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AHHOTAIUA

CraOusbpHble OpPraHUYeCKUEe paguKaibl oOONAaJaroT PAJOM YHHKAJIBHBIX OCOOEHHOCTEH
Onmarojapsi HAJIMYMIO HECIAPEHHOTO JJIEKTPOHA: MOJEKYJbl 007alaloT COOCTBEHHBIM MarHUTHBIM
MOMEHTOM, OHM CIIOCOOHBI OOpaTHMO OTJaBaTh W MPUHUMATh DJIEKTPOHBI, MHUIIMUPOBATH HIIU
MHTHOMPOBATH PEAKIUU, UAYIIHUE 110 PATUKATLHOMY MEXaHU3My. MyJIbTUCIIUHOBBIE CUCTEMBI, TO €CTh
CUCTEMBI, COJEpJKalllMe B CBOEH CTPYKTYpPE HECKOJIbKO HECIIAPEHHBIX 3JIEKTPOHOB, HAXOAST CBOE
NPUMEHEHHE B KA4eCTBE CIIMH-METOK IpPH HCCIEIOBAHUM OHOJOTMUYECKUX CHUCTEM, B KadecTBE
3JIEMEHTOB KBAHTOBOT'O KOMIIBIOTEPA U B KAUECTBE SHEPrOEMKUX MaTEPUAIIOB.

Bce MeToapl cHTE3a MyJIBTUCIIMHOBBIX CHUCTEM MOKHO pa3/euTh Ha JBE IPYIIIbL: JIMHEHHBINA
MOJXO0/1, 3aKIIOYAIOIIUICA MOCTAAMHHON MOAM(PUKAIMK YTIEPOJHOTO CKeleTa ¢ (OPMHPOBAHUEM
palMKaIoB Ha MOCIECIHEN CTaJAWMU MO PEAKIMU OKUCIICHUS; U KOHBEPIreHTHBIM — 3aKIHOYAIOIIUICSA B
OJIHOCTAIMHHON MOAM(UKAIINHN YTTIEPOIHOTO KapKaca CIIUH-COAEePKAIIUMU CTPOUTEIBHBIMHI OJIOKaMH.
Bropoit Meron, Ha Haml B3rJsif, SBJSETCS Oojee YHUBEPCAIBHBIM W PACIIUPSET CUHTETHUECKHE
BO3MO>KHOCTH ISl IOJTY4E€HMsI HOBBIX MaTepUaOB.

[loaToMy 1enpl0 HalIero HCCIENOBaHUS  SIBsUIach pa3padoTKa METOJIOB  CHHTE3a
MYJIbTUCIIMHOBBIX CHCTEM Ha OCHOBE 3-apuil U 3-OKCOBEPAA3WIbHBIX PAJAUKaJIOB U H3YyYEHUE HUX
CTPYKTYpbl M CBOMCTB. B kauecTBe 0OBEKTOB HCCIIEJOBaHMI HaMH ObUIM BBHIOpaHBI BepJa3ujIbHbIC
paauKaibl, Tak KaK OHU 00JIaIal0T BBICOKOW CTaOMIIBHOCTBIO, KaK B MHIMBHIYyaJbHOM BHUJE, TaK U B
pacTBopax, M HX pEaKIMOHHAs CHOCOOHOCTh Maslo u3yueHa. llepBoHavyanbHBIMM OOBEKTaAMU
uccleloBaHusl ObUIM  BbIOpaHbl  3-(hpeHmI-Bepla3uibHble paJuKaibl, TaK KaK OHHU SBIISIOTCS
CUHTETHUYECKH JOCTYNHBIMU. KIIFOUEBBIMM COEIMHEHUSAMH [UIsl MX CHHTe3a sBisitores 1,3,5-
3aMelleHHble (hopMa3aHbl, MOITYyYaeMble 10 PEaKIUU TUAPA30HOB C coJIsIMU Aua3zoHus. Hamu Obuin
CENIaHO TPEIIOJIOKEHNE, YTO apeHANa30HUNA TO3MJIAThl MOTYT CcTaTh 3(PPEKTUBHON anbTepHaTHBON
JIMa30HUH XopuaaM u terpadropboparaM B JaHHOM THIIE PEBPAILICHUH.

Jns mpoBepkHu peakuuoHHOM crnocobHoct AJIT kak 31ekTpoduaoB MbI BOBIEKIM HX B
PEaKIMI0O C HUTPOMETAHOM C oOpa3oBaHMeM 3-HHUTpodopmazaHoB. Hamm Oblin ompoOoBaHbI /1Ba
BapHaHTa peajln3allud CHUHTE3a: C MCMOJIb30BAaHUEM UYHUCTBIX COJIEH IMa30HUI U C HCIOJb30BAHUEM
OJIHOPEAaKTOPHOTO MeToJla W3 apomaruueckux amuHoB. [lociemnuil meton mnokazan cels Kak
YHUBEPCATIbHBIA U 3(PGEKTUBHBIA METOMA, JEMOHCTPUPYIOIIMH OOJbIINE BBIXOJBl B CPaBHEHHUU C
u3BecTHBIMU MeToaMHu. [Tomydennsie 3-HuTpodopmMaszansl corinacHo JaHHbIM SIMP HaxoaaTcs TobKO
B TSSC kondopmanuu, B To BpeMms kak 1,5-(4-metokcudennn)-3autpodopmMasan UMEET 1Ba H30Mepa:
ocHOBHOU 84% - TSSC, a BTOpOM, COITaCHO JaHHBIM KBAaHTOBO-MEXAaHUYECKHX PACUETOB CIICAyeT

otHectu kK TASC uzomepy.



Tak xak 3-HuTpoopmazaHbl MPUMEHSIOTCS B KAaueCTBE KpacUTENed U CBETO(MUIBTPOB, TO
npelcKka3aHue UX aOCOpOIMOHHBIX XapaKTEepPUCTUK  SABISETCS  aKkTyajdbHOW 3ajmauei. s
MOJICTTMPOBAHHMS CIICKTPOB OBLIM UCIIOJIBb30BaHbI METO/IbI TEOPUH (YHKIIMOHAA IJIOTHOCTH U ab initio
METOJIbI, KOTOpPBIC TIOKAa3aJId BBICOKYID CXOAMMOCTh C OKCIIEPUMCHTATbHBIMUA JAHHBIMU, YTO
MOKA3bIBAET TPUMEHUMOCTh KBAaHTOBO-XMMHYECKHX METOJOB I MPEACKa3aHUs CHEKTPATbHBIX
XapaKTEPUCTUK MOJOOHBIX COSTUHEHHIA.

Tak kak AJIT nmokazanu ce6st 3¢ HEKTUBHBIMU IEKTPOPUIAMH B CHHTE3E 3-HUTPOPOpPMAa3aHOB,
TO MBI NMPUMEHWIN UX B cHHTe3e 1,3,5-apuizaMmenieHHbIXx ¢gopma3zaHoB. B pesymbraTe HamMu OBLI
nosrydeH psia 1,3,5-3ameneHHbIx (hopMa3aHoB Mo peakiuuu ruapa3oHoB U AJ/IT B OCHOBHBIX yCIIOBHSIX.
[Toryuennsie popmazaHbl ObUTH BOBJICUEHBI B PEAKLIUIO ATKUIMPOBAHUS — IIUKIN3AIUN — OKUCIICHHUS C
MOJTyYeHUEM BepAa3WIbHBIX pagukaioB. KiroueBol crajgueil B cUHTe3e BEpIa3UIbHBIA DPaaUKaIOB
SBIISICTCS ANKHJIMpOBaHWe (opMmasaHa, U HaMH OBUIO HAMJIEHO, YTO IMPEIBAPUTEIbHAS TEHEpaIus
dopmazaHaT-aHHOHA C TMOCIEAYIOIIUM J00aBICHHEM AKIMIMPYIOIIErO areHTa MO3BOJISIET MOIydaTh
paauKaibl C BBICOKUMHU (TPAKTHMUYECKU KOJMYECTBEHHBIMU) BBIXOJAAMH IPU COXPAHEHHUU MAaJioro
BPEMEHH PEAKIIUU U COKPAIICHUU UCTIOB3YEMbIX OapUEBBIX PEareHTOB.

[Tomumo 3-dhenundepna3unpHbIX paguKaioB HaMU ObUIM TOJMy4YeHBI 3-OKCOBEPAA3MIIbHbBIE
panukansl. [lomydeHHble pajuKaimbl OBUIM HMCCIEIOBAHBI AIEKTPOXUMHUYECKHUMH, aOCOPOIMOHHBIMU
METOJaMH M M3YYEHO pachpeeieHue IeKTPOHHON TuIoTHOCTH MmeTonoMm JIIP. [lomyuennsie Hamu
JaHHBIE XOPOILO COTJIACYIOTCS C HW3BECTHBIMHU JIMTEPATYpHBIMH JAaHHBIMU, YTO TOATBEPKAAET
ycnenrHoe GopMupoBaHUE CTAOMIBHBIX TETEPOIMKIOB C HECTIAPEHHBIM DJIEKTPOHOM.

Jlanee HaMu OBUIM TIPOBENEHBI MCCleAOBaHUS peakunu CoHOrammpa Ha CHHTE3HMPOBAHHBIX
HAMH CTPOUTENbHBIX Oyiokax. [lepBoHAYanbHO MBI HCCIEIOBATM IPOIECC OKHUCIUTEIHHOTO
MPUCOEANHEHUS TaJOTeHUIOB BEPJA3UIOB K COCIMHEHUSM HOJb-BaJlleHTHOro mamnaaus. Okas3anoch,
4TO 3-OKCOBEpAA3UIbHBIE PAJAUKAIBI OKa3bIBAIOTCS B JBa pa3a Ooyiee akTUBHBIMU B JJAHHOW PEaKIIH,
YeM COOTBETCTBYIoUIME 3-(peHmnBepAasuwibl. VHTepecHbIM cTam M TOT (akT, 4YTO B Ciydae
BEePAA3WIBHBIX  PAJAWKAIOB  JIUMUTHUPYIONICH  CTaguedl  sSBISETCS  CTaAWsl  OKHCIHUTEIBHOTO
MPUCOEANHEHUS, a HE TPAaHCMETaJUIMPOBAHMS, KOTOpas XapakTepHas [UIs apuirajJoreHUI0B, HE
UMEIOIINX B CBOEW CTPYKType HECMapeHHBIH JIeKTpoH. Ham ymanmoch MONYyYUTh JTUHUIIBHBIC
MPOM3BOIHBIC TIPOTYKTOB OKHCIUTEIHHOTO PUCOSAMHEHUS B PEaKIINK ¢ (EHIIANICTUIICHUIOM MEJH C
BBICOKMMH BBIXOJJaMH BCETO JIMINb 3a 15 MHHYT peaklud, B TO BpeMsl KaK OKHCIIUTEIbHOE
pUCOEeTUHEHNE TpeOyeT HECKOIBKO YacoB.

CyiiecTBeHHOE BIHSIHHE TAlIaINEeBOrO (pparMeHTa Ha pachpelielieHHe CIMMHOBOM TUIOTHOCTH
Obut0 OOHapyxeHo ¢ momompio Y® wu DOIIP cmnekTpockomuu, a TakXKe C HCIOIb30BAHHEM
IUKIMYECKON BOJbTaMIiepoMeTprr. [Ipu sToM Hambolee CymiecTBeHHbIE N3MEHEHHs HaOII0IalrcCh B
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yKa3bIBa€T HAa CHJIBHOE BJIMSHUE JIOKAJIH3AIMKU OPOUTAIN HECIAPEHHOTO JIEKTPOHA HAa PEAKIIMOHHYIO
cmocoOHOCTh  paaukanoB.  CTpykTypa  3-OKCOBEpAA3HMJIBHBIX  NPOAYKTOB  OKHCIHTEIBHOTO
NpUCOeIMHEHUS ObllIa TaK)Ke YCTAaHOBJIEHA C HMcmoib3oBaHHeM PCA ¥ moka3aHO, YTO peaKkIMOHHBIHA
LEHTP 110 CBOMM I1apaMeTpaM COOTBETCTBYET aHAJIOTMYHBIM THAMarHUTHBIM COCTMHEHUSIM.

HccnenoBanne mexanusma peakiuu CoHorammpa IpOJEMOHCTPUPOBAJIO BO3MOXKHOCTH €€
NPOTEKaHHUs ISl BEpPAA3WIBHBIX PaJUKalOB, MO3TOMY LEJIBI0 Hamleld AaibHEHmed padoThl CTaio
NOJTYYCHHE PA3IMYHBIX OSTUHWIBHBIX IPOM3BOAHBIX. Hamu OBbUT TPOBENEH CKPUHHUHT YCIOBUH
peaknuu, B pe3yiapTare 4ero ObUl MOJy4YeH psig W3 12 3THHWIBHBIX NMPOU3BOAHBIX C BBIXOAAMHU OT
CPEIHHX JI0 BHICOKHX.

BepnasunbHble paguKaiisl Takke ObUTH HCCIICTOBAHBI B PEaKLIUN aMUIMPOBAHUS, HAliIEHO, YTO
aktuBanusa cucremoit DCC-HOBt sBnsercs onmrtumansHOW, U B pe3yibTare ObLIO MOTy4YyeHO 3
BEPIA3WI-HUTPOKCHIIBHBIX ~ TeTepo-OuMpaguKkana ¢ BBICOKMMH BbIXomamMH. It  TOJXYYEeHHBIX
coelMHEHNH Obuta OOHapyXKeHa paHee HEM3BECTHAs BBICOKAsl CKOPOCTh PEJIaKCalluU BEPIa3HJIbHOTO
(dparmMeHTa B CpaBHEHHHM C HHUTPOKCHJIBHBIM B dKcrepuMmentax OIIP. Drtor daxr sBisercs moka
HEOOBSICHUMBIM, MBI TIPOJIOJDKAEM HCCIICAOBAHUS B TAHHOM HAIllPaBJICHUU.

B Hammx skcriepuMeHTax Mbl HEOJHOKPATHO OTMEYaIIH, 4TO 3-(heHUIBEPAa3UIbHBIC PaJINKAIIbI
00J1aJaf0T HECKOJIbKO MEHBIICH CTa0MIBHOCTHIO B CPABHEHUH C 3-OKCOBEpAA3HIaMH, 3TOT (DakT ObLI
NOJBEPTHYT AaHAIM3Y C TOYKH 3pPEHHs] H3YYCHUS apPOMATUYHOCTH OTHUX COCIWHEHHH METOJ0M
BBIYUCIICHUS] MarHUTHO-WUHIYLUPOBAHHOIO ToKa. MBI HCCIeOoBald IIMPOKUNA psia BepJa3HiIbHBIX
paluKalioB pa3IMYHBIX THUIIOB, MMEIOIIMX KaK JOHOpPHBbIE TaK M aKIENTOpPHbIE 3aMECTHTENIH B
OCH30JIBHOM KOJIBIIE, a TaKkK€ COOTBETCTBYIOIIME WM AaHUOHHBIE W KaTHOHHBIE (opMbl. bBpuIO
YCTAHOBIICHO, YTO BCE aHUOHHBIE (OPMBI SBISIOTCA cHab0 aHTHAPOMATHYHBIMH, PaJIHKAIIbI
NPaKTUYECKH HEapOMaTHUHBbI, a KATHOHBI — CJ1a00 apOMaTUYHBl. DTU BBIYUCICHHUS MOSCHIIOT MOYEMY
JeUKOBEp1a3UJIbl JIETKO OKHCISIOTCS KUCIOPOIOM BO3/lyXa B PaJIMKaJbl, a paJUKalbl B CBOIO OYepeIb
CTpEMSTCS MPEBPATUTHCSA B KaTHOH. HO 5TH JaHHBIE HE TO3BOJMIN OOBSICHUTH NMPUUMHY PA3IUIHON
CTaOMIBHOCTH paaukaioB. OTBeT OBUT HAWIEH TpPU ONpPEACICHHH IUIOTHOCTEH CHHHOBOTO TOKA,
KOTOpbIE JEMOHCTPUPYIOT OOJBIIYIO AEIOKATU3AIMI0 CIHMHOBOTO TOKA JUI 3-OKCOBEPJA3MIIbHBIX
paJuKajioB B CPaBHEHUHU C JPYTMMH MpPEICTaBUTENSAMU BEpAasuiioB. A Oonblias AeloKaIu3amus
NPUBOJIUT K YBEIMYCHUIO CTAOMIBHOCTH, YTO OOBSCHSET HAONIONAaeMble HaMH SKCIIEPUMEHTAIbHEIC

JaHHEBIE.



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

5

Chnucok JimTeparypbl
Schmidt, M. J.; Borbas, J.; Drescher, M.; Summerer, D. A Genetically Encoded Spin Label for
Electron Paramagnetic Resonance Distance Measurements //Journal of the American Chemical
Society. - 2014. - Vol. 136. - Ne4. - pp 1238-1241.
Joseph, B.; Tormyshev, V. M.; Rogozhnikova, O. Y.; Akhmetzyanov, D.; Bagryanskaya, E. G.;
Prisner, T. F. Selective High-Resolution Detection of Membrane Protein—Ligand Interaction in
Native Membranes Using Trityl-Nitroxide PELDOR //Angewandte Chemie - International
Edition. - 2016. - Vol. 55. - Ne38. - pp 11538-11542.
Weinrich, T.; Grianz, M.; Griinewald, C.; Prisner, T. F.; Gobel, M. W. Synthesis of a Cytidine
Phosphoramidite with Protected Nitroxide Spin Label for EPR Experiments with RNA
//[European Journal of Organic Chemistry. - 2017. - Vol. 2017. - Ne3. - pp 491-496.
Marchand, V.; Levéque, P.; Driesschaert, B.; Marchand-Brynaert, J.; Gallez, B. In Vivo EPR
Extracellular PH-Metry in Tumors Using a Triphosphonated Trityl Radical //Magnetic
Resonance in Medicine. - 2017. - Vol. 77. - Ne6. - pp 2438-2443.
Mas-Torrent, M.; Crivillers, N.; Rovira, C.; Veciana, J. Attaching Persistent Organic Free
Radicals to Surfaces: How and Why //Chemical Reviews. - 2012. - Vol. 112. - Ne4. - pp 2506—
2527.
Muench, S.; Wild, A.; Friebe, C.; Haupler, B.; Janoschka, T.; Schubert, U. S. Polymer-Based
Organic Batteries //Chemical Reviews. - 2016. - VVol. 116. - Ne16. - pp 9438-9484.
Tomlinson, E. P.; Hay, M. E.; Boudouris, B. W. Radical Polymers and Their Application to
Organic Electronic Devices //Macromolecules. - 2014. - Vol. 47. - Nel8. - pp 6145-6158.
Gaudenzi, R.; De Bruijckere, J.; Reta, D.; Moreira, I. D. P. R.; Rovira, C.; Veciana, J.; Van Der
Zant, H. S. J.; Burzuri, E. Redox-Induced Gating of the Exchange Interactions in a Single
Organic Diradical //ACS Nano. - 2017. - Vol. 11. - Ne6. - pp 5879-5883.
Lahti, P. M. Structure-Property Relationships for Metal-Free Organic Magnetic Materials
//Advances in Physical Organic Chemistry. - 2011. - Vol. 45. - pp 93-169.
Ayabe, K.; Sato, K.; Nakazawa, S.; Nishida, S.; Sugisaki, K.; Ise, T.; Morita, Y.; Toyota, K.;
Shiomi, D.; Kitagawa, M.; et al. Pulsed Electron Spin Nutation Spectroscopy for Weakly
Exchange-Coupled Multi-Spin Molecular Systems with Nuclear Hyperfine Couplings: A
General Approach to Bi-and Triradicals and Determination of Their Spin Dipolar and Exchange
Interactions //Molecular Physics. - 2013. - VVol. 111. - Ne18-19. - pp 2767-2787.
Gomberg, M. An Instance of Trivalent Carbon: Triphenylmethyl. //Journal of the American
Chemical Society. - 1900. - Vol. 22. - Nel 1. - pp 757-771.



12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

6

T. Jagadeeswar Reddy; Tetsuo lwama; Howard J. Halpern, and; Viresh H. Rawal. General
Synthesis of Persistent Trityl Radicals for EPR Imaging of Biological Systems //Journal of
Organic Chemistry. - 2002. - Vol. 67. - Nel14. - pp 4635-4639.

Veciana, J.; Carilla, J.; Miravitlles, C.; Molins, E. Free Radicals as Clathrate Hosts: Crystal and
Molecular Structure of 1: 1 Perchlorotriphenylmethyl Radical-Benzene //Journal of the Chemical
Society, Chemical Communications. - 1987. - No. 11. - pp 812-814.

Torres, J. L.; Carreras, A.; Jiménez, A.; Brillas, E.; Torrelles, X.; Rius, J.; Julia, L. Reducing
Power of Simple Polyphenols by Electron-Transfer Reactions Using a New Stable Radical of the
PTM Series, Tris(2,3,5,6-Tetrachloro-4-Nitrophenyl) Methyl Radical //Journal of Organic
Chemistry. - 2007. - Vol. 72. - Ne10. - pp 3750-3756.

Mesa, J. A.; Veldzquez-Palenzuela, A.; Brillas, E.; Torres, J. L.; Juli4, L. Synthesis of a New
Stable and Water-Soluble Tris(4- Hydroxysulfonyltetrachlorophenyl)Methyl Radical with
Selective Oxidative Capacity //Tetrahedron. - 2011. - Vol. 67. - Nel7. - pp 3119-3123.

Jassoy, J. J.; Berndhéuser, A.; Duthie, F.; Kiihn, S. P.; Hagelueken, G.; Schiemann, O. Versatile
Trityl Spin Labels for Nanometer Distance Measurements on Biomolecules In Vitro and within
Cells //Angewandte Chemie - International Edition. - 2017. - Vol. 56. - Nel. - pp 177-181.
Dhimitruka, I.; Velayutham, M.; Bobko, A. A.; Khramtsov, V. V.; Villamena, F. A.; Hadad, C.
M.; Zweier, J. L. Large-Scale Synthesis of a Persistent Trityl Radical for Use in Biomedical EPR
Applications and Imaging //Bioorganic and Medicinal Chemistry Letters. - 2007. - Vol. 17. -
Ne24. - pp 6801-6805.

Koelsch, C. F. Syntheses with Triarylvinylmagnesium Bromides. a,y-Bisdiphenylene-a-
Phenylallyl, a Stable Free Radical //Journal of the American Chemical Society. - 1957. - Vol. 79.
- Nel6. - pp 4439-4441.

Kuhn, R.; Neugebauer, A. Uber Substituierte Bis-Biphenylen-Allyl-Radikale //Monatshefte fiir
Chemie. - 1964. - Vol. 95. - Nel. - pp 3-23.

Breslin, D. T.; Fox, M. A. Characterization of the Excited-State Reactivity of a Persistent Aryl-
Substituted Allyl Free Radical //Journal of Physical Chemistry. - 1993. - Vol. 97. - Ne50. - pp
13341-13347.

Lebedev, O.L.; Kazarnovskii, S.N. Catalytic oxidation of aliphatic amines with hydrogen
peroxide //Trudy po Khimii i Khim Technologii (Gorkii). — 1959 — Vol. 8 — pp 649-652.
Schattling, P.; Jochum, F. D.; Theato, P. Multi-Responsive Copolymers: Using Thermo, Light-
and Redox Stimuli as Three Independent Inputs towards Polymeric Information Processing
//Chemical Communications. - 2011. - Vol. 47. - Ne31. - pp 8859-8861.

Zakrzewski, J. Reactions of Nitroxides XIII: Synthesis of the Morita-Baylis-Hillman Adducts
Bearing a Nitroxyl Moiety Using 4-Acryloyloxy-2,2,6,6- Tetramethylpiperidine-1-Oxyl as a



24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

7

Starting Compound, and DABCO and Quinuclidine as Catalysts //Beilstein Journal of Organic
Chemistry. - 2012. - Vol. 8. - pp 1515-1522.

Yapici, N. B.; Jockusch, S.; Moscatelli, A.; Mandalapu, S. R.; Itagaki, Y.; Bates, D. K
Wiseman, S.; Gibson, K. M.; Turro, N. J.; Bi, L. New Rhodamine Nitroxide Based Fluorescent
Probes for Intracellular Hydroxyl Radical Identification in Living Cells //Organic Letters. - 2012.
- Vol. 14. - Nel. - pp 50-53.

Ullman, E. F.; Osiecki, J. H.; Boocock, D. G. B.; Darcy, R. Stable Free Radicals. X. Nitronyl
Nitroxide Monoradicals and Biradicals as Possible Small Molecule Spin Labels //Journal of the
American Chemical Society. - 1972. - Vol. 94. - Ne20. - pp 7049-7059.

Zhao, M.; Li, Z.; Peng, L.; Tang, Y. R.; Wang, C.; Zhang, Z.; Peng, S. Novel 1-Oxyl-2-
Substitutedphenyl-4,4,5,5-Tetramethylimidazolines: Synthesis, Selectively Analgesic Action,
and QSAR Analysis //Bioorganic and Medicinal Chemistry. - 2007. - Vol. 15. - Ne8. - pp 2815-
2826.

Zhao, M.; Liu, J.; Wang, C.; Wang, L.; Liu, H.; Peng, S. Synthesis and Biological Activity of
Nitronyl Nitroxide Containing Peptides //Journal of Medicinal Chemistry. - 2005. - Vol. 48. -
Nel3. - pp 4285-4292.

Ravat, P.; Ito, Y.; Gorelik, E.; Enkelmann, V.; Baumgarten, M. Tetramethoxypyrene-Based
Biradical Donors with Tunable Physical and Magnetic Properties //Organic Letters. - 2013. -
Vol. 15. - Nel7. - pp 4280-4283.

Tanifuji, N.; Irie, M.; Matsuda, K. New Photoswitching Unit for Magnetic Interaction:
Diarylethene with 2,5-Bis(Arylethynyl)-3-Thienyl Group //Journal of the American Chemical
Society. - 2005. - Vol. 127. - Ne38. - pp 13344-13353.

Rajadurai, C.; lvanova, A.; Enkelmann, V.; Baumgarten, M. Study on the Heteroatom Influence
in Pyridine-Based Nitronyl Nitroxide Biradicals with Phenylethynyl Spacers on the Molecular
Ground State //Journal of Organic Chemistry. - 2003. - Vol. 68. - Ne26. - pp 9907-9915.

Sayre, R. The Identity of Heilpern’s “Pinacolylthiourea” and the Preparation of Authentic 2-
Thiono-4,4,5,S-Tetramethylimidazolidine //Journal of the American Chemical Society. - 1955. -
Vol. 77. - Ne24. - pp 6689-6690.

Hirel, C.; Vostrikova, K. E.; Pécaut, J.; Ovcharenko, V. I.; Rey, P. Nitronyl and Imino
Nitroxides: Improvement of Ullman’s Procedure and Report on a New Efficient Synthetic Route
//Chemistry - A European Journal. - 2001. - VVol. 7. - Ne9. - pp 2007-2014.

Fidan, 1.; Onal, E.; Yerli, Y.; Luneau, D.; Ahsen, V.; Hirel, C. Synthesis and Straightforward
Quantification Methods of Imino Nitroxide-Based Hexaradical Architecture on a
Cyclotriphosphazene Scaffold //Inorganic Chemistry. - 2016. - Vol. 55. - Ne21. - pp 11447-
11453.



34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

8

Praveen, V. K.; Yamamoto, Y.; Fukushima, T.; Tsunobuchi, Y.; Nakabayashi, K.; Ohkoshi, S.
l.; Kato, K.; Takata, M.; Aida, T. Translation of the Assembling Trajectory by Preorganisation:
A Study of the Magnetic Properties of 1D Polymeric Unpaired Electrons Immobilised on a
Discrete Nanoscopic Scaffold //Chemical Communications. - 2015. - Vol. 51. - Ne7. - pp 1206—
1209.

Onal, E.; Yerli, Y.; Cosut, B.; Pilet, G.; Ahsen, V.; Luneau, D.; Hirel, C. Nitronyl and Imino
Nitroxide Free Radicals as Precursors of Magnetic Phthalocyanine and Porphyrin Building
Blocks //New Journal of Chemistry. - 2014. - Vol. 38. - Ne9. - pp 4440-4447.

Akpinar, H.; Schlueter, J. A.; Lahti, P. M. 2-(9,10-Anthraquinon-2-Y1)-4,4,5,5-Tetramethyl-4,5-
Dihydro-1H-Imidazole-3- Oxide-1-Oxyl: Polymorphism in a Conjugated Anthraquinone-
Substituted Nitronylnitroxide //Chemical Communications. - 2013. - Vol. 49. - Ne32. - pp 3345-
3347.

Pointillart, F.; Bernot, K.; Poneti, G.; Sessoli, R. Crystal Packing Effects on the Magnetic Slow
Relaxation of TB(IlI)-Nitronyl Nitroxide Radical Cyclic Dinuclear Clusters //Inorganic
Chemistry. - 2012. - Vol. 51. - Ne22. - pp 12218-12229.

Greve, S.; Nather, C.; Friedrichsen, W. Synthesis of Dipolar Nitronyl Nitroxides //Organic
Letters. - 2000. - Vol. 2. - Ne15. - pp 2269-2270.

Matsushita, M. M.; Izuoka, A.; Sugawara, T.; Kobayashi, T.; Wada, N.; Takeda, N.; Ishikawa,
M. Hydrogen-Bonded Organic Ferromagnet //Journal of the American Chemical Society. - 1997.
- Vol. 119. - Nel9. - pp 4369-4379.

Zhang, J.; Zhao, M.; Cui, G.; Peng, S. A Class of Novel Nitronyl Nitroxide Labeling Basic and
Acidic Amino Acids: Synthesis, Application for Preparing ESR Optionally Labeling Peptides,
and Bioactivity Investigations //Bioorganic and Medicinal Chemistry. - 2008. - Vol. 16. - Ne7. -
pp 4019-4028.

Keana, J. F. W. Newer Aspects of the Synthesis and Chemistry of Nitroxide Spin Labels
//IChemical Reviews. - 1978. - Vol. 78. - Nel. - pp 37-64.

Hideg, K.; Kalai, T.; Sar, C. P. Recent Results in Chemistry and Biology of Nitroxides //Journal
of Heterocyclic Chemistry. - 2005. - Vol. 42. - Ne3. - pp 437-450.

Murray, R. W.; Singh, M. A Convenient High Yield Synthesis of Nitroxides //Tetrahedron
Letters. - 1988. - Vol. 29. - Ne37. - pp 4677-4680.

Murray, R. W.; Jeyaraman, R. Dioxiranes: Synthesis and Reactions of Methyldioxiranes
/lJournal of Organic Chemistry. - 1985. - VVol. 50. - Ne16. - pp 2847-2853.

Rajca, A.; Vale, M.; Rajca, S. Diarylnitroxide Diradicals: Low-Temperature Oxidation of
Diarylamines to Nitroxides //Journal of the American Chemical Society. - 2008. - Vol. 130. -
Ne28. - pp 9099-9105.



46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

9

Brik, M. E. Oxidation of Secondary Amines to Nitroxides with Oxone in Aqueous Buffered
Solution //Tetrahedron Letters. - 1995. - Vol. 36. - Ne31. - pp 5519-5522.

Dupeyre, R. M.; Rassat, A.; Ronzaud, J. Nitroxides. LII. Synthesis and Electron Spin Resonance
Studies of N,N’-Dioxy-2,6-Diazaadamantane, a Symmetrical Ground State Triplet //Journal of
the American Chemical Society. - 1974. - VVol. 96. - Ne21. - pp 6559-6568.

Rajca, A.; Pink, M.; Rojsajjakul, T.; Lu, K.; Wang, H.; Rajcat, S. X-Ray Crystallography and
Magnetic Studies of a Stable Macrocyclic Tetranitroxide. Intramolecular Dimer of Nitroxides in
a Constrained Geometry of the Upper Rim of Calix[4]Arene //Journal of the American Chemical
Society. - 2003. - Vol. 125. - Ne28. - pp 8534-8538.

Field, L. M.; Lahti, P. M.; Palacio, F.; Paduan-Filho, A. Manganese(ll) and Copper(ll)
Hexafluoroacetylacetonate 1:1 Complexes with 5-(4-[N-Tert-Butyl-N-
Aminoxyl]Phenyl)Pyrimidine: Regiochemical Parity Analysis for Exchange Behavior of
Complexes between Radicals and Paramagnetic Cations //Journal of the American Chemical
Society. - 2003. - Vol. 125. - Ne33. - pp 10110-10118.

Aso, M.; Matsui, Y.; Yang, B.; Sasagaki, M.; Okado, D.; Usui, K.; Koga, N.; Suemune, H.
Synthesis of 5-N-Tert-Butylaminoxylcytidine and EPR Studies on Its Base Pairing Properties
/[Tetrahedron. - 2015. - Vol. 71. - Ne33. - pp 5414-5419.

Kaneko, T.; Aso, M.; Koga, N.; Suemune, H. Synhesis and EPR Studies of 2-N-Tert-
Butylaminoxylpurine Derivatives. //Organic Letters. - 2005. - Vol. 7. - Ne2. - pp 303-306.
Braslau, R.; Axon, J. R.; Lee, B. Synthesis of N-Hydroxy Peptides: Chemical Ligation of O-Acyl
Hydroxamic Acids //Organic Letters. - 2000. - Vol. 2. - Ne10. - pp 1399-1401.

Kuhn, R.; Trischmann, H. Suprisingly Stable Nitrogenous Free Radicals //Angewandte Chemie
International Edition. - 1963. - VVol. 2. - Ne3. - pp 155.

Blatter, H. M.; Lukaszewski, H. A New Stable Free Radical //Tetrahedron Letters. - 1968. - Vol.
9. - Ne22. - pp 2701-2705.

Neugebauer, F. A.; Fischer, H. 6-Oxoverdazyls //Angewandte Chemie International Edition in
English. - 1980. - Vol. 19. - Ne9. - pp 724-725.

Katritzky, A. R.; Belyakov, S. A.; Durst, H. D.; Xu, R.; Dalal, N. S. Syntheses of 3-
(Substituted)-2,4,6-Triphenylverdazyls //Canadian Journal of Chemistry. - 1994. - Vol. 72. - NeS§.
- pp 1849-1856.

Neugebauer, F. A.; Bernhardt, R. Verdazyle, 22. Darstellung Und Reaktionen
Amino-substituierter Verdazyle //Chemische Berichte. - 1974. - Vol. 107. - Ne2. - pp 529-536.
Mito, M.; Takeda, K.; Mukai, K.; Azuma, N.; Gleiter, M. R.; Krieger, C.; Neugebauer, F. A.

Magnetic Properties and Crystal Structures of 1,5-Diphenylverdazyls with Electron Acceptor



59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

10

Groups in the 3-Position //The Journal of Physical Chemistry B. - 1997. - Vol. 101. - Ne46. - pp
9517-9524.

Hicks R. (ed.). Stable radicals: fundamentals and applied aspects of odd-electron compounds. —
John Wiley & Sons, 2011.

Paré, E. C.; Brook, D. J. R.; Brieger, A.; Badik, M.; Schinke, M. Synthesis of 1,5-Diisopropyl
Substituted 6-Oxoverdazyls //Organic and Biomolecular Chemistry. - 2005. - Vol. 3. - Ne23. - pp
4258-4261.

Neugebauer, F. A.; Fischer, H.; Krieger, C. Verdazyls. Part 33. EPR and ENDOR Studies of 6-
Oxo- and 6-Thioxoverdazyis. X-Ray Molecular Structure of 1,3,5-Triphenyl-6-Oxoverdazyl and
3-Tert-Butyl- 1,5-Diphenyl-6-Thioxoverdazyl //Journal of the Chemical Society, Perkin
Transactions 2. - 1993. - No. 3pp 535-544.

Milcent, R.; Barbier, G.; Capelle, S.; Catteau, J.-P. New General Synthesis of Tetrahydro-
1,2,4,5-Tetrazin-3(2 H )-One Derivatives and Stable 3,4-Dihydro-3-Oxo-1,2,4,5-Tetrazin-1(2 H
)-Y| Radical Derivatives //Journal of Heterocyclic Chemistry. - 1994. - Vol. 31. - Ne2. - pp 319—
324,

Le, T. N.; Grewal, H.; Changoco, V.; Truong, V.; Brook, D. J. R. Water Soluble, Chiral,
Verdazyl Radicals Derived from Aldoses //Tetrahedron. - 2016. - Vol. 72. - Ne41. - pp 6368—
6374.

Yang, A.; Kasahara, T.; Chen, E. K. Y.; Hamer, G. K.; Georges, M. K. 1,3-Dipolar
Cycloaddition Reactions Initiated with the 1,5-Dimethyl-3- Phenyl-6-Oxoverdazyl Radical
//[European Journal of Organic Chemistry. - 2008. - No. 27pp 4571-4574.

Fico, R. M.; Hay, M. F.; Reese, S.; Hammond, S.; Lambert, E.; Fox, M. A. Electronic
Interactions in Verdazyl Biradicals //Journal of Organic Chemistry. - 1999. - VVol. 64. - Ne26. - pp
9386-9392.

Hicks, R. G.; Koivisto, B. D.; Lemaire, M. T. Synthesis of Multitopic Verdazyl Radical Ligands.
Paramagnetic Supramolecular Synthons //Organic Letters. - 2004. - Vol. 6. - Nel2. - pp 1887-
1890.

Jankowiak, A.; Pociecha, D.; Szczytko, J.; Monobe, H.; Kaszynski, P. Liquid Crystalline
Radicals: Discotic Behavior of Unsymmetrical Derivatives of 1,3,5-Triphenyl-6-Oxoverdazyl
/lJournal of Materials Chemistry C. - 2014. - Vol. 2. - Ne2. - pp 319-324.

Seber, G.; Brook, D. J. R.; Taylor, P. S.; Allao Cassaro, R.; Lahti, P. M. Magnetostructural
Effects of Changing Spin Unit Structure and Molecular Connectivity on 1H-Benzimidazole
Functionalized Radicals Dedicated to George Christou in Celebration of His 60th Birthday
//Polyhedron. - 2014. - Vol. 76. - pp 36-44.



69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

11

Cumaraswamy, A. A.; Hamer, G. K.; Georges, M. K. Verdazyl Radicals as Substrates for
Organic Synthesis: The Synthesis and Characterization of [12]-, [13]-, and [21]-
Paraheteraphanes //European Journal of Organic Chemistry. - 2012. — Vol. 2012. - No. 9 - pp
1717-1722.

Dang, J. D.; Hamer, G. K.; Georges, M. K. The Synthesis of a Verdazyl Radical-Derived
Biphenylophane //Tetrahedron Letters. - 2012. - Vol. 53. - Ne36. - pp 4877-4879.

Brook, D. J. R.; Richardson, C. J.; Haller, B. C.; Hundley, M.; Yee, G. T. Strong Ferromagnetic
Metal-Ligand Exchange in a Nickel Bis(3,5-Dipyridylverdazyl) Complex //Chemical
Communications. - 2010. - Vol. 46. - Ne35. - pp 6590-6592.

Gilroy, J. B.; McKinnon, S. D. J.; Koivisto, B. D.; Hicks, R. G. Electrochemical Studies of
Verdazyl Radicals //Organic Letters. - 2007. - Vol. 9. - Ne23. - pp 4837-4840.

Chahma, M.; Wang, X. S.; Van Der Est, A.; Pilkington, M. Synthesis and Characterization of a
New Family of Spin Bearing TTF Ligands //Journal of Organic Chemistry. - 2006. - Vol. 71. -
Ne7. - pp 2750-2755.

Eusterwiemann, S.; Matuschek, D.; Stegemann, L.; Klabunde, S.; Doerenkamp, C. C.; Daniliuc,
C. G.; Doltsinis, N. L.; Strassert, C. A.; Eckert, H.; Studer, A. Effect of the C(3)-Substituent in
Verdazyl Radicals on Their Profluorescent Behavior //CHIMIA International Journal for
Chemistry. - 2016. - VVol. 70. - Ne3. - pp 172-176.

Barclay, T. M.; Hicks, R. G.; Lemaire, M. T.; Thompson, L. K.; Xu, Z. Synthesis and
Coordination Chemistry of a Water-Soluble Verdazyl Radical. Structures and Magnetic
Properties of M(H,0)»(VdCO,),-2H,0 (M = Co, Ni; VdCO, = 1,5-Dimethyl-6-Oxo-Verdazyl-3-
Carboxylate) //Chemical Communications. - 2002. - VVol. 2. - Ne16. - pp 1688-16809.

Neugebauer, F. A.; Umminger, I. Uber 1,4-Dihydro-1,2,4-Benzotriazinyl-Radikale //Chemische
Berichte. - 1980. - Vol. 113. - Ne4. - pp 1205-1225.

Kadirov, M. K.; Buzykin, B. I.; Gazetdinova, N. G. Electron Spin and Electron Nuclear Double
Resonances of the Stable 1-(4-Nitrophenyl)-3-Phenyl-1,4-Dihydro-1,2,4-Benzotriazin-4-Y| Free
Radical //Russian Chemical Bulletin. - 2002. - Vol. 51. - Ne10. - pp 1796-1799.

Koutentis, P. A.; Lo Re, D. Catalytic Oxidation of N -Phenylamidrazones to 1,3-Diphenyl-1,4-
Dihydro-1, 2,4-Benzotriazin-4-YIs: An Improved Synthesis of Blatters Radical //Synthesis. -
2010. - No. 12pp 2075-2079.

Constantinides, C. P.; Koutentis, P. A. Stable N- and N/S-Rich Heterocyclic Radicals: Synthesis
and Applications// Advances in Heterocyclic Chemistry. - 2016. - Vol. 119. - pp 173-207.
Catala, L.; Le Moigne, J.; Kyritsakas, N.; Rey, P.; Novoa, J. J.; Turek, P. Towards a Better
Understanding of the Magnetic Interactions within M-Phenylene o-Nitronyl Imino Nitroxide
Based Biradicals //Chemistry - A European Journal. - 2001. - Vol. 7. - Nel 1. - pp 2466—-2480.



81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)

92)

93)

12

Dulog, L.; Kim, J. S. Eine Stabile Triradikal-Verbindung Und Ihre Ungewdhnlichen
Magnetischen Eigenschaften //Angewandte Chemie. - 1990. - Vol. 102. - Ne4. - pp 403-404.
Kuhn, R.; Neugebauer, F. A.; Trischmann, H. Uber Ein Triradikal //Angewandte Chemie. -
1965. - Vol. 77. - Nel. - pp 43-43.

Kuhn, R.; Neugebauer, F. A.; Trischmann, H. Stabile N-Haltige Biradikale Und Triradikale
//Monatshefte fiir Chemie. - 1966. - Vol. 97. - Ne2. - pp 525-553.

Inoue, K.; Iwamura, H. 2-[p(N-Tert-Butyl-N-Oxyamino)Phenyl]-4,4,5,5-Tetramethyl-4,5-
Dihydroimidazol-3-Oxide-1-Oxyl, a Stable Diradical with a Triplet Ground State //Angewandte
Chemie International Edition in English. - 1995. - Vol. 34. - Ne8. - pp 927-928.

Kurata, T.; Koshika, K.; Kato, F.; Kido, J.; Nishide, H. An Unpaired Electron-Based Hole-
Transporting  Molecule:  Triarylamine- Combined  Nitroxide Radicals //Chemical
Communications. - 2007. - Vol. 2. - Ne28. - pp 2986-2988.

Lahti, P. M.; Esat, B.; Liao, Y.; Serwinski, P.; Lan, J.; Walton, R. Heterospin Organic
Molecules: Nitrene-Radical Linkages //Polyhedron. - 2001. - Vol. 20. - Nel1-14. - pp 1647
1652.

Serwinski, P. R.; Esat, B.; Lahti, P. M.; Liao, Y.; Walton, R.; Lan, J. Photolysis and Oxidation of
Azidophenyl-Substituted Radicals: Delocalization in Heteroatom-Based Radicals //Journal of
Organic Chemistry. - 2004. - VVol. 69. - Nel6. - pp 5247-5260.

Hiraoka, S.; Okamoto, T.; Kozaki, M.; Shiomi, D.; Sato, K.; Takui, T.; Okada, K. A Stable
Radical-Substituted Radical Cation with Strongly Ferromagnetic Interaction: Nitronyl Nitroxide-
Substituted 5,10-Diphenyl-5,10-Dihydrophenazine Radical Cation //Journal of the American
Chemical Society. - 2004. - Vol. 126. - Nel. - pp 58-59.

Masuda, Y.; Kuratsu, M.; Suzuki, S.; Kozaki, M.; Shiomi, D.; Sato, K.; Takui, T.; Okada, K.
Preparation and Magnetic Properties of Verdazyl-Substituted Dihydrophenazine Radical Cation
Tetrachloroferrate Salts //Polyhedron. - 2009. - VVol. 28. - Ne9-10. - pp 1950-1954.

Gallagher, N. M.; Bauer, J. J.; Pink, M.; Rajca, S.; Rajca, A. High-Spin Organic Diradical with
Robust Stability //Journal of the American Chemical Society. - 2016. - Vol. 138. - Ne30. - pp
9377-9380.

Mukai, K.; Yano, H.; Ishizu, K. ESR Studies of a New Phenoxyl-Nitroxide Hetero Biradical
/[Tetrahedron Letters. - 1981. - Vol. 22. - Ne20. - pp 1903-1904.

lonita, P.; Tuna, F.; Andruh, M.; Constantinescu, T.; Balaban, A. T. Synthesis and
Characterization of Some Novel Homo- and Hetero-Diradicals of Hydrazyl and Nitroxide Type
//Australian Journal of Chemistry. - 2007. - Vol. 60. - Ne3. - pp 173-179.

Dane, E. L.; Maly, T.; Debelouchina, G. T.; Griffin, R. G.; Swager, T. M. Synthesis of a BDPA-
TEMPO Biradical //Organic Letters. - 2009. - Vol. 11. - Ne9. - pp 1871-1874.



94)

95)

96)

97)

98)

99)

100)

101)

102)

103)

104)

13

Suzuki, S.; Furui, T.; Kuratsu, M.; Kozaki, M.; Shiomi, D.; Sato, K.; Takui, T.; Okada, K.
Nitroxide-Substituted Nitronyl Nitroxide and Iminonitroxide //Journal of the American Chemical
Society. - 2010. - Vol. 132. - Ne45. - pp 15908-15910.

Tsujimoto, H.; Suzuki, S.; Kozaki, M.; Shiomi, D.; Sato, K.; Takui, T.; Okada, K. Synthesis and
Magnetic Properties of (Pyrrolidin-1-Oxyl)-(Nitronyl  Nitroxide)/(Iminonitroxide)-Dyads
//Chemistry - An Asian Journal. - 2018. DOI: 10.1002/asia.201801615

Haller, B. C.; Chambers, D.; Cheng, R.; Chemistruck, V.; Hom, T. F.; Li, Z.; Nguyen, J.;
Ichimura, A.; Brook, D. J. R. Oxidation of Electron Donor-Substituted Verdazyls: Building
Blocks for Molecular Switches //Journal of Physical Chemistry A. - 2015. - Vol. 119. - Ne43. -
pp 10750-10760.

Catala, L.; Turek, P.; Le Moigne, J.; De Cian, A.; Kyritsakas, N. Synthesis of Nitronyl- and
Imino-Nitroxide-Triradicals Interconnected by Phenyl Ethynyl Spacer //Tetrahedron Letters. -
2000. - Vol. 41. - Ne7. - pp 1015-1018.

Shinomiya, M.; Higashiguchi, K.; Matsuda, K. Evaluation of the B-Value of the Phenylene
Ethynylene Unit by Probing the Exchange Interaction between Two Nitronyl Nitroxides
/lJournal of Organic Chemistry. - 2013. - Vol. 78. - Ne18. - pp 9282-9290.

Miura, Y.; Ushitani, Y. Synthesis and Characterization of Poly(1,3-Phenyleneethynylene) with
Pendant Nitroxide Radicals //Macromolecules. - 1993. - Vol. 26. - Ne25. - pp 7079-7082.

Stroh, C.; Mayor, M.; Von Hénisch, C. Rigid Nitronyl-Nitroxide-Labelled Anchoring Molecules:
Syntheses, Structural and Magnetic Investigations //Tetrahedron Letters. - 2004. - Vol. 45. -
Ne52. - pp 9623-9626.

Romero, F. M.; Ziessel, R. Pyridine-Based Nitronyl Nitroxides as Versatile Synthons for the
Synthesis of Elongated Ethynyl-Bridged Radicals //Tetrahedron Letters. - 1999. - Vol. 40. -
Nel0. - pp 1895-1898.

Keddie, D. J.; Fairfull-Smith, K. E.; Bottle, S. E. The Palladium-Catalysed Copper-Free
Sonogashira Coupling of Isoindoline Nitroxides: A Convenient Route to Robust Profluorescent
Carbon-Carbon Frameworks //Organic and Biomolecular Chemistry. - 2008. - Vol. 6. - Nel7. -
pp 3135-3143.

Miura, Y.; Issiki, T.; Ushitani, Y.; Teki, Y.; Itoh, K. Synthesis and Magnetic Behaviour of
Polyradical: Poly(1,3-Phenyleneethynylene) with n-Toporegulated Pendant Stable Aminoxyl and
Imine N-Oxide-Aminoxyl Radicals //Journal of Materials Chemistry. - 1996. - Vol. 6. - Nel1. -
pp 1745-1750.

Stroh, C.; Mayor, M.; Von Hinisch, C. Suzuki Reactions with Stable Organic Radicals -
Synthesis of Biphenyls Substituted with Nitronyl-Nitroxide Radicals //European Journal of
Organic Chemistry. - 2005. - VVol. 2005. - Ne17. - pp 3697-3703.



14

105) Takahashi, Y.; Miura, Y.; Yoshioka, N. Introduction of Three Aryl Groups to Benzotriazinyl
Radical by Suzuki—Miyaura Cross-Coupling Reaction //Chemistry Letters. - 2014. - Vol. 43. -
Ne8. - pp 1236-1238.

106) Constantinides, C. P.; Koutentis, P. A.; Loizou, G. Synthesis of 7-Aryl/Heteraryl-1,3-Diphenyl-
1,2,4-Benzotriazinyls via Palladium Catalyzed Stille and Suzuki-Miyaura Reactions //Organic
and Biomolecular Chemistry. - 2011. - Vol. 9. - Ne9. - pp 3122-3125.

107) Le, T. N.; Trevisan, T.; Lieu, E.; Brook, D. J. R. Suzuki—Miyaura Coupling of Verdazyl Radicals
//[European Journal of Organic Chemistry. - 2017. - Vol. 2017. - Ne7. - pp 1125-1131.

108) Kurusu, Y.; Yoshida, H.; Okawara, M. Synthesis of Polystyrene Containing Verdazyl Structure
/[Tetrahedron Letters. - 1967. - Vol. 8. - Ne37. - pp 3595-3597.

109) Kinoshita, M.; Schulz, R. C. Polyradikale Mit Verdazyl-Gruppen //Die Makromolekulare
Chernie. - 1968. - Vol. 111. - Ne2607. - pp 137-145.

110) Miura, Y.; Kinoshita, M.; Imoto, M. Vinyl Polymerization. 263. Anionic Polymerization of
Vinyl Verdazyl //Die Makromolekulare Chemie. - 1971. - Vol. 146. - Nel. - pp 69-77.

111) Chemie, M. Anionic Polymerization of Acryloyl- and Methacryloyl Verdazyls //Die
Makromolekulare Chemie. - 1972. - Vol. 157. - pp 51-61.

112) Kamachi, M.; Enomoto, H.; Shibasaka, M.; Mori, W.; Kishita, M. Magnetic Properties of
Polymer Containing Verdazyl in the Side Chain //Polymer Journal. - 1986. - Vol. 18. - Ne5. - pp
439-441.

113) Mtura, Y.; Kita, N. M.; Kinoshita, M. Synthesis of Polymers Containing Free Radical Verdazyl
/lJournal of Macromolecular Science: Part A - Chemistry. - 1973. - Vol. 7. - Ne4. - pp 1007-
1012.

114) Miura, Y.; Kinoshita, M. Polymers Containing Stable Free Radicals, 4. Preparation of
2,4-diphenyl-6-(3-maleoyliminophenyl)-3,4-dihydro-s-tetrazin-1(2H)-yl and Its  Anionic
Polymerization //Die Makromolekulare Chemie. - 1974. - Vol. 175. - Nel. - pp 23-29.

115) Neugebauer, F. A.; Trischmann, H. Polyverdazyls (1) //Journal of Polymer Science Part B:
Polymer Letters. - 1968. - Vol. 6. - Ne3. - pp 255-256.

116) Bosch, J.; Rovira, C.; Veciana, J.; Castro, C.; Palacio, F. Synthesis and Study of a Stable
Polyradical Macromolecule with a Helical Structure. A Poly(Iminomethylene) with Verdazyl
Radicals as Side Groups //Synthetic Metals. - 1993. - Vol. 55. - Ne2-3. - pp 1141-1146.

117) Miura, Y.; Issiki, T.; Ushitani, Y.; Teki, Y.; Itoh, K. Synthesis and Magnetic Behaviour of
Polyradical: Poly(1,3-Phenyleneethynylene) with n-Toporegulated Pendant Stable Aminoxyl and
Imine N-Oxide-Aminoxyl Radicals //Journal of Materials Chemistry. - 1996. - Vol. 6. - Nel1. -
pp 1745-1750.



118)

119)

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

15

Tanimoto, R.; Suzuki, S.; Kozaki, M.; Okada, K. Nitronyl Nitroxide as a Coupling Partner: Pd-
Mediated Cross-Coupling of (Nitronyl Nitroxide-2-Ido)(Triphenylphosphine)Gold(l) with Aryl
Halides //Chemistry Letters. - 2014. - Vol. 43. - Ne5. - pp 678-680.

Tretyakov, E.; Okada, K.; Suzuki, S.; Baumgarten, M.; Romanenko, G.; Bogomyakov, A
Ovcharenko, V. Synthesis, Structure and Properties of Nitronyl Nitroxide Diradicals with Fused-
Thiophene Couplers //Journal of Physical Organic Chemistry. - 2016. - Vol. 29. - Nel2. - pp
725-734.

Slota, M.; Keerthi, A.; Myers, W. K.; Tretyakov, E.; Baumgarten, M.; Ardavan, A.; Sadeghi, H.;
Lambert, C. J.; Narita, A.; Miillen, K.; et al. Magnetic Edge States and Coherent Manipulation of
Graphene Nanoribbons //Nature. - 2018. - Vol. 557. - Ne7707. - pp 691-695.

Suzuki, S.; Nakamura, F.; Naota, T. A Direct Synthetic Method for (Nitronyl Nitroxide)-
Substituted n-Electronic Compounds via a Palladium-Catalyzed Cross-Coupling Reaction with a
Zinc Complex //Materials Chemistry Frontiers. - 2018. - VVol. 2. - Ne3. - pp 591-596.

Liu, Y.; Villamena, F. A.; Sun, J.; Xu, Y.; Dhimitruka, I.; Zweier, J. L. Synthesis and
Characterization of Ester-Derivatized Tetrathiatriarylmethyl Radicals as Intracellular Oxygen
Probes //Journal of Organic Chemistry. - 2008. - VVol. 73. - Ne4. - pp 1490-1497.

Liu, Y.; Villamena, F. A.; Rockenbauer, A.; Zweier, J. L. Trityl-Nitroxide Biradicals as Unique
Molecular Probes for the Simultaneous Measurement of Redox Status and Oxygenation
//Chemical Communications. - 2010. - VVol. 46. - Ne4. - pp 628-630.

Reginsson, G. W.; Kunjir, N. C.; Sigurdsson, S. T.; Schiemann, O. Trityl Radicals: Spin Labels
for Nanometer-Distance Measurements //Chemistry - A European Journal. - 2012. - Vol. 18. -
Ne43. - pp 13580-13584.

Novitchi, G.; Shova, S.; Lan, Y.; Wernsdorfer, W.; Train, C. Verdazyl Radical, a Building Block
for a Six-Spin-Center 2p-3d-4f Single-Molecule Magnet //Inorganic Chemistry. - 2016. - Vol.
55. - Ne23. - pp 12122-12125.

Koivisto, B. D.; Hicks, R. G. The Magnetochemistry of Verdazyl Radical-Based Materials
//ICoordination Chemistry Reviews. - 2005. - VVol. 249. - Ne23. - pp 2612-2630.

Norel, L.; Chamoreau, L. M.; Journaux, Y.; Oms, O.; Chastanet, G.; Train, C. Verdazyl-
Lanthanide(lii) One Dimensional Compounds: Synthesis, Structure and Magnetic Properties
//Chemical Communications. - 2009. - No. 17. - pp 2381-2383.

Andruh, M. Heterotrimetallic Complexes in Molecular Magnetism //Chemical Communications.
- 2018. - Vol. 54. - Ne29. - pp 3559-3577.

Almubayedh, S.; Chahma, M. Electrosynthesis and Characterization of Stable Radical-
Functionalized Oligo/Polythiophenes //New Journal of Chemistry. - 2015. - Vol. 39. - Ne10. - pp
7738-7741.



130)

131)

132)

133)

134)

135)

136)

137)

138)

139)

140)

16

Brook, D. J. R.; Fleming, C.; Chung, D.; Richardson, C.; Ponce, S.; Das, R.; Srikanth, H.;
Heindl, R.; Noll, B. C. An Electron Transfer Driven Magnetic Switch: Ferromagnetic Exchange
and Spin Delocalization in Iron Verdazyl Complexes //Dalton Transactions. - 2018. - Vol. 47. -
Nel8. - pp 6351-6360.

Filimonov, V. D.; Trusova, M.; Postnikov, P.; Krasnokutskaya, E. A.; Lee, Y. M.; Hwang, H. Y ;
Kim, H.; Chi, K. W. Unusually Stable, Versatile, and Pure Arenediazonium Tosylates: Their
Preparation, Structures, and Synthetic Applicability /Organic Letters. - 2008. - Vol. 10. - Ne18. -
pp 3961-3964.

Gilroy, J. B.; Ferguson, M. J.; McDonald, R.; Hicks, R. G. Synthesis and Characterization of
Palladium Complexes of 3-Nitroformazans //Inorganica Chimica Acta. - 2008. - Vol. 361. -
Nel2-13. - pp 3388-3393.

Gilroy, J. B.; Otieno, P. O.; Ferguson, M. J.; McDonald, R.; Hicks, R. G. Synthesis and
Characterization of 3-Cyano- and 3-Nitroformazans, Nitrogen-Rich Analogues of B-Diketimine
Ligands //Inorganic Chemistry. - 2008. - VVol. 47. - Ne4. - pp 1279-1286.

Von Eschwege, K. G. Synthesis and Kinetics of Electronically Altered Photochromic
Dithizonatophenylmercury(ll) Complexes //Journal of Photochemistry and Photobiology A:
Chemistry. - 2013. - Vol. 252. - pp 159-166.

Pel'kis, P.S.; Pupko, L.S.; Dubenko, R.G. Issledovaniya v oblasti zameshchennykh 1,5-
difeniltiokarbazona// Zhurnal Obshchei Khimii. — 1957. — Vol. 27 — pp 1849 — 1852.

Valiev, R. R.; Cherepanov, V. N.; Artyukhov, V. Y.; Sundholm, D. Computational Studies of
Photophysical Properties of Porphin, Tetraphenylporphyrin and Tetrabenzoporphyrin //Physical
Chemistry Chemical Physics. - 2012. - VVol. 14. - Ne32. - pp 11508-11517.

Valiev, R. R.; Ermolina, E. G.; Kuznetsova, R. T.; Cherepanov, V. N.; Sundholm, D.
Computational and Experimental Studies of the Electronic Excitation Spectra of EDTA and
DTPA Substituted Tetraphenylporphyrins and Their Lu Complexes //Journal of Molecular
Modeling. - 2013. - Vol. 19. - Nel1. - pp 4631-4637.

Valiev, R. R.; Ermolina, E. G.; Kalugina, Y. N.; Kuznetsova, R. T.; Cherepanov, V. N.
Electronic Absorption Spectrum of Monoamine Tetraphenylporphyrin with the Complexon of
Ethylenediaminetetraacetic Acid as Substitute //Spectrochimica Acta - Part A: Molecular and
Biomolecular Spectroscopy. - 2012. - Vol. 87. - pp 40-45.

Valiev, R. R.; Fliegl, H.; Sundholm, D. The Aromatic Character of Thienopyrrole-Modified 20z-
Electron Porphyrinoids //Physical Chemistry Chemical Physics. - 2014. - Vol. 16. - Ne22. - pp
11010-11016.

Becke, A. D. Density-functional Thermochemistry. Ill. The Role of Exact Exchange //The
Journal of Chemical Physics. - 1993. - VVol. 98. - Ne7. - pp 5648-5652.



141)

142)

143)

144)

145)

146)

147)

148)

149)

150)

151)

152)

17

Lee, C.; Yang, W.; Parr, R. G. Development of the Colle-Salvetti Correlation-Energy Formula
into a Functional of the Electron Density //Physical Review B. - 1988. - Vol. 37. - Ne2. - pp 785—
789.

Weigend, F.; Ahlrichs, R. Balanced Basis Sets of Split Valence, Triple Zeta Valence and
Quadruple Zeta Valence Quality for H to Rn: Design and Assessment of Accuracy //Physical
Chemistry Chemical Physics. - 2005. - Vol. 7. - Ne18. - pp 3297.

Klamt, A.; Schiitirmann, G. COSMO: A New Approach to Dielectric Screening in Solvents with
Explicit Expressions for the Screening Energy and Its Gradient //Journal of the Chemical
Society, Perkin Transactions 2. - 1993. - Vol. 2. - Ne5. - pp 799-805.

Poiger, T.; Richardson, S. D.; Baughman, G. L. Analysis of Anionic Metallized Azo and
Formazan Dyes by Capillary Electrophoresis-Mass Spectrometry //Journal of Chromatography
A. - 2000. - Vol. 886. - Ne1-2. - pp 259-270.

Edwards, L. C.; Freeman, H. S.; Claxton, L. D. Developing Azo and Formazan Dyes Based on
Environmental Considerations: Salmonella Mutagenicity //Mutation Research - Fundamental and
Molecular Mechanisms of Mutagenesis. - 2004. - Vol. 546. - Nel1-2. - pp 17-28.

Edwards, L. C.; Freeman, H. S. Synthetic Dyes Based on Environmental Considerations. Part 4:
Aquatic Toxicity of Iron-Complexed Formazan Dyes //Coloration Technology. - 2005. - Vol.
121. - Ne5. - pp 271-274.

Casida, M. Recent Advances in Density Functional Methods Part I, Singapore: World Scientific,
1999.

Hittig, C.; Weigend, F. CC2 Excitation Energy Calculations on Large Molecules Using the
Resolution of the Identity Approximation //Journal of Chemical Physics. - 2000. - Vol. 113. -
Nel3. - pp 5154-5161.

Hittig, C.; Kohn, A. Transition Moments and Excited-State First-Order Properties in the
Coupled-Cluster Model CC2 Using the Resolution-of-the-ldentity Approximation //Journal of
Chemical Physics. - 2002. - Vol. 117. - Nel5. - pp 6939-6951.

Bancerz, M.; Prack, E.; Georges, M. K. Triphenyl Verdazyl Radicals’ Reactivity with Alkyne
Carboxylates as a Synthetic Route to 1-(Phenyldiazenyl)lsoquinoline-3,4-Dicarboxylates
/[Tetrahedron Letters. - 2012. - Vol. 53. - Ne31. - pp 4026-4029.

Frolova, N. A.; Vatsadze, S. Z.; Stash, A. I.; Rakhimov, R. D.; Zyk, N. V. Oxidation of 3-(3-or
4-Pyridyl)-1,5-Diphenylformazans in  Tetrazolium Trichlorometallates:  Structural and
Electrochemical Investigation //Chemistry of Heterocyclic Compounds. - 2006. - Vol. 42. - Nel1.
- pp 1444-1456.

Katritzky, A. R.; Belyakov, S. A.; Cheng, D.; Durst, H. D. Syntheses of Formazans under Phase-
Transfer Conditions //Synthesis-Stuttgart. - 1995. - Vol. 1995. - Ne5. - pp 577-581.



153)

154)

155)

156)

157)

158)

159)

160)

161)

18

Jasinski, M.; Gerding, J. S.; Jankowiak, A.; Geibicki, K.; Romanski, J.; Jastrzeibska, K.
Sivaramamoorthy, A.; Mason, K.; Evans, D. H.; Celeda, M.; et al. Functional Group
Transformations in Derivatives of 6-Oxoverdazyl //Journal of Organic Chemistry. - 2013. - Vol.
78. - Nel5. - pp 7445-7454.

Ciastek, S.; Jasinski, M.; Kaszynski, P. 3-Substituted 6-Oxoverdazyl Bent-Core Nematic
Radicals: Synthesis and Characterization //RSC Advances. - 2015. - Vol. 5. - Ne42. - pp 33328-
33333.

Fauvarque, J. F.; Pfliger, F.; Troupel, M. Kinetics of Oxidative Addition of Zerovalent
Palladium to Aromatic lodides //Journal of Organometallic Chemistry. - 1981. - Vol. 208. - Ne3.
- pp 419-427.

Fitton, P.; Rick, E. A. The Addition of Aryl Halides to Tetrakis(Triphenylphosphine)
Palladium(0) //Journal of Organometallic Chemistry. - 1971. - Vol. 28. - Ne2. - pp 287-291.

van der Voort, E.; van der Sluis, P.; Spek, A. L. Structure of
lodo(Methylthiomethylphenyl)Bis(Triphenylphosphine)Palladium(Il) //Acta Crystallographica
Section C Crystal Structure Communications. - 1987. - VVol. 43. - Ne3. - pp 461-463.

Zhang, S.; Zhang, Z.; Fu, H.; Li, X.; Zhan, H.; Cheng, Y. Synthesis of Polyfluorene Containing
Simple Functional End Group with Aryl Palladium(ll) Complexes as Initiators //Journal of
Organometallic Chemistry. - 2016. - Vol. 825-826. - pp 100-113.

Chinchilla, R.; Najera, C. The Sonogashira Reaction: A Booming Methodology in Synthetic
Organic Chemistry //Chemical Reviews. - 2007. - Vol. 107. - Ne3. - pp 874-922.

Cherkasov, F. G.; Ovchinnikov, I. V.; Turanov, A. N.; L’vov, S. G.; Goncharov, V. A.; Vitols,
A. Y. Electron Paramagnetic Resonance Measurements of Static Magnetic Susceptibility //Low
Temperature Physics. - 1997. - Vol. 23. - Ne2. - pp 174-176.

Frisch, M.J.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, J.R.;
Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G.A.; Nakatsuji, H.; Caricato, M.; Li, X.;
Hratchian, H.P.; Izmaylov, A.F.; Bloino, J.; Zheng, G.; Sonnenberg, J.L.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.;
Vreven, T.; Montgomery, J. A., Jr.; Peralta, J.E.; Ogliaro, F.; Bearpark, M.; Heyd, J.J.; Brothers,
E.; Kudin, K.N.; Staroverov, V.N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.;
Burant, J.C.; lyengar, S.S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J.M.; Klene, M,
Knox, J.E.; Cross, J.B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann,
R.E.; Yazyev, O.; Austin, AJ.; Cammi, R.; Pomelli, C.; Ochterski, J.W.; Martin, R.L.;
Morokuma, K.; Zakrzewski, V.G.; Voth, G.A.; Salvador, P.; Dannenberg, J.J.; Dapprich, S.;
Daniels, A.D.; Farkas, O.; Foresman, J.B.; Ortiz, J.V.; Cioslowski, J.; Fox, D.J. Gaussian 09,
Revision A.1., Gaussian, Inc., Wallingford CT, 2009.



19

162) Sheldrick, G.M. SADABS, Program for area detector adsorption correction, Institute for
Inorganic Chemistry, University of Gottingen, Germany, 1996.

163) Sheldrick, G.M. SHELX-97 — Programs for Crystal Structure Analysis, Release 97-2, University
of Gottingen, Gottingen, Germany;

164) Sheldrick, G. M. A Short History of SHELX //Acta Crystallographica Section A: Foundations of
Crystallography. - 2008. - VVol. 64. - Nel. - pp 112-122.

165) Spek, A.L.; Platon, A. Multipurpose Crystallographic Tool (Version 10M). Utrecht University,
Utrecht, The Netherlands. 2003.

166) Spek, A. L. Single-Crystal Structure Validation with the Program PLATON //Journal of Applied
Crystallography. - 2003. - Vol. 36. - Nel. - pp 7-13.

167) Simas, A. B. C.; Pereira, V. L. P.; Barreto, C. B.; De Sales, D. L.; De Carvalho, L. L. An
Expeditious and Consistent Procedure for Tetrahydrofuran (TT'®) Drying and Deoxygenation by
the Still Apparatus //Quimica Nova. - 2009. - Vol. 32. - Ne9. - pp 2473-2475.

168) Chattaway, F. D.; Drewitt, J. G. N.; Parkes, G. D. 376. The Action of Diazonium Salts on the
Trichloro-a-Nitro-p-Acetoxy-Paraffins //J. Chem. Soc. - 1936. - VVol. 1936. - pp 1693-1694.

169) Hubbard, D. M.; Scott, E. W. Synthesis of Di-Beta-Naphthylthiocarbazone and Some of Its
Analogs //Journal of the American Chemical Society. - 1943. - VVol. 65. - Ne12. - pp 2390-2393.

170) Maksimov, U.V.; Kvitko, S.M.; Perekalin, V.V. Reaction of nitromalon aldehyde with
diazonium salts// Zhurnal Organicheskoi Khimii. —1972. — Vol. 8. - pp 332 — 336.

171) Pel'kis, P.S.; Dubenko, R.G.; Pupko, L. S. Substituted 1,5-diphenylthiocarbazones. V1. Synthesis
and the study of properties of mono- and dihalo-substituted 1,5-diphenylthiocarbazones//
Zhurnal Obshchei Khimii. — 1957. — Vol. 27. — pp 2134 — 2136.

172) Westphal, G.; Stroh, H.-H. Anwendung Der Hammett-Beziehung Zur Berechnung Der
Basizititskonstanten Substituierter Phenylhydrazine //Zeitschrift fiir Chemie. - 2010. - Vol. 7. -
Neo5. - pp 192-192.

173) Tung, T.; Tezcan, H.; Saglam, S.; Dilek, N. Comparative Experimental and Theoretical Studies
of N-(4-Methylbenzylidene) -N'-(2-Carboxyphenyl) Hydrazine Novel Schiff Base
//Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy. - 2014. - Vol. 127. -
pp 490-497.

174) Sanz, C. A.; Ferguson, M. J.; McDonald, R.; Patrick, B. O.; Hicks, R. G. Classical and Non-
Classical Redox Reactions of Pd(ll) Complexes Containing Redox-Active Ligands //Chemical
Communications. - 2014. - Vol. 50. - Ne79. - pp 11676-11678.

175) Rich D. H., Singh J. The carbodiimide method //Major Methods of Peptide Bond Formation. —
1979. — C. 241-261



176)

177)

178)
179)

180)

181)

182)

20

Baur, J. E.; Wang, S.; Brandt, M. C. Fast-Scan Voltammetry of Cyclic Nitroxide Free Radicals
//Analytical Chemistry. - 1996. - Vol. 68. - Ne21. - pp 3815-3821,

Kavala, M.; Brezova, V.; Svorc, L.; Vihonska, Z.; Olejnikova, P.; Moncol, J.; Kozisek, J.;
Herich, P.; Szolcsanyi, P. Synthesis, Physicochemical Properties and Antimicrobial Activity of
Mono-/Dinitroxyl Amides //Organic and Biomolecular Chemistry. - 2014. - Vol. 12. - Ne25. - pp
4491-4502;

Rozantsev E. Free nitroxyl radicals. — Springer Science & Business Media, 2013

Gilroy, J. B.; McKinnon, S. D. J.; Kennepohl, P.; Zsombor, M. S.; Ferguson, M. J.; Thompson,
L. K.; Hicks, R. G. Probing Electronic Communication in Stable Benzene-Bridged Verdazyl
Diradicals //Journal of Organic Chemistry. - 2007. - Vol. 72. - Ne21. - pp 8062-8069.

Hicks, R. G.; Lemaire, M. T.; Ohrstrédm, L.; Richardson, J. F.; Thompson, L. K.; Xu, Z. Strong
Supramolecular-Based Magnetic Exchange in n-Stacked Radicals. Structure and Magnetism of a
Hydrogen-Bonded Verdazyl Radical: Hydroquinone Molecular Solid //Journal of the American
Chemical Society. - 2001. - Vol. 123. - Ne29. - pp 7154-7159.

Mukai, K.; Nuwa, M.; Suzuki, K.; Nagaoka, S.; Achiwa, N.; Jamali, J. B. Magnetic Properties of
3-(4-R-Phenyl)-1,5-Diphenyl-6-Oxo- and -Thioxoverdazyl Radical Crystals (R = OCH3;, CH3 ,
CN, and NO; ) //The Journal of Physical Chemistry B. - 1998. - Vol. 102. - Ne5. - pp 782-787.
Fliegl, H.; Taubert, S.; Lehtonen, O.; Sundholm, D. The Gauge Including Magnetically Induced
Current Method //Physical Chemistry Chemical Physics. - 2011. - Vol. 13. - Ne46. - pp 20500-
20518.



