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MuHncTepcTBO Hayku 1 Bbiclero obpasoBaHusa Poccuiickon Pepepauymm
BaHOBCKMIA rocyfapCTBEHHbIA XUMUKO-TEXHOOTMYECKNI YHUBEPCUTET
Hay4yHo-unccnenoBaTenbCKMn MHCTUTYT MaKporeTepoLMKINYeCKNX
coeguHeHumn U XTY
Poccuinckan akagemms Hayk
NHctutyT xumum pactsopoB uM. [.A. KpecTtosa PAH
Poccuinckoe xuMnyeckoe obuiectso nMmenun .M. MenpeneeBa

XV MexxaynapopHasa KoHdepeHLus
«CuHTE3 M NpUMeHeHue nopdUpUHOB
M ux aHanoros» (ICPC-15)

XIV Lkona Monoabix yueHbix ctpad CHI
N0 XUMUU NOPGUPUHOB U POACTBEHHBIX
coeANHEeHHH

24 - 29 wionsa 2024 ropa

MATEPUAJIbI KOHOEPEHLIMU

IBaHOBO
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MaTtepuanbl XV MexayHaponHon koHdepeHumn «CUHTE3 1 NnpuMeHeHne
nopdupuHoB 1 nx aHanoro» (ICPC-15) n XIV LUkonbl MonogbIx y4eHbIX CTpaH
CHI no xumum nopunprHOB 1 POACTBEHHbIX COeANHEHUN. 24 — 29 ntoHa 2024 .
MBaHoBo: Matepuanbl koHdepeHuun. — ®IE0Y BO KBaH. roc. XmMm.-TEXHON.
yH-T. MiBaHOBO. 2024. — 176 C.

B cbopHuke onybnunkoBaHbl Te3UCHLI U MaTepuansl goknagos XV Mexay-
HapoaHon KoHdepeHUnn « CUHTE3 N NpUMEHEHNE NOPHPMPUHOB N UX aHANOTOB»
(ICPC-15) n XIV LWkonbl monoapbix ydeHbix ctpadH CHIM no xummnn nopdmprnHoB
N POACTBEHHbLIX COeANHEHUN, npoLleanx ¢ 24 no 29 nioHa 2024 r. 8 iBaHOBO.

Tesuchkl onybrnukogaHbl 8 a8MOpPCcKoU pedaKyuu.

© oI'bOY BO MBaHOBCKUI rocy4apCTBEHHbIN
XUMWKO-TEXHOSTOrMYecknn yHmesepcutet, 2024
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MOP®UPUHBLI U UX KOMIJIEKCHI B KATAJTU3E

Beneuykas WU.M.

Mocxosckuii eocyoapcmeennviti yHusepcumem umenu M.B. Jlomonocosa, Xumuueckuii ¢ha-
kynomem Mockea, Poccus

E-mail: beletska@org.chem.msu.ru

B noxnane OynyT paccMoTpeHsl peakiiuu oOpa3oBanus B moppuprHax HoBbIX cBsizel C-C, C-N
n C-P, B TOM YHCJIC OJIMT'OMCPHBLIX, C MPUMCHCHUCM KaTaJli3a KOMIIJICKCOB ICPEXOJHBIX METAJIJIOB.
[Tokazana Taxxe OyJeT MepPCHeKTHBA MPUMEHEHHUS METAII-TIOP(OUPHUHOB B KAYECTBE KaTaJIU3aTOPOB
MOJTyYEHUs HUKINYECKUX KapOOHATOB U MOJIUKapOOHATOB.

Paboma sevinonnena npu gpunancosoii noodepocke Munucmepcmea HayKu u 8vicuieco 00pa308aHUs.
Poccuiickou @edepayuu (coenawenue Ne 075-15-2024-547 om 24.04.2024).
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MOJIEKYJIAPHbIE OCHOBbI AIEACTBUA
HAHO®OTOTEPAHOCTUYECKUX ATEHTOB
OTAJIOULMAHUHOBOI O PAA

Fop6yHoBa 10.T.

Hucmumym obweti u neopeanuuecxou xumuu um. H.C. Kypnaxoea PAH, Mocxea, Poccus
HUncmumym ¢uzuueckou xumuu u snekmpoxumuu um. A.H. @pymxuna PAH, Mockea, Poccus

E-mail: yulia@jigic.ras.ru

B ocHoBe Merona (OTOAMHAMUYECKOW TepalMy JIEKHUT HCIOIb30BaHUE (POTOCEHCUOMIN3ATO-
POB, CIIOCOOHBIX K CEJIEKTUBHOMY HAKOIUICHHIO B OITyXOJEBBIX KJIETKAaX W T€HEepaIfy IIUTOTOKCHY-
HOTO CHHIVIETHOTO KHCJIOpOJa IO JAeicTBUEM cBeTa. DTanonuaHuHbl, 00JaJaloMMH ONTUMAb-
HbIMH (POTO(DU3NUECKMMH CBOMCTBAMU JUIsl KIIMHUYECKOTO IPUMEHEHHs, IUPOKO U3ydaroTcs B Ka-
gecTBe (POTOCEHCHOMIM3aTOPOB, OTHAKO HAIWYHE Y HUX OOIIMPHON apOMaTHYECKON CHCTEMBI TPH-
JTa€T UM BBICOKYIO CKJIOHHOCTb K arperaiyu, CHIKarolel paCTBOPUMOCTh B OMOJIOTHYECKUX Cpeax
U yXy[IIAoUed cioCOOHOCTh K FeHEepallii CUHIJIETHOTO KUCIIOPOJa 110 CPABHEHUIO C MOHOMEPHBI-
MU popmamu. TpaTuIIMOHHBIM pEIIeHHEM TaHHOW MPOOIEMBI SIBIISIETCS BBEICHHE B MOJICKYJIBI (hTa-
JIOMAaHWHOB 00BEMHBIX TUAPOPHIBHBIX 3aMECTUTEINICH, UTO YCIIOKHSIET UX CHHTE3 U CHI)KAeT OHo-
JOCTYITHOCTb.

B manHoM noxmane OyaeT pacCMOTpPEH allbTepHATHBHBIN B3IIIsA HA MPOOIeMy arperanuu grano-
LIMAHUHOBBIX (POTOCEHCUOMIN3ATOPOB, B paMKax KOTOPOIO arperaius paccMaTpuBaeTcs Kak JIBUXKY-
asi cujla CynpamoJIeKyJIsipHOM caMocOOpKH, MPUBOASILIEH K 00pa30BaHUI0 HAHOCTPYKTYPHPOBaH-
HBIX aHcamoOuel [1]. OOpasyrommecs HaHOUYACTHIIBI TOTEHIIMATIBLHO CIIOCOOHBI K 0oJiee AP PeKTUBHO-
My HaKOIJICHHIO B OITyXOJIEBBIX TKAHAX, B YACTHOCTH, 3a cueT 3((eKTa UX MOBBIILIEHHON MpOoHUIa-
eMoCTH U yaepxkuBaHus. C Ipyroil CTOPOHBI, TaKUE arperarbl MOTyT HPOSIBIATH CIIOCOOHOCTD K Te-
HEpaIuK JPyruX akTHBHBIX (POPM KHCIOPO/Ia, OTIMYHON OT reHepaIy CHHITIETHOTO KUCIOPOIa MO-
HOMEpPHBIMH (OTOCEHCHOMIM3aTopamMu. Takke OHH MOTYT MpPOSBIATE (poToTepMuyeckuii 3P QexT,
YTO MOXKET OBITh BOKHO JUTSI TOCTHIKECHHUS TEPATIEBTUIECKOTO PE3yJbTaTa B THIIOKCHIECKOM OKpYIKe-
HUM OIYXOJEeBBIX TKaHeH. [lomumo 3Toro, poToakyctudeckuii 3P QeKT, mposiBISIEMBIN arperaramu,
MOJKET CII0COOCTBOBATh CO3JJaHUIO HOBBIX TUArHOCTUYECKUX areHTOB.

Paboma evinonnena npu ghunancosoii noooepcke PH® (epanm Ne 24-13-00479).

JlutepaTypa

[1] D.A. Bunin, A.G. Martynov, D.A. Gvozdev and Y.G. Gorbunova, Biophys. Rev., 2023, 15 983-998.
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o- U n-AbIPOYHbIE B3BAUMOAENCTBUSA B XUMUU

Kykywxun B.10.

Uncmumym  xumuu, Canxkm-Ilemepoypeckuti 2cocyoapcmeenusiii  yHugsepcumem, Cankm-
Ilemepoype

E-mail: v.kukushkin@spbu.ru

B nocnenHue HECKONBKO JIET HAOJIOIAETCsl JTaBUHOOOPA3HBIM POCT KOJMYECTBA MyOJIMKaln,
CBSA3aHHBIX C TEMAaTUKOW MEXMOJIEKYJIIPHBIX B3aUMOAEHCTBHN. HeCMOTpsI Ha HEBBICOKYIO DHEPTHUIO
HEKOBAJICHTHBIX B3aUMOJICHCTBUI BO MHOTHMX CIIy4asiX OHM JIEHCTBYIOT KOJUIEKTMBHO, U CyMMa UX
JEHCTBUI MOXET UrpaTh 3HAUMMYIO POJIb B Pa3HOOOPA3HBIX MPEBPAIICHUIX XUMUUYECKUX COEIUHE-
HUM, CHHTE3€ U KaTaiu3e, BKitoyasi opraHokaranus. Ha siBiaennn oOpa3zoBaHMsi MHOXKECTBEHHBIX Cla-
ObIX HEKOBAJEHTHBIX CBS3€M OCHOBAaH KPUCTAJUIOXUMUYECKUN JAM3aiH U, B KOHEYHOM CYETE, MOIY-
yeHue (PyHKIMOHAIBHBIX MaTepuanoB. B nokiane OyayT paccMOTpeHBI U KJIaCCU(UIIUPOBAHBI TUIIBI
HEKOBAJICHTHBIX B3aUMOJIEUCTBUH, a TAKKE CUCTEMATU3UPOBAHbI Pa0OTHI HAy4YHOU I'PYMIIbI JOKJIA-
YHKa 110 U3yUYEHUIO0 MEXMOJIEKYISIPHBIX B3aumonenctsul (PH®, npoexm 23-13-00033).
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OBHAPY)XEHUE ®OTOCEHCUBUNTN3UPYIOLLEIO
DEWCTBUA C, KAPOTUHOWU[,0B BAKTEPUN: MEXAHU3Mbl
U 3ABUCUMOCTb OT YANCJIA COMPAXKEHHbIX ABOUHbIX
CBA3EN

KpacHoBckui A.A.", Benautkuc A.C.", AlunxmMuH A.A.%2, MockaneHko A.A.2

T ®@UL] 6uomexnonoeuu PAH, 119071, Mocksa,? UDPIIE PAH, 142290, ITywuno, Poccus
E-mail: phoal@mail.ru

[Topdupuns, x10pOGUILITEI, GAKTEPHUOXIOPOPHILIBI U UX MPOUZBOAHBIC SABISIOTCS 3(PPEKTUBHBI-
MU (hoToceHcHOMIM3aTopaMu (HPOTOTMHAMUYECKOTO TIOBPEKICHUS KIETOK. CUUTAeTCs, 4TO KapOTH-
HOMJBI (POTOCHHTETHYECKOTO amiapara 3alluialoT KISTKH OT pa3pyIICHUs] CHHIJIETHBIM KHCIOpPO-
JIOM, KOTOPBIi reHepupyercs xiaopoduuiamu. OJTHAKO 10 HETaBHETO BPEMEHHU OTCYTCTBOBAJIN UCCIIe-
JOBaHUS (POTOCEHCUOMITM3UPYIOIETO JEHCTBUS CaMUX KapOTHHOHIOB. B TeueHune mocineqnux S5 jger
MBI TIPOBEJIM TaKHE MCCIICIOBAHUSI HA OCHOBE KMHETHUECKUX M3MEpeHUil (HOTOCEHCHOMIN3NPOBaH-
HOM JIFOMUHECLIEHIIMHM CUHIJIETHOTO KKcnopoaa (1270 um) npu umitynbcHoM Bo30yxaenun C,  Kapo-
THHOUJIOB, BBIIEJICHHBIX U3 KJIETOK MYPIYPHBIX (POTOCHHTE3UPYIOMUX OaKTEpUH, UCTIONB3Ys adpH-
poBaHHBIN rekcagTopOeH301 B KadecTBe pacTBopuTens. Bnepsrie nmokaszano, uro ¢purtoun (3 CHAC),
durodpnyun (5 CC), -kaporus (7 CIC), neripocniopun (9 CIAC), muxonun (11 CAC) u pogorms (11
CIC) cniocoOHBI K TeHepaIuy CHHIIETHOTO KUCIIOPO/Ia B adPUPOBAHHBIX PACTBOpax Mpu (POTOBO3-
Oy’>KJICHUU B CIIEKTPAJIHHON 00JIACTH X OCHOBHBIX MAaKCHMYMOB ITOTJIONICHHS. VI3MEpEeHbI CTIEKTPHI
JICCTBUSI U KBAHTOBBIE BBIXOJBI 3TOTO MPOIECCA, & TAK)KE KOHCTAHTHI CKOPOCTH TYIICHUSI CHHTIICT-
HOT0 KHCJIOPOAA 3TUMHU coeAuHeHusAMU. OOHapykeHo, 4To camblii 3 hekTuBHBIN poTOCeHCHOMNIN3a-
TOp — PUTO(IYNH C KBAHTOBBIM BBIXOAOM paBHBIM 0,4, y OCTaIbHBIX KAPOTHHOHUIOB KBAHTOBBIH BbI-
xo71 paBeH (2+1)x 102, KoHCTaHTbI CKOPOCTH TYILICHHS U3MEHSIOTCS 0T 4% 10° (putonH) 10 MprUMeEpHO
101 M 'c"! y KapOTHHOHUIOB C YMCIOM COMpsiKEeHHBIX 1BOWHBIX cBsizeit (CIC) 9-13. KoHcTaHThI CKO-
POCTH TYIICHHS] CHHIJIETHOTO KUCIOpoa GUTOUHOM, putdirynHom, {-KapOTHHOM POIOITMHOM H CITH-
PUUIOKCAHTHHOM TIOJTy4€HBI B HaIlel padore BrnepBbie. OOCY)AarOTCI MEXaHU3MbI (POTOCEHCUOU-
JIU3UPYIOLIEro JAeUCTBUS KapoTUHONI0B. [logpobHoe onncanue SKCepUMEHTOB MPUBEJEHO B pabo-
TaX, YKa3aHHBIX B CIIUCKE JINTEPATYPHI.

Paboma yacmuuno noooepocana epanmom PH®D # 23-65-10005.

Jlutepatypa

[1]  A.A. Ashikhmin, A.S. Benditkis, A.A. Moskalenko, A.A. Krasnovsky Jr. Biochemistry (Moscow) 2020, 85, 773-780.
https://doi.org/10.1134/S0006297920070056.

[2] A.A. Ashikhmin, A.S. Benditkis, A.A. Moskalenko, A.A. Krasnovsky Jr. 2022. Biochemistry (Moscow) 87,1169-1178.
https://doi.org/10.1134/S0006297922100108.

[3] A.S. Benditkis, A.A. Ashikhmin, A.A. Moskalenko, A.A. Krasnovsky Jr. 2024. Photosynth. Res., 159, 291-301. https://doi.org/
10.1007/s11120-023-01070-6.
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MEPCMNEKTUBbI UCMNOJIb3OBAHUA ACUMMETPUYHbIX
BOAOPACTBOPUMbIX NOPPUPUHOB A1 UHAKTUBALUU
MATOMEHOB

Jle6epena H.L., Cbip6y C.A.

Huemumym xumuu pacmeopoe Poccutickoui akademuu nayk, Heanoeo, Poccus, 153045, Poc-
cus, e. Msanoso, yn. Akademuueckas, o. 1.

E-mail: nsl@;isc-ras.ru

bakrepun ¢ MHOXECTBEHHOH JIEKAPCTBEHHOW YCTOWYMBOCTBIO CTallM CEPHbE3HOM yIrpo30ou
JUISL 4E€JIOBEUECTBA. Y CTOMYMBOCTD K MPOTUBOMUKPOOHBIM IpernapaTam NnepepacTaeT B IN1I00albHBIH
KpHU3HC 3paBOOXPAHEHHUS, KyJIbMUHALMEH KOTOPOTO CTaJIO MOSIBIIEHUE OakTepuil U OaKTepuaibHbBIX
IUICHOK C MHOXKECTBEHHOM JIEKAapCTBEHHOW YCTOMUMBOCTBIO, KOTOpbIE OOJIbIIE HE IOANAI0TCA
JeUYeHNI0 OOBIYHBIMU aHTHOMOTHKaMHu. [laToreHsl yCWIMIM BCHIOMOTATENbHBIE MEXaHU3MBI
YCTOWYMBOCTH 3@ CYET HOBBIX BBIPAOOTKH HOBBIX aHTUOMOTHK-CBsI3bIBarouIux OeinkoB [1], dep-
MEHT-3aBHCUMBIX M3MEHEHUH [2], YMEHBIICHHS MPOHUIIAEMOCTH MEMOpaH, MyTalusM-MHUIICHIM
nekapctB [3] m yBenmuueHueM skcupeccuu 3PdarokcHOoro Hacoca [4]. AHTHOMOTHUKH CTaHOBSITCS
Bce Oosiee HEI(D(DEKTHUBHBIMU, YTO Ji€NaeT HEOOXOAMMBIM BHEIPEHHE HOBBIX MOAXO0J0B OOpHOBI
¢ cynep6akrepusimu. oToaMHAMUYECKAss HHAKTUBALMS, OCHOBAHHAs Ha UCIOJIb30BaHUM (DOTOCEH-
cuOmIM3aTopa, Kuciaopoaa u GorooOmydeHus — OWH U3 MEPCIIEKTUBHBIX BApUAaHTOB OOPHOBI ¢ MaTo-
TeHaMHU.

B noknane npeacrapieHbl NOCIEIHUE JOCTHKEHUS B pabOTe IBYX HayYHO-UCCIIEOBATEIbCKUX
naboparopuit UXP PAH B o0Omactu meneHanpaBieHHOTO CHHTe3a (HOTOCECHCHOMIN3AaTOPOB
Ha ocHoBe mopdupunoB (pyk. CeipOy C.A.) u uccienoBanus (POTOKATAIUTUYECKOW AKTHBHOCTH
1 KOMILIEKcooOpa3yrollel criocoOHOCTH ¢ onpeeseHHbIMU OnoMuiieHsmu (pyk. Jlebenesa H.111.)
JUIE  WHAKTUBAIlMM TPAMITOJIOKUTEIFHBIX M TPaMOTPHULATENBHBIX Oaktepwii. [IperncraBieHbl
CTpaTEeTHH CHHTE3a BOJOPACTBOPUMEBIX MOPHUPHHOB, HMEIONINX HA epupEpUn MOJIEKYJIBI OCTATOK
OCH30THA30J1a M OCTATKW KATHOHHBIX AJKHJIAMMOHHEBBIX TPYII, CBS3aHHBIX C TOPPUPUHOM
yepe3 IMOJIMMETWICHOBBIM creiicep. Oco0oe BHMMaHHWE B JIOKJIQA€ YJEJIEHO CTpPaTerusm,
HaTPaBJICHHBIM HA YBEJIMYCHHE IIPOHUIIAEMOCTH KIIETOUHOW CTEHKH IPaMOTPHIIATEIbHBIX OaKTepHii,
BKJIIOYAsl CO3/IaHUE TPAHCIIOPTHBIX CHCTEM JUIsl MOP(UPUHOBBIX CEHCHOMIN3ATOPOB, BO3AEHCTBHE
Ha TpaHCMeMOpaHHBIC KaHAJbl, BO3JCHCTBHE HA IMOPWHBI (KOHCTUTYTHUBHBIC OCIKH Hapy>KHOU
MeMOpaHbI KJIETOYHOU CTeHKH ). [IpuBOASTCS CBEACHMS O in Vitro U in vivo NCCIIETIOBAaHUSIM COCTMHCHU I
JAUEpOB — MopdupuHA C OCTATKOM O€H30THa30ja il (POTOMHAKTUBALMHM TPaMIIOJIOKUTEIbHbBIX
Oaxrepuii (tect-mraMmmbl S.aureus ATCC 29213, S.epidermidis ATCC 14990) u nopdupuna
C «TIPHUBSI3aHHBIMI Yepe3 MOJTUMETUIICHOBBIN crieiicep KAaTHOHHBIMHU OCTATKaMH aJIKUIIAMMOHHEBBIX
rpynn rpamorpunarenabubix 0akrepuil (E.coli mramm 1257).

Paboma ewinonnena npu gpunancosoii noooepxcke PH® (epanm Ne23-13-00235).

Jlutepatypa

] T Lienen, A. Schnitt, J. A. Hammerl, S. F. Marino, S. Maurischat, B. A. Tenhagen Scientific reports. 2021. 11(1), 6075-6098.

] A. Catalano, D. lacopetta, J. Ciaramella, D. Scumaci, F. Giuzio, C. Saturnino, M. S. Sinicropi. Molecules. 2022, 27(3), 616—621.
[3] G.Panda, S.Dash, S. K. Sahu. Membranes. 2022, 12(10), 914-919.

] R.T.Ni, M. Onishi, M. Mizusawa, R. Kitagawa, T. Kishino, F. Matsubara, W. Ogawa. Scientific reports. 2020, 10(1), 10876.
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MNOJINOYHKLUMUOHAJIbHBIE TETPATNMUPPOJIbHbIE
MAKPOLMUKJIMYECKUE COEQUHEHUA: CUHTE3, CBOUCTBA
U BO3MOXXHOCTU NPAKTUYECKOIo NPUMEHEHUA

Mamappawsunu H.)K.

Hucmumym xumuu pacmeopos um. I'A. Kpecmoea Poccuiickou axademuu nayx, Mearnoso,
Poccus

E-mail: ngm@isc-ras.ru

['mbpuHble HaHOAHCAMOIM Ha OCHOBE TETPANUPPOJIBHBIX MAKPOIMKIMYECKUX COEIMHEHUI
MIPEJICTABIISIIOT MHTEpEC B KadecTBE (YHKIIMOHAIbHBIX MaTepHasioB B (DOTO-KaTalln3e, ONTOIEK-
TPOHUKE, pa3leeHIH, XpPaHEHUH, TPAHCIIOPTUPOBKE U CEIEKTUBHOM BBICBOOOXKIEHUH Ia30B, MEIH-
IMHCKON XUMHH. TOTIOIOTHYECKUI KOHTPOJIb 00ECIIEYMBACT CBOMCTBA, HEOOXOAMMBIC JJISI KaXKI0TO
13 3TUX NpuiokeHui. [loaToMy oueHb BaKHO MOHMMATh MPUHIIMIIBI, JIEKAILUME B OCHOBE IOCTPOE-
HUS 3TUX BBICOKOOPraHU30BaHHbBIX cucTeM. KoopauHalys KaTHOHOB METAIIOB, TUI HOPGUPHUHA JTH-
raHzia ¥ COOTHOILIEHUE PEareHTOB — BCE 3TO MOXKET OBbITh UCIOJIb30BAHO JJISl CO3JAaHUS PA3IUUYHbIX
CTPYKTYpPHBIX MOTHBOB. TouHOe 3HaHHE 3((HEKTOB U3MEHEHHUS OAHOTO MM HECKOJIbKHX U3 YKa3aH-
HBIX [1apaMETPOB ABJISAETCS KIIIOYOM K (POPMUPOBAHNIO PUZNKO-XUMUUECKUX CBOWCTB TETPAUPPOIIb-
HBIX MaKpPOLMKINYECKUX COEAMHEHUN U (PYHKIIMOHAIbHBIX MaTepUajIoB Ha UX OCHOBE.

B npennaraemom nokiazne OyayT pacCMOTPEHbI OCHOBHBIE MPUHILUIBI CO3AaHMSI TMOPUIHBIX
nophupuH-conepxkaux Garyopodopos, horopuznyeckue CBOMCTBA KOTOPHIX U3MEHSIIOTCS B 3aBU-
CUMOCTH OT YCJIOBHM OKpY>Karollel cpeibl (TeMIieparypa, KUCIIOTHOCTb, BSI3KOCTb U Jip.). [logoOHbIe
(iryopecueHTHbIE 30H/Ibl AKTUBHO M3YYalOTCSl U UCHOJIb3YIOTCS KaK B aHAJUTHUYECKON XHMHUH, TaK
Y IpU BU3yaIM3alMK PA3IUYHbIX MIPOLIECCOB (HApUMeEp, IPOLECCOB MPOTEKAIOIINUX B ONpEIesIeH-
HBIX YacTAX KJIETOK MM TKAHSX KUBBIX OPraHW3MOB). BaxkHoe BHUMaHue B A0KJaje OyleT yaeaeHo
BOIIPOCaM UMMOOMIM3AIMN MAaKpPOIIMKIAa B MULEJJIbl HOHHBIX [TAB 1 BO3MOXXHOCTH HCTIONB30BAHUS
MULEI000pa30BaHus B KauecTBe A(PPEKTUBHOTO CPE/ICTBA YIIPABICHUS IPOLECCAMU MOJIEKYIISIPHO-
IO pacrio3HaBaHUs U 0OPAaTUMOIO CBSI3bIBAaHUS MHKAIICYIMPOBAHHBIMU OP(UPUHOBBIMH peLenTopa-
MU CyOCTpaTOB pa3IMYHOM MPUPOJIbI, LEICHANPABICHHOTO U3MEHEHUS UX CIIEKTPaIbHO-IIOMHHEC-
LIEHTHBIX CBOWCTB, PELIEITOPHON CITIOCOOHOCTH U (POTOCEHCUOMIIN3ALIMOHHONW aKTUBHOCTH.

B noknazne tak e OyayT pacCMOTPEHbI BOIIPOCH CAMOOPTaHU3alUN TETPANUPPOIbHBIX MaKPO-
LUUKIMYECKUX COEIMHEHUH B IUIaBalOlUe CIIOM Ha IPaHULE pas/iena BO3AyX/Boja U IJIeHKU JleHr-
Mmiopa-I1ladepa Ha TBepaol moBepxXHOCTH. BynyT mpeacTaBieHbl pa3auyHbIE MOIXO/bl IMOIYYEHUS
TETPANUPPOJIbHBIX TOHKOIUICHOUHBIX MaTepuajoB Ha OCHOBE OPraHUYECKHUX MOJUMEPHBIX MAaTpPHIL
(MOMBUHUIIOBOTO CIIUPTA, NOIUBUHWIXJIOPUIA U JIP.) U METAINIOOPTaHUYECKUX KapKacoB C KaTHO-
HaMU METAJIJIOB B Ka4e€CTBE TEKTOHOB. By/lyT MokazaHbl 3aBUCUMOCTH BIUSIHUSI CTPYKTYpPbl MaTpH-
bl U TOPPUPUH-COACPKAIINUX CUCTEM Ha XapaKTep CEHCOPHOIo OTKJIMKa MaTepuaia. Paccmorpen-
HbIE B JIOKJIaJIe IPUMEPHI MOKAXKYT BO3MOKHOCTH MCIOJIb30BaHUs TETPAUPPOSIbHBIX MAKPOLUKIH-
YECKUX COEIMHEHUHN B Kau€CTBE CEJIEKTUBHBIX PELENITOPOB, MOJIEKYJISIPHBIX KOHTEHHEPOB, (POTOAK-
TUBHBIX MaTepUajoB U T.I. JlanbHeliee pa3BUTHE 3TOIM 001aCcTH HCCe10BaHUil, 0€3yCII0BHO, OTKPO-
€T HOBbIE BO3MOXKHOCTH I co3AaHUs 3D (PEKTUBHBIX MONUPYHKINOHAIBHBIX MaTepUaIoB LIUPOKO-
rO CIEKTpa JCHUCTBUA.

Paboma evinonnena 6 pamkax Iocyoapcmeennozo 3adanus Munoopnayku P® Uncmumymy xumuu
pacmeopos PAH (mema Ne 122040500043-7) ¢ npusneuenuem o60py0osanus yeHmpa KouleKmueHo-
20 NONbL3068aAHUS « BepxnesonHccKuli pecuoHAIbHbIU YeHMP QUIUKO-XUMUYECKUX UCCTe008AHULLY.
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SUPRAMOLECULAR CHIRALITY OF MESO-
TETRAARYLPORPHYRINS IN SOLUTIONS AND LIQUID
CRYSTALS

Burmistrov V.A., Trifonoval. P., Aleksandriiskii V.V., Novikov L.V., Semeikin A.S.

Ivanovo State University of Chemistry and Technology, Ivanovo, Russia

E-mail: burmistrov@isuct.ru

For the first time, a detailed study of the conformational chirality of meso-tetraarylporphyrins was
carried out using spectral and quantum chemical methods. It was established that with an increase
in the concentration of porphyrins in solutions, the sign of the circular dichroism of the Soret band
changes and a significant increase in its modulus occurs (Figure a).
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Figure. a) Influence of TPP concentration in CHCI, on ECD spectra; fingerprint texture (b)
and Newton’s interference rings (c¢) of TPP solutions in the LC mixture.

Quantum chemical calculations show that this effect is due to the association of meso-
tetraarylporphyrins with the formation of H-aggregates. By ECD spectroscopy the circular dichroism
values of the main UV/Vis bands of porphyrins with various meso-substituents (phenyl-, 4-biphenyl-,
1-naphthyl-, 2-naphthyl-) were obtained, and the values of the g-factor of Soret band dissymmetry
were calculated. From their concentration dependences, the g-factors of porphyrin monomers
and the degree of influence of the association on their chirality were determined.

The induction of a helical liquid crystalline phase under the influence of meso-tetrarylporphyrins
was discovered for the first time. Using the methods of polarization microscopy (Figure b,c)
and quantum chemistry, the influence of the meso-substituents structure, the association of macrocyclic
dopants and their solvation by liquid crystals (LC) on the efficiency of chiral induction were studied.
The clearance temperatures of liquid crystalline compositions were measured, and the values
of the parameter characterizing the degree of influence of porphyrins on the thermal stability of liquid
crystals were calculated. A noticeable stabilization of the mesophase was indicated when doping
the LC with tetrakis-(4-biphenyl) porphine.

By the Grandjean-Cano method, the helix pitch of chiral nematics induced by meso-arylporphyrins
was measured, and the helical twisting power (HTP) values were calculated. The high efficiency
of helix induction by tetraphenylporphine (HTP = 53,7 um™) and tetrakis-(4-biphenyl)porphine
(HTP=85,8 um™ was established. The disclosed effect of porphyrin concentration on HTP is caused
by the competition of two supramolecular effects — association of the dopant and its solvation by LC
molecules.

The work was carried out under government contracts Subject No. FZZW-2023-0009.
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FUNCTIONALIZED DERIVATIVES OF NATURAL CHLORINS
FOR THE CREATION OF THERANOSTICS IN MEDICINE

Grin M.A.

Federal State Budget Educational Institution of Higher Education
«MIREA — Russian Technological University», Moscow, Russia
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Metal complexes of natural chlorins have a number of useful properties that make them unique
theranostic agents in medicine, in particular in oncology. The introduction of chelating groups into
the chlorine macrocycle delivers transition metals, including platinum and rhenium complexes,
to the area of interest for a chemotherapeutic effect on the tumor, and the photoinduced effect upon
subsequent irradiation of the tumor node leads to a combined cytotoxic effect.

In addition, the creation of diagnostic radiopharmaceuticals based on the *™Tc and '*¢%¥Re isotope,
using the tumorotropic properties of natural chlorins, ensures targeted accumulation of the substance
in tumor tissues, and the presence of a radioactive isotope allows for diagnostics using SPECT
and planar scintigraphy.

This work presents two main approaches to obtaining complexes with *™ Tc for nuclear medicine
purposes: based on polycarboxylates in an acidic medium or nitrogen-containing compounds in a basic
medium, including the use of coligands.

Experiments were carried out on labeling the developed chelator with the radionuclide *™Tc(I)
(CO), and aradiocomplex was obtained, the radiochemical yield of which was 40 %. The radiochemical
purity of the resulting complex was more than 95 %. Biological studies of the resulting radiotracer
were carried out in vitro, during which the ability of the radiocomplex to accumulate inside tumor
cells was demonstrated.

A study of the biodistribution of water-soluble complexone in vivo was carried out on mice with
an implanted tumor. Its high selectivity of accumulation in tumor tissue with a long retention time has
been demonstrated.

Studies of the acute and chronic toxicity of complexone were conducted on mice, during which
no death was observed.

The preparation of complexes of carboxylate derivatives of chlorins with a non-radioactive
isotope of ytterbium, the study of their photophysical properties and in vitro studies on the 22Rv1
and MCF7 cell lines showed that the latter have diagnostic potential as luminescent biosensors.

The study was conducted under the project “Radiopharmaceuticals 2024 within the implementation
of the RTU MIREA Strategic Academic Leadership Program “Priority-2030"
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CRYSTALLINE PORPHYRIN POROUS ORGANIC MATERIALS
FOR ELUCIDATING THE RELATIONSHIP OF STRUCTURES
AND PROPERTIES

Hailong Wang
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Abstract: From atomic and molecular perspectives, the well-defined polymeric assemblies
in crystalline states are very helpful in precisely correlating the structure—function relationships
behind the increased complexity of these materials architecture, because their well-defined chemical
structures enable the clear elucidation of their constituents and electronic structures. Diverse crystalline
materials including metal-organic frameworks (MOFs, since 1990s), covalent organic frameworks
(COFs, 2005), porous organic cages (POCs, 2009), hydrogen-bonded organic frameworks (HOFs,
1994) and et al. have been established and enrich the “chemistry of the framework™. Their constituent
components with variable geometries, sizes and functions play the importantrole in attaining designable
structural topology, adjustable homogeneous porosity, and tunable functionalities for these materials,
enabling a lots of diverse applications in the field of gas storage, separation, catalysis and energy
storage and conversion. In particular, the open frameworks usually have permanent nanometer sized
voids ensure the molecular recognition, chemical storage, stereoselective conversion of molecules,
and powerful supports to encapsulate various nanomaterials of metals, metal oxides, semiconductors,
and complexes. As a result, these crystalline porous materials have always attracted wide and intense
attention of researcher from chemistry and materials.
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TETRAPYRROLE-BASED COVALENT ORGANIC
FRAMEWORKS AND BEYOND
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Abstract: A series of 2D and 3D tetrapyrrole-based functional materials have been designed

and synthesized, including porphyrin-based covalent organic frameworks, phthalocyanine-based
covalent organic frameworks, phthalocyanine conjugated polymers, and mixed phthalocyanine-
porphyrin-based conjugated microporous polymers. These tetrapyrrole-based materials exhibited
excellent oxygen reduction reaction catalytic activity, photocatalytic CO, reduction activity,
and sensing performance. In particular, the well-defined chemical composition and the unambiguously
identified structure of the active sites for these tetrapyrrole-based materials enabled to gain an in-
depth understanding of the structure-function relationship.
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Kang Wang
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Fully aromatic conjugated covalent organic frameworks (COFs) show promising application
potential in energy storage and conversion due to the unique electronic structure and properties
of building blocks. Herein, a series of conjugated phthalocyanine-based COFs have been fabricated.
The good conductivity, highly ordered and robust structure, and N/O-rich framework nature of these
prepared COFs endow them high-performance ion storage storage with high reversible capacities,
outstanding rate capability, and excellent stability.
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PYRROLE NITROGENS PYRAMIDALIZATION
IN MACROHETEROCYCLES: EXAMPLES, SIGNIFICANCE
AND PROSPECTS FOR USE
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The spectral-luminescent and photophysical parameters of macroheterocyclic compounds result
from the set of the spot interactions in the macrocycle and the observed molecular response is due
to interplay, frequently in the nonlinear manner, of individual molecular fragments, or even individ-
ual atoms like the pyrrole nitrogens or the meso-carbons. To date, the role of the pyrrole nitrogen py-
ramidalization (hybridization degree) A*in the formation of the electronic structure of nonplanar mac-
rocycles is underestimated, especially of those having the contracted macrocycle.

Indeed, all the three amino nitrogens in the corrole macrocycle core were found to have both
different tilting angles relative to the macrocycle mean plane and the pyramidalization degree A’.
The tilting and pyramidalization patterns differ for the corrole NH-tautomers and depend on the ar-
chitecture of peripheral substitution of macrocycle. These features provide to the free base corroles
unique properties such as the parallel protonation/deprotonation of two tautomers, strong specific sol-

vation, and the fluorescence hysteresis in the acid-

14.4L base equilibria [1-3].

The anion sensing with either N-pyrrole modified
or protonated macrocycle core is also mediated with
the pyrrole pyramidalization.

Our recent results indicate that N-alkyl sub-

o stitution induced pronounced bathochromic shift
of bands in the absorption spectrum of porphyrin

was almost completely due to the nitrogen pyrami-

13.61 N dalization [4,5], rather than to the substituted pyrrole
210 2f2 2:4 2.|6 )>  tilting, as was expected traditionally. Nitrogen py-
ramidalization was found to serve as the gate to ar-

Fig. 1. The long wavelength transition maximum range the w-conjugated macrocycle pathway, and can

of the N-substituted porphine derivatives as a function pe considered as the key element of the aromaticity
of the pyrrole nitrogen pyramidalization A2 switches

—

>
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This research was funded by the State Fundamental Research Program of the Republic of Belarus
“Convergence-2025", Subprogram “Interdisciplinary Research and New Emerging Technologies”,
Grant No. 3.03.10.2.
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Metalloporphyrin/corrole complexes have exhibited satisfactory performances for all of water
splitting reactions, while Co"porphyrins/Co"corroles, in particular, have provided optimal properties
due to the following reasons: (i) the electrochemically active Co" (porphyrin) Co™ (corrole) ion contains
the high-spin d’ andlow-spin d° electronic configuration that can be easily characterized, respectively;
(i1) Co"porphyrins/Co"'corroles have tunable properties, and facile structural modification can be
achieved through meso-aryl and axial functionalization; (ii1) cobalt is a naturally abundant and stable
element, which decreases the cost of the preparation of cobalt-based electrochemical catalysts.
Herein, our group has been successfully demonstrated a series of effective strategies of the surface
engineering of Co"porphyrins/Co''corroles toward enhanced electrochemically catalytic behaviors.
First, we have enhanced the order of electrocatalysts which directly deposited on carbon materials,
such as carbon nanotubes and reduced graphene oxide, through facile experimental conditions. Second,
the self-assembly of Co'"porphyrins/Co"'corroles on carbon materials has been attempted through
n—n interactions and ligand coordination based on special catalysts with large m-conjugated systems
or coordination-active sites. Third, Au electrodes were successfully modified with corroles through
“Au—S” bond interactions by introducing S-atom substituents to the molecular structure. Finally,
these catalysts can be polymerized on the surface of the electrode through chemical or electrochemical
methods. Thus, we would to design a simple, but efficient strategy to enhance the electrochemically
catalyzed hydrogen evolution behaviors.

Rational Molecular Design towards Accelerating Catalysis
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Recently, the carbon based materials, such as graphene (GO), carbon nanotubes (CNTs)
and carbon quantum dots(CODs), have always been the favorite of electrocatalysts due to their
excellent conductivity and special stability. Also, the electrochemically catalytic performance, such
as hydrogen evolution (HER), oxygen reduction (ORR), nitrogen reduction (NRR) and carbon
dioxygen reduction (CO,RR), could be clearly promoted by introducing impurities such as N, S, P, B,
O, etc. Within this aim, researchers have successfully investigated metal-nitrogen-carbon (M-N-C)
materials which performed much better electrocatalytic behaviors and simple synthetic conditions.
In the case of M-N-C catalysts, the well-defined local structures, highly dispersed metal-centers,
efficient and tunable catalytic behaviors and the controllable synthetic methods are all promoting
the fundamental research and applications of M-N-C catalysts for electrocatalyzed energy related
small molecule activations. In order to additionally modulate the structures and properties of M-N-C
catalysts through the rational design the precursors, the change the macrocyclic core seems to be one
of the most suitable choices, and transition metal with naturally abundant, low price will be more
attractive. Herein, we choose a series of metalloporphyrin, metallocorrole and metallophthalocyanine,
the important 18w conjugated macrocyclic compounds, to test how the macrocyclic precursors
influence the M-N-C catalyst preparation. Also, their electrochemically catalyzed HERs, NRRs,
NO3RRs will also be investigated.

Fez+,
Nz. DMF, 160 °C

© FeoNOoC
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At the moment, the self-assembly process is considered as the fundamental phenomenon
leading to the formation of desirable nanostructures with material properties on all scales through
the organization of designed organic or inorganic building blocks exhibiting the proper intra-
and intermolecular interactions, along with the parallel control of the solution assembly pathways,
to yield the desired structural outcome. In this respect, the designed self-organization process in soul-
tions and solid state, the information necessary for the process to take place, must be operative via
selective molecular interactions (including hydrogen bonding, coordination bonding, electrostatic
and donor-acceptor interactions, metal-ion binding, etc.). The photophysical/photochemical study
of self-organized systems play a pivotal role in nano/bio/info technology by creating new interfaces
between multiple disciplines.

In this report, we discuss comparative experimental data and results of quantum chemical calculations
(method MM-+) describing electrostatic interactions of positively charged 5,10,15,20-(tetra-N-methyl—
4-pyridyl)porphyrin molecules with negatively charged glutathione stabilized core/shell semiconductor
quantum dots (QD) AgInS/ZnS leading to the formation of stable QD-porphyrin nanoassemblies in water
(pH 7.5) at ambient temperature. Based on steady-state absorption/ photoluminescence, time-resolved
experiments (TCSPC), and Raman spectroscopy, interface phenomena and changes of spectral properties
for interacting subunits in nanoassemblies are analyzed. Using elaborated size-consistent quantum
chemical atomistic 3D model for glutathione stabilized AgInS/ZnS QD, we propose a detailed physico-
chemical mechanism for the interaction of the porphyrin molecule with the QD surface. It includes
electrostatic interactions of the positively charged porphyrin free base molecule with negatively charged
capping ligand (glutathione), followed by a very fast metalation of porphyrin free base (formation
of ligated Zn-porphyrin complex) which is directly fixed on the QD surface. Correspondingly, spectral
properties of attached Zn-porphyrin reflect the interaction of central Zn ion of the porphyrin macrocycle
with a strong ligand on QD surface.

The presented studies demonstrate that the combination of experimental techniques and molecular-
level insight into surface morphology of QD-porphyrin nanoassemblies may increase our molecular-
level understanding of the surface chemistry and photophysical events in QD-dye nanoassemblies.
The obtained results highlight the complexity of interface processes in AIS/ZnS/GSH QD — porphyrin
nanoassemblies and provide valuable strategies for the detailed quantitative analysis of the excitation
energy relaxation in the systems under study (will be presented in the forthcoming contribution).
Basically, these results may be useful also in the directed formation of new nanoscale organic-
inorganic building blocks and offer significant advantages in a wide areas of applications.

This work was supported by Russian Science Foundation (Project Ne 18-73-00234), RFBR grant
No 18-53-00035 (Russia-Belarus), BSPSR program “Photonics and Electronics for Innovations (Be-
larus, 2021-2025)” and Visiting Scholar Program of TU Chemnitz (Germany 2020-2021).
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Today it is well documented that tetrapyrrole macrocycles displaying an impressive variety
of electronic and optical properties, connected partly with various central metals, are considered as
pigments of life in nature, performing different functions in living systems depending on the bound metal
ion [1]. Thus, it’s not surprising that a huge range of tetrapyrrole compounds as well multiporphyrin
arrays has been investigated, with the goal of synthetizing efficient bioinspired molecular systems
for light harvesting (energy transfer events), charge separation (photoinduced electron/hole transfer),
photocatalytic processes, nanoelectronics and biomedicine. It was evidently shown that self-assembly
is promising for construction of a wide variety of multiporphyrin nanoassemblies, whose 1D/2D/3D
structures are typically relevant to their functions. In-depth understanding of their structure-function
correlations is essential for rational design and development of functional multiporphyrin nanoassem-
blies [2]. Given the potential applications and the need for better theoretical frameworks, the design
and construction of novel multiporphyrin architectures by self-assembly and self-organization con-
tinues to be an active research area.

Using the combination of spectral static and time-resolved experimental data together with theoretical
calculations in the frames of the corresponding models, the dynamics of competing non-radiative
relaxation processes was quantitatively studied for various nanoassemblies containing porphyrin
macrocycles (meso-nitro-phenyl-octaethylporphyrins and their chemical dimers; Zn-porphyrin chemical
dimers covalently linked with electron acceptor of non-porphyrin nature; self-assembled porphyrin
triads with covalently linked electron acceptors) upon variation of properties of surrounding. Especial
attention was paid to the analysis of some peculiarities of the photoinduced electron transfer (PET)
in few unusual and rare cases: 1) the direct PET “through-space” mechanism. with participation of S,
and T  states in the conditions of strong steric interactions between bulky C H, substituents in 3-positions
of pyrrole rings and NO, group; ii) the competition of PET and energy migration in Zn-porphyrin
chemical dimers with covalently linked electron acceptor; iii) in self-assembled porphyrin triads,
the extra-ligand S, state quenching via hole transfer “extra-ligand — dimer” followed by the efficient
formation of the locally excited T, state of porphyrin free base; iv) realization of low-temperature PET
in triads containing fluorinated porphyrin as electron acceptor; v) the extra-ligand S, state quenching via
long-range superexchange PET to covalently linked electron acceptor in triads.

This work was supported by BSPSR program “Photonics and Electronics for Innovations (Belarus,
2021-2025) " and Visiting Scholar Program of TU Chemnitz (Germany 2020-2021).
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OCKAP UOCUDOBUY KOUDMAH U JIEKTPOXUMUSA

basaHoB M.U., bepe3uHa H.M.

Hesarnosckuil eocyoapcmeenHvlli XuMuKo-mexHoaocuueckutl ynusepcumemy, HUW xumuu ma-
Kpocemepoyukauieckux coeounenutl, Meanoso, Poccus

E-mail: bazanov@jisuct.ru

Axanemuk PAH Koiipman O.W. — yu€Hblii MEKTyHAPOTHOTO YPOBHS. B Kpyr ero Hay4HBIX HHTEPECOB BXO-
JIVITH MCCJIEIOBAHMUS B OOIaCTH OPraHNUYECKON XUMHUN (CHHTE3 Pa3MYHBIX KJIACCOB MAaKpPOT€TEPOLNKIMYECKIX
COCIMHEHU W KOMIUIEKCOB), PU3NYECKON XUMUH (KHHETHKA U MEXaHH3MBI MIPOIIECCOB C y4acTHeM OpraHuye-
CKHMX pEeareHTOB), XMMHUH MOJIUMEPHBIX MaTepualioB (CO3aHue CTPYKTYp C BAXHBIMU CBOWCTBAMH JJISI TIPAKTH-
YecKoro NpuMeHeHus ) U ipyrux chepax. Ocoobrii uarepec 0611 nposieien O.1. KoiihmanoMm K u3ydeHuto npo-
011eM DIIEKTPOXMMHH U AJTEKTPOKATaIM3a C y4aCcTHEM OOJIBIIIOr0 KOJIMYeCcTBa COeJMHEHNH TopdrprHOBOTO (pra-
JIOLMAHWHOBOTO) psAZa U MX CTPYKTYPHBIX aHAJIOTOB, KOTOPbIE OBIIIM CHHTE3MPOBAHBI 3d MOCIICTHHUE MATHIECAT
nieT B maboparopusix MIBaHOBCKOTO rOCYJapCTBEHHOTO XMMUKO-TEXHOJIOTHYECKOTO YHUBEPCUTETA.

HuTepec K uccnenoBaHusAM B 00JIaCTH KaTann3a U AJIEKTPOKATaIN3a MPOoLecca BOCCTAHOBICHHS MOJICKY-
JIIPHOTO KHCJIOPO/a C MCIIONb30BaHNEM HOBBIX COSAMHEHUH U MaTepHaNIOB MPOAOIDKAET COXPAHATHCS U Oy-
JIET PacTy BCIIEACTBHE HEOOXOMMMOCTH Pa3padOTKN KPUTHUECKN BaKHBIX TEXHOJIOTHN B IEKTPOXUMHYECKON
SHEPreTHKE, CO3JJAaHUN COBPEMEHHBIX BBICOKOI(D(EKTHBHBIX W YHEPTOEMKUX XUMHUYECKUX HCTOUHHKOB TOKA.
BakHO oTMETHTH, UTO KaTATUTHYECKAs aKTUBHOCTh M3yYaeMbIX HAMU MOPPUPHHOBBIX COCTMHEHHI
U UX CTPYKTYPHBIX aHAJIOTOB OOYCJIOBJIEHa apOMaTHYECKUM XapaKTEPOM COMPSHKEHHOMN 7-CUCTEMBI
MaKpOLMKJIA, BO3MOXKHBIM BIIMSTHUEM KOOPAWHUPOBAHHOIO MOHA METaJUIa HA 3Ty TT-CUCTEMY, DJIEK-
TPOHHBIMH U CTEPUUYECKUMH dPdeKkTamMu nepuepruuecKux 3aMeCTHTENICH, T.e. OCOOEHHOCTIMU UX
XUMHUYECKOro cTpoenus. W 3anada nccienoBareneid, B KOHEUHOM CYETE, 3aKJIFOYAETCs B YCTaHOBJIE-
HHUH B3aUMOCBSI3H B CUCTEME «CTPYKTYpa — CBOMCTBAY.

B xone mpoBeneHHBIX HCCIIeIOBAaHUHN YCTAHOBICHBI CTPYKTYPHBIE (DAKTOPBI, KOTOPHIE OKAa3bIBAIOT
Han0oJiee 3HAYNTEIIbHBIN BKJIA]] B U3MEHEHNE KHHETUKHA U MEXaHU3Ma ISl TIPOIIecca 3JIEKTPOBOCCTa-
HOBJICHHS] MOJIEKYJISIPHOTO KHUCJIOPOJIa B IIEJIOYHOM pacTBope. MeHsisl CTPYKTYpY, MbI IIar 3a MIaroM
YCTaHaBIIMBAJIA CTPYKTYPHBIEC (DAKTOPBI, KOTOPBIE aBaX JTHOO TOJIOKUTETBHBIHN, TNOO OTPHUIIATEIb-
HBII pe3ysbTaT Ha IapaMeTphbl UCCIELYEMOTO MPOLECCa.

DNEKTPOHOAKIENITOPHBIE U AIEKTPOHOIOHOPHBIE 3aMECTUTEIM MOTYT OBITh BKJIFOUEHBI B CTPYK-
TYPY MaKpOLIMKIIA IS PETYAUPOBAHUS INIOTHOCTHIO 3apsia HEHTPAIBHBIX MOHOB METAJIJIOB, UTO UME-
eT 3Ha4eHue s YHPEKTUBHOTO MOIETUPOBAHMS KaTATUTHIECKUX CBOMCTB MOPPUPHHOB, UTO JIeTa-
€T UX OTIIMYHBIMH «KaHJAIATaMH B KaTaIU3aTOPbD) IS MHOTUX OKUCIIATEITbHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB, B TOM YHUCJIE ISl PEAKIIUK 3JIEKTPOBOCCTAHOBIEHUS MOJIEKYISIPHOTO KHciaopoaa. [Ipoa-
HaJIM3UPOBAHBI PA3JIMYHBIE ACTICKTHI BIUSHHS CTPYKTYpPbl TOPOUPHUHOBOTO MAKPOKOJIbIIA METAIIIO-
OP(GUPUHOB ¢ KOOPAUMHAITMOHHBIM IIEHTPOM MEPEMEHHO-BAJICHTHOTO COCTOSIHHS HA AJIEKTPOXUMHU-
YECKOE MOBEICHUE U DJIEKTPOKATANIN3 TpoLiecca BoccTanoseHus O,.

Uccnedosanue npogedero c ucnonvzosanuem pecypcos LIKII nayunvim obopyoosanuem UI'XTY (npu
nooodepoicke Munoopuayxu Poccuu, coenawenue Ne(075-15-2021-671).
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MAKPOLUUKJIA NPUPOAHbIX XJIOPUHOB NMPU CUHTES3E
MOTEHUMAJIbHBIX MPOTUBOOMYXOJIEBbIX

U AHTUBAKTEPUAJIbHBIX ®OTOCEHCUBUJIU3ATOPOB

benbix [1.B.

Hucmumym xumuu UL} Komu HI] YpO PAH, Coikmwigxkap, Poccus
E-mail: belykh-dv@mail.ru

W3BecTHO, 4TO BHEAPEHHWE KATHOHHBIX IPyNH Ha HepUdepuro MaKpOLUKIa XJIOPUHOBBIX
tdhotocencudbmnmzatopoB (PC) HE TOIBKO MOBBIMIAIOT THAPOMUILHOCTh, HO M CIOCOOCTBYIOT
B3aMMO/JICHCTBUIO C KJIETOUHOM MeMOpaHON rpamMMm-oTpulaTelbHbIX Oakrepuil [1]. B Hacrosmem
JIOKJIaJie 0000IIEHbI UMEIOIIHECS JIUTEpaTypHbIEe JaHHbBIE 110 METOJaM (OPMHUPOBAHUS KaTHOHHBIX
rpynn Ha nepudepun MakpoIKiIa MPoru3BOIHBIX XJIopoduia a. KitoueBas cranus GpopMupoBaHus
KaTHUOHHOMW IPyIIIbl 3aKJIF0YAETCS BO BHEAPEHUH 3aMEUICHHON B Pa3IMYHOM CTENEHN aMUHOTPYIIIIBI
C UCIIOJIb30BaHUEM PEAKIIMOHHBIX LIEHTPOB MeTuiheopopouna a 1, peodurrna a 2 u ux Onxanmmx
pou3BoAHBIX. KBaTepHM3auus BHEIPEHHONM aMMHOIPYMIBI TPYIIIbI [O3BOJISIET C(HOPMUPOBATH
KAaTHOHHBIN 3aMECTUTEIb, 3apsijl KOTOPOro He 3aBUCHUT OT pH.

iﬁa(cm)ﬁ) :
/ w

||||||

OR
R = CH, (1), Phyt (2)

Paboma evinonnena npu ¢punancosoii noooepoicke Munucmepcmea HayKu U 8blcuieco 00pa308aHus
Poccuiickou @edepayuu (cocyoapcmeennoe 3adanue Ne 122040600073-3).
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BbiukoBa A.H., LLinwnosa A.A., Tuxomuposa T.B., Bawypun A.C.
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E-mail: anna.bychkoval50397@gmail.com

dTanonMaHUHbI OTHOCSTCS K IIMPOKO U3BECTHOMY KJIACCY COEIMHEHMM, KOTOpPhIE HAXOJAT IO0-
TEHLMAJIbHOE MIPUMEHEHNE B KayecTBEe (OTOrajabBaHMUECKHMX MaTepuajoB B COJHEUYHBIX OaTapesx,
KaTaJIUTUYECKUX CUCTEM, )KMJIKOKPUCTAJUIMYECKUX U HETMHEHHO-ONTUYECKUX MaTepHaJIOB.

@OyHKIMOHANIM3AIMS epu(eprun MakpOoIMKIa IyTeM BBeIeHUs epudepuyeckux U Hernepude-
PUYECKUX 3aMECTUTENEeN U Bapuallus MeTalIa-KOMILJIEKCOOOpa3oBaTeis sIBJIIOTCSI OCHOBHBIMU Me-
TOJAaMU YIIPaBJIEHUSI U KOHTPOJISI CBOMCTB MOJIy4YaeMbIX cOeAuHEeHUH. Meramodranonuanussl co-
MPSDKEHHBIE € JIOMOJIHUTEIBHBIM a30XpOMOQOpOM 00JIaJal0T paclIMPEHHBIM JMANIa30HOM CBETOIO-
IJIOLIEHUS] U CIOCOOHOCTHIO K (uryopectieHnu. VMcnonabp3oBaHue B KauecTBE aTOMOB LIEHTPAJIbHbBIX
MeTauioB d- u f-371eMEHTOB MO3BOJUT MOJIYy4YaTh KOMIUIEKCH! (DTaJOLMAaHUHOB Pa3IMYHOIO CTpOe-
HUS: OT MOHOKOMIIJIEKCOB 10 CTPYKTYP COHJIBUY-TUIIA, YTO IMO3BOJIUT POU3BOJUTH TOUHYIO HACTPOIi-
Ky (U3MKO-XUMHYECKUX XapaKTEPUCTUK (PTAIOIIMaHUHATOB 110]1 KOHKPETHBIE 3a/1a4l IPOU3BO/ICTBA.

[enbto nanHOM paOOTHI ABISETCS pa3pabOTKa HAIIPaBIEHHBIX METOJ0B CUHTE3a KOMIUIEKCOB (pTa-
normaHuHaToB d- U f-MeTaniIoB HA OCHOBE CHHTE3UPOBAHHBIX HUTPUIIOB-a30KPACUTENICH C IICJIBIO
BBISIBJICHHSI 3aKOHOMEPHOCTEH IleJIeHaNpaBIeHHOIO W3MEHEHUsI UX (PU3MKO-XUMHUYECKUX CBOWCTB
pu (pOpMHPOBAHUM PA3IUUYHBIX MaTepHAIOB.

NC 0. —0,
Ij \R )
NC
M(OAc),
_R M(OAc);

NC i
NC R\O

M = Mg, Zn, Er (X=0Ac), Gd (X=0Ac)

H,CO

Cxema 1

[TonmydeHHbIE COCTUHEHUS OBLITU OUMIIICHBI METOJIOM KOJIOHOYHOM XpoMartorpaduu u nHOUIIHPO-
BaHBI C TIOMOIIbIO COBPEMEHHBIX (DU3MKO-XUMUICCKUX METOM0B. M3y4eHbI CIIEKTPaIbHO-TFOMUHEC-
LIEHTHBIE, OKUCIIUTEILHO-BOCCTAHOBUTEIBHBIE M KMCJIIOTHO-OCHOBHBIE CBOMCTBA METAJUIOKOMITIEK-
COB ()TaJIOIMAHUHOB.

Hccnedosanue nposedero ¢ ucnonv3osanuem pecypcos Llenmpa KoinekmusHo2o noib308aHUsE HAYYHbIM
obopyoosanuem UI'XTY (npu nooodepoicke Munobpuayxu Poccuu, coenawenue Ne(075-15-2021-671).
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PEAKUMOHHA{A CMMOCOBHOCTb ME30-
FAJIOTEHUPOBAHHbIX KOPPUHOU OB

HNepeBeHbkoB U.A., OcokuH B.C., Makapos C.B.

Hsarnosckuii 2cocyoapcmeenHulll XUMUKo-mexHoiocuveckutl ynusepcumem, Meanoso, Poccus

E-mail: derevenkov ia@isuct.ru

Koppunouas! npeacTapisitioT co0oi Ipyniy KOPpUHOBBIX KOMIUIEKCOB KoOalibTa, Haubosiee u3-
BECTHBIMHU IPEICTABUTEISIMHI KOTOPBIX SBISIFOTCS KoOataMiHbI. KoGamaMuHBbI ¥ OJTM3KHE MM 10 CTPYK-
Type COEIMHEHUs SABISAIOTCA KopakTopaMu (EPMEHTOB, KaTAJIM3UPYIOIIUX PEAKIUHU IepeHoca Me-
TUJIBLHOW IPyMIbl, U30MEPU3ALIMH, JAETaJOreHUPOBAHUS U Jipyrue npouecchl. CTpykTypa KOppHHO-
BOT'0 MaKpOIIMKJIa MOKET MO/IBEPIaThCcsi MOAU(PHUKALIMH 110 pa3HbIM No3uLusaM, Bkiodas C10 (me30)-
noJyioxkeHue. M3pecTHbl Me30-OpOMHpPOBaHHbBIE U ME30-XJIOPUPOBAHHbBIE KOOAJIAMUHBI; CPABHUTEIBHO
XOPOIIO HCCIIeI0BaHa X PEAKIIMOHHAs CIIOCOOHOCTH B MTPOLIECCax JIUTraHIHOrO 0OMEHa, OIHAKO BIIH-
SITHUE ME€30-TaJJOTeHUPOBaHMS Ha PEIOKC CBOWCTBA KOOAJIaMUHOB IPAKTUYECKU HE U3YUYEHO.

B nacrosiiieit paboTe ycTaHOBIIEHO, YTO BBEJICHHE aTOMOB IraJOr€HOB B ME€30-M0JI0KEHHE K0Oa-
JJAMUHOB IIPUBOAMT K 3HAYUTEIILHOMY M3MEHEHMIO UX PellOKC CBOMCTB. Tak, B oTiinyMe oT He3aMme-
LIEHHOT'0 [IMaHOKOOaIaMMHA Me30-OpOMHUPOBAHHBIN [IMAHOKOOATAMUH BOCCTAaHABIMBAETCS [Ty TaTH-
oHoM J0 komiuiekca Co(1l) B HelTpanbHOl cpene. PeakiimonHnas ciocoOHOCTh ME30-TrajloreHUPOBaH-
HBIX [[MAaHOKOOAJIAMUHOB 110 OTHONICHHIO K TIIyTaTHOHY YBEIMYMBACTCS NMPH HAIMYHU B CTPYKTYpe
JIMTaHJa C-JJAKTOHOBOTO 1KkJIa. CrenaH BbIBOJ O TOM, YTO peaKlUU, IPUBOASIINE K YKa3aHHBIM MO-
TupuKanusaM Ko0aJaMUHOB, MOTYT MOBBICUTH 3(PEKTUBHOCTH TpaHChopmalnii K0OaTaMUHOB BHY-
TPpH KJIETKH MPU HATTMIUHU MyTaruii B cTpykrype CblC-6ernka.

[TokazaHo, uTo BBeieHHE aTOMOB XJiopa 1 Opoma B C10-nonoxenne koppuHa B komriekce koO(11)
anaMuHa ¢ okcugoM azota(ll) 3HaunTeNbHO MOBBILIAET €r0 YCTOMUMBOCTh MO OTHOILIEHUIO K KHUCIIO-
pony, a me30-0pomupoBanue komruiekca koo(I)mnamuna ¢ okcumom azora(ll) ymensiaer ckopoctsb
Boigesienust NO.

BrniepBbie nomnydeHsl Me30-pTOpHpOBaHHbIE [IUAHO- U aKkBakoOamamuHbl. [lokazaHo, 4TO, B OT-
Ju4Me oT atoma Opoma atoM (Topa OcTaercs B CTPYKType KOOAaJIaMUHOB IPU MX BOCCTAHOBJICHHUH
1o komriekcos Co(I).

OmnpeneneHbl KHHETHYECKUE TTapaMEeTPhl U MPEUIOKEHB MEXaHN3Mbl YKa3aHHBIX BBIIIE PEIOKC
peakuuii ¢ yyacTueM Me30-TaJloreHUPOBAHHBIX KOPPUHOUIOB.

Paboma ewinonnena npu ghunamncosoii noooepcke PH® (epanm Ne 21-73-10057).
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®OTOCEHCUBUJIN3ATOPbI HA OCHOBE
CYBOPTAJIOULMAHNHOB EOPA U UX ABAAHAJIOI OB,
OYHKLUWOHAJIN3BUPOBAHHBIE IEKAPCTBEHHbBIMU
NMPENAPATAMU: CUHTE3 U POTOAUHAMUYECKASA
AKTUBHOCTb

Ay6ununa T.B.?, Epemees P.0.?, Bypues U./1.5 LLin6aesa A.B.%, Cusos J1.P.5,
®unarosa H.B.®, MymsaToBa B.A.%, Pbi6kuH A.10.%, KysbMuH A.B.%", Munaesa E.P.?

“MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus
E-mail: dubinina.tvid@gmail.com

¢ UBX® um. H.M. Dmanysns PAH, Mockea, Poccus
¢ QUL 11XD u MX PAH, Yepnoeonoska, Poccus
*MHUDHU, Mockea, Poccus

Cy6dranounannnasl 6opa (SubPcB), He ckimoHHBIE K arperaruu, obiaagaronme spkoit payopec-
LEHIMEN U BBICOKMMHM BBIXO/IaMU F€HEpPAILlMU CUHIVIETHOTO KUCJIOPOAA, SBISIOTCS MEPCIEKTUBHBIMU
(dhoTocencubmmzaropamu st GOTOAMHAMHUYIESCKON T€pary OHKOJIOTHUYECKUX 3a00JeBaHUM, a TaK-
XKe aHTHOaKTepHanbHON QoToauHamMuueckoil Tepanuu. OHUM U3 CIOCOOOB YBEIUYEHUS CEIEKTHUB-
HOCTH U MYJIBTUTapreTHOCTHU JIEUCTBUS SBISIETCS BBeJeHUE B (DOTOCEHCHOMIN3aTop pu3noaoruye-
CKM aKTHBHOI'O BEUIECTBa C COOCTBEHHOW MMILIEHbIO. B naHHO#l pabore momydeHa cepust ruOpui-

HBIX MOJIEKYJI cocTaBa «cyodra-
JoLIMaHuH-ekapcTBo»  (SubP-

beHranbckun cB-Drug), ¢ pa3nuuHbIMH Tie-
PO30BbIN pudepruuecKUMH  3aMECTUTENS-
Le- Mu. B kauecTBe nexkapcTB BbI-
X OpaHbl HECTEPOUHBIN MPOTH-
R SubPcB-Drug BOBOCIIAJIMTENIBHBIA  Tpenapar
MTT-okpatitiearue knemok A431 — nuknodeHaK ¥ TPOTHBOPAKO-

BBII IIpernapar ¢ aHTHAHAPOIeH-

R
R_>=§ ‘ yL
X—<‘ N S X
I B-N R
NS ! l\R
N ;
| )~N X Nre

1:R=1tBu, R =H, X=CH, L = DCF; cl cl -

2:R=R'=Ph, X = CH, L = DCF; NH HOW aKTMBHOCTBIO — alupare-
3:R=R'=PhO, X = CH, L = DCF;

4:R=R'=Ph,X=N, L =DCF; POH. OHpCI[CJ'[CHBI (bOTOXI/IMI/I'—Ie-
5:R=R' = p-tBuCgH, X =N, L = DCF; CH

B RO B S M . LY . CKHE XapaKTePUCTHKU (OTOCEH-
7:R=R'=p-tBuCgH, X =N, L = ABR 0" "o

CHOMIM3aTOPOB: KBAHTOBHIE BBI-
XOIIbl CHHIJIETHOTO KHCIIOPOAA,
KHHETHYECKUE TTapaMeTPhl IJIsl TPUILIETHBIX COCTOSTHUHI. C TTOMOIIBI0 KOHPOKATHHON MUKPOCKOITHU
MOKa3aHo MperMyIIecTBeHHOe HakomieHne SubPcB B mm3ocomax.

Haubonee nepcnekTUBHBIMYM CBOWCTBaMU 00j1a1aeT mpem-0yTHil-3aMellieHHbINH cyOdTanonna-
HUH Oopa 1, comepkamuii TUKIOpEeHaK B KaYECTBE aKCHAJIbHOTO 3aMECTUTEIS, KOTOPbII MPOsIBUI
HH3KYI0 TEMHOBYIO HMTOTOKCMYHOCTE (IC >30 uM) u Bricokyro ¢pororokcnunocts (IC, =0.4+0.1
uM) 10 OTHOIICHHUIO K KJIECTOYHOM JIMHUM SMUACPMOUTHON KapiimHOMbl A431. D10 3HaueHue ¢oro-
TOKCHUYHOCTH B~5 pa3 MPEBBIIIAET COOTBETCTRYIOIIEE 3HAYCHHE I ATAJTOHHOTO (poTOoCceHcuOmnm3a-
Topa beHranbckoro po3oBoro.

[TokazaHa BeIpakeHHasi CIIOCOOHOCTH cyOdTamonuaHuHa 1 MHrUHOMPOBATH POCT IpaMOTpHUIIA-
TeIbHBIX OakTepuit Escherichia coli nmpu ocBeleHNN.

AunknodpeHak (DCF) A6upatepoH (ABR)

Paboma evinonnena npu gpunancosoti noooepocxke PHD, npoexm 22-63-00016.
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SUncmumym obweii u neopeanuueckou xumuu um. H.C. Kypuaxosa PAH, Mocksa, Poccust

[IceBnomMakpoOUIIMKINYECKHE KOMILJIEKCHl METAJIII0B, 00pa30BaHHbIE CIIUBKOW (hTajOLUaHUHA-
TaMU METaJIJIOB Kak Kuciaotamu Jlptouca (pranonmaHMHATOKIATPOXENAThI), IBISIOTCS MPEICTaBU-
TEJISIMU HOBOT'O MEPCHEKTUBHOrO KJIAcCa KJIETOUYHBIX KOMIIJIEKCOB O0JIaIalolUX YHUKAJIbHBIMU XU-
MUYECKUMH U PU3NYECKUMHU CBOWCTBAMM, a TaKkKe HEOOBIUHBIMHU CIIEKTPAJIbHBIMU XapaKTEPUCTH-
kamu [1].

B yactHOCTH, paHee HaMH OBLIO [TOKA3aHO, YTO KOMIUIEKCHI 3TOTO TUIIA SBJISIOTCS 3(PPEKTUBHBI-
MU KaTaJau3aTopaMiy paJiiKajJIbHOM MMOJIMMEPU3alMi BUHWIBHBIX MOHOMEPOB, [TO3BOJIIOIINMU PETy-
JMPOBATh XOJ 3TOM PeaKH U BIUATH HA CBOMCTBA MOJIMMEPHBIX TPOAYKTOB [2], a Takxke 3 eKTus-
HO KaTaJu3UpyIOT OKUCIIEHUE [IUKJIOTeKCaHa B CMECh LIMKJIONeKCaHOHA U IuKiIorekcanona [3]. Ha Ha-
CTOSIIIIEM dTalle HaMU U3y4yanoch (POTOKATATUTUYECKOE OKUCIICHHE THOAHN30J1a B IPUCYTCTBUH (PTa-
JIOLIMAaHUHATO-CIIUTHIX TPUC-TUPUIMHOKCUMATOB *kelne3a, Hukess(1l) u kodansra(lll), mpencrasnen-
HBIX Ha CXEMe.

s O, (air), Catalyst 9 o, 0
~ S._ s
Red LED ©/ * ©/
1 mmol Sulfoxide Sulfone
Cxema

Paboma evinonnena npu gpunancosoti noooepocxke PHD (epanm Ne24-23-00323).

Jlntepatypa

[1] W.C. Artunus, M.B. Andumos, B.B. Apcnanos, u np. Yenexu xumuu, 2021, 90(8), 895-1107.
[2]  S.V. Dudkin, A.S. Chuprin, S.A. Belova, e.a. Dalton Trans., 2022, 51, 5649-5659.
[3] Y.Z. Voloshin, S.V. Dudkin, S.A. Belova, e.a. Molecules, 2021, 26, 336.
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OCOBEHHOCTU UCNOJIb30BAHUA PA3JINYHbIX
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3opun B.N."%, Ko6nos U.B.", Kackex B.2, KpaBueHko U.E.', 3opuHa T.E."

!Benopycckuii 2ocyoapcmeennwiti ynusepcumem, Munck, bBeaiapyco

2YO «Meawcoynapoonsiii 2ocyoapemeenuviil skonocudeckuit uncmumym umenu A.J]. Caxaposay
BI'Y, Munck, Benapyco, E-mail: vpzorin@mail.ru

NmMmoOunu3aius MoJIeKyl JIeKapCTBEHHBIX COEIMHEHUI Ha HOCUTEIN U3 HAaHOMaTepuasoB yBe-
JIMYMBAET TOYHOCTh UX JIOCTABKM K MMILEHSM B OPraHHU3MeE, YJIy4dlIaeT OMOAOCTYNHOCTh MOCPE.-
CTBOM YBEJIMYEHHUS PaCTBOPUMOCTHU B BOJHOM cpefie (CIOCOOCTBYET MPEOIOJIEHUIO PA3INYHbIX (Hu-
3U0JIorMueckux 0aprepoB). Mcnonbp3oBaHne HAHOHOCUTENEH /71 BBEACHUS TETPAUPPOSIbHBIX (o-
ToceHcHOnIn3aTopoB (PC) OTKphIBAET 3HAUYUTENIbHbIE IEPCIIEKTUBBI JJIsl TOBBILIEHUS PE3YJIbTAaTUB-
HOCTH (POTOJMHAMUYECKOHN Tepariuy OHKOJIOTUYECKUX U psijia Ipyrux 3a0oneBanuil. B kauectse cu-
ctem Juist BBesieHUs: @C HCMONb3YIOTCSA MOJUMEPDI, OJIMMEPHbBIE U JTUMHUIHbIE BE3UKYJIbI, IEHIPU-
Mepbl, MaTepuajbl Ha OCHOBE Me30(opM yIieposa, IUKIOASKCTPUHBI U Ap. Pemaromumu gaxropa-
MU, OIPENENAIOMUMU 3PPEKT JaHHOTO METOJUYECKOI0 MOIX0/a JUIsl Yay4lleHus hapMaKOKUHETH-
yeckux cBoicTB OC, ABISIOTCS 3HaHUE (PU3UKO-XUMUYECKUX MEXaHU3MOB MX B3aUMOJICHCTBUS C Ha-
HOCTPYKTYPHBIMU MaTepHUaiaMu, CTAOUILHOCTD IIOJYy4YaeMbIX KOMILJIEKCOB, a TAKKE CKOPOCTh IUCCO-
LAY MOJIEKYII JIEKapCTBEHHOTO MpernapaTa U3 cocTaBa HAaHOHOCUTEIS.

B nanHoil paGote mpeacTaBiieHbl Pe3yJbTaThl CUCTEMHOIO aHaln3a CTPYKTYPHBIX XapaKTepu-
CTHK JIMIIUJHBIX BE3UKYJI, TOJINMEPOB, HUKIOJEKCTPUHOB, HATPY>KEHHBIX PAa3JINYHBIMU TUIIAMH I1OP-
¢uprHoBbIX @C. C ucnoab30BaHUEM CIIEUATBHO Pa3pabOTaHHBIX CIIEKTPAIBHBIX METO/IOB OIpe/ie-
JIeHa YCTOWYMBOCTb JJAHHBIX CTPYKTYP U IIPOBEJEHA KOJIMYECTBEHHAs OLIEHKAa CKOPOCTH OCBOOOXK1e-
Husg OC B pa3IMIHBIX MOJCIBHBIX U OMOJIOTHYECKUX cucTeMax [1-3].

[TomyueHsl 3KCTIEpUMEHTANIbHBIE PE3YJIBTAThI, TOKA3bIBAIOIINE, YTO HUCIOIb30BAHUE HAHOCTPYK-
TYpPHBIX MaTepHalioB OKa3bIBaC€T CYIIECTBEHHOE BJIMSHHE HA MPOLIECCHl pacIpe/ieseHHs] BOJOHEpa-
ctBopuMbIX @C B KJIETOYHBIX M TKAHEBBIX cucTeMax. Pe3ylbTaTuBHOCTh MPUMEHEHHUS Pa3iIMYHbIX
HAaHOHOCHUTEJIEH TECHO CBfi3aHa ¢ (haKTOpaMu, KOHTPOJUPYIOUIMMH PAaBHOBECHbIE U KUHETHUYECKHE
xapaktepucTuku cBsizbiBaHUs PC ¢ HaHocTpykTypamu. [loka3aHa BO3MOXXHOCTb KOHTPOJIUPYEMO-
ro u3MeHeHusl ckopocT ocBoOokaeHUsI PC U, BCleACTBUE 3TOr0, MOAU(BUKALIUN X paclpeleleHUs
B OMOJIOTMYECKUX CUCTEMAX.

Paboma evinonnena npu ghunancosoii noooepcke I'TIHU «Konsepeenyusa-2025» (3adanue 3.03.7.2)
u I'lTHU «buomexnonozusn-2» (3adanue 1.29.2).

Jlutepatypa

[1] L Yakavets, M. Millard, V. Zorin, H.-P. Lassalle, L. Bezdetnaya // Journal of Controlled Release, 2019, 304, 268—287.
[2] I Yakavets,A.Francois, L. Lamy, M. Piffoux, F. Gazeau, C. Wilhelm, V. Zorin, A.K.A. Silva, L. Bezdetnaya//J. Nanobiotechnology,
2021, 19 (3), 2-18.

[3] L Yakavets, I. Yankovsky, T. Zorina, M. Belevtsev, L. Bezdetnaya, V. Zorin // Pharmaceutics, 2021, 13 (7), 1054-1066.
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! Unemumym xumuu pacmeopos Poccutickou akademuu nayk, Meanoso, Poccus
’Usanosckuil xumuxko-mexuonocudeckuil ynueepcumem, Meanoso, Poccus
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[IpoGnema GopbOBI ¢ MH(PEKIIMOHHBIMU 3a00J€BAHUSAMH OCTAETCA MPUOPUTETHOW BO MHOTHX
o0jacTsaX MeAMIMHBI. YKa3aHHas mpoOjema OTATroulaeTcs IMOSIBICHUEM HOBBIX NMAaTOTEHHBIX Oak-
TEPU C MHOXKECTBEHHOH JIEKapCTBEHHOH YCTOMYMBOCTHIO, HE pEarupyroliyux Ha aHTHOMOTHKH,
YTO 3aTpyAHsIET JeueHne. Hanbomee nepcrneKTHBHBIM METOIOM 1715t 00pHOBI C TaTOreHaMH, HE BBI3bI-
BalOLLIUM MPUBbIKAaHUS, siBiIgeTcs poTonnHamuyeckas nHakTuBanus (PM) naroreHoB, B OCHOBE KO-
TOPOM UCTONB3YeTCs KOMOMHUPOBAHHOE JIEHCTBUE CBETA, KMCIOpoia U poroceHcubunuzaropa. Hau-
Oosee nepcreKTuBHBIMU (poToceHcuounuzaropamu g O sBnstoTcs TeTpanuppoIbHble MaKpore-
TEPOLUKIIBI HA OCHOBE MOPGUPHUHOB, UTO OOYCIIOBIEHO UX YHUKAIbHBIMU (DOTOXUMUYECKUMU CBOII-
CTBaMH M MPAKTUYECKH HEOTPAaHUYEHHOW BO3ZMOKHOCTBIO (DYHKIIMOHAIU3ALMHU JJIs TOBBIILIEHUS HY-
KJICOPWIBHOCTH (MPUAAHNS MOJIEKYJIE pACTBOPUMOCTH B BOAHBIX PACTBOpax) U CEIEKTUBHOCTH CBsI-
3bIBaHUS C TEM WJIM UHBIM OMOCYOCTpaToOM.

[enbto paboThI SBIISJICS HANPABJICHHBIM CUHTE3 HECUMMETPUYHBIX BOJOPACTBOPUMBIX MOphHU-
PUHOB, UMEIOLUX Ha Nepudeprun MakKpoLHUKIIa OCTAaTKU MajbIX TeTEePOLUKINYECKUX MOJIEKYJ, IMO0-
3BOJISIFOLIMXOCYIIECTBIISATh HACTPOMKY Ha T€ WJINM MHbIE OMOMMILIEHU U PETYIUpOBaTh rHIpodoOoHO/
ruipo@uibHbIN O6ananc. B kauecTtBe mopdupuHOBOM MiaaT(opMbl MCIOIB30BAIUCH Haubomee Jo-
CTYIIHbIE€ CHUHTETUYECKHE HECUMMETPUYHbIE MPOU3BOAHBIE TeTpaeHmInopdupuHa, MoIyyaemble
CMEIIaHO-aJIbJIETUTHON KOHJIeHcauel ¢ nupposioM. «lIpuBs3kay reTepuibibHbIX (parMeHTOB OCY-
LIECTBIISIACH C UCIIOIb30BaHUEM MeTojia MeTasulokatanutudeckor C-H akruBauuu. I'unpodunbHeie
CBOMCTBAa MaKpOMOJIEKYJI€ MTPHUaBaii KBaTepHU3aluel nepupepuiHbIX TUPUIUIBHBIX (PparMeHTOB.
[TooOpaHb! ONTUMANIBHBIE ITyTH CUHTE3a FETEPUIINOPPUPHUHOB U YCIOBUS POBEICHUS peaKIuii (Ka-

TAIMTUYECKAs CUCTEMA, PACTBOPUTEID, BPEMS).
X
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Bce mnonyuennsie coeauHenus oxapakrtepuzoBanbl OCII, 'H SIMP u macc-crniekTpamu.
NuauBuyaabHOCTh M YUCTOTA MOJYYEHHBIX COCIMHEHUN MOoaATBEepkAeHa MmeTogamu TCX.

Paboma evinonnena npu gpunarncosoii noooepcke PH® (epanm Ne 23-13-00235).
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IQUL] npobnem xumuuecxou usuxu PAH, 2. Yeprnoconoska, Poccus
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Tepanust 310Ka4eCTBEHHBIX HOBOOOPA30BaHUI ABISAETCS OHOM U3 OCTPEUILINX MEIUKO-COIHAIIb-
HBIX TIPOOJIEM COBPEMEHHOCTH, U4TO TpeOyeT pa3BUTHS BEICOKOA((HEKTUBHBIX M MAJIOWHBA3UBHBIX Me-
TO/IOB WX Tepanuu. OTHUM U3 TaKUX METOOB siBIsieTcs ¢poronunamuueckas tepanus (OIT). Ucro-
pHsl KIIMHUYECKOTO MPUMEHEHMSI JAHHOTO aKTUBHO PAa3BUBAIOLIETOCS METOJ]a HACUUTHIBAET yxke 00-
nee 40 jet, B TE4eHUH KOTOPBIX OH JI0Ka3ajl CBOIO BBICOKYIO 3(pPEeKTUBHOCTH AeiicTBUs. B mocneanee
JIECATUIIETHE BO3POC MHTEpPEC K Tak HazbiBaeMbIM (hoToceHcuOminzaropam (PC) «mmepBoro tumay,
JUIsL KOTOPBIX OCHOBHBIM MEXaHHU3MOM peanu3anuu (POTOTOKCUYECKOTO JIEHCTBUS SIBIISIETCS T'eHepa-
1S CYNEePOKCHUT aHUOH-paJiKaia U APYTruX paJukaibHbIX (OpM (B TOM YHCIIE U HEKUCIOPOIHBIX).
Taxue @C, kak npaBUIIO, MPEACTABISIOT COO0H THUAJIbI IOHOP-AKIIETITOP, KOTOPBIE TTPU (OTOBO30OY K-
JEHUHM 00pa3yloT COCTOSTHUE C pa3[eIeHHbIMH 3apsiiaMi, KOTOpOE B JaJIbHEHIIEM MepeaaeT AJIeK-
TpoH Ha kuciopon (Cxema 1).
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Cxema 1. ®OTOTOKCHYECKOE JCHCTBHE TIEPBOTO M BTOPOTO THIIA B KJIACCHUECKHUX (HOTOCEHCUOMIN30TOPaX (ClieBa)
U JMa]l JOHOP-aKIEenTop (crpasa).

B Hacrosiem n0kaze HaMU paccMaTpHUBaeTCs sl AWl THIA «KPacHTEIb-aKIENnTop», MOIy-
YEeHHBIX Ha OCHOBE KpacuTeJel XJIOPUHOBOTO, TOP(GUPA3UHOBOTO U IIMAHUHOBOTO Psi/a, @ TAKXKe aK-
LENTOPHBIX MoJieKy — Gymiepena C, u nepunenauumuaa (PDI). B noknane mposeneHo comnocras-
nenue 3pGEeKTUBHOCTH TeHepaly CUHIJIETHOTO KUCIOPO/a U CyNEepOKCHIa TaKUMHU THaJaMH, Olle-
HEHHOE€ CTaHJapTHBIMH METOJUKAMU B MOJIEIBHBIX cHUCTEMaX, ¢ 3((EKTUBHOCTHIO UX in Vitro ¢oTo-
TOKCUYECKOTO JCHCTBHUS Ha KYJIBTYpYy OmyxojeBbixX kKiaeTok HelLa. O6cyxmaercst poib pa3InuHbIX Me-
XaHU3MOB peau3aluu (HOTOTOKCHYECKOTO JEHCTBUS KaK paccMaTpUBAaeMbIX JHal], TaK U Kiaccuye-
CKHX (DOTOCEHCUOMITH3ATOPOB.

Hccnedosanus nposoounocs 6 pamkax eoczadanus (Homep cocpecucmpayuu 124020500019-2).
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ANNEKTPOHHOE CTPOEHUE 5.10.15.20-TETPA®PEHWNJI-21-X,
23-Y NOP®UPUHOB (X=0 UJIN S; Y=N UJIN S)

KysbMuH U.A., )KabaHoB H0.A.

Hesarnosckuil 2ocyoapcmeeH bl XUMUKO-mMeXHo02udeckuil ynueepcumem, Heanoso, Poccus
E-mail: wonderful 37@list.ru

I'ereponioppupunbl, 3T0  coenuHeHUs  oOpasyromuecss B pe3yiabrare  3aMEHbI
BHYTpHUIIMKInYecKkoro(nx) aroma(oB) N B Monekysne nopduprna Ha rerepoatoM(sl). [lanHas 3ame-
Ha TPUBOJUT K U3MEHEHHIO (PH3UKO-XUMHUECKUX CBOMCTB, OTHUM U3 KOTOPBIX SIBISIETCS AIIEKTPOH-
HOE CTPOCHHUE.

B cBsi3u ¢ Tem, 4T0 TIOPPHUPUHBI M UX POJICTBEHHBIE COCMHEHUS IIPUMEHSIOTCSI B KAY€CTBE Kpa-
cUTeNiell U MUTMEHTOB, TO HMCCIIEJOBAHUE UX ONTUYECKUX CBOMCTB — BaXKHas 3ajjada COBPEMEHHOMN
xuMuM noppupuHoB. Cieayer OTMETUTh, UYTO AJIEKTPOHHO-a0COpPOLMOHHbBIE CBOWCTBAa HENMOCPE-
CTBEHHO CBS3aHbI C AJIEKTPOHHBIM CTPOEHUEM MOJIEKYIIbl, 1 HHTEPECHBIM MPEICTABISAETCS UCCIIEN0-
BaHUE BIMSHUE IeTepPOaTOMHOIO 3aMELIECHUs] BHYTPULIMKINYecKoro aroma(oB) N, Ha retepoatomM(bl)
S unu O, Ha ANIEKTPOHHOE CTPOEHHUE U AIEKTPOHHBIE CIEKTPbI MOITIOLIEHHUS.

B nmanHOi1 paboTe, BBIMOIHEHA ONTHMHU3ALNS CTPYKTYPhI MOJIEKYJI B paMKaxX THOPHIHOTO (QYHK-
nuonana B3LYP ¢ 6a3ucueim Habopom cc-PVTZ. C ucnonbp3oBaHUEM MPOTPAMMHOTO 00CCIICUCHHS
AIMAII npousBeneH TONMogorndeckuii aHaiau3 QyHKIUU pacHpeeeHUs IEKTPOHHON MIIOTHOCTH
p(r), B TepMUHAaX KBaHTOBOU Teopuu aToMoB B Mojiekyie (QTAIM), u cmoaenupoBaHbl 3JIEKTPOHHbIE
cnekTpsl noromeHus B pamkax teopurt TDDFT (Time Dependent Density Functional Theory), xo-
JIUYECTBO BO30Y ACHHBIX COCTOSIHUM cOcTaBisuio 30.

Ha pucynke 1 npeactaBieHbl CMOIEIMPOBAaHHBIE 3JIEKTPOHHBIE CIIEKTPbI MOIVIONIEHHUSI CBOOOI-
ubix Mojiekya H,PhP, HOPhP, HSPhP u S,PhP.

—— HOPhP —— HOPhP
—— HSPhP 0 —— HSPhP
———S,PhP ———S,PhP
——H,PhP ——H,PhP
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Puc. 1. CMonenupoBaHHbIE SIEKTPOHHBIE CIIEKTPBI ortomenus Mosekyn H PhP, HOPhP, HSPhP u S PhP B razosoii
¢aze, B quamazone ot 250450 M (a) u 500-650 aM (0).

Tak mipu 3aMeHe BHyTpullMKIndeckoro aroma(oB) N Ha atoM(bl) O Wi S, mpoucxoauTt 6arox-
POMHOE CMEIeHHEe MAaKCHMYMOB TIOIJIONICHUS, YTO CBHIETEILCTBYET 00 YMEHBIICHUH KOJIHUYECTBA
9HEPI'uu, KOTOPOE HEOOXOAUMO COOOIUTH MOJICKYJIE JIJIs IepeBojia €€ B BO30YKIACHHOE COCTOSIHUE.

Paboma evinonnena npu gpunancosoti noooepoicke PH® (epanm 21-73-10126).
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MULLEJ1J1bl MOHOTEHHbIX NMAB KAK CPEAICTBO
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Hucmumym xumuu pacmeopos um. I'A. Kpecmosa Poccuiickou akademuu nayx, Meanoso,
Poccus

E-mail: gmm@isc-ras.ru

H3BecTHO, UTO BaXKHEHIIIMM CBOMCTBOM MMIIEIITI HOHOIeHHBIX ITAB sBIseTCS ciocOOHOCTH K CO-
JOOMIIU3AIMY HENOJISIPHBIX BELIECTB B MOJISIPHBIX KUAKOCTAX. OIHAKO HE MEHEE UHTEPECHBIM SIBJIS-
€TCsl BO3MOKHOCTb UCIOJIb30BaHMs MULIEIUI000pa30BaHUs KaK CPEICTBA yIpPaBIeHUs (PU3UKO-XUMHU-
YECKMMHU CBOMCTBAMHU BEUIECTB B CHUCTEMAX, C OJUHAKOBOI MOJIAPHOCTHIO, HAIIPUMEp, TUAPOPUIb-
HBIX TOP(UPUHOBBIX MOJIEKYJI B BOAHBIX CpE/Iax.

Jluteparypa, mocBsllLieHHas BOIIPOCcaM B3aUMOAECUCTBUS THIPO(DUIBHBIX TOPPUPHUHOB C MOJIEKY-
JJaMU KaTHOHHBIX Wi aHnOHHBIX [IAB Becbma oOmmpHas, Ho HeogHO3HauYHA. EnMHOTO TIpeicraBiie-
HUS O TOM, UTO MPEJICTABISIOT COOOM MPOYKThl TAKUX B3aUMOJEHCTBHI, HET. MI3BecTHO, YTO 100aB-
k1 noHoreHHbIX [TAB K BomHBIM pacTBOpam MOpGUPHUHOB U (PTATONMAHUHOB MOTYT CYLIECTBEHHO
MEHSATh UX (PU3UKO-XUMUYECKHUE CBOMCTBA (MOBBIMIATH WK MOHUKATh PACTBOPUMOCTb, IPUBOAUTD
K TYLIEHUIO WIH pa3ropaHuio (piayopecueHunu, U3MeHITh 3)(HEeKTUBHOCTD (POTOMHAYLIUPOBAHHOTO
MIEPEHOCa SHEPTUU MEXK]Ty MOJIEKYJISIPHBIMU (PparMeHTaMU MaKpOLUKJIIA, MEHATh OKUCIUTEIbHOE CO-
CTOSIHUE KaTHOHOB METaJUIa B KOOPJMHALIMOHHOM LIEHTPE MOJIEKYJIbI U T.1.).

B noxiane npezacrasneH eTajabHbIA aHAJIW3 JTUTEPATYPHBIX U COOCTBEHHBIX 3KCIIEPUMEHTAIIb-
HBIX JIaHHBIX aBTOPOB O [TOBEICHUU KATUOHHBIX U aHHOHHBIX NOP(UPHUHOB B BOAHBIX PaCTBOPAX NOH-
Hbix [1AB pasnoit konuentpanuu. Ha npumepe nopemwicynsdara Harpus U OpoMuaa HETHITPH-
METHUJIIAMMOHUSI CUCTEMaTU3UPOBaHbl PE3yJbTaThl [0 pasMepaM MUIIEIUI, UMMOOMIN30BaHHBIX MOP-
(UPUHOBBIMHU MOJIEKYJIAMH, a TaKXKe M0 UX COJIOOMIN3ALIMOHHON €MKOCTU U CTPYKTYpE, MOJIy4YEH-
HbIE METOZaMH CIIEKTPO(POTOMETPUUECKOT0 U (IIyopeclieHTHOro TuTpoBanus, AMP-cnekTpockonuu
1 JUHAMUYECKOTO CBETOPACCESHMUS.

OOcyxaeTcss 3aBUCUMOCTb KOMIUJIEKCOOOpA3yIOIIMX M CHEKTPaJIbHO-TIOMUHECLEHTHBIX
CBOMCTB nop(upuHa OT MecTa PacloIOKEHUSI MAKPOLMKIIa OTHOCUTEIBHO MUIIEIUIBI — pacIiojlaraet-
Cs1 JIM OH BO BHYTPEHHEN YacTu cheprUueCKUX WIN INHIPUYECKUX MUIIEIUT UM HaXO/IUTCS BHE €€.
[IpuBoasTCS SKCIIEPUMEHTANIBHBIE TaHHbIE, CBUAECTEILCTBYIOLIUE O TOM, YTO MHIIEIUI000pa3oBaHKe
sBIseTCS APPEKTUBHBIM CPEICTBOM YIIPaBICHUS POIIECCAMU MOJIEKYJIIPHOTO paclo3HaBaHus U 00-
paTUMOro CBsI3bIBaHMsI CyOCTPaToOB pa3InyHON IPUPO/IbL, LIEJIEHAIIPABIEHHOIO U3MEHEHUs (uryopec-
LIEHTHBIX ¥ (OTOCEHCHOMIM3AIIMOHHBIX CBOMCTB MOPPUPUHOB U THOPUIHBIX (pryopodopoB Ha ux
OCHOBE.

Paboma evinonnena 6 pamkax Iocyoapcmeennozo 3adanus Munoopnayku P® Uncmumymy xumuu

pacmeopos PAH (mema Ne 122040500043-7) ¢ npusneuenuem 060py00o8anus YeHmpa KouleKmueHo-
20 NOb308aHUs « Bepxnesonacckuil pecuoHanbHblil Yyenmp GU3UKO-XUMULECKUX UCCTe008AHULLY.

31



CexyuornHvie 00K1A0bL

COBPEMEHHbIE KBAHTOBO-XUMUYECKUE
noaxoabl K AU3AUHY U UHTEPNPETALMN CBOUCTB
®OTOCEHCUBUJIN3ATOPOB HA OCHOBE ®TAJIOLMAHUHOB
UUXAHAJIOIOB

MapTtbiHoB A.T.

Hucmumym ¢huzuuecxoui xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH, Mocksa, Poccus

E-mail: martynov@phyche.ac.ru

[lepBUYHBIM IPOLIECCOM, UHUIMHUPYIOMIUM (DOTOAMHAMUYECKYIO aKTUBHOCThH (TaTOUUaHUHO-
BbIX (DOTOCEHCHOMIIN3AaTOPOB, SIBJIETCS MOMIOIIEHNE CBETA, TI0ATOMY KBAHTOBO-XMMHUYECKasi HHTEp-
MpeTanust ANEKTPOHHBIX CIEKTPOB MOIVIOLIEHUS SIBIIIETCS Ba)XKHOM 3a/1a4eil, a pazpaboTka ajeKBar-
HBIX [TOJIXO/I0B, MPEACKA3bIBAIOIINX IEKTPOHHBIE CIEKTPbI (PTATOLUAHUHOB, I03BOJISIET IPOBOAMUTD
HapaBJIEHHBIN AU3aiiH HOBBIX COEAMHEHUH C 3a/laHHbIMU cBoiicTBaMH. Cpesin TaKuX MOJX0I0B 0CO-
00€e MecTo 3aHMMAeT 3aBHUCHIIas OT BpeMeHu Teopusi ¢pyHkiuoHata miotHoctd (TD-DFT), aktuBHO
WCIIOJIb3yeMast JIJIsl IPEJCKA3aHUsl SHEPTruil BEPTUKAJIbHBIX NEPEX0A0B (PTAJIOIMaHUHOB U POJCTBEH-
HBIX COEIMHEHUH, KOHCTAHT CHUH-OPOUTAIbHOIO B3aHMMOACUCTBUS MEXJY CUHIVIETHBIMU U TpH-
IJIETHBIMHU COCTOSIHUSIMM U T.I. TeM He MeHee, BhICOKHE TPeOOBaHUS K BBIYMCIUTEIBHON MOITHOCTH
U JUINTEIBbHOCTh CAMHUX BBIYHMCIICHUIM OTPAaHUYMBAIOT BO3MOKHOCTH MCIOJB30BAHMS JAHHOTO METO-
Jia JJis MHTEPHpEeTaluy yCIO0KHEHHBIX CUCTEM (pacIIMpeHHBIX (PTaJOolMaHUHOB, MHOTOKOMIIOHEHT-
HBIX aHcaMOJel U Tp.), a TAK)KE HE MO3BOJISIOT IPOBOIUTH SKCIIPECCHBIM CKPUHUHT CIIEKTPAIbHbBIX
CBOMCTB cepuil pOJICTBEHHBIX COECIMHEHU /IS BbIsABICHUS 3(D(PEKTOB 3aMecTUTENEH.

OnHUM U3 MOAXO/0B, MO3BOJISIIOIIMX OOOWTH OrpaHUYEHHUs, CBSI3aHHBIE C JOCTYIMHBIMU BbIUHC-
JUTENBbHBIMU peCcypcaMu, sIBIsieTCS ucrnoib3oBaHue ymnpoiieHHoro meroga TD-DFT (sTD-DFT),
npemiokeHnoro B padorax C. I'pumme [1, 2]. JlanHBINi METO peaau30BaH B pPa3IMYHBIX KBAHTOBO-
XMMHUYECKHUX Mporpammax, B YaCTHOCTH, B nocyueanux Bepcusax nakera ORCA. Ilpumenenue sTD-
DFT k unHTepnperanuu crekTpoB (TaJolMaHUMHOB M UX aHAJOrOB C UCIOJIb30BaHUEM (YyHKIIMOHA-
na CAM-B3LYP u 6a3ucHoro Habopa 6-31G(d) no3BosisieT COKpaTUTh BpeMsl pacueToB Ha HECKOJb-
KO MTOPSJKOB 110 cpaBHEHUIO ¢ OJIHBIM TD-DFT, uTo Aenaet AOCTymHBIM IPUMEHEHUE YITPOIIIEHHO-
o Mojxo/a Jaxke Ha oObluHbIX HOyTOyKax! [Ipu 3TOM, cpenHekBaipaTuyHasi OmKUOKa ONpeeIeHUs
SHEPruM BEPTUKAJIbHBIX NEPEX00B, COOTBETCTRYIOMUX Q-nonocam (< 0.1 3B) 3ameTHO cHUXaeTcs
1o cpaBHeHuIo ¢ NoAHbIM TD-DFT (~0.2 3B) ans cepuii pa3nuyuHbix coequHeHui [3].

B noxnane GymyT paccMOTpeHbI TpUMeEpHI ycrenHoro npuMmenenus meroga sTD-DFT nns ananu-
3a CHEKTPOB MOMIOIICHUs NeprudepuitHo- U HenepupepruiiHo-3aMeIlleHHbIX (PTaTOIMAHUHOB, a TaK-
K€ MX aHAJIOTOB C PACIIUPEHHBIMH apOMATUYECKUMU CUCTEMAaMU — O€30aHHEIMPOBAHHbBIX IPOU3BO-
JTHBIX U TETPANUPPOJIOB, AHHETUPOBAHHBIX IeTEPOLMKIAMH, PACCMAaTPUBAEMbIX KaK MEPCIEKTUBHBIC
(horoceHcuObUIM3aTOPHI ¢ NomoueHnem B OmkHeit MK-obnactu.

Paboma evinonnena npu gpunarncosoii noooepcke PH® (epanm Ne 24-13-00479).
JlntepaTypa
[1] S.Grimme,J. Chem. Phys., 2013, 138, 244104.

[2] C.Bannwarth and S. Grimme, Comput. Theor. Chem., 2014, 1040-1041, 45-53.
[3] A.G. Martynov, J. Mack, A.K. May, T. Nyokong, Y.G. Gorbunova and A.Y. Tsivadze, ACS Omega, 2019, 4, 7265-7284.
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®OTOAMHAMUYECKAA TEPANUA CNOHTAHHOIO
NJIOCKOKJIETOYHOI0 PAKA POTOBOW
MNOJIOCTU Y )KUBOTHbIX C UCMOJIbSOBAHUEM
B KAYHECTBE ®OTOCEHCUBUJIU3ATOPA KOMIMO3NLIUNU
BAKTEPUOXJIOPUHA

MaprowuHa A.B.%, flaBbipoB E.B."?, Jlio6uMueB A.B.?

L Bemepunapnas xnunuxa «Poceemy, 2. Mockea, Poccust
2 @I'BOY BO PocbhuoTex, 2. Mockea, Poccus
S@I'BOY BO «HUT'XTY» e. Hsanoso, Poccus

E-mail: Lyubimtsev_av(@jisuct.ru

AKTyanpHOM 3a7jauei ABISETCA JICUCHHUE OIyXOJIEH CIIOKHOW JIOKAIN3allN, OJHUMH U3 KOTOPBIX
SIBJIIIOTCS HOBOOOpa3zoBaHUs poToBoi nosnoctu. [Ipu onepaTuBHBIX BMeLIaTeNbCTBaX TpeOyeTcs yaa-
JIUTH OIIyXOJIb C 3aXBAaTOM OKPY>KAIOIKX 37I0POBBIX TKaHEH, 4TO, B YCIOBUSX JAeduIuTa TKaHEH, 3a-
YacTyIO MPUBOJUT K KaJleUal[uM ONepanusaM U yXyALUICHUIO KaueCcTBa KU3HU ManuenTa. PoroauHa-
MUYECKasi Teparnus SBJIsSeTCs allbTepHATUBON ONIEPATUBHOMY BMEILATENIBCTBY, KOTOPAst O3BOJISIET U3-
0ekaTh OOIIMPHOIO UCCEYEHUS TKaHEeH ¢ HapyIIEeHHEM aHATOMHUYECKHUX CTPYKTYP.

[enbro HacTOSIETO UCCIIeI0OBaHUS IBHIIOCH U3yUdeHHE 3 (HEKTUBHOCTU NPUMEHEHUS (POTOANHA-
MUYECKON Tepanuu ¢ (HOTOCEHCUOMIN3aTOPOM OAKTEPUOXIOPHUH ISl ICUEHUS! CIOHTAHHOTO ILI0CKO-
KJIETOYHOT'O paka pOTOBOM MOJOCTU y MEJKUX JIOMAIIHUX KUBOTHBIX.

Mamepuanvr u memoowl. [lanmenTamu ObUIM MEJKHE JOMAlIHUE >KUBOTHBIE CO CIIOHTAHHBIM
mockokineTounsiM pakoMm (ITKP) poroBoit momoctu: cobaku (n = 3), B Bo3pacte or 9 g0 12 mer.
V¥ nByx xkuBoTHbIX ObLT [IKP poroBoii monoctu Il cranuu, pazmep 2.3-3 cM U y OIHOTO KUBOTHO-
ro I cramquu — 1.2 cm B nuamerpe. B kagectBe orocencubmnmmzaropa (OC) npuMeHsun KOMIO3U-
LIMI0, KOTOpas npejacrasiser codoit cmech 5,10,15,20-teTpakuc(nupunun-3-mi)xaopuna (T3PyCh)
u 5,10,15,20-rerpakuc(mupuaun-3-un)dakrepuoxiaopunra (T3PyBCh) B coornomennu 40:60 %. Bae-
JIEHUE OCYIIECTBIISIOCH B MIPEABAPUTEIILHO YCTAHOBIICHHBIN BHYTPUBEHHBIN KaTeTep B 03¢ 1 MI/KT.
Uepes 3 gaca mociie BBEACHUS MTPOBOIMIHN OOIYUYEHUE OIMYXOJIH JIa3€pOM C ITTMHHOM BOJIHBI 760 HM,
¢ no3oit 400—450 k. [Tocne dyero »UBOTHBIX OTITYCKAJIU C YCIOBHEM COOJIIOJICHHUSI CBETOBOTO PEXKH-
Ma B T€YeHUH 48 4acos.

Pesynomamer. Bee xuBotHble xopoio nepeHocunu npoueaypy ®AT. B teuenun 2-3 nueit no-
clie JieueHus: Habuoancst HebobIoi oTek obnactu oOnydenus. Y nByx nanueHToB ¢ [ u Il craau-
el oTMeueHa nojiHas perpeccus onyxoiu, nocie 2 u 3 kypco ®/IT, coorBeTcTBEHHO (BpeMsi HabI0-
nenust coctaBuiio 210 qHel — 6e3 mpu3HaKOB pelUANBUPOBaHUs). Y ogHoro nanuenta co Il cragueit
nocse 3 KypcoB HaOIOMaeTCs yacTuyHas perpeccusi. Takum 00pa3oM, 0ObEKTHBHBIN OTBET Ha Jiede-
nue cocrasmi 100 % (monnas perpeccust — 66,7 %, yactuanas perpeccusi — 33,3 %).

Bv1600bl. ®otoguHamMuueckasi Tepanusi ¢ UCIOJIb30BaHUEM B KauecTBe (pOTOoceHcHOmiIM3aropa
KOMITO3ULIMK OaKTEPHOXJIOpUHA SIBIIAETCA 3PPEKTUBHBIM CHOCOOOM JIEUEHUS IUIOCKOKIETOYHOTO
paka poTOBOM MOJIOCTH Y MEJIKUX JOMAITHUX )KMBOTHBIX.

Uccneoosanue evinonneno npu noooepoicke epanma Poccutickoeo nayunozo gonoa Ne 23-23-00600
(https://rscf.ru/project/23-23-00600/).
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OCOBEHHOCTU POCTA ®TAJIOLUMAHUHOB HA X0JIOAHbIX
NMOAJIOKKAX

Maxomos I'.J1., IOHuH N.A., TpaBkuH B.B.

Hucmumym gusuxu muxpocmpyxkmyp Poccutickou Axademuu nayx, Huowcnuti Hoeeopoo, Poccus

E-mail: pakhomov@ipmras.ru

B omnune ot «cynpamoseKyIspHOTO arperaray, IOHUMaeMoro Kak aHcaMOITb U3 HECKOJIbKUX MO-
JIEKyJ1, 0Opa3yIOIINICs KaK MPaBWJIO 32 CYET CIENU(UISCKOr0 B3aUMOICHUCTBUSI B 00bEMHBIX (hazax
(pacTBOpax) U MpU PaBHOBECHBIX YCIOBUSX, TOHKAs! IJIEHKA — ropas3o 0osee CIOKHBINA U 3aBUCUMBIH,
IIPUBSA3AHHBIA K KOHKPETHOMY POCTOBOMY Tpolieccy, 00beKT. Bo-nepBbiX, oOHa GOpMUPYETCS B CUIIBHO
HEPaBHOBECHBIX YCIIOBUSX, KOTJIa pealn3alus ClequpUuecKoro MexXMOJIEKYISIPHOTO B3aUMOIEHCTBHS
3aTpyAHEHa M3-3a CKOPOCTH MpPOIecca U B3aUMOACHUCTBUS C MOJUIOKKON. BO-BTOPBIX, /U1 aJIeKBaTHO-
IO ONMCAHUSI CBOWCTB, €€ CTPYKTypa JOKHA ObITh MOHSATHA HE TOJILKO Ha ypOBHE aHcamOIns U3 He-
CKOJIBKMX COCEIHUX MOJIEKYJ, HO ¥ BIUIOTh IO MAaKPOCKOIMYECKOTO MacIITada, TO €CTh MOXET BKJIIO-
4aTh OJJHOBPEMEHHO HECKOJILKO BUJIOB YIIAaKOBKH, TPAaHUI] pa3/ielia U np. B-TpeTbux, pe3ysasrar 3aBUCHT
HE TOJILKO OT PEKUMOB OCAKIECHHUS, HO U OT MPUPOJIbl POCTOBON MTOBEPXHOCTH, U OT TOJIILIUHBI, U 1aXKe
UCTOpUH 00pa3lia, BKIIIOUask UCXOIHbIN MPUMECHBII COCTAB U YCIOBUS XPAHEHHUSL.

CrangapTHbI HAOOP MOAXOAOB K U3MEHEHUIO HAHO- U MUKPOCTPYKTYPbI CJI0SI COCTOUT B TIOBbI-
LIEHUH TEMIIepaTypbl MOJIJI0KKH, B PETYIIUPOBKE CKOPOCTH OCAXKIEHUS U B MOAU(UKALIMU TTOBEPXHO-
CTH 3a CUET BBEACHMS JJOTIOJIHUTENbHBIX (aAr€3MOHHBIX, OyPEepHBIX) MO/ICTIOEB, TO €CTh B U3MEHEHUNU
TEPMOJIMHAMUYECKONH/KMHETUYECKON cocTaBlsitolel rpouecca. Ho kaxplil n3 3Tux cnocoboB 1160
HaKJIaJbIBAET JOMOJHUTENbHbIE OIPaHUYEHUSI, HAlPUMEp, TeMIIepaTypHble, JTM00 J00aBiIseT JUII-
HUH 11ar K TEXHOJIOTHYECKOMY MTPOTOKOJTY U3TOTOBJIEHUS YCTPOICTBA.

B noxnane mpencraBieHbl HEKOTOPBIE pe3yJbTaThl HAIIUX HCCIEI0BaHUN MOp(OJIOTHUH, ONTH-
YECKUX M NMPOBOJANINX CBOMCTB TOHKHUX IUIEHOK (ranonuanuna 6e3 metamwia H Pc u ero komruiek-
ca ¢ mapranuem(Il) MnPc, ocaxaeHHbIX B c1aOOM MMOCTOSHHOM MarHuTHOM Tose [1], B Tom yucie
Ha MOJUIOKKHU IPU MOHMKEHHOH Temnepatype. B kauectBe npumepa Ha Puc. 1 nokaszana ctpykrypa
MOJIEKYJISIpHBIX arperaroB MnPc, Beipociux Ha kpeMHUEBOH miacTiHe rpu 0°C 6e3 BHEIIHEero 1mosis
(cnesa), u H,Pc — mpu 25°C B none 5 kI'c (cneBa).

Puc. 1. U306paxkenns o0pa3mnos, momyueHasle MetonoM COM

Paboma svinonnena npu gpunarncosoii noooepocke PH® (epanm Ne24-23-00414).

Jlntepatypa

[1]  P.A. Yunin, Y.I. Sachkov, V.V. Travkin, G.L. Pakhomov. MacroHeteroCycles. 2022, 15 (2), 74-84; P.A. Yunin, Y.I. Sachkov,
V.V. Travkin, E.V. Skorokhodov, G.L. Pakhomov. Vacuum. 2021. 194(12), 110584.
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CUHTE3 U UCCNIEAOBAHUE MYJIbTUALEPHbIX
KOMNJEKCOB C HECKOJIbKUMU NMAPAMATHUTHbIMU
LEHTPAMU HA OCHOBE METAJIJIO®TAJIOLULMAHUHOB

PomaHeHKko H.P., ®apaonoB M.A., Konapes [1.B.

DedepanbHulil UCCIEO08AMENbCKUL YEHMP NPOOIEM XUMUYECKOU QUIUKU U MEOUYUHCKOU XU-
muu PAH, Yepnoeonoska, Poccus

E-mail: Nikita.romanov796@mail.ru

Mertamnodranonmanunsl (MPc) npenctaBistor co0oit ceMEMCTBO MaKpPOIMKIMYECKUX COCIU-
HEHUH, U3BECTHBIX YK€ Ha MPOTSHKEHUU BEKa U MPUMEHSIEMbIX B KaUECTBE MMPOMBIIIJICHHBIX KpacH-
tenei. OgHako, o0Oagas psiioM NePCIEeKTUBHBIX CBOMCTB, B MTOCJIEHEE BPEMSI IaHHbIE COCAMHEHUS
MIPUBJIEKAIOT HAYYHOE COOOIIECTBO KaK KOMIIOHEHTHI JUIsl CO3JaHUS Pa3InYHbIX (PYHKIIMOHAIbHBIX
MarepuaioB. CBoiictBa MPc MOXHO TOHKO HacTpauBaTh MOAU(PHUKAIIMEN UX CTPYKTYpPbl pa3iHyuHbI-
MU crioco0aMu, HalpuMep, MyTeM BBEACHUS Pa3InYHbIX NepUPEepUIeCcKUX 3aMEeCTUTENEH B MaKpo-
LMKJI, 3aMEHOM IIEHTPaJIbHOrO aToMa MeTaljla WK BBEACHUEM Pa3HOOOPa3HbIX aKCHUAIbHbBIX JINTaH-
noB. Takum 00pa3oM, HaIpUMEP, MOMKHO MOJyYaTh MYJIBTHSIIEPHbIE KOMIUIEKCHI C EPCIEKTUBHBIMU
MarHMTHBIMH CBOMCTBaMH.

B xozne nponenanHoit padoThl HaMU ObUIN MOJIy4YEHbI UAHUPOBaHHBIE (POPMBI (PTATOLIMAHUHOB
mapranna(ll) u xenesa(Il), a Taxxe rexcagexaxmnopdranonuanuHa xkenesa(ll) myrem koopauHam
JIBYX I[MaHOTPYIMI B aKCHAJIbHbIE MOJOXKEHHUSI MaKpoUuKIoB. Ha OCHOBe JaHHBIX [IMAHMPOBAHHBIX
MaKpOILMKJIOB, IyTE€M KOOpAMHAIMU auneTwianeronara mapranua(ll), tpuc(uuxnoneHTaaueHuna)
raponunusA(lll) u neomuma(Ill) Ha nmanorpynmnel, ObT MOTYYEH P TPEXBAAEPHBIX KOMIUIEKCOB

(puc. 1).

Puc.1. Monexynsapnas ctpykrypa: (a) qmuannona {Mn'(CN) Pex(Mn'(acac),),}*; (6) mmannona
{Mn"(CN), Pcx(Cp,Gd"),}*"; (B) muanunona {Fe"(CN),(PcCl )x(Cp,Nd™),}*".

Bce coenuHenust ObLIM UCCIIEIOBAHBI METOAAMH DJIEKTPOHHOM CHEKTPOCKOMHUH U PEHTTEHO-
CTPYKTypHOTO aHanu3a, a Takke SQUID marautomerpuu. YcranosieHo, 4to komruieke {Cryptand
+ 11 11 2— —
(K"}, iMn"(CN),Pce(Mn'(acac),),}* *5C H,Cl, nepexonut B BbICOKOCTIMHOBOE (S=9/2) cocTosiHne
P MOHMKEHHOW TemIieparype O1aroaps HAIUYUIO B CUCTEME TPEX aTOMOB MapraHiia B pa3inuyHOM
CIUHOBOM cocTosiHuU (S=5/2 u S=1/2) u anTHdeppoMarHuTHOMY B3aUMOACHCTBUIO MEK/Ty HUMHU.

Paboma evinonnena npu gpunancosoti noooepoicke PH® (epanm Ne21-73-10207).
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HAHOYACTULbI HA OCHOBE AMOUDUJIbHbIX
COMOJIMMEPOB N-BUHUINMUPPOJINOO0HA U KPACUTEJIEN
PCAL U PEOPOPBEUAA KAK NMEPCMNEKTUBHbIE AFEHTbI
0N ®POTOTEPAHOCTUKMU

Pbi6kuH A.10.', Cusos J1.P.", Kosnos A.B.", BoHaapeHko C.1."2, ®unatoBa H.B.',
JlanwunHa M.A.", Muuenko [1.B."3, Kypmas C.B.", FopsiueB H.C.'?

IQUL] ITpobrem xumuueckou (pusuxu u meouyunckou xumuu PAH, 2. Yeprnozonoska, Poccus
MTY um. M.B. Jlomonocosa, 2. Mockea, Poccus
‘Tocydapcmeennwiil ynusepcumem npocsewerusi, 2. Moimuwu, Poccus

E-mail: alryb@icp.ac.ru

Pa3zpabotka 3¢ (heKTUBHBIX HEMHBA3WBHBIX METOAOB TEPANTUU OHKOJIOTHYECKHUX 3a00JI€BaHUH SIB-
JISIETCS aKTyaJbHOM 3a7jaueld COBPEMEHHOTO 371paBooxpaHeHus. C 3TOM TOUKM 3pEHHUs KpaiHe mep-
CHEKTUBHBIM BBIIVISIIUT MOAXO, PEAIN30BaHHBIN B KOMIIJIEKCE METO/I0OB (POTOTEPAHOCTUKH — KOMOU-
Hauuu QIIyopecleHTHON AMarHocTUkU U GporoauHamuueckoil Tepanuu (PUT). [lpumensemsble B Ha-
CTOsIIIIeE BpPEeMsI B KJIIMHUYECKOW IMpaKTUKE Ipenaparbi-poroceHcuOunuzatopsl (PC) He B MOIHON
Mepe COOTBETCTBYIOT BCEM COBPEMEHHBIM TPEOOBAHUSM JAHHBIX METOJI0B, U OIHUM M3 CIIOCOOOB I10-
BbIIIEHUS UX 3P(HEKTUBHOCTH siBIsieTCs BKItoueHne @C B OMOCOBMECTUMBIE TIOIMMEPHI JIJIs1 YBEITH-
YEeHHs UX PaCTBOPUMOCTH B BOZIE U M30MPATEIbHOCTH HAKOIIJIEHHSI B OITYXOJIH.

Hamu Obut nomyyen psia komnosuuuii Metuigpeodopouna a (MOD) u dranounanrHa anaoMu-
Hus (PcAl) Ha ocHOBEe OMOCOBMECTUMBIX COTIOTUMEPOB N-BUHWIITIUPPOIUIOHA C ([IM)METaKpuiiaTa-
MU Pa3IMYHBIX COCTaBOB, MOJIEKYJIIPHON Macchl U Tonosnoruu. [Ipu pactBopeHuu B Boge oHU oOpa-
3y10T cTabuiibHbIe pacTBOpbl HaHouactull (HY), ayis koTopbix Oblia mpoBeieHa OlleHKa (PU3UKO-XU-
MUYECKUX (PaCTBOPUMOCTD, pa3Mep U CTaOUIBLHOCTH B BOJIHBIX cpefax) U poropusndeckux (morio-
1ieHue, GIIyopecleHIMs) CBOMCTB, a Takke HccienoBaHa 3(Qp(HEKTUBHOCTh T€HEpallMi CUHIJIETHOTO
KHCIIOpoJa ¥ (POTOTOKCHYECKOE IEHCTBUE in Vifro Ha KyJIbType olyxoJieBbix kieTok Hel a.

OO0Hapy»XeHO, YTO IPU B3aUMOJIEHCTBUU BOAHBIX pacTBOpoB uccienyeMbix HY ¢ monenbHbIMU
OuonornueckuMu MeMopanamu ctenens arperaiii @C pe3ko CHUKAETCsl, a KBAHTOBBIM BBIXOJ] CUH-
[JIETHOTO KHUCJIOPOJa U CUTHAJ (IIyOpeclieHLIMN BO3pacTatoT. Tak, ObLIO MOKa3aHo, YTO 33 CYET BbI-
cBoOokaeHust MO® u3 HY B Ononornyeckue CTpyKTypbl €ro OTOTOKCHUECKOE AeHCTBHE Ha KIETKU
HeLa B 1.5-2 pasa npesbinaet nevicteue @C cpaBHEHHUs — TPUHATPUEBOM COJM XytopuHa € [1], onno-
ro u3 HaubOoee appexTuBHbIX npenaparo 1 O T, mpuMeHseMbIX B HACTOsIIIEE BpeMs B KIIMHUYe-
ckoit mpakTHke. C TOMOIIBIO0 (PIyOpeCEHTHON MUKPOCKOIIHMH i1 Vifro U3y4eHbl HAKOIIJICHHE B KJIET-
kax u jokanuzarus HY, 3arpyxeaasix MO®D. Metomom (hiyopeciieHTHOTO UMUDKUHTA i1 ViVo UC-
cJIeIoBaHO OMopacmpeneaeHue nHKarcyaupoBanHoro MO® B opraHax v TKaHsX.

Pa3zpaboTanHblii moaxo/ MO3BOIAET HHKANCYIUpoBaTh ruapodooHsie @C B ambpuduibHbIe CO-
MOJIUMEPBI U TIOTy4YaTh KOMITO3UIMH, 00JIaJa0lie BHICOKOM pacTBOPUMOCTBIO B BOJE, CTAOMIILHO-
CTBIO M BBIPAXKEHHBIM (OTOTUHAMHYECKUM 3((HEKTOM, UTO MMOKA3bIBAET MEPCIEKTUBHOCTD UX MpPHU-
Menenus B OJIT, ¢pimyopectieHTHOM TUarHOCTUKE U APYTUX OMOMETUITMHCKUX MPUITOKCHHUSX.

Hccnedosanus nposoounocs 6 pamkax coczadanus (Homep cocpecucmpayuu 124020500019-2).

Jlntepatypa

[1] A.Yu. Rybkin, S.V. Kurmaz, E.A. Urakova, et. al. Pharmaceutics. 2023, 15, 273.

36



CexyuomnHvie 00K1AObL

AODOUHHOCTb CbIBOPOTOYHOI0 AJIbBYMUHA
K TETPAKATUOHHbIM NOPO®PUPUHAM

CsetuoBa A.B.', Jle6epneB M.A.", Kucenes A.H.?

Hsanosckutl 20Cy0apcmeennblil XUMUKO-mexHoao2udeckuil ynueepcumem, Mseanoso, Poccus
Uncmumym xumuu pacmeopos Poccutickou akademuu nayk, Meanoso, Poccust

E-mail: arisgasvettsova@gmail.com

Knerounast 00osiouka 6akTepuil 3alIUIIAET X OT arPECCUBHOM cpenibl U 00JIerdyaeT J0CTYI K 1O-
JIe3HBIM MUTATENBHBIM BEUIECTBaM. BOJBIIMHCTBO KIMHWUYECKUX aHTHOMOTHUKOB HE 3(PQEKTUBHBI
MIPOTHB T'PAaMOTPULIATEIHHBIX MTATOTCHOB ITIABHBIM 00pa30M IOTOMY, 4YTO 000JI09Ka TPaMOTPHULIATEIh-
HBIX OaKTepUil COMEPKUT ABE OTACIbHBIE MEMOpPaHbI M IMEET OUeHb HU3KYIO IIPOHUIIAEMOCTh. B oc-
HOBe Oapbepa MPOHUIIAEMOCTH JIEKAT OTPAHUYUTEIbHBIE CBOWCTBA KIETOYHON MeMOpaHbI, YCHIICH-
HBIE TPAHCIIOPTEPAMH OTTOKA, KOTOPBIE MPETSATCTBYIOT BHYTPUKIETOYHOMY ITPOHUKHOBEHHUIO 0OJIh-
[IIMHCTBA MOJIEKYJI, 32 MCKIIIOYEHUEM CIEIHATH3UPOBAHHBIX MeauatopoB noriomenus [1]. TToss-
JICHWE TPaMOTPHIIATENFHBIX IITAMMOB C MHOKECTBEHHOW JIEKAPCTBEHHON yCTOWYHBOCTHIO CTABUT
mof1 yrpo3y 3(h(eKTUBHOCTh Jake KPaiHUX TeparieBTUYECKUX METONIOB JIeUeHHUs. BaxKHOCTH Mcce-
JIOBaHW, HAIPABJIEHHBIX HA PEIICHHE MPOOIEeMbl IPOHUIIAEMOCTH KJIETOYHON OOOJIOUKH U paspa-
OO0TKEe HOBBIX IMOIXOAOB K OOpbOE C MaTOreHaMu CO MHOXKECTBEHHOH JIEKAPCTBEHHOW YCTOMYMBO-
CTBIO, HE BBI3BIBACT COMHEHUS. JIJIsl MOBBIIICHHUS TPOHUIIAEMOCTH KJIIETOYHON CTEHKH HCIIONB3YIOT-
cst menTuasl [2], nereprentsl (kucnotsl, I TA) [3], katnonnsie [IAB [4,5]. B nanHoii paboTte npose-
JICHA TIeJICHAIIPaBICHHAS MOAUPUKAIUS TOPPUPHUHA C TIETbI0 BBEJACHUS JUPIILHOTO MEepuQepuiiHo-
'O 3aMECTHUTEs], aHAJIOTUIHOTO KaTuoHHOMY [TAB-Opomuny nerunrpumeTuiaaMMoHust, 3h(HEeKTHBHO
IIPOHUKAIOIIETO Yepe3 KIETOYHYI0 CTeHKy Oakrepuil. He MeHee Ba)kKHOM 4acThiO paboOThI SBISIOCH
HCCIIEIOBAaHNE B3aMMOACHCTBUS MTOJIyY€HHOTO MOp(HUpPUHA C CHIBOPOTOYHBIM aJIbOyMHHOM KPOBH.

Terpa (4-TpUMETHIIAMMOHUITETpaMETHIICHOKCH(EHIT)TOPPHUPHH TeTpaOpoMu] ObIT TIOTyYeH
ANKHITUpOBaHUEM TeTpa(4-runpokcudernn)nopduna 1o terpa (4-OpomMTeTpamMeTniIeHOKCH()EHNIT)
nophuprHA U €ro MOCIEAYIONINM aAMUHUPOBAHNEM TpUMeTIIaMuHOM. CTpyKTypa moppuprHa 1oKa-
3ana metonamu 'H SIMP u MALDI-TOF.

TurpoBanue Oenka pacTBOPOM MOpHHUPHHA NPHUBOAMT K TYLICHWIO (uyopecueHun: Oen-
Ka, 9TO CBUJETEILCTBYET O PACHOI0KEHHH TYIIUTEN HAa PacCTOSHUU He mpesbimatomeM 10A [6]
ot ¢yopodopos (Trp 135 u Trp 214, pacnonoxxkennsix B cyonomenax IB u 1A Genka). Koncran-
ta adppuaHOCTH BCA K cuHTe3upoBanHOMY nopupuHy KoHcTaHTa apduaHOCTH BSA K cuHTE31MpO-
BaHHOMY MopdupuHy coctaBuia 1,32-10° (J1/MoIb), 4TO CYIIECTBEHHO BHIIIIC aHAIOTUYHOW XapaKTe-
puctuku komiiekca bCA ¢ TMPyP.

Paboma evinonnena npu gpunancosoti noooepoicke PHD (epanm Ne21-73-20140).

Jlntepatypa

[1] H.IL Zgurskaya, V. V. Rybenkov. Annals of the New York Academy of Sciences, 2020, 1459(1), 5-18.

[2]  https://journals.asm.org/doi/abs/10.1128/iai.58.11.3724-3730.1990

[3] https://doi.org/10.1016/S0168-1605(00)00307-X

[4]  https://www.sciencedirect.com/science/article/pii/S1386142523014555  https:/link.springer.com/article/10.1007/s11274-018-
2472-1.

[5] B. Valeur, Molecular Fluorescence. Principles and Applications, Wiley, VCH, London, Weinheim (2002).
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PH - YNPABNAEMAA CAMOACCOLUMALUA
5-[4"-(1",3"-BEH300KCA30J1-2"-UJ1)®EHUN]-10,15,20-
TPUC(4'-CYNIbOODPEHUTINOPPUHA

Cxopob6oraTtkuHa U.A."?, Cbipby C.A."?, Jle6epeBa H.LLl.?

'Heanosckuii 2ocyoapcmeenmviil Xumuxko-mexnonocudeckuil ynueepcumem, Meanoso, Poccus

Uncmumym xumuu pacmeopos Poccutickou akademuu nayk, Meanoso, Poccust
E-mail: Irina.Sk.0l@mail.ru

Karnonnele n aHnoHHBIE (OpPMBI MOPGUPHUHOB M WX AHAJIOTH, y4YacTBYIOIIHME BO Bcex pH-
3aBHCUMBIX (DPU3UKO-XHUMHUYECKHX IPOIEccaxX IMUPOKO HUCHOIB3YIOTCS B KAYECTBE MEPCHEKTHBHBIX
KOMIIOHEHTOB HOBBIX MaT€pHaJIOB Uil (POTOAIEKTPOHUKH, KaTain3a, MeaunuHsl [1-3]. Tlomasmisiro-
1iee OOJIBIIMHCTBO CBEIAEHHUM O COCTOSTHUM MOP(UPUHOB B pacTBOpax B 3aBUcuMocTH oT pH momy-
YEeHO JJI1 CHMMETPUYHBIX CYJb(h03aMelIeHHbIX MakporeTepoukios [4]. HecummeTpuuHoCTh 3ame-
LIEHMS B BOJIOPACTBOPUMOM MOP(GUPUHOM COETUHEHHUH, HATUYUE MOHOTETEPUILHOTO 3aMECTUTENS
HE TOJIBKO M3MEHSAET rUAPOPUIbHO/TUAPO(OOHBIN OalaHC, HO U MOXKET IPUBECTH K HETPUBHAIILHO-
My OTKJIMKY Ha u3MeHnenus pH cpensl. [loaToMy 11enb10 1aHHOM paboThI SIBISIIOCH UCCIIEI0OBAaHUE CO-
CTOSIHUS CyIb(03aMEIIeHHOT0 ophuprHa, CoAepKAILEro 0CTaTOK MOJIEKY/Ibl O€H300Kca30/1a B BO-
JHBIX cpeax npu pasnuyHoM pH.

Hccnenyembrii nopdupuH ObUT MOIYYEH C MCHOJIB30BAaHUEM DPEAKIUU METaNIOOPTaHUYECKO-
ro KaTajus3a U3 COOTBETCTBYIOLIEro MOHOOpo3aMelieHHoro Terpadenuninoppupuna. IlomyueHHsblit
reTepuiI3aMenieHHbI TOpQUPHH TSl IPUIAHUS PACTBOPHUMOCTH B BBOJHBIX cpenax ObLI Cyab(u-
poBaH 1o (eHunbHBIM (parmentam. 5-[4'-(1",3"-6enzookazon-2"-mn)dpennn]-10,15,20-tpuc(4'-
cynbdodenna)noppun ObLT BbIIEICH, CTPYKTYpa nopdupuHa IMOATBEPK/IEHA CIIEKTPATbHBIMU Me-
tonamu 'H NMR 8, ppm: 9.00-8.95m (4H H3,7,13,17), 8.69-8.67m (2H, H8,12), 8.52-8.51m (2H,
H2,18), 8.22-8.20m (8H, H2,6-HPh), 8.07-8.05 m (8H, H3,5-HPh), 7.65-7.54m (4H, benzoxazole),
—0.83 bs (2H, NH) (DMSO-d6); MALDI-TOF MS: m/z Calc: C,H, ,N.O S., 972.0377; Found:
972.5528.

YcranoieHo, uto npu nepexoae or pH=7.4 x cnabokucibiM cpenam pH ~5 mpoucxoau camo-
acconuanys nopGUPUHOBBIX MOJIEKYJI. MeTogaMu CHEeKTPOCKONUU U MOTEHIIMOMETPHUM MOKa3aHo,
YTO B UCCIIEAYEMBIX KUCIIBIX PACTBOPAX PEaIU3yeTCsl Ba paBHOBECHUS:

noppupuax2H* <« mopbupun + 2H" (nmporonumpoBanue) wu (nmoppupuax2H )N <«
n (mopbupunx2H") (0Opa3oBaHme accOMATOB KUCIOTHO-OCHOBHOTO THIA). B moknazae npencrasie-
HBI CBE/ICHUS O BIMSHUY Ha NOJO)KEHUE YKa3aHHBIX PABHOBECUI TakUX (PAKTOPOB KaK: MOHHAsI CUJIA
pacTBOPOB, TOOABKHM OPTaHUYECKUX PACTBOPHUTEINICH, TeMiiepaTrypa, [IAB.

Paboma svinonnena npu gpunarncosoii noooepcke PH® (epanm Ne 21-73-20140).

JlutepaTypa

[1]  J.R. Stromberg, A. Marton, H. L. Kee, C. Kirmaier, J. R. Diers, C. Muthiah, M. Taniguchi, J. S. Lindsey, D. F. Bocian, G. J.
Meyer, D. Holten. J. Phys. Chem. C, 2007, 111, 15464—15478.

[2] K.M. Kadish, K. M. Smith, R. Guilard. Handbook of porphyrin science, 2012, 652.

[3] M. Presselt, W. Dehaen, W. Maes, A. Klamt, T. Martinez, W. J. Beenken, M. Kruk. Physical Chemistry Chemical Physics, 2015,
17, 14096-14106.

[4] M.A. Castriciano, S. Cardillo, R. Zagami, M. Trapani, A. Romeo, L. M. Scolaro. International Journal of Molecular Sciences,
2021, 22(2), 797.
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MOJIEKYNAPHO-NNTA3MOHHbIE TMBPUAbI HA OCHOBE
MNOPO®UPUHOB U HAHOYACTMUL, 30JI0TA

ConoBbeBa E.B., CMupHoB A.A., ConpatoBa [l.A., LLiMmakoBa A.B., TbieHKo A.A.,
JlykbsiHoB [1.A., KoHeB C.A., MoBonoukuu A.B.

Unemumym  xumuu, Canxkm-Ilemepoypeckuti 2cocyoapcmeenmusiii  yHugsepcumem, Cankm-
Ilemepbype, Poccus

E-mails: solovyeva.elena.vi@gmail.com, e.solovieva@spbu.ru

[Ipumenenue nopupUHOB, XJIOPUHOB U (PTaNONMaHUHOB B poToarnHamuyeckoit Tepanuu (GUT)
HAXOJUTCS YK€ Ha CTaJUH KIMHUYECKON pakTHKU. OJ1HaKo Mouck 6osee 3p(HeKTUBHBIX U (QYHKIIH-
OHAJIbHBIX ar€HTOB MPOJIOKAETCS, B TOM YHUCIIE, 110 ITyTH CO3/IaHUSI OPraHO-HEOPraHUYECKUX CUCTEM
Ha OCHOBE (DOTOAKTUBHBIX MOJIEKYJ M HEOPraHUYECKUX HAHOYACTHIL], KOTOPbIE HE TOJILKO OObEANHSI-
0T I10JIE3HbIE CBOMCTBA JIByX COCTAaBJISIOLINX, HO M MOTYT JIEMOHCTPHUPOBATh CHHEPTETHUECKHE (-
(eKThl, TaKue KaK yCUJIEHUE JIIOMUHECIIEHIIMY, KOMOWHAIIMOHHOIO paccesiHusl cBeTa u 1p. Hanoua-
ctutel 3om0ta (HU3) siBnsitoTCsl mpuBIIeKaTeTbHBIMU KaHIUAATaMu JIJIsi pa3pa00TKH MOAOOHBIX TH-
OpuUI0B, T.K. TO3BOJISIIOT PEAIM30BaTh TEPAIIUIO HA OCHOBE (POTOTEPMHUUECKOrO U (POTOAMHAMUYECKO-
ro 3@ peKToB OTHOBPEMEHHO [1].

Pa3pabotka rubpunnbix arentoB O/ T Tpebyer onTuMH3aIMKU UX COCTaBa U CTPYKTYphl. B yact-
HOCTH, JJI1 METAJJINYECKUX HAHOYACTHULI, MPOSIBIAIOMINX 3((HEKT NOBEPXHOCTHOTO MIIa3MOHHOTO pe-
30HaHCa, Y3QPEKTUBHOCTH TeHEepaluu aKTUBHBIX (opM Kuciopona (ADPK) 3aBUCUT OT pacCcTOSHUS
MEX/1y IOBEpXHOCThIO MeTalla U (POTOAKTUBHOM MoJjieKynol [2]. B pabote ocBemniaroTcst OCHOBHBIE
ATanbl MOJTy4YeHUs rTuOpuaIHbIX cucTeM Ha ocHoBe HY3 1 BomopactBopumMoro (N-meTrin-4-mupuin)
nophupuH METHII To3uiara (M3BECTHOTO B aHIIOA3bIYHOM JuTeparype kak TMPyP). lnsa cepun ru-
OpuoB ¢ BappupyembiM paccrossuueM HU3—-TMPyP GynyT nipencraBieHbl SKCIepUMEHTaIbHbIE pe-
3yJIBTAThI MO OLIEHKE UX (hOTOPU3NIECKUX CBOMCTB U POTOIMHAMHYECKON aKTUBHOCTU. O1ICHKA reHe-
pauun AOK npoBezieHa Kak B BOJHBIX pacTBOPAx C UCIOJIb30BAHUEM JIOBYIIIKH CUHITIETHOTO KUCIIO-
pona 1,3-mudennnuzodbeH3odypana, Tak ¥ Ha KJICTOYHBIX 00pa3iax JMHUU KapIIUHOMBI IEHKH MaT-
KH C UCIIOJIb30BAaHUEM 3€JIEHOTO Kpacutens 2',7'-quxmopoauruapodiryopeciiens auamerara (puc. 1).

75

50

BBEDKMBAEMOCTb, %

25

KOHTpONb 1 MUH 5 MWH 10 MuH

Puc. 1 ®ororokcrnunocts TMPyP 8 mpucyrcreun HU3 (A) (B036. 650 HM, 5 MBT/cM?); TFOMHHECTICHTHBIC
n3obpaxenns reneparn ADPK B kierkax Hela, makyOnupoBannsix ¢ moppuprunom 6e3 (b) u ¢ (B) HU3.

Paboma evinonnena npu noooepoicxke CIIOI'Y (npoexm Ne 122040800256-8). Asmopwl bnazooapsm
Hayunwiii napx CII6I'Y.

Jlntepatypa

[1] V.V. Serra et al. Nanomaterials. 2022, 12 (5), 1-13.
[2] A.B. IloBonoukwuii, [I.A. Connarosa, J{.A. Jlykesanos, E.B. ConoBbeBa. Xumuueckas @usuxa. 2023, 42, 70-74.
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®duToN U U30MEPHBIA eMy U30(UTOI — HETIPEAETIbHBIE CIIUPTHI TEPIEHOBOTO PpsiJia —TIPEICTaBIs-
10T UHTEPEC KaK UCXOJHbIE cOeAMHEHUs B cuHTe3e BuTaMuHOB E u K1, koTopble HaxoasT mupokoe
IIPUMEHEHNE B METUIIMHCKOM npakTuke. deoputun a ¢ yncroroi Beime 90 % MoxeT ObITH MOITY-
4yeH U3 OuoMacchl IIMaHOO0AKTEpUN CIUPYJIUHBI 0€3 TPUMEHEHHUS XpoMaTorpaguu U MOXKET ObITh HC-
TI0JIB30BaH JIJIsl ofTydeHus putosa. B HacToseit pabote n3ydeH cnocod noaydenus gutomna u3 ¢e-
opUTHHA g MyTEM LIEIOYHOTO TUAposIn3a GUTHINIPONIMOHATHOTO 3aMecTuTens peopuTtrna. I'unpo-
JIN3 OCYIIECTBIISLIIN MPU KUISTYEHNU (peoPUTHHA a B CIUPTOBOM PacTBOPE FUAPOKCH A KaIHsl B Teue-
Hue 30 MunyT. [lomyyeHHBINH GUTON BBIAESIIN METOAOM KOJIOHOYHON Xpomarorpaduu. OuTon ujeH-
TUGHUIMPOBaH Ha ocHoBaHuK NaHHBIX IMP 'H u *C. B npoaykTax ruposin3a XJIOpHHOBOH (Hpakiiuu
deodurtnna a, oOHapyKeH XJIOPHH €, HICHTU(PULIMPOBAHHBIH 110 JaHHBIM criekTpockonuu IMP 'H
B BUJE 13, 15 -1MMeTHI0BOTO 2(Hpa XJIOPUHA €,, IOITYIEHHOTO B PE3ybTaTe 00pabOTKU CMECH Op-
(UPUHOB XJIOPUHOBOM (ppakivy METAHOJIOM B IPUCYTCTBUH CEPHOM KHCIIOTBHI.

H,0 (OH") HO

Cxema 1
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HOBAAl CTPATEIUfA OCAXKAEHUA HYKJIEMHOBbBIX
Kucinot c noMowbto HECUMMETPUYHO 3SAMELLLEHHOIO
KATUOHHOIO NOP®UPUHA

IOpuHa E.C.", Jle6eneBa H.LL.", Cbip6y C.A."?

"HUnemumym xumuu pacmeopos um. I'A. Kpecmosa, Hsanoso
2Hsanosckuii 20cy0apcmeennblll XUMUKo-mexHoiocuieckuti ynugepcumem, Meanogo

E-mail: yurina_elena77@mail.ru

HyxienHoBble KUCIOTBI — 3TO KU3HEHHO Ba)KHbIE MOJIMHYKIEOTUIbI, IPUCYTCTBYIOLINE BO BCEX
KJIETKax JIF0OOTO >KMBOTO OPTaHM3Ma, X aHajJu3 BOCTPEOOBAaH B MEIUIMHE (IMAarHOCTHKA TCHETH-
YecKUX 3a00JieBaHUI), B MUILEBOI MPOMBIIIJIEHHOCTH, B CEIbCKOM XO3SHCTBE, B KPUMUHAIUCTHKE.
[IepBpIM 3TanoM npu padboTe ¢ HyKJIEMHOBBIMU KHUCJIOTaMU SIBISETCS MX BblaeaeHrne. OCHOBHBIMU
TpeOOBaHUSAMU, IPEIBABIAEMbIMUA K METO/Y BbIAEICHUS, SABIsETCSA IPPEKTUBHOE OT/IETICHUE HYKJIe-
MHOBBIX KHCIIOT OT OEJIKOB, a TaK)Ke MUHMMaJIbHAs CTENEHb ()parMeHTalluy MOITy4YeHHbIX Ipernapa-
ToB. Clie1yeT OTMETUTh, YTO OT YUCTOTHI, CTETIEHU COXPAHHOCTH HYKJIEMHOBOM KUCIIOTHI OyJET 3aBU-
CEeTh pe3yJbTaT MOCIeYIOIIMX 3TanoB padoTel, Hanpumep, 1P, cekBeHnpoBaHUs, TEHOTUIINPOBA-
HUS U IOCTOBEPHOCTD MOJIYYEHHBIX PE3YJIbTATOB.

Brinenenne HyKIEMHOBBIX KHCIOT M3 OOpa3IloB Mojpa3zymeBaeT: 1) paspylieHue KJIETOUHOU
CTEHKH U KJIETOYHOTO siipa (Kak MpaBHIIO, AJIs JIM3HUCA KIETOK COYETAI0T XUMUYECKOE BO3/IEHCTBHE
¢ HarpeBaHueM); 2) oraenenue IHK ot npumeceii (6enkoB, TUNKUIO0B, CaXapoB U APYTUX XUMHUYE-
CKHX KOMIIOHEHTOB KJIeTOK). K HacTosimeMy BpeMeHU ONHCaHbl TPU OCHOBHBIE CTpPATErnu OTIEIe-
nus JJHK ot mpumeceii: 1) sxunkodasznas skcTpakuus; 2) TBepaodasHast SKCTpakius; 3) ocaxacHue
JHK.

B nannoit pabote npeanioxkeHa HOBasi CTPATErusl OCAXKACHUSI HyKIEMHOBBIX KUCJIOT MPHU IOMO-
1 BOAOPACTBOPUMOIO KaTHOHHOTO MOPPUPUHA, cofepKaiiero N-MeTHINUPUANIbHbIE (PparMeHThI
u octatok uHupona. 5-[4'-(1"-merununnon-2"-mn)dennn]-10,15,20-rpuc(N-metunmupu-3’-ui)mnop-
¢bupuH TpuHoOAU 00pa3yeT ¢ HU3KO- U BHICOKOMOJIEKYJISIPHBIMU HYKJIEMHOBBIMU KHCJIOTaMU CE/IU-
MEHTAIlMOHHO HEYCTONYHMBBIE KOMILJIEKCHI.

MeTtonamu aJiIcOpOIIMOHHOM CIEKTPOCKOMHUH ObUIO M3Y4YE€HO B3aUMOACHCTBHE CUHTE3UPOBAHHO-
ro noppupHHa ¢ penpe3eHTaTUBHBIM KOPOTKOLIEIOYeYHbIM osiuronykieotuiom poly[d(GC)2], THK
cnepMsl Jococs (ssDNA) u tumyca tenenka (ctDNA). Tpu KaTHOHHBIX TpyHIbl BBIOPAHHOTO MOP-
¢uprHa 00ecreynBalOT PaCTBOPUMOCTb COEAMHEHNS B BOJHBIX U (PU3MOJIOTMUYECKUX CPElax, a Tak-
e CIIOCOOHOCTh COEAMHEHHUS Y4acTBOBaTh B 00pa30BaHUU AIEKTPOIUTHOIO KOMITJIEKCA C MIPOTUBO-
TIOJIO’KHO 3apsiKeHHBIM (hocdaTrHeiM ocToBOM ofHON u3 Monekyn JJHK, rerepunbHblii 3amectuTens
(ocTarok MHJ0JIAa) CIOCOOEH K MHTEPKAISIIMOHHOMY B3aUMOJIEUCTBHIO C Apyroi monekysnoi JJHK.
Taxum oOpa3oM, HHULIMUPYETCS arperanys, U Npu JOCTaTOYHOM KOJIMYECTBE MophUprHa IPOUCXO-
JUT ceAMMEeHTalns Komiuiekca. CKOpOCTh CEAMMEHTALINN MOXKET ObITh YBEIUYEHA TP OXJIAKICHHUH.

Paboma evinonnena npu gpunancosoii noooepicke PH® (epanm Ne23-13-00235).
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Mertannonop@upuHsl, SBIsSICH OMOMapKepaMy, U OCTaBasiCh B HEM3MEHHOM BHUJIE B IIPOLIECCAX
(dhopMupoBaHus He(PTAHBIX 3ajeXKel, HeCyT HH(pOpMaIUIO 0 MpeoOpa3oBaHHOCTU HedTel, HepTema-
TEPUHCKUX MOPOJ, a TAKKE TEPMUUYECKOM 3penocT oiokeHuil u Hedreit [1]. HedTsanbie merasmio-
nophupuns! (neTponopuprHbl) NPEACTaBICHbl MPEUMYIIECTBEHHO BaHAAWI- U HUKEIbIOphUPH-
HOBBIMU KOMILJIeKcaMi. OCHOBHBIMU F'OMOJIOTMYECKUMU CEPUSMU SIBIISIFOTCS 3THO-, 1€30KCODUIIION-
putpostHo- (JDIII), nunuknoaesokcopumiodputpoatuo- (auddII1) nopdupunsl, a Takke ux po-
JO-TIPON3BOAHBIE (pon0-3THO, pono-LADIII u pogo-quDIII) [2]. OtHomenue JDIII k sTHonop-
(bupHHaAM HCIIONIB3YIOT B KAYECTBE BAXKHOT'O MapaMeTpa JUIsl BBISIBIICHUSI HCTOYHUKA HEPTH U €€ 3pe-
noctu. Jpyroil mpuyrHON BBICOKOTO MHTEpEca uccienoBareieil kK noppupruHaM sBISIOTCS UX YHU-
KaJibHble (poTOPU3NUECKUE U KaTaJuTHueckue cBoiicTBa. [lerponopdupuHsel B psijae ciiydaeB MOTYT
CTaTh MEPCHEKTUBHOMN albTEPHATUBON JOPOrOCTOALIUM CUHTETHYECKUM nopdupuHaMm. OHaKo, TA-
xelble (ppakuuu HePTH (CMOJBI U ac(ajabTeHbl), B KOTOPbIX KOHLIEHTPUPYIOTCS MeTauionophupu-
HbI, UIMEIOT YPE3BbIYAHHO CIIOKHBIM KOMIOHEHTHbBIA COCTaB. J[JI1 Macc-CIEeKTPOMETPUYECKOTO HC-
CJIeIOBaHUS HE(PTAHBIX METANIONOPPUPUHOB TPeOyeTCs MX MPEIBAPUTEIHLHOE BbIJCICHUE WM KOH-
LeHTpupoBanue. B pesynprare pazpaboraHHoro moaxona [3—5], KJIFOUEBBIM 3TAloM KOTOPOTO SIB-
nsieTcst XxpoMaTtorpaduyeckas O4MCTKa BAaHAJMINOPPUPHUHOBOTO KOHIIEHTpATa Ha CyJlb()OKaTHOHUTE,
MI0Ka3aHa BO3MOKHOCTh M3BJIEUEHHUS MIHNPOKOH (pakuuu BaHaauinopdupunos (5070 %) Bbicokoit
CHEKTPAJIbHOM YMCTOTHI U3 HEQTAHBIX acdanbreHoB U cMmoi. [IpoBeeHHbIe Hccae10BaHus 03BO-
JIWJIA BBISIBUTH Pa3jiMuusl B COCTaBE BBIJECIICHHBIX BAaHAIWINOPPUPUHOB JUIsl Pa3IMUHBIX HEPTIHBIX
00bEKTOB. AHAJIU3 MOJYYEHHbBIX OYMILEHHBIX BaHAMINTOP(PUPHUHOB METOAOM MaCC-CIEKTPOMETPUN
MAJIJIY no3Bonui BBISIBUTh paclpeziesieHue UX OCHOBHBIX TUIIOB U UJIEHTU(PUIMPOBATH TOMOJIOTH
C,-C,, nns acdanbTeHOB U CMOJI Pa3IMYHBIX MECTOPOKICHHH.
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BODIPY dyes are versatile molecules for designing new photosensitizers (PSs) or fluorescent
theranostics for photodynamic therapy (PDT) and antimicrobial photodynamic therapy (APDT).
The BODIPY-based PSs possess essential characteristics required for both PDT and APDT, including
biocompatibility and excellent accumulation in cancer cells, as well as pronounced activity against
various types of pathogenic microorganisms. Classical alkyl-substituted BODIPY luminophors
typically exhibit intense fluorescence but lack significant phosphorescence. The simplest and most
well-known strategy for partial energy redistribution from the excited singlet state to the triplet state
is the “heavy atom effect” due to the introduction of bromine or iodine atoms into the BODIPY
molecules. Another way is BODIPY dimerization to create heavy-atom-free BODIPY PSs, which seems
are more appealing as PSs . The main features of the BODIPY dyads are determined by the positions
of monomeric fragments attachment and the nature of the spacers connecting these domains. But
the disadvantage of BODIPY dyads is a more difficult synthesis procedure with low yields. Moreover,
the rather large sizes of dyad molecules complicate the task of choosing their delivery systems
that are desirable for further use in biomedicine. As a result of our studying a series of BODIPYs,
the most promising both types PSs were selected: mono-Br-substituted monochromophoric
BODIPY's and halogen-free BODIPY dyads. Since a significant challenge in the study and application
of BODIPY PSs in aqueous media is their high hydrophobicity and aggregation quenching (ACQ)
effect, the second part of our research was focused on their water-soluble forms obtaining. The most
successful method for solubilizing BODIPY has been found to be encapsulating the luminophore into
micelles of amphiphilic block copolymers Pluronic®. It is known for its low toxicity and typically
allows for high solubilization efficiency while maintaining the important spectral properties of loaded
photoactive compounds in an aqueous (physiological) environment. We carried out a comparative
analysis of BODIPY PSs solubilization efficiency and its spectral properties in the composition
of supramolecular BODIPY @Pluronic systems obtained by different techniques.

This work was supported by Russian Science Foundation grant No.23-23-00206 https://rscf.ru/
project/23-23-002006/.
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Nowadays global growth of antibiotic resistance has become one of the serious health problems
in many countries of the world. Concern about the increasing number of pathogenic bacteria resistant
to current antibiotics is exacerbated by the fact that very few new antibiotics are under development.
Currently, the photodynamic inactivation method based on the use of photosensitizers (PSs)
is actively evolving. In order to develop new effective PSs on the platform of halogenated boron(IIl)
dipyrromethenes, the goal of our research was to obtain and study the effect of iodination and solvent
properties on spectral, generation characteristics, photostability and lipophilicity of BODIPY's
containing ester residues in the methyl meso-spacer, including active monoterpenoids (Fig. 1).

R: ——CH3
\0
No N\ S\E%

Fig. 1. Molecular structure of meso-ester-BODIPYs.

All studied BODIPY dyes are endowed with intense chromophoric properties (Ige ~4.61-5.02) at
=497-536 nm. Contrary to diiodisubstituted analogues tetramethylated BODIPY esters have intense
fluorescence (9~75-100 %) at=513-520 nm. The introduction ofiodine atoms into the dipyrromethene
core of BODIPY causes a noticeable red shift of the maximum of the absorption and fluorescence
bands (up to 36 nm and 42 nm respectively) and in the quenching of the fluorescence up to ¢ ~1-6 %.
Moreover, it is important to note that diioded complexes are endowed with the capacity to effectively
(up to @A ~80 %) generate singlet oxygen. In addition, the studied meso-ester-BODIPY's turned out
to be stable for a long time (more than a week) in aqueous ethanol solutions with a pH of 1.65-9.18.
The introduction of an ester substituent into the methyl meso-spacer of BODIPY allows to increase
the stability of the dyes to UV exposure up to ~1.5-3 times. It has been demonstrated that the affinity
to lipid biostructure in luminophores is noticeably higher (by almost ~1.3) times compared to meso-
unsubstituted analogues.

The sufficiently high quantum yields of singlet oxygen generation, long-wavelength emission
maximum and high affinity to lipid biostructures demonstrate the possibility of potential usage
of halogen-substituted meso-BODIPYs as effective photosensitizers for biological research.
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Development of novel innovative photosensitizers (PSs) for combined therapy of oncological
deceases and localized infections is an important issue allowing to make drugs with a synergistic
effect [1-2]. The compound to be named a photosensitizer for medical application has to be subjected
beforehand to a series of multidisciplinary studies [3—6]. Becoming clear, that an idea to create
an ideal photosensitizer is unrealizable due to requirements to these drugs are provided by independent
parameters taken from different fields of science.

Here we present the results of our extensive and continuing series of investigations of chlorophyll-
derived pigments as potential sensitizers for antimicrobial and antitumor photodynamic therapy
(PDT) [3-6].

The pool of physical chemical, photophysical, biophysical and related investigations of PSs was
performed including the studies of

singlet oxygen generation,

amphiphilic properties and drugs partition in biphasic systems modelling biological
environment “cell membrane — biological liquid”,

aggregation in aqueous or water-rich solutions,

solubilization studies dealing with the interaction of PSs with a biocompatible passive carriers
of micellar and polymer type, etc.,

interaction with transport proteins of blood and mechanisms of PS selective uptake by tumor cells,
drug dosage forms preparation.

The pool of biological and microbiological in vitro and in vivo investigations performed are:

in vitro and acute (LD, ) toxicological studies,

accumulation and distribution of PSs in malignized cells and organelles,

in vivo photodynamic efficacy of PSs tested on the transplanted tumors of laboratory animals,
in vitro archive and hospital bacterial strains photoinactivation (efficacy of APDT),

in vivo bacterial pathogens inactivation (animals).

Further expanded preclinical studies are required.

The work was supported by the state assignment of the Ministry of Education and Science of the Russian
Federation, project Ne FZZW-2023-0009.
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Tetrapyrroles have found applications in various fields of the techniques and medicine. Porphyrins
were studied as catalysts, sensors, photosensitizers (PS) photodynamic therapy (PDT), boron-neutron
capture therapy (BNCT) and teranostic agents, etc. Synthetic porphyrins can be classified by the charge
ofthe macrocycle as cationic, anionic or neutral compounds. Among these derivatives cationic porphyrins
received great attention as PSs in PDT and antimicrobial PDT [1]. Derivatives of 5,10,15,20-tetrakis(4-
N-methylpyridyl)porphyrin (TMPyP) are the most studied compounds of these class.

In our work we have focused on the elaboration
of the synthetic procedures and applications
of cationic porphyrins with pyridyl moieties
on the macrocycle periphery, a general structure
of these porphyrins is shown in Fig.1. A number
of porphyrin derivatives have been synthesized
varying the number of cationic groups, length
of the spacer between the macrocycle and cationic
group, central metal atom. The synthesized
compounds were studied as PSs for antimicrobial
PDT. It was shown, that received compounds have
pronounced photoinduced antimicrobial activity
on the S.aureus, E.coli strains and Herpes simplex

Fig.1. General structure of cationic porphyrins virus-1[2].Moreover,increaseofthepyridylmoieties
amounts positively influences on the antimicrobial
porphyrin activity.

As the PSs for PDT these compounds also showed good results. Thus, no dark toxicity was shown
and photoinduced IC_ values were ~20-30 nM. Interestingly, cationic porphyrins have a greater toxic
effect on the cancer cells A431 compared to the normal HaCat cells.

Also, we have studied the interaction of these cationic porphyrins with biomacromolecules such as
albumin and DNA. The binding between porphyrins and macromolecules was established by UV-vis
and fluorescence spectroscopy, circular dichroism and electron paramagnetic Fig. 1. General structure
of cationic porphyrins resonance spectroscopy. The binding constants were of 10°-10” M™! values
for the DNA and 10*M! for the albumin. It was confirmed that cationic porphyrins with pyridyl moieties
have several binding sites in albumin: a site in the IB subdomain, a Sudlow I site, and a Sudlow II site, as
for DNA these compounds act as intercalators.

The work was supported by the grant of the Russian Science Foundation (project Ne22-73-10176).
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The problem of stabilization of higher oxidation states, and primarily d- and f-elements, has
always aroused considerable interest among researchers in the field of inorganic and coordination
chemistry [1]. One of the techniques aimed at solving this problem can be the formation of complexes
containing macrocyclic ligands with donor nitrogen and/or oxygen atoms, and axially oriented acido
ligands with donor atoms of elements with high electronegativity. The former include, in particular,
porphyrazine and its alkyl-, aryl- and other derivatives; the latter include fluoro- and oxo-ligands.

The given review report presents our most important results on the possibility of stabilizing
higher oxidation states of such 3d elements as Fe(VI), Co(V), Co(VI), Ni(V), Ni(VI), Cu(IV),
Zn(Ill) and Zn(IV) using quantum chemical modeling by DFT method of molecular and electronic
structures of heteroligand coordination compounds with C.N. =5 and C.N. = 6, containing the above
complexing agents, where porphyrazine, frans-di[benzo]porphyrazine, tetra[benzo]porphyrazine
(phthalocyanine) and perfluoroporphyrazine act as macrocyclic ligands, F- and/or O* as axial ligands.
Examples of such compounds are complexes of types I-IV (where M is a 3d element), some of which
are described in [2—4]. According to the above simulations carried out by three variants of
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DFT, namely DFT B3PW91, DFT OPBE/TZVP and DFT M06/TZVP, all they are capable of in-
dependent existence, at least in the form of individual isolated molecules. In this case, type IV com-
pounds stand out from all the others in that for them the values of the standard enthalpy of formation
A/H°298 and the standard Gibbs energy of formation AfG‘)298 are negative values, whereas for all other
above-mentioned complexes they are positive.

References

] Kiselev YM, Tretiakov YD. Russ. Chem. Revs. 1999, 68 (5), 365-379.

] Mikhailov OV, Chachkov DV. Int. J. Mol. Sci. 2020, 21 (4), 1494.

[3] Chachkov DV, Mikhailov OV. J. Porphyrins & Phthalocyanines 2022, 26 (2), 222-231.
] Chachkov DV, Mikhailov OV. Inorg. Chem. Commun., 2019, 108 (1), 107526.

47



CexyuornHvie 00K1A0bL

OCTACARBOXY TETRAPYRAZINOPORPHYRAZINE
AS PERSPECTIVE BUILDING BLOCKS FOR METAL-ORGANIC
FRAMEWORKS

Chufarin A.E.", Skvortsov I.A.", LazovskiyD.A.", Stuzhin P.A."

'Ivanovo State University of Chemistry and Technology, Ivanovo, Russia

Phthalocyanines (Pcs) and their azaanalogues containing fused pyrazine rings instead of benzene
fragments (tetrapyrazinoporphyrazines, TPyzPzs) are widely studied due to the unique spectral,
photophysical and coordination properties determining their application in different fields — not
only as dyes, but also, as fluorophores and photosensitizers in medicine, semiconducting materials
for organic electronics, redox catalysts etc. They are used as key building blocks for design
of functional materials and molecular devices [1]. Introduction of peripheral carboxyl groups endows
Pc-type macrocycles with solubility in water and octacarboxy substituted phthalocyanines were
explored as photosensitizers, (photo)catalysts, and electrode materials for lithium-ion batteries.
Phthalocyanine with peripheral carboxy groups were also successfully used as building blocks
for design of nanomaterials and organic frameworks (COF, MOF) [2, 3]. Substitution of benzene
rings in Pcs by electron-deficient pyrazine fragments in TPyzPzs increases the acceptor properties
of the macrocycle, and often enhances its photophysical and catalytic properties [1]. Carboxy-
substituted TPyzPz were studied in [4] as potential photosensitizer, however, organic frameworks
based on TPyzPz are unknown. In this report we discuss the synthesis of octacarboxy TPyzPzM, their
identification spectral-luminescence properties and application in the design of organic frameworks.

......................

Fig. 1. The structure of the compound under study (left) and a photograph
of the resulting metal-organic framework (right)

This work was supported by Russian Science Foundation (grant RNF 23-43-00136)
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Currently, due to the growing number of oncological diseases and the use of photodynamic therapy
(PDT) techniques for their diagnosis and treatment, there is a need for biocompatible theranostic
agents with the functions of both luminescent biomarkers and singlet oxygen generators. Dihalogen-
substituted boron(II1) dipyrromethenes (BODIPY)) have proven to be promising PDT agents; however,
in most of them, with a high quantum yield of singlet oxygen generation, the fluorescence is almost
completely quenched. Another problem with the practical use of BODIPY, including in cancer PDT,
is its high hydrophobicity and tendency to aggregate in physiological media.

In this regard, the goal of the work was to obtain dibromo-BODIPY, study their spectral properties
in solutions of organic solvents and aggregation behavior in aqueous-organic media.

H,C CHs Br Br
74 = 4 =
/ Br HiC / CHs
/N\B/N /N\B/N
H;C F \F CH,; H;C F/ \F CH;
1 2 3

The results obtained showed that the studied chromophores are characterized by two-band absorp-
tion spectra typical for BODIPY. Maximum of the intense absorption band is in the range of 525—
543 nm. The position of bromine atoms does not significantly affect the type of spectrum and the posi-
tion of the intense band maximum. The transition from nonpolar to polar solvents shifts A, in the elec-
tronic absorption spectra (EAS) of 1-3 to the blue region. The introduction of two bromine atoms into
the molecule leads to quenching of the 1-3 fluorescence in the series (a-Br) -BDP < (B-Br),-BDP <
(B’-Br),-BDP from 66 % to 13 %. In this case, the intensity of singlet oxygen generation increases
in the same series to 75 % (compound 3). A study of the 1-3 photostability showed that destruction pro-
cesses occur in two stages: first, dehalogenation of the complexes occurs, and then destruction of the di-
pyrromethene chromophore occurs. The photostability of 1-3 in cyclohexane decreases in the order 3 =
2> 1, and compounds 2 and 3, halogenated at 3,3- and ,3’-positions, are very close in this characteris-
tic. In the solution of aromatic benzene, the complexes turned out to be more resistant to UV radiation.
The thermal stability of 1-3 was studied in an inert atmosphere of argon. Thermal destruction of dibro-
mine-substituted complexes, as in the case of photodestruction, occurs in two stages. The temperature
of the onset of thermal destruction of chromophores 1-3 varies in the range of 224-251°C. The most
stable was (’-Br),-BDP, the least stable — (a-Br),-BDP. The studied dibromo-substituted boron(1II) di-
pyrromethates are characterized by the formation of non-fluorescent H-aggregates in a mixed THF-wa-
ter THF-water solvent with a water content in the mixture of more than 70 %. Thus, among the studied
complexes, (B-Br),-BDP is the most promising for use as a theranostic because it combines optimal flu-
orescence intensity and singlet oxygen generation, and high photostability.
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Metal phthalocyanines (MPc) and their analogues are widely used for preparation of various
functional materials. The coordination of different fragments to the central metal atom of MPc or
to the periphery of the macrocycle is one of the ways to modify structures and properties of such
materials.

[CPFe(CO)l ]
S—eo—G=

We have developed methods for the synthesis
of coordination compounds based on MPcs and
phthalocyanine-related macroheterocycles with metal-
S [PCC|16]4' metal bonds with various transition metal compounds.
A series of coordination complexes were obtained in the
form of crystals, and their structures, optical and magnetic
properties were studied. It has been shown that in such red-
ox systems the active Pc ligand can be in the dianionic,
Cr! trianion-radical or tetraanionic states. In compounds
(S=3/2) . . . :

e with a trianion radical macrocycle, the unpaired
electron, delocalized on the macrocycle, participates in
magnetic interactions. Of particular interest are formally
neutral complexes with a paramagnetic trianion radical
macrocycle. In such complexes, a dense packing of
macrocycles is observed, which leads to strong magnetic
interactions (the exchange interaction J reaches -180 K).

It has been shown that metal phthalocyanines and

a number of other macrocycles can be used as paramagnetic

Fig. 1. Coordination fragment of the complex  ligands for transition metal complexes. Such compounds

based on tin(II) hexadecachlorophthalocyanine  are highly soluble, which is unusual for macroheterocycles,

have intense absorption over a wide range, and strong

magnetic exchange between paramagnetic macrocycles can be observed in them. The developed methods
can be used for the targeted synthesis of materials with desired properties.

The work was supported by the grant Ne 21-73-10207 of the Russian Science Foundation.
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Tripyrrolic macrocycles — subporphyrins, subphthalocyanines and subporphyrazines are
contracted analogues of porphyrins and phthalocyanines which are known mostly as boron(IIl)
complexes. Recently, the synthesis of the free base of subporphyrin was described for the first time [1].
Among non-cyclic tripyrrole analogues structures containing one or two N-bridges — oligoisoindoles
[2], diazatripyrrin [3] and subbiliazine [4] are known. Currently, various tripyrrines are of practical
interest, since they can be used as selective anion receptors [5].

In this work, we synthesized for the first time the linear conjugated diazatripyrazinopyrrine
[DATriPPyONH, ]. This compound was characterized by various spectral methods (UV-visible spectroscopy,
MALDI-TOF mass spectrometry), in addition, the structure of this compound was proven based on single
crystal X-ray structural analysis. Its chemosensor properties were also analyzed in the presence of various
anions in organic solvents. Using spectrophotometric titration, it was found that DATriPPyONH, can be
considered a structurally new and selective anionic chemosensor. A series of experiments were carried out
with various tetrabutylammonium salts (F-, Cl, Br, I, CN") (Fig. 1).
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Fig. 1. UV—vis spectral changes before and after adding tba-CN 0.025 mM in dichloromethane

The work was carried out with financial support from the Russian Foundation for Basic Research,
agreement No. 20-53-26004.
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Tetrapyrrolic macroheterocycles such as phthalocyanines (Pcs) and analogues are widely stud-
ied as perspective materials for organic electronics. Among modified Pcs their heterocyclic analogues
containing electron-deficient heterocycle instead of benzene rings are especially interesting as accep-
tor materials with n-type conductivity. Tetrapyrazinoporphyrazines (TPyzPA) attract growing atten-
tion and their application potentialities in different fields (optical information recording, electropho-
tographic photoreceptors and photoconductors, organic transistors and etc) have been illustrated [1].
Peripheral halogenation can be used as a possible way to increase acceptor properties of phthalocya-
nine-type macrocycle and in a case of TPyzPzs leads also to reduction of HOMO-LUMO gap. In this
work, we used prepared complexes of perchlorinated TPyzPz with various transition metals and com-
pare their spectral and redox properties with the corresponding complexes of peripherally halogenat-
ed and perfluorinated phthalocyanines in order to reveal their potential in different applications such
as non-linear optics, molecular magnets, organic electronics, etc.

1)M= AI(CI), Ga(OH), In(OH), VO,TiO, Cu
R=Cl
X=N
2)M= AI(CI), Ga(OH), In(OH)
R=Cl
X=CH
3)M= AI(CI), Ga(OH), In(OH),TiO

Y R=F

X
\ X=CF,CH
X R

R

Figure 1. Macroheterocycles are studied in this work.
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Molecular structure is the most important concept in chemistry. There are a number of experimental
and theoretical methods aimed at obtaining information about structural characteristics. Among
the most informative experimental methods, X-ray diffraction analysis of single crystals (XRD),
gas electron diffraction (GED) and microwave spectroscopy (MW) should be mentioned first.
Among theoretical methods, the undisputed leadership belongs to quantum chemical calculations
(QC). The listed experimental methods are based on different physical principles of interaction
of the substance under study with radiation or electrons probing it. In this case, the substance itself
can be in different states of aggregation and in different degrees of thermal excitation. In this regard,
the structural parameters obtained in the experiment depend not only on the nature of the physical
phenomena underlying the research method and on the theoretical level of their description, but also
on the conditions in which the substance finds itself during the experiment. Due to the large number
of atoms included in macroheterocyclic compounds based on pyrrole and isoindole (MHC) MW
is not used to study the structure of these compounds.

The problem of XRD determination of the molecular structures of MHC is quite successfully solved
only in those cases where the studied substance can be formed as separate single crystals, although,
in comparison with an individual molecule, the resulting structure turns out to be distorted by the collective
interaction in the crystal, as well as the specificity of X-ray scattering (in the general case, it is obtained not
the position of the nuclei, but the position of the centers of gravity of the electron density).

To determine the molecular structures of substances in the gas phase, the use of GED is required.
However, using the latter method is associated with a number of difficulties. Namely, not all substances
are capable of passing into the gas phase congruently, and the presence of sample decomposition
products in the scattering volume can lead to cardinal errors in the results of structural analysis. A way
out of this situation was found when the electron diffraction and mass spectrometry were combined
as synchronous experiment, thereby making it possible to continuously monitor the composition
of the vapor under study throughout the diffraction experiment, as well as monitor the presence
of volatile impurities and oligomers [1, 2]. GED possesses low resolution and cannot distinguish
between close internuclear distances. To a certain extent, the problem can be solved by using quantum
chemical data on the difference in such distances in structural analysis. However, the different
physical meaning of the structure obtained by electron diffraction (averaged over all electronic,
vibrational and rotational states populated under experimental conditions) and the structure from
quantum chemical calculations (corresponds to the minimum on the potential energy surface and is not
observed experimentally) greatly complicates the problem and requires taking into account specifics
of intramolecular dynamics when interpreting a diffraction pattern. The choosing an appropriate
theory level for QC of MHC structure should be consider as a separate problem.

A series of examples are provided demonstrating the differences in the molecular structure
of the series of MHC determined by XRD, GED and predicted by QC.

This work was financed by Russian Science Foundation grant 20-13-00359.
N.L.G. thanks Ministry of Science and Higher Education RF for support (grant FZZM-2023-0009).
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Based on phthalocyanines, among other things, materials are created to protect the organs of vision
from damage by laser radiation. The nonlinear absorption of high-power light by these dyes makes
it possible to limit the energy of laser radiation over a wide range of wavelengths. This is the basis
of the optical limiting effect. In turn, the nonlinear optical (NLO) properties of phthalocyanines are
determined by the degree of asymmetry of the macrocycle, and the nature of the metal and peripheral
substituents. When creating optical materials based on phthalocyanines, it is important to take into
account that these compounds are prone to aggregation (Fig. 1). Aggregation most often hurts the
NLO properties of dyes. Thus, the absorption capacity and quantum yield of luminescence decrease,
which leads to a decrease in the efficiency of optical limiters [1].
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Fig. 1. Schematic representation of phthalocyanine aggregation: A — H-aggregate, B — J-aggregate

UV-Vis spectrophotometry was used to study the effect of aggregation on the spectral properties
of a series of 2-hydroxyphthalocyanines. From the Bouguer-Beer-Lambert law (or simply Beer’s law)
it is known that the amount of absorbed radiation is related to the concentration through extinction,
which should be constant. Aggregation violates this rule: extinction can rise, fall, or have a complex
variable character. The implementation in this study of a specially developed mathematical model has
allowed us to numerically describe aggregation, linking its “strength” to the linear (Beer’s) extinction
&,, dynamic parameters &, x, which are responsible for the rate of onset of the turning point when the
equilibrium thermodynamic process of aggregation becomes nonequilibrium or one type of aggre-
gation is replaced by another [2]. This is the threshold concentration C, on the extinction curve. The
listed parameters will be used in the future to search for functional relationships between the spec-
tral and optical characteristics of dyes to create predictive models for controlling optical limiting ef-
fect in the visible and UV ranges.
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Hemihexaphyrazines are six-membered porphyrinoids that include three thiadiazol subunits
(A) and three pyrrole-based moieties (B) joined by alternative fashion via azabridges to form
a high-symmetry macrocyclic framework. Their structure was univocally established by complex
of experimental and theoretical methods including gas phase electron diffraction and X-ray [1]. Hps
reveal interesting electrochemical properties. They are capable to absorb and effectively recombining
radicals [2]. Using STM, it was shown that H,Hhp is able to form expanded long range rows on surface
Au(111) which can be considered as perspective materials as information storage [3].

Having an expanded inner coordination cavity, they can coordinate three atoms of transition
metals at once to form homotrinuclear complexes. Last time much attention was paid to study behavior
of H,Hhp in basic and reductive media under anaerobic conditions. So, applications of lithium
diethylamide as well as potassium graphite as reductants were revealed to unusual double-decker
structures [1].

On the basis of EPR, SQUID data, and quantum chemistry calculations, it was established that
three-electron reduction of trinuclear complexes (Niand Cu) leads to a change in the degree of oxidation
of one of the nickel atoms Ni"=>Ni', whereas two other electrons are located on macrocyclic ligand,
revealing strong antiferromagnetic coupling. On the contrary, in the case of a metal cluster consisting
of Cu" atoms, all three electrons are delocalised over macrocyclic ligand: two of them are in strong
antiferromagnetic interaction and one electron remains unpaired [4].

Dy-complex which is interest as monomolecular magnet was obtained both on Au(111) surface
[3] and in solution [5].
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Silicon complexes with phthalocyanines (Pcs) and tetrabenzocorrolazines (TBCzs), which are
the Pc analogues with one ‘missed’ meso-nitrogen atom, arouse interest of researchers of macrohe-
terocyclic compounds during last two decades. Rather simple synthetic procedure, as well as the op-
prtunity to modify two axial ligands (L) for adapting the phisico-chemical properties of the L,SiPcs
make these complexes attractive for use in photomedicine, photovoltaics, photocatalysis, efc. [1].
The expulsion of meso-N atom in LSiTBCzs may even enhance some potentially usefull photoche-
mical and photophysical properties [2].

Here, we report on the synthesis of silicon porphyrazines (SiPzs) and corrolazines (SiCzs) with
B-octaaryl substituted [3] and pyrazine-annulated rings instead of benzene groups (Fig. 1, left part).
The synthetic approaches to the Si complexes and their physico-chemical characterization, includ-
ing spectral, photochemical and acid-base properties, are analyzed comparatively to benzofused ana-
logues. The structure of unusual chlorin-type product, which was isolated as a by-product in the syn-
thesis of Si octaphenylporphyrazinate, was resolved by X-ray method (Fig. 1, right part, the axial li-
gands are omitted for clarity).
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Fig. 1
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The dyes whose fluorescent properties are very sensitive to the nature of local environment are
now highly demanded for various applications such as biological sensors and photoactive materials.

Here we report on the new anti-Kasha rigidochromic pigments including (cyanoaryl)porphyrazine
with four pyren-2-yl groups framing macrocycle. This porphyrazine is established to be a unique
combination of effective photodynamic therapy agent and bifunctional probe with double-sensory
ability allowing the real-time control of the therapeutic process simultaneously with the cell membrane
viscosity and polarity changes [1].

The obtained pigments demonstrate the potential efficacy of modulating successive photophysical
intramolecular events inducing pronounced dual emission (DE). This unique form of anti-Kasha effect
is found to be controlled by the changes of environmental polarity that can be utilized for intracellular
membrane polarity sensing during PDT. Previously, we found that cyanoarylporphyrazines demonstrate
excellent anchorage towards the intracellular membrane (mainly, endoplasmic reticulum and Golgi
apparatus) and high brightness. A potential advantage of our new compound compared to the recently
reported high-performance polarity-sensitive and membrane-specific probe [2] is the ratiometric
method for estimating local polarity (i.e., by the ratio of long-wavelength and anti-Kasha short-
wavelength emission intensities, which depends on local polarity). This considerably simplifies
polarity monitoring, since there is no need to use complex and expensive equipment for measuring
the fluorescence lifetime, which depends on plasma membrane polarity.
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Metallomacrocycles are widely used for the preparation of functional materials. Since most
of them contain paramagnetic metals they yield magnetic assemblies which can change magnetic state
under external stimuli or show different types of magnetic behavior. Macrocycles can be porphyrins,
phthalocyanines and trithiadodecaazahexaphyrins.

Reduction of nickel(II) porphyrin (TPP) and trithiadodecaazahexaphyrin (Hhp) is metal-centered
yielding nickel(I) (S = 1/2) centers in {Cryptand(Cs")} {Ni'(TPP*)}~ and {Cryptand(Cs")},{Ni",
Ni'O(Hhp*)}* [1]. A reversible increase of magnetic moment is observed in both complexes due
to metal-to-ligand CT or transition of a macrocycle to a triplet state. Similar tetraphenylporphyrin
and trithiadodecaazahexaphyrin of copper(Il) show macrocycle centered reduction and paramagnetic
copper(Il) ions are preserved. As a result, an exchange between paramagnetic macrocycle
and copper(Il) is found. Similar behavior shows reduced copper(Il) fluorinated phthalocyanines,
Cu'(F Pc), where x can be 8, 16 and 64. Both the first and the second reductions are macrocycle
centered and the {Cu"(F Pc)}~ monoanions show coupling between spins localized on copper(II)
and delocalized over the radical trianion F Pc*~ macrocycles. The increase in fluorination degree
weakens this coupling. The {Cu"(F Pc)}~ dianions contain diamagnetic F Pc* tetraanions preserving
spins only on Cu" with §= 1/2 spin state [2]. Bi- and three nuclear assemblies can also show interesting
magnetic properties. Depending on a charge transfer from a bridged ligand to metal ion (Fe™ or
Mn'), the {(MTPP) (thioindigo)} assemblies can show strong antiferromagnetic coupling of spins,
transfer to high-spin (S = 5) state with a parallel arrangement of three spins or the M-thioindigo
coupling can be suppressed by the decrease of an angle between bridged ligand and porphyrin plane.
Series three nuclear complexes was also obtained when low-spin {Mn"(CN),Pc}*" (S = 1/2) bridges
mediate magnetic coupling between high-spin Mn'(acac), (S = 5/2) or Cp,Gd"™ (S = 5/2) species
in the {Cryptand(K")} {Mn"(CN) Pc[Mn'"(acac), (or Cp,Gd")],} assemblies. In the first case, a high-
spin assembly with S = 9/2 spin state is obtained [3]. Bi- and three nuclear assemblies were also
obtained with manganese(Il) tetraphenylporphyrin. Depending on the magnetic state of the bridged
ligand (diamagnetic violanthrone®~ dianion or low-spin {Mn'(triazole),Pc}* (S = 1/2) bridge) these
assemblies can manifest weak antiferromagnetic coupling of spins or transfer to a high (S = 9/2) spin
state [4].
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Subphthalocyanines (SubPc’s), contracted homologues of phthalocyanines (Pc’s), are known due
to their unique properties, resulted from non-flat structure of macrocycle. Moreover, this properties
may be fine-tuned by different ways. That’s why, as Pc’s, SubPc’s found their application in many
fields, and the vast majority of academic literature devoted to their applicability in organic electronics.
Unsubstituted SubPc’s may be used as electronodonors in organic photovoltaic solar cells, while
halogenated analogues possess n-conductivity, and could be used as electronoacceptors. At the same
time, there is an order of magnitude more SubPc’s which are used in p-layers in planar heterojunction
solar cells, than in n-layers, where fullerenes and other non-macrocyclic compounds are still prevail,
though they have several drawbacks, limiting their usage.

However, not only halogenation, but also aza-substitution in subphthalocyanine benzene rings
may be used to enhance acceptor properties of the molecule. In our work, we combined both
modification methods: halogenation and aza-substitution. The results of our previous works showed,
that replacement of benzene rings in SubPc’s on dichloropyrazine fragments leads to considerable
enhancement of macrocycle acceptor properties.

Thus, by co-condensation of phthalonitrile or 4,5-dichlorophthalonitrile with 5,6-dichloropyrazine-
2,3-dicarbonitrile in the presence of BCI, in a p-xylene we have obtained a set of chlorinated
subporphyrazines, containing dichloropyrazine and benzene or dichlorobenzene fragments.
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Fig. 1. Scheme of the synthesis of low-symmetry chlorinated SubPc’s
The structure of obtained macrocycles was characterized by LDI-TOF mass spectroscopy and 'H
NMR-spectroscopy. Spectral and electrochemical properties of SubPc’s were studied in the view

of their potential applicability as acceptor materials for organic electronics.
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Cancer is one of the major health problems worldwide. The well-established strategies in cancer
treatment, i.e. surgery, radiotherapy, chemotherapy and more recently immunotherapy and molecular
targeted chemotherapy, demonstrate promising success for specific malignancies. PDT is a non-
conventional therapeutic modality of treating many superficial and hollow organ tumors as well as
localized microbial infections [1-3]. This easily repeatable light-based technology offers several
advantages over many standard treatments, but over 30-years remains underestimated clinically
[1, 2]. PDT is a two-stage procedure and consists of three essential non-toxic components, viz.
a photosensitizer (a light-sensitive molecule), light and molecular oxygen. After the administration
of'a PS, tumor loci are irradiated with a light of appropriate wavelength. The PDT components above
being not toxic alone, together initiate a cascade of photochemical reactions leading to the generation
of reactive oxygen species, the most important of them being singlet oxygen ('O,). 'O, rapidly induces
significant toxicity inducing cell death via apoptosis, necrosis or autophagy. The safe and unique
efficacy of PDT is its multifunctional ability to cause targeted cancer cell death with minimal
invasive and drug resistance effects. This report will address the most important physical chemical
and biological aspects of photodynamic therapy, give important information about the appearance
of PDT with the chlorin-type photosensitizers in our region and the role of academician Oscar I.
Koifman in PDT implementation, summarize its current clinical status in regional clinics and provide
an outlook for its potential future development.
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AND DIAZATRIPYRRINE COMOPLEXES: SPECTRAL
AND SENSOR PROPERTIES
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Phosphorus(V) complexes are quite unique examples of porphyrazinoid complexes. Even
interaction of free-base porphyrazines with phosphorus(IIl) halides may occur in unusual way — ring
contraction with corrolazine formation. However, since it’s first synthesis, these complexes are still
poorly investigated.

The properties of phosphorus(V) porphyrazinoids differ from their analogous metal complexes.
Such complexes show unique chemical properties, e.g., reversable nucleophilic addition with
disordering of ring aromatic system [1]. In present work we present the new reaction of hydrolytic
scission for PV octaphenylporphyrazine affording diazatripyrrine complex:

PV corrolazines  shows

very interesting spectral

Pn,@%‘? @\O“/” / . 450nm and intense Q-bands
ol at 600-650nm. They are able
" weee ' to moderate fluorescence as well

as to moderate singlet oxygen

Recently, a series of axially

modified corrolazines  with

switchable fluorescent properties

was synthesized. In this work,

and luminescent properties was

investigated and  discussed.

Chart 2. Investigated PV corrolazine complexes Sensitivity for media was
investigated.

properties. They show dual
absorption in visible region
— intense Soret band at 400-
Chart 1. Scheme of PV octaphenylporphyrazine hydrolysis (left) and spectral production. These properties
changes in pyridine during reaction (right) leads such compounds to be
promising theranostic agents.
a series of new axially modified
corrolazine complexes was
synthesized. ~ Their  spectral

This work was supported by Russian Foundation for Basic Resarch (grant Ne 20-53-26004).
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MOLYBDENUM(V) PORPHYRINS FOR PRACTICAL
APPLICATIONS

Lomova T.N.
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The results represented will be useful in the development of sensors for organic bases,
photoactive molecular materials for optoelectronics, and magnetocaloric materials for magnetic
cooling and medicine. The new studies of molybdenum(V) porphyrin complexes (MoP) on the search
of new chemical VOCs sensors, on the preparation of porphyrin-based donor—acceptor complexes
capable of PET for solution-processed organic solar cells (OSCs), and on the design of effective
magnetocaloric molecular materials are the subject of the report.

The hyper-type wield spectrum of UV-vis absorption, increased and very specific reactivity at
axial positions of the molecule, which is displayed primarily by the variety of forms of reaction
products with organic bases (Figure), and room-temperature paramagnetism are the properties giving
the prospects for the application of MoP [1].

Fig. The chemical structures of the molybdenum(V) porphyrin complexes with the organic N-bases

Axially bonded MoPs fundamental properties were used in development of molecular materials.
Possibilities in detection of volatile and bioactive organic bases by MoPs were demonstrated. Optimal
chemical structures of porphyrin-fullerene dyads for single-molecule-OSCs were selected. Molecular
materials with the positive “large” room-temperature magnetocaloric effect reaching tenths of K at
the temperature of 288 K and in the relatively low magnetic field of 1 T were explored.

The work was prepared within the framework of the Program of State Academies of Sciences
(No. 122040500043-7) on the equipment of the Center for Collective Use of Scientific Equipment

“Verkhnevolzhsky regional center for physical and chemical research.”
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Porphyrins, phthalocyanines and corrinoids have excellent stability in solutions and thin films.
They play a decisive role in the organization and implementation of photosynthetic, respiratory,
enzymatic and other functions in living organisms. The report will present the results of a study
of the self-assembly of tetrapyrroles at various interfaces: air-water, air-solid and in nanoengineered
polymer carriers, as well as prospects for the use of the resulting nanomaterials.
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Fig. 1. UV-Vis spectra of: (left) ZnTPP solution (DCM, C = 1.8*10° M) and drop coated film of ZnTPP, (middle)
LS film of ZnTPP (15 layers), (right) LS film of ZnTPP-P4VP (result of reaction in the layer at air-water interface)

Stable nanoparticles of tetrapyrroles were formed at the air-water interface and in films on solids.
The self-assembly of compounds at the air-water interface was studied using Langmuir-Blodgett tech-
nology. Coordination reactions of poly-4-vinylpyridine with porphyrinates were carried out in nano-
structured layers on the surface of water. The characteristics of their structure and properties were
analyzed within the framework of the nanostructured M-monolayer model. To fabricate thin films
on solid supports, depending on the purpose of further research, the layers were transferred to quartz,
glass, silicon or glass wafers coated with ITO using the Langmuir-Schaefer method (horizontal lift
method, for example Fig. 1, middle, right). Drop-coated films were prepared by depositing drops
of solutions of the test compounds of the same concentration that were used to prepare the floating
layers on quartz plates (as an example in Fig. 1, left).

First supermolecules of vitamin B , derivative, viz. monocyano form of heptabutyl cobyrinate, with
strong noncovalent intermolecular interactions, emerging optical and catalytic properties and stable
nanoparticles of tetrapyrroles were formed [1]. The nearest analogue of this derivative, heptametyl
cobyrinate (ACCby), exhibits bioactivity in vivo and forms nanostructures in nanoengineered polymer
carriers [2].

The work was supported by the grant of the Russian Science Foundation (20-12-00175-p), Ivanovo
State University of Chemistry and Technology and by Ministry of Science and Higher Education
of the Russian Federation (FZZW-2023-0009, synthesis of the compounds and spectral study of CoPc
LS films).
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AND MANGANESE(III) PHTHALOCYANINES: SYNTHESIS,
SPECTRAL PROPERTIES, AND REACTIVITY
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Phthalocyanine complexes (MPc) with different metal cations were extensively studied in recent
years for the potential applications in catalysis [1], photovoltaics [2], molecular electronics [3].
The nature of both the central metal atom and the chromophore peripheral macrocycle substituent effects
MPc photophysical and spectroscopic properties. This report represents the synthesis of (octakis-(3,6-
di-tert-butyl-9H-carbazole)phthalocyaninato)cobalt(Il)/zinc(Il)/manganese(Ill) and their spectral
properties in the ground and excited states. All complexes were obtained from 4,5-Bis(3,6-di-tert-
butyl-9H-carbazol-9-yl)phthalonitrile and corresponding metal salt in the quinoline medium.

The ZnPc¢(Carb), and (OAc)
MnP¢(Carb), Q-band in UV—vis spectra
(717 nm and 725 nm, respectively, Fig.
1) is slightly shifted to the lower energy
compared to CoPc(Carb), (711 nm).
Toreveal theexcited-statecharacteristics
of the complexes, femtosecond transient
absorption measurements were
performed in deaerated toluene. Due
to the paramagnetic nature of cobalt(II)
Fig. 1. The UV-vis spectra of (2,3,9,10,16,17,23,24-octakis-(3,6-di- and manganese(Ill), the lifetime

tert-butyl-9H-carbazole)phthalocyaninato)cobalt(Il) (1), -zink(Il)  of the excited states of their complexes

(2), and manganese(m) 3) '(CoPc(Carb)g, an?c(Carb)g, and (OAc) is much less than that of the zinc(II)
MnPc(Carb),, respectively) in toluene and their structural formulas. .
complex and is 0.8 ps and 0.6 ps,

respectively. The fluorescent properties
of ZnPc(Carb), were studied and the fluorescence lifetime of ZnPc(Carb), in toluene of 2.3 ns
was obtained. The studied reactions of the pyridine (Py) coordination by ZnPc(Carb), and (OAc)
MnPc(Carb), were resulted in 1:1 complex. The reaction of CoPc(Carb), with Py is sequential bonding
of the first and than the second Py molecule.
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This work was supported by the Russian Science Foundation (Project number no. 21-73-20090). We
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of physic-chemical researchy and N.N. Semenov Federal Research Center for Chemical Physics,
Russian Academy of Sciences.
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Metalloporphyrins are natural compounds widely used in medical, materials, and biomimetic
chemistry as well as catalysts and compounds for organic solar cells. Their promising chemical
and physical properties can easily be modified by peripheral substitution and/or using different central
metal atoms. Organic carbonyl-containing compounds can act as redox-active ligands for metal atoms due
to the presence of heteroatoms. Coordination assemblies can be constructed by combing two conjugated
heteromolecules allowing fine-tuning of their structures and properties which among other things can
have different charge states.

We have developed methods for the synthesis of metal-tetraphenylporphyrin coordination compounds
(M = Mn, Fe, In) with various organic dyes in different charge states. A series of coordination complexes
were obtained in the form of crystals, and their structures, optical and magnetic properties were studied.
The following compounds were used as dyes: isoviolanthrone, pentacenequinone, Mn'(triazole) Pc
and thioindigo. The key role of the linker in magnetic exchange during the formation of coordination
systems of the 2Mn""TPP-L type was demonstrated. The properties of such assemblies can be effectively
controlled by varying the bridging ligands. More efficient magnetic coupling is observed when paramagnetic
linkers mediate magnetic coupling between two Mn""TPP units. Of particular interest are the binuclear
coordination complexes of manganese tetraphenylporphyrin with the thioindigo radical anion. In which,
at different dihedral angles between the porphyrin and thioindigo molecules, different magnetic properties
are observed, passing from a paramagnetic to a ferromagnetic when the dihedral angle changes from 35°
to 90°.

The suggested method of preparation of multi-chromophore self-assembly hybrids opens significant
prospects in material design since different dyes and macrocycles can be used. A wide variety of these
components can lead to complexes with diverse optical, magnetic and even conductive properties.

weak AF coupling strong AF eoupling

Paramagnets High-spin S = 9/2 state at 2 K

The work was supported by the grant No 24-13-00060 of the Russian Science Foundation.
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DFT AND TD DFT STUDY OF THE MOLECULAR STRUCTURE
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Macrocyclic phthalocyanine complexes are known for the majority of metal ions in the Mendeleev
Periodic Table of Elements and also for some non-metals such as silicon(IV) and phosphorus(V).
Unlike all other elements, the boron(III) atom, due to its small ionic radius and tendency to tetrahedral
coordination, cannot form bonds with all four pyrrole nitrogen atoms of the macrocycle and they are
characterized by the formation of diboron complexes [1]. In their composition, each of the two boron
atoms connected by an oxo-bridge forms bonds with two neighboring pyrrole nitrogen and fluorine
atoms in the axial position (or another anionic ligand). The coordination of two boron atoms
in the coordination cavity of the phthalocyanine macrocycle leads to its tetragonal distortion in both
the cisoid and especially the transoid form. The preparation of the oxodiboron complex of tetra-tert-
butyl phthalocyanine was reported in an article by the Brothers scientific group [2]. As this field
of chemistry develops, interesting applications of complexes with boron(III) can be expected.

The purpose of this work was to study the molecular structure and electronic properties
of the transoid and cisoid forms of the oxodi(fluoroboron(III)) phthalocyanine complex [O(FB),Pc]
in the ground and excited states.
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Fig. 1. Structural of [O(XB),Pc®™] and titration of [O(FB),Pc*™] in CH,Cl, with CF,COOH.

The report will present the results of a study of the spectral-luminescent, acid-base and photo-
physical properties of the tetra-tert-butyl phthalocyanine oxodiboron complex [O(FB),Pc®"] in tran-
soid form [3].

This work was supported by a grant from the Russian Foundation for Basic Research, project Ne20-
53-26004.
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PHOTO- AND ENZYMATILYCALLY- CLEAVABLE WATER-
SOLUBLE CONJUGATES OF NATURAL AND SYNTHETIC
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Multicomponent conjugates with photodynamic and targeted antitumor activity have been

proposed. The design has been developed and the synthesis of compounds containing natural or
synthetic porphyrins, ligands of cell receptors, hydrophilic groups and linkers has been carried
out. The spectral and biological characteristics of all synthesized conjugates were studied. Some
compounds have been shown to have potential for use as antitumor agents.
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The fight against cancer is a big challenge, since chemotherapy, along with serious side effects,
has limited effectiveness and causes multidrug resistance in various tumor cell lines.

One approach to solving this problem is to combine chemotherapy with other methods
of antitumor therapy. Two strategies have been proposed in the literature, including co-administration
or sequential administration of different drugs, or the development of a novel structures from which
theranostics can be designed for combination treatment protocols. The first approach does not solve
the problem of systemic toxicity, and also does not guarantee joint delivery of drugs to tumor cells,
while in the second case it is easy to create a drug with combined action [1].

This work presents approaches to creating drugs for combination chemotherapy and photodynamic
therapy (PDT). Photosensitizers (PS) based on natural chlorins have proven themselves well in PDT
due to their high accumulation in tumor cells and photoinduced cytotoxicity towards tumor cells.

Conjugates of natural chlorins with the chemotherapeutic drugs cisplatin and doxorubicin were
obtained, connected using labile and unbreakable linkers. Varying linker molecules allows to control
the release of active components in tumor cells, and the amount of attached chemotherapy per 1
chlorine molecule affects overall cytotoxicity. The antitumor activity of the obtained compounds was
studied in vitro and in vivo, and a synergistic effect of combination therapy was shown [2].
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Fig. 1. General concept of work

This research was funded by Russian Scientific Foundation (RNF), grant number 23-73-01276.
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1,8-Naphthalimide derivatives are famous organic fluorophores which generally exhibit high
thermo and photostability and are known to act as fluorescent brighteners and dyes for polymer fibers,
laser active media, electroluminescent materials and optical memory devices. Because of its intense
fluorescence, large Stokes shifts along with the relative ease of synthetic operations for targeted
modification ofthe molecular structure, this type of compounds has found application in the construction
of fluorescent chemosensors for biologically relevant cations and anions, labels or probes for proteins,
cells, lysosomes and other acidic organelles. However, the emission bands of most naphthalimides
are in blue and green-yellow regions. This limits their application as fluorescent probes and imaging
agents in life sciences. Although it is well-known that electron-donating groups at the C-4 position
of naphthalene ring usually increase the fluorescence quantum yield of the compounds and cause
the red shift in the spectra, the reports on 1,8-naphthalimides with emission wavelengths longer than
600 nm are very few.

Me Me “CO,Me

In the present work, we focused on the spectroscopical investigation of styryl-1,8-naphthalimides
NI1-3 as promising long wavelength imaging units in bifunctional conjugates for simultaneous flu-
orescence diagnostics and photodynamic therapy of cancer. Firstly, steady-state and time resolved
photophysical properties of these compounds were studied in protic and aprotic solvents of different
polarity. We have found very interesting behavior related to the interplay between fluorescence, for-
mation of TICT states and E,Z-isomerization'. The observed spectral effects have been rationalized
using quantum-chemical calculations, X-ray data and NMR spectroscopy. At the second step, con-
jugates (BChI-NI) of styryl naphthalimides with propargyl-152,173-dimethoxy-13!-amide of bacte-
riochlorin e known as a highly effective natural photosensitizer (PS) in PDT have been prepared®>.
The idea was to combine the modalities of PS and fluorescent probe in one molecule where the exci-
tation of the naphthalimide fragment is expected to produce the strong emission signal, which could
be used to monitor tumor responses to treatment. Further excitation by an other light wavelength cor-
responding to the absorption maxima of PS would lead to formation of singlet oxygen responsible
for cancer cell damage. In this work, the details of our study of optical characteristics as well as eval-
uation of photosensitizing activity of BChI-NI in solution and in living cells are presented.

This work was supported by the RSF project Ne 20-73-10186-P.
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Cycl[3.2.2]azines represent an undeservedly little-studied class of 10m-conjugated aromatic
N-heterocycles that are isoelectronic to naphthalenes and at the same time have increased redox sta-
bility and absorption/fluorescence in the visible spectral region. These properties make them promis-
ing precursors of macrocyclic and other n-extended systems, which are still extremely scarce to date.
Our recent findings indicate that one of the most convenient platforms for this purpose from both syn-
thetic and applied viewpoints are cycl[3.2.2]azine-1,2-dicarboxylic acid derivatives.[1,2,3] In partic-
ular, we have shown that the reactivity of these functionally substituted compounds, which are elec-
tron-rich, is determined not only by the reactivity of the functional groups, but also of the cycl[3.2.2]
azine core (Fig. 1).
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Fig. 1. Electrostatic potentials surface V(r) (left) and average local ionization energies surface Ts(r) (right) for dimethyl
3-phenylcycl[3.2.2]azine-1,2-dicarboxylate (1) and 3-phenylcycl[3.2.2]azine (2) (BP86/def2-TZVP).

The main goal of the present talk is to summarize our current developments in the field of cycl[3.2.2]
azine-1,2-dicarboxylic acid derivatives by analyzing their structure-property patterns from the com-
bined physicochemical and theoretical studies. This discussion will be useful for formulating the di-
rection and prospects for further synthetic, physicochemical and applied research in this area.

The work was financially supported by the RSF (Grant 21-73-20016).
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Si(IV) complexes of porphyrazines and corrolazines demonstrate interesting optical, redox
and photosensitizing properties. The ability to vary both axial ligands of silicon atom and the peripheral
substituents of the tetrapyrrole macrocycle allows us to tune the important properties of these
complexes, such as solubility, luminescent properties, the ability to generate singlet oxygen, stability
and biocompatibility. Consequently, Si(IV) complexes of porphyrazines and corrolazines can find
important applications in such fields as photovoltaics and photodynamic therapy (PDT) [1].

In this work, Si(IV) complexes of octaphenyltetrapyrazinoporphyrazine ((HO),SiPzTPyzPh,)
and tetrapyrazinoporphyrazine with camphor-annulated rings ((HO),SiPzTPyzCamph,) were obtained
using both template tetramerization and complexation methods. Treatment of the resulting complexes with
chlorotrialkylsilane in the presence of Mg in pyridine leads to macrocyclic contraction and the corresponding
corrolazine complex is formed (SiCzTPyzPh, or SiCzTPyzCamph,) (Fig. 1).

The compounds obtained were characterized using spectral methods of analysis (UV-Vis, IR, 'H
NMR). The effect of axial substituent and contraction of the macrocyclic ligand on the photophysical,
photochemical, and acid-base properties of Si(IV) complexes is discussed.
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Materials based on phthalocyanine complexes have a high capability for practical application. This
capability is determined, first of all, by the highly specific structure of these compounds. In addition,
high chemical and thermal stability, outstanding fluorescent and catalytic properties of phthalocyanine
complexes can be important in certain areas, which together determine a wide range of studies related
to the chemistry of phthalocyanines.

The extensive application of metallophthalocyanines is limited by their low solubility in aqueous
area. Water solubility of the complexes can be achieved by introducing certain substituents into
the structure. For instance, the incorporation of piperazine moieties enables the complex to be further
solubilized by converting the nitrogen atoms of the piperazine ring into a cationic form; in addition,
such conversion leads to an increase in the fluorescence characteristics.
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Scheme 1. Synthesis of piperazine-substituted magnesium and zinc complexes

In the present study, we have synthesised octa-substituted complexes of Mg(II) and Zn(II) with
phthalocyanines containing piperazine moieties in four peripheral positions and either nitro groups or
chlorine atom in the other four positions. The spectral and photophysical properties were investigated
in various organic environments. It was shown that the introduction of an additional aromatic fragment
into the structure, bound to the nitrogen of the piperazine moiety, leads to a significant decrease
in the fluorescence activity of these complexes. A significant increase in the fluorescence intensity as
well as an increase in the aggregative stability when the nitro group is replaced by a chlorine atom
was also observed.

This work was supported by the Russian Science Foundation, project 22-73-10158.

72



CexyuomnHvie 00K1AObL

ACID-BASE IONIZATION OF PS CHLORIN Eé: THE EFFECT
OF PH ON OPTICAL SPECTRA, P, ... AND '0, GENERATION

Sheinin V.B., Kulikova 0.M.

G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences, Ivanovo, Russia

E-mail: vbs@isc-ras.ru

The molecule of chlorin e, (H,Ce,) consists of an amphoteric H,C chlorin platform (lipophilic
part) and three compactly arranged residues of formic, acetic and propionic acids (hydrophilic part)
on its periphery. There are six centers of H,Ce, acid-base ionization (colored), but only COOH groups
and one N, atom are active at physiological pH 5+8.

Octanol-1 H;Ces
"l
+ H+ H+ H+
H2CC63‘ — HgCGGZ- _ H4CC6_ — H5C€6 — H6(366Jr
Kl KZ PBS KS K4

Acid-base ionization of H.Ce, was investigated by means of synchronous spectro-photo-fluo-
rometric titration with pH control in saline solution at 36.6 °C and DFT/B3LYP/631++G(d,p) cal-
culations in the absence of a medium. It was shown that changes in the chlorin e, optical spectra
in the physiological pH range of 5-8 are due only to chlorin platform protonation, and the measured
value IgK, , = 6.40+0.03 does not depend on the degree of carboxyl groups ionization. K, , was con-
solidated with the reported values of K, , K , and K, of 3!, 5 and 7° carboxylate groups proton-
ation [1], respectively. The algorithm of pH-dependent distribution of equilibrium concentrations
H,Ce *, H,Ce, HCCe, , HCe, and HCe, (1) was calculated. The reported values of chlorin e, par-
tition coefficients P oeupns) between octanol-1 and PBS were analyzed. The partial partition coeffi-
cient Poepns) of H,Ce, has been calculated, which value does not depend on pH. By inverse solv-
ing, the dependence of P oevpns) O PH was determined, obtained results are in good agreement with
the different published data. The system of dynamic equilibria (1), characterized by the close val-
ues of step constants, provides a high concentration of H,Ce, in the octanol-1 phase. Due to the pe-
culiarities of the molecular structure, chlorin ¢, is able to adapt to the reaction centers of biological
objects of different polarities. The binding of chlorin e, with negatively charged groups of peptides
has been proven using fluorescent reporters based on colloidal quantum dots [2]. The cationic form
H, Ce," exists throughout the physiological pH range, which is probably one of the reasons for the se-
lective accumulation of chlorin e, in tumors of various localization, characterized by a low pH val-
ue. The formation of H,Ce," is accompanied by a decrease in the absorption intensity (Q1) and fluo-
rescence of chlorin e, and, as a result, reduces the efficiency of 'O, generation by this photosensitiz-
er at decreased pH values.

This work was supported by RSF (Russian Science Foundation) according to the research project
No 23-23-00491, https://rscf.ru/en/project/23-23-00491/.
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Functionalization of tetrapyrrole compounds allows to modify their electron-optical properties
according to the requirements of diverse applications: optical sensors, photocatalysis, photovoltaics,
and photodynamic therapy.

We have shown that porphyrins bearing formyl or vinyl groups are starting materials to prepare
new compounds with adequate features for target applications. The elaborated methods include both
classical organic interactions with C,N-nucleophiles, transformations of Schiff bases, cycloaddition,
and modern catalytic C-H functionalization, cross-coupling reactions (Fig. 1).

B-pyrroli@ Reactions with C-nucleophiles
Reactions with N-nucleophiles
meso positions TN . .
Transformations of Schiff bases
Cycloaddition

F CH-Functionalization

rO
= . .
( Cross-coupling reactions

Fig. 1. Transformation of Formyl, Vinyl, and Ethynyl Porphyrins

The primary functionalization of the tetrapyrrole macrocycle is easily achieved with the Vilsmeier-
Haack formylation, adapted to porphyrins by G.V. Ponomarev. Formylporphyrins are transformed
in Wittig and Takai reactions to the corresponding vinyl and ethynyl derivatives, substrates
for the catalytic C-H activation and cross-coupling reactions. Direct borylation of vinylporphyrinoids
was performed using copper-catalyzed C-H activation. Obtained borylporphyrins were used as
substrates for the Suzuki and dimerization reactions. Vinylporphyrins were converted to ethynyl
derivatives which were coupled with 2-iodoethenyl substrates using Sonogashira reaction. As a result
of such couplings a number of conjugated porphyrin dyads was obtained, which valuable electron-
optical properties making them efficient photosensitizers.

Nucleophilic reactions with formylporphyrins include the Knoevenagel reaction with CH acids,
leading to porphyrin conjugates with nitrogen- and sulfur-containing heterocycles. Reactions with
amines and hydrazine produce azomethine porphyrin derivatives which were further transformed
to diverse products including novel azine bridged porphyrinoid dyads. The methods of carbene
functionalization of porphyrinoids through the thermal decomposition of their tosylhydrazones were
also investigated.

Thus, it was shown that formyl, vinyl, and ethynyl porphyrins represent valuable synthons
for the development of diverse tetrapyrrole derivatives with desired properties for advanced
applications.

This work was funded by the Russian Science Foundation, grant number 23-23-00561.
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Among phthalocyanines [Pc] and their analogues, their low homologues — subphthalocyanines
[sPc] and subporphyrazines are especially interesting as fluorophores and photosensitizers (PS)
[1,2]. Subphthalocyanines are tripyrrole macroheterocyclic compounds in which the boron atom
is coordinated between three isoindole fragments connected by nitrogen bridges.

[sPcs] are characterized by intense absorption in the visible region (500—-600 nm) and high
values of the molar extinction coefficient, high quantum yield of singlet oxygen generation, which
allows these compounds to be considered as materials in photocatalytic applications. The observed
exceptional photostability in oxygen-saturated solutions and high 'O, quantum yields allows
to use subphthalocyanine as photocatalysts of selective oxidative transformations of organic sulfides
to sulfoxides. Loading the catalyst to 9.7-102 mol% made it possible to achieve complete conversion
of the substrate (TON up to 1700). In our work we will present the first results in this area.

The absence of aggregation in organic solvents and in water is due to the unusual conical shape
of the macrocycle, as well as the wide synthetic possibilities of peripheral and axial modification,
which have made it possible to consider subphthalocyanines as structurally new cationic sensors[3]
and anionic receptors[4].

In this work, we focused on synthesis and sensing abilities of pH-sensitive subphthalocyanines
and their hybrids with fused pyrazine and 1,4-diazepine fragments on the principle of photoinduced
electron transfer (PET)[5] or internal charge transfer (ICT). Hydrolytic cleavage of fused 1,4-diazepine
ring and formation of pH-sensitive dibenzosubporphyrazine containing amino (-NH,) and benzamide
(-NHCOPh) groups in pyrrole fragment occurs during chromatography or in the presence of a strong
acid (CF,COOH).

The work was supported by the grant of the Russian Science Foundation (project 23-73-01234).
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Fluorinated and chlorinated subphthalocyanines are actively studied as perspective materials
for oranic electronoics [1-3]. In order to tune electronic and spectral properties of subphthalocyanine
type-dyes we have prepared the series of halogenated benzo, pyrazine and 1,4-diazepine fused
subporphyrazines differing in the dimension of the n-system, number and position of the fluorine or
chlorine atoms [4—7]. Subporphyrazines were prepared starting from commercially available dinitriles
(fumaronitrile, tetrafluoro- and tetrachlorophthalonitrile, 5,6-dichloropyrazine-2,3-dicarbonitrile)
which were cyclotrimerized or cocyclotrimerized in the presence of boron trichloride in p-xylene
or o-dichlorobenzene upon reflux. Fluorine atoms in pyrazine rings were introduced in chlorinated
derivatives by nucleophilic substitution, while pyrrole and 1,4-diazepine rings were halogenated
by electrophilic substitution in the course of macrocyclization.
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The position of the long-wave Q band maximum in this series can be varied from 500
to 590 nm, and for perchlorinated tripyrazinosubporphyrazine the highest electron affinity among
subphthalocyanine-type dyes was achieved (1* reduction at —0.13 V vs Ag/AgCl in CH,CL,) [4,5].
For some of halogenated subporphyrazines hydrolytic cleavage of the macrocycle can occur
leading to deborylation and formation of diazatripyrrine derivatives. Hydrolytic cleavage of fused
1,4-diazepine ring affords aminobenzamide substituted subporphyrazine [7].

The work was supported by Russian Foundation for Basis Research (grant 20-43-26004) and Russian
Science Foundation (grant 17-13-01522).
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The resistance of microorganisms to antibiotics is a major challenge for humanity. According
to the Central Research Institute of Epidemiology of Russian Federal Service for Surveillance on Con-
sumer Rights Protection and Human Wellbeing, the number of hospital-acquired infections in Russia
annually reaches 2—2.5 million, which is equivalent to 1.5 % of the population. Hospital strains of mi-
croorganisms are becoming resistant not only to antibiotics but also to traditional antiseptics. Wor-
ldwide, the rapid growth of antibiotic-resistant bacteria has led to a significant research challenge —
the search for alternative treatments that bacteria cannot develop resistance to. Antibiotics that have
been used for the past half-century are losing their effectiveness, and doctors are increasingly turning
to combined approaches to treating infectious diseases. One such approach is antimicrobial photody-
namic therapy (PDT).

We have developed a range of cationic photosensitizers based on natural chlorophyll A. Two
chlorines, €6 and p6, were selected as starting materials, and pyridazine fragments were selectively
introduced into their macrocycles using the IEDDA reaction between tetrazine and alkene. This
process resulted in the production of cationic chlorin photosensitizers with 1-6 cationic groups
on their periphery. In order to identify the most effective compound and to establish a relationship
between structure and activity, we plan to conduct studies on the photoinduced cytotoxicity of these
compounds against bacterial cultures of S. aureus, K. pneumoniae, E. faecalis and P. aeruginosa.

Figure 1. Cationic derivatives of chlorins e, and p,.

This work was carried out with the support of the Ministry of Science and Higher Education
of the Russian Federation (government assignment Ne(075-00701-24-07 dated 04/03/2024,
FSFZ-2024-0013).
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Among tetrapyrrole aromatic macrocycles, meso-tetra-azasubstituted porphyrins, porphyr-
azines (Pzs), have attracted attention owing to their high extinction coefficients in the Q band spec-
tral region (log(e) = 5). Most of the practical applications of Pzs are due to the complex of their
photophysical properties; however, to date, theoretical studies of the spectral properties and mech-
anisms of dissipation of the excited state in Pzs have been carried out mainly within the framework
of the Born-Oppenheimer approximation. In our recent publication,[1] the anti-Kasha effect, where
the ultrafast spin changes successfully compete with the IC, discovered using the example of low-
symmetry A, B-type 6H-1,4-diazepinoporphyrazines was explained within the framework of Fermi’s
golden rule based on TDDFT calculations in the Born-Oppenheimer approximation. Unexpected-
ly, it was found that this anti-Kasha effect is also observed in classical Pzs, such as free-base com-
pound 2(3),9(10),16(17),23(24)-tetra-tert-butyl-29H,31 H-phthalocyanine (**Pc¢H,) (Fig. 1), which
are characterized by a split Q band and do not possess an additional triplet excited state in the S,
region. Moreover, the exponent of the intensity ratio of the Q, absorption and excitation maxima
(exp(rA/rl)) has a linear dependence on AE(S ,) energy gap between the S, and S, states in the entire
series of low-symmetry and heavy atom free porphyrazines.

Uvvi S R
—— Uv-vis —_ =
— Ex(740 nm)] & ; 4 | N

1.04 # \C_:a 1.0
= e} - =
8 os 088 N
g E = =7 R
2 06 065 R— || NH HN —R
Y £ X 4 = A
c 5 N
g 04 0.4 % Nz =N
3 = —
2 024 02 A1)

0.0 0.0 R

Wavelength (nm) R = tert-Bu

Fig. 1. Normalized UV-vis (blue line) and excitation (red line, 1, = 740 nm) spectra of **PcH,
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Aminooxybenzenes are versatile building blocks that can form the basis for novel molecules with
diverse therapeutic applications. Previously, our research team developed a series of bacteriochlo-
rin photosensitizers modified with different aminooxyalkyl chains. From this group, the leader com-
pound dipropoxy-BPI was identified, which possesses several advantages [1]. By replacing the alkyl
group with an aryl group, we can expand the n-system and improve the properties of the PS, as well as
broaden the range of potential targets and introduce new functional groups for modifying these mol-
ecules. For example, incorporating pH-sensitive moieties can create targeted drugs with combined
modes of action. Studying the spectrum of possible targets for aminooxybenzenes, including those at-
tached to natural chlorine molecules, using in silico methods, revealed that the main targets for most
monosubstituted aminooxybenzenes are carbonic anhydrase (CA) proteins. Proteins CA9 and CA12
are overexpressed by tumor cells, as well as proteins CA1 and CA2. However, to suppress oncogen-
esis, it is necessary to inhibit groups 9 and 12, and not inhibit groups 1 and 2. The complexity of li-
gands development is associated with the structural similarities in the structures of these proteins.

Aminooxybenzenes
R
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 properties of PS
. HN—0

pH - sensitive linker
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In this work, we synthesized a number of PS based on chlorins substituted with aminooxybenzenes
at different positions in the macrocycle. Using in silico methods, we studied a number of potential
linker structures and predicted the stability of the N-O and C=N bonds. Based on the obtained data,
we collected the structures of PS-linker-CT agents and selected one leader molecule for synthesis,
which included aminoamidochlorin e6 as PS and tin(IV) carboxylate complex as chemotherapy agent.
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It 1s well known that pyrazine due to the presence of two electronegative N atoms is an electron-
deficient aromatic molecule and its derivatives have an enhanced ability to participate in nucleophilic
substitution. Thus, different N-, O-, and S-nucleophiles easily substitute the halogen atoms directly
attached to pyrazine ring, and this was used for preparation of wide variety of 5,6-substituted
pyrazine-2,3-dicarbonitriles as precursors for pyrazinoporphyrazines from 5,6-dichloro-2,3-
dicyanopyrazine [1]. Direct phosphorylation of pyrazines is much less elaborated than for other
aromatic heterocycles [2].

Herein, we have demonstrated the first examples of a synthesis of pyrazine phosphonates 2a-c¢
from the readily available diethylphosphite and corresponding pyrazine-2,3-dicarbonitriles 1a-c via
C—CN bond cleavage followed by C—P coupling (Scheme). This transformation proceeds smoothly
under both Hirao procedure using Pd-catalyst and in non-catalytic conditions in the presence of a strong
base.
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It is suggested that the reaction proceeds as a nucleophilic aromatic substitution of the CN-
group, which was also confirmed by DFT calculations. The presence of base which deprotonate
diethylphosphite is an important factor allowing this reaction. The observed dependence
of the yields on donor/acceptor properties of the substituents in 5,6-position (4-BrPh (98 %) > Ph
(87-92 %)>>Pr (10-16 %)) is in line with this mechanism. Also, it was observed that due to high
reactivity of dicyanopyrazine in nuclepholic reaction using ethanol as solvent leads to substitution
of one of CN groups by ethoxide as a main product. Diphosphonate and ethoxy/cyano substituted
pyrazines bearing two 4-bromophenyl groups were structurally characterized by single crystal X-ray
diffraction analysis. All new phosphorylated pyrazines 2a-c¢ were fully characterized by NMR and IR
spectroscopies as well as MALDI TOF mass-spectrometry. An interesting feature of diphosphorylated
pyrazines is an observation of through-space coupling constants between methylene protons of P(O)
(OCH,CH,), groups attached to 2,3-position of pyrazine ring and 5,6-carbon atoms which evidence
about their proximity.

The work was supported by the grant of the Russian Science Foundation (23-43-00136).
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In this presentation, we highlight the synthesis and application of metallophthalocyanine-based
crystalline materials for efficient catalytic performance, focusing on two significant studies:
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I. In-situ Growing Nickel Phthalocyanine Supramolecular Structure on Carbon Nanotubes
for Efficient Electrochemical CO, Conversion: We report a hydrogen-bonded supramolecular structure
assembled from asymmetric A,B type nickel phthalocyanine NiP¢(OH) (DCNFO) (1), synthesized
via solvothermal reaction. Single crystal X-ray diffraction analysis reveals one-dimensional
supramolecular ribbons formed through hydrogen bonds between hydroxyl groups, which enhance
the material’s structural stability. The in-situ growth of 1 on carbon nanotubes (CNTs) generates
a composite for gas diffusion electrodes, displaying high selectivity in converting CO, to CO with
Faradaic efficiency over 98 %.

II. Dioxin-linked Metallophthalocyanine 3D COFs with Trapped N-hydroxyphthalimide
for Photocatalytic Aerobic Oxidation of Alkyl Benzenes: We describe the first 3D dioxin-linked
COFs, USTB-28-M (M = Co, Ni, Cu), synthesized via a solvothermal method. These COFs show
large BET surface areas up to 1477 m?/g and robust topological conjugated structures, as confirmed
by PXRD and theoretical simulations. USTB-28-M adsorbs N-hydroxyphthalimide effectively,
facilitating the photocatalytic aerobic oxidation of alkyl benzenes with high activity, including nearly
complete oxidation of ethylbenzene and acetophenone. Femtosecond transient absorption studies
reveal the charge transfer mechanisms involved.

These studies illustrate the potential of metallophthalocyanine-based crystalline materials
in catalytic applications, offering insights into their structural advantages and catalytic efficiencies.
This research paves the way for developing advanced materials for environmental and chemical
engineering applications, such as CO, reduction and organic oxidation reactions.
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The knowledge on the composition and functions of the active sites of heme enzymes in details, as
well as the possibility to vary their catalytic activity, has being of great important for many years due
to the biological significance of such redox systems and the desire to develop powerful catalysts with
high efficiency. The experimental and theoretical studies using model compounds offer an ideal way
to address emerging challenges. Modeling molecular platforms based on synthetic metalloporphyrins
and their analogues allows us to study the highly reactive intermediates generated under well-
controlled conditions, and to point toward tune their activity in various processes. Crucial tool for such
tuning is axial coordination, responding for feasibility of important chemical and photochemical
redox reactions.

Recently, homo/heteroleptic p-nitrido- and carbide-dimer porphyrin-like complexes of transition
metals have attracted significant interest. These compounds are characterized by excellent stability,
they have several active sites in the molecule and, accordingly, high reactive capability. The dimer
platform encourages generation of high-valent oxo-species with strong oxidative properties for efficient
catalysis.

Here we report on the coordination and redox properties of p-nitrido- and carbido-dimeric
tetrapyrrole macrocyclic binuclear complexes of transition metals in the reaction with bioactive
molecules (N-bases, BuOOH). The basic chemical facets of the peroxide activation process, including
the cleavage of the O-O bond in the alkylhydroperoxo complex, are noted. Factors influencing the type
and activity of the intermediates of the reactions simulating the “peroxo-shunt” pathway are found.
A comparative evaluation of the stability of the molecular complexes with N-bases and the kinetic
parameters of redox processes depending on the nature of the studied compounds is presented.
The dimers with an asymmetric structure bearing non-equivalent metal centers in macrocyclic ligands
with different electronic structures (heteronuclear heteroleptic compounds) are shown to exhibit
higher reactivity compare to homo-nuclear/leptic counterparts.

As the demand for sustainable chemistry and environmentally friendly chemical process
increases, the obtained results are of essential interest due to biological significance of investigation
of the model reactions involving N-bases and ‘BuOOH.

This work was supported by the Russian Science Foundation (Project number no. 23-23-00421).
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Platinum is one of the most efficient but expensive metals, which significantly increases the cost
of technological processes and limits the application of fuel cells. On the other hand, there is a trend
in industry to use carbon materials for electrochemical and electrocatalytic processes. The efficiency
of carbon materials can be increased by fixing transition metal-based electrocatalysts on their surface [1].

In this work, the preparation of 5,10,15,20-tetrakis(4-hydroxyphenyl)-porphyrin complex with
iron (II) in dimethylformamide followed by its electrochemical polymerisation (cyclic voltammetry)
in a ternary eutectic melt (acetamide — urea — ammonium nitrate) at room temperature was carried
out. The optimal conditions for the preparation of the polymer film from the porphyrin complex with
Fe?" were selected by cyclic voltammetry. The potential range was 0—1.2 V, the potential scanrate was
50 mV/s, the number of cycles during electropolymerization was 40 (for a graphite electrode with
a diameter of 4 mm).
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Fig. 1. Chronoamperogram of the modified electrode at —0.5 V

The graphite electrode modified by a polyporphyrin film with iron (II) was used for electrocatal-
ysis in the oxygen reduction reaction. The current density was determined by chronoamperometry as
the difference of limiting currents in the presence and absence of oxygen at a potential of —0.5 V rel-
ative to the silver chloride reference electrode (Figure 1). The current density of electrocatalytic ox-
ygen reduction was 120£10 pA/cm?2.

The work was supported by the Ministry of Science and Higher Education of the Russian Federation
under the state assignment Ne FEWG-2024-0003 Biocatalytic systems based on microorganism cells,
subcellular structures and enzymes in combination with nanomaterials).
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The increasing interest in metal complexes of porphyrins, porphyrazines and their analogues
is due to the fact that these compounds demonstrate examples of their successful application for gas-
phase transport in order to obtain films for various purposes, up to the formation of films of high-
temperature superconductors. Their distinctive feature is that they not can only be used as volatile
components for deposition of a metal layer on the surface of a semiconductor, but also exhibit
outstanding semiconducting properties. Structural studies of complexes with metal ions can make
it possible to analyze the influence of the nature of the metal atom on the electronic and geometry
structure of ligands, to obtain information about the nature of the chemical bond between the metal
and the ligand and to identify trends in changes in the covalent and ionic components of bonding.
No less important is information about the effect of peripheral substituents on the structure
of the macrocyclic complex, as well as on the volatility of these compounds. The identified trends
is important for predicting the behavior of these compounds, both in gas and in solution, allowing
judging by the nature of substituents of the increase or decrease in volatility and solubility, without
additional experiments.

In this work, an experimental and theoretical study of the geometric and electronic structure
of molecules of macrocycles was carried out in order to establish and theoretically explain the general
patterns in their structure, as well as expand reference information. For a comprehensive study
ofthestructureandenergeticsofmacroheterocycliccompounds,acomplexoftheoreticalandexperimental
methods was used. Studies of sublimation processes of 21-oxa-5,10,15,20-tetraphenylporphyrin,
21-thia-5,10,15,20-tetraphenylporphyrin, 21,23-dithia-5,10,15,20-tetraphenylporphyrin were carried
out by mass spectrometry using a Knudsen effusion cell, which made it possible to determine
the thermal stability and the possibility of congruent evaporation of these substances in order
to establish the prospects for their use in MO CVD technologies. The structure of free molecules
of octaethylporphyrin, its complex with palladium, 21-thia-5,10,15,20-tetraphenylporphyrin, chloro-
subphthalocyaninato boron(IIl) and chloro-dodecafluorosubphthalocyaninato boron(IIl) which,
according to mass spectrometry data, can be congruently transferred to the gas phase, was determined
by gas electron diffraction. Electron diffraction studies are of particular importance due to the fact that
the resulting molecular structure is free from collective interactions characteristic of X-ray and neutron
diffraction, which makes it possible to establish with high reliability the fine details of the geometric
structure of molecules necessary for reliable prediction of gas-phase processes used in modern micro-
and nanoelectronics, as well as in optoelectronics.

An important component of the studies carried out is the theoretical determination of the geometric
and electronic structure of macroheterocyclic compounds using high-level quantum chemical
calculations, which made it possible to determine the effect of substituents on the structure and spectral
properties of these compounds. Quantum chemical calculations have been carried out for a number
of metal complexes with macroheterocyclic ligands, for example, porphyrins, phthalocyanines,
porphyrazines, subphthalocyanines.

This work was supported by the Russian Science Foundation grant 20-13-00359.
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Photodynamic therapy (PDT) is one of the promising new strategies for the cancer treatment.
The combined action of the light, oxygen molecules and a photosensitizer (PS) launches highly toxic
reactive oxygen species (ROS). ROS subsequently oxidize surrounding organelles and biomolecules,
which ultimately leads to cell death and elimination of the tumor.

A modern strategy to improve PDT is closely related to the creation of new targeted PS.
Small-molecule inhibitors of epidermal growth factor and vascular endothelial receptors (EGFR
and VEGFR) have become one of the most intensively studied objects in current pharmacological
anticancer research, as they play an important role in cell signaling. EGFR and VEGFR receptors are
overexpressed in rapidly growing tumor tissues due to the active vascularization. Combination of PS
and EGFR inhibitors are the main goal of our research.

In our work we have developed routs to synthesize new conjugates with clinically approved
drugs as Erlotinib and Dasatinib. Cu(I)-catalyzed azide—alkyne cycloaddition (CuAAC) reaction was
chosen for the target conjugate synthesis. The synthesized conjugates exhibited phototoxic effect
on the tumor cells such as A431, MDA-MB-231, MCF7 [1]. It was shown that conjugates with
Erlotinib had the most pronounced ability to accumulate in cells. Confocal microscopy revealed
that the chosen leading compounds was able to be internalized by A431 cells and accumulation
in mitochondria or endosomal compartments of the cell was shown for the different type conjugates.

The second targeting strategy include synthesis of PS conjugates with the glycolysis inhibitors
such as 2-deoxy-D-glucose, which prevent the synthesis of glucose-6-phosphate and the formation
of pentose phosphates in the pentose phosphate metabolic pathway, depriving tumor ATP formed
during glycolysis [2]. In this research work, conjugates of meso-arylporphyrins with 2-deoxy-D-
glucose at the periphery of the macrocycle were obtained. Porphyrins of structural types A4 and A3B
were synthesized by monopyrrole condensation using the Lindsey method in high yields. Targeted
conjugates were received via CuAAC reaction and characterized using physico-chemical methods.
The study of such conjugates presents new alternative strategy towards targeted conjugates.

The work was supported by the grant of the Russian Science Foundation (project Ne22-73-10176).
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VYrposkarolie pacTy1Iee YUCIIO TATOT€HHBIX MUKPOOPTaHU3MOB, PE3UCTEHTHBIX K CYIIECTBYIOLIIM
HbIHE AHTHOMOTHKAM, HMHUILMHUPOBAJIO YYEHBIX HANpPaBUTh CBOM HCCJIEIOBAaHUS Ha CO3JaHHE
3¢ (HeKTUBHBIX OMOCOBMECTUMBIX M (POTOUYBCTBUTEIBHBIX COCIUHEHHH — (POTOCEHCHOMIN3aTOPOB
(®C), He0OX0AUMBIX AJI1 AHTUMUKPOOHOH hoToIMHAMUYEecKOU Tepanii. OHUMHU U3 IEPCIIEKTUBHBIX
kaHauaaToB noteHIuabHBIX OC sBistoTes ranorenzameniennsie 0op(I1l)numuppomerenarsi, 06ma-
natomre 3 pexTuBHON hochopecieHIInel M TeHepaluel CHHIIETHOTO Kuciaopoa. ['anorenupoBanme
JUIHUPPOMETEHOBOTO OCTOBa SIBJSETCS HAuMOojiee MPOCTHIM U yAOOHBIM CIIOCOOOM YCHIJICHUS
3aIMpenIeHHbIX 110 CIIUHY 0€3bI3JIy4aTeIbHbIX U N3Ty4aTeIbHbIX IPOIECCOB HHTEPKOMOMHALIMOHHOTO
nepexona ISC u T'S? cooTBeTCTBEHHO.

OH B noknage OyayT mpencraBieHbl pe3ysbTaThl CHHTE3a
U CpPaBHUTEJIbHOTO aHaju3a BIUSHUS TaJOreHUPOBAHUS
U TIPUPOJII PACTBOPUTEINIS HA CHEKTpalibHbIE, FeHEPallMOHHbIE
XapaKTEPUCTHUKH, ($hoTOCTAOUITLHOCTH " CPOJICTBO
K OMOCTPYKTypaM NOTEHIHUAIbHBIX (HOTOCEHCHOUITN3aTOPOB
Ha matdopme mmiton- u audbpom-BODIPYSs, conmepxkammx
B Me30-crelicepe ocTatok OyTaHoBoi kucnoThl (PucyHok 1).

YCTaHOBIIEHO, UTO BCE MOTyYEHHbIE Kpacutenu 1-3 Hazene-
Hbl UHTEHCUBHBIMU XPOMO(OPHBIMU CBOMcTBaMU ¢ lge~4.65—
4.89 mpu =496-538 um. Heranorenuposannas BODIPY Oyra-

rae X-H, Br, | HoBas kuciota 1 gayopecrmpyet npu = 510-517 um ¢ @7 ~80—

93 %. BausHue «TsaKENOoro» aroma IposBISETCS B KPACHOM

Pucynok 1. Monexynsphsie CTpykTypsl ~ CIBUT'C MAaKCHMMyMa MHTCHCHUBHBIX ITIOJIOC MOIJIOIICHMS M HC-

Me30-BODIPY Gyranosoii kncnote 1 pryckanus (10 36 1 39 HM, COOTBETCTBEHHO), a TaKKe B TyIIe-

M e AMOpOM- 1 MMHOI-MPOMBOAHPIX 2 vy hvope ey kapGokenn-BODIPYs 2 1 3 (0" ~2-26 %)

1 3 COOTBETCTBEHHO

B CPaBHEHHUU C aJlKWiI3amelleHHbIM aHanorom 1. Ilpeumyte-

CTBOM MOJYYEHHBIX JUUON- U JUOpOM3aMEIleHHBIX KpacHuTe-

neit 2 u 3 sBisieTcst uX BhICOKast 3(HEKTHBHOCTh TEHEPUPOBATH CUHIIIETHBIN KUCIopos ¢ DA ~ 65—

80%. CrnemyeT OTMETUTh, YTO HAJIMYHE B ME30-TIO3UIIUU JTUITMPPOMETEHOBOTO OCTOBA OOBEMHOTO

—(CH,),COOH 3amecTtutens NpUBOAMT K 3aMeTHOMY (110 ~1.5 pa3) moBblmeHu0 GOTOCTAOMIBLHO-

CTH KOMILIEKCOB. CTpyKTypHasi MOAU(pUKAIUS yTeM BBEICHHS B JAUIHUPPOMETCHOBBIM OCTOB Kap-

OOKCHJIbHBIX OCTAaTKOB U aTOMOB rajoreHoB (Br, I) mpuBoauT k 3aMeTHOMY MOBBIIIEHHUIO (B ~2 pa3a)

cpoactsa me30-BODIPY kapOoHOBBIX KUCIOT 2 U 3 K THAPOGUIBLHEIM OMOCTPYKTYpaM B CPaBHCHUH

¢ me30-BODIPY adupamu, 4to npeacTapiseT HHTEPEC 11 OMOTOTUYECKUX U MEAUITUHCKHUX TIPHIIO-
HKEHHIH.
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[IpenmymiecTBa KOOPAMHAIMOHHBIX COEAMHEHHUH aumupponuamereHoB ¢ 6opom(IIl) — Beico-
Kasi 9yBCTBUTEIBHOCTh KBAaHTOBOTO BBIXOJA (PIIYOPECIICHIINH, UTMH BOJH IMOTJIOMIEHHS W UCITyCKa-
HUS K CTPYKTYPHO-COJIBBATAIIHOHHBIM (P eKTam, KOTOPbIE TIO3BOJISIOT IMOJICTPANBATh HX XapaKTepH-
CTHKU I0J1 KOHKPETHBIE pakTHuueckue 3agadyn. OqHum u3 Hanbosee 3¢ (HEeKTUBHBIX CIOCOOOB BO3-
JIeICTBHS HA CBOMCTBA TIOMUHO(OPOB — MOAU(PUKALIHS JUTHUPPOMETEHOBOT'O MOJIEKYJISIPHOIO OCTOBA
3a CYeT WHAWBUIYATBHBIX THUIIOB 3aMEIICHNUS, KOTOPAst MPUBOAUT K IEpepactpeieIeHUI0 AEKTPOH-
HOM TUIOTHOCTH B COTPSDKEHHOW cucTeMe Xpomodopa 3a cueT 3MEeKTpOoHHBIX ¢ dexToB. Takue us-
MEHEHHUS JOJDKHBI TIPOSIBISITECS B DJICKTPOXUMHUYECKUX BETMYMHAX OKUCIATEIbHO-BOCCTAHOBUTEIh-
HBIX [TOTEHIMAJIOB KOMIUIEKCOB. BriepBbIe METOJOM HUKIMYECKOW BOJIBTAMIIEPOMETPUH B BOAHO-IIIE-
JIOYHOM PACTBOPE M3YUCHBI MIEKTPOXUMHUUECKUE TIPEBPALICHHUS JUITUPPOTHHBIX TPEAIICCTBEHHUKOB
noppupunos (1-5).

Hos  3,3°,5,5 -Tterpame-
tan- (1), 3,3°.,4,4°5,5 -rek-
cametwii- (2) u 3,3°,5,5 -te-
TpameTuii- (5) -4,4’-auamui-
2,2’ -AUNUPPOIUIMETEHOB
nudTopObOpaToB B AMAIA30-
He noreHuuanoB +0.7...—1.7
B mporekaer omuH mpouecc
ANIEKTPOOKHCIICHUSI W TPH
nporiecca anekrpoBocctanoBinenus. g 3,4, 5-tpumernn- (3) u 3,3°,5,5 -terpamernn-4,4 -nuOyTu-
2,2 -punupponunmereHos (4) audropdoparsl HaOMIOAAETCS TP MPOLIECCa IEKTPOBOCCTAHOBICHHUSL.
VYBenuueHue 4ucia MEeKTPOHOJOHOPHBIX 3aMECTUTENIEH KOMIUIEKCOB JUIMUPPOIMIMETEHA TPUBOIUT
K HEKOTOPOMY YMEHBIIIEHHIO BOCCTAHOBUTEJILHONW CIIOCOOHOCTH MO BCEM CTaJUsIM BOCCTAHOBIICHMUS,
YTO COMIACyeTCs pe3yJbTaTaMU MEKTPOXUMHUYECKUX UCCIIEIOBAHUMN /ISl HEBOJHBIX CPEl. YBEIUUEHHE
JUIMHBI QJIKUJIBHBIX 3aMECTUTENENH HA000pOT NPUBOIUT K ee pocTy. KatainTiuueckass akTHBHOCTb COEI.
1-5 BO3pacTaet, CONIACHO CHWKEHMIO TOTEHIMANIA JJIEKTPOBOCCTaHOBIeHUs O, ¥ TIOTEHIHANa B TIHKE
E: (2) {AE,(0,)=70mB} <(1) {50 MB} <(3) {40 MB} = (4) {40 MB} <(5) {30 MB}, 4ro nokasnisa-
€T MOJIOKUTENIBHOE BIMSIHUE BBEICHHSI AJIEKTPOHOOHOPHBIX 3aMECTUTENEN B KOMITJIEKCax Ha Mpoliecc
anekrpoBoccTanoBienus O,. OHaKo NpH yBEIMYEHNH JUIMHBI aJIKWIBHBIX 3aMeCTUTENIEH (coen. 2, 4,
5) aKTUBHOCTh KOMITJICKCOB TIOHMYKAETCSI, TOCKOJIBKY MHIYKTUBHBIN 3 dekT (+/-3ddekT) 3amecTute-
JIel CHUKAeTCs C yBEJIMUEHUEM JJTHBI LenH. Takas ke 3aBUCUMOCTh MPOCIIeKUBACTCS /TSl paHee U3y-
YEHHBIX TETPAMUPPOJIbHBIX MAKPOIUKINISCKUX COEeTMHEHNH — nopdupuHOoB [1].

Jlutepatypa

[1] Berezina NM, Klueva ME, Bazanov MI. Macroheterocycles 2017, 10(3), 308-313.
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@Oranonuanunsl (Pcs) u nopupasunst (Pzs) sBiAOTCS CHHTETUUECKUMH a3a-aHajJoraMu Mpu-
ponubix noppupuHoB. B nocnennue roasl Pecs u Pzs nponeMoncTpupoBain nepcrnekTUBbl npume-
HEHUS B OpraHMYeCcKUX MEKTPOHHBIX QoTopenentopax, B poroBonsranke (OPV) u B kauecTse cBe-
tousnnydaomux 1uoaos (OLED). Xots Pcs yarie Bcero ucnomib3yroTcsi B KAUECTBE JOHOPOB AJIEK-
TPOHOB B OPTaHUYECKUX (DOTOAIEKTPUUECKUX YCTPOMCTBAX, UX HCIIOJIB30BAaHUE B KauyecTBE MaTe-
puana-aklenTopa 3JI€KTPOHOB Takke ObUIO MPOJEMOHCTPUPOBAHO, HApuMeEp, AJisi KOMIUIEKca
xnopamtomunus(1Il) — [CIAIPc] [1]. AkcuanbHas MonuduKaIys Mo3BOJSIET PETYIMPOBATH AJICKTPH-
YECKUE XapaKTEPUCTHKH, B YACTHOCTH, IeHTadTopdhenokcu-3amemennbie ¢pranonunanunsl [(C.F.0)
AlPc] ucnions3oBanock B OPV kak B kauecTBe JOHOpA, TaK U B Ka4eCTBE akienTopa [2].

B nannoit pa6ore meromamu DFT u TDDFT uccnenosano snusaue nepranoreanposanus (F, Cl)
nophupazrHOBOrO MaKpOLMKIIA HA MOJIEKYISIPHYIO CTPYKTYPY, JEKTPOHHbBIE U CLIEKTPaJIbHbIE CBOM-
crBa kommiekco Al'", Ga™ u In", mecymux akcuanbnyro nenradroppenokcu-rpynmy (OC F,). B3a-
MMOJICHCTBUE MEXIY aKCHaJbHON NneHTadTOp(EeHOKCU-TPYNIOH U MOpPHUPAa3MHOBLIM SIPOM OCY-
ECTBISUIN ¢ ucnosib3oBanuemM Meroaa SAPTO. ComracHo pe3ynbTaTaM pacueToB, MpHpoAa aToMa
MeTajia, a Takke nepudepuyeckoe raJoreHupoBaHNe HE3HAUUTEIbHO BIUSIOT Ha FeOMETPUUYECKHE
napaMmeTpbl. AHaJIN3 CMOJEIMPOBAHHBIX CIIEKTPOB MOKa3asl 0aTOXPOMHBIN cIBUT Q-TIOJIOCHI MTEPXJIIO-
PUPOBAHHBIX KOMIUIEKCOB, KOTOPBINA KOppenupyeT ¢ cykenreMm menn B3MO-HCMO.

X X
N
X ~ SN\ % F
\N\/N\ F F
NAx-M N Ax=
NN F F
XN 0
N
X X

M = Al, Ga, In; X=H, F, Cl
Cxema 1
Paboma evinonnena npu gpunancosoti noooepoicke epanma PH®D Ne21-73-10126.
Jlutepatypa

[1]  B.H. Lessard, M. A.L.-Amar, T.M. Grant, R. White, Z.-H. Lu, T.P. Bender. J. Mater: Chem. A. 2015, 3, 5047-5053.
[2] H.Raboui, M. A.L.-Amar, A.l. Abdelrahman, T.P. Bender. RSC 4dv. 2015, 5, 45731-45739.
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HOBbIE ®OTOCEHCUBUJIU3ATOPbI HA OCHOBE
NMPOU3BOAHbLIX XJIOPUHA E6 C DPATMEHTAMMU
FAJTAKTO3bl HA NEPU®EPUUN MAKPOLIUKJTA

FanouykuHa H.E.", llectakoBa J1.H.", Copoko C.C.", Benotenos A.0.', ManbwakoBa M.B.?,
Bananaesa U.B.", Liunaruua H.10.", Benbix 1.B.2

'HHT'Y umenu H.H. Jlobauesckozo, Husicnuii Hoseopoo, Poccus
Uncmumym xumuu Komu nayunoco yenmpa YpO PAH, Coikmuiexap, Poccus

E-mails: natalia.volkova.unn@yandex.ru, belykh-dvi@mail.ru

Buenpenue gpparMeHToB rajiakro3bl Ha nepudepuio MakpoIKiIa XJJIOpUHOBOTO (POTOCEHCHOMIN-
3aropa (PC) moBeIaeT OMOAOCTYITHOCTh COSTMHEHUS M MOYKET CITIOCOOCTBOBATh aKTUBHOMY TpaHC-
MOpTy 4epe3 KIETOuHyI MemOpaHy. KomnyuecTBo (pparMeHTOB TraylakTo3bl M CIIOCOO MX KOHBIOTH-
POBaHUS C MAKPOLMKIOM MOET OKa3bIBaTh CYIIECTBEHHOE BIMAHUE Ha OMoiorudeckue 3¢ eKTol.
B nacrosuieit pabote CHHTE3MPOBaHbI BOAOPACTBOPUMBIE NPOU3BOAHLIE XopuHa €, (I-V), oTnnuaro-
Iecs: Mekay co0oil komyecTBOM (parMeHTOB I'ajlakTO3bl B MOJIEKYJIE€ U/HUJIH CITOCOOOM MPUCOEIH-
HEHUS YIIIEBOJHBIX ()ParMEHTOB K XJIOPMHOBOMY MaKpOLMKIIY U U3yUeHa UX OMOJIOrHyecKasi akTHB-
HOCTb Kak noreHIuanbHbIX @C MEAUIIMHCKOTO Ha3HAYEHHUS.

OoTf

AL

o (o]
" 7§ ch 3< TFA(90%)-H,0, 34 h Chl on
90 % Vi
Chlr/ 2 80-90 % yield
NaOAc, THF, reflux,
30-60 % yield X‘gj}ﬁ oH("  Ho "

o 'Y " on

o H

N

ES

H
N

"
OH
o
OH OCH, oH
OH N
OH HO
HO: OH
HO, 9 Ho. o] H
wd HO Ho. OH HO, o
o H
HO

H (v)

[Toka3aHo, 4TO KOJIMYECTBO raIAKTO3HBIX 3aMECTUTEIICH U CIIOCO0 MX KOHBIOTHPOBAHHMSI C XJIOPH-
HOBBIM MaKpPOITUKJIOM OKa3bIBAaeT BIUSHUE Ha (DOTOOMOIOTMUECKHE CBOMCTBA, TAKKE KaK COOCTBCH-
Hasi ¥ (pOTOMHIYIIMPOBAHHAS IIUTOTOKCHYHOCTDh U (POTOMHIYIIMPYEMBIH COCMHEHUEM THI KJICTOY-
HOM ruoenu.

Hccneoosanue svinonneno npu Qunarcosol nodoepacke Iocyoapcmeennoco sadanus 6 Hayuno-uc-
c1edo8amenbCekoll 1a6opamopuu « Xumust RPUPOOHbIX COCOUHEHUL U UX CUHMEMUYECKUX aHAL0208»
HOI] «Texnonnamepopma 2035». (NeFSWR-2024-0002).
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CUHTE3 CMELUAHHO-3AMELLEHHbIX MOP®UPUHOB

lNyceB A.C., Knwanosa M.B., Jlio6uMmueB A.B.

Hsanosckuii cocyoapcmeenHulll XUMUKo-mexHoiocuveckutl ynusepcumem, Meanoso, Poccus

sanekposad@yandex.ru

[Topdupunsb! ABISIOTCS OCHOBON Ba)KHEHIIMX OMOJIOTUYECKUX MOJIEKYJ, MOJEIMPOBAHUE KOTO-
PBIX IIPEICTAaBISIET HECOMHEHHBIN MHTEpeC JUIs uccienoBateneil. HanpasneHHsli cunTe3 nopdupu-
HOBBIX CHCTEM, UMEIOLIUX Ha Nepudepun 3aMeCTUTENN Pa3IMuyHON MPUPO/BL, MTO3BOJISIET OIYYaTh
COEIMHEHMS C HOBBIMH ITOJIE3HBIMU CBOMCTBAMU.

[lenbto HacTosied pabOThl SBHJIOCH IMOJYyYEHUE 3aMELIEHHBIX MOP(UPHHOB, COAEpMKAIIUX
Ha nepudepun OJJHOBPEMEHHO MUPHUINUIbHBIE U METOKCU(DEHUIIbHBIE (DPArMEHTHI.

o I e
‘
‘

Jlnst monmyyeHus: CMelIaHHO-3aMENIeHHbBIX MOPPUPHUHOB HUCIIOJIb30BaIN MeTO bl Anepa-JIoHro,
Jluupces, a Takxke UX MOIU(PUKAIINH.

Omnpenenensl ycloBUs TOJMy4YeHUS MOPPUPHUHOB C 3aJaHHBIM KOJIMYECTBOM MUPHAUIBHBIX
U METOKCU(pEHWIbHbIX (parMeHToB. Bce cmemanHo-3aMelleHHble MOP(QUPUHBI  BbIIEIEHBI
B MHIWBHJyaJIbHOM BHJI€ M OXapaKTEPU30BAaHbl METOJAaMU 3JIEKTpOoHHOU M SIMP cnekTpockonuu
1 Macc-CIIeKTPOMETPHUH.

@
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=Ry =
=R;=
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Hccneoosanue svinonneno npu noooepoicke Poccuiickoeo nayunozo gonoa (coenawenue No23-23-
00600).

Paboma nposedena ¢ ucnonvzosanuem pecypcos Llenmpa KoLIeKmueHo2o Noab3068aAHUS HAYYUHbIM
obopyooesanuem UI'XTY (npu noodepoicke Munoopnayxku Poccuu, coenawenue Ne 075-15-2021-671).
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FTEOMETPUYECKOE CTPOEHUE OKTA3TUJINMOP®UPUHA
U EMo0 KOMNNEKCA C NAJITAQUEM NO AAHHBIM
KBAHTOBOW XUMUU U TA30BOWN 3JIEKTPOHOIPADUU

EpowuH A.B., )Ka6aHoB 10.A., MoroHuH A.E., l'mpnues I'.B.

Hncmumym maxpozcemepoyukiuveckux coeounenutl, 18anosckuti 20cyoapcmeeHHblil XUMUKO-
mexHoao2uyeckull ynugepcumem, Meanoso, Poccus

E-mail: Alexey.Yeroshin@yandex.ru

TerpanuppoibHbIE MaKpOTETEPOLUMKIMYECKAE COCIMHEHUS HAITM MHOXKECTBO MPUMEHEHHIA,
HarpuMep, B MEAUILIMHE, MOJICKYIISIPHOH JIEKTPOHUKE U (DOTOHHUKE.

B sT10i1 paGote reomerpruyeckoe CTPOCHUE CBOOOTHBIX MOJIEKY 0€3METaTIbHOTO OKTadTUIIIOP-
¢upuna H OEP (pucynok 1) u ero meramiokommiekca ¢ naauaauem PAOEP Obuto ycTanoBieHo
C TMOMOIIBI0 KBaHTOBO-xuMHuueckux pacuetoB B3LYP/cc-pVTZ (28 oCTOBHBIX 3EKTPOHOB Majuia-
Jusi ObUTA OTIMCAHBI TICEBAOMOTEHIIMATIOM) U SKCIIEPUMEHTAIFHO METOJOM Ta30BOM 3JIEKTPOHOTpa-
¢un. 3naueHue QaxTopa paccoryiacoBaHusi B 3kcrepuMmeHTe coctaBuiio 3.5 % u 4.8 %, coorBer-
CTBEHHO.
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Pucynok 1. Monexynsapusie moaem H OEP (cnesa) u PAOEP (cripasa)

Ha npumepe kommiekca ¢ iuakoM (ZnOEP) 6b110 moka3zaHo, 4TO METO/IOM T'a30BOM 3JIEKTPOHO-
rpaduy HEBO3MOXKHO OTJIMYHUTH APYT OT JIpyra KOH(POPMEpHI, OTIIMYAIONINECS OPUEHTALUEH 3TUIb-
HBIX Tpymi. [1o 3Toi mpuurHe 00paboTKa pe3ynbTaToB AEKTPOHOTpa(HIECKOr0 SKCTIEpUMEHTA Obla
nposesieHa B npeanonoxenuu crpykrypel D, (H,OEP) u D, (PdOEP).

AHanM3 MOMy4YeHHBIX PE3YJIbTATOB MOKA3hIBAET, UTO KBAHTOBO-XHUMHUYeCKuid oaxon B3LYP/cc-
pVTZ HeckobKO 3aHMKAET BETUYMHBI CBS3aHHBIX paccTOSSHUM C-N mUPPOIBHBIX HUKIOB. JKCIEPH-
MeHTaJIBHO omnpeseneHHoe paccrosaue Pd-N cocrasumno 2.032(6) A.

Paboma svinonnena npu gpunarncosoii noooepcke PH® (epanm Ne21-73-10126).
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®OTOAUHAMUYECKASA TEPANUA PAKOBbBIX KJIETOK
C noMoLWw b KOMMNO3ULUUN BAKTEPUOXJIOPUHA

3aman I'.C."%, Kupnuenko f1.A.", Kactiok M.P.5, UBaHoBa [1.A.3, BenowepnoBa Y.B.3,
KowmMaHoBa A.A.", 3amait T.H."?, Kuukaino A.C."?, Jllo6umueB A.B.*

'Kpacnospckuii - 2cocyoapcmeennolii.  MeOUYUHCKULL  YHUSEpcumem umeHu npogeccopa
B.®. Bouno-fceneykoeo, Kpacnosapck, Poccus

’Kpacnospcxutl nayunwviti yeump CO PAH

Cubupckuil ghedepanvuviil ynusepcumem, Kpacnosipek, Poccust

*‘Ueanosckuil 20cy0apcmeeHublll XUMUKO-MexXHoI02udecKull ynusepcumem, Meanoso, Poccus
E-mail: galina.zamay@gmail.com

B nocnennue necatuierus uaeT akTUBHOe M3yuyeHHe QoroauHamuyeckoi tepanuu (PUT)
JUTSI JIEYEHUsI OHKOJIOTHYECKUX 3a0osieBanuit [1].

[lenbto nccaenoBaHus cTajgo U3yuyeHue komnosuuuu Oakrepuoxsuopuna st O/T kneTok paxa
JIETKOTO.

B kauectBe oOnekta mis OAT wucnonp3oBamu TEpBUYHBIC KYJIBTYphl paka JIETKOTO
1 riunobnactomel. Kietku kynbtusruposanu B CO,-uHKy6aTope B 96-7yHOUHOM ILUIAHILIETE JI0 TTOJTyYe-
Hust MoHoCos. [Toce nobasnenus Gporocencnbunmsaropos mianueT nomemany 8 CO, -unKybaTop
Ha 24 4Jaca, 3aTe€M IMOJBEpraju Ja3epHOMY U3JIYUYECHHIO TPHU JJIMHE BOJIHBI 660 HM B TeueHue 10 MuH.

Knetkn okpammuBaiu ¢uyopecieHTHBIMU 30HJaMU JUIsl OLIEHKH ypoBHS kacrna3el U ADK, sapa
kJeTok okpamrBainu DAPI. Jlanee oneHMBaNIM 0711 MEPTBBIX U KHUBBIX KJIETOK /10 U [TOCIIE OOy YEeHHUS.
PesynbTathl HccneaoBaHni OKa3alM, 4TO MOCIIE BO3AEHCTBUS KOMIIO3UILIMENH OAKTEepHOXIOpUHA BCe
OITyXOJIeBbIE€ KJIETKU MOTHOJIM, TOTJa KaK B KOHTPOJIE BCE KJIETKH OCTABAJIUCH JKU3HECTIOCOOHBIMH.
[TokazarensiMu KJIETOYHOM CMEpPTH CUUTAIMCh HapyIIEHHE LEIOCTHOCTU KJIETOYHON MeMOpaHbI,
KOTOpO€ MPUBOJINUIIO K HEKPO3y UJIU arloITO3Yy.

Hccneoosanue evinonneno npu noodepoicke epanma Poccuiickoeo nayunoeo ¢gponoa (Coenawenue
Ne 23-23-00600, https://rscf.ru/project/23-23-00600/)

JluTepatypa

[1] Kopmrynosa O.B., Ilmexosa H.B doroamnHammueckas Tepanus B OHKOJOTHHU: HacTosimiee n Oymymiee // THXookeaHCKHH
MeauuHCKrit xypHar 2020. Ne4. C.15-20.

[2] Kpart A. B., 3amaii T. H., 3amaii I. C., Konosckas O. C., I'puropsesa B. JI., Kuukaiino A. C., 3ykoB P.A. Mcnons3oBanue JJHK-
anTaMepoB B OICHKE PAcIpPOCTPaHEHHOCTH OITyXOJIEBOTO Mpoliecca y OONBHBIX pakoM Jierkoro // CnOupckoe MeAnIMHCKOe
o6ozpenne. 2016 Ne5 C.96-98.
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UHTPAONMEPALIMOHHOE OKPALLULUBAHUE PAKA JIETKOIo
C NnOMOL b0 POTOAUTASUHA, UHKATCYJIMPOBAHHOIO
B innocomMmbl U MOOAUDPULIUPOBAHHOIO ANTAMEPOM LC17

Kupuuenko [1.A.", 3amaii I'.C."3, 3amai T.H."*, Knukaino A.C."3, KowumMaHoBa A.A.",
JlysaH H.A.", PocuHckuii C.B.%, Kpat A.B.%, Cupopos C.A.2, 3ykoB P.A.%, Jlio6umMueB A.B.“

'Kpacnospckuii - 2cocyoapcmeennolii.  MeOUYUHCKULL  YHUSEpcUmem umeHu npogeccopa
B.®. Bouno-fceneykoeo, Kpacnosapck, Poccus

’Kpaesoe 2ocyoapcmeennoe 6100dcemnoe yupedxcoenue 30pasooxpanenus «Kpacnospckuil
Kpaesou KIUHUYeCKUull onkonio2udeckui oucnancep umenu A.U. Kpuviorcanosckoeoy

‘Dedepanvubiii uccnedosamenvekuil yenmp «Kpacnosipekuil nayunwiti yenmp Cubupckozo
omoenenus Poccutickou akademuu nayky, Kpacnoapck, Poccus

‘Ueanosckuil 20cy0apcmeeHublll XUMUKO-MeXHoI02udecKull ynusepcumem, Meanoso, Poccus

E-mail: galina.zamay@gmail.com

Ha cerognsinauii 1eHb, 4aCTOTa BO3SHUKHOBEHHS PELIMIMBA HEMEIKOKIETOYHOIO paKa JIETKOTro
(HMPJI) B no3aHem mocieonepanioHHOM MEPUOJIE COCTABIISAET OKOJIO 45 %, 4TO sSBISETCS OCTPOH
npobaeMoit u TpedyeT 0oJjiee TOYHOTO JUATHOCTUYECKOTO IMOAXOJa M CBOCBPEMEHHOTO JICUCHHUSI.
OCHOBHBIM METOJIOM JICUEHMsI paka JIETKOro OCTaeTcsl paJukanbHas xupyprus. Tem He MeHee,
0CJIe ONEPAaTUBHOIO BMEUIATENbCTBA YaCTh METACTATUYECKUX 04aroB MOKET OCTAThCS B JIETOYHOM
MapeHXuMe, CO BpEMEHEM BbI3bIBasi JOKOPETHOHAPHBIE PELIUIUBLI U OTAAJIEHHOE METACTa3upOBaHUE,
HECMOTpSl HAa MPOBEJCHHYIO aJbIOBAaHTHYIO IPOTHUBOOIYXOJIEBYIO Tepamuio. [l yiaydiieHus
3¢ (}HEeKTUBHOCTH JMArHOCTUKH Yy TMAalMEeHTOB MPUMEHSIOTCS (IyOpeCclieHTHO-HABUTAIllHOHHBIE
xupyprudeckue metonsl (OHX), ocHoBaHHBIE Ha MCMOIB30BAaHUM (DIYOPECLIEHTHBIX KpAacUTENEH.
enpto maHHOW paboOTHI cTaya pa3paboTka mpemapara s (PIyOpecCIeHTHO-HABUTAIMOHHOMN
XUPYpruu, Ha OCHOBE anTamMepoB U (poToauTaszuHa. B uccnenoBannu GpoToauTa3uH MHKATICYIUPOBAIH
B JIMTIOCOMBI, MoaupuurpoBanHbie antamepoM LC-17 (Puc. 1). DkcriepuMeHTHI in vivo Ha MbIIIax
MOKa3ajJy CIOCOOHOCTH antaMepa K crnenu(uyueckoil akkyMyJIsiUU B OIyXOJH JIETKOTO YeJIOBEKa.
[lo pe3ynapTaTamM NPOTOYHONM LUTOMETPUM U (IYOPECUEHTHOW MHMKPOCKONUH (OTOAUTA3HH,
MHKAIICYJIMPOBAHHBIN B JIMIIOCOMBI C allTaAMEPOM CIeLU(PUUECKH OKPAILINBAJ OMyXO0JIEBbIE KIETKH.

B JNHK-antamepbl

Jnnocoma

doToguTasmH
Puc. 1. A) Mogens antamepa LC-17, B) cxema, nzobpaxaromas cBs3ky LC-17-mumocoma-3010T0i HaHOKIacTEp
Uccneoosanue evinonneno npu nooodepoicke epanma Poccuiickoeo nayunoeo ¢honoa (Coenaute-
Hue Ne23-23-00600, https://rscf.ru/project/23-23-00600/). Hccreoosanus Ha KiemouHuIX KYAbhHiy-
pax npogedenvl 8 pamkax 2ocyoapcmeennoco 3adanusi Munucmepcmea Obpazosanus u Hayku PD

FWES-2022-0005.
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FTEOMETPMUYECKOE U 3JIEKTPOHHOE CTPOEHUE
OKTA(4-NMPONMUN®EHOKCUIPTANOLUAHUHA UETO
METAJIJIOKOMMJIEKCA C GA(lll)

KunaseBa A.A., lMeTpoBa Y.A., XXa6aHos 0.A., EpowunH A.B.

Hesarnosckuil 2ocyoapcmeeH bl XUMUKO-mMeXHoIo2uueckuil yrueepcumem, Heanoeso, Poccus

E-mail: knyazeva_alinal@mail.ru

draonMaHUHbBI U UX POACTBEHHbIE COSIMHEHNUS UCTIONb3YIOTCS B KaU€CTBE TUTMEHTOB ISl Kpa-
cUTeNiel Wi B KauecTBe (POTOUYBCTBUTEIBHBIX MaTepuanoB. Kpome Toro oHu MOryT OBITH MCIIOJIb-
30BaHbl B AJIEKTPOHUKE OJ1aroiapsi CBOUM 3JIEKTPOHHBIM CBOMCTBAM, CITy’KaT B KAU€CTBE MOJIYIIPOBO-
JTHUKOB, KaTaJu3aTOpPOB WK JUIsl CO3/1aHUs OPTaHUYECKUX COJHEUHBIX 21eMEeHTOB. B nanHoi pabo-
T€ MPOBEJICHO UCCIIEIOBAHNE CTPOCHHUS MOJIEKYI OKTa(4-npornuiadeHOKCH)(PTalIoIMaHuHa U €T0 Me-
tammokomiuiekca ¢ Ga(Ill) meromamu kBaHTOBOM XUMUU. {11 ONTUMHU3AIMKA TEOMETPUU U pacdyéTa
AJIEKTPOHHBIX CHEKTPOB MOMIOLIEHUS UCIIOJIb30BaJIl METOJ] Teopun QpyHKUHoHaa ioTHocTH DFT
B nipubmxkenun CAM-B3LYP ¢ 6asucubiv Habopom def2-TZVPD.

Qg
Sy,

1

=

Puc. 1. Crpykrypabie Gopmyiibl okTa(4-mponmiheHokcH )draonuanuya (1)
u ero metaytokominiekca ¢ Ga(Ill) (2)

YcranoBneHno, uro okta(4-mpormmwiderokcn)pranonuanud (1) obmagaeT MIOCKOH CTPYKTypor
MaKpOIIMKJIa, B TO BpeMsl Kak cTpykTypa Metamokomiuiekca ¢ Ga(Ill) (2) xapakrepusyeTcst KymoJio-
o0pa3HbIM UCKaxkeHHeM. Takke MO)KHO OTMETHTb, UTO 00€ MOITYUYEHHbIE CTPYKTYPbI OTHOCSTCS K TO-
4eyHou rpynre cummerpun C.,.

Taxke BBIMOJTHEHO MOJAETUPOBAHUE AJIEKTPOHHBIX CIEKTPOB IMOMIOMIEHUS C MPUMEHEHU-
eM TDDFT pacuetoB. beuio BeIsiBI€HO, 4TO Y oKTa(4-nponmidenokcu)dranonranuta (1) B Buau-
MOH 00JIacTH CIeKTpa camasi HHTEHCUBHAS T0JI0Ca TOTIIONICHUST HaxoauTcst ipu 630 HM, B TO Bpe-
Ms kak y metautokoMiuiekca ¢ Ga(Ill) (2) naGmromaercs 6aTOXpOMHBIN CIIBUT MaKCUMYyMa TTOTIIOIIE-
Hus Ha 14 HM.
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KBAHTOBO-XUMUYECKAA ONTUMU3ALUA TEOMETPUU
AJIMDGATUYECKUX LLENEW 3OUPOB XJIOPUHA E6
U UX Ni KOMINJIEKCOB

KysbMuHa A.A., HoBukoB U.B., AnexcaHapuinckui B.B., BypMucrtpos B.A.

Hesarnosckuii 2ocyoapcmeenHblil XUMUKO-mexHoiocuveckull ynusepcumem, Meanoso, Poccus

E-mail: a.ukhova@yandex.ru

W3ydeHo BiausiHUE NIMHHBIX anudarudyeckux 3amectutenei ampuduinpnpix 13(N)-metunamui-
15-meTui, 1 7-ankmiibHbIX 3¢pupoB xjopuHa €6 (17-nenranenmn 1 u 17-putun- 2) u ux Ni KoMIUIeK-
coB (Ni-1 u Ni-2) Ha reoMeTpuI0, XUPaJbHOCTh U CIOCOOHOCTh K CKPYUMBAHHMIO HEMATUYECKON
(a3bl cmecu ankokcuimaHoonupenmioB. KBaHTOBO-XxMMHUYECKas ONTHUMH3ALUS T€OMETPUU MaKpO-
TeTePOIMKIIOB MpoBeAeHa ¢ ucnoib3oBanrem metona DFT (CAM-B3LYP/6-31 G(d),p) functional).
AJIeKBaTHOCTb MOJEJIMPOBAaHUsl ObUIa YCTAHOBJIEHA ITyTEM CpPaBHEHHS PacueTHBIX U JKCIIEPUMEH-
tanabHbIX crekTpoB SIMP 1H u 13C, a5eKkTpoHHON CHIEKTPOCKONUY MOMIOIIEHUS! U KPYTOBOTO JTUX-
pousMa, a TaKkXkKe yAeJIbHOro ONTHYECKOro BpamieHus. [Ipu aHanu3e sKCriepruMEHTaIbHBIX CIIEKTPOB
CD o0GHapy>xeHbl HU3KHe 3HaueHus g-hakropoB nuccumerpun MI'L ¢ puTonpHBIM 3aMecTUTENEM.
KBaHTOBO-XMMHUECKH yCTAaHOBJIEHA IPUUMHA 3TOTO 3P eKTa, CBA3aHHAS C IEPEHOCOM XUPAJIbHOCTH
CTEpEOTreHHBIX IIEHTPOB 3aMECTUTEIIS HA MAaKPOLMKINYECKUH XpoMo(op B accoliuare.

IToka3aHO, YTO OCHOBHOM NMPUYMHON CHUKEHUS aHU30TPOIHMH JUNIEKTPUUECKON IIPOHUIIAEMO-
CTH IIPU UHIYKIUH criipasibHbIX (a3 seisercs 3D-komnencanus numnosneit monekyn XKK. C ucnons-
30BaHUMEM KBAHTOBO-XMMHMUYECKHX pacueToB coyibBaToB MI'L] ycTaHOBIIEHBI OCOOEHHOCTH BIHSHUS
CTPYKTYpHI aaudaTuyecKux Lenel 1 KOMILJIEKCO0Opa3oBaHus Ha PU3NYECKUE CBOMCTBA HHIYLIUPO-
BaHHBIX Me30(a3.

[0] (8826.0A)= —0.02 deg.

[0] (8826.0A)= -9.11 deg.

Puc. 1. OnTuMu3npoBaHHbBIE CTPYKTYPhI X ONITHYECKHE YIIIBI TOBOPOTa aM(UPHITEHBIX
13(N)-metmmamua- 1 5-metu, | 7-ankunbHeIx 3¢upoB xmnopuHa e6 (17-nmentanerwn 1 u 17-¢putni- 2)

Pabomuer nposoounucey 6 pamrax 2oc.3a0anusi Munucmepcmea nayku u evicuie2o oopasosanus Poc-
cutickas @edepayus (Ne FZZW-2023-0009.)
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KOH®OPMALMUOHHOE MHOITOOBPA3UE
UTEOMETPUYECKASA CTPYKTYPA MOJIEKYJbI
1,2-AUNPEHOKCUITAHA

KypoukuH U.10., T'mpuues I'.B.

Hsanosckuii cocyoapcmeenHulll XUMUKo-mexHoiocuveckutl ynusepcumem, Meanoso, Poccus
E-mail: ivan.kurochkin.95@bk.ru

Jannas paboTa BKJIIOYAET pe3yJbTaTbl U3YyUEHHs] TEOMETPUUECKON CTPYKTYpbl U KOH(pOpMALIU-
OHHBIX CBOMCTB MoJeKyibl 1,2-nudenokcustana (DPE) (Puc. 1) no jaHHbIM KBaHTOBO-XMMHUYECKHUX
(KX) pacueroB u razooit anexkrponorpaduu (I'9). IIpensapurenbHplii KOHPOPMAIIMOHHBIN TOUCK
nonyamMinupuueckum metogom GFN2-xTB, peanuzoannom B mporpamme CREST, nan 119 paznuu-
HBIX BapuaHTOB cTpykTypsl DPE. Ontumusanust nonyueHHbIX reomeTpuil Ha yposHe PBEO/def2-
TZVPP(D3BJ) nokasana BO3MOXXHOCTb CYIIECTBO-
BaHus Bcero 11 yHukaneHbix ¢popm DPE (Ta6m. 1).
Bce 11 xoHpopMepoB paccMaTpUBalIUCh B KaueCTBE
CTapTOBBIX MOjieJel B CTpykTypHOM aHanmuze ['D.
B Tabin. 1 npuBeneHsl npeaBapUTeIbHbIE BEIUYMHbBI
(akTOpOB paccoracoBanus R, UCIIONB3yEMBIX MOJIE-
Jeil ¢ AIKCIEPUMEHTaIbHBIMU JTaHHBIMU /71l BapHaH-
TOB 00paboTku I'D MaHHBIX B MPEAINONIOKEHUH MTPU-
CYTCTBUS B UCCIIEYyEMOM Iape €AMHCTBEHHOTO KOH-

dbopmepa.

Puc. 1. Crpykrypa 1,2-mudenookcustana (DPE)
¢ 0003HAUCHHUSIMU JBYTPAHHBIX YIJIOB

Ta6u. 1. Benuunnbl OTHOCUTENBHBIX SHepruit (E_  KKaji/MOIIb), OCHOBHBIX JIByPaHHBIX YIJIOB (B °)
u Benu4uH R (%) nis konpopmepos DPE

GFN2TB | PBE0/def2-TZVPP(D3BJ) D

Ne E t t t t, t) R,
1 4.8 0.0 715 177.9 177.9 ~178.5 ~178.5 53

2 14 0.1 180.0 180.0 180.0 0.0 0.0 6.9
3 1.3 0.9 ~178.0 80.3 ~179.7 2.1 179.9 6.2

4 24 1.0 73.4 —175.4 —-101.5 175.5 15.6 5.1
5 2.3 1.0 —68.7 176.7 —76.4 —177.7 —6.5 5.5

6 0.0 1.3 777 -98.4 —98.4 15.0 15.0 7.4

7 1.0 1.3 —69.5 97.2 —76.8 176.4 —6.0 6.3

8 1.2 1.9 176.0 80.6 80.6 —168.1 —168.1 5.8

9 0.9 2.1 180.0 -804 80.4 177.9 -177.9 7.2

10 2.5 2.2 65.6 76.3 76.3 —174.5 —174.5 7.6
11 0.8 2.6 -124.9 74.5 —74.4 2.2 —-178.7 7.0

BBuy BbicoKo# KOHGOPMAIIMOHHOM JIAOUILHOCTH, peanusytomasicsi reometpus DPE Mmoxer He-
CTH Ha ce0e OTMeYaToOK JACHCTBHUS Pa3IMYHBIX HEKOBAJCHTHBIX B3aWMOJCHCTBUHN, MEXIY Pa3HBIMU
(dbparmenTamu MoJiekysbl. OlIEHKa JTaHHBIX THUIIOB B3aUMOJICHCTBHS OCYIIECTBIsIach MeTogaoM F\I-
SAPTO/jun-cc-pVDZ.

Paboma svinonnena npu gpunarncosoii noooepcke PH® (epanm Ne 20-13-00359).
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KATAJIMNTUYECKAA AKTUBHOCTb METAJIJIOPTAHUYECKOM
KAPKACHOM CTPYKTYPbl B 3SABUCUMOCTH
OT TEMNEPATYPbI CPEJbl » MOJIbHOW [,0/1U
KATAJIN3ATOPA

HosuxoB U.B., Kynés B.A., AreeBa T.A.

Hearnosckuil 2ocyoapcmeeH bl XUMUKO-mMeXHoo2uueckuil ynueepcumem, Heanoeso, Poccus

E-mail: betagroove@mail.ru

OOBEKTOM KOOPAMHALMOHHOW XMMMHU SIBIISIOTCA COEIMHEHUS, COCTOSAILIUE M3 OPraHUYECKOTro
JIUTaHja, cojep Kallero Hykieo(puibHblEe TPYIIbI, U KOOPAUHUPYIOIIEro atoma Merauia. B ciy-
yae KCIOJIb30BAHUS IOJIMBAJICHTHBIX JIMTaH/a U MeTala ynaéTcsi MOJyYUTh KOOPJAUHAIIMOHHBIE
MOJINMEPHBIE KPUCTAUIMYECKUE CTPYKTYpPhI, 00JaJaroliie BBICOKOM IOPUCTOCTHbIO, KOTOpHIE
MPUHATO HAa3bIBaTh MeETaJUIOpraHndeckuMu KapkacHbIMU cTpykrypamu (MOKC). bnarogaps
UX BBICOKOH MOPUCTOCTH M KOMOMHAIMM OpraHuyeckoro ¢parmenra u atroma meramia MOKC
HaxoJAT NMPUMEHEHHsI B PAa3IMYHBIX cepax HAyKH M TEeXHUKH. X MCHONB3YIOT AJisi BBIJEICHUS
BOJIbl U3 OKPY>KAIOILIEr0 BO3/1yXa, XPaHEHUs Pa3IMYHbIX ra30B, B TOM YHCJIE BOJOPOAA, pa3/eleHUs
paleMHUecKuX CMecel Kak XUpalbHbII COPOEHT, a TaK)Ke KaTalau3a pa3InyHbIX peaKiuil.

B nacrosimieit pabote Opl1a n3yueHa rereporenHas karanutudeckas aktuBHOCTh MOKC Ha ocHoBe
(dranonmaHuHATa METaJUIa B PEAKIIMHN OKUCIICHUS 4-TpeT-0y THIIMUPOKATEXUHA KIUCIOPOIOM BO3/IyXa.
Jliig 3TOro OBLT CUHTE3UpPOBaH OKTakapOokcudTanonuaHuHatr kobansta u nonydeH MOKC Ha ero
OCHOBE, B KOTOPOM BTOPUYHBIMU CTPOUTEIbHBIMU OJIOKaMU SIBJISIOTCS OKCUAHbBIE KIacTEPhl MHAMSL.

HccnenoBanbl BIMSHUE TeMIIEpaTypbl pPEAaKIMOHHOM MacChl M KOHIEHTpaluu cyOcTpara
Ha akTUBHOCTH norydyeHHoro MOKC B peakiinu okuciaeHus 4-TpeT-Oy THIMMPOKATEXUHA KHCIIOPOI0OM
Bo3ayxa, katamsupyemon MOKC. OOnHapykeHO, 4TO HauOOJBIIEH aKTUBHOCTHIO TMOTYYEHHBIN
MOKC o6manaer npu temneparype peakiuonnou cpeabt S0 °C (puc. 16), mpu 3TOM KOJTUIECTBO Ka-
TanM3aropa J0JKHO ObITh 1 MOTE% OT KOJIMUeCTBa cyocTpara.
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g §60
S 250
2 240
2
§ 530
o 220
x©
© 10

0

35 40 45 50 55 60
Temnepatypa, °C
a 0

Puc. 1. Crpykrypa oxTakapbokcudpTaIonnaHnHaTa KobambTa (a),
3aBHCHMOCTB CKOPOCTH PEaKIUH OT TeMIepaTypbl cpesl (0)

Paboma svinonnena 6 pamxax Iocyoapcmeennozo 3aoanus, mema Ne FZZW-2023-0009.
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MOJIEKYJIAPHOE CTPOEHUE U CMEKTPbl HEKOTOPbIX
A30-KPACUTEJIEA HA OCHOBE ®TAJIOHUTPUIIA

MoronuH A.E., KypoukuH U.10., AbueBa ®.A., ManscoBa A.C.

Hesarnosckuil 2ocyoapcmeeH bl XUMUKO-mMeXHoo2uieckuil ynueepcumem, Heanoeso, Poccus

E-mail: pogonin@jisuct.ru

C nomoIpl0 KBAaHTOBO-XMMHMUYECKHX PACUY€TOB H3Y4YEHO CTPOEHME, KOJIeOaTeIbHbIE CHEKTPbI
Y DJIEKTPOHHBIE CIIEKTPHI MOTJIONMIEHUS CIEAYIOMMNX COeAMHEHU: 4-[(4’-ruapokcudeHm)ana3eHu |
¢dbramonutpmia (nanee — 1), 4-[(4-runpoxcu-1-nadtun)anazenun|pranonurpuna (naiee — 2), 4 —
[(2-runpokcu-1-nadTrn) aunazenun| ¢ramonutpuna (nanee — 3), 4-[(4-rugpokeu| 1,1’ 6udennn]-3-
wn)auaseHun |praaonutpuna (manee — 4).

C uenpio NpoBEpKH MHOTOKOH(UTYPALIMOHHOTO XapaKTepa BOJIHOBOW (yHKIMU Obliia poBejie-
Ha BU3yaJIM3aIlysl PaCcTIPECIICHHS JIEKTPOHHOM MIIOTHOCTH, MOIYYeHHOM ¢ moMortsio merona FOD,
a Taxoke BoIMoyHEeHb! T1 u T2 nuarnoctuku Ha ocHOBE pacueTtoB DLPNO-CCSD(T)/cc-pVQZ. Cre-
JIaH BbIBOJ] O BO3MO)KHOCTH KOPPEKTHOTO OIMCaHMsI BOTHOBOW (PYHKIIMHU UCCIIEyEMbIX MOJIEKYII C 110~
Mmotpto DFT pacueroB. OntuMusanusi reOMETPUUYECKUX MMapaMEeTPOB U PacuéT 4acToT KojieOaHUi
B FapMOHHYECKOM NMPUOIMKEHNUN BBINIOJIHEHb! Ha ypoBHe Teopun B3LYP/6-31++G** u B3LYP-D3/
pcseg-2. [lnst monekyinbl 1 paccMoTpeHo 16 BO3MOXHBIX CTPYKTYp, A 2 U 3 — 110 32 CTPYKTYpHI,
i 4 — 64 ctpyktypbl. OTHOCUTENBHBIE SHEPIMHU HEKOTOPHIX OCHOBHBIX CTPYKTYp 1—4 omnpeseneHsl
C TIOMOIIIBIO JIOKATBHOM MoAauduKau MeToAa cBsizanHbIx KiaactepoB DLPNO-CCSD(TO).

OO0wexThl uccnenoBanus 1-4 xapakrepusyrorcst 0oratbiM KOH(GOPMEPHBIM U U30MEPHBIM MHOTO-
o0Opasuem, 00yCIIOBIEHHBIMU BO3MOXXHOCTBIO (@) Pa3IMYHOrO PACIIONIOKEHHUSI aTOMOB BOJIOPOia TH-
JPOKCUJIBHOM T'PYIIIbl, ONPEAEISIEMOr0 COOTBETCTBYIOIMM TOPCUOHHBIM YIVIOM, (0) IIMCOMIHOTO/
TPAHCOUJHOIO PACIIOJIOKEHUSI HUTPUIIBHBIX TPYIII [0 OTHOLIEHUIO K a3orpymmne, (B) LUCOUIHOro/
TPAHCOUHOIO PACIIONOKEHUS TUAPOKCHIIBHOMN IpyIIIbl IO OTHOLIEHUIO K a3orpymne, (T) TayTome-
puu U (1) HUC-TpaHC-U30MEpHUH. A30-(OPMBI ABJISIOTCS SHEPreTUYECKU 00JIee BHITOJHBIMU B CiIydae
coennaeHM 1 1 4 B KOTOPBIX CYObEIUHUIIAMH SBIISIOTCS (DEHMIIbHBIC TPYTIBL. Paznuyne B ycTonyu-
BOCTH a30- U rI/Iz[f)asoﬁHoﬁ (keTo- 1 €HOJIbHOM) (DOPM PE3KO YMEHBIAETCS B CIIy4ae COCTUHCHHM 2
u 3, conepkamux HapTuIbHBIA pparmeHT: cormacHo DLPNO-CCSD(TO0) pacueram sHepreTuyeckas
pa3HHIAa MEXAY COOTBETCTBYIOIIMMHU (hopMamu He mpeBbimaet 4 kJ[x/monbs. B monekynax 3 u 4,
B KOTOPBIX TUAPOKCHIIbHBIE TPYTIIIBI PACHONAraloTCs B OPTO-I10JI0KEHUH, HallIeHbI CUJIbHbIE BHYTPH-
MOJIEKYJISIPHbIE BOJJOPOHBIE CBS3H.

Nurtepnperuposans UK-cnekrper 1-4. Onrcanue konedarenbHbIX Mo 1—4 mpoBeieHo Ha OCHO-
BE€ aHaAJIM3a pacIpeieleHNs MOTEeHIUAIbHOM SHepruu (opM HOPMAJIbHBIX KOJIEOaHMI 110 €CTECTBEH-
HBIM KoJIeOaTeIbHbIM KoopAuHaTaM. [y 2—4 ananu3 NpoBOAMIICS Kak JIJIs a30-, TaK U JUIsl TUAPA30H-
HBIX (hopm.

HNuTtepnpeTupoBansl dMeKTpoHHbIe crieKTpsl noromenus (DCII) pactBopos 1-4, s yero mpo-
BeneHbl TDDFT pacuetsi ¢ ucnonp3oBanueM pynkmuonana CAM-B3LYP. OCII paccmarpuBaeMbIx
BEIIECTB YyBCTBUTENbHBI K pH cpezibl, Tak Kak BOZMOKHO ITPOTEKaHUE JEIPOTOHUPOBAHUS ¢ 00pa3o-
BaHUEM COOTBETCTBYIOIIMX aHUOHHBIX (hopM. B CBSI3U ¢ 3TUM MpOBEIEHBI COOTBETCTBYIOLIUE pacue-
THI 1151 BCEX BO3MOXKHBIX opMm anuoHoB [1], [2], [3], [4] .

Hccneoosanue svinonneno 3a cuem epanma Poccutickoco nayunoeo ¢honoa Ne22-73-003 14.
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B3AMMOJENCTBHME 5,10,15,20-(TETPA-N,N,N-TPUMETUJ1-
4-AMUHODEHUNINOP®UPUHA U EF0 LUHKOBOIO
KOMNNEKCA C BUOAKTUBHBIMUA MAKPOMOJIEKYJIAMU
U KBAHTOBbIMU TOYKAMU B BOAHbIX CPELAX

Monetaesa Y.B."?, Kynukosa 0.M.", LLeitHuH B.B."

'HUnemumym xumuu pacmeopos um. I'A. Kpecmosa PAH, Heanoso, Poccus
2Hsanosckuii 20¢y0apcmeenmblil XuMuKo-mexHonocudeckutl ynusepcumem, Meanoso, Poccust

E-mail: omk@isc-ras.ru

TerpanupposabHble MaKpOLMKIIBI OYEHb XOPOIIO M3BECTHHI Kak (oToceHcubmiuzaropsl (PC)
MIEPBOrO U BTOPOTO MOKOJEHUM U MpUMEHsIoTCs B GoToauHamuueckoit tepanuu (OT) onkonoru-
YeCcKUX 3a00s1eBaHUN U TPOTUBOMUKPOOHOM Tepanuu. ®C n3dbupaTenbHO HaKaIIMBAETCS B PAKOBBIX
KJIETKaX/TKaHsX, U Tociie 00yueHus crneun(uyeckuM UCTOUHUKOM CBETa B OIyXOJIEBOM cpele ak-
TUBUpPYETCS pAll GOTOXUMHUUECKUX peaKUuil ¢ 00pa30BaHUEM IIUTOTOKCUYECKOIO CHHIJIETHOTO MO-
JIEKYJISIPHOTO KUCJIOPO/a U APYTUX aKTUBHBIX (popm kuciopona (ADK), koTopble pUBOIAT K pa3py-
LIEHHIO OITyXOJIEBBIX KJIETOK. KaTHOHHBIE TPOoU3BOHbIE TOP(UPUHOB MPEICTABISAIOT OCOOBIN HHTE-
pec, MOCKOIBKY MOTYT 3(Q(EKTUBHO CBA3BIBATHCS C OMOAKTUBHBIMU MAaKpPOMOJIEKYJIaMH B OpraHH3-
Me€ 4eJIoBeKa, U 0011a/1al0T BhIPAXKEHHBIM (DOTOCEHCHOMIU3UPYIOMIUM U aHTUMUKPOOHBIM JI€HCTBU-
eM npu obnydeHuH cBeToM. VccienoBaHue MpoueccoB B3aUMOAECHCTBHS KAaTHOHHBIX MOPPUPHUHOB
¢ OuoaxktuBHBIMU Makpomoiekyinamu (JJHK u ceiBopoTounslif anbO0yMuH uenoBeka) B BOAHBIX Cpe-
JaX HEOOXOAUMO JUIsl pa3pabOTKU HOBBIX CPEACTB TEPAIIUU U AMATHOCTUKU OHKOJIOTMYECKHUX 3a0051e-
BaHUH, a TaK)Ke CPEJCTB AHTUMUKPOOHOHN (OTOJMHAMHYECKOM Tepanuu.

[IpoBeneHHoE Mcciea0BaHue 0KA3all0, YTO Ha Mpoliecchl B3auMoencTBus noppupunos ¢ JJTHK
OKa3bIBAa€T CYILECTBEHHOE BIMSHUE HAJMYME MOHA METAJUla B KOOPAWHALMOHHOMN MOJIOCTH MakKpo-
LIMKJIa, a TaKXe Hajauuue cosiesoro ¢poHa u pH pactBopa. beuio 00HapykeHO yBeTu4eHHEe UHTEHCHB-
HOCTHU (pJIyOpECLCHIIMK TTPU 00pa30BaHUK KOMILUIeKca KaTHOHHBIX nmopdupunoB ¢ JJHK u ansoymu-
HOM B cpejie pu3nonorudeckoro u pocdarnoro 6yPpepHoro pacTBopa, YT0 MOKET CYIIECTBEHHO I0-
BJIMSTH Ha CIOCOOHOCTH MOP(GUPUHOBBIX (POTOCEHCUOMIN3ATOPOB K T€HEPALIMH CUHITIETHOTO KHUCIIO-
pona.

beimo mnpoBeneno wuccienoBanue B3aumoneincteus  5,10,15,20-(terpa-N,N,N-TpumeTni-4-
aMUHO(EHUT)TOPPUPHUHA U €ro IIUHKOBOTO KOMIUIEKCA ¢ BOJIOPACTBOPUMBIMHU TPEXKOMIIOHEHTHBI-
MU KBAaHTOBBIMU TOukaMu Tuna AgInS c¢ 00osoukoil ZnS, MOKPHITHIMU OPraHUYECKUM JIMTAHJIOM
mrytatioHoM (AIS/ZnS/GSH). O6napyseHo, uTo oOpa3oBanue komiiekca nopdupun/KT npuso-
JTUT K TIoaHOMY TymieHuto gortomomunecueHmu KT. [Ipu B3auMonelcTBUN KOHbIOTaTa C pacTBO-
pom IHK npoucxoaut noiiHoe BoccTaHoBieHUe duryopeciieHnu potoceHcuommmsaropa. Takum 00-
pasom, cucremy KT/mopdupun MoxHO paccMaTpuBaTh B Ka4eCTBE 0€30MacCHOM CUCTEMBI IOCTABKU
®C B xoTOpOH (hOTOKATATUTHUECKAS] AKTUBHOCTH (POTOCEHCHOUTM3aTopa OyJIeT MoaBieHa Ha Bpe-
Msl €ro J0CTaBKHU K o4ary Mopa)K€HHsl ¢ MOJIHBIM €€ BOCCTaHOBIIEHUEM INPU JOCTHKEHUU MOPaXKEeH-
HOTO y4dacTKa IIpU MPOHUKHOBEHUH Ipernapara B KIeTKy. V3ydyeHue mogoOHBIX CHUCTEM Harpablie-
HO Ha CO3[JaHUE TEPaHOCTUYECKUX IPEenapaToB, CIIOCOOHBIX BBICTYNAaTh OJHOBPEMEHHO B KaueCTBE
CpEe/JCTBa HAIIPaBJIEHHOM 1I0CTAaBKH JIEKAPCTBEHHOTI'O Mpernapara, paHHel AMarHOCTUKYU U TeparneBTh-
YEeCKOI0 areHTa.
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NMPOU3BOAHBLIE MPOTOMOP®UPUHA IX C DPATMEHTAMU
3TAHONAMUHA U 3 TUNEHOAUWAMUHA

PoueBa T.K., benbix [1.B.

Hncemumym xumuu OUL] Komu HL] YpO PAH, Coikmwigxap, Poccus

email: tatyanrocheva@gmail.com

Hannuue B Monekynax nporonopupuna IX u ero aHajaoroB paziudHbIX PEAKIIMOHHBIX LI€H-
TPOB (BUHUJIbHBIE, KAPOOKCUIIbHBIE U CIIOKHOA(PUPHBIE TPYIIIb) OTKPBHIBAET IIMPOKUE MEPCIIEKTUBBI
JUIS KX MOAM(UKAIIMY C UCIIOIb30BaHUEM METOJI0OB OPraHUYECKONM XUMHUHU.

['mapokcuiibHas U aMUHO-TPYIIIbI, BHEAPEHHBIE HAa MEPUPEPUI0 MAKPOLUKIIA, MOTYT OBITh 3a-
JIEHCTBOBAHBI JUTsl JanbHel el ero moaudukamnuu. Kpome toro, nuzsectHo [1], uTo 2-okcusTUIaMUI-
HBIH 3aMeCcTUTENb ABIseTCsl papMakoGopoM 1 00yCIIaBIUBAET YCUIIEHUE TPOTUBOPAKOBON aKTUBHO-
CTU COCIMHEHUN. YCTOMYMBOCTh aMHUJIHOW CBSI3M 00ECIIEUMBACT COXpaHEeHUE (PParMeHTOB dTaHOJa-
MHHa Ha nepudepun MakpolMKIiIa B opraHusme [2].

B Hnactosimieit pabore, n3yuyeHo B3aMMOAEHCTBHE ATUIEHAMAMHMHA U 3TaHOJAMHUHA C JAUMETHU-
JoBbIMU 3pupamu aerreponopdupuna IX (1), nporonoppupuna X (2) u mezonoppupuna X (3)
C LEJIbIO TOTYYEHHSI COOTBETCTBYIOLINX aMUIHBIX POU3BOIHBIX. AMUIUPOBAHUE CIOKHOIPHUPHBIX
rpynn nopgupruHoB 1-3 BO3MOXKHO NPU UX KUISYEHUH C 1,2-1MaMUHOATAHOM U 2-aMUHO3TaHOJIOM
B Mokcane (cxema 1).

R R R
R R R
dioxane, dioxane,
- —_—

reflux, 3-7 h reflux, 6 h

o o)

H.N  HN 0] O~ ™NH NH OMe O~ "OMe HO HN 0] NH OH
N A _/ _/
4 (75 %), 5 (46 %), 6 (30 %) 1-3 7 (60 %), 8 (60 %), 9 (71 %)

R=H (1,4, 7), CH=CH, (2, 5, 8), Et (3, 6, 9)

Cxema 1

Paboma evinonnena npu ¢unancosotl noooepoicke Munucmepcmea HAYKU U 8bicuie20 00paA308aHUs.
Poccuiickoii @edepayuu (2ocyoapcmeennoe 3adanue Ne 122040600073-3).
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OnHO W3 HampaBJICHUH COBEPIICHCTBOBAHMS IMPOTHBOOIYXOAEBHIX (HOTOCEHCHOMIN3ATOPOB
(®C) 3axmovaercss BO BHEAPECHUH HA MEPUQPEPUI0 MAKPOLUKIIa (ParMeHTOB OMOIOTHYECKH aKTHB-
HBIX MOJIEKYJ, BEICBOOOXKICHHE KOTOPBIX B pe3ynbrare (otopaznoxenus @C unu Ouomerpaganuu
MOXET YCHJIHThH IPOTUBOOIYXO0JIEBOE (DOTOMHIYyLIMPOBAaHHOE BO3cicTBHE. MI3BECTHO, YTO aHTUOMO-
TUK JHOKCHJIWH OKa3bIBACT MPOTHUBOOIYXOJIEBOE JICHCTBHE, ATO COCAMHEHUE MOXKET 00pa30BaThCs
13 KOHBIOTaTa ¢ XJIOpUuHOM €. Katnonnas rpynmna Ha nepudepuu MaKpOIMKIa IIOBBILIAET OOLIYIO TH-
IpOGHUIBHOCTD XJIOPHUHA U MOXKET CIIOCOOCTBOBATH OOJBIIIEH OMOIOCTYITHOCTH KOHBIOTATa C JHOKCH-
nuHOM. B HacTosmeit paboTe CMHTE3MPOBaH KOHBIOTaT KATHOHHOTO TIPOM3BOIHOTO XJIOPHHA €, C JIU-
OKCUIMHOM ucxoas u3 ¢peopopbdbuna a. [lokazano, 4To OHOBPEMEHHOE BHEAPEHHE KATHOHHOM IpyTI-
b U (pparMeHTa JUOKCHANHA (COTOCTaBICHIE COCTUHEHUH 4 1 7) U1 BCeX MCCIeIOBAHHBIX TMHUN
KJICTOK PUBOJUT K CYIIECTBEHHOMY CHIKEHHIO (DOTOMHIYIIMPOBAHHON TOKCHYHOCTH (TIPH MEPEX0-
ne ot coequHenus 7 k coequnenuto 4 3Hauenus [C_ . nossimatores B 6.7 pas ms HT-29, 37.3 paza
st AS49 u 57.6 pa3 nnst Hela).

50(d)

H-N_ N-CHj
j—

N~

CHCI5, 2.5h, 40°C

CHzl, CHACly 1h, rit.

CMPI, DMAP,
CH,Cly reflux

OCH,

o4 . :
i : :
s ®)
g OH Hela Hela SPNOH
¥ IC50(pn) = 0.56 £ 0.18 mkM ICs0pn = 0.79 # 0.29 mkM )
5 1Cs0(ara/ICs0(pn = 8.9 £ 1.9 ICs0(dario/IC 500 > 50 &
A549 A549
ICs0(pny = 0.1520.042 mkM
1Cs0(ganiy/1Cs0(pn; > 50
HT-29

ICs0(pr) = 0.302 £ 0.057 mkM
ICo0ian/ICopny = 23.9 £ 6.9
HT-29

ICs(pny = 0.0308  0.0064 mkM
ICoo(dare/ICsppn =318 £ 7.3

IC50(pn) = 0.0202 £ 0.0017 mkM
1Cs0(ara/ICs0ipn = 5.20 £0.75

Pucynoxk 1

Hela HelLa

ICaggon: = 1.44 £ 0.33 mkM
1Cso(darig/ICaogpn) =3.9 % 1.8
A549

ICsofon: = 2.24 £ 0.35 mkM
oo ACaopom = 21.8 £ 4.8
HT-29

ICaogpn; = 1.2% 1.0 mkM
1Cso(dario/\Caogen) =13.9% 1.5

ICapfpr = 0.025 £ 0.003 mkM
ICgearo/\Caoprn = 4.01 £ 0.80
A549

ICagipr = 0.060 £ 0.004 kM
1Cs0(qeric/ICso(pn) = 5.82 ¢ 0.35
HT-29

ICs(an) = 0.180 £ 0.006 mkM
1C50(darig1Cs0(pny) > 50

Paboma evinonnena npu ¢punancosoii noooepocke PH® (epanm Ne21-13-00398).
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HEO0OXOUMBIX JJIsl X OBICTPOrO POCTa, M, B YACTHOCTHU, OINpE/AEICHHbIE caxapa, a30TCoAepIKalIIe
reTEPOLIMKIIbI, a TAKXKe Psii aMUHOKHCIIOT. DTH BEIIECTBA aKTUBHO YYacTBYIOT B MeTaboIM3Me Kile-
TOK, crioco0cTBys HakorieHH0 @C BOMM3M MUTOXOHAPUAIBHBIX MeMOpaH. B 3Toii cBA3M, O)kHUIaeT-
Csl, YTO KOHBIOTMPOBAHHME MPOU3BOIHBIX XJIopoduiia a ¢ pparMeHTaMHu L-aMUHOKHCIOT MO3BOJIUT
MOBBICUTH TpomHOCTh DC K omyxoieBbIM KiieTkaM. B HacTosmiel padore ucxomas uz metmideodop-
Ouna a 1 cuHTE3MpPOBaHbI KOHBIOTATHI MUPOdeodopOuIa a n METHUIAMHU/IA XJIOPHHA € C ApTUHUHOM
(coorBeTcTBeHHO 3 1 5, cxema). M3yueHre TeMHOBON U (POTOMHIYLIUPOBAHHON [IUTOTOKCUYHCTHU TI0-
JYYEHHBIX KOHBIOIaTOB MOKAa3aJlo, YTO BHEJIPEHHUE (pparMeHTa apruHuHa Ha nepudeprio MakpolrK-
na 13-aMuIHOTO MPOU3BOIHOTO XJIOPUHA €, CYIIECTBEHHO CHU3MJIO €10 COOCTBEHHYIO IIMTOTOKCHY-
HOCTb 10 CPaBHEHMIO C OOJBIIMHCTBOM aHaNoroB Oe3 apruHuHa. DoToMHAYLMpPOBaHHAS UTOTOK-
CUYHOCTH TP STOM CHHM3UJIACh HE3HAYUTENIBHO (cxema 1).

1. Collidin, 1h, reflu)h 12h
2. HCI/H,O/AcCH;

fl
3.NHS, CMPI, DMAP, CH,Cl, '

> 50 mkM

50(dark) =0.93 + 0.06 mkM
5U(phom} > 53
50(dark)” " ~50(photo)

(0]
Y *HCI

25%  HoN NH,

H
) Ho ll/'\/\/,{‘ NH
(3)

DMAP, DMSO, r.t., 24h

(N 1. CHyNH,H,O/THE  rinh
: 1142n
| 2. HCIH,O/ACCH,

A fl
3.NHS, CMPI, DMAP, CH,Cl,, refiux

Hela
> 50 mkM
Ic m

50(dark) =0.81 +0.20 mkM
50(pho(o) >60
50(dark)” " ~'50(photo)

Cxema 1
Hccnedosanue svinonnerno npu ¢hunarcosoii noodepaicke Munucmepcmea HayKu u 8vlcuie2o 00paso-
sanus Poccuiickou @edepayuu (cocyoapcmeennoe 3adanue Ne 122040600073-3, Ne 122040600024-5)
u PH® (epanm Ne 21-13-00398).
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E-mail: schilovivan.2013@yandex.ru

HonHble XUIAKOCTH, MPEACTABIAIONME cO00 OpraHM4YeCcKUe COJIM, HaXOIAT Bce OoJIblIee IpU-
MEHEHHUE B PA3IMYHBIX oOnacTsaX Hayku. OHU MOTYT ObITh MCHOJb30BaHbI B KauecTBEe OMoOornye-
CKM aKTUBHBIX COCAMHEHUH, CTallMOHAPHOM (ha3bl B ra30BOM XxpoMaTtorpaduu, peaKIMOHHON CPEIbI
JUISL CHHTE3a OPraHWYeCKUX COEAMHEHHUH B3aMeH TpaJulUMOHHbIM pacTBoputeisam [1-3]. K raxxe
MO’KHO HMCIIOJIb30BaTh B KQUECTBE KaTaIU3aTOPOB Pa3IMUHBIX XUMHUYECKHUX IIPOLIECCOB, B TOM UHUCIIE
B CUHTE3€ M0JINMEPOB, UTO MO3BOJISIET 3HAYUTEILHO COKPATUThH BPEMS pEaKIMK IIPU JTOCTUKEHUU He-
00XOMMOM CTENeHH KOHBEPCUHU IPOIYKTOB peakuuu [3].

B pabGore paccMoTpeH CHHTE3 BOJOPACTBOPUMBIX MOP(OHUPHUHCOAEPKAINIMX MOIUMEPOB
Ha ocHoBe akpuiamuaa u 5,10,15,20-rerpakuc-(4'-amumnokcudenmn)-noppuHa Kak BTOPOTO CO-
MoOHOMepa. Peaknuio pagukanbHON MOJKMMEPU3aLUU MIPOBOAUIN B 1,4-THMOKCaHE U JTUMETHIICYIIb-
(doxcuie, UCTONb3Ysl TUHUTPUI a300MCU30MACISTHOW KUCJIOTHl B KauyeCcTBE MHUILIMATOpa Ipolecca
u Ouc(tpudropmermicyabHoHT)UMUA 1-0yTHiI- | -METUINMUPPOIUINHUS B KaUECTBE KaTajau3aTopa.
[IpumeHeHue NocaeHEro B CHHTE3€ NOPPUPUHCOIEPIKALIUX TOTUMEPOB [T03BOJIUIIO COKPATUTh Bpe-
Msl peakluu MOoJIMMEpHU3aluu B ABa pa3a. B auokcane crenenb koHBepcuu aocturana 6omnee 90 %
3a 2 yaca, a B yCJIOBUSIX MUKpPOBOJIHOBOro usnyuenus (MBU) 3a 15 mun. B numeruncynshokcuae
peakius IpoTEeKaeT 3a 5 4acoB IIPU TEPMUUYECKOM HarpeBaHuu 1 3a 1,5 waca npu MBU. I1pu npose-
neHuu peakiuu B yeaousix MBU 6e3 ucnons3oBanus MK B cpene numeruncynbhokcuaa B TCUCHUE
3TOr0 BPEMEHHU MOJIUMEDP HE 00pa3yeTcsi COBCEM.

OOHapyXeHO, 4TO NpU NPOBEACHUM PEaKUUU pPaJWKaJIbHOW IOJIMMEpPU3alUu aKpujiaMuia
u 5,10,15,20-terpakuc-(4'-anmunokcudeHun )-nmoppuHa B cpee TMMeTUICYIbGHOoKCHIa 101 TopQu-
pUHa, BOLIEIUIETO B MOJIMMEPHYIO LIEllb, 3HAYUTENILHO OO0JIblIE, YeM TP MPOBEICHNUN JaHHON peak-
MU B cpesie AuoKcaHa. TakuM o0pa3oM MOKa3aHO, YTO U3MEHEHHE PacTBOPHUTENS, UCIIOIb3YEMOTrO
B KaUeCTBE OCHOBHOM PEaKLMOHHOMN CpeJibl IpoIiecca MOoJUMEPU3AIINH, I03BOJISIET LieJIeHAPaBIIeH-
HO YIPABJIATh KOJMUECTBEHHBIM COCTAaBOM MOP(PUPUHCOAEPIKAIIMUX TOTUMEPOB.

Paboma evinonnena npu ghunancosoii noodepacke 1 oczaoanus (npoexm Ne FZZW-2023-0009).
JlntepaTypa
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Photodynamic therapy (PDT) has been considered as a simple and reliable alternative method
for treating cancer and localized antibiotic-resistant microbial infections [1, 2]. PDT is initiated under
the action of visible light in the presence of molecular oxygen using the active substance — non-toxic
dye called photosensitizer (PS). Modern pharmaceuticals including PSs are the subject of a number
of requirements, one of which is the amphiphilic nature of the dye owing to the presence of hydrophilic
groups in the molecule providing its solubility in water or aqueous solutions of the suitable carrier [3, 4].

One of the main disadvantages of macroheterocyclic PSs of the first and second generation
is their tendency to form aggregates in aqueous solution at therapeutic concentration. The aggregation
reduces significantly the bioavailability of PS and the efficacy of PDT method. Third-generation
PSs, currently used in clinical practice, are combinations of a drug with various delivery vehicles,
in particular, micellar, liposomal or polymer carriers, solubilizing PSs and solving the problem of their
aggregation and low solubility in aqueous solutions.

In this work we studied quenching fluorescence mechanism of currently used and potential charged
chlorin-type PSs in water and aqueous solutions of the passive carrier Tween 80 in the presence
of potassium iodide using dynamic light scattering (DLS), absorption (UV-Vis), steady-state and time-
resolved fluorescence (F1) spectroscopy methods.

UV-Vis and DLS methods let us to distinguish subnano- and nanoaggregated forms of PS in water,
aqueous solutions of surfactant and quencher, and to determine the diameters of nanoparticles. The location
of PS in the micelle of Tween was estimated by steady-state fluorescence quenching experiments in aqueous
solutions using iodide (I-) as an external water-soluble quencher. The deviation of the Stern-Volmer
dependence from linearity was attributed to the mixed mechanism of PS fluorescence quenching.

To distinguish between static and dynamic quenching the temperature and concentration
dependences of the Stern-Volmer constant were studied, the time-resolved fluorescence spectroscopy
was also applied. The quenching curve in all cases turned out to be biexponential and was characterized
by the presence of two forms of PS in the solution as a result of dynamic and static fluorescence
quenching. The fluorescence lifetime of the first one (t,) remains almost constant (1.72+0.17 ns
for monocationic chlorin) as KI concentration increases indicating the formation of a donor-acceptor
complex PS/I" and static fluorescence quenching mechanism. In opposite, lifetime of another form
(t,) is decreasing (from 4.1 to 3.3 ns) due to an effect of dynamic quenching of PS fluorescence. These
data confirm the mixed mechanism of charged PSs fluorescence quenching.

The work was supported by the state assignment of the Ministry of Education and Science of the Russian
Federation, project Ne FZZW-2023-0009.
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The significance of porphyrinoids as a perspective molecular sensors, promising near IR absorb-
ing dyes for biomedical applications, active components for organic photovoltaics is hard to overes-
timate [1]. A special attention is attached to expanded macroheterocyclic porphyrin analogues with
fairly distorted core, as this kind of structural modification leads to dramatic changes in coordination,
photophysical, catalytic and other properties of these molecules.

Sapphyrins (H,Sap) are expanded pentapyrrolic porphyrinoids joining 22 n-electrons within aro-
matic conjugation system. These heteroannulenes combine some better properties of porphyrins like
high chemical stability, aromaticity and an ability for selective accumulation in tumour cells with
a high intensity and large red shift of Q-bands in the UV-Vis spectra, ability for easy pyrrole ring in-
version and anion binding properties, uncommon for tetrapyrrolic macroheterocycles (MHC) [2].
Due to expanded m-electron chromophor system, singlet oxygen production and essential photocy-
totoxicity H,Saps are attractive objects for biomedical applications including development of photo-
therapeutic and photodiagnostic agents.

Here we present our results on the stability p-alkylsubstituted sapphyrinic salts (H-
MeR Sap**(Cl'),, R = Et, Bu) in solution and in the solid state. Generally, sapphyrins are synthesized
as a dicationic salts where N-diprotonated macrocycle is stabilized by anions of acids. UV-Vis spec-
tra of these compounds are varied essentially when placed into the solvent media with different ac-
1d-basic and donor-acceptor properties. The type of UV-Vis spectra stays entirely the same not only
in proton donor solvents like TFA n HOAc, but in CH,Cl, u MeOH as well. In basic solvents like
DEA, solutions of DBU or R, NOH spectra represent free H,Sap type, while in less basic polar DMF
the mixture of protonated and non-protonated forms is detected. Gradual deprotonation of dication
MeR,Sap*'(CI'), is observed under its back titration in CH,C1,-DBU (K, J2'=5281; n=1.94) with no
NH-ionization of the ligand is appeared. Moderate degree of NH-bond reactivity [3,4] in H,Sap mol-
ecules (interaction energy of MHC NH-protons with DMF, E, ) is confirmed by the results of quan-
tum-chemical analysis (DFT, B3LYP, CC-pVDZ, NBO).

Thermal analysis of HMe,R Sap**(Cl), samples isolated from CH,Cl, and DMF [5,6] demon-
strates an essential difference. Water (AHVap = 24.9 kJ/mol) and DMF (AH%llD =48.8 kJ/mol) are evap-
orated from crystals in the first case and only water is appeared in the second one, while DMF neutral-
izes HCI and loses volatility. The destruction of macrocycle in inert atmosphere starts at t = 292 °C.

The work was supported by the state assignment of the Ministry of Education and Science of the Russian
Federation, project Ne FZZW-2023-0009.
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Non-macrocyclic dyes, such as indocyanine green (IG), are widely used as antimicrobial
and diagnostic agents in medical practice. Dye new indocyanine green (IGN) is a promising
photosensitizer (PS) exhibiting properties of fluorescent marker (photodiagnostics), photodynamic
(photodynamic therapy, PDT) and photothermal agent (photothermal therapy, PTT) [1].

An important property of a drug for internal medical use is its bioavailability and, in particular,
solubility in water, as well as a low tendency to form nano-sized aggregates in aqueous solutions.
Therefore, here we studied the aggregation of modified indocyanine green (IGN) dye in aqueous
solutions using absorption (UV-Vis), stationary and time-resolved fluorescence (F1) spectroscopy, as
well as dynamic light scattering (DLS) technics.

UV-Vis spectra of IGN measured in organic media like alcohols, DMF or CHCI, demonstrate
an intensive band in the “red” region (820—830 nm, Ige = 4.00—4.40). When IGN dissolved in water, this
band dramatically loses in intensity (Ige = 3.50), undergoes to hypsochromic shift (25-35 nm), and a new
band of H-aggregated form (AA ~ —150 nm) of the dye is appeared. This conclusion is consistent with
the strong fluorescence intensity decrease of IGN in aqueous solution. An addition of 1 wt% of the nonionic
surfactant Tween 80 leads to the resumption of the spectra of the molecular form of IGN. The titration
curve obtained in the EtOH-H,O system reveals the aggregation onset of the dye at 78 % of H,O content.
This data is in agreement with the results of DLS measurements for aqueous solutions of IGN indicating
nanoaggregates formation within the range of dye concentrations studied (10°-103 mol/l and their
disappearance at 1 wt% Tween 80 addition (C,,, = 10* mol/l; according to UV-Vis spectra the subnano-
sized aggregates are still exist in the solution in this case [2]).

The mechanism and selectivity of PSs accumulation in a tumor cell and, as a result, efficacy
of PDT is controlled by their ability to interact and to be transported by appropriate blood proteins
[3,4]. In this regard, in our work the binding of IGN to human plasma proteins was studied. Found
that the dye is transported by low- and high-density lipoproteins by 85 % and in a smaller extend
by albumin, predicting high PS uptake by tumor cells.

The work was supported by the state assignment of the Ministry of Education and Science of the Russian
Federation, project No FZZW-2023-0009.
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Singlet oxygen ('O,) generation is an extremely important result of the photodynamic therapy
(PDT) procedure, especially, if the photosensitizer (PS) is located in non-polar environment. Every
new potential PS have to be tested primarily for reactive oxygen species (ROS) production including
'O, [1,2].

Our previous efforts were aimed on the determination of singlet oxygen quantum yield (®,)
of the chlorin-type photosensitizers modified with different molecular fragments with solubilizing or
medicinal effects [3,4] using the method of chemical traps.

It was found that @, values measured in 1-OctOH are notably smaller for phorbine and chlorin
molecules covalently bound to the fragment of antimicrobial drug “Dioxidine” compare to the un-
substituted macrocycles (0.39 and 0.42 instead of 0.46 and 0.52, respectively). These changes were
attributed to the presumable intramolecular charge transfer (CT) from chlorin/phorbine as a donor
to quinoxaline fragment of “Dioxidine” as an acceptor.

Our hypothesis was confirmed using steady-state and time-resolved fluorescence spectroscopy
as well as quantum chemistry:

* Dby the fluorescence quantum yield (¢,) measurements. Decrease of the ¢, values, especially

in more polar solvents: CCI, > 1-OctOH > EtOH) testifies in favor of intramolecular CT;,

» using quantum-chemical calculations (Gaussian 09, DFT, B3LYP, cc-PvDZ, NBO-analysis).
Shown that LUMO orbital of the optimized structure of “Chlorin/Dioxidine” diad is localized
on dioxidine fragment and able to participate in electron transfers within conjugate;

* Dby fluorescence lifetime (t) measurements in the alcohol media with a different polarity.
Covalently bound conjugates demonstrate a notable decrease of the r values as compared
to individual MHC which is about 1 ns in less polar 1-OctOH and exceeds 2 ns in polar EtOH.
Mixture of chlorin and dioxidine themselves do not show lifetime decline even in a polar
solvent and in a 10-fold excess of an acceptor.

The work was supported by the state assignment of the Ministry of Education and Science of the Rus-
sian Federation, project Ne FZZW-2023-0009.
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Vitamin B, is a necessary component for human metabolism involved in methylation
of homocysteine and isomerization of methylmalonyl-CoA. It plays an important role in neurology
by treating pain syndromes and regenerating the myelin sheath of nerve fibers. The development
of new effective pharmaceuticals based on vitamin B , including semi-synthetic derivatives,
and the study of their pharmacological activities using nanoengineering carriers are promising
directions of modern pharmacology and biomedicine. Previously, we successfully encapsulated
vitamin B , in nanoengineered micron-sized polymer capsules. Within the capsules, the compound
exists in the form of nanostructures analogues like formed by organic molecules at the air-water
interface [1]. The purpose of this work was to study the possibility of fabrication of BSA submicron
particles loaded with vitamin B, (in cyano and aqua-forms) and its nucleotide-free analogue
(heptamethyl ester of aquacyanocobyrinic acid).

First, stable BSA particles with average diameter of 955 HM
were prepared. SEM images (Fig. 1) indicate that the particles
have elongated shape and can be easily dispersed in aqueous so-
lutions due to existence in a non-aggregated state. Next, vitamin
B,, (CNCbl), its aqua-form (H,OCbl), and its nucleotide-free an-
alogue (ACCby) were adsorbed in BSA particles. Loading capac-
ity of BSA particles, to be 0.026, 0.077 and 0.051 mg of com-
plex per mg of BSA for CNCbl, H,OCbl and ACCby, respec-
tively, and values of zeta potential for surface of particles be-
fore and after loading complexes were determined. BSA parti-
cles in water (pH 6) exhibit slightly negative potential -9 mV that
agrees with the zeta potential of free BSA, which has negative
charge at physiological conditions. Binding of vitamin B , affects

Figure 1. SEM images of BSA particles. the value of zeta potential, whereas the changes of zeta potential

Insert — BSA particle on the enlarged scale  are more pronounced in the case of incorporation of its aqua-form

(-24 mV) and nucleotide-free analogue (—17 mV). These results

indicate weak structural changes of BSA particles upon binding of cyano-form of vitamin B , and high struc-

tural changes for complexation with its aqua-form and ACCby. Note, that the derivative of B12 are not toxic
and exhibits bioactivity [2].

The work was supported by the grant of the Russian Science Foundation (20-12-00175-p), Ivanovo
State University of Chemistry and Technology.
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Phthalocyanines (Pcs) are a family of macrocyclic compounds used as industrial dyes, currently
investigated as materials for optical, electronic, and photoelectronic devices, catalysts, etc. Their properties
can be effectively tuned by variations of the central atoms, axial ligands, and macrocycle substituents
yielding macrocycles with potentially wide applications. Another strategy to tune the properties of Pcs
is their oxidation or reduction forming species with an unpaired electron delocalized over the macrocycle.
Acceptance of additional electrons by the macrocycles under reduction provides new properties since
unpaired spin can participate in the magnetic coupling of spins or high conductivity. Metallomacrocycles
with paramagnetic central metal atoms are of special interest since spin localized on metals can interact
with electrons delocalized over the macrocycles.

We studied gradual one- and two-electron reductions of Cu''(F Pc) (x=8, 16, 64) (Figure 1) to form
mono- and dianion species, respectively. A series of complexes based on paramagnetic [Cu'(F Pc**)]-
and [Cu"(F Pc*)]* anions was obtained as crystals [1, 2].

We studied and compared the effect of reduction on molecular structure, optical and magnetic
properties of the fluorinated copper(Il) phthalocyanines including the partial or full fluorine substitution
and the introduction of bulky extremely electron-withdrawing perfluoroisopropyl (C,F.) groups. Reduction
is mainly centered on the macrocycles yielding [Cu'(F Pc**")]”and [Cu''(F Pc*)]*~species with two (Cu"
and F Pc*") and one (Cu") paramagnetic centers, respectively. The structural, optical, and magnetic
properties of the new materials reveal trends imparted by electrons addition and degree of fluorination
in phthalocyanines.

Coupling between two spins in [Cu"(F Pc*")]” decreases in the following row [Cu'(F,Pc*)[,
[Cu"(F, Pc™)]” and [Cu"(F,Pc*)]” when the number of fluorine atoms increases in the macrocycle.
Monoanions [Cu"(F Pc)*]~ (x = 8, 16) with fluorine atoms attached directly to the Pc core form mainly
closely-packed m-stacks with strong magnetic coupling. The [Cu"(F Pc)” ] anions are isolated due
to the presence of bulky perfluoroisopropyl substituents on the periphery that completely suppress any
intermolecular interactions. The [Cu''(F Pc)*]*" (x = 8, 16, 64) dianions have diamagnetic and EPR silent
tetraanion macrocycles and paramagnetic Cu'' atoms with S = 1/2 spin state.

The work was partially supported by the by the Russian State Task 124013100858-3.
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Due to their unique spectral and photochemical properties phthalocyanine (Pc)-type dyes are
actively studied as perspective materials for various fields. Their solubility in aqueous medium
which is often desirable for catalytic or biomedical applications. Among the peripheral substituents
used for design of anionic water-soluble phthalocyanines and their analogues the carboxylic groups
are widely used. Carboxy substituted phthalocyanines are interesting as water-soluble photo-
sensitizers and catalysts (e.g. [1]). Moreover COOH groups can form intermolecular hydrogen bonds
and participate in complexation of metal ions, and, therefore, they are suitable for the construction
of hydrogen-bonded and metal organic frameworks (HOF and MOFs) (e.g. [2]).

In the present work the porphyrazines bearing eight 4-carboxyphenyl and 4-butoxycarbonyl-
phenyl groups (H,Pz(PhCOOH), and H,PzZ(PhCOOBu),), as well as their Zn(II) complexes were ob-
tained (Scheme 1) and characterized by spectral methods. The conversion of carboxyl derivatives into
their anionic forms H,Pz(PhCOO"), and ZnPz(PhCOO"), in the presence of alkali leads to water-sol-
uble species. ZnPz(PhCOOH), and ZnPz(PhCOOBu), possess the high ability to generate singlet ox-
ygen in DMF solutions (®, = 80-83 %), while their metal free analogues are weak photosensitizers
due to their aggregation tendency.

H,Pz(PhCOOH),

ZnPz(PhCOOBu)g

HgC400C COOC4Hg

H,Pz(PhCOOBuU)g ZnPz(PhCOOH)g

Scheme 1. Synthesis of Zn octa(4-carboxyphenyl)porphyrazine from octa(4-butoxycarbonylphenyl)porphyrazine by two routs:
i—a) THF / NaOH saturated MeOH:H,O (5:1, v/v) solution, 40 °C, 1 h, b) H,O, HCI; ii — ZnAc,x2H,0O (2 eq.), DMF,
reflux, 1 h; iii — ZnAc,x2H,O (2 eq.), THF, reflux, 50 min.

This work was supported by Russian Science Foundation (grant 23-43-00136).
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Porphyrins and phthalocyanines are the most frequently used photosensitizers (PSs)
in antibacterial photodynamic therapy (APDT). Nowadays cationic antimicrobial peptides are
conjugated to porphyrins to improve their efficiency are studied. These conjugated porphyrins show
a great cell inactivation during APDT. Recent studies strongly uphold the hypothesis that APDT can
be a satisfactory alternative since there is a substantial difference in the mode of action of PSs than that
of antibiotics. The formation of nanoparticles of biological and bioactive compounds is a non-trivial,
but important task. Earlier we have demonstrated that from such PS as 5,10,15,20-tetra(pyridine-
3-yl)porphine (T3PyP) it is possible to form nanostructures within layers on solid supports similar
to other tetrapyrroles [1]. The purpose of the present work was to study promising PSs — reduced form
of T3PyP, namely 5,10,15,20-tetra(pyridine-3-yl) bacteriochlorin (T3PyBCh) upon its contact with
solid and liquid surfaces.

A mixture of T3PyBCh and 5,10,15,20-tetra(pyridin-3-yl)chlorine (T3PyCh) was studied in its
contact with sorbents (silica gel and aluminum oxide) used in the purification of compounds. Sol-
vent mixtures of T3PyBCh and T3PyCh in dichloromethane were intensively stirred with silica

e gel or aluminum oxide for a given time, the compo-
nents of the mixture were washed off with a solvent,
and the solution was analyzed by UV-Vis spectros-
copy. The procedure was repeated until there was
almost no change in the spectra of solutions from
two consecutive measurements. It was shown that
when conducting an experiment with silica gel (Fig.
1), already after 5 hours of contact of the solution
with the sorbent, a significant decrease in the con-
centration of bacteriochlorin in the mixture occurs.

ve e wm s e wwoowe e meosm A threefold increase in contact with silica gel did not
' ' ' ' lead to noticeable changes in the absorption spec-
Fig. 1. UV-Vis spectra of solutions (dichloromethane) ~tra. Only after 30 hours the complete disappearance
of a mixture of T3PyCh and T3PyBCh at different  of bacteriochlorin was observed. The final spec-
contact times with silica gel. trum (45 h) almost completely replicates the spec-

trum of T3PyCh (Fig. 1).

It has been established that the formation of T3PyBCh nanostructures is possible in Langmuir-
Schaefer films. Under certain conditions, processes similar to those fixed on silica gel — the formation
of hydroxylated derivatives of bacteriochlorin and chlorin — occur at the surface of the water.

1k
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of the compounds).
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According to the World Health Organization, an estimated 20 million new cancer cases were diag-
nosed worldwide in 2022 and over 35 million new cases are predicted in 2050, a 77 % increase from
the 2022 figure. Photodynamic therapy has established itself as an effective cancer treatment, which
compares favorably with other traditional non-invasive treatment methods, such as radiation therapy
and chemotherapy, due to selective local exposure and the absence of severe complications. The mod-
ern personalized nanomedicine requires the design and synthesis of hybrid nanosystems for photody-
namic theranostics which integrates the targeted drug delivery, diagnostic and therapeutic functions.
The advanced version of such nanosystems are supramolecular nanoconjugates of porphyrin pho-
tosensitizers (PS) with colloidal semiconductor quantum dots (QD), functionalized with organic li-
gands, which can serve as a biomarkers and nanocarriers for targeted drug delivery. By means of ion-
ic self-assembly 1:1 nanoconjugates of cationic photosensitizers ZnP(o-MePy"),, ZnP(m-MePy"),
and ZnP(p-MePy"), with AgInS /ZnS//GS™"" capped with ionized glutathione (QDs*’® were obtained
in aqueous medium at pH 7.5 and 25°C. The nanoconjugate components were selected by analyzing
the overlap of donor fluorescence spectra and acceptor absorption spectra to provide the non-radiative
energy transfer channel from QD7 to PS. Using synchronous spectro-photo-fluorometric titration
with continuous potentiometric pH control and time-resolved fluorescence spectroscopy the mecha-
nism of ionic self-assembly, structure and spectral properties of QD37¥/PS nanoconjugates were stud-
ied. The expected FRET was confirmed by the complete fluorescence quenching of QDs*”® and the en-
hancement the fluorescence of PS as a part of the QD7)/PS in the range from 635 nm to 660 nm, as
well as an increase in singlet oxygen generation by QD?"8/PS. The spectral range of the photosensitiz-
er excitation can be significantly expanded due to energy transfer from QD to PS. It was established,
the ability of PS to generate reactive oxygen species is higher in the composition of the nanoconju-
gate as compared with free PS at equal concentrations, which in prospect will reduce both the dose
of the photosensitizer and the irradiation time. The truth 3D models of colloidal nanoconjugates
Ag In S /Zn S //(H).(OH),,(GS"), with Core/Shell nanocrystal size 2.73nm (2+3nm for QD”)
were constructed and studied using computer chemistry methods. It was found that QD"® are high
complementary to porphyrin PS. The distance between the ZnP platform of PS and the QD’"® facets
is about 0.42 nm.

This work was supported by RSF (Russian Science Foundation) according to the research project
Ne 23-23-00491, https://rscf.ru/en/project/23-23-00491/.
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Photodynamic therapy (PDT) has proved to be an efficient and safe treatment for superficial mali-
gnancies of different etiology and localized antibiotic-resistant microbial infections [1]. The key PDT
component is a light-sensitive molecule, i.e. photosensitizer (PS), which is able to be selectively ac-
cumulated in tumor tissue and upon appropite irradiation to generate reactive oxygen species (ROS).
These induce the appearance of damage molecular patterns inside tumor cells and/or tumor vascula-
ture leading to cell death via apoptosis, necrosis or autophagy. The most important ROS is a singlet
oxygen, its lifetime and quantum yield (®,) being one of the most important parameters influencing
the efficacy of PDT. Both of them strongly depend on a PS structure and nearest neighbors. It is be-
lieved that in a lipid-like phase most of macrocyclic PSs generate singlet oxygen, while a polar envi-
ronment decreases the @, values and promotes the appearance of different radical forms.

...... o Rena?

COCH; cB,cH, O

Here, we consider the results of our studies addressed to the generation of singlet oxygen
by the chlorin-type PSs (see several structure in Figure) both in a lipid-like and aqueous phase with di-
rect fluorescence and indirect chemical techniques. As a result of these extensive studies we may state
the following, viz. (a) in general, the @ values are larger in an apolar environment, and the quantum
yield can be strongly decreased via solute association and oxygen depletion; (b) the adding of pas-
sive carries and oxygen saturation lead to increase in the @, values in water up to 0.5-0.6; (¢) chemi-
cal functionalization of a PS molecule by charged groups containing iodide-ions leads to the increase
in the rate of trap oxidation due to the formation of molecular iodine, the phenomenon being of par-
ticular importance for photodynamic inactivation of various pathogens; (d) generation of singlet oxy-
gen is found to be almost fully suppressed in serum, especially, for PSs bound to an albumin fraction.
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Graphite-like carbonnitride (g-C,N, ) isametal-free semiconductor material withaband gap ofabout
2.7-2.9 eV, absorbing in the range of 450—470 nm [1]. This material is of interest in photocatalysis
applications, for example in the oxidation of aqueous pollutants. Photocatalytic activity can be tuned
by introducing various dopants into the carbon nitride structure. Thus, phthalocyanines were used
for the functionalization of g-C N, and were used in the effective photooxidation of a pollutant series
[2,3]. Efficient energy transfer and enhanced absorption of light in the visible and red region in these
systems are fundamental criteria.

It is noteworthy that the electrons and energy transfer can be obviously improved as channels
formed through covalent band between photoactive component (for example, porphyrins or
phthalocyanines) and semiconductor [4]. Subphthalocyanines can be used for this purpose, since they
absorb in the visible region of the spectrum, have high quantum yields of singlet oxygen and materials
based on them are effective photocatalysts [5].

In this work, we synthesized a new subphthalocyanine with an axial terephthalate group [sPcTA].
The structure and composition of the resulting macrocycle was confirmed by IR, NMR ('H and "'B)
spectroscopy and MALDI-TOF mass-spectrometry. Attempts to functionalize the material with
subphthalocyanine and the photocatalytic properties of these hybrids will be discussed in detail.
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Hybrid materials based on chlorophyll a derivatives and layered magnesium silicate is of a great
interest for potential application in photocatalysis, sensors, and other fields [1]. We have previously
shown that chlorins with two hydroxyl groups in the molecule can be immobilized onto layered
magnesium silicate from a solution in hydrochloric acid without the use of organic solvents [2].
Dimeric chlorophyll a derivatives are poorly soluble in hydrochloric acid, however, if two hydroxyl
groups per macrocycle are introduced, the solubility can be increased. In this work, we synthesized
dimeric derivatives of chlorin e,, each macrocycle of which contains two hydroxyl groups.

OCH,

(1), CMPI, DMAP,
PhCHj, reflux

o HO O OH
AN

It was shown that dimeric chlorin § can be introduced into the reaction medium both in the form
of ethanol and in the form of hydrochloric acid solution. In modified products, the initially equivalent
macrocycles of dimer 5 become spectrally nonequivalent due to the microenvironment. The intracyclic
nitrogen atoms of one of the macrocycles of dimer 5 are protonated due to interaction with proton-
donor groups of magnesium silicate.

The work was carried out within the framework state assignments of the Ministry of Science
and Higher Education of the Russian Federation (FUUUU-2022-0048) 2022/2024, No. of state
registration of the research project 122040100040-0 and (FUUUU-2022-0049, 2022/2024, No.
of state registration of project 12204060007 3-3.

The study was performed using the equipment of the Center for Shared Use of Scientific Equipment
“Khimiya” of the Institute of Chemistry of Komi Science Centre of the Ural Branch of the Russian
Academy of Sciences.
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Modifications of photoactive systems have become possible in recent years thanks to the discovery
of fullerenes, which are effective electron acceptors, as well as the synthesis of a large number
of metalloporphyrins, which have intense absorption bands in the visible region of the spectrum
and are good electron donors [1]. Most studies have been conducted on the zinc complexes.
The asymmetrically filled outer shell of molybdenum(V) as part of its complexes with porphyrins,
their hyper-type spectrum and paramagnetism promise good prospects for the use of molybdenum(V)
porphyrins along with the complexes of other transition metals.

In order to create systems with the property of photoinduced electron transfer (PET), (hydroxy)
(0x0)(5,10,15,20-tetraphenylporphynato)molybdenum(V), (0x0)(5,10,15,20 -tetraphenylporphyna-
to)(ethoxy)molybdenum(V) and N-methyl-2-(pyridin-4-yl)-3,4-fullero[60]pyrrolidine (PyC, ) were
synthesized in this work using the original and literature [2] procedure, respectively. The donor-ac-
ceptor dyads containing porphyrin complexes of oxomolybdenum(V), O=Mo(X)TPP, as electron-do-
nating platforms were obtained by means of the PyC,  axial coordination. The reactions of O=Mo(X)
TPP with PyC,, were studied in toluene at 298 K in a wide range of PyC, concentrations using spec-
tral methods (UV-vis, IR, 'TH NMR, and mass spectrometry) and methods of chemical thermodynam-
ics/kinetics. The similar reactions of O=Mo(X)TPP with unsubstituted Py were studied in parallel as
modeling process. The stoichiometric mechanism and quantitative parameters of the reactions were
determined.

Using the data on similar donor-acceptor systems based on porphyrin complexes with Co(II),
Mn(IIT), Mo(V), Nb(V) [3-5], it was established that donor-acceptor systems O=Mo(X)TPP - PyC,,
can form the states with separated charges. To confirm the photoinduced electron transfer from
O=Mo(X)TPP to the fullerene-containing axial ligand in the dyads, the uncoordinated O=Mo(OH)
TPP complex were examined by the fluorescence and femtosecond pulsed laser spectroscopy methods.

The authors express their gratitude to Prof., Doctor of Chemical Sciences for conducting studies
of the differential absorption spectra of donor-acceptor systems. V.A. Nadtochenko, Ph.D. LV.
Shelaev, FE. Gostev. The work was carried out using the equipment of the Federal Research
Center for Chemical Physics named after. N.N. Semenov Russian Academy of Sciences (Moscow)
and the Center for the collective use of scientific equipment “Upper Volga Regional Center for Physical
and Chemical Research™.
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Although the properties of unsubstituted metal tetrapyrroles in molecular solutions deserve
extensive attention in numerous works, the physico-chemistry of their thin films remains poorly
investigated. The formation of different kinds of supramolecular assembly from precursor compounds
at the water surface has been reported. The purpose of this work was to study the possibility
of fabrication of nanostructured layers of unsubstituted cobalt phthalocyanine (CoPc) at the air-water
interface and in films on solid supports.

The layers were formed by applying CoPc solutions in THF (1.4-10° M) over the surface
ofdeionized water in the Langmuir trough (Biolin Scientific, KSV-NIMA) at (20+ 1) °C and subsequent
compression at a rate 3.8 A2 per molecule per minute. The accuracy of the determination of the area
per molecule is 2 %. The surface pressure was measured with an accuracy of 0.02 mN m™'. CoPc
solution was applied to the water surface until a pressure of 2 mN/m was reached, then the resulting
floating layer was compressed to high pressure (23 mN/m) before transfer onto quartz (Fig. 1A).

Characteristics of their structure
~Geemowso (B)  and  properties were  analyzed

25+

201 i within the framework of the model
E ors{ | of a nanostructured M-monolayer
H 2.0\ [ [1]. The state of the layer transferred

104

to solid supports is edge-on monolayer
(point A in Fig. 1A).

- /"

o+ : T T T e — 5\60/ 600 700 _—s.ﬁo %00 The UV-vis spectrum of CoPc
A. e in Langmuir-Schafer (LS) film

is considerably different from that

Figure 1. (A) Compression isotherm of the layer formed at the air- of CoPc in its dissolved molecular

water interface using solutions of CoPc in THF (1.4-10° M). (B)UV-  gtate, i.e., the UV-vis spectrum
vis spectra of CoPc solution (1.3:10¢ M) in DMSO and CoPc LS film

(10 layers; 23 mN/m surface pressure) of CoPc in LS film exhibits no intense

Q-band, which can be attributed

to aromatic complexation (so-called
‘stacking’) between CoPc units in the film. In UV-vis spectrum of CoPc LS film, Q-band is shifted
from 657 to 672 nm as compared to CoPc solution, and new band at ca. 735 nm is emerged (Fig. 1B).
Thus, in LS films, CoPc species are involved in strong intermolecular interactions, which result
in formation of CoPc nanostructures and prominent changes in the ultraviolet-visible spectrum.

The work was supported by Ministry of Science and Higher Education of the Russian Federation
(FZZW-2023-0009).
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The study of spectral and photophysical properties of metal porphyrins has always been
an important topic in the chemistry of porphyrins. Manganese(I1l)porphyrins (MnPs) are the interesting
objects of research, which find application in the photochemistry and simulated photosynthesis
[1]. There is very little data
\ on the photophysical properties
of MnPs in the excited state
in the literature [2]. Therefore,
obtaining such new data can
expands their application

field and further highlight
(0 the promising perspectives

Cl . .
(CH(Im),MnOEP (CH(IMBz)MnOEP of MnPs in phOtOVOltalC

Cl

(CH(ImC,,)MnOEP devices.
We represent in this
Figure. The chemical structures of the complexes studied. work the self-assembly of

the new systems based on
chloro(octaethylporphinato)manganese(IIl) ((C)MnOEP) and imidazole (Im)/4-(1-H-imidazol-1-yl)
benzaldehyde (ImBz)/1'-Nmethyl-2'-(1H-imidazol-1-yl)-phenylpyrrolidino[3',4’:1,2][60]-fullerene
(ImC,)) bonded through the metal-ligand axial coordination.

Using UV-vis spectroscopy and MALDI-TOF mass-spectrometry it was found that the self-assem-
bly in toluene gives 1:2 and 1:1 complex in the case of Im and ImBz/ImC_ (triad and dyad, respective-
ly) (Fig.). The stability constant of (CI)(Im) MnOEP is the highest. The properties of the (CI)MnOEP ex-
ited states as well as the influence of the axial imidazole bearing ligands on their lifetime was investigat-
ed by the femtosecond transient absorption spectroscopy.

This work was supported by the Russian Science Foundation (Project number no. 21-73-20090). We
are grateful to the center of the scientific equipment collective use «The upper Volga region center
of physico-chemical research» and N.N. Semenov Federal Research Center for Chemical Physics
Russian Academy of Sciences.
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AND EFFICIENT ELECTROCATALYTICC-N COUPLING
FOR UREA PRODUCTION

Ning Li, Kang Wang*, and Jianzhuang Jiang*

Beijing Advanced Innovation Center for Materials Genome Engineering, Beijing Key Laboratory
for Science and Application of Functional Molecular and Crystalline Materials, Department
of Chemistry and Chemical Engineering, School of Chemistry and Biological Engineering,
University of Science and Technology Beijing, Beijing 100083, China

Electrocatalytic synthesis of urea from CO, and NO,™ under ambient conditions provides an ap-
pealing alternative to the traditional energy-intensive urea synthetic protocol. Herein, a phthalocy-
anine-based (Pc-based) covalent organic framework (COF), namely CoPc-COF, fabricated from
the nucleophilic substitution reaction of hexadecafluorophthalocyaninato cobalt with octahydrox-
ylphthalocyanine cobalt, in situ grew on the surface of multilayered TiO, nanotubes (NTs), generating
the CoPc-COF@TiO, NTs composite. Powder X-ray diffraction analysis in combination with elec-
tron microscopy measurements discloses the uniform coating of crystalline CoPc-COF on the mul-
tilayered TiO, NTs in CoPc-COF@TiO, NTs. Remarkably, electrochemical tests reveal the superior
electrocatalytic activity of CoPc-COF@TiO, NTs towards urea production from CO, and NO," with
a record-high yield of 1205 ug h™' em™ and an outstanding Faraday efficiency of 49 % at —0.6 V ver-
sus reversible hydrogen electrode due to the significant synergistic catalysis effect. In situ attenuat-
ed total reflection infrared spectroscopic investigation and theoretical calculations unveil the efficient
C-N coupling reaction between *CO intermediate derived from CO, on CoPc¢ moieties and *NH, in-
termediate formed from NO,™ on TiO, NTs during the urea formation process over CoP¢c-COF@TiO,
NTs.

Record-high yield: 1205 pg h' ¢
©% 2% Faraday efficiency: 49%
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The aim of this study is to develop synthesis methods for photosensitizers for photodynamic
therapy based on complexes of 1,4-diazepinotribenzoporphyrazine with various s- and d-block metal
ions, containing hydrophilic substituents.

Low-symmetry A3B type porphyrazines are difficult to access due to their low yields (57 %).
Previously, it has been demonstrated that the introduction of a propyl group at the C6 position
of the 1,4-diazepine heterocycle leads to a significant increase in yield (30 %) of 1,4-diazepinotr
ibenzoporphyrazinate Mg(Il) under Linstead’s mixed macrocyclization conditions[1]. However,
the introduction of the propyl group results in a substantial decrease in the quantum yield of singlet
oxygen. Therefore, we optimized the synthesis method for propyl unsubstituted 1,4-diazepinotribe
nzoporphyrazine Mg(Il) (Scheme 1), which allowed us to maintain high values of photochemical
characteristics and obtain the target product with a yield of 15 %.

The obtained compounds were characterized using ESI, 1H, 13C, 1H-1H COSY, 1H-1H NOSY,
and 1H-13C HSQC NMR spectroscopy methods, as well as MALDI TOF mass spectrometry.

The resulting magnesium complex serves as the starting material for further demetallation
to obtain the free base and for complexation with d-group metals.
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BIPOLAR-TYPE COVALENT ORGANIC FRAMEWORK
ON CARBON NANOTUBES WITH ENHANCED DENSITY
OF REDOX-ACTIVE SITES FOR HIGH-PERFORMANCE
LITHIUM-ION BATTERIES
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of Chemistry and Chemical Engineering, School of Chemistry and Biological Engineering,
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As a special class of crystalline porous polymers, covalent organic frameworks (COFs)
containing electrochemical redox-active centers are attractive electrode materials for Li-ion batteries.
However, designing and synthesizing COF-based electrodes materials with large loading density
of redox-active groups, high redox potential, and increased conductivity to enhance the specific
capacities and the energy densities is extremely challenging. Herein, a series of novel bipolar-type
composite cathodes (denoted as TAPP-Pz-COF-XCNTs, where X = 10, 20, 30 and 40 wt.% of CNTs)
were prepared by the in situ condensation of a new p-type phenazine (Pz)-based building block
(5,10-dimethyl-5,10-dihydrophenazine-2,7-dicarbaldehyde, Pz) with a bipolar-type semiconductor
(5,10,15,20-tetra(p-aminophenyl) porphyrin, TAPP) in the presence of carbon nanotubes to address
these challenges. The TAPP-Pz-COF-40%CNTs possessing exceptional conductivity (7.48 x 103 S
m ') and a mesoporous channel of 2.1 nm enables stable and rapid ion transport. This, in combination
with the plentiful P-, n-, and bipolar-type redox active sites, endows TAPP-Pz-COF-40%CNTs
cathode with a specific capacity of up to 314 mA h g™! at 200 mA g! and a recorded energy density
of 737.5 w h kg™', which is the highest energy density among the thus far reported organic polymer
and COF cathodes for Li-ion batteries, superior ion transport dynamics (1072 to 10® cm? s7'),
and excellent long-term cycle stability (88 % after 10000 cycles at 10000 mA g!). Using a series of ex
situ characterizations and density functional theory (DFT) calculations, the reversible conversion
of the bipolar-type redox-active centers of TAPP-Pz-COF-40%CNTs was revealed and an overall 6
PF_/6 Li" redox mechanism per asymmetric unit was rationalized.

[ G—iigh energy densit@ »G-Iigh specific capaci@

g
Rsah. e \w& '
@Q‘M % \% }( $<‘ /’
' L Skt B>t
\\*‘ 4 2 & I
Yot T
&> <X
%
(\.,
» Discharge xfg‘ Charge
%% $333

122



Cmenoosbie 00K1a0bl

SYNTHESIS AND PROPERTIES OF M-NITRIDO-
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Cytochrome P450 is one of the most versatile enzymes in nature. It catalyzes a wide range
of the important redox reactions, participates in biosynthesis, detoxification, drug metabolism,
and activates the inert C—H bond under mild conditions. This multifunctionality makes it an object
for biomimetic research to develop powerful catalysts with high efficiency. To date, a large number
of synthetic porphyrin and phthalocyanine complexes are known to be the model of the active
center of the enzyme. Such mimetics allow us to study the patterns of its reactivity and gain insight
into the complex structural and electronic features of the prosthetic group. One of the approaches
to develop oxidation catalysts is to use molecular platform based on p-nitride and p-carbide dimer
complexes of transition metals with macroheterocyclic ligands, as simplified model of the active
center of the enzyme. These compounds containing metals with high oxidation degree and at least
two reaction centers, are easily oxidized up to one- and two-electron oxidized intermediates with
different reactivity.

X=C;N;M;#My;R="Bu

This work focuses on the synthesis and properties of N- or C-bridged dimer heteronuclear complexes
bearing metalloporphyrin and metalphthalocyanine units. The compounds were identified and studied
using UV, IR spectroscopy, mass spectrometry, and cyclic voltammogram techniques. The activation
of '‘BuOOH by complexes under investigation resulting in intermediates capable of oxidizing
peroxide and/or substrate under middle conditions was studied. Chemical and electrochemical
oxidation of the initial compounds showed the easy access to highly oxidized species of different
types. The catalytic activity of the dimer complexes in substrate oxidation was noted. The results
of the work are of great interest to study the relationship between structure and property aiming at
creating a molecular platform for a synthetic biocatalyst based on dimeric macrocycle compounds.

This work was supported by the Russian Science Foundation (Project number no. 23-23-00421).
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NANOSTRUCTURALLY ENGINEERING COVALENT ORGANIC
FRAMEWORKS FOR BOOSTING CO, PHOTOREDUCTION
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Owing to their predesigned structures and tailor-made functions, covalent organic frameworks
(COFs) have emerged as crucial photocatalysts for high-efficiency CO, photoreduction, which
is regarded as an attractive strategy to acquire an energy sustainable environment. Herein, we develop
a series of imine-linked COFs with advanced ordered mesoporous hollow spherical nanomorphology
and ultra-large mesopores (4.6 nm in size), named OMHS-COF-M (M = H, Co, and Ni). The ordered
mesoporous hollow spherical nanomorphology was revealed to be formed via an Ostwald ripening
mechanism based on a one-step self-templated strategy. Encouraged by its unique structural features
and outstanding photoelectrical property, the OMHS-COF-Co material is applied as the photocatalyst
for CO,-to-CO reduction. Remarkably, it delivers an impressive CO production rate as high as
15874 umol g! h'!, a large selectivity of 92.4 %, and a preeminent cycling stability. From in/ex-
situ experiments and density functional theory (DFT) calculations, the excellent CO, photoreduction
performance is ascribed to the desirable cooperation of unique ordered mesoporous hollow spherical
host and abundant isolated Co active sites, enhancing CO, activation and improving electron transfer
kinetics as well as reducing the energy barriers for intermediates *COOH generation and CO
desorption. This work not only opens a strategy for rational designing high-performance COF-based
catalysts with advanced nanomorphology and ultra-large mesochannels but also affords in-depth
insights for revealing enhanced CO, photoreduction process.
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In this presentation, we have deeply analysed the evolutional process of the anti-aromatic
porphyrinoids generating the universal strategies for the future designing works.

Designing Strategy of
Anti-aromatic Porphyrinoids

constructa4n mm-e
anti-aromatic system

increase pyrrol/
thiophen/furan units

hetroatom selection:
0->-NH-> -5

Ucircular” skeleton

avoid \ Sat : avoid
C-C=C-Cunit crowded int. env.

A systematic investigation to arrange the typical anti-aromatic porphyrinoids in sequence was
performed. Based on density functional theory calculations, six rules are summarized to obtain the high-
performance anti-aromatic porphyrinoids: (1) when two atoms are deleted/added on the 18x electron
current ring flowing pipe, we will immediately obtain a 167/20xn electron anti-aromatic system; (2) it
is a good idea to increase the number of pyrrole/thiophen/furan units on the n-electron current ring
flowing pipe; (3) the heteroatom selecting order is —O— (optimal choice), -NH— (second choice),
and —S— (last choice); (4) it is worth noting that the C—C=C—C unit is not beneficial for the anti-
aromatic properties; (5) it is very significant to avoid the crowded environment in the core space
of an anti-aromatic molecule. In this view, “O— is much better than —S— and —NH—; (6) the “circular”
skeleton is much better than an “ellipse-like”, “rectangular”, or “parallelogram-like” one.

125



Cmenooewie 00K1a0bl

MOLECULAR MODIFICATION
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Single atomic catalysts (SACs) with planar metal-N, sites are promising electrocatalysts for CO,
reduction reaction (CO,RR) in which the coordination environment plays a crucial role in intrinsic
catalytic activity. Cobalt porphyrin is one of the most intensely studied model compound towards
CO, reduction photocatalysts and electrocatalysts because of the central metal located in a well-
defined planar four-coordinated (Co-N,) environment. Appropriate structural adjustment of tetraaza-
macrocyclic ligands has been demonstrated to improve their thermodynamic reactivity towards CO,
reduction. Herein, we theoretically reveal that such approach enables to tune the electronic structure
around active metallic sites due to the changed Co-N, local structures with broken D, symmetry
and different conjugated ligands from density functional theory (DFT) calculations upon a series
of model compounds. They contain cobalt corrole (Co2), cobalt octahydroporphyrin (Co3), and cobalt
1,5,9,13-tetraazacyclohexadecane (Co4), referring to the cobalt porphyrin (Col) as the benchmark.
In addition, the replacement of N atom(s) in Co-N, sites in Col using O and S heteroatoms to form
cobalt 21-oxaporphyrin (CoS5), cobalt 21,23-dioxaporphyrin (Co6), 21,22-dioxaporphyrin (Co7),
cobalt 21-thiaporphyrin (Co8), cobalt 21,23-dithiaporphyrin (C09), and cobalt 21,22-dithiaporphyrin
(Co10) has been evaluated for the rational design and synthesis of high efficiency Co—N—C (cobalt-
based) catalysts made up of single metallic atoms coordinated by nonmetallic ligands. In particular,
Co3 and Co8 show the lower limiting potentials for CO product as —0.61 and —0.58 eV, respectively,
compared with that of Col. Co2 and Co5 have promising activity for the CH,OH product with
the limiting potentials of —1.30 and —1.04 eV and for CH, product with the limiting potentials of —1.37
and —1.04 eV. This study not only provides a comprehensive view of Co-porphyrinoids for CO,RR
but also presents a theoretical screening path for designing and searching efficient molecular catalysts
toward electrochemical reactions.

126



Cmenoogvie 00k1a0bl
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Developing new linkages by means of new reversible bonds is essential towards expanding
the scope of covalent organic frameworks (COFs), which has become one of the major research
targets in this area. Herein, solvothermal reaction of octahydroxylphthalocyaninato metal complexes
MP¢(OH), with SiO, under the catalysis of methanolic lithium affords a series of two-dimension
(2D) COFs, PT-Si-COF-M (M = Co, Ni, and Zn). The planar-square tetra-coordinated SiO,-moiety
connected 2D network nature of PT-Si-COFs has been demonstrated by powder X-ray diffraction,
transmission electron microscopy, ’Si nuclear magnetic resonance, and X-ray absorption fine structure
spectroscopy. Theoretical calculations reveal that effective interlayer m-m interaction countervails
the energy disadvantage of the parallel arranged Pc macrocycles connected by unprecedented planar-
square coordinated rather than well-known the well-known tetrahedrally coordinated SiO, moiety.
This, in combination with the tightly hindered rotation of Pc unit in bulky frameworks once formed
due to the extremely narrow interlayer spacing of ca. 3.2 A, allows the isolation of Pc-based 2D
COFs. PT-Si-COF-M possess conjugated, N/O-rich, and ordered porous frameworks, endowing them
remarkable anodic K* storage performance with a high specific capacity (384-386 mA h g ! at 40 mA
g ), outstanding rate performance, and excellent cycling stability.
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-1 interaction countervails the energy disadvantage Stabilized planar tetra-coordinated SiO, moiety-connected Pc-
3.2 A layer spacing limits the rotation of the Pc unit based 2D COFs with high potassium ion storage performance
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PA3PABOTKA METOA,0B NONIYYEHUSA KOMIMNJIEKCOB
NMEPEXOAHbIX METANJIOB C HE®GTAHbIMU
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[lepexonHble METaUIBI UMEIOT HIMPOKOE MPUMEHEHHUE B KAaTaJIu3€e pazIndHbIX XUMHUYECKHX pe-
akuui, B TOM 4HClIe B polieccax HedrenepepadoTku. OJHUM U3 crIOCOO0B YIIydIlIEHUs KaTajlnu3aTo-
POB Ha OCHOBe nepexoAHbIX MeTauioB (IIM) siBnsieTcs co3naHue KOMIUIEKCOB C HEPTSIHBIMU TIOPQU-
punosbiMu (HIT) nurangamu. Hedrsiabie nopguprnbl 001aa10T yHUKAIbHBIMU CBONCTBAMH — BBICO-
Kas TepMUyYecKasi CTaOMIbHOCTb, 3JIEKTPOHOJOHOPHOM CIIOCOOHOCTh M CIOCOOHOCTU 0O0pPa30BHIBAThH
cTabuibHbIe KOMILIEKCHI ¢ [IM.

K xnaccuueckum croco6am nonyuenus HII Ha ocHoBe [IM oTHOCST npsiIMO CHHTE3, COJIbBAT-
HbII cuHTe3, nMMoOmn3anus HII va Hocutensax, meTos skcTpakiuu [1].

[Tepen momyuenuem xomriekcoB HIT ¢ IIM rHeoOxoaumo nmpoBectu ux nemeraiusanuio. Cyiie-
CTBYET HECKOJIbKO MeTo0B AeMmetaiuin3anuu HII, oqaum u3 Hanbosnee pacpocTpaHEHHbIX SIBIISIET-
csl KHCIIOTHast oOpaboTka [2].

B nannoit pabore OynyT paccMOTpeHbl pe3ynbTaTbl Y®D-BUIUMBIX CIIEKTPOB JEMETAITU3UPO-
BanHbix HIIT (JIHII), nomyuenHbIX mpu oOpaboTKe pa3iuyHbIMU KUCIOTaMU. AHau3 Y®-BUAUMBIX
cunektpoB JJHII, momyuenHbix npu oOpaboTke pa3inyHbIMU KHCIOTAMM, IO3BOJIMI a) UACHTU(DUILIN-
poBatrh TUI MOPPUPHHA, CIIEKTPBI TOPPUPUHOB C TETPAUPPOIBLHONU CTPYKTYPOH HUMEIOT XapaKTep-
HbIe 1osockl noromieHus B oonactu 400-500 uM, 0) OLIEHUTH CTENICHb JeMETaUTH3allud, TPUCYT-
cTBUE MoyIoCckl oronieHus: B ooimactu 400—410 HM, B) TOJIOKEHUE U MHTEHCUBHOCTH 3THX TOJIOC.

1.2
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JHHa BOIHEL, HM

K03QHIHMEHT NOTITOMEHHA MeTaHCYIb)OHOBAT

cepHoH cMech cepHOM H TpHTOPYKCYCHOH

Puc. 1. YO-Buanmele crieKTpbl He(TIHBIX TOPPUPHHOB

Jintepatypa

[1]  N.A. Mironov, D.V. Milordov, G.R. Abilova. Petroleum Chemistry. 2019, 59, 1077-1091.
[2] Tazeev, D., Musin, L., Mironov, N., Milordov, D., Tazeeva, E., Yakubova, S., & Yakubov, M. Catalysts 2021, 11 (12), 1506.
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CUHTE3 U CBOUCTBA METAJIJIOTUAPOKOPPUHOB

BepesuHa H.M.', BasaHoB M.U.', Bepe3uHa I'.P.", Jlio6umoBa T.B."2, CeMeikuH A.C.'

Heanosckutl 20Cy0apCcmeenHblil XUMUKo-mextono2uveckutl ynuseepcumem, HUW xumuu ma-
Kpocemepoyukauieckux coeounenutl, Meanoso, Poccus

Uncmumym xumuu pacmeopos um. I'A. Kpecmosa Poccuiickou akademuu nayk, Hsanoso,
Poccus

E-mail: sky berezina@rambler.ru

CnoxHOCTh U MHOT00OOpa3ue CTPYKTYp OpraHU4ECKUX COEIMHEHUH OIpeiensieT crenuuKy mno-
BEJICHUSI UX B XMMHMUYECKHX pEaklUsaX U (PU3MKO-XMMHUYECKHUX IpOLEeccax B pacTBOpax M TBEPIOH
¢aze. KoppuHbl — TeTpanupposibHbIe MAKPOT€TEPOLUKINYECKUE COEAMHEHNS, IPON3BO/IHbIE TOphU-
puHa. MakpoUMKiI KOppUHA ABIISETCA BAKHEHIIMM KOMIIOHEHTOM CTPYKTYpbl BUTaMuHa B ), koTo-
PBIii y4acTBYeT B Pa3IMYHBIX OMOXMMHYECKHX IpoLeccax B opraHusMe. JlureparypHble HCTOUHUKH
10 MCCJIEZIOBAHUIO 3TOTO KJlacca COeIMHEHUI BecbMa orpaHnyueHbl. KoppuHbl HaxXonaT NpuMeHeHHe
B MEJMIIMHCKON XUMUHU.

B nponmomkeHue HammMxX HCCIENOBAaHUM 3IEKTPOXMMHMYECKMX CBOMCTB apoOMaTHYeCKUX
T-COTIPSDKEHHBIX METAJUIOKOMIUIEKCOB TopdupunoB [1-2] u kopposoB [3] METOIOM ITUKINYECKOM
BOJIETAMIIEPOMETPUN U3YUEHBI JIEKTpOXUMUYecKue cBoiicta 2,8,12,18-rerpartun-1,3,7,13,17,19-
reKcaMeTuIomIaineHa-a,¢ quruapoopomuaa (1) ¥ MUKINYECKUX T-COMPSIKEHHBIX TETPAEeTHAPO-
KOppHHOB — KoMIuiekcoB koOasbra(ll) u Hukens(1l), cuHTe3upoBaHHBIX 1O MOAUPUIIMPOBAHHBIM Me-
TOJMKaM.

MeTo10M H30TepMHUUYECKOTO HACBIIIICHHS OIIPEIeIeHa paBHOBECHAs pacTBOpuMOcTh (AG=0) coer.
1-3, a Taxke pacCUMTaHbI UX TEPMOAMHAMUYECKHUE XapaKTEPUCTUKU B xjiopodopme npu 298-318 K.

[Ipoananu3upoBaHbl pa3inyHbIE ACMEKThl BIUSHUS CTPYKTYPbl METAJUIOKOPPOJIOB U METAJIO-
KOPPUHOB Ha YCTOMYMBOCThH MOJIEKYJI B TOJIMTEPMUYECKUX YCIOBUAX B MHEPTHOMU Cpefie.

M=Co (2)
M=Ni (3)

Puc. 1. O0beKTBI HCCIIEA0BAHNS

Paboma evinonnena 6 pamkax eocyoapcmeennoco 3adanusi Ha evinoanenue HUP, mema Ne FZZW-
20230009 ¢ ucnonvsosanuem pecypcos Llenmpa KoiieKmusHo20 noIb308aHUs HAYYHbIM 000PY006a-
nuem UI'XTY (npu noooepoicke Munoopuayxu Poccuu, coenawenue Ne075-15-2021-671).

Jlutepatypa

[1]  bepesuna HM, bazanos MU, Koiipman OU. [TnpununsamemieHHbIe TOPGUPHHBL: MIEKTPOXUMHES M KaTalll3 Iporecca MEKTPo-
BOCCTaHOBJICHUSI MOJICKYJIIPHOIO KHCI0poJa. B kH.:DyHKIMOHANBHBIE MaTEepUalIbl HA OCHOBE TETPAUPPOIIbHBIX MAKPOIETEPO-
mukmaeckux coenunennit. [lox pen. O.U. Koiidpmana. M.: IEHAH/I, 2019. C. 619-656.

[2] bazanos MU, bepe3una HM, u np. H36. 6y306. Xumusa u xum. mexnonozus. 2023. T. 66. Bei. 7. C. 98-110.

[3] [Ierposa [IB, Cewmeiikun AC, bepesuna HM, bepe3un MB, bazanos MU. Macroheterocycles 2019, 12(2), 119-128.
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MEHbIE U ULWHKOBbIE ®PTAJIOLUAHUHOBBbIE
KOMNNEKCbI KAK KATAJIU3ATOPbDI
LMKJIONMPUCOEAUHEHUA CO, K3AMOKCUAAM

Fauuua 0.I'., BonpapeHko IN.H., KocoB A.[l., Beneuxas U.M.

Xumuueckuii paxyromem MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus

E-mail: gognn@rambler.ru

@PTaIO0LMAHVHOBBIE KOMIUIEKCHl — Ba)XKHBIM KJIACC COEAMHEHWM, UMEIOIINUNA IHUPOKUN CIIEKTP
npakTuueckoro npumeHenus. [1] B nmocnennue aecsatuieTuss KOMIUIEKChl (TalOLUAHUHOB C IEpe-
XOJIHBIMH M HEIIEPEXOJAHBIMU METaJlIaMU aKTUBHO M3YYalOTCS KaK KaTajau3aTopbl pa3INYHbIX peak-
nui. [2]

Oco0blif MHTEpEC Cpel HUX MPEACTaBIIAET HUKIONPUCOEINHEHUE JUOKCH A yIIIepoaa K MoJie-
KyJie okcupaHa. [lomydaemble mpu 3TOM IUKIMYECKHE KapOOHAThl — MPOAYKTHI BHICOKOM 3HAUUMO-
CTH, UCIIOJIb3yEMbl€ KaK allpOTOHHBIE PACTBOPUTEIH, IEKTPOJIUTHI B OaTapesix, TOIIMBHBIE [IPUCa-
ku. [3] Cpenu dramormaHUHOBBIX KaTaJIn3aTOPOB B KAPOOKCHMIIMPOBAHUH SITOKCHIOB Hanbosee 1u-
pOKO€ MpHUMEHEHUE HALUTH (PTaTOLMAHUHOBbIE KOMILJIEKCHI aTlOMUHUS. [4-5].

B nannoii pabote uccienoBaHa KaTaJIMTUYECKash aKTUBHOCTD Psiia [IMHKOBBIX U MEIHBIX TETpa-
mpem-0yTuil-, OKTaeHWII-, OKTaOyTHUJI- U OKTaXJI0p-3aMEeIlIeHHbIX (PTaTOLMaHUHOB U OKTaazadrano-
[IMAaHWHOB B KOMOWHAIIMK ¢ HYKJIeoprIbHOU 100aBKkoit oauaa Terpadyrunammonus (TBAI) B kap-
OOKCHUJIMPOBAHHUH Psila MOHO3aMELIEHHBIX SMIOKCHI0B. COOTBETCTBYIOIINE HUKINUYECKUE KApOOHATHI
B ONITHUMHU3UPOBAHHBIX YCIOBUSX MOy4€eHbI ¢ BbIxoaaMu oT 68 10 100 % u 3nauenusmu TON ot 450
10 830 (Cxema 1).

catalyst, 0.1-0.15 mol% o catalyst =
9 R", R'
o . 0 TBAI 1.25 mol% o )J\O
R—] O//C R’ ~X X=\__R"

45-80°C, 20 h >——/ \ N /

8 atm R X S N X

neat \
68-100% N\ N=
R = Me, CICH,, Bn, Ph, PhOCH, TON up to 830 N M~ N

M =2Zn, Cu

R' = Ph, Cl, Bu, "Bu
R"=H, Ph, Cl, "Bu
X=CH,N

Cxema 1
Paboma evinonnena npu gpunancosoti noooepoicke PHD (epanm Ne 24-43-00069).

Jlntepatypa

[1] O.A.Hamad, R.O. Kareem, P.K. Omer. J. Chem. Rev., 2024, 6 (1), 39-75.

[2]  A.B. Sorokin. Chem. Rev. 2013, 113 (10), 8152-8191

[3] C.Martin, G. Fiorani, A.W. Kleij. ACS Catal., 2015, 5 (2), 1353—-1370.

[4] K. Kasuga, T. Kato, N. Kabata, M. Handa. Bull. Chem. Soc. Jpn. 1996, 69, 2885-2888.

[5] R.T. Aroso, R.M.B. Carrilho, A.P. Felgueiras, A.C.S. Gonzalez, M.M. Pereira. J. Organomet. Chem. 2021, 950, 121979.
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AOPECHAA ®OTOAUMHAMUYECKASA TEPANNUA
KJIETOK PAKA JIEFKOIo C NOMOLLbIO XJIOPUHA E56,
MOOAUDPULIUPOBAHHOIO ANTAMEPOM LC17

3amaii T.H."3, Kactiok M.P.%, UBaHoBa [1.A.2, BenowepoBaY.B.', 3amaii I'.C."3,
KowmMaHoBa A.A.", TomunuH ®.H.3, Yynkosa T.I'.%, AkuMaHckui A.B.%, Knukaino A.C.'

'Kpacnospckuii - 2cocyoapcmeennolii.  MeOUYUHCKULL  YHUSEpcumem umeHu npogeccopa
B.®. Bouno-fceneykoeo, Kpacnosapck, Poccus

2Cubupckutl ghedepanvuniil ynusepcumem, Kpacnosipcek, Poccust
‘Kpacnosipcxuil nayunviti yeump CO PAH, Kpacnosipcxk, Poccus
‘Uncmumym svicokomonexynsapuvix coeounenuti PAH, Canxm-Ilemep6ype, Poccus

E-mail: tzamay@yandex.ru

B mnocnennue necstunerus UAET aKTUBHOE H3ydeHue ¢oroauHamuyeckoil tepanuu (OUT)
JUTSL JICYCHUST OHKOJIOTHYecKuX 3a0oneBannii. [lorenmuanpaas cnenmuduanocts @JIT B oTHOMIEHNN
OITyXOJM JOCTUTAeTCs 3a CUET HaKOIUIeHHs (POTOCEHCMOMIn3aTopa B 00JIaCTH HOBOOOpPA30BAHMUS,
HO MOXET OBbITh YBEJIMUYEHA 3a CUET UCIOJIb30BaHUS allTaAMEPOB WM IPYTUX OMyXOJeCHeU(PUIHBIX
JIUTaH[IOB.

[{enwro uccienoBanms crano uzydeHue xjaopuna E6, mogudunmposannoro antamepom LC17 [1]
st cneruuyanoit OJIT kimeTok paka Jerkoro.

Xnopun E6 monuduuupoBanu mpaiiMepoM ¢ aMUHOTPYIIION C HCIOJb30BAaHUEM THOHMIIA
XJIOPDUCTOTO M O€3BOJHOTO AMXJOpMeTaHa. PacTBoputTenb OTIOHAIM B BaKyyMe, IOCJIE YEro
pasBoawiu B hochaTtHOM Oydepe u 100aBiIsIn anTamep, KOMJIMMEHTapHbIN npaiimepy. B pe3ynbra-
T€ Yero Nojyyvayucs KOMIUIEKC arTamepa ¢ XJiopuHom E6.

B kauectBe o6bekTa ;uist @JIT ucnonb3oBanu nepBUYHbIE KYJIbTYPhI paKka JETKOro U KIETOYHbIE
KynbTyphl (pudpobnactos. Kietkn kynsruuposanu B CO,-uHKyOarope B 96-1yHOYHOM IUIaHIIE-
T€e J10 mosy4enus Monocos. [Tocie no6asnenns konbrorara mianmer nomemani B CO -unKybarop
Ha 24 4Jaca, 3aTeM MOoABEpraiu JJa3epHOMY U3JTYUEHHUIO NIPU JIMHE BOJHBI 660 HM B Teuenue 10 MuH.

Kietku okpammBanu ¢GuryopecleHTHBIMUA 30HaMU JIJIsl OLIEHKH YpoBHs Kacnasel 1 ADK, supa
kietok okpammmBaiun DAPI. [lanee oneHuBaiu 0711 MEPTBBIX M )KUBBIX KJIETOK JI0 M ITOCIIEC 00Ty YSHUSI.
Pe3ynbTathl nccienoBaHuil moka3aiu, 4To A0JIH KUBBIX (PUOPOO6IACTOB MOCIIE BO3ICHCTBUS XJIOPUHA
€6, ceszanHoro ¢ antamepom LC17 Obutn okosno 100 %, Torna kak kjieTok paka jerkoro — 0 %.
[TokazarensiMu KJIETOYHOM CMEpPTH CUUTAIMCH HapyLIEHHE LEIOCTHOCTU KJIETOYHON MeMOpaHbl,
KOTOpO€ MPUBOJUIIO K HEKPO3Y UJIH aronTo3y. Takum o0pa3om, IPUMEHEHHE areHTOB Ui aApeCHOM
OJIT sBiIsIeTCs MEPCIEKTUBHBIM HAMPABICHUEM JIJIs1 TaJIbHEUIIINX UCCIIEA0BAHUM.

Hccnedosanus na kiemounvix Ky1omypax npoeeodeHvl 8 pamKax 20Cy0apcmeeHno2o 3aoanus MuHu-
cmepcmea Obpaszoeanus u Hayxu PO FWES-2022-0005.

JlutepaTtypa
[11  Kpar A.B., 3amaii T.H., 3amaii I'.C., Konosckas O.C., I'puropsesa B.JI., Kuukaitno A.C., 3ykos P.A. Hcnons3oBanue JIHK-

anTamMepoB B OLICHKE PACIPOCTPAHEHHOCTH OITYyXOJICBOTO MpoIecca y GONbHBIX pakoM Jierkoro / Cubupckoe MeauIMHCKOe
obo3penue. 2016 Ne5 C.96-98.
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CPABHUTEJIbHbIA AHAJTU3 MEXAHU3MOB
BUOPACNPEAEJIEHUA HOBbIX CEHCUBUJIU3ATOPOB,
CUHTE3NPOBAHHbIX HA OCHOBE XJIOPUHA Eé6

3opuna T.E.", EpMmunoBa T.U.2, Ko6nos U.B.", KpaBuenko U.E.", LLiMmaH T.B.2, KycToB A.B.3,
Bepe3uH [1.5.4 3opuH B.I."

!Benopycckuii 2ocyoapcmeennwiti ynusepcumem, Munck, bBeaapyco

E-mail: zorinate@mail.ru

2PHIII] oemckoti onkonozuu, cemamonocuu u ummynorocuu, Mumnck, berapycey

SUnemumym xumuu pacmeopos um. I. A. Kpecmoesa Poccuiickoil akademuu Hayk
‘Usanosckuil 20cy0apcmeeHublll XUMUKo-mexuHoaocudeckuil Ynusepcumem, Heanoso, Poccus

OnHUM U3 OCHOBHBIX HaIpaBJICHUN pa3BuTHs Metoaa horoaquaamMudeckoit Teparuu (OLT) sBms-
€TCsI IOMCK CEHCHOMIN3UPYIOIIMX areHTOB, CIIOCOOHBIX CEIEKTUBHO HAKAIUIMBATHCS B MATOJIOTHYE-
CKHUX KJIeTKaX U TKaHsx. OCHOBHOUM BKJIaJl B KOHTPOJb pactpeaeneHus porocencudmmmzaropon (PC)
B OpraHu3Me BHOCAT MEXaHU3MBI UX TpaHCIOpTa U TU(Qy3un B OpraHax M TKaHIX. YCTaHOBJICHHE
B3aMMOCBSI3U MEX/y XapaKTEpUCTUKAMU 3TUX MIPOLIECCOB U XUMHUUECKOH cTpyKkTypoil DC sBisiercs
6a30B0ii nH(pOpMaLKEll B TOMCKaX ONTUMAJILHOTO MpernapaTa Jisi KOHKPETHOTO KIIMHUYECKOTO MPH-
meHeHust metona OIT.

B nannoii paboTe mpoBeIeHO CPABHUTEIBHOE MCCIIEIOBAHIE PABHOBECHBIX M KWHETHYECKUX XapaK-
TEPUCTUK CBA3BIBAHMSA Psijia IPOU3BOIHBIX XJIOpUHA €, (XUT €,), CAHTE3UpOBaHHbIX B MIBaHOBCKOM ToCy-
JAPCTBEHHOM XMMHKO-TEXHOJIOTHYECKOM YHUBEPCUTETE, C OEIKaMH I11a3Mbl, (JOPMEHHBIMHU IEMEHTAMU
KPOBH, a TAKKE C OIyXOJICBBIMHU KJIETKaMHU B KylbType. C HCTONIb30BaHHEM METOIOB (hITyOPECIIEHTHOTO
aHaIM3a, a TaKkke MPOTOYHON IUTOGITYOPUMETPHH TIPOBEICHA OIIEHKA CKOPOCTH A (Py3HOHHOTO Tiepe-
MEILEHHS MOJIEKYJT JTAaHHBIX COEAMHEHNI MEXTY pa3IMuHbIMU OMOJIOTMYECKUMU CTPYKTYPaMHU.

CrpykrypHbIe POpPMYIIBI HCCTENYEMBIX (POTOCCHCHOMIH3ATOPOB
Xie . N1

CH—CH, i
/ N[ e

Brirouenue B Mosiekyity X1 €, pasiM4HbIX OOKOBBIX 3aMECTHTENEH COMPOBOKIAECTCS U3MEHEHHEM
OTHOCHTEIBHOTO cpozicTBa MosteKyl1 @C K TpaHCTIOPTHBIM OeJTKaM CBIBOPOTKU KPOBH, a Takxke K (hopMeH-
HBIM dIeMeHTaM KpoBH. COIIacHO JaHHBIM IUTO(GITYOPUMETPHH, JUTSl NCCIIEIOBAHHBIX XJIOPUHOB 3HAYH-
TEJIbHO OTIIMYAIOTCS CKOPOCTh U PABHOBECHBIN YPOBEHb HAKOIIEHHUSI B JOPMEHHBIX AJIEMEHTAX KPOBH,
a TaKoKe B OIyXxoeBbIX KieTkax K562 B kynbrype. [lonTBepkaeHo Hanu4ue Koppessiuy MexX Ty BHyTpH-
KJIeTOYHBIM ypoBHEM HakoruteHus: OC u 3 PekTHBHOCTHIO (POTOCEHCHOMITN3UPOBAHHOTO TIOBPEKACHHS
KJ1eToK. OCOOCHHOCTBIO CEHCHOMITI3ALNH (POTOTTOBPEKICHUS KIIETOK UCCIIEIOBAHHBIMH POU3BOIHBIMA
X1 €, ABNISIETCSA OTHOCHUTEILHO BHICOKUI BBIXO/] HEKPOTHUECKH MOBPEKICHHBIX KIIETOK.

Haubonee 3HaunTeNnbHBIC OTIAHYUS I HcciaeqoBaHHBIX PC ObLIM yCTAaHOBJICHBI TP CPAaBHEHUN
ckopoctei ux auddy3noHHOrO NIepemenieHus Mexay kiaetkamu. st N2 1 N4 ckopocTh MUTpanuu
MEX/1y KJIETKaMU B JIECATKU pa3 MPEBBIILIACT aHAJIOTUYHBIN MapaMeTp Ui OCTaJIbHbIX COCTUHEHHH,
YTO MOXKET UMETh PELIAIOLIYI0 POJIb B KOHTPOJIE MPOLIECCOB X PACIpeIeIeHHs U JIOKaIU3alluy B a-
PEHXHUME OITyXO0JIEBOM TKaHH.

Paboma evinonnena npu noooepxcke I'TTHU «buomexnonozuu-2» (3adanue 1.29.2).
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CUHTE3 ®OTOPACLUENNAEMbIX KOHBHOIFATOB HA OCHOBE
®OTOCEHCUBUJIN3ATOPA ME30-METWUJ1-BODIPY
U PA3JINYHbIX ULUTOCTATUKOB

KysbMuHa H.C., ®epotoBa E.A., F'pubosa I'.Ml., OTBaruH B.®., Pepopos A.10.

Hayuonanvuwiii  uccreoosamenvckuii  Huoicecopoockuili  eocyoapcmeennviii  yHugepcumem
um. HU. Jlobauesckoeo, Husxcnuti Hoseopoo, Poccust

E-mail: kuzmina.ns2014@gmail.com

OnMH U3 OCHOBHBIX HEIOCTAaTKOB IPOTHBOOITYX0JIEBOM T€paK — CUCTEMHAs! TOKCUYHOCTh MpPH-
MEHsEMBIX ITpenapaToB. [l perieHus yka3aHHOM Ipo0ieMbl B JaHHOM padoTe MpeasiokeH KOHbIOT -
poBanHbIi areHT 1 Ha ocHOBe Gorocencudunuzaropa BODIPY (4,4-nmudrop-4-6opa-3a,4a-1uaza-s-
MHJAIeHa) ¥ LUTOCTAaTUKOB: MPOU3BOJHOTO AyokapmuiinHa (seco-CBI 2) u kabo3antunuOa 4. Konns-
torat 1 siBnsieTcs pojeKapcTBEHHOM (pOpMOI yKa3aHHbBIX IUTOCTATUKOB, B KOTOPOI aKTUBHbIE (par-
MEHTBI COEIUHEHBI MTOCPEACTBOM JIAOMIBLHON KapOoHaTHOU cBsizu (puc. 1). doToceHcubmm3arop
BODIPY, conepxaiuii B ME30-METUIBLHOM IOJOXKEHUH YXOJALIYIO TPYIINY, CIoco0eH AelcTBHEM
BUJIUMOTO CBeTa ee BbIcBOOOXk1aTh [ 1]. Takum oOpa3oM, npu 061yuyeHUN CBETOM OyAET IPOUCXOAUTD
paspytieHne kapOoHaTHOM cBsi3u B 1 ¢ BRICBOOOKIeHHEM TpoJiekapcTBa seco-CBI 2 (mubo kabo3aH-
TUHUOA 4), KOTOPBIN B YCIIOBUSX KJIETOYHOM cpeibl oABepraeTcs UKIn3auy Bunmrelina ¢ oOpa-
30BAHMEM AKTUBHOI'O AJIKWIMPYIOLIEro areHra 3. B pesynprare Mpou30iIeT yBEIUYEHUE AKTUBHO-
ctu ruToctaruka npumepHo B 10000—100000 pa3 mo cpaBHEHHUIO ¢ MPO-MPOJIEKAPCTBEHHON (HOpMOit
1 [2]. Coueranue B cocTaBe GoropacierisieMoro konbiorara 1 poroceHcnOmm3aTopa v UTOCTaTH-
Ka MIO3BOJIUT peajan30BaTh OJJHOBPEMEHHO U (POTOIMHAMUYECKYIO TEPANNIO, U XUMUOTEPAIIUIO.
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Cxema 1

Paboma evinonnena npu gpunancosoti noooepocxke PHD (epanm Ne24-13-00179).

Jlntepatypa

(1]
(2]

T. Slanina, P. Shrestha, Chem. Soc. J. 2017, 139, 15168—15175.
D.L. Boger, J. Am. Chem. Soc. J. 1997, 119, 4977 — 4986.
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BJIMAHUE CTPYKTYPHOU MOAUDUKALIUU
AUNMUPUAUNTNOPOUPUHA HA EFO ®YHKLUOHAJIbHbIE
CBOMUCTBA

Likhonina A.E., Mamardashvili N.Z.

G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences, Ivanovo, Russia

E-mail: talanovaanastasiya@mail.ru

KoopnunanuoHnHble moiauMepsl Ha OCHOBE MOPPUPUHOB MPEACTABISIIOT COOON COeTMHEHUSs], MO-
HOMEPHBIC 3BEHbSI KOTOPHIX 4epe3 (PyHKIIMOHAJIbHbBIE TPYIIbl WIHM KOOPJAWHAIIMOHHBINA IIEHTP CBS-
3aHBI MEXKy co00M MoHaMU MeTaIoB. OHU IIMPOKO MCIOJB3YIOTCS B PA3IMYHBIX OOJACTSIX Hay-
Ku Onarofaps OoJIbLION MJIOIIAN OBEPXHOCTH U HaCTpauBaeMbIM pazMepam nop. Tak, Hanpumep,
OHU MOTYT OBITh HCIIOJIb30BAHBI B KAUECTBE MOJIEKYJISIPHBIX KOHTEHHEPOB WIN PE3EPBYapOB JUIsl Xpa-
HEHUS U JIOCTaBKU ra3oB, a TAK)KE B KaueCTBE (JIyOPECLEHTHBIX JIaTYNKOB HA N3MEHEHNE BHEIIHUX
(haKTOpOB CpebI.

Panee Hamu ObUIM MOMTYYEeHBI TOPUCTHIE IUKIINYECKUE 3D-onuromepHbie CTPYKTYphl HA OCHOBE
Sn(IV)-5,15-mupunnn-10,20-gu(4-nupuaun)noppupuna (SnP), obnanaronue CEHCOPHBIMU CBOM-
CTBaMH I10 OTHOILIEHUIO K U3MEHEHHUI0 TeMieparypsl cpenbi[1]. [ToaTomy, B paMkax naHHOM pabOTHI,
HaM OBLIIO MHTEPECHO IPOAHAIU3UPOBaTh, KaKkasl CTPYKTypHast MOAU(]UKAIMS BHOCUT BKJIAJ B IO-
SIBIGHUE TEPMOCEHCOPHBIX CBOMCTB. C 3TOM 11€/1bl0 HaMU ObUIM HOJIYYEHBI TETPAMEPHbIE CTPYKTY-
PBl IMHEMHOTO U LUKINYECKOrO CTpoeHHsl Ha ocHoBe 5,15-mudunmn-10,20-au(4-nupuaun)nopdu-
puna (H,P) myrtem cBaspiBanus nupuaninbhbix Gparmentos consamu PA(ID) u Pt(IT), a Takxke nuuei-
HBIE OJIMTOMEPBI U3 TPHaJ Ha OCHOBE SnP ¢ Monekynamu okronamuna Sn(okT),P, CBI3aHHBIX COIs-
mu Ni(ID).

OOBIYHO, C POCTOM TeMIlepaTypbl HaOMIOHAeTCs TyLIEHHE (PIyOpECIEHTHBIX CBONCTB, OHAKO,
it nukommaeckux Pd- u Pt- rerpamepoB-SnP B o6mactu 25—110°C nabmrogaeTcst 3HaYUTENBHBIN POCT
bnyopecuenmuu [1, 2]. Janpueimas monudukanus moxydeHHbix Pd- u Pt- omuromepon myTem axc-
TpakoopauHauuu Sn(IV) npuBoAUT K TYIIEHHIO KBAHTOBOTO BBIX0/1a, HO POCTY BPEMEHH KU3HU (ITy-
OpECIICHITNH, TTPU ITOM, TeMIEepaTypHas 3aBUCUMOCTD (hryopectieHiuu B uHTepBasie 25—110°C co-
xpansiercs [2]. Jlns Pd- u Pt- Tetpamepos Ha ocnose H, P mono6uoli 3aBMcMMOCTH He HaOII01aI10Ch,
KBAHTOBBIN BBIXOJ (DIIyOpECLEHIIUU CHIKAETCS ¢ POCTOM TEMIIepaTyphl, OHAKO, 3TOT Mpoliecc 3Ha-
YUTENHHO OOJIee MEJICHHBIM, YeM JJIsi WHIUBUYTBHOTO H,P. ITooTOMy, MOXHO CliefiaTh BBIBOJ,
YTO YBEJIMYEHUE OJIMTOMEPHOM I1eMH 3a c4eT CBs3bIBaHusI MoHOMepoB cossimu Pd(I1) u Pt(I1) ne sB-
JsieTCs peraroIuM (PaKTopoM K MOSBICHUIO TEPMOCEHCOPHBIX CBONCTB.

SnP u ero momudukanus OKTONaMUHOBBIMUA MOJIEKYJIaMU MPHUBOAMT K YBEIUUYECHUIO (Iryopec-
LeHIuu nopdupHrHa, OJHAKO, CEHCOPHBIX CBOWCTB Ha TeMIlepaTypy He HaOnroganoch. YIJIUHEHHE
LIETIA OJTUTOMEPA, 3a cueT cBs3biBaHus Tpuas cosimu Cu(Il) u Ni(Il) mpuBoaut k Tymenuro dayopec-
LEHIIUU, HO BMECTE C 3TUM, JIMHEWHBIN onuromep npuoOpeTaeT CBOMCTBA MOJIEKYJIIPHOTO TEPMOMeE-
Tpa, Ybs (IIyOpeCIeHIINSI YMEPEHHO pa3ropaercs ¢ pocToM Temieparypsl. [loatomy, Ha Hanuuue Tep-
MOCEHCOPHBIX CBOMCTB B PACTBOPE Y MOITYUYEHHBIX OJTUTOMEPOB OKA3bIBAET COBOKYITHOCTbH IIPO/IETIaH-
HpIX Mopupukanuii. [Tomydenne ornensHo Pd- u Pt- rerpamepos-H,P u muneiinpix Cu(Il) u Ni(II)
Sn(oxT),P-onuromMepoB He MPUBOAUT K TAKOMY CHIIBHOMY (pIIyOPECLIEHTHOMY OTKJIMKY, KAK COBOKYII-
HOCTb 3TUX MOAUDUKAIIHIA.

Jlutepatypa

[11  A.E. Likhonina, G.M. Mamardashvili, I.A. Khodov, N.Z. Mamardashvili. Polymers. 2023, 15, 1055.
[2] A.E. Likhonina, G.M. Mamardashvili, N.Z. Mamardashvili. Russian Journal of Inorganic Chemistry. 2024. 10.1134/
S0036023624600138
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rTMMAaAPOKCUMETUIIUPOBAHUE 3K30LUUKIA
METUOEOD®OPEUOA A U PEOPUTUHA A

OcunoBa A.M., benbix [1.B.

Coixmuiexapckuti eocyoapcmeeHusiil yrugepcumem um. Humupuma Copoxuna, Coikmwigkap,
Poccus

HUnemumym xumuu @UL] Komu HI] YpO PAH, Coikmuigkap, Poccus

E-mail: anna_m_osipova@mail.ru

[Topdupunsl, noxydeHHbIE U3 IPUPOIHOTO CHIPbS, HAXOAST HIMPOKOE MPAKTUYECKOE MPUMEHE-
HUE B MEJUIMHE, a TAKXKE SIBJISIFOTCS NEPCIIEKTUBHOM M1aT(OpMOil 1Jisi CHHTE3a HOBBIX OMoiornye-
CKH aKTHBHBIX COCTMHEHUH (aHTUOKCUIAHTOB, (oToceHcnOunm3aropoB (PC) MeAUITMHCKOTO HAa3HA-
YEHUsI, JUATHOCTUYECKUX MperapaToB Jyisi oHKosioruu) [1]. B ¢Bs3u ¢ 3TiM mouck HOBBIX A dek-
THUBHBIX METOJIOB XUMUYECKON MOAU(PUKAIIMHI PUPOAHBIX MOP(PUPUHOB OCTAETCS aKTyaJIbHOU 3a/1a-
yeil. AKTUBHBIM pEaKIIMOHHBIM LIEHTPOM MeTuideodopOra @ U ero aHaJIoroB SIBISETCS IK30IUKII,
MIOCKOJIbKY JIETKO MOXKET MOJBEprarbcsi eHonuszanuu. Panee HamMu ObUIO OCYIIECTBIEHO THAPOKCH-
METWJIMPOBAaHME SK30LMKIIA MeTHiI(eodopraa a npu aelcTBrun napagopma B NpUCYyTCTBUU OCHOBA-
HUA B Byx(a3Hoi cucteMe OeH3oi-Boaa [2]. B Hacrosmieit pabote u3ydeHsl MpeBpalieHusi METHJI-
tdbeodopbuna a (1) u peodputuna a (2) npu aerictBun napadopma B MPUCYTCTBUU OCHOBAHMS B OI-
HO(a3HOM cucTeMe JAHOKcaH-Boja. Hamu ObUTO MOKa3zaHo, 4TO B3auMojielcTBHe MeTmiIdeodpopou-
na a (1) u peodurnna a (2) ¢ hopmanbaeTHIOM B IPUCYTCTBUM KapOOHATa HATPUSI B CMECH JHOK-
CaH-BOZA IPY KOMHATHOM TeMIepaType MO3BOJISIET MOIyUYUTh COOTBETCTBYIoIME 13(2) ruipokcume-
Tuanpon3BoaHbIe (3, 4) (cxema 1) B BUIe cMecH ABYX MACTEPEOMEPOB. YI00OCTBO MCIOIB30BAHMS
JIMOKCAaHa B KAY€CTBE PACTBOPUTEIIS B PEAKIIMH 3aKIFOUAETCSl B TOM, UTO 00pa3yIoIIascsi CMECh XJIO-
PUHOB MOXET OBITH BBIJICJICHA B BUJIE OCaJIKa IPHU pa30aBIeHUU PEAKIIMOHHON cMecHu Boaon. CTpo-
CHHE BCEX MOJTYYCHHBIX COSIMHECHUI MOATBEPXkKICHO JaHHbIMU criekTpockoruu SIMP 'H, 1*C, a tak-
e Macc-CIeKTPOMETPHUH.

CH,0, BH

dioxane/H,0, r.t.

Cxema 1
Jlutepatypa

[1]  D.V. Belykh. Russian Journal of General Chemistry, 2019, vol. 89, no. 12, p. 2604-2649.
[2] Dmitry V. Belykh, Ekaterina V. Ashikhmina. Maxpozemepoyuxnei/Macroheterocycles, 2014, 7(1), 88-90
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HOBbIE NMPEKYPCOPbI AJ11 CUHTE3A
MAKPOIrETEPOLMKJINYECKUX COEQUHEHUN

MetyxoBa E.A., laHunoBa E.A.

HUU maxpoeemepoyuxiuveckux coedunenuii, M8ano8ckuil 20cyoapcmeeHtvlll XUMUKO-mex-
Hono2udecKul ynusepcumem, Heanogo, Poccus

E-mail: ek.petukhova@mail.ru

Makporeteponukinnueckue coenuHenus (Mc) o6maaaoT yHUKaIbHBIMU CBOWCTBaMU, Oyiarosia-
psl UeEMY HaxoJAT MIMPOKOE MPUMEHEHHUE B KaU€CTBE BbICOKOA((EKTUBHBIX KpacuTelel, Karaau3aTo-
poB. Kpome Toro, Mc noreHiuaibHO MOTYT UCIIOJIB30BAThCs AJIs JIGUEHUS] U AMATHOCTUKH OHKOJIO-
rMYecKux 3a00s1eBaHuil METOIOM (POTOIMHAMUYECKON Teparuy, a TaKKe B KaueCTBE AaHHOHHBIX pe-
nentopos. Hannuue pa3nudHbIX CBOMCTB, MPOSBIISIEMBIX Mc, HAIPSAMYIO 3aBUCUT OT MOJIEKYJIIPHON
CTPYKTYpPBI, KOTOpasi ONpeAessieTcsi BLIOOPOM MPUPOAbl UCXOAHBIX COCAMHEHUN U yCIIOBUI CHHTE-
3a. HanOounpmii nHTEpEC MpeICTaBIsIoT a3oiconepkaiye Mc, B MAKpOCUCTEMY KOTOPBIX BXOJSAT
1,2,4-tpuazonsuslie, 1,2,4- u 1,3,4-tuaguazonbHble GparMeHThl, MPEKypCOpPaMu KOTOPBIX SIBIISIFOT-
cs 3,5-quamuno-1H-1,2,4-rpuasomn, 2,5-nuamuno-1,3,4-tuanguazon u 3,5-nuamMmuno- 1,2,4-tuanuason,
Ha OCHOBE KOTOPBIX CO3/1aHbl MHOTHE 3 (EKTUBHBIE JIEKAPCTBEHHBIE NPEnapaThl HIMPOKOTO CIEKTpa
neicTBus. BTOphIM BajkKHBIM CBOMCTBOM SIBJISIETCSI BOZMOYKHOCTb QJIKMJIMPOBAHHUS MEPEUNCICHHBIX
JMaMHHOA30JI0B [0 LUKINYECKOMY aTOMy a30Ta.

W3BecTHO, YTO NMPOU3BOJHBIE OUC-P-XJIOPITUIAMHHA — NIEPBbIE [IUTOCTATUUECKHE TPOTHUBOOILY-
XOJIEBbIE XMMHUOTEPAINEBTUYECKHUE JIEKAPCTBEHHBIE MpenapaThl, KOTOPbIE MOJABIISIIOT POCT OMYXOJIH
10 MEXaHU3MY AJTKWIMPOBAHUS HYKJICO(PUIBHBIX LIEHTPOB OMOMOJIEKYIIbI.

[enpro qaHHOM paOOTHI SIBISICTCSI ONTUMHU3AIINS METOIUKYU CHHTEe3a coenHeHuit 1-5. B kauecTse
MOJIEJTEHOTO COEMHEHHs OB UCTIONB30BaH 3-aMuHO-1,2,4-Tpuazosn. s dopMupoBanus 2-xji0pa-
TUJIBHOM TPYNIHUPOBKU AJIKWJIMPOBAHUE BBIIIECNEPEUUCICHHBIX AMAMUHOA30JI0B MPOBOJAWINA C HC-
M10JIb30BaHUEM STUJICHXJIOPTUPUHA U AUXJIOPATAHA.

Hamu Obuin anpoOupoBaHbl METOMKH N-alKWIMPOBAHUS C IPUMEHEHUEM Pa3IMYHbIX KaTaJlu-
3aTOPOB U B UX OTCYTCTBHUHU.

CrpoeHue Moy4YeHHBIX COETMHEHUI YCTaHOBIIEHO HA OCHOBAaHUM JIaHHBIX MacC-CIIEKTPOMETPHH,
XpoMaTo-Macc criekrpomeTpud, snexkrponnon, UK, AMP — cnexrpockornuu u PCA.

137



Cmenoogvle 00K1a0bl. 3aounoe yuacmue

CUHTE3 U CNEKTPAJIbHbIE CBOMCTBA
NEPFANNOFEHUPOBAHHbIX Cul(ll)-
TETPA®EHUJINOP®PUPUHOB

Yuosa H.B., 3BesauHa C.B., Mamappawsunun H.OK.

Huemumym xumuu pacmeopos um. I'A. Kpecmosa Poccuiickou akademuu nayx, Meanoso,
Poccus

E-mail: nve@isc-ras.ru

MHoroobpasue CTpYKTyp KOMIUIEKCOB MOPPUPUHOB C pa3IWYHBIMU METaJUIAMU OTKpPBI-
BaeT IIMPOKUE BO3MOKHOCTU JJII UX NPUMEHEHHS B Pa3JIMYHBIX OONACTSIX HAyKU U TEXHUKH.
WHTepec kK CUHTE3y U HUCCIEIOBAaHUIO KOMIUIEKCOB MOP(MUPHUHOB C MEJbIO BBI3BAH BO3MOXKHOCTBIO
WX NpUMEHEHUs B Karainusze u Ouomenuuuue. [lomydeHbl paanoceHCMOMIN3AaTOphl Ha OCHOBE
KOMIIJIEKCOB M€ ¢ TeTpadeHminopdupunamu. M3BeCcTHBI KpacUTENIM HA OCHOBE KOMIUIEKCOB MEH
¢ pranonuaHMHAMCH U Op(UPUHAMH.

C nenpro pa3paboTku 3P(EKTHBHBIX METOJOB CHHTE3a MEepPrajoreHUPOBAHHBIX KOMIUIEKCOB
menu(Il) ocymectBieno ucdepmnbiBaromee rajgoreHupoanue - monoxkenuit Cu(ll)-rerpa-(2,6-
mudpToppenmn)noppupuna (1) ¢ nomompto N-Opomcykuunnmuga (NBS) u N-xnmopcykuuHumuia
(NCS) B mumetundopmamue (IAM®PA). [lokazaHo, 4To NMpu MOJIBHOM COOTHOILLIEHUU KoMIuiekca 1
k NBS pasnom 1:40 B pactBope IM®DA B Teuenue 2 CyT. Ipu KOMHATHOU Temmeparype obOpasy-
ercst Cu(Il)-f-oxrabpom-(2,6-nudpropdpennn)noppupun (2). Xnopuposanue coemuHerus 1 NCS
(monmpHOE cootHomerue 1:90, 2 cyt.) B JIM®A mpuBonuno k obpazoBanuto Cu(ll)-S-oxraxmop-
5,10,15,20-terpa-(2,6-nudropdpenun)noppupuna (3). [Ipu s3aumoneiicrsuu Cu(ll)-rerpa-(2,3.4,5,6-
nentapToppenmn)nopdupuna (4) ¢ 6onapmmm u3osiTkoM NCS B JIM®DA B TeueHue 4 CyT MoiydeH
Cu(I)-p-okraxnop-(2,3,4,5,6-nenradropdenun)nopdupun (5). BepostHo, M3-3a cTepuuecKux 3a-
TpyIHeHuI OpoMupoBanue Komiuiekca 4 ¢ nomonibio NBS B IM®A B TeueHue 5 CyT. IpUBOAUIIO
K 00pa30BaHUIO CMECH JIU- U TPU-OpOM3aMEeIIeHHbBIX KOMIUIEKCOB MEIH.

CpaBHeHHE TMOJIYYEHHBIX JAHHBIX MO OpOMHPOBaHHUIO IHU(TOP3aMEIIEeHHOr0 KOMILJIEKCa MEIu
B JIM®A c pesynpraramu, nonydeHHbiMu panee mig Zn(Il) u Ni(Il)-rerpadpennnnopdupunos [1]
MI0Ka3aJjo, 4yTo Jierdye Bcero oopasytorcs nepragorenupoBanubie Ni(1l)-nopdupunsl (mpumepHo ~ B 2
paza owicTpee, ueM Zn(Il)-kommiekcsr u ~ B 15 pa3 ObicTpee, 4eM KOMIUIEKCHI METH.

Hamporus, pu B3aUMOJICHICTBUH f-oktabpom-5,10,15,20-reTpa-(2,6-
mudTopbenmnunnoppupuna(6),f-okraxinop-rerpa-(2,6-gudpToppenmnopdupuna(7)uf-okraxiaop-
terpa-(2,3,4,5,6-nentadpropdpenun)nopbupuna (8) ¢ comsimu meau B JIMDA nerko o6pa3yroTcs co-
orBetcTByommume Cu(ll)-mopdupunsl. [Ipuyem, peaknuu KOOPAMHAIIMN HUCCIEAYEMBIX COCIUHEHUN
¢ aueratoM Meau B JIM®DA npu KOMHATHOW TemrepaTrype MpoTeKaroT O4eHb OBICTPO, MPAKTUYECKU
IPH CITMBAHUU CBEXKETPUIOTOBIEHHBIX pacTBOPOB noppupunos u Cu(OAc), B JIM®DA (mosbHOE co-
otnomenue 1:10). KommiekcoobpazoBanue noppupuros 7 u 8 ¢ xmopumom meau B JIM®DA mpoxo-
JIUT TaKXke ObICTPO, B TeueHHe ~ 1—2 MuUH. B cpaBHUMBIX yCIIOBHSIX, TIPH B3aUMOICUCTBUH MTOPHUPH-
Ha 6 ¢ CuCl B pactope JIM®A B Teuenne 30 mun oOpasyercs f-OpoM3aMENIEHHBIH KOMILIEKC MEIU
2. M3yueHa KMHETHKA KOOPAUHAIMH f-0kTadpom-5,10,15,20-tetpa-(2,6-nudTopdenmn)nopdupuna
¢ xsopugom meau B JIM®DA nipu 298 — 318 K. Paccuntanbl KWHETHYECKHE TAPAMETPHI PEAKIIUH.

CHHTEe3UpOBAHHbBIE COSAMHEHUS UACHTU(PUIIMPOBAHBI METOAAMHU AIEKTPOHHON aOCOpOIIMOHHOM,
SIMP 'H criekTpOoCKOIHHU, MacCc-CIIEKTPOMETPHH U 3JIEMEHTHOTO aHaJIn3a.

Jlntepatypa

[1] Ymxosa H.B., [Imurpuesa O.B., Mamapramsumu H.K. JKHX. 2022, .67 (3), 286-294.
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BITIUAHUE ®OCDPOPOCOAEPXXALLMUX NOPOUPUHOB
C 3TOKCUAKCUJNIbHBbIMU TPYINMMNAMU HA LLEJIOCTHOCTb
KJIETOYHOWN CTEHKU BAKTEPWUWU ESCHERICHIA COLI T-61

XaputoHoBa A.10."2, MaxoHbKo A.A."?, CMupHoBa A.E."?, leHuneBa 3.I'.",
KoHcTtanTMHOBA A.H.", Bapnamosa E.A.", Batuwes 0.B."?

"Hnemumym ¢usuuecxoit xumuu u snexkmpoxumuu um. A.H. @pymrxuna PAH, Mocksa, Poccust

? Poccutickuti HayUOHaIbHbLIL UCCIe008AMeNbCKULL MeOuyuHckull yrusepcumem um. H Y. [upoeosa,
Mocxkea, Poccus

B macTosmuii MOMEHT akTyajbHa TpoOJieMa PE3UCTEHTHOCTH OaKTepHaIbHBIX BO30yaUTENeH
K aHTUOMOTHKAM, YTO IPUBOAHUT K HEOOXOJUMOCTH OMCKA ATbTEPHATHBHBIX IMTOIXO00B K AHTHMUKPOOHOM
Tepanuu. Takas anbTepHATHBAa — AHTUMUKPOOHAs (OTOAMHAMHYECKAs TEpamus C HCIOJIb30BAHHEM
nopduprHoB Kak (orocencnOmmzaropoB (PC). OcHoBHOM MexaHusM jaerictBus PC 3akimrodaercs
B CIIOCOOHOCTH F€HEPHPOBATh AKTHBHBIE (POPMBI KHCIOPOAA MO ACHCTBUEM OOIYUYESHHUSI, YTO IPUBOIUT
K ru0enu 6akTepuasibHOM KieTkH. B To ke BpeMs y @C ecTh HENOCTATKU: sl JOCTHXKEHUS KIMHUYE-
ckoro 3ddexra TpedyeTcs NIUTEIbHOE 00JydYeHHE M BBICOKHME KOHIEHTpAIMHU BellecTBa. Takum 00-
pa3zoMm, BaxkHOHM 3amaueit sBisieTcss nmouck PC, >PPeKTUBHBIX NMPU MUHUMAIBHBIX KOHIICHTPALIUIX
BemecTBa M J03ax oOmydenus. Panee [1] Oblma mokazaHa aHTHOAKTEpHAbHAs AKTHBHOCTH
anstoken0(5,10,15,20-rerpadernnnoppupunar)pochop(V) 6pomun (TPP(OEt)) mporus mramma
E.coli T-61 (MIC = 12,5 mxM) nocne obyuenus nazepom (A =450 um, 5 J[x/cm?) B Tedenue 1 MuH.

B mactosmieit paGoTe u3ydaauch BO3MOXKHBIE MEXaHH3Mbl 4YyBCTBUTENbHOCTH FE.coli T-61
K ucciegyemomy nopdupuny. Ha n3o0pa>keHusX, Moxy4eHHbIX IPU CKAHUPOBAHUU MIOBEPXHOCTHU KJIETKH
C MOMOIIBI0 aTOMHO-CHIIOBOM Mukpockonuu (ACM) uepe3 3 uaca nocie o0JydeHHs B HMPUCYTCTBUH
50 mxM TPP(OEY),, nabnronanuch 3Ha4MMbIe H3MEHEHHs MOPQOIOrMH MeMOpaHbl OaKTEpHid, CBA3aH-
HBIX C HapylleHHeM oJHopoaHocTu penbeda (Puc. 1). s onpeneneHust npupoabl H3MEHEHUH KIICTKU
okpammBaiu Annexin V — BHUTaIbHBIN (IIyopeclUpYIONINN KpacuTenb, 3ateM aobaBisin 50 MkM
TPP(OEt),, obnyyanu v aHaIM3MPOBAIM METOJIOM KOH(OKAIbHOW MHKPOCKONMHU. Bo3HMKHOBEHHE
(ayopecuenumnu Habmoa1M TONIBKO B KieTkax ¢ TPP(OELt),, Torna kak B KOHTpObHBIX KieTKax (6e3 PC)
takoro ¢ dekra He Obu10. [loTydeHHBIE JTaHHBIE MOTYT CBHIETEIHCTBOBATH 00 00pa30BaHUU CKBO3HBIX
MOp, TIO3BOJIMBINMX KPACUTEII0 MPOHUKHYTh BHYTPh KJIETOK. /[ HE3aBUCHMOTO TOITBEPIKICHHS
cnocoonoctn TPP(OEt), mpoxoauTs 4epe3 JIMNMAHBIA MaTpUKC OaKTEpHAIbHBIX MeMOpaH, ObLIA
MIOJTyYEeHbI MOZIETTbHBIE MEMOPaHBbI, HA KOTOPBIX OBLIO MPOJIEMOHCTPUPOBAHO YBEITUUEHHE IIPOBOAUMOCTH

Puc. 1. IlosepxnocTh MemOpansl E.coli T-61 no (A) v uepes 34 nociie (b) Buecenus 50MkM TPP(OELY),.
N3o0pakenus nomydens ¢ nomorsio ACM (40X)

nocne ancopouun TPP(OEt),, npuueM naxke B OTCYTCTBHM OCBEIIEHHs. Pe3ynbTaThl, MOTy4eHHbIE
Ha mtamme E.coli T-61 ¢ npumenennem ACM 1 KOH(OKaJIbHON MHKPOCKONHH, 8 TAKKE PE3yJbTaThl
SKCIEPUMEHTOB Ha MOJEJIbHBIX MeMOpaHax, MO3BOJSIOT MPEANON0KUTh, YTO MEXaHU3M aHTUMHUKPOO-
noro nevicteus TPP(OEt), — popmupoBanue 1mop, KOTOPbIE HAPYIIAOT UETOCTHOCTD KIETOUHON CTEHKH
u 6aKTepuanbHON MeMOpaHBbI.
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Porphyrazines have high stability, high values of the molar absorption coefficient, quantum yield
of singlet and triplet excited states, as well as the possibility of modifying the structure to achieve
the required physicochemical characteristics. Amphiphilic low-symmetry A B type porphyrazines with
diazepine fragments are capable of controlled self-assembly into photophysically inactive aggregates
and attract special attention for use in fluorescent diagnostics (FD) and binary photodynamic therapy
(PDT).

In the PDT experiments, C57bl and BDF, mice were used, which had previously been
subcutaneously inoculated with Ca755 mammary gland carcinoma into the side. Photosensitizer
(PS) based on the sodium salt of 2-[4-(carboxylatomethoxy)phenyl]ethenyl substituted magnesium
tribenzo-1,4-diazepinoporphyrazinate was administered once into the tail vein in doses of 2 mg/kg, 5
mg/kg and 10 mg/kg. The accumulation of drugs in the tumor and the efficiency of the photochemical
reaction after irradiation were monitored by the fluorescence signal in vivo in the system for visualization
and analysis of fluorescent and bioluminescent signals VISQUE InVivo Smart-LF (South Korea).
After the accumulation of drugs in the tumors, irradiation was carried out using the ALHT- ELOMED
installation at 670 nm and an energy density of 250 J/cm?. After the PDT session, tumor sizes, body
weight and behavior of the mice were monitored, and survival was monitored. The control group
of animals was injected with saline solution instead of the test compound; dimeglumine chlorin E6
was used as a reference drug.

The work demonstrated the possibility of visualizing tumors using the new PS. The selectivity
of PS accumulation in tumor tissues was assessed. The optimal time for laser exposure after drug
administration has been established. Inhibition of tumor growth after a PDT session is comparable
to the dimeglumine chlorin E6 and is not accompanied by the manifestation of clinical signs
of intoxication in experimental animals. At the studied doses, throughout the entire observation period
after PDT, no features of defecation and urination were noted. No differences from the control groups
were found in the condition of the coat, skin, or mucous membranes. There were no statistically
significant differences in changes in body weight of the control and experimental groups of animals.

The work was carried out with funding from State assignment No. 124020500019-2.
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Recently, there has been an increase in the number of antimicrobial-resistant microorganisms,
which is a serious problem [1]. To address this issue, it is important to develop and introduce
new drugs, as well as to use alternative methods, including photodynamic and light-independent
therapies. Various metalloporphyrins such as chlorophyll have been widely used in both these areas
[2, 3], and the incorporation of these compounds into polymeric matrices helps to increase their
bioavailability [4].

In our study, we investigated the antimicrobial activity of chlorophyll embedded in poly-N-
vinylpyrrolidone (PVP) and polylactic acid (PLA) matrices against Gram-positive (S. aureus, strain
209-P) and Gram-negative (E. coli, strain 1257) microorganisms.

To obtain polymeric forms, solutions of PVP and PLA with concentrations of 10 % (wt.%)
and chlorophyll solutions with concentrations from 0.1 to 0.5 % relative to the weight of polymers
were prepared, after which the obtained substances were mixed in the ratio of 1:1 (vol./vol.).

The antibacterial activity of Chl-PVP and Chl-PLA complexes was studied against S. aureus
and E. coli on MPA. The diameters of the growth retardation zone (GRZ, mm) of bacteria were
measured daily for 120 hours; chlorophyll solutions in free form at similar dosages were used as
a control.

The results of the study showed that chlorophyll both in free form and in complexes with PVP
and with PLA has antibacterial effect on S. aureus at chlorophyll concentrations from 15 pg, where
at doses up to 75 ug bacteriostatic effect was observed, and at 75 pug — bactericidal. A study on E.
coli showed that chlorophyll in both free and polymeric forms has a bacteriostatic effect on bacterial
growth at concentrations of the active ingredient from 45 pg. It is important to note that in both cases
the polymeric forms had a more prolonged action. Based on the obtained data, it can be assumed
that polymeric forms of chlorophyll can be used in the development of antimicrobial agents against
staphylococcal infections.

References

] Begunov RS et al. Antibiotics and Chemotherapy 2023, 68, 19-24.

] Dharmaratne P et al. Eur: J. Med. Chem. 2020, 200, 1123412020.

[3] Shlyakhtin SV & Trukhachova TV Bulletin of Pharmacy. 2010, 2, 1-20.
] Kang YuR et al. Food Chem. 2019, 272, 337-246.
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Phthalocyanines (Pc) are organic macroheterocycles whose properties are being actively studied
as photosensitizers for cancer PDT and antibacterial PDT. Recently, interest in phthalocyanines
with nitrogen-containing substituents has been growing as photosensitizers since the presence
of an N-heterocycle can have additional effects on the substrate. Among biologically active
N-heterocycles, tetrazole derivatives are of interest, because they are already used as antibacterial
and anticancer drugs. At the same time, nitrogen-containing heterocycles are widely known as
substituents of the phthalocyanine ring, however, complexes containing tetrazole substituents are not
found in the literature. Anionic phthalocyanines are widely known photosensitizers for PDT, which
are actively used in medicine. In this paper, anionic zinc and indium phthalocyanines containing
3-(1H-tetrazol-5-yl)phenol substituents have been investigated.

Ry o—ZnPcOTz, o—InPcOTz

Rz,R3: H, Rl or R4 =

~ OQ@:N Na@

p—ZnPcOTz, B-InPcOTz N=N
Rl’ R4= H, R2 or R3 =

M = Zn, In(Cl)

R;

Fig. 1 — Anionic metal phthalocyanines with 3-(1H-tetrazol-5-yl)phenol substitutions
The synthesized compounds were characterized by 'H, *C NMR, IR and UV-Vis spectroscopy.
Anionic salts of tetrazole-containing metal phthalocyanines have high solubility in water.

The generation of singlet oxygen was investigated in DMSO and H,O + Triton X-100 (Tab. 1).

Tab. 1 — Photophysical and photochemical properties of investigated compounds

MPc 0-ZnPcOTz o-InPcOTz p-ZnPcOTz S-InPcOTz ZnPcS
e M 696 697 683 697 675
@, (DMSO) 0.61 0.46 0.56 0.77 0.69
®,(H,0+TX-100) 0.79 0.71 0.61 0.80 0.48

Thus, the novel anionic metal phthalocyanines, which are soluble in water, showed good
photochemical properties and could be potential photosensitizers for PDT applications.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(state assignment FSEN-2023-0002).
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Derivatives of natural chlorophylls — chlorins and bacteriochlorins — are used to treat cancer.
For photodynamic therapy, the optimal light absorption range of photosensitizers for the treatment
of deep-seated and large tumors is in the range from 650 to 850 nm. Modification of chlorins, which
are more resistant to oxidation compared to bacteriochlorins, allowing a noticeable shift of the max-
imum absorption wavelength to the red region of the visible spectrum, would make it possible to ob-
tain an optimal photodynamic agent.

Modification with aminooxybenzenes may be a promising way to expand the spectral properties
of chlorins. Aromatic moieties are preferred for creating bioactive compounds because they are gen-
erally capable of forming a greater number of molecular interactions compared to aliphatic moieties.
At the same time, aryl fragments are theoretically capable of significantly expanding the m-system
of tetrapyrroles.
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zZ—

N
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The aminooxy group is promising for the creation of new organic compounds with bio-
applications. [1] Our scientific group tested several strategies for the synthesis of chlorine derivatives
with aminooxybenzene substituents, among which the strategy of conjugation of N-hydroxychlorins
with fluorobenzenes turned out to be optimal.

The work was carried out with the support of the Ministry of Science and Higher Education
of the Russian Federation (government assignment Ne(075-00701-24-07 dated 04/03/2024; FSFZ-
2024-0013).

References

[1] Laulhe S. Aminooxy reagents for synthesis and analysis: Expanding the role of oximation. — University of Louisville, 2013.

143



Cmenoogvle 00K1a0bl. 3aounoe yuacmue

CRYSTALLINE COMPLEXES BASED ON REDUCED COPPER
(11) PHTHALOCYANINES WITH DIFFERENT DEGREE
OF FLUORINATION

Faraonov M.A.', Romanenko N.R.', Konarev D.V.'

! Federal Research Center of Problems of Chemical Physics and Medicinal Chemistry RAS,
Chernogolovka

E-mail:maksimfaraonov@yandex.ru

Phthalocyanines (Pcs) are a family of macrocyclic compounds used as industrial dyes, currently
investigated as materials for optical, electronic, and photoelectronic devices, catalysts, etc. Their properties
can be effectively tuned by variations of the central atoms, axial ligands, and macrocycle substituents
yielding macrocycles with potentially wide applications. Another strategy to tune the properties of Pcs
is their oxidation or reduction forming species with an unpaired electron delocalized over the macrocycle.
Acceptance of additional electrons by the macrocycles under reduction provides new properties since
unpaired spin can participate in the magnetic coupling of spins or high conductivity. Metallomacrocycles
with paramagnetic central metal atoms are of special interest since spin localized on metals can interact
with electrons delocalized over the macrocycles.

We studied gradual one- and two-electron reductions of Cu"(F Pc) (x=8, 16, 64) (Figure 1) to form
mono- and dianion species, respectively. A series of complexes based on paramagnetic [Cu'(F Pc**)]-
and [Cu"(F Pc*)]* anions was obtained as crystals [1, 2].

We studied and compared the effect of reduction on molecular structure, optical and magnetic
properties of the fluorinated copper(Il) phthalocyanines including the partial or full fluorine substitution
and the introduction of bulky extremely electron-withdrawing perfluoroisopropyl (C,F.) groups. Reduction
is mainly centered on the macrocycles yielding [Cu(F Pc**")]"and [Cu''(F Pc*)]*~species with two (Cu"
and F Pc*") and one (Cu") paramagnetic centers, respectively. The structural, optical, and magnetic
properties of the new materials reveal trends imparted by electrons addition and degree of fluorination
in phthalocyanines.

Coupling between two spins in [Cu"(F Pc**)] decreases in the following row [Cu"(FPc*)],
[Cu"(F, Pc™)]” and [Cu"(F Pc*")]” when the number of fluorine atoms increases in the macrocycle.
Monoanions [Cu"(F Pc)”*"]" (x= 8, 16) with fluorine atoms attached directly to the Pc core form mainly
closely-packed m-stacks with strong magnetic coupling. The [Cu"(F Pc)* ] anions are isolated due
to the presence of bulky perfluoroisopropyl substituents on the periphery that completely suppress any
intermolecular interactions. The [Cu''(F Pc)*]*" (x = 8, 16, 64) dianions have diamagnetic and EPR silent
tetraanion macrocycles and paramagnetic Cu'' atoms with S = 1/2 spin state.

The work was partially supported by the by the Russian State Task 124013100858-3.
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Modern nuclear medicine is an actively developing branch of medical radiology, which includes
various non-invasive methods of imaging and therapy. Radionuclide therapy using drugs based on Lu-
177 and PSMA vectors is actively spreading. Lu-177, being a f-emitter, has a maximum energy of 0.5
MeV and penetrates tissue to a depth of no more than 2 mm, thus, even small malignant lesions can
be irradiated with high precision. The previously obtained [1] dimethyl ester of chlorin e6 with tris-
methylene (tert-butylcarboxy) substituted cyclen, as well as its modifications using linkers for attach-
ing a chelating subunit to the 13" and 17’ positions of chlorin, are promising agents for the delivery
of radionuclide Lu-177 into various types of tumor cells, since chlorin derivatives are known for pas-
sive targeting. In addition, chlorins themselves are photosensitizers (PS), which makes it possible
to monitor the accumulation of the conjugate and carry out targeted irradiation.

Boron neutron capture therapy is also based on a nuclear reaction within a cell. To achieve a thera-
peutic effect, a high concentration of boron atoms in the tumor site is required (20 xg 10B/g of tumor).
The attachment of boron polyhedra to the PS molecule ensures the creation of promising theranostic
agents through targeted delivery of a boron cluster to the tumor, visualization of the tumor boundaries
and binary exposure to it using photodynamic and boron neutron capture therapy. The number of bo-
ron polyhedra at the periphery of the chlorine macrocycle can be increased by adding them to the cy-
clen, [2].

Dioxonium and nitrile derivatives of cobalt bis(1,2-dicarbollide) were provided from the Laboratory
for Organoaluminium and Boron Compounds of INEOS RAS with the guidance of Doctor of Chemical
Sciences. prof. V.I. Bregadze.
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The substituted metal phthalocyanines are used as photosensitizer for photodynamic therapy
(PDT) of cancer due to unique spectral properties. It is known that metal phthalocyanines bearing
nitrogen containing heterocyclic substituents can be high efficient photosensitizer for PDT [1] and their
cationic forms for antimicrobial PDT [2]. However, only some papers are dedicated to researches
of metal phthalocyanines bearing imidazole heterocycles and their cationic derivatives. In this paper
the spectral characteristics of tetra cationic zinc phthalocyanine with imidazole heterocycles were

investigated.
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Fig. 1. Structure and UV absorption spectrum of ZnPc

It was found that zinc phthalocyanine exists as monomer with concentrations up to 10-10°¢ M
in DMSO and water with TX-100. The singlet oxygen quantum yields were determined by relative
method with ZnPc and MB as references. @, values are equal to 0.53 and 0.67 in DMSO and water re-
spectively. Also partition coefficient (IgP =—1.1) and photodestruction constants in DMSO (1.2-107%)
and water (18.9-10°) were determined.

Thus, the novel zinc phthalocyanine showed good photochemical properties and could be poten-
tial photosensitizer for PDT applications.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(state assignment FSEN-2023-0002)
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Pyropheophorbide-a 17-diethylene glycol ester (1) is the most promising photosensitizer among
the similar amphiphilic oligoethylene glycol-substituted chlorophyll a derivatives [ 1-3]. Our previous
studies revealed its low dark and high photoinduced cytotoxicity [2,3] and suggested its specific
interactions with polyvinyl alcohol (PVA) during encapsulation into PLGA nanoparticles [1]. In this
report photochemical activity is compared for 1 and a reference commercially available chlorin e -
based water soluble photosensitizer — Fotoditazin® (2) in aqueous solutions containing partially
hydrolyzed (87-90 %) polyvinyl alcohol (M =30-70 kDa). Singlet oxygen generation efficiency was
studied as the absorbance decrease at 440 nm upon visible light irradiation (A > 550 nm) of a mixture
of 10 mM p-nitroso-N,N-dimethylaniline (RNO) and 10 mM imidazole (Im) in 0.05 M phosphate
buffer saline (PBS) at pH 6.86 in the presence of PVA and the above photosensitizers (Fig. 1).

Unlike compound 2, in pure PBS without PVA 1 does not exhibit any photochemical activity
due to the previously observed aggregate formation [4]. However, in 0.1-1 % PVA a significant
increase in fluorescence intensity and singlet oxygen production efficiency for 1 is observed due to its
monomolecular form stabilization upon complexation by the polymer matrix. Such binding has been
earlier confirmed by FTIR, DSC, and XRD, and the maximal binding efficiency was observed at 1
mg of 1 per 3 g of PVA [1]. It is noteworthy that in a fully hydrolyzed PVA (M = 130 kDa) almost
no polymer binding of 1 is observed within the same concentration range, which indicates a crucial
role of hydrogen bonding in the complex formation. In the presence of the singlet oxygen scavengers
(DABCO, sodium azide, furfuryl alcohol) a significant decrease in the singlet oxygen generation
is observed, while in D, O it is more pronounced, which confirms type Il mechanism of photodynamic
activity. Thus, it is PVA which is responsible for high photoinduced cytotoxicity of 1 in PVA-stabilized
polymer nanoparticles in aqueous media [1,2].

This work was performed within the framework of the State Assignment of Ministry of Science
and Higher Education of the Russian Federation.
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Photodynamic therapy is currently an effective method of treating and diagnosing cancer,
and chlorin-based photosensitizers are widely used in clinical practice. Their main disadvantage
is the low selectivity of accumulation in tumor cells, which can lead to damage to healthy tissues.

Synthetic scheme for hybrid biological vector consisting of a targeted fragment (biotin), a linker
and a tetrazine has been developed. A photoactive (therapeutic) agent based on chlorin-e [ 1] selectively
binds to the tetrazine fragment in vivo using the Diels-Alder reaction and forms a photoactive system
that generates singlet oxygen when irradiated, thereby causing the death of a tumor cell.
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Fig. 1. Strategic molecules for targeted delivery and formation of a photoactive system
This work was supported by the Russian Science Foundation under Grant No. 21-73-10230.

The proposed synthesis technique and the resulting conjugate can become the basis for the creation
of new targeted diagnostic and/or therapeutic drugs.
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Motivation and Aim: The use of physical activators contributes to the enhancement of luminescence
intensity by 2—3 orders of magnitude without affecting the chemical processes taking place in the system
of chemical reactions. The physical activator natural dye coumarin C,, intercepts excitation of triplet-
excited ketones formed during recombination of peroxide radicals by the Russell mechanism
and is a fluorescent probe. Mathematical modeling of the porphyrin ring surrounded by the fluorescent
probe of the natural dye coumarin C,, showed that the chemiluminescence of luminol is 3—4 orders
of magnitude higher than the excited ketones themselves.

Methods and Algorithms: The accuracy of our study is determined by the presence of cardiolipin
for pH stabilization, Fe?" quenching, and the presence of the natural dye coumarin C,,,. Factors that

334°
distort the parameters of porphyrin ring modeling surrounded by fluorescent probe coumarin C,, :

insufficient addition of hydrogen peroxide, excessive amount of nitrogen (II), methanol, protéﬁ]
denaturation, change of cytochrome C conformation in the complex of cytochrome C with cardiolipin.
Lipoperoxidase and quasilipoxygenase reaction systems were analyzed.

Results: Cytochrome C complexed with cardiolipin differs from native cytochrome in the following
properties: (1). Possesses fluorescence of tyrosine and tryptophan residues; (2). Loses absorption
in the Sore band (405-410 nm) as a result of the breaking of the heme iron-sulfur M(80) coordination
bond in cytochrome C ; (3). Possesses enzymatic activity; (4). Catalyzes the formation of lipid
radicals in the membrane surrounded by the fluorescent probe of the natural dye coumarin C_, . (5).
Enzymatic activity depends not only on the concentration of cytochrome C with cardiolipin, but
also on the ratio that determines the percentage of the absolute amount of the denatured form; (6).
The microviscosity of the membrane surrounded by the physical activator natural dye coumarin C,,,
has a different polarization coefficient; (7). At neutral pH, the heme in cytochrome C exists in a low-spin
configuration, and the iron center is hexagonally coordinated by pyrrolic nitrogen from the porphyrin
ring and the axial limands of Met(80) and His(18) apoprotein;

Conclusion: The results obtained by us can become the basis for the creation of new drugs, which
are elements of the cell, respectively, affect cancer cells and are insensitive to synthetic drugs.

cytochrome C, cardiolipin, porphyrin
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Motivation and Aim: The use of physical activators contributes to the enhancement of luminescence
intensity by 2—3 orders of magnitude without affecting the chemical processes taking place in the system
of chemical reactions. The physical activator natural dye coumarin C_,. intercepts excitation of triplet-
excited ketones formed during recombination of peroxide radicals by the Russell mechanism
and is a fluorescent probe. Mathematical modeling of the porphyrin ring surrounded by the fluorescent
probe of the natural dye coumarin C_,  showed that the chemiluminescence of luminol is 3—4 orders
of magnitude higher than the excited ketones themselves.

Methods and Algorithms: The accuracy of our study is determined by the presence of cardiolipin
for pH stabilization, Fe*" quenching, and the presence of the natural dye coumarin C,,,. Factors that
distort the parameters of porphyrin ring modeling surrounded by fluorescent probe coumarin C,,:
insufficient addition of hydrogen peroxide, excessive amount of nitrogen (II), methanol, protein
denaturation, change of cytochrome C conformation in the complex of cytochrome C with cardiolipin.
Lipoperoxidase and quasilipoxygenase reaction systems were analyzed.

Results: Cytochrome C complexed with cardiolipin differs from native cytochrome in the following
properties: (1). Possesses fluorescence of tyrosine and tryptophan residues; (2). Loses absorption
in the Soret band (405410 nm) as a result of the breaking of the heme iron-sulfur M(80) coordination
bond in cytochrome C; (3). Possesses enzymatic activity; (4). Catalyzes the formation of lipid
radicals in the membrane surrounded by the fluorescent probe of the natural dye coumarin C,.. (5).
Enzymatic activity depends not only on the concentration of cytochrome C with cardiolipin, but
also on the ratio that determines the percentage of the absolute amount of the denatured form; (6).
The microviscosity of the membrane surrounded by the physical activator natural dye coumarin C_,
has a different polarization coefficient; (7). At neutral pH, the heme in cytochrome C exists in a low-spin
configuration, and the iron center is hexagonally coordinated by pyrrolic nitrogen from the porphyrin
ring and the axial limands of Met(80) and His(18) apoprotein;

Conclusion:Natural dye coumarinC , “classical” physical activator of luminol chemiluminescence
is oxidized by cytochrome C in complex with cardiolipin, and the rate of this oxidation is limited
only by the concentration of cytochrome C itself, which is also destroyed as part of cytochrome C
in complex with cardiolipin under the action of hydrogen peroxide.

The results obtained by us can become the basis for the creation of new drugs, which are elements
of the cell, respectively, affect cancer cells and are insensitive to synthetic drugs.

5,5 Cytochrome C, cardiolipin, porphyrin ring,
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The nitrate-nitrite-NO conversion is an important chemical transformation in both environmental
biology and mammalian physiology. In the environment, the variety of bacteria employ transition
metals based enzymes to promote denitrification during anaerobic respiration, a four-step process
where nitrate (NO,") is reduced to N,. The nitrate and nitrite are also found in humans in uM and nM
quantities respectively [2], and are products of a particular diet or different oxidative processes such
as nitric oxide dioxygenation [3]. Inorganic nitrite (NO,") known as a significant source of nitric
oxide that acts as a vasodilator and intrinsic signaling molecule [4]. The availability of thiols, known
as the good reductants in the biological milieu has a particular importance and stimulated studies
of their possible role in the nitrate and nitrite convertion to the nitric oxide.

Here we present the low-temperature FT-IR and Uv-Vis spectroscopic results of the reaction H,S
and EtSH with sublimed layers containing the Co-, Mn- and FeTTP(NO,) nitrito and FeTTP(ONO,)
nitrato porphyrin complexes (TTP — meso-tetra-p-tolylporphyrin 2°). The eventual products of this
reaction in all cases are the respective nitrosyl complexes, water and disulfides. The mechanism
of the reactions that accounts for all spectroscopic observations with the use natural abundance NO,
as well as "N and '®O labeled analogs is proposed to proceed through the O-atom transfer reactions
from coordinated NO,™ to H,S and EtSH with the formation of corresponding sulfenic acids. The latter
reacts with excess of H,S/EtSH leading eventually to the respective disulfides and water. The transient
intermediates detected upon monitoring the reaction from 77 K to room temperature including their
DFT-optimized structures and final products, analyzed by mass spectrometry are discussed.

Acknowledgements: The financial support from SCS of the Republic of Armenia (Project 21AG-
1D040) is gratefully acknowledged.
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Tetrazine derivatives of macrogeterocycles have a great potential in PDT. As the BODIPY
compounds containing tetrazine group showed the incorporating tetrazine fragment in molecule
provides to organelle-specific localization, increases of quantum yield of singlet oxygen and amplifies
the therapeutic window, by the shift of absorption maxima in longwave field [1,2].

Based on this the main goal of our work is the synthesis of porphyrin with two tetrazine groups.

CN
1. TFA
. (P 2.DDQ
—_—
A\
\ // \
NH NH ¥

CN

Zn(OTf),, NH,NH,
MeCN

O O = 0

CN

Scheme 1.

Cyano group was chosen for the base of tetrazine group synthesis. For these purposes,
5-(4-cyanophenyl)dipyrrolylmethane was synthesized. The 5,15-diphenyl-10,20-dis(4-cyanophenyl)
porphyrin was synthesized by the condensation of 5-(4-cyanophenyl)dipyrrolylmethane with
benzaldehyde in Lindsey’s mild condition. The reaction obtaining of tetrazine derivative was carried
out in acetonitrile in the presence of hydrazine and zinc triflate. During purification of the synthesis
products by column chromatography, several zones were isolated. The main zone turned out was
the zinc complex of the original 5,15-diphenyl-10,20-dis(4-cyanophenyl)porphyrin. The content
of the target product in the resulting mixture is very small. However, it was isolated and spectrally
characterized.

In the future, studies will be conducted on the photodynamic activity of the new photosensitizers
on cellular tumor and non-tumor models, as well as on animals with human tumor xenografts.

The structure of all synthesized compounds was proven by spectral methods (1H NMR, IR, ESP
and mass spectrometry), and their purity was characterized by TLC and elemental analysis data.

The work is supported by Russian Science Foundation (grant Ne 24-13-00179).
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Annotation. The work is devoted to the synthesis of complex compounds based on bacteriochlorins
and cisplatin for combined therapy of cancer. This approach should increase the effectiveness of therapy
and reduce side effects on the body.

Keywords: bacteriochlorins, chemotherapy, photodynamic therapy, cisplatin, isonicotinic acid.

Combined therapy is one of the new popular methods of cancer treatment because it combines
the advantages of several methods, while the risks associated with combined methods are minimized
[1, 2]. Since bacteriochlorin derivatives, including conjugates based on them for combined therapy,
have recently attracted great interest, in this work we synthesized prototype of bacteriochlorin-based
pharmaceuticals for combination therapy of cancer, containing isonicotinic acid hydrazide residue, as well
as the external coordination of cisplatin by this fragment (Figure 1).

[o]

PI(NH,),Cl, AgNO,

DMF, Ar

Fig. 1. Synthesis of platinum complex of bacteriochlorin from bacteriochlorin e,

The resulting complex is capable of degradation in a weakly acidic environment, which is typical
for tumor tissues, with formation of cisplatin-based residue and a bacteriochlorin photosensitizer,
each of which individually may have a therapeutic effect.

This research was funded by Russian Scientific Foundation (RNF), grant number 23-73-01276.
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Photodynamic therapy (PDT) is an alternative and effective way to treat cancer with high yield
of singlet oxygen is ensured using effective photosensitizers, such as metal phthalocyanine complex-
es [1]. It is known that phthalocyanines bearing 3,5-dimethyl-1H-pyrazole substituents show high
solubility in most organic solvents and low aggregation in them [2]. However, only some papers are
dedicated to the research of phthalocyanine complexes bearing pyrazole heterocycles. In this paper,
the spectral characteristics of zinc phthalocyanine bearing eight pyrazole heterocycles were investi-
gated.

R —— DMSO
—— Water + Triton X-100 (0.1%)

T T T T i
300 400 500 600 700 800
Wavelenght, nm

Fig. 1. Structure of new zinc phthalocyanine and UV-Vis spectra in DMSO and water

The zinc phthalocyanine was characterized by various spectroscopic techniques including 'H
NMR, BC NMR, IR and UV-Vis spectroscopy. The non charged zinc phthalocyanine was soluble
in DMSO and water containing 1 % DMSO and had a low tendency to aggregate in both solvents.
The quantum yields of singlet oxygen values are equal to 0.58 and 0.46 in DMSO and water
respectively.

Thus, the novel non charged zinc phthalocyanine, soluble in water, showed good photochemical
properties and could be a potential photosensitizer for PDT applications.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(state assignment FSEN-2023-0002).
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The photoexcitation of porphyrins in channels of the S —S leads to rapid relaxation to the ground
triplet state that due to efficient spin—orbital coupling [1]. Molecular oxygen in a solvent acts as an efficient
quencher of excited singlet states and, especially, of excited triplet states [2].

In this report, we present the set of experimental data about triplet decay time 0f2,3,7,8,12,13,17,18-oc
taethylporphyrin (M-OEP) and 5,10,15,20-tetraphenylporphyrin (M-TPP), where M- corresponds to H.-,
Mg-, Zn-, Pd- and Pt-. All compounds have been studied in different solvents with using new experimental
set up laser photolysis based on selective excitation of porphyrins in absorbance bands about Sore
and in visible spectral range. So effective excitation of compounds allowed in our experiments practically
excluding photodegradation of the samples during the experiments.

The lifetimes of triplet states for above mentioned compounds were recorded in cyclohexane (CH),
toluene (TOL), dichloromethane (DCM) and dimethylsulfoxide (DMSO) in presence of molecular
oxygen at atmospheric pressure and room temperature. The fact of increasing of values of triplet lifetime
for the same compounds ( for example, for Pt-OEP) in a series of solvents from CH (280 ns) — TOL
(380 ns) — DCM (780 ns) — DMSO (945 ns), that well correlate with changing of dipole moments from
0 D for CH to 3,96 D in case of DMSO. The relationship between time decay of triplet states and dipole
moments of solvents may be explained on the base of coupling between oxygen with molecules of solvents.
The behavior of oxygen in a solvent has been studied and discussed many times. Additionally, the small
size of the oxygen molecule and as a result high coefficient of diffusion allows oxygen to go into contact
with porphyrin molecules and interact with them [3].

The impact of internal heavy atom in process of the deactivation of triplet states t_to have a decisive
role for the set of porphyrins studied in the presence of molecular oxygen. This conclusion is based
on a systematic study of our The decay times for set of free base porphyrins (H,-OEP and H,-TPP) as
well as corresponding metallocomplexes with a series of ions from Mg(II) to Pt(Il) have been recorded
in different solvents. For example, t_in TOL for H -TPP have value 630 ns, for Mg-TPP — 580 ns, for Zn-
TPP 570 ns, while in case of Pd-TPP and Pt-TPP the values t shows 340 and 250 ns, correspondingly.
The above mentioned data evidently demonstrates the influence of the internal heavy atom effect
on deactivation of triplet states in presence of atmospheric oxygen/

The phosphorescence lifetimes of M-TPP with phenyl rings were showed more bigger values than
in the case of M-OEP at atmospheric molecular oxygen concentration. This effect can be attributed
to the presence of four phenyl rings in the structure of the porphyrin macrocycle, leading to a decrease
in triplet state quenching by molecular oxygen.

The work was supported by the Grant No. F23ME032 BRFFI and partial support Project 3.03.10
program “Convergence 2025 and Project 1.8 GNTP “Photonics and Electronics for Innovation”.
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Cancer is a serious problem for millions of people around the world. Modern medicine involves
the use of various methods of malignant tumors treatment, including chemotherapy, radiation therapy
and surgery. However, these methods are not characterized by high efficiency and selectivity. For this
reason, work is underway to find and implement innovative safe methods for of anticancer therapy.
Photodynamic therapy (PDT) is one of such methods involving the use of photosensitizers (PS) that
destroys tumor cells through the formation of reactive oxygen species. Approaches to the creation
of conjugates of PS with targeting molecules are used to reduce the cytotoxic effect on normal tissues.

In this work, we have synthesized uncharged conjugate 1 of meso-arylporphyrin with
the small-molecular-weight EGFR tyrosine kinase inhibitor Erlotinib, positively charged conjugate
2, and conjugate 3 with the targeting ligand separated from the macrocycle by an aliphatic spacer [1].
Reference compound 4, which doesn’t contain the targeting fragment in its structure, was synthesized
for comparative analyses. The use of molecular docking methods allowed us to assume the mechanism
of interaction of the obtained compounds with the target protein (Fig. 1).

i
i
1
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i

Fig. 1. Structures and interaction analysis of target compounds with EGFR [PDB ID: IM17]

According to the results of in vitro biological tests, compound 2 among those presented
in the series demonstrates a 50-fold increase in the values of light-induced toxicity compared to dark-
induced toxicity. The values of light-induced toxicity of compound 4, compared to the same values
for compound 2, are lower by 2-3 times against cell lines with high levels of EGFR expression.
Compound 1 encapsulated in Pluronic F-127 nanoparticles showed no differences between
photodynamic and dark toxicity.

This work was financially supported by the Russian Science Foundation (grant Ne 22-73-10176)
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PDTisapromising method in terms of damaging tumor cells. The substituted metal phthalocyanines
bearing nitrogen containing heterocyclic substituents could be used as photosensitizers for PDT due
totheirunique spectral properties [ 1]. Inthis paper the spectral characteristics of indium phthalocyanines
containing pyrazole heterocycles were investigated. Variation of the position of the substituent (alpha-
/ beta-) or the linker atom (-S- / -O-) is aimed at enhancing the photosensitizer activity.
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Fig. 1. Structure and UV absorption spectrum of ZnPc

Table 1. The photophysical and photochemical properties of the complexes i (I-4)

DMSO WATER + TRITON TX-100

MPe o am |Loge| oM | o, >, A_.nm | Log€ | CM | @ >,
1 688 | 520 | 8*10° | 079 | 328%10° | 6ol 516 | 11%10° | 093 | 489%10°
2 700 | 511 | 11710 | 078 | 349%10° | 699 | 520 | 9*10° | 099 | 12.5%10°
3 703 | 516 | 9%10° | 069 | 105*10° | 705 | 509 | 12¥10° | 088 | 254*10°
4 720 | 513 | 12¢10° | 072 | 066*10° | 718 500 | 12%10° | 0.84 | 637%10°

It was found that metal phthalocyanines exist as monomers with concentrations up to 8—-10-10-
¢ M in DMSO and water with TX-100. The singlet oxygen quantum yields were determined by rel-
ative method with ZnPc and MB as references and photodestruction constants in DMSO and water
were determined (Tab. 1). Thus, the novel cationic metal phthalocyanines showed good photochemi-
cal properties and could be potential photosensitizers for PDT applications.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(state assignment FSEN-2023-0002)
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