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1. H. Abul-Futouh, Y. Zagranyarski, C. Miiller, M. Schulz, St. Kupfer, H. Gorls, M. El-
khateeb, St. Grife, B. Dietzek, K. Peneva and W. Weigand, [FeFe]-Hydrogenase H-cluster
mimics mediated by naphthalene monoimide derivatives of peri-substituted

dichalcogenides, Dalton Trans., 2017, 46, 11180-11191. (B1)

Synthetic models of the active site of [FeFe]-hydrogenase containing naphthalene
monoimide (NMI) of peri-substituted dichalcogenides as bridging linkers have been prepared
and characterized using different spectroscopic methods. The influence of the imide
functionality and the chalcogen atoms on the redox properties and the catalytic behaviour of
complexes 7-10 was studied using cyclic voltammetry. The results revealed that the imide
functionality has improved the chemical stability of the reduced species and the replacement of
the S atoms by Se caused a cathodic shift in the oxidation peaks. Moreover, the optical
properties of compounds 1, 2, 4, and 5 and the respective diiron complexes 7-10 were
investigated by UV-Vis absorption and fluorescence spectroscopy assisted by quantum
chemical simulations. The structures of complexes 6—9 were confirmed by X-ray diffraction
analysis.

CuHTETUYHM MOJEIM Ha akTUBHOTO MscTo Ha [FeFe]-xumporenasa, chabpkaiia
HapTamumua (NMI) Ha nepu-3aMecTeHHM AMXAIKOTEHHWIN KaTO CBBP3BAIlM JIMHKEPH, Ca
MOATOTBEHN W OXapaKTePU3UPAHH C TOMOINTAa HA PA3IUYHU CIEKTPOCKOIICKA METOMH.
BnusHueto Ha uWMHAHATA TpyHa W XaJIKOTCHHHUTE aTOMHU BBPXY pEIOKC CBOWCTBaTa M
KaTaJUTUYHOTO TMOBEJCHHE Ha KomIuiekcu 7—10 e u3cienBaHO ¢ MOMOIITA Ha IUKJIMYHA
BonitaMeTpus. Pesynrature mnokasaxa, ye HMMHJHATa Trpylna € MoAoOpuiaa XuMHYecKara
CTaOWIIHOCT Ha peyllMpaHuTe BUIOBE M 3aMECTBAHETO HA S aTOMHUTE ¢ Se MPUYNHSIBA KaTOTHO
H3MECTBaHE B MUKOBETE HA okucieHHue. OCBEH TOBa, ONITUYHUTE CBOMCTBA HA CheAUHEHUS 1, 2,
4 1 5 u ChOTBETHUTE AMKeNe3HH KoMiiekcu 7—10 6s1xa u3cnensanu upe3 UV-Vis abcopOrius u
(GiyopeclieHTHa CHEKTPOCKOIHUS, TOAMNOMOTHAaTH OT KBAaHTOBO-XUMHYHHU CHUMYIAIUU.
CTpyKTypuTe Ha KOMIUIEKCH 6—9 ca MOTBBPACHU Upe3 PEHTTeHOB AU (PPAKIIMOHEH aHAIIH3.

2. A. Skabeev, U. Zschieschang, Y. Zagranyarski, H. Klauk, K. Miillen, and C. Li, Carbonyl-
Functionalized Cyclazines as Colorants and Air-Stable n-Type Semiconductors, Org. Lett.,

2018, 20 (5), 1409-1412. (B2)

A series of m-extended cycl[3,3,2]azines (3) bearing additional carbonyl groups were
synthesized via aldol condensations. Two strong electron acceptor molecules (4 and 5), with
low-lying LUMO energy levels of —3.99 and —3.95 eV, respectively, were obtained. Organic
thin-film transistors (TFTs) based on the cyanated cyclazine derivatives 5 were fabricated by



vapor deposition, exhibiting extraordinarily stable n-type semiconductor character under
ambient condition with the highest electron mobility of 0.06 cm?V~'s™! consistently for more
than 30 months.

Cepust oT m-yabmkeHu 1ukio[3,3,2]asunu (3), HOCEUM MOMBJIHUTEIHA KapOOHUIHU
rpynu, Osxa CHHTE3WpaHW 4Ype3 alIONHU KOHJeH3aluu. bsxa mMomxyd4eHH [ABE CHITHO
ENEeKTPOHAKIENTOPHU Moiekynu (4 u 5), ¢ Hucko paznonoxenn LUMO enepruitHu HUBa
CcbhOTBETHO -3,99 u -3,95 eV. Oprannunure ThHKOCHOMHU TpaH3uctopu (TFT), 6a3upanu Ha
[IUaHUPAHU [IUKJIA3MHOBH IPOM3BOIAHHM S5, ca MPOU3BEACHHU Upe3 oTaraHe Ha MmapH, IOKa3BaIin
M3KITIOYMTEIIHO CTAOMJICH A-THIl TOJXYIPOBOJAHUKOB XapaKTep NpPU OKOJHH YCIOBHS C Hai-
BHCOKA MOIBMKHOCT Ha ejekTponu oT 0,06 cm?V !s™! mocnenosarenso 3a moseue ot 30
Mecera.

3. F Hinkel, Y. M. Kim, Y. Zagraniarsky, F. Schliitter, D. Andrienko, K. Miillen and F.
Laquai, Efficiency-limiting processes in cyclopentadithiophene-bridged donor-acceptor-
type dyes for solid-state dye-sensitized solar cells, The J. Chem. Phys., 2018, 148, 044703.
(B3)

The charge generation and recombination processes in three novel push-pull
photosensitizers for dye-sensitized solar cells (DSSCs) are studied by ps—us transient
absorption (TA) and quasi-steady-state photoinduced absorption (PIA) spectroscopy. The three
cyclopentadithiophene-based photosensitizer dye molecules exhibit comparably low power
conversion efficiencies ranging from 0.8% to 1.7% in solid-state DSSCs. We find that the
photocurrents increase in the presence of Li-salt additives. Both TA and PIA measurements
observe long-lived dye cations created by electron injection from the dyes’ excited state for two
dyes from the series. However, the third dye shows significantly lower performance as a
consequence of the less efficient electron injection even after the addition of Li-salts and faster
electron-hole recombination on the ns-ps time scale. In essence, the prerequisites for this class
of donor-rt bridge-acceptor photosensitizers to reach higher charge generation efficiencies are
a combination of strong dipole moments and fine tuning of the electronic landscape at the
titania-dye interface by Li-salt addition.

l'enepupanero Ha 3apsga ©  OpoIeCUTE HAa PEKOMOMHANMsS B TPU  HOBHU
dhotocencuOmm3aropa ¢ Oarpuno cibHYeBH KieTku (DSSCs) ce m3cienBHM 4Ype3 ps—Us
npexonHa abcopoumst (TA) m kBasucrtanmoHapHa (oTouHayHMpana adcopOimonHa (PIA)
criekTpockonus. Tpute ¢doToceHCMOMIM3upamy OarpwyiHM MOJIGKYJIM Ha 0Oaszara Ha
[UKIONCHTAJUTHO(PEH IMOKAa3BaT CPAaBHUTEIHO HHCKAa €(EeKTUBHOCT Ha mpeoOpasyBaHe Ha
eneprusi, Bapupama ot 0,8% mo 1,7% B DSSC B 1BBpHo chcrostnue. OTkpuBame, 4e
(hoToTOKOBETE CE€ yBeIMYaBaT B MPUCHCTBUETO Ha q00aBKku oT Li-con. Kakto TA, Taka u PIA
M3MepBaHUsATa HAOIIOMABAT IBJITOTPAHE OArpUITHA KaTHOHH, Ch3aJICHH Ype3 MHKCKTHPAHE
Ha eNIEKTPOHH OT Bb30y/IEHO ChCTOSTHHE 32 JIBE Oarpuiara oT cepusaTa. Brnpeku ToBa, TpeToTo
0arpuso Moka3Ba 3HAUYUTENIHO IO-HMCKA MPOU3BOAMUTEIHOCT KaTro CIIEACTBUE OT IO-MAaJIKO
e(eKTUBHOTO MHXKEKTHpaHE Ha €JEKTPOHU JOpU ciel nobaBsiHeTo Ha Li-comu u mo-Obp3a
pekoMOWHAIMS Ha EJCKTPOH-AYIKa BbB BpeMeBara ckama ns-pus. [lo  chbIecTBo,
MPEINOCTAaBKATE 3a TO3M KIac (HOTOCEHCHOMIM3ATOpU Ha JTOHOP-T-MOCT-AaKIENTop 3a



MOCTHTaHe Ha T0-BUCOKAa €(DEeKTHBHOCT HA T€HEpPHpaHE Ha 3aps/l ca KOMOWHAIMS OT CHUIIHU
JMITOTHA MOMEHTH M ()MHA HACTPOIKa Ha eJIEKTPOHHATa KapTHHA Ha pa3/iesisiiara TOBbPXHUHA
TUTaH-0ArpuiIo upe3 nodassiHe Ha Li-cod.

4. H. Abul-Futouh, A. Skabeev, D. Botteri, Y. Zagranyarski, H. Gorls, W. Weigand, and K.
Peneva, Toward a Tunable Synthetic [FeFe]-Hydrogenase H-Cluster Mimic Mediated by
Perylene Monoimide Model Complexes: Insight into Molecular Structures and

Electrochemical Characteristics, Organometallics, 2018, 37 (19), pp 3278-3285. (B4)

The nature of the bridging dithiolate has an important role on tuning the physical and
electrochemical properties of the synthetic H-cluster mimics of [FeFe]-hydrogenase and still of
significant concern to scientists. In this report we describe the synthetic models of the active
site of [FeFe]-hydrogenase containing perylene monoimide of peri-substituted disulfides as
bridging linker. The resulting complexes were characterized by 'H and *C{1H} NMR and IR
spectroscopic techniques, mass spectrometry, and elemental analysis as well as X-ray analysis
of complex 2a. The purpose of this work was to investigate the influence of the perylene-linker
on the redox potentials of the complexes and their catalytic ability in the presence of acetic acid
(AcOH) by applying cyclic voltammetry. Moreover, we compare these results with different
diiron hexacarbonyl complexes previously reported in the literature. As a result, we have found
that the presence of the rylene-linker provides further stability for the reduced species and
shifted its reduction potentials to more positive values.

EcTecTBOTO Ha CBBp3BAlMS AUTHONAT MMa BaXKHA POJIS 32 HACTPOHBAHETO HA (PU3UYHUTE
U EJEKTPOXMMHUYHHUTE CBOIICTBa Ha cuUHTeTHUYHUTe H-kibcrepun mumuku Ha [FeFel-
XHIPOTeHAa3a M BCE OIIe TMPEICTaBIIsABAa 3HAYUTEITHO MPEIU3BUKATEIICTBO 32 YUeHUTE. B To3m
JIOKJIa/I HUE ONMCBAME CHHTETUYHUTE MOJEIHM Ha akTHBHOTO Msicto Ha [FeFe]-xumporenasa,
ChIbpXKallla MEePHUJICHMOHOUMU Ha TEPH-3aMECTECHH TUCYA(PHUIN KaTo CBbpP3BAl JIMHKED.
[onyuenute komiiekcu ce oxapakrepusupar ¢ 'H u *C{IH} NMR u IR crnekrpockoncku
TEXHUKH, MACCIIEKTPOMETPHSI M SJICMEHTEH aHaJIN3, KAKTO U PEHTI'CHOB aHAJIM3 Ha KOMILJICKCa
2a. llenTa Ha Ta3u pabora Oewie Ja ce U3CleABa BIUSHUETO Ha NMEPUICHOBUS JIMHKED BbPXY
PEIIOKC MOTEHIIHAINTE Ha KOMIIEKCUTE U TAXHATA KaTAIUTHYHA CIIOCOOHOCT B MPUCHCTBHETO
Ha oreTHa kucenuHa (AcOH) upe3 npunarane Ha nukiIM4yHa BosntameTpus. OCBEH TOBa, HUE
CpPaBHUXME TE3W pe3yITaTH C PAa3JIMYHU JIMKEIE3HH XEKCAKapOOHWIHU KOMILJICKCH,
JIOKJIa/IBAaHU MTO-PAHO B IUTeparypara. B pe3ynrar Ha ToBa HUE OTKPUXME, Y€ TIPUCHCTBUETO HA
PWICHOBHS JIMHKEP OCHUTYpsIBa JIOIBIHUTEIHA CTAOWIIHOCT 32 PEAYILMpaHHs BHI M M3MECTBA
HETOBHUTE PEAYKIIMOHHH IMOTCHIIUAIN KBM MO-TTOJI0KHUTEITHA CTOHHOCTH.

5. G. Velpula, M. Li, Yunbin Hu, Y. Zagranyarski, W. Pisula, K. Miillen, K. Mali, St. De
Feyter, Hydrogen-Bonded Donor-Acceptor Arrays at the Solution-Graphite Interface,
Chemistry - A European Journal, 2018, 24 (46), 12071-12077. (BS)

Controlling the nanoscale morphology of organic thin films represents a critical challenge
in the fabrication of organic (opto)electronic devices. The morphology of the (multicomponent)



thin films in turn depends on the mutual orientation of the molecular components and their
supramolecular packing on the surface. Here, it is shown how the surface co-assembly of
electron-donating and -accepting building blocks can be controlled via (supra)molecular design.
Hexa-peri-hexabenzocoronene (HBC) derivatives with multiple hydrogen-bonding (H-
bonding) sites were synthesized and their co-assembly with alkyl-substituted perylene
tetracarboxy diimide (PDI) was studied using scanning tunneling microscopy (STM) at the
solution—graphite interface. STM data shows that electron-rich HBCs co-assemble laterally
with electron deficient PDIs via preprogrammed H-bonding sites with high fidelity. The surface
stoichiometry of the two components could be readily tuned by changing the number of H-
bonding sites on the HBC derivatives via organic synthesis. This model study highlights the
utility of (supra)molecular design in co-assembly of building blocks relevant for organic
electronics.

Konrponupanero Ha HaHopazmepHaTta MoOp(OJOTHS Ha OPraHUYHUTE THHKU (QUIMU
NPEICTAaBIsABA CEPUO3HO TPEAM3BHKATENICTBO IMPH IPOU3BOJACTBOTO HAa OpraHUYHH
(omTo)eneKTpoHHH ycTpocTBa. Mopdomnorusra Ha (MHOTOKOMIIOHEHTHUTE) ThHKH (UIMH OT
CBOsl CTpaHa 3aBHCHU OT B3aMMHAaTa OPHEHTALMs Ha MOJIEKYJIHUTE KOMIOHEHTH M TAXHOTO
HA/JMOJIEKYIHO OIIAaKOBaHE HAa IMOBBPXHOCTTA. TyK € MOKa3aHO KaK IOBBPXHOCTHOTO
camoaceMOJIrpaHe Ha eJICKTPOHOJOPHH H €JIEKTPOHOAKIIENTOPHH I'PaJIMBHU €JIEMEHTH MOXKE J1a
ce KOHTpoJIupa upe3 (Cympa)MONIeKylIeH nu3aiiH. bsixa cUHTe3upaHu MPOU3BOIHHM Ha XeKca-
nepu-xexcabenzokoponen (HBC) ¢ MHOkecTBO MecTa 3a cpopMUpaHe Ha BOLOPOJHH BPB3KH
(H-cBBbp3BaHe) U TAXHOTO CHBMECTHO CaMoaceMONMpaHe ¢ ajJKUI-3aMECTeH MEePHICHIMUMHUT
(PDI) 6emre n3ciieBaHo ¢ MOMOIITA HA CKaHHUpaIlla TyHelIHa MUKpockonus (STM) B pazTBopa
— rpaduren untepdeiic. Janante or STM moxkassar, ue Gorarure Ha enexkrponn HBC ce
camocro0sBaT CTpaHUYHO ¢ enekTponaedunutHus PDI upe3 nmpeaBapuTeTHO KOHTPOIUPAHU
H-BpB3ku ¢ Bucoka TOUHOCT. [IOBBpXHOCTHATa CTEXMOMETpPHUS Ha JiBaTa KOMIIOHEHTa MOXe
JIECHO Jla Cc€ HAcTpOW upe3 HpomsiHa Ha Opos Ha H- Bpw3kum Ha HBC npoumsBonnute upes
OpraHMYeH cuHTe3. ToBa TpoyYyBaHE Ha Mojela TMoAYepTaBa IMOJE3HOCTTAa Ha
(cympa)MoneKynsapHUs TU3aiiH MPU CaMOCIIIO0sBaHE HA TPAJMBHU €JIIEMEHTH, TMOIXOISIIN 32
OpraHuYHaTa EJIEKTPOHHUKA.

6. M. Li, W. Zajaczkowski, G. Velpula, D. Jansch, Robert Graf, T. Marszalekaf, S. Parekh, Y.
Zagranyarskia, K. Mali, M. Wagner, St. De Feyter, Chen Li, K. Miillen and W. Pisula,
Transformation from helical to layered supramolecular organization of asymmetric

perylene diimides via multiple intermolecular hydrogen bonding, Chem. Sci., 2020, 1]

(19), 4960-4968. (T'1)

The self-assembly of an asymmetric perylene diimide (PDI) with a dove-tailed side chain
is investigated after thermal annealing at various temperatures in solid-state. After annealing at
low temperatures PDI dimers are formed through hydrogen bonding between the imide and
carbonyl groups, together with m—stacking interactions leading to a helical packing of the
molecules in supramolecular columnar structures. After annealing at higher temperatures a
transformation into a layered organization with improved molecular order is observed. The



driving force for this thermodynamically favorable reorganization and planarization of the PDI
dimer is additional intermolecular hydrogen bonding between the carbonyl and aromatic H(Ar)
that is also present in monolayers that are visualized by scanning tunneling microscopy. This
study demonstrates the importance of hydrogen bonding on tuning the supramolecular
organization of asymmetric PDI. Depending on the dominating interactions, a wide variety of
complex supramolecular structures with unique properties can be initiated.

Camocrio6sBa"eTo Ha acumeTpuueH nepuiieH auumua (PDI) ¢ a-paskiionena ctpanuuHa
BEpHUTra ca W3CICIABHH CJEJ TEPMUYHO HArpsBaHE TPU pa3IHMYHU TEMIEeparypd B TBBPIO
cheTosinne. Crnen HarpsiBane mpu Hucku temmeparypu PDI nmumepute ce oOpasysar upes
BOJIOPOZIHA BpB3Ka MEXAY HUMHIHUTE W KapOOHWIIHHTE TPYIH, 3a€IHO C TM-TOIPEKIAIIN
B3aUMOJCICTBUSA, BOACLIM 10 CIHMPAJIHO OIAKOBAHE HAa MOJIEKYIUTE B CYINPaMOJIEKYIHU
KOJOHHM cTpykTypu. Ciien HarpsiBaHe NpU IO-BUCOKHM TeMIIEpaTypu ce€ HabirogaBa
TpaHcOpMAIHs B CIIOECTa OpTraHU3aINs C TOA0O0PEH MOJIEKYJICH pell. [ BrKemara cua 3a Ta3u
TEPMOJMHAMUYHO OJIarompusiTHa peopraHu3anus W IulaHapusanuss Ha PDI gumepa e
JOIIBJIHUTEITHATA MEXKTyMOJIEKYIIHA BOJOPOIHA Bph3Ka MEX 1y kKapOoHuMa u apomaraust H(Ar),
KOSITO CBILO MPHUCHCTBA B MOHOCJIOEBE, KOUTO C€ BU3yaJIM3HpaT 4pe3 CKaHUpalla TyHEJIHa
Mukpockonus. ToBa u3cinenBaHe NEMOHCTPUpPA 3HAYEHUETO HAa BOAOPOIHOTO CBBpP3BaHE 3a
HACTpPOMKa Ha CympamoJIeKylHaTa opraHusauus Ha acumerpuunus PDI. B 3aBucumoct ot
JOMUHHpAIIUTE B3aMMOJCHCTBUS Morar na ObJaT WHUIMHUPAHU TOJSIMO pa3HOOOpaszue OT
CJIO’KHH CYIIPAMOJIEKYJIHU CTPYKTYpH C YHUKAJIHH CBOMCTBA.

7. 1. Zagranyarska, K. Kostova, Y. Zagranyarski, R. Nikolova, B. Shivachev, V. Dimitrov,
Estrone derived 2-naphthol analogue in the diastereoselective one-pot Betti-condensation,

Mol Divers, 2020, 24 (4), 1343-1353.(T'2)

The utility of deoxy-isoequilenine synthesized from estrone as valuable 2-naphthol
analogue is demonstrated in the three components Betti-condensation. A simple, efficient and
green procedure for the synthesis of aminobenzylnaphthol analogues (so-called Betti bases) has
been realized highly diastereoselectively by using (S)-phenylethylamine and 1- or 2-
naphthaldehyde. The absolute configuration of the new chiral compounds obtained has been
determined by means of NMR experiments and confirmed by X-ray crystallography. The chiral
steroidal aminobenzylnaphthols have been evaluated as pre-catalysts for the addition of
diethylzinc to aldehydes with enantioselectivities of up to 98% ee.

[MpunoxxuMocTTa Ha E30KCH-W30€KBUIICHUH, CHHTE3WPAaH OT €CTPOH KaTo ILEHEH 2-
Ha(TOJIOB aHAJIOT, € TMOKa3aHa B TpUTE KOMIIOHEeHTa Betti-konnen3amus. JlecHa, eeKTHBHA U
€KOJIOTUYHA MpOIeypa 3a CUHTE3 Ha aMHUHOOEH3WIHA(TOIOBU aHANO3U (Taka HapeueHUTE
06a3um Ha beTtn) e peanmusupaHa CHIHO JIMACTEPEOCETIEKTUBHO 4Ype3 u3Moia3BaHe Ha (S)-
dhenmneTnnamMut u 1- wim 2-Hadrangexun. AOcomoTHaTa KOHGUTYpaIus Ha MOTYYEHUTE HOBU
XUpaJHU ChEAUHEHHUS € onpeneseHa upe3 AMP ekcniepuMeHTH 1 TOTBbPJICHA YPE3 PEHTTEHOBA
Kpuctanorpadus. XupaJIHUTE CTEPOMIHH aMUHOOCH3WIHA(PTONM ca OIEHEHH Karo TMpe-
KaTaJIn3aTopH 3a 100aBsHE Ha JUETWILHMHK KbM aJIIEXUIU C EeHAHTHOCEIEKTUBHOCT 710 98% ee.



8. D. Costabel, A. Skabeev, A. Nabiyan, Y. Luo, J. Max, A. Rajagopal, D. Kowalczyk, B.
Dietzek, M. Wichtler, H. Gorls, D. Ziegenbalg, Y. Zagranyarski, C. Streb, F. Schacher,
K. Peneva, 1,7,9,10-Tetrasubstituted PMIs Accessible through Decarboxylative

Bromination: Synthesis, Characterization, Photophysical Studies, and Hydrogen Evolution

Catalysis, Chem. Eur. J., 2021, 27 (12), 4081-4088. (I'3)

In this work, we present a new synthetic strategy for fourfold-substituted perylene
monoimides via tetrabrominated perylene monoanhydrides. X-ray diffraction analysis unveiled
the intramolecular stacking orientation between the substituents and semicircular packing
behavior. We observed the remarkable influence of the substituent on the longevity and nature
of the excited state upon visible light excitation. In the presence of poly(dehydroalanine)-graft-
poly(ethylene glycol) graft copolymers as solubilizing template, the chromophores are capable
of sensitizing [Mo03S13]*~ clusters in aqueous solution for stable visible light driven hydrogen
evolution over three days.

B Ta3m pabora mpencraBiMe HOBa CHHTETHYHA CTpATETHs 32 YETUPUKPATHO 3aMECTCHH
NEePUIICHMOHOMMUAN OT TeTpaOpOMUpPaHU MEPUICH MOHOAHXUAPHIN. PEHTT€HOCTPYKTYpHUST
aHaJIM3 TTOKa3Ba BHTPEIIHOMOJIEKYITHATa OPUEHTAIINS Ha HaTPyIIBaHE MEXKIY 3aMECTUTEIIUTE U
MOBE/ICHUETO Ha TOJNYKPBroBO omakoBaHe. HaOmomaBaxme 3a0elIe)KUTETHOTO BIUSHHE Ha
3aMECTUTENS] BBPXY CTaOMIIHOCTTA M MPHUPOJIATa HA Bb30YAEHOTO ChCTOSHHE MPH B30y KIaHEe
C BUAMMA CBETIMHA. B TPHCHCTBHETO Ha MONMH(AEXHIPOATAHUH)-TIOTU(ETHICHITTHKON)
no0aBeH! CBHIOIMMEpPU KaTo COJMHOOMIM3MpaIla MaTpula, XpoModopuTe ca CHOCOOHM 1a
cencubuamsupar [Mo3S13]> KIbcTepH BbB BOJEH Pa3TBOP 3a CTAOMITHO OT/E/ISHE HA BOIOPOI,
MoJ ISHCTBUETO OT BUIMMA CBETIIMHA, 33 TPU JHU.

9. Y. Zagranyarski, M. Mutovska, P. Petrova, R. Tomova, P. Ivanov, S. Stoyanov, Dioxin-
annulated 1, 8-naphthalimides—synthesis, spectral and electrochemical properties, and

application in OLED, Dyes and Pigments, 2021, 184, 108585. (I'4)

A synthetic approach for preparation of a new class of 1,8-naphthalimide derivatives with
fused benzo and naphtho-dioxin systems is reported. The proposed reaction conditions for the
first step allow selective bromination of 1,8-naphthalic anhydride to the corresponding 3.,4,6-
tribromo derivative, which has the potential to be versatile building block in the chemistry of
naphthalimides. The dioxin-annulated products were isolated in very good yields and their
applicability for further modifications by metal-catalysed coupling reactions was proven. The
synthesized fluorescent dyes showed media dependant emission and their photophysical and
electroluminescent properties were evaluated with respect to their application in OLED. TGA
measurements showed that all compounds are stable up to above 400°C. The best OLED test
device has turn-on voltage of 8 V; maximum luminescent intensity of 3031 cd/m?, and current
efficiency of 6.9 cd/A.

JlokmajBaH € CHHTETHYECH IOAXOA 3a IojlydaBaHe Ha HOB Kiac 1,8-HapTamumugHu
MPOU3BOJHK C KOHJCH3UpaHU OeH30- W HAPTOJUOKCHHOBU CHUCTeMH. [IpemnoxeHuTe
pPEaKIMOHHU YyCJIOBUSI 3a IIPBHS €Tall IO03BOJISIBAT CEJIEKTUBHO Opomupane Ha 1,8-



HadTaTaHXUIPHUIL 10 CHOTBETHOTO 3,4,6-TpUOPOMO MPOM3BOIHO, KOETO MMa MOTEHIMANA /a
Obne yauBepcaineH building block B xumusita Ha HadTanumuauTe. KoHaeH3upaHnuTe ¢ TMOKCUH
MPOAYKTHU OsXa M30JIMPaHH ¢ MHOTO I0OpU TOOUBH U TAXHATa MPUIIOKUMOCT 3a MO-HATATHIIHU
MOIM(UKALUA Ype3 MeTaj-KaTalu3upaHu peaknuu Oemie nokasaHa. CHHTE3UpaHUTE
¢dyopeciieHTHH Oarpuiia rmokaszaxa 3aBHCHMa OT cpefara eMHUCHs U TeXHUTe GOTOPU3NIHHU U
€JIEKTPOIYMUHECIIEHTHU CBOMCTBA Os1Xa OLIEHEHU IO OTHOIIEHUE Ha TIXHOTO MPUIIOKEHHUE B
OLED. TGA u3mepBaHusATa MOKa3BaT, Y€ BCHUKH CheIMHECHHS ca cTtabwiHu a0 Hag 400 °C.
Haii-nobporo OLED TecTOoBO yCcTpOWCTBO MMa HamnpeXeHHWE Ha BKJIOYBaHE OT § Vi
MaKCHMaJeH JyMHHUCIIeHTeH nHTeH3uTeT oT 3031 cd/m2 u TokoBa edexTuBHOCT OT 6,9 cd/A.

10. T. Zhang, Y. Zagranyarski, A. Skabeev, K. Miillen, C. Li, Perylene pigments as
alternatives to phthalocyanine and indanthrone blue, Dyes and Pigments, 2021, 196,
109780. (I'S)

A series of new chromophores were synthesized which comprise carboximide and ureido
auxochromic moieties attached to a perylene core. The blue perylene pigment possesses a strong
intramolecular push-pull effect as well as intermolecular hydrogen bonding. With its optical
characteristics and excellent photostability, the pigment holds promise as an alternative to
phthalocyanine blue and indanthrone blue in traditional pigment applications such as coatings,
plastics, and even high-tech fields such as color filters and organic electronics.

CunTe3upanu ca cepus OT HOBU XpoMO(OpH, KOMTO BKIIOYBAT KAPOOKCUMHUIHU H
kapOaMuJHAa ayKCOXpPOMHHU ()parMeHTH, KOHJCH3MPAHU KbM MEPHICHOBO sipo. CHHUST
MEPUICHOB THIMEHT TPUTEKaBa CHJICH BBTPEHIHOMOINICKYIEH push-pull edekrt, kakto u
MEXKIYMOJICKYITHO BOJOPOJHO CBbp3BaHe. ChC CBOMTE ONTHYHHM XapAKTEPUCTUKU M OTIIMYHA
(oTOCTaOMITHOCT, MUTMEHTHT € O0eIaBall KaTo ajJTepHaTHBa Ha (PTaJONMAHHMHOBO CHHBO H
WH/IAaHTPOHOBO CHHBO B TPAIUIIMOHHH MTUTMEHTHHU TPUIOKSHHS KaTO MOKPUTHS, IJIACTMACH U
JOPY BUCOKOTEXHOJIOTUYHU 00JIACTH KaTO IBETHH (DUITPU M OPraHUYHU TIOTYIIPOBOIHHUIIH.

11. Georgia Ivanova, Nadezhda Bozova, Nikolay Petkov, Cunbin An, Benlin Hu, Monika
Mutovska, Konstantin Konstantinov, Yulian Zagranyarski, Vladimira Videva, Adelina
Yordanova, Martin Baumgarten, Anela Ivanova, Benchmarking of density functionals for
the description of optical properties of newly synthesized m-conjugated TADF blue
emitters, Chem. Eur. J., 2022, 28 (16), €202104411. (I'6)

Computational modeling of the optical characteristics of organic molecules with potential
for thermally activated delayed fluorescence (TADF) may assist markedly the development of
more efficient emitting materials for organic light-emitting diodes. Recent theoretical studies
in this area employ mostly methods from density functional theory (DFT). In order to obtain
accurate predictions within this approach, the choice of a proper functional is crucial. In the
current study, we focus on testing the performance of a set of DFT functionals for estimation of
the excitation and emission energy and the excited singlet-triplet energy gap of three newly
synthesized compounds with capacity for TADF. The emitters are designed specifically to



enable charge transfer by m-electron conjugation, at the same time possessing high-energy
excited triplet states. The functionals chosen for testing are from various groups ranging from
gradient-corrected through global hybrids to range-separated ones. The results show that the
monitored optical properties are especially sensitive to how the long-range part of the exchange
energy is treated within the functional. The accurate functional should also be able to provide
well balanced distribution of the m-electrons among the molecular fragments. Global hybrids
with moderate (less than 0.4) share of exact exchange (B3LYP, PBEO) and the meta-GGA
HSEO06 are outlined as the best performing methods for the systems under study. They can
predict all important optical parameters correctly, both qualitatively and quantitatively.

N3uncnuTetTHOTO MoJIeTTMpaHe Ha ONTHYHUTE XapaKTePUCTUKUA Ha OPTaHUIHH MOJICKYIH C
MOTEHIIMAJ 32 TSPMUYHO aKTUBUpaHa 3a0aBeHa uryopectieHims (TADF) moxe na moamoMorse
3HAYUTEIIHO pa3padOTBaHETO Ha MO-€(DEKTUBHH H3IIBUBAIIM MaTepUAId 33 OpPTaHHYHH
CBETOM3IBYBANIM TuoAH. [lociemHuTe TEOpEeTHYHH W3CIEeNBaHUs B Ta3W 00JAaCT M3MOJI3BAT
MpeIMMHO MeTOH OT (pyHKITMOHAMHATa Teopus Ha rrbTHOCTTA (DFT). 3a 1a ce momyuar Tounu
MPOTHO3M B PAMKHUTE HA TO3U IMOIXOJ, M300pHT HA MOAXOMAN] (PYHKIIMOHAN € OT peliaBalio
3Ha4YeHHe. B HacTOAIOTO U3cnenBane Hue ce GoKycupaMe BbpXy TeCTBaHE Ha e(DeKTUBHOCTTA
Ha Habop or DFT ¢yHkImonanu 3a omneHKa Ha €HEPrusTa Ha BH30OYKIaHE M W3JIbYBAHE Ha
BB30y/IeHATa CHHIJICTHO-TPHUIUIETHA EHEPrUifHa pa3jiKka Ha TpPU HOBOCHHTE3UpPAHU
chenuHeHus ¢ norenuual 3a TADF. EmuTtepute ca npoekTupanu CeluaiHo, 3a Ja MO3BOJISIT
MPEHOC Ha 3apsij 4Ype3 KOHIOTHpPaHE Ha T-€NEKTPOH, KaTO B CBHIIOTO BpeMe MPUTEKaBaT
BHUCOKOCHEPTUIHH Bh30YIICHU TPUILICTHU ChCTOsTHUS. DyHKIIMUTE, N30paHu 3a TECTBaHE, Ca OT
pa3IMYHM TPYIH, BAPUPAIIM OT TPAJAUECHTHO KOPUTHPAHH MPe3 II00ATHU XUOPUIH IO TaKHBA,
paszierneHu 1o nuama3oHu. Pesynrarute mokas3Bar, ue HaOJIOIaBaHWTE ONTHYHU CBOWCTBA Ca
0C00EHO YyBCTBUTEIHH KbM TOBA KaK 4acTTa OT OOMEHHATa €HEeprus Ha JIBJITH Pa3CTOSIHUS Ce
Tpetupa BbB (pyHKIMOHANA. TOYHUAT QYHKIIMOHAJ CBIINO TPIOBa Jja MOXeE J1a OCUTYpH 100pe
OalaHCHpaHO pa3NpelesiecHue Ha 7M-CICKTPOHHTE MEXIY MOJCKYIHUTE (parMeHTH.
I'mo6anauTe xubpuau ¢ ymepes (mo-mainko ot 0,4) nsut Ha Touer oomen (B3LY P, PBEO) u meta-
GGA HSEO06 ca ouepranu kato Hali-e()eKTUBHUTE METOJIH 3a U3CJICBAHUTE CUCTEMH. Te Morar
Ja TIPEBUJSAT MPABUIIHO BCHYKH BKHHU ONTHYHH TApaMeTpPH, KaKTO Ka4eCTBEHO, Taka
KOJIMYECTBEHO.

12. J. Castén, S. Abidi, T. Ghanem, S. Touihri, P. Blanchard, G. Welch, Y. Zagranyarski, J.
Boixel, B. Walker, P. Josse, C. Cabanetos, N-Annulation of the BTI Rylene Imide Organic

Building Block: Impact on the Optoelectronic Properties of m-Extended Molecular
Structures, Colorants, 2022, 2 (1), 22-30. (I'7)

Benzothioxanthene imide (BTI) has recently emerged as an interesting and promising
block for organic electronics. In this contribution, we report on the impact of the N-annulation
of the latter dye on the optoelectronic of m-extended molecular structures. To do so, the
thiophenediketopyrrolopyrrole was selected, as central m-conjugated core, and either end-
capped with two BTIs or its N-annulated version, namely the TCI. While almost similar band
gaps were measured for individual rylene imide dyes, significant differences were highlighted,
and rationalized, on their n-extended counterparts.



Bbenzorunokcanren umug (BTI) Hackopo ce mosiBM KaTto MHTEpEeceH W obemanaly OJI0K 3a
OpraHMYHaTa eJeKTPOHHKAa. B Ta3m pabHOTa HHUE MOKIazBaMe 3a BB3AEHCTBHETO HAa N-
aHEJIMPAHETO Ha MOCIEAHOTO Oarpwio BBPXY ONTOEIEKTPOHHKATA HA T-YIBIDKCHUTE
MOJIEKYJIHU CTPYKTYpH. 3a 1a C€ HalpaBH TOBa, THOGEHEAUKETOIMPOJIONUPOIBT Oerre n30pan
KaTo LIEHTPAJHO T-KOHIOTMpAHO sSApo W 3aBbpiieH ¢ nBa BTI wnm HeroBara N-aHenupaHu
BapuaHTH, a UMeHHO TCI. JlokaTo mo4TH CXOHU IMPHUHU Ha 3a0paHeHaTa 30Ha 0s1Xxa U3MEpEeHU
32 OTIACNHM pWICHHUMUAHU Oarpuia, 3HAYUTEIHUTE pPAa3UKH OsfXa IOAYEPTaHU U
palMoOHAIM3UPAHN B TEXHUTE T-YABKEHU aHATIO3H.

13. Y. Zagranyarski, D. Cheshmedzhieva, M. Mutovska, A. Ahmedova, S. Stoyanov,
Dioxepine-peri-annulated PMIs—synthesis and spectral and sensing properties, Sensors,

2023, 23 (6), 2902. (I'8)

New perylene monoimide (PMI) derivatives bearing a seven-membered heterocycle and
1,8-diaminosarcophagine (DiAmSar) or N,N-dimethylaminoethyl chelator fragments were
synthesized, and their spectroscopic properties in the absence and presence of metal cations
were determined to evaluate their potential applications as PET optical sensors for such
analytes. DFT and TDDFT calculations were employed to rationalize the observed effects.

bsixa cuHTe3npaHu HOBH TPOM3BOIHM Ha TmiepwieH MoHoumuza (PMI), cwpabpxkarim
ceneMwieHeH XeTepouukwsn W 1,8-mmamuHocapkodarua (DiAmSar) wmm N,N-mumerni-
aMHHOCTHJI XEJaTOpHH (ParMeHTH M TEXHUTE ONTHYHH CBOWCTBA B OTCHCTBHUETO U
MIPUCHCTBUETO HA METAITHU KATUOHH 0s1Xa OTpeIeNICHH, 3a Ja C€ OLIEHAT TEXHUTE TOTEHIIUATHH
npunoxeHus karo PET ontuunu cenzopu 3a TakuBa aHanutd. DFT u TDDFT u3uncnenus 6sixa
M3TOI3BaHM 32 PAIlMOHAIM3UPAHE HA HAOMOaBaHUTEe e(DEeKTH.

14. E. Kaplanai, E. Tonis, M. Drymona, Y. Zagranyarski, D. Tzeli, G. Vougioukalakis,
Microwave-Assisted, Copper-Catalyzed Domino O—H/C—H Arylation Reaction toward the
Synthesis of Oxygen-Doped Polyaromatic Molecules, J. Org. Chem., 2023, 88 (16),
11552-11561. (I'9)

Benzoxanthenes and their analogues are a very important class of compounds mainly due
to their wide range of biological and technological applications. The development of a new
methodology for their synthesis, involving an Ullmann-type coupling followed by an
intramolecular C-H arylation, catalyzed by copper in a domino fashion, is reported. A variety
of para-substituted phenols are amenable to this methodology, affording the desired products in
moderate to good yields. Our protocol is expedient and practical and is carried out under
microwave irradiation in only 3 min under air. A plausible catalytic cycle is proposed based on
experimental mechanistic investigations and density functional theory (DFT) calculations.

BeH30KCaHTEHUTE U TEXHUTE aHAJIO3U Ca MHOTO Ba)KCH KJIAC ChEIWHEHHUS, IJIABHO OPATH
IUPOKHS MM CHEKThP OT OHOJOTMYHM W TEXHOJOTHYHH NpwiokeHus. JlokimaaBaHo e
pa3paboTBaHETO Ha HOBA METOJOJIOTHA 32 TEXHUSI CUHTE3, BKITIOUBAIa CBbp3Bane tun Ullmann,
MocieIBaHoO OT BhTpenHoMonekytHo C-H apunupane, karanusupano ot mez. Paznmunu napa-



3aMecTeHH (JEHONH ca MOAATIMBH Ha Ta3W METOMOJIOTHS, BOJACINA J0 JKEIAHHUTE MPOAYKTH C
yMepeHH 110 100pu 106uBH. HamusT npoTokon e 1enecho0pa3eH U MpakTHUeH U Ce MPOBEXIa
0] MUKPOBBJIHOBO OOTbYBaHE camo 3a 3 MUHYTHU o[ Bb3AyX. [Ipennoxen e npaBaonogo0eH
KaTaJIMTUYEH IIMKBI Bb3 OCHOBA HA CKCIIEPUMEHTAIHM MEXaHUCTUYHU U3CICABAHUS U
W3YHUCIICHUS Ha TeopusTa Ha (pyHKknroHanHara mrbTHOCT (DFT).

15. M. Mutovska, A. Skabeev, K. Konstantinov, C. Cabanetos, S. Stoyanov, Y. Zagranyarski,
One-pot synthesis of fused-rings heterocyclic systems based on symmetrically benzofuran

annulated 1, 8-naphthalimides, Dyes and Pigments, 2023, 220, 111701. (I'10)

A useful and straightforward synthetic approach to afford heteroarenes by symmetrical
annulation of two benzofuran units to 1,8-naphthalene anhydrides, through a regioselective one-
pot Sn—Ar/C—H activation tandem reaction is introduced herein. Two synthetic pathways are
compared, highlighting that the utilization of diester derivatives improves: (i) the compatibility
with the key ring expansion step, (ii) the solubility of the intermediate thus facilitating its
purification, and (iii) the versatility of the final imidization. The electrochemical and spectral
properties of this new class of compounds are investigated.

[Toka3aH e mone3eH M SCEH CHHTETHYEH IOJXOJ 3a IMOJyYaBaHE Ha XETEPOapeHH upe3
CHUMETPUYHO KOHJICH3WMpaHE Ha JBe OCH30(ypaHOBM eIMHMIM KbM 1,8-HadTamaHXUIpUIH,
Ype3 pernocesieKTHBHA TaHaeMHa peaknus Ha Sn—Ar/C—H axtuBupane one-pot. CpaBHEHH ca
JIBA CUHTETHYHH ITBTS, KaTO C€ MOAYepTaBa, ye HM3MOJI3BAHETO HA JAMECTEPHU IMPOU3BOIHH
noao0psiBa: (1) ChBMECTUMOCTTA ChC CTHIIKATA HA YbJDKaBaHE Ha KIIIOYOBHUS XETEPOLUKDII, (i1)
Pa3TBOPUMOCTTa Ha MEXIUHHHUS IMPOAYKT, Karo IO TO3M HAYMH CE€ YIECHSBA HETOBOTO
npeuucTBaHe, U (il1) I'bBKaBOCTTa Ha KpaiHaTa uMmHIu3auusa. M3cneaBaHu ca enexkTpo-
XAMAYHHATE W CTICKTPAJTHATE CBOWCTBA HA TO3M HOB KJIAC ChEAMHEHUSI.

16. M. Mutovska, N. Simeonova, S. Stoyanov, Y. Zagranyarski, S. Stanchovska, D.
Marinova, Naphthalene Monoimides with Peri-Annulated Disulfide Bridge—Synthesis
and Electrochemical Redox Activity, Materials, 2023, 76 (23), 7471. (I'11)

Nowadays, organosulfur compounds provide new options in the development of full
organic ion batteries. However, many drawbacks (such as kinetics limitations during the
reversible oxidation of disulfides with cleavage of S—S bond, as well as solubility in non-
aqueous electrolytes) make their commercialization difficult. Herein, a new concept for the
design of organosulfur compounds with regulated redox properties and limited solubility is
proposed. As a proof-of-concept, we designed peri-disulfo-substituted 1,8-naphthalimide
derivatives, in which the alkyl chain length and halogen substituents (CI or Br) at positions 3
and 6 are varied. The compounds were synthesized by an originally developed procedure
starting from tetrahalonaphthalic anhydride via nucleophilic substitution at both peri-positions
in the respective imide. Using ionic liquid electrolyte, it was found that the new peri-dithiolo-
1,8-naphthalimides can participate in n- and p-type redox reactions at about 2.0 V and above
4.0 V vs. Li/Li", respectively. The redox potentials are sensitive mainly to whether Cl or Br
substituents are available in the molecule architecture, while the alkyl chain length determines



the kinetics of the redox reactions. Among all compounds, the chloro-substituted compound
with the shorter alkyl chain displays the best kinetics for both low- and high-voltage redox
reactions.

B mHenHo BpemMe CepHUTE OPraHWYHU ChEAMHCHHS MPEIOCTABAT HOBH BH3MOXHOCTHU TIPH
pa3paboTBaHETO HA HAITBIHO OPraHUYHU HOHHU OaTepuu. BhIpeku ToBa, MHOTO HEIOCTATHIIN
(kKaT0 KUHETUYHHM OTPAHMYEHHUS IO BpeMe Ha OOpaTUMO OKHUCJIEHHWE Ha JIucyndumu c
paslernBaHe Ha S—S BpbB3Ka, KAKTO U PA3TBOPUMOCT B HEBOJHH EJEKTPOJIMTH) 3aTPYIHSABAT
KoMepcuam3anusaTa uM. Tyk ce mpeajiara HoBa KOHIICTIIHS 3a MPOSKTHPaHEe Ha OPTraHOCEPHU
ChCIIMHEHUSI C PEryJIHpaHd pPEIOKC CBOWCTBA H OrpaHWYeHa pa3TBOpUMOCT. Karo
JIOKa3aTeJICTBO 3a KOHIEMIUATa, HHUE TPOEKTUpaxme nepu-pucyndosamectenn 1,8-
HaTaTUMUIHU TPOU3BOIHU, B KOMTO IBJDKMHATA Ha alKUJIOBAaTa BEpUTra U XaJOT€HHUTE
3amectutenu (Cl wiu Br) B mo3unuu 3 u 6 Bapupar. CheIMHEHUATA ca CUHTE3UPAHU upe3
IPBOHAYAITHO pa3paboTeHa Mmporenrypa, KaTo ce 3alovHe OT TeTpaxajJoHa(TaTaHXHIPHT Upe3
HYKJICO(MITHO 3aMECTBAHE B JIBETE MEPUTIO3UIIMH B CHOTBETHHS UMUJ. V3mon3Baiiku OHEH
TEYEH EJICKTPOIUT, Oellle YCTAHOBEHO, Y€ HOBUTE nepu-TuTHONO-1,8-HadTanuMuan Morar ia
y4acTBaT B 71- U p-TUII PEAOKC peakiuu npu okosio 2,0 Vu nan 4,0 V copsimo Li/Li*, cboTBeTHO.
Penokc moreHnuanuTe ca 4yBCTBUTENIHU IvaBHO KbM ToBa Aanu Cl mnu Br 3amectutenu ca
HaJUYHA B apXHTEKTypara Ha MOJICKYJaTa, JOKAaTO JhJDKMHATA HA alKWJIOBaTa BEpHUTa
orpejieNiss KUHETUKaTa Ha pelokc peaknuute. Cpell BCHYKU ChEAUHCHHSI, XJIOPO3aMECTEHOTO
ChEIMHEHUE C TO-KbCa aJKWJIOBA BEpUra IMoKa3Ba Hail-moOpara KMHETHKa KaKTO 3a PEIOKC
peaKInu ¢ HUCKO, TaKa U 32 BUCOKO HaMpekKeHHUE.

17.  Z. Wu, A. Skabeev, Y. Zagranyarski, R. Duan, J. Jin, M. Kwak, T. Basché, K. Miillen,
C. Li, High Performance Near Infrared Chlorinated Rylenecarboximide Fluorophores via
Consecutive C—N and C—C Bond Formation, Angew. Chem., 2023, 135 (52),
€202315156. (I'12)

A new class of near-infrared (NIR) fluorophores, PAI, is obtained by consecutive
C—N/C—C bond formation between diphenylamines and 9,10-dibromoperylenecarboximide.
Owing to the rigid structure, extended m-conjugation and pronounced push-pull substitution,
these fluorophores show emission maxima up to 804 nm and large Stokes shifts. The
extraordinarily high fluorescence quantum yields from 47 % to 70 % are attributed to chloro
substitution in the bay positions of the perylene core. These characteristics, together with high
photostability, qualify them as useful NIR emitters for applications as biomarkers and security
inks.

Hog knac ot NIR ¢ayopodopu, PAIL, ca nomydenu upes mocieaoBareiHo oOpa3yBaHe Ha
C-N/C-C Bpw3ka wMexay gubpenmwiamuan ©u  9,10-muGpoMonepriieHKapOOKCUMUT.
brnarogapenne Ha TBBpIAaTa CTPYKTYypa, Pa3slIMPEHOTO M-YAbJKaBaHEHE W OIBIHUTECITHUS
push-pull edexrt, Te3u ¢uryopodopu Mmoka3Bar eMUCHOHHH MakcuMymH 10 804 nm u ronemMu
CrokcoBu oTMecTBaHUs. M3KIIOYUTETHO BUCOKUTE KBAHTOBH JOOWBU Ha (UIYOPECICHIIHS OT
47 % 1o 70 % ce byKaT Ha 3aMECTBAHETO C XJIOPB B OEH-TO3UIIMHUTE Ha IEPUIICHOBOTO SPO.
Te3u xapaKkTEPUCTHKH, 3aCTHO C BHCOKA (POTOCTAOMIIHOCT, TH KBAJIU(UIMPAT KATO MOJIC3HU
NIR m31puBaTeny 3a MPUIOKEHHS KaTO OMOMAapKepH U 3alIUTHUA MacTHJIA.



18. D. Sanchez, K. Morice, M. Mutovska, L. Khrouz, P. Josse, M. Allain, F. Gohier, P.
Blanchard, C. Monnereau, T. Bahers, N. Sabouri, Y. Zagranyarski, C. Cabanetos, M.
Deiana, Heavy-atom-free m-twisted photosensitizers for fluorescence bioimaging and
photodynamic therapy, J. Mater: Chem. B, 2024, 12, 8107-8121. (I'13)

As the field of preclinical research on photosensitizers (PSs) for anticancer photodynamic
therapy (PDT) continues to expand, a focused effort is underway to develop agents with
innovative molecular structures that offer enhanced targeting, selectivity, activation, and
imaging capabilities. In this context, we introduce two new heavy-atom-free PSs, DBXI and
DBALI, characterized by a twisted n-conjugation framework. This innovative approach enhances
the spin-orbit coupling (SOC) between the singlet excited state (S1) and the triplet state (T1),
resulting in improved and efficient intersystem crossing (ISC). Both PSs are highly effective in
producing reactive oxygen species (ROS), including singlet oxygen and/or superoxide species.
Additionally, they also demonstrate remarkably strong fluorescence emission. Indeed, in
addition to providing exceptional photocytotoxicity, this emissive feature, generally lacking in
other reported structures, allows for the precise monitoring of the PSs’ distribution within
specific cellular organelles even at nanomolar concentrations. These findings underscore the
dual functionality of these PSs, serving as both fluorescent imaging probes and light-activated
therapeutic agents, emphasizing their potential as versatile and multifunctional tools in the field
of PDT.

Toii KaTo MoJeTo Ha MPEAKIMHUYHUTE M3cieaBaHus Ha oTtoceHcuOunusaropu (PSs) 3a
npotuBopakoBa (oronunamuyHa tepanus (PDT) mponbmkaBa na ce pasmupsiBa, ce mojarar
IEJICHACOYCHU YCHIIMS 3a pa3padOTBaHE HA areHTH C MHOBATUBHH MOJIEKYJSIPHH CTPYKTYPH,
KOWUTO TpeJiaraT MOomoOpeHH BB3MOXKHOCTH 3a HACOYBAaHE, CEJIEKTHBHOCT, aKTHBHPAaHE W
n3o0paxkeHus. B To3u KOHTEKCT HHE INpeacTaBsMme Ba HOBU PS 6e3 Texxku aromu, DBXI u
DBALI, xapakTepusupaniu ce ¢ ycykaHa paMmka Ha T-KOHAeH3alus. To31 MHOBAaTUBEH MOAXOJ
mooopsiBa cnuH-opOuTaTHOTO CBBbp3BaHe (SOC) MeXTy CHHIJIECTHOTO Bb30YIEHO ChCTOSTHUE
(S1) u TpumnerHoro cherosuue (T1), koero Boau a0 nonodpen ISC. M neara PS ca mHoro
e(eKTUBHM TPHU MPOU3BOJCTBOTO HA pPeakTHBHU Kuciopoanu Buipose (ROS), BKItOUMTETHO
CHHIJICTHU KUCIIOPOAHU W/WJIHM CYNIEPOKCUIHH BUI0BE. B nombiHeHue, Te ChII0 1EeMOHCTpUPAT
3a0€eeKUTEIHO CHJIHO (IIyOpEeCIeHTHO U3IbuBaHe. HaucTuHa, B JONBIHEHHE KbM
OCHUT'YpsIBAHETO Ha M3KIIOYUTETHA (HOTOIUTOTOKCUYHOCT, Ta3M €EMUCHOHHA XapaKTepUCTHKA,
KOSITO OOMKHOBEHO JIMIICBA B IPYTH JOKJIAJBAHU CTPYKTYPH, TO3BOJISIBA MPEIIM3HO HAOIIOICHIE
Ha pasmnpeneneHueTo Ha PS B cnenuduyHM KIETHYHM OpraHeNd JOpU NPU HAHOMOJApHHU
KOHIIEHTpaly. Te3n KOHCTaTallMu IMOJYepTaBaT ABOMHAaTa (YHKIMOHAJIHOCT Ha Te3u PS,
CIY)KEIIM KaKTO Karo (DIyopeclEeHTHH COHAM 3a H300paKeHHs, Taka U KaTo CBETIMHHO
AKTUBUPAHU TEPANIEBTUUHU CPEICTBA, IOIYePTaBalKU TEXHUS IMOTEHIIMAJ KaTO YHUBEPCATHU U
MHOTO(QYHKIIMOHAJIHU UHCTPYMEHTHU B oOnactra Ha PDT.

19. Z. Wu, X. Zhu, Qiqi Yang, Y. Zagranyarski, K. Mishra, H. Strickfaden, R. Wong, T.
Basché, K. Koynov, M. Bonn, C. Li, X. Liu, K. Miillen, Near-Infrared



Perylenecarboximide Fluorophores for Live-Cell Super-Resolution Imaging, J. Am. Chem.

Soc., 2024, 146, 11, 7135-7139. (I'14)

Organic near-infrared (NIR) photoblinking fluorophores are highly desirable for live-cell
super-resolution imaging based on single-molecule localization microscopy (SMLM). Herein
we introduce a novel small chromophore, PMIP, through the fusion of perylenecarboximide
with 2,2-dimetheylpyrimidine. PMIP exhibits an emission maximum at 732 nm with a high
fluorescence quantum yield of 60% in the wavelength range of 700—-1000 nm and excellent
photoblinking without any additives. With resorcinol-functionalized PMIP (PMIP-OH), NIR
SMLM imaging of lysosomes is demonstrated for the first time in living mammalian cells under
physiological conditions. Moreover, metabolically labeled nascent DNA is site-specifically
detected using azido-functionalized PMIP (PMIP-N3) via click chemistry, thereby enabling the
super-resolution imaging of nascent DNA in phosphate-buffered saline with a 9-fold
improvement in spatial resolution. These results indicate the potential of PMIP-based NIR
blinking fluorophores for biological applications of SMLM.

Oprannynure ¢orousnbuBaiiu (iayopodopu B 6nuskara nappadepsena odnact (NIR) ca
CHJIHO JKeJIaHU 3a M300pakeHHsl ChC Cylep pa3feiuTelIHa CIOCOOHOCT Ha >KUBU KIIETKHU,
0a3upaHy HA MUKPOCKOIIUSA 3a JIOKaiu3upaHe Ha eaHa monekyna (SMLM). Tyk npencrassime
HOB MalbKk Xpomodop, PMIP, upe3 ciumBaHeTo Ha mnepuwieHKapOokcumug ¢ 2,2-
aumetennupuMuanH. PMIP nposiBsiBa MakcuMyM Ha eMUCHUTE TpU 732 nm ¢ BUCOK KBAaHTOB
no6uB Ha (myopecuenius ot 60% B auama3zoHa Ha IbDKMHA Ha BbiaHata 700—1000 nm u
OTINYHO (hoToM3IbuBaHe 0e3 HUKAKBHU f00aBku. C (yHKUHMOHAIU3UpaH ¢ pe3opuunon PMIP
(PMIP-OH), NIR SMLM wu3o6pa3siBaHe Ha JTU3030MH CE€ JAEMOHCTPHpPA 32 IbPBU ITBT B )KUBU
KJIETKH Ha 003aifHWIM TpU (U3noIOrHyHu yciioBus. OCBEH TOBa, META0OIUTHO Oersi3aHaTa
nacrentHa JIHK ce oTkpuBa crieninpudHo Ha MACTO C MTOMOIITA HA a3U10-(PYHKIIMOHATH3UPAH
PMIP (PMIP-N3) upe3 xuMus Ha KJIMKBaHEe, KaTo 110 TO3W HAYWH MO3BOJISIBA U300pa3siBaHE ChC
cymep paszaenurenHa crnocoOHoct Ha 3apaxnama ce JHK BeB docdarHo Oydepupan
¢u3nonoruueH pasTBOp ¢ 9-kparHO mNoxoOpeHHe Ha MPOCTPAHCTBEHATAa pa3/eiUTEeIHA
ciocobnoct. Te3m pesyaratu T10OKa3BaT TMoOTeHIMana Ha Oasupanun Ha PMIP NIR
dorouzpuBamu Gayopodopu 3a OHOIOTHYHU MpUIoKeHus Ha SMLM.

20. S. Stanimirov, S. Djumayska, N. Todorova, M. Mutovska, K. Konstantinov, P. Petrova, R.
Tomova, P. Ivanov, G. Ivanova, S. Stoyanov, T. Spassov, A. Trifonov, I. Buchvarov, M.
Baumgarten, A. Ivanova, Y. Zagranyarski, TADF Blue Emitters with Balanced -
Conjugation—Design, Synthesis, Spectral Characterization, and a Model OLED with 8-(5-
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Blue organic light-emitting diodes (OLED) suffer from relatively short lifetimes and a
comparatively low lighting efficiency. One of the approaches to improving their characteristics
is the development of luminophores with the potential for thermally activated delayed
fluorescence (TADF). Herein, a set of donor-spacer-acceptor compounds with potential for



TADF are designed, synthesized, and computationally and spectroscopically characterized. The
excited state dynamics of the most prospective dye is monitored by time-resolved fluorescence
and transient absorption spectroscopy. The experimental data are obtained and processed by a
newly developed method and supplemented by quantum chemical calculations. The
comprehensive approach allowed rationalization of the complex cascade-type photophysical
behavior. The most promising emitter is included in an OLED displaying a blue color with a
maximum EQE of 4.9% and negligible efficiency roll-off at higher luminance.

Cununte oprannyHu csetonuonu (OLED) cTpagar oT OTHOCHTEIHO KpaTbK >KUBOT U
CpPaBHUTEITHO HHUCKa e(eKTMBHOCT Ha m3ybuBaHe. EAWH OT moxxomuTe 3a momoOpsBaHe Ha
TEXHUTE XapaKTEPUCTUKU € Pa3pabdOTBAHETO Ha JYMHHO(POPH C MOTEHUHUAN 33 TEPMHYHO
akTuBupaHa 3a0aBeHa ¢uiyopecuennus (TADF). Tyk ca mnpoeKkTupaHu, CHHTE3UPAHU U
W3YHCIUTETHO M CIIEKTPOCKOIICKH OXapaKTepU3UpaHu HaOOp OT JOHOP-CIEHCHP-aKICTITOPHH
chenuHeHus: ¢ moreHnuan 3a TADF. Jlumamukata Ha BB30YIEHOTO CHCTOSHUE Ha HaM-
MEPCTIEKTUBHOTO Oarpmiio ce HaOmromaBa upe3 (IyopeclieHTHa W TpexomHa abcopOImoHHa
CHEKTPOCKONHUSA C pa3fesUTe]Ha CIOCOOHOCT BB BpeMeTo. ExcriepuMeHTaIHUTE JaHHH ca
MOJy4eHH U 00paboTeHH MO HOBOPa3pabOTEH METOA U JOMBIHEHU C KBAaHTOBO-XMMHUYHH
n34yuciaeHus. LISITOCTHUSAT TMOMXOJ TO3BOJMM  palliOHAIM3MpaHe Ha  KOMIUIEKCHOTO
¢dorodpm3nyHO TIOBENEHNE OT KacKajeH Tum. Haii-o0emaBamusT M3TbYBATEN € BKIIOYCH B
OLED, noxka3sany cun 1sar ¢ makcumaieH EQE ot 4,9% u He3HaunTenHO HamalsiBaHE Ha
€()eKTUBHOCTTA IIPU MO-BUCOKA OCBETEHOCT.



