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KOOPAVHOBAHMMMU O 0 KETOEHOJIbHUMU XpOMOCl)OpHI/IMI/I ]IiI‘aHI[aMI/I

2. Synthesis, structure, and properties of phthalocyanine complexes of zirconium (IV) and hafnium (IV) with out-
of-plane coordinated o-ketoenol chromophore ligands

Pedepar:

1. Inceprauifiny po60Ty IpUCBSIY€HO Po3po6Li MeToiB GyHKIioHani3aLii (pTanoliaHiHOBUX KOMILIEKCIB
mpKoHito(IV) Ta ragniro(IV) peaxujieto iraHIHOro 06MiHy MK AMXJIOpUIO- Ta AUKApOOKCcUIaToQpTaloLiaHiHaTaMu
3a3Ha4YE€HUX METaJIiB i XxpOMOOPHUMH O-KETOEHOIAMU, & CAM€E, KOHJIEHCOBAHMMU 3 aJIbJETiiB OXiGHUMU
nerinpanetoBoi kucyiotu (DHA), N-ankinaMiHO-O-KeTOEHOIaMU Ta KypKyMiHOM. 3a ONITUMI30BaHOI0 METOIMKOIO
nposefieHHs peaklii Kuesenaress 3 DHA ta 3amilieHux anpferifiB 6yJ0 OTpUMaHO psf, JiraHgHUX XaaKOoHiB.
Buxopsuu 3 psiy KoHIeHcoBaHUX noxinHux DHA 6ysin oTpumaHi paHille HeolucaHi KOMILIEKCH HUPKoOHio(IV) Ta
rauio(IV). Metomamu [IMP Ta mac- crieKTpomeTpii BCTAaHOBJIEHA Ta IOBEEHA iX 6y[0Ba, ySIBJIEHHS PO SIKY

30iraeThCs 3 JaHUMU OTPUMaHUMMU 11711 MoZeJibHOi crionyku 0 PCM(DHA)2. Taki KOMITJIEKCH MiCTSITh y CBOEMY CKJIafi



IO /1Ba OJIHAKOBUX I103AIJIOMIMHHUX JIiraHY, sIKi po3MillleHi B xc- a60 TpaHC- MOJIOKEHHI 110 BiJHOIMEHHIO OAWH
IO OHOTO, 1[0 06YMOBJIEHO HECUMETPUYHICTIO iX CTPYKTYpH. [I71s1 KOMILIeKciB ckiany PcM(curc)2 taka isomepist He
xapakTepHa. BcraHoBseHO, 1o BuxoAa4yu 3 N-askinaMiHO-0-KeTOEHOIB Ta fuKkapboKcuaaTodTaaoiaHiHaTIB
uupKoHito(IV) abo radHio(IV) Mo>kHa OTPUMATH KOMIJIEKCU 3 JIMIIE OGHUM XPOMOGOPHUM JIraHAOM Ta
Kap6okcuaaTHUM (PparMeHToM, 110 He BAAIO0CS TOAATKOBO 3aMiCTUTU. Briepie crHTe30BaHO PTajoniaHiHOBI
KOMILIeKcH upKoHio(IV) Ta radniro(IV), 1o MaloTh JBa pisHUX NO3AIJIOMMHHUX JiiraHgu: N ajykinaMiHo-0-
KETOEHOJIbHUM Ta KApOOKCUJIATHUH, SIKi HE BAAJIOCS 3aMiCTUTH Y BUXiIHOMY IMKapOoKcuaaToQTasoliaHiHaTi.
OTpumaHoO JaHi Ipo XiMiYHMN CKIIA[l, €JIEKTPOHHY Ta IPOCTOPOBY OyIOBY CMHTE€30BaHUX CIIOJIYK METOAAMU
€JIEMEHTHOTO aHasi3y, [IMPn, [YncneKkTpocKomieo, €JIeKTPOHHOIO CIIEKTPOCKOIIi€I0 MOTJIMHAHHS, MacC-
CIIEKTPOMeETpi€lo, (pI1yopecLieHTHOIO criekTpockortieto Ta PCA. TTokazaHo BIIJIMB XPOMOQOPHUX JliraH/iB Ha

CHCKTpaJ’[bHi XapaKTEPUCTUKU O EPKAHUX KOMIIJIEKCIB.

2. This work aims to develop functionalization methods of zirconium and hafnium phthalocyanine complexes by a
ligand exchange reaction between dicarboxylatophthalocyaninates of these metals and o-ketoenols, condensed
from aldehydes derivatives of dehydroacetic acid (DHA), N-alkyl-ketoenols, and curcumin. A series of
chromophoric ligand chalcones containing various functional substituents were obtained by an optimized method
of Knevenagel reaction with DHA and substituted aldehydes. Their interaction with primary alkylamines, the
products of which are N-alkylamino-o-ketoenols, was studied. It was shown that the substituents in compounds are
located in the trans-position to the o-ketoenol fragment of dehydroacetic acid that was proved by X-ray diffraction.
1H NMR spectra revealed that N-alkylamino-N-ketoenols in solutions are in the form of tautomeric isomers.
According to the optimized synthesis method, several previously undescribed ligands containing amino- and o-
ketoenol fragment with a chromophoric polymethine chain were obtained. It was shown that the different
structure of ligands (denticity and the presence of coordination centers) leads to the formation of different out-of-
plane coordinated complexes. Their structure has been established by TH NMR and mass spectrometry. Complexes
obtained from 8-oxyquinoline and dehydroacetic acid contain two identical appropriate ligands placed in the cis-
or trans-position to each other due to the asymmetry of their structure. For complexes of the composition
PcM(curc)2, such isomerism is not typical. It was found that starting from N-alkylamino-o-ketoenols and Zr or Hf
dicarboxylate phthalocyaninates, complexes with only one chromophore ligand and a carboxylate fragment could
be obtained, which could not be additionally substituted. Mixed-ligand phthalocyanines complexes of zirconium
and hafnium were obtained for the first time with several condensed DHA derivatives. Their molecules contain an
N-alkylamino-o-ketoenol ligand and a carboxylate ligand, which could not be substitute in the original
dicarboxylatophthalocyaninates. Data on the chemical composition, electronic and spatial structure of the
synthesized compounds were obtained by elemental analysis, 1H NMR spectroscopy, IR spectroscopy, UV-Vis
spectroscopy, mass spectrometry, fluorescence spectroscopy, and X-ray diffraction analysis. The effect of
chromophore ligands on the spectral characteristics of the obtained complexes was shown.
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