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IIpodeccop Jleonun bopucosuu Bosonapcekmii (1931 — 2010)

B 2021 romy ucnonusiercs 90 ner co nHs poxaeHus Jleonmna bopucoBuua
Bononmapckoro, BbLAAIOHIETOCS COBETCKOIO M POCCHMCKOTO YYEHOTO, BEAYIIEro
cneguainucTta B OOJACTM XHUMHHM TEeTEPOLUMKINYECKUX COEJMHEHUN a30oTa u
CTAaOWJIBHBIX HHUTPOKCUJIBHBIX pPAJUKaloOB, JjaypeaTa [ oCynapCTBEHHON mpeMuu
Poccuiickoit ®eneparuun (1994) u npemuu Boesoackoro (2002). Ilpodeccop
Bonopapckuit 6611 ocHOBaTeneM Jiabopatopun a3oTtucthix coenuuenniit HUOX CO
PAH, oaHOW W3 BenymMX MHUPOBBIX JIAOOPATOPHUI MO CUHTE3y HUTPOKCHIIbHBIX
panukanoB. C umeHeM npodeccopa Bonogapckoro cBsizaHo MojiydeHHEe CTaOMIbHBIX
HUTPOKCHUJIBHBIX PAJAUKAIOB 3-MMHUJIA30JMHOBOTO psAlia, MPOU3BOJHBIX HUMUIA307a,
nupasuHa 1 N-okcuaa nupuMuanHa. [log ero pykoBoicTBOM ObLIO 3alUIIEHO Ooiee
JeCsITH KaHAMJATCKUX M 4eThlpe JOoKTopckue aumccepranmu. [Ipodeccop
Bononapckuit 6bi1 aBTopom Oosiee 300 HaydHBIX cCTaTei, OMyOJIMKOBAaHHBIX B
BEAYUIMX POCCUIICKMX U 3apyOeKHBbIX >XypHanaX, 70 aBTOPCKUX CBUIECTEIbCTB
Poccun u 6 3apy0exHbIX MATEHTOB.
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Heckoabko cios o JI. b. Bosiogapckom

A.U. Kokopun

OUI] xumuuecxou puzuxu um. H H. Ceménosea PAH, yn. Kocvieuna, 0. 4, Mockea, 119991, Poccus

E-mail: alex-kokorin@yandex.ru

Jleonnn bopucoBnu Bomomapckuii ObUT yTUBUTEIBHBIM YesioBeKoM! MOXKHO CKa3aTh, 4TO OH OBLI
MOUM CTapIIMM TOBAapHILEM B Hayke. HecMOTpsl Ha HE OY4EHb YacCThle BCTPEYM, OH OCTAETCS KUBBIM B
Moel mamsaTH. OrpoMHasi Spyaunus, obasHue, yMEHUE yOexaaTh M (paHTaCTHUYECKas YBICYCHHOCTh
HayKOW, OpraHMYeCKOW XWMHeW — 3To ObUIO BIeUarisiomie. B pasroBope, B3sSB JUCT OymMaru, OoH ¢
HEMMOBEPHOU CKOPOCTHIO YEPTHII XUMHUECKUE (OPMYIIBI HUITPOKCHUIIOB U peakuuii. JI.b. Obu1 ogHuM U3
BEJIMKUX CHHTETHKOB HUTPOKCHIIBHBIX paaukaioB (puc. 1). MMuma3omuHOBbIE HUTPOKCHIIBI Hanboee
[IUPOKO UCTIONB3YIOTCS B METUIIMHE, OMOJIOTHH, XUMHUH. MIMHIa30MHOBBIE OMpPaIUKaIbl MO3BOIHIIH
MOJIYYHUTh YHUKAIbHbIE JAHHBIE O BHYTPUMOJICKYISIPHOM AJIEKTPOHHOM CIMHOBOM oOMeHe [1-3].

P EGS ImORVOSTODOMMSN VISEGYRE T E M

HYMPOSIUM

-
SIABLE NITROXIDE FRII RADICALY
2731 May. 1979
PECS

Puc. 1 CneBa HampaBo: pekrop YuHuBepcuteta r. Ilewa, JI.Lb. Bomomapckwuii, L. Berliner, I'.H.
Jluxtenmreiin, A. Rassat, J. Keena, G. Sosnovsky, K. Hideg

Jlureparypa
[1] Kokopun A.W. u ap. Hzeecmuss AH CCCP, cep. Xum., 1981, Ne9, 2023-2028.

[2] Kokorin, A.l. et al. Appl. Magn. Reson., 2017, 48, 287-296.
[3] Bogdanov, A.V. et al. J. Phys. Chem. B, 2020, 124, 11007-11014.
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Smart control of nitroxide mediated polymerization initiator’s reactivity
Elena Bagryanskaya

N.N. Vorozhtsov Institute of Organic Chemistry SB RAS, Pr. Lavrentjeva 9, Novosibirsk 630090,
Russia.

Alkoxyamines are employed in a number of important applications, e.g. nitroxide mediated
polymerization, radical chemistry, red-ox chemistry, catalysis; their reactivity is of particular
importance. This report describes approaches to influencing the reactivity of alkoxyamines by external
stimuli [1-6]. The rate of C—ON bond homolysis in alkoxyamines is a critical parameter for NMP
because it can help to achieve a controlled regime of polymerization [1]. For other applications, like
theranostics, rapid homolysis at low temperature is the key requirement. Among factors that change the
homolysis rate constant for alkoxyamines, temperature is the most important, but it also alters the rates
of monomer addition and chain termination in NMP [1,5,6]. Steric hindrance of nitroxide also has a
strong influence on ky, but this parameter cannot be changed reversibly. Electronic properties of
substituents determine polarity of the C—ON bond and stability of the nitroxide and alkyl released in a
homolysis reaction. Consequently, changing them can enhance the C—ON bond homolysis rate.
Protonation of alkoxyamines and formation of alkoxyamines with metal complexes are new and
promising approaches to changing the rate of alkoxyamine homolysis. Protonation of the alkyl part of
an alkoxyamine and deprotonation of the nitroxyl part increase the homolysis rate and vice versa.
Complexation with metals exerts a similar effect. The possibility of in situ activation is the greatest
advantage of both methods. In the case of too slow alkoxyamine homolysis for NMP with a deactivated
form of an alkoxyamine, it can be activated by simple addition of an acid or base prior to
polymerization. Furthermore, activation by protonation is reversible. If slow initiation is necessary, it
can be achieved by changing acidity of the medium [2,3].

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(grant Ne 14.W03.31.0043).
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Nonconventional use of nitroxides: electron transfer and water penetration
A. Barbon,! I. Bilkis,” L. Weiner®

YWniversita degli Studi di Padova, Italy
’Hebrew University, Rehovot Israel
Weizmann Institute of Science, Rehovot, Israel

It is possible to induce electron transfer (ET) in many biological systems by introducing donor-
acceptor pairs, i.e. metal ions [1], or by integrating systems (proteins) into solid-state junctions [2]. We
have recently proposed and validated a novel methodology. It takes advantage of a redox reaction
between a nitroxide and a metal Ru(III) center, both bound at selected specific positions within suitable
biological systems [3-5,7]. The applicability of the method has been demonstrated by using
bacteriorhodopsin (BR) and time-resolved ESR. Site-directed spin-labelled mutants of BR were
prepared, and a spin-labelled analogue of BR retinal was synthesized and incorporated into the active
site of the apo enzyme (BR,;). The Ru(I)-bipyridyl complex was also bound at a specific coordination
site. ET was followed by monitoring the decrease in the nitroxide EPR signal. It was shown that the
rates of photo-stimulated ET were significantly lower for the buried retinal analogue in BR than for
mutants in which the spin label was located at external sites. The crystal structure of BR was used to
interpret the rates of ET observed. The proposed method was also successfully applied to study ET
using pH sensitive nitroxides [3,5]. This opens up unique possibilities for studying proton coupled
electron transfer reactions (PCET) in natural and artificial systems [6].

The developed method has been also used to characterize the kinetics of electron transfer across
the bilayer of a unilamellar liposome composed of 1,2-dimyristoyl-sn-glycero3-phosphocholine [7]. ET
is monitored by three independent spectroscopic methods: by both steady state and time-resolved ESR
and by optical spectroscopy. These techniques allowed us to differentiate between the electron transfer
rates of nitroxides located in the outer leaflet of the phospholipid bilayer and of those located in the
inner leaflet. Measurement of electron transfer rates as a function of temperature revealed a low-
activation barrier (AGi ~ 40 kJ/mol) that supports a tunneling mechanism.

It was subsequently found that this methodology can be conveniently utilized to study water
penetration to specific sites in the protein at which the nitroxide spin label is bound. We have used
isotopic labelling water (H,'’0) to demonstrate that it can penetrate to a buried spin-labelled site, and
convert an ESR-silent oxoammonium cation to a nitroxide displaying a detectable ESR signal. This
provides a novel and unique approach for measuring site-specific water penetration into biological
systems.
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Spin-labeled pH-sensitive phospholipids: probing interfacial electrostatics of lipid
bilayers by EPR

Maxim A. Voynov,' Christina T. Scheid,’ 1zarys Rivera-Rivera,’ Vladimir A. Reznikov,** Amir
Koolivand,' Dmitrii G. Trofimov,? Igor A. Kirilyuk,” Antonin Marek,' Alex I. Smirnov*

'Department of Chemistry, North Carolina State University, 2620 Yarbrough Drive, Raleigh, North
Carolina 27695-8204, United States
2N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, SB RAS, Lavrentiev Avenue 9,
Novosibirsk 630090, Russia
*Novosibirsk State University, Pirogova Street 2, Novosibirsk 630090, Russia

E-mail: Maxim_Voynov@ncsu.edu

Interfacial electrostatics of lipid bilayer originating from a non-zero net charge of the membrane
surface has long been considered as one of the most fundamental intrinsic properties of lipid bilayers
because of the direct involvement in regulating numerous vital functions of living cells. Examples of
electrostatically driven processes include an anchoring of peptides and proteins to a membrane surface,
insertion and orientation of membrane proteins with respect to a bilayer, conductance of ionic channels,
and transport across plasma membranes. NMR, AFM, interaction force measurements, fluorescence
spectroscopy, and EPR of spin probes are among several modern analytical methods that are suitable
for assessing the surface electrostatics. Here we summarize results of our ongoing studies on probing
the interfacial electrostatics of lipid bilayers of various compositions and curvature by EPR of spin-
labeled phospholipids. These EPR probes were designed as to have a protonatable nitroxide tethered to
the polar head group of a phospholipid. Such molecular probes report on the ionization state of
nitroxides through their EPR spectra affected by changes in magnetic parameters and a degree of
rotational averaging. Analysis of EPR data obtained upon a sample titration allows one to derive the
electrostatic contribution to the interfacial pK, of the nitroxide, and, therefore, determining the local
electrostatic potential. Due to their lipid-like nature, these probes cause only minimal perturbation to
the bilayer while securing the position of the reporter nitroxides, and, hence, the location of the
measured electric potentials, at the lipid bilayer interfaces.
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Ligation Function of Nitroxides
K.E. Vostrikova
Nikolayev Institute of Inorganic Chemistry SBRAS, 3, Lavrentyev Avenue, Novosibirsk, 630090, Russia

E-mail: vosk@niic.nsc.ru

Due to the presence of an unpaired electron, nitroxyl radicals are especially attractive in the field of
molecular magnetism. The variety of classes of nitroxides themselves and a wide possibility of their
functionalization significantly increase the potential of supramolecular coordination chemistry in the
design of new magnetic materials. Moreover, the direct coordination of the nitroxyl group to the
paramagnetic metal ion provides strong magnetic interactions even in the case of f-elements.

As ligands nitroxyl radicals can perform both bridging (nitronyl nitroxides) and blocking functions
(chelating nitroxyl radicals).

It is believed that the nitroxyl group is a poor donor. Therefore, to ensure its coordination to a
metal center, two main approaches are used:

- inclusion of an additional donor group in a radical molecule, which provides the chelate
coordination;

- increasing the coordination center acceptor ability by the co-ligand carrying electron-withdrawing
groups (for example, trifluoromethyl). The second approach is doubtful in the case of lanthanide
complexes of nitroxides, since it is known that the 4f-elements ions are oxophilic. However, in
literature there is practically no information concerning the coordination of non-chelating nitroxides to
Ln-centers in absence of a co-ligand bearing the electron-withdrawing groups. Therefore, research
aimed at bridging the gap in this area is especially relevant.

The report will consider the main aspects of the use of the coordination chemistry of nitroxyl
radicals in the field of molecular magnetism [1,2].

References
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KuneTrnka u MexaHu3M BbICBOOOKICHUS HUTPOKCHJIBHBIX PATUKAJIOB U3
ajqndpaTrudeckux moaud3pupos

E.H. l“onvﬁeBa,1 H.A. I{yMaROBa2

1 . . .
Mocrkoesckuii eocyoapcmeernnulii yHusepcumem umenu M.B. Jlomonocosa, Xumuueckuii ¢haxyiomem,
Jlenunckue eopwi, 0.1, cmp.3, Mockea, 119991, Poccus
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[Tonmmeps! Ha OCHOBE anM(aTHIECKUX MOIMIGUPOB MPUMEHSIOT Ul M3TOTOBJICHUS BPEMEHHBIX
[IPOTE30B pa3JIMYHbIX TKAaHEH U OpraHoB, JUIs HANpaBICHHOM U KOHTPOJIMPYEMOM J0CTaBKU
JIEKapCTBEHHBIX IpenaparoB. VX nmpeumyliecTBa cBs3aHbl C BO3MOKHOCTBIO pasilararbCsi B OpraHu3Me
3a BpEMEHA OT HECKOJIBKUX HEEINb 0 HECKOJIBKHX MECSIIEB C 00pa30BaHNEM HU3KOTOKCHYHBIX KHUCIIOT
Y TIOCTETICHHO BBHICBOOOXKIATh B BOJHBIE CPEJIbI M TKAHU OMOJIOTHYECKH aKTUBHBIC BemlecTBa. Kunernka
BBICBOOOJK/ICHHS THUX BEIIECTB, NPEIBAPUTEILHO BBEACHHBIX B MOJMMEPHYIO MATPUILy, ONPEICIIICTCS
MEXaHHU3MOM JIerpajlallud MOJUMEpPa, APXUTEKTOHUKOW oO0pasla, paclpeneacHueM JOolaHTa B
MOJIMMEPHON Marpulie U T.A. Vcrnonb3oBaHue MmapaMarHUTHBIX J00ABOK, B TOM YHCIIE CIIMH-MEUYEHbIX
OMOJIOTMYECKN AaKTHUBHBIX COEIUWHEHHWH, OTKPbIBa€T IIMPOKHE BO3MOXXHOCTH JUJISl JAMArHOCTHKHU
MOJIyYEHHBIX MAaTepUajioB M YCTAHOBJIEHMS] KMHETHUYECKHUX 3aKOHOMEPHOCTEW HX THUAPOIUTHYECKOM
Jerpaialilii METOAO0M 3JIEKTPOHHOTO NapaMarHUTHOI'O PE30HAaHCA.

B nmannoii pabore meron OIIP B pamkax METOAMKM CHHHOBOTO 30HAA OBUI MPUMEHEH ISt
YCTaHOBJICHUS] 3aKOHOMEPHOCTEH IMpOILIECCOB, MPOMCXOA[IIMX B BOAHOM cpene ¢ y4dacTHEM
noauMepHbix  popm u3  D,L-monmmnakThia M NOJWIAKTODIMKOMMAA (MHUKPOYACTHIl, IOPUCTBIX
MaTpUKCOB U IJIEHOK). B KauecTBe 30H/I0B HCIOJIb30BaHbl CTaOWUJIbHBIE HUTPOKCUIIBHBIE PaJMKaIIbI
TEMPOL, TEMPONE, pH-uyBcTBUTENbHBIE 30HABI M CIHH-MEYEHblE OHOJOTUYECKH AaKTHUBHBIC
BEIIECTBA, KOTOPbIE OBbLIM BBEACHHI B MOJIMMEPHbIE MAaTpPUIbl C MCIOJIb30BAHUEM CBEPXKPUTUUYECKOTO
IUOKcHUaa yriepoaa. s KOppeKTHOW perucTpaluy KMHETHKH BBICBOOOXKAEHHs Obula pazpaboTaHa
Mpoueaypa KOJIMYECTBEHHOIO aHaIM3a 3allyMieHHbIX crekTpoB OIIP. Ha ocHoBanum coBMecTHOTO
aHaJIM3a KMHETUYECKUX KPUBBIX BBICBOOOXKIECHMSI JOMAHTOB, U3MEHEHUSI (OPMBI CIIEKTPOB 30HJIOB B
HaOyXIIMX TOJUMEPHBIX IUICHKaX, a Takke ontudeckux 1 COM mmkpodororpaduii 06pa3oB ObLIO
YCTaHOBJIEHO, YTO OCHOBHBIM IYTEM BBICBOOOXKIECHMS MMapaMarHUTHOTO BEUIECTBA M3 MOJIMMEpPHOM
MaTpuIlbl BO BHEIIHIOW cpeay sBisiercs quddys3ust B mopax, 3aloJHEHHbIX KUAKOCThIO. [Ipemnoxkena
muddy3rMoHHas MOJENb ONUCAaHUS KHHETUYECKUX KPHUBBIX BBICBOOOXKIEHHUS IapaMarHUTHBIX

HHU3KOMOJICKYIIAPHBIX BEIICCTB.

Pa6ota BeimonHeHa npu puHaHCOBOM noaaepxke PODU (rpant 18-29-06059).
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CuHTeTHYeCKHEe BO3MOKHOCTH TPEXKOMIIOHEHTHOM JOMHHO-PeaKIuu
B MOJIYY€HUHM HUTPOKCHJIBHBIX PAJUKAJIOB MUPPOJTUIMHOBOIO psiia

C.A. 100pbinuH, U.®. Kypko, A.U. Taparaiiko u U.A. Kupuirok

Hoeocubupckuit uncmumym opeanuueckou xumuu
um. H.H. Bopoorcyosa, 630090, Poccus, Hosocubupck, np. ax. Jlaspenmwvesa, 9

E-mail: s.a.dobrynin@gmail.com

TpexKoMIOHEHTHAasl JOMUHO-PEaKIUsi C y4acTUEM aMUHOKHUCIIOT, KETOHOB M aKTHBHPOBAHHBIX
oJe(pUHOB SIBISETCS MOILIHBIM HMHCTPYMEHTOM B COBPEMEHHOM T€TEPOLUKINYECKOM CHHTE3€ U
MO3BOJIIET KOHCTPYUPOBATh MUPPOIUIUHOBBINA UK C PA3IUYHBIMU 3aMECTUTENISIMU MPAKTHYECKU B
J000M TIOJIOKEHUH TeTeporukia [1].

Mpl mpUMEHWIM 3TOT TMOAXOA B CHHTE3€ MPOCTPAHCTBEHHO 3aTPYIHEHHBIX HHUTPOKCHIBHBIX
paguKagoB IMHUPPOJUAUMHOBOIO psiAa. IDTOT METOJA MO3BOJIAET IMOJydaTb MUPPOJIUIMHOBBIE
HUTPOKCUJIbHBIC PAMKANbl U3 JOCTYIHBIX (-AMUHOKHUCIIOT, KETOHOB U aKTUBUPOBAHHBIX OJIE()UHOB C
BBICOKHMM BBIXOJIOM, YTO JIETIAeT TaKKhe paJuKalibl 0oiee JOCTYIHbIME [2-4].

Pabora Brimonuena npu nopaepxkke POOU (mpoext No. 18-53-76003 DPA a)
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[2] Dobrynin S. A. et al., The Journal of organic chemistry. 2018, 83.10, 5392-5397.

[3] Zhurko I. F. et al., Molecules. 2020, 25.4, 845.

[4] Dobrynin S. A. et al., Beilstein journal of organic chemistry, 2019, 15.1, 2664-2670.
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Peakunu nukiIn4eckux o-mpem -0yTUTHUTPOHOB C JIUTHIHOPraHUYeCKUMH
COoeIMHEHUSIMH B CHHTe3€ MPOCTPAHCTBEHHO 3aTPYAHEHHBIX HUTPOKCHIbHBIX
PaAuKaIOB
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2Hﬂcmumym xumuueckou kunemuku u 2openuss CO PAH, yn. Uncmumymckas 0.3, Hogocubupck,
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Hutpokcunbuble panukansl (HP) —  yHukanpHbBIE  Kiacc  CTaOMIIBHBIX — OPraHUYECKHX
IapaMarHeTHKOB, MO3BOJSIOIIMN pelIaTh IUPOKUI CIEKTp HayuHbIX 3a1ad. Haubosee BocTpeOoBaHbI
3TH COEJMHEHUS B HayKax o *Hu3HM. OCHOBHOW mpobiemoil, mumutHpyromeil npumenenue HP npu
U3YYEHUU >KMBBIX CHUCTEM, SBJIAETCSA MX B3aMMOJAEHCTBUE C HU3KOMOJEKYISIPHBIMM BOCCTAHOBUTEISIMU
1 (EepMEHTATUBHBIM CHCTEMaMH, IPUBOJSIIEE K MOTEpe NMapaMarHUTHBIX CBOWCTB. Llenmbio maHHOTO
UCCJIEIOBAHUS SIBIISUIOCH CO3/IaHUE CIMHOBBIX 30HJIOB, OOJIAJJAOIIMX MOBBIIIEHHON YCTOWYMBOCTHIO K
BOCCTaHOBJICHHUIO B OHosoruueckux cpenax. Hanbosaee npocTeiM METOIOM MOBBILIEHUS YCTONUYHNBOCTH
K BOCCTAHOBJICHUIO, JOKA3aBIIMM CBOIO 3(PPEKTHUBHOCTH, SBISETCS SKPAHHUPOBAHHUE HUTPOKCHUIIBHOM
Ipynnbl  BBeleHUEM 4-X OObEMHBIX 3aMecTuTened B ee Omkaiiiiee okpyxkeHue. OJHaKoO
CHUHTE3UpOBaTh TaKWe, IMPOCTPAHCTBEHHO 3arpyAHeHHble, HP noctarouHo cnoxHo, W MO3TOMY
U3BECTHO HUX HeMHoro. OmHumu u3 camblx ycrouumBbix HP B Hactosmiee Bpemsi cuuTarorcs
TeTpa3TUI3aMelIeHHbIE IPOU3BOIHBIE MUppoauarHa [1].

B nanHo#l pabore MBI HcCClEIOBaJd BO3MOXKHOCTH JAJIBHEHIIETO YBEJIWYEHHS! 3KPAHUPOBAHUS
HUTPOKCUJIBHOW TPYIIIbI, 32 CUET BBEACHUS B OnMKaiiliee OKpPY)KEHHE HUTPOKCHUIIBHOTO (hparmeHTa
mpem-0yTWIbHBIX TpyII, 00JajaolmuX HauOOJIBIIMM OOBEMOM CpEOu BCEX AIKWIbHBIX. bbIIO
MOKa3aHO, YTO LUKIUYECKHE o-mpem-OyTWIHUTPOHBI psana 2H-, 4H-umupaszona ¥ OUPPOIUAKMHA
pearupyroT ¢ JUTHHOPraHWYEeCKUMHU COEIMHEHHUSMHU, NpPHUBOAS K BecbMma 3arpynHeHHbiM HP ¢
BBICOKHUMH BBIXOJIaMHU. borarblii ONBIT, HakoIUIeHHBbIH B JlaGopaTopuu a30THUCTBIX COEIMHEHHI
MO3BOJMII  pa3paborath d(PQeKTUBHBIE METOABI CHHTE3a WCXOAHBIX O-7pem-OyTHITHUTPOHOB.
[Tomyuennsie HP oTHOcATCcs k Haubosiee yCTOMYHMBBIM K BOCCTAHOBIIEHHIO CPEIM H3BECTHBIX Ha

CETONHAITHUHN NEHb.

1) RLi
2) H,0 Y,
3) 0, R =X
—>
Rll N R
.
O

Pab6ota BeimonHeHa npu noanepxke rpanta POOU 18-53-76003 DPA a.
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lonic Liquid Nanostructurization in Metal-Organic Frameworks

Mikhail Yu. Ivanov, Artem Poryvaev, Daniil Polyukhov, Matvey Fedin

International Tomography Center SB RAS, Instituskaya St. 3a, Novosibirsk, 630090, Russia

E-mail: poryvaev@tomo.nsc.ru

Imidazolium Ionic Liquids (ILs) have been found to exhibit unusual nanostructuring behavior
below their glass transition temperatures (T,), which is ascribed to rearrangements in nonpolar domains
formed by segregated alkyl chains. However, the dimensions required for such highly cooperative bulk
phenomena are still unknown. In this work, we for the first time, investigate the effect of
nanoconfinement on structural anomalies in imidazolium ILs. For this purpose, a series of ILs were
embedded into the cavities of metal-organic framework (MOF) ZIF-8 and investigated using spin
probes and Electron Paramagnetic Resonance (EPR) spectroscopy. The unusual nanostructuring near
T,, previously known for bulk ILs, was also observed for such nanoconfined ILs, and the ampli- tude of
the anomaly was found to be dependent on the structure of the IL, thus showing the effects of
molecular packing inside the MOF cavity. The first observation of structural anomalies in nano-
confined ILs opens perspectives for designing smart materials exhibiting these phenomena, and
engaging MOFs as platforms creates the basis for potential applications of such functionalities.

We for the first time, evidenced the occurrence of structural anomalies near glass transition points
(Tg) in nanoconfined imidazolium ILs. As a platform for confinement we selected one of the robust
MOFs, ZIF-8. Using pulse EPR we have reliably demonstrated that, similar to the bulk ILs, nano-
confined ILs exhibit anomalous growth of local density/rigidity in nonpolar domains upon temperature
increase. This occurs in a temperature range ca. 30-60 K below T, and such a trend is opposite to that
observed in common organic glasses. The incorporation of ILs in MOFs results in some modification in
the shape of an anomaly and its amplitude. In some ILs the anomaly can be totally suppressed, and this
is preliminarily assigned to a special molecular packing and needs to be researched theoretically in the
future. However, in principle the possibility to induce such anomalies in nanoconfinement is inspiring.
It shows that impregnation of various nanoporous materials with ILs can keep the anomalies, and at the
same time enhance the practical suitability of such effects. In par- ticular, key applications of MOFs
include separation and storage of gases and small molecules, and embedding of temp- erature-tunable
agents into the pores might aid in enhancing the selectivity of such processes. Also it is fundamentally
important to realize that the dimensions of a few nanometers are sufficient for the formation of
nonpolar clusters with pro- perties allowing such anomalies. In the future, this strategy can be used to
create new smart materials combining the unusual nanostructuring properties of ILs and excellent func-
tional properties of such materials as MOFs and other nano- microporous media.

Acknowledgements: The research was funded by RFBR and Novosibirsk region, project number
20-43-543038

15



MeskayHapOoaHbIA ceMuHap, nocBsmenusii 90-neTnio co aHs pokacHus npodeccopa JI.B. Bogogapckoro

IIpumeHeHne N-OKCWIBHBIX PAAHKAJIOB B CMEIIAHHOM IreTepo-/TOMOTreHHOM
(oTokaTanuse A5l CeJIEKTUBHOTO OKUCJIEHHUS AJIKHIAPEHOB

E.P. JlonatreBa, U.b. KpbLioB, A.O. TepenThen

Humcemymym opeanuueckou xumuu umenu H.J[. 3enunckoeo,
Jlenuncxuii npocnexm, 0.47, Mockea, 119991, Poccus

E-mail: Elena.lopatyeva@gmail.com

Co3naHue MpoIEecCOB CEIEKTUBHOIO OKHCIEHUS OPraHMYECKHX MOJIEKY KHUCJIOPOJAOM BO31yXa
CTaJ0 OJHUM M3 IJIABHBIX BBI30BOB COBpPEeMEHHOW 3eneHoil xumuu. Craaum okucienus C-H cBsszu
MIPUCYTCTBYIOT BO MHOTIMX MHOTOTOHH@XHBIX CHHTE3aX, TAaKMX KaK IIPOHU3BOJICTBO MOHOMEDPOB
(momydyenue TepedraneBoil KUCIOTHl U3 Mapa-KCUJIoja, aJUMHHOBON KHUCIOTHI M KalpojakTama W3
[UKIOTEKCaHA) M JPYTUX BaXHBIX MPOAYKTOB (CIUPTOB U KapOOHWIBHBIX COCIUHEHUN U3
YIIIEBOJIOPONIOB, (peHONa U aneToHa u3 Kymona). [lpuBrnekaTenbHbIM MOAXOAOM JJISl OCYILECTBICHUS
TaKMX [POLIECCOB SBISETCS MCIONb30BaHHE (POTOKATATUTHUECKUX CHUCTEM BMECTO XUMHUYECKUX
OKHUCIIUTENeH M BBICOKMX Temmepatryp. bomnbiioe konuyectBo rereporeHHbix (0-Fe,Os, CdS, g-CsNy,
TiO,, ZnO, etc.) u roMmoreHHbix (otokatanuzaropoB (Do3uH Y, beHranbckuii po30BBIN,
AnU3aprHOBBIN KpaCHBI) MOKa3aiu cBOIO 3(pPEeKTUBHOCTD KUIKO(PA3HOTO OKUCIICHHUS YITIEBOAOPOAOB
[1,2]. I7maBHBIMM NpPEUMYIIECTBAMU TIE€TEPOrCHHBIX KaTalU3aTOPOB MOKHO Ha3BaTb HMX JCILICBU3HY,
BO3MOXXHOCTbh PEreHEepaluy U JIETKOCTh YAAJIEHUs U3 PEeaKUUU; HO B TO K€ BPEMs 3a4acTyro JJIs UX
aKkTUBaIUu Tpelyercs cBeT YD-muamazoHa. [oMoreHHbIN (oToOKaramu3 MPUBIEKAET CBOEH BBICOKOM
3¢ dEeKTUBHOCTHIO U UCTIONB30BAaHUEM BUIMMOTO cBeTa. Meeli HacTosIei paboThl cTano o0bennHeHne
TOMOTEHHOTO U TE€TEePOreHHOTo (oToKaraan3a B LENsIX H30ekaTb OrpaHUYEHHUS KaKIOTo MOAXona B
OTJEIbHOCTH, U YCUJIUTh UX CUIIbHBIE CTOPOHBI.

% Vicnonb3oBaHne BUAMMOrO cBeTa

L]

0 Bbicokas agpdhekTMBHOCTL
N. °

OH
o Bo3amoxHOCTb pereHepaunm

° ) KaTanusaTopa
N'o OOH (0] .

o )\
Ar R

+ )J\ CenekT1BHOCTb perynupyetcs
Ar” R cooTHoweHnem NHPI/TIO,

10 W Blue LED
P a3pa60TaHHa;1 KaTaJIMTU4YCCKasds CUCTEMa COCTOUT H3 HIMPOKOAOCTYIIHBIX KOMIIOHCHTOB!: N-

rugpokcudranmumuna  (NHPI) wu  nanopasmepnoro  TiO,  (rereporeHHblii  YD-aKTUBHBIN
¢dorokaranuzarop). Bzaumoneticteue NHPI ¢ TiO, co3ngaer npuHIMIIHAIEHO HOBBIM (POTOAKTUBHBIN B
BUJMMOM JIMAlla30HE KOMIUIEKC, KOTOPBIM HE TOJIBKO WHULMHUPYET OKUCIEHUE Ha II0BEPXHOCTHU
KaTajlu3aropa, HO U 3allyCKaeT paJuKaJbHBIA LEMHON mpolecc ¢ ydacTueM (pramumu-N-OKCHIIBHBIX
paxuKaioB B pacTBope, 6Jarofapsi 4eMy MOBBIIIAeTCA dSHEProdPPeKTUBHOCTh cucTeMbl. COOTHOIIEHNE
NHPI/TiO, xoHTpoIupyeT CeleKTUBHOCTh OKUCIIEHUS, 00eceunBasi IpeuMyIecTBeHHOEe 00pa3oBaHue
THJIPONIEPOKCHIa WM KeTOHA U3 ajKkuiapeHa. [l paboTel cucTeMbl He TpeOyIoTCsl OOMbIINe 3arpy3KH
KaTajau3aropa M BBICOKME MOIIHOCTH W3JIy4eHHMs. bbula 1OKa3aHa BO3MOXHOCTb pEreHepanuu
KaTanu3aropa 06e3 3aMeTHBIX NMOTepb (P(PEKTUBHOCTH.
Hccnenosanus Beayres npu nojuepxke PHO (rpant 21-13-00205)
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[IpyHUMIIBI ~ KOHCTPYMPOBAHMSI ~ CTAOMJIBHBIX ~ HUTPOKCWIBHBIX  paJuKaioB pama  2,5-
auruapouMuaasona (3-umMmuaazonuna), 3anoxeHusie npod. Jleonngom bopucosuuem Bononapckum u
YUYE€HHUKAaMU CO3JJaHHOW UM HayYHOMW IIKOJIbI, OBLIN MPOAOJKEHBI U PA3BUTHI B MTOCIEIHUE JIECATUICTHS
C LEJbIO CO3/IaHUS HOBBIX MEPCHEKTUBHBIX MMapaMarHUTHBIX CHHTETHUECKHUX OJIOKOB, KOTOPbIE MOTYT
HAWTH MPUMEHEHHE B XMMHH MaTepuajoB, OMOXUMHUU U OMO(pU3MKE, a TaKKe B KaueCTBE MEAMATOPOB
XUMHUYECKHX MPOLIECCOB.

B npesenTanuio OyaeT BKIIOYEH KpaTKUil 0030p MOCIEAHUX JOCTHKEHUH B CHHTETUYECKONH XUMHUH
HOBBIX THUIOB CTAOWJIBHBIX HUTPOKCHJIBHBIX MOHO- M AMpAAWKaNoB psga umuaazona (Puc. 1.),
MOJTy4YEHHBIX B JIaboparopuu a30TUCThIX coenunennit HUOX.

H O
N R

R = Alk,Ph, Ar, Hetar
Pucynok 1.

HccnenoBanue mojjiep:kaHo rpanToM MUHHMCTEpCTBA HayKH M BhICIIero oOpasoBanust PO (mpoekt
Ne 14.W03.31.0034).
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Mitigation Of Pressure-Induced Amorphization In Metal-Organic Framework
Zif-8 Upon Epr Control

Artem Poryvaev, Daniil Polyukhov, Matvey Fedin

International Tomography Center SB RAS, Instituskaya St. 3a, Novosibirsk, 630090, Russia,
E-mail: poryvaev@tomo.nsc.ru

Electron paramagnetic resonance (EPR) is a spectroscopic technique for studying systems having
unpaired electrons. The method is being successfully applied in many areas of science, including metal-
organic frameworks (MOFs). For instance, EPR spectroscopy enabled investigation of photocatalysis in
MOFs occurring due to electron transfer inside the framework, structural transitions driven by
temperature or pressure in flexible MOFs using spin probe detection, determination of parameters
relevant for quantum computing, and magnetic properties of these systems. However, despite the
extensive range of applications, EPR has not yet become a regular tool for studying MOFs, partly
because of the difficulties arising during preparation of samples with EPR-active species in the
structure. Previously we have developed approach for incorporation of the nitroxyl radical in ZIF-8
cavity. Stable radical TEMPO encapsulated in ZIF-8 was demonstrated to be an excellent probe to
study pore permeability by various solvents. Known that spin probes in MOFs can also allow obtaining
important information on different structural rearrangements of the framework induced by external
stimuli.

Pressure-induced amorphization is one of the processes inhibiting functional properties of MOFs.
Such amorphization often occurs when MOFs are being shaped for practical applications, as well as
during certain exploitations. Typically, the porosity of MOFs, which is crucial for sorption, separation,
and catalysis, suffers under external pressure. We report a new experimental approach for efficient
monitoring of pressure-induced processes in MOFs that employs trace amounts of spin probes (stable
nitroxide radicals) embedded in the pores of MOF and detection by electron paramagnetic resonance.
EPR spectra of spin probes in MOF ZIF-8 demonstrate significant changes upon pressure-induced
amorphization, whose extent can be quantitatively determined from the spectral shapes. Moreover,
stabilization of ZIF-8 against amorphization via reversible adsorption of various guests was studied
using this approach. Mitigation effect depends on diffusion parameters and localization of guest
molecules in the cavity, and maintaining of the structure and permeability up to 80% was achieved even
at 1.15 GPa applied. Therefore, the proposed methodology allows significant mitigation of MOF
amorphization under external pressure and conveys further perspectives of the controlled adjustment of
stabilizing agents for various MOFs and their applications.

Acknowledgements: The reported study was funded by RFBR and Novosibirsk region according to the
research project Ne 19-43-543030.
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Bricokasi peakimoHHasi CIOCOOHOCTH C-YITIEPOAHOTO aToMa B KapOOHMIBHBIX COCIMHEHUSX, a
TaKK€ HX a30THUCTHIX aHalorax (a30METHHAX) SBISIETCS KIIOUYEBBIM CBOWMCTBOM, OIMPEICIISIIOIINM
UCIONb30BaHUE ATHX COEIMHEHUH B oOpraHuyeckoM cuHTe3e. Cpeau MHOXKECTBa COEAMHEHUN C
kpatHoi C,N-CBSI3pl0 HUTPOHATHI SIBJSIOTCS HAMMEHEE HW3YUYEHHBIMM B KOHTEKCTE IPEBpAIICHHUIA,
3aTparuBarolux o-mnoyokeHue. OTIMUNTENbHON 0COOCHHOCTHIO HUTPOHATOB SIBISIETCS HAUYKME B MX
CTPYKTYpe cJIabOi CBSI3U a30T-KUCIIOPOA, YTO OOecreurBaeT WHBEPTHUPOBAHHYIO 10 CPABHEHMIO C
KapOOHWJIBHBIMU COEJIMHEHUSIMU U a30METMHAMM PEAKIMOHHYIO0 CHOCOOHOCTH o-mojoxenus [1]. B
nokiane Oyaer paccMoTpeHa oOmias METOAOJOrHs o-(YHKIMOHAIM3AIMK HUTPOHATOB Yepe3 UuX
TpaHchopmario B N-OKCHEHAMUHBI U IOCICIYIOIIHE METAJLI-TIPOMOTHPYEMbIe Sy -peakiuy WIH
[n,3]-curmarporHble NeperpyninupoBKy, IBUKYIIEH CUIION KOTOPBIX sBIseTcs pa3pbiB cBsizu N-O [2,
3]. Takxke OynyT MOpPOAEMOHCTPUPOBAHBI TMPHUMEPHl HCIOIB30BAaHUS JTOH  METONOJNIOTHU B
CTEPEOCEIEKTUBHOM MOJHOM CUHTE3E [3, 4].

i Carbonyl compounds: Nitronates: \

: 0 R1O\,(]/O_

: )J\/H )|\/H !

: R™ % R ™ i

i a-C-nucleophiles a-C-electrophiles '
1 ;- R! E M™ R'O c-o0
R o\ﬁ/o E* O\N<9‘ _ N C-N
I T R T A &

H “—~ u
R base R - R c-C

Nu o

o

Pabota BeinonHeHa npu GpuHaHcoBoi noaaepxkke PH® (rpant 17-13-01411).
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HutpokcuiapHbIE pagMKaibl SIBISIIOTCS MHOTOMH()OPMATHBHBIMUA CIIMHOBBIMH 30HJAMH IS
KCCIICIOBAHMS PA3JIMUHbBIX, B TOM YHUCJIE MOPUCTHIX, CPEA METOJaMH DJeKTpoHHOro IlapamMarHuTHOTO
Pe3onanca (OIIP). B cepun HenaBHUX pabOT C MPUMEHEHHEM TAaKUX 30HJOB M Pa3IUYHBIX METOIOB
OIIP HamMu ObUTM KCCIIEIOBAaHBI HAHOIIOPUCTBIC MaTEPHAbl PA3TUYHON MIPUPOJIBI, B TOM YHCIIC METaJLI-
oprannueckue kapkacel (MOK) [1,2], opranokpemuueBsie Matepuansl (OM) [3] u cTekia MOHHBIX
xuakocteit (MK) [4-6]. B maHHOM 10KIIazie IPUBOIUTCS 0030p 3THX MCCICIOBAHUM M 0003HAYAIOTCS
TanbHEHIITNE TIEPCIICKTUBBI PUMEHEHHS Pa3BUTHIX ITOAXO/IOB.

Pabora momnepkana rpantamu PH® (Nel19-13-00071 B wactu MXK) u PODU (Ne 18-29-04013 B wactu
MOK u Ne 20-53-12005 B wactu OM).
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CuHTe3 PyHKIIMOHAIBLHO 3aMellleHHbIX KOH(POPMAIIMOHHO KeCTKHX
MUPPOJIMINHOBBIX HUTPOKCHJIBLHBIX PAINKAJIOB
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HutpokcuipHbIe palKallbl TPEACTABISIOT OOJBIION WHTEPEC B KAUeCTBE CIIMHOBBIX 30H/OB IS
OMRI-3KCTIEpIMEHTOB, OTKPBHIBAIOIIUX BO3MOXXHOCTh IMOJYYEHUsI M300paKeHUIl OPraHOB M TKaHEW B
peasbHOM Bpemenu [1]. Jmst 3TuX mesnedl HeoOXOMUMBI PaIUKAIbI, OOJNATAIONINE IBYMS BaKHBIMHU
CBOICTBaMHU: KOH(POPMAITMOHHON KECTKOCTHIO, OOECIEUMBAIONIEH IMOBBIIIICHHBIE BPEMEHA CIIMHOBOMU
penakcanuy, a TakKe BBICOKOM YCTOWYMBOCTBIO K BOCCTAaHOBJIEHHIO. [IpemyiokeHHbId B Hamen
nabopaTtopuu  TMOAXOJA, OCHOBaHHBIA HAa BHYTPUMOJICKYISIPHOW  peakmuw  1,3-IUIOISIpHOTO
LHUKJIONPUCOCIUHECHHST  AJIKEHUJIHUTPOHOB, TIO3BOJISIET  IMOJy4YaTh HUTPOKCHIBHBIE  pPaJIMKAIIbI,
OJTHOBPEMEHHO COYETAIOIIUE B ceOe 00€ 3TH XapaKTepUCTHKH [2].

B nmanHO#l paboTe TpPENCTaBIICEH CHHTE3 BBICOKO YCTOMYMBOTO KOH(OPMAIIMOHHO KECTKOTO
CHUPOTPHUIIUKINYECKOTO MUPPOIUIMHOBOTO HUTPOKCUIIBHOTO paaukana 6, mpeacTaBisiomero codoit
rUApOPILHEIA  CIMHOBBIA  30HA. CHHTE3 JaHHOTO 30HJa OBUI  OCYIISCTBJICH, HCXOIS W3
HE3aMEIICHHOr0  MUppoJiMH-N-okcuma 1, ¢ HCHOJB30BaHMEM  JIBYKPAaTHOTO  TOBTOPEHHS
MOCJIEIOBATEIbHOCTH:  «MOJyY€HHE AJIKCHWJIHUTPOHA — BHYTPUMOJEKYIsipHas peakmus 1,3-
JUTIOJIIPHOTO ITUKJIOMPUCOCTUHEHUS AJIKEHUIHUTPOHA — PACKPBITHE H30KCA30JIMIMHOBOTO IIHKIIAY.
[Tocnenyromee OKHUCIEHHE OOpPa3yIOMIUXCS THUAPOKCHUMETWIBHBIX TPYIIN TO3BOJHIO TOTYYUTh
TUKapOOHOBYIO KHUCIIOTY.
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Multifunctional EPR spectroscopy and imaging using imidazoline nitroxides
Valery V. Khramtsov

In Vivo Multifunctional Magnetic Resonance Center,
Department of Biochemistry, West Virginia University, USA

Imidazoline and imidazolidine radicals developed by Leonid B. Volodarsky and his colleagues
found numerous applications as useful functional EPR probes allowing assessment of physiologically
relevant parameters of microenvironment in living tissues [1]. The presence of protonatable nitrogen
atom N-3 in the radical heterocycle make these classes of the nitroxides the most sensitive pH probes
with the largest spectral effect upon N-3 protonation [2]. Imidazoline and imidazolidine disulphide
radicals found applications for measurements of thiols, in particular such an important intracellular
redox buffering molecular as glutathione [3]. 2-Imidazoline nitroxides (also termed nitronyl nitroxides)
found applications as nitric oxide (NO) probes due to their specific reaction with NO with formation of
spectroscopically different product [1,4]. Of note, nitric oxide is recognized as a parameter of
paramount importance in various physiological processes.

In this presentation the recent advances in multifunctional in vivo EPR spectroscopic and imaging
applications of imidazoline nitroxides with a focus on imaging of cancer are discussed. Solid tumors
typically contain regions of hypoxia, acidosis, higher redox state and level of intracellular glutathione.
The noninvasive approaches based on application of imidazoline radicals to monitor these parameters
in vivo are of clinical importance.
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