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VY KHU31 TpeACTaBiIeHO poOOTH CIiBpOOITHUKIB [HCTUTYTY GioOpraHiqHOl
ximii Ta Hadroximii iM. B.I1. Kyxapss HAH VYkpainu, a Takok HayKOBIIB 1HIIHUX
IHCTUTYTIB Ta yHiBepcuTeTiB 3a marepianamMu XXXVl naykoBoi koHpepeHtii 3
Oioopraniunoi ximii Ta Hadroximii (16 uwepBus 2022 p., m. KuiB). Buknan
HAyKOBUX cTaTeil o00’€qHAHO B JBa pO3JAUIM, IO NPHUCBIYCHI CHHTE3Y 1
JOCTIP)KEHHIO O10aKTMBHUX CHOJYK, @ TaK0X BUBYEHHIO HOBUX PEYOBHH 1
MaTepiaiiB Ta iX 3aCTOCYBaHHIO. Y TEPIIOMY PO3JLII OOTOBOPIOIOTHCS MUTAHHS
CUHTE3Y, CTPYKTYPH, PEaKI[iiHO1 31aTHOCTI 1 610J10T1YHOT aKTUBHOCTI OPraHIgYHUX
cionyk. Oxpemy yBary mnpuaiieHo In SiliCO MopenmoBaHHIO BIIACTUBOCTEH
NOTEHIITHO O10AKTUBHUX CIIOIYK, BUBUECHHIO MEXAHI3MIB Jii CHHTETUYHUX 1
OPUPOAHUX OIOPEryIsATOpPIB Ta 3’SCYBAaHHIO 3B’A3KYy MIK CTPYKTYpOIO 1
AKTUBHICTIO HOBHX PEYOBHH. Y JPYroMy pO3AUII MIPEACTABIECHO pe3yJIbTaTh
TEOPETUYHUX JOCTIPKEHb 1 MPAKTUYHUX HAYKOBHX PO3POOOK, IO CTOCYIOTHCS
NaJMBHUX 1 MAaCTWJIBHUX MarepiajiiB, KaraiizaTopiB i HadTOXiMil, HOBHUX
MOJIIMEPHUX KOMITO3HMIIIH, TOTEHIIIMHIX cOpOeHTiB Tomo. Kuura po3paxoBaHa Ha
HIMpOKe KoJIo (haxiBLIB Yy Taiy3i O100praHiyHoi Ximii, OpraHi4HOI XIMIi,
HaTOXiMii, XiMIi BHCOKOMOJIEKYJSPHUX CIOJYK, a TaKOoX AacHipaHTiB 1
CTYJICHTIB.
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BIOAKTUBHMUX CITIOJIYK
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CHUHTE3 o,p-HEHACUYEHUX CYJbTAMIB TA BUBYEHHS iX
PEAKIIIHOI 3IATHOCTI B PEAKIIISIX
[3+2]-IAKJIOMPUCTHAHHS

3aika €.0., bposapeus B.C.
[HcTUTYT Gl00Opraniunoi ximii Ta HadToximii iM. B.I1. Kyxaps HAH Ykpainu
zaika.evgen1994@gmail.com

HukmiuHi cynbdaHUIaMiid BIAITPAIOTh YHIKAJIBHY POJIb Y CHUHTETHUYHIN
XiMli Ta BIAKPUTTI JdiKIB. Byno po3poOneHo MeTon CUHTEe3y I1'ATH- Ta
HIECTUWICHHUX 0,-HeHacu4YeHux cyiabTamiB. CipuaHi aHAJIOTH JaKTaMiB Oyld
CUHTE30BaHl IIJISXOM BHYTPIIIHBOMOJICKYJISIPHOI IMKJII3AIil 3a peakIliero
['pab0ca [1]. BuBuena peakiiiiiHa 37aTHICTh OTPUMAHKX CIIOIYK B peakiii [3+2]-
UKIONPUETHAHHA 32 ydacTio pi3Hux aunonspuaiB [2]. Tlpocra mpakTtuyuna
nporeAypa Ta JOCTYyIHI BHUXIJHI Marepiaii poOJiATh PI3HOMAaHITHI 3aMilleH1
CyJIbTaMU JIETKOAOCTYITHUMU |3, 4].

Knrouosi cnosa: cynbramu, cyabhoHaMIU, ITUKITI3AI11s, [TUKIONPUETHAHHS.

Cyclic sulfanilamides play a unique role in synthetic chemistry and drug
discovery. A method for the synthesis of five- and six-membered a,B-unsaturated
sultams has been developed. Sulfur analogues of lactams were synthesized by
intramolecular cyclization by the Grabbs reaction [1]. The reactivity of the
obtained compounds in the [3+2]-cycleaddition reaction with the participation of
different dipolarides was studied [2]. A simple practical procedure and available
raw materials make a variety of sultam substitutes readily available [3, 4].

Keywords: sultams, sulfonamides, cyclization, cycloaddition.

Bimomo, mo cyiapTamu 0e3nepeyHo MOXKYTh BBAXKATHCS TEPCIEKTUBHUMHU
010aKTHBHUMHU areHTaMH, aJiKe Jesika KUTbKICTh CIOJIYK L€l TPy BXKe 3aiHsIIN
CBOE Miclie B apceHanl (apmakorepaneBTHUHUX 3aco0iB. BpaxoByrouun
3a3HaueHe, HAaMHU TIOCTaBJICHO 32 METY PO3POOWTH METOAM CHHTE3y KIFOUOBUX
CIIOJIYK, TIPOBECTH iX Moau(]iKaIlifo, a 3r00M 1 BUBYHTH O10JIOT1YHY aKTUBHICTh
OTPUMaHUX CIHOIYK.

OcHOBHOIO ~ cTpaTerielo  (OpMyBaHHS  IUSITH- Ta  MIECTUUWICHHHUX
o,-HeHACUYEHUX CYJbTaMIB € B3aeMOIs 2-XJjopeTaH-1-cynbpOHIIXIOpUIY 3
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mpem-0yTuiaKapbaMaToM 3 OTPUMAHHSIM CTapTOBOI PEYOBMHU 1 HJIT CHHTE3Y
cyabTaMiB 3 oTpiOHUM po3mipom nukiny (Cxema 1). Cynpdonamin 1 BcTymae B
pEaKIlito 3 aJKCHUITAIIOTeHIJaMHU 3 PI3HOI0 JTOBXHHOIO BYTJICIIEBOTO JIAHIIOTA 3
OTPUMAHHSIM MPOMDKHUX pedoBHH 2. OcTaHHI Oynu BHUKOPUCTaHI B 3aKJIIOYHIN
pyTeHilKaTami3oBaHiii peakilii MeTaTe3ucy 3 OTPUMAHHSM BHIIE3a3HAYCHUX
eTeHICYIb(OHAMITHUX IeTePOITUKIIIB.
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Cxema 1

JUis OTpUMaHUX I’SITH- Ta IIECTUYIEHHUX CyJlIbTaMiB BHBUEHA peakiiiiHa
3IaTHICTh 0,-HEHACHYEHOTro 3B’sA3Ky B peakmii [3+2]-umkimonpuenHaHHsS 3a
YYaCTIO PI3HUX IUNONsApuaiB (Tadi. 1).

BpaxoByroun naHi, mpencraBiieHi B Tabnuiii 1, MoxkHa 3pOOUTH BUCHOBOK,
[0 peakiliiiHa 3JaTHICTh 0,3-HEHAaCHUYE€HOr0 3B’SI3KY IT'ATH- Ta MIECTUYICHHUX
CyJbTaMIB MO>KHA BBaXKaTH MOMIPHOIO, TAK SIK 3 ACSIKHUMH CyOCTpaTamMu peaxiis
MIPOXOUTH MOBUIBHO, a 3 ICSIKUMH B3arajii He BiIOyBa€ThCS.

Heo0xinHO BiA3HAYUTH, 110 OTpUMaHO1 1HpopMallii 3amano, mobd 3poouTH
BHUCHOBOK IPO PEakKIliifHy 3JaTHICTh 0,3-HEHACUYEHOTO 3B 53Ky CYJIbTaMiB, TOMY
Ha JIaHU MOMEHT MPOJIOBXKYETHCS pOOOTa B LIbOMY HANpSAMKY, a CaMme, CUHTE3
iHmmX N-3axuiieHux cyiabraMiB. HOBI 3aXHMCHI Tpynu MarOTh K JOHOPHUH, TaK 1
aKIENTOPHUIM XapakTep, M0 J03BOJSE 3MICTUTH €JIEKTPOHHY T'YCTHHY B Ty YU
1HIIYy CTOPOHY Ta Il€ JAETaJbHIIE BUBUYUTH B3a€EMO3B’SI30K «3aXHMCHA Trpyna —
peakIliiiina 31aTHICTb)»

CTpyKTypa CHHTE30BaHUX CIIOJYK JOBEJCHa 3a JTOMOMOTOI KOMILIEKCY
di3uKo-XiMiuHHX MeTofiB, 30kpeMa, "H SIMP-CrIeKTpOCKOIi€l0 Ta XpoMaTo-Mac-
CHEKTpOMETpi€0. B monanbiioMy HaMu TUIaHY€ThCS BUBUEHHS MPOTUMIKPOOHOT,
IPOTUTrPUOKOBOI Ta MPOTUPAKOBOI [I1i CHHTE30BAHUX CITOJIYK.



Buxoau B peakiisix muKIONprueTHAHHS
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SYNTHESIS OF DEUTERIUM-LABELLED INTERNAL STANDARD
FOR PHARMACOKINETIC STUDIES OF PROPOXAZEPAM - NOVEL
ANALGETIC

Larionov V.B., *Reder A.S., *Mal tsev H.V., ‘Golovenko M.Ya.
' A.V. Bogatsky Physico-Chemical Institute of the NAS of Ukraine
2SLC «INTERCHEM», Odesa, Ukraine
vitaliy.larionov@gmail.com

7-Bromo-5-(o-chlorophenyl)-3-propoxy-1,2-dihydro-3H-1,4-benzodiaze-
pin-2-one, (Propoxazepam) is a biologically active derivative of benzodiazepine
that was considered as a promising analgesic and is undergoing clinical studies in
Ukraine. Because of anticipated low clinical dose (1-5 mg), it was necessary to
develop and validate a method for quantifying a trace amount (ng/mL) of
Propoxazepam in human plasma for pharmacokinetic studies. The aim of this
work was to synthesize the deuterium-labelled Propoxazepam-d; that is suitable
to be used as an internal standard for LS/MS analytical method. The investigated
compound of this study have not been examined before. The deuterium was
introduced into the alkoxy moiety of Propoxazepam molecule by using the n-d7-
propyl alcohol. The starting structure was 7-bromo-5-(2-chlorophenyl)-3-
hydroxy-1,3-dihydro-2H-1,4-benzodiazepin-2-one, which was converted with
sulfonyl chloride to 7-bromo-3-chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one that latter yielded the aimed d7-Propoxazepam after reaction
with n-d7-propyl alcohol. The final product was obtained with over 99 %
chemical purity by HPLC analysis and the isotopic purity by mass spectrometry
data was no less than 98 %. In the mass spectrum (ESI, QTOF) there is a peak of
molecular ion [M+H]" by m/z = 415.77. In the IR spectrum in the region 3200-
2800 cm™ absorption bands are observed. It corresponds to the valence vibrations
of N-H bonds, the vibration bands of the C-D fragment are shifted to the region
2300-2050 cm™. The vibrations of the C=0 bond are appeared as an absorption
band at 1705 cm™. At 1624 cm™ signals of vibrations of the C=N bond are
observed. The obtained sample was used as internal standard in the Phase 1
clinical study of Propoxazepam pharmacokinetics determination in serum and
urine of volunteers.
Keywords: Propoxazepam, deuterium label, pharmacokinetics.

7-bpom-5-(o-xnopodenin)-3-nponokcu-1,2-nurigpo-3H-1,4-6eH3omiaze-
niH-2-oH (I[Ipomokcazenmam) € 610J0TIYHO aKTUBHUM IOXITHUM OE€H30ia3emiHy,
SAKUWA BBAXA€ThCS TMEPCIEKTUBHUM aHAJBIETUKOM 1 TMPOXOJUTHh KJIIHIYHI
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JochiKeHHsl B Ykpaini. Uepe3 ouikyBaHy HU3bKY KIiHIUHY 103y (1-5 mr) Gymno
HEOOXITHO PO3POOUTH Ta MEPEBIPUTH METOJ KUTbKICHOTO BU3HAYCHHS CIIIJTOBHX
KitbkocTe  (ar/mur)  Ilpomokcazemamy B Iila3ml  JIFOAUHUA  JUIA
(dhapMaKOKIHETUYHUX JOCIIKeHb. MeToro 1€l poOoTH OyB CHHTE3 MiIUEHOTO
neutepiem  Ilpomokcazenmamy-d7, mnpugaTHOrO JUIsi  BUKOPUCTAaHHSA  SIK
BHYTpIIIHbOTO cTaHgapty s LS/MS anamituunoro wmertony. Croiyka,
oTpUMaHa B I poOOTI, paHille HE AOCIIKyBajacs. BiamoBigHo 10 cTparerii,
nenTepiii OyB BBEJCHHWM B QJIKOKCH YacTUHY MOJieKynu [Ipomokcazemamy 3a
J01oMoror #-d7-mpomiioBoro cnupTy. BuxigHoio crpykTyporo Oy 7-Opom-5-
(2-x10podenin)-3-rigpokcu-1,3-auriapo-2H-1,4-6en3omia3enin-2-oH, sSKui OyB
NIEPETBOPCHUN CYIb()OHAT XJIIOPUIAOM Ha 7-0pom-3-xiop-5-(2-xmopodenin)-1,3-
nuriapo-2H-1,4-6eH3omia3enid-2-oH 1 OCTaHHIM YTBOprOBaB IiuiboBuii d7-
[Mponokcasenam micis peakiiii 3 #-07-nporniyioBuM cnuptoM. KiHIeBuid IpoayKT
OTPUMAHO 3 XIMIYHOIO YUCTOTOIO MoHaa 99 % 3a pgomomororo BEPX-anamisy,
130TOITHA YHUCTOTA 32 JAHUMH Mac-CHEKTPOMETpli CTaHOBUTH He MeHIne 98 %. Y
mac-criextpi (ESI, QTOF) croctepirascs mik MonekysspHoro iony [M+H]" 3a
m/z = 415,77. B T4-ciiextpi B o6macti 3200-2800 cM™ criocTepiraloThCsi CMyrH
MOTJIMHAHHS, 10 BIJIMOBIJIAI0OTh BaJEHTHUM KOJIMBaHHAM 3B’s3KiB N-H, cmyru
konuBaHb (parmenta C-D smimeni B o6macts 2300-2050 cm™. Komupamms
3B'13ky C=0O BHSBJISAIOTBCS Yy BUIISIAI CMYTH noriavHaHHs npu 1705 em™ [Ipn
1624 cM™ criocTepiraloThest CHIHAIH KOTHBaHb 3B'13Ky C=N. OTpHMaHHii 3pa3oKk
BUKOPUCTOBYBAJIM SIK BHYTPIIIHIA cTaHAapT y ¢asi 1 KIHIYHOTO JOCIHIKEHHS
BU3HAUeHHS (apMmakokiHeTMkH IIpomokcazemamy B CHpoOBaTii Ta ceul
JIOOPOBOJIBIIIB.
Knrouosi cnosa: Tlponokcasemnam, nenrepieBa MiTka, (papMakoKiHETHKA.

7-Bromo-5-(o-chlorophenyl)-3-propoxy-1,2-dihydro-3H-1,4-benzodiaze-
pin-2-one, (Propoxazepam) is a biologically active derivative of benzodiazepine
that is considered a promising analgesic and is undergoing clinical studies in
Ukraine. Similar to gabapentinoid drugs, which have been used in a general
medical practice for treatment of neuropathic pain [1]. Propoxazepam also has an
anticonvulsant effect [2-4]. It explains the analgesic component in the
pharmacological spectrum of compound. Our data [2-5] suggested that the
mechanism of Propoxazepam analgesic and anticonvulsant properties includes
GABAergic and glycinergic systems.

Because of anticipated low clinical dose (1-5 mg), it was necessary to
develop and validate a method for quantifying of a trace amount (ng/mL) of
Propoxazepam in human plasma for pharmacokinetic studies. The use of
deuterium-labeled compounds as internal standard is well known approach for
such applications [6]. However, it is necessary to have a very high purity for
alow-level precise quantifications. Otherwise, residual non-deuterated compounds



can still be detected with high sensitivity and might interfere with analysis.
Therefore, the efficient synthesis of such compounds from appropriate reagents is
a significant challenge in bioorganic and medicinal chemistry.

The aim of this work was to synthesize the deuterium labelled
Propoxazepam-d; appropriate for use as internal standard for LS/MS analytical
method. The investigated compound in this study has not been examined before.

7.3 g (0.019 mol) of Compound 1 (7-bromo-5-(2-chlorophenyl)-3-hydroxy-
1,3-dihydro-2H-1,4-benzodiazepin-2-one) was treated with 3.1 g (0.026 mol, 1.9
ml) thionyl chloride to yield Compound 2 (7-bromo-3-chloro-5-(2-chlorophenyl)-
1,3-dihydro-2H-1,4-benzodiazepin-2-one after 2.5 hours at 70 °C under reflux
(Fig.1). After reaction completion to the reaction mixture 25 ml of dry benzene
was added and evaporated under vacuum to remove the unreacted SOCI,. The dry
CHCI; (40 ml) was added to the residue followed by addition of 7.3 g (1.09 mol)
n-CsD;0H. After 12 hours of heating under reflux the mixture was cooled down
and the product was recrystallized from CHCI; giving the almost white crystals.

Fig. 1. Synthetic strategy of [d;] Propoxazepam

In the mass spectrum (ESI, QTOF) there are two peaks were found:
molecular ion [M+H]" by m/z = 415.77 and [M+Na]® by m/z = 437.76. A
characteristic isotopic distribution is observed for the molecular ion peak, which
corresponds to the presence of chlorine and bromine atoms. The observed peak of
the ion [M-C;D,0H]" is the product of the eminination of d7 group.

In the IR spectrum in the region 3200-2800 cm™ absorption bands are
observed, which correspond to the valence vibrations of N-H bonds, the vibration
bands of the C-D fragment are shifted to the region 23002050 cm™. The
vibrations of the C=0 bond are appeared as an absorption band at 1705 cm™. At
1624 cm' signals of vibrations of the C=N bond are observed.

[d;] Propoxazepam was purified by a column chromatography giving the
final product with over 99 % chemical purity by HPLC analysis and the isotopic
purity by mass spectrometry data was no less than 98 %.

Deuterium can be a powerful medicinal chemistry tool that has, until
recently, received little attention in the context of new drugs. A majority of the
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examples that have appeared in the recent literature are deuterated versions of
known, well-characterized drugs with established therapeutic utilities. Most
deuterated compounds reported-to-date appear to retain full biochemical potency
and selectivity. However, in the selected cases, deuterated drugs show a
differentiated PK profile versus the hydrogen-only compounds. In contrast to
earlier reviews that were pessimistic about deuterium as an effective strategy for
creating new drugs, recent reports suggest the opposite. More scientists in the
pharmaceutical industry are now using deuterium as a tool to improve drug
properties [7-9]. With more deuterium-containing compounds entering clinical
evaluation, it appears increasingly likely that the approach will succeed in
producing important new medicines if preclinical indications of improvements in
safety, tolerability, and/or efficacy are recapitulated in humans.

Deuterated compounds are widely study in nonclinical settings and have
seen broad application as metabolic or pharmacokinetic probes both in vitro and
in vivo [10]. Depending upon a given compound’s route of metabolism and the
location of the deuterium, deuteration can be metabolically silent, enabling utility
as a PK tracer, or it can alter the compound’s metabolism allowing use as a
mechanistic probe.

LS/MS method of compounds determination in biological samples is one
the most used at present time due to its high sensitivity and ability to determine
even the negligible quantities [11]. It is successfully used in pharmacokinetic
studies of highly active substances, which are usually used in very small doses.
Moreover, the proper determination requires the use of corresponding internal
standard to perform the instrument calibration. The isotope-labelled compounds
are the best choice as internal standard, which efficacy of use directly depends on
the isotopic mass difference — the larger it is the more reliable are signals’
resolution. Due to this constrains it was decided to synthesize the deuterium-
labelled Propoxazepam that is containing the highest quantity of deuterium
atoms. The most efficient way was determined to be the usual synthesis method
of Propoxazepam using the n-C;D;0OH as reagent. The n-propyloxy fragment was
combined to the 1,4-benzodiazepine structure through the chlorine-derivative
(Compound 2), obtained from easily reached 3-hydroxyderivative (Compound 1).
Both the IR and mass-spectra of the synthesized compound proved the presence
of the corresponding fragments and the proper mass-ion.

The obtained sample was used as internal standard for Propoxazepam
determination in serum and urine of volunteers at the Phase 1 during
pharmacokinetics study. The method was validated by measuring selectivity,
linearity, limit of detection (LOD), lower limit of quantification (LLOQ),
precision, accuracy, dilution integrity, matrix effect, and process efficiency (PE).
The apparent responses at the retention times of the analytes and internal standard



under investigation were compared to the response of the analytes near the
LLOQ.

The obtained deuterium-labelled sample was successfully used as internal
standard for pharmacokinetic studies of Propoxazepam on volunteers for
determination in serum and urine. This phase 1 clinical study was completed to
characterize the pharmacokinetic profile and metabolism of an investigational,
proprietary, oral Propoxazepam 5 mg tablets, produced by SLC "INTERCHEM"
in healthy subjects.

The stock solution of deuterium-labelled substance was added to serum or
urine extract (obtained by liquid-liquid extraction) and diluted to fixed volume by
methanol. The validated method of Propoxazepam determination in biological
samples using deuterium-labelled analog fulfill all the requirements. After
Propoxazepam administration at single dose of 5 mg, a small amount of
unchanged compound was detected in the urine during all time intervals (Fig. 2,
A) with a maximum elimination rate of 4-8 hours and a gradual exponential
decrease. Up to 72 hours cumulative excretion reaches a maximum value of
~ 3000 ng (Fig. 2, B), which is about 0.06 % of the administered dose.
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Fig. 2. Concentration-time curves of Propoxazepam in urine (A) and cumulative
urinary excretion (B)

References

1. Chincholkar M. Gabapentinoids: pharmacokinetics, pharmacodynamics
and considerations for clinical practice. British Journal of Pain. 2020. Vol. 14, N
2. P.104-114.

2. Golovenko N.Ya., Larionov V.B., Reder A.S., Valivodz I.P. An effector
analysis of the interaction of propoxazepam with antagonists of GABA and
glycine receptors. Neurochemical Journal. 2017. Vol. 11, N 4. P. 302-308.

3. Golovenko M., Reder A., Andronati S., Larionov V. Evidence for the
involvement of the GABA-ergic pathway in the anticonvulsant and

10



antinociception activity of Propoxazepam in mice and rats. Journal of Pre-
Clinical and Clinical Research. 2019. Vol. 13, N 3. P. 99-105.

4. Golovenko N.Ya., Larionov V.B., Andronati S.A., Valivodz I.P.,
Yurpalova T.A. Pharmacodynamics of interaction between Propoxazepam and a
GABA-benzodiazepine receptor-ionophor complex. Neurophysiology. 2018. Vol.
50, N 1. P. 2-10.

5. Golovenko N.Ya., Voloshchuk N.I., Andronati S.A., Taran 1.V., Reder
A.S., Pashynska O.S., Larionov V.B. Antinociception induced by a novel
benzodiazepine receptor agonist and bradykinin receptor antagonist in rodent
acute and chronic pain models. European Journal of Biomedical &
Pharmaceutical Sciences. 2018. Vol. 5, N 12. P. 79-88.

6. Maegawa T., Fujiwara Y., Inagaki Y., Esaki H., Monguchi Y., Sajiki H.
Mild and efficient H/D exchange of alkanes based on C-H activation catalyzed by
rhodium on charcoal. Angewandte Chemie International Edition. 2008. Vol. 47.
P. 5394-5397.

7. Tung R. The development of deuterium-containing drugs. Innovations in
Pharmaceutical Technology. 2010. Vol. 32, N 32. P. 24-28.

8. Shao L., Hewitt M.C. The Kkinetic isotope effect in the search for
deuterated drugs. Drug News Perspect. 2010. Vol. 23. P. 398-404.

9. Yarnell A. Heavy-hydrogen drugs turn heads, again. Chemical &
Engineering News. 2009. Vol. 87. P. 36-39.

10. Harbeson S.L., Tung R.D. Deuterium in Drug Discovery and
Development. Annual Reports in Medicinal Chemistry. 2011. Vol. 46. P. 404—
417.

11. Parasuraman S., Anish R., Balamurugan S., Muralidharan S., Kumar
K.J., Vijayan V. An Overview of Liquid Chromatography-Mass Spectroscopy
Instrumentation. Pharmaceutical Methods. 2014. Vol. 5, N 2. P. 47-55.

11



VK 547.284+546.185+577.152.311

OIIHKA BIIVIUBY ®OTOAKTHUBHUX AJIKIJI- TA
APNJI-0-KETO®OC®P®OHATIB HA AKTUBHICTb XOJIIHECTEPA3

'Ko63ap O.JL., 'Ilyasra FO.B., “Onnceko ILIL, 'Bosk A.L
! [cturyT Gioopranidoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Vkpainu
? IncturyT opraniusoi ximii HAH Ykpainn

kobzar@bpci.kiev.ua

VY monepenHix MOCHIDKEHHAX OYyJ0 MPOJEMOHCTPOBAHO, MO (POTOAKTHBHI
aJIK1I- 1 apuiI-0-KeTo(hoc(hOHATH MOXKYTh BUSIBIISITUA CBITJIO3AJIEKHY 1HTIOYBAJIbHY
nito Ha TiyrarioH-S-tpancepasu (Kobzar et al., 2021). Pasom 3 tum, nmeski i3
dbochopoopraniyHux  CIOAYK  BIAOMI  SIK  HEOOOpPOTHI  1HTiIOITOpHU
alleTWIIXOJIIHECTepa3h. ToMy BaXKJIMBHM OyJIO 3’sICYBaHHS BJIACTUBOCTEW cepil
MOX1JTHUX 0-KeTO()OCHOHOBUX KHUCIOT CTOCOBHO XOJIiHECTepa3. Y NpelicTaBlIeHIN
poOOTI BCTaHOBIJIEHO, IO MOHOECTEpHI alKii- 1 apui-o-kerodochonatu B
pesynbTati Y®-ompomiHeHHST npu 365 HM BHUSBISIOTH  (DOTO3aNEKHUIMA

1HT10yBabHUN BILINB Ha aKTHUBHICTh ALETUIXOIIHECTEPA3U 1
OyTHUPHIIXOJIIHECTEPA3H.
Knrouoesi cnoea: a-kerodocdonarty, aleTUIIXOJIIHECTEPA3a,

OyTupuIIXoJliHECTEPa3a, (HOTOAKTUBOBAHU, IHT1OYBaHHS, MOJIEKYJISIPHUM JTIOKIHT.

It was demonstrated in previous studies that photoactive alkyl and aryl a-
ketophosphonates can exhibit light-dependent inhibitory effects on glutathione-S-
transferases (Kobzar et al., 2021). At the same time, some of organophosphorus
compounds are known also as irreversible acetylcholinesterase inhibitors.
Therefore it was important to elucidate inhibitory properties of a series of a-
ketophosphonic acid derivatives towards cholinesterases. In the presented work,
the alkyl and aryl o-ketophosphonate monoesters were found to exhibit
photodependent  inhibitory  effects towards acetylcholinesterase  and
butyrylcholinesterase under irradiation at 365 nm.

Keywords: a-ketophosphonates, acetylcholinesterase,
butyrylcholinesterase, photoactivated, ihibition, molecular docking.

[nriOyBaHHg XoJIIHECTEpA3 € BIIOMUM TMIAXOJOM Y JIKYBaHHI pAIY
HEHpPOJECTEHEPAaTUBHUX  3aXBOPIOBAaHb, IO TMOB’S3YIOThCA 3 Je(ILUTOM
alleTUIIXOMIHY B XOJIHEPTriYHUX CHHATcaX. 3aBAsKU OJOKYBaHHIO aKTHUBHOCTI
anerwixoninecrepasu (AXE), ska karamizye Tipoii3 IbOro HeWpoMeaiaTropa,
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3a0e3neuyeThcsi 3pOoCcTaHHs #oro koHueHTparii [1]. Byrupunxominecrepasa
(bXE) 3maTHa KOMMEHCYBaTH HENOCTaTHIO AaKTHUBHICTh AalleTHIXOJIHECTEpasu,
MalO4yd JOCHUTh MOAIOHYy 3 Hero cTpykrypy [2]. Kpim Toro, oOuaBa eH3uMHU
MOXYTh OYTH 3ajJydeHi J0 MeXaHi3MiB (QopMyBaHHS HEUPOTOKCUYHHUX
aminoigaux Ossmok [3]. [HriGiTopamu xomiHecTepas € JiKapchbki 3acO0M, Takl sIK
MIPUAOCTUTMIH, TaJaHTAMiH, PUBACTUTMIH, JOHEIE3WI, 10 BUKOPHUCTOBYIOTHCS
npu MiacTeHii, riaykomi 1 xBopoOi Aumnbureitmepa [1]. HeoOGopoTHumu
iriditopamun AXE € ¢dochopoopraniuni Crnomykd Ta iX MOXIAHI, 30Kpema,
NEeCTULIMAM 1 HEPBOBO-TIAPATITHYHI areHTU. MexaHi3MH i IUX CHOJYK
IPYHTYIOTbCS Ha crenudiuHoMy ¢GochOopuIoBaHHl 3aJIMIIKYy CEPUHY B
aKTUBHOMY IIEHTPl €H3UMYy, 10 MPUBOJUTH JO YTBOPEHHS KaTaJTITHYHO
HeakTUBHOro mponaykty [4]. Cepen mnoxigHux  (OCHOHOBUX  KHUCIOT
inenTudikoBano 1 cenexktuHi 1HT101TOopU BXE [5, 6].

3aranomMm, cepea hochopoopraHiuHUX CHONYK 3HAWJEHO IIUPOKUM CIEKTP
NOTEHIIITHO O10aKTUBHUX AareHTiB, OJIHaK BJIACTUBOCTI 0O-KeTodochoHaTiB
BHUBYCHO MEHIIIOIO Mipoto [7]. PaHimie Oyyio BCTaHOBJICHO, IO MENTH/IHI CIIOJYKH
3 0a-KeTo(OCPOHATHOI TPYMOIO IiJl Yac OMPOMIHEHHS Mpu 365 HM MOXYTh
onokyBatu aktuBHicTb PTP1B, MptpA i STAT5b [8, 9]. MexanisM Takoro
dboTo3anexHoro iHri0yBaHHs nepeadoavas, mo Y d-aktuBoBaHi a-keTopochoHaTh
YTBOPIOIOTH ~ TPUIUIETHI  OlpaJuKaibHl 1HTEpMEAIaTH, sKI 3a0e3MeuyroTh
Mo (DiKaliio TPOTETHOBUX aMIHOKUCIOTHUX 3aJIUIIIKIB.

I'myTation-S-tpancdepasu Oynmm Brepiie 3alpolOHOBaHI HaMU 5K
MOTEHIIIMHI MilIeHl 11 (OTOAKTUBHUX MOXIAHUX 0-KETO(POCHOHOBUX KHCIIOT,
30KpeMa, ajkiui- 1 apui-a-keropocdonartiB 1-10 (puc. 1) [10]. V upomy 3B’s3Ky
BKJIMBOIO OyJia OIlIHKA BJIACTUBOCTEH cepli BuBueHux noxiguux 1-10 crocoBHO
XOJIIHEeCTEepas3, MepeyciM, IK XapaKTepUCTHUKA iX MOMIMBOTO TOOIYHOTO BIUIMBY.
VY mpexacraBieHiii poOOTI MOKa3zaHO, IO B pe3yibTaTi Y D-onpoMiHEHHS HpH
365 HM JiesiKi eCTepHi MOXiIHI alKij- 1 apuil a-KeTo(HOCHOHOBUX KHCIOT MOXKYTh
BruiBaTy Ha akTUBHICTH AXE 1 BXE.

: R = 2-thienyl, R'= Me, R" = Na
: R =4-t-BuCgH4, R'=R" = Me

:R =4-t-BuCgH4, R'=R" = i-Pr
10: R=tBu,R'=R"=H

1:R=R'=Me, R" = Na
2:R= i-Pr, R'=Me, R" = Na
3:R = t-Bu, R' = Me, R" = Na
0 0 4: R = 4-t-BuCgHy, R' = Me, R" = Na
>—P/\/—OR" 5: R = 4--BuCgH,, R' = i-Pr, R" = Na
6: = - ] = n =
” SR ° R = 4-FCgH,, R' = Me, R" = Na
8
9

Puc. 1. CtpykTypu ankii- 1 apui-o-ketodocoHaTi, 110 BUBUATIUCS
K ()OTOAKTHBHI 1HT10ITOPH XOJIIHECTEPA3
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Marepiaiau i meToau

MomnoectepHi noxigaHi 1-7 sk HatpieBl cojii, giectepHi moximHi 8, 9 Ta
mpem-0yTun-o-kerodpochonoBa kuciora 10 Oyaum cuHTE30BaHI, SK OINHUCAHO
pamirzre [10].

[Ipenmapatn AXE 3 enextpuunoro Byrpa 1 BXE 3 cupoBaTku KpoBi KOHS
Oymu npumbani y ¢ipmu Sigma-Aldrich. MonenbHa crcrema it BUBYCHHS
1HTIOyBaJIbHOTO BIUIMBY CIOJYK Ha XOJIHECTepa3u BMimyBaia 25 MM
docharuuit 6ydpep (pH 7,4), 1 06. % JAMCO, enzum Tta inrioitop. Ilicis
TepMocTaTyBaHHs cyMinn npu 25 °C BOPOXOBX 5 XB Ppeakilifo iHIiFoBaIn
JIOJaBaHHIM S-alleTUITIOXOJiH Hoauay 3a HasBHOCTI AXE ta S-OyTHUpHITIOXO0JTiH
vonuay 3a HasBHOcTi BXE. JlerekTyBaHHS €H3MMATHYHOI aKTHUBHOCTI
3MIMCHIOBATIM CIEKTpOoPoTOMETpUYHO mpu 412 HM 3a JONMOMOIOI pearcHTra
Enmana. ®OTOKOHTPOILOBAaHUI BILIMB CIOJIYK BUBYAJIM B aHAJOTIYHIA CHCTEMI,
MOEIHYIOYM TEPMOCTATYBAHHS 3 ONMPOMIHEHHSAM MPHU JOBXKUHI XBUal 365 uM. [l
1boro OyJ0 BUKOpUCTAHO yibTpadiosieTtoBy nammy mojeni Spectroline ENF-
240/FE. KBap1ioBa KioBeTa 3 MOJICILHOIO CUCTEMOIO OyJia po3MillleHa Ha BiJICTaH1
2 CM BIJI JKEpesia CBITa.

daitnu KpUCTATIYHUX CTPYKTYp JtoJachbkux pekomOiHaHTHUX AXE ta BXE
3 PDB komamu 4EY7 [11] i 4BDS [12], BignoBimHo, OyJO 3aBaHTaXEHO 3
cepBepy RCSB PDB (https://www.rcsb.org) [13]. [TinroroBka eH3uMiB BKIIIOYaIa
BUJIAJICHHS 13 (ailyiiB JiraHaiB 1 mMoyiekysa Bojau. CTPyKTypH alKiid- 1 apui-o-
ketodocdoHnatiB OyJio MAroToBIeHO B mporpami MarvinSketch 5.2.4 Ta
ONTHUMI30BaHO 3 BHUKOPUCTAHHSM HAIMIBEMITIPUYHOTO KBAHTOBO-MEXaHIYHOTO
metony AMI1 B mporpami MOPAC2016 [14]. IIporpamy AutoDockTools 1.5.6
Oy70 BUKOPHUCTAHO [JIsi MiATOTOBKM aimiB mua jgokinry. Kowmm’torepHi
PO3paxyHKH BUKOHAHO 3a J0omoMororo mporpamu AutoDock Vina [15].

Pe3yabTaTu T2 00roBOpeHHs

OuiHKka axKTUBHOCTI alKul- 1 apwi-o-ketopochonarie 06e3 Y-
OTPOMIHEHHS ToKa3aja, o MoHoectepu 1-7 1 miectepu GhochOHOBUX KUCTOT 8 1
9, a Takox BUThbHA kucioTa 10 B koHeHTpalli 50 MKM mpakTUYHO HE BILTUBAIN
Ha aKTHBHICTH XoJiiHectepas. [Ipu 1mpomy iHTiIOyBampbHUN e(EeKT crocTepiraBcs
npy  OMPOMIHEHHI peakiiiHoi cymimn. EdextuBHicth aii  (poToaKTHBHHX
1HT101TOPIB XOJIIHECTEepa3 3ajiexana K Bl MOHO- UM J1€CTEPHOI (POPMU 3aIUILIKY
dbochoHOBOI KUCIIOTH, TaK 1 BiJ MPUPOAU AJTKUILHOTO YU apUIILHOTO 3aMiCHUKA
(Tabm. 1).

MonomermoBuii  ecrep anetwigochonoBoi kucinota (1), BusBHUBCH
dotoaktuBHUM iHTIOITOpoM AXE 1 BXE 31 3Hauennsam 1Csq 8,3 MkM 1 8,7 MM,
BiANOBIAHO. ['pomizakuii 3aMicHUK Oisi1 KapOOHUIBHOI TPYIHU, TaKUil K mpem-
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OyTwibHUN a00 4-mpem-OyTHieHUTbHUN, 3HWKYBAIW (POTO3ATECKHUN BILIUB
noximaux 3 1 4 momo AXE, mo Moxe OyTh 0OyMOBIICHO CTEPUYHHUMU
dbaxTopamu. [Ipu 11boMy BBeJIeHHSI 00’ €MHOT0 apHIIBHOTO (hparMeHTy (CIOIyKH 3
1 4) MeHIlIe BIUIMBAJIO Ha 1HTIOYBaJIbHY 37aTHICTH croyyk oo BXE. MoxinuBo
e 0OyMOBJIEHO TUM, II0 00’€M BHaauWHU akTUBHOTO IeHTpY BXE € Oinbimmm
4yepe3 3aMiHy JESKHX apOMaTHYHUX aMIHOKMCIOTHUX 3aJHIIKIB y CTPYKTYypi
AXE na amidarnyni amiHOKHCIOTHI 3anumiku. Kpim Ttoro, 3amumku Tyr72,
Tyrl24 1 Trp286 y mnepucdepuunomy anionHomy I1eHTpi AXE mnpencrasieHi
amdatnuaumu 3anumkamu Asn68, GInll19 1 Ala277 y crpykrypi bBXE, mio
MOJIETIIYE TOCTYI TPOMI3IKMX 1HT101TOPIB /10 ii aKTUBHOTO IICHTPY.

Taoamnns 1
3nauenHs [Csp (MKM) At ankii- 1 apuii-a-keTopocpoHartinB
K (POTOAKTUBHUX 1HT10ITOPIB XOJiHEcTepa3™

Crnonyka | 1Cso (AXE) | I1Cso (BXE) Crnonyka | 1Cso (AXE) | ICs (BXE)
1 83+2,0 8,7+1,5 6 >50 262+42
2 16,2+2,3 18,3 £4,1 7 >50 >50
3 30,1£3,5 | 17,3+5,7 8 >50 >50
4 >50 19,9 £ 7,1 9 >50 232+7,.2
5 >50 >50 10 8,7+0,9 59+0,6

*3navyeHHs |Csy moaHo SK CepeHe 3 TBOX-TPHOX BIMIPIOBAHb + CTaHIAPTHE BiIXUICHHSI

[3omponinpHuil ecTep S5, a Takok CHOdyku 6 1 7 3 4-propodeHuTbHUM 1
2-TIEHITBHUM 3aMICHHKaMH, a TakoX aiecrepu 8 1 9 mpu xonueHrtpaiii 50 MkM
He BUABIUIM (oTOoakTMBOBAaHOI Aii Ha akTuBHICTH AXE. Cepen Hux mnpu
OMPOMiHEHHI e crmoiayku 6 i 9 cmabo BmmBamum Ha akTuBHICTH BXE 3i
sHaueHHIMH [Csq 26,2 MxM 1 23,2 MM, BigmoBigHo. BinsHa kwmcnora 10
MPOJICMOHCTPYBaJIa CHIBMIpHUN 3 MoOHoecTepoM 1 1HTIOyBajbHUN BIUIMB Ha
XOJIIHECTEPa3H.

3a yMOB eKCIEpPUMEHTY I1HAKTUBallil XOJIHECTepa3 aJKul- 1 apui-o-
kerodochoHaTaMu OMHUCYETHCS KIHETUKOIO TICEBIONEPIIIOTO MOPAIKY. MexaHizm
iHaKTUBAIlli MOXKE BKJIFOYATH YTBOPEHHS HEKOBAJICHTHOTO KOMILUIEKCY (EpPMEHT-
1HTI01TOp 3 KOHCTaHTOIO 1HTIOyBaHHS K;, Ta Hloro mepeTBOpeHHs y HEAKTUBHUMN
TPOAYKT 3 KOHCTAHTOK MIBUIKOCTI Kinae. KOHCTaHTH MIBHIKOCTI TICEBIOMEPIIIOTO
HOPSZIKY, IO criocTepiratoThest (Kops) BU3HAYANN JIJIS TIOXITHUX O-KeTodochoHaty
3 Tta BUTbHOI Kucimotu 10 i3 3amexHOCTI JorapudMy 3aqUIIKOBOT aKTUBHOCTI
€H3UMY BiJ 9acy ocBiTIIeHHs (puc. 24). SIk BuaHO 3 puc. 25, 3HAYHUX BIIXHUJICHD
BiJ JsiHidHOCTI TpadikiB Ky (0€3 BpaxyBaHHsS HE3HAYHO! IHAKTHUBAIll CH3UMIB
KOHCTaHTa Kg) BiJ KOHIIGHTpAIii 1HriOITOPIB,

npu Y ®-onpomiHeHHI,
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BUKOPHCTAHUX B €KCIEPUMEHTI, HE CIIOCTepIiranoch. Lle y3romkyeTbest 3 HU3bKOIO
CIIOPITHEHICTIO 1HTI0ITOPIB A0 €H3MMY, IIPO IO CBIIYaTh TaKOXK €KCIIEPUMEHTH
6e3 Y®-onpomineHHs. Po3paxoBaHi KOHCTaHTH IIBUAKOCTI JIPYTOTO IMOPSIKY
(k2), 1110 MOKYTh OYTH MPEACTABIICHI CITIBBIIHOIICHHIM Kinao/Ki 1 XapaKTepU3yIOTh
e(EeKTUBHICTh TEPETBOPEHHSI €H3UMY B MOro I1HAaKTUBHY (GOpMy, CTaHOBWIU
0,032 MxkM™x™ s cronyku 10 six imakTeBatopa AXE Ta 0,010 MM x8™ i
0,017 MmxkM™x8™" mas crmonyk 3 i 10 sk imaxtuBatopie BXE. 1li 3naucHHs €
CIIBMIpHUMH 31 3HaUYeHHAMHU K, st crionyk 3 1 10 sik poToakTMBHUX 1HTIOITOPIB
riIyTaTioH-S-Tpancdepas [10].

A _ 46 b ) o
& 0.25 A
Too44
>
< 42 0.20
2 E
2 40 8 )
a ~ 0.15 A [o)
E 381 -
g 3.6 A = 0.10 A
g 00
Z 34 1 @1.0MM °
g 02.5 mkM 0.05 | o
2 32 1 m50 MM
30 4ol wM ; : 0.00 &

T T \
0 2 4 6 0.00 2.00 4.00 6.00 8.00
Yac OCBITICHHA. XB [1]. MxM

Puc. 2. KiHetuka rceBaonepuioro nopsaky (A) Ta 3auexxHiCThb Kops Bif
KoHIeHTpallii a-ketodochonary 10 (H) sk GOTOKOHTPOILOBAHOTO IHTIOITOpA
AXE

KoMmm’totepHi po3paxyHKH METOJIOM CIIIOTO MOJIEKYJSIPHOTO JTOKIHTY
OyJ10 BUKOHAHO 3 METOI0 BCTAHOBJICHHS MOKJIMBUX IEHTPIB 3B’ SI3yBaHHS aJIKII- 1
apui-o-ketopochoHaTiB Ha TOBEPXHI XoJiHecTepa3. Mojenb 3B’sS3yBaHHS
MoHoecTepHO1 moxigHoi a-ketodochonary 1 3 AXE (puc. 34) nependavae, 1o
CIOJIyKa 3ailMae ecTepa3Hud calT eH3uMy. AleTWiIbHA TIpylna IHri0iTopa
PO3MILLYEThCSL Y MICLI 3B’A3yBaHHS allETWIBbHOI T'PyNU CyOCTpary 1 OTOYeHa
aMiHokucioTHUME 3aimimkaMu Ser203, Phe295, Phe297, Phe338 i His447. Atom
OKCUTEHY KapOOHUIBHOI IPYIIH YTBOPIOE BOJTHEBHI 3B 530K 3 Ser203, 1Mo BXOIUTh
0 KartamiThyHOi Tpiaaw, Tomi sk (ochonatHa rpyma iuribiTopa Qopmye
BOJHEBUN 3B’S30K 3 aMIHOKUCJIOTHUM 3anmuinkoM 1Yyri24. Ilpu mpomy artom
OKCHTI'eHy KapOOHINBHOI Ipymy po3TalioBaHuii nmpubmus3Ho Ha Bimmami 3,0 A no
riipokcuibHOT Tpynu Ser203, a takox 3aymmmkiB Gly121 ta Gly122, mo pasom 3
Ala204 popmyroTh okcranionHuit xoia AXE.
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Phe338

~ _Phe295

Tyr124 phe297

Puc. 3. Moxusi criocoOu 3B’s13yBaHHs a-keTodochonaty 1
B aktuBHUX IIeHTpax AXE (4) i BXE (b)

Ak 1y Bunagky AXE, MoHoMeTWs10BUM ecTep aneTwipochoHOBOT KUCIOTH
(1), 3B’s3yrouncey B akTuBHOMY IieHTpi BXE, 3aiimae ectepasHuii caiT cH3UMY.
AlleTUIIbHA TPpyIa CHOJYKH PO3TAIIOBYETHCS Y MICII 3B’ SI3yBaHHSA OYTUPUIBHOTO
3QJIMIIKY CyOCTpaTy 1 OTOYeHa aMiHOKHCJIOTHUMHU 3anuinkamu Serl198, Alal99,
Trp231, Phe329, Phe398 1 His438 (puc. 35). Ilpu npoMmy aTrom OKCUTEHY
KapOOHIIBHOI TPynu MoOKe (OopMyBaTH BOAHEBHM 3B’S30K 3 TIAPOKCUIBHOIO
IPYNo0  aMIiHOKUCJIOTHOTO 3ainuiiky Serl98, 1mo BXoauTe 0 CKIady
KaTaMTUYHOI Tpiaau, Ta amiHorpymnorw Alal99. ®dochonarHa rpyna inridiropa
XapaKTEpHU3y€eThCsl BOAHEBUM 3B’SI3KOM sIK 3 Serl98, Tak 1 3 aMiHOTpyIoo
Glyl17, mo pazom 3 Glyl16 Tta Alal99 ¢opmyrors oxcuanionnuit xon bXE.
HabmmxkeHuMu 10 aTroMy OKCHUTeHY KapOOHUIBHOI Tpynu Ha BIACTaHI OJIM3BKO
3 A e rigpoxcunbsna rpyna Ser198 ta aminorpyna Gly117.

OT1xe, MOHOECTEpHI aNKiI-0-KeTohochoHATH BUSIBUINCH (DOTOAKTHUBHUMHU
iarioiTopamu AXE 1 BXE, a nmeski MoHoecTepHi 1 JieCTepHI MOXITHI apui-o-
keroochoHOBUX KHUCIOT TpurHiyyBaiau aktuBHicTh BXE. Ha ocHoBI
KIHeTUYHUX JaHUX pO3PaxOBAaHO KOHCTAHTH MIBHUAKOCTI JAPYroro TMOPSAKY
iHaktuBalii AXE 1 BXE oa-ketodocdonaramu. Pe3ynbratu MoOeNOBaHHA
JIEMOHCTPYBaJIH, 110 MOX1/IHI 0-KeTOPOCHOHOBUX KUCIOT MOXKYTh 3B’ SI3yBaTUCH B
aKTUBHOMY TIEHTpi  XojiHecrepa3. OueBuaHO, Tomanbiia  MoauiIKaIls
opra”iyHoro ckadoyy MoxXigHuX o-KeTohocHOHOBUX KHCIOT, TaK caMo SK 1
OITiIHKA KOHCTAHT IIBHUJIKOCTI 1HAKTHBAIIl MOXKe 3a0€3ICYUTH Bi0Ip MOTEHIIIMHO
010aKTUBHHUX CHOJYK 13 CEIEKTUBHOIO JII€I0 HA BUZHAYEHY MIIICHbD.

Jlocniodicennss 6uKoHaHo 3a (PIHAHCOB0I NIOMPUMKU YLILOBOI NpoSpaAMU
«I panmu HAH Yxpainu oocrionuybkum 1abopamopiam/epynam mMoaooux 64eHux

HAH Vkpainu 0ns nposedenus 00CHiONCEeHb 3a NPIOPpUMEmHUMU HANPAMAMU
po38umKy Hayku i mexuikuy (npoexkmu Ne21/2-2020 1 Ne21/2-2021(2)).
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PREPARATION OF THE CONJUGATES OF CATIONIC PORPHYRIN
TELOMERASE INHIBITORS WITH DEXTRAN CARRIER

Dubey L.V., Kuziv la.B., Negrutska VV.V., Dubey l.Ya.
Institute of Molecular Biology and Genetics of the NAS of Ukraine
dubey@imbg.org.ua

The conjugates of tricationic porphyrin-based telomerase inhibitors, TMP3
and its Zn(Il) complex, with dextran polysaccharide were obtained. Porphyrins
were attached to the polymer carrier via the linker containing the biolabile
disulfide bond. Dextran was modified with cystamine and coupled with carboxy-
functionalized porphrin derivatives using the active ester approach. The porphyrin
loading in various samples of the conjugates was 20-40 umol/g. Inhibitors can be
easily cleaved from the polymer carrier by dithiothreitol.

Keywords: telomerase, inhibitors, porphyrins, dextan, conjugate.

OTpumaHO KOH’IOTaTH 1HTIOITOPIB TEJIOMEpPa3u Ha OCHOBI TPUKATIOHHOTO
noppipuny TMP3 Ta ioro Zn(ll)-xkomiuiekcy, 3 moiicaxapuoM JCKCTPAHOM.
[ToximHi moOpdipuHY TPHEIHAHO IO TOJIMEPHOTO HOCIS 4Yepe3 JIHKEp, M0
MICTUTh 0101a0TbHUN  qucynbdigHuii  3B’s30K. JlekcTpan MoaudikyBaiu
[IUCTaMIHOM 1 KOHJEHCYBaJIM 3 KapOOKCH-(YHKIIIOHATI30BaHUMH TopdipuHaMU
METOJIOM aKTUBOBAaHUX ecTepiB. BMicT mopdipuHiB y pi3HUX 3pa3Kax KOH IOTaTiB
ctaHOBUB 20-40 MKMOJIB/T. [HT1OITOPU JIETKO BIAIICTUIIOIOTHCS Bij MOJIIMEPHOTO
HOCISI AUTIOTPEITOJIOM.

Knrouosi cnosa: Tenomepasa, iHri0ITOpH, MOpPIpUHH, T1EKCTPaH, KOH IOTaT.

Telomerase is a nuclear enzyme, the reverse transcriptase responsible for
the elongation of telomeric DNA to maintain the telomere length. The majority of
cancer cells (80—90 %) are characterized by high level of telomerase activity, in
contrast to normal somatic cells where it is inactive [1]. So this tumor-associated
enzyme is a promising target for modern anticancer therapy [2—4]. Small
molecule telomerase inhibitors usually exhibit the antitumor properties. Direct
inhibitors, including the nucleoside derivatives and some heterocyclic
compounds, target the telomerase itself [2, 5, 6]. Drugs of the other main class,
indirect inhibitors, bind and stabilize so called G-quadruplex (G4) structures of
telomeric DNA which is a telomerase substrate. G4s are specific four-stranded
nucleic acid assemblies formed by the folding of some single-stranded guanine-
rich nucleotide sequences [7]. A variety of compounds, mostly based on large
planar heteroaromatic cores, were reported as efficient G4 ligands [7-9].
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Low-molecular anticancer agents often suffer from low specificity, high
toxicity and poor water solubility. To overcome these drawbacks, the drugs can
be covalently or non-covalently attached to biocompatible carriers, including the
nanoparticles, dendrimers, liposomes or polymers. The conjugation improves the
specificity, stability and bioavailability of antitumor agents and allows their
efficient delivery followed by releasing the attached bioactive compound inside
the cancer cell. In particular, numerous hydrophilic polymers, both natural
(polysaccharides like dextran, hyaluronic acid, chitosan or alginates, polymalic
acid) and synthetic (e.g. polyethylene glycol, poly(hydroxypropyl)methacrylate,
polylactic acid), are currently used for the synthesis of polymer-drug conjugates
[10-12]. The essential phenomenon in tumor biology is Enhanced Permeability
and Retention (EPR) effect, the mechanism allowing the efficient uptake and
accumulation of high-molecular weight substances in tumor tissues. So the use of
nanoparticle or polymer carriers allows the successful delivery of low-molecular
anticancer agents, including the drugs with a limited tumor uptake [13].

Tetracationic porphyrin  meso-tetrakis-(4-N-methylpyridyl)porphine, or
TMPyP, is a well-established telomerase inhibitor with good antitumor properties
[14, 15]. We have previously found that its close tricationic analog TMP3, meso-
[tris-(4-N-methylpyridyl)phenyl]porphine containing the Ph substituent in place
of one N-methylpyridinium residue, and its Zn(ll) coordination complex
Zn-TMP3 are just as active telomerase inhibitors as TMPyP standard (complete
enzyme inhibition at 5-7 uM for all compounds in the in vitro TRAP assay). Both
TMP3 and Zn-TMP3 demonstrated the antiproliferative activity in various tumor
cell cultures with 1Csq in the range 1-7 uM [16]. It should be noted that these,
porphyrins, in contrast to tetracationic TMPyP, can be rather easily functionalized
by introducing the reactive groups at phenyl residue to provide the derivatives
suitable for the conjugation with biomolecules and polymers.

In this research, we have synthesized the conjugates of two telomerase
inhibitors, tricationic porphyrins TMP3 and Zn-TMP3 complex, with dextran, a
natural polymer widely used in pharmaceutics and life sciences as a drug carrier.
The conjugates were obtained by the reaction of amino-modified polymer with
carboxy-functionalized inhibitors under mild coupling conditions.

Dextran is a hydrophilic glucan polysaccharide containing predominantly
a-1,6 glycosidic linkages between glucose monomers. This is non-toxic and non-
immunogenic water-soluble substance highly suitable for drug delivery [17-19].
Its hydroxyl groups can be modified by a variety of methods. A number of small
molecule anticancer agents were covalently attached to dextran, including e.g.
mitomycin C [20], taxol [21], cabazitaxel [22], camptothecin [23], doxorubicin
[24] and other drugs, using various types of conjugation chemistry.

Polymer carrier was modified with aminoalkyl linker containing the
biolabile disulfide bond. Dextran 1 (average MW 40 kDa) was activated with
1,1-carbonyldiimidazole (CDI). The reaction was carried out in warm anhydrous
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DMSO-pyridine mixture, an organic solvent system where this polysaccharide is
sufficiently soluble. O-activation results in the formation of imidazolide that can
smoothly and selectively react with aliphatic amines to form a carbamate linkage.
The CDl-activated polymer 2 was treated with cystamine taken in excess to
minimize the cross-linking of polysaccharide chains by diamine (Fig. 1). The
content of NH, groups in the obtained polymer carrier 3 was ~0.1 mmol/g.

j/ \=N YNH(CHZ)ZSS(CHZ)ZNHZ

Fig. 1. The functionalization of dextran. (i) CDI, DMSO-Py 1:1, 40-45 °C;
(i1) HoN(CH,),SS(CH,),NH, dihydrochloride, Et3N, r.t.

The inhibitors were functionalized with carboxyl groups. Non-metalated
carboxybutyl-modified TMP3 (4a) was synthesized as previously described [25].
The complex 4b was obtained by the metalation of 4a with zinc(ll) acetate in
DMF, according to [26]. These derivatives were used to attach the TMP3 and its
metal complex to the aminated polymer via the active ester approach (Fig. 2).

\FNH(CHZ)ZSS(CHZ)ZNHCO(CH2)4O 7 Ne-me

o
5a,b

a:L=2H; b: L=zn**

Fig. 2. Synthesis of dextran-porphyrin conjugates. (i) BOP, HOBT,
N-methylmorpholine, DMF, 45 °C; (ii) 3, DMF-50 mM sodium carbonate buffer,
pH 8, r.t.
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At the first synthetic step the porphyrin COOH group was activated by the
treatment with benzotriazolyloxyphosphonium coupling reagent BOP in the
presence of 1-hydroxybenzotriazole (HOBT) and N-methylmorpholine base in
dry DMF, and then the activated 4a or 4b was conjugated with modified dextran
3. Coupling reactions were performed in slightly basic aqueous-organic medium.

The final dextran-porphyrin conjugates 5a,b were purified by gel filtration
on Sephadex G-25 support in 50 mM triethylammonium bicarbonate buffer (pH
7.5) containing 3% ethanol to reduce a non-specific binding. After lyophilization,
the products appear as dark green powders.

The UV-Vis spectra of the synthesized conjugates contain the TMP3 or
Zn-TMP3 adsorption bands, with characteristic highly intense Soret band maxima
at 425 and 434 nm, respectively. Dextran carrier has no absorbance in the long-
wavelength UV and visible spectral region. Inhibitor loading in various samples
of the conjugates was 20—-40 umol/g. It was determined spectrophotometrically
using the extinction coefficients of free porphyrins in water (TMP3: €455=2.0-10°
M™em™ [25]; Zn-TMP3: £43,=1.47-10°> M"'cm™ [26]).

The conjugates are well soluble in water and sufficiently stable (no
degradation was observed in 4 months upon dry storage at -20 °C). The inhibitors
are linked to the polymer reversibly; linker group between the carrier and the
inhibitors contains the biolabile S-S bond that can be easily cleaved in the cell by
reducing agents like glutathione. Thiol-mediated reduction of this bond results in
the formation of the pair of thiol components. Indeed, the overnight incubation of
the conjugates 5a,b in 100 mM aqueous dithiothreitol (pH 7.5) led to almost
complete cleavage of both inhibitors from the polymer carrier (Fig. 3). So the
conjugates are expected to release the attached drugs inside the cancer cells.

HO O--
\rNH(CHz)ZSH + HS(CH,),;NHCO(CH,),0-Por
I

Fig. 3. S-S bond cleavage in the conjugates. (i) 100 mM dithiothreitol, pH 7.5, r.t.
Por — porphyrin core

In conclusion, water-soluble dextran conjugates with two porphyrin-based
telomerase inhibitors were synthesized and characterized. Both conjugates were
obtained by the reaction of activated carboxy-modified porphyrin derivatives with
cystamine-modified polysaccharide. The studies of their biological properties,
including the penetration into the cell and antiproliferative activity in vitro, are
currently in progress.
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BU3HAUYEHHSI ABCOJIIOTHOI KOH®IT'YPALIL
JTUTTIPOIHAEHOJIIB METOJJAMUA ®EPMEHTATUBHOI'O
AHAJII3Y TA XIPAJIbHOI BEPX

[Tpucsxurok J.B., Komoasoxkamii O.1.
IncTutyT 6i00praniunoi ximii Ta HadToximii HAH Ykpainu im. B.I1. Kyxaps
a_vot_i_pdv@ukr.net

AOCOIIOTHY KOH(QITypallilo CTepeoi3oMepiB TaJOTeHIUTIAPOIHICHOJIB
BHU3Hauyaau 3a jgornomMoror XxipanbHoi BEPX y moenHanHi 3 (epMEHTAaTUBHOIO
KIHETUYHOIO JiepalieMizalli€elo 3 BUKOpUCTaHHs mpaBuia Kaszmayckaca, a Takox
PEHTICHOCTPYKTYpHOTO aHaiizy. KoOHBepreHTHe 3acTOCYBaHHA JEKiIBKOX
METO/IB MIJIBUIIY€ HAIIAHICTh BU3HAUYCHHSI a0COJIIOTHOT KOH(Iryparii crnomyksl
10 JTOCII1IKYBAIIUCh.

Kmouosi cnosa: ¢epmentatuBHa aepanemisanis, Burkholderia cepacia
lipase, abcomoTHa koHpirypartis, npasmwio Kaszmayckaca, xipanbna BEPX.

The absolute configuration of dihydroindenols was determined with chiral
HPLC in combination with enzymatic kinetic resolution was determined using the
Kazlauskas rule, as well as X-ray diffraction analysis. Convergent application of
several methods increases the reliability in determining the absolute configuration
of the test compounds.

Keywords: enzymatic deracemization, Burkholderia cepacia lipase,
absolute configuration, Kazlauskas rule, chiral HPLC.

[IpeacraBnena podoTa NpUCBAYEHA BUSHAYEHHIO a0COIIOTHOT KOH(DIryparii
BTOPMHHUX CIUPTIB Ha mOpukiIagl 2,3-auriapo-1-H-1HaeHomiB  MeToaaMu
cyMmicHoro BukopuctanHs xipaibHoi BEPX 1 pepMmentatuBHOro ananmisy.

3riHO BUMOTaM YTIpaBJIiHHS 3 CAHITAPHOTO HATJISAY 3a SKICTIO XapuOBUX
npoaykTiB Ta MeaukameHTiB CIIA (FDA) cywacHi dapmmpenapaTd MOXYTb
MaTCHTYBATHUCS, a B 0araThbOX BHITaJKaX 3aCTOCOBYBATHCH JIUIIE B EHAHTIOMEPHO
YUCTIH (PopMi 3 OJHO3ZHAYHO BCTAHOBJICHOIO a0COJIIOTHOIO KOH(Iirypairierw. Tomy
pO3poOKa 3pYyUHUX EKCIPEC-METOIIB Il BU3HAUCHHS a0COJIFOTHOT KOH(Irypaiii
JTUTIAPOIHACHONIB € 0e3MepeyH0 BAXKIUBOIO TPOOJIEMOI0 B TPAKTUYHOMY
BinmHOomeHHl. Jlng BusHaueHHsa abcomroTHOT KoH(irypamii rayores-2,3-
JUTIAPOIHACHONIB MU BUKOPHCTOBYBaJIM ~ MeToau  XxipanbHoi  BEPX,
(bepMEHTATUBHOTO aHaJTi3y Ta PEHTT€HOCTPYKTYPHOTO aHami3y [1-5].

Mertoau OiokaramiTuuHoro mnoaiunry Ta XipanbHoi BEPX marore OGarato
CHUIBHOTO MK co0oro. Hacammepen BoHM 37aTHI mependadnTH, SKUM YHHOM
BiIOYBaTUMEThCS Jepalemizallis BTOPUHHOTO crnupTy. llpu BUKOpHCTaHHI
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xipajapHOi kosoHKH Chiralcell (S)-cupTu MilHIIIE YTPUMYIOTBCS XipajdbHOO
HEPYXOMOIO (ha3010, 1 TOMY MEPIINM ETIOI0ETHCS CIUPT, 10 Mae€ KOH(piryparilito
(R). Ile BimOyBaeTbcs TOMY, IO (S)-BTOPMHHHH CIHPT YTBOPIOE MIIHUI
BOJIHEBHI 3B’S30K 3 XIpaJbHUM IIyKpOM, SIKUW MICTUTbCA B Hepyxomiil ¢aszi. Y
pa3i  QepmeHTaTUBHOI ecTtepudikailii BTOPUHHUX CIHPTIB, KaTali30BaHOL
JinmazaMu, B peakiilo ecrepudikamii mepeBaxkHo Bcrymae (R)-crupr i
yrBoproeThesi  (R)-ectep, a (S)-cnupT 3aMIIA€TBCS  HEMpPOpEaryBaBIIUM,
BHACJIIJIOK YOTr0 peakIliifHa CyMIIll MOK€ OyTH JIETKO PO3JiJIeHa KOJOHKOBOIO
xpomarorpadiero.

VY pesynbrati OyB OTpUMaHHI HempopearyBaBIiwii (S)-2,3-1uriIpoiHACHOI
1 anuIiHgaHo, o Mmae koHdirypamiro (R)-, 3 BUCOKHMM XiMIYHMM BHXOAOM i
BUCOKMM €HAHTIOMEpHUM HamuimkoM (ee). Ilomamemmii tigpoiiz (R)-arwn
JTUT1APOIHACHONY JaBaB IuriapoinaeHon koHdirypanii (R). Takum ynHOM Oynu
orpumMani obuzasa (S)- ta (R)-enanTioMepu rajoreH-1,2-TuriIpoiHeHONIB (pHC.
1,2 1Tab6mn. 1)).

@i? Burkhokderia cepaCIa @i% ®:>

rac-|

)- (R)-I
X= F, Cl, Br
Puc. 1
Br Ilpase ©:>_. @Q By
DAc
rac-(trans) (S) (R)
OAc
—J X
Br lipase @Q mnBr * G Br
—_—
. (s)
OH DAc OH
rac-(cis) (S) (R)

Puc. 2
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Taoaunsa 1
Busnauenns abconroTHOI KOH(Iryparii rajores-1,2 quriIpoiHaeHOTIB:

Crnostyka X Y T'OT COH' :ﬁ;g?::;l [a]o® | t(xBuamn)| BEPX
3 4-F H 100 S +17,09 18,5 ©
4 4-F H 100 R -17,09 15,2 ©
5 5-F H 100 S +17,0? 17,83 ©
6 5-F H 100 R -17,09 14,69 9
7 6-F H 100 S +14,9% 14,1 2
8 6-F H 100 R -15,9 12,8 2
9 4-Cl H 105 S +20,0° | 10,58 9
10 4-Cl H 105 R -20,0¥ 9,24" 9
11 5-Cl H 105 S +28,0Y | 20,03 9
12 5-Cl H 105 R 28,09 | 16,17% 9
13 4-Br H 85 S +19,0Y | 10,58 ©
14 4-Br H 102 R -18,9% 9,24" ©
15 5-Br H 100 S +20,0% 11,2 ?
16 5-Br H 85 R -25,09 9,9 ?
17 4-H 2-Br 113 15,28 | +63,27 18,06 0
18 4-H 2-Br 116 1R2R | -61,5Y 12,43 0
19 4-H 2-Br 103 1S,2R | +61,5% 12,44 9
20 4-H 2-Br 113 1R2S | -53,1% 17,98 9

YmoBu posgisibHoi 3aatHocTi BEPX: xipansna komonka Chiralcel OJ-H
(250*4,6 MM) 13 CEeNEeKTOPOM IIEJI0JIO3U TPHUC(4-MEeTUIOEH30aT), HAHECCHUM Ha
5 mp cuitikarenio)) P CHCls, C = 0,1; Y EtOH; C = 0,1; ¥ Hexan—i-Pr,0) 97 : 3;
¥ Hexan-i-Pr,0-MeOH 95-2,5-2,5; © Hexan-i-Pr,0 97-3; ” Hexan-i-Pr,0 90 : 10;
9 Hexan-i-Pr,O 80 : 20
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Takum uymHOM, ycCi 3pa3ku GTOp-, XJIOp-, OPOMAUTIAPOIHICHOIB Oyiu
po3nineHi Ha (S)- Ta (R)-eHaHTiOMepH, BHJAUICHI Ta OXapaKTepH30BaHi (Pi3uKo-
XiMiuHuMH Metoaamu. [loTim paremiuni Ta eHantiomepHo uucti (S)- i (R)-
eHaHTioMepn Oynu TMigAaHl JOCHIMKEHHSIM MeTogoM xipambHoi BEPX.
[lopiBHSIHHA ~ CTEpPEOXIMIYHUX BIIACTUBOCTEH OTPUMAHUX HAMHU  IUISTXOM
dbepMmeHTaTuBHOTO TIoALTY, XipanbHoi BEPX, a Takox omucaHux y mTeparypi
CTHOJYK TOKa3aj0 OJHO3HAYHICTh BHU3HAYEHb aOCONIOTHOI KOH(]Irypamii B ycix
BUIIAJIKaX.

OTxe, SIK BUIHO 3 JaHUX B Ta0I. 1, pepMeHTaTUBHE KIHETUYHE PO3ALTICHHS
€ HaJIiHUM METOAOM Uil BHU3HAUEHHS aOCOMIOTHOI KOH(Iryparlii BTOPUHHHUX
CIUPTIB Ta aMmiHiB. Pe3ynpTaTé (hepMEHTATUBHOIO KIHETHUYHOTO PO3IIICHHS
MIJTBEP/PKEHI PEHTIEHOCTPYKTYPHUM aHaNI30M yuc- 1 mpaHc-CTEpeoi3oMepiB
2-6pom-2,3-qurinpo-1H-1uaen-1-omis  17-20. 1li cmoiayku MICTSTh BaKKUN
€JIEMEHT — aToM OpoMy, L0 JI03BOJISI€E BHU3HAYUTH KOHPIrypamii HUX CHOJIYK
METOJIOM PEHTTEHOCTPYKTYPHOTO aHai3Yy.
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HOBMIA MIIXIJ 10 CUHTE3Y JU3AMIIIEHUX
7-TEA3ATTY PUH-8-KAPBOHOBUX KUCJOT

Mysuuka JI.B., Bepsec €.B., Apemuyk 1.O., 3inuenko .M., Cmonmniit O.b.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
liubovmuzychka@gmail.com

Po3po6neno HOBu#l miAxia 10 CUHTE3y (YHKI[IOHATI30BaHUX MOXITHHUX
7-neazanmypuH-8-KapOOHOBOI KHUCIIOTH Ha OCHOB1 METui 4-xjop-/H-nipoio[2,3-
dmipumiguH-6-kapOOKCHIIaTy, OTPUMAHOTO 3 JOCTYMHOro 4,6-muxiopomnipu-
MIJIMH-5-KapOabaeriay Ta MeTHITIIIHATY.

Knmiouosi cnosa. T-neazanypunw, mipoiio|2,3-d|mipumiInHu, HKITi3aIis.

A new approach to the synthesis of functionalized derivatives of
7-deazapurine-8-carboxylic acid based on methyl 4-chloro-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylate, which was obtained from available 4,6-dichloro-
pyrimidine-5-carbaldehyde and methylglycinate.

Keywords: 7-deazapurines, pyrrolo[2,3-d]pyrimidines, cyclization.

Po3poOka HOBUX MIAXOMIB /10 CHHTE3y TMEPCHEKTUBHUX O10JIOTTYHO
AKTUBHUX CIOJIYK Ha ChOTOJHI 3aJHUIIAETHCS OJHHUM 13 aKTyaJbHUX 3aBIaHb
Oioopraniunoi Xximii. B ocraHHi poku jgenani Oulbllie yBaru MNPUIUISETHCS
JOCIIJKEHHSIM ~ 130CTepiB  MypuHy (IIPOJIOMIPUMIAMHIB) — MOTEHIIHHUX
MpOTU3ANABHUX, aHTUBIPYCHUX Ta MPOTHUMYXIMHHUX 3aco0iB [1]. OcobnuBoro
3HAYCHHS OCTaHHIM YacoM HaOynmu (QyHKIiOHATI30BaHi mipoo[2,3-d]mipumianau
(7-neazanmypuHun) 3 IPOTHPAKOBOIO Ta MpOTH3aNaibHOW dieto [2, 3]. Hemonasue
cxBajieHHs mpenapatie Ribociclib mist mikyBaHHs paky MOJ04HOI 3a/103H, IO €
ceniekTuBHUM iHTIOITOpoM CDK4/6 kiHa3u, a Takoxx Abivertinib — HoBoro
iHTi0ITOpa THPO3WHKIHA3K perienTopa emigepmanbaoro (akropa pocty (EGFR)
JUISL XBOpPUX Ha HEAPIOHOKIITUHHUNA paK JIETeHIB Ta 3aTBEPIKEHHs 1HTiIOITOpa
sHyc-aconioBanoi kiHasu (JAK) Tofacitinib anms sikyBaHHS peBMaTOiTHOTO
apTPUTy CTBOPWIM TEPEIYMOBH IS PO3POOKHM CHHTETUYHUX MIAXOMIIB [0
OTPUMaHHS CTPYKTYPHUX aHAJIOTIB IMX crionyk (puc. 1) [4—7].

Jlns oneprxkanHs HU3KK 4,7-(GyHKIOHATI30BaHUX MipoJio[2,3-d]mipumianH-
6-KapOOHOBHX KHCJIIOT 3alpOIIOHOBAHO C(PEKTHBHUM CHHTSTUYHUN IMAXIJ Ha
ocHoBi N-ankinmoBaHHS MeTWJIOBOro ecrepy 7H-mipoino[2,3-d]mipumiaua-6-
kapOoHoBoi kuciaotu 3 (puc. 2). Cmig 3ayBakuTH, IO paHime JaesKi
NpEJACTaBHUKUA  7-7ea3anypuH-8-kapOoKkcwiaTiB  OyJiu  OTpUMaHl  HaMH
mukotizamiero ernn  N-amkin-N-(5-hopmin-6-xiopomipumianH-4-in)rminquHaTiB - 3
METHJIATOM HATpito B abcomoTHOMY MeTanou [8—10].
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Puc. 1. [Ipukiagu 610aKTUBHUX MOXITHUX 7-1€a3allypuHy

Cunte3 wmetun 4-xnop-7H-nipono[2,3-d]mipumiann-6-kapOokcuiaty 3
IPOBOJMIM PEAKLIEI0 BHYTPIIIHBOMOJIEKYISAPHOI HMKII3auii  4,6-1uxJIopo-
NipUMIIHH-5-KapOanpaeriny 1 3 METWITIIIUHATOM B METaHOJI 3a KIMHATHOI
TEMIIEpaTypyd B MPUCYTHOCTI TpueTwiaminy (puc. 2). OOpoOka OTpUMAHOIO
7-T1IAPOKCU3aMIILIIEHOTO  7-Jea3amypuH-8-kapOokcuinaTty 2  TIOHUIXJIOPUIAOM
IpuBea J0 IITbOBOTO MPOAYKTY 3 3 BUCOKUM BUXOJIOM.

(of (of OH cl
N HOTHN o BN N7 ® socl, NTRN\
m Z > m N l Z N 0]
N~ ~Cl MeOH, rt N N o reflux N H
1 2 3

Puc. 2

BuBuenns  B3aemomii  metun  4-xjop-7H-mipono[2,3-d]mipumiguH-6-
KapOokcuiaTy 3 3 aJIKeHUT(aTKiHUT)OpOoMiJlaMU 3a HassBHOCTI KapOOHATy I€310 B
TUMETWIPopMaMil a0  MOXJIMBICTb OTPUMATH Psii HOBHX TOXIIHUX
niposio[2,3-d]mipumianH-6-kapOoHOBOT  KUCIOTH 4, M0 MICTATh alKiUIbHI
3aMICHUKK Ol aTomMa a3oTy MipoiabHOTO Kutblld (puc. 3). Ckian Ta OymoBa
CUHTE30BAHUX CIOJYK MIATBEPIKECHI pe3yibTaTaMU €JEMEHTHOTO aHami3y, a
TAKOXK JAHUMH XPOMATO-Mac-CIIeKTpiB, criektpis SIMP *H i °C.

3amiHa atoma xJopy B 7-ankiamiposo[2,3-d]nipumignHax 4 Ha 3ajIMIIKHA
am@aTHYHNX aMIiHIB YA METOKCUTPYIy TMPUBOIUTH JO YTBOPEHHS MOXITHUX
7-neazanypuH-8-kapOoKcuIaTy /7, JIy)KHUM TiJIpOJII30M SKUX OTpUMaH1 HEBIJOMI
pauiire 4,7-pyHKiioHaxi3oBaHi mipoio[2,3-d]mipumianH-6-kapOOHOBI KUCIOTH 6
3 Buxogamu 73-88 %.
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Jns  cunTedy 3,7-3amimieHux  miposio[2,3-d]mipuminnH-6-kapOoHOBUX
KHCIIOT 6-XJ0p-7-nmeazanmypunn 4 Oyiau TepeTBOpeHi B MeTun 4-o0kco-4,7-
nuriapo-3H-niposo[2,3-d[nipuminuna-6-kapookcuinat 5 kum’stinaaM B 50 %
OLITOBIM KHCIJIOTI. AJKUTIOBaHHS CHOJYK O ali(paTUYHUMH OpoMiaMHd TpH Ali
MOTaIly SIK OCHOBU B IUMETHJI(POpMaMifii 3 HACTYITHUM T1APOII30M Ti1IPOKCUIOM
JITIFO Jajgo 3Mory oTpuMatu psa  3,6,7-QyHKIIOHATI30BaHUX  MOXITHUX
niposio[2,3-d|nipumianHy 8 3 BACOKMMHU BUXO/IaMHU.

Opnepxani kapOOHOBI KHCIOTH 3 (parmeHTomM 7-nmeazamypuny 6, 8
NPEJCTaBISIIOTh  IHTEpEeC SIK  TMEPCIeKTHBHI  CHOMYKH Ui MOAAIBIINX
[IJICHAMPABJICHUX CUHTE31B.

TakuM dYMHOM, Ha OCHOBI JOCTYIHOTO 4,6-IHXJIOPOIPUMIINH-5-
KapOanbAerixy po3poOieHuil mpocTuili e(peKTUBHUN MIAXIA [0 CHHTE3Y pIAy
TUQYHKIIOHATI30BAHUX ~ MOXIAHMX  MipoJjo[2,3-d]mipumianH-6-kapOoHOBOT
KHUCJIOTH, TEPCINEKTUBHUX OyaiBEIbHUX OJOKIB B PO3poOIl HOBUX O10JOTTYHO
aKTUBHHX CITOJIYK.
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KJIACUDIKAIIMHI MOJEJII BIIUBY CTPYKTYPU PEUOBUH
HA MIOKA3HUKHU iXHbOI'O IPOHUKHEHHS I'EB IS TACUBHOI
TU®Y3II TA TPAHCIIOPTY 3 P-TJIIKOITPOTETHOM

L2Kocinchka I'.I1., 2OruivueHKo JIM., 1H1HpHKaJIOBa A.O,,
"Bypaina S1.®., *Apremenxo A.I'., ’Ky3smin B.€.
' OptechbKnit HAIOHATBHII MEIUYHHI YHIBEPCHTET
? dizuko-ximiunnii inctutyT iM. O.B. Boratcekoro HAH Ykpainnu
nikang@ukr.net

Po3po6ieno anexkBatHi kiacudikamiiiai QSPR  momemi it omiHkH
napaMeTpiB MPOHUKHEHHST PeYOBHH Yepe3 rematoeHredaniuauii 6ap’ep (FEB) —
HaJIe)KHOCTI 10 ki1acy BBB+/BBB- (To6To nponukae peuoBuna yepe3 ['Eb uu He
IPOHHUKAE), a TAKOXK € CIOIyKa cyocTparoM P-riikonpoteiny/necyoctparom. s
yCiX MOJeNel OI[IHEHO poOacHICTh Ta MHPOTHOCTHYHY 3HaTHICTh. IIpoBeneHo
Gb13UKO-XIMIYHY Ta CTPYKTYpHY 1HTeprpeTaiito nmodynoBanux QSAR moxenei.
O1miHeHO BIUIMB TaKuWX BaxJMBUX (akTopiB, sk JninodiuibHicTh LOGP 1 BomHa
po3unHHICTH LOGSW Ha pe3ynbTaThl Kiacudikarlii 3a mooy10BaHUMA MOCIISIMH.,

Knrouosi cnosa: remaroennedaniuauii 6ap’ep (I'Eb), QSPR, cummnekche
NPEACTABICHHS MOJEKYJISpHOi cTpykTypu, BBB+/BBB-, P-rmikomnporein,
Random Forest.

In the present study the adequate QSAR models have been developed for
estimating the parameters of penetration of substances through the blood-brain
barrier (BBB) - belonging to the class BBB + / BBB-, substrate P-glycoprotein /
non-substrate. Robustness (stability) and predictive ability have been assessed for
all models using cross-validation procedures. Physico-chemical and structural
interpretation of the obtained QSAR models was carried out. The influence of
such important factors as lipophilicity (LogP) and water solubility (LogSw) on
the results of classification according to the developed models was analyzed.

Keywords: Blood-brain-barrier (BBB), QSPR, simplex approach,
BBB-+/BBB-, P-glycoprotein, Random Forest.

I'ematoennedamiunuii  6ap’ep (I'Eb) € HalBaxIUBIIUM CYyAWHHUM
Oap’epoM y tieHTpanbHiil HepBoBiit cuctemi (IIHC), skuii 3axummae MoO30K Bij
IIKIIJIMBUX PEYOBUH, IO IUPKYJIIOITh Y KPOBOHOCHOMY PYCIi, 1 BOJHOYAC
3a0e3nevyye HOoro HeOOXiTHUMU KOMIOHEHTaMU AJi1 (DYyHKLIOHYBaHHS MO3KOBHX
cTpykTyp. BuBueHHsi nponukHocTi 4yepe3 I'Eb HeoOXimHO sSIK 1Jii CTBOPECHHS
HOBHX JKapchbKux 3aco0iB, 1 skux [{HC e OiomimenHto, Tak 1 1js1 po3poOKu
e(peKTUBHUX MUIIXIB Tepamii 3aXBOPIOBaHb TOJOBHOTO MO3KY (XBOopoOu
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[Tapkincona, AubIreiimepa, 1HCYJbTY, paKy MO3Ky Ta 1H.). MOXIUBICTb
IIPOTHO3YBaHHs MapaMeTpiB MpoHUKHEHHs peuoBuH uepe3 ['Eb moxke cyTTreBO
palioHalli3yBaTH MOIIYK CHENU(PIYHUX JIIKapChKuX 3aco0iB. JIJIsi BUpILICHHS
Takux 3aBaaHb wmertomu In  Silico, 3okpema, QSAR/QSPR € wHaiOuIBm
MIPUNHSITHUMU.

Meroto gaHOrO JIOCHIIKEHHS OyJio MPOBEICHHS aHalli3y B3a€MO3B’S3KY
MK HaJEXKHICTIO pedoBHHHM 10 kiacy BBB+ a6o BBB-, 106TO mnponmkae
peyoBuHa uvepe3 I'Eb um He mpoHMKae, a TakoX 4YM € CIOIyKa cyOcTpaTom
P-rnikonpoTeiny, 4u Hi.

O06’extamu nocmimkeHHs Oynu Tpu BuOipku: Cl — mepmra BuOipka, sika
ckinaganacs 3 319 cnonyk 3 BuMipsiHOIO NpoHUKHIcTIO yepe3 ['Eb Ha ocHoOBI
noka3nuka LogBB, cepen sikux 177 nponukarots (BBB+) 1 142 He nmpoHUKaOTh
(BBB-) uepe3 I'EB/. Ilpu 1ipoMy, citij 3a3HAYMTH, IO I[i CIIOJIYKH MPOHHKAIOThH
TOJIOBHMM YWHOM IIIsIXoM macuBHOi audysii. C2 — agpyra Bubipka — 192
CIOJIyKH, cepen sikux 96 cyoctpatiB («1») 1 96 HecyOctpatiB  («0»)
P-rnikonpoteiny; Tpers BubOipka C3 — 0aza manux 3 614 pi3HOMaHITHUX
OpPraHIYHUX CHOJYK, Cepell SIKMX MepeBa)KHAa YacTHHA — II€ MOTEHIINHI 1 BIIOMI
JiKapcehki npenapaTtd. JB1 mepiri BUOIPKM BUKOPHUCTOBYBAJIHUCS JJisi MOOYIOBU
QSPR wmopnene#t i, OCKUIBKM B JIaHOMY BHMAJAKYy MPUCYTHsS i1HGOpMAIIis 1070
HaJEXKHOCTI CIOJIYK J0 IIE€BHOTO Kjacy, B 000X BHIIaJKax BUpINIyBajacs
kinacuikamiitna 3amaga. Bubipka C3 BukopucTOBYBajacs IJsi MOJAJIBIIOTO
NporHo3y nokasHukiB npoHukHeHHs ['EB. ITndopmanito mono BUOIpoOK CHONYK,
110 JOCJIIKYBaINCh, BUKIaaeHo Ha caiti http://surl.li/bxwng.

Jlist Beix cmomyk BHOIpOK OysiM po3paxoBaHi CTPYKTYpHI MapaMeTpu 3a
JOTIOMOTOF0 CUMILTEKCHOTO MeToay SiRMS [1], mo 06a3yeThcst Ha CUMILIEKCHOMY
MIPEICTABICHHI MOJICKYJISIPHOI CTPYKTYPH, Yy paMKax SIKOTO KOXHa MOJIEKyJia
NPEJCTABISIETECA Yy BUTIAAI CHCTEMH PI3HMX CHMILUIEKCIB — MOJICKYISIPHUX
¢bparmeHTiB (ikcoBaHOi OynoBM Ta Tomojorii. Ilpu mpomy, audepeHuiroBaHHS
aTOMIB Y CHUMIUIEKCAX 3IHCHIOETHCS HE JIMIIE 33 iXHIMU MITKaMH (CHMMBOJIAMU
aTOMIB), @ i HA OCHOBI PI3HUX (DI3UKO-XIMIYHUX BJIACTUBOCTEW aToOMiB. Y naHii
poboTi audepeHIiais aToMiB MPOBOAWIACA HAa OCHOBI TaKUX TOKa3HUKIB:
YaCTKOBUM 3apsii Ha aromi, JNOQIIbHICTh, €JIEKTPOHHA MOJIAPU3YEMICTD,
3IaTHICTh aTOMYy BHCTYNATH JOHOPOM/AKIENTOPOM MOTEHIIHHOTO BOJHEBOTO
3B’SI3KY (QTOMU JUISITHCS HA TpH Tpynu: A — akmentop, D — goHop rigporeny y H
— 3B’s3Ky, | — iHaudepeHTHuid aToM), mpUpoaa aToOMIB, €JIEKTPOHETraTUBHICTD,
BaH-JICP-BaQIbCOBI BIAMITOBXYBAHHS 1 IPUTSDKIHHS.

Po3paxyHOK CTpYKTypHHX JECKpUIITOpIB TpoBoauBcs Ha 2D-piBHI
MIPEJICTABICHHS MOJEKYJISPHOI CTPYKTYPH, KOJU BPaxOBY€ETHCS JIUIIE TOMOJIOTIS
MOJIEKYJIM, TOOTO Bcs iHdopMairisi 6epeThesi 31 CTPYKTYpHOI Gopmymu. Moaeni
2D-QSPR € HailOUIbII TONMYJSPHUMU B JIOCHIDKEHHSAX «CTPYKTypa —
BJIACTUBICTHY.
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3a 10MOMOTI 010 CTaTUCTUYHOTO MeToAy BunaakoBoro Jicy (Random Forest)
Oymu moOynoBani knacudikanitni RF-moneni M1 ansa Bubipku Cl 1 M2 ans
BuOipku C2, BiANMOBIIHO. SIK BHAHO, MOOYIOBaHI MOJENl XapaKTEPU3YIOThCS
JOCTAaTHHO aJICKBATHUMHU CTATHCTUIHUMH ITOKa3HUKaMu (Taour. 1).

Taoaunsa 1
CratuctuyHi XapakTepucTuku mooynosanux RF-moneneit M1 ta M2
CraTucTuyH1 XapaKTepUCTUKU RF-monens
M1 | M2
touHicTh (ACC) 0,85 | 0,83
crietudiunicTh (SPC) 0,83 | 0,81
gyTauBicTh (SEN) 0,86 | 0,86
30aaHcoBaHa TO4HICTh (BA) 0,85 | 0,83
koedimienT xkopemnsiii Merero (MCC) | 0,74 | 0,72

Hocmimpxeni BuOipku Cl 1 C2 MaroTh 45 cOUIBbHUX CHOJYK. Y pe3yibTaTi
anami3y ¢parmenTiB 3 npoHukHicTi0O 'Eb Ta 3B’s3yBanHsAM 3 P-riikonmporeinom
HE BUSBJICHO YITKOT TEHJICHIIIT MK BHECKaMH (parMeHTiB (puc. 1).

CF3.
0.3~

0.2 -

al-COOH
0.1- COOHe @ @Phenol
. c=0 al-F
CONH (acyclic) g ® ..Ph

ar-OHg ¢ al-NH
0.0- ®CONH, elon >

P-ra1 (cyberpar/mecyGerpar)

-0.4 02 0.0
BBB+/-
Puc. 1. CepenHiii BHECOK (pparMeHTiB, OllIHEHUH 3a MojensiMu M1 1 M2,
K1 TPAIUTSITUCS IIIOHalMEHIIe 7 pa3iB B 000X Habopax JaHuX

Jlesiki rpynu, Hanpukiaj, KapOOKCUIIbHI, 30UIbIIYIOTh IIAHC 3B’SI3yBAHHS
CHOJNYKH 3 P-riikompoTeiHOM, 1 BOJHOYAC BOHM MAalOTh IIOTaHy IACUBHY
NPOHUKHICTh. OTXKe, CIOIYKH, IO MICTATh TakKi TPYIH, MOXKYTh MaTH 3HIKEHY
nponukHicTe I'Eb uepe3 obuasa daxrtopu. Inmn rpynu, taki sik CFs;, MoXyTh
MOCWJIIOBATH MAacWBHY AUQY3iF0 1 OJHOYACHO 301IbIITYBaTH WMOBIPHICTH
BUILITOBXYBAHHS CIOJYKH Ha3aJl y KpoBOTIK. [[ns O6aratbox (parmeHTiB (pizuko-
XIMIYHA 1HTEpHpeTalis MoJeel ae ayKe Majl 3HauYeHHs, TOMY aHaji3yBaJUCs
BHECKU JIUIIEe HaWO1IbIl Baromux ¢parmeHtiB (puc. 2). HeraTuBHHMI BILIUB
(parMeHTIB 3 reTrepoaToOMaMy Ha NMPOHUKHICTh ' Eb MOXKHA MOSICHUTH HAsIBHICTIO
BOAHEBOTrO 3B’A3Ky. llosutuBHmii BrumB rpynu CF; Ha 3B’a3yBaHHsA 3 P-
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[JIIKOMIPOTETHOM, IMOBIPHO, TIOB’S3aHUM 13 CIHPUATIUBUMHU TipodhOOHUMU
B3a€MO/IISIMH.
Mogeas M1

0.1-

00- -

Bl BB s3acvonii
-0.1-
eleKTPOCTaTHKA
Mogear M2 JIOHOp/AKIENTOP
0l H-3B'a3KY
I I ninodinsHicTh
00- - -
-0.1-
1 1 1 1 ! ! !
o = g
= =
: 808 1 & & ¢
2 Z 2 £ B
E o = = =
ke

Puc. 2. Cepenniii pi3uko-xiMIYHUN BHECOK HAWO1IbII BIUIMBOBUX (PparMeHTIB,
oliHeHu# 3a moxaensMu M 11 M2

Jist  oTpuMaHHsS ~ OUIBII  «ONYKJIOD»  KapTHUHM  B3a€EMOJINA, IO
TOCITIKYBaIHCh, po3podseHi QSPR moxmeni M1 1 M2 Oynu BUKOpHUCTaH1 IS
pO3paxyHKy 3HaueHb MOKa3HUKIB NpoHukHeHHs ['Eb mia 614 cnomyk BUOipKH
C3. 3a gomomororo 3HakoBoro koeoimienta acomiamii (KA) [2] Oymno 3po6ieno
KUIBKICHY OLIIHKY 3arajJbHUX TEHACHIIN Kiacudikaiii MoJIeKys 3a MoaensamMu M1
1 M2. Po3paxoBana BenmnuuHa KA = -0,35 cBimuuTh npo aHTIOATHHI XapakTep
3B’SI3Ky IHMX JBOX KiIacH(ikaiiil, MO IJIKOM 3pO3yMUIO: PEUYOBUHHU, SIKI €
cyOcTpatamu P-riikornporeiny He MoxyTh npoxoautu depe3 ['Eb. 3a nammmu
po3paxyHkamu I1ei (QakT BUKOHYEThCS B 92 % BumankiB (8 % — mommiika
nporuody). Hepenuka aOcomtorHa BenuunmHa KA Takoxx 3po3ymina  —
Oe3mocepeIHbO TMOB’sI3aHl TIMBKKM Kiacu: 1 (+) — cybcrpatu P-TiikonpoTeiny 1
0 (-) peuoBuHH, 1110 HE TPOoHUKAIOTH yepe3 I'EB. JIs iHIINX BUITAIKIB MO€IHAHHS
KJIaC1B MOXe OyTH JOBUIHLHUM.

VY nmaniii poOOTI MH CKOPUCTAIHCS PO3pPOOJICHOIO paHIlie EKCIEPTHOIO
cucremoro «LipSol» mis mpornosyBanHs JinodineHocTi LOGP  (TimpodoOHi
B3a€EMO/Ii1) OpraHiYHMX PEYOBHMH 1 iX BOAHOI po3unHHOCTI (LogSw) (mosspHi
B3aemo/Iii, BoaHeBi 3B’ s13ku) («LipSol» BukiameHo va caiti http://surl.li/bxwni) i
po3paxyBajy Il MOKa3HUKHU 1l BCix 614 monexkyn BuOipku B3. O1iHeHO BIUIMB
LogP 1 LogSw Ha pesynprat kiacudikarii 3a mogemsimu M1 1 M2, Ha puc. 3
MpEACTaBJICHO JiarpaMmy CHiBBigHOIIEHHs 614 cnonyk ©6a3u 1O Ppi3HUM
[IOKa3HUKaM NPOHUKHEHHs pedoBuH depe3 ['Eb, 110 BuBYarOThCs, y KOOpAUHATAX
LogP i1 LogSw. Ha giarpami npuBeeHo JIiHii 3 BIAMOBIIHUMH iM PIBHIHHIMH, SIK1
B11I00pakyroTh KOpAOoHM Mk kiacamu — Bl momzo BBB+ 1 BBB-, B2 mono
P-gl = 1(cybctpar) i P-gl = 0 (He cyOcTpar).
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B1 logSw 3|OgSW + 4|OgP -3=B1
B1>0 - BBB+
B1<0 - BBB-

logP

2logSw + 3logP + 4 = B2
8250 > P-gl =0 6
¥2<0 2>Pgl=1 ;

Puc. 3. CniBBigHOLIEHHS MOJIEKYJ Mk kinacamu: BBB+ 1 BBB-;
P-rn =1 (cyberpar) i P-r1 = 0 (He cybcrpar)

SIk BUAHO 3 puC. 3, cHONyKH, siki mpoHHKaroTh yepe3 ['Eb (kmac BBB+),
TOJIOBHUM YHWHOM, 3HaxonaTbcsi B obnacti: 2 < LogP < 6; -5 < LogSw < -1.
Cy0ctpatu P-riikonpoTteiny 3Haxoasatbes B 00sacti 0 < LogP <35; -6 < LogSw <
-2. Beepeauni HIkHBOI 00nacTi nepetuny npamux jdiHid W1 1 W2 3naxoautscs
HEBEJIMKA KUIBKICTh MoJIeKyn (8 % Bim yciei 0a3u JaHux), 0 MOMUIIKOBO
kiacugdikoBano 1 sk BBB+, 1 sik cybctpatu P-rimikonpoteiny. [Hdopmariis mono
LogP 1 LogSw mosxe BUKOPUCTOBYBATHUCS JJIsl TIOTIEPEHBOT, TPUOJIMU3HOI OI[IHKU
HAJIEKHOCTI CHOJYK JI0 TOTO YW 1HIIOTO KJacy 3 TOYKH 30py MPOXOMKEHHS iX
yepe3 ['Eb i/ abo B3aemozii 3 P-rimikonpoTeinom.

Takum ymHOM, TTOOYT0BaHO aJIeKBaTHI KiaacudikarmiitHi Mojesi, Ha OCHOBI
AKUX TPOBEACHO TMPOTHO3 TNEBHUX KJIACIB CHOJYK [JIsl  BIAMNOBIIHUX
BJIACTUBOCTEH, a TakKOoX 3pOOJEHO TOPIBHSUIBHUM aHami3 (parMeHTiB, IO
COpUsIIOTh a00 MepenKoXKaTh NpoHUKHEHHIO Yepe3 ['Eb. Bussneno, mo
HASIBHICTh Y MOJIEKYJIaX aTOMIB — MOTEHIIAIbHUX JOHOpiB/akienTopiB H-3B’ 513Ky,
MOJIIPHUX 3aMICHUKIB TEPENIKO/KA€ MPOHUKHEHHIO, a HAsBHICTh T1ApohoOHMX
(dparMeHTiB, HaBIIaKW, CHpHUs€ NMPOHUKHEHHIO cnoyiyk yepe3 ['Eb. Bnacmimok
31CTaBJICHHS JBOX MPOTUJICKHUX (DAKTOPIB, 110 BIUIMBAIOTH Ha MpoHUKHEHHS [ Eb
— mno¢iIbHOCTI MOJEKYJ Ta iX BOJHOI PO3YMHHOCTI, BAAJIOCS BU3HAUYUTH
ONTHUMAJIbHI CMIBBIIHOIIECHHS IMX (hakTopiB moa0 nepetuny ['EB.

Jlitepatypa
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4. P. 1365-1392.
2. JlyopoBckuii C.A. IlpukinamHoii MHOTOMEPHBINM CTaTUCTUUECKUN aHAIM3.
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CHHTE3 MOJIEKYJISIPHUX NIHIETIB
HA OCHOBI JU(4-®JIABOHOJIL)AMIHY
JUISI IETEKIIT AT® Y BOJJHUX PO3UMHAX

Menbnuk f.A., [luBoBapenko B.I'.
KwuiBchkuii HarlioHaIpHUN yHIBepcHUTET iMeH1 Tapaca [lleBuenka
melnik.silly@gmail.com

Po3po6ieHo Ta CHMHTE30BaHO HOBHMM MOJICKYJISIPHHUM TIHIIET Ha OCHOBI
nu(4’-pnaBononin)aminy 3 N-METUIBHOIO aMIHOTPYNOIO  SIK  JIIHKepa —
MOTEHIIMHUN (PIIyOpPECIEHTHHI 30HA I BU3HA4YeHHS KoHIeEHTpamii ATD y
BOJTHUX pO3UMHAaX. [Tinibpano YMOBH peakirii KOHIeHcalll
o-T1IpoKcHarieTo)eHOHIB 3 BIAMOBIIHUMHU AlajbAEriiaMu, B Pe3yibTaTl SKOi 3
BHUCOKHMH BHXOJAaMH CHHTE30BaHl Oic-XaJIKOHW. 3HaWIE€HI ONTHUMAJILHI 4acoBl
O0OMEKEHHS OKHCHOI TeTepOLUKIII3aIlll Oic-XaJIKOHIB y 3-T1APOKCU(IIABOHH.

Knwouosi cnosa: dnaBonon, wmonekyiasipHuil miHuer, AT®, oxucHa
TeTEPOLMKIII3AIIS, XaTKOH.

New molecular tweezer based on di(4-flavonolyl)amine with N-methyl
amino group as a linker was developed and synthesized as potential fluorescent
probe for determination the concentration of ATP in agueous solutions.
Conditions for the condensation reaction of o0-hydroxyacetophenones with
corresponding dialdehydes, as a result of which bis-chalcones are formed with
high vyields, are estimated. The optimal time constraints of oxidative
heterocyclization of bis-chalcones to 3-hydroxyflavone have been found.

Keywords: flavonol, molecular tweezers, ATP, oxidative heterocyclization,
chalcone.

Anenosuntpudochar (ATD) — TroNOBHE JDKEpENO eHeprii, 1o
0e3nocepeIHbO0 BUKOPUCTOBYETHCSI OpraHizMoM. [[s BU3HAUEHHS KOHIICHTpAIlil
AT® po3pobieHo YMMarao METOJMIB, BAXKIMBE MICIE Cepea SKUX 3alMaroTh
MOJIeKYJIsipHI  uryopectienTHi miHnetd [1]. Jauwmit meton Qmyopumerpii €
MEePCIIEKTUBHUM, HE3BaKAIOUM HAa HasABHI JI0CI NpoOJeMU Yy 3aCTOCYBaHHI:
HEJIOCTATHIO CeNeKTUBHICTH moa0 AT® nporu iHmmx Hykimeoszundocdaris [2].
[Hmra x mpobGyema mojsrae y po3MMpeHH] aiama3oHy KoHieHtparii ATO, saxi
cmia BuszHadath [3]. OcranHs mnpoOnema Oyrna BupilieHa 3 JOTOMOTOIO
dbnaBoHompHuX 30HAIB [4]. Came Tomy po3poOka HOBUX 3a OyI0BOIO
MOJIEKYJIIPHUX MIHIETIB, K1 O BUPIIIMIM ICHYHOY1 TPOOJIEMH, € NMEPCIICKTUBHUM
HANPSIMKOM JTOCIT1KEHb.
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Ockinbku Mosiekysna AT® 3a GiosoriuHux 3HaueHb pH € TetpazapspkeHuM
aHIOHOM, TO OLIBIIICTh 30HIIB (Y TOMY 4YHCII — MOJEKYJISAPHUX MIHIIETIB)
30piEHTOBaHa HA €JEKTPOCTATUYHI B3a€EMOJIIi Ta 3JATHICTH JO T-T Ta G-G
ctekiary 3 AT®. Came TOMy 3aCTOCOBYIOTHCS METAJIOKOMIUIEKCHI CTPYKTYpH 3

. 3+ 2+ 2+ . . . . .
kationamu Ga’, Cu” [5], Zn°" Ta HITPOr€HOBMICHI JIraHAX 3 KaTIOHHHUMH
LICHTPaMH aJIKiIaMOHII0, iIMiZa30J1110 Yi Tpuasomiio [6-7] (puc. 1).

—N +

(5] (6] [7]
Puc. 1. [Tpuknanu ¢uyopeciieHTHUX 30H11B 1Jid Bu3HaueHHss ATD

Hamu Binkputo HOBHM HampsMok y po3pobmi ATd-30HmiB — mOXigHI
¢naBoHONMy. 3a pPaxyHOK BHMCOKOI YyTJIMBOCTI iX (uyopecueHUii A0 MpUpOaU
MOJIEKYJl OTOYEHHS, IIOB’S3aHOI0 3 SBUIUEM BHYTPILIHbOMOJEKYJISIPHOTO
MepeHeceHHs] MPOTOHY Tipu (Poto30ykeHHi [8]. IlepeBaroro ¢daBoHOMIB, SK
(bIyopeciieHTHUX 30H/IB, € BUCOKA CEJIEKTUBHICTD iX ()IIyOPECIIEHTHOI BIMOBIII
Ha 3B’s13yBaHHA 3 AT®, BUpaKEHOi y MOsAB1 HOBOI IHTEHCUBHOI CMYTH y CHEKTI.
OpauH 3 Takux 30HAIB, a came 3-Tiapokcu-4'-(mumerunamino)diason (FME) Oys
YCHIIIHO 3aCTOCOBaHMM 1Jisi MOHITOpUHTY AT® y mitoxonapiax [9]. Ilepmuii 3
oTpuMaHux (paBoHOJbHUX TIHIETIB [10] Bke Moka3zaB uyyAOBl pe3yJbTaTH MIOA0
mex BusiBiecHHS AT® Ta uyrtnuBocTi y mopiBHstHHI 3 30H10M FME [4].

bynoBa MoONEKyJISpHUX IIHIETIB MPOEKTYEThCA TakK, 00 13 3aJaHOIO
EHEPri€l0 MIKMOJIEKYIISIPHUX B3aEMOJIIM YTPUMYBATH «TOCTS» B 30H1 3B’ I3yBaHHS
(MHIETY». 3 MeTOW 30UIBIICHHS €HEeprii B3a€MOJI aHAIT-30HJ MU
MPOMOHYEMO HOBUM MOJIEKYJISIPHUN MIHIET 13 KOPOTKUM JIHKEPOM, SIKUN
3a0e3nedye 30uIbIIeHUN adiHITET 10 aHANITY 3aBASKM OOMEKEHIM KUTbKOCTI
MOKJIMBUX KOH(oOpMariii y po3unHax. 3a HAIIMMU YSBICHHSIMH YTBOPEHHS
koMmruiekcy 3 AT® mae 3abesnedyBaTv m-m CTEKIHT 3 JI0JATKOBOKO (pikcarliero
KOMIIOHEHTIB 3aBJSKM BOJHEBUM 3B’S3KaM 4Yepe3 MOJIEKYJIH BOJIU MIXK
dbochatnumu rpynamu AT® Ta rifpoKCHIbHUMU rpynaMu 30HAY (puc. 2). Tyt
CTEKIHT XpPOMOHOBUX sifiep 30HAY 3 afeHiHOBUM 3aiuiikoM AT® 3abe3neuyeThes
THYYKICTIO KOH IOTOBaHOI CHUCTEMH, KA YMOXJIMBIIIOE€ BUKPHUBJICHHS IUIAHAPHOI
KoH$popmartii peniny 10 20° 6e3 BTpart eHeprii ko rorari [11].
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Puc. 2. CTpykTypa 3anpornoHOBaHUX MOJIEKYJISIPHUX ITIHIIETIB Ta 3MOICITOBAHUN
komruieke 3 AT® (po3paxoBaHo metogom AMI)

CuHTE3 MOJIEKYJISIPHOTO MIHIETY BUKOHAHO HACTYITHUM YHHOM (pHC. 3).

o]

OH

NaOH,EtOH/H,0
Mel, KZCO3 DMF, POCI3 r.t, overnight

OH 0]
DMF, 60° c 8h 120 C3h o — )\dl\
X
50
OH

2(98,5%) 3 (95%)

7a (2%)

KOH,EtOH/H,0
r.t, overnight

KOH, H,0,

H,O, r.t.

I
O " D @V LISV AP S
= OH
DMF, rt., A
(o] (o] (0] (o]

overnight

6 (89%) 7b (92%)

—| e

8a: R— -H, (33%)
8b: R = -CO,H (Not obtained in pure state)

Puc. 3. Cxema cuHTE3y HUTHOBUX MOJIEKYJISIPHUX MIHIIETIB

TakuM 4YMHOM, HAMU CIPOEKTOBAHO CTPYKTYPY (PIIyOpECLEHTHOTO 30HIY
TUIY «MOJICKYJIIPHUNA TIHLET», 10 Ma€e OOMEXKEeHY KUIbKICTh KOH(popmarii y
po3unHax. CHHTE30BaHO HOBHUW MOJIEKYJISAPHUN MIHIET CHPOEKTOBAHOI
CTPYKTYpU Ha OCHOBI au(4 -(aBoHoia)aMiHy 3 N-METHIHLHOIO aMIHOTPYIIOK SIK
aiakepoM. Iligibpano ymMoBHM peakiii KOHAEHCAIli O-T1ApOKCHaleTOPEHOHIB 3
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BIIMOBIHUMHU JiajbJeTiIaMu, B pe3yJibTaTi SIKOi 3 BHCOKMMHM BHXOJaMU
CHUHTE30BaHI 6Hic-XaJIKOHH.

ExcnepumenTtanbHa yactuna. N-memun-ou(4,4’-cpopminghenin)amin 3.
o 14,3 t (0,2 monp) numetundopMamiay TpH OXOJOHKEHHI JTHOJAOM J0AI0Th
13,8 ma (0,15 monb) okcuxiyopuny docdhopy (V) ta BuMimyoTh roauny. o
yTBOpeHOTO ocany npukanyiTs 18,3 r (0,1 monp) cnonyku 2 y Smin [IM®A Ta
rpitote 120 °C 3 rommuum. Ilicnsg BWIMBAIOTH CyMINI y JIiJ Ta E€KCTPAaryrTh
€TWJIALIETATOM, CyIIaTh CYJb(aTOM HATPII0 Ta BUIAPOBYIOTH PO3UYMHHHUK I
BakyyMoM. OTprMaHe YOpHE Macjo €KCTParyrTh FenTaHoM, (GiUIbTPYIOTH depes
[Iap CUJIIKareio Ta BUIAPOBYIOTh, OTPUMYIOUH KOBTI Kpuctanu. Buxim: 22,7 r
(95%). 'H SIMP (400 MHz, Chloroform-d) & 9,87 (s, 2H), 7,81 (d, 4H), 7,17 (d,
4H), 3,47 (s, 3H). **C SIMP (126 MHz, Chloroform-d) & 190,5; 152.,4; 131,5;
130,6; 120,3; 40,1. M+(XI): ouikyBaHuil 239, BusBneHui 240.

(2E,2E)-3,3-((N-memunazanouin)-oic-(4,1-penunen))-oic-(1-(2-
2iopokcugpenin)npon-2-en-1-on) 7a. J1o 10 ma 50 % BOAHO-CIIUPTOBOTO PO3UUHY
TIIPOKCUTy HATPIIO JM0Aal0Th 5,7 T (42 MMOIIb) O-TIAPOKCHAIIETOPEHOHY MpH
OXOJIOJIPKEHH1 B JIbOJsIHIM OaHi Ta 1HTEHCUBHOMY mepeminryBaHHi. Yepe3 10
XBUJIMH 10Aai0Th 5 T (20 MMOJIB) Jlanbaeriay 3 Ta 3adullaloTh Ha Hid. Peakiiiay
CYMIIll TIIKUCIAIOTH 10 HEUTpaabHOI peakilii, a OTpUMaHuii ocaa (PUIBTPYIOTh.
[licis dYoro TpPOBOASTH KOJIOHKOBY  XpoMarorpadiro  JTUXJIOPOMETAHOM.
OTpUMYIOTh TEMHO-4epBOHi KprcTami. Buxix: 200 mr (2%). *H NMR (500 MHz,
Chloroform-d) 6 12,97 (s, 2H), 7,97-7,88 (m, 4H), 7,63 (d, 4H), 7,58 (s, 1H),
7,55 (s, 1H), 7,50 (t, 2H), 7,14 (d, 4H), 7,03 (d, 2H), 6,95 (d, 2H), 3,46 (s, 3H).
C NMR (126 MHz, Chloroform-d) & 193,53; 163,59; 150,05; 145,06; 136,16;
130,28; 129,49; 128,22; 120,59; 120,18; 117,73; 40,06. M"(XI): ouikysanuii 475,
BUsIBJICHUI 476.

(E)-3-(3-(4-((4-gpopmingpenin) (memun)amino)penin)axpunoin)-4-
2iopokcuben3zoiina kucioma 6. B xonOy nacumnarots 240 mr (1,3 MMoIb)
3-aneTun-4-riapokcnoeH30MHoi kuciaotu, 220 Mr (4 MMOJIb) TIIPOKCHAY KaJlifo
ta 10 mi Boau. Po3uunsirors 160 Mr (0,65 mmoins) miansaeriay 3 B 10 mut eranomy
Ta MPWINBAIOTh B KOJOY. PeakuiiiHy cyMill 3aJlMIIatOTh Ha HiY NMpPU KiMHATHIN
temriepatypi. Po3unH miaKucaAioTh (OCHOPHOIO KUCIOTOK JO0 TOBHOTO
BUMAJIIHHS Oocaxy Ta QuibTpyroTb. Ocall KpUCTaNi3ylOTh 3 KPHUXKAHOI OLITOBOI
KHCIIOTH 1 OTPUMYIOTB CBIiTIO-4epBOHi KprcTami. Buxis: 240 mr (89 %). 'H SIMP
(400 MHz, DMSO-d6) 6 9,82 (s, 1H), 6 8,56 (s, 1H), & 8,06 (d, 1H), & 7,92 (d,
2H), 6 7,83 (m, 2H), 6 7,78 (m, 2H), ¢ 7,29 (d, 2H), & 7,18 (d, 1H), & 7,10 (m,
2H), & 3,43 (s, 3H). °C SIMP (126 MHz, DMSO-d6) & 190,6; 166,6; 152.5;
149,00; 144.,4; 136,1; 132,3; 131,3; 130,9; 129,9; 128,3; 123,5; 121,9; 117,9;
116,9. M*(XI): ouixyBanwuii 401, BusBnenuii 402.

3,3-((2E,2’E)-3,3"-((memunazanouin)-oic-(4,1-peninen))-oic-(axpoin))-
oic-(4-ziopoxcubenzouna xucnoma) 7b. B xonOy nacumatore 100 mr (0,25
MMOJTb) XankoHy 6, 44 mr (0,25 mmonb) 3-areTmn-4-riIpoKCuOCH30MHOT KUCITIOTH
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ta 120 mr (1 Mmonb) mpem-6yTunary kaiiro. JlogaroTe 5 M1 tuMetTriigopmamiay
Ta BUMIIIYIOTh Hi4. [licis pO3YMHHHMK BHIAPIOIOTH, 3aJMBAIOTh OCaJ BOJAOIO Ta
MIJKUCIAIOTE BOAHY (ha3y GochopHOIO KHUCIOTOI0 Ta (MUIBTPYIOTH ocai. [loTiM
KPUCTATI3YIOTh 3 KPHKAHOI OITOBOi KHCIOTH Ta OTPUMYIOTH TEMHO-YEPBOHI
kpuctamu. Buxin: 130 mr (92 %). 'H IMP (400 MHz, DMSO-d6) & 8,54 (s, 2H),
0 8,05 (d, 2H), ¢ 7,85 (d, 4H), 6 7,79 (m, 4H), & 7,17 (d, 4H), 8 7,07 (m, 2H), 6
3,85 (s, 3H).
2,2-((N-memunazanouin)-oic-(4,1-gpeninen))-oic-(3-2iopoxcu-4H-

xpoman-4-on) 8a. Jlo pozumny 10 % BOAHOTO PO3YHMHY TIAPOKCUIY KaIIO
nonaroTh 0,2 T XankoHy, po3urHeHOro y 10 mur eranomy. Ilicas momaroTe 5 mut
30 % BOAHOTO PO3UMHY MEPEKUCY BOJHIO Ta 3aJMINAIOTH MEPEMIIIyBaTUCh HA 2
TOJMHH, a MICHS HIAKUCISIIOTH COJSHOIO KUCIOTO Ta (GUIBTPYIOTH ocal. Buxin:
68 mr (33 %) 'H NMR (500 MHz, DMSO-d6) & 9,473 (s, 2H), 8,201 (d, 4H),
8,090 (d, 2H), 7,761 (m, 4H), 7,479 (t, 2H), 7,291 (d, 2H), 3,450 (s, 3H)."*C
NMR (125 MHz, DMSO-d6) & 172,95; 154,87; 149,00; 146,00; 138,74; 133,92,
129,41; 125,17; 124,91; 121,83; 120,26; 118,72; 118,70; 46,01. M*(XI):

ouikyBaHuil 504, BusiBinenuit 504.
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OIIIHKA IN VITRO IPOTUPAKOBOI AKTUBHOCTI HOBUX
2-APNJI-4-APJICYJIB®OHLJI-5-RS-1,3-OKCA30JIIB

Hemumuyk b.A., 3s6pes B.C., Kupnos B.B., bposapeis B.C.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpaiau
brovarets@bpci.kiev.ua

JlocmikeHa TPOTUIYXJIMHHA AaKTHUBHICTH HOBHUX 4-apuicyibdonin-1,3-
OKCa30JIiB 3a JIOTIOMOI'0r0 0HOPa30Boi 103U (10 uM) HartioHaIbHUM 1HCTUTYTOM
paKy BIIMOBIIHO JO HOTo BJIACHOTO MPOTOKONY CKpUHIHTY. Cepen 1ux CIONyK
2-[4-(4-xmopodenin)cynbdonin-2-penin-1,3-okcazon-5-in|cynbdanin-N-(2,4-
TMMeTOKCH(dEeHT)areTaMi/lT BUSBUB HaWBHIIY aKTUBHICTH 11040 JiHIH SNB75 1
SF-539 cybnanenmi paky LHC, 2-[4-(4-Opomodenin)cynbdonin-2-denin-1,3-
OKCazoi-5-u1]cynbdaHiianeraMiyy  Ma€  HAWBUILY  aHTUIpoJiepaTuBHY
aktuBHicTh Tpotu HOP-92 cybOmanen HeApIOHOKIITUHHOTO paKy JIETEHb,
N-(4-eroxcudenin)-2-[2-penin-4-(4-metmndenincynbdonin)-1,3-okcazomn-5-
u1]cynbdanis-aneramia NposBIsiE MUTOTOKCHYHY akTUBHICTH monao NCI-H226
nignaneni paxky JjereHb. Anamz COMPARE mnokazaB, mo cepenni rpadiku
JOCIIIJKEHUX CIOJIYK MaroTh CJIa0Ky a00 MOMIpHY MO3UTHMBHY KOPEJSLI0 13
CIOJTyKaMHU 3 BIJIOMHM MEXaHi3MOM NPOTHUIYXJIMHHOI aKTUBHOCTI, IO CBIIYHTH
npo ix cneuudiyHicTh. ILli CHOAYKM MNPOAEMOHCTPYBAIM MNPOTUIYXJIUHHY
aKTUBHICTh TPOTH PI3HUX OKPEMHUX JIHIA PaKOBHX KIITHH, IO JA€ 3MOTY
pO3TIIAIaTH X, SK CHOJYKH IS TOMANBIIMX TOTIHOJEHUX TOCHIKEHb Ta
CHUHTE3y HOBHX 4-apuicynbhoHin-1,3-moXITHIUX OKCa30dy 3 MPOTUITYXIHHHOIO
aKTHUBHICTIO.

Knrwouosi cnosa: 4-apuncynbdonin-1,3-okca3onu, CHHTE3, TPOTUITYXJINHHA
AKTUBHICTb.

The anticancer activities of the all the newly synthesized compounds were
valuated via single high dose (10 uM) by the National cancer Institute according
to its own screening protocol. Among these compounds, 2-[4-(4-
chlorophenyl)sulfonyl-2-phenyl-oxazol-5-yl]sulfanyl-N-(2,4-dimethoxyphenyl)
acetamide exhibited the highest activity against lines SNB75 and SF-539 of the
CNS Cancer subpanel present in Glioblastoma and Gliosarcoma, respectively,
exerting a cytostatic effect. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-oxazol-5-
yl]sulfanylacetamide has the highest antiproliferative activity against the HOP-92
(carcinoma) of Non-Small Cell Lung Cancer subpanel, while N-(4-
ethoxyphenyl)-2-[2-phenyl-4-(p-tolylsulfonyl)oxazol-5-yl]sulfanyl-acetamide
exhibits cytotoxic activity against NCI-H226 (pleural mesothelioma) the Lung
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subpanel. The COMPARE analysis showed that the average graphs of the tested
compounds have a weak or slightly moderate positive correlation with
compounds with a known mechanism of antitumor activity, suggesting its
specificity. These compounds demonstrated the anticancer activity against
different individual cancer cell lines which makes it possible to consider it as a
leading compound for further in-depth studies and synthesis of new
4-arylsulfonyl-1,3-derivatives oxazole with antitumor activity.
Keywords: 4-arylsulfonyl-1,3-oxazoles, synthesis, antitumor activity.

BpaxoByroun BupakeHy MPOTUITYXJIMHHY aKTUBHICTH apriiokcaszoiis [1-8],
MU CHHTE3yBalM HOBI 4-apwicynbponina-1,3-okcazomn D (Cxema 1), mns
JTOCTIDKCHHST X MPOTUIYXJUHHOTO edekty. Buximaumu cromykamu € N-((1-
apuicynbhoHin)-2,2-nuxiopoBidin)amingn [9], ski nmpu aii cynbdigy HaTpiro
NEPETBOPIOIOTHCA B TIOKETEHOBI MPOMIXKHI NMPoaAyKTH B. OcTaHHI HUKII3YIOTHCA
B MPHUCYTHOCTI TPUETHIIAMIHY 3 YTBOpPEHHSIM aMoHito 1,3-okcazon-5-tionatiB C,
Akl He OylIM BUAUICHI B I1HAMBIAYaJbHOMY CTaHI Ta BUKOPHCTOBYBAJIUCS B
PO34MHI €TaHOJY JIJIsl OTPUMaHHA KIHIEBHUX croJiyk D.

SO,Ar?
SO,Ar SO,Ar N 2
HN Na,S HN‘< Et;N 1/« \ -,
Ar1—< cl > Ar1—§ G > AT N7 TS (HEL
O Cl o S
A c
B
RHIg
SO,Ar?
I
/
Ar1/ko SR
D

Ar'=Ph, 4-MeC¢H,; Ar’=Ph, 4-MeC¢H,, 4-FC¢H,, 4-CIC¢H,, 4-BrCH,;

R= Me, Et, Pr, i-Pr, Bu, i-Bu, Bn, CH,C(O)Ph, CH,C¢H,Me-4, CH,C¢H,F-4, CH,C(0)C4H,Cl-4,
CH,C(O)NH,, CH,C(O)NHC¢H,;, CH,C(O)NHC¢HF-4, CH,C(O)NHC(H,OEt-4,
CH,C(O)NHC¢H;(OMe),-2,4, CH,C(O)NHC4H;Me,-2,4

Cxema 1

Cunre3oBaHl NoxigHlI okcazony D nmocmimxyBanmucss Ha HPOTUITYXJIUHHY
aktuBHICTh B Hamonansnomy inctutyTi paky NCI, berecna, Mepinenn, CIIA B
paMKax TepaneBTU4YHOI mnporpamu po3Butky DTP. IlaHens KIiTUHHOT JiHIL
3amisyia 3aragoM 60 pi3HMX KIITUHHUX JIHIA TyXJWH JIOAWHU, OTPUMAaHUX BiJl
JIeB’ATH THUIIIB paKy, TaKUX SK pakK JIETCHIB, TOBCTOI KHIIKH, HUPOK, SEYHUKIB,
MO3KY, MOJIOYHOT 3aJI03U, MEJIAHOMY, JICKEMI1I0 Ta MPOCTaTy.
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Oxkpemi KJIITHHHI JIIHIT BUSBWIM XapaKTePHY YYTIUBICTh 0 CUHTE30BaHUX
cnonyk. CIMHAAIATh CIOAYK Mald HU3bKY TOKCHUHICTH 3 MPUTHIYEHHSAM POCTY
JOCITIDKEHUX KIITUHHHUX JIiHIM MeHie, HDK Ha 50 %. CiMm crnosyk 1HTi0yBayu
pict Ha 51-60 % Big OonHIET 1O TPHOX KIITUHHUX JIiHIHN, 10 AKUX HanexaTs A498,
HOP-92, T-47D, SNB-75, SR, NCI -226, SF-539, UACC-62 i HCT-116.
Cnonyku D13, D14, D21, D23, D27 1 D29 (puc. 1) noka3zanu 3HayHe 1Hr10yBaHHS
(= 70 %), ame xoxxHA JUIIE TSI JSSIKUX KIITUHHUX JIHIN, 0 HAJIEXKaTh JI0 PaKy
I{IHC, nereHiB, s€YHUKIB, HUPOK a00 TOBCTOT KMk (Tadu. 1).

T T
N s \ S SO,CH4F-4
NHCgH,F-4 NHCgH,OEt-4
/« \ 64 /4 \ 64 '}‘ \ NHCgH,OEt-4
Ph s Ph S /4
o S Ph S
o) o 0 N
D13 D14 b21
S0,CeH,Cl-4 S0,CgH,Br-4

802C6H4BI’-4

N
M NHCgH3(OMe),-2,4 Ni NH 71
Ph/ko S/\\( Ph/QO\ s/\ig 2 Ph/ko S/\‘g
D27

NHCgH,F-4

(0]

D23 D29

Puc. 1

Taoanua 1
JlaH1 CKpUHIHTY Ha OAHY 03y HalOUTbII aKTUBHHUX CIIOJIYK MIPOTH JIIHIH
nyxyuHHAX K1iTaH Jroanan NCI-60

Cancer cell subpanel
Compound :
Lung CNS Ovarian Renal Colon
HOP-92
D13 (79)
D14 NCI-H226 SF-539 HCT-116
(121) (82) (76)
SF-539 HCT-116
b2l (93) (78)
SNBY75 (102)
D23 NCI-226 (98) SF-539 (100) - RXF393 (84)
D27 HOP-92 (95) | SNB-75 (90) - 786-0 (74)
D29 HOP-62 (72) U251 (77) | OVCAR-8 (71) | 786-0 (79)

Takum unHOM, cnonyka D23 mposiBiisie HAMBUILY aKTUBHICTH IIOJO JIIHIN
SNB75 ta SF-539 cybnaneni paky HHC, npucyrnix y rmio0nactomi Ta
IJ110CapKOMi, BIJMIOBITHO, BUSABJISIIOUN IuTOCcTaTHYHUN edekT. Crionyka D27 mae
HaliBuIly aHTUnpoiidepaTUBHY aKTUBHICTh mpotu cybmanem HOP-92
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HEJIPIOHOKJIITUHHOTO paky JereHb, Toil sk D14 mnposBiase HUTOTOKCHYHY
aktuBHICTB 070 NCI-H226 cyOnaneni paky jereHb.

AHami3 CTPYKTYypH Ta aKTUBHOCTI MMOKA3ye€, 110 TaJOr€HYyBaHHS p-TOJLIBHOT
rpynu (cnonyka D21) ycyBae nurotokcuuHicte D14 mono minii NCI-H226 1
3amina N-(4-etokcupeniny) B D21 mna N-(2,4-gumeroxcudenin) D23
BIHOBJIIOBAB JIMIIIe aHTUIIpoJiipepaTuBHY akTUBHICTH 110,10 NCI-H226, 6113bKy
no 1mrToctatmyHoi. OCTaHHS 3aMiHAa TaKOXX CYIPOBOKYBaiacs IOSBOIO
UTOCTaTUYHOI akTuBHOCTI D23 mpotu minii SNB75. 3aranom, QyHKIioHami3aris
4-apuncynbdoHin-1,3-okca3omiB  pi3HUMH 3aMiCHUKaMH 3MIHIOBaja  JIMIIE
YYTJIMBICTh HEBEIUKOI KUIBKOCTI PI3HUX KIITHHHUX JIHIA B 5 3a3HAYCHHUX
MIITaHESIX.

Pe3ynbpTaTy MOpiBHSAIBHOIO aHali3y MOAIOHOCTI TOCHIIKEHUX MapaMeTpiB
MPOTUIYXJIMHHOI akTUBHOCTI crnoiayk D14, D23, D27 ta D29 3 Bimomumu
CTaHJAAPTHUMH TPOTUITYXJIMHHUMH 3ac00aMu, HassBHUMHU B 3araJbHOOCTYITHHX
0a3ax ganux NCI, HaBeneHi B Ta0nuii 2.

Taoauus 2
CuniseigHomenHs crangaptHux areHTiB COMPARE mis cnonyk D14, D23 1 D27
. Correlation .
Compound Correlating drug coefficient Reported Mechanism(s)
Glsg
Intercalates DNA and stimulates DNA
D14 Morpholinodoxorubicin 054 topoisomerase I-induced cleavage at specific DNA

sites [10]. Its active microsomal metabolites
alkylate DNA [11]

Inhibits estrogen sulfotransferase, a progesterone-
D23 4-Nitroestrone 3-methyl ether 0.50 induced secretory endometrial enzyme which
affects estrogen receptor levels [12]

Tamoxifen reduces DNA synthesis by inhibiting
. the binding of estradiol to estrogen receptors, as
Nitroestrone : : -
D27 Tamoxifen 0.48 well as acting on a number of signal proteins
(calmodulin, protein kinase C, phospholipase C,
phosphoinositide kinase, P-glycoprotein) [13]

TGl

Bleomycin causes oxidative damage to DNA,
D14 Bleomycin 0.34 leading to single-strand and double-strand breaks
and G2 cell cycle arrest [14]

Ftorafur inhibits thymidylate synthase during the

D23 Ftorafur_ 0.47 pyrimidine pathway involved in DNA synthesis
Bleomycin [15]
Dihydrolenperone inhibits the growth of lung
D27 Dihydrolenperone 0.50 cancer cells [16]. The mechanism of molecular
action is not found in the available literature.
LCso
D14 Bleomycin 0.34 See above
Mitoxantrone intercalates into and crosslinks DNA,
thereby disrupting DNA and RNA replication. This
D23 DHAD (mitoxantrone) 0.51 agent also binds to topoisomerase |1, resulting in
DNA strand breaks and inhibition of DNA repair
[17]
Diaziquone selectively alkylates and cross-links
D27 DHAD 0.47 DNA at the 5'-GNC-3' sequence, inihibiting DNA
Diaziquone (AZQ) ' replication, inducing apoptosis, and inhibiting

tumor cell proliferation [18]
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VYci BeKTOpH JOCHIKEHUX CHOJIYK MarOTh CJIa0Ky MO3UTHBHY KOPEJISIIiIO
31 CTaHAAPTHUMH CHOJYKaMH, IO CBIIYUTH MPO Te€, IO NEpepaxoBaHi BHUIIE
MEXaHI3MH MPOTUIYXJIMHHOI i CTaHJAPTHUX CIOIYK HE € OCHOBHUMHU IS
JTOCITIKEHUX CHOJyK. KpiM TOro, BUCOKA CEIEKTUBHICTh CHHTE30BAHUX CITOJIYK
M0 BIJHOIICHHIO 0 OKPEeMUX KJIITHUHHHUX JiHIN, IIBUIIIE 3a BCE, CBITYUTH PO X
BIUIMB Ha crenudiuHi MOJEKYJISApHI MEXaHI3MH, a00 BiIIrparoTh MPOBIIHY POJIb
JIVIIIE B )KUTTEBOMY IIUKJII1 IIUX JIHIH.

Takum uyMHOM, OYyJI0O CHHTE30BaHO HOBY cepito 4-apwicyibdonin-1,3-
OKCa30JIiB Ta JOCIIKEHO iX MPOTUIYXJMHHY aKTHBHICTh. Cepesl HUX HalO1IbII
aKTUBHUMHU BusiBIiMCh crnonyku D14, D23 1 D27, sxi mponeMOHCTpyBasiu
MPOTUNYXJMHHY aKTUBHICTh MPOTHU PI3HUX OKPEMHUX JiHIA PaKOBHUX KJIITHH, IO
Ja€ MOXKJIMBICTh PO3IIIANATH 1X SK TMEPCIEKTHBHI CIOIYKH JUIS TMOJAJIBIINX
MOTJUOJICHUX JOCIHIJKEHb Ta CUHTE3y HOBHUX 4-apwiCylb(OHUIBHUX MOXI1THUX
1,3-0kca30i1y 3 IPOTHITYXJIMHHOIO aKTUBHICTIO.

Mu nsxyemo HarmionaneHOMY iHCTUTYTY paky, Bethesda, MD, CIIA, 3a
OLIHKY IN VItr0 NpOTHUMyXJMHHOI aKTHMBHOCTI B pamkax IIporpamu
TEpaneBTUYHOTO PO3BUTKY Ta Enamine Ltd 3a marepianbHO-TEXHIYHY MiATPUMKY.
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CHUHTE3 5-AMIHO-2-TTAPOKCUMETN.I)-1,3-OKCA30JI-4-
KAPBOHITPWUJIIB TA IX XIMIYHI IEPETBOPEHHS

1Mep>1<I/I€BCLKI/1ﬁ 1.0., a6mukin O.B., ’[IleBuenKo H.M.,
*Bomnomentok M.A., 'Bposaperis B.C.
! IncturyT Gioopraniunoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Vkpainu
? KuiBchKnil HanioHanbHuit yHiBepcuTeT iMeni Tapaca IlleBdenka
3 VYuiBepcurer OtraBu, Kanana
daniilmer19@gmail.com

CunTe30BaHO HOBI 2-T1IpoKcHUMETHI-1,3-0Kca30H, K1 OyJI0 MepeBEACHO Y
anpaeriin Ta uigu gocdopy. BianmosinHi anpAeriav OyJid BBEIEHI y PEaKIIiio
KOHJCeHcamii 3 6-rimpokcubeH3zopypan-3(2H)-onoM, a imigu dochopy — y
peakiiito Birrira 3 6eH3ab1eriIoM.

Knrouosi cnosa: 1,3-okca3onu, KOHASHCAIS, peakilis BiTrira.

New 2-hydroxymethyl-1,3-oxazoles were synthesized, which were
converted into aldehydes and phosphorus ilides. The corresponding aldehydes
were introduced into the condensation reaction with 6-hydroxybenzofuran-3(2H)-
one, and the phosphorus ilides were introduced into the Wittig reaction with
benzaldehyde.

Keywords: 1,3-oxazoles, condensation, Wittig reaction.

Ha puc. 1 300pakeno cunte3 2-rigpokcumerni-1,3-okcasomis 5a-b, ski
OyJI0 OTpPHMAaHO JIYXKHHM TiIpojiizoM ectepiB 4a-b. BuxigHow CHOIYKOMO IS
olepkaHHA oOkca3odiB 4a-b Oy aumxmopoaneronitpun 1, sSkuié  crodatky
MEePEeTBOPIOBAIM B akpwioHITpwi 2. OcCTaHHIA TpH aIiIIOBaHHI 2-XJIop-2-
OKCOeTHJ arieTaToM JaBaB eHaMmij 3. [Ipu oOpoOili cnosyku 3 IUMETHUIaMiHOM
abo MOpQoJIHOM Yy TPHUCYTHOCTI TPHUETUIAMiIHY BiIOYBA€ThCS OKCa30JIbHA
IIUKJTi3a1lisl 3 YTBOPeHHsM ectepis 4a-b [1-2].

» ClI Cl NR4R
W)\NH2 > %N)H NR{Ry — S 1Rz
Cl
2

OAc

NR4R,: a - gumetunamix, b - mopdonin
i - AUl KCN, 18-KpayH-6; ii - 2-xnop-2-okcoetun auetart, EtsN; iii - HNRR,, EtsN

Puc. 1
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Ha puc. 2 npencrasieno okucHeHHs 3a CBepHoM crupTiB 5a-b. Otpumani
anpaeriny 6a-b BBommM B peakmiro koHmeHcarii 3 6-rigpokcuOeH30(ypaH-
3(2H)-oHOM 3 YTBOPSHHSIM OKCa30J1iB 7a-b.

NC
CN - CN . N N NR4R5
1
N \
Nl/\giNR1R2 > |/\g7NR1R2 — HO (e} (0]
o 0 —
8
OH
5a-b 6a-b (0]

7a-b
(a-80%, b-70%) (a-80%, b - 73%)

NRR; a - aumeTnnamiH, b - mopdonin
i - okcanin xnopug, AMCO, Et3N; ii - 6-rigpokcnbeHsodypaH-3(2 H)-oH

Puc. 2

Ha puc. 3 300pakeHO niepeTBOpPEeHHS crUpTiB 5a-b y dpocdoniesi com 8a-b
yepe3 MPOMIKHI HecTablIbHI XjopoMeTHabHi croyku A. Comi 8a-b BBoanim y
peakiiito Birtira 3 OeH3ajbJIeriioM Ta OTPUMYyBalIM CTWIbOeHU 9a-b y omHii
KOH(piryparii.

CN B CN T CN CN
R . N _ N
N i N ii AN iiii /\$7
5 SN ' N 5 ULy S
o o ° ©
Cl \
OH e | BPhs Bh
5a-b 8a-b 9a-b
A
(a-68%, b - 55%) (a-90%, b -48 %)

NR4Ry; a - aumeTtunamin, b - mopconin
i - SOCI,, nipuauH; ii - PPhs; iii - 6eH3anbgerig

Puc. 3

Panime Mu npeacTaBwiIM MiAXiA A0 CHHTE3y CUMETPUYHHUX JAU3AMIMIECHUX
CTCHIB 3 OKCa30JIbHUMHU ()ParMEHTAaMHU 1 ONHUCANH ii CIIEKTPaIbHI BIACTHBOCTI [3].
Jlo Takux cmoyiyk BimHOCUThCA OapBHMK 10. A 3a momomoroiro wmetony,
MPEACTABICHOIO0 Ha PHUC. 3, MOXHA OTPUMYBATH HECHUMETPUYHI aHAJOTH, e
OKCa30JIbHUH (hparMeHT 3aMiHEHUN Ha OEH3€HOBUM, HANTPUKJIAA, criodyka 11.
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Puc. 4

Takum ymHOM, OYyJI0O CHMHTE30BaHO HOB1 Z2-TiApokcuMeTui-1,3-okcazonw,
K1 micis moaudikariii 6ysio BBeIEHO B peakilii KoHaeHcarli 1 Bitrira.
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PREDICTION OF THE SCORING FUNCTIONS OF MOLECULAR
DOCKING FOR FLAVONOID INTERACTION WITH SARS-COV-2 AND
SARS-COV TARGETS BY MEANS OF QSAR MODELING

Muratov V.N., Ognichenko L.M., Kuz'min V.E.
A.V. Bogatsky Physico-Chemical Institute of the NAS of Ukraine
norr2013@gmail.com

Adequate 2D PLS QSAR models were developed for prediction of the
estimated scoring functions of molecular docking of flavonoid derivatives with
active SARS-CoV2 and SARS-CoV target sites. The simplex information
approach SIRMS(IF) was used for molecular modeling of the compounds under
study. Physico-chemical interpretation of the constructed QSAR models have
been performed. It was determined that the greatest influence on the binding of
flavonoid molecules to SARS-CoV2 and SARS-CoV targets was exerted by
electrostatic factors — 55 % and 67 %, respectively.

Keywords: molecular docking, QSAR, SIRMS (IF), SARS-CoV2,
flavonoids.

Po3po6neno amexBatHi 2D PLS QSAR wmoneni ans mporHO3yBaHHS
OIIIHIOBAJILHUX (DYHKIIM MOJIEKYJISIPHOTO JOKIHTY TOXIIHUX (JIaBOHOIMIB 3
aktuBHUMH caiitamu mimenet SARS-CoV2 1 SARS-CoV. Jlns MonekyisipHOTO
MOJCIIOBAHHSA  JOCHIDKEHUX  CIOJYK  BHUKOPHUCTOBYBABCS  CHMILICKCHO-
inpopmariiani miaxia SIRMS(IF). IIposeaeHo ¢i3nko-XiMidHy THTEpIpETALIi0
nodynoBanux QSAR wMopeneit. BussiaeHo, 1m0 HaWOLIBIIMKA BIUIMB HA
3B’sI3yBaHHA MOJeKyn (uaBonoiniB 3 wmimensmu SARS-CoV2 1 SARS-CoV
MaloTh €JIEKTPOCTATUYHI YNHHUKH — 55 % 1 67 %, BIANOBIAHO.

Kmiouosi crosa: monexynsapuuii jokiar, QSAR, SIRMS (IF), SARS-CoV?2,
(bh1aBOHOITH.

In December 2019, one of the largest pandemics of the 21st century, caused
by the SARS-CoV?2 virus, began in Wuhan, China. This highly contagious and
dangerous disease has already caused more than 6.30 million deaths and has
forced the world's health care system to work overtime. SARS-CoV?2 virus has an
airborne pathway, making it possible to get infected through air currents,
handshakes, surfaces, etc. Also, the SARS-CoV2 virus often causes pneumonia,
which leads to a severe course of illness. An earlier strain of this virus, SARS-
CoV, caused an outbreak of SARS pneumonia back in 2003, causing about 800
deaths. Current immunoprophylaxis does a poor job of preventing the spread of
new strains of coronaviruses due to their rapid mutation, making an intensified
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search for new antiviral drugs necessary. Algorithms for solving such problems
using information technologies, one of which is molecular docking, are gaining
popularity. Modeling the interaction between the main protease SARS-CoV2 and
flavonoids, which are effective antiviral agents, is a relevant direction. However,
such calculations are often time-consuming and computationally expensive.
However, if docking results are already available for a particular set of molecules
(a training set of ligands), they can be used for building corresponding 2D QSAR
models. If such models are adequate and have good predictive ability, the further
calculation of the estimated scoring functions for new molecules (virtual
screening) is greatly simplified. Actually, it is reduced to simple QSAR
calculations, without conformational analysis of the ligands and variation of their
orientations (search for optimal "poses") relatively to the target.

The aim of this work was to develop a methodology for using QSAR
methods to predict the values of the estimated scoring functions of molecular
docking of flavonoid derivatives with active SARS-CoV-2 and SARS-CoV sites
and to perform physicochemical interpretation of the constructed QSAR models.

The object of the study was a set of 28 compounds of the class of
polyphenols — flavonoids. The values of the estimated scoring functions of
molecular docking for the studied compounds with the main protease targets
SARS-CoV2 (PDB: GLU7) and SARS-CoV (PDB: 4WY3) were considered as
the studied properties [1].

The calculation of structural descriptors for all compounds in the set was
performed using the simplex information approach SIRMS(IF) [2], which is
based on the simplex representation of the molecular structure (SiRMS) [3] and
information field (IF) [4] of molecules. Within SiRMS(IF), the values of
information potentials on atoms are used to differentiate the tops of the
simplexes, with the potentials of the information fields weighted by various
atomic characteristics (e.g., lipophilicity, partial charge, etc.).

The calculation of structural parameters was performed at the 2D level of
molecular structure representation, when only the topology of the molecule is
taken into consideration. The molecule in this case is represented as a molecular
graph, each vertex of which represents a source of information, and the
information is distributed along the edges of the graph.

About 10900 simplex information descriptors were calculated for all
molecules of the set. The partial least squares (PLS — Partial Least Squares)
method was used to find the relationship between the calculated descriptors and
the estimated scoring functions. The PLS method provides quantitative
characteristics of the influence of each descriptor on the property, which, makes it
possible to recalculate the contributions of various molecular fragments to the
property and subsequently use the obtained information for interpretation and
molecular design.
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Five-fold cross-validation was used during the construction of QSAR
models. Five sets were generated for the estimated docking function of flavonoids
with the SARS-CoV?2 target and separately for the estimated docking function
with the SARS-CoV target, each containing the training and test sets. Among the
five sets obtained separately for each property, each molecule was included only
once in the test set. The test set (20 % of the total number of molecules) was
excluded from the model building process. A model was built on the data of the
training set, which was used to predict the properties of the test set compounds.
Thus, a model was built for each of the five sets, which was then used as the basis
for the consensus model.

In result, adequate consensus 2D PLS models were developed for the
estimated flavonoid scoring functions with the SARS-CoV-2 target (model 1) and
with the SARS-CoV target (model 2) with the following statistical characteristics:
model 1 - coefficient of determination for the test set R%qq = 0.97, model 2 - R%cq
= 0.91. The values of these parameters indicate the high predictive ability of the
QSAR models (Fig. 1).

SARS-CoV2 SARS-CoV
Predicted values Predicted values
-9,2 -8,7 -8,2 -7,7 -7,2 -8,5 -8 -7,5 -7 -6,5 -6
-6,5 -6
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Fig. 1. Relationship between observed and predicted of scoring functions
values for SARS-CoV2 and SARS-CoV targets

Further, physico-chemical interpretation of the developed models were
carried out. Within the SIRMS(IF) models it is possible to determine the relative
influence of different physico-chemical factors on the character of the studied
property manifestation. For this purpose, it is necessary to summarize and
compare the descriptor contributions in the final QSAR model separately for each
group corresponding to the way of differentiation of atoms in simplexes.

Physico-chemical interpretation revealed that the electrostatic factor (55 %)
plays the greatest role on the value of the SARS-CoV2 scoring functions, while
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the van der Waals radius, topology, and lipophilicity have the following relative
influences, 16 %, 21 %, and 8 %, respectively. In the case of SARS-CoV, the
results are similar to SARS-CoV2. In this case, electrostatics also has the greatest
influence (67 %). Van der Waals radius (17 %) and topology (11 %) have slightly
less influence. Lipophilicity plays a smaller role in this case (5 %).

Thus, as a result of this work, it is shown that QSAR modeling, with the
availability of results of preliminary calculations by the molecular docking
method, can be carried out more efficiently, and with less time consumption, the
subsequent prediction of the estimated scoring functions.
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AHTHOKCHUAAHTHI BJJACTUBOCTI I'TJTPOKCHJIBOBAHUX
3-APUWII30KYMAPHUHIB

1My3HqKa O.B., ’[[1abnukina 0.B., 'Bosk A.L
! [ncturyT Giooprauiumoi ximii Ta Hadgroximii im. B.IT. Kyxaps HAH Vkpainu
? KuiBchKuil HalioHaNBHAN yHiBepcuTeT iMeri Tapaca [lleBuenka
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JlocaimxeHo aHTHPaIUKAIbHI 1 AHTHOKCHUIAHTHI BJIACTHBOCTI
TIAPOKCWIBOBAHUX  3-apWII30KyMapHHIB MpU  B3aEMOJIi 31  CTaOUIBHUM
2,2-nudeHn-1-mKpuiIriipa3uiibHUM PaguKaioM 1 CYNEepOKCUIHUM PaTUKaIIOM.
Cepell BUBUEHUX CIIOJYK Kpallly peakiiiHy 3AaTHICTh npu B3aemonii 3 DPPH
BUSBISIB  3-(2,5-murinpokcudeHnin)izokymapuH,  mo  iHrIOyBaB  TaKOX
15-ninokcurenazy 3 mikpomousiipHuuM 3HaueHHAM [Csg. [Ipu 1mpomy KoHCTaHTa
IIBUJIKOCTI B3a€MOJIIT II€T MOXIAHOT 3 CYNEPOKCUIHUM paJUKaIoM Oylia 3Ha4YHO
HIDKYOI0, HK 171 3-(3,4-nuriapokcudeHin)izokyMapuHy.

Knwouosi  cnosa: 130KyMapuHH,  AHTUOKCHUJAHTHA  AKTUBHICTb,
aHTUPATUKATbHA aKTUBHICTb.

Antiradical and antioxidant properties of hydroxylated derivatives of
3-arylisocoumarins were evaluated by their interaction with stable 2,2-diphenyl-
1-picrylhydrazyl radical and superoxide radical. Among the compounds tested,
3-(2,5-dihydroxyphenyl)isocoumarin showed the better reactivity with DPPH,
being also able to inhibit 15-lipoxygenase with micromolar value of 1Csy. The rate
constant for the reaction of this derivative with superoxide was significantly
lower than that for 3-(3,4-dihydroxyphenyl)isocoumarin.

Keywords: isocoumarins, antioxidant activity, antiradical activity.

[Ipupogni  130KyMapuHH  MOXYTh  BUABJISTH  NPOTHIYXJIMHHY,
HUTOTOKCUYHY, aHTUMIKpOOHY, aHTHOAKTEpiaJibHy 1 aHaJIbreTU4YHy Ait0. Bonu
3MaTHI 1Hr10yBaTH CEpUHOBI mpotreasu, (ocdomiectepasy 4, o-TIOKO3HUAA3Y,
alleTHIIXOJTIHECTEpasy, POTETHKIHA3H Ta iHTII CH3UMU [1-3].
3-ApuIli30KyMapyuHU € IEPCIEKTUBHUMH 3ac00aMu JjIsi 00OpOTHOU 13 3anajibHUMHU
Ta pPAaKOBUMHM 3aXBOPIOBaHHAMHU [4]. SIk mpoOKCcHIaHTHUI areHT, 2-(8-riaxpokcu-6-
MeTOKCcHU-1-0kco-1H-2-6en3onipan-3-in)nponionoBa kuciora (NM-3) iHayKye
JCTANBHICTh KIITUH KapIWHOMH JIFOJWHH IIJISIXOM YTBOPEHHS aKTHUBHUX (OpM
kucHiO [5]. [30kyMapuHU TakoX BUSBISIIOTh AHTHOKCHUJIAHTHI BIIACTUBOCTI 1
MOXXYTbh 3YMUHATH PO3BUTOK MATOJIOTIH, MOB’SI3aHUX 3 PEAKTUBHUMH (PopMamMu
KHUCHIO [6, 7].
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VY npencrapiieHiit poOOTI BUBUCHO PEaKIIiHY 3IaTHICTb TIPOKCUIbOBAHUX
3-apumizokymapuHiB  (puc. 1), sSK TOTEHIIHHO O0l0aKTUBHHUX CIOJIYK TIO
BIIHOIIICHHIO 10 2,2-1u(eH1-1-mKpuariapasuiay 1 CylepoKCHIHOTO pajuKany, a
TaKOX JOCTIIPKEHO BIUIMB CHHTE30BAHMX PEUOBHMH Ha TMEpedir €H3MMaTHIHHX
JIMIOKCUTEHA3HUX TEPETBOPEHb Ta iX BJIACTUBOCTI y [3-KapOTEHOBIM TECTOBIM
cucremi. 3-ApuiizokymapuHu 1-6 OyJI0 CHHTE30BaHO SIK OMHMCAHO paHitie [§].

o)

1-5 6

R =4-OH (1), 2-OH-5-Me (2), 3,4-(OH), (3), 2,4-(OH), (4), 2,5-(OH), (5)

Puc. 1. Ctpyktypu 3-apriii30KyMapHHiB

Taoauua 1
AHTHOKCHIAHTHI Ta aHTHPAJUKAIbHI BIACTHBOCTI 3-apUITi30KyMapHHiB®
Cnonyka | CynepoKcuaHHI DPPH, B-xapoTeHoBuit
panuka, k, M*c? ECRs,’ tecT, %
1 H.B. 21+1,35 1245
2 H.B. 17,96+2,62 5,242,3
3 (2,0£0,84)-10° 0,22+0,03 42+16
4 H.Q. 8,66+2,19 1845
5 (6,1+1,7)-10" 0,13+0,01 4949
6 - 1,14+0,24 34+4

P 7] . o .

“cepenHe 3HaUYCHHs + cTaHmapTHe BiaxmwieHHs; "ECRsy — CIiBBiIHOLICHHS KOHIIEHTpALIil CIIONYKH i

DPPH, mio 3a6e3neuysaio ioro 50 % nepeTBOpeHHs 4epe3 5 XB peakilii; “H.B. — CIIOIyKa HE aKTHBHA
npu KoHIeHTpariii 20 MkM

OTtpumaHni pe3yJIbTaTH CBiAYaTh, 110 BBEJACHHS JBOX T'iIPOKCHIIBHHUX TPYII B
CTPYKTYpY (EHUIBHOTO 3aMiCHHKA 3-apuiIi30KyMapuHIB MOXKE 3HAYHO
MIJBUIYBaTH  iX  AHTHOKCHUJAHTHI  BJACTUBOCTI Yy  TOPIBHAHHI 3
MOHOTIIPOKCU3aMIIMEHUMH  TOXITHUMHU. PeakifiiiHy 37aTHICTh  CTOCOBHO
CYNEpPOKCUy OINHIOBAIN, BIJACTIIKOBYIOUM KOHKYPEHTHY PEaKIlil0 MIDK
NOTEHI[IHHUM AaHTUOKCHUJAHTOM 1 HITPOCHMHIM TETPa30Ji€EM 3a CYNEPOKCHUIHUN
paaukai, SKUi TeHEepyBaBCS B €H3MMATHYHIN KCAaHTHHOKCHAA3HINA peakiii [9].
[Toepenapo OyII0 BCTAHOBJIECHO, IO PEYOBHHM, SIKi TECTYBAJIHCS, HE BILUTUBAIOTH
Ha MIBUAKICTh (PEPMEHTATUBHOTO OKHUCIIEHHSI KCAHTUHY B CEUOBY KHUCIIOTY.

KoncTantn mBHAKOCTI JApYyroro MOPSAAKY g cHOdyk 3 1 5 Oymo
pO3paxoBaHO 3 BUKOPUCTAHHSIM K, peakilii HITPOCHHBOTO TETPA30Jil0 3
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cynepokcrgom, o gopisaioe 59400 M™c™? [10]. Bnauenns K, mis cronyku 3 i3
3,4-uriIpoKCU(PEHITBHUM 3aMiCHUKOM Oynio mpu6mu3Ho B 30 pasiB OLIbIINM,
HDK JUISL CIIOJTYKH 9 13 2,5-nuriapokcudeHinsHuM pparmeHTom (T1adi. 1).

AHTHpaauKaIbHI BJIACTUBOCTI T1APOKCHITLOBAHUX MMOX1THUX
3-apunizokymapuHiB  1-6 mnpu B3aemonmii 3 DPPH Oymno ormiHeno sk
CIIBBIHOIIIEHHS KOHIeHTpallli ux cnoayk 1 DPPH, sxe 3abe3neuyBano 50 %
neperBopeHHs  ctabumpHOoro  pamukany — (ECRsp)  [11].  Pesynbratu
IPOACMOHCTPYBAJIM HalKpally peakiiiHy 3aaTHicTh 3-(2,5-aurigpoxcudenin)-
130kymapuny (5). Ilpu upomy 3naueHHs ECRgp nnst conyk 3 1 5 Oyno 3HayHO
HIDKYUM, HDK JUIS TOX1aHuX 4 1 6.

VY (-xapoTeHOBOMY TECTi CHONYKH 3 1 9 XapaKTepu3yBaJIUCA HAMOUTbIIUM
BIUIMBOM Ta IiHTIOyBamu peakmito Ha 42% 1 49%, siamosigHo. 3-(2,5-
JurinpokcudeHin)i3okyMapuH BHUSIBUBCS TakoX 1HT1IOITOpoM coeBoi  15-
JMOKCUTeHa3u, OJIoKyroun (EepMEHTAaTUBHE OKHMCHEHHS JIIHOJEBOI KHCIOTH 3i
3HaueHHsIM [Csp 1,6 MkM. Crig 3a3HaunTy, 110 croayku 1 1 3 Oynum omucani sK
IHT101TOpHU S-TIMOKCUTEHA3H Ta MIKpOcOManbHOI nmpocTorianauH E, cunrasu [4].

TakuM YMHOM, TIAPOKCHIBOBAaHI MOXIJHI 3-apUili30KyMapUHY MOXYTb
pO3MIISIIATUCS SIK TEPCIIEKTUBHI aHTUOKCUJIAHTU Ta aHTUPAJIUKAIbHI areHTH, 110
3/1aTHI BIUTUBATH Ha MEPeOIr BIIbHOPAANKAILHUX MTPOIIECIB B )KMBUX KIIITHHAX.

Excnepumenmanvha uacmuna

Y po0oTi BUKOPHUCTOBYBAIM KCAHTHMHOKCHJIa3y 3 KOPOB’SMOr0 MOJIOKA 1
15-ninokcurenasy 3 coi (Sigma-Aldrich).

Bzaemoodin izoxymapunie 1-6 3 2,2-0ougenin-1-nikpunciopazurom. Peaxiiiro
nocimipkyBanu npu 25 °C B eraHodni, sikuil BMingyBaB 50 MM aneratHuii 0ydep
pH 5,5. Konnentpaniro DPPH B peakiiiiniii cymirni 3MiHIOBaJId B 1HTEpBal Bij
0,05 MM no 0,1 MM, a 13okymapuHiB — B iHTepBaii 1 MkM — 0,5 MM. Pearentu
3MinTyBayiv Ta GiKCyBaiu 3MiHy ONTHYHOI rycTunu mipu 517 um. 3naueHHs ECRs
o0YHCITIOBAJIH, SIK ONMKUCcaHo paHimre [12].

Bnaus izoxymapunie 1-5 Ha weuoxicmv BiOHOBNEHHS HIMPOCUHLOSO
mempa3onilo 3a HASABHOCTI CymepoKcuay nociixyBaiu B 50 MM Hatpiii-
dbochatnomy Oydept npu pH 7,45 (25 °C). Peakumiiina cymiml BMillyBaja
kcantuHokcuaasy (0,156 on/mn), 50 MM kcantuH, 75 MKM HITpOCUHIN
terpazomieBuit, Big 0,2 MkM o 0,1 MM 13okymapunu, 0,1 MM EJITA. O6’emna
KOHLIEHTpALisl JUMETUIICYIb(POKCUAY SIK OPraHIidYHOIO PO3YMHHUKA CTAaHOBHJIA
1 %. Peakmito posmounHanu gomaBaHHsSM depmenTy. [lIBunkicTs peakiii
KOHTPOJIIOBAJIM 32 3MIHOIO ONTHYHOI I'YCTUHHU IIpu 560 HM.

Busznauenns anmuoxcuoanmmuoi axmusnocmi cnoayk 1-6 3a oonomozoro
f3-kapomenosozo mecmy. Peaxuiiina cymim Bmintysana 0,5 mr 3-kapotuny B 1 M
xjopodopmy, 25 Mk JaiHoeBoiT kuciaotu 1 200 mr TBiHY-80. ITicas BunaproBaHHs
xsopodopmy aoxaBanu 100 ma Boau 1 cTpyuryBanu. B mpoOipku, siki BMIIIyBaiu
CHOJYKH TpPHU PI3HUX KOHIEHTpAIlSX, AOAABAIM MO 4 MJ peakuiiHOi CyMimIi.
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Emynbciliny cucteMy iHKyOyBanu mpoTsrom 2 roaud npu 50 °C. HIBuakicTh
peakiii KOHTPOJIOBAJIM 3a 3MIHOIO oONTHYHOI TycTuHHM 1pu 470 HM.
AHTHOKCHJIaHTHY AaKTUBHICTh BHU3HAYalIM SIK TPOLIEHT I1HTIOYBaHHS IIOJ0
KOHTPOJTIO.

Bnaue izokymapunie 1-5 na axmusnicme ninoxcueenazu NOCITIKYBald B
75 MM mnatpiii-pochatHomy Oydepi npu pH 7,4 (25 °C). PeakumiitHa cymiin
BMilyBasia Jinokcurenasy, 0,02 % myGpon, 0,5 MM miHOJEBY KHCIOTY,
0,25 MkM — 5 MkM i30kymapuH. O6’eMHa KOHIIGHTpAILls JUMETUICYIbPOKCUTY
cranoBuna 1 %. Peakmito po3noumHanu gogaBaHHsAM eH3umy. llIBuakicTh
KOHTPOJTIOBAJIM 33 3MIHOIO ONTHYHOI T'YCTUHU TIpH 234 HM.
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CHUHTE3 HOBUX 5-AMIZIMHOBMICHHUX 2,4-TU®EHIJ-1,3-TIA30J11B
TA BUBUEHHS IX MNPOTUITYXJIMHHOI AKTUBHOCTI

Cesepin O.0., Kauaesa M.B., I[Tinso C.I'., BpoBapens B.C.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
olexandrseverin.ibonh@gmail.com

3 MeTol MOomIyKy OlOaKTUBHUX CHOJIYK HamMH CHHTE30BaHO HOBI
1,3-Tia307H, K1 MICTATh aM1TUHOBMICHUN ()parMeHT B MOJIOKEHHI1 5 T1a30JIbHOTO
KUIBLISI Ta JOCHIPKEHO 1X MPOTHUIYXJIMHHY aKTHUBHICTh Ha 60 JHISX paKOBUX
writua (National Cancer Institute, Bethesda, Maryland, USA). 3maiifeHo
CHOJIYKH, SIKI XapaKTEepU3yIOThbCS 3HAUYHUM PIBHEM IHTIOYIOYOi /il POCTY KIIITHUH
Ta BCTAHOBJICHO 3JIEKHICTh «CTPYKTYpa-aKTUBHICTHY.

Knrouoei  cnosa: a-xnopoankimamigu, 1,3-Tiazonu, 1MiIOUIXJIOPHIH,
aM1JJMHOBMICHI CIIOJIYKH, IPOTUITYXJIMHHA AKTUBHICTb.

In order to search for bioactive compounds, we synthesized new
1,3-thiazoles containing an amidine-containing fragment at position 5 of the
thiazole ring and studied their antitumor activity in 60 cancer cell lines (National
Cancer Institute, Bethesda, Maryland, USA). Compounds with a significant level
of inhibitory effect on cell growth were found and the structure-activity
relationship was established.

Keywords: a-chloralkylamides, 1,3-thiazoles, imidoyl chlorides, amidine-
containing compounds, antitumor activity.

Cepen 010aKTUBHUX PEYOBHMH MPUPOIHHOTO Ta CHHTETUYHOTO MOXOKESHHS
IIUPOKO 3YCTPIYAIOTHCS CIOMYKH, IO MICTSATh Tia30JbHE KUIbIIE, HAMPUKIA:
tiaMiH (@), oeominuHoBi anTuoOioTukh (D), a Takoxx S3U937 (), mazaruni6 (d),
ATG4B iuribitop (e), tiazodypin (f) (puc. 1).
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Puc. 1. CuaTeTnyn1 Ta HpI/IpOI[Hl CIIOJIYKH, SIK1 MICTATH T1a30JIbHE KiJIBI_Ie
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Po3BuTok Ximii (PyHKIIOHAJIBHMX MOXITHUX 1,3-Tia301y 3yMOBJIECHUM
YCHIIIHAM TIOIIYKOM Cepell HHX OIl0aKTMBHUX TMpemnapariB, 30Kpema, 3
IPOTUIYXJIMHHOIO fieto [ 1-4].

Panime Hamu Oynu CHHTE30BaHi MOXIiHI Tia3011y, [0 MICTAThH B MOJIOKEHHI
4 cynbhoHUIaMIIHY TPYMY 1 TPOSIBUIIA BUCOKY MPOTUITYXJIMHHY Ta IPOTUBIPYCHY
akTuBHICTH [1, 5, 6]. biojsoriyHa aKTUBHICTh CIIOJYK 3HAYHOIO MIipOIO
BU3HAYAETHCS CTPYKTYporo (papMakodopHuX (parMeHTiB, L0 BXOIATh J0 iX
CKJIaYy.

Hamu B nmaniii poOOTi BIepiie CHHTE30BaHI Taki MOXiAHI Tia3oiy, sKi
MICTSTh aMiguHHUN ¢QparMeHT 3 (apmakodopHUMU TrpynamMu (MEPBHHHOIO
aMIHOTPYIIOI0, MINEPUIUHOM, TTIIIEpa3uHOM Ta 1H.).

CuHTE3 TaKUX CTPYKTYp MPECTaBICHUN Ha pUC. 2. BUXITHUMU CIIOTyKaMU
€ TPOAYKTH KOHJCHCAIli amiliB KapOOHOBUX KHUCIOT 3 (eHiarimiokcagem [7].
Cnouatky 3a nonomororo Biomux neperBopenb | — Il— II— IV cunte3oBaHi
5-aniunamino-2,4-mudenin-1,3-tiazomu  IV. Tlomaneme HarpiBanHsS iX 3
neHtaxyopuaoM dochopy y OeH30ml nae iMigoinxiopuau V, s[Ki mpH i
amdaTuyHUX amiHiB Oynu nepeTBopeHi y HoBi Tiazoau VI ta VII, mo micTaTh
amimuHHuM  (QparmeHT B mnonoxkeHHi 5. CuHre3oBaHi pedoBuHH 1-18
JOCITIJIKYBAJIUCST Ha TIPOTUITYXJIMHHY aKTUBHICTh Ha 60 JHISX paKoOBUX KIITHUH
(National Cancer Institute, Bethesda, Maryland, USA). Pe3ynbpTaTtu mociigxeHb
npeacTaBiieHi y Tabmuii 1.

HO cl
Ph H
ArC(O)NH, NH socl, NH
— 5 ph Ar — Ph A
0 O  THF A 0 O THF 0 O
I I 1l
PhC(S)NH, |

l THF Ph
R{RoNH / EtzN I'{‘
—
P N

h .
1,4-dioxane, A S
N Ph ' A
/R N Ar
HNIS)\Ph PC|5 / »\ NR1R2
A NP

VI (1-16)
A CeHe, A oh
0 Ar | N
v Cl vy NHg ]\
L
1,4-dioxane /E s” Ph
Ar NH,
Vil (17, 18)

Puc. 2. Cunres 2,4-mudenin-1,3-riazonis 1-18

JlocmipkeHHsT TpoBOAMIM IN VItr0o mpu Aii pe4OBMHH B KOHIIGHTpAIIii
1-10®° M, B pe3ynbTaTi SIKHX BU3HAYaIM BincoToK pocty (Gl) kiituu miniil paky
HOPIBHSHO 3 KOHTpoJieM (koHTpoJs — 100 %) [8-11].
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JIesIKI 3aKOHOMIPHOCTI 3B SI3KY «CTPYKTYypa — Jish».

Pe3ynbpTaTi CKpUHIHTY TOKa3aiau, o 3amilieHi 2,4-nudenin-1,3-tiazonu
1-18 He mpOABWIM BUPAXKEHOI MPOTUPAKOBOI aKTUBHOCTI (Tabmuus 1), mpoTe
pe3yibTaTH TMPOBEACHHS CKPUHIHTOBUX JOCHIIKEHb Jajdd 3MOTY BCTAaHOBHUTH

Taoaunsa 1

[IpoTupakoBa aKkTUBHICTb amMiguHOBMICHUX 2,4-nudenin-1,3-tiazomnis 1-18 B
KOHIICHTpAIlii 1-10°M

Ph
by

N S>\Ph

Ar/(

NR¢R;
Cepens Haii6inbm uyTnuBi JiHiT KIITHH 1
No Ar NR:R; MITOTHYHA . .
. o mitotnyHa aktuBHICTH (Gl), %
aKTUBHICTb, %
1 | 4-MeCgH,4 NQ 106,39 Breast Cancer MCF7: 97,81
Me
2 |4-MeCgH,4 N\/:>,Me 107,72 Renal Cancer TK-10: 97,14
3 |4-MeCgH,4 —\ 100,15 Leukemia HL-60(TB): 53,28; Non-
NuNﬂMe Small Cell Lung Cancer NCI-H460:
78,98; Colon Cancer KM12: 78,10
4 |4-MeCgH,4 N \Nepn 104,92 Melanoma SK-MEL-28: 95,71
N
5 Ph — 76,62 Leukemia K-562: 32,84, SR: 52,82;
N\_/NﬂMe Colon Cancer HCT-15: 38,10; Ovarian
Cancer OVCAR-4: 31,81
6 Ph [\ OMe 100,27 Leukemia K-562: 82,90
NI
7 Ph N Nepn 102,64 Melanoma UACC-62: 84,85
N
8 Ph 89,36 Leukemia K-562: 64,30, SR: 71,20;
VAR Melanoma UACC-257: 70,82, UACC-
L 62: 77,21; Prostate Cancer PC-3: 64,94;
Breast Cancer MCF7: 72,68
9 Ph — 98,68 Leukemia K-562: 83,88; Non-Small
N F Cell Lung Cancer NCI-H522: 80,05;
Breast Cancer T-47D: 79,79
10 Ph 75,11 Leukemia CCRF-CEM: 57,25, HL-
— 60(TB): 62,91, K-562: 17,83, MOLT-4:
N NMe 40,91, RPMI-8226: 34,64, SR: 21,07;
Colon Cancer COLO 205: 42,02, HCT-
15: 16,73, HT29: 9,91, KM12: 24,54
11 | 4-MeCgH4 89,36 Leukemia K-562: 64,30, SR: 71,20
"\ Colon  Cancer HCT-15:  70,30;
/ \— Melanoma UACC-257: 70,82; Prostate
Cancer PC-3: 64,94
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IIpooosoicenns mabauyi 1

12 | 4-MeCgH4 JMC 82,91 Renal Cancer ACHN: 53,71, CAKI-1:
NmN o 53,10; Prostate Cancer PC-3: 61,98;
p— Breast Cancer HS 578T: 57,54
13 | 4-MeCgH4 — 95,54 Melanoma UACC-62: 70,39; Ovarian
N\_/N OMe Cancer OVCAR-4: 77,39; Breast Cancer
T-47D: 75,41, MDA-MB-468: 76,18
14 | 4-MeCgH4 R 99,19 Melanoma UACC-62: 74,17
N/—\N
__/
- Me - -
15 | 4-MeCgH4 ﬁ@ 101,21 Melanoma UACC-62: 83,16
16 | 4-MeCgHg4 Ni 2 100,12 Renal Cancer CAKI-1: 81,72, UO-31:
78,87
17 | 4-MeCgH,4 77,53 Leukemia CCRF-CEM: 26,72, K-562:
NH, 28,49; Colon Cancer HCT-15: 46,06,
HT29: 50,61, KM12: 41,37
18 Ph 85,69 Leukemia K-562: 60,06; Colon Cancer
NH, HCT-15: 56,12 HT29: 53,76 KM12:
54,22

Cnonyku 11 2, siki mictate ninepuauHoBi 3amicHUKU (NR3R,), mposiuin
MEHIIy aKTHBHICTh, B TMOpPIBHAHHI 13 iHmUMHU moximaumu 3-18. Cepen ycix
PEUYOBHMH HalKpally akTUBHICTh mHposiBwiIM crnoiaykud 3 NR3R, =NH,. B psany
cnonyk 3-14, sKi MICTATh MINEPa3suHOBUN 3aMICHUK, HAWBHUINY 1HTIOYO4y
3[IaTHICTh MaJI peyoBUHU 3 N-aJKi3aMilieHUM Tinepa3uHoOBUM (pparMeHToM (5,
8, 10, 11) Ta BuUABMIMCS ACIIO aKTHBHIIIMMH B IMOPIBHSAHHI 3 MoXigHumu 4, 6, 7,
9, 13, 14 3 N-apwBaMilleHWM IINMEPa3uHOBUM 3aMiCHUKOM. OTpumaHi
pe3yabTaTu J03BOJISIOTH PO3MICTUTH 3ayuiIku amiHiB NR;R, 3a 3MmeHIIeHHsIM
aKTUBHOCTI Y HACTYIMMHOMY psiay: amidorpyna > N-merunminepasun > N-etwmi-
nepazuH > eTwn minepasuH-l-kapOokcunatr > N-amuminepazun > N-apui-
ninepazunu > N-MeTuukiorekcanamin ~ 1,2,3,4-reTpariipoizoxiHoiin > 3- i
A-MEeTHIITITIEPUIIH.

3aciyroBye Ha yBary i crnenudiuHa ais oKpemMux croiyk. Tak, Tiazon 17
(NR{R; = NH,, Ar = 4-MeCgH,) Mae BupakeHy aKTHBHICTh Ha 8 JIHIAX paKy
(GI<60 %), 3 axux 2 € gocuth nomiTHUMH (GI<30 %). AHani3 cTpyKTypu Ta
aKTUBHOCTI HaBOJWTH HA JAYMKY MPO BAXKIWBICTh caMe MEPBUHHOI aMiHOTPYIIH.
Tiazon 18, sikuii cX0XHit 32 CTPYKTYPOIO, TIPOSIBUB TaKOK BUPAKECHY aKTUBHICTb,
ska Oysa TpOXHM MEHILOI0 B MOPIBHAHHI 31 cnoyiykoto 17. Cepen minepa3smHOBUX
NOX1JHUX 3acIyroBye Ha yBary crosiyka 10, sika Mictute N-MeTuiminepa3nHoBHiA
3aMICHUK, 1 TPOSBIISiE€ IOMITHY 1HT10Yr0uy 1it0 Ha 2 miHii paky (GI<30 %).

Otxe, cuHTe30BaH1 HOBI moxigHi 2,4-nudenin-1,3-tiazony 3 aMmigMHHUM
dbparMeHTOM y TIOJIOKEHH1 5. BuBUEHO iX dit0 Ha psij JTiHINA paKOBUX KJIITHH Ta
JOCITIJIKEHO B3a€EMO3B’A30K MK CTPYKTYPOIO Ta aKTUBHICTIO I[UX CIIOTYK.
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VJIK 547.133

EJJEKTPOHOHACHYEHI APUWI(I'ETAPUJI)OKCHUPAHMU.
CHUHTE3 B YMOBAX TPAHC®A3HOI'O TA TOMOI'EHHOI'O
KATAJII3Y

1'2HJYMeﬁK0 0.€., 'Tlono A.®.
! TnctuTyT Bi3HKO-OpraHivuHoi XiMii i Byrmeximii
iM. JL.M. JlutBunenka HAH Ykpainu,
2 InetuTyT opraniusoi ximii HAH Ykpainu
ashumeiko@ukr.net

B3aemonisi MeTokcu3aMillleHUX O€H3aJIbJETIAIB 3 TPUMETWICYJIb(OHIMI
METUJICYJIb(OHATOM JIETKO MNPOTIKAE B M SIKMX TOMOT€HHUX Ta MIk(pa3Ho-
KaTaJITHYHUX YMOBaxX 3 BHXOJaMHU apUJIOKCHPaHiB, IO HE TOCTYMAIOThCA
XapaKTEepHUM ISl SKOPCTKUX yMOB peakilii Kopi-YHaiikoBcekoro. Tpancdaszno-
KATAJITUYHUN BaplaHT peakuii 3a0e3nedyye OUIbIy YHUCTOTY ILUIBOBHX
CMOKCUTIOXIIHUX 1 € €IMHO MOXJMBHM TpU OTPUMaHHi |-meTwmi-3-
OKCUPAHUITIHJIOINY.

Knwouosi cnosa: apun- Ta TeTapuIOKCHpaHH, TOMOTCHHHM, TpaHC(a3zHU
KaTai3, OCH3aJIbICT1IH, PET10CEIeKTUBHICTD, peakilis Kopi-UalikoBchkoro.

The interaction of methoxy-substituted benzaldehydes with trimethylsulfo-
nium methylsulfonate proceeds easily under mild homogeneous and interfacial
catalytic conditions with yields of aryloxiranes not inferior to those characteristic
of the harsh conditions of the Kori-Tchaikovsky reaction. The interfacial catalytic
variant of the reaction provides a higher purity of the target epoxy derivatives and
is the only possible one in the preparation of 1-methyl-3-oxiranilindole.

Keywords: aryl- and hetaryloxiranes, homogeneous, interfacial catalysis,
benzaldehydes, regioselectivity, Cori-Tchaikovsky reaction.

TepminanbHi apwii- 1 TETaPUIOKCHUPAHHU, OCOOJMBO Ti, IIO MICTAThH
€JICKTPOHOJOHOPHI 3aMICHHUKM B apOMaTUYHOMY SJpl, 3HAXOIATH IIUPOKE
3aCTOCYBaHHS y CHUHTE31 O10JOTIYHO aKTUBHUX CIHOJYK. 30KpeMma, MPOAYKTH iX
pPEerioCeIeKTUBHOTO aMiHOJII3y CTPYKTYpPHO TMOJIOHI [0 KaTeXoJaMiHOBUX
HelpoMeniatopiB 1 mpeactaBieHi cepen off)-aapeHobnokaTopiB (J1aberanod,
tubanocuH, Oytokcamin) 1 off)-agpeHaktuBatopiB (HOpdeHedpiH, 13amapiH,
Mmigoapin) [1]. KpiM Toro, Takoro poay B-okcudeHeTuaaMiHg MOXKYTh BUCTYIIATH
K KIIOYOBUW CTApTOBHM MaTepiayl y CHHTE31 aJIKalOiAmoaiOHUX CITOJIYK
130X1HOJIIHOBOTO psAny [2], y TOMYy 4YHCIi TOBHICTIO apOMAaTU30BaHUX JESIKUX
OeH3a3eriHIB MCUXOTPOITHOT aii [3].
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MertokcuzamilieHi (heHUIoKCupaHu — THUIIOBI MpeACTaBHUKU
BUIIIEBKA3aHOTO DSy CIOJYK MOXYTh OyTH OTpUMaHi JIETriAporajioreHyBaHHSAM
BIIIIOBITHUX BILMHAJIHHUX apWITaJIOTCHT1IPUHIB, abo OKUCJICHHSAM
NEPOKCUKHUCIOTAMU JOCUThH PIAKICHUX 3aMIIIEHUX CTHPOJIB, a00 MpUETHAHHAM
METUJICHOBOTO (hparMeHTa 10 KapOOHUIbHOI rpynu. B ocTaHHBOMY BHMAJKY, SIK
JKEpENo METUJICHOBUX YaCTHHOK, BUCTYMHAIOTh UIAU CIpku (piAlie ceseHy,
munr’sky [4, 5]), axi onepxkani miero cunpHEX ocHOB (NaH [6], t-BuO'K'[5],
n-BulLi) Ha TpuankincynbhoHieBl (Cyab(OKCOHIER]) COJI B aOCOIIOTH30BAHUX
pozunnHukax (AMCO, TI'®). V Toii ke yac BiioMO, 110 KapOOHUIbHI CIIOTYKU
MOKYTh OyTH MEpEeTBOPEHI Ha OKCHUPAHIIOX1JHI B OLIbII M’ SKHX yMOBaXx, JI€
aHAJOrIYHE TEHEepPYBaHHS METWINAIB CIPKH JOCSTaeThCsd 3a  JIOMOMOTOIO
QJIKOTOJISIT-10HIB B alIETOHITPUIII [7] a00 TriIpOKCUA-10HIB Y ABO(PA3ZHUX CHUCTEMAX
pinuHa-piauHa [8]. OgHak, BIIOMOCTI IIPO 3aCTOCYBAHHS O1IBII M’ KX YMOB IS
CHUHTE3y apWIOKCHPAHIB TMPEACTABICHI OJWHWYHAMH TIPUKJIAJaMH, IO HE
JT03BOJISIOTh CIPOTHO3YBaTH pe3yapTaTH TUTST ATKOKCHU3aMIIIICHIX
OeH3albAeTiIIB, SKI 1 B KiIacuuHOMy BapiaHTi peakiii Kopi-YaiikoBchkoro
JIEMOHCTPYIOTh HM)KY1Y KOHBEPCIIO B €MTOKCUIIOXI/THI.

Mera  poGoTu  mondsraja B TOMIYKY  YMOB  IEpPETBOPEHHS
CJIEKTPOHOHACUYCHUX KapOOHIIBLHUX CHONYK 1 y BIAMOBIAHI OKCUPAHTIOXIJIHI 3,
AK1 Oy O M’IKUMH Ta TAKUMH, 110 JIETKO MacTa0dyroThes (puc. 1).

(CH3)2S
o (CH3)2S04
(0]
H . RO
R, + (CH3)3S"CH3SO0," ——= Ry
-(CH3),S
1 ) 3

R; = 4-MeO; 2,5-(MeO),; 3,4-(MeO),; 3,4,5-(MeO)s.
R,0" = MeO; HO"

Puc. 1. Cxema peaxkiliii mnepeTBOPEHHS €JIEKTPOHOHACUYEHUX KapOOHUTEHUX
crionyk 1 y BiiMOBIAHI OKCUPAHIIOX1THI 3

Sx mxepeno METWIAY CIpKA BUKOPHUCTOBYBAIM TPUMETHICYIh(OHIEBY

Culb 2, Ui SIKO1, Ha BIAMIHY BiJ CYJIb()OKCOHIEBOIO aHAJIOTY, XapaKTepHa BHUIIA

peakmiitHa 3matHicTh [4, 8] 1 enuHui MoXIuBHMA Xapaktep [3, 4] naii Ha
KapOOH1JIbHI CIONyKU. Peakitito mpoBouiu:

1) y romMoreHHMX yMOBaX — B CEpEJOBHILI OE3BOJHOTO AlETOHITPHIY B

OPUCYTHOCTI ~METWJIATy HATpilo, SK OCHOBH, Ta TPUMETWICYIb(OHIN
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METHIICYJIb(OHATY 2, IO YTBOPIOETHCS IN SitU mpu 00poOIl AMMETUICYIb(ITY

TUMETHICYTh(aTOM;
2) y TpaHc(azHO-KaTaJITHYHUX yMOBax — y nBoda3Hiii cuctemi 1:1 (06) 50 %
BOJHUUA PO3YMH TIAPOKCHA HATPil0O — JUXJIOPOMETaH Yy MPHUCYTHOCTI

yeTBEPTUHHOI aMoHieBoi coni (Me,PhCH,PhN*CI", Bu,;N*Br), six karanizaropy, i
MonepeHFO CHHTE30BaHO1 COJIl TPUMETHIICYIb(POHINA MeTHIICYIb(OHATY 2.

B o000x Bumagkax AOCATalOTHCS OJIHAKOBI TJIMOWHU TEPETBOPCHHS
KapOOHUIBHUX CIOJYK Ha emnokcumnoximHi (~75 %, Tabmn. 1), mopiBHsSHI 3
pe3ynbTaTamMu, XapaKTepHUMU TSI KITAaCHYHUX yMOB peakilii Kopi-HalikoBchKoTO.
[Ipu 1bOMy, 30UIBIICHHS KITBKOCTI METOKCHTPYI B apOMaTUYHOMY SApi
OCH3aJIBJICTI/IIB HE NPUBOAUTH JO MaJiHHA BUXOJIB apWJIOKCHUPaHiB, IO Mae
MICLIE Y JKOPCTKIIIUX KIACUYHHUX yMOBax [6].

Tabauusa 1
Pesynbratu cunTe3y apuin(rerapuin)okcupani 3a-d, 5 y romorenHux ta
TpaHcha3HO-KaTAIITUYHUX yMOBax peakilii Kopi-HallkoBChbKOTO 3a y4acTio
TPUMETUIICYIb(OHIEBUX COJIEH

BI/IXiIIl) BIJIMOBITHOTO OKCHUPAHIIOX1HOTO B PI3HUX YMOBaX
h)
Buxigna cnmresy ( /OU)
) . I'omorennuit
KapOOH1JIbHA Knacnunuii . Tpancdazno-
. BapiaHT peaxirii ) .
CTIOJTyKa BapiaHT peaxirii ) KaTaJITUYHUI
y TIPUCYTHOCTI .
) BapiaHT peaKIIii
METHJIaTy HATPIIO
bensanbaerin 75 [4] 83V [7] 927 18]
la 75 [6] 87% [7], 56, 68% 75
1b 60 [6] 72 76
1c - - 77
1d - - 75
4 - - 50

Ipumitka. ? HaBeneHo oTpuUMaHi BHXOAM BiIIIOBIZHMX APHMIOKCHPAHIB 3a BHHATKOM criomykd (5),
BUX1JI SKOI BITHOCHUTBCS 10 PEaKIiiHOI MacH. 2y oe3somHomMy JIMCO y mpucytHocti NaH. Vy
6€3BOIHOMY ALETOHITPHIT Y NPUCYTHOCTI MeTHiaTy Hatpio. ¥ Y aBodasHiil crcTeMi AMXI0pOMETaH—
50 % posumn NaOH y mpucyTHOCTi TeTpaGyTHnaMomiit ifommy. > V Ge3BOIHOMY AaIeTOHITPUI y
MPUCYTHOCT] PO3YMHY METHJIATY HATPiF0 B MeTaHOTi. ° Y Ge3BOXHOMY alETOHITPHII Y MPHCYTHOCT
TBEPJIOI0 METUJIATY HATPIIO

['oMoreHHuil BapiaHT AENPOTOHYBAHHS BHMAara€ CTBOPEHHS OUIbII HIX
1,5-KpaTHOTO HAMJIMIIKY TPUMETHIICYJIbPOHIEBOI cOMl 2 MO BIJHOIICHHIO [0
KapOoHITbHOTO cyOcTpary 1, 1m0 TPUBOAWUTH N0 TIOSIBM B KIHIIEBOMY
apwJIOKCHUpaHi 3, OUUIeHOMY (DPaKIIIITHOIO MEPETOHKOI0, XapaKTePHOI JTOMIIIIKH,
cynb(doHI€BOI comi 2, Ky Baxkko BumanuTu (~3-5%). Buxin apunoxcupany 3
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3aJIeKUTh BIiJl arperaTHOro CTaHy JeNpoTOHykodoro arenrta: BiH Ha 10-12 %
BUILIE ITPY BUKOPUCTAHH] TBEPAOTO METHIIATY HATPIIO 3aMICTh PO3UHUHY aJTKOTOIIO
Ti€l K KOHLEHTpalli Npu HAWIMIIKY METaHoday. Y TpaHc(ha3HUX yMoOBax
JIOCTaTHBO 1,2-KpaTHOTO HAAJUIIKY TPUMETUICYIb(OHIN MeTuncynbdoHary 2
JUIS JOCATHEHHS TUX € TJIMOWH TEepeTBOPEHHS KapOOHUIbHOI CIONYyKH, a
OKCHpPAHOBMICHUI TPOAYKT, SKUM YTBOPIOETHCSA, BUIBHUN BiJ BHUIIEBKa3aHOI
nomimky. JlimodiapHICTE 1 KOHIIEHTpAIlis TpaHCc(a3zHOTO KaTali3aTopy HE MAalOTh
MPUHITUIIOBOTO 3HAYEHHS, OCKUIBKM CaM peareHT — Cculb 2 — MOXe
eKcTparyBatucsi B opraniuny ¢aszy [8, 9] 1 BucTymatd SK TEPEHOCHHUK
METUJICHOBUX YaCTHHOK, 1[0 TEHEPYIOThCS Ha MOBEpXHI po3auty ¢asz. Jlo Toro x
BiloMO [8], moO OuIbII TiAPOQUILHI YETBEPTHHHI aMOHI€BI (200 TpPETUHHI
Cylb(OHIEB]) COMI, SIKI MICTATh KOPOTKOJAHLIOIOBl alKiIbHI ((PeHUIBHI,
OCH3WJIbHI) 3aMICHHUKH, JIETIIE EKCTParyrThCsS B MIIHI PO3YMHU JYTIB, HIXK
JinoduIbHI, 1 TOMy MEPEeBa)XKaroTh SIK TpaHc(a3Hl KaTadi3aTOpu y TaKOro POy
nporecax. OnHak, y TpaHcha3zHUX yMOBaX MPHUPOJa aHIOHHOT KOMIIOHEHTH
peareHTy 2 MO’K€ 3HAQ4YHO BIUIMBATH Ha pPe3yJbTaT NMEPETBOPEHHS aJIbJIETiAIB Ha
enokcucnonyku. Jlns  TpaHc(da3zHO-KaTaNMITHYHOTO  EMOKCHAYBaHHS [3-l0Ha
nokaszaHo [9], mo mpu BUKOPUCTAHHI (PTOPUAHUX CYJIb(HOHIEBUX COJICH CHO-
CTEpPIral0ThCsl CHIIbHI €K30TepMIYHI €(PEeKTH, Y IPUCYTHOCTI 10JUIIB - MPOIIEC 3a-
KIHIYEThCS HU3bKMMH BHXOJAMH, a Kpallli pe3yJbTaTH JOCATAIOTHCS TIPH BHKO-
prcTaHHi xIopuaHuX coneii’. ToMy, Ipu BHOOPI TpaHC(hA3HOTO KAaTaTi3aTopy He-
00X1JHO BPaxOBYBAaTH MOKJIMBICTh aHIOHHOTO OOMIHY MI’K aMOHIEBUM 1 CYyJb(]o-
HIEBUM KaTIOHAMH KaTali3aTopy 1 peareHTy BIAMOBIJIHO, MOTEHIMHO 3/1aTHOTO
MPU3BECTH JI0 TIEPETBOPEHHS peareHTy B Majopeakiiiny dopmy. OnTumMaabHUM
BapilaHTOM € BUKOPHUCTAHHS 000X coJiel 3 aHIOHaMH, 31CTABHUMH MO T1apodisib-
HOCTI (XJopuu, 6poMinu, Metuicyibdonaru [8]), siki 3a0€3Meuyr0Th JOCUTh BU-
COKY IIBUJKICTh TpaHC(A3HO-KATATITUYHOTO €MOKCHTYBAHHS.

Oco0nuBHii 1HTEpEC BUKIMKAE MEPETBOPECHHS iHAOJKapOanbieriny 4 Ha
3-OKCUPaHUIIHIO0JI 5, BIAMOBIAHI peakilii SKOTO BIAKPUBAIOTH MOTEHUIIMHUHN MIIIX
JI0 BOKJIMBUX CHHTOHIB — OKCUTPaMiHIB, OKCUTPUIITAMIHIB, OKCUTPUNITO(DOIIB Ta
OKCUTPHUNTOTANOTEHIAIB (puc. 2). Y TOMOIE€HHUX yMOBaxX Yy TMPHUCYTHOCTI
TBEpAOr0  METWJIaTy HaTpiio, 1m0 3a0e3nedye  yCHillHE  OTPUMAaHHSA
METOKCHU3aMIIEHNX (PEHITOKCUPAHIB, EMOKCUAYBAHHS CIOJYKH 4 MPUBOJIUTH 0
3HAYHOT'O OCMOJICHHS PEaKIiitHOT MacH.

Ha Binminy Bin 6eH3zodypan- Ta OeH3TiopeHkapOanbaerifiB pi3Ho1 Oy 10BH,
st sikux TpaHcdasHuil BapianT peakiii Kopi-UalikoBchkoro 3akiHuyBaBcs [3]

! EnokcuyBaHHs He3aMillleHOTro GeH3aIb/IeriTy MeHII Yy TIUBe A0 IPOTHIOHY CyIbhOHIEBOT ot
Ta YCINIIHO MPOTIKaE i 3 ioquauuMu (opMaMu peareHTy Ta TpancdasHoro karaiizaTopy [8].
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60-88 % BuxoJaMHM BIANOBIAHUX EMOKCHUCIONYK, 1HAOJKapOanbueriy 4
MEPETBOPIOETHCS Ha EMOKCUMOXIAHY S 3 BUX0a0M He Oibiie 50 %.

(CH3).S
0
H l (CH3),S04 ©
R,0
N + (CH3)sS' CHgSOy~ ————> N
N -(CH3)28 N
\ \
4 5

R,0 = MeO", HO"
Puc. 2. Cxema nepeTBopeHHs 1HA0IKapOanbaeriay 4 Ha 3-OKCUPAHUTIHAON S

Hi motpiiiHe 30uIbIIIEHHS Yacy CHHTE3y Ta KOHIIEHTpallli KaTalli3aTopy
Me,PhCH,PhN'CI', Hi 3HMmKeHHS TeMIepaTypu MpoBeaeHHs peakwii 10 25 °C, Hi
CTBOPEHHS JI0AATKOBOTO HAJIMIIKY peareHty 2 go 1,9-kpatHoro, Hi mepexia 1o
6inbm ninodinsHoro katanmizatopy BuyN'Br’ Ta no3oBaHoro cnoco0y BHECEHHS
peareHTy 2 y nBo¢a3Hy CUCTEMY, HE PUBOIATH 0 301TbIICHHS BUXOIY CIIONTYKU
5. 3a maHuMH TOHKOIIAPOBOi XpomaTtorpadii peakiiiHoi cyminri, Buxij 1-MeTui-
3-OKCHUPaHUIIHI0IY 5 JI0CsATae MaKCMMaJIbHO MOJKIIMBOI BEIMYMHH 3a 25 TOIUH
mpolecy, Iicias 4Yoro He3HayHo majgae. [lpy 1mpoMy  3-emokcuIioxiiHa
1-MeTuIIHAOTY 5 YTBOPIOETHCS B KUTBKOCTAX, MOPIBHIHHUX 3 BMICTOM BHX1JTHOI
cnojiyku 4, ska He ImpopearyBajia, IO NIpH PIBHOCTI IX PO3PAXyHKOBHX
TEMIIepaTyp KHUIIIHHS, ICTOTHO YCKJIQJHIOE TPAJULIAHE OYMUIIEHHS L1JIHOBOIO
MPOJYKTY 1 BUMArae sik MiHIMyM 3aCTOCYBaHHS MpenapaTuBHOI XpoMaTtorpadii.

VY minomy, MoXHa 3pOOUTH BHUCHOBOK, LI0 TpaHC(a3HO-KaTaIITHYHA
moaudikaiis peakiii Kopi-YallkoBCHKOr0 BUTIISAAE KPaIow, MPUBOASYUA O
IPOAYKTY BUILOT YUCTOTHU 1 3aJIMIIAIOYUCH TAKOIO, IO JIETKO MaclITadyeThes (ax
10 1M 3aBaHTaXeHb albJEriay), SIK 1 ii TOMOT€HHUHN BapiaHT.
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FATTY ACID METABOLISM OF BRASSICA NAPUS SEEDS IN
RESPONSE TO HYPOXIA

Kretynin S.V., Kolesnikov Ya.S., Kravets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the National Academy of Sciences of Ukraine
kravets@nas.gov.ua

Growth of oilseed plants in stress conditions negatively affects their oil
productivity, but the detail analysis of the effect of hypoxia stress on seed oil fatty
acid content of Brassica napus has not been conducted. Results of the present
study indicate seeds of hypoxia-subjected canola plants contained significantly
higher level of palmitic acid, and slightly higher level of palmitoleic acid,
whereas the level of erucic acid and gadoleic acid was significantly reduced in
seeds of stress-treated plants. This suggests the effect of hypoxia on gene
expression or activity of fatty acid desaturases/elongases mediating the changes
of fatty acid content. These results are important for the development of
methodology of controlled oil productivity in plants under risky farming.

Keywords: hypoxia stress, fatty acid, seed oil, Brassica napus.

BuporniyBanHsi OmidHUX POCIMH 32 YMOB CTPECY 3HAYHO MOCHabioe ix
OJIIMHY MPOIYKTUBHICTh, OJIHAK JETaJbHUM aHaIi3 BIUIMBY TIMOKCii Ha BMICT
KUPHUX KHCJIOT HaciHHs Brassica napus Hapasi He 3ailicHeHHWil. PesymbraTu
MPOBEICHUX JIOCTIKEHb CBITYATh MPO T€, IO HACIHHS POCIIMH, BUPOIICHUX 32
YMOB TIMOKCIi, MICTUJIM 3HAYHO BUUIUI PIBEHb MaJIbMITUHOBOI KUCJIOTH, a TAKOXK
MIJBUIICHUNA BMICT TaJIbMITOJICEIHOBOI KHCIIOTH, OJIHAK PIBHI €pPYKOBOI Ta
raJIoNeTHOBOT )KUPHUX KUCIOT Oy 3HaYHO 3HIKEHUMH. [le CBIqUUTh Npo BILIKB
YMOB TiIOKCIT Ha MOIYJIAIII0 aKTUBHOCTI @00 eKcrpecii reHiB aecaTypas/einonras
KUPHHUX KUCJIOT, 1110 BiJIITPA€ BAXKIUBY POJb Y 3MiHAX JKUPHOKUCIOTHOTO CKIIay.
OtpuMaHi J1aHl € aKTyaJlbHUMH JUIsi PO3POOKH METOJ0JIOTii KOHTPOJIbOBAHOI
OJIIHHOT TPOYKTUBHOCTI Y POCJIMH B 30HaX PU3UKOBAHOTO 3€MJIEpOOCTBA.

Kniouosi crnoea: Tinokcis, >kupHa KACJIOTa, oJ1ist HaciHHs, Brassica napus.

Canola (Brassica napus L.) is an important oilseed crop the oil from which
is used in human diet and biodiesel production. Canola oil is considered to be a
healthy ingredient rich in polyunsaturated fatty acids. Canola seeds contain 40 %
of oils, where 60 % oleic acid, 20 % linoleic acid, and 10 % of linolenic acids
were noted [1]. Abiotic stressors severely constrain canola growing causing
economic losses by affecting oil content and metabolism [2]. Results of different
studies indicate that increased level of salts in plant growth medium negatively
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affects the content and quality of oils in seeds. In seeds of oilseed plants, the
quality of oils depends on the content of fatty acids, for example, palmitic,
stearic, oleic and linoleic acids. Seed oil with the increased content of oleic and
linoleic acids was noted to be the most qualitative [3]. Salt stress directly inhibits
the activity of glyoxysomal catalases, malate synthases, isocitrate lyases, and
oleic acid desaturases that play a role in fatty acid biosynthesis and modification.
This leads to the reduction of glycerides levels, accumulation of free fatty acids
and changes of fatty acids content [3]. Sunflower plants grown under salt excess
stably elevate the levels of oleic acid with respective reduction of linoleic acids
by possible inhibition of oleic acid desaturase activity [4]. Increased content of
C18:1 and C18:2 with decreased level of C18:3 fatty acids was found in
oleosomes of Parachlorella kessleri alga in salt stress conditions [5]. In addition,
artificially reduced level of oleic acid and increased content of polyunsaturated
fatty acids in seeds also leads to increased Arabidopsis thaliana tolerance to salt
stress [6]. Therefore, it is important to investigate how other stressors like
hypoxia [7] modulate fatty acid content in canola seed oils.

For this reason, fatty acid content was analyzed in seeds of Brassica napus
plants initially grown under normal and hypoxia conditions. Hypoxia was
induced by waterlogging (3 cm water layer during 3 weeks before seed isolation)
that decreases the oxygen available to roots. The fatty acids obtained from seed-
extracted oil were analyzed by gas chromatography with subsequent mass-
spectrometry [8] on “Agilent 6890N/5973 inert” system. Oil was extracted with
hexane as a solvent during 24 h with relation seed weight/solvent volume = 1/10,
the extract was then filtered and dried under vacuum.

The results obtained indicate that seeds of Brassica napus plants contain
high levels of linoleic (C18:2), linolenic (C18:3), palmitic (C16:0), and oleic
(C18:1) acids level. In contrast, low level of arachidic (C20:0), erucic (C22:1),
stearic (C18:0), gadoleic (C20:1), palmitoleic (C16:1), elaidic (C18:1 trans-9),
and behenic (C22:0) acids was also noted. In comparison to control plants grown
in normal conditions, seeds of hypoxia-subjected plants contained significantly
higher level of palmitic acid, and slightly higher level of palmitoleic acid,
whereas the level of erucic acid and gadoleic acid was significantly reduced in
seeds of stress-treated plants. Levels of linoleic, linolenic acids, were weakly
reduced, whereas the levels of oleic acid was weakly increased. Changes of
stearic acid, behenic acid, elaidic acid, and arahidic acid content were not
statistically significant (Fig. 1).

Since linolenic acid formation is catalyzed mostly by desaturases (FAD3
isoform in Arabidopsis thaliana) that use linoleic acid as a substrate for linolenic
acid formation and fatty acid desaturase genes are cloned and characterized in
canola plants [9], the results obtained suggest that fatty acid desaturase gene
expression and/or activity could be modulated by hypoxic conditions. In addition,
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the results of fatty acid analysis suggest the involvement of canola fatty acid
elongase [10] in hypoxia-induced fatty acid changes.
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Fig. 1. Content of some minor fatty acids in seed oils of canola grown under
hypoxia (1-linoleic acid, 2 — linolenic acid, 3 — oleic acid, 4 — palmitic acid, 5 —
stearic acid, 6 — gadoleic acid, 7 — palmitoleic acid, 8 — elaidic acid, 9 — arachinic
acid, 10 — erucic acid, 11 — behenic acid)

Plant hormones are proposed to be an important modulators of oil content
under stress conditions. For example, salt stress and 24-epibrassinolide modulate
desaturase gene expression and the levels of its products and substrates in
Arabidopsis seedlings [11]. It was also found that 24-epibrassinolide reduces the
levels of C16:0, C18:1, and C18:2 fatty acids and elevates the levels of C18:3
fatty acid that was dependent on the type of stress conditions [12]. Increased level
of these fatty acids in triacylglycerols was noted in response to epibrassinolide in
senescing pea leaves [13]. 24-Epibrassinolide treatment of the fruit pericarp of
Styrax tonkinensis promotes the restoration of oil levels by modulating the
balance between saturated and unsaturated fatty acids in developed seeds [14].
Also, salt stress induces notable reduction of oil productivity in sunflower seeds.
However, salicylic acid restored the levels of oils, especially, linolenic acid [15].
Salicylic acid and jasmonic acid action also restored the quality of soybean seed
oils in salt stress conditions [16]. The results obtained in the present study could
be further completed with data on the effect of bioregulators on stabilization of
fatty acid content in canola oils.

This work was supported by the grant Ne 2.1.10.32-21.
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VJIK 547.779

IHOMYK 3PYUHOI'O METOJY BI/IHOBJIEHHSA
HIAHOMETUWJIBHUX MNOXIJITHUX 1,3-IUMETHUJI-1,4-
JAUTTAPOIIPA30JIO[4,3-c]IIIPA30OJIIB

Bumxak P.M., [Tanunmmn C. 5., BpoBapens B.C.
[HcTUTYT Gl00Opraniunoi ximii Ta HadToximii im. B.I1. Kyxaps HAH Ykpainu
rmvydzhak@gmail.com

Hocmimkeno BigHoBACHHS (4,6-mumeTuimnipa3ono[4,3-Clmipason-1(4H)-
LT)aleTOHITPIITY Ta (4,6-mumetmrmipasono[4,3-clmipason-2(4H)-
11)aleTOHITPUIIY Y BIAMOBIAHI 2-aMiHOSTHIBHI ToXiaHi. [ligibpaHo onTumaibHI
YMOBH TIPOBEJICHHS peakilii. byoBy CHHTE€30BaHUX PEUOBWH IMiATBEPIKCHO 3a
noromorofo IMP *H ta "*C crexrpockortii.

Kniouosi cnosa: 1,3-gumerni-1,4-quriapormipasono[4,3-Clmipason,
aNTKUTIOBaHHS mipa3oiio[4,3-Clmipasoiny, BiTHOBIICHHS OOpaH-TUMETHIICYIb(iIOM.

The reduction of (4,6-dimethylpyrazolo[4,3-c]pyrazol-1(4H)-yl)acetonitrile
and (4,6-dimethylpyrazolo[4,3-c]pyrazol-2(4H)-yl)acetonitrile to the
corresponding 2-aminoethyl derivatives was investigated. The optimal conditions
for this reaction were selected. The structure of the obtained compounds was
proved by "H NMR and *C NMR spectroscopy.

Keywords: 1,3-dimethyl-1,4-dihydropyrazolo[4,3-c]pyrazole, alkylation of
pyrazolo[4,3-c]pyrazole, borane dimethyl sulfide reduction.

[ToximHi mipa3oily CKJIAaJalOTh BEJIMKY T'Pyly CHHTETHYECKUX O10JIOTTYHO
aktuBHUX crnoiayk [1,2]. Cepen KOHACHCOBAaHMX IOXIJIHUX Tipa3ojy OaraTto
CIOJIYK TaKOXX TMPOSIBISIOTH BUCOKY OIOJIOTIYHY aKTHBHICTH [3], aue
nipasosio[4,3-Clmipazonau BuUBYEHI Maso. Lle moB’s3aHO 3 BIJACYTHICTIO 3pYyYHHX
METO/IIB CHHTE3Y IHOTO KJacy CIoyiyk. HemaBHO HaMu 3alpoONOHOBAHO 3py4YHUN
Ta g00pe BIATBOpPIOBaHUM MiaXig J0 cuUHTE3y  l-ankui-3-mertun-1,4-
aurigpormipa3oino[4,3-Climipa3oniB Ta JOCHIIPKEHO iX aJKITIOBaHHS eCcTepaMu
raJoreHKapOooOHOBUX KHCIIOT [4, 5].

Meroto paHoi poOoTM € miaAdip ONTHUMAIbHUX YMOB BIJHOBJICHHS
IaHOMETHJIBHUX TOXigHuX 1,4-auriapomipa3oso[4,3-Clmipa3oiiB y BiAMOBIIHI
2-aMiHOETHI3aMiIIeHi mipa300[4,3-C]mipa3onm.

Sk MomenbHI 00’€KkTH HaMu oOpaHi (4,6-muMeTtunmipasono[4,3-Clmipa3o-
1(4H)-in)atetonitpun 2 Tta  4,6-nuMetrimipasono[4,3-clmipason-2(4H)-
im)areroHiTpuna 3 (puc. 1).

Mu pocmigwnu  ankimoBaHHA  1,3-mumetwt-1,4-nurinpomipasono[4,3-
C]mipazony 1 (nuB. puc. 1) B pi3HUX PO3UMHHHKAX i B IPUCYTHOCTI Pi3HUX OCHOB
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(tabn. 1). CymapHuii Buxig cnojyk 2 Ta 3 moMmipHUE a00 BHCOKHM, a
CHIBBITHOIIIEHHS 130MEPIB CYTTEBO HE MIHSETHCA.

CN
H
N\N CICH,CN, B N\N /N\N/\
2 y .
T\ V2 A A S
SN N N
|1 | 2 | 3

1) H]; 1) [HI;
2)HCL \h 2) HCl
2

N\ N\
! N /i 7 NTTNC-NH,
N 2 he N \—=
N N -2 Hel

N N
| 4 |5
Puc. 1
Taoaunga 1
AnkimroBanus 1,3-numernn-1,4-nurigpomipasono[4,3-Clmipasony 1
XJIOPalETOHITPUIIOM
Ne YMOBU NIPOBEICHHS 3a.raHBHHH Buxizg Buxin
BUXIJT CIIOJIYK
peakitii 943 CIIOJTYKH 2 CIIOJIYKH 3
1 |2 K,COs;, anieTon 2,31 (65,7%) 1,28 1 (36,6%) | 1,021 (29,1%)
2 | 2 KyCOgs, anieToHITpHI 2,57 1 (73,5%) 1,391 (39,7%) | 1,181 (33,8%)
3 | NaH, rerparinpodypan 2,07 1 (59%) 1,11r (31,7%) | 0,96 (27,3%)
4 | Cs,COg, anteToHITPUNI 3,131 (89,5%) 1,78 1 (50,9%) | 1,351 (38,6%)

OnTtumanbHi yMOBHM I cuUHTE3y 4,6-mumerwimipa3oio[4,3-Clmipason-
1(4H)-im)anetonitpuny 2 Ta  (4,6-mumernnmipasono[4,3-Cluipazon-2(4H)-
UT)alleTOHITPUIIY 3 — TPOBENCHHS peakilii B alleTOHITPUJI B MPUCYTHOCTI
kapOoHaty uesito. LlinpboBi cromyku 2 1 3 Oyau po3IiieHI 3a JIOHNOMOTIOIO
xpoMarorpadii Ta He MICTUIM AOMIIIKHU 1HIIOrO 13oMepy. Cknag HiTpwiIiB 2 1 3
MIATBEPKEHO JTAaHUMHU €JIEMEHTHOTO aHalizy, a OyaoBy — 3a momomoroio SIMP
'"H 1a B°C criexktpockormii. Y cmektpax SIMP 'H cmomyk 2 ta 3 mpucyTHi Bci
CUTHaJIM aTOMIB BOJIHIO, a iX XIMI4HI 3CYBHM CYTTEBO HE€ BIApPI3HAIOTHCA. B
ciektpax IMP °C i3someprux HitpmmiB 2 i 3 mpucyTHi BCi CHrHamH aTomiB
BYIJICLIO 1 BOHM CYTTEBO BIIPI3HAIOTHCA MK COOOIO IO TOJIOKEHHIO aTOMIB
BYTJICIIO B Tipa3osonipa3onbHiii cuctemi. 3riqao nanux NOESY B momexyii
CHOJIYKA 2 TPOSIBISETHCS MPOCTOPOBA B3a€EMOJIII MK aTOMaMH BOAHIO TPYyIl
NCH,CN 1 C-CH;, a Ttakoxx Mbk aromamu BogHIo N-CH; Ta CG—H, 110
OJTHO3HAYHO TMIATBEPUKYE OyaoBy 4,6-mumermimipaszonio[4,3-clmipason-1(4H)-
uT)arneToHITprTy 2. B Mosnekysi HITpuiy 3 OpOSIBISETHCS MTPOCTOPOBA B3a€EMO/IIs
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Mk aromamu BojHIO Tpyn NCH,CN Ta C3—H, 10 OJAHO3HAYHO MiATBEPIKYE
OynoBy (4,6-mumetmiipa3onio[4,3-clmipason-2(4H)-in)aneToHiTpriny 3.

Pi3Hi wMeToau BigHOBIEHHS Oyja0 BHUIPOOYBAaHO JJISI TIEPETBOPEHHS
HITpUIB 2 1 3 y BIANOBIIHI L1JIHOB1 aminu 4 ta 5 (Tabm. 2).

Taoauusa 2
Binnosnenns 4,6-numerninipasono[4,3-clmipason-1(4H)-in)aneToHiTpriy 2 Ta
(4,6-mumernnmipasono[4,3-clmipa3on-2(4 H)-in)ane ToHiTpuiay 3

YMOBH MPOBEICHHS peaKiii Buxin cmonyku 4 Buxinx conyku 5
1 H»/Ni, 40 °C, 20 aTm. 0,61 r (24,2%) 0%
2 LiAIH, 1,08 r (42,8%) 0%
3 NaBH,, CoCl, 1,98 r (78,6%) 1,73 1 (68,7%)
4 BH3-S(CHs), 2,311 (91,7%) 2,341 (92,9%)

[Ipu BigHOBIEHHI HITPWIIYy 2 BOJAHEM Ha HIKEJIEBOMY KaTali3aTopi B
METaHOJIbHO-aMIaYHOMY PO3YHMHI 3 HEBUCOKMM BHUXOJIOM OyJIO oOJiepKaHO
amiHonoxijgHe 4. B cX0HX yMOBax 13 CHOJyKH 3 OJIEp>KaTy aMiH S HE BIAIOCH,
OCKIIbKM KpIM BIJHOBJICHHS HITPWJIBHOI Tpynu BiAOyBaeTbCAd TiIpyBaHHS
1pa30JI0MiPa30IbHOI CUCTEMH 1 YTBOPIOETHCS CKIIaIHA CYMIII MPOAYKTIB PEAKITii.
BifHOBIEHHAM CIONYKH 2 aTIOMOTIAPUIIOM JITiI0 B JIETHIOBOMY €TEpl TaKOX
BJIAJIOCh OJIEP>KATH aMiH 4 3 TOMIPHUM BHUXOJIOM, ajl€ EPETBOPUTHU HITPUI 4 LIUM
METOJIOM B YMCTHI aMiH 5 Ham He Baanocs. Croiyka 5 MicTriia 6arato JOMIIIOK
aMIHHOT TPHUPOAM 1 BUAUIMTH 11 B IHAUBIAyaJIbHOMY cTaHl Mu He 3moriu. Ille
OJIMH METOJI /ISl BIIHOBJICHHS HITPUJIIB, SIKMI MU 3aCTOCYBAJIH, 11€ BUKOPUCTAHHS
OOpripuay HATPIKO B CYMIIl METaHOJI-TETPariipogypaH B MPUCYTHOCTI XJIOPHUIY
ko6aneTy. [Ipu nbomy HiTpriu 2 1 3 Oynu epeTBOpeHi y BiAMOBIAHI aMinu 4 Ta 5
3 XOpolIuMHU BuXoaamH. Halikpammm MeToOM BIJIHOBJIEHHS € 3aCTOCYBaHHS
KOMILJIEKCY OopaH:auMeTwiIcyiab(dia B TeTparigpodypani. Bkazanum meromom
BIJIHOBJICHHSI B1JIOYBAa€ThCS 3 BHCOKMMH BHMXOJaMM 1 IUJIBOBI amiHH J00pe
OUYHUIIAIOTHCS 1 JIETKO BUAUISIOTHCS Y BUTIISA auriapoxiopuis. Cxian cnonyk 4
Ta 5 MATBEPKEHO JaHUMHU €JIEMEHTHOTO aHaji3y, a 0ya0By 3a gornomoroto SIMP
'H ta **C crexrpockormii.

OT1xe, B pe3yJibTaTi MPOBEACHOTO JOCIIKEHHS MU MiI10paau yMOBU JJis
ankimoBands  1,3-mumetwi-1,4-murinapomipasono[4,3-Clunipa3oiy  XJIOpameToH-
HITPWIOM Ta 3alpONOHYBajl ONTUMAIBHUN METOJ| BITHOBJICHHS OJIEPKaHUX
[[1aHOMETWJIHBHUX TOX1IHUX B 2-Te€TEePUIICTUIaMIHH.
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CHUHTE3 TA AHTUBIPYCHA AKTUBHICTD ITOXIJTHUX
MAKPOLHUKJIIYHUX CHHOJYK 3 6-AMIHOKAITPOHOBOIO
TA 4-AMIHOMETUJIBEH30MHOIO KUCJIOTAMHU
AK 3AMICHUKAMMA

'Bacok C.C, 1Hyu101< A.D., ! Anexceena 0.0., 1KI/IthIeHK0 T.I., 21“sz[iHa T.J1.
! dizuko-ximiunnii Iuctutyt im. O.B. Borarcekoro HAH Vkpaiuu
? OnechKHii HAITIOHABHAN MEIMYHII YHIBEPCUTET
Alieksieievachem@gmail.com

Cunre3oBaHO MOXiAHI a3za-15-kpayH-5, a3a-18-kpayH-6, niaza-18-kpayH-6-
eTepiB Ta Kajikc[4]apeHy, SiKi MICTATh (parMEHTH BIJOMHUX MPOTHUBIPYCHHX
npemnapaTiB — 6-aMiHOKampoHOBOTI Ta  4-aMiHOMETHUJIOCH30WHOI  KHUCIIOT,
JOCIIIJIKEHO iXHIO ITMTOTOKCHYHICTh Ta AaHTHUBIPYCHY aKTHUBHICTh BIJIHOCHO
BipyciB rpuny A/Hong Kong/1/68 (H3N2) 1 A/Puerto Rico/8/34 (HIN1) Ha
KYJbTypl TKAaHUHU XOPIOH-aIAaHTOICHUX 000J0HOK. CHHTE30BaHI CIIOJYKH
MOKa3aJld  aHTUBIPYCHY  aKTHBHICTb, IO TEPEBHUIIYE  aKTUBHICTH  6-
aMIHOKarpoHOBOI Ta  4-aMIHOMETHJIOEH30MHOI  KHCIOT 3a  BIICYTHOCTI
IIUTOTOKCUYHOCTI.

Knrouosi  cnosa: azakpayH-eTepH, KaJlikcapeHH, 6-aMiHOKAIpOHOBA
KHCIIOTa,  4-aMiHOMETWJIOCH30MHAa  KHCJIOTa, AaHTHUBIPYCHAa  aKTUBHICTb,
IIUTOTOKCUYHICTb.

A series of aza-15-crown-5, aza-18-crown-6, diaza-18-crown-6 ethers and
calix[4]arene derivatives substituted by fragments of known antiviral drugs —
6-aminocaproic and 4-aminomethylbenzoic acids — have been synthesized and
their cytotoxicity and antiviral activity against human influenza viruses A/Hong
Kong/1/68 (H3N2) and A/Puerto Rico/8/34 (HIN1) in chorionic-allantoic
membrane tissue culture were studied. The synthesized compounds showed
antiviral  activity exceeding the activity of 6-aminocaproic and
4-aminomethylbenzoic acids in the absence of cytotoxicity.

Keywords: azacrown ethers, calix[4]arenes, 6-aminocaproic acid,
4-aminomethylbenzoic acid, antiviral activity, cytotoxicity.

Ha cporomuimHii neHb B JITEpaTypi NPEACTABICHO BEIUKHUA 00’€M
iHopMallii 100 MPOBEICHHS JOCHIKEHb, SKI CIPSMOBaHI Ha BHUBUYCHHS
MEUKO-010JIOTIYHUX BJIACTUBOCTEW CHHTETHYHUX PEIIENTOPIB, SKI CTBOPEHI Ha
OCHOBI ~ MakpOIMKIIYHMX  CIOIYK (KpayH-eTepiB, a3aKpayH-€TepiB  Ta
KajikcapeHiB). biojoriyHa akTMBHICTh TaKUX CHOJIYK OOYMOBJIEHA SIK 3AAaTHICTIO
pO3Mi3HABaTH 10HU METANIB Ta JESKI OpraHi4HI MOJIEKYJH, TPAHCHOPTYBAaTH iX
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Kpi3b JiNigHI MeMOpaHH, TaK 1 OCOOJMBOCTSIMU iXHBOI XIMIYHOI CTPYKTYpH.
Mo>kHa MPUITYCTUTH, IO CTBOPEHHS CYNPaMOJIEKYISIPHUX aHCaMOJIiB Ha OCHOBI
KpayH-€TepiB Ta KaJlIKCapeHIB, SKI MICTITh SK 3aMICHUKW 3aJMIIKA MOJICKYJI
BIJIOMUX aHTUBIPYCHHUX MpernapaTiB, MPUBEIE 0 MiABUIIECHHS 01040CTYITHOCTI,
KOHIICHTPYBaHHsI, a TAKOX MPOJIOHTYBaHHS Jii Takux mpenapatis [1-3].

Takum YMHOM, Ha OCHOBI MAaKPOIMKIIYHUX MOJEKYJISIPHUX IIaThopM
HaM{ CHHTE30BaHO IMOXIJIHI aHTUBIPYCHUX CIOJYK KJIacy 1HTiOITOpIB mpoTeas —
6-amMiHOKanpoHOBOiI Ta 4-aMiHOMETHIOEeH30MHOT kucior [4]. s moXiJaHHUX
a3akpayH-€TepiB JOCTIPKEHO IIMTOTOKCHYHICTh Ta aHTUBIPYCHY AaKTHUBHICTb
mono BipyciB rpunmy H3N2 ta HINI1. IlpoTtmBipycHa akTHBHICTH IOXIJTHHUX
Kalikc[4 ]apeHy BuBYaiIack BiIHOCHO Bipycy H3N2.

CuHTe3 aMiIHMX  MOXIJHUX  a3akpayH-eTepiB 3  (parMeHTamu
6-amiHOKanpoHOBOI  Ta  4-aMIHOMETUJIOCH30MHOI  KHUCJIOT  MPOBOAMIIU
alWIIIOBAaHHSM  a3akpayH-eTepiB BOC-aMiHOKHCIOTaMH B YMOBax METOAY
aKTUBOBAaHMUX ecTepiB y npucyTHocTi N-Tizpokcnben3oTpuasony. Bukopucranus
JTAHOTO METOJIy JIO3BOJIMUIO TIJBHUINMTH BUXOJM TMPOAYKTIB 10 94-96 %.
Buydennasm Boc-3aXxUCHOT TPy B IPOMDKHHUX CITOJTYKaX XJIOPUCTUM BOJTHEM B

JIOKCaHI OTPUMAHO MPAKTUYHO 3 KUIBKICHUM BHXOJIOM T1IPOXJIOPHUIM IIJTOBUX
cionyk 1-4 (puc. 1) [5].

[(,J/P\O% BOC/HVX\([DI/OH rh% O Boo
?\/O\N)_H DCC, HOBT [?\/ o\) x—/

HCI / dioxane /,h

1 n=1,X= CH“ E‘\/O\N)_{(JNHz xHCI

1-4
99%
3: n=2,X= CHZ

Puc. 1. Cxema cuHTE3y MOXITHUX a3aKpayH-€TEPIB 3 3aTUIIKAMU MOJICKYJT
6-amMiHOKaNpPOHOBOI Ta 4-aMIHOMETHJIOCH30MHOT KUCIIOT

AHaNOTIYHUM METOAOM OynM OTpUMaHl Ou3aMillleHl MOXiaHi aia3a-18-
KpayH-6 — 5, 6 (puc. 2).

Jlnsg TOpiBHSHHS, A0 psAy MOXITHUX a3akpayH-eTepiB Oylno J0JaHO
BOJOPO3YMHHI MOHO- Ta JW3aMillleHI [0 HWKHBOMY BIHIIIO  napa-
cynbdokanikc[4]apeHn, 10 CKIaAy 3aMiCHUKIB SKUX BXoauTh C-KiHIEBa
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6-aminokanponoBa kuciotra (7, 8). Takoxx OyJI0O CHHTE30BaHO AU3AMIIICHUMN
napa-cynbGoKaJikcapeH, YTPUMYIOUYHH 10 HIKHBOMY BIHIIO TENTHIHUAN
¢dbparMeHT, 10 CKIaay SKOTO BXOJSATh 3aJHUIIKH OITOBOI, 6-aMiHOKAIIPOHOBOI Ta
4-amiHOMETHIIOCH30MHOT KUCIOT — 9 (puc. 3). Ckiag ta 6y10BYy BCIX OTpUMaHUX
CIOTYK GYII0 BCTAHOBIICHO 3a TOMOMOTOI0 METO/IB Mac-criektpomerpii, “H Ta *C
SAMP cnektpockorrii.

H

Boc’ N~ \n/ /—\ /_\
° o DCCHOBT /X <N\O O/>0 . /X (O O/>O

HN Boc—NH HN—Boc HCl/dioxane H,N }—N N—{ NH,

SR
o -/ o} </ \) x—!
o o\) CH,Cl,, dioxane <,O OJ X o o

\_/ \/ -/ x2 HCI

%ﬁ

(\

94-96% 5: X = -(CHy),-

Puc. 2. Cxema cuHTe3y NOX1IHUX Jia3a-18-kpayH-6-eTepy 3 3aIUIIKaMUA MOJIEKYJT
6-aMiHOKaPOHOBOI Ta 4-aMiHOMETHIIOCH30MHOT KHCIIOT

-Bu -Bu t-Bu t-Bu
ﬁ@coowle
H,N
NaOH <

n m DCC, HOBT MeOH n m
OH 0 4 CHyClTHF OH 0
HZCTN HyC—e©
0
8n=m=2 HSOCl  HN_
=2 ﬁjz)s
COOH }/(HOCsz)sN 07 \H
SOgH SOzH
( O O COOH
n m
OH 0] 0

\ H
H,C——N /—OCOOH
2 707/ \(CH2)5JLH

Puc. 3. Cxema cunresy n-cynbhokanikc[4]apeHy 3 3aMiCHUKOM, IO CKJIaay SIKOTO
BXOJIATH 3QJIMIIKH OITOBO1, 6-aMIHOKAIPOHOBOI Ta 4-aMIHOMETHIIOEH30MHOT
KHCIIOT

9n=m=2

Ilepenq BuU3HAYEHHSM TPOTUBIPYCHOI AKTUBHOCTI mpemnapariB Oyna
nepeBipeHa X TOKCUYHICTh Ha MO BUBYCHHS TOKCHYHOCTI 3 BUKOPHCTAHHSIM
KyneTypH iH(Yy30piii Colpoda steinii [6]. [IpoTurpumno3ny akTUBHICTh IpenapaTiB
in vitro BuBuamm crtocoBHO BipyciB rpuny A/Hong Kong/1/68 (H3N2) ta
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A/Puerto Rico/8/34 (HIN1) Ha KylIbTypl TKAHUHUA XOPIOH-ATAHTOICHUX 000JIOHOK
(XAO) 11-12-mo60oBuX KypsYux €MOpPIOHIB, OCKUIBKH ITI0 KYJIBTYpYy MO>KHA
BBa)KaTH HAMOUIBIN HAOJIMKEHOIO JO PIBHA IIIJIOTO OPraHi3My, SIKUM € Kypsuui
emOpion [7, 8]. binbmicTs mpemapariB He BUsSBWIM TokcuuHoi nii g0 Colpoda
steinii y xonmenTpamii 1 MMoJIB/JI, sika 1 Oyjia 3aCTOCOBaHA B IOJAAJIBIIOMY IIPU
BU3HAYECHHI MPOTUTPUIIO3HOT aKTUBHOCTI. Pe3ynbTatu akTMBHOCTI AOCIIHKEHUX
npernapartis in VItro momo nmpurHideHHs piBHS PEMPOIYKIIil BipyCy TPUITY JIFOICH
mramiB H3N2 ta HIN1 na xkynetypi XAO HaBeneHi B Tabnuii 1.

Buxinni 4-amiHOMeTHJIOCH30MHA Ta 6-aMIHOKAlpOHOBA KHCJIOTH B
KOHIIEHTpaIisfax | MMOJB/II Maike He MPOSBISAIOTH aKTUBHOCTI y MOPIBHSHHI 13
pedepeHc-npenapaToM 03eIbTaMIBIPOM.

Taoauus 1
TOKCHUYHICTB Ta MPOTUTPUIIO3HA AKTUBHICTH CHHTE30BAHUX CIIOJIYK, BUBUEHI Ha
TKaHWHAX XOP1OH-aJIaHTOICHUX 000JIOHOK

CepenHiit TOKa3HUK TPUTHIYEHHS
Heroxcnma o3 penpoaykiti mramis Bipycy, A Ig T s
Cronyxa t*.‘a.po'pc’da | AlHong Kong/1/68 | A/Puerto Rico/8/34
steinii, Mmmomb/m (H3N2) (HIN1)
1 1 0,6 0
2 1 0,17 0,42
3 1 0,9 0,5
4 1 0,8 0,33
5 1 3,9 0,92
0,5 1,17 -
6 1 1,0 0,25
7 0,5 0,42
8 0,5 0,67
9 0,25 0,92
6-amiHO-
KarpoHOBa 1 0,15 0,33
KHCIIOTa
4-amiHO-
METUIIOCH301- 1 0,05 0
Ha KHCIIOTa
03eJIbTaMiBIp 1 4.17 417

CrocoBHo Bipycy rpumy 1uramy HINI a3zakpayn-erepu 1-4 Ta 6
NPOSIBIISIIOTH MPOTUTPUIIO3HY aKTUBHICTH MeHIny 3a 0,5 1g TI/so, a moxigHa 5 —
0,92 1g TIHso. Cnonyku 1-4 Tta 6-9 nposBISIIOTH HE3HAYHY MNPOTUTPHUIIOZHY
aktuBHICTh (10 1,0 lg TIsy) Takoxx crtocoBHo mtamy H3N2, omnak, ciin
3a3HAYUTU 3HAYHO HWKYY TOKCHYHICTH KaJlIKCAPEHIB MOPIBHSIHO 3 a3aKpayH-
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eTepHUMHU MOXiAHUMHU. HalflaKTUBHIIIOO 11010 IHOTO IITaMy BUSBUJIACH CIIOTyKa
5 Ha ocHOBI Aia3a-18-kpayH-6 3 PpparmeHTOM 6-aMiHOKAIIPOHOBOI KMCIOTH. BoHa
NOKa3ajla BUPAKEHY MPOTUTPUIIO3HY aKTHBHICTh Ha KyJlbTypi TKaHUHH XAO Ha
piBHi pedepenc-npenapatry (3,9 lg TIsp) y Tilf X KOHIEHTpamii 1 €
NEPCIIEKTUBHOIO ISl TIOAAJBIIONO JOCIIKEHHS Ha MOZENSIX IN VIVO 3 MeToro
CTBOPEHHS HOBUX ITPOTUBIPYCHUX MPEMaparis.

Taxum uHOM, OTpUMaHI Pe3yabTaTH MOKA3yIOTh IIUPOKI MEPCIEKTUBHU IS
NOIIYKYy Ha OCHOBI MAaKpOLMKIIYHHUX CIOJNYK 3 (papmakoopHUMHU Tpynamu
(4-aminomeTmiiOeH301HA Ta  6-aMiHOKAIpPOHOBA  KHCJIOTH)  TOTCHIIIMHUX
IPOTUBIPYCHUX MpENapaTiB.

Jlitepatypa

1. Alfonso I., Quesada R. Biological activity of synthetic ionophores: ion
transporters as prospective drugs? Chemical Science. 2013. Vol. 4, N 8. P. 3009—
30109.

2. Basok S.S., Schepetkin I.A., Khlebnikov A.l., Lutsyuk A.F., Kirichenko
T.1., Kirpotina L.N., Pavlovsky V.I., Leonov K.A., Vishenkova D.A., Quinn M.T.
Synthesis, Biological Evaluation, and Molecular Modeling of Aza-Crown Ethers.
Molecules. 2021. Vol. 26, N 8. P. 2225-2234.

3. Chehardoli G., Bahmani A. The role of crown ethers in drug delivery.
Supramolecular Chemistry. 2019. Vol. 31, N 4. P. 221-238.

4. Lozitsky V.P. Frontiers in Research. In: National Institute of Allergology
and Infectious Diseases, NIH. Vol. 1 (Georgiev V.S., Western K.A., McGowan
J.J., Eds.). Humana Press, 2008. P. 193-198.

5. T'epmikoBuu A.A., Kubepes B.K. Xumnueckuii cunres nentuaos. Kues:
Hayk. nymka, 1992. 360 c.

6. Cmoci0 OIliHKH CTYIICHS IIUTOTOKCHYHOCTI O10JI0OTIYHO aKTUBHUX CITOTYK
Ta (apmMakoJIOTIYHUX mpemaparis: mat. 15629 A VYkpaina: MIIK GOIN 33/15,
C12Q 1/18. Ne u2005 12542; 3asBn. 26.12.2005; omy6. 17.07.2006, Bro. Ne 7.

7. JloxnMHUYECKHE HUCCIIEN0OBaHUSA JIEKapCTBECHHBIX CPEICTB.
Metonuueckue pexomenmanuu. (pea. Credpano A.B.). Kues: ABunenna, 2002.
C. 395-420.

8. ManbueBa A.U., Arpanosckas B.E., Ieapuman A.C. Penponykuus
BUPYCOB TIpunmna B KyiabType TKaHH XAQO, NPUKPEIUIEHHOW K CKOpJIyIIE.
Jlabopamopnoe Jleno. 1973. N 11. C. 689-690.

87



UDC 577.125:581.19:577.17:577.12.05:577.171.5:615.35:581.143:577.175.1.05

ROLE OF SPECIFIC PHOSPHOLIPASE D ISOFORMS IN SPERMINE-
INDUCED METABOLIC REGULATION DURING SALT STRESS
IN ARABIDOPSIS THALIANA

Kolesnikov Ya.S., Kretynin S.V., Kravets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the NASU
kravets@nas.gov.ua

Phospholipase D (PLD) plays a role in polyamine action in plants, but the
role of specific PLD isoforms in regulation of cellular metabolism by these
substances under stress conditions have not been investigated. Results of the
present studies indicate that PLDyl and PLDy3 isoforms are involved in
polyamine action in Arabidopsis thaliana during the development of salt stress
tolerance according to analysis of morpho-physiological parameters, reactive
oxygen species balance, and levels of osmolytes. These results are important for
the development of methodology of controlled plant ontogenesis in areas in risky
farming.

Keywords: phospholipase D, phosphatidic acid, spermine, reactive oxygen
species, prolne, transglutaminase.

®ocdomninaza D (DJID) Bimirpae poiap B peamiszaiii Jii MOJiaMiHIB y
pocCivH, oAHaK poJib cuenudiuaux i3odpepmenti @JID y perysiii MeTadomizmy
KJIITUH POCIAWH 3a [ii IMX CIOJYyK B yMOBaX CTpeCcy Hapa3i He 3’siCOBaHa.
PesynpTaTu 3a1iicCHEHUX AOCTIPKEHb CB1IYaTh, 110 130depMentu Gocdominazu D
®JIDyl Ta ®JIDyY3 3amydeni 1o peanizaiii Ail MOJiaMiHIB Y KIITHUHAX POCIUH
Arabidopsis thaliana y mnpomeci ¢opmyBaHHS CTIHKOCTI 1O Jii COJBOBOTO
CTpecopy B Tmporecax Moayisaiii mopdo-(dizionoriyHux peakiid, OanaHCy
aKTUBHUX ()OPM KHUCHIO Ta pIBHIB OCMOIPOTEKTOpiB. OTpuMaHi [gaHi €
aKTyaJbHUM JJIs1 pO3pOOKH METOJUK KEePYBaHHSI MPOLIECAMU OHTOTEHE3Y POCIINH
y 30HaX pU3MKOBAHOTO 3eMJIEpOOCTBA.

Knrouoei cnosa: dhocdoninaza D, dhochatuana kuciora, CriepMiH, aKTUBHI
dbopMu KUCHIO, TIPOJIiH, TPAHCTITyTaMiHa3a.

Polyamines are low-molecular weight aliphatic amines that play an
important role in plant from regulation of growth and development to stress
tolerance. Their levels in plants increase in response to various stresses [1, 2].
Recently, phospholipase D and its signaling product phosphatidic acid were
found to be involved in primary polyamine signaling events in Arabidopsis
thaliana plants. PLDg, its specific isoform, was shown to mediate rapid PA
accumulation in response to polyamines and potassium efflux from root cells [3].
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However, its role in polyamine-mediated regulation of defence metabolic
pathways in stress conditions was not observed. This is also true for other PLD
isoforms that were not investigated in the paper: PLDo2, PLDB1, PLDB2, PLDyl1,
PLDy2, PLDy3. In addition, how polyamines regulate PLD is also a challenge for
polyamine research in plants. Direct spermine binding to phospholipase C was
found in Catharanthus roseus plants [4], but the mechanism and the regulatory
pathway for this have not been studied. Moreover, direct activation in vitro of
AtPLDal by putrescine was also proposed in Arabidopsis thaliana [5].

For investigation of the role of PLD isoforms in regulation of cellular
metabolism in normal and stress conditions (NaCl, 125 mM), intact and loss-of-
function mutants of PLD isoform genes (PLDa2, PLDB1xPLDB2, PLDyl.1,
PLDyl1.2, PLDy2, PLDy3, PLDJ) were used for investigations. Morpho-
physiological parameters were analysed by CorelDraw programs. The content of
superoxide radical and hydrogen peroxide was analysed histochemically and
quantified by ImageJ program, whereas the level of malone dialdehyde,
4-hydroxy-2-nonenale, reduced glutathione, free proline, and the activity of
proline  dehydrogenase were assayed biochemically and analysed
spectrophotometrically. Low (60 mkM) and high (150 mkM) spermine
concentration were chosen according to their contrasting effects on Arabidopsis
growth [3].

Analysis of dry and fresh weight of Arabidopsis seedlings suggests that
mutants pldyl-3 and pldo are insensitive to polyamine-induced restoration of
these parameters that were negatively affected by salt stress. Root growth reduced
by high spermine concentrations was respored to wild-type level in pldyl and
pldy3 mutants. Reactive oxygen species are formed under different stresses and
serve as markers of cellular damage. It was observed that spermine only under
low concentrations significantly inhibits superoxide radical and hydrogene
peroxide accumulation induced by salt stress in leaves of Arabidopsis thaliana.
However, this spermine effect was weakened in mutants pldo and pldy2, but was
not observed in pldyl and pldy3 mutants. Spermine was not able to reduce
hydrogen peroxide formation in mutants pldo and pldyl-3. High spermine
concentration induced the ROS accumulation in intact and mutated plants in all
conditions. Under low concentrations, spermine reduced the formation of malone
dialdehyde, a marker of lipid peroxidation, in wild-type plants, but not in mutants
pldyl and pldy3, but only weakener the effect in pldo and pldy2 mutants. High
concentrations of spermine did not reduce the malone dialdehyde induced by salt
stress. Significant changes of reactive carbon species measured by 2-hydroxy-4-
nonenale level were not observed under low spermine concentration in all
assayed mutant lines in normal and stress conditions.

Low spermine level restored basal concentraton of endogenous reduced
glutathione (a marker of ascorbate-glytathione cycle activity that balances ROS
levels) in wild-type plants that were reduced by salts. In mutants pldo, pldyl.2
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and pldy3, spermine action did not induce the changes in reduced glutathione
levels. Restoration of the level of reduced glutathione induced by high spermine
concentration was not found in pldo, pldyl.1, pldyl.2 and pldy3 mutants. Low
spermine concentrations additionally elevate proline (an osmolite) levels induced
by salt stress in wild-type plants, but not in pldé, pldyl.2 and pldy3. Proline levels
weakly increase in pldyl.1 mutants, but decrease in pldy2 plants in response to
spermine under stress. Reduction of salt-stimulated activity of proline
dehydrogenase (an enzyme of proline catabolism) by low spermine
concentrations, in comparison to high concentrations, in wild-type plants was not
observed in mutants pldo, pldyl.2 and pldy3 (Fig. 1).
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Fig. 1. Role of phospholipase D in regulation of proline dehydrogenase activity
in response to spermine and salt stress by application of transgenic plants

The results suggest that isoforms PLDyl and PLDy3, similarly to PLD3,
play a role in most assayed spermine-mediated metabolic responses. Since
polyamines did not significantly regulate the expression of PLDy1, PLDy3, PLDd
genes [6], suggesting that polyamines regulate PLD by other mechanism. In order
to gain insights on possible molecular mechanisms of spermine action in plants
that can be connected to PLD, different pharmacologicals were applied:
verapamil, EGTA, and R283. Verapamil is the inhibitor calcium channels,
whereas EGTA is a chelator of extracellular calcium. Role of calcium in
regulation PLD [7, 8] and polyamine action [9, 10] is widely known in plants. For
example, AtPLDy1 is active at micromolar calcium in vitro [11], and physically
interacts with calcium-dependent protein kinase CPK15 [12]. In addition, R283
was also used since it inhibits calcium-dependent transglutaminases [13] that
catalyze covalent polyamine conjugation to proteins [14] and this conjugate was
shown for plant phospholipase [4]. High concentrations of polyamines block seed
germination in Arabidopsis thaliana under normal and salt stress conditions [15].
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In the present investigation, the reduction of seed germination by high level of
spermine was not observed under chelation of calcium and inhibition of
transglutaminases, but was restored to control levels by verapamil. PLDyl and
PLDy3 are highly co-expressed with PNG1, a transglutaminase gene of
Arabidopsis thaliana [16]. Modelling of spermine direct binding to PLDy1 and
PLDy3 by “Playmolecule” docking server suggests that spermine can efficiently
form hydrogen bonds with serine-724, alanine-725, and asparagine-726 of PLDy1
and serine-732, alanine-733, and asparagine-734 of PLDy3 (Fig. 2). 3-D models
of transglutaminase PNG1 complex with PLDyl and PLDy3 with the lowest
energy were also obtained (with “HDOCK” server) based on the assumption that
transglutaminase could form these complexes during the catalysis of spermine
conjugation to PLD.
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Fig. 2. 2-D models of spermine binding to AtPLDy1 (left) and AtPLDy3 (right)
that predicts the most probable nature of chemical bonds in ligand binding site.
Dotted lines — hydrogen bonds
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CHUHTE3 TA JOCJILKEHHSI MPOTUMIKPOBHOI JIi
HOBUX NOXITHUX n-mpem-BY THJIKAJIKC[4]APEHY
I3 AMIJIOA3A(BEH30)KPAYH-ETEPHUMU 3AMICHUKAMMH

Anekceea O.0., bacok C.C.
®di3uko-xiMmiuauit iHCTUTYT iM. O.B. borarcekoro HAH Ykpainu
Alieksieievachem@gmail.com

OTpuMaHO psi MOXIIHUX n-mpem-OyTUIKATIKC[4]apeHy, SKi MICTATh IO
HIDKHBOMY BIHIIO SIK 3aMICHHUKH a3za-, OeH30a3a- Ta OEH30KpayH-eTepH,
OpUENHAHI JI0 MAaKpOIMKIY 3a JIOMOMOror aminHoi rpynu. IlpoBeneHo
JOCIIIJIKEHHS BIUIMBY CMHTE30BAaHUX CIOJYK Ha PICT MIKPOOPTaHi3MiB Ta IrpuOIB
— Staphylococcus aureus, Escherichia coli ta Candida albicans, scranosieni
ONTUMAJIbHI KOHILIEHTpAIlli, MPU SKUX CIOCTEPIraeTbCcsi MaKCUMaIbHUN e(eKT
MPUTHIYEHHS POCTY KOJIOHIM.

Knrouosi cnosa: n-mpem-6ytunkanikc|[4]apen, N-kapOoHinazakpayH-eTepH,
am17100€H30KpayH-eTePH, MPOTUMIKPOOHA aKTUBHICTb.

A series of p-tert-butylcalix[4]arene derivatives substituted at the lower rim
aza-, benzoaza- and benzocrown ethers attached to the macrocycle by an amide
group have been synthesized. The effect of synthesized compounds on the growth
of microorganisms and fungi — Staphylococcus aureus, Escherichia coli and
Candida albicans — was studied, the optimal concentrations at which the
maximum effect of inhibiting the growth of colonies are observed.

Keywords:  p-tert-butylcalix[4]arene,  N-carbonylazacrown  ethers,
amidobenzocrown ethers, antimicrobial activity.

[IpoTsiroM OCTaHHIX JECATWIITH MPOBOAATHCS IHTEHCUBHI JTOCITIIKEHHS
MEANKO-010JIOTIYHMX BJIACTUBOCTEN CYNPaMOJIEKYJISIPHUX CTPYKTYp Ha OCHOBI
MaKpOTETEPOIMKIIIB, 3JaTHUX pO3Mi3HaBaTH, 3B S3yBaTH Yy KOMIUIEKCH Ta
TPaHCHOPTYBaTU Kpi3b MEMOpaHHU 10HM Ta OpraHiyHi mojekynu. Cepen Takux
MaKpOTE€TEPOITUKIIIB OCOOJIMBE 3HAUYCHHS MAIOTh KaJIIKCAapEHU 1 KpayH-€TepH, SIKi
MalOTh BUPa)XeH1 KOMILJIEKCOYTBOPIOKOY1 BIACTUBOCTI T4 BUCOKY JIMOMUIbHICTD,
3aBISIKM YOMY MOXYTh TPAHCIOPTYBAaTH 10HM MeETaliB 1 JesAKl OpraHidHi
MOJICKYJIM, TakKl SK aMiHW, KUCIOTH, aMIHOKHCJIOTH, aMid, 4epe3 O10JoTiuH1
MeMmOpanu (ioHOQopHUI e(deKT), IO J03BOJISIE PO3MIISAATH iX SK OYiBEIbHI
OJIOKH Tl CTBOPEHHS e()EeKTUBHUX aHTHOI0THKIB [1-4].

BpaxoByroun 3pocTarouuil 1HTEpeC JOCHIIHMKIB JO TMOLIYKYy HOBHUX
AaHTUMIKPOOHMX 3ac00iB, OOYMOBJIEHHI CTPIMKHM 3HU)XEHHSIM €(EKTUBHOCTI
TpaIUIIAHUX TpenapariB, € IOIUIBHUM BHBUYEHHS il CYNpamoJeKyJISIpHUX
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aHcaMmOJliB, B SKMX TOEIHYIOThCS Kaikc[4]apeHHM Ta KpayH-eTepu, Ha pICT
[IMPOKOTO KOJa MIKPOOpPraHi3MiB — TPaMMO3UTHUBHUX, TPAMHETATUBHUX Ta
rpubiB. Ilpore, maHi mpo Taki JOCTIPKEHHS Ha ChOTOJHINIHINA JI€Hh JIOCHUTH
OOMe:KeHi.

VY 3B’SM3Ky 3 IIUM, METOI JaHoi poOOTH Oysi0o BHU3HAYEHHS BIUIMBY
MOXIAHUX n-mpem-OyTUIKATIKC[4]apeHy, sIKi MICTATh SK 3aMICHUKW 3aJIUIIKU
aza- Ta OEH30KpayH-eTepiB, MPHUEAHAHUX 1O MAKPOIMKIIYHOTO KapKacy 3a
JIOTIOMOTOI0 aMiHOT TPyHH, Ha PICT YMOBHO-MATOT€HHHX MIKPOOPTraHi3MiB,
BHBUYEHHS MOKJIMBOCTI BUKOPUCTAHHS IIUX PEUOBUH SIK TPOTUMIKPOOHUX 3aCO0i1B.

O0’ekTamu  mocimipKeHHs ~ Oynum  oOpaHi  AW3aMilieHi — n-mpem-
oyrunkanikc[4]apean 13 N-kapOoninazakpayH-etepHuMu 2-4, N-kapOoHiI-
oenzoaza-15-kpayn-5 5, amimobeH3okpayH-eTepHUMHU 7-9, amimoanben30-18-
KpayH-6-etepaumu 10 ¢parmMeHTamu, a TakoX TeTpa3aMIIEHUN KaJlKCapeH 13
N-kapOoninaza-12-kpayH-4 erepoM sik 3aMiCHUKOM 6. J[7151 MOPIBHSHHS 10 JaHOTO
psany Oyno JnomaHo n-mpem-OyTunkamikc[4]apeH 13 JBOMa 3aJUIIKaMHU
METHJIOBOTO €CTEepy OLTOBOI KHCIOTH 1 — OAWH 13 HaWOLIBII BHBYCHHX
TnodUIbHUX MPEICTAaBHUKIB MOXIAHUX Kanmikc[4]apeHy. CHHTE3 IUIbOBHUX
aMIJTHUX TOXIJIHUX 31HCHIOBAJIM, BUXOISYM 13 BIAMOBIIHUX KapOOKCHUITOXITHUX
KaJIIKCapeHiB, 3a JIOIIOMOI0I0 METOJy aKTUBOBAHMX €cTepiB [S] y HMpHCYTHOCTI
nuuukiorekcuiakapooaiiminy (DCC) Tta rigpokcubenzorpuazony (HOBT) (puc.
1). Ha miacraBi gaHux cnektpockorii IMP MoxHa cTBepKyBaTH, 110 B TPOIIECi
OTPUMaHHA  aMIIHMX  TMOXIAHMX  Kamikc[4]apeHy HE  CIOCTEpIraeThCs
KoH(popMmaIiiHoi 1HBepcii MaKpOIMKITY; MOJeKyiu crnoiayk 1-10 mepeOyBaroTh B
KoH(popmariii koryc.

BusHaueHHsT NpPOTUMIKPOOHOI [1i MPOBOAWIM CTAHIAPTHUM METOJIOM
CepiIHUX PO3BEJCHb. 3 KOKHOT pEYOBHHU FOTYBAJIU Psijl IBOPA30BUX PO3BEJICHb B
quMeTuiICyIb(okeual. TakuM YMHOM, OTPUMYBAJIM KIHIIEBUH BMICT PEYOBHH B
cepenoBui 25, 50 1 100 wmkr/mia. Sk TecT-OopraHi3Md BUKOPHCTOBYBAJIU
kyneTypH Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 ta
Candida albicans ATCC 18804, otpumani 3 My3€l0 KyJbTYp MiKpOOPTaHi3MiB
[ncturyty emigemionorii Ta iH@ekumiiHUX XBopoO iMm. JI.B. I'pomarmeBcbkoro
AMH VYkpainu. 36epiranHs TecT-IITaMiB 3/11HCHIOBAIM Ha MOBEPXHI CKOIIEHOrO
M’sico-nentonHoro arapy (MIIA) 3a temneparypu 4 °C. [Ins nocmigkKeHb
BUKOPHCTOBYBAIH JOOOBI KyJIbTYPH, BUPOIIIECHI B Mpodipiii Ha ckomeHomy MITA
npu 37 °C, oTpUMyI0UH KiHleBy KoHueHTpanio 1-10° KYO/mu. s Bu3HAUCHHS
KUTBKOCTI 0lOMacu TecT-IITaMy BHUMIPSUIM ONTHYHY TYCTHHY OTPUMaHHUX
cycnensiit 3a gomomororo crekrpodoromerpa SPECORD 250 Plus (Analytikjena,
Himeuunna) mpu goBxuHi xBuii 540 HM. K KOHTPOJh BUKOPUCTOBYBAIU
BIJIMUTI KJIITHHU TECT-MIKpOOpraHi3My, BHpOIeHI B cepemoBuili ['icca abo
Cabypo, sike Mictiio 20 MK uMeTWICylnbGOKCUAy B 1 M1 sl ypaxyBaHHS
BIUIMBY CaMOT0 PO3YMHHMKA HA PICT TecT-mTamy [6, 7].
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Puc. 1. Cxema cuHTe3y NOXiAHUX n-mpem-0OyTunkamikc[4 |apeny
13 amizioasa- Ta OEH30KpayH-eTEPHUMHU 3aMICHUKAMHU

7-9

[Ipu BU3HAYEHHI aHTUOAKTEPIAbHOI AKTUBHOCTI KAaJIKCAapeHIB II0JI0
KyneTypH Staphylococcus aureus mokasaHo, 10 HaHO1IbIIe MPUTHIYEHHS POCTY
npy KOHUEHTpaii 25 Mkr/mi, ske ckiagaio 99,9 %, cnocrepiramocs 3a
npucytHocTi cronyk 4 1 10. Jlns ivmmx cnonyk — 2, 3, 7, 6 — aHTUMIKpOOHMIA
epekr craHoBuB Bin 59,5 mo 95,1 %. IlpurHiueHHss pocTy KOJOHIA He
criocTepiraid 3a MPUCYTHOCTI KaiikcapeHiB 1 ta 5, 8, 9 (3 kpayn-erepamu 3
BEJIMKUM PO3MIPOM IIUKITY, CIIOJIyYEHOTO 3 apOMAaTUYHUM (parMeHTOM) — MEHIIIE
3a 10 %.

Konnentpartito 50 MKI/mi1 MOYKHA Ha3BaTH ONTUMAIBHOIO Il 1HT10yBaHHS
pOCTy KOJIOH1H. AJjie KaiikcapeHu 3 O0eH3oa3a-15-, 6eH30-15- Ta 6en30-18-kpayH-
eTEepHUMHU 3aMICHUKaMHU (5, 8, 9) npoaeMOHCTpyBaiu aKTUBHICTh HIKYE 3a 20 %.

3a koHuenTpauii 100 MKr/mi MiKpoopranisMu Oyid MEHII YyTIUBHUMHU A0
JOCIIIJIKEHUX PEUOBUH. JIWIle y BUNAJAKy KaJlIKCapeHiB 3 JBOMA 3aJIMILIKaMU a3a-
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18-kpayn-6 (4) ta voTMpma 3anuinkamu asza-12-kpayH-4 (6) cmocrepirainach
3arubens maibke 100 % komowiil. I B 1maHoMy BUNAAKY KaJdiKCapeHH 3
apoMaTHYHUM (parMeHTOM, SKHH BXOAWTH JO CKIAQy KpayH-eTepHOTO
3aMiCHHKa, BUSIBUWINCA HEaKTUBHUMH. L{ikaBo, 110 301JIbIIICHHS] BMICTY PEYOBUH B
CEepPEeNOBHUIIIl MPHUBOAWIO J0 3HWXKEHHS edekrty. Take sBule, BIPOTIIHO,
MOB’sI3aHE 3 TaK 3BaHUM €(EKTOM HACHYCHHS, TOOTO, KOHKYPEHIIEI0 MOJIEKYII
JOCITIKEHUX PEYOBHH 3a 3B’SI3yBAHHS 3 MOBEPXHEBUMH PEIENTOPAMH KIIITUHU

(puc. 2).

e
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2 : - :
S a0 s N B
20 % H
0L
KOHIIe HTpallisi,
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BxonTposs HE1 M2 A3 E4 @586 7 B8 EI @10

Puc. 2. AutubakTepiagbHa aKTUBHICTh JOCIIIKEHUX PEYOBUH LIO0
KyneTypu Staphylococcus aureus

[Ipy BUBYEHHI aHTUMIKPOOHOI aKTMBHOCTI KaJIIKCApPEHIB MO BIJHOIICHHIO
1o kyneTypu Escherichia coli BctaHoBIeHO MEHIITy Yy TIUBICTh IPaM-HETaTHBHUX
MIKPOOPTaHi3MiB /10 BCIX JOCHIJKEHUX CMONYyK. [I[puunHOI0 1IbOro € HasIBHICTH
KJIITUHHOI OOOJIOHKHM Y TPEJICTaBHHKIB TpaM-HETaTUBHUX OakKTepid, IO MOXKeE
YCKJIAJAHIOBATH MPOXOUKEHHS TiAPOGOOHUX TPy KaIIKCApEHOBOTO CKEJETY
Kpi3b MeMOpany. Haiikpanii pe3yapTaTu 00 NPUTHIYEHHS POCTY KOJOHIM npu
KOHIIGHTpAIli 25 MKI/MJ TPOJEMOHCTPYBaB KajlKCapeH 3 JBOMAa 3alIUIIKaMU
N-kapOoHinaza-18-kpayn-erepy 4 — 95,2 %. MiHIManbHUNA NPUTHIYYBAJIbHUM
edekt — 19,1-38,2 % — cnoctepiranu 3a MPUCYTHOCTI B CEPEOBUII peUOBUH O, 8
Ta 9 B yCiX KOHLEHTpalisX, SIKI TakoX OylM HEaKTUBHHMHU Yy BHIAJKY 13
cTad1JIOKOKOM.
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3a mpucyTHOCTI KajikcapeHiB 3 1 7 B cepenoBuiii E. coli npuraidenHs
pocty cknano 73,0 % Tta 63,5 %, BimmoBigHO, KamikcapeHu 2, 6 1 9 mposBuim
aKTUBHICTh MPUOJIM3HO HA OJJHAKOBOMY piBHI — 110 50%.

VY Bumanky xoHueHtpaii 50 MKr/mi, IpurHidyBaidbHa Ais KaiikcapeHiB 1,
3, 5, 8, 9 cranoBuna menie 40 %. AKTUBHUMHU MOKHA Ha3BaTU CIIONYKH 2, 4, 6,
7, 10, BoHu 3npuunHWIM 3aruodens Oubire 70 % kononii. KonmenTpariito 100
MKT/MJI MOXXHA Ha3BaTH ONTHUMAIHHOIO KOHIICHTpPAIEI0 1HTIOYBAaHHS POCTY
KHIIKOBOI MAJIMYKK JJI1 CEMHU pedoBUH — noHa 50 %, npu 1boMy KajlikcapeHu /
Ta 6 Oynm akTuBHUMHA Ha 92,3 Ta 93,7 %, BiAMOBIIHO.

Crin 3ayBaXWTH, IO TIPH JOCTIIKEHHI aHTUMIKpOOHOI Mii KajikcapeHy 3
3QJIMIIKaMU  ecTepy omToBoi kuciotu (1), skuii, K odwiKyBajocs, He 37aTeH
BUSIBJISITH 3HaYHUM (DapMaKoJIOTIYHUN e(EeKT, JaHa CIoJIyKa IoKa3aia HalMeHIy
aKTHBHICTh TIpM MiHIMaJIbHIM KoHueHTpamii (16,5 %), ane miaBUIICHHS
KoHIeHTparii A0 100 MKr/mi mpuBelo A0 3MEHIIEHHA OloMacu KHIIKOBO1
nanuyku y S pasis — 83,82 %.

[Ipyu BuU3HAYEHHI BIUIUBY JOCHIKEHUX  KaJlIKCApEHIB Ha  PICT
npixmkinoaioanx rpubiB C. albicans BcTaHOBIEHO IiKaBY 3alIeXkKHICTH €PEKTY
BiJI KOHIIEHTpAIlli MPaKTUYHO JUIsl BCIX PEUOBHH, BIPOT1AHO, 1€ OB’ S3aHO 3 JEII0
1HaKIIIOI0 CHUCTEMOIO TPAHCIIOPTY CaMe KaJiKCapeHIB BCEPEAMHY KIITUHH, HIK Y
BUIAJIKY OaKTepiaIbHUX MIKpPOOPraHi3miB. 30yJJHUKH OMOPTYHICTHYHUX MIKO31B
He OYyJIM YyTJIMBUMU JI0 CTIONYK 2, 8 1 9 mpu BCIX TPHOX KOHIICHTPAITISX.

[Ipu nomaBaHH1 10 cepeOBUINA 25 MKI/MJ TETPa3aMillIEHOTO KaliKCapeHy
6 npurHiueHHs pocTy ckinaino 46,7 %, 1me MakcuMalbHE 3HAUYCHHS JJIs1 JaHO1
KOHIICHTparlii. AHTUMIKpoOHa nais peuoBuH 3, 4, 5 cranoBuna — 36,9, 30,1,
30,3%, BinnmoBigHO. IIpu xoHueHTpamii 50 MKr/Ma MakcuManabHE MPUTHIYEHHS
crioctepirainoch sl KaimikcapeHy 5 3 N-kapOoninOenszoasza-15-kpayH-eTepHuM
3aMiCHUKOM — 45,2 %. [Hmi crnonyku COpyUYMHMIM 3aru0enb KoJIoHIM Ha 15,4—
32,4 %.

AKTHUBHICTb pe4yoBUH y KoHieHTparii 100 MKr/mi BusBWIacS IO
BUILOI0, HECTIOIIBAHO MaKCUMAJIbHUI MPUTHIYYBaJIbHUN €PEeKT crocTepiraBcs 3a
NPUCYTHOCTI y cepenoBumll kKamikcapeny 1 (97,7 %). Oxkpim 1poro Taka
KOHIIeHTpallis iHrioyBana pict C. albicans na 80,9 % npu BUKOpHCTaHHI CITOTYKH
3. Hns xanmikcapeHiB 4, 6 Ta 7 BCTaHOBJIEHAa aHTHOAKTepialibHA Jisl Oysa BUIIOIO
3a 50 %.

[TincymoByroun MOJKHA cKa3arTu, 1110 MOX11H1 n-mpem-
Oytuikamikc[4]apeHiB 3 a3a- Ta OCH30KpayH-€TEpPHUMHU 3aMICHHUKaMH 32
OpUHIMIOM Aii  ToAiOHI 0 HATypaJlbHMX aHTHOIOTHKIB  (TpaMillMIvH,
QTAMCTHIIMH, HOPMCH3HWH), ajlc¢ MarTh MCHII BHUPAKEHY CeJIeKTHBHICTH. lle
BIIKpUBAE TMIIAX JIO MOMJIMBOCTI PO3POOKH Ha I1X OCHOBI e(EeKTHBHHUX
aHTUOIOTUKIB, MeXaHI3M [Ii SKUX TOJsArae B IMOPYIICHHI TPaHCMEMOPaHHOTO
MOTEHITIaTy B KJIIITUHAX Ta OpraHelax.
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JOCAIIXKEHHSI AHTU®YPUHOBOI AKTUBHOCTI
1,3-OKCA3O0.1IB TA IPOJYKTIB IX NIEPETBOPEHb

"Bpycuaxos M. 10., *Ocamuayk T.B., *?Ki6ipes B.K.,
'Tonosuenxo A.B., 'Bposapens B.C.
! InctuTyT GioopraniuHoi Ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
? IncturyT Gioximii im. B.O. IMammagina HAH Yxpainn
brusnakov@gmail.com

3nilicHeHo cuHTE3 HOBHX 4-pochopunpoBanux 1,3-okcazomB Ta iX
MOXI1JIHUX, MPOBENCHO iX CKPUHIHT K IHTIO0ITOpiB (GypuHy. 3HaiiieHO, 10 B
YMOBAaX €KCIIEPUMEHTY aHTU(YPUHOBUH €(eKT BUBUCHUX CTPYKTYP 3HAXOAUTHCA
y mexkax 19-100 %. Lle BinkprBae HOBI MOKJIMBOCTI JIsl CTBOPEHHSI €()EKTUBHUX
1HT101TOpIB PypUHY.

Knrouosi cnosa: dbypun, 1,3-okcazonu, iHT101TOpH.

Synthesis of 4-phosphorylated 1,3-oxazole derivatives was performed and
they were screened as furin inhibitors. It was found that in the experimental
conditions the antifurin effect of the studied structures is in the range of 19-100
%. This opens up new possibilities for creating effective furin inhibitors.

Keywords: furin, 1,3-oxazoles, inhibitors.

Oxkca3zosl Ta WOTro MOXIJIHI BUKJIMKAIOTh MOCTIMHHUI 1HTEpEC CIEUialiCTIB,
OCKIJIbKM 3/1aTHI HEKOBAJEHTHO 1 JIETKO B3a€EMOJISITH 3 OararbmMa €H3WMaMH Ta
peuenTopaMu OI1OJIOTIYHUX CHCTEM, OOYMOBIIOIOUM PIZHOMAHITHY Ol10JOTTYHY
aKTUBHICTh IMX cnoayk [l]. 3aiiicHIOlOUM mporpamy MNOUIYKY HENEeNTHIHUX
1HT101TOpIB  ypUHY cepel  a3areTepOlUKIIB, MU BHUPIIIAIA BHUBYHUTHU
aHTU(GYPUHOBHM ePeKT HOBUX MOXiAHUX 1,3-0Kcazoiy.

Sx Bimomo, mpoteomituunuit eHzuM (Gypun (KO 3.4.21.75) € xanbIiii-
3aJIe)KHOI0  CEpMHOBOIO  €HJAOMPOTEa30l0, M0 HAICKUTh 10  POJAHHU
nponporeinkonBeptas (IIK), ski 3gificHIOIOTE crenu@igyHe po3IIEIICHHS
CUHTE30BAHUX HEAKTUBHUX TIOMEPEIHUKIB TMPOTEIHIB, NEPETBOPIOIOYN iX Y
«3pini» 61onoriyHo akTuBHI npoAykTH [2]. [TK Takox 3amydaroThes 10 PO3BUTKY
IIUPOKOTO KOJIa BIPYCHHX 1 OakTepiambHUX 1H(EKI[IH 1 TAKUX TATOJIOTIH, K paK 1
MeTacTa3yBaHHs, XBOpoOa AublreiiMepa, maiadeT, arepockiepo3 Ta iHmm [3].
Tomy QypuH pO3TIsSAarOTh SK MEPCIEKTUBHUNA €H3UM MJIsi pO3POOKU CydacHHUX
MIIIeHb-CIIPSMOBAHUX TEparneBTUYHUX 3aco0iB. Hampukman, B poboti [4]
0o0roBOpIOETHCST HOBa 1HGoOpMAIld 10A0 podi GypuHY SK MNOTEHIINHHOT
TepaneBTHyHOi MimeH1 y 6opots6i 3 COVID-19, a B crarti [5] mokaszaHo, 1o
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1HT101TOpH (QypHHY 37aTHI OJJOKYBAaTH HE JIMIIE MPOHUKHEHHS BIPYCY B KIITHHHU
«roCTIOaps», aje 1 HOTo peruTiKaliiio.

Merorw Hamoi poGoTu Oysao JOCHIKEHHS aHTU(YPHUHOBOI aKTHMBHOCTI
HOBHUX moxigHuX 1,3-okca3zony, ski mpu iHKyOauii 3 ¢ypuHoM Oynu 3AaTHI
peaidyBaTd HE JIMIIE KYJIOHIBCBKI B3a€EMOJIl, ajie ¥l yTBOPIOBAaTH J0OJATKOBI
BOJIHEBI 3B’SI3KH Ta T1Apo(OoOHI KOHTAKTH, 1110 BXKIIMBO JIJIS1 POCTY CIIOPITHEHOCTI
MDK €H3MMOM Ta JITaHIOM.

Ha pucynky 1 HaBegeHo cuHTe3 HociikeHux 1,3-okca3oiiB Ta MPOAYKTIB
iX TmepeTBOpeHb, SAKHM OyB TIpOBeAeHUH Yy Biagum Ximii O010aKTHBHHUX
a30TOBMICHUX TETEPOLUKIIYHUX OCHOB IHCTHTYTy OloopraniyHoi ximii Ta
Hadtoximii iMm. B.II. Kyxaps HAH Vkpaiau. Yci cragii cuHTe3y MarTh TapHY
BIITBOPIOBAHICTH 1 JOCUTh BUCOKI BUXOU IIJTLOBUX MPOIYKTIB.

R
0 LGOI O OH g, o cl 1) PhsP or P(OEt), 1\KN
A, — I A = L ot
R4 NH> H,50, (kat) Ri H CCly Ry H CCly ) HNR,R
MeOH, heating NR2R3
80-84% 90-95 % 1-3 70-95%

@r P(O)(OEt),, P*Ph3CIO,

HO
O  P'PhyClO, OH OH HO,
cl N Me\N
PR TNTS T oMe” OH — > Ph OH
& i on THF, rt }HN/ o oH
© P*PhsCIO,
4 60-75%
EtO

OEt

Ry \ —OEt
¢ / il \( P/OEt P\o
—_—> Ry < }R4
N
THF i
Me/ ‘>70H e R, MeCN, heating

R4 MsO
95.88% 57 70-85%

Me

Puc. 1. Cunres crnoayk

bynoBa oTpuMaHuxX CHOOJYK HaAIMHO JOBeJeHa 3a JIOIIOMOTOIO
eleMenTHOro anamizy, 14- ta 'H, °C, *'P SIMP-crexpockomii Ta xpomaTo-mac-
CIIEKTPOMETPI].

CKpHUHIHT aHTHU(QYPUHOBOT aKTUBHOCTI (ocPopuiIboBaHUX MOXigHUX 1,3-
OKCa30J1y Oys0 3MIMCHEHO 3 BUKOPUCTAHHAM PEKOMOIHAHTHOTO (PypUHY JIIOIUHU
3 aktuBHIcTIO 2000 omuuuns/mi (New England BioLbs) onHOkpaTHOIO BUCOKOIO
KoHieHTpartiieo (500 MkM) CHHTE30BaHMX a30JIiB, K 1€ OYJ0 OMUCAHO paHIIIe
[6]. BmicT eH3umy y 1Ipo0i CKIIagaB OJIHY OJUHUII0 aKTHBHOCTI, 1110 BiJIITOBIAAJIO
BIIMICTUICHHIO B1JI CHUHTETUYHOrO CyOCTpaTy OJHOTO TIMOJIb/XB 7-aMiHO-4-
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metuwikymapuny (AMC). Konnentpariis ¢uyoporenHoro cyoctpary Boc-Arg-
Val-Arg-Arg-AMC ckmagana 100 MxM; o06’em mpobu — 150 MK, dbac
nonepeaHboi  1HKyOarii iHriditopa 3 ¢ypunom — 30 XxXB 3a KIMHAaTHOL
TeMIlepaTypy. TpUBAIICTh €H3UMATHUYHOI peakIlii JOpiBHIOBAaJa OAHIN TOIWHI
npu temmnepatypi 37 °C ta pH 7,2 (100 MM Hepes, 1 MM CaCl,, 0,5 % Tputon
X-100 Ta 1 MM B-mepkanToeTanon). Peakiito 3ynuHSIM T0AaBaHHSIM 2 MII
EDTA (BuxigHoi KOHIIEHTpaIlil 5 MM) Ta BUMIPIOBAJIA BITHOCHY (hJIyOPECIICHITIIO
pPO3UHHY B YMOBHHUX OJMHHIIIX Ha criekTpodayopumerpi PTI Quanta Master 40
(Kanama) mpu 30ymxenni 380 uM Ta emicii 460 uM). OOpoOKy pe3ynbTaTiB
3milicHoBanyu 3a nporpamoro Origin 9.0 Professional (OriginLab). ¥V tabmumi 1
HaBEJCHO XIMIYHY OyJOBY Ta pe3yJbTaTH CKPUHIHTY CHHTE30BAaHUX a30JIB SIK
1HT101TOp1B (DypUHY.

Tadoauus 1
AHTH(]YpUHOBA aKTUBHICTh AOCTIIKEHUX CIOIYK

Howmep cionyku | XimiuHa Oy10Ba criofiyku | AHTUQYpUHOBA aKTUBHICTH, %0
EtO, OEt
P
N—"o
1 7 68,6%
@’%XN Q//OH 0
EtO, _OEt
N R
y OH
) Me@oig 65.4%
NP PhsCIO
3 ol I 18,8%
HO OH
4 Ph N/ O OH o 39,4%
O P'PhyCIO,
O\\QEt
N— P
e 7 0]
5 M@OIN ) 76,2%
Mé
o\\_QEt
N
0
6 Me@OINfMe 90,0%
Mé
o, OFt
0 NP0
\\+ 7 0
7 N @OIN ) 100,0%
Mé

3a monepenHIMU TAHUMH HAWHWKYY aHTH(QYpUHOBY akTUBHICTH (~19 %)
BUSIBIJIA CTIOJTyKa 3, SIKa Y MOJIOKEHH] 2 OKCAa30JbHOTO IIUKITY MiCTHUTh METUJIbHY
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rpylly Ta Yy TIOJOKEHHI 4 Mae TO3UTHBHO 3apsijpkeHe TiapodoOHe
tpudenindochonieBe yrpymyBaHHS, a B TOJOXKEHHI 5 3HaXOAUTbCA 3-
T'1APOKCUIIPOTIIaMIHHHUM 3aMiCHUK.

[Hri0iTOpHA aKTHUBHICTH OKCA30JliHY 4 y TOPIBHSHHI 3 a30JI0M 3 3POCTae
yaBI4Yl. MOXJIUBO, 116 00OYMOBJICHO 3POCTaHHSAM KUJIBKOCTI BOJIHEBUX 3B’SI3KIB, SKi
coiyka 4 MoXe YTBOPUTH 3 (YypHHOM 3a pPaxyHOK BEJIHKOI KUIBKOCTI
TIAPOKCUIBHUX TPy, 3amina  TpudeHinpocPoHiEBOT  TpymnH Ha
nieTokcudochopuabHy MNPHUBOAUTL JI0 3pPOCTaHHA aHTH(QYPUHOBOTO e(deKTy
azoniB 1 Ta 2. AHENIOBaHHS CEMUWIEHHOTO LMKIY A0 OKCA30JbHOTO KIJIbIIS
(crionyku 5—7) MPUBOAUTH O MOJAIBIIOTO POCTY 1HTIOITOPHOI aKTUBHOCTI ITHX
rereporukiiB. MakcumanbHa iHaktuBaiis Qypuny (100 %) BigOyBaerbes 3a
MPUCYTHOCTI Yy TIOJIO’KEHH1 2 OKCa30Jly €IeKTPOHOAKIIENTOPHOT 4-HITpO(PEeHITEHOT
rpymnu (crosyka 7).

Otxe, y pe3yiabrari poOOTHM 3HAWICHO, 10 B yMOBax EKCIEPUMEHTY
BUBUYEHI CTPYKTypu 1HTIOYIOTh GypuH y Mexax 19-100 %, mo 3anexuth Bifg
XIMIYHO1 OYJIOBU CIIOJIYKH 1 BIJIKPUBAE JIOAATKOBI MOXKJIMBOCTI JJIsl CHHTE3Y MOTO
HOBUX HEMENTUIHUX 1HT101TOPIB.
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ROLE OF PHOSPHOINOSITIDE-SPECIFIC PHOSPHOLIPASE C
AND PHOSPHOINOSITIDE KINASES IN SIGNALING PATHWAYS
INDUCED BY CHANGED GRAVITY CONDITIONS

Kretynin S.V., Kolesnikov Ya.S., Kravets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the NASU
kravets@nas.gov.ua

Role of phosphoinositide lipids, phosphoinositide-specific phospholipase C
(P1-PLC) and phosphatidylinositol kinases in plant gravitropism and gravity
signaling is widely known, but the detailed comparison of the role of
phosphoinositide signaling in responses to natural gravity action and gravity
changed conditions has not been investigated. Results of present study indicate
that PI-PLC is rapidly activated in response to gravistimulation and clinorotation
with different dynamics according to its substrate and products analysis. The
levels of PI-PLC substrate lipids were supported by the activity of
phosphatidylinositol 4-kinases and phosphatidylinositol 4-phosphate 5-kinases.
Action of both stimuli after the initial gravistimulation blocked substrate supply
for PI-PLC. These results are important for the development of controlled plant
growth methodology in orbital stations.

Keywords: phospholipase C, phosphatidylinositol Kinase,
phosphoinositides, gravitropism, Zea mays.

Ponws  docdoinozutuais, ¢ocdoinozutua-cnenudiuaoi dochominazu C
(DI-DJIC) Tta pochaTuanaiHO3UTON-KIHA3 B MPOILIECT TPaBITPONI3MYy POCIUH Ta
TPAHCIYKII1 CUTHAIIy TrpaBiTallli € BCTAHOBJIEHOIO, OJHAK JCTaJbHE MOPIBHSHHS
poisii curHamiHry ¢ochOIHO3UTUIIB Y peakilii pOCIMH Ha [0 MPUPOIAHOI
IpaBICTUMYJIALII Ta 3MIHEHUX YMOB rpaBiTallii Hapa3i He 3/iicHeHo. Pe3ynbratu
MIPEICTABIICHUX JOCTIPKEHD CBITUaTh, 110 TPaBICTUMYJISIS Ta KIIHOCTATyBaHHS
3YMOBIIIOIOTh IMIBUAKY akTuBaliio PI-OJIC 3 BIAMIHHOKW JUHAMIKOI, Ha IO
BKa3ye aHaji3 cyOcTpaTiB Ta MPOAYKTIB aKTUBHOCTI pepmenty. PiBHI cyOcTpaTiB
OI-DJIC miaTpUMYIOThCS 3aBASIKM aKTUBHOCTI (hepMeHTiB (ochaTuaIuIIHO3ZUTO-
4-xina3 ta (docharuauiainosuTon-4-pocdar S-xiHa3. iss 000X TrpaBITPONIYHUX
CTUMYJIIB MiCJIsl MOYATKOBOI Aii rpaBiCTUMYJIALII OJIOKye MOCTayaHHS cyOCTpaTiB
st GI-OJIC. Orpumani JaHl € aKTyadbHUMH JUISE PO3POOKH METOMOJIOTI]
KOHTPOJILOBAHOI'O POCTY POCIUH HA OpPOITAIBHUX CTAHIISX.

Knwuosi  cnosa:  dochoninaza C,  docharununino3uron-kinasa,
dbocdoino3uTHIU, TPaBITPOITi3M, Zea mays.

Plant gravitropism is a complex response regulated by various signaling
pathways. For example, role of phosphoinositide lipids, phospholipase C and
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phosphatidylinositol kinases in plant gravitropism and gravity signaling is widely
known. Phosphoinositides (phosphatidylinositol 4-phosphate (P14P) and
phosphatidylinositol 4,5-phosphate (P14,5P,)) are produced by sequential action
of phosphatidylinositol 4-kinase and phosphatidylinositol 4-phosphate 5-kinase,
respectively. Phosphoinositide-specific phospholipase C (PI-PLC) cleaves these
lipids producing soluble inositol 1,4,5-trisphosphate (IP3) and diacylglycerol. The
role of PI-PLC in generation of sustained cytosolic calcium increase in response
to gravistimulation was supported by pharmacological analysis [1]. Interaction of
PI-PLC with the cytoskeleton was also found during plant gravitropism [2].
However, genetic data on the PI-PLC role in gravitropism are scarce [3]. On the
other hand, the role of phosphatidylinositol phosphate 5-kinases [4, 5] and
phosphatidylinositol 4-kinases [6] in plant gravitropism was supported by genetic
analysis. However, since gravitropism can be modulated by different changed
gravity conditions (microgravity, hypergravity), the detailed comparison of the
role of phosphoinositide signaling between natural gravity action and gravity
changed conditions has not been investigated.

In order to study these connections, tissues of maize stem parts containing
graviperceptive coleoptiles were labelled with radioactive P>, and then subjected
to gravistimulation (horizontal reorientation or slow rotation) in buffer-containing
flasks. Labelled lipids were then extracted, analyzed by thin-layer
chromatography and quantified by scintillation counting [3]. IP; content was
determined by a specific receptor-binding assay-kit (TRK 1000, Amersham).

The results of the present study indicate that both gravistimulation and
clinorotation induced biphasic activation of PI-PLC in maize stems. The duration
of the phases was specific to each stimulus. The level of IP;, a PI-PLC product,
was dramatically elevated at 2.5 min of the stimuli action, but reversed to the
basal level on 5 min (gravistimulation) and 30 min (clinorotation). The second
phase of PI-PLC activation was initiated at 15 min (gravistimulation) and 30 min
(clinorotation), whereas IP; was then almost returned to its basal level at 30 min
(gravistimulation) and 180 min (clinorotation). As for gravistimulation, the levels
of IP; were then also consistently elevated up to 120 min of the stimulus action.
Respective biphasic changes of PI-PLC substrates levels were also detected. The
level of PI4P and, especially, P14,5P,, was dropped at 2.5 min in response to both
stimuli action, and then partially restored at 5 min of gravistimulation and almost
fully restored at 15 min of clinorotation. Then, the levels of P14,5P, were again
reduced on 30 min of gravistimulation and then partially restored at 60—120 min
of the stimulus action remaining lower than that at the start of the experiment.
The levels of P14P were almost fully restored up to 120 min of gravistimulation
(Fig. 1). Regarding the clinorotation, the second drop of PI4P and P14,5P, levels
was observed on 30 min, then the levels of both lipids were partially restored at
60 min of the stimulus action despite being lower than the control values up to
120 min of clinorotation experiment. It was also noted that under simultaneous

104



action of gravistimulation (15 min) and clinorotation (30-180 min), the levels of
P14,5P, that were initially dropped at remained reduced up to 180 min of the
stimuli action (Fig. 2).
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Fig. 1. Effect of gravistimulation on the dynamics of the PI4,5P, content in maize
stems (C — control, CPM — counts per minute)
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Fig. 2. Effect of gravistimulation and clinorotation on the level of P14,5P,
in maize stems (C — control, Gr — gravistimulation, CI — clinorotation,
CPM — counts per minute)

Therefore, gravistimulation and clinorotation induce rapid biphasic
activation of PI-PLC in plants that was assessed according to changes in its
substrate and product levels. Partial restoration of PI-PLC substrates levels could
be mediated by the activity of phosphatidylinositol 4-kinases and
phosphatidylinositol 4-phosphate 5-kinases necessary for the substrate supply for
PI-PLC. Alternatively, restoration of phosphoinositides levels could be important
for the subsequent PIP-dependent signaling events. Comparison of substrate and
product dynamics suggests that the main PI-PLC substrate was P14,5P,. The
levels of phosphoinositides were lower at the end of experiment than that in

105



control conditions, suggesting the possible reduced cellular sensitivity of
phosphoinositide pathway to subsequent gravity stimulus in order to avoid
cellular overstimulation. Biphasic nature of PI-PLC response could reflect the
participation of the enzyme in different gravity signaling stages, e.g. from gravity
perception before auxin redistribution (first phase) and after auxin redistribution
before growth responses (second phase). This could be possibly mediated by
elevated gene expression of PI-PLC or increased abundance of its specific
isoforms. Alternatively, the biphasic response of phosphoinositide system could
be explained by differences in catalytic velocity of PI-PLC and Pl-kinases or
different activity of pathways that regulate them (e.g. calcium accumulation in
cytosol). More rapid phases of Pl-pathway in response to gravistimulation in
comparison to that of clinorotation could mean the different nature of the stimuli:
gravistimulation is the natural plant response to gravity vector changes during
their growth whereas clinorotation means disorientation that is stressful for
plants. This could explain the absence of phosphoinositide levels restoration
(initially reduced by gravistimulation) in response to subsequent clinorotation
possibly meaning the almost full cellular insensitivity of Pl-system induced by
the simultaneous clinorotation stress. IP; produced by rapid activation of PI-PLC
could act in gravity responses by binding to specific proteins [7], regulating gene
expression [8], and modulating free calcium levels in cells [9], and also affecting
plant hormone [10] and nutrient perception [11], by its pyrophosphate derivatives.
Alternatively, PI-PLC can consume PI4P to regulate auxin transporter polar
sorting [12]. Also, the role of PI-PLC activity downstream to auxin in gravity
responses is also possible [13].

In addition, clinorotation also activated PLD at 2.5 min with the subsequent
increase up to 30 min of the experiment according to the level of its products. The
results support the notion that various lipid signaling pathways are rapidly
activated in plants in response to changed gravity conditions.

This work was supported by the grant Ne 2.1.10.32-21.
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IN VITRO AND IN SILICO STUDY ON THE BIOLOGICAL AFFINITY
OF TWO ISOMERS OF OXAZOLE-PYRIMIDINES
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In silico study the “fragment to fragment” approach shows that two
isomeric forms of oxazolo-pyrimidines can form a stable [HB] complexes due to
the hydrogen bond between a lone electron pair at the nitrogen atoms and the
proton of functional groups of amino acid of protein molecules. It is shown that
the formation of the K-2 type [HB] complex for oxazolo[4,5-d]pyrimidine and
oxazolo[5,4-d]pyrimidine and K-3 type [HB]complex for oxazolo[5,4-
d]pyrimidine is more energetically advantageous. The oxazolo[5,4-d]pyrimidine
forms more stable [HB] complexes, which is in good agreement with in vitro
studies.

Keywords: oxazolo-pyrimidines, anticancer activity, [HB] complexes.

In silico mocnimkeHHs y miaxoi “dparMeHT 10 GparMeHTy” moKa3aiu, 1o
JB1 130MepHI (POpPMHU OKCa30JIO-TIPUMITUHIB MOXYTh YTBOPIOBATH CTaOUIbHI
[HB] koMIuiekcn 3a  MexaHi3MOM  YTBOPEHHS  BOJHEBOTO 3B’S3Ky  MIiX
HEIMO/JIEHOIO €JIEKTPOHHOIO Mapol0 aTOMIB a30Ty Ta MPOTOHOM (PYHKIIOHATBHUX
rpyn aMiHOKHCJIOTHUX 3aJIMIIKIB O1IKOBUX MoOJiekyJ. [lokazaHo, 110 yTBOpEHHS
[HB] xommutekciB tuny K-2 mist okcazono[4,5-d]mipumiguHy Ta okcaszono[S,4-
dmipumiauHy, a Takox Komruiekcy tumy K-3 mist okcazono[4,5-d]mipuminuny €
OUTbII eHepreTuyHo BUTIAHMM. [eTeporukiiyHa TtiaTdopma okcaszonol5,4-
dmipuMigrHy yTBOPIOE OUIBIN CTAOIbHI KOMILIEKCH, IO T00OPE Y3rOKYETHCS 3
JOCITI/PKEHHSIMU CIIONTYK 1N Vitro.

Knwouosi  cnosa:  0okcazoNo-MIPUMIAMHYU, MPOTHPAKOBA  AKTUBHICTB,
[HB] xomrutekcn.

The oxazole and pyrimidine-based molecules show broad biological
activities and provide different types of interactions with various receptors and
enzymes [1-2]. They also occupy a core position in medicinal chemistry for the
development and discovery of newer potential therapeutic agents, since
oxazolo[4,5-d]pyrimidines and their isomeric derivatives, oxazolo[5,4-
d]pyrimidines, exhibit antiviral, anticancer activity and cell cytotoxicity [3-4].

The biological activity of oxazolo-pyrimidines with the properties of
pharmacophores (Het) is due to their ability to form a stable complex with
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biomolecules (Bio); it is designated as its affinity [5]. The oxazolo-pyrimidine
heterocyclic system contains nitrogen atoms with unshared electron pair (LEP)
outside the common coupling system, which may be an electron donor in the
formation of the [Het-BioM] complex by the hydrogen bonding mechanism
([HB] complex) [3].

Therefore, the aim of this investigation is to study the electronic structure
of oxazolo[4,5-d]pyrimidine and isomeric oxazolo[5,4-d]pyrimidine heterocyclic
platforms, its effect on the stability of the [HB] complexes, using the “fragment-
to-fragment” approach [6] as a further approximation discovery of new drugs at
an early stage provided FBDD strategy [7]. The investigated oxazolo-pyrimidine
systems 1-2 are presented in Figure 1.
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2a1a R1=R2=R3=Ph
2b1b R1=R3=Ph, R2='C4H9N2

Fig. 1. Structural formulas and the numbering of nitrogen atoms of the
investigated oxazolo-pyrimidines 1-2

The main characteristics of the electron structure were calculated by DFT
[@B97XD/6-31G(d.p.)] method (package GAUSSIAN 09 [8]). The wB97XD
functional is found to be relevant for the description of noncovalent interaction
[9].

The tumor growth inhibition properties of the compounds 1a,b and 2a,b
were screened on human cancer cell lines at the NIH, Bethesda, Maryland, USA,
under the drug discovery program of the NCI [10]. The primary in vitro one dose
anticancer screening was initiated by cell inoculating of each 60 panel lines
engaged a different human tumor cell lines. Results for oxazolo-pyrimidines 1a,b
and 2a,b at a one dose concentration of 10 uM showed that compounds 1a and 2a
are inactive, only compound 1b to inhibit cell proliferation of cancer cells. Table
1 presents the extended results of the five-dose assay for anticancer activity of
these compound 1b and newly synthesized compound 2b against nine cancer cell
line.

As can be seen from Table 1, the isomeric compound 2b with the same Rn
substituents has a significantly higher inhibitory effect on the proliferation of
cancer cells of nine lines, close to methotrexate, which competitively inhibits the
enzyme dihydrofolate-reductase, most effective on fast-proliferate fabrics.
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Since the five-dose assay for the anticancer activity for compounds 1b and
2b is different, and the m-conjugated system of the heterocyclic platform of
oxazolo-pyrimidines 1 and 2 is as close as possible to each other in their
electronic characteristics, we can assume that [Het-BioM] complex formed by
hydrogen bonds.

Table 1
The Five Doses Full NCI 60 Cell Panel Assay of the oxazolo-pyrimidines 1b
and 2b (the concentrations G150, TGI and LC50, mol/L, given as Ig)

Panel Compounds
(Cell Li 1b 2b Methotrexate
parameter Ig Glx Ig TGl |IgLCs | IgGls [ Ig TGI |IgLCso | IgGls | Ig TGI | Ig LCop
Leukemia
(HL-60(TB)) -5.84 -5.51 518 | -5.72 | -5.39 | -5.05 | -7.59 | -5.00 | -5.00
non small cell
lung cancer -5.71 -535 | -497 | -5.70 | -540 | -5.11 | -7.67 | -5.21 | -5.00
(HOP-62)
Colon cancer
(HCC-116) -5.73 -5.48 -523 | -590 | -554 | -5.17 | -8.63 | -5.00 | -5.00
CNS cancer
(SNB-75) -5.79 -5.52 -525 | -590 | -5.60 | -5.30 | -6.94 | -5.02 | -5.00
Melanoma
(MALME-3M) -5.68 -5.43 -5.17 | -5.77 | -550 | -5.22 | -5.80 | -5.00 | -5.00
Ovarian
cancer -5.71 -5.46 521 | -5.75 | -549 | -5.23 | -6.32 | -5.00 | -5.00
(OVCAR-3)
Renal cancer
(A498) -4.84 -4.54 -424 | -585 | -556 | -5.27 | -5.98 | -5.00 | -5.00
Prostate
cancer -5.76 -5.50 -5.23 | -5.78 | -5.49 | -5.20 | -7.67 | -5.00 -5.00
(DU-145)
Breast cancer
(MDA-MB- -5.74 -5.42 -5.10 | -5.78 | -550 | -5.21 | -5.62 | -5.00 | -5.00
321/ATCC)
MID -5.63 -5.31 -495 | -5.77 | -5.47 | -5.10 | -6.99 | -5.01 | -5.00

First electron transition for compound 1 has the nm—=* nature, and for
compound 2 has the n—=* nature. It can be assumed that derivatives of isomeric
oxazolo-pyrimidine 2 will better form [HB] complexes by the nitrogen atoms of
the "heterocyclic platform", their LEP is outside the m-bond systems. The
unconjugated fragment of model amino acids was modeled with a methyl group.
The model molecule of methanol HO-CH; was taken into account by the results
of molecular docking in the active site of VEGFR2 [3]. Possible types of
complexation are shown in Figure 2.
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Fig. 2. The [HB] complexes of the oxazolo-pyrimidine platforms 1-2 with model
methanole: a) with N1 (K-1); b) with N2 (K-2) and c) with N3 (K-3)

The binding energy Ei,g Of [Het-BioM] complex was estimated as the
difference of the total energies of the complex components:

Ebind = Ejcomplex — Efcomp 11 — Efcomp 21 (1)

where Ejcomplexg 1S €nergy of the optimized complex, while Ejcomp 13 @nd Eqcomp 25
are the energies of both optimized components. It is by this method that
calculations of [HB] complex, which are collected in Table 2.
Table 2
The binding energies of [HB] complexes of the oxazolo-pyrimidines 1 and 2 with
model methanole on type K-1, K-2, and K-3

K-1 K-2 K-3

Cmpd | Enof, a.u. AES, AE, AE,

Ecompl’s .U.
compl» &L\ almol kcal/mol kcal/mol

Ecompt, a.U. Ecompl, a.U.

1 -470.969508 | -586.673792 | -12.13 | -586.668724 | -8.95 -586.670634 | -10.15

2 -470.974483 | -586.678771 | -12.13 | -586.674896 -9.70 -586.674476 -9.44
CH;-OH | -115.684950 - - - - -

*Ecompa IS total energy of compounds;
°Ecompi IS total energy of [HB] complex;
°AE is binding energy increased only the stability of the formed complex, calculated by formula (1)

As can be seen from table 2, the stabilization energies of [HB] complexes
of the oxazolo-pyrimidines 1 and 2 are sensitive to the magnitude of the charge
on nitrogen atoms, and correlate with the corresponding values. It should be noted
that the formation of [HB] complexes of type K-1, K-2, and K-3 with oxazolo-
pyrimidine 2 requires less energy than with the corresponding isomer 1, the
complexation is easier. It can be assumed that oxazolo-pyrimidines inhibit the
proliferation of cancer cells, forming complexes with amino acid residues of
regulatory proteins by the mechanism of hydrogen bonding.

A detailed in silico investigation in the fragment-fragment approach shows
that oxazolo-pyrimidines 1 and 2 can form a stable [HB] complexes. The
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influence of the isomeric arrangement of nitrogen atoms on the stabilization
energy of complexes has been studied. It is shown that the formation of the K-2
type complex for compounds 1 and 2, as well as the K-3 type complex for
compound 2 is more energetically advantageous. Thus, the heterocyclic platform
2 of oxazolo-pyrimidine forms more stable complexes, which is in good
agreement with in vitro studies of the synthesized compounds.
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V]IK 547.859

MOXIJAHI 7-TPOIMAPT UI-7H-ITITPOJIO[2,3-d | TIIPUMIIUHY
B CUHTE3I HOBUX AHEJIbOBAHUX 7-JEA3AITYPUHIB

Myswnuka JI.B., Cmoumiii O.b.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
liubovmuzychka@gmail.com

BuBueno  i#omyBaHHA ~ TOXIOHUX  7-mpomapriui-4-xmopomiposno[2,3-
d]mipumiguH-6-kapOOHOBOT KUCIOTH Ta po3p00sieHO e()EeKTHUBHHIA METOA CHHTE3Y
aHEeJNbOBAHUX 7-J€a3allypuHIB — HOBUX NPEICTABHUKIB TPHUIMKIIYHOI CUCTEMHU
nipumino[5',4":4,5nipono[2,1-c][1,4]okca3uny.

Kmiouosi cnosa: nipono[2,3-d[mipuminuau, 7-1ea3anypyuHu, HOayBaHHS.

The iodination of  derivatives 7-propargyl-4-chloropyrrolo[2,3-
d]pyrimidine-6-carboxylic acid has been studied and an effective method for the
synthesis of fused 7-deazapurines, new members of the tricyclic
pyrimido[5',4":4,5]pyrrolo[2,1-c][1,4]oxazine has been developed.

Keywords: pyrrolo[2,3-d]pyrimidines, 7-deazapurines, iodination.

B ocranHi poku  (yHKIIOHAM30BaH1 7-Aea3anmypuHu  (Iipoio[2,3-
dmipumiguHu) 3aliMarOTh YiIbHE MICIE B MEIUYHIA Ta (papMaleBTHUHIA Ximil
cepell KOHJICHCOBAHMX TeTEPOIUKIIYHMX cronyk [1]. 3Haunuii iHTEpec 0
aHEJILOBAaHMX TOXITHUX Miposo[2,3-d[mipuMiarHy 3yMOBIICHHI BUSBICHHSIM B PSTY
6-meTraeHomipuMiIo[5,4-d]miposTi3uHy CEICKTUBHHUX 1HTIOITOPIB THPO3UHKIHA3H
bpyrona (BTK) [2, 3]. Cepea TpHUUMKIIYHUX CHOOJyK 3 Tiposo[2,3-
d]mipumiTuHOBUM (pparMEeHTOM 3HAWACHI CIONYKH, IO 3HAXOIAThCS Ha PI3HUX
dazax KIHIYHUX BUMPOOYBaHb SIK MPOTUIYXJIUHHI nipenapatu [4, 5]. Monudikariis
7-7ea3anypuHiB MIPa3MHOHOBUM LMKJIOM TMpUBENa JO BIJIKPUTTA 1HI10ITOpa
ukiazaiexnol kinasu (CDK 4/6) Trilaciclib, skuit 3Moxe momoMort 3aXMCTUTH
HOpPMAaJIbH1 KJIITUHU KICTKOBOTO MO3KY BIJl LIKIJUIMBOTO BIUTUBY XiMiOTepamii Mmpu
JpiOHOKIIITUHHOMY paky JereHiB [6]. CaMe ToMy MOWYK €(PEeKTUBHUX METO/IIB
CHHTE3y aHeIbOBaHUX Miposo[2,3-d]mipuMiauHiB, 30KpeMa, TraJoreHOBMICHUX
TeTePOKOHJICHCOBAHUX TMOXIJHUX € aKTyaJllbHUM [JIi OTPUMaHHS HEBIIOMHX
paHiie 010J0TIYHO aKTUBHUX CTIOJYK.

JUist cuHTE3y HOBHUX TPUIMKIIYHUX TOXITHUX 7-Nea3almypuHy HaMu
BUKOPUCTAHUN MiAXiJl, B OCHOBI SKOTO JEXKHUTh peaKkilis BHYTPIIIHLOMOJIE-
KyJSApHOI IMKmizamii 7-3amimenux miposno[2,3-d]oipuminunis [7]. BuximgHoro
CIOJIyKOK0 OyB 0OpaHuil METWJIOBHM ecTep 7-mpomnapriia-4-xiaopomipoio|2,3-
d]mipuminnH-6-kapOoHOBOI KucHoTH 1, oTpuManuii N-aikinro-BaHHSM METHIIOBOTO
ecrepy 7H-nipoino[2,3-dmipumianH-6-kapOboHoBoi KrcaoTH (puc. 1).

113


mailto:liubovmuzychka@gmail.com
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/anticarcinogen
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase

Cl OMe OMe

OMe OMe : OH
2 -z 2
"L R MeONa, MeOH '\L \ HOH, MeOH, H0 N R
SN o T4050°C, 1h Y, 20-25°C, 24h SN o
1 2 3
AcOH, H,0 I, AcONa, AcOH l2, AcONa, AcOH
100°C, 2h 100°C, 14h 100°C, 10h
( o) A
HN O
|2, AcONa, AcOH | A\
NP
100°C, 6h N \\<o\
4 \\ 5 I 6 l
|\ J
Puc. 1

3amiHa pyXJIMBOrO aromMa XJOpy B MIPUMIJMHOBOMY KUIbI Ha
METOKCUTPYITy BiIOyBaeTbCsd NpH HArpiBaHHi cHoiykd 1 B aOCOMIOTHOMY
METAHOJIi 3 METHIIATOM HaTpiio. FoayBaHHS yTBOPEHOTr0 4-MeTOKCH-7-(IPOIiH-2-
11)-7H-mtipono[2,3-d|mipuminuH-6-kapOokcunary 2 TNPOBOAWIM B OILTOBIM
KHUCIIOT1 B MPUCYTHOCTI arleTaTy HaTpiro 3a Jii HOMy SIK TaJIOTeHYI0UOro peareHTa.
B mpoueci peakuii BiAOyBa€eTbCs NpPUEAHAHHSA HOMY 1O MOTPIAHOIO 3B’SI3KY
NPOTIAPTIIBHOTO 3aMIiCHUKA Ta OTpUMaHHs ectepy 7-(2,3-muiiomonporieHin)-4-
okco-4,7-nurigpo-3H-mipoino[2,3-d]mipumiaua-6-kapOboHOBOI  KHCIIOTH 5 3
BUCOKMM Buxoa0M. Ciii 3ayBaKWTH, IO CIOJyKa S TaKoXK OyJjia CHHTE30BaHa
HomyBaHHsIM  7-mipomaprin-4-okco-4,7-aurinpo-3H-miposo[2,3-d]mipumianH-6-
KapOokcuiaty 4, onepskaHoro Kur sTiHHAM ectepy 1 B 50 % oOITOBiM KHCTIOTI.
Cknag 1 OynoBa IUMO03aMINIEHOTO 7-7€a3anypuHy S MiATBEpKEHA AaHUMU
xpomaro-mac- ta SIMP- crmextpockomii. Tak, B cmektpi IMP 'H mpucyrhiit
curHan npotoHiB CH, rpynu y Burisal cuHrietry npu 5,21 mM.4., a cursai
nporora CH rpynu crioctepiraersest pu 7,28 M. 4. Y crekrpi SIMP *C curnan
aToMa BYTJICHIO METUJICHOBOI TPyNU MPOSIBISETHCS mpu 53,3 M.4., a TaKOK
xapaktepauii curaan st =CHI — npu 82,3 m.u.

JIist oTpuMaHHS aHENbOBAHUX TOXIJHUX /-/€a3almypuHy CIOJyKa 2
JTY»KHHM TiApOJIi3oM Oyia mepeTBopeHa B 4-meTokcuriposo|2,3-d|mipumiaua-6-
KapOOHOBY KHUCJOTY 3, IMPH HAarpiBaHHi sSIKOi 3 MOJOM B OIITOBIM KHUCJIOTI B
MPUCYTHOCTI areraty HaTpiro OyB BUAUICHHH 8-(HomoMeTwusieHo)-8,9-muriapo-
AH-nipumino[5',4":4,5 nipono[2,1-c][1,4]okca3un-4,6-1108 6, NEPCHECKTUBHUN
st momanbiux moaudikamii. Ckiag Ta OymoBa CHHTE30BAHOT CIIONYKH 6
Y3rOMWKYEThCS 3 MaHHMH Xxpomaro-mac- ta SIMP (*H, °C) cmextpis. Crix
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3ayBa)XUTH, 1[0  YTBOPEHHS  aHajoriB  mipumino[5',4":4,5]nipono[2,1-
c][1,4]okcazuny 6 panime croocTepirajocs Ha TMPUKIANI HOAOIUKITI3AIN
1HI0T1IKapOOHOBUX KHCIIOT [8].

TakuM dYMHOM, Ha OCHOBI METWUJIOBOTO ecTepy 7-mpomaprin-4-
XJ10pomiposo[2,3-d]mipumiauH-6-kapOOHOBOT KHCIOTH PO3p00JCHO e(heKTUBHHIMA
METOJl CHHTE3y HOBHX TMOXITHUX 7-[Iea3zalypuHy, MEpPCICKTUBHUX JJIs
MOATTBIITUX IUIECIIPSIMOBAHUX CUHTE31B 010JIOTIYHO aKTHBHUX CITOIYK.
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BIIJIUB FLG22 HA AKTUBHICTbD ITPOIIECIB YTBOPEHHA
®OCPATHUTHOI KUCJIOTHU TA JIAIMWITJIIIEPOJY B TPAHCTEHHUX
JITHIAX 3 HOKAYTAMMU B 'rEHAX JTAIUJITJIIIEPOJI KIHA3

byxonceka A.K., JlepeB’ssnuyk M.B., Kpaseus B.C.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
yasya.yaroslavka@gmail.com

Metoro pobotu Oyno 3’sACyBaHHS pOJIi PI3HUX 130T€HIB JIAIMIITIILEPOI
kiHa3 ([I'K) y dopmyBanH1 nimiaHux mnocepeaHukiB — (ocdarumnoi Kuciotu
(®K) i miammnrminepony (JAI') y Bignosins Ha miro nentuay ¢uareniny flg22.
BukopucroBytoun pociauau gukoro tumy Arabidopsis thaliana (WT) Ta
TpPaHCTEHHI JiHIT 3 HOKayTaMHu B TeHaX JIaIlMIrIiiepos KiHa3 (MOo/BiiHI MyTaHTH
— dgk3dgk7, dgkldgk?2), mu BcTaHOBWIHM, 11O y BiamoBias Ha miro flg22 pisenn
®K 3nauyHo 3poctae B pocimHax WT. V Toii ke wac, minii dgk3dgk7d ra
dgkldgk2 dopmyrore Menme ®K 3a mux ymoB. Myrantu dgkldgk2 takosx
XapaKTepHU3yrThCs 3Ha4YHO BUUIMM piBHeM JIAI, Tomi sik y pociun WT abo
dgk3dgk?7 pieenn JJAI" OyB BiTHOCHO OZIHAKOBHM.

Kmouosi cnosa: nminigHa curHamizanis, fgl22, docdatuana kucnora,
miarmarinepod, Arabidopsis thaliana.

The aim of this study was to elucidate the role of different isoforms of
diacylglycerol kinases (DGKSs) in the formation of lipid mediators phosphatidic
acid (PA) and diacylglycerol (DAG) in response to the flagellin peptide flg22.
Using wild-type Arabidopsis thaliana (WT) plants and transgenic knockout lines
in diacylglycerol kinase genes (double mutants dgk3dgk7, dgkldgk2), we found
that in response to flg22, PA levels increased significantly in WT plants. At the
same time, the lines dgk3dgk7d and dgkldgk2 form less PA under these
conditions. Mutants dgkldgk2 are also characterized by significantly higher level
of DAG, whereas in plants WT or dgk3dgk?7 the level of DAG was relatively the
same.

Keywords: lipid signaling, flg22, phosphatidic acid, diacylglycerol,
Arabidopsis thaliana.

Y poboti mis iN VIVO MIYEHHS €TiONbOBAaHUX MPOPOCTKIB POCIHH
BUKOPUCTOBYBaIH (uryopectieHTHHi (ocdomimin docharuaunxonin-BODIPY,
mo € cyoctpatom it dochomimaz [ 1 docharuamiixomiH-T1APOTIZYIOUHX
docdomninaz C (Ox-DJIC) 3 yrBopeHHsAM npoaykTiB pochartuanoi kucnotu (OK)
ta nianurainepony (JAID), Bignosinno. Takox, ®K moxe popmysatucs i3 JAI
3a jgornomororo miamwiriinepon kiHa3 (AI'K), posip skux y JaHuX mpoliecax €

116


mailto:yasya.yaroslavka@gmail.com

npeaMeroM jaochikents. Posnuienns uyopectentaux npoaykriB OK ra JIAT,
BUJIUUICHUX 3 TPOPOCTKIB apabiorncucy AUKOTO THIYy Ta 3 HOKAyTOBAaHMMHU
resamu JI['K, Oyno mpoBeneHO METOJAOM TOHKOIIApOBOi Xpomartorpadii micis
HOTIePETHBOT 0OPOOKH MiYeHHX MPOPOCTKiB menTuaom flg22.

OtpuMaHni AaHi CBiAYaTh IPO T€, IMIO Y POCIUH AUKOro TUmy BMICT OK
3Ha4YHO 3pocTaB miciast 0opooku flg22, y Toit yac sik y pociMH TpaHCTEHHHUX JIiHIH
iHaykuist npouecis popmyBanas OK e menin 3nauHo0 (pHc. 1). Crix 3ayBaxuTH,
10 Y TpaHCreHHuX JiHi# piBeHb @K 10 00podku flg22 6ys aemio BUIUM, HIX Y
nukoro tumy. Piske 3poctanus Bmicty @K micns oOpoOKH eTicUTOpOM MOXKHA
nosicautu ydactio ®K y TpaHcAykimii curHamy BiJ OIOTHYHHMX CTpPECOPIB.
[TinBuinenuii 6a3oBuit piBeHb @K y poCIIMH 3 HOKAYTOBAHUMHU T'€HAMU OKPEMHX
130popm JII'K mosxke OyTu TOB’si3aHUM 3 BUIIOK AKTUBHICTIO IHIIMX 130(opM
dbepmenTty um ¢ocdomimaz sl KOMIIGHCAIli CTPECOBOrO0 CTaHy B KIIITHHI,
3YMOBIJICHOTO BiJICYTHOCTI O1JikiB HOKayToBanux reniB JII'K. ¥V toii ke vac, micns
00poOKkM nenTuAoM Quareniny, piBeHb @K y pociuH I1UKOro TUIy 301IbIIUBCS Y
2,5-3 pa3u, a y pOCIUH TpaHCTeHHUX JiHIA — jume Ha 20-25 %. Ockiuibku
BIJIOMO, IO Pi3HI 130)OpMH MOXKYTh AKTHBYBATHCSl 3a PI3HUX YMOB, MO’KHA
npunyctuty, mo odpani i3opopmu 'K GepyTh ydactb y TpaHCAYKIlli CUTHATY
OioTruHOTO cTpecy nuaxoM cuutedy ®K i3 JIAT micns BrtuBy flg 22, ockinbku
MyTallii B iX reHax MpHUBOJIUIIM 0 3HUKEHHS MporieciB hopmyBaHHs K.

Pisenns @K y Biagnosinas Ha giro flg22
160000

140000 I
120000
100000 * #

80000 *
60000 L
40000 L
20000
0

OJMHMII BiTHOCHOI IIiILHOCTI
I

WT WT +  dgkldgk2 dgkldgk2 dgk3dgk7 dgk3dgk?
flg22 +flg22 +flg22

Puc. 1. Kinpkicue 3HaueHHs piBHS HochaTUAHOT KUCIOTH y TKAHUHAX POCIHH
JIUKOTO TUIY 1 TpancreHHux niHii dgkldgk2 Ta dgk3dgk7 y BiamoBiap Ha Jito
flg22. Jlani oTprMaHi HUISIXOM aHali3y CKAHOBAaHUX 300pakeHb TOHKOIIAPOBOT
xpoMarorpadu 1 MpeACcTaBieH] cepeHIM apupMEeTUYHUM BUOIPKH 13 TOBIPYUM
iHTepBasoM Ha piBHI 3HauuMOCTI 0,05 y MOPIBHSAHHI 3 KOHTPOJIHHUM BapiaHTOM

3a kinbkicHUM aHamizoM piBHA JIAI' MoxHa 3poOMTH BHCHOBOK, IIIO
0a3zoBuii piBens y dinii dgkldgk2 3Hauno BUIIW, HIX Y POCIIMH AUKOTO THITY, & y
miaii dgk3dgk7 — nmemio BummMii y MOPIBHSHHI 3 KOHTPOJIBHUM BapiaHTOM.
[linBumenuii 6a3zoBuii piBeHb [IAI' y TpaHCreHHHMX JIHISX CIIBCTaBIISIETHCS 3
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nigsuiienuM piBHeM OK. O6pooka flg22 ne Bukiukana 3min piBHsa JAI sk y
POCIMH HUKOTO THUIy, TaK 1 y TPAaHCTCHHHX JIiHISIX 3 HOKAyTOBAHWUMH T€HAMH
130popm JAI'K.

Ockinbku JIAD' € momepegHukoM B omHOMY 31 muiixiB cuHTe3ly DK, a
piBeHb OK, sk Oy10 BCTAaHOBJICHO HAMM, 3pOCTAE Y POCIIMH YCIX TPhOX BapiaHTIB
(puc. 1), moxHa mpumycTuTH, 110 3a BBy flg22 akrtuBiszyerbes cuntes AT,
30Kpema, BiporigHo, mo nusixy dx-OJIC 3 momamemmm (opmyBanHam DK
JiaIIrInepos KiHazamMu. Ha KOpuCTh IBOTO MPUIYIIEHHS CBiTYaTh TaKOX
pesynbrati  OioiHGoOpMaTHuHOTO aHam3y piBHA ekcrpecii reniB NPC, ski
NoKa3yroTh 3pocTtanHsa piBHs ekcrpecii NPC 3a BBy emicuTopiB, 1, 30Kpema,

flg22.

Pisenn JIAT y Binmosiap Ha giro flg22
350000
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250000 T T
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OAMHHLI BiTHOCHOI INiJILHOCTI

WT WT + dgkldgk2 dgkldgk2 dgk3dgk7 dgk3dgk?
fig22 +flg22 +flg22
Puc. 2. KinbkicHe 3Ha4€HHS PIBHS 1AMIINTIIEPOITY Y POCIHH TUKOTO TUITY 1
tpancreHHux ik dgkldgk?2 ta dgk3dgk?7 y Bimmosiae Ha giro flg22. lani
OTPUMaHI IJISIXOM aHaJ13y CKaHOBAHHUX 300pa’K€Hb TOHKOIIApOBO1
xpoMarorpadu i MpeACTaBiIeH] cepeHIM apuhMEeTUYHUM BUOIPKH 13 TOBIPUUM
1HTEepBajIoOM Ha piBHI 3HaunMOcCTi 0,05 y MOpiBHSHHI 3 KOHTPOJIBHUM BapiaHTOM

OTxe, OTpUMaHi pe3yJbTaTU CBIIYaTh MPO TE, IIO0 y BIAMOBIAb Ha IO
nentuny ¢uareniny flg22 cnocrepiraerscst 3HauHe migBuiieHHs piBHsa OK (puc.
1), nmpu 1boMy piBenb JJAI (puc. 2) CyTTeBO HE 3MIHIOETHCSA. TpaHCICHHA JTiHis
dgkldgk2 xapakrepusyerhcs BuinuM 0a3oumM piBHeM OK i JIAT, ogHak mpu jii
flg22 BimMivaeThcsi 3HAYHO HMYKYA aKTHBHICTH mporieciB GopmyBanus OK. V
unaaky jginii dgk3dgk7 takoxk crmocrepiranu Bumuii piBeHb @K i 3HMKECHHS
akTUBHOCTI miporieciB (opmyBanns @K y Bianosigs Ha nito flg22. Ortpumani
pe3yNbTaTH CBiTYaATh PO poib okpemux 130opm JAI'K y mporecax dopmyBanHs
@K y BianoBiAb Ha 1it0 nentuay ¢aareniny f1g22.

PoGora Bukonana B pamkax HJIP No 2.10.32-20 Ta Ne MIIDJ[ 1-22
Biomuoi TeMatnku HAH Ykpaiamu.
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VJIK 661.124
O30HYBAHHS AJIKIIBEH3EHIB V PUIKIN ®A3I

lNanctan A.T'., 3aaBopnux I.C., Kocenko O.O.
KuiBchkuii HallloHAIBHUN YHIBEPCUTET TEXHOJIOTIHM Ta AU3aiiHy, YKpaiHa
aggaalst@gmail.com

BuBdeHOo peakiiito 030HY 3 TOJYEHOM Ta MOro 3aMilIeHUMH B OIITOBIH
kucaoTi Ta ii aHriapudi. IlokazaHo, mo B cucreMi O3-Ac,0-Mn(OAcC),-H,SO,
NPOTIKAIOTh MapayielbHl peakilii 030Hy 3 apOMaTHUYHUM KUIBIEM 1 METHIIbHOIO
Ipynoro, MO KOHKYPYIOTh MK c000t0. CIiBBITHOIICHHS ITUX HAMPSIMIB 3aJ1€KUTh
Bil OyAoBH cyOcTpaTy Ta yMOB MNpoOBeAeHHS peakiii. [Ipore, celeKTUBHICTH
OKHCHEHHS TOJIy€HY Ta HOro 3aMillleHUX 32 METHJIBHOIO TPYIOI0 HE TEPEBUIILYE
39 %. Cepen apoMaTHYHUX TPOJYKTIB PEAKIlli BUABICHO OCH3UIIOBI CIIUPTH Ta
OCH3aJBJIETIIM Yy BUTJISAL BIAMNOBIIHUX alleTaTHUX MNOXiAHUX. JlogaBaHHs 10
cuctemu Katanizatopa — ManraH(Il) anerary, abo #oro cymiiii 3 Kajiid OpomizoMm
NPAKTUYHO 3YMHUHSE MPOLIEC 030HOMI3y OEH3EHOBOTO KIJBIS 1 CTBOPIOE YMOBHU
JUISL CUHTE3y O€H3MJIOBOIO CIIUPTY Ta OEH3aJIBJEr1Ny 3 BACOKUMHU BUXOAMHU.

Ha npuknani o30HyBaHHSI TOJNyeHY Yy PiAKid (a3l mokasaHa MOKIUBICTb
HU3BKOTEMIIEPATYpPHOTO OKHUCHEHHS METWJIOCH3EHIB TIPU 3aMiHI OKHCHHKA
MOJIEKYJIIPHOTO KUCHIO Ha MOT0 aloTPONHY MOU(IKAIliI0 — 030H.

Knouosi cnosa: okucHeHHS, METUJIIOCH3EH, KaTali3aTop, O30H.

The reaction of ozone with toluene and its substituted in acetic acid and its
anhydride was studied. It is shown that in the system O;-Ac,0-Mn(OAc),-H,SO,
parallel reactions of ozone with aromatic ring and methyl group, competing with
each other. The ratio of these directions depends on the structure of the substrate
and the conditions of the reaction. However, the selectivity of the oxidation of
toluene and its substituted by methyl group does not exceed 33 %. Among the
aromatic reaction products, benzyl alcohols and benzaldehydes were found in the
form of the corresponding acetate derivatives. Addition to the catalyst system —
manganese (I1) acetate, or its mixture with potassium bromide virtually stops the
process of ozonolysis of the benzene ring and creates conditions for the synthesis
of benzyl alcohol and benzaldehyde with high yields.

The example of ozonation of toluene in the liquid phase shows the
possibility of low-temperature oxidation of methylbenzenes when replacing the
oxidant of molecular oxygen with its allotropic modification — ozone.

Keywords: oxidation, methylbenzene, catalyst, ozone.

OKUCHIOBaJIbHI TMPOIECHU IIHPOKO PO3MOBCIOKEHI Yy KUBIH mpuposl. Y
O1MBIIOCTI BUMAJKIB BOHMU BiAOYBAalOTHCS MiJ BIJIMBOM COHSYHOI pajiaiii y
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MPUCYTHOCTI KUCHIO 32 YMOB HaBKOJMIIIHBOTO cepeAoBuIla (Ipu atMochepHOMY
TUCKY B TemmeparypHoMy iHTepBaii -50 + 50 °C). 3aBAsku KUCHIO 1 COHSIYHIN
pamiamii y JKMBIM NPHUPOJII BIATBOPIOETHCA OI1OJOTTYHMN IUKI (IUXaHHS —
dboTOoCHHTE3) 1  YMOXJIMBIIOETHCA JKUTTS  Ha  IUlaHeTi.  Peamizaris
KUTTE3a0€3MEUYIOYMX TMPOLECIB  OKUCHEHHS JIOCSTA€ThCSl 3a  HAsIBHOCTI
MIPUPOJIHUX KaTali3aTopiB — (EPMEHTIB, SKI CTBOPIOBAIMCS 1 BUIPOOOBYBATIUCS
IPUPOJIOI0 MPOTITOM TPUBAJIOTO Yacy.

CrnocrepexeHHs 3a TPUPOAHUMHI OKHMCHIOBAJILHUMU MPOIIECAMU Ta CIIPOOU
iX KOMitoBaHHS y MOOYTi COPUSIIO TOCTYTIOBOMY BIIPOBAKEHHIO JIESKHUX 3 HUX Y
IPOMUCIIOBY NMpakTuKy. CroyaTKy JUisi BIATBOPEHHS OKMCHIOBAJBHUX IPOIECIB
3aJly4aluCh MiHEpalbHl OKHUCHUKH: Kaiiid mnepmanranat, manran(Il) oxcwun,
oixpomatu syxHHX MetamB, xpoM(VI) okcua Tomo. Ane iX 3acTocyBaHHS
HACTUIbKM  3a0pyIHIOBAJIO  JOBKULISA, IO CTaBajlo HEOE3NMeyHuM  JJis
KUTTEASUIBHOCTI  MoguHU. CrpoOu 3aMiHM MIHEpaJbHUX OKHCHHUKIB Ha
NPUPOAHINA KUCEHb MOBITPSI TPUBAIUI yac Oynu Oe3yCHIIIHUMU 3a BIICYTHOCTI
e(eKTUBHUX KaTaji3aTOpiB 1 HAJEKHOTO ycTaTKyBaHHA. | nmumie Ha mouatky 20
CTOJITTA 3 pIMIEHHAM ULUX 33Ja4 KHCEHb HAJIIMHO YBIWIIOB Yy MPAKTUKY
IPOMUCIIOBHX OKUCHIOBAJIBHUX Tpo1ieciB [1]. 3 Hioro 3airy4eHHsIM Yy BUPOOHHIITBO
B 3HAYHIM Mipl BHPIIIYBAIKCH €KOJOTIYHI MpoOJIeMH, ajle MpU I[bOMY
3ATMIIMIIMCS TaKl HEAOJIKH, K KOPCTKI YMOBHU BEJEHHS peakuii: HaJJUIIKOBUN
tuck 0,5+2,5 MIla ta Bucoka temmeparypa 120-450 °C, mo notpeOyBaino
crnenu(IYHOTO YCTaTKyBaHHSI Ta BHCOKOTO PIBHS aBTOMAaTH3alli MpOLECIB, 1110
JIOCUTh CKJIQJIHO BHUPINITYBaTH 32 YMOB MaJOTOHHOKHUX BUPOOHMUIITB O10J0TTYHO
aKTUBHUX PEYOBUMH. MOXKIIUBICTh 3aCTOCYBaHHS KUCHIO SIK OKMCHMKA JIUIIE B
JKOPCTKMX YMOBax TIOSICHIOETBCA BIJCYTHICTIO Y TEXHOJIOTIB IITYYHHUX
KaTaJITUYHUX CUCTEM, 31aTHUX KOHKYPYBATH 3 IPUPOIHUMHU.

BiacyTHICTh peanbHUX Pe3yAbTaTIB M0 CTBOPEHHIO IITYYHUX KaTATIITUYHUX
CUCTEM CIOHYKA€ Cy4acHUX HAyKOBIIIB BECTH JOCIIJKEHHS 13 3aTy4YCHHSIM O1JIbIII
NMEpPCIEKTUBHUX  OKUCHUKIB. Hampukian, B ocTaHHI POKM  aKTHBHO
JOCTIKYIOTBCSl BIACTUBOCTI OKMCHIOBAIBHUX CHUCTEM, B SKHX 3aMICTh KHCHIO
3aCTOCOBYEThCS HOTo ajoTpornHa momudikaiis — o30H [2, 3]. O30H 3 Oinbil
BUCOKHM, HIXK y KHCHIO pefokc-moreHuianom (2,04 mporu 1,86 B) 3martnmii
OKUCHIOBaTH y M’SKUX YMOBAaX MPaKTUYHO YCI BIAOMI pedyoBUHU (KpiM 30J0Ta i
METaJiB IJIATHHOBOI TPYMH) HAIMIOT €KOCHCTEMH, IO Ha JYMKY JOCIHIIHHUKIB,
poOuTh ¥Oro, 3a BIICYTHOCTI KATaJITUYHUX CHUCTEM, KOHKYPYIOUUX 3
OPUPOJIHUMH, OYyXKE MEPCIEKTUBHUM JMJii CTBOPEHHS HU3bKOTEMIIEPATYpPHUX,
€KOJIOT1YHO YUCTUX OKMCHIOBAJILHUX TPOIIECIB.

OcTtaHHIMH  pOKaMHd II€ MPUNYHICHHS  3HAWNUIO  TMEPEKOHIINBE
MITBEPKCHHS HAa TIPUKJIAl peakiliii OKMCHEHHS METHUJIAPEHIB Ta TeTapeHiB [4],
OKHCHIOBAJIbHE MEPETBOPEHHS SKHUX IIMPOKO BUKOPUCTOBYETHCS ISl CHUHTE3Y
010JI0T1YHO aKTUBHUX PEUYOBUH, OPTaHIYHUX OApBHUKIB TOLIO.
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O30H OKHUCHIOE QIKIIOCH3EHH y IIUPOKOMY TeMIepaTypHOMY I1HTEpBall,
alle Ha BIAMIHY BIiJ] MOJEKYJSPHOTO KHCHIO BIH Yy TMEpIIy Yepry pyiHye
OCH3CHOBE KUIBbIIE 3 YTBOPCHHSAM allipaTUYHUX TEPOKCHUJIIB 1 B MEHIIINA Mipi
OKHCHIO€ Oiunwmii aniior (Tabmn. 1) [5]. Hanpuknan, npu 030HyBaHHI TOTyeHY B
OLITOBIM KHUCIOTI B TemmneparypHoMmy iHTepBam 20-50 °C BiH mijisrae
pYMHYBaHHIO 32 apOMaTUYHUM KiIbleM Ha 84 % 1 mumie 16 % mepeTBoproeThes
32 METUJILHOIO TPYIOI0 3 YTBOPEHHSM Ha PaHHIX CTafigxX OCH3UIOBOTO CIHPTY 1
OCH3aJIbJICTIy, a Ha 3aKIFOYHIN — O€H30MHOI KUCIOTH.

Ax BUgHO 3 Tabn. 1 BBEACHHS Y MOJIEKYJy TOJYEHY €JIEKTPOHOIOHOPHHUX
3aMICHUKIB 3HUXY€E CEJICKTUBHICTh OKHCHEHHS 3a METWJIBHOIO TPYIMO, a
€JIEKTPOHOAKIIETITOPHUX — HABIAKHU IT1/IBUIIYE.

Taoannsa 1
OxMCHEHHS aJK1IJIIOEH3€HIB 030HOM B OIITOBIM KHCIIOTI
CeneKTuBHICTB, %
Cnonyka 3a O1YHUM | 32 OEH3EHOBHMM | HE1JIEHTU(]IKOBaHI
JAHIIOTOM KUIbLIEM IPOJIYKTH

Tonyen 16,0 83,4 0,6
n-Kcuien 51 92,3 2,6
IIceBokymout - 97,3 2,7
Me3utnieH - 100,0 -

Hypon - 96,2 3,8
4-HitpoTosyeH 24,3 74,0 1,7
2,4-JIuHITpOTONyCH 34,4 61,2 4.4
EtnnbGensen 30,0 64,0 6,0
3-Hitpoetnnbensex 39,3 59,6 1,1

Pyiinamis O€H3€HOBOTO Kbl B 3HAYHIM Mipl 3amo0iraerbcs MpH
030HyBaHHI B mpucyTtHocTi koOanbT(Il) amerary abo ioro cywimi 3 Kaiiid
opomiznoM. [Ipu Temmneparypi 90 °C B OLITOBIM KHUCIOTI TOJYEH MEPETBOPIOETHCS
y 0eH30lHy KucnoTy 3 BuxoaoM 91,3 %. e Huxkyl TeMrepaTypu HEOOX1IHI pU
030HYyBaHHI MeTHI0eH3eHIB y KaTtamthuHii cuctemi O3-Ac,0-Mn(OAC),-H,SO,.
Bxe npu 5 °C TonyeH O30HYEThCS B i CUCTEMI 3 YTBOPEHHSM alllJIbOBAHUX
noxifHux OensuioBoro coupty (42,0 %) Tta Oenzanbaeriny (17,5 %) 1
HeanuaboBaHoro Oensanpaeriay (30,0 %) [6]. Ilpu BBemeHHi y cucTeMy Kajiit
OpoMiy yTBOPIOETHCS TEPEBAXHO anuiboBaHuii (72,5 %) 1 HeanuIbOBaHUM
oenzanpaeria (12,5 %), nonatkoBo inenTudikoBano 10,2 % OGEH3UIOBOTO CIUPTY
[7].

[TepeBin peaxiiii OKMCHEHHSI METHJIOCH3EHIB y PEKUM HU3BKUX TEMIIEPATYP
3a YMOB 3aMiHM KHMCHIO Ha O30H MOB’S3aHHI 31 3MIHOIO MEXaHI3My YTBOPEHHS
BUIBHUX PAJIMKAIIB Yy CHUCTEMI. XapaKTEpHOI PHUCOI0 MPOIECIB OKUCHEHHS
KHCHEM € HasBHICTh 1HAYKIIMHOTO TIEPiOAY, 110 € HACTIAKOM HU3bKO1 IIBUIKOCTI
peakiii 3apo/PKeHHs JIAHIIOTIB TPU HU3BKUX TEMIlepaTypax HaBiTh B
npucyTtHocti ko0ansT(Il) anerary (1-4, 5-6) [8].
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ArCH; + 0, — ArCH," + HO' (1)

ArCH; + Co®* — ArCH, + Co*" + H* (2)
ArCH, + 0, — ArCH,0,’ (3)
AI‘CHZOZ' + ArCH; — ArCHz. + ArCH,0O.H (4)
ArCH,0," + Co** + H*— ArCH,O,H + Co*' (5)
ArCH,0,H — ArCH,O" + HO" (6)
ArCH,0,H + Co** — ArCH,0," + Co** + HO' (7)
2ArCH202. — ArCH,OH + ArCHO + O, (8)

Jlnst Tonyeny B orroiit kucioti mpu 70 °C r; = 10%:r, = 10% 1, = 107;
rs = 10" wmoms-(mc)’. I nmme 3a >KOPCTKMX yMOB OKHCHEHHS IIBHJIKO
JIOCSITAETHCS  CTaI[lOHApHA KOHIEHTpAallisl MEPOKCUJIHUX PpaJUKaliB, a 3BIACH 1
BUCOKA INBUJKICTh peakIlii 3adydyaHHS METUJIOCH3eHYy B OKHCHEHHS 3a
METHJILHOIO TPYIOI0 (2) HaBiTh MPHU HU3bKKX Temreparypax (90-95 °C) [8].

IIpr o030HYBaHHI METHUJIOEH3EHIB 3’SIBISETHCSA INBUIAKICHA peakiiisa (9)
(rg = 10° moub- (11-¢)™):

Co*+ 03+ H'— Co* +HO + 0, (9)

B SIKili 03 iHZyKIifHOrO Tepiofy reHepyeThcsi akTHBHA wactTuHKa Co°', siKa
BIJIMIOBIJIA€ 32 CEJICKTUBHE OKMCHEHHSI METUIIOCH3EHIB 32 METHIIBHOIO TPyToL0 (2)
3 YTBOPEHHSAM OCH30MHUX KUCIIOT [4].

B amumorouiit cucremi (Ac,0-H,SO,) 3a ymoB xkaramizy wmanran(Il)
aleTaToM O30HYBaHHS BiZIOyBaeTbcs TpH HU3bKHX Temmeparypax (5-30 °C) 1
3YNMUHAETHCS HA CTaJli YTBOPEHHS CyMIII BiJIMOBIIHUX CIHUPTIB Ta albJETiIB B
aIuIbOBaHUX (hopmax:

ArCH,OH + Ac,0— ArCH,0Ac + AcOH (10)
ArCHO + Ac,0— ArCH(OAc), (11)

VY npucyTHOCTI MaHraHOPOMIJHOTO KaTali3aTopa 1 alMIIOYOoro areHTa
nepeBaXka€ yTBOPEHH aJIbJIETIy B allMJIbOBaHIN 1 HeauuaboBaH1i GpopMmax (8) 3a
HACTYITHOIO CXEMOIO:

Mn®* + Br — Mn*Br . (12)
Mn*Br + O;+H" - Mn* Br (Mn*Br’) + HO® + O, (13)
ArCH; + Mn*Br" — ArCH," + Mn*BrH (14)

1 maii 3a cxeMoro peakitii (3, 8, 10, 11).

Takum yrHOM, Ha TPUKIIAl O30HYBAHHS TOJNyEHY y PiAKiN ¢a3i mokazaHa
MO>KJIMBICTh HHU3bKOTEMIIEPATYpPHOTO OKHWCHEHHS METHJIOEH3EHIB MpH 3aMiHl
OKHMCHMKA MOJIEKYJIIPHOTO KMCHIO Ha HOTO aJIOTPONHY MOAU(IKALIII0 — 030H.

122



Jlitepatypa

1. Hazumox B.®. OpumanukoB B.W., Ilorexun B.M. Xwuakodasznoe
OKUCJICHUE AJIKUJIAPOMATHYECKUX YriaeBoaopoaoB. M.: Xumus, 1987. 240 c.

2. Bailey P.S. Ozonation in organic chemistry. Vol. 2, Nonolefinic
Compounds. N-Y, L. Academic Press, 1982. 497 p.

3. PazymoBcbkuii C. /0., I'anctsn I'.A., Tronano M.®. O30H Ta iforo peakiii 3
amdatnuaumu cnoiaykamu. Jlyrancek: CYY, 2000. 318 c.

4. Tancrsa TI'.A., Tiomamo M.®., Tamcrsa A.I. XKunkodasuoe
KaTAIUTUYECKOE OKHCIICHHE apOMAaTUUYECKUX COEIUHEHHN 030HOM. JlyraHchk:
Bugasaunrso CHY im. B. Jlans, 2009. 415 c.

5. Tl'ancran I'.A., Tronano H.®., Pazymockuii C./{. O30H u ero peakuuu c
apOMaTUYECKUMH COEAUHEHUSIMHU B xuAKON Qa3ze. Jlyranck: Bunasaunrso CHY
M. B. [lans, 2004. 272 c.

6. Tl'anctan A.I'., Tanctan C.I'., Tionmano H.®. HccienoBanue peakuuu
TOJIyoJIa ¢ 030HOM B X)uakou daze. Kypuan npuxnaonou xumuu. 2010. T. 83, N
2.C.268-271.

7. Cnoci6 oxepxkanHs Oenzampaerimy: mat. 50200 Ykpaina, MIIK CO07C
29/48, CO7C 33/00; 3aaBn. 18.12.2009; omy6s1. 25.05.2010, bros. Ne 10.

8. Omany’ns H.M., J[lenncor E.T., Maiizyc 3.K. llennbie peakmuun
OKHUCJICHHS YTJIEBOIOPOJIOB B xKUAKOM ¢aze. M.: Hayka, 1965. 375 c.

123



VJIK 004.045:544.021

OB’CKTHUM MIIXIJ IO MPEACTABJIEHHSI MOJIEJI
OPTAHIYHOI MOJIEKYJIN

Manens €.C.
[actutyt 6ioopraniyHoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpainu
yehor.malets@gmail.com

OO0’exTHUI cMOCIO MHUCICHHS TPO CTPYKTYpPy OPTaHiuHOT MOJEKYIU
(byHKIIOHANTBHI TPYNH, ITUKIIH, JIIHKEPH) € 3BUYHUM JUIS MPodeciitHuX XIMIKiB-
CUHTETHKIB. Ha mpoTuBary npomy, mijaxoad aTOMApHOTO PIBHS Ha OCHOBI rpadis
nepeBakaroTh P PoOOTI 3 TaKOIO XiMIUHOO 1HGOopMarliiero. OOcsAr, CrIoKUBaHHS
nam’ati Ta KuibKicTh IukiIB CPU/GPU moxkna Oyno © 3HA4YHO 3MEHIIUTH
BUKOPUCTOBYIOUM 0O0’€KTHI aOCTpakilii BUIIOrO PIBHA, IO NOTpeOye 1HAKIIUN
croci0 JIIHIMHOTO 3aMucy MOJEKYIH. Y PoOOTI PO3IIIAIaI0THCS MEPCIEKTUBH ITI€T
KOHIIENI.

Knrouosi cnosa: 00’€xT, MOJIeKyJia, IPEICTABICHHS, 3aIIUC, MACTPYKTYpa,
CTUCHEHHSI.

Object way of thinking about structure of organic molecule (functional
groups, cycles, linkers) is common for professional synthetic chemists. In
contrast, atom-level graph-based approaches mostly used for computing. Space,
memory consumption and quantity of CPU/GPU cycles could be significantly
reduced using next-level object abstractions which lead to another way of linear
molecule recording. Perspectives of this concept are discussed.

Keywords: object, molecule, representation, recording, substructure,
compression

Hapasi nHaituacriiie BUKOPUCTOBYIOTh HIIXOAU 10 HErpadiuHoro 3amucy
moJiekyn Ha ocHoBi rpadis: SMILES (Simplified Molecular Input Line Entry
System [1-3]), SELFIES (Self-referencing embedded strings [4]) Ta in.
(manpukian, SMARTS [5]). 3piika BUKOPUCTOBYIOTh MaTpPHUHE HPEACTaBICHHS
[6], ane BoHO € rpomizakum. Jlas MOImIyKy 1 TMOPIBHSHHS BUKOPHUCTOBYIOTh
pizHomanitTs ¢inrepnpinTiB (fingerprints, [7]), sxi 3a3Buyaii € OiHapHUM
3allMCOM HAsIBHOCTI YHM BIACYTHOCTI MEBHUX XapakTEPUCTUK MOJICKYIH Y
N-BumipHOMy BekTOopHOMY Tmpoctopi (13 N = 256, 512, 1024 i T. n.).
OcoOmuBicTIO  (DIHTEPIPIHTIB MakKe 3aBXKIW TaKOXK € HEMOXJIUBICTh
MOBEPHYTHUCA [0 TMEPBUHHOI CTPYKTYpH MOJIEKYJIHM 13 Takoro «BigouTky». Ha
MIPaKTHIN 1€ MOXKE MOJABOIOBATH MICIIE, 110 3aiiMae BUOIpka Ha HOCIT iHpopmarii
(amxe mapanenbHO iCHY€E (DIHTENpPIHT Ta 3anuc, Hanpukiaa, y SMILES). Icaye me
omHa anbrepHatmBa, po3poosiena IUPAC — InChl (International Chemical
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Identifier [8]). Take mnpencraBiacHHS € OLUIbIIE YHIKAJIBHAM XEIII-BiJIOUTKOM
MoJIeKyH (YMOBHO MOKHa MOpiBHATH 13 [Y-cmekTpom), sike po3pobiieHo AJis
MOIIYKY 3a CIIBIAIHHAM Yy 6a3ax nanux (b]l), aHDk npuaaTHOO 1Jis KJIACHYHUX
aroputMiB ¢opmoro [9]. JoctymHuit Oiabir aetanpaui ors [10].

Onna 13 ocHoBHUX npoosem SMILES, sk 1 Oubmiocti rpad-opieHTOBHUX
MPE/ICTaBIICHb, — HAABHICTh JEKUILKOX BaplaHTIB 3aIUCy, 110 OMUCYIOTh OJHY U
Ty * MoJIeKydy. li Bupimmaum mpu pospobui SELFIES: y npomy Bumaky
BIIOYBa€ThCSl 30€peKEHHS PIBHOCTI MDK €IMHUM MOXIIMBHUM TpadiuHUM
300paxXeHHsIM Ta pAIKOBUM 3amucoM. lle, 30kpema, 03BOJII€E OMHUHYTHU
HEMOJIMBI TPEJICTABICHHA MOJIEKYJ, SIKI MOXYTh OyTH 3amucaHi 13
3acrocyBanusMm SMILES [9].

JUis 3ammMcy naHuxX Ha Hocid 1Hdopmamii (4K 1 A iX 3YUTyBaHHS)
HEOOX1/THA HASBHICThH MOPSAKY — 1€ € (I3UUHOI0 BUMOTOIO0 HOCIS iHpopmariii. 3
IIOTO MO>KHa 3pOOUTH BHCHOBOK, IO JJISI KOKHOT MOJEKYJIH, PSAKOBHM 3aImuc
AKOI € YHIKaJIbHUM, Ma€ OyTH HassBHUI BEKTOP 3alIMCy HA HOCIH 1H(OopMaIii.

MoskHa MpecTaBUTH MOJIEKYITY SIK MaCUB (DparMeHTIB, sIK1 TOBTOPIOIOTHCSA
y opraHiyHii ximii. Taki 00’€KTH MO’KHA 3TpyNyBaTH y JIBa OCHOBHI THIH, SIKi
3a3HaIOTh MEPETBOPEHb a00 X CIYryIOTh KapkacoM camoi Mosekyiau. OcTaHHs
KOHIICTIIISA € BIIOMOK y MEAWYHIN Ximii sk yacTuHa ckadoiais bemica-Mypko
[11]. ¥V mincyMKy, y KOKHIH MOJIEKYJIi MOKHA BUAUTUTH (DYHKITIOHATBHI TPYIH Ta
UK. 3a3HAaIO4M XIMIYHUX TE€PETBOPEHb, BOHHM 30€piraroTh YacTHHY CBOiX
BlacTuBOoCcTed. Tak, Hampukiajn, Mg OaraTboX peakiiil IUKIU 30epiraroTh
KUIBKICTh Ta pO3TalllyBaHHS aToOMIB, TOOTO BiJOyBa€TbCs TOBHUM TMepexil
A — A, a GyHKIIIOHATIBHI TPYIU 3aMIHIOIOTHCS 1HIIIUMH.

Penpe3eHraiito UUKIIB SIK OKPEMHUX Y3TO/UKEHUX TPYI OpPraHivyHoi
MOJICKYJM B CBifi vac mpomonyBaB Bicseccep (Wiswesser) [12], 31 3HauHUM
aKIICHTOM Ha KOMIIAKTHICTh OTPUMaHUX JaHuX. Y Tik ke poboti Oynu
MIPEJICTaBICHI MOXJIMBOCTI 3aMUCY JIESIKHX TPYI aTOMIB SK BEJIMKOI JaTHMHCHKOI
JITEpH, SKa HE 3ape3epBOBaHA 3a aTOMOM Yy MepioauyHid cuctemi (Tadum. 1).
3okpemMa, OyJ0 3alMpONOHOBAHO BHUKOPUCTOBYBATHM ojuHUYHEe (G 3aMmicTh
nsoxcumBosibHOTO Cl s Xmopy ta E mis Bpomy. Ipote 1e#t miaxia BTpaTHB
CBOE 3HAYEHHS Yepe3 TEXHOJIOTTYHI OOMEXEHHs CBOI'0 4acy, BIACYTHICTh YITKHX
CTaHJapTiB y 1HdOpMaATUIl Ta, OCTAaTOYHO, BIJICYTHICTh IMILIEMEHTAI]
aITOPUTMY JIJISL 3alUCy CTPYKTYp y ¢opmi Hotarii [13]. Hapasi Bigomuii swmie
koHBepTop y SMILES [14].

[cHye ckiHUEHHA KUIBKICTh (YHKIIOHAJTBHUX TPYI Ta LUKJIIYHUX CHCTEM,
0 € pEeNeBaHTHUMM JJs MEAMYHOI XIMIii Ta, 30KpemMa, 3yCTpIdaroThCs Y
nepeBaxHii OuibinocTi myomikamiid ta b/[. Takum ynHOM, BOHM MOXYTh OyTH
MIPOHYMEPOBaHI Ta CTPYKTYpOBaHi B iepapxii (3a ctapmmHcTBoM). Lle mo3Bosse
MPUITYCTUTH, IO ICHYE €IVMHUN PAIKOBUN BEKTOPHUM 3alUC KOXKHOI 1CHYHOYOT
MOJIEKYJIH, SIKUW TPYHTYETHCS HA LUX 1€papXisixX (3a MPUHIUIIOM BiJl MOJIOJIIOTO
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n0 crapmoro). Taka iepapxisi BOJHOYAC MOXKE CIYTyBaTH YHIBEpCAJIbHUM
CIIOBHUKOM (hparMeHTiB (3a aHasoriero i3 ciioBaukoM y Deflate-anropurmi [15]).

Taoauns 1
Jlesiki IpuKJIaid BUKOPUCTaHHS JIIHIMHOT HOTaIlli BicBeccepa
(Wiswesser line notation, WLN)

IUPAC Name SMILES WLN
IUKJIONCHTAAIEHOH 0=C1C=CC=C1 (5.V)
M-KCHJIOJ CC1=CC(C)=CcC=C1 IRC
bayopobeH3eH FC1=CC=CC=C1 FR
OiceuoBUHA NC(=O)NNC(N)=0 ZNMMVZ

3anuc MoyieKynM Ak Habopy (parmentiB, abo OM (Object Model,
00’€KTHa MOJIENIb), AOMIOMArae OKpECIUTU MiAMHOXXHHU CTPYKTYP Y MOXKIUBOMY
XIMIYHOMY TPOCTOpl, WUI0 MiABUIIMTH TOYHICTh TMOLIYKY MOJEKYyJd 3a
(mimx)cTpykTyporo y 60azax naHux (puc. 1).

NH, OH

OU+1472K 0OU+14"D

Puc. 1. [Ipukiiag MosieKyJ 13 CHUTBHOIO MIJCTPYKTYPOIO, pO3TAILIOBAHUX MOPYY Y
XIMIYHOMY TIPOCTOP1

[Ipy 1bOMYy KOHIEHCOBaHI LUKJIM ISl TAKOTO 3alKCy BapTO po30UTHU Ha
HaWMEHII MOXJIMBI IUKIIYHI 00’€KTH, HANPHKJIA, MPEACTABUTH XIHOIIH SK
nipuaoOeH3eH 1 T.1. MOXIIMB1 BapiaHTH 3aMillleHb MA€ 3YMTYBATH Ta MEPEBIPATU
BIIMOBIAHUN aNTOPUTM, aJ)K€ BOHM € BH3HAYCHOIO BIIACTHBICTIO IIEBHOTO
00’ekTy. TakuM YMHOM 3amUC MOJI3aMIIIEHUX MOJEKYJ MOXHA MPEICTaBUTH SIK
pO3ralTy’>KeHe JIepeBO 00’ EKTIB.

VY migcymky, OM MokHA pO3IIISIIaTH K TIEPEXiJl Bil aToMapHOi abcTpakiii
(mo mmpoko mnpencrarieHa B SMILES, SELFIES Tta inmmx mnigxomax, e
BUKOPUCTOBYIOThCSA Tpadu) 10 aOcTpakilii Bumioro piBHA — 00’ektHOoi. lle
3py4HO, 30KpeMa, TOMY, HIO0 XIMIK YacTillle ONepye TpylnaMu aToMiB, aHIXK
NEBHUMH OJMHMISIMU. JledKi mpaBuiia Ijsl 3aMucy Takoi (OpMH yKe HasiBHI B
HomeHkiatypi 3a [lUPAC, npote BOHM OpIEHTOBaHI Ha CIPUUHSTTS JIFOJIUHOIO.
YacTtuHa ix MOoke OyTH aanToBaHa 1 JUisl KOAYBaHHS MPOMOHOBAHOIO PSAJIKOBOIO
3aIHuCy.
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Ile mokpanuts (a00 306epexe) 1 MPOYKTUBHICTh ITPU POOOTI 3 HUMHU, aJIKe
ICHye BeNWKa KIIbKICTh BIIOMHUX QITOPUTMIB JJsi poOOTH 3  psAAKaMU
(Bxirouaroun anroputmu boepa-Mypa [16], Kuyra-Moppica-IIparra [17], Axo-
Kopacik [18], Tomo). 3okpema, BOHU OyayTh 3aliMaTH MEHIIE NPOCTOPY B
OTEpaTHBHIM Mam’sATI Ta pericTpax (IO TaKoXX 3MEHIIUThb KUIbKICTh ITUKIIIB
CPU/GPU) mopiBHSHO 13 MiAX0AaMH, 110 IPYHTYIOTbCS Ha rpadax.

Takwuii miaxig TakoX MPU3BEAC 0 CTUCHEHHS iH(opMarllii Ha HOCIi, amxKe,
HaAPUKIIAJ, KOTyBaHHS KOXXHOTO (pparmeHTa B 2 0ailTH (4aCTKOBO aHAJIOTIYHO
UTF-8 [19]) 3a HasBHOCTI CIy)KOOBHX MITOK (B OCHOBHOMY JIJIsi BKa3aHHS
3amimieHHs) B 1 OalT € J0CTaTHRO KOMIIAKTHUM  (IMOMIOHMHA  IiAXij
3aCTOCOBYEThCS B QITOPUTMAxX CTHCHEHHS 3a cioBHUKOM [20]). [ mopiBHSHHS,
SMILES BukopucroBye 1 Gaiit (3a ANSCII) mist kKoayBaHHS KOXHOTO aTOMa Yd
cuMBoOITy (pHC. 2).

C1=CC=CC=C1 U (mpuxan)
6 CHMBOJIIB aTOMIB :
. , 1 npedikc rpynu
+ 3 CUMBOJIM NTOABIMHOTO 3B’ A3KY .
. + 1 mopsiaKoBH1 HOMED
+ 2 3aMHKaHHS KUIBLI .
= 2 OaiiTu

=11 Gait
Puc. 2. [TopiBHSIHHS BUKOPUCTAHHS JTUCKOBOTO IMPOCTOPY Ha MpHUKIaai OCH3EHY

Takoxx He moTpiOHO Oyjae 30iiabITyBaTH 00OcCAT 1HGOpPMaIli (3a paxyHOK
BIJICYTHOCTI (pIHTEPIIPIHTIB), aJKe TaKUi 3amuc Oyje T0CTaTHbO 1HHOPMATUBHUM
JUTSL 3/11IICHEHHS] OCHOBHUX OIepaliid — JOCTAaTHbO JIMIIE PO3POOUTH MPOrpaMHE
3abe3neuenHs (I113), sike Oyae KOHBEPTYBATH 3alUC Y NPUUHATHUHN AJIS JIFOIUHA
(puc. 3) Ta cucTeMy iHACKCAIi.

\

CCC1=C(C)C=C(N=C1)C1CC1 — 0C+245~C~CC

Puc. 3. AGctpaktHuii TpancisTop (koHBeptop) i3 SMILES

OM TakoXx J03BOJISI€ JIETIIE BIACIIIKOBYBATH 3MIHMU TICIA XIMIYHHUX
nepeTBopeHb (Puc. 4). Lle 103BosI€ MPUITYCTUTH, IO TAKE PIICHHS € TPUIATHAM
JUIs HAlMCaHHS MAIMHHOTO PETPOCHHTETUYHOTO aHaiizaropa. Tak, JaHIoT
XiMIYHUX TiepeTBopeHh A — B — C (Bukitouarouu moOiyH1 MPOAYKTH) MOXKHA
npencraBuTu gk, Hanpukiaan, C = f(B), B = f(A), mo € mnpsMoro aHaJOTI€0
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narepHy «Jlexoparop», SKuil 3aCTOCOBYETBCS B 00 €KTHO-OPIEHTOBHOMY
nporpamyBaHHi [21].

\ NH, \ Br
| = | = -
N N N/
O0C+257K OC+25"E OC25

Puc. 4. Bizyanizaiisi 3MiHU 3aMKCY MiCIIs XIMIYHUX TTIEPETBOPEHD

3okpema 3actocyBaHHs OM /103BOJISIE aBTOMAaTHU3yBAaTH CTBOPCHHS
poCcTOpy 010130CTEPHO E€KBIBAJIEHTHUX CTPYKTYp HAa OCHOBI OJIHIEI MOJIEKYJIH,
CHIYIOYM BIiJOMIM y MeAWuHid Ximil koHuenuii ckadosn-xominry (scaffold-
hopping, puc. 5) [22].

NH,

X
_____ > w
N
00-147K “Ctpubok” (“Hop”) O0C+25°K

Puc. 5. [Ipuknan ckadona-xoniHry 13 Bukopuctanasim OM

KonBepratiist y 00’€KTHE TpEACTABICHHS MOXe OyTH 3/iiiCHEHa uepe3
MaTeMaTUYHUN MIiAXIJ, aJKe, HANpUKIaJ, ICHYE JHUII OJAUH TEPMOIUHAMIUYHO
CTIMKMIA apoOMaTUYHHM MUKI 13 yuciaoMm aroMiB KapbOony 6. lle moxe cratu
OJHI€IO 13 OCHOB 151 HanmcanHs [13, ogHoro i3 moaynis CDK [23], [24].

Bukopucranass OM Tako)k MO€ CIPOCTUTH HaBUYAHHS HEMPOHHHUX MEPEK,
ajpke, K  TOKAa3ylOTh  YHCJICHHI  3aCTOCYBaHHs, CIPUUHATTA  HUMU
CTpyKTypoBaHMX TekcTtoBux mganux (natural language processing) 3HawHO
MOKpAIIY€E AKICTh 3reHePOBAHNX HUMH KiHIIEBHX JaHuX [25].

TakuM yuHOM, HaBEACHHM MIAX1] 0 MPEACTABICHHS OpPraHiYHOI MOJIEKYIH
y BUIJISAL JepeBa (parMeHTiB BuUpillye MpoOJeMy YHIKaJIbHOCTI 3amlucy
CTPYKTYpPH Ta JO3BOJIIE OTPUMATH MOJIEIh y OUIbII 1HTYITUBHIA 00’ €KTHIN
abctpakiii. OM MoXe 3HAaYHO BIUIMHYTHM Ha crocid oOpoOku iHdopmariii 3
OpraHiuyHOi XiMii Ha OOYMCIIOBAIBHMX MamuMHax. lle Moxxe npuBectu a0
ctucHeHHs y B/ Ta mo3BonuTk 30epirat OiIbITY KUTBKICTh (MUIBSIP/IIB) 3aMKCIB
MOJIEKYJT Y HYMEpPOBaHUX XIMIYHMX MpPOCTOpax y OuIbll edeKTUBHINA QopMi.
AnTOpUTMH, 110 HE 0OMEX)eH1 POOOTO0 3 MOJIETSIMUA Ha OCHOBI rpadiB, MOXKYTh
OyTH BHUKOPHCTaHI, 30KpeMa sK Oa3uc Iy MiACTPYKTYypHOro moinyky B BJI.
Takox 11e MOK€ BIUTMHYTH HA IMIUIEMEHTALIi 1711 MAITMHHOTO HaBYaHHSI.
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PHOSPHOLIPIDS IN PLANT COLD STRESS SIGNALING:
DYNAMICS AND REGULATION

Kretynin S.V., Kolesnikov Ya.S., Kravets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the National Academy of Sciences of Ukraine
kravets@nas.gov.ua

Cold stress signaling in plants activates different signaling pathways with
lipids playing an important role. However, mechanisms of regulation of plant
lipid signaling activated by cold are weakly studied. The results of the present
study indicate that cold stress rapidly activates phospholipase D (PLD) in maize
plants that is dependent on phosphoinositide lipids and calcium availability in
cells. Phosphoinositide-specific phospholipase C (PI-PLC) was also found to be
rapidly activated by cold stress suggesting its possible connection to PLD. Action
of brassinosteroid phytohormones supported high level of PI-PLC substrate
consumed by PI-PLC under cold stress signaling suggesting that the hormones
activate phosphatidylinositol 4-phosphate 5-kinases (PI4P5). These results are
important for general understanding of cold signal transduction pathways in
plants and the development of methodology of controlled plant growth and
development in areas of risky farming.

Keywords: phospholipase D, phospholipase C, phosphoinositide kinase,
calcium, brassinosteroids, cold stress, Zea mays.

Jlisi XOJOIOBOTO CTpecy Ha POCIMHHU peai3yeThbCs LUIIXOM aKTHUBAIlll
HU3KU CUTHAJIBHUX MPOLECIB Yy KIITUHAX, y SIKUX JIMIAU BIIITPAlOTh BaXKIJIMBY
posib. BogHouac, MexaHI3MHU peryJmsiii JiMmiaHOI CUTHai3aIli, sika aKTUBYEThCS
32 YMOB XOJIOJOBOTO CTpecy, Hapaszl cjabo jgochiaxkeHi. PesynbraTn
MIPEICTABIICHOTO JOCTIPKEHHS CBITYaTh, IO il XOJIOJOBOTO CTPECY 3YMOBIIOE
mBHIKY akTtuBalito (¢ocdomninmazu D (DJID) y kimiTHHAX MaroHiB KyKypy.I3H,
3QJICKHY BiJl HasgBHOCTI (OCHOIHOZUTUIHUX JIMIAIB Ta 10HIB KaJbIIiIO.
®ochoinozutua-cienudiuaa docdomnimaza C (OI-OJIC) Takoxk MBUAKO
aKTUBYEThCA 3a Jii XOJOJOBOIO CTpPECy, IO CBIAYUTh MPO MOXKIUBUN
B3aemo3B 5130k 3 DJID. Jlist piToropMoHiB OpacHHOCTEPOIIIB CHpUsLIa MATPUMIIL
3HayHOTO piBHA cyOcTpary OI-DJIC, sikuii BUKOPUCTOBYBABCS LIUM (PEPMEHTOM Y
BIIMOBIA, HA [0 XOJOAY, IO BKa3ye Ha MOXJIMUBICTh aKTHBALll ITUMHU
ditoropmonamu pochaTuamniHO3UTON-4-hochar-5-kinaz (PI4D5K). Orpumani
JaHI € aKTyaJbHUMM [UJI 3arajlbHOr0 PO3YMIHHS MEXaHI3MIB TpaHCIYKIIii
CUTHAIIB y KJIITHMHAX POCIWH 3a Jii XOJOAOBOrO CTPECy Ta PO3POOKH METOIUK
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KEepYBaHHs TPOIECAMH POCTY Ta PO3BUTKY POCIHH Y 30HaX pPHU3HUKOBAHOTO
3emiiepoOCTBa.

Knrouosi crnosa: docdoninaza D, docdhoninaza C, docdoinozutuakinasa,
KaJbI[iil, OpacCMHOCTEPOINH, XOJIO0JOBHIA cTpec, Zea mays.

Cold stress signal is transduced in plant cells by various signaling
pathways. The role of lipids, especially phosphatidic acid, was noted in these
signaling pathways [1]. PLD, PI-PLC and diacylglycerol kinases are involved in
phosphatidic acid production in response to cold stress [2, 3]. However, the
regulatory mechanisms that modulate phospholipid signaling in response to cold
stress action are weakly studied. For example, phosphatidic acid accumulation in
response to old stress was found to be independent on general cold stress
signaling regulators [2]. In contrast, rapid accumulation of OsPLDal induced by
cold was found in rice [4]. Therefore, it is important to investigate how cold
stress-activated lipid signaling is regulated in plants.

In order to study the turnover of minor phospholipids in vivo, tissues of
maize stem parts were labelled with radioactive P*, and then subjected to cold
stress and/or brassinosteroids in buffer-containing flasks. For PLD activity assay,
1-butanol was applied. Labelled lipids were then extracted, analyzed by alkaline
thin-layer chromatography and quantified by scintillation counting [5, 6].

The results of the present study indicate that short-term action of cold stress
(during 30 min) induce dramatic accumulation of phosphatidylbutanol, a marker
of PLD activity. For investigation of possible pathways of PLD regulation during
cold stress signaling, plants were treated with specific modifiers of signaling
cascades: neomycin (a chelator of phosphoinositides, phosphoinositide-specific
phospholipase C inhibitor (PI-PLC)) and verapamil (a calcium channel inhibitor).
Application of the inhibitors 1 h before cold stress significantly reduced PLD
activation suggesting the role of calcium and phosphoinositide pathway in PLD
regulation in cold stress signaling. In contrast, cold-stimulated PLD was
insensitive to the inhibitors if they were applied simultaneously with cold
treatment (Fig. 1). These results also suggest that the inhibitors action needs some
time (for they uptake, selective binding to targets) to negatively affect the
regulatory pathways of PLD activation.

Since calcium and phosphoinositides are tightly connected to PI-PLC,
activity of PI-PLC in vivo was measured according to the levels of its substrates —
phosphatidylinositol ~ 4-phosphate  (P14P) and phosphatidylinositol  4,5-
bisphosphate (P14,5P,). As a result, biphasic activation of PI-PLC was observed
in response to rapid action of cold stress that was especially clear according to
P14,5P, analysis. The level of the lipid was dramatically reduced at 2.5 min of
cold stress, partially restored on 5 min of the stress action, then it was again
slightly reduced at 15 min of cold and partially restored on 30 min of the stimulus
action. In contrast, the level of P14P was slightly reduced at 2.5 and 5 min of cold
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stress and then fully restored up to 30 min of the stimulus action (Fig. 2).
Therefore, in addition to PLD, cold stress also induce rapid PI-PLC activation.
Restoration of the levels of PI-PLC substrates during cold stress action suggests
activation of phosphatidylinositol 4-kinases and phosphatidylinositol 4-phosphate
5-kinases within the time of stress treatment. Application of brassinosteroids
during the rapid action of cold stress supported higher levels of P14,5P, (in
contrast to PI4P) suggesting the specific activation of phosphatidylinositol
4-phosphate 5-kinases (P14P5K) by the hormones.

700

600 -
500 - ‘ ‘ ‘
400 -

CPM

300 - ‘
200 -
100 4

0

C 1 2 3 4 5
Fig. 1. Activation of PLD in vivo by cold stress in the presence of different
modifiers of signaling cascades (C — control, 1 — cold stress, 2 — cold stress +
neomycin, 3 — neomycin 1 h before cold stress, 4 — cold stress+verapamil,
5 — verapamil 1 h before cold stress, CPM — counts per minute)

Data on the regulation of the activity of lipid signaling enzyme in pathways
of cold stress action are scarce. For example, large-scale phosphoproteomic
studies of Arabidopsis membrane proteins indicate that cold stress induces rapid
changes in PI-PLC2 and diacylglycerol kinase 3 phosphorylation [7]. Arabidopsis
PI-PLC2, PLDpI1, and, especially PLDyl, PLD(l, PLD(2 were found to be
phosphorylated upon cold exposure independently on their respective protein
abundance level [8]. In addition, although rapid activation of specific PI4P5K
isoforms in response to bioregulators polyamines [9] and abscisic acid [5] is
known in plants, mechanisms of PI4P5K regulation by brassinosteroids are also
weakly studied. For example, prosphoproteomic analysis indicate that these
hormones regulate the phosphorylation of rice PIP5K protein (0s02g0822500) at
multiple serine residues [10]. In addition, Arabidopsis PI14P5K6 was predicted by
“AraPPINet” database to bind to BSK1 (brassinosteroid signaling kinase 1) [11],
a component of brassinosteroid signaling. Since brassinosteroids are involved in
plant cold tolerance [12], it is further important to investigate brassinosteroids and
cold stress cross-talk at the level of lipid signaling.
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Fig. 2. Activation of PI-PLC in vivo in response to cold stress according
to the levels of P14,5P, (upper panel) and P14P (lower panel) substrates
(CPM — counts per minute)

Taken together, these results suggest that cold stress induce the activation
of different lipid signaling pathways that are the subject of regulation by specific
mechanisms. These mechanisms allow the specificity of lipid signals action
towards selective downstream targets.

This work was supported by the grant Ne 2.1.10.32-21.
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PO3POBKA TPUIITAHTPUH/JII3OIUMBMICHOI KOMITO3UIII
IMMPOTU3AIIAJIBHOI AHTUBAKTEPIAJIBHOI 111

Hexkina C.C., Kapnenko O.C., Kopninos O.10., Yekan C.1.,
Mectepenko €.A., lllectepenko F0.A., Banisoass L.I1., Myparos B.H.
®di3uko-xiMmiuauit iHCTUTYT iM. O.B. borarcekoro HAH Ykpainu
svitlana.dekina@gmail.com

3 MeTor TMOmyKy e(eKTUBHUX 3aco0iB JIIKYBaHHS Ta MNPOQIIaKTUKH
HalOUIbII TOMIMPEHUX 3aXBOPIOBaHb 13 3alajbHOI0 KOMIIOHEHTOI OYyJo
pO3po0JEHO KOMIUIEKCHUW Tellb Ha OCHOBI KapOomojsy 3 MOXIJIHUMH
TPUINITAHTPUHY 1 Ji3onuMmy. B pamkax poOoTu OyiM CHHTE30BaHi MOXIJHI
tpuntanTpuHy (1a, 1b) i oxcumu moximaux Tpunrtantpuny (2a, 2b). [Nokazano,
IO JI30LKMM TOBHICTIO 30epira€e TiIpOJITUYHY AaKTUBHICTh B JOCTIIHKEHUX
yMOBax y mnpucytHocti la-b ta 2a-b. Jlochimkeni ymMoBHM BKIIOYEHHS 1
pO3pOOJICHO pEIEenTypy Tell0 Ha OCHOBI KapOomosy 3 1MMOOLI130BaHUM
J1301IMMOM Ta MOXITHUMHU TPUNTAHTPUHY.

Kntouoei cnosa: moxiiHi TpUNTAHTPUHY, J1301IUM, KapOOTIOJI, Teb.

In order to find effective means of treating and preventing the most
common diseases with an inflammatory component, the possibility of creating a
complex gel based on carbopol with tryptanthrin and lysozyme derivatives was
studied. Derivatives of tryptanthrin (1a, 1b) and their oximes (2a, 2b) have been
synthesized. It was shown that lysozyme completely retains its hydrolytic activity
under the studied conditions in the presence of la-b and 2a-b. The entrapment
conditions were studied and a gel formulation based on carbopol with
immobilized lysozyme and tryptanthrin derivatives was developed.

Keywords: tryptanthrin derivatives, lysozyme, carbopol, gel.

[IpoGiema momryky 1 po3poOku eheKTUBHUX 3aco01B JIIKYBaHHS Ta
PO IAKTUKYA HAMOLTBII NOIKUPEHUX 3aXBOPIOBAHbD 13 3aMAJIbHOI0 KOMIIOHEHTOIO
€ AaKTyaJIbHUM HampsMOM JIOCJIDKEHb CydYacHOi OloopraHiyHoi ximii Ta
0ioTrexHoisorii. Y KoJio (apMakoJOri4yHO MEPCHEKTUBHUX PEYOBUH BXOJISAThH
MOX1JIHI TPUMNTAHTPUHY, IO CTAHOBISTH IHTEPEC SK MPOTH3AMaIbHI areHTH, SKi
OJIOKYIOTh aKkTUBHICTh mpoTeinkiHa3 cimeiictBa JNK ta COX. AHamiz manmx
JITEpaTypu CBIAYUTH MPO HASBHICTH BUCOKOTO TEPANEBTHYHOI'O MOTEHIIATY SIK
NPUPOAHUX XIHA30JIHOBUX AQJKAIOiMIB — TPUNTAHTPUHIB, TaK 1 HOBUX
cuHTeTUYHUX NoxigHux [1-3]. Jlo npupoaHuX aHTUOIOTHKIB HAJEKHUTh JI130I[UM
(K& 3.2.1.17) — TrigponiTHYHHN  €H3UM, BIJOMHH  aHTHEMIKPOOHOIO,
MPOTHU3ANATHHOI, IMYHOMOAYIOI0UO0I0 fi€eto [4, 5]. Tomy momryk i CTBOpEHHS
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HOBUX IMOTEHIIMHUX MpenapaTiB MpOoTH3aNaibHOI 1 aHTHOAKTEepialbHOI il 3
BUKOPHUCTAHHAM OI0JIOTIYHO AaKTUBHUX CIOJYK € TPIOPUTETHUM HaMpsIMOM
JTOCJTIIKEHD.

Mertoro nanoi poboTH € JocHiIKeHHs 010J0T1YHOI CyMICHOCTI JTI30LHUMY 1
MOXIAHUX TPUNTAHTPUHY Ta PO3pOOKAa HOBOTO TPUNTAHTPHUH/II30LMMBMICHOTO
rejis Ha OCHOBI KapOomoiy s HOro MojajblIoro BHUBYEHHS 1 MOTEHLIMHOIO
3aCTOCYBaHHA B (papmMakosiorii, MeIuIuHi, hapmariii.

VY poGoTi BUKOpUCTOBYBaIM di3o1uM seyHoro Oinka (KO 3.2.1.17) (M.m.
14,4 xJla, 40000 on/mr, «Sigma-Aldrich», Himeyunna), xmitaam Micrococcus
lysodeikticus («Sigma-Aldrich», Himegunna), Carbopol® 940 momimep (Lubrizol
Corporation, CIIIA).

CuHre3 moxigHux TpuntanTpuny (la, 1b) xonmeHcariero 3aMileHUX
13aTHHIB 13 13aTOBUM aHTIJIPHUIOM, a TAKOX iXHE MEPETBOPEHHS B OKCUMHU OYJIO
MPOBEJICHE 3a BIJOMUMH METOMKaMH [6, 7] Ta mpecTaBieHo Ha puc. 1.

R4

&
&

R, =H (1a), R, = H (2a),
OCHj (1b) OCHjs (2b)

a) IsaToBun aHrigpua, TonyeH, TEA, kun.; b) NH3OHCI, nipuguH, kun.

Puc. 1

CTpykTypy CHHTE30BaHUX CIOJyK JoBoauiau  Mertoaamu  SMP-
CHEKTPOCKOMIT Ta Mac-CIeKTpOMepli, YHUCTOTY OIIHIOBAIM TOHKOIIAPOBOIO
xpomarorpadiero Ta BEPX.

AxtuBHicTh JizonmMy (LYS) Bu3Hauanm OGakTepiodiTHUHUM METOJOM B
6ydbepromy K-docdarnomy posunni (KH,PO4/K,HPO,, pH 6,2; 0,1 moms/am®),
BUKOPUCTOBYIOUM sIK cyOctpar kimituau Micrococcus lysodeikticus 2665 (1
mr/cm’) [8]. 3a OMMHHIIIO AKTHBHOCTI €H3MMYy IPUIMAIIH TAKY HOTO KilbKiCTh, IO
3HIDKYE ONTHYHY IIUIBHICTH cycnensil kmitua Ha 0,001 3a 1 xB mpu 25 °C.
AKTHUBHICTb BUIBHOTO JTi301uMYy npuiimManu 3a 100 %.

IMmmoOimizariito  Ji30IUMY CYMICHO 3 TPUNTAHTPUHAMHU 31HCHIOBAIH
MeToa0oM BKIO4YeHHS B renb. ['enp Carbopol® 940 roryBamum B KiHIEBIN
koHueHTpamii 1,85 %, BUKOpPHCTOBYIOUM K HEUTpai3ylOuuid areHT BOJHUMN
po3unH ammiaka, micis goro (pH 6,0) 3amumanu Ha 12 roaud g crabimizamii. B
MPUTOTOBAaHUN KapOOMOJ BHOCHJIM PO3UMH Ji30UUMY (KIHIIEBA KOHIICHTpAIIis
ersumy 0,5 %), TpurmrtanTprHOKCHM (abo inmi moxixai) B 1 cM® gucrmmboBaHoi
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BOJIY 1 PETEILHO NEPEMIITyBaIn. 3 METOIO MTOCUJIEHHS aHTUMIKPOOHOT aKTUBHOCTI
J0JIaBajIM OITJIFOKOHAT XJIOPTeKCUAMHY (KiHIeBa KoHeHTparus 0,05 %).

JlaHi eKCIIEpPUMEHTIB IIiJyIaBajidi CTaTUCTHYHIK 00poOmi 3rigHo [9].
O1iHIOBaNIM CTYIIHb BIPOTIAHOCTI PI3HUII PE3YNbTATIB AOCTIIKEHb MIXK CEepisiMU
EKCTIIEPUMEHTIB IIPH KUIBKOCTI IMMOBTOPEHb N=35, 1 BITHOCHO BHMX1JHOI aKTUBHOCTI
BUIBHOTO Ji301tuMy (40000 o1/Mr eH3uMYy).

Tpunrantpun, 8-merokcutpuntantpun (1b) ta ix oxcumm (2a-b) Oymm
CUHTE30BaHl y KUIbKOCTSX a0 1 T. 3 AaHuX jiTepaTypu BiJIOMO, IO MHepIIni
MPEACTaBHUK IHOTO KJacy pPEYOBHH, TPUIITAHTHH, YWHUTH MPOTHU3ANAIBHY,
PaHO3aro0dy Aif0 y KoHmeHTpamii 1,5-2,5 r/mv’ [1], mo o6ymMoBHIO BHGIp
KUTBKOCTI TIOX1IHUX TPUOTAHTPHUHIB IS TIOMIEPEIHIX JTOCTIIKEHb 1X BIUIMBY Ha
T1IPOJTITHYHY aKTUBHICTB Jti3onumy (Tadm. 1).

Taoannsa 1
I'iaponiTHYHA aKTUBHICTH J1301[UMY Y IPUCYTHOCTI IOXIJHUX TPUIITAHTPUHY

Q{ HiG~© o ( ; HGC/OZ i_X/N\OH
O
N~ SN Z iz i N SN
0 A O
o \S@ o
[Moxinni o)\© Hor?

8-Methoxy-
TPHITAHTPUHY | 0100 9 8-Methoxy- Indolo[2,1- indolo[2,1-
L indolo[2,1- blquinazoline- | ys0inazoline-
g]gg |(rj1§zollne- b]quinazoline- 6,12-dione-6- 6] (i;"éa:czjﬁemg
Le-dione 6,12-dione oxime " oxime
Piapomimiiia | 361904 1410| 3858041560 | 38230+1850 | 38570 £2030
ARTHBHICTS | ap < 0,005, | (*P < 0,005, | (*P<0,005, | (*P < 0,005,
J1301UMY
Dl | HPR005) | #5P2005) | ##P2005) | ##P>0,05)

(97.8) (96,5) (95,9) (97,46)

(% Big mMaxc.)

VMmoBu: vac ButpumyBanHs 30 xB, Temmeparypa 25 °C, NaH,PO,/Na,HPO,, pH 6,2; 0,1
MOJ'IL/L[MS. Buxigna rigpomituyHa akTUBHICTH nizouuMy 40000 ox/mr ensumy. Macose
criBBizHomenns LYS/Tr 1:0,3. *MMoBipHicTs BimMiHHOCTEH MiX CepisMHM eKCIEpPHMEHTIB
npu n=5; **BiTHOCHO MaKCUMalbHOI aKTHBHOCTI BijIbHOTO Ti3o1my (40000 ox/mMr eH3UMY)

[TokazaHo, 1O AaKTUBHICTH JI30LMMY JIOCTOBIPHO HE 3MIHIOETBCA Y
IPUCYTHOCTI NOX1AHUX TPUMITAHTPUHIB y 3a3HAYCHUX YMOBaX.

VY remsx kapOomoisly BENHMKY pojib Moaudikaiii peosorii 'y BOJHHUX
cuctemax rpae peryitoBanHsa pH. 3arymienss noiimepy BiOyBa€eThCs MICis HOTo
HelTpamizauii gyrom. Ilpu mpomy MmakcuMmanbHa B’S3KICTh JOCSTAETHCA MIpU
HeltpanibHoMmy cepenoBuini pH  6,0-7,0 [10]. 3a3Buuaii  BUKOPHUCTOBYIOTh
TIIPOKCUJT HATPIO, Kailo, aMOHII0, TPUETAHOJIAMIH a00 aMiHOMETHIIIIPOTIaHOJ
[11]. Jnst HeriTpasizarii resro oopainu 28 % po3duH riapokcuay amoniro. Tak, pH
reo kapoomosa 0e3 momaBanHs po3zunHy NH,OH 3,8-4,0, tomi sk michis
HenTpamzanii 6,0+0,5.
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Psin xoMmmo3uiiiii reno 3 Ji301UMOM, TpunTaHTHH-okcuMoM (Indolo[2,1-
b]quinazoline-6,12-dione-6-oxime, 1a), mo obpaim sk MOACTHHUI TPUIITAHTPUH
y MacoBoMy crmiBBigHOIIeHHI 1:0,3, 1 pI3HUMH KOHIICHTpAIisIMA KapOOoIoy,
HaBeleHI y TaOm. 2. OOwparoum fdiama3oH KOHIICHTPAIIM HOCISA, SKHMA
JTOCITIKYBaBCs, KEPyBaJMCS JaHUMH JITepaTypH, OCKUIBKM KapOomos —
MOIIMPEHAa OCHOBAa JJIsi PO3POOKHM 1 CTBOPCHHS SKICHUX TEpPaleBTUYHHUX 1
KOCMETHYHUX MpoayKTiB [10].

Taoauusa 2
Kowmro3wurii remto Ha ocHOBI kapbomony (%o w/w)
[arpenienTu F1 F2 F3 F4 F5 F6 F7 F8 F9
LYS 0,50 | 0,50 | 0,50 | 0,50 { 0,50 | 0,50 | 0,50 | 0,50 | 0,50
Tr-oxim 0,15 | 0,15 | 0,15 | 0,15 { 0,15 | 0,25 | 0,15 | 0,15 | 0,15
?HOPPGKCHI‘“HY 0,05 | 0,05 | 0,05 | 0,05 | 0,05 | 0,05 | 0,05 | 0,05 | 0,05
ITJIFOKOHAT
['minepun 10 10 | 10 | 10 | 10 10 10 10 | 10
[TponineHraiKoIb — — — 5 10 15 20 20 | 20
Kap6ormon 940 01 [025(05 0,75 10 ( 15 (18 | 2,0 | 3,0

Ounmena Boga 1o | 100 | 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100

Kowmmozumii F1 ta F2 rens ne yrBoproBanu, F3—F5 xapakrepuzyBanucs
3aJIOBITLHAM TeJICyTBOPIOBAHHSAM, OJHAK CH3UMM HE ITOBHICTIO BKIIIOYABCS B
KapOomoJ, Bi3yalbHO Tenb OyB HeogHOpinHuW. I'ens F6 micisa mpurotyBaHHs
BI3yaJIbHO 33JI0BOJILHSB yCIM BUMOTaM, 30epiraroun ¢Gopmy, OJHAK 3a MiBrOJIUHA
croctepiranacs npoonema pospimkenHs. Kommosumii F7 1 F8 ytBoproBaiu
3QJIOBUTBHI Tell 1 Tmicas crabimizarmii Brpogox 12 roaud. Kommosumis F9 mpu
nepeMilllyBaHHI Majla TOTaHy KOHCHCTEHIIil0, Oyja Tyke TYCTOI0, YTBOpIOBaJia
IPYJAKH, HEKOM(OPTHO JHMMOKOK 1 HE PO3NOAUIIACS HAJICKHUM 4YUHOM. B
pE3yNbTaTi 3 ONTHUMAIBLHOIO KOMIIO3HITi€0 Oyio o6pano remb F7.

HeoOximHo 3a3HauuTH, 0 3a3BHYall KOMIIOHEHTH B KapOOTIOJ BBOASTH JI0
HeNTpaii3alii, OCKIJIbKA B’SI3KICTh PO3YMHY MOJIMEPY 3HAYHO HUXKYa 32 TaKy
rens. OMHaK y BUMAAKY 3 €H3UMaMH, SKI YyTJIMBI 0 KUCIUX 3HadeHb pH, 1e
HEMOXXJIUBO, OCKUIBKM TIPUBOJWTH JIO 3HAYHOI BTPAaTH aKTUBHOCTI. Tak
aKTUBHICTB J301IMMY, BBeneHoro y kapoomnoin mpu pH 3,8-4,0 cranosuna 8600
on/mr ensumy (20 % Bim BuUXiAHOI), TOAl SK micias HeWTpamizamii 88 %
aKTUBHOCTI.

Takum uymHOM, Ha mepuIoMy eTami poOoTu OyliM CHHTE30BaHI MOXIiJIHI
TPUIITAHTPUHY: ingomo[2,1-b]xina3omin-6,12-mioH, 8-MeToKCcHiHI0I0[2,1-
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b]xinazomin-6,12-gion, ingono[2,1-b]xinazonin-6,12-1i0H-6-0kcuM, 8-MeTOKCH-
iH010[2,1-b]xiHazomin-6,12-nion  6-okcum la-b Ta 2a-b. Ilokaszano, ™o
aKTHBHICTh JII30LIMMa HE 1HTIOY€ThCS 3a3HAYCHUMHU CIOJIYKaMHU Y BIJMOBITHUX
yMOBax. Y pe3yJbTaTi cepii ekcrepuMeHTIB migiopana dopmyna remo (F7) msa
MOAAJBIINX 010XIMIYHUX 1 O10JIOTITYHUX JOCIIIKEHD.

PoGota Buxonyerbcsi 3a rTpantoM HAH VYkpainu pociigHUIBKUM
nabopatopism/rpymnam mooaux BueHUX HAH Ykpaiau y 2022 p. Bix 01.03.2022
Ne 23/02-2022(4) «HoB1 moxiJiHI TPUNTAHTPUHIB Y KOMIO3UTHUX Marepiaiax 3
J130IIMIMOM $SIK TEPCIIEKTUBHI MPOTU3aNalbHI 1 aHTUMIKPOOH1 3ac00m».
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CHUHTE3 1-BEH301JITEKCATLIPO-2H-TTIPO.JIO-
[3,4-d]TIIPUMIJNH-2,4(3H)-JIOHY

Mensauuyk I1.B., Illa6nukin O.B.
[actutyt 6ioopraniyHoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpainu
melnichukpavlo@ukr.net

Mu noBigomisieMo mpo edextuBHE [3+2]-IUKIONPUETHAHHS 32 YYaCTIO
HeCcTaOUTI30BaHUX OaraTuxX €JIeKTPOHAMH a30METHMHOBUX 1imiaiB Ta 1,3-
nuoen3oimmipumiani-2,4(1H,3H)-miony. 1,3-/Iumons roryBamum in situ 3 TFA sk
KaTali3aTopoM 3 OTPUMAHHSAM MPOAYKTY 3 XOPOIIMM BHXOJOM 1 IijJ TOBHUM
KOHTPOJIEM PET10CEIEKTUBHOCTI.

Knrouosi cnoaa: 1-6en3oinrekcariapo-2H-nipono[3,4-d JmipumiauH-
2,4(3H)-mion rigpoxmopun, [3-+2]-1IUKIONPHEIHAHHSA, a30MCTHHOBUH  1JIij,
KOHJICHCOBaHUM MIPOJTIANH.

We report an efficient [3+2]-cycloaddition involving non-stabilized
electron-rich azomethine ylides and 1,3-dibenzoylpyrimidine-2,4(1H,3H)-dione.
The 1,3-dipole were prepared in situ under TFA catalysis, and we obtain product
in good yield and with full control of the regioselectivity.

Keywords: 1-benzoylhexahydro-2H-pyrrolo[3,4-d]pyrimidine-2,4(3H)-
dione hydrochloride, [3+2]-cycloaddition, azomethine ylide, bicyclic pyrrolidine.

Peakuii IUKIONpPUENHAHHS € YK€ BAXKJIMBUMHU IEPETBOPEHHIMH MJIs
JOCIIITHUKIB 3aBISKH €(PEKTUBHOCTI Ta YHIBEPCAJIBHOCTI CIOCOOY MpPOBEIECHHS
peakuii s NoOyAOBH pI3HUX KapKaciB 4yepe3 YTBOPEHHs 3B’SI3KIB KapOOH-
KapOoH Ta KapOOH-TETEPOATOM. Peakris [3+2]-uuKkionpue fHaHHS
a30METUHOBOTO 1My 3 QJIKEHOM SBJSE COOOK BAXJIMBUH 1HCTPYMEHT
OpPraHiYHOTO CUHTE3Y Ul CTBOPEHHS I’ ITUWJICHHUX a30TOBMICHUX I'€TEPOLIMKIIIB
3 BHCOKOIO perio- Ta crepeocenekTuBHICTIO [1-5]. IliponianHOBI Kapkacu €
010JIOTIYHO pEeJIeBaHTHUMU Ta TMOUIMPEHUMH B 0OaratboX akTUBHHX [6—8] Ta
IHHOBAIlIMHUX TETEePOLMKIIYHUX CTPYKTypax. 3 1HmOro OOKy QparMeHT
NIPUMIJIOHY € HasiBHUN y 0araTb0X 010aKTUBHUX MPUPOJHUX CIOTYKaX.

Y miii pobGOTI HaMH MNPEACTABICHO JICTKUH CHHTE3 HE3aMIMICHOIO
1-6ensoinrekcariapo-2H-mipono[3,4-d]nipuminun-2,4(3H)-aioHy 3a 10mMOMOror0
peakii [3+2]-mukinonpuenHanusa. IlepeBaror mporo MeTogy € Te, IO MH
BUKOPHCTOBYEMO SIK BUX1JHHUM peareHT ypauul, SKUi € JTOCTYITHUM.

Jig  mpoBeneHHs peakuli LuKIonpuenHaHHa (puc. 1) Mu  BBenu
OCH301JI0BUI 3aXHCT y AlETOHITPHIIL 3 MipuAuHOM Ta OeH3oinxiopuaom. Jlami
peakuiss [3+2]-uuknonpueaHanHs mnpoBomwiack y wetwieni mpu 0 °C 3
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BUKOPUCTAHHSAM  KaTQJITUYHOI  KIIBKOCTI  TPUPTOPOLUTOBOI  KHUCIOTH 3
OJICP)KaHHSAM PEYOBMHH 3, CTPYKTYpy SKOi OyJ0 IOBEACHO 3a JIOMOMOTOIO
JIBOBUMIpHUX crieKTpiB AMP (puc. 2).

i % CHy
Bz
N
ﬁ\ | Bz- CI b _ )\ N—Bn
(@) N (0] N

ACN Py TFA, DCM
z Bz
1 2 3

Puc. 1. CunTe3 KOHACHCOBAHOTO MIPOJIIIUHY HA OCHOBI JUOSH301] ypaIuity

(o) (—276

341 H 364
H4sz _H

Bz 4.89
Puc. 2. Jloeaenns 6ynosu 1,3-mubeH30in-6-6en3mirekcariapo-2H-mipomo|3,4-
dmipumigun-2,4(3H)-aiony

3HATTS OCH3WJIBHOTO Ta OEH30IJIBHOTO 3aXMUCTIB 3 OJAEPKAHHSM BUIBHOIO
aMIHy BHSBHWJIOCH CKJIAIHUM 3aBJaHHSAM, OCKIIBKM Yy BCIX BHIIaJKaX MH
OTpUMYBaJIH 200 BUXIiJIHY CIIOJIYKY 3, a00 K CKIaAHY CyMIIll pEUOBHH, 3 SIKOT HaM
HEe  BIAJOCh  BIAIUIMTH  TOXigHY  1-Oen3oinrekcariapo-2H-miposo|[3,4-
dmnipuminun-2,4(3H)-niony (puc. 3).

o]
SN Boc,0 HN Diox*HCI HN
)\ N—Bn ——— > N—Boc — > NH
autoclave, THF, o) N DCM
NMM, 50°C | | H—-Cl
Bz Bz
3 4 5

Puc. 3. Cunres 1-6en3oinrekcariapo-2H-miposo|3,4-d]mipuminnu-2,4(3H)-nioHy

Ane mpu BIJHOBJICHHI BOJHEM Ha TMajajii 3 BUKOPUCTAHHAM SIK
MEePEeXOIUTI0Yoro aMmiHu peareHToM Boc,O B aBTOKIaBi MpW HArpiBaHHI HaMm
BJIAJIOCh CEJICKTUBHO 3HATH OJUH OCEH30UIBHUN 3aXUCT 3 OJACP’KAHHSIM
mpem-0yTui-1-0en30in-2,4-iokcookrariapo-6H-miposo[3,4-dmipumianny-6-
KapOOKCHUIIaTy, CTPYKTYpy SIKOTO OyJIO JOBEACHO 3a JOMOMOTOIO0 JTBOBHUMIPHHX
cnekTpiB SAMP (puc. 4). Jlani BHacaigok 06poOku crionyku 4 piokcanosum HCl y
MeTwiIeHi Oylno ojaepxkaHo HUIboBUH 1-Oen3oinrekcarigpo-2H-mipoo[3.,4-
d]mipumiann-2,4(3H)-mioH.

142



Puc. 4. Jlopeaenus 0ynoBu mpem-0yTin-1-6eH30111-2,4-110KCOOKTariipo-
6H-nipoino[3,4-d]mipuminnny-6-kapObokcunary

Otxe, 3a gomoMoror peakiii [3+2]-nukinonpuenHands Oysao oaep:kaHo
He3aMimeHn  1-0ensoinrekcariapo-2H-miposo|3,4-dnipuminna-2,4(3H)-miowH,
AKUW Jajli MOXXKe OYTH CEJIEKTHBHO 1 TOCHIJIOBHO MOAM(IKOBAaHWNA TO BCIX
GYHKIIIOHATBHUX TpyIax, IO JO03BOJSE 3HAYHO CIPOCTUTH OACPKAHHS
MOTEHIIMHO 010aKTUBHUX CIIOJIYK HAa OCHOBI IbOTO ()parMeHTy.
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OCOBJIMBOCTI KJIITUHHOI'O IMXAHHSA ARABIDOPSIS THALIANA
3A JAIi TETPAMETUJININEPUAUHIB TEMPO TA TEMPOL
B YMOBAX BIOTUYHOI'O CTPECY

Mapxaiiuyk B.1O., [Ilepes’snuyk M.B., Kpaseup B.C.
[HcTUTYT Gl00praniunoi ximii Ta HadToximii iM. B.I1. Kyxaps HAH Ykpainu
derevmyk@ukr.net

Mertoro poboTtu Oyino 3’sacyBaHHs poii TeTpameruimninepuaunis TEMPO
ta TEMPOL 'y perymamii mporeciB KIITHHHOTO JUXaHHSA, 30KpeMa
QIBTEPHATUBHOTO NUISIXY TPAHCIOPTY €JEKTPOHIB y MUXAIbHOMY JIAHIIO31 MPHU
IHAYKIi BIAMNOBIJI KIITUHHA 10 O10TUYHOTO CTPECY, 3yMOBJIEHOT'O JI€H0 NENTUAY
flg22. bymo 3’scoano, mo TEMPO ta TEMPOL y wmikpoMossipHux
KOHIIEHTpAIisX 37aTHI 3HUXKYBAaTH I1HTEHCHUBHICTh aJbTEPHATUBHOTO MUIIXY
JIUXaHHSd B MITOXOHJIPIAX, BIPOTIIHO MNUIAXOM 3HemKo/KeHHs ADK, sxi
YTBOPIOIOTHCA B MpoIleci poOOTH eneKTpoH-TpaHcnopTHoro Jyanmwora (ETJI), sk
3a ONITUMAJIbHUX YMOB, TakK i 3a yMoB jii flg22.

Kmouoei cnosa: TEMPO, TEMPOL, flg22, amprepHatMBHa OKCHa3a,
Arabidopsis thaliana.

The aim of the study was to elucidate the role of TEMPO and TEMPOL
tetramethylpiperidines in the regulation of cellular respiration processes, in
particular the alternative pathway of electron transport in the respiratory chain in
response to biotic stress caused by the peptide flg22. It has been found that
TEMPO and TEMPOL at micromolar concentrations reduce the intensity of the
alternative respiratory pathway in mitochondria, probably by neutralizing the
ROS formed during the electron transport chain (ETL) functioning under optimal
conditions and flg22 treatment.

Keywords: TEMPO, TEMPOL, flg22, alternative oxidase, Arabidopsis
thaliana.

2,2,6,6-Terpamermnminepuann-1l-okcun  (2,2,6,6-tetramethylpiperidine-1-
oxyl, TEMPOQO) ra #ioro noxigna 4-rigpokcu-TEMPO (TEMPOL) nanexats 10
rpynu CTaOUTbHUX OPraHiYHMX pPAJUKaTiB, SKI MICTATH y CBOEMY CKJaji
HITPOKCWJIbHY TPYITy. 3aBISKH HAsBHOCTI HEMOAICHOTO €JIEKTPOHA, I1i PEUOBUHU
MPOSIBIISIIOTh AHTHOKCHJIAHTHI BJIACTHUBOCTI Ta BCTYIMAIOTh B OJHOEJIEKTPOHHI
peakilii BiTHOBJICHHS Ta OKHMCHEHHs. HiTpokcuau BIIOBIIOTH BUIBHOPAIUKAIIHI
CIIOJIYKH Ta MEPETBOPIOIOTH iX y OUIBII CTaOUIBHI, a caMi MPU IbOMY BCTYNAIOTh
y HOBUH IMKJI OKHCHEHHS-BigHOBIeHHs [1]. HiTpokcuau BBaXaroThCs
mimerukamu SOD, ockinbku 3paTHi npsMo BimHosmioBatu O," 1o H,0,.
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[ToBimomisieThes, 10 HITpOKCU U, Yy ToMy yuciai 1 TEMPO, okpim SOD-nioaioHO1
aKTUBHOCTI 3/IaTHI BUSBIIATH KaTana3o-moaiony [2].

MeTwibHI TPpynu TpU TETEPOLUKI HAAAIOTh HITPOKCHUIAHHUM paJIHKaIaM
CTaOlIbHOCTI, 3armobiralouu MibKpaguKaidbHiM nucmytanii. ['pynu-3amicHUKH B
kbl rerepouukia (y TEMPO 3amichuk Biacythil, a y TEMPOL npu
4eTBEpTOMY KapOOHI € T1APOKCUIIbHA TpyNa) HaJal0Th MOXJIUBICTH BUOIPKOBOTO
NPOHUKHEHHS y OIbIl YW MEHII TiApodiibHI KOMHAapTMEeHTH KiituaH [1].
TEMPO ta TEMPOL MOXyTh BCTynaTu y JBOEIEKTPOHHUIA OKHCHO-BIIHOBHHM
IIUKJI: HITPOKCUIHUN pajuKan 0o0OpOTHO BIJHOBIIOETHCS 10 TIAPOKCHUIAMIHY, a
TaKOXX OOOPOTHO OKHCHIOETBCS 10 OKcoaMoHiWHOi comi (puc. 1). Yci Tpm
MOJICKYJIH IIHOTO UKy 3JaTHI 3HEIIKO/PKYBAaTH BUTbHI paJKalid, IO CBiTYHTH
PO AYy’Ke BUCOKY €(PEKTUBHICTh BUKOPUCTAHHS TAKUX PEYOBHH SK MOTCHIIIMHUX
AHTHOKCHIAHTIB [3].

HO, HO.

N
0, | \,, H,0,

02—0 H R

-2e ®
N

Puc. 1. OkucHO-BITHOBHHMM HMUKJ HITpOKCHIB Ta ixHs SOD-moi0Ha akKTUBHICTH

ITorpu  dyHKIIIO aHTHOKCHUIAHTIB, TMoBigomisgeTscs, 1mo [EMPOL,
IHIYKYIOUM  eKCIPECil0 TeHIB aKBallOPWMHIB Ta Ba30MPECHHY, 3HUXKYE
TIOIIKOJKYBaIbHUN €EeKT MUCIUIATHHY Ha HUpKHU muineil [4]. Bymo moka3zaHo,
mo TEMPOL cyTTeBo 3HMXKYE TeHepalil0 MOHOOKCHUAY a30Ty, MiJBHUIILYE
aKTUBHICTH KaTana3u Ta SOD, a Takox crabuiizye MeMOpaHHUM MOTEHLIal IijT
Yyac aHOKCIS-IHAYKOBaHOI MITOXOHIpiainbHOI qucdyHKIIl y urypiB. OKpiM LBOTO,
TEMPOL migBuiiye ekcrpeciro reHiB MiToXoHApiansHoro Oinka Bcl-2 (Bix «B-
cell chronic lymphocytic leukemia/lymphoma-2», «B-kiniTiHHAa XpoHiIYHA
mimporuTapHa JeiikeMis/mimpoma-2» — Ha3zBa aHTHAMNONTO3HOTO Oilka 13
OJTHOMMEHHOT POAMHU MPOTETiHIB) 1 ruTorazmMatuaHoro Bax (Bcl-2 associated X
protein, Bcl-2-acouifioBanunii 6110k X), 3HWKYIOUH TP [LOMY SKCIPECIIO TCHIB
MPOATIONTUYHUX MITOXOHAPIANbHUX OUIKIB BaX, muToXpomy ¢, a Takok Kacrasu-
31 -9 [5]. Onne 3 mocmimkeHb Mokaszano 3paTHicTh TEMPO 3HerikomKyBaTu
aHIOHU TEPOKCHHITPUTY Ta iXHI MOXiJHI, TAKUM YHWHOM 3aXHILNAIOYU 3aJIUIIKU
TUPO3MHY Yy CKJaAl OIIKIB BiA HEOOOPOTHOTO HITPYBAHHSA Yy TOMIKOJKEHUX
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MITOXOHJIPISIX KIITHH CIIMHHOTO MO3Ky [6]. V Xoai BUBYCHHS aHTUMIIUH A-
1HIYKOBAHOTO OKCHJIATUBHOTO CTPECY B ME3CHXIMAJILHUX CTOBOYPOBUX KIIITHHAX
moauHu O0yno noBeneHo, 1o TEMPO mnpuraiuye airo aHTUMILMHY A, 3MEHIIYyE
nomkoKyBanpbHUN BrumB ROS Ha JIHK, a Takok CyTTEBO 3HMKYE EKCITPECIIO
IPOANONTUYHUX I'eHIB, IO crpuse BrkuBanHio kimituH (Barzegari, 2020). B
IHIIUX ~ JIOCTITHUIBKUX poOoTax BKaszyeTbes, mo [EMPOL BigHOBIIOE
(GYHKI[IOHYBaHHS MITOXOHJAPIN JiHII TiMOKaMOAIbHUX TIyTaMaT-4yTIMBUX
KIITUH B YMOBaX OKCHJATHUBHOTO CTpPECy, MOJAYJIbOBAHOTO OyTIOHIHOM
cyiabpokcuminoMm. B 06pobnenux mpookcugantom kiaituHax TEMPOL minBuiye
piBeHb cuHTe3y ATP Ta IHTEHCHBHICTh AMXAIBHUX MPOIECIB, HOPMANi3yIOuu
MeMOpaHHUH MOTEHITIaI MITOXOHAPIH [7].

VY naHiit po6oTi OyJI0 TpoaHaTI30BaHO 1HTEHCUBHICTh KJIITUHHOTO JUXAHHS
10-nennux mpopoctkiB A. thaliana 3a naii cmomyku TEMPO Tta iioro
riagpokcmwibHOTO MoXigHOro — TEMPOL 32 GioTHYHOTO CTpecy, CTUMYJIBOBAHOTO
po3mizHaBanHAM emicutopy flg22, mo Mano Ha MeTi BU3BHAYUTH iXHIO TOTCHIIIHHY
3IaTHICTh CTAOUII3yBaTH €HEProreHEepyroUl MPOIECH KIITHUHH MpU O10TUYHOMY
CTpeci Ta IHIYKOBAaHOMY PO3BUTKY OKHCHOI'O CTPECY.

Bcranosneno, mo nentuaauii exicurop flg22 y konnentpariisx 1 MxM Ta 5
MKM micias 24-X roauH il CTHUMYJIIOE 3arajbHe JWXaHHS pociauH (puc. 2).
Boanowac 3actocyBanusi cmonyk TEMPO Tta TEMPOL nHe BmimBae Ha
IHTEHCHBHICTH 3aTaJIbHOTO TUXaHHS.

Onnouacne BBenenns flg22 ta TEMPO un TEMPOL y cepenouie pocty
MPOPOCTKIB uepe3 100y BUKIUKAE 3HMKECHHS 1HTEHCUBHOCTI 3araJIbHOTO JUXaHHS
JI0 P1BHSI KOHTPOJIBHUX POCIUH (pHC. 2).

*
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HMoab O, * xB! * mur!

Konatpoms  flg22 IMxM  flg22 SMxM  flg22 ImxM  flg22 SmxM  flg22 1mxM  flg22
SMxkM

InTeHCHUBHICTH TUXAHHS,

+ TEMPO 1 MM + TEMPOL 1 MmxM

Puc. 2. [HTeHCUBHICTD 3arajibHOro auxaHHs 10-mennux mpopoctkis A. thaliana
3a aii cnonyk TEMPO (1 mxM) 1 TEMPOL (1 mxM) B ymoBax 610THUHOTO
ctpecy, crumyaboBanoro rnentuaom flg22 (1 MmxM, 5 MmxM).

* - p <0,05 y nopiBHsAHHI 13 KOHTpOJeM, N=3;
# - p <0,05 y nopiBHsHHI 13 poCITUHAMH, IHKYOOBaHHMH 3 BIATIOBITHOIO
no3oto flg22, n=3
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[Tpu onxnouacnomy BBeaeHHi flg22 ta TEMPO uyun TEMPOL Takox
BIIMIYCHO 3HAYHE 3HIDKEHHS aKTHUBHOCTI aJIbTEPHATUBHOTO IUISAXY TPAHCHIOPTY
enekTpoHiB (puc. 3.4). Bognouac, 3a 0ibIin Bucokoi konnentparii flg22 (5 MxM)
nis TEMPO 1 TEMPOL € meHm BupaXeHOIO, IO BKa3ye Ha BiJHOBJICHHS
aKTUBHOCTI aJbTEpHATUBHOrO MNUIAXYy (mpu uboMy Yy Bumagky [EMPO
CTIOCTEPIra€ThCs BiTHOBICHHSI aKTUBHOCTI ajlbTEPHATUBHOTO MUISIXY TPAHCIIOPTY
CJIEKTPOHIB J0 PIBHSA KOHTPOJBHUX pociuH) (puc. 3). Lle cBimuuTh, mpo Te, 1o
nentun flg22 imgykye mporecu iHTeHcH(IKAIil TPaHCIOPTY EJICKTPOHIB IO
AIbTEPHATUBHOMY MUISIXY IUXAJbHOTO JAHIIOra, WMOBIPHO, HUIIXOM 1HIYKIUT
nporieciB renepariii ADK.

3,0
= ~ 2,5 I
= = T = I
z 3 1 #
S « M
s - 2.0 1 i *
=~ T I
2 # i
) %N 1,5 *
g O I
S22 10 Il
£ g
== of
= Kontpoms  flg22 I1mMxM flg22 SmxM flg22 ImxM flg22 SMxM flg22 1mxM  flg22 SmMxM
+ TEMPO 1 MmxM + TEMPOL 1 MmxM

Puc. 3. [HTEHCUBHICTb AJIbTEPHATUBHOTO JUXaHHS 10-1eHHUX TPOPOCTKIB
A. thaliana 3a aii conyk TEMPO (1 mxM) i TEMPOL (1 MmxM) B ymoBax
OioTHYHOTO cTpecy, cTuMyiiboBaHoro nentuaom flg22 (1 MxM, 5 MmxM).
* - p <0,05 y mopiBHsIHHI 13 KOHTpOJIEeM, N=3;
#-p <0,05 y nopiBHSIHHI 13 pOCIIMHAMH, IHKyOOBaHUMH 3 BiATIOBIAHOIO 103010
flg22, n=3

Bcranosneno, mo TEMPO ta TEMPOL wMmoxyTh CYTTEBO 3HUXKYBaTH
IHTEHCUBHICTh 3araJlbHOTO JUXaHHS 1O PIiBHSA KOHTPOJBHUX POCIWH B YMOBax
flg22-innykoBasoro GioTmdHOro crTpecy. VIMOBIpHO, Iie MOB’S3aHO 3i 3JATHICTIO
oUX MOJIeKysl 3Hemko/mkyBatn A®DK, cTabuni3yioud NOTIK €JNEeKTPOHIB IO
IIUTOXPOMHOMY €JIEKTPOH-TPAHCTIOPTHOMY JIAHITIOTY.

Bussneno, mo npu BBeaenni TEMPO i1 TEMPOL BinOyBaeTbest 3HauHE
3HIDKEHHS aKTHBHOCTI albTEPHATUBHOTO IUISIXY TPAHCIOPTY EJIEKTPOHIB 3a
flg22-inmykoBanoro 6iotuyHoro crpecy. Lle Moske OyTH 3yMOBIJIEHE 3MEHIIICHHAM
kibkocTi ROS BcepeauHi MITOXOHAPIi, SIKI MOXYTh BIUIMBAaTH Ha EKCIIPECIIO
renie AOX. Bognouac migsuiienns konmnentparii flg22 npurniuye airo TEMPO
1 TEMPOL, moxauBO, BHACIIJOK IIBHAKOTO BHCHA)KEHHS aHTHOKCHIAHTHUX
BJIACTUBOCTEH IIUX CIOJIYK B yMOBax HajaMipHOi npoaykiili ROS kiaiTuHORO.
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TakuM dYHWHOM, OTpHUMaHi pe3yabTaTH MiATBEPIKYIOTh 3JaTHICTh
terpametwininepuanais TEMPO 1 TEMPOL cra6inizyBatu eHeproreHepyrodi
pollecH y auxanbHOMYy JaHmio3i Arabidopsis thaliana 3a ymoB GioTuyHOrO
ctpecy. [Ipu 11bOMy BUKOPHCTAaHHS LIUX CHOJYK HE OOMEXKYETHCS CTaOLII3alli€el0
BUIBHOPAIUKAIBHOTO CTATyCy MITOXOHAPIN POCIUH MMijJ 9ac G10THYHOTO CTpECY.
30kpemMa, Ii MOJEKYJIH MaloTh TIEPCIEKTUBH JUIsl 3aCTOCYBaHHS Yy Tepartii
PI3HOMAHITHUX NAaTOJOTIH, MOB’S3aHUX 13 OKHUCHUM CTPECOM Ta IMOPYIICHHSIM
(GyHKITIOHYBaHHS MITOXOH/IPIH.

PoGora Bukonana B pamkax HJIP Ne 2.10.32-20 Ta Ne IIIIDJ[ 1-22
Bimomyoi TeMatuku HAH VYkpainu.
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CTPYKTYPHI AHAJIOI'M BITAMIHY B; AK IHI'IBITOPU
HEEH3UMATHUYHOTI O I''IIKO3UWJIIOBAHHSA AJIBBYMIHY

Muxkyna M.C., Ko63ap O.JI., I'yma T.O., Bosk A.L
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
mikula@bpci.kiev.ua

[IpoBeneHO OIIHKY 1HTIOYBaJIBHOI 34aTHOCTI (J-3aMIMIEHUX TOXITHUAX
BiTaMiHy B; Ta Horo CTpykTypHHMX aHaJOrIB B Mpolecax HEEH3UMATHYHOIO
TJIIKO3WIIOBAHHS CUPOBATKOBOrO abOyMiHy. Cepen JOCHIKEHUX CIOIyK 3-
OeH3ui-4-metuin-5-{2-[ (4-mopdomin-4-in-3-HiTpoOeH301n)okcH |etn } -1,3-
Tia30J11d XJIOpUJ OJIOKYBaB YTBOPEHHS KIHIEBUX MPOJIYKTIB MEPETBOPEHHA
anbOyMiHYy TIpM 3HAYHO HIDKUYMX KOHIEGHTpAIISIX, HDK AaMiHOTYaHIAUH SK
pedepeHnc-nipenapar.

Knrouosi cnosa: anbOyMiH, TI1KO3UITIOBAHHS, COJIi T1a30J1110, BiTaMiH Bj.

The inhibitory ability of O-substituted derivatives of vitamin B; and its
structural analogues in the processes of non-enzymatic glycosylation of serum
albumin was evaluated. Among the compounds studied, 3-benzyl-4-methyl-5-{2-
[(4-morpholin-4-yl-3-nitrobenzoyl)oxy]ethyl}-1,3-thiazolium chloride blocked
the formation of end-products of albumin transformation at significantly lower
concentrations than aminoguanidine as a reference compound.

Keywords: albumin, glycosylation, thiazolium salts, vitamin B;.

Bigomo, 1m0 mnpolecu HESH3UMMATHUYHOTO TJIIKO3WIIOBAHHS B YKHUBHUX
KJIITHHAX TPUBOIATH J0 KiHeBux npoaykriB AGEs (advanced glycation end-
products), 110 OB’ SI3YIOThCSI 3 HU3KOIO XBOPOO, Cepell AKUX IIYKpOBHii /1adeT 2
TUIly Ta xBopoOa AunbureiiMepa [1, 2]. HeenzumaruuHe TIIIKO3UITIOBAHHS
MPOTETHIB PO3MOYMHAETLCS 3 yTBOpeHHs ocHOB [lludda 3a yuactio aminorpym
MPOTETHOBUX MOJIEKYJI, IO MEPEerpyrnoBYIOTHCS MOTIM B MPOAYKTH Amamopi i
HaJajal MPOAYKYIOTh KIHIIEBI MPOAYKTU riikarlii. Taki mapameTabosiuHi peakiiii,
SIK1 MOKYTh BiZIOyBaTUCs yepe3 GopMyBaHHS O-IUKApOOHITLHUX PparMeHTiB [3],
npuBOAATH 0 HakonuueHHs: AGES Ta 3mmBaHHs npoTeiHoBUX MoseKy: [4].

HasiBHICTIO pI3HMX MeEXaHI3MIB 3aJIeKHOTO BiJ TJIIOKO3W 3IIMBAaHHS
NPOTEiHIB MOXHA TOSICHUTH 1 PI3HOMAHITHICTh XIMIYHUX CHOJYK, IO
3ano0iratoTh UM TEPETBOpPEHHsSM  a00o  3a0e3meuyloTh  PO3IIEIIICHHS
MOAM(IKOBAHUX MOJINEeNTUAHNX JaHmooriB [5—7]. Cepen HUX aMiHOTYaHIJIUH
IPOSBIISAE IHrIOYBaAbHY IO Ha MPOIEC TIIKO3WIIOBAHHS IN VItro Ta in Vivo Ha
cTamisx micis meperpymyBaHHsS Amanopi [8]. 3-Denammin-4,5-muMeTrITia3zonin
opomin (Anarebpiym, ALT-711) po3poOnsimm sk HykIeo(iIbHUN areHr,
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CHpSIMOBAaHUH HA O-AUKApOOHIUTBHI ()parMEHTH YTBOPEHUX MPOTETHOBUX 3IIUBOK
[9]. Tiamin Ta #oro dochopmiboBaHi MOXigHI, TaK camMoO SIK 1 aMiHOTyaHIIWH,
3MaTHI 1HTIOyBaTH YTBOPEHHS KIHIEBUX MPOAYKTIB TJiKallli CHUPOBATKOBOTO
anpOyminy [10]. 3 ormsgy Ha ydacThb TiaMiHy 1 MOTO CTPYKTYpHUX aHaJOTiB B
KaTali3l MepeTBOPEHb O-AUKapOOHIILHUX crionyk [11], TiazomieBuit ckadomy €
NEPCIICKTUBHUM i1 KOHCTPYIOBaHHS OIOaKTUBHUX CIOJIYK 1 TOJAJIBIINX
JOCTIKEHb iX BIUIMBY Ha MOAM]IKALIIO CTPYKTYpH OUIKIB.

VY wmiit po6oTi A MOILIYKY HOBUX IHTIOITOPIB TJIIKO3WIIOBAHHS MPOTEiHIB
Oyno Bukopucrano O-[4-(MopdoitiH-4-i1)-3-HITpoOSH30I[3aMillleHy TOXiIHY
BiTaminy B; Ta ii N-Genswibamii 1 N-QpeHAmMIBHMIA CTPYKTYpPHI aHAJIOTH, IO
OynaM CUHTE30BaHI 3a ONUCAaHUMM paHime metonukamu [12, 13]. CtpykrypHi
dbopMyIi BUBUCHHX CIIOJYK MOAAHO Ha puc. 1.

CHs
OH
)NJ\H _NH, m'ﬁ\\
HoNT N
H HeC” N7 SNH, S
1
NO, 2 NO,
Q N/’\O Q N/_’—\O
CH / CH, /
3 Io! 0
A + NN
! N\ng bf
HsC” N7 “NH, 2
O N/’\O
CHs ~—/
o
N+
L -
S

Puc. 1. Aminoryaniaus (1), tiamin (2), #ioro noxiaHa (3) Ta CTpyKTypHI aHAJIOTH
(4 15), o BUBUANHCS SK THTIOITOPH TIIKO3WITFOBAHHS aTb0yMiHY

Bmums cnonmyk 2-5 mpu konunentparii 0,15 MM Ha mepebir mporiecis
IJIIKO3WJIIOBAHHS ~CHPOBATKOBOTO  albOyMIHY TPEACTaBICHO Ha pHC. 2.
BiamoBinHo 10 1ux naHux, noxigHa Tiaminy 3 1 1i N-penamuibamii ananor 4 He
1HT10YIOTh YTBOPEHHS TJIIKOBAHOTO OUIKa, TOMl SIK CHOJyKa S 3 OCH3WJIbHUM
3aMICHUKOM OuIs aToMy a30Ty Tia30Ji€BOr0 LHMKIY BHUSBUJIACH 1HT10ITOPOM
dbopmyBanns AGEs. Pe3ynbTaT BUBUEHHS J0303aJI€KHOTO BIUIMBY Tia30J11€BOI
COJIl O Ha YTBOPCHHS MPOJYKTIB TIJIiKalii OuIKa MpEeACTaBICHO Ha puc. 3.
PospaxoBane 3uaueHus 1Csy mis 3-0enszun-4-metnin-5-{2-[(4-mopdomnin-4-in-3-
HiTpoOeH30im)okcH |eTwmi}-1,3-Tiazomiit  xmopuay (5) sk 1iHTIOITOpa MpoIEeCy
yrBopenHst AGEs ckmanae 0,11 + 0,01 MM, 1m0 BUSBUIIOCH 3HAYHO KPAIIUM, HIXK
115t aMiHoryaHiauny, 1Csg sskoro ctanoButs 0,80 + 0,25 MM.
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Puc. 2. Cnextpu QuryopecteHiii mcs TIiKO3WII0BaHHSA alb0yMiHy BIIPOIOBK
72 rox nipu 36 °C. (1) — cupoBaTKOBHii anp0yMiH; (2) — IIIOK03a i CHPOBATKOBMIA
anbOyMmiH; (3, 4, 5) — NIOK03a, CUPOBATKOBUH allbOYMiH 1 crionyku 3, 415,
BianoBigHo. Konnenrparis cnonyk 0,15 MM
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T T T T T 1
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=

1 2 3 1 5 6 7 8
Puc. 3. B 1 MM amiHOryaHiTUHY Ta CIOJIYKH 5 Ha IHTEHCHUBHICTD
dayopectieHIlii B MOACIbHUX CUCTEMaX TIKO3WIIOBAHHS aTbOyMiHY.
(1) — cupoBaTKOBHIi anbOyMiH; (2) — TJIFOKO3a 1 CHPOBATKOBHIA alTbOyMiH;
(3) — riroK03a, CHPOBAaTKOBUH abOyMiH 1 amiHoryanigus (1 MM);
(4,5, 6, 7, 8) — rmoko3a, CHPOBATKOBHI albOyMiH 1 CHIOJTyKa 5 Py KOHIICHTpAIii
0,0125 mM, 0,025 MM 0,05 MM, 0,1 MM 1 0,15 MM, BiaOBITHO
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OTxe, HaMU BCTAHOBIICHO, 110 3-0eH3miI-4-MeTuin-5-{2-[(4-mopdonin-4-ii-
3-HiTpoOeH30im)okcu |etnn }-1,3-Tiazomiit  xyopuy iHTIOye TIIKO3WIIOBAaHHS 1IN
Vitro cupoBaTtkoBOoro anpOyminy. Lleil pe3ynbraT BUAA€ThCS MEPCHCKTHBHUM 3
OIISITy Ha BJIACTHBOCTI mi€i cronyku [12, 13] sk epeKTUBHOrO 1 CEIEKTHBHOTO
1HT10ITOpa aleTUIXojiHecTepa3u. BiH JIeMOHCTpye MOXIMBOCTI IOJAJIBIIOTO
BUKOPHUCTAHHS T1a30J1I€BOTO cKadoyay sl CTBOPEHHS MOTEHIMHO 010aKTUBHHUX
CTOJYK 3 MOABIHHOIO JTI€IO.

Excnepumenmanvna wacmuna

JlocmimkeHHs: BUKOHAHO B cucteMi, mo Bkmodana 0,1 M docharamit
oydep (pH = 7,4), cupoBaTkoBuii anbOymin Ouka (Sigma-Aldrich) (10 mr/m),
0,5 M D-raroko3y, azup Hatpito (0,015 %) Ta Tia3o1i€BY Ciib 3 KOHIEHTPALISIMU
0; 0,0125; 0,025; 0,05; 0,1 1 0,15 MM. 1151 mOpIBHSHHS 3aMICTh T1a30JI1€BO1 COJI
B cucreMy BBogwiaM 1 MM amiHoryaniaud. 3pa3ku HarpiBanu go 36 °C 1
BUTPUMYBAJIM MpU WLIA TeMmrepaTypt npotarom 72 rtomuH. Crnekrtpu
dayopecteHIii TiikoBaHoro (TMicisi HarpiBaHHs) 1 HEMJIIKOBAHOTO (mepen
HarpiBaHHsaM) O11ka BUMiproBaiu 1ipu 25 °C 3 10MOMOror0 CrekTpodryopumerpa
Cary Eclipse Fluorescence Spectrophotometer (Agilent Technologies) mpu
JTOBXWHI XBWIl 30ymkenHs 335 uM. Jlog riaikoBaHoro Oijlka MaKCHMyM
1HTECUBHOCTI BUIIPOMIHIOBAHHSI CIIOCTEpiraBcsi Ha AOBXHHI XBWil 410 uMm. [ns
HerJIKoBaHOTo Oika QuryopectieHinisi Oyna abo BIACYTHBHOIO, a00 Majia HU3BKY
IHTECUBHICTb. [HriOyBaHHs (ayopecueHuli OIIHIOBaIM Yy BIJACOTKax 13
BIJIHOIICHHS 1HTEHCUBHOCTEH (piryopeciieHIiii 3pa3KiB 3a HAasBHOCTI CIIOJYKH Ta
0e3 Hei.
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7-R-5H-IITPAHO[4,3-b]IIIPUINH-5-OHU TA 7-R-1,6-HA®TUPIIUH-
5(6H)-OHHU - ITEPCHEKTUBHI CYBCTPATHU 1Jis1 CTBOPEHHSA
HOBUX 'ETEPOKOHAEHCOBAHUX A3UHIB

'Konosanenko A.C., 'lla6mukia O.B.,
L2[Ta6mukina O.B., “Boposcbka A.B., ‘Bposaperis B.C.
! [cturyT Giooprauiumoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Vkpainu
? KuiBchKnil HanioHanbHuit yHiBepcuTeT iMeni Tapaca IlleBuenka
konovalenko9456@gmail.com

[TokazaHo mnepcnekTuBHI HanpsaMku wMoaudikamii 7-metui(dpenin)-1,6-
HaTupiauH-5(6H)-0HIB, OTpUMaHMX peUUKIi3aIiero BiqnoBiqHUX SH-mipaHo-
[4,3-b]mipunnH-5-0HiB: CHUHTE3 7-metun(denin)-1,6-HapTHpiTUHIB 13
dbparmentamu Mopdoniny Ta N-MeTwiminepasuHy y TMOJOXKEHHI 5, a TaKoxX
OJIep’KaHHs YaCTKOBO TiIPOBaHUX MOXiMHUX mipuao[3,2-d][1,2]xiazenin-5-ony.

Kniouosi cnosa: 5SH-mipano[4,3-b]nipunua-5-oH, 1,6-HadTupiaua-5(6H)-
OH, pelMKJIi3alis, QyHKIIOHATI3AIlis.

Promising ways of modification of 7-methyl(phenyl)-1,6-naphthyridine-
5(6H)-ones (obtained by recyclization of the corresponding 5H-pyrano[4,3-
b]pyridin-5-ones) are shown: synthesis of 7-methyl(phenyl)-1,6-naphthyridines
with morpholine and N-methylpiperazine moieties at position 5, as well as the
preparation of partially saturated pyrido[3,2-d][1,2]diazepin-5-one derivatives.

Keywords: 5H-pyrano[4,3-b]pyridin-5-one, 1,6-naphthyridin-5(6H)-one,
recyclization, functionalization.

3aIlikaBJICHICTh JOCTIAHUKIB y TIEBHOMY KJIaci CIOJYK HEPIIKO BUILIMBAE
13 KOMITJIEKCY KOPHUCHUX BJIACTUBOCTEH IMX PEUOBUH, IO, B CBOIO YEpry, €
OpSIMUM HAacCIiIKOM OyA0BH MoJieKynd. ToMy B Ju3aiiHi HOBHX CHOJYK XIMIKH
HEPIIKO BHUKOPUCTOBYIOTH (pParMEHTH PEYOBWH, IS SKUX YK€ JOBEICHO
B3a€MO3B 30K MiX CTPYKTYPOIO Ta MOXKJIMBOCTSIMU MPUKIIAJTHOTO 3aCTOCYBaHHS.
He B ocTaHHIO yepry 1€ CTOCY€ThCS MOYATKOBUX €TamiB CTBOPEHHS HOBHX
Jikapchkux 3acoOiB: 3HaHHS npo SAR Bimomux mnpenapaTiB J0MOMAararOTh
CUHTETUKY CIPOTHO3YBATH OCHOBHI T€OMETPUYHI IMapaMeTPH MOJIEKYIIH: PO3MIp,
MJIAaHAPHICTh, HASIBHICTh MOJIAPHUX YH T1ApOoGOOHMX YrpynyBaHb, BIACTaHb MIXK
HUMHU Tomo. [IpexkpacHMM TPUKIAIOM TaKOTO MigXOAy € po3poOka HOBHUX
MPOTUPAKOBUX 3aco0iB — 1HTIOITOPIB TaHKIpa3 — Kiacy HadTUPITOHIB Ta
nipugomipuMigonie [1]. Omnuparounch Ha TmomepeaHi gociimkenHs [2], B
pe3ynbrari SKUX OyJ0 BHU3HAYEHO HANPSIMKA 3B’SI3YBaHHS 3 AaKTUBHUMH
IIEHTpaMu TaHKipa3u iHriditopa 1 (puc. 1), aBropamm [1] Oymo oxeprkaHO
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rerepoaHagord pevyoBuHM 1 (3 apoMaTHYHMM Ta YACTKOBO TiJ[POBAaHUM
¢dbparmMeHTOM HAPTUPITOHY Ta MIPUAOMIPUMIAOHY), sIKI Ha puc. 1 mpeacraBieHi
3arajibHUMU hopmysiamu 2 Ta 3.

@) 0 @)
‘ NH c? NH | NH
|
= B
SN S N Z S
OMe 2 Me
1 Cl 3

A abo B abo C = N abo +NMe

Puc. 1. [uribiTopu TaHkipas psiay 130X1HOJIOHIB, HAPTUPIIOHIB Ta
MIPUIONIIPUMIIOHIB

Heski 13 HadTHUpioHIB (Hampukiaa, crnoidyku 4) y po6oti [1] Oyno
OTPMMAHO PELUKIII3AIIED BIANOBIAHUX JIAKTOHIB S (puc. 2). el miaxia nodpe
3apEeKOMEH]IyBaB ce0e y CHHTE31 MOXIJHUX 130XIHOJOHY, 30KpeMa, CIOIYyK 13
OionoriuHoto aktuBHicTIO [3]. [Momekymu s MBOTO TEPETBOPCHHS IMOTPIOHI
JOCUTh KOPCTKI yYMOBH, aj€ B LIJIOMY HOro MOXHA 3A1MCHUTU Ha JIOCHUTH
HIMPOKOMY KOJIi CyOCTpaTiB.

(0]
NH; c” NH
> ~ | P AaboC =N
MeO(CHz)QOH, A Ar
5 Tnck, 100 °C 4 X
NH POCI3 N

Puc. 2. Penukiizailis JaKTOHIB SIK CIIOCIO CUHTE3Y 010710T1YHO aKTUBHUX
KOH/IEHCOBAHNX a3WHIB

Ha nam nornsa, monudikaiist mogiOHMX HaQTUPIIOHIB HE OOMEXYEThCS
Bapialli€lo 3aMICHUKIB y TMOJIOKEHHI 3 Ta pO3TallyBaHHSM TIe€TepoaToMy B
LIUKIIIYHIA CUCTEMI: OKCOTpYIa Y IMOJOKEHHI 1 TakoX Moxke OyTH 3amilieHa Ha
HU3KY ToyisipHux (pparmentiB. et Hanpsm dyHKIioHami3aIii HaQTUPIIOHIB SK
croci® onepkaHHS HOBHUX OI0JOTIYHO AKTUBHHX TOXITHUX TAaKOX BBAKAETHCS
HaMH nepcnekTuBHUM. HemonaBHO Hamu Oysid IPOBEJEH] TaKl NEPETBOPEHHS B
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pany 3-reTapuiii30XiHOJOHIB 6 [4], CHHTE30BaHUX PEIUKIII3ALIE€I0 BIAMOBITHUX
130KyMapuHiB, y pe3yJbTaTi 4oro OTPUMaHO MOXigHi 1-x1opo- Ta 1-amiHo-
130X1HOJIIHY (CITOIYKH, BIAMOBIIHO, / Ta 8), 1 B psALy MOXiTHUX 6—8 mpoTupakoBa
aKTUBHICTH Oyna 3adikcoBaHa e s aMmiiB 8 (puc. 2).

Y nanHiii poOOTI HaMU TMPEJCTABICHO HOBI KOHJIGHCOBaHI a3WHH, SKI
MOXYTh OyTH JIETKO CHHTE30BaHI1 3 a3ai30KyMapHHIB Yepe3 CTail0 130X1HOJIOHIB.
Jlo1aTKOBUM apTyMEHTOM Ha KOPHUCTh aKTyaJIbHOCTI IILOTO HAIPSIMY € IMTOPiBHSHA
JIOCTYMHICTh BUX1HUX JIAKTOHIB. BOHU MOXXyTh OyTH OTprMaHi ab0 UKJIi3aIli€I0
OpmMO-TANOT€HO3aMIIIEHUX (TeT)apHIKapOOHOBUX KHUCIOT 13 CHUMETPUYHUMHU
1,3-mukeronamu (puc. 3, cxema A) [1], abo CHoSydeHHSIM aHAJIOTIYHUX KUCIOT
9y IXHIX TOXIIHUX 13 TEPMIHAIBPHUMHU ajJKiHAMU Ta HACTYIMHOKO IHUKII3AIIEI0
(puc. 3, cxema B) [1, 5-7]. Jpyruii croci® OLIBII yHIBEpCATbHHUM, ajle MOXKE
noTpeOyBaTH BapTICHUX KaTali3aTOPIB.

0O O
C/ OH KZCO3 C/ 0]
® S Q.
B Br R R a6o Cs,CO; By N

A aboBaboC =N

(0]
N N
C//D 7z = Cul C//D Z H c” o
(B) Ll% + 5 z é | — Ll%
\\A Br [Pd] karT. \\A N QA = R
X
R A,B,Ca6oD =N

Puc. 3. OCHOBHI MiIX0/IU IO CUHTE3Y a3ai30KyMapiB

Sk 00’exTH JocCHipkeHHs Hamu Oynu oOpani moximui 9a,b (puc. 4.,5) 3
METWJIBHUM Ta (EHIIbHUM 3aMICHUKAaMH, BIAMOBIIHO, OTPUMaHI 3a METOJOM A
(puc. 3). Peumkmizaris jaktoHiB 9a y 7-R-1,6-Hadrupinun-5(6H)-onn 10a,b
(puc. 4) BimOyBajach yHacliJIOK HarpiBaHHS iX CHUPTOBOTO PO3YMHY 3 4 €KB
(NH;),CO; B aBToknaBi. Ha BiaMiHy BiJa 130XIHOJIOHIB, 3MIHCHUTH 3aMiHY
OKCOrpymH Ha xjop HarpiBanHsM cnojyk 10a,b 3 POCI; un iHmuMu nmoaioauMu
peareHTaMHu HE BJAJIOCh: Y M’SKHX YMOBaxX KOHBEpCISi HE CIocTepiraiach, a y
KOPCTKUX — BiOyBajach AECTPYKIlis cyocTpaTy. Ajie CTBOPEHHS Y MOJOXKEHH] 1
HaQTUPUIOHIB 1HIIOIO XOPOIIOTO Hykieopyry — TpudiaaTHOI rpynu — Oyio
yCIIHUM; Ui 1boro croiyky 10a o6poomm Tf,O B mpucyTHOCTI TipuanHy
npu 0 °C y po3unHi guxyiopoMerany (puc. 4, BKa3aHO TaKOX XapaKTEPUCTHYHI
curHanu y cnektpax SAMP). 3amina Tpudnarnoi rpynu pedoBuHu 1la Ha
3amumkd  MopdomiHny uyu  N-meTtwinminepasuHy, MpOBEIEHAa HarpiBaHHIM 3
BIIMOBIAHUM aMiHOM Yy po3uuHi JIM®A B NpUCYTHOCTI MOTaIly, T03BOJIMJIA
CHHTE3yBaTH S-aMiHo-1,6-Hadtupinuau 12a,b (puc. 4).
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.ﬁ
(NH4)2CO3, EtOH / | NH (CF3802)2O
R 190°C. 4ron SNTNF SR Py, CHyCl, 0°C
N
R'=Me (a), Ph (b) 8.9 6.9 R = Me
9a,b
10a,b x
/\ [ j
HN X 8.4 N

\__/ \
» NN
K,CO3, MDA, ~ I P
100 °C, 10 roa L N Me
_/

89 725
X =0 (a), NMe (b) 12a,b

Puc. 4. CuHTe3 reTepoKOHICHCOBAHUX a3WHIB HA OCHOBI
7-metnn-1,6-madrupinua-5(6H)-ony
. 1
(6xazano xapakmepucmuuni cuenanu y cnekmpax ~H SAMP, m.u.)

HampsiMku penmimizanii a3zai3oKyMapuHIB HE OOMEXYIOThCS YTBOPECHHSIM
HaQTUPIIOHOBOTO IMKIY. 30Kpema, crnoiayka 10b yHachigok o00poOku
TiIpa3uHOM Yy CIIUPTOBOMY PO3YMHI YTBOPIOE TETEPOLMKIIYHY cuctemy 13 3
dbparmeHToM aszemiHOHY. Jlo penukiizamii TaKoK MOXXHA 3aIyYUTH YaCTKOBO
riipoBaHi MOXiAHI a3ai3okymapuHy. Hamnpukian, cnomyka 14, otpumana
rizpyBaHHsaM pedoBuHU 10D y po3umHi MeTaHOJIy, TaKOX PEHUKIIZYEThCS i
Ji€r0 TigpasuHy (puc. 5), yTBOprowYM MNOXigHy 15 — rigpoBaHuil aHanor
nipuaoaiazeninony 13.

N2H4XH20
i-PrOH,
A, 1.5-2 roa
9.8
o}
e
| o N,H,xH,0 | NH
N
- /)
N Zpn, i-PrOH, N
_H \ A, 1.5-2 rog H Ph
7.3 6.4
14 3.8 15

Puc. 5. CunTe3 reTeponuKIIYHUX MOX1THUX Ha OCHOBI
7-¢denin-5H-mipano[4,3-b]mipuann-5-ony
. 1
(6xazano xapakmepucmuuni cuenaau y cnekmpax ~H SAMP, m.u.)
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Otxe, Ha ocHOBI SH-mipano[4,3-b]nipuanH-5-0HiB HUIIXOM peruKIi3arii
i Ai€r0 HyKJIeo(iTiB JIHCHO MOXYTh OyTH OTpUMaH1 pi3HOMaHITHI a30TOBMICHI
TeTepPOLMKIIIYHI CHCTEMH 3 TpelmapaTHBHUMH BHXOJaMH Ta 3a JOTIOMOTOIO
HECKJIATHUX CHHTCTHYHHUX Tporeayp. TakoxX s CUHTE30BaHUX TaKUM YHHOM
1,6-nadtupiguu-5(6H)-oHiB mokazaHa MOXKIMBICTh 3aMiHH OKCOTPYIH Ha
dbparmentu amidparuyHuX aMiHiB. Lled migxig Hamae MMPOKI MOMKIMBOCTI JUIS
Bapiallii 3aMICHUKIB Ta aKTUBHUX (DYHKIIOHAIBHUX TPYI, IO JO3BOJUTH 3HAYHO
YPI3HOMaHITHUTH MEPETIK TeTePOKOHICHCOBAHNX a3UHIB 3 METOO TONTYKY HOBHUX
010aKTUBHUX PEYOBHH.
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VJIK 577.17

JIUDEPEHIIIOBAHU BILIMB AYKCHUHIB HA METABOJII3M
OOCOOJIIILAIB Y KIIITUHAX ARABIDOPSIS THALIANA
TA NICOTIANA TABACUM

[Toxotuno I.B., Kpaseus B.C.
[HcTuTyT 6100praniunoi ximii Ta HadToximii im. B.I1. Kyxaps HAH Ykpainu
pokotylo@bpci.kiev.ua

AYKCUHH € TOpPMOHAMH POCIHH, SIKi, OKpPIM pOJi y peryisuii 0a3oBHX
IpOLIECIB META00III3MY Ta POCTY, XapaKTEPU3YIOThCS MPOSBOM TepOIUIHOL Jii Y
BUIAJIKy 3aCTOCYBaHHS Y J03aX MoHaJ] (i310J0T14HOT HOpMHU. MONEKyIspHI
OCHOBU JIaHOTO AaCMEKTy [il AayKCHHIB JOCl 3alMIIal0ThCA HE TMOBHICTIO
3’ICOBaHMMH. Y HAIIOMYy JOCIIJKEHHI OyJi0 BHSBJICHO CHEUU(IUHY Ta
TPAH3UTOPHY [0 1HJ0JI-3-OLITOBOI KUCJIOTH IO BIJHOIIEHHIO 70 (OpMYBaHHS
okpeMux ¢docdominiaiB y kiaiTuHax pociuH. OTpumaHi JaHl BKa3ylOTh Ha
3aimydeHHst (GocdoiniIHOr0 OOMIHY Y MEXaHI3MHU peaizallii repOinuaHol aii
ayKCHUHIB.

Knouosi cnosa: aykcuHu, 1HA0A-3-0LTOBAa KHUCIOTa, (ocdomimiay,
docharuamnxonin, pochaTuanIiHO3UTON, TEPOIHIH.

Auxins are plant hormones that, apart from their direct role in regulation of
basic metabolism and growth reaction, possess a herbicidal activity when used in
doses that exceed physiological ones. The molecular basis of this aspect of auxin
action remains unclear. In our study, we have discovered a specific and transient
effect of indole-3-acetic acid on the formation of particular phospholipid species
in plant cells — an effect that may point at the involvement of phospholipid
metabolism in the mechanisms of herbicidal action of auxins.

Keywords: auxins, indole-3-acetic acid, phospholipids,
phosphatidylcholine, phosphatidylinositol, herbicides.

AYKCUHM BIJHOCSITBCS IO KJIACUYHHMX PICT-CTUMYIIIOIOYUX TOPMOHIB, SIKi
OpUCYTHI Yy BCIX TKaHMHaX Ta opraHax pociauH. ODYHKIII ayKCHHIB
0e3mocepeIHbO MOB’SI3aHI 3 X ACUMETPUYHUM TPAHCIOPTOM Ta PO3MOALIOM Yy
KIIiTUHAX. J[aH1 YMOBHU JTOCSTAIOTHCS 32 JIOMOMOTOI0 CIien()i9HUX TPAHCTIOPTEPIB
aykcuHiB, 1m0 BkimodaroTh AUXINL/LIKE-AUXI1 ta PIN-FORMED (PIN) Ginkwu
[1]. ¥V pocnun inenTudikoBaHo apa peuentopu aykcudiB — Oimku AUXIN
BINDING PROTEIN 1 (ABP1) ta TRANSPORT-INHIBITOR-RESISTANT1
(TIR1) [2]. Inmon-3-o1TOBa KMCIIOTA € HAWMOMIUPEHIIIUM IPUPOTHUM ayKCHHOM,
IO TaKOX IIUPOKO BUKOPHUCTOBYETHCS Yy JOCHIKCHHSX, CHPSIMOBAaHHX Ha
BUBYCHHS KINTHHHOI [ii aykcuHiB IN VIVO Ta In Vitro. Bigomo, mo cucrema
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docdomimigHOrO CcUTHANIHTY Oepe Oe3nocepeHI0 y4acTh Yy  KOHTPOJI
perynsaTopHux (GYyHKIIA ayKCHHIB y POCIWH. Byno mokasaHo, IO aKTHUBHICTH
®JIA2 mBuako 3pocrae 3a il aykcudiB [3]. ExcriepuMeHTH 3 BUKOPHCTAHHSIM
MYTaHTHUX JIIHI{ Ta 1HT10ITOPHUX METO/IB TI0O3BOJIMIIN BCTAaHOBUTH, 1110 DJIA20 €
3QJIy4EHOIO Y CUTHAJIIHT ayKCHHIB Ta MOKE 3MiHIOBaTH Jiokasi3ailito 011kiB PIN y
kopiuui Arabidopsis thaliana [4].

MeTtoro naHoro AociikeHHS Oylno BU3HAYEHHS POl PocdomimiIHOTo
OoOMIHY y peakIlsx pOCIMH Ha 10 ayKCHHIB, 30KpeMa, y KOHTEKCTI iX
repOIinuIHOT aKTUBHOCTI. Byno BCTaHOBIEHO, IO pPiBEHb HAKOMHYCHHS JBOX
dochommmie — dochatumuixominy (PX) Ta docharummminozurony (DI)
3HIKYETBCS y BIAMOBIAB Ha Jit0 1HA0J-3-011T0BO1 KHcioTu (I0OK) y cycnen3iitHux
KynbTypax kiaitaH Arabidopsis thaliana (ta6m. 1). 3a ymoB aii 500 MmxM IOK
npotarom 30 xB BMicT @ X 3HMKYeThCa puban3Ho Ha 40 %, B TOM 4yac sIK BMICT
@I 3HmKyBaBcs Outbll, HDK Ha 60 %. OpHak, BMICT Takux (ocdomimiai, sk
dbocharuana kucnota, hocharuamieranosamid Ta ¢pocharuauiainozuTodocdar
HE 3a3HA€ ICTOTHUX 3MiH.

Tabuuusa 1
BruuB 1H71071-3-01ITOBOT KUCIIOTH HAa PIBEHb HAKOITUYEHHS OKPEMHX
dochomimigiB y kmitunax Arabidopsis thaliana

docdomimig Kontpomeamii | i IOK, 10 xB | [lis IOK, 30 xB
PIBEHb 500 MM 500 mxM
®ocharuaunxomnin (OX) 139098+ 121955,7+ 77967,6+
5922,9 7866,4 2063,3
®docharunuminozurton (DI) 389264,8+ 259756,8+ 93278,5+
13218,7 10439,1 5306,5
®ocharuauneranonamin (OE) 629520,6 448584,9 4229889+
+45345,2 +17486,8 237447
®ocdaruauninosuroiadocdar 1091614+ 1089592+ 880140,7+
(PID) 19947 32055,9 19720,8
®docdatuana kuciota (OK) 106838,3+ 96378,3+ 80142+
7770,908 1986,157 5775,308

V xmituHax pociuH TIoTIOHY Nicotiana tabacum edexr aii IOK OyB Oinbin
BUPAXEHUM Ta CIIPUYMHSAB 3HMKEHHsS piBHA HakonudeHHs PK ta @I Ha Ounb,
Hix 80 %. B cBowo uepry piBeHb (ocharuaHoi KHUCIOTH 3a JaHUX YMOB
3anuIaBcs ctabiapHUM (Tadd. 2).

OTpuMaHi pe3yJbTaTh MOXKYTh CBIIYUTH SIK MPO 3HMKEHHS 1HTEHCUBHOCTI
nporieciB 6iocunTesy ®X ta @I, Tak 1 mpo 3pocTaHHs aKTUBHOCT1 (PEPMEHTIB, 10
BUKOPHUCTOBYIOTH JaHi (ochomimian sk cyocrpatu. Cepen takux — ¢ocdosainasza
O (®JIH), docharuaunxomin-rigpomizyoua ¢ocdomninaza C (OX-DJIC) Ta
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dbocharuamninosuton-cnenudiuaa OJIC — GpepmenTH, MO BIIITPAIOTh BAKIUBY
pOJIb Y KIITHHHOMY CHTHAJIHTY 3a Jii HU3KH CTPECIB Ta Yy BIANOBIAL Ha IO
rOpMOHiB [5].

Taoauusa 2
BruuB iH71051-3-01ITOBOT KUCIIOTH Ha PiBEHb HAKOITMUCHHS OKPEMUX
dochomimimi y kaiTuaax Nicotiana tabacum

docdomimig KonTponbsHuii His IOK, 10 x8 | His IOK, 30 xB
piBEeHb 500 MmxM 500 MmxM
Docarunuxonin 141875 3+ 112343 6+ 1776429+
(@X) 12115 4 43533 916
DochaTHHITIHOHTOI 136346,6+ 103853,6+ 7013,55+
(@D 108555 57234 4845
DocaTuaHa KICnora 124823,7+ 170285+ 116577+
(PK) 11938,22 6147,475 3940,592

[cHyIOTH CBiIUEHHS, 110 BKa3yHOTh Ha 3allydeHHs (ocdorinas y peaxiiiro
pOCIIMH Ha [0 aykcuHiB. Bimomo, mo HakonuveHHs cyOctpatie PI-OJIC —
docharummninosutonpochary (OID) Ta Pocharununinozurondichochary
(®PId,) — crocTepiranoch B Oripkax y BiIMOBIIb Ha JIi10 ayKCHHIB [6].

Y Arabidopsis thaliana 0yi0 BCTaHOBJICHO TMO3WTHUBHHUI B3a€MO3B’SI30K
Mk piBHeM ekcripecii DJIJI(2 ta peakiiieto Ha it aykcuHiB [7]. Pons ®JIJL2 y
KOHTPOJII PO3MOJLTY AyKCMHY Ta CUTHAIbHUX (YHKIIM TOPMOHY BOYEBH[Ib
orocepeIKoBY€eThCs npoaykiiero @K, 1o cama mo cobi 31aTHa iMITyBaTH €heKTH
nii aykcuHiB y kopinui Arabidopsis thaliana [8]. Takum umHOM, OKpemi
KOMIIOHEHTH cucTeMu (PocdoiimigHOTO CUTHAJIIHTY 3/1aTHI Oe3Mmocepe/IHbo OpaTu
y4acTh B OMOCEPEIKYBaHH1 BHYTPIIIHbOKIIITUHHOI A1l ayKCUHIB Y POCIIHH.

OTtpumaHni pe3yiabTaTH BKa3ylOTh Ha T€, 110 3HWKEHHS PiBHS HAKOTTMYCHHS
dbocharuamixoniny ta GhochaTuaAIIIHOZUTOTY BHACTIAOK aKTHBaIllli (EepMEHTIB
¢dbochommaHOTO CHUTHANIHTY, 10 BUKOPUCTOBYIOTH JaHi (ocQomiman K
cyOCTpaTH, MOXe TPEACTABIATA COO0I0 KOMIIOHEHTY PaHHBOI peakilii pOCTMHHUX
KJIITUH Ha 110 ayKCUHIB, 30KpEMa, Y KOHTEKCTI 1X repOiluAHOI aKTUBHOCTI.
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VJIK 57.037

IHI'IBYBAHHA I'ECIIEPUIMHOM OKNCHEHHA 1OPAMIHY
B MOJIEJIHIM CUCTEMI IN VITRO
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Koctiok B.I'., Xaputonenko I'.1., Tapan /I.C.
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VY crarTi po3rNANaEThCA JTOCHIKEHHS AaKTUBHOCTI TE€CHEPUIIUHY TIO
BIJIHOIIIEHHIO /10 OKMCHEHHs Ao(amiHy — HeillpomezaiaTopa, BIANOBIAAIBHOIO 32
pyxoBi cumnromu mnpu xBopodbi I[lapkincona. KiHeTnuHne mOCTIIKEHHS
OPOBOAMIIOCH 3  BUKOPHCTAHHSM  CHEKTPO(POTOMETPUYHOTO  METOIY.
BcTaHoBiI€HO, 10 FEeCHEPUINH 3MEHIIYE MIBHJKICTh OKUCHEHHS A0(aMiHy, IO
KUIBKICHO XapaKTepU3ye MOro aHTUOKCHUJAHTHI BIACTUBOCTI Ta Ja€ ycl MiJCTaBU
I TOAQIBIIMX JOCHIKEHb 1bOro (piaBoHOiAy y KOMOIHOBaHIM Teparnii
JikyBaHHs XxBopoOu [lapkiHcoHa.

Knwouosi  cnosa: xBopoba IlapkiHcoHa, podamiH, aHTHOKCHIAHTH,
TeCTIepUIHH.

The article examines the activity of hesperidin in relation to the oxidation
of dopamine — a neurotransmitter responsible for motor symptoms in Parkinson’s
disease. The kinetic study was performed using the spectrophotometric method.
Hesperidin has been shown to reduce the rate of dopamine oxidation, which
quantitatively characterizes its antioxidant properties and provides all the grounds
for further studies of this flavonoid in combination therapy for Parkinson's
disease.

Keywords: Parkinson’s disease, dopamine, antioxidants, hesperidin.

Ha choroguimHii AeHb y CTPYKTYpl HEBPOJOTIYHUX XBOPOO HAWOIIBII
CKJIAQIHUMU 11 BUBYCHHS 3aJIUINAIOTHCS HEHPOJEreHepaTHBHI 3aXBOPIOBAHHS,
SIKi CTAHOBJISITH CEPUO3HY 3arpo3y IS 3J0POB’S JIFOJWHH. 3-TIOMiXK iX BEIMKOTO
KOJIa HaWOUIBIIN TEMIHU MOMHUPEeHHS HUHI Mae xBopoOa [Tapkincona (XII) [1]. Ile
Iporpecyroue HEHpOJereHepaTUBHE 3aXBOPIOBAHHS MPOSBISETHCA TPEMOPOM,
PHTIIHICTIO, TiMOKiHE3i€I0 Ta MOCTYpalbHOIO HecTiikicTio [2]. Moro martoremes
MOB’SI3aHUIM 3 HECTa4yer0 B HEWpoHaxX MO3Ky nodamiHy — HeWpomemiaTopa,
BIJINOBITaJILHOTO 3a M’s130BY iHHEpBarlio [3].

VY  dapmakotepamii xBopobu Ilapkincona ock yxe moHan 50 pokiB
Halle(eKTUBHILIMM METOAOM JIIKYBaHHS 3aJIMIIAETHCS BUKOPUCTAHHS IMpenapary
JEBOJONU — TIpeKypcopa AodamiHy, SKAA METadO0Mi3yeThCsl B MO3KY MO IIi€i
CIOJIYKH MpUpPOAHUM 4uHOM [4]. OgHaKk, Ha CKIAIHOMY IUIAXY JIEBOJOMHU 10
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HEeWPOHAJIBHOI JISUIBHOCTI BOHA, SK 1 caM JodaMiH B MO3KY, MOXE ITiJilaBaTUCS
0araTbOM IIEPETBOPCHHSM, OUIBIIICTh 3 SKHX 3yMOBJICHA OKHCHEHHSM [5].
Braciniiok 1poro npoiecy AaHi pe4oBUHU HE MOXKYTh BUKOHYBATH CBOi (PYHKIIII,
1 BTpadaeThCs TepaneBTUYHUN edekT. Takok BHACIITOK OKMCHEHHS BOHHU cami
MOXYTh BUIUIATHA aKTHBHI (DOPMHU KHCHIO B JoaMiHEPTIYHUX HEHpoHax [6], sKi
TaKOXX  Bpa3iMBl 7O  Jii  OKHUCHHUKIB, WI0 CIPUYUHAE  JIOAATKOBY
Helponerenepaiiro. Came ToMy po3poOKa cTpaTeriil 1o10 3ano0iraHHs MpoIeCy
OKHCHEHHS JJoPaMiHy € aKTyaJIbHOIO TEMOIO.

[lonmepeautn OKHCHEHHsA A0daMiHy Ta JEBOJONMM MOKHA BBEICHHSIM
AHTHOKCHUJAHTIB — CIHOJYK PI3HOI NPUPOIU, SKI B HHU3BKUX KOHLIEHTPALISIX
(BimHOCHO cyOcCTpaTiB, IO OKHCHIOIOTBCS) 3aTPUMYIOTh YW  IOBHICTIO
3ano0iraloTh  OKUCHEHHIO  OioJioriyHux  cyOctpatiB.  HalimommpeHimummu
OPUPOJHUMHU aHTHOKCUIAHTAMHU B PAlliOHI JIIOJeH € (IaBOHOIIU — TMPUPOJIHI
010JIOTIYHO aKTUBHI (hEHOJBHI PEYOBUHU, BUIIJICHI 3 MIUPOKOTO KOJia pociuH [7].
OpHuM 3 HaMsACKpaBIIKUX MPEACTABHUKIB Ipynu 010()IaBOHOIIIB € T€CIEPUIUH,
0 MICTUTBhCS Y BEJIMKUX KIUJIBKOCTSX B IIUTPYCOBUX pocCiMHaX. B ocranHi
JNECATWITTS Oyau  JOBEJAEHI WMOro aHTHOKCHUJIAHTHI  BJIACTHUBOCTI  Ta
HEHPONPOTEKTOPHUI BIUIUB, MPOTE BIUIMB FECIEPUINHY HA OKMCHEHHS J0(aMiHy
e He OyB gociipkeruit. Came 1ie CTano miAIPYHTSIM JUIsl HAIIOTO JOCIIKEHHS.

Kinetnune TOCIIKEHHS IPOBOIMITU 3 BUKOPHCTAHHSIM
CHEKTPOPOTOMETPUYHOTO  METOMy,  (IKCYIOUM  30UIBIICHHS  ONTUYHOTO
MOTJIMHAHHS PEAKLIMHOI CyMIIIl 3aJIeKHO B1J 4Yacy IpH A0BXKUHI XBUiIl 500 HM.
Bona BiAmoBiga€e MakKCHUMalbHOMY ONTHYHOMY TIOTJIMHAHHIO TIPOJYKTIB
OKHCHEHHS Jo(aMiHy, MepeBaKHO 10()aMIHOXPOMY.

Jlns mpoBeneHHsT AOCHTIKEHHS! BUKOPHCTOBYBAJIM HACTYMHE OOJaJHAHHSA
ta marepianu: Y ®-cnekrpodotomerp Optizen POP (Mecasys, IliBnenna Kopes);
KIOBETH 3 KBApLEBOI0 CKJa TOBIIMHOIO onTu4Horo mapy 1 cm (Hellma Analytics,
HimeuunHa); oJHOKaHaJbH1 aBTOMATUYHI1 103aTOPH 3 MAKCUMAIIbHUMU pOOOYNMU
o6’emamu 50, 200 1 1000 mxn (DragonLab, Kurait); pH-metp pH-150MU; Baru
ALC-110.4 (Acculab, CIIIA); Taiimep.

[IIBuaKiCT, OKHCHEHHS n0od)aMiHy BCTAaHOBJIIOBATM 3a JOIMOMOTOIO
OOYHMCIIEHHS] KOHCTaHTH IIBUAKOCTI PEaKilii Meplioro MOpsAaKy. AHai3yrouu
3aJIEKHICTh KOHCTAHTH IIBUAKOCTI peakuii NEepIIoro MOpsAKY OKHUCHEHHS
nodaMiHy Big KOHIEHTpamii recrnepuauHy y cucremi (puc. 1), MokHa
CTBEp/KYBaTH, IO TeCNepUIUH Yy KoHueHTpamisx 10 1 15 wMxM
(k;=(2,7740,06)-10° c* i k;=(2,62+0,08)-10° ¢, BiamoOBiZHO) HOCTOBIpHO
nposiBisie M’ sikuii TanbMiBHUR edext (p < 0,05). HaTtomicTs mipu migBUIIECHHI
KOHIIeHTpallii recnepuaudy a0 200 MkM mBHAKICTH OKUCHEHHS aodamiHy
3MeHmyeTbest y 1,55 pasm, mpu konmentpamii 400 MmxM — y 1,93 pasu:
ki=(2,18+0,04)-10° ¢t i k;=(1,75+0,08)-10° ¢!, Bimmosinro (p < 0,05).

OtpumaHi pe3yabTaTd MiATBEPHKYIOTh AHTHOKCHUIAHTHI BJIACTHBOCTI
recrnepuAnHy MO BIAHOIICHHIO 10 OKUCHEHHs nodaMiHy Ta JaloTh yCl MiICTaBU
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JUISL TIONAJIBIINX TOCTIIKEHb 1IbOT0 (DJIABOHOITY Ui 3aCTOCYBaHHS y KOMO1HAII{
3 JIEBOJIOTIOIO 1 MOJIETIIOBAHHS HOBOI (DapMarieBTUUHOT KOMITO3HIII] .

4,0
35 3,38
’ 3,05
30 277 96
©25 2,18
20 1,75
X
FLS
1,0
0,5
0,0
® KoHTponbHa npoda B [ecnepuann 5 MM
W 'ecnepuaun 10 MM B [ecnepuaun 15 MM
B [ecnepuaun 200 MM B [ecnepuann 400 MxM

Puc. 1. 3anexxHicTh KOHCTAHTH IMIBUIKOCTI PEAKIIii MEPIIOTO MOPSIKY OKUCHEHHS
nogaMiHy BiJ] KOHIIEHTpAIIIl TeCIEPUIUHY Y CUCTEMI
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CUHTETUYHUI NOTEHIIIAJ
3-'ETAPUJI-1-XJIOPOI3OXIHOJIIHIB
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3a nmomomororo Kpoc-cronydeHHs 3a Cysyki Tta Crine, atroM XJiopy
1-X710pOi30XIHOMIHIB 13 2-MeTHWATIa30ia-4-iIbHUM Ta 6-MeTwitiMizgaso[1,2-a]-
NIpUANH-2-17IbHUM 3aMICHUKAMHM Yy TIOJIOK€HH1 3 3aMIlIEHO Ha, BIiJIMOBITHO,
dbparmentu  4- Ta 2-mipuauiny. OOpobOka 3-reTapuii-1-XJI0poi30XiHOJIHIB
KOHLIEHTPOBAHOIO HOJ0BOJHEBOIO KHCJIOTOIO MPUBOJUTH, 3AJIEKHO BiJl MPUPOIU
TeTePOIUKIIYHOTO 3aMICHUKA Ta TPUBAJIOCTI MPOIIECY, M0 3-TeTapHIi30X1HOMIHY
a0o 3-retapmi-1-1010130X1HOJIIHY.

Knouosi  cnosa:  3-retapui-1-xJ10poi30XiHOMIH,  KPOC-CHOIy4YEHHS,
B1JTHOBJICHHSI.

The Chlorine atom of 1-chloroisoquinolines with 2-methylthiazol-4-yl and
6-methylimidazo[1,2-a]-pyridin-2-yl substituents in position 3 are replaced by
4- and 2-pyridyl moieties using Suzuki and Stille cross-coupling respectively.
Treatment of 1-chloro-3-hetarylisoquinolines with concentrated hydroiodic acid
resulted in 3-hetarylisoquinoline or 3-hetaryl-1-iodoisoquinoline, depending on
the nature of the heterocyclic substituent and the process time.

Keywords: 1-chloro-3-hetarylisoquinoline, cross-coupling, reduction.

PyxJMBICTh TrajoreHiB y «-TOJOKEHHI PI3HOMAHITHUX Aa3WHIB POOUTH
MOXJIMBOIO 1XHIO B3a€EMOII0 3 IIMPOKUM KOJOM HYKJIEO(DIIbHUX pEarcHTIB.
BukopucTtaHHsS ~ 1IbOTO  MIAXOAy  JO3BOJIMJIO  CHHTE3yBaTH, IPUMIPOM,
IIUPOKOBIIOMI JIIKApChKl 3acO0M TPYNU MPUMIIUHY Ta MypUHY, Cepel SKHX
TINEPTeH3UBHUN 3aCi0 MIHOKCHIWI (BUKOPHUCTOBYETHCS TAKOX IMPHU OOJMCIHHI)
[1] Ta mpoTUBIpyCHUM areHT anukiIoBip [2] (puc. 1).

CHUHTETHYHI MOKJIMBOCTI (-TAQJOTEHOA3WHIB JIOCUTh IIHWPOKI: 3aMiHa
pyxsmBoro rajgoreny Ha O-, N- Ta S-Hykieodinu, BinHOBIeHHs (3amina Hal Ha
H), merankaranizoBaHi CHOJYYEHHSI TOINO. AJie HaBITh TENEp CHUHTETUYHHM
MOTEHITIa)I 0araThb0X TajJOreHOA3WHIB II¢ HE peai3oBaHO IMOBHOIO Miporo. Lle
CTOCYEThCS, 30KpeMa, 1-XJI0p0oi30XiHOJOHIB 3 (TETepO)apOMATUYHUM 3aMICHUKOM
y moJiockeHHi 3. Y JiTeparypi HaBeJeH]1 MOOIMHOKI MPUKIIATN BiTHOBICHHS TaKUX
PEUYOBHMH IO BIAMOBIIHMX XIHOJIHIB [3, 4], namamiii-kaTanaiz0BaHOTO KpoOcC-
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croaydyeHHs [4] Ta 3aMiHK aToMy XJI0PY Ha 3aJIMIIKK adidaTHIHUX amiHiB [4—6].
B ocranHpOMy BHIagKy MPOAYKTH peakiii — l-aMiHO-3-TeTapuili30XiHOIIHU —
BUSIBIJIUCH BEIIbMU TEPCIEKTUBHUM TOXITHUMHU, OCKITBKA TPOJEMOHCTPYBAIH
JIOCUTH BUCOKY MPOTUPAKOBY aKTUBHICTb.

N>/>:N>—C| —»1 Ao 0O« N>_)— /\:>
H,N = C MiHokcuaun
o] o)
)N\/ | N\> 1. NH;, MeOH )\ N>
NS
TN~ ?.E%f?ﬁe%‘i?H TN
Aumknosip

Puc. 1. o-I"anorenoa3uHu y CUHTE31 JIIKAPChbKUX 3aC001B
IPYIH MPUMITUHY Ta TyPUHY

Cami 3-(rer)apun-1-xyopoi30xiHomiHM 1 MOXHa BBaXXaTH JOCTYITHHUMH
cyOcTpaTaMu: BOHH YTBOPIOIOTHCA 3@ THUIIOBOIO JUISl 0-XJIOPOA3HHIB IPOLEAYPOIO,
a came: npu o0po6mi POCI; BimnmoBimHMX 130XIHOJOHIB 2, IO B CBOK YEpPry
MOXXYTh OyTH CHHTE30BaHI a00 PElUKIII3AII€I0 KUCHEBMICHUX TE€TEPOIMKIIB 3
[6], abo muWKIIZaIli€l0 TMOXIAHUX O-TONYINOBHX KHCIOT 4 3 (rerepo)-
apoMaTUYHUMU HiTpuiaamu [5] (puc. 2). HasiBHICTh anbTepHATUBHUX MIIXOAIB J10
CUHTE3y TOXiTHUX 1 Moke 3a0e3MeYuTH JOCTATHE PIZHOMAHITTS PEYOBUH III€i
rpynu; OTXKe, NOIIYK HOBUX IUIAXIB iX Moau]iKalii € IIJIKOM BUMIPABIAHUM.

(0] 0] Cl
NEt2 Het—CN NH POC|3 \N
R —> R —> R
i =
Buli Z Het Het
4

Puc. 2. OcHOBHI MiAX0AU 10 CUHTE3Y 3-(TeT)apuii-1-XI0p0i30XiHOJIIHIB

Hamu Oynu BunpoOyBaHi cuHTe30BaH1 padimie [6] 3-retapui-l-xsopo-
i3oxiHomiHM 1a,b (puc. 3) y peakmisx kpoc-criomydenns 3a Cysyki ta Ctimie i3
BIJIMOBITHAMH TIPUANHOBUMH TOXITHUMHU. YCIIX IUX pPEaKIiil O3HadyaTuMe
MOJKJIMBICTh BBEJICHHS J0JATKOBOTO T€TEPOLMKIIYHOTO 3aMiCHUKA y TIOJIOKEHHS
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1 130xiHoMiHy. JlificHO, XO0ua B 000X BHUMaAKax ISl JOCATHEHHS TOBHOI KOHBEPCIi
3HAJ00WIIOCH TPUBaJe KHIT STIHHS, BUXOIH LIJTHOBUX MPOAYKTIB 5a,b Ta 6 Oymu
JIOCTaTHHO BUCOKMMH, a YTBOPCHHS MOOIYHUX MPOAYKTIB HE CIIOCTEPIraioCh.

Cl /N
©é\t <j>7 /O — N |
+ N B >
= Het \_/ \O 1,4-piokcaH / H,0,
100 °C, 12 rog SN
1a,b P
Het
N Het 5a,b

=N Pd(PPhs), _N
1a + <\:/)78n8u3 >
PhMe, A, 8 rog
Me
S —
Het=a /,{[)‘Me, b N /
N ){[
V/
N

Puc. 3. 3-I'erapui-1-xy10p0i30XiHOMIHHA B PEAKITISX KPOC-CIIOTYUEHHS

Crpobu  BIIHOBUTH  XJIOpomoximHi 1a,b  muigxoM  KaTtamiTHUYHOTO
TiIpyBaHHA MpU MIJBUILIEHOMY THCKY OyJIM HEBIAIMMH, OCKUIBKUA CyOCTpaTu
OTpYIOBaJIM Kartajizarop. ToMy MM 3BEpPHYJIUCh A0 KIJIACUYHOI METOJUKHU Ta
00poOuIM peyoBuHU 14,0 HAIIMIITKOM KOHIICHTPOBAHOI HOIOBOAHEBOT KMCIOTH.
Kun’gTiHHs y 1[bOMY C€peloBHILI NpOoTAroM 12 roauH Tia301bHOI MOXiAHOI 1a
JIHACHO J]aio 3MOTY YTBOPUTH BIJMOBITHUMN 130X1HOMIH 7a (puc. 4). Ane 3a Toi
caMHii 4ac mepeTBOpeHHs MoxXiaHoi 1b 3ynmuuannocks Ha nmpomixkHiii cranii 1-iomo-
i30xiHoiHy 8b (#iMOBipHO, Yepe3 moraHy PO3YMHHICTH IN€] CIOJYKH); 1 JIMIIE
301IBIICHHS TPUBAJIOCTI KHIT ATIHHS TO3BOJHIIO OTpUMaTH i30xiHosiH 7b (puc.

4).

S
I />“Me
N

KoHU. HI
1a -
100 °C, 12 rog N 7a
N=— / Me N= / Me
N N
KoHU,. HI X KoHU,. HI AN X
100 °C, 12 rog = 100 °C, 48 rop =N

8b
I

Puc. 4. Bignosnenns 3-retapui-1-x10poi30XiHOTIHIB
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Takum uymHOM, 3-rerapui-1-XJI0poi30XIHOJIHU BOJIOAIOTH JIOCTAaTHBO
BHCOKOIO PEAKIIHHOIO 3AaTHICTIO JIJISl YCHINTHOTO BUKOPUCTAHHS iX, 30Kpema, y
peaKIlisaX KpOC-CHOJY4YCHHs, HYKJICO(IILHOIO 3aMilllecHHsS Ta BIJIHOBJICHHS; 1
MOJAJTBIITUN PO3BUTOK ITHOTO HAIMPSMKY JO3BOJUTH 3HAYHO PO3MIUPUTH TEPEITIK
TETEPOLMKIITYHUX TMOX1THUX 130X1HOJIIHY.
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®OTOXIMIYHU CUHTE3
HNOXIJHUX 1-APNJI-2-A3ABIHUKJIO[3.2.0]TEIITAHIB
TA JOCJIKEHHS IX ®I3UKO-XIMIYHUX BJJACTUBOCTEM

L2Ckanenko €.0., “Muxaitniok I1.K., ‘Bpoapems B.C.
! IcturyT Gioopraniusoi ximii Ta Hadroximii im. B.IT. Kyxapst HAH Ykpainn
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Po3pobiieno npemnapaTUBHUI METOJI CHHTE3Y HOBUX 3aMillleHux |-apui-2-
azabiukiio[3.2.0]renraniB qyepes CTaJIlI0 ($hOTOXIMIYHOTO [2+2]-
UKJIoNpueaHanns. Jlocaimkeno iXHi Ppi3MKO-XIMIUHI BJIACTHBOCTI, BKIFOYAIOUU
3HAUYEHHA JNO(UIBHOCTI, PO3YMHHICTE Yy BOJl, a TaKOX METa0OIIYHY
CTaOUIBbHICTh, Kl € BAXJIMBUMHU XApPAKTEPUCTUKAMU B JAHW3alHI JIKAPCHKHX
3ac001B.

Knrwouosi cnosa: azabinukio[3.2.0]rentanu, KoHGOPMAIIITHO HaNpyX eH1
cuctemu, poToxiMivuHe [2+2]-1UKIONMpU€ETHAHHS.

A preparative method for the synthesis of novel substituted 1-aryl-2-
azabicyclo[3.2.0]heptanes via photochemical [2+2]-cycloaddition was developed.
Physical and chemical properties of conformationally restricted building blocks
have been investigated including their lipophilicity, solubility in water as well as
metabolism stability which are important characteristics in drug discovery.

Keywords: azabicyclo[3.2.0]heptanes, conformationally restricted systems,
photochemical [2+2]-cycloaddition.

KondopmaniiHo yTpyaHeH! CHOJYyKHM HaOylau MOMYJSPHOCTI B Cy4YacHIH
MeauuHiil  ximii. @ikcamis (QYHKIIOHAIBHUX Tpyn Yy OIOJOTIYHO AaKTUBHIN
KOH(opMaIlli YacTo MNPHUBOJWTH JO 3pPOCTAaHHA OI10JIOTIYHOI aKTHUBHOCTI,
CEJIEKTUBHOCTI Ta MeTabO0IuHOi CTa0IIbHOCTI. Y 3B 43Ky 13 IMM OCTaHHIM 4acoM
MEIUYHI XIMIKH BCE€ YacCTillle BUKOPUCTOBYIOTh TPUBUMIpHI OyAiBeIbH1 OJIOKH 3
BHUCOKOIO JI0JIet0 SP3-T10pUIM30BaHUX aTOMIB BYTJIEIIO.

Azabinukino[3.2.0jrenTaHd  MOXKHa  pO3MJsiAaTH K KOH(OpMamiiHo
YTPYAHEHI MIMETUKHA TWIpOJiJUHA, MINEepUIMHA Ta a3enaHa, SKi CYKYIHO
MicTaThes B Outbi, HK 100 cxBasienunx FDA mnikapcekux 3acobax (puc. 1).
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Tinbkun 20 XiTiB
ChEMBL)

(
KoHdopmaLinHe
> L

I

>100 nikis (FDA)

-—Z

Puc. 1. [TopiBHAHHS MOHO- Ta OIUKIIYHAX CUCTEM B MEIUIHIN XiMii

3rimno 3 mammvmu  ChEMBL, mmpoko mociimkyeTbesi OionoridHa
aKTUBHICTH BCIX MOX1THUX azabinukio[3.n.0], BOJIHOYAC MMOX1/1H1
2-a3abinukio[3.2.0]rentany MEHII MOMYJSPHI. 32 HAIIOK JYMKOIO, KIIFOUOBOIO
MPUYUHOIO [BOTO € BIJCYTHICTh CHUHTETMYHUX MIAXOAIB I iX OTPUMAaHHS.
TakuMm 4YWHOM, MPEIMETOM JAHOTO JOCHIKEHHS Oylia po3poOka MiIXoay M0
CHUHTE3y 3amimieHux l-apmn-2-a3abinukio[3.2.0jrenTaniB  depe3  CTajiio
dboToxXiMIiYHOTO [2+2]-IIUKIONPUENHAHHS Ta CHUHTE3 2,3-€TaHOIpPOJIIHY, SK
KOH(OpMaIliiHO HAIIPYKEHOTO aHaJioTa MpodiHy (puc. 2).

| H
366 Hm
JJ\ >
Ar

N CH5CN, Ph,CO N “Ar
A 20°C
o) CF; 65-93% o) CF,
1-7 1a-7a

Puc. 2. 3aranbHa cxema ctafii GoTouuKI3amnii

Hamu Oyno BusiBIeHO, IO JaHa peakiis epeKkTuBHA Mg (PEeHIIbHUX
noxigaux (la, 2a), mIeCTHWICHHHUX TeTepouukiiB (3a, 4a) Ta I’ATHWICHHUX
rereporukiiB (Sa, 6a, 7a) (tabn. 1). TpudTopanuabHU 3aXHCT 3 aTOMY a30Ty
JIETKO 3HIMABCSI PO3YMHOM JIYTY B CIIUPTI.

HactynuuM eramom Hamoi poOoTu OyB CHHTE3 aMmiHOKHCIOTH 9 —
KOH(OopMaIiiHO HAMpPY>KEHOTO aHajiora MnpoJiiHy. s 11poro ¢pypaHoBy noxigHy
8 Oyno 3axuiieHo OCH301ILHUM 3aXMCTOM Ta OKUCHEHO 3a JOIMOMOTOI0 CUCTEMH
NalO4/ RuCls. Ilicns rigpomizy N-OeH30iabHOrO 3axHCTy crnojayka 9 Oyna
oTpumana 3 BuxoqioM 47 % (puc. 3).

Jist  mopiBHAHHS — (PI3UKO-XIMIYHUX  BJIACTHBOCTEM  MPHUPOJHUX
MPOJII TUHOBUX, TIEPUINHOBHX, a3eNaHOBUX Ta 2-a3a0inukino[3.2.0jrenTaHoBUX
noximHux Oynu cuHTe3oBaHi cronyku 10-13. Ilapa-pTopoOeH30inbHul 3aXHUCT
OyB 00paHwmii K CTAOUTBHHI 10 METa0OTI3My 3aMiCHUK.
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Cdepa BUKOpUCTAHHS TOCHIIKEHOT peaKIii

Taoauusa 1

Enaming [Tpoaykt Buxin
H i
la 87 %
N )
2\ TFA
07" CF,
v
2a N 78 %
j\ TFA
07 CF, o~ o
/
H “
0,
NN NG - . S 83 %
)\ | _ X
07 >CF; N
H i
A 4a S 91 %
41\ | /j ea { —
07 >CF; N
| H
5a 65 %
N = N —
)\ 0 / TFAI o/
07 CF,
| "
6a 93 %
N = N ——
)\ S / TFP{ S Y
07 CF,
ML i
7a N 91 %
)N\ \ \/N TFA/ \/N
07 CF, N\ \
H y ;
1) PhCOCI, Py E O\
—_— ! N~ COH
N — 2) RuCl3, NalOy4 ' H
H 3) HCI N' COH
O/ ' .
' MponiH
47% !
8 9

Puc. 3. Cunres cnomyku 9
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Taoauusa 2

[TopiBHSHHSA J1MO(UITBHOCTI, PO3YMHHOCTI Y BOJII Ta METAOOJ1YHO1T CTa01JILHOCTI
crmonyk 10-13

Cronyka LogD(7,4) | Sol(7,4) | CLix

10 Q\Ph 2,3 81 17
FC6H4/gO

11 Q\Ph 2,4 73 77
FC6H4/gO

12 N 2,4 61 176
FCSH4/§O

13 N ;Ph 2,2 95 586
FCBH4/gO

LogD(7,4) — morapudm xoediuienTta po3moainy #-okranos/Boaa npu pH=7,4

Sol(7,4) — repmoauHamiyHa po3unHHicTs (MKM) y 50 MM docdatnomy Gydepi (pH=7,4)

CLjyt — MIBHAKICTH KIIPEHCY B MIKPOCOMaX MEYiHKH MU (MI/XB MKII)

Otxe,

HaBeJIEH1

a”l

JIOBOJSTh,

1o

MOHO3aMIIIEH]

2-a3a0inukino[3.2.0]rentanu TIMCHO MOXXYTh PO3TIIIATHCS K KOH(pOpPMAIHHO

yTpyAHEH1

MIMETHKHA  ITPOJIIIUHA,

minepuanHa Ta as3enaHa Ta MOXYTh

BUKOPUCTOBYBATUCSA Yy MEIUYHIN XIMIii MPU MOUIYKY HOBHUX JIKAPCHKUX 3ac001B

[1].

3. P. 1394-1401.

Jlitepatypa

1. Druzhenko T., Skalenko Y., Samoilenko M., Denisenko O., Zozulya S.,
Borysko P., Sokolenko M., Tarasov O., Mykhailiuk P. Photochemical synthesis
of 2-azabicyclo[3.2.0]heptanes: advanced building blocks for drug discovery.
Synthesis of 2,3-ethanoproline. Journal of Organic Chemistry. 2018. Vol. 83, N
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PO3I2

HOBI PEYHOBHUHU 1 MATEPIAJIM
TA IX 3BACTOCYBAHHSI

YK 541.64:54.535-4:66.081.2

TEPMOYYTJIUBI JUCHOEPCIi TEPHAPHUX HAHOKOMITIO3UTIB
MNOICTUPOJ/TTOJII(N-I3OITPOINIJIAKPUJIAMIT)/
HOJI3,4-ETUJIEHAIOKCUTIOPEH)

"Hockos 10.B., 'TTyxg O.A., *Bperik JI.O., *Mapusin A.L.
! InctuTyT GioopraniuHoi Ximii Ta Hadroximii im. B.I1. Kyxaps HAH Vkpaiunu
? KuiBcpkuit HamionansHuit yHiBepcuTeT iMeni Tapaca I1leBuenka
* HarlionanbHuii yHIBEpCUTET XapUOBHX TEXHONOTiH
yuriy.noskov@gmail.com

TepmouytnuBi rigporeni Ha ocHoBl noui(N-13onponiiakpuiaminsy)
(IINITTAM) maroTh BEIMKHM MOTEHIad JJIS 3aCTOCYBaHHS B CHCTEMax IS
JIOCTaBKM JIKIB B OpraHi3amMax, TEpMOIHAYKOBaHIi Teparii, pO3yMHHUX
nepeMukayax, tomo. [le ooymoneno tum, mo [INITIAM po3uuHsersbcs y BO,
OpOTE MPH HArpiBaHHI TaKOTO PO3YMHY IMOHAJ MEBHOI KPUTHUYHOI TEMIIEpaTypu
BIIOYBA€ThCS 3BOPOTHIM (a30BUil mepexil, micas SKOro iX TiApaToBaHl
HAHOYACTHHKHU JIET1IPATYIOTbCA Ta CTaloTh HEpOo3uMHHUMH. [loeqHaBm
[INI[TAM 3 momictupoiom (IIC) Ta OGiocymiCHUM, €JIEKTPONPOBITHUM W
gyytiuBuM 'y [Y-miamazoni mnomi(3,4-etunenniokcutiodpenom) (ITEJJOT), mu
OTpUMAJIH MOTPiHI HAHOKOMIIO3UTH, JI¢ IICHTPaJbHE TIOJICTUPOJIbHE PO 3a]1a€
po3Mmip HaHowyacTHMHOK, [INI[IAM-o6ononka Hamae iM TEpPMOYYTIMBOCTI, a
sapsmxenudt [IEJJOT npuBHOCHTH MOJATKOBI MOXJIMBOCTI i (OpMyBaHHS
3B’SI3KIB 3 pI3HOMaHITHUMHU crnoiykamu. Bctanosneno, mo I[IEJIOT mnpu
HEBEJIMKOMY BMICTI €J1a00 BIUIMBA€ HAa TEPMOYYTIMUBICTH rifporento. OTpuMani
komno3utu TIC/TINIITAM/ITIEJJOT 3aBasku crenudiuHEM B3aEMOIISIM MIXK
KOMIIOHEHTaMU Ta 3MiHI 00’e€My MpH TeMIlepaTypi Tijla MOXYTb BUSBHUTUCS
NEPCHEKTUBHUMHU CUCTEMAaMHU JIJISl IHTErpallii 1 JOCTaBKU MEAINpPENapaTiB y *KUBI
TKaHWHH.

Knrouosi cnosa: mnomictupod, moui(N-13onponinakpuwiamia), momi(3,4-
CTWICH/IIOKCUTIO(DEH),  HAHOKOMIIO3UTH,  JUCHEPCii,  EJIEKTPONpPOBIIHICTS,
TEPMOYYTIUBICTb.
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Thermosensitive  hydrogels based on poly(N-isopropylacrylamide)
(PNIPAM) have a great potential for applications in drug delivery, thermal-
induced therapy, smart-switches, etc. This is due to PNIPAM solubility in water.
However, when these solutions are heated above a critical temperature, they
undergo a reversible phase transition from a soluble hydrated state to an insoluble
dehydrated state. We have synthesized ternary thermosensitive nanocomposites
by combining PNIPAM with polystyrene (PS) and biocompatible, conductive and
IR-sensitive  polymer  poly(3,4-ethylenedioxythiophene) (PEDOT). The
polystyrene core predetermines the size of nanocomposite nanoparticles,
PNIPAM-shell is a thermal sensitivity part, and the charged PEDOT forms
temporary bonds with different compounds. We have revealed that PEDOT has a
small effect on the thermal sensitivity of the hydrogel at low concentrations.
PS/PNIPAM/PEDOT composites can be effective in the delivery and integration
of drugs in living organisms due to specific interactions between the components
and the changes in their volume at body temperature.

Keywords: polystyrene, poly(N-isopropylacrylamide), poly(3,4-
ethylenedioxythiophene), nanocomposites, dispersions, conductivity, thermal
sensitivity.

TepmouytnuBi  momimepu, Taki sk  noui(N-i13omponigakpuiiamin)
(TINITIAM) [1], MaOTh BENMKWNA TOTEHIAJ MPAKTUYHOTO 3aCTOCYBaHHS B
0araThboX Cy4acHUX HAyKOBO-TEXHOJIOTIYHHUX Trajy3sx, 30KpeMa, B O10MeIUIIMH1
Ta Opra”ivHiil enekTpoHimi. Taki mojgiMepu, pO3YUHSIOUNCH Y BOJI, (POPMYIOThH
TaKk 3BaHl TIAPOTeNi, SIKI XapaKTepU3YIOThCS PIZKOK 3MIHOK PEOJOTIYHUX
BJIACTUBOCTEHN (B’SI3KOCT1) NP 3MIHI TEMIIEpaTypyd B NMEBHOMY Jiama3oHi, SIKUN
OMM3bKui 10 TeMIiepatypu Tina aoauHu. Lle o0ymoBiaeHO da30BUM IEPEX0IOM,
SAKUU BIOYBA€ThCS MpPH NEBHIA KPUTHYHIA TeMmreparypi (B CepeaHbOMY MpHU
32 °C, ane ne 3HaueHHa Moxke 3miHroBarucs Ha 5-10 °C B 3aJIe)KHOCTI Bifn
CTOPOHHIX (DaKTOpiB, TaKUX SK KOHIEHTpAIlisl Telo, MOJEKYJs[pHa Maca
MOJIIMEPY, TMPUCYTHICTH CTOPOHHIX CIOJYK TOLIO) 1 MpH SIKOMY pO3YMHHA
rigparoBana ¢opma [INIIIAM nepeTBOprO€ThCSI B HEPO3UUHHY JCTiIpaTOBAHY.
Jlanuii epexija € 3BOPOTHIM 1 IPU OXOJIOPKEHH] HUKYE KPUTUYHOI TEMIIepaTypu
[INIITAM 3HOBY po3unHsieEThCSA. Taka 0cOOMUBICTH JO3BOJISIE 3aCTOCOBYBATH LIEH
MOJIIMEpP B MEUIIMHI, 30KpeMa, JIJIsi CTBOPCHHS «HAHOKOHTEHHEPIB», SIKI MOXKYTh
OyTM BUWKOpPHUCTaHI JjIsi JOCTaBKM JIIKIB B TII€BHI OpraHM YU TKaHWUHU, 3
MOMAJBIINM iX BUBUIBHEHHSIM [2] Tpu MmiABHUIICHHI Temmeparypu. Ha ocHoBi
TEPMOUYYTJIMBUX TOJIIMEPIB MOXHA (HOPMYBATH HAHOKOMITO3UTH THILY «SJIPO-
OOOJIOHKA», I «SIAPOM» MOXE BHUCTYNAaTH HaHOYACTUHKA SIKOTO-HEOYIb
1HepTHOTO moiimMepy (Hanpukian, nomaictupoiy — [1C), a o0onoHKa cKiIamaeTbes
3 TINITTAM (TTIC/TINIITAM HaHOKOMMO3UTH), IO MOKYTh 3HAUTH BUKOPUCTAHHS
B TaKk 3BaHUX «PO3yMHHX» mepeMukaudax [3]. BuxopucrtoByrouu, sk TpeTii
KOMITOHEHT, B Takux Kkommo3uTax moii(3,4-etunenaiokcutiopen) (ITEJOT),
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KWW € 610CYMICHUM TOJIIMEPOM, MOKHA HAJIaTH 1M I1I€ ¥ eJIEeKTPOIIPOBITHOCTI Ta
010CyMICHOCTI, IO PO3IIUPHUTH 00JACTh IX MPAKTUYHOTO 3aCTOCYBAHHS, 30KpEMa,
JIJISl CTBOPEHHS HEMPOHHMX €JIEKTPO/IIB Ta CEHCOPIB-IMIUIAHTATIB [4].

VY nmpencraBieHii poOOTI OTpUMAaHO JBa MOTPIMHUX HAHOKOMITO3HUTH
[IC/TINITIAM 3 TIEJJOTom, nmomoBanum mpoxaenwicyibdataumu (JIC) ionamu
(IIC/TINOHTAM/TIEAOT-JIC) nuisixoM XiMI4HOiI OKHMCHIOBAJIBHOI MOJIMEpU3allii
3,4-etmnenmiokcuriodpeny (EJIOT), mpu cmiBBigHOomennsx [1IC/TINITTAM
ENOT=4,76:95,24 Tta 13,03:86,97 w™mac. % B cepeaoBUIllaXx BOJHHUX
HaHogucnepcid [IC/TINIITAM. Tlonimepusaiito mMpoOBOAWIN B TEPMOCTATUYHHUX
ymoBax (mpu 25 °C) Ha mnpotrsasi go0HM IiJ Ji€f0 €KBIMOJIBHOI KiJIBKOCTI
MePOKCOAUCYIh(hAaTy aMOHIIO (3 KaTAIITHYHOIO KUIBKICTIO cylbdaty 3amiza (III))
AK 1HII[IaTOpa Ta B MPUCYTHOCTI TaKOi K KUIBKOCTI NOAEHUICYJIbpaTy HaATPIito.
[licns cuHTE3y KOMIIO3UTHI JMCHEpCii OynM OYMINEHI Ta PO3AUICHI Ha Bl
YaCTUHU, OJHY 3 SIKUX BUCYIIYBajlu /JJI1 BUMIPIOBAHb €JIEKTPONPOBIIHOCTI, a
HITY 3aJMIIATN IS JTOCTIPKEHb MOJKJIMBOTO BIUTUBY TEMIIEpaTypHd BOJIHOTO
cepeoBUIIa Ha TApOIUHAMIYHUT 00’ eM/miameTp HAaHOYACTUHOK
[TC/TINITTAM/TIEJIOT.

3arampHa cxema orpuMaHHs Kommo3uTiB  IIC/TINITIAM/TIEJOT-IAC
POUTIOCTPOBaHA Ha puc. 1.

IomcTupon

H,C
\ 3 . .
+K2S:0s +1301poIuIaKpuIaML
EEEEE—
+K:S:0s
/ l‘
Yty [TC/TINITTAM
+ EJIOT, (NH4)2S:0s, NaJIC
— e

TIC/IINITTAM/TEIOT-JIC

Puc. 1. Cxema orpumanns komno3utis [IC/IINITTAM/ITIEAOT-/C

BcranoBrneHo, 10 CHHTE30BaHI HAHOKOMIIO3UTH  MAalOTh  HU3BKY
CJEKTPONPOBIAHICTh (Tabn. 1), ska, OYEBUIHO, TOB’sA3aHA 3 CHEHU(IYHOIO
ctpyktypoto HanodactTuHok [IC/TINITTAM/ITEOT-/IC.
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Taoaunsga 1
Enexrponposianicts otpuManux komno3uTi [IC/TINHTAM/ITENOT-AC

No 3pa3ok EnextpornposigHicts, CM/cMm
1 |OEJOT-AC 4,9-10°
2 | [IC/TINITTAM/TIEJIOT-JIC (4,76 %) 8,2:10™°
3 | IIC/TIINIITAM/ITIEAOT-JC (13,03 %) 1,37-107

30kpema, K BUJHO 3 MIKPOCKOIIYHOTO 3HIMKY (BCTaBka Ha puc. 1), Taki
HAHOYACTUHKU MaroTh Mopdosoriio «sapo-o00JoHKay, nae sAapa — 1€
nomictuposibHl  cepu  (miamerpom 20-30 HM), BKpUTI 00’€MHOIO PUXJIOIO
o0onoHkow TINITTAMy (po3mMuTe TeMHE rajo HaBKOJO MOJICTUPOIBHOI cepu
Ha @QoTo), WO OKIOAYe, B cBo uepry, HaHouactuHku [IEJIOTy,
YHEMOKJIUBITIOIOYM TAaKUM YHHOM CJICKTPUYHHM KOHTAKT MK HHUMH |1,
BIJIIIOBIJTHO, HE J103BOJIsIE (POPMYBATHUCH €JIEKTPOIPOBIAHIN NEPKOJIALINHIN CITII 3
I[NEJOTYy [5] Ta ainsHOK 3 yHOPSAKOBAHUMH JIAHIIOTaMHU JIAHOTO MoJiiMepy [6].
Pazom 3 TuM, y HaHokomMno3uTi 3 OumbmuM Bmictom IIEJIOTy
CJICKTPOIIPOBIAHICTE BUIa y 1,7 pasu, a 11e BKa3ye Ha MOKJIUBICTh MOKPAICHHS
JTAaHOTO TapaMeTpy.

3a JMaHUMU METOJly JAMHAMIYHOTO PpO3CIIOBAaHHS CBITJA, CHUHTE30BaHI
HAHOKOMIIO3UTH B HAHOJUCIIEPCISX JEMOHCTPYIOTh YITKY 3aJIeKHICTh PO3MIpPiB
BiJ1 Temmepatypu (puc. 2).

Tak, 3aBasiku TPUCYTHOCTI 000J0HKH TepmouyTiauBoro [INIITAM,
HaHo4acTUHKU OiHapHOro HaHokommo3uTy [IC/TINIITAM npu Harpisi Big 20 1o
36-38 °C (marpiB 3miiicaroBanu 3 kpokoM 1 °C 3 BukoHanHsM 10 BUMIpIOBaHb y
KOXKHIM TOYIll) MOMITHO CTHCKAKOTHCS, 3MEHIIYIOYHCh Yy po3Mipi B ~1,5 pasm,
HicAsE 4YOro TMojanibllie 3MEHILIEHHS CTa€ HecyTTeBUM (miarpama 2a). Ilpum
OXOJIOJDKEHH1 CHUTYyallisi NPOTWIEKHO-CUMETpUuHa (miarpama 20), TOOTO, mpu
3HIDKEHHI TemmepaTypud Bixm 60 mo 36-38 °C (3 Ti€w0 K MIBHAKICTIO),
HAHOYACTHMHKM HE3HAYHO 3O0UIBIIYIOTBCA y PpO3MIpl, a Micias JOCATHEHHI
KPUTUYHOI TeMIepaTypu — Ha0yxaroTh IO BUX1THOTO PO3MIpY.

VY Bunaaky paucnepcii Hanokommnosuty [IC/TINHIAM/IIEAOT-AC 3
HeBucokuM BMicToM [IEJIOTy (4,76 %) TemnepatypHuil nepexija 3MIilyeTbCs 10
BUINOI Temreparypu He Oinbire Hixk Ha 1 °C, (puc. 2B). OnHaK, IPH BHIIOMY
BMmicTi ITEJIOTy (13,03 %), BiH HE TUIbKM MMOYMHAE BIUIMBATH HA 3MIHY PO3MIpY
HAHOYACTHHOK, ajle W B obmacti Temmeparypaoro mepexoxy (34-38 °C)
MPUBOAUTH JO CTPUOKOIMOIIOHOTO 3pOCTaHHS IMX PO3MIPIB 3aMICTh THUIIOBOTO
naiHas (puc. 21), OYEBUIHO, 3a PaXyHOK MpoIeciB aryioMmepailii. Pazom 3 Ttum,
py 3BOPOTHOMY 3MEHINIEHHI TeMIepaTypH, (IKCYEThCS THUIIOBAa pi3Ka 3MiHa
pO3Mipy HAHOYACTUHOK KOMITO3UTY, X04a 1 3 JICIIO BUIIOK JAUCHEPCHICTIO (pHC.
2ri2e).
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Puc. 2. 3miHa cepeTHHOTO PO3MIPy HAHOYACTUHOK CHHTE30BAHUX OIHAPHOTO
[TIC/TINIITAM 1 Teprapuux HaHokomno3uTiB [IC/TINIITAM/TIEJOT-/C B
3JICKHOCTI BiJ] TEMIIEpATypH iX HaHoauUcHepciit: (a), (B) 1 (1) mpu Harpisi; (0), (T)
1 (e) mpu oxonomkenHi. (a) 1 (0) IIC/TINITIAM; (B) 1 (1) TIC/TINITTAM/TIEOT-
JC (4,76 %); (n) 1 (e) IIC/TINOHTAM/PEJOT-AC (13,03 %)

Otxe, B oMy, oueBuguuM € BB BMicTy [IE/IOTy Ha moBemiHkKy
cunte3oBaHux  HaHokomno3utTiB  [IC/TINIITAM/ITIEJOT-IIC mnpu  3miHI
temriepatypu guctiepcii. 30utbmieHHss Bmicty [IEJIOT-koMmoHeHTH MoOXke
MOKPAIIMTH TMPOBIJHI BJIACTUBOCTI TAaKMX TEPHAPHUX KOMIIO3MTIB, OJIHAK MpHU
IbOMY CJIIJI OYIKYBAaTH MiABUIICHHS CXWJIHHOCTI HAHOYACTUHOK KOMIIO3UTY JIO
arperamii. Tum He MeHme, oOWIBa CHHTE30BaHI HAHOKOMIIO3HMTH, SKi
BIJIPI3HSIOTECA movyaTkoBuM BwmictoMm [IEJIOTy y 2,7 pasiB, 3aauIiaroThCs
TEPMOUYTIMBUMHU y (h1310JIOTIYHOMY Jiarma3oHl TeMIepaTyp, 10 TOBOPUTH PO
NEPCHEKTUBHICTh X BUKOPUCTaHHS JJIi JOCTAaBKM MEAMNpENapaTiB y KUBI
OpraHi3MHU.
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V]IK 678.664

MNIHONOJIYPETAHCEYOBUHHI KOMIO3MUIIIL 3 JAKAPEASUHOM
MEUYHOI'O ITPU3HAYEHHSA

Henucenko B.JI., 'anatenko H.A., PoxxnoBa P.A., Heuaepa JI.1O.
[HcTutyT XiMmii BUcokomonekysipHux cnonyk HAH Ykpainu
rozhnovarita@gmail.com

Po3po6eHo HOBI KOMMO3WINMHI Marepiaid 3 JakapOa3sMHOM Ha OCHOBI
ninonomiyperancedosu (IIIIYC). TIIYC orpumyBaiu Ha OCHOBI CyMilli
OJIIrOypeTaH 11130111aHATIB, CUHTE30BaHUX Ha OCHOBI 2,4-:2,6-
TONIyiJIeHAl13011aHaTy Ta Modiokcumpomnuienrmikomns MM 1002 1 MM 2002 y
criBBigHomeHHl 1:1. BceranoBneno, mo kommosunii IIIIYC 3 pgakap6azuHom
3/1aTHI J0 MPOJOHTOBAHOTO BUBIJILHEHHS JIIKAPCHKOI PEUOBHHHU, sike Ha 14 100y
ctaHoBUTh ~ 64 %. Poszpobneni I[IIIYC 3 nakapOa3MHOM € NEpPCHEKTHBUMU
MarepiajlaMH ISl BUKOPHCTaHHS SIK IMIUIAHTATH JJIs HIeH 0(QTaaIbMOJIOTTYHOL
X1pyprii.

Kntouosi cnosa: miHONMONypeTaHCEUOBUHA, JTakapOa3uH, KOMITO3UIIMHUI
Marepiall, JMHaMiKa BUBLIbHCHHS, IMILJIAHTAT.

It was developed a new composite material with Dacarbazine based on
polyurethane urea foam (PPUS). PPUS was obtained on the basis of a mixture of
oligourethane diisocyanates synthesized on the basis of 2,4-;2,6-toluene
diisocyanate and polyoxypropylene glycols Mw 1002 and Mw 2002 in a ratio of
1:1. It was found that PPUS compositions with Dacarbazine are able to prolong
the drug release that on 14 day is ~ 64 %. The developed PPUS with Dacarbazine
are promising materials for use as implants for ophthalmological surgery.

Keywords: polyurethaneurea foam, Dacarbazine, composite material, drug
release, implant.

B ocranHiif yac 1OCATHYTI 3Ha4YH1 YCIIXU B 00JIaCTI CUHTE3Y 010CyMICHHUX
MOJIMEPHUX ~ MaTepiaiiB. 3AiliCHEHa MOXJIMBICTh HaJaHHSA MOJIMEPHUM
IMIUTaHTaTaM JIIKyBaJbHUX BJIACTHUBOCTEH B pe3ysbTaTi XIMIYHOI abo0 (i3udHOi
iIMMOO1MI3a1li 01070T1YHO aKkTUBHMX pedoBHH. [1, 2]. Ilpu upomy, JikapchbKun
npernapar He 3B’S3aHMM 3 MOJIMEPHOI0 MAaTPHIICI0 KOBAJEHTHO, MOCTYIOBO
nudyHAY€E B CEpEOBUINE OpraHi3My MpH IMITIAHTAIli eHaonporesy. Jlikapchkuii
npemnapar, XiMiYHO IMMOO1TI30BaHUN Ha MOJIMEPHOMY HOCIT XapaKTepu3yeThCs
OUTBII MPOJIOHTOBAaHUM BUBUIBHEHHSIM B OTOUYIOYl TKAHUHHU.

Ha cboroani icHye HEOOXiAHICT B CTBOPEHHI HOBHMX IMIUTaHTAIlIMHUX
MatepiaiB s HoTped ohTaaTbMOJIOTI 3 MPOJIOHTOBAHOIO JIIKYBAJIBLHOKO JI€I0, K1
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Morii O OyTM  BHUKOpPHCTaHI IpU  MPOBEACHHI  PEKOHCTPYKTHUBHO-
BiTHOBJTIOBIBHHUX OTICPAIlii Ha OKYJIOOPOITABbHIN AisHII [3, 4].

IMnmanTaniiHUN MaTepiad MOBMHEH BUKOHYBATH (YHKIIIO KapKacy s
BITHOBJICHHSI TKAaHUHHUX JE(PEKTIB, MATU MIKPOMOPUCTY CTPYKTYPY, MPOSIBISATU
010CYMICHICTh Ta MICIIEBY MPOJIOHTOBaHY JIKYBJIbHY Jil0 B 3aJIEKHOCTI BIJ
MICLIS Ta METU BUKOPUCTAHHS.

BpaxoByroun BuIlieHaBeAeHe, MeTa pOOOTH TojiArajga B po3podIi Ta
JOCIIIJIKEHH] BJIACTHUBOCTEM KOMIIO3MIIIM 3 TMPOJIOHTOBAHUM BHUBLIBHEHHSIM
nakapOa3uHy MEIUYHOTO MMPU3HAYCHHS Ha OCHOBI MIHOMOJypEeTaHCEYOBHUH.

Jlng ~ BUpINIEHHS  TOCTaBJI€HOI  METH  Ha  OCHOBI  Cymilii
onmiroyperagaiizomianatis  (OYIL]), cuHTe30BaHMX Ha OCHOBI 2,4-;2,6-
tonyinenaiizomianary (TI) ta nomiokcunponiienriikoais (ITOIT) MM 1002 1
MM 2002 y cniBBigHomeHHi 1:1, orpumano IIIIYC 3 BMIicTOM MiKapchbKOi
peyoBunu J{AK B kinbkocrti 0,5 mac. % Tta 1,0 mac. %.

Cuntez IIIYC mnpoBoawiM HUISXOM MOCTIJOBHOTO JOJIaBaHHSA O
peakiiiinoi cymimm OYIILl, cuHTe30BaHUX 3a MOJIbHOTO criBBigHOIICHHS T /]I
o ITOIIIN (MM 1002) sk 2,05:1 (OYAIL-1) Ta 3a MOJBHOTO CITiBBITHOIIICHHS
THI o ITOIT (MM 2002) sk 2,05:1 (OYAILL-2), oTpuMaHoi 3a CIiBBIAHOIIECHHS
mo Mmaci gk 1:1, 1 mac. % muctmnwoBanoi Boau t1a 0,7 mac. % VYII-606/2 3a
IHTEHCUBHOTO 3MIIIYBaHHS B (OpPMYBaJbHOMY CTAKaHYMKYy HPOTArOM 2-X
XBUJUH. TBEpIHEHHS peakIliiiHOI Macu BiIOyBaJIOCs 3a KIMHATHOI TeMIIepaTypu
IPOTATOM 24 TOOUH.

3a pe3ynbTaTaMd TPOBENCHUX TMOPIBHAJIBHUX BUIPOOyBaHb (Tabn. 1),
[TITYC 3 BmicTOoM nakapOa3uHy B KiJbKOCTI 1 mac. % MarwTh (i3MK0O-MeXaHiuHI
MOKA3HUKHU, 30KpeMa, BHCOKY €JIACTHUYHICTh Ta JOCTaTHI  MII[HOCTHI
XapaKTePUCTHKHU, SKI 3aJO0BUILHATH BUMOTH JI0 3aMIIIYIOUMX IMIUIAHTATIB IS
notped oTambMOJIOTIi MPU MPOBEJAEHHI BIIHOBJIIOIOUUX Ofepailiii Ha opOiTi Ta
OKYOJIOOPOITAJIbHIN AUISHIIL.

Taoauua 1
dizuko-MexaHiuHi BiracTuBocTi komno3uiii [TITYC 3 nakap6a3zunom

OVJIILI-1/ OV JILI- MinHicTh npu Bignocue Anresiiina
9 =1/1 pO3pHBI, T , MOJIOBKEHHS MPU MIIHICTD, 044505,
- MIla po3puBi, €, % MIla
IITYC 8,17 97,0 7,6
+ .9
HHYCH(I)A,j{MaC %0 9.9 913 5.3
+ 0
HHYCH{&(;{MaC. %0 78 100 45
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Merogom  [Y-cmekTpockormii — JOCHITKEHA  MOXJIHUBICTH  XIMIYHOI
iMMoOLmizanii makap6asuny mnpu orpumanHi [IIIYC kommosuniii 3 pi3HOIO
KUIBKICTIO JIIKapchKoi pedoBuHHU. [l BuBuYeHHs BIUMBY (B3aemonii) JIAK y
nporeci TyxaBinus OY Il OyB oTpumaHuii MOJAEIBHUN CKJIaa 31 30UTbIIEHUM
BmictoM JIAK (~1:1). Cmyru BaneHTHuX 1 AedpopmamiiHux konuBaHb JIAK
NOTpaIIsioTh Y cMyru ypetany, 1 10 % JIAK maiike He crocTepiraioThCsi Ha
crekTpi (puc. 1).

NOMMWHaAHHA ——

T T T T T T T T T T T
3500 3000 2500 2000 1500 1000
v,cM’

Puc. 1. [Y-cnektp kinetuku TyxaBinus OV JIIL] B Bosororo noiTps 31
36umbmenuM BMictoMm JIAK: 1 — Jlakap6asun (JIAK), 2 — OV L (Bux.) +/1AK,
3-TIIYC +IAK

Biaminnocti [Y-cmektpiB, ski mnoB’s3anHi 3 npucytHictTio [JAK B
KOMITO3MIi HacTymHi: cmyra v xommBans NH, JAK 3424 cm™ smictumach y
06macTh HU3bKHX dacToT 3380 cM™, mo MoXe OYTH MOSCHEHO YTBOPEHHSM
BoaHeBUX 3B s13KiB rpynu NH, JIAK B kommo3wuitii.

Ha IY-criekTpi HasiBHA myxke c1abka cMyra ve-o 1710 em™ (puc. 1, kpusa
3), ajge 3’sBMIACH IIMPOKA CMyra 3 MakCHMyMOM HpH 1669 cm™, siKy MOHa
BiJHECTH SIK CyMapHY CMyTY KOJHBaHb Vc-o 1672 cM™ JIAK, Syn. 1653 em™ JJAK
Ta Vc—o 1660 emt ce4oBuHHU, abo sk pesynbTaT B3aemojii C=0, NH, JIAK 3
MOJIIMEPHOIO MATPUIICI0. AHAIIOTTYHUIA TIEPEPO3MOLT CIIOCTEPIrae€Thcs B 001aCTi
Snhe (cKagaa cMyra 1630-1695 em™). Cmyra 1672 M 3HHKA€ YH IEPEXOIHUTD y
cMyry 1652 em™ um 1648 cm™. 30BCiM He BHIHO CMYT BaJICHTHUX KOJNHMBAHb IPYII
COOH a6o COO™ IAK.

3a  pesynapraTamu  [Y-CHEKTPOCKONMIYHMX  JOCHIJKEHb  BBEIEHHS
nakapOasuny npo ckiaay I[HIYC wmoxe NpUBOAUTH 10 3MIHH CTPYKTYpH
KOMIO3MIIIITHOTO MaTtepialy Ta BJIACTUBOCTEM SK 3a paxyHOK XIMIYHOI
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iIMMOO1TI3aIlli JakapOa3uHy, Tak 1 301IbIIEHHI KUIBKOCTI MIDKMOJEKYJISPHUX
BOJHEBUX B3a€EMOJII.

Jlns mocnipKeHHs JUHAMIKM BUBLIBHEHHS jJakapOasuHy OyJlM OTpUMaHi
nBi cepii IIITYC, cuntezoBanmx Ha ocHOBI OY/III-1 ta OYIII-2 sx 1:1, ski
MICTSTh AakapOa3uH y kiibkocTi 0,5 mac. % (IIITYC-1).

JI71s1 OIIIHKYM CTATUCTUYHO1 BIPOT1AHOCTI JOCIIKYBAJIHU 110 3 3pa3Ku KOXKHOI
cepii, Ta xKoHTponbHUI 3pa3zok [IIIYC Ge3 makapOasmny. Kosken 3pa3okx OyB
NOMIIIEHUI B OIOKC 3 MPUTEPTOIO0 MPOOKOIO, A0JaHO 1Mo 20 MJI AMCTHILOBAHOI
Boau. [HKyOaIis 3pa3kiB MPOBOAMIACE Yy TEpMOCTaTi 3a Temneparypu (37+1) °C.
[lepioguuHO pO3YMHM 3MBAIH 1 JOCTIIKYBAJIM CIEKTPH MOTTIMHAHHS. SIK po3unH
MOPIBHSIHHSL 3aCTOCOBYBAJIM BUTSDKKY 3 KOHTPOJBHOTO 3pa3ka. BuBLIbHEHHS
nakapOa3WHy B PO3YMH BUBYAIH CIEKTpodoromeTprudHuM MeToaoM. CIeKTp
MOTJIMHAHHS JJakapOa3uHy Ma€ MaKCUMYM TIPH TOBXKUH1 XBUI A=(32942 HM).

3a pesynbTaTaMH AOCTIJKEHHSI JTUHAMIKH BHUBUJILHEHHS JakapOasuHy 31
3paskiB IIIIYC BcranoBneno (puc. 2), mo Ha 1-3 100y iHKyOalii BUBLIbHEHHS
JKApChKOi PEYOBHHHM JIJIs1 000X cepiil 3pa3kiB HE3HAYHO BIAPIZHSAETHCS OJUH Bijl
OJTHOTO.

70 -

60—: /°

50 4 ./ l

N\

40
30

20

Buxip aakap6asunHy, %

10 4

-10 T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16
Mepioa BMBiNbHeHHs, goba

Puc. 2. /luHamika BUBIJIbHECHHS JTakap0Oa3uny 3i 3paskis [1ITYC in vitro:
1-TII1YC-1, 2 - TIITYC-2

[Ipote, Ha 5, 7 Ta 14 100y JOCTIKEHHS CIIOCTEPIraeThCs OLTBIIT BUPAKEHA
KapTWHA BIJIMIHHOCTEW B TMPOIIEHTHOMY CITIBBIAHOIIEHHI. 3pa3ku APYyroi cepii,
K1 MarOTh OUTBIIMI BMICT JakapOaszuHy B kommosuilii (1 mac. %) Ha 14 no0y
MalOTh OUIBIIUI MPOLIEHT BUXOMY, SKHM CTaHOBUTH ~ 64 % Ha BIAMIHY BiA
3pa3KiB TepIioi cepii, 0 € JOCTAaTHIM JUJIS MICIEBOTO IPOJIOHTOBAHOTO
JIKYyBaJIBHOTO BIUIMBY B pa3i BUKOPUCTAHHS 32 TPU3HAYCHHSIM.
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Takum uymHoM, Ha ocHoBl cymimi OY/JILl, cuHTe30BaHMX Ha OCHOBI
2,4-;2,6-T/II ta momiokcumnporminenriikoms (ITOII) MM 1002 i MM 2002 y
criBBigHOIIEHHI 1:1, CHHTE30BaHO IHOMOJIYPETAHCEYOBUHU 3 BMICTOM
JIKapCchKOi pe4OBUHU AakapOa3uny B KinbkocTi 0,5 mac. % ta 1,0 mac. %.

3a pesynbratamu (Qizuko-mexaHiyHux BunpoOysanbs [IIIYC 3 BmicTom
nakapOa3uHy B KimbkocTi 1 mac. % MaroTh MinHIicTs npu po3pusi 7,8 Mlla,
BiIHOCHE To/I0BX)eHHs Tipu po3puBi 100 % ta aaresiriny mimHicTh 4,5 Mlla, sxi
32JIOBUTHHSATH BUMOTH JI0 3aMINIYIOUMX IMIUTAHTATIB I 1OTped odTaabMoIorii
IIOJI0 MPOBEACHHS BIAHOBIIOIOUUX OIEpaliii Ha opOiTi Ta OKYyJI000pOiTaNbHIN
JUJTSTHITL.

3a pe3ynbTaTaMyd JOCHIIKCHHS JWHAMIKM BUBUIBHEHHS JIIKapChKOi
pedoBHHM — Jakap6a3uny 31 3pa3kiB [IITYC, cuntezoBanux Ha cymimn OYIJIL ta
BMICTOM JIiIKapchbkoi peuoBuHU B kommno3uilii 0,5 ta 1,0 mac. %, BCTaHOBIIEHO, 1110
xomno3uiii [IITY C 3 6inbmuM BMicToM nakap6aszuny (1 mac. %) MaroTh OUIbIIMIA
IPOLIEHT BUXOAY JIKAPCHKOI peyoBUHH, siIkMi Ha 14 100y cranoButh ~ 64 %.
Po3pobneni IIIIYC 3 pakap6a3uHOM € TMEPCHEKTUBUMHU MaTepiajlaMd JJis
BUKOPUCTAHHS SIK IMIUIAHTATIB JIs 117Iel 0TaabMOJIOTIUHOI Xipyprii.
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MOJUPIKYBAHHA ITPUPOJHUX NEOJITOBHUX ITOPILJ
3AKAPIATTS SAK NOTEHIIMHAX COPEEHTIB
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«KuiBchkuii monmitexHiuHui IHCTUTYT iM. [ropst CikopcbKoro»

Ikpg@ukr.net

[IpupoaHi 1I€OTITH CYTTEBO JICIICBII 3a CHHTCTHYHI, OJHAK, IiX
3aCTOCYBaHHS B POJII COpPOCHTIB € OOMEKEHHMM 13-3a HENIOJIKIB TOPUCTOL
CTpYKTypu. MeToo aaHoi poOOTH OyB CHUHTE3 CpIOJIOBMICHUX HPHUPOJIHHUX
LEOJITIB 3akapnarTs 3 TMOKpPAIIeHUMHU TMOPUCTUMU XapaKTEPUCTUKAMU SIK
NOTEHIITHUX COPOEHTIB 13 aHTUOAKTEplaJbHUMHU BJIACTHUBOCTIMHU. Y pe3yJbTaTl
YOTUPUKPATHOI OOpOOKM MOPOAM  ETHICHIIaMIHTETPAOLTOBOK  KHCIIOTOIO
36ibIIeHo THTOMy moBepxHIO 3a BET Bix 12 mo 88 M%/r, a 06°eM MiKpomop Bix
0,002 10 0,036 cm’/r. HaneceHo cpi6io mpocouyBaHHSM i3 pO3UMHY HITpaTy 3
TEPMIYHUM PO3KJIaIOM OCTAaHHBOTO.

Knwouosi  cnoea: 1eonith NOpUPOIHI, MOAMMPIKYBAHHS  KHUCJIIOTHE,
XapaKTEePUCTUKHU TIOPUCTI, CPi0Jia HAHECEHHS.

Natural zeolites are significantly cheaper than synthetic ones. However,
their use as sorbents is limited due to the shortcomings of their porous structure.
The aim of this work was the synthesis of silver-containing natural zeolites from
Transcarpathia with improved porous characteristics as potential sorbents with
antibacterial properties. As a result of four treatments of the rock with
ethylenediaminetetraacetic acid, it was possible to increase the specific BET
surface area from 12 to 88 m?/g and the micropore volume from 0.002 to 0.036
cm®/g. Silver was applied by impregnation from a solution of nitrate, followed by
thermal decomposition of the latter.

Keywords: natural zeolites, acid modification, porous characteristics, silver
impregnation.

Ha croromni BijoMo moHaa BICIMAECST THITIB MPUPOJHHUX HeoiiTiB [1, 2].
JloHegaBHA II€0TiTAMH BBAYKAIH JIMIIEC AJTFIOMOCUIIIKATH, TOA1 SIK OCTAHHIM Y4acoM
OyJ10 CYyTT€BO PO3LIUPEHO II€ TTOHATTS, a TOMY I[€0JIiTAMH HAa3UBAIOTh MaTepialiy,
10 BMIIIYIOTh W 1HII XIMI4HI €JIeMEHTH, HallpUKJIaJl, repMaHiid, radHid, TUTaH,
OJIOBO TOIIO 3 TETPASAPUIHOIO KOOPAUHAIIIEIO [3].
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HajinomupeHimyumMn y OpUpoji € IeoiTH aJFOMOCHIIKATHOrO THIY. 1X
BAXJIMBOIO XapaKTEPUCTHKOIO € BMICT KPEMHII0 Ta AallOMIHIIO Yy Kapkacax
MiHEpaiiB, 30kpeMa ix BigHouieHHs (Si/Al). 3a UM MOKa3HUKOM II€O0JIITH YMOBHO
JUISITH Ha TPU OCHOBHI TPYNHU: BUCOKOKPEMHIEBI (KIMHONTHIIONIT, MOPICHIT,
dbep’eput, TeHIaHIUT); OpOMiKHOro Ty (odpeTuT, ¢oxa3ut, madasur,
(bUIIICHUT); BUCOKOAIOMIHIEB] (HATPOJIT, CKAJIE3UT, TOJIECOHIT, JIU30JIIT).

3aranpHa hopmya meouitiB: Mey,O (Al,O3 xSi0, .yH,0,
ne Me — nyxHuii Ta/abo ny)HO3eMenpHUH MeTan (mepeBaxkHo Me — K, Na”,
Ca®*, Mg®"), N — cTymiHb OKHCHEHHS METay.

XapakTepHOI0 OCOOIMBICTIO I[EOJIITIB € BUCOKA YIMOPSAIKOBAHICTh 00’ €MHOT
CTPYKTYpH, C(HOpPMOBAHOI alIOMOCUJIIKATHUM  KapKacoM, 3aBISKH YOMY
YTBOPIOETHCSI CUCTEMA IOP PI3HOTO PO3Mipy (Makpo-, M€30- Ta MIKPOIOp) 3
BIJINOBITHUMU BXIJTHUMHU «BIKHaMM». 3a3BUYall KaHaIW, MOPU YU MOPOKHUHU
3alOBHEHI TaK 3BaHOIO «IIEOJIITHOIO BOJIOIOM.

O0’eMHYy CTPYKTYpY LIEOJIITIB YTBOPIOIOTh IEPBUHHI CTPYKTYPHI €1EMEHTH
— QJIFOMOKHMCHEBI Ta KpeMHikucHeBl Terpaeapu SiO4 Ta AlOy, K1 3’€qHAH1 MK
co00I0 CHIJTPHUMHU aTOMaMH KUCHIO [4, 5]. 3aBAsSKU TeTpaeIpuuHii KOOpAUHALT
ATIOMIHIIO KapKac [EONITY XapaKTepU3ye€ThbCsl BIJ €EMHUM 3apsijioM, SKUH
KOMIICHCYEThCSI 10HAMU K", Na*, Ca2+, Mg2+ tomto. i 10HM 37aTHI OpaTH y4acTh
B OOMIHI Ha €KBIBAJICHTHY KUIbKICTh 1HIITUX KaTIOHIB 3 BOJHUX CEPEIOBUIII.

OnHi€ero 3 HaWBAXJIMBININX BJIACTHBOCTEH IICOJIITIB € COpPOIliiiHA 31aTHICTh
II0JI0 PpI3HUX CHOJAYK. BoHa BH3HAYAETHCS BEIMYUHOI e()EKTHBHOTO
(EKBIBAJICHTHOI'0) JlaMeTpa BXIIHUX «BIKOH». 3a X pO3MipaMu LEOJITH YMOBHO
NOAUIAIOTE HAa  MMPOKONOPHUCTI  (doxkazutr, oQpeTutr); CeperIHbONOPUCTI
(KIMHOMTUIIONIT, MOPJIEHIT; I1a0a3uT, €pIOHIT) Ta BY3bKOMOPHUCTI (QHAJBLMUT,
(bUTIIICUT, HATPOJIIT, TOHCOMIT, CTHIILOIT).

3aragpHOBIJOMOIO OCOOJIMBICTIO LIEOJITIB € TAKOXK iX BHUCOKa XIMIYHA Ta
TepMiYHa CTIMKICTb. BOHM HEPO3UMHHI y pO3YMHAX KHCIOT, JYTriB, COJIEH,
OpraHiYHUX PO3YMHHHMKAX, BUTPUMYIOTH Temreparypu no 500 °C. Hampuknan,
HaWO1IbIIa TEPMOCTIMKICTS MPUTAMAaHHA KITMHONTHIONITY — oHax 500 °C.

JloBoJIi IMpPOKE 3acTOCYBaHHS Yy PpI3HHX cdepax OTpuMaB IEOJIT
reiaHauToOBO1 IPYyNH, a caMme, KIMHONTUIomT [6—10]. BiH HaneXuTh 10 OJTHOTO
3 HAUMOIIUPEHIIINX Y BCbOMY CBIT1 BUJIIB IPUPOJHUX LIe0miTiB. HasgBHUM BiH 1 B
VYkpaini.

Meroto naHoi pobotu OyB CHHTE3 CPIOJIOBMICHUX MPUPOJHUX LEOMITIB 3
MOKPAIICHUMH TOPUCTUMH XapaKTEPUCTUKAMHU SIK TIOTCHIIMHUX COpPOEHTIB 13
aHTUOAKTEPIATbHIMH BIACTHBOCTSIMHU.

BuxinHoroo nopoaor OyB IEOJIT TUMY KIMHONTHIOMT COKUPHULIBKOTO
ponoBuiia 3akaprarcekoi obmacti (3pasox Ki). Horo mompiGHioBanu Ta
BiAcitoBaM (¢pakuiro po3mipom 0,5-1,0 mm. JlaHuwii 1eosiT Mae BiTHOCHO
HeBeNWKi mopu (3—5 HM), M0 MOTIPIIye HOTO BIACTUBOCTI sIK copOeHTa. Tomy
MIEPIIOI0 CTaier0 MOAN(IKYBaHHS OYI0 PO3IMIMPEHHS MOP.
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OcraHHE MOXKHA 3JIMCHIOBAaTH PI3HUMH METOJIaMH: ILIAXOM OOpOOKHU
MIHEpPAJIBHOI KHCJIOTOIO 3 METOI JCaTIOMIHYBaHHS, TEPMOIapooOpoOKOI0,
00poOKkor0 syramu 3 MeToro AecuiiniroBanHs [11-12]. KoxkeHn 13 3a3HaueHUX
METO/IIB Ma€ CBOi mepeBaru Ta Hemoiiku. [lix yac oOpoOKH 1E0iTy CHIBHUMU
KHCIIOTAMU  CIOYaTKy TPOXOJUTHh JEKATIOHYBaHHSA, Jami  BigOyBaeTbcs
JeaTIOMIHYBaHHSI KapKacy, a Ha 3aBepllajbHOMY eTamli Mo)Xe pyHHyBaTucs
KapKkac 3 yTBOpeHHsIM amop¢Hoi ¢a3u. Bukopucranus ciaOKux KHCIOT CHpHUSE
IpolieCcy JIeKaTIOHYBaHHs, a JICATIOMIHYBaHHS MPAKTUYHO HE BiIOYBAETHCA.
[lepeBaroro 3actocyBaHHs eTwieHmiaminTeTpaonToBoi kuciaotu (EATA) €
MO>KJIMBICTh MPOBEJACHHS OJHOYACHO MPUOIM3HO CHIBMIPHOTO JEKaTIOHYBaHHS
Ta JeaJlOMIHyBaHHs 0e3 pyiHyBaHHsS CcTpykTypu. Came ocTtaHHiil meTon i1 Oyso
o0OpaHo 151 MOJIU(IKyBaHHS.

Meroauka feantoMiHyBaHHS 3BOJIMJIACS IO AUCTIEPTyBaHHS 1IEOJITY Y BOJI
y IUIOCKOJIOHHIA KOHIYHIM K001, aojgaBaHHd kpuctamiuHoro EJ[TA Ta
KUTT SITIHHS CyMmimni BOpoaoBk 3 roauH. Ilicims doro 3pa3ok BigMUBa M Ta
BU3HAYAJIM 3MIHY XIMIYHOTO CKJIQJy METOJIOM PEHTIeHO(IyOpHUCIIEHTHOTO
anamizy. Takux oOpoOok OyJi0 3/11iICHEHO YOTHPH 13 3arajlbHUM 4acoM 0OpOOOK —
12 ronuH.

3rifHO 3 JaHUMU PEHTTeHOMIYOPUCIEHTHOTO aHali3y B Pe3yJbTari
YOTUPUPA30BOi OOPOOKH aTOMOCHIIKaTHUNA MOAysb 3pic Bix 7,3 1o 8,7, ToOTO
Oyrno BupaneHo Onu3bko 20 % amrominio. [Ipu 1pomy BiIOyBasiocsi HE JIUIIE
BUJIAJICHHS YACTUHM aJIOMIiHIIO, aje W 3MiHAa KaTIOHHOTO CKJIaay: HECYTTEBO
3MEHIIUBCS BMICT Kamito (Bix 2 10 1 %), 3aydimuBes ¢cTablIbHUM BMICT MarHito,
TOJ1 SIK KaJIbIIIM Ta 3a1130 BTpavaancs CUIbHIIIE.

IIpo edexTuBHICT, mpolecy AcallOMIHYBaHHS CYJIWJIM 3a 3MiHAMU
COpOIIIMHMX  BJIACTMBOCTEM  3paska. [3oTrepma  HU3BKOTEMIIEPATYPHOL
azcopOii/aecopOuii azotry ob6pobneHoro 3paszka (Kn-4Ac) mae OuUIbITy METIIO
TiCTEPE3UCy Ta XAPAKTEPU3YETHCA CYTTEBO OUIBIIOI 3arajibHOI COPOLIHHOIO
emmuictio (puc. 1). SIkmo BuxigHa mopoga Mama mosepxio 3a BET 12 M/, T0
miciist 06poGoK BOHA 3pociia B ¢iM pasiB 10 88 M%/T (Ta6ur. 1). [ToBepxHs MiKpomop
36imbIIIIack 3 5 10 78 M/r, BimmosimHo. O6’eM Mikpomop 3pic y 18 pa3iB 10
0,036 cm/r.

[Y-cnexktp 3pa3ka B 001acTi BAJICHTHHX KOJMBaHb IEOJITHOI TPATKH
CYTTE€BUX 3MIiH Ticiasi OOpoOKM HE 3a3HaB, M0 CBIJYUTH MPO BIJICYTHICTH
amop(izamii 3pa3ka Ta 30€pEeKEHICTb HUM KPUCTATIYHOI CTPYKTypu. OnHak,
CIIOCTEPITAETHCS 3MIIMIEHHS OCHOBHUX CMYT BaJICHTHUX KOJWBAaHb aTOMIB Yy
TeTpaeapax y Oimbll BHCOKOYAcTOTHy o6macth 3 1050 mo 1055 cm™, mio
OB’ SI3aHO 31 3pOCTAHHSIM YaCTKU KPEMHII0, TOOTO aTFOMOCHIIIKATHOTO MOIYJISL.
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Puc. 1. [30Tepmu HU3bKOTEMIIEPATYPHOI acOpOITii 30Ty Ha BUX1/IHIN Ta
MoAu(IKOBaHIi Nopoi

Tabauusa 1
[TopucTi xapakTepuCTUKH 3pa3KiB L[EOTITIB

Simicros Vimicros | Vsum,
3pa3OK SkETS MZ/ r| S, MZ/ r ;TZI;:;O CIZ.!&C/? CI\TI%I;F Vimicrof Vsum, %
Kn 12 7 5 0,002 0,030 6,7
Kin-4Ac 88 10 78 0,036 0,061 65,6

Cp16710 HaHOCWIJIM HA 3pa3KU METOAOM MPOCOYYBAHHS 13 PO3YMHY HITPATY Yy
KibKocTi 1 % mac. y po3paxyHKy Ha MeTaliiuyHe cpiOjo. BiIHOBIIEHHS KaTiOHIB
cpibiia 70 METaJlYHUX YaCTMHOK MOJKJIMBE 3 BUKOPHCTAHHSM TaKUX BIJTHOBHHUKIB
K TiIpa3uH, acKopOlHOBa KHCIIOTa, Tra3onofioOHuii BoaeHb. Hamu Oyno
MEepeBe/ICHO KaTiOH cpibiia y HyJb BAJICHTHHM CTaH 3a PaxyHOK TEPMIUYHOTO
pO3KIaay HiTpary, mo BimOyBaeThes 3a Temmeparyp Buiie 350 °C 3a HACTYIIHOO
peaKIie€ro:

2AgNO; = 2 Ag+2NO,+0,.

HasBHicTh 1 % cpibia Ha 3pa3Ky M1TBEPIKEHO
PEHTTeHO(DITYOPUCIICHTHUM aHAJII30M.

Takum 4YWHOM, BHKOPHUCTaHA TIPOIEIypa HYOTHPUKPATHOI OOPOOKH
CTUJICHIaMIHTETPAOLTOBOIO KUCJIOTOK KIWHONTUIIOITOBOI OPOaU 3aKapraTTs
cnpusma 20 % M’SKOMy JCaJIOMIHYBaHHIO TOPOJM Ta  CYTTEBOMY
YIOCKOHAJIGHHIO  ii  TOPUCTUX  XapaKTEPUCTHK  3TIMHO 3 JaHUMU
HU3bKOTEMIEpATYpHOi ancopOuii azory. Taka mopoja micis HaHeCeHHs cpibia
OUIKyBaHO  MaTUMe€  aHTHOaKTepiaJibHI  BJIACTUBOCTI, IO  JO3BOJIUTH
BUKOPUCTOBYBATH 11 JJIs MiABUIIIEHHS SIKOCTI MUTHOI BOJIH.
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OPOTOKATAJJITUYHA KOHBEPCIA JIITHIHY I AI€IO
CUMYJBbOBAHOI'O COHAYHOI'O OITPOMIHEHHSA

"Kpamap A.C., ?Animtenko B.M., "Kysema I1.0.,
'Cmiprosa H.IL., *Jaryra I.B., *IBannikos P.B., linnik O.I1.
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? InctutyT (i3uKo-opraniduoi Ximii Ta Byraeximii
iMm. JLM. JlutBunenka HAH Ykpainu,
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okslinnik@yahoo.co.uk

JlocmipkeHo nporecu (pOTOKaTAIITUYHOI KOHBEPCIi JITHIHY Ha MOBEPXHI
pPI3HHX 3a CKJIQJIOM HAMIBIPOBIAHUKOBUX IUTIBOK. BusABIEHO, Mo MiJ [1€0
CUMYJIbOBAHOT'O COHSYHOTO CBITJIa OCHOBHUMH MPOAYKTaMHU (POTOKATATITUIHUX
MPOLIECIB 3@ YYaCTl IUIBKH JIOKCUY TUTaHY € CyMIll TiJpOKCUOEH30IIIB, MIIBOK
TUTAHATIB 3aji3a — p-KyMapwIOBUN CIUPT, Ta a30TOBMICHUX TUTAHATIB 3aii3a —
BaHIJIIHOBA KHCJIOTa. BcTaHOBJIEHO, 10 B pe3yibTaTi (HOTOKATATITUYHOI Jii Ha
noBepxHi mIiBkU Ti0, B1AOyBaeTbca pyiiHYBaHHS OCH30JIbHUX KUIELb MOJEKYJIN
JITHIHY, @ TATAHATH 3aJ113a CTUMYJIIOIOTh CHHTE3 apOMAaTUYHUX CKJIaI0BUX.

Knrouosi cnosa: nirnin, poTtokaTani3, mac-cnekrpometpis, BEPX.

Photocatalytic conversion of lignin over the films of different compositions
Is investigated. It is identified that the main products of photocatalytic processes
under simulated solar light are the mixture of hydroxybenzenes, p-coumaril
alcohol and vanillic acid using titania, iron titanates and nitrogen doped iron
titanates films, respectively. It is shown that benzene rings’ destruction of lignin
molecule occurs onto the surface of TiO, film, whereas iron titanates stimulate
the synthesis of aromatic compounds under irradiation.

Keywords: lignin, photocatalysis, mass spectrometry, HPLC.

HocnipkeHHs: epeKTUBHOCTI (POTOKATATITUYHOI KOHBEPCIi JITHIHY €
aKTyaJbHUM 1 TIEPCIIEKTUBHUM HAIpPSIMKOM «3€JIEHUX TEXHOJOri», 10
3YMOBJICHO MOKJIMBICTIO BUKOPUCTAHHS BIAMPAIbOBAHOTO MPOIYKTY MEPEpOOKU
pOCIMHHOT OioMacH B Tpoliecax CHHTE3y OpraHidYHuX pedoBuH. Bimomo [1-3], mo
nepedir mporecy HOTOKATATITUIHOTO TIEPETBOPEHHS JIITHIHY 3aJICKUTDH BiJl YMOB
MIPOBEJICHHSI €KCIIEPUMEHTY: CKJIaay (oToKaTaaizaTopa, KOHIICHTpAIlll JITHIHY,
JIOBXKMHU XBWJII ONPOMIHEHHS ToIlo. EnextponHa OymoBa ¢oTokarajizaTopa
BIUIMBAE HA CHEPril0 IIUPUHU 3a00POHEHOI 30HM Ta €HEPreTUYHI MOJIOKEHHS
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30HM TIPOBIJHOCTI 1 BaJEHTHOI 30HM, a TaKOXX BH3HAYA€ MEXaHI3M, SKUU
00yMOBITIOE CKJIaJT TPOIYKTIB peakiii [4—8].

Y nmaHii  poOOTI MpEACTaBICHO pPe3ydbTaTH JOCHIPKEHHS MO0
e(EKTUBHOCTI Ta CEJIEKTMBHOCTI (DOTOKATANITUYHOI KOHBEpCii JITHIHY Ha
noBepxHi iiBok TiO, Ta miIiBoK TUTAHATIB 3aii3a, HemMoaudikoBanux (TixFe,O,)
i MomudixoBanux azotoMm (N/TiFeyO,), min ni€r0 CUMYIbOBAaHOTO COHSYHOIO
OTIPOMIHEHHHI.

Meronuka onepxaHHS BOJOPO3YMHHOTO JITHIHY BKJIIOYala €KCTPAKIIIIo
no/IpiOHEHOT POCIUHHOI CHUPOBHUHHU (JUCTKM PHXKIIO TMOCIBHOTO) Macoro 30 T
npoTsiroM 6 roauH B anapati Cokcrera 3 Bukopuctanasim 500 v 96 % eranouy.
Cymim onepxanoi cupoBunu Ta 5 % HNO; (500 mu1) BuTprMyBaiu Ha BOJSHIMH
0ani ipu 80 °C mpoTsirom 3 ToauH npu noctiiHomMy nepeminryBanHi (300 06/xB).
OxonokeHy  peakuidHy  cymiml  BIAQUIBTPOBYBAIM  Ta  MPOMHUBAIU
JTUCTUIILOBAHOO BOJ00 HA (pinbTpi [lloTTa npu noHM>keHOMY THCKY. 3aJIMIIOK HA
¢GupTpl po3unHAIM 25 % poO3uMHOM amiaky g IEpPEBEJCHHSA JITHIHY B
BOJIOPO3YMHHY (opMy aMOHI€BOI €Ol 3 HACTymHOKO (UIbTparieo Ta
BUTapoBaHHAM. Ppakiris JIrHIHY 3HaX0oAmIach y hopmi piguHu (0Jis).

CuHTe3 IUIIBOK 3/1MCHIOBABCS BIJMOBIAHO /10 METOJUKH, OIMYyOJIIKOBaHOI B
Hamux podotax [7, 8].

@DOTOKATAMITAYHI JTOCHIIPKEHHS NPOBOAWIM B KBAapLOBOMY PpPEAKTOPI
BIIKpUTOTrO TUIy 00’eMoM 40 MJ, KMl BMIILIYBaB IUIBKY Ta PO3YUH JITHIHY
kouuentpamii (0,04 mn na 100 mn posuumny) mpu pH=2. [lepemimryBanHs
B1I0yBaNIOCh MpPH TOCTIMHIN TeMIiepaTypl peakiiiiHoro cepegosuia 293+1 K.
JlxepenomM  CBiTJIa ClIyryBajla KCEHOHOBa Jamma mnoTyxHictio 300 Br
(Sciencetech 101-9118, Kanama) 3 iagbTpoM CHMYJIBOBAHOTO COHSYHOTO
BUINIPOMiHEHHS. BifcTanb MiX JIaMIol Ta peakTopoM craHoBuia 20 cM. AHami3
po0, siKi BiOupanuch A0 Ta miciast 360 XB OMpOMIHEHHS, MPOBOAWIN METOIaMHU
YaCOMPOJIITHOI Mac-CIEeKTPOMETpii 3 JlazepHoro aecopOiriero/ionizamiero (JII
MC) 1 BucokoedektuBHOi piguHHOI xpomarorpadii (BEPX). JIJI MC
JOCITIIKEHHST TIPOBOIMIIN 3a AonmoMororo mac-criekrpomerpa Autoflex Il (Bruker
Daltonics Inc., Himeyunna), o61agHaHoro a3oTHuM Jazepom (337 HM). 3pasku
HAHOCWJIM Ha CTajJeBy MIIICHb Ta MiAJaBaid Ja3epHid mecopOrii/ioHizamii B
IMITYJIbCHOMY PEXHMI: TPUBAIICTh IMITYJIbCY Jla3epa ckianana 3 He, yactota — 20
['1. CnexTpu peecTpyBai y JIHIHHOMY PEXUMI 13 3aTPUMKOIO €KCTPAKIIi 10HIB
10 Hc Ta mpuckoprowouoro Hampyroioo 20 kB. Pe3ynbTyroui cnekTpu SBIISIH
cobor0 cymy 20 1HAMBIAYaJbHUX CIEKTPIB, OJEPKAHUX Yy pe3yJbTaTi
ONPOMIHEHHA 25 IMIyJlbcaMH y KOXHIM OKpeMmiil Toulll MilleHI 3 HaHECEHUM
3paskom. s BEPX nmocnimkens BukoprctoByBaiu xpomarorpad Agilent 1100
(Agilent Technologies, Himeuunna) 3 1i0oHO-MaTpUYHUM JCTEKTOPOM; KOJOHKY
Zorbax C18 4,5x250 MM 3 miameTpoM 3epHa 5 MKM, 00’€M 3aCOJIIOBaHOI MpooOu
CKiIagaB 25 MKJ; eNIOIOBaHHS MpoBoAWJIOCS BOAHMM po3unHoM 0,05 M
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dbochopHOT KUCTOTH; XpoMaTorpaMa JIETeKTyBajlacs Ha JTIOBXKUHI XBUJIl 206 HM 31
30epekeHHAM CrieKTpiB Y @-BUIMMOTO Jiana3oHy KOXHi 2 C.

EdextuBHicTh (OTOKATAMITUYHOTO TIEPETBOPEHHS JITHIHY 3a YydYacTi
IUTIBOK PI3HOI MPHUPOAM Ta CKJIaAy OLIHIOBAIU 3 aHamizy mac-crnektpis JIJAI MC
(Tabm. 1).

Taoaunsa 1
Aobcomoraa (1) Ta BimHOCHA (I, ) IHTEHCHBHICTH OCHOBHUX M/Z JIIHIH,
BIJIHECEHUX JI0 TIeBHUX HOHIB, y JI/II mac-criekTpax 3pa3ki 10 (1) Ta micis

(OoTOKATATITHYHOTO IEPETBOPEHHS JIITHIHY B IPpUCYTHOCTI TLTiBOK Ti0; (2),
TixFe,O, (3) 1 N/TixFe,0; (4)

I, BigH. o1, (Inig, %)
m/z 1 5 3 4 Ion
[CsH,0+H]"/
84,08 | 142 (49) 4840 (28) 3343 (18) [CaHsO,+HT"
95,06 840 (10) [CoHeO+H]"
104,12 10121 (59) | 821 (10) [C.H,05+H]"
110,05 906 (11) [CeH50,+H]"
[CeHsO3+H]/
127,06 830 (10) [CuHeO5+Na]"
[C6H902+Na]+/
136,05 838 (10) [CeH,Op+H]"
144,98 17223 (100) | 8542 (100) | 18287 (100) | [CeH,0,+K]
147,01 6652 (39) | 2774 (32) | 6547 (36) | [CgH,Os+H]
191,10 | 173 (60) | 1557 (9) 1220 | [CuuH1O5+H]'
193,12 1787 (10) 1182 | [CuHpOs+HT
207,13 | 135 (47) | 2290 (13) 1640 (9) | [CuH1O4+H]"
313,28 1398 2467 (29) [C1oH2004+H]"
341,34 1132 2428 (28) [CaoH200s+H]"
353,18 812 (10) [C21H00s+H]"
381,20 928 (11) [CaoH2006+H]"
413,22 1149 (13) [C2sH200s+H]
44941 | 156 (54) | 520 (3) 495 (3) | [CosHaOg+HI
457,27 | 289 (100) [C22H2O06+H]
465,34 | 180 (62) [CasH2000+H]"

Ax BuaHO 3 nmaHux Tabnuil 1, BiAOyBaeThCs MEpPEpoO3MOIIa BITHOCHOT
IHTEHCUBHOCTI HaWIHTEHCUBHIMIOTO MiKy (m/z 457,27) nnsa po34uWHIB JITHIHY
nicas  (OTOKAaTATITUYHUX MPOIECiB, NPUUYOMY aOCOJIOTHA 1HTEHCHUBHICTb
MakcuMajbHOro miky (m/z 144,98) € HaWiBUIIOI y BUMAAKY ONPOMIHEHHS B
npucytHocTi tiiBku N/TiFeyO,. Cruin 3ayBakuTd, WO MIKM 3 BHCOKHMHU
3HAQYEHHSMH M/Z MalTh HU3bKY BIJHOCHY IHTEHCHUBHICTh Yy 3pa3Kax Iicis
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onpoMiHeHHs y npucyTHocTi miiBok TiO; i N/TixFe, O, a Iy, mikiB 3 HIKUMMH
3HaUYCHHAMH M/z 30uTbITy€eThCsl. BucokoinTeHcHBHA cMyTa Tipu m/z 104,12, 1o
Bignosinae iony [C4H;O3+H]", Bkasye Ha QoTokaTamiTH4HI IepeTBOPEHHS
MOJIEKYJI JTITHIHY JI0 CIIOJIYK 3 MEHIITUMHU MacaMu 3a y4acTi mwiiBku TiO,.

VY po3zunHax A0 Ta micas (OTOKATATITUYHOIO IMEPETBOPEHHS JIITHIHY 3a
nonomororo Merony BEPX Oyio ineHTrdiKOBaHO Ta BU3BHAYEHO BMICT HACTYITHUX
peuoBuH: denon (OB1), BamimnoBa kucnora (OB2), pesopumnon (OB3),
p-kymapuioBuit ciupt (OB4) (Tabin. 2). ChniBcTaBieHHS! KOHIIEHTpALld peyOBUH
BKa3ye Ha Te, 10 HE Bi0YBaIOTHCS 3MIHU BMICTY (DEHOTY y PO3UHHI JITHIHY TIPH
doToKaTaTITHUHUX TpoOIEcax y MOPIBHSAHHI 3 BUXIAHMM pPO3YHMHOM. Bucoxwuii
BUX1]] BaHUTIHOBO1 kuciioTu (OB2) crioctepiraeThest B peakilii GoToKaTaIiTHYHOTO
nepeTBopeHHs y npucytHocti miiBok TiO, i N/TiFeyO,. HaltakTuBHimmmu s
cunTe3y pesopuunony (OB3) Bussmimuch wiiBku Ti0,, a p-KyMapuiioBOTO CIIUPTY
(OB4) — TixFeyO,. Takum unHOM, HallaKTHBHIIIOO IUIIBKOIO AJS CHHTE3Y CyMilli
peuoBrH OB2 1 OB3 npu QoTokaramiTHYHOMY MEPETBOPEHHI JIITHIHY BUSBHJIACH
wiiBka TiO,. Ilpu aii cMMyJTbOBAHOTO COHSYHOTO CBITJIa CHHTE3 BaHUIIHOBOI
KUCIIOTH 0e3 (hopMyBaHHS 1HIIUX MPOAYKTIB peaKilii Moxke OyTH 31HCHEHUN TpU
¢oTtokaranmituuHux nporecax 3a yudacti miaiBku N/TiFe,O,, a cunTe3 cymimi
PE30PLUHOIY Ta p-KyMapHUIOBOIO CIIUPTY — 3a y4acTi InBka TiFeyO,.

Tabauus 2
Konnentparist peuoBun OB1, OB2, OB3 i OB4 y po3uuHi JirdiHy 70 Ta
MICIIsl OMPOMIHEHHS Y IPUCYTHOCTI (pOTOKATAII3aTOPIB

doTokaranizaTop Konnenrpartist (MKr/min)

OB1 OB2 OB3 OB4
- 7,8 0,03 - 0,035
Ti0O, 8,1 0,11 0,04 0,025
TixFe, O, 7,9 0,01 0,01 0,090
N/TixFe O, 7,9 0,11 - 0,035

Takum 4YUHOM, CENEKTUBHICTH 1 €(pEeKTUBHICTHh (OPMYBAaHHS IMPOIYKTIB
dboToKaTaNMTUYHOT KOHBEpCIi JITHIHY 3ajieXaTh Bl CKIaAy Ta MPUPOIHU
dotokatamzaropa. Tak, HallakTUBHIIMUM (DOTOKATATIZATOPOM JJISI CHUHTE3Y
CyMillll TIAPOKCUOEH30J1B TpH (POTOKATATITUYHOMY IEPETBOPEHH] JIITHIHY €
wiiBka TiO,. CuHTE3 BaHIIIHOBOI KUCIOTH 0e3 (OpMyBaHHS IHIIMX MPOIYKTIB
peakiiii BiOyBaeThCs TpH (HOTOKATATITUYHHX TPOIlecax Ha TMOBEPXHI IUIIBKU
N/TixFeyO,, a p-kymapunoBoro cmupTy 3 3actocyBaHHsIM TixFe,O, mim mieto
CUMYJbOBAHOTO  COHSYHOTO  ONpPOMIHEHHs. BcTaHOBIEHO, 10  PO3KJaj
apOMaTUYHUX KOMIIOHEHTIB MOJIEKYJIH JITHIHY B1AOYBAa€ThCS MEHII €()EKTUBHO Y
MPUCYTHOCTI IUTIBOK THUTAHATIB 3amiza B mopiBHSAHHI 3 Ti0,, MO € KIH04Y0BUM
MOMEHTOM JUIsl X BUKOPUCTAaHHS B (POTOKATATITUYHOMY CHUHTE31 apOMaTHUYHUX
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crioytyk. PyliHyBaHHSI O€H30IbHUX KIJIEIb MOJICKYJIH, 110 BiI0YBAETHCS BHACIIIOK
doTokaTamiTHUHUX TpoIeciB Ha MoBepxHI IIBKA Ti0O,, € NepCrneKTUBHUMHU
mporiecaMu JJIsl CUHTE3y BYIJICBOJHIB, CIHPTIB, albJCTiAiB Ta amiaTUuIHUX
KHCJIOT.

PoGoty BukoHano 3a ¢inaHcoBoi miaTpuMku HarionaasHOrO GOHIY
nocmimkenb Ykpainun (mpoekt Ne 2020.01/0136 “EdexTuBHE BUKOPUCTAHHS
B1IHOBJIFOBAHUX POCJIMHHUX PECYpCiB Ta (DOTOKATATITUYHA KOHBEPCis OlomMacH sK
eKOJIOTO-IHHOBALlIMHI MiAX0AM Juisi 30epekeHHs MJOBKULIA Ta 0100e3meku
JTIOAUHN").
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SELF ASSEMBLY OF SURFACE ACTIVE FATTY ACID
ALKANOLAMIDES DERIVED FROM SIDE STREAMS OF THE
VEGETABLE OILS PRODUCTION IN TECHNICAL SYSTEMS

Bodachivska L.Yu.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
bodach@ukr.net

The surface activity of synthesed biosynthetic surfactants from side streams
of the vegetable oils production (bioFAA) was investigated. The surface tension
of aqueous solutions of bioFAA at the interface with air decreases from 43 to 35
mN/m, while the surface tension of hydrocarbon solutions corresponds to the
surface tension of solvent. The fatty acid alkanolamides can be used as
emulsifiers-stabilizers of invert dispersed systems to the development and
exploitation of gas and oil deposits.

Keywords: synthesis, surfactants, microemulsions.

JIOCHIPKEHO TIOBEPXHEBY AaKTUBHICTh CHHTE30BaHUX OI10CHUHTETUYHHUX
MOBEPXHEBO-aKTUBHUX PEUOBUH 3 MOOIYHUX MPOIYKTIB BUPOOHUIITBA POCTUHHUX
oniii (610I1AP). BcranoBieHo, 1110 mOBepXHEBUN HATAT BOAHUX po34nHiB 010[1IAP
Ha MEXI1 3 OBITPSIM 3HIKYEThCA Bil 43 10 35 MH/M, TO/1 SIK MOBEpXHEBUMN HATSIT
BYIJICBOJHEBUX PO3UMHIB HE3AICKHO BiJ KoHIeHTpamii OiolIAP Bimmosimae
MOBEPXHEBOMY HATATY YHCTOTO po34yrMHHUKA. [lokaszaHo, 10 ajkaHoIamiau
KUPHUX KHUCIOT MOXYTh OYTH BUKOPUCTaHI SIK €MYJIbraTOpHU-CTa0LIi3aToOpH
IHBEPTHUX JTUCIEPCHUX CUCTEM JJIsl PO3POOKM Ta eKCIUTyarallii ra30BUX 1 HAQTOBUX
POJIOBHILL.

Knrouosi cnosa: cunte3, MOBEPXHEBO-aKTHUBHI PEUOBUHU, MIKPOEMYJIbCI1.

Surfactants deriving from side streams of the vegetable oils production
(bioFAA) have been getting a considerable research attention as they are highly
biodegradable and safe for the environment. In addition, they exhibit enhanced
solubilization and structuring capacity, due to their very specific molecular self
assembly. BioFAA are emulsifiers-stabilizers for variety dispersed systems. To
this end, the exploration of their surface activity would the key for the targeted
synthesis of new surfactants with predictable properties.

To the best of our knowledge, there is limited or no information that related
to the synthesis and physicochemical properties of commercially available
emulsifiers from waste lipoid. It warrants the exploration of the synthesis
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methods and the availability of the feedstock to uncover potential ways to
manufacture and research non-food-competitive plant-based surfactants.

Phospholipids of phosphatidic sludge of the vegetable oils (PS) are some of
the best known natural self assembly surfactants. They are distributed in nature
and are the main structural components of the lipid matrix of biological
membranes. Research has accumulated extensive material on their structural
organization in different environments. These are monomolecular layers,
bimolecular  films, wvesicles, liquid crystals, organogels, emulsions,
microemulsions. The main factors of self assembly phospholipids are amphiphilic
since they consist of a hydrophilic polar head that is formed by a charged
phosphate group and two hydrophobic non-polar tails formed by the remains of
fatty acids. Due to their surface activity, PS were used in technological systems in
the oil and gas industry as ecologically safe surface-active substances. However,
emulsions and suspensions formed from the PS are not stable Therefore, we
synthesized surface-active substances that were carried out by the interaction of
PS with amines of different basicity and with the use of variety of catalysts.

Which synthetic method is the best? Among the variety of synthetic
approaches the amidation of vegetable oils allows to produce a unique group of
surfactants, namely fatty acid amides. These amides exhibit the high surface
activity and create very dense surface mono- and sometimes poly-layers of the
strong N-H---O=C hydrogen bonding between amide groups [1-3]. Such
assembly between phase surfaces provides a variety of functions, for example,
colloidal stability of emulsions. The production of FAA from refined oils is not
new and can be frequently found in the literature. The amidation can be
performed under acid- or base-catalyzed conditions using alkanolamines as
nucleophiles. With these versatile methods, there have been many surfactants
synthesized from rapeseed oil, and herein, it is anticipated that similar techniques
can be applied to convert non-food-competitive lipoid substrates.

Which type of non-food biomass is the best? While it is predictable that
common synthetic approach such as amidation can be adopted in the production
of surfactants from most lipoid feedstocks, it remains unclear which substrates
would be the most sustainable. Therefore, the total analysis of the harvesting of
lipoid crops, along with accompanying generation of the undervalued streams is
required and is represented hereinafter with a focus on Ukraine.

Synthesis of biobased surfactants. The synthesis of bioFAA was conducted
employing base-catalyzed amidation of PS by amines of different basicity
(monoethanolamine, N-(2-hydroxyethyl)ethylenediamine, N,N’-bis(2-
hydroxyethyl)ethylenediamine at al.). These syntheses were conducted by
reactions of known (mol) amounts of PS and alkanolamines under the action of
calcium hydroxide catalyst (1 : 3 : 0.4) as described earlier [1].

Results and Discussion. The main factors of self-assembly of synthesized
biosynthetic surfactants from side streams of the vegetable oils production are the
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presence of volume parts of different polarity: hydrophobic non-polar component
with hydrocarbon chains and polar hydrophilic functional component
(alkanolamide and oxyethyl groups). Also, the polar hydrophilic component of
the biosurfactant molecule are calcium glycerolphosphatides. Besides waste
remediation, the use of phosphatides enabled to create the mixed of nonionic
surfactant compositions with improved solubility in organic non-polar solvents.

The main distinguishing feature of surfactants is the ability to form
thermodynamically stable heterogeneous dispersed systems. The main
characteristic properties of surfactants are high surface activity and the ability to
self assembly of micelle formation. Micelle formation occurs at the interface
between “water-air” phases with minimal surface tension and the creation of
lyophilic or lyophobic colloidal solutions at surfactant concentration, an area
called the critical micelle concentration (CCM), below which micelles are
virtually undetectable and above — almost all surfactant added forms micelles.

Thereis a minimum surface tension required of bioFAA are 35-36 mN/m
at T=25 °C for critical micelle concentration formation. There is minimum
surface tension required of PS are 42-43 mN/m at T=25 °C for the critical micelle
concentration formation. As the temperature increases, the surface tension of
bioFAA decreases to 33-34 mN/m at T=50 °C, because the solubility of the
phases increases, thermal motion increases, the intermolecular distance increases
and the forces of attraction of biolipids molecules decrease (Table 1).

Table 1
Characteristics of the surface layer and critical micelle concentration formatiom
of agueous solutions of PS and bioFAA at the interface “water-air”

PS bioFAA
The degree .
T.°C | oo C, Seem C, G, Molecule | of filling of ;Z'SF”S;?]
mH/m | kmol/m® | mH/m | kmol/m® | kmol/m? | area, m? the mono P
layer, m
layer, %

25 425 | 6.6410* | 355 | 5.75.10% | 2.86E-08 | 5.81E-20 75.1 3.27E-08
35 420 | 6.7210% | 347 | 572.10* | 2.5E-08 | 6.64E-20 77.50 2.86E-08
45 414 | 69710% | 340 | 58210% | 2.27E-08 | 7.31E-20 79.12 2.6E-08
50 408 | 6.8810% | 334 | 6.1.10* | 2.08E-08 | 7.97E-20 80.52 2.38E-08

The value of adsorption limit G,, bioFAA is 2.86-10®° kmol/m? (T=25 °C)
and depends on nature and temperature of aqueous solutions bioFAA. With
increasing temperature value of adsorption decreases to 2.08:10° kmol/m?
(T=50 °C). The degree of filling of the mono layer of molecules bioFAA is
75.1 %, thickness adsorption layer bioFAA in the saturated adsorption layer —
3.27-10®° m (T=25 °C). The degree of filling of the mono layer bioFAA increases
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to 80.52 %, thickness adsorption layer decreases to 2.38:10® m with increases
temperature (T=50 °C).

The area of one molecule bioFAA in adsorption mono layer is 5.81-10%° m?
(T=25 °C) and in other classical surfactants is smaller, caused by their
streamlining, contraction and compaction. The area of one molecule esters of
saturated acids is 22-10%° m?, aminoamides of fatty asids of oils is 20.5-10%° m?,
alcohols is 21.6-10%° m?, oxyethylated diisononylphenol is 78-10%° m?[4].

As the surfactant concentration changes the micellar rearrangement is due
to the compaction of the adsorption layer and the processes that occur due to the
displacement of weakly bound water from the micelle. Dehydration of micelles,
reduction of interaction of surfactant molecules with water and strengthening of
lyophibic interaction lead to reduction of free surface energy of the system [4].

Water is a very important factor in shaping the structure of bioFAA
molecules thereby increasing their polarity. The polarity varies depending on
humidity and the presence of other related substances. They are involved in
intramolecular, intermolecular and intermicellar solubilization, and penetrate the
nucleus of the micelle, its shell and change the shape, energy of bonds inside and
between the micelles. The polarity affects the surface tension of bioFAA
solutions, namely when the polarity decreases and surface tension decreases.

In organic solutions, in which the inner part of the micelles consists of
polar groups, water molecules are solubilized. Polar organic substances are
incorporated between bioFAA molecules so that polar groups are facing the water
and lyophobic parts of the molecules are oriented parallel to the hydrocarbon
radicals of bioFAA molecules. In aqueous micellar solutions, insoluble
substances in water are solubilized if the inner nucleus of the micelle has the
properties of a nonpolar liquid. Nonpolar hydrocarbons, penetrating the micelles
are located in the inner hydrocarbon nuclei of the micelles.

The solubilization process is self assembly and reversible. At a given
temperature and concentration bioFAA, the solution is completely saturated with
solubilizate. At a result, we obtain stable microheterogeneous dispersed systems.

Preparation of reversed emulsions. To research emulsifying and stabilizing
properties of synthesized products, they have been used in the preparation of
reversed emulsion systems [5]. All emulsions were prepared by mixing known
amounts of surfactants (1.5-2.5 wt %, based on the emulsion), mineralised water
(a mixture of deionised water and calcium chloride; 50 and 7 wt %, based on the
emulsion, respectively) and hydrocarbon of phase (35.5-36.0 wt %, based on the
emulsion) for 2-3 minutes at agitation rate 5.000 rpm.

Pilot tests of well treatment technology with microemulsions using bioFAA
on cores of gas fields were carried out (Table 2).
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Table 2

Composition and technical properties of microemulsions prepared with bioFAA

Composition microemulsions Technical properties of emulsions
Solvent, - Increase
NN | Surfactant- | Aqueous Hydrocar- | = o4 : Stability | Elect- | Thermal | 5/ ¢
bon Visco- | to phase rical | stabilityat | .
0 product, | of phase, h . . - o displaced,
Wt % Wi.% of phase, sity, Pa-s | separation, | stability, | 80 °C, %
' wt.% days \% days
1 15 57 36.0 55 0.81 >90 60 >9 0.111
3 2.5 57 36.0 4.5 0.71 >90 220 >9 0.141
The increase in the hydrocarbons displacement ratio of the proposed

microemulsions is 0.111-0.141 %. These systems can potentially be applied as
technical fluids for oil and gas well exploitation.
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BIIJIUB XIMIYHOI MOJU®IKALIL KOHOILJISIHOI KOCTPHUIII
HA MEXAHIYHI BJTACTUBOCTI BIOKOMIIO3UTIB
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Meronom [Y-crekTpockorii TociipkeHo (QYyHKITIOHAI3AII0 MTONEePETHBO
Mepcepu3oBaHoi koHOIUIsIHOT kocTpulll (KK) emokcumoBaHoi0 COEBOIO OJI€IO
(ECO) Ta y-aminonponintpuerokcucuianoMm (AI'M-9). 3anexHo Big THITY
BUKOpPUCTAHOTO Moau(pikatopa (OpMYIOTbCS SIK BOJHEBI, TaK 1 KOBAJEHTHI
3B s13ku 3 KK. EnmokcuyperanoBi nojiiMepHi KOMIO3UTH 3 POCIMHHUMH OJISIMU Y
CBOEMY CKJIaJl, HarmoBHEH1 Moju(pikoBaHo0 KK, BUSBISAIOTH BUILY MIIHICTh NpU
3THHI Ta IPU PO3TATY, HIXK HAITOBHEH1 HEMOAM(1KOBAHOIO.

Knrouosi cnosa: xoHomisiHa KOCTpHIlA, (YHKI[IOHATI3AIllsl HAIIOBHIOBAYa,
XiMi4Ha MoIUdiKallis, ToJIMEpHI KOMIO3UIIIMHI MaTepiaiy, eNOKCUYpPETaHH.

The functionalization of previously mercerized hemp wood core (HWC)
with epoxidized soybean oil (ESO) and y-aminopropyltriethoxysilane (APS) was
investigated by IR spectroscopy. Depending on the type of modifier used
hydrogen and covalent bonds with HWC were formed. Epoxyurethane polymer
composites based on plant oils and filled with modified HWC showed higher
flexural and tensile strength than the ones filled with unmodified HWC.

Keywords: hemp wood core, functionalization of filler, chemical
modification, polymer composite materials, epoxyurethanes.

Konomnsna xoctpunisa (KK) — e monpioHeHa yacTiHA POCIMHHOTO cTeOIa
KOHOTIEJIb, YTBOPEHA ITiJT 9aCc HOro MEePBUHHOTO 0OPOOITKY SK MOOTYHHUIN MTPOTYKT
koHorsapcTBa [1]. Taki BiIxoau epeBaXKHO CHATIOIOTH [2], 0JIHAK, 3BayKalOuu Ha
JIEIIEBU3HY, JIETKICTh, BUCOKI T€pMO- Ta 3ByKoizoJsmiiHi BiactuBocTi KK, a
TaKOXX 3JIaTHICTh J10 Olopo3kianaHHs [3], il MOKHA BUKOPUCTOBYBATH SK IIHHY
BiJIHOBJTIOBJIbHY CHPOBUHY JIJIS HAIIOBHCHHS TIOJIIMEPHUX KOMITO3HIIIHHIX
MaTepianiB, HAMPUKIIA, A OTpeO Oy 1IBHUIITBA.

OxpiM 4YHMCIIEHHHMX MepeBar, pOCIMHHI HAlOBHIOBAaYl MArOTh 1 HEIOJIKH,
30KpeMa, BHACTIJOK MPUTAMaHHOI iM TiApO(]UIBHOCTI BUSBIAIOTH HEIOCTATHIO
JUIs1 3a0€3MeUYeHHs] BUCOKHMX MEXaHIYHUX MOKA3HUKIB B3a€EMOJII0 3 MOJIIMEPHUM
cnoiyunuMm [4]. Tomy mnommumpeHoro € XiMiuHa Mojaudikalis MOBEpXHI
BOJIOKHUCTUX HArOBHIOBadiB JyroMm (Mmepcepusailisi) Ta/abo OpraHiYHMMHU
criostykamu ((yHKITIOHATI3a1lis).
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Mertor naHoi po6oTu Oyyio MmpoaHami3yBaTH 3MIHM B XIMIUHIA CTPYKTYpi
MOTIEPETHBO MEPCEPU30BAHOI KOHOIUISIHOT KOCTPHUII BHACIIOK 11 MOIU(IKyBaHHS
aMIHOCWJIAHOM Ta EMOKCHJOBAHOIO COEBOIO OJII€I0 BIAMOBIAHO, a TaKOX
JTOCIIIATHA BIUIMB WX 3MIH Ha MEXaHIYHI BiIacTUBOCTI HamoBHeHUX KK
CMOKCUYPETAHOBHX MOJIMEPHUX KOMIIO3UIIIMHUX MaTepialiB.

OckiIbKM  TIOTIEpENH] JOCHIDKeHHs [5] mokaszamu, 1o Mepcepu3alis
KOHOIUISHOT KOCTPHUIII € e(QEeKTUBHUM CHOCOOOM BHJAJICHHA aMOPQHHUX
riapoPiIbHUX CKJIQJOBUX 3 1i TOBEPXHI, TO Haxall MOAU(IKYBAIM YKe
mepcepuzoBany KK (KK/M): pozunnamu enokcuaoBanoi coeBoi omniei (ECO) a6o
y-amiHomnporminTpuerokcucwiany (AI'M-9). Ximiuni 3mian KK, 3ymoBieHi
dbyHKIIOHATI3aMi€l0 i1 MOBEPXHI, JOCIIHKYBaald MeTofoM iHppadepBonoi (IU-)
cnekTpockomnii 3 Pyp’e NepeTBOPEHHSIM.

ECO wmictuth nosisipHi QyHKIIIOHAJIBHI TPYMHH, TaKl K €MOKCHUJIHI KIUJIbIIA,
3/1aTHI YTBOPIOBATH SIK BOAHEBI 3B'SI3KU 3 rifpokcuwiabHuMuU rpynamu KK, Tak 1
KOBAJICHTHI 3B’SI3KH 3 MOJIMEPHUM CIIOJIYYHUM, & OToKE — MOCHITIOBAaTH Mik(pa3Hy
B3aeMOJIit0 B OiokoMmrio3uTi. [U-cnektp koctpuili, o6podsienoi ECO (KK/ECO),
pa3oM 3 BUXIJTHUMHU PEUOBHUHAMU HABEAECHO Ha puc. 1.

D

1462 1158 }

l124:1 847/820
P, 3

s T i T N T . T b T 4 T T 1
4000 3500 3000 2500 2000 1500 1000 500
Vv, M

Puc. 1. [Y-crextpu: 1 — KK/M; 2 — KK/ECO; 3 - ECO

Amnaniz cnektpy KK/ECO (puc. 1, kpuBa 2) moka3zaB 3CyB MaKCUMyMy
CMYTH TIOTJIMHAHHS T1APOKCWIBHUX TPyt 3 3417 em™ s KK/M no 3393 cm™ y
OiK HIDKYUX XBUJIBOBHUX uncen. Lle moB’si3aHO 3 yTBOPEHHSIM BOJHEBUX 3B SI3KiB
Mk OH-rpynamu 1memtono3u Ta nonspuumu ckiagosumu ECO. Ha cnektpi
KK/ECO nasiBHa cmyra BajieHTHUX KoJuBaHb C=0 eCTepHUX Tpyl TPUTTIEPUIY
npu 1745 cm™. Cmyrn mornuHanus npu 1378 Ta 1462 oM™’ HanexaTh 10
cumerpuuHnx gedopmaniiinmx, a 1158, 1096 oM’ — 1o BameHTHHX
ACUMETPUYHUX KOJMBAaHb €TEPHOro YrpymnoBaHHs. CMyrud TMOTJIMHAHHA MPU
1244 cm™ ta gymmer npu 847-820 oM, xapakrepHi mis aedopMariiHuX
konmBaHb —C—O—C— rpyn OKCHpPaHOBOTO KUIbLSA, HasBHI SIK y CIEKTPl BHX1THOI
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ECO, Ttak 1 y cnektpi KK/ECO (puc. 1, kpuBa 3), 1m0 CBIAYHTH MPO T€, IO
CMOKCUHI TPYIH JIMINAIOTHCS HE3MIHHMMH Ta He B3aeMoxitoTh 3 KK ximiuHo.
[H111 HOB1 CMYyTHW TIOTJIMHAHHS, K1 O BIAMOBIIAIN 3a YTBOPEHHS KOBaJIGHTHHUX
3B’S3KIB MIXK IEJTIOJIO3010 Ta MOAU(PIKATOPOM, TAKOXK HE 3’ SBISIOTHCA.

[Ipu cunanizallii BUKOPUCTOBYBAIM Y-aMiHOMPOIUITPUETOKCUCHIIAH, SIKUM
Mae pi3Hl KIHIEBl peakIiiHO3MaTHI TPyInu, 3AaTHI B3aEMOJISATH SK 3
rigpokcunbiumMu  rpynamMu KK, Tak 1 3  (yHKIIOHaTbHUMH TpylnaMu
CMOKCUYPETAaHOBOI  TOJIIMEPHOI  MAaTpHIIL. XimiyHe  MoauQiKyBaHHS
OpraHOoCHJIaHaMU BKIIIOYA€ JEKUIbKa eTamiB: | — TiApoi3 eTOKCUTpyN CHIIaHy Y
BOJHOMY CEPEIOBHIINI 3 YTBOPEHHSIM BIIMOBITHUX CHJIAHOMIB;, 2 — amcopOris
CWJIAHOJBHUX TPYNl Ha TIOBEPXHI HAMOBHIOBaYa BHACHIIOK (HOpMYyBaHHS
BOJITHEBUX 3B’SI3KIB MK CUJIAaHOJIbHUMH Ta JiirHouentono3nuMu OH-rpynamu; 3 —
XiMiYHAa KOHJICHCAIs 3 YTBOPCHHSIM CHIIOKCAaHOBHX 3B’si3kiB  Si—O-Si Ta
IPHIIEIUICHHS Ha TIOBEPXHIO HAIIOBHIOBaYa 3 yTBOPEHHAM 3B’ s13KiB Si—0O—C.

HaiinomitHimi 3MiHu B [Y-cekTpl KocTpulll michs ii cuiaHizauii MOXXHA
crioctepirati mpu 1800—500 cm™, Tomy meramisoani crextpu KK/M i KK/C
MoJaHO caMme B I[bOMY Jiama3oHi (puc. 2, kpuBi 1, 2). 3Baxkaroud Ha 1CTOTHI
BiIMIHHOCTI B cTpykTypi KK 1m0 Ta micnsa dyHkiionanizanii, mopss 31 CIIeKTpOM
BUXIJTHOTO cumiiaHoBOro mojaudikaropa AI'M-9 (puc.2, xpuBa 4) 101aTKOBO
HABEJICHO TaKOX CHEKTP BIAHIMAHHA, TOOTO pi3HULIO Mk cnekrpamu KK/M 1
KK/C (puc. 2, xpuna 3).

T L T X T ¥ T ¥ T L T T T T T
1250 1500 12650 1000 e %0 1750 1500 1250 1000 750 500
)

Puc. 2. [Y-cnexrpu: 1 — KK/M; 2 — KK/C;
3 — BigaiManHsa KK/C Big KK/M; 4 — AT M-9

YV giamasomi 1150-500 cm™’ cmextpy KK/C (puc. 2, kpuBa 2)
CIIOCTEPIraloThCsl CMYTM KOJMBAHHS, XapakTepHi Uisl (parMeHTIB MOJIEKYJU
AT'M-9, o mictuts atom Si [6]. HeintencusHa cmyra mpu 860 cM™, xapakTepHa
s Si—OH rpym [7], Bkasye Ha wacTkoBwmii rifpomi3 cunany. Ilnede mpn 785 cm™
HaJexuTh 10 naedopmamniiinux konuBanb NHo-rpymu. Ilpore y cnektpi KK/C
MOMITHI He BCl cMyrH, nputamandi AI'M-9, iiMOBipHO, BHACTIIOK MEPEKPUTTS 3
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iHTeHCUBHUMM BiOpamiiitnumu cmyraMmu C—O-C 1menofio3y B TOMY  CaMo
miamnasoHi.

Ak mokazaHo Ha puc. 2 (kpuBa 3), micias XIMIYHOI (PyHKITIOHAJI3aIi
aMIHOCHJIAHOM Ha CHEKTpl BIAHIMAHHS 3 SBISAIOTHCA XapaKTEPUCTUYHI CMYTHU
norinvuHanHs npu 1143 ta 694 CM'l, SK1 CBIYaTh MPO HASBHICTH KOHACHCOBAHOI
cTpyktypu Si—O—Si Ha moBepxHI KOHOIUIIHOI KocTpulll. BogHouac cmyru mnpu
1192 ta 1004 cm™, BizHeceni 10 38’s13kiB Si—~O—C [7], MiATBEPIKYIOTH PEAKILiIO
MDK T1IpOJII30BaHUM CHJIaHOM Ta KocTpuuero. lle o3Hawae, mo Monexkyiu
MonaudikaTtopa Oyau YCHIIIHO NPHUIIEIUIEHI A0 TOBEpXHI KocTpuii. Cmyru
NOTJIMHAHHA 3 MakcumyMamu nipu 1570, 1484 ta 790 cm™’ e XapaKTepHUMU 1A
nedopmartiitanx kommBaHb NHo-rpyn [8]. Ix HasBHiCTH crnpusie nonaTKoBii
B3a€MO/IiT BHACTIOK opMyBaHHS BOJAHEBUX 3B’s3KiB Mixk NH, Ta 3anuiikoBumMu
OH rpymamu KOCTpHIl, a TaKOX — Hajall — 3 (PYHKIIOHAIBHUMHU TIpylnaMu
MOJIIMEPHOTO €MOKCHYPETAHOBOTO CIIOTYYHOTO.

JUist popMyBaHHS HAmOBHEHUX OIOKOMIIO3UTIB BUKOPHUCTAJIN JABA THUIH
OpraHO-HEOPTraHIYHUX  CHJIIIWBMICHUX €MOKCHYPETAaHOBUX  CIOJYYHHX 3
POCIMHHUMH OJISIMH y CBOEMY CKJaJl, B SIKMX CIIBBIAHOLUIEHHS HEOPraHIYHOI,
CIOKCHIHOI Ta 130IlaHaTHOI ckjamoBux ctaHoBmwiIo 20/80/20 MacoBUX YacTOK,
BIJIMOBITHO. HeopraHiyHoO CKJIaJ0BOIO OYB BOJHHM PO3UMH HATPIM CHITIKATY.
[30111aHaTHY CKJIAJO0BY OJIEpKYBajld METOJOM CHHTE3y MAakKpoi3olliaHaTy Ha
OCHOBI1 TOJI130111aHaTy Ta PHUIMHOBOI ofii y cmiBBigHOmEHHI 80/20 MacoBuxX
4acTOK. EMOoKcHypeTaHOBi CIIOJNyYHI BIAPI3HSUIMCS EMOKCHIHOIO CKIJIAJOBOIO:
nepiie — EV-1 — 6yno Ha ocHOBI cHHTeTHYHOT enokcutHoi emoiu EJ1-20, a npyre
— EVY-2 — na ocnosi ECO 3 npupoiHOi CHPOBHHH.

[Ticns 3MIIIyBaHHS CIOJIyYHOTO 3 HE0OpOOJIEHOIO abo
dbynkuionanizoBanoro KK (60 mac. %) 010KOMIIO3UTH OTPUMYBAJIH MIPECYBaHHSIM
3a temneparypu 140 °C Ta Tucky 10 Mlla. [Jlns oTpumaHux 3pa3kiB
O10KOMIIO3UTIB BUMIPIOBAJIM 3HAYEHHS MILHOCTI MPU 3TUHI Ta MILHOCTI MpHU
PO3TATY, SIK1 MMOJIaHO y Tabmui 1.

Taoauua 1
ITokazHUKK MIITHOCTI 3pa3KiB O10KOMITO3UTIB

MinHiCTb, Tun 6i10KkOMIO3UTY

Mlla EV-1/KK| EV¥-1/C | EY-1/ECO | EV-2/KK | EV-2/C | EY-2/ECO

npusruHi | 29,8412 | 30,8+1,8 | 32,2+1,8 28,0£1,2 | 353+1,5 | 34,6+1,3

mpu po3Tary | 9,9+0,9 | 13,8+0,6 15,1+2,2 14,4+0,6 | 18,0+1,8 17,9+2.5

Ax BuaHO 3 TabnuIi 1, BCi 610KOMITO3UTH, T1JCHIIEHI (PYHKIIIOHAII30BaHOIO
KOCTPHIICIO, MAIOTh BUII MOKA3HUKH SK MIITHOCTI TPU 3TWHI, TaK 1 MIIIHOCTI MPH
pO3TATY, HIXK TiJCUIeH] HepyHKIIOHAMI30BaHO!0. [le CBIAYUTh MpO MOMIMNIIEHY
MiXK(pa30By B3a€EMOII0 TMOJIMEP/HANOBHIOBAY Yy BUMNAAKY BUKOPHCTAHHS
aminocuiany yu ECO. Takox MOXHa MOMITHTH, 1[0 MIIIHICTh 3pa3KiB Ha OCHOBI
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EV-2 3 mnpupomHOI €NOKCHIHOK CKJIQJ0BOK 3arajioM € BHIIOK, HIX
BIJIMTOBITHUX 3pa3kiB Ha ocHOB1 EY-1, siki mictars cuaternunuii EJ[-20.

OTxe, BCTAHOBJICHO, IO XIMiIYHA MOJU(DIKaIlisd KOHOIUISHOI KOCTPHIII
3YMOBJIIO€ yTBOPEHHS HOBHX THIIIB 3B’S3KIB Ha 1i TOBEpXHI: BOJHEBUX 3
CTIOKCHJIOBAHOIO COEBOIO OJIIEI0 Ta BOAHEBHUX 1 KOBAJCHTHHX — 3 aMiHOCHJIAHOM.
B o00ox Bumankax ¢yHKIIOHamI3aMis MONEPeaHO MEPCEPU30BAHOI KOCTPHII
OpPTaHIYHUMH CIIOJyKaMu 3a0e3leduye BHINI MOKA3HUKA MEXaHIYHOiI MIIHOCTI
HallOBHECHUX  HEK  EMOKCHYPETAaHOBUX  OIOKOMIIO3UTIB  TOPIBHAHO 3
010KOMITO3UTaMH, HAITOBHEHUMH HEOOPOOICHOI0 KOCTPHIICTO.
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SYNTHESIS AND PROPERTIES OF COMPOSITE MATERIALS CLAY /
HYSSOPUS OFFICINALIS L./ SILICA
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Composite materials based on clays and vegetable raw materials are
offered. Kinetic studies of anthocyanin release have been performed.
Keywords: Hyssopus officinalis L., anthocyanins, clay minerals, Maris Sal.

3anponoHOBaH1 KOMITO3UILIIIHI MaTepiaJii Ha OCHOBI TJIMH Ta POCIHHHOI
cupoBuHU. [IpoBeieH] KIHETUYHI TOCTIKEHHS BUIICHHS aHTOIlIaHIB.

Kniouosi cnosa: Hyssopus officinalis L, anTorianu, rIMHUCTI MiHEpay,
Maris Sal.

At present, composite materials based on clay minerals (natural and
synthetic) are widely used in the pharmaceutical and cosmetic industry. The use
of such materials allows one to improve the quality of pharmaceutical and
cosmetic products due to their regulated dispersions (abrasives, fillers) and the
capability to form a wide range of compounds with inclusions of various
functional properties. The use of clay minerals for medicinal applications has
gained a great practical experience that confirms the need of further search of new
special-purpose compositions using raw materials of natural origin [1, 2].

The introduction of inorganic components (silica, coal, clay minerals) leads
to more effective mechanoactivation and stabilization of low molecular weight
components (e.g., vitamins) and biomacromolecules (proteins, fiber, pectin).

Highly disperse silica, clay minerals, and activated carbon are used as
enterosorbents and delivery substrates providing nanostructurization of
biocomponents. Therefore, their addition into the compositions allows one to
provide an enhanced therapeutic effect due to more effective release of bioactive
substances (BAS).

Composite materials studied include inorganic components (highly disperse
silica A-300, clay minerals) and bioactive one (Hyssopus officinalis L.). Hyssop
powder is derived from the Hyssop plant. This plant extract is full of vitamins
and minerals needed to improve the skin for optimal function. It is an effective
source of betulinic, ascorbic, glutamic, pectic, and fatty acids. Hyssop leaves
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and green stems contain many bioactive compounds like rosmarinic and caffeic
acids along with pinanones, Dbeta-pinene, limonene, pinocamphone, and
isopinocamphone, tannin, glycosides, flavonoids, and marrubin [3, 4].

Kaolin-based composites were prepared using a planetary ball mill (Retsch,
1 h, 450 rpm) to provide high degree of dispersion of components (Fig. 1). For
more effective release of BAS during mechanical activation in the drum was
added to 1 % Maris Sal.

MECHANOCHEMICAL ACTIVATION OF VINCAMINE
“CRITICAL” STEPS THAT REQUIRE ATTENTION

o o %
D s 2
4 : ~
° ‘A‘ @g
+
- . y ;
g. SELECTION CHARACTERISATION :
: OF OF :

CARRIER COGROUND SAMPLES

Fig. 1. Scheme of mechanochemical activation

The release of anthocyanins from the composite materials was investigated.
A sample of 1 g was placed into 250 mL Erlenmeyer flask and contacted with
100 mL 1 % hydrochloric acid. The 1 % solution was prepared from 35-36% HCI
(Avantor Performance Materials S.A., Poland). The process of extraction took
place for 1 hour. The UV-vis absorbance was measured using a Cary 4000
(Varian, Australia) UV-Vis spectrophotometer with the usage of 1 cm quartz
cuvettes. The 1 % HCI was used as a reference. The concentration of extracted
substance was calculated according the equation:

¢ =Agyo- 250 - 100/[453 -m- (100 — W)] - 1000,

where Asy is the absorbance measured at 510 nm, m is the sample mass, c is the
concentration of released cyanide-3,5-diglicoside (pg/g), W is the weight loss
during drying of the sample as a percentage. The results are presented in Table 1.

For the tested samples it is visible that values of extracted anthocyanin are
comparable. The effect of the addition of Maris Sal is also evident. Generally, the
addition of Maris Sal enhances kinetic release of cyanide-3,5-diglicoside. Thus, it
can be noted that the composition of the studied materials can strongly affect the
release of BAS after mechanical activation. The effect of Maris Sal is quite
specific due to its ion-exchange properties.
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Table 1
The results of kinetic release of cyanide-3,5-diglicoside from kaolin-based
composites with hyssop obtained by planetary ball milling

Sample C, ug/g

Kaolin/ Hyssopus officinalis L. 103.40

Kaolin/ Hyssopus officinalis L./Maris Sal 123.74

Kaolin/ Hyssopus officinalis L./SiO, 104.57

Kaolin/ Hyssopus officinalis L./SiO,/Maris sal 109.21

Hyssopus officinalis L. 160.92
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PEAKIIMHO3JATHI OJIITOMEPH POCJIMHHUX OJITH
SIK KOMIIATUBLIII3ATOPH JAJIS1 KOMIIO3ULINHUX MATEPIAJIIB

Cemunor B.B., Mumak B./l., MyxeB B.B.
[HcTutyT XiMmii BUcokomonekysipHux cnonyk HAH Ykpainu

myshak _vd@ukr.net

Cunre3oBano mnpumerieHuit  Onokkonomimep  (IIBK) wa  ocHoOBI
(GyHKITIOHATI30BAaHOTO  KOMOJIIMEPY  €TWJIeHY 3  BIHUIAllETaTOM  Ta
MOHOI1301llaHAaTypeTaHy Ha OCHOBI PEaKIIMHO3JaTHUX OJIrOMEpPIB CO€EBOI OJIii,
CTpYKTypa SIKOro miaTBep/pkeHa MetogoMm [Y-cnektpockomii. I[lokazaHo
edextuBHICTh BUKOpucTanHs [IBK sk xommatuOuiizaTopa ajis KOMIIO3UIIIHHUX
MaTepiaiaiB Ha OCHOBI BTOPMHHOT'O TOJIIIPOIIEHY Ta TYMOBOI KPUXTH.

Knrouosi cnosa: npunieruieHnit OJIOKKOMOJIMEp, KOMOJIMEp €TUJIEHY 3
BIHIJIALIETaTOM, POCJIMHHI OJI1i, KOMITO3ULIIIHI MaTepiaJiu.

The graft block copolymer (GBC), based on the functionalized ethylene-
vinyl acetate copolymer and monoisocyanateurethane of reactive olygomers of
soybean oil, was synthesized. The structure of the copolymer was confirmed by
IR-spectroscopy. Efficient use of GBC as compatibilizer for composite materials
based on recycled polypropylene and crumb rubber was shown.

Keywords: grafted block copolymer, copolymer of ethylene-vinyl acetate,
vegetable oils, composite materials.

OpHuM 3 HAOUIBII BIJYYTHUX PE3YJIbTaTIB aHTPOMOTEHHOI JiSJIBHOCTI €
YTBOPEHHS BIAXOIB, CEpell AKUX BIIXOJU IJIACTMAC 3aiiMalOTh 0COOJIMBE MICIIE,
a/pke BOHHU CTiMKI g0 1ii mpupoaHux (akTopiB. OIHUM 13 IUISXIB BHPIMICHHS
npoOJeMU HAKOMHWYEHHSI TMOJIMEPHHUX BIAXOJIB € CTBOPEHHS MOJIIMEPHUX
kommosumianx MarepianiB (IIKM) Ha iX OCHOBiI, IO TaKOX JJO3BOJIUTH
€KOHOMUTH TMEpBUHHY TOJIMEpHY cHpoBUHY. [ns otpumanns I[IKM 3
MOKpAIEHUMH  (DI3MKO-MEXaHIYHUMHU BJIACTUBOCTSIMH /O iX CKIaay BBOJATH
KOMITaTUO1TI3aTOPH, SKI BIUIMBAIOTh HAa BJIACTUBOCTI TMOJIMEPHHX CHUCTEM 32
PaxyHOK IIJBHUIIEHHS CYMICHOCTI KOMIIOHEHTIB, TIIOKpalleHHs airesii y
MibK(da3Hii 00TacTi.

B octanni mecatupiydsi isi CUHTE3y MOJIMEPHUX MartepiajiB 3HAaYHOTO
NOIIMPEHHS Y TOJIMEpHINA XiMii, SIK BHUXIJHA CHUPOBMHA, HaOyBalOTh POCIUHHI
onii. [Tomimepu oTpuMaHi 3 POCIMHHUX OJi € OlomoaiMepamu, iX OTPUMYIOTH 3
B1IHOBJIFOBAHOI POCJIMHHOI CUPOBHUHM, BOHM YacTO 37aTHI 0 O10JeCTpyKIIii Ta
HETOKCHYHI. 32 XIMIYHUM CKJIQJIOM POCJIHMHHI OJii € CyMIIIIIIO CKJIaJHUX €TepiB
TNILIEPUHY Ta PI3HUX, TOJOBHUM YHHOM, HEHACHYEHHMX >XUPHHUX KHCIOT, SKI
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BIIPI3HSAIOTBCS OJHA B OJHOI CTYHIHHIO HEHACHUYCHOCTI, IOJOKECHHIM
MOABIMHUX 3B’A3KIB 1 HASBHICTIO (PYHKIIOHATBHUX TPYI, MO 1 OOYMOBIIOE
MOXJIMBICTh  MoJAu(pikamii  pOCIMHHMX  OJIM 3  METO  OTPUMAaHHSA
peaKkIifHO3MaTHUX OJiiroMepiB. PeakmiiHo3maTHI  OJiTOMEpM HA  OCHOBI
POCIMHHUX OJIIi MOXYTh OYTH BHUKOPHUCTaHI [Jii CTBOPEHHS IOJIMEpIB,
KOIIOJIIMEpIB,  OJOKKOIOJIMEpiB, KOMIATUOLII3aTOpiB  JIsi  Moaudikarii
KOMITO3HITIMHUX MTOJTIMEPHUX MaTepiaiB.

Metoro naHoi poOOTH € CHHTE3 KOMITaTHOUII3aTOPiB — MPHUILIETUICHUX
OJIOKKOMIOJIIMEPIB  HAa OCHOBI KOIOJIMEPY €THJIEHYy 3 BIHLJIAIeTaToM 1
peakuiitHo3aatHux oJiromepiB (P30) coeBoi pocanMHHOI 0ii, Ta 3aCTOCYBaHHS iX
JUIsl TIOKpPAILEHHS BJIACTUBOCTEW KOMIIO3UIIIMHUX MOJIMEPHUX MartepiajiB Ha
ocHOB1 BropuHHOrO0 nojinpomniieny (BIIIT) ta rymosoi kpuxtu (I'K).

Jlns  cuHTEe3y  peakiifHO3JaTHUX  OJIITOMEPIB Ta  NPUILEIIICHUX
KOITOJIIMEPIB Y pOOOTI BUKOPUCTOBYBAJIM: KOMOJIMEP €TUJIEHY 3 BIHLIALIETATOM
(KEBA) mapxku ,,EBatan 4055 (TY 05-1636-81) Bmict BiHimaneratHux (BA)
rpyn — 40 % (npoaykt dipmu ,,Atodina’, OpaHilis), ONITOAIEHOBUN KayuyyK 3
kinueBumu OH-rpynmamu mapkun KRASOL LBH-3000, namiBBUCHXai0uy COEBY
pocIiMHHY odito. [l ojep’kaHHS TOJIMEPHUX KOMIIO3MIIIMHUX MaTepialiB
BukopucroByBanu BIIIl ta 'K, orpumany 3 BiampainbOBaHUX aBTOMOOUIHHHX
IIMH METOJIOM BHUCOKOTEMIIEpPaTypHOIro 3cyBHOro noapioHeHHs (Pppaxuis 0,05 —
0,2 mm).

Cunres npuierienux ookkomnoiaiMepis (IIBK) Ha ocHOBI TepmoruiacTy Ta
pEaKiifHO3MaTHUX OJITOMEPIB POCIMHHUX OJid Ta HU3bKOMOJEKYJSIPHOTO
KaydyKy TIpOBOJWIM B JeKUIbKa cramii. Ha mepmiit — mpoBeneHo
¢ynkuionanizaniro KEBA 3 MeToro oTpuMaHHS TiAPOKCUIBMICHOTO KOIMOMIMEPY.
Ha papyrii — cuHTE30BaHO 130IiaHATBMICHI pPEaKIIMHO3MaTHI OJiroMepu Ha
OCHOBI CHMHTETUYHOIO PIAKOTrO KayyyKy Ta pociauHHMX ojiid. Ha Tperit —
cunte3oBaHo [IBK B pe3ynbrati peakiii yperaHoyrBopeHHa Mix OH-rpynamu
dyukmionamizopanoro KEBA ta NCO-rpymamu mosoi3orianaryperany (MIY)
P30 coeBoi omii 3a MmonsHOTO criBBigHOMIEeHHs: OH/NCO=1:1 (cxema 1, po3moain
JIAHOK y TIOJTIMEPHOMY JIAHITFOTY CTATUCTUYHUI).

Otpumanuii IIBK OyB oxapakTepu3oBaHHl METOAOM TIeJIb-NPOHUKHOT
xpomarorpadii. Bctanosneno, mo cuare3oBani [IBK xapakrepusyoTbest BULIIOO
CEPEIHbOYHCIIOBOIO, CEPEIHHOMACOBOI0 MOJICKYJIAPHUMHU MacaMH Ta OUIBII
HIMPOKUM MOJIEKYJISIPHOMACOBUM PO3MOAUIOM y MOPIBHSHHI 3 BIJANOBIIHUMHU
XapaKTEPUCTHKAMU BHUXIIHOTO KOMIIOHEHTY — TigpokcmiBMmicHoro KEBA.
Ximiuny 6ynoBy cuntezoBanoro I[IBK migrBepmxeno metogom [Y-cnekrpockortii.
Pe3ynbTaTi q0CHiIKEHb BMICTY Tellb-PpaKiiii moKa3ajay, 10 B pe3yJIbTaTi peaxiii
YTBOPIOETHCS JIHIMHUA TIOJNIMEp 3 TMPUIIEIVICHUMHU (PparMeHTaMu OJIITOMEpIB
pocnuHHOTO ToxomkeHHs. CunHte3oBanuii [IBK po3unHHUI B apoMaTUYHHMX
PO3UMHHUKAX Ta TeTpariapodypaHi.
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EdextuBnicts Bukopuctanns cuate3oBaHoro [1bK sk xommnatubinizaTtopa
BUBYAJIM NUIIXOM OILIHKKA (PI3UKO-MEXaHIYHUX XapaKTePUCTHK (PO3pUBHOI
MILIHOCTI TpPU PO3TATY Ta BIAHOCHOTO BUIOBXKEHHS) 3pa3KiB KOMIIO3HIIHHUX
matepianiB Ha ocHoBi BIIII 1 T'K, axi Oynu oTpumaHi NUIIXOM MEXaHIYHOTO
smimryBanHs BIIII, 'K ta IIBK (y kimekocti 3, 5, 10 % mac.), 3 noganbIioro
TOMOT€HI3alll€}0 OTPUMAHOT CYyMiIlll B OJHOIITHEKOBOMY €KCTPYIEpI.

Sk BUIHO 3 HaBeJACHUX B TaOIUIll 1 JaHUX PO3PUBHA MIIHICTH IIPH PO3TATY
(op) KOMIO3MUIM Tpu BBeAeHHI A0 ii ckmaxy 3 % Ta 5 % NpUILEINIEHOro
onokkonomimMepy 3poctae Ha 10 % Ta 17,5 %, BiANOBINHO, B MOPIBHSAHHI 13 G,
HeMmoaudikoanoi komno3zuii (10,5 Mlla), 1 cknagae 11,6 MIla ta 12,3 MlIla, ta
CBITYUTH MPO HOTO €PEKTUBHICTH K KOMMATHOLTI3aTOpA.

3pocTaHHS PO3PUBHOI MIIHOCTI KoMIo3uilii mpu BBeaeHHI [IBK moxHa
MOSICHUTH HAsIBHICTIO Y MOTO CKJIaJll JJAHOK, OJU3BKUX 3a XIMIYHOIO OYJIOBOIO SIK
noimepHii marpuiti (BIII), Tak 1 rymoBiii kpuxTi. ynkiioHam3oBanuii KEBA,
pinkuii kayuyk 1 P30 HamiBBHCHXar4oi CO€BOi OJii MalOThb B CBOEMY CKJai
peakiiiHOo31aTHI TPynu Ta TMOJBIMHI 3B’S3KH, IO JIO3BOJISIE ITiABUIIYBaTH
cymicHicTh cknagoBux I[IKM, crpusie yTBOpeHHIO (I3UYHMX Ta XIMIYHHX
B3a€EMOJIIA M) KOMIIOHEHTaMHM TOJIMEPHOI MATpHlll, IX TEPMOJIMHAMIYHIN
CYMICHOCTI Ha MEXi1 po3noAury (a3, 3MeHIrye MiK(pa3HUNH HATAT Ta MOKpAILye
aare3iro Mi>K KOMIIOHEHTAMH.
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Taoaunsga 1
di3uK0-MeXaHIYHI BJACTUBOCTI BUXigHOTO, (hyHKIioHAM30BaHOTO KEBA,
I1BK Ta KOMIIO3UIIIHHUX TTOTIMEPHUX MaTepaiB

Ne | 3pazok cp, MIla g, %
1 | KEBA 6,1 1390,0
2 | KEBA dyHKIiOHaTI30BaHMIM 9,6 1339,2
3 | IIBK wa KEBA ta MIVY P30 11,7 1989,0
4 | 60% BIIIT+40% I'K 10,5 4,8
5 | 60% BIIIT+40% I'K)+3% I1BK 11,6 9,1
6 | 60% BIII1+40% I'K)+5% IIbK 12,3 13,6
7 | 60% BIII1+40% I'K)+10% ITBK 6,2 18,2

TakuM YMHOM, CHMHTE30BAHO NPHUILEIIICHUN OJOKKOIMOJIIMEP Ha OCHOBI
(YHKLIOHATI30BAHOTO  KOMOJIMEpPY  €TWIeHy 3  BIHUIALIETaTOM  Ta
MOHOI30Il1aHATypeTaHy PEaKI[IHHO3IaTHOTO OJIiroMepy co€Boi omii. XiMiuHYy
OynoBy i#oro miaTBepmkeHo merogoMm [Y-cnexrpockomii. CTBOpEHO MOJIMEpHI
KOMITIO3UIIIMHI MaTepiajii Ha OCHOBI BTOPHUHHOIO MOJIIPOIUIEHY, T'yMOBOI
KkpuxTH 1 cuHTe30BaHoro I1bK ta nocmimkeno ix ¢gpi3uko-mMexaHiuyHl BIaCTHUBOCTI.
3 aHamidy OTPUMAaHMX PE3YyJIbTaTiB JOCTIIKEHb BH3HAUYCHO €(EKTUBHY
KOHLIEHTPAL[I}0 BBEAECHOI0 KOMIIATUO1/113aTOpAa, IKa CTAHOBUTH 5 %. BcTaHOBIEHO
edekTuBHICTh BUKOpUcTaHHS cuHTe3oBaHuX [IBK sk kommatuOimizaTtopiB majis
I'YMOHAITOBHEHUX MOJIMEPHUX KOMIO3UIINHUX MaTepialliB.
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OCOBJIMBOCTI OJJEP’)KAHHS AJTKLIJIEBYJITHATIB LHIJIIXOM
KATAJITUYHOI ECTEPU®IKALII JIEBYJIIHOBOI KHCJIOTH
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! TuctutyT Gioopraniunoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpainnu
? HaujoHambHUiT aBialiifHuil yHiBepCHTET
davitadzeda@gmail.com

JleByniHOBa KHCJIOTAa € BaXKJIMBUM CHUPOBUHHHUM KOMIIOHEHTOM, LIO
BUPOOJIIETECA 3 JITHOLET0N03HO1 OloMacu. [l e(eKTUBHOTO NpOBEICHHS
ecTepudikallii JIEBYJIIHOBOI KUCIOTH HM)KYMMH CIIMPTAMU (€TaHOJI, H-TIPOIAHOM,
H-OyTaHOJ)  3aCTOCOBAaHO  SIK  KaTali3aTop  CUJIbHY  OPraHOPO3YHHHY
N-TOJyOJICYIH()OKHUCIIOTY B MOEJHAHHI 31 CHEIIaIbHUMU MPUMOMAMHU BUITyUYECHHS
BOJIM 32 YMOB pediitokcy. JIeByniHOBa KMCI0Ta Maif’ke MOBHICTIO KOHBEPTYE BKE
BIIPOJIOBXK MEpUIOi TOAMHU. BuIiEeHO 3pa3ku anKUUIEBYJIiHATIB 3 HHU3bKOIO
KHUCJIOTHICTIO YHuCcTOTOI0 97,0-99,6 %.

Kntouosi cnosa: neByniHOBa KHUCIJIOTa, ecTepudikallis, ajKijUIeBYJIIHATH,
a3e0TpOIl, #-TOITYOJICYTb(OKUCIIOTA.

Levulinic acid is important feedstock component, which is produced from
lignocellulose biomass. For the effective carrying of levulinic acid esterification
with lower alcohols (ethanol, n-propanol and n-butanol), strong organosoluble
p-toluenesulfonic acid (catalyst) together with special method of the water
removal at refluxe conditions were used. Levulinic acid converts almost entirely
during the first hour of reaction. Samples of alkyllevulinates, having 97,0-99,6 %
purity and low acid value, were isolated.

Keywords: levulinic acid, esterification, alkyllevulinates, azeotrope,
p-toluenesulfonic acid.

biomacy Oyno Bu3HAaHO TreorpadiyHO JIOCTYIHOIO BIJHOBIIFOBAHOIO
CUPOBHHOIO HAa OCHOBI  BYIJICII0O I  KOMEPIIHHOTO  BUPOOHUIITBA
TPAHCIOPTHOTO TaJMBa Ta B POJi XiMidHO-cupoBuHHOI 0asu [1]. Bimseko 80 %
6iomacu (160 mupa. ToH Ha pik craHoMm Ha 2015 p.) ckiamae JITHOLEIIONIO3HA
Oiomaca, 110 € HalOUIBI MOIUPEHUM JKEPEIOM BiHOBIIOBAHOTO BYyTJIEIIO [2].
JleByninoBa kucinota (JIK), ogep:kana 3 NirHOLETIOI03HOT 010MacH, € BaXKJIUBOIO
PEYOBHHOIO-TIAT(HOPMOIO, IPUAATHOIO IO XIMIYHOT MOoau(IKaIli y pi3HOMaHITHI
IIHHI TPOJYKTH — BYIJIEBOJAHEBE MNAIMBO, OKCUICHATH MalliBa, PO3YMHHUKH,
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MOHOMEpH JJi1 TOJiMepiB, IIacTU(]IKaTOpH, 3aco0M OCOOHMCTOI Tiri€Hw,
arpoximikaru toio [3]. Ille y 2010 p. Jlemaprament enepreruku CIIIA BkimounB
JIK 10 nepeniky HaBa)kJIUBIIINX BiIHOBIIOBAHUX CHPOBHHHUX KOMITIOHEHTIB [4].
[Tinxoau no BupoOHUIITBa JIK 3acHOBaHI Ha TiipoJii3i JITHOIEI0JI03HO1 OioMacu
3a y4acTi MiHEpaJIbHHUX KHUCIIOT, KaTaJITHUHINA Jeripataiii yTBOPEHUX MPOCTHX
IyKpiB [0 TPOMDKHOTO MPOAYKTY S-TrimpokcuMetwidypdypoiry 3  ioro
HACTYITHOIO perijipaTaii€o 10 JEBYJIIHOBOI Ta MypamuHoi kucimor [5]. 3a
HEIIOAAaBHIMH OLIHKaMH, COOIBAPTICTh 0araTOTOHHAXXHOI MepepoOku OaHAaHOBHX
mkipok 3 BuxoaoM JIK 6muspko 26 % cranoButh 0,178 momapiB 3a 1 kr [5].
Opanumu 3 mpakTU4HO BakiuBHX mnoxigHux JIK € ankiyuieByniHaTH, 10 €
MEPCIEKTUBHUMHU y POJi TaIMBHUX J00aBOK, EKOJIOTIYHMX PO3YMHHUKIB. B
JaHOMY JOCTi/PKEHHI, M0 BHUKOHYETHCS y MeEXKaX TPAHTOBOTO TMPOEKTY
MiHictepcTBa OCBITM 1 Hayku YKpaiHu «Po3poOJieHHS €KOJIOTIYHO YHCTHX
abTEPHATUBHUX  TAJIWB Ta  YAOCKOHAJICHHS  TPAHCIOPTHO-JIOTICTUYHOI
1H(QpaCTPyKTypu  iX  BUKOpPHCTaHHS  Juisi  3a0€3ME€YEeHHS  PO3BUTKY
aBlaTPAHCIIOPTHOTO  KOMIUIEKCY», CTOsUIa MeTa pO3pOOMTH  €(PEeKTUBHUMN
7abopaTopHU CIOCIO OJEp’KaHHS YUCTUX AJIKUUIEBYIIHATIB HUKYMX CIHPTIB
(€TUJIOBOTO, H-TIPOMIJIOBOrO Ta H-OYTHIJIOBOTO) SIK OlOKOMITIOHEHT PEaKTHBHUX
MajJuB IUIAXOM KatamThudHoi ectepudikaii JIK.

JUisi cUHTE31B BUKOPUCTOBYBAJIM JIEBYJIIHOBY kuciory (Kuraii, yucrora
99,85 % 3a Xxpomarorpamor0) Ta TEXHIYHI ETWUJIOBUW, H-TIPONUIOBUM Ta
n-0ytunosuit ciupt (99,31 %, 99,97 % Ta 99,62 % Ha opraHiuHy 4YacTUHY,
BIJIMOBIJTHO), MOHOT1IpaT n-TonyosicyiabhokucaoTu (97,5 %, lunis) ta neomt KA
(3 A, 1,5-1,7 mm). CrupTu Tiepell CHHTE30M 3HEBOAHIOBaNM Ha eomiTi KA.
CHHTe3 alKiUICBYTiHATIB BeIH y KOHIiYHOMy peaktopi Ha 500 oM 3
nepeMiltyBaHHsIM Mar"iTHow Mmimankorw (1000 06/xB) 3a TemnepaTypu KUIiHHS
peakiiifHOi CyMilll y MPUCYTHOCTI OPraHOPO3YMHHOIO KUCJIOTHOTO KaTaii3aTropa
(n-romyoncynehokuciorn). s BuUaNeHHS peakIiiiHOI BOIU HAa PEaAKTOP
BCcTaHOBMIOBaIM Hacanky Jlina-Crapka (y BUIaaKy #H-OyTaHOJy) 4 amapar
Cokcnera 3i 140 t gerimparoBanoro neoiity KA (y Bumaaky eraHoiy Ta
H-TIPOTIAHOJTY ) Ta 3BOPOTHUHN BOJHUN XOJOAWIBHUK. [lepen mouaTkoM Ta mij yac
CHHTE3y BigOUpati mpobu 06’eMOM GIH3bKO 2 CM° [ISl BU3HAUCHHS KHCIOTHOTO
YHucia, TOYaTKOM CHHTE3y BBaXKAM MOMEHT KOHJCHCAIl TEepIIMX Kparelib
pIAMHE B XOJOAWJIBHUKY. Haqmumok crnupTy BHAAMSIM T BaKyyMOM Ha
BOJIOCTPYMEHEBOMY Hacoci B aTMoc(depi a3oTy. AJKULIEBYJIHATH TEperaHsuiud
i Bakyymom (~0,1-0,3 kIla) B atmocdepi aprony.

JIis BU3HAUEHHS KHUCIOTHOTO YHCIA NPOAYKTIB peakiii MpOBOIUIN
TUTPYBaHHsI OyTUJIATOM HATPi0 B OyTaHOJ 3 1HAMKATOPOM OpPOMOTHUMOJIOBHUM
CHUHIM SIK ONMUCAaHO y [6]. AHami3 IUCTUILOBAHUX MPOIYKTIB MPOBOIWIN Ha
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razoBomy xpomarorpadi Agilent 7890A 3 momyM’ssHO-10HI3AMIMHNM JIE€TEKTOPOM
Ta KanisipHowo KosoHkow J&W HP-5 (5 %-denin-mermicunokcan, 30 m, 0,32
MM, 0,25 MKM) 3a HacTymHUX yMOB: BumapoByBau — 180 °C, mijieHHS TOTOKY
razy-Hocis (remiif) — 20:1, kononka — 100-230 °C (10 °C/xB), nerektop — 260 °C,
06’em mpobu — 1 mxin. 'H SIMP-cniektpu peectpyBamn Ha Bruker AVANCE
DRX-500 3a po6ouoi wactorr 500 MI'11, 3pa3kul pO3YMHSIN B JECHTEPOBAHOMY
xJopodopmi.

Boga, mo yTBoproeThcst B X0A1 peakiii ecrepudikaiiii, YMHATh OYCBUTHHAM
HEraTUBHUN BIUIMB Ha TMOJIOKEHHS XIMIYHOI PIBHOBArd MpOLECY, OCKUIBKU €
oauuM 3 poaykTiB (R — CyHs, #-CsHg, #-C4Hy):

o}

O
\”/\)J\ + ROH =— R \H/\)J\ 2

o 0]

EdextuBHa peanizamis ecrepudikamii notpeOye BHIYYEHHS BOAU 3
peakmiiinoi Macu. Iligxim no peamizaiii MaHOTO TEXHOJOTIYHOTO AacCHEeKTy
BU3HAYA€ BIJIMIHHOCTI TMpPOIECIB 3a y4YacTi

aHAJOTTYHOCTI pEeaKIiil 3 CyTo XIMIYHOI TOYKH 30py. BunanenHs Boau y ckiaji

pPI3HHX CHOUPTIB 33 YMOBH

azeoTpony  1oTpedye OeH30/1y,  TOJIyOIy,

nukiorekcany Ttomo. lle € HebGaxaHuM SK 3 TOYKH 30pY EKOJOTTYHOCTI

MOTPIMHOTO 3aCTOCYBaHHS

BUPOOHMIITBA, TaK 1 MOXMJIMBOCTI MOOIYHUX peakiliii. Biabll MpPOIYyKTUBHUM €

HCTICPCPBHE BUOAJICHHA BOOU OIIAXOM OCYIICHHA CIIMPTOBO-BOJHOI'O

KOHJeHCaTy. BIiIMIHHI BIACTUBOCTI BOJHHUX a3€0TPOMIB B PAAYy HUKYHX
OJIHOATOMHMX CHUPTIB (Tabiy. 1) 3yMOBIIIOIOTE MOTPeOy Yy PI3HHUX MIAXO0JAX [0
edeKTUBHOI peanizaiii ectepudikarii 3a iX y4acri.

Taoauusa 1
BnacTuBOCTI CTUPTOBO-BOJHUX a3€0TPOIIIB
XapakTepuCcTHUKa Croupt
C,HsOH H-CsH;,0H H-C4HyOH
Temneparypa kuminss, °C
- COUPTY 78,4 97,4 117,7
- a3€0TPOITy 78,2 88,0 93,0
Bun azeorpony I'omorennuit | 'omorennuit | ['ereporeHHUM
Bwmict Boau, %:
- Y a3e0TpoIii 4.4 28 44 5
- y BepxHiil ¢asi - - 20,1 (Bepxus ¢aza)
- y HIDKHIA (a3i - - 92,3 (HmxHS daza)
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H-ByTaHON YTBOpIOE TeTEPOreHHHUU a3€0TPON, MLIO0 Michs KOHAEHcaLli
posnuisgerbess Ha 1B1 (asu. HukHa 3 HUX (MEpeBaXHO BOJIa) BHUBOJMIIACH 3
IPOLECY, a BEPXHIO NMOBEPTAIHU JIO PEAKTOpa. Y BUMAJAKY €TAHOJy 1 H-IIPONAHOIY
CKOHJICHCOBaHI Napyu 3HEBOJHIOBAJIM Ha IIapl LEOJITY, a OCYLIEHUH CHUPT
noBepTaiu B peakrop. [lpu Takiil peamizarii npoiecy Temmneparypa He Hiajsirae
BapilOBaHHIO, & BU3BHAYAETHCS TEMIIEPATYPOIO KUITIHHA PEAKIIHHOT CyMiIli.

VY tabnuii 2 HaBEeJEHO YMOBHU CHHTE31B, JocarHyTi koHBepcii JIK Ta meski
BJIACTMBOCTI JMCTUJIBOBAHUX aNKUUIEBYiHATIiB. OKpeMi BiIMIYEHI CHUHTE3U
TaK0oX OyJIO MPOBENEHO 3 IIMKJIOIEKCAaHOM Yy POJIi a3€0TPONOYTBOPIOBayYa, BOIHY
dazy BrnoBmoBasii B JjoBym Jlina-Crapka. BusBieHo, mo 3a y4acrti
OpPraHOPO3YMHHOI 7-TOJYOJICYJIb(OKUCIOTH ecTepudikallis MNPOXOAUTH JIyKe
HMIBUAKO 3 (PaKTHYHO KIJIBKICHOIO KOHBEPCIEIO BxKe Micis | roauHu peakuii (puc.
1). HeoOXiiHICTh MOCATHEHHS SIKHAWBHILOI KOHBEPCIi 3YMOBJIEHO HE CTUIBKH
noTpedo0  MakcuMi3alli  BUXOJy  aJKUUIEBYJIHATY, SK  MIHIMI3ALIEIO
3QJIMIIKOBOTO BMICTy HemepeTBopeHoi JIK miist monermenHs ii BiaauieHHs. Xoda
Ha TOAIOHI MPOAYKTH B POJIi TMAJIUBHUX KOMIIOHEHTIB Ha CHOTOJIHI HE ICHYE

HOPMATUBHUX BUMOT, HOTp€6a B IX IKOMOTa HMKY1M KMCJIOTHOCTI € O4YCBHUIHOIO.

Taoauns 2
YMoBU Ta pe3ysIbTaT CUHTE31B, CKJIa/ Ta BIACTUBOCTI BUIIJIEHUX MPOAYKTIB
3pa- | JIK/crmpt, | JIK/ T, X % | UYucrora®, | KU®,
30K | MOJIB/MOJIb | KaTaji3aTop, | roj % mr KOH/r
MOJTb/MOJTb (% JIK)
ETunneByninar
EL1 |10 1 6 98,6 99,63 1,11 (0,23)
EL2* |3 1 6 ~90 | (~955)° |16,60 (3,44)
EL3" |3 2 6 91,9 | (~96)° 16,66 (3,45)
[IpomninneBymniHaT
PL1 |10 1 6 99,6 99,65 0,42 (0,09)
PL2" |3 1 6 98,2 |99,56 0,48 (0,10)
BbyTtunneByninat
BL1 |10 2 6 99,1 92,86 0,34 (0,07)
BL2 |10 1 1 97,1 H/a 0,34 (0,07)
BL3 |10 2 1 97,2 89,50 1,54 (0,32)
BL4 |3 1 4 99,8 97,37 0,19 (0,04)

T - 2 - 3
koHBepcis JIK; “3a pezynbraramu razoBoi xpoMarorpadii; * KUCIOTHE YHCIIO;
4 . . . ‘o
BIJIIIICHHS] BOJIM Y CKJIa/ll MOTPIHHOTO a3€0TPOIY 3 IIUKIOT€KCAaHOM;

5
BU3HAYEHHIO 3aBa)kae HernepeTBopeHa JIK
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Puc. 1. Kongepcis JIK B xozi ectepudikaiii:
a — €TaHoJIOM, O — H-TIPOTIAHOJIOM, B — H-OyTaHOJIOM

'H SIMP CHeKTpH CHHTE30BaHMX JICBYIIiHATIB (HE HABEACHO) €
XapaKTEPHUMH CIEKTPaMH YHUCTUX PEYOBHMH 3 HE3HAYHUMH JOMIIIKaMu. B
niama3oni 7,2—7,8 ppm mpeAcTaBieHl JMINE Jieb HaMIYeHI1 Iapa CHUTHaJIB
MPOTOHIB apOMATUYHOI CHCTEMH, 3aMIIIEHOI Y napa-TIOJNOKEHHI, K1 CBIAYaTh
PO HASIBHICTH CHIJOBUX KIJIBKOCTEH n-TOMyosnCyiabdokuciaotu. OcHOBHA ii
yacTKa HE BXOJWJAa J0 IIOBOI (pakiiii, mo BiaOMpa M MiJ 4Yac JUCTUIISII.
Bin0ip BiANOBIAHOI (pakilii TPUHIMIOBO JOIMYCKA€ MOBTOPHE BUKOPUCTAHHA 1l
Uil KaTtam3y. HaBiTh Jyke HE3HAUYHUWA BMICT #-TOJYOJICYJIb()OKHUCIOTH B
NPOAYKTaX O3HAaya€ JOBOJI 3HAYHY 3a MAJMBHUMH MIPKAMHM KOHLEHTpAIIIO
Cynbdypy Ta € HeOakaHUM 3 TOUYKHU 30PY KOPO31HHOT aKTUBHOCTI.

Takum unHOM, ectepudikallis JEBYJIIHOBOI KUCIOTA HIDKUYAMU CHUPTAMHU
Ha 7-TOJYOJICYIb(OKHUCIOTI B POl Karajmizaropa 3 OJJHOYACHUM 3aCTOCYBaHHSIM
CHeIiaJbHuX TPHUHOMIB BHIAJIEHHS PEAKI[iHHOI BOAM XO04 1 HE Mo30aBiieHa
XapaKTEPHUX HEJOJIKIB TOMOIE€HHO-KaTATITUYHUX MPOLECIB  (CKIAAHICTh
BUIIVICHHS ~ Karaji3aropa BiJl MNPOAYKTIB, HEMOXIJIMBICTb IMOBTOPHOIO
3aCTOCYBaHHs), OJIHAK J03BOJISIE MIBUIKO Ta €()EKTUBHO CUHTE3yBaTU BIAMOBIIHI
ankineByineHaTdH. OcTaHHI MICAS BUAAJEHHS HAAJIUIIKY CIUPTY Ta BaKyyMHOI

JTUCTUIISAIT  XapaKTepu3yrThcss Yuctororo 10 97,0-99,6 % Tta HHU3BKOIO
KHUCIIOTHICTIO.
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PIJUHHO-®A3HI IPOAYKTHU CIIIJIbHOI KOHBEPCII BYT'LULIISA
I BIAXOJIB KOKCOXIMIYHOI MPOMUCJIOBOCTI

[enapik T.I'., [lleBkomisic B.M., bopan JI.A.
[HcTUTYT Pi3MKO-OpraniuHoOI XiMii 1 Byraeximii
iM. JL.M. JIutBunenka HAH Yxkpainu

shendriktg@gmail.com

Po3po0ieHo MeToJ; BUKOPUCTAHHSI BYIJIEBOJHEBUX MPOMYKTIB KOKCOXIMIi
(cmomu KX3 (CKX3), momimepu, dycH, Kuciaa CMOIKa, KyOOBI 3aJIUIIKH) MPHU
CHUIBHIM KapOOHi3allli 3 BYruUIsIM Ta OJAEPXKaHHS «BYTUIbHO-KOKCOXIMIYHOI
Hadpt» (BKH) six HOBOro pecypcy, «oOi4HOTO» IpH OJEp>KaHHI BYIJIECLIEBUX
copoenTiB. Buxing BKH (a6o cmomm) npu kap6orizarmii (450-700 °C) cymimei
3aJIeKUTh Bl ckiany Ta nopiBHIoe Bim 20 mo 30 % Bim Macu CHPOBHUHH.
Bu3HaueHO HEaAUTUBHICTh BHUXOJY CMOJH, $IKa OOYMOBJIEHa XIMIYHUMU
peakiisiMu MDK KoMIloHeHTamu cywimi. [Ipo ne cBimuuth 3poctanss (y 1,5-2
pasu) IHTEHCUBHOCTI MOTJIMHAHHS B MEeBHUX oOnacTsax [Y-crnekTpiB cymimieH, 1mo
3HAYHO BHIIE aJUTHBHOTO BHECKY (15 %) piIMHHOTO BiIXOY.

Kntouoei cnosa: Byrimis, KOKCOXIMIYHI BIIXOAHW, CIIJIbHA KOHBEPCIs,
BYTJIbHO-KOKCOXIMIYHA Ha()Ta, HEAAUTUBHICTh BUXOY.

The method has been developed for the use of hydrocarbon products of
coke chemistry (coal tar (CT), polymers (P), fuses (F), sour tar (ST), vat residues
(VR)) in joint carbonization with coal, and obtaining "coal-coke-chemical oil"
(CCCO, or resin) as a new resource, "secondary” in obtaining carbon sorbents.
The CCCO vyield during carbonization (450-700 °C) of mixtures depends on
composition and is equal to 20 to 30 % of the mass of the mixed raw material.
The non-additivity of the resin yield, which is due to chemical reactions between
the components of the mixture, was determined. This is evidenced by an increase
(1.5-2 times) in the intensity of absorption in certain areas of the IR spectra of
mixtures, which is much higher than the additive contribution (15 %) of liquid
waste.

Keywords: coal, coke chemical waste, joint conversion, coal-coke-chemical
oil, non-additivity of the yield.

VYTumizamist «BIAXOMIB» Ta TMOOIYHMX MPOAYKTIB, IO HAKOMAYUIHCS
BIIPOJIOBX JECATHIITh Ha KOKCOXIMIYHMX 3aBoJlax YKpaiHU, € CEepHo3HOI0
€KOJIOTTYHOI0 Ta €KOHOMIYHOIO MPOOJIEMOI0, 10 JOCI YEKA€ CBOTO BUPIIICHHS.
OmHMM 3 TIEPCIEKTUBHHUX IUIAXiB BUKOPHCTAHHS TaKUX BTOPUHHUX PECYpCiB
CTaHE 3allydyeHHs iX J0 CTBOPEHHS HOBHX MaTepiajiB TOCHOJAPCHKOTO BXKUTKY
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[1]. BukopucranHsi B TEXHOJOTISAX OJEP)KaHHS HOBHMX BYIJICIIEBHX MaTepiaiB
(KOKCY TMIiJBUIICHOI fAKOCTI, MIIHUX KapOOHI3aTiB, COPOEHTOB TOIIO) T.3.
HaIMBIPOAYKTIB, TMOOIYHUX TPOAYKTIB, «BIAXOAIB» (3acTapiuivii TepMiH)
KOKCOXIiMil [2] € akTyaJlbHUM 1 3 TOUKH 30py HUPKYJSIIHHOT EKOHOMIKH, SKa, Ha
BIIMIHY B1J1 JIIHINHOI, TTepe0ayae MOBEPHEHHS BIIXOA1IB (MMOOIYHUX MPOIAYKTIB) B
OCHOBHUH MK [3].

Hamu BcTanoBneHo [1], mo coigpHa TEPMOKOHBEpCiss Oyporo Byrijuis 3
npoayktaMu KX3 nae He TUTbKM aKTUBOBAaHE BYTULIS 3 BHCOKOIO MOPHUCTICTIO,
MOTPiIOHOIO0 MEXaHIYHOIO MIITHICTIO, COPOLIMHIME IICHTPAMH Pi3HOI IPUPOIH, alie
JI03BOJISIE OTPUMATHU I[IHHI MPOAYKTH, SIK OT KaJOPIHHUHN ra3 3 BUCOKUM BMICTOM
BoAHIO 1 ankaHiB C;—C4, a TakoX piauHHO-(Pa3HI HaQTOMOAIOHI (pakiii THUITY
«ByruibHO1 Hadtw». Ilpobiema y Tomy, mo Oype Byruuwis B YKpaiHi B
IPOMUCIIOBUX MacluTabax He BUIOOYBAETHCS.

JUist mocnmipKeHb, 10 Hapasl MPEe3eHTYIOThCsS, OOpaHO KaM siHE BYTULISA
Mapok I (mosromosiym’stHe, maxrta «5-0ic TpymiBceka») 1 I' (razoBe, maxra
«T'opbKiBCchbKay). Binbip 1 MiArOTOBKY BYTULIS JJi1 €KCIIEPUMEHTIB BUKOHYBAJIH Y
BianoBigHocTi 10 JCTY 4096-2002. Bukopuctano ¢gpaxiiii Byriyuis 3 po3MipomM
gacTtouok 0,5-2,0 Mm. TexHIUHHI 1 eTeMEHTHUN aHaJIi3| 3pa3KiB MOIaHO B TaOI.
1.

Taomuus 1
XapakTepucTuka ByTruIIs
3pasok | Texuiunuii ananis, % EnemenTHuit ananis, %
BYTLILIS w* A’ Ve C H S N @)
Jil| 11,1 1,8 43,8 80,0 5,3 1,0 1,9 | 11,8
I 2,9 2,7 35,6 83,5 5,2 0,9 1,7 8,7

Ax piguaHi  komnoHeHTH (PK) HOBOi KOMIO3MIINAHOT CHPOBUHU
BUKOPUCTAHO BYTJIEBOAHEBl HAMIBOPOAYKTH Kokcoxim3aBonay (KX3 TIAT
«MakiiBkokc») (Tadm. 2).

Taoauusa 2
XapaktepucTtuka HamBopoaykTiB KX3
[Toka3Huk dycu Kitena [Tonimepu Cmona | Kyboswit
CMOJIKa (CKX3) | 3anumok
30BHICTB, % 6,4 0,2 0,1 0,1 5,2
[H,O], % 10,0 23,7 1,6 2,2 -
C™ % 88,6 75,9 86,6 91,4 -
H™ % 5,5 4,9 5,3 5,5 -
S™ % 1,5 4,7 4,1 0,9 4,9
0% + N*™ % 4,4 14,5 4,0 2,2
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CupoBHHHI KOMIO3UIIIMHI CyMiIlll TOTYBaJIM PETEIIBHUM TEePEMIIIyBaHHSIM
cyxoro Byriuis (200 1) 1 piiuHHOT KOMIIOHEHTH B Aiana3oHi BMicty PK B mexax
10-80r mo0 yTBOpEeHHS OJHOPIIHOT MacHu. 3aaiisi OTPUMAHHA 3pY4YHOI (HE
PO3CHUIIAETHCA 1 HE PO3IUIMBAETHCS) M TOJANBIIOT KOHBEPCIl CHPOBHUHH
BU3HAYCHO i1 ONTUMaIbHUNA KOMIIOHEHTHUM CKJIaJ, € BMICT HamBIpoAykTy KX3
ckiaB 15+5 % mac.

Tepmomni3 (miposi3) BUKOHYBAIU B CIELIaJIbHOMY PEaKTOpi I CyMiliei
A(X) Ta I'(X), ne X — onHa 3 piguHHuX kKomrnoHeHT KX3, mpu i3oTepMiuHiii
BuTpumil 1 rox 3a temneparyp 450 1 700 °C B atMmocdepi BIacHUX rasiB.

[TopiBHtoroun mani Tepmonizy JI(X) 3 pesyapraramu TOTO K TIPOIECY
CyMIIIIEH 3a y4acTi Ta30BOT0 BYT'ULISM, MOXHA KOHCTaTyBaTH, IO JUJIs CyMilIen
JIOBrOMOJIYM STHOT'O BYTUJUISI BUX1 CMOJIM KOJIMBA€EThCs y Mexkax Bia 19 mo 32 %,
a nna cymimen I'(X) — Big 26 10 31 %. s BUXIZHOTO BYTULIS BHX1J CMOJIHU
npubamM3Ho ogHakoBuil (y Bumaaky J nme 16—-18 %, mna I' — 17-20 %). Ilpu
IbOMY CTYIiHb KOHBEpPCIi 32 OJHAKOBHX YMOB Bumui ans cymimein J[(X) 3a
PaxyHOK IHTEHCUBHIIIIOTO Ta30yTBOPEHHSI, a BUXIJl PIAMHHHUX MPOJIYKTIB Y IIJIOMY
Bumnuii g cymimeit I'(X).

[TomiyeHO UITKY 3BOPOTHY 3aJE€XKHICTh BHUXOAY PIIWHHUX MPOIYKTIB
KOHBEpCIi KOMIO3UIIHHOT CUPOBUHU 3a Y4YacCTIO JIOBTOMOJIYM STHOTO BYTULIS BiJl
TYCTUHU PIAKOI KOMIIOHEHTH i 000X Temmeparyp Tepmoii3dy (puc. 1).
3BopoTHa 3anmexHicTh Buxody PII 13 cymimi JOBromojgym’sHOTO BYTUUIS Bill
TYCTUHH BYTJIEBOAHEBOI KOMIOHEHTH it Temnepatrypu 700 °C onmcyeThes
noaiOHuM piBHSHHSIM y = 67,60 — 37, 65 mpu R = 0,98.

Jns cymimedd 3 ByruusiM  Mapka [T Taka BHCOKa KOpEIAlis He
CIIOCTEPITa€ThCsA, IO  MOXE  MOSCHIOBATUCH  BIJICYTHICTIO  3HAYHOTO
CUHEPTeTUYHOTO e(eKTy 11010 MIITHOCTI KOMIO3UTHOI CUPOBUHHU Y pa3i cyMilien
ra30BOro ByTriuis 3 pigkuMu ByrieBoaasmu KX3 [4].

32

Y = 69,16 - 39,48x
R=-0,999

Buxig pigkux, %

[\
R¥]
1

[3e]
o
1

18 T T T T T T T T T
09 100 105 110 115 120 125 1,30
MycTuHa, ricm’

Puc. 1. 3aexHICTh BUXOY PIIKUX MPOIYKTIB 13 cyMilned Byruuis [ 1 BiaxomiB
KX3 npu 450 °C Bix TyCTHHH PiAKOT KOMIIOHEHTH
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BpaxoByroun akt ojepkaHHs 3 CyMillIei O1IbII SIKICHOTO (MIITHOTO), HIXK
3 OJHOTO BYTuUIsA, KapOoHi3aTa [4], a TaKOX 3HAYHUN BHUXIJ CMOJI, MOYKHA
HATIOJISITATH Ha JIOIIIBHOCTI 3aJydeHHS Yy TIPOIEC CIUIBHOTO TEPMOIi3y 3
BYT1JUISIM BYTJIEBOAHEBUX HAMIBIPOIYKTIB Kokcoximii. [TiBUIIIEHNI BUX1] CMOIT
IpU BUKOPUCTAHHI CyMIIIEH BYTUUId 3 HaIMIBOPOAYKTaMH KOKCOXIMIii Ja€e
MiZCTaBH PO3MISHYTH CTPYKTYPHO-TPYMOBUH CKJIaA IMX MPOAYKTIB 3ais
3’SCyBaHHS XapakKTepy B3a€EMOMAINM MK KOMIOHEHTAMH CyMIIICH, 10 MOXYTh
OoOyMOBJIIOBaTH HasSBHICTh (200 BIJICYTHICTh) CHHEPIEeTUYHOTO €(hEKTy YV
BHMBYCHHX IMPOIECax Ta BU3HAYUTH OCOOIMBOCTI HOBHX peCypciB (B MEpPCHEKTUBI
— TOBapPHUX MPOYKTIB — «BYT'IbHO-KOKCOXIMIYHOT HA(hTH»).

Onepxxano ormsgoBi [Y-ciekTpu Beix gociimpkeHux cymimei. HaBenemo
OJIMH 3 HUX (cnekTp Byriuis [ Ta iloro cymim 31 cmomnoro KX3, puc. 2).

q.
o
T
=
‘o A+CKX3
)
-
2
I
o1]
s
o
I
[
[
T
600 1100 1600 2100 2600 3100 3600

v, cm!
Puc. 2. IY-cnextpu Byrimws /] Ta iioro cymim 3 CKX3

BunHo, o y BUNaaKy cymilll HailCyTTeBIlI 3MiHU (PIKCYIOTbCA B 00JaCTI
MOTTMHAHD KUCHEBMICHHX (GyHKI[OHAMBHHX rpym (mpu v=1100-1200 cm™), a
TAKOXK TiIPOKCHIBHUX (parMeHTIiB Ta BOIHEBHX 3B’si3KiB (V=3350-3400 cm™).
BcraHoBiieHa TeHIEHIISE 3BOPOTHOTO 3B’A3KY KUCHEBUX (PYHKIIOHAJIBHUX TPyl
(b=1100-1200 cm™) 3 «apomatmunicTio» cymimesux PII i mpsiva X 3anexHicTb
i3 BMicToM amidaTianmx cTpykTyp (v=2920 cm™) (puc. 3).

L1 3a1eXHOCTI JalTh MIATPYHTS CTBEPPKYBAaTH, IO OCHOBHI MOAIT MpHU
dbopMyBaHHI CyMmiIel BiIOYBaIOTHCA 3a PAaXyYHOK KMCHEBHX I'pYIl (CKOPIII 3a BCE,
IIpU 3MIITyBaHHI KOMIIOHEHT YTBOPIOIOTHCA €CTEpHIi (eTepH1) parMeHTH Ta HOBI
MDKMOJICKYJIIpHI  BOJIHEB1 3B’sa3ku). Came iX YTBOpPEHHS MPUBOIAUTH MO
CUHEPTeTUYHUX €(EKTIB BXKE Ha CTail 3MIITYBaHHS KOMITO3UIIIMHOI CHPOBUHU Ta
3MIHM peakIiiHoi 37aTHOCTI cyMmimel. Lle ocoGamBO MOMITHO, HaBITh, MNPHU
Bi3yanpHOMy aHami3i obGmacti 900-1700 cm™, ToGTO, O06IACTi BANCHTHHX
KOJIMBaHb BUILE O3HAYEHUX CTPYKTYPHUX TPYII.
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yi= 1,25-0,073x
R=0,997

T T T T T T T T T T T T T T
1,0 1,2 1.4 1,6 1,8 2,0 2,2 2,4
1100-1200 cm”

Puc. 3. B3aeM03B’ 130K M’k BMICTOM ajli(haTUYHUX CHOJIYK Ta BMICTOM
KHCHEBMICHUX ()PArMEHTIB Y BUXITHUX CyMIIIax

BmiivB KOHKpEeTHHX OCOOJMBOCTEN CTPYKTYPHO-TPYNOBOIO Ta XIMIYHOIO
ckiaany BuxigHux BiaxomiB KX3 Ha ckiag 1 BIACTUBOCTI PiAWHHO-(ha3HUX
IOPOAYKTIB  TE€PMOJII3Yy KOMIIO3MIIITHOI CHPOBMHU IUIAHYETHCA AETaIbHO
PO3MIISIHYTH y HACTYITHIN IMyOTiKaIlii.
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MNOJIMEPHU KOMIO3UIIMHUI MATEPIAJI JIOCMIHY:
TEMIIEPATYPHA 3AJIEXKHICTh POSUMHEHHS Y BOJI

Xapuenko A.}O., Jlicosuii B.M., beccapa6os B.1.,
Casuenko K.I., ITopmenna 1.0O., Koctiok B.I'.
KuiBchkuii HallioHATBHUN YHIBEPCUTET TEXHOJIOTIHN Ta AU3alHY
a.kharchenko@kyivpharma.eu

VY crarTi npeAcTaBiIeHO pe3yabTaTH JOCIIKEHHS BIUIUBY TEMIIEpAaTypyu Ha
KOe(DILIEHT MIABUINEHHS PO3YMHHOCTI TIOCMIHY y CKJIaJl TBEPAOi JAMCHEPCHOI
cucTeMu Ha 0a3l (QapmaleBTUYHO NPUUHATHOTO moiiMepy. JlocmikeHHs
PO3YMHHOCTI JIOCMiHY NMPOBOAMINA 3 BUKOPUCTAHHSAM CHEKTPOPOTOMETPUUHOIO
METOAy aHajizy. BcTaHOBIEHO, 1O MpPH MIIBUILIEHHI TEMIEPATypH KOEQILIEHT
MIJBUIIEHHS PO3YMHHOCTI JIOCMiHy 3pocTae. OTpumaHi JaHl MOXYTb OYyTH
BUKOPHUCTaHI MPH JOCIHIIKEHHI BIACTUBOCTEH M10CMIHY, pO3poOlLl JIKapChKHUX
3ac001B 3 JaHUM (PJIABOHOIZIOM Y CKJIal.

Knrwouosi cnosa: niocmiH, TBepAa AUCHEpPCHA CHCTeMa, KOEQIlieHT
MIJIBUIIICHHS! PO3YMHHOCTI, TEMIIEpAaTypHA 3aJICKHICTb.

The article presents the results of the study of the effect of temperature on
the coefficient of solubility of diosmin in the solid dispersed system based on a
pharmaceutically acceptable polymer. Studies of the solubility of diosmin were
performed using the spectrophotometric method of analysis. It is established that
with increasing temperature the coefficient of increasing the solubility of diosmin
increases. The obtained data can be used in the study of the properties of diosmin,
the development of drugs with this flavonoid in the composition.

Keywords: diosmin, solid dispersed system, solubility coefficient,
temperature dependence.

XBopoOH, MOB’sI3aHI 3 CUCTEMOIO KPOBOOOITY, 3aiMarOTh CYTTEBE MICIIE
cepel MPUYMH CMEPTHOCTI y YOJIOBIKIB 1 *IHOK mpare3natoro Biky [1]. Ilpu
TOMY, 3a MporHo3aMu BcecBiTHROI opraHizaiii OXOpOHHU 30POB’sl, JETAIBHICTh
BiJI JIaHOTO THUITYy 3aXBOPIOBaHb 3 4YacoM Oyne Tulbku 3pocTtatu. Came Tomy
BOXJIMBAM HampsiMoM  (apMareBTUYHOI PO3pOOKH € TIONIYK PEUYOBHH,
e(eKTUBHUX TPH JIIKyBaHHI TOPYIIEHb CUCTEMU KpOBOOOITy. JI0 Takux pedyoBUH
HaJeXaTh (PIIaBOHOIAM, K1 TOTEHIIHHO MOXYTh OyTH BUKOPHUCTAHI1 JJISl 3aXUCTY
CEPIIEBO-CYIMHHOT CUCTEMH [2].

OnnuM 13 TPEeACTaBHUKIB (PIaBOHOIAIB HAMBCUHTETHUYHOI MPUPOAH 3
IIMPOKUM CIIEKTPOM (papmMakonoriuHux BiacTuBocTed € mgiocMin [3]. Bin
3aCTOCOBYETBCSI TPU JIKYBaHHI XPOHIYHOI BEHO3HOI HEJOCTAaTHOCTI Ta
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reMOPOiIalIbHOI XBOPOOH, 301IBIITYE CYIMHO3BY)KYBAJIBHY 110 HOpaJIpeHaIiHy Ha
BCHO3HI CTIHKH, MiABUIIYIOYA BEHO3HUH TOHYC [4].

[lepenoHoto Mpu 3acTOCYBaHHI JA1I0CMIHY SIK aKTUBHOTO (hapMarieBTUYHOTO
IHTpEeIiEHTYy € HOro Hu3bka O01070CTYMHICTh. [l 30UIBIIEHHS MOXKIUBOCTEH
3aCTOCYBaHHS JIOCMIHY BHUKOPHCTOBYIOTH PI3HI METOJM IIIJIBUIICHHS HOTO
po3uuHHOCTI y BoAl. OJHUM 3 TaKUX METOJIB € YTBOPEHHS KOMIIO3UTHOIO
Mmatepiany y Burisai TBepmoi aucnepcHoi cuctremu (THC) Ha o0OcCHOBI
(hapMaIeBTUYHO MPUHHSATHOIO MOJIMEPY 3 TIOCMIHOM Y CKJIai.

O6pana B poOoti metoguka yrBopeHHs TJIC 0a3yeThcsi Ha CHUTBHOMY
po3urHeHH1 aiocMiny 3 modiBiHUIMIpoaigonom K-25 (IIBII K-25) y pozunnHUKY
3 MOAAJIBIIIMM BUIAJICHHSAM PO3YMHHUKA UISIXOM BUIIAPOBYBaHHS.

Mertow JgaHoi poOOTHM OyJIO0 JOCHIKEHHSI 3aJIeKHOCT1 IiJIBUIIICHHS
po3uuHHOCTI JiocMiny y ckiaal TC Bix TemmnepaTypu.

Memoouka ompumannsi T/[C. B xonbOy emuictio 100 Mn nomimanu
nociaigoBHo 45 mu po3umnHuka; 0,05 r giocminy; 7,50 r IIBIT ta 0,01 r
HElOHOTeHHO1 mnoBepxHeBoakTuBHOI peuoBuHu (I1IAP). Ilpomec pozumHeHHs
KOMITOHEHTIB CyMIII1 TPOBOJIWIIM IIPHU HArpiBaHHi Ha BoJsAHIN OaHi (37+0,5 °C) ta
IHTEHCUBHOMY TiepeminryBanHi mpotsiroM 30+0,5 xB. Po3ginenHs BomHOI Ta
TBepaoi (a3 3milicHioBain 1eHTpudyryBanuaMm mpu 6000 00./xB mpoTsiroMm
30+0,5 xB. Bogny ¢a3y (po3urH) AeKaHTyBaldM 1 HOMIIIAINA B CYIIWIbHY IIAQdYy.
[Ipouec cymku mpooauiau npu 50+0,5 °C 10 moCTiiHHOT MacHu.

PozuunnicTh aiocminy y ckiaai TC BuzHauyanu crnekTpoOTOMETPUYHO
3a repexo oM (GIIaBOHOITY Y BOAHUMN pO3UnH TIpu A=348 HM.

J1Jist TpoBEICHHS TOCIIIKEHb BUKOPUCTOBYBAJIM HACTYIHE O0JIATHAHHS Ta
nonomixkHi matepianu: Y d-cnexkrpodoromerp Optizen POP (Mecasys, IliBnenna
Kopes); Baru anamituuni AccuLab ALC 110.4 (Sartorius, BemukoOpuranis);
nentpudyra madoparopua CM-8 (MICROmed, KHP); tepmomeiikep TS-100C
(Biosan, Jlatsisi); nmaGopatopHa ycraHoBka Bojomiaroroku RO-4 (Werner,
Himeuunna); KroBeTa KBapIioBa 3 TOBIIMHOIO ONTHYHOrO 1mapy 0,5 cM; mpoOipku
tunty Eppendorf o6’emom 2 wi; konOM CKIISIHI, TOPLEISHOBI YalllKH,
OJIHOKaHaJbHI aBTOMaTH4H1 go3atopu 50, 1000 mMkJI.

VY pesynbrari JOCHIKEHHS OyJlI0 BHU3HAYEHO B3aJICKHICTh KOE(ILIEHTY
MIJBUIIICHHS PO3YMHHOCTI AiocMiny y ckiaal THC Big Temmniepatypu (puc. 1).

Ha gmiarpami (puc. 1) BUAHO 3pOCTaHHS BEIMYUHU KOCQIIIEHTY
MIJBUIIICHHSI PO3YMHHOCTI 1I0CMIHY B 3aJIe)KHOCTI Bij TemnepaTypu. HaltHmkue
3HauYeHHA — Y 3,2 pa3u, BiA3HadaeThes npu 25 °C, npu NiABUIIEHH] TeMIIepaTypu
no 30 °C xoedimieHT Mae nuiie He3HauyHud npupict (mo 3,67 pasu). llpum
noganbiioMy miaBuiieHHi temnepatypu 3 30 1o 37 °C koedillieHT MmiABUIICHHS
PO3YMHHOCTI JIOCMIHY 3poctae no 4,4 pa3sud, a MaKCUMallbHE 3HAaYeHHS
cnoctepiraethes mpu 40 °C (5,8 pasn).
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KoeiieHT migBUILIEHHS PO3YUHHOCTI Al0cMiHy (IMax)
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Puc. 1. KoedimienT miaBumeHHs po3unHHOCTI AiocMiny y ckmami T/C B
3aJIEKHOCTI BiJ] TEMIIEPATypH

TakuM YMHOM, BCTaHOBIIEHO, IO JIOCMIH YTBOPIOE KOMIIO3ULIMHUN
Matepian 3 ¢apmareBTudHO npuiHITHUM nosimepoM [IBIT K-25 npu cnisHOMY
PO3YMHEHHI 3 MOJATBIINM BHIAJICHHIM po3duHHMKA. [Ipu mboMy, MakcUMalibHE
301IBIIEHHA pO34YMHHOCTI aiocMminy y ckimagi THC y Bomi y 5,8 pasu
crioctepiraerbes npu temnepatypi 40 °C.
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CUHTE3 BIOCTABLIBHUX KOMIO3UIIMHUX MATEPIAJIIB,
HAIIOBHEHUX CPIBJIOBMICHUMU KPEMHE3EMHUMMU
HAHOKOMITIO3UTAMUA

Bicnoryszosa T.B., Poxxnosa P.A.
[HcTHTYT XiMIT BUCOKOMOIEKYIsipHUX cioyiyk HAH Ykpainu
rudenchyk@gmail.com

CunTe30BaHl  IUNIBKOBI ~ MaTepiajii,  HAMOBHEHI  CpiOJOBMICHUMU
KpeMHe3eMHUMHU HaHokomno3uTamu pizHoro ckiany (02AgCu; AgCu; 01Ag) y
pi3uit kutebkocti (0,1, 0,5 1 1 mac. %) sk O10JIOTIYHO AKTHBHI MOJIMEPHI
Marepiaiy MeIWYHOro mnpu3HaueHHs. [IpoBeaeHl MOCHIKEHHS  BIUIUBY
oiomoriyHoro cepeposuma 199 (BC 199) na cTpykTypy, (Pi3MKO-MEXaHIuHI,
TEPMOTPaBIMETPUYHI Ta TEIIOMI3UYHI  XAPAKTEPUCTUKH  KOMITO3HUIIHUX
MatepianiB mporsaroM 1, 3 1 6 wmicauiB. 3a pe3ynbTaTaMu JIOCHIIKEHb
KOMITO3UIIIMHI  MaTtepianm  mijg BmmBoM bC 199 mpotarom 6 MicsiliB
3aJIMIIAIOTHCS CTA0ITLHUMU Ta TEPMOCTIMKUMU MaTepiaiamH.

Knrouosi cnosa: KOMIIO3ULIMHI MaTtepiaiv, CpiOJOBMICHI KpEMHE3EMHI
HAaHOKOMIIO3UTH, OlosioriuHe cepeaonuiie 199.

Film materials filled with silver-containing silica nanocomposites of
various compositions (02AgCu; AgCu; 01Ag) in different amounts (0.1, 0.5 and 1
wt. %) were synthesized as biologically active polymer materials for medical
purposes. Studies of the influence of biological medium 199 (BM 199) on the
structure,  physical-mechanical, thermogravimetric and thermophysical
characteristics of composite materials for 1, 3 and 6 months were carried out.
According to the results of studies composite materials under the influence of BM
199 for 6 months remain biostable and heat-resistant materials.

Keywords: composite materials, silver-containing silica nanocomposites,
biological medium 199.

[Tomimepna Matpuils Ha ocHOBI nodiyperanceuoBuH (ITYC), mo MicTarh y
CTPYKTYp1 Komoimep noji(BiHIIOyTHpanb-BiHIIaneTaT-BiHUoBul crnupt) (IIBB),
3aJI0BOJIBHSIE BUMOTH JI0 TIOJIMEPIB MEAMYHOTO TpU3HA4YeHHs 3a (Pi3uko-
MEXaHIYHUMHU BIIACTUBOCTSIMH, € OIOCYMICHOIO Ta 3JaTHOI IPOJIOHTOBAaHO
BUBUIBHATH JIIKAPChKI peyoBUHU [1, 2]. JlomiapHUM € CTBOpPEHHsS Ha ii OCHOBI
KOMITO3HITITHUX MaTepiaiiB 13 Cp16JI0BMiICHUMH KpPEMHE3eMHUMU
HAHOKOMIIO3UTaMH, SIKi OyAyTh MPOSIBISATH aHTHOAKTEpiaJibHI BJIACTMBOCTI IS
BUKOPHUCTAHHSA B MEAWYHIN mpakTuii. JaHl MIIBKOBI Marepialii MOXYTh OyTH
3allpONOHOBAHI JJIi BHUTOTOBJICHHS KaTeTepiB, APEHAXIB 1 PI3HOMaHITHUX
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IUTIBKOBUX TMOKPUTTIB JJIsI BUKOPUCTAHHS B PI3HUX Taly3sIX MEIULUHU, TOMY
noTpeOyIOTh MOJATBIINX JTOCI1IKEHb.

3natHicTh A0 Olojerpajaiii B YMOBax, SKi IMITYIOTh CEpEIOBUIIE
OpraHi3My, € OJHIEI0 3 HAMBAXKIUBINIMX XapAKTEPUCTHUK MOJIIMEPIB MEIUYHOTO
NPU3HAYEHHS, OCKUIBKM LEed MPOIEC CYNPOBOKYETHCS 3MIHAMU CTPYKTYpHU
MoJIiMepy, 10 CIPUYHHSIOTh 3MIHU BJIaCTUBOCTEH. ToMy, iICHye HEOOX1IHICTh Y
JIOCTIDKeHHAX Oiogerpamamii in VItro, pe3yibraté SKUX JaayTh 3MOTY
CIIPOTHO3YBaTH IIOBEAIHKY IMOJIMEPHUX MaTepialdiB MpU IX MOJAIBIIOMY
3aCTOCYBaHHI B MEIUYHIN TIPAKTHIIL].

Meroto pobotn OyB CHHTE3 1 JOCHIIKEHHS BIUIMBY MOJEIHHOTO
CEepelioBUIIIAa HA CTPYKTYpy, (i3UKO-MeXaHIYHI, TEepMOrpaBIMETPHUYHI Ta
TEIJIO(I3UYHI  BJIACTHBOCTI  KOMIIO3MLIMHMX  MaTepiajliB,  HAIOBHEHUX
Cpi10JIOBMICHUMH KPEMHE3EMHUMH HAHOKOMITO3UTAMH, POTIToM 1, 3 1 6 MicsIIiB.

Tak, Ha ocHoBil IIYC 13 ¢pparmentamu konommepy IIBb Ta nonosxyBaua
nanrora 1,6-rexcamerunengiaminy (I'MJA) y crpykrypi (puc. 1) 3a
BifgcoTkoBoro craiBBigHomeHHs I MJIA no I[IBb 30:70 aHanorigso 3a METOIUKOIO
[3] oTpuMaHO MUIIBKOBI MaTepialid, HATIOBHEH1 CP10JIOBMICHUMHU KPEMHE3EMHUMHU
HaHokommo3uTamu pizHoro ckiany (02AgCu; AgCu; 01Ag) y kinbkocti 0,1, 0,5 1
1 mac. %, CHHTE30BaHUMHM 32 METOJUKOIO [4].

Ry:—(CH2)e—

Puc. 1. CtpykrypHa ¢popmyna By3miB posranyxkenus [IYC 13 pparmentamu
konosimepy I1BbB y cTpykTypi

3pa3Ki  CHHTE30BaHMX KOMIIO3UMLIWHUX MaTepiajiB 1HKyOyBaiud Yy
MojielbHOMY GiostoriunoMy cepemoBwuii 3a Temmeparypu (37+1) °C mpotsrom 1,
3 1 6 micsauiB. SIk MozenbHE cepefoBulle oOpaHo OiojioriuHe cepenoBuiie 199
(bC 199) (BioTestLab, Ykpaina, pH 7,4—7,7), sixe iMiTy€e mia3my KpoOBi.

CTpyKTypy AOCIHIKYBaId METOJIOM MOPYIICHOTO MOBHOTO BHYTPIIIHHOTO
BinbuTTs B miamasoni 6504000 cm™ (IU-crekrpomerp ,,Tensor-37” «Bruker»).
di3uko-MexaHiuHi nokazHuku BuzHadaiau 3a [OCT 25.601 (po3puBHa marimHa
P5). Tennodizuuni BractuBocTi BuBYaau MetojoM JICK B iHTepBai TemMIiepaTyp
-90 °C-200 °C (TA Instrument Q2000). TepMorpaBiMeTpuUHi XapaKTEPUCTUKH
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BuB4Yaiu metonoM TI'A y miamazoni temmeparyp 20-700 °C (TA Instrument
Q50).

JIJisi BCTAHOBJICHHS BIUIUBY MOJIEJIBHOTO CEPEIOBHINA Ha CTPYKTYpy Ta
BJIACTMBOCTI MOJIIMEPHHUX MaTepiajiB MPOBEACHI TOCHTIKEHHS BUXITHUX 1 3pa3KiB
KOMIO3UIIMHUX MaTepiaiiB, HAIMOBHEHUX CpPIOJOBMICHUMH KpPEMHE3EeMHUMU
HaHokommo3uTamu pizHoro ckiany (02AgCu; AgCu; 01Ag) y kinbkocTi 0,1, 0,5
ta 1,0 mac. %, micns ix iHkyOanii y BC 199 mpotsirom 1, 3 1 6 micsuis.

3a ganumu [Y-cnekTpockorii, Ha CHEKTpax BCIX 3pa3KiB ICTOTHUX 3MiH
CMYT TOTJIMHAHHS BaJICHTHUX 4Yd JAe(popMamiifHMX KOJWBaHb (PYHKIIIOHATBHHUX
rpyn 1o i micas iHkyOauii y BC 199 ne cnocrtepiramu. Otxe, pesynbratu [Y-
CIIEKTPOCKOMIYHUX JOCIHIPKeHb CB1YaTh NPO CTaOUIBHICTh KOMITO3HUITIHHUX
MatepianiB mig BIuinBoM MoeiabHoro bC 199 Ha Beix TepmiHax JOCIIIKEHHS.

3a  pesynapTaTamMu  (I3UKO-MEXAHIYHMX  JOCHIKEHb  CIOCTEpIraiu
MIJBUIIICHHSI MIIHOCTI Ta BIJHOCHOI'O TOJOBXEHHS MpPHU PO3pUBI Bxke micis 1
Micsns 1HKyOamii (puc. 2), 10 MOXKHA TOSICHUTH CHENU(IYHOI B3aEMOIIEIO
MOJIEKYJT (EpMEHTIB 3 YypEeTaHOBUMM TpylaMu TMOJIMEpHOI Mmatpuii [5].
[Topaneiie nepedyBanus y BC 199 cBiquuTh npo MOCTYNOBE 3HMXKEHHS 3HAYCHB
MOPIBHSHO 3 monepeaniM TepMmiHoM. Ilicist 6 wicsmiB 1HKyOaIli 3HaYeHHS
MIITHOCTI € O1IBIITUMHU 332 KOHTPOJIbHI, a BIJIHOCHOTO TOJIOBXKEHHS IPU PO3PUBI HE
3a3HAIOTh ICTOTHUX 3MIH TIOPIBHAHO 3 KOHTPOJBHMUMH. TakuM UYHHOM,
KOMITO3HUIIIIHI MaTepialiv 3aJIMIIAI0ThCs 010CTA0LTBHIUMH MPOTATOM 6 MICSIIIB.

- [IVC

-+ IIVC+02AgCu (0.1)
—a [IVC+02AgCu (0,5)
—v[IVC+02AgCu (1,0)
—4 ITYC+AgCu (0,1)
—— [TYC+AgCu (0.5)
—o-[IVC+AgCu (1.0)
—o-[IVC+01Ag (0,1)
—o- [IVC+01Ag (0.5)
- IIVC+01Ag (10)

—
th

—
=]

Mitnicts, Mlla
(o} D

0 1 2 3 4 5 6
Tepwmin iHKyOarmi, Mic. Tepmin 1KY Oamii, Mic.

Puc. 2. Miunicts (a) Ta BiHOCHE TToAoBkeHHs (0) npu po3pusi [TYC Ta
KOMIO3UIIITHIX MaTepianiB micis iHkyOaii y BC 199

3a manumu TT'A mix BmmmBoM BC 199 cmoctepiraerbcst ImiIBUINCHHS
TEMIIEPATYpH TO4YaTKy pO3KIagaHHA (Thou poscn): A IIYC 1o 1HKyOGamii
ctaHoButh 197,34 °C, Toai sik micis 6 wmicsauiB iHkyOamii — 198,78 °C; nmns
HAIMMOBHEHUX KOMIO3UIIIMHUX MaTepiamB a0 iHkyOari — 166,16—194,32 °C, micns
6 wmicsauiB 1HkyOamii — 192,23-206,60 °C. Ockinbku micis iHkyOamii y bC
CIIOCTEPIra€TbCs MiABUIEHHA Tpou poscn, KOMIIO3UTH B yMOBax in Vitro
3aJMIIAI0ThCS TEPMOCTIHKUMU MaTepiaiaMu.

3a pesynbratramu JICK, 3aiexHOo Bij TepMiHY I1HKyOalli TemmepaTrypa
ckimyBaHHs (T.) 3MiHOETHCS HemiHIAHO: 11t [TYC no inky0Oarii ctaHoBUTSH -23,39
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°C, Tom fAk micaa 6 MicaimiB — -24,49 °C, s HallOBHEHUX KOMIIO3HIIIMHUX
MartepiamiB g0 iHkybamii — Big -23,41 °C go -27,43 °C, micist 6 MicsIiB
3HaXOJUThCs y aiana3oHi Bifg -24,00 °C mo -25,27 °C. 3mMiHa TEIUIOEMHOCTI MPHU
ckiyBaHHI (AC,) 3aleKHO B1J TEpMiHYy 1HKYOaIlll TaKOkK 3MIHIOEThCA HEIIHIAHO:
s [IYC po imkyOamii — 0,3165, Ttomi sk micis 1HKyOarii KOJUBAETHCSA Yy
niama3oHi Big 0,2435 no 0,4054, 11 HaMOBHEHUWX KOMIIO3UIIIMHUX MaTepialliB J0
iakyOartii — 0,1876-0,3107, micas inkyoarii — 0,1728-0,3287. OTxe, 3a maHuMHA
JCK, micis 1axy6anii y bC 199 3nauenns 7, Ta AC, He 3a3HAaIOTh ICTOTHUX 3MiH.

Takum umnom, Ha ocHoBl IIYC 13 ¢parmenramu xomomimepy [IBb Ta
nojnoBxkyBaya unaniora [MJIA y CTpyKkTypi CHHTE30BaHO KOMIIO3MIIIHHI
Marepiajid, HAMOBHEHI1 CpIOJOBMICHUMH KPEMHE3eMHHUMH HAaHOKOMITIO3UTaMHU
pizHoro ckiany (02AgCu; AgCu; 01Ag) Ta Bmicty (0,1, 0,5 1 1,0 mac. %). 3a
pe3yabTataMu A0CHipKeHb N Vitro BmuuBy BC 199, komnosumiiiHi MaTepiaiu
3aIMIIAIOTECS  010CTAaOUIBHUMM MPOTITOM 6 MICSIIB 0€3 ICTOTHHX 3MiH iX
CTPYKTYpH Ta BJIACTHUBOCTEH, IO pPOOWUTH MOXIJIHMBHUM iX 3aCTOCYBaHHS SK
MOJIIMEPHUX MaTepiaiiB TPUBAJIOTO BUKOPUCTAHHS, OCKUIbKM BOHU 30€pirarorhb
(G13MKO-MEXaHIYHI  BJIACTUBOCTI TiJ BIUIUBOM OI10JIOTIYHOIO CEPEIOBHUILA
MPOTATOM TPUBAJIOTO TEPMIHY Iii.
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FEATURES OF PHOTOCATALYTIC SYSTEM BASED ON TITANIUM
DIOXIDE, g-CYCLODEXTRIN AND ITS DERIVATIVES
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The use of B-cyclodextrin, its derivatives and increasing the acidity of the
medium accelerates the processes of photodestruction of methyl orange (as model
dye) in the distilled and natural waters. Methyl orange was decolorized for 20-25
min in the solutions of all investigated cyclodextrin derivatives at pH 2.5. The
bactericidal lamp with 254 nm prompts to increase the rate of destruction during
the irradiation process. However, under such conditions, by-products of reactions
are decomposed much faster. The application of cyclodextrins allows to provide
photodegradation process without significant loss of its efficiency up to 8 cycles.

Keywords: titanium dioxide, photodegradation, p-cyclodextin, methyl
orange.

Bukopucrannus B-IUKIOAEKCTPUHY Ta MOro MOXIAHUX Yy KHUCIOTHOMY
CEpEllOBUIIIl  TMPHUCKOPIOE  Tiporiec  (OTOAESCTPYKIT  METUIIOPAHXKY B
JUCTUIIHOBAHIN 1 TMPUPOAHMX BoJax. MeTuiopaHX 3HEOApPBIIOBABCA MPOTATOM
20-25 xB B po3uMHax yCiX IOCHIIKEHUX 3pa3KiB MOXITHUX [UKIOACKCTPUHY TPU
pH 2,5. bakrepunmmna mamma 254 HM J03BOJISE€ IMABUIIUTH IIBHIKICTH
pyiiHyBaHHsI OapBHUKA B Tporieci ornpomiHeHHs. OJIHAaK 3a TaKuX yMOB MOOIYHI
NPOAYKTH  pEakilii  po3KJIaJarThcs Habarato MBHUAIIE. 3aCTOCYBaHHS
IIUKIIOJICKCTPUHIB 3abe3rneuye mporec Goroaerpanamii 0e3 3HAYHOI BTpATU
€(EeKTUBHOCTI TAKOI CUCTEMH JI0 8 LIUKIIIB.

Knwouosi cnosa: oxcun tutany, Gdortoaerpanaimis, B-IIUKIONSKCTPHUH,
METUIIOPAHXK.

One of the dangerous classes of pollutants found in industrial effluents is
dyes due to their negative impact on human health — allergy, dermatitis, skin
irritation, carcinogenic and mutagenic effect [1]. A lot of methods are currently
being developed to remove them, such as biological oxidation, chemical and
physical processes (precipitation, adsorption, etc.) [2]. Each of them has certain
advantages and drawbacks such as the duration of the biological oxidation
process, the low efficiency of its use in small reservoirs, the high cost of sorbents
regeneration and their partial loss during regeneration, etc. [3]. Photocatalytic
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oxidation is a promising method for water purification from organic pollutants
(including various dyes and microbial pathogens) in water environments [4].
Titanium dioxide is the most widely used and one of the interesting photocatalytic
materials due to its non-toxicity, chemical and photostability, high activity, as
well as availability of raw materials, simplicity of synthesis and long-term
stability [5]. The photocatalytic properties of TiO, can be enhanced in various
ways, including modification by inorganic substances (nonmetal, metal or metal
oxide), preparation of composites with various polymer supports such as
polystyrene, polyvinyl alcohol, polyethylene terephthalate, etc. Application of
hydrogen peroxide promotes additional hydroxyl radicals generation, thus
enhancing the photodegradation efficacy of titanium dioxide and facilitating
destruction and removing of by-products.

The following reagents were used for experiments: B-cyclodextrin (f-CD)
(Cavamax W7, Wacker Chemie, Germany); 2-hydroxypropyl-p-cyclodextrin
(HP-B-CD) (DS = 4.5) (Cavasol W7, Wacker Chemie, Germany); sulfobutyl ether
B-cyclodextrin sodium salt (DS = 6.4) (SB-B-CD) (kindly donated by Cyclolab
Ltd, Hungary); carboxymethyl-B-cyclodextrin (CM-B-CD) (DS = 2.7) was
synthesized by reaction of B-CD with chloroacetic acid (Agocs et al. 2016); 7-
thexyl-p-cyclodextrin (DS = 7.0) [6]; titanium dioxide (TiO;) (“Aldrich”),
anatase, purity > 99 %. Stock solution of methyl orange of 1.5 g/l was prepared
by dissolving 0.75 g of MO in 500 ml of distilled water.

Photodestruction of methyl orange was performed in a quartz tube with a
volume of 50 ml as follows: required volume of B-cyclodextrin or its derivatives
(2 g/l), methyl orange (1.5 g/l) and 0.04, 0.028 or 0.016 g of TiO,
correspondingly, were placed in the tube and stirred on a magnetic stirrer in a
closed chamber under the irradiation of two lamps: the first with A = 365 nm
(UV-A) and the second lamp with & = 254 nm (bactericide lamp) (UV-C). The
lamps were located vertically on three sides of the tube. Photodegradation of MO
was conducted in distilled water and natural waters, namely, river water (pH 6.52,
conductivity 427 uS/cm, hardness 4.30 mg-equiv/L) and artesian water (pH 7.07,
conductivity 586 puS/cm, hardness 7.46 mg-equiv/L) at pH 2.5 adjusted by adding
an appropriate amount of 1N HCI. The molar ratio of MO to CD was 1:0.5 and
1:1, respectively.

The MO photodegradation with cyclic irradiation was monitored by adding
each subsequent portion of methyl orange to the system after complete
suspension’s discoloration, the duration of each cycle irradiation varied from 10
to 30 min, depending on concentration of MO, CD and H,0..

The UV spectra were recorded on a UV-Vis spectrophotometer UV-2401
PC (Shimadzu, Japan) in the range of 190-700 nm. The IR spectra were fixed
using a Tensor-37 Fourier Transform Instrument, Bruker (Germany) in the range
of 400-4000 cm™.
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The main part of this research focused on the research of degradation at
cyclic irradiations, since due to the accumulation of by-products, which causes
secondary water pollution and can slow down this process. The results regarding
the course of the MO photodegradation (without peroxide) with cyclic
irradiations (up to 10 cycles) were obtained. At the sufficiently large molar ratio
of MO to CD which equals 1:6, the photodestruction efficiency was maintained
up to 8-10 cycles. Whereas at the lower ratio (1:3), a significant lowering in
efficiency was already observed on the eighth cycle (curve 4), despite the fact that
the time of each cycle was longer (30 min), than for previous case (15-20 min).
Comparison of the curves obtained under irradiation is given in Fig. 1.

B

ey P
0 &5 10 15 20 25 30 35 40 200 300 400 500 600
t, min A, nm

Fig. 1. Photocatalytic degradation curves Fig. 2. UV-spectra of irradiated
of methyl orange by TiO,—B-CD in river system (after 30 min) TiO,—p-CD-—
(1, 2) and artesian (3-9) water at pH 2.5, MO in the river water, pH 2.5. Molar
molar ratio MO:CD = 1:6 (2, 3), 1:3 (1,4), ratio MO:CD = 1:1. The number on
1:1 (5-9) on 1%(1, 5), 2™ (6), 3" (7), 4™  the curve corresponds to the cycle
cycle (8), 8" (2, 4, 9), 10" (3), System number
irradiation: UV-A (1-4), UV-A/UV-C
(5-9). Duration of each cycle: 15 min (2),
20 min (3, 6-9), 30 min (4)

As can be seen from these data, when exposed to bactericidal lamp, the MO
solutions are decolorized faster by approx. 2 times than using only UV-A lamps
(curves 1 and 2, respectively) (fig. 2). After several cycles of irradiation, there is a
slight slowdown in the decomposition process (curves 5-9), which may indicate
that under such conditions, by-products decomposed much more efficiently than
when utilizing just UV-A lamps. In general, when utilizing a bactericidal lamp,
the effect of cyclodextrin on the efficiency of photocatalysis is less pronounced.
To determine the optimal concentration of hydrogen peroxide required for the
effective methyl orange photodegradation passing by both in the first irradiation
cycle and during several consecutive cycles, we used H,O, with concentrations
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ranged from 1.1 to 6.6x10° mol/L. Fig. 3 ab shows the curves of
photodegradation at initial concentrations of MO equals to 60 mg/L. As can be
observed, the effect of the investigated concentrations of hydrogen peroxide
during the first irradiation cycle does not differ significantly.

However, monitoring the photodegradation for several cycles, in particular
after 10-15 cycles, showed that when hydrogen peroxide concentration value less
than 2.2-:10"° mol/L at 30 mg/L of MO, and less than 4.4-10"° mol/L at 60 mg/l of
MO the effective decomposition of by-products being formed while MO
decomposes does not occur.

6y = 0,4847x + 10,1192
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1: 51 4. % ¥=04642 40,1372
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Fig. 3. Photocatalytic degradation curves of methyl orange (a) and plots of
pseudo-first order kinetic model (b) by TiO,—B-CD in artesian water pH 2.5 with
various concentration of H,0, 3.3-10° (2) 4.4-10° (3), 6.6-10° (4). Molar ratio of
MO:CD =1:0.5

The minimum required concentration of H,O, is 3.3 and 6.6-10° mol/l,
when the initial solutions having MO concentrations of 30 and 60 mg/l,
respectively are irradiated. The boost in the efficiency of photodestruction of MO
in the presence of hydrogen peroxide could be attributed to the generation of
additional hydroxyl radicals under the action of UV radiation or when interacting
(H,O,) with a superoxide anion of oxygen, as well as by inhibiting the
recombination of holes and electrons.

Studies of MO photodegradation in the presence of carboxymethyl-,
sulfobutyl- and thexyl-B-cyclodextrins and H,O, at initial concentration of methyl
orange 30 mg/l and C(H,0,) = 3.3-10° mol/l are depicted in Fig 4. For this
concentration of MO, the results of destruction were worse compared to those for
the original B-CD, in the presence of which photodegradation occurred quite
effectively in both the first and tenth cycles of irradiation.
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Fig. 4. Photocatalytic degradation curves of methyl orange in the presence of
thexyl-B-CD (1), B-CD (2, 3), SB-p-CD (4), CM-B-CD (5) for 1st cycle (1, 2),
10" cycle (3-5); C(MO) = 30 mv/1, C (H,0,) = 3.3-10° mol/I

Applying the neat B-CD, after 30 min of irradiation a fairly flat area up to
250 nm with a maximum absorption at 206 nm is observed. Whereas for CM-f3-
CD, this maximum had a higher intensity, and the intensity at the region of 250—
320 nm was significantly raised. Studies of photodestruction of MO with an
initial concentration of 60 mg/l showed that, on the contrary, the destruction was
better in the presence of CM-B-CD. It is worth to be noted that in the UV spectra
of solutions obtained after 10 min of irradiation on 12" and 15" cycles a clear
band MO at 504 or 464 nm is not observed, and further irradiation up to 30 min
led to decreasing in a short-wavelength range. That is, in the presence of
hydrogen peroxide, low molecular weight products are emerged as a result of the
MO destruction and underwent further decomposition.

Thus, the study showed that the application of both the neat B-cyclodextrin
and its water soluble derivatives, including also water-insoluble thexyl-
cyclodextrin, accelerates the photodestruction of methyl orange in distilled,
artesian and river waters.

The utilization of hydrogen peroxide along with combined light irradiation
makes it possible to carry out the photodegradation without significant loss of
efficiency up to 15 cycles.
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3anponoHOBaHI KOMITO3UILIIHI MaTepiaJii Ha OCHOBI TJIMH Ta POCIHHHOI
cupoBuHU. IlinTBEep/KEHA TIMOAJIEPTreHHICTh NOCTIKEHUX cucTeM. [IpoBeneHi
KIHETUYHI JOCIIDKEHHS BUIIJICHHS aHTOI1aH1B.

Knrouosi cnosa: mopomox Mentha piperita, aHTOIllaHU, TTUHUCTI MiHEPAJIH.

Composite materials based on clays and vegetable raw materials are
offered. The hypoallergenicity of the studied systems is confirmed. Kinetic
studies of anthocyanin release have been performed.

Keywords: Mentha piperita powder, anthocyanins, clay minerals.

A wide range of therapeutic and prophylactic properties of clay minerals
creates the prospect of using them as components of shampoos in the
development of new formulations. In recent years, a number of well-known
cosmetic companies (L'Oreal, Le Petit Marseillais, Dessange) presented
innovative developments — shampoos with clays, which, due to the presence of
the latter, strengthen the hair follicles and prevent its fragility and loss.

To increase the effectiveness of clays that are part of shampoos, it is
advisable to use their compositions with vitamins and other biologically active
substances (BAS) [1]. Previous studies have shown that clays have a bactericidal
effect [2].

Mentha piperita powder was chosen as the source of BAR. This plant has
excellent cosmetic properties. Mint leaves contain essential oil, as well as
phenolic acids, calcium, phosphorus, iron, magnesium and vitamin A, which have
a positive effect on the skin. The place with the theme of mint helps to refresh the
skin, brightens the complexion and regulates the sebaceous glands. Ideal for dry
skin care.

Samples of clay / hydroxyapatite / vegetable raw materials were obtained
by the method of mechanochemical activation. The release of anthocyanins from
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plant raw materials and clay / hydroxyapatite / plant raw materials composite was
studied by UV spectroscopy

To assess the level of safety of the obtained materials was used software
product "Rana" — an information system designed to store and organize the
composition data and calculate the development of cosmetics and other products
or fillers, determine their level of safety in terms of component composition of
the final mixture. Safety is assessed on three indicators — Cancer, Developmental
& Reproductive Toxicity, Allergies & Immunotoxicity.

Green — from 1 to 33, yellow — from 34 to 77, red — from 78 to 100.

The level of safety of the obtained materials and plant raw materials was
assessed (Table 1) using the program "Rana". AIll composites clay /
hydroxyapatite, clay / silica and clay / hydroxyapatite / silica are not higher 22,
hypoallergenic. Samples with the addition of vegetable raw materials have a
slightly higher level of safety.

Table 1
Assessment of the level of safety of composite materials and vegetable raw
materials
# Developmen_tal & Allergies &
Sample Cancer Reproductive .
. Immunotoxicity
Toxicity
1 | Hydroxyapatite 18 18 20
2 | Silica(A300) 20 18 21
3 | Mentha piperita powder 20 22 87
4 | Yellow Clay(illite) 21 22 19
5 | Yellow Clay(illite)/
Mentha piperita powder 20 22 >4
6 | Yellow Clay(_llllte)/ 18 18 20
Hydroxyapatite
7 Y_e!low Clay(illite)/ 20 18 91
Silica
8 | Yellow Clay(illite)/ 19 18 20

Hydroxyapatite/ Silica

9 | Yellow Clay(illite)/
Hydroxyapatite/ Mentha 19 20 53
piperita powder

10 | Yellow Clay(illite) /

Silica/Mentha piperita 20 20 54
powder

11 | Yellow Clay(illite)/
Hydroxyapatite/ Silica/ 19 19 42

Mentha piperita powder
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The release of anthocyanins from plant raw materials and composite
materials was also investigated (Table 2).

Table 2
Release of anthocyanins from hybrid composites and plant raw materials
C
No Sample A (a.u. C (ng/
_ _p @u) 1 (mafg) (ng/g)
p | Yellow Clay(illite)/ 0.025 | 0.015 14.52

Mentha piperita powder
Yellow Clay(illite)/

2 | Hydroxyapatite(5 %) / 0.056 0.033 32.53
Mentha piperita powder
Yellow Clay(illite) /
Silica/Mentha piperita powder
Yellow Clay(illite)/

4 | Hydroxyapatite (5%)/ Silica/ 0.092 0.053 53.44
Mentha piperita powder
Yellow Clay(illite)/

5 | Hydroxyapatite(10 %)/ 0.071 0.041 41.25
Mentha piperita powder
Yellow Clay(illite)/

6 | Hydroxyapatite(10 %)/ Silica/ 0.034 0.02 19.75
Mentha piperita powder

0.067 0.039 38.92

Composite materials based on clays and vegetable raw materials are
offered. The hypoallergenicity of the studied systems is confirmed. Kinetic
studies of BAS can be used as a factor in regulating the direction of preventive
action of shampoos.

The research leading to these results are supported by project
BPS/UKR/2022/1/00065/U/00001 (NAWA Comnigapsi 3 YkpaiHoto).
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MOPIBHSHHSA TEPMIYHOI CTABLIJIBHOCTI IPUPOTHUX
AKTUBOBAHUX TA CUHTETUYHUX BYIVIEHEBUX MATEPIAJIIB

Menpanuyk O.B., [ToBaxknuit B.A., ITeptko O.I1.
[actutyT GioopraniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
melnichuk@bpci.kiev.ua

JlocmipkeHo  TepMIYHY — CTIMKICTH Ta  MOPHUCTI  XapaKTEPUCTUKU
ME30IOPUCTOr0 CHHTETUYHOTO BYIJICIIEBOTO MaTepialy, OTPUMaHOTO METOAOM
TEMILJIATHOTO CHUHTE3y 3a BJOCKOHAJIEHOD METOAMKOIO, Yy TMOpPIBHSIHHI 3
OPUPOJHUM aKTHBOBaHMM ByruuiaMm. [lokazano, 10 [gomaTrkoBa CTajis
KapOOHi3aLli CIpus€ 3MEHIICHHIO KUTBKOCTI IE(PEKTIB CTPYKTYpU Ta 3POCTAHHIO
TEPMIUHOI CTIHKOCTI CHHTE30BaHOro Mmatepiany. HaHeceHHss weTany Ha
BYTJICLIEBUI MaTepiall HEraTUBHO BILUIMBAE HA OTO TEPMOCTIMKICTb.

Kntouosi cnosa: cuHTETHYHUN BYTJICLIEBUUA Martepial, JOKapOOHi3ailis,
aKTUBOBaHE BYT1JIJISl, TEPMOCTIHKICTb, IOPUCTICTh, Ne(PEKTU CTPYKTYPH.

The thermal stability and porous characteristics of mesoporous synthetic
carbon material obtained by templat synthesis by an improved method compared
to natural activated carbon have been investigated. It is shown that an additional
carbonization stage reduces the number of structural defects and increases the
thermal stability of the synthesized material. The application of metal to carbon
material negatively affects its thermal stability.

Keywords: synthetic carbon material, post-carbonization, activated carbon,
thermostability, porosity, structural defects.

ByrieneBi MaTepianu MIMPOKO BUKOPUCTOBYIOThCS sIK KatajiizaTopu [1, 2]
Ta HOCii KaramizaTopiB [3] y 6ararboX MPOMMCIOBO BaKJIMBHUX IpoOIEcax, IO
COpUs€ JOCHIUKCHHSIM, CHPSIMOBAHMM Ha BJOCKOHAJICHHS ICHYIOUUX Ta
CTBOPEHHS HOBUX CHHTCTHYHHUX BYTJENEeBUX MmartepiamiB. [loemqHaHHS Takux
BJIACTUBOCTEN SIK CTIMKICTh JO CTUPAHHS, PETYJSIPHICTH PO3MIpIB, TEpMIYHA
CTIHKICTh, a TakKoX crenudiuai aacopOIliifHI BIACTUBOCTI, POOUTH OCTaHHI
NpUBAOJIMBUMU Ta KOHKYPEHTOCIIPOMOXKHUMHU KaTaldi3aToOpaMH Ta HOCISMU
KaTaji3aTopiB y MOPIBHSAHHI 3 aKTUBOBAHUM BYTULISIM. CTPYKTYpHI BIACTHUBOCTI
aKTUBOBAHOTO BYrU/UIA Hapa3l BCe 1€ BaXKO pEryJioBaTH, a iXHA
MIKPOTIOPUCTICTh, IO 3yMOBJEHA Je(eKTamMu CTPYKTYypH, MOXKE KaTajli3yBaTH
rasudikariiro Byriuero [4].

OpHak MeToau OTpUMaHHS CHUHTETMYHUX BYIVIELEBUX MaTepialiB €
CKJIaJIHMMHU Ta 3aTPaTHUMH, TOMY BJOCKOHAJICHHS CHHTETUYHUX METOIIB
OTPUMAaHHs BYIJICLIEBUX MAaTepiayliB € aKTyaJbHUM 3aBIaHHSIM CbOTOACHHSA. B
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JaHii poOOTI MOCTIKEHO TEPMIUHY CTIMKICTh Ta MOPUCTI XapaKTEPUCTHKHU
ME30MOPUCTOrO0 CHHTETUYHOTO BYTJICIIEBOTO MaTepialy, OTPUMAHOTO METOJIOM
TEMIJIATHOTO  CHUHTE3y 3a BJOCKOHAJICHOI METOAMKOI (13  CTaJl€ro
nokapOoHi3allii), y TOpIBHSAHHI 3 aKTUBOBAaHWM BYTJICIIEBHM MaTepiajioMm,
BUTOTOBJICHUM 3 IPUPOTHOTO BYTLILIIA.

Cepen HOBUX (OpM BYIJIELIEBUX HOCIIB, 3AaTHUX 3a0€3MEYUTH BHUCOKY
JUCTIEPCHICTh 1 BEJIMKY MHUTOMY IOBEPXHIO KAaTaJITUYHO AKTUBHUX LIEHTPIB,
BUKJIMKAIOTh THTEPEC BYTJIEIEBl MaTepiayin, 1110 OTPUMaHi METOAOM TEMIUIATHOTO
cuate3y. Croci®6 TemIutaTHOT KapOOHi3aIlii J03BOJSE OACPKYBATH BYTJICIECBI
MaTepiaiu 3 KOHTPOJIbOBAHOIO CTPYKTYPOIO Ta BITHOCHO BY3bKHM PO3IMOJIJIOM
nop 3a po3MipaMu. 3aBASKU IIbOMY HOro MOXHA BHUKOPHUCTOBYBAaTHU SIK METOJ
CHUHTE3y IPOCTOPOBOBIOPSIKOBAHUX BYIJICLIEBUX CTPYKTyp. Byriems, 110
YTBOPIOETBCSL B IOpax TeMIUIaTa, MEPETBOPIOETHCS B BYIVICLIEBHHM Kapkac, a
IPOCTIp, SIKUH 3aliMae BUXIAHUI TEMIUIAT, NMEPETBOPIOETHCS B MOPH KIHLEBOIO
3pa3ka BYTJIELIO.

OpepxaHHs ME30MOPUCTOTO BYIJIELIEBOIO MaTepiajly MPOBOJWIN 3T1THO
Metoauku [5]. HaBaxxky cuiikarea0 BHOCHUJIM B PEAKTOp 1 HacUYyBald
bypdypuaoBUM COMPTOM, SK BYTJIELEBUM HPEKYpCOpPOM, MiJ BaKyyMOM Ipu
KIMHATHIN Temrmeparypi mpotsaroM 8 roauH. Hacuuenuil cuiikareib BiIMUBAIIA
ME3UTWICHOM Bia 3anuiikiB Qypdypuiooro crnupty Ha ¢uietpi [lorta 1
3aUMIIANM  CYIIUTUCA Ha MTOBITp1 mpoTsirom 12 romun. Jlami npoBoawiu
nosiMepu3aiito mporsarom 6 roaud npu 80 °C Ta moJaiblly 3MIMBKY MOJiMepa
nporsiroM 8 roaud mpu 150 °C. OtpuMaHuii 3pa3oK MEPEHOCHIM B KBapIIOBHI
peakTop i mporpiBamu B armocdepi aprony mpu 700 °C mporsrom 3 TOIuH.
KapOonizoBanuii 3pa3ok MNpoMHUBaIM (TOPUCTOBOAHEBOI KHUCJIOTOK Ha
CTPYILIYBaJIbHOMY amapaTi A BUJAJICHHS CUJIIKaTHOTO CKEJETy 3 MOJajbIIUM
BIJIMMBAaHHSM JUCTWIbOBaHOK Bojo0 10 PH = 7. Bigmutuii 3pa3zok
CHHTETHYHOTO ByrienieBoro marepiany (CBM) cymmm Ha mositpi ipu 110 °C 1o
MOBHOTO BHJAJEHHS BOJOTM. 3 METOI TOJIMIIEHHS (QYHKI[IOHAIBHUX
BJIACTUBOCTEH BYIJIEIIEBOTO HOCISA, MNPOBENIM YIIIIbHEHHA CcTpykrypu CBM
IUIIXOM HOTO J0AATKOBOrO HacHueHHs (yp(ypHSIOBUM CIHPTOM, MOAAIBIIO0
noJiiMepu3aili€ro, KapOoHi3ali€lo Ta BiAMHBKOIO HF KiHIIEBOrO MpPOAYKTY
JTUCTHJILOBAHOIO BOJOI 1 OTPUMANIM CUHTETHYHUN BYIJICLICBHIA MaTepial
nokapoonizopanuii (CBMJI).

Ha TtepmocTiiiKiCTh BYIJIELIEBOTO MaTepialy MOKE BIUIMHYTH KOHUEHTpALI1s
nedeKTiB MOBEPXHI Ta HasBHICTh YaCTUHOK MeETaly, sIKi MOXKYTh KaTalli3yBaTu
OKHUCJICHHSI BYIJICIIO, OCKUIBKH 3a PaxyHOK Je(EeKTiB CTPYKTYypH, 5K JIeTIe
Mi1aI0ThCS OKUCIICHHIO, YTBOPIOIOTHCS MIKpOTIOpH. {711 BU3HAUEHHS TOPUCTHX
XapaKTepUCTUK CHHTE30BAHMX 3pa3KiB Ta 3pa3Ka MOpIBHAHHA — aKTUBOBAHE
anTpanutoBe Byruuias (AAB) Oymu 3HATI 130TepMmu  ancopOiii-gecopOiii N,
(T = -196 °C). Posmozin mop 3a po3mipoM po3paxosanuii Metogom DFT Bkasye
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Ha Te, 1m0 AAB € mepeBaxxHO MIKpONOPUCTUM, a CHHTe30BaHi 3pa3sku CBM ta
CBM/I — nepeBaXHO ME30IIOPUCTUMU.

3araJoM CHUHTE30BaHI 3pa3Kd MalOTh CIIBMIPHY I[HUTOMY IOBEPXHIO 3
IPUPOJTHUM BYTJIELIEBUM MaTepiajoM Ta B 2,5 pa3u Outbmuii 06’eMm mop. Jons
MIKPOTIOp B 3arajbHOMY 00’€MI IMOp IMPUPOHOTO BYTULIsA ckiaaae monaa 90 %,
toai sk y CBM 40 %, a y CBMJI — Bcboro 16 %. Takum umHOM, J10JaTKOBa
cTalig KapOOHI3alii CHpuse 3HUKEHHIO KUIBKOCTI MIKPOTOP CHHTETUYHOTO
BYT'LJUIA 1, BIITIOBITHO, 3MEHIITY€E KIJIBKICTh Je(PEKTIB HOTO CTPYKTYPH.

HadimommpenimuM 1 TPOCTHEM  CIOCOOOM  JOCIHIIKEHHSI  CTIMKOCTI
BYTJICIICBOTO MaTepialy A0 TeMIepaTypd € TEepMOTPaBIMETPUYHHUM aHai3.
JlociiKeHHsT TIPOBOMIM B atMocdepi MoBiTps, mBuAKicTs HarpiBy — 10 °C/xB,
CHUHTE30BaHl 3pa3ku TnopiBHIOBaiu 3 AAB. Btpara Macu nociimxkeHUMU
3pa3kaMy BIJOYBA€ThCS 3a PaxyHOK IIPOLIECIB TOpIHHS, Ha SKI BKa3ylOTh
eK30TepMiuHi edekTn Ha KpuBHX AudepeHiiinoro Tepmivaoro anamzy (ATA).
[TouarkoBa BTpata macu y po3mipi 10 % mns AAB, ax 1 ana 3pazka CBM
nocsraetbes 3a temmneparypu Ha 30 °C mHukuoi, Hixk mim CBMJI. IIpo Bumry
TEPMIUHY CTIMKICTb JIO OKHUCJEHHS, 3yMOBJEHY JIOJaTKOBOIO  CTaJI€l0
JnoKapOoHi3aIlli, CBIAYUTh TaKOXK 3POCTAHHS TEMIIEpaTypu MaKCHUMAaIbHOI
HMIBUIKOCTI BTpaTH MacH B psany AAB < CBM < CBM/JI.

Ha TepMmiuHy CTIMKICTh MOXE BIUIMHYTH TaKOXK HAsBHICTh METaJiB Y
BYTJICIIEBOMY Martepiaji, sSKi MOXYTb KaTajdi3yBaTh OKHCHEHHS BYIJICIIO Ta
3HU3UTH TeMIleparypy TopiHHs. Tak, I BCTAaHOBIEHHS TaKOTO BIUIMBY, OYJO
HaneceHo Ni y kinmbkocti 1 Ta 4 % Mac. Ha cHHTe30BaHi 3pa3ku Ta AAB i
JOCITIJIKEHO 1X TEPMIYHY CTIAKICTb.

Brpara macu 3paskamm 3 HaneceHMM Ni, sK 1 BUXIIHUX 3pa3KiB,
BIJIOYBAETHCS 3a PaxXyHOK MPOIECIB TOPIHHS, HA Kl BKa3ylOTh €K30TEpMIiuHI
edextn kpuBux [TA. [ToyarkoBa BTpata macu y po3mipi 10 % mpu BBenenni Ni i
1o Mipi 30UIbIIEHHS MOTO KUIBKOCTI 3CYBA€ThCS B 00JIACTh HMXKYUX TEMIIEPATyp
JUTs yeixX 3paskiB. Takuii ke 3CyB TeMmeparyp BiIOyBA€EThCS 1 ISl MAKCUMATBHOT
IIBUJKOCTI BTpaTH MacH.

Takum uywmHOM, JmOmaTKOBa CTajis KapOOHi3amii il dYac CHUHTE3Y
BYIJICIIEBOT'O MaTepially CHpUsi€ 3MEHIICHHIO KUIBKOCTI AE(EKTIB CTPYKTYpH Ta
3pOCTaHHIO iX TEpPMIYHOi CTIMKOCTI, WO pOOUTH Takl KaTani3aTopu
NMEPCIEKTUBHUMH JUIS 3aMiHM aKTHMBOBAaHOTO BYTUUIL B PIAMHHO-()Aa3HUX
peakuisx. He 3ajie’xHo BiJl OpUpOAM BYTJIIEHEBOrO MaTepially HasgBHICTh METAIy
HEraTHMBHO BIUIMBAE HAa WOTO TEPMOCTIWKICTh, KAaTali3yl0ud OKHUCHEHHS.
3aJIeKHICTh TEPMOCTIMKOCTI JTOCHIKEHUX 3pa3KiB BiJ KUIBKOCTI HAHECEHOTO
Metary € aHtubatHoro. Cramis JokapOoHIZaIli  JTO3BOJISIE  MIABUIIUTH
TEPMOCTIHKICTh ~ BYIUVIELIEBUX  KartajizaropiB abo  peryimooBaTH 11 JUId
METaJIOBMICTHUX BYTJICIICBUX KaTalli3aTOPIB.
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KOMIIO3UTHI IIVIIBKU HA OCHOBI ITIOJIIETUJIEHY,
O MICTATDb BYTJIEHEBI HAHOBOJIOKHA TA MATHITHI
HAHOYACTHHKH

H3ro6enxko JI.C., I'opbuk I1.I1., Can’ssaenko O.0., Maxuao C.M.
[HcTuTyT XiMii moBepxHi iM. O.0. Yyitka HAH Ykpainu
lidia_dzubenko@isc.gov.ua

OnepxkaHo KOMITO3UTHI IUTIBKM Ha ocHoBI momietwineny (ITE) Ta
HaHOJMCIIEPCHOI BYTJIEIEeBOi 3aimizoBmicHOi nobaBku (Fe/C), cuatezoBanoi CVD
METOJIOM Ha 3aJ1i30BMICHOMY KaTamizatopi. [IIiBKM Opi€eHTOBaAaHO METOJA0M
TEPMOTPAAIEHTHOTO BHUTATYBaHHs. Bu3HaueHO BIUIMB MOOABKM HA TEMIIEPATYPY
(da3oBuX mepexoiB, cTymiHb KpucTtamiuHocTi [1E, a Takok Ha MakcCHUMaJIbHUI
CTYIHb BUTATYBaHHS, MIIHICTh Ha PO3PUB, EIEKTPONPOBIAHICTh, ITUTOMY
HAMarHi4eHIiCTh Ta KOEPLUUTHBHY CHJIY KOMIIO3UTHUX IUIBOK. Ilokazano
MO>KJIUBICTh BUKOPHUCTAHHS BITYM3HAHOI KOHKYPEHTOCIIPOMOKHOI 3a BapTICTIO
700aBKU I pO3pOOKH (PYHKIIIOHAIBHHUX MOJIMEPHUX KOMITO3UTHUX MaTepialliB.

Kntouosi  cnoea: monieTuseH, ByIJielleBa  3aji30BMiCHa  J100aBKa,
Opl€HTAIlIiHE BUTATYBAHHS, MIIIHICTh, €IEKTPOTPOBITHICTb.

There were obtained composite films, which based on polyethelene (PE)
and nano-dispersed, carbon-, iron-containing addition (Fe/C), and last one was
synthesized with CVD technique on iron-containing catalyst. Then, those films
were oriented with thermal gradient orientation method. There were detemined
addition’s influence on temperatures of phase transitions, crystallinity degree of
PE, maximual orientation degree, break srength, electrical conductivity, specific
magnetization, and cohertzitive power values of composite films. There were
shown possibility on use of domestic and competitive (by cost value) addition for
development of functional polymer materials.

Keywords: polyethylene, carbon- and iron-containing addition,
orientational drawing, strength, electrical conductivity.

Bigomo, mo enextponpoBigHi momiMepHi kommno3uTHi Martepiamu (ITKM)
MalOTh psAJ TepeBar MOPIBHAHO 3 METAJEBUMU MPOBIAHUKAMH, a CaMe:
MO>KJIMBICTh PETYJIIOBAHHS €JIEKTPOIMPOBIAHOCTI B IMPOKUX MEXKaxX, 3AaTHICTh J0
nepepoOoKn y BHPOOHM CKIaaHOI (OPMH, €IaCTHYHICTh, KOPO3IMHY CTIMKICTD,
HEBEJIMKY T'yCTHUHY, NOCTYIHICTb, HU3bKY BapTICTh TOLIO. B ocTtaHHiil uyac miis
[1JIECTIPSIMOBAHOTO peryitoBaHHs eneKkTporpoBinHocTi [IKM BUKOPUCTOBYIOTHCS
ByTJICIIeBl HAHOPO3MIpHI MaTepianu: (ylepeHHd, BYIJICNEBlI HAHOBOJIOKHA,
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OJIHOCTIHHI 1 0araToCTiHHI HAHOTPYOKH, rpadenu [1]. BiTuM3HIHUM BUPOOHUKOM
TOB «®pontepiss Ykpaina» meromom CVD Ha 3ami30BMICHOMY KaTali3aTopi
CUHTE30BaHO 3aJ1130BMICHI BOJIOKHHCTI ByriienieBl HaHokommno3utu (3BBHK), 1o
XapaKTEPHU3YIOTHCS IMHUPOKUM J1almla30HOM BiacTHBOCTEH [2]. B ixHbOMYy cKimami
BUSIBJICHO BYTJICIICBI HAHOBOJIOKHA Ta 0araToOCTIHHI BYTJICLIEBI HAHOTPYOKH, a
TaK0X HAHOKPUCTAIUHI (pa3u MarHeTuTy, KpemHesemy, rpadity, kapOiay 3aiiza.
Croci6 onepkanns 3BBHK, 3 Touku 30py MarepiaibHUX Ta €HEPreTUYHHX
3aTpaT Ha BUPOOHUIITBO, € CYYaCHUM 1 KOHKypeHTocrpoMmoxHuM. B [3] Oyno
OJIep>KaHO MOHOHHUTKH Ha OCHOBI MOINpPONiieHy, o mictunu 5 mac. % 3BBHK,
Ta BCTAHOBJICHO, II0 HEBHUTATHYTa KOMIIO3UTHA MOHOHUTKAa Ma€ 3aJI0BLIbHI
MarHiTH1 BIACTUBOCTI.

Mera naHoi poOOTH — OJAEpX aHHS IUIIBOK HA OCHOBI MOJIETWIEHY Ta
HAaHOPO3MIPHHUX  3al130BMICHUX  BOJIOKHUCTUX  BYIJICLEBUX  KOMIIO3HUTIB,
BCTAHOBJICHHSI BIUIMBY OCTaHHIX Ha CTPYKTYpPY, MEXaHIUHI Ta €JIeKTPO(I3HUHI
BJIACTUBOCTI MOJIIMEPHOTO MaTepiany.

Sx monmimepHy MaTpuilro BuOpaHo mosietusieH Bucokoi ryctunu (ITEBT).
[TopomkoBuii nonimep Ta 3BBHK cymimanu po3rupanusam y ¢papdoposiii cTymnil
yepe3 CYCIeH3110 B €TaHOJIl 3 HaCTYIMHUM BUCyITyBaHHsAM. CriBBigHomieHHs Fe/C
(mac. %) y BBeneHiM mo6aBiil ckiagaigo 42/58. BuxigHi TUNBKH OJepKyBalld
METOJIOM Tapsduoro MpPEeCyBaHHsS, OPIEHTYBATU METOJOM TEPMOTPAII€HTHOTO
BUTSATYBAHHS.

3 MeTOK BHBYECHHS BIUTMBY n00aBku Fe/C Ha KpHCTaNiyHy CTPYKTYpY
nosimepy B [TKM 3actocoByBanu meron JTA. EnexrponpoBiiHICTh S BU3HAYAIH
Ha 4actoTi | k[l JBOKOHTAaKTHUM METOJOM 3a JOMNOMOIOI0 BHUMIpIOBaYa
immitancy E7-14. Iletni ricrepe3ncy MarHiTHOrO MOMEHTY 3pa3KiB BUMIPIOBAIU
3a JIOMOMOT0I0 J1abopaTopHOTro BiOpaIliitHOro MaruitoMmerpa (OHEPIBCHKOTO THUITY
[4].

[Ipucytnicte Fe/C 3MeHIIye BEIMYMHA MAaKCHUMAJIbHO MOXJIMBOIO
CTYNECHIO OpIEHTAIIMHOTO BUTATYBAaHHA (Amax) 3 20 mus [MEBIT mo 5 nmns
BHCOKOHAITIOBHEHUX KoMIo3uliil (puc. 1, kpusa 1). I K110 32 HEBUCOKOTO BMICTY
no6aBku (1-2 mac. %) I8 Amax XapaKTEpPHO HE3HAYHE CHaJaHHSA, TO I
BHCOKOHAIMOBHEHUX IIJTIBOK 1151 XapaKTEPUCTHUKA CYyTTEBO 3MEHITYETHCSI.

Benuunnaa MiiHOCTI § JU1s TUTIBOK 3 A=7 (puc. 1, kpuBa 2) Aemio 3pocTae 3a
BMmicTy 1 mac. %, 3a momaiplmIoro 30UIBIICHHS KOHIEHTpallii 100aBKM 1aHa
XapaKTePUCTHKA 3MEHIITYETHCS.

Sk mokasana 06poOka TepMorpaMm Ta PO3paxyHKH 3a HHUMH, TEMIIEparypa
MOYaTKy IUIABJICHHS JJI HAlIOBHEHUX KOMMO3HIIH 3poctae Ha 1-4 °C 3anexHo
BiJ BMicTy no0aBku Fe/C, remnepatypa rutaBnenss Ty, migsuinyerscs Ha 2 °C B
iHTepBadl  KoOHLeHTpauid 1-5wmac. %. Mae wmicue TakoX  3BYXKEHHS
TEeMITepaTypHOTO iHTepBay maBieHHs Ha 4 °C 3a BMmicTy no6aBku 1-2 mac. % i
po3mmpenHs Ha 2—5 °C 3a BMmicty no6aBku 4—15 mac. %. Crnocrepiraerbcsi TaKOX
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He3HayHEe 30UIBIICHHS CTYMEHI0 KpHUCTAIIYHOCTI B iHTepBam 1-12 mac. %. 3a
KpUCTaji3amii 3a YMOBH IIOBUIRHOTO OXOJIODKCHHS MAa€ MicCIe 3pOCTaHHS
TEMIIEpaTypu Mo4aTtKy kpucramizanii Ha 2-5°C, Ty, Ha 2-4 °C, 3ByKEHHA

TEMIIEPATYPHOTO IHTEepBAITY KpUCTaIi3alii, 301JIBIIICHHS CTYTICHIO
KPUCTAIIYHOCTI.
60 60
50 150,
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Puc. 1. MakcuMaabHO MOXJIMBUM CTYIIHb OPIEHTALIHHOTO
BUTSTYBaHHS Ta MIIHICTh Ha PO3PHB ILTIBOK Bijx BMicTy 100aBku Fe/C

3pocTaHHS TemmepaTyp IMOYaTKy IUIAaBJICHHS, a TakKoX TOYaTKy
KpHcTali3anii, maBumeHHs Ty, Ta Ty, 3BYXKEGHHS TeMIEpaTypHUX IHTEpBaJB
[UX TPOIECIB 32 HEBUCOKOIO BMICTY J00ABKH 3aCBIIUy€ MPO YTBOPEHHS OLIbII
JIOCKOHAJIMX Ta OJHOPIIHUX 32 PO3MIpaMu KPUCTAJITIB TOJIMepy. 3riaHo 3 [5], B
1HTEpBaJl HEBUCOKUX KOHIIEHTpAIlil TIepeBakae 3apOJKOTBIPHUIN BILTUB TOOABKH,
TOMY CTYIIHb KPUCTAIIYHOCTI 3pOCTAE, 3@ BUCOKOTO BMICTY 100aBKM MOYHUHAIOTH
nepeBakaTd  KIHETHMYHI Ta cTepuyHi (akTopu, dki 3a (popmyBaHHA
BHCOKOHAITIOBHEHUX KOMITO3UTHUX IUTIBOK YTPYJIHIOOThH KpucTtamnizanito [IEBI.

BigoMo, 1mo ayig Opi€HTOBAHMX KOMIIO3UTHHUX TMOJIMEPHUX MaTepialliB
xapakTepHa MikpodiOpunsipHa cTpykrypa. [IpucyTHICTP HaHOIUCIIEPCHUX
N00aBOK B KOMITO3UTHHUX TIUIIBKaxX TMOPYIIY€E PETYJSIPHICTh YKIQJaHHS CaMHUX
Mikpo(diOpuia, a TakoXX BIAPI3KIB MAaKPOJIAHIIOTIB B  aMOp(GHUX 0O0JIacTIX
MIiKpo(hiOpu. 3MEHIICHHS Amay 1T TTiBOK ITEBI'—Fe/C moske OyTH moB’si3aHo 3i
3pOCTaHHSIM KOPCTKOCTI BIJIPI3KIB MAKPOMOJEKYN y Mik(pa3HUX MpoIIapKax
KOMITO3UTIB Ta 31 CTEPUYHUMHU TMEPEHIKOAAMH PETYISIPHOMY  YKJIaJaHHIO
MaKpoMoOJIeKysl B aMop(HMX o0O0JacTsaX MoJIMEpy, J€  JOKaTi3yIOThCs
HaHopo3MmipHi ckianosi 3BBHK. 3 migBumieHHsIM BMICTY T0OaBKHA MOPYIIYETHCS
peryyispHiCTh  OyJOBM  KOMIO3UTHOI IUTIBKM HA  MOJIGKYJSIPHOMY  Ta
HAJMOJICKYJISIPHOMY DIBHSAX, HAKOMUYYIOTHCS Je(PEKTH, IO MPUBOIUTH JIO
3MEHIIIEHHS MIITHOCTI Ha pO3pHUB 31 3pocTaHHsIM Bmicty Fe/C.

EnexrpomnpoBignicts (S) Ha yacToTi 1 kKI'1 1y1ss HEOpi€eHTOBAHOI TUTIBKHU 3
1 mac. % Fe/C (s =9,4-10™ Om™em™) Bigcyrrs (puc. 2). 3a 36iblueHHs BMicTY

245



no6aBku Big 2 mac. % no 15 mac. % (Big 0,004 go 0,02 06. %) crmoctepiraeTbes
3POCTAHHS eJIeKTpompoBinHocTi (S ckmamae 2,4-10°-1-10°Om™em™), w0
OB’ S13aHO 3 YTBOPEHHSM IMEPKOJIAIINHUX KJIACTEPIB 13 MPOBITHUX KOMIIOHECHTIB.
[Topir mepkosLii, po3paxoBaHUl 3a PIBHIHHIM TeOpli MEPKOJISIIL, 11 CUCTEMU
ITEBI'-Fe/C cknanmae 0,016, nmoka3nuk creneni t=1,5.

o,0m1lcm?

Puc. 2. 3anexHiCTh €IeKTPONPOBITHOCTI KOMIO3UTHHX TUTIBOK BiJ BMICTY
nobasku Fe/C

HeopieHToBaHi IJIIBKM 3a BMICTY J00aBKH, BHILOTO 32 MOPIT MEPKOJISILII,
3QJIEKHO BiJ] BEJIMYMHU EJIEKTPOMPOBITHOCTI, MOXYTh OYyTH BUKOPHUCTAaHI SK
AHTUCTAaTUYHI YU EJEKTPONpOBiIHI Marepianu. OpieHTalliliHe BUTATYBaHHS
MOHMKYe eneKkTponposinmicts (5 = 1,4-10™ — 2,7-10" Om™ em™ amst mmiBok 3
A=5-6), 10 BUKIWKAHO 30UIBIIEHHIM BIJACTaHI MIX CJICKTPONPOBITHUMU
YaCTUHKAMM 1 PO3PUBOM MPOBIIHUX JIAHIIOKKIB y HANpPSMKY OPIEHTALIIHOIO
BUTSATYBaHHS TLTIBOK.

J1J11 BUCOKOHAIOBHEHHUX IUTIBOK XapaKTepHi MeTJi ricrepe3ucy (puc. 3).

H(kOe)
Puc. 3. KpuBi HamaraiuyBaHHs 3pa3kiB koMno3uTtHux 1uiiBok [IEBI'—Fe/C 3a
BMicTy no6aBku Fe/C: 1 — 15 mac. %; 2 — 10 mac. %; 3 — 5 mac. %

3HaiIeHo, 10 MTUTOMAa HAMAarHIYeHICTh HACUYEHHSI 05 IS HEOPIEHTOBAHUX
. . 3 . 3
TiBOK 3poctae Big 1,2 I'crem™/r 3a BMicTy 5 mac. % mo6aBku m0 5,9 ['c-em™/r 3a
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BMicTy 15 mac. % Fe/C, xoepuutuBHa cuina H; 3MiHIOETBCS 3aJI€)KHO BiJl BMICTY
Fe/C Big 101 mo 96 E. lle cBimuuTh Ipo 3pOCTAaHHS MIKYACTHHKOBOI IHITOJIb-
JUIIOJIBHOT B3a€EMOJIIT 31 301IbIIeHHsAM BMicTy Fe/C.

OTxe, OJepKaHO KOMIIO3UTHI TUTIBKA TMOJIETHIEH BHCOKOI T'YyCTUHU—
aucrnepcHa Jo00aBKa, IO MICTUTh BYTJCIEBl HAHOBOJOKHA Ta MAarHiTHI
HaHOYaCTHHKU.  [IpoBeneHO  TepMooOpi€HTallliHE  BHUTATYBAaHHS  IUTIBOK.
BceranoBieHo, 1o 31 3pOCTaHHIM BMICTY JA00aBKU MOHMKYETHCS MaKCHUMAaJIbHO
MOKJIMBHM CTYMiHb BUTATYBaHHS. BCTaHOBJIEHO, IO 3a OJHAKOBOTO CTYIEHIO
BUTATYBaHHA (A=7) MIIHICTh IUIIBOK Ha pO3pUB MPAKTUYHO HE3MIHHA 3a
HU3bKOTO cryneHio HamoBHeHHS (1,0-2,0 mac. %) 1 MOHUXKYETbCS 3 POCTOM
BMICTY JOOABKH.

[lokazaHo BIIMB A00aBKM Ha (Da30Bi MEPEXOM KOMIIO3UTHUX IUIIBOK: 3a
HEBHCOKOIO0 BMICTY J00aBKM (OpMyeTbcs OUIBII JOCKOHAJNIA KPUCTalIlYyHa
CTPYKTypa 3 KPYNHIIIUMH Ta OJHOPLAHIIIMMU 32 pO3MipaMH KpUCTaJIITaMu, a 3a
MIJBUILIEHOTO BMICTY — MEHII OJHOpPIAHA. 32 BUCOKOIO CTYNEHIO HAllOBHEHHS
HEOPIEHTOBAaHI KOMIIO3UTHI TUIIBKM MAalOTh JOCTaTHIO EJIEKTPOIPOBIIHICTh Ta
MAarHiTH1 BJIACTUBOCTI 1 MOXKYTh OyTH MEPCIEKTUBHUMHU JIJISi BAKOPUCTAHHS iX SIK
MarHiTHUX, aHTUCTaTUYHUX YU €JIEKTPOIPOBITHUX MaTepiaiB.
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BIJIXOIU OJIIMHOTO BUPOBHUIITBA SIK JUKEPEJO
MPUPOTHUX BIOAKTUBHUX PEYOBUH

1JIaryTa IB., 'CraBunchka O.M., le3eMa I1.0.,
2 AHIIIIEHKO B.M., 3[BaHHIKOB P.B., Yigmix O.I1.
! InctuTyT XiMmii moBepxHi im. O.0. Uyiika HAH Yxpainu
? InctutyT (i3uKo-opraniduoi Ximii Ta Byraeximii
im. JLM. JlutBunenka HAH Ykpainu
3 Hamionanpauit 6otaniyauit cax iMm. M.M. I'pumika HAH Ykpainu
icvmtt34@gmail.com

JUIst OLIHKM MOXJIMBOTO BUKOPHUCTAHHSI BIIXO/1B BUPOOHUIITBA POCIUHHOI
OJIli JOCHKYBadM BHYAaBKM 3 HACIHHS Tipuuui, rapOys3a, BHHOTrpamy,
COHALIHUKY, KOHOIUIl, PHXIIO Ta po3Topomniui. BcTaHOBIEHO, 110 BHUYaBKU
MICTITh 10 15 % 3amumkoBoi oJiii, 10 J03BOJIE 3aCTOCOBYBaTH iX Yy
BUPOOHMIITBI BHUCOKOSIKICHUX KOpPMIB a00 KOPMOBHUX JOMIIIOK ISl TBAapHH.
[TokazaHo, IO €KCTPAKTH, BWIIyYEHI 31 BCIX JOCHIHKEHUX BIIXOIB, BOJOIIIOThH
BHCOKOI) AHTMOKCHUJAHTHOK AaKTHUBHICTIO 1 MOXYTh OyTH BHKOPHUCTaHI SK
JDKepeno s oAepXaHHS — e(EeKTUBHUX  aHTHOKCHUJAHTIB  MPUPOIHOTO
MIOXOJIKEHHS.

Knwouwosi cnosa: BHYABKHM, 3aJIMIIKOBA OJIHHICTh, aHTHOKCHIAHTHI
BJIACTUBOCTI.

To evaluate the potential use of vegetable oil production wastes, the
pomace from seeds of mustard, pumpkin, grapes, sunflower, hemp, camelina,
silybum were examined. The pomace was found to have up to 15 % of residual
oil content, which allows them to be used for production of high quality animal
feed or feed additives. The extracts from all the wastes were shown to possess
significant antioxidant activity, indicating the prospects of using the wastes to
obtain effective antioxidants of natural origin.

Keywords: seed pomace, residual oil, antioxidant properties.

EdexTnBHE BUKOPUCTAHHS BIJIHOBIIOBAaHUX POCIMHHHUX PECYPCIB € OJHHUM
13 TIPIOPUTETHUX HaAmpsAMIB moao 30epexkeHHs JgoBKULIL. KoHmemiis
OilomepepoOKkH, sika Hapazli HaOyBae OUIBII IMIMPOKHX MacIiTaliB, mepeadadae
MOCJIIJOBHE BUKOPHUCTAHHS BCIX CKJIQJ0BUX 010MacH, OCKIJIBKU IICHS OJIepKaHHS
OCHOBHOTO TPOAYKTY 3aJIMIIAIOTHCS O1OBIAXOAM, SIKI MOXYTh MICTUTH 3HAUHY
KUTBKICTh IIIHHUX 010JIOT1YHO aKTUBHUX pedyoBHUH [1]. OcoOIuBY HIHHICTh MAIOTh
OioBimxomm (Oiomaca), siKi MICTATH TOJMI(PEHONIBHI CHOJYKH, IO BOJOMIIOTH
AHTHOKCHUIaHTHUMH/B1JHOBIIOBAJIbHUMU BJIACTHUBOCTSIMU, 1 MOXYTb
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3aCTOCOBYBATHUCS, HAMNPUKJIAJ, B €HepreTuil (K crabimzaTtopu Oloau3ento s
3armobiranHs foro gerpanarii npu 30epiranti), y MeauiuHi (1K papMakoioriuxi
areHTH 3 AaHTHUOKCHJIAHTHUMHM Ta aAHTUMIKPOOHMMHU BJIACTHUBOCTSIMH), VY
(3EJICHOMY» CHHTE31 HAHOYACTMHOK METaJiB (K BIJHOBHUKH), Y XapyoBIid
MPOMUCIIOBOCTI (K JOOABKM 7O TOJIMEPIB JUIl OJIEp)KaHHS aKTHUBHUX
MOJIIMEPHHX TaKyBaJIbHUX IUIIBOK) [2—5].

BudaBky, 1mo 3amumiaroThes MICS XOJOAHOTO BIKUMY HACIHHS OJIHHUX
POCIIMH, MOXHa PO3TJSJaTH SK I[HHE JHKEpeNo MPUPOIHUX AHTHOKCHIAHTIB.
BmicT 061070T1YHO aKTHBHHX PEUYOBMH Yy BIAX0Jax OJIMHOrO BHPOOHHUIITBA
3aJICKUTh B SIKOCTI Ta BUAY CHPOBHMHHU, a TAaKOX BiJ MPaBHJIBHOCTI BEIACHHSA
TEXHOJIOTTYHOTO mporecy. OkpiM 010aKTUBHHX CIOJIYK, BUYaBKH MICTSTh 1
HEBEJIMKY KUIBKICTh OJIli, 10 CKJIaJy SIKOi BXOJSATh MEPEBAXKHO HEHACHYEHI JKUPHI1
KHUCIIOTH, IO POOUTH iX TEPCHEKTUBHOIO CHPOBUHOIO IS BUTOTOBJICHHS
MTO’KMBHUX KOPMIB JIJIS1 TBAPHUH.

Mertoro nanoi podotu OyJIO OIIHUTH BMICT 3QJIMIIKOBOI OJIii Y BUYABKAX 3
HACIHHA PI3HUX OJIMHUX KYJIBTYp Ta JOCIIIUTH AHTHOKCUIAHTHI BJIACTUBOCTI
€KCTPaKTIB, BUIYYEHHX 13 [IUX BUYABOK.

Jlns gociiipkeHHs 0yJ10 B3STO BIIXOAW BUPOOHHUIITBA OJIii 3 HACIHHS PI3HUX
OJIIMHUX KYJIBTYp, @ CaMe: BUHOTPaIy, PUXKil0, JIbOHY, KOHOIUIL, TapOy3y, T1pUuIl,
PO3TOPOMNIII Ta COHSIIHKNKA. EKCTpakTh 010aKTUBHUX CHOJIYK 13 BUYaBOK HACIHHS
OJIep)KyBaJld 3 BUKOpUCTaHHsSM amapaty Cokciera HACTymHHMM dYMHOM. Ha
nepuioMy erarmi 3 MoJapiOHEHUX O10BIIXOJIB 3a JTOMOMOTOI TeKCaHy BUIAJISIN
3anmumiku oiii. Ha apyromy erari ofiep>kyBajiu €KCTPaKTH (PEHOJbHUX CITOJIYK 3
BUKOPHUCTAHHAM 96%-T0 €TaHOIy SIK EKCTParcHTa.

['excaHOBI €KCTpaKTH BWKOPHCTOBYBAIW JJII BHU3HAYCHHS 3aJIMIIIKOBOL
OJIIMHOCTI BUYABOK. ['€KcaH BIJOKPEMIIIOBANM, 3aCTOCOBYIOUM JTUCTHIISINIIO TPHU
MOHM)KEHOMY THCKY. 3aJUIIKOBY OJIHHICTE 00UMCITIOBANIN 32 (POPMYIIOIO:

My1—Mko

w(%) = - 100%,

K

ne w (%) — 3aIuIIKoBa ONiKHHICTE, %0;
M, — Maca KoJIOH TicJis BIATOHKHU TeKCaHy, T;
my — Maca IycToi KoJiou, T;
m,, — HaBaKKa MoJApiOHEHOI BUUABKH, T.

JIyist BU3HauEHHS 3arajJbHOTO (DEHOJBHOTO 1HJEKCY [6] 10 1 M eKcTpakTy
nociIoBHO noxaBanu 11,5 ma Boau, 5 mit 20%-ro po3unHy KapOOHATY HATPIIO,
1,25 mn peaktuBy domnina-Hokanerey 1 6,25 M1 BOJM, TAKUM YHHOM CyMapHUH
00‘eM po3unHy CTaHOBUB 25 M. Po3uuH nepeminnyBanyu miBroAMHA, BUMIPIOBAIU

noryinHaHHs 1pu 750 HM 1 po3paxoByBajM 3arajibHui (DEHOJBbHHUM 1HAEKC 3T1THO
3 [6].
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JUist OIIIHKU aHTUPAMKAIbHOI aKTUBHOCTI €KCTPaKTIB BUKOPUCTOBYBAIH
peaxiiito 31 cTablIbHUM BUIBHUM pagukaioMm 2,2-audenin-1-nikpuiriapasuiom
(DPPH) [7]. 3a cranmaptHoro mporenyporo DPPH tecty, 1 mi ekcrpakTty, 1o
JOCTIKY€ETbCS, 10Aa0Th 10 2 M 70%-ro ertanony Ta 2 mia 0,15 MM po3unny
DPPH y 70%-my po3uuHi etaHosqy. Cymill NEepeMIillylOTh, KOHIEHTpAIIO
CTaOIPHUX paJuKaTiB Yy PI3HUM dYac IMCHIs IOYaTKy peakiii BH3HAYaIOTh
CHEKTPO(OTOMETPUYHO 32 3MIHOIO ONTHYHOI TYyCTMHH TPU MaKCHUMyMi
norimHaHHs po3unHy DPPH 520 M. ¥V ToMmy BuUMaaxky, KoOJW JOCHIIKEHI
eKCTPAaKTH BUSBISUIM BUCOKY AaKTHUBHICTh Y peakiii (Crocrepiraid MHUTTEBE
3HUKHEHHS 3a0apBlIEHHS MPH AO0JaBaHHI HEPO3BEIEHUX EKCTPAKTIB O PO3UYUHY
DPPH), nepen TecTyBaHHSIM €KCTpaKTH po3BoauIn y 10 pasib.

Pe3ynbTaTi MOCHIKEHHS 3QJIUIIKOBOT OJIMHOCTI BUYABOK Ta 3arajibHUM

(hEHOMBPHUM 1HIEKC eKCTPaKTIB, BUIYYCHHUX 13 010BI1IXOMIB, HABEJECHO B TAOJIMII
1.

Taoanns 1
3aJIMIIKOBA OMIMHICT BUYABOK Ta 3arajbHUM ()EHOIBHUI 1HIEKC €KCTPAKTIB,
BUJTYYCHHUX 13 BIIXO/IIB OJIIHHOTO BUPOOHUIITBA

BuuasKki 3aNnuIIKoBa onioﬁHiCTb 3araan¥/H71 (deHobHMI
BHUYaABOK, % 1HJIEKC
HaciHHs rapOy3a 15 0,5
HACIHHS JIbOHY 4 1,1
HACIHHS T1pYHIIi 13 4.6
HACIHHS KOHOIUTI 8 6,0
HACIHHS PO3TOPOMIIII 5 10,3
HACIHHS PUXKIIO 12 4,1
HAaCIHHSA COHAIIHUKA 2 50
HACIHHSI BUHOTPALy 5 3,1

Ax BUAHO 3 TaOUIll, HAUOIBIIA KUIBKICTh OJI1i 3aJIUIINIIACh Y BUYaBKax 13
HaciHHA rapOy3a, ripuuni Ta puxito (15%, 13% 1 12%, Bianosiano). Lli Bu4yaBku
MOXXYTh OYTH TIEPCIIEKTUBHUMHU JIJIi BUTOTOBJICHHS 3 HUX BUCOKOSKICHHX KOPMIiB
a00 KOpPMOBHX JIOMIINIOK JUIsi TBapWH, IO MAalOTh BHCOKY CHEPICTHYHY
TTOKUBHICTB [8].

Cepen noCHIIKEHUX EKCTPAKTIB HAWMOUIBIIMI 3araJbHUM  (EeHOTBHUN
1HAEKC MaB eKcTpakT posroporui (10,3), a HaiimMeHmM — ekcTpakT rapOys3a
(0,5). HoctatHbo BUCOKMM (DEHOJIHHUM I1HJACKCOM BOJIOJUIA TaKOX EKCTPAKTH
KOHOIUTI Ta COHSIIHMKA — BiAmoBiaHo 6,0 1 5,0 (muB. Ttadm. 1). Ipore, cmig
3a3HAYMTH, 10 CTPYKTYPHI 0COOIMBOCTI (DEHOJIB MOXKYTh CHUJIHBHO BIUIMBATH Ha
iX peaxiliiiHy 3[aTHICTb, 1 BHUCOKHH BMICT IHMX CIIOJYK III€ HE € 3alOpyKOIO
3HAYHOI aHTHOKCHJIAHTHOI aKTHUBHOCTI. ToMy HeoOXigHO OyJ0 TpoBeCTH
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EKCTIIEPUMEHTH 3 BU3HAYEHHS PEAKIIMHOI 3JaTHOCTI eKCTpakTiB BimHocHOo DPPH
paauKany.

JlaHi 11010 aHTUPAIUKAIBHOI AaKTHBHOCTI ©KCTPaKTIB Yy peakiii 31
crabinmpHuM DPPH panukanom mpencraBieHo Ha pUCYHKY 1.
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1 — excTpakT rapoOy3a, 1 — excTpakT po3TOpOIIII,
2 — eKCTPaKT JIbOHY, 2 — eKCTPAKT PUXKIIO,
3 — eKCTpAaKT Tipuulll, 3 — eKCTPaKT COHSIIHUKA,
4 — eKCTpaKT KOHOILII 4 — eKCTpaKT BUHOTPaay

Puc. 1. IuridyBanns DPPH pagukanis 10-kpaTHO po3BECHUMHU €KCTPAKTAMHU
3 BIJIXO/IIB OJIIHHOTO BUPOOHUIITBA

Ax BUIHO 3 puc. 1, MICTh 13 BOCBMHU €KCTPAKTIB, OJepKaHUX 13 BIAXO/IIB
OJIINHOTO BHUPOOHMIITBA, MPOSABISIIOTH BHUCOKY AHTUPAJAUKAIbHY AKTHUBHICTH 1
HaBiTh B PO3BeNCHOMY cTaHi 1HTIOyIoTH 10 90 % panukamiB. ExcTpaktu 3
BIIXO/AIB rapOy3a Ta JIbOHY € BIJIHOCHO MEHII aKTUBHUMH, XOuYa HaBITh IIl
eKcTpakTu, po3BeneHi B 10 pazi, iHriOytoTh Omu3bko 20 ta 50 % panuxamis
DPPH, BigmoBimHo. JlaHi 11010 aHTHUpaJAWKaIbHOI aKTHBHOCTI EKCTPaKTIB
KOPEJIoTh 3 pesyibraramu Tecty domina-YokanpTey: €KCTpakTH 3 BIIXOIB
rapOy3a Ta JIbOHY XapaKTePU3YIOThCs 3araqbHuM (eHONIbHUM iHJekcoM 0,5 Ta 1,
TOJII SIK JIJIS IHIIUX €KCTPAKTIB el MOKa3HUK CTaHOBUTH 3—10 (Tadu. 1).

TakuM YHHOM, BHUCOKHM BMICT AHTHOKCHUIAHTIB 1 BHCOKA AKTHBHICTH
eKCTPAaKTIB 13 BIJIXOJ[IB BUPOOHUIITBA OJII JEMOHCTPYIOTh MEPCHEKTUBHICTH
NOJAJIBIIOTO BUKOPUCTaHHS BIAMpAIlbOBAaHUX MaTepialiB Uil BUIYYEHHS
e(eKTUBHUX TPUPOJHUX AHTUOKCHUJIAHTIB. BHCOKHMII BMICT 3alHMIIKOBOI Oii y
BIIXO/lax 13 HaciHHsA rapOy3a, TIpYMIll Ta PIXKIIO TaKoX BKa3ye Ha
NEPCHEKTUBHICTh iXHBOTO 3aCTOCYBAaHHS MPU BUTOTOBJIEHH! MOXUBHUX KOPMIB
a00 KOPMOBUX JOMIIIOK JJIsi TBAPHH.
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KOHBEPCIS D-®@PYKTO3U B METUJIJIAKTAT HA SnO,/Al,O4
KATAJIIBATOPI B CUCTEMI METAHOJI-PO3YNHHUK

I'ec HJL, Ipyaiyc C.B., Munin A.M.
[HCTHTYT copOItii Ta mpobiem enpoekomnorii HAH Ykpainu
natalya2938@gmail.com

[IpoBeaeHO AOCTIKEHHS BIUIUBY PO3UYMHHUKIB Ha KOHBEPCii (PPYyKTO3U 10
MeTwutaktaty Ha SnOp-BMmicHOMY Katamizatopi. SnO,/Al,O; karamizatop, 3
MacoOBUM BMICTOM jiokcuay osioBa 20 %, CHHTE30BaHO METOJIOM MPOCOYEHHS
rpanynboBaHoro y-Al,0;. KonBepcito (pykTo3W NPOBOAMIM B MPOTOYHOMY
peaktopi mipu temrepatypi 180 °C ta trcky 3 Mlla. SIk BuXimHHA PO3YHMH IJIS
IIPOBEJICHHS peakilii BAKOPUCTOBYBaIU KOHIIEHTpoBaHi, 20-% po3unHu GpyKTo3u
B CHCTEMaX METAaHOI-BOJIa Ta METAHOI-CTWICHIIKOIb. BcTaHOBIEHO, IO
€TWJICHIJIIKOJb, SIK pO3YMHHUK, 3a0e3neuye 100 % xoHBepcito PpyKTo3H Ta BUXI1]
MeTusutakTaty y 61 %.

Knrwouosi cnosa: metwinakrar, Qpykrosa, €THICHIJIIKOJb, OJOBOBMICHUN
KaTanizarop.

The effect of solvents on the fructose conversion to methyl lactate on SnO,-
containing catalyst was studied. SnO,/Al,O5 catalyst with a mass content of tin
dioxide of 20 % was synthesized by impregnation of granular y-Al,O3. Fructose
conversion was performed in a flow reactor at a temperature of 180 °C and a
pressure of 3 MPa. As an initial solution, concentrated 20 % fructose solutions in
methanol-water and methanol-ethylene glycol systems were used. Ethylene
glycol, as a solvent, was found to provide 100 % fructose conversion and 61 %
methyl lactate yield.

Keywords: methyl lactate, fructose, ethylene glycol, tin-containing catalyst.

BuuepmanHs HENOHOBIIOBAJBHUX JDKEPEN EHEeprii CHOHyKae MIyKaTh
aIbTePHATHUBHI IIJISTXW CHHTE3Y KOPUCHHUX XIMIYHHX pedoBUH. st iX omepikaHHs
SK BUXIJIHy PEYOBHHY MOKHAa BHKOPHUCTOBYBaTHM Oiomacy. 3 Oiomacu MOXHa
OJlep>KaTH, HAMPUKIAJ, JEBYJIIHOBY KHUCIOTY, COpPOITOJ, MOJOYHY KHUCIOTY,
KCHJIT, alKiJUTAaKTaTH, 30KpeMa, METH/UIaKTar, Ta iHmi npoayktd [1].
Metunnakrat (MJI) — METHIIOBHI €CTEp MOJIOYHOT KHCJIOTH) BUKOPUCTOBYETHCS
SK BUX1JIHA pEUOBHHA JJIsI OJICPYKAHHS MOHOMEPHOTO JIAaKTUAY [2], 3 AKOTO Hajaall
BUPOOJISIIOTH  O10pO3KIIaHI TOJIMEpPU. [HIIMM BaKJIIMBUM  3aCTOCYBaHHSIM
METUJUIAKTATy € BHUKOPUCTAHHS Yy BHUPOOHMIITBI METHJIAKPHUIIATY, SKUH €
BUX1JIHUM MaTepiajioM JijIsl BATOTOBJICHHS aKpUJIAaTHUX moJiiMepiB [3].
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JUist cuHTe3y METWJUIAKTATy $K TeTepOreHHI KaTalli3aTopu 3a3BUYail
BUKOPHCTOBYIOTh OJIOBOBMICHI II€0JIITH, HAaNIpuKiaz, Sn-beta (Buxig MJI 43-44 %
npu 160 °C, 20 rox) [4], K-PT-Sn-beta (Buxig MJI 44 % npu 170 °C, 16 ron) [5].
ExcniepumenTy y iux poboTax mMpoBOIMIM 3 BUKOPUCTAHHIM AyXke PO30aBICHUX
PO34YMHIB 3 KOHILIEHTpAIli€l0 BYTrJieBoAIB y 1-3 Mac. % 1 B CTalllOHApHUX YMOBaXx.
JI71st IpOMMCIIOBOCTI TIOCTA€E 3aBJIaHHS CUHTE3y METHIUIAKTATY 3 KOHLIEHTPOBAHUX
pO3UMHIB (PPYKTO3W 3 BUKOPUCTAHHAM MPOTOYHHX peakTopiB. OCKIIbKH
po3unHHICTh GpykTo3u B 100 % meranoni ckianae Bcboro 12 mac. % npu 25 °C
[6], s oxmepKaHHSA ~ KOHIICHTPOBaHMX  poOOYMX  pO3UMHIB  Tpeba
BUKOPHCTOBYBATH Pi3HI JOJIaTKOBI PO3UNHHUKHU.

Mera panHoi poOoTH moJsirae B TMONIYKY PO3YMHHUKA JMJIA peakiil
NIePETBOPEHHS (PPYKTO3M B METHIIIAKTAT B MPOTOYHOMY pesknMi Ha SnO,/Al,O3
KaTami3aropi.

Jlnis ofep>kaHHS METUJUIAKTATy KaTaliTUYHI €KCIIEPUMEHTU MPOBOJIUIIH B
IPOTOYHOMY pEaKTOpl NpH 3HAJeHHX paHime [7] ONTHUMAJIbHUX YMOBAX
npoBeneHHs peakiii: Temrepatypa 180 °C, tuck 3 MIla ta yaci konTakry 11
XBWINH (HaBaHTaXEHHS Ha KartamizaTop 3,3 MMOJIb PPYKTO3U/ Ty, /TON). st
peakiii K BHUXIJHY CYMIIll BUKOPHUCTOBYBAJIM CTIAKHI KOHUeHTpoBaHui 20-%
po34MH (PPYKTO3M B IBOX 3HaiieHUX cucrtemax: MeraHosi—Boja (50:50 mac. %) ta
MeTaHoJ—eTuiaeHrmkonb  (50:50 mac.  %). Kounsepcito ¢pykrosu (%) Ta
CENIeKTHBHICTH 3a MPoIyKTamMu (MOIb %) pospaxoBysamu 3 —C IMP crekrpis,
aki Oynu 3apeecTpoBaHi Ha cnekrpomerpi  “Bruker Avance-400” 3
BUKOPHCTaHHAM 0a3u JaHux opraniyHux cnoiyk (SDBS, National Institute of
Advanced Industrial Science and Technology, Snonis).

Pesynbratu nepeTBOopeHHS GPYKTO3U JO METHUIUIAKTATy 3 BUKOPHUCTAHHSAM
PI3HHMX PO3YMHHUKIB MPEACTABICHO B TaOmuii 1.

Taoauus 1
Ckia npoayKTiB IEpeTBOPEHHS QPYKTO3H 10 MeTHiuTakTaty Ha SnO,/Al,O3
KaTaJi3aTopl B IPOTOYHOMY PEKHUMI*

ExcriepumMenTt | BuxinHa cucreMa Konsepcis Brxin nponyKis, %
bpykTo3u, % Metmmakrat 5-I'M® | [Hmri
MertaHoJI-BOa
1 (50:50 mac. %) 89 38 13 48
MeTaHon—
2 €TUJICHIIIKOJIb 100 61 12 26
(50:50 mac. %)

* YMoBH mpoBeAcHHs peakilii: HaBaHTaxeHHS 3,3 MMmoib CgHi206/Mig,,/roa, 180 °C,
3,0 MIla

[TokazaHo, 1m0 B cHCTEMi METAaHOJI—BOAA NPU 3HANJEHUX ONTUMAIBHUX
YMOBAaX MPOBEIEHHS peaKilii, CENEKTUBHICTh 32 METUJLIAKTaTOM CTaHOBUTH 43 %
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npu KoHBepcii gpykro3u 89 %, TOAl SK B CUCTEMI METaHOI—ETHJICHIJIIKOIb
CEJICKTHBHICTh 3a METWJIaKTaToM cTaHoBuUTh 61 % mnpu 100 % xonBepcii
bpyKTO3MH.

Takum 9MHOM, B MPOTOYHOMY PEKHUMI ISl OJCPKAHHS BHUCOKHUX BHXOJIB
IITLOBOT0 MeTWIIakTaTy (60 %) 3 CHIBHO KOHIEHTPOBAHUX PO3UMHIB (DPYKTO3U
(20%) sk PO3YMHHHUK PEKOMEHIYETHCSI BHKOPUCTOBYBATH CHCTEMY METaHOJ—
CTHJICHTJIIKOb.
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BIOBASED OLIGOAMINOURETHANES:
SYNTHESIS AND FUNCTIONALIZATION

Hudzenko N.V., Samoiliukevych V.O., Grishchenko V.K.,
Busko N.A., Davyskyba P.M., Falchenko Z.V.
Institute of Macromolecular Chemistry of the NAS of Ukraine
n.hudzenko@gmail.com

The work is devoted to the development of the synthesis of oligomers with
amino urethane groups for the synthesis of epoxy polymer composite materials
with improved properties. The polymeric composite materials are obtained and
their physical and mechanical properties are investigated.

Keywords: non-isocyanate polyurethane, biobased, hybrid
polyhydroxyurethane, cyclic carbonate.

PoGota mpucsiuena po3poOlil CHHTE3y OJIrOMEpIB 3 aMiHOYPETaHOBUMHU
rpynamu, JJis CUHTE3Yy EMOKCHJIHUX TOJIMEPHUX KOMIIO3UIIMHUX MaTepiaiiB 3
MOJIMIIEHUMH BJIACTUBOCTAMU. OTpUMaAHO MOJIMEPHI KOMIIO3MIIHI MaTepiain
Ta JOCIIIKEHO 1X BJIACTUBOCTI.

Kntouosi cnosa: 0e3i30111aHaTHI  TOJIypeTaHu, O10JOTIYHA CUPOBHUHA,
riOpuIH1 TOMITIAPOKCUYPETaHU, IIUKIOKapOOHAT.

In recent years, a variety of polymeric materials to biobased (vegetable
oils) has emerged, developed and tested. Polyurethanes (PUs) based on vegetable
oils are the most relevant today.

Particular attention is paid to the production of non-isocyanate
polyurethanes (NIPUs) based on the cyclocarbonates of vegetable oils [1-2].
According to [3], NIPUs are characterized by a number of advantages, if you
compare them with classic polyurethanes. They have thermal stability, stability in
non-polar solvents and better adhesion, which is determined by the presence of a
hydroxyl group at the B-carbon atom of the urethane group. Carbonized vegetable
oils (CVOs) are obtained on the basis of epoxidized vegetable oils (EVOs). The
methods of synthesis of them are intensively studied in science [4-5]. The
obtained CVOs can be used in the synthesis of non-isocyanate polyurethanes as
raw materials. They are used for the production of adhesives, modifiers of epoxy
materials in the chemical, rubber, paint and varnish industries, in the production
of composite materials.

Aminourethane functional oligomers (AUFQOs) are obtained by the non-
isocyanate method on the basis of cyclocarbonate of methyl ester of fatty acids of
rapeseed oil (CCMEFRO) and amines of different chemical nature:
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aminoethylpiperazine (AEP), isophorondiamine (IPDA), monoethanolamine
(MEA), 1,3-Diaminopropane (DAP).

Therefore, this work aims to develop the synthesis of oligomers with amino
urethane groups, which provide the ability to regulate the functionality of
oligomers at the stage of synthesis with improved properties of epoxy polymeric
composite materials.

This task is performed by the fact that the interaction of cyclocarbonate
groups with amino groups leads to the formation of hydroxyurethane oligomers
containing hydroxyl groups (primary | or secondary Il). This allows further
modifications of these oligomers. This also increases their hydrolytic stability
through intra- and intermolecular hydrogen bonds with urethanes groups of their
own or neighboring chains on the basis of CCMEFRO.

The obtained AUFOs are environmentally friendly and can be used in the
synthesis of NIPUs as raw materials for the production of adhesives, modifiers of
epoxy materials in the chemical, rubber, paint and varnish industries, in the
production of composite materials UMEFRO.

The synthesis of urethane oligomers based on CCMEFRO and AEP was
performed at a stoichiometric ratio of 1:1, [cyclocarbonate]:[NH,] at a
temperature of 60 °C and no catalyst according to the scheme 1.

OH

(0] /\/\/\)\(\/\/\/WO\
)]\ NH,

0" Mo o HN N—/_ O/Eo ©

/\A/\)_MJ\ o

O/ Toluene >

60 OC, 8h N UMEFRO

CCMEFRO [ j
N
H

Scheme 1

The calculation was performed according to the following formulas:

Interaction of cyclocarbonate (CC) and primary aminogroup (-NH,)
a-%CC _b-%NH,

100-87 100-16

__a-%CC-16
~ 87-%NH,
where 87 — MW of cyclocarbonate group;
16 — MW of primary aminogroup (-NH,);
%CC — the content of the cyclocarbonate group in CCMEFRO;
% NH,; — the content of the primary aminogroup in AEP.

The chemical structure of the AUFOs was studied by Fourier-Transform
Infrared Spectroscopy (FTIR) using a Tenzor 37 spectrometer from Bruker
(Germany). Samples of AUFOs were prepared in the form of crushed between the
plates of NaCl drops — 50 um thick. The spectra were recorded in the range of
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600-4000 cm™. Urethane formation was monitored by FTIR by the disappearance
of the C=0 stretch of cyclocarbonate at 1809 and 773 cm™ the appearance of new
bands 3330, 1701 and 1545 cm™, classified as hydroxyl groups, carbonyl group
and deformation N-H urethane.

As a result of interaction of CCMEFRO with AEP new peaks of valence
fluctuations appeared, a shoulder at 1695 cm™ (C=0 of urethane); 1650 cm™
(C=0 amide) and deformation oscillations of the NH group at 1545 cm™ and
valence oscillations of C-O at 1242 cm™. This indicates the formation of a
urethane group. The ester group of the valence vibration C=0 at 1742 cm™ and
the valence C-O did not change, which means that they did not react.

Figures 1 and 2 show that changes occurred in the 1300-1000 cm™ range
(valence C-O of different groups), the band of valence oscillations of C-O of
urethane group at 1241 cm™ increased significantly and the band at 1144 cm™ (O-
C of the urethane group) increased. There are changes in the 1100-1000 cm™
range, the band of valence vibrations for the secondary -OH group has increased.

1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700
Wavenumber (cm-1)

Fig. 1. FT-IR spectrum of formation — functionalized urethane structure:
1 - CCMEFRO, 2 — mix of CCMEFRO and AEP, 3 - UMEFRO

The band of valence oscillations O-C is prescribed for both oil and
urethane groups in the 1000-1150 cm™ range. In this range the redistribution of
these bands is visible.
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Fig. 2. FT-IR spectrum of formation — functionalized urethane structure:
1 - CCMEFRO, 2 — reaction mixture, 3 - UMEFRO

The profile of the bands in the 1100-1300 cm™ range, which are
responsible for the valence oscillations of the C-O and O-C CC-groups, has also
changed. The intensity of the peak at 1242 cm™ (valence C-O of the urethane
group) slightly increased and the peak at 1097 cm™ and the absorption bands of
valence oscillations C=0 at 1695 cm™ appeared. In the 3600-3000 cm™ range
during the reaction was a small redistribution of the intensity of the absorption
bands of the deformation NH (OH) groups. The band at 1809 cm™ disappeared
(the cyclocarbonate ring opened) and a band at 1695 cm™ appeared, which
corresponds to the valence fluctuations of the C=0 of the urethane group.

For the synthesis of aminourethane functional oligomers based on MEFRO
different amines were used: aminoethylpiperazine (AEP), piperazine (PP),
isophoronediamine (IPDA), monoethanolamine (MEA) and 1,3-diaminopropane
(DAP). The reactor was charged with epoxide (DER-331 or DGEBD), amide
urethane oligomer was added, stirred for 30 min, then the forms were filled with
the reaction mixture and kept at + 80 °C until polymer films cured. Mechanical
properties of polymeric composite materials are given in table 1.

The table 1 shows that diaminopropane-cured polymer films (DAP) and
DGEBD have low tensile strength and low elongation due to short molecule
length and low Ms polymer value. The addition of DER-331 increases the
strength to 15.8 MPa and, consequently, reduces the elongation of the polymer in
tension, due to the formation of a physical network between the polar groups of
epoxy molecules and CCMERO, which are stabilized by hydrogen bonds. Adding
DER-331 gives an increase in strength and significant increase in the elongation
of the polymer.

Samples that hardened by AEP and DGEBD have the lowest tensile
strength and low elongation. The samples obtained with IPDA and piperazine
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have the longest elongation of the polymer up to 220 %, which can be explained
by the formation of additional hydrogen bonds in rigid blocks, which allows
hydrocarbon chains CCMERO move freely.

Table 1

Properties of PU composite materials

Ne Sample Designation Tensile strength, | Elongation,

MPa %

1 (CCMEFRO + AEP) + DGEBD 0.50 70.0

2 (CCMEFRO + AEP) + DER-331 1.80 180

3 (CCMEFRO + AEP) + DGEBD + 4.03 140
DER-331

4 (CCMEFRO + DAP) + DGEBD 0.48 70.0

5 (CCMEFRO + DAP) + DER-331 15.8 30.0

6 (CCMEFRO +IPDA) + DER-331 + 3.05 220
DGEBD

Oligomers with aminourethane groups were synthesized. It is shown that
the use of different aminourethane functional oligomers allows to obtain
composite polymeric materials with different physical and mechanical properties.
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MEXAHI3MH OKHCHOI ®YHKIIIOHAJI3AIII 3B’SI3KIB C-H
i30-AJIKAHIB Y CIPHAHOKHUCJINX PO3SUNHAX ITAJIAIIIO(11)
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CenextuBHa (yHkuioHam3aiis 3B’ s3kiB C—H ankaHiB, 30kpeMa, HaOUIbII
IHEPTHOIO 3 HHUX MeTaHy, MNnoTpedye SK (YyHIAMEHTAIBHUX JOCIIIKEHb
MEXaH13MiB, TaK 1 HOBHX, O1IbII €()EKTUBHUX TEXHOJIOT1 EPepOOKHU BYTJIEBOIHIB
B CHEPrilo, MaJMBO 1 XiMiuHi pedoBuHHU. [l peakmiid izo0-anmkaHiB (i-AlkH) y
cipuaHokucimx poszunHax nanaaio(ll) BUKopHcTaHO KOpENAIIHHUN aHami3, B
SKOMY 31CTaBJICHI BUMIPSHI KOHCTAHTH IIBUIKOCTI 3 MOTEHIlaJaMU 10HI3aIlli Ta
erepriero 3B’s3kiB C—H mis i-AlkH, a Takox KBaHTOBO-XIMiuHI PO3paxyHKH
TEPMOXIMII MOXJIMBUX €JIEMEHTApHUX pEeaKlid, [0 JIMITYIOTh IIBUAKICT.
PesynpTaTi JBOX MiAXOMdIB Y3rOMKYyHOThes 3 okucieHHsM i-AlkH mo kationa
i-AlkH" i 3 nopmanemum Bigpueom atoma H, romomizom C-H, mo Bene 10
kap6okariona mpem-AlK".

Knwouosi cnosa: izo-ankanm, cyOcTpaTHa CEJIEKTHUBHICTb, TOTEHIIAI
1oH13a11ii, enepris 3B’ s13kiB C—H, mexani3m, nanamii(ll), cipuana kucnora.

Selective functionalization of C—H bonds of alkanes, in particular methane,
the most inert of them, requires both fundamental studies of mechanisms and
new, more efficient technologies for processing hydrocarbons into energy, fuel
and chemicals. For the reactions of iso-alkanes (i-AlkH) in sulfuric acid solutions
of palladium(ll), correlation analysis, in which the measured rate constants with
ionization potentials and C—H bond energies for i-AlkH were compared, as well
as quantum-chemical calculation of thermochemistry of possible elementary rate
limiting reactions were used. The results of the two approaches are consistent
with the oxidation of i-AlkH to i-AlkH" cation and with the subsequent
abstraction of the H atom, homolysis C—H, which leads to the tert-Alk”
carbocation.

Keywords: iso-alkanes, substrate selectivity, ionization potential, energy of
C—H bonds, mechanism, palladium(ll), sulfuric acid.

[ToTpebu pizHUX Tay3el MPOMHUCIOBOCTI Ta COMIaANBHOI ChepH y XIMIYHUX
(GYHKI[IOHATPHUX pEYOBHMHAX 1 MaTepianax HaA3BUYaHO 3pocnu. Jxepeno
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MPaKTUYHO BAXJIMBUX PEUYOBUH, BYTJIEBOJHIB, 1€ HEBIJHOBIIOBAaHI MPHUPOIAHUIM
ra3 Ta Ha)Ta, a TAKOXK BiTHOBJIIOBAHA POCIMHHA CHPOBHUHA Ta OPTaHiuHI BIIXOIH.
XiIMIYHOMY TIEPETBOPEHHIO BYTJIEBOAHIB, B MEPUIy YEpPry METaHy, B MPOAYKTH 3
BHCOKOIO JIOAAHOIO BapTICTIO MEpeHIKo/Kae iX 1HepTHicTh. DyHKIIOHAMI3AIlA
aJIKaHIB 1 JOCIIKEeHHs akTuBalii 3B’sa3kiB C—H € nuisxom 10 Takux OpoOyKTiB
[1].

JIis  BCTAHOBJIGHHS MEXaHI3MIB €JIEMEHTAPHUX PEAKI HaCHYCHHX
ByriaeBoaHiB  (AlKH) y cipyaHOKHMCIMX pO3YMHAX CHJIBHHUX OKHCHHUKIB 1
eIEKTPO(DUTIB BUKOPUCTOBYIOTh JIBa MIAXOAM: KOPEJALIMHUMA aHali3, B SKOMY
3icTaBJIeHI KIHETHYHI Pe3yJbTaTH 3 €JISKTPOHHUMH (TIOTEHITialaMu ioHi3anii, 1) i
TepMoxiMidyauMu (eHeprieto 3B’s3kiB C—H, D¢ ) XapakTepucTUKaMu ajKaHiB, Ta
KBaHTOBO-XIMIYHI PO3pPaxyHKH TE€PMOXIMIii MOXJIMBUX PEAKIIH, IO BU3HAYAIOTh
MBUJKICTD [2-4]. JOoImiapHICTh ITUX MIXOJIB JOBEJACHA Ha MPUKIAAl peakIii
HOpMaJIbHHUX alikaHiB (r-ankaHiB, N-AlKH) 3 mepBunauMu (neps., primary, p) i
BTOpUHHUMU (6mop., secondary, s) C-H y cucremax 3 mapranmem(Ill) [2] i
nanagiem(ll) [3-4].

VY naHiii poOOTI Taki MiAX0AU BUKOPUCTAHO JJISl JOCHIIKEHHS MEXaH13MiB
peakiiit izo-ankaniB, (i-AlkH), mo ckmagaroThecss 3 pO3raayKEHOTO JIaHIIora
BYIJICLIb—BYIJICIIb 1 MAlOTh KPIM neps. 1 emop. 1ie TpeTuHHi (mpem., tertiary, t)
3B’s13ku C—H, y cipuanokucimx po3unnax manaairo(ll).

Kopensiuiiinmii anamis. Y posunmnax Pd**-949 % H,SO, mpu 90 °C
nocmimkena kineruka 1atn  i-AlkH:  2-metwnmponan, 2-metwnOyranH, 3-
METHWITICHTaH, 3-eTUJINIeHTaH, 2,2,4-TpUMETHIINICHTaH [5], K1 BMIIIYIOTh 3B’ SI3KH
mpem-C—H — 1; neps-C—H B i-CgHig — 15, y pemri — 9 3B’s3KiB; Npu 1IbOMY
KUTBKiCTh 8mop-C—H (Ngec) 3miHIOETHCS B psimy i-Cy4H1g, i-CsHyo, i-CgHy4, i-C7Hgs,
i-CgHyg six 0, 2, 4, 6, 2, BignmoBigHo. Jlami HaBeneHi cepeaHi BeauuuHu Dc y (B
k/x/mMomn) [6] mist neps-, smop- 1 mpem-C—H, a takox Ky, Tak 3BaHi CyOCTpaTHI
CEJICKTUBHOCTI:

C—H | neps | smop | mpem | i-AlkH | C4Hyo | CsHyp | CoHis | CiHie | CgHyg

Dcn | 420 | 412 | 398 | kyw[5]| 4 8,8 12 17,2 | 0,84

CyOcTpaTHi CeNEKTUBHOCTI Ky, OOUHCITIOIOTHCS SIK BIHOIICHHS TOCITITHUAX
KOHCTAHT MIBUAKOCTI i30-ankaHy (KiaxH) 10 #-nieHTany (Kn.csHiz):
Kizn= Ki-atirt [Kn-cshaz, 0t N-CsHip Kyipe = 1. (1)
s iz0-ankauiB psagy i-C4Hig — i-C;H1s Benmmumna Ky, Big 4 mo 17 pasis
BuUIIE, HIK Ky 1011 N-CsHyp, Tomi sik st i-CgHyg Ky Omusbka g0 1 [5]. g w-
ankaniB N-C4Hio—N-CgHyg Kiipy 3MiHIOETBCST B psay 0,68, 1, 1,04, 1,36, 1,28,
TOOTO H-OKTaH y 1,5 pa3w akTUBHINIUK 3a i30-OKTaH, IO MOXE CBITYUTH TIPO
CYTTEBUH BIUIMB CTEPUYHHMX yTpyaHeHb B 2,2,4-tpumetwinentani (i-CgHig) Ha
MIBUKICTH PEaKIIii.
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Hwxue mnopiBHSHO BeIWYMHU MOTEHINamiB ioHizamii, | (eB) [7], nna w-
ankaHiB (In-an) Ta gocimkeHux i30-ankaHiB (1, axn) y paay Bixg C4Hig mo CgHag:

AlkH CaHig CsHi2 CeH1a C/His CsHis

liake | Tn-an | 10,68 | 10,53 | 10,32 | 10,28 | 9,98 | 10,13 | — | 9,93 | 9,89 | 9,8

Jus i-AlkH psny Cs, Cs, Cq, Cg liaxe>In-akn. A1 i30-TekcaHiB, y TOMY
yucii 2-metwientady | = (9,89+0,15) eB i 2,3-aumerunoyrany | = (9,95+0,11)
eB, a takox s i30-okTany 2,5-pumerunrekcany | = 9,76 eB Benuuunn | axn
nemio Hwkue, HIK lpaxy BiamoBimumx N-AlkH. Jlns iso-rentaniB maHi /s
BifcyTHi [7]. 3anexHicTh 19Ky — li-Alkn BAKOHYETBCS JOCHTH 100pe (puc. 1a).

Mo>xHa TIPUHHATH, 10 TIPU OJTHAKOBOMY BHECKy mpem-C—H y MIBHAKICTD
peakiiii, BIAMIHHICTD B Ky, a1 psagy i-C4Hio—i-CgHig Oyne BusHauaTHCs
KuTbKicTIO 6mop-C—H, sAKi B CKIami eIeKTPOHOJAOHOPHHX ETHJIBHUX TPYII
cnpustumyTh romonizy C—H. JlilicHo, st i30-ankaHiB psany i-C4Hip — i-C7Hys
KOPEIAIS Kyiyy BT Ngee BAKOHYETHCS 100pe (puc. 10).

k. 8) Ky 6)
1,1 > i-CgHyy 18 2
Kyi= 2,14 Ny + 4,08
0.9 - 14 - 1-C7Hyg
10 -
074 1ok =-0,687+794 Lo -
R2= 0,948 6 -
O @i-C Hy,
0,5 T T T T T T L) 1 2 1 1 T T T 1
9,9 101 103  10,5l-AKH 10,7 0 1 2 3 4 5ngy6

Puc. 1. 3anexxHocti cyOCTpaTHOI CEIEKTUBHOCTI B PEAKITiSX [30-aJIKaHIB
y pO3YHHAX Pd*-94,9 % H,SO, npu 90 °C: a) lgk,;,, Bix moTeHiaza ioHizarii,
li-aikk (€B); 0) Ky BiZt KisTbKOCTI 6mop-C—H, Nggc

Kpurepiem BHOOpPY MeXaHI3My € MOPIBHSHHS ~ €HTAJbMIN  MOMKJIMBUX
B3a€MO/II XIMIYHUX YACTUHOK PEAKTAHTIB Y MEPUIMX MOBUIBHUX PEAKIIISX.

KBantoBo-ximiuni po3paxynku. B Ta6n. 1 HaBemeHo oTpuMaHi B JaHii
poboti meromom PM7 [8] pe3yapTaTH KBaHTOBO-XIMIYHUX pO3paxyHKIB
CTaHIAPTHHX SHTANbIiH yrBopeHHs (AHy ') I PearcHTiB; a TAKOXK CHTAIBIIIil
(AAH) moxmBuX peakuiii ioma Pd® 3 2,3-mumermnbyramom (i-CgHys), sikmii
BMminye 3B’ si3ku C—H mpem. — 2, emop. — 0, neps. —12.

Jlnst posrisiayTux peakmiit PA** + i-CgHys (I, II, VI) (tabn. 1) Benuamun
AAH Big’emHi, aOCOJNIIOTHE 3HAYECHHS 1X BEJIWKE, IO CBITYUTH MPO iX
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TEPMOJIMHAMIUHY BHUT1JIHICTb, fKa 3pocTae B psay BiapuB H-atoma (I) < Bigpus
exekrpona (1) < rerepomiz C-H (VI). [Ipumyctmm, mo aktusaiis i-AlkH mix
miero crbHOTO enektpodiza Pd®* y po3unHax KOHIEHTPOBAHOI CipYaHOT KHCIOTH
BiOyBaeThCs 3a yuacTio jJiranna HSO, , sk MicTka ayis mepeHocy mpotona HY,
peakiiis (111), i Ik YacTHHKY, 10 OKKCIIOETHCS A0 pamukana HSO, (1V).

Taoauus 1
CraumapTHi enTanbiii yrBopenns (AHy™®, kkan/mons) peaxtantis (P) i
npoxykris (IT) y peaxtisix 2,3-mumernnOytany B cucremi Pd”—H,S0,.

EnTanemii (AAH, kkan/moib) peakiiiid romo- (peakiis I), rereponituanoro (VI)
pospuBis mpem-C—H, Binpusy enexrpona (II) mpu B3aemoii i-CgHya 3 Pd™; i
peakuiit HSO, 3 i-CgHyy" (IIT), 3 Pd** (IV), a Takox HSO," 3 i-CeHi4 (V)

PabdolIl| AHy | PaGoIl | AHy | Ne Peaxmis AAH
Pd® | 886 | i-CeHis | —38 | | |CeHy+ Pd> —Pd?*—H + CgHys” | —165
Pd™H | 699 | i-CeHis' | =16 | Il | CgHypy+ Pd>*—Pd™ + CgHy,t | —270
Pd™ | 405 | i-C¢Hy' | 173 | Il [C4Hy, +HSO, —H,SO, +CeHys | —144
Pd"H | 294 | i-CeHys" | 152 | IV | Pd* + HSO, — HSO, + Pd** | —369
H,SO, | =177 | HSOs | -111 | V | C¢Hy+HSO, —H,SO,+ CeHys | —44
HSO, | 222 | "Meron PM7 | VI | CgHyy+ Pd*—PdY*—H + CgH,5" | —402

Y Tabn. 2 mnopiBHsSHO BenuuuHM AAH 1 MexaHI3MIB Tromouiiza 1

retepomiza mpem-C—H B i-CgH14, siKi po3paxoBaHni 3a qanumu Tadm. 11 2.

Taoaunga 2

Bemmunan AAH (Kkai/Moub) It peaiiiii 2,3-aumernnoyTany 3 Pd** i3 HSO,
3a MeXaHi3MaMH1 roMoJIi3a 9u reteposiza 38’ sa3kiB C—H. BennunHu noreHmiams
ionizanii (Iak., €B) [7] mus ankineuux pagukaiis t-Alk i s-Alk’

Ne Peaxuii i MexaHi3MHu CAAH | AIK  Alke

| CeHuy + Pd** — Pd*—H + CgHyy’ —165 | t-C;Hy™ |6,8+0,2

-+ | CeHy+Pd*" + HSO, — Pd** + HySO, + CeHys | —414 | t-CsHyy™ 6,8+0,3
IV+V | CgHy+Pd®" + HSO, —> Pd™ + H,SO, + CeHys'| —413 | t-CgHys™ | 6,82
VI CeHyq + Pd* — Pd™*—H + CgHy5" —402 | s-CgH; | 7,5
VII CeHis + Pd* — Pd™ + CgHy5" 313 | s-C,Hy | 7,4
I+VIl | CgHys + 2 Pd** — Pd* —H + Pd™ + CgH15" | 478 | s-CsHyy' | 7,4
VIII CeHu" + Pd**— Pd**—H + CgHy5" —208 | s-CgHys" | 7,38
HVIL CeHy, + 2 Pd?* —> Pd*—H + Pd'™ + CgHys" | 478 |s-C/His" | 7,15

Burignicte 3-X TEpMOIWHAMIYHO JO3BOJICHUX MEXaHI3MIB TOMOJII3Y

. . . . 2+ . o

3poctae B psaay Big romonizy C—H mig giero Pd™ (1) mo mexanizmy (I1+111), sxuii
CKJIaJIa€ThCs 3 BigpuBYy eiekTpoHa manamieM(ll) i HacTymHOrO TIepeHoCy MpoToHa
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H" Bin kariona CgHys', mo yrBoproetses, Ha HSO, , i skuii XapakTepu3yeThcs
BenuunHOO AAH, mo npopiBHioe AAH mna mexanismy (1V+V). Ocranniii —
BKiIIOUae okcupamiro HSO, 1oHOoM Pd** no pamukana HSO, , sxuii Binpusae H-
aToM Bia MoJekyiu i-CgHay.

Burignicte 3-X TEpMOIWHAMIYHO JO3BOJICHMX MEXaHI3MIB TeTepoJIizy
3poctae B psay Bia BigpuBy riapun ioma H (V1) go mexanismie (I+VII) i
(+VI), saxi HaWOLIBII 1 OJHAKOBO BHUTIAHI 3 6-M PO3TISHYTHX, 1 SKi
cknanaroteest 3 romoizy C—H (1) mo mpem-C¢H13" 1 mogansimiii oro oxcuparii
nanagiem(l1) no mpem-xap6oxationa CgHi3™ (VI1I), a6o 3 Binpusy enexrpona () i
TOaNIBIIOro ToModiza kationa CgHys', mo yTBOproeTses, 10 mpem-CgHis™ (VIIN)
BIJIIIOBIIHO.

Pe3ynbraT  KOpENSIIHHOTO aHali3y Y3TO/KYIOThCS 3  MEXaHI3MOM
(11+VI111), ockiJIbKH BiAMOBIIAIOTH TBOM MOBUIBHUM CTaJisIM, BIJPUBY €ICKTPOHA,
puc. (1a), i romomnisy kariona CgH," 0 mpem-kap6okationa CgHis" (puc. 16).

s peakmiit #-ankadiB psiay C,—Cig y po3uuHi Pd2+—H2804 IBa MIIXOOU
no3BoIN 3anpornonyBaTu MexaHi3m (I+VII), skuit BianmoBinae peakiii roMomizy
smop-C—H 3 ytBOpeHHsM paaukaiga S-AlK 1 moJanbIIoro BipuBy €lEKTPOHA 3
YTBOPEHHSAM 8mop-KapOOKaTioHa (AHo*®=168 kkan/mons) [4], mist sKoro
TEPMOJIMHAMIYHO BUT1JTHOIO € 130MepH3allis, nmepexig B OuIbll cTabiabHy Gopmy
mpem-kap6oxariona (AH,**=152 kkan/monb, Tabm. 1).

IMopiBastaas BenuauH la. mas s-AlK™ i t-Alk™ (tabn. 2), cBigunth 1po Te,
o 118 pagukanis t-AlK” Bexmunam I a. 0JHAKOBI 1 HE BINTMBAIOTH HA IIBHIKICTh
peakuiii; Tomi K lga. mas S-AlK™ 3pocrarors B psagy Bim C;His” mo C3Hy i
MakcuMalbHa BenuuuHa lcops. = 8,3 eB misa neps-CoHs', mo ysromkyerscs 3
BEJIMUMHOIO Ky JUTS €TaHa Ha MOPSIOK MEHIIe, HIXK Ky, AT Ipomnana [5].

B posunnax Pd*—H,SO, byukmionanizamis 38°s3xie C—H i30- Ta H-aIKaHiB
BiJIOYBAETHCS 3@ TETEPOTITUIHIUM MEXaHI3MOM 3 YTBOPEHHSIM KapOOKaTIOHIB, ajie
pisHuMH TUIsIXaMu 1 3 pisHUMU mBHIkocTsmu: 1) i-AlkH oxucimorotbes 1o
kariona i-AlkH" 3 mopansimmm ioro romomizom; 2) N-AlkH uepes romonis émop-
C—H neperBoproroThest 10 paaukaiiis S-Alk™ 3 momaapmmM ix OKHCIEHHIM; 3) i30-
ankanu C4—C5, mo BMiytoTh 1 38’5130k mpem-C—H, y cepennbomy pearyroTh Ha
nopsaok mBuame BignoBimaux N-AlKH; BuuHATOK — 2,2,4-TpHMMETH/IICHTaH 3
pPO3rajay)KEHUM BYIJICLICBUM JIAHIIOTOM, JJIs SIKOTO BenuumHa Ky v 1,5 pasm
HIDKYE Ky, JUTS H-OKTaHY, IO CBITYUTH PO BIUIMB CTEPUIHHUX YTPYIHEHb.

ABTOpPH BHCIIOBIIOIOTh TMOASKY Mpodecopy, TOKTOPY XIMIYHHUX HayK
Oneiini Mocuny OunekciifoBuuy 3a J0IOMOTY B iHTepHperalii OTPHMAaHMX
pe3yJbTaTiB.
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ALGINATE / POLYSILOXANE HYBRID COMPOSITES
AS AN ALTERNATIVE FOR THE PLASTIC PACKAGING

Slisenko O., Mamunya Y., Pylypenko A.
Institute of Macromolecular Chemistry of the NAS of Ukraine
olgaslisenko@ukr.net

A new approach of the synthesis of alginate/polysiloxane hybrid
composites is proposed. The coupling of sodium alginate with
3-glycidoxypropyltrimethoxysilane as well as the impact of polyvinyl alcohol
(PVA) on the flexibility of the final material was investigated. The improvement
of thermal and mechanical properties was shown with the addition of PVA, and
the possibility of application of obtained composites as a packaging material was
evaluated.

Keywords: sodium alginate, polysiloxane, hybrid composite, thermal
properties.

Y poGoTi 3amporoHOBAaHO HOBMM MiJXiJ IIOAO CHHTE3Y TiOpUIHUX
KOMITIO3UTIB aJIbIIHAT/MOJIICHJIOKCAaH, BUBYEHO Mpolec MoAU(iKalii ajabriHaTy
HATpil0  3-THIIUIWIOKCITPOMUITPUMETOKCUCUIIAHOM,  BIUIUB  MOJIIBIHUJIOBOTO
cnupty (IIBC) Ha rHYYKICTh KIHIIEBOTO Martepialy. BCTaHOBJIEHO MOKpAIICHHS
TEPMIYHUX 1 MeXaHIYHMX BiacTUBocTed mnpu pgomaBanHi [IBC, a Takox
JOCIIKEHO MEXaHIuH1 BJIACTUBOCTI 1 OI[IHEHO MOXJIMBICTh BUKOPHCTaHHS
OJIep>KaHMX KOMIIO3UTIB SIK MAKyBaJIbHOTO MaTepiaiy.

Kntouoei cnoea: ampriHat HaTpir, MOJICUIIOKCAH, TIOPUAHUN KOMIIO3MT,
TEpPMiUH1 BJIaCTHUBOCTI.

Development of food industry provides increasing of packaging materials
production which is mostly designed as single-use and is typically thrown away
rather than recycled. According to the US Environmental Protection Agency,
food and food packaging materials make up almost half of all municipal solid
waste. The most commonly used food packaging polymers include polyethylene
(PE), polypropylene, polystyrene, polyvinyl chloride, polyvinyl acetate, ethylene-
vinyl alcohol copolymers.

The pollution of waterways, as well as contamination of air and soil
through landfill sites by plastic packaging becomes “a planetary crisis”. The
creation of biodegradable plastics for packaging based on biopolymers such as
cellulose [1], carboxymethyl cellulose [2], chitosan [3], starch [4], whey protein
[5], or gelatin [6] is one of the ways to solve the contamination problem.

The essential drawbacks of materials based on biopolymers are poor
mechanical and thermal properties which can be improved by various techniques
such as blending of biopolymers with conventional polymers and development of
polymer. Another way of development of the eco-friendly polymer composites by
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introducing inorganic component into a biodegradable polymer is proposed in this
study. Elaboration of organic-inorganic hybrid materials based on biodegradable
polymer and silica leads to the combination of flexibility of organic polymer and
rigidity of inorganic silica. The nanoscale interaction of the co-networks and the
formation of covalent bonds between them are expected to improve mechanical
properties and increase degradation temperature.

The renewable natural polysaccharide alginate was used as an organic
component. Alginate has found wide application in tissue engineering (bio-inks),
food industry, biomedicine due to its good biocompatibility, biodegradability, low
toxicity, high availability and low-cost, on the other hand it cannot provide
sufficient mechanical strength. Polyvinyl alcohol was used additionally as an
organic component to increase the strength and flexibility of composites. In order
to increase mechanical and thermal properties an inorganic component was
added. Polysiloxane network was synthesized from condensation of silanol
groups of 3-glycidoxypropyltrimethoxysilane (GPTMS) due to a sol-gel process.

In this work new alginate-silica hybrids were prepared through nucleophilic
ring opening reaction of GPTMS by carboxylic groups of alginate and
incorporation of prepared functionalized alginate into the sol-gel process to
produce a hybrid material. The amount of PVA was varied to improve the
material’s performance.

Materials and samples preparations

Silica—alginate hybrid monoliths were prepared by addition of GPTMS to
the diluted solution (2 wt. %) of sodium alginate (Alg) monomer to functionalize
the alginate. Preliminary prepared PVA solution was added into the solution of
GPTMS-functionalized alginate in different proportions. Glycerol (Gly) was
applied as a plasticizer to increase the flexibility. Samples were prepared on
Teflon surface by drying till constant weight.

Methods

FTIR spectra of the organic—inorganic hybrid composites were recorded
with a Bruker Tensor 27 DTGS spectrometer at wavenumber range of
4000-600 cm™ with a resolution of 2 cm™.

Thermal stability of the samples was studied by Thermogravimetric
Analysis (TGA) using the TGA Q-500 (TA Instruments) equipment. TG traces
were registered in the temperature range from 25 to 700 °C at a heating rate of
20 °C min™ at continuous evacuating of volatile products of degradation.

Tensile testing machine Shimadzu AGS-10kNX (Japan) was used for
studying of mechanical properties.

Results and Discussion

The structure of the silica—alginate hybrids synthesized by coupling to
3-glycidoxypropyltrimethoxysilane GPTMS was characterized by FTIR (Fig. 1).

It was revealed that the oxirane ring of GPTMS undergoes acid catalysed
nucleophilic attack, e.g. by a nucleophilic group on a carboxylic group of
alginate, to open the epoxide ring. As a result a polymer chain with
trimethoxysilane functional groups is formed. Further they can be hydrolyzed
under acidic conditions to give silanol groups followed by condensation in a sol—
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gel process (with /or without another silica precursor) to produce a polysiloxane
network covalently bonded to the polymer.

1034

1609
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1 1 ] L | 1 1 I | L | 1 ]

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber, cm”

Fig. 1. FTIR of sodium alginate (1) and alginate coupled with GPTMS,
Alg:GPTMS = 65:35 (2)

Bands observed at 1609 cm™ and 1415 cm™ are assigned to the
asymmetrical and symmetrical stretching vibrations of C=0 in COO group,
respectively. A large absorption band in the range of 3600-3000 cm™ appears due
to the stretching vibration band of OH group. Coupling of sodium alginate with
GPTMS (Alg-GPTMS) leads to the shifting of the -OH stretching band maximum
from 3400 to 3362 cm™. In addition to this a new band appears in the region
1095 cm™ characterizes stretching vibration Si-O in GPTMS. The stretching C-O
band of epoxy ring is centered at 909 cm™ in Alg-GPTMS, which intensity
decreases with reaction.

Decomposition parameters of Alg-containing composites were calculated
and shown in Table 1. Alg/PVA composite has one maximum at 263 °C on DTG
curve due to the overlapping of Alg and PVA decomposition temperatures.
Coupling of Alg with GPTMS leads to the appearance of additional peaks at
401 °C which reflects degradation of short carbon chains of condensed GPTMS
and Alg/GPTMS hybrid matrix. A peak at 641 °C formed by superposition of two
peaks at 624 and 641 °C characterizes decomposition of hydrocarbon chains of
hybrid composite and this process was followed with the weight loss of about
12 %.

The corresponding heat-resistance index (Tpr) oOf the synthesized
composites was calculated by equation (1) [7]:
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T =0.49-(T, +0.6-(Ty, - T,)) (1),
where Ts and Ty are the corresponding decomposition temperatures of 5 % and
30 % weight loss, respectively, and shown in Table 1.

Table 1
Thermogravimetric parameters of alginate/polysiloxane hybrid composites
Sample Maximal decomposition temperature, Tgi (max) Temperature at | Tpg,
(wt.%) (°C) / weight loss, Am; (Wt.%) at T (max) weight loss (°C) [(°C)
TOI(max) / Aml Td2(max) / AmZ TOS(max) / Am3 T5 T30
Alg/ GPTMS 231/22.9 401/53.0 641/74.85 71 241 84.8
65:35
Alg/PVA 263/34.9 - - 104 260 |96.8
34 : 66
Alg/GPTMS/PVAI/Gly 267 /39.7 421/62.0 493/74.3 97 256 |94.3
15:15:60:10

Improvement of thermal parameters could be explained by addition of PVA
into the alginate/polysiloxane hybrid which provides the appearance of new types
of hydrogen bonds and, respectively, broadens their differentiation by the energy
and strength. Thus, the new hybrid composites with H-bonds saturated physical
network are characterized by efficient heat transfer through the bulk materials and
improved heat stability of tertiary composite systems. Calculated values Tug
show augmentation for proposed Alg/GPTMS/PVA/Gly composite by 10 °C in
comparison with Alg/GPTMS hybrid.

Mechanical characteristics of obtained composites were studied (Table 2)
and their values were compared with the low-density polyethylene (LDPE) ones
which is widely used for packaging.

Table 2
Mechanical properties of hybrid composites
Sample (wt.%) Strain (%) Stress (MPa)
Alg/PVA 0.8 25
34 : 66
Alg/GPTMS/PVA 1.0 32
37:7:56
Alg/GPTMS/PVA 6.0 52
17:17:66
Alg/GPTMS/PVA/Gly 132.0 28
15:15:60: 10
LDPE 115.0 12

It was estimated that addition of GPTMS into Alg/PVA leads to the
increasing the strength and elongation of the composite even at high of sodium
alginate content. Huge augmentation of strain and flexibility is caused by addition
of Gly which plays role of plasticizer. The possibility of application of
alginate/polysiloxane hybrid composites as alternative for the plastic packaging
was evaluated by the comparison with mechanical characteristics of LDPE
packaging film (Table 2). According to the received data Alg/GPTMS/PVA/Gly
composites show more than two times higher strength (28 MPa versus 12 MPa)
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and 15% higher elongation (132 % versus 115 % for LDPE). High strength,
sufficient flexibility and elasticity, cheap raw materials indicate that the
developed composites are promising for use as a film packaging material.
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PREPARATION OF COMPOSITION SYSTEMS OF CONTROLLED
ISOLATION OF BIOLOGICALLY ACTIVE SUBSTANCES
FOR COSMETIC PURPOSES
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?Oranska O.1., ’Gun'ko V.M., °Babenko L.M.
! Institute of Chemical Sciences, Maria Curie-Sktodowska University, Lublin
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Proposed composite materials clay / vegetable raw materials /
hydroxyapatite. The safety indicators of components and composite materials are
studied. The possibility of their use in cosmetics is substantiated

Keywords: hydroxyapatite, acai, pigments, clay minerals.

[IpornoHoOBaHI KOMIO3UIIIMHI MaTepiajiv TJIWHA / POCIWHHA CHpPOBHUHA /
rigpokcuanatut.  JlOCmiIKeHO  TMOKa3HUKW  O€3MeKHM  KOMIIOHEHTIB  Ta
KOMITO3UINMHUX MartepiaiiB. OOIpyHTOBAHO MOXKJIMBICTh iX BUKOPUCTAaHHS B
KOCMETHIII.

Knrouoei cnosa: rinpokcuanaTur, acai, MrMeHTH, TIIMHUCTI MiHEpaJIu.

New forms of delivery of biologically active substances (BAS) are an
important and urgent problem of modern pharmacology and cosmetology. The
use of carriers for BAS allows to obtain dosage forms with improved
compatibility with biological fluids, controlled time of entry into the body, high
storage stability and more.

By creating composites that will provide the necessary content of BAS and
their controlled release, we can reasonably hope to achieve positive results in this
direction.

This paper proposes the creation of composites based on clay minerals and
hydroxyapatite, which provide various forms of inclusion of the active substance
by optimizing the composition and improving the methods of formation.
Significant hydrophilicity of clays increases the moisture content of materials
and, as a consequence, increases the content of BAS.

Acai (EUTERPE OLERACEAE (ACAI) BERRY) powder was chosen as
the source of BAR. Acai berries contain many trace elements Ca, P, K, Mg, Zn, B
vitamins, beta-carotene, anthocyanins.

As an acai component, it works like this: moisturizes and nourishes the
skin; relieves symptoms of dermatitis, acne, rosacea, allergic skin manifestations;
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provides regeneration and rejuvenation of skin cells; has anti-inflammatory
action; protects from UV rays; deeply cleanses the skin of toxins; improves
metabolic processes; restores elasticity, increases skin elasticity.

Samples of clay / hydroxyapatite / vegetable raw materials were obtained
by the method of mechanochemical activation. The release of anthocyanins from
plant raw materials and clay / hydroxyapatite / plant raw materials composite was
studied by UV spectroscopy.

To assess the level of safety of the obtained materials was used software
product "Rana" — an information system designed to store and organize the
composition data and calculate the development of cosmetics and other products
or fillers, determine their level of safety in terms of component composition of
the final mixture. Safety is assessed on three indicators — Cancer, Developmental
& Reproductive Toxicity, Allergies & Immunotoxicity.

Green — from 1 to 33, yellow — from 34 to 77, red — from 78 to 100.

The level of safety of the obtained materials and plant raw materials was
assessed (Table 1) using the program "Rana". AIll composites clay /
hydroxyapatite, clay / silica and clay / hydroxyapatite / silica are not higher 21,
hypoallergenic. Samples with the addition of vegetable raw materials
hypoallergenic too.

Table 1
Assessment of the level of safety of composite materials and vegetable raw
materials
Developmental & Allergies &
# Sample Cancer Reproductive Toxicity | Immunotoxicity
1 | Hydroxyapatite 18 18 20
2 | Silica(A300) 20 18 21
3 | Acai (EUTERPE OLERACEAE
(ACAI) BERRY) 18 18 21
4 | Rose Clay/ Hydroxyapatite/ Acai 19 18 20
5 | Rose Clay/ Silica/ Acai 19 18 21
6 | Rose Clay/ Hydroxyapatite/
Silica/ Acai 19 18 21
7 | Rose Clay/ Hydroxyapatite 20 19 20
8 | Rose Clay/ Silica 21 19 21
9 | Rose Clay/ Hydroxyapatite/Silica 20 18 20

The release of anthocyanins from composite materials was also
investigated (Table 2). The effect of heating the initial clay on the isolation of
anthocyanins from hybrid materials was also studied.

The composition of the hybrid material and the heating of the starting clay
has an effect on the release of anthocyanins.
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Table 2

Release of anthocyanins from hybrid composites and plant raw materials

No | Sample | A(@u) | C(mgl) | C (ng/g)
Native clay
1 | Rose clay/ Acai 0,052 0,030 30,21
2 | Rose clay/ Hydroxyapatite
(5%) / Acai 0,057 0,033 33,11
3 | Rose clay / Silica/ Acai 0,065 0,038 37,76
4 | Rose clay/ Hydroxyapatite
(5%)/ Silica/ Acai 0.045 0,032 31,88
5 | Rose clay/ Hydroxyapatite
(10%)/ Acai 0,059 0,043 42,84
6 | Rose clay/ Hydroxyapatite
(10%)/ Silica/ Acai 0.048 0,028 21,88
Rose clay, 100 °C
7 | Rose clay/ Acai 0,056 0,033 32,53
8 | Rose clay/ Hydroxyapatite
(5%) / Acai 0,057 0,033 33,11
9 | Rose clay / Silica/ Acai 0,054 0,031 31,37
10 | Rose clay/ Hydroxyapatite
(5%)/ Silical Acai 0,049 0,029 29,35
11 | Rose clay/ Hydroxyapatite
(10%)/Acai 0,057 0,033 33,11
12 | Rose clay/ Hydroxyapatite
(10%)/ Silical Acai 0,062 0,042 41,88
Rose clay, 200 °C
13 | Rose clay/ Acai 0,068 0,049 49,38
14 | Rose clay/
Hydroxyapatite(5%) / Acai 0,073 0,042 42,41
15 | Rose clay / Silica/ Acai 0,061 0,055 54,52
16 | Rose clay/ Hydroxyapatite
(5%)/ Silica/ Acai 0,071 0,082 82,49
17 | Rose clay/ Hydroxyapatite
(10%)/Acai 0,091 0,068 67,77
18 | Rose clay/ Hydroxyapatite
(10%)/ Silica/ Acai 0,078 0,045 45,31

Proposed composite materials clay / vegetable

raw materials /

hydroxyapatite. The safety indicators of components and composite materials are
studied. The possibility of their use in cosmetics is substantiated. The
hypoallergenicity of the studied systems is confirmed. Kinetic studies of BAS can
be used as a factor in regulating the direction of preventive action of cosmetics.

The research leading

to these results are supported Dby project
BPS/UKR/2022/1/00065/U/00001 (NAWA Comnigapsi 3 YKpaiHoto).
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CHUHTE3 TA BJJACTUBOCTI HOBUX KOMITIO3UTHUX MATEPIAJIIB
MEAUYHOI'O ITPU3HAYEHHS 3 XOJIOKCAHOM,
AKI MICTATDH ITAMIHMU 5K ITIOJOBKYBAUI

[Tpumymko C.O., Kosnosa I'.A., I'manups L.1., Poxxaosa P.A., I'anarenko H.A.
[HcTHTYT XiMIT BUCOKOMOIEKYIsipHUX cioyiyk HAH Ykpainu
Prymushko.S@gmail.com

CHUHTE30BaHO Pl MONIYPETAHCEYOBHH, 1110 MICTATh Y CBOIM CTPYKTYpi SIK
MOJIOBKYBay MakpoJjiaHiiora 2-(2-amiHoerokcu)eTan-1-amin, 1,8-mgiamino-3,6-
miokcaoktad,  3-{2-[2-(3-aMiHOIIPOMOKCH)ETOKCH |eTOKCH } ITponaH-1-aMiH ~ 3a
pI3HOTO  BIJCOTKOBOTO  cHiBBigHOWmICHHS  4,4'-miamiHOAM(EHUIMETaHy 0
nogorxkyBada (30:70; 50:50; 70:30). IlpoBemena immoOimi3alis JIKapChKOi
pedoBuHu Ipochaminy (Menuunuit mpemnapar XOJOKCaH) Ta JOCTIIKEHHS
OTpUMaHUX KOMIIO3UTIB. CHHTE30BaHI MOJIMEPH SBISAIOTH COOOI0 €JaCTH4HI
PO30pi TUTIBKK TOBIIMHOIO 0,3 MM.

Knrouosi cnosa: 1pochamin, xomokcaH, moiypeTaHCEUOBUHA, J1aMiHU.

Synthesized a number of polyurethaneureas containing in its structure as a
macrochain  extender  2-(2-aminoethoxy)ethan-1-amine,  1,8-diamine-3,6-
diocooctane,  3-{2-[2-(3-aminopropoxy)ethoxy]ethoxy}propane-1-amine  at
different percentages of 4,4'-diaminodiphenylmethane to extender (30:70; 50:50;
70:30). Immobilization of the drug substance Ifosfamide and study of the
obtained composites were performed. The synthesized polymers are elastic
transparent films with a thickness of 0.3 mm.

Keywords: Ifosfamide, holoxane, polyurethane, diamines.

CyJacHu#i eram pO3BUTKY MEIUIIMHU XapaKTePU3YETHCSA 1HTCHCHBHUMH
MONTYKaMH HOBUX TMOJIMEPHHUX MaTepialiiB i BIJHOBJICHHS 1 3a0e3leueHHs
HOPMAJIBHO1 JKUTTEISTIBHOCTI OpraHizMy, 30Kpema, AJid JIIKyBaHHSA paH, OMIKIB,
paxy.

Menuyaa TpakTUKa TOTpeOye€ HOBHX MOJIMEPHUX JIKAPChKUX (opMm y
BUJISIAL TJTIIBKOBUX MarepiaiiB. [losmiMepH1 JIKapCchKi TUTIBKH € albTEPHATUBOIO
JI0 TaKUX JIKapChKUX 3aco0iB sK Masi, macth, remi. B ocHOBI TexHOMOTIi
OTPUMAaHHS MOJIMEPHUX JIIKYBAJIbHUX TUTIBOK JICKUTh CHHTE3 MOJTIMEPHOI OCHOBHU
Ta BBEJICHHSI JI0 11 CKJIay pi3HUX aKTUBHOJIIFOYMX PEUOBHH, BPaXOBYHOUH (D13UKO-
XIMIYHI, MEXaHiuHl, (apMaKOJOTIYHI, TEParmeBTUYHI Ta IHII BJIACTUBOCTI
KOMMNOHEHTIB. Bigomo, mo mnomiyperancedoBunu (I1YC), cuHTe30BaHl 3
BUKOPHCTAHHSAM SIK TIOJIOBXKYBayiB MakpoJjaHIoriB miamiHiB ([JA), MaroThb
MOKpAIIEH] eKCIUTyaTallliiHl XapaKTepUCTHUKUA Ta BHCOKY O10CYyMICHICTb, IO
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YMOKJIMBIIIOE TOJANbIIe BUKOPUCTAHHS IUX MaTepialiB I MEAUIIMHHU.
OCKibKM ~ TOJMIMEpHI  IUIIBKOBI ~ MaTepiaJd  MEIUYHOTO  MPU3HAYEHHS
(GYHKIIIOHYIOTh B KOHTAKTlI 3 PIAKUMHM CEpPEIOBUILAMH OpPTaHi3My, TOMY IS
BUXOJTy JIIKAPCHKOT PEUOBUHH BAXXJIMBOIO XapaKTEPUCTHKOIO MOJIIMEPHOT MaTpPHIIi
€ riapodinbHicTh [1-2].

Ipochamin (L) — mpoTHUMyXIMHHUN JTIKyBaJbHHI 3acCi0 alKiIIOYOi Jii,
noxigHa okcazadochopuHiB (MenuyHHU npenapat XoJjokcaH). MexaHi3Mm #oro
Jii TMOB’s3aHUM 3 aNKUIIOBAaHHAM HYKJIEO(MUIbHUX UEHTPIB 3 YTBOPEHHSIM
nepexpecHux 3mmBoK y mosiekyai JIHK ta PHK 1 6mokyBaHHSIM MiTOTHYHOTO
TUIeHHA KITUH. BiH mokazaHui fAnst JIKYBaHHS TE€PMIHOTEHHUX ITyXJIHH,
3MOSIKICHUX MYXJIMH SI€YKa, PaKy S€YHUKIB, MIMWKUA MaTKW, MOJIOYHOI 3aJI03H,
€HJAOMETpPIt0, JIET€HIB, CAPKOMHU M’SIKHX TKaHMH, capkomu FOiHra,
HEXO/KKIHCHKOT JTiIM(pOoMH, XBOpOOH XOK.

3 METOI CTBOPEHHA HOBHUX IOJIMEPHUX MaTepialliB  MEIUYHOIro
NpU3HAYEHHs1 AK NEpPCHeKTUBHMX HOCIIB JIIKAPCBKHUX IMpenapariB  Oyio
PO3pO0JIECHO METOJ CUHTE3Y pAy IUIIBKOTBIPHUX IMOJIypETaHCEYOBUH Ha OCHOBI
nizouianatHoro Qopnonimepy (JAPII), 3 BUKOpUCTaHHSM, SIK MOJOBXKYBayiB
MaKpOJIaHIIIOra, 4,4'-niaminoaudeHIIMeTany (JAD) Ta 2-(2-
amiHoeTokcH )etaH-1-aminy (A1), 1,8-miamino-3,6-miokcaokran ([1A2), 3-{2-[2-
(3-aMiHOIIPOITOKCH )eTOKCH |eTOKCH } Tiponiad-1-aminy (J{A3) 3a pi3HOr0 MOJBHOTO
cmiBBigHomenHs 0,7:0,3; 0,5:0,5 ta 0,3:0,7.

H N/\/o\/\NH

2-(2-aminoetokcu )eran-1-amin (JJA1)

N

1,8-nmiamino-3,6-a10kcaokran (J1A2)
HZN/\/\O/\/O\/\O/\/\NH

3-{2-[2-(3-amiHOIPOMIOKCH )eTOKCH |eTOKCH } Tiporian-1-amin (JIA3)

CuHTe30BaH1 TMOJIMEPHU SIBJISIOTH COOOI0 €JacTHYHI TPO30pi TUTIBKH
toBumHoo 0,3 mm. IlpoBemeHo pochipkeHHs CTPYKTypu Meroaom Y-
CIIEKTPOCKOIIIi, a TaKOXX aHalli3 BIACTUBOCTCH (DI3MKO-MEXaHIYHUMH METOJaMH.
[TpoBeneno mocmimkeHHsT (PI3UKO-MEXaHIYHUX Ta TEPMO(DI3UIHUX BIIACTUBOCTEH
(ACK, TT'A) cunte3oBanux [IYC. 3rigHO OTpUMaHHUX pe3yJbTaTIB MILHICTb MPU
po3puBi cuHTe30BaHuX I[IYC nexuts B Mmexax ~ 0,7-2,0 Mlla, BigHOCHE
nonosxkeHHs — 70-580 %. 3a pesynpraTamu JICK crnoctepiranu oJuH
TEMIEPATypHUH Tepexid 1, BIAMNOBIAHO, OJHY TEMIIEpPATypy CKIyBaHHA B
cepenuboMy mipu -25 °C, 100TO cuctemu € omHodazHuUMH. 3a mgaHuUMH TTA,
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TeMIepaTypa To4YaTKy po3kianaHHs cuHTe3oBaHux [IYC nexuth y aiama3oHi
275,16-289,8 °C i cympoBoKy€eThcsl He3HauHOI0 BTpaToro macu 0,007-0,093 %.

HactrynHowo cramiero nociipkeHHs Oyyno MpoBeAeHHS Moaudikali
OTPUMAaHUX TUTIBKOBUX MaTepialliB JIiKapchkoro dopmoro pedoBuHM [pochamimy.
Jns  1mporo po3uuHsIM OTpuMaHy IuTiBKy mnomimepy B JMAA  (N,N-
JUMeTHiIaneTamin), nani gojgaBanu  Idocdhaming B kimbkocti 1% Bim Macu
noJiiMepy Ta BIIIMBAJIU B ()OPMH, BHCYIIYBajil B CymmibHIN madi npu 75 °C o
craioi Macu mnoiximepy. Otpumani [IYC sBiasau coOoro enacTu4Hi Tpo3opi
wiBkd ToBuMHOIO 0,3 MM. PesynpTaTH mpoBeneHHX (Pi3UKO-MEXaHIUHUX
JOCTIKEeHb TIPeICTaBiIeHl y Tabmuii 1.

Taoaunga 1
®di3UK0-MEXaH1YH1 BIACTUBOCTI CHHTE30BaHUX TOJI1YPETAHCEUOBUH
CriBBIIHOIIIEHHS MiHicTh BinnocuHe
3pa3ok JNOIL:JAJD: 1A, | pu po3pHBi, | OIOBKEHHS,
MOJIb MIIa %
IIyC (A®PIT:JA1+L) 1,0:0,0:1,0 1,73+0,03 54,14+1,51
MYyC(®IL:0,7 IAAD:0,3TA1+L) 1,0:0,7:0,3 1,540,06 31,8+1,7
IIYC(I®IT:0,5JAJID:0,5 A 1+L) 1,0:0,5:0,5 1,63£0,05 | 79,09+2,34
MYyC(PIT:0,3TIAAD:0,7TA1+L) 1,0:0,3:0,7 0,74+0,03 108,8+3,8
MIYC(DIT: JA2+L) 1:0:1 0,97+0,06 103,9+3,5
IYC(I®IT:0,7JAID:0,3TA2+L) 1:0,7:0,3 1,02+0,04 122.2+7.1
MYyC(IDIT:0,5 TAD:0,5TA2+L) 1:0,5:0,5 0,84+0,06 77,9+2.,8
MYyC(ADIT:0,3TAD:0,7TA2+L) 1:0,3:0,7 1,13+0,04 354+41.6
IMyC (ADIT:JA3+L) 1:0:1 0,8£0,04 | 276,32+11,39
IMYyC(I®DIT:0,7 TAD:0,3TA3+L) 1:0,7:0,3 2,21+0,04 70,2+13,2
MYyC(®DIT:0,5TAD:0,5TA3+L) 1:0,5:0,5 1,20+0,09 76,6+45,9
IYC(I®IT:0,3JAJID:0,7A3+L) 1:0,3:0,7 0,92+0,03 60,1+3.4
MIYC (OIT:JAJID+L) 1:1:0 1,10£0,05 34,120.5

3riHO OTPUMAHUX PE3yIbTaTIB, HAWKpaIll XapaKTEPUCTUKH MPOSBISIOTH
[yC(4®IL:0,7 JAAD:0,3JA1+L), [yC(H®PIL:0,3 JAAD:0,71A2+L) Ta
I[MYC(ADIL:0,7 TAAD:0,31A3+L), sKi MalOTh CEPEIHIO MIIHICTh MPH PO3PHUBI
1,5 MIla, BigHocHe nogosxeHHst 200 % Ta TemnepaTtypy ckiryBanHs -25 °C.

OTxe, OTpMMaHiI TOJIMEpPU MPOSBISAIOTh ONTUMAJNIbHI (H13UKO-MEXaHI4HI
BJIACTUBOCTI JJIsl TOAAJIBIIUX OIlOJIOTIYHUX JOCHiKeHb. Ha manomy erami
TPUBAIOTh JIOCHIIPKEHHS 010€CTPYKIIi OTPUMAHUX MOJIMEPHUX KOMIIO3UTIB Ta
JTUHAMIKY BUXOJTY JIIKapCchKoi peuoBUHU [Pochamis 3 moniMepHUX MaTPHUIIh.

Jlitepatypa
1. Hashizume R., Hong Y., Takanari K., Fujimoto K.L., Tobita K., Wagner
W.R. The effect of polymer degradation time on functional outcomes of
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CIIOCIB MEXAHOXIMIYHOI AKTUBAIII KATAJII3ATOPIB
T'IIPYBAHHS OKCUJIIB BYTJIELIO IN SITU

bapan M.M., Kamencekux [.C., Tkauenko T.B.,
Ximau H.1O., €Bnoxumenko B.O.
IncTuTyT 6i00praniunoi ximii Ta HadToximii iM. B.I1. Kyxaps HAH Ykpainu
baranmaria48@gmail.com

[IpoBeieHO MexaHOXIMIYHY aKTHUBAIII0 Ta HAHECEHO Ha CKJIO-KepaMiuHi
KYJbKH  aJllOMO-KOOQJIbT-MOJIIOJICHOBOTO Ta  MiJAb-IMHK-ATFOMIHIHOKCHUTHOTO
KaranizaTopiB. JlOCHIKEHO iX CTPYKTYpy Ta MOP(QOJIOTiI0 CydacHUMH (Pi3UKO-
ximiuanmu Metogamu: FTIR-ATR, AFM, XRF. BcranoBneHo, 1o po3mip
YAaCTUHOK OTPUMAaHUX KaTaji3aTopiB 3HAXOAMTHCS B HAHOJMIAMA30HI Ta
3MIHIOETBCS: IS MIOb-IIMHK-aIIOMiHIHOKcHaHoro — Big 1,1 mo 2 HM, a g
aJIOMO-KO0aIbT-MOJI101€HOBOTO — Bif 2,8 10 12,6 HM.

Knrouosi  cnosa:  MexaHOaKTHBAIllg,  aJIFOMO-KOOAJILT-MOJI10ACHOBHIA
KaTaaizaTop, MIJIb-IIMHK-AJIIOMIHIHOKCUIHUN  KaTami3aTop, JabopaTOpHUN
peakTop.

Mechanochemical activation was carried out and aluminum-cobalt-
molybdenum and copper-zinc-aluminum oxide catalysts were applied to glass-
ceramic balls. Their structure and morphology were studied by modern
physicochemical methods: FTIR-ATR, AFM, XRF. It was established that the
particle size of the obtained catalysts is in the nanorange and varies: for copper-
zinc-aluminum oxide — from 1.1 to 2 nm, and for aluminum-cobalt-molybdenum
—from 2.8 to 12.6 nm.

Keywords: mechanoactivation, aluminum-cobalt-molybdenum catalyst,
copper-zinc-aluminum oxide catalyst, laboratory reactor.

Benukoro mpobsemoro  XXI|  cTOmiTTS € TmapHMKOBI  rasu, Kl
HAKOIMUYYIOThCA B arMoc(epl MpU aHTPONOTEHHOMY BIUIMBI Ha JOBKOJIMILIHE
cepenosuie. OnHUM 3 TakuX rasiB € giokcua Byriemo CO, — npoayKT BUKUIIB
XIMIYHUX BUPOOHHUIITB, 3TOPSHHS BUKOIHOIO MajJMBa Ta aBTOMOOUIBHHUX
BUXJIOMIB. 301IBIIIEHHS] KOHIIEHTpAIlil BYTJICHIO B aTMOc(depl BHACIIOK BUKHU/IIB
ta HakormmueHHs CO, MpUBOANUTH 0 TIOOATHHOTO MOTEIUIIHHSA Ta 3MIH KJIIMaTy
mnaHetn. Moro yTBOpeHHs Ta HaKONMYeHHs B atMocdepi 3a octanHi 50 pokiB
3pociio Ha 20 % [1]. Bukwam nmiokcuay BYTJICHIO JOCI parlioHAJIbHO HE
YTUTI3YIOThCS B IPOMUCIIOBOMY MacITaoi.

[Ipore, ocrannim wacom CO; poO3IrIANAETHCA SK JHDKEPENIO BYIJICIIO,
aNbTepHATUBHE BHUKOMHOMY. Ha chOTOJHI OUTBIIICTE PO3BHUHEHUX KpaiH YiKe
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OTOJIOCHJIM TPO HaMIp JOCSITHYTH «BYIJIENEeBOI HelTpambHOCTI» 10 2050 poky.
«HynboBa ewmicisi»y momnsirae B TOMY, 100 KIIBKICTH IOKCHUAY BYTJICLIO, IO
BUKHUJAETHCS, HE TIEPEBUIIYBaJIa HOr0 KUIBKICTh, IO MOTJIMHAETHCS MPUPOJIOIO,
30KpeMa, JiicaMd Ta OkeaHamMH. MaiiOyTHi nmepcnekTuBu 3MmeHmeHHs eMicii CO,
BKJIIOYATUMYTh TaKOX PO3POOKY HOBHUX CTpaTerii BUKOPUCTAHHS JTIOKCHUIY
BYIUICI[IO B €HEPTETHIII 1 0JIEp)KaHHI [IIHHUX XIMIYHUX PEUOBHH.

CborogHi OAHMM 3 TMEPCHEKTUBHUX HAMPSIMKIB yTUII3alii JIOKCHIY
BYIUICIIO € MOro TNEpPeTBOPEHHS IUIIXOM TiApOreHi3amii B MPUCYTHOCTI
TeTepOreHHUX KaTai3aTopiB Yy BYIJIEBOJHI, CIHPTH, €TepU TOHO. Y
MPOMHCIIOBOCTI TpU TMPOBEACHHI TPOIECY TiIpPOreHi3allii 3acTOCOBYIOTh
IpaHyJIbOBaH1 KaTali3aToOpH, SIK1 MPaIIOIOTh B JOCUTH KOPCTKUX YMOBAX, a CaMe
npu tucky 5,0-30,0 MIIa ta npu Temneparypi 240—400 °C. OcTtaHHIM YacoMm y
JiTEpaTypl BIAMIYAETHCS 3aCTOCYBAaHHSA KarTali3aTopiB, IO MepedyBaloTh Y
IpiOHOIUCIIEPCHOMY CTaHI Ta AaKTMBOBAaHI MEXaHIYHMM crocoboM. Bpanocs
JOCATTH BUCOKOTO BUXOJy I[IThOBUX MPOIYKTIB Y 3HAUHO M SKIIUX YMOBAaX: MPH
tucky 0,1 MIla Ta mpu Temneparypi 220 °C [2].

Tomy meToro ganoi poboTu OyJio MPOBENEHHS MONEPEaHBOI Ta/abo In Situ
MEXAHOXIMIYHOI aKTUBAIIii.

Jns mochipKeHHS Oo0payid MPOMUCIIOBI  aTOMO-KOOAIBT-MOJI10/ICHOBHIA
KaramzaTop riipooynctku AKM Ta mMiagb-IIMHK-aTIOMIHIMOKCUAHHUI KaTaai3aTtop
CHM-Y. MexanoakTuBailigs  3abe3nedyBajiacd  HOUISIXOM  MOAPIOHEHHS
KaTajgi3aTopiB 3 MOAAJIBIIMM HAHECEHHSM 1X Ha CKIO-KepaMiyHl KyJbKH.
[Tonepenubo OyJiO0 MIATOTOBIICEHO TMOBEPXHIO KYyJIbOK JO aare3ii Ha HHUX
KarajizaTopa IUISIXOM aKTHBAIlli B yabTpa3ByKoBiit 6aHi 20 % BOJHUM PO3UHHOM
dbropuay amonito npu Temmepatypi 80 °C ta yacom 00pooku 120 xB. Hanunenus
KaTaxi3aTopiB MPOBOJUIIN 32 JOTIOMOTOI0 MEXaHIYHOTO CTPYIITYBaHHS IPOTITOM
1 roguHw.

[ndpauepBonuii cnektpanbuuii ananiz @yp’e 13 neperBopeHHsM (FTIR-
ATR) 3paskiB y miamasoni 4000-400 cm’ [pPOBOAMIM 3a JZOMOMOTOKO
cinekrpooromerpa Mapku  IRAffinity-1S FTIR  (Shimadzu, Snownis),
ocHamenoro Quest ATR Diamond GS-10800X (Specac, BenukoOpuranisi) y
pexuMi HEMmOBHOro BiOMBaHHA. Mopdonorio penbedy MOBEpXHI IUTIBKOBUX
3pa3KiB BHBUYAIA aTOMHO-CHJIOBUM MikpockornoM (AFM) NT-206 (BupoOHuiTBa
“Mikpotectmamman’”, M. ['omens, PB) 31 crammaptaum 3ommom CSC37 1
wopctkicTio koHcom 0,3-0,6 H/M. CkanyBaHHS NpPOBOAMIA y KOHTAKTHOMY
CTaTUYHOMY pexkumi 31 mBuAkicTIo 10 MxMm/c 1 kpokom 0,3 HM. 3paszku Oynu
OTpUMaHi IIJISXOM BHUIIAPOBYBAaHHS CYCIEH31M KaTaji3aTopiB y BOJII, HAHECEHUX
Ha kBapioBe ckio (C = 0,8 mr/mui), 13 HacCTYNmHUM BuUcyITyBaHHsSIM npu 60 °C.
XiIMIYHMM CKJIaJ KaTadi3aTopa BCTAaHOBIIOBAIM PEHTTEHO-(IYOPHUCIICHTHOO
cnektpockomiero (XRF) na mpenuziiinomy anamizatopi «EXPERT 3Ly, sxuit
NpU3HAYEHUH JJIs MPSIMOTO ONEPATUBHOTO OE3pyIHIBHOTO BUMIPIOBAaHHS MacoOBO1
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yacTku (%) XIMIYHUX €JIEMEHTIB y 3pa3kax. BumiproBaHHs MpOBOASTH METOAOM
HEPYWHIBHOTO €HEPTOIUCIIEPCHOTO PEHTTEHO-(IYOPHUCIICHTHOTO aHAJI3Y.

[IpoMucnoBi KaramizaTopd ICJIsI MEXaHIYHOTO IMOApIOHEHHS Oyiu
npoanamizoBani AFM. Pesynpratu ckanyBaHHs TmpencTaBieHi Ha puc. 1.
BcranorieHno, mo xapaktepHuM sl moBepxHi AKM karamiizatopa € HasBHICTb
OKpeMUX CQEepUYHHX YacTOK Ta TIOJOBKCHHUX arperariB, po3Mip SKHX
3HAXOAWTHCS y HAHOIAMa30HI 1 3MIHIOEThCS Bix 2,8 HM n0 12,6 M. Po3mipu
yactuHok CHM-VY nexats y mianaszoni Big 1,1 HM 10 2 HM, MOXXHA MOMITUTH SIK
oKpeMi c(hepruHi YaCTUHKH, TaK 1 arperatu JOBUIbHOI (OpMHU.

1.6pm x 1.6pm x 13.1nm [79 x 83]

TV h -

Z,nm

10.2pm x 5.9pum x 39.4nm (245 x 144]
. : 1

ok WS ¢ >

18

10

Puc. 1. 2D-300pakeHHs MOBEPXHI TOCTIPKEHUX KaTali3aTopiB:
a— AKM, b — CHM-Y

B IY-cmekTtpax karamizatopiB IIMpOKa CMyra TIOTJIMHAHHA TIpH
36003000 cM ™" HaIeXKHUTH 0 BATCHTHHX KONTHBaHb acouiioBannx OH-rpym. s
AKM karamizatopa cmyra npu 1630-1600 cm™ xapakTepHa s gedopMartiitHux
xonmuBanp H-O-H [3, 4], cmyra normumadms npu 430 cM™© HAneXuTh 10
BaJIEHTHHX KosuBanb rpyn O-Mo-O [3, 5, 6], a cmyra npu 1067 cM™* npuramanna
BasienTHUM KonmuBaHHsIM O-Al-O. Jlns karamizatopa CHM-Y mmmpoka cMyra npu
1475 ta 1400 cm™ xapakTepHa mis konuBaub ZnO. Cmyram mpu 410, 550 cm™
BiANOBIMa0Th KojuBaHHsA SiO, [7]. JlaHi JOCHiIPKEHHS IOKa3ylOTh, IO
Karajgi3aTop HE 3MIHHB CBOI CTPYKTYPHI XapaKTEpPUCTUKU TIPH MEXaHIYHIN
aKTHBAIlll, 1[0 BaXKJIMBO JJIS ITOJANBIINX KaTaIITHYHUX JOCHIIKEHb.

XIMIYHUHA ~CKJIaJ TPOMHCIOBUX Karami3aTopiB Oyslo MiATBEPIKEHO
MetogoM XRF (tabn. 1). Sk BugHO 3 MNpEACTABICHUX pE3YyJbTaTiB, s
karaigizatopa AKM ocHoBHumu kommoneHtamu € Al,O; Ta meBHe
cuiBBigHomeHnHss CoO Tta Mo0O;, mo He cymepednTh JiTepaTypHUM Ta
nacrnoptHuM JaHuM. Bimnocno CHM-Y, T1o #oro ckiaa LUJIKOM BIiIOBIIA€E
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MACIOPTHUM ~ XapaKTepUCTUKaM  JUIS  JIAaHOTO  THUIY 1  BUTPHUMYEThCS
cruiBBigHomeHHs 2:1 Mk CuO Ta ZnO, takox HasBHuA Al,O3, sk 3B’s3yroda
KOMITOHEHTa. MexaHi4Ha Jiis, a caMe MOoApiOHEeHHsI, He BIUIMHYJA HA CTPYKTYPHY
IPUPOJTY KaTalli3aTopiB.

Taoauus 1

XiMIYHHM CKJIa JOCTIIKEHUX KaTali3aTopiB

Karagnizatop AKM Karanizatrop CHM-Y

Eaement MacoBa yactka, % EaemenT MacoBa yactka, %

*0 42.,773+1,372 *0 21,203+0,048

Bal 37,479+0,909 Bal 2,212+0,134

g 0,311+0,037 i 0,13940,022

2°Fg 0,112+0,007 = 0,094+0,008

ICo 6,835+0,166 2Cu 50,056+0,086

Mo 12,490+0,301 3071 26,296+0,058
dopmy.Jia MacoBa yactka, % dopmy.Jia MacoBa yactka, %

Al,O; 70,817 Al,O; 4,180

CoO 9,619 CuO 62,659

Fe,05 0,160 Fe,O, 0,134

MoO; 18,739 SiO, 0,297

SiO, 0,666 ZnO 32,730

Jlms mocmimKeHHS KaTAITUYHUX BIIACTUBOCTEH BHXITHHMX Ta aKTHUBOBAHUX

KaTaii3atopiB Oyj0 po3poOJICHO Ta 3MOHTOBAaHO JaOOpPAaTOpPHY YCTaHOBKY 3
ypaxyBaHHSM MOKJIMBOCTI 3aCTOCYBaHHS JTOJATKOBUX BaXKENIB BIUIMBY, a CaMe€ —
MEXaHOaKTHBaIIli.

Takum ymHOM, OYyJ0 BHSBJICHO, IO MEXaHIYHA AaKTUBAIlid HE 3MIHIOE
npupody KkartamizatopiB, 1o miarBepmkyerecss  FTIR-ATR  ta  XRF.
Hocnimkenns, mpoBejeHi 3a gornoMmororo AFM, nokasanu, 1mo po3Mip YaCTUHOK
OTPUMAHUX KaTaji3aTOpiB 3HAXOMUTHCS Yy HAHOJIAMA30HI Ta 3MIHIOETHCS: IS
Cu0O-Zn0O-Al,O3 — Bix 1,1 mo 2 uMm, a mig CoO-MoO3-Al,O; — Big 2,8 1o 12,6 M.
Po3pobiieHo Ta 3MOHTOBaHO JIA0OPATOPHY YCTAHOBKY JJISL JOCIIHKEHHS MPOIIECY

TiIpoOTeHi3alli  OKCHUJIB  BYIJICII0O AK 13  3aCTOCYBAaHHSM  KJIACHYHHX
I'paHyJbOBAaHUX KaTaai3aTOPIB, TaK 1 MEXaHOAKTUBOBAHUX.
Jlocniodicennsi  GUKOHYIOMbCS 6 paAMKAX — 0epacO00xHcemuoi  memu

Incmumymy 6ioopeaniunoi ximii ma nagpmoximii im. B.I1. Kyxaps HAH Yxpainu:
«l'iopocenizayia okcudis 8yeneyrw 6 ymo8ax Mexamoaxmusayii KamanimuyHoi
cucmemu y NOCOHAHHI 3 NPOMOHHUM cmpymomy (wugp memu: 2.1.10.34-21).
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B3AEMOITPOHUKHI ITOJIMEPHI CITKH HA OCHOBI
BIOCYMICHUX ITOJIMEPHUX KOMITOHEHTIB ITIOJITYPETAHY
TA KOITOJIIMEPY 2-TTAPOKCUETU/IMETAKPUJIATY
3 METAKPUWJIOIVIOKCUETHJI®OCPOPUJIXOJIHOM:
TEPMOJIMHAMIKA B3AEMOJIII TA BJACTUBOCTI

Kapa6anona JI.B., bongapyk O.M.
[actutyT Ximii Bucokomonekysipaux cnonyk HAH Vkpainu,
bondarukoksanam@i.ua

Cunre3oBani Ta pociaiymkeni BIIC nHa ocnHoBi IIY Ta komosmiMmepy
2-rigpokcuerrnMerakpmwiaty (TEMA) 3 2-merakpmioinokcueTmidochopui-
xosHOM (M®X) 3 MeTo PO3poOKM CydacHUX MaTepialiiB Jjig O010MEeIUYHOIro
3aCTOCYBaHHS IUIAXOM MOEIHAHHS MeXaHI4yHuUX BiactuBocteil IIY 3 BuCOKOIO
OlocyMicHICTIO cmiBIoiiMepy. BimoMo, mo 2-merakpuiouiokcueTundpochopui-
XOJIIHOBI TMOJIIMEPU MarOTh BHCOKY OlocyMmicHiCTh 3 KpoB’to [1]. Omnmucani
JOCIIJKEHHST 10 MoJu(piKyBaHHIO TomiypeTaHiB pisHUMU M®X nonimepamu
HUIIXOM TOKPUTTS TMOBEPXHI, NpHILEIJIeHHs a0o 3wimyBaHHs [2]. Bouu
eeKTUBHO 3MEHIIYIOTH aJcopOIito Oigka Ta aAres3ir0 TPOMOOLMTIB Ha
MOBEPXHAX TMOPIBHAHO 3 BUXIAHMUMHU mnojiyperaHamu. [IpoBeneHO OLIHKY
TEPMOJIMHAMIYHOI CITOPITHEHOCTI IMOJIMEPHUX KOMIIOHEHTIB, IO CKJIQJar0Th
MOJIMEPHY MATPHUII0 B 3aJCKHOCTI B BMICTy KomojiMmepy. IIpoBeneHo
JOCIIIJIKEHHSI TUHAMIYHO-MEXaHIYHUX BJIACTUBOCTEH MOJIypeTaHy, KOMOJIMEpY
Ta B3aeMoOnpoHUkHUX moniMepHux citok (BIIC) wa iX OCHOBi, BHUBYEHHS
ocobnuBocTe auHamiku nepexoaiB ckiyBaHHs y BIIC npu Bapiaiii BMICTY
CKJIaJIOBUX Ta ()a30BOTO MOy B CUCTEMI.

Knrouosi cnosa: moniyperan, 610CyMICHICTb, 2-T1IPOKCHUETUIIMETAKPHUIIAT,
2-MeTaKpUIo1IoKCHeTUII(PoCPOpUIIXoJliH, TEPMOANHAMIKA B3a€EMO/IINA, MEXaHIYH1
BJIACTUBOCTI.

Interpenetrating polymer networks (IPNs) based on PU and copolymer of
2-hydroxyethyl methacrylate (HEMA) with 2-methacryloyloxyethyl phosphoryl-
choline (MPC) were synthesized and studied to create modern materials for
biomedical application by combining the mechanical properties of PU with high
biocompatibility of the copolymer. The 2-methacryloyloxyethylphosphorylcho-
line’s polymers are known as highly biocompatible with blood [1]. Studies on the
modification of polyurethanes by different MPC polymers by surface coating,
grafting or mixing are described [2]. They effectively reduce protein adsorption
and platelet adhesion on surfaces compared to the original polyurethanes. The
thermodynamic compatibility of the polymer components of the IPNs depending
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on the copolymer content are evaluated. A study of the dynamic and mechanical
properties of polyurethane, copolymer and IPNs based on them, the study of the
dynamics of glass transition in the IPNs and phase separation in the system have
done.

Keywords: polyurethane, biocompatibility, 2-hydroxyethylmethacrylate,
2-methacryloyloxyethylphosphorylcholine, thermodynamic of interactions,
mechanical properties.

CuHTe30BaHl HAHOCTPYKTYPOBaHI B3a€MOIPOHUKHI TMOJIMEPHI CITKH
(BIIC) Ha ocHOBI mojiiypeTaHy Ta KOMOJIMEpYy TiApOKCHETHIMETAKpUIaTy 3
M®X. [Toniyperan TPUBUMIPHOT Oyz10BH CHUHTE30BaHO 3
nomiokcunponinenriaikoato (I M.m. 2000 ta agykty TMP/TAI (1:2 r-exs.)
npu temreparypi 80 °C B armocdepi azory. Jpyroro ckimamosoro BIIC Oys
CTaTUCTUYHHUIA KOMoJiMep TiapokcuerunmeTrakpuiaty 3 MOX, ne smict MOX
ckianas 5%.

BIIC cuHTE30BaHI METOAOM TMOCHIJIOBHOTO CHHTE3Yy, JI€ KOIOJiMep
rigpokcueTuaMerakpunaty 3 MOX oxep:kaHo MeTo10M (HOTOMOMIMEPHU3ALITi.

JocaiakeHHs TEePMOAUHAMIYHOI CIIOPiTHEHOCTi MOJIIMEpPHHUX
komnoHeHTiB BIIC. Ha ocHOBI ekcnepuMEHTalbHUX JaHUX 3 JOCIIIKEHHS
copbuii mapiB po3unmHHUKIB 3paskamu BIIC Ha ocHOBI modiyperaHy Ta
KOIOJIMEpPY  TiApoKcueTuaIMeTakpuimaty 3  M®X  mpoBeneHa — OIfiHKA
TEPMOJIMHAMIYHOI CHOPIJHEHOCTI MOJIMEPHUX KOMMOHEHTIB. (OCHOBOIO MJis
PO3paxyHKIB TEPMOJUHAMIYHUX MapaMeTPIB B3a€EMO/I11 MOJTIMEPHUX KOMITIOHEHTIB
y B3aEMONPOHUKHHUX TOJIMEPHUX CITKax Oyld EKCIepUMEHTaIbHI 130TepMU
copOuii mapiB pPO3UYMHHUKIB BKAa3aHUMH HIDKYE 3pa3kaMud 3a JIOMOMOTOI0
BaKyyMHO1 yCTaHOBKHU 3 Tepe3amu Mak-bena. Ha puc.l HaBeneHi po3paxyHKOBI
3HAYEHHs BLIBHOI eHeprii 3minrysanHs Ag™ momiyperany, xonomimepy, BIIC 3
XJIOPUCTUM METUJICHOM. BHWIHO, IO CMOPiIHEHICTh XJIOPUCTOTO METHIICHY 0
nonypetany Ta HamiB-BIIC 3 Bmictom 7,95 % komonimepy € HaiBumoro. [Ipu
BBCJICHHI B TOJiypeTaH OUIbINOI KUIBKOCTI KomomiMepy (puc. 1, kpusi 4-8)
CHOPIAHEHICTh XJIOPUCTOTO METUJICHY /10 3pa3KiB 3MEHIIYEThCS.

Ha ocHOBI KOHIIEHTpAIlIHHUX 3aJIeKHOCTEN Agm — CepeaHbOoi BUIBHOT
€Heprii  3MINIyBaHHS  IHOWBIIyaJIbHUX  KOMIIOHEHTIB  (TIOJIlypeTaHy Ta
chiBnoimMepy rigpokcuerunmetakpmwiary 3 M®X) ta BIIC 3 xmopuctum
METUJICHOM, 3a TEPMOJMHAMIYHMMH IHMKJIaMH, Oyl PO3paxoBaHl 3HAYCHHS
BUIBHOT eHeprii 3MINTYBaHHS MOJIlypeTaHy Ta CHIBMOJIMEPY
rigpokcuetunmerakpunaty 3 MO®X mpu ¢opmyBanni BIIC. Pesynpratu
pO3paxyHKiB HaBeIeH1 B TaOuIl 1.
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- KoroniMep

- 7,95% xononimepy
- 17,76% xonomimepy [4-
- 21,08% xonomimepy
- 30,33% xononimepy
- 41,72% xomnonimepy
- 51,26% xonomiMepy
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Puc. 1. BinsHa enepris 3minryBanus Ag™ XJIOpHCTOro METUIIEHY i3 3paskamu ITY,
konosiMmepy ta BIIC, 1o MIiCTATh pi3Hy KUIBKICTh KOTIOJIIMEPY

Taoauusa 1

BinbHa eHepris 3MilllyBaHHS MOJI1ypeTaHy Ta CIIBIOJIMEPY
rigpokcuerunMmerakpunaty 3 MOX npu popmysanni BIIC

BinbHa enepris
3MIITyBaHHS Cryninb cerperarii
Ckuan 3paska noJliypeTany Ta KOMITOHEHTIB
criBnoyiMepy Agy BIIC, a
KaJI/T TioimMepy
Iy - -
CmiBnosimep 'EMA 3 M®X - -
BIIC ITY/cmiBnoaimep 90/10 Mminyc 0,4036 0,079
BIIC ITY/ cniBnosimep p 83/17 wiroc 0,6937 0,101
BIIC ITY/ coiBnomaimep 79/21 roc 3,5059 0,126
BIIC ITY/ cniBniosimep 70/30 troc 4,7159 0,161
BIIC ITY/ coiBnomaimep 59/41 mwiroc 6,8079 0,304
Bugno, 10100 npu HEBEJIUKIM K1JTBKOCTI CHIBMOJIIMEPY

rigpokcuetunmerakpunaty 3 MOX (17,76 %), BinpbHa eHepris 3MIITyBaHHS
NoJIlypeTaHy Ta CHIBIONIMEPY € Bia’eMHOI0. lle cBimuuTh mpo Te, L0 JBa
noyiMepu, ki yrBoprotoTh BIIC, mpu nmaHiii KoHIEHTpalii € TepMOAMHAMIYHO
cymicHUMU. [Ipu 301IBIIIEHH] BMICTY CHIBIOJIMEPY T1IPOKCUETUIMETAKPUIIATY 3
M®X no 21,08 % 3HaueHHS BUIBHOI €HEPTrii 3MINIyBaHHS MOJIlypeTaHy Ta
CHIBIIOJIMEPY TMEPEXOAUTH BiJl BIJ'€MHOI BETUYMHH 110 MO3UTHUBHOI. [lomampime
30UTBIIEHHSI BMICTY CHIBIOJIMEPY MNPUBOJUTH [0 30UIBIIEHHS MO3UTUBHOIO
3HAYEeHHS BUILHOI €HEprii 3MilllyBaHHS MOJIIypeTaHy Ta CHIBIOJIIMEPY Bia IUTIOC
0,6937 no mmtoc 6,8079. ToOTo, mpu 301IbIIEHH] BMICTY CHIBIOJIIMEPY CKJIaI0B1

286




BIIC craroTh TepMOAMHAMIYHO HECYMICHUMH, 1 HECYMICHICTh 30UIBIIYETHCS MPU
MiIXO0l 70 CIIBCTaBHUX KOHIEHTpamiii ckiaagoBux BIIC — momyperany Ta
CIIBIOJIIMEPY T1ApOKCHUeTUIMEeTaKpuiIaTy 3 MOX.

[IpoBeneHO MOCHIIKEHHS OWHAMIYHUX  MEXaHIYHUX  BIACTUBOCTEH
noJliypeTaHy,  KONOJiMepy  TiApokcheTwiMerakpuiaty 3 M®X  ta
B3a€EMOIIPOHUKHHUX TIOJIMEPHUX CITOK Ha I1X OCHOBI, BHMBYEHI OCOOJMBOCTI
nuHamiku miepexoaiB ckiayBanHs y BIIC mpu Bapiamii BMICTYy CKJIaJ0BHUX Ta
($ha30BOTO MOALTY B CHCTEMI.

[Ipy nmocnmimpKeHHI TAaHTEHCY KyTa MEXaHIYHHUX BTpPaT CIOCTEPIiraioch
CYTTEBE 3HIKEHHS IHTEHCUBHOCTI MakcuMyMiB tand komosimMepy 'EMA 3 MOX
y BIIC Ta 3cyB mo TemmepaTypHid mKajgi B OIK HHU3BKHUX TEMIIEpaTyp IO
BIJIHOIIEHHIO JI0 BHUXIJHOTO Komoiimepy. Ilpu 1mpomy, OLIbII CYTTEBHIl 3CYB
MaKCUMYyMIB tand KomoJiiMepy B OiK HM3bKUX TeMIEepaTyp CIOCTepiraBcs IpH
MIHIMQJIBHUX KIIBKOCTSAX Kononimepy y BIIC. Taka noBeaiHka MakCUMyMIB tand
konojimepy y BIIC o3nauae, mo pgani BIIC € aBodaszHumu cucremamu 3
HermoBHUM (pazoBuM moauoM. Takoxk, CyTTEBHUH 3CyB MakKCUMyMIB tand
KomoyiMepy B OIK 3HWKEHHS TEMIEpaTyp O3Hadae BTpaTy KOONEPATHUBHOCTI
CErMEHTAJIBHOTO PyXy KOMoiimMepy npu Horo Hu3bkux Bmicrax y BIIC.

Ha puc. 2 HaBeneHO 3Ha4Ye€HHA MOAYJIS NPYKHOCTI ans 3paskiB I1Y,
koromimepy Ta i BIIC 3 pi3HuM BMicTOM komojdiMepy. Bwuuano, 1o
MaKCUMaJIbHUM MOJYyJIEM TIPYXKHOCTI B YChOMY Jliala3oHl TeMIeparyp
XapaKTepHU3yeThbesl KonoJiiMmep, a MiHiMansHuM — IIY. Jlng namiB-BIIC monynb
MPYXKHOCTI 3pOCTa€ 3 BMICTOM KOTIOJIIMEPY, 11€ OCOOJIMBO MOMITHO B Jiana3oHi
temriepatyp Bix -50° C go +50 °C.

B3aemonpoHuKHI TOJIIMEPHI CITKM Ha OCHOBI TOJIIypETaHy Ta KOMOJIMEPY
['EMA 3 M®X € nBoazHuMH cucteMamu 3 He3aBepIICHUM (ha30BUM TOJILIOM.
Jns Takux cucteM Moxke OyTH pO3paxOBaHO CTYMIHb Cerperarii moJiMepHUuX
KOMITOHEHTIB 0 sIK Mipy (¢a3oBoro noauty. fAkmo o = 1, To mojiMepHa cuctema
noBHICTIO (ha3oBo monuieHa. Akmo o = 0, TO MmoxiMepHI KOMIIOHEHTH CYMICHI Ha
MOJIEKYJIsipHOMY piBHI. Hamu po3paxoBaHO CTymiHb cerperaiii MoJiMEpHHUX
koMmrioHeHTIB o y BIIC 3 pizuum Bmictom 1Y Ta xomomimepy 'EMA 3 MOX.
JaHi po3paxyHKiB HaBefeHI B Tabmumi 1. SIx BumHO 3 Tabnuii 1, crymiHb
cerperaiii MOJIMEPHUX KOMIIOHEHTIB O 30UIBIIYETHCS 3 BMICTOM KOIOJIMEDPY
'EMA 3 M®X. Jlna BIIC 3 Bucokum BMicToMm — 41 ta 51 mac. % komomimepy, o
ckianae 0,304 ta 0,285, a nig Hu3bKkoro BMicty — 10 mac. %, a ckinagae 0,079. ¥V
BIIC, sxi mictare 10-30 mac. % komomiMepy, CTyMiHb Cerperaii mojJiMepHuX
KOMITOHEHTIB ¢ TOCTYTOBO 30utbiTyeThes 3 0,079 mo 0,161. Ane npu 301bIIeHH1
BMICTY KomoJiiMepy 110 41 Mac. % BiOyBa€eThCsl pI3KUN PICT CTYIIEHIO cerperanii
noyiMmepHux KommoHeHTiB o g0 0,304. Ile mo3Bosisie 3p0OMTH BHUCHOBOK, IO Y
BIIC, sixi MicTsaTh BUCOKI KOHIIeHTpallii kononiMepy 'EMA 3 M®X (41-51 mac.
%), dbazoBuii MoMia OLIBII CYyTTEBUH.
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Puc. 2. 3anexHicTb MOJYyJIIB MPY>KHOCTI B Temrneparypu npu JIMA
nocnimkenti npu gactoti 10 I'n ans 3paskis 1Y, kononimepy [EMA 3 MOX
ta 17151 BIIC 3 pi3HUM BMICTOM KOMOJIIMEPY

Takum uywmHOM, cmHTe30BaHl Ta pgociimkeHi BIIC ma ocmosi IIY Ta
KOIoJiMepy 2-TiapoKcueTmiMeTakpmiaty 3 MOX 3 MeToro po3po0KHu cydacHUX
MarepiaiB s OIOMEIMYHOrO 3aCTOCYBaHHs. Pe3ynbTatv  JOCIIKEHHS
TEPMOJUHAMIKM B3a€EMOJIIM KOMMIOHEHTIB npu (opmyBanHi BIIC, nunamiuHO-
MEXaHIYHUX BJIACTUBOCTEH CTBOPEHHX MaTepialliB y3TOJKYIOThCS 3 JIaHUMHU
nociipkeHHs: mopdoiorii meronom CEM. Came npu 30UIbIIEHHI CTYIEHIO
cerperariii ckianoBux noximepiB o y BIIC 3 Bmictom 21 Ta 30 % cniBnomimepy,
CIIOCTEPIraloThCs TTO3UTUBHI 3HAYEHHS BUIHHOI €HEPTii 3MIIIyBaHHS MOJ1ypeTaHy
Ta CHIBIIOJIMEPY Ta O3HAKU MOYaTKy (azoBOro Mmooy Ha Mikpodortorpadisx
371aMiB IMX 3pa3kiB. [Ipu cyTTeBOMy 30UIBIIEHHI CTYNEHIO Cerperaiii nojiMepin
o y BIIC 13 BmicToMm 41 Ta 51 % komomnimMepy criocTepiraerbes 3HauyHuil (pazoBuit
o 3 pa3oBUMHU BKIFOUEHHSIMU pO3MipoM Bia 1 10 5 pum.
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OKMCHEHHS BYTVIEBOJIHIB HA®THU Y ITPUCYTHOCTI
I'YMIHOBUX PEYOBHUH I3 BYPOT'O BYT'ULJIA

€dimona I.B., Cmupnona O.B., Tonakynos C.B.
[actutyT (hizuko-opraniyHoi ximii 1 Byrieximii iM. JI.M. JIuTBuHeHka
anjuta.efimova@gmail.com

["a30BOIIOMOMETPUYHMM METOJIOM  JIOCHIPKEHO JIiI0 TyMIHOBOi Ta
IeMAaTOMEJIAHOBOI KHUCJIOT Yy IMpoliecax paguKaibHO-IAHIIOIOBOTO OKHCHEHHS
pi3HHX MoJeabHuX cyOctpaTiB. IlokazaHo, MO T'yMiHOBa Ta IeMaTOMEIAHOBI
KUCJIOTH B 3a@JIEKHOCTI BIJ MNPUPOAH CyOCTpaTy MOXKYTbh HOBOIUTHUCH SIK
MPOOKCHJIAHT a00 IHTIOITOp PaAUKAIBbHO-JIAHIIOTOBOIO OKUCHEHHS. Lleil ¢akr €
NEPCHEKTUBHUM JIJI1 CTBOPEHHSI KOMIUIEKCHUX MpenapariB HIJIECIPsIMOBAHOI il 3
pEerylbOBaHMMU  OKHMCHO-BIJHOBHMMHU  BJIACTUBOCTSIMM  Ta  PO3POOKHU
AHTUOKCUJAHTIB Ta IPOOKCHUJAHTIB Ha iX OCHOBI JIJIsl HAHOMEIULIMHH.

Knrwouosi cnosa: panukanbHO-TAHIIOTOBE OKUCHEHHS, AHTHOKCHUJIAHTH,
ryMIHOBA KHCJIOTa, FeMaTOMEJIaHOBA KMCII0Ta, aCKOPOIHOBA KUCIIOTA.

The action of humic and hematomelanic acids in the processes of radical-
chain oxidation of various model substrates was studied by gas-volumetric
method. It has been shown that humic and hematomelanic acids, depending on
the nature of the substrate, can act as a prooxidant or inhibitor of radical-chain
oxidation. This fact is promising for the creation of complex targeted drugs with
regulated redox properties and the development of antioxidants and prooxidants
based on them for nanomedicine.

Keywords: radical-chain  oxidation, antioxidants, humic acid,
hematomelanic acid, ascorbic acid.

['yMiHOBI pEYOBHHHM € OJHIE€I0 3 HAWOUIBII XIMIYHO AKTUBHUX YaCTHH
Oyporo Byruuisi, Topdy, IPyHTOBOIO T'yMyCy, CJaHIIB Ta JOHHUX BIJKJIaJCHb
(camporieniB), MO POOUTH iX YHIKQIBHUMU 00’ €KTaMu JIsl BUPIIMICHHS XIMIYHUX
3aBlIaHb pPi3HOTO IaHy [1]. YTBOpeHHS TyMIHOBUX pPEUOBHH € JIPYTHM 32
MacmTabHICTIO Ticas (OTOCHMHTE3y TpolecoM TpaHchopmallii OpraHIYHOI
PEYOBHHHM B TPUPOJl, TPHU I[LOMY TYMIHOBI PEUOBHHU € HAWUOUIBII CTIHKOIO
(GhopMOI0 OpraHivyHUX CIIOJYK BYTJICIIO 11032 KUBUMH OopraHizmamu [2]. B nanuit
Yyac ryMIiHOBI PEYOBMHU BU3HAHI OJHUM 3 MEPCHEKTUBHUX HAMPIMIB «3€JIEHOD»
XiMii K JOCTyIHE Ta JEIIeBE JDKEPEJI0 CHPOBUHU IS OTPUMAHHS XIMIYHO
BOXJIMBUX TPoAyKTiB [3]. Bucoka OiojioriuHa akTHBHICTh T'YMIHOBUX PEYOBHH
NOB’si3aHa 3 X BHUPAXKEHOIO CIOPIAHEHICTIO 3 OlOJOTITYHUMH MeMOpaHaMH,
y4acTIO B I0HHOMY TPaHCIOPTi, BILTMBOM Ha aKTHBHICTH ()epMEHTIB Ta iH. [4, 5].
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VY Topdi 1 OypoMy Byruuii TYMiHOBUMH PEYOBHHAMHU TIPEJCTaBIIEHA MEepPEeBaKHA
yacTuHA X opraHiuHoi macu: B Topdi 10 60 %, B Oypomy Byrimii 1o 20-60 %, B
rpyHTax — 10 20 %. 3a XIMIYHOIO MPHUPOJIOI0 TYMIHOBI PEYOBHHH 3 PIZHHUX
OPUPOJIHUX JIKEPET € TMOJIOKCIMOMKApOOHOBUMH KHCIOTAMHU 3 €JIEMEHTHHUM
cknagoM: 50-60 % C, 4-6% H, 25-40 % O.

OnHiero 13 CKIAMOBUX T'YMIHOBUX pedoBUH € TymiHOBI kuciotu (I'K) —
dpaxiiis, po3UMHHA B JIyrax 1 HEpO3YMHHA B KUCIOTaX. | iMaTOMenaHOBl KUCIOTH
(I’'vK), y cBoro 4Yepry, € CHUPTOPO3YMHHOI (PAKI€E TYMIHOBHX KHCIIOT.
['yMiHOBI Ta TIMaTOMEIIAHOBI KHCJIOTH — II€ MPUPOJIHI CIIOJIYKH, SKi € CKJIaTHOIO
CYMIIIIITIO OPTaHIYHUX PEUYOBHH 3 KOHJICHCOBAHUMH apOMATUIHUMHU SIIPAMHU, IO
MarTh OIYHI JIAHIIOTH PI3HOTO CTymneHs posrainyxeHHs (puc. 1). o ckiaxy
MaKpOMOJIEKYJl IIUX CHOJYK BXOJATH PI3HI TIApoQuibHI (DYHKIIOHATIBHI TPYIU:
KapOOKCHJIbHI, TIJPOKCHIIbHI, XiHOinHi, amiHorpynu [6—8]. HasBHicTh 1uX
(YHKLUIOHATBHUX TPyH Yy CTPYKTYpl MaKpOMOJIEKYJ OOYMOBIIIOE O10JIOTIUHY
aKTUBHICTh T'YMIHOBHMX KHCJIOT 1 mependadae iX 3AaTHICTb JO aHTHOKCHUIAHTHOI
aii [9, 10]. ITpote meTanbHUX AOCTIIKEHD IIUX BIACTHBOCTEH I'yMIHOBHX PEYOBHH
y JiTEpaTypi HEMAE.

COOH
HOOC\H,R w\ ‘
COOH w0 CeH1105
LUK J;j
|
I}IH
R

Puc. 1. Bynosa nepudeprudnoi YaCTUHN MaKpOMOJIEKYJIH TYMiHOBOT KUCIIOTH T10
Stevenson F.J. [9]

3 MEeTOI BHUBYEHHS Jii TyMIHOBHX PEUOBHMH Yy TpoOIlecax paauKaabHO-
JIAHIJIOTOBOI'O OKMCHEHHS HaMH JOCIIDKEHO 1HIIIHOBaHE OKUCHEHHS IEKIILKOX
OpraHiyHuX cyOcTpaTiB (KymMoOJ, €THJIOEH30J, acKopOiHOBa KHCJIOTa) B
anpotoHHOMY cepeaoBuiii y npucytHocti ['K 1 'mMK. [l BU3HaueHHs XxapakTepy
BmmBy ['K 1 I'mK Ha oOKucCHEHHsS acKOpOiHOBOi KHCJIOTH 1 KOPEKTHOIO
31CTaBJIEHHS 3 KIHETUYHUMH NapaMeTpamMH OKHCHEHHS KyMOJIy Ta €THJIOEH301y,
OyJI0 TOCIIIKEHO CUCTEeMY, B SIKIM KyMOJI 3aMIHEHO Ha 1HEPTHUN O OKUCHEHHS
XJIOPOEH30J1, IPU ITLOMY 30€PETI0Cs CITIBBITHOIICHHS PEareHTIiB Ta PO3YNHHUKA.
[Tpu nonaBanni 1o cuctemu 3 kymosioMm 1,00 r/nm 'mMK crocrepiraerbest 3HMKEHHS
IIBUJIKOCTI OKUCHEHHS KyMOJTy, IIPY 3aMiH1 KYMOJy Ha €TUJIOE€H30J1 BiI0OYBaEThCS
aHanoriyda TteHneHmis. [Ipu BBemenni Takoi kinbkocTi I'mMK B cucremy 3
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aCKOpOIHOBOIO KHCJOTOK 3aikCyBaiM 301IbIIEHHS MIBHAKOCTI MOTJIWHAHHS
KHCHIO aHoto cuctemoro. 3amina ['MK nHa 'K mpuBena no tux camux egekris. Y
tabmuii 1 mpeacTaBiieHI  3HAYEHHS — IIBHUIAKOCTI  TOTJIMHAHHS — KHUCHIO
JOCTII)KEHUMHU CUCTEMaMHU y IPUCYTHOCTI oHakoBOi KiibkocTi 'K ta I'MK.

Taoaunsa 1
HIBuakicTs nornuHaHHsA KUCHIO Wig) cucTeMaMy B IPUCYTHOCTI PI3HUX
I'YMIHOBHUX PEUYOBUH
Wio; 10 °, moms/(1-c)

['ymiHoBa pedoBHHA

AK Etun6enszon | Kymon
- 2,93 1,17 2,76
'K 7,37 0,81 1,72
I'mK 4,95 0,93 1,90

[[K] = [[MK] = 1,00 /1

[IpuCyTHICTIO TYMIHOBHX pPEUYOBHH 3YMOBJIEHO 3HM)KEHHS IIBHAKOCTI
NOTJIMHAHHSA KHCHIO CHCTEMOIO, 110 MICTUTh BYIVIEBOAHI HadTu — Kymoa abo
eTWJIOCH30J1 SIK PEUYOBMHA, 110 MOBMHHA OKHMCHIOBaTHCh. T00TO, 'K 1 I'MK €
1HT101TOpaMU paIMKAIbHO-JTAHIIOTOBOTO OKUCHEHHSI BYIJVIEBOJHIB 1 TUM CaMUM
BUSIBJISIIOTh AaHTUOKCUAAHTHI BIACTUBOCTI. Y ToM e yac nonaanna ['MK 1 'K go
CyMill, J€ OKHUCIIOEThCS acKOpOIHOBA KHCJIOTA, MPUBOJIUTH 110 30UIBIICHHS
mBUAKOCTI norimuHadHa KucHIO. Omxke, I'K tTa I'MK BHSBNSIOTE BIaCTHUBOCTI, IO
IPUCKOPIOIOTh ~ OKHMCHEHHS  acKOpOiHOBOi  KHCIOTH.  EkcriepuMeHTanbHO
JOBEACHO, 1110 32 X YMOB JOCIIIEHI TYMIHOBI PEUOBUHU HE OKHCHIOIOTHCS.
EdexTun, mo crocrepiraiucs, MOCHIIOIOTLCA 31 301UIbIeHHIM KoHIeHTpali ['K
ta ['MK. HasBHICTP KIHETMYHOTO pPEXKHUMY HPOTIKAHHS peakuUii MiATBEPIKEHO
OTPUMAaHUMH JIIHINHUMHU aHaMOp(o3aMu 3aJIEKHOCTI IIBUIKOCTI OKUCHEHHS BIJ
konneHTparii ['K ta I'mK.

TakuM YWHOM, BIUIUB TYMIHOBHUX pPEYOBHH Ha TMPOILEC OKHUCHEHHS
MOJICJIbHUX CYOCTpaTiB MPOJAEMOHCTPOBAHO 3JICIKHICTIO MIBUIKOCTI OKUCHEHHS
Kymody, etuinoensony ta AK Bix konuentpauii I'K ta 'mMK y peakuiitniii cyminii.
JloBeaeHO, 110 TyMiHOBI pPEYOBMHHU BHSBISIOTH BUOIPKOBI BJIACTHUBOCTI, WIO
YIOBUIBHIOIOTh  a00  MPHUCKOPIOIOTH  MPOIECH  PaUKaIbHO-JIAHIIOTOBOTO
OKHUCJICHHS 3aJIeKHO B1Jl IPUPOAU CYyOCTpary, IKHil OKUCHIOETHCS.

HaBeneni pesynpTaTH BKa3ylOTh Ha TOM (pakT, IO B 3aJaHUX YMOBax
IryMiHOBa Ta riMaTOMEJIaHOBAa KUCJIOTH BUSBISIOTH aHTUOKCHUIAHTHY MPHUPOAY B
Mpoliecax pajuKaibHOTO OKUCHEHHS BYIJIEBOJIHIB 1 MPOOKCHUJIAHTHI BJIACTUBOCTI
B Tporecax okucHeHHs Bitaminy C. Takum uYwHOM, OTpUMaHi [daHi €
eKCTIepUMEHTAILHUM JoKa3oM Toro, 1o 'K ta I'MK 31aTH1 10 peakiiiii mepeHocy
CIEKTPOHIB CTPYKTYPU iX MaKpOMOJIEKYJ BEJIUKOI KUIBKOCTI XIHOIJIHHUX
¢parmMeHTiB Ta (EHONBHUX TIAPOKCHIIB, fAKI TPH OJHOEIEKTPOHHOMY
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BIJIHOBJICHHI YTBOPIOIOTH BUIbHI pagukain (CeMiXIHOHHM) a00 (HEHOKCHUIIbHI
paJviKaIu.

3/1aTHICTh TYMIHOBOI Ta TIMaTOMEIaHOBOI KUCJIOT A0 aHTUOKCHUJIAHTHOI Ta
MPOOKCHIAHTHOT ~aKTMBHOCTI, a TaKOX ChmuibHa Jgis  Bitaminy C 3
riMaTOMEITaHOBUMH KHUCJIOTaMH, MOXKE€ OYTH TEpPCHEKTUBHOIO ISl CTBOPEHHS
KOMIUIGKCHUX  TpernapaTiB  [UIECHpSIMOBaHOI  Aii 3  peryjibOBaHUMHU
OKHUCITIOBAJIbHO-BITHOBHUMH ~ BJACTUBOCTAMH.  OCKUTBKM ~ MaKpOMOJICKYJIN
TYMIHOBUX Ta TIMaTOMEIAHOBHX KHCJIOT € HAHOPO3MIPHUMH TMPUPOIHHUMHU
YTBOPEHHSIMH, pO3pO0Ka aHTHOKCHAAHTIB Ta MPOOKCHUIAHTIB HAa iX OCHOBI Mae
CTaTH TIEPCTIEKTUBHOIO 3 TOYKU 30py PIIICHHS BXKIWBHX 3aJa4 MPOMHUCIOBOCTI
(iaribiTopn KOpO3ii 13 MPHUPOJIHOI CHUPOBUHHU), CLIBLCHKOTO TOCIOJApCTBa Ta
HAHOMEIUITHHH.
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OCOBJMBOCTI ®OTONOJIMEPU3AILIT OJIITOMEP-
MOHOMEPHUX CYMIIIEN 3 ATI®PATUYHO-APOMATHYHUMHU
CTPYKTYPHUMMU EJIEMEHTAMM B TEXHOJIOI'TAX 3D IPYKY

ITmmunenko A.M., Tonctos O.J1.
[HCcTHTYT XiMIT BUCOKOMOJeKyisspHux croiiyk HAH Ykpainu
a.tolstov@ukr.net

CtBOpeHO TMIATPYHTS ISl BOPOBA/DKEHHS CYYaCHUX  BITUYM3HSIHUX
texHosorii 3D gpyky. BiampanpoBaHO OCHOBHI TEXHOJOTIYHI IPOLIECH
dboTononimepusallii  OJIroMep-MOHOMEPHUX CYMIIIel Ta BHUBUEHO CYMICHICTD
CKJIAQJOBUX PI3HOI XIMI4HOI Tpupoau. OOpaHO YMOBH JOCSTHEHHS BHCOKOIO
PIBHA CTPYKTYpPYBAaHHS PIAKUX (DOTOMOIIMEPHUX CyMIIIEH Ta MOKAa3aHO BILIMB
MIPUPOJIM CKJIQJOBUX KOMITO3MIIIN HA TEXHOJIOTIYHI Ta KIHIICBI XapaKTEPUCTHKU
OTBEPJIHEHUX (POTOIMOIIMEPHUX MaTEpialiB.

Knrwouosi cnosa: dotononimepusaiis, aguTuBHi TexHonorii, 3D npyk,
Oyz10Ba, BIIACHBOCTI.

The background of the commercialization of modern 3D printing
technologies in Ukraine was created. Basic technological processes of
photopolymerization of oligomer-monomer blends were tested. The compatibility
parameters of aliphatic and aromatic constituents were studied as well. The
conditions of high structuration level for curing liquid photopolymer mixtures
were selected experimentally. An effect of the chemical nature of the components
on the technological and final characteristics of hardened resins was
demonstrated.

Keywords: photopolymerization, additive manufacturing, 3D printing,
structure, properties.

Bukopucranns npunnumiB ¢dotononimepuszauii 1 3D apyky HaOynu
BEJIMKOI TMOMYJISIPHOCTI, OCKUIBKHM J03BOJIAIOTH JIETKO PETyJIIOBATH BIIACTUBOCTI
KIHIIEBUX MaTepialiB, 3MIHIOIOUH CKJIaJl a00 Oy/I0BY OKPEMHX CKJIAJOBUX PIIKOT
dboTononiMepu3aiiHoi KOMIO3MUIIT, IIBUIKO OTPUMATH HABITh B HEBUPOOHUUUX
yMOBaX, MMOBHOIIHHUHN MOJIIMEPHUI MaTepial Ta Bupio6 3 Hporo [1-2]. 'onoBaIMH
CKJIaI0BUMHU (DOTOTMONIMEPHUX CHCTEM B cydacHUX 3D amuTUBHUX TEXHOJIOTISIX
[2-3] € MOoHOMEpH 3 HEHaCHYCHUMH a00 EMOKCUIHHMHU TPYIIAMHU, OJIITOMEPU Ta
MoJIMepU 3  TOJIMEpHU3AIifHO aKTUBHUMHU  QYHKIISIMH, (HOTOIHIIIaTOpH
panukanpHOi ab00 10HHOI MojiMepu3allli, 1HI (QYHKIIOHAJIbHI JIOMIIIKH, IO
3a0e3MevuyloTh HEOOXIHI TEXHOJOTIYHI XapaKTepUCTHUKU PIAKOI KOMIMO3ULIi Ta
eKCIUTyaTaIliitHi BJACTUBOCTI KIHIIEBOTO MaTepiay.
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['onoBHMM 3aBHaHHSAM Ha JAaHOMY €Tami JOCIHiPKeHb OyJ0 BHBYCHHS
ocobnmuBocTel  (PoTOiHIMINOBaHOT  MoOJiMepu3alii  OJIroMep-MOHOMEPHHUX
CyMmilieii Ha OCHOBI KOPOTKOJIAHIFOTOBUX YPETAHOBHUX OJIITOMEPIB 3 KIHIEBUMHU
HEHACHMUYEHUMHU 3B’S3KaMH, 1110 OJepKyBalli KoHAeHcalieto amidatuanoro (OUA-
1) a6o apomatmunoro (OUA-2) niizomianatry Ta OH-¢yHKIIIOHaTI30BaHOTO

AJIKIJIMOHOAKPHUJIATY, Ta  KOMOHOMEpiB apoOMaTHYHOT OymoBu  —
deninokciermnakpuiaty  (PhOEA) Tta  Biminbenszoatry (BzOVn) npum
CHIBBIIHOIIEHHI  ojiromep/mMmoHomep =  50/50 wmac. Sk iHimiatop

BUKOPHUCTOBYBaJIM cyMiml audenin-2,4,6-tpumetmnoen3oin ¢pocdin-okcun ta 2-
rigpokcu-2-metui-1-¢enin-1-nponanon. Ilomimepuzaiito MpoBOAWUIN M AI€I0
Y®-onpomiseHHs 3 eHepriero 12,57 MBT/cM? 3 MakCHMAIBHOK IHTCHCHBHICTIO
ONMPOMIHEHHS pHu 365 HM.

[Ticns npoBenenus Yd-iHimiioBaHOT MoMIMepU3aIlli PiIKUX OJIroMep-
MOHOMEPHHUX CHCTEM OyJI0 BU3HAYEHO iX OCHOBHI CTPYKTYPHI XapaKTE€pUCTUKU
(Tabm. 1), Temtog13M4HI BIACTUBOCTI Ta TEPMOOKHCHIOBAJIbHY MOBEIIHKY.

Taoauua 1
Cxutazi Ta OCHOBHI XapakTepucTuku Y @-oTBepaHeHUX (HOTOMOIIMEPIB

I'enb- 3011b- PiBHOBaxHE Onrtuuna

3pa3ok dpaxuis, | ¢pakiis, % | HaOyxXaHHA | MPO30PICTh, %0

% (iPrOH) (400/550 aM)
OUA-1/BzOVn 98,5 1,5 1,6 54,1/70,5
OUA-1/PhOEA 98,1 1,9 0,7 60,3/65,2
OUA-2/BzOVn 98,5 1,5 15 51,3/80,5
OUA-2/PhOEA 97,9 2,1 1 43,6/59,8

3riHO JaHUX aHali3y CTYINEHIO 3aBEpPUICHOCTI MOJIMepu3allii, 3MIMBKA
3pa3kiB (POTOMOIIMEPHUX KOMIIO3UIIIM csirae BUCOKUX 3HadeHb (98-98,5 %), a
HEBEJIMKUI BMICT PO3YMHHOI (Ppakilii TOB’sI3aHUN TMEPEBAKHO 3 MPOIIECOM
1HT10yBaHHS 3a Y4acTl KMCHIO TIOBITPSL.

OcobOmuBe 3Ha4YeHHS Ma€ CYMICHICTh Ta XapakTep HEKOBAJICHTHUX
B3a€MO/II OJIITOMEPHUX Ta MOHOMEPHUX CKJIaJ0BHX (POTOMOTIMEPHUX CyMIIIEH,
OCKUIBKM caMe€ BiJI IIbOro 3ajexaTh SK (PI3MKO-MEXaHIuHI, TaK W ONTHUYHI
XapaKTEPUCTHKH MaTepiajiB y PIAKOMY Ta TOJIMEPU30BAHOMY CTaHaxX. 3a
JaHuMu JudepeHiiHol CKaHyBalbHO1 Kajmopumetpli (puc. 1) ans cucremu Ha
ocHoBi amidaruanoro oixiromepa OUA-1 ta apomatnunoro monomepa BzOVn
xapakTepHa ¢azoBa OymoBa 3 nBoMa Temmeparypamu ckiyBanHs (T) mpu 49,1
ta 68,0 °C. B 1oii e yac 3pasok OUA-2/BzOVn, onepxanuii 3i CKIagoBuX
apOMaTUYHOI TIPUPOIH, JEMOHCTPYE MTUPOKHUIN peTaKcaIliiHui mepexis] 3 OJHIEI0
To npu 64,9 °C, mnonoxeHHs sKOI CBIJUUTH MPO Kpamry CyMICHICTB
OJIITOMEP/MOHOMEPHOT CYMIIIIi.
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Heat flow, mWi/g

T T T T T
-50 0 50 100 150

Puc. 1. JICK xpusi 3paskis OUA-1/BzOVn (1) Ta OUA-2/BzOVn (2)

3a JaHuMU TepMorpaBIMETpUYHOro anamizy (puc. 2) 3pazok OUA-
2/BzOVn Mae 3Ha4HO OUTBIIY TEIIOCTIHKICTh, OCKUILKM BTpaTa MacH BHACIIIOK
MOYaTKy TEPMOOKCHUJATUBHOIO PO3KJIAJIaHHA TMOJIMEPHOI CITKH TOYMHAETHCSA
suine 210 °C, Toxi sx mis amidarnano-apomarnanoi OUA-1/BzOVn kommo3uii
IOYaTOK pO3KiIagaHHs 3adikcoBano Ommzbko 160 °C. J[ami, 3a BuIIuX
TEeMIIepaTyp, XapakTep PO3KiIaay 3pas3KiB 3aJekKHUTh SK BiJl iXHIX CTPYKTYPHUX
0COOJNMBOCTEMW, TaKk ¥ BIJ 3JaTHOCTI NEPEPO3NOAUISTH HAJIMILIKOBY TEIJIOBY
CHEPril0 3a PaxyHOK OCOOJIMBOCTEH TEIUIONEPEHOCY BCEpPEANHI MOJIIMEPHOTO
Martepialy Ta EHJIOTEPMIYHOIO XapakTepy BHAAJICHHS NPOAYKTIB IECTPYKIi
MOJIIMEPHOT MaTPHIII.

100 +

50

m, %

200 ' 400 ' 600
T,C
Puc. 2. TT'A xpusi 3pa3kie OUA-1/BzOVn (1) ra OUA-2/BzOVn (2)
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OT>e, ONTUYHI Ta 1HII TEXHOJIOT1YHI XapaKTEPUCTUKU OTPUMAHUX PIIKUX
doTononiMepHUX KOMITO3UIIN Ta (Di3MKO-MEXaHIYHI BIACTUBOCTI OTBEPIHEHHX
MaTepialiB JO3BOJSIOTh BUKOPUCTOBYBATH iX B PI3HUX aJIUTUBHUX TEXHOJIOTIfX,
K cTepeoiTorpadis, mporecax JMCKPETHOTo Ta Oe3nepepBHOro 3D npyky.
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1313.
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BIOJIOI'TYHO AKTUBHI MATEPIAJIN HA OCHOBI BOJHUX
KCAHTAHOBMICHUX JUCIEPCIHN ITOJITYPETAHIB

1BpI/IKOBa O.M., 1TpaBiHCBKa T.B., 'Po6ora JLIL., *CaBenbes 10.B.,
*bimseebka JI.O., “Iyrunceka I.O.
! [HCTUTYT XiMii BUCOKOMOJNIEKYIIsApHUX cionyk HAHY
? IncturyT MikpoGiosorii i Bipycosorii im. JI.K. 3a6onotroro HAHY
alexandra.brykova@gmail.com, bilyuvskal@ukr.net

Po3pobsieHo  010JI0TIYHO aKTHUBHI MOJIMEPHI Marepiaad Ha OCHOBI
KCAHTAHOBMICHUX 10HOMEPHHX BOJOJUCIEPTYIOUUX IMOJIIypeTaHiB Ta CyOCTaHIIIN
MIKpOOHOTO TMOXO/KEHHS. 3 METOK0 HaJaHHS MarepiajaM OaKTepHUILMJIHOI Ta
(YHTHLIMIHOI AaKTHMBHOCTI OyJO BHKOPHUCTAHO TyaHIIMH KapOoHAT SK
COJICYTBOPIOBAY Ta O10JIOTIYHO aKTUBHUN MOJU(]IKATOp HA OCHOBI aBEPMEKTHUHY,
110 IPOAYKYEThCSI IPYHTOBUM CTpernTominieToM Streptomyces avermitilis.

Knrwouosi cnosa: BomHi nucnepcii, 10HOMEpHI TOJIypeTaHHU, KCaHTaH,
aBEpKOM—HOBA, T'yaH1IMH, 010JI0T1YHA AKTUBHICTbD.

Biologically active polymer composites based on xanthan-containing
ionomeric water-dispersible polyurethanes and substances of microbial origin
have been developed. In order to give the composites bactericidal and fungicidal
activity, guanidinium carbonate was used as a salt-forming agent and a
biologically active modifier based on avermectin produced by the soil
streptomycete Streptomyces avermitilis.

Keywords: aqueous dispersions, ionomer polyurethanes, xanthan, averkom-
nova, guanidine, biological activity.

BupimankHy poiib Yy JOCATHEHHI MPIOPUTETIB CTAJIOrO PO3BUTKY
arpoeKOCHUCTEM BIAITPaOTh Cy4acH1 €KOJOTTYHO YMCTI XIMiUHI Ta 010TEXHOJIOTI,
30KpemMa, po3poOka 1 BHUKOPUCTAHHS OI10JOTIYHO AKTUBHHMX MOJIMEPHHUX
matepianiB (bAIIM). Sk 6ionoriuHi npenapatu HaliePeKTUBHIIUMHU € MTpenapaTu
Ha OCHOB1 aBEPMEKTHHIB, Kl MPOIYKYIOThCSI IPYHTOBUMH aKTHUHOOAKTEPIIMU —
npefCcTaBHUKaMH poay Streptomyces, a came CeJIeKI[IOHOBAaHUM BITYM3HSIHUN
BHUCOKOC(EKTUBHHUI TPOAYIIEHT aBepMeKTHHY — Streptomyces avermitilis IMB
Ac-5015, Ha ocHOBI sikoro po3poOieHo OiompemapaT aBepkoM-HOBa (AB) 3
aHTUIIAPA3UTAPHOIO, PICTPETYJIIOIOUOI0 Ta aJallTOreHHOK aKTHUBHOCTAMH [1].
Buxopucranns crBopenux BAIIM, momudikoBanux OionpenapaTtoM aBepKOM-
HOBA, € €KOJIOTIYHO O€3MEYHOI0 aJbTEPHATHBOIO XIMIYHUM MECTULIMIIAM, SIKI €
TOKCUYHUMH 1 3a0pYyJHIOIOTh HABKOJHUIITHE CEPENOBUINE HEOE3MEUHUMU
IPOAYKTaMHU PO3Many.

297


mailto:alexandra.brykova@gmail.com
mailto:bilyuvskal@ukr.net

3 METOI OTpUMAaHHS CTIMKHUX BOJAHUX IHUCHEPCIH, sIKI MalOTh O10JOTIYHY
aKTUBHICTh, BUKOPUCTOBYETHCS SIK MPOTH 10H — TYaHIOUH, SKHH € CHOIYKOIO
POCIIMHHOTO Ta TBApPUHHOTO IIOXO/DKCHHS 1 BOJOJi€ (QYHTIUIHOIO Ta
OaKTepUIUAHOI0 aKTHBHICTIO. Taki aucrepcii MOXKyTh 3HAHTH 3aCTOCYBaHHS B
MPOMUCIOBOCTI  JakoapOHMX 1  MOJIMEPHUX  MarepiajiB,  XapyoBid
MIPOMUCJIOBOCTI, CIJIbCBKOMY T'OCITOAAPCTBI Ta MEIMUIINHI.

Mertoto maHoi poOOTH € CTBOPEHHS Ta JOCIHIHKEHHS O010JI0TIYHO aKTUBHUX
MOJIMEPHUX MarepiajgiB 3 KOMIUIEKCOM BIJIACTUBOCTEH, HEOOXITHUX IS
EKOJIOTIYHO  30aJlaHCOBAHOTO  MPOAYKTUBHOTO  CLIBCHKOTOCIIOAAPCHKOTO
BHUPOOHUIITBA.

OnTuManpHUM 32 CKJIAJIOM Ta BJIACTHUBOCTSIMHU  KCAHTAHOBMICHUH
ioHomepHut  momiyperan  (IITY/Kc)  Oyno  oxepxkaHo  Ha  OCHOBI
nookcuterpametiienrmikomo-1000,  rekcamermnenaiizomianaty Tta  1,3-
JMMETHIOIIPOIIOHOBOT ~ KUCIOTH, UUISXOM  TOJOBXEHHS  J11301[1aHaTHOTO
oniroyperany kcantaHoM (Kc, 2 % wmac.) [2]. Byno BukopucTaHO TpHETHIIaMiH
(TEA) a6o ryaninun kapoonar (I'K) sk coneyrBoproBau. MeTomaoM oOepHEHHs
¢da3 oTpumaHi IUTIBKOYTBOPIOIOUl OMAJIECHEHTHI Aucnepcii, ki Oynu (izudHo
IMMOO1T130BaH1 010JIOTTYHO aKTUBHUM MOJIM(PIKATOPOM Ha OCHOB1 aBEpKOM-HOBA.

EnemenTapna nanka II1Y/Kec:

CHs

-] -[O(CH2)4],00CHN~(CH,)s-NHCOO-H,C-C-OOCHN-(CH,)s-NHCO-R- |-,
n

COOA*
A+:— HNH'C(NHz)g, N(C2H5)3, R: Hzo/KC, Kc — (C35H49029)n

Crpyktypy 3pa3kiB 1riBkoBux wmatepianie IITY/TEA ta HIY/TK
JOCTIKYBaJIN METOJIOM HOPYILLIEHOTO IIOBHOT'O BHYTPILIHBOTO
BimburTst B obmacti 500-4000 cM© 3a mOmMOMOrow  iH(pauePBOHOTO
cniekTpomeTpa 3 neperBopeHHsM Dyp’e «Tensor-37» Bruker (puc. 1).

Js IITY/TEA Ta IIIY/TK cnoctepiraioTbesi BCl XapaKTEPUCTHUUHI CMYTH
nosiyperaniB: BaneHTHi konmmBauHs NH-rpym 3325 oM™, BaJeHTHI KONHMBAHHS
CH, i CH; rpym (2939 Tta 2850) cm™, BimmoBigHo; BamenTHi konuBanHs C=0O
yperanoBux rpyn 1720 cm™, nedopmariitai -NH i Bamentni CO-N 1540 cm™,
acumerpuyHi BanenTHi kommBauus COC 1244 cvm™ i cumerpuuni COC 1168 cm™.
Ilix medopmamiitanx komBaus CH, 722¢m™ y crextpi IITY/TEA (puc. 1, xpusa
1) 3cyBaethes 10 745 cm™ y crmextpi IITY/TK (puc. 1, kpuBa 2). 3HMKEHHS
IHTEHCUBHOCTI CMYTH BaJIeHTHUX KonuBaHb C=0O 1310 e IIIY/TEA (puc. 1,
kpuBa 1) 3cyBaeTbest 1o 1247 em™ y IITY/TK (puc. 1, kpusa 2). 3’BISETHCS HOBA
cmyra 1464 cm™ mepopmamiitaux xommBass rpyn (-CH-) B IITY/TK (puc. 1,
KpuBa 2), BianosinHo, y crnektpi IITY/TEA (puc. 1, kpusa 1) 3uukae cmyra 1627
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-1 o . . .
cM  nedopmaniinux konuBanb NH,. Ilepeposnmofin 1HTEHCHBHOCTI CMYT
‘o 1 . .o 1 .
acoriioBanux 1701 cm™ 1 HeacomiiioBanux 1720 cm™ C=0 cBiIUUTH TPO TE, 11O
111 TPYIIH acoIliiioBaH1 BOJHEBUM 3B’s13KOM 3 amiHorpyrnamu NH ryaniguny.

0,35 o
0,30 H
0,25
0,20

0,15

IHTeHCUBHiCTH

0,10

0,05

0,00

T T T T T T T T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000

XBHJIbOBE YHCJIO0, CM'I

Puc. 1. IY-cnextpu: 1 — IITY/TEA, 2 - ITY/TK

Hucnepcii IITY ta IIIY/Kc, € arperaTuBHO CTIMKMMHU B 4aci, 3JaTHI JO
HEOOMEXKEHOTO PO3BEACHHS BOJOI0 3 po3MmipoM winen 52-175 HM Ta
BOJOINOINIMHAHHAM 10 328 %, 1m0 € BU3HaYaldbHUM (PaKTOpOM JAerpajaaiii B
YMOBaX HABKOJIMIIHBOI'O CEPENOBHILA.

JliteparypHi jaxepena cBiA4aTh Mpo Te, Mo OUTBIIICTh MOXITHUX TYaHITUHY
MalOTh IHUPOKUN CHEKTP aHTUOAKTepiaabHOi, PYHTIUMUIHOI Ta MPOTUTPUOKOBOI
akTuUBHOCTI [3, 4]. byno npoBeneno pociimkeHHs cTBopeHuXx BAIIM momo il
Aspergillus flavus i Aspergillus niger Ta 3’sicoBana ix 6ioJioriyHa aKTUBHICTb, 110
MOXe OyTH e(EeKTUBHMM METOJOM 3aXHUCTy MOCIBHOIO MaTepiagy Yd POCIHH Bij
O10MONIKO/KEHh TMpHU 1X TpuBasiomy 30epiranHi. Ha ¢oTto cmoctepiraemo
BIZICYTHICTB 3apOCTaHHS 3pa3KiB (puc. 2).

a 0
Puc. 2. Jlis Aspergillus flavus (a) i Aspergillus niger (0)
Ha 3pa3ku ryaHiguHeMicHoro bAIIM
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®dizuydHe MoauQiKyBaHHS O10JOTIYHO AKTUBHOIO CIIOJYKOK IPOBOJUIIN
nusixoM 3MmintyBadHs po3BeneHoi IITY mucnmepcii (0,3 % cyxoi pedoBuHM) 3
aBepkoM-HOBa (AB). Jlna moaudikyBanns Bukopuctano 0,01 % pozunn AB,
oTpuManuii B [HcTUTYTI MikpoOiosorii 1 Bipycosnorii iM. J[.K. 3a6onornoro HAH
VYkpainu. [IpoBeneHo IOCTIKCHHS €(QEKTUBHOCTI BUKOPHCTAHHS OJEP’KaHUX
BAIIM, wMoaudikyBaHux OlompenaparoM aBEPKOM-HOBa, SIKMM  IIPOSBIISIE
¢iTo3axucHy, pICTCTUMYIIIOBAJIbHY Ta aJalTOTeHHY aKTUBHICTh B JJa0OPaTOPHHUX
ymoBax. EdexrtuBnicte a1i omepxkanux BAIIM oliHEHO MO HPHUPOCTY CTEOE,
KOpeHIB Ta 0loMach MPOPOCTKIB MIIEHUIl o3uMoi copty «Ilomicbka» mics
nepeanociBHoi 00poOku HacinHs o 300 mut Ha ToHHY (Tabm. 1).

Taoaunga 1
[TokazHUKHU POCTY MIIEHUIN 03UMOi copTy «Ilomicbkay micis mepeanociBHOL
00pOOKHU HACIHHS JOCHTIKEHUMHU CYOCTaHIIsIMU

Eﬁ JoBxxrHa Bucora Cupa maca
= : 100

5 KOPEHIB cTebsa :

= IIPOPOCTKIB
BapianT nocniny D= o o 2
§ o 9 e 2 =3
K MM TElwmn | TE| 1 |e &
: = < P
@)
@) = ™ Z

Kontpons (Boaa; K) 91 48,5 100 24,9 100 10,1 | 100
ABepkoM-HOBa, 25 M/t | 97 | 64,5 133 | 30,0 120 12,2 | 121
111y, 300 M/t 97 | 54,3 112 29,2 117 11,0 | 109
IITY/Kc, (2% Kc) 97 | 62,1 128 | 29,6 119 12,1 | 120
IIIY+AB 98 | 66,4 137 | 30,2 121 12,3 | 122
ITY/Kc, 2% Ke)+AB | 99 | 67,4 139 | 30,1 121 13,1 | 130

Buxopuctanus ans oOpoOKM HACIHHS MIUEHULI O10JOTIYHO aKTHBHUX
MOJIIMEPHUX  KOMIIO3UTIB HAa  OCHOBI  10HOMEPHUX  BOJOJUCIEPTYIOUHX
MOJIIypeTaHiB Ta CyOCTaHIIM MIKPOOHOTO IMOXOKEHHS CIPHUSIO IT1BUILCHHIO
JOBKHHU SIK KOPEHEBOi cHcTeMHu, Tak 1 creben Ha 12-39 % Tta 6-21 %,
BIJIMOBITHO, a Takox mpupocty Oiomacu Ha 9-30 %. Haiikpame cebe
3apEeKOMEH,TyBajii HOB1 po3polbieHi komiiekcHi BATIM — IITY/Kc, (2% Kc) + AB
(300 mir/T).

TakuM 94MHOM, y KOHTEKCTI CHPHUSHHS CTaJOMY PO3BUTKY arpoeKoCHCTEM
3aCTOCYBaHHS HOBITHIX O10JIOTIYHO aKTUBHUX TOJIMEPHUX MaTepialliB J03BOJIE
MIJBUIIUTH PE3UCTEHTHICTh ClIBCHKO-TOCIOAAPCHKUX KYJIBTYpP N0 OIOTHYHUX 1
a0l0TUYHUX CTPECIB, MIJIBUILIATA BPOXKAMHICTH 1 MOKPAILIUTU SKICTh OTPUMAHOI
MOPOMYKIi Ta 3MEHIIUTH TECTUIMIHE HABAHTAXKCHHS. BTpoBaKEHHS IUX
O10TEXHOJIOTTYHUX PO3POOOK Ma€ 1HBECTHUIIMHY MPUBAOJIMBICTh, €KOJOTIYHY 1
€KOHOMIYHY €(DEKTUBHICTb.
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E®EKTH CUHEPTI3MY IIPU CIILIBHIA KOHBEPCII
BYI'ULJIA I BIOMACH
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JlochiaKeHO CUHEPreTUUHUN e(EeKT, 110 CHOCTEPIraeThCsl MPU CHIILHOMY
cnamoBanHl Byrunis (A) 1 6iomacu (BM). 3’scoBaHo, 1m0 TpH CHUIBHOMY
tepmoiizi A+BM mae wicuie B3aemMomis JIETKMX PEYOBHH, Yepe3 sKy
3MIMCHIOETHCSL BIUIMB AaKTHMBHUX KOMIIOHEHTIB OioMacu. lle mnpuBoguTh A0
NPUIIBUAILIECHHS 1 TOCWIEHHS TMpOLECY KOHBEpCli BYrUUIA, I1JBUILEHHS
3arajJpHOl PEaKI[iWHOT 37aTHOCTI CyMIIIl Ta CTyNEHS KOHBepCii BYTiIbHOI
pedyoBUHMU. BiabIl BaroMuid BIUIMB Ha pEakliiHY 3/1aTHICTb CyMill (BYTULIs)
31MCHIOE MIIIEHUYHA cojioMa. AJie BYTiJUIsl Ma€ OUTBIINMA BIUTMB HA (hOpMYBaHHS
JIETKUX KUCHEBMICHUX MPOJYKTIB Yy BUIAJKY COCHOBHX IEJIET, HUK y CyMIlll 3
NIICHUYHOIO COJIOMOI0. BW3HAUeHO HIDKYI TEIMJIOTH 3TOPSIHHS AOCHTIIKEHUX
CYMIIIIEBUX TAJIUB.

Kntouosi cnosa: Byrimis, meiaeTd COCHHM, COJIOMA TMIIEHUI, CHHEPri3M,
kpuBi ['pama-IlIminra, FTIR-CniekTpu, HIKYa TEIUIOTA 3TOPSTHHS.

The synergistic effect observed in the combined combustion of coal (A)
and biomass (BM) has been studied. It was found that at the combined
thermolysis of A+BM take place interacts with volatile substances. This leads to
an acceleration and intensification of the process of coal conversion, increasing
the overall reactivity of the mixture and degree of coal conversion.Wheat straw
has a more significant effect on the reactivity of the blend (or coal). But the coal
has a greater impact on the formation of volatile oxygen-containing products in
the case of pine pellets than for a blend with wheat straw. Lower heat of
combustion of the studied mixed fuels was determined.

Keywords: coal, pine pellets, wheat straw, synergism, Gram-Schmidt
curves, FTIR-spectra, lower heat of combustion.

3acToCyBaHHS TEXHOJOTIA CHUIBHOTO CIATIOBaHHS OlOMacu Ta BYTULISA

(CCbB) npuBoguTh 10 CYTTEBOI 3MIHM [lalla30HY TEPMOJII3Yy CHPOBUHH,
3HIDKCHHSI THUTOMUX BHUKHIIB aHTPOIOTCHHUX Ta3iB, OCKUIBKM Olomaca
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BBakaeTbcst CO, —HEHTpaAIbHUM TIAJIMBOM, SIKa TAKOXK MAa€ 3HAYHO MEHIITUI BMICT
CIPKHM Ta HU3bKUI BMICT MiHepaiiB [1].

Hapasi BusIBUBCS HEIOCTaTHIM OOCAT 3HaHb 1100 (PI3UKO-XIMIYHUX
MPOLIECIB B3aEMO/1T IPUPOAHOTO BYT1UIS Ta TBEP0i O10MacH.

MeTtorw JOCHIPKEHHS] CYMICHOTO TEpPMOJI3y BYTUUISI BHCOKO1 CTajii
MeTaMop(i3My 1 MOHOBIIOBAHOI CHUPOBUHM BITYU3HSIHOTO MOXOXKEHHS CTajo
BU3HAYCHHS OCHOBHHMX IUISXIB B3a€EMOJIIi KOMIIOHEHTIB TBEpAOi Oiomach 1
AKTHUBHUX LIEHTPIB OPTaHIYHOI MacH BYTULIA 1] Yac TEPMOJII3Y SK MepIioi cTamil
OyAb-SIKOTO TEPMIYHOTO MPOIIECY.

Jlyis excrepuMeHTiB 00paHo 3pa30K BHCOKOMETaMOp(i30BaHOTO BYT1IUIA,
sike BUKOpHcTOBYeThcst Ha apuuipkiit TEC, Ta 2 Buau Giomacu (wheat straw—
neanyHa cosioma (BM1), pine wood — nepesuna (menertu) cocHu (BM2).
HocnimxeHHs: nepediry mporecy Mmipoi3dy OKpeMoi 010CUpOBHMHHU Ta BYTL/UIS, a
TaKOX iX PETENIbHO MPUTOTOBJIEHUX CyMIIIEH 3 BYTrUIsIM B CHiBBiAHOWIEHH] 1:1
npoBefeHo B TepMoBarax Q50 dipmu TA Instruments [2]. XapakTepuctuku
00’€ekTiB mojiaHo B Tab:. 1 Ta pobori [3].

HarpiBanus npoogwim ao temneparypu 750 °C B armocdepi 4yucToro
a30Ty, MBUAKICTh HarpiBy — 4 K/xB. JleTioul mpoiyKTu mipoiizy 3a JI0MOMOTOH0
inTepdericy TGA-IR nepenaBanucs na cnexkrpometp Nicoletis10 ¢ipmu Thermo
Scientific 3 Meroro peectpamii ixHix cnekTpiB FT-IR. O0pobOka cnekTpiB
MPOBOJIMIIACS 3a JOTIOMOTOI0 IporpaMHoro 3ade3neuennss OMNICO.

Taoauusa 1
XapakTepucTuKa BYT1JUIs

Mpo6a | W% | A% % [V % | C™ % [H™ % | N™ % | S™ %

ByrinsHuii
AT

4,49 21,8 7,3 89,3 1,4 0,75 0,52

Kinnesuii pesynabrar Tepmoinizy (750 °C, 180 xB) BHSBHUB, 110 BiJCOTOK
tBepaoro 3ammmiky (T3) mist A+BMI1 (conoma mrenurri) ckianae noHan 48 %
Mac., a pO3paxOBaHUU 3a MPABUJIOM AJAUTHBHOCTI CyTT€BO Oimbimmit — 57,5 %
Mac., € BIIXWICHHS BiJl aJJUTUBHOCTI ckianae moHaa 9 %. s cymimi A+BM?2
(TeneTu COCHM) eKCIIEPUMEHTAIbHUM BUXIJl TBEPAOTO 3aIHIIKY ckiamae 51,6 %,
a po3paxoBaHU 3a MPABWIOM QJAUTHUBHOCTI — OJU3bKO 55 %, BIAXUIICHHS BiJ
CyMH BUXOJiB ckianae noHaa 3 % [3]. TakuM 4MHOM, il BIULTABOM IOSIBH IIPH
tepmonizi (Bxke mpu 300 °C) peakimiiiHuUX KOMIIOHEHTIB Oiomacu 3pocTae i
CTYIIHb TEPMIYHOI KOHBEpCIi BYT'ULJIsl, MPU [IbOMY AKTUBHIIIE B3aEMOJIIIOTh MOTO
opraHiyHa Maca i JICTKI KOMIIOHEHTH coJioMH mineHuIl (BM1).

[TepeOir mipomnizy cymimieil Byriuis 3 010Macor0 1IIOCTPYIOTh TaKOXK KPHUBI
I'pam-IlImigra (I'-III) (puc. 1). BuaHo, 1m0 BHXiJ JIETKHX TMPOJYKTIB
3aBepuryeThesl B iHTepBann 350+5 °C, miAgBUIIEHHS TeMIepaTypu Beae BXKE 0
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CyTO KapOoHi3arii gociimkeHoi cupoBuHH. 3 aHanizy kpuux [-1II momiTHO
CYTTEBE BIAXWICHHA (OPMHU 1 TUIOLI CYyMIIIEBHX KPUBUX BIJ TUX CaMUX Jis
OKPEeMHUX BHUXITHUX PEUOBHH, SKE HAHOUIBIIUM YMHOM MPOSBISAETHCS Bif 110 m0
180 xB TepMouizy. 3a3HAUUMO, 110 MAaKCUMAIbHOI IMIBUAKOCTI TEPMOJI3 BT
HaOyBae TuUTbkH Ha 170 xB (Temneparypa 6mau3bko 680 °C), coioMu NIIEHUI] — Ha
110-1 xB, cocam — Ha 132-i. Jlnga BIANOBIAHUX CYyMIlIE MaKCUMyMHU
KapOOHi3allii 3CyBalOThCS Ta 3AIUINAIOTHCS HAabarato OMIMKYMMHU J0 TIOKA3HUKIB
oiomacu (118 Ta 145 xB, BiamosimHo). Ilpu 1boMy 3poctae y 2-3 pasu
IHTEHCUBHICTh MAaKCHMYMIB, a IJIOIIA M1l HOPMOBAHUMHU KPUBUMH BIAXUISETHCA
BiJl anuTUBHOI BenwumHHM y 1,7 pasu mns cuctemu A+BM2 1y 2,6 pasm mis
A+BMI.

80 100 120 140 160 180
Czas (minuty) Czas (minuty)

Puc. 1. [TopiBusauns kpusux ['-11 mpoiiecy Tepmodizy 6iomac (JiBopyy) Ta ix
CyMillei 3 Byruuism (IipaBopyd)

3 MeTOI0 3’ACYBaHHS MEXaH13MY TOSIBH SIBHO BUPAXKEHOT'O CUHEPTE€TUYHOTO
edekty oaepxkano FT-IR cnextpu nerkux mpoaykris (JIIT) Giomacu (puc. 2) ta
aHAJIOTIYHI CHEeKTpU nJisi cywmimeit (puc. 3). 3amis 3py4HOCTI TOPIBHSHHS
CIIEKTPU MOJAHO TAKUM YMHOM, 1110 THTEHCUBHOCTI CMYT, sIK1 BianoBi1atoTh CO,,
HOPMOBAHI.

} Co,

mixture of
ethers, phenols
and alcohols
Co,

}

mixture of saturated,
unsaturated hydrocarbons

}

3500 3000 2500 2000 1500 1000

Licz by falowe (cm-1)

Puc. 2. Cnextpu FT-IR nerkux npoaykTiB mipostiza 6iomacu
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OueBHAHO, IO PE3yJbTATOM LUX B3AEMOJINA € SIK MIABUILEHHS BUXOIY
JIETKMX KOMITOHEHT CyMIIIl y TOPIBHAHHI 3 KOMIOHEHTAMHU, TaK 1 3MiHA TIXHBOTO
ckaagy (mosiBa cMyr mormmHasHs 3 v=3700-3750 cm™ ta mpu 1500 cm™ (puc. 2,
3). Came 11 B3a€MOIisl 1 € IPUUYMHOK CHHEPTETUYHOTO €(PEKTY, 10 MPOSBISIETHCS
y HeaauTHBHOCTI BuxoAiB T3 Ta NpUIIBUIAIICHHI MOYaTKy 1 iHTeHCH(IKaiii
JeCTpyKIii opranignoi macu Byriuist (OMB).
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3500 3000 2500 2000 1500 1000
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Puc. 3. Cnextpu FT-IR netkux mpoaykTtiB cymimri A 3 BM1 ta BM2

[TopiBHAMBHUN aHAII3 CIEKTPIB 3 BUKOPUCTAHHSAM PO3PAXYHKY BIIHOCHOT
{HTEHCHBHOCTI XapaKTEPHCTHYHAX CMyr 10 CMyrH 3 v=2350 oM™, 103BOIHB
BCTaHOBUTHU (Tab. 2), MO KUIBKICTh Ta IHTEHCUBHICTh y3ATUX JI0 PO3IJISTY MiKiB
y BHITQJIKy CYMIIIEH CYTTEBO TICPEBUINYE ATUTUBHY BEIMYWHY IHTEHCHBHOCTI.
BpaxoByroun 3akoH byrepa-JlamOGepta-bepa, sikuii BCTaHOBIIOE MPOIOPIIITHY
3aJIeKHICTh THTEHCUBHOCTI TOTJIMHAHHS BiJ KOHIIEHTpAIlli PEUOBUHU, MOXKEMO
KOHCTaTyBaTH, 110 3a YMOBH HE3aJCKHOTO PO3KJIATy KOMIIOHEHT BEIMYUHU
intencuBHOCTI mikiB mpu v=3600 cM™ (TiApOKCHIbHE MOMIMHAHHS) MalH O OyTH
0,07 — nust A+BM1 1a 0,21 — nnis A+BM?2 (amke ckian cymimi 1:1). AHanoriaao
PO3MIISIHYTO BCl XapakTtepuctudHi cmyru [U-cnektpis cymimni. Oco6amBo pasioui
BIIXWJICHHS BIJ QJIUTHBHOCTI CIOCTEPITAIOTHCA JJIsl CMYT TIOTJIWHAHHS
KapOGOKCHIBHHX Ta KapOOHITBHUX rpym (cMyra mpu 1750 cm™, ne BinxuieHHs €
TPUKpPATHUM I 000X cyMimiei), Onm3bka CHUTyallisi Mae Micie B 00iacTi
NOTJIMHAHHS €TepiB, CIUPTOBUX Ta IHIIMX KUCHEBMicHUX crnoiyk (v=1100-1380
CM'l), Jie BIIXWJICHHS BiJ aJIMTUBHOI BEJIMUYMHM CKJIagae Big 1,5 pa3iB y CTOPOHY
[T ABUAIIEHH.

3 pe3ynbTariB TaOAUIl 2 BHJHO, W0 CIOCTEPIraeThCsl TMOCUICHHS
MOTJIMHAHHS, TOB’s3aHe 3 BuiaUleHHAM CO; mpu B3aeMOlli KOMIOHEHT CYMIIIIl
(ToHKka cMyra B obmacti v=650 cM™), ge Takok MOXKHA BH3HAYMTH MOMITHE
BIIXWUJICHHSI B1J] JMTUBHOCTI, SIK€ € OLIBII 3HaYHUM 71 cyMinn A+BM1.
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Taoauusa 2
. .. . 1 .
BigrocHi iHTeHCUBHOCTI (1 /12350) cMyT morymHaHHs (M ) [U-CIIeKTpiB JETKUX
IIPOJIYKTIB TEPMOJII3y OioMac Ta iX cymilen 3 ByTrULIsIM

3pazox | 3750 | 3700 | 3600 | 2800 | 1750 | 1500 | 1380 | 1100 | 650
BM1 - - 0,13 | 0,14 | 0,63 - 0,17 | 0,38 | 0,11
Cymim
At BMI 058 | 0,64 | 064 | 0,16 | 094 | 0,90 | 0,22 | 0,30 | 0,16
BM?2 - - 0,42 | 0,33 | 1,04 - 0,29 | 0,62 | 0,77
Cywmim
At BMD2 0,26 | 0,40 | 0,30 | 0,40 | 1,56 | 0,62 | 0,40 | 0,60 | 0,80

BusnaueHo Ta po3paxOBaHO TEIJIOTH 3TOPSIHHA KOMIIOHEHT Ta iXHIX
cymimrerr [5]. Temmora 3ropsiHHS pi3HOMAHITHUX CYMIIIEH, SK BiJIOMO, € CYTO
aIMTUBHOIO BeIMuuHOIO [1], a 1i BU3HAYEHHS MOTPiOHE /ISl OPIEHTOBHOI OI[IHKH
PO3TIITHYTUX KOMIO3UIIIN SK MAJIMBHOI CHPOBUHH.

[TopiBHSHHA PO3PAXyHKOBUX Ta EKCHEPUMEHTAIBHUX JaHUX 3 TEIUIOTH
3TOPSIHHS CyMIIIEH CBIIYUTH, IO BIIXHWICHHS 3HAY€Hb EKCIEPUMEHTATbHUX
JAHUX BIJlT PO3PaXyHKY JJIsi CUCTEMM BYTUJUIS — MIIEHUYHA COJIOMA JIEXKaTh Yy
Mexax +1% (BigH), I CUCTEMHU BYTLLIS — COCHA BIIXHWIJICHHS JICKaTh B MEXax
+2 % (BigH). Hmwxkua Ttemyiora 3ropsHHA UIsi KOMIO3MIIT BYruuis+coiomMa
nmenuii  ckiaagae 19,4+0,43 MJDK/Kr, a s KOMIO3UINI BYTULIsS+COCHOBI
nenetd — 19,84+0,65 MJDx/kr. 3 TOUYKM 30py KaJOpIHHOCTI Ta IHIIUX CTaHAAPTIB
JOCHIKEH] CyMIII I[IJIKOM BiAMOBIAAIOTh €BPONEUCHKUM BHUMOTaM J0 SIKOCTI
nanus [5].

TakuM 4MHOM, CUHEPTreTUYHUM e(PEKT, M0 CIOCTEPIraeThCs MPHU CHITLHOMY
TE€pPMOJI131 BUCOKOMETaMOP(}130BaHOTO BYTIA 1 IBOX BU/IB 010Macu, BUBHAYEHO
JIBOMa HE3AJIC)KHUMH METOJIaMU — TEPMOTPABIMETPUYHUM Ta CIIEKTPOCKOTIYHHM.
[Ipu cninbHOMYy Tepmodizi A+BM icHye Miclie B3a€MHUI BIUIMB KOMIIOHEHTIB,
SKUW TPUBOAWTH JO TMPHUIIBUIIICHHS TPOILIECY KOHBEPCIi CHUPOBUHHU dYepes
MBUIIEHHS 3arajdbHOI PEaKIiiHOI 31aTHOCTI cyMili. bibll BaroMuii BIUIMB Ha
peakIiiiHy 31aTHICTh cyMill Byriuisi + Oiomaca (1:1) 3mificHIOe TIIEHUYHA
coJioma.

Asmopu eucnosnorwoms wupy nooaxy navy Awuooxcero Cmpotisacy 3a
BUKOHAHHS HU3KU eKCNEePUMEHMIB 3 MePMOLi3y O0CAIONCEHUX cyMiutell I GUXTOHUX
PEeUOBUH.

Jliteparypa

1. Tillman D. Solid Fuel Blending: Principles, Practices and Problems.
Butterwotth Heinemann. 2012. P. 337.

306



2. Zubkova V., Strojwas A., Strojanowska M., Kowalczyk J. The influence
of composition of coal briquettes on changes in volume of the heated coal charge.
Fuel Processing Technology. 2014. N 128. P. 265-275.

3. CrpoiiBac A., 3yokosa B.B., lymmo T.C., dynaesceka H.I., llenmpik
T.I'. JlocnipkeHHST MEXaHI3My CYMICHOTO TEpMOJII3y aHTpaluTy 1 OloMacH.
Byeinbna mennoenepeemuxa: winsixu pekoHcmpykyii i pozeumxky. 30. HayK. Tpailb
13-i MixHap. HayK.-ipakT. KoH(., 26-28 BepecHs 2017 p. Kuis, 2017. C. 80-85.

4. Coates J. Interpretation of Infrared Spectra: A Practical Approach. In:
Meyers, R.A., Ed., Encyclopedia of Analytical Chemistry, John Wiley & Sons
Ltd., Chichester, 2000. P. 10881-10882.

5. 3y6kosa B.B., CtpoiiBac A., ynaeBceka H.1., [lHennpik T.I'. Byziroua
mennoeHepeemuKka: Wiaxu pexkoHcmpykyii i pozsumky. 30. Hayk. npaupb 141
MixuHap. Hayk.-TipakT. KoH}., 9-10 >xoBTHS 2018 p. Kuis, 2018. C. 163-172.

307


https://www.sciencedirect.com/science/article/pii/S0378382014003130
https://www.sciencedirect.com/science/article/pii/S0378382014003130

YK 678.686, 547.491.8, 539.2

CTBOPEHHA OPT'TAHOIVIMHU 3 ®YHKIHIOHAJII3OBAHOIO
MOBEPXHIO HIJIAXOM MOJU®IKAILII KATIOHHUM
OJITOYPETAHOM TA CUHTE3 HA IIOBEPXHI HAHOYACTHUHOK

['onuap O.M.
[HCcTHTYT XiMIT BUCOKOMOIEKYsipHUX cioiyk HAH Ykpainu
lexgon@ukr.net

3 METOI0 CTBOPEHHSI OPTraHOTJIMHU 3 (DYHKIIIOHAJII30BaHOIO MTOBEPXHEIO IS
BUKOPUCTaHHS K HAaHOHAIIOBHIOBaYa IPU CTBOPEHHI OPraHIYHO/HEOPraHIYHHUX
HAHOKOMIIO3UTIB HAa OCHOB1 IMOJSPHUX TOJIMEPIB  PO3po0JIEHO  CIocid
Moudikai MOHTMOPHUJIOHITOM KaTIOHHUM OJIITOypETaHOM —
OJIIFOypeTaHaMiHAMOHIN XJIOPHUJIOM 3 JOCTYIIHUMHU aMiHOrpynamu. B pesynbrarti
MPOCTOTO CHUHTE3y OyB OTpUMaHWl BOJHUNM PO3YMH IMOBEPXHEBO-AaKTUBHOI
PEYOBHHH — OJIroypeTaHaMiHAMOHi# XJIOPH/ 3 KoHIeHTpariero 4,510 Momb/11.

BuxopuctoByBamu MOHTMOPHJIOHIT YepKachbKOro poJIoBUIA 3 OOMIHHOIO
emuictio 0,65-10° Mous/r, sikuii nepeBeny B HaTpieBy popmy. HatpieBy dpopmy
MOHTMOPHUJIOHITY MOJU(]IKyBaJIi BOJHUM PO3UYMHOM OJIrOypeTaHaMiHAMOHIN
XJIOPUY y BOJIHIN cycrneH3ii. Y cycrneHnsii ¢yHKII0HATi30BaHOTO aMiHOTPYIlaMu
MOAM(PIKOBAHOIO  MOHTMOPWJIOHITY  3[IMCHIOBAM  peaKilli  MpHUeTHAHHSA
apoMaTUYHUX Ta amipaTHYHUX Ji130I11aHATIB, a TaKOXX IOCTIAOBHE JIOJaBaHHS
apOMaTUYHOTO JI1130IliaHaTy, TJIIEPUHY Ta 3HOBY Jl11301[iaHAaTYy.

Knrouosi cnosa: MOHTMOPUIIOHIT, HAHOKOMIIO3UTH, (PYHKIIOHATI3aI1s,
Mo U diKaIis.

In order to create organoclay with a functionalized surface for use as a
nanofiller in the creation of organic/inorganic nanocomposites based on polar
polymers developed a method of modification of montmorillonite cationic
oligourethane — oligourethaneamine ammonium chloride with available amino
groups. As a result of simple synthesis, an aqueous solution of a surfactant was
obtained — oligourethaneaminammonium chloride with a concentration of 4.5-10
mol/l. Montmorillonite from the Cherkasy deposit with an exchange capacity of
0.65-10" mol/g was used, which was converted into sodium form. The sodium
form of montmorillonite was modified with an aqueous solution of
oligourethaneamine chloride in aqueous suspension. Aromatic group-
functionalized modified montmorillonite was subjected to addition reactions of
aromatic and aliphatic diisocyanates, as well as sequential addition of aromatic
diisocyanate, glycerol, and again diisocyanate.

Keywords: montmorillonite, functionalization, nanocomposites,
modification.
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HananHs moBepxH1 CUJIIKATHUX HAHOYACTUHOK OPraHo(uIbHOI MPUPOIU €
aKTYaJIbHOIO TPOOJIEMOIO /Uil BUPOOHUIITBA IMOJIMEPHUX OpraHO/HEOPTaHIYHUX
HAHOKOMITO3UTIB 3 MoOHTMOpwioHiToM (MMT) Ta iHIIMMH IIapyBaTUMHU
cuiikatamu. Mopaudikaiiis moBepxHi HaHo4acTUHOK MMT B ocTaHHI pOKHU
IIMPOKO  3aCTOCOBYETHCA  3aBASKA 1X BHUKOPUCTAHHIO Y  BUPOOHHUIITBI
OpraHOTIMHUCTUX HaHOkoMmmo3uTiB [1]. Kpama cymicHICTh MIXK MaTpuleo Ta
JIOTIOMIXKHOIO  PEYOBHHOIO MOKE€ TIPHUBECTH JO TMOKpamieHHA (PI3UYHHUX
BJIACTUBOCTEH. MT Mae mapyBaTy CTPYKTYpY, /€ B MIKIIApOBOMY MPOCTOpI
3HAXO/STHCS BIIbHI KaTIOHU JIY)KHO3EMEIBbHUX METAJIiB, SIK1 JIETKO 3aMIHIOIOTHCS
OpraHiYHUMU KaTiOHAMH. [Tommpennmu Mou(pikaTopamH, 110
BUKOPUCTOBYIOTbCSI  JiJi1  opraHiuHoi  moaudikanii MMT, € xkarioHu
YETBEPTUHHUX OPTraHIYHUX AaMOHIMHUX coJjied [2, 3], KaTIOHM YETBEPTUHHUX
coJiert pocdoniro [4, 5], niaminiB [6] Ta amiHOKUCTOT [7]. MMT, MoaudikoBanuit
OpraHIYHUMH KaTIOHAMH, JTUCHEPIyEThCS B MOJIMEPHINA MaTpull, 1€ BiH JI€ SK
3MIIHIOIOUHUI areHT, MOKPaUlylo4YH BJIACTHBOCTI MOJIMEPHOro Marepiany. [Homl
3BHYAlHI KaTIOHM aJKUJIaMOHIM He miaxoasaTh g mMoaudikamii MMT. V pasi
MOJISIPHUX TIOJIIMEPIB, TAKUX SIK MOJIypeTaHU, MojiaMiau, nojienokcuau, MMT,
Moau(iKoBaHUM amihaTUYHUMU TOBEPXHEBO-aKTUBHUMH PEYOBUHAMH, HE
OPUBOAUTH IO BIiJIIApYBaHHA B TMoOdiMepHi wmatpumi. lle moB’s3aHo 3
BIJICYTHICTIO JOCTaTHHO SIKICHOI B3a€MO/I1i MI>)K HAHOHAIIOBHIOBAYEM 1 MOJISIPHOIO
nojimMepHoro Matpuiieio [8—10].

3 METOI0 CTBOPEHHS OPTaHOMIMHY 3 (DYHKI[IOHATI30BaHOIO MOBEPXHEIO JIJIsI
BUKOPUCTAHHS K HAaHOHAINOBHIOBAaYa MPU CTBOPEHHI OPraHIYHUX/HEOPTraHIYHUX
HAaHOKOMIIO3UTIB HA OCHOBI TMOJSPHUX TIOJMIMEPIB  PO3POOJICHO  METOJ
Moaudikaiii MMT kaTiOHHUM OJIITOYpETaHOM.

Y pobGoti BukopucraHa Na-dhopma MOHTMOPUIIOHITY, OJIepKaHa 3
npupogHoro MMT Yepkacbkoro poaosuina. Otpumany cycnensito Na-MMT
BUKOPUCTOBYBaJIM Il BU3HAYEHHS OOMIHHOI €MHOCTI Ta OTpPUMAaHHSA
MoaudikoBanoro MMT. OOMIHHY €MHICTh TOBEPXHI MOHTMOPHJIOHITY, 3T1IHO
SAKOT PO3paxoBYBaJM CHIBBITHOIIEHHS Moaudikaropa g0 KuibkocTi MMT,
BU3HAYAIIM 32 aHAII30M ajicopOrii iHauKaTopa MeTuiaeHoBoro OjakutHoro (MbB)
Ha noBepxHl Na-MMT metrogom ¢orokonopumerpii (KOK-2ITM). AncopOuis
MB, sika BianoBizae oOMiHHIM 10HHIN emHOCTI MMT nopisaioe 0,65- 107 MoB/T.

CuHTE30BaHO KaTIOHHUW oOJiroyperaH (XJIOpHI OJIrOoypeTaHaMmiHy) 3
JOCTYNMHUMU  amiHorpynamu.  CuHTe3  mnpoBoawsid  Ha  OocHOBI  N-
METHJITIETAaHOJIaMIHY Ta amidaTHIHOTO Jii30liaHaTy — 1,6-
rekcaMeTwiIeHAi1301ianary. B pe3yapTaTi MpocToro CUHTE3y OTPUMAaHO BOJHUMNA
po34mH omiroyperaHaminy amoHiii xaopuny (OYAAX) konuentpamiero 4,5-107
Mouib/n1.  Bukopuctano Mt Uepkackkoro (VYkpaina) pomaoBuiia OOMIHHOIO
emuictio 0,65-107 moub/r, sike mepeBenero B HatpieBy Gopmy. HatpieBy dhopmy
MMT moaudikyBaay BOIHUM PO3UYUHOM OJITOypeTaHaAMIHY XJIOPHAY aMOHIIO Y
BoAHIN cycrnensii. Otpumanuit MoaudixoBanuit MMT ekctparyBamu Ta
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JOCIIJIKYBAJIM METOJOM TEPMOTPABIMETPUYHOTO aHami3y il BHU3HAYCHHS
OpPraHiyHOTO KOMITOHEHTa, sikuk ckiaB 24 % mac. MoaudikoBanuit OYAAX
MMT yTBOprO€ CcTabUIbHY CYCHEH31I0 B CEPEIOBHINI JUMETWI(PopMaMiay Ticis
oOpoOKHM yIBbTpa3ByKoM. Y cycrneH3ii (yHKIIIOHAII30BaHUX aMIHOTpyTamMu
MoaudikoBaHoro MMT mnpoBoauau peaxiii NpHETHAHHS apOMaTHYHUX Ta
amdpaTUYHUX J1130111aHATIB, a TaKOX TOCIIJIOBHE JO0JaBaHHS apOMaTHYHOTO
JiizoIiaHaTy, rIilepruHy Ta 3HOBY JI113011aHaTYy.

Takum YKMHOM, TPOJEMOHCTPOBAHO MOXKJIUBICTH CHHTE3Y Ha IOBEPXHI
HaHo49acTHHOK MMT opranidHoro mapy 3 HeoOXi1JHOIO CTPYKTYPHOIO i€papXi€ro.
[leit merox TakoXX MoOke OyTH BHKOPUCTAHMM MJii MaTPUYHOTO CHHTE3Y
ojiiromepy Ha HaHoyacTuHkax MMT. Merogom WAXS BHU3HaueHO MIXKIIApOBY
BIJICTaHb ycCix TUIIIB OTPUMAaHOTO MOIH(IKOBAHOTO MMT,
TEPMOTPaBIMETPUYHUM aHAJI30M JIOBEJIEHO JOJaBaHHS [I1130111aHAaTIB, IO
BIJIMOBIIa€ BMICTY aMiHOTPYII.

CuHTe3 Ha MoBepxHI HaHOYacTMHOK MoaudikoBaHoro OYAAX MMT B
CEPEIOBUII MOJISIPHOTO PO3YMHHUKA JI03BOJISIE SIK (DYHKIIOHATI3YBATH OPTaHIuHO
MOAM(IKOBAHUIM MiHEpas, TaK 1 MIABUIIUTH OPraHO(UIBHICTh 1 MDKILIOIIUHHY
BigicTanb. MMT, MoaudikoBanniit OYAAX, BIIKpUBAE BEIMKI MOMJIMBOCTI JIJIst
JU3aifiHy OpraHivyHOTO IIapy Ha MOBEPXHI HAHOYACTUHOK 3 BUKOPUCTAHHAM SK
J130111aHATIB, TaK 1 1HIIMX (PYHKIIOHAIBHUX CHOJYK, TaKUX SK aHTLAPUIU Ta
iHmr.  Buxopucrtanus MMT 3 peakiiiiiHO3JaTHOIO TIOBEPXHEIO BIJKPUBAE
BEJIMYE3HI MOXJIMBOCTI Yy cdepl CTBOpPEHHs TIOpUAHMX OpraHO/HEOpPraHiuHHUX
HAaHOKOMIIO3UTIB Ha OCHOBI TIOJIAPHUX TOJIMEPIB.
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MOJBIMHI IHAPYBATI I'IPOKCHJIM TUITY M,Al,(OH), (M = Zn*",
Mg?*, Ni?*): CTPYKTYPHI TA COPBIITHI XAPAKTEPUCTUKH

beit .M., Cnicenko O.B., byaziaceka B.JI., Toactos O.J1.
[HcTutyT XiMmii BUcokomonekysipHux cnonyk HAH Ykpainu
a.tolstov@ukr.net

Cunre3oBano nojBiiHi mapysati rigpokcuau ([TIIIN) muisixom chigbHOTO
OCQDKCHHSI T1APOKCHUJIIB AP Tta JIBOBAJIEHTHUX Zn2+, Ni%*  a6o Mg2+.
dopmyBaHHSA MIAPyBAaTUX KOMIIO3WTIB 3MIIIAHOTO THITY JOBEICHO 3a JIaHUMU
pentreHodazoBoro anamizy. Crabumzamis npoctopoBoi  Oymosu [T
BIIOYBAEThCS 3a PaxXyHOK IMMOOLTI3Alil aHIOHIB Y MIXKIIAPOBOMY HPOCTOPI
HeopraHiyHoro marepiary. Haiikparni copOuiiini xapakrepuctuku [TIIT (mo 121
UMOJTB/T) BIIMIYEHO JJIsi HETaTHBHO 3apsDKCHUX OpraHiYHUX MOJIEKYT 3
kucnotHuMu (—-SO3 ta —COO") rpymamu.

Knrwouosi cnosa: mnoaBiHI T1IapyBaTi TiApoOKcuau, OyaoBa, copOIlis,
aHIOHOOOMIHH1 BIACTUBOCTI.

Layered double hydroxides (LDH) were synthesized using the co-
precipitation technique from hydroxides of AI** and bivalent Zn?*, Ni**, or Mg*".
A formation of mixed layered composites was identified by wide-angle X-ray
scattering. The LDH bulk structure stabilization was performed by immobilizing
anions in epy inter-layer space of inorganic materials. Exhaustive sorption
efficiency of LDH synthesized (up to 121 umol/g) was detected for negatively
charged organic molecules with acidic (-SO3; and —COQ") functionality.

Keywords: layered double hydroxides, structure, sorption, anion-exchange
properties.

[Topsitini  mrapyBati rigpokcuau  (ITIIIY) wanmexxarb g0  Kiacy
HEKPEMHIUBMICHUX OKCHJIIB/TIPOKCUIIB Ta 32 CBOIMHU (PI3MYHUMU Ta XIMIYHUMU
BJIACTUBOCTSIMU € JY>K€ MOJIOHMMH J10 TJIMHUCTUX MiHEpaliB, a caMe MaroTh
mapyBary OyJ0BY, XapaKTepPU3YIOThCS IUPOKUM J1alla30HOM XIMIYHOTO CKJIaay
(3aBasikM 130MOp(PHUM 3aMillICHHSIM KAaTIOHIB METajiB) Ta 3MIHHOK BEJIMYHHOIO
TYCTUHHM 3apsify IIapy, BOHH MarOTh 10HHO-OOMIHHI BJIACTHUBOCTI, PEaKIIHHO
3IaTHUNA MDKIIAPOBUMA MPOCTip, HAOYXalOTh y BOJII, @ TAKOX MOAIOHI 10 TJIUH 3a
pEOJIOTIYHUMHM Ta KOJOoigHUMU BiactuBocTsamMu [1]. Ili wmiHepanu wMaroTh
3ATHICTh /10 aHIOHHOTO OOMiHYy, TOMY iX YacTO Ha3MBAalOTh «aHIOHHI TJIMHU.

Haii0isb1l  TUTIOBUM TPEJICTAaBHUKOM TMPUPOJHUX MIHEPAIIB TAaKOTO THUIY €
rigporanbkit MgsAl,CO3(OH)16(H20)4.
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Y pobGoTi cuHTE30BaHO IIapyBaTli TMOJBIMHI TIAPOKCHUIA METOJIOM
OCa/PKEHHS 13 CyMmilmi coneii [BO- Ta TpHBaTeHTHHX Metams (Zn”, Mg®*, Ni** ta
AIP") y nyxHOMY cepemoBuii 3a GesmepepHoro kourpomo pH. JlociimkeHo
oynoBy orpumanux [T, ix TepmiuHy MoBeaiHKY Ta COpOLiliHI BIACTUBOCTI 1O
BIHOIIICHHIO JI0 BOJIOPO3YMHHUX OAPBHUKIB P13HOT XIMIYHOT CTPYKTYPH.

Cunures NI Ha ocHoBi AI®" mHpoBOAWIN CHIIBHEM OCaIKCHHIM
TIAPOKCHJIIB METANIB 3 BOJHUX PO3UYMHIB BiAMOBiAHUX cojied. Ilicias BBemeHHS
BCIX pEareHTIB OTPUMaHy CYCIEH31I0 BUTPUMYBAJIU BOPOJOBXK 6 TOJIWMH MpHU
MOCTIHHOMY TepeMilTyBaHHI 3a Temieparypu 85 °C 1 3aBeplIeHHs MPOIECiB
dopmyBanns crpykrypu [IHII. {ami ocax I[N BuTpumyBamu B MaTOYHOMY
pO34YMHI 3a KIMHATHOI TeMmiepaTypu Iie 12 TroAuH, MNPOAYKT MPOMHUBAIH
JucTUIboBaHow Bosoro 10 pH = 7,5. Orpumani [T cymmnum 3a temnepaTypu
60 °C 10 mocTiitHOT MacH.

HudpakrorpaMu  HIIMPOKOKYTOBOTO  PO3CIIOBaHHS ~ PEHTIEHIBCHKUX
MPOMEHIB MpescTaBieHl Ha puc. 1. HagBHicTh pediiekciB kpuctamivyHoi (a3u B
MEBHUX KYTOBHX IOJOXKEHHSIX CBiIuUTH Tpo ¢opmyBanns [T 3a obpanoro
CIIBBITHOIIICHHS KOMIIOHEHTIB Ta YMOB CHHTE3y, a CTPYKTypa 3pa3KiB €
noaioHoro 1o crpykrypu [T, onucanux panimie [2], B TOMy 4HCIi MiHEpalLy
T1APOTANBKITY.

10 20 30 40
26, rpan.
Puc. 1. ludpakrorpamu orpumanux 3paszkis [TLIT

JIJist oTpuMaHuX 3pa3KiB XapaKTepHa HASIBHICTh Pe(ICKCIB BIOPSIAKOBAHUX
crpykrypaux ¢parmentis ITIIT 3 kyroBum monoxenusm 11,8-11,9° 24,1°,
35,9-36,7° Ta 41,1-41,6°. Bepyun 3a yBary KyTOBE MOJIOKEHHS MaKCHMYMIB,
HAMIBUIMPUHY Ta IHTETpalbHy 1IHTEHCUBHICTH pe(IeKCIB MOXKHA 3a3HAUYMUTH, IO
nanmit Merox curtesy LT Ha ocHOBI mpekypcopiB Zn”* a6o Mg®* ta Al**
JI03BOJISIIOTH OTPUMATH CTPYKTYpOBaHi Matepiamn. Bukopucranus coneit Ni2¥, sk

313



JKepena JIBOBaJICHTHUX 10HIB, cnpuuuHse GopmyBanus [T 3 miaBuieHoro
nomigucnepcHicTio. TepmorpaBimerpuuni (T['A) xapakTepuCTHUKU  3pa3KiB
cunte3oBanux I BuBueHi B TemmeparypHomy miamaszoni 25-700 °C. Cuig
BIJI3HAYUTH, 110 OCOOIUBOCTI TepMiuHOi oBeAinku 3paskiB [N kopemo0Th 3
iX pIBHEM CTPYKTYpYBaHHS Ta XIMIYHOIO OYJIO0BOIO.

Omna 3 ocHOBHUX cdep MoximBoro 3acrocyBanHs [IHII, sk
aHIOHOOOMIHHUX HEOpPTaHIYHUX MaTepiaiiB, MOB’sA3aHA 3 X BHCOKOIO 3/IaTHICTIO
MOTJIMHATH  PI3HOMAHITHI ~HEOpraHiyHI Ta oOpraHiyHi 3a0pyaHioBadl 3a
MEXaHI13MOM aHIOHHOTO 0OMiHy. EdekTruBHICTh aHIOHHOTO O0MiHYy Ta copOriiiHa
emHicTh cuHTe30BaHux [IIII" Oynau mocnmimkeHi MpuU BUKOPUCTAHHI OpraHIvYHUX
OapBHUKIB PI3HOI XIMIYHOT OYJI0OBU — MeTUIIOBOTO opanxeBoro (MO), eosuny H
(EH) ta pomaminy b (PB). CopOuiiini xapaktepuctuku ojepxkanux [T
HaBeeHl B Ta0aum 1.

Taoaunga 1
[TapameTpu copOi1ii Bo1Opo3uMHHUX OapBHUKIB cuHTe30BanuMu [TIHT
[T CopOuiitHa eMHICTB Y, MMOJIB/T | EdexTuBHicTh cOpOEHTY ¢, %
MO EH Pb MO EH Pb
Zn-Al TTHIT 0,061 0,012 0,006 49,9 8,8 5,6
Mg-Al TTIAT" | 0,090 0,020 0,002 72,2 12,0 2,6
Ni-Al ITLIT 0,121 0,109 0,003 96,7 82,4 2,6

3 mpencTaBieHUX JaHUX BCTaHOBIIEHO, 1m0 onepxani [N naiOubII
€(EeKTUBHO TMOIJIMHAIOTh OAapBHUK METUJIOBUM OpaHXKEBUU, IO MICTUTh Y
CTPYKTYpi CHJIBHOKHCIOTHI -SO3 rpymu. MeHmi copOmiiiHa €MHICTh Ta
edexTuBHICTH copOiii 3adikcoBani i -COO -BmicHoro eo3uny H. BapBHuk
KaTioHHOTO TUMy (poaamiH b) € iHaudepeHTHUM A0 MPUPOIU 10HHUX ILIEHTPIB
[MIITI" Ta nDpPakTUYHO TOBHICTIO 3aJUIIAETHCS B PO3YMHI. TaKUM YHHOM,
BCcTaHOBJIeHa cesieKTUBHICTh [TIII" mo BiJHOIIEHHIO 1O MOJEKYJ Pi3HOIT XIMIYHO1
OyZ0BM Ta XiMIYHA aKTHBHICTH 3MIMIAHUX TIIPOKCHUIIB, IO € MIATPYHTSIM ISt
CTBOPEHHSI BHCOKOCEJIEKTUBHUX aHIOHOOOMIHHMX COpPOEHTIB i PI3HUX
HaNpsIMiB 3aCTOCYBaHHSI.
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BIOSURFACTANTS PRODUCED FROM WASTE FOOD OILS
IN TECHNICAL SYSTEMS

Bodachivska L.Yu., Papeikin O.0., Venger 1.0.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
bodach@ukr.net

Current work demonstrated the potential of using the waste food oils as
components of lubricating materials was demonstrated in this paper. Biobased
surfactants were created by amidation of waste food oils with ethylenediamine,
under the action of calcium oxide as catalyst. Surfactants with polyisocyanate
form dispersion phase of lubricants. Synthesized sample of grease is
characterized by a high mechanical, colloidal stability, and high-temperature
resistance (dropping temperature above 230 °C), resistance to oxidation as well it
did not cause corrosion of non-ferrous metals.

Keywords: waste food oils, amidation, lubricants, high-temperature
properties, tribological characteristics.

Y poboTi TPOIEMOHCTPOBAHO MOKJIUBICTh 3aCTOCYBaHHS BIIXOJIB
XapyoBUX OJIIH SIK CKJIAJ0BHX KOMIIOHEHTIB MAaCTWJIbHUX MartepiaiiB. CTBOpEHO
MOBEPXHEBO-aKTHBHI PEYOBMHU Ha OIOJOTIYHIA OCHOBI TpaHCaMiTyBaHHSIM
KyJIIHApHUX OJIId eTWJICHIIaMIHOM i JI€I0 Kajblil0 OKCUIY 5K pearcHra
Karanizatopa. [loBepXHEBO-aKTHBHI PEYOBHHH 3 IOJ1130I[1aHATOM YTBOPIOIOTH
qucnepcHy (Gasy MacTUIbHUX Kommo3ulliid. CHHTE30BaHMI 3pa3oKk MacTuia
XapaKTEPU3y€EThCSI BHCOKOI MEXAHIYHOIO, KOJIOiIHOK  CTaOUIBHICTIO Ta
BHCOKOTEMIIEpATYPHUMU BJIACTUBOCTSAMH (TemmepaTypa kpananus Buiie 230 °C),
CTIMKI 0 OKUCHEHHSI, HE BUKIIMKAIOTh KOPO31I0 KOJLOPOBUX METAIIB.

Knwouosi cnosa: BIZXoauw XapyoBHX OJid, amiJyBaHHsS, MacCTHUJIO,
BHUCOKOTEMIIEpaTypHI BIACTUBOCTI, TPUOOJIOTTUHI XapaKTEPUCTHKHU.

Biobased surfactants have attracted much research attention as they are
biodegradable and safe for the environment (bioFAA). In addition, they exhibit
enhanced solubilization and structural capacity due to their very specific
molecular self assembly. BioFAA are effective water repellents, adhesives for
bituminous materials. In lubricants, bioFAA are active antioxidant and
tribologically active ingredients [1-2].

Materials. Waste food oils (WFO) consist of phospholipids (14-18%) and
oil (triacylglicerides) (78-82%) with residual moister content (1-2%) and ester
non-soluble substances (1-2%).
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The aim of this study is to research WFO nitrogen-containing products to
obtain a structural frame of high-temperature urea lubricants. To accomplish the
aim, the following tasks have been accomplished: to obtain the structural frame of
urea thixotropic plastic compositions based on the interaction of the product of
amidation of ester groups of alkanolamides WFO by ethylene diamine with
isocyanate; to explore the operational properties of the resulting urea lubricants.

Synthesis of biobased surfactants. The synthesis of bioFAA was conducted
by employing a base-catalyzed amidation of WFO by ethylenediamine (Scheme
1). The syntheses were conducted by reactions of known (mol) amounts of WFO
and alkanolamines under the action of calcium oxide catalyst (1 : 3 : 0.4) as
described in the works [1, 2].

»-R )LR OH
O 0 o) o
OJ< 2/0\{0 Ethylenediamine ||q OH
R + ———> H,N
o o Cao i \/\N% A o\P/o * OH
R \ R RN L 2N
R—0 S ¢ OH
o o\ k HO
OH
y o HO
R=Alk, All  R'= ~_NH; \/N\(D o OH
OH (i,

Scheme 1. Proposed conversion of phospholipids and oils into FAA. R = alkyl
or alkenyl fatty acid residues

Results and Discussion. Syntheses results certain that reactions under
selected conditions almost reached their completion, providing high yields of
targeted bioFAA (94-97%)).

The results NMR 'H analysis are consistent with IR analysis. The analysis
of NMR 'H indentified the formation of bioFAA (Fig. 1).

The temperature dependence of the desorption mass m/z (T) shows the
cleavage of fragments m/z=18 [H,O], m/z=17 [OH], m/z=28 [-CH,-CH,-],
m/z=43 [-CH,-CH,-CH3]. The fragments m/z=125 [CH;-(CH;);-CH] and
m/z=126 present in the desorption mass spectrum and indicate the presence of
17-18 carbon atoms and correspond to fragments of long-chain fatty acids. TPD-
MS (Fig. 2) data confirm the presence of fatty acid residues of varying degrees of
unsaturation and moderate amounts of sorbed water.

Detection of m/z=18 at high temperatures by TPD-MS suggests that the
features on the heat capacity curve are accompanied by the influence of water
content and glycerol residue. These are likely to form amorphous regions and
accompany fractionalization of components along the length of aliphatic chains.
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Fig. 1. Spectr 'H NMR fatty acid alkanolamides
WFO (500 MHz, CDCI/TMS, ppm): 6.01 (wide band, N-H),
5.33 (m, HC=CH), 4.21 (q, CH,—N), 3.81 (t, CH,—0), 3.72-3.43 (g, CH>-N),
2.76 (t, =CHCH,CH=), 2.20 (t, -CH,CH,C=0), 2.04 (m, =CHCH,-),
1.62 (m, —-CH,CH,C=0), 1.51-1.26 (m, -CH,CH,CH,— and -CH,CH3), 6 =
0.88 (m, CH,CHy)
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Fig. 2. Temperature-programmed desorption mass spectroscopy (TPD-MS)
fatty acid alkanolamides WFO
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The qualitative analysis of structure of fatty acid alkanolamides WFO
evaluated of methods of temperature-programmed desorption mass spectroscopy
(TPD-MS) in interval from 40 °C to 500 °C (Fig. 2). The sample was placed in a
quartz cuvette attached to the installation MH7304A.

Measurements were performed in deep vacuum (p<10°-10* Pa) in the
linear heating mode. This allows you to remove physically sorbed substances.

The sample of urea grease was subsequently synthesized by interaction of
alkanolamides WFO with polyisocyanate in the petroleum oil. Aminoamides of
fatty acids with polyisocyanate form urea dispersed phase of thixotropic systems,
and calcium glycerolphosphatides perform the function of tribological additives.
The method of infrared spectroscopy proved that the full interaction between
polyisocyanate and amidated waste food oils takes place at the molar ratio of 1 :
2.5.

The IR analysis identified the formation of bioFAA (Fig. 3). In IR spectra
of the products, new characteristic bands at 3300 cm™ (N-H stretching
vibrations), 1640 cm* (C=0 amide stretching vibrations), and at 1560 cm* (N-H
amide bending vibrations) appeared after reactions of WFO and alkanolamines.
At the same time, the characteristic vibrations of ester bonds at 1745 cm™* (C=0
ester stretching vibrations) disappeared after syntheses, additionally providing
evidence in favour of the generation of bioFAA.

Tremsmi Hancg %o

L | L | 1 | 1 | L | L | L |
4000 3500 3000 2300 2000 1500 1000 500

Wavenumber, om

Fig. 3. Infrared-spectra: 1 — output WFO, 2 — alkanolamides WFO,
3 — polyisocyanate, 4 — finished grease
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There have been also noted changes at 3400-3200 cm* (O—H stretching
vibrations) and at 1050 cm™ (P—O stretching vibrations of POOH), likely
associated with the interaction of phosphatides and calcium hydroxide. On the
polyisocyanate spectrum, there is an intense band of asymmetric valence
oscillations in the region of 2280-2230 cm™, characteristic of groups -N=C=0.
There is no such band in finished urea lubricant and it disappears at 3300 cm™
that corresponds to the NH group, which testifies to complete interaction of the
polyisocyanate with alkanolamides WFO, which are obtained using different
procedures with the formation of urea dispersed phase.

Synthesized sample of grease is characterized by high mechanical,
colloidal and high-temperature stability (dropping point above 230 °C), resistant
to oxidation, do not cause corrosion of non-ferrous metals.

In addition, to prove the upper temperature of the application of
synthesized grease, we used the method of derivatographic analysis. As it can be
seen from the thermogravimetry curve of synthesized grease, it remains thermally
stable up to 180-200 °C, there is no weight loss. Only at reaching 250-300 °C,
the intense weight loss begins, apparently with chemical decomposition in the
range of 350450 °C of both a urea thickening agent itself, and dispersion
medium of a grease with its complete decomposition at 650 °C.

On the curve of differential thermal analysis, starting from the temperature
of 350 °C, there is a range of exothermic effects. These effects characterize the
thermo-oxidative destruction of a dispersion medium and dispersed phase. After
reaching the temperature of 650 °C, any energy effects disappear due to the
complete thermal decomposition of the sample. Thus, the upper temperature
boundary of using the developed grease, according to derivatographic research
and by estimation of the dropping temperature, is at the level of 180-200 °C.
Table 1 gives the results of the study of the influence of various WFO amidation
procedures on the properties of lubricating compositions, made on their basis.

Conclusions. BioFAA with polyisocyanate form dispersed phase of grease.
The synthesized urea grease on based dispersed phase are characterized by high
mechanical (a change in penetrations after moving of 100.000 double cycles of
37 mm-10™"), colloidal stability (4.8% of extracted oil) and high-temperature
properties (dropping point above 230 °C). In addition, these thixotropic systems
are resistant to oxidation, do not cause corrosion of non-ferrous metals, and are
able to operate in contact with water. Phosphorous residues improve the
lubricating properties of synthesized composition without any additional
introduction of tribological modifiers (critical load is 980 N, welding load —
1646 H).
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Table 1

Physical-chemical properties of developed urea grease based on
alkanolamides WFO

Values of
Indicator Testing method indicators
of grease
Penetration at 25 °C at ISO 2137
stirring, mm-10™":
— 60 double cycles (P,) 285
— 100,000 doubles cycles (P,) 322
— mechanical stability, change AP 37
Dropping point, °C ISO 2176 248
Colloidal stability, % GOST 7142 method A 4.8
Tribological characteristics on four GOST 9490
ball machine at the temperature of
(20£5) °C:
— critical load (Pc), N 980
— welding loading (Pw), N 1646
Water washout at 79 °C, % ASTM D 1264 0.75
Resistance to oxidation: increase in GOST 5734
acid number (120 °C, 10 hours), mg
KOH/g 0.14
Copper strip corrosion ASTM D 4048 la
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