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FUNCTIONALIZATION OF BLOCK COPOLYMERS COMPRISING POLYACRYLAMIDE AND POLY(ETHYLENE OXIDE)

The application of micelle-type polymeric nanocontainers is considered as one of the most perspective ways to solve the problem of a targeted
delivery of toxic and poorly soluble drugs into certain cells of living organisms. Asymmetric micelle forming triblock copolymers (TBC) comprising
polyacrylamide (PAAm) and polyetylenoxide (PEO) have hydrophobic complex "core" formed by the hydrogen-bonded PEO/PAAm chains and
hydrophilic "corona” of the surplus segments of longer PAAm blocks. They can bind colloid particles, organic substances and different ions in
water solutions. The influence of the anticancer agent doxorubicin on the micellization process of mentioned TBC due to its interaction with the
copolymer micelles opened new prospects for using such copolymers as nanocontainers for toxic and poorly soluble drugs. For the successful
implementation of mentioned TBC for a drug delivery, they have to contain special ligands or vectors (saccharides, peptides, proteins or antibod-
ies. Such vectors can recognize corresponding receptors on a cellular surface, interact with them, and penetrate into the intracellular space by the
endocytosis pathway. In order to introduce the necessary vectors into TBC, corona forming PAA blocks have to contain active groups. In this
aspect the methods of TBC functionalization are particularly important. Reactions of polymer analogous modification are well known, comparatively
simple and reliable method of functional groups transformation. In the present work the polymer- analogous conversion of triblock copolymers
(TBC) PAAm-b-PEO-b-PAAm by the aminomethylation reaction in PAAm blocks under the effect of dimethylamine and formaldehyde (Mannich's
reaction) was studied. Kinetic investigations of the Mannich's reaction in TBC as compared to that in pure PAAm were performed by potentiometric
titration. It was established that products of copolymers and PAAm aminometilation posess the properties of polyampholits. The existence of two
competitive polymer-analogous transformations in PAAm chains such as aminomethylation and alkaline hydrolysis of amide groups was estab-
lished and discussed.

Keywords: block copolymers, polyacrylamide, polyethylenoxide, aminomethylation, potentiometric titration.
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CUHTE3 HOBUX METAKPMIJIATIB 6-r'APOKCUAYPOHIB

Peakuiero koHOeHcauii 6-2idpokcubeH3oghypaH-3-0Hy 3 apoMamuyHUMU arnbOe2idamMu CUHMeE308aHO Ho8i (2Z)-6-zidpokcu-2-(4-R-
6eH3unioeH)-1-6eH3ogpypaH-3(2H)-oHUu ma  ix nodanbWuM ayunreaHHsIM — Hoei (2Z)-6-memakpunokcu-2-(4-R-6eH3urnioeH)-1-
6eH30¢pypaH-3(2H)-oHu Onss cmeopeHHs1 nonimMepie crneyianbHO20 MPU3HaYeHHS.

Knro4yoei cnoea: 6-2idpokcuberH3ogbypaH-3-oH, 6-2i0pokcuaypoHu, Memakpusioei MOHoOMepu.

Bctyn. AypoHu, 2-6eHannigeHOeH30dypaH-3-(2H)-0Hu,
CKragarTb MIHOPHWUIA nigknac ¢raBOHOILIB, SKi MICTATLCS B
pocnuHax poauH CknagHougiTHi  (Compositae), Bobosi
(Leguminosae), Po3oBi (Rosaceae), MapeHosi (Rubiaceae),
Ocokosi (Cyperaceae), Towwo. B pocnuHax aypoHu BigirpaloTb
ponb NiIrMEHTIB, HaJal4n >XOBTUW Ta MOMapaH4yeBUn Korip
KBiTaM, a TakoX iToanekcMHiB — aHTubakTepianbHMX
Ta NPOTUrPMBKOBMX PEYOBUHU, LLO BMPODBNSOTLCA poCnuHa-
MW Y BiANoBIgb Ha iHGeKLito naToreHis, 3aGe3neyyoyumn 3axmcTt
pocnuH Bif HGakTepianbHMX Ta rPUBKOBKX 30YAHUKIB.

OocnigxeHHs in vitro nokasanu, Wo NpUpPOAHi aypoHu
Ta iX CMHTETUYHI aHanorM BUSBMSOTb aHTMbakTepianb-
Hy[1], npoTMBipycHy [2], npoTunapasnTuuHy [3, 4], aHT1OkK-
cupaaHTHy [5, 7] Ta npoTupakoBy [8, 9] aKTUBHICTb.

JocnigXeHo, Lo CUMHTETUYHO OTPUMaHi aypoHU MatoTb
Z-koHdpirypauito ek3oUmMKIiYHOro noAaBinHOro 3B'sA3Ky i 34a-
THi 0o cpoToizomepu3adii y BignosigHi E-isomepu npu ix
Y®-onpomiHeHHi [10, 11].

O
/ 0

Tomy oTpMMaHHs nonimepis, WO MICTATb KOBaNeHTHO
BBEJEHI (hparMeHTV aypoHiB, € akTyanbHUM 3aBAaHHSAM.

PesynbTaTu gocnigXkeHHs Ta ix o6roBopeHHA. Me-
Tol poboTn ByB CUMHTE3 METaKpWUIOBMX MOHOMEPIB Ha Oc-
HOBi HOBUX (2Z)-6-rinpokcu-2-(4-R-6eH3nnigeH)-1-6eH3o-
dypaH-3(2H)-oHiB Ans NoaanblIOro BUBYEHHS iX nonime-
pu3auifHOi 34aTHOCTI B paauKkarbHii nonimepusauii i oge-
p>KaHHsi HOBMX MOMiMepIB As MOXIIMBOrO 3aCTOCYBaHHS B
ONTOENEKTPOHILi Ta POTOHIL.

Ons uboro, Buxoasun 3 6-rinpokcnbeHsodypaH-3-oHy
3a JOMOMOro peakLii KoHAeHcauii 3 apoMaTUYHUMK anb-
gerigamu B cymiwi etaHony, AM®A Ta po3uuHy nyry oge-
p>aHo 6-rigpokcmayporu 1a, 1b Ta 1c:

I
.\ x  EtOH, DMF, KOH /©j>:
H o H HO o @

ae R =-H (a), -NO; (b), —=N(CHs3)2 (c).
Hani iX aunnioBaHHSAM XNOpaHrigpuaoM MeTakpunoBoi
KMCNOTWN Yy MPUCYTHOCTI TpueTunamiHy sk akuentopa HCI

1a, 1b, 1c R

Npn OXONOMKEHI OAEPXKaHO HOBI MeTakpuroBi NoxigHi Bia-
noBigHuX 6-rigpokcmaypoHie 2a, 2b Ta 2c:
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_ CH,=C(CH3)—COCl /©j>:
H o Et;N CH,=C(CH3)—CO—O 0
1a, 1b, 1c R R

Ae R =—H (a), -NOz (b), -N(CHs)2 (c).

BynoBy ogepxaHux cnonyk gosegeHo metogamu NMP-
Ta IY-cnektpockonii. Ak i cnig 6yno ovikyBatn, npu 36inb-
LUEHHi eneKTpoHOaKLEenTOpHOCTI 3amicHMKa R B H amp
crnekTpax HoBux crnonyk 1a,1b Ta 1c cnocTtepiraeTbcs 3cyB
CcurHanie BCiX NPOTOHIB B cnabke none, npuyomy ansi npo-
ToHiB H4, H5 Ta H7 BiH He3HayHun (0,05-0,11 m.4.), ans
npotoHy rpynn C=CH — cepegHin (go 0,21 m.u.) Ta ans
npoToHiB 6eH3onbHoro kinbua H2", H3", H5" Ta HB" — po-
cntb 3HayHu (0,53—-1,43 M.4.). 3amiweHHa npoToHy -OH
rpynu Ha MeTakpurbHY rpyny Npu3BOAMTL 4O 3CyBY CUrHa-
niB BCiX NpOTOHiB cronyk 2a, 2b Tta 2c B cnabke norne,
npu4omy Ans NpoTOHIB 6eH3onbHoro kinbust H2", H3", H5"
Ta H6" — BiH He3HauHui (0,01-0,05 m.4.), npoToHiB H4, H5
Ta H7 BiH 6inbwwuii (0,18-0,40 m.4.), @ 4N NPOTOHY rpynu
C=CH - Hanbinbwwn (go 0,66 m.4.).

HoBi meTakpunosi noxigHi — ue cnabko 3abapeneHi
KpUCTarniyHi MOHOMepU 3 AOCUTb BUCOKOK TeMMepaTyporo
TOMNMEHHS, CTiVKi Npn 36epexxeHHi Ha NoBITpi.

EkcnepumeHTanbHa yactuHa. Cnektpu AMP 'H 3a-
nucaHo Ha cnektpomeTpi Varian Mercury 400 (400 Mlu) B
OMCO-ds, BHYTpIWwHIn cTaHgapt TMC, 14 cnektpn — Ha
npunagi Perkin Elmer BX B KBr. TemnepaTypy TONnNeHHs
peyoBNH BMMIPSHO Ha manorabaputHOMy cnocTepiranbHo-
My cToni Tuny Boetius 3 npunagom gns cnocTepexeHHsi
PHMK 0.5 ¢ipmu VEB Analytic.

3aranbHa meToauka cuHTe3y 6-rigpokcuaypoHis. [1o
po34unHy 6-rigpokcmbeHsodypan-3-oHy (1,5 r, 10 mmornb) B
cymiwi etaHony (10 mn) i AM®A (10 mn) gogaloTb apoma-
TMyHMIA anbgerig (10 mmonb) Ta 50%-1 BOOHUA PO3YMH
rigpokcuay kanito (2,3 mn). Cymiw nepemiwyoTb 3a KiMHa-
THOI TemnepaTypu 4—-6 rogunH (KiHeub peakuii KOHTpOmHo-
toTb MeTogom TLLUX). PeakuinHy cymiw BunusatoTb B 50 mn
rapsiioi BOAM Mpu iHTEHCUBHOMY MepeMillyBaHHI Ta HENT-
pani3yloTb KOHLEHTPOBAHOK XMOPUAHOK KncrnoTtow Ao pH
6—7. lNicns oxonoaXeHHs ocag, Wo Bunae, QiNbLTPYTL Ta
npomuBatoTb BoAow. [licns nepekpucTanisaudii ocagy 3
cymiwi JM®A Ta meTaHony OTPUMYHOTb B-rigpoKcMaypoHm
y chopMi XKOBTOI abo YEPBOHOT KpUCTANIYHOI PEYOBUHM.

(2Z)-2-6eH3unigeH-6-rinpokcu-1-6eH3odypaH-3(2H)-
OoH (1a). >KoBTa KpuctaniyHa pedoBuHa, tm;, 259-260°C.
Cnektp 'H SIMP (400 MIy, OMCO-ds) 6, 6,61-6,68 (3H,
m, -C=CH, 2a, 7-H), 7,44 (3H, m, 3, 4', 5"-H), 7,55 (1H.d,
%J = 8,4 Hz, 4-H), 7,89 (2H, d, °J = 7,5 Hz, 2, 6"-H), 10,98
(1H, s, 6-OH)

(2Z)-2-[4-(pnmeTnNamiHo)6eH3unigeH]-6-rigpokcu-1-
6eH3odypaH-3(2H)-oH (1b). YepBoHa KpucTaniyHa pevo-
BUHA, thn 242-244°C. CnekTp H amp (400 MIy, OMCO-
ds) 3,20 (6H, s, NMey), ), 6,61 (1H, s, -C=CH), 6,615 (1H,
d, J=2,0 Hz, H-7), 6,65 (1H, dd, J = 8,4, 2,0 Hz, H-5), 6,72
SZH, d % = 85 Hz, H-3, 5%, 7.50 (1H, d,

J=8,5Hz, H-4), 7,73 (2H, d, %J = 8,5 Hz, H-2', 6'), 10,74
(1H, s, 6-OH).

IR (KBr, cm'1): 3072, 2960, 1674, 1644, 1580, 1455, 1376,
1315, 1285, 1249, 1207, 1154, 1131, 1109, 770, 684.

(22)-6-rippokcun-2-(4-HiTpo6eHannigeH)-1-
6eH30dypaH-3(2H)-oH (102. >KoBTa kpuctaniyHa peyoBu-
Ha, thn 249-251°C. Cnektp H AMP (400 MI'u, DMSO-dg)
6,695 (1H, dd, J = 8,4, 2,0 Hz, H-5), 6,725 (1H, d, J = 2,0

2a, 2b, 2¢

Hz, H-7), 6,82 (1H, s, -C=CH), 7,57 (1H, d, J = 8,4 Hz, H-
4), 8,14 (2H, d, J = 8,9 Hz, H-2', 6'), 8,26 (2H, d, J = 8,9
Hz, H-3', 5'), 11,15 (1H, s, 6-OH).

3aranbHa MeToAMKa CUHTe3y 6-meTaKpuIOKcH-
aypoHiB. [1o po3unHy (6,30 Mmonb) (2Z)-6-meTakpunokcu-
2-(4-R-6eH3unineH)-1-6eH3odypan-3(2H)-oHy B 10 M™Mn
TeTparigpodypany Tta 0,4 mn OM®A, popatotb 1,28 mn
(12,67 mmonb) Tpuetunamivy (TEA) Ta, no kpannsx, go-
paoTb 0,66 mn (6,31 MMonb) xnopaHrigpuay MeTakpuno-
Boi kucnotn (XMAK) npu 0°C Ta nocTiMHOMYy nepemilly-
BaHHi. Yepe3 4 roavHu peakuiHy Cymill BUNMBaOTb Ha
nig. Ocag, Wo yTBOPUBCS BiOdINLTPOBYIOTb Ta BUCYLLY-
toTb. [lepekpucranisauito npoBoaAaTb 3 Cymiwi ToMy-
on:rekcaH (1:2). Buxig 60-80%

(2Z)-2-6eH3unineH-6-meTakpunokcu-1-6eHsocdypaH-
3(2H)-oH (2a). CiTno-xoBTi kKpuctanu 3 Tny 129°C. CnekTp
"H AMP (400 MIy, IMCO-ds) 8, 2,07 (3H, s, CH3), 5,90 (s,
-C=CH (cis)), 6,36 (s, -C=CH (trans)), 7,07 (1H, dd,
J = 8,5, 2,0 Hz, H-5), 6,87 (1H, d, J = 2,0 Hz, H-7), 7,33
(1H, s, -C=CH), 7,83 (1H, d, J = 8,5 Hz, H-4), 7,39-7,48
(2H, m, H-2',6'), 7,94 (2H, d, J = 8,8 Hz, H-3', 5').

IR (KBr, cm™): 3072, 3041, 2960, 1734, 1714, 1660,
1606, 1452, 1436, 1316, 1272, 1250, 1188, 1144, 1127,
1098, 966, 942, 770, 684.

(22)-2-[4-(aumeTNamMiHO)GeH3uUnNiaeH]-6-meTakpun-
okcu-1-6eH3ocbypaH-3(2H)-oH (2b). MomapaH4yoBa Kpuc-
TaniyHa peyoBuHa, thy 153°C. Cnektp "H amP (400 Mrlu,
IOMCO-ds) 6, 2,06 (3H, s, CHs), 3,05 (6H, s, NMey), 5,88
(s, -C=CH (cis)), 6,35 (s, -C=CH (trans)), 7,05 (1H, dd, J =
8, 2,0 Hz, H-5), 7,00 (1H, d, J = 2,0 Hz, H-7), 7,38 (1H, s, -
C=CH), 7,85 (1H, d, J = 8 Hz, H-4), 8,18 (2H, d, J = 8,9 Hz,
H-2',6'), 8,28 (2H, d, J = 8,9 Hz, H-3', 5').

(22)-6-meTakpunokcu-2-(4-HitpobeHsunigeH)-1-
6eH3oypaH-3(2H)-oH 1(2c). >KoBTa kpuctaniyHa peqoBu-
Ha, tnn 220°C. Cnektp H AMP (400 MIu, AMCO-ds) 9o,
2,07 (3H, s, CH3), 5,91 (s, -C=CH (cis)), 5,91(s, -C=CH
(trans)), 7,05 (1H, dd, J =8, 2,0 Hz, H-5), 7,00 (1H, d, J =
2,0 Hz, H-7), 7,38 (1H, s, -C=CH), 7,85 (1H, d,
J =8 Hz, H-4), 8,18 (2H, d, J = 8,9 Hz, H-2', 6'), 8,28 (2H,
d, J=8,9 Hz, H-3', 5').

BucHoBKN. Takum YMHOM, BMXOAAYM 3 6-TigpoKCnbeH-
30ypaH-3-0Hy, HaMu 3anporoHOBaHO MpenapaTuBHO
npoctmii Ta edeKkTuBHUIA MeTod cuHTesy (2Z)-6-
MeTakpunokcun-2-(4-R-6eHannigen)-1-6eH3odypaH-3(2H)-
OHIB, SIKMI XapaKTepu3yeTbCs AOCTaTHbO BUCOKUMMW BUXO-
AaMu 3a OCUTb M'SIKMX YMOB.
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CUHTE3 HOBbIX METAKPUITATOB 6-r'MPOKCUAYPOHOB

Peakyueli koHdeHcayuu 6-2udpokcubeH3oghypaH-3-oHa ¢ apomamuyeckumu anbOe2udaMu cCUHMe3UpoeaHbl Hoeble (2Z)-6-2udpokcu-2-(4-R-
6eH3unudeH)-1-6eH3oypaH-3(2H)-oHbl u ux nocnedyrOWUM ayunupoeaHuemM — Hoeble (2Z)-6-memakpunokcu-2-(4-R-6eH3unudeH)-1-6eH3ogypaH-3

(2H)-oHbI Ansi co30aHus1 nonuMepoe creyuanbHO20 Ha3Ha4YeHusl.

Knroueenie cnoea: 6- 2udpokcubeH3ogpypaH-3-oH, 6-2uGpPOKcUaypOHbI, MEMaKpus108bie MOHOMEPbI.
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SYNTHESIS OF NEW METHACRYLATES OF 6-HYDROXYAURONES

Natural aurones and their synthetic analogues exhibit antibacterial, antiviral, antioxidant and anti-cancer activity. We have known that
synthetically derived aurone Z-configuration of the exocyclic double bond and capable of photoisomerization in the corresponding E-isomers in

their UV irradiation.

For creation novel polymers of special application, by using condensation reaction of 6-hydroxybenzofuran-3-one with benzaldehydes in the
mixture of ethanol, DMF and alkalis were synthesized new (2Z)-6-hydroxy-2(4-R-benzeliden)-1-benzofuran-3(2H)-ones. Then their acylation by
methacryloyl chloride and at the present triethylamine were synthesized new methacrylic derivatives of (2Z)-6-hydroxy-2(4-R-benzeliden)-1-

benzofuran-3(2H)-ones.

So, we have proposed simple and effective method for the synthesis of (2Z)-6-metakryloksy-2-(4-R-benzyliden)-1-benzofuran-3(2H)-ones with
high yields at very mild conditions. New methacrylic derivatives are solids with relatively high melting points, resistant while maintaining the air

and not deeply colored crystalline monomers.

The structure of synthesized substances were characterized and evaluated by "HNMR, IR spectroscopy. Then we will investigate their polymeri-
zation activity of the homo- and copolymerization. These novel polymers with biological activity can be potentially useful for application in medi-

cine, optoelectronics and photonics.

Keywords: 6-hydroxybenzofuran-3-one, 6-hydroxyaurones, methacrylates
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MONIMEPM 3 XIHOJNIIHOBMMU ®PArMEHTAMM

CuHme3o0eaHO HO8i Memakpusiogi cmupusnemMicmHi MOHOMepu ma rnosniMepu Ha ix ocHoei, 6ydoey doeedeHO criekmpasibHUMU Me-
modamu. Ansi docnidxeHHss nonimepusayiliHoi 30amHocmi odep)xaHux MOHoMepie y padukanbHill nonimepu3auyii 6ys10 sus4eHo KiHe-
muky ix mepmoiHiyitioeaHoi 20M0- ma Konosimepu3auii dusramomempuyHUM MemodoM e po34uHi y npucymuocmi AIBH sik iHiyiamopa
@ ammocgbepi ap20Hy, Ma 8cmaHo8s1eHO iX KiHemuYHi 3akoHoMipHocmi. BusHa4yeHo ckiiad, memrepamypu ckilyeaHHsi ma po3paxoea-
HO MOJIEKYJISIPHI Macu CUHMe308aHuXx roJliMmepies.

Knro4oei crioea: xiHoniHu, Memakpusniamu, nosicmupusnxiHosiHu

Betyn. B xogi nowyky HoBuX Ginbll edeKTUBHUX maTe-
pianis Ansa 3anucy i 30epexeHHs iHpopmalii nepeBaxaroTb
doToxpomHi MaTepiann. Cepea HUX LikaBuMK ob6'ekTamn Ta
HanbinbL NEepcnekTUBHUMU CrONyKamu € CTUPUIXIHOMIHW.
Peakuisa cdoToisomepusaLii CTUPUNXIHONIHIB € OAHiEl0 3 HaW-
BaXMUBILUMX peakLil, TeOpeTUYHi Ta NpUKNagHi acnekTu
AKOI aKTMBHO AOCNIAXKYTbCA MPOTArOM OCTaHHIX pokiB [1—
3]. Ti npuknagHi acnekTn noe'sisaHi, Hacamnepen, 3 OTO-
XPOMHUMM BMACTUBOCTAMY CTUPUNXIHOMNIHOBOrO hparmeHTy,
AKi MOXYTb OYTW BUKOPWCTaHI ANA CTBOPEHHSA HOBKX 3acobiB
3anucy i 06pobku iHdopMaLii, a Takox ans pisHux doTtone-
pemMuKadiB i noriYyHnX NnpucTpois [4-6].

Cepepn HayKOBUX HanpsiMKiB, LLO PO3BUBAIOTLCS B rany-
3i POTOXpPOMHMX MaTepianis, 3Ha4yHe Micle nocigalTb 4O-

CNigXXeHHs1, CNPSIMOBaHi Ha CTBOPEHHS Ta BUBYEHHS (hOTO-
aKTUBHMX nonimepiB [7—8]. ®oToperynsuis onTU4YHUMK Ta
HENiHINHO-ONTUYHMMK  BRAcTUBOCTAMM Takux MoriMepis
[03BOMNsie CTBOPOBATU (DOTOAKTUBHI MaTtepiany ons 3anu-
cy i 36epexeHHs1 ONTUYHOI iHdhopMaLlii.

B nitepatypi 3HauHy yBary npuaineHo BMBYEHHIO o-
TOOMTUYHMX NPOLECIB XapaKTepHUX ANS AUXpoiYHux baps-
HUKIB, Takux, K a300eH305bHi GapBHUKK, XPU3OdEHIHM,
cniponipaHu, nipokcaseHu, CTUnbOeHW Ta iHLWI CNOMyKK, Lo
KnacudikytoTbCs 3a CTPYKTYPHUMMK enemeHtamm [9]. 3Hau-
HO MeHLe yBaru npugineHo 2- i 4-ctupunxiHoniHam, ans
SIKUX OMMCaHO OCOBNMBOCTI NPOXOMXKEHHSA TpaHc-UMc ¢o-
Toi3oMepu3sadii Ta 3BOpOTHOro npouecy [2, 6]. HasBHicTb
[oaaTkoBuX (PyHKLiOHaNbHMX rpyn B MOMnekynax avapune-
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