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Pedepar:

1. Inceprauifina po60Ta IpUCBIY€HA PO3pPOOLi METOIiB CUHTE3Y HETUIIOBUX JOBIOXBUJIbOBUX I1OJIIMETUHOBUX
OapBHUKIB i3 60paaUIipO~METEHOM SK KiHI[€BOIO IPYIOI0 GapBHUKA Ta 6APBHUKIB i3 2,2-nudTopo-1,3,2-
IiOKCaOOPMHOBUM LIMKJIOM Y IOJIIMETHOBOMY JIAHII031. 30Kpema, po3po6JIeHO JieKibKa MifIX0MiB 1O OfeP KaHHS
BODIPY-3,5-6ic(auetanbaeriny). 3aBasku 0ro 3maTHOCTI 40 €HoJlizallil, Ha HOr0 OCHOBI CUHTE30BaHO HUBKY
¢dyHKuioHani30BaHUX 3,5-AuBiHIN3amimennx BODIPY. 3HalifieHo, 10 B CUMETPUYHO 3aMillieHnx GapBHUKAX BILJIMB
BiHIZIbHUX 3aMiCHUKIB Ha MAaKCUMYM IOTJIMHAHHS HOCUTb AUTUBHUI XapakTep, TOOTO CIIEKTPaJIbHUI e(eKT Bif
BBEJI€HHSI IPYroro 3aMiCHMKA Mail>ke Takuil Xe sK i Big nepuioro. CrieKTpasbHi epeKTd B HECUMETPUYHO
3aMillleHUX NOXiTHUX € NPUOIM3HOI0 CYMOIO Bifl BBE[IEHHSI OKPEMO KOKHOTO ¢pparmeHTa. Lle nae 3Mory ocTaTHbO
TOYHO NepezdadaTy MaKCMMYM TOTJIMHAHHS AUBiHiN3aMileHnx 6apBHUKIB. Ha OCHOBI gunipomeTeHy Ta 0ro

60poaudTOPUAHOrO KOMILJIEKCY BIIEPILE O/IEP>KaHO CUMETPUYHI aHiOHHUI Ta KaTIOHHUM [10J1iMeTHHOBI 6apBHUKY 3



OJJHAKOBMM BYIJIELIEBUM CKeJIETOM. [Ioka3aHo, o npupoja 3apsay (IO3UTUBHUI /HETaTUBHUN) Y XpOMOQOPi
[IPaKTUYHO He BILJIMBA€ Ha CIIEKTPaJIbHi BJIACTUBOCTI TaKUX GapBHUKIB. CXOXICTh iXHBOI €JIeKTPOHHO]I Oy10BU
niATBEpAKeHA KBAaHTOBO-XIMIYHUMU pO3paxyHKaMu. YIeplle oep>KaHO aHiOHHI II0JIMETUHOBI GapBHUKH, Y SIKUX
s1po BODIPY e KiHLIEBOIO €JIEKTPOHHOIO IPyIo xpoMmodopa. [Tokasano, mo 3anumok BODIPY mae uu He
Ha6isbIIe 3HaYeHHS «eeKTUBHOI JOBKUHNY» CepeJ, BilOMUX KiHI€BUX I'PYIl JOBrOXBUJIbOBUX MIOJIIMETUHOBUX
0apBHUKIB i, BiZITIOBiIHO, € XOpOMIUM OyZiBeIbHUM 0JI0KOM [1J1s1 KOHCTPYIOBaHHS HOBUX [Y-xpoModopis.
Po3po6seHo npenapaTUBHUI METOM, CUHTE3y Me30-1iaHo3aMimeHoro 1,3,2-niokcabopuny. BeenenHs
€JIEKTPOHOAKLIEITOPHOI IPYNH B AP0 NiOKCabopUHY € e(PEeKTUBHUM CIIOCOOOM ITigBUIIEHHS PEaKLifHOi 3TaTHOCTI
JI0r0 METUJIBHUX I'PYI Y 4-My Ta 6-My MOJIOKEHHSX B LiaHIHOBUX KOHAEHcalisX. Lle gano saMory ofepskatu psaau
HETHUIIOBUX [10JIIMETUHOBUX OAPBHUKIB 31 CTPYKTYypolo D-ni-A-n-D, y sIKUX JioKCaOOpHMHOBUI LUKII (A) €
LIEHTPAJIbHOIO YaCTUHOIO NOJIIMETUHOBOTO JiaHIjfora. OTpMMaHoO 6apBHUKM 3 Pi3HOMAHITHUMU TeTE€POLUKIIYHUMU
¢dparmenramu (D) Ta pi3HOIO JOBXKXUHOIO MOJiIMETUHOBOTO JIAHIIIOTA, SIKi, 3aJI€5KHO BiJl IPUPOIY KiHIE€BOI IPyIH Ta
IIOBXKMHU T1OJIIMETHHOBOTI'O JIAHIIIOTA, TOTJIMHAIOTH CBITJIO B YEPBOHIN Ta 6/1kHil iHdDpauepBoHill o61acTi criekTpa
(660 - 830 HM). 36i/1blIEHHS €JIEKTPOHOLOHOPHOCTI KiHLIeBUX TPyl D Bezie 10 noriubseHHs 3a0apBieHHs TAKUX
0GapBHUKIB, OHAK iXHS (POTOCTINKICTb IIPU LIbOMY 3HAYHO 3MEHINYEThCS. 3HANEHO MifXif A0 Ofep KaHHS BKpa
MaJIOIOCIIiIKEHOT0 TUITY [10JIiMeTHHOBUX GapBHUKIB NiaHIOHHOI Ipuponu Ao-n-A-mn-An 3 pi3HUMEU
€JIEKTPOHOAKLIEITOPHUMU KiHLIEBUMU I'PyliamMy A0 Ta LIEHTPaJIbHUM [1i0KCaOOpUHOBUM PpparmeHToM (A). Taxi
IiaHiOHHI 6apBHUKMU € IyKe €(PEeKTUBHUMU JIOMiHO(QOPaMM, KBAHTOBI BUXOAU (PJIyOpeCLeHLii SIKUX CAraloTh
BesinyrHM 0.90, m0 € myke BEJIMKUM 3HAYEHHSIM SIK [JIS1 BIIKPUTOJIQHLIOTOBUX IOJIIMETHUHIB. A BEJIMYUHU
sickpaBocrti (ooof) miaHioHHUX 6apBHUKIB csaraoTh 255000 M-1cM-1, 10 € OAHUM i3 HAUBUILKX 3HAUY€Hb Cepell, BiToMUX
Ha cborojiHi momMiHodopis. [TokazaHo, 1110 32 HAsIBHOCTiI OCHOB JIiOKCAaOOPHHOBI 1jiaHO3aMillleHi reMilliaHiHu 3
BiJIbHOIO METUJILHOIO TPYIOIO 3[aTHI 40 CAaMOKOHIecallii 3 yTBOPEHHSM I0JIiIMETHHOBUX OAPBHUKIB N10JIiaHIOHHOI
npupogy. JleTanbHe JOCIIIKEHHS XiMIYHMX BJIACTUBOCTEN LIUX CIIOJIYK JAjI0 3MOTY BCTAHOBUTH 3JIEXKHICTD iX
osriromepu3alii Big, 3Ha4eHHs pKa OCHOBY 11 3HANTH ONTUMAJIbHI YMOBU IX MOHOKOHJIEHCALlii 3 YTBOPEHHAM
MOHOaHIOHHUX 6ApBHUKIB Oy1oBUA A-1—A. B3aeMoJiielo IMX MOHOAQHIOHHUX 6apBHUKIB i3 CH-KucnoTamu 4 ixHiMun
aHiiHOBIHIJIbHUMU NOXiAHUMU OTPUMAHO Ieplli IPeICTaBHMKY TPUAHIOHHUX GAPBHUKIB CUMETPUYHOI Oy10BU
TUIy A0-n-A-n1-A-n—An 3 KiHIJeBUMU IPyIaMU Pi3HOI €/1eKTPOHO-aKLeNTOpHOCTI. TpuaHioHHI 6apBHUKYN MaIOTh
VHiKaJIbHi CIIEKTPaJIbHO-JIIOMiHECLIEHTHI BJIACTMBOCTI: MOJISIPHE NIOTJIMHAHHS Jocsirae 3HaueHb 495000 M-1cm-1, a
KBaHTOBUM BuXif ¢payopecuenuii — 0.73. binblie Toro, cepes, OTpUMaHUX CIOJYK € i 6apBHUK, 110
XapaKTepU3yEThCS OHUM i3 peKOpIHUX 3HaYeHb sickpaBocTi (313000 M-1cm-1). To6To, TpraHiOHHI 6apBHUKA
3apeKOMEHIyBaslu cebe sIK OfHi 3 Halle(peKTUBHIIINX BiJOMUX iHPppauepBOHUX JIIOMiHO(OpPiB. CHHTE30BaHO TAKOX
HACTYIIHi IPEICTAaBHUKU OJIITOMEPHOTO0 sy M0JiaHiOHUX [iKCAOOPUHOBUX OapBHUKIB — T€TPaaHiOHHI NOJIMETUHU
An—(n1-A)3-n1-An, MaKCUMYMH IIOTJIMHAHHS SKUX 3HAaX0IAThCs B o6s1acti 790 — 900 HM, 3a71€XHO Bif IpUPOAU KiHLIEBOi
rpynu An. Lli TeTpaaHioHHi 6apBHUKU MalOTh HaJ3BUYaHO BUCOKI 3HaY€HHSI MOJISIPHOT0 KoeillieHTa NOTJIMHAHHS.
Jl7151 6apBHUKIB i3 MaJIOHOHITPUJIBHOIO i 6apOiTYpOBOIO KiHIIEBUMU IPyIIaMy MOJISIpHE NOTAMHAHHS B [IMODA
nepesuinye 500000 M-1cm-1, a iy 6apBHUKa i3 3amumKkamu 1,3-iHgaHgiony csarae 564000 M-1cm-1, mo e

PEKOPAOM 1JIsI MOHOXPOMO(OPHUX OGAPBHUKIB.

2. The manuscript is devoted to the synthesis and study of the spectral-luminescent properties of deeply colored
boradipyrromethene and dioxaborine dyes. Several approaches for the synthesis of BODIPY-3,5-bis(acetaldehyde)
have been developed. Owing to its ability to enolization, a number of functionalized 3,5-divinyl-substituted
BODIPYs were synthesized. Introduction of vinyl substituent at one of the two o-positions of the BODIPY core has
an additive effect on the absorption maximum, while incorporation of two different vinyl substituents yields a
bathochromic shift, that approximates the sum of the individual contributions. This enables reasonably accurate
prediction of the absorption maxima of divinyl-substituted dyes. Based on dipyrromethene and its boron difluoride
complex, first symmetric anionic and cationic polymethine dyes with the identical carbon backbone were
obtained. The nature of the charge (positive or negative) in the chromophore was shown to have a little impact on
the spectral properties of the dyes. Quantum-chemical calculations confirmed similarity of the electronic
structure of the studied dyes. For the first time, anionic polymethines with the BODIPY core as an electron-



withdrawing end group were obtained. The BODIPY core was shown to have one of the largest effective lengths
among known end groups of long-wavelength polymethine dyes, making it a promising building block for the
design of new IR chromophores. A preparative method for the synthesis of meso-cyano-substituted 1,3,2-
dioxaborine has been developed. The introduction of an electron-withdrawing group into the dioxaborine core
was shown to be an effective way for increasing the reactivity of the methyl groups at positions 4 and 6 toward
cyanine-type condensations. This enabled the synthesis of a series of atypical polymethine dyes with a D-n-A-n-D
structure, in which the dioxaborine ring (A) forms an integral central part of the polymethine chain. Dyes with
various heterocyclic end groups (D) and different polymethine chain length were obtained, which depending on
the nature of the end group and the chain length, absorb in the red and near-infrared region of the spectrum
(660-830 nm). An increase in the electron-donating strength of the D end group was found to deepen the color of
such dyes, though it also significantly reduced their photostability. An approach for obtaining a unique type of
polymethine dyes of dianionic nature Ao-n-A-n-An, with different electron-withdrawing end groups Ao and a central
dioxaborine fragment (A), was developed. These dianionic dyes were shown to be highly effective fluorophores,
with fluorescence quantum yields reaching up to 0.90, a notably high value for open-chain polymethines. The
brightness (oeof) of the dianionic dyes reaches 255000 M-1cm-1, nearly setting a record high among known
fluorophores. Cyano-substituted dioxaborine hemicyanines bearing a free methyl group were shown to be capable
of self-condensation in the presence of bases, leading to the formation of polymethine dyes of polyanionic nature.
An in-depth investigation of the chemical properties of these compounds revealed a dependence of their
oligomerization degree on the pKa value of the base. This allowed us to determine optimal reaction conditions for
the mono-condensation of the hemicyanines and to obtain monoanionic dyes of the A-n—A structure. The
subsequent condensation of these monoanionic dyes with CH-acids and their anilinovinyl derivatives yielded the
first representatives of trianionic symmetric dyes of the An-n-A-n-A-n-An type, with end groups of varying
electron-withdrawing strength. The trianionic dyes exhibit unique spectral-luminescent properties: their molar
extinction coefficients reach up to 495000 M-1cm-1 and the fluorescence quantum yields up to 0.73. Moreover,
one of the obtained dyes demonstrated a record high fluorescence brightness to date, reaching 313000 M-1cm-1.
These outstanding spectral properties establish trianionic dyes among the most efficient known long-wavelength
fluorophores. The next class in the series of polyanionic dioxaborine-containing dyes—tetraanionic polymethines
with an Ao-(n-A)3-n-Ao structure—was also synthesized and characterized. The absorption maxima of the obtained
dyes lie in the range of 790-900 nm, depending on the nature of the end group An. Similar to dianionic and
trianionic analogs, the tetraanionic polymethines exhibit weak negative solvatochromism. These dyes possess
exceptionally high molar absorption coefficients; for example, the extinction coefficients for dyes bearing
malononitrile and barbituric end groups exceed 500000 M-1cm-1in DMF, while the dye with 1,3-indandione end
groups reaches 564000 M-1cm-1—a record-high value among known single-chromophore dyes.
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MicneSHaXO;pKeHHﬂ: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Illoxomuno Hasapiin TapacoBu4
2. Nazariy Pokhodylo

KBasigikamis: 1. x. 1., crapmumit HayKoBuii ciiBpo6iTHYK, 02.00.03

ImenTudikarop ORCID ID: 0000-0001-8222-5008



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUANYHOI 0COOH: JIbBiBCHKMI HALIOHAILHUI YHiBEpCUTET iMeHi IBana Opanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBepcurteTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. BpoBapenp Bonogumup Ceprinosuy

2. Volodymyr S. Brovarets

KBasidikamis: 1. x. 1., wien-kop. HAH Ykpainu, 02.00.03
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: IHCcTUTYT 6ioopranivyHoi Ximii Ta HadTOXiMii im. B. TT. Kyxaps

HanjjonasnpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03563790

Micue3HaxoaKeHHS: ByJI. Akazgemika Kyxaps, 6yz. 1, Kuis, 02094, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

VIII. 3aKkJII04Hi BiZmOMOCTi

Biacue IpizBume Im's Ilo-6aThKOBI Kazbuenko Birasniit [BaHoOBUY
rOJIOBH paau

Biacue IpizBuime Im's I1o-6aThKOBI Kanbuenko Birasniit [BaHOBUY
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Kypnroxosa Ipuna Bonogumupisaa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




