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BBEJEHUE

AKTYaJlbHOCTb U CTelleHb Pa3padoTaHHOCTH TeMbl McciaegoBaHusl. [louck cpencts s
JICYCHHSI ¥ IMATHOCTUKH OITyXOJIEBBIX 3a00JIeBaHUI SBIISIETCS OJTHOM M3 HanOoJIee aKTyaIbHBIX 3324
COBPEMEHHOM opraHuyeckoil xumuu. B Hacrosimiee BpeMs B KOHCTPYKIMSX JIEKApPCTBEHHBIX
[pernapaToB Ui TapreTHOW Teparuu OMyXoJied HCIONb3yIOT MOJIEKYJISIPHBIE BEKTOPbI — aHTUTENA,
HYKJICOTU/IBI, IETITH/IBI, YTIEBOABI U JIp., 00ECIIeYNBAIOIINE UX JAPECHYIO JOCTABKY U yJepKaHUE B
OIyX0Jii. MexaHn3M HaKOIUICHUSI OCHOBAH Ha B3aMMOJICHCTBHH JAHHBIX MOJIEKYJI C PEeNITOPHBIMU
OenkaMu, HIKCIIPECCUPOBAHHBIMU Ha MOBEPXHOCTH OIMYXOJIEBBIX KIJIETOK.

CeMelcTBO MENTUAOB, COJACPXKAIIUX B CTPYKTYpPE aMHUHOKHUCIOTHYIO IMOCIEA0BATEIHLHOCTh
Arg-Gly-Asp (RGD), B HacTosiiiee BpeMsi paccMaTpUBAETCsI KaK OJJHO U3 HanboJiee MepCreKTUBHBIX
JUII WCTIOJB30BAaHUSI B KayeCTBE MOJEKYJSIPHBIX BEKTOPOB MHpHU pa3pabOTKe NpenapaToB Jis
JTUArHOCTHKY U JICYCHHs OIyX0JeBbIX 3a00neBanuid. [lentunsl, cogepxamune RGD MoTuB ciocoOHbI
CCJIGKTMBHO CBs3bIBaThbCcsl C Oenkamu wuHTerpuHamu. Cpemu Bcero pasnHooOpazust RGD-
pacro3HalOMMUX  WHTETPUHOB  MOXKHO  BBIICIUTH  OCHOBHBIC:  OvP3, avfs, KOTOpbIE
CBEPXAKCIIPECCUPYIOTCS HA TMOBEPXHOCTU oOmyxosieBbix KieTtok. Ilemtuast RGD cemelicTBa
UCIONB3YIOTCS TpH  pa3pabOoTKe AUAarHOCTUYECKMX U TEepaneBTUYECKUX MpernapaToB Kak
CaMOCTOSATENIbHbIC OMOAKTUBHBIC MOJICKYJIbI (Hanpumep tukanueckuii mentu Cilengitide (c(RGDf-
N(Me)K), naxoasmuiics Ha TpeTel ¢aze KIMHUYECKUMX HUCIBITAHUN B KauyecTBE Ipemnapara Jyis
JICYSHHSI TIIMOOIACTOMBI), TaK M B Ka4ECTBE BEKTOPA B COCTABE CIIOKHBIX MOJIEKYJI M KOMIIO3HTOB,
KOTOpbIE MOTYT COJAEp)KaThb H30TOMHbBIE, (DIYOPECHEHTHblE WJIM MAarHUTOKOHTPACTHBIE METKH,
UTOCTaTUYECKHE TpenapaThl WIK IpenapaTsl A1 (OTOJMHAMUYECKOH Tepanuu 1 Jp.

Cunte3 RGD-mentumoB — MHOTOCTaIUIHBIN TPOIECC C HWCIHOJIB30BAHUEM pETHO- U
CTEpPEOCENIEKTUBHBIX ~ MeToAoB.  OTAenbHONW  3amadell  sgBiseTcs  pa3paboTKa  METOIOB
PETHOCEeNEKTUBHOM KOHBbIOTaluyu npou3BoaHbIX RGD-nentuaa ¢ pa3HooOpa3HbIMU 110 XUMHYECKOM
npupojie OMOMOJIEKyJIaMH, KCEHOOMOTMKAMH MM HAaHOYACTULIAMH, COJAEP)KAIMMU DPa3IUYHbIE
(GyHKIMOHATBHBIE TPYNNbl. BBUay pazHoOOpa3zusi M CIOKHOCTH TIOJYYEHHUS KOHBIOTHPYEMBIX
00BEKTOB, aKTyaJIbHOU 3a/1aueil SBISETCS pa3paboTKa METOOB IOIYYEeHUSI MAaTepHAIIOB HA OCHOBE
RGD-nenTuia, mOTeHIUATBHBIX CPEJICTB TEPANUU M JUATHOCTUKU OHKOJIOTHYECKUX 3a00JI€BaHUM.

Leablo quccepTallioOHHONW paboTHI SBIsIACH pa3pabOTKa METOJ0B CHHTE3a MPOU3BOIHBIX
RGD-nentuga ¥ WX KOHBIOTAaTOB C (IIyOPECHEHTHBIMH KpacHTEISIMH, KapOopaHaMH HIIH
MarHUTHBIME HaHouyactuiamu (MHY) 1t co3maHusl MOTEHIMANBHBIX CPEICTB JUATHOCTHKH W
TEpanuM OIMyXOJIeH.

J1is nocTHKEeHUs 1eTH OB MOCTABIEHBI CIIEYIOINE 3adau:
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1. Pa3paboTka MeTo0B cHHTE3a N30HUpaATENHHO 3AIIUIIEHHBIX MPOU3BOIHBIX enTua0B RGD-
CEMEICTRA;
2. Pazpaborka MeromoB cuHTe3a KoHbioraroB RGD-mentuma ¢ ¢ayopecreHTHBIMU

KpacutenssMd M KapOopaHaMu (IIOTEHLMAJIbHBIMU CPEICTBAMU JUIsl OOp-HEHTPOHO3aXBATHOM
tepanuu (BH3T) onyxoieit);

3. PazpaboTka moaXom0B K CHHTE3Yy HaHoMmarepuaioB Ha ocHoBe MHY, B TOM wumcne
mouduimpoanueix RGD-nentunom, a Taxke mmmoobunuzanus Ha MHY mpotuBooiryxoneBoro
npemnapara JoKCOpyOULInHa,

4. W3ydenune npoTUBOOIYX0JIEBOM aKTUBHOCTH MOIY4YE€HHBIX COEIMHEHUI U MaTepUaoB.

Hayunasi HoBu3Ha. Pazpaboran moaxoa K CHHTE3y HOBBIX M30MpaTelbHO 3AIIMIICHHBIX
npousBoaHbix Tpunentuaa RGD u terpanentunos GRGD (Gly-Arg-Gly-Asp) u KRGD (Lys-Arg-
Gly-Asp), B ToM umciie, coAepXallMX B KAuecTBE JIMHKEpA, COCAMHSIOUICrO MENTHA |
(YHKIHMOHAJIBHYIO  MOJIEKYJy/HaHOUYacTULly,  (parMeHT  IIyTapoBOM  KHUCIOTBI WU
nomdTwieHrukons (PEG). [lns onTuMuU3alMy CHUHTE3a MENTHAOB IPOBEACH CPaBHUTEIBHBIN
aHanmu3 3QPEKTUBHOCTH UCTIOIB30BAHUS PsAla KOHACHCUPYIOIIMX areHTOB B PEaKIHsIX 00pa3oBaHuUs
HeNTUIHOM CBA3M U 3((EKTUBHOCTH HCHOJIb30BAHUS PA3IMUHBIX 3aLIMTHBIX TPYMI, a TaKXKe
U3y4eHbl IOOOYHbIE PEAKIIHH.

CuHTEe3MpOBaHbl HOBBIE KOHBIOTATHl Mpou3BoAHBIX RGD-mentuaa ¢ ¢diayopecueHTHBIMU
KpacuTessIMU: IiMaHuHOBbIMU Kpacutensimu (Cyanine5.5, Cyanines), gpayopecuienrom u 6-meTui-2-
0KcO-4-peHnn-1,2-TuruponupuInHOM. Brnepseie CUHTE3UPOBAH pan KOHBIOI'aTOB
rnytapunconepxkamero  RGD-mentupa ¢ 1-3amemenHeiMu  3-amuHO-1,2-nukap6a-xno3o-
nonexabopanamu 1 KRGD-nentrna, cogepskariero 18a kapOopaHOBBIX siipa B Buze 1-amermn-1,2-
nukap0a-k1030-noekadopana wim 1-anermi-1,2-mukap6a-+uodo-yHaaekadbopana.

Pa3paboranbl MeTonsl cuHTe3a KoHbloratoB RGD-nentuma ¢ MHY nHa ochHoBe FesOs.
IIpoBeneHa onTMMU3alKs HAHECEHUS MOKPBITUS Ha OCHOBE AMOKcHaa kpemHus Ha MHY n
pa3zpaboTaHbl OJIX0/1bI K UMMOOUIIN3aLlMU IPOTHUBOOIYX0JIEBOT0 Npenapara Jokcopyounusaa (Dox)
Ha nony4denHsie MHY. U3yueno Biausaue MmoanunupoBanHoro SiO2-mokpeITHS Ha copOimio Dox.
BrniepBbie MpoAeMOHCTPUPOBAHO, YTO HAJTUYKE HA MOBEPXHOCTH HAHOMATEPUAIOB CTAaOMIM3aTOpPa
PMIDA mnoBsimiaer ypoBeHb uUMMoOOMIHM3anmu Dox Onarojmaps crnequpuuHOMY CBSI3bIBAHHUIO.
[IpenyioxkeH OpPUTHMHANBHBIA TOAXOJ K KOBAJECHTHOM HMMMOOWIM3anuK Ha moBepxHocthn MHY
mosiekyn PEG ¢ paznuuHbIMU KOHLEBBIMH (DYHKIMOHAIBHBIMU TPYIIaMHU 32 CYET MoJU(UKAILNU
SiO2-moKphITHS 3-aMUHOTIPOTTUIICHIAHOM WITH 3-CYKITHHUIITPOTIAICUIAHOM.

Onenena nutoTokcMuHocTh (MTT-TecT) CHHTE3MPOBAaHHBIX MaTEpPHAIOB HA KYJIbTYpax
HOpPMAaJIbHBIX U OIyXOJEBBIX KIeToK. [lokazaHo, uTo Hudo-kapOopaHCoaepKallue TPOU3BOIHBIE HE

MPOSIBUIIN BBIPAKEHHBIN IIUTOTOKCUYECKHH A (HEKT B OTIIMUUE OT K1030-TIPOU3BOIHBIX U, OJ1arogaps
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XOpOLIeH PACTBOPUMOCTH HUOO-KapOOPAHCOAEPKALIMX MHPOM3BOJHBIX B BOJHBIX Cpelax, OHHU
SIBIISIIOTCS JIyUIIIMMU KaHJUAaTaM1 JUTs pa3paO0TKH Ha UX OCHOBE JIEKAPCTBEHHBIX MPEMapaToB Iis
BH3T. Ouenena 3¢ (}eKTHBHOCTh CHHTE3WPOBAaHHBIX MaTepuasoB Ha ocHoBe MHY B kadectBe
wiatdopMsbl JoctaBku DOX Ha Mozienn KOMOMHMPOBAHHOM Tepanuu ¢ MarHUTHOW runeprepMuei B
ombITax iN Vivo. IIpoxemoncTprpoBana crnenududnocts cBsi3biBanuss MHY, coxepxamux RGD-
NEeNTH, C KJIETKaMu oryxoseBoi inHuu MDA-MB231 27 ¢ noBbllIeHHOH 3KCIpeccueil UHTErprUHa
avfs.

Teopernueckasi 1 NPpaKTHYeCKAs 3HAYUMOCTh PadoThl. Tak Kak ryaHuJUHOBAs Tpymna
Arg u B-kapOokcuibHas rpynna Asp y4acTBYIOT B CBSI3bIBAHUU C MOJIEKYJISIPHBIMU MUIIEHSMU, HAMU
NPEUIOKEH OPUTHHAIBHBIN CIIOCOO CHHTE3a WM30MpATEeNbHO 3alIMIIEHHBIX Npou3BOIHBIX RGD-
NEeNTH/1a, B KOTOPBIX T'yaHUANHOBAs rpynna Arg u -kapOokcuibHas rpymnmna Asp 3aliuIleHbl, a 1Jis
CBSI3bIBAaHMS C MOJIEKYJIaMU HCIHOJIb3yeTcsl cBOOOAHAas (YHKUMOHAJbHAs TIpynna nentuaa (o-
amunorpymmna Arg, Gly, Lys umu e-amunorpynmna Lys). B nanpHeiiniem, mocie cuHTe3a KOHBIOTaToOB
¢ (GyHKIMOHATBHBIMU MoJieKyIamu i MHY 3amurabie rpynmnst Arg u ASpP MOTYT OBITh yIaJICHBI
METOJaMHU NEeNTHAHOM XuMuu. Takoi MoAXoja MO3BOJMII MOJIYYUTh HOBBIE KOHBIOTaThbl C PSIOM
GbiryopecteHTHBIX KpacuTene, Huoo- 1 kno3o-kapbopanamu, a Takke ¢ MHY na ocrose FezOa.

Paspaboran merton Hanecenuss Ha MHY mokpeitus Ha ocHoBe SiO2, B TOM 4mcie ¢
ucnonb3oBanueM PMIDA 1 ankoKCHCHIIaHOB, U3y4eHbI mpoiiecchl copoumuu Dox na MHY ¢ SiOo-
o0onoukoil (B TOM umciae MOIUGUIMPOBAHHOW) M OCOOCHHOCTH €ro JecopOuuHu, H3Yy4eH
UTOTOKCHYeCKuil ekt B ombitax in vitro. J{ns marepuanoB Ha ochoBe MHY Fe3O4 ¢ PEG-
HOKPBITHEM U 3arpykKeHHbIX DOX poeMOHCTpUpPOBaHbI TepaneBTHYeckuii 3 ekt (B ToM umce, 3a
CUCT JIOKAJbHOW MArHUTHOW THIEPTEPMHUHM B IKCHEPHUMEHTax IN VIitro u in Vivo), BO3MOXKHOCTb
TOPMO>KEHHUS [TPOLIECCOB METACTA3UPOBAHMSI U MTOBBILICHUE BHIKMBAEMOCTH KMBOTHBIX.

[IpakTHyeckas 3HAYMMOCTb 3aKJIFOYaeTCsl B pa3pabOTKe METO1a CHHTE3a HOBBIX KOHBIOIATOB
¢ RGD-nentuaom, a Takke B MOJYyYECHMM HOBBIX HAaHOMAaTEpUAOB — MOTEHIHAJIbHBIX CPEACTB
Tepanuu U AUarHOCTUKH OIyXOJIeH.

Metoaosiorusi 1 MeTO/AbI Hccie0BaHusl. B paboTe ncnonb30BaH KOMILIEKC COBPEMEHHBIX
METO/I0B OPraHUYECKOH XUMHHM U (PU3MKO-XUMHUUECKUX METOJOB aHaiu3a. s XapakTepuCTUKU
TOJNy4eHHBIX COeJMHeHHl mpuMeHsmuch ciemyromme metoast: ‘H, 1*C, 1B IMP cnekrpockomnus,
Macc-CIIEKTPOMETPHSI BHICOKOTO pa3pelieHus, BhICOKOA((EeKTHUBHAS KHUIKOCTHAs Xpomarorpadus,
HK-cnextpockomnus, Y®-cnekrpodoToMerpusi, (HIyopuUMETpHsi, MOJSIPUMETPHUS, DIEMEHTHBIN
aHaJiu3, PEHTIeHO-(PIYyOpECIeHTHBIH aHalu3, METOJ| AMHAMHYECKOTO U 3JIEKTPO(OPETHUECKOTO
paccessHUs CBeTa, MPOCBEYUBAIOIIAs U CKaHUPYIOIIAsl JIEKTPOHHAs MHUKpPOCKOIUS, BUOpallMOHHAs

MarauromeTpus, pH-merpus.
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CremneHb J0CTOBEPHOCTH Pe3yJIbTATOB. AHAJIN3 MOJYYEHHBIX COEIMHEHUHN OCYIECTBIISIICS
Ha TOBepeHHOM U cepTuduuupoBanHoM obopyaoBanuu LIKIT «Cnekrtpockonus M aHaIu3
oprannueckux coeaunenuiny MOC YpO PAH. Omnpenenenue ¢Gpu3MKO-XUMHYECKUX IapamMeTpOB
HaHOOOBEKTOB TMpoBeaeHo Ha obGopymoBanuun HMOM VYpO PAH (r. ExarepunOypr) m YIKII
«CoBpemennbie HaHoTexHOJOTUMY UEHUM, Yp®V (r. EkarepunOypr). 3ydueHue 6noorudeckoi
aktuBHOCTH mpoBoawiock B [IHUJI Cubl'MYVY (r. Tomck), U® YpO PAH (r. ExatepunOypr),
HMMII ouxonoruu um. H.H. brnoxuna (r. Mocksa).

IloJ105keHNsl, BBIHOCHUMbIE HA 3AIIMUTY:

1. Meton cuHTe3a M30MpaTenbHO 3alIMIIEHHBIX Mpou3BoAHBIX RGD-mentuaa, umerommx
CBOOOJHBIE aMUHO- WJIM KapOOKCWJIBbHBIE TPYIIBI JUIS JalbHEHIIEH KOHACHCAIMM C JIPYTHMMHU
(YHKIMOHATIBHBIMH ~ MOJIEKYJaMH (B YaCTHOCTH, C (DIyOpECHEHTHBIMH KpACHTEISIMH |
KapOOpaHaMH).

2. MeToapl cHHTE3a KOHBIOraToB Mpou3BoAHbIX RGD-mentuma ¢ Monekynamu pa3iuyHbIX
(IyOpecIeHTHBIX KpacuTemeH.

3. MeTtoapl cHUHTE3a KOHBIOIaToB Npou3BoAHbIX RGD-nentuna c xuno3zo-ponexadopaHamMu U
Hudo-yHieKabopaHaMHu.

4, Meroapl cuHTe3a HaHOMaTepuaaoB Ha ocHoBe MHY, moaudunmpoBanapix RGD-nentumom.
S. Pa3pabotka MeTomoB copOmmm MpOTUBOOITyXoyeBoro mpemapara Dox wHa MHY wu ero
MOCIICAYIOMIEH JIecOpOIuu.

6. Pe3ynbraThl U3y4eHHs OMOIOTHYECKON aKTUBHOCTH IOJIyUYE€HHBIX MaTepHajioB (pe3yJbTaThl
OLIEHKH IHUTOTOKCHYHOCTH CHHTE3MPOBAHHBIX COEAMHEHUH U HAHOKOHBIOTATOB; PpE3yJbTaThl
u3ydyeHus cnenuduuHoro csszbiBaHus MHY, momuduuupoBanusix RGD-nentugom, ¢ kierkamu
OITyXOJIEBBIX JIMHUI; pe3ysbTaThl OLIEHKH 3 (EeKTUBHOCTH MaTepuasoB Ha ocHoBe MHY s
TEparuy OMyxojiein).

AnpoGanusi pe3yabTaToB. Martepuansl pabOThl TpeAcCTaBlIeHbl Ha 8 poccuilckux
KOH(epeHIHIX ¢ MeXayHapoaHbM yuactiueM (Exatepunoypr MOSM 2017, 2018, 2020, 2022, 2024,
Exarepunoypr MedChem 2019, 2021; ExarepunOypr OrgChemBioTech 2020) u Ha 4 poccuiickux
(MockBa, HoBble OTeuecTBEHHbIE MPOTHUBOOIYXOJIEBbIE MpPENapaTbl U MEIUIUHCKHE TEXHOJIOTHH
2018; Exarepunoypr ®TU 2020; Exatepunoypr Pyrennii 2021, 2022).

PaGora BemonHena mpu ¢uHaHcoBor momnepxkke PH® (mpoext 21-73-10073) wu
MuHHCTepCTBAa HAayKW HW BbIcmiero oOpa3oBanus P® (mpoexktst AAAA-A18-118020290101-1,
AAAA-A19-119012490007-8, 124020500023-9, AAAA-A18-118020290161-5, AAAA-A19-
119011790130-3, 124020500044-4, 124020200038-6), a Tak:ke B pamkax BbIMoNHEeHUs HaydHoro

npoekTa MUHHCTEpPCTBA HAYKH U BhIcIIero oopasosanus PO Ne 075-15-2020-777.
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Iyoaukanuu. Matepuansl paboTsl npeactaBieHsl B 10 cTaThsx, BXOASIIUX B MEpeUYEHb
peLeH3upyeMBIX u3aaHuil, pekomeHnoBaHHbIX BAK P® u uHIekcHpyeMbIX MeXAyHapOAHBIMU
oubnmuorpaduueckumMu 0a3zamMu JAHHBIX, a Takke B 12 Te3ucax JOKJIAIOB HA POCCUUCKUX H
MEXIyHApOJHBIX KOH(DEPEeHIIHSIX.

JInuHblil BKJIAaJ aBTOpa coCTOSI B cOope, CHCTeMaTH3allid, aHallu3e JIMTEepPaTypHBIX
JAaHHBIX, IUIAHWPOBAHMM M IIPOBEJEHUM SKCIIEPUMEHTOB, BBIIOJHEHUM aHAIM3a I10JIy4EHHBIX
JTaHHBIX, HAllUCAaHUM HAYYHBIX CTAaT€l M IPEICTaBICHUM IOJYYEHHBIX PE3YJbTAaTOB HAa HAyUYHBIX
KOH(EepeHIHSIX.

CTpyKTypa 1 00beM AuccepTAMOHHOI padoThl. HacTosmast paboTa COCTOUT U3 BBEIACHUS,
Tpéx THaB (uTepaTypHbli 0030p (rmaBa 1), oOcyxnaenue pe3yibpratoB (rimaBa  2),
AKCIIEpUMEHTAIbHAS YacTh (T1aBa 3)), 3aKIIOUEHHsI, CIIMCKA COKPAIICHNH U CIIFCKa InTepaTypsl (234
HAaUMEHOBAHMUS), U3JI0KeHa Ha 141 cTpaHuIle MalIMHOIIMCHOTO TEKCTa, CONEpKUT 49 pucyHkos, 33
cxeMsl, 13 Tadimi,.

BaarogapHocTb. ABTOp BhIpakaeT TTyOOKYIO M MCKPEHHIOIO OJIaroapHOCTh KOJUIEKTHBY
NOC YpO PAH, B yacTHOCTH, COTpYIHUKAM JIA0OPATOPUN ACHMMETPUIECKOTO CHHTE3a: HAYYHOMY
PYKOBOJUTENIO, 3aB. ja0., 1.X.H., mpod. B.II. KpacHoBy 3a moMorIpb B MOArOTOBKE paboOTHI; C.H.C.,
K.X.H. A.M. JIémuny, B.H.C., 1.x.H. J[.A. I'py3neBy u B.H.c., A.X.H. ['.JI. JIeBUT 3a KOHCYJIbTUPOBAHHE
U MOMOILb B MPOBEACHUU HCCIEAOBAaHUMN; C.H.C., K.X.H. A.A. TymamoBy 3a nposenenue BOXX-
aHaJIM3a; C.H.C., K.X.H. VI.H. 'aHeOHbIX 3a perucTpanuio Mmacc-clieKTpoB; COTpyAHUKaM JabopaTtopun
CIEKTpalIbHBIX METOJIOB HccleoBanus (3aB. nad., k.x.H. M.U. Kogecc) 3a perucrpauuio SMP-
CIIEKTPOB, B TOM 4HUCIIE H.C., K.X.H. M.C. BanoBoii 3a npoBeieHNE aHaIN3a CIIEKTPOCKOMMYECKUMHU
meroaamu; M.H.c. K.A. HuctskoBy 3a npoBenenue POA; rpynmne sneMeHTHOro aHanu3a (pyk. H.C.
N.B. lllyp). ABTOp Takke OJarogapuT KOJUIer U3 Apyrux opranuzanuii: k.0.H. A.I'. [leprmny, JI.B.
Edumony, A.A. Cémuuny (Cubl' MY, r. Tomck), k.¢papm.H. M.A. bapeimaukosy (HMULL onkonoruu
um. H. H. brnoxuna, r. Mocksa), B.A. Tloznuny (MU® YpO PAH, r. ExatepunOypr) 3a mpoBeneHue
Ouonornueckux uccienoBanuii; K.g.-m.H. M.A. Vitmuna, A.C. Mununa, A.B. beosa (MOM YpO PAH,r.
ExarepunOypr), a rtaxke k.¢.-m.H. JI.K. Kysnenora u n.¢p.-m.H. mpod. B.A. llyp (YpdV, r.
ExatepunOypr) 3a uccnenoBanue oopaziioB MHY komriekcom (pU3HYecKUX METOI0B; K.X.H. go1l. A.JL
Hlanayckaca u 1.x.H. mpod. A.C. @ucroka (OMI'TY, r. Omck), k.X.H. B.A. Onpiesckyto (MHD0C

PAH, r. MockBa) 3a Ipe0CTaBICHHE UCXOHBIX COCTMHEHUM.
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I'naBa 1 Metoabl cunTe3a RGD-nenTua0B U ux KoHAeHcAUMs ¢ (PYHKIIUOHAIbHBIMU

COeTMHEHUAMY UJIM HAHOYACTHIIAMH (0030p JNTEPATYPHI)

Co3naHue CpeACTB JeUSHHs U JUarHOCTUKU OHKOJIOTUYECKUX 3a00JIeBaHUI SIBJISACTCS OHOM
U3 Hanboiee aKTyalbHBIX 33/1a4 COBPEMEHHOH OpraHm4eckod XWMuH. B Hacrosmiee Bpems B
KOHCTPYKIHMSAX JIEKAPCTBEHHBIX IIPENapaToB JUIS TAPreTHOW TEpaluHM OMyXOJIeH HCIIONB3YIOT
MOJICKYJISIPHbIE BEKTOPHl — aHTHUTENa, NENTHUIbl, OJIUTOHYKJICOTHU[BI, OJIUIOCaxapuiasl U Jp.,
o0ecrieunBaroNe UX aJPECHYIO JOCTaBKy U yJiepskaHue B omyxoiu. lllmpokoe ucnonb3oBaHue
HENTUIHBIX BEKTOPHBIX MOJEKYJ CBS3aHO C pSJAOM HUX TPEUMYIIECTB B CpPaBHEHUH C
UCTIONIb30BAHUEM JPYTMX BEKTOPOB: JIETKOCTh XMMHYECKOTO CHHTE3a, MEHBUIMH MOJEKYISIPHBIN
pasmep, Oosiee HU3Kas IMMYHOT'€HHOCTh M CIIOCOOHOCTH IMPOHUKATH Yepe3 KIETOYHbIE MEMOpPaHBI

IYTEM PELENTOP-0IOCPEIOBAHHON HHTepHaIu3auuu [1, 2].
1.1 Cemeiicteo RGD-nentuaon

CemeiictBo  RGD-nentunoB,  cojxepamux B CTPYKType  aMHHOKHUCIOTHYIO
nocienoBarenbHocTh Arg-Gly-Asp (RGD), B Hacrosiiee BpeMsi paccMaTpHUBaeTCs Kak OIHO U3
NEPCIEKTUBHBIX ISl WCIOJB30BAHUS B KadyeCTBE MOJIEKYJSIPHBIX BEKTOPOB TIpU pa3padoTKe
npenapaToB Ui AMarHOCTUKM U JICYEHUS OIyXoJeBbIX 3a0osieBanuil. Bnepseie RGD-nentun 6bu1
yrnomsiHyT B 1984 [3], a iepBbiii 0030p, MOCBSIICHHBIN €ro CBoiicTBaM, omyOinkoBaH B 1996 [4].

[lentugnast mocnexoBaTensHOCTE RGD, obecreunBaromiasi KJIETOYHOE pPACIO3HABAHUE M
KJIETOYHYIO aJIre3uto, Obula BIiepBble oOHapyxeHa B GpuOpoHekTHHe. OnyO0IMKOBaHHOE OTKPBITHE,
YTO TOJBKO TP AMHUHOKHCIOTHI B OYEHb OOJBIIOM Oenke (GopMUpPYIOT cailT pacro3HaBaHUS U
CBSI3bIBaHMS JUIS KJIETOK, IEPBOHAYAIBHO ObUIO BOCIIPUHATO C HEKOTOPBIM CKEeNTULM3MOM. OJHaKO
BCKOpEe HaOMO/IeHNe OBLIO TOATBEPXKICHO B OTHOUICHWH (UOPOHEKTHHA M 3aT€M B OTHOUICHHUU
npyrux OenkxoB. Kak u mpenckassiBaioch B cratke 0 RGD 1984 ropma, okasamoch, 4TO
nocienoBarenbHocTh RGD sBnsieTcs caiiToM CBA3bIBAaHMS MHOTHX JIPYTMX aAT€3UMBHBIX OENKOB [5-
10]. K nambonee um3BectHhiM RGD comepxamyM TIITHKOIPOTEHHAM BHEKJIETOYHOIO MaTpUKCa
OTHOCSATCSl TaKH€ MOJIEKYJIBI aAre3ud Kak (UOPOHEKTHH, BUTPOHEKTHH, JJAMHHHH, OCTEOTIOHTHH,
daxTop pou-Bumreopanma [11].

[Tocnenyromiee OTKPHITHE MHTEITPUHOB — KJIETOUHBIX TTOBEPXHOCTHBIX PEIEITOPOB, KOTOPHIE
pacnio3HatoT RGD-nocnenoBaTenbHOCTh Ha Pa3InYHbIX OeJIKax — MPUBJIEKIIO K MEeNTHAaM ceMeiicTBa
RGD 3HaunTenpHOC BHUMAHHE B HMCCICIOBAHUSAX KJICTOYHOHM ajre3wu Kak BEKTOPHOW MOJIEKYIIC.
Cpenu Bcero pazHooOpaszusi RGD-pacno3Haronmx HHTETPHHOB MOKHO BBIJICTUTH OCHOBHBIE: Olv[33,

avPs, asP1, avpPs, avpPs, avPi [12] (pucyrok 1.1).



AHCCOIMHAITHA OJIHTOMEPH3aIHA

CBSA3bIBAaHHE
JIHraHaa /

UHTOImLIASMA

I,

pagpyme}me\\ _

HOHHOTO MOCTHKA" @) @ nepenaJa
CHTHana

Pucynok 1.1 — Bzaumogeiicteue RGD-nentua ¢ caiitom cBs3piBanus [13].

Huskomonekynspasie coequHeHuss ¢ RGD-motuBoM, 3(QEeKTHBHO CBS3BIBAIOLINECS C
WHTETPUHAMH, HO HE CIOCOOHBIC BBIMOJHATH (DYHKIIUU BBICOKOMOJIEKYJISIPHBIX TJIUKOIPOTEHHOB,
MOJTyYMJIN HA3BaHHUE «IU3UHTETPUHBD». JM3MHTETPUHBI BBI3BIBAIOT SHOMKU3 — BApHAHT aromnTo3a,
CBSI3aHHBIA C TIOTEpEH KJIETOYHO-MATPUKCHOTO B3aMMOJACHCTBHs. J[Jis aJAre3uOHHBIX KJIETOK
B3aUMOJICHICTBHE C MEXKJICTOUYHBIM MATPUKCOM SIBJISETCS HEOOXOJIUMBIM YCIOBHEM BBIKHBAHUS
[14]. HeaareswoHHble KICTKH MPEACTABICHBI MUPKYJIUPYIOIMIMMU KJIETKAaMH H (HOPMCHHBIMU
DJIEMEHTAMU: JICHKOIMTAMH, TPOMOOIIMTAMH, METACTaTHYCCKHMMH KIIETKaMu. B3ammopeicTBue c
MATPUKCOM HE BIMSICT HAa BBDKHBAEMOCTh HEAJATNE€3MOHHBIX KIETOK, HO SIBJIACTCS HEOOXOIUMBIM
YCIIOBUEM [IJISl BBIMOJIHEHUs WX (GYHKIUNA. DTUM 0OYCIOBIMBAETCS MPOTHBOCBEPTHIBAIOIIHIA,
HPOTHUBOOITYXOJICBBII U IPOTUBOMETACTATUYCCKHI AP PeKThl mpor3BoaHbx RGD-nentuaa [15, 16].
B kadecTBe mpemapara B HACTOSIIEEC BpPeMsS KIMHHYECKUE WCIBITAHHUS MPOXOIUT TOJBKO OJIUH
npenacraButens cemeiictBa RGD-nentumor Cilengitide (c(RGDf-N(Me)K), wucmonb3yembiii st
Jedyenus rimobiactomsl [17].

[MpomsBomubie RGD-mentrma WCMONB3YIOTCS HE  TOJBKO KAk — CaMOCTOSITEILHBIC
JICKapCTBCHHBIE Tpenaparbl, HO W HAIUIM IIMPOKOE MPHUMEHEHHE B KAa4eCTBE MOJICKYIISIPHBIX
BEKTOPOB, CIMOCOOHBIX JOCTABIATH (PYHKIIMOHAIBHBIE MOJEKYJbI M HAHOYACTHUIIBI B OIMYyXOJEBBIC

TKaHHU, HA TOBEPXHOCTHU KIIETOK KOTOPBIX CBEPXIKCIIPECCHPOBAHBI HHTETPHHBI avf3 U ovfs [18].
1.2 OcHoBHBIE MOAXObI K CHHTEe3Y Mpou3BoAHbIX RGD-nenTuioB

[Ipu paspaboTke mpemapaToB sl TUATHOCTUKUA M JICYCHHUS OIMYXOJEBBIX 3a00JEBaHUI
UCTIONB3YIOT KaK JIMHEiHbIe, Tak U 1ukimdeckue npousBoaubie (C(RGDTK), c(RGDfC) u np.) RGD-
HeNnTHa, KOTOPbIe CUHTE3UPYIOT TBEPA0(a3HbIM METOJIOM WM B pacTBope. TBeproda3Hblii cHHTE3
YaIe BCero BBIMOJIHSIOT 10 Fmoc-ctpaterun, Haunnas ¢ C-xonna (L-Asp) [19, 20], Ho Bo3MoXkeH u

obpatHsii cunaTe3 ¢ N-konma (L-Arg) [21] (cxema 1.1).
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1. ITunepuaux 1. HIunepuaun
cMoia o 2. FmocGly cMmona o 2. FmocArg(Pbf) cmona o o
—_— —_—
~ N. ~ N .Fmoc ~ N N.
(¢} Fmoc o \n/\u (0] \n/\ﬂ Fmoc
(0] pLe) (0] _0 (0]
tBu” tBu tBu NH
(¢] o (¢] J’J\N,be
H H
3 Pof 3 Pof *Pbf O
cMora NH H,, Pd/C cMoa NFy 1. Hy, Pd/C cMmona Ny o B
o 2. GlyOB N _Bn 2. Asp(OBu)OB NI
Y “pn L OYOPRL Y oBn 2. Asp(O/Bu)OBn Y N “Bn
"o "o H oo H oo
Cxema 1.1

CuHTe3 MMHEWHBIX Tpou3BOoAHbIX nentuaa RGD B pacTBOpe OCyLIECTBIIAIOT ¢ IOMOIIBIO KaK
Fmoc-, Tak u Boc-ctparerun. [Ipu 3ToM cuHTe3 HaunHaOT ¢ C-3alIUIIEHHBIX TPOU3BOAHBIX L-ASp
(C-xonma) [22-24] unu ¢ N-3anumieHabx mpou3Boaabix L-Arg (N-konma) [19, 25] (cxema 1.2).

Bn 9 NH Bn 1. Munepuaun
0 2 FmocGly 0 i?/ \n/\N 2. FmocArg(be)

pro)
tBu

o w
c >
\ /
O O
:&2:0
ZT
(@)
Iz
o
I
3
Z
T 8

" H 1. Hy, Pd/C 0 Nkabe
HO N\Fmoc GlyOBn, Bn/o\n/\N N‘Fmoc 2. Asp(OrBu)OBn Ao
0
NH NH
N AP
H H H H
Cxema 1.2

[Ipu sToM B Xozme cuHTe3a (papMako(OpHbIE I'PYIIBl HE JTOJKHBI OBITH CBSI3aHBI Yepes
TYaHUJUHOBYIO Ipynny Arg U -kapOoKCHUIIbHYIO Ipynny Asp, KOTOpbIE Y4aCTBYIOT B CBSI3bIBAHUU C
MOJICKYJIAPHBIMH MuIeHssMu [26]. [ KOBaJIEHTHOTO CBS3bIBaHHS IHKIHYECKUX MENTHIOB C
(GYHKIMOHATIBHBIMHU MOJIEKYJIaMH (MJIM TOBEPXHOCTHIO HAHOYACTHUIL) UCTIONIB3YIOT E-aMUHOIpyMITy L-
Lys RGDfK-dparmenrta [27, 28] wiu tronenyto rpynmy L-Cys RGDfC-¢parmenta [29, 30].
Jlunetineiii Tpunentuag RGD momudunupyror mo a-amuHorpymme L-Arg [22]. B cnydae Gonee
JUTHHHBIX JIMHEWHBIX TIETITH/I0B HanboJiee yacTo 3aaeicTBy0T g-amuHorpymmy L-Lys [31-33]. TIpu
3TOM MPHUCOEAMHEHHE MOTYT MNPOBOAUTH JHOO Hampsmyro [31], n1ubo MOCPEeACTBOM JIMHKEpa
(mpowsBoaHble ToymATWICHMKONS [32, 34], tpunentumoB (GGG, DDD, SSS) [20] wm
MaJICUMHIHBIX Kpocc-uHKepoB [35, 36], e-amuHokanponoBoi [19], riyTapoBoi Wi aTuITHHOBOM

kuciot [24, 37]) (pucynok 1.2).
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HO
0
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aMI/lﬂHaﬂ CBs3b
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NH N NH
? )k%\aMI/IIIHaH CBs3b fr‘? \n/\ )‘\%\ 2

HN NH, HN NHo

Pucynok 1.2 — [Tpumepsl KOBaJICHTHOTO CBSA3BIBAHUSA MIpemapaToB ¢ mpousBogabiMu RGD-nentuza.

Tak kak cuHTE3 HEOOXOIUMO MPOBOJUTH PErHOCENEKTHBHO, @ B MENTHUIAX MPHUCYTCTBYET
HECKOJIbKO KOHKYpPUPYIOLIUMX TpyHm, TO /s BCeX OOKOBBIX IpPYII, pPearupoBaHHE KOTOPBIX
HE)KEJIATeNbHO, BBOJAT 3alIUTy. 3alllUTHBIC TPYMIBI MOAOHPAIOT TaKMUM 00pa3oM, 4TOObI Ha

MOCJIEIHEM dTalle YAAIUTh UX B OJHY WK JBe cTaann [38-42] (cxema 1.3).

o
Bn. \n/\ T])/,/\/\NHZ Pot " HN/’éO 0:8,
HN (0] o
Bn” \?
HN\/\X NH
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HN NH Ynanenune o
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rpynn OH
HN NH Q
5 i H NH HNr<\o ° !
ns T])\/\/\ HZN\( 0 oo
Bn” HN\/\X NH
N
H
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HN hH 3alUTHBIX
NOZ A Kouborauus oH
pynn
rlN "

0 0, NH ) 5 :8
HO N\n/\H NMH HZN\?NH HN o oo
HO o) o) D HN\/\X NH
@
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HN%\NH \EiN
2 o]

Cxema 1.3

O O

o O
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1.3 Konbroratel RGD-nenTumaoB ¢ yiyopeciieHTHBIMH MeTKAMH

Hcnonb3ys CBOMCTBO OMyXOJIEBBIX KJIETOK CBEPXIKCIPECCHPOBATH HA CBOCH MOBEPXHOCTH
UHTETPUHBI 0v33 B 0vP5, MO)KHO TOOUTHCS CEIEKTUBHOTO HAKOIUIEHUs Mpou3BoAHbIX RGD-nentuaa
B omyxoneBbix TKausax [43]. Mcciemyrorcs NpOW3BOAHBIE, COJACpIKAIlie H30TONMHbIe [44-46],
bayopeciienTHbie [47-49] unmn MarHUTOKOHTpacTHBIE MeTKH [50-53], nUTOCTAaTHYECKHE MpeTrapaThl
[54, 55] unu npemnapatsl s poronuHamuueckon Tepanuu [56, 31]. Takum 0Opa3oM MPOU3BOIHBIC
RGD-nentuga MOryT CIy’KUTh YJOOHOM CHHTETHUYECKOW miaaT(opMoil [uisi cOo3JaHMs HOBBIX
npenapaToB JUArHOCTHKU M TAPTETHOM TEPAITK OITyXOJIEBBIX 3a00JIeBaHUI.

[TpumepoMm (QYHKIIMOHAIBHBIX MOJICKYJ, IITUPOKO HCIIONB3YEMBIX B OHOMEIUIIMHCKHX
UCCIIEIOBAaHUAX W KOHBIOTUpyeMbix ¢ RGD-menTtumom, sBistoTCs (IyopecleHTHBIE KpacUTeIu:

[[MaHUHOBBIC, HaQTaJMMHUIHBIC, MHUPCHOBBIC, (IIyOPEHWIbHBIC, XWHOJIMHOBBIC W ap. [57-66]

(pucynok 1.3).

[IMaHWHOBBII KpacHuTelb o o
o OH
2\ ¢ HOJJ\ o
N o i
N Jg
HN

XHUHOJIMHOBBIH Kpacurteib

Ha(TaTMMUAHBINA KPACUTEIh

OJLO/\/S\S/\/O\I//O
o} NH

HoN 4 HO NH HN",
NH NS \&o
o) o)
)J\/\(U\ f AN NH
HN H,N
o NH
0 o)
N\/\/\)J\N
H " NH H,N
N \ HN 2
\ﬂ/\\kﬂ/ N G
o) o)
o

MUPEHOBBIN KPACUTEIND

T BT

(R G D fK) Ha(TaTUMUAHBINA KPACUTEIh

(0] O O
N X SN c(RGDfK)
058 A~ ‘ K/\/\[rc(RGDyK) %
o

Pucynoxk 1.3 — Ilpumeps! konbtoratoB RGD-nientiaa ¢ GpryopecrieHTHBIMUA KPacUTENISIMHU.

Joctwkennst B o6mact OMOPOTOHUKM ¥ XMMHUYECKOW OMOJIOTHU TO3BOJIUIN 3HAYUTEITHHO
MIPOJIBUHYTHCS B IOHUMAHUH KJIETOYHON aKTHBHOCTH M KIIETOYHBIX (DYHKIIHH, a TAK)KE JTMATHOCTUKA
3a00J€BaHUl W WX TMPOUCXOKICHHUS Ha CyOkiaerounom ypoBHe [67-70]. Jlns momoOHBIX

HCCIeI0BaHUM Tpe6y10Tc51 3(I)(I)CKTI/IBHBIG MaTCepHralibl, KOTOPBLIC IMO3BOJAIOT JACTCKTHUPOBATH
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XUMHYCCKHE W OMOXHMHUYCCKHE PEaKIMHM C IOMOIIBI0 ONTHUYECKUX CHUrHayioB [71-73]. B atom
OTHOIICHUH MHOTO00CIIAIOIICH SBISETCS CTpaTerus (pIyopecieHTHOTO MEYCHHSI C UCIIOJIb30BAHUEM
ONTHYECKUX areHToB [74-76]. dayopeclieHTHbIE MaTepuaibl MOTYT H3JIy4aTh CBET IOCIE
BO30Y>KJICHHS 3a CUET IMOTJIOIIEHUS YHEPruH OT BHEIIHero uctouyHuka [7/6]. [lupokuii nuanazon
U3Ny4eHus (PIIyopeCcIeHTHBIX MaTepUAIOB JieJaeT UX yIOOHBIMU Ui IPUMEHEHU S B KaueCTBE METOK
[77-79]. B menom, MeToabl Me4eHHs, OCHOBaHHbIC Ha (pIyopecleHInH, Oyaronaps MX BBICOKOM
YYBCTBUTEIHLHOCTH, PA3PEIICHUI0 M CHEHU(PUIHOCTH SBISIOTCS YAOOHBIMH HHCTPYMEHTAMH JUIS
OOHapy»XeHHUSI U aHAJIM3a CIOXKHBIX OMOJOTMYECKUX U MaTepUAIbHBIX CHUCTEM, OCHOBAaHHBIX Ha
B3aMMOJICHCTBHSX cBeTa u BemiecTBa [80].

JUiss TOCTHMIXKEHUST BBICOKOTO BBIXO/Aa (DIyOpPECICHIIMHA, METKU JOJDKHBI OBITh SIPKUMHU U
dorocTabunpHbiMA. Kpome TOTO, >KelaTeIbHBI CBOWMCTBA, TaKME KaK XMUMHYECKas HHEPTHOCTH,
OMOCOBMECTUMOCTh, HH3Kas (oToAerpaganuss W HU3Kas UTOTOKCHYHOCTb, JUIsl IIUPOKOTO
npuMeHeHus B Ouodoronuke [81l]. DiyopeciieHTHbIC KpacHTEIH 3KOHOMHYECKH BBITOIHBI
Oylarojapss UX OTHOCHUTEIILHO HEBBICOKOM CTOMMOCTH, BBICOKOW YYBCTBHTEIBHOCTH, SPKOCTH H
HIXPOKOTO CIIeKTpa padbodux JuH BoiH [82]. OqHaKo MHOTHE U3 TIPUMEHSEMBIX KPACHTEIICH NMEIOT
OTpaHHYEHUS] B TNPUMEHEHHH M3-32 UX BBIpAXKEHHOW (oTojaerpaganum, XUMHUYECKOU
HECTaOUJIbHOCTH, OrPAaHUYEHHOW pPAacTBOPUMOCTH B BOJHOM cpene, HECOBMECTUMOCTH C
UCCIICTyeMbIMH XUMHUYCCKUMH U OMOJIOTHYeCKUMU crcTemamu [83].

[IpumeneHne (IyOpecleHTHBIX KpacHTeNeH B OCHOBHOM TWIPEICTABIISCT HWHTEpEC s
MOJIEKYJISIPHOTO MEYEHHUs B JIUArHOCTUKE, (DIyOpPEeCcleHTHON XUPYPIUU, TUCTOJIOTHH M KJIETOYHBIX

texHosorusx (pucynku 1.4 u 1.5) [84-86].

Pucynok 1.4 — JloknuHudeckas XUpyprus Moj BU3yaJlbHbIM KOHTPOJIEM JIOKAJIU3aIMU COCYTUCTON

CeTH B cepjtie Kpbichl [87].

Pucynok 1.5 — Meuenue kinerok HelLa mabopom as mapkuposku LuminiCell Tracker 670-Cell
[88].
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Brenenue BekTopHO MosiekyIsl B Bujae RGD-menTraa mo3BoIuT TOCTHYD CIIEITH(PUIECKOTO
HAKOIUICHUS U yJep>KaHus (PIyopecleHTHOTO MPON3BOAHOTO HA TIOBEPXHOCTH OITyXOJIEBBIX KJIETOK,
OKCIPECCUPYIONUX HHTETPUHBI ovP3, avPs [66]. TIpu mombope onTumanbHON (IyopecieHTHOM
METKH T10]T KOHKPETHBIC OMOJIOTHYSCKHUE 3a/1a4l, MOKHO JIOOMTHCSI HAllCIMBAHHSI TAKOT'O KOHBIOTATa

HAa OITyXOJIEBbIE KJIETKU U UX BU3YyaIH3allUH.
1.4 Konbwrarel RGD-nentumos ¢ coennenusimu 6opa

Eme ogauM npuMepoM (QyHKIMOHAIBHBIX MOJEKYJ, KOTOPBIE HCHOJB3YIOTCH IS
KOHBoranmu ¢ npousBoaHbiMu RGD-nentuaa, sSBISFOTCS COCOMHEHUsT OOpa, MOTCHIUAIbHBIC
areHThl Juis Oop-HeWTpoHo3axBaTHON Tepanuu (BH3T) [89-93], mpuHIMm KOTOpPOH OCHOBaH Ha
cBolicTBe M30TONa °B ¢ BBICOKOH 3((EKTHBHOCTBIO 3aXBAaTHIBAThH TEIJIOBbIE HEHTPOHBI, 0Opasys
B030y XK IeHHOe spo u3oTona 1B, koTopoe cpasy pacnagaeTcs Ha JBa CTAOMIBHBIX SPa; 0-4acTHILY

(*He) u sapo mutus ('Li) (pucynok 1.6).

Motok
TennoBbIX
HEUTPOHOB o
\
o+o_, E,=1,47 MaB
g
e
o
2
o> U
o E. = 0,48 M3B
Y
I (94 %)
E ;= 0,84 MaB
Boaayx TkaHb

Pucynok 1.6 — ®usnueckuii npunimn BH3T [94].

Ecnu sta peakuusi mpoucXoAuT B TKaHHU, 00€ 4yacTUlbl dPGEKTUBHO Pa3pyIIAlOT KIETKH
Oyraroiapsi UX CBOMCTBY BBICOKOW JIMHEWHOM Tiepeaaun sHeprun. M3-3a Hebosnpioro mpodera odenx
YacTHUIL B TKaHU (0KO0JIO 5—9 MKM), TOBPEXKAEHHUE KIETOK OCTAETCS HOYTH MOJIHOCTHhIO OTPaHUYEHHBIM
TEMHU KIIETKaMH, KOTOpble cofepkat atomsl °B. CoceHue KIETOYHbIE 2EMEHTH, HE COZepKaIIHe
6opa, He OyayT moBpeskaeHb!. Clie[oBaTeNbHO, ecii °B 6y/IeT ceJeKTHBHO HAKOIIEH OITyXOIEBHIMHU
KJIETKaMH, BO3MOYHO II€JIEBOE pa3pylLlIEHUE 3JI0KAYECTBEHHBIX KJIETOK MPH COXPAHEHHUH 3/10POBBIX
tkaneit [95]. Takum obpaszom, uaes BH3T cocrout B TOM, 4TOOBI 00ECHIEUUTHh TEPANICBTHUCCKHIA
ekt 3a cueT pa3pylieHUs HUCKIIOYUTEIBHO OIyXOJEeBBIX TKaHeW. JIJis BBIMOIHEHHS STOTO
npuHIUna TpeOyeTcss COeAMHEHHE, KOTOpoe HW30MpaTeNbHO, C JOCTaTOYHO  BBICOKMMU
KOHIIEHTPAIUAMH, HAKAIIHBaeT °B B OMyX0/eBBIX KIETKAX MM OJIM3KO K HUM U He TOKCHYHO JJIs

3J0POBEIX KJICTOK.
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CoenmuHenus,  coiepkamme  (QparMeHTBl  MOJMAIAPHYECKUX  OOpaHOB M HX
YIIAEPOACOACPIKALINX aHAIOTOB (KapOOpaHOB), MPECTABIISIOT OOJIBIION HHTEpeC Giarofapsi CBOUM
VHUKaJIbHBIM XUMHUYECKUM, (U3MYECKHMM M OHOJIOTUYECKUM CBOWCTBaM. Takuwe COeAMHCHHUS
coziepkar 0OJIBIIOE KOJMYECTBO aToMOB B, uTo 3HaunTensHO yBennuuBaeT 3¢ dexruHOocTh BH3T.
CTpyKTyphI MOJMDIPHUECKUX OOpPaHOB U KapOOpPaHOB BKIIIOYAKOT TPEXIIEHTPOBHIC CBSI3HU, a TAKKE
OOBIYHBIC JIBYXIICHTPOBBIC CBSI3M, YTO MPHUBOJUT K OOpPa30BaHUIO CTAOWIBHBIX KIACTEPHBIX
coeaunenuii. [Ipon3BonHbie KapOOpaHa aKTUBHO M3YYalOTCs Kak ruiatdopma Juis CO3JaHHs HOBBIX
arentoB juis BH3T omyxomeii [96-105]. Takme cBoiicTBa KapOOpaHOB, Kak CTaOHJIBHOCTH B
(U3UOTOTHUECKUX YCIIOBHSIX U HU3Kash TOKCHYHOCTb, JICTAIOT UX YHUKAIBHBIMH (papmakodopamu
JUTSE co3/laHusl HOBBIX OmoMumeTHKOB [106-108]. OmHako ux mpuMeHEHHE OrpaHUYeHO MOI00pOM
areHTOB JIOCTABKU OOpa M TPYIHOCTHIO MOJIYUYCHHUS OIXOASIICT0 HeUTpoHHOTO my4ka [94, 109, 110].
Jyis moctaBKM aToMOB 0OOpa HCHOJB3YHOT pa3iMYHbIe BEKTOPHBIC MOJICKYJBI: OPraHUYECKHE
KUCJIOTHI, AMHHBI, OJHMTOHYKJICOTHU[IbI, OJUTOCaXapuabl W Jp., B TOM YHUCIIC aMUHOKHCJIOTBHI H
nentuasl. B padotax [97, 98] npuBeneHb! prMepbl CHHTE3a O0PCOAEPIKAIINX COSUHEHHH C TAKMMHU

BEKTOpaMHU, B TOM 4Hciie ¢ npou3BoaHbiMu RGD-nentuaa (pucynok 1.7).

KOHBIOTaThl C IICIITHIAMHA

(e)e]e}
F \' 7 \Ln
N,{»\/theptides NH
F F H n %\

o
c(RGDfK) H o
o//\"\\/\/N O
)4 O P
NH ‘/,/\/\NH H

,antibodies

KOHBIOTaThl C IPOU3BOAHLIMUA AMHHOKHUCIOT KOHBIOTAThl € HYKJIICO3HAAMU

o]

P4

QH
Bon OH . \fl\
(0] 0 HO N/go
HO NH, 0 HO. NH, o} ﬁ
OH HO
Pucynok 1.7 — [Ipumepsl Gopcoiepkaliiux coeTMHEHUH.

[Ipu cunTE3€e MOJOOHBIX KOHBIOTATOB HAMOOJIEE YAaCTO MCIOIB3YIOT PEAKIIUI0 KOHASCHCAIIUN

MCKIOY Kap6OKCI/IJIBHOI7I n aMHHOFPYHHOﬁ C O6pa3OBaHI/ICM aMUJIHOM CBSI3H. AMI/I,Z[BI O6J'IaIIaIOT
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BBICOKOW XMMHYECKOM CTaOMIIBHOCTBIO, a JUI WX O0pasOBaHUS MPUMEHSIOT Pa3IMYHBIC METOIIBI
aKTHBAIIUK KapOOKCHIILHOM IPYIIIbI, HAIPUMEP C MCIIOIb30BAHMEM KOHICHCHPYIOIINX arcHToB [89)]
(cxema 1.4), unu yepe3 obpazoBanue xmopanruapuaoB [111] (cxema 1.5), unu ¢ ucnonab3oBaHuEM
MeTO/a cMeanbiX anruapuaoB [112] (cxema 1.6).

O =BH 0 0
lN N\
o]

@ =
HO e OH

EDC, NHS, DIPEA
_—
CH20|2, 2500, 12y

¢(RGDfK)
B~
OM®A, 25°C, 12 4

)

Cxema 1.4
¥
OH O~_/Cl
0 =BH O~ _NH
® -CH okcanunxnopug N NH,-R, Et3N
CHCly, 25°C, 30 MuH CH,Cly, 25°C, 20 MuH R = Me, iPr,
cyclo-Hex, Ph,
Bn, tert-Bu
© €]
BrH BrH Br(a
Et4N Et4N Et,N
Cxema 1.5
Q =BH
3-amnHo-1,2-gnkapba- ® -
R G/ilmnxnopchS)MmaT’ R Knoso-popekabopaH, CH
-MeTUNMOpPONMH "
Boc\N%TOH ‘ BOC\NJﬁ(O\n/Et N,N .CII/IGTVII'IaHVInVIH‘ o y
= N
H o Tro, -15...-10°C, 20 mMuH H o o Tro, 20°C, 204 HJ\/ “Boc
(0] Boc
N N N AN
H)i Boc HJKL) H “Boc ”Jk[ Boc
OH
a H O H o) 0 Boc
N N\ N\ H N/
Boc N
H H Boc H \Boc H
= X
NH z
S OH
Cxema 1.6

Taxoke /U1 KOHBIOTUPOBAHMS KapOOPaHOB C JAPYTUMH MOJEKYJIaMU HMCIOJIb3YIOT PEaKIUio
MPUCOEAMHEHNUS C OOpa3oBaHHEM THOAPUPHOHN cBsA3U. THOAQUPHI, KaKk U aMHbl, 00JagaoT
OTHOCHUTENIbHO BBICOKOM XHMMHMYECKOH CTaOWJIBHOCTBIO, OJHAKO B XOJI€ pPEaKIUU BO3MOXKHO
o0Opa3oBaHUe IMOOOYHBIX NPOAYKTOB, TaKUX KakK IUCYIbGHUABI M cylbpokcuasl. Yamie Bcero
UCTIONb3yeTcsl MeToj 00pa3oBaHUS THO3(DUPHON CBA3M B3aWMOJICHCTBHEM MAaJCUMUIHON U

mepkanrorpymsl [89] (cxema 1.7).



.G

DR f,D\’G Na,B1oSH

f—K K-R -_—
“NH HNT 0.2M Na,HPO,4, NaH,PO,

o (pH 7.0) / MeCN,
o o N\ 25°C, 48y
N
0

Cxema 1.7

Pexe ucnonb3yeTcst MeToa 00pa30BaHus THOI(DUPHOM CBSA3M KOHCHCAIMEH TaloreHAIKAaHOB

u trosioB [113] (cxema 1.8).

Q =BH
2@2NMe4®
N
H NazB-]oSH, NME4OH H NaOH
| N —_— g3 N — > s NH,
=0 MeCN, 82°C, 24 4 >=0 H,0, 100°C, 18
o o” N 0”7 ~OH
Cxema 1.8

Jlis KOHBIOTaluM KapOOpaHOB MCIIOJIB3YIOT U JUCYJIb(QUIHYIO CBS3b, 00pasyroollyrocs B
pe3yibraTe 3aMellneHus Apyrux aucyiabpunoB [114] (cxema 1.9), omHako HECHMMETPHYHBIC
IUCynb(uIbl HeCTaOUIBHBI U YyBCTBUTEIbHBI K IEHCTBHIO BOCCTAHOBHUTEIEH.

N7 N._S N0

~o N\
A8~ N | > S

H,N s P

0o EDC, NHS Oy §
o} N : i H
J[VH ]LH — J[O%N N]LMNJI —
n X nH mo 1 xm
07 0oH

AMCO, 20°C, 24 v

07 0oH
29 2Na
H Q =BH
NazB1oSH 0 z

> o N4 A+
10MM NaHCO; (pH 8.0) / MeOH, N N
25°C, 24 4 nH mo M xm

0% 0ONa

Cxema 1.9
Taxkxe dacTo WHCHONB3yeTCd peakluus a3uA-aIKMHOBOIO IMKJIONPUCOENIWHEHUS C
obpazoBanueM 1,2,3-Tpua3oiabpHOrO IKKIA (C pa3lMYHBIMU BapHaHTAMHU KaTaiu3a) Oiaronmaps ee
BBICOKOM CKOPOCTH MPOTEKAHUS C BBICOKMMHM BBIXOJIaMH, C1a00T0 BIAMSHUSA 3aMECTUTENEH U IPYTHX
(GYHKIIMOHAJIBHBIX TPYIII, & TAK)KE COBMECTUMOCTH C IIMPOKUM CIIEKTPOM pacTBopuTesieil. B pabore

[115] ucrons3oBan Meto Cu-katanu3upyemoit rukimn3anuu (cxema 1.10).
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0 =BH
NH,

® =CH
N7 NH NH
L 2 2 2
NTNF N~ N\> NN

N N | |
: % Cu(0AC),*H,0 (2 mMon.%) k\N N\/(/\f,\l '\‘l/\>\/N N/)
=N N

o
'

Tonyon, 20°C, 34

Cxema 1.10
B cuHTeze Oopconepikalix MPOM3BOAHBIX HCHONB3YIOT M JPYTHE THIIBI PEaKIHi
NPUCOEIMHECHUSI C 00pa30BaHUEM YTIIEPOI-YIIepoaHbIX cBsizeit [116, 117], mpocThiX, CIOXKHBIX H
tHod(upoB [97], okcumos [118], kapbamatos [119], asomerunos [120], ruapasonos [121], ypeunos

[97] u np., HO Takue pabOTHI BCTPEUAIOTCS FOPa3I0 PekKe.
1.5 Konbrorarel RGD-menTuaoB ¢ HAaHOYACTHLAMU

Jpyrum npumepoM (yHKIMOHATBHBIX METOK, KOTOPbIE MOKHO KOBaJIEHTHO cBsi3aTh ¢ RGD-
HENTUIOM, MOTYT CIIY)KHTh MAarHUTHBIC HAHOYACTHUIIBI C MOJU(PUIIMPOBAHHON OBEPXHOCTHIO [122-
125].

MHUY yacto cioyXaT OCHOBOW AJsl CO3JaHMs IpenapaToB AJs JUArHOCTUKU U Teparuu
OIMyXOJIeBbIX 3a0oneBaHuil [126-129] Gnaromapsi HANMYUIO Y HUX BBICOKUX 3HAUEHUH yIeIbHON
HAMarHWYEHHOCTH, HU3KOW TOKCHYHOCTH M Xopomier omocoBmectumocTtu [130]. Tak, MHY Ha
ocHoBe Fe, oxcumoB kene3a y-FexOz u FesOs, peppuro Co, Zn u ap. ciocOOHBI BBICTYIIATH B
KadyecTBe APPEeKTUBHBIX T2- U T1-KOHTPACTHBIX areHTOB NP MPOBEIECHUH MAarHUTO-PE30HAHCHBIX
uccnenoBanuii [131, 132], npuMeHATHCS B Tepany OMyXO0JIEBBIX 3a00JIeBaHU (METO/IbI MArHUTHOM
runeprepmun [133, 134]), B kKauecTBE MarHUTOYIPABIISIEMON CHCTEMBI JOCTaBKH npernaparos [135],
a TaKKe JUIsi MarHUTHOTO MedeHus kieTok [136, 137]. DddekTHBHOCT, MarHUTHBIX MaTEpPHAIOB
MOXET OBITh CYILIECTBEHHO IOBBIIIEHA MpPU HCIHOJb30BAHUM HUX KOHBIOTATOB C BEKTOPHBIMHU
MOJIEKYJJaMM — aHTHUTEJIaMH, MENTHAaMH, OJMIOHYKJIEOTHJAMHM, OJIMrocaxapuaamu, (oaueBon

KHCIIOTOH | JIp., KOTOPhIE 00SCIICUNBAIOT UX QJAPECHYIO JOCTaBKY W yJepkaHue B omyxoiu [138-

141].
1.5.1 Mertoanl cuareza MHY FezOq4

Cy1ecTByeT HeCKOJIbKO crtoco6oB cuaTe3a MHY Ha ocHoBe Fe304 (pucyHok 1.8).

MeToapl XUMUYECKOTO CHHTE3a Hanbosee MPOCThl U YAOOHBI, MO3BOJITIOT KOHTPOIUPOBATH
pasnuunbie cBodictBa MHY B mpomecce mpurotoBieHus, BKIodas —(opmy, pasMmep,
KPUCTATIMYHOCTh, KOJUIOMIHYIO CTaOWIBHOCTh, MOP(OJOTHI0 M MAarHUTHBIE CBOWCTBA, MyTEM
YCTaHOBKH DPAa3IMYHBIX (DAKTOPOB, TAKUX KaK HAIWYUE CTAOMIU3UPYIONIETO IMOBEPXHOCTHO-
aKTHBHOTO BEIIECTBA, MPUCYTCTBUE M KOHIEHTPAIMS peareHToB, PH peakimoHHOro pacTBOpa,

TeMriepatypa, Bpems u T.4. Ha pucynke 1.9 mpencraBnens npumepsl nzoopaxenuit [I1OM MHY
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Fe304, CHUHTC3UPOBAHHBIX PA3JIMYHBIMHU XUMHUYCCKUMHU METOJAMH W HUMCHOIIHUMHU Pa3IMYHYIO

mopdodoruio [143].

| Mertoab1 CHHTE3a HAHOMATEPHATIOB

301B-rens MeTox C HCIIONB30BAHHEM pacTeHHH
(cTeOneH, THCThER, IIBETKOB,
CeMsAH)
XHMHUecKoe ocakIcHHe
H3 IapoB

C HCIOIB30BaHHEM
MHKPOOPTAHH3MOB (TPHOOB,
GaKTepHii, IpoCcTeHIIHX)

PacmerneHne OGpa3zoBaHHe
KOJUIOHIHOTO pacTBOpa
JlazepHas aGuarms
JTasepHbIit THpOIH3 PacnpimHTe TEHEIH THPOTH3

Pucynok 1.8 — Meronst cunteza MHY FesO4 [142].

Fe(2+) Fe(3+) OCHOBAHHE
e R
CoocakIeHHe " pH=28-11
A,
Tepumaccroe P27 00c 300 C
pa3okKeHHe .—, o e———
OXTaKICHHE
Fe(Ac): + onennoBas Fe(OH)2
KHCI0Ta Fe(OH)3
Fe(CO)s
<5
I'mapoTepmanTbHELiT - 200 C
METON
TeKcaIeMiIaMuH + aBTOKJIaB
OJIEHHOBAA KHCI0Ta
Fe(2+) Fe(3+)
Y
MHEKpO3MYTECHOHHEBIH
MeTo[

Pucynoxk 1.9 — Xumnueckue meroasl cunteza MHY Fe3O4: coocaxnenue, TepMuieckoe

pasiioKeHne, THAPOTEPMATbHBINA, MUKPOIMYJIbCHOHHBIN M UX H300pakeHus [1OM [143].
Oxkomno 90% MHY mony4daroT ¢ TOMOIIBI0 XUMUYECKUX MPOIIECCOB, TOIBKO 8% C OMOIIBIO
bu3nIecKux METOoZ0B U 2% C TOMOIIBI0 OMOJIOTHYECKUX METOAO0B, KOTOPHIE BKIIIOYAIOT CHHTE3,

OITOCPEIOBAHHBIN PACTEHUSIMHA U MUKpoopranu3Mamu [142].
1.5.2 MeToasl Mmoandukanuu nosepxnoctu MHY

N3-3a cOOCTBEHHON HaMarHWYCHHOCTH, OOJIBIIION TTOBEPXHOCTHOM SHEPTUU U BBICOKOH JIOTH

HecKoMIeHcHpoBaHHBIX aromMoB, MHY Fe3Os ckioHHBI K arperanmuu. Takke OHH CIIOCOOHBI
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OKHUCJISIThCSI KUCTIOPOJIOM BO3JlyXa B MpoIiecce MPUroTOBICHUs U XpaHeHus. [l mpenoTBpalieHus

MponecCoB arperaivi 1 OKUCJIICHUA Ha IMMOBCPXHOCTH MHUY nanocsr IOKPLITHA C UCTIOJIb30BAHUCM

busnveckux Wik XUMUYEeCKUX MeTo70B [143]. OOBIYHO HCMONB3YIOTCS CICIYIOIIUE METOIBI:

MOI[I/I(l)I/IKaI_II/IH HHU3KO- W BBICOKOMOJICKYJIIPHBIMH HCOPraHUYCCKMMU MOJICKYJIaMH, IIOCTPOCHHC

HAHOKOMIO3UTHBIX CTPYKTYp [144]. Tlpumepsi MmeromoB Momudukanuu moBepxHoctn MHY

npejacrasieHsl B Tabnuie 1.1.

Ta6auna 1.1 — Metoasr monudukanmu nosepxuoctu MHY.

Tun momudukanmum

Marepuaiibl

[Ipenmyiiectna

BBICOKOMOJIEKYJIIPHBII

Heopranwnueckuii Au, Co, Ni u apyrue
HU3KOMOJICKYJISTPHBIN METaJIbI
Heoprannueckmii C, SiO2 u npyrue

OKCHbI

Monmudukarmus SiO2 ¥ IpyrEMH  OKCUAAMH
MOXXET PKPaHUPOBATh B3aUMOJCHCTBHUE MEXTY
MHY, mnpenorBpamas HMX arjoMepauui u
objeryas AanbHEHIIYI0 (PYHKIIMOHATH3AIIIO
MOBEPXHOCTH. B TO ke BpeMs OHU 00JIagaroT

Xopotieit OMOCOBMECTHMOCTBIO,
THIPOGUITBHOCTHIO u CTaOMIIBHOCTBIO.
WHKancynmsiust  MO3BOJISIET  CHHTE3UPOBATh

KOMIIO3UTHBIE YaCTHULBI CO CTPYKTYpPOH SApO-

000JI04Ka, npugaBas MHY  mone3nsie
(u3nvecKne CBONCTBA.
Cnuprtsl, Bsenenune CTaOMIIN3aTOPOB pa3IM4HOU
KapOOHOBEIE, IPUPOABI TTO3BOJISIET MOy4YaTh aMpUPHILHBIC
docdo- u cympdo- | MHY. Momudukanus I[IAB  nomoraer
KHCJIOTBI, KOHTPOJIUPOBATh pasmep U bopmy
KOHJCHCUPYIOIINECS | HAHOYACTHII, a TaKkKe U3MEHSATH
Opranudeckuit MIPOU3BOJHBIC Si, | MOBEpXHOCTHBIE ~ CBOWCTBA W  CBOWCTBa
HU3KOMOJIEKYJIIPHBIN JIUNOQUIbHBIE KOJJIOMJIOB.
BEIIECTBA Monuduxarus CUJIAHOBBIMH areHTaMu
MO3BOJISIET BBOJUTH PEAKIIMOHHOCIOCOOHBIE
Ogeart Na,
Ipynnbl Ha T[OBEPXHOCTh HAHOYACTUI[ U
JEKCTPHHBI, U
o0ecreynBaeT BO3MOKHOCTh UX JAajbHEHIIeH
AMUHOKHCIIOTBI
(YHKIMOHATN3ALUY.
VYrnesonsl, nentuas! | [Ipuponnsie OMOMOJIEKYIIbI o0najaroT
U Jp. TPUPOAHBIE | XOpOUIEH O0Mopa3naraeMocTbio u
IOJIUMEPBI OMOCOBMECTUMOCTbBIO, 3HAUUTENIBHO YITyullas
o ¢apmakokuneTnky MHY wu mnpunaBas um
Oprannueckuit
o OMOJIOTHYECKYIO0 aKTHUBHOCTb. Moaudukanus
BBICOKOMOJIEKYJISIPHBII
Cunrernyeckue CUHTETUYECKUMU MOJIMMEpPaMHU JIETKO
MOJIUMEPBI MIPOBOJUTCS M MOXKET NpPHUIATh MaTepualy
MHOXXECTBO  Pa3JIMYHBIX  CBOMCTB  jans
YJIOBJIETBOPEHUSI KOHKPETHBIX TpeOOBAHUH.
[Toctpoenne  core- | [Toctpoenue CIIOKHBIX KOMITO3UTHBIX
shell, shell-core, | ctpykTyp MO3BOJISIET U3MEHSTh "
HanokoMmno3utHsIi T dy3HBIX U | KOMOMHMpOBAaTh  CBOICTBa  MpeAbLAYIIMX
COHJIBUUHBIX METOJIOB, YBETMYHUBATH COPOILIMOHHYIO EMKOCTb
CTPYKTYP MaTepuajoB

HanowacTuiiel, momydeHHbIE MO THUITY SAPO-000JI09Ka 00Jadar0T PSAJOM MPEUMYIIECTB HaT

JIpyruMu cTpykTypamu. O601049Ka O3BOJISET SKpaHUPOBATh B3auMoaeiicTBue Mexxay MHY, cHmkas
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UX arjioMepariyio, 3aliiiiaeT sapo OT ACHCTBHUS PEarcHTOB U OT OKHCIICHHS KHUCIOPOJIOM BO3/IyXa.
OTHOCHUTENBHO JPYTUX MaTepHuajoB, CTPYKTypa sSapo-000ji0uka MpocTa B MoJyuyeHHH (One-step
METOJT) U 00JIa/IaeT JIyYIIUMH THIPOIMHAMUYECKIMHU XapakTepuctukamu [145].

CaMbIM pacipOCTpaHEHHBIM U YI0OHBIM siBiisieTcst HaHecenue SiO2 nokpeiTus Ha siipo MHY
yTeM THAPOJIM3a TETPAAIKOKCHCHIIAHOB B BOJHO-OpraHmyeckux cpemax [146] (cxema 1.11).
[Tomumo yno6cTBa HaHeceHus1, 00omouka SiO2 00amaeT OMOCOBMECTUMOCTBIO, THAPOPUIBHOCTHIO
U BBICOKOW XHMHYECKOHW CTaOMIBHOCTBIO. Takke Ha MOBEPXHOCTh 000siouku K Si—OH rpymmam
MOTYT OBITh KOBJICHTHO IPHCOCANHEHBl WM HEKOBAJICHTHO COPOMPOBAHBI (HYyHKIIMOHAIBHBIC

MOJICKYJIBI M JICKApCTBEHHBIC mpemaparsl [147].

OH HO,
Ho\él/g\ _0-Si~0H
e —Si
OHo o ~q O — -
HO-g; o— "0 ™ol
EtO\S_,OEt O/ Si/ o 5 Si—OH
I\ - ~ [
Et0” ~OEt S|./o 0 § o_ ¢
e I\o 0 o S ‘
H,0, EtOH, NH; 0 O/ o] o\
Fe.O N si0 o S /° SiO,
€3Y4 HO Si . No_./. -0 Si-OH
| O \Sl / \ — —
0 N__4 O oH
\ -Si— i :
HO-5i~O ™'\ 5—$on Fe;0,@SiO,
OH HO

Cxema 1.11

BBuy OTHOCHTEIILHON XUMHUYECKOW MHEPTHOCTH MOBEPXHOCTHBIX Si—-OH rpyrimn, Bo3HUKaeT
HEOOXOAMMOCTh JIOMOJHUTENbHON Moaudukanuu moBepxHoctd MHUY, mokpeiteix SiO2, mis
JabHEHMIIEro KOBAJEHTHOTO TNPUCOEAMHEHUs K HUM (YHKUMOHAIbHBIX areHToB. HawubGonee
UHTEPECHBIM ~ METOJIOM  NPEICTaBIseTCs  IOBEPXHOCTHAs  MOAM(UKALKS  HPOU3BOIHBIMU
ankokcucuinaHoB [148]. Takas moampukanuss HE CUIBHO YBEIMYHMBACT pa3Mep HAHOOOBEKTa,
KOHJIEHCAMsg Ha TIOBEPXHOCTH HIET KOBAJIEHTHO, COXpaHSeTCss OMOCOBMECTHMOCTb,
TUIPOGUIBHOCTD, CTAOMIBHOCTh, a TaK)Ke MAarHUTHBIE CBOWCTBa vacTuil. [locime momudukanmm
QIKOKCUCWIIaHBl 00pa3yloT CIUUTHI CHJIOKCAHOBBIM CIOW € (YHKUHMOHAJIBHBIMHM TPYIIaMH,

MOKPBIBAIOIINI TOBEPXHOCTh HaHOYacTHII (cxema 1.12).
HZN/\/\Si/O\

OH HO NH O o~ M
0 N . . A
HO g~ o ~0—Si-oH 2 NN TS0 T O o-sioon
OH o~ c i 5 2 S /SI ’O‘SI\ \ NH,
HO-&~ " A—Si——n O~_1 i -0 Si o ?
Si o~/ 0 Si—OH —Si o—/'™0 Thgi-
Pz 70 \ \ MeO_ . o— V2 O/ Si—0
07 5-sil. AW 5 ~Si~ome I/ 07 -si 0 v
|/ o sll—o\l MeO S | ° \\o Si—O\IO Si
.o o A > QoI o o sid b
| o/ o] o HoO, EtOH,NH;  \/ [ Yo/ AR
0\ 4—0 \Si/ o SI\ 0 \Si’O °N - ,S|
) -\ o)
HO Si., No—g/——0 /S‘l-OH 2/ SII\O\O\SI/O/ /s|/o
| (0] OH
HO-) /O’S'\O/Si_/ NH, HOO\ _ >Si— SI/O 0 NH,
i ~ 3 OH SiZT T 2 No— 7 ~0-81T " NH,
OH . _0S..- \
iZ OH

Cxema 1.12
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BnocnencTeuu, 3a cuer B3aMMOJEUCTBHS C TOBEPXHOCTHBIMH PEAKIMOHHOCITIOCOOHBIMU
rpynnamMu: aibJeTHIHOMN, aKpHIATHOW, U301IMAaHATHON, THOJILHOM, TUAPOKCUIIHHOMN, KApOOCKUITBLHOM,
uaHo-, amuHorpymmoi (pucynok 1.10), MHY wmoryr OBITH JIeTKO KOHBIOTHPOBAHBI C

byHKIHOHATBHBIME MosieKy1amu [149, 150].
N
%

AJIKOKCHCHJIAHBI:
0

HOJ§
IRt

T
/
\
(@]

(@]
O/U\y
zZ=0=0

T
(@]
n

NH, c”
Si—OEt Si—OEt Si—OMe Si—OEt Si—OMe Si—OMe Si—OMe Si—0OMe
/ / / / / / /
e0” be: EO et  Me0” ome E0”7 ber  Me0” ome  Med” bye Me0” ‘Oue MeO” ‘ome
AMUHBI aJIbJICTUIbL aKpUIaThI U301 MaHaThI THUOJIBI MOJIMITUIIEHIVIMKOJI U MaHaThbI KapOOHOBBIE KUCIIOTHI

Pucynok 1.10 — [Ipumepbl aJIKOKCHCUIIAHOB, UCTIOIB3YEMBIX JJI1 MOIU(DUKAIINH TOBEPXHOCTU

MHU.
1.5.3 MHUY kak niiatgopma aJpecHoi 10CTABKH NMPeNnapaToB

PasBuras mopucrasi HOBEPXHOCTh CHIIOKCAHOB MOYKET CIYKHTh IUIaTHOPMON it copOInu
pa3IMYHBIX OHOJOTHYECKH AKTHUBHBIX COCIMHEHWM, TaKUX KaK MPOTHUBOIYXOJEBBIC IpemapaThl:
nokcopyourun [151-154], reuramunun [155, 156], naknurakcen [157, 158], kamnrorenun [152],
smupyOunmH [159] u ap. UMMoOmnm3anus npenapaToB B HAHOMaTepHaiax MOXKeET ObITh IPOBEICHA
HEKOBAJICHTHO (3a cueT BaH-nmep-BaanbcoBBIX cHl, BOJOPOIHBIX CBA3EH M 3JIEKTPOCTATHUECKUX
B3aMMO/IeHCTBUI) WM KOBaJIeHTHO. HaHeceHne BTOpUUHOM 000104YKH O3BOJISIET HHKAIICYJIMPOBATh
copOMpOBaHHBIH MTpenapar 1 Npel0TBPaTUTh €ro NMPeKIeBpeMEHHOE BEICBOOOKIeHHEe. KoBaneHTHOe
3aKpeIuIeHUe OCYIIECTBISIETCS IMMyTeM 00pa30BaHUsI KOBAJIECHTHBIX CB3€H MEXKIY MOBEPXHOCTHBIMH

dyukronanpabiMU rpynnamMu MHY u ummoounmu3yembim coeannerneM [160] (pucynok 1.11).

rHApodoOHbIE 31eKTPOCTATHUECKHE HHKATICY AL KOBAJIEHTHOE
B3aHMO/IeHCTBHA B3aHMO/eHCTBHA CBA3BIBAHHE
‘ MHY HOKpBITHE npenapart

Pucynok 1.11 — MexaHu3Mbl yiep>KuBaHus mpenaparoB B MoauduimpoBanasix MHY [160].
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Cy1mecTByeT MHOXKECTBO THIIOB KOBAJICHTHOI'O CBSI3BIBAHUS MOJIEKYJISIPHOTO BEKTOpPA WIH
npemnapara ¢ miaTGopMoi, OTIIMYAIOIIUXCS 10 MPUPoie 00pa3yeMoi CBS3H, YCIOBUAM ITPOBEIACHUS

peakinuu U oopaTuMocTu npucoeauHenus [161, 162]. B Tabnuue 1.2 mpuBeacHb HaMOOJIEE YacTO

HCIIOJIb3YCMbIC BAPUAHTBI I/IMMO6I/IJ'II/I3aI_[I/II/I.

Taﬁ.mma 1.2 - MeTOI[H KOBAJICHTHOI'O CBA3BIBAHU IIPEIIAPATOB HAa IOBEPXHOCTH HAHOMATECPHAJIOB.

| Q !
o

OO6pasyembie coenuHeHust | Vcnonb3yeMble TPyIIIbI OcobenHoctu
npernapara u
1aThOpMBbI
Cnoxubie 3¢pupsr  [163- 'O ! Huskmit  BbIXOA  NIpOAYyKTa, CBA3b
165] ;)J\ + A na0miIbHA B OMOJIOTHUECKUX YCIOBHUSX.
K" TOH 7 HO™
!

|
I'mapasons [166-169]

Cs3b pazpymraercs mpu pH<5.

N

] N:N [}

NH, +
| ] i/\ N 2 OQ/{:
V\N'NM | H
, H '
Kapo6amarsr [170-173] \ OH + O\\C ' CBs3p pazpymiaerca MOJ JIEUCTBUEM
| H !/ \\N/', KHCJIOT X BOCCTaHOBUTENEH. B KileTkax —
OSSN ' ' 1OA  BO3/ACHCTBHEM  peAyKTa3 H
0o IJIyTaTHOHA.
Jucynbduas [174-176] | _SH i CBsi3b  paspymiaercsi TOJ JCHCTBHEM
\ : S N BOCCTaHOBUTeNeH.  HecuMMeTpUuHbIE
|
v S< NG : ' TUCYIb(UIBI HECTAOUIIHHBI.
) L}
|
Amupsl [172, 177-179] 0 ! CBs13b TPYIHO pa3pymiaercs.
0 ¥ SoH T RN
L A | !
N1 !
' H
Tuosdupsr [180] . O \ Her  BbIcBOOOXKIEHHMs — mpemnapara,
[} [} | |
I I + o0Opa3yroTcsi  MOOOYHBIE  MPOJYKTHI
!/\S/\! : HS™, aucynbduaa u cynb(pOoKCUI0B.
L} L}
O
nnu

! |

> cl '

! * hs
Oxcumsl [166, 181-183] ! i Bricokuii  BBIXOA ~ MpOAYKTa HET

' _NH, + ’

, ! !/\O 2 OQ/‘: BBICBOOOKICHHUS TTpeNapaTa.
V\O,NQ/': |
L}
|
Tpuazomnsr [184] N Bricokuii  BBIXOJ  MPOJyKTa, HET
1 | M

BBICBO60)K,[[€HI/IH npemnapara.

HaHOKOMHOBI/ITLI, 3arpy’KC€HHbIC OHMOAKTUBHBIMHU COCAUHCHUAMU, MOT'YT BBICTYIIATH B POJIU

mwiatGopmMbl  aapecHOi

JOCTaBKHU

JIEKapCTBEHHOT'O

mpenapara ¢ KOHTPOJUPYEMBIM

BBICBO60)K}I€HI/I€M. A}IpeCHaH A0OCTaBKa OCYHICCTBIACTCA C IIOMOLIBIO BBCACHHUSA BEKTOPOB —
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COCTMHEHUH TPUPOTHOTO (OJUTOHYKJICOTH B, IENTHAB! (B YacTHOCTH ceMeiictBa RGD (pucyHok
1.12), osurocaxapujpl, aHTHTEJIa M Jp.) WIA CHHTETHYCCKOTO MPOUCXOXICHHUS, CIHOCOOHBIX
crenupUIECKH CBI3BIBATHCS C MOJICKYIISIPHOM MUIIICHBIO (perienTopoM). [Ipu cucTeMHOM BBEICHUH,
3a cyeT apPUHHOCTH MPOUCXOIUT CEIIEKTUBHOE CBSA3bIBAHUE U HAKOIJICHUE MAaTEPHAJIOB, UMEIOIIUX
B CBOEM COCTaBE MOJIEKYIYy BEKTOpa, B TKAHSIX, COAEPKAIIUX JOCTYIHYIO MUIIEHb. Takoi moaxon
MO3BOJISIET YBEJIIMUUTH KOHIIEHTPAIMIO ITpenapara B akTUBHOM LIEHTPE, CHU3UTD MOIyHaeMYIO 103y U

TEM CaMbIM YJIYYILIHTh TepaneBTHYecKuil nuaekc [185-187].

H‘\\ HN HN ” o OH
NH 0
{ HN oo NHHN g
o o &—‘_ o]
NH 7, S~ B
. o

Pucynoxk 1.12 — ITpumeps! 3akperienns Ha MHY nponsBoaaeix RGD-nentuaa.
Jlnisi KOBAJIGHTHOTO 3aKPETICHHs TENTHIHBIX BEKTOPOB HAa HAHOYACTHUIAX Hamboliee J9acTo
UCIIOJIB3YIOT KapOOKCHIIbHYIO U aMUHOTPYIIY ¢ oOpa3oBanueM amuoB [24, 188] (cxema 1.13) nin

aMUHOTrpymIy ¢ oOpa3zoBanueM okcumoB [184] (cxema 1.14).

J
OH OH
O] NH O~ NH HoN~ NH
PN ryrapun-R(PBAGD(OtBU),, PN
Oo_ OH EDC o_ OH H H
Si _~_NH; > > si_~_N N
d MeCN, 20°C, 20 TFA, 20°C, 30 MuH / Y
o o) o)
o) o
NH
HO
HO
o)
s OH OH s N N
N_ _NH
/ 2
\/\n/ OsN \/\n/ o \ﬂ/
o o N o NH

O
S H

EDC, SOsNa O NH T HN

s OH - S OH Q/\_NH HN—%
o o) W

MES 6ydep (pH 6.0), O

25°C, 20 muH (0]
O OH (0] OH (6]

OH

Cxema 1.13
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o
N
¥ H
o
H
H
o

CBs3bIBaHUE MENTH/IOB TAK)KE MPOBOJIAT Y€PE3 MEPKANTOrPYIIIY ¢ 00pa3oBaHHEM THOIDHPOB
[189] (cxema 1.15).

o)
Osi N 0 i N
O\S/OH n 5 O p
1 3
d MeCN, 20°C, 20
o o)
w0 et A
N
(0] nH 5 (e}
o ANH,
o OH H 0 ¢
~q! S”~EQNPIYWARYADWLFTTPLL
§|\/\/N\[]/\,{,OV1\NJLH,N LLDLALLVDADEGT-COOH
H
. OH o n 5 O
Si
O/
o o)
50,/ o gy g 1
0 nH 5 0
CxeMma 1.15

Hcnone3ys pasnuuHble KOHCTPYKLHMHM HAHOKOMIIO3UTOB, MOXXHO KOHTpPOJIMPOBATh
BBICBOOOJKICHHUE 3arpy>KEHHBIX COEJMHEHHUI B OTBET Ha BHEUIHHUE yCJIOBUA: PH, penokc-noreHuuan,
TeMIiepatypa, NTPHUCYTCTBHE (EepMEHTOB (BO3IEWCTBHE THUAPOJIA3 W pEAyKTa3 B KIETKax),
doroctumynsmms  (poronmHamMuueckas Tepamus), aKyCTHYeCKas CTHUMYJSIHs (BO3JAEHCTBHE
yIBTPa3ByKOM), MAarHUTHOE 110JIe (MarHUTHAsI TUIIEPTEPMUS U MarHUTHOE yepxuBanue) u ap. [190-
193].

W3mensis pasmep u popmy HaHoHocuTenei [194], a Takke MOTUPHUIUPYS KX TTOBEPXHOCTH

[195-197], MOXHO CHU3UTH OIICOHM3AIMIO M TEM CaMbIM YMCHBIIUTH 3aXBaT W BBIBEICHHUC
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HAHOKOMIIO3UTOB M3 KPOBSHOTO pycia cucremoii makpodaro [198, 199]. Urto B pesynbrare
MPUBOIUT K YMEHBIICHHIO HECTeNU(PUUECKOTO 3axBaTa TKAHSIMH, HECOACPIKAIIUMH MOJCKYIIbI-
MHUIIICHH, U K YBEJIMUCHHIO ITEPHO/Ia JITMMHHAIIMNY HAaHOKOMITO3UTOB M3 opranu3ma [160].

Takum o0pa3zom, B HacTosiliee BpeMsi MPOBOJUTCS OOJbIIOE KOJIHMYECTBO HMCCIEAOBAHUM,
HaIlpaBJIEHHBIX Ha MoyyeHue npousBoaHbsix RGD-nentuaa, kak moTeHIUaIbHbIX CPEACTB TEPATUU
U JMArHOCTUKH OHKOJOTHMYECKHX 3a0onieBaHuil. OIHAKO, CEpbEe3HON MPOOJIEMOI HMCIOIh30BAHUS
MOJIYYEHHBIX COCIMHEHUM SBIAIOTCS OrPAHMYEHUS WX TPUMEHEHUS HU3-32 XUMHYECKOU
HECTAaOWUJIBHOCTH  WJIM  HECTAaOMJIBHOCTM B OHOJIOTMYECKUX  Cpelax, OrpaHHYEHHOM
BOJIOPACTBOPUMOCTH, HECOBMECTUMOCTH C HCCJIEIyeMbIMH XUMHYECKUMH U OHOJOTHUYECKUMU
cucrtemamu u Ap. [loaromy momydenue npousBogHbsix RGD-mentuma m paspaboTka METOIOB MX

KOHBIOTallMU ¢ QyHKIMOHAIbHBIMU MoJiekynaMu i MHUY siBisercs akTyanbHOM 3anayeil.
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I'naBa 2 O0cyxaeHue pe3yJibTaToB

2.1 CuHre3 JUHKepcoaepRamux npou3Boaubix RGD-nentuaa

JUnist  moyrydeHHsl IIeNIeBBIX MENTHI0B ObUIM HCHOJB30BAHBI METOMABI KJIACCHYECKOTO
HNEeNTUIHOIO CUHTe3a B pacTBope. CHHTE3 MenTua0B HauyMHaIM ¢ C-KOHIA, UCXOJ U3 AJIKUIIOBBIX
3¢upoB Asp nyTeM nociuenoBareabHOro npucoeauHenus N-3amumnieHHsix npousBoaHbx Gly u Arg
(cxema 2.1) [37, 200]. dnst coxpaHeHUs crelM(PUUHOCTH CBS3BIBAHUS IMOJYYCHHBIX MENTHIOB C
MOBEPXHOCTHBIMHU PELENTOPAMH OMYXOJIEBBIX KIETOK HEO0X0IUMO, 4YTOOBI OCIIE KOHBIOTAIIH UX C
(YHKIMOHAJIBHBIMM MOJIEKYJIaMH WJIM HAHOYACTUIAMM TyaHMJIUHOBas rpynna Arg u -
KapOokcwipHas rpynma ASp ocranuch cBoOoaHbiMH [26]. IlosToMy 3ammra 3TUX rpymmd
noadupanach Tak, 4ToObl OHM HE OBUIM 3aleiicTBOBaHBI B Xojae cuHTe3a. [Ipm sTOoM Obun
UCTIOJIB30BaHBl TPU TMOAXO0JAa K 3amuTe OOKOBBIX (DYHKIMOHAIBHBIX TPYIII, OTIUYAIOLIMECS II0
MeToAy J1e0JIOKMpOBaHMS KOHEYHBIX coeAuHEeHuH. Jlis npedaoTBpallleHuss CTEPHYECKOro
B3aUMO/JICHCTBUS MOJIEKYJISIDHOTO BEKTOPAa M KOHBIOTHPYEMOI0 C HUM OOBEKTa, BBOJWIIM JIMHKEP
(cdiicep), KOTOPBI MPOCTPAHCTBEHHO OTAAISIET (PYHKIMOHAIBHBIE YacTH KOHbBIOTaTa. [Ipu saTom
caM JIMHKep SBJIAETCS MeHee 0ObEeMHBIM ()parMEHTOM M JTOTIOJHUTEIHHO YIPOIIAET CHHTETUYECKYIO
3aj1a4y COeMHEHHsI BEKTOPa C paccMarpuBaeMbiMu o0bekTamu [201].

Cunte3 nunentunoB 1-5 (cxema 2.1) OCYIIECTBISIIM C HCHOJIb30BAHUEM KOMMEPUYECKH

AOCTYIHBIX 3allIUIICHHBIX aMHWHOKHUCIOT HWJIW CHHTC3WUPOBAHHBIX CAMOCTOATCIBHO IO M3BCCTHBIM

metoaukam [202-204].

o) o . ,
* 1: R" = Me, R“=Boc (81%)
NH,*X N R2
R'O 27, HO\H/\N’Rz DCC, NHS, DIPEA RlO \H/\H 2:R" = tBu, R? = Fmoc (88%)
! > R'O o] 12 2_
R'O I CH,Cly, 20°C, 20 4 3: R'=Bn, R?= Boc (72%)
o o 4:R" = Me, R% = Fmoc (83%)
5:R'=Bn, R?=F 9
R' = Me, X = HC; R? = Boc; n, moc (73%)
R" = tBu, X = HCI; R? = Fmoc. o 1
R'=Bn, X = Tos. H 6: R' = Me, X = HCI (70%)
i R'O \n/\NHZ*X 7: R = tBu, X = HCOOH (25%)
12,3 > R'O 0 8:R' =Bn, X = HCI (76%)

9: R' = Me (95%)
2,4,5 — XT)J\ 10: R = tBu (95%)
“ OR' 11: R' = Bn (95%)
i- HCI 10 ake.; MeOH, 20°C, 15 muH (gnsa 1, 3).
nunepugmH 5 aks., CHCl3, 5°C, 16 4; HCOOH u36biTok (ans 2).
nunepugmt 5 aks., CHCl3 unn EtOH unn OM®A, 20°C, 2 y (ans 2, 4, 5).
Cxema 2.1
VY nanenune FMOC-rpynmnsl JUNENTHAOB 2, 4, 5 TUIIEPUITHOM COIIPOBOXKIATIOCH 00pa30BaHUEM
0OOYHBIX IPOAYKTOB 2,5-nrkeTonunepa3suHoB 9—11 (cxema 2.1). [To Bceli BUAUMOCTH, TPOTEKAHHUE
peakuu omnpeernsiercs oOpa3oBaHHEM CBOOOJHONH aMHUHOTPYIITBI TIIMIIMHA, KOTOpas Oiaromaps

CBOEHM BBICOKOM HYKJICO(PHUIBHOCTH aTakyeT KapOOHWIBHBIM aToM «-CIOKHO3(QHUPHON TpYIIIbI
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acrmaparuHoBOi KHCIOTHL [luknu3anus mpoxomwia modtd moiHocTeio (95%) um HeoOpaTmmo,
BBINAJal OCa/I0K.

JIJiss METHIIOBBIX W OCH3WIOBBIX d(PUPOB MpodiIemMy oOpa3oBaHUs 2,5-TUKETOMHUIICPA3UHOB
yAanoch 000WTH, 3aMEHUB 3allUTy aMUHOTPYIIIbI IIMlMHA ¢ FMOC Ha BOC, yaanseMyro anuaoiau3om.
Coenunenus 6 u 8 BBIICIAIUCH B BUJI€ TUAPOXIOPUAOB, KOTOPHIM IIUKIN3AIUsl HE CBOMCTBEeHHA. B
CJIydae MCIIOJIb30BAHUS mpem-0yTHIOBBIX 3(UPOB, TAKOH MMOIX0J HEBO3MOXKEH M3-32 UX THIPOJIN32
B YCJIOBUSX ynaneHust Boc-3amutel. OnHaKo Ui COeAMHEHUS 2 ONTHMU3ALUS YCIOBUH yAaleHus
Fmoc-rpynmesl (cHmwkenne temrepatypsl ¢ 20 10 5 °C u yBenuueHne BpeMEeHH peakiuu ¢ 2 10 16 1)
BCE )K€ MO3BOJIMIIA BBICIUTD LIEIeBOU MPOAYKT / B BUAE hopmuara ¢ BeIxo1oM 25%.

Jns cunte3a TpunentuaoB 14-16 nunentuasl 6-8 KOHIEHCHPOBATIHM C 3AIIMIICHHBIMU
npou3BoaHbiMU Arg 12, 13. 3arem ymansumi 3ammry o-aMuHOTpYHnsl Arg nunepuauaom (s 14,
15) wnu constHOM KucnoTou (uist 16) u BBOAMIM JTMHKED (TIIyTapOBYIO KHCIOTY) yTeM KOHICHCAIIUU

TpunentuoB 17-19 ¢ rmyrapoBsiM aHTUIPHUIOM (cxema 2.2).

0

0 0
NHR?2 § NHR?
HO R'O N
i 1 \n/\H ii
R'0 0
D —_— e
NH o

A X

HN"SNH HN”>NH HN NH
R3 R3 R3
12: R? = Fmoc, R® = Pbf 14: R' = Me, R? = Fmoc, R® = Pbf (96%) 17: R' = Me, R® = Pbf (78%)
13: R? = Boc, R® = NO, 15: R" = tBu, R? = Fmoc, R® = Pbf (88%) 18: R' = tBu, R® = Pbf (76%)
16: R' = Bn, R? = Boc, R® = NO, (73%) 19: *HCI, R' = Bn, R® = NO, (88%)
H
i? e Sy o
Me S0,
Pbf =
Me® o
20 R' = Me, R? = Pbf (98%) M Me
e

21: R" = Bu, R? = Pbf (97%) "”?‘3 NH
22: R'=Bn, R® = NO, (76%)

i 68, TBTU, DIPEA, CH,Cl,, 20°C, 20 v,
ii: nunepuanH, MeOH, 2 4y (ans 14, 15); HCI 10 aks., TI'®, 15 MuH (ansa 16).
iii- rnytaposbinn aHrvapua, CH,Cly, 20°C, 20 y.
Cxema 2.2
Ha cragusx cunresa aunentuaa Boc-Gly-Asp-(OMe): (1) u tpunentuma Fmoc-Arg(Pbf)-
Gly-Asp-(OMe)2 (14) Obu1 IpoBECH CPaBHUTEIBHBINA aHATN3 KOHACHCHPYIOIIUX PEareHTOB psiaa

KapOOIMUMHIOB M YPOHUEBBIX coiieid (Tabmuna 2.1). Hanbomnee a3 pexTHBHBIMU OKa3aMCh areHThI

yponuesoii npupoas! (TBTU u HBTU).
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Tabauua 2.1 — OnTumu3anus cCUHTE3a CUHTe3a aunentuaa 1 u tpunentuaa 14.

Konnencupyromuit Junentun 1 (cxema 2. l) Tpunentug 14 (cxema 2.1)
areldT Beixon?, % Yucrora?, % Beixon?, % Yucrora?, %
EDC 52 99,8 27 91,4
CMC 15 96,9 9 93,6
DCC 49 93,6 -
PyBOP 71 94,2 89 95,4
HBTU - - 94 97
TBTU 81 99,1 96 96,5

! mocne ounctku ¢uen-xpomarorpadueii; > mo qanaeiM BOXKX (Agilent 1100, xononka Kromasil
100-5-C18, moxBuxHas ¢paza: 70% MeCN — 30% H-0).

Jnst cuaTe3a TerpanentunoB 25, 26 tpunentua 17 co cBoOomHOM o-aMuHOTrpyImon Arg
KoHieHcHpoBau 6o ¢ Fmoc-Gly-OH (23), nu6o ¢ Fmoc-Lys(Boc)-OH (24) [200]. 3atem yaansiu
Fmoc-3ammury 0-aMUHOTPYII HHIICPHIAHOM M BBOIWINA JIMHKEp (TIyTapoBYIO KHCIIOTY) MyTEM

KOH/ICHCAIIMU TETPANenTHI0B 27, 28 ¢ IiayTapoBbIM aHTHIPUAOM (cxema 2.3).

?mﬂkﬁmﬁ ? *(L W o wk&w o

1
/ 25 (98%) Pbf—N NH
H

9% Pbf—N (749 Pbf—N NH
7(79%) H %) b N
u\\ o =/\/\ -Boc /\/\ .Boc /\/\ .Boc
~o 2. Fmod H H
:? ‘n/\N ‘n/\N NH,
OH
(0]
NH
26(93%)  Pbf—N""NH (68%) be—N 0 (70%) be—N
H H
i: FmocGly (23), TBTU, DIPEA, CH,Cl,, 20°C, 20 u; ii: FmocLys(Boc) (24), TBTU, DIPEA, CH,Cl,, 20°C, 20 v;
iii: nunepuaun, EtOH, 20°C, 2 y; iv: rytaposbit aHrmgpug, CH,Cly, 20°C, 20 .
Cxema 2.3

B pesynbrare pazpaboTaHbl METO/IBI TTOYYEHUS N30MPATEIHHO 3aIIUIIECHHBIX TPUTICTITHIOB
17-19 u TterpamentunoB 27 u 28 (MMEIOUIMX B CBOEM COCTaBe CBOOOJHYIO aMMHOTPYIIY,
MO3BOJISIOILYIO TPOBOAUTH KOHACHCAIHMIO ¢ KAPOOKCHUIBHBIMU I'PYIIIIAMH JPYTUX MOJIEKYH), a TAKXKe
HOBBIX MPOM3BOJHBIX, COACPKAIIUX JHUHKep — TiIyTtapoByro kuciory (20-22, 29, 30)
(KapOOKCHITBHYTO TPYTITY KOTOPBIX MOKHO MCIIOJIE30BaTh ISl KOHBIOTAINH C IPYTHMH MOJICKYJIaMH,
UMEIOIMMHU aMUHOTPYIIITY). 3allIUTHBIE IPYMIb OOKOBBIX IIeTIel aMUHOKUCIIOT MOTYT OBITh yJaJIeHbI
Ha mocrnenHer craauu. Tak, B IENEBBIX COSTUHEHUSIX mpem-0yTuiosbie 3¢upbl ASp n Pbf-3amura
IYaHUJMHOBOM rpynmbl Arg MoryT OBITh YAAJeHbl aluaoiIu30M; OeH3uinoBble 3¢upsl ASp u
HUTpOrpynmna B Arg — THIPOTeHOIN30M; METHIOBbIe 3pupbl ASp u Pbf-3amura ryanuaunHoBOI
rpynmnsl Arg MOTyT OBITh YJAJIEHbI TOCIEA0BATEIBHO IEI0YHBIM THIPOIU30M U allUA0IN30M. DTO

MO3BOJIACT MPOBOAUTH KOHBIOTAINIO JAHHBIX MENTHAOB C APYT'UMU OMOJIOrNYECKN aKTUBHBIMH HIIN
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(GYHKIIMOHAIBHBIMA MOJIEKYJIAMH, a TaK)K€ HaHOMAaTephallaMd PETHOCENEKTUBHO M 0e3 MoTepu

CHEU(PUIHOCTH UX CBS3BIBAHUS C OMyXOJIEBBIMHU KJIETKAMH.
2.2 Cunre3 npousBoanbix RGD-nentuaa, conep:xkamux ¢GuayopecueHTHbIE KPacHTeIH

C uenpio0 ModMy4eHHs] HOBBIX MaTE€pUAIOB, KOTOPHIE MOIJIM Obl OBITH MCIOJB30BaHBI IS
cnenupuIeckoro OKpamMBaHus OMyX0JIeBbIX KIETOK WM TKaHEW, HaMH pa3paboTaH METOJ CUHTE3a
HOBBIX KoHBIOraroB RGD-mentuaa (B Tom umcne conepxamux PEG) ¢ mMonekynamu pasnuyHbIx
(IIyOpeCEHTHBIX KpacHTeIeH KakK HCIOJB3YIOHIMXCS B Ouonornyeckor mpakrtuke Cyanineb.5,
FITC, Tak 1 HOBOTO MPOU3BOJAHOTO MUPUIMHOHA.

Coemunenus 17-22, 27-30 moryt OBITh HampsMYIO KOHJCHCHPOBAaHBI C MOJEKyJIaMHu
¢iryopecueHTHBIX Kpacutened. s KOHIEHCAlMU MCIOJIb30BAIN (DIyOpPECIEHTHBIE KpPacHUTEIH,
MOJIEKYJIbI KOTOPBIX COJIEPKalId CBOOOIHBIE KapOOoKcuibHbIE (31) M akTHBUPOBaHHBIE TPYTITHI (32

u 33) (pucynok 2.1).

H
.Boc (0] N

Pucynok 2.1 — Mcnonb3oBaHHbIe B paboTe (IyopeclieHTHbIE KPACUTEIH.

B pabote Obln HCIONB30BaH HOBBIN (hIyOopecleHTHBIH KpacuTenb 31, CHHTE3MpPOBAaHHBIN B
OMCKOM TOCyZapCTBEHHOM YHUBEPCUTETE MO pyKOBOACTBOM 1.X.H. mpod. Pucroka A.C. Konnrorat
34 momyyanu koHAeHcanuen nentuaa 18 u mpousBoaHoro 31 ¢ MCMoNb30BaHIEM KOHICHCUPYIOIIETO
arenta TBTU. Konbtorar 35 mnomydanu KouAeHcanued mnentuna 18 ¢ u3oTHonmaHaTtoM
dayopecuenna 32. 3amuTHble rpynnbl coenuHennit 34 u 35 yaansu B 95% TFA B Teuenue 4 4 npu
KOMHAaTHOW Temmeparype. JleOmokupoBanHble coenuHeHHss 36 w37 BBIEISIIM B BUJAC

TpudTOparneraron (cxema 2.4).



.Boc
H HN
Bu’O M
BuO 0
X

34 (78%) Pbf—N">NH
H
o) H TFA
HO
HO o
o)
HN
36 (71%) HN NH,*TFA
i: 31, TBTU, DIPEA, AM®A, 20°C, 20 4;  ii: 32, [IM®A, 20°C, 20 u; iii: TFA/H,0 (95/5), 20°C, 4 u.

Cxema 2.4
JlJis KOoHBIOTaTa TENTHIA C IMAaHUHOBBIM KpacuTelieM 33 TaKOoW CHHTETHYCCKHHA TTOXOJ
okaszaiicss HerpuMeHuM. Ilpu xonaeHcanuu nentujga 17 ¢ CyKIMHUMUAHBIM 3UPOM IUAHUHOBOIO
kpacurens 33, noiaydanu KoHbroraT 38. lllenouHoil ruaposin3 METUIOBBIX 3(UPOB MPOBOAUIH B
cpene H2O/EtOH wu mnomyuanu kowbtorar 39. Opnako, nanee npu ynanenuu Pbf-rpymmsr B
CTaHJAPTHBIX YCIOBHIX C Hcronb3oBanueM 95% TFA mpoucxoamio pasznoxkeHue coenuHerus 39 u
BBIJIENIUTH 1eneBoi npoaykT 40 He ynanoch (cxema 2.5). Kpome Toro, nmuaHMHOBBIH KpacUTeNlb

CHHIKaJI FI/I)IpO(l)I/IJ'IBHOCTL COG,[[I/IHGHPlﬁ, YTO MOIJIO OBI YCHIOXHUTH MNPOBCACHUC OMOJIOTUYECKUX

HCCIICIOBAHNH.
H
i? J\%\ LN Oj? J\%\Cyamness LN
N Pbf 38 (81%) N Pbf
— HO# \ﬂ/\N “Cyanine5.5 + HO? XHCyanmess
39 (75%) N~ “N-Pbf NH,*CF;COOH
H H
i- 33, AM®A, 20°C, 20 w;  ii: NaOH, EtOH/H,0, 20°C, 154, TFA; iii: TFA/H,0 (95/5), 20°C, 4 u.
Cxema 2.5

Jliis yBenmu4eHus: KUCIOTOCTA0OMIBHOCTH U BOJIOPACTBOPUMOCTH IEI€BOTO COSTMHEHHS OBLIT
paspabortan moaxon k cuHTe3y PEG-comepikamero konptorata 43 mentuma 17 u Cyanine5.5 c
UCIIOIb30BaHUEM MOJIEKYJIbI OudyHknuonaapbHoro PEG (M = 2000 Jla) B kadecTBe JIMHKEpA.

Cuauana npoBoaunu kouaercanuto PEG 41 ¢ nmanuHOBBIM KpacuTeneMm 33, a 3aTeM ¢ menTuaom 17.
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Je6nokupoBanne KapOOKCHIBHBIX Tpynn ASP u ynaneHue Pbf-zanmmuTel ryaHuInHOBOW Tpymimbl
MPOBOAWJIN B CTAHAAPTHBIX YCIIOBUAX 663 noTcpu @HyopecueHTHHx CBOMICTB IeJIEBOIro COCANHCHUA

(cxema 2.6). CUHTE3UpOBaHHBIN KOHBIOTAT OKa3aJICsl JISTKOPAacTBOPUMBIM B Bojie [205].

0]
HO o) (o3 5.5
N \/E|\NH2 _» N \/}NH yanlne ~o \n/\N \H/\,{ \/}NH Cyanme55
(0]

42-50 o - 42-50
42 (92%)
0 43 (79%)
HO \n/\N \[(\,{ \/E|\NH Cyanine5.5
HO 42-50
(39%) NH2*CF3COOH
i 33, AM®A, 20°C, 20 4;  ii: 17, TBTU, DIPEA, [IM®A, 20°C, 20 u; iii: 1. NaOH, EtOH/H,0, 20°C, 15 u; 2. TFA/H,0 (95/5), 20°C, 4 u.

Cxema 2.6

[TpousBonnoe PEG 41 coctosio HE U3 OAHON MOJEKYJBI, @ U3 TOMOJIOTMYECKOTO psiaa ¢
pa3HbIM KOJIMYECTBOM 3BEHBEB (N) B 1IETIH cO cpeiHel MoekyspHoi Maccoid M = 2000 [la. [Toatomy
MacC-CIIEKTPhI MPOIYKTOB IMPEACTaBIsUTM COO0N HA0Op MHUKOB COOTBETCTBYIOIIUX T'OMOJIOTOB C
pPa3HBIM MAacCOBBIM COOTHONICHHMEM | OBUIM TPEICTaBICHHI B OCHOBHOM B BHJE JBYX- H
TPEX3apsAOHBIX ~ MOJEKYJISpPHBIX  HMOHOB  MPU  TOJOXKUTEIBHONM  HMOHU3AlMU  METOIOM
anextpopacmsiienus (ESI-POS). OcHoBHOe pacnpeaenenue ObUT0 B auamnasone ot N =42 go n = 50,
OCTaJIbHBIE TOMOJIOTH UMEJIM MacCoBYIO A0Jt0 MeHee 50% oT ocHoBHOro nuka (N = 46) o JaHHBIM
MacC-CIIEKTPOMETPUU W HE YUYUTHIBAIUCh HAMHU IPU OMHCAHUU CIIEKTpOB. Ha pucyHke 2.2 mis

nprUMepa NpUBEAECH Macc-CIEKTp COeAUHEHUs 42.

Intens. ]
x1047

1000 150 2000 250 3000 "miz

Pucynok 2.2 — Macc-cniektp coeHeHus 42.

CHeKTpBI MOTJIOIICHHUA U NCITYCKaHH IMMOJTYYCHHBIX COG)II/IHCHI/Iﬁ COOTBETCTBOBAJIN
CIICKTPaM MOTJIOMICHUA U UCITYCKAHUSA UCXOJHBIX KpaCHTCHCﬁ, YTO I'OBOPHUT O COXpPAaHCHHUU UX

(ITyopeceHTHBIX CBOMCTB (PHCYHOK 2.3).
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100

250 350 450 550 300 400 500 600 700 500 600 700 800
Ll.rmua BOJ/IHbI, HM ﬂ.’lllHﬂ BOJIHbI, HM ﬂ_v""{a BOJIHbI, HM

Pucynok 2.3 — Crekrpsl piyopecuennuu ((1, 2) ciektpsl normomeHus u (3, 4) CreKTpsl
WCITyCKaHM ) HICXOAHBIX KpacuTener 31-33 u ux konbroraros 36, 37, 44.

Takum o0pa3zom, pa3paboTaH MOIXOJ K TMOJYYSHHIO KOHBIOraTOB MpoM3BOAHBIX RGD-
MENTH/Ia C MOJIEKYJIAMH PAa3IMYHBIX ()IIyopecleHTHBIX Kpacuteneil. [lomydennsie coenunenus 36,
37, 44 pacTBOopuMBI B BoJie, 001a/1af0T IyOPECIIEHTHBIMUA CBOHCTBAMH, CXOAHBIMU CO CBOMCTBAMHU
UCXOJIHBIX KPACUTEIICH, M MOTYT paCCMaTPUBAThCS KaK OTEHIIMATIBHBIC areHThI JJIs1 U30MPaTeIILHOTO

MEUEHUSI OIIyXOJIEBbIX KIIETOK.
2.3 Cunre3 npou3Boanbix RGD-nentuaa, conep:kammux kapoopaHbl

C uenpio Moly4eHus: MaTepUaIOB, MPECTABISAIONINX HHTEPEC B KauecTBe areHToB aiist BH3T
OITyXO0Jiei, pa3paboTaH MOAX0/ K MOJYyYEHHIO KOHBIOTaTOB Mpou3BoaHbIX RGD-nentuaa ¢ psaaom 1-
3aMeUIeHHBIX 3-aMHHO-1,2-mukap6a-x1030-101eKkab0paHOB — MOJIEKYJ C OOJNBIINM COAEPKAHUEM
aToMoB Oopa. Tak, mpoBesieH cuHTe3 KOHBOTaTOB 49-54 Ha ocHOBe mpou3BoaHbIX RGD-mentuma
20-22, comepskaliux B cocTaBe JIMHKEP (TIyTapoByIO KHCIOTY),  KapoopaHoB 45-47 [206]. Cunre3
MIPOBOAMIIN METOJIOM CMEIIAHHBIX aHTHJIPUIOB C HCIOIb30BaHHEM dTIIIXJIOppopmuata (cxema 2.7).
BrIxofp! 11€1€BOro mpoAyKTa YMEHBIIATUCH B Py KapOopaHOB OT 45 k 48, 4To CBHAETENBCTBYET O
BJIUSTHUM 3aMECTUTESI B TIEPBOM ITOJIOKEHUHM KapOOPaHOBOTO S/Ipa HA PEAKITMOHHYIO CIIOCOOHOCTh

aMUHOTPYIIIIHI (€€ HYKJICO(PHIBHOCTD) B PEAKIUAX KOHJAEHCAIIUY C TIENTHIaMHU.

RO W*&M @ i, jj W? M@

. - 45:R%=H 49: R' = Me, R? = Pbf, R® = H (55%)
20: R' = Me, R” = Pbf; HN NH 46: R3 = Me' HN NH 1 > 3
1_ 2_ ) ’ 50: R'= Me, R? = Pbf, R® = Me (48%)
21:R'=Bu,RZ=Pbf, R2 47- R® = Ph: R2
Rl 2_ SRO=E 51: R" = Me, R? = Pbf, R® = Ph (40%)
22:R Bn, R N02 48: RS = iPr.
: : 52: R" = Me, R? = Pbf, R® = iPr (33%)
® =Cynn CH 53: R" = tBu, R? = Pbf, R® = H (56%)
ocTanbHble BepwuHbl = BH 54:R'=Bn,R2= NO,, R3=H (53%)

i atunxnopdgopmuar, NMM, CH,Cl,, -5°C, 2 4 n 3atem 20°C, 18 4
Cxema 2.7
C Ja(SA103Y0) HaﬁTH OHTHMaJ’IBHLIﬁ CI/IHTeTI/IquKI/Iﬁ moaxoa K HOJ'Iy"IeHI/IIO KOHBIOTAaTOB

npou3BoHbIXx RGD-nentuaa u kapO6opaHoB CO CBOOOAHBIMU (PYHKIMOHAIBHBIMU TPYMNIIaMU Ha
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npumepe coenuHennii 49, 53, 54, He copepKamMX 3aMECTUTENh B TIEPBOM IOJOKCHHUH
KapOOpaHOBOTO si7pa, OBLJIO MPOBEACHO JeONOKMpPOBaHHWE KapOOKCWIBHBIX rpynn ASp u
ryaHuuHoBou Tpymmbl Arg. OTHOBpEeMEHHOE 1e0JIOKHPOBaHNE KapOOKCHIIBHBIX U TYaHUJIUMHOBOM
TPYyNIl COCTUHEHUsT 53 alMI0IU30M W COCAMHEHUS 54 TUAPOTEHOIM30M TO3BOJIMIIO TMOJIYYHThH
1eaeBoil mpoaykT 55 u 56 cooTBeTcTBeHHO (MO JAaHHBIM SIMP), HO MONMHOCTHIO OYUCTUTH MX HE

yaaiocsk (cxema 2.8).

49 >

oy T H
1. NaOH; EtOH/H,0, 20°C, 15 muH; N N N
2. TFAH,0 (95/5), 20°C, 4 u. HO \H/\H Y
HO o) o) 0
o)
by

53 >
TFA/H,0 (95/5), 20°C, 4 u.

55 HN“" ~NH,*CF3;COOH

Qy  H H
Pd/C (20 w.%), H, 15 Bar N N N
- HO N \n/\/\n/
54 > \[(\H
HO (0]
(0]

C,H50H, HCI, 20°C, 10 u.

56 HN//I\NHZ*H(N
Cxema 2.8
IIpu 00paboTKe CHIBHBIMH OCHOBAaHUSIMH COEIUHEHUH, COAEpKAIlUX K1030-KapOOpaHBbl,
MOTYT O00pa30BBIBATHCS MPOAYKTHI JeOOpUpOBaHUS B BUAE Hudo-kapObopaHoB. [lpu menounom
THJIPOJIM3€ METHIIOBBIX 3(UPOB ASP TIOJOOHBIX MTPOIECCOB HE MPOTEKAIO, YTO OBLJIO OATBEPKICHO
nanbiMd *H SIMP 1o OTCYTCTBMIO B CIEKTpax CUIHama mpu & —2,5...—3 M.J., XapakTepHOro s
MOCTUKOBOTO mpotoHa B-H-B nuoo-kapbopanoB (cxema 2.9). OmHako B yCIOBHSX MIETOYHOTO
THJIPOJIH3a TIPOUCXOIMIIO PA3JIOKEHUE MENTHIHON YaCTH MOJIEKYJIBl M IPOMYKT 55 3 coeanHeHus

49 moyYuTh HE YAAIOCH.

a
. HO N \n/\/\n/ e =H
49 > \[]/\H
HO o}
0

NaOH, EtOH, H,0, 20°C, 15y

55a HNZ " NH-Pbf
Cxema 2.9
C menpl0 TONyYUTH COETUHEHHS, COAEPXKAIIUX OoJbliee KOJIWYECTBO aTOMOB 0Oopa H
noteHuuanbHo Oosiee 3ddextuBHbix Mg BH3T, nammu Obuin momydyeHsl au-KapOOpaHOBBIE
npou3BoaHble KRGD-mentuaa myreM KOHJIEHCAllMU AM-KapOopaHOBOro mnpousBojHoro Lys 57
[207], ¢ TpunenTraamMu 17-19, nMeromuMu pa3HbIe THITBI 3aIMTHI ()YHKIMOHAIBHBIX TPYI (CXeMa

2.10) [208].
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o)
o HN
o) 0
R'O \H/\N 2+ i 0 o) P
R'0 o H — § N Z
1
Z o RO NN
le) = R'O (0] (0]
NH HO\n/\N
HNANH o H ©
17: R' = Me, R? = Pbf; Y NH
18:R'=fBu, R2=Pbf: R 57 58: R" = Me, R? = Pbf (65%) HNANH
19: R' = Bn, R? = NO,. o 59: R" = tBu, R? = Pbf (62%) R2 0
60: R' = Bn, R2 = NO, (64%)
HN HN
i /H /H
58 ¢
o) o) Z 0 iv 0 0 0
H H = 60 —> H H z
N N A
HO N N
e YN N WY
Iii HO le) 0 HO (0] (6]
59 —>»
° NH © NH
61 (95%) HNéI\NHZ*CFg,COOH 62 (59%) HN™ "NH;"HCI
i TBTU, DIPEA, CH,Cly, 20°C, 20 4; it 1. NaOH; EtOH/H,0, 20°C, 15 u; 2. TFA/H,0 (95/5), 20°C, 4 u;
iii- TFA/H,0 (95/5), 20°C, 4 u; iv: Pd/C (20 mac.%), H, 15 Bap, C,HsOH, HCI, 20°C, 10 u.
Cxema 2.10

[Tpu ynanenuu 3ammTHBIX rpynn coenquHennid 58—60 nanbonpmmii Bexon (95%) A0CTUTHYT
JUIS. TeNeBOro mpojaykra 61, moiaydeHHOro B pe3ysibTaTe OJHOBPEMEHHOTO JeOIOKHMPOBAHHS
KapOOKCHIIBHBIX Ipymi ASP U r'yaHHJUHOBOH Tpynmbl Arg anunonusoM. [Ipu yaaneHun 3anuTHBIX
TPy COeAMHEHNS 58 B yCIOBHAX HIETIOYHOTO THAPOIIN3a aHATIOTUYHO cXeMe 2.8 mpoTeKal mporecce
pa3I0KEeHUs MEeNTHAHON YacTH MOJIEKYJIbI, I03TOMY TOJIYYHTh U3 HETO MPOAyKT 61 He ynanocs.

N3-3a BhICOKOH TUNO(UIBHOCTH K1030-KapOOPaHOB BOJAOPACTBOPUMOCTh coeTMHeHUH 61 n
62 cocraBnsna Bcero 0,1 wmr/mu. YtoObl yBeNMMYHUTH TMAPOPHIBHOCTH, HEOOXOIUMYIO [UIs

MIPOBE/ICHUS OMOIOTUYECKHUX UCTIBITAHNH, OBLIa TPOBEICHA PeaKIyst 1e00pHpOBaHus coequHeHNs 61

(cxema 2.11) [208].

(o] -
r=H Cs*
HN
1. CsF, EtOH, 80°C, 15 v;
61 2. noHoobmeHHasi cmona, H,0
> (0] H o H £ o -

HO N N P

HO o H H
© NH
63 (78%) HN4I~\NH3+
CxeMma 2.11

[Ipu xunsyeHnu B 3TaHOIE ¢ (PTOPUIOM LIE€3US, MPOUCXOAUT NeOOPUPOBAHUE — STUMHUHALIMS
0JHO¥ n3 BepiuH (aroMa B) nkocaspa. B pesynbsrare kapOopaHOBOE SIpO NEPEXOUT U3 3aKPHITOH
K1030-(pOPMBI B OTKPBITYIO HUO0-(POPMY, UMEIOIIYIO J1eIOKAIU30BaHHBINA OTpULIATENIbHBIN 3aps]] U

CKJIOHHOCTB K COJIEO0PAa30BaHHUIO C TIOJIOKUTENBHO 3apsikeHHBIMU noHamu. Monsl CS* 3ameHmm Ha
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vwoubl H' Ha KuCI0M MOHHOOOMEHHOW CMOJIE€ JUIs YMEHBUIEHHS TOKCHYHOCTH IIOJYYEHHOTO
coeqMHeH s, oHaKo noHbI CS™ maXke mMpu MHOTOKPATHON 00pabOTKe CBSI3AIUCH ¢ KATHOHUTOM HE
TIOJTHOCTBIO M MIPUCYTCTBOBAIM B coenuuennu 63 B kommuectse | non Cs™ Ha 1 MosekyJty mentua.
[Toxo/1 MO3BOIMI TOTYYUTh THAPOPUIEHOE coeTMHeHHEe 63 ¢ pacCTBOPUMOCTHIO B Bozie 5 mr/mit. Tak
kak otHocuTelbHO C—C CcBs3M B KapOOPAaHOBOM SIpE MOTYT SJIMMHUHUPOBATHCS Pa3IMUHbIC aTOMBI B,
BO3HHKAJIA TNIAHAPHAs! XUPATBHOCTh U COeIMHEHHE 63 BBIIEIICHO B BUIE CMECH JHACTEPEOMEPOB.
Takum o0Opa3zom pa3paboTaH MOAXOJM K CHHTE3Y HOBBIX KapOopaHconepxkammx RGD-
NENTHIO0B, copepskaiux oauo (55, 56) mu nBa (61-63) kapObopaHoBBIX sapa. Hanbosee BoICOKHIA
oOmmmid BeIXoJ (IO BCEM CTaJUsM CHHTE3a, HAYMHAS C JMIICNTH/A) IMOKa3zaH ajs Boc-crparerun c
3alIUTON OOKOBBIX IPYIIII, yaanseMoi ruaporenonusom (~13% mis 56 u s 62), 3arem ains Fmoc-
CTpaTeruy C 3aIIUTONW OOKOBBIX TPYII yransemon anumonuzom (~6% mis 55 u ~9% mns 61).
Coenunenne 63 J1erko pacTBOPUMO B BOJIC M MOXKET OKa3aThcs dPPekTHBHBIM arenToM st bBH3T

OITyXOJIeH, SKCIIPECCUPYIOIINX UHTETPUHBI av33 U v fs.

2.4 Cunre3 maTepuaioB Ha ocHoBe MHY, B Tom yncie mogudunupoBanubix RGD-

NeNnTHI0M, VIS IPUMEHEHNs B TePANUH U INATHOCTHKE OHKOJOTHYECKHX 3200J1eBaHUii
2.4.1 Konswroramus npoussoanoro RGD-nentuaa ¢ APS-moguguunpoannsivu MHY

N3BecTHO, uTo nipousBoaHble RGD-nentuaa nenoip3yroTes B KaueCcTBe BEKTOPHBIX MOJIEKYJT
B JU3allHE MAarHUTOKOHTPACTHBIX ImpemaparoB mid  nposeaeHuss  MPT-uccnenoBanuit
OHKOJIOTHYeCKMX 3aboneBanmii. C IENbI0 TONY4YEeHUS HAHOKOHBIOTATOB NPOM3BOAHBIX RGD-
nentuga 1 MHY Hamu npoBenieH cuHTe3 HaHovacTull 64 Ha ocHoBe Fe30s MeTo0M coocakaeHus
13 pacTBopa coneii Fe?* u Fe®* [136, 146]. s koBaTeHTHOro NprcoenHeHns K HuM RGD-nenuza,
npoBe/ieHa XUMHUecKas mMoaudukanus noBepxHoctd MHY 3-aMUHOIIPONMITPUMETOKCHCHIIAHOM
(APTMS) B BOoHO-CITUPTOBOM CpeJie 10 aHAJOTHK ¢ paHee pa3paboraHHbIMU MeToankamu [209]. B
BOJIHBIX YCJIOBUSX AJKOKCHUCHJIAHBI TUAPOIU3YIOTCS 10 CHIIOKCAHOB, KOTOPBIE CKJIOHHBI K PEAKIUU
KOHJICHCAIIMU C 0O0Jiee DICKTPOHOIOHOPHBIMH COCIMHEHHSMH, YeM alKoKcH-rpymmbl — ¢ Si—-OH
COCE/IHUX CHUJIOKCAHOB U C MMOBEPXHOCTHBIMH THIpoKcU-rpynnamu MHY Fe—OH, o6pasys npu sTom
ces3u Si—O-Si u Si—O-Fe cootrBerctBenHo [210]. B pesynbrare, Obun mosmydenst MHY 65,
coJiepKallie Ha TMOBEPXHOCTH aMUHOTPYMIIbI, KOTOPbIE Jajiee KOHJCHCHPOBAIU C 3aIlUIIEHHBIM
GRGD-nentugom 29 dyepes3 JIMHKEp B BUAE TIIyTapoBOM KUCIOTHL 3ateM yaamstau Pbf-zammry

(cxema 2.12) [211].
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67 2 HN® ~NH,*CF3COOH
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Cxema 2.12

VYnanenne MeTHIIOBBIX 3(pupoB ASP HE MPOBOAWIM, TaK KaK UX THUAPOIU3 B CTaHAAPTHHIX
ycnoBusx (mefictBuem NaOH B BojgHO#M cpesie) MOXKET MPUBECTH K MOBPEXKICHUIO CHIIOKCAHOBOM
o0osouku. TeM He MeHee IMpH HPOBEAECHUU SKCIEPUMEHTOB IO ONPEIEICHUIO OMOJIOrMYecKon
AKTUBHOCTH IN ViVO 3TO HE IOJDKHO MOMENIATh, TAK KaK CI0XKHBIE 3(UPBI METUIIOBOTO CIIUPTA JIETKO
THAPOJIU3YIOTCS € PA3IMYHBIX CyOCTPATOB MO/ BO3JCHCTBUEM KapOOKcHIia3 B KpoBsiHOM pycie [1].

Huamerp MHY 67 o nanubeiM [19M coctaBui 11 HM (pucyHok 2.4a,0). DneKTpoHOTpaMma
nony4yeHHbIX MHY 67 cOOTBETCTBYET 3JEKTPOHOTPAMME MAarHeTHTa U CBUAETEIBCTBYET O TOM, UTO
¢azoBoe cocrosHue mmimuHenu Fe30s He u3MeHsuoch B Xone Moaudukauuu (pucyHok 2.4g),
ruapoanHaMuueckuii tuamerp (Dh) o gaHHBIM AuHaMuueckoro paccesiHus csera (JJPC) cocraBun
123 am.

VY nenbHasi HaMarHu4eHHOCTh HachimeHus (Ms) ucxoaubix u koneunsix MHY cocraBuna 70 u
64 A-M?/KT COOTBETCTBEHHO (PUCYHOK 2.42). 3HaueHHs KOIPHUTHBHOIN CHIIBI 000X 06pa3IoB OIM3KH

K HYJIIO.

M/A m2oxr!
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Pucynok 2.4 — 1zobpaxenus [19M (a, 6) u anekrponorpamma (¢) MHY 67. Kpussie

HaAMarHMYEHHOCTH UCXOAHBIX (64) u koHeunsIx (67) MHY (2).
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He6onpiioe ymeHbllieHUE yIelbHOW HaMarHMYEHHOCTH MOAM(DHUIIMPOBAHHBIX 0OpPAa3IOB
CBS3aHO C HAIMYHMEM B UX COCTaBE HEMArHUTHOTO OpraHudeckoro MOkpbeITHS (~10%). MoxHo
CENaTh BBIBOJ, YTO B XOJI€ XMMHYECKHUX PEAKIINHA U MIPH HETIPOIOJDKUTESIIEHOM XPaHEHUH 00pa3IioB
JNECTPYKUUS Spa WIH €r0 U3MEHEHUE HE POUCXOIAT.

Hamnume dparmenta RGD-nentuaa nmoarsepxkaanu aaHHbiMH WK-crekTpockomuu u DA
[211, 212]. UK-cniekTpsl nenTuacoaepxkammx MHY coneprkany mojaocsl MOTTIOMICHUS, XapaKTePHbIC
s ucxomHoro mentuaa: 1738—1741 cm (BanenTHble konebanus (C=0) (COOMe)); 1641-1643
cMm ! (BanenTHbIe Konebanns (C=0) (amun 1)); 1538-1541 e (zedpopmarnmonnsie konebanus (NH,
N—-C=0) (amuz 2), (NH-C(NH)-NH)); 1426, 1375 cm* (BanentHble konebanus (C—N)). ITonocs! B
HK-cniekTpax ucxoanoro nentuga 1 MHY ¢ 3ammieHHbIM ENTUAOM, KOTOPBIE MOKHO OTHECTH K
konebanusiMm C—O—C Pbf-rpynmer (BazenTsle konebanus 1222 cm?, 1090 cm ), orcyretByroT B
cnektpe MHY ¢ nebnokupoBanubsiM Arg nmocie oopabotku TFA, uro cBuaeTenbeTByeT 00 yianeHuu
5Tol 3amuTHOI rpynmnsl. Kpome Toro, B MUK-cniekTpe nossnsercs cuiibHas nojoca npu 1196 em ! u

MeHee BBIpaKEHHBIE T00Ckl B obmactu 1135, 1090 cm?

, COOTBETCTBYIOIINE JIe(hOPMAIIMOHHBIM
kosebanusimM C—O B monekynax TFA u, BeposaTHO, IPOTOHHUPOBAHHOW I'yaHHIMHOBOH rpymmbl (NH—
C(NH) —-NH®*") Arg. B cnexTpax MomudummpoBanasix MHU mpuCYTCTBYIOT IIMPOKHE MOJOCH B
o6mactu 980-990 cm ! (BanenTHble konebanus (Si—0)) u 540-550 cm ! (Banentusle konebanus (Fe—

0)); otHOCsIHMECs K Matepuainy mokpeitus (SiO2) U siipa COOTBETCTBEHHO (PUCYHOK 2.5).
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Pucynok 2.5 — UK-criekrpet APS-momudunuposanasix MHY 65 (1), MHY ¢
UMMOOMIIN3NPOBaHHBIM renTuoM 66 (2), MHY nocne o6padotku TFA 67 (3), ncxomHoro

nentuna 64 (4).
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KonnuecTBo ocTaTKOB aMUHONPONUIICUIIAHA HA MOBEPXHOCTH HAHOYACTHUI] ONMPEACIISIN 10
JAHHBIM DJIEMEHTHOTO aHaJHM3a UCXO/s U3 MPOIEHTHOTO coaepxkanus C B o0pasie mo popMynam:

c=—2 (21
a)le\/l’ '

rie ¢ — konmaectBo APS-pparMeHTOB Ha TOBEpXHOCTH YacTull 65, monb B 1 r MHY;
w1— mac. % C B obpazie MHY 65;
w2 —Mac. % C B APS-dparmente (26,85 %);
M — monsipHast macca APS-¢parmenta (134,19 r/monb).

B pesynbTare Konm4yecTBO aMUHOTpyMIl Ha oBepxHocTH MHY 65 1o TaHHBIM 37€MEHTHOTO
a"anu3a cocrasuio 0,738 mmons/r MHUY.

KonnuectBo ocratkoB GRGD-nentuna na nosepxnocty MHY 66 u 67 paccuutbiBanu
aHAJIOTMYHBIM 00pa3oM 1o dopmye (2):

e @@ (22)

w; x M
rae ¢ — konuaectBo pparmenToB GRGD Ha moBepxHocTH yactuil, Mmojib B 1 r MHY,
o1 — Mac. % C B MHY 66 nunu 67;
o2 — Mac. % C B MHY 65;
w3— mac. % C Bo pparmente GlyArg(Pbf)GlyAsp(OMe)2 (52,23%) wiu
GlyArg(TFA)GlyAsp(OMe); (42,92 %);
M — wmomspuas wmacca (parmenta GlyArg(Pbf)GlyAsp(OMe). (780,87 r/monb) win
GlyArg(TFA)GIlyAsp(OMe): (642,57 r/moins).

Tt MHY 66 u 67, MomuUIIMpOBaHHBIX IENTHIOM, COJepX)aHUe PparMeHTa TeTparenTuia
GRGD cocrasuiio 62 u 19 mxmons/r MHY cootBeTcTBeHHO. TakuM 00pa3om, MOKa3aHo, 4TO B XOJ1€
UMMOOMIIU3AIMK yyacTByeT nopsaka 8,4% amuHorpym.

B pesynbrare pa3paboraH MoaXo0/ K MOJYYCHUIO KOHBIOTATOB MPon3BoIHBIX RGD-nientuaa
¢ MHY na ocuoBe Fe3Os, mmerommx APS-mokpeiTre. B wacTHOCTH, HcciaemoBaH Mporiece
KOBaJCHTHON MMMOOUIU3aIMU ITenTuaa 29, coiepKalero 0CTaToK rIyTapoBOil KUCIOTHI B KAYeCTBE
nuHKepa. Ha ocHOBe Moy4eHHBIX JaHHBIX DA MpoBe/ieHa KOTUYECTBEHHAs OLIEHKA OPTaHUYECKUX
KOMITOHEHTOB Ha Kaxaou cranuu moaudukanmn MHY. CurresupoBanusiii HaHOKOHBIOTaT MHY 1
nenTuaa 67 cogepxkan B cBoeM cocraBe 19 mxMoib nmpou3BogaHoro RGD-mentua B pacuere Ha 1 T
HAHOYACTHII. Pe3ynbTaThl MOTYT OBITH MCIIOJB30BAHBI B JAlIbHEHIIIEM Ui Au3aiiHa MaTepuaaoB Ha

ocHoBe MHY 1 BekTOpHBIX nenTua0B 1151 MPT-1uarnocTuku ormyxoieBbIX 3a00J1€BaHHM.
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2.4.2 Pazpadorka metona HaHeceHust SiOQ2/APS-nokpeiTsi Ha MHY

C 1enpi0 MOTYYEHUsT MAarHUTHBIX HAHOMATEPHAJOB, KOTOPhIE MOXXHO paccMaTpUBaTh Kak
wiathopMy A IMMOOMIM3aUK OMOJIOTHYECKH aKTUBHBIX MOJIEKYJ, U3y4eH MPOLEeCC HaHECEHUs
Ha MHY SiO2-nokpeITHs U ganpHEen ero pyakinronamm3anuu APS.

N3BectHo, uto [IAB (B wacTHOCTH, KapOOHOBEIE, (hOoCc(HOHOBBIC, CYJIb(POHOBBIE KHUCIOTHI U
JIp.) TO3BOJISIOT IMOJyYaTh YCTOWYMBBIC BOJHbBIC KOJUIOMAHBIC pacTBopel MHY [213], uto B CBOMO
o4epelb MOJOKHUTEIBHO CKa3blBaCTCS Ha HaHeceHHEe Ha HUX SiO2-TIOKPBITHS: MOXKHO M30erathb
00pa3oBaHUsi XUMHYECKU CBSI3aHHBIX aryiiomMepatoB vactuil (Heckoabko MHU B matpuie SiOy);
KOHTPOJIMPOBATh TOJIIMHY IMOKPBITHUS, CO3/1aBaTh MOPHUCTbIE MOKPHITUA. [IOKpbITHE HAHOYACTHIL
00osoukoit SiO2 MOXKET HpefoXpaHsATh MArHUTHOE SAPO OT pa3pylIeHUs B (DU3HOIOTMYECKUX
YCIIOBHSX, IPUAABATh arperaTuBHyo cradmibHOoCTh MHY 1 IO3BOJISATE 3arpyKaTh UX OMOIOTUYECKU
AKTUBHBIMU BEIIECTBAMHU.

[ToaTomy miis cpaBHEHHs OBUIM MCIIONIB30BaHbI Kak HecTabminsupoBanHsie MHY 64, Tak u
MHU 68, crabummsupoBannsie PMIDA, koTopbie ObLIH MOIyYEHBI B COOTBETCTBUH CO cXxeMoii 2.13
1o anayioruu ¢ paboramu [189, 214]. MHY 64 u 68 nokpeiBainu SiO2-000109K0# C UCTIOIB30BAHUEM
TMOS, B3storo B 1,5; 3,0; 5,0 kpaTHOM MOJIBLHOM H30BITKE B pacueTe Ha MHY, 1 momyyanu 4acTUIsl
69-74. Hanee ocymectBiusiin APS-pynkimonamu3amuio mo anamoruu ¢ [209] (cxema 2.13) u

nony4yamu MHY 75-80, cogeprkariue Ha MOBEPXHOCTH aMHUHOTPYTIIIHL.
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i- PMIDA,H,0, 40°C, 4 4, 20°C, 16 y;

ii: TMOS 1,5; 3,0; 5,0 mon.aks., NH,OH; EtOH 70%, ¥3, 40°C, 4 4, 20°C, 16 u;
iii: APTMS, NH4OH; EtOH 70%, ¥3, 40°C, 4 y, 20°C, 16 u.

Cxema 2.13
B UK cnexrpax MHY 69-80 B momnonHeHne K moaocaM Morjomenus B odnactu 550 cm™,
cootBeTcTBYOIMM siipaM FesOs (BasieHTHBIE KoNeOanus Fe—0), MOsSBIIAIOTCS MOIOCH! TOTJIOMICHHSI
B o6mactu 1300-750 cm ! (oTHOCAIIMECS K BaneHTHBIM KoneGanusaM Si—-O-Si (~1070 cm ' u ~789

em ) u Si-OH (~950 cm!). C yBenuueHHeM HCIOJNB3yeMOTo B peakiuu koiudectBa TMOS
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HaOmromanocs  yBenmuenue gonu SiO2  (yBenmuuBaercs uwmcno Si—-OH  rpymm), o dem
CBHJIETENLCTBYET YBEIMUEHHE WHTEHCHBHOCTHU ITIOJIOCHI MOTJIOMmEHHs B obmactu 977-949 cm?! B
CPaBHCHMH C WHTCHCHBHOCThIO Toyioc konebanmii Fe—O cmazeir. Jlns MHY  78-80,
crabunmusupoBanueix PMIDA, WHTEHCHBHOCTH MMoyoc Kosiebanuii Si—O cBsizell Oblia BBIIIE
WHTEHCUBHOCTH COOTBETCTBYIOIIUX IIOJIOC IS OOpa3moB /75-77, 4YTO CBHUACTEIBCTBYET O
dopmupoBanun  Oosee  Tosictoro  SiOz-mokphiTus.  Takke  HaOMIOJAIOCh  YMEHBIICHHE
MHTEHCHBHOCTH TO0JIOC TIoTnonienus npu 1436-1402 cm? (Banenrtnsie konebanus COO~ PMIDA),
YTO CBUJICTENBCTBYET O BhIMbIBaHUHU YacTH PMIDA B xone cunTe3a u 00padboTku. CTOUT OTMETUTH
UX CIBHMI OTHOCHTENBHO mojoc 1417 m 1375 em! B cnekrpe ucxomaupix MHY 68, yto mMoxkHO
OOBSICHUTB T€M, uTO KapOokcuibHbIe rpynibl PMIDA cBs3ans ¢ noBepxHoctHbiMU Fe—OH mmu Si—
OH. TTosockl, OTHOCSIIHECS K BaleHTHBIM KojieOaumnsm COO™ 1 PO3%, GbLIH HAIOKEHBI HA MOJIOCHI,

CBSI3aHHBIE C KOJI€OaHUAMHU KpUCTAIN3alnoHHOM Boabsl (1615 cm™) u Si-O-Si (1070 em™) (pucynok

2.6).
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Pucynok 2.6 — K cniekrpst MHU ¢ SiO2/APS-niokpsiTHEM.
Hcnonp3oBanne 6onpmiero kommdectBa T MOS NpUBOIUT K YBETHUYSHHIO COEpKaHUS (a3bl
SiO2 B o0Opasnax, cornacHo naHHbIM PDA. OcHoBbiBasch Ha AaHHbIX POA u MK-criekrpockonuu,
nokasaso, yto cuinanuzanus MHY B npucyrcteun PMIDA, no3sossina monyunts MHY ¢ Gosnbiimm
cogepkanreM SiO2 B cpaBHEHMHM C CWIaHHM3aleld Oe3 crabwim3aropa. HamarHW4eHHOCTB
momudumrpoBanueix MHY, B cpaBHeHnu ¢ ucxomasiMu MHU 64, ymeHbpImanach ¢ yBeIHUCHHEM

JIOJI HEMarHuTHOH (asbl (Tabmuia 2.2).
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Tadauna 2.2 — duzuko-xumuieckue xapakrepuctuku MHY 64, 68-80.

MHY KommonenTsr OTHOCHUTEIILHOE DA CootHomenne Konmentpamus Ms, A M%/kr
conepKaHne HEOPTaHMYECKNX OPTaHMYECKUX
3IIeMEHTOB! KOMIIOHEHTOB  KOMITOHCHTOB

PMIDA TMOS APTMS Fe Si P C SiOz/FE3O42 CAp33 CPMIDA4
(oxB.)
64 - 0 - 100 0 0 0 - 0 0 74
68 + 0 - 94,34 0 566 5,85 - 0 0,97 61
69 - 15 - 77,12 22,88 0 0 31/69 0 0 51
70 - 3,0 - 64,08 35,92 0 0 46/54 0 0 39
71 - 5,0 - 50,78 49,22 0 0 60/40 0 0 26
72 + 15 - 71,32 24,87 380 1,72 35/65 0 0,63 40
73 + 3,0 - 57,13 3993 294 1,18 52/48 0 0,49 28
74 + 5,0 - 46,38 51,74 187 1,00 63/37 0 0,31 21
75 - 15 + 74,65 25,35 0 3,49 34/66 0,48 0 49
76 - 3,0 + 63,46 36,54 0 2,71 47/53 0,32 0 38
77 - 5,0 + 50,34 49,66 0 1,80 60/40 0,28 0 27
78 + 15 + 68,82 29,69 149 431 40/60 0,66 0,26 37
79 + 3,0 + 57,27 4150 1,23 2,63 47/53 0,33 0,21 28
80 + 5,0 + 45,70 53,29 101 2,03 64/36 0,34 0,17 21

! Nannbie POA, 2 paccunrtano n3 naHusIx POA no ananornu ¢ [215], ® paccunrano n3 nanHsx DA
o ananoruu ¢ [209], 4 paccunrano u3 naHHEIX POA,

Jia APS-momudunmpoBanasix MHY 75-80 mpoBeneHo nsMepeHue yaenbHO MOBEPXHOCTH

(Syﬂ) meromoM BET. Ilokazano, uro SiOz-mokpeiTHe, B ciy4dae wucnojib3oBanus PMIDA-
monupunupoBanabix MHY, umeer 0Oojee BBICOKYIO Syn B CpaBHeHUM C mnokpeitueM MHY,

HOJYYeHHbIM 0€3 CTaOMIu3aToOpoB. BbII M3MepeH TIHAPOAMHAMUYECKUN AMaMEeTp YacTHUIl U MX
pacrtipenenenue mo pasmepam wmeroaoM JIPC, mokazano, uro wucnois3oBanue PMIDA s
crabunuzanuu ucxonublx MHY mos3Bonsier monyuyaTh OoJjiee yCTOWYMBBIE BOJHBIE KOJUIOUIHbBIE
pacTtBOpbl MoaupuuupoBaHHbIX HaHouyacTul, MHY 78-80 mmenu mydmue rufpoJuHaMUYECKHe
xapakrepuctuku (Dn u Pdl) mo cpaBHenuio ¢ HecrabunmsupoBanHbiMu MHY 75-77. Pa3mepsi
gactu1 B cepusix MHY 75-77 u 78-80, moy4eHHBIX ¢ MCIIOJIb30BaHHEM MOJBHBIX H30BITKOB 1,5-
3,0-5,0 TMOS 3akonomepHO Bo3pacTtaiu (Tabmuia 2.3).

Tab6auua 2.3 — [Inomane yaensHoM NOBEPXHOCTH U ruipoauHaMudeckuit nuamerp MHY 75-80.

MHY Sy M2/r Dy, M (PdI)
75 101 265 (0,24)
76 122 325 (0,26)
77 95 326 (0,25)
78 61 137 (0,12)
79 110 151 (0,13)
80 239 289 (0,36)

ITo nanubsM COM Pusnueckuii auametp ucxoaubix MHY 64 cocrasmnsn 9 um. Juamerp MHY
78-80, monyuennbix u3 PMIDA-cTaOunn3upoBaHHBIX HAHOYACTHIL, 10 JAaHHBIM COM yBenuauics
1o 15, 18, 29 HM cooTBeTCTBEHHO (pUCYHOK 2.7). VIcX0/1s M3 3TOT0 MOKHO PacCYUTATh, UTO TOJIIIHHA

SiO2-060m0uxu s MHY 78-80 cocrasmnsna 3, 4,5, 10 HMm.
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Pucynok 2.7 — N306paxenuss COM u ructorpaMMsl pacupeernenus mo pazmepam MHY 78-80.
Takxe, HaHOYACTHUIIBI, TONydeHHble ¢ nmpuMmeHeHueM PMIDA, Obuin MeHee CKIOHHBI K
00pa30oBaHUIO arioMepaToB (pUCYHOK 2.8), BeposTHO, Onaroaaps ux 0ojiee BHICOKON CTaOUIBHOCTH
B BomgHOW cpene. CormacHO HMaHHBIM, TIOJNYYCHHBIM W3 JJIGKTpOHOrpamMM, (asza saep

CUHTC3HUPOBAHHBIX MAaTCPUATIOB COOTBETCTBYCT (1)&36 Mar"aeTura.

1.5 mol equiv. TEOS 3.0 mol equiv. TEOS

5.0 mol equiv. TEOS

MNPs

MNP-PMIDA

UcnonszoBanne PMIDA st crabunmzannu ucxonubix MHY mo3Bosisier mosrydats Oosiee
yCTOWYMBBIE BOIHBIC KOJUIOWAHBIE PAcTBOPH MOAMGHUIMPOBaHHBIX HaHodactui. MHY 78-80,
cradbunusupoBanusie PMIDA umenu syuinue ruapoaunHamMudeckue xapakrepuctuku (Dp u Pdl) o
cpaBHEeHHIO ¢ HecTabuimu3upoBaHHbiMH MHY 75-77, koTopsie Bo Bcex cirydasx umenu Dn > 200 um,
9TO HEXKENATEeNLHO JUIS UCIIOJIh30BAHUS B SKCIIEPUMEHTAX IN VIVO, TIOCKOJIBKY 9TO MOYKET HPUBECTH

K OBICTPOMY HX BBIBEJCHHUIO U3 KPOBEHOCHOTO PycCiia MakpodaraibHoil cuctemoit [216].
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B pesynbrare, pazpadoran meroq Hanecenust Ha MHY SiO2-mokpbITHs 1 GyHKIIMOHATU3AIUA
ero APS, uzydyeno Biausiaue PMIDA u pasznuunbix konmdectB TMOS Ha cBoiicTBa HMOKpBHITHS
nonyyaembix MHY. IlponemonctpupoBano, uyto ucnonb3zoBanue PMIDA mo3Bossier yiaydmuTh
CTaOMJIBbHOCTh BOJHBIX KOJUIOUIHBIX PACTBOPOB, YBEIMUYHTh TOMIIUHY NOKPbITHS SiO2 U yACTbHYIO
noBepxHocTh MoaudunupoBanuibix MHY 1o cpaBHEHUIO C MOKPBITHEM, I[OJIy4aeMbIM 0e3
ucnonb3oBanus [TAB.

CuntesupoBanupie  MHY, wumeromue SiO2-OKpBITHE, MOXKHO paccMaTpuBaTh Kak
wiatGopmy 11 UMMOOUMIN3alMU BEKTOPHBIX MOJIEKYJI MJIM IMPOTHUBOOMYXOJIEBBIX MPENapaToB, YTO

MHTEPECHO MPH CO3JaHUHM MAaTE€PHUANIOB ISl TUArHOCTUKH M TEPaIii OHKOJIOTUYECKUX 3a00JIeBaHuUi.
2.4.3 UccnenoBanne copouuu Dox na MHY ¢ nokpsiTueM Ha ocHoBe SiO2 u SiOQ2/APS

MHUY 69-80, umeromue SiO2/APS-mokpbITHE, MOXHO pacCMaTpPUBaTh Kak IUIATGOPMY is
UMMOOWIIN3allMK  OWOJIOTUYECKH  aKTUBHBIX  MOJIEKYJ, HAlpuMep, MPOTHBOOIYXOJIEBBIX
JICKApCTBEHHBIX CPEICTB. B jmTeparype ecTh MpUMephl CO3JaHUsT MarepuanoB Ha ocHoBe MHUY,
NnOKpbITEIX SIO2 ¥ MCHOIB3YEMBIX ISl IOCTaBKU MIPOTHBOOITYXOJICBOTO Ipenapara JOKCOPYOULInHA
(Dox) B omyxouieBble Tkaunu [217-219].

C nenbto u3ydeHust ocobennocrei copoumnn Dox na MHUY, nokpeiteie SiO2 ¢ pa3invHbIMU
dyukuonanpubiMu  rpynmamua  (Si-OH, POsH2, COOH, NH2) Ha mnoBepxXHOCTH, a TaKxke
MCCIIEIOBAaHHSI BO3MOYKHOCTH ITOJTyYSHHSI OTEHIIMATBHBIX MAaTEPHAJIOB JJIsl TEPANTUHU U TUATHOCTUKH
OHKOJIOTHYECKUX 3a00JIeBaHN HaMu ObLTa TIpoBeeHa copoims Dox na MHY 69-80.

Copbuuio NpOBOAMIM NpPHU KOMHATHON Temreparype IpH MepeMElIMBaHUKM BOJHOIO
kosmougHoro pactsopa MHY c¢ Boaubim pactBopom Dox. MHY u Dox Opamu B mMaccoBoM
cooTtHomeHuu 1:1. HanowacTuirsl, 3arpy>keHHbIE TIpenapaToM, BRIICISUIH HeHTpUuyrupoBanuemM, B

pe3ynbrate nonydann MHY 81-92 (cxema 2.14) [220-222].

H,0; 20°C 24 v
—_—>» 8192

Cxema 2.14
Ha pucynke 2.9 mnpuBeneHbl BO3MOXKHBIE BapHaHTBI CBS3bIBaHWS MoJekyd DoX c¢
byHkroHambHBIMUA Tpynmamu Ha moBepxHocth MHU: SiO2 (SiO»...Dox), SiO2-APS (SiO.-
APS...Dox) u SiO2-PMIDA (SiO2-PMIDA...Dox salt). Onenka 3(pGhEeKTHBHOCTH CBS3bIBAaHHS
MoJekyibl Dox ¢ moBepxHocTHeIMU rpynniaMu MHY nposezena k.x.H. Koponésoit M.A. (MOC YpO
PAH) B pamkax Teopuu ¢yHKumoHana snekTpoHHOW tuiotHoctH (DFT). Mansii kmacrep SiO:

umutupoBai nokpeitue MHY [223]. Duepruto cBszbiBanus (Ep) DOX B yka3aHHbBIE KOMILJICKCHI
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paccuuTthiBanu Ha ypoBHe Teopun B3LYP-D3-gCP/def2-SVP B Bojie ¢ ncnop30BaHHEM ITPOrPaMMBbI
ORCA 4,0,1 [224]. Haumenbiias En xommuiekca SiO2-PMIDA...DOX cBHIECTEIBCTBYET O CaMOM
cIIbHOM cBsi3biBaHMM DOX ¢ moBepxHocthio MHY, B kotopeix mpucytctByor SiO2 u PMIDA
dparmenTsl. Koopaunanus Dox B gaHHOM KiacTepe MPOUCXOIUT 3a CUEeT oOpa3oBaHMs: MOHHON
CBSI3M Mexay amuHOrpynmamu Dox u ¢ocdonoBoii rpynmoii PMIDA, nByx BOIOPOIHBIX CBSI3EH
mexay C(8)-O(H) u C(8)-COCH2-O(H) monexynsl Dox u cBobonnoit OH-rpynmnoit PMIDA, a Taxxe
BOJIOpOHOI cBsi3u Mexxay OH B nupano3uibhoi rpynme Dox u Si-OH [221, 222].

Eq-186.41kimol v | [ E,=-73.09 kol ' E,= -224.88 kJimol

:' ‘-}‘;::I.Z'..‘ :L. : ‘?-_. -
“e Ay L{ |
¢ . 1 ™
a

$i03...Dox $i02-APS...Dox Si02-PMIDA...Dox salt

(a) (6) (8)

Pucynok 2.9 — N3zo6paxenus komriekcoB Dox ¢ kinactepamu: (a) SiO2, (6) Si02-APS u (B) SiO:2-
PMIDA.

Nmvmobumuzanuto DOX kauecTBeHHO moaTBepxaanu qanasiMu CHN a5ieMeHTHOTO aHam3a u
UK cnektpockonuu. Mo>XHO BBIJIETUTh HAHOOJIee XapaKTepUCTHYHBIE ITOJIOCHI TorfouieHus st Dox
npu 1720 cm™? (Banentusie konebanus C=0 Gokosoii reru), 1617 cm* (BanentHsle konedanus C=0
13 aHTpaneHoBoro gparmenTa), 1580 cm! (nedopmarnmonnsie konebanns NH) u rpymnmy monoc npu
1470, 1446, 1413 cm ! (nedopmanmonnsie konebanust C—H). DTu mosock! mornomenns 6bit Gomee
BelpakeHbl uis  PMIDA-ctabunmmsupoBanabix MHY  u  menee Bbelpaxkensl g APS-
MomuduimpoBannsix MHU. B crekTpaX IpHCyTCTBOBaiIM monockl B obmactu 1070 u 570 cm?,
oTHocsImuUecs K konebanusam Si—O mokpeitusi, 1 Fe—O simpa coorBeTcTBeHHO (prcyHOK 2.10).

HexoBanentnass nmmoOunu3amuss DOX oOyciioBineHa sieKkTpocTaTHYecKuMHu W Bao-mep-
BaanbcoBeIMU B3aMMOJECHCTBUSIMH, BOJOPOJHBIMU CBS3SIMH, T-T CTIKHMHIOM aHTPALUKIMHOBOTO
¢parmenTa. DPPEeKTUBHOCTh M KOJIMUYECTBO 3arpy3KH Ipernapara Ha MaTepHajbl OIpeneseTcs
MHOTHMH (haKTOpaMH, TAKUMH KaKk MOP(OIOTHS HAaHOYACTHII, TOPUCTOCTh MOBEPXHOCTH, YPOBEHb

3apsAa M NPUCYTCTBHE (DYHKUMOHAJIBHBIX TpPYMHN, a TakkKe YCIOBUSMH 3arpy3ku: PH-cpensl,
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TEeMIIepaTypoi, COOTHOIICHHEM KOMITOHEHTOB, 3()(PEeKTUBHOCThIO MaccooOMeHa u nip. Moiekyna
Dox (pKa = 8.2) nonoxxuTenbHO 3apsiKeHa B BOJHBIX PACTBOPax ¢ HEHTpanbHBIM PH, mosTomMy oHa
NPEUMYIIECTBEHHO COPOMpPYETCsS Ha MaTepUalibl, HECYIIME OTPULIATENbHBINA 3apsn [222]. DTum
MOXHO 00BsicHUTH TO, uTo ¢ MHUY, coxepxamumu PMIDA, copOruus mma 6osee 3¢ GeKTUBHO
Omaromapst orpunarensaomy 3apsay COOH u POszH: rpynm crabumusatopa u Si—-OH rpymm
o6osouku. APS (parMeHT npensaTCTBOBAI COPOIMH M3-3a MOJIOKHUTEIBHOTO 3apsiaa aMUHOTPYIIIIBI
(pKa (APS) = 10).

Dox /"

Pl MNP@SiD,-APS*Dox
MNP@SI0;*Dox -

81 BT
88
82 s
S . - _ 80
" 83 o, ; Rl
m
=
o
Nt
¥ ] v
E MNP({PMIDA)@510, Dox | ' [l | MNP{PMIDA)@Si0;-APS Dox
L | ’ i
= ~ ] 50 ul
'9 Hd . | - o1
= 85 U N \
h -~ B ) — - .
E B8 WA 7~ — .
. A Dox| \
e AL N ™,
T, BBV sy | Y
. 1581 1413
"\_H 1%
17204 | 4 19
I |-1ru\'_|'-. 20
1adn |
1647, W
{5801 1413
3000 2000 1500 1000 3000 2000 1500 1000
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Pucynoxk 2.10 — UK cnextpet MHY 69-80, 3arpy:xennsix Dox

KonnuectBo nmmoOunn3oBanHoro DOX onpenensiyini KOCBEHHO KakK pa3HUIly KOHIIEHTpaIuil
DoxXx B HCXOQHOM pacTBope M B (yrarax, BBIACICHHBIX IOCJIE TpOBeAeHUS copOiuu [222].
Konuentpanuio DoX B BogHbIX pacTBopax ompeznensiin merogamu BOXX, dnyopumerpun u Y O-
cnektpodoromerpun. Hanbonee TounbM okazancs meton Y @-crnekrpodoTomeTpun (onpeaeneHue
MOTJIOIIEHUST B MakcuMmyme morjomienns npu 480 um) (pucyHok 2.11). Ilpsimoe ompenencHue
npernapaTa B HaHOKOMIIO3UTaxX 3aTPYAHEHO B CBSA3M C TeM, 4yTo y DOX cuibHO U3MEHSI0TCA
ONTUYECKHUE CBOWCTBA MPHU B3aUMOJCHCTBUU C JPYTMMHU MaTepHallaMH HM3-3a JIEKTPOCTATHUYECKUX

B3aUMOJCHCTBUM C NEpCHOCOM 3apdlia u 06pa3OBaHI/I$I MOJICKYJISIPDHBIX arperaTtoB.
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Pucynok 2.11 — YO cnektp (a) u criektpsl duryopecueHiuu (6) Dox.
s MHUY, 3arpykennbix DOX, paccauThiBaiu 1Ba apamerpa: 3pPeKTUBHOCTD 3arpy3Ku

LE (load efficiency) u yposens 3arpy3ku LC (load content) mo popmynam (2.3) u (2.4):

LE (%) — (Mpox load_mDox)*loo%’ (23)

Mpox load

LC (%) — (Mpox load‘mDox)*loo%’ (24)

Mnanocomposite

/1€ Mpox load (MT') — 3T0 Macca DOX, 3arpy>keHHOr0 B pEaKIluio,

Mpox (M) — 3T0 Macca DOX, onpeniesieHHast B cynepHaTaHTe,

Mhnanocomposite (M') — 3TO Macca HAHOKOMIIO3UTA, 3arpykeHHoro DOX.

3nauenust LC u LE pocnu ¢ yBenuueHneM miomiaay yaeiabHoN HoBepXHOCTH U 1oau SiO2 B
oOpazuax. Takxe mnpoaeMOHCTpUpoBaHbl Jyumue nokasarenu LC u LE nmna PMIDA-
crabmmmsupoBanHeix  MHY. APS-mommduumpoBansie MHY, Hao0opoT, MOKa3aad MEHBUIYIO
COpOIMOHHYIO eMKOCTh (PUCYHOK 2.12a).

40 1

257 @pH58
mLC
35 A - WpH 7.4
-~ BLE =50 |
S 30 %
é (o]
a 25 1 %15-
x i Q
§_20 g
2 3 10 -
S 15 - 810
© S
10 A 2
@ 5 -
5 -
O - = 0 ps
81 82 83 84 85 86 87 88 89 90 91 92 81 82 83 84 85 86 87 88 89 90 91 92
a MHY o MHY

Pucynoxk 2.12 — Jlannsie nio (a) copOruu u (0) mecoporuu st MHY 81-92.
beut uccnenosan mporuecce aecopounn Dox ¢ MHY 81-92. [lns sToro uMx KOJUIOMIHBIE
pacTBOpHI B ochaTHbIX OydepHbIX pacTBopax ¢ PH 5,8 u 7,4 BeinepkuBaiu B TeueHue 24 4 npu

37°C, nocne yero MHY ocaxxpanu neHTpuyrupoBaHueM, a B MOIYYEHHBIX (QyraTax onpeaessuiu
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konudectBO DOX. B pesynbrare mnpomemoHcTpupoBaHa pH-3aBucumas necop6rms Dox ¢
CUHTE3WPOBAHHBIX MaTepHaNIOB (pUCYHOK 2.120), KoTOpas MPOTOHUPOBAHUEM CHUIIAHOIBHBIX TPYIIIT
u runpododmsanueii SiO2-TIOBEPXHOCTH B cpeiax ¢ MoHmwKeHHBIM pH. OJHOBpEMEHHO IPOUCXOTUT
npoTtoHupoBanue amuHorpymn Dox (pKa = 8,2) u paspylieHHe HEKOBAJICHTHBIX CBSI3eH C
MOBEpXHOCTHBIMU aTomMaMu Hocutens. [lpucyrctBue Ha mnoBepxHoctu MHY monexkyn APS
criocoOcTBYyeT Mmpoteccy Aecopbuuu (Hampumep, MHY 85 u 86). Hanuuue sxe ma moBepxaoctu MHY
monekys PMIDA nonmkaet 3¢p(eKTHBHOCTh 1eCOPOIIUH.

WNurtepecno ormetuth, uTto DOX oOKazanm HekoTopoe crabmiu3upyloniee IeHCTBUE Ha
sarpykeHabpie uM MHY, ymensmuB pasmepsl (Dn) u cy3uB pacmpenenenue mo pasmepy (Pdl)

(pucyHnok 2.13a).

; NCs Dh (nm) Pdl_ZP (mV) NCs Dh (nm) Pdl ZP (mV) MHY  r2,
i —s1 230 02 -37 40 170023 -30 45 | Mvop! ¢!
35 J ——82 244 023 -35 190 025 -28 —— 81 104
- 272024 -26_ 35 1 226025 -19 44{ =82 104
117021 _-33 102020 -29 83
X 30 4 180 027 -41_ 30 - 129 016 -21 35 { n
o 232037 49 172020 -43 -
g 25 - 25 - : — 3 =85 114
an) = -a- 86 130
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5 4 i ]
f % 0.5
0 - r - 0 : ; . B ' '
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Pucynoxk 2.13 — I'maponunamuueckue xapakrepuctuku st MHY 81-92 (a) u kpuBble
penakcuBHocTH 2 a1t MHY 81-86.

JIOTIOJTHATEBHO JIJTs KOJUIOUTHBIX pacTBopoB MHU ¢ SiO2-060moukoii 81-86, ob6mamaromux
OoNpIIei CTa0MIBHOCTBIO B CPAaBHEHHH C aMHHUPOBAHHBIMH AaHAJIOTaMH W HMMEIONIMX BBICOKUH
ypOBeHb 3arpy3ku Dox, Hamu ObUT m3MepeH kod(duimeHT penakcuBHocTH 2 (pucyHok 2.130).
HccnenoBanusie MHY oGnananu 2, conoctaBUMbIMU ¢ paHee o100peHHbIMI FDA kommepueckuMu
npenapatamu: Sinerem® (Dh ~50 uwm, 12 60 1/mMmmoub ¢), Feridex® (Dh ~200 uwm, r2 107 1/Mmmons c);
Resovist® (Dh ~60 um, r2 190 1/mmois c) [225]. Cpean uccnenoBanHbix Hamu MatepuaioB MHY
84 obOmagamu B gABa pasza Oojbliedl BENIMYMHOM 2, CpaBHHMOW ¢ IapaMeTpaMH paHee
cuHTe3upoBaHHbIx MHY, HCIIOnB30BaHHBIX B KaU4€CTBE areHTOB, YCHUIMBAKOIIUX KOHTpacT B MPT
[141, 189, 226]. DT0 CBHACTEIBCTBYET O MOTEHIIHAILHOW BO3MOXHOCTH B OYIyIIEM OIIEHHUBAThH
metonqoM MPT OuopacnpeneneHie U HakOIUIEHHE TMOJNIy4eHHbIX B padore MHY npu nposenenun
HKCTIIEPUMEHTOB IN VIVO.

B pesynbraTe, npoaeMOHCTPUPOBaHA BO3MOKHOCTh MMMOOMIM3AIIUU IPOTUBOOIYX0JIEBOTO
npenapara Dox va MHY, umerorme dpyukiponanu3upoanioe SiOz-mokpeiTe. Pazpaboran MeTos
copbumu DOX 1 MeTox ero KOJM4YeCTBEHHOTO OMpeeNieHHsl KOCBEHHBIM MeTooM. [lokazaHo, 94To

HapallyuBaHUC 0oJiee TOJIICTOM U paSBHTOﬁ 000JI0UKH SiOz, a TaK¥K€ HMCIIOJIb30BAaHUC CTa6I/IJ'II/ISaTOpa
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PMIDA yBenuuuBaeT COpOIMOHHYIO €MKOCTh MaTepuana, a APS-moaudukamus MOBEPXHOCTH —
yMmeHbInaer. Hanmydmie nokasatenu copoimu npoaemonctprposansl st MHY 88 u 89 (LC 28%),
CUHTE3UPOBaHHBIE C 3- U 5- MonbHbIM U30bITKOM TEOQOS, ucnons3zoBanmem PMIDA, 6e3 APS-
monupuxanuu. [lokazano, uro sHeprusi cBsi3piBaHUs Dox ¢ (QYHKIIMOHAIbHBIMU TpyNIaMH Ha
noepxHocth MHUY xopo1io cornacyroTcsi ¢ 3KCepUMEHTaIbHBIMU JTaHHBIMU 1O copOuuu Dox Ha
coorBercTByromux MHY. Takxke naiigeno, uto cam DOX ob6nagaer CcTaOMIM3HPYIOMIMMU
CBOWCTBAMH M yJyYIIaeT THIPOAMHAMUYECKUE XAPAKTEPUCTUKH HAHOKOMITO3UTOB. IlloiydeHHbie
JaHHbIE MOTYT OBITh MCIIOJNB30BAHbl JJIS1 pa3pabOTKU MaTepuajoB Ui aAPECHOM JOCTaBKU

IIPOTHBOOITYXOJIEBBIX MPEMNAPaTOB.
2.4.4 Cunte3 MHY ¢ PEG-niokpsiTHEM M HccileqoBaHue copOuun Ha HUX DoX

Oynkuuonammsanuss MHY monexynamu PEG — pacnpocTpaHeHHBI METOA, TO3BOJISIOMINI
YBEJIMYUTh CTAOMJIBHOCTH BOJHOIO KOJUIOMJHOTO pPAaCTBOpAa, YMEHBLIUTbh TUAPOJIMHAMUYECKUN
JIMaMETP U CHU3HUTh YPOBCHb ONICOHM3ALMH HAHOYACTHII (TeM caMbIM npuaath um stealth-addexr, To
€CTh yMCHBIIUTh pPACIO3HABAaHME W 3aXBaT KJIETKAMH MakpodaraibHOH cuctembl). OleHeHa
BO3MOXXKHOCTh PEG-momndukanuu SiO2-nokpbIThsi, cojiepkaiee kak amunHorpymmbsl (MHUY,
mMoauduipoBanubie APS), Tak u kapOokcuibHbie Tpynmnbl (MHY, moxudunupoanusie SPS), ¢
LEJIBI0 TOJy4YeHHs] Ha UX OCHOBE MAaTepuajoB, MPUIOAHBIX Ul HCIONb30BAHUS B TEpalmuM U

JUArHOCTUKE OHKOJIOTHYCCKUX 3a00JIEBaHHUIA.
2.4.4.1 Konbroranusi PEG ¢ MHY ¢ ucnonb3oBanneM 3-aMHHONPONUJICHIAHA

Jlns mosmydeHus yactuil ganHoro turna, MHY 75, uMeroniye Ha MOBEpXHOCTH aMUHOTPYIIIIBL,
MouduMposaau MonekyinamMu PEG 93, uMeronyMy akTUBHPOBAaHHYIO KapOOKCHIIBHYIO TPYIIILY,
CHOCOOHYI0 KOHJIEHCHPOBAThCS € TmepBUuYHONM amuHOrpymmoi APS. Hcmonp3ys pasnmudxbie
maccoBsle cootHomenus PEG(93) : MHY(75) (1:2, 1:10, 1:50), MbI moTy4niin HAHOKOHBIOTATHI 94a-

B COOTBETCTBEHHO (cxema 2.15).

o) o
93: N
e ~
— il 95a-958 0 o OH
0] 25

94a (93 : 75 mac. oTH.1:2)
946 (93 : 75 mac. otH.1:10)
948 (93 : 75 mac. oTH.1:50)

i- 93, MeCN, ¥3, 20°C, 20 y; ii: Dox, PB (pH 7.8), 24 u.

Cxema 2.15

[TponemoncTpupoBano, uto MHY, monydeHHbIE C UCMOJB30BAaHUEM OONBIINX KOJIWYECTB
PEG, o6mamanu nyumumu mapamerpamu (tabmuia 2.4). Kak okazanoch, TpaJWIIMOHHBI METOJ
copbuuu (copouust Dox B Bozie uiu B PBS (pH = 7,4) npu kOMHaTHO# TeMIieparype), IpUMEHSIEMbIi

B OOJIBIIIMHCTBE pa60T, HC IMO3BOJIMJI HAM OOCTUYb YAOBJICTBOPUTCILHBIX PE3YJILTATOB. HOBTOMY
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HaMH B X07i¢ pa0bOTHI MpoBeeHa nMMoOuu3anus B pocharaom 6ydeprom pactsope ¢ pH = 7,8 mpu
Harpesanuun 10 50 °C ¢ mocienyromuM OXJaXIECHHEM [0 KOMHATHOHW TEMIIEpaTypBhl.
D¢ dexruBHOCTE MMMOOHIM3aMK (110 mapamerpaM LE u LC) onennBanu no aHajgoruu ¢ METoJoM,
OIMCaHHbIM B paszene 2.4.3 (tTabnuia 2.4). B pe3yibTare ONTUMHU3AIUE METOMKH YIaI0Ch J0CTHYb
BbICOKHUX Mokazareneit LC u LE, mpeBocxoasmmx mokasareid, ykasanHble B psjae pador [227-229].

Tabauua 2.4 — T'mppoauHaMUYecKUe XapaKTepUCTHKH cHHTe3upoBaHHbIX MHY u maHHble O

copOmu Ha HUX DOX.

Jlaausie JIPC Janusie JIPC CopOrust

MHI 5= pdl zvmv MHT 5 Pl 2 mv  LE %  LC. %
94a 91 020 -166 95a 173 021 +49 843 457
946 139 027 +45 956 126 022 +172 807  44.6

948 118 0,32 +28,9 958 160 0,31 +275 75,4 43,0

TakuM 00pa3oM, CHHTE3 HAHOYACTHII C KCIOJIb30BaHueM cooTHomenuss PEG(93):MHY(75) =
1:10 nmnsa nanpHeimedt ux 3arpy3ku Dox kak mno 3@QexTuBHOCTH coOpOLUH, TaKk M IO
TUAPOIMHAMUYECKUM XapaKTEPUCTUKAM KaXKETCS MPEANOYTUTEIbHBIM, TTOITOMY JI JANbHEUIITNX
in vitro u in vivo uccienoBanuii Obutn Hapabotanst MHY 956.

Ha pucynke 2.14 nys npumepa npeacrasieHsl n3oopaxenus [I9M MHY 946 u 956, cpennue
pa3Mepbl KOTOpbIX cocTaBisiiu 12,7 HM u 12,4 HM COOTBETCTBEHHO. B COOTBETCTBUU € JaHHBIMH,

MNOJIYYCHHBIMHU U3 3JICKTPOHOI'PAMM, q)a3a AAEP CUHTE3UPOBAHHBIX MaT€PUATIOB COOTBETCTBYCT q)a3e

Mar"scTura.
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Pucynok 2.14 — M3zo6paxenus [I9M MHUY (a) 946 u (6) 956 u ux pacnpeerneHue mo paamepam
((B) u (T) COOTBETCTBEHHO), a TaKkke AnekTpoHorpaMmbl MHUY (1) 946 u (e) 956 (B ckoOkax
MpUBE/ICHBI KpUCTAIOrpaguyecKrue HHACKCHI TNIOCKOCTEH, cooTBeTcTBYOMMX Fe304).
Hanusie UK cniexktpockonuu (pucyHok 2.15) moaTBepkaar0T Haau4ue B moiaydeHusix MHY

A7lpa Ha OCHOBE OKCHJA sKele3a (monoca koiebGaumii cBsasu Fe—O B obmactu 620 u 575 cm?) u
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000JI0YKH Ha OCHOBE OKCHJIa KpEMHHMS (IMMpoKast mooca B oonacta 1076-1092 em™t n 955-980 cm™?,
oTHOCsIMXCs K KoneObanusm cBsizu Si—O u Si—OH), B 31Ol ke 00JacTH HAXOAATCSA U TOJOCHI
norJIomeHus, xapakrepusle 111 PEG (BaneHTHbIE acHMMETpHYHBIE U CHMMETpUYHBIE Kostebanus C—
O—C). JIONONHUTETFHO MOXHO OTMETHTh Haimmume monoc 1644 u 1535 cm™, koTopele MoryT
oTHOCUTHCH K mosiocam Amuz | u Amun |1, cooTBeTcTBYIOIIUX aMHIHOM CBSI3U, 00pa30BaHHOM MEKITY
kapOokcuipHOU rpynmnoii PEG u amunorpynmoit APS Ha moBepxHocTH HaHOYacTull. B pe3ynbTare
ummoOmm3anuu DoX B UK cnexkrpax MHY 956 moxHO HAOMI0aTh CMEIICHUE XapaKTEPHBIX IS
Dox mostoc moronieHust npoaykToB Moaudukarmu: 1728 u 1615 cmt (BanmenTHbIe Konebanus C=0),
1578 e (zedopmarmonnsie konebanus N—H), uto moareepsxraet mMMobmmm3armio Dox na MHUY.

| 946

3246
2854

2925

| 956

MornoweHune (oTH. ea.)

©
~

3000 2000 1500 1000 500
BonHoBoe yuncno (cm-1)
Pucynok 2.15 — VK cnextpst MHY 946 1 956 u Dox.
W3 nmonyuennsix 11t MHY 946 u 956 nanubix POA 00 oTHOCHTENEHOM conepxanuu Fe u Si
B CHHTE3MPOBAaHHBIX MaTepHuaiax (tabmuia 2.5) mo dopmynam (2.5) u (2.6) MOXKHO pacCUUTATh
cootHouienue Fe304:Si02, a Mo JaHHBIM dJIeMEHTHOTO0 aHau3a (1o popmyie 2.7) — konndectBo PEG

n DOX B HAaHOKOHEBIOTATE,

) _ a)lFe /a)"Fe (2 5)
Fe304 w'Fe /w"Fe+wISi /a)"Si .
1 / "o
a)SI w Si (26)

Oai ~ =
I 1 1 1 U
S0, er/a)Fe+a)Si/wSi’
rae ® — mac. % coorBercTBytomiero kommoneHTa (FesO4 mmu Si02) B mpobe;

®’ — mac. % cootBercTByHOMIEro 2neMmenTa (Fe nmu Si) B mpoOe, onpenensiemsiii Metoom POA;
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®” —wmac. % Fe u Si B Fe3O4 mmu SiO2 cooTBETCTBEHHO (M ’Fesos = 72,37%, ®”’sio, = 46,75%).
W, — O,

c= W ,(2.7)
rae ¢ — konudectBo pparmenToB PEG nnu DOX Ha moBepxHOCTH YacTHIl, MoJib B 1 r MHY 946 nnun
956;
o1— Mac. % C B MHY 946 wiu 9506, onpenienieHHOE B pe3ysIbTaTe 3JIEMEHTHOTO aHAJN3a;
m2—Mac. % C B cxoaubIx 11t MHY 946 i 956 3a BerueToM Mace, % C B 75 11 9406 COOTBETCTBEHHO,
®3—mac. % C B PEG (53,9%) wau Dox (59,45%) nns MHY 946 ninu 956 COOTBETCTBEHHO;
M — monsipuas macca PEG (1203,41 r/mons) wiun Dox (545,54 r/mons) nas MHY 946 win 956

COOTBECTCTBCHHO.

Tab6auua 2.5 — Cocras cunreznpoBanHsix MHY

MHUY [annsie POA Jlanabie 3J1€MEHTHOIO KonnyecTBo opranndeckux
aHaamsa Fe304:Si0O,!  KOMIIOHCHTOB (MMOITB/T)?
Fe (%) Si(%) C (%) H (%) N (%)
946 75,67 24,33 485 1,14 0,61 67 :33 0,05 (PEG)
956 78,46 2154 16,49 199 0,87 70 : 30 0,36 (Dox)

! Paccunrano na ocnoe maHBIX POA; 2 paccunTano Ha OCHOBE JAHHBIX SIEMEHTHOTO aHAIN3A.
VY nenpbHas HAMarHU4EHHOCTh HAChIEHU U1l cuHTe3upoBanHbIX MHY 946 u 956 cocraBuia
50 1 39 A-M%/KT COOTBETCTBEHHO (PUCYHOK 2.16a).

Jns nonyduennsix MHY 940 u 950 c wucnonp30BaHMEM TE€HEpaTOpa IEPEMEHHOIO
BbIcOKO4acToTHOro MaruutHoro nosist TOR ULTRA H (H = 0,27 kD, f = 230 I'11) 6buH U3MEpEHBI
CKOPOCTH pa3orpeBaHusi B MEPEMEHHOM MarHUTHOM Tiojie W paccuuTanbl 3HaueHus SAR u ILP,
KOTOPbIE MO3BOJISIOT OLIEHUTh BO3MOXHOCTbH JOCTHKEHHs 3(P¢PeKTa MarHUTHOH T'HIIEPTEPMHH.
Junamuky HarpeBa HaOmomanu B TeueHue 600 c, mis pacuera SAR ucnonbp3oBanu NaHHBIE,
NOJTy4YeHHBIE B TeueHue mepBbix 60 ¢ HarpeBa (pucyHok 2.160). [Tokazano, uto MHY 75, 946 1 956
FMeNH comocTaBuMble 3HadeHHs SAR — 48, 62 Br/r [Fe], u ILP — 0,45, 0,58 HH ™M%/xr
COOTBETCTBEHHO.

3nauenusi |LP maHHBIX MaTepuanoB MpeBHIIIANK 3HAYEHUs JAJs M3BECTHBIX IPEMapaTos,
Hanpumep, Feridex® (0,16 aH m?/kr) nmm Resovist® (0,21 wH m%/kr) u 66t comnoctaBumMsl ¢ ILP
npenapara NanoTherm® (0,738-0,985 HH m?/kr) — ojHOTO 13 0106peHHBIX FDA U1 KITHHHYEeCKOro
UCIIONIb30BaHUs MpernapaToB st runeprepmun omyxoieid [230]. Ipemapar Resovist® Takke ObLT
onobpern FDA, Ho mnst mpumenenuss B MPT B kauecTBe KOHTpacTHOTrO areHrta. B pabore [231]
MPOJEMOHCTPUPOBAHO, YTO OH MOXKET OBITh HCIIOJNB30BAaH B KAaueCTBE CPEICTBAa JOCTAaBKHU

JIEKapCTBEHHBIX MpemapaToB ¢ AMF-omocperoBaHHBIM BEICBOOOXKICHUEM.
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Pucynok 2.16 — (a) KpuBsle HamaranderHHocTH i1 Hanodacturm MHY 946 u 956. (6) HavanbHbIi
TUHENHBINA yU4aCTOK KPUBBIX HarpeBa BoAHbBIX cycnieH3uit MHY 75, 946, 956 ¢ xonnentparueii 10
mr[Fe]/mn npu yactore mepeMeHHoro MarHuTHOro mosst 230 kI’ u MarHuTHOM MHAYKIUU 21,5
KA/M (IaHHbBIe MpecTaBiIeHbI Kak cpearee + SD, n = 3). 3aBUCUMOCTh CKOPOCTHU peNaKCaliu JUist
MHUY (B) 946 u (T) 956 OT KOHIICHTpAIMK HAHOYACTHII (TIEPECUYUTAHHOW Ha KOHIIEHTpanuio [Fe],
MMOJIb/T1) B BOJHBIX KOJIJIOUTHBIX PaCTBOPAX.
Takum 00pa3oM, MPOAEMOHCTPUPOBAHO, YTO CHHTE3MPOBAHHBI HAHOKOHBIOTAT 950 MOXKeT
OBITH WCIIOJIB30BaH JJIA THIEPTEPMUU M KaK CPEJICTBO JOCTABKHU JIEKAPCTBEHHBIX MPEMapaToB MO
aHajoruu ¢ paboramu [215, 232].
N3BecTHO, 4TO 3(h(PEKTUBHOCTH MarHUTOKOHTPACTHBIX MAaTEPHANIOB, KOTOPHIE MPUMEHSIIOTCS
JUTsl yCuiieHus KonTpacrta npu npoBeaeHur MPT (B 71 wnu 72-B3BEIICHHOM PEKUME), OIICHHUBACTCS
10 BEJIMYMHE PEIAKCUBHOCTEH I'l 1 r2. YeM BhIIIIC 3HAYCHHUE PEITAKCUBHOCTH, TeM OoJree 3 (HEeKTHBHO
KOHTPACTHBII areHT BIHseT Ha BpeMs penakcanuu (1), cokpamas ero. s MHY 946 u 956 Obiia
U3MepeHa penakcuBHOCTh 2 u rl (pucynku 2.168,r). DOX-comepraiiue yacTHIlbI UMeNH Ooee

HU3KYI0 peaakcuBHOCTH (12 =90 1/c MM; r2/r1 = 11,6) o cpaBHEHHIO C KICXOTHBIMU HAHOYACTHIIAMU

(r2 =156 1/c MM; r2/r1 = 12,3), 94T0, BEpOSTHO, MOKHO OOBSCHHUTh OOJIBINCH JT0JIeH OpraHNYEeCKOit
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(a3bl B HAHOKOHBIOTATE U, COOTBETCTBEHHO, 00JIe€ HU3KOW HAMarHUY€HHOCThIO HACKIIIEHUS. TeM He
MEHee, MPOAEMOHCTPUPOBAHO, YTO 00a Marepuana o0JaAadd JJOCTaTOYHO BBICOKOHM, IS
BO3MOKHOCTH IpoBereHuss MPT uccrnenoBanuii, perakCUBHOCTBIO, COIIOCTaBUMOM C U3BECTHBIMU
MPT-koHTpacTHBIMU NpenapataMu. Tak, HanpuMmep, u3BecTHbIe 0100peHHbIe FDA T2-KOHTpacTHBIE
areHTHl UMEJH Clieayrone mapamerpsl: Feridex — r2 =98 1/c MM, r2/rl = 4,1; Resovist — r2 = 151
1/c MM, r2/rl = 17,4; Ferumoxtran-10 — r2 = 60 1/c MM, r2/r1 = 6,0 [130]. Panee BO3MOXHOCTB
WCIIOJIb30BaHMSI HAHOMATEPHUAJIOB Ha OCHOBE JJAHHBIX HAHOYACTHI] JUIsl YCUJIEHUs KOHTpacta B MPT
B OIBITax iN Vivo OblIa HaMH MTPOJAEMOHCTPHpOBaHa B paborax [141, 189, 226].

Takum 00pa3oM, MOMy4eH W OXapaKTepU30BaH (PU3UKO-XMMHUYECKUMU METOJAAMH HOBBIN
HAaHOKOHBIOTAT Ha OCHOBE MAarHUTHBIX HAHOYACTHI], MOKPBITHIX Si02-00070YKON, KOBAJEHTHO
moudumpoBannoi PEG, u copeprxammii copOMpoBaHHBINA HA TOBEPXHOCTH IPOTUBOOITYXOJIEBBIN
npenapar Dox. Beicokue 3HaueHns SAR u ILP 1mo3BoisS10T TOBOPUTE O BO3MOKHOCTH MPOSIBIICHUS
HAHOKOHBIOTATOM 3((dekTa TurnepTepMuu B MEPEMEHHOM MAarHUTHOM IOJie, a HAJIMYMe Y BOJHBIX
KOJUIOMJIHBIX PacTBOPOB HAHOKOHBIOIaTa BBICOKMX 3HAUYEHUN PEJIAKCUBHOCTU 2 B COYETAHUU C
paHee 1mokazanHoOi BO3MOKHOCTBI0O MPT Bu3yanu3annu HaHOYAaCTHUI] HAa OCHOBE 3TUX ke sizep FesOsy,
MO3BOJIUT MPOBOAMTH MPUKU3HEHHYIO BU3yalM3allMI0 PACHpPEENICHUs U OICHUBATh HAKOIUICHUE
MHUY B TKaHSIX OMyX0JIH, YTO YBETUYUT 3PPEKTUBHOCTh MPUMEHEHHUS IaHHOTO MaTeprasa B OMbITaxX

in vivo.
2.4.4.2 Konbroranusi PEG ¢ MHY ¢ ucnoib3oBaHueM 3-CyKIMHUINPONUICHIAHA

JIist monmydeHHs 4acTul] BToporo Tuma, ankokcucwinan 96 (TESPSA) mnpenBaputensHO
KOHJIEHCHpOBallM B 0e3BoAHbIX ychoBusix C PEG 41, umeromuM NEepBUYHYIO aMHHOTPYIITY.
[TpomexxyTouHblid MPOAYKT 97 WCMONB30BaNM O€3 BBINEICHUS B PEaKIUHM CHJIAHHW3AIWAW IS

mMoaudukanmu noepxuoctd MHY 69 (cxema 2.16) [215].

OE'( O
EtO Ho
EtO_ \/\I):O \s| \[/\ NOH i g o s| 1:'\/ h
42:50 >'0 4250

(o]
HoN i 41, IMCO cyx., 20°C, 1 4; 98a (69 : 97 mac. oTH.1:2) 99a - 99
‘|E/\ONOH ii- 69, 70% EXOH. 40°C. 44, 20°C, 16 986 (69 : 97 mac. 0TH.1:0,2) a-99s
42-50 i Dox, H,0, 24 u. 988 (69 : 97 mac. oTH.1:0,02)

Cxema 2.16
ITpu 3ToM HaMu Oblia poBeieHa onTuMu3ays peakiuuu konaeHcauuu TESPSA u PEG. s
sroro k pactBopy TESPSA B cyxom JIMCO-ds mob6aBnsuin mpomsBogHoe PEG B MoiabHOM

cootHomenuu 1:1. O xoze peakuuu cyumu o gaHHEeM ‘H IMP cnextpockonuu (pucysok 2.17).
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Pucynok 2.17 — ®parmentsi criektpos *H SIMP (4,0-0,0 m.1.) ucxonusix PEG u TESPSA, a Takxke
peaknnoHHON cMecH nocie ux cmemuBanus B JIMCO-de uepes 2, 6 1 25 u (Ha BCTaBKax —
dparmenTsr ciiektpo H IMP mipu § = 8 m.11.). KpacHBIME IIBETOM BBIIeTI€HBI 0ONACTH,

COOTBETCTBYIOIIIME CUTHAJIaM, XapaKTePU3YIOLINM CTENEeHb THIPOIN3a ATOKCUCUIAHOBBIX IPYIII.
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NHTEeHCHBHOCTH CUTHaNa B obsactu 0 = 7,8 M.A. (OTHOCSIIETOCs K aMHJIHOMY IPOTOHY)
BO3pacTaia ¢ TeueHrueM Bpemenn [189]. VcranosneHo, uro oOpa3oBaHue KoHbiorara 97 3aBepuacrcs
MeHee, 4eM 3a 2 4. OJHOBPEMEHHO NPOMCXOAMT M THUIAPOJIM3 STOKCHUCHIMIBHBIX TPYIII,
00yCIIOBIICHHBIN TTpUCyTCTBUEM cieqoB Bojabl B JIMCO-ds, KoTOpasi mpu yBETUUEHHH BPEMEHU
BBIIEP)KKU OyZeT MPUBOJIUTH K IMOJHOMY THAPOIU3Y M CHIKEHUIO 3((EKTUBHOCTH CBS3BIBAHUS
cunaHa ¢ moBepxHocThio MHU. ITosToMy B XOfie MCCIEIOBaHMS JAHHOTO IIporecca MeTogoM H
SIMP cnexkTpockonuu HaMu Oblla MpPOBEJEHA OLIEHKAa CKOPOCTH THIAPOJIM3a AJTKOKCHCHUIAHOBBIX
TpyII MO yMeHbIeHnto nHTeHcuBHOCTH curHasioB CH3CH2O- (3,74 m.a.), CH3CH20- (1,40 m.n1.) m
=Si—CHz-rpymm (0,56 m.x.) [189] (pucynok 2.17). Uepe3 2 4 B peakIMOHHONH Macce OCTaBaioCh
TOJIbKO 44% 3TOKCHCUIIaHOBBIX rpyIil. [Toatomy st Mogudukanuu Hanodactul pactBopsl TESPSA
u PEG cmemmBanu B cyxom JIMCO wu uepe3 1 4, 6e3 BblaeneHus KoHbtorara 97, nobaBisuim K
cycnen3un MHY 69 u nepememmBanu emre 20 4.

Jna ontumuzanuu peakuuu monupukammu MHY PEG u momydenus HaHowacTuil c
ONTUMAJIBHBIMUA THIPOJUHAMHUYECKUMHU U COPOLIMOHHBIMU CBOMCTBAMU MPOBOAMIN CHHTE3 C
UCIIOJIb30BAHUEM PA3IMUYHBIX MaccoBbIX cooTHomeHuid MHY(69):konstorar(97) 1:2, 1:0,2, 1:0,02
(cxema 2.16) m momywamu MHY 98a-98B coorBercTBenHO. CBsizBaHMe KoHbBIOTaTa 97 ¢
noBepxHocThi0 MHY npoucxonumno 3a cuer obpazoBanus Si—O-Si cBszu. Ummobunmzanuio PEG
JIOKa3bIBaIIU JaHHBIMEA DA, POA (Ttabnuna 2.6) u UK-cnekTpockomnuu 1o 1mojaocam MorJIomeHus TpU
1640 cm ' (Banentnnle komeGamus C=0O (COOH rpymnel PEG u cykuunara)), 1585 cm!
(nedopmanonnsie kone6anus N—H) u rpynmna nonoc npu 1447, 1416, 1381 cm ™! (neopmarnionssie
konebanus C—H) (pucynok 2.18).

Tabauua 2.6 — CocraB cuntezupoBanHbix MHUY.

MHY Jannbie POA JlaHHBIE 2JIEMEHTHOTO

aHanmsa Fes04:SiOz!
Fe (%) Si (%) C (%)
98a 77,69 22,31 1,99 69 : 31
986 78,81 21,19 1,30 71:29
988 79,01 20,99 0,98 71:29

! paccumTano no ganueIM POA 1o ypasrenusam (2.5), (2.6)

Jlanee mMpoBOAMIM MMMOOWIIM3AIMIO MPOTUBOOIYX0eBoro npenapata Dox na MHY 98a—
98B (cxema 2.16). B UK cnekrtpax (pucyHok 2.18) cunresupoBanusix MHY 99a-998
TIPHCYTCTBOBATH BBIPAKEHHBIE MOJOCH TIOTNOMEHHS, XapakTepHsle mas Dox: 1725, 1640 cm™

(C=0), 1585 cm* (N-H), rpyrma nonoc 1447-1381 cm (C-H).
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Pucynok 2.18 — UK cniektpst MHY 98a-988, 99a-998 1 DoxxHCI.
DddexTuBHocTh copbumu (mo mapamerpam LE u LC) onenuBanu mo aHaioruu ¢ METO0M,
onucaHHbIM B paznene 2.4.3 (tabmuua 2.7). CuntesupoBanasie MHY 98a—98B 1 99a—998 umenu
XOpollue THJIPOJUHAMHUYECKHUE XapaKTepUCTHKHU (Tabnuua 2.7). HTEepecHO OTMETHTb, YTO €CIH
ucxoausie MHY 98a—98B nmenu cxoxxue XxapakTepUCTHKH, TO MOCIE COPOLUN HAWITYUYIIUMU ObLIN
MHUY 99a u 996.

Tadauuna 2.7 — I'maponunamudeckue xapakrepuctuku MHY 98a-B, 99a-B u nanHbIe 0 cCOpOIMH Ha
Hux Dox.

Jlaauwie JIPC Jlaansie JIPC Cop0brust
MHI B m pdl 22 mv MHT B om Pdl Z%mv  LE % LC. %
98a 139 009 47 992 174 017 -14 10.3 16.2
986 139 012 40 996 150 012 -15 17.1 14.6
988 138 014 -43 995 236 021 12 15.4 13.3

B pesynbrare onTuManbHBIMU Kak [0 YPOBHIO 3arpy3Kd, TaK M IO THAPOAMHAMUYECKUM
xapaktepuctTukam okazamuce MHY 98a, 99a, xotoprie u Obut HapaOOTaHbI, IS JATbHEUIINX
OMOJOTUYECKUX UCCIIEJOBAHUM.

Ha pucynkax 2.19a,6 ans npumepa npenctaBieHsl n3odpaxenus [I9M MHY 98a u 99a,
Hanowactus! B pesynbrare uMmoounu3anuu Dox He mpeTepreBali 3HAUUTEIbHBIX U3MEHEHUN B
dopme u pasmepax: MHUY 99a wmmenu cpemnnuit muamerp 13 uM (pucyHok 2.19r). JlaHHBIC
3JIEKTPOHOTPaMM MOJATBEp kAN Hanuuue y noaydeHHslx MHY 98a m 99a crpykrypsl MarneTura

(JCPDS CardNo (79-0417)) (pucynku 2.19m,e).
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Pucynok 2.19 — M3zo6paxxenus [I9M MHUY (a) 98a u (6) 99a u ux pacnpeneneHnue no paamepam
((B) u (T) COOTBETCTBEHHO), a TaKkxke 3nekTpoHorpammbl MHY (1) 98a u (e) 99a.

VY nenbHas HAMAarHU4EHHOCTb HAChIEHU U1 cuHTe3upoBaHHbIX MHY 986 1 996 cocraBuna
53 u 48 A-M?/xr cootBeTcTBeHHO (pucyHOK 2.20a). Jnss MHY 99a ¢ Mcrons30BaHHEM reHepaTopa
NepeMEeHHOT0 BhicokouacToTHOro MaruutHoro nojist TOR ULTRA H (H = 0,27 k3, f = 230 «I'u)
ObUTa U3MEpPEeHa CKOPOCTh PAa30rpEeBaHMsI B IEPEMEHHOM MAarHUTHOM II0JIE U PACCUMTAHBI 3HAYCHUS
SAR u ILP. JIlunamuky HarpeBa Habmoaanu B Teuerue 600 ¢ (3a KoTopbie 00pazel] pa3orpeBasics 10
45°C), s pacyera SAR ucrnosb30BaaM JaHHBIE, MOJYyYEHHbIE B T€UEHUE NEpBBIX 45 ¢ Harpea
(pucynok 2.200). [Tokazano, uto MHY 99a umenu 3Hauenus SAR — 11,4 Bt/r [Fe] u ILP — 0,11 sH
M%/KT.

N3BecTHO, 4TO OIyX0JIeBbIE TKAHU UMEIOT 3aKHCciIeHHY10 cpeay (c pH < 7), kpome Toro, npu
NOTIAJIAHUU BHYTPb KJIETKHU 110 SHAOIMTO3HOMY Mexann3My MHUY oka3biBaroTcs B TM30cOMax, cpena
KOTOpBIX sBIsieTcs emle Oonee kucnoi (PH ~ 4,5). [loatomy B pamkax paboThl OBLIO H3y4Y€HO
BbIienieHre DOX B cpenax ¢ pH=5,8 u 7,4 B TOM 4ucIie ¢ HCIIOJIb30BAHUEM [TIEPEMEHHOIO MAarHUTHOT'O
noJtst (HempepsIBHOE Bo3aeiicTBue B TeueHune 1 4). KomudectBo BeimenuBierocs Dox onpenensin
MeTosIoM (hrryopectieHTHOH criekTpoMeTpuH (Aex=480 HM, Aem=590 HM). [IpogeMOHCTpUPOBAHO, UYTO
npu pH = 5,8 BeimeneHue ObUIO HAMOOJBIINM, MPU ITOM HCIOJB30BAaHUE MATHUTHOTO TTOJIS
ycunuBano aecop6muio Dox (pucyHok 2.20B). YpoBeHs qecopOimu ObUT COMOCTaBUM C KOJIMYECTBOM
Dox, BblienMBIIErocss NMpU HENPEPhIBHOM NEpEeMEIIMBAaHMM B TeueHHue 24 4 MpH KOMHATHOU

temmeparype (pucynok 2.20B).
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Pucynoxk 2.20 — (a) Kpussie marautomerpun MHY 98a u 99a, (0) kpuBas narpesa ans MHY 99a u
(B) BeIcBOOOXKIeHHE DOX 13 B cpenax ¢ paznuynbiM PH 1o Bo3aeiicTBueM (1 6€3) IepeMEeHHOTo
maruutHoro moist (H = 0,27 kD, f=230 xI['w, 1 4), * — nocroBepHoCcTh oTaHuuii. KoHTpOoas —
BbICBOOOXKIeHne DoX n3 MHY 99a B Teuenue 1 4 B OTCYTCTBHH BO3JCHCTBUS MarHUTHOTO TOJIA.

Takum 00pa3oM, MONYYeH W OXapaKTepU30BaH (PU3UKO-XUMHUYSCKUMU METOJAMH HOBBIN
HAHOKOHBIOTAT HAa OCHOBE MArHUTHBIX HAHOYACTHUI], MOKPBITHIX Si02-000J0YKOH, KOBAJIEHTHO
monudunuposannoit PEG, u conepsxariuii copoupoBaHHbBIN Ha MOBEPXHOCTU MIPOTUBOOITYXOIEBBIN
npenapatr Dox. IlponemonctpupoBana pH-omocpenoBanHast necopOLUMsi M BO3MOXHOCTb €ro
BBICBOOOXK/ICHUS TIOJT ICHCTBUEM NIEPEMEHHOTO MAarHUTHOTO TIOJIS, YTO OMPEICIIICT BO3MOKHOCTh
UCIIONIb30BaHUsl JAHHOTO MaTepuaia B KauyecTBE cCpeAcTBa JocTaBku DOX ¢ 3ddexkTuBHBIM

MarHUTOOIIOCPEI0OBAHHBIM BBHICBOOOKIEHHUEM IIPOTUBOOITYXOJIEBOTO IIpenapara.
2.4.5 Cunre3 MHU c¢ SiO2/PEG-nokpbiTHEM, cOiepKauX npou3Boanbie RGD-nenruaa

C ucnonp3oBannem MHY 78 namu 661 onyueH HaHOKOHBIOTAT 105, copeprkamuii sapo Ha
ocHoBe MHY Fe304, SiO2/APS-o060m0uky ¢ diyopecuentHoit metkoii Cyanine5 (st Bu3yanuzauu
HakoruieHuss MHY B kieTkax onTHYecKUMH MeTo[aMu) U uMeronux PEG-TOKpBITHE ¢ KOBAJICHTHO
cBsi3aHHbIM IUKIM4YeckuM nentuaoM C(RGDFC) (cxema 2.17). s atoro yacts amuuaorpynn MHY
78 KOHJICHCUPOBAJIM C aKTHBHPOBAaHHBIM 3(pupom 1anuHoBoro kpacurens Cyanine5 100, B3sitoro B
kosnmyectBe 0,75 mac.% mno otHomenuto k MHUY. [lanee nanocunu PEG-mokpsiTHe nyTem
KOoH/eHcauun amMuHorpynn APS-¢dparmentoB ¢ aktuBupoBaHHbIM 3¢pupom PEG 102. KoBaneHTHO
3akperieHHbIH PEG comeprkan Ha cBOOOTHOM KOHIIE MOJISKYJIBl MAJICUMHUJTHYIO TPYIIITY, CIOCOOHYIO
pearupoBarh ¢ THOJIaMH, 00pa3ys Tuoddupsel. s cs3pBanus ¢ PEG Opuia mcmons3oBana SH-

rpynma L-Cys, BXoasIiiero B cocTaB KOMMEPUECKH JTOCTYIHOTO Iukimdeckoro nentuia C(RGDfC)

104 (cxema 2.17) [234].
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Cxema 2.17

Hamune KaXXJI0I'0 KOMIIOHCHTA ITOATBECPKAAIN AaHHBIMU HK-CHCKTpOCKOHI/II/I (pI/ICYHOK
2.21) u DA.

/“\ _,r-/')—\‘_ A A J\ A
Co\ S 8 / \/\
103‘\\/W / » . / 7
f
-‘ - B \
' & ; .\ } " |
[y e \l_-‘ . y Vs \ | FAY .‘ ./\\iél
P\ ~ N AV Y
P \ ’ i“ Voo, [y H \-‘af‘
;105\ VAR BV
£ 3 \-‘Jv \ &/
8 3
2 §
[ h ) \ 7
£ 102 w‘,@ /J\[ M”W
o | RN w fl
c - / I
| - g L A / 8
3 23 o
104 . A
| g [ F L

PR SR PR -
2000 1500 1000 500

BonHosoe uucno (cm-1)

3000

Pucynok 2.21 — UK cnextpsr cuatesunpoBanabix MHY 103 u 105, a Taxke ucxonusix PEG 102 u
c(RGDfC) 104.
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Hamnune PEG mnoarBepxpaiv 1Mo MMOJ0ocaM IOTJIONICHUS, CBS3aHHBIX C BAJICHTHBIMU
konebanusmMu C=0, BXOIAIIMX B COCTaB MAJICUMHUIHOTO (hparMeHTa, 1 aMUHBIX TPy B 001acTH
1742, 1628 u 1544 cm™, a Taxke 1o nmosocam, XapakTepHbIM 151 BaJieHTHBIX Kosiebanuit C—H (CH>)
B obmactr 2879-2924 cm! (momocsr nedopmarmonnsix konedanuit C—H (CH2) B o6mactu 1456 u
1398 cm! BeIpaxkensl cma6o). Hammune pparmenta ¢(RGDfC) moarsepskaany mo Habopy molioc
nornomenus amMuaHex rpynn 1641 et u 1540 cm?, a taxke CHz (momocsl aedopMaOHHBIX
Konebannii 1455 cml), XapakTepHBIX ISl JAHHOTO TenTuaa (pucyHok 2.21).

ITo manueiM DA (1o Mac. coaepxkanunto C) paccuntsiBaiu cogep:xkanne PEG u ¢(RGDfC) B
CHUHTE3UWPOBAHHBIX 00pa3liax Mo aHAJIOTUU ¢ METOAMKOM, onucaHHou B paznene 2.4.4.1. B pesynbrate
conepxanue PEG u nentuna nocturano 36 u 20 mxmouts B pacuyere Ha 1 T MHY 105 cooTBeTcTBEHHO
(Tabmura 2.8).

Tadauna 2.8 — CocraB cunTe3upoBanHbix MHY

MHY JlaHHBIE JIEMEHTHOTO aHAJIN3a KosmuecTBO OpraHndecKux KOMIOHEHTOB
C (%) H (%) N (%) (MMonb/T)!
103 11,71 2,44 1,43 0,036 (PEG)
105 8,02 1,87 1,07 0,020 (c(RGDfC))

! PaccunTano Ha OCHOBE JAHHBIX DJIEMEHTHOT'O aHaJIM3a.

CriekTpbl IOTTIOMEHUS U UCTYCKaHUs (Aex 644 HM, Aem 660 HM) MHY 105 cooTBeTcTBOBaN
cnektpam Cyanine5 (pucyHok 2.22), 4TO TOBOPUT O COXPAaHCHHH CTPYKTYPHI U CBOKMCTB
(GiyopeclieHTHOH MEeTKH B COCTaBe HAHOKOHBIOTaTa, W MOXET TIO3BOJIUTh HaOM0JaTh HX
pacrpezieJieHue B OmbITax IN VItr0 ONTHYECKMMHU METOAaMH (Hanpumep, MPOTOYHBIA IUTOMETP C

(bIyOopUMETPUYECKUM JATYUKOM HIIM KOH(POKATHHBIM MUKPOCKOIT).
80 1

20 644 um 660 M
. l"|‘ \
[y
@ 60 - AT .
E Yo - - - - UCXOOHbIN
© 50 - 1. 4 \ 3 KpacuTenb
g Doy —— MHY 105
T 40 | ol
(1] " \
3 %0/ ; '
5
C 20 4
10
0 R i ——
490 590 690 790

[OnnHa BOMHbI, HM
Pucynok 2.22 — Cnextpsl Bo30yxaenus (1, 2) u ucmyckanus (3, 4) uCXogHOro (IyopeciieHTHOTO
kpacutens CyanineS u MHY 105 cooTBeTCTBEHHO.
CuHTE3MpOBaHHbIE HAHOKOHBIOTAThl UMENIN TUApOAUHAMUYecKuil nuamerp meHee 200 HM

(tabmura 2.9), 4To JenaeT UX MOTCHIUAIBHO MMPUTOIHBIMU HE TOJILKO IS IN VItro, HO u s in VIVo

9KCIICPUMCHTOB.
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Tadoauua 2.9 — I'mapogunamudeckue xapakrepuctuku MHY 103, 105.

Haunnbie IPC
MHR "5 om Pl 7% mv
103 166 0,06 -12,8
105 128 0,21 -8,7
Cpennuii AuamMeTp CHUHTE3UPOBAHHBIX HAHOKOHBIOTATOB COCTaBUI 22-26 HM (cpeaHuit

pasmep smpa — 9 HM) (pucyHkm 2.23a,0), CTpyKTypa MarHeTHTa IOATBEP)KICHA IaHHBIMU
3JIeKTpoHOrpamMM (pucyHku 2.23B,r). [lisi cuHTE3upOoBaHHOTO HaHOKOHBIOTaTta 105 penakCMBHOCTh
r2 (189 mmonsc?) (pucynok 2.231) oxaszamace Beime 100 Mmvons ™t — 3HaueHnmit, cBOMCTBEHHBIX

OOJIBIIMHCTBY KOMMEPUYECKH JAOCTYIHBIX mpenapatos [130].

30 - u1/T1 m1/T2
y = 188.53x + 0.4894
R2=1
25 -
20 1
G)
~ 15
= m
10 '

EH y=12.008x+ 04026
51 7 Re=1

E
........... ]
............ [ R
O‘#..‘.....|||||||||l|
0 004 008 0.12 0.16
[Fe] (mmonk/n)

Pucynok 2.23 — M3zo6paxkenus [I1IDM MHUY (a) 103 u (6) 105, ux snextpoHorpammsl (B) u (T)
COOTBETCTBEHHO; (1) 3aBUCHUMOCTh CKopocTH penakcaruu st MHY 105 ot koHTIeHTpanuu
HaHOYACTHI] (MEpEeCYUTAaHHON Ha KOHIIEHTpaluio [Fe], MMOJB/1T) B BOAHBIX KOJUIOMTHBIX
pacTBopax.

Hcnonb3ys 3TOT ke 1moaxoJl, ObutH mosydeHbl HaHOKOHbBIoTaThl 111, 112 Ha ocHoBe Fe304
(crabunusupoBannbie PMIDA u 06e3 ucnosib3oBaHusi crabuiauzartopa), umeromue SiO2/APS-
000J104Ky, MOTUUITUPOBaHHYIO KOoHBIoraToM PEG ¢ BekTopHBIM mentuaom RGD, u Coneprkaniue
dyopecuentayio metky (Cyanine5). s storo 3ammmennabiii RGD-nentua 18 co cBo6oaHO# 0-
aMHHOTpYIoN Arg KOHIEHCHPOBAIU C aKTUBUPOBaHHBIM 3¢pupom PEG 93 (cxema 2.18). [lanee ero
KOHJICHCHPOBAJIM C TOBEPXHOCTHBIMU amuHorpynmnamu APS-¢pparmentos MHY 75 u 78 B
cootHomenun MHUY:xonwtorar = 1:5. 3ammtHele rpynmel nentuga MHY 107 n 108 ymansum

armuonm3om u onmydar MHY 109 u 110 (cxema 2.18).
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Cxema 2.18

Hannyme xaxmoro mpucoenuHsIeMoro (parMeHTa OIEHWBAINA aHAJOTHYHO MPEIBIAYIIEMY
noaxoxay o MK cnekrpam (pucynku 2.24a-8), a Takxe 1o gaHHbiM PDA u DA (tabiumna 2.10).

Tak, B UK-criektpax MHY 107 (pucynok 2.24a) u 108 (pucyHok 2.240), MOMHUMO HIHPOKHX
nonoc B o6mactu 560 emt (Fe—O) u 1070 em? (Si—O), oTHOCAmMUXCA K CHTHAIAM SApa ¥ MOKPBITHS
COOTBETCTBEHHO, TpUcyTcTBOBaIM mosiockl noriomieHus: COOtBu (C=0, BaneHTHBIC KOIcOaHUS
~1730 emY), amunneix rpymnm (1624-1636 cmt (Amun 1) u 1533-1548 emt (Amug 1)), a Takxe CH
(BaneHTHbIE KoseOanus ~2930 cM™* u nedopmanronnsie koebanus 13501460 cm™), xapakTepHbIX
st janHoro nentuaa [212] u PEG (pucyHok 2.24r). B cnektpax MHY 109 (pucynok 2.24a) u 110
(pucyHok 2.246) momockl B obmactu ~1730 cm! (COOtBU) mcuesaroT, HO TOSBISIOTCS
JOTIONHUTENbHbIE Tonockl B obmactu 1670 cm? (COOH), 4To MOXET CBHIETENhCTBOBATH O

Ne0JI0KUPOBAHUM KapOOKCHIIbHBIX Tpym ASp.
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Pucynoxk 2.24 — UK cnextpet MHY 107-110, a Taxxe konbtorara 106.

Tab6auua 2.10 — CocraB cunTe3npoBanabix MHY

MHY Jlanubsie POA JlaHHBIE 37IEMEHTHOTO
aHATM 33 Fe304:Si0,!
Fe (%) Si(%) P (%) C(%) H(®) N (%)
107 74,74 25,06 0 3,04 0,70 0,64 66 : 34
108 74,06 24,86 0,65 3,91 0,95 0,75 66 : 34
109 76,17 23,60 0 3,37 0,59 0,55 68 : 32
110 75,12 24,02 0,60 3,83 0,72 0,63 67 : 33

! paccunTano no ganusIM POA 1o ypasrenusam (2.5), (2.6)

[lo maHHBIM »BJIeMEHTHOro aHanu3a B oOpa3nax, Moiy4eHHbIX Ha ocHoBe MHY 06e3

crabunuzanmn (MHY 107) u PMIDA-cTtabunuszupoBanasix MHY (MHY 108), conmepkanue

koHbtorata PEG n RGD-nentuna nocrurano 16 u 11 mxmons Ha 1 1 MHY cooTBeTcTBeHHO (Ipu

pacuere 1o Mac.% conepkanuro C MO aHAJIOTHH C METOAuKO pazgena 2.4.4.1.). Komrouanbie

pactBoper MHU 110 (momydennble ¢ ucnois3oBanueM PMIDA) mMenu HECKOJBKO ITydIIve

THUAPOAUHAMHUYCCKUC

XapakTepucTuky, uem pactBopel MHY 109, uyro mnoguepkuBaer

cTabMWIM3HUpYyIoIy0 posib MoJiekysn PMIDA (tabmuma 2.11).



65

Taéauma 2.11 — I'mapoauHaMUYecKue XapaKTePUCTUKHA CUHTe3upoBaHHbIX MHY

Haunnbie IPC
Dh,nm  Pdl  Z% mV

109 124 0,28 -13,5
110 103 0,23 30,9

MHY

Cpennuii quaMeTp sapa HAHOKOHBIOTATOB COCTaBWI 9 HM, a TOJNIMHA 000N0ukH 4—7 HM
(pucynku 2.25a,0), cTpykTypa MarHeTHTa THOATBEP)KICHA JaHHBIMU 3JIEKTPOHOTPaMM (PUCYHKH
2.258,r). PenakcuBHOCTS 2 1151 cunTe3npoBanasix MHY 109 1 110 cocrasmma 204 n 200 Mvoms ¢t
COOTBETCTBEHHO (T.¢. Bhime 100 Mmons ¢! — 3HAaueHHil, CBOWCTBEHHBIX GOIBIIMHCTBY KOMMEPUECKH

noctynHbIx npenapatos [130]).
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Pucynoxk 2.25 — Nzo6paxenust [I9M MHUY (a) 109 u (6) 110, ux snekrpoHOrpamMmsl (B) U (T)

0

COOTBETCTBEHHO, a TaK)Ke 3aBHCUMOCTh ckopocTu penakcanuu s MHY (1) 109 u (e) 110 ot
KOHIIEHTPAIlMU HAaHOYACTHUII (TIepeCYUTaHHOM Ha KOHIIEHTpaluio [FE€], MMOJIB/IT) B BOJHBIX
KOJJIOUTHBIX PacTBOpax.

YroObl n30ekKaTh AECTPYKIINH IMAaHHHOBOTO KPACHTEINSI B CHIIBHOKHUCITBIX YCIIOBHSIX, KaK 3TO
POM301IO0 B ciaydae coenuHeHus 40, ¢piryopeclieHTHY0 MEeTKY BBOJIMIIM Ha MTOCTIETHEM ATaIle ITyTeM
KOHIeHcaInu cBo0OofHbIX amuHOrpynn APS ¢ aktuBrpoBanHbM 3¢ upom Cyanine5-NHS 100 (cxema
2.18). Jlns mpoBefeHHS OHMONOTHMYECKHX DKCIEPHUMEHTOB TakXe ObutH cuHTe3upoBaHbl PEG-
moaudummpoBarasie MHY 113 m 114 (ma ocaoBe MHY n PMIDA-momudunmpoBanabix MHY

COOTBCTCTBCHHO), MCUYCHHBIC CyanineS AHAJIOTUYHOT'O CTPOCHUS, HO HC COACPIKAIIUC (I)paI‘MeHTa
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RGD (cxema 2.18). ChexkTpsl UCHyCKaHWUS TOJTYYEHHBIX HaHOKOHBIoratoB 111-114
COOTBETCTBOBAJIM CIIeKTpaM kpacureisi Cyanines (pucyHok 2.26).
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Pucynoxk 2.26 — Criektpsl Bo30yxaenus (1) u ucmyckanus (2) MHY 111-114.
B pesynbrate ObL1 paspaboran moaxon k moiydenuto MHY ¢ SiO2/PEG-mokpeiTHeM,
(I1yopecieHTHY O (Cyanineb).

RGD-nentun u

BeKTOpHHﬁ MCTKY

CoJIeprKaIInX
[TponemoHcTpHrpOBaHO, 4TO 00pa3ikl, moydeHHble Ha ocHoBe PMIDA-cTabunusupoBannsix MHY,
collepkaT OOoJbIIee KOJWYECTBO TMENTHAA, a TakKe HMMEIOT JIydliue THIPOJUHAMHYCCKUC
XapaKTePUCTUKHU, YeM oOpasipl, TMOJyYeHHbIE Ha OCHOBE HecTabmiamupoBanHbix MHUY.
®dnyopeciieHTHast MeTKa B coctaBe MHY mo3BosisieT BU3yalln3upoBaTh UX CBSI3bIBAaHUE U HAKOTUICHHE
B KJIETKaxX ONTHYECKUMU METOJaMH, a Omarojaps MarHutHomy sapy, MHY ob6namaroT BBHICOKHM
KO3 (HUITMEHTOM PEITaKCUBHOCTH (I2), TIO3BOJISIONIEM BU3YaIM3UPOBATh UX B TKaHIX MeTogoM MPT.
CuHTe3MpOBaHHBIC HAHOKOHBIOTATBI MOTYT OKa3aThCs d()()EKTHUBHBI B JMATHOCTUKE W aJPECHOMN

Teparuu OHKOJIOTHYECKUX 3200 ICBaHHIH.
2.5 UcciienoBanne 0HOJIOrH4e€CKOl AaAKTUBHOCTH CHHTE3HPOBAHHBIX MaTePUAJIOB
2.5.1 OueHka NMTOTOKCHYHOCTH MATEPHAJIOB HA OCHOBE KapOOpPaHOB

Ouenky murorokcnanoctd (MTT-Tect) coenunenuit 61-63, comepxkamux sapa xkrozo- (61,
62) wim Hudo- (63) xapOOpaHOB, B OTHOIIEHHWH KJIETOK HOpMaiabHON Tkanu WI-38 u kiaetok
omyxoJieBbIx TKaHel uenmoBeka AS549, SK-BR-3, SNU-1, Jurkat npoBogunu B HarmonamsHOM
MeAUIMHCKOM HccnenoBatenbckoM reatpe (HMULL) onkonorun um. H.H. brnoxuna (r. Mocksa) rmoa

pykoBojcTBOM K.papm.H. M.A. BapsinukoBoii [208].
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WNuKkyOanuio KIETOYHBIX KYyJbTYP C MCCIEIYEMBIMH COCIMHEHUSIMHU TNPOBOAMIN Oe3
00Ty4eHus: MeJICHHBIMU HEHTpoHaMU, 4TO HeoOxoauMo At peanuzanun d3gpdexra BH3T. [Toatomy
s konbtoratoB KRGD-nentuga ¢ kap6opanamu 61-63 B JaHHOM 3KCIIEpUMEHTE MPOSBICHHE
HEeU30UpaTeabHOM IMTOTOKCMYHOCTH KaK Ha KJIETKM HOPMalbHOM TKaHM, TaK M Ha KIETKU
OTYXOJICBOM TKaHU, ABJISETCS HexenaTelbHbIM ddextom. [TponsBoaHbIe K1030-KapOopana 61 u 62
IPOSIBUIIN BBIPAKEHHBIN HUTOTOKCHYECKHH 3P deKT B KoHeHTpauuu >0,1 MM. IlpousBonHoe Huoo-
kapOopana 63, HE MPOSBHIO IMHUTOTOKCHYECKOTO 3(deKkTa B HCCICTyEMOM KOHIEHTPAIMOHHOM

nuarasoHe (pucyHok 2.27).
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Pucynok 2.27 — BeDKHBaeMOCTh KJIETOK IOciie 72 4 MHKyOauu ¢ coequHeHusMu 61-63.

Takum 00pa3zoMm, MOKa3aHO, YTO MPOU3BOIHOE HuUOO-KapOOpaHa HE MPOSBUIIO BBIPAKEHHOTO

LUTOTOKCUYECKOI0 3P PeKTa B OTIMUHUE OT K1030-TIPOU3BOIHBIX. C y4EeTOM XOpOoIlIei pacCTBOPUMOCTH

IPOM3BOJIHOTO HUOO-KapOOpaHa B BOJE, OHO SIBISETCA MOAXOAALIMM KaHIUIATOM JJsl pa3padoTKU

Ha ero OCHOBE JIeKapCTBeHHbIX npenaparos a1 bH3T.
2.5.2 OueHka NPOTHBOONYX0/1€BOH AKTHBHOCTH MaTepHAJIOB, 3arpy:KeHHbIX DOX

2.5.2.1 Ouenka UMTOTOKCHYHOCTH MaTepuaioB Ha ocHoBe MHUY ¢ SiO2/APS-nokpbiTHeM,

3arpys;keHHbIX DOX

Omnenky murotokcnanoctd (MTT-rect) MHY 81-92 (paznmen 2.4.3), 3arpyxenusix DoX, u
ucxonusix st HuX MHY 69-80 (pasznen 2.4.2) B orHomennn kietok HEK-293 npoBoannu [Tozmuna
B.A. u Munun A.C. Ha 6a3e UHcTuTyTa mMMyHosoruu u ¢usuoiorun YpO PAH (MU® VpO PAH,
r. Exarepun0ypr) [222]. Ucxoanusie MHY 69-80 He mposBUIM BBIPAKEHHOW ITUTOTOKCHYHOCTH
(pucynok 2.28a), torma kak MHY 81-92, 3arpyxkennsie DOX, TOKa3amu 10303aBUCHMYIO
[IUTOTOKCUYIHOCTD B nara3zoHe KoHeHTpamnuit ot 0,1 mr/ma go 0,005 mr/mut. HanGonpmmii a3 dexr
okazamu MHY ¢ obonoukoii SiO2, cunTesnpoBanHbie ¢ ucnonszoBanueM PMIDA, sddekt koTopsix

OBLT OJIM30K K IMUTOTOKCUYHOCTH UcxogHoro Dox (pucynok 2.280).
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Pucynok 2.28 — BeokuBaemocts kietok HEK-293 mocne 48 1 unky6amuu ¢ (a) MHY 69-80 u (6)
MHHUY 81-92, 3arpy>xenHbiMu DOX.

C mnomomipio KOH(OKaIBbHOW MHKPOCKOIMU MbI IMOATBEPAMIIN TPOILECC IecopOIuu u
Hakorieanss DoX Buytpu xierok HEK-293 na mpumepe MHY 86. [lns mydmeit Bu3yanu3anuu
KJIETOK, MX siZipa ObutH okpamnienbl Hoechst 33342 (cunuii) (pucynok 2.29a). MHY 86 nmenu cnabyro
dayopecuenmuo. OnHako, nociae HHKyoauuu kiaerok ¢ MHY 86, mbl HaOMr01a1M TOTIOJIHUTENBEHOE
OKpaIlliBaHUE KJIETOK 3a CYeT BBICBOOOXIeHUs DOX (kpacHbIi) n3 Matepuana (pucyHok 2.290).
UTo0B!I MOMYYUTH JI€TAIN30BAHHOE M300pakeHHe B KOH(POKaIbHON MHKPOCKOMHUH, HMCIOJIb30BaIH
JUTHHY BOJIHBI BO30Y K aeHust 405 HM (JIJ1s1 KOHTPACTUPOBAHHUS siziep, okpaieHHbIx Hoechst) u 561 am

(st koHTpacTupoBanust DoX) (pucyHok 2.29).
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0
Pucynoxk 2.29 — M3o06paxennsi KoHGOKaTbHON MUKpOCKONUH (a) ncxoaubIx kietok HEK-293,
okparrenusix Hoechst, u (6) kierok mocie 24 4 uaky6anuu ¢ MHY 86.

[IponemoHcTpupoOBaHo, 4YTO MaTepuasl, cojaepxamue DOX, nmoayuennsie Ha ocHoBe MHY,
crabummsupoBanibie  PMIDA  u  umetonme  SiOz-OKpbITHE, NPOSIBUIM — HAUOOJBIIUIA
UTOTOKCHYecKui 3¢ (eKT, 00yCcIOBIEHHBINH BEICBOOOKIeHNEM DOX B KIIeTKax Mocie UX HHKyOaIuu

C MHq, 1 MOT'YT BBICTYIIATh B POJIK ITOTCHIHUAJIBHBIX CPECACTB JOCTABKU NAHHOTO IIpCIiapara.

2.5.2.2 Onenka HUTOTOKCHYHOCTH MaTepuanoB Ha ocHoBe MHY ¢ PEG-nokpbiTHeM,

3arpyxeHHbix Dox

Onenky uutotokcuyHoctd MHY 946, 956, 98a, 99a, comepxamux mnokpsitue PEG
npoBoann B CHOMPCKOM TOCYIapCTBEHHOM MEAMIIMHCKOM yHHBepcuTeTe MunsnpaBa Poccuu (T.
Tomck) o pykoBojacTBoM K.0.H. A.I'. Tlepuunoit [215].

Hurotoxcnunoctr MHY 956, 3arpykennbix DOX, u wucxomnwsix mis Hux MHY 940,
OlLICHMBaJIM B OTHOLEeHUH (pubpobdiactos (BJ-5ta) u onmyxoneBbIX KJIETOUHBIX JIMHUHN yenoBeka (4T1,
MDA-MB231). IIponemonctprpoBano, uro MHY 956 mposiBuin /10303aBHCHUMBIN TOKCHYECKHIA
a¢(deKT Ha BCe TUIIBI KJIETOK B TECTUPYEMOM JIMANa3oHe KOHIEHTpaIlUi, TPU 3TOM IUTOTOKCUYHOCTh
B OTHOIICHWH (GuOpodIacToB ObUTa 3aMeTHO MeHee BhIpakeHa (pucyHok 2.30). MHUY 946, He
cozaepskaiue DOX, Tokcudeckuii 3 ekt He nposiBuin (pucyHok 2.30).

urorokcuunocts MHY 99a, 3arpyxenusix DoX, u ucxoausix ans aux MHY 98a oniennBanu
B OTHOIICHHH OIMYXOJEBHIX KIETOYHBIX JHUHUN denmoBeka W mbim: MDA-MB231, HepG2, 4T1,
CT26, B16. MHY 99a niposiBMIIM 710303aBUCHMBII TOKCHYECKUH d2PPEKT Ha BCEX TUMNAX KIETOK B
HCCIICyeMOM KOHIIEHTPAIIMOHHOM Juana3oHe, npu koHmeHtparmuu MHUY ot 20,9 wmkr[Fe]/mi,
KOTOPBIA OBUT CONOCTaBUM C IIMTOTOKCHYHOCTBHIO pacTBopa DOX B koHumeHTpammu 1 mMxM (582

MKT/Mi) (pucyHoK 2.31).
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Pucynok 2.30 — BeokuBaemocts kietok mauii 4T1, MDA-MB231, BJ-5ta mocrne 24, 48, 72 4
unkyOauu ¢ MHY 946 u 956. [lannsie npeactasiensl kak M + SD. * — 1ocTOBEpHOCTh OTIIMUUI

OT KOHTPOJIA.
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Pucynok 2.31 — BeokuBaemocts kiietok MDA-MB231, HepG2, 4T1, CT26, B16 nocne 24 u 48 u

uHKyOaru ¢ MHY 98a u 99a.
[Tockonmeky B pasnene 2.4.4.2 ObIIO TIPOJACMOHCTPHUPOBAHO YBeTWYCHHE 3(PPEKTUBHOCTH
BhifiesieHns DOX mox faeiicTBUeM TEepeMEHHOrOo MarHuUTHOTO mojisa, Ha npumepe MHY 99a
JIOTIOJTHUTENBHO ObUT M3Y4YeH LUTOTOKCHYHBIA >(PQEeKT B OTHOWEHHM KieTok auHuu 4T1 ¢

UCIIOJIb30BAHUEM C MCIOJIb30BaHHEM TeHepaTopa nepeMenHoro marautHoro moist TOR Ultra HT ¢
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temu ke nmapamerpamu: H=0,27 k3, f=230 xI['u, 1 4. Bbuto Ipo1eMOHCTPUPOBAHO YCHIICHHE THOETH
KJIETOK B 2,5 pa3a IpH BO3ICHCTBHM NEPEMEHHOIO MarHUTHOro nosig B npucyrctsun MHY 99a,
3arpykeHHbIX DOX, B cpaBHeHUH ¢ ucxoaubivu st HEX MHY 98a, He coaepxanimu DOX (pucyHok

2.32).
1 o MHY 98a m MHY 99a
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Pucynok 2.32 — XXuznecnoco6HOCTh KiieTOK TuHUH 4T 1 B 3aBucUMOcTH OT nHKYyOaru ¢ MHY 98a
(ucxonubix) 1 99a (3arpyxkeHHbsix Dox) 6e3 (AMF-) u npu HanoXeHNH TEPEMEHHOT'0 MarHUTHOTO
moist (AMF+).

[IpogeMoHCTpUpOBaHA BBIpAKEHHAsE OHMOJOTMYECKas aKTUBHOCTh HAHOMAaTEPUAJIOB,
coJiepkaliux B cBoeM coctaBe DOX. OTcyTCTBHE BBIPaKEHHOM TOKCHYHOCTH ucxoaHbix MHY u
HAJIM4YUe, COMOCTAaBUMOM C aKTHBHOCTBIO 3arpy:KeHHOTO Ipernapara, HUTOTOKcuyHocTH DOX-
conepxkamx MHY no3Bomnsier cynuth 00 3¢ ¢heKTUBHOM BBHICBOOOXKIEHUH IIpernapaTa U3 cocTaBa
HAaHOKOMITO3UTOB. [lokazaHa BO3MOXKHOCTH Oonee »dddexTuBHOro BbAEeNeHus DoOX w3
CHHTE3UPOBAHHBIX MATEPUAJIOB MO/ JICHCTBUEM MEPEMEHHOTO MAarHUTHOTO TIOJIS, YTO B OIBITaX N
VItr0 TpHBOAMT K YCHICHUIO LUTOTOKCHYECKOro sddekra. IlomyueHHbIe MaTepuaibl MOKHO

paccMaTprBaTh B KAY€CTBC NOTCHIUAJIBHBIX CPCACTB JOCTAaBKU Dox.

2.5.3 Ouenka 3¢ pexTHBHOCTH MaTepuaoB HA ocHoBe MHY nuis Tepanum onmyxoJieii B

onbITax in vivo

B CubI'MY (r. ToMck) B 3KkcriepuMeHTax iN VIVO mpoBejieHa OLCHKa MPOTHBOOITYX0JIEBON
aktuBHOCcTH MHY 956 B oTHOIIEeHNM omyxonu 4T1 y mbrueit tuauun BALB/c npu BHyTpUBEHHOM U
BHYTPHOITYXOJIEBOM crioco0Oe BBe/leHus mpenapata. J{Jis olleHKH TepaneBTu4eckon 3ppexTuBHOCTH
NPUMEHEHHS HAHOYACTHII B COUYETAHUH C BO3/eiicTBUeM niepeMeHHoro MmarautHoro noJist (TOR Ultra
HT, H = 0,27 ¥D, f = 230 x[') u3mepsiin 00beM U Maccy OmyXxouiu, paccuuTbiBaiu nHaekc TPO,
IIPOBOAMIIN aHAJIN3 BBKMBAEMOCTH.

IIpu BHYyTpUBEHHOM BBeJleHUM, )KUBOTHbIM BBoAMIN 200 Mk cycnensun MHY 946 nnu
956 c xonmentpanueit 1 mr/min. C >KMBOTHBIMM, B3TBIMM B Kade€CTBE TIPYIIIIbI KOHTPOJISA, HE
IIPOBOAMIIN HUKAaKUX MaHuMyssnuil. Yepes 24 4 nocne BBenenns MHY, *KMBOTHBIX pa3Mernanu B

KpOBaTKe an/I60pa — I'CHCpaTOpa MNEPECMECHHOTO MArHUTHOTO IMOJIAA U TPOBOANIIN BO3JICHCTBHE AMF
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(H=0,27 kD, f=230 kI't1) B Teucnue 1 u. [Tocie 3TOro Hab 101211 32 H3MECHEHHUEM pa3Mepa Oy XOJIH
y KUBOTHBIX Pa3HBIX TECTOBBIX Ipymm. Yepe3 24 4 mocie mepBOro BO3AEHCTBUS IEPEMEHHBIM
MarHUTHBIM I0JIEM KUBOTHBIM CHOBA BBOJIMJIM BHYTPUBEHHO CYCIIEH3HIO TOI'O € COCTaBa, 00beMa,
KOHLEHTPAalUu U 4epe3 24 4 1ociie BBEIECHUS ITPOBOAWINA BO3JEHCTBUE NIEPEMEHHBIM MATHUTHBIM
II0JIEM B TeueHue | 4.

CornacHO JaHHBIM THCTOJIOTMYECKOTO aHaiu3a, 4depe3 24 4 1mociae OJHOKPaTHOIO
BHyTpHBeHHOTO BBezeHuss MHY 956 B omyxonum wmbimield oOHapyxuBanu eauHu4Hble [lepic-
IO3UTUBHBIE KJIETKU O Nepudepur 30HbI HEKPO3a, YTO CBHUJIETENILCTBYET O CJ1a0OM HaKOIUIEHUU
HAHOYACTHI] B OIyXOJIM II0CJI€ BHYTPUBEHHOIO BBeJcHM. Ha OCHOBaHMM JaHHBIX pacyeTa HHIEKCA
TOpMOKeHHUs pocta onyxonu TPO, ycraHOBIIEHO, YTO JBYKpaTHOE BHYTpUBEHHOE BBeaeHne MHU
956 ¢ mocieAyIONIMM BO3/ICHCTBHEM TiepeMeHHOro MmarauTHoro mois (H = 0,27 k3, f =230 x['u) B
TeyeHue 1 4 uepe3 24 4 mocne BBeneHuss MHY He oka3piBacT IMpPOTHMBOOIYXOJIEBOTO JEHCTBUS B
otHouieHnuu onyxonu 4T1 y mprmeit nuann BALB/c. Paznuuus no pazmepy U Macce U3BJICYECHHBIX
U3 KUBOTHBIX o1yxosei 4T1 B MHTaKTHOM 1 3KCIIEpUMEHTANIbHBIX I'PyNIax HE ObUIM CTATUCTUYECKU
3HAUYUMBIMH.

BbIKMBaEMOCTh B MHTAKTHOM I'PYyIIIE U TPYIIE C ABYKPAaTHbIM BHYTPHUBEHHBIM BBEICHHEM
MHUY 956 u Bo3aeiicteuem AMF (H = 0,27 k3, f = 230 kI'1y) uepe3 24 4 mociie KaxI0ro BBEACHHS B
TedeHue 1 4, k 21 cyTkam 3KCnepUMeHTa CHIbKajgach U cocTaBisiia 83% u 80% cOOTBETCTBEHHO.
MoxHo 3akmounth, yT0 MHY 956 He oOnananu TokcndeckuM >PQPEeKTOM B OTHOIICHUH OIYXOJIH
4T1 y mbimeit nuann BALB/c B MeTo/1e KOMOMHUPOBAaHHON Tepanuu (MarHUTHOM THIIEpTEPMUN U
BBICBOOOXKJICHUM IIMTOTOKCHYECKOTO IIpernapara) HpU OJHO- U JIBYKPaTHOM BHYTPHUBEHHOM
BBEJICHUHU.

IIpu onHokpaTHOM BHyTpHOMmyXxoJseBoM BBeaennu MHY 956 (100 mkn cycniensun MHUY,
3 MI/MJI) ¥ 9KCITO3MIIUH KUBOTHBIX B TiepeMeHHOM MarautHoM nosie (H = 0,27 k3, f =230 x['n) B
teyeHue 1 4 yepe3 24 u 48 4 mocie BBEJCHMS HAHOUYACTULl HAOIIOJATM HEOOJIbIIOE 3aMeIeHHe

CKOPOCTH pOCTa OIyXO0JICBOTO y3i1a (pUCyHOK 2.33).
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Pucynok 2.33 — Pasmep omyxomu 4T 1 y mermeit muann BALB/c mociie BHYTpHOITYX0JIEBOTO
BBeaeHust MHY 9406 u 950, B TOM yucie, ¢ MOCIeIyOIKUM BO3/IEMCTBUEM IEPEMEHHOTO

marauTHoro nonus (+AMF). KoHTpounb — rpymnna HHTaKTHBIX )KUBOTHBIX.
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HNunexkc TPO nHa 21 cyTku B 3KkcniepuMeHTanbHbIX rpynmax MHY 956 1 MHY 956+AMF
coctaBuil 12% u 20% cootBercTBeHHO. Mcnonbs3zoBanue B MHY 946, He 3arpyxenHsix DOX, mo
AQHAJIOTMYHOM CcXeMe, 3HAaYMMOI'0 3aMeJIEHHUs] POCTa OIyXOJIM, [0 CPAaBHEHHUIO C KOHTPOJIEM, HE
nokasaio (pucyHok 2.33).

IIpu TpexkpaTHOM BHYTpHOIYyX0eBoM BBeaeHun MHY 956 (50 mxn cycnensun MHY 3
MT/MJI) Ha 5-€ CyTKHM TOCJIe TPaHCIUIaHTAIK OyXoiu U Ha 11-¢, 17-e cyTku (o 100 M1 cycrnien3un
MHUY 3 mr/mit) 1 3KCIIO3MILIUMK KHUBOTHBIX B IiepeMeHHOM MarHuTHOM mosie (H = 0,27 k3, f = 230
k['17) B Teuenue 1 4 uepes 24 u 48 4 mocine BBEACHHSI HAHOYACTHI], BHISIBIISUIM €IMHUYHBIE METACTa3bl
B Jlerkux. Torga Kak y Tpynn >KMBOTHBIX, KOTOpbIE TMPOXOAMIN aHAJIOTHYHYIO Teparuio
JIOKCOPYOUIIMHOM WJIM Y >KMBOTHBIX MHTAaKTHOW TIpyHIbl OblIM OOHApy>KEHbI MHOI'OYHMCIIEHHBIE
MeTacTas3bl B JIETKUX, CIMBAIOLIUECS MEXAYy COOOM, a TakKe €IMHUYHbIE METacTa3bl B OPIOIIHON
MOJIOCTH.

CornacHo JaHHBIM THCTOJIOTMYECKOTO aHanu3a, mpu okpacke mo Ilepncy, nakomnenue Fe
OTMEYAJIM B OINYXOJISIX B LIEHTPAJIbHBIX U NEepUPEpUUYECKUX 00JIacTAX, a TAaKKe B 30HAX HEKPO3a
ormyxoiu. B onyxoiisix MHTaKTHOU Ipymnibl HaKomieHus: Fe He HaOronany.

Cxema TpexkpaTHOTo BHyTpuomyxosneBoro BBeneHus MHY 956  yBenuuuBana
BbDKMBaeMOCTb Mbitirei (1o 100 % Ha 31-e cyTKH) 10 CPaBHEHHIO C TPYIIAMH XHBOTHBIX, KOTOPbIC
IPOXOIMJIH TEPAIUIO JOKCOPYOUIIMHOM WM ¢ MHTaKTHOH rpymnmoii. Kpusslie Kamrana-Meiiepa s
BCEX MCCIEAYEMBIX TPYII, [MOKA3bIBAIOLIME IPOLEHT BbDKMBIIUX >KUBOTHBIX B 3aBUCUMOCTU OT

BpPEMEHHU, MTPEJICTABICHBI Ha pUCYHKE 2.34.
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Pucynok 2.34 — BiusiHue Tepanuy Ha BBIKUBa€MOCTb KUBOTHBIX. KpuBbIe BBIKMBAEMOCTH
Kannana-Meliepa.

B pesynbTare ycTaHOBIIEHO, YTO CXE€Ma C TPEXKPATHBIM BHYTPUOIYXOJEBBIM BBEIACHHEM
MHUY 956 B couetanuu ¢ nocienyroiei sxcrosunueid B AFM (H = 0,27 kD, f =230 k['11) B TeueHue
1 4 gepe3 24 u 48 4 mocne Kaxa0ro BBEJCHUs, IPUBOJANT K YMEHBIICHHUIO KOJIMYECTBA METACTA30B B
JIETKUX U, KaK CJIEJICTBUE, YBEIMUNBAET BBKUBAEMOCTH KUBOTHBIX.

CornacHo JaHHBIM OMOXMMHYECKOTO aHaiM3a IUIa3Mbl KPOBH 3KCIIEPUMEHTAIbHBIX
JKUBOTHBIX, MPOIIEIIINX BBIIICONHCAHHYIO TE€palMI0 KaK ¢ BHYTPUBEHHOM BBEJIEHUEM, TaK U C

BHyTpuonyxojeBsiM BBeaeHneM MHY 956 wunu 940, OTKIOHEHHI! OCHOBHBIX OMOXHMHYECKHX
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MOKa3aTeJIel, UCIOJIb3yeMbIX B KadeCTBE MapkepoB moBpexacHus neueHu u mnouyek (AJIT, ACT,
KpeaTuHUHA) He HaOII0/1a10Ch. DTO CBUAETENBCTBYET O TOM, UTO HccienoBanHsie MHY He oOnananu
TOKCHYECKUM 3((HEKTOM Ha IMEeYESHb U TOYKH.

YcraHoBeHO, 4TO Tociie BHyTpuBeHHOTO BBeAeHUss MHU B o3e 0,2 Mr HaOmogaeTcs cinaboe
HakoruieHue HaHovacTtull B onyxoiu 4T1 depe3 24 4 nocne BBenenus. [locie BHyTpHOIMYX0I€BOIO
BBegeHus 0,3 u 0,15 mr MHY naOnronanu Belpa)kKE€HHOE KOHLIEHTPUPOBAHUE HAHOYACTHULl B TKAHU
onyxonu. IIpogemoncTpupoBano, yto BHyTpHoiyxoJjeBoe BBeaenue MHY 956 B noze 0,3 mr B
OIyXOJb C MOCIEAYIOIIUM BO3JCHCTBHEM MEPEMEHHOTO MAarHUTHOTO IMOJIs OKa3blBaeT cialyro
IIPOTUBOOIYXO0JIEBYI0 aKTUBHOCTH (MHAECKC TPO — no 20%) B oTHOmeHuu onyxonu 4T1 y Mblmeit
muann BALB/c, TOpMO3UT mporiecchl METacTa3upoBaHMs B JIETKHE U OPIOLIHYIO MOJIOCTh, a TAKXKe
YBEJIMYUBAET BbDKMBAaeMOCTh MbllIel (10 100 %) mo cpaBHEHUIO C IPyNION KUBOTHBIX, KOTOpBIE
MIPOXOIUIIN TEPANUIO JOKCOPYOUIIMHOM UITU ¢ MHTAKTHOM rpynmoi. [lonydyeHHbie MaTepuasbl MOTYT
OBITH HCIIOJIB30BAHBI Ui Pa3pabOTKH MaTepuaioB KOMOWHUPOBAHHOM Tepanmuud MarHUTHON
THIEPTEPMHUH M (hapMaKOTepanuy IUTOCTATUYECKUMH TMperapaTaMy B JICYEHUH OHKOJIOTMYECKUX

3200J1€BaHUI.
2.5.4 Ouenka nurorokcnunoctu MHY, conepxamux RGD-nentua

Jlns MHY 111-114 Oputa mccnenoBaHa IUTOTOKCHYHOCTH (MTT-TecT) Ha HOpManbHOM
kiaerounoit ymuun HEK293 u onyxosnebix nuHusx 4T1 u MDA-MB231 (pucynok 2.35).
[{UTOTOKCUYHOCTD Onpenessan aid 4eTbipex THHoB MHY: CHHTE3MpPOBaHHBIX C MCIOJIb30BAaHUEM
crabunuzaropa PMIDA (MHY 112, 114) u 6e3 (MHY 111, 113), conepxamux RGD (MHY 111,
112) u 6e3 (MHY 113, 114) (cm. pasmen 2.4.5.2.). Komu4ecTBO >KHM3HECTIOCOOHBIX KIIETOK
OTIpE/ICIISITM Ha aBTOMAaTHYECKOM aHaim3aTope C (UIyOpecHeHTHBIM JeTekTopoM. Hammenee
BOCIIpuUMYMBas K jAeiicTBuio Bcex tunoB MHY okazanace naunus MDA-MB231. B uenowm,
uccienyemble MHY nmoHmkanu BBDKUBAEMOCTD KIIETOK, IPUYEM B OOJIBIIMHCTBE ClIydaeB crycts 48
Y UHKYOAIMy MUTOTOKCHYECKUN P (PEKT yCHIUBamics (0I5 KU3HECTIOCOOHBIX KIIETOK COCTaBJIsIa
okos10 50% ot ucxoaHoro kommyectsa). MHY 112 nmenn HanMeHbIIMN TUTOTOKCHYECKHH ekt

110 CPAaBHEHUIO C OCTAIbHBIMU TUITamMu MHUY.
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Pucynok 2.35 — BeokuBaemoctsb kitetok HEK293, 4T1 u MDA-MB231 nocne 24 1 48 1
nakyOarmu ¢ MHY 111-114 cootBercTBeHHO. [lanHbIe ipeacTaBieHbl kak M+SD. * —
JOCTOBEPHOCTH OTIIUYUI OT KOHTPOJIS.

ITponemoncrpupoBan 3axBar MHY 111 u 112 xnerkamu nunuit 4T1 u MDA-MB231
(pucyHok 2.36a). J{s storo knetku muHui 4T1 1 MDA-MB231 (o 50 ThIc. KII€TOK) HHKYOHpOBaIu
¢ MHUY (5 Mkr/mn) B nonHo# nutatensHoit cpene (DMEM/F12 (Gibeo) ¢ nodasnenuem 10% FBS,
1% Glutamax, 1% PenStrep) B Teuenue 24 u ipu 37 °C.

KomnuectBenno 3axsar kierkamu auanii MDA-MB231 MHY 111 u 112 ouenunBanu Ha
nporouHoMm mutometpe Cytoflex (Beckman Coulter). lns storo kierku nakyoupoBamu ¢ MHY B
nosHOM muTatenbHon cpene (DMEM/F12 (Gibeo) ¢ mobasnenuem 10% FBS, 1% Glutamax, 1%
PenStrep) 4 u ipu 37 °C, mocie vero nmpoBoawin aHanu3 (pucyHok 2.360). ITokazaHo, 4to mpu
UHKyOaIu B ykazaHHbIX ycioBusx 50 Teic. kietok ¢ 0,625 mxr MHY (konuentpauus MHY B

KIeTouHoi cpene 1,25 mxr/mi) 6omnee 99,5% knetok Obun mo3uTuBHBI 0 CyS BO Beex oOpasiax.
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Pucynok 2.36 — M3o0paxkenus kinetok nunuii 4T1 u MDA-MB231 nocne unky6auuu ¢ MHY (a)
111 u (0) 112, nonyueHHbie Ha QIIyOpPECIIEHTHOM MUKpOCcKoIie (uTockeneT okparieH Alexa Fluor
488, simpa kierok okpameHsl Hoechst 33342). D¢ dexruBHOCTS moromenus HaHoyacTuy MHY
111 u 112 xnerkamu muanu MDA-MB231 (B) npu nHKyOauu B MOJHON MUTATEILHON Cpee npu
37°C 4 gaca (o ocu OY mpuBeseHa HHTEHCUBHOCTD (hIyOpECLEHIINH, TOCKOJIbKY KOJTMYECTBO
Cy5+ kierok 66110 ~100%), (T) moxHOM nuTatensHoM cpene npu 4°C 1 1 Ha by + 4 1 ipu 37°C,
(1) DMEM/F12 nipu 4°C 1 41 Ha neay + 4 4 nipu 37°C (ua pucynkax (1) u (x) mo ocu OY npuseneH
% Cy5+ k11erox).

s onierku noromennss MHY 3a cuer cnierududeckoro cBsi3piBanmst RGD ¢ perentopamu
Ha MOBEPXHOCTH, Ul MOJaBlieHUs] Hecrneuugpuyeckoro sHaonuroza MHY kietkamu, mpoBOIMIIN
AQHAJIOTUYHBIA SKCIIEPUMEHT, HO C NpeABAPUTEIbHOM MHKyOarued kinetouHoil cpeast 1 MHY B
tedenne 1 4 pu 4°C, ormbiBKOM HecBs3aHHBIX MHY PBS 1 nocienyromieit nHKyOanyei B TeIioun
MUTATEIILHOM cpejie (B TIOJTHOM MUTaTeIbHOU cpejie u cpee 0e3 nodasnenus 10% FBS) 4 1 mpu 37°C.
B pesynbrare mpoaeMOHCTPUPOBAHO, YTO MPOIEHT KIETOK, coiepxkammx MHY 111 u 112,
3HAYUTEIbHO Najaai. [IpudemM 4To B MPUCYTCTBUU CHIBOPOTKHU 3¢ (eKTUBHOCTH cBsizbiBaHud MHY ¢
kietkamu npu 4°C cHmkanace 10 70%, 94To, BEpOSITHO, MOKHO OOBSICHUTH 00pa30BaHUEM OCIKOBOM
KOpPOHBI, MEIIAIOIIEeH B3aMMOICHCTBHIO HAHOYACTHI] C TOBEPXHOCTHIO KIIETKH.

Takum  oOpa3oM,  NpOJEMOHCTpUpOBaHa  BO3MOXKHOCTh  morjomienus  RGD-
mouduimpoBanueix MHY kinerkamu Ha mpumepe kieTok JuHuM MDA-MB231 1 BO3MOXHOCTb
OIICHKA WX KOJMYECTBA JETEKTHPOBaHUS (IyopuMeTpudeckuM MmetoaoM. IlokazaHo, dYTO

HakoruieHne MHY B kiieTkax riaBHbIM 00pa3oM MPOTEKAET 3a cYeT Hecnenu(pUIecKoro HA0UTO3a.
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2.5.5 Ouenka cneuuuunoro cesa3piBannss MHY, cogep:kammux RGD-nenTua, ¢ kierkamu

onyxoJieoii 1uaun MDA-MB231 27 ¢ noBbIlIeHHOM KcNIpeccueil HHTerpruHa ovfp3

Ha 6aze CubI'MY (r. Tomck) non pykoBoiactBoM k.0.H. A.I'. IlepmuHoii mpoBeneHo
uccienoBanue crnenupuyuHoro ces3piBanuss MHY 105, cogepkamux RGD-nentua, a Takke MHY
103 anamornuHoro cocrtaBa, Ho He coaepxamux RGD-nentun, ¢ kinetkamu nuann MDA-MB-231 u
reHoMHO-MoauuuupoBanHoi uaun MDA-MB231 27 ¢ noBblmeHHON SKcnpeccueid HHTerpuHa
avPs (ocaoBHoi mumenn RGD-nentuaa).

Jlst aToro B oOpasiibl, coaepskamue cpeay ¢ 50 ThIC. KIETOK, BHOCHIM 50 MKJ CyCIIEH3UU
MHUY ¢ konnentparusamu 50; 25; 12,5; 6,25; 3,125; 1,56 mxr/mit u uakyouposaau 60 mun ripu 37°C.
[Tocne sroro oOpa3ubl mpombIBaIKM OT HecBsizaHHBIX MHY u aHanmu3upoBalii Ha MPOTOYHOM
utomerpe Cytoflex Beckman Coulter (pucynok 2.37).

= MDA-MB231 = MDA-MB231_27

s 100 150+
3
5 100+
S
ts 504
>
O
0 T T 1
0.0 0.5 1.0 1:5 0 1 2 3
C, Mkr/mn C, Mkr/mn
MHY 105 MHY 103

Pucynok 2.37 — Ouenka nornomenus MHY 105 u 103 knerkamu nuaunit MDA-MB-231 u MDA-
MB-231_27.

Hcxons W3 TOMy4YEeHHBIX pe3yibTaToB, INPEJCTABIEHHBIX Ha pucyHke 2.37, MOXKHO
3axmounTh, uro MHY 105, cogepkamme RGD-nienituz, 6omee a¢dextuBHO, o cpaBHeHno ¢ MHY
103, 3axBareiBanuch kieTkamu JJuHud MDA-MB-231 27, ¢ noBblIeHHOH 3Kcnpeccueil HHTerpuHa
avPs. [Tocne unky6aruu knetok quaun MDA-MB231 27 ¢ HaHouacTuiamu B KoHLeHTpauu 1,25
MKT/Mi1 107151 CY5-TI0JIOKUTENBHBIX KIETOK Obli1a paBHa 84,6£1,5 %, Tora Kak Jyisi UCXOIHOW JINHUH
MDA-MB231 gannsiit mokazarens coctaBisit 55,9+6,4 % (p<0,05).

Taxum 06pa3zom, MPOAEMOHCTPUPOBAHO, UTO pa3pabOTaHHAs KOHCTPYKIIHMS HAHOKOHBIOTATa,
BKJTIOYAIOIIETO B CBOM COCTaB MarHUTHOE s7p0 Ha ocHOBe Fe304 u mokpeiTre Ha ocHoBe SIO2/PEG,
moudurmpoBarraoe RGD-mentuaoM, MoxkeT okaszarbes 3QGEeKTHBHON IIIATPOPMOM JIIS aAPECHOM

JIOCTaBKH MPENapaToB B OMyX0JE€BbIE TKAHU, SKCIPECCUPYIOLINE HHTETPUH Olv[33.
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I'naBa 3 DkcnepuMeHTAIBLHASA YACTh.

JIMMETHIIOBBIA U U-mpem-0yTHUIIOBBINA 3(upbl L-acnapriuHoOBOW KUCIOTHI THAPOXIOPHIHI,
nuOeH3mIoBbIN 3¢up L-acmapruHoBoit kucioTel To3wiaat, N-(mpem-0yTHioKCHKapOOHM )IIUIUH,
CHHTE3MPOBAaHHBI 10 H3BeCTHBIM MetoaukaMm [202-204]. dayopecueHTHbIi KpacuTens 31
npenocraBien OMI'TY (r. Omck), ucxomaHbie KapOopaHOBBIE coeauHeHus 45-48 mosydeHsl OT
NHS0C PAH (r. Mocksa). OctanbHble peareéHTbl KOMMEPUYECKH JOCTYIIHBI.

Jiis TorKOCTOHON Xpomarorpaduu ucnoib3zoBam TCX-mnactunbl Sorbfil (OO0 «Mmuny,
Poccust), coenunenus: nposiisiiu B Y@ cBete, mapamu ioxaa, 0,1% pacTtBopoMm o-TonuauHa B
YCKYCHOM KHCJIOTE Mociie HachleHus napamu xiopa uinu 0,2% pacTBOpoM HUHTHIPHHA B allE€TOHE.
Jist konoHouHo# ¢uien-xpomarorpaduu ucnonb3oBanu cunukaress Silica gel 40 (0,023-0,040 mm)
(«Alfa Aesar», BemukoOputanus). Temmeparypbl IUIaBI€HUS OINpenessuid Ha mpudope «Stuart
SMP3» («Barloworld Scientificy, Benukobpurtanus).

Crnextpsl SIMP 'H, "B u 3C 3aperucrpupoBansl Ha mpubopax «Bruker DRX-400»
(Fepmanmst) (400, 160, 100 MI'; cootBercTBeHHO) Mt «Bruker Avance 500» (I'epmanus) (500, 193,
125 MI'n cooTBeTCTBEHHO). B KauecTBe BHYTPEHHUX CTAHJIAPTOB UCIIOJIb30BAIM TETPAMETUIICHIIaH
U rekcadTopOeH30I1. Y IeTIbHOE ONTHYECKOE BpallleHUe OIpeAessuid Ha nojsipuMetpe «Perkin-Elmer
Model 341» (BipakeHO B (Tpamaxmi)/(rxaM), KOHIIEHTpanus pactBopa — B 1/100 mi1). DeMeHTHBII
aHanu3 BeIMONHUM Ha aBToMatndeckoM CHN-ananmuzarope Perkin Elmer PE 2400, cepust 11 (CILIA).
Macc-CeKTpsl  BBICOKOTO — Pa3pelIeHUs] 3aperHCTPUPOBAHBI  TIOCIE  XPOMATOrpadpHuuecKoro
paznmenenust Ha mpubope Bruker maXis impact HD (I'epmanusi) B pexuMe IOJIOKHTEIbHON
WOHU3AIMU MeTogoM 3JekTpopacnbuieHus (ESI) wnu moHM3anmu npu atMocdepHOM JaBiICHUH
(APCI). Cnektpsl (¢iyopecieHIIiE 3aperucTpupoBanbl Ha cnektpodiyopumerpe Cary Eclipse
(«Varian», CIIA). Y®-cnektpsl 3apeructpupoBanbl Ha Y®-cnekrpodoromerpe UV 2401 PC
(«Shimadzu», SAnonus). BDXX-amanuz B oOpamieHHO-(a30BOM BapHaHTE BBHIMOIHSIN Ha
xpomarorpade Agilent 1100 (CHIA), Tunm HenoABMXHOW (Da3bl M COCTaB TMOABMKHOW (ha3bl
NPUBEJICHBI B METOJMKAX, CKOPOCTh 3mtoupoBanus 0,8 Mi/MuH, TepMocTaTupoBanue npu 35 °C.

[IOM BBINONHSM Ha TpPOCBeYMBaromieM deKTpoHHOM Mukpockomne Philips CM30 (FEI,
Hunepnauner), COM — Ha ckaHupyiomeMm 3JeKTpoHHOM Mukpockorne Merlin («Carl Zeissy,
I'epmanus). UK-cniektpel peructpupoBanu Ha uH@pakpacHoM Dypbe-cnexktpomerpe Nicolet 6700
(«Thermo Electron Corporation», CIIIA) c¢ mnpucraBkoit HIIBO Smart Orbit ¢ ammasHbIM
KPHCTAJUIOM, a TaKkXke Ha crekrpomerpe Spectrum Two («Perkin Elmer», CIIIA) ¢ npuctaBko# ¢
alIMa3HbIM KpucTamioM win auddysHoro orpaxenus. HamarnmueHHocTh HaceimeHus (MS) u
KO3puuTHBHYIO crity (Hc) ompeessiii ¢ moMoIbi0 BHOPOMAarHUTOMETPa B MArHUTHBIX MOJISIX 10 2.2

MA/M. [Inomane yaenpHo# noBepxHocTH (Syx) onpexaensiau meronoMm BET na nmpubope SorbiPrep
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(«(META», Poccus). [I'mapommHamuueckoe ©  AIEKTPOPOPETUUECKOE  paccessHue CBETa
HaHoYacTuIlaMu omnpeaessuin MerogoMm JIPC na anamusarope Photocor Compact-Z («Photocory,
Poccus) wim Malvern Zetasizer Nano ZS instrument («Malvern Instrumentsy, BenukoOpurtanus).
SAR u ILP paccuuThiBaii HU3 AAHHBIX, MOJYYEHHBIX B OIBITaX C HCIIOJIb30BAHHEM TIe€HEpaTopa
nepemennoro MaruutHoro mons TOR UltraHT («TORy», Poccus). PentrenodiyopecieHTHBIH
aHaJM3 BBIOJIHSUIM HAa SHEProJUCIIEPCHOHHOM PEHTTeHO(IyOopecleHTHOM criekTpomerpe EDX-
7000 («Shimadzuy, SInonus). Penakcanuio BOIHBIX KOJUIOWAHBIX pacTBopoB MHY onpenensim Ha
penakcometpe («kECOTEK Corporationy, Xerocron, CIIA).

oy 0 JumetruwnoBplii 3¢up (N-mpem-0yTnaokcukapO0OHuI)-TJIMIHI-
\Oj;‘NThHJLOJT L-acna i 1). K 433,1
o o PrUHOBOH KHCJIOTHI . pacTBopy ,1 mMr (2,47 mmorns)

0 BocGly, 488,1 mr (2,47 mmonb) Asp(OMe)2xHCI, 509,6 mr (2,47 MMoIb)
DCC, 142,1 mr (1,23 mmosib) NHS B 20 mit cyxoro CH2Cl> no6asmsitun 860 mxi (4,94 mmoiis) DIPEA,
peakimonHyto Maccy mnepememmBanu 20 u mpu +20 °C. OtdunbtpoBbiBanu ocaaok N,N -
JUIMKJIOTEKCUIMOYEBUHBI, (WIBTPAT YHApUBAIM, OCTATOK OYHINAIK (iem-xpoMaTorpadpuei
(6enzon—tmnanerar, or 100:0 no 40:60). Ilomywyanu 639,7 mr (81%) OecuerHoro macna. TCX
(6emzon—otunanerar 1:1): Rf= 0,57 (nupossrnenne muaruapusom). [a]o?® +45,1° (¢ 1,0; CHCls).
B2XX (Kromasil 100-5 C18; aneronutpusi—Bosa 1:1; nerekruposanue mpu 220 HM): T = 4.68 MUH.
'H SIMP (400 MI'y, AMCO-d6), 6 (m.1.): 8,25 (o, J = 7,9 ', 1H (NH Asp)); 6,98 (1,J = 6,1 ', 1H
(NH Gly)); 4,67 (ar, J = 6,9, 7,1 T'u, 1H (H2 Asp)); 3,63 (c, 3H (OMe Asp)); 3,61 (c, 3H (OMe
Asp)); 3,54 (o, J = 6,1 T'y, 2H (H2 Gly)); 2,80 (ax, J = 6,1, 16,6 I'y, 1H (H3-A Asp)); 2,72 (mx, J =
6,7, 16,5 T'u, 1H (H3-B Asp)); 1,38 (c, 9H (OtBu Gly)). Haiineno, %: C 49,09; H 7,11; N 8,66.
Beruncneno, %: C 49,05; H 6,97; N 8,80. MCBP (ESI-POS) Beruncneno mis CizH2sN207 [M+H]™:
319,1500; natineno: 319,1508.
;\ o H JOL O JMu-mpem-oytuiospiii  3¢up (N-duyopeHnamerokcu-

8?‘ EAN O KapOoHuJI)-rmuuiI-L-acnaprunosoii kucaorsl (2). K pactBopy
;r o O 804 mr (3,28 mmois) Asp(OtBu)2, 974,4 mr (3,28 mmois) FmocGly,
676,7 mr (3,28 mmone) DCC, 188,7 mr (1,64 mmoias) NHS B 10 Mt cyxoro CH2Cl, no6asssiu 1140
MKI (6,56 wmmonb) DIPEA, peakiuuonHyto wmaccy nepememmBaan 20 u npu +20 °C.
OtdunpTpoBeIBaIU  0CcafoK N,N’-TUIUKIOTEKCUIMOYEBUHBI, (GUIBTPAT yHapuUBald, OCTATOK
ounmanu aenr-xpomarorpadueit (6enzon—astunamerar ot 80:20 mo 40:60). [Tomyyamm 1515,2 mr
(88%) 6enoro mopomka, T.1ut. 59 °C. TCX (6enzon—stmranerat 1:1): Ri= 0,73 (nmposiBiieane B YO
ceere). [0]p?® +22,3° (¢ 1,0, CHCls). BOXX (Kromasil 100-5 C18; ameronutpun—Boxa 7:3;
nerekrupoBanue mpu 220, 254 um): 1= 15,0 mun. 'H AMP (500 MTI', IMCO-d6), & (m.1.): 8,47 (n,
J=28,0I'u, 1H (NH Asp)); 7,89 (1, J = 7,5 T'u, 2H (Ar Fmoc)); 7,72 (a, J = 7,5 T'y, 2H (Ar Fmoc));
7,59 (1, J = 6,2 T'n, 1H (NH Gly)); 7,41 (1, J = 7,4 T', 2H (Ar Fmoc)); 7,32 (t, J = 7,4 Ty, 2H (Ar
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Fmoc)); 4,77 (ar, J = 6,2, 6,2 T'u, 1H (H2 Asp)); 4,30-4,20 (m, 3H (CH, CH2 Fmoc)); 3,65 (n, J =

5,3 T'u, 2H (H2 Gly)); 2,91 (ax, J = 6,2, 16,6 ', 1H (H3-A Asp)); 2,80 (ax, J = 6,9, 16,6 I'i, 1H

(H3-B Asp)); 1,42 (c, 9H (OtBu Asp)); 1,41 (¢, 9H (OtBu Asp)). Haiineno, %: C 66,46; H 6,99; N

5,24. Beraucneno, %: C 66,40; H 6,92; N 5,34. MCBP (ESI-POS) Bberunciieno mnsa CooHz7N207

[M+H]": 525,2596; naiineno: 525,2590.

[? J{n0eH3na10BbIi 3¢up (N-mpem-6yTniokcukapooHmnI)-
)

0 0 -l - i
H\H/\N JJ\OJT ranuni-L-acnaprunosoit kueaorsl (3). K pacrsopy 209,6 mr (0,669

0 o H mmoas) Asp(OBn)2, 117,1 mr (0,669 mmons) BocGly, 138 mr (0,669
é © mmoas) DCC, 38,5 mr (0,334 mmons) NHS B 10 ma cyxoro CH2Cl2
nepememuBam 20 4 npu +20 °C. OrdunbTpoBbiBaid 0canok N, N -THIUKIOTEKCHIMOUYEBUHBI,

nobasisin 235 mxn (1,338 mmonis) DIPEA, peakimonnyro Maccy

bunbpTpaT ynapusaiu, OCTaToOK ounianu duem-xpomarorpadueii (6enzon—stunanerar, ot 80:20 1o
40:60). [Tomyuanu 226,6 mr (72%) 6enoro nopouika, T.mwi. 56 °C. TCX (6en3on—tunanerar 1:1): Ry
= 0,6 (nposienenue HuHTHApHHOM). [a]o?® +9,9° (¢ 1,0, CHCIs). B2XKX (Kromasil 100-5 C18;
aneToHuTpwi—Boja 3:2; nerekruposanue npu 220 um): T = 22,36 mun. 'H AMP (500 MI'u, IMCO-
de6), & (m.a.): 8,35 (n, J = 8,0 ', 1H (NH Asp)), 7,37-7,31 (M, 10H (20Bn Asp)), 6,99 (1, J = 6,1
I'u, 1H (NH Gly)), 5,09 (c, 2H (OBn Asp)), 5,07 (¢, 2H (OBn Asp)), 4,77 (ar, J = 6,9, 7,1 T'u, 1H
(H2 Asp)), 3,56 (1, J = 5,9 I', 2H (H2 Gly)), 2,90 (a1, J = 6,2, 16,6 'y, 1H (H3-A Asp)), 2,80 (az,
J=6,8, 16,6 I'n, 1H (H3-B Asp)), 1,38 (c, 9H (3Me Boc)). 13C AMP (125 MI'u, JIMCO-d6): 28,13
(c, 3C (Boc Gly)), 35,82 (c, 1C (C3 Asp)), 42,95 (¢, 1C (C2 Gly)), 48,47 (¢, 1C (C2 Asp)), 65,85 (c,
1C (OBn Asp)), 66,25 (c, 1C (OBn Asp)), 78,02 (¢, 1C (Boc Gly)), 127,63 (c, 2C (OBn Asp)), 127,88
(c, 2C (OBn Asp)), 127,96 (c, 1C (OBn Asp)), 128,01 (c, 1C (OBn Asp)), 128,35 (c, 2C (OBn Asp)),
128,36 (c, 2C (OBn Asp)), 135,65 (¢, 1C (OBn Asp)), 135,75 (c, 1C (OBn Asp)), 155,71 (c, 1C (CO
Boc)), 169,42 (¢, 1C (CO Gly)), 169,79 (c, 1C (CO Asp)), 170,33 (c, 1C (CO Asp)). Haiineno, %: C,
63,89; H, 6,47; N, 5,99. Beruucneno, %: C, 63,82; H, 6,43; N, 5,95. MCBP (ESI-POS) BrruucneHo
ais CosHaiN2O7 [M+H]': 471,2126; naiineno: 471,2127.

o o Jumerninoseiii 3¢up (N-¢duyopeHnaIMeToKCHKAPOOHMII)-
\gj;ﬂ“\g/\”)]\o .O rauuui-L-acnaprunoBoii kucaotsl (4). K pactBopy 332 mr (1,68
g 1 O mmodb) Asp(OMe)>xHCI, 499,5 mr (1,68 mmoinb) FmocGly, 346,6 mMr

(1,68 mmois) DCC, 96,7 mr (0,84 mmosib) NHS B 10 Mt cyxoro CH2Cl»
no6asistma 585 Mk (3,36 mmons) DIPEA, peaknmonnyro maccy nepememuBamu 20 1 mpu +20 °C.
OtdunpTpoBeIBalIU  0CcafoK N,N’-TUIUKIOTEKCUIMOYEBUHBI, (GUIBTPAT yHapuBald, OCTATOK
ountianu Quemnr-xpomatorpadueii (6enzon—stunanerar, ot 80:20 go 40:60). [Momyganu 614,1 mr
(83%) 6enoro mopomka, T.1u1. 127 °C. TCX (6en3on—atunarnerar 1:1): Re= 0,6 (nmposiBiienne B YD

ceere). [a]o?® +31,1° (c 1,0, CHCI3). B2XKX (Phenomenex Luna C18(2); aneroruTtpun—sona 7:3;
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nerekrupoBanue mpu 220, 254 um): T = 14,92 mun. 'H JAMP (500 MI'u, IMCO-d6), 6 (m.1.): 8,49
(n, J = 8,0 T'u, 1H (NH Asp)), 7,89 (a, J = 7,5 I'u, 2H (Ar Fmoc)), 7,72 (n, J = 7,5 T'u, 2H (Ar
Fmoc)), 7,61 (1, J = 6,2 T'u, 1H (NH Gly)), 7,41 (1, J = 7,4 T'u, 2H (Ar Fmoc)), 7,32 (1, J = 7,4 T'n,
2H (Ar Fmoc)), 4,75 (ar, J=6.,2, 6,2 T'u, 1H (H2 Asp)), 4,30-4,20 (m, 3H (CH, CH, Fmoc)), 3,63 (c,
3H (OMe Asp)), 3,61 (c, 3H (OMe Asp)), 3,54 (a, J = 6,1 T'u, 2H (H2 Gly)), 2,91 (ax, J = 6,2, 16,6
I'u, 1H (H3-A Asp)), 2,80 (o1, J = 6,8, 16,6 'u, 1H (H3-B Asp)). Haiineno, %: C, 62,82; H, 5,55; N,
6,31. Beraucneno, %: C, 62,72; H, 5,49; N, 6,36. MCBP (ESI-POS) Beruncneno mist C23H2sN207
[M+H]": 441,1657; naiineno: 441,1669.

Ju6en3usioBbiii 3¢pup (N-¢JryopeHHIMeTOKCHKAPOOHIIT)-
[? o) - )OJ\ O riaunuia-L-acnaprunosoii kucaorsl (5). K pacrBopy 268,8 mr

8?‘ WOAN YT > (0,858 mmomn) Asp(OBN)z, 255,1 mr (0,858 Mmons) FmocGly, 177,1

é 0 O mr (0,858 mmonp) DCC, 49,4 mr (0,429 mmonb) NHS B 10 Mt cyxoro

CHCl2 mo6asnsumn 300 mxit (1,716 mmoins) DIPEA, peakiioHHyO
maccy mnepememmBanu 20 4 mpu +20 °C. OtdunbTpoBbBa 0CcamoK N,N -ITHAIUKIOTESKCHII-
MOYEBHHBI, QHIBTPAT yIApUBAIIU, OCTATOK OYHINATH (uieni-xpoMarorpadueii (OeH30I—3THIIaIeTaT,
ot 80:20 mo 40:60). ITomyuanu 371,2 mr (73%) Genoro nmopomika, T.1m1. 118 °C. TCX (6enzon—
stunaneratr 1:1): Rf = 0,66 (npossienne B Y® caere). [0]p?® +15,4° (¢ 1,0, CHCI3). BRXKX
(Phenomenex Luna C18(2); aneronutpui—Bozaa 7:3; nerekrupopanue npu 220, 254 um): = 15,05
muH. 'H SAMP (500 MI'u, AMCO-d6), & (m.x1.): 8.48 (1, J = 8,0 I'u, 1H (NH Asp)), 7,90 (1, J=7,5
I'n, 2H (Ar Fmoc)), 7,73 (a, J = 7,5 T'u, 2H (Ar Fmoc)), 7,59 (1, J = 6,2 T'u, 1H (NH Gly)), 7,44-
7,26 (m, 14H (OBn Asp, Ar Fmoc)), 5,09 (c, 2H (OBn Asp)), 5,07 (c, 2H (OBn Asp)), 4,77 (ar, J =
6,2, 6,2 T'u, 1H (H2 Asp)), 4,29-4,21 (m, 3H (CH, CH2 Fmoc)), 3,64 (o, J = 5,3 T', 2H (H2 Gly)),
291 (an, J = 6,2, 16,6 I'u, 1H (H3-A Asp)), 2,80 (na, J = 6,9, 16,6 T', 1H (H3-B Asp)). Haiineno,
%: C, 70,99; H, 5,49; N, 4,78. Beruucneno, %: C, 70,93; H, 5,44; N, 4,73. MCBP (ESI-POS)
soruncieno s CasHazsN207 [M+H]*: 593,2283; naiineno: 593,2286.

o JAumerunoBeiii  3¢up raunui-L-acnaprunosoi KHCJIOThI
\Oj;‘N\r(\NHZ*HCI ruapoxJopun (6). K pacreopy 752,5 mr (2,36 mmoub) coequnenust 1 B8 10 mn
~° i ° CH3OH noGapmsiim 2 M (23 mmoue) konil. HCI, peakumonnyro wmaccy
nepememuBanu 15 mun npu +20 °C, 3atem ynapuBanu. Octatok ounmanu ¢uen-xpomarorpaduei
(xmopodopm—atanon, ot 100:0 go 50:50). IMomygamm 403,1 mr (67%) xenroBaroro macma. TCX
(xmopodopm—atanon 3:1): Rf= 0,5 (nposiienue munruapunom). BOXX (Kromasil 100-5 C18;
amoeHT A — 0,1% TpudropykcycHas KUCIIOTa; MMIOSHT b — alleTOHUTpHIT; rpaaueHT daroeHTa b ot
0% no 50% B Teuenue 20 muH; nerekrupoBanue npu 220 um): T = 17,59 mun. 'H SAMP (400 MI'm,
JIMCO-d6), & (m.1.): 8.91 (1, J = 7,7 ', 1H (NH Asp)); 8,03 (c, 3H (NH3" Gly)); 4,73 (ar, J = 6,8,
6,8 T'i, 1H (H2 Asp)); 3,65 (c, 3H (OMe Asp)); 3,62 (c, 3H (OMe Asp)); 3,61 (1, J = 5,2 ', 2H (H2
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Gly)); 2,84 (nn, J = 5,5, 16,7 I'u, 1H (H3-A Asp)); 2,79 (an, J = 6,7, 16,6 I'u, 1H (H3-B Asp)).
MCBP (ESI-POS) oruncieno ains CeHisN2Os [M+H]*: 219,0976; naiineno: 219,0974.
7|\ o JAu-mpem-0yTHa0BbBII 3¢up ranuni-L-acnaprunosoit
gj;‘N\g/\NHZ*HCOOH kucjaoTol popmuart (7). Pacteop 669,2 mr (1,276 MMoItb) coequHEHUs 2
$r 0 B 5 i CHClI3 oxnaxmanmu g0 0 °C, mo6asmstian 630 mkia (6,38 MMoub)
nurnepuarnHa u nepemeruBanu 4 4. 3arem nqoo6asisum 700 mxsm HCOOH 1o HeliTpanbHON peakiiuu U
yIapuBaJld PEaKIMOHHYI0 MacCy Ha poTopHOM wucnaputene. OcTaTok ouumiamy  Qiem-
xpomarorpadueit (xaopopopm—stanoin, ot 90:10 o 60:40). [Tomyuanu 102,2 mr (23%) sxenToBaTOrO
macia. TCX (xiopodpopm—stanon 3:1): Re= 0,67 (nposBinerne nuaruapuaom). BOKX (Kromasil
100-5 C18; smoent A — 0,1% TpudropykcycHas KUCIIOTa; MIOEHT b — aleTOHUTpUII; rpajueHT
amoenTa b ot 0% o 50% B Teuenne 20 muH; nerekruposanue npu 220 am): t= 17,97 mun. 'H AMP
(400 MI'y, IMCO-d6), & (m.x.): 8,72 (n, J = 7,9 'y, 1H (NH Asp)); 8,44-7,23 (ym ¢, 3H (NHs*
Gly)); 4,54 (ar, J = 6,7, 7,0 T'u, 1H (H2 Asp)); 3,52-3,48 (ym ¢, 2H (H2 Gly)); 2,67 (ax, J = 4,9,
15,9 ', 1H (H3-A Asp)); 2,61 (nx, J = 5,8, 15,7 T', 1H (H3-B Asp)); 1,41 (¢, 9H (OtBu Asp)); 1,40
(c, 9H (OtBu Asp)). MCBP (ESI-POS) Brruncieno s C1aH26N20s [M+H]*: 303,1915; naiineno:
303,1928.

[? Jquben3uiioBblidi  3pup raunmiI-L-acmapruHoBoii  KHCJIOTHI
(6]

5
[Tomyuamn 510,4 mr (76%) »xenroBatoro macma. TCX (xiopodopm—atanon 3:1): Rf = 0,7

(nposBnenne HuHTHApHHOM). [a]p?® +5,9° (¢ 1,0, CHCls). BPXX (Kromasil 100-5 C18;

9 H ruapoxJiopun (8). K pactsopy 773,4 mr (1,64 mmoinb) coequnenust 3 B 10 M
?A \Q/\NH;HCI cyxoro TI'®, no6asmsm 1,75 mi (16,4 mmoss) koui. HCI, mepemenimBanu
0 15 mur mipu +20 °C. PeaknnoHHYI0 Maccy yMapHBaJIA, OCTATOK OYUIIAIIN

¢dnenr-xpomarorpadueit  (ximopodopm—atanon, ot 100:0 mo 50:50).

aleTOHUTPHII—BOIa—yKcycHas kuciota 60:39,5:0,5; nerekruposanwue mipu 220 am): T= 4,15 mun. 'H
SIMP (400 MTI'y, CDCl3), 6 (m.1.): 8,98 (1, J = 7,5 T'i, 1H (NH Asp)), 8,0-7,42 (yur ¢, 3H (NH3"
Gly)), 7,38-7,31 (m, 10H (20Bn Asp)), 5,11 (¢, 2H (OBn Asp)), 5,09 (c, 2H (OBn Asp)), 4,82 (ar, J
=6,3,6,4T'u, 1H (H2 Asp)), 3,51 (c, 2H (H2 Gly)), 2,93 (ax, J = 6,0, 16,9 T'u, 1H (H3-A Asp)), 2,88
(mm, J = 6,8, 16,9 T'y, 1H (H3-B Asp)). 1*C AMP (125 MI'n, IMCO-d6): 36,46 (c, 1C, (C3 Asp)),
44,54 (c, 1C, (C2 Gly)), 50,70 (c, 1C, (C2 Asp)), 65,74 (c, 2C, (OBn Asp)), 127,97 (c, 4C, (OBn
Asp)), 128,03 (c, 2C, (OBn Asp)), 128,41 (c, 4C, (OBn Asp)), 135,91 (c, 2C, (OBn Asp)), 165,87 (c,
1C, (CO Gly)), 167,03 (c, 1C, (CO Asp)), 169,90 (c, 1C, (CO Asp)). Haiineno, %: C, 58,89; H, 5,78;
N, 6,76. Beraucneno, %: C, 59,04; H, 5,70; N, 6,89. MCBP (ESI-POS) Beruncieno s CooH23N20s
[M+H]*: 371,1602; naiineno: 371,1604.
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H o MetuioBblii 3¢up 2-(3,6-1ukeronunepasun-2-uia)amerara (9). K
O/]/iNf/,)oLo/ pactBopy 623,5 mr (1,417 mmons) coequnenus 4 B 10 mn EtOH, no6asnsiu 700
" “ MKJ (7,083 MMOJIb) MUINIEPUJINHA, PEAKIIMOHHYIO MacCy MEepEMEIINBAIU 2 4 IpU
Ny OH +20 °C. OThunbTpoBBIBAIM OCNBIA 0CAIOK, MPOMBIBATM STAHOJIOM, CYIIWJIH.
H OJ:\NI/ )J\O/ [Tomyuanu 250,4 mr (95%) Genoro nopouika, T.mwi. 201 °C. TCX (atanon): Rf= 0,7
(nmposiBnenue o-tosmauaoMm B mapax Clp). BOXKX (Kromasil 100-5 C18; aneronurpui—Boaa 7:3;
nerekrupoBanue mpu 220 um): T = 20,56 mun. 'H AMP (400 MI', IMCO-d6), 6 (m.1.): 8,17 (¢, 0,5H
(OH Asp naktum)), 8,07 (¢, 0,5H (OH Gly naktum)), 7,84 (x, J = 7,3 I'u, 0,5H (NH Asp nakram)),
7,67 (0, J = 7,3 I'u, 0,5H (NH Gly nakram)), 4,18 (at, J = 3,3, 2,9 ', 0,5H (H2 Asp nakram)), 4,09
(r,J=8,1 I'u, 0,5H (H2 Asp naktum)), 3,78 (1, J = 17,0 I', 1H (H2-A Gly)), 3,68 (1, J = 16,6 I',
1H (H2-B Gly)), 3,61 (¢, 3H (OMe Asp)), 2,90 (ag, J = 4,7, 16,5 I'ny, 1H (H3-A Asp)), 2,79 (ax, J =
5,1, 16,5 T'u, 1H (H3-B Asp)). Haiineno, %: C, 44,85; H, 5,64; N, 14,81. Beruucieno, %: C, 45,16;
H, 5,41; N, 15,05. MCBP (APSI-POS) Boruncieno mns C7H10N204 [M+H]™: 187,0714; naiigeno:
187,0717.
H o mpem-ByTunoBeiii  3¢up 2-(3,6-1uKeTonunepasuH-2-uia)anerara
OiNf,,)OLOJT (10). K pactBopy 311,2 mr (0,594 mmonb) coemunenuss 2 B 10 mi EtOH,
" “ nobaBmsim 295 mxn (2,968 MMonb) TUNEpUINHA, PEAKIMOHHYIO Maccy
N O, nepemermuBaiy 2 4 ipu +20 °C. OTGuIbTpoBBIBaI N OEIBINA 0CaIOK, TPOMBIBAIIH
HOLNI/)LOJT sTaroioM, cymwid. [Tomygamu 135,4 mr (95%) G6emoro nopomika, t.11. 185 °C.
TCX (stanon): Rf= 0,7 (mposiBnenue o-roauauaoM B mapax Clz). BOXX (Kromasil 100-5 C18;
aneToHUTpuI—BoAa 7:3; nerektupoBanue npu 220 um): t = 20,87 mun. 'H AMP (400 MI'u, JIMCO-
do), & (m.x1.): 8,17 (¢, 0,5H (OH Asp naktum)), 8,07 (c, 0,5H (OH Gly naktum)), 7,84 (n, J = 7,3 T'n,
0,5H (NH Asp nakram)), 7,66 (1, J = 7,3 I'i, 0,5H (NH Gly nakram)), 4,19 (ar, J = 3,2, 3,0 'y, 0,5H
(H2 Asp naktam)), 4,09 (1, J = 8,0 I'u, 0,5H (H2 Asp naktum)), 3,78 (1, J = 17,9 T'n, 1H (H2-A
Gly)), 3,68 (n, J = 17,8 I', 1H (H2-B Gly)), 2,90 (nx, J = 5,0, 16,9 I', 1H (H3-A Asp)), 2,79 (ax,
J=54,169 I'u, 1H (H3-B Asp)), 1,40 (c, 9H (OtBu Asp)). MCBP (APSI-POS) BerurciacHo 1is
C10H17N204 [M+H]": 229,1183; naiineno: 229,1189.
0 gj Bensunoselii 3¢up 2-(3,6-nuxeronunepasun-2-mia)amerara (13). K
o/l/iNf'/)oLo pactBopy 623,5 mr (1,417 mmonb) coequnenus 5 B 10 mu EtOH no6asnsum 700
H MKJ (7,083 MMOIIb) NUNEPUANHA, PEAKIIHOHHYIO Maccy MepeMelnBaii 2 4 Ipu

+20 °C. OtdunpTpoBBIBaM OCNBIA OCANOK, MPOMBIBAINA STAaHOJIOM, CYIIHJIH.
@ [Momyuanu 250,4 mr (95%) Genoro mopomka, T.1w1. 179 °C. TCX (3tanon): R =

|
Ny O
HOJ:\NI/)J\
areToHUTpII—BozAa 7:3; nerekrupoBanue npu 220 am): T = 20,91 mun. 'H AMP (400 MI'r, IMCO-
do), & (m.x.): 8,18 (c, 0,5H (OH Asp naktum)), 8,08 (c, 0,5H (OH Gly naktum)), 7,85 (x, J = 7,4 T'ny,

© 0,7 (mposiBnenue o-romuaunom B mapax Clz). BDXKX (Kromasil 100-5 C18;
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0,5H (NH Asp nakram)), 7,67 (n, J = 7,4 I'u, 0,5H (NH Gly nakram)), 7,4-7,28 (m, SH (OBn Asp)),
5,11 (s, 2H (c, 2H (OBn Asp)), 4,19 (ar, J = 3,2, 2,5 T'u, 0,5H (H2 Asp nakram)), 4,10 (1, J = 8,1 I,
0,5H (H2 Asp nmaktum)), 3,79 (n, J = 17,5 I'u, 1H (H2-A Gly)), 3,69 (1,J = 17,4 ', 1H (H2-B Gly)),
2,88 (nn, J = 4,8, 16,9 I'n, 1H (H3-A Asp)), 2,77 (nx, J = 5,3, 16,9 T'i, 1H (H3-B Asp)). MCBP
(APSI-POS) Boruncneno ais Ci13HisN204 [M+H]*: 263,1027; naiineno: 263,1026.
O OumernioBbiii 3¢up L-(N®-2,2,4,6,7-neHTameTnJa-

o . auruapodensodypan-5-cyabpounii-N*-¢ryopeHnIMeTOKCH-
1@ )
ol KapOOHWJI)-apruHII-TJINIMI-L-acnaparnHoBoii  KUCJI0THI
NH
/&NH

~N
O N
o\(r)]/\"'
7~
(0]

SOz\N
H

(14). K pactBopy 205,6 mr (0,807 mmoiib) coeaunenus 6, 523,8
mr (0,807 mmons) coenmnenus 12, 259,2 wmr (0,807 Mmoib)
HBTU B 20 mi cyxoro CH2Cl, no6asmsuim 422 mki (2,42 MMOJIB)
DIPEA, nepememmuBanu 20 u npu +20 °C. PeakunoHHyI0 Maccy ymapuBaliid, OCTaTOK OYMILAIH
dnem-xpomarorpadueii (xnopodopm—aTanon, or 100:0 mo 85:15). Ilomyuanu 657,9 mr (96%)
oemoro nopomika, T.mw1. 100—102 °C. TCX (xnopodopm—artanon 20:1): Re= 0,44 (nposiBnenue B YD
ceere). [a]o?® +8,0° (¢ 1,01, MeOH). B2XKX (Kromasil 100-5 CI18; ameronutpun—Boxa 7:3;
nerextupoBanue pu 220, 260 um): T= 7,41 mun. 'H SIMP (500 MI'u, JIMCO-d6), 6 (m.1.): 8,30 (x,
J=10,0Tu, 1H (NH Asp)); 8,26 (1,J = 5,8 I'u, 1H (NH Gly)); 8,03 (n, J = 7,8 T'u, I1H (NH Arg));
7,89 (0, J = 7,4 T'u, 2H (Ar Fmoc)); 7,71 (a, J = 7,2 I'u, 2H (Ar Fmoc)); 7,41 (1, J = 7,3 T'u, 2H (Ar
Fmoc)); 7,33 (1, J = 7,4 I'y, 2H (Ar Fmoc)); 7,05-6,55 (ym ¢, 2H (N“H Arg)); 6,55-6,22 (ym ¢, 1H
(N“H Arg)); 4,67 (ar, J = 6,9, 7,1 T'u, 1H (H2 Asp)); 4,32-4,20 (M, 3H (CH, CH2 Fmoc)); 3,97 (ar,
J=173,7,0Tu, 1H (H2 Arg)); 3,73 (1, J = 5,7 T'u, 2H (H2 Gly)); 3,61 (c, 3H (OMe Asp)); 3,57 (c,
3H (OMe Asp)); 3,03 (at, J = 6.4, 6,3 T'r, 2H (H5 Arg)); 2,94 (c, 2H (CH2 Pbf)); 2,78 (a1, J = 6,2,
16,6 I'u, 1H (H3-A Asp)); 2,69 (mx, J = 6,9, 16,5 'y, 1H (H3-B Asp)); 2,48 (¢, 3H (Me Pbf)); 2,42
(c, 3H (Me Pbf)); 2,00 (c, 3H (Me Pbf)); 1,70-1,30 (m, 4H (H3 Arg, H4 Arg)); 1,39 (c, 6H (2Me
Pbf)). MCBP (ESI-POS) Beruncneno mis Ca2HssNeO11S [M+H]*: 849,3488; naiineno: 849,3479.
O Mu-mpem-6yrunosslii 3¢up L-(N®-2,2,4,6,7-nenra-
N o MeTHIAUruApPoden3odypan-S-cyabdpoauna-N*-dayopenn-
\[C]J/ Q METOKCHKAPOOHM )-aprHHIJI-TJIHIIWI-L -aciaparuHoBoi
X
N NH

ke

SO, _

kuciaorel  (15). K pacreopy 102,2 wmr (0,293 wmmosib)
H coequnaenus 7, 190,3 mr (0,293 mmons) coeaunenus 12, 94,2

mr (0,293 mmons) TBTU B 5 M cyxoro CH2Clz> mo6asmsum

155 mkn (0,88 mmone) DIPEA, peakumonnyroo maccy nepememmBaiu 20 1 npu +20 °C, 3arem
ynapuBanu. Ocratok ouninanu dueni-xpomarorpadueit (xaopodpopm—atanon, ot 95:5 go 85:15).
[MTomygamu 240,5 mr (88%) Gemoro mopomika, T.iwr. 89-91 °C. TCX (ximopodopm—atanon 9:1): R =
0,73 (mposiBnerne B Y® cgere). [a]p?® +8,1° (¢ 1,0, MeOH). B2XX (Kromasil 100-5 C18;
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arerouuTpria—Bozaa 4:1; aerekruposanue npu 220, 260 um): T = 10,2 mun. 'H SIMP (500 MTI,
JIAMCO-d6), & (m.1.): 8,25 (r, J = 7,9 I';, 1H (NH Asp)); 8,20 (T, J = 5,9 I';, 1H (NH Gly)); 7,89 (az,
J=17,6 T, 2H (Ar Fmoc)); 7,72 (1, J = 7,8 T', 2H (Ar Fmoc)); 7,57 (n, J = 7,8 I'u, 1H (NH Arg));
7,41 (r,J = 7,5y, 2H (Ar Fmoc)); 7,32 (1, J = 7,4 I'u, 2H (Ar Fmoc)); 7,00-6,54 (yur ¢, 2H (N“H
Arg)); 6,54-6,20 (ym ¢, 1H (N°H Arg)); 4,67 (ar, J = 6,9, 7,1 I'n;, 1H (H2 Asp)); 4,32-4,20 (m, 3H
(CH, CH2 Fmoc)); 3,97 (ar, J =7,3, 7,0 T'y, 1H (H2 Arg)); 3,73 (n, J = 5,7 I'u, 2H (H2 Gly)); 3,03
(ot, J = 6,4, 6,3 'y, 2H (H5 Arg)); 2,94 (¢, 2H (CHz Pbf)); 2,78 (a1, J = 6,2, 16,6 'y, 1H (H3-A
Asp)); 2,69 (zx, J = 6,9, 16,5 'y, 1H (H3-B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42 (c, 3H (Me Pbf));
2,00 (c, 3H (Me Pbf)); 1,72-1,63 (m, 2H (H3 Arg)); 1,58-1,45 (v, 2H (H4 Arg)); 1,46 (c, 6H (2Me
Pbf)); 1,43 (c, 9H (OtBu Asp)); 1,42 (c, 9H (OtBu Asp)). MCBP (ESI-POS) BbrumcieHo ms
CasHesN6O11S [M+H]*: 933,4427; naiineno: 933,4429.
JInGeH3nJI10BbIH 3pup L-(N®-autpo-N*mpem-
Caf?‘“\n/\”iq\mok Oy THJIOKCH-KAapOOHWI)-aprHHWI-TanIuI-L-acnaparunosoii
0 o) o) kucaoThl (16). K pactBopy 642,7 mr (1,58 mMoiib) coennuenus 8,
é o NH 526,7 mr (1,58 mmonb) coenunenust 13, 507,3 mr (1,58 mmosib)
sz"‘” TBTU B 25 mn cyxoro CH2Clz no6asnsiu 825 mxi (4,74 Mmmoib)
DIPEA, peakiuonnyto maccy nepememuanu 20 4 mpu +20 °C,
3arem ynapuBaii. OcTtatok ouumanu duem-xpomarorpapueii (xaopodopm—atanoin, ot 95:5 mo
85:15). Iomyuamu 936 mr (88%) Gemoro moporka, T.mw1. 99—102 °C. TCX (xmopodopm—aTanon 3:1):
Ri= 0,5 (mpossnenue o-romuauaoM B mapax Cly). [a]o? +4,0° (c 1,0, CHCI3). BOXXX (Kromasil 100-
5 C18; aneronutpuwi—Boaa 9:1; nerektupoBanue npu 220 um): t = 4,2 mun. 'H SAMP (500 MTI'1,
JIMCO-d6), & (m.1.): 8,54-8,44 (ym ¢, 1H (N“H Arg)), 8,42 (n, J = 8,0 ', 1H (NH Asp)), 8,07 (t, J
=5,4Tu, 1H (NH Gly)), 7,95-7,55 (yu ¢, 2H (N“H Arg)), 7,39-7,30 (m, 10H (20Bn Asp)), 6,96 (x,
J=17,8Tu, 1H (NH Asp)), 5,09 (¢, 2H (OBn Asp)), 5,07 (c, 2H (OBn Asp)), 4,76 (ar, J =7,1, 7,3
I'u, 1H (H2 Asp)), 3,93 (a1, J = 6,8, 6,3 ', 1H (H2 Arg)), 3,74 (ann, J = 7,7, 18,9, 24,6 I'u, 2H (H2
Gly)), 3,12 (ar, J = 5,5, 5,4 T'u, 2H (HS Arg)), 2,90 (a1, J = 6,4, 16,6 T'i, 1H (H3-A Asp)), 2,79 (m,
J=6,8,16,5Tu, 1H (H3-B Asp)), 1,71-1,59 (m, 2H (H3 Arg)), 1,59-1,43 (m, 2H (H4 Arg)), 1,37 (c,
9H (3Me Boc)). 13C SAMP (125 MTI'n, IMCO-d6): 24,64 (c, 1C (C4 Arg)), 28,17 (c, 3C (Boc Arg)),
29,09 (c, 1C (C3 Arg)), 35,82 (c, 1C (C3 Asp)), 40,27 (c, 1C (C5 Arg)), 41,60 (c, 1C (C2 Gly)), 48,56
(c, 1C (C2 Asp)), 53,87 (c, 1C (C2 Arg)), 65,91 (c, 1C (OBn Asp)), 66,31 (c, 1C (OBn Asp)), 78,18
(c, 1C (Boc Arg)), 127,68 (c, 2C (OBn Asp)), 127,93 (c, 2C (OBn Asp)), 128,01 (c, 1C (OBn Asp)),
128,05 (c, 1C (OBn Asp)), 128,40 (c, 4C (OBn Asp)), 135,66 (c, 1C (OBn Asp)), 135,79 (c, 1C (OBn
Asp)), 155,42 (c, 1C (CO Boc)), 159,33 (c, 1C (C6 Arg)), 168,80 (c, 1C (CO Gly)), 169,73 (c, 1C
(CO Asp)), 170,27 (¢, 1C (CO Asp)), 172,17 (c, 1C (CO Arg)). Haiineno, %: C, 55,07; H, 6,26; N,



86

14,77. Beraucneno, %: C, 55,43; H, 6,15; N, 14,60, MCBP (ESI-POS) Berancneno anst C32Ha4N7010
[M+H]": 686,3145; naiineno: 686,3146.

o o
~o N N NH,
0 wy  kwueaorsi (17). K pacrBopy 562 mr (0,662 mMons) coennnenus 14 B 10
SO
>(\/¢/\ Z\H’&NH i CH3OH, nobGasmsiim 327 wmkan (3,31 MMoOJb) NHIEPHIUHA,
0
peakMoHHYI0 Maccy nepememuBany 2 1 mpu +20 °C, 3aTrem ynapuBaiu.

Ocrartok ounmmanu iuem-xpomartorpadueid (xaopodopm—atanon, ot 90:10 mo 40:60). [Tomyuyanu

NumernioBbiii  3¢up (N®-2,2,4,6,7-neHTaMeTHILIMTHAPO-

oenzodypaH-5-cyabdonun)-L-apruHuiI-riauuui-L-acnaparuHoBoii

322,3 mr (78%) xxenroBaroro macia. TCX (xnopodopm—stanon 1:1): Re= 0,58 (mposiBienue B YO
ceere). [a]p?®® +16,1° (c 1,02, MeOH). B2XX (Kromasil 100-5 CI18; wmeraHon—Boma—
tpudropykcycHas kuciora 70:29,9:0,1; nerexrupoBanue npu 220, 260 um): T = 5,06 mun. 'H IMP
(400 MI'u, AIMCO-d6), & (m.x.): 8,39 (1, J = 8,1 ', 1H (NH Asp)); 8,24-8,12 (yur ¢, 1H (NH Gly));
7,24-6,55 (ym ¢, 2H (N°H Arg)); 6,55-6,22 (yur ¢, 1H (N°H Arg)); 4,67 (nr, J = 6,9, 7,0 ', 1H (H2
Asp)); 3,74 (n, J = 5,8 I';, 2H (H2 Gly)); 3,62 (c, 3H (OMe Asp)); 3,61 (c, 3H (OMe Asp)); 3,18 (m,
1H (H2 Arg)); 3,02 (at, J = 6,0, 5,9 I'u, 2H (H5 Arg)); 2,97 (c, 2H (CH: Pbf)); 2,81 (ux, J = 6,1,
16,5 T, 1H (H3-A Asp)); 2,71 (nn, J = 6,9, 16,5 ', 1H (H3-B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42
(¢, 3H (Me Pbf)); 2,01 (c, 3H (Me Pbf)); 1,64-1,27 (m, 4H (H3 Arg, H4 Arg)); 1,41 (c, 6H (2Me
Pbf)). MCBP (ESI-POS) sbrunciieno mist Co7Ha3sNsOoS [M+H]*: 627,2807; naiineno: 627,2817.
;\ Q H 9 » Jdu-mpem-6yrunosbiii  3¢pup (N®-2,2,4,6,7-neHTameTni-
O# o H 2 muruapodensodypan-5-cyabponnn)-L-apruani-ranmmi-L -
w1 acmaparmHoBoii kucaoTsl (18). K pactBopy 240,5 mr coenunenus 15
N““NH (0,258 mmomb) B 3 min CHClz mo6asnsimn 130 mxn (1,3 Mmoub)
MUTepUINHA, PEaKIIMOHHYI0 Maccy nepememuBanmu 2 4 npu +20 °C,
3areM ynapuBanu. Ocratok ounmmaiu ¢ueni-xpomarorpadueit (xaopodpopm—atanoin, ot 90:10 o
60:40). ITomyuanu 139,6 mr (70%) »xxenroBatoro macia. TCX (xmopodopm—stanon 1:1): Rf= 0,58
(mposiBenue B YO cBere). [a]p?® +17,2° (¢ 1,0, CHCI3). B2XKX (Phenomenex Luna C18(2); smroenT
A — 0,01 M pactBop auerata ammonus B 0,04 % BogHOM ammuake, 30eHT b — aneroHutpun;
rpagueHT smroeHTa b ot 10% 1o 90% B Teuenue 30 mun; aerektupoBanue npu 220, 260 HM): T =
25,64 mun. 'H AMP (400 MT'1;, IMCO-d6), & (m.1.): 8-28-8,24 (ym ¢, 1H (NH Gly)); 8,24 (n, J =
7,9 Ty, 1H (NH Asp)); 7,12-6,60 (ym ¢, 2H (N“H Arg)); 6,52-6,27 (ym ¢, 1H (N®H Arg)); 4,50 (ar,
J=70,72Tu, 1H (H2 Asp)); 3,75 (nan, J = 4,5, 19,2, 23,7 T'u, 2H (H2 Gly)); 3,18 (M, 1H (H2
Arg)); 3,02 (ar, J = 6,0, 5,9 ', 2H (H5 Arg)); 2,96 (c, 2H (CH2 Pbf)); 2,64 (nx, J = 4,9, 15,3 I'y,
1H (H3-A Asp)); 2,55 (o1, J = 3,7, 8,8 'y, 1H (H3-B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42 (c, 3H (Me
Pbf)); 2,01 (c, 3H (Me Pbf)); 1,72-1,36 (m, 4H (H3 Arg, H4 Arg)); 1,41 (c, 6H (2Me Pbf)); 1,39 (c,
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9H (OtBu Asp)); 1,38 (c, 9H (OtBu Asp)). MCBP (ESI-POS) sbrunciieno mis CasHssNsOgoS [M+H]™:
711,3746; naiineno: 711,3749.
Ju6enzunoBeiii 3¢pup (N®-HuTpo)-L-aprunmi-ramomi-L-
(? 0 ! 0 - acmaparmHoBoii kucjoTsl ruapoxJaopua (19). K pacrsopy 1236,8 mr
8?‘ \fO(\H)K%\ i (1,84 mmonb) coenuaenus 16 B 20 mi cyxoro TI'® nobasisin 930 Mk
é o) \H (3,68 mmoub) kouil. HCI, peakiimonnyro Maccy nepemerniuBanu 10 MuH
HN/&NH mpu +20 °C, ynapuBanu. OctaTok ouumiany Quenr-xpomartorpadueit
N (xaopodopm—atanon, ot 90:10 no 60:40). [Tomyuamu 987 mr (88%)
6ecuperHoro macina. TCX (xnopodopm—stanon 3:1): Re= 0,28 (nposBierne HUHrHApHHOM). [ot]p?°
+17,6° (¢ 1,0, CHCI3). 'H SIMP (400 MI'u, IMCO-d6), & (m.x.): 8,66-8,50 (yur ¢, 3H (NHs* Arg)),
8,61 (n, J = 7,9 I', 1H (NH Asp)), 8,28-7,62 (m, 3H (N®H Arg)), 7,34 (M, 11H (20Bn Asp, NH
Gly)), 5,10 (c, 2H (OBn Asp)), 5,08 (¢, 2H (OBn Asp)), 4,78 (ar, J = 7,0, 7,2 T'u, 1H (H2 Asp)), 3,82
(m, J =4,5 T'u, 2H (H2 Gly)), 3,64 (M, 1H (H2 Arg)), 3,23-3,09 (M, 2H (H5 Arg)), 2,92 (ax, J = 6,2,
16,6 I'u, 1H (H3-A Asp)), 2,81 (nn, J = 7,0, 16,6 I'u, 1H (H3-B Asp)), 1,74-1,65 (m, 2H (H3 Arg)),
1,64-1,50 (M, 2H (H4 Arg)). °C IMP (125 MTI'n, IMCO-d6): 24,45 (c, 1C (C4 Arg)), 31,08 (c, 1C
(C3 Arg)), 35,76 (c, 1C (C3 Asp)), 40,34 (c, 1C (C5 Arg)), 41,49 (c, 1C (C2 Gly)), 48,51 (¢, 1C (C2
Asp)), 53,65 (c, 1C (C2 Arg)), 65,86 (c, 1C (OBn Asp)), 66,28 (c, 1C (OBn Asp)), 127,65 (c, 2C
(OBn Asp)), 127,89 (c, 2C (OBn Asp)), 127,99 (c, 1C (OBn Asp)), 128,01 (¢, 1C (OBn Asp)), 128,36
(c, 4C (OBn Asp)), 135,62 (c, 1C (OBn Asp)), 135,75 (¢, 1C (OBn Asp)), 159,25 (c, 1C (C6 Arg)),
168,77 (c, 1C (CO Gly)), 169,74 (¢, 1C (CO Asp)), 170,27 (c, 1C (CO Asp)), 173,92 (¢, 1C (CO
Arg)). Haiineno, %: C, 49,61; H, 5,54; Cl, 8,24; N, 15,64. Boruucneno mis CosHzsN7Ogx1,5HCI, %:
C, 49,86; H, 5,55; Cl, 8,49; N, 15,66; O, 20,44. MCBP (ESI-POS) Boruncieno mis CosH3zsN7Og
[M+H]": 572,2464; naiineno: 572,2462.

NumernnoBelii  3¢up  N-kap6oxkcudyranomi-(N®-

o o
:gi?‘N\g/\H)kquH 2,2,4,6,7-neHTameTuaauruapooden3odpypan-5-cyibponun)-L-
o NH apruHmiI-raunmi-L-acnaparunoBoit  kucimorel  (20). K
>(\/¢/\SOZ\H/&NH pactBopy 606,6 mr (0,968 mmoi1b) coenuuenus 17 B 10 M cyxoro

° CH2Cl; no6asmsim 110,5 mr (0,968 mmosib) rimyTapoBOro
aHTUAPHUAA, PeakIMOHHYI0 Maccy nepemennBany 20 u npu +20 °C, ynapuBanu. OCTaToK OYHILAIN
daenr-xpomarorpadueit (xmopopopm—aTanoi, ot 90:0 no 30:70). [Tomydganu 699,8 mr (98%) Gemoro
nopotka, T.11. 99-104 °C. TCX (xmopodopm—aTanon 1:1): Ri= 0,7 (nposiBieane B YO cBete).
[a]o?® +10,2° (¢ 1,01, MeOH). B2XX (Phenomenex Luna C18(2); aneToHHTpHI—BOa—yKCyCHAs
kuciota 55:44,5:0,5; nerektuposanue mpu 220, 260 am): T= 10,95 mun. 'H AMP (500 MT'1;, IMCO-
d6), & (m.1.): 8,30-8,18 (M, 2H (NH Asp, NH Gly)); 8,05 (z, J = 7,3 I';, 1H (NH Arg)); 7,21-6,57
(ym ¢, 2H (N®H Arg)); 6,57-6,20 (yur ¢, 1H (N°H Arg)); 4,66 (ar, J = 7,0, 7,1 T'u, 1H (H2 Asp));
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4,16 (ar, J =7,0, 6,7 T, 1H (H2 Arg)); 3,71 (nax, J = 5,9, 16,8, 29,9 T'y, 2H (H2 Gly)); 3,62 (c, 3H
(OMe Asp)); 3,60 (c, 3H (OMe Asp)); 3,02 (ar, J = 6,3, 6,2 T';, 2H (H5 Arg)); 2,96 (c, 2H (CH.
Pbf)); 2,79 (an, J = 6,2, 16,6 'y, 1H (H3-A Asp)); 2,71 (ma, J = 6,8, 16,6 'y, 1H (H3-B Asp)); 2,48
(c, 3H (Me Pbf)); 2,42 (c, 3H (Me PDbf)); 2,20 (1, J = 7,5 'y, 2H (H4 ryrapun)); 2,16 (1, = 7,51,
2H (H2 rinyrapun)); 2,01 (c, 3H (Me Pbf)); 1,74-1,66 (m, 2H (H3 riyrapun)); 1,65-1,58 (m, 2H (H3
Arg)); 1,51-1,42 (m, 2H (H4 Arg)); 1,41 (¢, 6H (2Me Pbf)). Haiineno, %: C, 57,22; H, 6,05, N, 10,34;
S, 3,47. Beruucneno mis CasHssN7012SxH20, %: C, 57,19; H, 6,22; N, 10,61; S, 3,47. MCBP (ESI-
POS) Beruncneno aus CzHagNeO12S [M+H]": 741,3124; naiineno: 741,3135.
;\O&H\H/\N )OK%H\\H/\/\H/OH JAu-mpem-6yruiiobiii 3¢up N-kapookcudyTaHouI-
o o H o o (N®-2,2,4,6,7-neHTAMeTHIIUTHAPOOeH30(ypaH-5-
;( 0o NH cyabGoHnI)-L -apruHmiI-ranumi-L -acnaparnHoBoii
SOZ\NANH kuciaorel (21). K pacrBopy 128,6 wmr (0,181 wmmoib)
coenuHenus 18 B 5 mu cyxoro CH2Cly no6asmsuin 20,6 mr
(0,181 mMos1B) TIIyTapOBOIrO aHTHUAPHUIA, PCAKIIMOHHYIO Maccy nepemeriuBanu 20 4 mpu +20 °C,
ynapuBainu. Ocrarok ouninanu Quem-xpomarorpadueii (xmopodopm—atanon, ot 90:0 go 30:70).
[Tomyuanu 144,5 mr (97%) 6enoro noporka, T.11. 98—103 °C. TCX (xmopodopm—atanon 1:1): Rf=
0,75 (nposienenue B Y® cere). [o]p?® +10,3° (¢ 1,03, MeOH). B2XX (Phenomenex Luna C18(2);
aIeTOHUTPHII—BOIa—yKCyCHasl Kuciota 55:44,5:0,5; nerekrupoBanue mpu 220, 260 am): t = 11,05
muH. 'H JIMP (500 MT';, IMCO-d6), 6 (m.1.): 8,24 (1, J = 5,8 ', 1H (NH Gly)); 8,10 (1, J = 8,2
I'u, 1H (NH Asp)); 8,06 (1, J = 7,3 I'u, 1H (NH Arg)); 7,13-6,74 (yu ¢, 2H (N“H Arg)); 6,59-6,31
(ymr ¢, 1H (N®H Arg)); 4,49 (ar, J = 6,9, 7,2 I'u, 1H (H2 Asp)); 4,17 (ar, J = 7,1, 6,8 ', 1H (H2
Arg)); 3,70 (nnn, J = 6,4, 17,1, 30,4 I'u, 2H (H2 Gly)); 3,02 (ar, J = 6,4, 6,4 T'u, 2H (H5 Arg)); 2,96
(c, 2H (CH2 PDbf)); 2,64 (o, J = 6,3, 16,4 I'u, 1H (H3-A Asp)); 2,55 (nx, J = 6,6, 16,2 T'u, 1H (H3-
B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42 (¢, 3H (Me Pbf)); 2,20 (r, J = 7,5 T'u, 2H (H4 ryrapun)); 2,16
(t,J =17,6 T'u, 2H (H2 ryrapun)); 2,01 (¢, 3H (Me Pbf)); 1,75-1,68 (m, 2H (H3 rayrapun)); 1,66—
1,58 (m, 2H (H3 Arg)); 1,51-1,33 (M, 2H (H4 Arg)); 1,41 (c, 6H (2Me Pbf)); 1,39 (c, 9H (OtBu Asp));
1,38 (c, 9H (OtBu Asp)). MCBP (ESI-POS) Beruncneno s CzsHsiNsO12S [M+H]*: 825,4063;
Halineno: 825,4073.
JubenzunoBeiii 3¢up N-kapooxcudyranomi-(N®-
[? i H i H oy HHTPO)-L-aprunmi-ravuoui-L-acnaparuHoBoii  KHCIOTHI
o) 0 o o (22). K pactBopy 936 mr (1,54 mmons) coeaunerus 19 B 10 mu
é © NH cyxoro CH2Clz no6asnsimu 175,6 mr (1,54 Mmmouts) riryTapoBoro
HEjNH anrugpuaa u 535 mxn (3,08 mmons) DIPEA. PeakuuoHHyro
Maccy nepememuBamu 20 1 ipu +20 °C, ymapuBanu. OcTaTok

ounmanu druenr-xpomarorpadueit (xaopodopm—atanon, ot 90:0 mo 30:70). [Momyuamm 798,2 mr
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(76%) 6enoro nopomika, T.1i. 103—108 °C. TCX (xnopodopm—tanon 1:1): Re= 0,5 (mposiBnenue o-
tomuauaoM B napax Clo). [a]p® —1,7° (¢ 1,0, EtOH). BOXX (Kromasil 100-5 C18; aneToHuTpii—
BoJla—yKcycHas kuciora 40:59,5:0,5; nerextupoBanue npu 220 um): T = 6,55 mun. 'H AMP (500
MI', AMCO-d6), 6 (m.1.): 12,11-11,95 (ym ¢, 1H (COOH)), 8,56-8,43 (yum ¢, IH (N“H Arg)), 8,38
(n,J=7,9Tn, IH (NH Asp)), 8,24 (1, = 5,7 T'u, 1H (NH Gly)), 8,06 (1, J = 7,4 T'u, 1H (NH Arg)),
8,02-7,58 (m, 2H (N“H Arg)), 7,39-7,29 (M, 10H (20Bn Asp)), 5,09 (c, 2H (OBn Asp)), 5,07 (c, 2H
(OBn Asp)), 4,76 (ar, J = 7,0, 7,2 T, 1H (H2 Asp)), 4,21 (ar, J = 7,0, 6,6 T'u, 1H (H2 Arg)), 3,73
(ddd, J = 5,7, 16,7, 22,0 'y, 2H (H2 Gly)), 3,19-3,08 (M, 2H (H5 Arg)), 2,90 (a1, J = 6,3, 16,6 T',
1H (H3-A Asp)), 2,80 (a1, J = 6,9, 16,6 I', 1H (H3-B Asp)), 2,21-2,14 (m, 4H (H2, H4 riytapun)),
1,73-1,66 (M, 4H (H3 rmyrapun, H3 Arg )), 1,56-1,47 (M, 2H (H4 Arg)). 13C AMP (125 MTIn,
JAMCO-d6): 20,55 (c, 1C (C3 rimyrapun)), 24,66 (c, 1C (C4 Arg)), 28,89 (c, 1C (C3 Arg)), 33,05 (c,
1C (C4 rayrapun)), 34,17 (c, 1C (C2 rnyrapun)), 35,76 (c, 1C (C3 Asp)), 40,20 (c, 1C (C5 Arg)),
41,63 (c, 1C (C2 Gly)), 48,53 (c, 1C (C2 Asp)), 52,41 (c, 1C (C2 Arg)), 65,89 (c, 1C (OBn Asp)),
66,29 (c, 1C (OBn Asp)), 127,67 (c, 2C (OBn Asp)), 127,90 (c, 2C (OBn Asp)), 128,00 (¢, 1C (OBn
Asp)), 128,03 (c, 1C (OBn Asp)), 128,40 (c, 4C (OBn Asp)), 135,68 (c, 1C (OBn Asp)), 135,80 (c,
1C (OBn Asp)), 159,27 (c, 1C (C6 Arg)), 168,84 (c, 1C (CO Gly)), 169,73 (c, 1C (CO Asp)), 170,30
(c, 1C (CO Asp)), 171,96 (c, 1C (CO rayrapmn)), 172,13 (c, 1C (CO Arg)), 174,19 (c, 1C (COOH)).
Haiineno, %: C, 54,14; H, 5,65; N, 14,25. Beruucineno, %: C, 54,30; H, 5,73; N, 14,30; O, 25,67.
MCBP (ESI-POS) Brruncieno mis C3iHaoN7O11 [M+H]": 686,2781; naiineno: 686,2783.
JumernioBbiii  3¢up N-dayopennameroxcu-

R~ A
~N N N
/8?‘ EA”J\QCO]AH © . kapoonmwrauuua-(N®-2,2,4,6,7-neHTaMe THI U HIPO-
I Y,
/&NH

oenzodypaH-5-cyibponun)-L-apruauia-rammmi-L -

SO,
N
H

acnaparmHoBoii kuciaorbl (25). K pactBopy 0,480 r
(0,766 mmonb) coenunenus 17 u 0,228 r (0,766 MMonb)
coenunenns 23 B 25 min CH2Cly mo6asisum 267 mxit (1,532 mmoins) DIPEA u 0,246 (0,766 MMoJTh)
TBTU. Peakmonnyto maccy nepememmubanu 20 4 npu 20 °C, ynapusanu. OctaTox ouuiianm diuemn-
xpomarorpadueit (xaopohopm—atanon, ot 100:0 go 85:15). IMomyuanu 0,698 r (98%) xenToBaTOrO
nopoika, T.1m1. 123—-125 °C. TCX (xnopodopm—atanon 7:1): Ri= 0,75 (mposiBinenue B YO cBere).
[a]o?® —2,1° (¢ 1,54, MeOH). BRXX (Kromasil 100-5 C18; smoenT A — 0,01 M pactBop arerara
ammonus B 0,04 % BogHOM ammuake, 0eHT b — aneronuTpwt; rpaauent amoenta b ot 10% 1o
90% B Teuenue 30 muH; merektupoBanue npu 220, 260 um): T = 26,39 mun. 'H SIMP (500 MI 1,
JIMCO-d6), & (m.a.): 8,30 (1, J = 8,0 'y, 1H (NH Asp)); 8,25 (1, J = 11,4 'y, 1H (NH Gly-1)); 8,03
(n,J=7,7Tu, 1H (NH Arg)); 7,89 (1, J = 7,5 T, 2H (Ar Fmoc)); 7,70 (t, J = 7,6 'y, 2H (Ar Fmoc));
7,48 (1, =6,0 'y, 1H (NH Gly-2)); 7,41 (1, J = 7,4 T'y, 2H (Ar Fmoc)); 7,32 (1, J = 7,4 ', 2H (Ar
Fmoc)); 7,00, 6,65, 6,35 (yur ¢, 3H (°NH Arg)); 4,65 (ar, J = 14,1, 14,2 T'u, 1H (H2 Asp)); 4,30 (M,
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3H (CH, CH2 Fmoc)); 4,22 (ar, J = 14,1, 15,6 I'u, 1H (H2 Arg)); 3,72 (na, J = 5,0, 2H (H2 Gly-1));
3,66 (n, J = 6,1 T, 2H (H2 Gly-2)); 3,61 (c, 3H (OMe Asp)); 3,59 (c, 3H (OMe Asp)); 3,02 (ar, J =
11,9, 12,3 I'u, 2H (H5 Arg)); 2,95 (c, 2H (CH2 Pbf)); 2,78 (ax, J = 6,1, 16,6 T'u, 1H (H3-A Asp));
2,71 (nn, J = 6,7, 16,4 ', 1H (H3-B Asp)); 2,47 (c, 3H (Me Pbf)); 2,42 (c, 3H (Me Pbf)); 2,00 (c,
3H (Me Pbf)); 1,70-1,60 (M, 2H (H3 Arg)); 1,50-1,40 (M, 2H (H4 Arg)); 1,39 (c, 6H (2Me Pbf)).
Haiineno, %: C, 57,22; H, 6,05, N, 10,34; S, 3,47. Beruucneno, %: C, 57,19; H, 6,22; N, 10,61; S,
3,47. MCBP (ESI-POS) Boruncieno mis CasHseN7012S [M+H]*: 906,3703; naiineno: 906,3708.
JdumetunoBplii 3¢up NE-diayopeHnIMeToKCH-
KapooHuI-N*mpem-6yTHI0KCUKAPOOH M- L -JTM31JI-

\[]/\NJ\%\\'{ (N©-2,2,4,6,7-nenTaMeTHIIUrHApo-0eH30dypaH-5-

cyabGoHnI)-L -apruHmiI-ranumi-L -acnaparnHoBoii
soz\ kuciaorel (26). K pactBopy 0,445 r (0,710 mmoub)
>(otij/\ i coenurenus 17 u 0,333 r (0,710 mmoutb) coequnenus 24 B
25 mn CH2Clz no6asmnsum 272 Mk (1,56 mmons) DIPEA u
0.251 r (0,781 mmons) TBTU. Peaknmonnyto maccy nepememnanu 20 4 npu 20 °C, ynapusaiu.
Ocrtatok ouunmianu Queni-xpomarorpadueit (xaopodopm—artanoin, ot 100:0 go 85:15). Ilomyuanu
0,681 r (93%) xenroBatoro mopoiuka, T.mi. 103—106 °C. TCX (xmopodopm—atanon 7:1): Ri= 0,8
(mposiBnenue B YO caere). [a]p?® —4,1° (¢ 2,9, MeOH). B2XKX (Kromasil 100-5 C18; smroent A —
0,01 M pactBop auerata ammonus B 0,04 % BogHOM aMMHUake, 210eHT b — alieTOHUTPUIT; TpaueHT
amoenTa b ot 10% mo 90% B teuenne 30 muH; nerektupoBanue npu 220, 260 um): T = 27,51 MuH.
'H SIMP (500 MT'ti, AIMCO-d6), 6 (m.1.): 8,32 (1, J = 5,2 'y, 1H (NH Asp)); 8,21 (1, J =5,6 T';, 1H
(NH Gly)); 7,85 (x, J = 7,8 T', 1H (NH Arg)); 7,68 (x, J = 7,5 ', 2H (Ar Fmoc)); 7,40 (1, J = 7,6
I'n, 2H (Ar Fmoc)); 7,32 (1, J = 7,4 T'u, 2H (Ar Fmoc)); 6,90 (x, J = 8,4 I'i, (N°H Lys)); 6,85 (1, J
=6,7 I'y, 2H (N°H Lys)); 6,79, 6,65, 6,35 (yur ¢, 3H (N°H Arg)); 4,65 (ar, J = 6,7 T'n;, 11,4, 1H (H2
(Asp)); 4,28 (M, 3H (Ar Fmoc)); 4,20 (ar, J = 7,0, 13,9 ', 1H (H2 (Arg)); 3,87 (M, 1H (H2 (Lys));
3,72 (m, J = 5,72 T, 2H (H2 (Gly)); 3,61 (c, 3H (OMe Asp); 3,58 (c, 3H (OMe Asp); 3,02 (1,1, J =
12,3, 5,5 ', 2H (H5 Arg)); 2,95 (c, 2H (CH2 (Pbf)); 2,92-2,94 (M, 2H (H6 Lys)); 2,78 (ax, J = 6,3,
16,6 ', 1H (H3-A Asp)); 2,72 (n1, J = 6,8, 16,6 T, 1H (H3-B Asp)); 2,47 (c, 3H (Me Pbf)); 2,41
(c, 3H (Me Pbf)); 2,00 (c, 3H (Me Pbf)); 1,70-1,60 (M, 2H (H3 Arg)); 1,50-1,40 (M, 8H (H4 Arg, H3
Lys, H4 Lys, H5 Lys)); 1,40 (c, 6H (2Me Pbf)); 1,35 (c, 9H (3Me Boc)). Haiineno, %: C, 58,90; H,
6,77; N, 10,79; S, 2,93. Beruucneno, %: C, 58,90; H, 6,75; N, 10,37; S, 2,97. MCBP (ESI-POS)
Berunciieno s Cs3HzaNgO14S [M+H]™: 1077,4962; naiineno: 1077,4971.
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OumeruioBbiii dpup raunmia-(N®-2,2,4,6,7-neHraMeTnI-

o o

~o N N N NH

/Oﬁ I,]/\HJ\%\ ’ auruapoden3odypan-5-cyabponui)-L-aprunmia-ranmmi-L-
0

o)
NH acmaparmHoBoii kucjaotTol (27). K pactBopy 0.539 r (0,595 Mmoib)
Xt@foz\”’gm coenmuaenus 19 B 5 mun EtOH poGaBnsmu 294 mkn (2,98 mmolb)
° nunepuanHa. Peakunonnywo maccy nepememuBan 2 4 npu 20 °C,
ynapuBanu. Ocrtatok ouunmianu Queni-xpomarorpadueit (xaopodopm—atanon, ot 95:5 no 20:80).
[MTomydgamu 321 mr (79%) sxentoBaroro macna. TCX (xiaopodopm—atanon 3:1): R= 0,4 (mposiBneHue
B Y® cgere). [0]p?° +4,5° (¢ 1,67, MeOH). B2XXX (Kromasil 100-5 C18; ; 0,01 M pacrtBop auerara
ammonus B 0,04 % BoaHOM ammuake — aueToHUTpuI 35:65; nerektuposanue mpu 220, 260 Hm): T =
12,04 mun. 'H AMP (500 MI'u, AMCO-d6), & (m.1.): 8,36 (1, J = 8,0 ', 1H (NH Asp)); 8,30 (ym
¢, 1H (NH Gly-1)); 8,25 (1, J = 11,4 ', 1H (NH Gly-2)); 8,03 (n, J = 7,7 I'i, 1H (NH Arg)); 7,90,
6,78, 6,42 (yu ¢, 3H (N“H Arg)); 4,66 (ar, J =7,0, 7,0 I'u, 1H (H2 Asp)); 4,10 (ar, J = 4,8, 4,9 I',
1H (H2 Arg)); 3,72 (aaz, J = 5,9, 16,8, 35,4 I'u, 2H (H2 Gly-2)); 3,61 (c, 3H (OMe Asp)): 3,59 (c,
3H (OMe Asp)); 3,44 (m, 2H (H2 Gly-1)); 3,02 (ar, J = 6,4, 6,3 I'y, 2H (H5 Arg)); 2,95 (c, 2H (CH2
Pbf)); 2,78 (a1, J = 6,0, 16,6 I'u, 1H (H3-A Asp)); 2,72 (ax, J = 6,6, 16,6 I';, 1H (H3-B Asp)); 2,47
(c, 3H (Me PDbf)); 2,42 (c, 3H (Me Pbf)); 2,00 (c, 3H (Me Pbf)); 1,70-1,60 (m, 2H (H3 Arg)); 1,50-
1,40 (m, 2H (H4 Arg)); 1,39 (¢, 6H (2Me Pbf)). MCBP (ESI-POS) Bbruucieno mast CooHasN7010S
[M+H]": 684,3022; naiineno: 684,3022.

] ] . JOJ\O JT JumernnoBeiii  3¢pup  N®mpem-0yTHiI0KCH-
\o?j \H/\NJ\%H\ 71)21:? H kapoonu-L-mm3uia-(N®-2,2,4,6,7-neHrameTuJ-
-0 o " 0o auruapoden3odypan-5-cyabponmn)-L-aprunui-

© so, /Iﬁl ramui-L-acnaparunoBoii  kucsotbl (28). Tlomyuanu

TN aHIOTMYHO  coenuHeHWio  27. Owuwmamu  Queni-

xpomatorpagueil (xsopopopm—aTanon, ot 95:5 no 20:80).
[Tomyuanu 198 mr (68%) sxentoBaroro macna. TCX (xiaopodopm—atanon 3:1): R= 0,4 (mposiBieHue
B Y cgere). [0]p?° —6,6° (¢ 0,45, MeOH). B2XXX (Kromasil 100-5 C18; ; 0,01 M pacTtBop amerara
ammonust B 0,04 % BOJTHOM aMMHaKe — alleTOHUTPIIT 35:65; nerekrupoBanue mipu 220, 260 HM): T =
13,1 mun. 'H SIMP (500 MI'u, AMCO-d6), 6 (m.x.): 8,32 (x, J = 5,2 'y, 1H (NH Asp)); 8,21 (1, J =
5,6 T'n, 1H (NH Gly)); 7,85 (n, J = 7,8 ', 1H (NH Arg)); 6,9 (t, J = 8,4 ', 1H (N®H Lys)); 6,85
(m, J=7,7 T, 2H (N*H Lys)); 6,79, 6,65, 6,35, (yu ¢, 3H (NH Arg)); 4,65 (ar, J = 6,7, 11,4 T'u, 1H
(H2 Asp)); 4,20 (ar, J = 7,0 I'u, 13,9, 1H (H2 Arg)); 3,87 (M, 1H (H2 Lys)); 3,72 (1, J = 5,7 ', 2H
(H2 Gly)); 3,61 (c, 3H (OMe Asp)); 3,58 (c, 3H (OMe Asp)); 3,02 (ar, J = 5,5, 12,3 I', 2H (H5
Arg)); 2,95 (c, 2H (CH: Pbf)); 2,92-2,94 (m, 2H (H6 Lys)); 2,78 (ax, J = 6,3, 16,6 I'u, 1H (H3-A
Asp)); 2,72 (na, J = 6,8, 16,6 I'u, 1H (H3-B Asp)); 2,47 (¢, 3H (Me Pbf)); 2,41 (c, 3H (Me Pbf));
2,00 (¢, 3H (Me Pbf)); 1,70-1,60 (m, 10H (H3 Arg, H4 Arg, H3 Lys, H4 Lys, H5 Lys)); 1,40 (¢, 6H
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(2Me Pbf)); 1,35 (c, 9H (3Me Boc)). MCBP (ESI-POS) Boruncieno mis CzgHesNsO12S [M+H]™
855,4281; naiineno: 855,4275.
JumernnoBbiii  3¢up N-kapOoxkcnOyTaHOWII-

i N i N fj\/\/ﬁ\
~o N N N N OH
/o?‘ \g/\H \g/\H rannma-(N®2,2,4,6,7-neHTaMeTHIIATHAPoOeH30(ypaH-
© NH
/&NH

5-cyabdonmnn)-L-apruHuii-rinuui-L-acnaparuHoBoii
SO2
H

kucaorel (29). K pactBopy 0,115 r (0,168 mmosb)
coenquaenus 21 B 3 mun CHCI3 go6asmsiu 0,119 r (0,168
MMOJTb) TJIyTapoBOT0 aHTUApHUAa. Peakimonnyro maccy nepemeriuBain 16 4 mpu 20 °C, ynapuaiu.
Ocrartok ountmanu duenr-xpomarorpadueit (xinopopopm—a3tanoi, ot 100:0 go 0:100). [Tomyuanu 99
Mr (74%) 6enoro nopomika, T.1m1. 98—100 °C. TCX (xiaopodopm—atanon 1:1): R 0,33 (nposiBnenue
B YO crere). [a]p?’ —1,5° (¢ 3,22, MeOH). B2XKX (Phenomenex Luna C18(2); aneToHuTpuI—BO1a—
yKCycHas kuciota 55:44,5:0,5; nerekrupoBanue npu 220, 260 um): t = 10,84 mun. 'H SAMP (500
MI ', IMCO-d6), 8 (m.x.): 11,70 (ymu ¢, 1H (COOH)); 8,28 (z, J = 7,7 'y, 1H (NH Asp)); 8,24 (r,
J=5,8Tmu, 1H (NH Gly-1)); 8,04 (x, J = 8,8 I';, 1H (NH Arg)); 8,02 (1, J = 5,6 I', 1H, (NH Gly-
2)); 7,05, 6,67, 6,39 (ym ¢, 3H (N°H Arg)); 4,66 (ar, J = 6,8, 13,6 T'u, 1H (H2 Asp)); 4,23 (ar, J =
7,7, 13,2 Ty, 1H (H2 Arg)); 3,71 (m, 4H, (H2 Gly-1, H2 Gly-2)); 3,61 (¢, 3H (OMe Asp)); 3,57 (c,
3H (OMe Asp)); 3,03 (ar, J = 11,9, 12,3 T'u, 2H (H5 Arg)); 2,95 (c, 2H (CH2 Pbf)); 2,79 (ax, J =
7,0, 16,7 ', 1H (H3-A Asp)); 2,71 (nx, J = 6,2, 16,5 I'u, 1H (H3-B Asp)); 2,48 (c, 3H (Me Pbf));
2,40 (c, 3H (Me Pbf)); 2,20 (1, J = 7,4 T'u, 2H (H4 rayrapun)); 2,16 (t, J = 7,6 T'u, 2H (H2
rytapun)); 2,00 (c, 3H (Me Pbf)); 1,70 (M, 2H (H3 rayrapun)); 1,60-1,40 (M, 4H (H3 Arg, H4 Arg));
1,41 (c, 6H (2Me Pbf)). Haiineno, %: C, 51,05; H, 6,31; N, 12,04; S, 3,99. Beruucneno, %: C, 51,18;
H, 6,44; N, 12,29; S, 4,02. MCBP (ESI-POS) Boruancneno mis CasHsoN7013S [M+H]™: 798,3339;
HalineHo: 798,3333.

X JOL JT JumernoBsbiii 3¢pup Ni-kapooxkcndyranomna-N-

H mpem-oyTunokcukapoonni-L-muzna-(N®-2,2,4,6,7-
~o i H\ﬂ/\"‘ i Hm% NeHTaMeTHJIIUTHAPOoOeH30pypan-5-cyabgonun)-L-
/o? © H)KQLO " apruHWI-riaunuiI-L-acnaparuoBoii  kuciaorsl  (30).

NH
A NH

S0, [Mony4anu ananoruvno coeanHeHuro 29. Ounmanu druen-

o i xpomarorpacdueii (xaopopopm—stanoin, ot 100:0 mo 0:100).
[Momywamu 155,2 mr (70%) Gemoro mopomka, T.1w1. 97-99

°C. TCX (xmopodopm—staron 1:1): Re= 0,35 (mpossnenne B Y® caere). [a]p?® —3,1° (¢ 0,25,
MeOH). B2XX (Phenomenex Luna C18(2); aneronutpui—Boaa—ykcycHas kuciota 55:44,5:0,5;
nerekrupoBanue npu 220, 260 um): T = 11,69 mun. 'H AMP (500 MI'u, IMCO-d6), & (m.1.): 11,70
(ym ¢, 1H (COOH)); 8,27 (1, J = 5,2, 1H (NH Asp)); 8,25 (1, J = 5,4, 1H (NH Gly)); 7,85 (n, J =

7.7, 1H (NH Arg)); 7,75 (t, J = 6,1, 1H, (N°H Lys)); 6,85 (z, J = 7,7, 1H, (N°H Lys)); 7,10, 6,68,
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6,40 (ym ¢, 3H (N°H Arg)); 4,65 (at, J = 7,5, 13,3, 1H (H2 Asp)); 4,20 (ar, J = 7,0, 13,9, 1H (H2
Arg)); 3,87 (M, 1H (H2 Lys)); 3,72 (m, J = 4,9, 2H (H2 Gly)); 3,61 (c, 3H (OMe Asp)); 3,58 (c, 3H
(OMe Asp)); 3,02 (at, J = 6,0, 11,6 T', 2H (H5 Arg)); 2,95 (c, 2H (CH2 Pbf)); 2,92 (m, 2H (H6 Lys));
2,78 (a1, J = 6,3, 16,6, 1H (H3-A Asp)); 2,72 (an, J = 6,8, 16,6 T'u, 1H (H3-B Asp)); 2,47 (c, 3H
(Me PDbf)); 2,41 (c, 3H (Me Pbf)); 2,20 (1, J = 7,4 T’y 2H, (H4 royrapun)); 2,16 (t, J = 7,6 ' 2H,
(H2 rayrapun)); 2,00 (¢, 3H (Me Pbf)); 1,70 (m, 2H, (H3 rayrapun)); 1,60-1,40 (m, 10H, H3 Arg, H4
Arg, H3 Lys, H4 Lys, H5 Lys)); 1,35 (c, 6H (2Me Pbf)); 1,32 (¢, 9H (3Me Boc)). MCBP (ESI-POS)
Boruncieno s CazHegNgO15S [M+H]™: 969,4598; naiineno: 969,4599.
. . Hij\o JT o H l I[I/l-mpem-6YTl/IJ10B-bIl71- 3(l-mp N‘-‘;-npem:
;\o ?‘N \n/\” )kq T])\Mﬁ )J\N ~ oyTuimMerokcnkapooHui-(N*-((6-meTunn-2-oxkco
ﬁo o) 0 4-¢pennit-1,2-muruaponupuaun-3-mi)-Kapoa-
° son. i* mom))-L-au3uia-(N®-2,2,4,6,7-neHTaMeThI-
NN auruapoden3odpypan-5-cyiabponui)-L-apru-
HWI-TJIMIWI-L-acnaparunoBoii kucaotsl (34). K
pactBopy 168,5 mr (0,237 mmouns) coequnenus 18, 112 mr (0,237 mmous) coenunenus 31, 76,1 mMr
(0,237 mmoab) TBTU B 10 ma cyxoro JIM®A nobasmsmn 83 mxn (0,474 mmons) DIPEA.
Peakunonnyio maccy nepememmBanu 20 u npu +20 °C, ymapuBanu. Octatok ouuinanu Qieri-
xpomatorpadueii (xmopodopm—aTanoin, or 100:0 go 80:20). [Momyyamm 216,3 mr (78%) xentoro
noporika. TCX (xmopodopm—atanon 9:1): Ri= 0,53 (nposieienue B Y® ceete). BOYKX (Phenomenex
Luna C18(2); smoent A — 0,01 M pactBop arerata ammonus B 0,04 % BoIHOM amMMuaKe, 3TI0eHT b
— alleTOHUTPUI; rpaaueHT 3moeHTa b ot 10% no 90% B Teuenue 30 muH; nerekruposanue npu 220,
254,320 um): T= 28,71 mun. 'H AMP (500 MI'u, IMCO-d6), 6 (m.a.): 8,21 (1, J = 5,5 T'u, 1H (NH
Gly)); 8,16 (1, J = 8,2 'y, 1H (NH Asp)); 7,96 (c, 0,5H (OH nupunun)); 7,81 (n, J = 7,6 T'y, 1H (NH
Arg)); 7,69 (c, 0,5H (NH nmupuaun)); 7,42-7,28 (M, SH (bennn)); 7,05 (¢, 1H (CH nupuaun)); 6,87
(m, J = 7,8 T, IH (NH Lys)); 6,74-6,57 (yur ¢, 1H (N°H Arg)); 6,51-6,27 (yur ¢, 2H (N°H Arg));
6,14 (1, J = 5,5 T, IH (N°H Lys)); 5,98 (c, 1H (N®H Pyridine)); 4,49 (ar, J = 7,0, 7,2 ', 1H (H2
Asp)); 4,26 (ar, J = 6,4, 6,2 T'u, 1H (H2 Arg)); 3,85 (ar, J = 7,2, 6,5 T', 1H (H2 Lys)); 3,72 (ana, J
=6,3, 17,5, 24,4 I'u, 2H (H2 Gly)); 3,01 (at, J = 5,8, 5,7 T'y, 2H (H5 Arg)); 2,96 (c, 2H), 2,64 (1,
J=26,2,163 T'u, 1H (H3-A Asp)); 2,84 (m, 2H (H6 Lys)); 2,54 (nx, J = 6,1, 16,2 T'u, 1H (H3-B
Asp)); 2,47 (c, 3H (Me Pbf)); 2,42 (c, 3H (Me Pbf)); 2,18 (¢, 2H (Me nupuaun)); 2,00 (c, 3H (Me
Pbf)); 1,69-1,20 (m, 10H (H3 Arg, H3 Lys, H5 Lys, H4 Arg, H4 Lys)); 1,41 (c, 6H (2Me Pbf)); 1,38
(c, 9H (OtBu Asp)); 1,37 (c, 9H (OtBu Asp)); 1,36 (¢, 9H (Boc Lys)). MCBP (ESI-POS) BerumcneHo
must Cs7HgsN10014S [M+H]*: 1165,5962; naiineno: 1165,5960.
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JAu-mpem-oyrunosbiii 3¢pup 3',6'-quruapo-
kcucnmpo[uzodensodypan-1(3H),9’-[9H]kcanTen]-3-
oH-5-amuHOTHOKApPOOHMI-(N®-2,2,4,6,7-n1eHTa-

MeTHIITHApoden3odypan-5-cyabdonmnn)-L-apru-

HWI-TJIMII-L-acmaparuioBoii  kuciorel  (35). K
pactBopy 97,2 mr (0,137 mmonb) coenunenus 18 B 1 mu cyxoro IM®A nobasmnsu 53,2 mr (0,137
MMOJIb) coenaeHus 32. Peakmonnyo maccy nepememnBanu 2 4 mpu +20 °C, ynmapuanmu. Octatok
ounmany ¢aenr-xpomarorpadueii  (xmopodopmM—TaHOI-YKCycHas kuciora, ot 100:0:0 mo
80:20:0,02). [Tomryuanu 113,6 mr (75%) opanxkeBoro nopoiuka. TCX (xiaopodopm—3TaHOI—yKCycHast
kucnota 7:1:0,01): Re= 0,42 (mposiBienue B Y cBete). BOXKX (Phenomenex Luna C18(2); sntoeHT
A — 0,01 M pactBop auerata ammonus B 0,04 % BoaHOM ammuake, 10eHT b — aneronutpu;
rpagueHT 3mtoenta b ot 10% mo 90% B Teuenue 30 muH; nerektupoBanue npu 220, 254, 490 um): 1
= 16,87 mun. 'H SIMP (500 MI'u, AMCO-d6), & (m.x1.): 10,21 (c, 1H (COOH)); 10,12 (¢, 1H (OH
dyopecuenn)); 8,54 (t, J = 5,6 I'y, 1H (NH Gly)); 8,45 (¢, 1H (NH dayopecrtienn)); 8,20 (1, J =
7,9 T, 1H (NH Asp)); 8,16 (1, J = 7,5 ', 1H (NH Arg)); 6,68 (c, 1H (CH ¢ayopecueunn)); 6,67 (c,
2H (2CH ¢nyopecueun)); 6,61-6,54 (m, 6H (6CH dyopecuenn)); 6,52, 6,38 (yu ¢, 3H (N°H Arg));
4,98 (ar,J=5,9, 6,0 I', 1H (H2 Asp)); 4,51 (ar, J =7,0, 7,2 'y, 1H (H2 Arg)); 3,78 (1, J = 5,0 I'ny,
2H (H2 Gly)); 3,07 (ar, J=6,5, 6,5 ', 2H (H5 Arg)); 2,95 (c, 2H (CH. Pbf), 2,65 (a1, J = 6,1, 16,7
', 1H (H3-A Asp)); 2,55 (m, J = 6,2, 15,7 'y, 1H (H3-B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42 (c, 3H
(Me Pbf)); 1,98 (c, 3H (Me Pbf)); 1,51-1,45 (M, 4H (H3 Arg, H4 Arg)): 1,40 (c, 6H (2Me Pbf)): 1,38
(c, 18H (20tBu Asp)). MCBP (ESI-POS) Boruncneno mis CssHesN7014S2 [M+H]*: 1100,4104;
Haiineno: 1100,4116.
H e ((6- -2- -4- -1.2-1m-
i R T ST uapommpuane S saaptume L
HO N N” N
f;‘ " ° " HE/ apruHuI-riauuui-L-acnaparunosoii KHCJIOTHI

A autpudropauerar (36). PactBop 107 mr (92

HN™ NH,*TFA

MKMOJb) coemmHeHns 34 B 3 wmim 95% TFA
nepemeruBany 4 4 npu +20 °C. PeakimoHHYI0 MacCy ynapuBail, OCTaTOK PACTBOPHIIN B 5 MJI BOJIBI,
npombUH xstopodopmoM 3x5 mi. Boanselil pactBop cHoBa ynapuBanu. ITomyuanu 61,2 mr (71%)
xenroro nopomka. TCX (sranon—Boma 1:1): Rf = 0,18 (mposiBnenue B Y@ cBere). BOXKX
(Phenomenex Luna C18(2); 90% 0,1% tpudTopykcycHas kuciaota — 10% areTOHUTPHUIT SITIOEHT A;
90% aueronutpuin — 10% 0,1% TtpudropykcycHas kucnora moeHT b; rpaauent smoenta b ot 0%
1o 100% B teuenue 30 muH; nerekrupoBanue npu 220, 254, 320 um): T = 9,31 mun. 'H AMP (500
MI ', AMCO-d6), 6 (m.1.): 11,80 (¢, 2H (2COOH Asp)); 8,62 (1, J = 7,7 I'u, 1H (NH Asp)); 8,31 (x,
J=8,0Tu, 1H (NH Arg)); 8,17-8,04 (yu ¢, 3H (NHs" Lys), 8,01 (¢, 0,5H (OH nupuaun)); 7,75 (c,
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0,5H (NH nupuaun)); 7,64 (r, J = 5,6 I'u, 1H (NH Gly)); 7,39 (m, 5H (penun)); 7,13 (¢, 1H (CH
nupuun)); 7,53-6,74 (ym ¢, 4H (N°Has* Arg)); 6,19 (1, J = 4,7 ', 1H (N®H Lys)); 6,03 (c, 1H (N3H
nupuaun)); 4,58 (nr, J = 6,8, 7,0 I'u, 1H (H2 Asp)); 4,37 (ar, J = 7,0, 6,8 I'u, 1H (H2 Arg)); 3,85
(nm, J=5,8, 16,9 I'y, 1H (H2-A Gly)); 3,80 (M, 1H (H2 Lys)); 3,75 (am, J = 5,6, 16,9 I', 1H (H2-B
Gly)); 3,13 (ar, J = 6,3, 6,3 I';, 2H (H5 Arg)); 2,89 (m, 2H (H6 Lys)); 2,71 (an, J = 5,9, 16,5 'y, 1H
(H3-A Asp)); 2,63 (nx, J = 6,8, 16,7 I'u, 1H (H3-B Asp)); 2,22 (¢, 3H (Me nupuaus)); 1,78-1,50 (M,
6H (H3 Arg, H3 Lys, H5 Lys)): 1,37-1,22 (m, 4H (H4 Arg, H4 Lys)), 'H SIMP (500 MI'u, D20),
(\m,,): 7,49-7,43 (M, 5H (dbennn)); 6,45 (¢, 1H (CH nupunun)); 4,74 (1, J = 5,8 T'n, 1H (H2 Asp));
4,37 (1, 3= 7,1 Tu, 1H (H2 Arg)); 4,01 (r, J = 6,6 ', 1H (H2 Lys)); 3,95 (1, J = 3,0 I'y, 2H (H2
Gly)); 3,21 (1, J = 6,9 'y, 2H (H6 Lys)); 2,98 (at, J = 5,7, 5,5 ', 2H (H5 Arg)); 2,93 (1, J = 2,4,
5,8 I'i, 2H (H3-B Asp)); 2,38 (c, 3H (Me nmupuaun)); 1,90-1,74 (m, 4H (H3 Arg, H3 Lys)); 1,71-
1,63 (m, 2H (H5 Lys)); 1,36-1,26 (m, 4H (H4 Arg, H4 Lys)). MCBP (ESI-POS) Berumcieno s
C31H45N1009 [M+H]": 701,3366; naiineno: 701,3365.

3',6'-Auruapoxcucnupo-[uzodenzopypan-
1(3H),9’-[9H]kcanTeH]-3-0H-5-aMuHO-THOKAPOOHMIT-L -
apruHWI-raIunmI-L-acnaparnHosas KHCJI0TA

Tpudropaunerar (37). PacrBop 99,6 mr (90 MKMOJb)

coequnaenus 35 B 3 mut 95% TFA nepememmBanu 4 4 npu
+20 °C. PeakioHHYI0 Maccy yrnapuBalii, OCTaTOK ounIIaiy (iem-xpomaTtorpadueii (xaopohopm—
stanodd, ot 100:0 g0 0:100; stanon—Boxaa, ot 100:0 no 50:50). [Tonyuanu 49,4 mr (64%) opaHkeBOTroO
nopoinka. TCX (stanon—Boaa 3:1): Ri= 0,75 (nposinenne B Y® cBere). BOXKX (Kromasil 100-5
C18; aneroHuTprII—BO1a—yKCcycHas kuciota 40:59,5:0,5; nerektuposanue mpu 220, 254, 490 am): t
=4,05 mun. 'H SIMP (500 MI'u, AMCO-d6), 6 (m.x.): 10,94-10,72 (ym ¢, 1H (COOH)); 10,40-10,09
(ymr ¢, 3H (2COOH Asp)); 10,27 (¢, 1H (OH duyopectuieunn)); 7,99 (¢, 1H (NH dayopecuenn)); 7,86—
7,76 (M, 2H (NH Asp, NH Gly)); 7,74 (z, J = 8,2 T, 1H (NH Arg)); 7,57-6,87 (M, 5H (N°H* Arg));
6,73 (c, 2H (CH d¢nayopecnenn)); 6,70 (¢, 1H (CH dunyopecuienn)); 6,64-6,53 (m, 6H (CH
dyopecuenn)); 4,50 (ar, J = 4,0, 3,4 I'u, 1H (H2 Asp)); 4,16 (ar, J = 6,9, 7,0 I'u, 1H (H2 Arg));
3,44 (ann, J = 6,8, 6,8, 12,1 I'y, 2H (H2 Gly)); 3,18 (ar, J = 6,3, 6,3 'y, 2H (H5 Arg)); 2,54 (m, 2H
(H3-B Asp)); 1,95-1,75 (M, 4H (H3 Arg, H4 Arg)). MCBP (ESI-POS) Beruncneno mis C33HaaN7011S
[M+H]*: 736,2032; naiineno: 736,2036.
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MumernioBbiii  3¢up (2,5-1Mokco-
nupponaun-1-ni)-6-[1,1-numerna-2-[5-
(1,1,3-rpumeTnaden3o-[e]unmon-3-mii-2-
Wi)nenTa-2,4-nueHuinaeH |oen3o[e|unmo-
3-mi|rexkcanoar-(N®-2,2,4,6,7-neHraMeTH.I-

AUTHAPOOEeH30(pypaH-5-cyabgonmi)-L-

APrUHWI-TJIHINI-L-acnaparuHoBoii
kuc0Tel TeTpadTopodopar (38). K pactBopy 26,4 mr (0,034 Mmoss) coenrHeHHs 17 B 2 MIT CyXOT0
JAM®A no6asmnsiau 21,6 mr (0,034 mmoinb) coenuaeHus 33. PeakinoHnHyto Maccy nepemeriuBaiu 20
g npu +20 °C, ymapuBanu. OcraTok ounmanu Qiueni-xpomarorpadueit (Xm1o0podhopM—3ITaHOI, OT
100:0 o 70:30). [Tomyuanu 44 mr (81%) curero mopomika. TCX (xsopodopm—tanoin 3:1): Re=0,79.
'H SIMP (500 MI';, AIMCO-d6), & (m.1.): 8,45 (1, J = 13,1 T', 2H (6en3o[e]unmon Cyanine)); 8,32—
8,24 (m, 4H, (6enso[e]unmon Cyanine, NH Asp, NH Gly)); 8,11-8,04 (m, 5H, (6en3o[e]unmon
Cyanine, NH Arg)); 7,74 (1, J = 8,4 I'u, 2H (6enzo[e]unmon Cyanine)); 7,68 (t, J = 7,6 T'u, 2H
(6enzo[e]unmon Cyanine)); 7,52 (1, J = 7,5 ', 1H (nenra-2,4-nuennmunen Cyanine)); 7,51 (T, J =
7,7 T'u, 1H (menra-2,4-muenunuaen Cyanine)); 6,62 (1, J = 12,4 ', 1H (nenra-2,4-nueHunuaex
Cyanine)); 6,37 (x, J = 13,9 I', 1H (menra-2,4-muennnuaen Cyanine)); 6,33 (1, J = 13,9 I';, 1H
(menTa-2,4-muennnuaeH Cyanine)); 6,7-6,3 (yur ¢, 3H (NH Arg)); 4,65 (at, J =6,8, 7,5 'y, 1H (H2
Asp)); 4,29-4,17 (m, 3H (H2 Arg, H2 rekcanoar Cyanine)); 3,73 (¢, 3H (NMe Cyanine)); 3,70 (aux,
J=6,8, 6,8, 13,1 ', 2H (H2 Gly)); 3,60 (¢, 3H (OMe Asp)); 3,58 (¢, 3H (OMe Asp)); 3,02 (at, J =
6,0, 6,1 I'y, 2H (H5 Arg)); 2,93 (c, 2H (Me Pbf)); 2,78 (mn, J = 6,2, 16,6 'y, 1H (H3-A Asp)); 2,70
(mm, J=6,7, 16,5 I'u, 1H (H3-B Asp)); 2,46 (c, 3H (Me Pbf)); 2,41 (c, 3H (Me Pbf)); 2,14 (1,J =7,3
', 2H (H6 rexcanoar Cyanine)); 1,98 (¢, 2H (CH2 Pbf)); 1,97 (c, 6H (2Me Cyanine)); 1,96 (c, 6H
(2Me Cyanine)); 1,75 (M, 2H (H5 rekcanoar Cyanine)); 1,70-1,35 (M, 4H (H3 Arg, H4 Arg)); 1,58
(M, 2H (H3 rekcanoat Cyanine)); 1,41 (m, 2H (H4 rekcanoar Cyanine)); 1,38 (¢, 6H (2Me Pbf)).
MCBP (ESI-POS) Brruncneno mis Ce7HgsNgO10S [M]*: 1191,5948; naiineno: 1191,5950.
(2,5-AnoxconmuppoauanH-1-un)-6-
[1,1-mumerna-2-[5-(1,1,3-TpumeTnii-
oenso[e]unmo-3-uii-2-un)nenra-2,4-
AueHuInIeH |0en3o[e]unmo-3-mi]rexca-
Hoat-(N®-2,2,4,6,7-neHTaMe THIIMT HAPO-

oenzodypaH-5-cyiabponun)-L-apruaui-

ramauiI-L-acnaparusoBast KHCJI0TA
Tpudropauerat (39). K pactropy 34.1 mr (0,027 mmoins) coenunenust 38 B 3 mi EtOH noGasisim

pactBop 10,8 mr (0,27 mmoiis) NaOH B 3 mit H20, peakumonHyo Maccy nepememmBaiy 15 MuH npu
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+20 °C. 3aTeM ocTaHaBIMBAJIM peakiuio gobaBieHueM [FA. PeaknmonHyro maccy ymapuBai,
ocTtaTtok ouumianu dueni-xpomarorpadueii (xsopodopm—tanon, or 100:0 mo 30:70). IMomyuanu
24,9 mr (75%) cunero macna. TCX (xiopodopm—artanon 1:1): Rf= 0,47. BDXKX (Kromasil 100-5
C18; meranon — 0,01 M pactBop anerata ammonus B 0,04 % BogHOM amMmuake 8:2; TeTEKTUPOBAHHE
npu 220, 254, 680 um): T= 10,8 mun. 'H JIMP (500 MI'u, IMCO-d6), 6 (m.x.): 12,30-11,70 (ym ¢,
2H (2COOH Asp)); 8,45 (1, J = 13,1 I'u, 2H (6en3o[eJunmon Cyanine)); 8,34-8,24 (m, 4H,
(6enso[e]unnon Cyanine, NH Asp, NH Gly)); 8,13-8,04 (m, 5H, (6en3o[e]unmon Cyanine, NH Arg));
7,74 (1,J = 8,4 ', 2H (6en3o[e]unmon Cyanine)); 7,68 (1, J = 7,6 I'u, 2H (6enso[e]unmon Cyanine));
7,52 (r, J = 7,5 T'u, 1H (nenta-2,4-nuenmnuaen Cyanine)); 7,51 (t, J = 7,7 I'u, 1H (nenra-2,4-
muennauaeH Cyanine)); 6,62 (1, J = 12,4 I'u, 1H (nenra-2,4-nuennnunen Cyanine)); 6,37 (a1, J =
13,9 T'u, 1H (menTta-2,4-muennmuaes Cyanine)); 6,33 (a1, J = 13,9 I'u, 1H (nenTa-2,4-iueHunnacH
Cyanine)); 6,7—6,3 (ym ¢, 3H (N“H Arg)); 4,66 (ar, J = 6,9, 7,5 T', 1H (H2 Asp)); 4,30-4,17 (m, 3H
(H2 Arg, H6 rexcanoar Cyanine)); 3,73 (c, 3H (NMe Cyanine)); 3,70 (man, J = 6,8, 6,9, 13,0 ', 2H
(H2 Gly)); 3,02 (ar, J = 6,0, 6,1 T'u, 2H (H5 Arg)); 2,93 (¢, 2H (CH2 Pbf)); 2,47 (1, J = 3,8 I'u, 1H
(H3-A Asp)); 2,41 (n, J = 3,5 I'u, 1H (H3-B Asp)); 2,36 (¢, 3H (Me Pbf)); 2,15 (¢, 3H (Me Pbf));
1,98 (1,J =7,3 I'u, 2H (H2 rekcanoar Cyanine)); 1,97 (¢, 2H (CH2 Pbf)); 1,96 (¢, 6H (2Me Cyanine));
1,91 (¢, 6H (2Me Cyanine)); 1,75 (M, 2H (H5 rekcanoar Cyanine)); 1,70-1,35 (m, 4H (H3 Arg, H4
Arg)); 1,58 (m, 2H (H3 rekcanoar Cyanine)); 1,42 (m, 2H (H4 rexcanoat Cyanine)); 1,38 (¢, 6H (2Me
Pbf)), MCBP (ESI-POS) Beruncneno s CesHz7oNgO10S [M]*: 1163,5635; naiineno: 1163,5636.
(2,5-Anoxcomuppoanann-1-um)-6-[1,1-
aumeTwii-2-[5-(1,1,3-rpumernadenso[e]unmoa-3-
Hii-2-ui)nenTa-2,4-1ueHusnieH |oensole]unmnos-
3-mi]rexkcanoar-O-(2-amuno3Tui)-0O'-(2-

KapOOKCHITHI)IOJIMITHICHTJIUKOJIb

Terpadgropodopar (42). K pactsopy 53 mr (0,026
MMOJIb) coenuHerns 37 B 1 mi cyxoro JIM®A nob6asmsmu 19,1 mr (0,026 mmonb) coenunenns 41.
Peaxnmonnyro maccy nepememmBanu 20 4 npu +20 °C, ynapuBamu. OctaTok ouwmmany ¢uiemn-
xpomarorpadueit (xaopopopm—atanoin, ot 100:0 go 30:70). Ioxyuanu 64,4 mr (92%) cunero macia.
TCX (xmopodopm—artanon 1:1): Re=0,5. 'H SIMP (500 MI'u, IMCO-d6), 6 (m.x1.): 11,18-10,38 (ymr
¢, IH (COOH)); 8,46 (1, J = 13,1 I'u, 2H (6enso[e]unmon Cyanine)); 8,26 (mx, J = 2,6, 8,4 I't, 2H
(6enso[e]unmon Cyanine)); 8,08 (m, 4H (6enso[e]unmon Cyanine)); 7,83 (t, J = 5,5 ', 1H (NH
PEG)); 7,76 (n, J = 8,9 I', 1H (6en3o[e]unmon Cyanine)); 7,73 (1, J = 9,0 I'u, 1H (6en3o[e]ungon
Cyanine)); 7,68 (t, J = 7,6 I'u, 2H (6en3o[e]unmon Cyanine)); 7,52 (1, J = 7,5 T'n, 1H (nenra-2,4-
muenwueH Cyanine)); 7,51 (t, J = 7,5 ', 1H (nenra-2,4-nmuenunuaen Cyanine)); 6,62 (t,J = 12,3
I'm, 1H (nenra-2,4-nuenwnmuaen Cyanine)); 6,37 (a, J = 13,6 I'm, 1H (nenra-2,4-nueHumaeH
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Cyanine)); 6,33 (x, J = 14,0 ', 1H (nenra-2,4-nuenunuaen Cyanine)); 4,22 (t,J = 7,2 ', 2H (H6
rekcanoat Cyanine)); 3,64 (t, J = 4,7 T'u, 2H (CH2CO PEQG)); 3,74 (c, 3H (NMe Cyanine)); 3,57-
3,43 (m, 180H (PEG)); 3,15 (at, J = 5,8, 5,8 T'y, 2H (CH2N PEG)); 2,07 (1, J = 7,3 T'i, 2H (H2
rekcanoar Cyanine)); 1,97 (c, 6H (2Me Cyanine)); 1,96 (¢, 6H (2Me Cyanine)); 1,74 (m, 2H (H5
rekcanoar Cyanine)); 1,56 (m, 2H (H3 rekcanoar Cyanine)); 1,38 (M, 2H (H4 rekcanoar Cyanine)).
MCBP (ESI-POS) Borunciieno st romosioros (CaHaO)n:
N =42, C120H221N3046 [M+H]?*: 1274,7534; naiineno: 1274,7506,
N = 42, C129H222N3046 [M+2H]**: 850,1714; naiineno: 850,11698,
n = 43, C131H225N3047 [M+H]?*: 1296,7665; naiineno: 1296,7651,
N = 43, C131H226N3047 [M+2H]**: 864,8468; naiineno: 864,8450,
N = 44, C133H220N3048 [M+H]?*: 1318,7797; naiineno: 1318,7790,
N = 44, C133H230N304s [M+2H]**: 879,5222; maiineno: 879,5208,
N = 45, CiasH233N3049 [M+H]?*: 1340,7928; naiineno: 1340,7913,
N = 45, C135H234N3049 [M+2H]**: 894,1976; naiineno: 894,1972,
N = 46, C137H237N30s0 [M+H]?*: 1362,8059; naiineno: 1362,8047,
N = 46, C137H23sN30s0 [M+2H]**: 908,8730; maiineno: 908,8715,
N = 47, C139H241N30s1 [M+H]?*: 1384,8190; naiineno: 1384,8166,
N = 47, C139H242N30s1 [M+2H]?*: 923,5484; maiineno: 923,5459,
n = 48, C141H24sN30s2 [M+H]?*: 1406,8321; naiineno: 1406,8300,
N = 48, C1a1H246N30s2 [M+2H]*: 938,2238; maiineno: 938,2217,
N = 49, C1a3H249N30s3 [M+H]?*: 1428,8452; naiineno: 1428,8433,
n = 49, C143H250N30s3 [M+2H]?*: 952,8992; maiineno: 952,8964,
n =50, C1asH253N30s4 [M+H]?*: 1450,8583; naiineno: 1450,8553,
n = 50, C1a5H254N30s4 [M+2H]**: 967,5746; maiineno: 967,5712.
JumernioBslii 3¢up (2,5-
AUOKCcOMMpPpPoIuanH-1-m1)6-[1,1-
aumetui-2-[5-(1,1,3-TpumeTnii-
oen3o[e]unmo.-3-uii-2-ui)neHra-

2,4-nueHnJinjieH |oenso[e]mumo-

3-mi]rexcanoar-O-(2-amuHo-
3TII)-O'-(2-KapOOKCHI THII ) TOJTHI THIEHTIHKOJIb-(N®-2,2,4,6,7-neHTaMe THI AU THAPO-

oenzoypan-5-cyabdonnn)-L-apruHuia-ranuui-L-acnaparunoBoi KHCJIOTHI
Terpadropodopar (43). K pacteopy 79,1 mr (23 mxmouns) coemunenus 42, 10,6 mr (0,033 mmounb)
TBTU u 18,8 mr (0,03 mmoup) entuaa 17 B 2 mut cyxoro JIM®A nob6asmnsiu 15 mxi (0,089 MMois)

DIPEA. Peakmmonnyro maccy nepemernmainy 20 14 npu +20 °C B TemHOTe, ynmapuanu. OcTtaTok
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ounnianu Queni-xpomatorpadueit (xaopodopm—stanod, ot 100:0 o 75:25). [Monyuanu 79 mr (79%)
cunero macia. TCX (xaopodopm—artanon 3:1): R = 0,53. '"H AMP (500 MI'u, IMCO-d6), & (m.1.):
8,46 (1, J = 13,1 I'u, 2H (6en3o[e]unmon Cyanine)); 8,26 (ax, J = 2,0, 8,3 I'u, 2H (Oen3o[e]unmon
Cyanine)); 8,07 (m, SH (6en3zo[e]unmon Cyanine, NH Asp)); 7,96 (1, J = 8,4 I'u, 1H (NH Arg)); 7,84
(r,J=5,6 T'u, IH (NH PEG)); 7,76 (1, J = 8,9 I't, 1H (6en3o[e]unmon Cyanine)); 7,73 (1, J = 9,0
I'u, 1H (6enszo[e]unnon Cyanine)); 7,68 (1, J = 7,6 I'u, 2H (6en3o[e]unmon Cyanine)); 7,516 (1, J =
7,5 T, 1H (menra-2,4-muennnunen Cyanine)); 7,514 (t, J = 7,5 T'u, 1H (nenra-2,4-1iueHwinacH
Cyanine)); 7,39 (1, J = 7,7 I'u, 1H (NH Gly)); 7,05-6,88 (yu ¢, 1H (N°H Arg)); 6,63 (1, J = 12,3 I'is,
1H (menra-2,4-muenmmunen Cyanine)); 6,58-6,42 (yu ¢, 2H (N“H Arg)); 6,37 (a1, J = 14,1 I'u, 1H
(menTa-2,4-muenunuaeH Cyanine)); 6,33 (x,J = 13,8 ', 1H (nenta-2,4-nuenmuaen Cyanine)); 4,66
(ar,J = 6,8, 7,5 T'u, 1H (H2 Asp)); 4,24 (1, J = 7,2 T'u, 2H (H2 rekcanoar Cyanine)); 4,08 (ar, J =
7,7, 5,6 T'n, 1H (H2 Arg)); 3,78 (n, J = 5,0 I'u, 2H (H2 Gly)); 3,73 (¢, 3H (NMe Cyanine)); 3,64 (T,
J =4,7T'n, 2H (CH2CO PEQG)); 3,62 (¢, 3H (OMe Asp)); 3,61 (c, 3H (OMe Asp)); 3,55-3,42 (M,
180H (PEG)); 3,15 (ar, J = 5,8, 5,8 ', 2H (CH2N PEG)); 3,02 (ar, J = 6,0, 6,1 I'u, 2H (H5 Arg));
2,96 (¢, 2H (CH2 Pbf)); 2,80 (a1, J = 6,2, 16,5 ', 1H (H3-A Asp)); 2,72 (nn, J = 6,7, 16,6 I'u, 1H
(H3-B Asp)); 2,48 (c, 3H (Me Pbf)); 2,42 (c, 3H (Me Pbf)); 2,07 (r, J = 7,3 I'u, 2H (H6 rexcanoar
Cyanine)); 2,01 (¢, 2H (CHz Pbf)); 1,97 (¢, 6H (2Me Cyanine)); 1,96 (c, 6H (2Me Cyanine)); 1,73
(M, 2H (HS5 rexcanoar Cyanine)); 1,66 (m, 2H (H3 rekcanoar Cyanine)); 1,56 (m, 2H (H4 rexcanoat
Cyanine)); 1,51-1,45 (M, 4H (H3 Arg, H4 Arg)); 1,41 (¢, 6H (2Me Pbf)). MCBP (ESI-POS)
BBIYKCIIEHO 7151 ToMOJI0T0B (C2H40)n:

N = 42, Ci1s6H261N90s4S [M+H]?*: 1578,8849; Haiineno: 1578,8813,

N = 42, C156H262N9Os54S [M+2H]3": 1052,9257; maiineno: 1052,9237,

n = 43, C158H265N9Os5S [M+H]?*: 1600,8980; Haiineno: 1600,8945,

n = 43, CissH266N90s5S [M+2H]*": 1067,6011; Haiineno: 1067,5980,

N = 44, C160H269N90s6S [M+H]?": 1622,9111; Haiineno: 1622,9089,

n = 44, C160H270N9Os6S [M+2H]3*": 1082,2765; Haiineno: 1082,2728,

n = 45, C162H273N90s7S [M+H]?": 1644,9242; naiineno: 1644,9217,

N = 45, C162H274N9057S [M+2H]*": 1096,9519; Haiineno: 1096,9501,

N = 46, C164H277N9OssS [M+H]?*: 1666,9373; Haiineno: 1666,9342,

N = 46, C164H278N9Os8S [M+2H]3": 1111,6273; Haiineno: 1111,6234,

n = 47, C166H281N9Os9S [M+H]?*: 1688,9504; Haiineno: 1688,9485,

N = 47, C166H282N9Os59S [M+2H]3*: 1126,3027; Haiineno: 1126,3003,

N = 48, C1esH285N90g0S [M+H]?*: 1710,9635; Haiineno: 1710,9604,

n = 48, C16sH286N90s0S [M+2H]3": 1140,9781; Haiineno: 1140,9765,

n = 49, C170H289N9061S [M+H]?*: 1732,9766; Haiineno: 1732,9730,
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n = 49, C170H200N9O61S [M+2H]*": 1155,6535; maiineno: 1155,6511,
n =50, C172H293N9O0g2S [M+H]?*: 1754,9897; maiineno: 1754,9856,
n =50, C172H204N9Og2S [M+2H]**: 1170,3289; maiineno: 1170,3244.
(2,5-TuoxconuppoauanH-1-
ni)-6-[1,1-gumerna-2-[5-(1,1,3-
HO?‘H NinO I TpUMeTH.JI-0eH30[e]unnou-3-ni-2-
o H 0 x> Wi)neHTa-2,4-1ueHnInaIeH |-
oen3o[e]unmoa-3-uilrexcanoar-O-

HN NH,*CF;COOH
2 (2-amunodTIN)-O'-(2-Kap6okcen-

THJI)IOJTH-3THJIEHTJINKOJIb-L -
AaprUHWI-TIMIMI-L-acnaparuioBasi kuciaora autpudropanerar (44). K pacrsopy 35,7 mr
(0,0105 mmoub) coequnenus 43 B 2 mu EtOH noGasnsim pactBop 4,2 mr (0,105 mmons) NaOH B 3
i H20, nepememmBanu 15 mun npu +20 °C. 3ateMm ocTaHaBIMBAIM peakiuio qo0aBieHueM T FA
JI0 HEHUTpaJbHOW peakiuu U ynapuBaiu. Jlanee 6€3 mpoMeXyTOUHOTO BBIJEIEHUS PACTBOPSUIU B 2
min TFA-H20 95:5 u BeimepxkuBanu 4 4 nipu +20 °C. PeaknimoHHYI0 Maccy ynapHuBalid, OCTaTOK
ounmianu ¢uem-xpomarorpadueit (3taHon—Boaa, or 100:0 mo 50:50). IMomyuyamu 13,3 mr (39%)
cunero macia. TCX (xsmopodopm—atanon 3:1): Re=0,53. 'H SAMP (500 MI', IMCO-d6), & (M.1.):
12,30-11,70 (yur ¢, 2H (2COOH Asp)); 8,46 (1, J = 13,1 ', 2H (6en3o[e]unmon Cyanine)); 8,26
(mm, J=2,0, 8,3 I', 2H (6en3o[e]unmon Cyanine)); 8,07 (m, SH (6enzo[e]unmon Cyanine, NH Asp));
7,96 (n, J = 8,4 I'u, 1H (NH Arg)); 7,84 (r, J = 5,6 I'n, 1H (NH PEG)); 7,76 (n, J = 8,9 ', 1H
(6enzo[e]unmon Cyanine)); 7,73 (n, J = 9,0 I'u, 1H (6enso[e]unnon Cyanine)); 7,68 (1, J = 7,6 I',
2H (6enzo[e]unmon Cyanine)); 7,57-6,87 (m, SH (N°H Arg)); 7,516 (1, J = 7,5 T'u, 1H (nenra-2,4-
muennraeH Cyanine)); 7,514 (1, J = 7,5 T'u, 1H (nenTa-2,4-muennnuaen Cyanine)); 7,39 (1, J=7,7
I'n, IH (NH Gly)); 6,63 (1, J = 12,3 I'u, 1H (nenra-2,4-nuennnuaen Cyanine)); 6,37 (o, J = 14,1 I'n,
1H (nenta-2,4-muennnuaen Cyanine)); 6,33 (o, J = 13,8 I'u, 1H (nenra-2,4-mueannuaen Cyanine));
4,66 (nr,J = 6,8, 7,5 T'u, 1H (H2 Asp)); 4,24 (1, J = 7,2 ', 2H (H6 rexcanoat Cyanine)); 4,08 (ar,
J=17,7,5,6Tu, 1H (H2 Arg)); 3,78 (1, J = 5,0 I'u, 2H (H2 Gly)); 3,73 (¢, 3H (NMe Cyanine)); 3,64
(r,J=4,7Tu, 2H (CH2CO PEG)); 3,55-3,42 (M, 180H (PEG)); 3,15 (ar, J = 5,8, 5,8 ', 2H (CH2N
PEG)); 3,02 (a1, J = 6,0, 6,1 I'i, 2H (H5 Arg)); 2,80 (mx, J = 6,2, 16,5 I'n, 1H (H3-A Asp)); 2,72
(nm, J=6,7,16,6 I', 1H (H3-B Asp)); 2,07 (t, J = 7,3 I'u, 2H (H2 rexcanoat Cyanine)); 2,01 (c, 2H
(CH2 Pbf)); 1,97 (¢, 6H (2Me Cyanine)); 1,96 (c, 6H (2Me Cyanine)); 1,73 (m, 2H (H5 rexcanoat
Cyanine)); 1,66 (m, 2H (H3 rekcanoar Cyanine)); 1,56 (m, 2H (H4 rexcanoat Cyanine)); 1,51-1,45
(M, 4H (H3 Arg, H4 Arg)). MCBP (ESI-POS) Berumcneno ais romosioros (C2H40)n:

n =42, C141H241N9Os51S [M+H]?*: 1438,8282; Haiineno: 1438,8242,
N = 42, C1a1H242N9Os:1S [M+2H]*": 959,5546; naiineno: 959,5517,
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N = 43, C1a3H24sN9Os2S [M+H]?": 1460,8413; maiineno: 1460,8388,
n = 43, C143H246N9O0s,S [M+2H]3*: 974,2300; naiineno: 974,2256,
N = 44, C14sH249N9Os3S [M+H]?": 1482,8544; naiineno: 1482,8512,
N = 44, C1asH250N9Os3S [M+2H]*": 988,9054; naiineno: 988,9026,
N = 45, C1a7H253N90s4S [M+H]?": 1504,8675; Haiineno: 1504,8633,
n = 45, C147H254N90s4S [M+2H]3*: 1003,5808; maiineno: 1003,5765,
N = 46, C1a9H257N9Os5S [M+H]?*: 1526,8806; Haiineno: 1526,8767,
N = 46, C1a9H258N90s5S [M+2H]*": 1018,2562; Haiineno: 1018,2525,
N = 47, C151H261N9Os6S [M+H]?": 1548,8937; maiineno: 1548,8914,
n = 47, C151H262N9Os6S [M+2H]3*: 1032,9316; maiineno: 1032,9278,
n = 48, C153H265N90s57S [M+H]?*: 1570,9068; Haiineno: 15,9043,
N = 48, Cis3H266N90s57S [M+2H]*": 1047,6070; Haiineno: 1047,6022,
N = 49, CissH269N90ssS [M+H]?*: 1592,9200; maiineno: 1592,9150,
n = 49, C155H270N9OssS [M+2H]*": 1062,2824; naiineno: 1062,2809,
n = 50, C157H273N9OseS [M+H]?*": 1614,9331; Haiineno: 1614,9302,
n = 50, C157H274N90sS [M+2H]*": 1076,9578; maiineno: 1076,9546.
JIMMeTHI0BbIiT 3¢up 1,2-nuxapo6a-k1030-

~N
g?‘ \[)]/\H)K%\m \@ noaexadopan-3-aMmuHoKapooHuI-N*-oyranoun-(N-
re
o
NH
ANH

2,2,4,6,7-neHTAMeTHWJIIUTHAPOOeH30pypaH-5-

SO, _

N cyabhonnn)-L-aprunmi-rianmni-L -acnaparnnosoii

? kuciaorel (49). K pacrsopy 78,6 mr (0,106 mmoib)
coenuuenus 20 B 10 ma CH2Cl2 mobarsm 23 mxi (0,2092 mmone) N-metunmopdommaa u 10 M
(0,106 MMoIB) dTHIIXITOp(OpMUATA ITPU OXJIAXKACHUH 10 —5 °C, peaKIIMOHHYIO0 MacCy NepEeMEIIBAIH
15 mun. 3arem poGasmsmu 16,9 mr (0,106 mmonb) coemunenust 45. PeaknmonHyro wmaccy
nepememmBa 1 9 npu —5 °C u eme 19 9 npu +20 °C, ymapuBanu, ocTaTOK OouydInamu ¢uiemn-
xpomarorpadueit (xmopodopm—tanon, or 100:0 mo 80:20). IMomywyamu 64,3 mr (55%) Genoro
nopouika, T.ii. 120-122 °C. TCX (xsnopodopm—tanon 9:1): Re= 0,67 (nposiBieHue 0-TOTUAUHOM B
napax Clz). BOXX (Kromasil 100-5 C18; aneronutpui—Boaa 7:3; nerekrupoBanue mpu 220, 260
uMm): = 7,8 mun. 'H JAMP (400 MTI', IMCO-d6), & (m.x.): 8.29 (1, J = 7.9 I'u, 1H (NH Asp)); 8,24
(c, IH (NH kap6opanun)); 8,23 (1, J = 5,7 I'u, 1H (NH Gly)); 8,01 (n, J = 7,4 T'n, 1H (NH Arg));
7,18-6,56 (ym ¢, 2H (N“H Arg)); 6,56-6,12 (yur ¢, IH (N°H Arg)); 5,06 (¢, 2H (2CH kap6opanun));
4,67 (nr,J =16,9, 7,0 T'n, 1H (H2 Asp)); 4,19 (at, J = 6,9, 6,7 T'u, 1H (H2 Arg)); 3,72 (nax, J =5,9,
17,0, 25,8 ', 2H (H2 Gly)); 3,62 (¢, 3H (OMe Asp)); 3,60 (c, 3H (OMe Asp)); 3,03 (at, J = 6,0, 6,0
I'n, 2H (H5 Arg)); 2,97 (¢, 2H (CH: Pbf)); 2,80 (a1, J = 6,1, 16,6 I'n, 1H (H3-A Asp)); 2,72 (an, J =
6,9, 16,6 I', 1H (H3-B Asp)); 2,6-1,2 (m, 10H (BH)); 2,48 (¢, 3H (Me Pbf)); 2,43 (c, 3H (Me Pbf));
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2,20 (1, J = 7,7 T'u, 2H (H2 ryrapun)); 2,14 (1, J = 7,6 T'u, 2H (H4 ryrapun)); 2,01 (¢, 3H (Me
Pbf)); 1,77-1,67 (m, 2H (H3 rnyrapun)); 1,67-1,58 (M, 2H (H3 Arg)); 1,53-1,33 (m, 2H (H4 Arg));
1,41 (c, 6H (2Me Pbf)). BC AMP (125 MI'n, IMCO-d6): 12,18 (c, 1C (Me Pbf)), 17,50 (c, 1C (Me
Pbf)), 18,85 (¢, 1C (Me Pbf)), 20,85 (c, 1C (C3 rayrapun)), 25,41 (c, 1C (C4 Arg)), 28,23 (c, 2C
(2Me Pbf)), 29,15 (¢, 1C (C3 Arg)), 34,20 (c, 1C (C4 rayrapun)), 35,90 (¢, 1C (C2 riyrapun)), 37,14
(c, 1C (C3 Asp)), 41,50 (c, 1C (CH2 Pbf)), 41,59 (c, 1C (C2 Gly)), 42,43 (c, 1C (C5 Arg)), 48,32 (c,
1C (C2 Asp)), 52,10 (c, 1C (C2 Arg)), 52,18 (c, 1C (OMe Asp)), 52,31 (c, 1C (OMe Asp)), 157,06
(c, 2C (2C kapbopanun)), 86,21 (c, 1C (C Pbf)), 116,19 (c, 1C (Ar Pbf)), 124,23 (¢, 1C (Ar Pbf)),
131,39 (c, 1C (Ar Pbf)), 134,14 (c, 1C (Ar Pbf)), 137,21 (c, 1C (Ar Pbf)), 155,99 (c, 1C (Ar Pbf)),
157,41 (c, 1C (C6 Arg)), 168,57 (c, 1C (CO Gly)), 168,70 (c, 1C (CO Asp)), 170,21 (¢, 1C (CO
Asp)), 170,89 (c, 1C (CO rayrapun)), 171,97 (c, 1C (CO Arg)), 176,16 (c, 1C (CO rnyrapun)). B
SIMP (160 MI'w, IMCO-d6): —5,51 (4B); —10,69 (1B); —13,43 (2B); —15,0 (ym ¢, 3B). MCBP (ESI-
POS) Beruncneno aus CaaHgoB1oN7011S [M+H]*: 882,5070; naiineno: 882,5082.
o 0 H\H/\N 0 ‘ H\@ JumeTnoBbiid 3¢pup 1-mMerni-2-nukap6a-xio3o-
/Oj?‘ 5 H)k%\m noaexadopan-3-aMmuHokapooHuI-N*-oyranon-(N-
0 NH 2,2,4,6,7-neHTAaMeTWIIIMTUAPOOEeH30pypaH-5-
ANH

SO,

N Cyab(oHnI)-L -apruHI- M nII-L -acnaparnHoBoi

° kucaoTbl (50). K pacrBopy 59,6 mr (0,08 mmoib)
coeaunenus 20 B 10 i CH2Clo mo6asssumu 18 mxit (0,16 mmois) N-metuamopdonuna u 8 mxit (0,08
MMOJIb) ATHIXJIOphOpMHATa PHU oxJaxaeHuu 10 —5 °C, nepeMemmmBanu 15 MuH. 3ateM 100aBIsUH
13,9 mr (0,08 mmone) coenubenus 46, nepememmBayi 1 9 npu —5 °C u eme 19 9 mpu +20 °C.
PeakimoHHy0 Maccy ynapuBaid, OCTaTOK odHIaiy (en-xpomarorpadueii (xiaopodhopM—ITaHo,
ot 100:0 no 80:20). [Tomyuanu 34,7 mr (48%) Genoro noporka. TCX (xnopodopm—atanon 9:1): Ry
= 0,7 (nposinenue o-ronmauaoM B mapax Clo). BOXXX (Kromasil 100-5 C18; aneronutpui—Boaa
7:3; nerextupoBanue npu 220, 260 um): T = 8,7 mun. 'H SIMP (400 MI't;, IMCO-d6), 6 (m.1.): 8,33
(c, 1H (NH kap6opanun)); 8,28 (1, J = 7,8 ', 1H (NH Asp)); 8,21 (1, J = 5,8 T'y, 1H (NH Gly));
8,01 (m, J = 7,3 Tu, IH (NH Arg)); 7,20-6,53 (ym ¢, 2H (N°H Arg)); 6,53-6,17 (ym ¢, 1H (N°H
Arg)); 5,19 (¢, 1H (CH xap6opanwun)); 4,66 (at, J = 6,9, 7,0 I'u, 1H (H2 Asp)); 4,18 (ar, J = 6,0, 6,9
I'n, 1H (H2 Arg)); 3,71 (ann, J = 5.8, 16,8, 28,2 T'i, 2H (H2 Gly)); 3,62 (¢, 3H (OMe Asp)); 3,60 (c,
3H (OMe Asp)); 3,02 (at, J = 6,0, 6,0 T'y, 2H (H5 Arg)); 2,96 (c, 2H (CH2 Pbf)); 2,80 (a1, J = 6,1,
16,6 I'u, 1H (H3-A Asp)); 2,72 (na, J = 6,9, 16,6 T'u, 1H (H3-B Asp)); 2,6-1,2 (M, 9H (BH)); 2,47
(¢, 3H (Me Pbf)); 2,42 (¢, 3H (Me Pbf)); 2,27 (1, J = 7,3 T'i, 2H (H2 ryrapun)); 2,15 (1, J = 7,3 ',
2H (H4 rnyrapun)); 2,00 (c, 3H (Me Pbf)); 1,84 (¢, 3H (Me kapbopanun)); 1,77-1,69 (m, 2H (H3
riytapun)); 1,67-1,58 (m, 2H (H3 Arg)); 1,51-1,33 (m, 2H (H4 Arg)); 1,41 (¢, 6H (2Me Pbf)). MCBP
(ESI-POS) Boruucneno mis CasHe2B1oN7011S [M+H]*: 896,5226; naiineno: 896,5231.
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JAumetunoBsblii 3¢pup 1l-dpenni-2-nukapoda-xioszo-

naonexadopaH-3-aMmuHokapooHmwiI-N*-oyranon-(N-

\ﬂ/\N \ﬂ/\/\g/ 2,2,4,6,7-neHTaMmeTHIIAMIUAPOGeH30dypaH-5-
N

cyJab(onma)-L-apruHuI-rianuui-L-acnaparuHoBoii
sO, A

N kucaoTel (51). K pactBopy 98,8 mr (0,133 mmois)

coemuaennss 20 B 10 mun CH2Cl; nobGaensmm  mipu
oxnaxaennu (-5 °C) 29 mxn (0,266 mmons) N-merunmopdomuuaa u 13 mra (0,136 mMmo:b)
striixsiopopmuara, nepemermmBanu 15 mun. 3arem qodasisum 31,4 mr (0,133 MMonb) coeTMHEHUS
47, nepememuBanu 1 4 mpu —5 °C u emie 19 1 ipu +20 °C. PeakimoHHY0 Maccy ynapuBaH, OCTaTOK
ounmanu ¢ienr-xpomarorpadueit (xaopodopm—atanon, ot 100:0 mo 80:20). IMomywanu 53,7 mr
(40%) 6emoro mopomka. TCX (xnopodopm—atanon 9:1): Rf = 0,8 (mposiBiieHHuE 0-TOJUINHOM B
napax Cl). BOXX (Kromasil 100-5 C18; aneronutpui—Bozaa 7:3; nerekrupoBanue npu 220, 260
uMm): t= 13,7 mun. 'H SIMP (400 MI', AIMCO-d6), 6 (m.1.): 8,29 (1, J = 7,8 ', 1H (NH Asp)); 8,20
(r, J =59 T'u, IH (NH Gly)); 8,08 (¢, 1H (NH xap6opanwun)); 7,85 (x, J = 7,3 T'u, 1H (NH Arg));
7,48-7,31 (m, 5H (dbenun)); 7,09-6,53 (yur ¢, 2H (NH Arg)); 6,53-6,18 (ymi ¢, 1H (N°H Arg)); 5,93
(c, 1H (CH xap6opanmun)); 4,66 (ar, J = 7,0, 7,1 I'u, 1H (H2 Asp)); 4,16 (ar, J = 6,5, 6,6 I'u, 1H (H2
Arg)); 3,71 (ana, J = 6,4, 17,9, 24,3 T'u, 2H (H2 Gly)); 3,63 (¢, 3H (OMe Asp)); 3,60 (c, 3H (OMe
Asp)); 3,03 (ar, J = 6,0, 6,0 I'u, 2H (H5 Arg)); 2,97 (c, 2H (CH2 Pbf)); 2,80 (ax, J = 6,1, 16,6 T'ny,
1H (H3-A Asp)); 2,71 (ax, J = 6,0, 16,6 'y, 1H (H3-B Asp)); 2,6-1,2 (M, 9H (BH)); 2,47 (¢, 3H (Me
Pbf)); 2,42 (c, 3H (Me Pbf)); 2,27 (t, J = 7,6 T't, 2H (H2 rayrapun)); 2,16 (1, J = 7,8 I'u, 2H (H4
riytapun)); 2,00 (¢, 3H (Me Pbf)); 1,92-1,79 (m, 2H (H3 riyrapun)); 1,67-1,54 (m, 2H (H3 Arg));
1,51-1,31 (m, 2H (H4 Arg)); 1,41 (c, 6H (2Me Pbf)), MCBP (ESI-POS) Bbrumcieno s
CaaH59B10N7011S [M+H]*: 958,5383; naiineno: 958,5390.
MumeTunoBelii 3¢up l-uzonponui-2-gukapoa-
\n/\N \ﬂ/\/\ﬂ/ \@ K11030-101eKa00opan-3-aMuHOKapGonuiI-N*-GyTaHomI-
(N®-2,2,4,6,7-nenTaMmeTnauruipoden3opypan-5-
N

s0, A

H
o kucaorel (52). K pactBopy 100,3 mr (0,135 mmosb)

cyabhonnn)-L-aprunmi-rianmni-L -acnaparnnosoii

coenuuenus 20 B 10 M CH2Clz2 nobasnsmu npu oxnaxaenuu (-5 °C) 30 mxia (0,27 mmons) N-
meTrmiMopdoauHa u 13 Mk (0,136 mmonp) sTunxinoppopmuaTa, nepemeninBanu 15 muH. 3atem
no6asisiu 27,3 mr (0,135 mmons) coenunenus 48, nepemeruBanu 1 4 npu —5 °C u eme 19 4 npu
+20 °C. PeakiMoHHYI0 Maccy yrnapHuBali, OCTaTOK oMLy (rem-xpomaTtorpadueii (xaopohopm—
stanoi, oT 100:0 mo 80:20). [Tomyuanu 40,9 mr (33%) 6emnoro mopomka. TCX (xmopodopm—3Tanomn
9:1): Rf= 0,8 (mposiBnenue o-tonuauaoM B mapax Clz). BOXKX (Kromasil 100-5 C18; anleroHuTpri—
Bojia 7:3; nerektuposanue npu 220, 260 am): T= 12,6 mun. 'H SIMP (400 MI'u, IMCO-d6), 6 (m.11.):
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8,35 (¢, IH (NH xap6opanmun)); 8,28 (1, J = 7,8 I'u, IH (NH Asp)); 8,22 (t, J = 5,9 I', 1H (NH
Gly)); 8,02 (o, J = 7,4 I'y, 1H (NH Arg)); 7,21-6,54 (ym ¢, 2H (N°H Arg)); 6,54-6,19 (ym c, 1H
(N“H Arg)); 5,09 (¢, 1H (CH kap6opanun)); 4,66 (ar, J = 7,1, 7,2 T'u, 1H (H2 Asp)); 4,19 (ar, J =
6,7, 6,7 I'u, 1H (H2 Arg)); 3,71 (ana, J = 6,4, 14,1, 26,2 ', 2H (H2 Gly)); 3,62 (c, 3H (OMe Asp));
3,60 (c, 3H (OMe Asp)); 3,02 (at, J = 5,8, 5,6 I'u, 2H (H5 Arg)); 2,96 (c, 2H (CHz Pbf)); 2,80 (mx,
J=6,2,16,7T'u, 1H (H3-A Asp)); 2,71 (nn, J = 6,8, 16,5 I'u, 1H (H3-B Asp)); 2,6-1,2 (m, 9H (BH));
2,47 (¢, 3H (Me Pbf)); 2,42 (c, 3H (Me Pbf)); 2,32 (1, J = 7,4 Ty, 2H (H2 riyrapun)); 2,24 (1, J =
7,2 T'u, 2H (H4 riyrapun)); 2,18 (¢, 1H (CH uzonpommn)); 2,00 (¢, 3H (Me Pbf)); 1,77-1,67 (m, 2H
(H3 rmyrapun)); 1,67-1,58 (m, 2H (H3 Arg)); 1,51-1,33 (m, 2H (H4 Arg)); 1,42 (c, 6H (2Me
uzonponun)); 1,41 (¢, 6H (2Me Pbf)). MCBP (ESI-POS) Briuucneno mis Ca7HesB1oN7011S [M+H]™:
924,5539; naiineno: 924,5542.

Au-mpem-06ytunoBuiii  3¢pup  1,2-nukapoa-

8?‘ \Q/\HJ\Q\M \@ K71030-10/1exkadopan-3-aMuHOKAPOOHNI-N-OyTaHONI-
Ar I

NH

ANH

(N®-2,2,4,6,7-neHTaAMeTHIIUTHAPOOeH30(ypaH-5-

S02_
H

cyabGoHna)-L -aprunmi-ranuui-L -acnaparnHoBoii
kucaorel (53). K pacteopy 86,2 mr (0,105 mmoib)
coenunenus 21 B 5 M CH2Cly nobasmsim npu oxnaxaenun (-5 °C) 23 mxia (0,21 mmons) N-
metmiMopdonuna u 10 Mk (0,105 mmons) sTunxnoppopmuara, nepeMemuBaid 15 muH. 3atem
no6asistmu 27,3 mr (0,135 mmons) coenmunenns 48, nepemermmanu 1 4 npu —5 °C u eme 16 4 pu
+20 °C. PeaknioHHYI0 Maccy yrmapuBalii, OCTaTOK OYHIaIH (ien-xpoMaTtorpadueit (xaopohopm—
staroin, oT 100:0 mo 80:20). [Momywamu 56,6 mr (56%) Gemoro mopomka, T.mw1. 125-126 °C. TCX
(xmopodopm—atanon 7:1): R= 0,7 (nposiBnenne o-romumuaom B mapax Clo). [a]o?® +5,5° (¢ 1,0,
CHCl3). BOXX (Kromasil 100-5 C18; aneronutpuin—Boaa 7:3; nerektupoBanue npu 220, 260 HM):
1= 24,0 mun. 'H SIMP (CDCl3, 500 MI'n), 6 (m.x.): 8,31 (¢, 1H (NH xap6opanun)); 8,29 (1, J =7,9
I'm, 1H (NH Asp)); 8,25 (1, J =5,9 'y, 1H (NH Gly)); 8,01 (1, J = 7,4 I'u, 1H (NH Arg)); 7,12-6,58
(yur ¢, 2H (N®H Arg)); 6,57-6,22 (ym ¢, 1H (N°H Arg)); 4,72 (ar, J = 6,5, 6,7 T'u, 1H (H2 Asp));
4,53 (at,J =69, 6,6 I'u, 1H (H2 Arg)); 4,48 (¢, 2H (2CH xap6opanun)); 4,04 (o, J = 4,6 ', 2H (H2
Gly)); 3,26 (ut, J = 5,6, 5,7 ', 2H (H5 Arg)); 2,95 (c, 2H (CH2 Pbf)); 2,86 (nn, J = 5,2, 17,2 T',
1H (H3-A Asp)); 2,70 (ax, J = 4,3, 17,2 T'u, 1H (H3-B Asp)); 2,6-1,2 (m, 10H (BH)); 2,55 (1,J=7,6
I'n, 2H (H2 rayrapun)); 2,50 (1, J = 7,6 ', 2H (H4 ryrapun)); 2,48 (c, 3H (Me Pbf)); 2,34 (¢, 3H
(Me Pbf)); 2,08 (¢, 3H (Me Pbf)); 2,04-1,83 (m, 2H (H3 ryrapun)); 1,83-1,71 (m, 2H (H3 Arg));
1,69-1,52 (m, 2H (H4 Arg)); 1,46 (c, 6H (2Me Pbf)); 1,44 (c, 9H (OtBu Asp)); 1,43 (c, 9H (OtBu
Asp)). 13C SAMP (125 MI', IMCO-d6): 12,18 (c, 1C (Me Pbf)), 17,50 (c, 1C (Me Pbf)), 18,85 (c,
1C (Me Pbf)), 20,85 (c, 1C (C3 riyrapun)), 25,41 (¢, 1C (C4 Arg)), 27,47 (c, 3C (OtBu Asp)), 27,61
(c, 3C (OtBu Asp)), 28,23 (c, 2C (2Me Pbf)), 29,15 (c, 1C (C3 Arg)), 34,20 (c, 1C (C4 rnyrapun)),
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35,90 (¢, 1C (C2 rayrapun)), 37,14 (c, 1C (C3 Asp)), 40,10 (¢, 1C (CH2 Pbf)), 41,59 (c, 1C (C2 Gly)),
42,43 (c, 1C (C5 Arg)), 49,12 (c, 1C (C2 Asp)), 52,30 (¢, 1C (C2 Arg)), 57,06 (c, 2C (2C
kap6opanuin)), 80,39 (c, 1C (OtBu Asp)), 80,95 (c, 1C (OtBu Asp)), 86,21 (c, 1C (C Pbf)), 116,19 (c,
1C (Ar Pbf)), 124,23 (c, 1C (Ar Pbf)), 131,39 (c, 1C (Ar Pbf)), 134,14 (c, 1C (Ar Pbf)), 137,21 (c,
1C (Ar Pbf)), 155,99 (c, 1C (Ar Pbf)), 157,41 (c, 1C (C6 Arg)), 168,53 (c, 1C (CO Gly)), 169,01 (c,
1C (CO Asp)), 169,47 (c, 1C (CO Asp)), 171,89 (c, 1C (CO rumyrapun)), 171,97 (c, 1C (CO Arg)),
176,16 (c, 1C (CO rayrapun)). B AMP (160 MI'u, IMCO-d6): —5,52 (4B); —10,69 (1B); —13,46
(2B); —15,0 (ym ¢, 3B). Haiineno, %: C, 49,65; H, 7,30; N, 9,98. Beruucneno, %: C, 49,72; H, 7,41,
B, 11,19; N, 10,15; O, 18,21; S, 3,32. MCBP (ESI-POS) Brruncneno mis CaoH72B10N7011S [M+H]":
966,6009; naiineno: 966,6011.
JMuben3uiaoBblii  3¢pup  1,2-muxap6a-xno3o-
(?O Q H\H/\N Q H\H/\/\H/H nonexkadopan-3-aMuHoKapGonmi-N*-oyTanoma-N°-
Of;‘ o H)K%\O o \@ HUTPO-L-apruHmia-raumuia-L-acnaparuHoBoii
é o NH kucaorsl (54). K pacteopy 240,7 mr (0,351 mmouib)
HmfNH coequaenuss 22 B 10 mum CHoCly nobGapnsim  mpu
2 oxnaxaeauu (-5 °C) 77 wmxan (0,7 mmonb) N-
metmimopdonuHa u 33 Mk (0,351 mmons) stunxnoppopmuata, nepeMemuBaid 15 muH. 3atem
no6asisum 55,9 mr (0,351 mmons) coequnenus 45, nepemermBand 1 4 pu —5 °C u eme 16 4 npu
+20 °C. PeakioHHYI0 Maccy yrmapuBalii, OCTaTOK ounIIainy (iem-xpomaTtorpadueii (xaopohopm—
staroin, ot 100:0 go 80:20). [omywamu 154,7 mr (53%) Gemnoro moporika, T.mw1. 94-98 °C. TCX
(xmopodopM—atanon 7:1): R= 0,44 (posiBnenne o-tomuaumaoM B mapax Clo). [a]p?® +2.0° (¢ 1,0,
CHCI3). BDXKX (Phenomenex Luna C18(2); aueronutpun — 0,06 M docdarusiii 0ydep (pH = 7)
55:45; nerextuposanue npu 220 am): T = 20,9 mun. 'H SIMP (400 MTI', IMCO-d6), 6 (m.1.): 8,50
(c, IH (NH xap6opanun)); 8,41 (x, J = 8,0 I', 1H (NH Asp)); 8,23 (1, J = 7,2 I'u, 1H (NH Gly));
8,01 (n, J=7,5Tu, 1H (NH Arg)); 8,11-7,62 (M, 3H (N“H Arg)); 7,38-7,30 (m, 10H (20Bn Asp));
5,09 (¢, 2H (OBnN Asp)); 5,07 (c, 2H (OBn Asp)); 5,05 (c, 2H (2CH kap6opanwun)); 4,76 (at, J = 7,0,
7,2 T, 1H (H2 Asp)); 4,22 (ar, J = 6,5, 6,8 T'u, 1H (H2 Arg)); 3,74 (nnn, J = 5,4, 14,0, 23,9 'y, 2H
(H2 Gly)); 3,17-3,10 (ym ¢, 2H (H5 Arg)); 2,90 (an, J = 6,3, 16,6 T', 1H (H3-A Asp)); 2,81 (ux, J
=6,9,16,6 I'u, 1H (H3-B Asp)); 2,6-1,3 (m, 10H (BH)); 2,21-2,12 (M, 4H (H2, H4 rnyrapun)), 1,75-
1,67 (v, 4H (H3 royrapun, H3 Arg)), 1,54-1,46 (v, 2H, (H4 Arg)). 13C SIMP (125 MI'n, JIMCO-
do6): 20,86 (c, 1C (C3 ramyrapun)), 24,67 (c, 1C (C4 Arg)), 29,00 (c, 1C (C3 Arg)), 32,85 (c, 1C (C4
riyrapun)), 34,24 (c, 1C (C2 rnyrapun)), 35,76 (c, 1C (C3 Asp)), 40,20 (¢, 1C (C5 Arg)), 41,55 (c,
1C (C2 Gly)), 48,51 (c, 1C (C2 Asp)), 52,24 (c, 1C (C2 Arg)), 57,06 (c, 2C (2C xapbopanun), 65,85
(c, 1C (OBn Asp)), 66,26 (c, 1C (OBn Asp)), 127,62 (c, 2C (OBn Asp)), 127,83 (c, 2C (OBn Asp)),
127,95 (c, 1C (OBn Asp)), 127,97 (c, 1C (OBn Asp)), 128,34 (¢, 4C (OBn Asp)), 135,62 (c, 1C (OBn
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Asp)), 135,75 (¢, 1C (OBn Asp)), 159,24 (c, 1C (C6 Arg)), 168,76 (c, 1C (CO Gly)), 169,65 (c, 1C
(CO Asp)), 170,23 (c, 1C (CO Asp)), 171,88 (c, 1C (CO rayrapun)), 172,07 (c, 1C (CO Arg)), 176,18
(c, 1C (CO rayrapun)). !B IMP (160 MI'u, IMCO-d6): —5,51 (4B); —10,67 (1B); —13,42 (2B);
—15,0 (yur ¢, 3B). Haitneno, %: C, 48,78; H, 6,15; N, 13,29. Beruucneno, %: C, 47,93; H, 6,09; B,
13,07; N, 13,55; O, 19,35. MCBP (ESI-POS) Brruncieno mis CasHs1B1oNsO10 [M+H]*: 827,4726;
Halineno: 827,4734.
0 JumernioBbiii  3¢pup  (N*N*-au(1,2-quxapoa-
HIN K1030-101eKkadopan-1-anermn))-L-nmu3ma-(N®-2,2,4,6,7-
o o . \'H/H o MeHTAMeTHJIAUTHAPoOeH30pypan-5-cyabdonmi)-L-
\gf;‘N\ro]/\H)kﬁNLo /Hk@ apruHWI-raunuiI-L-acnaparuioBoii kuciaornel (58). K
- I pactBopy 499,5 mr (0,797 mmons) coenunenus 17, 410,2 mr
SOZ\Ni-'NH (0,797 mmons) coemunenus 57, 255,9 mr (0,797 mmois)
o : TBTU B 15 M cyxoro CH2Clz no6asmnsu 278 mii (1,594
mmonb) DIPEA, nepememmBanmu 20 u mpu +20 °C.
PeaknroHHy10 Maccy ynapuBalid, OCTaTOK ouHIam Qureni-xpomarorpaduceii (xiaopodopm—atanod,
or 100:0 mo 80:20). ITomywamu 582,8 mr (65%) Oenoro mopomka, T.mi. 157-158 °C. TCX
(xmopogopm—atanon 10:1): Re= 0,8 (mpossnenue B mapax l2). [a]p?® —1,1° (¢ 1,0, CHCIls). BOXX
(Phenomenex Luna C18(2); aueronutpui—Boaa 1:1; nerekruposanue npu 220, 260 um): t = 25,1
muH. 'H SAMP (500 MI'u, IMCO-d6), & (m.x.): 8,38 (1, J = 7,8 I'u, 1H (NH Asp)); 8,33 (1, J = 7,7
I'n, 1H (NH Arg)); 8,24-8,18 (M, 2H (N°H Lys, NH Gly)); 8,14 (1, J = 6,0 T'i, 1H (N°H Lys)); 7,11-
6,53 (ym ¢, 2H (N“H Arg)); 6,53-6,22 (ym ¢, 1H (N°H Arg)); 5,12 (¢, 1H (CH kapbopanun)); 5,05
(c, 1H (CH xap6opanun)); 4,63 (ar, J = 7,1, 7,3 T'u, 1H (H2 Asp)); 4,28-4,20 (m, 2H (H2 Arg, H2
Lys)); 3,73 (mon, J = 5,8, 15,5, 24,6 I'u, 2H (H2 Gly)); 3,62 (c, 3H (OMe Asp)); 3,60 (¢, 3H (OMe
Asp)); 3,17 (ma, J =17,9, 20,4 T't, 2H (CH2 xap6opanun)); 3,09 (¢, 2H (CH2 kap6opanun)); 3,05-2,97
(M, 4H (H5 Arg, H6 Lys)); 2,96 (c, 2H (CH2 Pbf)); 2,78 (ax, J = 5,6, 10,9 I'u, 1H (H3-A Asp)); 2,71
(mm, J = 6,0, 10,5 I'u, 1H (H3-B Asp)); 2,7-1,5 (m, 20H (20BH)); 2,48 (¢, 3H (Me Pbf)); 2,42 (c, 3H
(Me Pbf)); 2,00 (c, 3H (Me Pbf)); 1,70-1,58 (m, 4H (H3 Arg, H3 Lys)); 1,54-1,43 (m, 4H (H4 Arg,
H5 Lys)); 1,41 (c, 6H (2Me Pbf)); 1,40-1,34 (m, 2H (H4 Lys)). Haiineno, %: C, 43,64; H, 6,89; N,
9,88. Brruncineno, %: C, 43,84; H, 7,00; B, 19,25; N, 9,97; O, 17,09; S, 2,85. MCBP (ESI-POS)
Boruncieno s Ca1H79B2oNgO12S [M+H]™: 1123,7540; naiineno: 1123,7545.



107

0 Mu-mpem-6yrunosniii  3¢pup (N Ne-mau(1,2-
HN)K/@ auKapo6a-k1030-noaekadopan-1-amern))-L-a1u3n-
o o \N))) o (N©-2,2,4,6,7-nenTaMmeTHJIAMrnpoden3opypan-5-
;\O?‘N\H/\H N "HJ\’@ cyabhonna)-L-aprunmi-ranmni-L -acnaparnnosoii
;roo ’ J\QLO kucaorel (59). K pactsopy 641,9 mr (0,903 mmons)
NH
ANH

SO, _ coequnenus 18, 464,7 mr (0,903 Mmmoi1b) coenunenus 57,

0 i 289,9 mr (0,903 mmoiss) TBTU B 15 M cyxoro CH2Cl;
nobasmsmm - 315 wmxn (1,806 wmmoms)  DIPEA.
Peakmmonnyro maccy nepememuBanu 20 4 npu +20 °C, ynmapuBanm, OCTaTOK odMIIaiv ierm-
xpomarorpadueit (xnopopopm—atanon, ot 100:0 mo 80:20). ITomyuamu 678,2 mr (62%) Genoro
noporika, T.ul. 151-152 °C. TCX (xnopodopm—atanon 20:1): R= 0,5 (nposiienue B napax o).
[a]o®® —0.7° (¢ 1,0, EtOH). B2XX (Phenomenex Luna C18(2); amneromutpun—Boma 1:1;
nerextupoBanue pu 220, 260 um): T= 27,8 mun. 'H SIMP (500 MI'u, JIMCO-d6), 6 (m.1.): 8,42 (x,
J=7,5Tu, 1H (NH Asp)); 8,26 (1, J = 7,8 ', IH (NH Arg)); 8,24-8,17 (m, 2H (N*H Lys, NH Gly));
8,12 (1, J = 5,8 T'u, 1H (N°H Lys)); 7,10-6,52 (yu ¢, 2H (N®H Arg)); 6,52-6,24 (ym ¢, 1H (N*H
Arg)); 5,11 (c, 1H (CH kap6opanmun)); 5,06 (c, IH (CH xapbopanmun)); 4,49 (ar, J = 6,5, 6,5 I'u, 1H
(H2 Asp)); 4,28-4,20 (m, 2H (H2 Arg, H2 Lys)); 3,73 (nna, J = 5,6, 14,6, 25,5 'y, 2H (H2 Gly));
3,19 (nn, J = 14,6, 25,4 T'n, 2H (CH2 kap6opanun)); 3,09 (¢, 2H (CH2 xapbopanmn)); 3,05-2,97 (m,
4H (H5 Arg, H6 Lys)); 2,96 (c, 2H (CH2 Pbf)); 2,63 (a1, J = 6,1, 16,2 I', 1H (H3-A Asp)); 2,54 (uux,
J=15,5,15,0Tu, 1H (H3-B Asp)); 2,7-1,5 (m, 20H (20BH)); 2,47 (c, 3H (Me Pbf)); 2,42 (¢, 3H (Me
Pbf)); 2,00 (¢, 3H (Me Pbf)); 1,72—1,57 (m, 4H (H3 Arg, H3 Lys)); 1,55-1,43 (m, 4H (H4 Arg, H5
Lys)); 1,41 (c, 6H (2Me Pbf)); 1,39 (¢, 9H (OtBu Asp)); 1,38 (¢, 9H (OtBu Asp)); 1,31-1,20 (m, 2H
(H4 Lys)). 13C AMP (125 MTI'n, IMCO-d6): 17,50 (c, 1C), 18,85 (c, 1C), 22,52 (c, 1C), 25,27 (c,
1C), 27,47 (3C), 27,61 (3C), 28,23 (3C), 29,28 (c, 1C), 30,59 (c, 1C), 31,40 (c, 1C), 37,19 (c, 1C),
38,56 (c, 1C), 41,50 (c, 1C), 41,78 (c, 1C), 42,16 (c, 1C), 42,44 (c, 1C), 49,16 (c, 1C), 52,07 (c, 1C),
52,62 (c, 1C), 61,11 (c, 1C), 61,15 (c, 1C), 71,28 (c, 1C), 71,41 (c, 1C), 80,41 (c, 1C), 80,97 (c, 1C),
86,19 (c, 1C), 116,18 (c, 1C), 124,22 (c, 1C), 131,38 (¢, 1C), 134,16 (c, 1C), 137,20 (c, 1C), 156,00
(c, 1C), 157,40 (c, 1C), 165,40 (c, 1C), 165,63 (c, 1C), 168,35 (c, 1C), 169,03 (c, 1C), 169,48 (c, 1C),
171,07 (c, 1C), 171,42 (c, 1C). 1B AMP (160 MI', AIMCO-d6): —3,15 (2B); —6,0 (2B); —9,0...—15,0
(ym ¢, 16B). Haiineno, %: C 46,59, H 7,50, N 9,01. Beraucieno, %: C 46,75, H 7,51, N 9,28. MCBP
(ESI-POS) Brruncieno ais CazHo1B2oNgO12S [M+H]*: 1207,8479; naiineno: 1207,8478.
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0 JMuoensunoBbiit 3¢up (N%N-au(l,2-1ukapoa-
Al K1030-101eKkadopaH-1-anernn))-L-mu3uia-(N®-HuTpo)-
(? o o \H)) ° L-apruHuwi-ramnui-L-acnaparuaoBoii kuciaorsl (60).
8?‘”%(\”*%’\'\0 /H)K@ K pactBopy 341,7 mr (0,427 mmons) coenusenus 19,
T 219,9 mr (0,427 mmoins) coenunenus 57, 137,1 mr (0,427
é HN,'K'NH mmoJb) TBTU B 15 mut cyxoro CH2Clo no6asmnsiu 94 M
NO, (0,855 wmmomp) DIPEA. PeakimoHHyl  Maccy
nepememmBany 20 4 mpu +20 °C. PeaknMoHHYI0 MacCy ymapuBaJld, OCTATOK OYWIIAIH (ierm-
xpomatorpadueii (xsmopodopm—tanon, ot 100:0 go 80:20). IMomyuanu 291,9 mr (64%) Genoro
nopomxka, T.m1. 113-115 °C. TCX (xnopodopm—stanon 9:1): R=0,7 (mpossnenue B mapax l2). [o]p?°
—-8,4° (c 1,0, EtOH). BOXX (Kromasil 100-5 C18; aneronutpui—Boaa 1:1; nerekTupoBaHue mpu
220, 260 am): t= 7,0 mun. 'H AMP (500 MI', IMCO-d6), 6 (m.x1.): 8,46 (n, J = 7,8 I'u, 1H (NH
Asp)); 8,40 (1, J = 7,7 T'u, 1H (NH Arg)); 8,21 (1,J = 5,6 ', IH (NH Gly)); 8,18-8,13 (m, 2H (N*H
Lys, N°H Lys)); 8,09-7,58 (yur ¢, 2H (N®H Arg)); 7,38-7,30 (M, 10H (20Bn Asp)); 7,08-6,80 (yu c,
1H (N“H Arg)); 5,12 (c, 1H (CH xap6opanun)); 5,09 (c, 2H (OBn Asp)); 5,07 (¢, 2H (OBn Asp));
5,06 (c, 1H (CH kap6opanwun)); 4,78 (ar, J = 7,1, 7,2 T'u, 1H (H2 Arg)); 4,23 (ar, J=7,4,6,9 ', 1H
(H2 Lys)); 3,75 (nan, J = 4,4, 17,0, 23,6 Ty, 2H (H2 Gly)); 3,19 (un, J = 14,5, 29,0 T'g, 2H (CH:
kapOopanun)); 3,09 (¢, 2H (CHz xapbopanwun)); 3,16-3,10 (M, 2H (H5 Arg)); 3,00 (ar, J = 6,1, 6,2
I'u, 1H (H6 Lys)); 2,90 (ax, J = 6,4, 16,8 I'u, 1H (H3-A Asp)); 2,80 (an, J = 6,8, 16,6 I'n, 1H (H3-
B Asp)); 2,7-1,5 (M, 20H (20BH)); 1,75-1,58 (m, 2H (H3 Arg)); 1,58-1,44 (M, 4H (H3 Lys, H4 Arg));
1,42-1,34 (m, 2H (H5 Lys)); 1,32-1,20 (M, 2H (H4 Lys)). 3C AMP (125 MTI'n, IMCO-d6): 22,58 (c,
1C), 24,54 (c, 1C), 28,27 (¢, 1C), 29,14 (c, 1C), 31,27 (c, 1C), 35,79 (c, 1C), 38,58 (c, 1C), 40,16 (c,
1C), 41,49 (c, 1C), 41,88 (c, 1C), 42,15 (c, 1C), 48,53 (c, 1C), 52,11 (c, 1C), 52,45 (c, 1C), 54,22 (c,
1C), 61,11 (c, 1C), 61,17 (c, 1C), 65,86 (c, 1C), 66,28 (c, 1C), 71,35 (c, 1C), 71,43 (c, 1C), 127,62
(c, 2C), 127,85 (c, 2C), 127,97 (c, 1C), 127,99 (c, 1C), 128,35 (4C), 135,61 (c, 1C), 135,74 (c, 1C),
165,39 (c, 1C), 165,54 (c, 1C), 168,65 (c, 1C), 169,68 (c, 1C), 170,23 (c, 1C), 171,18 (c, 1C), 171,48
(c, 10). B SIMP (160 MI'u, IMCO-d6): —3,14 (2B); —5,98 (2B); —9,0...—15,0 (ym c, 16B).
Hatineno, %: C 44,86, H 6,59, N 11,66. Boraucieno, %: C 44,97, H 6,51, N 11,80. MCBP (ESI-POS)
Berurciieno s CagH7oB20NgO11 [M+H]™: 1068,7196; naiineno: 1068,7220.
0 (N N#-Tu(1,2-nuxapoda-k1030-10aekadopan-1-
HN)K/@ aneTmn))-L-au3uin-L-apruanin-rammmn-L-
o o \N))) o acmaparmHoBasi Kuciaora tpudropanerar (61). PactBop
HO?‘N I N N I I/”)@ 467,5 mr (0,387 mmoan) coenuaenns 59 B 5 mur 95% TFA
BeIiepkuBaM 4 1 mpu +20 °C, 3aTteM ocaknand CyXuM

. ,/I\NH S Et20, ocamok nmpomeiBam cyxum EtO. IMomywamu 351,8 mr
2 3
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(95%) 6enoro nmopouika, T.1mi1. 160-162 °C. TCX (3ranon—Bona 9:1): Re= 0,55 (mposBieHue B mapax
l2). [a]p® +2,4° (¢ 1,0, EtOH). BDXX (Phenomenex Luna C18(2); aumeToHMTpUI—
Boma:TpudTopykcycuas kuciora 50:49,9:0,1; nerekruposanwue npu 220 um): T = 25,2 mun. 'H AMP
(500 MT't;, IMCO-d6), 6 (m.x.): 12,4-11,5 (yuu ¢, 2H (2COOH Asp)); 8,47 (1, J = 7,5 T'u, 1H (NH
Asp)); 8,29 (n, J = 8,1 ', 1H (NH Arg)); 8,31-8,15 (m, 3H (N*H Lys, NH Gly, N°H Lys)); 7,96-7,65
(ym ¢, 1H (N°H* Arg)); 7,41-6,68 (yu ¢, 4H (N®H* Arg)); 5,13 (¢, 1H (CH xap6opaunun)); 5,08 (c,
1H (CH kap6opaunun)); 4,74 (at, J = 6,7, 6,8 T'i, 1H (H2 Asp)); 4,30-4,20 (m, 2H (H2 Arg, H2 Lys));
3,79 (nn, J = 6,1, 16,9 I'y, 1H (H2-A Gly)); 3,68 (a1, J = 5,5, 17,2 T'n, 1H (H2-B Gly)); 3,25 (1, J =
14,7 T'u, 1H (CH-A kap6opanun)); 3,17 (x, J = 14,7 I'u, 1H (CH-B kap6opanmun)); 3,10 (¢, 2H (CH>
kapbopanun)); 3,09-2,97 (M, 4H (H5 Arg, H6 Lys)); 2,62 (zn, J = 5,9, 16,3 I'y, 1H (H3-A Asp));
2,57 (o, J =6,1, 16,6 'y, 1H (H3-B Asp)); 2,7-1,5 (m, 20H (20BH)); 1,67—-1,57 (m, 2H (H3 Arg));
1,58-1,44 (M, 4H (H3 Lys, H4 Arg)); 1,43-1,36 (M, 2H (H5 Lys)); 1,32-1,20 (m, 2H (H4 Lys)).1*C
SIMP (125 MTI'u, AMCO-d6): 22,52 (c, 1C), 24,77 (¢, 1C), 28,19 (¢, 1C), 29,19 (¢, 1C), 31,35 (c, 1C),
36,50 (c, 1C), 38,51 (c, 1C), 40,41 (c, 1C), 41,58 (c, 1C), 41,84 (c, 1C), 42,22 (c, 1C), 48,58 (c, 1C),
52,12 (c, 1C), 52,73 (c, 1C), 61,29 (c, 2C), 71,37 (c, 1C), 71,49 (c, 1C), 156,69 (c, 1C), 165,45 (c,
1C), 165,68 (c, 1C), 168,27 (c, 1C), 171,20 (c, 1C), 171,42 (c, 1C), 171,88 (c, 1C), 172,34 (c, 1C).
1B AMP (160 MI'u, IMCO-d6): —3,15 (2B); —6,03 (2B); —9,0...—15,0 (yw ¢, 16B). Haiineno, %:
C, 34,98; H, 6,38; N, 11,57. Beruucneno, %: C, 35,14; H, 6,21; N, 11,71. MCBP (ESI-POS)
Boruncieno s CosHsgB2oNsOg [M+H]': 843,6406; naiineno: 843,6403.

0 (N N&-Tu(1,2-nukapo6a-ki1030-noaekadopan-1-
HN)K@ anerun))-L-au3uin-L-aprusna-rammmn-L-

o o . \’H)) o acnaparuHoBasi Kucjiora ruapoxiaopuna (62). K pactsopy
:gjj‘“ I HJ\%N\O '/H/k/@ 387 mr (0,362 mMmons) coeauuenus 60 B 20 mn EtOH,
no6asuu 38,7 mr karanusatopa Pd/C 10% (10 mac.%), 55

mkn koHi. HCI (0,543 mmorp) mepememuBanu 10 4 npu
temneparype +20 °C u naBnenuu 15 bap B atmochepe Ho.
Peakimonnyto Maccy ymapuBaiivd, OCTaTOK ouuiianu (iemi-xpomartorpaduein (3TaHOI—BOAA, OT
100:0 o 50:50). [Momywanu 188,3 mr (59%) 6enoro moporika, T.1mi. 177-179 °C. TCX (3raHon—Boaa
9:1): Rf=0,55 (mpossnenue B mapax I2). [a]o?’ +1° (¢ 1,0, EtOH). BOXX (Phenomenex Luna C18(2);
aNeTOHUTPHI—BO1a—TpUpTOpyKCycHas kuciora 50:49,9:0,1; nerekrupoBanue npu 220 HM): T= 25,3
muH. 'H SIMP (500 MI'y, AMCO-d6), 6 (m.1.): 12,4-11,5 (yu ¢, 2H (2COOH Asp)); 8,48 (1, = 7,6
I'm, 1H (NH Asp)); 8,28 (1, J = 8,0 I';, 1H (NH Arg)); 8,31-8,15 (M, 3H (N°H Lys, NH Gly, N°*H
Lys)); 7,96-7,65 (ym ¢, 1H (N°H* Arg)); 7,41-6,67 (ym ¢, 4H (N°H* Arg)); 5,12 (¢, 1H (CH
kapoopanwun)); 5,07 (¢, 1H (CH xap6opanwun)); 4,73 (ar, J = 6,7, 6,9 I'u, 1H (H2 Asp)); 4,30-4,20 (m,
2H (H2 Arg, H2 Lys)); 3,79 (ax, J = 6,2, 17,0 I'u, 1H (H2-A Gly)); 3,68 (nn, J =5,9, 17,2 T'n, 1H
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(H2-B Gly)); 3,25 (a, J = 14,5 I'u, 1H (CH-A kap6opauwun)); 3,17 (n, J = 14,6 T'u, 1H (CH-B
kapOopanun)); 3,10 (¢, 2H (CH2 xap6opanwun)); 3,10-2,97 (m, 4H (H5 Arg, H6 Lys)); 2,62 (a1, J =
6,0, 16,1 ', 1H (H3-A Asp)); 2,57 (an, J = 6,1, 16,2 T', 1H (H3-B Asp)); 2,7-1,5 (m, 20H (20BH));
1,79-1,70 (m, 1H (H3-A Arg)); 1,66-1,58 (m, 1H (H3-B Arg)); 1,57-1,44 (m, 4H (H3 Lys, H4 Arg));
1,43-1,36 (v, 2H (H5 Lys)); 1,32-1,20 (m, 2H (H4 Lys)). 3C AMP (125 MI'n, IMCO-d6): 23,03 (c,
1C), 25,28 (c, 1C), 28,68 (c, 1C), 30,26 (c, 1C), 31,73 (c, 1C), 34,96 (c, 1C), 37,93 (c, 1C), 40,97 (c,
1C), 42,31 (c, 1C), 42,53 (c, 1C), 42,63 (c, 1C), 49,49 (ym c, 1C), 52,62 (c, 1C), 53,17 (c, 1C), 61,89
(c, 2C), 71,99 (c, 1C), 72,13 (c, 1C), 157,63 (c, 1C), 165,98 (c, 1C), 166,14 (c, 1C), 168,42 (c, 1C),
170,08 (c, 1C), 171,72 (c, 1C), 172,26 (c, 1C), 174,15 (c, 1C). 1'B SAMP (193 MI'u, AMCO-d6):
-3,01 (2B); —5,94 (2B); —9,0...—15,0 (ym ¢, 16B). Haiineno, %: C, 35,14; H, 7,02; N, 11,95.
Beruucneno, %: C, 35,51; H, 6,76; N, 12,74. MCBP (ESI-POS) Bbrunciieno anst CosHs9B2oNgOg
[M+H]*: 843,6406; naiineno: 843,6402.

(N Né&-Tu(1,2-quxapoa-nudo-

HN)J\/@ yHjaekadopan-1l-ameruin))-L-ymm3un-L-aprunun-
) MIMOMI-L-acnaparuHoBoil KHCJIOTHI Le3ueBast
" § NO ¥ " i H‘_I coab (63). PacrBop 2054 wmr (0,215 mmoub)
Hojjj‘ 0 Hk&o HJ\@ coequnenus 61, 195,6 mr (1,288 mmons) CsF B 15

NH min EtOH kunsatwm B TeweHunm 15 9. 3arem

PEAKIIMOHHYIO MAacCy NIepEMEIINBAIN C KATHOHUTOM
Amberlite IRC-120 B Tteuenne 10 u mpu Ttemmeparype +20 °C. MOHOOOMEHHYIO CMOIY
0T(hUABTPOBBIBANIY, PUIBTPAT OUHIIAIHN (iaen-xpomarorpadueit (xaopodopm—atanorn, ot 100:0 no
0:100). IMomygamu 136,9 mr (78%) Gemoro mopomka, T.11. 179-181 °C. TCX (3TaHON—yKCyCcHAS
kuciora 40:1): Ri= 0,7 (mpossnenne B mapax l2). [a]o?® —2° (¢ 1,0, EtOH). B2XX (Phenomenex
Luna C18(2); aneronutpui—Boaa—tpudTopykcycHas kuciora 50:49,9:0,1; meTekTupoBaHue MpH
210, 220 um): T = 6,4 muH (quacrepeomep 1), 6,6 mun (auacrepeomep 2). 'H AMP (500 MI', IMCO-
d6, cmech quactepeomepo), 6 (m.1.): 8,26-7,93 (M, 3H (N*H Lys, NH Asp, NH Arg)); 7,57-7,36 (m,
1H (N®H Arg, NH Gly, N°H Lys)); 7,34-6,52 (yu ¢, 7H (N®H* Arg, 2COOH Asp, H* kapGopanmui));
4,54 (nr, J = 6,5, 6,5 T'u, 1H (H2 Asp amuactepeomep 1)); 4,53 (ar, J = 6,5, 6,5 T'u, 1H (H2 Asp
auactepeomep 2)); 4,32-4,16 (m, 2H (H2 Arg, H2 Lys)); 3,84-3,66 (M, 2H (H2 Gly)); 3,15-3,08 (M,
2H (H5 Arg)); 3,04-2,96 (M, 2H (H6 Lys)); 2,71-2,63 (m, 1H (H3-A Asp)); 2,62-2,53 (M, 1H (H3-B
Asp)); 2,5-0,5 (m, 18H (18BH)); 2,46-2,36 (m, 2H (CH2 xap6opanmun)); 2,19-2,02 (m, 2H (CH2
kapOopanun)); 1,84 (c, I1H (CH xap6opanun)); 1,85 (¢, I1H (CH kapbopanwin)); 1,81-1,70 (M, 1H
(H3-A Arg)); 1,68-1,60 (m, 1H (H3-B Arg)); 1,59-1,45 (m, 4H (H3 Lys, H4 Arg)); 1,43-1,34 (m, 2H
(H5 Lys)); 1,34-1,24 (v, 2H (H4 Lys)); —2,45...-2,97 (ym ¢, 2H (2BHB)). 3C AMP (125 MIn,
JIMCO-d6, cmecs muactepeomepoB): 23,07 u 23,12 (1C), 23,24 u 23,27 (1C), 25,34 (c, 1C), 25,50 u
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25,54 (1C), 29,36-29,53 (M, 2C), 32,05 u 32,25 (1C), 36,48 u 36,52 (1C), 38,91 (c, 1C), 40,85 (c,
1C), 42,03 u 42,13 (1C), 45,73 (c, 1C), 46,68 (yu c, 2C), 48,95 u 48,99 (1C), 52,46 u 52,61 (1C),
52,99 u 53,01 u 53,14 u 53,29 (1C), 55,25 (yui ¢, 2C), 157,06 (c, 1C), 168,96 u 169,00 (1C), 171,63
u 171,68 (1C), 171,82 171,92 (1C), 172,09 (c, 1C), 172,40 u 172,52 (1C), 172,71 (c, 1C). 'B AMP
(193 MTI', AIMCO-d6, cmech quactepeomepon): — 10,45 (4B), — 14,09 (2B), — 16,97 (2B), — 17,68
(2B),— 18,50 (2B), — 21,74 (2B), — 33,00 (2B), — 38,63 (2B). Haiineno, %: C 32,43, H 6,61, N 11,20,
B 20,23. Brerancneno gaa CosHseB1sCsNsOgxH20, %: C 32,09, H 6,32, N 11,51, B 19,99. MCBP
(ESI-POS) Beruncieno s CasHs1B1sNsOg [M?+3H*]*: 824,6340; naiineno: 824,6334.

o o MHUY Ha ocuoBe Fe3Os (64). K pacrBopy 600,4 mr (2,16 mmoiib)
HO on FeS0sx7H20 u 1167,4 mr (4,32 mmoibs) FeClzx6H20 B 50 mir menoHH30BaHHOM
HO @ OH BOABI goOaBisu 5 M 25%-aoro BogHoro pactBopa NH4OH, nepemermmBanu 10
HO  OH muH npu 40 °C u conudukamuu (35 xI'm, 100 Br). 3arem ocaxnamu MHUY Ha
nocrositaoM Nd-Fe-B  marnute, mpombIBaiM JEMOHM30BAHHOW BOAOH 10 HeiTpambHOro pH.

CycnenaupoBalii B JEMOHW30BaHHOU Boje, moiydanu 50 M kosutonaHoro pactBopa MHY 64 ¢

KoHIeHTpanueit 10,6 mr/mi.

o\?H/\/\ MHUY Ha ocnoBe Fe3O4, pynkuuonanauzupoBannbie APS (65). K
Si NH
)o/\ kosutonaHomy pactBopy 350,9 mr (1,516 mmons) MHY 64 B 90 ma 70%
N -Si 0
0" H/\/\NHZ sTa”ona godasisu pactBop 185 Mk (1,053 mmons) APTMS B 10 Mt 95%

stanona (u3 pacyera 3 mmoiabr APTMS na 1 r MHY), 3aTem mpukamnbBaiu
1,8 mn 25%-noro BogHoro pactBopa NH4OH B Teuenue 10 mun npu 40 °C, nepeMerivBaHuu u
conu¢ukanuu (35 xI', 100 Bt). Peakunonnyto maccy nepemermbainu 4 4 npu 40 °C u emte 16 4 npu
20 °C. MHY ocaxnganmu Ha mnoctosuHoM Nd-Fe-B wmarnute, mpombiBanmu staHonoM 2x30 mi,
JNenoHu30BaHHOU BojoM 3%30 mur. CycneHaupoBaiud B JACMOHM30BAHHOW Boje, momydanu 41 mo

kosmouaHoro pactsopa MHUY 65 ¢ konuentpanueit 9,45 mr/mu.

OH Q Q Ho$ Ho ¢ MHY Ha  ocHoBe Fe3Oq,
o

\Sli/\/\N)l\/\/u\N/\n/N/’ N/\n’N/' O/

d H H o H o o_ PyHKUHMOHAIM3HPOBAHHbIE APS "
\

Si ° nentugom 29 (66). K kommoumgHOMY
07

RS

NH,

pactBopy 60 mr MHY 65 B 10 mu cyxoro

alleTOHUTpUIIa J100aBisid pactBop 3,7 Mr
(1,1 mmois) TBTU, 10,1 mr (1,1 mmons) coequraenns 29, 4 mxi (1,1 mmons) DIPEA B 10 Mt cyxoro
areToHUTpmUiIa, oopadaTeiBay yiabTpa3BykoM (35 kI, 100 Bt) B Teuenne 10 MuH, nepeMemnBain
18 u nmpu 20 °C. 3arem ocaxnamu MHY na mocrossunom Nd-Fe-B marnute, mpombiBaiu
aneToHUTpuiIoM 2x10 My, nenoHn3zoBaHHON Bojoi 2x10 M. CycneHaupoBaiu B 1€MOHU30BaHHON

BOJIE, mosrydanu 15 mi xoyutonaHoro pactBopa MHY 66 ¢ konnenTpanueit 4,4 mr/mi.
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o OH o 0 o0 H 0 MHY na  ocHoBe  FesO,
Na NN J]\/\/u\ Ny, N/, e

Si N N N O
) / H HooQ H/\[C])/ ¢O\ ¢pyHkunonaausupoBanisle  APS  m

0
o /\ziH’\/\ N 0o riayrapui-GRGD-nentuaom 67).
NHz HNJ\NHZ*CE@,COOH Komnounnerit pactBop 49,5 mr MHY 66 B 5

mia1 TFA-H2O (95:5) obOpabateiBanmu ynbTpa3BykoM (35 kl'm, 100 Bt) B Teuenue 10 mMuH u
nepemermuBanu erte 20 mun npu 20 °C. 3arem ocaxaaaun MHY Ha nocrossunom Nd-Fe-B maruure,

npoMbIBalid MeTaHoJioM 3x5 mi. Komnounnsiit pactBop ynapuBanu, cyurwid. [lonyvanu 33,6 mr

yepHoro nmopomka MHY 67.
OH_ ;/l(z MHUY Ha ocHoBe Fe3Os, cradmamsupoBannbie PMIDA (68). K
0. JOH
) ,H83F’\/N o KoyutonHoMy pactBopy 485 wmr (2,09 mmons) MHY 64 B 75 wmn
“OH o

OH  JICHOHM30BaHHON Bombl noOaBisim pactBop 0,357 mr (1,57 mmonb)
PMIDAxH20 B 75 mn nenoHH30BaHHON BOAbI, 00pabaTsiBanu yiabTpa3BykoMm (35 kI, 100 Bt) B
teyenue 20 muH, nepememuBanu 4 4 npu 40 °C u eme 16 u mpu 20 °C. 3atem ocaxaanu MHY na
neaTpudyre (30000 g, 20 MuH), TPOMBIBAIIN JCHOHN30BaHHOUW Bo10M 3%50 M. CycrieHaupoBain B

JIEMOHU30BAHHOHM Boje, monydanu 67 il koiuiougHoro pactBopa MHY 68 ¢ xonmenrpamnueit 7,8

MT/MIL
OH OH MHY wna ocnoBe Fe3Os, mnokpbITHIE
| ~d o
OHO~g; si-OH oH OH e
HOLJ ~© Od-OH (| KILOH 06os10ukoii SiO2 (69-71) u MHY Ha ocHoBe Fe30a,
\ / \/P\/N
"o P o on -3 J\ CcTa0M/IU3UPOBAHHbIE PMIDA, NOKPbITHIE
I, L __si~ H 0% on _
TS o o6oaoukoii SiO2 (72-74) (o6mas meroamka). K

HO’Sli\ /Sl’i‘OH
OH OH KoyougHoMy pactBopy 450 mr MHY 65 unu 68 B

150 mi1 70% atanona nodasisutu pactBop TMOS B 10 M1 95% 3Tanomna, B3ITOr0 B MOJIBHOM U30BITKE
1.5, 3.0, 5.0 (650, 1300, 2170 M1 cooTBEeTCTBEHHO) B pacuetre Ha Fe304. 3areM mpukansBaiv 5 Mit
25%-noro BojgHOoro pactBopa NH4OH B Teuenme 20 mun npu 40 °C, nepememnBaHUU U
conu¢ukanuu (35 xI', 100 Bt). Peakunonnyto maccy nepemerBanu 4 4 npu 40 °C u eme 16 4 npu
20°C. MHY ocaxmanu Ha nentpudyre (40000 g, 30 MuH), MpOMBIBAIIN JEMOHU30BaHHON BOI0H 3X60
wi1. CycrieHAMpOBaU B JICMOHU30BAHHOM BOJIE, MOyYaid KOJUTOMIHbII pactBop MHY (69-74).

?H OH MHY Hna ocHoBe Fe3Os4, moKpbITHIE
OHHO~g;” \Sli/OH OH

| O o i i

o 0—Si ~izo on o0osioukoii  SiO2, (GyHKIMOHAIU3NPOBAHHBIE

N/ \ / \/

s 0 o SN\, APS (75-77) m MHY ma ocmose FesOx,

/

2/ X > ! crabunusupoBannsie  PMIDA, mnokpbiTbie
NH, OH OH o' N O obosoukoii SiO2, (pyHKIMOHA-TM3MPOBAHHBIE
APS (78-80) (o6mast meTonuka). K xoyionHomMy

pactBopy 450 mr MHY 69-71 wu 72-74 B 150 mut

70% stanona nodasisumm pacTBop 235 Mk (1,335 mmons) APTMS B 20 Mt 95% stanona (13 pacuera
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3 mmonb APTMS na 1 r MHY). 3arem nmpukansiBanu 5 miu 25%-1oro BogHoro pactsopa NH4sOH B
teuenue 20 muH npu 40 °C, nepememmBanuu u conundukanuu (35 xl'n, 100 Br). Peaknuonnyto
maccy nepemermBai 4 4 nipu 40 °C u eme 16 1 mpu 20 °C. MHY ocaxganu Ha TOCTOSSHHOM
MarHuTe, MPOMBIBAIIN J€MOHU30BaHHOU BOJI0HM 3%60 Mi1. CycrieHIupOoBaJId B IEMOHU30BAHHOM BOJIE,
HoJIyYaiu Kojutouaasiid pacteop MHY (75-80).

MHUY Ha ocHoBe Fe304, nokpoiThie 000104Kk0ii SiO2, 3arpy;kennnie DoX (81-92) (o6mas
Metoauka). K xommonmnomy pacreopy 100 mr MHY 81-92 B 50 mi 1erMOHM30BaHHOM BOJIBI
no6asisua pactBop 100 mr Dox B 50 M1 1eMOHM30BaHHOM BOJIBI, 00padaThIBalIN yIbTPa3ByKoM (35
k[, 100 Bt) B Teuenne 10 mun, nepememmBanu 24 1 npu 20 °C. MHY ocaxxnanu Ha neHTpudyre
(20000 g, 30 muH), mpombiBau 20 MIT IeHOHU30BaHHOM BOIbI. CyCIICHMPOBAIH B ICHOHU30BAaHHOM
BOJIC, TIOJTy4aJid KoJutouIHbIi pactBop MHY (81-92).

HO o} o} o A
MHY na ocunose Fe3Os, mokpoiThIe 000104uK0H SIO2,

?H /\Si\/\/\NJ\/\[O/\JXOH ’ P

\sroo <|3 % ¢yukuuonaauzupoBannnsie APS, PEG (94a-B) (o0umas

SSi—0  on
o< }3'/\/\/ Nt metoauka). K xommonaaomy pactsopy 100 mr MHY 75 B 20 mn
oS0 cyxoro ameroHuTpwiaa gobasmsuin 10 mur pactsopa PEG 93,
~~oH on

o B3STOr0 B MaccoBoM cootHomennn PEG k MHY 1:2 (94a), 1:10
(946), 1:50 (94B), B cyxoM arieToHUTpHUIIE, 00padaThiBaiu yiabTpa3BykoM (35 k', 100 Br) B TeucHue
10 muH, nepemenmBanu 24 1 npu 20 °C. MHY ocaxnanu wa nentpudyre (30000 g, 10 mun),
MPOMBIBAJIM JIEMOHU30BaHHOW BojoM 3%20 mi. CycrneHaupoBaii B JCHMOHM30BAaHHOW BOJIE,
HoJTy4asu KoJuouaHbi pactsop MHY (94a-B).

MHUY na ocHoBe Fe304, mnokpeiThie 060J10uK0ii SiO2, pyHKknHOHAIM3UPOBaHHBIE APS,
PEG, 3arpy:xennsie DoXx (95a-B) (o0mas meronuka). K xomtonmgnomy pacrsopy 50 mr MHY
(94a-B) B 50 mMn docdarrnoro O6ydepa 1% (pH 7,4) mobaBnsimm pactBop 50 mr Dox B 50 mu
docdartroro Oydepa 1% (pH 7,4), odpabateiBanu yaprpazsykom (35 k', 100 Br) B Teuenue 10
muH, nepememuBany 30 muH npu 50 °C u eme 20 y npu 20 °C. MHY ocaxxnanu Ha nieHTpudyre
(25000 g, 10 mun), mpombiBaiu 20 MIT IeHOHU30BaHHOM BOIbI. CyCIIEHMPOBAIH B ICHOHU30BAaHHOM

BOJIC, TIOJTy4aJId KOJUTOUAHBINA pactBop MHY (95a-B).

O-(2-amuHO-(3-3TOKCHUCHITMITIPONWICYKIUHII))-O'-

o)
NP o OH
Lo >si N (2-xapooxkcudyTHI) MO THIEHTIIHKOIb (97). K pactBopy 100
HOJs
)

42-50 o

mr (0,033 mmonb) coemunenust 41 B 3 mu cyxoro JIMCO-d6
no6asistn 92 Mk (0,333 Mmoits) coeaunenus 96, mepemeruBainu, BeiaepxkuBaau 1 1 mpu 20 °C.
[TomydeHHBIN MPOAYKT O3 BBIACIEHUS MCIONB30BaIH B AanbHelmem cuarese. 'H AMP (500 MI'h,
JAMCO-d6) (s 41 u 96 B3ATHIX 3KBUMOJISIPHO), O (M.1.): 12,5-11,8 (ym ¢, IH (COOH PEG)); 8,0—
7,7 (ym ¢, 1H (COOH cunan)); 6,3-5,5 (ym ¢, 1H (NH)); 3,74 (x, J = 7,1 ', 6H (3CH2 OE)); 3,56—
3,45 (M, 190H (PEG)); 3,26-3,16 (m, 1H (H4 cuman)); 3,02 (am, J = 9.9, 18,3 T, 1H (H5-A crman)):;
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2,97 (ar,J =5,5,5,5 T, 2H (N-CH2 PEG)); 2,71 (ax, J = 6,6, 18,2 T'i, 1H (H5-B cunan)); 2,44 (T,
J=6,4 ', 2H (CO-CH2 PEG)); 1,82-1,72 (m, 1H (H3-A cunan)); 1,65-1,56 (m, 1H (H3-B cuan));
1,43-1,34 (m, 2H (H2 cunan)); 1,15 (1, J = 7,0 I'u, 9H (3CH3 OEt)); 0,63-0,50 (m, 2H (H1 cunan)).

MHY Hna ocnHoBe Fe304, mokpsbiTbie 000J109KO0¥

HO o
o s N/\,{Ov%(OH SiO2, ¢ynxumonammzuposannbie SAPS, PEG (98a-B)
~d._o” H
i o\c|) OH 50 O (o6mas meToauka). K xomtougaomy pacteopy 50 mr MHY 69
O\S-_O/Si on B 10 Mt cyxoro aneronutpuia nodasnsuiu 3 mit pacteopa PEG
o~ (l)IH 97, B3sToro B maccoBoM cooTHomeHun PEG x MHY 1:0,5
~Si~oH
o (98a), 1:5 (986), 1:50 (98B), B cyxom JMCO-d6,

obpabareiBasin yneTpa3BykoMm (35 kI, 100 Bt) B Teuenue 10 mun, nepememuBanu 4 4 npu 40 °C u
eme 16 g nmpu 20 °C. MHY ocaxnanu Ha uentpudyre (40000 g, 20 MHH), TPOMBIBAIH
nenoHn3oBaHHOM Bomoit 3x10 wmn. CycneHaupoBanu B JEHMOHHW30BAaHHOW BOJE, MOIyYalld
KoJIouAHbIH pactBop MHU (98a-B).

MHUY Ha ocHoBe Fe304, mokpbiThie 000J104K0i SiO2, pyHkiuoHamm3upoBantbie SAPS,
PEG, 3arpy:xennnie Dox (99a-B) (o6mas meToguka). K xommtongaomy pacteopy 20 mr MHY 98a-
B B 10 M1 nemonn3oBanHOM BOJbI 100aBisin pactBop 20 mr DoX B 10 M1 1eMOHU30BaHHOW BOJIHI,
oOpabateiBaniu ynbrpa3BykoMm (35 kI, 100 Bt) B Teuenue 10 mun, nepememuBanu 24 1 mpu 20 °C.
MHUY ocaxnanu Ha nentpugyre (340000 g, 20 mun), npomsiBanu 10 M1 1€MOHU30BAHHON BOJIBI.
CycrieHIUpoBajy B ICMOHM30BaHHOM BOJIE, MOJTy4aId KojutouubIi pacteop MHY (99a-B).

MHY HA OCHOBE FesOa,
cradumsupoBanibie PMIDA, nokpbiTbie
00oJioukoii  SiO2, (GYHKIHOHAIM3UPOBAHHBIE
APS, Cyanine5 (101). K komtongHOMy pacTBOpYy

400 mr MHY 78 B 100 M1 ameToHUTpHIIA
nobasnsui 3 mr (4,5 MKMOJIB) COEIMHEHUS
100 (u3 pacuera 0,75 mac.%), oOpabaTeBaH

o
\
o N
To& V‘}ﬂj\/\/\/ I yasrpassykom (35 kI, 100 Br) B Teuenue 10

MuH, nepememuBany 4 4 npu 20 °C. MHY

ocaxaanu Ha eatpudyre (10000 g, 15 mun),

MIPOMBIBAJIN AI[ETOHUTPUIIOM 710 OeciiBeTHOTO (yrara. CyCneHANPOBaIN B AllETOHUTPHUIIE, TTOTYJaId
50 mut kosumonaHOTO pactBopa MHY 101¢ koHIeHTpanuein 8 Mr/mit.

MHUY na ocuoBe FesOu, cTadnauzupoannsie PMIDA, nokpoiTeie 00010uKkoii SiO2,

¢pynxkuuonaausupoBannsie APS, Cyanine5, PEG (103). K xommonaaomy pacteopy 250 mr MHY

101 B 75 mn ameronuTpuia mobaBisui pactBop 10 mr (5 mxmons) coenumnenust 102 B 10 mu

areroHuTpmia (u3 pacyera 4 mac.%), oopadareiBanu ynbprpasBykom (35 kI, 100 Bt) B Teuenue 10
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MuH, nepemenuBany 4 1 pu 20 °C. MHY ocaxxnanu Ha neatpudyre (10000 g, 15 muH), mpoMbIBaIn
IPOMBIBAJIM JIEMOHMU30BaHHOM Bojmoi 2x15 miu. CycneHaupoBaid B JIE€MOHU30BAaHHOW BOJE,
nonydanu 50 M xosmougHoro pactBopa MHY 103 ¢ koHneHTparmeit 5,1 mr/mir.

@\ MHY Ha OCHOBE
HO - oMo,

i H Fe3Os, cTaOMIM3MPOBAHHBIE
cl)H /Sl/\/\H,CyanlnGS O§(\N ’ p
Na

Si 0 o PMIDA, NOKPBITHIE

Sl

NH HN o :
o SI/\/\NJK/{\ ;:,/ 000J1049K0ii SiO,
62 70 o)

\O/S' (GyHKUMOHAIN3MPOBAHHBIE
/i';w on HZN—<NH APS, Cyanineb, PEG,
NH c(RGDfC) (205). K
kosutonaHoMy pactopy 30 mr MHY 103 B 15 M1 IenOHU30BaHHOM BOJIBI 100aBIIsLTH pacTBop 0,6 MT
(1 mxmons) coenuuenust 104 B 1 mn IMCO (u3 pacuera 2 mac.%), o6pabaTbiBain yabTpa3BykoMm (35
k[, 100 Br) B Teuenne 10 mun, nepememmBanu 20 4 npu 20 °C. MHY ocaxnanu Ha ueHTpudyre
(15000 g, 15 muH), IPOMBIBAIA MPOMBIBAIH JICHOHU30BaHHON BOI0M 2% 15 M. CycneHaupoBaiu B
JIEMOHU30BAaHHOHM Boje, monydanu 4 mi komutouaHoro pacrsopa MHY 105 ¢ xonmentpanmei 7,5
MT/MIL
JAu-mpem-0yTUII0BbIN dpup O-(2-

3( frb/ T]/\NJ\HN V%r yTHIKApoOHMI-(N®-2,2,4,6,7-neHTaMe THIIUTHAPO-
N

oenzodypan-5-cyabdonmnn)-L-apruHuir-riaumui-L -
SO, A

acnaparuHoBOM KHCI0ThI)-0'-(2-Kkap6oKCHITHII)-
H

° noamTHIeHrInkoab (106). K pacrsopy 100 mr (0,076
mmoie) PEG 93 B 10 mur cyxoro xisopucroro metwieHa nobasmsum 54,1 mr (0,076 Mmoiib)
coequnaenus 18, nepememmBanu u BeiaepxuBany 20 4 mpu 20 °C. PeakinoHHYIO Maccy yrnapuBaii,
ocTaToK ouuianu ¢iem-xpomarorpadueit (xmopopopm—atanon, ot 100:0 go 50:50). ITomyuanu
139,5 mr (96%) 6enoro mopomka. BIXX (Kromasil 100-5 C18; ameronurpui—Boma 60:40;
nerexkrupoBanue mpu 220, 260 um): T= 4,6 mun. 'H AMP (500 MI'u, IMCO-d6), 6 (m.a.): 11,1-10,0
(ym ¢, 1H (COOH)), 8,19 (1, J = 5,9 'y, 1H (NH Gly)), 8,14-8,06 (m, 2H (NH Asp, NH Arg)), 4,49
(ar, J = 6,4, 6,8 T'u, 1H (H2 Asp)), 4,20 (ar, J = 7,1, 6,8 I', 1H (H2 Arg)), 3,70 (1, J =5,9 ', 2H
(H2 Gly)), 3,60 (1, J = 6,3 I'u, 2H (N-CO-CH2 PEG)), 3,54-3,46 (m, 104H (PEG)), 3,02 (a1, J = 6,4,
6,3 I'u, 2H (H5 Arg)), 2,96 (c, 2H (CH2 Pbf)), 2,64 (an, J = 6,4, 16,3 I'u, 2H (H3-A Asp)), 2,54 (1,
J=6,9, 16,5 I'u, 2H (H3-B Asp)), 2,48 (c, 3H (Me Pbf)), 2,44 (1, J = 6,5 I'u, 2H (CO-CH. PEG)),
2,42 (c, 3H (Me Pbf)), 2,01 (c, 3H (Me Pbf)), 1,68-1,59 (m, 2H (H3 Arg)), 1,54-1,44 (m, 2H (H4
Arg)), 1,41 (c, 6H (2Me Pbf)), 1,39 (¢, 9H (OtBu Asp)), 1,38 (c, 9H (OtBu Asp)). MCBP (ESI-POS)
soruncieno s CgzH150Ns037S [M+H]™: 1912,0460; naiineno: 1912,0444.
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OH 0 0 MHY FesO
. H H Ha ocHoBe Fe3Os, moKpbITHIE
CI)H /SK\/\/N\[‘/\»{OM%‘/N\)I\N/\H/H\)]\OJT ’ P
\sroo\cl) o 20 = H g i\n/o 0001049KOi1 SiO2,
Si—0 J/
/o A\ HN 0 ¢yuxkunonanusupoannsie APS, PEG,
O\ /SI\/\/NHZ 2\ SO,
oSO HNZ N nentugom 18 (107) m MHY Ha ocHoBe
OH o
Si~
“] o FesOs, crabuausupoBanubie PMIDA,

OH
NOKPBITHIE 00010uKoii SiO2, ¢pynkuuonamusuposannsie APS, PEG, mentumom 18 (108)

(odmasi meroguka). K xommoumnomy pactopy 80 mr MHY (75 wmm 78) B 14 mu cyxoro
areToHuTpuiIa 1o6asisum pactsop 3,2 mr (8,4 mxmons) HBTU, 16 mr (8,4 mxmons) PEG-RGD, 10
MKJI (59 Mxmoib) DIPEA B 2 mut cyxoro aneToHuTpuiia, oopadaTeiBasi yiabTpa3BykoM (35 k', 100
Br) B Teuenune 10 mun, nepememmBanu 20 4 npu 20 °C. MHY ocaxnanu Ha nearpudyre (25000 g,
15 MuH), npoMmblBaIM TNPOMBIBAIM JeHOHM30BaHHOW Boaoi 3x5 wmi. CycneHaupoBaau B
JEMOHU30BaHHOM Boje, moimyyanu no 10 mn komtouansix pactBopoB MHY 107 u 108 c

KOHIICHTpanuen 8,8 Mr/mi.

OH H H © y © MHUY Ha ocHoBe Fe30s, moOKpbITHIE
o /Si\/\/N\[(\,{,O\/i\’(N\)]\N/\H/N\)Ion
~dd' Z H = 000.10uK0ii SiO,
% 0 e 0 \n/OH
Nai_
SO oH HNJ/ 0 ¢ynxunonanusuposannsie  APS, PEG,
O\ /Si\/\/NHZ )\
P HNZ “NH, RGD (109) » MHY Ha ocHoBe Fe30a,
, OH
/Sl"OH cradunusupoBannsie PMIDA, nokpsiThie
OH i
000J104K0i1 SiOg,

¢pynkuunonamusuposannbie APS, PEG, RGD (110) (o6mas metoguka). Komnouansrit pactsop 20
mr MHY (107 wu 108) 8 5 Mt TFA-H20 (95:5) ob6pabatsiBanu yabTpassykom (35 kI, 100 Bt) B
tederne 10 muH, mepememuBamu 3 4 npu 20 °C. MHY ocaxnanu Ha MOCTOSHHOM MarHUTE,
IIPOMBIBAJIN AEMOHU30BaHHOM BOA0M 3%5 mil. CycrnieHIMpoBaiiu B IEMOHU30BAHHOM BOJIE, MOTyYaln

no 3 mi kosmougHbIX pactBopoB MHY 109 u 110 ¢ koH1eHTpanueit 4 Mr/mi.

on O 5 \)OL H \)Oj\ MHY Ha ocnoBe Fe3Os, mokpbIThbIE
S'\\/\/N\[(\,{O\/%( Y N/\n/N " “OH
= H =
| 0 el o)

/ o
\slroo o) 2 ou 000g0ukoi SiO2, pyHKIMOHAINZMPOBAHHBIE
N
Si—0 J/ ;
/ A\PH N ©  APS, Cyanine5, PEG, RGD (111) » MHY na
O\ /Si\/\/NHZ )\
o0 HN™ "NH, ocHoBe Fe304, cradbuamzupoBanubie PMIDA,
; (0]
~Si~ol_/ H i i
~si MOKPBIThIE 000J104K0i1 SiO2,
(l)H HSOII\/\/N‘Cyanines p

¢pynkuuonaamsupoannbsie APS, Cyanine5,
PEG, RGD (112) (o6mas meroauka). K xommmongaomy pacteopy 20 mr MHY 109 wmm 110 B 5 Mot
cyxoro aneronutpuia nob6asnsumm pactsop 0,15 mr (0,22 mxmons) coequrenust 100 B 2 mit cyxoro
arieroHuTpuia (u3 pacuera 0,75 mac.%), obpabarbsiBanu yabTpazsykoMm (35 k', 100 Bt) B Teuenue
10 muH, nepememuBam 4 4 npu 20 °C. MHUY ocaxmanu Ha neatpudyre (25000 g, 15 muH),

IIPOMBIBAJIM TpOMBIBJIM 10 MJI ameTOHWUTpWIA, 3aT€éM JEHOHMW30BaHHOM Bomod 2x10 M.
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CycreHIupoBaiy B ICMOHU30BAaHHOM BOJIE, TIOMyYalIy 10 5 M1 KOJTouaHbIX pactBopoB MHY 111 u
112 ¢ konnenTpauueit 4 Mr/mi.
Ho MHUY Ha ocnoBe Fe3Ou4, mokpbiThie 06010uKo0ii SiO2,

\(I)'j /S';\/\NM /\ﬂ\ ¢ynknunonaaunzupoanusie APS, Cyanine5, PEG (113) u MHY

Ha ocHoBe Fe304, crabunmsupoBannblie PMIDA, mokpbiThbie

OH
d \§i\/\/NH2 . :
4 /\S‘i_o/ odoJsi0ukoii SiO2, pynkuuonanuzupoBannbie APS, Cyanines,
: (0]
/Sll\o\Si/\/\/ N PEG (114) (o6mas meroauka). K xommongHomy pactsopy 80 mr
OH HOI Cyanine5

MHUY 75 nnu 78 B 14 M1 CyXO0Tr0 alieTOHUTPHIIA T00aBIISIIIN PACTBOP
0,6 mr (0,9 mxmonb) coenmuuenust 100 u 11 mr (8,4 MxMonb) coenuHeHHss 93 B 2 MJI CyXOro
aneToHuTpmia, oopabdareiBanu yibprpazBykom (35 kI, 100 Bt) B Teuenne 10 muH, nepememmBanu
20 g mpu 20 °C. MHY ocaxnanmu Ha nentpudyre (25000 g, 15 MuH), IpoOMBIBAINM TPOMBIBAIN
JIEMOHU30BaHHON BOJOM 3%x5 mi. CycneHAupoBaliv B JEMOHU30BAHHOM BOAE, Moiaydanu nmo 10 miu

KkoJutouIHbIX pacTBopoB MHUY 113 n 114 ¢ koHueHTpamnuen 8,8 Mr/mi.
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3AK/IIOYEHUE
BrIBOaBI
1. PazpaboTanbl METOBI CHHTE3a HOBBIX JINHKEPCOAEPIKAIIKX NMpon3BoAHbIXx RGD-nentuaa.
2. Pazpaboranbl MeToasl cMHTE3a HOBBIX KOHBIoraToB RGD-mentunma ¢ ¢uyopecnieHTHBIMU

Kkpacurensamu: koubiorat PEG-conepkamero RGD-nenruaa ¢ Cyanines.5; konbrorar JHHEHHOTO
RGD-nentuna ¢ dpnyopecuennom; koubtorat Terpanentuaa KRGD ¢ 6-metun-2-okco-4-pennn-1,2-
JUTUAPOTIMPUINHOM; TIOKAa3aHO, 4YTO ONTHYECKHE CBOWCTBA TMOJyYE€HHBIX IPOU3BOIHBIX
COOTBETCTBYIOT HCXOJIHBIM KPACUTEIISIM.
3. Pa3paboTanbl METO/IBI CHHTE3a HOBBIX KOHBIOTATOB ItyTapuicoepskamiero RGD-nentuna ¢
psaoM 1-3amenieHHbIX 3-amMmuHO-1,2-1uKap0a-xi030-101eKad0paHoB, a Takxke KoHbioratoB KRGD-
NEeNTHa, COJAEpXAIIUX IBa KapOOPaHOBBIX SApa B KI030- WIH HuOdo-pOpMe; IMOKa3zaHO, YTO
MIPOU3BOJHOE HUOO-KapOOpaHa He MPOSBIIO BHIPAKEHHBIM MUTOTOKCHYECKHI 3 (DEKT U, ¢ yueTom
€ro XOpOoIIei pacTBOPUMOCTHU B BOJI€, MOXKET OKa3aThCsl MEPCHEKTUBHBIM areHToM At BH3T.
4. CuHTE3MpOBaH M OXapaKTepu30BaH KOHBIoraT Tiyrapuicoaepxkamero GRGD-nmentuna c
MHUY =a ocnoe Fe304, pynkunonanmsupoBanHeix APS.
5. Paspaboransl meronsl HaHeceHus SiOz-o6omoukn Ha MHY nHa ocHoBe Fe30s, u
MPOJEMOHCTPUPOBAaHA  BO3MOXHOCTh  MpoBeneHuss  >PGEeKTUBHOM  copOIuMM  Ha  HHX
IPOTHBOOITYXOJIEBOTO  Tperapara JOKCOPYOHWIIMHA; Uil  CHHTE3MPOBAHHBIX  MaTEpUAIOB
MPOJIEMOHCTPUPOBAH  J0303aBHUCHUMBIM  HUTOTOKCHYECKUNH  AP(EKT,  COMmOCTaBUMBIH  C
JIOKCOPYOUITTHOM.
6. PazpaGotanbl MeTOABl MONy4eHHUs HOBbIX MarepuaioB Ha ocHoBe MHY Fe3Os ¢ PEG-
MOKPBITHEM, TTPOBEACHAa MMMOOMIM3amst Ha HuX DOX; mpogeMOHCTpUPOBaH MX TEepareBTUIECKUN
3¢ dekT (B TOM YuCIie, 32 CYET JOKAITbHON MAarHUTHOW TMIIEPTEPMHHM B SKCIIEPUMEHTaX N VIitro u in
VIVO), TOpPMOXEHHE  MpPOIIECCOB  METACTa3MPOBaHHUsS W  TOBBIINICHHE  BBDKHBAEMOCTH
HKCMIEPUMEHTAIbHBIX JKUBOTHBIX.
7. CuHTe3upoBaHbl M oOxapakrepu3oBaHbl koHboratel MHY Fe3Os4, umetorme SiO2/APS-
000J10YKY ¢ KOBAJCHTHO 3aKpeTIeHHBIM (piryopeciieHTHBIM Kpacutenem Cyanine5 u PEG-mokpeiTre
¢ koBaieHTHO cBsi3aHHbIM nenTuoM C(RGDFC) unmn RGD; oneHeH ux muToTOKCHUECKUi 3G dekT;
Ha npuMmepe HaHokoHbiorata ¢ C(RGDfC) mpomeMoHCTpUpOBaHO CHEIU(PUUYHOE CBA3BIBAHHE C
KJIeTKaMH orryxoJieBoi 1mHnd MDA-MB231_27 ¢ moBeIeHHO# SKcIipeccuei HTerpuHa oyvf33.
IlepcnexkTuBbl najbHeliieldl pa3padoTku TeMbl. Pa3paboTaHHBIA MOAXOJ K CHHTE3Y
npousBogHbIXx RGD-nentuna mo3BosiseT B JaJbHEWIIEM TOIy4YaTh €r0 HOBBIE KOHBIOTATHI C
byHKIIMOHATBHBIMU MOJIeKyTaMu uia MHY 1y1st monmydeHust MaTepranoB — MOTEHIIMATBHBIX CPEICTB

JUAarHOCTHKY U TEPAIUH OITyXOJIEH.
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Cnucok cokpameHui

4T1 — kneToyHas JUHUS KAPLUUHOMBI MOJIOUHOM KEJI€3bI MBIIITH

A549 — krieToyHas TMHUSA aIEHOKAPIITHOMBI 0Aa3aJIbHOTO AIUTENHNS AJIbBEOJT YEIOBEKa

AMF — nepemeHHOE MarHUTHOE T10JIE

APS — ¢pparment 3-amMuHOIpONHICHIAHA

APTMS — 3-aMHHONIPONTUITPUMETOKCHCUIIAH

B16 — kneToyHas JIMHUS MEIAHOMBI KOXKH MBIIIH

Boc — mpem-6yTunokcukapOOHMIT

BJ-5ta — knerounas nuHus GuOpPo0IaCTOB KOKU YETOBEKA

CMC — N-tkorekcui-N'-(2-MophoauHOITHIT)KapOOAUUMHUT METO-P-TONYOJICYIbPOHAT

CT26 — xyieTouHasi TMHUSA KapIUHOMBI TOJICTON KUIIKU YETIOBEKa

Cyanine5-NHS — cykiuaumunasiii 3¢up (2,5-muokconupponuaui-1-un)6-[(2E)-3,3-aumerni-2-
[(2E,4E)-5-(1,3,3-TpumeTrinunaon-1-uii-2-mn)neHra-2,4- tneHWInAeH |uHa01- 1 -1 | rekcanoat
terpadropbopara

Cyanine5.5-NHS — cykiuaumuaasiii 3¢up (2,5-muokconupponuaun-1-un)6-[1,1-numernn-2-[5-
(1,1,3-rpumernnbenso|e]unon-3-uii-2-un)nenra-2,4- nueHunuaeH |6enso e Junmgon-3-mi|rekcanoar
terpadropbopara

DAPI — 4',6-muamuauHO-2-(heHUITHHTOI

DCC — 1,3-au1uKI0reKCHIKapOOTUUMH T

DIPEA — N,N-nuu3onponuisTuiaMuH

DMEM - Dulbecco's Modified Eagle Medium

Dox — mokcopyOutimx

EDCxHCI — 1-3tun-3-(3-1uMe THITaMUHOTIPOITIIT ) KapOO AU UMHKIA THPOXJIOPHT

ESI — snexTpocmnpeii

FBS — fetal bovine serum

FDA — YmpaBiieHre 1o CaHUTapHOMY HaJ30py 32 Ka4E€CTBOM MHUIIEBBIX TPOAYKTOB U METUKAMEHTOB
CIIIA

FITC — ¢pnyopecuenn nzotuonnaHar

Fmoc — ¢payopennnmeTokcukapOOHUIT

HBTU — 2-(1H-6en3otpuazon-1-un)-1,1,3,3-rerpameTrnyponuii rekcapropdochar

HEK-293 — xnerounas TuHUS 1o4ek sMOpHOHa YeloBeKa

HepG2 — kierouHast TUHHS KAPIIHHOMBI TEMATOI[UTOB YEIOBEKa

ICs0 — KOHIIEHTpas TOITYMaKCUMaIbHOTO HHTHONPOBAHUS
ILP — BHyTpeHHME IOTEPU MOIIHOCTH

Jurkat — knerounas muHus T-TMMpOUUTAPHOI JTEHKEMHN YeIOBEKa
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LC — ypoBeHb 3arpy3ku

LE —s¢ddexruBHOCTD 3arpy3Ku

MDA-MB231 — knetouyHast TUHUS aIeHOKAPIIMHOMBI MOJIOYHOM JKeJIe3bl YEIIOBEKa
MDA-MB231_27 — renno-moauduiMpoBaHHasl KJICTOYHAs JIMHHS aJIeHOKAPIIMHOMBI MOJIOYHOMN
JKeJe3bl YeJIOBEeKa ¢ TOBBIIIEHHOM 3KCIpeccueil nHTerpuHa o33

MTT - 3-(4,5-numetnintuazon-2-mi)-2,5- tupeHII-Te Tpa3oanyM OpoMu

NHS — N-runpokcucyKimHIMHET

NMM — N-metmnmopdonux

Pbf — 2,2,4,6,7-nentameruinauruapoden3odypan-5-cyabPOoHMIT

PBS — docdarno-coneBoii 6ydep

PEG — noau3 TUICHTIIMKOITb

PMIDA — pochoHOMETHIMMHUHOINYKCYCHASI KHCIOTA

PyBOP — (6en3oTtpua3oin-1-unokcu)tpunuppoiauaaaodocdonuii rexcadropdocdar
RGD — L-aprunun-roumun-L-acnaparnaoBast Kuciaora

SAR — ynenbHbII K03()(PHUIIMEHT TOTIONICHHS AJIEKTPOMArHUTHOW SHEPTUU
SK-BR-3 — xierounas TuHUS aJJeHOKapIUHOMBI MOJIOYHOM JKeJIe3bl YeTI0BEKa
SNU-1 — kiieTouHast TMHUS KapUUHOMBI JKE€TTyIOUHOTO SMUTENHS YeI0BeKa

SPS — ¢parmeHT 3-CyKUMHUIIPONIICHIaHA

TBTU — 2-(1H-6en3otpuasoin-1-mn)-1,1,3,3-terpame ity ponuii retpadpTopdbopat
TESPSA — [(3-TpHATOKCHCHIIHIT ) TPOTIHI | THTAPHBIA aHTHIPU]T

TFA — TpudTopyKkcycHas Kuciora

TMOS — teTpameTokcucuian

WI-38 — kirerounast muHHS (HPrOpo0IacTOB JETKOTO SMOPHUOHA YEIOBEKa

BAB — Ouonornyecku akTUBHBIE BEIIECTBA

BH3T — 6op-HeiiTpoHo3axBaTHas Tepanus

BDXX — Beicok0a () eKTUBHAS KUAKOCTHASL XpoMaTorpadus

JIMCO-d6 — numMeTHICYIb(hOKCH/T

JPC — nunamuueckoe paccesiHue cBeTa

JAM®A — N,N-gumetundopmamu g

UK — undpakpacHsbIii

MHUY — MarguTHBIE HAaHOYACTHIIBI

MPT — marauto-pe3oHaHCHasi ToMorpadus

MCBP — Macc-CIeKTpOMETpHUS BBICOKOTO pa3peleHus

HITBO — CiekTpocKomusi HapymIeHHOTO MMOJTHOTO BHYTPEHHETO OTPaKEHUS

[1OM — npocBeunBaroias JIEKTPOHHASI MUKPOCKOTIHS
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P®A — pentreno-¢yopecieHTHbIN aHaIu3

COM — ckaHupyroas 3JIeKTPOHHAs MUKPOCKOIIUS
TI'A — TepMOrpaBUMETPUYECKUN aHAIIN3

TI'® — Terparunodypan

TPO — TopMoOxkeHHne pocTa OImyXoJiu

TCX — ToHKOCTOWHAs XpoMaTorpadus

V3 — ynbpTpa3Byk

YO — ynapTpaduosieToBbIit

DA — 3leMEeHTHBIN aHaIn3

SIMP — sinepHbIil MarHUTHBIA PE30HAHC
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