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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA CUHTE3Y Ta JOCIIIKEHHIO CIIEKTPaJIbHO-JIIOMiHECLIEHTHUX BJIACTUBOCTEN
0apBHUKIB 3 iIOKCAOOPMHOBUM LIMKJIOM B IIOJIIMETU-HOBOMY JIAHLIIOTY. PO3p06JIeHO IpenapaTuBHUI METOJ, CUHTE3Y
2,2-pudnyopo-4,6-gpumertuin-5-uiaHo-(2H)-1,3,2- niokcabopuHy, 110 noJisirae y B3aemoii 3-1ianosamimeHoro
aleTuiaLeTony 3 egipaTom TpudTopucroro 6opy. LliaHozamileHHS € e(pEeKTUBHUM CIIOCOO0M MiJBUIIEHHS
PeakLiHOi 31aTHOCTi METUJIBHUX I'PYI IiOKCA0OPUHY B LjiaHIHOBUX KOHEHcalisx. Lle BiIKpUiIo LUISIX 10 IIPOCTOrO
CIr1ocofy CUHTEe3y PiI3HOMaHITHUX PSZiB [10JIIMETHHOBUX OAPBHUKIB B SIKUX [IIOKCAaOOPYH € YaCTUHOIO
MOJIiIMETHOBOTO JlaHI[lora. 30Kpema, B3aeMOi€lo reMiliaHiHiB i3 1jiaHo3amineHuM giokcaboOpUHOM OTPUMAHO
6apBHUKY CTPYKTYpU D-n—A-n-D i3 pi3HOMaHITHUMU reTEPOLMKIIIYHUMHU KiHLleBUMHU rpynamiu (D) Ta pisHOIO
IIOBXXMHOIO MTOJIIMETUHOBOTO JIaHLfora. B 3a/1e5XHOCTI Bif IPUPOAY KiHLIEBOI IPYIX Ta AOBXUHU MTOJIIMETUHOBOTO

JlaHLlora OTpUMaHi 6apBHUKM I10TJIMHAIOTh B Y€PBOHIN Ta OJIMKHIN iHppadyepBoHiil o6s1acTi ciekTpy (660 — 830 HM).



ByJ10 NpogeMOHCTPOBAHO, 10 3POCTAHHS €JIEKTPOHOJLOHOPHOI CHJIN KiHLEBUX IPYII CIIPUSiE OTIUOJIEHHIO
3a0apBJIeHHS 6ApBHUKIB Ta 3pOCTAaHHIO iHTEHCUBHOCTI iX ITOIVIMHAHHS, X044, IIPU LIbOMY iX GOTOCTIMKICTh 3HAUHO
3HIKY€ETbCs. PO3p06JIeHO METO, CUHTE3Y 10J1iMETHHOBUX OapBHUKIB HE3BUYHOI CTPYKTypu D-n-A-n-An 3
LIEHTPaJIbHUM Ji0KCAaOOPUMHOBUM (PpAarMeHTOM (A), €JIEKTPOHOLOHOPHOIO iHI0JIEHIHOBOO Ipymolo (D) Ta KiHLeBUMHU
rpynamu pi3HOI €J1eKTPOHOAKLEN-TOPHOCTI (An). CUHTETUYHMIA MifXif, [oJ1sIrae y peakuii MOHOKOHI,€HCOBAHOTO
MepoujiaHiHoBoro 6apBHUKa (D-n—-A) i3 eTokcuinineHoBuMu abo aHiNiHOBIHINIBHUMY NOXigHUMU CH-KUCTIOT.
OTpumaHi 6apBHUKHU BOJIOJ{IOTh YHIKQJILHOIO «TiOPHUHOI0» aHIOHHO-MepOLiaHiHOBOIO OyI0BOIO, OCKIJIbKY Y TT-
CIIPsDKEHiN XpOMO(OPHil CUCTEMI IOEIHYETHCS SIK MepoLiaHiHOBuUM (D-n—A) Tak i aHiOHHUI (A--An) pparMeHTH.
Po3po6sieHi CUHTETUYHI Miaxoau 1m0 BiHiiorizarii aHioHHO-MepOoIiaHiHOBUX MOJIIMETMHOBUX OaPBHUKIB SIK 3
aHiOHHO] YyacTuHU (A-n—An) Tak i 3 MepoljiaHiHOBOro 60Ky (D-n-A) xpomodopHoi cucteMu. [ToOBXKEHHS aHIOHHO]
YaCTUHY € [BOCTaJilHUM MIPOLLECOM, SKUI BKJII0YA€ HAPOIIYBAHHS I0JiIMETUHOBOrO JIAHIIIOTa PeaKLielo
MEpOLiaHiHy i3 rigpoxJIOpULOM [iaHily MaJIOHOBOTO JiajbAEriny Ta [O4AJBIIO PEAKLIEI0 HOBOYTBOPEHOIO
Hani6apsHUKa i3 CH-kucnoramu. [IofoBXXeHHs n-jlaHLora 3 MEPOLiaHiHOBOTO GOKY I10JISAra€ y [1epLuIoYeproBoMy
CHHTe3i He0OXiJHOTO MepOLliaHiHy Yepe3 KOHAEHCallilo 1i0KCAabOPUHY i3 OBrOJaHII0>KKOBUM reMilliaHiHOM Ta
NOJAJIBIIOIO PEAKLI€0 MEPOLiaHiHY i3 eTOKCUiNineHoBuMY noxigHumu CH-KucoT. BCTaHOBIIEHI 3aJ1€5KHOCTI 3MiHU
CIIeKTPJIbHO-JIIOMiHECLIEeHTHUX BJIaCTUBOCTEN aHIOHHO-MepOoLiaHiHOBUX OapBHUKIB Bif] CTPYKTYpPH
€JIEKTPOHOAKLIEITOPHOI KiH1leBOi Ipymnu (An) Ta JOBXWHU [10JIiIMETHHOBOTO JIaHLlora. BusiBsieHo, 1110 BesIMyMHa
MOJISIPHOI €KCTUHKIii 3HUKYEThCS [IPY NIOJOBXEHHI II0J1IMETUHOBOTO JIAHLI0OTa B MEPOLIiaHiHOBIN YacTuHi (D-n-A)
O6apBHUKA. B CBOIO uepry, Nol0BXKeHHs aHIOHHOI YaCTUHU (A-7—Ad) IPU3BOAUTD 0 3POCTAHHS iHTEHCUBHOCTI
IIOTJIMHAHHS aHIOHHO-MepolliaHiHOBOro xpomogopy. BcTaHOBIEHO, 1110 aHIOHHO-MepolliaHiHOBI 6apBHUKHU
BOJIOJIIIOTh BUCOKOIO €JIEKTPOHHOIO CUMETPIEIO SIK B OCHOBHOMY cTaHi SO Tak i B 36y-mxeHomy Sl. Sk HacifoK,
aHIOHHO-MEPOLiaHiHOBI BOJIOZ{IOTh IHTEHCUBHOIO (PJIyOpECLEHLIE0 Y BUAUMIN Ta y 6;1vokHii [Y 0671aCTi CrIekTpy.
3HaleHo Miaxin 10 CHHTEe3y BKpall MajlofoCIiI>KeHOTO TUITY II0JIIMETMHOBUX 6APBHUKIB [iaHiOHHOI IPUPOLHU.
Meropn cuHTe3y noJsirae y KOHeHcallii fiokcaboprHoBoro 6ic-reminiadiny i3 CH-kucaotamy, 1o NpU3BOAUTD 10
OTPUMaHHS psify 6apBHUKIB Oy10BU A0-TI-A-7n1—-A0 3 KiHLIEBUMH I'PyN1amMmu A0 Pi3HOMaHITHOI CTPYKTypU. BusiByieHo, mo
Ii0KCabOPMHOBMICHI JliaHiOHHI 6aPBHUKM € AyXe e(PEeKTUBHUMU JIIOMiHOpOpaMu, KBAHTOBI BUX0AU (yopecleHLii
sxux csaraiotb 0.90. OkpiM Toro, BesinurHa ssickpaBocTi (ooof ) 17151 miaHioHHOTO 6apBHUKA i3 TI06ap6iTYpOBUMU
KiHI[€BUMU Tpynamu csrae 3HadeHHs 255000 Molemol, 1m0 € ogHUM i3 Hal6ibIINX 3HaY€Hb Cepes] BilOMUX Ha aHUHI
yac XpoMOQOPHUX cucTeM. JJociiKeHa eleKTpOHHA NpUpoJa AiaHiOHHOTO Ai0KCabOPUHOBMICHOTO XpPOMO(DOPY
(pizuko-xiMiYHMMU Ta KBAHTOBO-XiMIiYHMMU MeTOAAaMU. BCTaHOBIEHO, IO AiaHiOHHA XpoMOdOpPHA CUCTEMA
XapaKTePU3YEThCS BUCOKUM CTYIIEHEM JleJI0Kasli3allii HeraTUBHUX 3apsfiB y N-CIPsDKEHiN cucremi. [Ipu npomy,
301/IbLIIEHHS aKLIENTOPHOI CUJIM KiHLIEBUX TPYIT 3yMOBJIIO€ 3pOCTAaHHS BHECKY PE30HAHCHOI CTPYKTYpU i3 HEeraTu-
BHUMU 3apsJaMU 30CePEIKEHNMY Ha KiHLIEBUX Ipynax. PO3ryisgHyTO BIJIMB NPUPOIY PO3YMHHUKA HA CIIEKTPAJIBHO-
JIIOMiHECLI€HTHI BJIaCTUBOCTI AiaHiOHHUX 6apBHUKIB. O1jiHeHa GOTOCTIMKICTh OTPUMaHUX GAPBHUKIB y IIOPiBHSHHI i3
KJIACUYHMMMU KaTiOH-HUMU Ta aHIOHHMMU 6apBHUKaMU. [Ipu mociKeHHi XiMiYHUX BIAaCTUBOCTEN MOHO3aMIllleHUX
Ii0KCabOPMHOBUX reMilliaHiHiB i3 BiIbHOI0 METUJIBHOIO IPYIIOI0 OyJI0 BUSIBJIEHO, IO NPY il CUJIBHUX OCHOB
BifmOyBaeTbCs iX osiroMepu3salis 3 yTBOPEHHSIM IOJIIMETUHOBUX OapBHUKIB MoJliaHioHHOI npupony. [etanbHe
IOCIIiIPKEHHS XiMIYHOI ITOBEIiHKY TaKMX reMilliaHiHiB 1aso 3MOry BilHaUTU ONITUMAJIbHI YMOBM IX MOHOKOH€HCallii
3 YTBOPEHHSIM MOHOAQHIOHHUX OapBHUKIB 6y7oBU A-1i-A. B3aemMogi€elo X MOHOaHIOHHUX 6apBHUKIB i3 CH-
KMCJIOTAMU 4H iX aHiIIHOBIHIJIbBHUMU NOXiGHUMMU OyJI0 OTPUMAHO NEPIi IPeACTaBHUKY TPUaHIOHHUX 6apBHUKIB

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 (Ano) 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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