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1. Inceprauiiina po60oTa IpucBsYeHa po3poodlli METOIiB CHHTEe3Y relTaMeTHHIiaHiHOBUX 6apBHUKIB HA OCHOBI
iHgosy, 6eHso[elinposny Ta 6eH3o[cd]iHmomny 3 QyHKIiOHANi30BaHUM NOJIIMETUHOBAM XPOMO(OpPOM
€JIEKTPOHOZOHOPHUMM Ta €JIEKTPOHOAKLENTOPHUMHU 3aMiCHUKAaMU B ME30-TI0JIOKEHHI Ta IIPY aTOMax HiTPOTeHY
reTEPO3aJIMILKIB, @ TAKOX I1OJIIMETUJIEHOBUMHY MiCTKOBUMU YIPYIyBaHHSIMU B 0,00-TIOJIO>KEHHSX IOJiIMETHHOBOTO
JIQHLI}OTa; BUBYEHHIO iX CIIEKTPAJIbHO-JIIOMiHECLIEHTHUX BJIACTUBOCTEN Ta YMHHUKIB, IO iX BU3HAYAIOTh;
IOCJIiIKEHHIO OTEHIialy BUKOPUCTAHHS OJIE€P>KaHNUX OapBHUKIB SIK IIEPETBOPIOBAUIB CBITJIOBOI €Heprii B 6i0J10ri],
MEeAMIIVHI, ceHcopuli Ta Jla3epHil TexHiui. Po3po6iieHi MeToayu OTpUMaHHS relTaMeTUHIIiaHiHiB, 1o 6a3yloThCs Ha

BHMKOPHMCTaHHI KeTOL[iaHiHOBUX MOXigHUX. lle 103B0INIO0 CUHTe3yBaTu OAaPBHUKM 3i 3aMiCHUKaMU pi3HOI



€JIEKTPOHHOI IIPUPOAY B ME30-TI0JIOKEHHI, BKIIIOYAIOUH Ti, SIKi HE BLAJIOCSI OTPUMATHU 32 3arajibHO
BHKOPHCTOBYBaHOIO peaklieio HykueodinbHoro 3amimeHHs SRN1. Po3pobeHnii miaxin mponeMoHCTPyBaB BUCOKI
BUXO/IM 6aXkaHUX GapBHUKIB. Moro II€pEeBarolo € BiICYTHICTb cTalill OTpUMaHHs 6ic-anbaerifiB uu iX iMiHieBUX
MOXiIHUX, a TOJIOBHUMM BUXiJHUMU CIIOJIyKaMHU € YeTBEPTUHHI COJIi HA OCHOBI iH70J1y, 6€H30[e]iHfoy Ta
6en3zo[cd]inmosy, o 3HAYHO CIPOLIYE CXEMU CUHTE3Y. 3aBASKMA OTPUMAHHIO Py Me30-3aMilleHrX
renTaMeTHHIIiaHiHOBUX 6apBHUKIB BasoCs BIepiie gocainuTu npasuio @Pecrepa-/Iptoapa-HoTTa B criekTpax
IIOTJIMHAHHS TPUKapOoLiaHiHiB. [IpogeMOHCTPOBaHO, 10 BBEAEHHS €J1eKTPOHOJOHOPHUX 3aMiCHHUKIB Yy iX Me30-
II0JIO>KE€HHS JO3BOJISI€ 3MiHIOBAaTH MAKCUMYMHU IOTJIMHAHHS TiIICOXPOMHO 6isblie HiX Ha 150 HM, 0COGJIMBO Y
BUIIAJIKy BBEIEHHS HITPOreHOBMICHUX IpyIl. Takuil epeKT MOsICHIOETHCS CIIPSDKEHHSIM HETIOTiIbHOI €JIeKTPOHHO]
IIapy HITPOreHy 3 NMOoJIiMETUHOBUM XpPOMO(OPOM, HACJIiIKOM YOro € 30ibIlIeHHs ajlbTepHalliil JOBXKMH 3B'I3KiB Ta
Iepexojly €JIEKTPOHHOIO CTaHy BiNOBigHMX OAPBHUKIB Bifj 10JIIMETHHOBOTO [I0 MOJIiEHOBOTO. BuHaleHO
HETPUBiaIbHUI €(EKT - CUIIbHUI €JIEKTPOHOJJOHOP - METOKCU-TPYIIAa B ME30-TI0JIOKEHH] iHZOrenTaMeTHHLiaHiHy 3
TPUMETUJIEHOBUM MICTKOBUM YIPYIIyBaHHSIM B CIIEKTpax MOIJIMHAHHS, BCyllepey [IpaBuiy
®ecrepa-]Iproapa-HoTTa, BUKIMKAE He MiMCOXPOMHUIA, @ 6ATOXPOMHUI 3CYB MOPIBHSIHO 3 iHITMMU TUITOBUMU
JOHOPHMMMU 3aMiCHMKaMu. Ha mifcrasi KBAaHTOBO-XiMIYHUX pO3paxyHKiB meTonom DFT-B3LYP nokasaHo, mo Takui
eeKT JocsIraeTbCsl 32 paXyHOK BUXOY METOKCH TPYITU 3 IIJIOLMHU XpoModopa, a BiflTOBiAHO ocaabIeHHIO ii
CIIPSDKEHHSI 3 HUM, BHACJIiZJOK YOT0 3a0apBJI€HHs] IEPEBAKHO BU3HAYAETHCSI HETAaTUBHUM iHIYKTUBHUM €(EKTOM
aToMa KUCHIO. BBeleHHS €JIeKTPOHOAKLENTOPHUX 3aMiCHYKIB Y Me30-TI0JI0’KE€HHSI, HABIIaKU, JEMOHCTPYE
IOBrOXBUJILOBUM 3CYB MAaKCUMYMIB IIOIJIMHAHHS FeNITaMeTUHLiaHiHiB. OHaK, ITOPIBHSHO 3i 3aMiCHMKaMU TOHOPHOI
[IPUPOJY, €JIEKTPOHOAKLEIITOPHI IPyNy MaloTh MEHIIUI BIUIUB Ha CIIEKTPaJIbHi BJIACTUBOCTI TPHUKapOOLIiaHiHiB,
3MillyI04M ix MAKCUMYMHU 6aTOXPOMHO He 6isblie HiXXK Ha 86 HM. Briepiie BuB4eHO eeKTy, 110 Bij0yBalOThCS y
cIieKTpax QpJyopecleHIlii renTaMeTHUHIiaHiHOBUX OapBHUKIB Ta X KOPEJAILiio i3 IpaBUIOM
®ecrepa-ploapa-Horra. [lokazaHo, [0 eJ1eKTPOHHUH BILJIMB 3aMiCHUKIB Y Me€30-TI0JIOKEHH] 3HAaYHO
nocaboeTbCs y 30yI>)KEHOMY CTaHi MOJIEeKyJl 6apBHUKIB, yepes 10 iX MAaKCUMYMHU (piIyopecleHLii HabIKyIOTbCS
IO TaKMX He3aMillleHUX renTaMeTHHIiaHiHiB. SIK HacifoK, TpUKapOoLiaHiHU 3 JOHOPHUMU 3aMiCHUKaMU MaloThb
ictotHi CTOKCOBI 3CyBH, 10 4443 cM-1, a y 6apBHUKIB 3 aKLIENTOPHUMU 3aMiCHUKaMU BOHM O4iKyBaHO MEHIII - 110
916 cm-1. 3a gonomoroto metony DFT-B3LYP, BcTaHOB/IEHO TPOCTOPOBY OYAOBY ME30-MipOJIiANH 3aMillleHUX
0apBHUKIB 3 TPUMETUIEHOBUM MICTKOBUM YIPYITyBaHHSM Ta JUMETUIEHOBUM MiCTKOBUM yIpyNyBaHHSM. [TosicHeHi
BiIMIHHOCTI y ix criekTpax ¢iyopecLeHii.

2. The dissertation is devoted to the development of convenient methods for the synthesis of
heptamethinecyanine dyes based on indole, benzo[eJindole and benzo[cd]indole derivatives with functionalized
polymethine chromophores. Functionalizations were carried out by introducing electron-donating and electron-
withdrawing groups in both the meso-position of the polymethine chain and the nitrogen atom of heterocycles, as
well as by inserting polymethylene bridge groups in the o,oo-positions of the polymethine chain. Furthermore,
spectral and luminescent properties of the synthesized cyanine dyes were studied and characterized. Their
potential applications as light energy transducers in biology, medicine, sensors and laser technology were
investigated. New methods for the synthesis of heptamethinecyanines based on the ketocyanine derivatives were
developed. Dyes with substituents of different electronic nature in the meso-position were synthesized, including
those that previously could not be obtained by the well-known SRN1 reaction. This novel approach also resulted in
high yields of the desired dyes. One major advantage is that neither the bis-aldehydes nor their iminium
derivatives were used as starting compounds. Therefore, only the quaternary salts of indole, benzo[e]indole, and
benzo[cd]indole derivatives were used as starting materials, which significantly simplified the synthesis of the
desired cyanine dyes. Due to the preparation of a series of meso-substituted heptamethinecyanine dyes, it was
possible to study the Fester-Dewar-Nott rule in the absorption spectra of tricarbocyanines for the first time. It
was demonstrated that the introduction of electron-donating substituents in the meso-position of the
polymethine chain allowed a hypsochromic shift of the absorption maxima by more than 150 nm, especially in the
case of nitrogen-containing substituents. These effects were explained by the conjugation of the electron pair of
nitrogen with the polymethine chromophore leading to an increased bond-length alternations and the change of



electronic state of the corresponding dyes from polymethine to polyene. An unusual effect was observed. A strong
electron donor such as a methoxy group in the meso-position of the indoheptamethinecyanine dye with a
trimethylene bridge group causes a bathochromic rather than a hypsochromic shift in the absorption spectra, in
contrast to other typical donor substituents, as well as to the Fester-Dewar-Nott rule. Based on the calculations by
DFT-B3LYP method, it was shown that this effect occurred due to steric hindrance. Consequently, the meso-
methoxy group was forced to leave the polymethine chromophore plane, which weakened their conjugation. In
this case the spectral properties were mainly determined by the negative inductive effect of the oxygen atom. On
the contrary, the introduction of electron-withdrawing substituents to the meso-position demonstrates a long-
wave shift of the absorption maxima of heptamethinecyanines. However, compared to the donor substituents,
electron-withdrawing groups had a smaller impact on the spectral properties of the synthesized tricarbocyanines
with the bathochromic shifts of the maxima by no more than 86 nm. The effects occurring in the fluorescence
spectra of heptamethinecyanine dyes and their correlation with the Fester-Dewar-Nott rule were studied for the
first time. It was shown that the electronic effects of substituents in the meso-position were significantly weaker
in the excited state of dye molecules, as their fluorescence maxima were close to the ones of unsubstituted
heptamethinecyanines. As a result, tricarbocyanines with electron-donor substituents had abnormally large Stokes
shifts, up to 4443 cm-1, while dyes with electron-withdrawing groups had expectedly smaller ones, up to 916 cm-1.
Using the DFT-B3LYP calculation method, the spatial structures of meso-pyrrolidine substituted dyes with
trimethylene and dimethylene bridge groups were studied. The differences in their fluorescence spectra were
explained.
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