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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa po3po0OLi METOIIB CUHTE3Y rellITaMEeTUHIiaHiHOBUX 6apBHUKIB HAa OCHOBI
inpoy, 6enso[e]ingosny Ta 6enso[cd]innomny 3 QyHKLiOHANI30BAaHUM N10JIMETUHOBUM XPOMO(OPOM
€JIEKTPOHOJLOHOPHMMM Ta €JIEKTPOHOAKLENITOPHUMU 3aMiCHUKAaMU B ME30-TIOJIOKEHHI Ta MTPpY aTOMax HiTPOTeHy
reTepo3ajMIIKiB, a TAKOX I0JIiIMETUIEHOBUMHU MiCTKOBUMU YIPYIyBaHHSMMU B 0,00-[10JI0KEHHSIX I10J1IMETUHOBOTO

JIQHIIIOT'a; BUBYEHHIO ix CHeKTpaJIbHO—JIIOMiHecueHTHI/IX BJIACTUBOCTEM Ta '-II/IHHI/IKiB, o ix BHM3HAYAIOTh;



JOCJIiIPKEHHIO TOTEeHIlially BUKOPUCTAHHS OflepKaHUX OapBHUKIB SIK IEPETBOPIOBAUiB CBITJI0BOI eHeprii B 6i0J10Tii,
MeIMIIVHI, CeHCopHuLi Ta Jla3epHil TexHiui. Po3pobiieHi MeToayu OTpUMaHHs reliTaMeTUHIiaHiHiB, 1110 6a3yI0ThCs Ha
BHMKOPHMCTaHHI KeTOL[iaHiHOBUX MOXigHUX. Lle 103B0INIO CUHTe3yBaTH 6aPBHUKU 3i 3aMiCHUKaMU pi3HOI
€JIEKTPOHHOI IPUPOAY B ME30-TI0JIOXKEHHI, BKJIIOYAIOUN Ti, SIKi HE BAAJIOCS OTPUMATH 32 3arajlbHO
BUKOPUCTOBYBAHOIO pPeakliielo Hykieo@inbHoro 3amimeHHs: SRN1. Po3po6sieHnii migxif, poieMOHCTPYyBaB BUCOKI
BUXO/IM 6aXkaHUX GApBHUKIB. Horo IIepeBarolo € BiICYTHICTb cTaliit oTpUMaHHs 6ic-anbaerifiB uu iX iMiHieBUX
IIOXiIHUX, a TOJIOBHUMM BUXiJHMMU CIIOJIyKaMHU € YeTBEPTUHHI COJIi Ha OCHOBI iH70J1y, 6€eH30[e]iHfoy Ta
6eH3o[cd]ingony, 10 3HaYHO CIPOLIY€E CXEMU CUHTEe3Y. 3aBIsSKU OTPUMAHHIO POy Me30-3aMillleHUX
renTaMeTHHIIiaHiHOBUX GapBHUKIB BIasiocs Briepiie gocainuTu npasuio Pecrepa-/Iproapa-HoTra B criekTpax
IIOTJIMHAHHS TPUKapOoLiaHiHiB. [IpoeMOHCTPOBaHO, 110 BBEJEHHS €J1eKTPOHOJOHOPHUX 3aMiCHHUKIB Yy iX Me30-
[IOJIOKEHHS JTO3BOJISIE€ 3MIHIOBATY MaKCUMYMU TIOTJIMHAHHS TilICOXPOMHO 6isblie Hix Ha 150 HM, 0COBIMBO y
BUIIQ/IKy BBEJIEHHS HITPOr€HOBMICHUX IpyIl. Takuil eeKT NO0sSCHIOEThCS CIPSDKEHHSIM HETIOi/IbHOI €JIEKTPOHHO]
IIapy HiTpOreHy 3 MOoJIiMETUHOBUM XpOMO(OPOM, HACIIiTKOM YOro € 30iIbIlIeHHSs ajlbTepHallill JOBKMH 3B'SI3KiB Ta
Iepexojly €JIeKTPOHHOIO CTaHy BiJNIOBiAHMX OAPBHUKIB Bifj, [10JIiMETHHOBOTO [I0 I10JIiEHOBOTO. BuHalieHO
HETPUBiaJIbHUI €(EKT - CUJIBHUH €JIEKTPOHOJOHOP - METOKCH-TPYIIa B ME30-TI0JIOKEHHI iHAorenTaMeTUHIiaHiHy 3
TPUMETUIEHOBAM MiCTKOBUM YIPYITyBaHHSIM B CIIEKTPAX MOTJIMHAHHS, BCyIIepPeY IIPAaBUITY
decrepa-Iproapa-HoTTa, BUKJINUKAE HE TiICOXPOMHUI, 8 6aTOXPOMHUI 3CYB IIOPiBHSIHO 3 iHIIMMHU TUIIOBUMU
IOHOpPHMMU 3amicHMKaMU. Ha mificTaBi KBaHTOBO-XiMIYHUX po3paxyHKiB meTogoM DFT-B3LYP nokasaHo, o Takum
edexT JocsaraeTbCs 32 PaXyHOK BUXO[ly METOKCH I'PYIH 3 IUIOMMHN XPOMO(OPa, a BiiNIOBiAHO NOCIabIeHHIO ii
CIPSDKEHHS 3 HAM, BHACJIIIOK YOT0 3a6apBJI€HHS [I€PEBAKHO BUBHAYAETHCS HETATUBHUM iHIYKTUBHAM €(PEKTOM
aToMa KMCHIO. BBeZleHHS €J1eKTPOHOAKLENITOPHUX 3aMICHYKIB Y Me30-T10JI0’KE€HHSI, HaBIIaKU, JEMOHCTPYeE
IIOBIOXBUJILOBUM 3CYB MAKCMMYMIB IIOTJIMHAHHSA renTaMeTyHIiaHiHiB. OfHaK, IOPIBHAHO 3i 3aMiCHMKaMU JOHOPHOI
[IPUPOJY, €JIEKTPOHOAKIEIITOPHI IPyNy MaloTh MEHIIUI BIUIUB Ha CIIEKTPaJIbHi BJIACTUBOCTI TPHUKapOOLiaHiHiB,
3Milyoun ix MAaKCUMyMHU 6aTOXPOMHO He 6isblie Hixk Ha 86 HM. Briepiie BuB4eHO edeKTy, 1110 BiOyBalOThCS Y
CIIeKTpax (QJyopecleHlii renTaMeTUHIiaHIHOBUX 6aPBHUKIB Ta iX KOPEJIALIO i3 IPaBUIOM
®ecrepa-ploapa-Horra. [TokazaHo, 0 eJ1eKTPOHHUH BILIMB 3aMiCHUKIB y ME€30-TI0JIO)KEHH] 3HAaYHO
nocaboeTbCs y 30yI’)KEHOMY CTaHi MOJIeKyJl 6apBHUKIB, yepes 10 iX MaKCUMyMHU (pi1yopecleHLii HabIKyIOTbCS
IIO TaKMX He3aMillleHUX renTaMeTHHIiaHiHiB. SIK HacifoK, TpukapOoLiaHiHU 3 JOHOPHUMU 3aMiCHUKaMU MaloThb
icrotHi CTOKCOBI 3CyBH, 110 4443 cMm-1, a y 6apBHUKIB 3 aKLIENTOPHUMU 3aMiCHUKaM1 BOHM O4iKyBaHO MEHILI — 10
916 cm-1. 3a gonnomorotio metony DFT-B3LYP, BcTaHOBIEHO TPOCTOPOBY OYAOBY Me30-TipOJIiANH 3aMilleHuX
0apBHUKIB 3 TPUMETUIIEHOBAM MiCTKOBUM YIPYITyBaHHSM Ta JUMETUIEHOBUM MiCTKOBUM yIpyIyBaHHAM. [TosicHeHi
BiIMIHHOCTI y ix criekTpax ¢iyopeclLeHii.

2. The dissertation is devoted to the development of convenient methods for the synthesis of
heptamethinecyanine dyes based on indole, benzo[e]indole 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,o0-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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