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Y KHU3l, MO TPOAOBXKye cepito po3modatux y 2020 pori BHUIaHD
«bloaKkTUBHI CHOMYKW, HOBI PEYOBHHM 1 MaTepialin», MPEICTaBIECHO pPOOOTH
cniBpoOiTHUKIB [HCTUTYTY GloopraniuHoi Ximii Ta Hadroximii iM. B.II. Kyxaps
HAH Vkpainu, a TakoX HayKOBIIIB IHIIMX I1HCTUTYTIB Ta YHIBEPCUTETIB 3a
matepiaiamu  XXXVI HaykoBoi koHdepeniii 3 OioopraHiyHoi Ximii Ta
Hadroximii (17 uepBust 2021 p., M. KuiB). Bukian HaykoBux crateit 00’ €HAHO Y
JIBa PO3JAUIN, IO MPUCBSIYEHI CUHTE3Y 1 JOCIIKEHHIO Ol0aKTHUBHUX CIIONYK, a
TaKOX BUBYEHHIO HOBUX PEUOBMH 1 MaTepiajiB Ta iX 3aCTOCYBaHHIO. Y MEpPIIOMY
pO31LJII  OOTrOBOPIOIOTHCSL CUHTETUYHI MIAXOAM 1 CHUHTE3 HOBUX MOXIAHUX
TeTEPOLUKIIIB 1 FeTePOLMKIIYHUX CHUCTEM, CTPYKTYPHUX aHAJIOTIB MPUPOIHUX
CIIOJIYK, a TaK0oX OlOaKTHUBHICTb CHMHTE30BAHHUX PEUYOBHH SIK MPOTUPAKOBUX 1
IPOTUBIPYCHUX areHTtiB. OkpeMy yBary NpuJIiJIEHO MOJICTIOBAaHHIO BIACTUBOCTEN
MOTEHIIIITHO O10aKTUBHUX CIIOJAYK SIK 1HTIOITOPIB TEpPareBTUYHO BAKIMBUX
(epMeHTIB Ta 3’ACYBaHHIO MEXaHI3MIB [ii TMPUPOJHUX 1 CHUHTETHYHUX
OloperyyisaTopiB. Y ApyromMy po3aull MPEACTaBICHO Pe3yabTaTh TOCTIIKEHb 1
HayKOBHUX PO3pO0OK, IO CTOCYIOTHCS HOBUX KaTalli3aTOpiB, COPOCHTIB, MAIUBHUX
1 MacTUJIBHUX MaTepiamiB, KOMIIO3ULIMHMX Ta IHIMX CTPyKTyp. Khura
po3paxoBaHa Ha MIMPOKE KOJIO YUTayiB — (DaxiBIliB y Talry3i 6100praHivyHOl XiMii,
opraniyHoi ximii, HadTOXiMii, XiMil BHUCOKOMOJICKYJSIPHUX CIIOJYK, a TaKOX
acripaHTIB 1 CTYJICHTIB.
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PO3JII1

CUHTE3 I JOCJIIKEHHA
BIOAKTUBHMUX CITIOJIYK

VJIK 547.321

CUHTE3 HOBUX HUKJITYHUX JTIAMIHIB
I3 ITU®PTOPOMETHUJIEHOBOIO JIAHKOIO

Arynosuu B.A., Byrepa M 4., I'epyc LI
[HcTuTyT O6100praniunoi Ximii Ta HagToximii iM. B.I1. Kyxaps HAH Ykpainu
agunovich@bigmir.net

BuBueHo peakiiiiHy 37aTHICTh €THII-3-OpoM-2,2-mTudTOpONpONaHoaTy y
peakiisx Hykiaeo(uIbHOro 3amimieHHs. Po3po0ieHo mpenapaTuBHY METOAHUKY
CUHTE3y HOBUX IUKIIYHUX J1aMiHIB 3 JU(YTOPOMETUICHOBOIO JIAHKOIO, SIKI €
MEPCHIEKTUBHUMH peareHTamMu ISl MOUIYKYy PEYOBHH 3 BHCOKOK 010JIOTTYHOIO
AKTUBHICTIO.

Knouosi cnosa: QTOpoBMICHI UUKIIYHI AiamiHM, (QyHKLIOHATI3aLIs,
Jia3ernanu, J1a3emaHoHU.

The reactivity of ethyl 3-bromo-2,2-difluoropropanoate in nucleophilic
substitution reactions has been studied. A preparative method for the synthesis of
new cyclic diamines with a difluoromethylene unit has been developed, which are
promising reagents for the search for substances with high biological activity.

Keywords: fluorocontaining cyclic diamines, functionalization, diazepams,
diazepanones.

BBeaenns audropoMeTuneHOBOro (parMeHTy B OpraHiyHl CIOJIYKH €
BOKJIMBUM JIU3aWHEPCHKUM MIAXOJI0M y MeauuHiil [1], ciibChKOrocrnoaapchKii
[2] ta cunarernuniii [3,4] ximii 3 orisay Ha HOMIMIICHHS (i3MKO-XIMIYHUX
BJIJACTUBOCTEN TMOXIJHUX, 1X TMOTEHTHICTh, OIOJOCTYIHICTh CIOJIYKH Ta
Metaboiniuny criikicte. ®parment CF, posrmsmaerbest sk 010130CTEPUIHHIMA
3aMIHHUK METHJICHOBOI, KapOOHUIbHOI a00 €TepHOi TPyl 3 TOKPAIICHOIO
MeTaboJIYHOI0 cTadlIbHICTIO [3,4].

Cronyku, 1o MICTATh Jia3alMKIOATKaHOBUM (PparMeHT, OyJu 3HAMJICHI B
MPUPOJIl, HAMNPUKIAA, aJKaJIOild TOMAJIIHOBOTO psiay. BoHM € IlikaBUMH
o0’ekTaMu 111 MEAUMYHOI XiMIi 1 3apa3 Ha PUHKY € Taki MeJmnpernapard, sK
dacyam Ta HOro MOXiHA PIMACYAMI — Ba30AMJIATaTOPH, AHTUTICTaMiHHI 3aCO0U
€MeJIaCTHH Ta TOMOXJIOPOITMKIII3UH, CHOJIIMHE CYBOpPEKCaHT Ta iHIl (puc. 1).
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Metoro naHoi poOOTH € po3poOKa 3arajJbHOrO Ta 3PYYHOTO METOIY
CUHTE3y MHUKIIYHUX JAUGTOPOMETHUICHBMICHUX iaMiHIB 1 JOCTIIKCHHS MEXI
Hioro 3acTOCYBaHHS.
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eMelacTUH rOMOXJIOPONMKIiZHH CyBOpeKCaHT Cl
Puc. 1.

VY HaykoBiii JiTeparypl € NPUKIAIA CHUHTE3Y IUKIIYHUX iaMiHIB 3
Tu(TOPOMETUIICHOBOIO JIaHKOK0. Brepmie Oyno oOTpuMaHo HaWMpOCTIMUN
MPeICTaBHUK MUKIIYHUX J1aMiHIB 13 AU(PTOPOMETUIICHOBOIO JTaHKOO Aicro DAST
Ha KeTo jiazenaH. JlaHui MeTOJ BaXXKKO HA3BAaTU 3arajlbHUM JUIsl OTPUMAaHHS
TOMOJIOTIB, a/’K€ BBEACHHS METHIJIBHOTO 3aMICHHKA B KUIbIIE CYMPOBOIKYETHCS
3HAYHUM 3MEHIIEHHSM BUXOAY cTajii neokcodropysanus (3 80 % mo 37 %) ta
KOPCTKUMH YMOBAaMH 3HSITTS TO3WJIBHUX 3aXUCHUX TPy [5,6]. Y psail myOmikairiii
OyJ10 cuHTE30BaHO Jia3zenaHoHM i3 -CF,-mankoro B paMkax JTOCTIKEHb KOPETIIii
MDK Oy/JOBOIO MOJIGKYJM Ta 1ii OIlOJIOTIYHOIO AaKTHUBHICTIO IS PO3POOKU
Menmnpemnaparie [7-9]. Onwucani MeTOAM OTPUMAHHS LMKIIYHUX J1aMiHIB Ta
J1a3eMaHoHIB 13 JAU(PTOPOMETUIICHOBOIO JIAHKOKO OOMEXEHI BY3bKHUM KOJIOM
BHX1JIHUX PEYOBHH.

Jns  pgocsrHeHHs MeETH 1Iii€i pobotu MM oOpanu  eTuia-3-0pom-2,2-
audTopomnponanoatr 1 — moctynHy Au(TOPOMETHIEHBMICHY BUXIAHY CIIOJIYKY,
gka Oyna oTpumaHa 3 eTwiI-3-OpoMm-mipyBaty (puc. 2) 1 panime Oyna
BUKOPHCTAaHA HaMU JIJIsl CUHTE3Y B-ankokcuBiHUI(AudTOpankiin)kerony [10] .

ETtun-3-6pom-2,2-nudroponponanoar 1 mae 2 enexkTpoiIbHUX IEHTPH:
€CTepHy rpymny Ta nepBuHHUM atrom KapOony, 3B’s3aHuii 3 aromom bpomy, 1o
MO>KHa BUKOPHUCTATU JJI CUHTE3y LMKIIYHUX T1aMiHIB 3 TU()TOPOMETHIEHOBOIO
JAHKOIO IHUKI3aII€I0 3 o,0-AlaMiHaMi. PeTpOCHHTETHYHMIA aHaJI3 MOKa3ye, 110 €
JBa IUJISAXH OTPUMAaHHS IUIbOBUX MPOAYKTIB (pUC. 3), TOMY JOCIIIKEHHS
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XIMIYHUX BJIACTUBOCTEM cmojyku 1 y peakiisx 3 amMiHaMu OyJo MepuiuM

3aBJaHHAM.
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Hamu 3HaiizeHo, mo mnpu B3aemonii mnpomioHaty 1 3 amiakom Ta
MOP(QOJIIHOM Yy PEAKIlII0 BCTYIA€ JIMIIE €CTepHA Tpyrma, HaBiTh, MPHU BEIUKUX
Hajgumkax Hykieopury. Ilpu 1mpomy OpomMoaudTopoeTunbHa Tpyna He
B3a€EMOJII€ 3 aMiHaMU, IO BKa3y€ Ha MOHMWKEHY PEaKIIHY 3JaTHICTh JaHOTO
eIEKTPO(PUIBLHOTO IEHTPY B pEaKINisAX HyKJIeO(UILHOTO 3amilieHHs (puc. 4).

F_ _F Risy-Re Fo _F
1-10 exB
Br H B
\><CO0Et SE— r\><CONR1R2
1 MeOH 206

100%

NHR,R, = NH; (2a), mopdoJin (26)

Puc. 4.

B3aemonis ecrepy 1 3 mMoHo3axuieHuMm 1,2-eTUieHIIaMIHOM Ta 3HATTS
3aXHMCHOI TPYNH Jla€ BIAMOBIAHUN amil 4a 3 KiJIbKICHUM BUXOJ0M. HarpiBanHs
pPO34YMHY aMiny 4a B alleTOHITPWII TIPHU TEMIIepaTypl KUIIHHS 3 BUKOPUCTAHHSIM
kapOoHaTy Kajilo sK OcHOBU pano 3,3-nudtopo-1,5-miazenan-2-on Sa 3
XopomuM BuxojoMm (puc. 5). Jlama Merommka mpekpacHO MacmTabyeThes 1
JT03BOJISIE CHHTE3YBATH MPOAYKT Y MYJbTUTPaMoOBHUX (110 50 I') KITBKOCTSX.



H,N .Boc
PINTNN e e [ j x HCI
Br\F><ffOOE H Br\><[(N\/\N,B0c (0)
t —_— —
MeOH o H CH,Cl,
100%
0,
99% 3a
4 exB K,CO F
B F F g MeCZN ’ R<~’£/O
r N
\>ﬂ( NH, x HCI1 — HN
o 81°C \_NH
71%
4a Sa
Puc. 5.

Huxye HaBeneHO CTPYKTypH CHHTE30BAaHUX TETEPOLMKIIB S0-K 13
Bapialli€l0 3aMICHUKIB y TIOJOXEHHSX | Ta 5-7 uyepe3 BUKOPUCTAHHSA
PI3HOMaHITHHX 3aMillleHuX |,2-eTunenaiaminis (puc. 6).

5i Si 5k
32% 79%* 70%* 50%*
Puc. 6.
Y  peakmiiHMX  yMOBaX,  AaHQJIOTIYHUX  CHUHTE3y  /-UJIGHHOIO

Tu(TOPOMETHUIICHBMICHOTO Jia3emaHoHy Sa, Oynu oTpumani 8- Ta 9-uneHHMI
romoJsiorn 6a,0 B MyibTurpamoBux (30 1) KuibkocTsAx. Buxim miaminiB 6 Ta
MIBUIKICTh PEAKIIil MUKIIi3aIii MaJaroTh 31 30UTBIIEHHSM PO3MIpY KUThI (puc. 7).
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Mu po3pobmnn 3pydHud METOJ] CHHTE3Y SIK MOHO3axuieHux 7/ i 9, Tak i
OPTOTOHAJIBHO JM3AXMINECHUX 8 HUKIIYHUX JlaMiHIB 3 JTU(QTOPOMETHICHOBOIO
JAHKOI0, SIKI € 3pYYHMMM OUIIIHr-OJIOKaMH JJis OpraHidHoro cuHTe3y. Bci
peakuii B JaHOMY pAJl TNEPETBOPEHb MPOXOJATHh 13 BHUCOKMMH BHXOJAMHU
IIJIbOBHX CIOJYK (pHC. 8).

H\/]NH MeCN H\/] H r® \r/] CH,Cl,
85-88% n=1-3 100%

n=1-3 95% n=1-3
5a, 6a,0 7a-B
F
&F H, N
Bn-N pd/C HNR? n =2 (7a-9a)
N.g — - n = 3 (76-96)
oc MeOH Boc
n=1-3 ¢ _ n =4 (78-98)
93-95% n=1-3
8a-B 9a-B
Puc. 8.

TakuM YMHOM, Ha OCHOBI JOCTYITHOT BUX1AHOI CIIOTYKH — €TUII-3-0poM-2,2-
Tu(dTOPOIPOIIaHOATy HaMH pPO3pOOJICHA TMpenapaTuBHA METOJIUKA CHUHTE3Y
HUKITIYHUX J1aMiHIB 3 JA(QTOPOMETUIICHOBOIO JIAHKOK — TMEPCIEKTUBHUX
pEareHTiB AJIS MOITYKY PEYOBHH 3 BUCOKOIO O10JIOTTYHOIO aKTHUBHICTIO.
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PO3POBKA, CUHTE3 TA IN VITRO IPOTUBIPYCHUI CKPUHIHT
MOXIAHUX OKCA30JI0[4,5-d[IITPUMIAUHY

Bemnirina €.C., Kauaesa M.B., ITinso C.I'., )Kupnos B.B., bposapens B.C.
[actutyTt 6100praniyHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
jeniokvelihina@gmail.com

CHHTE30BaHO JEB’ATHAIIATL OKCca30i0[4,5-d]|mipuMiIuHIB Ta TPOBEIACHO
OILIIHKY IN VItro ix mpoTHBIpyCHOI aKTUBHOCTI IO BigHOIICHHIO 10 Tphox JJHK
BipyciB. JKogHa 13 CHHTE30BaHHUX CIOJYK HE THPOJAEMOHCTpyBajia CYTT€EBOI
MPOTUBIPYCHOT aKTUBHOCTI IIOJI0 MPOTECTOBAHUX BIPYCIB U€pe3 BUCOKUM PIBEHb
IUTOTOKCUYHOCTI. OTXe, OCHOBHMM 3aBJaHHSM MOJAIbIIOI (DYHKI[IOHATI3AI1
Kapkacy okcaszojo[4,5-d|mipuMiiuHy € 3MEHIIICHHS TOKCUYHOCTI Ta IiABUIICHHS
CEJIEKTUBHOCTI IMOXITHUX.

Kmouoei  cnosa: oxcazono[4,5-d]mipuMiguHu, CHHTE3, NPOTHUBIPyCHA
AKTUBHICTb.

Nineteen oxazolo[4,5-d]pyrimidines were synthesized and their antiviral
activities against three DNA viruses were evaluated in vitro. None of the
compounds synthesized demonstrated antiviral activity against the viruses tested,
with high levels of cytotoxicity being a frequent limitation. Therefore, the main
task of further functionalization of the oxazolo[4,5-d]pyrimidine framework is to
reduce toxicity and increase the selectivity of derivatives.

Keywords: oxazolo[4,5-d]pyrimidines, synthesis, antiviral activity.

B ocraHHI AECATWIITTS TOCHJIEHE BHUKOPHCTAHHS IMYHOCYNPECOPHOI
Teparii B IMOEJHAHHI 3 BHUIIUMU ITOKa3HUKAMHU BIDKMBAHHS Y TAII€HTIB, SKI
MPOXOJASTh JIKYBaHHS B TaKuM CrociO, MpUBENO A0 30UIbIICHHS MOMYJSLi 31
3HauHUMH JAedekramu iMyHHOI cuctemu [1,2]. [lamienTtn, siki OTPUMYIOTH
IMyHOCYIIPECOPH, MAIOTh MIJIBUILIEHUNA PU3UK PO3BUTKY PEAKTUBALIlT MPUXOBAHUX
a00 CyOKJIIHIYHUX BIpyCHUX 1H(EKIIN (Tak 3BaHUX BIPYCHUX OMOPTYHICTUUHHUX
1H(peKII), HAUTIOMUPEHIIUMHU 3 AKUX € IuToMmeranoBipyc moanan (HCMV),
Bipyc BiTpsiHOi Bicniu (VZV), Bipyc npoctoro reprnecy (HSV), Bipyc maminomu
moaunan (HPV) 1 BK Bipyc (BKV) [3]. Onoprynictuusi iH(eKii HaigacTiie
TPAIUBIIOTECA B TEPINl KUIbKA MICSIIB TICAS TOYaTKy IMyHOAedinmury 1 €
OCHOBHMMHM NMPUYUHAMHU 3aXBOPIOBAHOCTI Ta CMEPTHOCTI CEpeJl TAKUX MaI[i€HTIB.
[Tokazano, mo mpodigakThKa Ta paHHE JIKyBaHHS BIPYCHHMX 1H(EKINH MoKpa-
IIYIOTh SIKICTh Ta TPUBAIICTH JKUTTS JIIOJICH, B SKUX € TMOPYIICHHS IMYHITETY.
Po3pobka edexkTrBHUX MpemnapaTiB uis NPOQPUIAKTUKH Ta JIIKYBaHHS BIPYCHHX



OTIOPTYHICTUYHMX 1H(EKII Mae HaA3BUYAMHO BaXKJIMBE 3HAYEHHS A
MPOJOBKEHHS KUTTA MAIIEHTIB 3 IMyHOACPIITUTOM.

binukiiyHi apoMaTUyH1 TeTePOIUKIIM, 10 SKHUX HajekaTh CHHTE30BaHI
CHONYKH, € A00pe BigoMuMu (apmakodopamu y po3poOIli HOBUX JIKAPCHKUX
3aco0iB. IloximHi Okca3oiy Ta MIPUMIAMHY, a TaKOX iX 3JUTI TETEPOLIMKIIN
NPOSIBIISIIOTh IUPOKHIA CHEKTP MPOTHBIPYCHOI akTUBHOCTI [4,5], BKIIOYAIOUN
OMOPTYHICTUYHI BipycH [6-8]. OqHak okcazono[4,5-d|mipuMiguan Ha BiMIHY Bij
okca30i10[5,4-d|mipumiguHIB OyJIM CHHTE30BaHI B OOMEKEHIH KIUIBKOCTI, IO
npuBeso a0 Opaky OiojoriyHux gociikeHb [9]. Takox HemoJaBHO HaMH
CHUHTE30BaHO HU3KY MOXITHUX OKca30Ji0[4,5-0]mpuMiauHy, sSKi MPOSBHIN BUCOKY
IPOTHUPAKOBY aKTUBHICTH [10-12].

Cunte3 okcazono[5,4-d]mipumiguuis  1-13, 300paxkeHnx Ha puc. |1,
3IHCHIOBABCS ONTUCAHUM paHilire criocooom [10-12].

H
a KNP
Cl o N. _Ar!
J , / ) N—_ Ny
N @) Ar)kN (ii) Ar </ ‘ \r (iii)

HN.__NH o) NH

II Arl m O

(m) Ar _</ :I/\rY ( iiii) Ar _</ Y

113 NR'R?
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1 5 mo/ 3 @j\@a 4 @]\f/ 5 OgNHz
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Oow 9 % EN] ) @)
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u N\/GV 12 QQ& 13 \OH

Puc. 1. Cunre3s okcazono[4,5-d]mipumiguniB 1-13. PeaktuBu Ta yMOBHU:
(i) amiguaTigpoxnopuan, TEA, TT'®, 3. ym., 48 rox; (ii) Py, xum’ stinus, 10 rox;
(iii) POCl3, Me,NPh, 105-110 °C, 3 rog; (iiil) amin, TEA, giokcaH, KHIT ATIHHS,
6 rox
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Sk BuXiIHI CyOCTpaTH BHUKOPHUCTOBYBAJIWCH JOCTYMHI OKca3ojgoHu |.
Oxcazono[4,5-dmipumigua-7(6H)-orm 11l Oynm  oTpumani 3a  JIOIIOMOTOIO
npoctoi mocaigoBHOCcTi peakiii [—II—III [13]. XnopyBaHHS mUX CIOIYK
(POCI; (magmumiox), Me,NPh, 105-110 °C) npuBoauTh 10 yTBOPEHHS 7-XJIOp-
3aMinieHux okcaszoiio[4,5-d]mipuminuniz 1V [10-13]. O6poOka cmomyk 1V
NEePBUHHUMHU a00 BTOPUHHUMH aMiHaMH B MPUCYTHOCTI TPUETWIIAMIHY B J1OKCaH1
3 BHCOKMMH BHXOJAaMH Ja€ BIANOBIAHI 7-amMiHO3aMillleHi OKca3ojo[4,5-
d]mipumiguan 1-13. Ckiazg i 6yaoBa cronyk 1-13 miATBEpIKEHO 3a JTOIOMOIOI0
eJIeMEHTHOT0 aHaisy, cniektpis IMP 'H i *C ta mac-crektpomerpii.

Cunre3 okcazono[4,5-d[mipumignHiB V' 3MIHCHEHO aHAJIOTIYHO MONepe-
HBO TIOBIZIOMJIEHMM MOXiTHUM, SK 300pakeHo Ha puc. 2 [10-12]. Ix o6pobka
ankia- abo apuiCyNb()OHUIXJIIOPUAAMH Y TPHUCYTHOCTI TPUETWIAMIHY THpHU
KHIT'ATIHHI B JI0KCaHI IPUBOIUTH J0 HOBHX OKca30ii0[4,5-d]mipumiaunis 14-19.

Ar—</ \r (l—m)> Ar—</ :Q/Y ﬂ» Ar—</ j/\/w/

Cl

n n
v Vv ) 14-19 )

= H I/O
(n=12) &

0 "R

N NY@ N NY@ N NY@
OIfN OIfN 0%
N N] [N]
N Ny Yo
14 §* 57 o
N 15 O,,s\@ 16 @\

ﬁ(} @ﬂj@ @ﬂq(j

C), C),
) SO O

17 PN 18 19

Puc. 2. Cuntes okca3zoino[4,5-d|mipumiaunis 14-19. PeakTrBu Ta yMOBH:
(iiii) amin (HiHepaBI/IH abo 1 4-z[ia3enaH) J:[iOKcaH KHIT SITIHHS, 6 TOJ;

AxtuBHIicTe moao HCMV, VZV ta BKV omiHmoBamu 3a J0ONOMOTIOIO
IPOTUBIPYCHOTO CKpHMHIHTY IN Vitro. JlaHi, oTpuMaHi miJ dYac BHBYCHHS
NPOTUBIPYCHOT AKTUBHOCTI JAOCITIKYBAaHMX CIIOJNIYK, MOPSAA 13 TO3UTHUBHUM
KOHTPOJIEM 111010 KOXKHOTO BipyCy, HaBe/IeH1 B TaOmuIl 1.
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Taoauua 1
In Vitro akTUBHICTH IMOX1THUX 0Kca30710[4,5-d|nipuMianHy B IEpBUHHOMY aHaTi31
11010 JOCJIIPKYBAaHUX BIPYCiB Ta IIUTOTOKCUYHICTh KJIITHH

CHOJIyKa EC50 ECgo CC50 Sl 50 Sl 90
[{uTomeranoBipyc JTIOAUHA
1 >6,00 >6,00 13,79 <2 <2
I'annukaoBip 1,10 >150,00 | >150,00 >137 1
2 >1,20 >1,20 4,83 <4 <4
3 >6,00 >6,00 20,63 <3 <3
4 >1,20 >1,20 5,82 <5 <5
5 >150,00 | >150,00 | >150,00 1 1
6 >150,00 | >150,00 | >150,00 1 1
7 >30,00 >30,00 91,42 <3 <3
11 >150,00 | >150,00 | >150,00 1 1
12 >1,20 >1,20 3,14 <3 <3
IN'anuukaosip 0,68 141,52 >150,00 >219 >1
8 >6,00 >6,00 18,13 <3 <3
10 >30,00 >30,00 92,21 <3 <3
17 >150,00 | >150,00 | >150,00 1 1
18 >30,00 >30,00 105,32 <4 <4
19 >1,20 >1,20 3,05 <3 <3
14 114,11 >150,00 | >150,00 >1 1
15 >30,00 >30,00 88,41 <3 <3
16 >30,00 >30,00 96,24 <3 <3
I'annukJ0Bip 0,94 >150,00 | >150,00 >159 1
Bipyc BiTpsiHO1 Bicniu

1 >1,20 >1,20 3,76 <3 <3
3 >30,00 >30,00 37,54 <1 <1
4 >6,00 >6,00 21,47 <4 <4
5 >150,00 | >150,00 | >150,00 1 1
6 62,07 109,73 >150,00 >2 >1
7 >30,00 >30,00 87,35 <3 <3
ANMKJIOBIP 3,28 22,29 >150,00 >46

2 >6,00 >6,00 16,88 <3 <3
8 >6,00 >6,00 18,06 <3 <3
10 >30,00 >30,00 87,08 <3 <3
11 >150,00 | >150,00 | >150,00 1 1
12 >1,20 >1,20 3,64 <3 <3
17 81,07 141,75 >150,00 >2 >1
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CHO.]'IyKa EC5O ECgo CC50 Sl 50 Sl 90
18 >30,00 >30,00 100,07 <3 <3
19 >1,20 1,20 3,16 <3 <3
AIIUKJIOBIp 2,25 20,38 >150,00 >67 >7
14 139,62 >150,00 | >150,00 >1 1
15 >30,00 >30,00 73,83 <2 <2
16 >6,00 >6,00 16,94 <3 <3
AIIUKJIOBIp 2,25 20,38 >150,00 >67 >7
BK Bipyc
2 >6,00 >6,00 17,19 <3 <3
3 3,51 >6,00 23,53 7 <4
4 0,22 4,94 18,64 85 4
8 2,41 5,94 19,40 8 3
10 >30,00 >30,00 77,00 <3 <3
11 >150,00 | >150,00 | >150,00 1 1
12 >1,20 >1,20 5,32 <4 <4
14 >150,00 | >150,00 | >150,00 1 1
15 >150,00 | >150,00 | >150,00 1 1
16 >30,00 >30,00 86,07 <3 <3
17 119,82 >150,00 | >150,00 >1 1
18 >30,00 >30,00 93,31 <3 <3
19 >1,20 >1,20 5,27 <4 4
uxodosip 0,24 9,53 >150,00 >600 >16
9 >1,20 >1,20 5,68 <5 <5
13 >1,20 >1,20 3,60 <3 <3
Muxodosip 4,62 54,50 >150,0 >32 >3

AHani3ylouu OTpuMaHi pe3yJibTaT, BCTAHOBJICHO, IO CIONyKa 4 — € TUHUMN
MpEICTAaBHUK OKCA30JIOMi pUMIINHIB, KU nposiBUB akTuBHICTH (BKV EC5,=0,22,
Sl5=85), mpoTe TecTyBaHHS 3a JOMOMOT0I0 BTOPUHHOTO aHATI3y HE MiJATBEPIAUIO
fioro mpotuBipycHy akTtuBHICTE (ECs50=15,12, Sl50=2). Pemra cnoayk He
JEMOHCTPYBaJIM CIPUSTIMBOI NpOTUBIpycHOI Aii. Bapro 3ayBaxuTu, 1o
3HaueHHsI CCsy BKa3ylOTh Ha BHUCOKUH CTYHIHb IIUTOTOKCHYHOCTI O1IBIIOCTI
BUNPOOYBAHUX CIOJNYK. TaKMM YMHOM, 3MEHILIEHHS TOKCUYHOCTI Ta 30UIbIIECHHS
MPOTUBIPYCHOT aKTUBHOCTI IUISIXOM MOJAJbI0T Moaudikalii O1YHUX 3aMICHUKIB
JOCTIIKYBaHUX MOX1THUX € OCHOBHUM 3aBJIaHHSAM HACTYITHOTO CHHTE3Y 3 METOIO
MIJBUILIEHHS iX TPOTUBIPYCHOI €PEKTUBHOCTI.

Bucnosnioemo noosxy Hayionanenomy ¢onoy Oocnioxcenv Yxpainu
(xouxypc HOIY "Hayka ons besnexu moounu i cycnitocmea"” Ne2020.01/0075)
3a iHaHCco8y NIOMPUMKY .
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ASYMMETRIC SYNTHESIS OF CYCLOPENTANE DERIVATIVES -
IMPORTANT CHIRAL SYNTHONS OF BIOLOGICALLY ACTIVE
COMPOUNDS

Prysiazhnuk D.V., Kolodiazhnyi O.I.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
a_vot_i_pdv@ukr.net

The optically active halodihydroindenols and dihydroindenediols are
components of many biologically active natural compounds, being important
pharmacophore groups. In the present work, to obtain the above compounds with
a high degree of optical purity, the resolution of racemates into enantiomers using
enzymes is proposed. Burkholderia cepacia lipase (BCL) and Novozym 435 was
used to separate racemic indenols. Racemic indenols were Kinetically trans-
esterificated with vinyl acetate in organic media in the presence of a BCL
biocatalyst. As a result, acylated indenols of (R)-absolute configuration and
unreacted indenol of (S)-configuration, which were separated into individual
compounds by column chromatography, were obtained. The enantiomeric purity
of the compounds was determined by the derivatization with Mosher acid. The
absolute configuration of the compounds was established by the Kazlauskas
method and X-ray analysis.

Keywords: kinetic resolution, Burkholderia cepacia lipase, Candida
antarctica lipase B.

OnNTUYHO AaKTUBHI TaJOrEHAMTIIPOIHACHONM 1 JAWTIAPOIHACHIIONH —
KOMITOHEHTH 0aratbox O10JIOT1YHO aKTUBHUX MPUPOJHUX CIIOJIYK, € BOKIUBUMH
dbapmakoopHUMHU YTpYITyBaHHSAMH. Y TPEICTaBIICHIM POOOTI IJIi OTpUMAaHHS
BUIIEBKA3aHUX CIOJIYK BHCOKOTO CTYIEHS ONTHYHOI YHCTOTH 3alpOTIOHOBAHHIA
MO/ paleMaTiB Ha EHaHTIOMEpPH 3a JO0NOoMOror ¢epmeHTiB. [ns momimy
paleMiyHHX iHACHOJIB BUKOprcTOBYBaH Jiinasu Burkholderia cepacia (BCL) ta
Novozym 435. PanemiuHl 1HACHOJU MiAjaBaiu KiHETUYHIM mepeecTepudikariii
BIHIJIAIIETATOM B OPTaHIYHUX CEPEJOBHINAX y MPUCYTHOCTI Olokaramizaropa. Y
pe3yJIbTaTi OTPUMAHO allMJIbOBAHMIA 1HACHOI 3 a0COIIOTHOKO KoHirypariero (R) i
1HIICHOJI, [0 HEe TMpopearyBaB, KoHpiryparii (S), ski Oymu pos3aijeHl Ha
1HIMBIAYyaJibHI CTIOJYKH KOJIOHKOBOIO XpoMartorpadier. Y pe3yiabTari OTPUMaHO
cHaHTiOMepHO u9ucTi (S)-rasoreHingaHoaun 1 (R)-ameTokcuraioreHiHIaHy.
EnanTiomMepHa 4YHCTOTa CHOJMYK BHU3HAYEHAa 3a JOMOMOTOI0 JepuBari3allii
KUCJIOTO0 Morepa. AOCOMIOTHY KOH(DIrypalir0o ONTUYHO AKTHBHUX CIIOJYK
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BCTAHOBJIFOBAJTH 3a JIOTIOMOTI0t0 mpaBmia Kasznayckaca Ta peHTTeHOCTPYKTYPHOT'O
aHaiza.

Kmouosi cnosa: xinernune posaiienns, Burkholderia cepacia mimasa,
Candida antarctica ninasa B.

Chiral derivatives of cycloalkanols are important synthons for the
preparation of many chiral natural and synthetic biologically active compounds
(Fig.1). The vicinal amino alcohol moiety is an important component of a wide
variety of natural compounds and biologically active molecules. Chiral cyclic
1,2-amino alcohols are important structural components of a large number of
pharmaceutical. For example, peptide nucleic acids are key enzymes of protease
inhibitors of the Human immunodeficiency virus, and metabolites of mammalian
aminoindane. We have developed an asymmetric biocatalytic approach to the
preparation of optically pure stereocisomers of cycloalkanols [1-3].

o .
? 0 NH N N>— NH OH
7
o =
o Al
I
HO QS
Malaria plasmepsin inhibitor KNI-10006 PDE inhibitor
Et
Q HO/
~"N ﬁ OH
H HN-50: | LN
N z N
MeO OH N : 0} H
0 HN O
KV 1.5 inhibitor Indinavir

Fig. 1. Some important biologically active compounds bearing cyclopentane ring

To obtain chiral cyclopentanediols and pyrrolidinediols, we used the
method of double kinetic resolution of racemates (fig. 2,3). First, cyclic alcohols
1, 6 was subjected to transesterification using biocatalytic acylation in the
presence of Amano PS lipase and then the resulting ester 3 was hydrolyzed in the
presence of Novozym 435 biocatalyst [4-6]. As a result, the cyclic diols 5, 9 were
obtained with optical purity of 96% ee. The optical purity was studied by
derivatization with Mosher’s acid (fig. 4).
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Fig. 2. The resolution of pyrrolidinediols
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Fig. 3. The resolution of cyclopentaine diols
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Fig. 4. F NMR spectra of Mosher’s acid derivatives of diol 9 (Fig. 3)

The structure of the compounds was confirmed by NMR spectroscopic
studies. Thus, in the *H NMR spectrum of the N-Boc derivative, signals of the
tert-butyl group, signals of the cyclopentane ring in the form of multiplets of the
corresponding integral intensity, and also signals of NH-protons are found. The
3C NMR spectrum contains signals from the carbonyl group at 155.9 ppm,
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signals from the tert-butoxyl group at 29.3 ppm, signals from the t-BuO group, as
well as **C signals from all five carbon atoms of the cyclopentane ring.

One of the most important cyclopentan derivatives are indanes. These
compounds contain cyclopentane ring and are cyclopentan derivatives. Optically
active halogenated dihydroindenols and dihydroindendiols are components of
various biologically active compounds. They are receiving close attention as
synthetic building blocks for pharmaceuticals, insecticides, peptide nucleic acids,
and bioregulators. Such as Indinavir — an oral drug for the treatment of human
immunodeficiency virus infection is Ladostigil, a drug for the treatment of
Alzheimer's and Parkinson's disease [7].

The kinetic resolution of racemic dihydro-1-indenols rac-10 was carried out
using enzymatic transesterification (fig. 5) with vinyl acetate in the presence of
various biocatalysts or enzymatic hydrolysis (fig. 6). A simple stereoselective
method was developed for obtaining dihydro-1-indenols substituted in the
aromatic ring in high yields and high chemical purity. As a result, indenols
containing various substituents in the aromatic ring of high optical purity were
obtained in good yields in the form of colorless crystalline substances in good
yields.

)
H,0 OH

X \/Ofo X X X
-T 0, T
) (R) s (S
OH Lipase o -
5

rac-10a-d (R)10a-d (S)-11a-d (S)-11a-d
Fig. 5. The resolution of indanols

Racemic halodihydroindenols were resolved into enantiomers by lipase-
catalyzed transesterification with vinyl acetate or isopropenyl acetate diisopropyl
ether in the presence of Burkholderia cepacia lipase (BCL). In this case
(R)-halogenohydroindenols 10 were isolated in 45% vyield at 96-98% ee
(enantiomeric excess) and (S)-halo-dihydro-indene acetates (S)-1la-d were
obtained in 40-45% vyield at 93-95% ee after column chromatography with a total
yield reaction 85-90% (fig. 5).

Resolution of dihydroindenols proceeded in high yields and with good
optical purity. The introduction of a tert-butyldimethylsilyl group into the
aromatic ring increased the efficiency of the racemate separation into
enantiomers. Hence, it can be concluded that an increase in the volume of one of
the two substituents attached to the secondary alcohol promotes a more
stereoselective packing of the substrate in the active center of the enzyme. As you
know, the active center of lipases includes two cavities in which the secondary
alcohol is located in accordance with the size of the substituents (fig. 6). As it is
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known, enantiomerically pure haloindanols were obtained with 99% ee and the
corresponding halo-dihydro-indene acetates were isolated with 96% ee. It was
found that tert-butyl methyl ether (MTBE) as a solvent, Burkholderia cepacia as
a biocatalyst and a temperature of 35 °C are optimal conditions for the kinetic
separation of halogenated indanols 10a-d. In this case, completion of the reaction
at 50% conversion led to the formation of only one (i)-enantiomer of indenol
acetate. As a result, unreacted indenol with the absolute configuration (S) and
acylindenol of (R)-configuration were obtained, which ensured the separation of
stereoisomers of this mixture with high chemical yield and in high optical purity.

OH OH
@6 +-BuMe,SiCl
R
OH OSiMe,Bu-¢
rac- rac-
\,OT,O i \,OT,O
0 0 9
(R) (S) (S)
+
OH OH OSiMe,Bu-
88% ee 82% ee ($_4a_d 96% ee (R)'Sa'd 92% ee
OH OH OH OH
@5’” ©f>@ @@R) ©f>@
OH OH OH OH
87% ee 82% ee 99% ee after 98% ee after
crystallization crystallization

Fig. 6. Resolution of dihydroindenols

In the course of the current project on the asymmetric synthesis of
intermediates, in order to obtain biologically active compounds with the precisely
defined absolute configuration, we had to study the geometric and absolute
configuration of 1,2-haloindanols, which had previously been determined using
chemical correlation. However, in some cases, these data have led to certain
inconsistencies in the definition of the configuration of products [5]. Therefore,
we decided to study the absolute configuration of cis- and trans-vicinal
2,1-bromindanols by physicochemical methods, including X-ray diffraction
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analysis. 2,1-Bromindanols contain two asymmetric centers and therefore four
stereoisomers are possible for them. In accordance with the arrangement of
substituents in the cyclopentane ring, these stereoisomers can be represented as
two pairs of enantiomers and two pairs of diastereoisomers (fig. 7).

° SH ! HQ g ° ? | 19 g
©3((é)'Br i Br"(-s~)<:© CQ((QBr i Br(—m@
(1S,2R)-12 ><'>< (1R,25)-12 (15,25)-13 ><‘>< (1R,2R)-13
O(;{ HO (R) (?,:{ 19 (S)
@3(.}\?1Br Br & C@éBr Bru.(fs)<‘:©
(1S,2R)-12 (1R,2R)-13 (1R,25)-12 (1S,2R)-13

Fig. 7. Stereoisomers of 2-bromindanols

We found that racemic 2,1-bromindanols can be efficiently resolved into
enantiomers using lipase-catalyzed transesterification with isopropenyl acetate in
methyl tert-butyl ether in the presence of Novozym 435® (immobilized lipase SP
525 from Candida Antarctica B) up to 50% conversion (fig. 8). The progress of
transesterification was monitored by TLC and NMR. Then the lipase was filtered
off, and the reaction mixture, which consisted of acetate and unreacted alcohol,
was separated using flash chromatography. As a result, (1S,2R)-2,1-bromindanol
(-)-1 was isolated in yield 42% and with 94% ee (ee — enantiomeric excess).
(1R,2S)-bromo-2,3-dihydro-1H-inden-1-yl acetate (+)-2 was obtained in 35%
yield and with 93% ee after column chromatography. Then the acetate was
hydrolyzed with potassium carbonate in methanol to afford the second
enantiomer (1R,2S)-1. Under similar conditions and with the same results, were
obtained trans (1S,2S)-2,1-bromindanol and trans-(1R,2R)-2,1-bromindanol
acetate. Hydrolysis of the acetate with Novozym 435 and buffer 7.2, furnished the
corresponding trans-(1R,2R)-2,1-bromindanol (fig. 3). Thus, we obtained all four
stereoisomers of 2,1-bromoindanols 12,13, that is a condition for the
unambiguous determination of absolute configuration of these compounds (fig. 7)

[6].
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Fig. 8. Enzymatic kinetic resolution of racemic cis- and trans-bromindanols

Stereoisomers of 2-bromindanol are colorless crystalline substances, the
structure and chemical purity of which were confirmed by *H, *C NMR spectra
and GC/MS-spectrometry. In the *C NMR spectrum, the chemical shifts of 8¢ in
pentane ring of trans-indanol appear at 54.47 ppm (CHBF), the dc¢ signal of the C-
OH group was observed at 83.33 ppm. Whereas, in the case of cis-indanol, the
signals of the corresponding carbon atoms are detected at 60.70 (CHBr) and
76.26 ppm (CHOH). In the proton resonance spectra, the signals of the BrCH-
CHOH group are at 4.90 (CHBr) and 4.96 (CHOH) ppm. The vicinal coupling
constant *Juy of the HC-CH group in the trans-isomer is 5.5 ppm. and the
coupling constant *Ju4=7 Hz, that corresponds to a dihedral angle of 145 degrees
in the trans-2,1-bromindanol molecule if we take into account the Karplus
equation (fig. 9B) [7]. In addition, the trans structure of bromindanol was
confirmed by NOE experiments (fig. 9A). In the *H NMR spectra of cis-2,1-
bromindanol, the oy signal of the CHBr group is found at 4.9 ppm, and the signal
of CHOH at 4.95 ppm. Both signals are doublets with a constant *J,,=3.4 Hz,
that corresponds to a dihedral angle of 40 degrees between hydrogen atoms in the
HC-CH group in good agreement with the conformational models shown in fig.
9C.

H—Juy=7 Hz 3Jun =3.4 Hz
H
OH -
Br
B OH
B
A C

Fig. 9. Determination of the structure of the cis and trans isomers of
2,1-bromindanols using the NOE NMR experiment (structure A) and
conformational models (structures B and C)
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The absolute configuration of cis- and trans-2,1-bromindanols was studied by
enzymatic resolution using the Kazlauskas rule (fig. 10) and X-ray structural
analysis (fig. 11) [8].

To predict the absolute configuration of resulting products obtained by
enzymatic Kinetic resolution of the racemic product, the Kazlauskas rule is applied.
This empirical model is an extended Prelog rule, which is based on the assumption
that enantioselectivity is proportional to the difference in size between large (L) and
medium (M) substituents in the substrate, as well as to the structure of the lipase.
The physical essence of the Kazlauskas rule is determined by structure of active
center of lipases, which has two pockets — one is larger and the other is smaller. In
accordance with the structure of the active center, the orientation of the secondary
alcohol occurs and the esterification/hydrolysis of the corresponding esters proceeds.
Kazlauskas' rule allows to establish the absolute configuration of separated
2,1-bromoindanols. According to Kazlauskas' rule biocatalytic acetylation of
2-halocyclohexanols should be (R)-selective, leading to the formation of
(1R,2S)-acetates and (1S,2R)-reacted cycloalkanols (fig. 10).

OAc OAc

(R (S) 4Br R (RBT

A B

Fig. 10. Determination of the absolute configuration of 2,1-bromindanol
stereoisomers predicted by the Kazlauskas rule

The results in determination of absolute configuration obtained by means
of the Kazlauskas rule were confirmed by X-ray structural analysis of the cis- and
trans-stereomers of 2-bromo-2,3-dihydro-1H-id-1-ols. For this purpose, the
synthesized stereomers were thoroughly recrystallized. After recrystallization of
the bromoindanols, the optical purity of samples was on the level of 99% ee.
Then, crystals of cis- and trans-stereomers were grown and studied using X-ray
diffraction analysis. As a result, the complete coincidence of both methods in the
determination of geometric and absolute configurations of cis- and trans-2,1-
bromoindanols was attained. Thus, the absolute configuration of the four
stereomers of 2-bromo-2,3-dihydro-1H-id-1-ols was established and the
reliability of these two methods was compared in accordance with that shown in
fig. 1. As a result of comparing the two methods, it was possible to confirm that
the enzymatic determination of the absolute configuration is as reliable as X-ray
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diffraction analysis. Full crystallographic data for X-ray analysis of
2,1-bromindanols are deposited in the Cambridge Crystallographic Data Centre
(CCDC No. 2075405 and 2075406) (fig. 11).

Fig. 11. Determination of the absolute configuration of 2,1-bromindanol
stereomers by X-ray diffraction analysis

The optical purity and enantiomeric excess (ee) of the prepared compounds
was established by derivatization with (S)-(-)-a-methoxy-a-(trifluoromethyl)phe-
nylacetic acid (MTPA, Mosher's acid). The stereomers of cis- and trans-2-bromo-
2,3-dihydro-1H-idene-1-ols as well as their racemates were derivatized with
MTPA and the purity of every sample was studied using ‘H and *F NMR
spectroscopy.
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CHUHTE3 KAPBO- TA TETEPOIIUKJIITYHUX CUCTEM HA OCHOBI
ANIOPATHYHUX AKPHJIOHITPUJIIB

Tomon A.A., 21“pp1111y1< O.B,, 1’2K0H1[paT013 I.C., 'Tepyc LL
YrcTuTyT Gioopramiunoi ximii Ta HadToximii im. B.IT. Kyxaps HAH Ykpainn
Enamine Ltd. Byn. UepBoHoTkampbka 78, M. Kuis
a.gomon@mail.enamine.net

Po3po6ieno Ta  BUKOHAHO CHHTE3  (QYHKI[IOHAJIBHUX  MOXIJHHUX
4-nu/TpudmyopomeTiii-2-rerepo0inukio[2.1.1]rekcanoBux cucteM sik Quryopo-
BaHMX OIUKIIYHUX MPOJIHOBHX AHAJOTIB Ta (PEeHUIbHUX 130cTepiB. JloCaiKeHo
iX (h13MKO-XIMI4HI XapaKTEPUCTUKHU 1 OI[IHEHO MOIOHICTh A0 CIOIYK-TiIEPIB.

Knrouosi cnosa: cuntes, OILUKIOTEKCaH, MPOJIiH, 130CTep, OLIIMHT-OJIOK,
¢bayop, mipois.

Synthesis, physico-chemical characterization, and lead-likeness assessment
of 4 di/trifluoromethyl-2-heterobicyclo[2.1.1]hexanes as fluorinated bicyclic
proline analogues and phenyl isosteres are presented.

Keywords: synthesis, bicyclohexane, proline, isostere, building-block,
fluorine, pyrolysis.

OCTaHHI AECATHIITTA 3pPOCTA€ iHTEpeC O SP°-36araueHHUX OiLMKIIYHHX
CIOJIYK SIK 3 OOKy OpraHiuHoi, Tak 1 Meau4Hoi ximii. [lepexbayanocs, mo Taxi
MOJIEKYJISIPHI CTPYKTYPU MOXYTh MOKpalIUTU (PapMaKOKiHETUYHI BIACTHUBOCTI
MOTEHIIIHHUX JIIKapChbkuX 3aco0iB [1-4]. 3ampomoHOBaHO pAl HACUYEHUX
OlUKIIIYHUX 010130CTepiB, MO0 3aMIHUTH TUIOCKI apOMAaTH4YHI KUIbI[S, Takl SIK
oensen. OnuH 13 HavBigoMimux € Oirukno[1.1.1]nenran (BCP) [5-8] (puc. 1).

Fsp * solubility
_—) | _———
¢ LogP

0 Q\ﬁne-tuning
RF
done by \ X

Nature itself
O/Coz- conformational CO, f
_—)
NH,* restriction NH,*

proline 2,4-methanoproline

Puc. 1. 2-T'erepobirukiio[2.1.1]rekcanu: 130cTepu OCH3EHY Ta aHAJIOTH
IPOTIHY/ PO ANHY

26



Y miit poGori M Oynau HalUJIeHI Ha CHHTE3, (DI3UKO-XIMIYHY
XapakTepUCTHKYy Ta  OLIHKY  JiA-nmomioHocti  4-mu/Tpudiyopomerni-2-
retepoOinukio[2.1.1]JrekcanoBux OyaiBeNbHUX OJOKIB — TOOTO (DIIyopoBaHUX
2,4-MeTaHOTPOJIIHOBUX aHAJIOTIB Ta PeHun-i3octepis (puc. 2).

F F

X=HorF
X coy || X FG ol
F F FG = CO,H, CH,NH,,
+
NH, o CH,I, C=CH etc.
proline analogues phenyl isosteres

Puc. 2. Meta po6otu: 4-1u/TpudryopoMeTHILOBaHI MOXITHI
2-rerepobirukiio[2.1.1]rekcaniB

KitouoBuii eranm CHHTE3y BKJIIOYaB HOJOIUMKIIZAINI  (IyopOoBaHUX
3-amiHO(TiApOKCH)MeTUIMETHIICHITMKI00yTaHiB.  [loTeHmian Bka3zaHux Oymi-
BEJIbHUX OJIOKIB MPOJEMOHCTPOBAHUI TI'EHEpall€l0 BIPTYaJbHUX CKJIAJIHHUX
610J110TEK 3a I0OMOror0 IporpamMHoro 3abe3nedeHHss LLAMA.

OxpiM BIANOBIAHUX 4-11/TpUIyOopasIKia 3aMillleHuX 2,4-METaHOIPOJIIHIB,
Oynmo ojaepkaHo cepito  (GayopoBaHHX  2-okcabimukiio[2.1.1]rekcaHoBux
OyIiBeNbHUX OJIOKIB, SIK1 € IEPCIIEKTUBHUMHU Y MEIUYHIN X1Mii (Taki SIK IEpBUHHI
Hoauau, KapOOHOBI KUCJIOTH, CIUPTH, a3Ud, IEPBUHHI aMiHU, CYIb()OHIIXJIO-
puau Ta aikiHu). Jns penpe3eHTaTUBHUX TMOXITHUX OTPUMAHUX (DIyOpOBaAHUX
2-okcabimmkio[2.1.1]rekcaniB BuMipsnu 3HaueHHs pK, Ta logP mi1st yrounenns ix
MOTEHIIATy SK MOXJIUBUX (PeHIIpbHUX 130cTepiB. OKpiM €m0 MiABUIICHOT
KHCJIOTHOCTI, CIIOCTEpirajacs TOHKO HajalToBaHa JNOQiIbHICTh, MPOMIKHA
MK He(IyopoBaHUMHU 200 apOMaTUYHUMH aHAJIOTAMH.

3renepoBaHi 3a mornomoror LLAMA 6i6mioTeku 1ie Kparie miIxoauId 10
JTA-MOAIOHOr0 XIMIYHOTO MPOCTOPY 1 Maju BUULY TPUBUMIPHICTH, HOPIBHSHO 3
aHaJoramH, 1110 OTpUMaHi 3 HeIyopoBaHUX a00 apOMaTUYHUX MOXI1THUX.

Orxe, y miii poOOTI MM BUKOHAJIA CHHTE3, 3MIMCHWIN (PI3UKO-XIMIYHY
XapaKTEPUCTUKY Ta OLIHKY JIA-MOAIOHOCTI 4-au/TpudiyopoMeTui-2-reTepo-
Oiuukno[2.1.1]rekcanoBux  OyAiBeNbHUX  OJIOKIB, TOOTO  (hIyopOoBaHUX
2,4-MEeTaHOIPOIIHOBUX AHAJIOTIB Ta (PEHUIBHUX 130CTEPiB. 3 ypaxyBaHHSM BCiX
pe3yibTariB, MU BBaxaeMo, 1o BkazaHi CF3;- ta CHF,-3amimeni 2-rerepo0i-
nukio[2.1.1]rekcann  CKOpO 3HAWIYyTh CBO€ 3aCTOCYBaHHA JUIA IOLIYKY
JKapChKUX 3aCO0IB Ta B 1HIIKUX O0JACTSX.
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OLIIHKA IIMTOTOKCUYHOT' O BILUIMBY JOBI'OJIAHLIOTOBUX
OHIEBUX COJIEM HA PAKOBI JITHII KJIITUH JIIOJUHA

['puntokoBa A.B., Kosanimun B.B., Poranscekuit C.I1., 'oguna JI.M.
[actutyTt 6i00praniyHoi ximii Ta Hadroximii iM. B.I1. Kyxaps HAH Ykpaiau
a.griniukova@enamine.net

Y poboTi mportecTtoBaHa HOBa mporHo3yrda QSAR-momens Ha OCHOBI
METO/ly MITYYHUX HEHUPOHHUX MEpEX, 10 MOXKE 3aCTOCOBYBATHUCH Y IMOIIYKY
HOBUX IMTOTOKCUYHHMX areHTiB, $Ki OyayTh €(QEKTUBHUMH B MPHUTHIYEHHI
OHKOTeHe3y. HallOunblll akTHBHI CIOMYKH 3 BIPTyaJlbHOTO Ha0Opy, OI[IHEH1 3a
po3pobieHor QSAR-monento, BiiOpaHi JUisl OIIHKA [IUTOTOKCUYHOTO e(EeKTy
HA JIiHI{ KJIITHH aJIecHOKapIMHOMU ropTtaHi mroanau HEP-2.

Kniouogi cnosa: QSAR, nipuuHi€eBl col, IUTOTOKCUYHICTD.

The study assesses a new predictive QSAR model based on the method of
artificial neural networks, which can be used for the search of new cytotoxic
agents that will be effective in oncogenesis suppression. The most active
compounds from the virtual set, evaluated according to the developed QSAR
model, were selected to assess the cytotoxic effect on human laryngeal
adenocarcinoma cell line HEP-2.

Keywords: QSAR, pyridinium salts, cytotoxicity.

OpHi€ro 13 HAWMOMIMPEHIIUX TPUYUH CMEPTHOCTI Cepel] JOJEH y CBITI €
onkosioriuni matojorii. ¥ 2020 poui maibke 30% cmepredt Oynu HacTigKoM
ypakKeHHsI OHKOJIOTIYHUMHU 3axBoproBaHHsMU [1]. He nuBnsuuch Ha Te€, IO
KUTBKICTh TPOTHPAKOBHX JIIKAPChKUX 3aco0iB, 3arBepmkenux Food and Drug
Administration (CIIIA), 3 K0O)XHIUM pOKOM 3pocTae [2], Hu3bKa e(PeKTUBHICTH Ta
BHCOKAa TOKCUYHICTh ICHYIOUHMX IIpenapariB MOTpeOye MONIyKYy HOBHUX METOJIB Ta
3aco0iB 'y 00poThOi 3 OHKOTeHe30M. OJHUM 13 TEPCIEKTUBHUX HAIMPSMKIB
BB@)XAIOTh MOLIYK LMTOTOKCUYHUX AareHTiB, sSKi OyayThb €(QEeKTUBHUMH B
MPUTHIYEHHI OHKOTE€HE3y Ta CEJICKTUBHUMHU IO BIJHOIICHHIO 10 3JI0SIKICHUX
KJIITHH.

Came TOMY akTyaJdbHUM € JOCIHIKEHHS €(PEKTUBHOCTI OHIEBUX COJieH
(OC), sxi Hapa3l IMMPOKO 3aCTOCOBYIOTHCS SIK TPOTUMIKpOOH1 3acobm [3].
OCHOBHI JOCHIIDKEHHSI B 1[I raimy3i OOMEXYIOThCS JIMILE OILIHKOK BILIUBY
OHIEBUX COJICH Ha >KUTTE3JATHICTh KJITHH, 1 JIMIIE B HEBEIUKIM KIIBKOCTI
JOCTIKEHbh aBTOPU HaMaralroTbCs 3’ACyBaTH MEXaHI3M iX ITUTOTOKCHYHOCTI.
[Tornmubnene po3yMiHHS MeXaHI3MIB MPOTUNYXJUHHOTO edekty OC cnpustume
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pO3p0o0Ii HOBHX CHOJIYK 13 IMJIECHPSIMOBAHOK MPOTUITYXJIMHHOK AaKTHBHICTIO
[4,5].

Mertoro poGoTH OyJI0 JOCTIIUTH HMUTOTOKCUYHY 10 MIPUAMHIEBUX COJICH
Ha JyiHiP0 pakoBux kimithH HEP-2 meromamm in silico ta in vitro. O6’ekramu
JTOCIIDKCHHST Oyl TMIPpUJIMHIEBI COJl 13 alKUIBbHUMHM 3aMICHUKaMH PI3HOI
nosxkunu (puc. 1).

Cnomyxka 1 Cnomnyxka 2 Cnomnyka 3

Puc. 1. CtpykTypu JOCHIIIKEHUX MIPUAUHIEBUX COJIEH 13 alIKIIbHUMU
3aMICHUKaMH P13HOT JOBXKUHU

[[UTOTOKCHYHY aKTUBHICTH CIIOJIYK OILIHIOBAIH IN VItrO, BUKOPHCTOBYIOUH
KJIITUHHI JIiHIT ageHokapiuHomMu roprani moanan HEP-2 sk tectoBuii 00’€KT.
BunpoOyBaHHSI UHUTOTOKCUYHOI AaKTUBHOCTI TMPOBOAMIM Ha 96-TyHKOBHUX
KyJIbTypaldbHuX IutaHmerax 3 mosnictupony (Capmrenr, Himewunna). 100 mxon
CyCleH3li KIITHH y KyJbTUBYBAIBHOMY CEPEJOBHINI TMPU HIIBHOCTI KIITUH
5x105 xmiTUH/MI JonaBaiu B JYHKU IUIAHIIETIB 1 KyJabTuByBasn npu 37 °C B
atmocdepi 5% CO, npotarom 24 roIuH A0 TOBHOTO (pOpMyBaHHS KIITHHHOTO
MOHOIIApYy.

Criosyku po34MHSIIN Y AUCTUILOBaHIM Bojl abo 1,5% JIMCO no kiHieBoi
koHrentparii 2000 mMxr/mi. B okpemiil miaHIIeTi roTyBajlu CEpiiiHI JBOKpATHI
abo0 necaTukpatHi po3BeeHHs. DiHalbHA KOHIIEHTpALlisl CIIOMYK ISl ABOKPATHUX
po3Benens gopiBaroBana: 1000; 500; 250; 125; 62,5; 32,25; 15,63; 7,81; 3,91;
1,95 mxr/mn ta mans aecstukpatHux posseaeHn: 200,0; 20,0; 2,0; 0,2 Ta 0,02
MKI/MIL. JIocniipKyBaH1 CIIOSYKHM BHOCHWJIM B IUTAIIKM 3 KJIITUHAMU B 00cs31 100
MKJI. [{lUTOTOKCHYHY [if0 CMIOMYK BUMIproBanu yepes 24, 48 ta 72 roxa iHKyOarii 3
KJIITUHHOIO KyJbeTyporo mpu 37°C npu 5% CO,. BumiproBanuii napametp [Csg
BUPAXEHUH SK KOHIICHTpAIlisl CIONYKU (MKM), sika CIPUYUHSIE CMEPTHh KIITHH Y
MOJIOBUHM JOCTI)KyBaHUX 00’ekTiB. KoiituHHa 3arubens BuW3Ha4amacs 3
MOCUJIAHHSAM Ha KOHTPOJIbHI 3HaueHHs (0e3 JOCHIKYBaHOTO 3 €qHAHHSA).
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Hucnnatun [6] K XiMiOTepaleBTHUYHUN Mpenapar, 1110 BUKOPUCTOBYETHCS JIs
JIKyBaHHS Psiy BUIIB paKy, OyB EpeBipeHUH K MO3UTHBHUM KOHTpoJb. IMCO
(1,5%), 1mo BUKOPUCTOBYBaBCA Yy HAIIOMYy JAOCHIDKEHHI SK PO3YMHHUK,
TECTYBAJIU SIK HEraTUBHUI KOHTPOJb.

VY tabnumi 1 mpeacTaBiieHi pe3yibTaTH MPOTHO30BAHOI Ta EKCIIEPUMEH-
TaJIbHOI aKTUBHOCTI IIPUJMHIEBUX cojied Ha pakoBid miHii kmituH HEP-2.
AKTHBHICTb npesicTaBiieHa y 3HadeHHsX [Cs.

Taoanua 1

[{uTOTOKCMYHA aKTUBHICTH COJICH MIPUINHIIO HA MOJEITI JIiHII paKOBUX KIITHH

HEP-2
In vitro aktusHicTh (1Csp,
[Iporno3oBana .

: in silico akTuBHICTH 1M) 3a inepasiom

Ne Cinp CITOCTEPEKEHHS, TOJT

Lg (1/1Cg) | 1Cs (UM) 24 48 72
1 g’rCH"‘COOCS' 4,31 48,9 359,43 | 139,54 | 139,54
2 ?I/rCHZCOOCm- 4,78 16,6 | 122,82 | 2054 | 20,54
3 ?I"CHzcoocﬂ' 4,88 132 | 0,181 | 0,181 | 0,181
4 | Qucrmarun - - 39,77 | 39,77 | 39,77

VY pe3ynbTati TOCIiHKEHHS MOKHA CTBEPKYBATH, 110 po3podieHa QSAR-
MOJIeIb YCIIIIHO Tiepeadadae IMUTOTOKCUYHUM €(DEeKT OHIEBUX COJIeH. A TaKoOX,
TECTOBaHI OHi€BI coii e(peKTUBHO iHTIOYyIOTH picT pakoBux KiaiTuH HEP-2.
Takoxk, BaXJIMBO BIAMITHTH, IO B JOCHIIKEHHI CIOCTEPITraeThCsl KOPPEsLis
PIBHSI IIUTOTOKCUYHOTO €(PEKTy Ta JIOBXKWHU AJKUIBHOTO JaHIfora. Tak, cuib 3
anKUIbHUM pajukaioMm C12 BusiBUiIacs HaWOLIbII aKTUBHOO 31 3HaUeHHsIMH [Csg
0,18 MxM mpoTu miHii paKy ropTaHi JIOJUHU. 3MEHIIEHHS JOBXUHHA aJKITEHOTO
JAHLIOTa TPUBENIO O 3HUKEHHS IIUTOTOKCHYHOI Mii JOCHIDKEHUX CoJieh
nipuauHiro. OAHAK ClIig 3a3HAYUTH, 10 MIPUAUHIEBA CLIb 3  aJKIJIBHUM
panukagoM C10 3a 48-72 roj ciocTepeKeHHs MPOsIBUIIA BUIITAN IIUTOTOKCUYHMIN
epexkt (20 mMxM) y mnopiBHsSHHI 3 pedepent-npenaparom llucnmatunom (40
MKM).

Takum yuHOM, Metomamu in Silico Ta in Vitro oTpumaHo HOBI pe3yabTaTH
010 IUTOTOKCUYHOI AaKTHUBHOCTI TIPUJMHIEBUX COJEH 3  aJKUIbHUMU
panukanamu noBxuHOI0 8, 10 1 12 aromiB Byruemnto. Po3pobnena QSAR-Monens
[MUTOTOKCHUYHOI AKTHUBHOCTI MPEJICTABISETHCA BAXKIUBUM 1HCTPYMEHTOM ISt
IPOTrHO3yBaHHS HOBUX MOTEHUIMHUX aHTUPAKOBUX areHTIB.
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BILJINB TETPAME THJINITTEPAINH-N-OKCHAIY HA PO3BUTOK
BAKTEPII1 PSEUDOMONAS SYRINGAE Y JJUCTKAX TPAHCTEHHUX
JIHINA POCJIMH 3 MYTALISIMHA Y TEHAX ®OC®O.IIIA3
TA JIAIAJITJIIIEPOJKIHA3

Heper’sHuyk M.B., Byxoncska f.K., Kpaseus B.C.
[HCcTUTYT Gi00praniuHoi Ximii Ta HadToximii iM. B.I1. Kyxaps HAH Ykpainu
derevmyk@ukr.net

BusnauenHo, mo TerpameTmiminepuauH-N-oKCUlT 3HAYHO  IM1ABHUIILYE
3axucHI peakiii TpancreHaux JiHid dgkldgk2 i dgk3dgk7 3 myramismu B reHax
130bopM  mlanMIrIineposKiHa3, SKi BIIITPalOTh OJIHY 3 KIIOYOBUX pOJIb Y
KJIITUHHIA CHUTHami3alli 1 ONOCEPEAKYBAaHHI CHUTHAJIIB 3 HABKOJMIIHBOIO
cepenoBuia. Y ToM ke yac JiHii hpclnpcdnpc6 i npc2npc4npct 3 myraiisiMu B
reHax (ocharuaunxonin-riapomsyrunx (ocdominaz C, HaBmaKH, MPOSBISIH
OuTpIIy WyTIUBICTh 10 iH(ekmii P.Syringae mpu oOpoOIli TeTpaMeTHIITiNepHIHH-
N-okcuaoM.

Krouosi cnosa: TEMPOL, Pseudomonas syringae, criiikicts, Arabidopsis
thaliana.

It is determined that tetramethylpiperidin-N-oxide significantly increases
the protective responses of the transgenic lines dgkldgk2 and dgk3dgk7 with
mutations in the genes of diacylglycerol kinases, which play a key role in cellular
signaling and signals transduction from the environment. On the contrary, the
lines npclnpcdnpc6 and npc2npcdnpc6 with mutations in the genes of
phosphatidylcholine-hydrolyzing phospholipases C showed greater susceptibility
to P.syringae infection when treated with tetramethylpiperidin-N-oxide.

Keywords: TEMPOL, Pseudomonas syringae, resistance, Arabidopsis
thaliana.

Terpamerunmninepuand-N-okcua abo 4-rigpokcu-2,2,6,6-TeTpamerusiiimne-
punuH-1-okcun (TEMPOL) — Bomopo3unHHUE MEeMOPaHOTIPOHUKHUN CUHTETHY-
HUN MIMETUK cymnepokcuna aucmytasu. TEMPOL moxke jerko B3aeMOIsTH 13
akTUBHUMHU (popMamu KUCHIO (ADK), BUCTymaroyu B pojl aHTHOKCHAAHTA, IO
Ma€ BaXITMBHI 3aXUCHUI e()eKT Y MPOTU/Iii PO3BUTKY OKCHIATUBHOTO cTpecy [1].
Binomo, mo TEMPOL 3pnaTHuii BIJHOBIIOBATH €HEpProreHepyroul QyHKIii
MITOXOH/IPIH, SIKI MPHUTHIYCHI OKCUJATUBHUM cTpecoM y kiituHax [2]. ITonpu
¢yskuito antuokcunanta, 1EMPOL e BizoMuM 1HIYKTOPOM T'€HIB aKBarlOpHHIB
Ta Ba30IPECUHY, €KCIIPECIS SIKUX MPUTHIYEHA LUCIUIATUHOM, BiH TAKOX 3/1aTHUMN
3HWKYBATH TMOIIKOKYIOUNH ePeKT NUCIUIATHHY Ha HUpku mutied [3]. [cHyoTh
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naxi mpo posib TEMPOLYy B iHriOyBaHHI pOoCTy MyXJUHHUX KIITHH [4], a Takox y
npurHiveHHi perutikaiii Bipycy SARS-CoV-2 y kiniTuHHUR KyabTypi [5].

VY npeacrasieHiii poOOTI MPOBOIMIOCS JOCHIIKCHHS 10 BHU3HAYCHHIO 1N
vivo ¢yrkmiiit TEMPOLYy y peryisiii 3aXucHUX peakiliii pOCIHH y BiAMOBiAb HA
pO3Mi3HaBaHHsI OaKTepialbHUX KIITUH 3 BUKOPUCTAHHSIM MOJEIBHOT POCIMHHOI
cuctemu Arabidopsis thaliana.

JIns BU3HAYEHHS CTIMKOCTI POCIAMH 10 Jii OakTepialbHOTO ypaKeHHS
BUKOPHCTOBYBABCS PE3UCTEHTHUI 10 pudamminuny mram P.syringae DC3000.
baktepii kynpTUBYBanucs mpoTsaroM 48 roauH Ha TBEPIOMY arapu3oBaHOMY
cepenouii LB. V nmonanpmomy KIiTHHM 3MHBaliU 3 TMOBEPXHI CEpeIOBHINA Ta
pecycrenayBand y 10mM MgCl,. BumiproBanu ontuuny ryctuny mpu 600 HM Ta
PO3BEICHHAM TOBOIMIH KOHIEHTpAIiio 6aktepiii y cycmensii 1o ODgge=1 (2x10°
writua/Ma). Jns iadikyBanas wmetomom “flood-inoculation” mpopoctku ko-
iHKyOyBanucst y cycmensii Oaktepii y koHueHtpamii ODgyp=0,015. VY
MOJIaJIbIIIOMY aHAJI3yBall PO3BUTOK CHMITOMIB 3aXBOPIOBAHHSA Y MPOPOCTKAaxX
(mexnopodizailisi, HEKpo3 TKaHHUH). {151 KUIBKICHOTO aHai3y BMICTY OakTepiil y
TKaHMHAX POCIMH 3pa3Ku BiAOWpanucs Ha 2-i JeHb micias 1H(QIKyBaHHS [0
PO3BUTKY CHUMITOMIB jexjopodizailii TkaHuH. [H]ikoBaHI 3pa3ku MPOPOCTKIB
MmigaBaIucs 30BHIMHIN crepmmzanii 'y 5% H;O, (5 XxB) nmna aeakTtuBarii
OakTepiil, Kl 3aJMILAIUCA HA MOBEPXHI TKAaHWH MICHS Mpolecy 1H(QIKyBaHHS.
[ToTiM 3pa3ku TOMOTEHI3yBalld Yy MAMCTWILOBaHIM BOAI 1 TPOBOJIWIH CEPII0
possefens romorenary (Bim 107 mo 10™). 20 MKI pO3BEIEHOTO TOMOrEHATY
BHCIBAJIM HAa TOXKMBHE arapyM3oBaHE CEpeNIOBHINE i3 BMICTOM pudamminuHy 50
MI/J Ta aHaTI3yBajH KITBKICTh KOJIOHIN yTBOprorounx onuuuilb (KYO) micns 48
rOJIMH 1HKYOAIlli.

PesynbTaTit HOCHiKEHb CBiMYaTh, o y nopisasHHI i3 flg22 TEMPOL He
BUSIBJISIB 1HAYKINI 3aXMCHUX peakilii y POCIMH AUKOTO THIYy YM TPAHCTCHHHX
miHid npclnpcdnpc6 Ta npc2npcdnpc6. Kimpkicte KYO y Bcix BapiaHnTax
HE3HAYHO 3pocTana y BiANoBiasr Ha 00pooky TEMPOL (puc. 1). V Toii ke gac
obpooka flg22 cyrreBo 3HMXKyBana KiabkicTh KYO y pociuH AMKOro THIy Ta
miHid npclnpcdnpc6 i npc2npednpc6 (puc. 1). Tpancrenni minii npclnpc4npc6
Oyymu Oinpm wytiuBi no iHdekmii P.syringae DC 3000, HiX pOCIUHH JHUKOTO
tuny. i gaHi cBiguath npo posib 130popM PochaTHANIXOMIH-T1APOTIZYIOUUX
dochomnaz C y mporecax posmizHaBaHHS 1HGEKIT Ta I1HAYKIIT 3aXHUCHHUX
MEXaH13MiB.

VY nopiBHSHHI 13 pociuHamu qukoro tuny tpancrenn dgkldgk?2 i dgk3dgk7
3 MyTallisMd B TeHaX 13000pM TIalWITIINEPOJIKIHA3 TaKoXK Oynu OiIbId
yyTiuBuMHU 10 iHekuii P.syringae. [Tpu upomy minis dgk3dgk7 Oyma menm
pesuctentHa 10 iHdekmii. TEMPOL mnposiBUB €(QeKTUBHICTh Yy 3HIKCHHI
kimpkocTi KYO Oaxrepiit y miniin dgkldgk2 i dgk3dgk7 (puc. 2). O0poOka
TEMPOLowm y 3HauHi#i Mipi IHIyKyBaJla 3aXUCHY PEaKII0 Ta CYTTEBO 3HIKyBaja
kumekicth KYO, Buminenwmx 3 miHiii dgkldgk2 i dgk3dgk?7. BiporimgHo, Takwii
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edexT OyB TOB’sA3aHUM 13 IHAYKIIEO HeCHeNU(PIYHUX 3aXUCHUX PEaKIlii, sKi
Oynu 3HIDKEHI 3a BiACYTHOCTI (pyHKHioHanbHHUX 130dopM JIAI-kina3. Anami3
BIAMIHHOCTEH y YyTJIMBOCTI JIiHIN 10 iH(EKIi BKa3ye, mo i3ohopmu dgk3 i dgk7
€ OLIpII KPUTHYHMMHM JUIS 1HIYKIIT 3aXUCHUX peakiiil Bifg OakTepianbHOT
iHpekmii. Y Toi xe ywac TEMPOL BusiBnsie mMaiiky oqHaKoBY €(pEKTUBHICTH B
IHAYKIT 3aXMCHUX peakifiii B 000X TpaHcreHHux minHigx dgkldgk2 i dgk3dgk?,
IO BIPOTIHO BKAa3ye€ Ha 1HAYKIIIO aJbTePHATUBHUX MEXaHI3MIB, AKi 3aMIHIOIOThH
nporiecu 3 ydacTio JJAI'-kiHa3.

KYO / Mr cupoi Baru
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31191

KOHTPOJb Tempol

KYO
S S

o

OWT Onpclnpcdnpe6 Mnpc2npednped

Puc. 1. Kinskicts KYO y pociivH AUKOTO TUITY 1 TPAHCTEHHUX JITHIN
npclnpc4npc6 ta npe2npednpceb y Biamosins Ha xiro TEMPOLy 10° M
an mrerrruay f1g22 10° M npu indikysauni 10-gennunx npopoctkis A.thaliana
metonoMm «flood-inoculationy
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Puc. 2. Kinskicts KYO y pocaun qukoro Tumy i TpancreHHux JiHii dgkldgk2
ta dgk3dgk7 y Bizmosins Ha airo TEMPOLy 10 M npu indikysansi 10-1eHHuEX
npopocTtkiB A.thaliana metonom «flood-inoculationy
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TakuM 4uHOM, OTpUMaHI pe3yJbTaTu cBig4aTh mpo Te, mo TEMPOL moxe
BIUTMBATH Ha 3aXMCHI peakilii pOCIHNH, CIOPSAMOBaHI Ha aJanTaiiio MeTabomi3mMy
KIITHHA B yMOBax OakTepiadbHOTO ypakeHHs. [Ipu mpoMy He3HAUHE 3HMKCHHS
CTIMKOCT1 Y pociuH AuKkoro Tumy mnpu oopodii TEMPOLowMm BiporizHo Bka3ye Ha
sHmkeHHs edextuBHOCTI ADK curnamizaiii, ska npuitMae y4acTb y TpaHCIYKITIT
CUTHAJIB MU po3Mi3HaBaHH1 OakTepiit. [Ipu oMy, B pa3i BIZICYTHOCTI BaXKJIUBHUX
JAHOK BHYTPIMHBOKIITUHHOI  docdommianoi curHamzamii (JAIl-kiHa3mn)
TEMPOL 3natHuil iHAyKYBaTH KJIITUHHY BiAMOBIb, HAIIPABIICHY Ha ITiIBUIIICHHS
CTIHKOCTI KJIITUHU 0 0aKTEPiaIbHOTO ypaKEHHS.

Poboma euxonana 3a niompumxu npoexmy Hayionanvnoi axademii nayk
Yrpainu Ne 2.1.10.32-20 ma npoexmy L[II/]® «Po3pobka cmpameeii po3eumky
npiopumemnux Hanpsamis ximiiy» N00112U002657.
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IHOIYK TA CUHTE3 ITPOTUBIPYCHUX AI'EHTIB
CEPEJl ITOXITHUX ABOTUCTUX 'ETEPOLIUKJIIB

Kauaera M.B., Conomstaauii P.M., [Tineo C.I'., [lla6nukin O.B., bposapers B.C.
[actutyTt 6i00praniynoi ximii Ta Hadroximii iM. B.I1. Kyxaps HAH Ykpaiau
kachaeva@bpci.kiev.ua

Jlis psimy HOBUX a30TOBMICHHMX TETEPOIMKIIB Oylo JOCHIIKEHO iX
AKTUBHICTh MPOTHU BIPYCIB, 110 BUKJIMKAIOTH OMOPTYHICTUYHI 1H(PEKIIIT Y JIFOAUHN
(uMTOMEranoBipyC JIIOAWHHM, BIpyC HalUIOMHA JIOAUHHU, MOJIOBIpyC 1
nomoMaBipyc moauHu). Cepell HHUX 3HAWACHO «CTPYKTYpU-TiAepu», SKi
XapaKTEepU3yIThCS BUCOKUM PiBHEM 1HT10YIOYOI1 /i1 Ta 3HAYHOIO CEJICKTUBHICTIO
010 LIMUTOMETAJIOBIPYCY, TMOJIOBIpyCYy Ta MamiioMu Bipycy. BuBueHo
3QJICKHICTD iX aKTUBHOCTI B1Jl CTPYKTYPH.

Kntouosi cnosa: okcazonu, Tia30JiM, OKCOIMIJIAa30JIIMHU, Tiposio[3,2-
dJmipuMmiguan, iMigaso[1,2-CloipuMinuan, mnipumino|1,6-ajmipumiantu, Bipyc
MAIMJIOMH JIFOJUHU, IUTOMETAJIOBIPYC, MOJIOBIPYC, TOJIIOMaBIPYyC, MT-CTEKIHT.

The activity against viruses caused opportunistic infections in humans
(human cytomegalovirus, human papilloma virus, poliovirus and human
polyomavirus) has been studied for a number of new nitrogen-containing
heterocycles. Among them «leader structures» were found characterized by a high
level of inhibitory activity and significant selectivity for cytomegalovirus,
poliovirus and papilloma virus. The structure—activity relationship is described.

Keywords:  oxazoles, thiazoles, oxoimidazolidines, pyrrolo[3,2-
d]pyrimidines, imidazo[1,2-c]pyrimidines, pyrimido[1,6-a]pyrimidines, human
papilloma virus, cytomegalovirus, poliovirus, polyomavirus, t-stacking.

Bimomo, 1o ju1st 6116IIOCTI BIPYCHUX 3aXBOPIOBAHb HE ICHYE MpETaparis,
AK1 O BIUTMBAJIM caMe€ Ha BIPYCHY perutikaiio. J(ekiabka Takux epeKTUBHUX JIKIB
OyJ10 CTBOpPEHO MPOTH rpuny, reprnecsipycis, BIJI ta renatuty C.

[cHYIOTB psAll CepHO3HUX 3aXBOPIOBAaHb, MOB’S3aHUX 3 1HPEKIISIMH, — TaK
3BaHl OMOPTYHICTUYHI 1H(ekii. BOHH € MpUYMHOIO CMEPTHOCTI Cepell XBOPHUX
Ha CHIJI, a Takoxx TUX J10JIeH, K1 CTPaKIAI0Th Bijl IOPYIIEHh IMyHHOI CUCTEMH.
CepitozHy  HEOE3INeKy MpeACTaBISIOTh  OMOPTYHICTUYHI  iH(eKmii, ki
PO3BHMBAIOTBCA HAa Tii ocnabaeHoi iMyHHOI cucTeMd. IX 30yJHMKaMH €
[IUTOMETAJIOBIPYCH, BIPYCH Tepriecy, NamiJoMH JIIOJWHA 1 TOJIOMaBipyc.
[utomeranosipyc (HCMV) nasBuuii npudauszuo y 60 % mgopociux jroaend B
eBponeiicbkux kpaiHax 1y 100 % y kpainax, mo po3BuBatoTecsi. HCMV e
CUCTEeMHOIO 1H(EKIi€l0, SKa MOXe BpaKaTH UUTYHKOBO-KHUIIKOBUN TpPAaKT,
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NEeYiHKY, TUXalbHy cucteMy Ta iH. [1]. Bipyc mpoctoro repmecy (HSV) moxe
BpaxaTu Oyab-sIKHA OpraH 1 CIM30BO-MIKIPHI MOKPWBH. B iMyHOKOMIIpOMETO-
BaHUX TMAIlEHTIB HaW4YacTilie pPO3BUBAIOTHCS 3aXBOPIOBAHHS CTPABOXOIY,
BEPXHIX IUXAIBHUX NUISAXIB, JIETCHIB 1 TEWiHKKA. B OLIbIIOCTI BUMAAKIB i
iH(]eKIii He CTaHOBJIATH HEOE3MEKH [JI JKUTTS, aje y JIIoAeH 3 IMyHHUM
nedIIUMTOM BOHHU 3/1aTHI BUKJIMKATH HEOE3MeuH1 JJIs 3JI0POB’Sl YCKIIaTHCHHS.

Bipyc maminomun moawau (HPV) € eTionoriyHUM areHToM IIHPOKO
MOIIUPEHUX JACPMATOJOTIYHUX Ta BEHEPUUHHUX 3axBoproBaHb [2]. Llsa iHdexuis
MO’KE MPUBOIUTH JI0 BCiX TUIOCKOKIITUHHUX THTPACHITEMATbHAX BUPA30K 1 PaKy
CTaTeBHUX OPraHiB, IMUWKK MaTKH, 3aaHboro mpoxony. [Tomomasipycu (BK 1JC)
BUKJIMKAIOTh HE(PPONaTiio, reMOpariyHuidi LUCTUT, & TaKOX CTEHO3 CEYOBOIY,
eHuedanT, MEHIHroeHle(palT, MHEBMOHIIO, BACKYJONAaTi0 1 KIITUHHUN pak
TUIBKM Yy JIOJed 3 mopyiieHuM imyHiteToMm [3], xoua > 80 % mopocioro
HaceJIeHHs ceporno3uTrBHe 10 BKV [4].

Kpaioro Tepami€ro npu OonopTyHICTUYHIN 1HPeKiii Oyn0 O BiJHOBICHHS
iMyHHOT GYyHKIII, ajie, 3a3BUYaid, 116 HEMOXJMBO IO MPUYHHI OOMEKEHOTO
PO3yMIHHS B3a€EMOJII MIXK BIpyCaMH 1 OPTaHi3MOM 3 MOPYLIEHUM IMYHITETOM, a
TaKoXX 3a OpakoM HEOOXiTHHUX JJI I[bOro (hapMaKOJOTIYHUX 3ac00iB. Y maHHit
yac HeMae JOCTYIMHUX MPOTUBIPYCHUX MperapaTiB JJid JIKyBaHHS 3aXBOPIOBAHbD,
noB’si3aHux 3 HPV, He3Bakaroum Ha BHCOKY IMOUIMPEHICTh LUX BIPYCIB 1 iX
€TIOJIOTIYHY POJb y PO3BUTKY aHOTEHITaNbHOI Auciuiadii 1 paky [5]. Takox,
He3Bakaroun Ha Mmaibke 50-piunuii mocBim mocmimkens BKV, mo mporo wacy
HEMae BIAMOBIMHOI epeKkTuBHOI Tepamii npotu Heoro [6]. [lorpeba x y HOBHX
AHTUTEPIIECBIPYCHUX CIOTyKaX 00yMOBIIEHA, TOJJOBHUM YMHOM, THUM, 10 B IaHUN
4ac BCl JIOCTYIMHI Mpenapatd MarTh a00 TOKCHYHI MOO1YHI edeKTH, ado J0 HUX
PO3BUBAETHCS PE3UCTEHTHICTh, @ €(PEKTUBHI BaKIIMHU BCE 1€ 3HAXOASATHCS Ha
ctamii po3pobku [7]. Kpim TOro, cTBOpeH1 mpemapaTd MNPOTH TEPIECBIPYCiB
3HIMAIOTh 1 3aM00IraloTh iX MPOsSBaM, aje HE 3HUILYIOTh MOBHICTIO. OCKUIBKU B
JAHUH Yac 1ICHYIOTh OOMEXKEH1 CIOCOOM JIIKYBaHHS IIUX 3a3BHYail JOOPOSKICHUX
iH(peknii, To mnoTpedba B po3poOll HOBUX €()EKTUBHUX aAHTUBIPYCHUX
mpenapariB Jjis JIIKyBaHHS OMOPTYHICTHYHHUX BIPYCHUX 1H(EKIIid, B 3B’SI3KY 3
POCTOM YHCJIa TMALIE€HTIB 3 CUMIITOMaMU IMyHOAE(IUTY, 3aBXKIU 3aJTUIIAETHCS
BHCOKOIO.

Hu3bKkoMONIEKYISIpHI  TETEPOIUKIN € OJHUMH 13 HaWMOMIMPEHININX
00’€KTIB cydacHOi OioopranHiyHoi Ximii. B iX cTpykTypy MO»Ha BBOJIUTH Oy/b-
Akl (papmakodOpHUl €IEeMEHT, HeOoOXimHWUU i B3aemojii ¢dapmakodopy 3
AKTUBHUMU JUITHKAMU OUTKOBUX MOJIEKYI.

Taki B3aeMondli BH3HAYAIOTHCS HU3KOIO HEKOBAJICHTHHX B3a€EMOJIN,
BKJIIOYAIOYM BOJHEBHH 3B’S30K, cuiau BaHn-nep-Baanbca ta m-edektn. OcTaHHS
B3a€EMO/II, HAa Hally JYMKY, € HalOUIbII TOHKUM (AKTOPOM MOJEKYISPHOIO
po3mizHaBaHHA. T-T-CTEKIHT BiAOYBA€TbCA MIXK €IEKTPOHHUMHU OOOJIOHKAMHU
reTepOLUKIIYHOTO JITaHAy Ta apUibHOTO KUIbLSI aMIHOKHCIOTHUX 3aJIMIIKIB
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(dbeHUTaNaHiHy, THPO3UHY 4YM TpunTodany OinkoBoi Mosiekynu. Kpim Toro,
N-m-3B’S3KM MDK HEMOAUICHHMH TlapaMd aMIHOKHCJIOTHHX 3alUIIKIB Ta
TeTePOLUKIIYHUM KUIBLEM TaKOX BIAITPalOTh CYTTEBY POJIb B MOJICKYJIIPHOMY
3B’A3yBaHHI 13 MIILIEHHIO.

BigmoBigHo 10 enexTpoctaTHaHol Mozeni Hunter-Sanders apomatudHOro
T-CTEKIHTa, sKka Oyya MiITBepHKeHa €KCIEPUMEHTAIBHO, €JIEKTPOHOAKIECTITOPHI
3aMICHUKH 3MEHIIYIOTh T-€JIEKTPOHHY TYCTHHY B KUIBLAX 1, TUM CaMUM
MOJIMIIYIOTh B3a€EMOII0 MK TETepOlUKIOM 1 Oiomosekysnoro. [, HaBmaku,
€JICKTPOHOAOHOPHI 3aMICHHKH TOCJIa0JIOITh M0 B3aemoio [8]. BpaxoByroun
naHHi (GaKTOpH, JOULTFHO CTBOPIOBATH TaKi T€TEPOIMKIIH, SIKI O Manu JOJaTKOBO
€JICKTPOHOAKIICTITOPHI TpyIH, 00 MOCUIIUTH 3arajJbHUN €NeKTPOHHUHN AediuuT
reTePOLUKIIYHOI CUCTEMH MOPIBHAHO 13 T-aM()POTEPHUM HE3aMIILIEHUM SJIPOM.

Mertoto naHoi po6oTH OyJ1I0 CHHTE3yBaTH HOBI a30TOBMICHI T€TEPOIMKIIIYHI
CHOJIYKH 13 PI3HUMH a30TO-, (pocPopo- Ta CIPKOBMICHHUMH 3aMICHUKAMH JIsi
MOJAJIBIIOTO BHMBYEHHS iX MPOTHUBIPYCHOI AKTUBHOCTI IMOJO BIPYCIB, SIKI
BUKJIMKAIOTh OMOPTYHICTUYHI 1H(GEHIIT Y JIFOAUHH.

CkpuHiHT cuHTe30BaHuX crnonyk mpoBoauBcs B National Institute of
Allergy and Infectious Diseases, National Institutes of Health (CIIA). s
JOCIIJDKCHHS TIPOTUBIpYCHOT il Oy BukopucTaHi komepuiriai Tectu: CellTiter
96® i CellTiter-Glo™ (Promega) [9]. Bonu Bu3Ha4YarOTh KUIbKICTh IPHCYTHHOTO
AT® B xuBux kimituHax. CellTiter 96® BHUKOPHCTOBYE CHEKTPOPOTOMETPUUHY
OLIIHKY (DepMEHTATHBHOTO BiTHOBJICHHS coiii TeTpasouito, a CellTiter-Glo™ —
dbepMmeHT moumdepasy, MO TeHEepye CTaOLILHUN JIFOMIHECIICHTHUM CHUTHAI.
Takox y JOCHIIKEHHSX BUKOpPHCTaHa KIJbKICHA TMOJiMEpa3Ha JaHIIOroBa
peakist (Q-PCR), 3a monomMororw sikoi BU3HAYAIOTh €KCIIPECII0 T€HIB Y PEKUMI
peanbHOrO yacy [10].

[Ipn ouiHLI TPOTUBIPYCHOI AKTHUBHOCTI BH3HAYAIMCS 1HAEKCH 1HT1OyBaHHS
BipycHOro 1utonatuaHoro epekry (ECsy — xoHIeHTpariss Air040i pedoBUHH, IO
3MeHIye BipycHy perutikamiro Ha 50 % (umonb/n)), murotokcndny aito (CCsy —
KOHIICHTPAIIis CIIOJIYKH, IO 3HKXKYE KUTTEMISIbHICTh KITHH Ha 50 % (uMob/))
Ta XiMiOTepaneBTHYHHUH iHaeKC (a00 1HAEKC CeneKTUBHOCTI, Slsg = CCxso/ECs).

Buxigaumu cnojiykamu It CUHTE3y TEeTEpOLMKIIIB 3 OJHIEI0 abo
JEKUIbKOMA €JICKTPOHOAKUENTOPHUMHU TpyHaMud € PI3HOMAaHITHI alMKIiuHI
peareHTd 3 €JEKTPOHOAKIENTOPHUMH TpyMaMH, SIKI BCTYNalOThb B Peakiii
reTepOIMKITI3allii 3 YTBOPSHHSIM HOBHX crioyiyk [11-17].

Jlis moIIyKy aKTHUBHUX CIIOJYK IIOAO BIpyCy HamiIOMH JIIOJWHU Oynu
CHUHTE30BaH1 0Kca3oiu 2, 4 1 7, a Takox Tiazonu 9. AHani3 pe3yabTaTiB CKPUHIHTY
MOKa3aB BHCOKY €(EeKTHUBHICTh JaHUX CIOJYK, SKa IMEpeBUIyBaja BlIOMMIA
npenapar [umnodosip, it SKOro XiMiOoTEepanmeBTUYHUMN 1HIEKC OMM3bKuN 10 1
(puc. 1) [18]. ¥V psany 4-uiano-1,3-okcazoniB (croayku 2 1 4) moximHi i3
aKUENTOPHUMHU Cylb()aMiTHUMU 3aMICHUKAaMU BHSIBWINCH AaKTUBHIIIMMH B
MOPIBHSHHI 31 CXO)KMMH PEYOBHUHAMHU, SIKI MICTSTh TOHOPHI amiHorpymnu. Kparry
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IPOTUBIPYCHY aKTUBHICTh B MOPIBHIHHI 3 OKCa3o0JiaMH 2 1 4 mokas3ajiu CIoJIyKH 7,
B SKHUX Ccyib(aMmiHa Trpyna po3TalioBaHa He B 5, a B 4-My MOJOXEHHI
TeTEePOLMKITY. SIK BUIHO 3 TaOJUIll, 1HJIEKC CEJIECKTHBHOCTI JUIsl HaWaKTHUBHIIIOI
CIIOJIYKH 7a focsirae 3HaueHHs 41.

[Ipu mocaipkeHHI TPOTUBIPYCHOT Aii Tia30diB 9, Kl CTPYKTYpPHO OJIM3BKI
70 OKCa3oJiB 7, BUSBUJIOCH, IO MapaMeTpu CIONYyK 9a-¢ MepeBUIIyBaH
AaHAJIOTIYHI TIOKAa3HUKHA KOHTPOJBHOTO TIpemapary, a CIHojiyka 9¢ BUSBHIACH
HAaKTUBHINIO HE TUIBKK Cepel Tia3omiB, aje 1 TepeBHINyBalia Iito
JOCIIKYBaHUX OKCA30JIiB.

CN CN

CN
N N N
A ﬁ\ Me / ﬁ\ is A X\S//O
o” N o] NH, o SN
Me Me 0 \\/
2a 4b OMe
ECsy = 23,81 Ec50 = 18,68 1\J Y ECsy=8,44 ECs) = 13,02
CCsy>100,00

CCs,>100,00 CCs>100,00 CCs,>100,00
Sls >4 S5 >5 Slso >12 SIs >8
@ Me Me
o /N o / O\ NH, N N ~Me
X,
Aﬁ\\@ % 1@ 1@
ECs50=2,43 ECsy = 6,12 ECs50 =491 ECsq = 21,94
CCsy>100,00 CCsy >100,00 CCsy >100,00 CCs, >100,00

SIsy >41 SIs >16 Slso >2° Slsp>5  NH,
/>:/ SN
o, NH2 o HN \ A

st o)

\0 o N
oPo.o o whed
H
Cidofovir OH
= = ECs)=148
ECsq = 9,62 ECs)=8,5 EC50 1,73 50
CCs >100,00 CCs>100,00 CCs >100,00 CCsy>200,00
) SIsy >58 Sls, >1

SIsp >10 SI5y >12

Puc. 1. [Ipotusipycna ais 1,3-okcazodiB Ta 1,3-Tia30511B Ha BipyC MamiJioMu
moauan HVP-11

Ha puc. 2 nmokazani pedoBUHM (5-aMiHOOKCA30JU 2, a TaKOXK OKcazoiu 4 i
11 13 cynbdamigHOIO TPYMOK B TIOJOXKEHHI 5 KUIBI), SKI BUSIBUIKCH
e(eKTUBHUMHU LI0JI0 LUTOMeranoBipycy. CHHTE30BaH1 CHOIYKH MPOSIBUIM TyKE
BHCOKY aKTHBHICTh, SKa 3HA4HO TIEpEBHUIyBajla KOHTPOJIBHUU TMpemnapar, a
oco0ymBoi yBaru 3aciyroByroTh moxiani 2d i 11 [19].
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(0]

e 2T
P\ Me ;o\ e 0
w0 @ T S

Ganciclovir

OH KS

ECs <0,05 ECs <0,05 ECs <0,05 HO 13  ECq=032
CCsy >150,00 CCsy=16,41 CCs9=87,28 CCs>150,00
Sl >3125 SIs >342 SIso >1818 SIs, >463

Puc. 2. IIpotusipycHa ais 1,3-0kca3oJ1iB Ha [IUTOMETANIOBIPYC JIFOAMHH, IIITaM
AD169 (xmituana minis: HFF)

[Ilomo momoMaBipyCcy aKTUBHUMHU BHSBHIIMCH TMOXIJIHI 2-0KCOIMIiAa30I1au-
Hy 13, ski mposBUIM ONM3BKY JO KOHTPOJIBHOTO TIpEmapaTy aKTHBHICTb.
HaiteexTuBHimor BusBuiach croiyka 13¢ (puc. 3) [20].

Me
O\],/NH 0\\5”0 o 0 O\\ 4 D \\”
R N Me
HN N H HN =N f Q\(
o’ Cl g3, o ¢l
ECs>6,00 ECs =5,47 ECs =543
CCsy =24,77 CCs) =56,12 CCsy>150,00 NH,
SIsy <4 S5, =10 SIs, >28 SN
Me |
o o/ 0O9 o) o 9 0] N/KO
\N 7 2 AN p
HN ( lL_o HN ( N HO b0 T'm
Cl cl Cl Cl on
13d 13e Cidofovir
ECs >6,00 ECsy=14,99 ECs = 4,65
CCs =16,92 CCs, >150,00 CCsy>150,00
Slsp <3 SIs, >10 Slsg >32

Puc. 3. [IpoTtuBipycHa ais 2-okcoimigazouniauniB Ha BK nomxiomasipyc
nroaunu Ty 1 (kimituHHA TiHisS: HFF)

JIns momryky HOBUX OlOAaKTMBHHUX PEYOBHH MPOTH IMOMIOBIpyCy Oyio
B1/1I0paHO psii HOBHX KOHJICHCOBAHMX TETEPOLMKIIB — MIpOJIONipuMiauHiB 16,
cepen sikuX croiiyka 16a mposiBuiia BUCOKY aKTUBHICTh, CYTTEBO BUIIY, HIK IJIs
KOHTposbHOTO mpemnapary IlipongaBip (puc. 4). BapTo 3a3HauuTH, 10 MOIIYK
HOBHX IpEenapaTiB 1010 MOJIOBIPYCY € aKTyaJlbHUM Ha ChOTOJHI, OCKIJIBKHU IIei
BIpyC 0COOJMBO HEOE3NMEYHHM YCKIAJAHEHHSIMHU Ui 370pOB’S, a caMe —
PO3BUTKOM HEOE3MEUHOI XBOpoOH mosiomiemt [21].

41



Ne S New Me
( N\N/ N [0
N N

16a 16b Pirodavir
ECSO =0,32 ECSO =4,6 —
CC4)>100 CCs,>100 2250 >(1)’025

50

SIg, >310 SIsq >22 ST, 240

Puc. 4. [IpoTuBipycHa akTUBHICTb Tiposio[3,2-d[mipuMiauHIB MO0 MOJIOBIpYCY
tuny 3, mram WM-3 (kiTuaHA niHis: Vero 76)

[Hmi npencraBHuku asomipuminuay 19 Oymm mportectroBani momo BK
MOJIIOMaBipyCy Ta TamnijoMu Bipycy monuHu (puc. 5) [22]. lomo mnepioro
mraMmy Oyiau mporecToBaHi aBi cmonykd 19a i 19b. AxTHBHICTH BUSBHIIACH
noMipHoto. Tpets cmonyka 19¢ Oyna BimiOpaHa aJis AOCIHIPKEHHS aKTUBHOCTI
10J10 TMAIJIOMH BIpyCy JIIOAUHU. BoHa BUsBUIIA 3HAUHY 1110, SIKa TIEPEBUIIyBaJa
KOHTPOJIbHUU Mpenapar.

Me(}s//o L Mo ﬁ @ % ﬁx
P

| A -HCl u o
N° O HO™ NS
OH H
19a Me\) 19b OH
19¢ Cidofovir
BK polyomavirus BK polyomavirus Human Human BK polyomavirus
papillomavirus papillomavirus
ECs = 0,66 ECs = 0,96 ECs=4,16 ECsy = 148 EC59=0,24
CCs >150,00 CCsy >150,00 CC5)>100,00 CC5)>200,00 CCs0 >150,00
Sls >229 Sl >157 SIsy >24 Sl >1 SI59 >600

Puc. 5. [IpoTuBipycHa aKTUBHICTh CYIb(POHUTBHUX MOXITHUX
iMiga3o[ 1,2-CloipumiauniB Ta nipumiao[ 1,6-a]mipuminHiB

TakuMm YMHOM, BCTAHOBJIEHO, IO HOBI CIOJYKA BHSBUIU BUCOKHMA
[IUTONATUYHUNA €(eKT 1 HU3BKY LMTOTOKCHYHICTh IOJ0 TNAaIiJIoMHd BIpYCY,
[IUTOMETAJIOBIPYCY, TMOJIOBIPYCY Ta IMOJIOMaBipycy, 1 MEpPEBUILYBaIH 3a LIUMU
MOKa3HUKaMK e(PEeKTH TpemapariB, K1 Ha 1M 9ac 3aCTOCOBYIOTHCS B MEIUIIHMHI.
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[Tpu mopiBHSHHI PE3ybTaTIB CKPUHIHTY CXOXKHMX CIOJIYK II0JI0 MamijOMH BIpyCy
JIOAVMHU TIOKa3aHO, IO BBEJACHHSI B MOJIEKYIY €JIEeKTPOHOAKLIETTOPHOI
CyJb(OHIJIAMITHOT TPYITH CPUSIE T1BUILICHHIO TPOTUBIPYCHOT aKTUBHOCTI.
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TIOHY Ta 3-aMiHO-2-IIMHAMOIN-5,5- TMMeTHIIMKIOreKcaH-2-eH-1-0Hy sK 1HT10i-
TOpiB TiyTatioH-S-TpaHcdepas. [leski 3 mUX CHOIYK JAEMOHCTpyBaiw in Vitro
MikpoMostsipHi 3HaueHHS |Cx.

Knrouosi cnosa: 1uribiTop, TiyTation-S-Tpancdepasa, XajaKkoHH, 9,5-AuUMe-
THJINUAKJIOTEeKcaH-1,3-110H.

2-Cinnamoyl-5,5-dimethylcyclohexane-1,3-dione and 3-amino-2-
cinnamoyl-5,5-dimethylcyclohexane-2-en-1-one derivatives were evaluated in
vitro as inhibitors of glutathione S-transferases. Some of these compounds
showed ICs, values in micromolar range.

Keywords: inhibitor, glutathione S-transferase, chalcone, 5,5-dimethyl-
cyclohexane-1,3-dione

XanKkoHU Ta iX CTPYKTYpHI aHAJIOTH MarOTh 3HAYHUN HAyKOBUM I1HTEpeC,
OCKIJTbKM  BUSABIISIIOTH MPOTUPAKOBY, NPOTUOAKTEplajbHy, MPOTUTPHUOKOBY,
MPOTUBIPYCHY 1 aHTHOKCUAAHTHY aKTHBHICTS [ 1, 2]. Cepen nux croyiyk 3HaiAeHO
iHTi0ITOpH riyTatioH-S-TpaHcdepas (GSTaz; EC 2.5.1.18) [3] — yHiBepcanbHuX i
O0araro(yHKIIOHATBbHUX OLIKIB, SKI BIJIFPAIOTh BAXJHMBY POJIb B METa00J13Mi
KIITUH Oakrtepit, pociuH Ta ccaBiiB [4]. GSTa3u Hanexars 10 (epMEHTIB
netokcukaiii gasu Il 1 karanizyroTh HykJIeo()UIbHE MPUENHAHHS TIOJIBHOI TPYINU
MoJsekyau raytationy (GSH) no enektpodinbHUX 1HEHTPIB 6ararbox €K30T€HHHUX
Ta eHgoreHHUX cnoiyk [5]. IligBumeny aktuBHicTh GSTa3, 0O0yMmMoBiIeHYy ix
HaJIMIPHOIO €KCIPECIIO, OB’ SI3YI0Th 31 CTIUKICTIO PAKOBHUX KJIITHH JI0 JIKAPChKUX
3aco0iB [6-8]. Tomy Gararo crionyk, Takux sk anajgoru GSH Tta ioro koH’roraTy,
noxigHi 0eH30X1HOHY, OeH30()eHOHY, HITPOOEH30KCA301y Ta KYPKYMIHY BUBYEHO
sk iHriditopu GSTasz [7-10].

Sx iuri6itopu GSTa3u 3 mMediHKM KOHS Ta JIOJCHKOI PEKOMOIHAHTHOI
GSTA1-1 HaMH BHBYEHO HOXIAHI 2-IIUHAMOLI-5,5-nuMermiukiorekcan-1,3-
niony (1-4) ta 3-aMiHO-2-IIMHAMOII-5,5- IMMETHIIITUKIIOTeKCaH-2-eH-1-0Hy (5-8)
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(puc. 1). i cnonykn MOKHaA PO3TIISIATH SIK CTPYKTYPHI aHAJIOTH XaJKOHIB, B
AKX (eHUIbHAa Tpyna amneToeHOHOBOTO 3alMIIKy 3aMilieHa (parMeHToM
5,5-muMeTmiMKIoreKcan-1,3-1i0Hy Ta #Oro amMiHOIMOXIJHO, BIAMOBIIHO.
5,5-/IumeTmmuknorekcan-1,3-110H, BIIOMUN SK TAMEIOH, HAJCKHUTh IO KJIacy
MUKTYHUX 1,3-AMKETOHIB 1 IIHPOKO BHUKOPUCTOBYETHCS B aAHANITHIN Ta
opraniunoMy cuHTe3l [11]. Cepen MOXiTHUX TUMEIOHY BHUSBJICHO CIOJYKH 3
anTuOakTepianpHOO [12, 13], mpoturpubkoBoro [14], mpotupakoBoro [15] Ta
AHTUOKCUJAHTHOIO aKTHBHICTIO [16], a Takox 1HTIOITOpM MOHOAMIHOKCHIa3U
[17] Ta nesxux iHmmx pepmentis [18].

o o o 0
_ R2 =
H,C H,C ‘ O
1 NH OCH
HC (6] R H,;C II{3 3

1) R'=NO,,R?=H 5) R3= CH;,
2) R!=H,R?= NO, 6) R*= CH(CH;),
3) R'= OCH,, R2=H 7) R*= C¢HsCH,
4) R'=R?= OCH, 8) R3=4-CH;0C¢H,CH,

Puc. 1. CtpykTypu MoXigHux 2-IIMHAMO1I-5,5- TMMeTUIMKIOTeKcaH-1,3- 1100y
(1-4) Ta 3-amiHO-2-1IMHAMOIJI-5,5-TUMe THITITUKIIOTeKcaH-2-eH-1-0Hy (5-8), 110
BUBYaNH sK 1Hr101TOopu GSTa3

Mamepianu ma memoou

Cronyku 1-8 cuHTe30BaHO 3a paHimie onucaHor Meroaumkor [19, 20].
CTpyKTypH pedOBUH HIATBEPIXKEHO CIIEKTPOMETPUYHUMH METOIaMHU.

BuBuenns crnoayk 1-8 in vitro sk iHriOITOpiB riIyTaTiOH-S-TpaHCdepas.
GSTaza 3 mediHku KOHS Ta JoJchka pekomOiHanTHa GSTAL-1 6ymu npunbdani y
Sigma-Aldrich. Tlepen BuKOpHUCTaHHSIM B €KCIIEPUMEHTI Ji0]iTi30BaHUit
nopomiok GSTa3y 3 Me4YiHKM KOHS PO3UMHsUIM y AucTuwiboBaHid Bomai (0,25
MTI/MJT), TOJ1 SIK 25 MJ1 cToKoBOTO po3unny GSTAI1-1 pozbasmsiiu 1 Mt po3uunny,
mro BminnyBaB 50 MM tpuc-HCI-6ydep (pH 7,5), 50 MM NaCl, 1 mM JTT, 5 MM
EATA 150 % rmiuepuny. Cnonyku 1-8 pozuunsinu 8 IMCO. MoaenbHa cucrema
JUTSL OIIHKY cTIONyK sK 1Hr101TopiB GSTas Bminrysana 0,1 M nHatpiii-pocharamii
oydep (pH 6,5), 0,1 mM EJTA, 2,5 06. % AMCO, Boay, 20 MKI pO3UHHY
¢depmenty Ta imriéirop. Cymim TepmocTaTyBanmu mpotsroMm 5 xB mpu 25 °C.
[Ticns mporo posmovann (pepMEHTATHBHY PEAKIlIIO0 JOJAaBaHHAM TIyTAaTiIOHY Ta
1-xnop-2,4-nunitpodenseny (CDNB) (koHmeHTparliis B peakiiiiHii cyminii 1o 1
MM KOXHOT0). AKTUBHICTh ()€PMEHTY JETEKTYBaJIM CHEKTPO(HOTOMETPUUHO MPH
340 um.
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Pesynomamu ma ix o6eoeopenns

PesynbpraTu omiHkM crnofiyk sk 1HTI0iTOpiB GSTa3u 3 mediHKM KOHSA Ta
mojackkoi pekoMmOinanTHOI GSTAL-1 mpencrtaBneno B Tab6n. 1. Bigmosimao 10
BIJICOTKY 1HTIOyBaHHSI TpW KOHIEHTparli 25 MM, HaiOuibl eheKTUBHUMU
iHTr101TOpaMu 000X (PEepMEHTIB BUSBWINCH CINOAYKH 1 Ta 2, 10 € MOXiAHUMU
2-IMHAMO171-5,5- TuMeTuukiIorekcan-1,3-mony, Tomi SK TOXigHI 3-aMiHO-2-
IIMHAMO1JI-5,5- TUMETHIIIIUKIIOTeKCaH-2-eH-1-o0 7/ Ta 8 mpoJaeMOHCTpyBalu
noniOHuil iHriOyBanbHuil BmuB Jume y Bunaaky GSTALl-1. Busnadeni
sHaueHHa 1Csp must cmonmyk 1 Ta 2 sk iHTiOiTOpiB GSTa3m 3 mediHKHW KOHS Ta
mojachkoi  pekomOiHaHTHOT GSTAIL-1  3HaxomsIThCd B MIKPOMOJIIPHOMY
niana3oHi. Crnonyka 1, o MiCTUTB HITPOrpyly B MOJIOKEHHI 4 alieToeHOHOBOTO
3aJIMIIKY, BUSABWIACH BABIY1 KPAIIUM 1HT101TOPOM (PEepMEHTY 3 MEUIHKU KOHS, HIXK
cnosryka 2. IIpore y Bumanky GSTAL-1 aemo edexTuBHImoO© Oyna croiyka 2.
Amnanoriuni 3HaueHHs 1Cs 31 comykoro 1 momno GSTAL-1 mpoaemoHCTpyBamH
croJiykd / Ta 8, o MICTSATh B CTPYKTYp1 3aJIMIIOK OCH3UJIAMIHY Ta 4-METOKCH-
OeH3WIaMIHy, BIJIIOBIIHO.

Taoauua 1
BincoTok inridyBanns ta 3HaueHHs 1Csy crionyk 1-8 sk inridiTopiB GSTa3

YA
%0 1HF16YBaHI;$; l'lifKI/llvi(OHHeHTpaHll ICep, MM
Cronyka | oy Jhoncerka | oy o peuipn |0 OACEKa
iKY KOs pPEKOMOIHAHTHA - pPEKOMOIHAHTHA
GSTA1l-1 GSTAl-1
1 63 65 9,0+3,0 19,6+1,3
2 52 69 19,0+6,3 11,6+3,6
3 24 15 - -
4 13 27 - -
5 13 23 - -
6 5 23 - -
7 3 74 - 18,8+3,4
8 15 89 - 13,5+1,5

* He OCTiKyBan

TakuM 4YMHOM, BCTAHOBJIEHO, IO JESKI CTPYKTYpPHI aHAJIOTU XaJIKOHIB, 5K
MICTSTh Y CBOiHl CTPYKTYypl (hparMeHT TUMETOHY UM MOTO aMIHOMOXIIHY 3aMiCTh
(deHUTbHOT Tpynu aneTopeHOHOBOro 3aNMILIKY, 31aTHi 1HriOyBatu GSTazy 3
MEYIHKA KOHS Ta JIOAChKY pexkoMOiHanTHy GSTAL-1 y wmikpomossipHOMY
Jiara3oHi KOHIICHTpAIIii.
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ROLE OF SPECIFIC PHOSPHOLIPASE D ISOENZYMES
IN POLYAMINE ACTION

Kolesnikov Ya.S., Kretynin S.V., Kravets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
kolesnikov@bpci.kiev.ua

It was found that phospholipase D isoforms of y-type in addition to PLD$
play a role in polyamine action in Arabidopsis thaliana during the development
of salt stress tolerance and production of lipid second messengers.

Keywords: phospholipase D, isoform, stress, phosphatidic acid, spermine.

Y mpeacTaBieHOMY — JIOCHIJKEHHI BCTAaHOBJICHO, IO 130()epMEHTH
docdominazu D tuny ®JIDy, okpim Bxe Bigomux DJIDS, BimirparoTh pojib B
peamizarii aii mojiamiHiB y kimituHax pociaud Arabidopsis thaliana B mporecax
(dbopMyBaHHS CTIMKOCTI A0 [li COJIBOBOIO CTPECOPY Ta MPOAYKIT BTOPUHHHUX
MOCEPETHUKIB JIIHOT MPUPOJIH.

Krrouosi cnosa: docdoninaza D, i13odepment, crtpec, docharugna
KHUCJIOTa, CIIEPMiH.

Polyamines (for example, spermine, spermidine, and putrescine) are
biologically active nitrogen-containing polications that play an important role in
regulation of fundamental physiological and biological pathways in plants:
morphogenesis, cell division, senescence, and stress tolerance. Enhanced
biosynthesis and increased levels of endogenous polyamines constitute primary
events of cellular proliferation and differentiation, and also enhanced tolerance to
a wide range of stresses [1,2]. Since polyamines have a potency to bind various
intracellular and extracellular molecules (e.g., lipids, proteins, DNA ect.) by
forming covalent and ionic bonds, investigation of polyamine-evoked primary
regulatory pathways in cells aimed to modulate metabolic and physiological
responses in plants are in paramount importance for modern plant molecular
biology, biochemistry, and bioorganic chemistry [3]. Role of phospholipids in
polyamine action in cells have been actively analyzed by different labs [4]. These
lipids play an important role in cellular signal transduction [5] and
growth/developmental responses [6]. For example, it was shown that spermine as
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a most active reference polyamine induce rapid accumulation of phosphatidic
acid in plants cells leading to regulation of ion fluxes in root elongation zone [7].
Phosphatidic acid is a second messenger of lipid nature that regulate different
cellular responses to hormone and stress signals [8]. It is produced mostly by the
activity of phospholipase D (PLD). Among different phospholipase D isoforms
tested, PLDS was shown to be involved in polyamine signaling in Arabidopsis
thaliana [7]. However, not all PLD isoforms were tested in their contribution to
polyamine-regulated PA accumulation and stress responses in plants.

In order to choose the most optimal experimental conditions needed for
analysis of the impact of specific PLD isoforms in polyamine action, different salt
and spermine concentrations were tested and salt stress level (125 mM NaCl) and
60 mkM spermine were selected. Analysis of typical morpho-physiological
parameters (growth of roots and shoots of Arabidopsis seedlings) shows that
mutants pldg2, pldy2, pldy3, and pldo are insensitive to polyamine action in
formation of root tolerance to salt stress. Also, mutants pldg2, pldy2, and pldy3
were reliably insensitive to spermine in development of shoot tolerance to salt
excess. Investigation of root and shoot growth of plants mutated simultaneously
in different PLD genes allowed to found that pldf1xplds2 mutants are spermine-
insensitive in development of root tolerance to salt stress, whereas mutants
pldoxpldad and pld{1xpld{2 were characterized by their spermine-insensitivity in
shoot tolerance to these stress conditions. These results suggest that different PLD
isoforms individually or in combination with the other ones are involved in
polyamine-induced stress tolerance in specific plant organs.

For investigations of the role of specific PLD isoforms in formation of lipid
second messengers in response to polyamines in plant cells, wild-type plants and
mutants pldy3, pldglxplds2, plda3xpldyl, pldglxplds2xplds that were not
assessed previously for their impact on phosphatidic acid formation in response to
polyamines were used in parallel to pldé mutant as a positive control. It was
found that spermine action during 45 min promoted the most expressed
phosphatidic acid formation in Arabidopsis that was decreased at 90 min. This is
in agreement with the previous data [7] where spermine started to increase PA
formation in Arabidopsis roots from 8 min lasting to 60 min, but the response
acting up to 90 min was not investigated. Comparison of PA level in response to
spermine in above-mentioned mutants with that in wild-type plants supported that
mutants with knock-outed gene of PLDg¢ are characterized by the lowest PA level
In spermine-treated plants. However, in transgenic plants mutated in PLDy1 and
PLDy3 genes the level of PA was also decreased although not so fully as in PLDd
isoform mutants under spermine action.

51



Therefore, the results obtained at the first time indicate that PLD isoforms
of y-type in addition to PLDd play a role in polyamine action in Arabidopsis
thaliana during the development of salt stress tolerance and production of lipid
second messengers.

This work was supported by the grants Ne 13-03-20/21 and Ne 2.1.10.32-20.

References

1. Pal M., Szalai G., Gondor O.K., Janda T. Unfinished story of
polyamines: Role of conjugation, transport and light-related regulation in the
polyamine metabolism in plants. Plant Science. 2021. Vol. 308. Article 110923.

2. Hasan M.M., Skalicky M., Jahan M.S., Hossain M.N., Anwar Z., Nie Z.-
F., Alabdallah N.M., Brestic M., Hejnak V., Fang X.-W. Spermine: its emerging
role in regulating drought stress responses in plants. Cells. 2021. Vol. 10, N 2.
Avrticle 261.

3. Pottosin 1., Olivas-Aguirre M., Dobrovinskaya O., Zepeda-Jazo |I.,
Shabala S. Modulation of ion transport across plant membranes by polyamines:
understanding specific modes of action under stress. Frontiers in plant science.
2021. Vol. 11. Article 616077.

4. Zarza X., Van Wijk R., Shabala L., Hunkeler A., Lefebvre M.,
Rodriguez-Villalon A., Shabala S., Tiburcio A.F., Heilmann I., Munnik T. Lipid
kinases PIP5K7 and PIP5K9 are required for polyamine-triggered K* efflux in
Arabidopsis roots. The Plant Journal. 2020. Vol. 104, N 2. P. 416-432.

5. Rodas-Junco B.A., Racagni-Di-Palma G.E., Canul-Chan M., Usorach J.,
Hernandez-Sotomayor S.M.T. Link between lipid second messengers and
osmotic stress in plants. International Journal of Molecular Sciences. 2021. Vol.
22, N 5. Article 2658.

6. Aghdam M.S., Flores F.B. Employing phytosulfokine a (PSKa) for
delaying broccoli florets yellowing during cold storage. Food Chemistry. 2021.
Vol. 355. Article 129626.

7. Zarza X., Shabala L., Fujita M., Shabala S., Haring M.A., Tiburcio A. F.,
Munnik T. Extracellular spermine triggers a rapid intracellular phosphatidic acid
response in Arabidopsis, involving PLD§ activation and stimulating ion flux.
Frontiers in Plant Science. 2019. Vol. 10. Article 601.

8. Gonzalez-Mendoza V.M., Sanchez-Sandoval M.E., Castro-Concha L.A.,
Hernandez-Sotomayor S.M.T. Phospholipases C and D and their role in biotic
and abiotic stresses. Plants (Basel, Switzerland). 2021. Vol. 10, N 5. Article 921.

52



UDC 547.83, 547.85, 577.12, 577.16, 577.334, 57.085, 577.171.7

BIOLOGICAL ACTIVITY OF ANUMBER OF NITROGENOUS
HETEROCYCLES IN CYTOKININ BIOASSAYS

Kolesnikov Ya.S., Kretynin S.V., Shablykin O.V., Kravets V.S., Brovarets V.S.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
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Analysis of biological activity of a number of nitrogen heterocycles in plant
hormone cytokinin bioassays indicates that N-(9H-purine-6-yl)benzamide,
1-phenyl-3-(9H-purine-6-yl)urea and N-(9H-purine-6-yl)thiophene-2-carboxami-
de can be used as a platforms for design of new biologically active substances
with improved cytokinin-like effects in plant growth, developmental responses
and regulation of antioxidant activity.

Keywords: purine, analog, cytokinin, bioassay, activity.

AHani3 610J0T14YHOT aKTUBHOCTI PAIY a30THUCTUX TE€TEPOLMKIIB Y PI3HUX
OioTecTax Ha aKTUBHICTH (DITOrOPMOHIB IUTOKIHIHIB CBIMYHTH, 110 N-(9H-mypun-
6-im)0enzamin, 1-denin-3-(9H-nypun-6-im)ceuoBuna Tta  N-(9H-mypun-6-in)-
TioeH-2-kapbokcamiy MOXyTh OYTH BHKOPUCTAaHI sl JU3allHy HOBUX
010JI0T1YHO aKTUBHUX CHOJYK 3 TOCUJICHOIO AKTUBHICTIO IUTOKIHIHIB Yy PEryJIsiil
pPOCTY Ta PO3BUTKY POCIIUH, a TAKOX MOAYJISLI] aHTHOKCUJAHTHOT aKTUBHOCTI.

Krrouoei cnosa: mypuH, aHajaor, IIMTOKIHIH, O10TECT, aKTUBHICTD.

Cytokinins are plant hormones that play key roles in growth, development
and stress responses [1,2]. Design and synthesis of new biologically active
substances for modern biotechnology and agriculture is an important task of
bioorganic chemistry and biochemistry. Development of biological regulators
with enhanced or controlled properties, with missing side effects and potential
economic importance is based on chemical modification of natural bioregulators
and synthesis of substances with new structural features, and also on examination
of their biological activity in specific plant bioassay systems [3]. For this reason,
biological activity of a number of nitrogenous heterocycles having a partial
structural similarity to natural hormones cytokinins was assayed in specific plant
cytokinin bioassays — accumulation of red pigment amaranthine in cotyledons of
Amaranthus caudathus seedlings [4], expansion of isolated Cucurbita pepo
(zucchini) cotyledons [5] and modulation of Arabidopsis thaliana root growth [6]
and regulation of pro-oxidants level in salt-stressed Arabidopsis leaves [7].
Spectrophotometric analysis of red pigment amaranthine, malondialdehyde (a
marker of lipid peroxidation), hydrogen peroxide (a stable representative of
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reactive oxygen species), and also photo-image digital analysis of zucchini
cotyledoni area were applied in these studies. Biological activity of the nitrogen
heterocycles was compared with that of natural cytokinin 6-benzyladenine. These
nitrogenous heterocycles contained different substituents in purine cycle and side
chain: oxazole cycle instead of imidazole, phosphoric acid and ethanolic
substituents in heterocycles, one or several phenyl residues in different purine
positions, and also naphthalene, thiophene, nicotinamide, urea and adamantane
substituents in side chain.

The results obtained suggest that biological activity of N-(9H-purine-6-
yl)thiophene-2-carboxamide at high concentration exceeds that of natural
cytokinin in amaranthus bioassay. Also, N-(9H-purine-6-yl)naphtalene-1-
carboxamide shows high but weaker than natural cytokinin activity only in
zucchini cotyledon bioassay. Root growth reduction that is another typical plant
response to cytokinins was also shown to be modulated by the above-mentioned
chemical compounds thought in lower rate in comparison to 6-benzyladenine. N-
(9H-purine-6-yl)benzamide evoked two-fold reduction of root growth in different
concentrations, but 1-phenyl-3-(9H-purine-6-yl)urea decreased root growth only
at higher concentrations suggesting their role as weak cytokinins. N-(9H-purine-
6-yl)thiophene-2-carboxamide and N-(9H-purine-6-yl)naphtalene-1-carboxamide,
on the other hand, increased root growth at low concentration suggesting their
potential role as an anticytokinins, but N-(9H-purine-6-yl)thiophene-2-
carboxamide decreased root growth at higher levels. In comparison to natural
cytokinin,  1-phenyl-3-(9H-purine-6-yl)urea, = N-(9H-purine-6-yl)thiophene-2-
carboxamide, and especially N-(9H-purine-6-yl)benzamide were observed to have
weaker but significant ability in stimulation of antioxidant system activity in
plants that was perturbed in salt stress conditions.

Therefore, purine derivatives N-(9H-purine-6-yl)thiophene-2-carboxamide
and N-(9H-purine-6-yl)naphtalene-1-carboxamide can be further applied as
agents for design of new biologically active substances with potential or
improved activity of natural cytokinins in regulation of biological events under
normal conditions. Nitrogen heterocycles N-(9H-purine-6-yl)benzamide, 1-
phenyl-3-(9H-purine-6-yl)urea, and N-(9H-purine-6-yl)thiophene-2-carboxamide
can be used as a platforms for design of new biologically active substances with
potential or improved cytokinin-dependent antioxidant activity for modulation of
cellular metabolism in stress conditions.

This work was supported by the grants Ne 13-03-20/21 and Ne 2.1.10.32-20.
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Brassinosteroids application induces stimulation of antioxidant defense in
tobacco that promotes adaptation to methyl viologen-induced oxidative stress.

Keywords: brassinosteroids, antioxidant enzyme, methyl viologen, reactive
oxygen Sspecies.

BcranoBneno, 1mo  OpacHMHOCTEpOiM  3YMOBIIOIOTH  CTUMYJIAILIIO
aAKTUBHOCTI CHCTEM aHTHOKCHUIAHTHOTO 3aXHCTY, IO MOCHIIIOE CTIHKICTh POCIMH
710 OKCUIATUBHOTO CTPeCy, 00YMOBIIEHOTO METHUIIBIOJIOT€HOM.

Krnwouosi  cnosa:  OpacMHOCTEpOinM, AHTHOKCHUIAHTHUMA  (PEepMEHT,
METHUJIBIOJIOTEH, aKTUBHI (JOPMHU KHUCHIO.

Brassinosteroids are plant hormones that play different and important roles
in growth, development, and stress responses. However, detailed picture of
brassinosteroid regulation of plants tolerance to a wide range of biotic and abiotic
stresses is far from being understood [1]. Different stresses (e.g. oxidative stress
induced by methyl viologen, MV) [2] usually evoke accumulation of reactive
oxygen species (ROS) constituting a universal unspecific response of cellular
internal medium [3]. Role of ROS in stress development is now widely supported
and seems to be realized through two main mechanisms: induction of total
oxidation of cellular molecules and participation in signal transduction events
regulating specific biochemical and physiological processes [4]. Antioxidant
system activity is another marker of oxidative stress [5]. Its activation even under
basal level of cellular oxidants indicates a onset of development of stress
responses [6]. Therefore, according to these notions it seems to be important to
investigate in detail the effect of brassinosteroids on cellular systems of ROS
homeostasis during herbicide-induced oxidative stress [7]. This could help to
uncover specific molecular mechanisms of oxidative stress perception and
transduction, and also to develop new methodology for controlled plant
adaptation to the stresses in condition of increased anthropogenic influence.
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In order to study the effect of brassinosteroids on oxidative state in MV-
treated plants, spectrophotometric analysis of superoxide anion radical, hydrogen
peroxide, malondialdehyde, oxidized and reduced glutathione, chlorophyll, and
activity of antioxidant enzymes (superoxide dismutase, ascorbate peroxidase, and
glutathione reductase) was applied in Nicotiana tabacum KY-160 wild-type
plants. It was found that MV negatively affects tobacco seedlings growth,
chlorophyll accumulation, but increased superoxide radical formation and
intensified lipid peroxidation. Activation of superoxide dismutase in response to
MV action suggests stimulation of defense mechanisms against superoxide
radical accumulation as this enzyme is known to be substrate-induced. Hydrogen
peroxide that is a stable product of superoxide dismutase activity can be further
metabolized by catalase or by ascorbate-glutathione cycle in catalase-free
chloroplasts. State of this cycle could be connected to ascorbate peroxidase and
glutathione reductase activity. MV application also stimulated the activity of
these enzymes. Reduced glutathione was probably directed to detoxification of
ROS and their products, and was thus transformed to oxidized form. On the other
hand, brassinosteroid application partially reduced MV-evoked chlorophyll
destruction, level of superoxide radical and lipid peroxidation, but supported the
stimulated superoxide dismutase, ascorbate peroxidase and glutathione reductase
activities. Higher glutathione reductase activity in brassinosteroid-treated plants
was suggested to support cellular concentrations of reduced glutathione at control
level. Therefore, brassinosteroids application induces stimulation of antioxidant
defense in tobacco that promotes plants adaptation to MV-induced oxidative
stress.

This work was supported by the grants Ne 13-03-20/21 and Ne 2.1.10.32-20.
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Calcium is involved in brassinosteroid-induced regulation of antioxidant
balance by serving as a direct or indirect activator of antioxidant enzymes in
tobacco cells.

Keywords: brassinosteroids, calcium, antioxidant enzyme, methyl viologen.

BcraHoBieHo, O 10HM KajJblLll0 BIAIPalOTb pPOJb B pEryJssmii
OpacuHOocTepoifamMu OanaHCy aKTUBHMX (OPM KHCHIO MLUISIXOM BIUIMBY Ha
AKTUBHICTh AHTUOKCUAAHTHUX (DEPMEHTIB Y KIIITUHAX TIOTIOHY.

Krrouosi crnosa: GpacuHOCTEpOinHU, KalbIlil, aHTHOKCUJIAHTHUNA (DEpMEHT,
METHUJIBIOJIOTEH.

Brassinosteroids are plant hormones that play different roles in growth,
development, and stress responses [1]. However, detailed picture of molecular
mechanisms of brassinosteroid-regulated plant tolerance to a wide range of biotic
and abiotic stresses is far from being understood, but may possibly involve
calcium-dependent regulatory pathways [2,3]. Different stresses like methyl
viologen (MV) treatment usually evoke rapid accumulation of reactive oxygen
species (ROS) that are tightly connected to calcium in regulation of cellular
metabolism [4]. Calcium is a widely accepted second messenger of signaling
pathways in cells that transduces different exogenous and endogenous signals [5].
Calcium plays a universal role as a trigger of biochemical responses in living
organisms with different levels of organization. It serves as a connecting hub of
different signaling pathways and as an agent that promotes development of
signaling network in plant cells [6]. Calcium is known to play an important role
in plant stress responses and development of plant stress tolerance by its ability to
support protein and membrane stability. Also, calcium was found not only to
stimulate ROS production, but also to promote their detoxification by activation
of antioxidant system [7]. According to these notions it seems to be important to
investigate the role of calcium in modulation of the effect of brassinosteroids on
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ROS homeostasis during MV-induced oxidative stress. This could help to
uncover specific molecular mechanisms of oxidative stress and brassinosteroids
action or signal transduction, and also to develop new methodology for plant
adaptation to the stresses by application of plant steroid hormones.

In order to study the role of calcium in the effects of brassinosteroids on
oxidative state in MV-treated plants, spectrophotometric analysis of superoxide
anion radical, hydrogen peroxide, malondialdehyde, oxidized and reduced
glutathione, chlorophyll, and activity of antioxidant enzymes (superoxide
dismutase, ascorbate peroxidase, and glutathione reductase) was applied in
Nicotiana tabacum KY-160 wild-type and transgenic plants (35S::AtCAX1).
These transgenic plants overexpress a coding sequence of H'/Ca?* vacuolar
Arabidopsis thaliana antiporter CAX1 (Canion Exchanger 1, At2g38170) under a
strong 35S promoter from Cauliflower Mosaic Virus. In these mutated plants, the
overexpressed antiporter continuously exports calcium ions from vacuole to
cytoplasm, and makes cells incapable to maintain correct gradient of calcium in
different organelles thus leading to calcium shortage in cytosol [8]. It was found
that 35S::AtCAX1 tobacco plants are more sensitive to MV-induced oxidative
stress. The level of malondialdehyde, a marker of lipid peroxidation and
membrane destabilization, and also oxidized glutathione, a marker of oxidative
stress, were higher, but activation of superoxide dismutase and glutathione
reductase was lower in mutated plants. The effect of brassinosteroids on oxidative
state was less pronounced in 35S::AtCAX1 plants. Brassinosteroids-induced
partial restoration of chlorophyll level, reduction of lipid peroxidation and
superoxide radical accumulation, superoxide dismutase and glutathione reductase
activation were less evident or unaltered, respectively. These results suggest that
calcium is involved in regulation of antioxidant balance by possibly serving as
direct or indirect activator of antioxidant enzymes. Modulation of ROS balance
by brassinosteroids is dependent on calcium availability in tobacco cells.

Authors are grateful to Professor K.D. Hirschi (Baylor College of
Medicine, U.S. Department of Agriculture) for providing seeds of 35S::AtCAX1
tobacco plants.
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Epicastasterone as a representative brassinosteroid phytohormone was
found to be an important stimulator of different soybean growth and
developmental responses that positively affect its crop quality.

Keywords: soybean, epicastasterone, crop, growth, development.

BcraHoBiieHO, 1O €MiKacTacTepoH SK NPEACTaBHUK  (PITOrOPMOHIB
OpacHHOCTEPOIIIB BIAIrpa€e KIIOYOBY POJb Y PETYISIil psly peakiliii pocTy Ta
PO3BUTKY POCIIHH COi, 10 TO3UTUBHO BIUIMBAE HA MPOAYKTUBHICTD 11€1 POCITHHH.

Krrouosi cnosa: cosi, enikacTacTEpOH, BPOKaid, PiCT, PO3BUTOK.

Soybean (Glycine max) is an important legume plant based on its protein
content in seeds. Regarding the high human requirement in protein nutrition [1],
the areas of soybean cultivation in Ukraine are constantly increased. Different
chemical bioregulators of plant growth and development are known to have a
positive impact on productivity and quality of soybean by enhancing adaptive
responses to water, temperature and other stress conditions [2,3]. Brassinosteroids
are plant hormones of steroid nature that control a wide range of key events of
plant growth and development. Apart from their important role in cellular growth,
development, and differentiation, these steroid hormones are known for their anti-
stress action since they mobilize plant cell metabolism and protect plants against
stressful environmental cues [4,5]. For example, one of the important
mechanisms of brassinosteroid-promoted plant stress tolerance is an elevation of
antioxidant activity in plant cells [6,7].

Important indicators of cultural crop plant growth are growth density and
harvest retention. It was found that the density of plantlets obtained from seeds
treated by brassinosteroid epicastasterone was estimated as 27-28 per m?. The
greatest number of plants was found under application on 1 mkM epicastasterone
— 28.3+1.73 per m?. It was established that seed sowing with epicastasterone
promoted the elevation of the number of straight growing soybean plants up to
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the phase of full maturity constituting 27-28 per m?, that was higher than that in
control samples.

Important factors that affects soybean seed yield and composition of the
harvest are completion of specific phases of vegetative development, onset of
growth phases, and duration of interphase periods that are highly dependent on
climatic conditions. In epicastasterone-treated samples, the height of plants was
increased up to 86-91 cm that was 4-6 cm higher than that of control. Drought
stress treatment during the flowering period had no impact on development of
soybean plants. Therefore, induction of optimal growth conditions for plants by
brassinosteroids improved parameters of plant nutrition promoting soybean
preservation and harvest accumulation.

Determination of harvest composition indicators — density of straight
growing plants before the gathering, weight of 1000 seeds, number of pods and
seeds per plant — is important for general biological analysis of obtained results.
Application of epicastasterone to seeds or in combination with the treatment of
vegetating plants increased the number of plants for gathering on 1-4 per m? in
comparison to the control samples. Pod number only slightly increased depending
on the investigated samples. On the other hand, significant effect of the
brassinosteroids on elevation of seed number was noted not only in seed-treated
samples, but also in samples treated during flowering. Their number per one plant
was increased on 3-4 seeds in comparison to epicastasterone-free samples.
Weight of 1000 seeds was fluctuated between 150.7 and 152 grams suggesting
that the epicastasterone effect was insignificant.

Crop yield is the main indicator during the investigation of the effects of
plant growing technology elements (including preparations for soybean seeds and
plants treatment) on plants growth and development. It was found that
combination of seed treatment with the treatment of vegetating plants by the
hormone allowed to obtain crop increase on 11-13.5%. The most expressed crop
increase was noted in seed-treated samples and in vegetative treatment by
epicastasterone concentration 1 mkM. Summing up, brassinosteroids are
important stimulators of different soybean growth and developmental responses
that positively affect its crop quality as an important cultural plant.

This work was supported by the grants Ne 13-03-20/21 and Ne 2.1.10.32-20.
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CHUHTE3 TA JOCJILJIXKEHHSA BIOJOTTYHOI AKTUBHOCTI
IN VITRO NOXITHUX MOHOMETHUHIIAHIHIB
AK IHI'IBITOPIB TEJIOMEPA3HU
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OTpuMaHO cepiro HOBUX MOX1THUX aCUMETPUYHUX MOHOMETHHIIIaHIHIB, 1110
MICTATh Yy TosioxkeHH1I C-2 XiHOJHOBOro (parmeHta ocHOBHY N-nu3zamiiieHy
amiHorpyny. LliIbOB1 CIOJYKM CUHTE3yBajlv, BUXOASYM 3 MOXITHUX 2-XJop-4-
METUJIXIHOJIIHY Ta coyiei 2-(MeTunTio)0eH30Tia301t0. J{oCTiKeHO 1HT10yBaIbHY
aKTUBHICTD IIaHIHIB 010 TeJIOMEPa3H JIOANHHM IN VItro y ¢hepMeHTaTUBHIN TECT-
cucteMi TRAP (Telomeric Repeat Amplification Protocol). Cepen Hux BUsBIEHO
PSIl CIIOJIYK, IO TOBHICTIO 1HTIOyBanu ¢epMeHT y KoHIeHTpaii 20 MkM, nBi 3
AKUX 30€epiraiy akTUBHICTb Y KOHUEHTpanii 10 MkM.

Kniouogi cnosa: MoHOMETHHIIIAHIHH, TeJoMepa3a, 1Hrioitopu, TRAP.

A series of new derivatives of asymmetric monomethine cyanines
containing the basic N-disubstituted amino group at C-2 position of the quinoline
fragment were obtained. Target compounds were syntesized starting from the
derivatives of 2-chloro-4-methylquinoline and 2-(methylthio)benzothiazolium
salts. The inhibition activity of cyanines against human telomerase was studied in
vitro in enzymatic test system TRAP (Telomeric Repeat Amplification Protocol).
Several compounds were identified to completely inhibit the enzyme at 20 uM
concentration, and two of them remained active at 10 uM.

Keywords: monomethine cyanines, telomerase, inhibitors, TRAP.

Tenomepasa — ¢epmenT, mo cunresye tenomepny JIHK Ta Binmosinae 3a
MIATPUMAHHS JOBXUHU TEJIOMEP, BiIHOBIIOIYH TEIOMEPHI MOCIIIOBHOCTI, SKI
YaCTKOBO BTPA4yarOThCS IMiJI 4Yac KOXKHOTO KIITHHHOTO monainy. Temomepasa
aKTUBHA B MEPEBaXKHIA OIIBIIOCTI MyXJIMH, MPOTE HEAKTUBHA B HOPMAaJIbHHUX
comatnuHux kKiituHax [1]. Tomy ii iHTiOyBaHHS € TIEPCIIEKTUBHUM ITiIX0JIOM JI0
tepanii paky [1, 2]. OgHuM 13 OCHOBHMX HUIAXIB 1HT1OyBaHHS € cradimizauis G-
kBagpyruiekcHux (G4) cTpykTyp, IO YTBOpIOIOThCA B Tenomephin JIHK y
pe3yabTari (OJIUHTY MEBHUX T'yaHIH-OaraTux HYKJICOTHUIHUX MOCHIJOBHOCTEH.
B ocHoBi G-KBaJpyIUIeKCIB JIeXkKaTh CTONKHU IUIAHAPHUX T'YaHIHOBUX KBAapTETIB,
3B’SI3aHUX HEKAHOHIYHUMH CHCTeMaMH BOJHEBUX 3B’s3KiB [3, 4]. Cnerudiuni
nmiranan G4-JIHK iHriOyroTh Temomepasy Ta BHSBISIOTH MPOTUIYXJIHHHY IitO.
Monekynu O1IIIOCTI 3 HUX MOOYAOBaHI Ha OCHOBI BEJIMKHX T'€TEPOAPOMATUYHHUX
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CUCTEM, 3JIaTHUX JO T-T-CTEKIHTOBUX B3aemojii 13 G-KBapTeTamu, 1 MepeBakHO
MaOTh KaTIOHHHM XapakTep /a0 MICTSITh OCHOBHI 3aMicHHKH. Cepen JraHmiB
G4-JIHK Bimomi moxiaHi nopdipuHy, akpuauHy, (PEeHAHTPOJIHY, aHTPaxXiHOHY,
Kap06a30iy, MaKpOLMKIIIYHI MOJioKca3onu Ta iH. [1, 3, 5, 6].

Hamry yBary mpuBepHy/IM ITlaHIHM SIK MOXJIMBI 1HT1OITOPH TEJIOMEpasHu.
Crosyku 1Ip0T0 KJacy IIMPOKO BIOMI MepeayciM sk (IyopeciieHTHI OapBHUKH
JUTsT MiYeHHS OIOMOJIEKYJI pI3HUX KJaciB, JETEKIi Ta KITbKICHOTO BU3HAYEHHS
O11kiB 1 HykieiHoBux kucioT (HK), Tomro. [lo HuX HanmexaTb MOHOMETHHIIIAHIHU
SYBR Green I/II Ta PicoGreen, 1o BukopuctoBytoThes s aetekuii HK, tpu- ta
nentametunuianinn Cy3 it CyS, OapBuuku g mideHHs o6inkie SYTO, SYPRO
Ruby Ta in. [7, 8].

Pa3zom 3 TuM, SKIIO BUITH 332 paMKH YUCTO (PIIyOPECLIEHTHUX BIACTUBOCTEM
MOX1IHUX I[IaHIHIB, CTa€ OYEBUIHHUM, 1[0 OCOOJMBOCTI CTPYKTYPH IUX CIOIYK
poOJIATH 1X MOTEHIIHHUMU 1HTIOITOpaMu (EpMEHTIB, 1 Nepl 3a Bce (PEPMEHTIB
CUCTEMU OI0CHHTE3Y HYKJIETHOBUX KHCIIOT.

barato miaHiHiB edexTuBHO 3B’s3ytoThes 3 HK 3 yTBOpeHHsAM CTiMKuX
(byopeclieHTHUX KOMIUIEKCIB, 10 3a0e3neuye moxiuBicTh aetekuii HK [9].
Cepen 1ianiHiB Bigomi ¥ epexktuBHI G4-miranau. Haltuacrime 1ie moxiaHi Tpu- 1
nentameruHuianidiB (DTC, DODCI, ETC ra in.) [5, 10-13] Ta crupuiiiaHizis
[14, 15], ana sKuX XapakTepHI BUAOBXKEHA CTPYKTypa 1 IEPEBAKHO OOPO3EHKOBE
3B’si3yBaHHs. [IpoTe 3araipHa Oy/10Ba MOHOMETHHIIIAHIHIB, B OCHOBI SIKO1 JICKHUTh
reTepoapoMaThuyHa KaTiOHHA CUCTEMa BEIUKOIO PO3MIPY, TEX JOCUTh OJIM3bKa
70 Oyn0oBU NeakuX e(EeKTUBHUX 1HT10ITOPIB TEIOMEpa3| IHIIUX KIIACiB, 30KpeMa,
RHPS [2, 6].

Mertoro gaHOro JOCHIKEHHSI OyB CHUHTE3 1 OI[iHKAa 010JI0TYHOI aKTUBHCTI
HOBHUX 2-aMiHO3aMIIICHUX TOXIJIHUX aCUMETPUYHHUX MOHOMETHHIIIAHIHIB SK
MOTEHI[IHUX 1HTI0ITOPIB TEIOMEpasH JIFOIUHM IN VItro.

CrpykTypa MOJIEKYJI [IaHIHIB HA/Ia€ MIMPOKI MOMXJIMBOCTI JIJIsl IU3alHY HE
nuiie OapBHHKIB, ajie ¥ CHONYK, 1[0 CHEIU(IYHO 3B’ SI3yIOThCSA 3 HYKJICIHOBUMU
kuciotramu, B T.4. 3 G-kBagpymiekcHowo JIHK. Hamu Oyno ckoHcTpyiioBaHO Ta
CHHTE30BaHO CEPil0 MOXITHUX HECHMETPHUYHUX MOHOMETHHIIIAHIHIB, III0 MICTSAThH
Jiankija- abo alKiIapuiaaMiHO-TPyy B mosioxkeHH1 C-2 X1HOIIHOBOro (hparMeHTa.
Hogi conyku € ananoramu 6apBuuka Jleniguanooro Opanxesoro (LO).

Mu po3pobmir HOBHM MIISX CHUHTE3y TaKWX CHOJMyK (puc. 1) HA OCHOBI
1,4-numeTnn-2-XJI0pX1HOIIHIEBOI COJIl 2, IKY OyJIO OTPUMAHO PEaKIE 2-XJI0p-
4-metunxinoniny 1 3 magmumkom nuMerwicynbdary. Cronyka 2 pearyBaia 3
BTOPUHHUMHU aMiHAMHU 3 YTBOPEHHSAM 2-aMIHO3aMIIIEHUX JUMETHIIXIHOMIHIEBUX
cosneit 3. OctanHi 0e3 BUIUICHHS KOHJCHCYBAJIMU 3 COJSIMH OeH30Tiazofio 4 y
MPUCYTHOCTI TPUETUIIAMiHY, OTpUMYI0Yl HecuMmeTpuuHi 1ianian LO. Tlpoxyktu
BUJIUISJIA Y BUIJISIAI HOAMAIB a00 TepxJsiopaTiB (KpucTajizallis 3 METaHOJy Y
cyMiri MmeTaHoa-AM®).
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Puc. 1. 3araipHa cxema cuHTe3y MoHOMeTHHITaHiHIB cepil LO (Buxomu 15-45%)

[ianin LO-16, mo mictuth N-eTHIBHI TPYIH OJJHOYACHO B XIHOJIIHOBOMY 1
OCH30TIa30JIbHOMY SIIpaX, CUHTE3YBaJU 3PYyYHUM aJbTEPHATUBHUM METOJIOM,
BHUXOJSMUM 3 TOXigHOi XiHominy 5 (puc. 2). Ii oTpumyBamu peakmicto 2-xmop-4-
MetunxiHodiny 1 3 N-metunanuninom. [Ipu HarpiBaHHI 3aMillIeHOTO XIHOJIHY 5 3
2-(MeTUNTIO)0EH30TIa30JI0M Ta JiETHWICYIh(haTOM BIIOYBa€eThCcsl OgHOYACHO N-
AJIKUTIOBaHHS 000X T€TEPOIMKIIIB Ta iXHS KOHACHCAITIS.

S
Me @ )—SMe Z N
N Et
2\ .Ph -
NN * N-Ph

Me Et,SO,, Et;N

5

Puc. 2. Cxema cunTe3y aietnnsamimieroro mianiny LO-16 (Buxin 25%)

Mosnekynu 1iaHiHIB MalOTh KAaTIOHHHUN XapakTep, a OCHOBHHM aMiHO-
3aMICHUK MOXe 3a0e3MeuyuTH J0JaTKOBI B3aeMoii 3 ¢ocdar-anionamu JIHK.
CTpykTypa HUX MOXITHUX JO3BOJISIE IM SK MEPEKPUBATHUCS 3 T-CIIEKTPOHHUMU
cuctemMaMu G-KBapTeTiB, TaK 1 B3aeMOMISITH 3 Oopo3eHKaMu (G-KBaJpyIUICKCIB.
[Toximai LO maroTh HU3BKUI PiBEHBb BIACHOI (IyOpECIICHIIii, IKa Pi3K0O 3pOCTae
y npucytHocTi G4-IHK, 110 cBiT4uTh Npo yTBOPEHHS KOMILIEKCIB.

[HriOyBanbHy aKkTHUBHICTH I[1aHIHIB IIOJ0 TEJIOMEpa3u JIOJMHU BU3HAYAIH
B OeskmitunHIN cucteMi TRAP (Telomeric Repeat Amplification Protocol, meton
amrutipikarii TenomepHux nopTopir) [16]. Lleit qBocTaniinuii MeToa BUSHAYCHHS
AKTUBHOCTI TeloMepasu IN VItro rpyHTYEThCS Ha €JIOHTAIlii OJIITOHYKICOTHUIHOTO
npaitmepa TS pepMeHTOM, 1110 MICTUTHCS B J13aTi MyXJIUHHUX KIITHH. DEepMeHT
nonae no TS nHabip 6-unennux TtenomepHux nosTtopiB (TTAGGG), a JHK-
npoaykTd amiutidikyots MetogoMm [IJIP (momiMepasHa maHIFOroBa peaxiiis).
[IponykTy aHamMi3yIOTh Trelb-eleKTpoPope3oM, Ae BOHU MPEICTABICHI y BUTIISII
Habopy ¢parmentiB JIHK, 1o BiApi3HAIOTHCS 32 JOBKUHOIO Ha 6 HYKJIECOTH/IIB.
AKTHUBHICTH 1HTIOITOpa BIMOBIAA€ 3HMKEHHIO KiTbKOCTI cuHTe3oBaHoi JIHK B
TECTOBIH peakilii MOPIBHSHO 3 PEaKIlI€l0, MPOBEICHOO 32 MOT0 BiJICYTHOCTI.
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CkpuHiHTr HiaHiHIB y TecT-cuctemMi TRAP mpoBoawiu 3 BUKOPHUCTaHHSIM
napu ae3okcuodironykneotuaux mnpaimepiB 5S'-AATCCGTCGAGCAGAGTT
(TS) Ta 5'-GTGCCCTTACCCTTACCCTTACCCTAA (CXext). IHK-tipoaykTH
po3ausu enexkrpodopesoM y 12% aeHaTypyrOdoMy MOJIaKpHIAMITHOMY Tei.
JleTani eKCepuMEHTY HaBeJCHO B Halllii morepeaHii po6oti [17]. Iaribitopu
TecTyBaJIM B KOHIIeHTpaisax 40, 20, 10 ta 5 MxM.

Pesynbratu mpoBeneHUX OCHIKEHb MIATBEPIMWIM BHCOKY O10JOTIUHY
AKTUBHICTH I[1aHIHIB, 10 €(PEKTHUBHO MPUTHIUYIOTH TEJIOMEpa3y B KOHIICHTpAIlii
10-20 mxM. Ilpu upomy B koHuentparii 40 MkM Bci BUBUYEHI MMOXi/IHI TOBHICTIO
iHriOyBanu ¢gepment. Y konuentpamii 20 MkM e(eKTUBHO MPUTHIYYBAIM HOTO
AKTUBHICTh CTIOJYKU (B TOPSIAKY 3HMKEHHS 1HT10yBanbHOT akTuBHOCTI) LO-20 >
LO-12 > LO-15> L0O-16 > LO-18 > LO-11 (puc. 3).

CUHTE30BaHI
> TEIOMEpHI
MIOBTOPH

rreee
\\u.‘

CCCC

:

-

\w \'
1 23 45 6 K

Puc. 3. I'enp-enekTpodopeTnunmii aHami3 1HT10yBaJIbHOT aKTUBHOCTI 11aHIHIB
(20 MmxM) y cuctemi TRAP. Hopixkka 1 — LO-11, 2 - LO-12, 3 - LO-15,

4 - LO-16,5-LO-18, 6 — LO-20, K — xoHTpOJIbHA peakiiis 6€3 10 1aBaHHS
iHridiTopa. I'ens nodapboBano 6apsaukoMm SYBR Green I, pororpadiro
OTpHMaHO Ha JlazepHomy ckanepi PharosFX Molecular Imager (Bio-Rad)

HaitaktupHimumMu BusBuiauck noxigui LO-12 1 LO-20, mo 1eMoHCTpyOTh
1HT10yBanmbHY 1110 B KoHIeHTparii 10 MkM, xo4a mipu 5 MKM ixHs €peKTUBHICTh
y>ke HeBUcoKa. [Ipu 11bOMy MOHOMETHHIIAHIHY, IO MICTSITh MOP(OJIIHOBUNA YU
ninepuauHoBuil mmkn (LO-12, LO-15), akTuBHINI MOPIBHSHO 3 aHAJIOTaMH 3
¢parmentom minepazuny (LO-11, LO-18). Cnonyka LO-20, ska BusiBise
HalBHILlY 1HT10yBajJbHY aKTUBHICTh, MICTUTh Y XIHOJIHOBOMY sJIpi T1IpoQoOHuUI
2-aMiHO3aMicHUK. [le MoXxe CBiqUUTH TIPO 3HAYHY POJIb T1APOHOOHUX B3aEMOIIN
y 3B’A3yBaHHI1 1HT10ITOPIB 31 CBOEIO 010JI0TTYHOIO MIIIEHHIO.

CTpyKTypHa ONTHUMI3allisi aKTUBHUX I1aHIHIB 103BOJUTH OTPUMATH 3HAYHO
edeKTUBHIII 1HT10ITOPY TEIOMEPA3H JAHOTO KIIacy.
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TakuM YHHOM, CHHT€30BaHO PsiJl HOBUX MOHOMETHHIIIAHIHIB SIK 1HT101TOPIB
TenoMepasu. OTpuMaHi MOXiAHI KaTIOHHOTO THITY MICTATh y nonoxeHHi C-2 sapa
X1HOJIIHY 10JJaTKOBUH OCHOBHUM (parMeHT — N-1r3aMillieHy aMiHOTpyMy, 31aTHY
nigBuIryBaTd adiHHICTH JiraHaiB mo momianionHoi JIHK i tum camum ixHio
1HT10yBaJIbHY aKTHUBHICTh IIOAO0 TeioMepasu. [Ipu CKpUHIHTY HOBHUX CIOJYK Y
OC3KITITUHHIM TECT-CUCTEMI 3HAMACHO Tpymny 1HTIO0ITOPIB (PpepMeHTa, aKTUBHUX Y
koHmeHTpaiisax 10-20 MxM. Buxonasum 3 oTpuMaHux AaHUX, AU3alH, CUHTE3 1
JOCTIDKEHHST 010JIOTTYHOT aKTUBHOCTI Ta MEXaHI3MiB Jii 1HT101TOPIB TeIoMepa3u
Ha OCHOBI MOHOMETHHIIIaHIHIB CTAHOBJISITh 3HAYHUI 1HTEpEC.
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3ACTOCYBAHHA 2-AMIHO-3,3-IUXJIOPOAKPUJIOHITPUITY
JJIA CUHTE3Y AIIUKJITYHUX I MAKPOLIUKJITYHUX CITIOJYK
I3 AIBOMA OKCA30OJIbHUMU ®PPAT'MEHTAMMU

Mepxuescrkuii [1.0., [llabmukin O.B., bpoapeus B.C.
[actutyTt 6i00praniyHoi ximii Ta Hadroximii imM. B.IT. Kyxaps HAH Ykpaiau
daniilmer19@gmail.com

CHuHTE30BaHO HOBI1 AIUKIIIYHI 1 MAKPOIMKIIIYHI IMOXiJTHI, SKI MICTAThH JIBa
¢dbparmenTu 1,3-okcazony 3 2-amiHO-3,3-IUXJIOPOAKPUIOHITPUITY Ta JTUXJIOPUIY
0-(eH1JICH TI0IITOBOI KUCIIOTH.

Knrouosi cnosa: 1,3-okcazonn, MaKpOITUKIIH.

New acyclic and macrocyclic derivaties, which have two 1,3-oxazole
fragments was synthesized from 2-amino-3,3-dichloroacrylonitrile and o-phe-
nylenediacetic acid dichloride.

Keywords: 1,3-oxazoles, macrocycles.

VY 1976 p. MaTcymyporo Ta criBaBTOpaMu OyB BIIKPUTHUN METOJ CHUHTE3Y
1,3-okcazomiB 3 2-amiHO-3,3-muxinopoakpuwioHiTpuiay [1]. Hammidi migxin
BUKOPUCTOBYIOTH 1 y BT XiMii 010aKTUBHUX a30TOBMICHUX T€TE€POIMKIIYHUX
ocoB IBOHX im. B.II. Kyxapst HAH VYxkpainu [2].

Mertor maHOi pOoOOTH € CHHTE3 HOBHX AIlUKIIYHHUX 1 MaKpPOIMKIIYHHX
CIIOJIYK Ha OCHOBI J1BOX (hparmeHTiB 1,3-okcazony metonom Marcymypu [1] Ta
JOBe/IeHHS OyZ0BU JaHUX CIOMYK.

Ha puc. 1 npencraBineHa cxeMa CHUHTE3y allMKIIYHUX 4-7 1 MaKpOLMKIIIY-
Hux 8-10 crmonyk 13 BUXITHHUX 2-aMiHO-3,3-IUXJIOPOAKPUIIOHITPUIY 2 Ta JAUXJIO-
puay o-¢peHneHaionToBoi kKuciaoTu 1. AunwumoBaHHS 2-aMiHO-3,3-AUXJIOPO-
AKPUJIOHITPUITY 2 XJIOPAHTIIPpUAOM 1 mpoBOIMIN y TUXIIOPOMETaHI 32 KIMHATHOI
temriepatypu. bicakpuionitTpun 3 BuIazae B oOcaj 3 pPEaKIIHHOI cymimn 3
BUx00M 67%. Crionyky 3 crioyaTKy BBOJWJIM Y IIUKIII3AIli 3 MOHO(YHKITIOHATH-
HAMU aMiHaMHM (METWJIaMiH, JuMeTuiamiH, mopdomin). Peakuii npoBoauiu B
meraroni mpu 50 °C. YV pesynbTari yTBOPIOIOTHCS alMKIiUHI crionyku 4-6 3
BuxojgamMu 72-84%. Jlami pedoBuHY 3 BXKE€ BBOIWIM Yy peakiii 3
OichyHIIOHAIBHUMK ~ aMiHaMu  (€TaHAlaMlH, TMpomNaHjlaMiH, OyTaHaiaMiH,
MEHTaHiaMIH) 32 TUX € YMOB. Y BHIIAJIKy 3 €TaHIIaMIHOM YTBOPIOETHCS
cnonyka 7 3 BuxogoMm 63%. 3 IHIIMMU aMiHAMH YTBOPIOIOTHCS I[LIHOBI
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MakpouukmiyHi cnoiayku 8-10 13 Buxogamu 31-49%. bynosa cionyku 8 noBeneHa

3a IOMOMOTOI0 PEHTIEHOCTPYKTYPHOTO aHa3y, a croiayku 9 metomamu COSY 1
HMBC [3].

4 (-NR'R?=-NHMe) 5 (-NR'R? = -NMe,)

NC_ N N_ _CN
I N ¢ I 6 (-NR'R? = morpholine)
IRZRN” O O™ “NRIR? 4(72%) 5 (80%) 6 (84%)

4 (MeNH,) T MeOH

5 (Me;NH) |
6 (morph.)
H Cl H HN/>
o.__q o N% o N{LN
Cl
H
N NH, DMA CN H,;NCH,CH,NH, CN
ST on
MeOH
a” >cl cHyoL CN soe"c N o
o Cl 2 rt o N)\/Cl o E)\rb
. H oo HN
3 (67%) 7 (63%)
NH, NH, Et;N, THF
(V)1 50°C

N=( )=N
8(m=1)9(m=2)10 (n=3)

o o
NC&( %CN 8 (31%) 9 (49%) 10 (38%)

Puc. 1.

Takum uyuHOM, OyJIO CHHTE30BaHO HOBI AIMKIIYHI Ta MaKpOLMKIIYHI
CIIOJIYKH Ha OCHOBI JBOX (parMmeHTiB 1,3-okca3ony 3 BHXiTHOTO 2-aMiHO-3,3-
TUXJIOPOaKpUIOHITpITy. JlaHuit MeTon J03BOJISIE CUHTE3YBAaTH  AlUMKJIIIYHI
CHOJIYKA 3 BHCOKMMH Buxoaamu (72-84 %), a MakpOLMKIIYHI 3 MOMIPHUMHU
(31-49 %).
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CHUHTE3 TA JOCIIIKEHHS HOBUX
MIPA3BUHO[1',2":1,5]IITPOJIO[2,3-d|[ IITPUMIJIUHIB
AK IHI'IBITOPIB TEJIOMEPA3HU

"Mysmuxka JI.B., “SIpemuyk 1.0., “Herpyuska B.B., *[Iy6eit 1.51., "Cmoumiit O.5.
TucturyT Gioopramiunoi ximii Ta HadToximii im. B.IT. Kyxapst HAH Ykpaiau
*IHCTHTYT MOJEKyIspHOI Giomorii i renernkn HAH Ykpainn
Imuzychka@rambler.ru

Ha ocHoBi 8-(fiomomernn)mipumino[5',4":4,5 nipomno[2,1-c][1,4]okcazuniB
po3pobIIeHO e(peKTUBHUI METO[ CUHTE3Y HOBUX MOX1JTHUX
nipasuno[1',2":1,5]mipono[2,3-d|mipumiguny. JocmipxeHo 1HT10yBaJbHY
aKTUBHICTh HM3KM 4,7-3aMillleHUX ToxXiaHux mipasuHo[l1',2":1,5]mipono[2,3-
d]mipuMigrHy Ta 3HAMIEHO CHOJIYKY, IO 1HT0y€e aKTUBHICTh TeJOMepasu in Vitro
B MIKPOMOJISIPHOMY Jiania30H1 KOHUEHTPALIii.

Kniouosi cnoea: mipasuno[1',2":1,5]mipomno[2,3-d]mipumianau, iHri0iTOpH
TEJIOMEPA3H.

An effective method for the synthesis of new
pyrazino[1',2":1,5]pyrrolo[2,3-d]pyrimidine derivatives was developed on the
basis of 8-(iodomethyl)pyrimido[5',4":4,5]pyrrolo[2,1-c][1,4]oxazines. The
inhibitory activity of a number of 4,7-substituted pyrazino[1',2":1,5]pyrrolo[2,3-
d]pyrimidine derivatives was investigated and a compound was found to inhibit
telomerase activity in vitro in the micromolar concentration range.

Keywords: pyrazino[1',2":1,5]pyrrolo[2,3-d]pyrimidines, telomerase
inhibitors.

TpULMKITIYHI ~ KOHAEHCOBAaHI  CHCTEMM, WIO0 MICTIATh  miposo[l,2-
aJmipa3uHOBHI (PparMeHT, 3aBXKIAU MPUBEPTATH OCOOJIUBY yBary JOCIHIiTHUKIB 13-
32 iX HIMPOKOrO CHEKTpa MOXJIMBOI O10J0T14HOI akTUBHOCTI. Tak, B psgy
HaOUTbIII BUBUYCHMX OCH30aHEIbOBAHUX MOXIAHUX — Mipa3uHo[l,2-a]iHmoJIiB
BUSIBJICHI CIIOJIYKH 3 IPOTUITYXJIMHHOIO aKTHBHICTIO [1,2], a TaK0k MEepCHeKTUBHI
areHTH ISl JTIKyBaHHSA HU3KU PO3JaiB LEHTPAIbHOI HEPBOBOI cuctemu [3,4]. Y
TOM ke 4ac MoAuGIKOBaHI MIPUMIAMHOBUM (GparMeHToM miposio[1,2-ajmipa3uau
JOCUTh CKYTIO TIPEJICTaBIICHI JiTepaTypi. Bimomuiil e oauH TpUKIIaa CUHTE3Y
TPULIUKIIYHOT KOHJCHCOBAHOI CHUCTeMH — 2,7-(QYyHKIIIOHAJIBHO 3aMIIIEHOTO
noxianoro 6,7,8,9-rerparigponipasuno[1',2":1,5]mipono[2,3-d]mipumiguny [5].

Pazom 3 11um, po3poOka HOBUX MPOTUITYXJIMHHUX 3aCO0IB Ta JOCIIIKEHHS
MEXaHi3MiB Jii € Ha CbOTOJHI OJJHUM 13 MPIOPUTETHUX HANPSIMKIB OPraHiuyHOI Ta
dapmaneBTuHOi Ximii. Bukopuctanus TeaoMmepas Ik MOJEKYJISIPHUX MILICHEH B
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po3po0Ili €PEKTUBHUX MPOTUIYXJIUHHUX TPENapaTiB CTBOPIOE MEPEAYMOBH IS
IIJIECIPSIMOBAHOTO CHUHTE3y HOBUX TOXigHWX mipasuHo[1',2":1,5]mipono[2,3-
d]oipuminuny.

Jlnst  cuHTE3y HOBHX TpeacTaBHHKIB —mipasuno[l',2":1,5]mipomno[2,3-
d]mipuMinguHIB 3aIPONOHOBAHUN IAXiA, B OCHOBI KOTPOIO JICKHUTh PEaKIlis
fogomakToHi3amii MeTUI0BOrO ecrepy 7-amiia-1,3-aumerni-1H-miposo[2,3-d]mi-
puMiTuH-6-kapOOHOBOI kucnoth [6]. Buximaumu cnomykamu Oynm  oOpaHi
8-(iomomerun)mipumino[S',4':4,5 mipono[2,1-c][1,4]okcazunn  la-c, oTpumani
raJloreHyBaHHAM 4-3aMinieHux mipoiio[2,3-d]mipumiauH-6-kapOOHOBUX KHCIIOT Y
npucytHocti Hony [7,8] (puc. 1).

X
Nk/ | A o AcONa, DMF N”Z | A /0 RNH,, AcOH NZ | A 0
N - N
NN o 80°C,2-4nh kN N 0 100°C,05-2h N~ N N-Rr
\\<\ X = OH, OMe, NMe, \\ﬁ \:<
I
lase 2a-¢ (67-72 %) 3a-g (52-74 %)
~. ~ N o
Z 0 Z 0 Z 0 HN o
Nk | N D R R B
SNOUNCON I\\N N N N N NN N
N
L< \\*OH \Q< ‘\\N/ \:< KN/\\O \\< \\\OH
\ \__/
3a (69 %) 3b (65 %) 3¢ (61 %) 3d (74 %)

ONT N\ 0™

i L
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HN%O
| 4 z 0 p
I\\N N N N:IH 1 S’
\<< \\\N/ NN . ’
\ \\< \\j \:< \Nﬁo
3e (70 %) \_ M (52%) /N) __/
Puc. 1.

3g (58 %)

[Ipu wnHarpiBanHi 8-H0MOMETHIBHUX TMOXIAHUX MipuMino[5',4":4,5|mipo-
n0[2,1-c][1,4]okcazuny la-C 3 6€3BOJHUM alleTaTOM HATPil0 B JuMeTHI(PopmMami-
11 BiIOYBA€ThCsS €JIIMIHYBaHHS HOJOBOJIHIO 3 YTBOPEHHSM HEBIJOMHUX paHIIIIE
4-zamimenux 8-meruneHomipumino[5',4":4,5 Jnipono[2,1-c][1,4]okcazuniB 2a-c,
OynoBa sikux miaTBeprkeHa nqanumu AMP cnexktpockomii. Tak, B criektpi AMP
"H npucyTHi curnamu npotoHis ex3ormkmiuaoi CH, IpyIn OKCasHmHOBOIO IHKITY
y BUTJSIAI TBOX OHOMPOTOHHMX CHHTJIIETIB B oOnacti 5,25 m.4. ta 5,75 m.u.
Curnan aniparuuaux CH, npoToHiB crioctepiraerses npu 4,78—4,99 m.u.
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Bukopucranns 8-metunenonipumino[S',4':4,5]mipomno[2,1-c][1,4]okca3uHib
2a-¢ B TpaHc(hopmarllii OKCa3uHOBOTO (PparMeHTy B IMipa3sWHOBE KUIBIIE a0
3MOTY OTpUMAaTH PsiiI  TMPEACTaBHUKIB  HOBHX 4,7-3aMIIIEHUX  IMipa3u-
HO[1',2":1,5]mipono[2,3-d]mipuMmiguHiB  3a-g, MEPCHCKTUBHUX I TOJATBIINX
JOCHIDKeHh  1HT1OyBaJIbHOT aKTMBHOCTI Ha mpukiaaai  Tteimomepasu. Crin
3a3HAYUTH, 110 IEPETBOPEHHS 2a-¢ — 3a-J B110yBaJIoCs IIPU HArpiBaHH1 CIOJIYK
2a-¢c 31 CBDKONPHUTOTOBJICHHMH alleTaTaMH aMiHIB B3a€EMOMIEI0 TICPBUHHUX
amidaTHYHUX aMiHIB 3 OITOBOI KucioTor. Ckian Ta OyjaoBa CHHTE30BAaHUX
croJiyk 3a-g y3ro/Ky€eThCS 3 TaHUMH XpoMarto-mac- Ta SIMP (‘*H, C) CIIEKTIB.

Orinka 1HT10yBaITbHOT aKTHUBHOCTI MMOX1THUX 4,7-3aMIIIEHUX
mipasuso[1',2":1,5]mipono[2,3-d|mipumiaunay 3a-g 11040 TeIOMEpas3H 31iHCHIOBA-
nace B OeskmituHHIA TecT-cucteMi TRAP (Telomeric Repeat Amplification
Protocol, meron amrmumidikaiii TEIOMEPHUX TMOBTOPIB), IO IPYHTYEThCS Ha
amrutidikanii nmpoayktiB cuHTedy TenomepHoi JJHK tenmomepasoro in vitro 3
HAaCTyIIHUM PO3JIUICHHSM MPOAYKTIB €JIEeKTpo(ope3oM y MoniakpuiamMigHOMy
reni. Croiayku JOCHiKyBaiIu B Aiana3oHi KoHIeHTpaiiit 0—40 MxM, KoHTposieM
CITy>KWJIa TeJIoOMEepa3Ha peaxiiisi 3a BiICYTHOCTI 1HT101TOpa.

Binomo, mo tenomepasza € BaXIUBUM (DEPMEHTOM, OCHOBHOIO (DYHKIIIEIO
AKOTo y KiTUHI € cuHTe3 TenomepHoi JHK micns ii BkopoueHHs, sike
BiIOYBAa€ThCA TPH KOXHOMY moaum kiituHu [9]. IHriOyBaHHs TeiomMepasu
MaJUMU MOJIEKYJIaMHU BEJ€ IO aroInTo3y i 3aruOeni MyXJIMHHUX KIITHH, IO
pOOUTH CHCTEMY TEJIOMEPAa3H OJIHIEIO 13 MEPCIEKTUBHUX MOJIEKYJISIPHUX MIIICHEH
JUIST  CTBOPEHHS ~ MPOTUNYXJIUHHUX  3aco0iB.  OCHOBHMMHM  KJIacam
MPOTUITYXJIMHHUX 1HTI0ITOPIB TeloMepasu € TOpQIpUHH, MOXIAHI aKpUIAUHY,
kapOasouy, mianinu ta 1. [10,11].

BuBueHHs 1HTIOyBaJIbHOI AaKTHBHOCTI HEBIJIOMHX paHIIIe IOX1THUX
4,7-3amimennx  mipasuno[1',2":1,5]mipono[2,3-d]mipumiauay 3a-g mokasaiu
MEPCHEKTUBHICTh MOAAJIBIIOT ONTUMIZAIIl CTPYKTYpH TE€TEPOKOHACHCOBAHOI
cucteMd. B psay cuHTe30BaHUX cronyk 7-(3-(aumerrmamino)mporrin)-4-((3-
(IMMeTHIaMIHO )IIpoTTii )aMiHo)-8-meTumipaszuno[ 1',2":1,5 Jmiposo[ 2,3 -d|mipumi-
auH-6(7H)-on (3f) inribye akTHBHICTH TemoMepasu in Vitro 3 ICsy = 30,0 MxM.

TakuMm 4MHOM, Ha OCHOBI JTOCTYNMHHX 8-(Homomerwi)-mipumino[S',4':4,5]-
mipono[2,1-c][1,4]okca3uHiB 3ampONOHOBAHO TMpENapaTUBHUNA METOJ] CHUHTE3Yy
HOBHMX moximHux mipasuuo[1',2":1,5]miposo[2,3-d[mipuMiguHy Ta 3HAKICHO
CIOJIYKY, L0 BHSIBJISE 1HTIOYBaJIbHY aKTUBHICTh 10O TEJIOMEpa3u B MIKpOMO-
JSPHOMY Jiana3oHl KOHIIEHTpaIlii.
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CHUHTE3 I AHTUOKCHUIAHTHI BJACTUBOCTI
CINIH-MIYEHUX HOXITHUX ITYPUHY TA I300KCA30.J1Y

My3suuka O.B., [lIabnukin O.B., CyxoBeeB O.B., bposapens B.C., Bok A.L.
[actutyTt 6100praniyHoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpainu
vovk@bpci.kiev.ua

CuHTEe30BaHO HOBI MOXITHI MypUHY Ta 1300Kca3oiny 13 pparmenrom 2,2,6,6-
TeTpaMmeTmiminepuanH-1-okcuny. I[lokazaHo, MmO CcTaOLIBHUA HITPOKCHUIBHUM
panukai Ha ocHOBI 4-[(9H-nypuH-6-i1aMiHO )KapOOH1I|OCH30MHOT KUCIIOTH MOYKE
iHTiOyBaTM  KCAaHTMHOKCHAA3y, a MeHIm akTtuBHa mnoxigna 5-(5,6,7,8-
TeTpariipoHadTaneH-2-11)i300Kkca30i-3-KapOOHOBOT  KUCJIOTH  JEMOHCTPYE
BJIACTUBOCTI MIMETHKA CYNIEPOKCUIANUCMYTA3H.

Knwouosi  cnosa: aHTUOKCHUJAHTHA  AKTUBHICTh, KCAaHTHHOKCH]IA3a,
HITPOKCHUJIbHI paJIUKAaIIH.

New derivatives of purine and isoxazole with a fragment of 2,2,6,6-
tetramethylpiperidine-1-oxyl were synthesized. It was found that the stable
nitroxyl radical based on 4-[(9H-purin-6-ylamino)carbonyl]benzoic acid can
inhibit xanthine oxidase, and a less active derivative of 5-(5,6,7,8-
tetrahydronaphthalen-2-yl)isoxazole-3-carboxylic acid exhibits  superoxide
dismutase mimetic properties.

Keywords: antioxidant activity, xanthine oxidase, nitroxyl radicals.

KcanTrHOKCHIa3a 32 y4acTiO MOJIEKYJISIPHOTO KUCHIO KaTalli3ye€ OKUCHEHHSI
TIMOKCAHTUHY 0 KCAHTHHY 1 Jaii MEepPEeTBOPEHHS KCAHTHHY B CEUOBY KHCIOTY
[1]. 3pocraHHs  aKTHMBHOCTI KCAHTHHOKCHJA3d B JKMBUX  TKaHHHaX
CYNPOBOIKYETHCS 30UTBIIIEHHSAM KOHIICHTpAIlli peakIiiiHux GopM KHUCHIO, B TOMY
YUCITI  CYNEPOKCHUIAHOTO paauKally, 37aTHUX CIOPUYUHATH  TOIIKOJDKEHHS
O0iomonekyn. [HriOyBambHY 37aTHICTH WIOJ0 KCAHTUHOKCHIA3U BUSIBISIOTH
MOXiAHI TypuWHY, 1MiAa30idy, Tipa3ojly, 1300Kca30idy, Tia3ody Ta 1HIII
rereporukimiuHi  cronyku [2]. Tak, 6-(N-OeH30imamMiHO)IypHH OIKCAHO SIK
iHri0iTOp KcanTHHOKcUAasu [3]. TlpoBeneni mocmimkenns S-3amimenux N-(9H-
ypuH-6-111)-1,2-0kcaz0:1-3-kapOokcaMiliB MOKa3aiu, M0 HASIBHICTh (PparMeHTIB
I300Kca3zony Ta mypuHy B CTPYKTypi 1HTIOITOpa MPUBOAWTH 10 3POCTAHHS
BIUIMBY Ha aKTHUBHICTh KcaHTHHOKcHIasu [4]. HaitOinein axtuBuuii N-(9H-
nypuH-6-11)-5-(5,6,7,8-reTpariaponadraien-2-ina)-1,2-okca3oi-3-kapOoKcami
xapakTepu3yBaBcs 3HaueHHIM [Csy B HAHOMOJIIPHOMY Jl1a1ia3oHi.

HitpokcwibHl paaukaiy MpOSBISIIOTh MIUPOKUNA CHEKTp O10JI0r1YHOT i,
30KpeMa, MPOTUPAKOBY 1 AHTUOKCHUAAHTHY AaKTHBHICTH IO BIJHOIICHHIO 0

77


mailto:vovk@bpci.kiev.ua

CYTNIEPOKCHIHOTO paJfKaly Ta IHIINX peakuiiHux Gopm KucHio [5]. BpaxoByroun
11e, y TPEACTaBJICHIN poOOTI SK IHTI0ITOPY KCAHTHHOKCHUIAa3U Ta aHTHOKCHIAHTU
JOCJII/DKEHO HOB1 MOXIJHI MYpHHY Ta 1300Kca3ony 3 ¢parmentom 2,2,6,6-
TeTpaMeTUIIINEPUIUH-1-0KCHITY.

Peakmieto 4-[(9H-mypun-6-inamino)kapOonina]oen3oitnoi kucimoru (1) abo
5-(5,6,7,8-reTparigponadraneH-2-i1)i300kca3on-3-kapOoHOBOI  KUCIOTH (2) 3
4-rigpokcu-TEMIIO 3a HasBHOCTI Tetpadropbopary O-(6eHzoTpmaszon-1-in)-
N,N,N,N-rerpamerunyponito (TBTU), N,N-miizonpominerunaminy (DIPEA) B
auMeTuihopMaMiii OTPUMaHO HOBI CTaOUIbHI HITPOKCHIIBHI pagukanu 3, 4 (puc.
1).

O
(0} (0}
; < >_< HN N—Qe
HN OH
N
k > OH I\
H
Me Me
N 3
1 Me | Me
Oe
TBTU, DIPEA,
(0] DMF, rt Me
OH
/ \
N — Me

Puc. 1. CunTe3 cTabUIbHUX HITPOKCUIILHUX pagukaliB 3 14

EIlP-ciekTpy HITPOKCUIBHUX paaukaniB 3 Ta 4 ABIAIOTH COOO0IO
KJIACUYHUHN TPUILIET, IO CKJIANAE€ThCS 3 TPHOX EKBIJUCTAHTHO PO3TAIIOBAHMX
niHi. J{ng cnonyk 3 1 4 KOHCTaHTH HAATOHKOI B3aeMo/li (ay) craHOBUIU 16,75
I'ci16,88 I'c (0,1 M tpuc-HCI-6ydep, pH 7,4), Bianosiaso, i 15,75 T'c (96 %-
BUI1 €TaHOI).

AHani3 BIUTMBY CNOJYK 3, 4 Ha aKTUBHICTh KCAHTMHOKCHAA3!1 MOKa3aB, 1110
1HT10YBaHHS TIBUIAKOCTI TMEPETBOPECHHS KCAHTUHY B CEUOBY KHUCJIOTY 3aJICKHUTh
B iX cTpyktypu (Tabn. 1). Beepenns dparmenty 2,2,6,6-TeTpaMeTuiminepu-
IuH-1-0KCUly B CTPYKTYpPY CHOJYyKM 1 MNPUBOAWIO JHIIE J0 HE3HAYHOTO
3HIDKCHHSI 1HT10yBaJIbHOI 3/TaTHOCTI HITPOKCUIIBLHOTO pamukany 3. [lpu 1pomy
1-okcui-2,2,6,6-retpamermiminepuaun-4-in-4-[ (9H-nypun-6-inamino )kapoo-
Hin]O0en30ar (3) BUSBHUBCS €(PEKTUBHINIMM 1HTIOITOPOM KCAaHTHHOKCHUIA3U, HIXK
crioyka 4, 11 Kol 1Hr10yBaHHS €H3UMY HE CIIOCTEPIrajiocs MpH KOHIIEHTpaIii 5
MKM.
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Taoauua 1
[Hri0yBaHHS aKTUBHOCTI KCAHTUHOKCH]IA3H 3 KOPOB’TY0TO MOJIOKA CIIOTyKaMHU
1-4 Ta ix peakiiiiiHa 34aTHICTh MO BIIHOIICHHIO JIO CYNEPOKCHIHOTO PaJUKaIy

Crionyka ICs0, MKM k,-10°% Mt
1 0,11+0,03 -
2 37,84+3,78 -
3 0,42+0,04 -
4" >5 0,53+0,18
4-rinpokcu- TEMIIO - 0,49+0,19

Cnonyka 4 mnpu KOHIEHTpauii 5 MKM He BIUIMBaJla Ha aKTUBHICTh
KCaHTUHOKCHUIa3U

Peakuiiiny 30aTHICTh HITPOKCHUJIBHUX PaJMKaIIB MO BIJHOLIEHHIO 10
CYIEPOKCHIHOTO paJuKaly ONMUCYBAIM KOHCTAHTaMH INBHUAKOCTI Kp, sKi Oysu
BU3HAYEHI METOJOM KOHKYPYIOUMX peEakilii B NPUCYTHOCTI OapBHUKA
HITPOCUHBOTO TeTpazoiieBoro [6]. Edexr Bim BBeAeHHS HITPOKCHIBHOTO
dbparMeHTy SK MIMETHKA CYNEpOKCHUIUCMYTa3u JEMOHCTPY€E croiyka 4, mpu
[[bOMY 3HAa4Y€HHS KOHCTAHT IIBHIKOCTI Ijs crnioiyku 4 Ta 4-rigpokcu- T EMIIO
OyJIv TTOIIOHUMH.

Omxe, moxiaHi 2,2,6,6-TerpameTriminepuant-1-okcuny Ha ocHoBi 4-[(9H-
nypuH-6-i71amMiHO )kapOoHiI |0eH30MHOT KucimoTu Ta 5-(5,6,7,8-terparigponadra-
JIeH-2-1J1)1300KCa301-3-KapOOHOBOI KHUCJIOTH MOXYTb BUSIBIISITH
AHTUOKCUJAHTHUN  BIUIMB, OJIOKYIOUM aKTHUBHICTb KCAaHTHHOKCHIA3W Ta
YTHIII3yIOYH CYTIEPOKCUIHUMN paJIuKall.

Excnepumenmanvna uacmuna

[Y-cnexktpu otpumani Ha cnektpomerpi Bruker Vertex 70 FTIR B
tabnerkax KBr. Xpomarto-mMac-crieKTpu 3amucaHi 3 BUKOPUCTaHHSM PIIUHHOI
XpPOMAaTO-Mac-CIIEKTPOMETPUIHOI CUCTEMH HAa BHCOKOS(DEKTUBHOMY PiIUHHOMY
xpomarorpadi Agilent 1100 Series 3 mac-ceneKTUBHUM AeTekTopoMm Agilent
LC/MSD SL. V po6oTi BHUKOPHCTOBYB&JIM KCAaHTHHOKCHAA3y 3 KOPOB’SYOTO
MoJtoka (Sigma), kcantuH (Sigma). CriekTpajibHi TOCHIKEHHS 0YyJI0 MPOBEICHO
Ha EITP-criektpomerpi Varian E-3 X-nmianazony (9 I'T'n). CnektpodoromeTpryHi
JOCITIKCHHST BUKOHAaHO Ha nipwiai Specord M-40.

3azanbna memoouka ompumMauHs 3amiweHux noxionux 2,2,6,6-mempame-
muaninepuoun-l-oxcuny. Jlo poszuuny 4-[(9H-nypun-6-imamino )kapOOHiT]-
oensoiinoi  kucimorn um  5-(5,6,7,8-teTparinponadraneH-2-in)izookcaszon-3-
kapbonoBoi kuciaotu (1,41 mmonas) B mumermindopmamigi (20 mia) mpu 0 °C
nonaBamu  N,N-miizonponinernnamin  (DIPEA) (0,492 wmn, 2,82 MMoIb),
terpadropoopar O-(6enstpuaszon-1-im)-N,N,N,N-rerpamerunyponiro (TBTU)
(1,07 r, 2,82 mmoms) 1 4-rigpokcu-TEMIIO (486 wmr, 2,82 mMmounb). Peakuiiiny
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CYMilll BUTPUMYBAJIU IIPU OXOJIOMKEHHI 2 roj, naii nepemimysanu mpu 20-25 °C
24 rox. JlomaBamu Boay (100 mur) i 5 % po3umH rigpokapOonary Hatpito (50 mur).
Ocan, mo yTBOpuBCs, BIAQIIBTPOBYBAIU Ta TPOMUBAIU 2-TIPOMIAHOIIOM (2X5 Mi1),
CYUIWJINA B BaKyyMi MaclIIHOTO HAacocy.
1-Oxkcun-2,2,6,6-mempamemunninepuoun-4-in-4-[ (9H-nypun-6-inamino)-
kapbonin]oenzoam (3). Buxin 0,32 r (53 %). T.mr. > 80 °C (3 poski.). LC/MS
m/z = 438,2 [M+H]". T4 (KBr, cm ): 3351, 3320, 3215, 3132, 2971, 2868, 1717,
1681, 1620, 1564, 1535, 1498, 1455, 1401, 1385, 1365, 1256.
1-Oxcun-2,2,6,6-mempamemunninepuoun-4-in-[5-(5,6,7,8-mempaciopo-
Hagmanen-2-in)Jizooxcazon-3-kapooxcunam (4). Buxin 0,26 t (47 %). T.m1. > 90
°C (3 poski.). LC/IMS m/z = 398,2 [M+H]". 14 (KBr, cm Y): 3130, 2983, 2930,
2861, 2835, 1739, 1692, 1616, 1569, 1551, 1498, 1462, 1428, 1353, 1253, 1238.

Bnaue cnonyk 1-4 na akmusnicmo kcanmunoxkcuoaszu IOCHiIHKyBaIH B 50
MM Hatpiii-pochaTtnomy Oydepi npu pH 7,4 1 25 °C. PeakuiiiHa cyMmilll
BmingyBaia 50 MkM kcanTtuH, kcantuHokcupaasy (0,156 ox/ma), 0,05-5 mxM
irioitop, 0,1 MM EATA 1 mumeruncynsdokcun (1 00.%). [lepebir peakiii
KOHTPOJIIOBAJIM 32 3MIHOK ONTUYHOI ryCTUHU TipH 293 HM. [IpoueHT 1HridyBaHHs
BU3HAYAIN 31 CHIBBIIHONICHHS! HAKOTTMYEHHSI MTPOJIYKTY (DEPMEHTATUBHOI peaKxilii
3a 6 XB y JoCiijaXx 3a HasgBHOCTI 1HTIOITOpa 1 6e3 Hboro. Jljus BU3HAYCHHS
3HaueHHs 1Csy BHUKOpPHCTOBYBaNM  3aJ€KHICTh  TMPOIECHTY  IHTIOyBaHHSA
KCAaHTHHOKCH/Ia3H BiJl KOHIIEHTpaIlil 1HT161TOpAa.

Bnaue  HimpoxcunvhHux — paouxanie  Ha  WEUOKICMb  B8IOHOGIEHHS
HIMPOCUHLO2O Mempa30ai€6020 B IPUCYTHOCTI CYNEPOKCUTY JOCITIIKyBaiu B 50
MM Harpiii-pochatnomy Oydepi mpu pH 7,45 (25 °C). Peaxmiiina cymimr
BMinyBana kcantuHokcunazy (0,156 ox/mu), 150 MM kcantudH, 75 MM
HITPOCHHIK TeTpasojieBuit, 2,5-7,5 MxM pagukan, 0,1 mM EJITA. O06'emna
KOHIIEHTpallis eTaHoiy crtaHoBujia 1 %. Peakiiio po3noyuHaiu J10JaBaHHSIM
¢depmenTy. IBUAKICT KOHTPOIIOBAIM 33 3MIHOKO ONTHUYHOI T'yCTHUHM npu 560
HM.
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CUHTE3 TA JOCJIKEHHA MOKJIUBOCTEN 3ACTOCYBAHHS
I3OOKCA3OJIOBMICHUX CYJb®OHITAMIITHUX ITOXITHUX
AK NOTEHLIMHUX BIOLIUJHUX ATEHTIB

[TaBmtok O.B., 'oguna JI.M., bapan M.M., Metenuis JI.O., KamkoBcekuii B.1.
[actutyTt 6i00praniyHoi ximii Ta Hadroximii iM. B.I1. Kyxaps HAH Ykpaiau
pavluiksasha@gmail.com

JocnipkeHa MOXKIIMBICTh 3aCTOCYBaHHS HU3KHM HOBHUX CYJIb(OHUIAMITHUX
MOXIIHUX 1300KCA30JIbHOTO PSAAYy SK TOTEHIINMHUX OIlONMIHUX AareHTIB.
BcraHoBiieHO ~ 34aTHICTH  1300KCa30J0BMICHHX  CyJb(OHUIAMIAIB IO
MPOTUTPUOKOBOT  aKTMBHOCTI Ta JOMUIBHICTh MOJAJBIIOTO  aHalizy Ta
CTPYKTYPHOI ONTHMI3allil HAalO1IbIII aKTUBHUX MPOTH BCIX JOCHIIKEHUX IITaMIB
rpuba Candida, oco06IuBO MPOTH HOTO PE3UCTEHTHUX KIIHIYHUX 130JIATIB.

Kniouogi cnosa: cynbhoHiIaMiid, 1300KCa30JI0BMICHI MTOX1aH1, OlomuaHa Ta
MPOTUTPUOKOBA AKTUBHICTb.

The possibility of using a number of new sulfonamide derivatives of the
iIsoxazole series as potential biocidal agents has been investigated. The ability of
isoxazole-containing sulfanilamides to antifungal activity and the feasibility of
further analysis and structural optimization as the most active against all studied
strains of the fungus Candida, especially against its resistant clinical isolates have
been established.

Keywords: sulfanilamides, isoxazole-containing derivatives, biocidal and
antifungal activity.

[300Kca30nu € OAHMMM 3 TEepPCHEKTUBHUX, MPOTE, HAaWMEHII BUBUYEHHUX
MPEACTABHUKIB I ITUWICHHUX TETEPOIMKIIYHUX OKCHUTCHOBMICHUX CHCTEM. 3
1HIIO1 CTOpPOHM, CYJb(OHLIAMIJHA Tpyna MPUCYTHS Yy BEIUKIM KUIBKOCTI
KOMEPIIIHHO JOCTYIHUX JIKAPChKUX 3ac00iB, MPU3HAYEHUX IS JIIKYBaHHS
[IMPOKOTO CHEKTPY 3axBopioBaHb. CHOIYKH IHOTO KIaCy € CKIaJOBHUMU
KOMIIOHEHTaMH BIJIOMHUX JIIKapChKUX TMpenapariB, 30KpeMa, pi3HOMaHITHUX
OaKkTepHIUIIB IIMPOKOTO criekTpy Ail [1-4]. ITomyk HOBUX 010JIOTTYHO aKTUBHUX
PEYOBHH 3 IIMPOKUM CIEKTPOM ii, BUCOKOIO CEJIEKTUBHICTIO Ta OE3MEYHICTIO €,
Oe3repevHo, OHUM 3 aKTyaJIbHUX HAMpSMKIB HAYKOBUX JOCTIPKEHb Ta Ma€ HE
JUIIe HAYKOBUH, a il MpakTUYHUH 1HTEepec, nepeAdayvaiour TiICHY CIIBIIPAII0 MIX
TEOPETUYHUMHU PO3paxyHKaMHu 3a pe3ylbTaTaMu (pyHZaMEHTaIbHUX HAayKOBO-
TEeXHIYHUX JocHixkeHb B oOjacti QSAR-mporHosyBaHHsS Ta NpPaKTUYHUMH
MOKJIMBOCTSIMH TOHKOTO CHHTE3Y Ta IIMPOKOIO CHEKTPY Ol0JOriyHUX
AOCTKEeHb. Y mMOomepenHix poboTrax HamMu Oylio PO3TIASHYTO KUIbKa 3PY4YHHUX
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NUISIXIB OZIep>KaHHS CyIb(OHUIaMIIB Ta CyibhoaiaMiliB 1300KCA30JIbHOTO PSIAY
[5-7]. 3 miero MeToro B poborax [5,6] Oys0 poO3MISHYTO CHHTE3 MUPOKOT HU3KH
1300KCa30JI0BMICHUX TOXIJHUX 3 JIOCTYITHUX apOMaTHYHUX aJIbJIETiaIB Ta
HACTYITHOIO B3a€MOJII€I0 MPOJYKTIB PEaKIlii 3 BIAMOBIAHUM aleTHiIeHaMu (puc.

1).

Ar

Na,S0; {
— -
Ar PCls ClO,S / N Allylamine o AT
H,NOH { - o ——— daq %2 [
-j ArCIOAlc Allyl i - N
ArCHO —>NCS Hal / 0/N — 3a-j rCOP c yl bromide Saq @N O
- > [ Ru
. _ ArCl,0Alce _
la-j Propargyl alcohol Hal=Cl, Br M \ o
or 20 cL, 0| Cl10,S8 / N
Propargyl bromide o’
3k-q
0OC,H, OCH,C¢H;

OCHs  OC3H, OCH, OCH,C¢Hs OCIz);CH Ongé - OCH, rom
cl Oczlcil5 QCsflm cl OCAIC{I9 " cl “ < Cl
cl Cl
\Q/ \Q/ \Q/ H,CO C,Hs0 “HC3H,07 ; NC4H,O" j/:

Puc. 1.

VY pe3ynabTaTi BUKOHAaHHA JaHUX JOCIIKEHb BIANPALBOBAHO KUIbKA
CUHTCTHYHHMX CTPATETid OJIep>KaHHs 1300KCA30JI0BMICHUX CYJIb(MOHIIXIOPHIIB.
30kpema, 3a JIOMOMOTOK  B3aEMOJII  coJied  Cyiab()IHOBHUX  KHCIOT 3
nenraxjopunoM ¢ochopy Ta OKHCHIOBAIBHUM XJIOPYBaHHSM 130T1ypOHIEBUX
conerd 3rimHo cxemu (puc. 1). OTpumaHi TaKUM YUHOM CYIb(OOHUIXJIOPUIN
MEePETBOPIOBAIIM Yy BIANOBIJHI AJIKEHIIBMICHI CyJIb(QOHUIAMIIM B PE3YJbTATI
B3a€MOJIIT 3 ajJijJaMIHOM Ta MOJAIBIINM aJIKiTyBaHHSIM HQUIUIIKOM allIOpOMIidy
B po3unHax JIM®A B mpucyTHOCTi KapOoHary kamito. Peakiii meraresucy i3
3aKPUTTIM LUKITY IPOBOJMIIM B CYyXOMY AMXJIOpOMeETaHi 3a remneparypu 5-10 °C
BITPOZIOBXK OfHi€T rouHu. B po6oTi [7] Oys10 po3riisiHyTO CHHTE3 CYJIb(ho1iaMiIiB
1300KCa30JILHOTO  PSIIy B pe3yjibTaTi  B3aEMOMIl  OACp)KAaHUX  aMIHIB
1300KCa30JILHOTO  PSIy 3  BUAMNOBIAHUX  TalloreHimiB mo  [eneminy 3
CyIbQYypHIXJIOpUIOM y TPUCYTHOCTI TpueTwiaMminy (puc. 2). CuHTe30BaHI
cynbdoHuTaMian OyJiM TPOAJKIIOBaHI MO JBOM aMmigHMM atomaMm azoty 20 %
HAUTAIIKOM aiiaopominy B posuunax JIM®DA 3a temneparypu 64-75 °C y
npucytHocTi 30 % Hammmky kapOoHaty kaimito. Peakuii Mmeratesucy i3
3aKpUTTSAM IMKIY OyJI0 TpPOBEAEHO B PO3UMHAX CYXOTO JIETa30BAaHOTO
XJIODUCTOTO METWUJIEHY B aTMoc(eppl CyXOro aproHy 3a JIOOMOIOIO
(EeHUTIHAEHTIACHOBOIO KOMILUIEKCY pyTeH1l0 BOpojoBx 8-10 roaun. Bynoy
MPOAYKTIB peakiiii joBeseHo maHmmu crektpockormii SIMP Ha simpax 'H Tta
METOJIOM Mac-CIEKTPOMETPIi.
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Meroto nmaHoi po6GoTu Oylio BCTAHOBIEHHS MOXKJIMBOCTI 3aCTOCYBaHHS
HOBHX CYJIb(OHUIAMITHUX MOXITHUX 1300KCA30JILHOTO PAY SK MPOTUTPUOKOBUX
areHTiB. Bu3HaueHHS NOPOTUTPUOKOBOI AKTUBHOCTI PO3IISIHYTHX  CHOJYK
3MIMCHIOBAJIOCS 3a JOTIOMOTOI0 JUCKO-AN(Y31HHOTO METOTy, B OCHOBI SKOTO
JICKUTH 3[aTHICTh CHOJYK, 10 TeCTYIOThCS, AMPYHAYBATH 3 MANEPOBUX TUCKIB y
MOXXHBHE CEpEeIOBUINE, IMOBEPXHA SKOTO KOJIOHI30BaHA IE€BHOIO MIKPOOHOIO
KyJIbTyporo [8].

Ar
N/
|
A /
Ar r 0 Allyl bromide
N =N NH
A \ ¢4 S0,CL, =X
0] 2 HCl \\\NH Ar
Br H,N 4 Et;N o] \\m/
(by Delepine method) 0N
9a-d 10a-d
8a-d
Ar Ar
N=— N=
o) | o/
Allyl bromide _— 5 % mol AN
_— N [ Ru] N
- 0=
TN -C,H N
) \ A
o) \\m/Ar o o) \\m/ r
0N 0N
11a-d 12a-d
OCH, OCHs; OCH;
Ar=

Puc. 2.

AHTUKaHIUIO03HY aKTUBHICTh CIOJYK BH3HAYaJIM MPOTH CTAaHAAPTHOTO
mramy rpuda Candida albicans M 885 (ATCC 10231) ta KIiHIYHHX 130JI4TiB
rpubie  Candida albicans ta Candida krusei. MikpoOHe HaBaHTaKEHHS
cranomwio  1-10° KOJIOHIeyTBOpIOrOUMX oauHunb B 1 Ma  (KYO/mn)
KyJIbTYpajdbHOI PITUHU 1 KOHTPOJIIOBAJIOCS 32 ONTHUYHUM CTaHIAAPTOM MYTHOCTI
(OCO 42-28-85-01 II). KyneruByBanus rpu0iB poay Candida 3milicHioBain B
nokuBHOMY cepenoBuini Cadypo (pH 6,0-6,8). Vci crionyku Oyiu TOCHiKEeH] B
koHeHTpauisix 10,0 % Tta 1,0 %. Cnoiayku po3uuHsUIA B AUMETUICYIb(POKCHUII
(AMCO), no sKoro AOCHIIKYBaHI KyJbTypu € HedyTauBUMU. CHOIyKu
HAHOCUJIMCS HA CTaHAApPTHI maneposi aucku (6 MM y aiametpi) B 06’ emi 0,02 mi.
[HOKYsT HaHOCUIM Ha yamky [leTpi 3 BIANOBIAHUM MOKUBHUM CEPEIOBUIIEM B
006’emi 0,2 mi1. TakyOGartito npoBoauau npotsarom 24 roaun npu +37 °C. ducku 31
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CTOJyKaMd PIBHOMIPHO PO3MIIIyBaJId HA TMOBEPXHI IMOKUBHOTO CEPEIOBHIIA,
KOJIOHI30BaHOTO MIKPOOHOIO KYJIBTYPOIO.

AHTHKaHIUI03HY aKTHBHICTh BHU3HAYAJIM 3a JliaMeTpaMH 30H 3aTPUMKH
pOCTy MIKpOOpraHi3MiB y Mm (Tabi. 1).

Taoanna 1
[TpoTurpubxoBa aKTUBHICTH JOCIIHKEHUX CIIOIYK 3a JlaMeTpaMy 30H 3aTPUMKH
pocty KyasTypu Candida spp. (Mmm)

JliameTpu 30H 3aTPUMKH POCTY TPHOKOBHUX
Bwmict Ha KyneTyp poay Candida, (Mm)
Howmep cnonyku JTACKY, —
1*10-8 M C. albicans KniaiuHi1 130715TH
ATCC C. albicans C. krusei

500 H/a* H/a 10
4a 50 H/a H/a H/a
5 H/a H/a H/a
500 9 14 14
Sa 50 H/a 9 10
5 H/a H/a H/a
500 16 H/a H/a
11c 50 11 H/a H/a
5 8 H/a H/a
500 13 15 12

12¢ 50 9 11 9
5 H/a 8 H/a
D1yKOHA30J1 13,0 25 H/a 15
Kaorpima3zoau 2,9 17 15 16

*H/a — cionyka HeaKTUBHA

Takum 4YWHOM, Yy peE3yJbTaTi TMPOBEACHHS aHai3y MOKJIUBOCTEH
3aCTOCYBaHHA CYJIb(OHITAMITHUX TOXITHUX  1300KCA30JLHOTO POy  SIK
AHTUMIKpOOHUX areHTiB OyJ0 BCTAHOBJIGHO, IO JAesKl cepel BiaiOpaHuUx
noxigaux (5a, 1l¢, 12¢) 3xmatHi g0 iHTiOyBaHHS POCTY IITaMiB rpuba poay
Candida, oco0iuMBO HOro pPE3UCTEHTHUX  KIIHIYHMX  130JI4TiB.  Xoua
MPOTUTPUOKOBA AKTUBHICTh PO3MVISIHYTUX TMOXIJHUX 3HAYHO TIOCTYMAETHCS
aKTUBHOCTI pedepeHT-mpenapariB, MpoTe OTPUMaHI pe3yabTaTH BKa3yIOTh Ha
JOLIBHICTh TOJAJBIIOT0 TOIIYKY Ta CTPYKTYPHOI ONTHMI3aLiil JOCIHIIKEHUX
1300KCa30JI0BMICHUX CYJIb()OHUIAMITHUX MOXITHUX K €(EeKTHBHUX aHTHUMIKPOO-
HUX areHTiB. KpiM Toro, yHikajgbHI CHHTETHYHI MOJJIMBOCTI TaKOTO THITY
NEPETBOPEHHS K Peakiii MeTaTe3uCy TaKO0X 3YMOBIIOIOTH AaKTYyaJbHICTh Ta
MEPCIIEKTUBHICTD JAHOTO HAIIPSIMKY JTOCIIIKECHb.
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ROLE OF SECRETED ENDOGENOUS PEPTIDES IN DEFENSE
ELICITATION OF ARABIDOPSIS THALIANA PLANTS

Pokotylo 1., Bulava S., Kravets V.
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of the NAS of Ukraine
pokotylo@bpci.kiev.ua

Plants counteract pathogen threat with the help of sophisticated perception
and defense systems. Small secreted peptides act as important endogenous signals
acting, together with other known elements of plant defenses, to activate and/or
amplify resistance mechanisms. In our study we aimed to expand the knowledge
concerning the biological role of the SCOOP family peptides providing
characterization of SCOOP5, SCOOP7 and SCOOP13 as inducers of plant
defenses.

Keywords: phytocytokines, SCOOP, lipid signaling, pathogen resistance,
reactive oxygen species.

Pocnunu mnpotuaitoth 30yAHUKAM XBOpOO 3a JIOMOMOIOK CKJIAJHUX
CHUCTEM pelerniii Ta aHTUMIKpOOHOTO 3axuCTy. BaXiIMBUMH KOMIIOHEHTaMHU
JAaHUX CHCTEM € MaJll CeKpPETOBaHI MENTH]IU, 1O JII0Th y CYKYITHOCTI 3 1HIIUMHU
MOJICKYJIIPHUMHU KOMIIOHEHTaMH Yy SIKOCTI BQ)KJIMBHX €HJIOTEHHHX CHUTHAJIB Ta
CIYT'yIOTh JUISl aKTHUBAIlli Ta/ab0o MOCHIICHHS MeXaH13MiB CTIMKOCTI. Pe3ynbrarw,
MpPEACTABICHI Yy JaHOMYy JOCHIJDKEHHI, PO3UIMPIOIOTh YSABJIEHHA IOO
6iomoriunoi pom mentuaiB cimeiictBa SCOOP Ta HagaloTh XapaKTEPUCTUKY
SCOOPS5, SCOOP7 ta SCOOP13 gk NOTEHLIMHUX 1IHIYKTOPIB 3aXUCTY POCIIUH.

Kniouogi crosa: ditouurokinn, SCOOP, minigHuil CUTHAIIHT, CTIHKICTD 110
MaTOTEHIB, AKTUBHI (DOPMU KHCHIO.

A recently identified serine-rich endopeptide (SCOOP) family in
Arabidopsis comprises 14 members, of which only the SCOOP12 was partly
characterized [1]. Treatment with synthetic SCOOP12 peptide led to several
defense-like responses in Arabidopsis, suggesting that SCOOP12 has properties
of phytocytokines. Moreover, SCOOP12 could rapidly activate phospholipid
signaling reactions and reactive oxygen species (ROS) response. The perception
of SCOOP12 was suggested to implicate BAKL1 receptor kinase [1]. In our study
we aimed to expand the knowledge concerning the biological role of the SCOOP
family peptides providing characterization of SCOOP5, SCOOP7 and SCOOP13
as inducers of plant defenses.
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We have observed that co-incubation of Arabidopsis leaf discs in media
containing 1uM of SCOOPS, 7, 12 or 13 synthetic peptides leads to ROS burst
within 30 min (fig. 1). Such reaction was most prominent for SCOOP12 and
SCOOP7 peptides. In parallel, we have analyzed a reaction of Arabidopsis
suspension-cultured cells to the same SCOOP peptides concerning production of
phosphatidic acid (PA) — a signaling lipid. This reaction may be directly linked to
ROS burst since PA is known to control RbohD activity [2]. We could observe
that all tested peptides invoked a strong 2-fold increase in PA accumulation that
was statistically equal between peptides tested (fig. 2).

200 ~

O_I T T 1

Control SCOOP5 SCOOP7 SCOOP12  SCOOP13

ROS accumulation,
RL
S

Fig. 1. Treatment with SCOOP peptides leads to ROS burst in Arabidopsis leaf
disks. RLU, relative light units
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Fig. 2. Treatment with SCOOP peptides leads to activation of phosphatidic acid
production in Arabidopsis cell suspensions

By observing that SCOOP peptides induce clear defense-related responses
in Arabidopsis, we have investigated if this translates into amplified pathogen
resistance of SCOOP-treated plants. Our preliminary results indicate that in a
biotest using Pseudomonas syringae pv. tomato pathogens the pre-treatment of
Arabidopsis plants with synthetic SCOOP peptides leads to changes in their
pathogen resistance. Unexpectedly, we could both observe a defense-promoting
and defense-compromising action of SCOOP (fig. 3). Pre-treatment with 1 uM
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SCOOP5 and 13 lead to less bacteria being able to propagate in plant leaves. An
opposite effect was registered for SCOOP7 and SCOOP12. These results are
currently pending verification.

BAK1 receptor kinase was preliminary shown to be a part of SCOOP12
signaling cascade [1]. We have made a suggestion that this can be due to direct
interactions between the SCOOP peptides and BAKL. Such interaction was
indeed modeled using HADDOCK [3] to occur in the vicinity of kinase domain
of BAKL1 (fig. 4) and would implicate Tyr634 and Asp648 residues producing H-
bonds with SCOOP.
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Infection level, CFU

Fig. 3. Inoculation of SCOOP peptides leads to differential response of
Arabidopsis plants in terms of resistance level to P. syringae pathogen. CFU,
colony forming units

Fig. 4. A visualization of SCOOP7 (pink) interaction with BAK1 (teal)
implicating Tyr634 and Asp648 residues. Hydrogen bonds are shown as pink
lines
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Cumulatively our data suggest that SCOOP5, 7 and 13, as SCOOP12 are
biologically active peptides acting inter alia in plant defense signaling. We could
observe both similarities (ROS burst, PA accumulation) and dissimilarities
(induction of pathogens resistance) suggesting that different SCOOP peptides
may take dissimilar molecular pathways in cell regulation. The functional
connection of SCOOP peptides to BAKL is to be confirmed in null-mutants
studies and via molecular dynamic simulations.
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ANTICANCER EVALUATION OF DIFUNCTIONAL SUBSTITUTED
1,2-DIHYDROPHTHALAZINES
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Anticancer activity of a series of difunctional substituted
1,2-dihydrophthalazines has been studied within the international scientific
program “NCI-60 Human Tumor Cell Lines Screen”. The most effective
compounds have a 4-chlorophenyl or 4-methylphenyl substituent at N® of the
phthalazine cycle.

Keywords: phthalazine, anticancer activity, growth inhibitor.

[IpoTunyXJMHHa aKTUBHICTH cepii  AU(PYHKIIIOHATHHO  3aMIMICHUX
1,2-purigpodranazuHiB BUBYAIACAd B paMKax MIXKHApOIHOI HAYKOBOI MpOTrpamMu
“NCI-60 Human Tumor Cell Lines Screen”. HaiiehekTHBHIIII CHOJYKH MarOTh
A-xnopdeninpamii 260 4-metrndeniTpHmi 3amicHEK pr N 1ukny dranasumy.

Kniouosi cnosa: pranaszu, npoTupaKkoBa akTUBHICTh, 1HT10ITOP POCTY.

The phthalazine scaffold appeared as a pharmacophoric feature numerous
compounds exhibiting antitumor activity in blood cancer, breast cancer, colon
cancer, lung cancer and renal cancer [1]. Most of drugs containing phthalazines
are substituted at position 2 and 4 of phathalazinone scaffold, for example, the
well-known PARP inhibitor Olaparib [1]. This inspired the present study to
investigate the in vitro anticancer activity of some new 2,4-disubstituted
1,2-dihydrophthalazines (1-4) against human cancer cell lines (fig. 1).

R-N,H, R R = 4-FC¢H,CH, (1);
. | Ph (2); 4-MeCg¢H, (3);
o :cONa, =N 14 4-CIC4H, (4)
r, rt
4-C1C¢H, 4-C1 C¢Hy

R=4-MeCgH, Ig Glsy=-5.79,1g TGI = -5.42, g LCs, = -4.97
R=4-CIC¢H; lg Glsy=-5.57,1g TGI = -5.08, Ig LCsy = -4.61

Fig. 1.
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The route for the preparation of 1,2-dihydrophthalazines 1-4 is based on
cyclocondensation of o-(bromomethyl)benzophenones with hydrazines in
presence of base [2].

The structures of the phthalazine products (1-4) were submitted to US
National Institute of Health, and the three compounds 1, 3 and 4 were selected for
evaluation of their antiproliferative activity within an international scientific
program. The elected compounds were submitted to in vitro anticancer assay
against tumor cells in a full panel of 60 cell lines taken from different tissues
(lungs, kidneys, CNS, ovaries, prostate, breast cancer, epithelial cancer, leukemia
and melanoma).

1,2-Dihydrophthalazine derivatives 1,3,4 have been shown to be active
against cancer cells in a wide range of cell types. It turned out that the nature of
the substituent at N? of phthalazine cycle critically affects the level of activity.
The most preferred is the presence of p-tollyl (3) or p-chlorophenyl (4)
substituent at N2 1,2-Dihydrophthalazine 4 (Mean GP = -64.49%) showed
significantly higher activity compared with the 2-tollyl derivative 3 (Mean GP =
66.29 %) at a single dose concentration of 10 M [3]. The substitution of the aryl
group at position N® by p-fluorobenzyl group (1) led to sharp decrease of the
antitumor activity for all tested cell lines.

At 10-fold dilution of five concentrations (10-10° M) [3] the 2,4-diaryl-
1,2-dihydrophthalazines 3,4 also show high activity. The most interesting
antiproliferative profile against different human tumor-derived cell lines for 3 was
against CCRF-CEM, MOLT-4 (leukemia) and HOP-92 (non-small cell lung), and
for 4 was against LOX IMVI, UACC-62 (melanoma) and COLO 205 (colon).
Additionally, compound 3 demonstrated remarkable activity against most cell
lines of the CNS sub-panel.

Overall activity of 5-fluorouracil (as a standard drug, average 1gGls=-6.10)
Is higher than of any 1,2-dihydrophthalazine 3,4. Nevertheless, both compounds
3,4 demonstrate higher activity than standard 5-fluorouracil does against: CCRF-
CEM, HL-60(TB) and K-562 (leukemia); HOP-92, NCI-H226 and NCI-H522
(non-small cell lung); SNB-75 (CNS); SK-MEL-2 (melanoma); OVCAR-5 and
SK-OV-3 (ovarian); RXF 393 (renal); PS-3 (prostate); MDA-MB-231/ATCC, HS
578T, BT-549 and T-47D (breast). Furthermore, 2-tollyl-1,2-dihydrophthalazine
3 is more active than 5-FU against SNB-19 (CNS) and UACC-257 (melanoma).
With this result 2,4-diaryl-1,2-dihydrophthalazines represent a new perspective
class of physiologically active compounds.

Accordingly to COMPARE [3] analyses indicates that 2-tollyl-1,2-
dihydrophthalazine 3 has a unique mechanism of action that requires appropriate
experimental study. The mean graph of compound 3 has a high correlation with
the geldanamycin graph only at cytotoxic concentrations, and its mode of action
may be related to the mechanism of cytotoxic action of this standard anticancer
drug. The most likely molecular target for 4 is cancer cell DNA. However, the
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absence of a very high positive correlation with the above compounds and the
presence of a high Glg, correlation with the L-cysteine analogue, which is an
L-glutamine antagonist, selectively acting on the enzymes of purine nucleotide
biosynthesis requires further experimental studies for the correct interpretation of
the results obtained.
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The in silico binding [Pharmophore:Peptide] complex by the mechanism of
n-stack interaction between heterocyclic bases and model peptide bond are
presented in the framework of the fragment-to-fragment approach. A careful
analysis of the DFT calculationi of [Pharm:Pept] complexes with a model peptide
bond by the mechanism of =-stack interaction shows that the binding energy
increases when the heteroatom is replaced in a series NH—>O—S. Expansion of
the m-electron system by anellating the oxazole with acceptor pyridine and
pyrimidine rings leads to a decrease in the stabilization energy of [Pharm:Pept]
complexes.

Keywords: fragment-to-fragment approach, peptide bond, binding energy.

VY pamkax HaOmmKeHHs «pparMeHT a0 (parmeHta» in Silico mocmimkeHo
YTBOPEHHSI KOMIUIEKCIB, III0 YTBOPIOIOTbCA MK (papmakodopom (a30THCTI
reTepOlMKIM) Ta MOACIPHUMHU TICNTHIHUMHU 3B S3KaMH 32 MEXaHI3MOM
T-CTeKOBO1  B3aemonii. PerenpHuit anamiz DFT-po3paxyHky KoMIUIEKCIB
[Pharm:Pept] 3 MoaenbHMM NEOTHAHUM 3B’SI3KOM IIOKasye, IO CHEPris
KOMILJIEKCOYTBOPEHHSI ~ 3pOCTa€E  MpU  MOCHIAOBHIM  3MiHI  reTepoaroMa
nociimxeHux crnonyk y psay NH—O—S. Po3mupenss m-enekTpoHHOT CHCTEMH
OKCa30Jy Ta MOro TMOXIIHUX T[UISXOM  AaHEIIOBaHHSA  aKIENTOPHUMHU
MIPUAMHOBUMHU Ta MIPUMIJUHOBUMU KUIBLISIMU IPUBOAUTH 10 3MEHIIICHHS €HEeprii
crabimzarii n-kommiekcis [Pharm: Pept].

Knrouosi cnosa: HabmmkeHHs «pparMeHT 10 (parmeHTay, MENTHIHUAN
3B’SI30K, EHEPTisl 3B’ I3yBaHHS.

Pharmacologically active compounds, which are based on nitrogenous
conjugated bicyclic compounds, are well-known for their vital role in the
metabolism of all living cells [1-3]. These compounds are suitable to design new
perspective molecules using the so-called Fragment-Based Drug Discovery
(FBDD) method [4-5]. This strategy consists of screening low molecular weight
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compounds (Pharmacophores) against macromolecular targets (usually Peptides)
of clinical relevance. Recently, series of new nitrogenous conjugated bicyclic
molecules were synthesized and were evaluated in vitro for anticancer and other
biological activities [6-7]. More active was revealed oxazoles with branched
conjugated systems formed by annealing the heterocycle with benzene and
nitrogen-containing derivatives. Earlier [8-10], in the fragment-to-fragment
approach considered the interaction of oxazole and their derivatives with different
amino acid residues in the protein molecule, generating a [Pharm-BioM] complex
by the mechanism of m-stack interaction and mechanism of interaction of
hydrogen bonds.

This paper presents the results of in silico studies in the framework of the
fragment-to-fragment approach of the stability of the [Pharmophore:Peptide]
complex formed between peptide bonds in a model protein with heterocycles as
pharmacophores.

The oxazole molecule has two distinctive features: 1) it contains the
branched n-system, therefore, can form the complex by the n-stack interaction
with the suitable conjugated fragments of the biomolecules; 2) it contains the
two-coordinated nitrogen atom with the LEP and hence can form the complex by
the hydrogen bond when this atom being the acceptor for the proton. Then, in this
paper, the possible expansion of the conjugated system and increase of the LEPs
in the anellated oxazole derivatives 1-3 were investigated.

N N N\
JJ <17 {1y
1 2 3

were X=NH (a),
X=0 (b),
X=S (c)

As regard to polypeptide chain, here the only model molecules contain one
and two peptide bonds are study; they can be presented by following formulae 4
and 5:

0 0 i
I
C CH C. _N
H,c” N7 H,C 171/\% “CH,
\
H H
4 5

The double bond of the >C=0 group and LEP of the nitrogen atom form
the shorting conjugated system, whereas the LEPs of the oxygen atom and
hydrogen atom could take part in forming of the hydrogen bonds. So, here, only
the complex of the molecules 1-3 with model molecules 4, 5 formed by the
n-stack interaction will be considered.
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The main characteristics of the electron structure (optimized molecular
geometry, charge distribution, energies and shapes of molecular orbitals) were
calculated by DFT/6-31 G(d,p)/wB97XD) method (package GAUSSIAN 03

[11]).

Possible interaction compounds 1-3 and its derivatives with the peptide
bonds

According to theoretical conception, the capacity of the organic molecules
to form stable complex with peptides is essential condition of the biological
activity; it is designated as its affinity. Then, pharmacophore [Pharm] and
biological molecule Peptide [Pept] form the stable complex [Pharm:Pept]. The
complex stability depends from both environment and chemical constitution of
both components [12]. Here, we supposed that the complex and its component are
neutral and hence no electron redistribution between component upon
complexation do not occur. Stability energy of the complex (or binding energy
Ening) Was estimated as the difference of the total energies of the complex its
components:

Ebind = E[Pharm:Pep] - E[Pharm] - E[Pept]

where Eppharm:pep) 1S €nergy of the optimized [Pharm:Pept] complex, while Ejpnarm;
and Eppepy are energies of both optimized components.

Recently, it was proposed the fragment-to-fragment approach [8-10], which
could be considered as the next step in silico modeling. This approach divides the
total interaction into the particular components and hence enables to estimate of
the interaction between fragments by the more correct non-empirical quantum-
chemical methods, i.e. it is taken into consideration the chemical constitution and
electron structure of the complex and it is both components.

Generally, the stack interaction between two m-electron systems A
(Pharmacophore) and B (Peptide) is connected with the relative positions of the
molecular levels of both molecules, which can be estimated by perturbation
theory [13]. It follows, that interactions between the occupied levels of
component A with the vacant levels of another component B depend on the
overlap of the orbitals. The molecular levels of the components for the probability
of complex formation will be considered later.

Planarity and geometrical dimensions of molecules studied

The performed optimization of the molecular geometry of the investigated
compounds and corresponding complex shows that all molecules have a planar
constitution (what typical for the conjugated systems); this planarity is no disturb
upon complexation. The molecular dimensions of the complex components are in
the same order; they are presented in Figure 1.
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Fig. 1. Optimized geometry of molecules studied: 1b, 2b, 5, 6

Benzoxazole 1b and its derivatives 2-3 take the relative space: the
thickness of m-electron shell is~3,4 A; then value of the oxazole cycle is
~[6x6x3,4] A% of the annelated derivatives is ~[7x8,5x3,4] A* of the model
peptide 4 is ~[7x5x3,4] A% of model dipeptide 5 is ~[11x7x3,4] A%. The hetero-
substitution O—S—NH, increases somewhat the total molecular value.

It follows from Figure 1, the molecule 1-3 can form the binary
[Pharm:Pept] complex by m-stacking interaction using both r-bonds in dipeptide
6.

The molecular levels of the components for the probability of [Pharm:Pept]
complex

So as the molecules 1-3 contain dicoordinated nitrogen atoms (their trtrtrr’
electron configuration), then n-MQOs occurs in the electron shell beside w-levels.
The corresponding LEPs can take part in the possible hydrogen bonds; the energy
of these bonds depended on the dispositions of the n-levels. For sake illustration,
the energies and shapes of the frontier and nearest MOs in the compounds la-1c
as well as the model peptide 5 and dipeptide 6 are pictured in Figure 2.

Elongation of the polypeptide chain (introduction of the second unit of the
peptide bond), as shown in Figure 2a, leads to an asymmetric distribution of
electron density in the dipeptide. This distribution must be take into account when
interacting with the pharmacophore by the r-stack mechanism. The n-molecular
orbital (n-MO), which is "responsible” for the formation of a hydrogen bond in
complex formation, as shown in Figure 2b, is not sensitive to the replacement of
the heteroatom X in compounds 1: it is stable on HOMO (-2), therefore, the
formation of a [Pharm:Pept] complex by the mechanism of =-stack interaction
has a high probability.
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An expansion of the total conjugation system of the studied compounds by
annelation causes the new high positioned 7-MO. At the same time, the addition
of the pyridine acceptor cycle leads to the appearance of additional (pyridine) n-
MO, which is much higher (HOMO (-1)), and the n-MO of the heterocycle is
shifted down on the level and is HOMO (-3) (Figure 2c). Annelation by a more
pyrimidine acceptor cycle causes the appearance of another additional n-MO,
which occupies the position of HOMO (0) and a subsequent shift in the level of
n-MO heterocycle so that it became HOMO (-4) (Figure 2c). Besides, such
change of the mutual position n-levels and n-levels should influence on the
[Pharm:Pept] complex, stabilizated by mechanism of =-stack interaction.

[Pharm:Pept] Complex stabilized by stacking 7z zinteraction

Based from the relative the geometrical dimensions of the investigated
compounds 1-3 and model peptides 4 and 5, it can be assumed that the formation
of the [Pharm:Pept 4] complex should be more efficient compared to the
[Pharm:Pept 5] complex, especially for annulus derivatives 2-3. Firstly, it should
be noted that bicyclic molecules 1-3 have a common plane of overlap with both
peptide 4 and dipeptide 5. For sake illustration, Figure 3 shows the optimized
geometries of the complexes of the benzoxazole 1b with the model molecules 4

and 5:
i%‘ T
¢ (@

(@)

- (b) | (b)
Fig. 3. Optimized geometries of [Pharm:Pept] complexes of benzoxazole 1b with
peptide 4 (a) and dipeptide 5 (b)

The peptide bond =C(O)-NH- can exist in two spatial conformation (cis-
and trans-) in relative to the polypeptide chain plane [14-15]. For the investigated
molecules the complex formation was calculated with model peptides in the
trans- position. In Table 1 the calculated bonding energies of the possible
[Pharm:Pept ] complexes of compounds 1-5 are presented.
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Table 1
Stability of [Pharm:Pept] complexes between molecules 1-3 and model peptide 4
and dipeptide 5

[Pharm:Pept 4] [Pharm:Pept 5]
Molecule aEmo|, a.u. b CEbind’ b CEbind,
Ecompt, 8.U. kcal/mol Ecompt, 8.U. kcal/mol
1,3-oxazole!? | -245.992019658 | -494.458331965 | -9.21 - -
la -379,7477571 -628.2159653 -10.49 -836.1751181 -25.11
1b -399,5947100 -648.060865334 -12.71 -856.02241454 -30.60
1c -722,5739643 -983.7349764 -14.48 -1179.020815 -36.83
2 -415.62782517 -664.09305761 -8.62 -872.056904788 -26.18
3 -431.65161043 -680.1122263 -5.73 -888.07587177 -23.16
peptide 4 -248.451486374
peptide 5 -456.387350963

®Emal. (a.U.) - energy of separate molecules (in atomic units)
bEcc,mm. (a.u.) — energy of [Pharm:Pept] complex
“Eping calculated by the formula (1) is binding energy

Comparing Table 1 shows that binding energy of [Pharm:Pept] complexes
by the mechanism of r-stack interaction are sensitive to changes in the
heteroatom NH—O—S and increase sequentially in accordance with the
electronegativity of heteroelements, at ~ 3 kcal/mol. It should be noted that the
anellation of the 5-membered 1,3-oxazole leads to sensible increasing of the
binding energies, at ~ 1.5 kcal/mol. Going to the possible [Pharm:Pept] complex
with the dipeptide 5 (with two parallel peptide conjugated systems) increases
twofold the stabilization energy.

At the same time, data in Table 1 point that replacing of methine groups in
benzene ring by the more electronegative nitrogen atoms decreases the highest
occupied level of pharmacophore and hence it holds away from the vacant level
of the peptide; it is why the stabilization energy decreases in series of the
compounds 1—-»2—3, at ~ 5 kcal/mol.

The theoretical in silico analysis of the interaction between pharmacophore
molecules based on bicyclic nitrogen heterocycles with model peptides shows
that (in addition to hydrophobic interaction) the stabilization of [Pharm: Pept]
complexes is ensured by the r-stack interaction of the pharmacophore molecule
systems with the n-peptide bond system. The expansion of the conjugate
heterocyclic compounds by anellation is accompanied by an increase in the
acceptor properties of studied heterocycles, as a result of which the stability of the
[Pharm:Pept] complexes formed by the n-stack interaction mechanism increases.
The transition to bicyclic conjugate systems with two or three di-coordinated
nitrogen atoms provides additional stabilization of [Pharm:BioM] complexes due
to the possible simultaneous formation of several hydrogen bonds, as opposed to
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low energy formation of [Pharm:Pept] complexes by the mechanism of n-stack
interaction.
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CHUHTE3 HOBUX CYJb®OHIITAMIJOBMICHHUX OKCA30JIIB
SIK MIOTEHIIMHO BIOAKTUBHUX PEUOBUH

Cegepin 0.0., Kozauenko O.I1., Kawaesa M.B., ITinso C.I'., BpoBapens B.C.
[actutyt 6i00praniuHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpaiau
olexandrseverin.bonh@gmail.com

3 MeTOoI0 MOIIYKy 010aKTHBHHUX CHOJYK CHHTE30BAHO Psii HOBUX 4-11aHO-
1,3-okcazon-5-cynbdoHinamiaiB, 6ICOKCa30iB 3 OJHIEID Ta JBOMA CYIb(OHLI-
aM1JTHUMU TPYIIaMU, S-aMiHOOKCA301B 13 CyJIb()OHLIAMITHOIO TPYIIO0 Y O1YHOMY
JAHIF031 MOJOKEHHS 2 OKCa30iy, a TAKOXK CYJIb(OHLIAMIIHI MOXIAHI OKCa30dy,
10 MICTSITh MiNEpUAUHOBUI Ta 1,2,4-0Kca11a30IbHAM IUKITH.

Knwouosi  cnosa:  1,3-okcazonmu,  cynbdoHimamigd, — OicOKcasonw,
OKCa/11a30J11.

To search for new potentially bioactive compounds, a number of new
4-cyano-1,3-oxazole-5-sulfonamides, bisoxazoles with one and two sulfonamide
groups, 5-aminooxazoles with a sulfonylamide group in the side chain at the 2th
position of oxazole ring, and also sulfonylamide oxazole derivatives with
piperidine and 1,2,4-oxadiazole rings were synthesized.

Keywords: 1,3-oxazoles, sulfonamides, bisoxazoles, oxadiazoles.

[ToximHi OKca30Jly Ta Tia30Jy MIMPOKO PO3IMOBCIOJKEHI B MPUPOIl Ta
BUSIBJISIFOTH I[IHHI (hapMakoJIOriYHI BJIACTUBOCTI, HANPHKIAJ, TIa30JbHUN LMK
MICTUTH TiaMiH, OJIEOMIIIMHOBI AHTUOIOTHKHU, SKI BUSBIISIIOTH MPOTUITYXJIUHHY
aKTUBHICTh, OKCa30JIbHE KUIbLIE MICTUTBCA B CTPYKTYpi (apMarieBTUYHOrO
npenapary «JlenmamaHniny, skl BAKOPUCTOBYIOTH JIJIsl JIIKYBaHHS TyOEpKYJIbO3Yy.
Panimie y Bimmimi Ximii O10aKTMBHUX a30TOBMICHHX TETEPOIMKIIYHUX OCHOB
[actutyTy Oloopraniynoi ximii Ta Hadroximii iM. B.II. Kyxaps HAH VYkpainu
OyJ0 CHHTE30BaHO JI€AKI TOXIAHI OKca3ojlly Ta Tia3ody, UI0 MICTSTh
apwicyibPoHIBHY abo0 cCyiab(OHUIAMIAHY Tpylmy B PI3HUX MOJOXKEHHSIX
azonbHOro Kbl (cTpykTypu -1V, puc. 1) Ta pocnikeHo iX NpOTUNYXJIUHHY 1
npoTuBipycHy akTuBHICTH [1-8]. [IpoTe mochimkeHHs 3B’A3Ky «CTPYKTypa-
aKTUBHICTH)» 3aJIMIIAETHCS MAJTOBUBUCHUM, aJie MIEPCIICKTUBHUM HAPSIMOM, STKUN
JI03BOJISIE ONTHUMI3YBAaTU CTPYKTYPY PEUYOBHUHHU JUISI CHHTE3Y OLIbII aKTHUBHHUX
cnoyiyk. Sk 0Gaunmo, cyib(poHIIaMigHA Trpylna B LHUX CTPYKTypax 3B’sd3aHa
0e3MmocepeHbO 3 a30JIbHUM KUTBIIEM.

JloriyHUM TPOJOBKEHHSIM IUX pOOIT € CHUHTE3 Ta JOCIIIHKCHHS
010JIOT1YHOT aKTUBHOCT1 HOBUX TPEJACTABHUKIB TAKUX CTPYKTYP, a TAKOXK CIOJYK
3 CyNb()OHITAMITHOIO TPYTIOI0 B O1YHOMY JIaHITHO3I.
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N N N N
A A A3 13
R [0 SOZAI' R [0) S()2 Arl §) Al‘2 AI] S AI‘Z
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Puc. 1. BioakTUBHI OKCAa30JI4 Ta T1a30JIU

3 mi€l0 METOI0 HaMy BIIEpIE MpOoBeAeHa LuKiizamis eHamiaiB 1 3 Boc-
3aXUIICHUM TINEPa3HHOM, Y pe3yibTaTi YOro yTBOPIOBAINCH 4-I[IaHOOKCA30JIU 2
3 Boc-3axuieHor MinepaswHOBOIO TPYMOI0 B TMOJIOXKEHHI 5 OKCa30JbHOTO
KUIBLIS,, TICASL 3HATTA SKOi OTPUMYBajiu CHOJIYyKH 3. Y  pe3ysbrari
CyNb()OHUTIOBaHHS MiNEepa3suHOBOTO (parMeHTy OTpUMYBaIM Cylb(oHiiamiau 4

(puc. 2).

H CN CN
N\ Ve 0‘*‘ IELN N
R~ Ag’Cl + HN N _— . /Q_\S\ ~
o) R 0" N \Wo-—

-
ocl LN
1 2 0
HCI |
N \CN R'SO,CI N
/Q_S\ ) ! _\S\
Y N/\\NH Ha  2E6N.O - O R/(O N/\\N o
N\ / NSl
)
3 4

R = Me, Ph, 4-MeC H,,| N
S

R! = Me, Ph, 4-MeCH,, 4-CICH,, 4-MeOCH,
Puc. 2. CunTe3 0KCa30J1iB 13 CyIb(POHUIAMITHOIO IPYIOI0 Y O1UHOMY JIaHIII031

CynbdoHinamian 6 OyiaM CHHTE30BaHI HAMM B3a€MOMIEI0 YHIKaIbHHUX
cynbdonuTxopuaiB 5 tTa Boc-zaxumenoro minepasuny. [lpu moganpmmiii Aii Ha
CIIOJIYKH 6 CyXOoro XJOpPOBOIHIO OJACpPXKyBalu cCyinbhoHUIaMiau 7/ 1 mcis ix
CyJb(GOHUTIOBaHHS OACPKYBAJIU OKCAa30Ju 8, M0 MICTATH JIBI CyIb(OHIIAMIIHI
rpynu (puc. 3).
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Ao WO e
By / o
ArTg” “S~q — o o o Ar/<0 SN
(0] 0 \\/N\\(O
5 6 0
HCI |

CN N CN
N RISO,CI \ O
0 2 U -
A /« \ S- /\\ 7\ Ar/ko "S\N/\\
T 0T SN ELN, 0 O 0 0
0 _NH Ha N NS
7 8

Ar =Ph, 4-MeCH,,
R! =Me, Ph, 4-MeCH,, 4-CICH,, 4-MeOCH,

Puc. 3. Cunres qucynbdoHiiamiiis 8

[{ikaBuMu 3 O10JOTIYHOI TOYKH 30py € CTPYKTYpH, SIKI MICTSATH JiBa
reTepOLUKIIYHI (pparMeHTH B OAHIM Mosekysai. CHHTE3 TakuX CTPYKTYp
npuBeneHuii Ha puc. 4. BiH monsrae 'y B3aeMoAll  OKCa30JOBMICHHUX
CyNIb()OHUTXIIOPUAIB 5 3 S-mMinepa3suHO3aMIIICHUMH OKca3ojaMu 3, B pe3yJbTaTl
9JOT0 OJIEP’KYyBaU CIIOIYKH 9.

CN CN CN
o o 2W6N ol RN
oS RN — AL AN
o 0 \_NH HQ ArT207 7SN N7 R
o —/
5 3

Ar =Me, Ph, 4-MeCH,, || )
s

R = Me, Ph, 4-MeCH,, 4-CIC H,, 4-MeOC H,
Puc. 4. Cunres 0icokcazolniB 9

Ha puc. 5 npeacrasieHi cTpykTypu crioiayk 9a, 9b, 9¢, 9d, sxi oneprkani 3a
CXEMOIO Ha PHUC. 4 3 BACOKUMHU BHUXOJIaMHU.

CN NC CN NC
N—S\ N N 0 N
R BT R

o SN N /0\ Uo SNN 0)\©\
o H,C o CH,

9a (75%) 9b (80%)

CN NC CN NC
N N N N
/;\S\S'?N/—\N /Z/_ | I}S{)N/_\N ,Z/_ \

H,C 6 . © o ./ ° CH,

9c (72%) 9d (74%)

Puc. 5. Bicokcazonu 9a-d
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[TonepenHi TecTyBaHHS CrIOIYKH 9C HA MPOTUPAKOBY aKTHBHICTh MOKA3aJIN
CEJICKTHBHY JiI0 Ha MEBHI JiHii Jeiikemii (puc. 6).

120

o

—
—
—

100 88.48

80

60

41,79

40
20 I 12,4
0 T T

RPMI-8226  K-562 MOLT-4 CCRF-CEM

Growth Percent

(O8]

Leukemia

Puc. 6. [Ipotupaxona aist cnoiayku 9¢

Jnst oTpumaHHS CyIb(OHITAMITHUX TMOXITHUX OKCA30Jdy, SKI MICTITh
MIMepuANHOBUI (hparMeHT, Hamu Oynu cuHTe3oBaHi amiau 10, mo mictats 1,2,4-
OKCa/l1a30JbHE KUIbLIE, 32 CXEMOI0, MPEJCTaBICHOI Ha pHUC. 7, BUXOASYM 3
aM1JJOKCUMIB Ta €TUJIOBOTO eCTepy 4-MinepuauHKapOOHOBOI KUCI0TU. B3aemois
iX 3 XJOpOCYIb(OHIIBHUMHU MOXIJTHUMH OKCA30Jly O MPUBOIUTH A0 YTBOPEHHS
cynbdoniamini 11, siki MICTSITh Tpu TeTepolMKiIiuHI ¢pparMerTu: 1,3-okcazomy,
ninepuanHy Ta 1,2,3-okcaniazony.

NC
N N
e D Cw - T
Ar~=o” “S-a o No N-S—L 2~ Ar
0
Ar =Ph, 4-MeCH,,
R = Me, Ph, 4-MeCH,, 4-CH,0CH,, 4-FCH,
C,H.OH, R

) NH 0 C,H,ONa N

2 H,N-OH 2 ]

R-CN “—t—= R~  + HNC>—/( N.OLCNH
NOH 0-C,H, AN

Puc.7. Cunres cynb(oHiIamiaiB OKCa30dy 13 OKcaaia3onbHuM pparmentom 11
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Jns cuHTe3y MinepuaIMHO3aMIIEHUX MOXIIHUX okcaszony 14 (puc. 8), 1o
MICTATH CyIb(OHUTAMIIHY TPYIy y OIYHOMY JIaHIIO31, HAMU OYyJI0 OTPUMAaHO Ta
BUKOpHCTaHO minepuand 12 3 cynashobdropuanoro rpymoio [9]. Peakuis ioro 3
eHamigamMu 1 mpoxoauTh 3 yTBOpeHHsIM okcasoniB 13. Ilomameima B3aemois

crionyk 13 3 amidarMuHMMU aMiHaAMU TIPU HarpiBaHHI MPUBOIUTH /10 YTBOPEHHS
cynbdoHimamiaiB 14.

CN g
N o 2,5 Et.N, THF
/ + i s,
cl J—Ar HN S-F
Cc10 0
; 12
/\ CN
CN X  NH,EtN N
N N 3 o\
) Ar/<0 N 0
AN ) o = S~
S-p o o/ SN
1 \ / ’ 0 \\/X

13

Ar = Ph, 4-MeC H,, 4-MeOCH,, 4-CIC H,
X =CH,, O

Puc. 8. [linepununozamiiieni moxigaHi okcazony 14

3 METOI0 CHHTE3Y MOXITHUX OKCa30Jly, Kl MalOTh CyJIb(OHIIaMIIHY TPYITy
B TOJIOKEHHI 2 OKCa30JbHOTO KIJbllA, HAMHW BHUKOpPHCTaHI eHamigm 15, 1o
MICTSTh B al[WJIbHOMY 3aJIMIIKY CyJb(oHUIaMiIHUK 3amicHUK. L1 eHamigu Oynu
CHUHTE30BaHI 3a JI0IIOMOTOIO0 JIAHIIIOTa EPETBOPEHD, 10 MPEACTABICHUN Ha pHC.

9.

OH __ OH socl, a
HZN—Q—\{ - R1R2N50r©—<\ _— RleNsor©—<\
0 — 0

0

NH, |
l H OH

NH C1,CCOH N
RIRZNSOf©—§ : S bt RIRZNSO@ cl
0 ocl’ a

soCl, ,

a < u CN

KCN

N N
R1R2N507©—§ c - RleNsor©—§ c
ocl’ ocl

15
Puc. 9. Cuntes eHamiiB, K1 MICTATh CyIb()OHUIAMIIHY IPYITY B allUJILHOMY
3ITUTIKY
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Peakmiero enamigiB 15 3 anidarnunumu amiHaMu Oyiu ofepKaHl OKCa30JIH
16 (puc. 10), sxi MIiCTATh apuiaCyIb()OHUTIAMITHUN 3aTUIIOK Y TOJIOKEHHI 2
OKCa30JIbHOTO KiJIBIIS.

LN CN
o H 2,5 Et,N N
(2 0 A\ 'R" : »
RR'N-S o+ HNRR'— 0 NRR™
o (0]6)] 2 - ?
RRNS
(0
s 16
NR'R'=N(CH,),, N(C,Hy),, N /Q N > HN
1,2
NR'R"=N(CH,),, N(C,Hy),, N /Q N

Puc. 10. Cunre3 cynb(oHLIaMITHAX TOXITHUX 0Kca30ry 16

TakuM uYmHOM, HamMu OYJM CHHTE30BaHI HOBI IOXIJHI OKCAa30Jy, SKi
MICTATh CYyJb(QOHUIaMIIHY Tpyly O€3locepeaHb0 3B’SI3aHY 3 OKCA30JIbHUM
KUIBIIEM, a TaKOX Takl, SIKl MICTATH ii y OiuHOMY JnaHIo31. Cepell HUX BapTo
BECTH IMOUIYK PEYOBHH 3 PI3HUMH BHUAAMHU O10JIOTIYHOI AKTHUBHOCTI 3 METOIO
3’CYBaHHS 32aKOHOMIPHOCTI «CTPYKTYpa-aKTUBHICTb.
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VYIIK 547.669, 547.745

®OTOXIMIYHU CUHTE3
HNOXITHUX 6-APNJI-3-A3ABILHUKJIO[3.2.0]TEIITAHIB
TA JOCJIKEHHS IX ®I13UKO-XIMIYHUX BJIACTUBOCTEM

L2Ckanenxo €.0., “Muxaiimok ILK., "Bposapers B.C.
"YrcTuTyT Gioopramiunoi ximii Ta HadToximii im. B.II. Kyxaps HAH Vkpaiuu
’Enamine Ltd., M. Kuis
yevhen.skalenko@gmail.com

Po3pobinieno mpenapaTuBHUIM METOJ] CHHTE3y HOBUX 3aMilllEHUX 6-apui-3-
a3zabiuukio[3.2.0]renTaHiB 3 HOCTYMHUX PEYOBUH YEpe3 CTAl0 (POTOXIMIYHOIO
[2+2]-tuknonpuennanns. JlocmimpkeHo X (i3uKo-XiMiYHI BJACTHBOCTI, 30KpeMa
3HAYEHHS JMOQIILHOCTI, PO3YUHHICTD y BOJII Ta METa0OJIIYHA CTaOUIBHICTb, 110
BAKJIMBO B AM3aliHI MEIUYHUX MIpEnaparis.

Knrwouosi cnosa: azabinukio[3.2.0]rentanu, KoH(OpMAIHO HaIpy>KEHI
cucteMu, poToximiuHe [2+2]-IUKIONPUETHAHHS.

A preparative method for the synthesis of new substituted 6-aryl-3-
azabicyclo [3.2.0]heptanes from available substances through the stage of
photochemical [2+2]-cycloaddition has been developed. Their physicochemical
properties, in particular the value of lipophilicity, solubility in water and
metabolic stability, which is important in the design of drugs, have been studied.

Keywords: azabicyclo[3.2.0]heptanes, conformational stressed systems,
photochemical [2+2]-cycloaddition.

Koudopmarriiino HanpykeHi CUCTEMHU IMIMPOKO MPEJCTABICHI B MEIUYHIN
XiMii uepe3 ¢ikcallito GyHKIIOHATBHUX TPYyN y KOH(opMallli, sika HeoOX1aHa s
3B’si3yBaHHa 3 Oumkamu. B XXI cropiudi cTpiMKO HaOyBarOTh MOIMYJISIPHOCTI
KOH(pOpMaIIiHO YTPYAHEHI aHAJOTU MPUPOAHUX pedoBUH. OcoOJMBOI yBaru
3acIyroBy0Th a3abinukio[3.2.0jrentaHu, Tak SK BOHU € MIMETHKAMHU
HinepuInHy, SKUi 3aiiMae Apyre Micle 3a MOMYJISPHICTIO B MEAUYHIN XiMii Miciis
OeH3onbpHOTO Kbl (puc. 1) [1].

A3zabinukino[3.2.0]ankaHy  1HTEHCUBHO JOCIIKYIOTBCS K O10JIOT1YHO
aKTHBHI crnojyku. Tak, y ekcrmepuMmeHtax INn VIVO 6-apwii-3-a3a0iluKIio-
[3.2.0]renTanu, skl 3B’sA3aH1 3 X1Ha30J11H-2,4-10HOM 4epe3 €THJICHOBUH JIAHITIOT,
nmposiBUIM ce0e sk aHtaroHictu penenrtopa D4/5-HT2A Tta edextuBHi B
HAaHOMOJIAPHUX KOHIEHTpalisx. HalOinbil akTUBHA CHOJyKa MiJ Ha3BOIO
Belaperidone Oyna ycmimmHO mpoTecTOBaHA B KIIHIYHHUX JOCHIHKCHHAX 1
BBA)KAETHCS MEPCIEKTUBHOIO JAIF0UOI0 PEUOBUHOIO JIIKIB BiA M30¢peHii (puc. 2).
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>38000 xiriB (ChEMBL) TiAbKH 14 xiTiB
>100 nikis (FDA) (ChEMBL)

R KoHghopmauyiitne R
@ oﬁmeafceugﬂ H H
N XXIT cTofiTTs N
b o
Puc. 1. [TopiBHAHHSA KIJIBKOCTI XITiB

H

(0]

O%N
H

Belaperidone
Puc. 2. Ctpykrypa OionoriuHoakTuBHOI crionyku Belaperidone

3rinio 3 gmamumu  ChEMBL, mmpoko pochipkyeTscs OiojorigyHa
aKTUBHICTD BCIX MOX1IHUX azabinukio[3.n.0], BOJIHOYAC IMOX1/H1
a3zabinukiio[3.2.0]renTany MEHII MOMYJIAPHI 1 HEIOOIIHIOIOTHCS Yepe3 TPYAHOIIT
3 IX CUHTE30M.

Otxe, mpeaMEeTOM JAaHOTO MAOCHIPKeHHs Oyna po3polOka Miaxoay A0
CUHTE3y 3aMmilieHnx 6-apmi-3-a3zabinukio[3.2.0]rentaniB 3 JOCTYTHUX PEUOBUH
yepes cTajiiio (GoToXiMIuHOTO [2+2 ]|-1uKionpueaHanss (puc. 3).

366 HM Ar X

CH3CN Ph,CO g "'

20°C 5

61-89% 0 NK :

Ph Ph
1-8 1a-8a

Puc. 3. 3arasiibHa cxema ctajii poronuxmmizamii

Hawmu Oyno BusiBieHO, 110 J1JaHA peakilis epeKTUBHA U opmo-, Mema- ado
napa-3aMiCHUKIB y  QeHiTbHOMY Kuibli. EnextponomonopHi (OMe) Ta
enexkrpoHoakuentopHi (F, CF3) rpynu B O€H301bHOMY KiIBIII HE MaJH CYyTTEBOTO
BIUIMBY Ha Buxij peakmii (tadm. 1). HaBite 3amimenus Oing C=C-moaBiiiHOro
3B’sI3KYy HE BILTUBAJIO Ha peaxiiro [2].
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Cdepa BUKOpHUCTaHHS TOCHTIHKYBAHOT peaKIlii

Taoaunsa 1

N

Ph

AJkeH ITponykr Buxin
1 % s la %]S 89%
0] N [0)
pl i
2 P 2a F ) 80%
- Bn Bn
F
3 \% _ 4a @éﬂ;n 61%
o NJ/ 0 N
1‘311 Bn
5 % r 5a %15 85%
OMe MeO, :
6 6a 82%
if éjs :
l‘§n I‘}n
7 \i J/ 7a. /%SH 61%
8 e \5 r 8a M%IS 74%
CF, CF,
9 . 9a F 62%
X J/ F H
o o
Bn Bn
[0) N N
)\Ph )\Ph Ph
F F. F
11 N J/ (zlt)l';.) : ; \ H (3161‘}’/0) I:)
A
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HactymauMm eramom Hamoi poOoTH OyB CHHTE3 ONTUYHO AaKTUBHUX
noximHux 3-a3abinukio[3.2.0]rentaniB. @akTH4HO, 3aMiHa OCH3UILHOT TPYITH Ha
(R)-dbenerunphy (ankenu 10 1 11) mo3Bosisie CHHTE3yBaTH OKPEMi ONTUYHO YHCTI
niactepeomepu 10a, 10b Ta 1la, 11b. Crepeokondirypamis croiryk Oyia
BH3HAUCHa 3a  JOIMOMOIOK  PEHTTEHOCTPYKTYpHOTO  aHamizy. Okpemi
niacrepeomepu 1la Ta 11b Oymu meperBopeni B umcti enantiomepu (R)-12 Ta
(S)-12 (puc. 4). BaxnuBo BiI3HAYUTH, IO IICH METOJ IPEJCTABIIIE COO0I0 HOBUI
CHHTCTHYHHUH MiIXiJ 70 OTpUMaHHS IUIbOBOr0 aMmiHy (S)-12, skuii € KI0Y0BUM
omoxom rnpenapaty Belaperidone.

F |
a) L1A1H4 ; a) LiAIH,
Et20 EtZO
H H ' H
o b) H,/Pd H | b) H,/Pd H H

N MeOH ! MeOH N

Ph 72% 3 Ph 72% H
11a (S)-12 ‘ 11b (R)-12

Puc. 4. Cunres cnonyk (R)-12 ta (S)-12

Jns  mopiBHSAHHS — (PI3MKO-XIMIYHHUX  BJIACTHUBOCTEM  NPUPOJIHUX
ninepuaAnHoBUX ckad@onai ta 3-azabiuukiio[3.2.0]renTaHOBUX MOXIAHUX OyJn
cunte3oBani cnonyku 13-15. Ilapa-dhropoOen3oinbuuii 3aXxuctT OyB oOpaHuil siK
CTa0lILHUM A0 METa00J113My 3aMICHUK. JlOCTIKEHHS TTOKa3aiu, 110 CUHTE30BaH1
HaMHU CIOJYKH Manu Onu3bki 3HaueHHs JinoduibHOCcTI (logD), po3unmHHOCTI Y
Boji (Sol) Ta merabomiuHoi crabinbHOCTI (CLjp) — BaXIJIMBUX XapaKTEPUCTHUK B
IU3aiiHl MEIMYHUX Mpenaparis (Tadi. 2).

Taoauusa 2
[TopiBHSHHS N1TO(UIBHOCTI, PO3UMHHOCT1 Y BOJII Ta META0OJIYHO1T CTA01ILHOCTI
cnonyk 16-18

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

13 %wr 37 344 | 99

14 P.,QW"'FQ“" 3,6 370 | 100
3

15 @TH 35 365 | 88
5

LogD(7,4) — norapudm koediuieHTa po3mnoiiay H-oktanoi/Boaa npu pH=7,4
Sol(7,4) — repmoauHamivuna pozdnHHicTh (MKM) y 50 MM docdartHomy Oydepi (pH 7.,4)
CLn — LIBHAKICTB KIIPEHCY B MIKPOCOMaX MEYiHKMA MU (MI/XB MKII)
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OTxe, 111 1aH1 TOKa3yIOTh, III0 MOHO3aMiIIeH1 3-a3abinukio[3.2.0]rentanu,
AK1 € KOH(pOpPMAIITHO yTPYAHCHUMHU aHaJIOTaMH MINepUINHIB, MPEICTaBISIIOTh
MOTEHIIMHUH 1HTEpEC y CyYacHIN MeIudHIN XiMii.

Jlitepatypa

1. Mann A. Conformational restriction and/or steric hindrance in medicinal
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2. Denisenko O., Druzhenko T., Skalenko Y., Samoilenko M., Grygorenko
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Journal of Organic Chemistry. 2017. Vol. 82, N 18. P. 9627-9636.
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YAK 577.1,577.11,577.2, 581.1

JTOCJIKEHHS BILTUBY MOXIIHUX [1,3]J0KCA30J0]5,4-d]-
MNIPUMIJIAHY HA PICT TA PO3BUTOK POCJIWH COHSIITHUKY
(HELIANTHUS ANNUUS L.) COPTY BACTIOH

[uranxosa B.A., Bonomyxk [.B., Aunpycesuu f.B., Komiu B.M.,
[Iromnens O.1., [Tinpo C.I'., Benirina €.C., Kauaesa M.B., bpoBapens B.C.
[actutyTt 6100praniyHoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu
vTsygankova@ukr.net

[IpoBemeHO  MOCHIKEHHS ~ PETYJIIOYOi  aKTUBHOCTI  MOXIJIHHUX
[1,3]okcazono[5,4-d]mipuminuny Ha (GOpMyBaHHS Ta pO3BUTOK IIAarOHIB Ta
KopeHeBoi cuctemu pociuH consmHuKy (Helianthus annuus L.) copty Bacrion.
BcranoBiieHO BHSBIEHHS MOAIOHOTO MpupogHoMy ropmony pociuH [OK edekrty
XiMIYHHX CIIONYK Y iX mifouiit kormenTpauii 10° M.

Kniouosi  cnosa: moximui [1,3]okcazono[5,4-d]mipuminnHy, COHSIITHUK
(Helianthus annuus L.), aykcun IOK.

Studies of the regulatory activity of [1,3]Joxazolo[5,4-d]pyrimidine
derivatives on the formation and development of the sunflower (Helianthus annuus
L.) variety Bastion shoot and root systems were carried out. It was established that
the effect of chemical compounds might occur similar to the effect of natural plant
hormone IAA in plants treated with solutions 10 M.

Keywords: derivatives of [1,3Joxazolo[5,4-d]pyrimidine, sunflower
(Helianthus annuus L.), auxin I1AA.

COHANTHUK — OJHA 3 HAMBAXUIMBIIINX CUIHCHKOTOCTIONAPCHKUX KYJIBTYD Y
CBITi, IO HIMPOKO BHPOINIyeThcs B Ykpaini [1]. Hacammepen, KynbTHBYBaHHS
COHSIIIHUKA TIOB’SI3aHO 3 OTPUMAHHSM 13 HOTrO HACiHHS OJii, 10 BXOIUTH JI0
I’ SITIPKY CaMUX CTIIOKUBAHUX 01K y CBITi [2]. OKpiM 1bOTO, OJIisl, HACIHHS, TaTOHU
Ta HACTOSHKH 3 COHSIIHMKA BHSBJISIOTH TPOTH3ANalIbHI, KapO3HIKYIOUI,
IPOHOCHI, CEYOTIHHI, BIAXapKyBallbHI, AHTUTEJIBMIHTHI Ta 1HINI JIIKYBaJbHI
BIacTUBOCTI. OTpUMaHHS MITMEHTIB 13 KOBTHX TMEIIOCTOK SK OapBHUKIB Mae
MEePCIIEKTUBHE 3HAUYCHHS B KOCMETUYHIN MPOMUCIOBOCTI [3-6]. ToMy, miiBUIIICHHS
YPOXKAWHOCTI COHSIIIIHUKY 3a JOTIOMOTOK) HHU3BKOMOJICKYJSIPHUX PETYJISTOPIiB
POCTY POCTIMH Ma€ BEJIMKE 3HAYEHHS ISl PI3HUX rajgy3eil MpOMHUCIOBOCTI.

Mertoro  Hamoi  pobOTH €  JOCHIKEHHS  BIUIMBY  MOXIJHHUX
[1,3]okcazono[5,4-d]mipumianay Ha (GOpMyBaHHS Ta PO3BUTOK IIAroHIB Ta
KOpeHeBoi cuctemu pocinnu consmuuky (Helianthus annuus L.) copty BacTioH,
SIKUH, SK BIJOMO, € €KOHOMIYHO Ba)KJIMBOIO 3€PHOBOIO Ta TEXHIYHOIO KYJIHTYpPOIO

[7].
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3 METO JOCHTIKEHHS pICTPETyIIOY0i AaKTUBHOCTI CHHTETHYHHUX
HU3BKOMOJIEKYJISIPHUX T€TEPOLUKIIYHUX CIONYyK — moxigHux [1,3]okcaszomno[5,4-
d]mipuminuny, HacinHs pocimH consmuuky (Helianthus annuus L.) copty
bacrion crepunizyBanu nocmiioBHO Yy 1%-omy poszuunni KMnO, mpotsirom 5-10
XB Ta 'y 96 %-oMy pO34MHI €TaHOIY IPOTATroM |1 XB, MicCiig CTEpHUIII3allii HACIHHS
NpOMUBAIM 3 pa3ud CTEPHIBHOI JHCTHIIBOBAHOIO BOJOI0. HaciHHA pociuH
npoporryBainu y Tepmoctari npu 23 °C npotsrom 48 roa y KroBeTax (y KUIBKOCTI
20 mT. Ha OJHY KIOBETY) 3 MEPJITOM, 3MOYCHHM a00 JHUCTHIHOBAHOIO BOJIOIO
(KOHTpOJIB), @00 BOAHMM pO34MHOM MOXigHUX [1,3]okcazono[5,4-d]mipumiauny,
3acTocoBannx y konuentpamii 10° M. ITpopouieHe HACIHHS IEPEHOCHIN Y
CBITJIOBMM OJIOK Ta BHPOIIYyBajdd MPOTATOM 8-MHU TIKHIB TP TeMIepaTypi
24-25°C Ta Bomorocti moBitTpst 60-80 %, mpu ocsiTienHi inTeHcuBHIcTIO 3000
mokc Ta 16/8 rox cBiTIOBOMY JiHI. AHami3 MOPpHOMETPUYHHUX MOKA3HUKIB 24-X
no6oBux mpopocTkiB consmHUKy (Helianthus annuus L.) copty bacrion
(IOBXWHU MaroHiB (MM) Ta JOBXUHU KOPEHIB (MM)) MPOBOAMIM 3T1IHO METO/IIB,
HABEJICHUX Y KePIBHUIITBI [8].

Cratuctuyny oOpoOKYy JaHMX BHUKOHYBAJIM METOJOM JUCIEPCIITHOTO
aHajizy 3a JOMOMOrow cranHgaptHoro t—kpurtepito Crbiogenta [9] Ta 3
BUKOPUCTAHHAM KOMIT I0OTepHUX Tporpam Statistica 6.0 Ta Microsoft Excel 2010,
BIJIMIHHOCTI MIX €KCIIEPUMEHTOM 1 KOHTPOJEM € CTaTUCTUYHO JOCTOBIPHUMH
npu piBH1 3HauuMOcCTI p<0,05.

VY nabopaTopHHX yMOBaxX JOCHIIKEHO BIUIMB MoxigHuX [1,3]okca3omno[5,4-
dJmipumiguny: cnoiayka Ne 1 — 2-[4-(2,5-audeninokcazono-[4,5-d]mipumiann-7-
un)minepasun-1-in]eran-1-on, MW=401,47; cionyka Ne 2 — 7-(4-eTunminepa3uH-
1-im)-2,5-mudeninokcazomno[4,5-d[mipumiana, MW=385,47; cnoayka Ne 3 —
2,5-nudenin-7-minepasun-1-ig-okcasono[4,5-dmpumiann, MW=357,42; crnony-
ka Ne 4 — 2-(4-metmidenin)-7-ninepaszun-1-in-5-¢penin-okcaszono[4,5-d]mipumi-
anH, MW=371,45; cnonyka Ne 5 — 5-(4-metundenin)-7-ninepazun-1-in-2-denin-
okcazoio[4,5-d[mipumigua, MW=371,45; crnonyka Ne 6 — 2,5-nu-(4-metunde-
HiJT)-7-1inepa3uH-1-i1-okcaszono[4,5-d Jmipumigna, MW=385,47; cionyka Ne 7 —
5-¢enin-7-ninepasun-1-in-2-(4-metundenin)-okcazono[4,5-d mipumiana, MW=
371,45; cnomyka Ne 8 — 7-(4-metmwicynbdonin-ninepasun-1-in)-2,5-mude-
Hijokcazomo[4,5-d[mipuminua, MW=435,51; cnonyka Ne 9 — 7-(4-beHincyib-
dboninminepasun-1-in)-2,5-nudeninokcasono[4,5-dmipumianH, MW=49758;
cnoayka Ne 10 — 7-(4-metuncynbdonin-[1,4]aiazenan-1-i1)-2,5-mudeninokcaszo-
no[4,5-d]mipumigun, MW=449,54; cionyka Ne 11 — 2,5-nudenin-7-[4-(4-metni-
dbenin)cynbdonin)-minepasun-1-ii]-okcazono[4,5-d | mipumianH, MW=511,61;
cnonyka Ne 12 — 7-(4-¢enincynbdonin|1,4]aiazenan-1-i1)-2,5-nudeninokcaszo-
no[4,5-d]mipumigua, MW=511,61; cnoayka Ne 13 — 25-nudenin-7-[4-(4-
meTridenin)cynbdonin)-[ 1,4 niazenan-1-i1]-okcazomno[4,5-d|mipumigua, MW=
525,63, 3acTocoBanux y Kounentparii 10° M, Ha MopdoMeTpHuHi MOKa3HUKH
24-x noboBux pociuH consiauKy (Helianthus annuus L.) copty Bacrion.
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Pictperymorody akTHBHICTh MOXIIHHUX OKca30ii0[4,5-d]mipumiguny,
3acTOCOBAaHMX y KOHIeHTpalii 10° M, mopiBHIOBaIH 3 aKTHBHICTIO (iTOrOPMOHY
aykcuny IOK (1H-iamon-3-i1)o1ToBa KHCIIOTa, 3aCTOCOBAHOTO B aHAJIOTIYHIM
KOHIICHTpAIlii 10° M.

BcTanoBiieHo, 1110 HallBUIIly pICTPETYJIIOI0YY aKTUBHICTh BUSABWIM XIMIYH1
crostyku Ne 4, 5, 6, 7 (puc. 1).

Puc. 1. B noxigaux [1,3]okcazono[4,5-d[nipumiguny (cromyku Ne 1-13)
y KOHIIEHTpaIlii 10® M Ha pict marosiB Ta KopeHiB y 24-x 1060BUX POCITUH
consintauky (Helianthus annuus L.) copty baction mopiBHSHO 3 aHaJIOTIYHUMHU
MOKa3HUKaMU KOHTPOJIbHUX pociivH (K), BUpOIIeHNX Ha TUCTUIIOBaHINA BO/II

BcTraHnoBneHo, 1110 HaWBUIIYy PICTPETYJIIOIOYY aKTHUBHICTh Y KOHIIEHTpAIlli
10° M BusBuiM Ximiudi crmomykn Ne 4, 5. 6, 7, mpu 3acTOCYBaHHI SKHX Y
kouuenTpanii 10° M migBHIIyBaTHCh POCTOBI MOKA3HHKHM POCITHH: JOBKHHH
MPOPOCTKiB — Ha 7-9 %, NOBXHUHM KOpeHiB — Ha 25,2-61,3 %, BiAMOBIIHO, MO
BIJTHOIICHHIO JI0 KOHTPOJIO (puc. 2).

[TopiBHsUTBHUN aHAI3 PICTPETYNIOOYO0I aKTUBHOCTI XIMIYHUX CIIOJYK Ta
¢ditoropmony IOK mokazas, 1110 akTUBHICTh CIIOYK Ne 4, 5, 6, 7, 3aCTOCOBaHUX Y
xouuentpanii  10° M, mepeBuuryBana axtuBHicTE  (itoropmony IOK,
3aCTOCOBAHOTO B aHAJIOTIYHIM KOHIIEHTpAaIlii 108 M; cnioctepiraiaoch IiJIBUIICHHS
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y CepeaHbOMY MOKa3HUKIB JIOBXKUHHU MTPOPOCTKIB — Ha 3-5 %, TOBXUHU KOPEHIB —
Ha 13,2-50 %, BiamoBiaHo, o BigHOmeHHIO 10 IOK.

MM JIOB/HHA TarOHIB MM JIOB/KHHA KOPEHiB
200 4000
3000
Pl I
2000 I
1000 I I I
0
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Puc. 2. Brus noxiguux [1,3]okcazomno[5,4-d]nipumiguny Ta piroropmony IOK
Ha MOKa3HUKH JOBKUHU MaroHiB (MM) Ta JTOBXHHH KOpeHIB (MM) 24-X 1000BUX
pociun consauky (Helianthus annuus L.) copty baction

MOXJIMBO TNPUMYCTUTH, IO BHCOKAa PICTPEryirol0Ya aKTHUBHICTD
JTOCTIDKYBaHUX CIIONYK Ne 4, 5, 6, 7 MOSICHIOETHCSI HASIBHICTIO PI3HUX 3aMICHHKIB
B iX XIMIYHHUX cTpyKTypax. Cnomyka Ne 4 MICTUTh TO MOJOXEHHIO 7
okcazoso[4,5-d[nipuMiguHy Aia3emiHOBUE 3anuiiok, croayku Ne 5, 6 ta 7
METUJIbOBaHI 10 (PeHUTbHUM (PparMeHnTaM. Tak, cnioiayka Ne 5 MICTUTB 7-TOJILI IO
MIOJIOXKEHHIO 5 Ta (heHiT Mo mostoskeHHIo 2 okcaszono[4,5-d]mipuminuny. Criosryka
Ne 6 mo monoxkeHHAX 2 Ta 5 MICTUTH n-TOJIBHI 3aMICHUKH, a y crioyku Ne 7
n-TOJILJIbHA TPYIIa 3HAXOIUTHCS 10 TOJOKEHHIO 2 0Kkca3010[4,5-d|mipumiauny.

JIMOBipHO, HASBHICTh METWIBHMX 3alMIIKIB Y OOKOBUX (DEHiIbHHX
3aMICHUKAX BIJITpAa€ BaXJHMBY POJIb y 3B’SI3yBaHHI IIUX CIOJYK 3 aKTUBHUMU
caiitamu wmimeHed. Takox mokazaHo, 1O Moaudikailis Aia3enaHOBOTO Ta
MIEepPasuHOBOIO 3aMICHHKIB II0 IIOJOKEHHIO 7 oKkca3oi0[4,5-d]mipumignny
MPUBOIUTH 10 3HWKCHHS aKTUBHOCT] TaKUX CITOJIYK.

VY xoai pochimkeHb OyJ0 BHU3HAYEHO BMICT XJIOPO(DUIIB y JHCTKax
MPOPOCTKIB COHSIIHUKY copTy baction. Ilokasano, 1o HailBUILYy perymirordy
aKTUBHICTh BHsIBIJIA crioyka No 7, y JIMCTKax DPOCIHH COHSIIHHKY COPTY
BacTioH, BUPOIIEHHX HA BOAHOMY PO3UMHI L€l CIIONyKH y KoHIeHTparii 10° M,
MOKa3HUKU BMICTY XJOpOQiTy Ta KapOTUHOIAIB MIABULLYBAINCH: XJIOpodiny a —
Ha 27 %, xnopodiny 6 Ha — 53,2 %, xsnopodiniB at+6 — Ha 36,3 %, KAPOTUHOINIB —
Ha 86,4 %, BIAMOBIIHO, IO BITHOIIICHHIO JI0 TTOKA3HUKIB KOHTPOJIBLHUX POCIIHH.
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Puc. 3. Brmus noxiguux [1,3]okcazono[4,5-d]nipumiguny Ta piroropmony IOK
Ha TIOKa3HUKU BMICTY XJIOPO(DTiB y 24-X 1000OBUX POCIMH COHSALITHUKY
(Helianthus annuus L.) copty baction

[lozutuBHuii BmuB  ¢itoropmony IOK BusBisiBcs y 30UIbLIEHH]
MOKa3HUKIB BMICTY XJIOpO(DUIIB Ta KapOTHUHOIMIB Y JIMCTKaX MPOPOCTKIB IO
BIIHOIIICHHIO JI0 TOKAa3HUKIB KOHTPOJBHUX POCIHH. XJjopodimy a — Ha 8 %,
xyopodiny 6 — Ha 7,7 %, nig xjaopodiniB a+6 — Ha 8,4 %, s KapOTHHOINIB — HA
34,5 %.

[lopiBHSAIBHUN aHAJ3 PEryiI0I0Y0l AaKTUBHOCTI XIMIYHUX CIOJIYK Ta
¢itoropmony [OK moxkasaB, 1m0 axkTUBHICTh cronyku Ne 7 mepeBulyBaya
akTuBHICTH (hiToropmony IOK, 3a ii 3acToCyBaHHSI CIIOCTEPITrajgoCh MiJIBUIICHHS
MOKa3HUKIB: xyiopodiny a — Ha 16,6 %, xmopodiny 6 — Ha 42,3 %, xmopodinis
a+0 — na 25,7 %, xaporunoiniB — Ha 45,4 % 1o BITHOIICHHIO /10 MOKa3HUKIB
MPOPOCTKiB, BUPOILIEHUX Ha cepenonuiili 3 [OK.

Takum YWHOM, pe3yJbTaTH HOCIKEHb CBIAYaTh MPO MOMKIMBICTH
3acTocyBaHHs moxiguux [1,3]Jokcasono[5,4-d]nipuminuny y xouuentparii 10° M
JUTS TIePEANOCiBHOT 00poOKHM HaciHHS pociuH consiHuky (Helianthus annuus L.)
copty baction mys mokpamieHsast GOpMyBaHHS Ta PO3BUTKY IMaroHiB Ta KOPEHEBOI
CUCTEMU IIPOTATOM MEPiojy Bereralii poCIuH.
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YK 547.51, 547.85
CHUHTE3 1,6-IOJIMETUWJIEHYPALIAJIIB TA IX HOXITHUX

L2Yajika H.A., Yisunenko K.B., Yisunenko T.I, lHa:*.apeHKo KI.,
"KocTiok O.M.
Yncrutyt opramiunoi ximii HAH Vkpainu
*HarioHanbHU# TeXHIYHMI yHiBepcHTeT YKpaiHH
«KuiBchbKU MOMTEXHIYHUHN THCTUTYT IMeHI [rops CikOpchbKOTO»
shvidenko_t@yahoo.com.ua

VY nauiif po6OTI 3aMPONOHOBAHO 3PYUYHUN OJHOCTAIMHHUI METOJ CHHTE3Y
KOHJCHCOBaHUX 1,6-MoIIMeTHICHYPAIUIIiB, BUXOIMYH 3 IIUKIIYHUX iMigaTiB. by
OTPUMaHUM Pl PYHKIIOHATHHUX MOX1THUX ypalUJIiB.

Knwouosi  cnosa: mipuminue-2,4-110HW, ypanuiad, IUKIIYHI 1MigaTH,
JeKapOOKCUITYBaHHS, OPOMYBaHHS, METHITyBaHHS.

In this work a convenient one-step method for the synthesis of fused
1,6-polymethyleneuraciles based on cyclic imidates is proposed. A set of
functionalized derivatives was obtained.

Keywords: pyrimidine-2,4-diones, uracils, cyclic imidates,
decarboxylation, bromination, methylation.

Binomo, mo ¢parment mnipumianH-2,4-m110Hy TNPUCYTHIA Yy Oararbox
(1310JI0TIYHO aKTUBHUX CIIOJYyKaX, MPOTe HOro 1,6-moiMeTUICHIIOXITHI BUBUECHI
HeJoCTaTHbO. JlochipkeHo, mo mipono[ 1,2-ClnipumMiguHu TOKa3y0Th aHTUIIPOJTi-
depatuBny aktuBHICTH IpoTd MCF-7 KIITHHHOI JiHIT paKy MOJIOYHOI 3aJI03H.
Takox MIPUMIAUHAIOHA € TOTEHI[IHHUMHU aHTaroHICTaMH o-1-agpeHepriyHuX
peuentopiB. Jeski 2,4-(1H,3H)-mipumigusmgionn 1 ix OIMMKIIYHI TOXIigHI
NPOSIBUIIN ceOe SIK aHTaroHICTH cepoToHiny [1-4].

OcHoBHOW MeTonoJoTier0 cuHTe3y 3-N-3amimenux 1,6-moxiMeTusIeHmpu-
MiJuH-2,4-110HIB € 100y 0Ba MIPUMIAMHOBOTO siipa JO0 HACHYEHOTO ITHKITY.
BuxiiHuMH Criolykamu Mpu I[bOMY BUCTYIAIOTh MMyHI-MYJbHI MICTKOBI €HAMIHH,
o0 MICTATh Npu [-ByIJIELIEBOMY aTOM1 €JIEKTPOHOAKIenTopHy rpyny. Taki
€HaMIHHM JIETKO I 1aroThes N-kapOaMoimtoBaHHIO 13011iaHaTaMH [5,6].

[TopiBHsHO 3 3-N-3amimenumu 1,6-nmogiMeTUIICHIIPUMITUH-2,4-T10HaMH 1X
3-N-He3aMileH1 aHaJIOTd MEHII BHBYEHI. Y OUIBIIOCTI BHIAAKIB IX CHHTE3 — II€
OaraTocTaliiiHi MEpPEeTBOPEHHS, 1110 0a3ylOThCs Ha JAOO0YAOBI HACHYEHOTO ITUKITY
70 TIPUMIIMHOBOTO sijipa, Buxoasuu 3 6- abo 1-N-3amilieHux Y-CHOUPTIB YU
BiHUITAJIOreH11B [7,8].

Mu nponoHyeMo 3pydyHH METO CUHTE3Y 1,6-moIMeTHIeHITi puMIInH-2,4-
TIOHIB, 10 0a3yeThcsl HA 100YA0BI MIPUMIAMHOBOTO ()parMeHTy 10 HACHUYEHOTO
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uKiTy. Jlanuii MeTos ofHOCTaIIHHUHN, CYTIPOBOIKY€ETHCSI XOPOIIUMHU BUXOIaMH 1
JI03BOJISIE BapilOBaTH SIK PO3MIpP MOJIMETHUICHOBOTO ITUKITY, TaK 1 3aMICHHKHU B
HhOMY. Buxomsunm 3 [maHOTO METOAYy, MAaeMO MOXIWBICTb OTPUMYBATH
pI3HOMaHITHI PYHKIIIOHATI30BaHI1 10 5-My MOJ0XKEHHIO MPUMITUH-2,4-TI0HU.

Y cBoeMy JOCHIDKEHHI MH BHUKOPHCTOBYEMO JIETKOJOCTYIHI BHXI1JIHI
CIIOJIYKH, a came, nukiIivHi imigaty (1) 1 (2-miaHoaneTwn)-eTuikapoamar, SKun
OTPUMYBAJIM B3a€EMOJIEIO IIaHOOIITOBOTO ecTepy 1 eTuikapOamary. Konaencarris
MMKTIYHUX 1IMifaTiB Ta (2-I[1aHOoalleTHIT)-eTUIKapOaMaTy MpOTIKae periocesek-
TUBHO 1 CYITPOBOIKYETHCS CIIOHTAHHOIO ITUKJIII3ALII€I0 3 YTBOPEHHSAM S-111aH03aMi-
meHux 1,6-nomiMeruneHmnipumiaui-2,4-mioniB (3) (puc. 1), mpudoMy MOpOIYKT
KOHJICHCAIlli BUIUIMTH HE BAaocs. B3aeMoito MpOBOAMIN IIJIIXOM HarpiBaHHS
(2-mianoaneTwn)-eTwiikapoamary 3 1,5-kpataum HaummkoM (1) nporsrom 1,5-2
rox ipu 105-110 °C. Hajymuiiok HUMKIIYHOTO 1MIJIaTy B JAHOMY BHUIIJKY BiJIIrpae
POJIb OCHOBH, BUXOJIU TIPOAYKTIB CKi1anaroTh 61-85 %.

O O X) CN X
CN k \
OEt)I\ NJ\/ N N CN
X) H N
N > N O PN
Y )
o) neat, 115°C
N I~ OF: 0" N0
o)
. B N
2 3

X= CH,, (CH,),, (CH,);, CH,0, CH,N(Boc)

Puc. 1. B3aeMoig HMKIIYHUX IMIJATIB 3 (2-1[1aHOAIEeTH)-€TUIIKapOaMaToM

[Tpu noBrorpuBaniomy kumn’ sTiHHI mipuminoHiB (3) B 47 %-ii HBr
CIIOCTEPITAETHLCS T1IPOJII3 HITPUIIHHOI TPYIU 3 HACTYITHUM J€KapOOKCUITYBaHHSIM
MPOMDKHUX KapOOHOBHUX KHCIIOT (4) in Situ, o 103B0JIss€ OTPUMYBATH BiIIIOBIIHI
SH-mipuminua-2,4-aioawn (5) (puc. 2).

X
2) o~ X 0 (Z‘)
H
j\ A 12 M HBr QN N OH N
R R
0} ﬁ (o) reflux O/]\N o O/I\E 0)
H
3 L _
4 5

Puc. 2. Cunres 5SH-nipumianH-2,4-110H1B
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Marouu Ha MeTI CHHTE3yBaTHU HOBI MOX1/IH1 YpalluiiB, (yHKIIIOHAII30BaHUX
Mo 5-My TIOJIO)KEHHIO, MW JOCTIAWIA B3a€EMOJII0 IUKIIYHUX IMIJATiB 3
METUJIOBUM €CTEPOM 3-METOKCHUKApOOH1JIaMIHO-3-OKCOIPOIIOHOBOT KHCJIOTH.
Ocranniii HarpiBaym 3 2,1 exBiBaieHtamu (1) mpu 120 °C, mo mo3Boianio
OTpUMATU PsJ BIANOBIAHUX MipumiaunH-2,4-mioHiB (7) (puc. 3). Y Bumauky
O-MeTHIIipoIiIoHy MPU BUKOPUCTAaHHI 1,5-KpaTHOTO HAAJHUINKY HaM BHIAJOCS
BUUTATH IPOMiXKHHUN TIPOIYKT (6).

X)

(0 (0] (0
CO,CH; X)
)I\ J]\/”\ kN == Q CO,C
(X) MeO N OMe H NN ,CH;
N neat, 120°C )\ o) N o)
o OMe H
1
6 7

Puc. 3. B3aeMo/1is IMKIIYHUX 1MIJIaTiB 3 METHJIOBHM €CTEPOM
3-MeTOKCHKapOOH11aMiHO-3-0KCOTPOMOHOBOI KHCIIOTH

Kucnotauit rigponiz ecreproi ¢yHkiii moximHux (/) A03BOJIMB HaM B
JICAKMX BHIAAKaxX BUAUIMTH BignoBigHi kuciaotv (4). OcraHHi, OAHAK, JETKO
JeKapOOKCHUITIOIOThCS 10 oxiaHuX (5) npu kum’sitindi B 12M HCI.

VYpanunu (5), 110 MarwTh PYXJMBUM aTOM BOJHIO B 5-My TOJIOXKEHHI
MIPUMITUHOBOTO ITUKITY, JIETKO OPOMYIOTHCS TI0 BKa3aHOMY TIOJIO)KCHHIO B M’ SIKHX
YyMOBaxX MOJEKYJSIPpHUM OpOMOM Yy BOJHO-METaHOJBLHOMY CEpPEIOBHINI 3a
KIMHaTHOT TemrepaTypu (puc. 4).

x) X) X)

Q
QN X H Brz QN AN Br CH3I N X Br
- —_—
0” "N o rt. 0 N S0 Ky CO; 0)\171 0
H H CH,
8
5 9

Puc. 4. ®ynkuionamnizamis mipumiana-2,4-110HiB

ATOM BOJIHIO TIPU aMiJTHOMY a30Ti OpomonoxiaHux (8) 10CTaTHhO KUCIIUH,
IO Ja€ MOXJIMBICTb T€HEpyBaTH aHIOH Bxke mpu aii mortamy B MDA 3a
KIMHATHOI TeMIepaTypH.

TakuM ymHOM, MOCHIIOBHE OpOMYyBaHHS 1 METWIyBaHHsS SH-mipuMiTuH-
2,4-nioniB (5) go3Bomsie oTpuMatu noxiaxi (9), pyHkiioHandi30BaHi Mo 3-My 1 5-
My IOJIO)KEHHSX MIPUMITUHOBOIO LIUKITY.
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PO3/IJ2

HOBI PEUOBUHU I MATEPIAJIA
TA IX 3ACTOCYBAHHS

VJIK 544.478, 661.974, 661.721.41

BILIUB MEXAHOXIMIYHOI AKTUBAIIIi HA ®I3UKO-XIMIUHI
XAPAKTEPUCTHUKHU KATAJI3ATOPIB T'IJIPYBAHHSI OKCHU/IIB
BYTIJELIO

1BapaH M.M., L€ BIOKIMEHKO B.O., "Tkauenko T.B., 'Kamencokux I.C.,
Ximau H.IO., Masmox O.B., lHleJIyJ:[BKo €.B, ! Akcrienko M./,
2DisIOHEHKO M.M.,, "Kamkoscbkuii B.1.

YucturyT Gioopramiunoi ximii Ta HadbToximii im. B.IT. Kyxapst HAH Vkpaiau
*HarionansHuii mexaroriaamii yaisepenter imeni M.IL. JIparomanosa
baranmaria48@gmail.com

Benmukum €KOJOTiYHMM BUKIMKOM CHOTOJICHHS € TApHUKOBI Ta3W, IO
HAKOIMUYYIOTHCS TIPU aHTPOTIOTEHHOMY BIUIMBI HAa JOBKOJIMIIHE CEPEIOBUILE. 3
1HIIOr0 OOKY, ABOOKCHUJ BYTJIEIIO SIK OJMH 13 0araTOTOHHa)XKHUX MPEACTaBHUKIB
TaKMX Ta31B MOXK€ BUCTYIATH JKEPEIOM KOPUCHHX MPOAYKTIB 3a MEBHUX yMOB
yrumizaitii. [lepepoOka ABOOKCHAY BYIJICIIO B KOPUCHI PEUOBUHHU BiJIOYBA€THCS 3
BUKOPUCTAHHSM 0ararboX KaTaMITHYHUX CHUCTEeM. BapTo BiAMITUTH, IO
MEPCIEKTUBHUM IMIUIAXOM Yy Karaji3l € 3aCTOCyBaHHS JIOJaTKOBUX UYMHHHKIB
BIUIMBY Ha TMepelir KaTaJiTUYHUX MPOIECIB, TaKUX SK MEXaHOXIMIYHA Ta
MMPOTOHHA aKTUBaIii. JJIsi JOCTIDKeHHS TaKUX BIUIMBIB HA KaTaji3 IIPU KOHBEPCIi
JIBOOKCUIY BYTJICII0 B KOPUCHI PEUOBMHU OyiIM TMiJrOTOBaHI KOOaJIbTO-
MOJIIOACHOBUN Ta MIIb-IIMHK-aTIOMIHIMOKCUIHUN KaTajai3aTopu Ta JOCJIIKeHA
MOPQOJIOTisI IPUTOTOBAHUX KATATITUYHUX CUCTEM CY4aCHUMH (h13UKO-XIMIYHUMH
METOAaMU: 1HPPAYEPBOHUM CIIEKTPATILHUM aHai30M 13 Dyp’e nepeTBOpeHHsIM Yy
PEeXHMi HEMTOBHOTO BITOMBAHHHS, PEHTIEHO-(IFOOPHUCIIEHTHOIO CIIEKTPOCKOIIIELO,
aTOMHO-CHJIOBOIO MIKPOCKOIII€IO.

Kntouoei cnosa: rinporenizaiiis, KaTaai3aTop, CHUPTH, BYTJIEBO/IHI.

A major environmental challenge today is the greenhouse gases that
accumulate under anthropogenic impact on the environment. On the other hand,
carbon dioxide, as one of the tonnage representatives of such gases, can be a
source of useful products under certain conditions of utilization. The processing
of carbon dioxide into useful substances takes place using many catalytic

125



systems. It should be noted that a promising way in catalysis is the use of
additional factors influencing the course of catalytic processes such as
mechanochemical and proton activation. To study such effects on catalysis during
the conversion of carbon dioxide into useful substances, such preparatory work
was carried out as: cobalt-molybdenum and copper-zinc-aluminum oxide
catalysts were prepared and the morphology of the prepared catalytic systems has
been studied by modern physicochemical methods: infrared spectral analysis with
Fourier transform in the mode of incomplete reflection, X-ray fluorescence
spectroscopy, atomic force microscopy.
Keywords: hydrogenation, catalyst, alcohols, hydrocarbons.

['noGanpHe MOTEIUTIHHS, IO MNPU3BOJIUTH JO 3MIH KJIIMAaTy IUIAHETH,
MOB'A3aHE 3 BUKHUJIAMU Ta HAJAMIPHUM HAKOMUYEHHSIM B aTMOC(epi MapHUKOBUX
ra3iB, OJJHEM 3 SKUX € miokcun Byriemto CO,. Moro yrBopeHHs Ta HaKOIMYEHHS
B arMocdepi 3a octanHi 50 pokiB 3pocio Ha 20 % [1]. i 3MeHIIeHHsT HOro
KUIBKOCT1 HEOOXIHO BXXUTH HHU3KY 3aXOJiB, IO MOJSATAIOTh B €KOHOMII €HEprii,
BUKOPUCTAaHHI BIJHOBIIIOBAaHUX JDKEpPEN €Heprii, yTuii3auli Ta MNOBTOPHOMY
BukopucranHi COs.

OpHuMm 3 nepcneKTUBHUX HanpsiMKiB yruiizaiii CO; € Horo riaporexizaiis
Ha TeTEPOreHHMX KaTali3aTopax y BYIJIEBO/AHI, CIUPTH, €TEPHU TOIIO.

Y kjacM4yHOMY BHKOHAaHHI TMPOIIECIB 3aCTOCOBYIOTHCS TPaHyIbOBaHI
KaTajxi3aTopu, sKi MpaliooTh 3a BUCOKUX 3HaueHb TUCKY 5,0-30,0 MIla Ta
temneparypu 240-400 °C. OcraHHiM dYacoM Yy JiTepaTypi BigMidaeThbes
3aCTOCYBaHHS KaTaji3aTopiB, 10 MepedyBarOTh Y JIPIOHOMUCIIEPCHOMY CTaHi Ta
aKTUBOBAaHI MEXaHIYHUM CHOCOOOM. Y pe3ynbTaTi 4YOoro BAAJOCS JOCSITH
BHCOKOT'O BUXOJy LUJIBOBUX MPOJYKTIB Y 3HAYHO M SKIIUX ymoBax: TUCKY 0,1
MIla ta Temneparypu 220 °C [2]. Tomy BaxkaeMo 3a JOIJIBHE POIIAPUTH TIOJIE
AOCT/DKEHb Yy J[JaHOMY HampsMKy, a caMme, 3acTOCyBaTH MEXaHOXIMIUHY
aKTHUBAIlII0O B HAIIMX POOOTAaX Ta BCTAHOBUTU TEBHI 3aKOHOMIPHOCTI, SIKI MPHU
1bOMY OyayTh 3a(iKCOBaHi, MPU T1APOTEHI3alli OKCU/IIB BYTJICIIIO.

Metoro poOOTH € MPOBEACHHS MEXaHOXIMIYHOI aKTHBAIlll aJlFoMO-
KOOaJIbTO-MOJIIOICHOBOTO Ta MiJIb-IIMHK-aJIFOMIHIMOKCHUIHOTO KaTali3aTopiB Ta
BHUBYEHHS PO3MIPHOCTI Ta XIMIYHOTO CKJIATy.

st mocmijipkeHHs (i13UKO-XIMIYHUX BJIACTUBOCTEH 00paid MpOMHUCTOBUI
AIIOMO-K00ANTbTO-MOJ101€HOBHM KaTamizatop ripooyuctku AKM (M. AHrapchk,
P®) ta minp-nmHK-amomiHiiokcuaaui karanizatop CHM-Y (CeBepomoHenbkuii
HusbkoTemmneparypuuit MertanonbHui, ¢ipma “Ansiro”, m. CeBeEpOIOHEIBK,
VYkpaina). MexaHoakTuBamiss  3a0e3mnedyBajacs — IUIAXOM  MOAPIOHEHHS
KaTai3aTopiB 3 TOJAJBIINM HAHECEHHSM iX Ha CKJSHI KYJIbKH, Ki, B CBOIO
yepry, Oyiu mijjiani nonepeAaHii akTuBalii B yabTpa3BykoBiit 6ani 20 % BoHUM
posurHOM (TOpUay amoHito 3a Temmeparypu 50 °C Tta yacom 00poOku 60 XB.
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Hanunenns karanizaTopiB NpoBOAWIN | TOAUHY 3a JOMOMOTOIO IAPOBOTO MIIMHA
31 mBuAKicTIo 00epTanHs 300 06/XB.

IndpauepBonuii criektpanpHuii aHaniz dyp’e i3 neperBopeHHsM (FTIR)
spaskiB  y  giamasomi 4000-400 cM ' OpOBOAMIM 33  JOIOMOTOIO
cnekrpoporomerpa Mapku  IRAffinity-1S  FTIR  (Shimadzu, Snonis),
ocHamenoro Quest ATR Diamond GS-10800X (Specac, BenukoOpuranis) y
PEXXHUMI HEMTOBHOTO BiIOMBaHHS.

Mopdomnorito penbedy MOBEpXHI IUIIBKOBHX 3pa3KiB BHBYAIM aTOMHO-
cmiioBuM MikpockornoM NT-206 (BupobHunTBa “MikpoTecTmamuiu’”’, M. ['omenb,
Pb) 31 crammaptamm 3oHmom CSC37 1 xkopcetkicTio koHcom 0,3-0,6 H/wm.
CkaHyBaHHS MPOBOJIUIIU Y KOHTAKTHOMY CTAaTMUYHOMY PEXUMI 31 MIBUAKICTIO 10
MKM/C 1 KpokoMm 0,3 HM. 3pa3ku OynaM OTpHMMaHI NUIIXOM BHITAPOBYBAHHS
CYCIIeH31{ KaTai3aTopiB y BOJli, HAaHECEHUX Ha kBapiose ckio (C = 0,8 mr/mn),
i3 HacTymHUM BUCyITyBaHHAM mipu 60 °C.

XIMIYHHAM CKJIaJ KarajizaTopa BCTAHOBJIIOBAJIN PEHTIEHO-
¢dmoopuciieHTHOO  criekTpockomielo (XRF) Ha mnpenusiiiHoMy aHamizaTopi
«EXPERT 3Ly, sikuii npu3HaueHUl 1Ji NPSIMOTO ONEPaTUBHOTO OE3pyHHIBHOTO
BUMIPIOBaHHS MacoBOi 4acTKu (%) XIMIYHHX €JIEMEHTIB y 3pa3kax. BumiproBaHHs
IPOBOASATH METOJOM HEPYWHIBHOI'O €HEProAUCIIEPCHOIO PEHTTEHO(III0OPHC-
nentHoro anamizy (EJIPDA).

[IpomuciioBi KaTamizaTopu TICIAS MEXaHIYHOTO TMOApIOHEHHs Oynu
npoananizoBani AFM, 1 BcraHoBjeHO, O xapakTepHuUM s moBepxHi CoO-
Mo0O3-Al,0;3 € HassBHICTH OKpeMHUX CHEPUIHHUX YACTOK Ta MOJIOBKEHUX arperaris,
PO3MIp SKMX 3HAXOAUTHCS y HAHOIAIa30H1 1 3MIHIOEThCS Bix 2,8 HM 10 12,6 HM.
Po3smipu vactunok CHM-VY nexats y aianaszoni Big 1,1 HM 10 2 HM, MOXHa
MOMITHUTH SIK OKpeMi c(hepruyH1 YaCTUHKH, TaK 1 arperaTd J0BUIbHOT (hOPMH.

B [Y-cexTpax karamizaTtopiB mmpoka cmyra noriauHanas npu 3600-3000
cM! HaTEXNTh 10 BAGHTHHX KOMMBAHb acomiifosannx OH-rpym (puc. 1, kpusi 2,
3). it AKM xaramizatopa cmyra mpu 1630-1600 cm™’ xapaktepHa mis
nedopmaniitaux kosmBanb H-O-H, cMmyra nornmunanus mpu 430 cM’ HATEKUTD
710 BaJieHTHUX KoymBaHb rpyn O-Mo-O [3], a cmyra nipu 1067 cM™ mpHTaMaHHA
BajieHTHUM KosimBaHHAM O-Al-O (puc. 1, kpusa 2). Jlnsa karamizaropa CHM-Y
mupoka cMyra npu 1475 ta 1400 cm™ xapaxTtepHa 11s komuBanb ZnO. Cmyram
mpu 410, 550 cm™ BigmoBimarote kommBamms SiO, (xpuBa 1) [2]. [ami
JOCIIKEHHST TOKa3yloTh, [0 KaTali3aTop HE 3MIHUB CBOI CTPYKTYpHI
XapaKTepUCTHKH TIPH MEXaHIYHIA aKTHBAIlii, 0 BaXXJIMBO JJIS IIOJAJIBIIHAX
KaTaJIITUYHUX JTOCIIKCHbD.

XiMIYHUN CKJIQJl KaTadi3aTopiB BCTAHOBJIEHO PEHTTEHOQIIOOPUCIIEHTHOIO
cnektpockomieto (XRF) Ha mnpenumsiitHomy anamizatopi «EXPERT 3L» 1
HaBegeHO B Ta0uI 1.
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Puc. 1. [Y-cniextpu (1 — BuxigHi CKJIsiHI KyibKky, 2 — katanizatop Co0O-M0Os-

Al,O3, 3 — xaramizarop CuO-Zn0O-Al,O3)

Taoauuga 1

XiIMIYHUN CKJIaJ JOCTIIHKECHUX KaTalli3aTopiB

Karanizarop ajs cuaresy
ByrJjesoaHiB AKM

Karanizatop a5 cuHTe3y CiMpTiB

CHM-Y

MacoBa yacrka,

MacoBa yacrka,

Eaement % Eaement %
%0 427731372 | %0 21,203+0,048
BAl 37,479+0,909 | BAl 2,212+0,134
g 0,311+0,037 g 0,139+0,022
= 0,112+0,007 = 0,094+0,008
?ICo 6,835+0,166 2Cu 50,056+0,086
Mo 12,490+0,301 | *zn 26,296+0,058

Dopmya MacoBa yacTkKa, Dopmya MacoBa yacrTka,

% %

Al,O, 70,817 Al,O; 4,180
CoO 9,619 CuO 62,659
Fe,O4 0,160 Fe,03 0,134
MoO; 18,739 SiO, 0,297
SiO, 0,666 ZnO 32,730
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SIx BUIIHO 3 HaBEJEHUX pe3yNbTaTiB, s Karanizatopa AKM ocHoBHUMHU
KOMITOHEHTaMH € OKCHJ] aJTFOMIHIIO Ta MEBHE CITIBBITHOIICHHS] OKCUIIB KOOAIBTY
Ta MOJIOACHY, IO HE CYNEepeUYUTh JITEPAaTYpHUM Ta TACHOPTHUM JIaHUM.
BinHOCHO MeTaHONBHOTO KaTaji3aTopa, TO MOTO CKJIaJl I[JIKOM BiJMOBiAa€
NaCMOPTHAM  XapaKTePUCTHKaM Ui JaHOTO TUIMY 1  BHTPUMYETHCS
criBBigHOMIEHHST 2/1 OKCHAYy KympyMmMy IO OKCHIY LHMHKY Ta HAasBHUH OKCHI
AFOMIHIIO, SIK 3B’SI3YIOUMN KOMITIOHEHT. MexaHI4Ha Jis, a caMe ToIpiOHeHHS, He
BIUTMHYJIA HA CTPYKTYpHY MPUPOY KaTaai3aTopiB.

Takum 9uHOM, BHSIBICHO, III0 MEXaHIYHA aKTHUBAIlS HE 3MIHIOE TIPUPOIU
KaTaji3aTopiB, 1€ MIATBEPIKYEThCS 1HPPAYCPBOHUM CIEKTPATHLHUM aHAI30M 13
®dyp’e TEPETBOPCHHSAM Y PEXUMiI HETMOBHOTO BiJOMBAHHHS Ta PEHTITEHO-
(bIIOOPUCLIEHTHOIO CIEKTPOCKOMi€r0. JloCHiKeHHs, MPOBEICHI 3a JOIMOMOIOI0
aTOMHO-CUJIOBOI MIKPOCKOIIi, TMOKa3ajlu, M0 PO3MIP YaCTHHOK OTPUMAaHHX
KaTai3aTopiB 3HAXOIUTHCA Y HaHOIama3oHi Ta 3MiHIOEThCS: M1 C0O-MoO;-
Al,O3 — Bix 2,8 aMm 1o 12,6 um, st CuO-ZnO-Al,O3 — Bix 1,1 HM 10 2 HM.

Poboma euxonana 6 pamxax Oepocorodxncemnoi memu Incmumymy
bioopeaniunoi  ximii ma Hagmoximii im. Bl Kyxaps HAH Yxpainu:
«l'iopocenizayis oxcudie 8yeneyio 8 ymoeax MexaHoaKmueayii KamauimudHol
cucmemu y NOEOHAHHI 3 RPOMOHHUM cmpymomy (wugp memu: 2.1.10.34-21).
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BIOJIOI'TYHO AKTHUBHI IOJIMEPHI KOMIIO3UTHU
JJIAA HIIBUINEHHA IMYHOJIOTTYHOI'O CTATYCY
CIJIBCBKOI'OCITIOJAPCBKUX KYJIBTYP

"Bpuxosa O.M., 'Tpaginceka T.B., "Po6ora JLIL., *CaBenses 10.B.,
*bimsieebka JI.O., “Iyrunceka I.O.
1IHCTI/ITYT ximii BUCOKOMOIeKysspHux croiyk HAH Ykpainu
“IncTHTYT Mikpobiosorii i Bipycomorii im. J.K. 3a6omorroro HAH Ykpainnu
alexandra.brykova@gmail.com, bilyuvskal@ukr.net

Po3po6ieHo ekosoriyHo Oe3MmeyHl Ta €KOHOMIYHO JOIIIbHI O10JI0TTYHO
aAKTHBHI IMTOJIMEPHI KOMITO3UTH Ha OCHOBI BOJHOI MOJIIypPETaHOBO1 AMCIEPCIi, 1110
MICTSTh €K30moJiicaxapuJ, 1 OIOJOriYHO AaKTHUBHI CyOcCTaHIli MIKPOOHOTO
MOXO/DKEHHS, SIKI 3/1aTHI MMiJIBUIYBATH MPOTYKTUBHICTH CLIHCHKOTOCIIOAAPCHKUX
pPOCIMH Ta TMICas 3aKiHYE€HHS CTPOKY 1X 3aCTOCYBAaHHS  ITi/IJIaBaTHUCS
(610)merpanariii mij BIVIMBOM NPUPOJHUX (PAKTOPIB JOBKULIS.

Knrwouosi cnosa: BomnHi nucnepcii, 10HOMEpHI MOJIypeTaHH, KCaHTaH,
ABEpKOM—HOBA, 010JI0T1YHA AKTUBHICTh, CLIILCHKOTOCIOIAPCHKI POCIUHH.

Environmentally friendly and economically efficient biologically active
polymer composites based on aqueous polyurethane dispersion containing
exopolysaccharide and biologically active substances of microbial origin have
been developed, which are able to increase the productivity of agricultural plants,
and after the expiration of the use to undergo the biodegradation under the
influence of environment factors.

Keywords: aqueous dispersions, ionomer polyurethanes, xanthan,
Averkom-nova, biological activity, agricultural plants.

B ocraHHi poku Il MIABUILEHHS  IMYHOJIOTIYHOTO  CTaTyCy
CUIbCHKOTOCTIOAAPCHKUX KYJIBTYpP BCE 4YacTillle BUKOPUCTOBYIOTH O10XiMiuHI
METO/M, SIKI BIUIMBAIOTh Ha PICT 1 3aXUCHI (PyHKUIi pocivH. Bumororo wyacy
CydacHOi arpoxiMii € JOCHI)KEHHSI II0J0 CTBOPEHHS O10JOTIYHO AKTHBHUX
nojiMepuux koMmmo3utiB (BAIIK) 3 mposioHroBaHOK aKTHUBHICTIO, IO MICTSATh
MeTaboJIITH CTpenTOMiNeTiB Ta OyayTh 3matHi no (0Oio)aerpanaiiii B ymoBax
JOBKULIS TICHs IXHbOTO BUKOpPUCTaHHS. ChOTOMHI IIMPOKE 3aCTOCYBaHHS B
caMHX pI3HUX cdepax JIOJACHKOI TISJIBHOCTI 3HAXOATh MIKpOOHI MoJlicaxapuu
(kcantan). IlomepeaHiMM  JOCHIIDKCHHSAMH  TIOKAa3aHO, 1[I0  BBEJCHHS
noJricaxapuaiB O10TEXHOJIOTIYHOTO TOXO/DKCHHS (EK30I0IicaxapuIiB) y CKIIa
NOJIMEPHUX MaTepialiB Hagae iM 34aTHOCTI JIO PO3KJIAJaHHS I JIEI0
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JNECTPYKTYIOUHUX (haKTOpPIB HABKOJMIIHBOTO CEPEIOBHINA TICIAS 3aKIHYEHHS
TepMiHy iX ekcruryaTarii [1]. CTBopeHHS HOBOTO ITOKOJIIHHS 10HOMEPHHX
nomiyperaniB (I[TY) Tta pi3HOMaHITHUX O10JOTIYHO AKTHUBHHX IOJIIMEPHUX
KOMITO3HITI Ha iX OCHOBI 31 CHenupiYHUMU BIACTUBOCTSIMHU 0araToIiIbOBOTO
NPU3HAYEHHSI € aKTyallbHOIO MPOOJEMOI0 SIK 3 TOYKU 30pYy (GyHAaMEHTaIbHOI
HAyKH, TaK 1 3 TOYKHU 30pYy HEOOX1THOCTI PO3UIMPEHHS CTAJIOI0 PO3BUTKY Tally3ei
MPAKTUYHOTO BUKOPUCTAHHS MOJIypEeTaHiB.

Mertoro 1aHOoi poOOTH € CTBOPEHHS Ta JOCIIKEHHS 010JI0T1YHO aKTUBHHX
MOJIMEPHUX MaTepialiB 3 KOMIUIEKCOM BJIACTHBOCTEH, HEOOXIMHUX IS
€KOJIOTIYHO  30aJlaHCOBAHOTO  NPOAYKTUBHOTO  CLILCHKOTOCTIOAAPCHKOTO
BUPOOHUIITBA.

OnTuManbHUM 3a CKJIAJOM Ta BJIACTUBOCTSAM KCAaHTaHBMICHUN 10HOMEPHHIMA
nomiyperan (IITY/Kc) Oymo oxepkaHO Ha OCHOBI IOJIOKCHIIPOIIICHIIIIKOJIO-
1000, rtomyinmenmiizomianaty Ta 1,3-IMMETHIIONMPOIIOHOBOI KHUCIOTH HUISIXOM
MOJIOBXKCHHSI Jii301[iaHaTHOTO oiroyperana kcantanoMm (Kc, 2 % wmac.) [2].
Onepxany IITY nucnepciro 0yno ¢i3nyHo MOAU(IKOBAHO MIJISAXOM J0JaTKOBOTO
BBEJICHHS 010JIOT1YHO aKTUBHOTO Moaudikatopa — npoaykry B3aemonii Kc (18 %
Mac.) Ta OlompemnapaTy «ABepkoMm-HOBa» (AB), sxuii po3po0ieHO HA OCHOBI
CEJICKI[IOHOBAHOTO  BITUM3HSHOTO  IITaMy  TPYHTOBUX  MIKpOOpraHi3MmiB
Streptomyces avermitilis IMB Ac-5015 — BucokoeeKTHBHOTO TPOAYIICHTY
aBepmekTuHy [3,4]. CrynmiHb TiApoi3y B KHCIOMY CEPEIOBHIN BH3HAYAIN
IUISIXOM OLIIHKY 3MIHM Bard 3pas3KiB Micis riposizy. KoMrnocTtyBaHHSI B TPYHTI:
3pa3Kyd EKCMOHYBAJIM B KOHTEHMHEpax 13 TPYHTOM CEpeaHbOl O10J0TTYHOI
aktuBHOCTI (pH = 6,82; RH = 60%); t = 14-25 °C) npotsrom 12 micsiris.

[Tommepnoro ocHoBoro BAIIK cinyryBanu BoiHI 10HOMEPHI MOJ1YypPETAHOBI
JaUcIepcii Ha OCHOBI €K3o0moJjlicaxapujly OaKTepiaJbHOTO TOXO/KEHHS —
KCaHTaHYy, sIKI CTBOPEHO 3a €KOJIOT1YHO OE3MEUHUMU «3EJIEHUMH TEXHOJIOTISIMUY,
JIe TUCTICPCHUM CEPEIOBHINEM 1 OJTHUM 3 TIOJIMEPHHUX CKJIaIHUKIB € Boja [2].

Jesiki BmactuBocTi Buxigaux IITY HaBegeHno B Tadmmi 1.

Taoauua 1
Komoigno-ximMigHi Ta AerpaaadenbHi BIACTUBOCTI I0HOMEPHUX MOJIIYPETaHOBHUX
JUCIIEPCIN Ta IJTIBOK

Biactusocrti ..
. BnactuBocTi miiBOK
Jqucrepcin
3pazok Bonpomnorim- BTpa.T a part BTpa.T a Bart Btpara Baru
leeps ICIIS IICIISt }
HM pH HATHA KJIIMO- riApoIizy Y IPyst
0 ] 0
24 ron., % kamepi.% (HCI), % (12 mic.),%
1Ty 52 7,81 147 0,7 1,0 7,5
IITY/Kc, 58 7,43 185 0,9 1,7 8,8
IITY/Keyg | 175 6,95 328 15 kel 10,2

* - I'.ep CEPEIHINM PO3MIP YACTUHOK, ** - OBHE pyHHYBaHHS ILIIBOK
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Btpara Baru mpu 1HKyOyBaHHI 3pa3KiB y TPYHT MHpOTsAroM 12 MicsIliB
J0cATaE MaKCMMaJbHOTO 3HaueHHsA y pasi BukopuctanHs [I1Y/Kcyy (BMmicT Kc
(2+18) % wmac.), mo miaTBep/pKye BILIMB Kc Ha mepedir AecTpyKIiHHUX
npoiieciB. BBeneHHs ex3onomicaxapuay B Makposasiior npu creopensi [ITY/Ke
HIIIIOE TpolleC ACCTPYKINT sK MiJ Ji€r0 Pi3HUX (HaKTOPIB HABKOIUIITHHOTO
CepeIOBUINA, TAaKUX SK IMJIBUINIEHA BOJIOTICTh 1 TeMIieparypa, Jis rpubiB poay
Aspergillus i Penicillium, Tak 1 Wi BIUTABOM XIMIYHUX arpecCUBHUX (aKTOPIB
(KUCIIOTHE Ta Jy>KHE cepeaouiie) (puc. 1).

Puc. 1. 300paxeHHs1 TOBEPXHI IUTIBOK Mmiciis 12 MicsIiB iHKyOaIii y TpyHT1

®dizuyne Moau(diKyBaHHS O10JOTIYHO AKTHUBHOIO CIOJYKOIO IPOBOIUIH
nuIsIXoM 3MmitryBanHs posseaeHoi IITY nucnepcii (0,3 % cyxoi pedoBunu) 3 AB.
Hns  moaudikyBanns Bukopuctano 0,01 % posunn AB. Haitbinbem
ONTUMAJIBHUMH BIACTUBOCTSAMU Mmoa0 piBHA npununanHs BAIIK go mosepxhi
HaciHHs Ta JucTs pocyivH € [ITY/Kcyg, mo mictuts (2+18) % mac. Kc.

[IpoBeneno AoCHiPKEHHS €(QEKTUBHOCTI BHUKOPHUCTAHHS — OJEP>KaHUX
BAIIK, MoaudikoBaHux OlompenapatoM «ABEpPKOM-HOBa», SAKUH MPOSBIISIE
($1TO3aXUCHY, PICTCTUMYIIOIOYY Ta aJalTOreHHY aKTUBHICTh y JIa0OpaTOpHUX
ymoBax. EdextuBnicty nii omepxkanux BAIIK omnineno mo mpupocty creben,
KOpEeHIB Ta OloMacu MPOPOCTKIB MUIEHUII 03UMOi copTy «KprkuHka» micis
nepenociBHoi 00pooku Hacinus mo 300 Mt Ha TOHHY (TadJ. 2).

Buxopucrtanuss nans oOpoOKM HACiHHS MIIEHUIl O10JOTIYHO AaKTHMBHUX
MOJIIMEPHUX  KOMIIO3UTIB HAa OCHOBI  10HOMEPHHMX  BOJIOJUCIIEPIYIOUUX
MOJIypeTaHiB Ta CyOCTaHIN MIKpOOHOTO TMOXO/PKEHHSI CHPUSIIO TIiABUIICHHIO
JOBKUHU KOpeHs 1 creden Ha 18-54 % ta 5-39 %, BIANOBIIHO, a TAKOXK IPUPOCTY
O0ilomacu Ha 9-34 %. Haiikpame cebe 3apekoMeHIyBajid HOBI PO3poOsIeHi
komruiekcH BATIK - ITTY/Kcyg (2%+18% Kce dizuu. cym.) + AB (300 mi/T).

Takum 4MHOM, 3aCTOCYBaHHS pO3POOJIEHUX HOBITHIX 010JIOT1YHO AKTUBHUX
MOJIMEPHUX KOMITO3UTIB TMPOJIOHTOBAaHOI i MiJBHINYE MPOAYKTHUBHICTD
arpo(iTorieHo3y, PE3UCTEHTHICTh  CIJIBCHKOTOCIOAAPCHKUX  KYJIBTYp 10
O010TMYHMX 1 aO0IOTMYHUX CTPECIB, MIJBHIINYE BPOXKANHICTb, MOKpAIIY€E SKICTh
OTPMMAHOI TPOAYKIli Ta TIONIMIIYE EKOJOTIYHUN CTaH HaBKOJMIIHBOTO
CEpeIOBHUIIIA.
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Tadonuus 2
[Toxa3HUKH POCTY MIEHUIN MiCIIsA MEPENNOCiBHOI 00pOOKH HACIHHS

CXO0XICTh IIOB?KHI.{a Bucora crebita Cupa maca .100
BapianT mocminy HACIHHA KOPIHIIB HPOPOCTIIB
Ly , % 10 % no % 1o
() MM MM r
KOHTPOJIIO KOHTPOJIIO KOHTPOJIIO
KonTposns (Boza) 93 43,8 100 29,9 100 1,6 100
ABepKOM-HOBa, 25 MII/T 97 53,8 123 32,5 109 1,8 112
111y, 300 M/t 95 51,7 118 31,4 105 1,8 109
IITY/Ke (2%+18% Kc) 96 52,4 120 33,9 113 1,8 116
1Y+ ABgjs., 300 M/t 98 58,6 134 34,9 117 2,0 128
Y /Ke (2%+18% Kc) +AB 99 67,5 154 41,6 139 2,2 134

Locnioocennss 8UKOHYIOMbCA 6 PAMKAX UYIIbOBOI Npocpamu  HAYKOBUX
Oocniodcens HAH Vrkpainu «Hoesi @yuxyionaneni pevosunu i mamepianu
XIMIYHO20 BUPOOHUYMBAY.
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I3OBYTHUJIOBI ECTEPHU ’ KUPHUX KUCJIOT - HEPCIIEKTUBHI
KOMIIOHEHTHU JIU3EJIbHUX ITAJINB

"Bypnauenko K.O., '3y6enko C.O., *SIkoBnesa A.B., 'Konosanos C.B.,
’BoiueHKO CB., *Maxcumis O.J1.
"YrcTuTyT Gioopramiunoi ximii Ta HadToximii im. B.II. Kyxaps HAH Ykpaiuu
ZHaHiOHaHLHI/Iﬁ aBlallifHUNA YHIBEPCUTET
S.0.Zubenko@ukr.net

Metoto maHoi pobGoTu Oyno BH3HAYEHHS 3MIH Yy (DI3UKO-XIMIYHUX
BJIACTHBOCTSAX MOHOAQJIKIJIECTEPIB JKUPHUX KHUCIOT, OJIEPKaHUX 3 TPUPOTHUX
OJIIM, MpH 3aMiH1 CIUPTOBOIO 3aMICHUKA €CTEPY 3 €TUIIOBOTO Ha 1300yTHIIOBHI. B
poOOTI IOKa3aHO 3HW)KEHHA T'YCTUHU Ta TEMIEepaTypu 3acTUTaHHS €CTepiB
KUPHUX KHUCIOT TpPH Takiid 3aMiHI, 110 MEpPeayCiM TMOSACHIOETHCS 3MIHOIO
KoH(pirypamii  monekyn  ectepiB. OTke, MOXHA CTBEpIKYyBaTH  IIPO
MEPCHEKTUBHICTh 3aCTOCYBAaHHS 1300yTHJIOBUX €CTEpIB JKUPHHUX KHUCIOT SK
KOMITOHEHTa AU3EJIbHOr0 NaJkuBa, 0COOIMBO Y 3MIMOBHUI MEPIOJ.

Kniouogi crnosa: ectepu 1300yTUIIOBI, TATMBO O10u3eNIbHE, (HI3UKO-XIMIUHI
BJIACTUBOCTI.

The aim of this work was to determine the changes in the physicochemical
properties of fatty acids monoalkyl esters, obtained from natural oils, when
replacing the alcohol substitute of ester from ethyl to isobutyl. The paper shows a
decrease in the density and pour point of fatty acids esters with such a
replacement, which is primarily due to changes in the configuration of ester
molecules. Therefore, it can be argued about the prospects for the use of isobutyl
esters of fatty acids as a component of diesel fuel, especially in winter.

Keywords: isobutyl esters, biodiesel fuel, physico-chemical properties.

[300yTanon (2-mMeTuiamponaHos-1) 3acTOCOBYEThCA SK POIYMHHUK IS
MMOBEPXHEBUX MOKPUTTIB, €pipHUX Maces, BOCKY, QJIKaJOilIB 1 CHHTETUYHHX
cMout. Ioro BUKOPHCTOBYIOTH B POJIi €KCTPAareHTa JUIsl XKHPIB, Y CKJIai JESKHX
BUJIIB KOCMETHKH, T1IPABIIYHOI PiIMHUA 1 MUIOYUX 3aCO0IB, a TAKOX Yy XIMIUHIH
MIPOMHMCIIOBOCTI JIJII CHHTE3Y opraHigyHux croiyk. Kpim toro, i300yTanon goope
cebe 3apeKOMEHAYBaB SK OKTaHMIJBUIyIoUa J00aBKa 70 aBTOMOOLIBHHUX
OCH3MHIB.

Ha cporomni 1300yTUSIOBUM CIHUPT OJIEPXKYIOTh 3 HEBIJTHOBJIIOBAHO1
BUKOIHOI CHUPOBMHHU LUIIXOM KapOOHUTIOBAaHHS TMpOIEHy (OKCOCHHTE3),
KaTaJgiTH4HOrO rigpyBanus okcuny Kapoony (1) Ta peaxiii romosorizarii.
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OnHak CyTTEBOTO PO3BUTKY 3700yJIM TMOIIYKH CHOCOOIB BUPOOHUIITBA
1300yTaHOy 3a JOMOMOTOI0 MIKPOOPTaHI3MiB Ha OCHOBI BiJHOBJIIOBAHOI
CUPOBHHU 3 OJiepkaHHsIM 0i0i300ytanony [1]. Ile mae 3mory BBakaTH, IO
1300y THJIOBUH CITUPT MOKE OyTH O10BITHOBIIIOBAaHUM B)KE HAWOIMHKIUM 4acoM Ta
3aMHATH MMOYECHE MICIIe cepe/l IHIIMX O10CITUPTIB.

Bixe mpoTsaroM TpUBajioro TEpPMiHY €CTEpPH >KMPHUX KHCIOT € OCHOBHUMHU
ATHTCPHATUBHUMH KOMIIOHCHTAMH JU3EIBLHOTO TMajJiiBa — TaK 3BaHUM
Oloau3eneM. TpaauIliiHUM areHToM IepeecTepudikallii TPUTIILEPHUIIB OJIH JJIs
oJepKaHHS €CTEpIB BHUCTyMae METWIOBHM crupT. OmHAK OCTaHHIM YacoM
3M00y7I0 TOMYJSIPHOCTI BUPOOHHUIITBO €CTEPIB KUPHUX KHUCIOT HA OCHOBI
etusoBoro cnupty [2,3]. Ile 3ymMOBI€HO BIIHOCHO HHU3BbKOIO BapTICTIO IIHUX
COUPTIB y TMOPIBHSHHI 31 COUPTaMU 3 OUIBLIOI MOJIEKYJSIPHOK MAacolo.
[lepeecTepudikaiiisi cnupTamu, MO MalOTh 130MEpHY OYIOBY, YCKIIATHIOETHCS
CTEpUYHUM (pakTOpoM. ToMy OUIBIIICTh AOCTIAHUKIB 30CEPEIKYIOTh CBOIO yBary
Ha TPOCTIMHX 3 TEXHOJOTIYHOI TOYKH 30py IpoIlecax, IO BHKOPHUCTOBYIOTH
COUPTH HOpMasibHOI OymoBu. Yepe3 ocoOIMBOCTI mpolecy mnepeectepudikalii
CUHTE3 €CTEPIB KUPHUX KUCIOT HA OCHOBI PO3TaIy’>KEHUX CHUPTIB MPOBOJATH Ha
KHCIIOTHUX KaTali3aTopax TEePEeBaXHO eCTEpU(IKAIIEI >KUPHUX KUCIOT
1300yTUsIOBUM  criupToM. JKHpHI KHCJIOTH, B CBOIO YEpPry, OJICPKYIOTh
MOMNEPETHIM T1APOII30M OJIIA UM KHUPIB.

3amiHa CIIUPTOBOTO 3aMICHUKA €CTEPY KUPHOI KUCIOTH Yepe3 BIIMIHHICTh
3arajJbHOl KOH(QIrypaulli MOJIEKYJ MNPUBOAWTH N0 3MIHA (DI3UKO-XIMIYHUX
MOKa3HUKIB OJIEP>KaHUX MPOYKTIB.

Metoro ngaHoi poOOTHM € BU3HAUYEHHA 3MIH Y (DI3UKO-XIMIYHUX
BJIACTUBOCTSX €CTEPIB KUPHUX KHUCIOT MPUPOJHUX OJH MPH 3aMiHl COUPTOBOIO
3aMICHUKA €CTepy 3 €THJIOBOTO Ha 1300y TUIIOBUH.

VY poboTi ana cuHTE3y ectepiB OyJi0 BUKOPHCTAHO HACTYIHI PEaKTHBH:
CIIUPT E€TWUJIOBUM (TEXHIYHMM), CHHUPT 1300yTWIOBHMM (4.7.a.), OJIiSl PUXKIEBA
padinoBaHa, oiis pinakoBa padiHoBaHa, oJis maabMosipoBa padinoBana, KOH
(4.1.a.), n-TONyoJICYyIbpOKUCIOTA (X.4.).

Ooepoicannsi emanoIbHO20 po3uuny emuiamy Kanito. ETaHONBHUN PO3YMH
eTUJIATy KaJliio OJIEPXKYBaJIU 3a paHilie po3po0aeHoo MeToaukoro [4]. I'iapokeun
KaJIII0 PO3YMHSIIN y MOIEPEHbO aOCOIIOTU30BAaHOMY JIET1IpaTOBAHUM II€0JIITOM
KA ermnoBoMy cnupti. 3 0epKaHOTO PO3YMHY BIATAHSIM BOJIHO-ETAaHOJBHHMA
a3eoTpom, SKHM mpormyckaian uepe3 ekctpaktop Cokciera, 3amoBHEHHN
nerigpatoBanuM 1eoiitom KA. Ilicns cenekTHBHOTO BWJIYYEHHS BOJU TPHU
KOHTaKTI 3 IICOJIITOM, OCYIICHHI CHUPT CIPSMOBYBAJIM Y PO3YMH JIyTY B
ETHJIOBOMY CIIMPTI Ta OIEparlisi MOBTOPIOBANIACh 3HOB. {7151 ofiepKaHHS pO3UMHY
eTWJIATY KaJlit0o HEOOX1THOI SKOCTI 3a3BHuail moTpiOHO 13-15 Takux IUKIIIB.

Ooeporcanns emunogux ecmepis xcupHux xuciom. EcTepu KUPHUX KUCTOT
CUHTE3yBaJlM 3a KIMHATHOI TEeMIEpaTypu 13 3aCTOCYBaHHSIM €TaHOJIBHOTO
pO34YMHY  eTwiary  Kajito  (OJepKaHHS  OMUCAaHO  BHINE)  MPSMOIO
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nepeectepudikaiiero TPUTITIEPUAIB O €THWIOBUM crnupToM (peakiiis 1) 3
HACTYITHUMU MTapaMeTpaMH CUHTE3Y — MOJISIPHE CITIBBIIHOIICHHS CIIUPT : Oist 5,2
: 1, kiapkicTh KaTamizatopa (exkBiBajieHTHO 10 KOH) 1,1 % mo BiiHOIIEHHIO 10
omi (0,18 monp nmyry Ha monb odmii), yac peakuii 30 xB. Ilicas mpoBeneHHs
CHUHTE3y TPOAYKTH peEakilii BIJCTOIOBAIM TMPOTATOM J00M 3a KIMHATHOI
TeMIrepaTypy Ta 3JMBAJIM HWKHIN TJIIEpUHOBHM Iap. BepxHiit ectepoBuil map
BIIMUBAJIM Tapsuoi0 BOAOIO 5-7 pa3iB 70 OAEpKaHHS YUCTOTO BOAHOTO MIapy.
[IpomuTi ectepu ocyuryBaiaun 0e€3BOAHUM cyibdaroM Hatpito. OcyllieHi ecTepu
meperansuii  mig  BakyymoMm. Ha anamiz  (i3uKoO-XiMIYHUX — BJIACTHBOCTEH
CIPSIMOBYBAJIUCH 3PA3KH IMICIIS BAKYYMHOI TTEPETOHKH.

OEt

Ry
o
=<O (0) R1_<O OH
>\‘_R2 +3 EtOH OFEt
o — R2_< OH

o
OH

_<

o OEt
Ry —( R,

© 0 (D)

Ooepoicantst i300ymunosux ecmepie jHcupHux xuciom. 1300yTUIIOBI ecTepu
KUPHUX KHUCIOT CHUHTE3YBAJIM €CTEpU(PIKALIEI0 >KUPHUX KHUCIOT BIAMOBIIHHX
omii. [Ins mporo mpoBOAMSIM OMUJIEHHS BiAmoBimHOI oinii po3unHom KOH B
etwioBoMy cnupTi (92-94% wmac.) 3 2-x kpatauMm HaamumkomM KOH BigHOCHO
CTEX1IOMETPUYHOTO CIHIiBBIIHOIIEHHSI TMPOTITOM 3-X TOAWH 3a YMOB KHUITIHHS
cyMimri. JIo omepkaHOTO MHJIBHOTO PO3YHMHY JOAABAIM JAUCTUIHOBAHY BOIY Ta
HeUTpanizyBaiu HaUIUIIKOM 85 % opTodochopHOi KUCIOTH Ta 3aiuInaiu Ha 15-
20 roaumH 3a KIMHATHOI Temmneparypu. OMuUJIEHHS Ta HEUTpamizallis €
71a00paTOPHUM CIIOCOOOM MPOBEACHHS peakiii riapoizy TPUIIILEPUAIB (peaKiis
10).

R OH

(0] OH

o
o O>_ + 3 H,O0
R 2 OH
}0 P R, OH
0
o OH OH

R3_< R3—<

© 0 (D

[Ticns posxpiieHHs cywimn Ha okpeMi (a3u 3a JOMOMOTON JTITHIBHOI
BOPOHKH BIAAUIAIN BEPXHIA 1Iap KUPHUX KUCIOT BiJl HUKHBOTO BOJIHOTO IIIApPY.
BepxHiii map BiAMHBaIM Tapsvyol0 BOJOK 5-7 pasiB 0 OJAEpKaHHS YHCTOTO
BOAHOrO mapy. IIpoMuTI *KHpHI KHUCIOTH OCYIIyBaiu O€3BOJHUM CYIb(paToM
HaTpito. OCyIlIeH] )KUPHI KUCIOTH NIepEraHsIn il BAKYYMOM.
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3 meperHaHux >KUPHUX KUCIOT CUHTE3yBali 1300yTHIIOBI €CTEpU KUPHUX
KUCIIOT BIANOBINHUX o ectepudikarmiero (peakmis III) xupHux Kucmor
1300yTHUJIOBUM CITUPTOM.

R +i-BuOH R
(0] — > o
on M0 O(i-Bu) (I1T)

CuHTe3 IPOBOAMIIU MPHU KUIIHHI CyMilIi 31 300pOM YTBOPEHOT peakiiifHo1
Boau y Hacaami [ina-Crapka, 3acTOCOBYIOYH #-TOJIYOJICYJIb(OKUCIOTY SIK
KaTajgizaTop. YMOBU TPOBEACHHA CHHTE3y OylIM HACTYIHHMHU: MOJSIPHE
CIIBBIJTHOIIIEHHS cUPT : kupHi kuciaotu 10 : 1, 1 % karanizaTopa mo BiHOIIEH-
HIO JI0 JKUpHUX Kuciaor, dvac peakmii 10-15 rox. Cunre3 mnpoBogwid 3
MEePIOTUYHUM KOHTPOJIEM KOHBEPCii KXUPHUX KHCIOT IUIIXOM THUTPYBaHHS
peaKIiiftHol cyMinn OyTaHOJIBHUM PO3YMHOM OYTHIIATy HATPIIO 13 3aCTOCYBAHHAM
OpOMTHUMOJIOBOTO CHUHBOTO fK KaTaslizaTopa. 3 OAep>KaHOl CyMiIll BiATaHSIN
1300yTUJIOBUM CHOUPT, a 3aJMIIOK [MiJJlaBaii BaKyyMHIM TMeperoHii. 3a
HEOOXI1THOCTI MPOBOAMIA HEUTpaTi3allilo BIIbHUX KUPHUX KUCJIOT Ta MOBTOPHY
BAKYYMHY IEPEroHKY JI0 JOCSITHEHHSI BMICTY BUIBHHMX JKUPHUX KHUCIOT Ha PiBHI
He oubie 0,25 % (kucnorae yucio 0,5 mr KOH/T).

Kupnoxucnomuuii  cknad oniu. JXKUPHOKUCIOTHUM CKIIaI Odil, SKi
BUKOPUCTOBYBAIUChH Yy JOCIHIJKEHHI, BU3HAYAIM MUIAXOM Ta3oxpomarorpadiu-
HOTO aHaJIi3y OJIepP)KaHUX CTHJIOBHUX €CTEepiB Ha razoBomy xpomatorpacdi Agilent
7890A i3 3acTocyBaHHSIM KamiyispHoi KotoHkH J&W HP-88 (Tabm. 1).

Taoauusa 1
OCHOBH1 KOMITIOHEHTH >KMPHOKHUCIOTHOTO CKJIaay OJIii

% KHUCJIOTH Y )KUPHOKHUCIIOTHOMY CKJIaJ(l BIAMOBIAHOT OJIii
JKuphna kucnora : ,
pirakoBa pHXKi€EBa MaJbMOSIIPOBa
C8:0 - - 3
C10:0 - - 3
C12:0 - - 48
C14:0 - - 16
C16:0 6 7 9
C18:0 3 3 3
C18:1 49 20 15
C18:2 31 30 2
C18:3 9 25 -
C20:0 0,5 1 -
C20:1 1 10 -
C22:1 0,5 1 -
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Buznauenmus gizuxo-ximivHux xapaxmepucmuk ecmepie JHCUpHux KUCiom.

BusnaueHHs rycTHHU OJEpKaHUX MPOAYKTIB mpoBoauin 3a 15 °C 3rigHo
JNCTY T'OCT 31072. Temnepatypy 3aCTUTaHHS OJICpKAHUX 3pa3KiB BUMIPIOBAIIN
srimno 'OCT 20287 i3 3acTOCyBaHHSAM pPIIKOTO a30Ty SK OXOJOKYKOYOTrO
areHra.

[Ipu 3amiHl CIUPTOBOTO 3aMICHHUKA €CTEPIB JKUPHUX KHUCIOT 3 €TUIIOBOTO
Ha 1300yTWJIOBUH 3MEHIIYETHCA CHJIAa MDKMOJIKYJSIPHOI B3a€MOJii, IO
B1I0Opaka€eThCs HAa 3HWKEHHI TYCTHHHU 1300yTUIIOBUX ecTepiB (puc. 1).

Takox yepe3 crepuuHuil (HaKTOP YCKIAJAHIOETHCS YIAKOBKA MOJIEKYJ MpHU
dbopMyBaHHI KpHUCTaliB, MO BiJOOpa)kaeThCsS Ha 3HIKCHHI TEMIEpaTypu
3aCTUTaHHS 1300yTHUJIOBUX €CTEPIB KUPHUX KHUCJIOT Yy MOPIBHSHHI 3 €THUIOBUMU
ectepamu (puc. 2). Taka TeHAeHLIs CIOCTEPIraeTbes A BCIX 3pa3KiB 3 Pi3HUM
CTYIIEHEM HEHACUYEHOCTI MOJIEKYIL.

0,880

0,875

r/cm3

-~

0,870

I'yctuna

0,865

0,860

PimakoBa Puxiea

B Erunosi ectepu O [300yTHioBi ectepu

Puc. 1. [TopiBHSIHHS T'YCTUHU €THWJIOBUX Ta 1300yTUIIOBUX €CTEPIB KUPHUX
KHCJIOT

Bingomo, 110 ju1st 610113eT5HOTO TTaTMBa HU3BKOTEMIIEPATYPHI XapaKTepuc-
TUKU € KPUTHUYHUMH, OCKUIBKM € THUM IOKa3HUKOM SIKOCTI, IIO OOMEXye iX
BUKOPUCTAHHA Yy 3WUMOBUW mepioA. HaBemeHi pesynbTaTu CBimyaTh, IO
3aCTOCYBaHHS 1300yTHUJIOBOTO CIUPTY 3aMiCTh OUIBII KOPOTKOJIAHITFOTOBUX
ETHUJIOBOTO Ta METHUJIOBOTO CIHPTIB JIO3BOJISE OJEpKATH MPOAYKTH 3 KpaluMu
HU3BKOTEMIIEPATYPHUMU TTOKA3HUKAMH 3 Ti€1 K caMO1 OJIIAHOT CUPOBHUHH.
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PinakoBa PwxieBa [ManmemosinpoBa
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Temneparypa 3acturanus, C

B Etunosiectepu O [300yTHIOBI ecTepu

Puc. 2. [lopiBHAHHS TeMnepaTypH 3aCTUTAHHS €THJIOBUX Ta 1300yTHUIOBHX
€CTEpIB KUPHUX KUCIOT

Omxe, y poOOTi MOKa3aHO 3HMKCHHS TYCTUHH Ta TEMIIEPATyPH 3aCTUTaHHS
€CTEPIB KUPHUX KUCIIOT MPHU 3aMiHI €THJIOBOTO CIUPTY Ha 1300yTUIIOBUHN B POJIi
areHra nepeecrepudikaiii npupoaHux omiil. IlizcyMoByroum pe3yibTatu
JOCIIKEHHSI, MOXHA CTBEP/DKYBaTH TIPO TMEPCHEKTUBHICTh 3aCTOCYBaHHS
1300yTUJIOBUX €CTEPIB >KUPHUX KHUCJIOT SK KOMIIOHEHTa JU3EJIbHOTO MajuBa,
0COOJIMBO y 3UMOBUH NIEPIOI.
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VIIK 678.664

JOCJIIKEHHA BIIVIMBY ®I3IOJIOT'TYHOI'O PO3YHMHY HA
CTPYKTYPY TA BJJIACTUBOCTI HIHOITOJIIYPETAHOBUX
KOMIIO3UIIMHUX MATEPIAJIB 3 JII30LIUMOM

Bicnorysosa T.B., PoxxnoBa P.A., 'anatenxo H.A.
[HCTUTYT XiMii BUCOKOMOIEKyIgpHUX croyk HAH Ykpainu
rudenchyk@gmail.com

JocnimkeHo BILIKMB (1310JI0TTYHOTO PO3UYHMHY Ha CTPYKTYPY Ta BIACTUBOCTI
MHOMNOJIIYPETAHOBUX KOMITO3MIIITHUX MarepiaigiB 3 JI30[[MMOM MpOTAroM 2
TWXKHIB, 1, 3 1 6 MmicamiB iHKyOarii merogamu IY-cnextpockomii, JICK 1 TT'A. 3a
pe3yiabTataMu  JOCHIKeHb, IiJI  BIUIMBOM  MOJIEJIBHOIO  CEPEJAOBHIIA
BIIOYBalOTbCSl  MpolecH  Oloaerpagarii, MNOpO L0 CBIAYUTh  3HUKEHHS
IHTEHCUBHOCTI CMYTH TMIOTJIMHAHHS Vc—o 3 OJHOYACHUM TIEPEpO3NOALIOM
BogHeBux 3B’s3kiB NH- 1 CO- rpyn mnomimepHoi Martpuui. BcranoBieHo
M1JBUILEHHS TEPMOCTIMKOCTI JOCTIPKYBaHUX MaTepiaiB.

Knrouosi cnosa: miHomosypeTaH, KOMITO3UILIMHUN Martepiai, Ji30IuM,
(1310JI0T1YHUNA PO3UHH, Ol0Aerpaaallis.

The influence of the saline solution on the structure and properties of
polyurethane foam composite materials with lysozyme during 2 weeks, 1, 3 and 6
months of incubation by methods of IR spectroscopy, DSC and TGA was studied.
According to the results under the influence of the model medium there are
processes of biodegradation as evidenced by the decrease in the intensity of the
absorption band vc—o With simultaneous redistribution of hydrogen bonds of NH
and CO groups of the polymer matrix. The increase of heat resistance of the
investigated materials was established.

Keywords: polyurethane foam, composite material, lysozyme, saline
solution, biodegradation.

3naTHiCTh A0 Olojerpanaiii B YMOBaX, fKI IMITYIOTh CEpPEIOBHIIEC
OpraHi3My, € OJHI€I0 3 HAWBAXKIMBININX XapPaKTEPUCTUK IMOIIMEPIB MEIUIHOTO
MPU3HAYEHHS, OCKUIBKH I TpoIec CYIMPOBOKYETHCS 3MiHAMH CTPYKTYPH
MoJiMepy, M0 CHPUYUHSIOTh 3MIHU BJIACTUBOCTEH, 1 MOXE BIUIMBATH Ha
KUIBKICTh JIIKAPCHKOI PEYOBWHHU, BUBLILHEHOI /10 BHYTPIINIHBOTO CEPEIOBUIIA
Opratizmy.

Jlo dakropiB, sKi BINIMBAIOTh Ha Iepedir mporeciB Oloaerpaaii,
HajeXxaTh XIMIYHA TMpUpoOJAa IMOJIMEpy, MPOCTOpoBa Oya0oBa IMOJIIMEPHOT
MOJIEKYJIH, TIAPOQUIbHICTh, HAAMOJEKYJISpHA CTPYKTypa MOJiMepy, JiKapchbKa
peuoBuHa, Tomio [1-3]. BBeneHHs 10 CKiIaay MOMiMEPHUX MaTepiaiiB JIKapChKUX
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npenapaTiB MOXKe SK IPUCKOPIOBATH, TaK 1 YIOBUIBHIOBATH MEpedir mporecy
Olomerpanarnii. Hampuxman, NOpuUCyTHICTH J€BaMi30iy y CKJIaii KOMIIO3UTY,
OTPMMAHOI'0 Ha OCHOBI MOJIYpPETaHY MOPUCTOI CTPYKTYPH, MOCHIIOE KIITUHHUN
nusx 6ioxerpamarii [4].

Tomy, METOIO pOOOTH € TOCTIIKEHHS BIUIMBY (Di310JI0TTYHOTO PO3YMHY Ha
CTPYKTYpY, TeriodizuyHi Ta TepMOIpaBIMETPUYHI BJIACTUBOCTI
ninonoiypetadiB (ITITY) ta I[TITY koMmo3uIiintHux MaTepiaiiB 3 JIi30IHMOM.

O6’extamu nociimxens Oynu [IITY Ta TIITY kommo3umiiiHi MaTepiaiu,
HAITOBHEHI JII30IIMMOM y KibKocTi 1, 3 1 5 mac. %, cuHTE30BaHi 32 METOIUKOIO
[5]. SIx monenbHe cepenmoBuine oOpaHuii po3unH st iHQY3id Hatpito xmopunm
(¢p13iomoriunuit pozuun, 9 mr/mi NaCl) (HoBodapm-biocunres, Ykpaina).

CTpyKTypy AOCTIHKYBaJId METOAOM MOPYIICHOTO MOBHOTO BHYTPIITHHOTO
BimbuTTs B obmacti 650-4000 cm™ (IY-crexktpomerp ,,Tensor-37" «Brukery).
TernodiznyHi BIacTUBOCTI (TeMriepaTypy ckiyBaHHS (T.), 3MIHY TEIJIOEMHOCTI
npu T, (AC,) BuByam metogoM JICK B inTepBami Temneparyp Big minyc 90 °C
o 200 °C (mpmmax TA Instrument Q2000). TepmorpaBiMeTpuuHi
XapaKTEePUCTUKU (TeMmeparypy po3kiaafaHHS (Tpou), BTPATY Macu MPU T poscr)
BuBuany MetofoM TI'A y mianmasoni temmepatyp Big 20 °C go 700 °C (npmman
TA Instrument Q50).

3pa3ku MaTepiaiiB, OO0 JOCIHIKYBAIUCh, 1HKYOyBanucs B (1310J0TTYHUN
posunn 3a Temneparypu (37+1) °C ma Tepminu 2 TwkHi, 1, 3 1 6 Micsuis.
3aatHICTh 0 OloAerpaaailii OLIHIOBAIM 3a 3MIHOIO CTPYKTYpPH, TEIIO(IZUYHUX 1
TEPMOTPaBIMETPUYHUX BJIIACTMBOCTEH 10 Ta MICHs 1HKyOarii y (¢i3i0J0Ti9HOMY
PO3YMHI.

3minu [Y-criekTpiB AJisi BCiX 3pa3KiB aHAJOTiI4HI, TOMY IJig TPUKIAIY
HaBeneHi jgume IIITY 3 1 % wmac. mizouumy. B gactoTHOMY iHTEpBaii CIEKTpa
2800-3800 cm™’ micist imkybGamii y ¢iziomoriunomy posummi Y Tta ITITY
KOMIMO3ULIMHUX MarepiajiB 3 JI30IMMOM CIOCTEpPIraeThCsl  IMiJIBUILICHHS
{HTCHCHBHOCTI CMYTH IOTIMHAHHS VNosys, (3296 €M) Ta CMyrH MOTTHHAHHS
VNH-simss, (3571 CM'l), III0 OB’ s13aHO 31 30LJIBIIICHHSIM KUIBKOCTI K 3B’ I3aHHX, TaK 1
BUIBHHX BIJ BOJHEBHUX 3B’s13kiB NH-rpym moBepxHeBoro miapy 3paskiB (Tak sk
[Y-cnekTpu 3HATI 3 MOBEpXHI MOJIMEPHUX MaTepiaiiB). B iHTepBami crekTpa
1800-1500 cM™' mix BIUIMBOM  (i3iONOTiYHOTO PO3YMHY CIIOCTEPIraeThes
3HIDKEHHS IHTEHCUBHOCTI CMYTH TOTJIMHAHHS Vc—o YpeTaHoBoi rpymu (1718 CM'l)
Ta PO3IIUPEHHS 1i MAKCUMYMY, 1[0 CBIJYMUTH MPO MpolecH Oloaerpaaaiiii Ta mpo
YTBOPEHHSI BOJIHEBUX 3B’s13kiB C=0O-Tpyn pi3HUX 3a CHIIOKO 3B’ 513Ky (pHcC. 1).

3a nauuMu TT'A, Tiou. poscn. AochimxkyBanux IV no iHkyOGamii cTaHOBUTH
196,39 °C, tomi sk micmsa iHKyOamii y (i3i0JOriYHOMY PO3YHHI JICKHUTH Y
miamasoni 207,24-214,91 °C, TIIIY KOMIIO3UTIB 3 J30IMMOM JO iHKyOarii —
179,95-195,73 °C, micns inky0anii — 201,67-221,16 °C. Omxe, micis iHKyOarii y
(131010r1YHOMY PO3YHHI CIIOCTEPITa€THCS MIABUIIECHHS 3HAYEHD [hou. posin. AK JJIS
MY Tak 1 mma IIIIY KoMOO3UIIMHMX MarepiamiB 3 JI30IHMMOM. Trou poscr.

141



CYIIPOBOJKYEThCA HE3HA4YHOK BTpatoro macu. [ma IIIIY Brpara macu 1o
iHKyOarii cranoButh 0,62 %, micnmsa imkyoOamii — 0,50-1,15 %, mna TIITY
KOMITO3UTIB 3 JizouumoM 1o iHkyoarii — 0,70-1,08 %, micas imky6amii — 0,52-
1,12 %.
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Vem™
Puc. 1. ®parmentn [Y-criextpis [MI1Y+nizommm (1 % mac.) no (1) Ta micus
1HKyOaIii npotsaroM 2 THxHIB (2), 1 micsus (3), 3 micsiis (4), 6 MicsiB (5)

Tviaxce. ws. posxn. IICIIA 1HKYOALIi y (i310s0ridyHOMY po3unHi sk s [TV, tak 1
st TIITY koMno3uniiHuX MatepiaiiB 3 Ji301MMOM TaKOX MiABUIYETHCS: IS
IIITY no imkyOauii cranosuts 300,89 °C, micns imky6anii — 329,30-333,01 °C;
mast TIITY xoMmo3uTiB 3 jizoruMoM o iHkyGamii — 299,76-310,72 °C, micis
iHKyOaIlii 3HaX0qUThCs y Aianas3oHi Bix 326,14 °C no 342,31 °C.

Omxe, micns iHKyOarii y ¢iziongoriyHomy po3uuHi Tepmoctiikicts [TITY
KOMITO3MIIIITHMX MaTepiajiB 3 J130LUMOM M1JBULIY€ETHCS.

3a nanumu JICK micns iHKyOaii y ¢i310J0r19yHOMY pO3UMHI BiJIOYyBAETHCS
niasuieHHs 7, BCix 3paskiB (puc. 2 a). 3HadeHHs AC, npu ckiayBanHi ans IITY
ta [1ITY xomMmo3uTis 3 ni3oruMoM (5 % Mac.) micis nepeOyBaHHS B MOAEILHOMY
CepenoBuUIlll MiABUILTY€EThCs, ToAl sk it [IITY xommosuTi, 1o mictsath 113 %
Mac. pepMeHTy — 3HUXKYeThCs (puc. 2 0). Taki 3MiHM MOXYTh OyTH 3yMOBIICHI
3MIHOIO CErMEHTaJbHOI PYXJIMBOCTI MAaKpPOJIAHLIOTIB y pPE3yJbTaTi BIUIMBY
MOJIETIHOTO CEepeIOBUIIIA.

TakuMm 4uHOM, TIPOBEJECHO JOCIIKEHHS BIUIUBY (P1310JIOTIYHOTO PO3UYHHY
Ha CTPYKTYpy, TernodizndHi Ta TepmorpaBiMeTpruyHi BiactuBocTti [IITY Ta IITY
KOMITO3UILIITHUX MaTepialiiB 3 JI30MMOM MPOTAroM 2 THXHIB, 1, 3 1 6 MicsIIiB.
[Ticnsa 1ukyOamii y ¢izionoriunomy posuuni IIITY Ta IIIY komno3uTiB 3
JT30IIMMOM  BiZIOYBarOThCS TpOIECH OloAerpafarii, Mo MiATBEPIKYIOThCS
3HM)KEHHSIM 1HTEHCHUBHOCTI CMYTH TOTJIMHAHHS Vc-o 3 OJHOYACHUM MEpepo3Iio-
ainom BoaHeBuX 3B’s3kiB NH- 1 CO-rpyn moBepxHEBOro mapy 3paskiB. Takox
miJi BIUIMBOM  MOJIEJIBHOTO  CEPENIOBUINA  CIOCTEPITa€ThCA  IMIJBUILEHHS
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TEPMOCTIMKOCTI JOC/IIPKYBaHUX MaTepiaiB.
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Puc. 2. Banexsicts 7, (a) Ta AC, (6) IIITY Ta [1I1Y KOMIO3UTIB 3 JTi30IIMMOM Bij
TEepMiHy iX 1HKyOalii y (1310JI0TTYHOMY PO3YHUHI
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OJIEP’KAHHS JIEBYJIITHOBOI KUCJIOTH
HA CYHNEPKUCJTOTHOMY Zr0O,-SiO,-SnO,; KATAJI3ATOPI

I'ec H.JL, Ilpyaiyc C.B.
[HCTHTYT copOItii Ta mpobiem enmoekomnorii HAH Ykpainu
natalya2938@gmail.com

[TpoBeneHo mociiKeHHS KOHBEPCii PPyKTO3H 70 JIEBYIIHOBOI KUCIOTH Ha
TBEpJIUX KHUCIOTHUX KarajizaTopax. 30Jb-T€llb METOJOM CHHTE30BaHO
cynepkuciaotHi ZrO,—Si0,—Sn0O; oxenau 3 Hy max=-11,35 — -14,52 Ta 3arainbHuM
BMICTOM KHCIOTHUX IeHTpiB 1,6-1,7 mmons/r. Tpanchopmaiiito 20 % po3uunHy
¢bpykro3u y Boai nmpoBoamian mpu 160-190 °C mpotsrom 1-5 rox y cramioHapHHX
ymoBax. Ilokazano, mo ZrO,-SiO,—SnO, karamizatop (Zr: Si: Sn = 10:75:15)
3abesmneuye 100 % xoHBepcito Gpykro3u 3 82 % BUXO0JIOM JIEBYJIIHOBOI KMCIOTH
npu 180 °C, 3,5 rox.

Knwouosi cnosa: neByniHoOBa KHCIOTa, (PpPyKTO3a, MOTPIMHHUN OKCHI,
KHCJIOTHUH KaTais.

The study is directed to the search of effective catalysts for levulinic acid
obtaining from fructose. The superacid ternary ZrO,-SiO,-SnO, oxide has been
synthesized by the sol-gel method with Hy nax=-11.35 — -14.52 and total acidity
1.6-1.7 mmol/g. The reaction for transformation of 20 % fructose solution in
water was carried out in autoclaves for 1-5 h at 160-190 °C. It was shown that
Zr0,-Si0,-Sn0, catalyst (Zr: Si: Sn = 10:75:15) provides 100 % fructose
conversion with a 82 % vyield of levulinic acid at 180 °C, 3.5 h.

Keywords: levulinic acid, fructose, triple oxide, acid catalysis.

Yepes mBUAKE BUCHAKCHHS HEBIIHOBIIIOBAHUX pecypciB npupoau (Hadtu
Ta rasy) 3a OCTaHHI JECATHIITTS OioMaca 3aiMae JiAMPYIOUl MO3HUIlT K BUXiIHA
pPEYOBHMHA IS OJIEP)KaHHS XIMIYHHMX CITOJIYK, 3aBASKH SKUM MOKHA 3MEHIIUTH
BUJIOOYBaHHS BHUYEPIHUX MPUPOJHIX pecypciB. HamionansHa mabopartopis
nonoBmoBanux kepen eHeprii (NREL) Bu3Hauwia JIeBYJIiHOBY KHCIOTY, SIK
OfHy 3 psAJy XIMIYHMX pEYOBMH, IO MOXHA ojepkatu 3 Oiomacu [1]. Ti
3aCTOCOBYIOTH  JUIsl ~ BUPOOHMIITBA  TalKMBa, PO3YMHHUKIB,  TOJIMEPIB,
(dhapMaIeBTUYHUX Ta CUTbCHKOTOCTIOIAPCHKHUX MPOIYKTIB [2].

Jlns BUpOOHMIITBA JICBYJIIHOBOI KHCJIOTH, 3a3BHUYai, SK KaTaiizatop,
BUKOPUCTOBYIOTh MiHEPaJIbHI KUCJIOTH, K1 IPUBOAATH 10 KOPO3ii 00J1alHaHHS Ta
YCKJIQIHIOIOTh YTHIII3al1lit0 BiaXo/iB. LI mpobiemMu MO)KHA MIHIMI3YBaTH IUIIXOM
PO3pPOOKH EKOJIOTIYHO YHUCTUX TIPOIECIB 3a PAaXyHOK BUKOPUCTAHHS MEHIII
arpecCUBHUX TETEPOreHHMX KartamizaropiB. Hampukman, y po6oti [3]
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JOCIIKYBaJIM BUKOPUCTAHHSA, SIK KaTajli3aTopa, CMOJM HAa OCHOBI MOJICTUPOIY
Cynab(GOKUCIOTH sl KOHBepcii 9 % BomHoro posuuny ¢Gpykro3u. Buxin
JIEBYJIIHOBOI KUCIOTH JocsiraB 58 mon. % 3a 99 % kousepcii ¢ppykro3u [3]. B
poGoTi [4] nnsa po3kinamanHas mapoBoi pucoBoi cojomu (SERS) mis BupoOHUIITBA

JICBYJTIHOBOL KHCJIOTH BUKOPHCTOBYBaIH TBEPIY CYIIEPKHCIIOTY

2— . . . . .
S,047 1ZrO,—Si0,—Sm,03. Buxia neByniHoBoI kucioTH craHoBuB 70 % Bin
TEOPETHYHOTO.

Mera nanoi poOOTH MoJsirae B 0J€pkKaHHI JEBYJIIHOBOI KUCIOTH HUISIXOM
KOHBepcii GpyKTo3u y BoAi Ha cynepkuciaoTHoMy ZrO,—Si0,—SnO; karamizaTopi.

3mimani oxkcugu ZrO,—SiO,—Sn0O, i3 choiBBigHOmEHHAM Zr: Si: Sn =
10:75:15 ta 21:67:11 cunresyBanu 301b-reab mMetogoMm [S]. Cuny (Ho max) Ta
3arajibHy KOHIIEHTpalliio KucioTHux 1eHtpiB ([HB]) okcuniB y Tepminax GyHKIi
lammera Hp Bu3Hawanu 3a CTaHAAPTHOIO METOJIMKOIO 13 3aCTOCYBaHHSIM
BiANOBIAHUX 1HAUKaTOpiB ["ammerta (Aldrich) [6].

JUist onep>kaHHS JIEBYJIIHOBOI KMCJIOTH peakiito koHsepcii 20 % po3uuHy
(GpyKTO3U y BOJII MPOBOJAWIIN B aBTOKJIaBaX 3 T€(hJIOHOBUMHU BKJIAAUIIAMHU (25 MiT)
npu obepranHi 31 WBUAKICTIO 60 06/xB mpoTsirom 1-5 rox mpu 160-190 °C. TTicns
MIPOBEJICHHS PEaKIlii aBTOKJIABH OXOJIO/DKYBAJIM Yy JhOJASHINA OaHl, BUIAISIIN
KarajgizaTop LUIIXOM GIIbTpYBaHHS yepe3 mnanepoBuit ¢inbTp. KoHBepciio
dbpykTO3u (%) Ta CETCKTHBHICTD 3a MPOLYKTAMH (MOJIb %) po3paxoByBamd 3 C
SIMP cnextpiB, siki Oynu 3apeecTpoBani Ha cnektpomeTpi “Bruker Avance-4007,
3 BUKOPUCTaHHAM 0a3u naHux opraHiyHux crnoiyk (SDBS, National Institute of
Advanced Industrial Science and Technology, Japan,).

TexcTypHi XapaKTepUCTUKH Ta KHUCIOTHI BJIACTHUBOCTI CHHTE30BaHUX
KaTaxi3aTopiB HaBeeH1 B Tabuii 1.

Taoauua 1
CkJaj, TeKCTYpHI Ta KUCIOTHI XapakTtepuctuku ZrOQ,—SiO,—Sn0O,; 3pa3kis
Homep ITutoma O6’em | IiameTtp [HB],
3pa3ok noBepxHs | mop (V), | mop (d), Ho max
3pa3ka ) 2T N - MMOJIb/T
1 Zry Sizs SNnys 390 0,3 3,4 1,7 |-11,35
2 Zry; Sig7 Snyy 360 0,26 3,0 16 |-14,52
PesynbTatn  KOHBepcii  (QpyKTO3W 7O  JIEBYJIHOBOI  KUCIOTH Ha

JOCIIKYBaHUX 3pa3Kax MPeICTaBICHO B TAOIUIII 2.

CeneKTUBHICTh YTBOPEHHSI IILOBOTO MPOAYKTY Oyia Oubiioio Ha ZrO,—
Si0,-SnO, okcuai i3 choiBBigHOmeHHsAM Zr: Si: Sn = 21:67:11, TomMy B
MOJANBIINX JTOCT/DKCHHSIX 3 BapilOBaHHSAM TeMIIepaTypd, 4Yacy peakiii Ta
HAaBaHTAKCHHI Ha KaTalli3aTOp BHKOPHUCTOBYBAJIM IIeM KaTamizarop. bymo
3HAMIEHO ONTUMAIbHI YMOBM IPOBEAEHHs peakiii: Temneparypa 180 °C, uac
peaxiii 3,5 roguHu Ta HaBaHTaKeHHS Ha KaTtamizaTop 11,1 mmons CgH1,0e.
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Ta6auus 2
KouBepcist ppykTo3u Ta BUX1J NIPOAYKTIB PEaKilii.
YMoBu peakuii: ppykrosa (1 1, 5,55 mmons, 10 mac. %), H,O (10 mi),
kataiizatop (0,1 r), 160 °C, yac peaxiiii (5 rox)

Konsepcis [Iponyxtu, momn. %
Excniepument | Katamizatop | ¢pykrosu, | JIeByaiHoBa 5-IMd MypamrHa
% KHUCJIOTa KHUCJIOTa
1 Zrp Si75 Snys 100 17 40 73
2 Zry; Sig7 Snyy 100 27 37 48

TakuM 4YMHOM, MakCUMalbHMM BHXIJ JIEBYJIHOBOI KHCJIOTH 3@
BCTAHOBJIEHUX ONTUMaJbHUX YMOB cTaHoBUB 82 % mnpu 100 % koHBepcii

bpykTO3H.
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CTBOPEHHA OPTAHOCHUJIIKATHOI'O BOJOAUCIIEPTI'YIOHOT' O
HAHOHAITOBHIOBAYA JJ151 HAHOKOMIIO3UTIB HA OCHOBI
MOJIAPHUX MOJIMEPIB 3 BOJHUX JUCIEPCIHI

I'onuap O.M.
[HCTUTYT XiMii BUCOKOMOIEKyIgpHUX croyk HAH Ykpainu
lexgon@ukr.net

J1st ofiepskaHHs OJMIMEPCUITIKAaTHUX HAHOKOMITIO3UTIB 3 BOJHUX JTUCIIEPCIT
MOJISIPHUX TIOJIIMEPIB OYyJIO CTBOPEHO BOJIOAUCIIEPIYIOUMN OPraHOCUIIIKATHUN
HAaHOHAINIOBHIOBAY MUIAXOM XIMIYHOT Mojuikaiii MOBEpXHI MOHTMOPUIIOHITY
(yHKI10HATI30BaHUM YPETAaHOBUM OJIITOMEPOM Ta MOAAJIBIION (DYHKIIIOHANI3a-
LI€10 JIIAHT1IPHUIOM 3 YTBOPEHHSIM KapOOKCHIBHHUX TPyl HA TOBEPXHI HAHOYACTH -
HOK CHUTIKATY.

Kniouosi  cnosa: MOHTMOPUIIOHIT, Moaudikamis, QyHKIIOHATI3AIIA,
HAHOKOMITO3UTH.

To obtain polymersilicate nanocomposites from aqueous dispersions of
polar polymers, a water-dispersing organosilicate nanofiller was created by
chemical modification of the montmorillonite surface with a functionalized
urethane oligomer and subsequent functionalization with dianhydride to form a
carboxylic surface.

Keywords: montmorillonite, modification, functionalization,
nanocomposites.

[TomimMepHI HAHOKOMIIO3UTH MOEHYIOTh Y COO1 BIACTUBOCTI HEOPTaHIUHUX
YaCTHHOK, TakKi SK BHCOKAa MeXaHI4YHAa MIIHICTh, MOJYJIb IPYKHOCTI,
TEIUIONPOBIHICTh Ta Tra300ap’€pHl BIACTUBOCTI, Ta OPraHIYHUX IMOJIMEPHUX
MaTpuIlb, a caMe — 3JaTHICTh JO TepepoOKH, TEePMOIIACTUYHICTD,
B’SI3KONPYXKHICTh, CTIMKICTh JO arpeCMBHUX CEPEIOBUI, ONTHUYHA MPO30PICTh. Y
riOpUIHUX  OPraHO-HEOPraHIYHMX  HAHOKOMIIO3UTIB  3’SIBJISIIOTBCS ~ HOBI
BJIACTUBOCTI, HAMPUKIAJ, BHCOKA MIIHICTh 0 yAApPHUX HaBaHTaXEHb. Tomy
HAayKOBI JIOCHI/DKEHHS 3 TMOLIYKY METO/MIB CTBOPEHHS MOJIIMEPCUIIIKATHUX
HAaHOKOMITO3UTIB, OCOOJIMBO Ha OCHOBI TMOJISPHUX TOJIMEPIB, € JYXKE€ PO3MOB-
ctojokeHHl B CBiTI [1-3]. KOXHOTO pOKYy BHUXOAWTH KIUJIbKa COTEHb CTaTEeH,
MPUCBAYEHUX  MOJIMEP/CUIIKATHUM  HAHOKOMIIO3UTAM, Y  PELIEH30BaHUX
xypHanax. Cepem yciX HaHOHAIMOBHIOBAYIB JUIsl TOJIIMEPIB  OpPTaHIYHO
MoaupikoBaHU MOHTMOPUIIOHIT (MMT) € HalO1IbII TOCTIKEHUM, BiH Haaae
HAHOKOMITO3UTaM BHUCOKI (P13MKO-MEXaHIuHl BJIACTUBOCTI MPU MAJIOMy BMICTI B
MOJIIMEPHIM MaTpHIll, JOCTYIHHUI Ta Ma€ HU3bKY BapTICTh, 3aBJSKH YoMy HaOyB
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ocobnmuBoro mnomupeHHsa [4]. Excdomamis MMT no HaHOYaCTHHOK Mae
BUpIIIAIbHE  3HAYEHHS  JUIA  YCHIIIHOTO  BUPOOHMIITBA  MOJIMEPHHUX
HAHOKOMIIO3UTIB, aje el MpoIec MOKU IO 3aJIMINAETHCS CKIIATHOIO 33J1ayelo.
bararo nmocmimkeHb WITKO BKa3aldW, IO TUIbKA eKCcQoJiioBaHUA abo
MakcuMaJibHO auctieproanuii MMT moske cepio3HO MOJIMIIUTH BHINE3ragaH1
BJIACTUBOCTI MOJIIMEPHUX HAHOKOMITO3UTIB [5]. Byso BusiBiieHO, 110 Taki ¢hakTopu
gk noxomkeHHss MMT, opraniuni MoauQikaTopu, MoJIMEpH, METOAN Ta YMOBU
JMCIIEpTyBaHHS, BIUIMBaIOTh Ha ekcdomarito MMT. Kpim Toro, momnepesaHi
JMOCIIDKEHHST TIOKAa3ajy, IO TMOJIIIIEHHS BJACTUBOCTEHM HAHOKOMIIO3HUTIB
nomiMmep/MMT TicHO mOB’si3aHe 13 B3aEMOJMIEI0 MK IMOJIMEPHOIO MATPHIICIO 1
HaHoyacTuHkamMu MMT. BiamnoBiHoO, 1€ 3HAYHOIO MipOIO 3aJICKUTh BiJl CTYIICHS
excomanii MMT, BMICTy Ta poO3MOAULYy HEOPraHIYHUX HAHOYACTOK Yy
MOJIIMEPHOMY HaHOKOMMO3UTI. JloBeleHO, 0 HaHOKOMITO3UT noiiMep/MMT 3
no0pe BIJUTyYEHUMH HAHOYACTUHKAMHM B TIOJIMEpPHIM MaTpulll Ma€ 3HAYHO
MIOCWJICHI MEXaHI4H1, Oap’€pH1 Ta TEPMIYH1 BIACTUBOCTI [6].

VY ramy3i CTBOpEHHS HaHOKOMITO3UTIB HAa OCHOBI MOJISIPHUX MOJIMEPIB 3
MMT Ha cbhOrojiHi HEMa€ €IWHOTO CHUCTEMHOrO IIIXOJy BHACIIIOK PSIy
YCKJIaIHEHb, 1110 TTOB’s3aH1 3 MPUPOJIOI0 Ta CIIOCOOAMH CHHTE3Y TaKUX MOJIMEPIB.
OcHOBHA CKJIQJHICTh CTBOPEHHS HAHOKOMIIO3UTIB Ha OCHOBI MOJSIPHUX
MOJIIMEPIB MOJIsAirae B ToMmy, o MoaudikoBanuii MMT, skuil BUpOOISIETHCS Y
npomuciioBux macmrtadax (pizui mapku «Cloisite» BupoOHuiTBa Southern Clay
Products) Ta BUKOPUCTOBY€TbCS AJIE CTBOPEHHS MOJIMEPHUX HAHOKOMITIO3MUTIB,
Ma€ HEMmoJIApHYy TMoBepxHI0. ToOTO oOcHOBHa Maca MoaudIiKaTopiB, IO
BUKOPUCTOBYEThCS Juisi  Moaudikamii MMT, € KaTiOHHUMH TOBEPXHEBO-
aKTUBHUMH PCUYOBHHAMH 3 BEIIMKMMH ByriieBogHeBUMU (hparmMeHTaMu (Cio—Cig)
[7]. Buachigok pi3Hoi mpupoau noBepxHi monaudikoBanoro MMT Tta matpwuiii
MOJISIPHOTO ~ TOJIIMEPY  BUHUKAIOTh  TPYAHOILIl y  JUCHEpPryBaHHI  Ta
CUCTEeMAaTUYHOMY PO3IOJIJICHHI HAaHOYACTOK [8]. BpaxoByrouu Te, 1110 nepeBaxHa
OUTBIIICTh TOJIAPHUX TMOJIMEPIB CHHTE3YIOTHCS B TIPOLIECI MOJIKOHJIEHCAIlIT,
JTOCJTITHUKA YacTO BUKOPUCTOBYIOTh Moaudikaiiro MMT peakiiiiiHO31aTHUMU
cniosiykamu abo OesnocepenHpbo MoHoMepamu [9]. HemomikoM Takux MiAXOMIB €
T€, IO BHACIIJIOK HEBHCOKOI MOJICKYJISPHOI MacH pEaKIIMHUX CHOJYyK Ta
MoHOMepiB noBepxHss MMT HenocTaTHbO BKpUTA OPTraHIYHUM IIAPOM.

Y naniii poOOTI 3ampoOIOHOBAHO BUKOPUCTAHHS CTBOPEHOTO paHiIIe
opranomoaudikoanoro MMT, 110 MICTUTh y CBOEMY CKJIaJi OJJHOYACHO MOJISIPHI
ypeTaHoBi ()parMeHTH Ta peakuiiiHo3aati aminorpynu [10]. JocTymHi peakitiitHo-
3aTHI aMIHOTPYNH BIJIKPUBAIOTH MOMJIMBOCTI JUIS (DYHKITIOHATI3AIll MOBEpXHI
MoaupikoBaHoro MMT 3a paxyHOK peakiliii 3 pi3HUMHU OpraHIYHUMH CIIOIYKaMH,
0 MICTATh (YHKIIIOHAIBbHI TPyMNH, 34aTHI 70 B3aemomii. byno BukopucraHo
nipomemnitoBuid mianriapun (ITJA) mis nagannas noBepxHi MMT rigpodinbHOCTI.
Onepyxanuii rigpodinsHuii MoaudikoBannit MMT, 110 3n1aTHH yTBOPIOBATH BOAHI
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JMCTIepCii, MOYXKE BUKOPUCTOBYBATUCH ISl CTBOPEHHSI HAHOKOMITO3HUTIB HA OCHOBI
MOJISIPHUX TOJIIMEPIB 3 BOAHOTO CEPEIOBHILIA.

Metoto pobOTH € OTpUMAHHS BOJOJUCIEPIYIOUOIO OPraHOCHIIIKATHOTO
HAaHOHATIOBHIOBAYa JUIsl OJEP)KaHHS TMOJIMEPCHITIKATHUX HAHOKOMIIO3HUTIB 3
BOJIHUX JAUCHEPCIH MOISPHUX MOJIMEPIB.

Y pobGotri BukopuctaHa Na-¢popma MOHTMOPWUIIOHITY, OJiepXkKaHa 3
npupogHoro MMT UYepkackkoro pomosutmia. Jis onepxanas Na-popmu MMT
(Na-MMT) roryBanu cycnensito npupoanoro MMT y nucTuiIbOBaHIl BOI 3
BMICTOM MiHepany 5 % 1 KUl ATWIH TpoTAroM | roj 3 kapOOHATOM HATPIlO Y
CHIBBIJHOIIEHH]I 5 Mac.4. kapOooHaty Hatpito 10 100 mac.u. MMT. Onepxxanuit
Na-MMT BigokpeMiroBaiM BiJ PO3YMHY KapOOHATy HATPil0 YOTHUPHKPATHUM
IEeHTPUYTYBaHHSIM 3 TPOMHBAHHIM AUCTHJIBOBAHOIO BOJOK. BwmicT cyxoi
peuyoBuHHU B cycrieH3ii Na-MMT Bu3Hauamu BaroBuM METOJIOM, BiH cKjazaaB 4,25
Bar. %. Otpumany cycnensito Na-MMT BukopucTtoByBaiiM [jisi BU3HAYEHHS
OOMIHHOiI €MHOCTI Ta OTpuMaHHs MoaudikoBaHoro MMT. OOMIHHY €MHICTh
MOBEPXHI MOHTMOPWJIOHITY, 3TiHO $SKOI pPO3PaxOBYBajM CITIBBIAHOIICHHS
Moaudikaropa a0 kuibkocti MMT, Bu3Hauanu 3a aHami3oM  aacopoOIi
1HUKaTopa MeTmieHoBoro OnakutHoro (MbB) na moeepxui Na-MMT meromgom
dborokomopumetpii (KDOK-2IIM). Ancopbumiss Mb, ska BiamoBimae oOMIHHIN
1oHHI emHOCTI MMT, BH3Hauanack 3a rpadikoM 130TepMu ajacopOuii B MiCIl
BUXOJLy KPHBOi Ha mrorazaxy (puc. 1). 3nauenss ii zopisaioe 0,65%10 Mob/T.

Jns HapaHHs T1po@iIbHOCTI MOBEepXHI HaHOYacToK MMT 3niiicHioBanu
00poOky TTJIA moBepxHI MOAU(DIKOBAHOTO OJITOypEeTaHAMIHYaMOHIM XJIOPUIOM
(OYAAX) MMT, 110 Ma€ TOCTYIHI peakiifHO3JaTHI aMIHOTPYIIH.

OO6po6xka I1/IA 3aiiicHIOBanach y CepeloBUILl AUMETHI(POPMaMITy MicCIs
TPUBAJIOTO JWCIEPryBaHHS YJIBTPA3BYKOM. 3arajbHa CXema peakilii aMiHOTPYII
Moaudikaropa MMT 3 I1JIA, MOXKIIUBO, BUTJISAIA€ TAKUM YHHOM.

0 o ¢ o

MMT-N
o)

MMT—NH, + O O ——>» o
K o OH o

[lnsxoM riapodizy (YHKIIIOHATI30BAHOTO AaHTIAPUIHUMHU  TpyHaMu
HAaHOHANOBHIOBauYa Ha moBepxHi MoaudikoBaHoro MMT 3 ’gBustoThecs
KapOOKCHIIBHI TPYIIH.

o o o
H o MMT—;J[ OH
MMT-N
o + HbL O ——>»
HO HO OH
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[Ticns Tiapoi3y 3A1MCHIOETBCS YacTKOBa 0OpoOKa T1APOKCHUAOM Kalliio 3
YTBOPCHHSIM 10HHUX TpyM, IO 3a0€3Me4yroTh IJUCIEPTYBAHHS OJEPKAHOTO
OpraHOCHJIIKATHOTO HAHOHAIIOBHIOBAYa Yy BOJI 32 pPaxyHOK YTBOPCHHS
MOJIBITHOTO €JIEKTPOHHOTO Iapy Ha MOBEPXHI HAHOYACTOK.

0 0 o o

H
H
MMT-N OH KOH MMT-N OH
— o
HO OH HO o ®
o) o) o 0 K

Boani mucniepcii gpynkiionamzoanoro MMT, ski Oymu onmepskadi, micis
00pOoOKH yJIBTPa3BYKOM BUKOPUCTOBYBAIHUCH JIJIsl CTBOPEHHSI HAHOKOMITO3UTIB Ha
OCHOBI1 10HOMepHoro nojiyperany IITY 3 BogHOrO cepenoBuIa.

1000 - S i OMMT

0=5,1

800 - ! _
\ / d,,= 1,7 Hm

600

400

IHTEHCUBHICTb

200

Puc. 1. PentreniBceki qudpakrorpamu 3pa3kiB HaTpieBOi popMu
Ta MoaudikoBanoro MMT

[IpoBeneHi (i3zuko-MexaHIuHI JOCTIIKEHHS HAHOKOMIIO3WTIB TMOKa3aJlH,
[0 HaWOIIbINe TOKpameHHs (i3uko-MexaHlyHuX BiactuBocted — a0 40 %
CIIOCTEpIraeThes mpu BMICTI GyHKIioHam30BaHoro MMT Bix 0,5 % mac. 1o 1 %
Mac. PentreHorpadiuHi JOCHDKEHHS TMOKa3aid, 0 KapOOKCHJIbOBAaHUMN
MOHTMOPHUJIOHIT Ma€ 3HAYHO OUTBITY MDKIIAPOBY BiacTadb (dgoy = 1,7 HM), HIXK
BuxigHa HatpieBa popma MMT (dgo; = 1,3 M) Ta OYAAX MMT (dgo; = 1,5 HM)
(puc. 1).
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JIns OIIHKK BMICTY OpraHidyHoi CKjaagoBoi MoaudikoBanoro MMT Oymo
npoBeneHo Tepmorpasimerpuane gochimkeHds (TI'A) ocrannworo. [lani TT'A
UTIOCTPYIOTH T€, II0 BMICT OPraHIYHO1 CKJIaJ0BO1 CTAaHOBUTH OJM3bKO 29 % Mac.,
10 IPAKTHYHO BIAMOBIIAE HOTO TEOPETUUHOMY BMICTY.

Takum uywmHOM, OyJI0 CTBOpeHO (YHKIIIOHATI30BaHUN TiApOo]IIBHUMHU
CrolykaMu MoJr(ikoBaHUNH MOHTMOPHJIOHIT, 110 YTBOPIOE BOJHI AMCHEpPCIi Ta
MOKE€ BUKOPHCTOBYBaTHCh [UUIsl OJCpXKAHHS HAHOKOMIIO3HMTIB 3 BOJHOTO
CEpelloBUIllAa HAa OCHOBI BOJOJIMCIIEPTYIOUUX TMOJIMEPIB, 30KpeMa 10HOMEPHHX
noJsiyperaniB. OjepkaHUil OpPraHOCHIIKATHUM HAHOHATIOBHIOBAY JOCIIIKEHO
METOJIOM HIMPOKOKYTOBOTO PO3CISIHHS PEHTTEHIBCHKUX MPOMEHIB Ta JOBEICHO
IHTepKAISIIII0 MOAU(BIKaTOpa Y MDKIIAPOBUM TpocTip. JOCHIHKEHHS] METO0M
TEPMOIPaBIMETPUUHOIO aHAII3y I[OKa3aJio, 0 BMICT OPTraHiyHOi CKJIaJ0BO1
BIJINOBIJIa€ TEOPETUYHUM OUIKyBaHHSAM. BBenenHs y nomimepHy matpuiito 1TV
OJIEP’)KaHOTO OPTaHOCUJIIKATHOTO HAHOHAMOBHIOBAYa MPUBOAUTH /10 TMOKPAIICHHS
¢d13uKo-mMexaHiuHuX BiactuBocted Ha 40 % mpu BMICTI (PYyHKIIOHATI30BaHOTO
MMT Bix 0,5 % mac. 7o 1 % mac.
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HOJIQ-TIAPOKCUETUIMETAKPUIAT)HOI NOJIMEPHOI
MATPHUILI TA MOAUPIKOBAHUX HAHOOKCH/IB.
TEPMOJIMHAMIKA B3AEMO/II KOMIIOHEHTIB TA
BIOCYMICHICTbD

1Kapa6aHOBa JLB., 1BOHz[apyK O.M,, 2l“epameHKo LI, “Hocau JLB.
1IHCTI/ITyT ximii Bucokomonekyasipaux cnoiayk HAH Ykpainu
lucTuTyT XiMii oBepxHi imeni O.0. Uyiika HAH Vkpainu
bondarukoksanam@i.ua

CHUHTE30BaHO  HAHOKOMIIO3UTH  HAa  OCHOBI  MOJiypeTaH/moui(2-
TIJPOKCUETUIIMETAKPWIIAT)HOI  MATpPUIll Ta HAHOOKCHIB, MOAM(DIKOBAHUX
010JIOTIYHO AKTUBHUMH  CIOJIyKaMH, JJIsi OIOMEIUYHOTO  3aCTOCYBaHHS.
[IpoBeneHO KOMIUIEKCHE MOCHIDKEHHS CTPYKTYPH Ta BJIACTHBOCTEH 0P KaHHMX
HAaHOKOMITIO3UTIB. BUBUEHO CTPYyKTypy Ta BJIACTUBOCTI HAHOKOMIIO3UTIB Ha
ocHoBi matpuilb [TY/II'EMA=83/17 ta 63/37 1 3 BMICTOM HaHOHANOBHIOBaYa 3-
15 wmac.% Iloka3aHo, IO HAHOKOMIIO3UTH JEMOHCTPYIOTh pEryJIbOBaHE Ta
MPOJIOHTOBaHE BUBUIbHEHHS OionoriyHo akTuBHUX crnoilyk (BAC) y Boane
cepenoBuie. IlapameTpu BUBUIBHEHHSI 3al€XaTh B CTPYKTYpHU, CKIIAdy
HAaHOKOMITO3UTIB Ta TEPMOAMHAMIYHOI CIHOPITHEHOCTI HAMOBHIOBAYIB O
MOJIIMEPHOT MATPHIII.

Kntouosi  cnosa:  610CyMICHI ~ HAHOKOMITO3UTH, HaHOHANOBHIOBaY,
peryjiboBaHE Ta IMPOJIOHTOBAHE BUBUIHLHEHHS, OlOJIOTIYHO AaKTHUBHI CIOIYKH,
TEPMOJIMHAMIYHA CTIOP1AHEHICTH, MAPOQIIbHICTS.

The nanocomposites based on multicomponent polymer matrix consisting
of polyurethane/poly(2-hydroxyethyl methacrylate), and nanofillers based on
silica with mechanically activated surface and surface modified by biologically
active components are synthesized. The structure and properties of the
nanocomposites based on PU/PHEMA=83/17 and 63/37 matrices and with
nanofiller content 3-15 wt. % were studied. A comprehensive investigation of the
structure and properties of the obtained nanocomposites was carried out.
Nanocomposites have been shown demonstrated the regulated and prolonged
release of biologically active compounds into the aqueous medium. The
parameters of release depend on the structure, composition of the nanocomposites
and thermodynamic affinity of the fillers to the polymer matrix.

Keywords: biocompatible nanocomposites, nanofiller, controlled and
prolonged release, biologically active compounds, thermodynamic affinity,
hydrophilicity.
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CuHTE30BaHO HAHOKOMITO3UTH Ha OCHOBI 0araTOKOMIIOHEHTHOI MOJIIMEPHO1
MaTpulli, ctBopeHoi 3a mpuHiunoMm BIIC, mo ckiagaeTbcs 3 TPUBUMIPHOTO
nojiypeTany 1 JiHIAHOrO 1oJi(2-T1IpOKCHETUAMETAKPHIATY), SKI  MICTSTh
MeXaHO-MOU(IKOBAaHUN HAHOKPEMHE3EM JEHCHJI Ta HAaHOOKCHIN, MOAU(IKOBaHI
010JIOT1YHO aKTMBHUMHM CIIOJIYKaMU: TJIIIIMHOM, TpurtoaHoMm, HITpaToM cpidia,
Cylb(aToM UUHKY, OKCHUAOM IIMHKY, METPOHIJA30J0M, JAEKaMETOKCHUHOM Jis
010MEMYHOTO 3aCTOCYBaHHSI.

Ilposeoeno OocniddicenHss MepMOOUHAMIKU — B3AEMOOII  KOMNOHEHMI8
mMampuyi ma Hanoeneadie y uHanoxomnosumax. OCHOBOIO I PO3PaXyHKIB
TEPMOJUHAMIYHUAX TApaMeTpiB B3a€MOJIi MOJIMEPHUX KOMIIOHEHTIB Ta
HAHOOKCHJIIB JICHCUJTY Ta HAHOKpPEMHE3eMY 3 MOBEpXHEI0, MoupikoBanoo BAC,
Oyau eKCIepUMEHTalbHI 130T€pMH COpOLIl mMapiB  HU3bKOMOJEKYJISIPHUX
PO3YMHHMKIB CHCTEMaMH, 1110 TociiKyBamucs [1,2].

Ha ocHoBI 130TepM copOiii po3paxoBaHo Ay — 3MIHY HapLialbHOI BUTBHOL
€Heprii XJIOPUCTOro METUJIEHY. 3MiHYy MaplUiaibHOI BUIBHOI €HEPrii 1HAUBIyallb-
Hux noniMepHux koMmroHeHTiB [1Y, II'EMA, nani-BIIC Ta HamoBHEHUX CHCTEM
nmpu copOIii Al, BU3HAYaIM BIAMOBIAHO 10 piBHsAHHA [1060ca-/{rorema [1].
OOpaxoBaHO  cepelHIO  BUIBHY  €Hepriro  3mimyBaHHda  Hamie-BIIC,
HAaHOKOMIIO3UTIB Ta [l HAHOHANOBHIOBAYa JIECHCUIY 3 PO3YMHHHUKOM AQ" s
PO3YHUHIB PI3HUX KOHIICHTpaIii (puc. 1).

Ha oCHOBI KOHIIEHTpAIlIWHUX 3aJIeKHOCTEH CepeaHbOI BUIBHOI eHepril
3MINIYBaHHs po3unMHHUKa 3 HaniB-BIIC, 3 HaHOKOMIO3UTaMu Ta 3 HATOBHIOBAUYEM
oOpaxoBani 3HaueHHs AG*,, (BUIbHOI eHeprii B3aeMmojli TmoiiMepa 3
HaroBHIOBadYeM). Pe3ynbTaTu po3paxyHKiB HaBeaeHi B Tabmumi 1. Bumno, 1o
BUIbHA €HEpris B3a€MOJIi JEHCWIY 3 MOJIMEPHOI0 MAaTpUIICH0, SIKa € HalliB-
BIIC17, mae Bim’emMHe 3HAYeHHS IS BCIX KOHIIGHTpallii HaroBHIoBada. Lle
CBITYUThH MPO TEPMOJMHAMIUHY CTIMKICTh Ta CTAOUIbHICTh HAaIlOBHEHUX 3Pa3KiB
HamiB-BIIC, npo BUCOKY aares3it0 MoOJIMEPHUX KOMIIOHEHTIB JO HAamOBHIOBauda
JCHCUITY.

[Tpu 361nbmenni yactku [IIT'EMA B nosimepsiit matpuit 3 17 % no 37 %,
3HAYCHHS BIIBHOI €Heprii B3aeMojii IMOJiMep-HaIlOBHIOBAY CTa€ IOAATHIM IS
BMIcTy HamoBHIOBada 3 % Tta 10 % (tabn. 1). I nume mpu 3pocTaHHI BMICTY
HaroBHIOBayva 10 15 % BOoHA 3HOBY CTa€ BiJl’€EMHOIO.
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Puc. 1. BinsHa enepris 3minryBanas Ag™ IoIiMepiB Ta HAIIOBHIOBAYa
3 XJIOpUCTUM MeTuieHoM 3paskamu: 1 — HamiB-BIIC17; 2 — naniB-BIIC17+3%
neHcwit, 3 — HamB-BIIC17+10% nencun; 4 — mamiB-BITC17+15% nencwn;
5 — wamB-BIIC37; 6 — namiB-BIIC37+3% nencwnn; 7 — Hammis-BIIC37+10%
neHcwir, 8 — HamB-BIIC37+15% nencuin; 9 — HanmoBHIOBAY JCHCHII

Taoauua 1

Binwsaa enepris B3aemoii HamiB-BIIC 3 nHanonanoBHoBauamu AG™ .,

BIJIHOCHO KOHIIEHTpAIlli OCTaHHIX

AG*H-H AG*H-H AG*H-H AG*H-H AG*H-H
U JUTS JIUE e AT
Ckuap 3paska HAaHOKOM- HAaHOKOM- HAaHOKOM- HaHOKOM- HAaHOKOM-
MO3MUTIB 3 IO3HUTIB 3 IMO3HUTIB 3 ITO3UTIB 3 MO3MUTIB 3
JEHCUIIOM T ThH ZnO AgNO;
— 130
Hamis-BIIC17+3% -3,16 _0’53 _2’53 _0’48 +2’55
HaAIIOBHKOBAa4da
T 0
Hamis-BIIC17+5% _ . _ _2’97 +3’41
HaIlOBHIKOBada
— 100
Hamis-BIIC17+10% _5’11 '3,82 _3’17 _2’64 +2’69
HaAIIOBHKHOBAa4da
— 150
Hamis-BIIC17+15% 492 -2.80 22,42 _ _
HaAIIOBHKHOBAa4da
— 30
HAIIOBHKHOBAa4da
e 0
Hamis-BITIC37+10% +0.02 _ B -1.65 _
HaAIIOBHKHOBAa4da
— 1150
Hamis-BIIC37+15% 154 +0,92 .0.81 _ _
HAIIOBHKOBa4da

155




Locniooiceno ciopoginbuicms cmeopenux HarHokomnozumis. IIpoBeneHo
JOCIIKEHHS! KIHETUKHA BOJIOTIOTIMHAHHS HAHOKOMITO3UTAaMHU Ha OCHOBI PI3HHX
matpuils (I1Y, namiB-BIIC17, nanmiB-BIIC37), sxi MIiCTWIM HaHOHANOBHIOBAaY
nercui. [lokazaHo, 1110 BBEIEHHS ACHCUITY B P13HI MaTpHIli, B LILJIOMY, IPUBOAUTD
710 MiJABUIICHHS BOJOIOIIMHAHHS, ajlé BOHO HEMOHOTOHHO 3pPOCTAa€ 3 BMICTOM
HaHOHAITOBHIOBaya (puc. 2).

x/m Y%
20-

16 -

k’/xvii
12 2
g /M\/
4 -/.___-—./.

0L . : : : :
0 3 6 9 12 15
Hanoruweau, %

1

Puc. 2. 3anexHicTh pIBHOBKHUX MMOKAa3HUKIB BOJIONOTIMHAHHSA 3pa3KaMu
HaHOKOMITO3HUTIB B1J] KIJIbKOCTI HAITOBHIOBAYa JIEHCUJTY Ha OCHOBI MaTpPHIIb:
1 -1I1V; 2 — samB-BIIC17; 3 — namis-BIIC37

Taka KOHIEHTpalllifHa 3aJeXHICTh BOJONOTJIMHAHHS TOB’si3aHa 3
PO3MOLIOM HAaHOYACTOK HAMOBHIOBaYa B MATPHUIIAX, HOTO arperaiii mpu BMICTI
10-15 % Tta ¢dopMyBaHHI MOBEPXHEBUX MIapiB MaTpHIlb Ha HAMOBHIOBAYi, fKi
MOXKYTbh CKJIAJATHCS K 3 MOJIypeTaHy, Tak 1 3 000X MOJTIMEPHUX KOMIIOHEHTIB Yy
0araTOKOMIIOHEHTHUX TMOJIMEPHUX MATPUISX. AHAJIOrYHAa KOHUEHTpalliiiHa
3QJICKHICTh  CIOCTEpIrajgach TMpU JOCTIPKEHHI JAUHAMIYHUX MEXaHIYHUX
BlacTuBOCTEH, Momyis HOHTra, nieneKTpuYHUX BIACTHBOCTEM Ta MeEXaHIYHOI
MIITHOCTI [2].

Jocniooiceno Kinemuky 6usilbHeHHs 0I0N02TYHO AKMUBHUX CHOAYK 13
Hanoxomnozumie. BaXJIMBUM TOKA3HUKOM, IO XapakTepu3ye O10aKTHUBHICTH
CTBOPEHMX HAHOKOMIIO3UTIB, € Mpo¢ b BUBLIbHEHHS 13 HUX BAC B oTouyroumnit
pO34YrH. AHATITHYHUMH METOAaMH, a caMe, JIITI30HOBHUM METOOM, JOCIHIKCHA
KIHETMKa BUBLIBHEHHS CIOJYK Cpi0yia, MHKY 13 HAaHOKOMIIO3UTIB Ha OCHOBI
Marpunb [1Y, mamiB-BIIC, mo ckmamamuck 3 ITY Ta II'EMA, 1 BcTraHoBIIeHA
3aJIeKHICTh MapaMeTPiB BUBUILHEHHS BiJ] CKJIay KOMITO3UTIB [3].

3 METOI BHBUYEHHS 3aKOHOMIPHOCTEW BUBIJILHEHHS 10HIB IIUHKY 1 cpibiia 3
KOMITO3UTHHX MaTepiaiiB OyJo B3SITO TIO TPH 3pa3ku 3 KOXKHOI cepii 3
MIHIMQJIbHUM, CEPEHIM 1 MaKCUMaJlbHUM BMICTOM TOJIYpPETaHYy Yy CKIaJl
nojiMepHoi MaTpuill. JJis KOMIO3UTIB, 1O MICTATH CpiOJI0, e PSATOK CKIIAIU
3pazku Ne 6 (63ITY-37III'EMA), Ne 2 (83I1Y-17TI'EMA), Ne 10 (ITY) (puc. 3).
JI71s1 KOMIIO3UTIB 13 IIMHKOM 3pa3KH 3 aHAJOTTYHUM CKJIQJIOM TOJIIMEPHOI MaTpHII
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Oynu npencrarieHi psaakom Ne 5 (63[TY-37II'EMA), Ne 1 (83I1Y-171I'EMA),
Ne 9 (ITY) (puc. 4). EkciepuMeHT 1O BHBIIFHEHHIO MPOBOAWIN B KOMipKax, SK
KOHTAKTHUH PO3YMH BUKOPUCTOBYBAIH TUCTHIILOBAHY BOAY.

CrioctepekeHHs 3a BUBUIBHEHHSIM CIIOJIYK LIMHKY 1 cpibia 1 peecTparlito
3MiHM MacH 3pa3KiB MPOBOAMIN MPOTIToM 16 mi6. PesynbraTtu mpeacTaBieHo Ha
puc. 3, 4. BuaHo, 110 HailiMeHIa «Bijjada» HOHIB cpibna (puc. 3) He Ouiblie
30%, cmocTepiraeTrbest st KOMIO3UTIB Ha ocHOBI [1Y martpumi. [Ipu BBeneHHI B
Matpuiiio TiapoditeHOoro momimepy (II'EMA) BuBinbHeHHsS #OHIB cpibia
MIPOXOJIUTH MIBHIIIE 1 TOCATAE MAKCUMAIILHOTO PiBHSA 55-60 % Ha chomy A00Yy.
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Puc. 3. Kinetnuni kpuBl BUBUIbHEHHS cpi0ia
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Puc. 4. KineTuuHi KpuB1 BUBUIbHEHHS IIUHKY

lonu nuHKy (puc. 4) Halikpale BUBUTbHAIOTHCS 3 KOMIIO3UTY Ha OCHOBI [TY
3 pocsrHeHHsM 100 % Buxony HMHKY Ha mocty n0o0y. Marpuui namis-BIIC
MOKa3ajyu NpuOJIM3HO OJIHAKOBY KIHETUKY BUBLIBHEHHS 3 BUX0J0M Onm3bk0 90 %
muHKy Ha 14 noOy. CmiBCTaBiIeHHS pe3yibTaTiB MO KIHETHUINl BHUBUIBHEHHS 1
HaOyXaHHIO JJIs1 3pa3kiB Ha ocHOBI1 [1Y mokasye, 110 caMe Ha IUISHII TPUPOCTY
Macu BiJJOyBa€TbCsl aKTWBHE BHUBLIbHEHHS cyOcTaHIli. [Ipupict macu (Am,%) B
KIHIIl TEPMIHY CIOCTEPEKEHHS IS 3pa3KiB 000X cepiil (3 IIMHKOM 1 CpiOIoM)
3aKOHOMIPHO BIJNOBia€e CHiBBIAHOMIEHHIO Mk Ounbil rigpodinsauM [II'EMA 1
MeHI riapodpibauM [1Y y cknaail mogiMepHoT MaTpuil.
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OTxe, CHHTE30BaHO HAHOKOMIIO3UTH Ha OCHOBI IMOJiypeTaH/momi(2-
TAPOKCUETUIIMETAKPUIIAT)HOI MAaTpHUIll Ta HAHOOKCHUIIB, MOAM(IKOBAHUX
010JI0T1YHO AaKTUBHUMHU CIIOJIYKaMH, JiJIsi 010MEAMYHOTO 3aCTOCYBaHHs. BusiBieHo
3aJIeKHICTh XapaKTePUCTUK HAHOKOMITO3UTIB BiJl CKJIaay MOJIMEPHUX MATpPHUILb Ta
BMICTY HaHOHarnoBHIoBava. [Ipu mocnimxeHHi MOpdoIorii CHHTe30BaHUX CUCTEM
MOKa3aHO, IO BHUXITHI MaTpHIll MarTh (ha30BO-PO3JUICHY CTPYKTYPY.
['apodinbHICTE CTBOPEHUX MaTEpialiB MiJIBUIY€ETHCS MPU BBEIEHHI K 1mMoui(2-
rAPOKCUETUIIMETAKpUIIATy), TaK 1 HAHOHANOBHIOBAadYiB, NpPHU I[LOMY BOHA
HEMOHOTOHHO 3MIHIOETBCSI 13 BMICTOM HamoBHIOBada. KoHIIeHTpalliiiHa
3aJIeKHICTh  BOJONOTJIMHAHHA  3aJIeKUTh  BiA  PO3MOAUTYy  HAHOYACTHHOK
HAMOBHIOBaYa B MaTpULAX, Horo arperaiii npu Bmicti 10—15 % ta popmyBanH1
MOBEPXHEBUX IIAPIB MATPHIb, K1 MOXKYTh CKIAAATUCh K 3 MOJIIypeTaHy, TaK 1 3
000X TOJIMEPHUX CKJIQJ0BUX MaTpuilb. BBeJeHHS HAaHOHANOBHIOBAYIB BEJE [0
MIJBUILEHHA T1IpOo(UIBHOCTI CTBOPEHHMX MarepiaiiB, a, BIANOBIAHO, MO
MIJIBUIICHHS iXHBbOi  O10CYMICHOCTI. YTNOBUIbHEHHSI BHBLUIbHEHHS BAC
B1I0yBaeThCsl Npu (HOpPMYyBaHHI HAHOJOMEHHOI CTPYKTYpHU MAaTpHIll 3 JTOMEHIB
PI3HHMX MOJIMEPIB Ta 3 HAHOKOMIIO3UTIB, JIe¢ € TEPMOJMHAMIYHA CIOPIJIHEHICTb
MDK TOJIIMEPHOIO MaTPHIICI0 Ta HamoBHIOBaueM. [IpHCKOpEeHHS BUBIIbHEHHS
BAC BinOyBaerbcsi mnpu  (HopmMyBaHHI HAHOKOMIIO3UTIB, J€  BIJACYTHS
TEPMOJIMHAMIYHA CIIOPIAHEHICTh MK MOJIMEPHOIO MAaTPUIICIO Ta HATIOBHIOBAYEM.
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HIHHI NPOAYKTHU ITPOLECIB IIEPEPOBKH BIOMACH, OTPUMAHI
3 BUKOPUCTAHHAM I'ETEPOIIOJIIKUCJIOTHUX KATAJII3ATOPIB

Mensanuyk O.B., IToBaxknuii B.A.
[acTuTyT 6100praniunoi ximii Ta HadToximii iM. B.I1. Kyxaps HAH VYkpainu,
melnichuk@bpci.kiev.ua

CUHTE30BaHO KUCJIOTHO-OCHOBHI HAaHOKATaIi3aTOpH Ha OCHOBI GochopHO-
BosbpamoBoi Ta  ocdopHomomniOaeHoBoi rerepomodikucior (I'TIK) 3
MPUIIETVIEHOIO 0.-aMIHOKHUCJIOTOIO JIJIsl TPOLIECY KUCIOTHOTO TiApoi3y 6iomMacH y
BOJHOMY Ce€peloBHILI. BHBYEHO iX (I3MKO-XIMIUHI, CTPYKTYpPHO-aJCcOpOLIiiHI
XapaKTEPUCTHKM Ta KaTaJliTHYHI BJIACTHUBOCTI TPH TIIPOJIi31 KOMIIOHEHTIB
O0lomacu B TiApoTepMalbHUX yMmoBaxX. [IluToma moBepxHs 3pa3KiB Ha OCHOBI
dbocdopHo-BombdpaMoBoi KHcIOoTH cKiagama 487 wmYr, a mui 3paskiB 3
(hocdopHOMOITIGAEHOBOIO TeTepOnoiKucIoTo — 397 MY/r. [30TepMu axcopoii-
necopOiii  a30Ty CHUHTE30BaHMX 3pa3KiB  BIANOBIIAIOTH  MaTeplajaMm 3
ME30MOpPYBaTO0 CTPYKTYpor0 3 Tmopamu po3mipoM 5-6 HM. CuHHTE30BaHi
KHCJIOTHO-OCHOBHI HAHOKATali3aTOPU MPOTECTOBAHO HA MPHUKIAAL TiIPOJI3Y
dbpykTo3u. byno oTpuMaHo Ta 1IeHTU(HIKOBAHO HU3KY IIHHUX MPOIYKTIB, TAKUX
K S-TiapokcuMeTundyp@yposi, JeByJTiHOBA KHCJIOTa, MypalidHa KHUCJIOTa,
Y-BaJIEPOJIAKTOH Ta 1HIIII.

Knouosi cnosa: rerepononikucinotd, cTrpykrypu Kerrina, 301b-Tenb
CHUHTE3, HaHOKAaTaJli3aTop, aMiHOKHUCIIOTa, Oiomaca.

Acid-base nanocatalysts based on phosphorus-tungsten and phosphorus-
molybdenum heteropolyacids (HPA) with grafted a-amino acid for the process of
acid hydrolysis of biomass in aqueous medium were synthesized. Their
physicochemical, structural-adsorption characteristics and catalytic properties
during the hydrolysis of biomass components under hydrothermal conditions
were studied. The specific surface area of samples based on phosphorus-tungstic
acid was about 487 m?/g, and for samples with phosphorus-molybdenum
heteropolyacid — 397 m%/g. The adsorption-desorption isotherms of nitrogen of
the synthesized samples correspond to materials with a mesoporous structure with
a pore size of 5-6 nm. Synthesized acid-base nanocatalysts are tested on the
example of fructose hydrolysis. We obtained and identified such valuable
products as 5-hydroxymethylfurfural, levulinic acid, muric acid, y-valerolactone
and others.

Keywords: heteropolyacids, Keggin structures, sol-gel synthesis,
nanocatalysts, aminoacid, biomass.
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Kucnothuii rigposi3z 6ioMacu MpoBOIATh 3 BUKOPUCTAHHSAM KaTali3aTopis,
TOJIOBHUM YMHOM CHJIBHHX MIHEPAJIbHHUX KHCJOT YH, HaBITh, TOKCHYHUX CITOYK.
OcraHHIM YacoM JyIs peajizallli eKOHOMIYHO BUTIIHUX OJHOCTAAIHHUX MPOIIECIB
nepepoOKH KOMITIOHEHTIB 0iOMacH CTalud BUKOPHUCTOBYBATH O1()yHKI[IOHAJIbHI
KHCJIOTHO-OCHOBHI HAaHOKATaJI13aTOPU Ha OCHOBI IeTepONOIIKUCIOT. [IpucyTHICT
B TBEPJAOMY KaTami3aTopl SK CHJIbHUX KHUCJIOTHHUX, TaK 1 OCHOBHHMX IEHTPIB
JI03BOJIsIE€ TIPOBEACHHS OJJHOYACHO PeakKIliii T1Ipoi3y, 130Mepu3allii, aeriaparaiii,
10 CYTTEBO IIJIBUIIYE MBUAKICTD 1 3HIKYE TEMIIEpATypPy PEaKIliid.

Sx mpaBwino, OiQyHKIIOHAIBHI KHCIOTHO-OCHOBHI KaTali3aTOpPH s
nepepoOKH KOMIIOHEHTIB 010Macu CHHTE3YIOTh Ha OCHOBI T€TEpOMOJIKUCIOT Ta
amiHokucioT. He nuBnsuuch Ha Te, MO0 OPSIMUMU METOJAMH TUTPYBaHHS
MPaAKTUYHO HEMOKJIMBO OIIHUTH CHITY Ta BUSHAYMTH BMICT CHUIBHOKHUCIIOTHUX Ta
OCHOBHHMX IEHTPIB y Oi1QYHKI[IOHAIBHUX TE€TEPOTCHHMX Karaji3aTopax uepes
peakuii HeWTpamizauii, iX BUCOKa €(EKTHBHICTh B OJHOCTAIIMHUX IMpoIecax
nepepoOKr KOMIIOHEHTIB 010MacH HE BUKJIMKA€E CYMHIBIB.

Byno cHHTE30BaHO KHCIOTHO-OCHOBHI HAHOKATalIi3aTOPU OJHOYACHUM
TIPOJII30M 1 KOHJEHCAIIEI TeTpaeToKcucmiana 3 GocPpopHOMOTIOAEHOBOIO Ta
¢bocpopHOBOIBPPAMOBOIO TE€TEPONOIIKUCIOTAMU Yy IMPUCYTHOCTI MOBEPXHEBO-
akTuBHOTO TeMIuiaty Pluronic P123 3 momanbiioio riapoTepMaibHOI0 00pOOKOI0
Ta BUAAJIICHHSIM TEMILIATYy.

OtpumaHi  KaTajgi3aTopy  XapaKTEePU3YIOThCSA  BHCOKOK  MHUTOMOIO
moBepxHeto moHax 400 M%/r. YV 3aleKHOCTI BiX METOLY CHHTE3y MOJKIHBO
OTPUMATH KaTai3aTOpU 3 PI3HOIO0 MUTOMOIO MOBEPXHEI0. Tak, BBEICHHS JI3UHY
3MEHIIy€ 11 B He3HAUHIN Mipl.

Jlnst BU3HAYEHHS CTPYKTYPHHUX XapaKTEPUCTHK OTPUMAHUX KaTali3aTOpiB
Oyno mpoBeneHo IY-crekTpocKomiuHi JTOCHIHKEHHS CHHTE30BaHUX 3pa3kiB. Ha
crekTpi 4ucToi (HocHOopHOMONTIONEHOBOI TE€TEPOIOIIKUCIOTA  BUIUISIOTHCS
JOTUPU XaAPAKTEPUCTHYHI MKW TIOTJIMHAHHS BaJICHTHUX KOJMBaHb aTOMIB Y
miamasoni  1100-600 oM™, mo mHamexxath 10 KerrinHiBCbKOi CTPYKTYpH
reTepONONIKUCIOTA. Y  CHEKTpl  HaHOKarajizaTopa 3  NPUIIEIUIEHOIO
aMIHOKHCIIOTOIO — JII3MHOM TaKOXX MPUCYTHI XapaKTEPUCTUYHI CMYTH TOTJIMHAH-
Ha Ji3uHy. Ile Moxe CBIIUMTH TIpO Te, IO TMPOMILIa B3aEMOJIs
reTepONOJIIKUCIOTH Ta JII3UHY — CMYTH MOTJIMHAHHS JII3UHY PO3UIMPUIIMCH B CTaHI
TBEpJOTO TiIa 1 CTagd MEHII TIOMITHUMH B CIEKTPl T'€TEPOreHHOTO
HaHOKaTtajizaropa. TakoX crocTepirajocss 3MILMIEHHS XapaKTEPUCTUYHUX CMYT
nornuHaHHa KerriHiBChKoi CTPYKTYpH HAHOKATai3aTOPIB, IO MOXXE CBITYUTH
npo nedpopmanito KerriHiBCbKOro aHiOHy B CTPYKTYpl KHCIOTHO-OCHOBHOTO
HaHOKaTajgizaropa TMpUd MOro CHOMYYEHHI 3 JI3MHOM. 3MIHM CHEKTpIB
KaTagi3aTopiB, CHHTE30BAHMX 3 BHKOPUCTAHHIM (HochOopHOBOIHGPAMOBOL
TETEPONOJIKUCIOTH, 1ICHTUYHI.

VY 3a1eXHOCTI Bii BUKOPHCTAHOTO KaTajii3atopa (4McTa TeTepoIoJIiKHC-
JI0Ta; TETEPOIOIIKUCIOTa, HAHECEHA Ha CUJIIKATHY OCHOBY; KHUCIIOTHO-OCHOBHUH
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KaTaji3aTop Ha OCHOBI  TE€TEPOIOJIKUCIOTH) OyJI0 OTPUMAHO  HHU3KY
PI3HOMaHITHUX NPOAYKTIB. 30KpeMa, NpHU KOHBepCii (PpPyKTO3W y BOAHOMY
CEepEeZOBUIIIl 3 BUKOPUCTAHHSIM (HOoChHOPHOMOIIIOIEHOBOI TeTEPOINOTIKUCIOTH
OTpUMaHO mpoayktu 3 Macamu 109, 116, 126. ¥V tux xe ymoBax, OJHaK 3
BUKOPHUCTAHHSAM SK Kartaiizatopa (pochopHOMONIOAEHOBOI T'€TEPOIOIIKUCIOTH,
HAHECEHOI Ha CHJIIKaTHY OCHOBY, OCHOBHHUMHU TMPOAYKTaAMH TIEPETBOPEHHS €
pedoBuHM 3 Macamu 116, 126, 140 ta 202. KucioTHO-OCHOBHUI KaTaji3aTop Ha
oCcHOBI (ochOpHOMOJIIOIEHOBOI T€TEPOIOIKUCIIOTH 3 JII3MHOM 3a THUX K€ YMOB
JI03BOJIMB OTPUMATH NPOAYKTU 3 Macamu 109, 126, 140, 151 ta 202.

AHami3 [maHMX TIOKa3aB, IO TPOMYKTaMH peakili, OTPUMaHUMH 3
BUKOPHUCTaHHSAM PI3HUX KaTaji3aTopiB, € pi3HOMaHITHI NMpoAykTu. Lle Bkazye Ha
T€, 1[0 CHMHTE30BaHI KaTajli3aTOpU 3a JaHUX yYMOB HE CEJIEKTHBHI JI0 OJIHOTO
MIPOJIYKTY 1 peaKilisi Hie aaji, HOrJIuOII0I0YH T1Ipoii3 PPYyKTO3H.

3a momomoroio ‘H SIMP-criektpockorii OyI0 ineHTH(IKOBAHO HACTYIHI
OJIMHAALISITH MPOIYKTIB IEPETBOPEHHS (DPYKTO3H Ha CHHTE30BAaHMUX 3pa3Kax.

e S5-I'impokcumermndypdypon Ta Horo moxigHl.  S-I'igpOKCHUMETHII-
bypdypon posrismaeThCs SK KIIOUOBUM peareHT, TaK 3BaHE «3’€THAHHS-
miaTdopmay, JUisl OTPUMAHHS PI3HOMAHITHUX MPAKTUYHO BAXJIMBUX MPOIYKTIB,
BKJIFOYAOYH MOJIMEpH, (papMalleBTUYHI NpernapaTi, pO3YMHHUKH 1 MaJIMBa.

e JleBymiHOBa KHCJIOTa TaKOX € «3’€IHAHHAM-IIAT(GOPMOIO» 1 MOXKeE
BUKOPUCTOBYBATUCS JJII CUHTE3y PI3HOMAHITHUX MPOAYKTIB, Y TOMY YHCIHI
MOTOPHUX MAaJIUB.

e MypammHa KHUCTIOTa, SIKy BHKOPHUCTOBYIOTH SIK KOHCEPBYIOUMH 1
anTuOakTepiaabHul 3aci0. BoHa ymoBIIBHIOE MPOIECH THUTTS 1 po3maay, TOMY
BUKOPUCTOBYETHCSI B TMPOTpaBHOMY (apOyBaHHI BOBHH, JUisi OOpOTHOM 3
napasuTaMyd B OJDKUTBHMIITBI, SIK PO3YMHHUK B JEAKHUX XIMIYHMX peakiisx. Y
MEJUIIMHI BUKOPHUCTOBYETHCS [IJIi TPUTOTYBAHHA PO3YMHIB TEPMYpPAIINHOI
KHCIIOTH.

e y-BanmeponakToH BUKOPUCTOBYIOTh $K PO3YMHHUK y mapdymepii Ta
XapyoBid TPOMHCIOBOCTI, a TaKOX SK e(eKkTuBHYy [00aBKYy 10 OCH3UHIB
(3aMIHHHK €TaHOJY), IKa MiABUIILY€E OKTAHOBE YUCIIO.

e JleByniHOBa KHCJOTa 1 Y-BaJ€POJAKTOH MOXYTh CIY>KUTH CHUPOBUHOIO
JUTsl BUPOOHMIITBA 1HIIMX KOMIIOHEHTIB MOTOPHHUX MAJIMB — €CTEPIB BaJiepiaHOBOL
KHCJIOTH, 2-MeTUTeTpariapodypana, pi3sHIX BYTJICBOIHIB.

TakuM  YMHOM,  [UIIXOM  BUKOPHUCTAHHS KHCJIOTHO-OCHOBHUX
HaHOKaTaji3aTopiB Ha 0CHOBI (hochopHOBOIB(DpaMoBOi Ta hochopHOMOTIOIEHO-
BOI TETEPOINONIKUCIOT 3 MPUILEIJICHOI 0-aMIHOKUCIOTOI JJIsi IpOoLecy
KHCJIOTHOTO TiJIpoJiizy 6iomMacu Oyi0 OTpUMAHO HU3KY LIIHHUX MPOAYKTIB.
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MOJIIAHLIIH, JONOBAHUI ®ITUHOBOIO KUCJIOTOIO,
SIK AICOPBEHT JJ151 OPTAHIYHUX BEAPBHUKIB TA COJIEA
BAXKKHUX METAJIIB

Hockos 10.B., ITya O.A.
[acTutyT 6100praniunoi ximii Ta HadToximii iM. B.I1. Kyxaps HAH Ykpainu
yuriy.noskov@gmail.com

B octanHi necATUIITTS OCOOJMBO TOCTPO TOCTaja MpodiieMa OYUCTKH
MIPOMHMCIIOBUX CTOKIB B1Jl OpraHIYHUX OapBHUKIB Ta COJIEH BaKKUX MeTaliB. Tomy
MOIIYK €KOJIOTIYHO Oe3MeUHuX aJicOpOeHTIB, Kl O 3B’SI3yBajii TaKi CIOIYKH, €
aKTyallbHOIO TpoOsieMoro. B mpexacrtaBieHiii poOOTI BHBYEHO ajcopOIlito
METUJIEHOBOIO CHHBOTO Ta OiXpomaTy Kailio, SIK MOJEIbHUX 3a0pyJIHUKIB, Ha
MOJIIAHUIIHI, SIKUA MICTUB PI3HI KUIBKOCTI O010aKTHBHOI (DITMHOBOI KHCJIOTH.
[TomaHUTIH CUHTE30BAHO XIMIYHOIO OKHCHIOBAJBHOIO MOJIMEPHU3ALIEI0 aHITIHY B
CepeOBUII BOAHUX PO3urHIB (1THHOBOI KuciaoTh. [Iporiecu aacopOriii BUBUAIU
MerogoM YD-BunuMoi criekTpockorii B 1 ¢M KBapieBUX KIOBETaX. 3HUIKEHHS
KOHIICHTpAIlii IIIJTbOBUX CIOJYK B EKCICPUMEHTAIBHUX PO3YMHAX TIpH iX
KOHTaKT1 3 TOPOIIKaMU MOJIaHUTIHOBUX 3Pa3KiB CIIBCTABISUIA 31 3HUKEHHAM
ONTHYHOI TYCTHHHU XapaKTePUCTUYHHX MAKCHMYMIB y CIIEKTpaxX JaHUX CIOJIYK.
Busneno, mo orpumani mojiMepHi 3pa3ku Ao0pe ancopOyroTh METHJICHOBUM
cuHIi Ta OixpomaT kaiito. BcranoBneHo, 1mo aacopOilisi TpoXoauTh TOJIOBHUM
YUHOM 32 MEXaHI3MOM TICEBI0-IPYTOTO MOPSIKY.

Kniouosi cnosa: momnianinizH, (QiTHHOBA KHCIIOTAa, METUJICHOBHM CHHIH,
Oixpomar Kaiito, aacopOllis, KIHETHKA.

In recent decades, the problem of industrial wastewater treatment from
heavy metals and dyes has become particularly acute. Therefore, the search of
naturally safe adsorbents for these compounds is an actual problem. The present
study reports the adsorptive removal of methylene blue and potassium dichromate
(pollutants models) from its aqueous solutions by the utilizations of polyaniline
samples doped bioactive phytic acid. The polyaniline samples were obtained by
chemical oxidative polymerization of aniline in aqueous solutions of phytic acid.
The processes of adsorption have been studied by UV-Vis spectroscopy in 1 sm
quartz cuvettes. The decrease of the concentrations of target compounds in
experimental solution upon their contact with the polyaniline powders were
correlated with a decrease of optical density of the characteristically maximums
of these compounds. It has been found the polyaniline samples doped phytic acid
adsorb of organic dyes and chromium salt very well. The experimental data was
found to be best fitted to the pseudo-second order model.
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[Momianinin  (ITAHI) € omaumM 3  HaWOUIBII  TMEPCIEKTHBHHUX
€JICKTPOIIPOBITHUX MOJIMEPIB 3aBJSIKH MOT0 CTaOUIBHOCTI, HU3bKIH TOKCUYHOCTI,
BUCOKIH €JIEKTPOIPOBITHOCTI, YYTJIMBOCTI JO PI3HUX CIONYK, ACIHICBU3HI 1
npocToTi Horo orpumanHs [1-2]. Takox IMIHHOIO OCOOJUBICTIO JTAHOTO IMOIMEPY
€ 3JaTHICTHh JErKO 3MIHIOBATH CBOI BJIACTHUBOCTI Il JI€FO0 KHUCIOT-IOIAHTIB,
TaKWX, Hampukiaza, sk OioaktuBHa QitmHOBa (DK), sika € BaxiImBOWO IS
0araTboX JKMBUX OpraHi3MiB crionykoro [3-4]. Lls kucnora mictutb 6 pocdopHo-
KUCJIMX 3aJMINKIB, 3B’S3aHUX 3 1HO3UTOJIOM, SIKI MOXYTh TIpUHAMaTH abo
BimmaBatu 10 12 mpoTOHIB, 3aBOSKW OaratoctymneHeBid mucoriamii skux DK
IIPOSIBIISAE BIIACTUBOCTI K CHJIBHHX, Tak 1 ayke criaokux kuciot (pKa Big 1,5 mo
10), y 3ayIe:KHOCTI BiJl I0HHOI CHJIM PO3YUHY, TEMIIEpATypH Ta iHIMKX (HaKTOPiB
[3-4]. 3aBmsxm Bemukiii KiuTbKOCTI (ocharHux rpyn DK € momigeHTaTHHM
JraHaAo0M, 3JaTHUM XeJlaTyBaTH KaTIOHM IUIAXOM YTBOPEHHSA  KIUIBKOX
KOOpPJMHALIMHUX 3B’S3KIB Ta YTBOPIOBATH 1HII KOMIUIEKCH 3 PI3HOMaHITHUMH
cnioykamu [5]. Tomy, moemnanns miei kucnotu 3 [TAHI, sikuit xapakrepu3yeThest
BHCOKO PO3BHHYTOIO IIOBEPXHEIO, JI03BOJISIE OTPUMATU aJCOPOEHTH HOBOTO
MOKOJIIHHS, 0 MOXYTh 3HAWTH BUKOPHUCTAHHS B OYMCTLI IPOMHUCIOBUX CTOKIB
BiJl BAKKHX METaiB Ta OapBHUKIB [6-7].

[TomianuniH, 0 OyB BUKOPUCTAHUUN JII BUBYEHHS aJCcOpPOIlii MOJEIBHUX
cnionyk (opraHiuHoro OapBHHMKAa METHJICHOBOT'O CHHBOTO Ta OiXpomary Kalilo),
MU OTPUMAJU XIMIYHOIO OKHCHIOBAJIHHOIO TMOJIMEPHU3aIi€l0 aHUIIHY B BOJHOMY
pozunni ®K. Tlporecu MpoBOAWIM B TepMOCTaTOBaHiit komipi npu 4 °C, B sIKy
BHOCWJIM HeoOX1aHy KimbkicTh @K, 0,2 r animiny 1 25 T Boau. B okpemiit emkocTi
po3unHsiin y 5 r Bogu 0,612 r mepokcoaucyinbdary amoHio. Jlam po3uuH
OKMCHUKAa TPWIMBAIA 0 PO3YMHY aHUIiHOBOi com @K Ta mpu mocrtiiiHOMY
nepeminryBandi ButpumyBaan 24 rox (mpu 4 °C). Bcworo mnposeneHo jBa
CUHTE3M 3a 1JICHTUYHUX YMOB, ane mnpu pi3Hikd kuibkocTi K. YV mnepmomy
Bunaaxky B3sau 0,4724 r ii 50 % BogHoro po3uuny (3pazok I[TAHI-®K1), a B
apyromy — 2,84 1 Takoro x po3uuny (3paszok I[TAHI-®K2). BiamosigHo, B
nepmioMy  Bumaaky — KoHueHtpamis  PK  ckmamana 0,012 mousb/n
([aninin]/[PK]=6/1 Momns), a B apyromy — 0,0717 mons/n (([aniniH]/[DK]=1/1
MoJb). Bimomo, o ITAHI Bucokoi mpoBigHOCTI (OPMYETHCS JIMIIE B KHUCIOMY
CepelIoBUILI, TOMY HIpH HOro OTPUMaHHI OJHOOCHOBHY KHCIOTY O€pyTh SK
MIHIMYM TpU €KBIMOJILHOMY CITIBBIIHOIIIEHHI 3 MOHOMEpOM aHiaiHOM (1/1) abo B
neskomy ii Hagmuky. Ockuibku @K € mecTnocHoBHA, TO OYJIO B3STO CIIOYATKY
il B €KBIMOJBHIA KUIBKOCTi, PO3JAUICHIM Ha KUIbKICTh (HOChaTHUX 3aHIIKiB
(ToOTO, B 6 pa3iB MeHIIE, HIXK aHIIIHY), a B IPYyTOMY — B pealibHiil eKBIMOJIbHIN
KUTBKOCTI 0€3 MpUB’A3KU A0 KUIBKOCTI KUCIOTHUX Tpyl (TOOTO, CTUIBKH XK, SIK 1
anuminy). [licns cuHTE3y OTpHMaHi 3pa3Kd BUIAUBUIA HUIAXOM (PLIbTPYBaHHS,
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npoMHUBaiM iX Ha GUIBTPI BOJAOK Ta CYIIMWJIM CIOYaTKy 3a KIMHATHOT
TEMITEpaTypH, a MOTIM I11e i Bakyymom mipu 50 °C.

HocnimkeHnss aacopOiii OapBHUKIB Ta OiXpoMmaTry Kajilo MPOBOJWIIHU 3a
HACTYITHOIO METOIMKOIO: B 1 CM KBapIieBy KIOBETY IMPHUCUIATIH 5 MI' MOPOIIKY
ITAHI-®K, npunuBaiii 10 HBOro 3,5 MJI BOJHOTO PO3YMHY METHICHOBOIO
cuuboro (C=1,97-10" mons/n) un Gixpomary kamio (C=425-10" moms/n) i
3HIMAJIM 3MiHY CHEKTpPiB JaHUX po34uHIB y miana3zoni 200-1100 HM 3 meBHUM
iHTepBajIoM Ha mpoTsa3i 30 roauH. 3a 3HKEHHSIM KOHIIEHTpaIlli CIIOCTepIraiu mno
3HIDKEHHIO ONTHUYHOI TYCTHHH JOBTOXBHJIBLOBOTO MIKY MPU JOBXKHHI XBHII 666
HM JUIsl METHJICHOBOTO CHHBOTO 1 356 HM /151 O1XpoMary KaJito.

HaiinmommpeHimuM MeTOJ0M BHUBYEHHSI ajcopOIii pi3HUX CIOJYK Ha
3paszkax tuny [TAHI-®K e Butpumka agcopOeHTY B pO34HHI HIJILOBOI CIIOIYKH 3
MOCIIAYIOUMM MOro BUAAQJEHHSM Ta HACTYINHOIO 3HOMKOIO CHEKTPY TaKoro
pPO3YMHY 3 METOI0 BCTAHOBJIEHHA HOro KOHILEHTpalli Mo KaliOpyBaJIbHUM
3ayie)KHOCTSIM [7]. OnHak, Takuid METOJ HE J03BOJISE€ BIJCTIIKOBYBaTH Pi3HI
cTaaii ajpcopOiii 1 ¢ikcyBaTu ii mepelir y Aesiki MOMEHTH dYacy, 30Kpema, Ha
MOYATKY, KOJIA IIBHJIKICTh JAHOTO MPOLECY € HalOUIbIIOW. Bukopuctanuii Hamu
METOJl O€3MOCEPEHbOI0 CIOCTEPEKEHHSI 3a 3MIHOIO CIEKTPY €KCIIEpUMEH-
TaJbHOTO PO3YMHY B KIOBETI MpH KOHTakTi 3 mopomkoMm [TAHI, skuit Oys
PO3MIILIEHUN Ha JHI KIOBETH, JO3BOJISIE CIIAKYBaTH 3a mepedirom aacopOuii
IPOTATOM BChOTO €KCIEPUMEHTAIBHOTO Yacy.

Ha puc. 1 HaBeneHi KIHETUYHI KpHUBI 3HUKEHHS OINTUYHOI TYCTHUHHU
XapaKTEPUCTUYHOTO MKy METUJIEHOBOTO CHUHBOTO TIpH 666 HM (110 KOpEItoe 31
3HIDKCHHSIM KOHIICHTpallili JaHOro OapBHUKY B PO3YMHI) MPU KOHTAKTI MOTO
po3unHy 3 nopomkamu pizHux ITAHI, sxi Oynu oTpuMaHi B MPUCYTHOCTI PI3HOI
kibkocTi OK.

Sk BUJTHO 3 PUCYHKY, OTPHUMAaHI 3aJIEKHOCTI MalOTh CXO0XKYy Gopmy, ajie y
Bunaaky [TAHI-®K?2, kpuBa Oubl1 CHIIBHO cHiafia€e B Mepli 6 Toj eKCIIEPUMEHTY,
[0 TOBOPUTH MPO MIBUIITY 1 €(EKTUBHIITY a/cOpOIIif0 OapBHUKA, HIXK Y BUIAJIKY
[TAHI-®OK1. [e miarBepuKyeTbCs 1 pO3paXxOBAaHUMH 33 LHUMH 3aJ€KHOCTIMU
napameTpamu ajfcopOIii OapBHuka Ha 3paskax [TAHI (Ta6n. 1). Jns takumx
PO3paxyHKiB HAMH BHUKOPHUCTAHO MOJEINb MCEBIO-IPYroro MOPsAKY, sKa, 3TiTHO
[7], waiiGinbimre migxomuTh s cuHTe3oBaHoro Hamu [TAHI, momoBanoro
(GITUHOBOIO KHCJIOTO. B pamkax 1miei mojeni mporec afcopOIlii OmMCYy€eThCs
PIBHSIHHSIM:

t 1 t

0 KQ2 0,
ne Qe 1 Q¢ — aacopOriifHa €MKICTh B PIBHOBaXXHOMY CTaH1 1 B MEBHUUA MOMEHT
yacy (t), a K, — angcopOuiiiHa KOHCTaHTa AJid MCEBAO-ApPYroro mnopsaky. Jlaxi
3HAYCHHS OTPUMYIOTh TIPH MIATOHII 32 METOJAOM HAWMEHIINX KBAaAPATIB MPSIMOi
3aJIeKHOCTI t/Qy Bij yacy.
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Puc. 1. Kinetnuni kpuBi afcopOI11ii METUIEHOBOTO CHHBOTO 3 1OT0 BOJTHOTO
po3uuny (C=1,97- 10 mos/n) Ha nopoikax [TAHI-OK1 (1), [TAHI-OK2 (2)
(maca HaBaxku [TAHI-OK =5 mr)

Taoauus 1
Po3paxoBani mapameTpu aacopOIii METHIEHOBOTO CUHBOTO 3 100 BOJIHOTO
posunny (C=1,97-10" Mo1b/1T) HOMiaHITIHOM, TOOBAHMM Pi3HOM KimbKicTio PK

[TagiHHSA KOHIIEHTpAITI] Q.. Ko, Koedittient
No 3pa3ok METHUJIEHOBOTO
MI/T | T/MI"XB | KOpemsuli
CUHBOTO, pa3u
1 | ITAHI-®K1 1,7 1,85 0,55 0,993
2 | I[TAHI-®K2 2,01 2,26 0,45 0,998

OTpuMaH1 J1aHl y3rOJKYIOTBCS 3 TEBHOIO OCHOBHICTIO METHJIEHOBOIO
CUHBOTO, SIKHM, OYEBHUJIHO, aJCOPOYEThCS TOJIOBHUM YHMHOM (pochopHUMEU
samumkamu OK, ne 3amisuumu B momyBanHl [TAHI [7]. HilicHo, y BUManky
ITAHI-®K2 miei kuciaotu Oarato, OCKUIBKHM CHHTE3 IPOXOAWB MPH 3HAYHO
OB 11 KUTBKOCTI, HIK y Bunaaky [TAHI-®K1, i 3Hauna yacTuHa 111€i KUCIOTH
He Oyna Bunanena 3 [TAHI, HaBiTh, i 4ac OYKUCTKU MICIS CUHHTE3Y YePe3 CHIIbHY
B3aeMO/iI0 3 nojimepoM. Lle no3Bossie mpunmycTuTH, 110 a1copOIlis BiIOYBAa€THCS
HE JIMIIE Ha 3B’ s13aHIN 3 MOJIIaHIJIIHOM KHMCJIOTI, a ¥ Ha BUIbHIN. Takok BUIHO, IO
BUILA pIBHOBa)XXHA ajcopOuiitHa eMmkicth (Qe) xapakrepna pns IIAHI 3
Hajymmkom OK (2,26 mr/r), a koedillieHT KOopensIi, SKuid y BCIX BHITaJKax
OnMM3bKUi 10 1, TOBOPUTH MPO BUCOKY TOYHICTh OTPUMAHUX 3HAYEHb, Ta BKa3ye
Ha Tmepedir AaHOro TPOIECYy 3a MEXaHI3MOM, CXOXXKHMM Ha peakilii Jpyroro
MOPSTKY.
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AJicopOI1isi TOIIMPEHOT0 MPOMHUCIOBOTO 3a0pyAHIOBaYa CTIYHUX BOJ —
Oixpomary kaiito [8] — Ha Takux caMHX 3pa3Kax IOJIaHUTIHY MPOTIKa€ 3HAYHO
edbextupHime. Ile mo0pe BHAHO 3 KIHETUYHHUX KPUBHX 3HHXKEHHS HOTO
KOHIeHTpalii B po3unmHi mnpu KoHTakTi 3 I[IAHI, sxi moGymoBani 1o
XapaKTepUCTHYHOMY MKy J1aHO1 CIIOIyKH IpH 356 HM (puc. 2).

08 ce-__
06 2 ==s__a

0,4

T, roa

Puc. 2. Kinetnuni kpuBi afgcopOuii 6ixpomaTy KaJlito IpH KOHTAKTI HOro
BozHOTO po3unny (C=4,25-10" mons/1) 3 mopoukamu ITAHI-DK]1 (1),
[TAHI-®K?2 (2) (maca naBaxku [TAHI-OK =5 mr)

Opnak, B 000X BUMNAJKaxX KiHIEBE 3HAYEHHS ONTUYHOI I'YCTUHU PO3UYHUHY 1,
BIJINOBIJIHO, KUIBKICTh O1XpoMaTy Kalito, IO 3aJMIIUBCS B HbOMY, IMPAKTUYHO
criBMmanaTh. Lle cBITUUTh po Te, M0 e€PEeKTUBHICTH aACOPOIil JaHOT CIOTYKH
Ha 000x 3pa3kax ITAHI € gyke 6im3bka 1 Majo 3ajie’KuTh Bia BMICTYy B HUX OK.
Taka pi3HULsE, B TOPIBHSHHI 3 PO3MJISHYTHMM BHUINE BHMIAAKOM aacopOrii
OapBHHKY, TOB’s3aHa 3 IHIIMM MEXaHI3MOM JAaHOTO TIpolecy, SKHM TyT
IPYHTYETHCS Ha eJeKTpocTaTHyHii B3aemonii Mk ioHamu Cr(VI) i moBepxHero
ITAHI [9] (To6T0, docharni 3amumku ®K B naHOMY BHUIMAIKy TPAalOTh MEHIIY
poiib). Tak sk oOuaBa 3pa3ku 3a yMOBaMH CHHTE3y MOBUHHI OyTH 1ICHTHYHI 1O
BMICTY 3apspkeHux ¢parmentiB [IAHI, To 1 BHecok Takux B3aemomiii Oyje,
OYEBUIHO, OJM3bKUM, IO W OOYMOBIIOE, BIJAMOBIAHO, MalKe OJHAKOBY
edexTuBHICTD ancopoOIrii. JificHO, K BUIHO 3 TabI. 2, aacopOIliifHa eMKICTh 000X
3pa3KiB MO BIJHOIIEHHIO 70 O1XpOMAaTy Kalilo € BUCOKOIO 1 Maii)Ke He 3aJIe)KUTh
Bi11 kibkocTl OK, y mpucytHocTi sikoi 0yB orpumanuii [TAHI.

OTxe, oTpUMaHl TOJIMEPU € 3HAYHO KpallUMH aJcOpOCHTaMM st
OixpomaTy Kaiiro, HIX JJII METHJIEHOBOTO cuHboro. KoedimieHT kopemnsiii €
BUCOKMH B 000x Bunaakax (0,99), mo npo3Boisie OyTH BIEBHEHUM B
JOCTOBIPHOCTI OTpPMMAHUX JAaHHUX Ta BKa3zye Ha mepelir JaHUX MPOILECIiB 3a
MEXaH13MOM ICEB0-APYTOro MOPsIKY.
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Tabamus 2
Po3paxoBani mapamerpu aacopOIlii 6ixpomaTy Kajiiro 3 HOT0 BOJHOTO PO3YHHY
(C=4,25-10" Mob/11) moOITiaHITiHOM, JOMOBAaHKM Pi3HOO KibKicTio PK

No 3pasox HamHHﬂ KOHI_[e.HTpaI_Ill Qe, Ko, KOG(l)lL[lﬂj‘T
O0iXxpoMary Kaliro, pa3u MI/T | T/MI*XB | KOpeJsii

1 | [TAHI-®K1 4 65,64 |0,0159 0,993

2 | IIAHI-®OK2 4,18 66,54 |0,0155 0,996

TakuMm YUHOM, TOJIIAHLIIH, JOMOBAHWK (PITHHOBOI KHUCIOTOK, BIAMIHHO
azcopOye OiXpoMar Kajilo Ta MOMIPHO — METHUJICHOBHM CHHINM, IO J03BOJISE
BUKOPUCTOBYBATH JaHUHW TMOJIMEP ISl OYUCTKH TIPOMHUCIOBUX CTOKIB BiJl TaKUX
Ta MOAI0HUX 1M 3a0pYTHIOIOYMX PEYOBHH.
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OTPUMAHHSA TA TEPMIYHI BJACTUBOCTI BOAOPO3YNHHUX
BJIOKOBAHHUX I3OLIAHATIB
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CuHTe30BaHO BOJIOPO3YHMHHI 0JIOKOBAaHI TONyiNIeH 11130111aHAT,
reKCaMeTUJICH1130I11aHaT Ta Oopmo-TOJLII30IIaHaT B3aEMOJIEID 3 HATPIEBOIO
CLJUTFO aMiHOKAIPOHOBO1 KUCIOTH. CTPYKTYpy OTpHMaHUX MPOIYKTIB OIIHEHO 3a
nonomororo  [Y-cmektpockomii.  JocaimkeHO  TEPMOOKHCHY  JECTPYKIIIO
0JIOKOBAHHMX 1301[1aHATIB Ta TEMIIEPATYPHUI IHTEPBAJ iX TEPMIYHOT AUCOLIALII].

Kniouosi  cnosa:  OnoxkoBaHWM  TONYyiJleHii30I1laHaT,  OJOKOBaHUI
reKkcamMeTuJIeH Ii13011iaHaT, OJOKOBaHMM  o-TOJNUII3OIIaHAT, HaTpieBa  CUIb
aMIHOKAIPOHOBOI KUCIIOTH, TEPMIYHA AUCOITIAITIS.

Water-soluble blocked toluene diisocyanate, hexamethylene diisocyanate
and ortho-tolylisocyanate were obtained via interaction with Na-salt of
aminocaproic acid. The structure of the products was evaluated using FTIR-
spectroscopy. Thermal oxidative destruction of blocked isocyanates as well as
temperature of their thermal dissociation were analyzed.

Keywords: blocked toluene diisocyanate, blocked hexamethylene
diisocyanate, blocked ortho-tolylisocyanate, Na-salt of aminocaproic acid,
thermal dissociation.

OckibKH 130IlaHATH — CIIOJIYKH 3 BHCOKOI PEaKI[IHHOIO 3/IaTHICTIO,
ICHYIOTb MiJIBUIIIEHI BUMOTH /0 TPOBEACHHS CUHTE3Y 3a iX y4acTi, CTabUIbHOCTI
IIUX PEarcHTIB Ta Oe3Meku MmpH iX 30epiranHi 1 3acrocyBanHi [1]. Bukopucranus
130111aHATIB y JIATEHTHIW (OpPMI CYTTEBO CIPOIIYE MPOBEACHHS peakiliii 3a ix
y4acTi Ta MOKE MOJIETIINTH MPOBEJEHHS 0araToCTaliifiHOTO CUHTE3Y B aKTUBHUX
cepenoBuiax. Kpim Toro 3amina i3011iaHaTHUX CIIOJYK Ha iX OJIOKOBaH1 aHAJIOTH
J03BOJISIE OTPUMATH HOBI MaTepiaid 3 TMEBHUM KOMIUJIEKCOM BJIACTUBOCTEM,
HaInpuKiIajd, CTIMKI 10 BUCOKUX TemmepaTyp [2].

Jlns OJOKyBaHHA 130111aHATIB SIK OJIOKYIOUl areHTH BHKOPUCTOBYIOTH
CIOJIYKH, IO MalOTh aKTUBHHMM BOJIeHb ((EHOJ], TAPOKCUIIAMIH, KalpoJaKTam)
[3].

Crhix 3ayBaxuTH, IO 130I[iaHaTH Ta OLIBIICTH iX OJOKOBaHUX (opMm €
rigpopoOHuMu peyoBuHamu. Ha naHuii MOMEHT MaJio TOCHIIKEHUM HaMPSIMKOM
€ OJepXKaHHs JATEHTHHUX 130I[laHaTiB y BOJOPO3YMHHIN (QopMmi, SKEe 103BOJISIE
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OpOBOAUTH  MOAMGIKYBAaHHS  TiAPpOPUIBHMX  IOJIMEPHUX  CHUCTeM  0e3
BUKOPHUCTAHHS OPTaHIYHUX PO3YMHHHKIB.

Mu manum Ha MeETI CHHTE3yBaTH Ta JOCHIAUTH BOJOPO3YMHHI (opMU
OJIOKOBaHMX 130I11aHATIB Ha MPUKIAAl OJOKOBaHUX (OPM TONYINEH[1130I1aHATY
(THI), rexcamermnenaiizomianaty (I'MJI) ta opmo-toninizouianaty (o-TIL).
Jlsist mpoBeZieHHsT OJIOKYBaHHSI BUKOPUCTAHO SIK OJIOKYIOUMI areHT HaTpleBY ClIb
aMIHOKampOHOBOI KHUCIOTH.

Cunte3 OmokoBanux TJI, IMJI ta o-TIL| npoBogunau y aBi cranii. Ha
nepurii  OTpUMYBajdd HATpiEBY CUIb aMIHOKampoHOBOi KHCIOTH. Peaxilito
IPOBOAWIM Y BOJHOMY PO3YMHI NUISIXOM JOJIaBaHHSA HATpid TiIPOKCHUIY IO
HAJUIMIIKY aMIHOKANpOHOBOiI KuCHOTU. Jlpyra crajisa mossraina y OJOKyBaHHI
BIJIMOBIJTHOTO 1301[1aHATy HATPIEBOIO CLJUII0 aMIHOKAIIPOHOBOI KUCIIOTH. Peakiito
IIPOBOAMJIM 3a KIMHATHOI TemriepaTypu. BpaxoByroun OLIbIll HU3BKY PEaKLiHY
3aTHICTh 130L[1aHATIB 3 OpmMO-3aMICHUKOM B apOMaTUYHOMY KUIbL, OYyJ0
nociipkeHo B3aemo it o-TIL 3 HaTpi€BOIO CULIIO aMIHOKAIIPOHOBOI KUCIOTH 32
i IBUILEHOT TeMIleparypH peakitiitnoi cymimi (70 °C).

B [Y-cnekTtpax NOpoAyKTiB, OTpUMaHUX IpU OJIOKYBaHHI [1130111aHATIB,
BiJIcyTHI XapakTepuctuuHi cMyru NCO-rpynu y Jiama3oHi XBHJIBOBHX YHCEI
2265-2280 cm™. Y IU-criexrpi o-TILI, 61okoBaroro 3a 70 °C, cMyra MOrTHHAHHS
y JAlana3oHi XBWJIBOBUX yucen 2265-2280 cm™ Takox BIICYTHSI, 1110 BKa3zye Ha
MOBHE iX OJIOKYBaHHS.

XapakTepuCTUKA TPOIECY TEPMOOKHCHOI JECTPYKIli BOAOPO3UMHHUX
OJIOKOBaHUX 13011aHATIB € moaiOHMM. BiH BigOyBaeThcs y JACKUIbKA CTafil:
BTpara Baru, I0B’s3aHa 3 BUIAIECHHAM copOosanoi Bosoru (40-100 °C), cramis
PIBHOMIPHOI BTpaTH Barv, IO HE CYIMPOBOJKYETHCS TEIUIOBUIJIEHHSAM, SIKY
MOKHa TIOB’SI3aTH 3 MPOIECOM JeOJIOKYBaHHS Ta BUAAJICHHSAM OJIOKYIOYOTO
arenry (110-180 °C), inTencuBHa okmcHa gectpykiis (200-350 °C) ta BHCOKO
TEMIIEpa-TypHA CTajlis BUTOpaHHs Byrieresoro ckenery (400-650 °C).

TakuM 4MHOM, 3a 3HAUYEHHSM TEMIIEPATypHOTO IHTEpBaly A€OJIOKYBaHHS
BOJIOPO3YMHHI OJIOKOBaHI 13011aHaTH, K1 OyJM OJIepXaHl, MOKHA PO3TAIIyBaTH B
ps:

TIH6J10K > O_TILI6HOK > FMIH@IOK
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OJEPKAHHA CEYHOBUHHUX MACTHUJI
HA OCHOBI OJIIMHOI CUPOBUHUA
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safronov-o@yandex.ru

EnokcuayBaHHSM  OYHMIEHWMX OJIIK Ta BBEACHHSIM  a30TOBMICHHX
(dbparMeHTiB Mo KapOOHIIBHIN TPyl Ta €MOKCUAHOMY KUIBIIO OACPKAHO HHU3KY
3aXMCHUX TMPHUCAIOK JO MACTWIBHUX MartepiaiiB. B3aemomiero mosii3oniaHary 3
MOHOAMIHOAMI1IaMH >KUPHUX KUCIIOT y CepeIoBUII HA(TOBOI OJIMBU CUHTE30BaHI
CEYOBHHHI THKCOTPOITHI CHCTEMH. BCTaHOBJICHO, IO MOEAHAHHS CEUYOBHHHOTO
3aryCHUKa Ta OJEpKAHUX Ha OJIHHIM OCHOBI MPHUCAAOK JO3BOJISIE OTPUMATU
CEYOBHHHI MacCTHJIa 3 BUCOKOIO TEPMIUHOIO CTIMKICTIO, MOMIMIIIEHUMH 3aXUCHUMU
1 aHTHOKHCHIOBAJIbHUMH XapakTepuctukamu. [lpoaykru, siki Oynau ojepikaHi,
MaloTh 3aJI0BIJIbHI €KCIUTyaTallliiHI BJIACTHBOCTI, a 3a JESIKUMHU IMOKa3HUKaMU
nepeBaXkatoTh MPOMUCIOBI aHajoru. Lle mo3Bossie pekomMeHAayBaTH po3pobIieHl
CEYOBHHHI MacTHJIA K 3aMIHIOBa4l TOBaPHUX MPOIYKTIB.

Knwouosi cnosa: omisi, CEYOBUHHE MACTHJIO, TpPHUCaaKa, aMiTyBaHHS,
KOH/JIEHCAaIl1sl.

A number of protective additives to lubricants were obtained by
epoxidation of vegetable oils and introduction of nitrogen-containing fragments
on the carbonyl group and epoxy ring. Urea thixotropic systems are synthesized
by the interaction of polyisocyanate with fatty acid monoaminoamides in
petroleum oil. It is established that the combination of urea thickener and
vegetable oil-based additives allows obtaining urea greases with high thermal
stability, improved protective and antioxidant characteristics. The obtained
products have satisfactory operational properties and according to some
indicators industrial analogues prevail. This allows us to recommend the
developed urea oils as substitutes for commercial products.

Keywords: vegetable oil, urea grease, additive, amidation, condensation.

B ocraHHi poku B CBITI CIOCTEPITa€ThCA PICT BUKOPHUCTAHHS OJIKA B
texHiyHUX 1UIX [1]. Tlpu 1mpomy ocHOBHa iX monst #ije Ha BUPOOHHIITBO
oioguzenio (70-80 %). Hdpyra mo BenumuuHi cepa 3acrocyBanHs (20-30 %)
HAJICKUTh 1HIIUM Taly3sM — MEIUIMHI, KocMmeTuii, Tomo. Ha momo x
MacTWIbHUX MaTepianiB npunaaae jume 3-10 %, a BUPpOOHMIITBO MHpPUCATIOK
cknanae meHmre 1 % [2]. Ha namry mymky 11e BimOyBa€eThCsl 4epe3 HEAOCKOHAIICTh
TEXHOJIOTIM OJep)KaHHS MAaCTWJIbHUX MaTepiajiB Ta HE3aJ0BUIbHUI pIBEHb
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eKCIUTyaTallliHUX TOKa3HUKIB IIMX MACTWJIBHUX MaTepiajiiB, IMepeayciMm
AHTHOKHCHIOBAJIbHUX 1 aHTUKOPO31MHHUX BIACTUBOCTEH.

OpHuM 3 NUISXIB MIJBUIIECHHS 3aXUCHUX BJIACTUBOCTEH € BBEJICHHS a30TYy B
CKJIaJl MAaCTWJIBHUX MaTepiajiB — sIK B CKJIaJ MPUCAIOK, TaK 1 B CTPYKTYPY MacTHII
oesnocepentbo [3,4].

[lepmrM HanmpAMKOM poOOTH CTalO OJEPKAHHS 3aXHMCHUX a30TOBMICHUX
MpUCaJOK Ha OCHOBI omiil. [lowaTkoBOIO cTafi€ro mporecy Oyjl0o TpOBEICHHS
CMOKCUyBaHHSI TMOJBIMHMX 3B’A3KIB 3 TMOJAJIBIIMM BBEJICHHSIM aMIiHHUX
3aMICHHUKIB IO €CTEpHIN TPy Ta O EMOKCUAHOMY KUIBIIIO.

YMOBU MpoOBEEHHS PEaKIliii 3a1eKaly BiJ PeakiliifHOi 3JaTHOCTI aMiHiB.
BusiBneno, mo st ojiepKaHHS BHCOKMX BHUXOJIB MpU 30UIBIIECHHI JIOBXKUHU
BYTJICBOJHEBOTO JIAHIIOTY aMiHIB Ha OJWH aTOM BYIJICIIO B CEPEIHHLOMY
HEOOXIJHO IJABMINYBaTH TeMIleparypy cuHTesy Ha 5-15 °C  pasom 3i
30UIBIIEHHSIM TpUBAJIOCTI nporecy Ha 0,5-1,5 rogunu. BBejeHHs kaTaaizaTopis,
HanpukKiaja, TIAPOKCUIIB METaliB, JO3BOJISE MOM SKIIUTH 1[I YMOBH 1 3HU3UTH
temmeparypy Ha 10-30 °C Ta 3MEHIIMTH Yac IPOBEAEHHS peaKilii Ha 3-5 TOuH.

[TinTBEpIKEHHS CTPYKTYPH OJIEpKaHUX MPOAYKTIB 1 MPOXOHKEHHS peaKli
BIIC/IIIKOBYBaM 3a jgomomoror [Y-cmekrpockomii. B cmekTpax roToBHX
MIPOJIYKTIB 3HUKAE CMyra KapOOHUTIB €CTepiB Ta 3’ SBISIOTHCS CMYTd YTBOPEHHX
amiaiB. Kpim toro, I4Y-crekTpam OTpMMaHHUX MPOAYKTIB MPUTAMaHHA HASIBHICTh
IIUPOKOi TOJIoroi cMyru, 1o BiamoBimae —OH-rpynam, siki yTBOpWIMCA B
pe3yabTaTi PO3KPUTTS EMOKCUIHOTO KUIBIIS.

JIns miaTBEp KEHHS aHTUKOPO31MHUX 1 aHTHOKHCHIOBAJIbLHUX BJIACTUBOC-
Tel OTPUMAaHMX MPOJIYKTIB X BBOJUIU B Oa30B€ JITIHOBE MACTUIIO 0€3 OyIb-SIKUX
IHIIMX MPUCATOK. YCl JOCHIJKEH! MPOAYKTH Malld 3aXHMCHi BiacTUBOCTI. Lle
TS0 3MIHIOE YSBY PO 10 aHTHOKHUCHIOBAJBLHHUX IMPHUCAIO0K, OCKIJIBKH paHIIIe
BBa)Xa/lM, 10 BU3HAYaJbHUH BIUIMB Ma€ TIPOTOH aMiHOTPYNHA, a B
MIPEACTABICHOMY ALY € MPOAYKTH, B IKUX MPOTOH O1J11 aMIHOTPYIH BIJCYTHIM.

Jlnsi BU3HAUEHHS BIUIMBY CHUHTE30BaHMX PEYOBHMH Ha EKCIUTyaTalliiHi
BJIACTUBOCTI MAaCTUJIbHUX KOMIO3UIIIM TMPOBEICHI MOPIBHAIBHI CTEHOBI
BUNPOOYBaHH:. B monepenHix MOCTIKEHHIX HaKpalie IposBIIA ceOe MOXiTHI
€TaHOJIaMIHY 1 BTOp-OyTWJIaMiHy, TOMY OyJM BHUTOTOBJICHI JIITIHOBI MacTuia 3
BUKOPHUCTAaHHSAM IUX amigamiHiB. [IpoBeaeHo iX BUMpoOyBaHHS 3a MOKa3HUKAMU
srimio 3 TY Ha TtoBapHe Mactwio Jliton-24, nmo ckiagy SKOTO BXOJIWUTH
antTuokcuaaHT N-denun-2-nadTriiami.

PesynpTaTn BUnpoOyBaHb MOKa3ald, 10 3pa3KH PO3POOICHUX MACTHI 3a
CBOIMH  AQHTHOKHCHIOBAIbHUMH, AQHTUKOPO3IWHUMU  BJIACTHBOCTSIMU  HE
MOCTYIAOTLCSA TOBapHUM mpoaykTam. lle 103BoJsie CTBEp/KYBaTH  IIPO
MEPCIIEKTUBHICTh BUKOPUCTAHHS CHHTE30BAHUX MPOAYKTIB K (PYHKITIOHAIBHHIX
IpHUCAIOK 10 MAaCTHIIbHUX MaTepiaiB.
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HacTymHuM KpOKOM JOCIIPKeHb CTalI0 OFCpXKaHHSI CEYOBHHHHMX MACTHII 3
BUKOPUCTAHHSM TPOAYKTIB OJNIMHHOTO BHUPOOHMIITBA MUIAXOM aMigyBaHHs
eTUJICH IIaMIHOM Ta MPOBEJICHHIM KOHACHCAIIIT 3 TOJ11301[1aHaTOM.

SIx amiHHA CKJaJ0oBa BHUCTYNajdd MPOAYKTH aMiAyBaHHSA  OJil
ETUJICHIIaMIHOM 3 YTBOPEHHSM CHOJIYK 3 BIILBHUMH aMiHOTpyIamu (puc. 1).
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KonneHcarito npoBouiIN B JIBa €Talu, J0Jal0UM MOJ113011aHaT Y BUTTISI1
po3unHy B onuBi. [licis mpoBeneHHs peakiiii 7o MacTuia JoAaBald HEOOXiJHI
MPUCAJKHU 1 TOMOTEHI3yBaIl CYMIII, OJIEPKYIOUHd TOTOBE MACTUJIO.

CTpyKTypy OAep’KaHUX MPOAYKTIB TaKOX IMiITBEPHKYBAIIN 32 JOIIOMOTOIO
[Y-cnexkTpockormii.

Jlmst  BU3HAYCHHS  BEPXHBOI  TEMIIEpaTypHOI MEXI  3aCTOCYBaHHS
CEYOBHMHHOTO MAacCTHJIa BUKOPUCTAHO METOJ AepuBaTorpadidyHoro anamiszy. Ak
nokasanu gociimkenns 10 150-200 °C BrpaTu Macu MaiiKe He CIIOCTEPIracThes,
[0 BHU3HAYAE€ BEPXHIO TEPMIUHYy MEXKYy IX 3actocyBaHHA. [Ipm 1pomy 3a
HAJBUCOKUX TEMIEpaTyp JOCIIIKEHE MACTHIIO 3rOpa€ IMOBHICTIO 1 HE YTBOPIOE
[IUTaMiB Ta HarapiB Ha MOBEPXHIX TEPTS.

VY mnomnepenHix MOCTIHPKEHHSX HAWBUINI 3aXUCHI BJIACTUBOCTI MPOSIBUIU
aMiJaMiHMd Ha OCHOBI MOHOETaHOJIaMiHy Ta |-MmeTtwi-miponuiaminy. Jlis
MEepPEeBIPKU 3aXMCHUX BJIACTUBOCTEN iX BBOJAWIM B CEYOBMHHI MacTuia, siKi Oyiu
ojaepykani, B kitbkocTi 0,5-3,0 % mac. mepes cTaziero roMmoreHizarii.

Ax cBimuaTh pe3yabTaTH AOCTIIKCHb, HAWOLIbIIAa AHTHUOKHCHIOBAIbHA
aKTUBHICTh MPHUCAJOK CIOCTEPIraeThCcsl B 1HTEpBaJl KOoHUeHTpamil 1,25-2,0 %.
BBenenns mpucamok y OUIBIIMX KUTBKOCTAX MaiKe HE 3MIHIOE aHTHOKHCHIO-
BaJIbH1 BJIACTUBOCTI TOTOBOTO MACTHJIA.

JlocnmikeHUM  MacTujiaM TPOBEIM  BUMIPIOBAHHS  eKCIUTyaTaIliiHUX
BJIACTUBOCTEH y TOpPIBHSIHHI 3 TOBapHUM MacTtuioM Macnon. Sk 3axucHi
MPUCAJKU BUKOPUCTOBYBAJIU OMUCAHI BUIIIE MOX1JHI MOHOETaHOJaMIHY (MacTUIIO
CMO-1) Ta 1-metun-nponinaminy (Mmactuio CMO-2) (Tabm. 1).

Sk BUIIHO 3 pe3ysIbTaTiB AOCIIIKEHb, CCUOBUHHI MAacTHJIa HA OCHOBI OJIiH 3
JOCIIKEHUMHU TIPUCAJKAMU HE TMOCTYNAalOThCsl MPOMHUCIOBUM aHajoraM 1
MOXYTh 3aCTOCOBYBATHCSI B yMOBaX BHCOKHMX HABAaHTaXEHb Ta B IIUPOKOMY
TeMIepaTypHOMY Jiana3oHi.
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ExcrutyaTariiiiHi B1acTUBOCTI MacTUI

Taoaunnga 1

MeTton 3HauyeHHS [TOKA3HUKIB IS
[Tokazauk BUIIPOOOBY- MacCTHII
BaHHS Macnon | CMO-1 | CMO-2
fenmeparypa 1SO 2176-2013 | 228 245 240
Kparutenaaiaus, °C
[enetparis 3a 25 °C,
MM-107", 3 mepeminryBaHHsM:
—P; (60 monB. TakTiB) ASTI\]/_Ig[; 2Lr- 270 272 264
— P, (100000 moaB. TakTiB) 342 310 305
— AP (P,-Py) 72 38 38
(1;0“0”.“” CTaOLILHICT®, rOCT 7142-74 | 9,0 8,1 8,5
0 BUJILICHOI OJIUBU
Tpubomnoriyni
XapaKTePUCTUKH Ha
YOTHPHUKYJIbKOBIM MarwHi, H COCT 9490-75
HasaHrtaxeHHs:
— P (kpuTHdHE) 921 980 1039
— P, (3BaproBaHHs) 1568 2450 2607
CTIUKICTD 10 OKUCHEHHS,
ITpupict kucnornoro uucina | 'OCT 5734-76 | 0,22 0,14 0,16
(120 °C, 10 rox.), mr KOH/r
Koposiira Al TOCT 9.080-
— Ha M11b 27 Burp. Burp. Burp.
— Ha cTajib Burp. Burp. Burp.
JACTY
biopo3smerroBanicTh, % ( ééégl_é%(_)i_ 29,8 36,7 36,4
93, NEQ)

TakuM 9MHOM, PO3POOJICHO PEIETYPY OJCPKaHHS CEUOBUHHUX MAcTHJI Ha
OCHOB1 OJIii 3 BHUKOPUCTAHHSAM TIPHUCAIOK HA POCIHHHINA OCHOBI. JloBemeHo
OyZI0BYy TOTOBUX MACTHJI Ta MPOMDKHHUX MPOAYKTIB. BUSBIEHO, 0 ONTUMaIbHA
KOHIICHTpAIlis MPEACTABICHUX 3aXHCHUX TPUCANOK Yy MAaCTHI 3HAXOJIUTHCS B
inTepBa 1,25-1,75%. Iloka3ani BuIi, HiXK B IPOMHCIIOBHX aHAJIOTIB, MEXaHIUHA
Ta KOJIOigHA CTaOUIBHICTh JOCHIPKEHMX 3pa3kiB. BusiBieHa 3a JOMOMOTOIO
nepuBatorpadii BepXHs TepMidyHA MeXa 3aCTOCYBAaHHS JOCHIKEHWX MAaCTHII

nexuth B inTepBam 150-200 °C.
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BJIOKKOITIOJIMEPHU HA OCHOBI ®YHKINIOHAJII3OBAHHUX
OJIE®IHIB TA PEAKIIMHO3JATHUX OJITOMEPIB POCJITUMHHUX
OJIIA IK KOMIIATUBLIIBATOPH 1151 TOJIIMEPHUX
KOMIIO3UTIB

Cemunor B.B., Mumak B./[., Cipuk O.M.
[HCTUTYT XiMii BUCOKOMOIEeKyIapHux croyk HAH Ykpainu
myshak_vd@ukr.net

CuHTE30BaHO  MpUUIICIUIEHI  OJIOKKOMOJIMEPH 3  BUKOPUCTAHHAM
MTOHOBJIIOBAJIbHOI, €KOJIOTIYHOOE3MEUYHOI MPUPOIHOI CHPOBUHU — POCIUHHOI OJIIi.
biiokkomoniMepr CHHTE30BaHO Ha OCHOBI 130I11aHATBMICHMX PeaKI[IHHO3IaTHUX
OJIITOMEPIB POCIMHHUX OJIM Ta TIAPOKCHIBMICHOTO KOIOJIMEPY ETHUJIIEHY 3
BiHUTanieratoM. OTpuMaHi  pe3yibTaTH  (PI3UKO-MEXaHIYHUX  JIOCIIIKEHb
noka3zajau e(EeKTUBHICTb BUKOPUCTAHHS MPHUILEIUIEHOIO KOIMOMIMEpy  SK
KOMITATUOLII3aTOpYy I KOMIIO3UILIMHUX MaTepiaiB Ha OCHOBI BTOPHHHOIO
MOJIIETUIIEHY 1 TYMOBOT KPUXTH.

Kniouosi cnosa: npunienyieHnii OJIOKKOMOJIMEp, KOMOJIMEp ETHIIEHY 3
BIHIJIAIIETATOM, POCIMHHI OJI1i, KOMITO3HIIIITHI MaTepialIu.

Grafted block copolymers with the use of renewable, environmentally
friendly natural raw materials - vegetable oil were synthesized. Block copolymers
were synthesized on the basis of isocyanate-containing reactive oligomers of
vegetable oils and hydroxyl-containing copolymer of ethylene-vinyl acetate. The
obtained results of physical and mechanical studies showed the efficiency of
using the grafted copolymer as a compatibilizer for composite materials based on
secondary polyethylene and rubber crumb.

Keywords: grafted block copolymer, copolymer of ethylene-vinyl acetate,
vegetable oils, composite materials.

B octanHi gecsaTupiuys pociavHHI 0111 Ha0yBalOTh 3HAYHOTO MOIIUPEHHS Y
MOJIIMEPHIA XiMii SK BUXIJHA CHUPOBUHA JIJIi CHHTE3Y MOJIMEPHHX MaTepiaib.
[Tomimepu, oTpuMaHi 3 pOCIMHHUX OJIiH, SK TIPABUIIO, 3/1aTHI 10 O101€CTPYKITIi Ta
HETOKCHYHI. 32 XIMIYHUM CKJIaJI0M POCIIMHHI OJIii € CYMIIIIIO €CTEPIB IIIIEPUHY
Ta PI3HHUX, TOJJOBHUM YUHOM, HCHACUYCHHX JKUPHUX KHUCIOT, SKi BIIPI3HIIOTHCA
OJIHA B1JI OJIHOI CTYMIHHIO HEHACUYEHOCTI, MOJIOKEHHSM MOABIMHUX 3B’SI3KIB 1
HasIBHICTIO (DYHKI[IOHAJIBHUX TPYI, IO 1 0OYMOBIIOE MOXIJIMBICTh MOAU(IKAIIl
POCIMHHHUX O 3 METOI0 OTPHUMAaHHS peakUiMHO3JaTHUX omiromepiB. Taxi
0JIITOMEPHY Ha OCHOB1 POCIMHHHUX OJIill MOXKYTh OyTH BUKOPUCTaHI /i1 CTBOPCHHS
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MOJIIMEPIB, KOMOJIIMEPIB, OJIOKKOMOJIMEPIB, KOMMOATUO1I13aTopiB, MoAudiKarlii
MOJTIMEpHUX KoMIo3uIianX MatepianiB (ITKM).

HakonuueHHs TOJNIMEpHUX BIAXOAIB TEPETBOPUIIOCS HA HarajabHy
€KOJIOTIYHY mpoOjeMy, SKa 3yMOBJIIOE 3a0pyJHEHHS  HAaBKOJUIIHHOTO
CepeIOBUINA, OCKUIBKM BOHHU € CTIHKI 710 aii mpupoaHux (akropiB. OgHuMm i3
METO/IB BHUpilIeHHS I1i€i mpobiaemMu € ctBopeHHs I[IKM, B Tomy wwmci
ryMmoHanoBHeHuX. OHaK y CBOii OLTBIIOCTI KOMIO3UIIIITHI MaTepiaal Ha OCHOBI
TEPMOIUIACTYy Ta TYMOBOI KpPUXTH XapaKTEPU3YIOThCS HUBBKUMH (I3HKO-
MEXaHIYHUMU TMOKa3HUKaMH. Bigomo, mo sk edekTuBHI MOaudiKyroui 100aBKH
IIMPOKO BUKOPUCTOBYIOTH KOMMAaTuOLMi3aTOpu. Moaudikaiis KommaTtuoOimiza-
TOPIB Ha OCHOBI (DYHKIIIOHAJBHUX TEPMOIUIACTIB  PEAKIINHO3JaTHUMHU
OJIiITOMEpaMH POCIMHHUX O Ta CHHTETHYHUX HU3bKOMOJIEKYJIAPHUX KaydyKiB 1
BUKOPUCTAHHA 1X JJIs MOKpaieHHs BiactuBocteid [IKM Ha OCHOBI BTOPUHHOTO
MOJIIETUIIEHY 1 TYMOBOi KPHUXTH € aKTyaJlbHUMH 3aBJaHHSMU Ta CTaHOBHTH
HAayKOBY 1 MPaKTUYHY MIHHICTh SK 3 TOYKH 30Py OXOPOHU HABKOJIUIIHHOTO
CepelloBUIlla, TaK 1 y 3B’A3Ky 3 THUM, L0 B yMOBaX Je(IlUTy MOJIMEPHOT
CHUPOBHHU TUTACTMACOBI BIIXOAM CTAIOTh MOTYKHUM CHPOBHHHUM PECYPCOM TakK
camo, SIK 1 peakIiiHO3/IaTHI OJIITOMEPHU POCIUHHOTO MOXOHKCHHS.

Merta po6otu — cunre3 npumieruiennx onokkonoaimepiB ([16K) Ha ocHoBi
(YyHKII10HAI130BAHOTO TIPOKCUIBMICHOTO KOIOIIMEPY €TUJIEHY 3 BiHIIALIETATOM
(KEBA) 1 peakmiinozgatHoro ogiromepy (P30) Ha coeBiil Ta JUIsHINA OJisiX.
CTBOpEHHsI KOMIIO3MIIIMHUX MarepiaiaiB Ha OCHOBI BTOPHUHHOTO MOJIETHIICHY
(BIIE) 1 rtymoBoi kpuxtu (I'K) 3 mnokpamenumu (i3uko-MexaHIYHUMU
XapaKTEPUCTUKAMU 3 BUKOPHUCTAHHSIM SIK KOMMATHOLII3aTOPIB CHHTE30BAHMX
ITBK.

Opnepyxanns [1BK mpoBoauim B Tpu cTaii, Ha MEPIIIii 3 IKUX Yy PE3yJIbTaTi
amiHoni3zy orpumyBanu rigpokcuiBmicHuii KEBA. Ha napyriii — cuHTe3yBaiu
13omianaTBmicH1 P30 Ha OCHOB1 BUCHXalOuoi JUISHOI Ta HaNlBBUCHUXAKOY0i COEBOT
POCIMHHUX OJIIf, SKI XapaKTEePU3yIOThCS IIJIBUIIIEHUM BMICTOM HEHACHYCHUX
KUPHUX KUCIOT. Ha TpeTiit cTaaii npoBoauiu Moaugikalliio riIpoOKCUIBMICHOTO
KEBA i3ouianaremicaumu P30 [1]. Ximiuny OynoBy oxaepxkanoro IIBK Oyio
MIITBEPPKEHO MeToI0M [Y-crieKkTpocKomii.

Jlns ouwinku crynens 3muBaHHs [IBK npoBoamiin eKCcTpakiiio B 0-KCUIIOJI.
AHami3 OTpUMaHUX PE3yJbTATIB CBIMYUTH TPO BIACYTHICTh Telb-(pakiii Ta
YTBOPEHHSI B pE3yibTaTl peakiii JIHIMHUX TOJIMEpIB 3 MNPHUIIEINIEHUMU
(dbparMeHTaMu OJIIrOMEPIB POCIMHHOTO MOXO/KEHHs. Pa3om 3 TUM He BUKITIOUEHI
peakiii 3a ydacTiO Ji- Ta TPHUI3OIiaHATIB HA OCHOBI POCIWHHUX ONiH 3
YTBOPEHHSIM posrainyxeHux cTpykryp. Otpumanuii KEBA, moaudikoBanwmii
13omianaremicaumMu P30 omiif, po3uyMHHUNA B apOMAaTUYHUX PO3YMHHUKAX 1
TeTpariapodypasi.

Jns  ouiHku edeKTUBHOCTI BHKOpUcTaHHS cuHTe30BaHuX [IBK sk
KoMrnaTuOuIi3aropiB rymoHanoBHeHux [IKM Oynu cTBOpeHI KOMITO3UTH Ha
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ocHoBi BIIE 1 I'K 3 gomaBanusm 1, 3, 5, 10 % wmac. I1BK ta Bu3zHaueHi ¢i3uko-
MEXaHIuHl XapaKTepUCTHKU OTpuUMaHuXx Kommno3uTiB (puc. 1). IIKM dopmyBanu
METOJIOM C€KCTPY3ii 3 MOJAJBIINM IPECYBAHHAM 3pa3KiB IS BU3HAYCHHS IXHIX
BJIACTUBOCTEH.

—=— P30 coeBoi ol

\I
1

—— P30 migHo1 ol

D
T

(6}

MinsicTs ipu po3Tsi3i op, Mlla

0 2 4 6 8 10
Bwmict npumienieHoro

S

OsoKKomoiMepy, %

Puc. 1. 3anexHicth MIITHOCTI ITpHU po3puBi kommno3uTiB (60% BITE+40% I'K) Bix
BMmicTy B HUX KEBA, moaudikoBanoro P30 isiHOT Ta cO€BOi odii

3a pesynpTaTamMu  MpOBEAEHUX  (DI3UKO-MEXaHIYHUX  BUIPOOYBAHD
OTPMMAHHUX KOMIIO3UTIB BCTAaHOBJIEHO, LIO KPHUBI 3aJIEKHOCTI MILHOCTI MpHU
pPO3pUBI BiJ KIJIBKOCTI BBEJACHOIO KOMMATHOII3aTOpa HOCATH E€KCTPEMaJIbHHIA
XapakTep, pO3pUBHA MIIHICTh MpU 1bOMY 3pocTae Ha 40 % Ta 3aleXuTh Bij
KUIBKOCT1 BBEICHOTO OJOKKOMOJIMepy. 3 aHalidy OTPUMAaHMX pe3yJbTaTiB
BU3HAYCHO €(EKTUBHY KOHIIEHTpPAIlII0O BBEICHUX KOMIIAaTUOLII3aTOPIB, sKa
ctaHoBUTh | % Mac. 3pocTaHHS PO3PUBHOI MIIHOCTI KOMITO3ULIIMHHUX
MOJIIMEPHUX MaTepialiB npu BBeaeHH1 MonudikoBanux KEBA MoxHa moscHutH
HAsBHICTIO Yy iX ckiaal ¢parMeHTiB, fKi OJM3bKI 3a XIMIYHOIO OYy/I0BOIO
KOMIIOHEHTaM TIOJIIMEPHOI MATpHUIli, 10 JO3BOJIAE TI1IBUINYBATH CYMICHICTb
cknagoBux [IKM, HasBHICTIO peakIliifHO3IaTHUX TPYI, MOABIWHUX 3B’SI3KIB, SIKI
CIIPUSIOTh YTBOPEHHIO (PI3MUHMX Ta XIMIYHHUX B3a€MOMAIN MK KOMIIOHEHTaMU
MOJIIMEPHOT MaTPHIII Ta 1H.

TakuM dnHOM, 3a pe3yabTaTaMH MPOBENEHOI pPOOOTH CHHTE30BaHO
MPUIIEIIIICHUNA OJIOKKOIMOJIMEp Ha OCHOBI 130I[1aHATBMICHUX PEaKI[iMHO3IaTHUX
OJIITOMEPIB JUISIHOI 1 CO€BOI OJIii Ta TAPOKCHIIBMICHOTO KOMOJIMEPY €TUJICHY 3
BiHIIaneraroM. XimMiuyHy OyaoBy #oro miaATBepmkeHo wMerogom  [Y-
cnekTpockonii. BctanoBnena eexkTuBHICT BUKOpUCTaHHS cuHTe30BaHuX [IBK
AK KOMITATHOUII3aTOPIB Ui TYMOHAIOBHEHHX TMOJIMEPHUX KOMIIO3MLIMHUAX
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MmarepiaiiB. Pe3synaprat  (Qi3MKO-MEXaHIYHMX JOCHIDKEHb IIOKa3ajiu, IO
BBeAeHHS | % Mac. CMHTE30BaHOTO OJIOKKOMOJIMEpPY A0 CKJIaay IMOJTIMEPHOTO

KOMITO3UTY MPUBOJUTH JO MIJABUIIEHHS MMOKa3HUKIB MIITHOCTI MpU po3puBi Ha 40
%.
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