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MPOU3BOAHBIE XUHOJIU3UANHOBOI'O AJIKAJIOUJIA (-)-IIUTU3UHA
C IPOTUBOTI'PUIIIO3HON AKTUBHOCTHIO

© A.B. I'anouxkuna, IL.P. IlerpoBa, A.B. KoBanbckas, WU.II. HsinbimeBa, B.B. 3apy6aes

ITo nanupiM Beemuphoii Opranuzanuu 3A1paBoOXpaHEeHUs! CMEPTHOCTh OT TPHIIA U BOSHUKAIOIIUX HA €ro
¢doue ocnoxHenuit coctapiser 6omee 200 000 cmydyaeB B rof, W, B OCHOBHOM — 3TO CMEPTHOCTh CPEIU JIFOACH
TOKIIIOTO BO3pacTa | AeTel. ['punm oTnudaeTcst BRICOKOW CKOPOCTBIO PaCIpOCTPaHESHHUsI, IPUBOISIICH K ATIHIe-
MHUSIM, U BO3HHKHOBEHHEM IITAMMOB BHpYyCa C JIEKAPCTBEHHOW pPE3UCTEHTHOCTHIO. Cpeau MeAMKaMEeHTO3HBIX
CPEICTB JieUeHUs] U MPOPUIAKTUKU TPUIINA JIUAUPYIOIIUE MO3UIUHN 3aHUMAIOT IIperaparsl, JeCTBYIOIINE HeTlo-
CPEICTBCHHO HAa BUPYCHYIO PENPOMYKIINIO — 3TO ApOnmon®, pUMaHTaIWH U aMaHTaIuH, 3aHamMuBup (PeneHna®),
ocenbTamMuBup (Tamudro®), nepamuBup (PanmakTa®) u mannHamuBup (MHaBup®), a Takke pa3pelicHHBIN B
2018 romy B Anonnu u CHIA banokcaBup map6okcuin (Kcodmy3a®). K HegocTaTkam nepedrciIeHHbIX Npenapa-
TOB MOXKHO OTHECTH: «y3KOe» TepaleBTUIECKOE OKHO (4acTh W3 HHUX I(PQEKTHBHA TONBKO HAa PAaHHUX CTAIUSIX
3apakeHus), OTpaHHUYCHYSI B IPUMECHEHNH, HAJTMYHE 3aMETHBIX MOOOYHBIX 3P PEKTOB, a TaKKe HE BCeraa yao0Has
roToBas JiekapcTBeHHas ¢opMma (HEKOTOpbIe MpemnapaTsl BhITycKaroTcs B ¢opMme aspososneit). [loatomy mouck u
pa3paboTKa HOBBIX IPOTHBOTPHIIIO3HBIX areHToB, Oojee d((EKTUBHBIX, HO JIMIICHHBIX NEPEUNCICHHBIX BBIIIE
HEJIOCTATKOB M OTPAaHUYCHUN, OCTAIOTCS aKTyaIbHOW 3a/auell METUITMHCKOMN, OPTaHMYEeCKOW XUMHUU U OTEYECT-
BEHHOTO 3/IpaBOOXpaHEHus. B To ke BpeMs B JieueHUH MH(PEKIIMOHHBIX 3a00JIeBaHH, BKIItOYas BUPYCHBIE, CYIIe-
CTBYET MHOTOBEKOBasl TPAIUIUs IPUMEHEHHS JIEKAPCTBEHHBIX PACTEHHM, 3HAYUTEIBHYIO YaCTh KOTOPBIX COCTAB-
JSIFOT ajnkajougoHockl. Tak, B ceMeiictBe Fabaceae (pacteHus, npuHaAIeKAIINE K STOMY CEMEICTBY, SIBISIOTCS
OCHOBHBIMU MPOJYLEHTAMH XHHOJIU3UIUHOBBIX aJIKaJOUI0B) HAWIEHO HECKOJIBKO POAOB, SKCTPAKTHl U UHIUBU-
JyalbHbIE KOMIIOHEHTBI KOTOPBIX MPOSBISIIOT BBICOKYIO MPOTHBOTPHUIITIO3HYIO aKTUBHOCTh. B HacTosiel padbote
MIPEICTABICHBI Pe3yIbTaThl CKPHHUHTA CIIOCOOHOCTH aMHUIOB, THO- M KapOOKCaMHUIOB XHHOJIM3HIMHOBOTO aKa-
jouaa (—)-IUTH3HHA MHIMOMPOBATh penpomykunio Bupyca rpumma A (HIN1), moaydenssie B 1abopaTOpru dKC-
nepuMeHTansHoil Bupycosioruu Cankr-llerepOyprekoro HUU smuaeMuonoruu u Mukpobuonorun umenu Ilacre-
pa. [lokazano, 10 u3 42 CHHTE3MPOBAHHBIX MPOU3BOIHBIX 3(P()EKTHBHO MONABIIIOT PEIIPOAYKIHNIO BUpyca C UH-
nexcamu ceneKTUBHOCTH (S1) ot 10 mo 59, 4To 3aMeTHO MPEBOCXOINT TAKOBOW IS TIpeTapara CpaBHEHHS PAMaH-
taguH (S| = 5), HO HIXKXe UHIEKCA CeNeKTUBHOCTH pubaBupuHa (S| = 67).

KitroueBsle c1oBa: XUHONIM3WANHOBBIE AlTKATOMIEI, (-)-IUTH3HMH, BUpyc rpumma A(H1N1).

Brenenue. ['punn — BupycHoe 3a0osieBaHue,
XapaKTEePHU3YIOIIEeCs] OCTPHIM HAYaJIOM, TSKECTHIO
MPOTEKaHUsl, BO3HUKHOBEHHEM OCJOXHEHHHA W
BBICOKUM YPOBHEM cMepTHOCTH. CKOpOCTh pac-
MPOCTPAaHEHUST W WCKIIOYUTENIbHAsS KOHTAruo3-
HOCTh BUpYyCa T'PHUIIA YacTO MPUBOIAT K BO3HHUK-
HOBCHMIO CE€30HHBIX BCIIBIIIEK STOr0 3a00JICBaHUS,
a mHorAa k maHgemusMm [1]. CpenctBa xumuorepa-
MU TPUNNO3HOH  MH(EKIUH, JIeHCTBYIOIIHE

HETIOCPEACTBEHHO HA OTIENIbHBIE (a3bl JKU3HEHHO-
ro IHMKJIa BUPYyca TPUIIA (3THOTPOIIHBIE IPOTUBO-
TPUNIO3HBIE Tpenaparbl) — HWHIMOUTOpPHI Tremar-
TJIIOTUHWHA, MOHHOTO KaHaia, WHTMOUTOPHI HEH-
pamuHuaasel win ¢pepmenra PHK-mommmepassl, a
TaKXke pUOaBUPUH — HYKJICO3UIHBIN aHAJOT C LIH-
POKHM CIEKTPOM MPOTHBOBUPYCHOTO JEWUCTBUS, B
HACTOsIIee BpeMs cuuTaloTcs Haubosiee 3ddek-
TUBHBIMH. Y UYHUTHIBAs BBICOKYIO CKOPOCTh MYTalUU
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XUMUA

BUpYCa, HAJIMYUE psijia MPOTUBOIIOKA3aHUN K IPH-
MEHEHHIO U 1000uHbIe ) (EeKThI [2], MOUCK HOBBIX
AHTUTPUNIO3HBIX areHTOB, HE OOJAJAIOMIUX Tepe-
YHUCIICHHBIMH BBIIIE HEZOCTATKAMH M OTpaHHYe-
HUSMH, C HOBBIMH MEXaHH3MaMH HPOTHBOBHPYC-
HOT'O JCHCTBHSA, OCTAaETCsl OJHOW M3 aKTyaJbHBIX
3agad B oOmactu pa3paboTku  3((PEeKTHUBHBIX
CPE/CTB XMMHOTEPANMH 3TOTO ONMACHOr0 HH(EK-
UOHHOTO 3a0oneBaHus. Tak, HeTaBHO OBLIO MOKa-
3aHO, YTO M «CBIPBIE» SKCTPAKTHI, © MHAUBHYalb-
HbIE KOMIIOHEHTHI, BBIJCJICHHBIE M3 TaKUX pacTe-
umii, kak Sophora, Acacia, Caragana wu
Thermopsis, npuHamIeKamux K ceMeicTBy 0000-
BoiX (Fabaceae), mposBisIOT BRIPRKESHHYIO aKTHB-
HOCTh B OoTHOIIeHHH BUpycoB rematutoB C (HCV)
u B (HBV), Bupyca mpocroro repmeca (HSV-I),
BUpyca uMMyHoaepunura yenoseka HIV-1 u Bu-
pyca rpurma A (H1N1) [3]. [lockonpKy pacTeHHs
cemeiictBa Fabaceae sBnsrorcst OCHOBHBIME TIPO-
TyIICHTaMH XUHOJM3UIUHOBBIX ajgkaaounoB [4], ¢
KOTOPBIMH MOTYT OBITH CBSI3aHBI BBINICYKa3aHHBIC
HPOTHUBOBHPYCHBIE CBONCTBA, IIOMCK HOBBIX ITPOTH-
BOTPHIIIO3HBIX areHTOB I1eJIecO00pa3Ho  BECTH
cpean HMX CHUHTCTHYCCKHUX IIPOU3BOJHBIX, B TOM
yucie U (—)-uutusuHa. TakuMm 00pa3om, CHHTE3
HOBBIX ITPOU3BOJHBLIX 3TOTO ajikajlouJa C Iapall-
JIeTPHOH OLEHKOW CIIOCOOHOCTH HWHTHOMPOBATh
penponykiuio Bupyca rpumma A (HIN1) moxer
cTaTh OgHMM W3 A(h()EKTHBHBIX BApHAHTOB pellle-
HUA 3aa49U CO3JJaHUA HOBBIX IIPOTHUBOTIPHUIIIIO3HBIX
areHTOB Ha OCHOBE BEILIECTB IMPUPOIHOTO IMPOHC-
XOXKICHHUS.

Pe3yabTaThl U uUX o0cy:kaeHue. Jns cuHTe-
THYECKHX TpaHCopMaIuii (—)-IUTH3WHA OBLIH BbI-
OpaHbl HanOosee NpocThie W APPEKTHBHBIE XUMH-
YecKHe MPeBpalleHust: IEKTPOPHIbHOE 3aMellIeHIe
B 2-NMPHIOHOBOM siipe (BBEIEHHE aTOMOB rajiore-
HOB WJIM HUTPO Tpymiisl B 9 w/umn 11 monoxenne) u
peaKnuy, TUIMYHbIE JJIsi BTOPHYHOW aMUHOTPYIIIThI
(BBEJICHUE AIKWIILHOTO, JIKEHWILHOTO, OCH3MIHHO-
ro, aMUAHOTO, THO- WM KapOoKcamMuaHOro ¢par-
MEHTOB B 3 TIOJIOKEHHE MCXOJHOW MOJIEKYIbI), UTO
NPUBENIO K MOJYYeHHIO OWOIMOTEK COOTBETCTBY-
IOIIMX MPOM3BOAHBIX 2-42 (puc. 1). N-3amemiennsie
NPOU3BOJHBIE  XHWHOJNM3WAWHOBOTO  ajKaJloMzaa
(-)-tuTi3uHa 2-6 OBUIM TOJYYEHBI MO M3BECTHBIM
JUTEPAaTYpHBIM METOAMKaM [5]; CHHTE3 aMHJOB U
kapOokcamuoB 7-26 omwmcaH Hamu panee [6, 7].
I'pynma THomMoueBuH 27-42 cUHTE3WpOBaHA MyTEM
AHAJIOTMYHBIX XUMUYECKUX TpaHCc(opMaIuii.
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Jlns m3ydeHusi BUPYC-UHTHOUPYIOIICH aKTHB-
HOCTH BCE€X CHHTE3UPOBAHHBIX NPOU3BOJIHBIX HC-
MOJIb30BAIIH mTaMmm BUpYCa rpunmna
A/California/07/09(H1N1)pdm09, nonyuyeHHbIi U3
LlenTpa 1o KOHTPOJIIO 3a 3abojeBaecMocThio (CDC,
Atlanta, USA). B kauecTBe npenapatoB CpaBHEHUS
ObuTK BBIOpaHBI pUMAaHTaAMH U PUOABUPHH B COOT-
BETCTBUU C WX YMEPEHHOUW M BBICOKOH 3PQeKTHB-
HOCTBIO; METOJWKU MPOBEACHHS SKCICPUMEHTOB
onucansl B [8, 9]. AKTUBHOCTb COCAMHEHUI oOIle-
HUBaJM Ha OCHOBaHWHU BenwunH ux 50% wHTHOH-
pyromux konunentpamuii (ICsp) n MHIEKCA Ccenek-
tuBHOCTU Sl (oTHOMmIEHHE CCsy (50% nMTOTOKCH-
yeckas KoHueHTtpaims) K 1Csp).

B pesynprare NmpoBENEHHBIX 3KCIEPUMEH-
TOB YCTaHOBJIEHO, 4TO u3 42 coeauuenuii 10 00-
pasuoB — 4, 15, 16, 18, 19, 21, 32, 33 u 40 — un-
THOUPYIOT pENpOAYKIMI0 BHUpyca rpumma A
(HIN1) co 3nauyenusmu ICso ot 5.0 mo 27 uM
(puc. 2). OTu 3Ha4YEHHUS 3aMETHO HU)KE COOTBET-
cTByromux aius pumanraguna (Cso = 44.5 uM) u
pubaBupuna (I1Cs0 = 32.5 uM). OgHaKOo MHAEKCHI
CEJICKTUBHOCTH, YYHMTHIBAIOUINE BKJAJ IHUTOTOK-
CHYECKHUX CBOMCTB coennHenuii 4, 15, 16, 18, 19,
21, 32, 33 u 40, mvaxonarcs B uHTEepBaie ot 10 no
59, 4TO CyIIECTBEHHO MPEBOCXOIUT TAKOBOW ISt
pumanTaauna (S| = 5), HO HIKe MHIEKCA CeeK-
tuBHOCTH pubaBupuHa (Sl = 67). B To xe Bpems
HEOOXOJUMO OTMETHTh, YTO MPOU3BOJHBIE Ha 15
1 16 ¢ amMIMOYeBUHHBIM M ()EHUIMOYEBUHHBIM
¢parMeHTaMu B 9 MONOXEHUH MCXOIHON Moe-
KyJbl (puc. 2) SBISIOTCSA aOCONIOTHBIMU JIHIEPa-
mu  (‘hit-compounds’) cpenu NPOU3BOIHBIX
(-)-umtusuna 2-42. WHACKCH CEIEKTUBHOCTH
9-kap6okcoamunoB 15 u 16 cocrasnstor 59 u 47
COOTBETCTBEHHO.

3axioyenue. Takum 00pazoM, HOTy4EHHbIE
B pe3yJIbTaTe OMOJIOTHYECKOI'0 CKPUHHUHTA JaHHBIE
O BBICOKOH NPOTHUBOTPUIIIO3HON aKTUBHOCTH HeE-
KOTOPBIX THO- MU KapOOKCaMHUIOB (—)-IIUTH3MHA
MOJATBEPAMIIN IEPCIEKTUBHOCTh BBIOPAHHBIX Ha-
NpaBJIeHUH ero XWMHUYECKUX TpaHcopManmii u
MOTYT CIIy>)KMUTb OCHOBAaHHMEM JUIsl AAJIbHEUIIEro
HalpaBIEHHOTO TOHCKAa HOBBIX 3 (PEKTHUBHBIX
CPEACTB Il XMMMOTEpAIMU 3TOr0 COLHUAIIBHO-
3HAYMMOTO WHEKIIMOHHOTO 3a00JIeBaHUsI.

Paboma svinornena npu noddepocxke PODHU,
npoexm Ne 18-33-00877 mon_a.
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R!=H, R?=H, R3= (CO)NHAII (10);
R!'=H, R?=H, R®=(CO)NHPh (11);
R!=H, R?=H, R®=(CO)NHAd (12);
R!=H, R?=H, R®=(CO)NH(CH,),OH (13);
R! = NH(CO)NHAII, R?=H, R®=Me (15);
R! = NH(CO)NHPh, R?=H, R®= Me (16);
R!= NO,, R? = H, R® = (CO)NHAII (17);

R'=H, R?= H, R®=(CS)NH, (27);
R!=H, R?= H, R® = (CS)NHAII (28);
R'=H, R?= H, R® = (CS)NHPh (29);
R!=H, R?= H, R® = (CS)NHAd (20);
R!=H, R?= H, R® = (CS)NH(CO)Ph (31);
R= NO,, R? = H, R® = (CS)NHAII (32);
R= NO,, R? = H, R® = (CS)NHPh (33);

o 142 R!= Br, R2= H, R3 = (CO)NHAII (18); R'=Br, R?= H, R®= (CS)NHAII (34);
RI=R? = H (1) Rl= H, R2= Br, R®= (CO)NHPh (19); Ri:Br, R§= H, R:=(CS)NHPh (35);
(-)-waTusIH RI= Br, RZ= H, R®= (CO)NHA (20); R™=Br, R*= H, R* = (CS)NHA (36);

Rl= Br, R2= Br, R® = (CO)NHAII (21); R'=Br, R?= Br, R®= (CS)NHAII (37);

Rl= Br, R?= Br, R®= (CO)NHPh (22); R'=Br, R?= Br, R?= (CS)NHPh (38);

Rl= Br, R2= Br, R®= (CO)NHAd (23); R'=Br, R?= Br,R®= (CS)NHAd (39);
RI=H,R?=H, R3=Me (2); R'=H, R?= Cl, R®= (CO)NHAII (24); R'=H, R?= CI, R%= (CS)NHAII (40);
RI=H, R2=H,R®= All (3); R!= H, R?= CI, R®= (CO)NHPh (25); R'=H, R?= CI,R®= (CS)NHPh (41);
Rl=H, R2=H, R®=Bn(4); R'=H, R2= CI, R3= (CO)NHAd (26); Rl=H, R?= CI, R® = (CS)NHAd (42).

R!'=H R?=H, R*=Ac (5);

Puc. 1. (-)-Iutusun 1 u ero npousBomusie 2-42

PrmanTamm

ICu=445 ph, 31 =5

Q
ICq =197 uh 51= 59

s
g Al PR

0. H

012 =121 pM, 51= 25

O I25p=23 ph, 51 =12

PriiaBHD HH

IC5 =325 ph 31 =67

O Cg=27pM,51=12

T

O ICqn=25phd 5I=14

3
MN.‘J'LN,-%,-;-
H 32

O ICgp=263uM,5I=11

Puc. 2. AKTUBHOCTh pUMaHTaInHA, pUOABUPHUHA U HEKOTOPBIX MPOU3BOAHBIX (—)-IUTH3MHA B OTHOLICHHU BHpYCa

rpunma A/California/07/09(H1N1)pdm09
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DERIVATIVES OF QUINOLIZIDINE ALKALOID (-)-CYTISINE
WITH ANTI-INFLUENZA ACTIVITY

© A.V. Galochkina®, P.R. Petrova’, A.V. Koval’skaya®, I.P. Tsypysheva? V.V. Zarubaev'

!Saint-Petersburg Pasteur Institute,
15, ulitsa Bolshaya Monetnaya, 197101, St. Petersburg, Russian Federation

2Ufa Institute of Chemistry — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

According to the World Health Organization data, mortality from influenza and its complications is more than
200 000 cases per year, and mortality among an elderly and children is the main contribution. The high rate of infection
expansion leading to epidemics, as well as the emergence of strains of viruses with drug resistance, are a feature of in-
fluenza. A set of drugs for the treatment and prevention of influenza is wide enough, but the drugs that act directly on
viral reproduction stay at the leading positions of influenza therapy. There are Arbidol®, rimantadine (o.— methyl-1-
adamantyl-methylamine hydrochloride) and amantadine (1-aminoadamantane), zanamivir (Relenza®), oseltamivir
(Tamiflu®), peramivir (Rapiacta®) and laninamivir (Inavir®), and at last Baloxavir marboxyl (Xoflusa®) allowed to
using in 2018 in Japan and United States. ‘Narrow therapeutic window’ (some of them are effective for first stage of
infection), restrictions in the application, the presence of noticeable side effects, as well as uncomfortable finished dos-
age form (some drugs are available only as aerosols) can be attributed to the shortcomings of listed drugs. Therefore,
the search and development of new and more effective anti-influenza agents without such shortcomings and limitations
are an urgent task of medicinal, organic chemistry and national health. At the same time, the centuries-old tradition of
using medicinal plants (a significant part of which are alkaloid-containing) exists in the treatment of infectious viral
diseases. Indeed, a few genera of plants, extracts and individual components of which exhibit a high antiviral and anti-
influenza activity, was found in the Fabaceae family (plants of this family are the main producers of quinolizidine alka-
loids). The results of screening of the ability of amides, tio — and carboxamides of giunolizidine alkaloid (-)-cytisine to
inhibit the reproduction of influenza A/California/07/09(H1N21)pdm09 virus, performed in the laboratory of experi-
mental virology of the research Pasteur Institute of epidemiology and microbiology (St. Petersburg) are presented in this
research. It was shown that 10 of 42 synthesized derivatives effectively inhibit virus reproduction with selectivity in-
dexes (SI) from 10 to 59, which is significantly higher than that for the reference drug rimantadine (SI = 5), but below
the ribavirin selectivity index (S1 = 67).

Key words: quinolizidine alkaloids, (-)-cytisine, influenza A (H1N1) virus.
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