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CuHTe31upOBaHbI HOBbIE COCIMHEHMSI HA OCHOBE MOJIEKYJ JIEKapCTBEHHBIX ITperapaToB MEMaHTHUHA U 3/1a-
paBoHa. BBISIBIEHO, UTO ITOMUMO CIIOCOOHOCTH OJIOKMPOBAaTh BHYTPUKaHaIbHbII caiiT NMDA-penenTo-
POB HOBbIE TUOPUIHBIE COETUHEHUS TIPOSIBIISIIOT CBOMCTBO 0JIOKATOPOB ajutocTepuyeckoro caiitta NMDA-
peLenTopoB, He TIpUcylliee MEMAHTUHY U 31apaBoHy. OnpeaeneHo Haubosiee aKTUBHOE COeIUHEHUE-JTU -
Iiep, KOTOpOe KOTOPHI HapsiAy CO CBOMCTBaMM O10KaTopa AByx cailToB NM DA-penienitopa mposiB/IsIET BbI-
PaXXeHHYI0 aKTUBHOCTb B KaU€CTBE MHTMOUTOpA MEPEKUCHOTO OKUCIEHUS JTUTIUAO0B MON00HO mpenapary
31apaBOH.
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M3BecTHO, 4TO OOJNBIIMHCTBO HEUpoaereHepa-
TUBHBIX 3a0o0ieBaHuil (H3) UMeIoT CIIOXHYI0O MYJTb-
tudakTopHyio npupoxay [1]. Tak, BaxkHBEIM dakKTo-
pPOM pPa3BUTUSI OOKOBOTO aMUOTPO(PUUECKOTO CKIIE-
po3a (bAC) u 6one3nu Anbireiimepa (bA), Hapsiny ¢
MpolieccaMy TMaTOJOTMYECKOM arperaiydu omnpeae-
JICHHBIX O€JIKOB, SIBJSIETCS HapylleHue QYHKIM
HEepOMeIUMaTOPHBIX CUCTEM, B YACTHOCTH, Pa3BUTUE
9KCAUTOTOKCUYECKUX TIPOLECCOB, B XONIE KOTOPBIX
MPOMCXOAUT TUIIEPAKTHMBALIMS MIOHOTPOMNHBIX IJIyTa-
MaTHBIX peuenTopoB [2, 3]. [Ipu atom NMDA-non-
THII TTyTaMaTHBIX PELIeTITOPOB pacCMaTpUBAeTCs KakK
MepCcrneKTUBHAs MUILEHb JJIsl CO3JaHusl Heponpo-
TEKTOPHBIX Mpernaparos [4, 5]. [Tpenapatr MeMaHTUH —
Hn3koadduHHEIN 6;10Katop NMDA-perienTopoB —
SIBJISIETCS OMHUM M3 HauboJiee aKTUBHO MpUMeEHse-
MBIX IIpernaparoB s JieueHust BA [6], a Takke pac-
CMaTpUBAETCs B KaueCTBE BO3MOXKHOTIO CPECTBA Jie-
yenust bAC [7]. YcraHoBIeHO, 4TO 00a 3THUX 3a00J1e-
BaHusa (BAC m BA) cBsizaHBI TakXe C pa3BUTHUEM
OKUCJIUTEJILHOTO CTpecca, MIPUBOSIIETO, B YaCTHO-
CTH, K TIepeKMCHOMY okuciieHuto aunuaoB (ITOJI)
MeMOpaH KJIETOK HepBHOI cucTeMsl [8]. s neue-
Husi BAC B HacTtosiiee BpeMsl MPUMEHSIIOTCS Ba
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npobaem xumuueckoi puzuxu u meduyuncrkoil xumuu PAH,
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mmpemnapara — pWIy30d 1 31apaBoH. HeiipompoTek-
TOPHBIN 3(PEKT IIEPBOTO CBI3BIBAIOT, B YaCTHOCTU,
C IToAaBJICHUEM BEICBOOOXKICHUS IIIyTaMaTa 1, COOT-
BETCTBEHHO, CO CHIDKEHHEM 3KCANTOTOKCUYHOCTH, a
BTOPOTO — C aHTMOKCUIAaHTHBIM 3 exToMm [9]. Bme-
CTe C TeM TepalleBTUYeCKUili 3(h@EeKT 3TUX JIeKap-
CTBEHHBIX IIpernapaToB KpaiiHe OrpaHUYeH — OHU
YBEJIUYMBAIOT MPOIOKUTEIBHOCTD KU3HU TMalleH-
TOoB ¢ BAC Bcero Ha HECKOJIBKO MECSIIEeB U He CIIO-
COOHBI CYIIECTBEHHO 3aMEIJIMTh IIPOrPECCUPOBAHNE
oone3nn. IloaTomMy co3gaHue HOBBIX OoJiee 3ddek-
TUBHBIX IIpENapaToB IJIs Teparuu mogooHbx H3 gaB-
JISIeTCs KpaliHe aKTyallbHOM 3amaveii. MymbTudak-
TOpHasI MpUpoaa pa3BUTUS xpoHMYeckux H3 maer
OCHOBaHUE paccMaTpUBaTh CO3AaHUE MYJIbTUTAPIET -
HBIX IIPEeIapaToB, CIIOCOOHBIX OMHOBPEMEHHO Heii-
CTBOBaTbh HAa HECKOJIbKO 3BEHbEB X MMaTOreHe3a, Kak
MEPCIIEKTUBHYIO CTPATETUIO ITOJIyYCHUSI HOBBLIX 0O-
Jee 3(PPeKTUBHBIX JIEKAPCTB IJIsI JICYCHUS U IIPEeay-
npexaeHus Takux marojioruit [10]. Panee HamMu ObI-
JI1 pa3paboTaHbl METOIbI ITOJIYYSHUS OpUTMHAIBHBIX
KOHBIOTMPOBAHHEBIX CTPYKTYP, KOTOPBIE COYETAIOT B
OIHOIT MOJIEKYJIe 0a30BbI€ 3JI€MEHTHI psiga (papMako-
JIOTUYECKU aKTUBHBIX MoJieky [11, 12].

Ilenbio naHHOI pabOTHI OBLIIO MOTYYEHUE OPUTH -
HaJILHBIX TUOPUIHBIX CTPYKTYP HAa OCHOBE MOJIEKYJI
MeMaHTWHa U 3IapaBoHa, U U3ydeHue AeHCTBUS T10-
JIyYEHHBIX COeTMHEHU Ha pa3IMYHbIC CANTHI CBSI3bI-
Banusa NMDA-penenTtopa, u ripouecchl I1OJI.

B pesynabTare ycTaHOBJIEHO, YTO HEKOTOpHIE U3
KCCJIENOBAHHBIX HOBBIX COEIUHEHUI OKa3aInuch -
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HOBBIE TMBPUJAHDBIE CTPYKTYPbI

Ta6muna 1. JleficTBMe HOBBIX TMOPUIOB MEMaHTHMHA M
97apaBoHa M WX aHAJOTOB Ha NBa caiiTa CBS3bIBAaHUS
NMDA-peuenropa

1Cs,* MKM
Bewectso

[PHIMK-801 [FHIU®D
Va 108.2 £ 8.7 20.9 + 3.0
Vb 10.6 £ 1.2 13.3+ 1.8
Ve 79.8 £ 7.4 22.6 £2.1
vd 96 .5+8.9 448 £4.3
Ve 37.4+39 9.8+ 1.1
Vf 29.7 £3.0 152+2.0
Vg 71.5+7.0 89+ 1.1
DnapaBoH 375.5+22.4 144.7 £ 13.5
MemaHTUH 1.36 = 0.086 >100
AMaHTaIuH 22.6 £2.1 156 £ 1.3

* — Bemmunna ICs XapakTepnsyeT KOHIIEHTPALWIO BELIECTBA,
cHxawIy Ha 50% cesa3biBaHUE CIENMGUISCKOro JMTaHIa
(MK-801 mim upeHnpoansia) ¢ COOTBETCTBYIOIIMMU CalTaMu
NMDA-peuenTopa.

dekTuBHBIMU OjlokaTopamMn  NM DA-perienntopos.
IToMuMoO crmocoOHOCTH OJIOKMPOBATh BHYTpPUKA-
HaJbHBIN caliT NMDA-penenTopoB HOBbIE THOPUI-
HBI€ COeIUHEHUS TIPOSIBIISIIOT CBOMCTBO OJIOKATOPOB
ajutoctepuueckoro caiita NMDA-penenropoB, He
MpUCylllee IIperaparaM MEMaHTUHY W 3IapaBOHY.
Hamnb6oiee aktuBHBII 0O10KaTop NM DA-petienntopoB
coenuHeHrue Vb CcoXpaHWJIO aHTUOKCUIAHTHBIC
CBOIiCTBa ITOJJOOHO 31apaBOHY.

NH,
Me NH2
wo
N CH;
Ph
H;C
DpapaBoH MemaHTUH AMaHTaJIH

CoenuHeHus1 Va-g 1ojiydajiu B3auMOACUCTBUEM
smapaBoHa U ero aHajoroB la-d ¢ smuuonrnapUHOM
B nmpucytcTBuU K,CO; 1 KaTaTMTUYECKUX KOJTUYECTB
OeH3uATpUATHWIaMMOHMIixJIopuga B JIM®DA mipu
KOMHAaTHOI1 TemmepaTrype B TeueHue 1 mHs. Ilocie
00paboTKM BOAOI, 3KCTPAKUMKM M MOCJIeIyIoIIei
xpoMaTorpaduM Ha CUJIMKarejie ObLIM BbIICICHBI
snokcuabl Ila-d ¢ BeixonoMm 48—65%. Bzaumoneii-
ctBue snokcunos Ila-d ¢ 1-amnHoamamanTanamu I1-
Ia,b mpoBogMIM B 3amastHHON aMITyjie B pacTBOpe
rernTaHa v IIPUCYTCTBUM KAaTATUTUYECKUX KOJIMYSCTB
BiCl; mpu 120°C B Teuenue 15 4. [Tociae 06paboTkm
BOJIOM, 3KCTpaAKLMU M MOCAEOyIolIeil XpomaTorpa-
¢dun Ha cunukarese coequHeHus: IVa-g ObLM BbIIE-
JIeHbI ¢ BeixogoM 40—50% u 0151 mpoBeaeHus GHOIO0-
TMYECKUX MCCIeAOBaHUIA MepeBeAeHBl B COOTBET-
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CTBYIOIIIE BOIOPACTBOPUMEBIE TUIPOXIOPUIBI Va-g
(cuHTe3 coenMHeHU moapooHo onucaH B [13]).

CBsI3bIBaHHUE COCIMHECHUN Pa3IMYHBIMU MOIYJISI-
TOopHBIMHM ydacTKaMu NM DA-pe1ienntopoB Mcciieno-
BaHO paJgyoJMTaHIHBIM MeToioM. KOHKypeH1IMs Be-
11ecTB 1o cBsasbiBanuio ¢ [P HIMK-801 (musoumnmnu-
HOM) ObUla MCHOOJb30BaHA MJIsI  OMNpeAeaeHUs
CITOCOOHOCTH BEIIECTB B3aMMOIEMCTBOBATH C BHYT-
pYKaHaJIbHBIM caiiToM Beero myna NMDA-petenTo-
pos. KoukypeHuus ¢ [*H]udbeHnpoanaoM UCHOb-
30Bajach IJisl OTNpeaesieHUsI CITOCOOHOCTU BEIECTB
B3aMMOJCUCTBOBATh C aJIJIOCTEPUYCCKUM CaliTOM
NMDA-penenTopsl, Jokam3oBaHHoro Ha NR2B
cyobenuHunax peuenrtopa [10]. BemiecrBa ObLin
IPOTECTUPOBAHbI B JUANa30He KOHLeHTpauuii 10~10—
10—3 M B ycioBUsIX in vitro. PaguoakTUBHOCTb OIpe-
JeIsiIM Ha CUUHTWUISLUOHHOM cuyeTyuke Tri-
Carb2800 TR (PerkinElmer, Packard, CIIIA) ¢ a¢h-
(bexTuBHOCTBIO cueTa 0KOJIO 65%. ICs, (MKM) co-
eIMHEHWII OBUIM pacCuuMTaHbl IIpA  IOMOIIU
nporpaMmsbl SigmaPlot 10.0.

AHTUOKCHUIAHTHBIE CBOMCTBA CMHTE3MPOBAaHHBIX
COCAVHEHUI OLIEHUBAJIU 0 UX CITOCOOHOCTU UHTU-
oupoBats I1OJI B rpyboii MeMOpaHHOI (paKIuu
(1500 g) romoreHaTa roJIOBHOTO MO3Ta KpHICHI [14].
ITpoOsl, cogepxkalliue pa3Hble KOHIIEHTPAIUU HOBBIX
ruOpuaOB 3mapaBoOHA M IIPOM3BOAHBLIX aMUHOAOa-
MaHTaHa win 1poodsl ¢ IMCO (KOHTpoOJb), UHKY-
oupoBayiu B TeueHue 2 4 nipu 37°C. Crenensb [1OJI
OLICHMBAJIN 110 00pPa30BaHNIO TPUMETUHOBBEIX KOM-
niaeKcoB BTOpUYHBIX TpoaykToB ITOJI ¢ 2-tnobGap-
outypoBoii kuciaoroii (TBKpB).

B Ta6n. 1 mpuBeneHbl JaHHBIE IO AaKTUBHOCTH CO-
€IMHECHUII B OTHOLIEHWMU IBYX CAWTOB CBSI3bIBAHUS
NMDA-peuentopoB. Hago oTMeTUTb, YTO OOJIbILIH-
CTBO COeNVHEHMI 001amaeT yMepEeHHOM (B MUKPOMO-
JISIPHOM JMaria3oHe KOHIIEHTpAallMii) aKTUBHOCTBIO B
OTHOIIIeHUU BHyTpuKaHaibHOro (MK-801-cBs3biBaro-
mero) caiita cBsa3biBaHusT NMDA-peuenTopa. Hau-
OOJIBIITYIO CITOCOOHOCTH CBSI3BIBATHCSI C OTUM MOATH-
MOM pelenTopa MposBUJIO coenuHeHue Vb, sBisito-
Ieecs KOHbIOraToM 0a30BBIX CTPYKTYP MEMAaHTUHA U
IapaBOHa, OOBCHIUMHEHHBIX 2-OKCHUIIPONHUIBHBIM
JuHKepoM. JItoboe 3amellieHrUe B CTpyKType 1-de-
HWI-3-MeTWI-5-TIMpa3ojoHa (3mapaBoHa), a TaKkKe
WCMOJb30BaHNE B KayeCTBE BTOPOIO0 KOMIIOHEHTA
aMaHTaAWHa BMECTO MEMaHTWHA MPUBOAWJIO K 3Ha-
YUTEJIbHOMY CHMKEHMIO CBSI3BIBAHMS CUHTE3UPO-
BaHHBIX coeMMHeHUH ¢ 3TUM caiitoMm NMDA-penen-
TOopa.

HeoxunaHHBIM SIBUWJIOCH OOHApy>XeHUEe Yy BHOBb
CUHTE3UPOBAHHBIX COEAMHEHUN CIIOCOOHOCTU CBSI-
3bIBaThCs C ajuiocTepuueckuM caiitom NMDA-pe-
lernropa, crneuuuyHoMy K HUGEHIPOoaWITy, MO-
CKOJIbKY HU MEMAaHTHUH, HU 3JapaBOH caMU MO cede
TaKOTO BUJA aKTUBHOCTU HE TIPOSIBIISIIOT. MI3BECTHO,
yTO OJIoKaTOphl MdeHIIpoaIbHOro caiita NMDA-
penienTopa o0JIagaloT HEHPOIPOTEKTOPHBIM JICii-
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468 I'PUTOPLEB u np.

R=H,R, = H(Va), CH;(Vb)
R=CHs, R, = H(Ve), CH;(Vd)
R=F, R, = H(Ve), CHj; (Vf)
R=CF0, R, = H(Vg)
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Puc. 1. CuHTe3 rubpuAHbBIX COEAMHEHUI 31apaBoHa U 1-aMUHoagaMaHTaHOB. Peaeenmot u yenosus: i) K,CO5, TEBA, IM®A,

20°C, 1 m; i) BiCls, rentan, 20°C, 15 y; iii) HCI, aueron.

CTBHEM U J0 HACTOSIIIIETO BPpEMEHU paccMaTpUBaIOT-
Ccsl B Ka4eCTBE TMOTEHIUATbHBIX KOTHUTUBHBIX CTHU-
MYJISITOPOB U HEMpONpoTeKTOPOB [ 15].

B kauecTBe coenmHeHUsI-XMTa HaMU OBLIO OTO-
OpaHo coeguHeHue Vb, mposiBuUBIIEe BbIPAKEHHYIO
CIIOCOOHOCTh CBS3bIBaTbCcsl € OOOMMHU caliTaMu
NMDA-peuenTopa, 1 mpoBeaeHa OLIEHKa €ro CIo-
coOHOCTM mpegoTBpaiaTth crioHtanHoe I1OJI B ro-
MoreHaTe Mo3ra Kpbic. B KauecTBe cpaBHEHUSI Mbl
B3sIU coeuHeHUEe Va, B KOTOPOM CTPYKTypa MEMaH-
TMHA 3aMeHeHa Ha aMaHTalIuH, OTIMYaIOLIUICS OT-
CYTCTBUEM O0OOUX METUJIbHBIX 3aMecTuTesieil B ada-
MaHTWIbHOM (bparmeHTe. Kak BuaHO U3 puc. 2, co-
enuHeHue Vb, Tak Xe, KaKk U 31apaBOH, SIBISIETCS

I—[O']-[CI'IOHT. > %
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DnapaBoH Vb Va

Puc. 2. BimsaHue smapaBoHa U coenuHeHUit Vb u Va Ha
pasBuBarolieecs B TedeHue 2 4 cnioHntanHoe [1OJI B ro-
MOIeHaTe MO3Ta KPbIC, U3MePSIEMOE 110 HAKOILIEHUIO CO-
eIMHEHNI, pEarupyIoIIMX C THO0APOUTYPOBOIA KMCIOTOMI
(TBKpB).
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3¢ HEeKTUBHBIM aHTUOKCHUIAHTOM U KOHIICHTpPaIlM-
OHHO-3aBHCHUMO IOJABJISIET Pa3BUTHUE CIIOHTAHHOTIO
I1OJI B romoreHaTe Mo3ra KphIC, IIpUYeM KakK 371apa-
BOH, Tak 1 coenuHeHue Vb B KoHueHTtpanuu 30 uM
MIPAKTUYECKHN ITOJIHOCThIO OJIOKUPYIOT CIIOHTaHHOE
I1OJI. B To ke BpeMs1 coequHeHUe Va B Iualta3oHe
HUCCIeAOBAaHHBIX KOHIIEHTpAllMii HE MNPOsIBWIO 3a-
METHOM aHTUOKCUIAHTHOI aKTUBHOCTHU.

Pesynbratel M3y4yeHUS] aHTUOKCUIAHTHOTO IIO-
TeHILAaIa UCCIIEAYeMBIX COeIMHEHUI TPU MHAYKINU
npouecca ITOJI mepokcugom Bomopona (10 MM)
MPUBEICHBI HA PUC. 3 U COITIACYIOTCI C OMUCAHHBIMU

TBARs, %
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Puc. 3. BiausiHue spapaBoHa u coequueHuit Va u Vb Ha
unayuuposannoe 10 uM H,O, HakoruleHUe NpoayKToB
I1OJI, pearupyommx ¢ THOOAPOUTYPOBOI KUCIOTOM
(TBKpB), B romoreHare Mo3ra Kpbic.
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HOBBIE TMBPUJAHDBIE CTPYKTYPbI

BBIIIIE PE3YJIbTaTAMM T10 UX CIUSTHUIO HAa CTIOHTAHHOE
IT1OJI. Kak smapaBoH, Tak U coenuHeHue Vb, sIBIIsI-
1otcst aHnTuokeugantamu c 1Cy,, paBHbiMu 26 + 4 uM
u 33 £ 5 uM cootBercTtBeHHO. CoenuHeHMe Va IIpak-
t4ecku He nogasisier H,O,-unayumrpoanHoe [TOJI.

Taxkum oOpa3om, B pe3yIbTaTe IIPOBEIACHHOTO HC-
cJieoBaHUSI MOKAa3aHO, YTO OOBbeAMHEHME B OTHON
CTPYKTYpe IBYX (hapMaKOJOTMYECK aKTUBHBLIX MO-
JIEKYJT MOXKET IIPUBECTU K CO3NAaHUIO COCOMHEHUIA,
KOTOpBIE CITOCOOHEBI 001amaTh KaK CBOMCTBAMM, Xa-
paKTepHLIMU IJIsI UCXOOHBIX KOMIIOHEHTOB, TaK W
HEKOTOPLIMU HOBLIMM CBOMCTBAMM, HE IIPUCYIIUMU
0a30BBIM CTPYKTypaM. B IaHHOM cirydyae IOJIydeHO
coenuHeHue—nuaep Vb, KoTtopoe obGiiagaeTr BbIpa-
XKEHHOM AaKTMBHOCTBHIO B OTHOIICHUM BHYTPHUKA-
HambHOTO caiita NMDA-penenropa, momooHO Me-
MaHTHHY, CIIOCOOHOCThIO OyiokupoBath I1OJI, aHa-
JIOTUYHO 3JapaBOHY, HO IIOMHMO 3TOTO IIPOSIBIISIET
HOBOE, He TIpUCyIllee 000MM “HMCXOTHBIM~ TIperrapa-
TaM CBOICTBO OJIOKUPOBAThH aJLIOCTEPUUYECKUM calT
NMDA-peuenTopa, 4T0O MOXeT OKa3bIBaThb TOIIOJ-
HUTENbHBIN BKJIAJ B HEMPOIPOTEKTOPHBIE U KOTHU-
TUBHO-CTUMYJIMPYIOIIME CBOMCTBA IpeIapaToB Ha
3TOM OCHOBE.

NCTOYHUKUN PMHAHCUPOBAHUA

WccnenoBanue BBITOJIHEHO IIpY (MHAHCOBOM ITOMI-
nep:xkke Poccuiickoro HaydHoro ooHza B paMKax poeKTa
Ne 19-13-00378-T1. ConepkaHue SKCIIEPUMEHTAIbHbBIX
JKMBOTHBIX, MCIOJIb30BAHHBIX IS BBIACICHUS OMOJIOTH-
YEeCKMX CTPYKTYp, OOECIeYeHO CpeacTBaMM Tocyaap-
crBeHHoro 3aganus Ne FFSN-2021-0005.
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NEW HYBRID STRUCTURES BASED ON MEMANTHINE
AND EDARAVONE MOLECULES

V. V. Grigoriev*#, A. Yu. Aksinenko?, E. F. Shevtsova“, T. V. Goreva®, I. M. Veselov*,
A.V. Gabrelyan“, and Academician of the RAS S. O. Bachurin®
4 [nstitute of Physiologically Active Substances, Federal State Budgetary Institution of Science, Federal Research Center

for Problems of Chemical Physics and Medicinal Chemistry, Russian Academy of Sciences,
Chernogolovka, Moscow Region, Russian Federation

#e-mail: grigor@ipac.ac.ru

New hybrid structures based on memantine and edaravone molecules, in which the pyrazolone ring and ada-
mantane fragments are linked by an alkyl linker, have been synthesized. It was found that in addition to the abil-
ity to block the intrachanal site of NM DA receptors, new hybrid compounds exhibit the property of blockers of
the allosteric site of NMDA receptors, which is not inherent in memantine and edaravone preparations. The
most active hit compound was determined, which, along with the properties of a two-site blocker of the NMDA
receptor, exhibits a pronounced activity as an inhibitor of lipid peroxidation, similar to the drug edaravone.

Keywords: amyotrophic lateral sclerosis, Alzheimer’s disease, memantine, edaravone, 1-aminoadamantanes,

NMDA receptors, oxidative stress, lipid peroxidation
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