds related to H,P.
The difference between porphyrinoids and porphyrins lies in the structure of the outer ring
of a macrocycle and/or the inner coordination cavity of a molecule [10-14]. The interest
in these compounds was initially due to their great biological importance in nature — porphyrins
include blood heme and green leaf chlorophyll, and porphyrin fragments exist are exist in some
enzymes (for example, cytochromes involved in the Krebs cycle and providing cell respiration)
[2, 5-7]. Later it was found that not only natural, but also synthetic H,P have interesting applied
properties and can be used in various fields — catalysis, medicine, production of optical materi-
als, sensors, semiconductors, pigments etc. [5, 15, 16]. The complexity of the synthesis of H,P
and related compounds on an industrial scale is a factor that significantly limits their wide
application. However, the interest in porphyrins and their analogues is not fading (Fig. 1),
and new representatives of this class of compounds with a unique set of properties are synthe-
sized [6, 7].

Porphine, 1 Corrole, 2 Corrin, 3

Sometimes even a slight modification of the carbon skeleton of the macrocycle, the inter-
nal coordination cavity or the periphery of the molecule leads to a very significant change in the
properties of the compound. One of the best examples of this statement is chemistry of corroles.
[12, 16-33].

Corroles, 2 (HsCor) are tetrapyrrole macrocyclic porphyrin-like compounds. They have
three meso-methine bridges and one direct pyrrole-pyrrole bond. This bond is formed because
there is no carbon atom in one of meso-positions of the macrocycle. The corroles can be con-
sidered structurally an intermediate link between porphyrins and corrins - compounds related
to vitamin Bj,. Carbon skeleton of a molecule is similar to corrins (3), but unlike them and
similarly to porphyrins, corroles are aromatic compounds [14, 34].

The studies of B-octaalkyl-substituted corroles were started in 1965. [35]. These com-
pounds have sparked the interest of scientists due to the similarity of the carbon skeleton mol-
ecule to the corrin nucleus of the vitamin B, molecule. Corroles were considered as possible
synthetic precursors for producing cobalamin. However, attempts to synthesize vitamin By,

from corroles were unsuccessful. Moreover, obtaining the corroles proved to be very time
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consuming due to the lack of proven synthesis techniques and commercially available reagents.

Therefore, up until the mid-1990s, the chemistry of corroles did not attract much attention.

In 1993-94, corrole synthesis methods were proposed as complexes of cobalt and tri-
phenylphosphine with mixed type of substitution [36, 37]. The situation changed radically
in 1999. It was the year of first reports of synthesis of meso-substituted corroles without substit-
uents in fB-positions of molecules [38, 39]. The new structural group of compounds proved
to be much more easily accessible synthetically, which contributed to a new surge of interest
in the chemistry of corroles. According to the international database PubMed, there are cur-
rently at least a few dozen articles on this topic published on this topic (Fig. 1). It's important
to notice that the database takes into account only medical articles (the total number
of publications is actually greater). It was found that H;Cor are superior to H,P in many
respects, mainly in stability and reactivity of complexes with transition metals in high oxidation
degrees [21, 22, 25, 27]. Stabilization of unusual degrees of oxidation of metals in the complexes
leads to non-innocence of corrole-ligands — the possibility of reversible electron exchange
between the metal-complexer and ligand. These electronic transitions lead to a change in the
formal degree of oxidation of the metal center and the transition of the ligand into a radical
form [26, 27, 31, 32, 40].

120 It turned out that the corroles

Quantity of
100 - Ppublications

have unusual photophysical charac-
teristics and have high NH-acidity.
80 - . .
They also show catalytic properties
in the form of complexes in a num-
ber of processes such as hydroxyla-

tion and epoxidation of organic

substrates, the formation of aziridine
1990 1995 2000 2005 2010 2015 oo derivatives, the transfer of groups
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Fig. 1. Annual number of publications of topic by the data of — oxidation of phosphines and carbon
PubMed (1 — search for key word «corrole»; 2 — search for key

carc monoxide, etc. Corrole-based sensor
word «porphyrinoidy)

models have been created to solve
medical and environmental problems. Corroles can be used in converting light energy into elec-
tricity as a component of solar cells. The use of corroles for diagnostics and photodynamic ther-
apy of tumors, as well as inactivators of active oxygen and its peroxide forms in the body
is promising [13, 15, 16, 22].
In addition to the most typical reactions of acid-base interaction and complex formation,
a number of reactions rare for H,P were found for H;Cor at the edge of the macrocycle. More-
over, the behavior of corroles has a lot of specific aspects even in the same reactions as porphy-
rins. This fact together with the increased chemical activity of the corroles, makes them one
of the most interesting research subjects in the chemistry of heterocyclic macrocyclic com-
pounds.
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Distinctive structural features of corroles as aromatic heterocyclic macrocycles.
The variety of structural groups of corroles

Using a combination of spectral, structural, and other physical-chemical methods, it was
found [18, 19, 24, 26-28, 30, 32, 33] that H;Cor have a number of features of geometric and
n-electronic structure that distinguish them from H,P of close structure.

1. Due to the absence of the carbon atom in one of the meso-positions of the macrocycle
in H;Cor, a direct bond is formed that connects C. — Cq-positions of the neighboring pyrrole
fragments. This results in a contraction of the coordination cavity (CC). The result is a reduced
size and trapezoidal shape of the CC. Thus, if in the case of H,P the average diameter of the
coordination cavity is 2.91A, the shortest distance between the intracyclic nitrogen atoms in the
H;Cor molecule is 2.53A [18]. Contracting CC has a number of consequences:

- -electron-rich macrocycle of corroles. The number of n-electrons in the aromatic con-
tour is the same for porphyrins and corroles, but the latter are distributed between a smaller
number of sp>-hybrid atoms [18, 41]. At the same time, due to the reduction of symmetry of the
macrocycle (in the case of free ligand) from D2, in porphyrins to C; in corroles, n-electronic
density in the molecules of the latter is distributed unevenly, and C.—C.-bipyrrole fragment of
the molecule is usually more electron-rich in comparison with dipyrromethane fragment,
which leads to the appearance of a significant dipole moment [18, 26]. In turn, the non-uni-
formity of 7-link indicates some decrease in the aromaticity of the macrocycle H;Cor compared
to HLP [18, 33];

- three anions in the macrocycle of corroles with a coordination cavity of composition
N,H;. This atomic composition of the coordination cavity, which is necessary to preserve
the aromaticity of the molecule, contributes to the stabilization of higher degrees of oxidation
of metals in the composition of complexes of corroles compared to the porphyrins with a two-
anion coordination center [19, 24, 26-28, 30, 25, 42]. Currently, Mn"" and Mn" [28, 33, 43-46],
Fe'l, FeV and Fe' [19, 27, 42, 43, 47-52], Co" [36, 53-56], Ni" [18, 27, 57], Cu™ [57-62],
Ag[63, 64], Au™ [65] etc. corrole complexes are discovered. In cases when the degree of metal
oxidation in the complex is not stable, it is possible to transfer an electron intramolecularly from
the macrocyclic 71- system to d-orbital of a metal - this is how the so-called non-innocence
of the corrole ligand is realized, i.e., corroles are redox-active ligands [26, 27, 40, 43, 57, 60, 66];

- N-NH-tautomerism is much easier [14].

It is caused by spatial convergence of intracyclic aza- and imino-centers in the corrole
molecule. If in the case of H,P, the energy barrier between the pair of the most stable tautomers
is about 17 kcal/mol, in the case of H;Cor, the same value does not exceed 2.45 kcal/mol [30].

Recently it has been shown that corroles are actually always mixtures of spectrally distinguish-
able N-NH tautomers (Fig. 2) whose ratio depends on temperature [67-71]. Since it has be-

come known that the electronic and geometric structure of corrole tautomers, and hence their
reactivity, is significantly different, most of the quantitative characteristics describing the reac-
tivity of these compounds should only be assumed [26, 32, 68].
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from planarity, which is the re-

Fig. 3. «Wave-like» distortion of the corrole macrocycle [71]

sult of two opposite trends:
on the one hand - compression of the coordination cavity of the macrocycle, on the other -
facilitation of formation of hydrogen intramolecular NH-N bonds [14, 71]. The first of these
factors destabilizes the planar structure of the corrole macrocycle, while the second, on the con-
trary, promotes it. As a result, molecules of free ligands of meso-substituted H;Cor have "wave-
like" distortion of the macrocycle [71] (Fig. 3).

Like porphyrins, corroles can be conventionally divided by the type of outwardly cyclic
substitution into - (mol. 4-5), meso- (mol. 6-10) and repeatedly (deca-, undeca-) substituted
molecules, e.g. compound 11 [29]. They can also be categorized by the nature of structural sim-
ilarity with other classes of H,P and porphyrinoids - corrolazines 12 (a combination of elements
of structures of a corrole and a porphyrazine) [42], triazatetrabenzocorroles (a combination of
elements of structures of a corrole and a phthalocyanine) [74, 75], isocorroles 13 (a combination
of elements of structures of a corrole and a phlorine) [76, 77], N-substituted corroles 14 [78],
heteroatom-substituted corroles, while the atoms of carbon or nitrogen can be substituted both
externally (depending on their meso- position) and intracyclically, respectively, by different
heteroatoms (O, S, Se) 15 [19], inverted corroles [79], extended coordination cavity corroles 16
[80, 81], etc.
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Synthetic approaches to obtaining, functionalization and post-functionalization
of corroles

Synthesis of B-substituted corroles. As mentioned above, the development of corrole chem-
istry can be divided into two major stages. The first one started in the '60s of the XX century
and is related to the synthesis and investigation of the properties of -substituted corroles;
the second one started in the late '90s of the XX century and is marked by the synthesis of meso-
substituted heterocyclic macrocycles. Interestingly, the second stage proved to be more produc-
tive than the first one, which was greatly facilitated by the high synthetic availability of meso-
substituted HsCor as compared to 8-substituted compounds of this class [29]. While pyrrole
or dipyrrolylmethanes and aromatic aldehydes are the initial substances for the synthesis
of meso-substituted corroles, the synthesis of -substituted corroles usually requires substituted
pyrroles of rather complex structure, as well as bi-, tri- and tetrapyrrole precursors, the prelim-
inary synthesis of which itself is laborious. In addition, when obtaining f-substituted macrocy-
cles, the product is often not a free ligand, but a metal complex, since the initiator of the process
of their assembly is cobalt acetate(II). However, if in the case of H,P it is not difficult to remove
the metal from the complex, this problem is nontrivial in the case of corroles, because not all
metallocorroles form a free ligand when trying to demetallize [82]. Obviously, these very rea-
sons resulted in a low degree of study of S-substituted corroles.

Since f-substituted compounds are much more difficult to access than meso-substituted
compounds, let us only briefly consider the methods of their synthesis. The main methods
for obtaining f3-substituted corroles described in the literature are:

- oxidative cyclization of biladienes-a,c;

- [2+2]-cyclization or condensation of dipyrrolelmethanes with a,a-bipyrroles;

- tetramerization of a-substituted pyrroles;
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- extrusion of the thiaphlorin macrocycle.

Historically, the first and most common way of synthesis is cyclization of biladienes-a,c [35].
This method is suitable not only for obtaining f3-substituted corroles, but also for asymmetrical
mixed-type substitution compounds with substituents both in - and in meso- macrocycle
positions. The cyclization process is done in methanol containing basic reagents (ammonia,
sodium acetate) — either under the light [35] or in the presence of oxidizing agents such as
potassium hexacyanoferrate (III) or benzoyl peroxide [83]. The yield of corrole at this stage
is 20-60%. The intermediate product in the process is bilatriene, which is cyclizated to form a
corrole. - Substituted corroles can also be synthesized from 1,19-dihalogenobiladienes-a,c [84-88].

The methods associated with the condensation of pyrroles and bipyrroles are complicated
by the fact that the formation of the corrole macrocycle occurs only in the presence of Co** ion,
and the reaction product is not a free ligand of corrole, but its complex with cobalt [89]. Thus,
the authors [89] obtained corrole by utilizing the [2+2]-condensation method at the interaction
of 5,5'-diformyl-2,2"-dipyrrolylmethane 17 with 2,2'-bipyrrole-5,5'-dicarboxylic acid 18 in
an acidic medium in the presence of cobalt acetate (II) and triphenylphosphine. The same result
was observed when 19 and 20 compounds were used as source substances [18]:

CO(OAC)2 CO(OAC)2
PPh; PPh;

In the absence of Co?* ion, no formation of macrocycle corrole was observed [90]. Presum-
ably, the Co*" ion is needed to stabilize the intermediate tetrapyrrole product, as well as the
template center for direct construction of the corrole macrocycle. At the moment, there is no
information about the possibility of obtaining free ligands of corroles from their complexes with
cobalt in other scientific sources. Thus, the method is limited only to obtaining complexes of
B-substituted corroles with cobalt when free ligands cannot be isolated.

The same can be said about the method of tetramerization of a-substituted pyrroles, the
initial substances for which are the derivatives of 2-(a-hydroxybenzyl)pyrrole or
2-formylpyrrole. The process is carried out in ethanol medium in the presence of strong acids.
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As in the previous case, the catalyst for the formation of the macrocycle corrole is a Co** ion,

usually in the form of cobalt(II) acetate in the presence of triphenylphosphine. When 3-substi-
tuted 2-(a-hydroxybenzyl) pyrroles are used, undeca-substituted corroles are obtained in the
form of complexes with cobalt [18, 29]. Under these conditions, a mixture of three isomeric
complexes containing a macrocycle of corrole and the ethioporphyrin I complex [18] is formed
from the derivatives of 2-formylpyrrole, which can be separated to components by chromatog-
raphy:

foA —

HOOC N CHO
H

It has been found that the intermediate products in the synthesis are the corresponding
dipyrromethanes [84].

The method of production from thiaphlorins is associated with laborious synthesis of in-
itial compounds and their low stability [91]. It is known that boiling meso-thiaphlorins in
o-dichlorobenzene for 2 hours leads to corroles with an output of about 40% [91]. The presence
of triphenylphosphine in the reaction mixture increases the corrole yield up to 60%, but
no explanation for this experimental fact has been found.

Synthesis of meso-substituted corroles. The methods of synthesis and further functionali-
zation of meso-substituted corroles should be described in more detail.

The first reports on the synthesis of meso-substituted corroles without substituents in
- macrocycle were published almost simultaneously by two scientific groups independently
of each other in 1999. The first representatives of this class of compounds were 5,10,15-tris(pen-
tafluorophenyl)corrole 6 (Z. Gross, Israel, [38]) and 5,10,15-triphenylcorrole 7 (R. Paolesse,
Italy, [39]) [33]. Later on, the methods for the synthesis of meso-substituted corroles were im-
proved and refined by other authors, of which the works of the D. Gryko group (Poland) should
be particularly noted.

The overwhelming majority of methods for obtaining meso-substituted corroles are based
on condensation reactions of pyrrole or 10-aryldipyrrolylmethane with aromatic aldehydes:
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But the key aspects are the synthesis conditions, as well as the structure of the target prod-
uct. Depending on the nature of arylic meso-substituents, the same synthesis method may pro-
duce very different outputs of the compounds. In addition, the synthesis of meso-substituted
H;Cor is complicated by the formation of a significant number of by-products, one of which
is usually meso-substituted porphyrin (H,P). The chromatographic separation of the mixture
H;Cor and H,P is quite time consuming because the compounds have very close retention times
(Re). Therefore, often the main task in the synthesis of meso-substituted corroles is to minimize
the competitive formation of porphyrin and other by-products. It is this circumstance that
explains the large influence of seemingly not too significant synthetic parts, such as the ratio
and concentration of reagents, the nature of the solvent, the process duration, etc., on the final
result of the synthesis, as well as relatively low yield of corroles (up to 20-30%, higher yield
is very rare). Thus, it would not be a big exaggeration to say that the synthesis conditions for
each specific HsCor should be selected individually.

Symmetrical corroles of A;B-type (containing three identical substituents in meso-mole-
cule) are usually obtained by condensation of pyrrole with aromatic aldehydes. Essentially, this
method is a modified Rotmund reaction [92], widely used for the synthesis of meso-substituted
porphyrins. There are several variations of the considered method, and different modifications
of the synthesis are better suited to one group of compounds and less applicable to another.

Paolesse method. One of the synthesis variations consists of boiling a mixture of pyrrole
and aromatic aldehyde in acetic acid for 3-4 hours in a molar ratio of 3:1 [93]. With large
amounts of aldehyde in the reaction mixture, the formation of the corresponding meso-
tetraarylporphyrin comes first. However, when there is a large excess of pyrrole, resinous poly-
condensation products are formed, which makes it very difficult to clean the target product and
significantly decreases its yield. Depending on the nature of the substituents, the corrole yield
varies between 4 and 22%; the highest cororle yield is obtained by using aldehydes containing
electron acceptor substituents in the aroma ring. 2,6-disubstituted benzaldehydes do not react,
which seems to be due to steric difficulties [93].

Lee-Gryko method. The authors [94] proposed a technique for the synthesis of meso-sub-
stituted corroles based on the interaction of pyrrole and aldehyde catalyzed by trifluoroacetic
acid (TFA), and the subsequent oxidation of the formed at the first stage of a linear tetrapyrrole
product (bilane) to corrole by dichlorodicyano-p-benzoquinone (DDQ). According to the
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original description, this method requires relatively laborious cleaning of intermediate products

(bilanes), as well as the use of hard-to-reach and toxic solvent - propionitrile.

The authors of [95] improved the technique [94] and showed that propionitrile can be
successfully replaced with dichloromethane. The details of the process depend on the reactivity
of aldehyde. In the case of reactive aldehydes containing electron-acceptor substituents, the du-
ration of the first stage of the process is 10 minutes, and the molar ratio of pyrrole to aldehyde
is 1.5:1. The molar TFA-aldehyde ratio in this case is 0.012:1. Molar ratio of pyrrole-aldehyde
3:1 was used for the process with medium chemically active aldehydes, the first stage was pro-
cessed within 1 hour. In addition, a higher concentration of trifluoroacetic acid (molar ratio
acid - aldehyde 0.023:1) was used. Corrole yield was 8-15%. To obtain corroles from sterically
hindered aldehydes, the time of the first stage of the process was significantly increased (up to
16 hours), an excess of pyrrole in relation to aldehyde (molar ratio - 5:1) was used, as well as an
increased concentration of trifluoroacetic acid (molar ratio acid — aldehyde 0.21:1) at the first
stage. Thus, in particular, 5,10,15-tris-(2,6-dichlorophenyl)-corrole with yield of 9% was ob-
tained and for the first time meso-trimesitylcorrole with yield of 7% was obtained.

The second stage of the process was conducted identically for all types of compounds and
also included evaporation of the solvent, dissolution of the residue in dichloromethane, and
addition of DDQ solution in dichloromethane for oxidative cyclization.

Gryko method. The authors [96] proposed the following conditions for the synthesis of
meso-substituted corroles: reaction medium - aqueous solution of methanol (1:1 volume), cat-
alyst of the first stage of the process — hydrochloric acid, time of the first stage of the process -
3 hours, molar ratio of pyrrole — aldehyde - 2:1. The resulting intermediate product, bilane, is
deposited under these conditions in a sludge which is extracted by chloroform and oxidative
cycling is performed with DDQ or para-chloranil by boiling; the second stage duration is one
hour. With this method, the authors [96] managed to achieve sufficiently high corrole yields —
more than 30%. The advantages of the method are also its simplicity, accessibility, and relatively
mild synthesis conditions. However, 5,10,15-tris(pentafluorophenyl)corrole 6 is formed only in
trace amounts when trying to obtain using this method, and 5,10,15-tris(4-pyridyl)corrole 10
is not formed at all.

Gross Method in the absence of solvent. Highly electron-deficient aldehydes (fluorinated
benzaldehyde: pentafluorobenzaldehyde, 2,6-difluorobenzaldehyde, as well as heptafluorobu-
tanal) can enter into a condensation reaction with pyrrole in the absence of solvent, on a solid
substrate (aluminum oxide) [38] heated to 100°C for 4 hours with subsequent washing out of
the reaction mixture from the substrate and oxidation of DDQ. The ratio of aldehyde to pyrrole
is equimolar, or pyrrole is taken in some excess (up to twofold). 5,10,15-Tris(pentafluoro-
phenyl)corrole 6 is formed when using this method with a yield of about 11%, 5,10,15-Tris(2,6-
difluorophenyl)corrole - with a yield of about 6% [38]. Chlorinated derivatives of benzaldehyde
either do not react or give only very low yields of the product (1% - in the case of 2.6-dichloro-
benzaldehyde with twofold molar excess of pyrrole); under these conditions, the unsubstituted
benzaldehyde forms only 5,10,15,20-tetraphenylporphine (with 5-8% yield) [38].

Corroles of A,B type (with the same substituents in positions 5 and 15 of the macrocycle
and the other substituent in position 10) are obtained by condensation of
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10-aryldipyrrolylmethane with aromatic aldehydes [95-97]. The reaction conditions are almost
identical to those of pyrrole condensation with aldehydes according to Lee-Gryko (in dichloro-
methane or chloroform in the presence of trifluoroacetic acid) and Gryko (in the water-meth-
anol system in the presence of hydrochloric acid). Thus, during the process according to the
Lee-Gryko method, it was shown that the highest corrole yields are achieved with small addi-
tions of acid (0.02 of aldehyde substance), molar ratio of dipyrrolylmethane-aldehyde 2:1; the
optimal time for the first stage of the process is 5 hours. The second stage — oxidative cyclization
of the intermediate product - was conducted using DDQ as an oxidant. Corrole yield - from
6% to 30% with minimum yield of the corresponding porphyrin.

ABC-type corroles is also known (all three substituents in meso positions of macrocycle
are different). The main method of their production is the condensation of dipyrrolylmetandi-
carbinols with pyrrole (see the above scheme) with subsequent oxidation of DDQ [98-100].
Instead of pyrrole, 2.2"-bipyrrole can be used [101]. Sometimes such compounds can be ob-
tained from A,B-corroles by modifying one of the meso-substitutes [102].

Corroles with mixed type of substitution (having substituents both in - and in meso-
positions of a molecule) are obtained either by using source substances of necessary structure
(meso-phenyl-substituted biladienes or f,3-disubstituted pyrroles) or by modification of an
already existing macrocycle.

Features of corrole functionalization

The methods of modification (or, as they say, functionalization) of the corrole macrocycle
should be discussed in more detail, since they demonstrate not only synthetic approaches and
capabilities as such, but also give an idea of the diversity and peculiarities of the corrole chem-
istry in general. If B-octaalkylcorroles, due to their macrocyclic propensity to open, are charac-
terized only by some types of electrophilic substitution reactions (alkylation and acylation
on the intracyclic nitrogen atoms, formylation — on the meso-position with the formation
of non-aromatic derivatives, see below), the range of similar meso-triarylcorrole reactions is
much wider and includes halogenation, nitration, chlorosulphonation, carboxylation, etc. in
addition to the mentioned processes [29, 33]. Some of the noted reactions may lead to the
formation of products of unusual structure that have no analogues in the porphyrinic series,
which once again emphasizes the uniqueness of the reactivity of corroles.

Alkylation of 3-substituted corroles by methyliodide in acetone in the presence of potas-
sium carbonate leads to the formation of a mixture of isomeric N-monomethyl-corroles [35].
N,N'-dialkylcorroles can be obtained by alkylation of N-substituted corroles or N-alkylcorroles
under severe conditions, e.g. from unsubstituted corrole and CHsI when heated in a sealed tube
(100°C) for 15 hours [18]. Alkylation of meso-substituted corroles by different agents (ben-
zylbromide, 2-chloromethylpyridine, ethylbromacetate) also leads to a mixture of N-monoal-
kylcorroles with the predominant formation of 21-N-alkylcorroles. 21,22-N,N'-dialkyl-deriva-
tives of meso-triarylcorrols can be obtained by treating Hs;Cor free-bases with methyliodide in
boiling acetone in the presence of potassium carbonate [103].
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Acylation of B-octaalkylcorroles with acetic anhydride leads to formation of 21-N-acetyl
derivatives [18, 104]. Attempts to form -substituted corroles with Vilsmeier reagent (mixture
of N,N-dimethylformamide and phosphorus-trichloride oxide POCl;) produce non-aromatic
meso-dimethylaminomethyl-derivatives with distorted macrocycle, but the interaction of these
derivatives with cobalt(II) acetate in the presence of triphenylphosphine leads to the splitting of
_ . dimethylaminomethyl group, rearomatization
of macrocycle and the formation of complex f-oc-
taalkyl-meso-formylcorrole with cobalt [18]. Zinc ac-
etate does not cause such transformations

as [105]. Vilsmeier treatment of 5,10,15-tris(pen-
tafluorophenyl)corrole (as a complex with gallium)
at a lower temperature (about 0°C) leads, depending
on the ratio of reagents, to 3-monoformyl- or
3,17-diformyl  derivative  [106].  5,10,15-Tri-
phenylcorrole (in the free-base form) under similar

21 conditions forms a mixture of 3-monoformyl-deriv-

atives and a product with an unusual structure 21,

which has no analogues in the porphyrinic series and is formed by the interaction of Vilsmeier
reagent with the nitrogen atoms of the coordination cavity of corrole [107].

Carboxylation of meso-substituted corroles is possible in two ways [108, 109].
5,10,15-tris(pentafluorophenyl)-corrole 6 as an example shows [108] that the treatment of its
gallium complex with phosgene in toluene leads to the formation of 3-carboxy-derivatives.
The impact of phosgene on the free ligand under similar conditions leads to the formation
of 21-N-COCl-substituted corrole [108]. Another method of carboxylation is mild oxidation
of the formyl group in a macrocycle (5,10,15-triphenylcorrole-3-carbaldehyde, for example)
with hydroxylamine in a carefully dried acetonitrile (MeCN) in the presence of phthalic anhy-
dride, and both corrole free-base and copper complex can be involved in the reaction [109].
At the same time, it is known that standard methods of aldehyde (formyl) group oxidation do
not yield results with respect to heterocyclic macrocycle compounds [108], and the use of strong
oxidizing agents such as KMnO, and K,Cr,;O; leads to the formation of complex mixtures of
oxidation products, which is also typical for formylporphyrins [109].

For nitration of corroles, in most cases milder conditions are required than for nitration
of porphyrins, because classical nitrating agents (HNOs/H,SO4, N,O4, AgNO,/I,) used in the
reaction to porphyrins, in the case of corroles, are ineffective and can lead to macrocycle
destruction and the formation of a mixture of polynitro-compounds. Thus, the authors [106]
conducted the nitration of 5,10,15-tris(pentafluorophenyl)corrole (in the form of gallium com-
plex) after corrole was exposed to sodium nitrite in acetonitrile with subsequent addition of
hexachloroantimonate tris(4-bromophenyl)amine in the reaction mixture. The main product
is a 3-mononitro-derivative (yield is about 84%), but a 3,17-dinitro-derivative also forms (yield
is about 8.9%). An increase in the content of hexachloroantimonate tris(4-bromophenyl)amine
in the reaction mixture leads to a predominant formation of 3,17-dinitro- and 3,17,18-trinitro-
derivatives, although the yield of the latter still does not exceed 27% [106].
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Corrole nitration can also be carried out when the free ligand (a complex of 3-nitrocorrole
with silver is formed) is exposed to silver nitrite in DMF [110], as well as silver nitrite and iodine,
although the latter method is suitable only for corroles containing electron-donor substituents
which favor the reaction, while electron-deficient heterocyclic macrocycles in these conditions
are destroyed with the opening of the macrocycle [29]. Further studies of the reaction in the
corrole-AgNO,-NaNO, system showed that the ratio of mono- and dinitro-derivatives of
5,10,15-tris(4-tolyl)corrole is determined by changing the stoichiometric composition of the
reagents [111]. The authors of [111] found that the nitro-substitution has a very significant ef-
fect on the spectral and redox properties of corroles, which is associated with a high degree of
conjugation of the nitro-groups with the n-system of a macroring. 5,10,15-triphenylcorrole 7 in
the form of a complex with gallium can be permeated with a mixture of LiINOs/Ac;O/HOAc in
dichloromethane to 3-mononitro-derivatives; the use of NaNOs instead of LiNO; leads to a
mixture of 3-mono and 3,17-dinitro-derivatives [29]. The paper [112] describes the production
of B-trinitro-substituted corroles in the form of complexes with copper from free ligands with
simultaneous complexation and nitration by a mixture of silver and sodium nitrite. In [113],
the authors obtained f-tetranitro-derivatives of corroles in the form of complexes with cobalt
when exposed to sodium nitrite and trifluoroacetic acid. The introduction of cobalt was neces-
sary to convert initially formed isocorroles into corrole complexes [113]. The use of a two-phase
system of dichloromethane - an aqueous solution of sodium nitrite and HCI - leads to the for-
mation of a mixture of 3-mononitro-derivatives and 3-nitro-5-iso-corrole, which is not re-
aromatized when exposed to cobalt salts, as well as the original compound [113].

The complexes of meso-substituted corroles of various structures with iron(IIT) [114],
germanium(IV) [115] and phosphorus(V) [116] were also subjected to nitration.

The reaction of chlorosulphonation of corroles was studied using 5,10,15-tris(pentafluor-
ophenyl)corrole 6 as an example [106]. When the corrole-ligand is exposed to chlorosulfonic
acid, 2,17-bis(SO,Cl)-derivative is formed with yield close to 100%. Boiling this compound with
water for 12 hours produces a corresponding 2,17-disulfonic acid with 71% yield. The amount
of 3,17-isomers does not exceed 3-4% [106]:

L CISO:H
2. Piperidine, 298 K
M=3H.
3. Co(OAc), . 45,0, Py, PPhy - CoFFha)
4. H; O, refluxing
5. H,S0,, 298K
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If meso-tris(2,6-difluorophenyl)corrole is used as a starting material, the selectivity of the
process is significantly reduced.

Sulfonation of 5,10,15-tris(pentafluorophenyl)corrole 6 with
concentrated sulfuric acid at room temperature gives quantitative
yield of mixture of 2,17- and 3,17-isomeric disulfonic acids in
9:1 ratio [33, 117]. The reaction of 5,10,15-triphenylcorrole 7 with
chlorosulfonic acid selectively produces 2-sulfo-derivative [118].
The selectivity of chlorosulfonation of phosphorus(V) corroles is
discussed in [119].

Halogenation. Among the reactions of halogenation, bromin-
ation of corroles is used most often [29, 33]. In [58], the method of

bromination of corrole complexes with free bromine has been pro-
posed. The process is conducted using copper complexes of meso-triarylcorroles in chloroform
medium with the following addition of pyridine at room temperature. The complexes of the
corresponding -octabrom-meso-triarylcorroles are thus obtained. Free ligands can be obtained
from them when exposed to sulfuric acid [33, 82], although the process is complicated by the
formation of by-products (so-called isocorroles - compounds with a broken conjugation cur-
cuit, different from the corroles themselves by the presence of OH-group in one of the
meso-positions of the macrocycle, for example, comp. 22) as well as process reversibility.
Octabromoproducts are obtained by bromination with excess bromine in methanol of iridium
complex of 5,10,15-tris(pentafluorophenyl)corrole 6 [120], and also complexes of this corrle
with other metals (Fe, Co, Mn) [121]. At attempts of bromination of free-base of 5,10,15-tri-
phenylcorrole 7 with N-bromosuccinimide (NBS), the corresponding isocorrole — compound
22 is obtained [122]. Free bases of f-octabromo-meso-triarylcorroles (e.g. comp. 11) can be
obtained by demetallation of the corresponding copper complexes [122, 123]. The literature
also describes a number of examples of partial bromination in corrole molecules and their metal
complexes [33]. For example, in [124], as a result of the reaction of 5,10,15-tris(4-tolyl)corrole
with HBr in acetic acid with subsequent addition of DDQ, a mixture of mono-derivatives
(2-bromo- and 3-bromo-) was obtained with yield of about 15% each. At chlorination of the
same corrole in the presence of HCI, we obtained 3-chloro- (43%) and 3,17-dichloro- (9%) de-
rivatives. The results of the bromination of corrole complexes with different metals using NBS
differ significantly among themselves. Thus, if the product in the case of silver complexes is
2,17-dibromosubstituted complex [125], then in the case of complexes Cr(V), Ga(IIl), and
AI(III) - - octa-substituted compounds [33].

Iodination of complexes of 5,10,15-tris(pentafluorophenyl)corrole 6 with aluminum and
gallium by N-iodosuccinimide leads to the formation of 2,3,17,18-tetraiodosubstituted, and
when exposed to iodine - 2,3,17-trisubstituted product [126, 127].

By chlorination of the complex of the same corrole with cobalt(III) with free chlorine in
benzene with subsequent exposure to NaBH, S-octachlorosubstituted derivative (90%) was ob-
tained [128]. Authors of [129] also conducted S-chlorination of complexes of meso-pyrimidi-
nylcorroles with copper by means of N-chlorosuccinimide with 46% yield with subsequent
demetallation of the complex in the presence of the reducing agent [130]. Interesting results
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were obtained at meso-chlorination of isomeric 5,10- and 5,15-bis(pentafluorophenyl)corroles
with the reagent Palau'Chlor (2-chloro-1,3-bis(methoxycarbonyl)guanidine) in chloroform
medium at room temperature [131]. At the same time, while 10-chlorine-derivative was
obtained with 88% yield, 5-chlorine isomer was obtained only in trace amounts, which the au-
thors attribute to high reactivity of the latter in oligomerization processes. Chlorination of co-
balt and gallium complexes under similar conditions gives complex and difficult to separate
product mixtures [33].

B-octafluoro-meso-triarylcorroles are also described in the literature, but they are ob-
tained by condensation of 3, 5-difluoropyrroles with aromatic aldehydes similar to -unsubsti-
tuted triarylcorroles [132].

The presence of corroles of certain functional groups in molecules allows to modify them
using the whole arsenal of synthetic organic chemistry to give the required practically useful
properties. Nucleophilic substitution reactions and metal-catalyzed reactions can be mentioned
in particular.

For 5,10,15-tris(pentafluorophenyl)corrole, 6 nucleophilic substitution reactions are part
of their specific aspects. In these reactions, fluorine atoms enter into para-positions of phenyl
rings [38]. Thus, this corrole when exposed to 2-pyridyllitium forms 5,10,15-tris(4-(2-pyridyl)-
2,3,5,6-tetrafluorophenyl)corrole, the treatment of which with methyliodide forms the corre-
sponding pyridynium salt with water solubility of about 2 mg/ml. In this case, there are no
observable phenomena of aggregation during salt dissolution, which was the motive for its use
in the treatment of tumor diseases with photodynamic therapy (PDT). It was found that pen-
tafluorophenyl fragments in positions 5- and 15- are more reactive, which was later used to
develop a strategy for the synthesis of corroles [102].

It was later shown that in other corroles containing the pentafluorophenyl fragment, the
fluorine atom in position 4 could be nucleophilically substituted for amines and amino acids
(with a yield of 55-70%) [102, 133]. It was not possible to react with sterically hindered com-
pounds such as diisopropylamine. The nucleophilic substitution of halogen in the corrole mol-
ecules carrying pentafluorophenyl fragments made it possible to conduct a whole range of re-
actions with different N-, O-, and S-nucleophiles and to obtain for the first time corrole conju-
gates with silicon nanoparticles, BODIPY fragments, galactose, chitosan, S-cyclodextrin, cho-
lesterol, and other biologically active compounds [33]. Halogen substitution was also performed
in the 2,6-dichloropyrimidine fragment [129]. The authors of [134, 135] found that nucleophilic
substitution of hydrogen atoms is possible in S-positions of corrole molecules adjacent to the
acceptor group (for example, nitro group). Thus, when 3-nitrocorrole in the form of a germa-
nium or copper complex is exposed to 4-amino-1,2,4-triazole, the macrocycle is aminated, and
2-amino-3-nitrocorrole is formed. Another such example is the reaction of a 3-nitrocorrole
copper complex with diethyl malonate, the result of which is the introduction of C-nucleophile
into position 2 of the corrole macrocycle [134, 135].

The Suzuki-Miyaura cross-coupling reaction is also a nucleophilic substitution reaction
in halogenated corroles and can occur both in 3-positions and in the presence of halogen atoms
in meso-substituents. The process is a nucleophilic substitution of halogen atoms associated
with the aromatic nucleus with alkyl and aryl radicals when exposed to alkyl and arylboronic
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acids in the presence of palladium-containing catalysts. In recent years, this reaction has played
a major role in the chemistry of tetrapyrrole heterocyclic macrocycle compounds as a method
that opens up broad synthetic possibilities for the creation of new structures. In fact, it is an
alternative to traditional organometallic magnesium synthesis with Grignard reagent, which is
ineffective in the case of macrocyclic halogen-substituted compounds. The authors of [136-138]
demonstrated the applicability of the Suzuki-Miyaura reaction in relation to corroles as a
method that allows to obtain undecaaryl-substituted derivatives.

When exposing the copper complex of f-octabromo-meso-triphenylcorrole 11 to 4-chlo-
rophenylboronic acid in toluene in the presence of anhydrous potassium carbonate and palla-
dium complex(0) as a catalyst, the authors [136] succeeded in obtaining the copper complex of
B-octa(p-chlorophenyl)-meso-triphenylcorrole, demetallation of which leads to an isolation of
a free ligand. The Suzuki-Miyaura reaction was conducted in an inert atmosphere (nitrogen) at
90°C for 4 hours; as a catalyst we used the compound [Pd(dmfu)(P-N)] (10% mol.), where dmfu
is dimethylphumarate, and the designation P-N corresponds to the structure 2-(PPh,)CsH,-1-
CH=NCsH4-4-OMe.

In some cases, the Suzuki-Miyaura reaction does not run through all halogen atoms in
the corrole molecule, and the unresponsive bromine is replaced by hydrogen [139]. In the lit-
erature, there are also examples of Suzuki-Miyaura reaction with the corroles partially bromin-
ated by S-positions [123, 138].

Main physical and chemical properties and reactivity of corrole macrocycles

As in the case of other tetrapyrrole heterocyclic macrocycle compounds, processes involv-
ing the coordination cavity of the macrocycle, namely, acid-base interactions and complex for-
mation, are of particular importance in the case of corroles. Electronic absorption spectroscopy
is a convenient tool for studying these processes, since, as will be shown below, different forms
of corrole existence in solutions have sharply differing UV-Visible (UV-Vis) spectra. Therefore,
it is convenient to consider the spectral characteristics of the corroles and its forms in the solu-
tions together.

Acid-basic interactions of corroles. Corroles differ from H,P in the number of NH-acid
and N-base centers in the coordination cavity of the molecule. One of the three NH-protons is
usually located outside the macrocycle plane, it is more spatially accessible and enters into the
spectrally fixed acid-base interactions with electron-donor molecules (eq. 1, 2) [38, 39, 140-
143].

H;Cor + Solv = H,Cor?®"---H?"---Solv* (1)
H;Cor + B = H,Cor - + BH* (2)

N-based center in the corrole molecule, on the contrary, is the only one, so this heterocy-
clic macrocycle can attach the second extra proton only in environments with high acidity with
localization of it to meso-carbon atom, forming a structure of isocorrole type; the second stage
of protonation is accompanied by dearomatization of the 7-system (eq. 3-4).

H;Cor(solv) + H (sotv) = HaCor so1v) (3)
H4Cor*(solv) + H* (soiv) = HsCorH>* (5o (4)

123



A&ROM CHEMISTRY TOWARDS TECHNOLOGY 1l i e1142 VOL. 1, ISSUE 1, 2020

Acid-basic properties of corroles largely depend on position and electronic nature of sub-
stituents in macrocycle [26].

NH-acidity. A characteristic feature of corroles is its tendency to incompleted acid-basic
interactions with solvents, in which the corrole can act as a donor (more often) (eq. 1-2), or an
acceptor (eq. 3-4) of a proton. Acidic (protonodonor) properties of meso-substituted corroles
are expressed more strongly than those of S-substituted compounds and much stronger than
those of porphyrins of related structure, which is explained by an increase in the planarity of
neutral molecule forms and a decrease in the distortion (and, consequently, spatial accessibility)
of the coordination center. For this reason, meso-substituted corroles are particularly easy to
start interacting as proton donors with electron-donor solvents. In this type of interactions, a
sharply pronounced UV-Vis spectra change occurs (Fig. 4), which is usually interpreted in in-
ternational papers as the formation of monoanion forms even in the absence of strong bases
[39, 142, 143]. Corroles containing electron-donor substituents are most prone to interaction
with electron-donor solvents [143]. Thus, according to [38], 5,10,15-tris(pentafluoro-
phenyl)corrole 6 interacts similarly even with ethanol.

A
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Fig. 4. UV-vis spectra of 5,10,15-triphenylcorrole 7 Fig. 5. X-ray crystallography data for 5,10,15-tris(pen-

in dichloromethane (a), DMF (b), acetic acid (c) [39] tafluorophenyl)corrole 6, obtained from ethylacetate so-
lution (dotted line shows H-bond with solvent mole-
cule) [141]

The UV-Vis spectral features of corroles should be discussed in more detail here. UV-Vis
spectra of - and meso-substituted corroles are notably different from each other as well as from
the UV-Vis spectra of the corresponding porphyrins [19, 144]. In addition, the nature of the
solvent has a great influence on the type of UV-Vis spectra of meso-substituted corroles (Fig. 4)
as well as the nature of the substituents in the macrocycle.

According to the authors [14, 57, 144, 145], in spite of significant visual difference be-
tween UV-Vis spectra of H,P and H;Cor, four-orbital Gouterman model (Fig. 6) suggested for
porphyrins is good for interpreting corrole absorption spectra, but Q-absorption of Hs;Cor
(500-700 nm) is more complex than Q-absorption of H,P. The orbital b;-HOMO of macrocycle
of HiCor, as well as a,,-HOMO of macrocycle H,P (Fig. 6), holds a significant charge of
meso-carbon atoms [57]; its change at meso substitution can affect the corresponding electronic
transitions in the Q-band area.
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Fig. 6. Scheme of S-energetic levels of porphyrin macrocycle in H,P (D,1) and also in MP, H4P** and P* (D). Dash
over symbol means vibrational satellite of electronic transition (‘and { - absorption and emission of quantum of
UV or visible radiation by the molecule) [1]

Neutral forms of f-octaalkylcorroles are characterized by an intensive Soret band at 397-
405 nm and less intensive absorption at 535-555 nm, as well as a band at 593-597 nm (Fig. 7).
Neutral forms of meso-substituted corroles are characterized by a Soret band at 413-430
nm, and three broadening bands of decreasing intensity with increasing wavelength (sometimes
they merge as in 5,10,15-tris(4-nitrophenyl)corrole 8, or degenerate into two, as in pentafluor-

ophenyl derivatives) are at 570-660 nm (Fig. 7).
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Puc. 7. UV-Vis spectra of free-base corroles in chloroform (left) and DMF (right): 1 - Hs(B-MesEt;)Cor 5;
2 - Hs(ms-Ph)sCor 7; 3 - Hs-(ms-4-NO,Ph);Cor 8; 4 - Hs(ms-4-MeOPh);Cor 9; 5 - Hs(ms-4-Py)sCor 10 [26]

In UV-Vis spectra of meso-substituted corroles in electron-donor solvents (pyridine
[143], dimethylformamide [39]), the Soret band acquires a characteristic "split" appearance, and
an intensive Q-band appears in the visible area (at around 620-650 nm, usually at 640 nm,
Fig. 7), which is explained by acid-base interaction of macrocyclic compound with solvent. The
degree of completeness of this type of interaction can be different and depends, on the one hand,
on the nature of corrole (type of substitution and electronic nature of substituents), on the other
hand, on the polarity and basicity of the medium. The authors of [39, 143] explain the change
of UV-Vis spectra by the formation of anionic forms of corroles, but, in our opinion, there are
grounds for a more "cautious" interpretation of these data due to the presence of incomplete
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acid-base interaction with the formation of so-called incomplete proton transfer complexes,
or H-associates [13, 140, 146, 147].

It should be noted that the cause of UV-Vis spectral changes of corroles depending on the
nature of the solvent remains to be not fully researched. In [141] three possible causes of this
phenomenon are considered. The first factor is NH-tautomerism of corroles, as tautomers are
structurally different due to the reduced symmetry of the macrocycle. At the same time, tauto-
mers have close deviations from planarity, close energies, and the proton exchange rate in them
is quite high, so the authors [141] do not consider this factor as fundamental. The second factor
is the possibility of deprotonation of the macrocycle in polar solvents, but there are doubts
about the possibility of complete proton removal in the absence of a strong base. Finally, the
third reason is the formation of hydrogen bonds involving NH-groups of corroles and solvent
molecules. The authors of [141] have concluded from the data of X-ray structure analysis that
the separation of 5,10,15-tris(pentafluorophenyl)corrole 6 from ethylacetate fixes the hydrogen
bond between the NH-proton and the solvent molecule (Fig. 5). Similar conclusions were
reached in [26, 140].

However, the authors of [68, 70, 71] hold a slightly different point of view and consider
NH-tautomerism as the main cause of spectral changes in corroles in different media. In their
opinion, tautomers have significantly different acid-base properties, and initially the more ac-
tive one enters into specific interaction. If there are three types of particles in the solution at
that moment, for example, a deprotonated form and two tautomers, this may explain the low
sharpness (or even absence) of isobestic dots with corresponding titrations [70]. The authors of
[70] failed to find correlations between spectral behavior of corroles in a solution and individual
solvent parameters, so they concluded that it is necessary to consider a set of parameters, the
main of which are basicity and polarity. This exact combination provides a way to explain the
interaction between the corrole and a solvent, which correlates with the data from [26]. The
authors of [70] also attempted to correlate the state of the corrole in the solution and the affinity
of pyrrole (as a simplified model compound) to solvents in the formation of hydrogen bonds.
No correlations were found, so the authors of [70] expressed doubts that the cause of spectral
changes in corroles in different media is the formation of hydrogen bonds. The inconsistency
is that in acetonitrile, the affinity of pyrrole fragments to which is lower, a corrole is in depro-
tonated form, while in dioxane, tetrahydrofuran and pyridine, the affinity of pyrrole fragments
to which is higher, corrole is present in neutral form [70]. On the other hand, the properties of
aromatic macrocyclic compounds are strongly influenced by the macrocyclic effect (MCE)
[140], which is absent in the case of pyrrole, so the comparison of the properties of macrocycles
and pyrrole should be approached with great care. In addition, even the corroles of different
structures are very different in properties among themselves; the differences between corroles
and porphyrins of close structure are even stronger, although all these compounds are based on
the tetrapyrrole aromatic m-system. It is also possible that in the interaction of pyrrole with
solvents, a fundamental role is played by one factor rather than two, as in the case of corroles.
That is why there is no pronounced correlation for corroles. In any case, this issue is of great
interest and requires further study. The authors of this review consider formation of corrole
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compounds with hydrogen bonding (H-associates) with solvents in solutions as the main hy-
pothesis.

B-octaalkylcorroles are the least prone to interaction with electron-donor solvents. Thus,
2,3,7,13,17,18-hexamethyl-8,12-diethyl-corrole (Hi(3-MesEt:)Cor, 5) exists as a neutral form
even in a polar electron-donor solvent such as dimethylformamide (DMF) (DN=26.6; £€=36.7).
However, when this solution is stored for two weeks, neutral bands in the visible area of the
UV-Vis spectra disappear while the Soret band is retained. The received solution, unlike initial
corrole (violet-pink colour), possesses brownish colouring and the raised reactivity in complex
formation reactions with metal salts. So, if the freshly prepared solution of compound 5 in DMF
interacts with zinc acetate in a kinetic mode, then a long-stored solution of the same corrole
forms a complex almost instantly, when mixing solutions, and UV-Vis spectra of reaction prod-
ucts in both cases are identical. The composition of this form of corrole has not yet been defin-
itively clarified, although it seems that the interaction is of acid-base nature.

In solvents such as diethylamine and piperidine (DN>50), UV-Vis spectra of corrole 5 is
also subject to changes in Soret splitting and banding at around 570 nm (Figure 8). This type of
UV-Vis spectra corresponds to the H-associated form of f-octaalkylcorroles. Monoanion is
formed only in polar environments of high basicity, for example, in DMF - diethylamine
(Et,NH) mixture. In a mixture of acetonitrile (MeCN) - Et,NH, the H-associate is formed first,
but with time it turns into a monoanionic form. The latter is characterized by a split Soret band
and two bands (576 and 595 nm) in the visible region (Fig. 8).
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Fig. 8. UV-Vis spectra of 2,3,7,13,17,18-hexame-  Fig. 9. UV-Vis spectra of meso-substituted corroles in di-
thyl-8,12-diethylcorrole Hi(-MeEt;)Cor 5 in chloromethane-triethylamine media: 1 - 5,10,15-tri-
benzene (1), DMF (2), 0.13M Et,NH in DMF (3), phenylcorrole 7, 2 - 5,10,15-tris(pentafluorophenyl)cor-
0.01M [Bu,N]OH in DMF (4) [26] role 6, 3 - 5,10,15-tris(4-nitrophenyl)corrole 8, 4 -
5,10,15-tris(4-metoxyphenyl)corrole 9 [141]

Meso-substituted m-electron-rich corroles Hi(ms-Ph);Cor 7 and H;(ms-4-MeOPh);Cor 9
also react with polar dimethylsulfoxide (DMSO) (DN=29.8; £=46.7) and DMF (DN=26.6;
€=36.7), but not with low-polar pyridine (Py) (DN=33.1; €=12.3). Electron-deficient macrocy-
cles, for example Hs(ms-4-NO,Ph);Cor 8 exist as H-associates even in the environment of such
weak electron-donors as acetone {(Me),CO, DN=17.0; £€=20.7} and acetonitrile {MeCN,
DN = 14.1; € = 36.0}. In the latter case, the process can be time-consuming, i.e. when dissolved,
a neutral form is formed first, and when the solution is stored, it becomes an H-associate.
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Typical for UV-Vis spectra of H-associates of meso-substituted corroles are the Soret band split
into two components and a pronounced band at around 640-645 nm in the visible region
(Fig. 9). In the case of 5,10,15-tris(pentafluorophenyl)corrole 6, the Q-band is hypsochromic
shifted, and in the case of 5,10,15-tris(4-nitrophenyl)corrole, the band is more wide-broadening
in the visible region and located at around 689-696 nm depending on the nature of the solvent;
in addition, in this case there is a wide-broadening band at 512-519 nm (Fig. 9). The UV-Vis
spectra of anionic forms of meso-substituted corroles resemble those of H-associates, differing
only in band intensity.

In low-polar environments (CsHs - DMF), the tangents of the slope angle of the indicator
dependencies lg Ind = f (Csolv), corresponding to the number of electron-donor molecules n
participating in the interaction, usually exceed one (Fig. 10), which indicates the formation of a
weakly connected "salvation shell” of a macrocycle. In systems with low polarity, which contain
the main component (CsHs - EtuNH), or in polar environments in the absence of a strong base
(MeCN - DMF), there is an convergence of the interaction stoichiometry to 1:1, but low values
of stability constants of ABI (acid-basic interaction) products indicate the formation of H-as-
sociates in this case too. In polar environments containing a strong base (MeCN - Et,NH, DMF
- Et;NH), the formation of spectrally distinguishable monoanionic (H.Cor") forms takes place,
and in the case of electronodeficient corrole, H;(ms-4-NO,Ph);Cor , dianionic (HCor?*) forms
as well.
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Fig. 10. UV-Vis spectral changes in titration of Hs(ms-Ph);Cor 7 in MeCN - (0-6.5M) DMF media, 298 K (Crscor
=1.92.10° mol/l) (left) and indicator dependence graphics for H-associate Hs(#s-Ph);Cor 7 and DMF formation:
1) in C¢Hs (tg a =n =11); 2) in MeCN (tg B = n = 1) - (right)

N-Basicity. Corrole protonation occurs in two stages. When interacting with diluted so-
lutions of strong acids (trifluoroacetic acid, TFA) or acids of medium strength (acetic acid,
HOAC), both - and meso-substituted corroles form a single N-protonated form (eq. 3) [35, 39],
which has an aromatic character. The second stage of protonation takes place when exposed to
sufficiently concentrated strong acids (eq. 4). In the case of -substituted corroles, it affects one
of the meso-atoms of carbon (in position 5 or 15) and is accompanied by a disturbance of the
macrocycle aromaticity with the disappearance of the Soret band in the UV-Vis spectra [18]. In
the case of meso-substituted corroles, the Soret band is retained, and the position of the second
proton in the macrocycle is not precisely determined, but C-protonation is also the most
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probable [26]. At the same time, the basic properties are naturally more pronounced in the

corroles containing electron-donor substituents [148].

According to the data [26], both S- and meso-substituted corroles are in a single proto-
nated form in the acetic acid medium. In case of f-octaalkylcorrole Hs(-MesEt,)Cor 5, this
form is characterized by two bands in the visible area (580 and 599 nm) and a Soret band at 408
nm; in the case of meso-substituted compounds - a split Soret band and a band in the visible
region at 670 - 700 nm (Fig. 11, left).
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Fig. 11. UV-Vis spectra of monoprotonated (left) and diprotonated (right) forms of corroles in acetic
acid and TFA respectively: 1 — Hi(S-MesEt;)Cor 5; 2 — Hi(ms-Ph);Cor 7; 3 — Hi(ms-4-NO,Ph);Cor 8;
4 - Hi(ms-4-MeOPh);Cor 9 [26]

In diluted solutions, the interaction of corroles with acetic acid, depending on the type of
functional substitution in the macrocycle, runs in the range of concentrations from 0.9 to
17.5 mol/l, and is easier in polar solvents (acetonitrile) and more challenging in non-polar
solvents (benzene). However, in the case of protonation competing with the formation of
H-associate, the first of these processes runs much worse because it requires the preliminary
destruction of H-associate with electron-donor. Therefore, in the case of meso-substituted
corroles, deviations from this pattern may occur. For the same reason, corrole protonation is
relatively difficult in polar but electron-donor environments such as DMF and DMSO.

The authors of [68] show that corrole tautomers are protonated at different speeds, and
the nature of the process as a whole, in particular, the type of titration curve, is highly dependent
on temperature. Therefore, the stability constants of corrole monocations obtained for 298K in
[26, 142] can only be considered as conventional values, which, however, allow us to draw a
conclusion about the series of changes in the N-base of compounds, consistent with the ideas
about the nature of substituents in the molecules of aromatic heterocyclic macrocycles [11] and
the values of proton affinity calculated in [26] by semi-empirical methods. N-basicity of the
compounds is reduced as the electron-donor substituents in the H;Cor molecule are replaced
by electron acceptor groups, and the basic properties of -octaalkyl-substituted macrocycles at
the stage *N-protoning are higher than those of meso-substituted corroles, changing in the
series of corroles:

H;(B-MesEt;)Cor 5 > Hi(ms-4-MeOPh);Cor 9 > Hi(ms-Ph);Cor 7 > Hi(ms-4-NO,Ph);Cor 8.
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It is also shown that slope angle tangents tga of the indicator dependencies obtained in
the course of spectrophotometric titration of corroles of different structure, which reflect the
number of acid molecules (or number of protons) participating in the reaction, significantly
depend on the nature of the environment and are approaching those expected as the titrant
strength and polarity of the solvent grow (Fig. 12), for example, in the system MeCN - TFA.
The Hammet acidity function HO in system CsHs-HOACc also provides a way to obtain tangents
of the slope angle of constraint Ig (Ind) = f (Ig Ho) close to 1, where possible.
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Fig. 12. Indicator dependence graphics for spectrophotometric titration of Hs(#s-4-NO,Ph);Cor 8 in CsHs-HOAc
(tga=4.7) (1) and MeCN-TFA (tg a = 1.1) (2) media (left, a) and superposition of indicator dependence graphics
for Hs(ms-4-MeOPh);Cor 9 (1), Hi(ms-Ph);Cor 7 (2), and His(ms-4-NO,Ph);Cor 8 (3) in MeCN-TFA media
(tg o = 1 in all cases) (right, b)

In all the cases studied, N-protonation of meso-substituted corroles is accompanied by a
characteristic change of UV-Vis spectra (Fig. 11) and the batochromic shift of its Q,-band,
which increases in line with the electron-donor replacement of the molecule from 22 to 45 nm
(26, 149, 150].

When corroles interact with pure trifluoroacetic or sulfuric acids, and also their concen-
trated solutions in organic solvents (the nature of a solvent in this case does not matter a lot),
UV-Vis of products corresponds to twice protonated forms (fig. 11, right). [26]. The position
of the second protonation center is not determined definitively, but it has long been believed
that it affects meso-positions of a macrocycle [104]. The proof provided is the results of quan-
tum-chemical calculations as well as NMR-spectral studies confirming the non-aromatic struc-
ture of the resulting products [26]. UV-Vis spectra type of these forms of corroles is individual
for each compound (Fig. 11, right). If C-protonation of f-octaalkyl-substituted corrole leads to
the disappearance of bands in the visible area, in contrast, in the case of meso-substituted cor-
roles, there are intense bands at 600-670 nm in the spectrum. In the environment of concen-
trated sulfuric acid, the process of formation of two protonated forms of corroles is complicated
by the possibility of oxidation of corroles and other adverse reactions. For this reason, UV-Vis
spectra of the same corrole in TFA and H,SO4 may differ quite significantly [26].

C-protonated or H-associative forms have been repeatedly found in solutions of strong
acids in porphyrins themselves (or hyperporphyrins) [151], and in the case of H,P it is tri-cati-
onic particles of H,PH?*. In [26] dications HsCor** of meso-substituted corroles Hs(ms-4-Me-
OPh);Cor 9, Hs(ms-Ph);Cor 7, Hs(ms-4-NO,Ph);Cor 8 are recorded spectrally. They are formed
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depending on the type of functional group in 4.0-13.5M TFA in the environment CsHs or
CH;CN.

The protonation of corroles should be looked into separately in the cases when the pe-
ripheral substituents in their molecules can also attach protons. Thus, when protonating
5,10,15-tris(4-methoxyphenyl)corrole Hs(ms-4-MeOPh);Cor 9 in the second stage, the for-
mation of double protonated form is preceded by the formation of the product (exists at ~1.5-10°
3 to 4.0M TFA, solvent — Cs Hs, MeCN, HOAC), which differs in the type of UV-Vis spectrum
from both single and double protonated form (Fig. 13), and this transition corresponds to a
separate step on the titration curve. It can be assumed that this process is the protonation of
peripheral methoxy-groups, which change their nature from electron-donor to acceptor. The
latter circumstance explains the relatively low tendency of corrole 9 to form a double protonated
form (lower than that of unsubstituted 5,10,15-triphenylcorrole 7) contrary to theoretical ex-
pectations [26].
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Fig. 13. UV-Vis spectra of 5,10,15-tris(4-methoxyphenyl)corrole H3(ms-4-MeOPh)3Cor 9: H3Cor (1), H4Cor+ (2),
MeO-protonated H4Cor+ (3), dication H4Cor2+ (4) ( left, a) and titration curves for H3(ms-Ph);Cor 7 (1) and
H;(ms-4-MeOPh);Cor 9 (2) (right, b) in the MeCN - TFA media

Dicationic forms of corroles have very significant stokes shifts of bands in the fluores-
cence spectra, which is probably due to the non-flat structure of the resulting non-aromatic
molecules [11]. So, while in the case of Hi(ms-4-NO,Ph);Cor 8, Avy is 895 cm™! in TFA envi-
ronment, in H;(ms-Ph);Cor 7 and H;(ms-4-MeOPh);Cor 9 it increases to 1767 and 2420 cm™,
respectively.

Complexation of HsCor and reactivity of metallocorroles. One of the most important prop-
erties of tetrapyrrolic heterocyclic macrocyclic compounds is their ability to form metal com-
plexes. In the course of reactions of this type, the whole main coordination cavity (CC) of the
macrocycle is usually involved in the interaction, which, in symmetrically substituted aromatic
molecules, is accompanied by the alignment of "covalent" and "coordination” metal-nitrogen
bonds [152].

Porphyrins and related MHC form complexes with the majority of metals of Mendeleev
Periodic System, including some non-metals [6]. At the same time, the properties of complexes
strongly depend not only on the nature of the complex-forming agent, but also on the properties
and peculiarities of the macrocyclic ligand structure. As practice shows, often heterocyclic
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macrocycle compounds show practically significant properties because they have the form of

complexes with metals.

The number of chemical elements with which corroles form complexes (MCor) is also
quite wide and includes mainly d-metals and some non-metals (phosphorus, arsenic) [19].
Corrole complexes with p-elements (aluminum, gallium, germanium, tin) [19, 25, 106], as well
as rare-earth elements (Fig. 14), are also known.

H He
Li | Be B C N o F | Ne
Na | Mg Al | Si | P S | Cl | Ar
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Fig. 14. “Periodical Table” of metallocorroles (data of the beginning of 2017) [33]

The absence of the carbon atom in one of the meso-positions of the corrole macrocycle
leads to a reduction in the size of their coordination cavity compared to porphyrins. The pres-
ence of three NH protons determines the "trianionic" nature of HsCor ligands, although, like
H.P, corroles are a tetradentate ligand due to the formation of a fourth donor-acceptor bond.
As aresult, the corroles stabilize unusually high oxidation state of metal in the complexes, rang-
ing from +3 and above. At the same time, the contracted character of the coordination cavity
contributes to the placement of cations of smaller radius in the coordination center, i.e. if we
talk about one chemical element - cations in a higher oxidation state. This explains the existence
of corrole complexes containing Cu(III), Ag(III), Fe(IV), Cr(V), Mn(VI), etc. [49, 58, 153 and
others].

Speaking about the tendency of corroles to stabilize high oxidation state of metals in the
complexes, a phenomenon should be taken into consideration that foreign authors call "non-
innocence" [58, 60, 66, 154, etc.]. It means that due to their electronic overabundance, the
corroles easily form cation-radical forms. Therefore, it seems unusual at first glance that rela-
tively easy oxidizing compounds - corroles - stabilize metals in high degrees of oxidation,
which clearly have an oxidizing ability. The explanation for this phenomenon lies in the fact
that corroles in complexes often exist in the cation-radical form, and metal cations only formally
have an unusually high degree of oxidation, because between the macrocycle and metal cation
there is an equilibrium (5), which is in itself the transfer of the electron from the macrocycle to
the metal:

M Cor = M®V*Cor* (5)

The literature pays quite a lot of attention to this issue [49, 58, 154, etc.], but there is no
consensus on the neutral ("innocent") or cation-radical ("non-inocent") nature of the ligands
within MCor. As resistance of corroles to oxidation and oxidizing properties of metal cations
differ from each other, even in similar complexes the state of the ligand may differ.

132



.k&ROM CHEMISTRY TOWARDS TECHNOLOGY 1l i e1142 VOL. 1, ISSUE 1, 2020

Corrole metal complexes are prone to the extraction of electron-donor solvent molecules,
which may also be accompanied by a change in the degree of metal oxidation and a marked
change in the electron absorption spectrum.

Complexes of meso-substituted corroles with metals in high oxidation state {Cr(V),
Mn(V), Fe(IV), etc.} are of great interest as new effective catalysts for various processes - redox,
group transfer, etc. [17, 22, 155]. Similar complexes with porphyrins are unknown {Cu(III)},
unusual {Co(IV)} or stable only at low temperatures {Fe(IV), Ni(III)} [17, 155].

There are two main methods for the synthesis of corrole complexes - cyclization of bila-
dienes-a,c in the presence of metal salt, and direct interaction between the free-base corrole and
the metal-containing compound. The nature of the metal ion when synthesized by the first of
these methods is crucial: in the presence of ions of some metals, the formation of the macrocycle
of a corrole is not observed (as in the case of Zn>*) [18], or the corrole is obtained as a free-base
(Cr*, etc.) [18, 155]. The first method is applicable for obtaining f-substituted corrole com-
plexes, the second one - for complexes of both 8- and meso-substituted compounds. Obviously,
the second approach to synthesis gives higher yields of the complexes.

One of the nontrivial problems of the coordination chemistry of corroles is the selection
of conditions for the dissociation of corrole complexes in proton donor media to the free-base
ligand [82]. The process is complicated by side reactions, and often when exposed to strong
acids, corrole complexes do not form a protonated ligand form, but completely different prod-
ucts. In addition, even in the case of dissociation of the complex prior to the ligand, the separa-
tion of the latter from the reaction mixture, for example, in the case of copper(IlI) complexes,
is often very difficult because of its tendency to re-interact with the salt of the metal formed by
dissociation when trying to dilute or extract the reaction mass. Only the first steps have been
taken in this direction [25]. Obviously, this problem requires further comprehensive study.

A great number of works [19, 23-25, etc.] are devoted to metallic complexes of corroles,
therefore detailed consideration of types of these compounds, their spectral characteristics, and
reactivity within one review is rather difficult. Still, it should be noted that there are even more
differences in physical and chemical characteristics and chemical behavior of metal complexes
of corroles sometimes than similarities, so each compound deserves a separate review. General
properties of corrole complexes are the same: even greater wide-broadening of UV-Vis spectra
as compared to free-bases (up to complete absence of expressed bands in the visible spectrum
area); a high tendency to extracoordinate (mainly electron-donor molecules), which is accom-
panied by a pronounced change in UV-Vis spectra and the emergence of new bands in it; rarity
of dissociation in proton donor environments to the free-base corrole (in the vast majority of
cases other products are formed). Let us consider in more detail some perspectives of practical
use of these compounds.

Main areas of practical use of corroles

Most studies in the field of practical application of corroles were carried out using highly
stable 5,10,15-tris(pentafluorophenyl)corrole 6 and its derivatives; in particular, complexes
with different metals (see [22, 24]). However, other corroles are no less interesting in terms of
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their practical use. The main areas of potential use of corroles and their metal complexes are

catalysis, the production of sensors and solar panels, and biomedicine.

Catalysis, photo and electrocatalysis by metallocorroles. Complexes of 5,10,15-tris(pen-
tafluorophenyl)corrole 6 with iron and manganese (ClFe[(C¢F5);:Cor] and Mn[(CsFs);Cor])
catalyze oxidation of ethylbenzene by iodosobenzene to form a mixture of alcohol and ketone
[156, 157] (eq. 6):

(CDFG[(C6F5)3COI']
Ph—CHy CH; — .-~ > Ph-CH CHy + Ph—C CH, ©)
_Phi OH o)

6.6% 4.2%
Porphyrin complexes, however, provide higher yields (15.7% and 8.9% respectively).
The complexes of B-octahalogen-meso-tris(pentafluorophenyl)corroles with manga-
nese(IIT) were studied as catalysts for oxidation of cyclohexene with iodosobenzene [44, 158].
These complexes showed good catalytic activity, but the selectivity of the process was not high:
as a result, a hard-to-divide mixture of alcohol, ketone, and epoxide was formed (eq. 7):

OH 0)
Mn[Cor]
‘ PhIO 0+ " ‘ (7)

_PhI
Mn{(C¢Fs);Cor] 9.3% 0.3% 1.6%
Mn[B-Brg(C¢Fs);Cor]  36% 32% 32%

Due to the impossibility at this stage to increase the selectivity of the process, there have
been no systematic studies of catalytic oxygen oxidation of hydrocarbons, but it has been shown
that the rate of oxygen atom transfer in the case of metallocorroles is higher than in the case of
metalloporphyrins [159].

Another approach to efficient and selective hydrocarbon oxidation process is possible:
oxidation with singlet oxygen 'O,, which is formed during the photo-excitation of diamagnetic
metallocomplexes of corroles. In particular, it has been shown that corrole complexes with an-
timony are effective catalysts for photo-oxidation of organic molecules by ambient oxygen
[160]. Under these conditions, hydrocarbons are selectively oxidized to hydroperoxides, and
oxidation does not affect the double bonds: styrene does not react, and the oxidation of cyclo-
hexene and cyclooctene takes place only in the allylic position (eq. 8):

OOH

‘ (F)2Sb[(CgF5)3Cor] (8)
02, hv

The most effective catalyst is the complex (F),Sb[(C¢F5);Cor]; complexes
(Py)Sb[(CsF5)sCor] and O=Sb[(CcFs)sCor] are less effective [160]. The most effective catalyst
has the longest life time of triplet state [161], which is one of the determinants of the increase
of singlet oxygen yield.
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Metal complexes of corroles can be catalysts for epoxidation of alkenes. Thus, styrene at
the oxidation of iodosobenzene in the presence of 1 mol. % of the complex (Cl)Fe[(C¢F5);Cor]
formed a mixture of styrene oxide (yield - 66%) and phenylacetaldehyde (yield - 21%) (eq. 9):

(CDFe[(C4Fs);Cor]
Ph—CH=CH, ————> Ph—CH—CH, +Ph—CH,—CHO
PhIO o (9)
-Phl

66% 21%

The complexes of 5,10,15-tris(pentafluorophenyl)corrole 6 and its 3-octagalogen deriva-
tives with manganese also have catalytic properties in reactions of this type [157, 44, 158, 159,
162, 163].

The paper [164] demonstrates the possibility of selective oxidation of alcohols to carbonyl
compounds with the help of tret-butyl hydrogen peroxide in the presence of complexes of elec-
tron-deficient corroles with manganese (III) (eq. 10), for example:

Mn[(C6F5)3C0r]
Ph—CH,~OH ——— > Ph—CHO
-BuOOH
KOMH. [

(10)

In [163] the oxidation of thioanisole by iodosobenzene and p-cyanodymethylaniline ox-
ide in the presence of octa-(4-tret-butylphenyl)corrolazine complex with manganese(III) was
studied (eq. 11):

Mn[(#-BuPh)gCZ]
Ph—S—CH; ———> Ph—S—CH; (11)

I
PhIO 0

Good catalysts for photo-oxidation of thioanisole by singlet oxygen in alcohol solutions
are the already mentioned complexes of 5,10,15-tris(pentafluorophenyl)corrole 6 with anti-
mony [160]. The only oxidation product in this case is sulphoxide; no further oxidation into

sulfone is observed (eq. 12):

(F)2Sb[(CgFs)3Cor]
Ph—S—CHj

Ph—S—CH
0,, hv (“) ; (12)

Due to the stabilization of corroles with high levels of oxidation of metals in the complexes
[24], corrole complexes with metals in low oxidation states should be very reactive. Therefore,
it is reasonable to expect that they will demonstrate the unique properties associated with the
activation of small molecules. However, so far this area has been relatively unexplored.

In [165] the complexes of corroles with chromium in four degrees of oxidation have been
obtained, and it is shown that the complex of chromium(III) Cr[(CsFs);Cor] is capable of oxi-
dizing by oxygen to the chromium oxocomplex(V) O=Cr[(CsFs);Cor] (eq. 13):

Cr[(C6F5)3Cor] +0.50;> O:CY[(C6F5)3COI'] (13)

Inspired by these results, the authors [166] made a successful attempt to use chromium
complexes of corroles as catalysts for oxidation of organic substrates with ambient oxygen. In
particular, triphenylphosphine was oxidized to the triphenylphosphine oxide by the oxocom-
plex O=Cr[(C¢F5);Cor], which was restored to the complex of chromium(III) Cr[(CsFs);Cor]
(eq. 14):
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O:CT[(C6F5)3COI']+ PPh3 -> OPPh3 + Cr[(C6F5)3C0r] (14)

The total of the equations of the last two reactions (eq. 13-14) gives the equation of oxi-
dation of triphenylphosphine by ambient oxygen in the presence of complex [(C¢F5)sCor]Cr as
a catalyst (eq. 15):

PPh, + 0,50, “=2") Opph, (15)

The corresponding -brominated chromium(V) oxocomplex is capable of oxidizing re-
active olefins of norbornen type to epoxides, but the reduced form of the complex is difficult to
oxidize with ambient oxygen.

Electrochemical studies of corrole complexes with cobalt and iron were carried out in
[167], and it was shown that the reduction of molecular oxygen always goes to water using a
four-electron mechanism, without the accumulation of less reduced peroxide intermediates (eq.
16):

O, +2H,0 + 4é > 40H" (16)

Obviously, the data [167] indicate a high efficiency of the use of metallocorroles in elec-
trocatalysis and correspond to the also studied ability of these compounds to catalyze the de-
composition of hydrogen peroxide [168, 169].

The works [26, 32, 170-173] studied the electrochemical properties of meso-substituted
corroles and their complexes with d-metals (Cu(III), Zn(II), Co(III), Mn(III), Fe(IV)) in an in-
ert atmosphere, as well as the catalytic activity of these compounds in the electroreduction of
molecular oxygen in 0.1M aqueous solution of potassium hydroxide saturated with O,. It should
be noted that the interest in the catalytic properties of compounds in the reaction of electric
reduction of oxygen is due to the possibility of creating new low-temperature power sources on
their basis. The system in which the measurements are taken was also chosen in accordance
with the practical tasks, namely the aqueous-alkaline solution, which is similar to the alkaline
batteries already in use.

Comparison of the electrocatalytic activity of complexes of the same metal with corroles
containing substituents of different electronic nature allows us to conclude that in most cases
the presence of electron-donor substituents in the molecule contributes to the improvement of
electrocatalytic properties. If we talk about the electrocatalytic activity of complexes depending
on metal, the most active are corrole complexes with manganese and iron. Compared to similar
complexes of porphyrins, the electrocatalytic activity of corrole complexes is slightly higher.

It was shown that the complexes of iron with 5,10,15-triphenylcorrole 7 and
5,10,15-tris(pentafluorophenyl)corrole 6, as well as complexes of rhodium with N-substituted
corroles are effective catalysts for the reaction of "cyclopropanation” of styrene with ethyldiazo-
acetate. This is not the first example of a reaction in which corroles are more effective as catalysts
than the corresponding porphyrins, where the yield of products is somewhat lower and is 7 and
40%, respectively [24, 156] (eq. 17):
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(CIFe[(C4Fs)sCor] 0 OM
0 A4
[ (17)

E0” CHN, 20% 46%
_N2

One of the reasons for the higher catalytic activity of corroles in this reaction as compared
to porphyrins is the absence of one of the aryl groups, which spatially favors the formation of
intermediates. In addition, the degree of iron oxidation in complexes is important: in the case
of porphyrins, initial reduction of iron(III) complexes is necessary, while corrole complexes
with iron(III) themselves are direct catalysts of the process. In case of corrole complexes with
iron(IV), their initial reduction to iron(III) complexes is necessary. It should be noted that when
iron complexes with both porphyrins and corroles are used as catalysts, there is a side process
of dimerization of ethyldiazoacetate with the formation, mainly, of diethylmaleate. In the case
of rhodium complexes, the course of the side process is weaker [174]. However, rhodium com-
plexes with sterically hindered corroles are less effective catalysts than complexes containing
small substituents. Rhodium complexes give high products yields, but the ratios of trans- and
cis-products in this case are smaller than in the case of iron complexes and are comparable to
the values observed in the case of porphyrins.

The authors [22] described the possibility of introducing a fragment of carbene (from
ethyldiazoacetate) by the allylic position of cyclohexene, dihydronaphthalene, and indene.
When the complex (PPhs;)Rh[(CsFs);Cor] was used as a catalyst, the yields of the desired prod-
ucts were not too high, and the main products of the process were the corresponding derivatives
of cyclopropane formed by the double bond reaction [22]. At the same time, rhodium complex
proved to be a more suitable catalyst for the process in comparison with iron complexes, in the
case of which only dimerization products of ethyldiazoacetate are formed.

At the same time, the complexes of iron (Cl)Fe[(CsFs);Cor] and (OEt,),Fe[(CgF5);Cor]
effectively catalyze the connection of diazoacetate (with nitrogen detachment) via NH-bonds
of amines [175]. The corresponding N-substituted ethyl esters of glycine (or alanine) are formed
this way (eq. 18):

RiR:NH + R(N,) COOEt - RiRoN - C(R)COOEt + Ny;

18
R =H, Me; Ry, R, = Alk, Ar, H (18)

These complexes catalyze this reaction better than other metal-corroles and other previ-
ously studied catalysts. The reaction when exposed to complexes of 5,10,15-tris(pentafluoro-
phenyl)-corrole with iron runs selectively through NH-bonds even in the presence of olefins.

It is necessary to notice that the similar phenomenon is observed also for complexes of
porphyrins with iron, but the latter give somewhat less selectivity of process, and for primary
amines, traces of the disposed product are formed. However, when using ammonia [176] in the
presence of the complex (OEt,),Fe[(CsFs);Cor], only traces of aminoacid esters were formed,
while the iron(III) complex with tetraphenylporphine gives a higher yield.

Reactions of olefins and, in particular, styrene with compounds PhI=NTs and NaTsN-Cl
with the formation of aziridines were also studied in the literature [177-179] (eq. 19):
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[(C6F5)3COT]F€C1
Ph—CH=CH, — > W
PhI=NTs (19)
NIn
NaTsN-Cl s

It has been shown that iron complexes with corroles are more effective catalysts for the
reaction of styrene with PhI=NTs compared to the corresponding porphyrin complexes, hav-
ing, in particular, higher selectivity. In both cases, the by-products are styrene oxidation prod-
ucts - styrene oxide and phenylacetaldehyde.

In the case of the reaction with chloramine T (NaTsN-Cl), only the complex
[(CéFs)sCor]FeCl shows catalytic activity, and no oxidation by-products of olefin are formed.
The reaction of aziridine formation from olefin when exposed to chloramine T catalyzed by
(Cl)Fe[(CeFs)sCor] is the first example of such a process where the transition metal in the cata-
lyst is not a copper atom [178, 179].

In [180], it is demonstrated that complexes of meso-substituted corroles with iron catalyze
copolymerization of epoxides with carbon dioxide while forming crystalline polymers.

Chemosensorics. There have been attempts to study metal complexes of corroles as sen-
sors. For example, it was found [181] that corrole complexes with cobalt(III) can bind carbon
monoxide CO. In addition, cobalt(III) complexes were found to be inert with respect to molec-
ular oxygen. It stimulated researchers to explore complexes as potential carbon monoxide sen-
sors. It has been demonstrated that the efficiency of CO binding depends on the electron density
at the metal atom: the higher it is, the worse the CO binds. In particular, the complex of co-
balt(IIT) with electron excess 3-octaethylcorrole 4 does not react at all with CO, while the com-
plex with 5,10,15-tris(pentafluorophenyl)corrole 6 shows the highest affinity for carbon mon-
oxide [181]. Comparison of metal complexes of corroles with porphyrinic analogues in respect
of CO binding efficiency paves a way to draw a conclusion about a very high selectivity of cor-
role complexes in relation to carbon monoxide in the presence of oxygen, which is not observed
for other macrocycles. The work [182] reported successful attempts to immobilize corrole com-
plexes with cobalt on silica gel in order to create chemical sensors on CO.

Corrole complexes with manganese were studied as potential sensors for organophospho-
rus compounds. It was shown that these complexes form accession products with organic phos-
phonates by the type of composition extracoordination at rate 1:1, which is easily detected by
EAS changes [183].

Corroles are very promising materials for creating optical pH-sensors (optodes), because
at different pH values they can exist in the form of different protonated forms with different
fluorescence intensity [184]. The work [185] attempted to create a fluorescent optical pH-sen-
sor based on 10-(4-aminophenyl)-5,15-dimesitylcorrole. The optode membrane on which the
corrole was immobilized demonstrated a linear response in the pH range of 2.2 - 10.3, while the
inorganic ions in the solution had little influence on the pH determination accuracy. The
optode kept its properties while wet for a long time, demonstrating good reproducibility and
high photostability. The range of pH values measured with this optode on the basis of
10-(4-aminophenyl)-5,15-dimezitylcorrole was significantly wider than with 5,10,15-tris(pen-
tafluorophenyl)corrole 6 (5.0 to 9.2) or tetraphenylporphine (3.3 to 5.0).
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The same scientific group studied the possibility of using a polyvinyl chloride membrane
containing 5,10,15-tris(pentafluorophenyl)-corrole 6 as a sensitive element of the silver elec-
trode [186]. The corrole-based electrode has shown noticeably better characteristics compared
to its analogue based on tetraphenylporphine: In particular, linear response in the range of Ag*
5.1-10° - 1.0-10" mol/l, fast response time (less than 30 s), operating range pH 4.0 - 8.0. The
electrode demonstrated high selectivity and proved to be very easy to manufacture and use, in
particular, to determine silver in real ore samples. A similar electrode can be used to determine
mercury(II) [187]. It has alinear response in the range of Hg?* 1.2-107 - 1.0-10"* mol/l, operating
range pH 5.0 - 8.0, and a response time of about 5 min.

The possibility of using corroles in liquid diaphragm electrodes can be used at potenti-
ometric determination of phenols in an aqueous-organic medium [188]. The key factor in the
recognition of phenols here is the high NH-acidity of corroles. As it turned out, the sensitivity
of the electrode to phenols decreases in the row p-nitrophenol - mnitrophenol - o-nitrophenol
and 2,4-dinitrophenol - 2,5-dinitrophenol - 2,6-dinitrophenol. Since phenols were recognized
in non-ionized form, this indicates the formation of molecular complexes between them and
the corroles. In [189], the influence of additives of salts, as well as acid-basic properties of phe-
nols and corroles on the force of molecular complexation was studied, and as a consequence,
the efficiency of phenol determination under different conditions.

The literature contains data on the use of corroles to create ion-selective electrodes. In
particular, the authors [190] report on the first potentiometric sensor sensitive to both salicylic
acid and salicylate ion. The minimum detectable salicylate concentration of about 10~ mol/l
allows the use of corrole-based ion-selective electrodes in various systems, and a fairly wide
range of concentrations and low influence of other ions makes it possible to determine salicy-
lates directly in biological fluids.

2,17-disulfo-5,10,15-tris(pentafluorophenyl)-corrole as well as its complexes with gal-
lium(IIT) and tin(IV) have been tested as active components for creating solar batteries [191].
Although the tin complex has shown less activity than the gallium complex and the free ligand,
it has been shown that corroles are generally more effective as photoconverters than other
tetrapyrrole heterocyclic macrocycle compounds.

Biomedicine. It should also be noted that the application of corroles and its metal com-
plexes in medicine is promising. They can be used as inhibitors of chronic oxidative stress lead-
ing to neurodegenerative pathologies, such as Alzheimer's or Parkinson's disease, which are as
yet poorly treatable [24, 192]. At the same time, the use of corroles in this field of medicine is
still only a rather distant prospect, although appropriate patents for the use of these substances
have already been obtained (see, in particular, [193]). The use of heterocyclic macrocycles and,
in particular, corroles as a means of fluorescent diagnostics (FD), chemo- (CT), and photody-
namic therapy (PDT) of various neoplastic processes and bacterial infections [194-205] attracts
the researchers' greatest attention. It was found that metal complexes (in particular, with gal-
lium) of the above mentioned corroles with anionic groups, in particular, amphiphilic
2,17-disulfo-5,10,15-tris(pentafluorophenyl)corrole, have a pronounced cytotoxic and/or cyto-
static effect on a number of lines of atypical cells (melanoma, breast cancer, and ovarian cancer)
[197]. In [203, 204], the possibility of using cationic and anionic corroles for suppression of life
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activity of different microorganisms by PDT was studied, in particular, for destruction of mold

fungi and their spores, as well as for effective photoinhibition of green algae culture growth and
biofilms based on them. PDT in this case is a good alternative to the use of various antibiotics
and antiseptics. It is important that microorganisms do not produce the mechanisms of re-
sistance to the action of active oxygen forms generated by PS, and biofilms, which significantly
narrow the possibilities of antibiotic therapy, are effectively eliminated [205].

Thus,

1. Corroles are tetrapyrrole heterocyclic macrocycle compounds, intermediate in struc-
ture between porphyrins and corrins. Corroles have the same structure of a carbon skeleton
molecule as corrins and and the same aromaticity as porphyrins. The structure of the coordi-
nation center of corrole molecules is described by the schematic formula N;sHs, which helps to
stabilize these compounds of metal ions of high oxidation degrees.

2. As with the related series of porphyrins, there are variously modified compounds in the
corrole series. Depending on the type of substitution in the macrocycle (p- or meso-substituted
compounds) and the nature of substituents in the macrocycle (electron-deficient or electron-
substituted compounds), the corroles show a rather large variation in physical and chemical
characteristics and reactivity.

3. There are various synthetic approaches to corrole production, and the method of syn-
thesis of a particular compound must be selected based on its structure. One method may be
well suited to the synthesis of one structural type of corrole and be of little use for another.
There are methods to modify functional groups already present in the corrole molecule, which
further expands the possibility of obtaining corroles with predetermined properties.

4. Compared to porphyrins, corroles have a number of features (narrowed coordination
cavity in the presence of three NH-protons, n-electron excess of the macrocycle) which lead to
a noticable change in the properties of H;Cor in comparison with H,P. Corroles in the form of
free ligands are NH-active compounds prone to unfinished acid-base interactions with both
electron-donor and proton-donor solvents, and the NH-activity depends on the type of substi-
tution in the macrocycle and the electronic nature of the substituents.

5. Corroles are stabilized by high levels of oxidation of metals in complexes, but reversible
electronic transitions between the metal atom and nt-system of the macrocycle are also possible,
resulting in the formation of cation-radical forms of ligand. Metal complexes of corroles are
prone to the extraction of electron-donor molecules, and under the influence of acids only in
rare cases dissociate to a free ligand, forming for the most part completely different products.

6. Corroles and their metal complexes are promising as new catalysts in the processes of
decomposition of peroxides, oxidation (alkanes and alkenes, sulfides, phosphines, etc.) and re-
duction (oxygen, CO,) of various substrates, group transport reactions, as sensors (amines, CO,
etc.) and components of ion-selective electrodes, converters of light energy into electrical en-
ergy, as well as means for photodynamic therapy in medicine.

The work was supported by RFBR grant Bel_a No. 20-53-00038.
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ion mixed complex compounds with 1,3-butadiene and ammonia in aque-
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chemistry and engineering chemistry.
Introduction

Recently, studies of the thermodynamics of periodic table’s 11th group’s d-block metal
ions complexing with various ligands in aqueous and non-aqueous solvents have attracted a lot
of attention [1-7]. Despite the fact that these complex compounds have long been discovered,
their importance in the fields of chemistry and engineering chemistry is increasing every dec-
ade. Known areas of application of these complex compounds are obtaining substances of high
purity, the separation of hydrocarbon compounds, their use as catalysts in the processes of
polymerization and oxidation. Currently, complex silver(I) and copper(I) ion compounds have
attracted the attention of researchers for their potential clinical use as anti-cancer agents, as well
as for the development of new biologically important drugs [8-12]. Research into the complex-
ing of silver(I) and copper(I) ion mixed complex compounds is of particular interest due to the
instability of gold(I) oxidation state in a number of various solvents.

Experimental

This study presents thermodynamic data on the silver ion mixed complex compounds
complexing with 1,3-butadiene and ammonia in aqueous solutions. It also presents a compar-
ative analysis of stability of complex silver(I) and copper(I) ion compounds with ammonia and
unsaturated hydrocarbons (2-methylpropene and 1,3-butadiene).
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In previous studies [13-16] about the complexing of complex silver(I) and copper(I) ion
compounds with unsaturated hydrocarbons, it was established how pi-complexes with 1:1 com-
position can be formed, and they determined the equilibrium constants and thermodynamic
characteristics of the reactions. The formation of complex silver(I) and copper(I) ion com-
pounds with ammonia and unsaturated hydrocarbons is greatly relevant to this study. During
the research into pi-complexes of silver ions with 2-methylpropene and ammonia [8], it was
proven that the mixed complex compound [Ag(NH;)(CsHs)]* can be formed.

We studied the complexing reaction of silver ion mixed complex compounds with
1,3-butadiene in aqueous ammonia solutions by applying potentiometry at atmospheric pres-
sure and temperatures of 10-40 °C. The concentration of silver ions during the reaction was
monitored by measuring the element’s electromotive force, composed of silver and saturated
calomel electrodes. To prepare the silver electrode, we deposited silver electrochemically onto
a platinum wire from an aqueous salt solution at a current density of 0.003 A/cm?. The change
in the silver ion concentration in silver nitrate solutions was accompanied by a change in the
potential of the silver electrode, which obeyed the Nernst equation. For the experiment, we used
continuous-flow system while measuring the silver electrode potential with a high-resistance
potentiometer with an accuracy of 0.1mV. Nitrogen was preliminarily put through the sample
solution until a constant potential of the silver electrode was established. We applied the
1,3-butadiene gas-liquid chromatography method to the reaction. Its concentration, according
to the adopted method, was constant and corresponded to its physical solvability. When passing
1,3-butadiene through the solution, the potential of the silver electrode decreased, since some
of the silver ions were bound into a complex compound according to the model:

Ag' + CiHs > [Ag(CiHe)]*

After reaching the equilibrium, hydrocarbon was no longer supplied, followed by adding
the calculated amount of aqueous ammonia solution into the sample solution, which resulted
in a decrease of silver electrode’s potential due to the formation of ammonia and mixed complex
compounds. The system quickly reached the equilibrium, and the potential of the silver elec-
trode was constant for 15-20 minutes.

Since the complexing of silver ions with unsaturated hydrocarbons and ammonia is a
complex multistep process, the mixed complex compound’s equilibrium constant was calcu-
lated after calculating equilibrium constants stepwise [15]. The activity coefficients of the rea-
gents were assumed equal to unity, since the study used a 0.1M ammonium nitrate solution
with low concentrations of ammonia (10#-102 mol/l) and 1,3-butadiene (0.004-0.04 mol/l).

Based on the experimental data, the equilibrium constants of the reactions of complexing
and the equilibrium composition were calculated at 10*~10~* mol/l concentrations of silver ions.
The calculated equilibrium constants at various concentrations of silver and ammonia ions
practically do not change, which proves the formation of a mixed complex compound with the
composition of [Ag(NH;)(CsHe)]*.

The logarithm’s dependence of the mixed complex’s equilibrium constant on the recip-
rocal absolute temperature is shown in Fig. 1. From the tangent of the slope of this straight line,
we calculated the standard change in the enthalpy of reaction. The standard change in the Gibbs
energy was calculated using the isotherm equation.
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Fig. 1. Logarithm’s dependence of the mixed complex’s ([Ag(NH3)(CsHs)]*) equilibrium constant (K) on the re-
ciprocal absolute temperature

The thermodynamic functions of complexing reactions at 25 °C calculated using the equi-
librium constants are shown in Table 1.

The stability of the complex compounds can be judged from the equilibrium constants
and standard changes in the Gibbs energy. Based on the data obtained, we determined that, in
terms of their stability, the complex silver compounds with ammonia, unsaturated hydrocar-
bons, and mixed complex compounds in aqueous solutions can be arranged in the following
order:

[Ag(NH3)2] > [Ag(NH3) (C4H8) ] > [Ag(NH3) (C4H6) ] > [Ag(NH3) ] > [ng((:z;l_lg)]+ > [ng((:A}I_Iﬁ)]+

Table 1. Equilibrium constants and standard thermodynamic functions of complex copper(I) ion [13, 14] and
silver(I) compounds with ammonia, 2-methylpropene [16] and 1,3-butadiene at 25 °C

Complex compound K, 1/mol AH 298, kJ/mol AS;’Q8 , J/(mol’K) AG%S, kJ/mol
[Ag(NH3)]* 2.1.10° -30.1 -37.2 -18.8
[Ag(NH3),]" 16.2:10° -52.7 -38.5 -41.4
[Ag(C4H9) ] 473 -29.7 -68.6 -9.6
[Ag(C4Ho) ] 30.5 -14.6 -21.3 -7.9
[Cu(C4Hs)]" 31.3:10° -29.5 -13.0 -25.6
[Cu(C4Ho)]" 169.7°10° -34.5 -15.5 -29.8

[Ag(NH3)(C4Hs)]" 7.0-10° -31.4 -22.0 -30.9
[Ag(NH3)(C4Ho)]" 2.610° -32.6 -19.3 -45.6

As can be seen from the table, complex silver compounds with 2-methylpropene are more
stable. Compared to hydrocarbon complex compounds ([Ag(CsHs)]", [Ag(CsHe)]"), mixed
complex silver ion compounds are more stable. The formation of a mixed complex compound
can be represented as the reaction of the addition of an ammonia molecule to the pi-complex,
or as a reaction of displacement of water molecules from the pi-complex by an ammonia mol-
ecule:

[Ag(C4H6)(H20)]+ + NH3 = [Ag(NH3)(C4H6)]+ + Hzo

With an increase in the ammonia concentration, the hydrocarbon molecule is displaced
from the silver ion’s inner coordination sphere and [Ag(NHs),]* is formed.
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The relatively close values of the [Ag(NH;)]* formation’s equilibrium constants and
mixed complex compounds can also be explained by the fact that monoamine-silver, in addi-
tion to ammonia, contains a water molecule in the internal coordination sphere. It follows that
the stability of complex silver compounds with two types of ligands barely depends on the na-
ture of the second ligand (water or hydrocarbon).

The reaction is enabled by a decrease in enthalpy and an increase in entropy. The stability
of mixed complex compounds is dominated by the enthalpy factor. If we consider the change
in the enthalpy of reaction a characteristic of the bond strength in hydrocarbon complex com-
pounds, then the same sequence can be observed, both for the stability and for the change in
the enthalpies of the complex compounds’ formation reactions.

The change in entropy in the complexing process is mainly associated with the replace-
ment of the translational motion of the metal and ligand ions with the rotational and vibrational
motion of the resulting complex compound. Since the first component contributes mainly to
the total change in entropy, the change in the entropy of complexing reactions is negative. In
addition, different degrees of hydration of the metal ion and neutral ligand influence the change
in entropy. An uncharged ligand is less hydrated than a metal ion. Therefore, complexing is
accompanied by a partial destruction of the metal’s hydration shell and a decrease in the nega-
tive value of entropy. The presence of a conjugated double bond in a hydrocarbon molecule in
mixed complex compounds leads to a decrease in the negative value of entropy.

To assess the influence of the metal’s nature on the complexing process, the formation’s
reactions of silver hydrocarbon complexes were compared with the data available in the litera-
ture on complexes with copper(I) ions [13, 14]. A data comparison shows that the complex
copper(I) ion compounds of hydrocarbons are more stable than complex silver ion compounds.
Obviously, the copper(I) ion is a stronger donor and acceptor than the silver ion, since it has a
higher electron affinity energy. In addition, the ionization potential of the copper ion is lower
than that of silver. Therefore, the strength of the metal-ligand bond, due to both donor-acceptor
and back donations, will be higher for copper complex compounds.

Conclusion

The following work studied thermodynamics of silver ion mixed complex compounds
complexing processes with 1,3-butadiene and ammonia in aqueous solutions. It includes the
comparative analysis of stability of complex silver(I) and copper(I) ion compounds with am-
monia and unsaturated hydrocarbons (2-methylpropene and 1,3-butadiene). The results of the
following study on stability of complex compounds with silver ion mixed complex compounds
complexing with unsaturated hydrocarbons presents and interest for fields of chemistry and
engineering chemistry.
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Keywords:

nucleophilic substitution, substi- A method for the synthesis of ortho-dicarbonitriles containing heterocyclic
tuted ortho-dicarbonitriles, inda-  systems of indazole, quinoline, benzothiazole, and tetrahydroquinoline not
zole, quinoline, benzothiazole, described in the literature has been developed based on the reaction of
tetrahydroquinoline, 4-bromo-5- 4-bromo-5-nitrophthalonitrile and primary heterylamines.

nitrophthalonitrile

There are many examples of substitution of halogen atom and nitro group in arylbenzenes
containing electron-acceptor groups by primary and secondary alkyl- and arylamines [1-4].
In [5], there is a method of synthesis of cyan-containing azine compounds based on SyAr-reac-
tion of 4-bromo-5-nitrophthalonitrile (BNPN) with bifunctional N-nucleophilic reagents.
The compounds formed as a result of these reactions are highly relevant for polymer and com-
binatorial chemistry, the chemistry of phthalocyanines and porphyrazines [6-8]. Some of them
are used to obtain materials with nonlinear optical, fluorescent, liquid crystal properties [9].
There is evidence that compounds of this group have various biological and pharmacological
activities [10, 11], including PDT [12, 13]. The paper discusses new capabilities of these well-
known reactions of activated aromatic nucleophilic substitution by studying the interaction of
BNPN with a number of 5- and 6-membered heterylamines.

Fig. 1 shows the interaction of BNPN with condensed amino-containing heterocyclic
compounds of indazol 2a, quinoline 2b-d, benzothiazole 2e,f, tetrahydroquinoline 2g, general
formula H,N-Het.

These compounds contain the primary amino group directly in the heterocyclic ring or
in the benzene ring annelated with the heterocyclic system. The said compounds can be char-
acterized as N-nucleophiles of basic nature. Therefore, we can assume a relatively high activity
of these substrates in SyAr reactions.
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Fig. 1. The interaction of BNPN with condensed amino-containing heterocyclic compounds

Previous studies [2, 5, 14-17] examine in detail the specific aspects of an activated sub-
strate 1 by looking at its interaction with different O-, N-, S- nucleophiles. Based on the results
of these studies, we can confidently state that in all the examples considered in this paper,
N-nucleophilic center of heterylamine 2(a-f) attacks primarily the BNPN carbon atom bound
to the bromine atom, which leads to its substitution to the heterocyclic system and formation
of the corresponding derivatives 3(a-f). In the selected, relatively mild, reaction conditions, the
N-nucleophile reagent that remains in the reaction mass does not substitute the nitro-group in
the initial BNPN 1 and especially in the monosubstitution products 3(a-f) in the SyAr reaction.
All this opens up a way to isolate 3(a-f) target products of high purity and high yield.

A feature of the described method is the use of N,N-dimethylacetamide (DMAA) as a
solvent due to the low solubility of the initial heterylamines in the primary alcohols, which are
common in such reactions.

A successful homophase reaction requires equimolar amounts of triethylamine, well sol-
uble in DMAA, serving as deprotonating agent and acceptor of released HBr. The reaction pro-
ceeds even without it because the initial heterylamine in the reaction mixture that has not yet
entered into the reaction bears the HBr acceptor function. This heterylamine then turns into
the corresponding bromohydrate and loses its activity, which reduces the yield of the target
product, which has to be purified further.

The presence of one or two heteroatoms in the condensed reagent molecule significantly
reduces the reactivity of N-nucleophiles, which was experimentally confirmed by the reaction
with structural analogues of heterylamines - substituted anilines 4(h,i). According to TLC data,
it took approximately half as long to complete these reactions under the same conditions.

The analysis of the isolated reaction products of BNPN 1 with 8-amino-1,2,3,4-tetrahy-
droquinoline 2g using '"H NMR spectroscopy data showed a mixture of isomers 6g and 7g with
a slight predominance of compound 6g (Fig. 2). However, only the compound 7g was extracted
from the mixture individually.
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Fig. 2. Mixture of isomers of BNPN 1 reaction products with 8-amino-1,2,3,4-tetrahydroquinoline

This can be explained by the fact that the reagent molecule 2g has two N-reaction centers
with different activities — primary and secondary amino group. Each of them alone can be con-
sidered an alkylsubstituted aniline. At the same time, the secondary amino group in the heter-
ocyclic ring is, in fact, a N-alkyl substituted aniline and therefore has additional activation of
the reaction center due to the electron-donor inductive effect of the propyl fragment of tetra-
hydropyridine cycle and, in turn, has higher electron density on the nitrogen atom, which leads
to its higher reactivity during the reaction in the aproton dipolar solvent DMAA.

The analysis of '"H NMR spectra of compounds derived from 2g showed that 7g forms
along the reaction, which indicates that the primary amino group is also part in the reaction.

We have monitored the reaction of BNPN 1 with 8-amino-1,2,3,4-tetrahydroquinoline
2g under harsher conditions in the presence of twice the excess of tributylamine in the mixture
extracted from the reaction mixture by mass spectrometry data. The results of the monitoring
showed a signal from the molecular ion 272 [M]* of a disubstitute product of dicarbonitrile
2,3-dihydro-1H,7H-7,11b-diazabenzo[d,e]anthracene-9,10 8g, which is possible provided the
monosubstitution product 7g had formed in the stage prior to cyclization.

Thus, by using BNPN and various monofunctional N-nucleophiles, it is possible to syn-
thesize a wide range of ortho-dicarbonitriles containing heterocyclic systems of indazole, quin-
oline, benzothiazole, tetrahydroquinoline, which can be transformed into useful materials after
appropriate functionalization.

Experiment

The identification of the synthesized compounds is given below.

Bruker DRX-500 was used to record the 'H NMR spectra of 5% sample solutions in
DMSO-d6 with internal TMS standard. The C,H,N-analyzer Hewlett-Packard HP-185B was
used for elemental analysis, mass-spectra were plotted with MH-1321 (ionizing electrons en-
ergy - 70 eV) (IOH RAS).

BNPN 1 was obtained using the methodology presented in [2].

Synthesis of 4-heterylamino-5-nitrophthalonitriles 3(a-g), 4-arylamino-5-nitrophthalo-
nitriles 5(h,i) (general procedure). A retort was filled with 2.52 g (0.01 mol) BNPN 1, equimolar
amounts of triethylamine, heterylamine 2(a-g) or arylamine 4(h,i) 30 ml DMAA. The contents
of the retort were stirred vigorously at 60-70 °C for 1 h. The reaction mixture was then cooled
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and poured into 100 cm® cold water. The resulting precipitate, the target product, was filtered

off, washed with 50 cm’water, and dried.

Synthesis of 8g. A retort was filled with 2.52 g (0.01 mol) BNPN 1, 0.74 g (0.005 mol)
8-amino-1,2,3,4-tetrahydroquinoline 2g, 0.9 g (0.005 mol) tributylamine and 30 ml DMAA.
The contents of the retort were stirred vigorously at 140-150 °C for 2 h. The reaction mixture
was then cooled to room temperature and poured into 100 cm® cold water. The resulting pre-
cipitate was filtered off, washed with 50 cm*water and dried.

3a: Yield 87.7%, Twmp = 192-194 °C. Found, %: C 59.62; H 2.60; N 27.43. CisHsNeOs.
Calculated, % C 59.21; H 2.65; N 27.62. 'H NMR, §, 13.12 (s, 1H), 10.16 (s, 1H), 8.79 (s, 1H),
8.12 (s, 1H), 7.86 (d, ] = 7.3,1H), 7.62 (s, 1H), 7.54 (s, 1H), 7.09 (d, ] = 7.3,1H).

3b: Yield 89.1%, Twp 234-236 °C. Found, %: C 64.47; H 2.84; N 22.53. C;HoN;0..
Calculated, % C 64.76; H 2.88; N 22.21. 'H NMR, §, 10.39 (s, 1H), 8.98 (d, ] = 1.44 Hz, 1H), 8.87
(s, 1H), 8.37 (d, ] = 8.6 Hz, 1H), 8.12 (d, ] = 8.1 Hz,1H), 7.89 (t, ] = 8.6 Hz,1H), 7.66 (d,
J =7.8,1H), 7.58-7.53 (m, ] =2.2 Hz, 1H), 7.22 (s, 1H).

3c: Yield 92%, Tnp, = 241-243 °C. Found, %: C 62.55; H 3.28; N 20.19. C;sH1iN;5Os.
Calculated, % C 62.61; H 3.21; N 20.28. '"H NMR, 9, 10.23 (s, 1H), 8.79 (s, 1H), 8.77 (s, 1H), 8.25
(s, 1H), 7.88 (d, ] = 8.8, 1H), 7.70 (s, 1H), 7.42 (s, 1H), 7.28 (d, ] = 8.8, 1H), 3.95 (s, 3H)

3d: Yield 96%, Twp = 272-274 °C. Found, %: C 64.33; H 3.65; N 23.74. C5HisN;O..
Calculated, % C 64.54; H 3.69; N 23.95. '"H NMR, §, 10.55 (s, 1H), 8.85 (s, 1H), 8.55 (d,
] =8.6 Hz, 1H), 8.20 (d, ] =8.4 Hz, 1H), 7.98-7.90 (m, J1 = 7.3 Hz, ]2 = 8.6Hz,2H), 7.80 (s, 1H),
7.65 (t,] = 7.3 Hz,1H), 6.10 (s, 1H), 3.15 (s, 3H), 2.22 (s, 3H)

3e: Yield 89 %, Twp = 265-267 °C. Found, %: C 61.89; H 4.45; N 15.69. C»;H1oNsOsS.
Calculated, % C 62.01; H 4.30; N 15.72; S 7.2. 'H NMR, o, 12.22 (s, 1H), 10.17 (s, 1H), 8.74
(s, 1H), 7.94 (s, 1H), 7.78 (d, ] =8.7,1H), 7.52 (s, 1H), 7.38 (d, J = 8.7, 1H) 1.91-1.73 (d.d,,
J1 =11.9,]2 = 8.0 Hz,4H), 1.68 (d, ] = 8.0 Hz , 1H), 1.52-1.42 (m, ] = 5.0 Hz, 2H), 1.37-1.22
(m, ] =7.5Hz, 3H)

3f: Yield 76%, Twp = 217-219 °C. Found, %: C 57.70; H 2.78; N 16.89; S 6.41. C,sH14N6OsS.
Calculated, % C 57.83; H 2.83; N 16.86; S 6.43. '"H NMR, 6, 13.05 (s, 1H), 10.20 (s, 1H), 8.75
(s, 1H), 8.25 (d, J = 8.2 Hz, 2H), 8.12 (d, ] = 8.2, 2H), 8.02 (s, 1H) 7.85 (d, ] = 8.0, 1H), 7.57
(s, 1H),7.42 (d, ] =8.7, 1H), 3.91 (s, 3H).

5h: Yield 93%, Twp = 231-233 °C. Found, %: C 67.21; H 3.96; N 18.43. C;H12N,O..
Calculated, % C 67.10; H 3.97; N 18.41. '"H NMR, 5, 10.03 (s, 1H), 8.73 (s, 1H), 7.42 (s, 1H), 7.32
(d, J = 8.0, 1H), 7.20 (s, 1H), 7.09 (d, J = 8.0, 1H), 2.97-2.90 (m, ] = 1.2, 4H), 2.15-2.06 (m,
] =7.4,2H).

5i: Yield 79%, Twmp = 198-200 °C. Found, %: C 67.59; H 3.68; N 19.68. CyH13N;50..
Calculated, % C 67.60; H 3.69; N 19.71. '"H NMR, §, 10.05 (s, 1H), 8.71 (s, 1H), 8.45 (d, ] = 5.7 Hz,
2H), 7.50 (s, 1H), 7.32 (d, ] = 8.0 Hz, 2H), 7.33 (d, ] = 8.0 Hz, 2H), 7.22 (d, ] = 5.7 Hz, 2H), 4.04
(s, 2H).

7g: Yield 16%, Twp, = 228-230 °C. Found, %: C 64.06; H 4.13; N 21.96. Ci;H13Ns0O..
Calculated, % C 63.94; H 4.10; N 21.93. '"H NMR, 5, 9.45 (s, 1H), 8.62 (s, 1H), 6.96 (s, 1H),
6.92(d, ] = 7.3,1H), 6.86 (d, ] = 7.9,1H), 6.54 (t, ] = 7.8,1H), 5.5 (s, 1H), 3.23 (d, ] = 4.0, 3H), 1.88
(t,] =4.5,3H).
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The paper examines the contents of products of liquid-phase oxidation of cyclohex-
ylbenzene. The study proves the existence of tertiary and secondary hydroperoxide
in the oxidation products of cyclohexylbenzene. The hydroperoxides were deter-
Keywords: mined directly by NMR'H-spectroscopy and indirectly by their products of reduction
cyclohexylbenzene, to ketones and alcohols. By comparing integral intensities of tertiary and secondary
cyclohexylbenzene hydroperoxide proton signals, we can assume that the content of

the latter is approximately 15-20% of the total hydroperoxide content present in the

liquid-phase oxidation,

tertiary cyclohexylbenzene

hydroperoxide, secondary cyclohexylbenzene oxidation products. The general scheme of oxidative transfor-

cyclohexylbenzene hydrop- ~ Mations of cyclohexylbenzene is compiled based on the experimental data obtained

eroxide and the existing knowledge of the essence of liquid-phase oxidation of alkylsubsti-
tuted aromatic and cycloaliphatic hydrocarbons. The study shows a considerable de-
crease in selectivity of oxidation process when cyclohexylbenzene conversion in-
creases up to 40-50%.
Introduction

Phenol and cyclohexanone are large-volume products of basic organic and petrochemical
synthesis, demand for which increases every year due to increase in production of various pol-
ymeric materials. At present, the main consumers of phenol are the producers of plastics, syn-
thetic fibers, epoxy resins, alkylphenols, synthetic dyes, additives for fuels and oils, electrical
insulating varnishes, and plasticizers. Besides, phenol is used to produce medicine, surfactants,
antiseptics, pesticides and perfume [1]. Cyclohexanone is widely used in production of adipic
acid, caprolactam (as an intermediate). It is also used as a solvent for resins, fats, oils, waxes,
acetates, and nitrates [2].

The main industrial methods of phenol and cyclohexanone production are respective
processes of aerobic liquid-phase oxidation of cumene [3, 4] and cyclohexane [2]. Cyclohexane
oxidation is simple and has only one stage. At the same time, despite the noted advantages, it
has a number of significant drawbacks. For example, during cyclohexane oxidation
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(temperature 120-160 °C, air pressure 1-2 MPa, with cobalt-containing catalysts) cyclohexane
conversion does not exceed 3-5%, target product formation selectivity does not exceed 70-75%,
and cyclohexanone/cyclohexanol ratio in the obtained oxidate is close to 1:1 [5]. The usual high
costs of disposal of by-products, separation, and purification of cyclohexanone significantly re-
duce the profitability of this production.

An alternative to the separate methods of phenol and cyclohexanone production is their
joint synthesis based on liquid-phase initiated oxidation of cyclohexylbenzene (CHB) to hy-
droperoxide (HP). There are numerous related studies all over the world, which shows that the
development of a new method of obtaining phenol and cyclohexanone [6-10] is both important
and promising.

The presence of tertiary and a large number of secondary C-H bonds in the CHB molecule
suggests that it is possible to form two types of HP as well as a number of oxygen-containing
compounds during the oxidation of CHB. There is limited information on the nature and com-
position of the products formed during oxidation of CHB. At the same time, they largely deter-
mine the further possibility of oxidative transformations of CHB in chemical engineering. Thus,
it is important and relevant nowadays to study the composition of CHB liquid-phase oxidation
products.

Study

Although the liquid-phase oxidation of CHB into HP proceeds with high selectivity
(95-98%) of oxygen utilization, the acid decomposition of CHBHP contained in oxidation
products results in phenol yield slightly lower (by 15-20%) than theoretically possible. Changes
of oxidation mode of CHB to HP do not give a way to increase phenol yield at the final stage of
the process. At the same time, the acid decomposition of synthetically produced tert-cyclohex-
ylbenzene hydroperoxide (tert--CHBHP) brings specific phenol yield. The facts presented above
indisputably testify to the presence of two types of HP, tertiary and secondary, in the oxidation
products of CHB.

To verify this theory, we studied the nature of the primary oxidation products of CHB (I)
as well as their products of reduction to ketones and alcohols.

Tertiary (II) and secondary (III) CHBHP content was determined directly in the products
of CHB oxidation by NMR'H-spectroscopy. It was alternatively determined indirectly by prod-
ucts of their reduction to ketones and alcohols by IR-spectroscopy using a number of substances
of known structure obtained by counter-synthesis.

It was found that the spectrum of NMR 'H-products of the selective oxidation of CHB to
HP differs from the spectrum of tert-CHBHP (II) obtained by oxidation of 1-phenylcyclohexa-
nol (V) with hydrogen peroxide. The difference is the existence of a 3.75 ppm signal on the
spectrum of CHB oxidation products, which is usual for the CHO proton of the secondary HP
(sec-HP). By comparing integral intensities of tertiary and secondary CHBHP proton signals,
we can assume that the content of the sec-CHBHP (III) is approximately 15-20% of the total HP
in the CHB oxidation products.

162



A&ROM CHEMISTRY TOWARDS TECHNOLOGY 1l i e1142 VOL. 1, ISSUE 1, 2020

We obtained further confirmation of the HP structure arising from the oxidation of CHB
from the analysis of ketones and alcohols formed by the reduction of HPs by FeSO, [11] or
hydrogen in the presence of Pd/ALOs [12] (Fig. 1).

0]

|

é—(CH2)4—CH3
®7<:> n-amylphenylketone

o tert-cyclohexylbenzene \
2 hydroperox1de
1- phcnylcyclohcxanonc
cyclohexylbenzene
1 o, :fg// I

@_O phenylcyclohexanones
VI
b
HOO H,
sec-cyclohexylbenzene
hydroperoxides

H

phenylcyclohexanoles
VII

Fig. 1. Direction of reduction of cyclohexylbenzene hydroperoxides.

The analysis of IR-spectrum of products of liquid-phase oxidation of CHB (selectivity of
HP formation - 100%, oxidation depth — 10%) showed that it contains only absorption bands
of groups >C=0, which are common for n-amylphenylketone and 2-phenylcyclohexanone. The
portion of the latter is 10-12% of the total ketone content.

The reduction of tert-CHBHP (II) by FeSO; is associated with the rupture of C-C-bond
of a cyclohexane ring. It leads to forming amylphenylketone (V), which is isolated and identi-
tied. The reduction of sec-CHBHP (III) by FeSOushould lead to the formation of 2-phenylcy-
clohexanone (VI).

After analyzing IR-spectra of amylphenylketone (IV) and 2-phenylcyclohexanone (VI),
we determined that the stretches of >C=0 group of compounds (IV) and (VI) are 1683 and
1704 cm! respectively. It helps to determine the presence and ratio of these ketones both in
artificial mixture and in the products of reduction of oxidized CHB. The content of amylphenyl-
ketone (V) and 2-phenylcyclohexanone (VI) in the CHB oxidation products treated with FeSO,
is 5.2 and 1.2% respectively. It also indicates that 15-20% of the total HPs are secondary
CHBHPs (I10).

The reduction of HPs with alkali, triphenylphosphine, or hydrogen in the presence of a
hydrogenation catalyst forms alcohols similar to the structure of the original HP. A convenient
method to analyze such compounds is their interaction with nitric acid to form alkyl nitriles,

which have maximum absorption of 320-400 nm. Analysis of the alcohols formed during
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reduction of CHB oxidation products showed that the total alcohol content is 15% higher than

that of 1-phenylcyclohexanol (V).

Thus, the decrease of phenol (XV) yield at acid decomposition of CHB oxidation products
is associated with the simultaneous formation of tertiary (II) and secondary (III) HP during
CHB oxidation. The content of the latter is 15-20% of the total HP.

We also studied thermal decomposition of cycloalkylbenzene hydroperoxides in the
125-150 °C temperature range. The results showed that the most probable reason
n-alkylphenylketones appear in the cycloalkylbenzenes oxidation products is the decomposi-
tion of tert-HP, which is accompanied by the breakage of C..-Cs..-bond in alicyclic ring with
intermediate formation of 5-benzoylpental radical [13]. Further transformation of this ketorad-
ical leads to n-amylphenylketone (IV).

Oxidation of n-amylphenylketone via a-ketohydroperoxide produces benzoic acid and
valerian acid, which catalyze the decay of tert-CHBHP to cyclohexanone (XIV) and phenol
(XV). Phenol is known to be one of the main factors slowing down the oxidation reaction, up
to its cessation. Oxidative transformations of ketoradical lead to the production of
§-benzolvaleric acid (XIII). The latter can serve as an additional source for phenol, adipic, glu-
taric, and benzoic acids in the reaction products [14].

Thermal decomposition of sec-HP is accompanied by the formation of 2-phenylcycloal-
kanones. Oxidation of 2-phenylcyclohexanone and 2-phenylcyclohexanol, similarly to methyl-
cyclohexanone and methylcyclohexanol, results in a-phenyladipic acid. Decarboxylation of
a-phenyladipic acid can result in the formation of lower mono- and dicarboxylic acids [15].
Thus, we found (% wt.): benzoic (40-50), valerian (20-25), formic (8-12), acetic (7-10), and pro-
pionic (8-12) acids among volatile acidic products with water vapor after CHB oxidation.
Among the non-volatile acids with water vapor, we found (% wt.): 8-benzoylvaleric (55-60),
glutaric (25-30), oxalic (2-4), adipic (7-10), and a-phenyladipic (2-4) acids. The acids were an-
alyzed by gas-liquid chromatography.

We present the scheme of oxidative transformations of cycloalkylbenzenes based on the
obtained experimental data on the composition of cycloalkylbenzenes oxidation products, as
well as the currently existing knowledge of liquid-phase oxidation of alkylsubstituted aromatic
and cycloaliphatic hydrocarbons. This scheme uses cyclohexylbenzenes as an example in the
study (Fig. 2).

All compounds in the scheme were found in the CHB oxidation products at high conver-
sion of the latter (40-45%), which corresponds to a fairly low selectivity of the process. One of
the studies [16] points out the complex nature of the oxidation products of phenylcyclohexane
at great depths of its oxidation. Phenol, cycloalkanones, and phenylcycloalkanones are practi-
cally absent in the reaction products during selective oxidation of CHB.
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Fig. 2. Scheme of oxidative transformations of CHB
Experiment

CHB (I) was obtained by alkylation of benzene with cyclohexanol in the presence of con-
centrated sulfuric acid. Mole ratio hydrocarbon : sulfuric acid : cyclohexanol was 3:1:3, temper-
ature — 5-10 °C, reaction time - 1 h. The target product was extracted from alkylation products
by vacuum distillation.

Liquid-phase oxidation of CHB was performed on a kinetic apparatus [17] at 120 °C in
the presence of 1 wt. % CHBHP.

1-Phenylcyclohexanol (V) was obtained from phenylmagnesium bromide and cyclohex-
anone by the Grignard reaction [18, 19]. T, = 61.5 °C (from petrolether). Found, %: C - 81.80;
H - 9.14 C;;H,60. Calculated, %: C - 81.79; H - 9.15.

Tertiary CHBHP (II) was obtained by oxidation of 1-phenylcyclohexanol with hydrogen
peroxide (V) [20]. The reaction products were washed with water, 1% soda solution, again with
water to a neutral medium and dried in vacuum.

2-Phenylcyclohexanone (VI) was obtained from 1-chlorocyclohexanone and phenyl-
magnesium bromide by the Grignard reaction [21]. Tr, = 57 °C. Found, %: C - 82.98; H - 8.26
C12H140. Calculated, %: C - 82.72; H - 8.10.

n-Amylphenylketone (IV) was obtained by reduction of tertiary CHBHP (II) with 1M
iron sulfate solution. The product was washed with 4% NaOH solution, water, dried, and dis-
persed under vacuum. Ty = 101 °C (3 mmHg). Found, %: C - 81.65; H - 9.08 C;x.H,sO.
Calculated, %: C - 81.77; H - 9.15. CHB oxide was reduced with sulfuric iron in a similar man-
ner.
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CGB oxide was reduced to alcohols with hydrogen at room temperature in the presence
of 2% Pd/C, 4% of weight of the reaction mixture in an apparatus similar to that used for the
CHB oxidation.

Study methods NMR spectra 'H were recorded on a NMReady-60PRO spectrometer
(60MHz) relative to the internal reference, hexamethyldisiloxane. Mean square error of meas-
urements +0.02 ppm. IR spectroscopic analysis was performed on a Fourier IR RX-1. The spec-
tra were recorded in the 4000-400 cm™ range, as a micro-layer between KBr glasses or on one
side of KBr.

Conclusion

As aresult of the study, it was established that the liquid-phase oxidation of cycloalkylben-
zenes features a high degree of selectivity in hydroperoxide formation — 95% and more. Tertiary
and secondary C-H-bonds undergo oxidative transformations in the cycloalkylbenzenes mole-
cule simultaneously, which results in the production of tertiary and secondary hydroperoxides,
respectively. The secondary CH-bonds of cycloalkyl substituents in position 2 () with respect
to the phenyl C-H-bond are mainly oxidized.
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Keywords: This article describes a new method for the synthesis of 2'-O-methoxyme-
CpG oligonucleotides, oligoribonu-  thyl monomers applicable for the efficient automated synthesis of 2'-O-
cleotides, immunotherapy, oncol- modified oligoribonucleotides used for immunotherapy of oncological dis-
ogy eases localized in the gastrointestinal tract.

Introduction

Cancer is the second leading cause of death in the world. Over 9.5 million people died from
cancer in 2019. One of the most common methods of cancer treatment is chemotherapy - treat-
ment of a disease by administering a chemotherapeutic agent, which is a poison or toxin, to the
patient's body, attacking the cells of a malignant tumor, but also healthy cells of the patient. Due
to the lack of selectivity, today one of the important tasks of modern oncology and pharmacol-
ogy is the development of compounds that inhibit the growth of tumors, selectively affecting
cancer cells, without exerting a negative effect on the body. Despite the large number of ongoing
studies, the question of finding and using effective anticancer drugs capable of selectively
affecting cancer remains open [1, 2].

The main targets of the action of new generation drugs should be specific components of
cancer cells necessary for their existence and reproduction. In normal somatic cells, there is a
mechanism for controlling proliferation, due to the gradual shortening of the terminal sections
of chromosomes, the so-called telomeres, in each cycle of cell division. Cancer cells have the
ability to bypass this mechanism and thereby acquire the property of immortality — unlimited
reproductive potential [3, 4].

A special group of compounds currently being investigated as a potential drug for anti-
cancer therapy are short nucleotide sequences (oligonucleotides) complementary to the mes-
senger RNA of a protein involved in the development of the disease and capable of inhibiting
the translation of the messenger RNA of this protein [5].
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Synthesis of ribonucleotide monomers

For the study, it was necessary to develop a method for the synthesis of 2'-O-modified
oligoribonucleotides complementary to the immune checkpoints of T-lymphocytes and T-kill-
ers of the human body [6].

Compound (2) was synthesized in order to select the conditions for the removal of the
3'-hydroxyl function that do not lead to cleavage and migration of internucleotide bonds. For
this, 5'-O- (tert-butyldiphenylsilyl) thymidine in the presence of boron trifluoride etherate was
treated with dimethoxymethane.

When compound (2) was treated with a 1M Lil solution in acetonitrile in the presence of
0.01M HCI, it was found that this leads to a significant removal of the 3-O-methoxymethyl
group, on the basis of which it was concluded that the treatment of 2'-O-methoxymethyl oli-
goribonucleotides hydrochloric acid will not lead to their degradation [7].

Thy TBDPSO T
TBDPSO ;0: (RO),CH,. BF3Et,0 ;ODI
o C,H,Cl, )
R=CHy CHy “oR

In the course of the work, the main task was to reduce the cost of synthesis, therefore, for
an objective assessment of the choice of the thymidine derivative, it was decided, in addition to
5',3"-O-protected thymidine derivatives containing a methoxymethyl group, to synthesize two
compounds containing an ethoxymethyl and benzyloxymethyl group and, by comparing the
time and resources spent on the synthesis, determine the compound that will be used as a mon-
omer for further synthesis.

The introduction of the ethoxymethyl group was carried out by analogy with the intro-
duction of the methoxymethyl group according to Scheme 1 using diethoxymethane. To obtain
a compound containing a benzyloxymethyl group, the synthesis was carried out in several

stages.
@_\ CH,0. (Cl Il)mu ol AcOK
— OAc
Cch o—/ CH;CN o—/
4 5
Thy Thy

TBDPSO 0] 5. BFyELO TBDPSO l ':0: I
C,H,Cly 3
OH
1 o

At the first stage, benzyl alcohol (3) was treated for 2 hours with paraform and trime-
thylchrosilane in carbon trichloride, the resulting a-chloroether (4) was boiled with potassium
acetate in acetonitrile, as a result of which acetoxymethylbenzylether (5) was obtained. Further,
(1) was condensed with (5) in the presence of boron trifluoride etherate, as a result of which
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compound (6) - 5,3 -O-protected thymidine derivative was obtained, containing a ben-
zyloxymethyl group in the 3 'position [8].

The benzyloxymethyl and ethoxymethyl groups were also removed by treatment with Lil
in the presence of 0.01M HCI. Through the experiment, it was found that the rate of their re-
moval turned out to be lower than the rate of removal of the methoxymethyl group, which is
associated with its smaller size and in connection with which it was chosen for further synthesis.

To remove completely blocked nucleosides (9), derivatives of uridine, cytidine and aden-
osine (7) were treated with an excess of dimethoxymethane for 2 hours in the presence of boron
trifluoride etherate in 1,2-dichloroethane.
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To remove the TIPDS group and obtain methoxymethyl derivatives, we decided to treat
the isolated nucleosides (9) with a 1M solution of TBAF and THF for 1 hour. The processing
time and the concentration of reagents were determined empirically.

Methoxymethyl derivatives were dimethoxytritylated, and then, the obtained compounds
(10) were treated with (4-chlorophenyl)-(1-oxide-4-methoxy-2-picolyl) phosphate and
2,4,6-triisopro-pylbenzenesulfonyl chloride (TPSCI), after which the resulting compound was
treated with diazabicycloundecene (DBU) in aqueous acetonitrile.

We found that guanosine derivatives, due to the degradation of bonds between nucleo-
sides, upon treatment with dimethoxymethane formed a large amount of a fluorescent by-prod-
uct (40%), and therefore, in this case, the synthesis of a 2" -O-methoxymethyl derivative (9) we
was carried out by treating the methylthiomethyl derivative (8) with trifluoromethanesulfonic
acid and nickel sulfide in a mixture of tetrahydrofuran and methanol (25:1) for half an hour.

Synthesis, unblocking and purification of 2'-O-modified oligoribonucleotides

The synthesis was carried out by the phosphotriester method on an Applied Biosystems
synthesizer, model 381A. As resins, we used universal CPG carriers from GR. To assess the
efficiency of chain extension, a spectrophotometric measurement of the concentration of the
carbocation formed during the reaction was carried out at wavelengths of 478 and 498 nm. The
chain elongation cycle was 7.5 minutes and is shown in Table 1.
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Table 1. Oligonucleotide chain elongation cycle

Stage Reagents Time, min
Detritylation 3% dichloroacetic acid in dichloromethane 1.0
Flushing Acetonitrile 1.0
Flushing Acetonitrile-pyridine (3:1, v/ v) 0.5
Capping 0.05M monomeric synthon; 0.15M TPSCl in acetonitrile-pyridine 3.0

mixture (3:1, v/ v)
Flushing Acetonitrile-pyridine (3:1, v/ v) 0.5
Capping Acetic anhydride - 1-methylimidazole - acetonitrile (1:1:8, v/ v) 0.5
Flushing Acetonitrile 1.0

Upon completion of the chain extension, the P-protective 1-oxide-4-methoxy-2-picolyl
group was removed: the process of unblocking of phosphate residues was carried out by treating
the oligonucleotide with 1M Lil solution in acetonitrile at room temperature for 3 hours.

2'-O-modified oligoribonucleotides were obtained from the laboratory "Lumiprobe” on
a universal CPG-carrier, and for their cleavage from the carrier and unblocking of acyl protect-
ing groups, the product was treated with a mixture of 28% aqueous ammonia and ethanol (3:1)
for 4 hours at temperature 60 °C. The N-azidomethylbenzoyl group from the heterocyclic bases
of oligoribonucleotides was removed by reaction with 30% trifluoroacetic acid; however, this
led to partial chain degradation, which is reflected in the electrophoregram (Fig. 1).

1 2 3 4

Fig. 1. Electrophoregram of oligonucleotides before (1,3) and after (2,4) their treatment in denaturing 15% solution

As you know, during electrophoresis, DNA fragments migrate in the gel under the influ-
ence of an electric field. In this case, the negatively charged sugar-phosphate backbone of the
molecule moves towards the positively charged anode. Long molecules migrate in the gel more
slowly, and therefore, after the separation of the DNA molecule, when the molecule is visualized
using the fluorescent dyes xylencyanol and bromophenol blue in UV rays, shorter molecules
that have undergone chain degradation will be located higher than long ones that are not sub-
jected to this the phenomenon of a molecule, as demonstrated in the photograph (Fig. 1) in
reflected UV light at 254 nm [9, 10].

The total yield of the product and the sequence of oligonucleotides are presented in Table 2.
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Table 2. Sequences and yields of synthesized oligonucleotides

Sequence Output at the stage of condensation, % Final output, %
r(UUUUUUUUUUUUUUU) 99.2 56
r(AUGGUGACCGACGCCA) 98.5 51
r(CGCUCUCGUCGCUCUCCAUGU) 97.4 47
r(AAGAAGAGCCUGGAGCCCAUCU) 98.1 50
r(AGAUGGGCUCCAGGCUCUUCUU) 97.6 48
r(GCUCUCGUCGCUCUCCAUG)ATT 98.3 49
r(CAUGGAGAGCGACGAGAGC)ATT 97.7 55
r(UUUUUUUUUUUUUUU) 99.1 59
r(CGAUCUCAUCACCUCUCCAU) 98.9 57

Conclusion

The described method of synthesis, which implies the use of new phospholating reagents

containing an O-nucleophilic catalytic P-protective group, can increase the product yield

(by 14%) and reduce the synthesis time by half. Also, the synthesized prototypes are comple-

mentary to human DNA, which makes them promising for further research as a medicinal com-

ponent of cancer immunotherapy.
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The study aims to create biodegradable composite materials based on non-
emulsion polymer latexes with natural fillers. The article provides an anal-
ysis of the current status of the issue on the methods of obtaining biode-
gradable polymer materials and methods for confirming their biodegrada-
tion under the influence of biotic and abiotic factors. The results of research
on the development of a method for obtaining biodegradable polymer ma-
terials based on based on 1,4-cis-polyisoprene non-emulsion polymer latexes
are presented. Using the method of determining the degree of decomposition
of polymers under simulated composting conditions in laboratory tests, the
ability of the created polymer composite products to biodegradation under
the influence of soil microbiota has been proved. Stimulation of biodegrada-
tion processes occurs due to the natural fillers of wood flour and coffee oil
cake introduced at the latex stage in the form of pre-prepared suspensions.
The developed technology makes it possible to obtain, using the method of
coagulant sedimentation, composite polymer thin-film materials with ad-
justable operating time, makes it possible to reduce the load on the environ-
ment after the disposal of used products by burying them into the soil at
polygons. The obtained polymer composite materials can be used to obtain
dipped articles, for example, gloves for household, pharmaceutical, and
chemical purposes.

Introduction

Synthetic polymers are widely used in medical, household, chemical, pharmaceutical,

engineering, and other industries. Gloves, packaging materials, and disposable medical devices

have a short life cycle, often less than one month, and sometimes are single use. As of 2018,

more than 3 million tons of plastic waste was generated in Russia alone, and only 12% of it was

sent for recycling, with the materials partially losing their original mechanical properties.

Due to this, the number of landfills full with solid polymer waste increases every year. One of

the reasons for the rapid growth of plastic waste is how difficult it is to make synthetic polymers
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decompose naturally; for example, they are not processed by microorganisms due to their high
molecular weight or resistant to environmental factors (water, light, temperature) due to cross-
linking between macromolecules or the composite structure of products [1-5].

In recent years, a new approach to the development of plastics has emerged. The aim of
this approach is to obtain polymers that would retain their performance characteristics only
during the period of consumption, and then undergo physical, chemical, and biological trans-
formations under the influence of environmental factors and included in the metabolic pro-
cesses of natural systems. The development of biodegradable polymer materials could be a step
towards solving the global environmental problem of waste disposal.

Today, many companies around the world produce biodegradable plastics. For example,
ICI (Great Britain) has created new industrial polymeric materials produced with bacteria on
natural substrates. The polymer poly-3-hydroxybutyrate synthesized by bacteria is the basis of
Biopol composite material used in the food industry for packaging.

In Russia, the production of biodegradable polymers is not a large market, and import of
such materials is expensive for manufacturers of products made of them. Therefore, these prod-
ucts (packaging, gloves, medical products) are expensive and not widespread in Russia. This is
why the development and manufacture of biodegradable materials is relevant and promising
for other industries [6].

Currently, there are different approaches to create biodegradable plastics. For example,
there is the selection of special strains of microorganisms that degrade polymers or the synthesis
of biodegradable polymers that have a chemical structure similar to that of natural polymers.
In addition to these methods, it is possible to create compositions based on high-molecular
compounds, which include various natural fillers that contribute to decomposition by micro-
organisms. Polysaccharides, such as starch, cellulose, and protein-containing substances
are widely used as such fillers. Such modification allows not only to reduce the production
cost of the final product, but also to improve some technological properties of products.
Usually, the manufacturers do not use these fillers in their pure form, but as wastes from other
industries [7].

Money is the most important factor of any production. Considering that waste can be a
natural filler, the production of biodegradable composites saves a lot of money on procuring it.
For example, one such waste is coffee press cake, which is a constant by-product of various
catering organizations. Another large-volume waste is by-product of wood processing, which
is wood powder. It is suitable as a filler due to its high degree of dispersion. Let us consider in
more detail the feasibility of using the above-mentioned wastes for industrial production of
biodegradable composite polymeric materials.

Wood powder is small particles of hardwood or coniferous trees. Wood powder particles
include cellulose, lignin, and pentosans. The high thermal resistance of wood powder (thermal
destruction begins at 275-285 °C) enables its processing into composites by standard methods.
Due to the content of cellulose and lignin in wood powder, it is prone to biodegradation due to
enzymatic oxidation by fungi (peroxidase, laccase). In 2012, the volume of wood powder pro-
duction amounted to 205.7 thousand m?, and the cost per kilogram was estimated at 0.22-0.39
USD.
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Coftfee press cake contains 20% cellulose and hemicellulose, pectin, lignin, microele-
ments, and proteins. Coffee press cake has a high thermal degradation temperature (about
285 °C), which also makes it possible to use standard methods in the manufacture of composite
materials. The biodegradability of coffee press cake is due to cellulose in its contents, as well as
microelements and proteins, and the mechanism of biodegradation is similar to that of wood
powder [8-13].

The main advantages of biodegradable polymers: they can be processed with standard
equipment; they can be used for the production of packaging materials, including food packag-
ing; waste can be easily disposed because it can decompose under natural conditions.

From a market perspective, the growth prospects for the consumption of biodegradable
polymers are significant. There is a market niche, new profitable enterprises, the properties of
new biopolymers are getting closer to the traditional polymeric materials such as polystyrene,
polypropylene, etc. Now more than 30 different biopolymers are available. They are widely used
not only in the packaging market, but also in the textile industry, agriculture, medicine, and
construction. Almost all major manufacturers of plastics offer their own biodegradable materi-
als [14].

The project proposed by the joint venture of the two largest companies in their segments —
agricultural giant Cargill and chemical leader Dow Chemical - is considered the most success-
ful. This venture, which is called Cargill Dow, claims to be the leader in the production of pol-
ylactic acid (PLA), a polymer made from plant sugars from renewable agricultural resources:
grains and sugar beets. Intended applications are biaxially oriented packaging films, rigid con-
tainers, and even coatings. The company claims that PLA polymer packaging can fully decom-
pose within 45 days, provided an appropriate composting structure is in place. It should be
noted that unlike its competitors, Cargill Dow's biopolymers have been quite successful com-
mercially. Their success is confirmed by the interest of Hoechst TrespaphanGmbh in them, a
renowned manufacturer of oriented films.

Synthesis of specific polyethers and polyetheramides is the priority direction of biode-
gradable synthetic plastics production nowadays. Two chemical giants, BASF and BAYER AG,
are particularly active in this regard. Degradable copolyethers are obtained from aliphatic diols
and organic dicarboxylic acids. It was found that their tendency to biodegradation depends on
the amount of terephthalic acid in ester in relation to aliphatic acid and is 30-55% mol. Based
on this polyester, BASF produced the fully biodegradable plastic Ecoflex F as far back as 1995.
Itis used in sacks, agricultural films, sanitary films, and laminating paper. The mechanical prop-
erties of Ecoflex F are comparable to low density polyethylene. Using this, the company pro-
duces a film with high tensile strength, flexibility, water resistance, and water vapor permeabil-
ity.

BASF has also mastered the production of biodegradable plastics based on polyesters and
starch. Since the second half of 90-s, BAYER AG produces new compostable aerobic biode-
gradable thermoplastics BAK-1095 and BAK-2195 based on polyesteramide. This material has
high adhesion to paper, which allows its wide use for the manufacture of moisture- and
weather-resistant packaging used in the food industry and in agriculture. With appropriate
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hydration, BAC-1095 bags decompose in compost into biomass, carbon dioxide and water in
10 days.

Unfortunately, insufficient attention is paid to the development and practical implemen-
tation of biodegradable plastics in the Russian Federation. At the same time, it should be noted
that there are companies in Russia that produce biodegradable packaging as well. One of the
first Russian companies to produce biodegradable polymers is Eurobalt, St. Petersburg. Dar,
Tikoplastic, Artiplast, Murmanskplast, Biaxplen manufacture similar products. Unfortunately,
these are still isolated offers in the Russian market of biodegradable packaging materials [15, 16].

Biodegradable polymers and materials should be partially or completely degradable to
mineral (inorganic) components without producing any environmentally harmful substances.
This definition includes not only the degree of biodegradation, but also the decomposition of
the polymer by the environment and microorganisms into compostable substances that are
non-toxic to humans.

Thus, biodegradation is associated with the decomposition of organic polymer into low
molecular weight substances and its mineralization, with the loss of all its original chemical and
physical properties. The end products of decomposition are environmentally and human
friendly substances [17-19].

To study the biodegradability, various methods are currently used to evaluate biodegrada-
ble polymeric materials: fungus resistance test, burial test, composting simulation in a labora-
tory to determine the degree of plastics decomposition, evaluation of full aerobic biodegrada-
bility and decomposition under controlled composting conditions, carbon dioxide emission
analysis [20-22].

Study

This study uses an artificial latex of cis-1,4-polyisoprene (SKI-3) to create a polymer basis
for the composite material. Films based on this latex have good gas and vapor tightness and
hypoallergenic properties.

The first stage in manufacture of dipped products is production of artificial latex. It is
essentially preparation of an organic solution of synthetic rubber followed by its emulsification
with solutions of surfactants and vacuum distillation of the solvent to form an aqueous disper-
sion of the polymer. To prepare the emulsion, a freshly prepared sodium caseinate solution and
water are added to the emulsion machine tank, and SKI-3 solution is slowly added in when the
machine is turned on. The emulsification process continues until a stable milk-colored emul-
sion is formed. At the first stage, the solvent is distilled from the obtained emulsion at atmos-
pheric pressure in the presence of nitrogen, enough to reduce the amount of coagulum formed.
At the second stage, the obtained latex is concentrated under vacuum [23, p. 280].

Natural fillers are added for the biodegradable properties to the polymer product. These
fillers include wood powder, various dispersed fractions, and coffee press cake.

The latex composition for the manufacture of dipped products is prepared by sequentially
introducing the following ingredients into the concentrated SKI-3 latex: non-ionic emulsifier
OP-10 (for additional stabilization), dispersion of sulfur, zinc oxide, zinc diethyldithiocarba-
mate, sodium diethyldithiocarbamate solution. They represent the curing system, as well as
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dispersion of natural filler to secure biodegradation of the composite material. The components
are slowly stirred in the latex composition, then it is left alone to mature.

Coagulant deposition is used to create polymer films. This method requires coagulant
solution. The research showed that an aqueous solution of calcium chloride is the perfect can-
didate as a coagulant to coat the dipping forms uniformly and help to easily remove the prod-
ucts off the molds [23, p. 281].

During the process, the dipping molds are cleaned and dried. Porcelain molds with a
smooth, glazed surface were chosen to create the films, which also makes it easier to remove
them off the molds.

The molds are immersed in the coagulant evenly, smoothly, and slowly enough so as to
leave any air bubbles outside. The most acceptable immersion rate was determined to be
0.6-1 cm/s. The extraction rate of molds from the aqueous coagulant was chosen to be within
0.5 cm/s.

The molds are then smoothly dipped in the prepared latex composition. The convex
shape of the meniscus between the latex composition and the mold can be used to assess if the
speed fits the process. In this study, the immersion rate was 1.5-3 cm/s. The mold soaking time
in latex composition was determined by the required thickness of the product and was selected
experimentally for specific conditions. In order to avoid prolonged soaking of the mold in the
latex composition, it is dipped several times. The mold is repeatedly immersed into the coagu-
lant and then back into the latex composition. With this method, the choice of drying time of
latex gel and coagulant before re-immersion is very important. A mistake at this stage can lead
to the product breaking.

The molds are slowly extracted from the latex composition to ensure that the excess latex
composition is removed during the lifting process. The recommended extraction rate is
0.5-1 cm/s. After removing the mold, the excess composition should be allowed to drain off,
and the mold is then slowly rotated at a specific speed (6 rpm) to distribute the latex gel evenly
over the surface. It is then dried in a convection dryer by feeding warm air until the moisture is
completely absent.

After the films are dried, the product is cured at 130-140 “C. The final stages are washing
the obtained products from non-rubber substances and removing the product from the mold.
To wash the mold, it is dipped in distilled water along with the product for 30 minutes. The
highest efficiency was achieved by increasing the frequency of water changes. The films are then
removed from the molds by hand.

We obtained samples of polymeric films of synthetic isoprene rubber (SKI-3) in a similar
manner. They have potential biodegradability with two types of fillers, wood powder and coffee
press cake.

In order to confirm the possibility of biodegradation of the obtained samples of composite
polymeric material, we conducted tests in accordance with ISO 20200:2015 (GOST R 57225-
2016).

As a result of the study, we obtained the dependencies of the degree of biodegradation D
on time ¢ (Fig. 1, 2).
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Fig. 1. Polymer films biodegradation to composting time dependence graph films based on SKI-3, filler - wood
powder, fraction 200 microns: 1. 5 m/v; 2. 10 m/v; 3. 15 m/v; 4. 20 m/v; 5. 25 m/v; fraction 400 micron: 6. 2.5 m/v;
7.5m/v
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Fig. 2. Polymer films biodegradation to composting time dependence graph 1. SKI-3, no filler; 2. SKI-3, filler -
coffee press cake: 2. 5 m/v; 3. 10 m/v; 4. 15 m/v; 5. 20 m/v

As the number of natural components increased, the degree of biodegradation also in-
creased, and after introducing a more highly dispersed filler over the period of the experiment,
the process was more intense. Coffee press cake was a better biodegradation stimulator com-
pared to wood powder, apparently due to the presence of protein compounds in its composi-
tion. The polymer films fragmented into 2-10 mm particles during the tests, and we could not
conduct further tests for this reason.
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Conclusion

As a result, the study shows the potential biodegradability of the samples of the developed

composite polymeric material based on synthetic polymers and natural fillers. Another result is

the method of production and contents of a latex composition to manufacture thin-film dipped

products containing natural fillers, which were introduced at the latex stage.

The study is highly relevant for Russia due to a small range of such products. Increasing

the use of biodegradable polymeric products in the production of packaging materials, medical

and household items can be one of the promising ways to solve the environmental problem of

the ever-increasing volume of polymer waste.
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Introduction

3-Cyanobenzene-1-sulfonyl chlorides are valuable reagents for various areas of fine or-
ganic synthesis.

Cl0,S CN

R

These compounds are used to form the corresponding sulfonamide component in com-
plex functional compounds of various purposes. Specifically, they are used to produce antiplate-
let agents [1], agricultural germicides [2], pharmaceutical compositions [3, 4], potential anti-
cancer agents [5, 6], antihelmintic [7] and anti-inflammatory [8, 9] agents, etc.

Despite the apparent simplicity of the structure, 3-cyanobenzene-1-sulfonyl chlorides are
not widely available reagents. Commercial drug catalogs offer only a limited list of compounds,
and their average price is 70-100 € per 1 gram [10]. The purpose of this study is to develop a
general method for the preparation of compounds of this series using inexpensive raw materials
and reagents.
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Older research of sulphidation reactions [11] shows that it is impossible to synthesize
them by direct sulphochlorination of the corresponding benzonitriles [11]. In this case, the for-
mation of cyclic sulfamate during the reaction and its decomposition upon pouring the reaction
mixture into water does not preserve the nitrile group in the final products. An alternative and
widely known method for the indirect introduction of the sulfonyl chloride group into aromatic
compounds is the sulfochlorination reaction of the corresponding diazonium salts [12].
Another research [13] demonstrates a way to obtain various cyanobenzene sulfonyl chlorides
using this reaction. However, the disadvantages of the proposed method are the complexity of
technological design, the necessity of a number of additional reagents, and commercial availa-
bility of a rather narrow list of initial aminobenzonitriles, which do not make it versatile enough.

Study

The study proposes a preparation method for sulfonyl chlorides 5 based on the dehydra-
tion of the corresponding benzamides 4, which are produced using benzoic acids 1.

o
OH
R; R,
/ la-g \
O i il (OO O
\\//
NH, H,N~ OH
R; R, O O 0 / Ry R,
2a-b \\S// 3a-e
i cl- NH, v
R; R,

C O
R2 Rl

Ta-g

i: (1) SOCl,, DMPA; (2) MeCN, NH, (25% water solution); ii: (1) HSO;Cl, 140 °C, 2 h; NH, (25% water
solution); iii: HSOsCl, 70 °C, 2 h; iv: HSO;Cl, 90-100 °C, 1-1,5 h; v: PCl;, 90 °C, 30 minutes;
vi: (1) MeCN, pyrrolidine; (2) HCL; vii: MeCN, pyrrolidine

1-2,4-7. R; = H (b,c.e), Me (a), F (d), Cl (g); R, = H (a,¢,d,f), OMe (b), F (e), CI (g).
3. R =H(a,), F (b), Cl(d,e); R, = H (a,b.d), F (¢), Cl (e).
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Depending on the type of substituents in the initial benzoic acid nucleus 1, 3-carbamoyl-
benzene-1-sulfonyl chlorides 4 can be prepared by two methods: direct sulfochlorination of
benzamides 2 containing electron donor groups [12], or intramolecular reamidation of sulfon-
amides 3 [14] containing electron acceptor substituents. The yields of compounds 4a-g
obtained by these methods are 42-78%. The IR spectra of benzamides 4a-g recorded absorption
bands common for carboxamide and sulfonyl chloride fragments. To further confirm the struc-
ture, sulfonyl chlorides 4a-g were treated with pyrrolidine, and the resulting sulfonamides 6a-
g were analyzed by '"H NMR and IR spectroscopy. The NMR 'H spectra of compounds 6a-g in
all cases showed proton signals of carboxamide and sulfonamide fragments.

The benzamide dehydration reaction is the simplest and best studied method of benzo-
nitriles production. In this reaction, the initial benzamide is heated in a water-releasing agent
(SOCL, POCl;, COCL, P,0s, etc.) in presence of a base (pyridine, DMPA, NaHSO;, etc.)
[15, 16]. However, in the case of compounds 4, a free sulfonyl chloride group may adversely
affect the course of the reaction involving the base agents, which can lead to hydrolysis of this
group or other chemical transformation. Therefore, for the synthesis of the target cyanobenzene
sulfonyl chlorides 5a-g, we propose not to use additional reagents. Comparison of the reactivity
of benzamides 4a-g in SOCl, and POCl; medium showed that thionyl chloride exhibited weak
dehydrating activity even at boiling temperature and prolonged heating. In all cases, only the
initial benzamides 4 were detected in the products (by thin-layer chromatography and by melt-
ing temperature). Using POCI; as a water-releasing agent provided much better results. Regard-
less of the type of substituent in the original compound 4, at 85-90 °C and reaction time of 30
minutes, the reaction yield is 80-94% of the target cyanobenzene sulfonyl chlorides 5a-g. In IR
spectra of the obtained products, we detected a disappearance of absorption bands of carbox-
amide fragments and an appearance of corresponding bands in the 2230 cm™ range, indicating
the presence of cyanogroup. Also, to further confirm the structure, sulfonyl chlorides 1a-g were
treated with pyrrolidine, and the resulting sulfonamides 7a-g were analyzed by '"H NMR and IR
spectroscopy. In the '"H NMR spectra of compounds 7a-g, no proton signals of the carboxamide
fragment were detected in all cases.

Cyanobenzene sulfonamides 7a-g were also successfully counter-synthesized based on
compounds 6a-g under similar dehydration reaction conditions. The product yields were
82-92%, and their spectral and physicochemical properties were identical to those recorded for
compounds 7 derived from compounds 5.

Experimental data

A Bruker DRX400 spectrometer (400 MHz) was used to record NMR 'H spectra. Solvent:
DMSO-ds, TMC internal standard. IR spectra were recorded on a RX-1 Perkin Elmer Fourier
spectrometer with a 700-4000 cm™ wavelength. A suspension of the analyzed sample in Vaseline
oil was placed in the device between KBr plates. Mass spectra were recorded on Shimadzu
Prominence LCMS-2020 UFLC/MS equipped with a chromatography column (t = 40 °C, ace-

tonitrile eluent) and mass spectrometer (LCMS-2020, m/z range 0-2000, ionization modes:
ESI/ACPI).
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3-carbamoyl-4-methylbenzene-1-sulfonyl chloride (4a). 44 ml (0.066 mol) of
chlorosulfonic acid was added to 3 g (0.022 mol) benzamide 2a. The reaction mixture was in-
cubated at 70 °C for 2 h. The product was extracted by pouring the reaction mixture on ice and
purified by recrystallization from toluene. Yield 3.899 g (75%), beige crystals, m.p.
149.5-151 °C. IR spectrum (KBr), v, cm™: 3446, 3302, 3259, 3200 (CON-H), 1663 (C=0), 1620
(CON-H), 1592 (C-Carom), 1374, 1175 (SO,).

The compound 4b was prepared similarly.

5-carbamoyl-2-methoxybenzene-1-sulfonyl chloride (4b). Yield 4.120 g (83%), white
crystals, m.p. 135.5-136.5 °C. IR spectrum (KBr), v, cm™: 3428, 3414, 3367, 3300 (CON-H),
1682 (C=0), 1625 (CON-H), 1601, 1503 (C-Carom.), 1556 (CON-H), 1376, 1178 (SO»).

3-carbamoylbenzene-1-sulfonyl chloride (4c). 4.0 ml (0.060 mol) of chlorosulfonic acid
was added to 3 g (0.015 mol) sulfonamide 3a. After the foam subsided, the reaction mixture was
incubated at 100 °C for 1 h. The product was extracted by pouring the reaction mixture on ice
and purified by recrystallization from toluene. Yield 2.264 g (69%), white crystals, m.p.
78-80 °C. IR spectrum (KBr), v, cm™: 3427, 3290, 3210 (CON-H), 3072 (C-Harom.), 1654 (C=0),
1635, 1613 (CON-H), 1569 (C-Carom.), 1556 (CON-H), 1382, 1373, 1184 (SO,).

The compounds 4d-g were prepared similarly.

3-carbamoyl-4-fluorobenzene-1-sulfonyl chloride (4d). Reaction temperature 100 °C,
duration 2 h. Yield 1.438 g (44%), white needle-like crystals, m.p. 110-113 °C. IR spectrum
(KBr), v, cm': 3444, 3418, 3283, 3238, 3171 (CON-H), 3098 (C-Haom ), 1684, 1663 (C=0), 1628
(CON-H), 1608 (C-Cirom.), 1569 (CON-H), 1379, 1178 (SO.).

3-carbamoyl-2-fluorobenzene-1-sulfonyl chloride (4e). Reaction temperature 90 °C,
duration 2 h. Yield 1.351 g (42%), white crystals, m.p. 135.5-137 °C. IR spectrum (KBr), v, cm™:
3471, 3356, 3289, 3150 (CON-H), 3072 (C-Haom.), 1685 (C=0), 1600, 1494 (C-Curom.), 1376,
1188 (SO»).

3-carbamoyl-4-chlorobenzene-1-sulfonyl chloride (4f). Reaction temperature 100 °C,
duration 2 h. Yield 2.501 g (77%), white crystals, m.p. 143-145 °C. IR spectrum (KBr), v, cm™:
3363, 3183 (CON-H), 1658, 1643 (C=0), 1618 (CON-H), 1589 (C-Carom), 1377, 1176 (SO,).

5-carbamoyl-2,4-dichlorobenzene-1-sulfonyl chloride (4g). Reaction temperature
90 °C, duration 3 h. Yield 2.504 g (78%), beige crystals, m.p. 138-142 °C. IR spectrum (KBr), v,
cm': 3383, 3292, 3223 (CON-H), 3086 (C-Huwom), 1655 (C=0), 1619 (CON-H), 1606, 1585
(C-Curom.), 1535 (CON-H), 1385, 1179 (SO»).

3-cyano-4-methylbenzene-1-sulfonyl chloride (5a). 3 ml (32.772 mmol) of phosphorus
chloroxide was added to 1 g (4.279 mmol) benzamide 4a. The reaction mixture was heated for
30 min at 85-90 °C, then cooled down, and 5 ml of acetonitrile was added. The product was
extracted by pouring the resulting solution on 10 g ice, and the resulting precipitate was filtered
off. The product can be further purified by recrystallization from toluene. Yield 0.806 g (87%),
beige crystals, m.p. 70-71 °C. IR spectrum (KBr), v, cm™ 3056 (C-Huwom.), 2236 (C=N),
1596 (C~Carom.), 1376, 1194, 1168 (SO,).

The compounds 5b-g were prepared similarly.
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5-cyano-2-methoxybenzene-1-sulfonyl chloride (5b). Yield 0.867 g (93%), white crys-
tals, m.p. 129-131 °C. IR spectrum (KBr), v, cm™: 3079 (C-Hawom.), 2233 (C=N), 1604, 1497
(C—-Cirom.), 1369, 1167 (SO,).

3-cyanobenzene-1-sulfonyl chloride (5¢). Yield 0.747 g (81%), beige crystals, m.p.
44-46 °C. IR spectrum (KBr), v, cm™: 3058 (C-Harom.), 2233 (C=N), 1596 (C—Cirom.), 1378,
1171 (SO,).

3-cyano-4-fluorobenzene-1-sulfonyl chloride (5d). Yield 0.741 g (80%), beige crystals,
m.p. 68-70 °C. IR spectrum (KBr), v, cm™: 3083, 3066 (C—H.rom.), 2242 (C=N), 1610, 1574, 1492
(C~Casom), 1373, 1192, 1163 (SO»).

5-cyano-2-fluorobenzene-1-sulfonyl chloride (5e). Yield 0.759 g (82%), dark brown oil.

3-cyano-4-chlorobenzene-1-sulfonyl chloride (5f). Yield 0.850 g (91%), white crystals,
m.p. 56.5-57 °C. IR spectrum (KBr), v, cm™: 3088, 3064 (C-Harom.), 2242 (C=N), 1585 (C—Cuarom.),
1381, 1180, 1167 (SO»).

2,4-dichlorobenzene-5-cyano-1-sulfonyl chloride (5g). Yield 0.882 g (94%), white crys-
tals, m.p. 74-77 °C. IR spectrum (KBr), v, cm™: 3092, 3068 (C-Harom.), 2240 (C=N), 1581, 1572
(C—Carom.)> 1390, 1379, 1181 (SO,).

2-methyl-5-(pyrrolidine-1-ylsulfonyl) benzamide (6a). 0.7 ml (8.560 mmol) pyrrolidine
was added to a solution of 1 g (4.280 mmol) benzamide 4a in 5 ml acetonitrile. The reaction
mixture was stirred for 2-3 min, and the product was extracted by adding 5 ml water. The prod-
uct can be further purified by recrystallization from ethanol-water mixture (1:1). Yield 0.90 g
(78%), white crystals, m.p. 205-207 °C. IR spectrum (KBr), v, cm™: 3455, 3360, 3327 (CON-H),
1681, 1669 (C=0), 1610 (N-H), 1331, 1171, 1156 (SO). NMR spectrum 'H (400 MHz), §, ppm
(J, Hz): 1.66 (m, 4H, 2CH,), 2.44 (s, 3H, CHs), 3.14 (m, 4H, N(CH,),), 7.49 (d, 1H, H-3, ] 8.0),
7.58 (s, 1H, CONH,), 7.67 (d, 1H, H-6, 4] 1.9), 7.73 (dd, 1H, H-4, ¥J 8.0, ¥J 1.9), 7.96 (s, 1H,
CONHs;). Mass spectrum (ESI): m/z 267 [M]* (100.0). M 268.33.

Compounds 6b-c, e-g were prepared similarly. To synthesize the compound 6d, we used
the molar ratio of 4d : pyrrolidine : triethylamine = 1: 1 : 2 instead of twice the molar excess of
pyrrolidine.

4-methoxy-3-(pyrrolidin-1-ylsulfonyl) benzamide (6b). Yield 0.975 g (86%), white
crystals, m.p. 218-220.5 °C. IR spectrum (KBr), v, cm™: 3411, 3367, 3306 (CON-H), 1682
(C=0), 1626 (N-H), 1601, 1504 (C-Carom), 1320, 1158 (SO,). NMR spectrum 'H (400 MHz),
8, ppm (J, Hz): 1.74 (m, 4H, 2CH,), 3.23 (m, 4H, N(CH.).), 3.96 (s, 3H, OCHs), 7.31 (d, 1H,
H-5, 37 8.7), 7.38 (s, 1H, CONH.), 8.08 (s, 1H, CONH.), 8.13 (dd, 1H, H-6, ¥J 8.7, J 2.3), 8.30
(d, H-2, %] 2.3). Mass spectrum (ESI): m/z 283 [M]* (100.0). M 284.33.

3-(pyrrolidine-1-ylsulfonyl) benzamide (6c). Yield 0.943 g (81%), beige needle-like crys-
tals, m.p. 226-229 °C. IR spectrum (KBr), v, cm™: 3431, 3370, 3327 (CON-H), 1690, 1664
(C=0), 1617 (N-H), 1335, 1167 (SO;). NMR spectrum 'H (400 MHz), §, ppm (J, Hz): 1.64
(m, 4H, 2CH,), 3.16 (m, 4H, N(CH,),), 7.62 (s, 1H, CONH,), 7.72 (t, 1H, H-5, 3] 7.8), 7.95
(d, 1H, H-6, 3] 7.8), 8.18 (d, 1H, H-4, ¥ 7.8), 8.25 (m, 1H, H-2), 8.29 (s, 1H, CONH,). Mass
spectrum (ESI): m/z 253 [M]* (100.0). M 254.31.

2-fluoro-5-(pyrrolidin-1-ylsulfonyl) benzamide (6d). Yield 0.835 g (73%), white crys-
tals, m.p. 172-174 °C. IR spectrum (KBr), v, cm™: 3374 (CON-H), 1695, 1662 (C=0), 1608
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(N-H), 1575 (C-Carom.), 1340, 1169 (SO;). NMR spectrum 'H (400 MHz), §, ppm (J, Hz): 1.67
(m, 4H, 2CH,), 3.16 (m, 4H, N(CH,),), 7.55 (t, 1H, H-3, i 9.1, i 9.1), 7.86 (s, 1H,
CONH,;), 7.96 (m, 2H, H-4, CONH), 8.00 (dd, 1H, H-6, *Ju°s 6.6, *Ju*_4* 2.4). Mass spectrum
(ESD): m/z 271 [M]* (100.0). M 272.30.
4-fluoro-3-(pyrrolidin-1-ylsulfonyl) benzamide (6e). Yield 0.867 g (76%), white crys-
tals, m.p. 190-192 °C. IR spectrum (KBr), v, cm™: 3454, 3353, 3297 (CON-H), 1686 (C=0),
1616 (N-H), 1598, 1485 (C-Cuom.), 1337, 1156 (SO). NMR spectrum 'H (400 MHz), §, ppm
(J, Hz): 1.76 (m, 4H, 2CH,), 3.25 (m, 4H, N(CH.),), 7.60 (m, 2H, H-5, CONH), 8.27 (m, 3H,
H-2, H-6, CONH). Mass spectrum (ESI): m/z 271 [M]* (100.0). M 272.30.
2-chloro-5-(pyrrolidin-1-ylsulfonyl) benzamide (6f). Yield 0.962 g (85%), white crys-
tals, m.p. 196-198 °C. IR spectrum (KBr), v, cm™: 3365 (CON-H), 1654 (C=0), 1628 (N-H),
1592 (C-Carom.), 1338, 1150 (SO;). NMR spectrum 'H (400 MHz), §, ppm (J, Hz): 1.69 (m, 4H,
2CH,), 3.17 (m, 4H, N(CH,),), 7.75 (m, 2H, H-3, H-6), 7.80 (s, 1H, CONH), 7.83 (dd, 1H, H-4,
’] 8.4,%72.2), 8.09 (s, 1H, CONH). Mass spectrum (ESI): m/z 288 [M]* (100.0). M 288.75.
5-(pyrrolidin-1-ylsulfonyl)-2,4-dichlorobenzamide (6g). Yield 0.920 g (82%), light yel-
low crystals, m.p. 218-221 °C. IR spectrum (KBr), v, cm™: 3358 (CON-H), 1657 (C=0), 1631
(N-H), 1586 (C~Carom.), 1352, 1155 (SO;). NMR spectrum 'H (400 MHz), §, ppm (J, Hz): 1.84
(m, 4H, 2CH.), 3.32 (m, 4H, N(CH.),), 7.84 (s, 1H, CONH), 7.90 (s, 1H, H-3), 7.98 (s, 1H,
H-6), 8.11 (s, 1H, CONH). Mass spectrum (ESI): m/z 322 [M]* (100.0). M 323.20.
2-methyl-5-(pyrrolidine-1-ylsulfonyl) benzonitrile (7a). Method a. 0.38 ml (4.637
mmol) of pyrrolidine was added to a solution of 0.5 g (2.318 mmol) of compound 5a in 3 ml

acetonitrile. The reaction mixture was stirred for 2-3 min, and the product was extracted by
adding 5 ml water. The product can be further purified by recrystallization from ethanol-water
mixture (1:1). Method b. 3 ml (16.386 mmol) of phosphorus chloroxide was added to 0.5 g
(1.863 mmol) benzamide 6a. The reaction mixture was heated for 30 min at 85-90 °C, then
cooled down, and 5 ml of acetonitrile was added. The product was extracted by pouring the
resulting solution on 10 g ice, and the resulting precipitate was filtered off. The product can be
further purified by recrystallization from ethanol-water mixture (1:1). Yield 0.419 g (72%)
(method a), 0.427 g (91%) (method b), white crystals, m.p. 113-115 °C. IR spectrum (KBr),
v, cm™: 3055 (C-Harom), 2231 (C=N), 1597 (C-Curom.), 1342, 1154 (SO;). NMR spectrum 'H (400
MHz), 6, ppm (J, Hz): 1.66 (m, 4H, 2CH,), 2.58 (s, 3H, CH3), 3.17 (m, 4H, N(CH.),), 7.72
(d, 1H, H-3,°] 8.1), 8.00 (dd, 1H, H-4,°] 8.1, ¥ 1.9), 8.17 (d, H-6, *J 1.9). Mass spectrum (ESI):
m/z 249 [M]* (100.0). M 250.32.

Compounds 7b-g were prepared similarly using both methods. To synthesize the com-
pound 7d as per method a, we used the molar ratio of 5d : pyrrolidine : triethylamine=1:1:2
instead of twice the molar excess of pyrrolidine.

4-methoxy-3-(pyrrolidin-1-ylsulfonyl) benzonitrile (7b). Yield 0.435 g (76%) (method
a), 0.421 g (90%) (method b), white crystals, m.p. 145-148 °C. IR spectrum (KBr), v, cm™: 3056
(C-Harom.), 2225 (C=N), 1599, 1487 (C—Ciarom.), 1336, 1151 (SO,). NMR spectrum 'H (400 MHz),
§, ppm (J, Hz): 1.76 (m, 4H, 2CH,), 3.25 (m, 4H, N(CH,),), 4.01 (s, 3H, OCHs), 7.45 (d, 1H,
H-5,°]8.5), 8.11 (m, 2H, H-2, H-6). Mass spectrum (ESI): m/z 265 [M]* (100.0). M 266.32.
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3-(pyrrolidin-1-ylsulfonyl) benzonitrile (7c). Yield 0.379 g (65%) (method a), 0.379 g
(82%) (method b), white crystals, m.p. 100-103 °C. IR spectrum (KBr), v, cm™: 3056 (C-Harom.),
2234 (C=N), 1414 (C-Cirom.), 1345, 1160 (SO.). NMR spectrum 'H (400 MHz), §, ppm (J, Hz):
1.66 (m, 4H, 2CH,), 3.19 (m, 4H, N(CH.)»), 7.84 (t, 1H, H-5, ] 7.9), 8.12 (d, 1H, H-4,3] 7.9),
8.17 (d, 1H, H-6, °] 7.9), 8.25 (m, 1H, H-2). Mass spectrum (ESI): m/z 235 [M]* (100.0).
M 236.29.

2-fluoro-5-(pyrrolidin-1-ylsulfonyl) benzonitrile (7d). Yield 0.337 g (58%) (method a),
0.405 g (87%) (method b), white crystals, m.p. 142-145 °C. IR spectrum (KBr), v, cm™: 3066
(C-Harom.)> 2236 (C=N), 1574, 1490 (C—Ciarom.), 1348, 1337, 1156 (SO.). NMR spectrum 'H (400
MHz), §, ppm (J, Hz): 1.68 (m, 4H, 2CH.), 3.19 (m, 4H, N(CH,),), 7.77 (t, 1H, H-3, *Ju3-14 9.0,
Jusr 9.0), 8.20 (ddd, 1H, H-4, *Jusns 9.0, Juar 5.0, “Jusne 2.4), 8.41 (dd, 1H, H-6, *Jusr 6.1,
*Jh6-1142.4). Mass spectrum (ESI): m/z 253 [M]* (100.0). M 254.28.

4-fluoro-3-(pyrrolidin-1-ylsulfonyl) benzonitrile (7e). Yield 0.398 g (69%) (method a),
0.390 g (84%) (method b), white crystals, m.p. 112.5-114.5 °C. IR spectrum (KBr), v, cm™: 3061
(C-Harom.), 2235 (C=N), 1600, 1485 (C—Ciarom.), 1344, 1154 (SO,). NMR spectrum 'H (400 MHz),
§, ppm (J, Hz): 1.78 (m, 4H, 2CH.), 3.29 (m, 4H, N(CH,),), 7.74 (t, 1H, H-5, *Jus_uzs 9.7, JJuss.r
9.7), 8.26 (m, 2H, H-2, H-6). Mass spectrum (ESI): m/z 253 [M]* (100.0). M 254.28.

2-chloro-5-(pyrrolidin-1-ylsulfonyl) benzonitrile (7f). Yield 0.421 g (73%) (method a),
0.416 g (89%) (method b), white crystals, m.p. 163-165.5 °C. IR spectrum (KBr), v, cm™: 3064
(C-Harom.), 2231 (C=N), 1582 (C-Carom.), 1358, 1161 (SO,). NMR spectrum 'H (400 MHz), §,
ppm (J, Hz): 1.68 (m, 4H, 2CH,), 3.20 (m, 4H, N(CH>),), 7.98 (d, 1H, H-3,°/ 8.5), 8.10 (dd, 1H,
H-4,°] 8.5,%]2.2), 8.39 (d, H-6, *] 2.2). Mass spectrum (ESI): m/z 270 [M]* (100.0). M 270.74.

5-(pyrrolidin-1-ylsulfonyl)-2,4-dichlorobenzonitrile (7g). Yield 0.430 g (76%) (method
a), 0.436 g (92%) (method b), yellow crystals, m.p. 148-150.5 °C. IR spectrum (KBr), v, cm™
2230 (C=N), 1581 (C-Carom.), 1356, 1159 (SO,). NMR spectrum 'H (400 MHz), §, ppm (J, Hz):
1.84 (m, 4H, 2CH,), 3.34 (m, 4H, N(CH.).), 8.28 (s, 1H, H-3), 8.39 (s, 1H, H-6). Mass spectrum
(ESI): m/z 304 [M]* (100.0). M 305.18.

Conclusion

Despite the seeming simplicity, the proposed method fits all purposes and allows to syn-
thesize a wide range of highly pure 3-cyanobenzene-1-sulfonide chloride derivatives 5 with the
available raw materials and reagents. It also allows us to significantly simplify the possible tech-
nological design of the process as compared to the previously proposed [13] and reduce the cost
of the final compounds.
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This paper presents the results of a study of the main characteristics of the

Keywords: process of throttling a liquid in a control axial valve, taking into account the

process, throttling, liquid, dependence of the modeled coefficient of hydraulic resistance on the design

throughput, valve, parameters, and operating parameters. In particular, the calculation of the throughput

coefficient of hydraulic resistance 4 throughput characteristics of the separator of the specified valve from the
standpoint of varying the degree of its opening has been performed. The most
significant factors influencing the change in these indicators of the axial valve
operation are revealed. For example, at the maximum degree of valve open-
ing, an increase in the diameter of the throttling holes by 2 times leads to an
increase in the nominal throughput by 1.66 times and the throughput char-
acteristic by 1.19 times. It is shown that in the selected ranges of changes in
the design parameters of the throttling process of the working medium, an
increase in the valve opening degree up to 60% leads to a smooth increase in
the throughput characteristic to values not exceeding 0,3. The specified non-
linear dependence of the flow characteristic of the control axial valve creates
the prerequisites for choosing the profiling of this indicator. The practical ap-
plication of the issues discussed in this study was reflected in the development
of an engineering methodology for calculating design parameters for the cor-
responding control valve with the implementation of the process of throttling
the flows of the working medium.

Introduction

Accident-free operation of control valves within process regulations is a basic
requirement for various branches of chemical production and an issue for leading
manufacturers of pipeline valves. Fluid flow in the flowing working areas of the corresponding
adjustment devices is accompanied by cavitation phenomena of hydrodynamic and acoustic
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nature [1-3]. In particular, the occurrence of hydrodynamic cavitation is directly related to the
main purpose of valves as fluid flow adjustment equipment [4-6], and due to sharp pressure
drop, it becomes possible for cavitation cavities to form in the working fluid [2, 3]. Behavior of
a system of formed cavitation bubbles in the main nodes of pipeline valves requires a
comprehensive study of the conditions of the specified adjustment process with minimum
consequences of the hydrodynamic cavitation phenomenon and maximum possible flow
capacity. Using a number of structural devices for fluid flow separation allows to throttle the
fluid in the main valve node. The purpose of this study is to research main characteristics of
fluid throttling in the axial control valve with outer shell [7]. The study takes into account the
dependence of the simulated hydraulic resistance factor on the design and operating
parameters. The problem becomes especially interesting when the working fluid throttling is
simulated stochastically [8] by energy method [9] [10-14] in contrast to other numerous
simulation models [15-17].

Brief description of the assessment approach for the flow capacity of an axial control
valve with external separator gate

The assessment of the main characteristics of control valve throttling is a priority task for
industrial designers when selecting design and operating parameters of the valve [18-20]. In
particular, there are two most important indicator [19, 21] - the flow capacity K, and the flow
rate, depending on the degree of valve opening t €[0;1]

c.=K, /K, (1)

The value 6_ in expression (1) is determined by the ratio of flow capacities at the current
(K,, ) and full (K, ) opening of throttle channels.

Fluid flow throttling can be designed either with a single separator [22, 23] or with a set
of fluid flow splitter stages [24]. At the same time, there are orifices of different configurations
that can be drilled in axial valve separators. The design of the axial valve at the external gate of
a cylindrical separator [7] with outlet diameter Dy, thickness, /4, and length L¢ of the perfo-
rated part has S, rows of round radial orifices with the same diameter d, as their number S,
in each row and distance /. between the rows. To regulate pressure drops, these channels are
closed by using an outer shell which moves along the central axis of the flow splitter with a
nominal bore diameter D, =d,(S,S,7)"/*.

With the empirical ratio in mind [18], the flow capacity of the valve K, is calculated

Yyt

depending on the hydraulic resistance factor { , in the transition region of the fluid flow (in

the interval of change of Reynolds criterion 10 < Re<10*).
K, =5.04-10"nD *C, " Q)

Vy
Note that the turbulent flow formation theory is not complete [25], assessment methods
for the hydraulic resistance factor are actively developed in three directions: use of empirical
relationships [4, 18, 20, 26], use of simulation models [27-30], simulation of analytical depend-

encies [10]. In particular, the authors propose the following way to calculate this characteristic

G = j-19‘071[([45'[ —h)- 2_1}‘0] + Age + Ay {1 = A5 (AT + 4) [2(Lg7 - hr)gr]A}z ) (3)
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modeled depending on design and mode parameters of throttling of working liquid [10]
based on the superposition principle for pressure drops in elementary local resistances [4, 26].
Expression (3) contains notations:

h=htd,; 4, = Sth;r(goo)_l[(DiCE - th)z _DeCIZ ]_25 A= 4‘DS(7[Shdh2)71 >
4 =4S, (b, + dh)(n'doz)_l A6 =TLg [25 2y, =2[(D;cy — 2hc)2 —(Ds thy )T /D;r ;

/0,2648,hD, *(Re, d,*) "5 7,28, yhs[1+ Ds(Dg +hg) 1{90°(Dyee - 20 )* - D'}

here: D, - inner diameter of outer chamber with thickness #4.; D, - outer diameter
of the inner chamber; 4, — distance between orifices in one row; ¢ — bevel angle for outer sep-
arator cage made as a cylindrical shell. For flow compression factor ¢, , expression (3) suggests
to use modified formula of Alshtul [26] in the form of
e =0.57+43-10°{1.1-2"[4, + 4, 1}, 4)
where 7, 228 (h, +d,)(h.+d, +2,t)(nd,’)". The link between the Reynolds criterion

Re_ and the nominal bore diameter Dy

- in the calculation of factor 4,, in expression (3) is

reflected by the well-known relation Re, =3530, .. (v,D,.)™" [18] at a valve opening degree
t€[0;1], where Q, .. — a maximum the working medium flow (m*/h); v, - its kinematic vis-
cosity value (cm?/s) at a fixed temperature value ¢ (°C).

Thus, the simulation of the analytical dependence of the hydraulic resistance factor on
the opening of the valve with an external separator gate [7] is performed using (3) and after
taking (4) into account. This makes it possible to estimate the flow capacity K,, and flow rate

c_ according to (1) for the control valves of the specified type [31].

Using hydraulic resistance factor simulation results to calculate basic characteristics
of fluid throttling in axial valve with external separator gate

We used the offered method of estimation of liquid throttling parameters y={K,.,0,}

in the axial valve with an external separator gate [7] and tested it with throttling water as per
the working environment selection set for tests of pipeline valves [19, 21, 32].
The input data x={a,b} for calculation of indicators y={K,,0,} of the specified pro-

cess (flow capacity K, and flow rate o,) are values of mode a={a,, j=1n} and design
b={a;,j =1,n,} parameters. Table 1 presents the obtained values of nominal bore diameter,

Reynolds criterion, and hydraulic resistance factor depending on degree of opening of external
separator gate as per (3), (4).

Table 1. Nominal bore diameter, Reynolds criterion, and hydraulic resistance factor depending on degree
of opening of external separator gate

T D,,10%, m Re,, 10 (pr 10°
0.23 1.40 1.5564 3.1857
0.62 2.21 0.9844 0.2658
0.81 2.80 0.7782 0.1128

1.0 3.13 0.6961 0.0919
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Here are the basic values of operating parameters a={Q

1max

> v}, n =4 of the
given throttling process: maximum fluid flow rate AP =1,5m’h; minimum pressure drops

min

AP, =1,5kPa; temperature t =30 °C; kinematic viscosity v, =0,81-10% cm?/s. The values of

min

design parameters b={D. h,L,;d ;h,;S,;S ;h ;D . ;h.;D, . ;@;h }, n,=13 are divided into
three groups:

1) for the separator: (output diameter Dg =3,4-10” m; thickness A, =0,15-107 m; the
perforated part length L,=2,35-107 m; number of rows of circular radial orifices S.=5; num-
ber of these orifices in one row S, =16 orifice diameter d, =3,5-10° m; distance between rows
h =0,1- 10? m; distance between orifices in one row h,=0,3- 10? m);

2) for the cylindrical part of the chamber: (inner diameter D, =6,5-107 m and thick-
ness h.=0,28-10> m of the outer chamber; outer diameter of the inner chamber
D, =5,3-10" m);

3) for the external gate of a cylindrical shell form (bevel angle ¢ = 45° thickness
h, =0,15-107 m).

Fig. 1 and 2 show the results of estimation of parameter set y={K,, ,o,} for fluid throt-
tling in axial valve with external separator gate [7] as per (1), (2) and after taking (3), (4) into
account. The analysis of calculation results for the parameter set y={K, 0.} allowed us to

identify the most important design parameters that have the greatest impact on the specified
indicators of the studied process. In particular, such parameters include: outer diameter D, num-

ber of orifices in one row on the cylindrical surface of the separator S, , diameter of orifices d,,.

The observed general behavior of the dependencies for the flow capacity K, (Fig. 1, a; 1,
b; 1, ¢) and flow rate o, (Fig. 2, a; 2, b; 2, c) on the parameter set ¢c={D;S,;d,}I b for fluid
throttling in axial valve with external separator gate is explained by the ratios of these parame-
ters according to expression (1). For example, at the maximum valve opening degree (7=1),
the diameter of the orifices d, is twice as large (it widens from 2,5- 10° mto 5,0-10° m), and
because of that, the conditional flow capacity K, is 66% (from 2.7 m*/h to 4.5 m*/h; Fig. 1, ¢)
and the flow rate o, is 19% (from 0.70 to 0.83; Fig. 2, c) higher.

Similarly, increasing the number of orifices in one row of cylindrical separator S, by 80%
according to Fig. 1, a and Fig. 2, a is reflected in a 75% increase in the conditional flow capacity
K, . and a 15% increase in the flow rate ¢_. In this case, increasing valve opening t influences
the specified parameters in the set y={K,_,0.} the most. For example, increasing the valve
opening degree to 60% leads to a smooth increase in the flow rate to values not exceeding 0.3
(Fig. 2, ¢). Previously, we have determined that the flow rate of a regulating axial valve with an
external separator gate o, depends on the valve opening degree t nonlinearly. This dependence
can be used to profile the flow rate, which is the main task of pipeline valve designers. Note that
the solution of issues considered in this study was obtained during the development of engi-
neering methodology for calculating the design parameters [33, 34] for the corresponding con-
trol valve, as well as the implementation of the flow throttling in the work environment.
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Fig. 1. Dependence between nominal capacity of axial valve with external gate and parameters of throttling of
liquid flows:

a-K, (S, 0);Dy=3.4-10> m; d,=3.5-10° m; b-K, (D,,0);d,=35-10" m; S, =16; c- K, (d,7);
D;=34:10" m; S, =16; 1-D,_ =14-10" m;2-D_ =2210" m;3-D, =28-10" m; 4-D,_ =3.1:10" m;

Ly gere,
by hry T,
ie5iess Z
', 'dq-,’l
I"”

Fig. 2. Dependence between flow rate of axial valve with external gate and parameters of throttling of liquid
flows:

a-o(S,.1); Dy=3,4-10" m; d, =3,5-10°m; b-o_(D,1); d, =3,5-10° m; S, =16; c-0_(d,,T)
Dy=34:10°m; S, =16; 1-D_ =14:10> m; 2D, =2.2-10° m; 3D, =2.8-10° m; 4-D,, =3.110° m;

Conclusion

The study discusses the assessment of main characteristics for liquid throttling in axial
valve with external separator gate. The results of the study are:

1. The design features of control equipment proposed by the authors were proven to be
efficient. This equipment is used to implement the flow throttling of the working environment.
The proposed changes result in a promising direction for the creation of control valve devices
designed to solve the problem of local production.

2. We have determined a number of the most impactful design parameters in liquid throt-
tling in an axial valve with an external separator gate. They contribute to the development of
specific design guidelines for the new control equipment. For example, at the maximum valve
opening degree, the diameter of the orifices is twice as large, and because of that, the conditional
flow capacity is 66% and the flow rate is 19% higher. In addition, increasing the valve opening
degree up to 60% results in a smooth increase of the flow rate up to values not exceeding 0.3.

3. We have determined that the flow rate of an axial control valve with an external sepa-
rator gate depends on the valve opening degree nonlinearly. This dependence can be used to
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profile the flow rate when changing the ranges of the design parameters. It also has wide prac-

tical application when developing an engineering method of calculation of these characteristics.
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