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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA CUHTE3Y Ta JOCIIIKEHHIO CIIEKTPaIbHO-JIIOMiHECLIEHTHUX BJIACTUBOCTEN
0apBHUKIB 3 1iIOKCAOOPHMHOBUM LIMKJIOM B I10JIiMETH-HOBOMY JIaHIIOTy. PO3p06JieHO nTpenapaTuBHUI METO]] CUHTE3Y
2,2-nudayopo-4,6-gumeTt-5-iano-(2H)-1,3,2-niokcabopuHy, 1o Nossrae y B3aeMoii 3-1iaHo3aMilleHoro
anerunaneTony 3 egipatom Tpudropucroro 60py. LiaHozamineHHs € epeKTUBHUM CIIOCOOOM i BUIIEHHS
peakliiiHOi 3aTHOCTI METUJIbHUX I'PYII 1i0KCAabOpUHY B LjiaHIHOBUX KOHeHcalisX. Lle BiKpuiio LuIsX 10 IIPOCTOro
CII0CO0Y CUHTE3y PiI3HOMaHITHUX PsZiB [10JiIMETUHOBMX OAPBHUKIB B SIKUX JIIOKCAaOOPUH € YaCTUHOIO

MOJIiIMETUHOBOTO JIaHIora. 30Kpema, B3aeMoi€lo remiliaHiHiB i3 rjiaHo3amimeHuM giokcabopruHOM OTPUMAHO



6apBHUKU CTPYKTYpH D-n—-A-n-D i3 pi3HOMaHITHUMU reTEPOLMKIIIYHUMU KiHLleBuMHU rpynamiu (D) Ta pisHOIO
IIOBXXMHOIO MOJIIMETUHOBOTO JIaHLora. B 3a/1€>KHOCTI Bifi MPUPOIY KiHLIEBOI IPYIHU Ta AOBXUHYU MOJIIMETUHOBOTO
JlaHLlora OTpUMMaHi 6apBHUKM I10TJIMHAIOTh B Y€PBOHIN Ta OJIMKHIN iHppadyepBoHiil ob6sacTi ciekTpy (660 — 830 HM).
ByJ1i0 NpogeMOHCTPOBAHO, 10 3POCTAHHSI €JIEKTPOHOLOHOPHOI CHJIM KiHLEBUX IPYI CIIpUsie OTINOJIEHHIO
3a6apBJieHHS GAPBHUKIB Ta 3pOCTAHHIO iIHTEHCUBHOCTI iX IOTJIMHAHHS, X044, TPU LIbOMY iX (OTOCTIIKICTb 3HAYHO
3HIKY€EThCS. PO3p06sieHO MeTO, CUHTE3Y [10J1iMeTHHOBUX OapBHUKIB HE3BUYHOI CTPYKTypu D-n-A-n—An 3
LIEHTPaJIbHUM Ji0KCabOPUHOBUM (PparMeHTOM (A), €JIeKTPOHOAOHOPHOIO iHJ0JIEHIHOBOIO Ipymolo (D) Ta KiHLeBUMu
rpyIlaMu pi3HOI €JIEKTPOHOAKLEN-TOPHOCTI (An). CUHTETUYHMI MiJXif, [OJIsIrae y peaklii MOHOKOHEHCOBAHOTO
MepoLiaHiHOBOTo 6apBHUKA (D-1-A) i3 eTokcuinizeHOBUMYU ab0 aHiNiHOBiHINbHUME NOxinHUMYU CH-KUCIOT.
OTpumaHi 6apBHUKYU BOJIOJ{IOTh YHIKQJILHOIO «TiOpHUHOI0» aHIOHHO-MepOLiaHiHOBOIO OyI0BOIO, OCKIJIbKY Y TT-
CIIpsDKEHiN XpOoMO(OPHil CUCTEMI IOEIHYETHCS SIK MepoLiaHiHOBUM (D-n—A) Tak i aHioHHUN (A--An) pparmeHTH.
Po3pobeHi cuHTeTUYHI Mifxoau 1o BiHinorizanii aHioHHO-MepOIiaHiHOBUX 10JIiIMETHHOBUX OapBHUKIB SIK 3
aHiOHHOi YacTuHU (A-T—An) Tak i 3 MepoljiaHiHOoBoro 60Ky (D-m-A) xpomodopHoi cucteMu. [To0BKEHHSI aHIOHHO]
YaCTUHY € IBOCTaJilHUM MIPOLIECOM, SIKUI BKJII0YA€ HAPOIyBaHHS I10JiIMETUHOBOIO JIAHIIIOTa peaklielo
MepoLjiaHiHy i3 riIpoXJopyuIOM LiaHiny MaJlOHOBOIO AiaJbAeriny Ta Mofajbllol Peakiielo HOBOYTBOPEHOTO
Hani6apsHUKa i3 CH-kucnotamu. [IofoBXeHHs N-JlaHLora 3 MEPOLiaHiHOBOTO GOKY I10JIATa€ y [1epLUIOYepProBOMY
CHHTe3i HeoOXiJHOTO MepOLliaHiHYy Yepe3 KOHAEeH allilo 1i0KCabOPUHY i3 JOBrOJaHII0>)KKOBUM reMilliaHiHOM Ta
[IOJAJIbIIOI0 PeaKLielo MePOLiaHiny i3 eTokcuinigeHoBruME noxigHuMu CH-KUCII0T. BCTaHOBIIEH] 3a/1€5KHOCTI 3MiHU
CIEKTPaJIbHO-JIIOMiHECLIEHTHUX BJIACTUBOCTEN aHIOHHO-MEPOLiaHiHOBUX OapBHUKIB Bill CTPYKTypHU
€JIEKTPOHOAKLIeITOPHOI KiH1leBoi Ipymnu (An) Ta JOBXKXUHU [10JIiIMETHHOBOTO JlaHLfora. BusiBsieHo, 1110 BesMyuHa
MOJISIPHOI €KCTHHKIii 3HUKY€EThCS [IPY NIOI0BXKEHHI II0J1IMETUHOBOTI'O JIaHIJI0Ta B MEPOLIiaHiHOBIlN YacTuHi (D-n-A)
6apBHUKa. B CBOIO 4epry, NOgOBXKEHHS aHIOHHOI YacTUHU (A-N—A0) NPU3BOIUTD O 3POCTAHHS iHTEHCUBHOCTI
IIOTJIMHAHHS aHIOHHO-MepolliaHiHOBOro Xxpomodopy. BcTaHOBIIEHO, 1110 aHIOHHO-MepOoLiaHiHOBI 6apBHUKHU
BOJIOJI{IOTh BUCOKOIO €JIEKTPOHHOIO CUMETPIEIO SIK B OCHOBHOMY cTaHi SO Tak i B 36y-m>keHomy Sl. Sk Hacifok,
aHIOHHO-MEPOLiaHiHOBI BOJIOZ{I0Th iHTEHCUBHOIO (PJIyOpeCLEHLIE0 Y BUAUMIN Ta y 6;1vokHii [Y 0671acTi criexTpy.
3HaleHo Mifxin 70 CHHTe3y BKpal MajlooCIiI>KeHOTO TUITY TIOJIIMETMHOBUX OAPBHUKIB [iaHiOHHOI IPUPOLIH.
Meropn, cuHTe3y nossirae y KOHeHcallii niokcaboprHoBoro bic-reminiadiny i3 CH-kucaotamy, 10 NpU3BOAUTD 10
OTPUMaHHS psify 6apBHUKIB Oy10BU A0-TI-A-7—-A0 3 KiHLIEBUMH I'pyriamMmu A0 pPi3HOMaHITHOI CTPYKTypU. BusiBiieHo, mo
Ii0KCabOPMHOBMICHI JliaHIOHHI 6apBHUKMU € AyKe e(PEeKTUBHUMU JIIOMiHOPOpaMu, KBAHTOBI BUX0aU (ryopecueHii
sxux csaraiotb 0.90. Okpim Toro, BesmunHa sscKkpaBocTi (ooof ) 1151 miaHioHHOTO 6apBHUKA i3 TI06ap6iTYpOBNMHU
KiHLIEBUMHU Tpyliamu csirae 3HadeHHs 255000 Molemaol, 1m0 € oAHUM i3 HalbiIbIIMX 3HaY€eHb cepe], BiloMUX Ha JaHU
yac XpoMOQOpHUX cucTeM. Jlocipkena eJIeKTPOHHA [IpUpoAa [iaHIOHHOTO Ai0OKCabOPHMHOBMICHOTO XPOMOQOPY
($i3uKo-XiMiYHNMU Ta KBAaHTOBO-XiMiYHNMM MeTollaMU. BcTaHoBeHO, o fiaHioOHHA XpoModopHa cuctema
XapaKTePU3yETbCS BUCOKUM CTYIIEHEM [l€JI0Kasli3allii HeraTUBHUX 3apsfiB y N-CHPsDKEHiN cucremi. [Ipu npomy,
301/IbIIIEHHS aKLIENITOPHOI CUJIM KiHLIEBUX TPYIl 3yMOBJIIO€ 3pOCTAaHHS BHECKY PE30HAHCHOI CTPYKTYpU i3 HeraTu-
BHUMH 3apsiiaMi 30CEPEI’)KEHUMU Ha KiHLIEBUX IPyIax. PO3IJISIHYTO BIUIUB IIPUPOAM PO3UYMHHYKA HA CIIEKTPAaIbHO-
JIIOMiHECLI€HTHI BJIACTUBOCTI AiaHiOHHUX 6apBHUKIB. OnjiHeHa GOTOCTIMKICTh OTPUMaHNX GAPBHUKIB y IIOPIBHSHHI i3
KJIACUYHVUMMU KaTiOH-HUMU Ta aHIOHHMMU 6apBHUKaMU. [Ipu mocifkKeHHi XiMiYHUX BIAaCTUBOCTE MOHO3aMIllleHUX
Ii0KCabOPMHOBUX reMilliaHiHiB i3 BiJIbHOIO METUIILHOIO IPYIIOI0 6yJI0 BUSBIJIEHO, IO NIPY JIii CUJIBHUX OCHOB
BilOyBaeThCs ix ojliroMepusaliist 3 yTBOPEHHSIM 10JiIMETUHOBUX 6apBHUKIB NoJliaHiOHHOI npupoau. JletanbHe
IOCIIiIPKEHHS XiMIYHOI ITOBEIiHKY TaKMX reMilliaHiHiB 1as0 3MOTy BilHaUTU ONITUMAJIbHI YMOBM iIX MOHOKOHJ€HCallii
3 YTBOPEHHSIM MOHOAQHIOHHUX OapBHUKIB 6yZ0oBU A-1i-A. B3aemogi€elo [Mx MOHOaHIOHHUX 6apBHUKIB i3 CH-
KHUCJIOTAaMU 4 iX aHIJIIHOBiHIZIbHUMU NOXiAHUMU 0YyJI0 OTPMMAHO NEPILi IPeICTaBHUKY TPUAHIOHHUX OapBHUKIB

CHMETPUYHOI 6yZ0BU

2. The dissertation is devoted to the synthesis and study of the spectral properties of dyes with a dioxaborine cycle
in the polymethine chain. A synthetic method of obtaining 2,2-difluoro-4,6-dimethyl-5-cyano-(2H)-1,3,2-
dioxaborine was developed, which is based on the interaction of 3-cyano-subsituted acetylacetone with boron
trifluoride etherate. Cyanosubstitution is an effective way of increasing the reactivity of methyl groups of the



dioxaborine complex in cyanine condensations. This paved the path to a simple synthesis of various series of
polymethine dyes constituting dioxaborine cycle as an integral part of the polymethine chain. In particular, dyes of
the D-n—-A-n-D type with various heterocyclic end-groups (D) and different length of the polymethine chain were
obtained through the interaction of hemicyanines with cyano-substituted dioxaborine. Depending on the nature of
the end-group and the length of the polymethine chain, the synthesized compounds absorb and emit light in the
far-red and near-infrared regions of the spectrum (660-830 nm). It was demonstrated that the increase in the
donor strength of the end-groups induce a bathochromic shift of the long-wavelength absorption maximum along
with increasing of the absorption intensity. However, an enhancement of the donor strength of end-groups also
significantly decreases stability of the dyes. A synthetic method of obtaining the polymethine dyes of an unusual
D-n-A-n-Ao type constituting central dioxaborine fragment (A), a donor indolenine group (D), and terminal groups
of different electron acceptors (An) was developed. The method includes the reaction of monosubstituted
merocyanine (D-n-A) with ethoxyylidene or anilinovinyl derivatives of CH-acids. The obtained dyes possess a
unique "hybrid" anionic-merocyanine structure, since both merocyanine (D-n-A) and anionic (A-n-An) fragments
are converged in a single n-conjugated chromophore system. Synthetic approaches to the lengthening of the n-
chain in anionic (A-n—-An) as well as in merocyanine (D-n-A) parts of the chromophore system were developed. The
extension of the anionic part is a two-stage process, which includes a reaction of merocyanine with dianyl
malondialdehyde hydrochloride and subsequent condensa-tion of the resulting hemicyanine with CH-acids.
Lengthening of the n-chain in the merocyanine part is achieved through the condensation of dioxaborine with
longer-chained cationic hemicyanine and subsequent reaction of the resulting merocyanine with ethoxyylidene
derivatives of CH-acids. Correlations of an impact of both the structure of an acceptor end-group (An) and the
length of the polymethine chain on the spectral properties of mero-anionic dyes were established. It was found
that the molar extinction coefficient decreases with the lengthening of the polymethine chain in the merocyanine
part (D-n—A) of the dye. By contrast, lengthening of the anionic part (A-n-An) leads to an increase of the absorption
intensity of the mero-anionic chromophore. It was found that mero-anionic dyes possess high electronic
symmetry of the n-conjugated system both in the ground state SO and in the first excited state S1. As a result,
mero-anionic dyes fluoresce intensely in the visible and near-IR regions of the spectrum. An effective approach to
the synthesis of an understudied type of polymethine dyes possessing dianionic nature of the chromophore was
developed. Synthetic protocol includes the condensation of dioxaborine-containing bis-hemicyanine with CH-
acids yielding a number of polymethines of An-n-A-n-An type containing end-groups (An) of various structure. It was
found that the dioxaborine-containing dianionic dyes are very effective fluorophores with the fluorescence
quantum yields reaching 0.90. In addition, the brightness (o°of) of the dye constituting thiobarbituric end-groups
reaches a value of 255000 Mooecmuon, which is one of the largest values among known chromophoric systems. An
electronic nature of the dianionic dioxaborine-containing chromophore was investigated by physicochemical and
quantum chemical methods. It was found that the dianionic n-conjugated chromophore is characterized by a high
degree of delocalization of negative charges in the n-conjugated system. At the same time, an enhancing of the
acceptor strength of the end-groups leads to an increase in contribution of the resonance structure with negative
charges located on the end-groups. The influence of the solvents’ nature on the spectral properties of the
dianionic dyes was investigated. The photostability of the obtained dyes was evaluated in comparison with classic
cationic and anionic polymethines. During the investigation of the chemical properties of monosubstituted
dioxaborine-containing hemicyanines possessing free methyl group it was found, that these compounds undergo
oligomerization under strong basic conditions yielding polymethines with polyanionic electronic nature. A detailed
study of the chemical behavior
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