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1. pH-YyTnuBi 1OBroxBusiboBi GJryopeciieHTHI 6apBHUKYM Ha OCHOBI HOPCKBapaiHiB

2. pH-Sensitive, Long-Wavelength Fluorescent Dyes Based on Norsquaraines

Pedepar:

1. O6'eKT HOCHII>)KeHHS: CUHTE3, CIIeKTPaJIbHO-JIIOMiHECLIEHTHi, MPOTOMiTUYHI, doTodiznyHi, PoToximMiuHi
BJIACTMBOCTI Ta IJISIXY MPAKTUYHOr'O 3aCTOCYBAHHS HOPCKBapaiHiB. MeTa JOCIiIKEHHS - CTBOPEHHS HOBUX pH-
4yTJIMBUX JIOBTOXBUJIbOBUX OAPBHUKIB Ha OCHOBi HOPCKBapaiHiB CUMETPUYHOI Ta HECUMETPUYHOI Oy[I0BH, Y TOMY
yucJi 3 3aMillleHUM LUKI00yTEHOHOBUM aTOMOM KUCHI0. MeTonu nociimkeHHs: SIMP 1H, peHTreHoCTpYKTypHUi
anamni3 (PCA), BucokoedextrBHa pinnHHa xpoMarorpadis (HPLC), enemeHTHUN aHAaTi3, eJleKTPOHHa abcopOiiifiHa Ta
(nyopeclieHTHa CTaljioHapHa Ta PO3B's3aHa y Yaci CIIEKTPOCKOIIis, KBAHTOBO-XiMiYHi HamliBeMIipu4Hi METOAN
pospaxyHkiB (MNDO, AM1, PM3). TeopeTtuuHi Ta mpakTU4Hi pe3yabTaTy: 3's1COBAaHO 3aKOHOMIPHOCTI nepeoiry
peakuii KBagpaTHOI KUCJIOTU Ta ii MOXiAHUX 3 iH0JIeHiHaMU i CHHTE30BaHO CUCTEMAaTU4YHi psiii HOPCKBAapaiHiB
CAMETPUYHOI i HECUMETPUYHOI 6YZ0BH, a TAKOX iX MOXiZHMX 32 CKBAPAaTHUM aTOMOM KHUCHIO. [TpOIeMOHCTPOBaHO
MO>KJIMBICTb CUHTE3y MOHOCKBAPAIHIB, IO MICTSITh aTOM BOLHIO y iHIOJIEHIHOBOrO aToMa a30Ty. Ha 0CHOBI Ljux

MOHOCKBApaiHiB BIIEpIlIe OTPMMaHO HECUMETPUYHI HOPCKBapaiHu. [Ioka3aHo, 0 MOJIEKYJIM HOPCKBAPAiHiB, Y



NOpiBHSIHHI 31 CKBapaiHaMU, XapaKTepU3YIOTbCS BHYTPIlIHbOMOJIEKYJISPHUM BOJHEBUM 3B'SI3KOM, OiIbLIOI0
IIJIaHAPHICTIO Ta 6ib1I0I0 KOHPOPMAIIiFTHOIO XOPCTKICTIO, 1110 00YMOBJIIOE OCOOGIMBOCTI iX CIIEKTPaJIbHO-
JIIOMiHECLIEHTHHUX Ta (OTOQi3UYHUX BIACTUBOCTEN. 3'51COBAHO BIJIMB MOJIEKYJISIPHOI Oy/10BM HOPCKBapaiHiB Ha iX
CIIEKTPJIbHO-JIIOMiHECLIEHTHI, IPOTOIiTAYHi, (pOoTO(i3nyHI Ta POTOXiIMIYHI BJIACTUBOCTI y BiJIbHOMY i 3B'SI3aHOMY 3
nporeinamu crtaHi. Ha ocHOBI HOpCKBapaiHiB CTBOpeHO pH-4yT/IMBi JOBrOXBUJILOBI PIyOPECLEHTHI MITUMKY i
30HIY JJ1s1 MEJUKO-0i0JIOrYHMX 3aCTOCYBaHb, OCHOBAaHUX Ha BUMIPIOBaHHI iIHTEHCUBHOCTI, IOJIIpU3alLiii i yacy
KUTTS paryopecueHii. HoBusna: Po3pobsieHo npenapaTuBHi METOY CHHTE3Y HOPCKBApaiHiB, HA OCHOBI SIKUX
BIIEpILIE€ CTBOPEHO pH-4yTMBI JOBrOXBUIbOBI (PIYOPECIEHTHI MITYMKU i 30HAU 1711 MEOUKO-010JI0TiYHUX
3aCTOCYBaHb, OCHOBAaHUX Ha BUMipIOBaHHI iIHT€HCHUBHOCTI, NoJIsipu3alii i yacy kutts ¢payopecuenuii. Lli 6apBHuku
[IepEeKPUBAIOTH OiJbII IMPOKUI CIIEKTPaIbHMI Jjiania30H, HDK paHillle BioMi HOPLiaHiHY, i MalOTh Kpally
(dorocrabinpHicTb. Ha 0CHOBI HOPCKBapaiHiB, B IKMX CKBAPAaTHUI aTOM KMCHIO 3aMillleHO aJIKiJJaMiHOTPYIIOIO,
BIIEpPILE CTBOPEHO PH-4yTIMBi JOBrOXBUJIbOBI GAPBHUKY, B SIKUX OOU[IBi, TPOTOHOBAHA i AENPOTOHOBAaHA (OPMU
dJ1yopecliooTh, 1110 OKpalllye TOYHICTh 6i0aHaNiTHYHUX BUMipIOBaHb. HopckBapaiHOBi 6apBHUKY, METOOM iX
CHHTE3y Ta 3aCTOoCyBaHHs 3axulneHi narenToM CIIA. CTyniHb yIIpoBaJpyKEeHHs: HOPCKBapaiHOBi 6apBHUKU
BHMKOPHUCTOBYIOThCS Kopriopauiero PerkinElmer (CIIIA) Ta iHmnMu oprasisanisiMu AJ1s1 CKPUHIHTY JiKapCbKUX
IpernapariB Ta MeuKo-6iosoriyHux 3acTocyBaHb. Cdepa (rasysb) BUKOPUCTAHHS: HAYKOBO-I0CIiIHA pobOTa,
MeUKOo-6i0J10TiuHi, papMaKoJIOTiuHi HOCiI)KeHHs, MOJIeKyJIsIpHA i KIiTUHHA 6i0J10Tis1, aHaliTM4HA Ta

GioaHaIiTUYHA XiMid.

2. The object of investigation: synthesis, spectral and fluorescence, protolytic, photophysical, photochemical
properties and ways of practical application of norsquaraines. Object of the research is to create new pH-sensitive
long-wavelength dyes based on symmetrical and asymmetrical norsquaraines, including those substituted in
cyclobutenone ring. Methods: NMR 1H, X-ray diffraction analysis, high performance liquid chromatography
(HPLC), elemental analysis, electronic absorption and fluorescence stationary and time-resolved spectroscopy and
quantum-chemical calculations by semi-empirical methods (MNDO, AM1, PM3). Theoretical and practical results:
the regularities of the reactions of squaric acid and its derivatives with indolenines were found, systematic series
of symmetrical and asymmetrical norsquaraines as well as their dicyanomethylene, barbituric, and alkylamino
derivatives were developed. The possibility of monosquaraines with hydrogen atom at the nitrogen atom of
indolene ring synthesis was demonstrated. Asymmetric norsquaraines were first obtained. It was shown that the
molecules of norsquaraines were characterized by intramolecular hydrogen bonds, higher planarity and greater
conformational rigidity when compared to squaraines. These particularities result in their spectral-luminescent
and photophysical properties. The influence of molecular structure of norsquaraines on their spectral-
luminescent, protolytic, photophysical and photochemical properties was revealed in free state and when bound to
protein. pH- Sensitive long-wave fluorescent labels and probes based on norsquaraines for biomedical applications
based on measuring the intensity, polarization and fluorescence lifetime were developed. Novelty: a preparative
method of synthesis of norsquaraines which were at first applicated as pH-sensitive long-wavelength fluorescent
labels and probes for biomedical applications based on measuring the intensity, polarization and lifetime of
fluorescence. These dyes cover a wider spectral range as compared to previously known norcyanines and have
better photostability. Alkylaminonorsquaraines are the first pH-sensitive long-wavelength dyes in which both,
protonated and deprotonated forms have fluorescence, which improves the accuracy of the bioanalytical
measurements. Norsquaraine dyes, methods for their synthesis and application are defended by U.S. Pat. Degree of
implementation: norsquaraine dyes are used by Corporation PerkinElmer (USA) and other organizations for drugs
screening and biomedical applications. Sphere of application: research work, biomedical, pharmaceutical research,
molecular and cell biology, analytical and bioanalytical chemistry.
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