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PapukanbHOI cononuMmepusanueii Kymapria ¢ N-suHwiaMuaaMu (N-BUHWITTMPPOIUIAOH, N-meTui-N-
BUHWILeTaMU I, N-BUHUI(GOPMaMUI) CUHTE3UPOBAHBI COMTOJIMMEPHI Pa3JIMYHOIO COCTaBa U BApbUPYEeMOid
MOJIEKYJISIPHOM MacCoii, TOCAEAYIOIIUMU PEAKLIUSIMHU B LIETISIX KOTOPBIX MOJIYYEHbI BOJIOPACTBOPUMBIE CO-
MMOJIUMEPBI COJIeil OKCUMKOPUYHOM KMCIIOTHI U ee TuapasuaoB. ConoJumepsl coleil u TUIAPpa3uaoB OKCUKO-
PUYHOM KUCIOTHI ¢ N-BUHWIAMHUIAMM UMEIOT HU3KYIO [IUTOTOKCUYHOCTb W TIPOSIBJISIIOT BBIPAXKEHHYIO
MMPOTUBOBUPYCHYIO aKTUBHOCTH B OTHOILIEHUM PECIIMPATOPHO-CUHIIMTUATILHOTO BUpYyca yeoBeka A2.
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PecriupaTopHble ce30HHBIC BUPYCHBIE MH( KLU
SIBJISIFOTCSI BaXKHOI Mpo0OJieMoii 3gpaBooxpaHeHus. B
9TUX YCIOBUSX BBICOKA IMOTPEOHOCTh B 3((PEKTUB-
HBIX CpEICTBax IPOTHUBOBUPYCHONM XUMUOTEpAIIVM.
Co3gaHne HOBBIX HETOKCUYHBIX IMPOTUBOBUPYCHBIX
rnpenapaTroB HecHelUdPUIECKOro NeiCTBUSI B OTHO-
IIIEHUM BUPYCOB Pa3HbIX I'PYIII SBJISETCS aKTyajlb-
HOM 3amadeii.

B nmocnennue mecsATuiaeTUsi BHUMaHUE UCCIENO-
BaTeJicii IIPUBJIEUYEHO K ITOMCKY IIPOTUBOBUPYCHBIX
BEILIECTB CPeIY BBICOKOMOJIEKYISIPHBIX COeAMHEHUIA.
ITpoTBOBUpPYCHAsI aKTUBHOCTh OOHAapyKeHa y 00JIb-
IIIOTO YMCJIAa Pa3/IMYHBIX MPUPOMTHBLIX Y1 CUHTETUYEC-
CKUX TIOJIMMEPOB: AQHWOHHBIX ITOJIUIJIEKTPOJIUTOB,
coaepxaiux pocooHaTHbie, PocdaTHbIC, KAPOOK-
CUJIBHBIC U CyNIb(o-rpynnsl [1—4], y TOJIMKaTUOHOB
[5, 6], comepxaliux aMMHO- 1 aMMOHMEBbBIE TPYIIIIbI
U neHapumepos [7, 8].

HanGonplnii MHTepeC BLI3bIBAIOT AaHMOHHBIE MO-
JINBJICKTPOIUTHI, MAKPOMOJIEKYJIBI KOTOPBIX CITOCO0-
HBI OJIOKMPOBATh B3aUMOJIeiICTBE BUPUOHOB C KJIET-
KaMU, TIPETSTCTBYS X MHOUIPOBaHUIO [6].

HCJ'II)IO HACTOSIILIEr0 MUCCASAOBAaHUS ObLI CUHTE3
HOBBIX BOOJOPACTBOPUMBIX ITOJIMAHNMOHOB HAa OCHOBEC
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N-BuHwiaMuaoB (BA) U OKCHMKOPUYHOI KMCJIOTHI
(OK)), comepzkamux KapOOKCHIbHBIE, TUIPa3UITHBIC
1 (peHOIbHBIE TPYIIMHI, a TAKKEe OLIEHKA UX IIMTOTOK -
CUYHOCTH U MPOTUBOBUPYCHOI aKTMBHOCTU Ha KJie-
TOYHOI KYJIbTYp€ B OTHOILLIEHUM PECTTUPATOPHO-CUH-
LIMTUAJILHOTO BUpYcCa YeoBeKa.

CuHHTE3 COMOJUMEpPOB MPOBOAWIU B JIBE CTaAuU
Ha OCHOBE paHee pa3padoTaHHBIX HAMU METOOUK [9].
Ha niepBoii craguu (cxema 1, peakuus A) IIpOBOIMIN
panIuKajbHYIO COMOJIMMEPU3ALIMIO B Macce KyMapu-
Ha (K) ¢ N-BuHunamugamu — N-BUHWJINUPPOJIUIO-
HoM (BII), N-Bunundopmamugom (BDA) u N-me-
- N-sBununauetamuaoM (MBAA). Cononnmepu-
3allii0 BeJIM B Macce B MHEPTHOI atmocdepe Tpu
65°C B TeueHune 24 4 B MPUCYTCTBUU NTUHUTPUIA
azobucuszomMacisiHon kuciaotrel (JIAK) B kadectBe
nHumaropa. CoroJmMepbl OYUILaIn OT Herpopea-
TUPOBABIIUX KOMITOHEHTOB OCaX/IEHUEM U3 PacTBO-
pa B numetuindopmamuae (JIM®DA) B TUSTUIOBBII
ahup uim attetoH. OTaeasIM Ha GUIbTPE U CYIIIN
MOJl BAKYYMOM JIO TIOCTOSTHHOM MaccCHhl.

VYcinoBus cornoavMepusaliii M XapaKTepUCTUKU
CHUHTE3UPOBaHHBIX comoauMepoB BA-K mpencras-
JIeHbI B TabI. 1.

CrpoeHue conoimMmepoB BA-K moarBep:kmanm
MmetogamMu MK-, Y- cnekrpockonuein. MK-cnek-
Tpbl peructpupoBaiu Ha MK-Dypbe-criekTpodhoTo-
metpe Vertex-70 (Bruker, I'epmanust) ¢ mpucraBKoii
ATR (Pike, CIIIA). Monoca ¢ yacrotoir 1660 cm~!,
oTHocsmascs kK C=0-rpyrne amMmuaa, MoaATBEPKAAET
HaJl4yue B COMOJIUMEPE 3BE€HbEB N-BUHUIAMUIOB, a
rosioca ¢ yactoroi 1765 cm~!, oTHOcAIasACA K TpyIi-
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Cxema 1

ne C=0 1akKTOHHOTO LIMKJIa, IMTOATBEPKIacT HATNIe
B COITOJIMMEpE 3BeHbeB KyMapuHa (puc. 1, cnexTp ).

Y®-cnieKTpbl peTUCTPUPOBAIN Ha CIEKTPODOTO-
metpe Shimadzu UV-1280 (Amonms).

CocTaB IPOMYKTOB OIPEISIISUIN TI0 JAHHBIM 3JIe-
MEHTHOTO aHajm3a Ha a30T, Y®dD-crneKTpoCcKONnu
PU Aoy = 266.5 HM, a TaKKe 06PaTHOTO TUTPOBAHUS
COOH -rpymir nociie pacKphITUS JJAKTOHHOTO LKA
3BeHa KyMapuHa Irof nevictBueM 0.1 H BOMHOTO pac-
tBopa NaOH. MonekynsapHyto Maccy My, 1 xapakTte-
PUCTUYECKYIO BSI3KOCTh [1)] OINpemesuii MeTOIOM
cBetopaccessaus B IMCO.

Ha BTopoii ctamny mpoBOAUIIM PACKPHITUE JaK-
TOHHOTO IUKJIAa PEaKUMSIMHU IIESJIOYHOTO TUIPOJIN3a
(cxema 1, peakuus B) u runpasunHonusa (cxema 1, pe-

akuus C). Ilenounoii ruaponus comnojumepoB BA-K
ocyuectBiasuiv 0.1 H BomHbIM pacTBopoM NaOH nipu
40—50°C. LeneBoii comoanmep OKCUKOPUIHOI KHC-
Jotel (OK) ¢ N-BUHWIAaMUAOM BbIAESUIN TTOAKUCIIE-
HUeM peakLMoHHOI Macchl 0.1 H BOIHBIM PacTBOPOM
HCI, BpinaBmuii mpoayKT OT(GUIBTPOBBIBAIN U CY-
m. Heiitpanuzamuein BA-OK  rupgpoxkcumamu
NaOH, KOH u NH,OH nonyyaiu BonopacTBOpu-
Mble cojiu comoguMmepoB. CocTaB COMOJUMEPOB
BA-OK omnpenenstiin moTeHIMOMETPUYECKUM TUT-
pOBaHMEM, a CTpPOEHUE MOATBEPXIAJIU MeTodaMu
K- u YD-criektpockonuu. Ha packpbiTre 1aKTOH-
Horo uukia u obpazoBanue OK yka3biBaeT OTCyT-
crBue B MK-criekTpe 1mojiochl ¢ MAKCUMYMOM TpU
1765 cm~!, cooTBeTcTByIOLLIEH TpymnIie C=0 JaKkToHa,

Ta6muua 1. YcnoBust cMHTE3a U XapaKTepUCTUKU COMOJIMMEPOB KymapuHa ¢ N-BuHuiamugamu, T = 65°C

YcnoBust conoJMuMepu3aluu XapaKTepuCcTHUKa COMOJIUMEPOB
Mgl : [Mgal,
BA [Mic] = [Mp,] Brixon, % Cra’s Mac. % | [Mgl, mon. % | [Mpal, Mon. % | My, x 107
Mo1.%
BIT 50:50 86 3 46 54 57
30:70 83 3 36 64 63
10:90 89 3 11 89 74
BDOA 17 : 83 84 1 16 84 130
50:50 69 1 41 59 73
MBAA 10:90 78 3 13 87 40
50:50 77 3 38 62 45
a Crak — KoHIeHTpalus nHULaTopa.
JIOKJIAIBI POCCUNICKOM AKAIEMUU HAYK. XUMUS, HAYKU O MATEPUAJIAX  Ttom 513 2023
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u nogBiaeHue 1ojiockl C=0-cBsA31 KapOOKCHMILHOM
rpyrnsl pu 1720 e~ wim nosocsl pu 1569 cm~!
C=0-cBsa3u kapookcuiaT-uoHa (puc. 1, cnexrp 2).
Ha Y®-cnekTpe 1mmojoca ¢ MaKCMMyMOM Ipu 276 HM
YKa3bIBaeT Ha HaInuue (heHOJIbHON IPYIIIbIL.

IT'mapasuHoOIN3 COMOJIMMEPOB IMTPOBOJIUIIU B CITUP-
TOBOM pacTBOpe 2-X KpaTHBIM M30BITKOM TUApaTa
ruapasyvHa IIpyu KOMHATHOM TeMIlepaType B TeUeHUe
24 4. I[TonyyenHble runpa3uabl OK ounmianm nuanm-
30M ITPOTUB BOJbI U BBIAEISIIM METOAOM JTMODUIN3A-
uuu. PopMUpoBaHUE TMOJUTUAPAZUAOB TOATBEP-
KnaeTcss oTcyrcTBueM Ha MK-cnekTpe mosiochl ¢
MakcumymoM 1ipu 1765 cm~! rpyninet C=0 nakrtoHa u
MOSIBJIEHMEM LLIUPOKO rostockl mpu 3300 cM~!, cooT-
BeTcTBytoneil rpynne NH, (puc. 1, cnektp 3). Co-
Jiep>XKaHue TUIpa3uIHBbIX TPYII B COIMOJMMEpax
OIpeAesiu HOJOMETPUUECKUM METOIOM.

VcnoBusg cuHTE3a CONOJUMMEPOB OKCUKOPUYHOM
KMCJIOTHI U €€ TUApa3ugoB ¢ N-BUHUJIAMHUAAMU, UX
XapaKTePUCTUKU U JAHHBIE O LIMTOTOKCUYHOCTH U
IIPOTUBOBUPYCHON aKTUBHOCTU IIPEACTaBJICHbI B
Tabn. 2.

Hns onpeneaeHust IUTOTOKCUYHOCTH (50% 1uTo-
tokcuyHag no3a LIT/s, — no3a npenapara, BbI3bIBa-
[olasi TMoejb IMOJIOBUHBI KJIETOK) U IIPOTUBOBUPYC-
HOM akTUBHOCTU (cpenHsis addexkTruBHas 1o3a O, —
Jlo3a TIperaparta, KOTopasi YMEHbIIaeT KOJIUYEeCTBO
BUpyca Ha 50%) MCITOIb30BaJIi KJIETOYHYIO KYJIBTYPY
HEp-2 (sinnaepMounmHas KapIimHOMa TOPTaHU YeJio-
Beka). [IpoTUBOBUPYCHYIO aKTUBHOCTh OLICHUBAJIM C
HWCHOJIb30BaHUEM pPECHUPATOPHO-CUHINTUAIBHOTO
BUpyca 4JejioBeka, mramMmm A-2. Ilokasarens 1IMTO-
tokcuyHoctu LIT/I5, cornoanmMepoB omnpenesisiiv o
XKM3HECMIOCOOHOCTH KJIETOK IIPY IOMOIIM MMKPO-

N ——

1 1
3500 3000 2500 2000 1500 1000
BonHoBoe uucio, cm™!

Puc. 1. UK-cniekrprl cormormmepos: BIT-K (7), BIT-OK (2),
BIT-runpaszug OK (3).

TeTpa3oHueBoro Tecra [10], a IpOTUBOBUPYCHYIO aK-
TUBHOCTh — MMMYHO(MEPMEHTHBIM aHaim3oM [11].
Kputeprem olieHKU TPOTUBOBUPYCHOM aKTUBHOCTU
SIBJISIETCSI CTATUCTUYECKU 3HAYMMOE CHIDKCHUE TUT-
pa BUpyca B KJIeTKaxX B MPUCYTCTBUM MOJMMEpa TI0
CpaBHEHUIO ¢ KOHTposieM. Ha ocHOBe 3THX JaHHBIX
npoBoauu pacuet D5, [lepcnekTMBHOCTb MpUMe-
HEHUSI CUHTE3UPOBAHHBIX TOJUMEPOB B KayecTBE
MPOTHBOBUPYCHBIX CPENCTB OLIEHUBAIN MO0 UHIEKCY
cenektuBHocTH (MC) — otHomenuto LITHs,/Dds;
BenlectBa, nmerome MC 6omee 10, cunranuce mep-
CIIEKTUBHBIMU [12]. Pe3ynbTaThl OMOIOTUYECKUX TE-
CTOB MpeACTaBIeHBI B Ta0. 2.

YcTaHOBJIEHO, YTO BCE CMHTE3MPOBAaHHEIC MOJIH-
MEpbl — COJIM U TUAPA3UAbLI COMOJUMEPOB OKCUKO-
PUYHOI KHUCIOTHI ¢ N-BUHUJIAMUIAMU IIPOSIBISIIOT
BBICOKYIO IPOTUBOBUPYCHYIO AKTUBHOCTb B OTHOIIIE-
HUM PECIUPATOPHO-CUHLIUTUATBLHOTIO BUPYCa Yeslo-
Beka. [IpotnBoBUpYCHAsE aKTUBHOCTD, LIUTOTOKCHUY-
HOCTb, a Takxke 3HaueHre MMC B OCHOBHOM oIlpene-
JISIIOTCSI COCTABOM COMOJIMMEPOB. DTU TloKazaTelu

Ta6aumna 2. YcIoBUsI CUHTE3a COMOJIMMEPOB OKCUKOPUYHOMN KUCIIOTHI, €€ COJIei U TMIPpa3suaoB ¢ N-BUHWIAMUIAMU U UX

IIPOTUBOBUPYCHAasA aKTUBHOCTb

oA CocraB BA-OK, mon. % T;iiiia;yia - [n]é.sl(; o LT/, Dl e
BA OK oC ! Mkr M~ | MKr !
Conu OK
BI1 56 44 60 NH, 0.26 1000 3.7 270
59 41 60 K 0.21 345 2.6 130
89 11 70 K 0.27 1000 300 3.3
B®A 83 17 22 Na 0.42 1000 3.7 270
59 41 22 Na 0.2 220 2.5 90
MBAA 87 13 22 Na 0.27 570 2.5 228
62 38 22 K 0.2 345 2.7 128
Imapasuaer OK
BII 73 27 22 — 0.46 420 12.5 34
MBAA 89 11 22 — 0.17 525 5.1 100
¢ NC — MHIEKC CEIEKTUBHOCTH.
JOKJIAIBI POCCUNCKON AKAJEMUUN HAYK. XUMUS, HAYKU O MATEPUAJIAX  tom 513 2023
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BO3PACTAaIOT C TTOBBIIIIEHNEM COAEePKaHMsI OKCUKOPII-
HOM KUCJIOTBI U JOCTUTalOT CBOEr0 MAaKCUMAaIbHOTO
3HAYEHWSI TIPU TIpeneTbHOM comepkanuu 40—45 moi. %
KHCIOTBI B conoymMepax. OmHAKO ITMTOTOKCHY-
HOCTb OcTaeTcs ymMmepeHHoi. CiienyeT OTMETUTh OT-
CYTCTBUE CYIIECTBEHHOTO BJIMSIHUSI Ha OMOJOrnye-
CKYIO aKTUBHOCTb XHUMHWYECKOTO CTPOCHUST N-BUHWII-
aMUIOB M 3aMEHBl B COIOJIMMEpPaxX KapOOKCUIHLHOM
IPYINbl HA TUAPA3UIHYIO, a TakKKe MOJIEKYJISpPHOi
MaccChl COTIOJIMMEPOB B MCCJIEIOBAHHOM IHMAITa30HE
MOJIEKYJISIPHBIX Macc.

SAKJIIOYEHHME

CuHTEe3MpOBaHbl HOBBIE COIOJIMMEPHLI N-BUHUII-
amMuaoB (N-BUHWINUPPOJIUOOHA, N-BUHMIDOpMA-
Muaa u N-MeTwi- N-BUHMWIAlleTaMKUIa) C KymMapu-
HOM, a TaKXKe C OKCUKOPUYHOII KMCJIOTOI U ee THUJI-
pa3umaMu, Kak ITOTeHLMAaIbHbIe (QDYHKIIMOHAIbHBIE
MOJIMMEPBI-HOCUTEN, OO0JIagaloIIe MTPOTUBOBUPYC-
HOIT akTUBHOCTHIO. [ToKa3aHa BO3MOXHOCTb ITOTyYe-
HUSI CONOJIMMEPOB KyMapHiHa pa3HOI'O COCTaBa U MOJIe-
KyJIIpHOM Macchl. PeakiiysiMu B LIETISIX COITOJIMMEPOB
BA-K cuHTe3upoBaiy CONOJIMMEPbl OKCUKOPUYHOMN
KHMCJIOTHL M €€ TUApa3uabl ¢ N-BUHUIaAMHUAAMU, KOTO-
phIe XapaKTepU3YIOTCS HU3KOKM IMUTOTOKCUYHOCTBIO
Y BbIPaXXeHHOII MPOTUBOBUPYCHOI aKTUBHOCTBHIO B
OTHOIIIEHNH PECIIMPATOPHO-CUHIIUTUAILHOIO BUPY-
ca 4YeJoBeKa. YCTaHOBJIEHO, UYTO B MCCJACIOBAaHHOM
JIMara3oHe MOJIEKYJISIPHBIX Macc COIOJIMMEPOB 3Ha-
YeHMsI IToKa3aTeleil MX IMTOTOKCUYHOCTHU U IIPOTU-
BOBUPYCHOI1 aKTUBHOCTHU 3aBUCSIT B OCHOBHOM OT CO-
JIep>KaHUsI OKCUKOPUYHOM KUCIIOThI WJIY €€ TUAPa3U-
Jla, TOrma KakK BIUSIHUE CTpOoeHMs N-BUHWIAMHUOA U
MOJICKYJISIpPHOM Macchl MeHee BhipaxkeHo. ITomydeH-
HBIE Pe3yJIbTaThl CBUAETEILCTBYIOT O BBICOKOM IIPO-
TUBOBUPYCHOM MHOTEHIIMAJIE CUHTE3MPOBAHHBIX I10-
JIMMEPOB M YKa3bIBalOT Ha IIeJIECOOOPa3HOCTh HX
yIJIyOJIEHHOTO U3YyYEeHUSI.

NCTOYHUKUN OPUHAHCHPOBAHUA

Pabora BbIMoJTHEHa B paMKaX rocy1apCTBEHHOTO 3a/1a-
Husa MHCTUTYTa BBICOKOMOJIEKYJISIPHBIX cCoeqnHeHn i Poc-
CUIMCKO akameMuM HayK (perucTpallMOHHBIA HOMEp
122012100171-8 “HaHocTpyKTypupoBaHue M MoaucbukKa-
1IUsT OMOJIOTMYECKN aKTUBHBIX BEIIECTB CUHTETUYECKUMM
U OPUPOAHBIMU IToJIMMepaMu’), mpu (UHAHCOBOU MOMA-
nepxkke MuHUCTepCcTBa 3apaBooxpaHeHusi Poccuiickoii
denepannu (tema per. Ne HUOKTP 8 ETUCY HUOKTP
121051900142-0 “T'eHeTHyeckass U aHTUIEHHas Bapua-
0GeJIbHOCTh COBPEMEHHBIX IIITAMMOB PECITMPATOPHO-CUH-
muTHaIbHbIX BUpycoB (PCB), mupkynupyommx Ha Tep-
putopuu Poccuiickoit @enepaunn’).

COBJIIOAEHUE 5TUYECKHUX CTAHOAPTOB

B nmanHoit paboTe ucciaegoBaHUS Ha JIIOOSX WU K-
BOTHBIX HE TIPOBOAUIIUCE.

JOKJAIBI POCCUMCKOM AKAJTEMUU HAYK. XMW, HAVKU O MATEPHAJIAX

KOH®JIMKT MHTEPECOB

ABTOpbI JaHHOU padoOTHI 3asBJISIIOT 00 OTCYTCTBUU
KOH(JIMKTAa UHTEPECOB.
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SYNTHESIS AND ANTIVIRAL ACTIVITY OF COPOLYMERS
OF OXYCINNAMIC ACID WITH N-VINYLAMIDES

N. A. Nesterova®*, A. A. Shtro®, and Corresponding Member of the RAS E. F. Panarin®
4 [nstitute of Macromolecular Compounds, Russian Academy of Sciences, 199004 Saint Petersburg, Russian Federation
bSmorodintsev Research Institute of Influenza, Russian Ministry of Health, 197376 Saint Petersburg, Russian Federation
#E-mail: lab.2305@mail.ru

Radical copolymerization of coumarin with N-vinylamides (N-vinylpyrrolidone, N-methyl- N-vinylacet-
amide, N-vinylformamide) was used to prepare copolymers of various natures and varied molecular masses.
After the subsequent reactions in polymer chains, water-soluble copolymers of salts of oxycinnamic acid and
its hydrazides were obtained. The synthesized copolymers of salts and hydrazides of oxycinnamic acid with
N-vinylamides have low cytotoxicity and demonstrate the pronounced antiviral activity against human respi-
ratory syncytial virus (strain A2).
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