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T'manyponosast kucnota (I'K) — mpupoaHbIii moJiMcaxapui, TOCTPOSHHBIN U3 YePEaYIOIINXCST OCTATKOB
B-D-rmokypoHoBoit KuciaoTel U N-anetui-f-D-nmoko3amuHa. 'K BXODUT B COCTaB ITIMKONPOTEMHOB U
MPOTEOIIMKAHOB, KOTOPbIE BBIMOIHSIOT BaXKHbIe (DYHKIIMU B KUBbIX opraHu3mMax. Hanpumep, 'K urpaer
KJTIOYEBYIO POJIb B Pa3BUTHM TaKHX ITPOLIECCOB, KaK JAeJIeHUEe U MUTPAIIUsI KIETOK, GOPMUPOBAHHE COCY-
JIOB, BOCIajieHue, OoHKoreHe3. B 0630pe paccMOTpeHbl pealn30BaHHbIE CUHTE3bl OJIUTOCAXapUI0B, POJI-
cTBeHHBIX 1ersiM 'K, rmpoaHaam3npoBaHbl CTpaTeTMu COOPKU COOTBETCTBYIOIIMX YIJIEBOMHBIX 1IeTIei, a
TakKXe OLICHEHbI TUIBl MCMOJIb30BAaHHBIX IJIMKO3WI-JOHOPOB U TJIMKO3WI-aKIENTOPOB, PaCcCMOTPEHBI
CTpaTeruy BbIOOpA 3aIIMTHBIX TPYIIT B UCTIOIb30BAaHHBIX peareHTax. PaccMOTpeHBI TakKe paboThI, TIPOBO-
NUBIIMECS C UCITOJb30BaHUEM (DEPMEHTATMBHOIO pacllleTIEHUsI TpUpoaHbIX 06pa3uoB 'K u xoHapo-
UTUHCYIbM)ATOB C 1IEeJbI0 TTOTYYeHHST COOTBETCTBYIOIINX HU3KOMOJIEKYIISIPHBIX ourocaxapunoB. CUHTe-
3MPOBaHHBIE OJIMTOCAXaPUIbI Y NIMKOKOHBIOTaThl HA UX OCHOBE — LIEHHBIE MOJIEJIU JIJIsl yCTAaHOBJICHUSI B3a-
WMOCBSI3M CTPYKTYpbl M Omosnormyeckux cBoiictB 'K m mist pa3paGoTKM TOOXOMOB K CO3MaHUIO
TepareBTUYEeCKUX npenaparoB Ha ocHoBe 'K (B ToM yuclie m1st 3aKMBJICHUS pPaH, JIeYeHUs] BOCITAIUTEb-
HBIX IMPOIIECCOB), a TAKXKe MHI'MOUTOPOB HEKOTOPHIX 3TAIIOB OHKOTEHEe3a.

Karouesoie croea: euanypornoeas Kucaoma, noaucaxapuobl, CUHIME3, 2AUKOKOHBI02AMbl, OU0N0SUMECKAs AKIMUBHOCIb
DOI: 10.31857/S0132342322020105

LIEHHBIMU MOJEJISIMU TSI BBISICHEHUSI B3aUMOCBSI3U
CTPYKTYPBI U CBOMCTB 3TUX OHMONoIMMepoB. B kaue-
CTBE SIPKOTO U YCITEIITHOTO MPUMepa NCTIOTb30BaHUS
TaKOTO IMOAX0Ia MOXHO CYUTATh CEPUIO paboT hpaH-
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CHUHTE3 OJIMTOCAXAPNUIAOB, CTPYKTYPHO
POJACTBEHHBIX ®PPATMEHTAM I'MAJTYPO-

HOBOM KUCITOTDBL....eeeeeeeeeeeeeeeeeeeeeeen 130  LY3CKHX, HEMELKMX, OPUTAHCKMX U aMEPUKAaHCKHX
BAKITHOUEHME.........cocoovovivieieieeeeeeeee, 159 ~ YICHBIX, TMOCBAIICHHBIX HANPABICHHOMY CHHTE3y
CITUCOK JIUTEPATYPBL....o.vvveeooeeeeeereeen, |59 ~ ONMrOCAXapuioB, MPEICTABITIOMUX COOOM par-
MEHTBI MPUPOIHOTO NIMKO3aMUHOIIMKAHA Terapy-

Ha, U U3YYEHUIO UX OMOJIOTMYECKUX CBOMCTB [1—6].

BBEJEHHWE B pesysnbTaTe 3TUX UCCIENOBAHUI ObUIM OMpenesie-

CHHTeTHYECKIME OJIMTOCAaXapuabl CTPOTO OIpeae-
JIEHHOTO CTPOEHUSI, CTPYKTYPHO POACTBEHHBIE (ppar-
MEHTaM TIPUPOIHBIX MOMMCAXapUIOB, BHICTYITAIOT

HBI CTPYKTYPhl MUHUMAJBHBIX aKTUBHBIX YYaCTKOB
LIETM TerapuHa, OTBETCTBEHHBIX 3a CBSI3BIBaHUE C
OeKaM1-MUIIeHSIMHU ((haKToOpaMU KOaryJIsIiuy Kpo-

Cokpaiuenusi: 'K — ruanypoHoBas kuciora; AMCO — numeruincyiabdokeun; ABY — 1,8-muazadbunukio[5.4.0]yHaen-7-eH; Ac —
anetit; AIBN — nmuaUTpM azobucusomacistHoir KucioTel; All — aumn; AOCO — ammunmokcukapooHwt, BAIB — 6uc(ametok-
cu)uondenson; Bn — 6enswi; Bz — 6eHzoar; CA — xiopaiietat; CAN — uepuit ammonmii HUtpat; CSA — (£)-kambopa- 10-cynbhoHoBast
kucnora; DCC — N,N-muuukinorekcuikapoonuumua, DDQ — 2,3-nuxiiopo-5,6-muiaHo- 1,4-6eH3oxuton; DMAP — N, N-4-nume-
TunamuHonupuauH; DMF — N, N-numetundopmamun; DTBMP — 2,6-nu(mpem-6yTiun)-4-metunnupunut; Et — stuin; Gle — mioko3a;
GlcA — mmokypoHoBast Kuciiota; GlcN — 2-amuHo-2-1e30kcurnmoko3a; HSA —chIBOpoTOUHBII alTbOyMIH YesioBeka; Lev — JIeBy TMHOWIT;
MBz — 4-metunbenzown; Me — metwit; MS — mosekyisipHble cuta; MP — 4-metokcudent; NAP — 2-nadtunmerwr; NIS — N-I-cyk-
muaumun; PDC — mupunuauiinuxpomar; Phth — dramown; Piv — muBamonn; PMB — n-metoken6ensun; MP — n-metokcudenwr;, Ph —
denwun; Py — mupunun; TBAF — ¢ropun rerpadyrminammonusi; TBDPS — mpem-6ytunnudenuwncumr;, TBS — mpem-0ytunaumeruicu-
i, t-Bu — mpem-6ytun; TCA — tpuxiopauerun; TEA — tpustaHoinamud; TEMPO — 2,2,6,6-TeTpameTiti- 1 -nunepuanHIOKCIT,
TFA — tpudropykcycHas kuciora; Tf — pudropmerancyabdonmt, TMS — tpumeruicunmt, TMSOTS — tpumetiicunarpudTopMe-
TaHcynbdoHar; Tol — Tonyou; TT — cronOHsiuHbIil TOKCHH; TTBP — 2,4,6-Tpu-mpem-6ytrnnupumunut; Troc — 2,2,2-TpUXJIOPITOKCH-
Kapoonwnt; Ts — n-tonayosncynbdonmt; TsSOH — n-ToyoncyabhoKuciora.
# ABTOpBI 1St CBsI3H: (Tea.: +7 (499) 135-87-84; oi1. moura: ustnad@gmail.com, nen@ioc.ac.ru).
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Puc. 1. CTpOCHI/Ie TMOBTOPSIOLIETOCS 3BE€HA IMOJIMCAXapUAHOM LIENTU TMAIyPOHOBOM KUCIIOTHL.
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Puc. 2. ITpuMep crepeoKoHTpoMpylolero addexra coyyacTByoliero 3amectutesist mpu O-2 B peaklUU ITTUKO3UJIMPOBAHUSI.

LA — xuciora JIpionca.

BU — TPOMOMHOM 1 (haKTOPOM Xa) M A€MOHCTPHUPYIO-
WX 3HAYMMYIO aHTUKOATYJITHTHYIO aKTUBHOCTB, HO
He 00JIagaronInx IMoooYHEIMY 3 PeKTaMM TeTTapuHa.
DTH 3HAHUS TIOCITYXWJIM OCHOBOM UISI CO3HAaHUS
dapmanesTrdeckoro npenapara Apukcrpa® (CaHo-
¢u, PpaHIUs) — CHHTETUYECKOTO IMeHTacaXapuIHO-
ro rernapruHouIa, KOTOPBIA UCIIOAb3yeTCsI B HACTOSI-
1ee BpeMs B MEIULIMHCKOM MpaKTUKe KaK aHTUKOAa-
ryasHT. [IpuMedaresbHo, 4To ApUKCTpa®, B oTyiMume
OT TIPUPOJHOTO TellaprHa, He BBI3BIBAET CePbE3HBIX
MOOOYHBIX 3(h(HEKTOB, TAKMX KAaK KPOBOTEUEHUS U
TPOMOOLIUTONICHUSI.

I'manyponosas kucnora (I'K), xak u remapux, —
MPeICTAaBUTEb TTOJIMCAXapUIOB, ITOJYYUBIINX Ha-
3BaHME MNIMKO3aMUHOIIIMKAHBL. DTOT TUI TTOJIMCaXa-
PUIOB IIMPOKO PACIIPOCTPAHEH B PA3IMYHBIX OpraHU3-
Max: oT bakTepmit 1o Miekonurarommx [7—10]. Herm
I'K mocTpoeHbl U3 aucaxapuaHbix 6;10KoB —3)-B-D-
GIcNAc-(1—4)-B-D-GlcA-(1— (puc. 1), atu nenu
BXOJSIT B COCTAB Pa3IMYHBIX INIMKOIIPOTEMHOB U PO~
TEOITIMKAHOB. B opraHmsme BBICOKOMOJIEKYISIPHbBIE
nern 'K, kak mpaBuIO, BHITIONHSIOT CTPYKTYpPHEIE
¢GbYHKIUM, B TO BpeMsI KaK 1T HU3KOMOJIEKYJISIPHBIX
¢dparMeHTOB OBIIIO ITIOKA3aHO PETYISITOPHOE Heii-
CTBHUE: OHU UTPAIOT KJIIOUEBYIO POJIb B IIpolLieccax ae-
JIEHUSI 1 MUTPALIMK KJIETOK, B (hOPMUPOBAHUM COCY-
OB, BOCIIaJIeHN!, oHKoreHese [11—17].

B 0630pe paccMOTpeHbI peaTn30BaHHbIE CUHTE3bI
oJurocaxapuuoB, poacTBeHHBIX HensM 'K, mpoana-
JIM3UPOBAHBI CTPATETUU COOPKM COOTBETCTBYIOIINX
VIJIEBOMHBIX LIeNei, OLlEHEHbI TUIThl MUCIOIb30BaH-

BUOOPTAHUYECKAA XUMUA

HBIX TJTIMKO3WJI-JOHOPOB M INIMKO3WI-aKIECIITOPOB,
PAaCCMOTPECHBI CTPATETUN BbI60pa 3allIMTHBIX T'PYIIIT B
HCITOJIb3OBAHHBIX CMHTECTUYCCKMX 6HOKaX, 0003Ha-
YCHBI HaIIpaBJICHMUA NAJIbHEUIIMX OMOJIOTMYECKUX
HUCCIIEA0BaHU ITOJIYYCHHBIX OJIMrocaxapuiaoB U I -
KOKOHBIOraToB Ha MX OCHOBC.

CHUHTES3 OJIMTOCAXAPUIOB, CTPYKTYPHO
POACTBEHHbBIX ®PATMEHTAM
TMAITYPOHOBOUM KHNCJIOTDI

Xots crpoenue 'K n3BecTHO ¢ cepennHbI XX BeKa
[18], meTampHOE N3yYeHNE B3aMMOCBSI3U CTPYKTYPHI U
CBOICTB 3TOro OuonoiauMepa C HCHOIb30BaHUEM
CUHTETUYECKMX OJIUTOCaxXapua0B ObLJIO HAYaTo JUIIb
B KOHIIe XX BeKa, 9YTO CBSI3aHO C pa3pabOTKOII UMEH-
HO K 3TOMY BP€MEHHM COOTBETCTBYIOIINX METO/IOB X1 -
MUU YTIeBOIOB. [ CHHTE3a oJIMrocaxapuaoB, POJ-
ctBeHHBIX [' K, HEOOXOMMMBI METOBI, TTO3BOJISIOILINE
BBITIOJTHUTD CJIEAYIOIIMe MpeBpalleHus: 1) mpoBo-
IUTh CTepeon3bupaTesbHOe MOCTPOCHUE [B-IIMKO-
3unHOM cBsA3u (1,2-mpanc- B cilydae DIIOKO-KOHPU-
rypamuun); 2) obecrneyuTh 3alllMTy aToMa a3oTa B
ocTtaTke D-nmoko3aMuHa oNTUMAaJIbHOM BpeMEHHOM
rpynrmoii; 3) o0OecreuyuTh 3aluTy KapOOKCUJIbHOM
TPYIIILI ONITUMAJIBHONM BpeMEHHOM TpyIIioif; 4) ad-
(EeKTUBHO MPOBOAUTH IMOCTPOSHUST MEXK3BEHBEBBIX
IJIMKO3UAHBIX CBs3eit; 5) apheKTUBHO MPOBOAUTH
OJIOUHYIO COOPKY YTJIEBOOHBIX 1IETICH.

Bricokasts 3(@EeKTUBHOCTL TIpU  ITOCTPOCHUM
1,2-mpanc-TINKO3UIHBIX CBS3€M OOCTUTAETCS IIPU
WCIOJIb30BAaHUM TTIUKO3MJI-TOHOPOB, COMEPKAIINX

TOM 48 Ne 2 2022
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Puc. 3. Onmurocaxapunbl, poncrBeHHble 'K, cmHTe3aupoBanHbie Vliegenthart et al. [21—25].

coyuactBytole O- u N-3aiutHble rpynnsl nmpu C-2
[19, 20]. BTo cBsI3aHO ¢ OOpa3zoBaHUEM B XOIE peaK-
UM DIMKO3UJIMPOBAHUS CTAOUIU3UPOBAHHOIO Ka-
toHa (I), HykJreodnibHas aTaka aHOMEPHOTO TIeH-
Tpa B KOTOPOM TIPEAIIOUYTUTENbHA C TPOTUBOMIOI0XK-
HoOlt cTopoHBI OT 3amectuteiss npu C-2 (puc. 2).
MMeHHO 1O3TOMY B OOJBIIMHCTBE paccMaTpUBae-
MBIX HAMU TIPOBEICHHBIX CHHTE30B OJIUTOCaXapUa0B
WCIIOJIb30BAIMCh coydacTByolre N-dTajonabHbIe
WJIN TPUXJIOpALIETUIbHbBIEC 3allIATHBIE TpyTIibl Tpyu C-2
B TIPOM3BOMAHBIX TIIOKO3aMWHAa, a B MPOU3BOIHBIX
TJTIOKO3bI W TTIOKYPOHOBOI KMCIOTHI — 2-(O-aluiib-
HbIE€ 3aMECTUTEIIN.

OoHU U3 TIepBBIX CUHTE30B OJIMTOCAaXapuIoB,
ponctBeHHBIX 'K, Obutu BeimomHeHnl Vliegenthart
et al. B 1990-x 1. [21—25]. ABTOpaMu ObLIN ITOTyYe-
HBI I1-, TpU-, TeTpa-, IeHTa- 1 rekcacaxapuabl (1—7)
B BUIEe 4-MeTOKCU(PeHMITIIMKO3ua0B (puc. 3). B xa-
YeCcTBE 3alllUThI IJISI aTOMa a30Ta B IIPOM3BOIHBIX
D-rmoxo3aMmuHa Oblj1a UCITOIb30BaHa (hTaoMIbHAS
rpymma. s cOOpKu YIIEeBOOHOTO CKeJleTa aBTOPHI
BBIOpaIM MPOU3BOAHBIE D-TIIIOKO3BI, comepxKaliue
OPTOTOHANIBHYIO JIEBYJWHOBYIO 3alIMTHYIO TPYIIITY
npu O-6. DT0 MO3BOMWIO HAa (PUHAIBHBIX CTAIUIX

BUOOPIAHUYECKAA XNUMMUA

TOM 48 Ne 2

CHHTE30B U30MpaTesIbHO BEICBOOOIUTH TUAPOKCUIIb-
Hyto rpy1ny rnpyu C-6 1 IIpoBecTH OKUCIEHNE THIPOK-
CUMETUJILHOM TPYIIIBI 10 KapOOKCUIbHOIM. B KauecTBe
IMKO3WJI-IOHOPOB ObIJIM BEIOPAHBI TPUXJIOPALIETUMK-
JIaTbl — BBICOKOPEAKIIMOHHBIE TPOU3BOIHBIE D-IiTio-
KO3bI 1 D-TiTIoKO3aM1Ha, aKTUBUPYEMBIE IeCTBIEM
KucaoThl JInionca [26].

Tak, mis nmonydyeHus leneBoro aucaxapuma (1)
ObL1a TIpoBe/ieHa peaklvs MNIMKO3WJIUPOBAHUS MO-
Hocaxapunaa (8) TpuxiaopauetTumuaaTom (9) B Impu-
cyTcTBUU 3dupara Tpexdropuctoro 6opa (cxema 1).
B pesynbrate GbLT MoTydeH TpeGyemblii [3-CBsI3aH-
Helii gucaxapun (10) ¢ Beixomom 81%. Jlanee B HeM
CEJIEKTUBHO BBICBOOOIVIN TUIPOKCUIIBHYIO TPYIIITY
npu C-6 ocTaTKa TIIOKO3BI IeCTBUEM alleTaTa THUJI-
pasuHa (86%), mocie 4ero OKUCISUIN THIPOKCUMe-
TUIBHYIO TPYHITY 10 KapOOKCUIBLHOM, UTO TIPUBEJIO K
noxyyeHuto coequHenwust (11) ¢ Beixonom 68%. Yna-
JIEHWe allMJIBHBIX TPYII IpU 00paboTKe MeTUIaMM-
HOM B MeETaHOJe M TIOCHIenylollee CeleKTUBHOE
N-alleTunmupoBaHMEe TO3BOJWIO MOJYYUTh LEIEBOIA
npoaykT (1) ¢ BerxogoM 93%.

2022
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Cxema 1. Cunres nesneBoro nucaxapuna (1). Pearentst u ycnosust: i: BF5 © Et,O, CH,Cly, 81%; it a —

tonyon/EtOH, 86%; b

CuHTte3 Oosiee KpPYMHBIX OJIMTOCAXapuIOB OBII
BBITIOJTHEH C MCIOJIb30BaHUEM OJIOUHOM COOPKM yT-
JieBogHOTO cKeJieta. CHavajaa coyeTaHUeM MOHOcCA-
xapuaoB (8) u (12) ObUI CMHTE3UMPOBAH IUCaXapu
(13), B KoTOpOM najiee ObljIa CeJIEKTUBHO yAajieHa ajl-
JINJIOKCUKapOOHWIIbHAS 3alllMTHAs TpyIia c o0pa3oBa-
HUEeM IIMKO3WI-akiienTopHoro o01oka (14) (cxema 2).
Kpowme Toro, n3 nucaxapuga (10) ObLI TTOTy4EeH TIN-
ko3ui-noHop (15). s aToro ynanasiu MeToKcHude-
HUWJIBHYIO TPYIINY C MOCeaytoleit 00padoTKoii Tpu-
XJIOPALIETOHUTPUIIOM B TIPUCYTCTBUU OCHOBAHUS
ABY. Coueranue nucaxapunoB (14) u (15) npuseno
K 00pa30oBaHMIO TeTpacaxapuaa, OJHAKO OYUCTKa
MPOAYKTa ObUIa BBHITIOJIHEHA JUWINL Ha Cleayroleit

Me

Me/&o

OMP ———~

OAc

c E—— 1
— MMOMP @™
OMBz
, ( (10 R=CHOLey
(11) R = COOH

N2H4 : ACOH,

— (COCl),, AMCO; ¢ — NaClO,, 68%; iii:a — MeNH,, EtOH; b — Ac,0, MeOH, 93%.

CTaIuU TOCJe yIaJeHUs HW3OIPOIWINIASHOBOI 3a-
IIUTH ¥ aneTwinpoBanus (—16). Beixon TeTpacaxa-
puna (16) cocraBun 77%. CtepeonszdbuparebHOE IO~
CcTpoeHue B-TIMKO3UIHOMN CBSI3M OBLIO 0GecredyeHo
HaymyueM Tipu O-2 B mmkosui-goHope (15) co-
y4acTBYIOIIEN METUIO0EH30MIbHOI Tpymmbl. Jlamee
IMPOBOIWIN U30UpaTeIbHOE yaaJleH1e JIEBYJIMHOBO
3allIUTHOM rpymnIbel mpu O-6 BO BCeX OCTATKaX IITIO-
K035l (—17), a 3aTeM OKMCIISITIN TUAPOKCUMETUICHO -
Bble TPYIIIBLI 10 KapOOKCWILHBIX NEMCTBHEM OKCa-
JIUIXJIOpUIIA 1 XjJopaTta HaTpusi. Ha 3aBepiaroiiemM
aTare MpoOBOAWIN yAaJleHUe BCeX 3alllUTHBIX TPYIIIT C
oOpa3oBaHueM lieJIeBOro Terpacaxapuaa (5).

i Me/lvo OLev
8 + Aog&o NH &/Mm
z
a2) NPhth CCl, NPhth MBz
i ( (13) R=A0C
(14) R=H
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AcO
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cc13 /<

NPhthMm

OMBz OMBz
( (16) R = Lev

(17)R=H

vi (5) I

Cxema 2. CuHres LieseBoro Tetpacaxapuna (5). Pearentst u ycnosust: i: BF5 - Et;,O, CH,Cl,, 90%; ii: Pd(PPh3),, TT®,
MopdonuH, 94%; iii: a — (NH4),Ce(NO3)g, 96%; b — CCI3;CN, ABY, 93%; iv: TMSOTT; v: CF;COOH, CH,Cl,; Ac,0,

DMAP B Py, 77% Ha nBe cranuu; vi: a — No,H, - AcOH, Tonyon/EtOH, 87%; b —

(COCl),, AMCO, i-Pr,NEt;

¢ — NaClO,, NaH,POy,, 76% Ha nBe ctanuu; d — MeNH,, EtOH; e —Ac,0, MeOH; f — MeONa, MeOH, 61%.

Mg monydenus onurocaxapunaoB (2—4) u (7),
comepXallnux OCTaToK N-areTwii- D-rmoKo3zaMuHa

BUOOPTAHUYECKAA XUMUA

Ha BOCCTaHaBJIMBalOIEM KOHIIE, ObIJI MCIOJb30-
BaH MOHOCaXapuIHBIN INmMKo3ui-akientop (18)

TOM 48 Ne 2 2022
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(cxema 3). CoueraHueM MoHocaxapuiaoB (18) u
(19) B npucyrctBuu TMSOTS 6611 cUHTE3UPOBAH
mucaxapun (20) ¢ BeixomgoM 81%, mociie neGI0Ku-
pOBaHUS KOTOPOTO MOJyJaan IeJeBOM arcaxapu
(2). Ipu B3aumoaeiictBuu MoHocaxapuaos (18) u
(22) nmonyuanu gucaxapup (23) (87%), B KoTopoM
CEJICKTUBHO YIAJISUIN WU30TIPOITMINIACHOBYIO 3aIllH -
Ty, a 3aTeM alleTWINPOBaIN CBOOOIHBIC THAPOK-
CUJIbHBIC TPYMIILI, TTOCJIE YeTO YHaIsId aJlIiIoOK-

133

CUKapOOHIIBLHYIO 3aIIUTY ¢ 06pa30BaHUEM TITUKO -
suin-akuentopa (24). CoueraHumeM aucaxapuaa
(24) v moHocaxapuaa (9) mosydyanu B-cBA3aHHBINA
tpucaxapun (25) ¢ BeixogoMm 81%. CenekTUBHOE
BBICBOOOXIECHNE TEPBUYHON  TUIAPOKCHIBHOMN
rpyINbl B ocTaTKe D-TI0KO3bl B cCOeNMHEeHUU (25),
MMoCJenyIoniee OKHUCIeHNEe TIPOAYKTa, METHIUPO-
BaHWE U NeOJIOKMpOBaHWE MPUBOIUIHN K ITOJTyYE-
HUIO 1IeJ1eBooTo Tpucaxapuaa (3).

OLev Me OLev
MBzO O AOCO N
MBZ& Me)wo MBz0
MBzO,, _NH % 5 0 oMP MBO) NH
19y  CCls NPhth 22) cCly
\ (18) :
OR!
OLev OR OLev | N
2 R'O
o RO 0 R20 ¢}
Mee 0 OMP MBzO 0 OMP
1 — 2
_/ (20) R=C(CHj3), o ( (23) R" = C(CH3),, R"=A0C
1 l _ 2 N
Q2HR=H 24)R'=Ac,R?=H
jii 9),v
OAc
@ v y. o O AcO o}
NPhthMBzO 0

OMBz NPhth

(25)

Cxema 3. Cunres qucaxapuna (2) u tpucaxapuna (3). Pearentst u ycnosust: i: TMSOTY, CH,Cl,, 81% nns1 coenuneHust
(20) 1 87% nns coenunenus (23); ii: CF;COOH, CH,Cl,, 84%; iii:a — Ac,0, Py, 97%;b — N,H,4 - AcOH, Tonyon/EtOH,
98%; ¢ — (COCl),, AMCO; d — NaClO,, 70% na nBe craguu; e — CH3;NH,, EtOH; f — Ac,0, MeOH; g — MeONa,

MeOH, 65%; iv:a — CF;COOH, CH,Cl,, 88%; b — Ac,0, Py, 98%; c — Pd(PPh3),, TT®, mopdonuH, 95%;

v: BF3 - Et,0, CH,Cl,, 81%; vi: a — N,H, - AcOH, Ttonyon/EtOH, 88%; b — (COCl),, AMCO; ¢ — NaClO,, 95%
Ha ase cranuu; d — CH;NH,, EtOH; e — Ac,0, MeOH, 79% Ha aBe cranuu.

J11s1 cCOOpKM YTIIeBOTHBIX CKEJIETOB TETpa-, IIeHTa-
u rekcacaxapuaoB (4), (6) u (7) 6bUIM pa3pabGoTaHbI
cxeMbl 01oyHoro cuHTte3a [1+3], [2+3] u [1+5] cooT-
BeTCTBEHHO (cxeMma 4). TpucaxapuaHBIN TJIUKO3WJI-
akuenTop (27) ObLI MOJIydeH COUeTaHUEM COeIUHe-
Huit (12) u (24) (69%) n nocieayOIINM yaalcHIEeM
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AJUTMJIOKCUKAPOOHMIBHOM 3alUTHOM TPYIIIbI
(89%). I'uko3unupoBaHue no cxeme [1+3] npuBo-
JINJIO K TToJlydeHunIo TeTpacaxapuna (28) (87%), koto-
pBIN OBLI Hajiee TpaHC(OPMUPOBAH B IIEJIEBOI TeTpa-
caxapun (4) Tak, Kak OIMCAHO IJis MpeBpallleHUs
(17)—>(5).
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(32)

Cxema 4. CuHTe3 1LIeJIEBBIX TeTpa-, IEHTa- U rekcacaxapuaos (4), (6) u (7). Pearentsl u yenosus: i: BF; - Et,O, CH,Cl,,
69%; ii: PA(PPhj3),, TT®, MmopdomnuH, 89%:; iii: a — (NH,4),Ce(NO3)4; b — CCI3CN, IABY, 67%; iv: TMSOTT, 87%
s coenHenus (28), 81% s coenunenus (30), 62% nnst coennnenus (32); v: a— CF;COOH, CH,Cl,, 85%;

b — Ac,0, Py, 96%; c — N,H, - AcOH, tonyon/EtOH, 76%; d

— (COCl),, AMCO; e — NaClO,, 86% Ha nBe cTanuu;

f— CH;3NH,, EtOH; g — Ac,0, MeOH, 82% na nse craguu; vi: Pd(PPhs),, TT®, mopdonuH, 89%; vii: a — CF;COOH,
CH,Cl,; b — Ac,0, Py, 90% Ha nBe cranuu; c — NyHy, - AcOH, Tontyon/EtOH, 74%; d — PDC, Ac,0, 70%; e — CH3NH,,
EtOH; f — Ac,0, MeOH, 64% na nse ctanuu; viii: a — CF;COOH, CH,Cl,; b — Ac,0, Py, 84% na nBe cranuu;
¢ — NyH4 - AcOH, tonyon/EtOH, 75%; d — PDC, Ac,0, 58%; e — NH,CH,CH,NH,, 1-BuOH; f — Ac,0, Py, DMAP;
g —2 M NaOH (BonH.) B TT'®, 73%.

B cBoto ouepenpb, coyetaHue aucaxapuaa (29) u
Tpucaxapuna (27) NpuBOANUIIO K 0Opa30BaHUIO MEH-
tacaxapuaa (30) ¢ Beixonom 81%. CeneKTUBHOE yaa-
JIeHUE aJUTWJIOKCUKApOOHUIbHONM TPYMIlbl B COENU-
HeHuM (30) TO3BOIMIIO MOAYYUTD MEHTacaXxapuaHbIH
muKo3mi-akirenTop (31) (89%). Peakuusa mo cxeme
[1+5] mpornmta ¢ BEIxomoM 62%, 9TO BIIOTHE TIPUEM-
JIeMo JJIs1 TaKMX KPYITHBIX MoJiekyJl. [Janee cienoBa-
JIV CTaiuU yaajeHus1 U30MPOINUINIEHOBBIX 3alIUT B
coenuHeHUsIX (30) u (32), aLleTUIMPOBAHUS U CEIeK-
TUBHOTO BBICBOOOXICHUS TIEPBUUHBIX TUAPOKCUIIb-
HBIX TPYyMI B ocTaTKax D-11oKo3bl. OKUCIeHUE IBYX
U TPeX TMAPOKCUIIbHBIX TPYIIN B EHTa- U reKkcacaxa-
punax 0bUI0 BhITONHEHO aeiictBueM PDC ¢ Beixoma-
Mu 70 1 58% cootBeTcTBeHHO. [locemyrorast o6pa-
00TKa METUIIAMUHOM MPOIYKTOB OKWCIIEHMS U CeleK-

TUBHOE N-alleTWJIMPOBAaHUE MIPUBOIWIIM K TIOTYIEHHUIO
1LieJIeBbIX coenuHeHuit (6) u (7).

B 1994—1996 1r. Jacquinet et al. ocymiecTBUIN
CUHTE3 METUJI-TJIMKO3UIO0B I1-, TETPa-, FreKca- U OK-
tacaxapugoB (33—36), ponctBeHHBbIX ['K [27—29]
(puc. 4). B otmumuue ot padot Vliegenthart et al., aB-
TOPbl MCMOJb30BAIA TPUXJIOPALETUIIbHYIO 3alllvT-
HYIO IpyIIIy /15l aToMa a30Ta B OCTaTKax MI0KO3aMu-
Ha ¥ MPOU3BOAHbIe D-TIIOKYpOHOBOI KUCIOTHI BME-
CTO MPOU3BOAHBLIX D-ITIOKO3bI, YTO TIO3BOJIMJIO
n30eXxaTh peakluii OKUCIIEHUsT Ha (PUHAJIBHBIX CTa-
IUSIX CMHTe30B. Tak e, Kak 1 B padoTax Vliegenthart
et al., B KauecTBe MNIMKO3UJI-IOHOPOB ObLIIA UCTIOJb-
30BaHbl BBICOKOPEAKIITMOHHbIE TPUXJIOpALETUMUAAT -

Hble TJIMKO3UI-TOHODHI.
s cuHresa nucaxapuna (33) cHavasa IpoBeau
peaxkuuio NIMKO3WInpoBaHus coenrHeHus (38) Mo-
BUOOPTAHUYECKAA XUMHUA Ne 2
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Hocaxapunom (37) B nipucyrctBuu TMSOTT, B pe-
3yJbTaTe yero ObLI nmojiydyeH aucaxapun (39) ¢ BbIxo-
oM 91% (cxema 5). CrepeousbuparesibHOE IO-
CTpOeHUE B-rauko3ubHOM CBSI3U ObLIO
obecrieyeHO HaJIMYMEM coydacTByolleir N-Tpu-
XJI0paLEeTUIbHOM rpyrIbl Ipu C-2 B NIUKO3UI-10-
Hope (37). [IpumeuaTenbHO, YTO HaJIU4YUE DJIEK-
TPOHOAKIENTOPHON KapOOMETOKCUIILHOMN TPYIIIHI
B coenuHeHUU (38) He cHUXKaNO 3(PGHEKTUBHOCTD

peaxkuuu rnko3uanpoBanus. [lociie ynaaeHus 3a-
IIUTHBIX Tpynn B coegruHeHuu (39) moiyvyanu 1e-
neBoii nucaxapun (33). Kpome Toro, u3 coenuHe-
HUs (39) ceeKTUBHBIM yaajleHUEM XJ0palleTUJIb-
HOM TPYIIIBI JefiCTBUEM TUOMOYEBUHBI TTOJIYYaIn
nucaxapun (40) (96%), comepxainit CBOOOIHYIO
TUAPOKCHUIBbHYIO rpyrny npu C-3 octatka D-r1imro-
KO3aMUHa.
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(41) OBz
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(38) OBz TCAHN NH
f 37 CCl
Ph 0
% 0 COOMe
RO (0] o
TCAHN BzO OMe

OBz

33| %( (39) R = CA ,.

TCAHN  BzO

Ph 0
/% 0 COOMe
CAO O%OR

(42) R = MP
(43) R = C(NH)CCl,

40)R=H <
Ph Ie}
39| RO O~9 % o o
Bz
TCAHN op, TCAHN BzO OMe
OBz
_(4hR=CA
@5 R=H
3), i
Ph/vO
i 0 MeOOC Ph™X-0
35| . Ro 0 O/Y) o Meooc FhTvo o COOMe
TCAHN BzO 0 0 Q% 0 0
OBz TCAHN BzO BzO OMe
OBz TCAHN o8
(6 R=CA z
@HR=H
43), i
Ph/vO
ii (0) 0 MeOOC Ph™X0 Ph
Go) | CAO 0 0 O O_| MeOOC /%O o COOMe
TCAHN BzO 0 o Q% 0 0
OBz TCAHN | BzO BzO OMe
OBz TCAHN
2 OBz
(48)

Cxema 5. Cunte3s onurocaxapuaos (33—36). Pearentst u ycnosust: i: TMSOTT, CH,Cl,, 91% s coenunenust (39), 89%
st coennHeHus (42), 87% st coennaenust (44), 93% nnst coenuHennii (46) u (48); ii: a — BusSnH, AIBN, 81% nns

coenuHenus (33), 88% nns coenunenust (34), 91% nins coenunenust (35) u 92% nins (36); b — AcOH; ¢ — 3 M NaOH
B MeOH, 80—83%; iii: (NH,),CS, 96% nns coenunenus (40), 95% mns coenvnenust (45), 83% nns coennnenus (47);
iv: a— (NHy4),Ce(NO3)4, b — CCI3CN, JIBY, 78%.
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Puc. 4. Onmurocaxapunpl, poncrBeHHbIe ['K, cuHTe3upoBanHbIe Jacquinet et al. [27—29].

COopka yIiIeBOOHBIX CKEJIETOB TeTpa-, Iekca- 1
okTtacaxapuaoB (34—36) ObL1a BLITTOJTHEHA C VCITIOJb-
30BaHueEM OJIOYHBIX cxeM [2+2], [2+4] u [2+6] cooT-
BeTCcTBeHHO. KiToueBoii aucaxapuaHbIA TIMKO3WJI-
noHop (43) ToyyeH codyeTaHMEM MOHOCAaXapuIoB
(37) u (41) (89%) c mocnenyOIUM yIaleHUEM Me-
TOKCU(PEHMITBHOTO alIMKOHA U TIEPEBOAOM 00pa3y-
IOIIIETOCs B pe3yJIbTaTe 3TOr0 NpEeBpaIleHUs IOJIy-
aneTass B TpuxjaopalueTumMuaar. [IMKo3uanupoBaHue
Mo cxeMe [2+2] mpOXOOUIO C BHICOKMM BBIXOAOM
(87%) n mpoTtekayio cTepeon3doupaTeIbHO ¢ 06pa3o-
BaHMEM [3-TIIMKO3UIHOM CBsI3u B TeTpacaxapuie (44)
Onmaromapsl coydyacTBylouieMy 3@dekty 2-(0-0eH30-
WUIBHOM TPYIITHI B NIMKO3WI-goHope (43). B pe3yib-
TaTe CeJIEKTUBHOTO YAaJeHMs XJIOpaleTWIbHOMN
rpynmnsl B coequHeHuu (44) mojaydumsiu TeTpacaxa-
PUMIHBIN DIMKO3WI-akienTop (45), IIUKo3WIMpoBa-
HUe KOoToporo uMmuaaroMm (43) mpuBoauio K oopaszo-
BaHMIO rekcacaxapumaa (46) mo cxeme [2+4] Takxke ¢
BBICOKUM BBIX0AOM (93%). YnajaeHue XJIopaleTuiib-
HOM TPYIIILl B rekcacaxapunae (46) u mmocienyooiiee
YAJUHEHUE LIeTW Ha JBa OCTaTKa MPU TJIUKO3UINPO-
BaHUM JOHOPOM (43) MPUBOIMIIN K TIOTYYEHUIO OK-
tacaxapuna (48) (93%). [Nocie ymaeHUs 3aIIUTHBIX
rpyr B npoaykrax (44), (46) u (48) ObUIM MOTyYeHBI
1esneBble oaurocaxapuabl (34—36) cooTBETCTBEHHO.
ITpu 3ToM TpaHchopMalio N-TpUXI0OpaLETUIBHBIX
rpymm B N-alleTWIbHBIC BBIIOIHSIIA IEMCTBUEM TpPU-
OyTujI0/I0Ba TUAPKUAA U a30M300yTUPOHUTPUIIA, YIaJIs-
JI1 OCH3WIMISHOBLIE 3aIIUTHl B YCJIOBUSAX TMOPOIM3a
JIEICTBUEM YKCYCHOII KMCJIOThI, 8 OMBUICHUE CJTOXHO-
a¢upHLIX TpyIT npoBoauian aeiictBuemM 3 M NaOH,
YTO MO3BOJIMJIO MOJIYYUTh LIEIEBBIC COSIMHEHUS C 00~
muMu Beixogamu 80—83%. IlomBomst UTOr CHMHTE30B
coemuHeHnii (34—36), MOXKHO OTMETUTH BHICOKYIO 3(-
(hEKTUBHOCTb MPEIJIOKEHHOTO JUCAXapUIHOTO TOHOPA

Ph—X 0
le) (0]
OPMB HQ%S/OMe

0 (55)
STol

TBSO
BnO

o
(54)

PMBO Ph >0
RO O O 0
BnO o

(43), KaK U JOCTAaTOYHO yAauyHYyl0 KOMOWHAILIUIO KC-
MOJIB30BAaHHBIX O- 1 N-3alMTHBIX TPYIIIL.

B 2007 r. L. Huang u X. Huang onucanu cuHTe3
MOJTHOCTBIO HE3alUIIEHHbIX METUI-IJIMKO3UAOB JU-,
TeTpa-, IleHTa- 1 rekcacaxapunoB (49—53), pon-
crBeHHbIX 'K [30] (puc. 5). B xone cuHTe3a aBTOPHI
UCHoab30BaIU N-(DTaTOUIBHYIO 3aIIUTy B OCTaTKax
D-rmoko3amMuHa. I OCTPOEHMST YIJICBOTHOIO
cKeJeTa OBLIM BEIOpaHbI IIPOU3BOMHBIE D-III0OKO3HI,
colepxkaliue napa-MeTOKCUOEH3ILHYIO 3aIIUTHYIO
rpyry npu O-6, KoTopble Ha (PMHATBHBIX CTAIUSX
CHHTe3a OBLIM TepeBeAeHbl B OCTaTKU D-TIIIOKypo-
HOBOI KHUCJIOTHI.

B otnuuue oT mpeablaynX CUHTE30B, B KOTOPBIX
B KauyecTBe IIMKO3WJI-IOHOPOB MCIMOIb30BaIU TPU-
XJOopaleTUMUIATEI, B JAHHOK padoTe ¢ 3TOH LieJIbIo
MPUMEHSUIM  TOJWJITUONIUKO3UAEL. B dacTHOCTH,
OBLI MCITOJIb30BaH MOHOCaXapuaHbIi 1oHOP (54), co-
JIepxXallnii KOMOWHAIINIO U30MpaTeIbHO YIansIieMbIX
3aIIUTHBIX TPYIIT BO BCEX MTOJIOKEHUSIX: COYUYACTBYIO-
1y 6eH30MIbHYIO rpynny npu O-2, 6eH3WIbHYIO
npu O-3, mpem-0yTUI-IU-MEeTUICWIWIbHYIO Tipu O-4
U hnapa-MeToKcubeH3wabHylo mpu O-6 (cxema 6).
CoueranueM coenuHeHUs (54) M MeTWI-TIMKO3UAA
(55) BupucyrctBum AgOTT, p-TolSCI1, TTBP u mone-
KyJsipHBIX cuT AW300 nostyyaniu B-cBsi3aHHbBI 11ca-
xapuz (56) ¢ BBICOKUM BBIXOJI0M 88%. CeneKTUBHOE
yaaJleHue CUJWJIbHOI 3aluThl B coeaAuHeHUU (56)
nevicrsueM HF Py mpuBoanio K moaydeHUIo aucaxa-
puna (57), KoTophblii ObUT UCIIOb30BaH JaJiee B CUHTE-
3e GoJiee KPYIMHBIX OIUTrocaxapuaoB. B cBolo ouepens,
CeJIEKTUBHOE yaalleHUe napa-MeTOKCUOEH3WITBHOIT 3a-
IIUTHI B coeqnHeHNH (56) 1 mocaenyiomme OKICIeHIe
KapOOMETOKCWJILHOIM TpyImIibl B KapOOKCWIBHYIO M
yaaJieHWe 3allUT 110 CTaHIapPTHBIM METOAVMKAM TTPU-
BOIWIM K TOJIyYEeHMIO 1iejieBoro aucaxapuaa (49).

(49)

OMe
NPhth

OBz

i ( (56) R = TBS
(57)R=H

Cxema 6. CunTe3 1ieeBoro nucaxapuaa (49). PeareHThl 1 yciaoBus:
i- AgOTT, p-TolSCl, —65°C, AW300, 88%; ii: HF-Py, 87%.
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g cuHTe3a KpyIHBIX TeTpa-, TIeHTa- U TeKcaca-
XapuJIoB OBUIM pa3paboTaHbl OITHOPEAKTOPHBIC
(“one-pot”) IMIPOTOKOJIBI, ITO3BOJISIOIINE IIPOBOIUTD
cOOpKy oT TeTpa- 1o rekcacaxapuuoB (50—53) u3 MoHo-
U IMcCaXapUIHBIX MpealecCTBeHHUKOB. Tak, cHavasa
BBITIOJTHSUIM KOHAeHcanuio coequHenuit (54) u (58),
MpU KOTOPOM aKTUBAILUS TUOTIMKo3uaa (54) mpoBo-
nuinack neiictBueM p-TolSCI B mpucyrctBuu AgOTH,
a B3auUMOJEiCTBUE C DIMKO3UJI-aKienTopoMm (58)
OCYIIECTBJISIJIOCh B MPUCYTCTBUU ocHOBaHusi TTBP
(cxema 7). 3aTeM mofydeHHbI TpoaykKT (59), coaep-
XKaIIUi TUOTOJWIBHBIA amIMKOH, TOABEpPTraiki TeM

Ph X0
(0]

HO STol

bth PMBO
(58) NPht TBSO
) BnO
113
AgOTf
TolsCl [ i
54
(54) (50)

PMBO
TBSO
BnO

PMBO- Ph—X-0o
o%o@&
NPhth BnO

JKe peaklMsiM B aHaJOTMYHON MOCIea0BaTeTbHOCTHU:
akTuBupoBanu aeiicteueM p-TolSCl u AgOTT, a 3a-
TeM J00aBJISIIU AUcaxapuaHblit 610K (57) B IpUCyT-
crBun TTBP. TakuM oOpa3oM ObLUI CMHTE3MpPOBaH
terpacaxapun (60) (64%), U3 KOTOpPOTro TOTyYaIn
He3alllMIIeHHbIN 1eaeBoii TeTpacaxapun (50). [Tpo-
BeJeHUEe CXOXell MmocaeaoBaTeIbHOCTU TIpeBpallle-
HUIi ¢ ucIoib3oBaHueM OyiokoB (61), (62) u (57)
MPpUBOIMIIO K oOpa3oBaHuIO IleHTacaxapuga (64)
(65%), 13 KOTOPOTO 3aTeEM IOJIydad He3allHUIIeH-
HBII TIeHTacaxapun (51).

PhX~0

o) (0]
Q 0 STol
OBz NPhth
(59)
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OBz NPhth
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AgOTf ( Ph"\O MBO
1
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TBSO STol (63)
NPhth AgOTf
(61) (51) } TolSCI

Ph/v

TBSO

N Phth

(64)

NPhth
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Cxema 7. Cunrte3 Tetpacaxapuaa (50) u nenracaxapuna (51). Pearentsl u ycnosus: i: AgOTH, p-TolSCI, —65°C, 10 muH;
ii- akuernrrop, TTBP, 0°C, 90 muH; iii) akuenrop, TTBP, AgOTTf, p-TolSCI, —65°C — 0°C
B TeueHue 90 MuH, 64% st coenvHeHus (60) u 65% nns coennHeHus (64).
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Puc. 5. Onurocaxapunbl, ponctBeHHbie 'K,

cuHte3upoBaHHbie L. Huang u X. Huang [30].

OH
COOH
HO 0 HOﬁ/ o coon COOH on COOH
Ho ° oo, o s g
OH NHAc NHAc HO H O—{3N;
(69) i 3
(70)
COOH
Hm/ O\é-%’l\h
(71)

Puc. 6. Onurocaxapunsl, porctBeHHbie [ K, cuHTe3npoBanHbIie mon pykoBoacTBoM van der Marel [31].

st coopku meHTa- U TekcacaxapuaoB (67) u
(68), mpealIecTBEeHHUKOB LIEJIEBBIX COeTMHEeHMI (52)
u (53), 6611 pazpaboTaH MHOI “one-pot” MPOTOKOJI,
Mpennojaraliuii  Mocae10BaTe/IbHYI0 aKTUBAILIWIO
TpeX TUOTOJWITIMKO3UAOB (cxema 8). CuHTE3 CcO-
ennHeHus (67) HaUMHAJICSI ¢ aKTUBAlIMM MOHOCAaXa-
puna (54), 3aTeM K HeMy J00aBJISIJIM MOHOCaXapu,
(58), nonyyeHHbI TUOTTUKO3UL (59) CHOBa aKTUBU-
poBaln 1 100ABIISLIN K Hemy aucaxapun (62). 3 mo-
JIy4eHHOTO THOTOJIMJILHOTO TeTpacaxapuaa (65) ObLiu
CUHTE3UPOBaHbl TleHTacaxapua (67) mobaBieHUEM
MoHocaxapuza (66), a rekcacaxapun (68) — nobasne-
HueM nucaxapuna (57). OO1ime BBIXOObI IPOBEICH-

HBIX TOCJIEAOBATEIbHOCTEN peakli IJIs1 COeAUHE-
Huii (67) u (68) cocTaBrim 55 1 54% COOTBETCTBEH-
HOo. Peann3zoBaHHasI cxeMa COOPKM OJIMTOCAaXapHUIOB
BBIIVISIIUT TIPUBJICKATCIIFHO IS MOJIyYEHMST KPYITHBIX
MoJiekynn. OmHaKO, HECMOTPS Ha KaXKYIIyIOCs IIPOCTOTY
WCITOJTHEHUSI “one-pot” TpeBpallleHUi, MpencTaBicH-
HbIi1 CUHTE3 HE BBIVISIIUT ONTUMAJIbHBIM M3-3a CJIOXKHO-
CTeli BbIIE/ICHUSI ITPOIYKTOB IMKO3MIMPOBAHMUS, KOTO-
pBIe 00JIAmAroT CXOXKeit XxpoMaTorpadmIecKoil TTOIBITK-
HOCTBIO I HE3HAUUTEIBHO Pa3IvyaloTcs Mo pa3Mepam.
D10 3aTpymHsieT npoBeaeHre 3(MEOEKTUBHON OYMCTKU
MPOOYKTOB METOIAMM aICOPOIIMOHHOM U Te/lb-TIPOHM-
KaroIei XxpoMaTorpaum.
BUOOPIAHUYECKAA XNUMMUS Ne 2

TOM 48 2022
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P (62)
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(68)

Cxema 8. CuHte3 neHtacaxapuaa (52) u rekcacaxapuaa (53). Pearentsl u yenosust: i: AgOTT, p-TolSCl, —65°C, 10 muH;
ii- akuenrop, TTBP, 0°C, 90 muH; iii: akuentop, TTBP, AgOTT, p-TolSCI, —65°C —0°C B TeueHue 90 MuH,
55% nns coemunenus (67) u 54% niis coenuueHust (68).

B 2007 r. mon pykoBoncTtBoM van der Marel ObLI
BBITIOJIHEH CUHTE3 TPU-, TeTpa- U MEHTacaXxapuaoB
(69—71), ponctBeHHbix 'K, Hecylmiux B KauecTBe
anIMKOHA a3uIONpONWIbHBIN crieiicep (puc. 6) [31].
B nmaHHOI1 paboTe B KayecTBE MOHOCaXapUIHBIX
MPENIIeCTBEHHUKOB OBbLUIM WCITOJB30BaHBI ITPOU3-
BoAHBIE D-IIIOKYpOHOBOI KMCJIOTHI 1 N-TpUXJIOP-
aneTwi-D-rmoko3aMuHa.

B pamkax BEIOpaHHOII CTpaTeruu IToJIyaleTalab
(72) aktuBupoBanu cuctemoit Ph,SO/Tf,0/TTBP, a
3aTeM J00aBIsUIM IMKo3wi-akientop (73), B pe-
3yJabpTaTe 00pa30oBhIBaJICA Aucaxapus (74) ¢ BEIXOIOM
60% (cxema 9). IlpumeyarenbHO, UYTO BHIOpAHHBIE
YCIOBUSI TeHepalnuy INMUKO3WI-IOHOpa OKa3aluCh
MPUMEHUMBI JJI YCTIEIIHOTO BBEACHUSI B peaKinio
JTaXke MaJIOAKTUBHOTO IIPOM3BOIHOIO ITTIOKYPOHOBOM
KUCTOTHI (72). Janee ObLI0 IPOBEAECHO TJIMKO3UIN-
poBanue nucaxapunoMm (74) cneiiceprupoBaHHOIO
MoHocaxapuaa (75) B IpUCyTCTBUU aHTUAPUOA TPU-
dTopmeTaHcyrbpoHOBOI Kmcaotel 1 TTBP, B pe-

BUOOPTAHUYECKAA XUMUA Ne 2

TOM 48 2022

3yJIbTaTe Yero ObUI MOJIyYeH ITOJTHOCTBIO 3allUIICH-
HbIi Tprcaxapun (76) ¢ BerxogoMm 50%.

HeiictBueM ruapasunHa B cmecu Py/AcOH npoBo-
IWI CeJIEKTUBHOE ymaJieHue JIEBYTMHOBOI 3allUT-
HOM rpynnbl B coequHeHuu (76) ¢ obpasoBaHuEM
nponaykTa (77), conepxXaBiiero cBOOOIHYIO TUAPOK-
cubHYyI0 rpymiry ipu C-4. Tpucaxapun (77) ObLT Uc-
MOJIb30BaH B CUHTE3€ TeTpa- U IeHTacaxapuaos (79)
u (80). Tak, mo cxeme [ 1+3] OBLT MOJTydeH TeTpacaxa-
puz (79) ¢ Beixogom 60%, a mo cxeMe [2+3] — meHTa-
caxapuz (80) ¢ BeixonoM 40%. debnokupoBaHue CO-
enrHeHui (76), (79) u (80) MPUBOIUIIO K MOJyYSHUIO
LIeJIEBBIX TPU-, TETpa- U NeHTacaxapuaos (69—71) co-
OTBETCTBEHHO.

XapakTepHast 0COGEHHOCTh PealM30BaHHOMN CUH-
TeTUYECKOI CXeMBbl — aKTMBUPOBAHUE ITTOJTyalleTaist
D-1110KypOHOBOM KMCJIOTEI B AETUAPATUPYIOIINX
YCIIOBUSIX C MOCJEAYIOIINM J00aBIeHUEM TITUKO3WII-
aKIenTopa, coaepxKaiiero (peHmwITno-armimkoH. Cpel-
HUE BBIXOIBI B ITPOBEIEHHBIX PEAKLINSIX [NTMKO3WINPO-
BaHMSI CWJILHO CKA3bIBAIOTCS Ha OOIIEM BBIXOHAE 1iejie-
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BBIX oOJATrOcaxapunoB. HeobXxommMo paccUUThIBATHh
TOYHOE KOJIMYECTBO HCIIOIB3YEMOIO OCHOBAHUS [UISI
HelTpanu3alumu odpasylolieics: TpudTopMeTaHCyb-
¢GOHOBOI KMCIIOTOI in situ. BBeneHMe N30bITKa OCHO-

PO
)
Hﬁ SPh

NHTCA

I'PUHBKOBA u np.

BaHMs MIPUBOIUT K HeXeJaTeJIbHOMY 00pa30BaHUIO
opToadupa, a Ipu HEAOCTATKE OCHOBAHUS — HAOJI0-
JIaeTCsl YacTUYHOE yhajieHue OCH3WJIMASHOBOM 3a-
IIUTHOM TPYIIIIHI.

(% MeOOC Ph—~0 o
ji O O
,~ Ly o SPh
/ OBz .~ NHTCA
COOMe G4)
LevO O
OBz HO
72 , T iii BzO O%N3
OBz 3
MeOOC Ph— X0 (75
RO o O o COOMe
BzO 0 0 O
OBz TCAHN B70 Ot N
OBz 3
Ph/Y)O o N ( (76) R = Lev
Lo SPh (THR=H
(78) NHTCA
- " (74), iii
) /EO g MeoOC Ph™X0 COOMe
a0]~— Levo O Q 0 o
TcauN 570 © 870 2 O-{N;
OB
79y ~o¢ TCAHN OBz 3
MeOOC Ph™X0
v MeOOC Ph™X0
an|-—— Levo— Q9 R O/Vo 0 CO%Me
z 0 0
OBz TCAHN “°77 U5 TeaN B0 O-{N;
(80) OBz 3

Cxema 9. CuHTe3 LieeBbIX onurocaxapunos (69—71). Pearentst u ycnosust: i: Ph,SO, TTBP, CH,Cl,, —60°C;

ii: T£,0, —40°C, 60 mun, akuentop, 0°C, 56%; iii: a — Ph,SO, TTBP, CH,Cl,, —60°C; b — Tf,0, —40°C, 60 muH,
akuentop, 0°C, 47% nnst coenunenus (76), 62% st coenunenust (79) u 48% s coenunenust (80); iv: NoHy, AcOH,
Py, 96%; v: a — pIsOH, MeOH; b — H,O, THF, KOH; ¢ — Ac,0, MeOH, 58% s coenunenus (69),

54% nns coemunenus (70) u 48% nnsa coennHenus (71).

B 2009 r. X. Huang et al. onmucanu cuHTe3 neKaca-
xapuna (81), ponctBennoro 'K, B Buae MeTHUITINKO-
s3una [32] (puc. 7). JanHasg paboTta — NpPOAO/LKEHUE
pPacCMOTPEHHBIX BbIIIE CHHTE30B, BHIMIOJIHEHHBIX B
2007 1. [30]. HecmoTps HA yCHELIHBIN CUHTE3 TeKca-
caxapuna (53) (cM. cxemy 8), MOJYYUTh I10 TAKOM Ke
cxeme nekacaxapun (81) He ynanock. [To ncnonab3o-
BaHHOMY B ciy4ae nmpoaykra (53) “one-pot” mpoto-
KOJIy ObUI CUHTE3UPOBAH U ITOJHOCTHIO 3allUILIEeH-
HBII JTeKacaxXapuj, OMHAKO aBTOPHI HE CMOTLIIU yOa-
JIUTh TIITh (DTAJOUMIIBHBIX 3allUTHBIX TPy B

MPUCYTCTBUU NSATU O-O0€H3UIBbHBIX 3a1IUT B MOJIEKY-
Jie U3-3a 00pa30BaHUS MaJOPEaKIIMOHHBIX JIMITOCO-
MOIIOAOOHEBIX IMOIynpoayKToB. IloaToMy ObLIa pas-
paboTaHa HOBasi cxeMa CHUHTe3a, KoTopas TMpeny-
cMaTpuBaJia UCIOJb30BaHUE N-TpUXIOpalleTUIbHOMN
3alllMThl B ocTaTKe D-mioko3amMruHa BMeCTo (rajo-
UJIBHOM.

Tak, TIMKO3MIMPOBaHNE MOHOCAXapUIHBIX TIPO-
n3BoaHbIX (82) u (83) Tmornuko3umom (54) B mpu-
cyrcrBun AgOTT n p-TolSCI mpuBogmiio K oOpa3oBa-

BUOOPTAHUYECKAA XUMHUA Ne 2

TOM 48 2022
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0 HO o o COOH OH
%’l 0 |HO 0
NHAc %o Y OCH,
NHAc
OH NHAc
(81) >

Puc. 7. dekacaxapun, poactBeHHbIl 'K, cunresupoBannbiili X. Huang et al. [32].

HUIO TpeOyeMbIX aucaxapunoB (84) u (85) ¢ Beixomamu
80 11 70% cootBeTcTBeHHO (cxeMa 10). M36upatenpHOE
yaaneHue napa-MeToKCUOeH3WIBHOI TpyIbl pu O-6
B octaTkax D-mmoko3sl B coenuHeHusx (84) u (85),
okucnenne C-6 neiictsuem PDC u nocnenyiolee 6eH-
3WINPOBAaHNE KApOOKCWIHLHOM TPYIIIbI IPUBOIIIN K

Ph—~0 - _pmBo—\""_ N0 o
O O (54), i TBSO o O R
HO R BnO 0

obpazoBaHuto nucaxapuaos (86) v (87) cooTBeTCTBEH-
Ho. YmanmeHue TBS-zammutel B coemmHeHMsIX (86) u
(87) neitcrBuem HF-Py mo3Boanio mojiyduTs auca-
xapuaHble 010ku (88) u (89) cooTBETCTBEHHO, KOTO-
pble OBLTN HEOOXOMMMHBI IJIsI COOPKH 1IEJIEBOTO JeKa-
caxapuja.

NHTCA OBz NHTCA
(82) R =OMe (84) R = OMe
(83) R =STol (85) R = STol \
BnOOC Ph/Vo BnOOC Ph/Vo
HO < R _ @ TBSO Q o .
BnO 0 R BnO 0
OBz NHTCA OBz NHTCA
(88) R = OMe (86) R=OMe
(89) R = STol (87) R =STol

Cxema 10. Cunre3 qucaxapuaHbix 6;10KoB (86—89). Pearents! u ycinosust: i: p-TolSCIl, AgOTf, —78°C, TTBP, 80% mia
coepuHenus (85); ii: a— DDQ, CH,Cl,/Na,CO;5 (BonH.); b — PDC, DMF; ¢ — PhACHN,, CH,Cl,, 65% Ha Tpu cTanuu
st coenuHenus (87); iii: HF/Py, 90% st coenunenust (89) u 48% Ha nsith craauii st coenvHeHus (88).

Tak ke, kKak 1 B cuHTe3¢e 2007 I., aBTOPbI UCTIOTIB30-
BT CXEMY C TIPEIBApHUTEIHFHON aKTUBAIIME TUOIIIH-
KO3MIHOIO INIMKO3WI-HoHopa AeiictBueM p-TolSCl u
AgOTT{. I'muko3unmpoBaHue akienropa (89) moHo-
poM (87) B 3TUX YCIIOBUSIX IIPUBOIMIIO K 00Opa3oBa-
Huto TeTpacaxapuaa (90) ¢ BeixomoM 82% (cxema 11).
AxTuBalusg Tuoraukosuaa (90) u nodbapieHUe K He-
My IucaxapuaHoro 6joka (88) mo3Boauiv mMoayuduThb
rekcacaxapu (91) ¢ Berxogom 71%. Jlanee B 3TOM coO-
eMMHEHNH CEJIEKTUBHO YIAISIA CUIMIBHYIO 3aIIInT-
HYIO TPYITITY, BEICBOOOXIAsI THIPOKCUIBLHYIO TPYITITY
npu C-4 xoHLeBoro octarka D-rmoko3bl. [Tocimemy-
foIast coopKa yIJIEBOTHOTO CKeJieTa TTo cxeme [4+6]
MPUBOAWJIA K TTOJyYeHUIO TpeOyeMOoro Aekacaxapuiaa
(93) ¢ BeICOKMM BBHIXOmOM 77%. HeiictBuem HF-Py
IIp1 KOMHATHOI TemmepaType Oblia ymaireHa TBS-
3amuTa B coennHeHuu (93) (79%). Hanee ymansuim
IISITh N-TPUXJIOPAE THIIBHBIX TPYIIT M OMBIJISUTH TISITh

BUOOPTAHUYECKAA XUMUA

TOM 48 Ne 2

OEH3WIOBBIX 3(UPOB IMpHU IIECJOYHOU 00padoTKe
(20 s3xB. KOH) B TeueHue 5 Helelb, OCIIE YEro Cle-
MOBaIM CTaguM N-alleTWJIUPOBAHUS W yHAJICHMUS
OEH3WIMICHOBBIX 3aIIUT C 00pa30BaHUEM IIEJIEBOTO
nexkacaxapuma (81) ¢ o61mmM Beixogom 35%.

B 2009 . mox pykoBoacTtBoM van der Marel ObLI
BBITOJTHEH €111e OMUH CUHTE3 OJIUTocCaxapUuaoB, poJ-
ctBeHHBIX ['K. B oTinunie ot pacCMOTpEHHOI BHILIIE
cepuu coequHeHuit (69—71), MoaydeHHBIX B 3TOM
JabopaTopuu, HOBBIE IIPOAYKTHI — TpH- (94), TIeHTa-
(95) u renrtacaxapun (96) — comepxaau OCTaTOK
N-anetun-D-rnmoko3zaMyuHa Ha BOCCTaHaBIWBalO-
memM koH1e (puc. 8) [33]. Kak u B mpenbiaylieii cepuu
CUHTE30B, aBTOPHI UCMOJIb30BaI CUHTETUYECKHE OJ10-
KM Ha OCHOBE NPOU3BONHBLIX N-TpuxyopaneTi-D-
IIIOKO3aMUHA 1 D-TIIIoKypOHOBO# KMCIOTHIL.

2022
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Cxema 11. Cunres nexacaxapuna (81). Pearentst u ycnosust: it AgOTH, Et,0, —78°C, p-TolSCl, TMSOTHT, 82%;
ii: AgOTf, Et,0, —78°C, p-TolSCl, (88), TMSOTT, 71% nns coenunenus (91), 77% nns coenunenus (93);
iii: HF-Py, 90%; iv: a — HF-Py, 79%; b — KOH, H,O/TT'®; ¢ — Ac,0, MeOH, TEA; d — Pd(OH),, H,,
AcOH/MeOH/TT®, 35% na 3 cranuu.

Hns samutel O-4 u O-6 B ocTaTKax N-TpUXJIOp-
aneTwi- D-roko3aMuHa Oblla BhIOpaHa Iu-mpem-
OyTWICUIUIUICHOBas Tpynma. BzauMopaeiicTBrem
N-dbenun-rpudropauerumuaara (97) u IMKO3UII-
akuenTopa (98) B npucyrctBuu TFOH 6bL1 oyyeH
IUcaxXapuIHBIM THormko3un (99) ¢ BerxomoMm 90%

OH
OH
HO ¢} COOH
NHAc HO
OH
94)

(cxema 12). Ero coueranue ¢ moHocaxapuaoM (100),
coaepKalluM a3uadoNpPOIMIbHBIN crieiicep, MPUBO-
10 K obpazoBaHuto Tpucaxapuna (101) ¢ BerxogomM
75%. debmokupoBanuem coenvHeHus (101) mo ot-
paboTaHHBIM METOAMKAM MOJyYyasu LeJeBOi Tpuca-
xapun (94).

o&/oﬁw
NHAc 3

OH o
HO o) COOH COOH OH
HO o} o |HO O o |HO 0
NHAc HO O OH o o) OHN s
OH NHAc OH NHAc 3
n

95) n
(96) n

1
2

Puc. 8. Omurocaxapunsl, ponctBeHHbIie [ K, cmHTe3npoBaHHbBIE O pyKoBoacTBOM van der Marel [33].

BUOOPTAHUYECKAA XUMUA

TOM 48 Ne 2 2022
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Cxema 12. CuHTe3 1eaeBbIX oaurocaxapuaon (94—96). Pearentsl u ycnosust: i: TTOH, 0°C, 90%; ii: NIS, TfOH,
CH,Cl,, 75% nns coenunenust (101), 98% s coenunenust (103), 61% nns coenunenus (105); iii: NoHy, H,O, Py,
AcOH, 94% nna coenunenus (102), 91% s coenunenusd (104); iv: a — Et;N/3HF, TT'®; b — KOH, TT'®, H,0;
¢ — Ac,0, MeOH; d — H,O, LiOH, 47% nns coenunenus (94), 31% nns coenunenus (95), 46% st coenuneHust (96).

CeleKTUBHOE yHaJeHWe JIEBYJMHOBOM 3alllATHI
npu O-3 KoHueBoro ocrarka B coemuHeHun (101)
MIPUBOIWJIO K TIOJIYYEHUIO TPUCAXaAPUIHOTO TJIUKO-
sun-akuenTopa (102) (94%). Hanee o cxeme [2+3] ¢
UcCToJib30BaHuEM 010KOB (99) u (102) 6bL1 TTOTyUeH
neHTacaxapun (103) ¢ Beixogom 98%. YnaneHue Jie-
BYJIMHOBOI 3a1IUThI B coenuHeHnu (103) mpuBoauao
K 00pa3oBaHMWIO TIEHTACAXapUIHOTO TITMKO3WI-aK-
uerrropa (104) (91%). o cxeme [2+5] ¢c ucrioab3oBa-
HueM 6710koB (99) u (104) OGbLT MOJIyYeH yKe TrenTa-
caxapun (105) ¢ Beixomom 61%. YnaneHue 3alIMTHBIX
rpynn B coenuHeHusix (103) u (105) mpuBoamiio K
MOJIYYEHUIO 1IeJIEBBIX TIeHTa- (95) 1 renTacaxapuaon
(96) COOTBETCTBEHHO.

BUOOPTAHUYECKAA XUMHUA  ToM 48  Ne 2 2022

B 2010 r. Brase et al. ormy0G1uKoBaau CUHTE3 OU-,
TeTpa-, rekca- u okracaxapuaos (106—109) — 3amm-
IIEHHBIX OJIMrocaxapuaoB, poacTBeHHbIX 'K (puc. 9)
[34]. YacTuuHOe ymajieHue 3alllUTHBIX TPYHIT ObLIO
BBITIOJTHEHO TOJIBKO 111 TeTpacaxapuna (107). Onna-
KO NaHHas paboTa MpeacTaBiIseT MHTepeC Kak elle
OIVH IIpUMEp COOPKHU YIII€BOIHOIO CKeIeTa OJIUTO-
caxapunos, ponctBeHHBIX I K. B kauecTBe rmko3ni-
JIOHOpa WCHOJb30Baau 3TUATHO-TIoKo3ua (110),
onucaHHbIM paHee [34], conepKaBIINUii COy4aCcTBYIO-
myio 2-0-0eH30MIbHYIO 3allIMTHYIO TPYIITY U OPTO-
TOHAJIbHYIO KMCJIOTOJIA0OWIbHYIO nApa-MeTOKCUOEH-
3uJIbHYI0 Tpynmy npu O-6 (cxema 13). B kauecTBe ak-
LENTOpa MCHOJb30BaId IIPOM3BOIHOE AJUIMII-/N-
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I'PUHBKOBA u np.

MeOOC MeOOC MeOOC OH
LevO O ACO (0] ACO o l0) A(:OﬁAA
BnO OAllyl H HO o] OH
NHTCA OBz AcHN
(106) (107)
MeOOC
LevO 0 HO MGOOC o MeOOC
BnO o H 0 HO OAllyl
TCAHN BnO Y
TCAHN NHTCA
(108) n = 1
(109) n =2

Puc. 9. [peniecTBeHHUKY oMrocaxapunoB, poactBeHHbIX ['K, cuAaTe3npoBanHbie Brase et al. [34].

TpuxiopaneTwi- D-rmokozamuuaa (111). B3aumo-
neiictBueM MoHocaxapuaos (110) u (111) B mpucyT-
crBuu NIS 1 TMSOTT nonyuanu nucaxapun (112) ¢
BeIXogOM 72%, B KoTOopoM panee ymansiau PMB-
rpynny npu O-6 ngeiictBuem (NH,),Ce(NO;),.
Okucnenne C-6 B MOJNy4EeHHOM IPOMEXYTOYHOM

OPMB OBn
LevO O AcO
BnO SEt HO OAllyl
OBz NHTCA
(110) (11

MOHOTHUIPOKCUJIBHOM IIPOAYKTE OBLIO IIPOBEICHO
nepiionHoit kuciaoroid 1 CrO; ¢ mocaeayoumum mne-
peBoaoM obpa3zyroleiicss KapOOKCUIbHOM TPYIIITbI B
COOTBETCTBYIOIIWIT METUJIOBBIM 3¢dup. OOIIMiI BbI-
xon aucaxapuna (106) Ha yeTbIpe CTamWMU COCTABUII

45%.
AcO
Q0 A¢ ﬁ&omm

NHTCA

i LevO
BnO

((IIZ)R CH,OPMB
(106) R = COOMe

Cxema 13. Cunres nieneBoro nucaxapuna (106). Pearentsr u ycnosust: it NIS, TMSOTf, CH,Cl,, —30°C, 72%;
ii:a— (NH4)2CC(NO3)6, CH2C12, b— H51067 CTO3, CH3CN/H20, OOC; Cc— CH2N2, CH2C12, 45% 001Ut BBIXOI,.

W3 coemmpenns (106) ObUIM MOTyYeHBI KIIIOYe-
BbI€ U cCaxXxapuIHbIe OJIOKU, HEOOXOAUMBIE AJIsl COOp-
KM KPYOHEIX onurocaxapuaoB (cxema 14). Tak, meii-
CTBHEM XJIOpHUIA TaJUTAnKs B YKCYCHOM KMCITOTE yaa-
JIVJIW aJJTWIBHYIO 3alllUTHYIO TPYINY B COeAUHEHUU
(106) c nocieayIIMM TTepeBOIOM MOJIYYEHHOTO MO-
nyarterans B Tpuxiopaterumunar (113) (45%). Ce-
JIEKTUBHOE yIAJIEHUE JIEBYJIMHOBOM 3allIUTHOM IPyII-
nbl B coenHeHnu (106) neiictBreM alierara Tuapa-
3MHA TPUBONIIO K TIOJNYYEHUIO IHUCaXapuIHOTO
akuenTopa (114) ¢ Beixonom 90%.

B3anMoneiicTBueM mucaxapuaHbIX 010KoB (113)
u (114) 6611 mosrygeH teTpacaxapu (115) ¢ BeIxomoM
51%. Jdanee B 3TOM COeNUHEHUM NEMCTBUEM THUIpa-
3MHA MPOBOAVJIA BBICBOOOXIECHUE TMAPOKCHILHOM
rpynmsl npu C-4 TepMuHaIbHOTO ocTtarka D-Timroko-
36l ¢ 00pa3oBaHUEM TeTpacaxapuIHOTO aKIenTopa
(116). Ero mocrnenymwoliee MIMKO3UJIUPOBAHUE TPU-
xnopanetTumuaaTom (113) npuBoAMIIO K ITOIYYSHUIO
rekcacaxapuaa (108) ¢ Beixomom ToiibKo 45%. Ynane-
HUEM JIEBYJMHOBOM 3allIMTHOM TPYIIIEI B COSAUHE-
Huu (108) monyyanu rekcacaxapumaHBIA TTTUKO3MII-

akuenTop (117). Coopka okracaxapuna (109) no cxe-
Me [2+6] ¢ ucnonb3oBaHueM coenuHeHuit (113) u
(117) mponia ¢ ymMepeHHBIM BbIxonoM (32%). Ilo-
CTEeNeHHOE YMEHBIIIEHNE BBIXOIA C POCTOM e Ha
CTaIUsIX TIIMKO3WINPOBAHUS CBSI3aHO, BO3MOXHO, C
OoJice CIOXHOIM MPOCTPAHCTBEHHOM opraHu3alueit
IJIMKO3UJI-aKIIeNTopa, B pe3yjabTaTe Yero TOAXO
IJIMKO3WJI-IOHOPAa K CBOOOAHONW TMAPOKCUIbHOM
IpyTIIie KOHIIEBOTO OCTaTKa CTAaHOBUTCS IPOCTpaH-
CTBCHHO 3aTPYIHUTCIbHBIM.

M3 Bcex moydeHHBIX 3alIUIIEHHBIX OJUTOCaXa-
PUIOB aBTOPHI BLITOJTHUIIN YaCTUUIHOE YIaJIeHUE 3a-
IIATHBIX TPYIIL JIAIIb B TeTpacaxapume (115). JeiictBu-
eM Zn B cmecu AcOH u nuokcana B coenuHeHun (115)
MPOBEIN BOCCTAHOBUTEJIBHOE JIEraIOTeHUPOBAHUE
N-TpUXJTIOpalleTWIIEHOM TPYIILI B OCTaTKaxX D-TIoKo3-
aMHWHa, KOTOPOe ITPOTEKAJIO C HU3KUM BbixomoM 20%.
VianeHue aJIMJILHOI 3allIMTHI ObLJIO OCYIIECTBJIEHO
npu neiictBuu PdCl, B cMecu BOgHOI YKCYCHO Kuc-
JIOTBI, a CHATHE O€H3MJIBHBIX TPYITI BBITTOJIHSIINA TUI -
poreHonuzom Han Pd(OH),/C.

BMOOPTAHWYECKAS XMUMUS Ne 2
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i (106) i
MeOOC OB“ OBn
LevO o ACO MeOOC
BnO HO Q AO OAllyl
Bz TCAHN BnO O
NHTCA
(113) CC]3 (114)
MeOOC
MeOOC
aon|-~— RO o Acoﬂ/ QA0
BnO BnO OAllyl
oBz TCAHN NHTCA
i ( (115) R = Lev
(116)R =H
(113), iii
OBn
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o ACO&/C Q AcO MO o AcQ 0
BnO m/ B 5 OAllyl
n
OBz TCAHN OB, TCAHN NHTCA
(108) R = Lev
(117)R=H
(113), iii
(109) |

Cxema 14. Cunres neneBbix onurocaxapuaon (107—109). PearenTsl u yenosust: i: a — PdCl,, NaOAc, AcOH/H,0, 79%;
b — CCI1CN, ABY, CH,Cl,, 0°C, 52%; ii: N,H,4, AcOH, CH,Cl,, MeOH, 90% nns coenunenuii (114), (116) u (117);
iii: TMSOTf, CH,Cl,, 0°C, coenuneHnue (113), 51% nnsa coenunenus (115), 45% nns coenunenust (108),

32% nnsa coenunenust (109).

B 2011 r. van der Marel et al. ocy1iecTBUIN CUHTE3
nu- (118) u rerpacaxapunHoro 4-metuiayMoeude-
pwirnukosuaa (119) (puc. 10) [35]. DTu coenuHeHus
colepxXajlu MeTubHylo rpynmy mnpu O-4 ocraTka
D-rmokypoHOBO#T KUCTOTEL. Takme Tpou3BOIHBIE
OBLIM HEOOXOMMMEI IJISI U3YyYEeHMsI CyOCTpaTHOIM cITe-

HupUIHOCTU (pepMeHTa ThaaypoHuaassl [36], KoTo-
poe TUTAaHUPOBAJIH BBIIIOJIHUTE B OYIYIIIEM.

B xadvecTBe IIMKO3WI-IOHOpa B paboTe van der
Marel et al. 6BLI0 MCTTOJIB30BAHO MTPOM3BOIHOE D-ITo-
KypoHoBoii kuciiotsl (120), conep:kaBiliee METUIIEHYIO
3ammTHYI0 rpyrmy Ipu O-4 (cxema 15), a B KayecTBe

COOH O':)
MO M 0. oo
OH NHAc P
(118)
COOH OH OH
MeOL0 HO 0 COOH
HO 0 0 O HO o 0._0
OH NHAc HO o 0 el
C
=
(119)

Puc. 10. Onurocaxapunsl, ponctseHHble ['K, cuHTe3npoBanHbie van der Marel et al. [35].
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DIMKO3WI-akienTtopa — N-atetwi-f-D-mmoko3amu-
Hun (121) ¢ 4-metunymOemudepruIbHBIM arJIMKOHOM.
BzaumoneiictBuem coequuenuit (120) u (121) B ripu-

FB%
+Bu=Si_
MeOOC % 0
MO N on T HO MO N O
BzO b8 AcHN P
z
(120) (121)

I'PUHBKOBA u np.

cyrctBuu Ph,SO u Tf,0 nonyvyanu aucaxapun (122) ¢
BBIXOIIOM 53%. YnajeHve B HeM 3aIlIMTHBIX TPYITI ITPH-
BOIWJIO K IOJIy4EHUIO 1ejieBoro nmpoaykra (118).

t—Bu\
-Bu—Si_
MeOOC \ O o
MeO Q O ¢} o_ _O
i BzO 0
—_— OBz AcHN P
(122)

(118)

Cxema 15. Cunres nenesoro nucaxapuna (118). Pearents! u ycnosust: it Ph,SO, Tf,0, CH,Cl,, —20°C, 53%;
ii- a— NaOMe, MeOH, CH,Cl,; b — HF-Py; ¢ — Na,CO; (BonH.), 63% Ha 3 cranum.

Hns cunTe3a TeTpacaxapuaa (119) B kaudecTBe
IJIMKO3WJI-IIOHOpAa WCIIONb30BAIN  TUCAXapUIHbBII
N-dpennn-tpudropauerumuaar (123) (cxema 16).
Ero coueranue ¢ MoHocaxapunom (121) mpuBoauio
K o6pasoBanmio Tpucaxapuaa (124) ¢ BerxogoM 60%.
CenekTUBHOE yIaJeHWE JICBYJIMHOBOM 3alllMTHOM

rpynmnsl B coenrHeHU (124) MO3BOJIMIIO TOIYYUTh
TpUCaxapUAHBINA TITUKo3miI-akuernTop (125) ¢ mpak-
TUYECKU KOJIMYECTBEHHBIM BBLIXOAOM. B3ammopeii-
ctBue coequHeHuit (125) u (126) npuBoanIO K TET-
pacaxapuny (127) ¢ BeixogoMm 85%. IMocmequuii na-
Jiee TIepeBOIUIIM B lieJeBoi TeTpacaxapun (118).

t—Bu\ -Bu ~Bu
+-Bu-Si Bu-Si Bu_l.
~ () Si_
Oo%&/ COOMe (121),: % Q Me0OC Vo
LevO 0 0 RO 0 0 0._0O
TCAHN  BzO O.__CF; TCAHN  BzO Y
0Bz OBz  AcHN P
(123) Nepp 4 (124 R=Lev
(25 R=H
Me0OC
i M O iii
By -Bu B0 O_ _CF; = (120)
I—BU\Si -Bu \S OBz \1\‘](
- -Bu-sg;
v 90 o W\ o MeooC VO (126) “Ph
4o S e O%O&O o 0._0
op; TCAHN  BzO 0
OBz AcHN P

127)

Cxema 16. Cunte3 uenesoro terpacaxapuaa (119). Pearents! u ycnosus: i: TFOH, CH,Cl,, 0°C, 60% nnsi coennHeHus
(124), 85% nnsa coequnenus (127); ii: NoH, - AcOH, Py, AcOH, 99%; iii: Cs,CO3, CIC(NPh)CFj5, (CH3),CO, 65%;
iv: a — Zn nopowok, AcOH; b — KI, (CH3),CO; ¢ — Zn nopoiuok, AcOH; d — NaOMe, MeOH, CH,Cl,;

e — (HF);-Et;N, Py; f — Na,COj5 (BonH.), 43% Ha 6 cranuii.

B 2012 r. van der Marel, Codée et al. ormucanm cuH-
te3 renta- (128), ynneka- (129) u neHTamekacaxapu-
nma (130), poacrBenHbix 'K 1 comepxkammx ajainib-
HBI armukoH (puc. 11) [37]. OcoGeHHOCTh TaHHOM
paboThl — UCMOJIb30BAHME METOIA ABTOMATUYECKOTO
CUHTE3a Ha TBEPAOI IMTOMIOXKE ST COOPKHU YIIIEBOI-
HOTO CKeJleTa.

BUOOPTAHUYECKAA XUMUA

s cunresa coenmHenuii (128—130) ucmonb3o-
Bajld TMOJIyYEHHbIE paHEe MOHO- U JUcaxapuIHbIe
6oxu (97) (cxema 12) m (123) (cxema 16). Ha mepBoit
cragur MoHocaxapun (97) UMMOOMIM3UPOBAIN HA
cMosie Meppudwminna, 3aTeM CeJIeKTUBHO yIassiin
JIEBYJIMHOBYIO 3allIUTY U TIPOBOJIMIN PEAKIIMIO C M-
caxapuUIHBIM INIMKO3WI-moHOpoM (123) (cxema 17).
Ne 2
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IIpoBeneHMe LVKIIOB yOaJleHWs JIEBYJIMHOBOI 3a-
IIUTHOM TPyNIbl U TJINKO3WIMPOBAHUS AVicaxapu-
moMm (123) 3, 5, 7 pa3 u mocienyioniee U3BJIeUeHUE
MPOAYKTOB C TBEPAOMA3HOIO0 HOCUTEISI TTO3BOIUIIO
noayuuts renrta- (131), yunexka- (132) 1 neHTaneka-
caxapu (133) MCKIIOYUTENHEHO B aBTOMAaTUYECKOM
pexume. [locie ymameHUsT 3allUTHBIX TPYIIT LieJie-
Bble onurocaxapuabl (128—130) ObUIM BBIAEIEHBI C

Q" Lo

CyMMapHbIMU BbIxogamu 26, 32 u 18% cooTBeT-
CTBEHHO, YTO MPENCTABIISIETCS BECbMa XOPOIIUM pe-
3yJITATOM JJIsl TAKUX KPYMHBIX coenuHeHuit. CTouT
OTMETUTh, YTO ONMUCAHHBIN CUHTE3 — MEpPBbIil MPU-
MEp aBTOMAaTU3UPOBAHHOTIO IMOJYYEHUs OJuUrocaxa-
punoB, poacTBeHHbIX parmeHTaM 'K u B 11e10M
IIMKO3aMWHOTJIMKAHOB C UCTIOJIb30BaHUEM YTJIEBO/I-
HOTO CUHTe3aTopa.

+ (97)

ABTOMATUYECKUIA (123)

npas TBeprohazHbII

CUHTE3
t-Bu
\ t—Bu\
t—Bu—Sl\\O f'Bu‘Si\
0 0O MeOOC \ O
0 0 o O&gpo
HT Tcann  BzO o TN
OBz " TCAHN

(131)n=3
(132)n=>5
(133)n=7

gg 0 MeOOC HO
0 o o HO&&/O
HT™ Tcaun  BzO 0 N
OBz| TCAHN
(128)n =3 v (35 n=3
(129)n=5 (136)n=>5
(130)n="7 A3y n=7

Cxema 17. CuHres uesnesblx onurocaxapunon (128—130). Pearents! u ycnosust: i: NoHy, Py, AcOH, 2 % 10 Mus;
iia— TfOH, CH,Cl,, 0°C, 3 x 30 muH; b — N,Hy, Py, AcOH, 2 x 10 muH; iii: katanusarop I'pa66ca, Cl;CC(=0O)NH,,
H,C=CH,, CH,Cl,; iv: 3HF-Et3N, TT'd; v: a— KOH, H,0, TT®, 3—4 nus;; b — Ac,0, NaHCO3, H,0, 26% st coenu-

Henus (128) Ha 10 cranuii, 32% mis coenuHenus (129) Ha 14 cranuii, 18% misa coenunenust (130) Ha 18 craguii.

B 2013 u 2015 rr. Giannis et al. ormcanu cuHTe3
AJUTWJINIMKO3UAHBIX TeTpacaxapuaoB (137) u (138),
ponctBeHHbIX 'K [38], u rekcacaxapuna (139) B Bume
3-a31a0-2-THIPOKCUTIPONMIBHOTO  MTPOU3BOIHOTO
[39] (puc. 12). B Terpacaxapune (138) ocrtaTtok

D-1110KypOHOBOIT KMCITOTHI BKITIOYAT Bcomerku JUTS
MOCJIEAYIONIEr0 UCHOIb30BAaHUS 3TOTO COSIUHEHUS
npu u3ydeHuu cBsizbiBanus 'K ¢ OenrkaMu-MuIeHs-

BUOOPTAHUYECKAA XUMUA

ToM 48  Ne 2 2022

mn, BKkmodas IL-8 m dakTopel pocra, MeTOomaMu
SAMP-CcrIeKTpOCKOIIMHN.

st mpoBeAeHHBIX CUHTE30B B Ka4e€CTBE INIMKO-
3WJI-IOHOPa ObLT BeIOpaH Tpuxiiopauetumunar (140)
[40], McroMB30BaHHBIN paHee IPH ITOJTYYEHUN OJIM-
rocaxapuaoB, pOACTBEHHbBIX (pparMeHTaM XOHIPOUT-
nHCcynbdara. BzanmoneiictBue Tnormmko3uaa (141)
¢ moHocaxapugom (140) B mpucyrctBum TMSOTS
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I'PUHBKOBA u np.

oH OH
o COOH
H e ) o_|H9 Q O~
HO X
NHAc OH ] NHAc
(128) n =3
(129)n=>5
(130) n =7

Puc. 11. Onurocaxapunsl, ponctBeHHbIe ['K, cuHTe3upoBanHbie van der Marel u Codée et al. [37].

MIPUBOIMIIO K 00pa30BaHUIO OVCaXapUIHOTO TJTMKO-
sun-moHopa (142) ¢ Bexomom 90% (cxema 18). s
MIOJTydeHUs] ITUCaXapuaIHOTO TIUKO3WJI-aKIlerTopa
(145) cHavajia MpOBOAMIIM COYETaHUE MOHOCaXapu-
moB (140) u (143) (62%), a 3aTeM B 0OpasylomeMcs
npoaykre (144) ypmamsyii CUJIMIBHYIO 3alllMTHYIO
TPYIITy, YTO TIPOTEKaJO C BBIXOOMOM JHUIb 35%.
Co6opka 6710k0B (142) u (145) o cxeme [2+2] mpuBo-
muira K tetpacaxapuny (146) (59%), momHoe ynane-

HUE 3alIUTHBIX TPYIII B KOTOPOM HPUBOIUIIO K ITOJTY-
yeHuio 1ejieBoro mnpoaykra (137). M3dbuparenbHoe
Ke ylajieHue CUJIMILHOM 3allIUTHO TPYIIIIBL B TETpa-
caxapuge (146) u mmocnenymoliee NIMKO3UINPOBaHUE
nponykra (147) nucaxapumom (142) mpuBommian K
rekcacaxapuay (148). Moaudpukaiiys aJauibHOTO
anIMKOHA U yaajJieHue 3allluTHBIX Ipymil B (148) mmo3-
BOJIMJIU MOJYYUTD 1iesieBoit mponykT (139).

Ph0 Ph/Eo o
HO STol  TBSO 0 ACHN
(141) NHTroc BnO (143) O~
Bz0o____ccl,
\ i (140) NH !
MeOOC Pg/voo MeOOC Ph/}OO o
B0 o STol RSMO
BzO NHTroc BzO AcHNG
(142) i (149 R=TBS
(145 R=H
MeOOC Ph
RO o B0 Meooc PhTX0 o )
BnO o) EM/OO (137)
BzO TrocHN n
‘ Bz0 AcHNo
. ( (146) R="TBS
(147)R=H
MeOOC Ph—X~0O
MeOOC Ph
TBSO N2 D 2 o o/vooﬂ,mooc PO
n - TrocHN  BnO o) O%O (139)
z BzO TrocHN BnO A
BzO cHNg
(148) T

Cxema 18. Cunre3 1eseBbIx onurocaxapuaos (137) u (139). Pearentsl u ycnosus: i: TMSOTS, —20°C, 90% st coenu-

Henus (142), 62% nna coenunenus (144); ii: TBAF, TT®, 35%; iii: NIS, TfOH, 59% nna coennuenus (146), 49% mist

coenuHenus (148); iv: HF-Py, 78%; v:a — AcOH, Zn; b — Ac,O, Py, 43% na nse cranuu; c — HF-Py, 46%; d — MeONa,

MeOH, Amberlite 120; e — NaOH, H,O, Dowex 50, 63% na 3 craguu; vi: a — AcOH, Zn, 50%; b — HF-Py; ¢ — Ac,O,
Py, 70%; d — DMSO, (CHj3),CO, —78°C; e — NaN3, DMF, 70% Ha nBe cranuu.

BUOOPTAHUYECKAA XUMUA tom 48 Ne2 2022
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RN HO COOH
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149
COOH COOH
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ﬁh\/ woﬁ
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Puc. 12. Onurocaxapunbl, poactseHHbie 'K, cuHteanpoBanHbsie Giannis et al. [38, 39].

st monydyenust rerpacaxapuna (138), conepxa-
mero BC-Mmetrku B octatke D-IIIOKO3bI, ObLT HC-
MoJb30BaH 2C-MedeHblii MOHOCAXapUOHbINA Mpe-
mectBeHHUK (149) (cxema 19). Ero B3aumomeii-
cTBUEe Cc MoHocaxapuaom (143) mnpuBoamyio K
obpaszoBanuio gucaxapuaa (150) (80%), B koropom
CEJeKTUBHO YIAISLUIU Hapa-MeTOKCUOEH3UIbHYIO

rpynmy, okuciasnu C-6, MeTUIupoBaiu oGpaso-
BaBIIYIOCS KapOOKCUJIBHYIO TPYIIMy, TOCJIE Yero
neiictBueM TBAF ymansim cuimibHYIO 3alllUuTy
(35%). NomyaeHHBIN nucaxapuaHbIil 00K (153)
OBIT MCTTIOJIB30BaH B CHHTE3¢ IeJIeBOTO TeTpacaxa-
puna (138) Tak xe, Kak u coeqrHeHue (145) B cuHTe-
3e Terpacaxapuna (137).

OPMB RO Ph M OOC
143), e
B0 B20 AcHN §y BZO AcHN
(149) (150) R = PMB W((BDR=T%
(15HR=H (153 R=H

Cxema 19. IMonyuyenue nucaxapuaHoro oioka (153). Pearentsl u yciosus: i: NIS, AgOTf, 80%;

ii: DDQ, CH,Cl,, Hacbiul. Bond. NaHCO3, 67%; iii: a — BAIB, TEMPO, CH,Cl,, H,O; b —

MCI, K2CO3,

90% ua nse cranuu; iv: TBAF, TT®, 35%.

B 2013 r. Jacquinet u Lopin-Bon et al. BeIToJTHMIN
CUHTE3 2-HapTUIMETWITIUKO3UAHBIX au- (154),
tetpa- (155) u neHrtacaxapuna (156), poacTBeHHbIX
I'K (puc. 13) [41]. HeoOBIYHOCTh JAHHOTO CHUHTE3a
3aKJII0YaeTCsl B UCMOJIb30BAaHUM B KauyeCTBE KJTIOUYE-
BOTO MpedlecTBeHHUKa aucaxapuaa (157), Kotopblit
ObLT MOJYYEH U3 KOMMEPUYECKU TIOCTYITHOTO MPUPOJI-
HOTO XOHApOUTUHCYIb(dara (cxema 20) [42].

COOH
wo ONAP

(154)

o

NHAc

COOH

COOH

w&w

(156)

IIpuponHbIii XOHAPOUTUHCYJIBGAT TTOCTPOEH W3
JMCaxapuIHbIX TOBTOPSIIOIIMXCS 3BeHbeB —3)-B-D-
GalNAc-(1—4)-B-D-GIcA-(1—, B KOTOPBIX CYJb-
daTHbIe TPYNIbI pacnojaralTcs, Kak MpaBuiio, Mpu
0O-4 wn O-6 B ocraTke N-aueTni-D-ramakro3zamu-
Ha [43]. ABTopaMu paHee OBLI pa3padoTaH METOI ITO-
JlydeHUsI U30uparesibHO 3alMIIEHHOTO aucaxapuia
(157) u3 xonapouTuHcyabdarta [42], KOTOPHIi BKITIO-

COOH

(6] HO
ONAP

NHAc
(155)

COOH

OH
(0] HO (0]
ONAP

NHAc

Puc. 13. Onurocaxapunsl, poncteenHbie ['K, cuaTe3upoBannbie Jacquinet u Lopin-Bon et al. [41].
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qaJ qecyib(aTupoBaHyie, HAlIPaBJIEHHOE pacIleTlie-
Hue (1—4)-B-IMKO3UIHBIX CBsA3eil, METUIMPOBa-
HUe KapOOKCUJIbHBIX TPYII U PaCCTAaHOBKY 3alllUT-
HBIX TPYIIIL.

HanbHeiimas TpaHchopManus aucaxapuaa (157)
3aKJII0Yajach B yIaJleHUM OCH3WIMASHOBOM 3alllUT-
HOI1 TPYMITBI, CEIEKTUBHOM 6-(0-0eH30MTUPOBAHUUN
B ocTaTke D-ramakro3amMuHa ¢ o6pa3oBaHUEM MPO-
nykta (158) (cxema 20). O6paleHre KOHDUTYpalIuu

I'PUHBKOBA u np.

npu C-4 B octarke D-ramakrozaMuHa ObLIO BBITIOJN-
HeHo reHepatiueit 4-tpudnara neiicrsuem TH,0 ¢ no-
cJIenyIoIIuM HyKJIeoDMIbHBEIM 3aMelneHueM TfO-
IPYIIIBl Ha TUOPOKCUIIBHYIO W alleTUIMPOBAHUEM.
Takmm o6paszom, mpeBpamieHre octatka GalN B
GIcN mponuio ¢ cyMMapHBIM BbixogoM 63%, 4to
MPEICTABIISIETCSI XOPOIIUM Pe3yJIbTATOM B HAaHHOM
ciyJae.

Ph
/( HO OBz OBz
[42] coome 0 COOMe COOMZ o
— AcO 0] o _! AcO (0] o i AcO O Ac o
XOHAPOUTHH- = ., Afc Om/ o — 2555 o %0 0
cyuar TCAHN OAc TCAHN OAc  TCAHN/
OAc OAc OAc C
(157) (158) (159)
Me. M OBz COOMe OBz
COOMe \§o COOMe AcO 0 AcO o}
RO o O 0 , AcO 0 AcO 0 w A Om/ 2
mo ONAP AcO o ONAP — Ac o s
o (0] TCAHN OAc TCAHN C o) NH
160
Me™ ™ . ((162) R=H (161) (160) &at,
(163) R = Lev

(154)

Cxema 20. CuHres 1ieneBoro nucaxapuna (154). Pearentsr u ycnosust: it a — TFA : H,O (3: 1), CH,Cl,, 0°C, 3 4, 82%;
b — BzCN, Py, 3 4, 88%; ii: a — (CF3S0,),0, CH,Cl,, Py, 0°C, 2 4, 95%; b — NBuyNO,, Tonyon, 4 4, 82%; ¢ — Ac,0,

Py, 16 4, 81%; iii: a — NyH4-AcOH, DMF, 40 Mun; b

— CCI4CN, OBY, CH,Cl,, 30 muH, 61% Ha nBe cTanuu;

iv: NAPOH, TMSOTT, CH,Cl,, 30 muH, 94%; v: a — MeONa, MeOH, 54, 67%; b — (CH3),C(OCHs),, CSA, DMF,
24, 68%; vi: LevOH, DCC, DMAP, CH,Cl,, 3 4, 94%.

M3 nosnHOCThIO 3aluilieHHOoro aucaxapuna (159)
noayJany ruKo3mi-goHop (160), KkoTopblii BBOAU-
JIU B peakliuio ¢ 2-HahTUIMETAaHOJIOM U MOoJaydalu
mko3uf (161) ¢ BeixonoMm 94%. YnaneHue 3aiiur B
3TOM COEeAUHEHUHN TTPUBOJMIIO K 00pa30BaHUIO 1iefie-
Boro mucaxapunaa (154). JezaueTmipoBaHue Auca-
xapuaa (161) geiicTBueM MeTujaTa HaTpusl B MeTa-
HoJie 1 mocieayolllee BBeAeHWEe U30MPONUINICHO-
BBIX 3aIIIUT MO3BOJIMJIM MOJXYYUTh Avcaxapun (162), B
KOTOPBIi Jajiee BBOAWIN JIEBYJIMHOBYIO IPYIINy MpU
0-4 ocrarka D-mmtoko3bl (—163) neiictBrueM JieBy-
JIMHOBOM KUCOoThI B TipucytctBun DCC.

IMonyuennsrit aucaxapun (163) wucnoib3oBaIU
JUIST CUHTE3a OJOKOB, HEOOXOOWMBIX IS COOpKU
KPYITHBIX ojurocaxapunoB (cxema 21). VnaneHuem
aleTWIbLHBIX 3allIMTHBIX TPYMIT U BBEIEHWEM Ha UX
MECTO OEH3OWJIBLHBIX 3aMECTUTEJICH ITOJydalll CO-
enuHeHUe (164) ¢ BeIxogoM 72%. CelleKTUBHOE yIa-

JeHue 2-HapTUWIMETUIBHOM TPYNNbl JIeCTBUEM
DDQ u nocnenyomnmii mepeBoa MOJTyIeHHOTO IOy -
aneTans B TPUXJIOpAleTUMUAAT IPUBOIUIN K IOy~
YEHUIO TIUKO3WI-goHopa (165) (45% wa nBe cra-
nun). CeJleKTUBHOE yAaJeHUE JIEBYJIMHOBO 3aIIUThI
B coennHeHnu (164) meiicTBMeM Tuapa3nMHa AaBajlo
rukosuia-akuernrop (166) (84%). Couetanue guca-
xapuaoB (165) u (166) B npucyrctBuu TMSOT{ npu-
BonuiIO K TeTpacaxapuny (167) ¢ seixogom 43%. Ilo-
ciie yaaJeHUs BCeX 3alllUTHBLIX TPYMNI B MOCIETHEM
nojyJauu LejeBoit Terpacaxapun (155), a mpu ce-
JIEKTUBHOM CHSITMU TOJIBKO JIEBYJIMHOBOI IPYIIITBI —
mmko3wi-akuenTop (168). B pesynbrare coopkm 11e-
nu 1o cxeMe [1+4] ¢ ucnonpzoBanueM 010koB (169)
u (168) monyyanu nenracaxapun (170) (50%), yoane-
HUe€ 3alIUTHBIX IPYIII B KOTOPOM MTPUBOIMIO K 06pa-
30BaHMIO 1IeJIeBOTO IeHTacaxapumaa (156).

BUOOPTAHUYECKAA XUMUA tom 48 Ne2 2022
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Cxema 21. CuHres LeneBbIx oaurocaxapuaon (155) u (156). Pearentsl u ycinosus: i: a — 60% AcOH, 100°C, 1 u;
b — BzCl, Py, 0°C, 2 4, 72% Ha ase ctaguu; ii: a — DDQ, CH,Cl,/MeOH, 24 4; b — CCI;CN, ABY, CH,Cl,, 30 MuH,
45% wna nBe craguu; iii: NoHy, Py, 8 mun, 84%; iv: TMSOTT, CH,Cl,, 30 mun, 43%; v: N,Hy, Py, 8 mun, 72%;
vi: TMSOTY, CH,Cl,, 30 muH, 50%.

B 2013 r. Pinto et al. cuHTe3MpoOBaNIM cieficepmupo-
BaHHBI Trekcacaxapun (171), ponctBeHHbIt TI'K
(puc. 14) [44]. Ha ocHOBe 3TOro coeqrHeHuUsI ObLIN
MOJIy4eHbI NIMKOKOoHbioraThl (172a) u (172b) c 6en-
KaMU-HOCUTEJISIMU: CTOJIOHSIYHBIM aHATOKCUHOM
(tetanus toxoid, TT) 1 CBIBOPOTOUYHBIM aJTOYMUHOM
yenoBeka (human serum albumin, HSA). Imuko-
KOHBIOTaThl OBLJIM MCITOJIb30BAaHBI B KAUECTBE UMMY-
HOTeHOB i1 HapaOoTku anTuTen K 'K [45]. s 3a-
IIUTHI aTOMa a30Ta B ocTtaTkax D-Tmoko3aMuHa aB-
TOpPBl MCHOJBb30BAN (PTaJOMIbHYIO Tpyrmry. s
MOCTPOCHUS YIJIEBOIHOIO CKejieTa OBIIM BBIOpaHBI
Mpou3BoIHbIe D-TII0KO3bI, colepsKallle BpeMeH-
HyIO JIEBYJMHOBYIO 3ammty npu O-6. B xagectBe
JIMKO3UJI-IIOHOPOB MCITOJIb30BaJIN PEAKIIMOHHOCTIO-
COOHBIE TPUXJIOPALICTUMUIATHI.

B3anmoneiictBueM moHocaxapumoB (173) u (174)
B npucyrctBun TMSOTT Ob1 monaydeH mucaxapuim
(175) ¢ BerxomoM 81% (cxema 22), B KOTOPOM ymaIsi-
JIN MOHOXJIOpaLeTUIbHYIO Tpymiry mpu O-3 octarka
BUOOPTAHUYECKAA XUMUA Ne 2

TOM 48 2022

D-rmoko3amMuHa 1Ipu 00paboTKe TMOMOYEBUHOM C
o0pa3oBaHUEM MOHOTUAPOKCUIBHOIO TIPOIYKTa
(176) (73%). I'mukosunupoBanue nucaxapuna (176)
TpuxiopauerumuaaTom (177) mpuBoaAMIIO K MOTyde-
Huto Tpucaxapuna (178) (82%), KOToOpEIil 3aTeM Tie-
pPEeBOAMIN B IIINKO3UJI-TOHOPHBIN 610K (179) (67%).
VianeHueM METOKCU(MEHUIbHOM TIPYIIBI B COCIU-
HeHuu (175) v moclieayIolIMM MpeBpalleHueM oopa-
3YIOIIETOCS TOJIyalleTalls B TPUXJI0paIlleTUMHUIAT TT0-
Jnydyanu mmko3ua-goHop (180) ¢ Beixogom 70%. Ero
B3aUMOJIEMCTBUE CO CIIEMCEPUPOBAHHBIM MOHOCAXa-
punom (181) u mocienyolliee ceJeKTUBHOE ynaie-
HUE XJIOPAeTUILHO 3allIUTHOM IPYIIITEI B 00pa3yro-
meMcs Tpoaykre (182) mpuBommyio K MOJYy4EeHUIO
mIMKo3uI-akienTopHoro 6i1oka (183). Coopka 1iernu
o cxeMe [3+3] ¢ ucnonabzoBaHueM 6;10koB (179) u
(183) mosBoawia mojiyuuTh rekcacaxapun (184) c
BbIxonom 70%.
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Cxema 22. CunTe3 LeneBoro rekcacaxapuaa (171). Pearentst u ycnosust: i: TMSOT(, CH,Cl,, —40°C — 0°C, 81% s
coennHeHus (175), 82% nnst coennaenus (178), 83% ninst coennnenus (182), 70% nnst coennnenus (184); ii: CS(NH,),,
2,6-tytuaud, CH,Cl,/MeOH, 73% nisa coenunenus (176), 78% nnst coenunenus (183); iii: a — (NH;),Ce(NO3)g,
CH;CN/H,O0, 0°C; b — CCI;CN, JBY, CH,Cl,, 67% Ha n8e ctanuu 11st coenuHeHust (179), 70% nist coenuHeHust
(180); iv:a — 80% AcOH, 70°C; b — Ac,0, Py, 78%; ¢ — N,H,4, AcOH, 2 : 1 EEOH—C¢H;CH3;, 89%; d — PDC/Ac,0,

CH,Cl,, 67%; e — H,NCH,CH,NH,, 1-6yranoin; f — Ac,0, Py; g

— 1 1. LiOH, TT®, 0°C, 72%; h — 10% Pd/C,

NaBH, B 0.05 M NaOH, 90%.

HanbHeiilee mnpeBpalleHue coeavHeHus: (184)
MPOBOJIWJIM C UCTIOJIb30BaHUEM CTaHAAPTHBIX METO-
moB. CHauana neiictBueM 80%-HOM YKCYCHOI KWHC-
JIOTBI ObLIIN yAaJIeHbl TPY OEH3UJIUICHOBbIE 3aIlUTHI,
a3aTeM alleTUJINPOBaIN BEICBOOOIUBIIIUECS TUIPOK-
cunbHble Tpyrbl Ipu C-4 u C-6 0CTaTKOB MITIOKO3-
amuHa. Jlanee ciaegoBajio ceIeKTUBHOE yaaJIeHUE Jie-
BYJIMHOBBIX 3allUT, TIOCJIe YETO CBOOOMHbBIE TUIPOK-
CHJIbHBIE TPYIIBI TTpu C-6 0CTaTKOB TITIOKO3BI OBLIN
OKMCJIEHbl AWXpoMaToM TupuauHus. JleiicTBruem
STUJIEHAMaMUHA MpoBoAMIU ynaneHue N-drano-
WILHBIX 3alllUTHBIX TPYIIM, MOCJIE Yero BBITTOJHSIU
N-auetTunupoBaHue IeiiCTBUEM YKCYCHOTO aHTMJI-
puna. Ilocne atoro ynansiiv 6eH30UJIbHbBIC 3alIUTHI,
BOCCTaHaBJIMBaJIY a3UJIHYIO TPYMITY B cIieiicepe U 1o-
JIy4yaJiu crieiiceprpoBaHHEIN rekcacaxapun (171).

IMonyyenue KonbloraroB jguraHga (171) ¢ 6enka-
MU-HocuTeassMu (KoHbrorathl (172a, b)) ipoBoauim
B JIBa 3Tarna: peakuueit nturanaa (171) c nusaTuiicKBa-
paTtoM B OydepHOM pacTBOpe MOJydaau MPOU3BOI-
HOe MOHOA3TUJICKBapaTa, KOTOPOE IIOCJIe TeIb-XpO-
Mmatorpagpun najee KOHBIOTUPOBAIM ¢ OSJIKOM-HO-
cureseM B 0.1 M kapoonatHoM 60ydepe ripu pH 10.

DKCIIepUMEeHThl Ha MBIIIAxX TTOKa3add BBICOKYIO
MMMYHOT€HHOCTh KOoHBIorara (172a) ¢ 6enkom TT.

BUOOPTAHUYECKAA XUMUA

DTO CBUIETENBCTBYET O TOM, UTO TeKcacaxapuaHbIi
JIMTaH]l 1OCTAaTOYeH, YTOOBI BbI3BaTh 3HAUMMYIO BbI-
padotky aHtutea K I'K. IlonydeHHbBIe aHTUTENA UC-
MOJIb30BAIN JJIS1 MOHUTOPMHIA B TJla3Me U ModYe
YPOBHSI HU3KOMOJIEKYJISIpHbBIX 1ierieit 'K — mapkepoB
TaKuX 3a00JieBaHUll, KaK IUPPO3 TIeUeHU, PEBMATO-
WIHBINA apTPUT, a TAKKE COCTOSIHMSA cercuca [45].

B 2014 . Nieto et al. onmrcanu cuHTe3 MeToKcude-
HUWJITIUKO3UIHBIX TpU- (185) 1 TeTpacaxapuna (186),
ponctBeHHbix ['K (puc. 15) [46]. dns 3amuTel aTomMa
a30Ta HCIIOJb30BAJIM TPUXJIOPALCTUILHYIO TPYIIIY,
IIJTST 3aIUThl KapOOKCUJIBHOM TPYIIBI B MOHOCAXA-
PUIHBIX MPEAIIeCTBEHHUKAX — OCH3WIBHYIO TPYIIITY,
a B KQ4eCTBE NIMKO3UJINPYIOIINX areHTOB ObUIN BbI-
OpaHbl TPUXJIOPALICTUMUIATHI.

[1pu monnyyennu coenmHenuii (185) u (186) cpas-
HUBAJIA IBa MTOAXO0MAa, B IEPBOM U3 KOTOPHIX UCITIOIb-
30BaJId OOBIYHBIE HAOOPHI 3aIUTHBIX TPYITT U METO-
JIOB BBIIEIIEHUS TIPOIYKTOB peaKlvii, a BO BTOPOM B
CTPYKTYpPY DIMKO3WJI-aKLENTOpa BKIIOUAIN allUJIb-
HBI TTOIM(MTOPUPOBAHHBII OCTATOK, YTO TTO3BOJISIIIO
IIPOBOIUTH BHIIECIEHNE MPOAYKTOB Ha CIIEIUAIbHOM
xpoMaTorpaduieckoM Hocurtene. Tak, U3 KOMMep-
YeCKU JOCTYITHOM TUalleTOH- D-TITII0K03bI OBLT TTOJTY-
JyeH MoOHocaxapuaHbiii 00K (187), KoTophIii 3aTeM

TOM 48 Ne 2 2022
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Puc. 14. I'ekcacaxapun, pornctBeHHbIH ['K, 1 TIIMKOKOHBIOTATH HAa €70 OCHOBE, CUHTe3upoBaHHbIe Pinto et al. [44].

MepeBOIMIN KaK B GEH3WIOBHINA 3(pUp TITIOKYPOHO-
Boii kucioThl (188), Tak u B npousBonHoe (189), co-
nIepkalree (pTOpUPOBaAaHHYIO allWJIBHYIO TPYITIY TTPU
0-6 (cxema 23). IlocnenoBaTeabHOCTh YIJTWMHEHUS
IeTM BKJTIOYajla COYeTaHWe MOHOCAXapUIHOTO aK-
Lernropa ¢ TpuxjopameTumuaaTom (190), mocie yero
B MOJIyYCHHOM OHMcaxapuae yIasuIh JIEBYJTWHOBYIO
3allUTY W CHOBa MPOBOIWMIN TIMKO3WIMPOBaHHE
Tpuxnopanerumunarom (195). Yoanenue 3aimTHBIX
TPYIII B TTOJIYIEeHHBIX TaKUM 00pa3oM Tpucaxapuaax
(196) u (198) npuBOIMIIO K 0OPA30BAHMIO 11€JIEBOTO
npoaykrta (185). CpaBHeHUe BBIXOJIOB IpeBpallle-
HUIA, TIPOBEIEHHBIX OBYMSI CIOCOOAMMU, TOKa3alo,

YTO HaJM4Ke (PTOPMPOBAHHOTO (PparMeHTa He YIyd-
IIaeT BBIXOI ITPOAYKTa, a HAa0OOPOT, CHIDKAET €ro.
ABTOpPBI OOBSICHSIJIM 3TO HEOOpaTUMOii copOLmeii ya-
CTU COeIVHEHUsI ¢ PTOPUPOBAHHBIM allUJIOM Ha HO-
cuTeNie, UMEHHO IT03TOMY CUHTE3 1IeJIEBOTO TeTpaca-
xapuga (186) ObLT BhIMOIHEH 6€3 MCITOJIb30BaHUS
¢dTopupoBaHHoOro amuaa. s aToro B Tpucaxapumie
(196) ynansiyiv 1eByJIMHOBYIO 3aILIUTY, a TIOJIyYeHHbIN
npoaykT (197) muko3unupoBaiu umuaatrom (190).
B o6pasyroiiemcs terpacaxapune (199) nanee ynans-
JIV 3aIIUTHBIC TPYITITHEI C TIOMOIIIBIO OOBIYHBIX METO-
JIOB U TIojTydaniu Tetpacaxapus (186).
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Cxema 23. CuHTes LeseBbIx onurocaxapunos (185) u (186). PearenTs! u yenosus: i: a — TEMPO, Ca(ClO),, BuyNBr,
KBr, NaHCO3, CH,Cl,/H,0, 0°C; b — CgF7-(CH,)3-1, DMF, 60°C, 55%; ii: TMSOTf, CH,Cl,, 0°C, 72% ns coenu-
HeHus (191), 41% nnsa coenvnenus (196), 12% na tpu ctaguu misg coenvinenust (198), 64% nns coequnenust (199);
iii: NyHy, Py/AcOH, CH,Cl,, 93% nns coenunenus (192), 71% nns coennnenus (197); iv: a — LiOH, H,0,, TT®;

b — NaOH, MeOH; Ac,0, MeOH, Et3N; ¢ —

BUOOPTAHUYECKAA XUMUA  tom 48  Ne 2

2022

H,, Pd(OH),, H,0/MeOH, 95-97%.
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Puc. 15. Onurocaxapunsbl, poncrBeHHbie 'K, cuHTeaupoBanHbie Nieto et al. [46].

B 2015 r. X. Lu n X. Huang mpoBeJIM CUHTE3 MeH-
tacaxapuaoB (200—207) — Tpou3BOIHBIX U AaHAJIOTOB
reHTacaxapuaa, poacrseHHoro pparmenty ['K (puc. 16)
[47]. Coemunenust (200—204) comepxXanud THUIOPO-
GOoOHBIE 3aMEeCTUTEN NMPU KapOOKCUIILHONM TpyIIIie
KOHIIEBOro ocTarka D-IJIoOKypOHOBOU KHCIOTHI, a
coequHeHust (205—207) — npu O-3 3TOro ke ocTaT-
ka. Kpome storo, B coenuHeHusx (200—207) oquH u3
KHUCJIOPOIHBIX MEX3BEHBEBBIX MOCTUKOB 3aMEHEH Ha
CEpHBII, KOTOPBII 00Jiee YCTOMYMB K (pepMEeHTATUB-
HOMY paciierieHu1o. Takue mMpou3BOaHbIE ObLIN HE-
00XOIMMBI IJIsT U3ydeHUsI 3(PHEKTUBHOCTH CBI3bIBa-
Hus 'K ¢ CD44-penienrtopoM Ha TTIOBEPXHOCTU O0OJTb-
IIMHCTBA TUITOB KJIETOK MJICKOTIMTAIOIINX, KOTOPbIi
OTBeYaeT 3a MPOLECChl KJIIETOUHOM aare3uu, MUrpa-
uuu u geneHus [48]. Hampumep, nmpenronaraiocs,
YTO HaIM4re ruapodOOHBIX 3aMECTUTENIECH B COeIM-

HeHusx (200—207) GyneT Crioco6CTBOBATh JIyUIIeMY
CBSI3BIBAHMIO OJIMTOcaxapuaoB ¢ 6eakom CD44.

IIpoBeneHHBI CUHTE3 0BT OCHOBAH HA UCIIOJb-
30BaHUM B KAYE€CTBE OQHOTO U3 MCXOMTHBIX COSAUHE-
Huii Terpacaxapuma (208), oOpasyromierocs Ipu
depmenTatuBHoM ruapoause 'K (cxema 24) [49, 50].
Astopam ynanoch u3 80 r I'K mmonyunts 50 r TeTpaca-
xapuga (208). Jlanee neiictBUeM cMoibl Dowex
(TBA™") coennnenue (208) nepeBoauan B aMMOHMIA-
HYIO COJIb, TIOCJI€ Yero METWIMPOBAJIN KapOOKCHUIIb-
Hble TPYIIBl W aALCTWIMPOBAIN TUAPOKCUIbHEIE
rpynnbl. [TodHOCTBIO 3allMILEHHBIA TeTpacaxapui
(209) B BUzE O~ U B-U30MEPOB GBI MOJYYEH C BBIXO-
oM 35%. lanee U3 Hero Tojydanu o-6pomuz (210),
KOTOPBIi 3aTeM TepeBOAMIN B TUoaeTanb (211).

['manypoHoBas KucjioTa
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Cxema 24. Cunre3 TeTpacaxapuaHoro 6yoka (211). PearenTsl u ycinoBust: i: ruanyponunasa, 37°C, pH 5.2, NaOAc;
ii: a — Dowex (TBA+); b — Mel, DMF; ¢ — Ac,0, Py/DMF, 35% na tpu craguwu; iii: HBr/AcOH, Ac,0, CH,Cl,;
iv: a— TBASAc, HSAc, CH;CN, 30%; b — NaOMe, —40°C, 100%.
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Kpome coennnenust (211) B KadeCcTBe MCXOMHBIX
IS TToJTydeHus1 meHTacaxapunos (200—207) ucrons-
30Bajid TJIMKO3WI-aKlUenTopHble Ojoku (213) u
(214), comepxamue TpHUdTOpMETaHCYIb(OHATHYIO
rpyrny ripu C-4 (cxema 25). OHM OBLIN TTOJTYYSHBI U3
MeTua-ranakTo3una (212) B 6 craguii, Kak ITOKa3aHo
Ha cxeMe 25. BzanMopeiictBre MoHocaxapuaa (213)
¢ TeTpacaxapuaoM (211) B IpucyTCTBUM OCHOBaHMUS,
yaaJleHue CUJIMJIbHOW 3alllvThl, alleTUIUPOBAHUE U

OH OTf

OH i OTBDPS
(6] —_— O
HO OMe LevO OMe
OH OBz
212) 213)

(211), i

OAc
COOOME}’s 0 o OAc
(0]
AcO S OMe
AcHN HO
C 2 OBZ

(215)

l

(205-207)

rnocJjeayoliee ynajieHue JeBYJIMHOBOM 3alIUThI TPU-
BOIMWJIU K MOJyYeHUIo neHTacaxapuaa (215) ¢ BbIxo-
1oM 19%. BzaumoneiicTBre MOCIEIHETO ¢ cepueit n30-
maHaroB (R-NCO) B IpuCcyTCTBUM OCHOBAHMS U MO~
cienyoliee ynajieHue 3alllUTHBIX TPy MPUBOAWIMN K
MOJIy4eHUIO 1IeJIEBbIX oiurocaxapuaos (205—207), co-
Jepxaimux TuapodoOHBII 3amecTuTens Ipu O-3
[JTIIOKO3HOTO OCTaTKa.

OTf 5rBDPS

(0]
OMe

OLev
(214)

(211), [[i\

COOMe
Ac
ACO AcHN
OLeV

(216)

(200-204)

BzO

Cxema 25. CunTes HeneBbIX onurocaxapunos (200—207). PearenTst u ycnosust: i: a — (OMe)C¢H4C(OMe),, CSA, DMF;
b — LevOH, CH,Cl,, DMAP, DCC; c — BzCl, DMAP; d — TsOH, MeOH; e — TBDPSCI, umunasou; f — Tf,0O, Py;
ii:a— TEA, DMF; b — HF-Py; ¢ — Ac,O, Py; d — H,NNH,, Py/AcOH, 19%; iii: a — TEA, DMF; b — HFPy;
¢ — Ac,0, Py, 29% na nBe cranun; iv: a — R-NCO, DMAP; b — NaOMe, H,0/MeOH, pH 9.5; v: a — BAIB, TEMPO;
b — RNH,, EDC, DMAP; ¢ — NaOMe, H,0/MeOH, pH 9.5.

B3auMmoneiictBue MoHocaxapuna (214) c terpaca-
xapuaoM (211) B mpuCyTCTBUM OCHOBAHMS 1 TOCJIE-
Jytoliee ynajeHue CUINIbHOM 3allIUThI TIPUBOIUIN K
oGpa3oBaHMIO TIeHTacaxapuaa (216) ¢ BexomoM 29%.
OKuICcIeHTe THIPOKCUMETHIIBHOM TPYIITHI 10 KapOOK-
CWJIBHOI 1 MOCJIeAyIolIasi KOHACHCAIIUS C cepueit aMm-
HoB B nipucytcTBur EDC, a 3aTeM ynaieHue 3alIUTHBIX
TPYNI TIPUBOOWIN K IIEJIEBBIM OJIMTOCaxapuiaam
(200—204), conmepxamuM ruapodOOHBIN 3aMeCTH-
TeJIb IPU KapOOKCUMITBHOI TPYIITIe OCTaTKa TITIOKYPO-
HOBOM KMCJOTHI Ha “BOCCTAaHABJIMBAIOIIEM” KOHIIE.

IMonyuennsie mpoaykKThel (200—207) ObIIM M3yde-
HBI B KAYE€CTBE MOTEHIIUATBLHBIX THTHOUTOPOB B3au-
mopeiictBuss 'K n 6enka CD44 meTromoM KOHKY-
peHTHOro uMMyHodepMeHTHoro aHaiausa (MDA).
HauGonblylo aKTUBHOCTH ITPOJEMOHCTPUPOBAIO
coemnHeHue (207), comepxaiee mMema-oeH3WI-Pe-
HUIKapOaMaTtHbIi ¢pparmMeHT 1pu O-3 TIIOKO3HOTO
3BeHa. [lonydeHHBIE pe3yNbTAaThl MOTYT OBITh MC-
MOJIb30BaHbI B TaJIbHENIIIEM IIPU pa3padboTke papma-
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HTEBTUYCCKUX MMPEIIapaToOB, BAMAIOIINX Ha ITPOLECChI
KJIETOYHOM aJir€3uu U MUrpauumm KJICeToOK.

Kak yxxe oTMeyanoch Bblllie, CUHTE3bl OJIMrocaxa-
puoB, poacTBeHHbIX 'K, yacTo mpoBoOAsTCS 115 O~
JIydeHUsI MoJefiei, HEOOXOAUMBIX B HCCIeN0BaHUN
KJIETOUHBIX MPOLIECCOB C y4acTUEM ITOTO ToJiucaxa-
puna. Tak, B 2016 r. Virta et al. OCyIIeCTBIJIM CUHTE3
CJIOXKHOTO INIMKOKOHBIorara (217), BKIIIOYAIOIIEro B
KauyecTBe YIJIeBOAHOTO JIMTaHaa TPUMEDP TOBTOPSIIO-
merocst 38eHa 'K (puc. 17) [51]. DTo coenuHeHue
ObLJIO MOJYYEHO B KaueCTBE OCHOBBI 11 TIOCJIEIYIO-
IIETO CO3MaHUus KOHTpacTepa [Jis TO3UTPOHHO-
amuccruoHHoit Tomorpacduu (ITOT KT). IMomumo
rekcacaxapuaHoON yacTu, KoHbtorat (217) Bkioyaer
OJIUTOHYKJICOTUIHBIA  ¢parMeHT  anti-miR-15b
(22 ocHOBaHMS), a TaKXKe XeJaTUPYIOIIUii (pparMeHT
NOTA st koMIiekcoBanust noHa %Ga.

COopka yYIJIeBOIHOIO CKeJieTa Trekcacaxapuia,
TpebdyeMOoTo IJIs IOIyYeHUS NMIMKOKOHbIorara (217),
ObLTa BHITIOTHEHA C MCITOJIb30BaHNEM MOHOCAXapHII-
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HBIX 0710K0B (218) 1 (219) (cxema 26). x B3amMo-
neyicreueM B nipucyrctBun TMSOTT nonyyanu nuca-
xapuz (220) ¢ BerxonoM 81%. YnanieHneM CUIMIBHOTO
arIMKOHA U TTOCIIEAYIOITNM MePEeBOIOM 00pa3yroIero-
¢ TIoJTyalleTaisl B TPUXJIOpALIETUMMIAT TTOTyJayid T~

I'PUHBKOBA u np.

caxapyUIHbI THUKO3WI-goHop (221) (83%). Dtum
COeMMHEHUEM [IMKO3WJIMPOBAIM a3MAONPONAHON C
MOCJIeNYIOIIMM yIaJleHeM B 00pas3yloleMcsl Mmpo-
IYKTe JIEBYJIMHOBOM 3alllUThl W ITOJIydYald ducaxa-
PUIHBIN TTTUKO3WI-aKLenTop (224).

COOMe Ph/VO MeOOC Ph/VO
LevO 0 0 Q LevO o ©
BzO + HO OTBDMS o o OTBDMS
B0 iy TCAHN 5,0  TCAHN
28 T (219) (220)
CCly /
MeoOC P\ 0O
MeOOC Pg/VO LovO o O 0
RO O-{(}-N BzO
o 3 TCAHN
BzO 5,0  TCAHN } BzO o 7?NH
(221
» (2R = Lev CCly
(224)R=H ,.
Ph
R W e e
o)
Bzm/o m/ O{}-Ns
BzO
OB; TCAHN 5, TCAHN
( (225) R = Lev .
(226)R=H
MeoOC Ph™ X0 Ph
Levo/k&/ wgooc /Y)O 0 MeOOC Ph/EO .
BzO Y 0 o)
BzO O O\QN:;
TCAHN BzO
OBz OBz TCAHN bB, TCAHN 3
(227)
MeOOC HO
0 HO Q MeOOC o MeOOC HO
LCVOO o 0 O HO O HO o
Bz
OBz TCAHN BZO TCAHN BzO 0 O-L)Ns
TCAHN
(228)

Cxema 26. Cunte3 npenuectseHHuKa (228). Pearentsr u ycnosus: i: TMSOTY, CH,Cl,, 0°C, 81% ams coenvHeHus
(220), 33% nns coequnenus (225); ii: a — Etz;N-3HF, TT'®D; b — CCI;CN, ABY, 0°C, 83%; iii: TMSOTT, 3-asunonpona-
Hois, CH,Cl,, 0°C, 40%; iv: NyHy, Py, AcOH, 75% nns coennnenus (224), 78% nnst coenuneHus (226);

v: p-TSA, MeOH, 16%, nauuHas ¢ coenuHeHust (226).

Hanee mo cxeme [2+2] mpoBoauianu cOOpKy OJI0KOB
(221) u (224) c oOpazoBaHueM TeTpacaxapumaa (225),
KOTOpas IIpoTeKaja C yMepPeHHBIM BBIXOIOM 33%.
VYhaneHue JeBYTMHOBOM 3alllMTHI B COEOUHEHUU

(225) 1 yniuHeHYe ey Ha Ba OcTaTKa CHOBA C MC-
MOJIb30BaHMEeM HoHOpa (221) NpUBOAMIIN K ITOIyYe-
HUIO Tekcacaxapuma (227), B KOTOpOM 3aTeM ObLIud
yaajJeHbl OeH3WTUISHOBBIE 3aIINTHI C 00pa3oBaHUEM
Ne 2 2022

BUOOPTAHUYECKAA XUMHUA  Tom 48
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COOH
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NHAc

/éwocm
NHAc

<200>R—{> (201>R—V\(© (zoz>R_@

(203) R = OOH

COOH

COOH

ﬁ&“"

(204) R= {}
/éhpocm
NHAc
NHR

(205) R = O (206) R = @ (207) R = O
O COH O

Puc. 16. ITentacaxapunbl (200—207), cunteaupoBanHbie X. Lu u X. Huang [47].

O\ ’/O

P\
o om0 o

OH
COOH
1) O HO 0o
o6 o—hNA
OH NHAc N=y

217)

Puc. 17. [liukokoHbIOTAT, conepxkauiuii Tpumep rnosropsitonierocst 3seHa ['K, cunTesupoBaHHbIit Virta et al. [51].

npoxaykTa (228). UMeHHO 3TO coennHeHne ObLIO MC-
MOJIb30BAHO IS KOHBIOTAllMU, a yAaJeHue 3alluT-
HBIX TPYIIl B rekcacaxapuie ObLIO BBIMOJHEHO Ha
(GUHANBHBIX CTaAUAX TMOJYYEHUS! INIMKOKOHbIOraTa
(217), xoTOpBIE B JTAaHHOM 0030p€ HE paccMaTpHUBa-
1orcd. OgHaKo OTMETMM, uTo INpuMmeHeHue **Ga-
KOHTpacTepa Ha OCHOBe KoHblorara (217) Ha Monenu
WHpapKTa MUOKapaa y KpbIC MTO3BOJIUIO Oosee adh-
(GEeKTUBHO BU3yaIM3UPOBaTh TOBPEXICHHYIO 00-
JJacTb MUOKapia, 4eM MpU HCIIOJb30BAHUU KOH-
TpacTepa, He COJepXKalllero OJIMrocaxapuaHbIi
¢dparMeHT.

B 2020 r. Hung et al. cunTe3upoBain au- (229),
teTpa- (230) u rekcacaxapun (231) c aMUHOIIEHTJIb-
HBIM creicepHbIM ariukoHoM (puc. 18) [52]. B ot-
JIM9Ke OT BCEX OMMCAHHBIX BBIIIE PaOOT 3TOTO THTIA,
aBTOPHI MCITOIB30BAIM a3uaHyo Tpymiry pu C-2 B
ocrarkax D-mmoko3amMuHa, KOTopasi, CTpOTro roBops,
BBICTYITaCT He 3aIlMIICHHONW aMWHOTPYIIIOM, a ee
moHOopoM. [T TIOCTPpOSHUS YIIIEBOTHOTO CKEJIeTa aB-

BUOOPTAHUYECKAA XUMUA  tom 48  Ne 2
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TOPBI BBIOpaJIU MPOU3BOAHbBIE D-TJTI0KO3bI C BpEMEH-
HOI alleTUIIBHOM rpyInoii mpu O-6, KoTopkle Ha Q-
HaJIbHBIX CTaAWsIX CUHTEe3a OBbUIM TIepeBEICHBI B
ocTtaTku D-IItoKypOHOBOM KUCJIOTHI.

B xauecTBe NIMKO3WJI-ITOHOPOB AaBTOpPbl UC-
MOJIb30BAJIM TPUXJIOPALIETUMUIATHI U TUOTIIUKO3U -
nbul.  Tak, DIUKO3UIUPOBAHUEM MOHOcCaxapuaa
(233) o-tpuxyiopaneTuMugaToM (232) B MpPUCYT-
cteuu BF;-OEt, nonyyanu B—CBsI3aHHLII7I Ircaxapu
(234) (81%) (cxema 27), XOTS 2-a3uAOrpyIlna He sIB-
JISIETCSl COy4YacTBYIOLIEH 111 mocTpoeHus 1,2-mpanc-
CBSI3U. ABTODPBI MPEATOIAraloT, YTO peaklius B 3TOM
ciy4yae MpoXoauiia Mo MexaHu3My Sy2 ¢ oOpalleHu-
eM KOHGUTYpalluu IIpU aHOMEpPHOM IieHTpe. [lajee
neiictBueM TMSSTol u Znl, coenunenue (234) 6bL10
rnepeBeeHO B TUOMIMKO3U/ (235), TMKO3UJIMpoBa-
HUE KOTOpPBbIM TIPOM3BOJHOIO aMUHOIMEHTaHOoJa

(236) nmpuBomMIIO K TIONydyeHMIO nucaxapuna (237)
(88%).
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I'PUHBKOBA u np.
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(241)
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Cxema 27. CuHTe3 LeieBbIx ourocaxapunon (229—231). Pearents! u ycnosus: i: BF5;OEt,, CH,Cl,, —78°C, 81%;
ii: Znl,, TMSSTol, CH,Cl,, 0°C, 72%; iii: NIS, AgOTf, CH,Cl,, —60°C — —20°C, 88%; iv: DDQ, H,O0/CH,Cl,, 78%
st coenuHenus (238), 69% nns coenunenus (240); v: NIS, TFOH, CH,Cl,, —78°C — —40°C, 79% ni1s1 coenHeHust
(237), 77% nnst coenunenus (241); vi: a — Mg(OMe),, CH,Cl,, 0°C; b — TEMPO/BAIB, CH;CN/H,0;
¢ — CH;N,, CH,Cl,; d — NaOH, MeOH, CHCl;; e — PMe3y TT'®; f — Ac,0, Et;N, MeOH; g — H,, Pd(OH),/C;

h—1MTBAF B TT'®, CH;CN.

J1s1 TIoydeHusI TeTpa- M rekcacaxapuiaoB aBTOPBI
KCIIOJIH30BaIN GJI0YHYIO COOPKY YIJIEBOIHOTO CKEJle-
ta. CHavana B mucaxapuzae (237) meiictBuem DDQ
ObLIa CEeJICKTUBHO yaajieHa 2-HapTUIMETUIbHAS 3a-
IIMTHAsI TpyIIa ¢ 00pa3oBaHUEM IIMKO3MJI-aKIlIeII-

HOOC
O—-NH
NHAC \ﬁ’ 2

(229) n = 1
(230) n =
231)n= 3

Puc. 18. Onurocaxapuasl, ponctBeHHble 'K, cuHTe3MpOo-
BaHHbIle Hung et al. [52].

TopHOTOo 6y10Ka (238). Coopka 1iernu 1o cxeme [2+2]
¢ Ucrnoab30BaHueM 0J10KOB (235) u (238) nmpuBoauia
K TeTpacaxapumy (239) ¢ BeixomoM 79%. YmaneHme
2-NAP-rpynsl npuBeiao K 00pa3oBaHUIO TeTpaca-
XapUIHOTO IUKO3WI-aKuenTopa (240), B3auMoneii-
CTBHME KOTOPOTO C INIMKO3WJI-T0HOPOM (235) nipuBo-
JINJIO K TTOJIy9eHUIO rekcacaxapuna (241) ¢ Beixogom
77%.

CeJIeKTUBHOE BBICBOOOXIEHUE TUIPOKCUIIbHBIX
rpy1 mpy C-6 0CTaTKOB IIOKO3bI [IPOBOIVIIN ITPU 00-
pabotke Mg(OMe),. Hanee aeiictBuem TEMPO/BAIB
B AalLIETOHUTPUJIE TUAPOKCUMETUJICHOBBIC TPYIIIHI
OKHCJISUTN 10 KapOOKCHIIBHBIX C TTOCJIEOYIOIIUM UX
MepeBOAOM B COOTBETCTBYIOIIIE METUIIOBBIC 3(DUPHI.
BoccraHoBneHre a3uoorpyrmbl MPOBOIWIN JEii-
cTBUEeM TpuMeTwidochuHa, a ynajieHne OeH3WJIb-

BUOOPIAHUYECKAA XNUMMUS Ne 2

TOM 48 2022
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HBIX 1 OCH3WINASHOBBIX 3alIUT ObLIO BBHIIIOJIHEHO B
YCIOBUAX TUAPOICHOJIMN3A.

BrI10 M3yueHO B3aNMOIECTBIE TTOJIy4EHHBIX CO-
equHeHuit (229—231) ¢ 6enkom CD44 metomoMm Ka-
JJopuMeTpuuecKoro tTutpoBaHus. Hducaxapun (229)
He ObUI aKTUBEH, TOLIA KakK 0ojiee KpYITHbIE COemu-
HeHMs, TeTpa- (230) u rekcacaxapun (231), mokaza-
JIV 3HaYMMoOe CBsI3bIBaHMe ¢ 0e1koM CD44, yTo mo3-
BOJIMJIO CENATh BBIBOM O pa3Mepe COOTBETCTBYIOIIE-
ro 3IUTOIIA.

3AKJIITOYEHHME

[IpuponHEIit moaMcaxapua THaTypOHOBas KMCIO-
Ta, MOCTPOEHHasl U3 ArcaxapUIHBIX TOBTOPSIOIINXCS
3BeHbeB  —3)-B-D-GlcNAc-(1—4)-B-D-GlcA-(1-,
UTparolas BaXKHYIO POJIb B IIPOTeKAaHUM Pa3IUIHBIX
MPOLIECCOB KJIETOYHOTO Y3HaBaHUs, B TOM YHCJIE MTPU
pa3BUTUM 3a00JIeBaHUIl, MPOIOJLKACT IIPUBJIECKATh
OOJIBIIION MHTEPEC UCCcIienoBaTeieil. DTO OTHOCUTCS
B TOM 4YHCJIE U K YIJIEBOIHBIM XUMWKaM, KOTOpPHIE
MIPOBOIST CUHTE3bl OJIMTOCAXapUAOB M ITTMKOKOHDB-
IOraToB, CTPYKTYPHO poncTBeHHBIX hparmeHTam ['K.
B manHoM 0030pe paccMOTpeHBI pa3IndHbIe CTpaTe-
TMyu COOPKM oJaurocaxapuaoB, poacTBeHHBIX I'K,
BKJIIOYAOIME BapUalliM 3allIUTHBIX TPYIII B OCTaT-
Kax D-rmoKypoHOBO# KUCITOTH 1 D-rimoko3aMuHa,
pa3IuYHbIC TUIIBI OJOYHOM COOPKM YIJIEBOOHOIO
CKeleTa, WCHOJAb30BaHNWE aBTOMATU3MPOBAHHOIO
TBepaoda3HOTro CUHTE3a, a TAaKKe IIPMMEHEHNE B Ka-
YeCTBE MCXOOHBIX OJIMTOCaXapUIHBIX OJIOKOB IpPO-
IYKTOB (bepMEHTAaTUBHOIO PACILICIUICHUST IIPUPOI-
HBIX TTOJIMMEPOB T'MalypOHOBOI KMCJIOTHI U XOHAPO-
utuHCyab(pata. CUHTE3UPOBaHHBIE OJIMTOCAXapUIbI
Y TJIMKOKOHBIOTAaThI HA X OCHOBE — MOZEIbHBIE CO-
eAWHEHNS, a ToaJyac M1 He3aMEeHUMbIe MHCTPYMEHTHI
JIUISI yCTAHOBJICHUSI B3aIMOCBSI3U CTPYKTYPHI I OMO-
normyeckux cBoiictB I'K. OnmcanHbie B 0030pe In-
KOKOHBIOTaThl Ha OCHOBE CHMHTETUYECKUX OJIMIoca-
XapUAOB C pa3HOM MIMHON LIEeIH yXe ObLIN UCITOJIb-
30BaHbl B KadecTBe CyOCTpaToB NpM HW3y4eHUU
criennpuIHOCTH (pepMeHTa THATYPOHUIA3bI, a TaK-
K€ MOJIEJIbHBIX TaIITEHOB IIJISI OLEHKN 3 (PEKTUBHO-
ctu cBsa3biBaHus 'K ¢ paznmuHbIMu OGeTKaMy-MUIlIe-
Hsamu (Harpumep, ¢ IL-8, dakropamu pocta, CD44).
CuHTeTUYeCKMe oJIMrocaxapuabl, poacrBeHHbie 'K,
HWCIOIb30BaHbI IIPU CO3TaHUM UMMYHOTEHOB JIJIST ITO-
JIydyeHMsI aHTuTel, pacro3Halomumx 'K, a Takke ns
Iun3aiiHa BEKTOPUPOBAHHBIX KOHTPACTEPOB IJIsI KOM-
nbroTepHoil ToMorpaduu. KpomMe Toro, B mocienHee
BpeMsi aKTHUBHO pa3BUBAETCs HampaBJieHUE, CBSI3aH-
HOE C JIOCTaBKOI1 JIEKAPCTBEHHBIX MPEIapaToB C MUC-
moab30oBaHMeM BeKTopoB Ha ocHoBe 'K [53—55]. B
CBSI3U C 9TUM NPEACTABASIETCS aKTyaJlbHOM JajbHE -
masi pa3padoTrka 3¢p@EeKTUBHBIX METOHOB CHHTE3a
OJINTOCaxXapuaoB, POACTBEHHBIX (pparmeHTam ['K,
HeoOXoanMoro cTpoeHus. Becbma nepcrneKTuBHO B
9TOM CBSI3U MCHOJIb30BaHUE IJIMKO3WI-IOHOPOB Ha
OCHOBE 2-a3ulo-2-ne30Kcu-1-ceneHo-D-IIroKO3bL.

BUOOPTAHUYECKAA XUMUA

TOM 48 Ne 2

2022

IIpemioxeHHbIe B IIOC/IEIHEE BpeMsl IIperapaThB-
HbI€ METOIbI MOJYYEHUSI TAKOro poAa COCOIMHEHUM
nyTeM asugo(MeHUICSICHWIMPOBAHUS — [JIMKaJe
[56—58], B TOM 4mCIIE TIpH UCHOJIB30BAHUH ITPOTOY-
Hoit texHonorum (flow-technology) [59], camenanu
JOCTYITHBIMU TAaKOTI'O poJa INTMKO3UJI-JOHOPbI, KOTO-
pbI€ YK€ aKTUBHO MCHOIb3YIOTCSI B PEaKIIUSIX TIINKO-
3ripoBaHus [60—66], B TOM 4mclie ¢ ITOCTPOEHUEM
1,2-mpanc-riko3unHbIX cBs3ei [60]. Takum obpa-
30M, MOXHO IIPEAIIOJIOXUTh, YTO MOAXOAHI K ITOTyYe-
HUIO OJIMTOCAaXapuioB, poncTBeHHBIX I K, OymyT mpo-
JOJI2KaThb pa3BUBATLHCA, KaK 1 NIMKOOMOJIOTMYECKUE U
IJIMKOTEXHOJIOTMYECKIE UCCIIENOBAHUS C UCIIOIb30-
BaHMEM TaKUX COSTMHEHUIA.

OOHIOBAA IMTOAAEPKKA

PaGora BbImOIHEHa Iipu (HUHAHCOBOM IOAAEPIKKE
Poccuiickoro HayuHoro ¢onxna (rpanr 19-73-20240).

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

Hacrosimas cratbs He COACPKUT OIMMCAaHUA KaKUX-JIN -
00 ucciaeaoBaHU C ydyacTuem JIIOAEN U MCIOJIb30BAHUEM
JXMBOTHBIX B KAU€CTBE OOBEKTOB UCCECIOBAHUIA.

KOH®JIMKT MHTEPECOB

ABTODBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(MPJIUKTA UHTE-
pecosB.
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Hyaluronic acid (HA) is a natural polysaccharide built of alternating residues of B-D-glucuronic acid and
N-acetyl-B-D-glucosamine, it is a part of glycoproteins and proteoglycans, performed important functions
in living organisms. For example, HA plays a key role in the development of such processes as cell division
and migration, vascular formation, inflammation, oncogenesis. The review summarizes the realized synthe-
ses of oligosaccharides related to HA chains, considers the strategies for the assembly of the corresponding
carbohydrate chains, analyses the types of applied glycosyl donors and glycosyl acceptors, as well as the strate-
gies for choosing of protective groups in the synthetic blocks. Also the attention is paid to the works carried
out using the enzymatic cleavage of natural HA and chondroitin sulfates in order to obtain the appropriate
low molecular weight oligosaccharides. Synthesized oligosaccharides and glycoconjugates thereof are valu-
able models for establishing the relationship between the structure and biological properties of HA and the
development of approaches to the creation of therapeutic agents based on HA aimed to wound healing, in-
flammatory treatment, and inhibitors of some stages of oncogenesis.

Keywords: hyaluronic acid, polysaccharides, synthesis, glycoconjugates, biological activity
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