Jlunus UsaHoBHa KACbSIH (07.04.1938—07.04.2011)

B 1960 r. okoH4YMna OQeccknin rocyaapCTBEHHbI YHUBEPCUTET,
LOKTOp Xnmudecknx Hayk (1990), npodeccop (1992), 3aciyxeHHbIn
[esTenb Haykn 1 TexHuky YkpauHbl (1998), npoceccop kadeapsi
opraHuyeckor xumum OHY nmenn Onecs MoHyapa (1990).

Mon ee pykoBOACTBOM BbIMOSIHEHO 16 KaHOMOATCKUX W OfHa
JoKTopcKas gucceptaums. CoaBTop YeTbipex MoHorpadun,

bonee 200 cratei 1 30 NaTeHTOB Ha M300peTeHMs. ObnacTb Hay4HbIX
WNHTEPECOB — XUMWS KapKacHbIX COEANHEHWUI, MeXaHW3MbI

N CTEPEOXMMUS OPraHNYeCKUX peakLnin, CUHTE3 Bronornyecku
aKTVBHbIX BELLEeCTB.

Butanuin AnekcaHgposuuy MAJIbYUKOB (1982 r. p.)

B 2004 r. okoHYMn Marmcrpatypy [HenponeTpoBckoro
HaLMOHANBLHOro YHMBEPCUTETa, KaHAWAAT XMMuUYeckux Hayk (2008),
CTapLUMIA HayYHbI coTpyaHUK (2011). CTaplumin Hay4HbIA COTPYOHUK
Hay4HO-MccnefoBaTeNbCKOM rpynnbl Kadeapbl OpraHNYeckon XumMun
OHY nmeHn Onecsa NoHvapa. CoaBTop 6onee 170 Hay4YHbIX
nybnvkaumn — ogHow MoHorpacum, 40 craten, 11 nateHToB YKpawHbi,
bornee 120 Te3ncoB [OKNALOB Ha BCEYKPAMHCKUX 1 MeXAYHapPOAHbIX
KOHepeHLmax. ObnacTb Hay4YHbIX UHTEPECOB — XMMMSA KapKacHbIX
COeVHEHWN, METOLONOMA OPraHU4eCcKOro CMHTe3a, CUHTe3
Bronornyeckm akTMBHBIX BELLECTB.

AHppen Bnagumunposud TOKAPB (1983 1. p.)

B 2005 r. okoH4Ws1 MarucTpatypy [HenponeTpoBcKoro
HaLMOHaNbLHOro yHUBEpCUTETa, KaHAMAAT XMMUdeckmx Hayk (2010),
CTapLUVI Hay4HbIW COTPYAHWK HAay4YHO-MCCEeAoBaTENbCKOW Fpynmbl
katenpbl opraHnyeckon xmmum OHY nmeHn Onecs FoHYapa.
CoaBTop 0onee 50 Hay4HbIX MybAMKauun —~ ogHoOM MoHorpacbmu,
15 craten, 6Gonee 35 Te3MCOB LOKNALOB Ha BCEYKPAUHCKMX

N MEXAYHAPOLHbIX KOHdepeHLUmax. OBAacTb HayYHbIX NHTEPECoB —
KBaHTOBOXMMWYECKOE UCCEf0BaHNE MEXaHM3MOB OpraHUYecKmX
peakLui. /
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Ipenuciosue 3

OZ[HI/IM YCIICXOM KHUTb HCJIb3s, BAXKHO IMOJIy4YaThb
YAOBOJIILCTBUE OT pa6OTI>I IOCTOSAHHO: BCC
MOpaXCHUs U HO6CZ[BI — 4aCTU OJHOro neiaoro.

PoGept bépue ByaBopa, 1aypeam Hobenesckoii
npemuu no xumuu 1965 2. 3a ewvioarowuiics
BKAO 8 UCKYCCMBO OPLAHUYECKO20 CUHMe3d

HNPEANCJIOBHUE

Hacrosimast kaura npeaHasHaueHa JAjisl CTYAEGHTOB, aclUPaHTOB-XUMHUKOB U Hay4-
HBIX COTPYIHHKOB, CIECLUAIU3UPYIOIUXCS B 001aCTH TOHKOI'O OPraHUYecKOro CHHTE-
3a, U SIBJISETCS MOMBITKONW 0000IEHHS U CUCTEMAaTH3alui COBPEMEHHBIX JIUTEPATYPHBIX
JAHHBIX, KACAIOUIMXCSI METOJIOB CHHTE3a, XUMHYCCKUX MPEBPALICHUI 1 OMOJIOrMYECKUX
CBOWCTB MPEICTaBUTEINICH TAKUX BaXKHEHIIHNX KIACCOB F€TEPOLUKINICCKUX COCTUHECHUH
KaK a3upUIMHbI, a3eTUAMHBI, TUPPOIUANHBI, TUIEPUINHbI, a3enaHsl, 1,3-0Kca3onuau-
Hbl, 1,3-0kcazonuHsl, 1,3-0Kca30IuIUH-2-0HbI U MOP(OIHHBI.

HeocnabeBaemblii HHTEpEC HccIe0BaTeNeH K HACHIIIEHHBIM M HEHACHIILICHHBIM OK-
ca3areTepoOLUKINIECKUM COCTUHEHUSIM 00yCIIOBJIEH BO3MOKHOCTBIO IPUMEHEHHUS UX B
KadyecTBE OMOJIOTMYECKH AaKTHUBHBIX BELIECTB, EHHBIX PEAareHTOB, KaTAIN3aTOPOB, XHU-
paJIBHBIX JIMTAHJ0B B aCHMMETPHUYECKHX CHHTE3aX U T. A. HeoOX0auMO OTMETHTH, YTO
HaJIMYME JIOTIOJHUTENIBHBIX PEAKIMOHHOCIIOCOOHBIX IPYIITUPOBOK (IBOWHOW CBSI3H, -
JPOKCHIIBHOM- U aMUHOTPYIIIIBI, SIOKCUAHOTO IMKJIA U JpP.) IPEAONpenesieT MUPOKUT
CHUHTETHYECKHUI TIOTEHIUAT 00CYKIaEMBIX HCXOIHBIX PEarcHTOB.

MoHorpadus BKIIIOYaeT CEMb pa3feiioB, Il y100CTBa pa3liesbl PaciolOkKeHbI M0
YBEIMUCHHIO Pa3Mepa IeTepoLUKIiIa U [0 Mepe HAKOIJICHUsI B HEM reTepoaToMoB. B nep-
BOM pasjielie IPUBEICHBl OCHOBHBIE CHHTETUYECKUE METO/IbI, HCIOIb3YEMbIe ISl MOy~
YEeHUS a3UPUINHOB, 0c000€ BHUMAHHE YACJICHO PEaKkLUUsIM a3uPUAMHOB C HyKIeohua-
MU, MOJICKYJISIPHBIM TIEPETrPYNIUPOBKAM H MIPEBPALICHUIO a3UPUANHOB B APYTHE LUKIU-
YECKHUE CHCTEMBI.

Bropoli pa3aen NOCBsIIEH aHATU3y METOJIOB CHHTE3a W HANpaBICHUH (yHKIHUOHA-
JU3alMU a3€TUIMHOB, 0CO00e BHUMAHHE yIEJIEHO BOIIPOCY OMOJIOTHYECKONW aKTUBHOCTH
COCIMHEHUN TOr0 psija.

B TpeTtbeMm paziene omucaHbl OCHOBHBIE METOABI MOJYYCHHUS IMATH-CEMHUICHHBIX
A3aIMKJI0AJIKAHOB Ha OCHOBE aMUHOCIHPTOB, SIIOKCUAOB U a3UPUHHOB.

B uerBepTOM, MATOM U MIECTOM pazjiesiaXx 00CyKACHBI Bce 0a30BbIe METObI CHHTE-
3a MITHWIECHHBIX |,3-0Kca3areTepolrKIIOB, TPOaHAIN3UPOBAHbI BOZMOKHOCTH HCIIOJIb-
30BaHMs MOCJICAHUX AT CO3/IaHMS HOBBIX T€TEPOLMKIMYECKIX COCTUHEHUH, TPUBEICHBI
JaHHbIEe 00 UX OMOJIOTUYECKONW aKTHBHOCTH.

CenpMoii pazaen monorpaguu nocssimeH 1,4-okcazunam (MophoauHaM) U UX Kap-
OoHMIICOAEpIKAIIMM aHanoram (MopgoiaoHam 1 Mopdoiaunarnonam). [IpuBeaeHsl OCHOB-
HBIE CHMHTETHUYECKHE METO[bl, UCIIOJIB3yEeMbIE [UIS MOJMYYCHUSI ITHX CHCTEM, MOKa3aHbI
HanpaBJICHUs UX AajbHEHIIeH (YyHKIMOHAIN3AUUH U IIyTH UCIOJIb30BAaHHUS B MEIUIIMH-
CKOW M CHHTETHUECKON OpraHM4eCcKOi XHUMUH.

Bo Bcex paszzmenax B kadecTBe 0a30BBIX UCXOJHBIX BELIECTB UCIOIb30BAHBI AMHHO-
CIHPTBHI (B IOAABIISIONIEM OOJIBIIMHCTBE CIy4YaeB BULIMHAIBHBIC) U UX ONKaiime mpo-
W3BOJIHBIC, TAK)KE 3HAYUTEIILHOE BHUMAHHUE yIEJIEHO CHHTETUYECKUM METOIaM C UCTIOJIb-
30BaHMEM HMX IPEIIIECCTBEHHUKOB — 3MOKCHIHBIX COCIMHECHUH M a3upHIUHOB. B psine
CllyyaeB MPOAHAIN3UPOBAHO BIMSHUE CTPYKTYPhl MCXOAHOTO COCIMHEHHUSI HA HarpaB-



4 penncaoBue

JICHHWE PEeaKLnH, 00CYKJeHa CBSA3b OMOJOTMYECKOTr0 ACHCTBHSI TETEPOLUKIOB U UX IPO-
M3BOJIHBIX CO CTPYKTYPOH, YHOMSHYTHl HauOoJjee M3BeCTHbIC (hapMIpenaparsl, ykasa-
HBI IPUPOTHBIC HCTOYHUKHU PACCMATPUBAEMBIX T'€TEPOLMKIMUECKIX cUCTeM. BaxHo, 4To
KaXIbId pa3ziesl OKaHYMBaeTcsl MoAOOpKoH Hanbosee MpocThiX U 3()(HEeKTUBHBIX METO-
JIUK CUHTE€3a COOTBETCTBYIOIIMX F€TEPOLUKIIOB, UTO JIENAET BO3MOXKHBIM HCIIOJIB30BaHUE
JAHHOM KHUTHU B KQUECTBE MPAKTHUECKOTO TTOCOOHS.

Mownorpadusi conep>XuT 00Cyk1eHHEe TOCTYITHON 0TeYeCTBEHHOU 1 3apy0eKHOM JTH-
tepatypsl 10 2010 rox BrmountensHO (6osee 2 000 opUrHANBHBIX KICTOYHUKOB); OCO-
0oe BHUMaHUE yAeJIeHO padoTaM MOCIEIHUX ABYX AecaTuieTnii. Hanbonee nnTepecHsle
W aKTyalbHbIe MPOOJIEMBbI CHHTE3a 00CYKAAEMBIX T€TEPOLMKIIOB OMyOJIMKOBaHbI HAMHU
B BUje cepun 0030poB B XKypHane oprannueckoit xumun (JKOpX. 2010, 46 (1), 7-43;
2011, 47 (6), 791-829; 2011, 47 (11), 1585-1622).

[TockonbKy OXBaTUTh B OAHOM KHHTE BECh MaTepUal MO XMMUHU T€TEPOLUKIOB HE
MPEACTABIAETCS] BO3MOXHBIM, aBTOPbI HU B KOS Mepe He MPEeTeHIYIOT Ha HUCUEPIIbIBAIO-
LIYIO TOJIHOTY M3JIOKEHHUSI BCEX MPOOJIEeM CHHTE3a U OMOJOTMYECKOH aKTHMBHOCTH yKa-
3aHHBIX THUIIOB F€TEPOLMKINYECKUX CHCTEM, U C OJaroJapHOCThIO OTHECYTCS K MOKea-
HUSIM ¥ KPUTHYECKUM 3aMeYaHMsIM, KOTOPbIe BOSHUKHYT y YHTaTeJIeH P aHaIH3€ Mpel-
JIOKEHHOTO MaTepuana.

JI. 1. Kacvan
B. A. [lanvuuroe
A. B. Toxapyo
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Pazoen 1

AZUPUIAUHBI HA OCHOBE AMUHOCIIUPTOB
N UX NPEJINECTBEHHHUKOB

1.1. BBEJIEHHE

A3WpHUIUHBI OBUTH CPEiN MEPBHIX I'€TEPOLUKIIOB, HOTYYEHHBIX CHHTETHUECKUM ITy-
TEM; OHU 3aHUMAIOT 0CO00E MECTO B OPraHNYECKOM XUMHH U CBsI3aHbI C HAaKOoJIee COBpe-
MEHHBIMH HalpPaBJICHUSIMU €€ Pa3BUTHS, B YACTHOCTH, CHHTE30M LICHHBIX JIMTAHAOB AJIs
OCYILIECTBJICHUS CTEPEOCENCKTUBHBIX PeBpalieHuii [ 1-7], peakux peareHToB (3aMeleH-
HBIX a3upuanHo[60]dymnepenos [8; 9], opTOrOHATBHO 3AIMUIIIEHHBIX ONTHYECKH YUCTHIX
[S-aMMHOKHCIIOT, HAPSDKEHHBIX aHanoros ¢enmnananuHa [10]) u, npexxne Bcero, — pas-
HOOOpPa3HbIX OMOJOTMYECKH AKTUBHBIX COSANHEHHH.

C 60-x rooB NPOLUIOro BEKa U3BECTHO, YTO STHJICHUMHUH U €ro NPOM3BOAHBIC IO
OMOJIOTMUECKON aKTUBHOCTH M PA3HOCTOPOHHEMY XapaKTepy BO3ACHCTBUS Ha KUBbIE Op-
raHNu3MBbl (TOKCHUYHOCTH, MyTareHe3y, IUTOCTATHYECKUM CBOWCTBAaM) HPEBOCXOAAT BCE
N3BECTHBIC XUMHUUYECKUE cOeANHEHM. bronornueckuit 3QpeKkT nNpon3BOAHBIX ITUICHHU-
MHHA IIUPOKO MCIIONIB3YETCs B PA3IMUHBIX 00JIAaCTIX HAYKU U 3aCily>KUBAcT BHUMATEIIb-
HOTO paccMoTpeHus. OCOOEHHO BaskHA OTKPBITAsl y IPOU3BOAHBIX STHICHUMHHA CIIOCO0-
HOCTb MPENATCTBOBATh JCNCHHUIO (MUTO3Y) PAaCTUTENbHBIX U KUBOTHBIX KJIETOK. LluTo-
CTaTUYECKasi AKTUBHOCTD a3UPUANHOB MCIIOIb3YETCs P JICUEHUH HEOIIIACTHUECKHUX 3a-
0oJieBaHMI — paKa, CapKOMBI, 3lI0Ka4eCTBEHHBIX Oone3Hnelt kposu [11; 12].

JlocTolHBI YHOMHHAHUS, IPEXKIIE BCETO, CICAYIOLUINE aCTIeKThl IPOOIEMBI:

— U3y4eHue OMOJIOTHUECKH AKTUBHBIX MPUPOIHBIX COCANHEHUH, COACPKALINX a3U-
PUIMHOBBIN (parMeHT;

— pa3paboTKa HOBBIX JIEKAPCTBEHHBIX CPEACTB CO CTPYKTYPOH 3aMEICHHbIX a3Upu-
JMHOB;

— CO3/aHHUE JIEKAPCTB Ha OCHOBE NMPOAYKTOB TpaHC(OpMaMy MOJIEKYJI C a3UpUAU-
HOBBIM ()parMeHTOM.

HauOonee u3BeCTHBIMU NPUPOIHBIME COCIMHEHUSIMH, COICPKALIMMH a3UPHINHO-
BbIM ()parMeHT, SBISIOTCS MUTO3aHbI, COUCTAIOLINE CUITY ICHCTBUS C BHICOKOH M30mpa-
TelbHOCTHIO [13].

O\[/NHZ

O

Muromunus A (X=OMe, Y=Me, Z=H) Mutomumnuna G (X=NH,, Y=Me)
Muromunus B (X=OMe, Y=H, Z=Me) Muromunus H (X=OMe, Y=H)
Mutomunus C (X=NH,, Y=Me, Z=H) Muromunus K (X=0OMe, Y=Me)

Hopdupomuuus (X=NH,, Y=Me, Z=Me)

MuTo3aHbl, KOTOpPbIC BIICPBbIE OBLIM BBIJICICHbI W3 IMOYBCHHBIX 3KCTPAKTOB
Streptomyces verticillatus, TPOSIBISIOT IPOTUBOPAKOBYIO W MPOTUBOMUKPOOHYIO aKTHB-
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HOCTh. MccnenoBanust moKasaliu, 4To 3a MPOTUBOPAKOBYIO aKTUBHOCTh OTBEYAET UMEHHO
A3UPHUINHOBBIN UK. MUTO3aHBI — OJINH U3 HEMHOTUX KJIACCOB MTPHUPOJTHBIX AaHTUOHOTH-
KOB, TIPOSIBIISTIONINX OJMHAKOBOE JCHCTBUE KaK in VIvo, TaK W in Vitro; OHU UCTIONB3YIOT
OMOBOCCTaHOBHUTEIIHHYIO aKTUBAIUIO JIJIS allKuupoBanust Mosiekyn JIHK.

OCONH, OCONH,
HO

N

Y
s>

NZ — > X / NZ — »
craaus (2)

cranus (4)

— > X
craaus (3) N H

CONH2

cTamus (5) craaus (6) ﬁ/\j‘

Ha nepBoii ctanun coenHeHUs1 U3 HATUBHOM XMHOHOBOW (DOpMBI ITpeBpalaroTcs B
TMIPOXUHOHBI; Ha MsATON — MoJieKyJ bl JIHK ankunmupyrorcst 3a cueT pacKkpbITHS a3UpUAU-
HOBOTO LIMKJIA C MOCIEAYIOUIMM EPEeKPECTHBIM cBs3biBanueM Ipymi. Coenunenns (1.1)
OBbUTH BBIACIICHBI U3 KJIETOK, 00paOOTaHHBIX MUTOMHULIMHAMH.

o

ISP
%>P=O
OCONH,
= K

N z

X Y
N. HN
NHZ

OR
1.1

PozcTBeHHBIMU COETMHEHUSIM € IPOTUBOPAKOBOM aKTHBHOCTBIO SIBJISIIOTCS CyOCTpa-
oI FR 1 FK (1.2) [14]. CTpyKTypHO OTJIMYHBIM KJIACCOM MPHUPOAHBIX 3aMEIICHHBIX a3H-
PHUIMHOB, BBIJICIICHHBIX U3 Streptomyces grieseofuscus S42227, aBasieTcsi CEMEUCTBO a3H-
HomunuHa (1.3) [15].

1.2

FR-900482 (R=CHO, R'=R?>=R*=H)
FR-66979 (R=CH,OH, R'=R?>=R>=H)
FR-70496 (R=CHO, R'=Me, R?>=H, R*=Ac)
FK-973 (R=CHO, R'=R?=R’=Ac)

FK-317 (R=CHO, R'=Me, R*=Ac)
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AszunomunuH A (R=H) AcOr1t N.
Asunomuuud B (R=CHO) 2
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1.3

DrarpyImna coeIMHeHnH 001aaeT MIMPOKAM CIIEKTPOM aKTUBHOCTH T10 OTHOIIEHHUIO K
PaKoOBBIM 3a00JI€BaHUSIM, BKIIFOUAs TBEP/IbIE OITyXOJIH; UX aKTHBHOCTB 3aBUCHT OT CITOCO0-
Hoctu B3aumoieiictBoBath ¢ JIHK 3a cuer kak a3upuaAMHOBOTrO, TaK U SMOKCUIHOTO LIUKJIA.
B Hacrosimiee Bpemst HesICHO, Kakasi M3 9THX JIByX Peaxiiii UMeeT IPHOPUTET B ClTydae Tie-
pexpectHoro cBsi3bBanus ¢ JJIHK. CuHaTeTHYeCKHE TOIX0ABI K HHTEpMEanaTaM, HeoO0X0 11~
MBIM JIJIS TTONTyYeHUs] COeTMHEHUH 9TOM TPYTIIIbI, OITUCAaHBI B padboTax [1; 16].

I'pynma coenmuennii PBI o6pasyet apyroi tun npoaykroB ankmiupoBanus JJHK
[17], xoTopoe ocymiecTBisgeTcst yepe3 (hocdaTHyIo rpymITy, B OTINYHE OT aTaKd aTOMOM
a30Ta MypuHa M0 a3UPUANHOBOMY IHKITY, KaK 3TO UMEII0 MECTO B CITydasX C MUTO3aHOM.
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PBI-A (R=OAc) Me Né, Me Nz:r
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PBI-B (R=OCONH,)
PBI-C (R=H)

K npupoHBIM TIPOTHBOPAKOBBIM areHTaM OTHOCSTCS MHPa3HUpUINH, QHIIEIIIOMU-
LIMH, a3UIeMUIuHbl A 1 B, MagyponenTus.
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Asunemunun A (R=H)
Asunemuunn B (R=Me) MajayponenTux

Bce ynomsiHyThIe TpyIiNbl COEIMHEHUN TPUBJIEKIIN B MTOCIEIHUE TO/Ibl YCTONYMBBIN
HWHTEpEC KakK CPeACTBa MPOTHBOPAKOBOH Tepammu [ 18].

MortHble TPOTHBOPAKOBBIE areHTHI MOJTYYal0T CHHTETHYECKAM ITyTEeM, HaIlpUMeEp,
asupunud (1.4) — HeoOpaTUMBI HHTHOUTOP OAKTEPHUATHLHOTO DH3WMA dITUMEPa3bl THa-
MHHOITUMETMHOBON KUCIIOTHI [19], a coequnaenue (1.5) — HeoOpaTUMBIA HHTHOUTOP TITIO-
Tamart pamemassl [20].

Hozc\l/\/KcozH HOZC\/KCOZH
NH HN NH

2
1.4 1.5
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Tpancdopmanueit azupuauna (1.6) momydensl antTuOMoTHKK THeHamMuuuH (1.7) u
(+)-PS-5 (1.8), mpuuem nepBbIii U3 HUX paHee ObUT U30JIMPOBAH U3 Streptomyces cattleya
[21; 22].

OH H H H
HO : P
7 Me Me
\N/ OBn ! / S\/\NH2 N / S\/\NHAC
H d o
COOH COOH
1.6 1.7

1.8
KpOMe KapuuHOCTAaTUYCCKOI0 " 6aKTepI/IOCTaTI/I‘ICCKOFO HeﬁCTBHH MNPpUPOAHBIX H
CHHTCTHUYCCKHUX COGI{I/IHeHI/Iﬁ C Q)paFMeHTaMI/I STUJICHUMHHA Ul HUX U UX IIPOU3BOJAHBIX

B psAJie CIIy4aeB XapaKTepHa MPOTHBOBHPYCHAs aKTHBHOCTh. B paboTax [23; 24| mpuse-
neHa cxema cuHTe3a maruouropa BMU-1 npoteasst (1.9) Ha oCHOBE XHPaIBHOTO Ouc-
asupuauHa (1.10, Z = BnOCO)

g

ZHN

TUIIEPUINH

1.10

19
[IpoTuBOBUpYCHBIE CBOICTBA M3y4eHbI Ha mpuMepe asupuauHoB (1.11, 1.12), BkJiro-

* b . b
YaroIIUX aJaMaHTaHOBBIE Kapkackl [25]. Cxema cuHTe3a coenunenus (1.12) npuBeneHa
HIUXKeE!

NH N<cp
37% CH,0, CH3CN_
NaBH, T NaBH N
AcOH, zq 25°C,

90%

1.11

buc-azupunun [(28S,3S,2'S,3'S)-1.13] npoaeMOHCTpUPOBAI MPEBOCXOIHBIE XapaKTe-
PHUCTHKH JIUTAHA B PsI/ie aCHMMETPHUUECKUX CUHTE30B [2; 4—7]

0s0; | OH
1.13), -78°C :
Ph/\/Ph —>( 9)00/ Ph/\-/Ph
o E
OH
MeO,C__CO,M
OAc (p-ally)PdCl, FoN RN
/\)\ NaCH(CO,Me),, (1.13)
PSS Ph 89% S py
NAr Yoph Hy” NHAr
MeLi ,,/ .
0, H Ph “u,
p” ~H 78C 47% PIr 4 “Me
(25:352’5,3'5)1.13
Ar=C¢H,OMe-n1
CuOTf, (1.13) CO,Et
N,CHCO,Et, 0°C
_DHCOEL D
PR 89% e

CuOTf, (1.13)
PhINTs, 0°C NTs

—_—
Ph/\ 68% Phime <|
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CBolicTBa JIMTAaHJOB B KAaTAJUTHUECKUX pEAKUUAX IPOABHI CHHTE3MPOBAHHBIN
[Ipunnoaxom [26] mpuc-azupunun (1.14), a Takke Apyrue COSAUHEHHS C a3UPUINHOBBI-
mu pparmenramu (1.15-1.18) [2; 27-30].

HN NH H \\H Ph H \\H Ph
@ Rllnxv%})h R"wph
OH
i AN
H
R=H, Me
1.14 (2S,3R)-1.15 (28,3R)-1.16
H Ph
EtEt s Ph
Et H OH
Et
T dill)sy N OH
HO Ph
§ "

Ph

(S §)-1.17 (5)-1.18
Asupunua [(2S,35)-1.19] obecnieunsi BBICOKYIO SHAHTHOCCICKTHBHOCTh CHHTE3a
tdhochamuma (1.20) [31]. Hmxe mpeacTaBieHa cTpyKTypa COOTBETCTBYIOIIETO TIEPEX0I-
Horo coctostaus (1.21).

Me OH Ph ¥
0 H"\W/”; 0 o
Il [| _Et

N Et o---I- Zn~
/PPh2 Bn N/ PPhy via \Zn(mlll}llll]\!

)N|\ (25,35)-1.19 H Me 5/ \\5—
S —— s, N

H Et,Zn, 0°C Ph4 "Et IA\

63% H o Ph

(R)-1.20, 94% ee 121

1.2. OCHOBHBIE I1YTH CHHTE3A ABUPH/ITHHOB

B nacrosimee BpeMsi HaOmogaeTcsi pa3padOTKa M yCOBEPILIEHCTBOBAHKWE METOJOB
CHHTE3a a3UPHIMHOB Ha OCHOBE Pa3HOOOpa3HBIX NPEALIECTBEHHUKOB — aMUHO- H a3U10-
QJIKOTOJICH, OKCHPAHOB U APYTHX TFeTEPOLMKINYECKUX CHUCTEM, Pa3HOOOpa3HBIX Hempe-
JeNbHBIX COCOUHEHUH. Pe3ynpTaThl HcclIeao0BaHUN OTPasKEeHbI B MHOTOYUCIIEHHBIX 00-
3opax [1; 2; 12; 13; 32-37]. B pabore [38] neamuHMpoBaHHE U JCTUApATAIHS MIPOTO-
HUpOBaHHBIX (opm 1,2-ammuHOdTaHoNa, 1,3-amMuHONpomaHona, l,4-amuHOOyTaHONA U
1,5-amMHHOTIEHTaHOIA B Ta30BOM (ha3e HCCIIeA0BaHbI IPH MOMOIIM MacC-CIIeKTPaIbHbIX U
KBaHTOBO-XMMHMUYECKUX PaCUETHBIX METOJIOB.

Kak yxe oTMedanoch BbIIlI€, B KQUECTBE MPEIIIECTBEHHUKOB a3UPUINHOB paccMa-
TPHUBAIOT B MIEPBYIO OUYEpeab AMUHOAIKOTOJIM, & TAKXKe SMOKCUIHbIE COETUHEHNS], BULIU-
HaJbHBIEC TUOJIBI U HETIPEACIbHbBIC CTPYKTYPHI [33].

R! NHR?
@
3 R,PX
HO R {®50CL nap:
R>' PR
% SOCl, [0]

HO R?
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OI[HI/IM u3 Hanbojee JAOCTYIIHBIX 1 OAHOBPECMCHHO MHOFOO6€H_[aIOH_II/IX METOA0B CHH-
TE3a MPEACTABIACTCA MOJYUCHHUEC a3UPUJNHOB U3 aMUHOCIIUPTOB, CUHTCTUYCCKUC BO3-
MO>KHOCTU KOTOPBIX BCC CIIIC OCTAKOTCA HE 1O KOHLIA U3YUCHHBLIMU.

1.2.1. ®opmMupoBaHHe YXOASAUIUX IPYNI B MOJIEKYJIaX AMHHO-
U a3M/10AJIKOr0JIei

[peBpamenre aMUHOCTIMPTOB B a3UPUJIMHBI ITOCIEIOBATENLHO U3yYaeTcsl HaunHast
¢ pabot I'abpuens n Berkepa B konme XIX Beka [11; 37]. O0miast KOHIIETIIHS CUHTE3a
A3WPUJIMHOB Ha OCHOBE 1,2-aMHUHOAQJIKOTOJICH B KQUeCTBE MPE/IIECTBEHHIUKOB BKITFOYACT
AKTUBAIINIO THIPOKCUIILHON IPYIIIBI HA IEPBOM 3Tarle MPEBPAIICHHS C TIOCIEAYIOIINM e
BHYTPHMOJICKYJSIPHBIM 3aMellleHHeM MPU YYacTUu azoTcojepxamnieid GpyHkimu. B yacr-
HOCTH, CHHTE3 TIpocTeiiniero azupuanaa (1.22) mo Benkepy BKiIrogaeT o0Opa3zoBaHuUE MMPo-
MEXyTOYHOTO muKIIIeckoro cynbdara (1.23) umu cynshamunata (1.24) [34].

©
HO~ __~__ H,S0, \ 9NH2 i o @7NH2 HO \ /
NH,*H,80, = P 0=5—"0 N
0 o) \\
1.23 1.24 1.22

CxomHbiM  00pa3oM  OCYIISCTBISICTCSl  MOJIy4eHUE  [-HaTHIICOIEPIKAIIEerO
N-metumatunennmuna (1.25).

\f HzSO4, Hzo \f NaOH/HZO
H;C—NH 128°c 24 H3C_NH2 100°c 054 HyC= J

HSOY
1.25

B 2010 r. rpymnie KUTaliCKUX yYEHBIX yIaIOCh CMSATYUTh YCIOBHS U MOBBICUTH d(-
(exTUBHOCTB NpoTeKaHus peakuuu Benkepa [39].

D NaOH
NH, NH; - H
| CISO;H | Na,CO; AN
P O "o e P 080 2 Ph
82-95%

B peakiun npekpacHo NposSBHIM ce0sl pa3sinuHble pacTBopuTend, Takue kak Et,0,
Tr'®, CH,Cl,, CHCI;, MeCN u ux cMecH. Ya4HO NpeBpaiieHsl B a3upuanabl (1.26—
1.28) Broprunsie amuHbl. [Ipy 3TOM BBIXO/BI IPOAYKTOB cocTaBuiu 75, 56 u 54 % coot-
BETCTBEHHO [39].

Cl Cl
N7 [ :
S A
Ph
- \_,,
1.26 1.27 1.28

B kaudecTBe nNpeIIECTBEHHUKOB a3UPUAMHOB HEOITHOKPATHO BBICTYIIAIM KNI aJI0-
renusl (1.29, 1.30, R' = H, 4-Cl, 4-Me, 3-OMe, 4-OMe, R*= Me, Bn, Ph) [40; 41].
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|
Nl
CisHzy H® HO g - 1 H
—_— \/\/ 15H31 ! !_-CsH
AN ; - Ho/\v/ 15t31
Y i N
CCly 1.29 f
4 OR* AN OR? -
\\Rl o < R HO R
2 k8. LiAlH,
N

B —
N Et,0,4,24 H N
<
L
Cl

1.30
B [42] n3yueHO BOCCTaHOBHUTEIILHOE aMHHUpOBaHKE o-xyopketoHoB (1.31). B pabore
[43] M3 CHMMETPUYHBIX JIUTAIOTEHUIOB TIOJTy4YeH PsiJI 3aMeIeHHBIX Ouc-a3upuarHOB (1.32).

NHR?
2
+BuOK NR
—_— R1/<l

0
1. R’NH,
R! == T2, g
2. HSiCl,,
cl Cl

OpraHoKar.
1.31
H H
NN K,CO;3/MeCN N N
Cl S; T Cl T ono ~g—
/N H R =Bn: 90% PaX 3
R O O R R =i-Pr: 85% o 0 i
R =i-Bu: 90%
1.32, ee=100%

Hns nomygenns asupuanaa (1.33, Ar = 2.4,6-(i-Pr),C,H,) B 2003 r. pa3zpaborana
y100Hast METOIMKA, BKITFOYAOIIAsi CHHTE3 IIPOMEKYTOUHOT0 mparc-0poM-cylib(hoHaMu 1A

(1.34) [44].
1 axB. ArSO,NH,, 1.1 axB. NBS NHSO,Ar 4 skB. K,CO3, MeCN
0 NSO,Ar
i, 45°C, 16 4,
Br 95%
1.33

0.05 sxB. MnSO,4, CH,Cl,,
K.T., 16 4, 78%
1.34

ITo atomy mytu [44; 45] nonydeHa rpynna cTepuyecKy 3aTPyAHEHHBIX a3UPUIUHOB

():N—so2 <:[:N—so2 ODN—SO2

(1.35-1.39).

1.36 1.37

135
BocNDN—so2 Ph/\[:N—soz

1.39

1.38
O,Z[HaKO BeAyllasl poJib CPpCAN YXOAAIIUX I'PYIII IO IIpaBy NPpHUHAIJICIKUT 3aMCIICH-

HBIM TUPOKCHJIAM, BKIIFOUAIOIIUM MOIIHBIC 3JICKTPOHOAKIICIITOPHBIC I'PYIIIIMPOBKU, Ta-

kue kak OPOPh,, OSO,CF,, OTs, OMs u ap. [3; 32; 46].
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Ph2}|’=0
HyN N R R-
Ph,POCI, EtN, TT'D NaH s /
7/ \ NaH , A I\ \ TTo N
R OH R” TsHN OPOPh, Ts

O6pazoBanue azupuanHoB (1.40) U3 aMUHOCTIMPTOB B MSTKHUX YCIOBHUSIX MPOUCXO-
JIIT TIOJ] ISHCTBUEM aHTUAPHIA TPHU(PTOPYKCYCHOM KUCIOTHI [3].

R T£,0/CH,Cl, R “’\«W
—_—
} \ -78C
H,N OH N,

1.40

dopMupoBaHUEe a3UPHUIMHOBOTO ITUKIIA B PsJIC CIYYaeB OKa3bIBACTCS YyBCTBUTEIIh-
HBIM K yCIIOBHSIM TeTeporukimm3anud. Tak, o0padorka coequaenns (1.41) Me3unxiopu-
nom 1 DMAP npusena k 6uc-mesunary (1.42), monsITka MAKIU3AIUH KOTOPOTO € TTIOMO-
mpio Et,N He npuBena k asupuauny (1.43). /loGaBienne nepxiopara JUTHS TO3BOJIHAIIO
MOJTyYUTh IEeJIEBOW MPOAYKT B cMecH ¢ azeTunuHoM (1.44) [16].

QH OMs LiClO,,
HO CO,Me _MsCUDMAP _ 50 CO,Me _OCHOBaHHE
CH,Cl,/CsHsN KHHX‘IE%I/Ie
75°C
NHPf 7% NHPf e
141 1.42
CO,Me MsO, CO,Me
vl
.
N NPf
Pf
1.43 1.44

PoncrBennsiii amuHouo (1.45) B mogo0HOM peakiuu BeaeT cedst Oosiee u3dupa-
TenbHO [47].

OH OMs

R,
R? OH _39xB MsCl _ R2 oms| ' OMs
: Et;N/CH,CL z N
NH NH |
PhHC” Ph,HC™ CHPh,
145

B 2008 r. Tpoct u O’boiin ocymectBunu cuntes3 asupuanta (1.46), Ha ocHOBE KOTO-
poro ObLI MOTyYeH NPOTHBOPAKOBBIN aHTHOMOTHK (+)-F R900482 [32; 48].

TBSO | 1. £BuPh,SiCl TBSO OCONH,
DMAP, TEA
_ sateMm MsCl MsCl
HO
NHBoc 5 06,COs, 100%

TBDPSO
HO

1.46, 77% ee (+)-FR900482

B pabote [49] B kauecTBe yXozsIei UCToNb30BaHa (heHIIICEICHUITbHAS TPYTINA.

Hapsmy ¢ oTMedeHHBIM paHee XeMOCEIEKTHBHBIM XapaKTepOM T'eTepPOINKIN3aIluN
aMUHOJIMOJIOB ¥ WX MPOW3BOHBIX 3HAYUTEIHHBIA MHTEPEC MPEACTABISET TaKKe OTUET-
JIUBO BBIPaJKEHHAs CTEPeoCTen(pUIHOCTh 00Pa30BaHUS a3UPUANHOB, KOTOPAs HAXOIUT
CBOE OTpaXkeHHe B MHBepCHH KoH(urypaiuu npu atome C’snantuomepos (1.47, 1.48) B
YCJIOBHSIX peakuuu ¢ Me3uxyiopuaom [50].
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CPh;
MeO,G H NHCPhs 11 BipN, Tra N

7 ) _ MeO,Cu, Hp

Hp K.T., 30 MuH, ” N
HO Ha 3aTeM KHIITYEHHE, H Hy

48
1.47
CPh;

McO,C, H NHCPh,

N
3 MsCl
H’"’ H A - H i, / \ o HA
HO H

B MeO,C Hp

1.48

TpanchopMmarus parieMHYSCKUX U SHAHTHOMEPHO YHCThIX aMHHOKUCIOT (1.49) B
A3UPUIUHBI IPOUCXOAUT 10 cxeme [33; 34; 511:

R _COH R _COH . R R
\r 2 TsCl \‘/ 2 LiAlH, \‘/\OH TsC/DMAP W
NH, EtN(i-Pr) NHTs NHTs Et;N N

Ts

1.49

Pa3paboTansl METOIMKY KaK one-pot, Tak ¥ TOMAroBBIX CHHTE30B [52—54]. Corrac-
HO OJHOM W3 HUX, CJIOKHEIH d(pup cepuna (1.50) mpeBpalreH B a3upuInH-2-KapOOKCHIaT
[53].

H
HO_ 3 St CO,Me
—=CO,Me \ / :
NH TsCVEGN/TT® N
©—/ KUIITYEHUE ©—/

Fe 1% Fe
\_— -
1.50

Crepeocnernuduueckoe odbpasoanue N-tozmwnazupuauuos (1.51, 1.52) u3 rugpok-
CUTO3WJIATOB HY)KJACTCS B JOMOJTHUTENILHON MOAN(DUKAIIMN YXOASIIEeH Tpynisl [55; 56].

NHTSs _H
1. MsCVE;N
2. K,CO5, MeOH NTs
< 3 C! ~
OH H” N

93%

NHTs
1. MsCVE;N
B
- 2. K,CO;, MeOH
OH

90%

1.52

[TonydyeHne SHAHTUOMEPHO OJHOPOJHBIX SIOKCHAZUPUIMHOB, HUMEIOIUX R R-
mpeo-u S, R-3pumpo-KOHPUTYpalliy XUPATBHBIX IIEHTPOB, oricaHo B padore [57]. Tpeo-
m3omep (1.53 a) cuHTE3MpOBaH 1O MIPUBEIACHHON HIKE CXEME:

COOMe  Xnopamuu T TsHN,, _COOMe TsHN,, _COOMe
| K,080,#2H,0 TBSCI !
—_— - —_— —_—
H,0/MeOH -, MMHIa30]1 ',
MeOOC 60% MeOOC "OH 929%, MeOOC "OTBS
OH OTs
TsHN,, TsHNy,,
Ca(BHy), ' TsCl, Me;N*HCI : TBAF*3H,0
—_— [ ——— p——— N
EtOH/TT'® » EGN, 95% . 65%
99% "OTBS “OTBS

OH OTs

T peo-1.53a
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Opumpo-nzomep (1.53 6) monydyeH Ha ocHoBe smnokcusa (1.54); 3ambikaHue Tpex-
YJICHHBIX [TUKJIOB B 000MX CIIy4asX JOCTHTHYTO JICWCTBHUEM TETPaOyTHII-aMMOHUH (TO-
puna (TBAF) [57].

E0,G,, TsHNy_ _-CO,Et
o) _Xnopamun T _ pp—
H,0/-BuOH ; —
0 1y,
Et0,C 60% EtO,C OH
1.54 apur po-1.536

TpexcraguitHas KOHBepcHs AMOKCHIO0B B azupuauusl (1.55, 1.56, X = CH,, O, NTs
W JIp.) pa3paboTaHa ¢ y9acTHEM OKCUPAHOB Pa3IHuHbIX THIOB [45]. Mckimoyenue cocra-
BUJIM MTOKCHU/IHBIE TPON3BO/IHBIE HOPOOPHEHA U IIMKJIOOKTEHA, OKa3aBIINECs TaCCHBHBI-
MU B YCJIOBHSAX NMPUBEACHHBIX HIKE PEaKIIMOHHBIX MPEBpAIIEeHUH.

1.2 sxB. RSO,NH, OH 1) 5 axB. CsHsN, 5 sxB. MsCl
0} NSO,R
Ph\/<| 0.1 sxB. K,CO3 Ph NHSO,R CH,Cl,, xunsiyenue, 16 4 th<|
0.1 axB. BANE;*CI” 2) 4 3xB. K,CO3, MeCN
nuokcas, 90°C 450C, 164
72 vum 96 4 1.55
1.2 k. RSO,NH, OH 1) 5 9xB. CsHsN, 5 axB. MsCl
0.1 sxB. K,CO;3 CH,Cl,, xunsuenne, 16 4
X O —— X X NSO,R
0.1 k. BnNEt(;,*Cl' iy 2) 4 3kB. K,CO5, MeCN
mokcan, 90°C “NHSO,R 45°C, 16 4
72 um 96 4 1.56

SxoOcen [33; 58] mpUMeHHI KaTaIUTHUIECKOE PACKPBITHE TEPMHHAIBHBIX SMOKCH-
noB (1.57) B cunTe3e N-HO3UIA3UPUAMHOB C BHICOKOW CTEMEHBIO YPHAHTHOCEICKTUBHO-
cTi. MHOTOCTaIMHHBIN MPOLIECC BKIIFOUAN MOCIESI0BATSILHYI0 00pab0TKy peareHTOB BO-
noit, NsNHBoc, TpudropykcycHoit kucinoroit, Ms,O n kapdonarom kamnust. [Ipu 3Tom 06-
e BBIXO/IbI Q3UPUANHOB OCTABAIUCH CPABHUTEIBHO BEICOKUMH, IIOCKOJIBKY JUTS UX BBI-
JieNieHns TpeboBaslach TOJIBKO 0JJHa XpoMaTorpaduyeckas OUNCTKa.

1) 2 mon% [(S,S}(salem)Co*OAc] (1.58), OH
/<(|) 0.55 sxe. H,0, TTD, 0°C = k1., 3 4 /\/ NNsBoc
i-Bu 2) 0.4 5xB. NsNHBoc, TI'®, k.1., 3 4 -Bu
()-1.57
1) TFA
2) Ms,0,
Py, DMAP
olo
Ac
Bu t-Bu
1.58 OMs
INNs K,CO3, H,0/TI'D :
/<| ,C0O;3, Hy , KUIISTYCHUE /\/NHNS
i-Bu 74% -Bu

B [59] onucana koHBepcUsl XUPAIbHBIX OKCHPAHOB B ONTHYECKU aKTHBHBIE a3UpU-
nunbl (1.59, R'= Ph, C.F,, n-C H,,, n-C;H,,, R*=H, Me). KitoueBoii ctaaueii 3toro npo-
1ecca sIBJISIETCsl IPEBpallleHHe THAPOKCUIBHON B TO3UIAMHHOIPYIILY; COXPAHEHUE KOH-
(urypauun y aroma C', BeposATHO, OOBIACHIETCS aHXMMEPHBIM COJEICTBUEM 3a CUET 00-
paszoBanus snucyibponneBoro noHa (1.60).
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OH HO R? NHTs TsHN R?
O R! ArSNa TsNH,, BF;*OEt,
f}\s\ e L 1R! + R ——=2 2 Tl L 1R! + LR!
R? ArS R? SAr ArS R? SAr
@ ©
Me;OBF,
\R] Ts
< A NHTs TsHN R?
@S R? ~s\R <Nl LRI + LIR!
]
Ar R? ArS @ R2 @ SAr
1.60 1.59 Me Mé¢

Omnokeun (1.61, R’ = H, Ts) npepatien B coequnenue (1.62) mox aeiicTBueM 0CHO-
Banuii (DBN, -BuOK) [60].

0 NHSO,R 0 NSO,R o) NSO,R
() e e
Tr®, 20°C N\
90%
1.61 1.62

B pabotax [61; 62] oOpamieno ocoboe BHIMaHUE Ha MPEBPAIEHNE ATOKCUIHBIX CO-
€IUHEHUI B a3UPUIHUHBI Yepe3 MIPOYKThI a3UA0IU3A.

0 NNy e QT Liam, o
“n,, aw —3> ‘. i #» /W\
; X 2. TsCl N
N3 H
B [61] onucan cunte3 cepuu 2,3,4-Tpuacokcu-2,3-30uMuHO- U 2,3,4-TPUIECOKCU-
3,4-3TUMUHOTIPOU3BOAHBIX 1,6-aHTHIpO-f-D-rexcommpanos (1.63—1.66), moxydeHHBIX
Ha OCHOBE MpAaHC-a3UTOTO3MIATOB.

o o o 0
=0 0 0 0
R NH
7 HN
N
R

1.63 1.64 1.65 1.66

OTMedeHO HeoOBIYHOE 00pa3oBaHKME a3WPHUIUHOB M3 MpeamecTBeHHUKOB (1.67) ¢
mMpanc-TIPKBATOPUATIFHON OpUEHTAaInel a3uIHBIX M TO3WIATHRIX Tpym [61].

(0] (0] (0]
o 004\ LiAlH, 0,
OTs Ts
N
Nj

/

H
1.67

[Tupoko wccne0BaHO aKTUBUPOBaHHOE (OCHUHAMYU 3aMBIKAHUE IHKIIA B MOJICKY-
nax asugocnupToB (peakiust [lITaynuHrepa), MONydeHHBIX U3 XUPATBHBIX U aXUPaib-
HBIX DTIOKCHIOB JeWCTBHEM azmma HaTpus [63]. KiroueBas cTammst 3TOTO CTpaTerude-
CKOTO CHHTE32a BKJII0YaeT 00padoTKy THIPOKCHA3UIOB TPHAIIKWII- WK TpuapuidochuHa-
MU, IPUBOJIAIIYIO K OKcazadochonuaruHaM, KOTopbie, ObICTPO 00pa3ysCh, BIIOCIEICTBHH
MEJIJICHHO TIpeBpaIiaTcs B N-HezameleHHbie azupuaunb (1.68, R = Ph, Alk) [63; 64].

R
R \(f>\ NaNs, NH,Cl R o Ns
—_— +
7 *C0,Me MeOH
N; CO,Me HO CO,Me
METO/I
FP h3l (A) wm (B)
R CO,Me R CO,Me .
>_< R
+ ) ( — \<I!IZC02Me
HN 0 0 NH
N 7 N\ 7
PPh, PPh,
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CxemMa BHYTPUMOJIEKYJISIPHON HYKII€O()UIbHOW aTaku IpecTaBlieHa HIKe [64]:

HN_

l( 7
PPhy HW CO,Me
= 1.68

He BBI3BIBatOT COMHEHHI W BBIBOJIBI, OTHOCSIINECS K CTEPEOXUMHUHU paccMaTpUBa-
€MBIX IIPOIIECCOB, TTOCKOIBKY 00a XUPAIBHBIX IIEHTPA UCXOJHBIX CTPYKTYp, KaK H Cle-
JIOBAJIO OKUIATh, TPETEPIICBAIOT TOJHYI HHBEPCUIO ONTHYECKOH KoHpurypanuu. [Ipu
ATOM peakius OblIa arpoOrpoBaHa Ha MPUMEpPEe OOJIBIIOTO YUCIIA KaK XHPAIBHBIX, TaK H
axXHpaIbHBIX CyOCTPATOB, B TOM YHCIIE OTHOCSIIUXCS K TPYTIIE aTHIIUKINISCKIX COSIIH-
HeHUil [56; 65].

R CO,Me Phs"\\
73)—( R 0@ R
b — > < D) — \<I\I;C02Me

OH OH
OH OH
NaN3, NH,Cl PPhy .
MeOH-H,0 (8:1) i K.T., 5 CyT.
h 94% | Ph KUIsIYeHHue, 5 9 Ph
N3
N 1. PPh;, TT®

TBS()—O, 3 KunsdeHue, 48 u TBSO><:DNT
, 2. EGN, TsCl, DMAP s

OH CH,Cly, k1., 16 4, 24%
1. PPh, TT'®

O‘"““\ Ns kumnsycHue, 20 1 O‘"“\\\ NT.
2.EtN, TsCL, DMAP =™ s
OH

CH,Cl,, k.1, 20 4, 41%

B pabore [66] yuc- m mparc-CTUIHOCHOKCHIBI TPEBPAIICHBI COOTBETCTBEHHO B
mpeo- ¥ 9pumpo-2-a3uio-1,2-mupeHnnsTaHobl, a 3aTeM B pe3yJIbTaTe B3auMOICHCTBUS
¢ tpudenunpochuHOM — B yuc- U mpanc-2,3-1ueHmwIasupuauHbl ¢ BBICOKOH CTere-
HBIO CEJIEKTUBHOCTH. DTUM Xe MyTeM moiydeH la,90-gurunpodenantp|9,10-6]azupu-
nuH (1.69).

Hapslz[y C OIMMCAHHBIMHU BbIIIEC METOJaMU, OTACIBHOI'O YIIOMHWHAHUS 3aCIIyKUBAIOT
TaKXe U JPYrHe crocoObl MpeBpalleHus a3uI0aIKoroiel B a3UpUANHbI, B TOM YHUCIIE C
WCIIOJIb30BaHUEM PA3IMYHOTO POAa BOCCTAHOBUTENBHBIX cucTeM [1; 67].

OBn OBn
o 1.NaN; BnO 0 LiAlH,
—_— —_—
2. MsCl _%/om 52% E &
OBn 63% N3 OMs
(6] OBn
H H H
ph/‘vo 1. NaN; Ph/‘TO H, Ph/‘vo
0 — 0 — 0
o 2. MsCl o PtO, O
46%
O ° MsO
OMe OMe NH OMe
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[Mocne otkpritus llapnnecom MeToga aCUMMETPUYECKOTO STTOKCUAUPOBAHUS aJLIIU-
JIOBBIX CIIUPTOB C MCMOJIb30BAHUEM ANKOKCHIOB TUTAHA B KAUECTBE KaTaJIU3aTOPOB OT-
KPBUIMCh IIUPOKUE BO3MOXKHOCTH JJIsl MONYYECHUS] XUPAJbHBIX a3upuauHoB. [Ipumene-
HUE aJIKOTOJIATOB TUTAHA B PEAKIIUSIX aMUHOJIM3a SIIOKCHIHBIX COSIMHEHHUH CIIOCOOCTBO-
BaJIO 3HAYUTEIHHOMY MOBBIIICHUIO PETHOCEIEKTUBHOCTH PACKPBITUSI OKCUPAHOBOT'O LIUK-
na[1].

HO*///,,,% ()k 1. NaNs RO \HO>—§\ 1. PPhy HO o, WAOB
- e — s —_— " n
OBn 2- -BuMeSiCl i N, OBn 2 Bu,NF, 82% N

n

+ H
peruounsomep
R = SiMe,Bu-¢
NHCHPh, OH
/\/<(l)/\ Ti(OPr-i), PhyCHNH, /vk/\
OH 70% /\/Y\OH * < OoH
OH NHCHPh,
(94:6)
MsCl
Et;N
CHPh,
: OMs

B psane cinydyaeB BMECTO TO3WI- U ME3WIXJIOPUAA YCHEIIHO MPUMEHSIIH XJIOPHUCTHIN
cynbdypun. st peakuuii ¢ yuactuem SOCL u SO,Cl, moctynupoanu oOpa3oBanue 00-
mero uatepmenuara (1.70, R = H, Me) [34; 68]. B pabote [69] onucano aHamoruyHoe
MPUMEHEHUE THOHUIOPOMU/A.

SO,Cly/Et;N
0O._OBn O OBn O\Z/OBn Tr
N
i SOCI, NalO,
R 2 wR T4y WwR —— + Run N\ CO,B
THHNT Y EGN TrN/w RuCly, H,0 \ﬁ 90-94% 250
OH O‘S\\ O H H

1.70

B 0630pe [70], mocesimienHOM pa3pabotke mHrHOUTOpoB BUYU-mporeasrl, HeoaHO-
KpPaTHO YIOMHHAJIOCh 00 YCIICIIHOM HCIOJIb30BaHUN a3UPHIMHOB B KAUECTBE HHTEpPME-
muatoB. Tak, npennoxxeHHbit Kumom ¢ cotp. [71] cunrtes ammpenasupa (1.71) Brirrouan
MIPUBEACHHYIO HIDKE LIEMIOYKY MPEBPALICHUI:

o 1. KPhth, DMF
wL soch, 05l 2. NH,NH,, HCI OH
4 Q RuCL*3H,0 Q 3.Boc0  BocHN._A_Cl
)/\/Cl NalO, B/\/Cl 75% ?
95% c”
cl ct

OTBS OH H\ /©/NH2
1. TBSCI N\/\/N\
2. NaH Boch/\/ i d J do
1.71
OnHaKo clieAyeT 3aMeTUTh, YTO MTOI00HBIE METOAMKH HE BCET/Ia MOTYT OBITh 9KCTpa-
HOHHpOBaHBI Ha CUHTEC3bI N—aunn- N N—Kap6aMOI/IHa3I/IpI/IJII/IHOB, HOCKOHBKy B OTUX pe-
aKIusAx 0oJiee MPEANOUTUTEIBHON OKa3bIBACTCs HYKJICO(UIIbHAS aTaka KUCIOPOIHOTO

aToMa KapOOHWJIBHOW TPYIIIBI, MPUBOJAIIAS K 00Opa30BaHUIO MATHUICHHOT'O OKCA30JIH-
HUEBOI0 HHTEPMEHaTa ¢ MoTepel TO3UIaTHOM rpynmsl [34].
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RI)I(\STS OCHOBaHHE RH\[/\O
Y

N
+

R’ R’

1.2.2. 1,2-AMHUHOCTIUPTHI B YCJI0BUSAX peakuun MunyHooy

Huxnmsanus f-THaApOKCH-0-aMIHOCTTUPTOB B YCIOBUSAX peaknuu MUIyHOOY mpe-
CTaBJISIET aJIbTEPHATUBHBIM NOAXOA K CUHTE3Y a3upuanHoB [32-34; 54; 63; 72]. Tounb-
KO C TIOMONIbIO 3TOM METOIWKH, HAPUMEpP, YAAIOCH MONYYUTh TPYIIy a3upUIHNHOB

(1.72) [73].
. CO,Bu-1
J/\CiZB“t PPhs, DEAD E 2=
OH Tr®, 0°
ZHN OGN

30 MuH.
60-90%

1.72
Peakiust MunyHoOy — 3TO MEXMOJIEKYJISIpHAsT JETUAPATALMSI C YYaCTHEM CIUPTOB
o AeiicTBreM peareHTa MuiyHoOy — AHITHIIOBOTO 3¢dupa a30aukapOOHOBOH KHCIO-
161 (DEAD) un tpudenundocduna. BzanmozeiictBrue mocieaHuX MPUBOIUT K OeTanHy
(1.73), KOTOpPBIi B peakliy CO CUPTOM TPEBPAIIAeTCsl B COOTBETCTBYIOMINN (hochopaH.
[Tpu 3TOM aKTHBaLUMS THMAPOKCUIBHOM IPYIIBI MPOUCXOAUT 3a cueT (pochopcoaepxa-
IIUX COCITUHECHUH.

@
0 O pp A © | © RoH /
>—N=N—< — >—N—N—< Ph3P\
EtO OEt EtO OEt OR
1.73

[IpucyTcTBHe B MoneKyne cyOcTpaTa JOCTaTOYHO TOJBMIKHOTO aromMa BOJOpO[a,
a TakKe ONarompusATHOE CTPYKTYPHOE M TPOCTPAHCTBEHHOE PACIOJIOXKEHHE (PYHKIINO-
HAJIBHBIX TPYII MOXET MPUBOAHWTH K JETHIPATalliH, 3aBepIIafolleiics oOpa3oBaHHEM
a3UPHUINHOB.

B [74] onucano nomyuenue asupuauna (1.74), a B padore [75] — rpynmsl coenuHe-
Huit (1.75), SABISFOIIUXCS TIPE/IICCTBEHHUKAMH [TUKIMYECKUX aHAJIOTOB aHTHITAPa3UTH-
YECKUX C()UHTO3UHOB.

OH OH PPh; (2.0 kB.)
BzCl (2.1 3kB.) 2-sTokcudenon (1.5 7kB.)
OH Et3N (2.593ks8.) OBz DEAD (2.0 okB.)
NH, CH,Cl, k.1., 24 4 NHBz TId, k1., 19
98% 76%

CH;,

)

NBz |
1.74 1.75

OpuruHaIbHONM Pa3HOBHIHOCTHIO METOJA SABIsieTCss TpaHchopMmarus 1,4-amMmuHOAN-
KOTOJICH B YCIIOBUSIX peakiuu MuUIlyHOOY, IPOTEKaHUIO KOTOPOM CITIOCOOCTBYET aKTHBA-
1us atoma azora cyocrparos (1.76, n = 1-3, R = PhCO, Ts, ~-BuCO, BnOCO) [76].
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) RNHOH, NalO, ) PPh;, DEAD )
" MeOH, H,0 " Tro, 0°C n
R R

1.76

Copmeprkanuii aKTHBHYIO ATHHIIIbHYIO Tpymny a3upuaud (1.77) cuHTE3UpOBaH 10
TIpUBEICHHON HIDKE cxeme [77]:

mmQ
)

jas)
Zmni
/

/Z

OH
/Z  PPhy, DEAD Me%
Tr®, 82% Y N "I,
NHTs Ts

1.77

Kak u B pssie Ipyrux CHHTE30B a3UPUJIMHOB U3 N-alIMIIaAMUHOAIKOT0JIeH, B pEeaKIuu
MurmyHoOy 3aMedeHo oOpa3oBaHNE OKCA30JIMHOB; TIPH 3TOM aJbTEPHATHBHOE 00pa3oBa-
Hre okcazonuHa (1.78) wm asmpuauHa (1.79) B 3HAYNTENBHON CTEIICHU OMPEACIIICTCS
CTEPEOXUMHUIECKUMHU 0COOCHHOCTIMHE cyOcTparta [78; 79].

0 o 0 0
)]\ T}\II\)J\ Ph;P, DEAD )]\ ¥
P 0 N/\n/ O NiMe P DEAD L S SN NHMe
H o H 56% H
AN o
HO

Me Me

1.78

84%

I oS
N\)J\ PhyP, DEAD N
P 0 IP\II/\’I/ <O NEMe — Yo E/\"/ NHMe
0 0 H
c

Me” NoH

=z

1.79

B o630pe Tannepa [1] mpueaen cunte3 C,-CHMMETPHYHOTO OuC-a3UPUIAHNHOBOTO
muradaa (1.80), obecieunBarOIEro cux-TUTHAPOKCHIINPOBAHNE CTHILOCHA C BHICOKIM
BBIXO/IOM W NCKITIOYUTEIHHON SHAHTHOCEIEKTHBHOCTHIO (95 % ee):

QO HO,

R///,,,'f \ R

R

“““\’;U

NH, NH
A p-1umst MuiyHoOy
(>80% B 1esIOM)
H,N HN N
R R \I
oR i %R
R R
(0] OH
1.80
HQ, Ph
_ Ph OSO4
/ (1.80, R = Ph)
Ph Ph OH

B pabote [80] onucano mony4eHue OOIMUPHOIO CEMEHCTRA JTUTaHI0B C UCIIOIb30Ba-
HUEeM peakuun MUuIiyHoOy.
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J

&
5 _ 1) H,, Pd/C, MeOH Ph\o,,—>_\
N N
PR L\Ph
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o:"o,

\\\J/
VAN Ph - PPhy, DEAD _ \—?_\g
2) PPhs, DEAD S I, 200C “--f N /\
Tr®, 20°C 88% Pa Ph
91%
Ph Ph Ph Ph
OIN PhMgBr %, PPhs, DEAD
—_— NH HN —— N N
o Trd, -78°C T, 20°C A
HH 69% 81% W\“‘“
Ph Ph Ph oPh Ph,,
9 5: Y Y ‘a
VANRYVAN VANRVAN
Ph" Ph pPh" Ph

Ph\““\v/—\ ~Ph

VANV
Ph
Hennsiit uzoctep (1.81) nannHaBupa nomydeH u3 D-TioKo36I [81]

1) K,CO3, MeOH
HO o OAc 2) PPh,, PhH
HO-- O —= CO,Me 3) Boc,O
< i 70% (3 cramnm)
ud Ol N; OBn
Boc, 0 PhMgBr NHBoc O
MJ\ CuBr*DMS_ pp
i OMe

70%
OBn

I OMe
OBn

1.81
Oo6pabotka coenunenus (1.82) pudennndocdunom u AUITUIA30-TUKAPOOKCUITATOM
(DEAD) npuBoaur x azupuauny (1.83)

(0]

COzMe
PPhy/DEAD WL_
HO . OMe  Tro,85% Y\
NHBoc Boc

1.82 1.83
Pacnpoctpanenue peakuuu MuiyHoOy Ha CHHTE3 a3HPUIUHOB MPOJEMOHCTPHU-

poBajio BO3MOXHOCTh Tony4yenust coeaunenuit (1.84, R = CH,0OBn, CH,CH,CO,Bn
CH,CH,CHMe,, CH,Ph) u naccuBHocts amunocnuptos (1.85, R = Me, CH,CH,CONH,)
[82].

R
R
H,oN BocHN

o N

Boc
1.85 1.84
Comdau ¢ coTp. COOOITHIN O BO3MOXHOCTH MOJTyueHUs! N-He3aMeIl[CHHOTO BUHUIA-
supuauHa (1.86) [63].
OH
w0 NH; (&.) H PPhy/DEAD /<1'\£\
R/\/\ TSOOH R/Y\ ~54% K \
130°C
23-93% NH,

1.86
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[Iposenens! cuntessl azupuanHoB (1.87, R = Me, Bn, Bu; 1.88) ¢ nonomxuTens-
HBIMH TE€TePOIMKINYECKUMH (parMeHTaMy U COXPAaHEHHUEM ONTHYECKOW aKTHBHOCTH
[83; 84].

1.87, 100% ee

s MeO
L, e L A ﬁ[\&
65%
Kﬁ Kj N NTr
o] o 0

1.88, 100% ee a3HPUIMHOMHUTO3HH

W3BecTeH ciydail MOdy4eHUs ABYX NMPOAYKTOB I€TEPOLUKIN3ALNHN aMUHOAIKOIOJIst
(1.89) B ycnoBusax peakunun MuimyHoOy [85]. OOHapykeHa 4eTkast 3aBUCHMOCTh COOT-
HOIIECHUS TeTEPOLUKINYECKUX MTPOAYKTOB OT XapaKTepa UCIIOJIb3YyEeMbIX 100aBOK; TakK, B
MPUCYTCTBUU TMIPOXJIOPUAA TPUITHIAMHHA, BOABI M B OTCYTCTBHE JOOABKH COOTHOILIIE-
aue coenuaenni (1.90, 1.91) cocrasiser 30 : 70, 5 : 95 m 95 : 5 cOOTBETCTBEHHO.

i " DEAD, prn, HN/\ . N
Ph)\g/\ Pac}:ifpllgiﬂb’ P NTs Ph)\g/\
TS/KIH I _NH

1.89 1.90 191

Huxe nmpuBeneH npeanonaraeMblii MEXaHU3M peakunu [85]:

H o OEt
§—2oX i
HNT /N Nu-araka HNT }
Ph;P—N U IIEPEHOC
Ph NHTs o o Ph NHTs
EtO EtO,C_
/NH
1.89
AN
O@
1) nporonupoBanue | 2) Nu-ataka EtO
Et;I?IH%I U IIepPeHoC H®
W ( OPPh ( OPPh
N NG HNT HN
-~ €] —_—
-Ph;PO NTs -(EtO,CNH) NTs
Ph Ph Ph 2 2 Ph
- -Ph;PO
NHTs NHTs
1.91 1.90

B pabote [86] nmpoBeneHb! CHHTE3BI (PYHKIIMOHAIN3UPOBAHHBIX a3UPUINHHEBBIX CO-
JIe M3 aMUHOCIIMPTOB C TPETUYHOM aMMHOIPYIIIOH; IOKa3aHa 3aBUCUMOCTb BBIXOAA
npoaykra (1.92) ot xapakTepa UCIOJIb3yeMOTr0 PACTBOPUTEIIS.
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PpacTBOPHUTEND +NﬁBr7

HO N 0°C (4 u)

/
Bn ﬁ k.T. (14) Bn
Bu-t Bu-t
COBUL (o N (T6%) CO;Bu
CHCI, (53%) 1.92

CH,Cl, (45%)
TI'® (36%)

Hap;my C YIOOMSIHYTBIMHU BBIIIEC, B KAUCCTBC PCArcHTOB YCIICIIHO UCTIOJB3YIOT U Ta-

kue cuctembl kak PPh,+1,, PPh;+NIS.
OO0pazoBaHKe a3UPUAUHUEBBIX HOHOB B Ka4eCTBE HHTEPMEIUATOB MIPEANOIAraloT B

peaKIusaX KHHETHYECKOTO PACHICTUICHUS f~aMUHOCITUPTOB C TIOMOIIBIO XUPATBHBIX KaTa-
mu3atopoB BINAP (1.93-1.96) [87].

(O e P
PPh, P(O)Ph, >< “p ?
PPh, P(O)Ph, PPh2

1.93 1.94 1.95 1.96

HesH3umaTnueckoe KHHETHYECKOE pacmiCijicHne 3aMCUICHHBbIX mpaHCc-aMHUHO-
HUKIJIIOTCKCAaHOJIOB IIPOTCKACT COIJIACHO cnez[ylomeﬁ CXEMCE:

SWOH RLOH Cl
(j o mine Cfla - O
vy ~CHj ~CHj CH2C12,KT 1 muH 2o~ CHs ',,,,TTI/CH3

Ph Ph
(+)-1 parc (IR, 2R)-T paHc (+)-T parc
41%, 51% ee 48%

ABTOpamMu NpeJIoKEeH CIEeYIOUUI MEXaHU3M peakiuu [87]:

+
\\\\\O—P/— Sn2 /\ W€l
S N (BHYTPHMOJIEKYISAPHO) "\ R CI "
L_R R “R! Sn2 .._R
N7 -<O= /—> (BHYTPHMOJICKYJISIPHO) N
& N I}

B noo0OHoi#1 peakiu criocoO0eH y4acTBOBaTh TakKe NUATOKCU-TpUdeHmipochopan
[68].

0. OBn E
PhyP(OEY),
o Me MeA\ OBn
2
OH 0

Msirkass OUKIM3aus 2-aMHHOAIKOTOJICH ¢ 00pa3oBaHUEM a3MPHIMHOB IPOUCXO-
JUT TIPU UCIIONB30BaHUM TeTpaiioauna audocdopa (P,l,). Asupuaunst (1.97, R = Alk,
R = Ar, Alk) nomrydensr ¢ Beixogamu 4575 % [88].

R
OH - N
)\/NHR S B /\
R’ CeHe, N, R

20-24 4, K.T.
1.97
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TpudennndochrH BBI3bIBACT reTEPOIMKIN3ANNIO a3UI0ATKOT0JIeH C COXpaHEHHEM
SHAHTHOMEPHOTO n30kITKA [89]. DTUM MeTonoM noydens azupuaussl (1.98, 1.99).

R%><OiN PPh, R NH
3 -
R! CH;CN, 60°C  R!

1.98, 94%, 94% ee 1.99, 60%, 97% ee

1.2.3. Peakuun N-rajorencyjibpamMmuios
¢ HenpeaeJbHbIMHU COeJHHECHUAMH

Peaxmmuu N-x1opaMuHOB U N-TaJIOTE€HAMHIOB KapOOHOBBIX, CYJIb(POHOBEIX, Gocdo-
HOBBIX KHCIIOT C HETIPEICTHHBIMU COSAMHEHUSIMHI H3Y4arOTCs B T€YEHNE HECKOJIBKUX JIe-
catunetri [90] 1 UCTIONB3YIOTCS IJIsT CHHTE3a IIEHHBIX TETEPOITUKIIOB, TAKUX KaK a3upHU-
TIUHBI, a3alUKJIOATKAHbI, THIAHTOUHEI U 1p. bomee 30 met N-xmopOeH30ICyIbhOHAMIT
Hatpus [xiaopamuH b] (1.100) HaxomuT nmpuMeHeHne B AE3UH(EKIIH TPON3BOACTBEHHO-
TEXHUYECKUX TTOMEIIEHNH, KaK Jera3aTop CTOMKUX OTPABISIONINX BEIIECTB U aHTHCET-
THK U1 00e33apakuBaHUs PaH.

N-Xnop-n-tonyoncynsponamus Hatpus [xmopamud T] (1.101), Hapsay ¢ apyrumu
N-tanmoren-N-meramtoapwicyibponamunamu (1.102) [6pomamun T, 6pomamun b u iio-
namuH T], ucroap3yercs B pa3sHOOOpa3HBIX XUMHUECKUX peakiusax [91; 92].

(ﬁ (R C") Hal
SNCINa H;C SNCINa*3H,0 R FN/
Il Il | \Na

O O (6]
1.100 1.101 1.102, R =H, CHg;
Hal=Br, I
1 2
| 5 Xnopamun T R R
RHC=CHR® o ot )
»0, areroH, cl OH
R R?

Lerm 2 3 Xnopamun T
R'HC=CHR” + R°COOH

o Cl OCOR3
X T
HO)‘\/\/ JIOpaMUH O@\/Cl

Merancyabdokuciora O
6en3zoi, 67%

ﬁs

XnopamuH T (6e3B0H.) / \ Me
P M Ph

Cu-kar., MS5A
MeCN, 25°C, 3 u T parc-

Bpomamun T, CuCl, (CuBr,) NT
s
MW, MeCN, 70-80%

Xnopamus T

1% 0s0,  HQ NHTs
{ ) BwoH,60C ¢\

B nacrosmee Bpems apuicyib(pOHAMUABI PACCMAaTPUBAIOT KaK HanOoJee BajKHBIC
NPEALIECTBEHHUKN HUTPEHOB B peakuusax asupuauHupoBanus [36; 57; 93-95]. B stux
MPOLIECCAX B KAUYECTBE KATAIM3ATOPOB BBHICTYHAIOT COeAMHEHUs Meau [36; 96].
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TsNCl,
NHT Ts
=\ Cu(acac), (8 Monp%) < s NaOH (BoxH.) N
COZMC 0, TI'®. 80
CH;CN, 25°C, 24 4 cl CO,Me , 80% COMe

Na,SO; (BoaH.)

A3BUPUIMHUPOBAHKE CTUPOJIA MPOTEKAET C BBHICOKUM BBIXOJOM 1pu yuactuu Cu'-
MOHOB B IIPUCYTCTBUU XUpasibHOTO Ouc-okcazonuna (1.103) [36; 97].

6 Montb% (1.103) SO
5 Moms% [Cu(CH,CN),]ClO, N77H2

Me, Me
O O,
~ H,NSO,CeH4NO,- SN O\ m
NO, N N
t-Bu

PhI(OAc),, 6en3omn, 94%

PR

-Bu
1.103

[peuioskeH MepCneKTHBHBIM BAPUAHT WCIOJNIB30BaHUS MOJJOOHOTO KaTaln3aTtopa B
coCTaBe BHyTpeHHero jguranaa [98].

SO
PhI(OAc), NSRS EN
Osz Cu(tfac), (3 Moms%) Osz PN 1\|1 _
N7 SO,NH, CH3CN,25°C, 124 N7 SO, 84% NO,
[Cul=N

B psine cinyyaeB azupuInHUPOBAHHIE TIPOUCXOIUT B IPUCYTCTBUHM XUPAIBHBIX JTUTaH-
JI0B cxoaHoro tuna [13].

Ts Me_ Me
N 0 0,
~_R' PhIONTSs, CuOTf, R' j>§(
A N R —— Ar/<'/ le] 1\|] —
Ph Ph

19-97% ee

5 ¢ 2
N Hum H

PhIONTs, CuOTf Y,

~\ S Cl N N= Cl
Al R Jlurann A R
cl

30-98% ee

,

ITo muenmuto SIxobcena ¢ cotp. [99], oOpa3zoBaHNE HUTPEHOBBIX KOMIIJIEKCOB C Me-
JIBIO SIBIISIETCSL O0JIee BEPOSTHBIM, YeM PaJMKaIbHbI MEXaHU3M a3UPHUIHHUPOBAHHUSI.

st onydeHusl dTUICHUMHHOB Ha OCHOBE AIIKEHOB YCIICIIHO HCIIONB3YIOT CTa-
OWIM3MPOBaHHBIE METaUIaMH HUTPEHbl. B YacTHOCTH, NPEIIIECTBEHHUK HHUTPEHOB
N-To3uTMMHHO(EHWIHOMHAH y4acTBYeT B Ipolieccax a3upUIMHUPOBAHHS, KaTaU3U-
pyembix coequaenusamu meau [100; 101].

"{s
= N
S~ _Me PhI=NTs
Ph/\/ Cu(acac), BF; \\\\A\
25°C, 10 mum. Ph Me

87%

OpHaKo ciexyeT OTMETHTD, 9TO B MOIOOHOTO Pojia peakiusaX KaTaTuTHIECKIM e -
CTBHEM O00JIAZalOT TPOM3BOIHBIC W APYTHX METaIOB. Tak, OpomMamMuH T B3anMomeii-
CTBYET CO CTHUPOJIOM B TpUCyTCTBUU Fe-comepikaiiero moppupruHOBOTO KaTajam3aTopa
(1.104), maBas neneroit mpoaykT (1.105) ¢ BeIcoknM BeIXoaoM. B pabdote [102] moka3za-
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HO, YTO MEXaHHN3M 3TOT'O MPCBpALICHUA BKIHOYACT O6pa30BaHI/Ie HI/ITpeHOHO,Z[O6HOFO HUH-
TepMEeaAnaTa.

5 moms% (1.104)
A EpOMaMMH T
CH;CN, MS5A
250C, 124
1.105, 80%

1.104

BHyTpUMONEKyIsIpHOE M MEXMOJICKYJISIPHOE a3HUPUIMHUPOBAHUE B MPUCYTCTBUU
POIIMEBBIX KATAIM3aTOPOB OMKUCAHO B padboTax [94; 103].

0, 0
Rhy(OAc),
N MgO, CH,Cl,
91%
PhI(OAc),, MgO SO,0CH,CCly

Rh,(pfm), (1 mons%) N
H,NS0,0CH,CCl, ©(j
C¢Hg, 10 4, 5°C
60%
HNmenHo aTM MeTo10M ObLT MoTydeH KanuxuHoi A (1.106) [94].
o\\ y O\/CC13
PhI(OAc),, MgO
Rhy(pfim), (kar.)
H,NSO,0CH,CCl;
C¢Hg, 5°C
73%, (5:1)

1.106

Hcnonb3oBaHue MOJ00HBIX CYJIb(OHAMUIOB OINPABIAHO M B peakiusx cyOcTpa-
TOB C HECKOJIbKUMH DJIEKTPOHOAKIETITOPHBIMU rpyniiamu. OOpa3youiics B peakuu
[-amuHokapOannonHbld nHTepMeanat (1.107) snerko TpaHcopmupyercss B asupuaAnH
(1.108) [104].

EtOzC \ (|302Et
NC NSNHCO,Et NC @/‘N—ONS Ne N
: T\ CaO, CH2C12 : ( 98% NC: M
NC Me  250C 2y NC Me e
1.107 1.108

B paGote [95] B kauecTBe KaTanu3aTopa NpeAIoKeH Haulaani.

"{s
N

R,
_ [Pd], TsNCl, le,}&\
M®A, K,CO
R, R, A s RS R3

Huxe npenicraBieH BO3MOKHbBIA MEXaHU3M PEAKIINU:
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Pd(ll)
Ry R3
RI\\“‘V K,CO3 R P d(O) TsNCl,
N NHTs
[TsNCl*PdCl]
ClPd R
NClTs

Asupuaunupytomue areHtsl (1.109, 1.110) cnocoOGHBI K aHATIOTHYHOMY ITpeBparie-
HUIO B NPHUCYTCTBUM (heHuaTpuMeriiammonunii Tpubpomuna (PTAB, PhNMe, Br,) B
AIleTOHUTPUIIC IPH KOMHATHOH Temiiepatype (4—12 4). PTAB ¢yHkunonupyer kak uc-
TOYHUK HOHA Br', HHUIMUPYIOMIETO KaTATUTHYECKHI UK [93].

/N

Ph Me +
k\\ Jal
Br
P Me
H gr BEXXZCL 100
H, W PhaZ : TsNCL,
Ph A K Me <—_Br7 "Il//H BI'I/IT.,H.) ,N:
N TSN’ Me Ts Cl
Ts -
Br B
H T
Ph ///" NITH
TsNcl  Me

1.110

AsupuauaupoBanne auwiosbix crupros (1.111, R'= Pr, Ph) nposeseno xsopa-
MUHOM T B IpUCYTCTBHU (HEHUITPUMETHIIAMMOHHH 6p0M1/u1a (PTAB) ¢ nocnenyromum
CYIb(QOHMITUPOBAHUEM THIPOKCHIBHOM TPYIIBI TO3WII- WIH ME3HIXJIOPUIOM II0 CXEME
[105]:

Ts

1) 1.1 sxB. Xnopamuna T ILI

0.1 sxB. PTAB, CH;CN, k.T., 24 14
RL_A\_-OH ——— /., 0SO,R?
- 2) 1 5kB. RZS0,Cl R! 02
1 3kB. EtsN, CH,Cly, k.T., 5 4

1.111

Ha npumepe nukinoankenosnos (1.112, n=1, 2, R = H, Me, i-Pr, u-Bu, t-Bu, Ph) npo-
JIEMOHCTPHUPOBAHA CTEPEOCEICKTUBHOCTh a3UPUIMHUPOBAHUS NIPHU YUACTHH XJIOpaMUHA
T; BO BCEX OIBITaX COOTHOLICHUE YUC- U MPAHC-CTEPEON30MEPHBIX THAPOKCHAZUPHUIH-
HoB coctaisieT ot 70 : 30 mo 67 : 33 [106].

OH OH
1.1 skB. TsNCINa*3H,0
win 1.2 5xB. BusNCINa
NP +
0.1 5xB. PhMe;N"Bry” “n
n MeCN, k.., 124 . R
1.112 nHc-

B pab6ore [107] mpoBenen aHanmu3 BO3ACHCTBUS N-METHIHPPOITHIUH-2-OH-
runporpudpomuna (MPHT) Ha mpoTekaHue pa3MTUYHBIX OPTaHHYECKUX CHHTE30B, B TOM
yKcile Ha PEakiio asupuauHupoBanus ankeHos (1.113, R'-R*= H, Me, CO,Me, Ph,
4-MeCH,, 4-CIC,H,u np.) xnopamuHoM T B OTCYTCTBHE PaCTBOPHUTEIIS.
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TsNCINa 1 .
R{ R MPHT (10 moms%) R\/ :R
R2: ;R 4 6 4, 65-92% R? \ R4
Ts
1113

[IpuBeneHHbIe BEHINIE JaHHBIE CBUACTEIHCTBYIOT O KAaTAIUTHYECKOM BIUSHUH HE
TOJIFKO COEAMHEHUH MellH, HO 1 KOMIUIEKCOB JIPYTHX MEePEXOIHBIX METAJUIOB — PYTEHHS,
ponusi, MapraHiia, jkenesa, Ko0anbpTa, HUKENs, cepedpa u 30710Ta. A3HPUIUHUPOBAHUE
4-MeTHIICTUPOJIa IPOBECHO TAKXKE B BOJIE U B MOHHBIX KuUAKOCTAX [108; 109].

Hwxe npuBeseH MexaHH3M 3JEKTPO(UIBHOTO MPUCOSINHEHHS K ajKeHaM, BKITFO-
Yaromuid 00pa3oBaHue U MOCIEAyIolIee packpeITie OpoMoHueBoro nona (1.114) B kaue-

CTBC MHTEpMCuara:
& * HBr3 & *HBr + Br,
N 0 N o

I I
Me 2 Me 2

Br, + TsNCINa

| R®

2 4
TsNClﬂé%/ TsNCIBr + NaBr YR R
Br—Cl . Br' 5 N-Cl
R { ) R + Ts—N—
R? R*
B 1114
B
R E TR Br 3 4/
) . __ R 1 R
R R -Br R* R
N RY-Nrs 2 RY
N R™ cINs

Oco0bIit mHTEpEC MpeacTaBiIsaeT peakius I adpuais — KpoMBerra, BKITrogaromas mpe-
BpalleHHe AJKEHA B TUOPOMUJ € MOCIeIyIoNel ero TpanchopMaluei B a3UpuaAnH M0
nerctBueM amuHa [34; 110]. ACUMMETPUYECKYIO PEAKIUIO MPOBOJSAT C YIHAHTHOMEPHO
OJHOPOAHBIM 2-OpOMKapOOKCHIATOM; IPH 3TOM HAWIYUIINE PE3yJIbTaThl MOJTYyYEHBI B
ciryyae KaopcyibTama, UCIOJIb3YEeMOro Il XUPalbHOTO KOHTPOJIS CHHTE3a a3HpHIIHU-
Ha (1.115) [34; 111].

0
s 5o A4S
N Br, BGN_ N
\ \
0, Oz 0,8

HN"'

RNH, _EGN "
S,
¢ "86-90%
O2 02

Wnsbie BapHaHThl ~ pEakIUM  BKJIIOYAIOT  MPEBpAIleHHWe  XHPaJbHOTO
aNKeHOMUMuAa30auanH-2-o8a (1.116) [112] wim ucronp3oBaHue 3aMeIIeHHOro aude-
auicynbpumumuaa (1.117, Ar = 4-MeOCH,) [34].

/4

w \\\\-

1.115
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O
~ )I\ /\H) uﬁ{éo ~ )J\ JA PhCH20L1 HO)HL%}A\R

Ph

“,
"'o
o
\\\‘

7,

2
"y
8
N

1.116

0
1
R H Ar\s _Ph o ) R WCOR,
>:< N N e R
N
2
H COR NH SQN Rl H
1.117 H

B 2008 . B. A. YebaHoB ¢ cOTp. OIMyOIMKOBaIH 0030p MO CHHTE3Y U CBOMCTBAM a3u-
puaunmikeToHoB [113]. [ToceaHue moyydaroT Ha OCHOBE @, f~-HEHACHIIICHHBIX KETOHOB
(1.118, 1.119, R = H, CH,) nyTeM ux rajJoreHMpoBaHUs U MOCIEAYIOLUIEr0 B3aUMOAEH-
CTBUS QJITyKTOB C aMHUHAMU Pa3JIMYHBIX THIIOB,

Hal ,~NH
)J\/\R = l)lﬁ/k : )‘\v/

1.118

Rz

(0]
o P NH; o, W

R ¥
1.119 ¢

6Hi1

1.2.4. ®yHKuMoOHAIN3ALMS KPATHBIX CBA3EH

CHHTe3 a3upUIMHOB Ha OCHOBE HETIPENIEIbHBIX CYyOCTPaTOB 0OCYKAAICS B Ps/ie CO-
BpeMeHHBIX 0030poB [1; 2; 12; 13; 33-36; 113-115] u cnenmansHbIX padoTax [92; 93;
116-118]. CornacHo knaccudukaryu [33], 3TH peakIui MOTYT OBITh CTPYIITUPOBAHBI B
JIBa KJ1acca — Mpolecchl npucoeauHenus (addition) v nukimsanuu. [lepsbie knaccudu-
rupoBaHbl kKak C,+N -peakiun (IpUCOSTUHEHNE HUTPEHOB U WX YKBHBAJIEHTOB — «HHU-
TpeHou10B» K ankeHaMm) mwin C,N,+C,-peakuuu (mprcoenrHeHne kKapOeHOB WiH KapOe-
HOHMIOB K mMHHAM) [119].

¥ K
R __~
1 R3N;, A um ho N 1 ~, ML
R\/\Rz — / \ R\/N\Rz =
YI=N-RLML, “R2 o Rl ~R2
R3NHOAC, Ti (IV) R YR,

B mepBoM u3 METOZOB K HEHACHIILIEHHOMY CyOCTpaTy pUCOEANHSIOTCS HUTPEHBI —
aKTHBHBIC MHTEPMEIUATHI, B KOTOPBIX aTOM a30Ta C OJHUM 3aMECTHTE]IeM MMEET OJHY
HETIOJICTICHHYO SJICKTPOHHYIO Tapy U JIBa JPYTHX 3JeKTpoHa. HUuTpeHb! 00bIYHO MoTyya-
10T B YCJIOBUAX TCPMUYICCKOT'0 UJIN q)OTOXHMH‘ICCKOFO Pa3I0KEeHUA a3n10B, IPUBOAAIIC-
ro K cMecsiM Oosiee crabmibHOro cunriietHoro (1.120) u 6osee peakIiMOHHOCIIOCOOHOTO
tpumeTHoro (1.121) autpenos [13].

X
|
e N q 9
Rl X—N: N =
\/\Rz HUTpPEH IA 2 X .Q X ]é%
R R
1.120 1.121
CHHIJIETHOE TPUILIETHOE

COCTOsIHUEC COCTOSTHUC
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[lepBBlif U3 HUX pearupyeT cTepeocnenuPpUIecKd B OJHOCTATUHHOM COTJIACO-
BaHHOM IpoLecce, TOorAa Kak BTopoi oOpasyer cBsizsu C—N B IByX MOCJe10BaTEIb-
HBIX CTaIHsIX.

X_O X

o)
: LS8
RL CHHIJICTHBI i : N

\/\RZ pearupyer 1\\“A RIOQCB2H

ctepeocrienmpuuno R R? H@Osz

8

X
R! TPHILIETHBI N
\/\Rz pearupyer . A 5
HecTepeocenpUuHO R R
0
X
% Gupaguxan: ‘NO

v

Q"
Rl H LCHTPBI TTOABEPIKECHBI R H
BpALIECHUIO BOKPYT
H R? C-C cBasn H R?
Ha peakiuoHHYI0 CIIOCOOHOCTH a3UA0B OKAa3bIBAeT BIHMSHUE XapaKTEp 3aMECTHUTe-
nieit y aroma a3orta. [[puBeIeHHBIH BhIIIe MEXaHU3M B OOJIbINEH CTENEHN XapaKTepeH M
AlMJIHUTPEHOB, TOTAA KaK HE COZeprKallie alluIbHOM IPYIIbI a3U/bl 0OBIYHO TpaHChop-

MHPYIOTCS B 4,5-murunapo-1,2,3-Tprua3onHbl, KOTOPBIE CIIOCOOHBI Jajiee MpeBpamaThes
B a3UPHUIINHEI 0€3 BEIPAXKEHHOTO cTepeokoHnTpos [13; 120].

X

R
RN }\I N N II\I
R AN ——= 3N » —2
R* hvmmA R R RlARZ
R!

1.2.4.1. Aeenmul azupudunuposanus HenpeoeibHblX CoOeOUHeHUll

Kak yxe oTMedanoch paHee, B KaUeCTBE MPEAIIECTBEHHUKOB HUTPEHOB YacTO
HCTIOJIB3YIOT a3UAbl, IJs KOTOPHIX B3aMMOJIEMCTBHUE C alKeHAaMM BKJIOYaeT MepBO-
HayaJIbHOE HUKJIOMPUCOEIUHEHUE C MOCIEAYIONIUM dIUMUHUPOBAHUEM MOJIEKYJIBI
azora [33].

PeruocenexTusHoe npucoeauHenue opomasuaa k aueny (1.122) npu 25 °C npuso-
T kK cmecu 1,4- u 1,2-a/1yKTOB, COOTHOIIEHNE KOTOPBIX 3aBICHUT OT IMPUPOJIbI 3aMECTH-
Tenst R y TepMUHATBHOTO YTIEPOAHOTO aToMa AWeHa. AJITyKTHI JETKO IPEeBPaIaloTcs B
BuHIIA3UpUauHE! (1.123) ipu B3aumonelicTBum ¢ TpuMmeTmiipochurom [33; 121].

Br
M/R R
NN AR *‘Bm s \7/:/
1122 ):/\/R Ill\’I(O)(Ol\’Ie)z
N, 1.123

DHaAHTHOCEIEKTUBHOE 3aMbIKaHUE a3WPHMHOBOTO IIMKIIA HAOJIIOJaeTcsl B peak-
MU 1-OpOMCTHPOJIA C TO3WIA3UIOM B IPUCYTCTBUU PyTEHHEBOTO Katanm3aropa (1.124)
[122].
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Me

TsN;
N 9 moms% (1.124) N
MS4A, CH,Cl,
Br 25%C, 24 4, 79%  Br

1.124

K gmcny npe/iecTBeHHHKOB HUTPEHOB OTHOCSITCS OJJMHAHOBBIC PEareHThI, IMOJTy-
yennsle in situ 3 PhI=0 nimm PhI(OAc),[113; 115; 123].

o} = Ts, o Ts, o
R ¥ QL
—_— + w
Pi~ X Ph PhH CH2c12 PH Ph PR H Ph
H H

AnBOX: 98 :2
PheBOX: 7:93
O

AnBOX PheBOX

Lrepr?
PhI=NTs

NAN
RHRs/\RZ [L*Cu= NTs]

PFC

B 2010 r. pazpaboran one-pot cunres azupununosn (1.125, R = CH,Ph, (CH,),CH,,
(CH,),0H, CH,CO,CH,, R' = Ar, R*= H) u3 BUHHICEICHOHOB M pa3H006pa3HLIx 1o
CTPYKType MEepBUYHBIX aMUHOB [124].

R
|
Se0,Ph o RHN, SeO,Ph N
you, K.T.
—g + R-NH, —— 22— < —_ / \
R R 2 MS4A, 50-99% R R Rl R2
1.125

Peaxnus mpoTekaeT ¢ BBICOKUM BBIXOJIOM U B YCJIOBHUSX, OTJIMYHBIX OT BBIIICIPUBE-
JCHHBIX (HampuMep, B BOJe MIPU KOMHATHOM Temreparype).

Onna u3 MmonuduKanuil MeTo/1a BKIIFOUAET FEHEPUPOBAHUE HUTPEHA in Situ TIOCPe-
CTBOM OKHCJIEHHUS IPOM3BOIHBIX TH/Ipa3uHa [13]. B wactHocTH, PU3 ¢ coTp. npeayioxu-
JIU METOAMKY, B KOTOPOW MPOM3BOJHBIE THAPA3WHA PEarupyloT ¢ aJlkeHaMH B TIPUCYT-
cTBUM TeTpaanerata ceunma [1; 13; 35; 116]. OrMeueHo noBbillicHUE Oapbepa UHBEP-
CHHW aTOMa a30Ta a3uPHUAMHOB B MPHUCYTCTBUHU JIEKTPOHOAKIENTOPHOHN (PpTammMugHON
TPYIIIIBL.
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31
Pht, 1 0O 'Ph ¢ I .
R]\I\II>\R2 R \/\Rz - /\R . \\N R . Pht\\N R
Pb(OAc), 2 Pb(OAc), g “H
0O (0]

-20°C 100 : 0 (R = Ph, CO,Me)
. 0°C  0:100 (R =Ph)
Pht=—N 14 : 86 (R = CO,Me)
o]
B 2008 r. uccrnenoBano OKUCIUTEIFHOE aMHHOA3U PUINHUPOBaHME 4-(heHn-3-0y TeH-

2-oHa (1.126) paznmunsivu areHTamu (Pb(OAc),, PhICL,, MXIIBK, NBS, NCS, ~-BuOCl
MnQO,) [116]. Hamrydmmii pe3ynbraT noiydeH npu ucrnoib3zoBaanu PhI(OAc),

— BBIXOZ
LIEJIEBOTO MPOAYKTa cocTaBmI 55 %o.
0
/ 0 4 /\)I\ OKHCJICHHUEC / Y
PH N K,COs, CH,Cl,
N
4 NH, 1.126

N 0
O 7>IIIIII<
Ph
ATKHMHCOH € COTp. MPEUI0KHIN HCIOJIb30BaTh B KaUeCTBE aKTUBHOTO a3MpHUANHU-
pytouiero arenta N-aMUHOXHHa30JdMHOH (1.127), KOTOPBIH ¢ TeTpaaleTaToM CBHHIA MTPU

HU3KUX TeMIlepaTypax MpeBpamaercs B N-(aueTokcu-aMiHO )xiuHa301uHOoH (1.128), siB-
JISTFOLIUICS B 3THX YCIOBUSAX OTHOCUTEIILHO CTAOMIILHBIM UHTEpMeauaToM [13; 35]

ﬁ/\ _Pb(OAQ), _ ﬁ/\
CH,Cl, Ne /0
-20°C \ﬂ/
e}

H
O
1.127 1.128

DTOT ¥ MOJI0OHBIE €My peareHThI 10 CBOEMY XapaKTepy U MeXaHU3MYy JIeHCTBHS I10-
JOOHBI IEpOKCUKHCIOTaM [12].

JUE-A NS
I|\IO

Uty

@)

/
T
;
:

z
z“s
=)

/
/
i
|

-AcOH

e}
=

\

Q
; \
o Z
/
jas)
-

/N 0
N

1111y

P

CXO):[HI)IC KOH(l)I/IpraL[I/II/I MEPEXOAHBIX COCTOSIHUM MOT'YT BO3HUKAThb B KaTaJIU3H-
POBAHHBIX MEABKO PCAKUUAX A3UPUANHHUPOBAHUA N—TO3I/IHKap6aMaTOB, MMPOTCKAOIIUX B

Pa3IMYHBIX BApUAHTAX — BHYTPHU- U MEKMOJIEKYJIspHOM [118]. OnTuManbHbIM KaTamu3a-
TOpOM B 000uX cirydasx siBisuics komruieke [Cu(Py),|(OTY),

(0}
(6] 5 3kB. K,CO3 )\\
5 Monb% (kaT.) (6]
P N OTs . N
Pl \ O)]\N/ 0 H,
arerox, 25°C Ph )
50-84% H
10 sxB. K,CO4
0,
(0] 10 monp% (xat.) NTroc
PN )l\ _OTs _X9KB. cTipona
ClC O H pacTBOpHTEIb, Ph

25%C, 33-74%
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B psine cinydaeB MeToz MO3BOJISIET CUHTE3UpOoBaTh azupuanisl (1.129, 1.130) ¢ Beico-
KOU JMacTepeOCEeNeKTUBHOCTDBIO [125; 126

1.129, de >95%

- m
(I111, Z

Pht
P {
H, .CO,Et

CO,Et Pb(OAc) N
W 02 4 - _Pb(OAc)y
O/w\H N—NH, 58% Q y 0
o] o]
0
1.130, de >99%
Ha ocHOBe nprBeICHHBIX BBIIIE MTPECTABICHUI ATKUHCOH C COTp. pa3paboTaliv Xu-

panbHbI Q-peareHT (1.131), OCYIIECTBISIONINI CTEPEOCENIEKTUBHOE a3UPHUINHUPOBA-
Hue ankeHoB [13; 35].

N 1. Pb(OAc),, -20°C N
| 2. crupou, Ti(OBu-2), |
lel ¢} 60% Il\f (¢
OH NH, OH N

H
%

1.131 Ph
g mony4eHus asupuAMHOB MCIIOIB30BaHbl U Apyrue aMmuHoreteporukisl (1.132—

1.134) [35].
AN O, N
(L >
N~ o N N

|
K, NH, NH,
1.132 1.133 1.134

B xagectBe oxucnurens N-aMuHOGTATIMHUIOB Npemnoken (ermniion (I11) auarme-
tat (PIDA) [116; 127

1
N s SR _PhlOA0),
2 CHCly, 344
R* R3

ASI/IpI/II[I/IHI/IpyIOHII/II/I arert (1.135) oOpa3zyeTcs coriracHo cnez[yfomeﬁ cxeme:

/OAc
+  Ph—I —
0 0 \ ACOH | O o| P O 0
h OAc N h
NH Ph. _NH NH
: \}/ AcO”
L OAc _ 1.135

B IMOCJICAHUEC I'0Abl JOCTUTHYTHI YCIICXU B pa3pa60TKe METO0B JICKTPOXUMUUYCCKO-
ro asSupuaIuHHUPOBAHUA 3J]CKTpOHOO6OFaHIeHHBIX AJIKCHOB B YCJIOBHUAX OKHCJICHUA aMU-
HOB [12]. B wacTHOCTH, 5TUM METO/IOM OBLT MOTYYEH a3UPHUIUH Ha OCHOBE HOPOOpPHEHA.
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[InaTHHOBBINA aHOM:

Y R2 O Rl R2
3 +1.80 B (Ag)
N-NH, + R N—N + 2H'
CE? 2 R])\/ MeCN, Et;NH'OAc"
R* K.T., 3.5-4.0 4 4 3
o} o R

(1.3 7xB.)

[TnaTuHOBBIM KaTOA:
2H"—H,
B mom0o0HBIX yCIOBHSIX MIPOTEKAJ CUHTE3 a3UPHUANHA C DICKTPOHOACPHUITUTHON Kap-
OoHmIbHOM rpynmoit [128].

0 o 0
0
+1.80 B (A
N-NH, + \)J\/\ ¢ f) - N—N
MeCN, E;NHOAc
K.T.,3.5-4.0 4
o]

O 93%
I[J'I?[ TMOJIYYCHUA a3UPUANHOB HAa OCHOBE HEIIPCIACIIbHBIX COCTMHEHMH TaK)KE UCITOJIb-

3YIOT TPEXYIJIICHHBIC HUKIIbI C ABYMs I€T€poaToMaMi — JTUASUPUANHBI U OKCAa3UPUANHBI
[129; 130].

I\,:> 1-25kB. (1.136)  HN I\,:> HN
\/\ﬂ/ H-BuLi, TT® P\n/ HIl\I
o} -78°C » w1, 0
67-82%

1.136

HpHBeHeHHaH HUIKE CXEeMa CBUACTCIIBCTBYECT O HNPCUMYHICCTBCHHOM  YuUcC-
A3UPUANHHUPOBAHUN a,ﬁ—HeHaCBIHICHHLIX aMHu10B:

/\)OI\ HN L 1
(1.136) N (1.136) K/“\
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5NN OBICTPO OBICTPO R
{ \ —_— R2 H e —— R2 H —— |
Li 0] 0) o9 ¥
RN H SLi Li”” H
N
| /N\ NN YN
R! R TR! R” CR! R” °R!
J kMeﬂHeHHO \ k6hICTpO
mpanc-a3upUanH Yuc-a3upHInH
‘ kMC[[J'ICHHO ‘ kMCHJ’ICHHO R

R— & T‘NH
4
N

R R IKJH R IKJH
R? +NH N ><N /
‘/R_\N, k R \7Rﬂ[\ k Li \Rz'
{ , MCIJICHHO Rz H ]rl Ll RZ H MCEIJICHHO |
Li o) > o“ s
R N H H
N~ o
I|{1 RFTR! R OR! RTOR



34 Paznen 1. ABIrlpI/I)Il/IHLI Ha OCHOBE€ aMUHOCIIMPTOB U UX NPEIIIECTBCHHUKOB

B pabore Xoyka u Apmcrponra [129] onucan cunte3 azupuausa (1.137) ¢ momo-
b0 OKCA3UPHUAHHA.

O
| NH
0

i PhMe, 100°C 1

58%

1.137

1.2.4.2. A3upuounsi u3 umMuHog

B peakiusx kapOSHOB MIIH UX SKBUBAJICHTOB (WJIMIOB) C IMUHAMH BO3HUKHOBCHHE
HOBBIX cBsizelt C—N u C—C npuBOAUT K 00pa30BaHUIO a3upUIUHOBOTO IMKia [13; 34;
131-134].

1
€] R 8
. X
7 /C\\Rl WA '(i'u//Rl + )\I SR2 —— N—R?
® R R Y X7\,

B pabote [135] omucano B3aumoaeiicteue N-apunanpaumuna (1.138) ¢ meramio-
kapOeHaMu, MOyYeHHBIMHU M3 dTHIIHa30aneTara u rekcadropodocdara Mean; peakius
MPOTEKAET C BHICOKOW THACTEPEO- U HU3KOI SHAHTHO-CEICKTUBHOCTBIO.

CO,Et COLEt EtO,C, COsEt
N,CHCO,Et £

N Sl Z_L
[Cu(CH;CN),JPF, ph.......<\NPh Py oy, PN CO,E

Ph
Ph/\ ~
Ph

1.138 ! 2
R R 65%
Y O uc:Tpanc = >10:1 1.139
| |\> ee 1uc = 44%

N N ee TpaHc = 35%

=
g

1.140

B xauectBe mo609YHOTO MpoyKTa MoxydeH muppouaud (1.139, 5-11 %), Berxon Ko-
TOPOTO CYHIECTBEHHBIM 0OPa30M 3aBUCHT OT MPUPOIBI 3amecTuteneii R u R' B crpykry-
pe muraana (1.140) [34].

B pabore [117] u3ydeHo npoTexkaHue NpUBEACHHON BBILIE PEAKMU B IPUCYTCTBUH
KaTaau3aTopos pasnuunbix Tunos (H,W,,Si0,,, K-10, nadpuon-H, amGepnuct-15). Ilpu
3TOM MaKCUMallbHBIH BBIXOA (93 %) mOCTUTHYT B ciiyyae cucTeMsl HapuoH-H, a Hau-
0oJIbIIast CTEPEOCENICEKTUBHOCTD (yuc . mpanc =99 : 1) — npu UCMONB30BAHNHU KaTaJln3a-
topa K-10.

bosnee HU3KUIM SHAHTUOKOHTPOJIb XapaKTEPEH JUISl B3aMMOJCHCTBUS TPUMETHIICH-
nunarasomerana ¢ N-ro3umumuHoM (1.141) [136].

Ts
N

A _Ts S vom% (1.142) P(o-Tol),
Et0,C~ N N,CHTMS E1O,C T™S P(o-Tol),
CuClO,
1.141 muc:Tpane = 19:1

ee nuc = 72%
1.142
W3yueHo npucoeinHeHne METWICHUMUAA K SHAHTHOMEPHO YUCTBIM CYJIb(UHUMU-
HaM [137; 138]. Jaxke B onbITax ¢ HU3KOM CTEPEOCEIEKTUBHOCTBIO TUACTEPEOU30MEPHBIE
CyIb(GHUHUIA3UPUINHBI YIAETCS BBIACTUTD XpoMaTorpaguueckuMu Merogamu [ 134].
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R,
o 3+ H  MesSOXI Hm
W/ | mamwps HUNT RN
NZ DR T, -780C N N
. S(O)Ar S(O)Ar

(S5 (SoR)

OueHb BBICOKAs IHACTEPEOCENEKTHBHOCTE (> 98 %) oOHapykeHa B peakiuu
SHAHTHOMEPHO YHCTHIX CYIb(UHUMHHOB C €HOJIITOM METHI-a-OpomMarnierata [139].

oy H
s )\
Tol” >N~ "R N
. OMe R CO,Me
(+)-(S) i >W<
78C. 1re | /AN H ¥ H
+ 24 0\ |
OMe I‘(')/S””"Tol S(O)Tol
Br - Y (25,35) : (28.3R)
OLi >97: <3

B3anMopeiicTBre MIIHIOB cephl U Ho1a ¢ UMHHAMH MPOTEKAST aHAJIOTHIHBIM 00pa-
30M [140]. B kauecTBe KaTaau3aTOPOB UCIIOIB30BaHBI XUpalbHbIE CyIbhuab (1.143):

® e
Na o Boc ® /—Ph
e WEAN ! s e
/\ /BOC Ph N Ts N
Ph N 1 mop% Rhy(OAc), /A/»,, via:
20 moms% (1.143) Ph 0 0
33%

uc:Tpanc = 1:8

= 0,
ee=89% 1.143

B 2006 r. npeaioskeH METO CHHTE3a a3MPUAMHOB 110 a3a-peakuuu Jlap3ana, ocy-
LIECTBISIEMON IMyTeM B3auMoneicTBUsl N-TudeHmnpocGUHUIMMUHOB C XUPAIbHBIMU
eHonsitamu [141; 142].

})pp })pp

///< NDpp SH' N m N (})I/ N n
"

L1HMD§ RN \ (S) RzN\(QﬁR)

Tr®, -78°C Ar

(6] (6]

=
NS
W

1.144a 1.1446

[lokazaHo, uTo oTHOWIEHUE yuc- U mparc-uzomepos (1.144 a) : (1.144 6) pema-
oMM 00pa3oM 3aBHCUT OT HPHUPOJBI Opmo-3aMECTUTENSI B Ar-pparMeHTe UCXOJHOTO
nMuHa. Huxe npuseneHa npeanonaraemast cxema peakiu [141]:

(0] //o NR,
7 H (S,
/' lo) —_ W —_— B — Dpp—N
;o\ 0= Do — Dpp —
. !‘1 %\O pP\N Ny PP\N < H(S) Ar
A& ! _Dpp Ar Ar OcHoBHOIH
N HPOIYKT

1.2.5. Tpua3oMHbI U a3UPUAUHBI C HOPOOPHAHOBBIMH (pparMeHTaMHu

PaccMmoTpenHbIe BbIlIE peakiyu Mo JpoOHO UCCIeJOBaHbl Il COeTMHEHNH, BKITIOYa-
IOUIMX HaNPsDKCHHBIH HOPOOpPHAHOBEIH (hparMeHT. B 1975 r. ObUT0 onrcaHo B3auMozew-
CTBUE allMJIa3UJIOB C HE3aMEIICHHBIM HOpOOPHEHOM [66].
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R(O)CL
y RCON; N=N N, N
N EtOH
COR K.

1.145

Crpyxrypsl azupuanHoB (1.145) monTBep:KIeHBI CIEKTPAIILHBIMU METOIaMHU, a TaK-
JKe MpEeBpalleHneM B KHUCIBIX cpeliaX B 2,7-aIu3aMelnieHHble HOpOOpHAHBI B Pe3yJibTaTe
PacKpbBITHS a3UPUAMHOBOTO LIMKJIA ¢ NeperpynnupoBkoil Barnepa — Meiiepseiina [66].

B pabore [143] nokasaHo, uto B3aumozeticrsue umuaos (1.146, Ar=CH,, 4-CIC H,,
3,4-CL,CH,;, 4-MeCH,, 4-MeOCH,, 4-BrC,H,, 4-NO,CH, u np.) ¢ To3mnazuaom mnpu
HarpeBaHUM B allETOHUTPUIIE IPUBOJUT K CMECH 9K30- U 9HOO-CTEPEOU30MEPHBIX a3UPH-
nuHOB (1.147 a,0), BBIJICNIEHHBIX B HHANBUIYAIbHOM COCTOSIHUM U 0XapaKTepHU30BaHHBIX
CHEKTPAJILHBIMU METOJAAMH.

H
/ 0 TSN3 " H o)
CH;CN, A /
N. N N.
SAr Ts SAr
(0] (0]
1.146 1.147a 1.1476

B otnmuamne ot kapOoHMI- U CyNTB(OHUIICOAEPKAIINX a3U 0B, aPHIIA3U/IBI PEAKO PH-
BOJAT K 00Opa30BaHUIO a3UPHUANHOB ¢ HOPOOPHAHOBRIMH (hparMEeHTaMM; YaIlle BCETO ITO
MIPOUCXOMUT B yCIOBUAX Y D-00TydeHHs pEaKIIMOHHBIX CMECEH, a TakKe B Pe3yJIbTaTe
aIUI0JIM3a TPUA30JIMHOB CHIIBHBIMH KUCIOTaMA. Ha oHe 3THX JaHHBIX BechMa HEOXKH-
JTAHHBIMU BBITILSIAT PE3YIIbTAThI a3U10JIN3a 3aMETIeHHBIX UMHJIOB Psiia HOpOOpHEHa, 10-
Jy4eHHBIE B TIOCIETHIE TOJIBI.

B cepum pa6ot [144-149] mccnenoBano B3amMmojaeicTBue 4-HUTpO(EeHMIA3HIa ¢
N-3aMemeHHbIMHA UMHIAMHU U THAPA3UAAMA YHINKOBOW KHCIIOTHI.

0 0
Ip2 AN N R2
NJNHYNR R 3 N N_/NHYNR R
S CHCls, N o
O KUIIAYCHUE Ar e}
1.148

[Mono6uo MoueBunam (1.148), ¢ coxpaHeHHEM TPHUA30IUHOBOTO (parMeHTa PH KH-
MSTYCHUH B XJI0po(opMe pearnpoBalid ypeTaHbl, aMUJIbl M APYTHE IPOU3BOIHBIC HMHJIA
SHIUKOBOM KUCIOTHI [146], a Taioke psiJ MPOU3BOIHBIX COOTBETCTBYIOIIECTO THUAPA3UAA
[145]. CTpoeHHEe OTYUYCHHBIX B aHAJIOTUYHBIX YCIOBUSX MOHO- U Ouc-aaaykToB (1.149—
1.152, Ar = 4-NO,C(H,) noaTBepx/1eHO ClIEKTpalbHbIMU METOJaMHU.

0 Q Q Q 0
T .
N N—X =—] —N —N —
= e
|
Ar 0 O - O .0 .0
1.149
0 0 0 0 0 Q
N A N pyA N A N
N NN | N N—N N O N—N N
N ~ N ~ N X N
/ / \ \
Ar O O Ar O O Ar O O Ar
1.150 1.151 1.152

Tpuazonus (1.153) nonyuen B peakuuu 6azoBoro ruapasuna (1.154).
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Ar (0] O
1.153 1.154

B pabGorax [147; 149] wm3ydeHbl 0COOEHHOCTH peakuuii 4-HUTPO- U 4-OpoMm-
¢dennnasunos ¢ kapobonoBsiMu kucioramu (1.155, X = CH,, CHCH,, (CH,),, (CH,)s,
CH,CHPh, CHCH,COOH, CH(CH,),COOH, CH(CH,),CHMe,, CH(CH,),SMe) — mpo-
JOyKTaMH B3aUMOJCHCTBUS SHANKOBOTO aHIMAPUAA ¢ OOIIMPHOHN IPyHIION aMHUHOKHUCIIOT,
a TaKKe MOJIyYCHHBIMU Ha HX OCHOBE CIIOXHBIMU 3¢upamu u amuaamu. [locnennue B pe-
aKIUM C apuila3uaMu JIETKO 00pa3yloT TPHUAa30IMHBL, TOTJa KaK CaMH KHCJIOTHI B TEX XKe
YCIIOBHSX IIPETEPIICBAIOT MPEBPALICHUE B COOTBETCTBYIOIINE a3UPUIUHBI.

O O

@/(N X_OH —3 4 N@/(N X._OH

AN CHCl;, i A

<O \Ig Knnﬂqeime <O \I(])/
1.155 1.156

3aMeHa pacTBOpHUTENsI Ha OCH30J WM alleTOHUTPHII OKa3blBaJla HE3HAYMTEIHHOE
BJIMSIHUE Ha BBIXOJ] KOHEUHBIX MpoaykToB (1.156), Toraa Kak CHIKECHHE TeMIIEpaTypbl
710 KOMHaTHOM NPUBOJIUIIO K CYIIECTBEHHOMY YBEJIMUCHHIO MTPOIOJKUTEIILHOCTH POTE-
KaHUS PEaKltu, a TAK)KE CHI)KEHHUIO OOIIEr0 BBIX0Aa a3UPUANHOB. AJIbTEpPHATUBHOE Ha-
npasieHue (00pa3oBaHUe TPUA30JIMHA) UMEJIO MECTO B PeakUui MMUAOKUCIOTHI (1.157)

[150].
0 0
"'( ArN; zN //<
NOCOOH oo N NOCOOH
{ 3’ NN
o Ar (0]

KHUITTYCHUE

1.157

Harpotus, COOTBETCTBYIOIIMI Opmo-U30Mep, a TAKXKE T'MIAPOKCUKUCIOTA B aHAJO-
THYHBIX YCIIOBUSX ObuM mpeBpaiieHs! B asupunuusl (1.158, 1.159, Ar = 4-NO,CH,)
[150].

O COOH COOH

Ar—N@::éN@ Ar—N@:éNOOH

1.158 1.159

[To maeHMIO aBTOPOB [149], KapboKCcHIBEHAS TPYyIIA, PACIIONOKEHHAS BO BHYTPEH-

Hel sH00-0051acTH HOPOOPHAHOBOIO Kapkaca, MOXKET MPUHUMATH HETOCPEACTBEHHOE

yJacThe B 00pa3oBaHWM a3HpUAMHOBOTO (hparmenta. OgHAKO, KaK TMOKA3bIBAIOT OIIBI-

THI, TPOBEICHHEIE C UCTIOIL30BaHUEM 2K30-CTepeon3zomepHoro anruapuaa (1.160), Taxas
BO3MOKHOCTH HE HCKITIOUAeTCS U B CiTydae moiaydeHus asupuanaa (1.161) [149].

0 0 0
H,NCH,COOH AN,
= NCH,COOH Ar—N NCH,COOH
AcOH, CHCl,,
KHIIAYCHUC le} KUITAIYCHHUEC 0

1.160 1.161
Ha »ToM ocHOBanum aBropamu [147] OBUIO BBICKa3aHO IPEAIOJIOKEHUE O MEXK-
MOJICKYJISIPHOM y4YacTUH KapOOKCHJIBHOW TpYyNIbl, poOJb KOTOPOH CBOAMIACH K
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N-TIpOTOHUPOBAHHUIO TIPOMEKYTOYHO OOpa3yIOIIUXCS TPUa30IMHOBBIX cuctem (1.162,
Ar =4-BrC(H,) B ycloBusIX peakluy alua0Iu3a.

(0] (¢} ® (0]

N «ﬂ“‘( ,COOH H® N --“\“< ,COOH N ‘-“\“( ,LCOOH

N,  NX — | N, - N—X — |N [' | NX T
N :u/,,( ®NH u//,,( HN u///,( -Np
/ / /

Ar O Ar O Ar O

1.162

o] 0
® \/( LCOOH ‘( /COOH
— Ar—NH@W/«N—X ? Ar—N ""///(N_X
0

0]

OO0pazoBaHue a3UPUANHOB B KAYECTBE HHTEPMEIUATOB BBITEKAET TAKXKE M3 TIOTyde-
HUS IpoayKToB rerepouukiuzanuu (1.163—1.165) [148; 150].

0 H
NNIX[/(O H,NCH,COOH Ar/N\@"COOH
‘N ( CsHN, ~N
/
Ar O

.

KUTISTYCHHE o—\
nin AcOH o
1.163
ED:COOH ArSO,N; ArSO,NH @,.COO N ArSOZNH@,.C(O)NRZ
C(O)NR, o /\ 4 /
N-R 0
|+
1.164 1.165

B pabote [151] onmcano monydeHne a3upUINHOB TIPH B3aNMOICHCTBUN BUITHHATb-
HoTro Tuapokcuasuaa (1.166) ¢ 3amemeHHEIMI HOPOOPHEHAMH.

Me HO. Me / HO_ Me
NaNj; N; X N
O —_— —_—
O O O X
1.166

BsaumopeiictBuem Cg-(hynnepena ¢ opraHndecKUME a3ujaMi CHHTE3UPOBAHBI a3u-
puannst (1.167, 1.168) [9]. IlokazaHo, 4TO BKIIOYEHHE TPEXWICHHBIX ITUKIOB YBEIHIH-
BAET IEKTPOHOAKLENITOPHBIE CBOMCTBA YIIIEPOJHBIX Chep.
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1.2.6. CuHTe3 a3MPUAMHOB U3 IMOKCHIHBIX COeIUHECHUH
U IPYTUX reTepolnKIoB

Posb 3TIOKCHIIOB M a3WPHIMHOB B Pa3BUTHH OPTaHWYECKOM M MEIUITUHCKON XUMHH
TPYIOHO TiepeonieHuTh. OcoOBIi HHTEPEC MPEACTABISIIOT a3HHOMHUIIMHEI A U B — mipupoa-
HbIE BEIIECTBA, OTKPHIThIE B 1986 T., BKIIOYAIOIIUE AIIOKCUAHBIC U a3UPUIUHOBBIE ITUKIIbI
1 00JTaaroNIre IMUTOTOKCHYECKAM M IPOTUBOOITYXO0JIEBBIM AeiicTBreM [15; 33; 152; 153].

Mg

B pat6orax C. Takano c cotp. [154—156] onucano npeBpalieHue ONTHYECKH aKTHB-
HorO (S)-0em3mnrmiuaona (1.169) B ananoru mpupoaHBIX HEHPOTOKCHHOB C IPOMEKY-
TOYHBIM 0Opa3oBanueM azupuauHoB (1.170, 1.171).

MeO

H OBn MeO ¥~ “OBn
CH, O_ _O
OBn _Bn
H N
1.169 1.170 1.171

W3BecTHBI MHOTOYMCIICHHBIE TPUMEPBl TpaHC(HOPMALUil AIMOKCUIOB ¢ 00pa3oBa-
HHUEM aMUHOCHIHMPTOBBIX UHTepMeauaToB [33; 39; 40; 50; 58; 61; 77; 157]. B psane cuy-
4aeB MOATBEPKICHO 00pa30BaHNUE a3UPUIAMHOB U3 AMOKCHJIOB B KAUECTBE MPOMEKYTOU-
HBIX MpoayKTOB peakuuii [158—160]. Tak, onucana nHAyMpoBaHHAsA KucioTamu JIbro-
uca mzomepusauus 3nokcuaMuHoB (1.172) B COOTBETCTBYIOIINME 2-TPUMETHIICHIOKCH-
MeTuiasupuanHuesbie HoHbI (1.173). MHTepMenuarsl oxapakTepu30BaHbl ¢ MOMOIIBIO
ciektpockonuu AMP 'H u oz neiicTBHeM a30Tcoepskalux HyKIeo(QHIOB pernoceeK-
TUBHO TPaHC(OPMHUPOBaHbI B KOHEUHbIC MPOAYKTH! (1.174) ¢ MONHBIM CTEepeOXUMUYE-
CKUM KoHTpoJieM [159].

0 | \ @ © N—
>AVN __TMSOTf N1 _Nu" Nu
"N CHCL,-78°C | TMSO! HO

TfO®

1.172 1.173 1.174
[TokazarenbHO, YTO BO3MOKHOCTH OPraHMYECKON XUMUH MPEATIONaralT u odpaTHoe
npeBparienue f-amuaoankoroneit (1.175) B OKCHUpaHbI IPU B3aMMOICHCTBUU C TUXJIIOP-

KapOCHOM, TeHEpPUPOBAHHBIM i1 Situ B YCIOBHAX Mexk(pazHOTo KaTanmu3a [161].

R Me (i-C4Hg)yN"CI R Me o]
“Me  CHCly/NaOH/H,0 "Me He /\-Me
MeN"T N\ 85-95% MeNTT N\
2 H OH 2 H OH R Me
CLC
1.175

I1. O’bpaiin ¢ coTp. pa3paboranu one-pot METOJ TNPEBPAIICHUS CTUPOJOKCHUIA
[(R)-1.176] B xupanbHbit auamuH [(R)-1.177] uepe3 a3upuaMHUEBBIM MHTEpMEIUAT
[(S)-1.178] [162; 163].
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(R)-1.176 (5)-1.178 (R)-1.177

B3aumopeiictBueM MeTHIIOKCUpaHa ¢ N, N-AUMeTHITHAPA3UHOM TTOTyYeH HHTepMe-
muat (1.179), ocymiecTBASIOMMNA TIPSIMOE YuC-a3UPUIUHUPOBAHUE 0, S~-HEHACHIIIIEHHOTO
ketoHa [113; 123; 164].

H(I?I @/Me (0] 0
> )J\/\
Ph Ph
MQW (Me),N-NH, Me™ ™\ (OH Ph Zpy 4<W/
N
H

le) i-PrOH Me

1.179
B 2004 r. baptonu ¢ coTp. OCYIIECTBUIN ACUMMETPUUECKOE PACILEIIICHUE PALIEMHU-

4yeckoro TepmuHaibHOro smnokcunaa (1.180) ¢ ucnonb3oBaHneM kapOaMaToB B MPUCYT-
ctBum xupaiabHoro Co (II1) xommekca (1.181) B kauecTBe kaTanuzaropa [165].

H i H
1. [(salen)Co] (1.181) Boc g
0 TBME N =N, _N<
PhO + NH,Boc PhO C
< : 2. TsCUNaH NP o'(‘)o
78% +-Bu +-Bu
(4)-1.180 +Bu  #Bu

1.181

B pa6ote [166] onrcana KOHBEpCHS ONTHYECKH aKTUBHOTO 3mokcuaa (1.182) B aszu-
PHUIUH TI0J] ACUCTBUEM I'YaHHJIMHOB. Peakiys BKIFOUACT PACKPHITHE STIOKCUIHOTO IHK-
J1a HK30IUKIIMYECKAM aTOMOM a30Ta ryannanaa [marepmenuat (1.183)] ¢ mocmeayronmm
00MEHOM KHCIIOpOJia Ha aTOM a30Ta, COMPOBOXKIAIONTMMCS 0OpalieHneM KoH(puryparmm
aTaKyeMoro peakIMOHHOTO IeHTpa cyocTpara:

e Ph
Ph
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BnN N H
® TsOH-H,0, PhMe )\ BHN><O s N
+ S ——— 2N - —_— / \
Ph/A MeN~ “NMe Kumraenne, 901 | MeN” NMe MeN™ "NMe| 96%.ee p
41% P
1.182 - 1.183 -

WutepecHblit MeTol cHTE3a N-f-THIPOKCUITUIIA3NPHUIMHOB MPEIUIOKEH B padboTe
[160]. Packpeite smokcunoB (1.184) mpoucxoaut ¢ ydyacTHEM T€HEpUPYEMOTO in Situ
a3upUAMHA. DTUM IIyTEM MOJTyueH oOmmMpHEIi psj coenunenuit (1.185-1.188).

o A~ _NHZHCI (2 mons) 1\’1>

fOI NaOH (4 moms) ~ HO,
R! RrR2 1,4-muokcan:H,O (1:1) j :

1 2
90C, 12 4, 60-80% R R

1.184

%

vV
o
-

HOQ, HO, \\N HO, \\N HO,

1.185 1.186 1.187 1.188
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W3BecTHBI MHOTOUYHUCIIEHHBIE PUMEPHI OJHOPEAKTOPHBIX NMPEBPALIEHUHA 3MOKCU-
HBIX COCIMHEHNH B a3UPUAMHBI B YCJIIOBHAX peakiuu MuiyHoOy [1; 10; 33; 63; 167; 168].

Q, Q,

OBn OBn

S 1. NaN;, NH,Cl, EtOH
N 2. PhyP, MeCN
0 NH
67%
O, CO,Et  1.NaNy, NH,CI Oy, CO,Ft
@/ 2. PhyP, MeCN Q/
——————
%\\\“\‘

B pabore [168] ynoMsHYTBIM BBIIIE METOJIOM OCYIIECTBICH CHHTE3 3(HUpOB
azupuanH-2-kapooHoBeIx kuciaoT (1.189, R = Pr, CH,Ph, Ph, Ar, R = Me, Et), kak pare-
MUYECKHX, TaK U ONTUYCCKU aKTHBHBIX.

R NaN,, NH,Cl
N~ COR R'OH

1

o Y PPh
R A R PPho
Y cor * \./v\cozR'
N, OH

@
R CO,R' R CO,R'
: s, NCORT R opph, R
— + = \ — Pcor
HN\ 0 O\ NH H CO,R’ NH
PPh, PPh, 3 2
1.190a 1.1906 1.191 1.189

OOpazoBanue azupuanHa u3 uHTepmeaunaros (1.190 a,0) mpoucxoaut ¢ paciie-
wienueM cBsizu P—N u npeBpaienuem B Ounossipuslii nos (1.191), koTopslil Bocien-
ctBun jaet npoaykt (1.189) u tpudenundochunokcun. Musepcust kondurypauuu y
atomoB C'u C’ mpoTekaeT Ha MepBOil U TOC/EHEH CTaiuAX PeakIh COOTBETCTBEH-
Ho [168].

[MonTBepskaeHa BO3MOKHOCThH MOJJOOHOTO Pojia MPEBPAICHIH 1 B IPYTUX YCIOBU-
ax [169].

1. NaN,
2. MsCl

H
N
/1, 3. LiAIH, /s,
RO/ ’,W/\OR 44> RO/ 'MOR

o

B pabote [157] mpuBeieH cpaBHUTENLHBIN aHATU3 PE3YIBTATOB MPEBPAILICHHS ITOK-
cuna (1.192) mo nmpuBEeICHHOW BBIIIE CXEME, a TaKXKe B MPUCYTCTBUU JTUNOJSPOQUIa
N-penmnmManenmMua v TOAOOHBIX €My PEarcHTOB.
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OH
0 NaN \)\/\ _PhP
W _CO,Et 2N
; / A\ CO; TNHC \l/\/\co Et " N C0E MeeN
P MeOH/H,0 OH
(#)-1 parc-1.192
/A/_\A\ N ~_-CO,Et
g H
Ph ~_CO,Et
— NN X2
Ph"///N\CozEt [ /Ij B o N 0

Ph

Bropoe HampaBieHue CBSI3aHO C OTKPBITUEM asa-TieperpynnupoBku [laitHa akTu-
BHpOBaHHBIX 2-asupuamHoMeranonoB (1.193, R = Alk, Ar, X = H, Ms, Ts), a Takxke
2,3-smokcuamunoB (1.194, R = Alk, Ar) B ocHOBHBEIX cpemax [128; 170; 171].

X
N’ NHX o OH
1 1
R/3<!/'\OH _ RA\A R/3<'2/1\NH2 _ R)3\A
200 2 'NH
1.193 1.194

ITo pe3ynbTaTaM HEIMIUPUYECKUX KBAHTOBO-XMMHUYECKHX HccienoBanuil MOyka
C COTp. YCTAHOBWIU TMOBBIIMICHHYIO CTA0WIBHOCTD 2,3-3nokcuamuna (1.195) mo cpaBHe-
HUIO C U30MEPHBIM 2-azupuanHoMeranonoM (1.196) [128].

0 NH
<]/\NH <'/\OH

2

1.195 1.196
Eyry. = 0.00 kxan/moins Eyry. = 4.77 kxan/mons

B HEkoTOphIX paboTax MpeasoKeHbl YCIOBHS, IPUTOHBIC IS MPAKTHUYECKOTO T0-
JIy4eHUs a3UpUAMHOB 10 NPUBEIEHHOM Bhille cxeme. B [172] oHu BKIIOYAIOT B3auMO-
neiicteue BuLi u AlMe; ¢ snokcunamu (1.197, R = Me, #-Bu, Ph). Peakuuu npoBeneHst
B 6e3BoqHOM TI'® npu -80 °C ¢ Bexogamu 69—78 %, KOTOpPBIE MAIIO 3aBUCAT OT 2pUmMpo-
WIN mpeo-KOHUTYpallii KOHEYHBIX a3UPHITHOB.

. e
RV\/NHZ 1. BuLi RV\/NHAIM% AlMe,

©
[ e
R
NH
o 2. AlMe, 0 WO\/
AlMe,
1.197 R R

S NaH/H,0
— Me,AlO W HO

H NH
Jusa coequnennii (1.198 a) u (1.198 6) BUunMHAIBHBIC KOHCTAHTBI CIIMH-CITHHOBOTO
B3aUMOJEHCTBUA J,; COCTABIIAIOT COOTBETCTBEHHO 3.8 1 6.4 I'1y [172].

Ph ~\HB Ph ~\OH

HO - Hg d
ud NH ud NH
1.198a 1.1986

Nbyka ¢ cotp. [128] mpemnoxuiu WHbIe yCIOBHS MIPEBPAICHNS TIOKCHUIIOB B a3u-
PUINHBL:

s #BuOK - #BuLi (1.5 5ks.) 2 WNH

3T #rekcan: TLO (1:3) Me\i/‘\l
Me—= 1
\_~<‘_\NH2 78°C, 1 4, 85% H
H OH

C Boixogamu 80-96 % 1o 3Toif ke METOJUKE CHHTE3UpoBaHbl azupuaunsl (1.199—
1.202), rorna xak coequnenue (1.203) monydeno ¢ Berxoaom 40 %.
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o‘\\ Me
OH (NH \\ NH NH WNH
. phe < PN
OH OH OH
1.199 1.200 1.201 1.202 1.203

TpanchopMaryst STOKCHIOB B a3UPUINHBI TIPOUCXOIUT TAKIKE B IPUCYTCTBUH KOM-
IJIeKCcoB TUTaHa [ 173] wim pocto npu HarpeBaHww [1].

HN B on

: 9 Ti(OPr-i), /f/k/
Ph/\%OH 63% pr OH

O (6}

o

H,0, 100°C
—_—_—

99% OH

NH, NH

B pabote [171] M. Kapukomu ¢ coTp. U3y4eHO rajJoreHHpoBaHHe 2,3-31IOKCHaMU-
HOB OpoMuaoM Maraus. IIpy 5TOM TIaBHBIMU NPOAYKTAMH PEAKIHMU OKa3aJIHMCh a3eTh-
nuHbL. [IpennoyrutensHOMY 00pa30BaHUIO a3UPUIMHOB OJIArONPHUSTCTBOBAJIO YMEHBIIIC-
HUE KOHLIEHTPALUHU KaTaJIn3aTopa, a TAKXKe YBEeIMYeHUE 00IIeH MTPOA0JKUTEILHOCTH Pe-

AKIIMH.
o OH
/g/\ MgBr,*OEt, (5 momb%) NHBr N
0 NHBn 10 4, 58% >)j\/ ’ NBn

39:61

[Toxa3aHa BO3MOYKHOCTb CHHTE3a a3UPUAMHOB NEPErPyHIHUPOBKON 3MOKCUTO3MIIA-
ToB. B pabote [174] onmcansl peakiun N-TO3WIT-OKCHPAHOMETHIIAMUHOB C BOJHBIM pac-
TBOPOM T'uapokcuaa HaTpus. [IpoaykTsl peakuuu (N-TO3MIa3upUIMHOMETAHOIbI) MOy~
YEHBI ¢ KOJMYECTBEHHBIM BBIXOJIOM IO MYTH BHYTPHUMOJICKYJISIPHOTO PACKPBITHS STIOK-
CHJIHOTO IMKJIa aTOMOM a30Ta TO3MJIAMUHOIPYIIIBI; TIPH 3TOM COOTBETCTBYIOILUE a3€TH-
JIUHBI He 00pa3ytorcs. JIerkocTs NpoTeKaHus TeTepOLUKIN3aluU CBSI3bIBAIOT C BBICOKOM
HYKJICO(DUIBHOCTBIO N-aHHOHOB, KOJIMUECTBEHHO FEHEPUPYEMBIX B IIEIOUHON cpeie IpU
OTIICTUICHUH TPOTOHOB CyJb()OHAMHUIHBIX rpynrmpOBOK.

NHTs

RN
NaOH \
90%
H O

O0pa3zoBaHUIO CITUPOAZUPHUINHOB HE MPETSTCTBYIOT METHIBHBIC TPYIIIBI, PACIIOINO-
JKEHHBIC B HETIOCPEICTBEHHOM OJTM30CTH OT OKCHPAHOBOTO (pparmenTa; srokcuas (1.204,
1.205) B onMCaHHBIX YCIOBUSAX HE pEarupyroT.

O NHTs O
OQ\/NHTS

1.204 1.205

B pabotax [175; 176] npencraBieH HOBBIN THIT aza-peakiuu [laiiHa, B KOTOPOH OK-
cupanunkap6ansaumuH (1.206) mpeBparaercs B asupuauHIIaIKorois (1.207) ¢ uckio-
YUTENBHOW PErruo- M JIMACTePeOCTeU(PUIHOCTBIO TIO/ ASHCTBHEM JTUTHHOPraHHYECKHX
HYKJI€0(HIIOB.
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1.206 1.207

B 37101 peaknuy B Ka4eCcTBE UHTEPMEIUATA BHICTYIACT O-JIMTUMPOBAHHBIN TTOKCH]]
(1.208), koTOPBII IpeTEepIeBacT AMMEPU3ALUIO 10 AckicTBreM okcupana (1.206). O6pa-
30BaHHE JUMEpa MPOTEKAET KaK one-pot MpeBpalieHne, B KOTOPOM JHACTEPEON30MEPHO
omxHOpOIHEIHN asupuauH (1.207) o6pasyercs B pe3yibTaTe B3aUMOICHCTBYS HHTEPMEIHa-
ta (1.208), mosy4eHHOT0 13 OHOTO SHAHTHOMEpPA CyOCTpaTa, B peakluu ¢ APyTruM SHaH-
THOMEPOM UCXOTHOTO 3mokcuna [175].

1.207

Be3ycnoBHO 1ieHHOW mMpeicTaBiseTcs BO3MOXKHOCTh MPEBPALICHHUS B a3HPHUIMHBI
JPYTUX FeTePOLMKINYECKUX CUCTEM; IPUMEPBI OJOOHBIX PeaKLuil MPUBEICHBI B 0030-
pax [33; 34] u apyrux pabdotax [177].

ABHMPUANHBI TOTYYalOT MPH TUAPUPOBAHUH a3upruHOB. Tpancdopmanus mocaeaHux
COTNPOBOXKIAET PaIUKAIbHOE IPUCOSTUHEHHE K azupuHKapookcmiaty (1.209) fioaucThix
ankuios (1.210, R = Et, i-Pr, +-Bu, nuxirorexcwmn) [178].

cl cl N
OMe Et3B, RI (1.210) < OMe
CH,Cl,, - 40°C, 30 mun
a o 71-89% cl o
1.209

Bsaumogpeiicteue coequnaenus (1.209) ¢ apunitonuaom, henermmitonuaom, H-CH, 1,
H-C¢H ;I mporekaet ¢ Berxogamu 7-53 %, Torga Kak ¢ HOAUCTBIM aJUIMIIOM pEakLus He
MIPOUCXOANT. BO3MOXKHBIN MeXaHU3M NpeBpaleHus npuseaeH Hke [178]. OnbITsl mo-
kazanu, 4yTo 2H-a3upuns SBst0TCS 3 (HEKTUBHBIME aKIIENTOPAMH PaIUKAIOB B PEaKI[H-
SIX C BTOPUYHBIMH U TPETHUHBIMU QJIKWITHOUIAMH.
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OMe
BEt,

St

<——— BEt;

Cl

I I
| R
Et
B pabote Comdban ¢ cotp. [179] uzydyeHo npucoenunenne ankmriioanmon (1.211,
R = Et, u-Bu, i-Pr, u ap.) x xupansasiM azupuaam (1.212, 1.213), ycTaHOBIEHO BIUSHIE

pactBopureneii (CH,Cl,, Et,O, PhMe, TI'®) na BBIX0/1 a3UPUANHOB U COOTHOIIIEHUE U30-

MEpOB, KOTOPOE U3MEHsIeTCs B MHTEpBaje oT 96 : 4 10 49 : 51.

(5\ _RI(1.211).R;B, 0, (5\
CH,Cl,, -105“c

g

1.212
o o o
& & &
N Etl, R;B, O, }\I }\1
CH,Cl,, -105°C ”/
1.213

[IpuBenensr mpuMepsl BoccTaHOBIEeHU a3upuHOB (1.214, 1.215), a Takxke ux yda-
cTue B rerepopeaknusax mnbca — Anpaepa [32].

1. TsCl, H
AW CO R m R CO,R
/ NaBH, A

1.214

V 1 moms% (1.216) HN. )(0

l> 0.25 momp% [RuCl,] /% O o
/ NH

PH H

-PrOH, -PrOK PH

1.215 1.216

(0]
A i
*R \W KHCIIOTa - .
+ N Jlpronca 4 | y /,]/R R* = g
N Nl
Y O—

OMe

=0
/ \\

OMe OMe
/]\ Ph

TIaBHBEIH noGouHBI

X npoxyxT nponyKkT
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B paborte [180] JI’Kumme c coTp. mpemioXuid OpUTMHAIBHBIA METOJ CHHTE-
3a 2-apwi-3-(rugpokcumeTti)azupuauaos (1.217) npespamenueM 4-apuii-3-xio0po-4
naxramos (1.218, R'=H, 2-F, 4-Cl, 4-OMe, R*=

Pr, i-Pr, i-Bu, Bn), a Taxxe nocnemyro-
iee PacKphITHE a3UPHUINHOBOTO IHKJIA ATFOMOTHIPHIOM JTUTHS

7" 3
Cl o \\Rl RZ\ 2 9KB.
2 5xB. LIAIH, NH - LiAlH,
N Et,0, A,20-80 4 HO Et,0, A
o “R2 37-66% 10-80 u
1.218
. _Rl
1 sxB. LiAlH, \/ZA
—_—
Et,0, k.1., 5-8 4 _Rl
44-70%

1217
W3BecTHBI yaadHble MOMBITKH TpaHCPOPMAIIUNK OKCA30JMHOB U UX HMIECTUUIICHHBIX
anaioroB B asupuanssl (1.219, 1.220) [181-183]

1. HCl, MeOH
7 OR 2.NaHCO;, MeOH
d’ 3 TsC1
s
cc13

S

1.219
0 CH; 1.H* H

/“\ 2. BOCZO HO\/\/‘
89 % \N
N

N
Boc

-0

CCl, 1.220

B paborax [184; 185] moka3aHo, 9TO a3UPUIAMHBI MOTYT OBIThH TOJYYEHBI U3 Ooiee
JIOCTYTHBIX OKCa30muanHOHOB (1.221)

R!0,S

R? R’
N (Ph;P)4Pd (xaT.)
B —— R'0,S-N
o Tr'®, 0°C
o\
1.221

M3BecTHBI MIPUMEPLI OAHOBPEMEHHOT'O BO3SHUKHOBCHHSA IIOKCUIHOIO U a3UPUINHO-
BOT'0 ()parMEeHTOB Ha OCHOBE okcazuHa (1.222) [186] u ero anaaoros

iE\O’N/\CEK 100°C ﬁ “(

KCHUJION <
1.222 1.223
TepMI/I‘IeCKy}O paauKaJIbHYO U30MCPU3AILUIO CBA3BIBAIOT C BIIMAHUEM KaIllTOAATUB-
9

HOW TpyTITBl, HHAYIMPYIOIIeH BOSHUKHOBEHHE OMparKaibHOro nHTepmeaunara (1.223)
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1.3. XUMHYECKHUE IIPEBPAIIIEHUA ASUPH/[HHOB

1.3.1. O6mue npeacTaBjieHns 0 PACKPBITHH a3UPUANHOBOIO MKJIA

BBuny mpakTtudeckoi BaXHOCTH STHX PEaKINi M3YYSHHIO OCOOSHHOCTEH MX TIpO-
TEKaHUs U yCTAaHOBIIEHUIO MEXaHU3MOB TIOCBSIIEHO HECKOJIBKO MOIHOLEHHBIX padoT [2;
13; 36; 187]. Cpenn Hux — pynmamenTanpable 0030per Xy (2004 1.) [188], beprmeiie-
pa u Kpake (2010 1.) [189], FOnnnra u Xwumu (2009 1.) [190], B. A. Uebanosa (2008 r.)
[113]. M3BecTHa crieranbHas padota [51], MOoCBsIIeHHAsS U3YUYSCHUIO PACKPBITHS KOJIbIla
N-cynb(hOHUIA3UPUIMHOB, & TAKXKE CHHTE3y aMUHOKHMCIIOT Ha X OCHOBE.

Kak m3BecTHO, peakMoHHAass ClOCOOHOCTh 3aMELICHHBIX a3MPUINHOB CYIECTBEH-
HBIM 00pa30M 3aBUCHUT OT HANpPsDKEHHOCTH TPEXWIEHHOTO IHKIIA, KOTOpas COCTABIISET
111 x/x/Moabp U cpaBHMMa C TAaKOBOHM JUIsl OKCHpaHoB [13], a Takke OT 3JIEeKTpoOTpu-
HaTenabHOCTH rerepoaroma. Oba pakTopa MPUBOAAT K OTHOCUTENBEHO MSTKHM YCIIOBUSIM
packpbITUs N-TeTepOoIHKIIa, XOTsI U 00JIee KECTKUM, YeM B PEaKIUSIX SMOKCH]IHBIX CO-
€IUHEHUN.

[IpeBparenns a3upuIUHOB MOTYT MPOTEKATh KaK MO0 TOMOJUTHYECKOMY, TaK U Te-
TEPOIUTUIECKOMY MEeXaHH3MaM, IPUBOJIS K PACKPBITHIO ITUKJIA C IIPUCOSIMHEHNEM Pa3-
TIHBIX HyKineodmos [2; 11; 13; 65; 187; 188]. [lokazanHas HUXE cXeMa IMOATBEPKIa-
€T, YTO B PEaKIUsIX a3UPUIMHOB C HyKJICO(QUITBHBIMU PeareHTaMH 110 aHAJIOTHH C PeaKIlU-
SIMU STIOKCUJIHBIX COSJIMHEHUH HaOI0aeTCsl MPE/IIOUTUTEIbHASL aTaka 10 TePMHUHAIIb-
HOMY yriiepogHoMy aromy [13; 33; 191-193].

NHX
R'O/\:/ (RO) 2}|>|/\—/ NHX
R R

Jlns peakmuii HECHMMETPHUYIHO 3aMEIIEeHHBIX a3UPUIAHOB, B OCOOCHHOCTH IS TEX
CJIy4aeB, KOT/Ia B HEITOCPEACTBEHHOM OJM30CTH OT STHICHUMUHHOTO (PparMeHTa pacro-
saraercsi OEH30JIBHOE KOJIbII0, XapaKTepHa aTaka Mo aToMY yriiepoaa c2

Rl
| I
— 2_NHR 2 _Nu
{N} Nu (HNw) _ Nu/3\( . RlHN/3\(
3 2 R R R

IToGounbIit OCHOBHOIT
MPOAYKT MPOAYKT
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AHOMaJbHasi perHOXUMUsI HAOII0IAeTCsl TAKXKe AJISl peakuui ¢ 00bEMHBIMH HYKJIE€O-
¢uamMu 1 OTHOCUTENBHO ca0bIMU OCHOBaHUSIMHM JIbIoHca, a Taxke i cyOCTpaToB cO
€11a00 aKTHBUPYIOIINM 3aMECTHTEIIEM Y aTOMa a30Ta [13' 194]

20 90 o, @

B peakuusax 3MOKCHUIHBIX COEIUHEHUI (1.224) MPOJAEMOHCTPUPOBaHa pellarouas
poib KucIoT JIptonca, KOTOpble, CBA3BIBASACH C KUCIOPOAHBIM aTOMOM 3a CYET €ro He-
MoJeNIeHHbIX A1eKTpoHHbIX map (HOII), Tem caMbiM OCHaOsIOT HANPSHKEHHYIO CBSI3b
(C-0), crocoOCTBYSI 3HAUUTEILHOMY MOBBIIICHUIO CKOPOCTH PACKPBITHS TPEXUJICHHO-
ro nukia [13; 192; 195].

LAO R LA o=< LA® R>
| \ / / Qs
0@ N NS N
AN A A A
1.224 1.225 1.226 1.227

Peakuyuu a3upuaArHOB 3aBUCST OT MPUCYTCTBUSI KUCJIOT JIblonca B ropas3io MeHbIIEH
CTEIMEHH, YeM PEaKLUH 3MOKCHIOB. B ciydae a3upuanHOB 10J00HOTO poja B3auMoAeH-
CTBHSL BO3MOKHBI UMb 115t cy6erpaTos (1.225, R'= H, Alk) ¢ HEOKCMTeHUPOBAHHBIMH
3aMECTUTEIISIMH Y aTOMa a30Ta; B PEaKLUIX N-3aMEIEeHHbBIX a3UPUIMHOB aKTUBALs CyO-
CTpPaTOB JOJKHA IPUBOJUTH K 3PEKTUBHOMY PACKPBITHIO TPEXUJICHHOTO LKKIa. Tem He
MeHee, B OOJIBIIMHCTBE CIIyYaeB jKeNaTesIbHO IPUCYTCTBHE Y aTOMa a30Ta MOJISIPHBIX KHC-
JIOPOACOIEPKALMX 3aMECTUTEIICH, B IEPBYIO 04Yepe/ib — ISl 3alUThI OT ACTIPOTOHHPO-
BaHUsI B PEAKLUAX C BBICOKOOCHOBHBIMU HYKJICO(HIIAMH, &, BO-BTOPBIX, — JUIs AOIOIHHU-
TEJNbHOMU, XOTs 1 MeHee 3P deKkTuBHOH, yeM B ciryyae (1.225), aktuauuu (1.226).

Hauunnast ¢ 60-x T010B IpOLUIOro BeKa, a3UPHINHBI KIaCCU(PHULINPOBAIN HAa «aKTH-
BUPOBAHHBIE» H «HEAKTUBHUPOBAHHBIC» B 3aBUCUMOCTHU OT HPUCYTCTBHUS MOJI0XKUTEIBHO-
ro 3apsja Ha aToMe a30Ta cyocTpara. DTa KiacCU(pHKaLUs TECHO CBS3aHa C XapaKTepoM
N-3amectuteneit [13].

K akTuBHpYyIOINUM OTHOCATCS KapOOHWII-, CYIbQUHUI-, CYIb()OHMUI-, hocHUHII- 1
dochopunconepkamue 3amecTuTend. [Ipin 5ToM B MOJIeKyJaX COOTBETCTBYIOIIUX a3u-
pununos (1.227, R*= C(O)R', S(O)R, SO,R, P(O)R',, P(O)(OR"),) cymiecTByeT He3HAUH-
TeJIbHOE pe30HaHCHOE B3auMozeiicTerue Mmexxy HOII atoma azora u cBszsimu C(0O), S(O)
win P(O). Kunernueckast aktuBanusi, ooecriedeHHast STUMH 3aMeCTUTEISIMH, Oa3upyer-
Csl Ha TPOSIBJICHUU UHIYKTUBHBIX 3()(heKTOB 1 MPUBOAUT K OMOJHUTEIBLHON MOJSpU3a-
mun cBsazeid C—N. Baxen Taxoke n TepMoAMHAMUYECKHNA (DAaKTOP, KOTOPBIH MPOSBISIETCS
B crabuim3zauuu amuaonogooHoro annona (1.228), pazsuBaromierocs npu pa3pyLuieHUN
STUIICHUMHUHHOTO IIUKJIA.

1 €]
R\ 0\ - Rl
Q S0 I)I(
N D N®
R R
1.228

I[OHOJ'IHI/ITCJ'IBHaH PE30HaHCHaA CTa6I/IJ'H/I3a]_[I/I$I MIPOABIIACTCA IMPEKAC BCETO B MO-
JICKYJIax N—Kap6OHI/IHCOI[ep)KaH_II/IX A3UPUAUHOB; HAIIPOTUB, CTa6I/IJ'II/IBaLII/I$I CyHb(bOH— n
(bOC(I)OHaMI/II[HLIX AHUOHOB PCAJIN3YCTCA TOJIBKO IO UHAYKIIMOHHOMY MECXaHU3MY. Takum
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o0pazom, uMeHHO rpynmna >C=0 B MoJieKyJax aliICOAeP KAINX a3UPUANHOB PEACTaB-
nsieT coOoli HanboJsiee BRIPasKEHHBIH AIEKTPOQUIBHBIN LEHTP; B CBSI3U C 9THUM MOOOYHAs
peaknus JealInpoBaHKsl CTAHOBHUTCS TJIaBEHCTBYIOLICH. B momnb3y mono0HBIX paccy-
KJICHUH CBUICTENBCTBYET U TOT (aKT, YTO MIPUCYTCTBHE aJIKOKCUKapOOHUIIBHOTO 3aMe-
crutes ¢ 0osee cnadoii 37eKTPOYUIBHOCTHIO KapOOHUIIBHON IPYTIIbI HAIIPABIISET aTaKy
HYKJICO(UIIBHBIX PEareHToB Mo aToMaM yriepoaa azupuanHa [ 13].

B ToM cnyuae, ecnu akTHBHpYIOLIAs Ipylla y aroMa a3oTa OTCYTCTBYET, HyKJe-
oubHas peakMOHHAS CIIOCOOHOCTH PE3KO Bo3pacTaeT Onaroxaps (OPMHUPOBAHHIO
noHna azupuauaui (1.229). Ilocneanuit odpasyercst B pe3ynbrare N-aaKWInpOBaHUs UIH
N-TIpOTOHMPOBAHMSI HCXOIAHBIX CTPYKTYp [2].

_CF, BF, _CF, Bn. _Me
W\H Mel, AgBF, W\H Nu .
—_— —
N w1 Me;OBF, N 0°Cc N
/N u
Bn Me~  Bn 50-96% Fsc/\/
1.229

VYenemrnoe onydaenne amuHoankoronei (1.230, R = Bn, All, PPy u np.) ocymect-
BJICHO ITyTE€M TIPEBPAIICHUS XUPATHHBIX SMTOKCHIOB (1.231) ¢ TpoMeXKyTOIHBIM 00pa3o-
BaHUEM MOHOB a3UPHJIMHHS U TIOCIIE/YIONINM UCIIOJIL30BAHUEM TIePErpyIIUpoBKY [1aii-
Ha [196-199].

i-Pr OTMS i-Pr
i-Pr ~ OH
TMSOTf o Nu
(6] —_— Hire —_— 2N
-780C + 44-93%
/N\
R,N R R Nu
(2S,3R)-1.231 (R,R)-1.230

1.3.2. Peakuuu a3upuanHOB ¢ AMHHAMHU M a3UaMH

B nocnennee necsatuieTre onucanbl peakK a3UPUIMHOB ¢ MHOTOUUCICHHBIMU HY-
KJI€O(MIBHBIMU PEareHTaMM, B Y4aCTHOCTH, aMUHAMU pa3in4HbIX TUnos [187; 200], npu-
BOJSIIIIMMU K 00pa30BaHUIO COCTUHEHUN ¢ HECKOJIBKMMH aMHHOTpyIamu. [lonmaMuHer
COCTaBJISIFOT OCHOBY TIIATEIhHO pa3padaThiBaeMON O0JIACTH OMOMEIMIIMHCKHAX HCCIIe-
JIOBaHWH, HANPABJICHHBIX HA CO3JIaHUE JIEKAPCTBEHHBIX IPEIapaToB, ACHCTBYIOIIUX Ha
HHC. Kpome Toro, 3amernieHHbIe 1,2-TuaMUHBI TPEACTABISIOT COOOH OMOJIOTHYECKU H
CHUHTETHUYECKHU BAXKHYIO TPYNIY COCIUHEHUN, KOTOPBIE MOTYT CIYXKUTh CUHTOHAMU JIJIs
KOHCTPYHMPOBaHUSI MHOrOYMCIeHHbIX aHTUBMY npenapatoB; K yuciay NOCAEAHUX OTHO-
csirest 3aHamuBHp (1.232) u ozenbramuBup (1.233) — MOIIHBIE HHTUOUTOPHI HEMPAMIHH-
nassl [200].

0
HO Oy,
H,C ' o en,
H,¢” HN v
/g NH;H;PO,
H,e” o
1232 1.233

MHorue anuIUKINYecKUe TUAMUHBI 00JIaar0T JICHIIMAHUIMIHON U TPUTIAHOIIU/I-
HOM akTHBHOCTHIO. K TOI00HOT0 poa coeMHEHMSIM OTHOCATCS U 1,2-IIMKIIOreKCaH [ua-
munb (1.234) [75].
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CH, CH, CH,

)Il n )n

R'NH, _NHR' PPh, R’NH,

LiClO, g DEAD LiClO,
— —_— ‘NR! ————
CH;CN, 90% 70% - CH;CN, 90%

OH

1.234

B pabote [163] npe/uiokeH y100HBIH 0JTHOPEAKTOPHBIA METOJ] CHHTE3a HOBBIX JTHa-
MUHOB Ha OCHOBE ONTHYECKH aKTUBHOTO CTHposiokcuaa [(R)-1.235].

H 3 oxB. E;N
S| . )V D N 12 e MSCI_
H 0
Ph PO H OH Et,0, 0°C
KUITSITYECHUEC h/\/ 30 L
(R)-1.235
H MeNH, (Boas.) Me\
—_— \\\\\\\\N+ 2 9KB. Et3N /3
Ph>\/ K.T., 16 4 )\/

90%
($)-1.236

B kxadecTBe IUKIMYECKOTr0 aMHMHA MPUMEHSUIM TakK)Ke MUMNEPUANH, a HapsIy ¢ Me-
TWIAMUHOM — aMMHUaK, aHWJIMH, mpem-OyTuinaMuH W OeH3WiIaMuH. B3aumopelcTBu-
eM aszupuauHueBoro uoHa [($)-1.236] ¢ cooTBeTcTByIOUMM AMaMHUHOM ToiydeH C,-
CUMMETpPUYHBII TpruamuH [(R,R)-1.237].

D p
(R)-1.235 1. HI/IppOJ'II/I)I[I/IH ““““O Ph C‘ \)\ H O
2. Et;N, MSC] BOJIA, K.T., 16 4
Et,0, 0°C, 30 mun. 63%
(S)-1.236 (R,.R)-1.237

B psime cnydaeB apomMaTHdecKue aMUHBI TaK)KE OKA3alHCh CIIOCOOHBIMH K B3au-
MOJICHCTBUIO C a3MPHIUHAMH, NIPUYEM JaKE B OTCYTCTBHE KaTalM3aTOPOB. JIHaMUHBI
(1.238, 1.239, R = H, Me, Cl) Obutx MoTy94eHBI B MATKUX YCIOBHSIX B CpEIe XJIOPUCTOTO
MetmieHa [201].

SO Nj A, SOHN.  NHA
2 CH2C12 R S W

Ph
1.238

SO,N AMH; SO,HN NHA
2 (:H2c12 R 2 Rhanie

1.239

B pab6ore [3] onrcano B3aumoaeticteue azupuauHoB (1.240, R = Me, i-Pr, -Bu, Bn,
Ph) ¢ (-)-a3¢enpunom. Peakiimy mpoxXoamiii CTPOTO PETHOCEIECKTUBHO 10 aMUHOTPYIIITe
peareaTa. CHHTE3UpOBaHHBIC THaMUHOATKOTOJH (1.241) IposSBUIIN CBOICTBA JINTAHIOB,
00eCTeYrBalONIMX YHAHTHOCEIICKTUBHOE aJIKUITUPOBAHUE aJIbJICTUIOB.
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R ve
_O-odenpur - pp R
N CH;CN, 40°C \
Tf 35-80% OH Me  NHTf
1.240 1241

Omnenka npurogHoctu pactBoputeneit (H,O, PhMe, MeCN, IM®A, IMCO) s
TTOJTY9ICHUS THaMHHOB ¥ aMUHOTHOJIOB JlaHa B padote [202]. B 06oux ciydasx peKoMeH-
nosan JIMCO (temneparypHsiii pexum — 60 u 40 °C, mpooIKUTETLHOCTD PEAKIMH —
6 u 1,5 4, obmue BBIX06I MPOAYKTOB — 85 1 90 % cooTBercTBeHHO). [10 MHEHUIO aBTO-
POB, MEXaHM3M IOJIOOHOTO POJia TIPEBPAICHU JIOJDKEH BKIIFOUATh THIJIOBYIO aTaky pea-
TeHTa B IPUCYTCTBUHU CHIIIIICOIEpKaMX HykiIeohnioB (Me,SiN,) mpu HemocpeIcTBEH-
HOM y4YacTHH MOJICKYJ pAaCTBOPHUTEIISL.

—
0 8 g
R! IQ/IeMe

[lokazana BO3MOXHOCTBH JIBYXCTYIIEHYATOTO CHHTe3a amuHoankoroiein (1.242,
R = Ph, R'R’N = nupponuauaui, munepuanHuI, MoppOoIHHII) yepe3 00pa3oBaHue co-
oTBeTCTBYIOIIEro narepmennata (1.243) ¢ mocnemyrommm ero aMmuHOIN30M [203].

Ph 0SiMe; ou
1p2
(R)\k TMSI (3 3k8.) 1. R'R2NH
Me'" N OIZS,) CH;CN 1 R KUMsYeHue, 2 4 R'R? R
—_— —_— e
L_§<'\R K.T.,24 Ph N 2. HCI (Boxn.) Ph NH
S) Yy ~ \SiMe3 3. NaHCOj; (BozH.) ~~
- 87-99% -
Me Me
1.243 1.242

[Tpu 5TOM aMHHOIM3 JOBOJBHO YaCTO HYKAAETCS B COACHCTBUU KAaTalU3aTOPOB —
LiClO,, BF,, InBr, u apyrux xucnot Jlstouca [188; 204; 205].
1,2-JlnaMUHBI NOJTY4atOT U3 TO3UIA3UPUIUHOB 10 IPUBEJCHHON HIKE CXeMe:

NHTs
ArNH,, LiClO4
NTs —————>
CH;CN, k.T. -
63-95% NHAr

AMHHOIIU3 MOHO3aMelleHHOro To3wiasupuauHa (1.244) mporekaeT ¢ mpeuMyiie-
CTBEHHBIM 0Opa3oBanueM quamuHa (1.245), Tora Kak aHaJIOTUYHBIC PEAKIIUU JJIs CTPYK-
Typ (1.246, 1.247), HanpOTUB, XapaKTEPU3YIOTCS aTaKOH MO CTEPUUECKU MEHEE JOCTYII-
HbIM yriepoanbiM atomam (0T 70 : 30 mo 95 : 5) [200].

CeHys Ph

TsHN CgHy3
NTs NTs NTs

\

1.244 1.245 1.246 1.247

H AtHN” TH H

Asupuaunsl (1.248, R = CO,Bu-f), nony4ueHHble Ha OCHOBE aMUHOKHUCIIOT, HCIIOJIb-
3YIOT KaK CHHTOHBI B TICEBIOTICITUIHOM CHUHTE3¢E [72].
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N\
N R'HNy,, ZHN,,,,, ZHN.
R NH, NHR’
L1ClO4 K/\
R

1.248 1.249 1.250

MeHee celeKTHBHOE TIpeBpaiieHue ¢ TeM ke karaiauzaropoM (LiClO,) ocymecTsie-
HO TIPH y4YacTUH OCH3WI- U ATHIAMHUHOB, a Takke 3(QUpOB aMUHOKHUCIIOT; OCHOBHBIC
npoayktsl (1.249, 1.250, 60-88 %) noxy4ens! B orHomeHn” OT 1 : 8 1o 1 : 14 B pe3yin-

TaTe aTaKy MO CTEPHUYECKH OoJiee JIOCTYITHOMY YTIIEPOJHOMY aToMy.
B pab6ote [206] ommcaHo pacKphITHE TPU3AMEIICHHBIX a3UPUANHOB apHI-aMIHAMHA

(1.251, R = OMe, NO,, OH). O6pamaeT Ha ce0s BHUMaHUE PETHO- U CTepeocenupuy-
HOCTB aTakKy [0 MAKCUMAJIbHO 3aMEIIEHHOMY aTOMy yTJIepoJa.

52

Zluu.

/
R
N~ NH
7 2
\\Z’W/\OTBS 1.251 = |
R_
N PhCH,, DMF, 55°C S
Ns 70-98%
N
/
PN |
NH,
0
CH,Cl,, 87%

CH,CI1,/MeCN (1:1), 70% HO\) NHNs

BzaumojeiicTBie MEPBUYHBIX W BTOPUYHBIX aU(ATUUYCCKUX AMHHOB C IIHUKIIHU-
YECKUMHU AJUIUIBHBIMU a3UPUJIMHAMU MPOUCXOIUT Kak awmu-1,2- wunmn aumu-1,4-
npucoenunenue [207]. CootHomenue amnykros (1.252, 1.253, R*, R*= Me, Et, u-Pr, i-Pr,
i-Bu, -Bu, All, Bn u ap.) cymecTBeHHBIM 00pa30M 3aBUCUT OT XapakTepa aMHUHa: Tak,
MIPH TIEPEX0JIe OT MEePBUYHBIX K BTOPHYHBIM aMHUHOMPOU3BOJIHBIM HAOIIOIACTCS OTUYET-

JIMBOC YMCHBIICHUC BKJIaJla aHmu-l,Z—npoz[yKTa.
NR?R?

BnO 0 BnO 0
n! 2R3 J1l
NHR’R | N
e MsHN™
S
NR’R?
1.252 1.253
NRZR?
nyTH (e, 4
NHR?R?
ws Ny

1.253
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B pabote [208] moka3zano, uro B3aumozeiicteue asupuanHos (1.254, R = H, Bu) ¢
pearentamu (1.255, 1.256), conepxatumu N—H rpynmns! pa3nndHoi KUCIOTHOCTH, MPO-
TEKaeT CEJIEKTUBHO U C BHICOKMMH BBIXO/IaMHU.

NHR
R /J
(0]
M H VAN
¢ N> 1.254 N
Y% DMF, 70°C

O N 40-50%

Me

R
N
Ph /\
Ph 1.254 ﬁ/(
ﬁ/(NH _/—
HN\< 70°C HN\<

1.256

O
e}

BzanmonetictBue azupuamna (1.257) ¢ nupazonom u 1,2,4-oxkcanma3zonun-3,5-
JTUOHOM TIPOTEKAaeT B MPUCYTCTBUHM TPUPTOPYKCYCHOW KUCIOTHI U 3aBepIIaeTcs 00-
pasoBanuem amuHOkucIOT (1.258, 1.259) ¢ Beixomamu 60 u 49 % cooTBETCTBEHHO
[209].

o
CO,Bu-t
H3 Nt
--H C II\]/Y
N oS %o co?
Boc
(5)-1.257 (5)-1.258 (5)-1.259

[Toxazano, uro B3anmoaericTBue nHA0I0B (1.260, 1.261) ¢ pa3nTUYHBIMH IO CTPYK-
Type a3upUIHMHAMH [IPOTEKAET PETHOCEIIEKTUBHO Oe3 yyacTusi amuHorpymnmst [210; 211].

TsHN
InCl,
CH,CI
AN N NTs ——2th AN
K.T., 124
N 75% N
1.260
3
X\\ R
| N o Nowr O,
- o s CHCI,
E R 78°C, 18 u

1.261

ABHMPUMHBI C JIETKOCTHEO TIOJIBEPTaOTCS a3U 0Ny 110 ACHCTBUEM PEarcHTOB TUIIA
NaN;, [2; 212]. IIpu 5ToM TpunmkiInueckue sTuiaeHnMuHbI (1.262, R = Pr, Ph) o6pasytor
MEHEe HaIpsHKCHHBIC OUITUKINIecKue cucTeMsl (1.263).
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N N 90% N NH
Ph \[( Ph \[(
0o 0
(78,1'R)-1.262 (78.1'S)-1.263

PackpbiTHe XUpanbHBIX Ouc-a3UPUIUHOB, CUHTE3UPOBAHHBIX M3 [-MaHHUTOIA
(1.264), ocyuecTBICHO NPH y4aCTUM MHOTIOUYHUCIECHHBIX METAJUIOPraHUYECKUX pearcH-
TOB, FaJIOT€HUI0B METAJLIOB, (peHUIMepKanTaHa, a Takke NaN,*BF;[67].

HO N,
NTs
HO NHTs
HO >O\ NaN;*BF; (4 5xB.) HO
—— e ——
OH 0 DMF, 55°C, 2 u OH
859
OH & TsHN
TsN
OH N,
1.264

B pomm katammzatopa Uil OMOOHBIX pPEaKIHMid YCIENTHO BBICTYMACT XJIOPHUCTHINA
amoMuHni [213].

Ph
®l_

N;
\\ H
Me N \CO,Men NaNj3, AICI; (kar.) Ph \(19 N \)\
/ (Sﬁ)\ " EtOH, H,0 - (R) ~CO,Men

309C, 12 4 -

) M

pH=4 ¢
88%

O} PeKTHBHBIM YCKOPSIONUM areHTOM PAaCcKpPBITHA IUKIa To3miazupuauHa (1.265)
a3uIOM HaTpHs SBILICTCS 3aKpeIUICHHAs Ha cuiukarene gochoMonnbdaeHoBas KHCIOTa
(PMA-Si0,); B 5TOM citydae a3uI-aHUOH MPUCOSIHHSETCS 0 OCH3UILHOMY TTOJI0KEHUIO
MOJIeKyIIBI cyocTpara [194; 214].

N3
/<I\IIT/S\ NaN;
_—
Ph OH PMA-SiO, Ph OH
CH;CN-H,0 NHT
1265 250C, 14 s

B pabore [215] azuponu3 TozunazupuauHoB (1.266—1.268) npoBogwim B mpucyT-
CTBHM OKCOHA.

Ts NHTs

NaN;/Oxcon N,

CH,;CN-H,0 (9:1), k.1.
96%

1.266
Is NHTs

N
\/\/A NaN;/Oxcon \/\)\/N3

89%

1.267
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Il\"]s N3 NHTs
f } NaN3/OKCOH ' )\/NHTS N )\/N3
Ph CH;CN-H,0 (9:1), k.1. Ph Ph
1.268 95% 3%

BzaumoneiicTBre peareHTOB MPOMCXOAUT B MATKHUX YCJIOBUSIX C BBICOKUMHU BBIXO/Ia-
mu. [IpuBeeHHBIC IPUMEPHI CBUACTEIBCTBYIOT O CYIIECTBEHHOM, XOTS M ajlbTepPHATUB-
HOHM PErnoCceNeKTUBHOCTH, 3aBHCAIICH OT XapakTepa 3aMeCTUTENIeH MpH a3upHIMHOBOM
(bparmenre.

1.3.3. B3anmopeiicreue ¢ O-nykieopuiaammn

Iupoko M3ydyaroTCs peakiui a3UPUIMHOB ¢ KHCIOPOICOASPKAIIUMHU HYKICO(DUIb-
HBEIMHU pEareHTaMu, TAKUMHU KakK BOJA, CIIUPTHI U KUCIOTHI [33; 72; 216; 217]. Ilox aei-
CTBHUEM BOJBI IIPOUCXOJIUT 06p330BaHI/Ie AMHUHOCIINPTOB. HpI/I 3TOM B HACBIIICHHBIX CHU-
cremax (1.269) nykineoduipHas aTaka OCYIIECTBIISETCS HCKIIFOUATEIHFHO CO CTOPOHBI Me-
Hee CTePHUYECKH 3arpyKeHHOT0 yIIepoIHOTO aToMa azupuanHa [2; 218].

F,C

- '\W 1. TFA Y\OH
2. Na,COj,
N i, NH
Ph)\ Me Ph)\ Me

(2R, 1'S)-1.269

B pabote [217] anst mpoBeAeHUs peakuy TUAPOIN3a B KauecTBe AP PEeKTUBHOIO Ka-
TaNM3aTopa UCIOJIb30BaH OUCYIb(aT TeTpadyTHiIaMMOHMs. B mpomykTax B3anMojei-
ctBus TozmwiazupuauHoB (1.270, R = Bu, Ph) meronom SIMP oOHapyxkeHO pucyTCcTBHC
nByx uzomepos (1.271 a,0) B otHomeHusax 41 : 59 u 95 : 5 coOTBETCTBEHHO.

R R H
V BuyNHSO, (10 mo15%) .
N H,0, 45-60°C / ,
Ts HO NHTs TsHN OH
1.270 1.271a 1.2716

bonee BbICOKasi pernoceneKTUBHOCTh HAOMI0JaIach B PEaKIUAX TUAPOIN3a a3UpH-
JMHOB B HEWTpPAIbHBIX Cpe/laX B MPHCYTCTBUH [-IUKIOACKCTpUHOB [216]. MHoroumc-
JICHHBIC apWJIa3UPHUINHBI ObUIM aTaKOBaHbI MOJIEKYJaMU BOJbI 0 OCH3UILHOMY aTOMY
yTiepo/ia, a aKWIa3upUANHBI — 10 TEPMUHAIIBHOMY YIUVIEPOY TPEXUJIEHHOTO IUKIIA.

Is OH
H,0, B-CD NHTSs
/O/A 50°C
B 520,95% o
v
N

HZO’ ﬁ_CD /\WO H
50°C

NHTs

Ts 7 4, 85%

Crporas peruo- u CTepeoceneKTUBHOCTh THIponn3a asupuanaa (1.272) 6azupyercs
Ha Y4aCTHH COCEIHEH rpymiibl, 00pa3youeil BHyTPUMOJIEKYIISIPHYIO BOJIOPOJHYIO CBSI3b
¢ npotoHoM B azupuanHueBoMm noue (1.273). Kondopmarms storo mona orpenenser
OJaronpuaATHOE MpaHCc-TUAKCUAIBHOE PACKPBITHE TPEXWICHHOTO LUKJIA C CEIEKTUBHBIM
oOpa3zoBannem amuHOdupa (1.274) [2; 219].
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OMe OMe
0 e}
MeOH, H"
KOJIMYECTBECHHO
NN 7 .
H Nac | AcHN OMe
(IR,6R)-1.272 (18,65)-1.274
AC\+ _ H,
Ac~ N %
N m\ OMe —0
MeOHJ OMe
1273

B pabote [207] moka3aHO OCIIO)KHEHHWE, BRI3BAHHOE TOSIBIICHUEM JTBOMHOMN CBSI3U B
AJUTMITBHOM TTOJIO’KEHUH TI0 OTHOIIEHHIO K a3UpHINHOBOMY (parMeHTty. B aTom cirydae
AJKOTOJTU3 3aBepIIaeTcss 00pa3oBaHUeM MPOIYKTa cuH-1,4-npucoeauaenns. Cxema cooT-
BETCTBYIOILIETO MPOLIECCa MPEACTABICHA HUXKE!

+on|l\‘H\ /RI
OBn O.__4OR!

X/o BnO

MsHN

B pa6ore O. DaBapaca ¢ cotp. [220] mpoaeMOHCTPUPOBAHO MPOTEKAIOIIEE C TIepe-
rpynnupoBkoi Baraepa — Meepseiina oOpa3oBanue amuHocnupTa (1.275) u3 azupuau-
Ha (1.276).

NH
—_—
nuokcan, 180°C, 16 4 (R=COPh,
3amnasiHHas TpyOka COOCH,Ph)
1.276 1.275

O6padoTtka azupuaunos (1.277, R = Me, Et, n-Pr, i-Pr) ykcycHo# kucmoTol mpuBena
K 00pazoBaHmio NBYX MpoaykToB (1.278 a,0) ¢ mpenMyIiecTBOM aTaku 110 TePMUHAILHO-
My atomy yriepoja cyocrpara (89 : 11,97 :3,95:5,99 : 1) [221]. Dtum cniocobom aB-
TOpaMH TIPEJIIIOKEHO KOHTPOJIUPOBATh PETHO- U CTEPEOCEICKTUBHOCTh MPOTEKAHUS Pe-
AKIUK PACKPBITHSI a3UPAHOBOTO IIUKJIA.

Ph Ph Ph
| - H
" NR) AcOH HN/ﬁ . HN/ﬁ
Wy 3 OMe TOJyol w ' OMe AcO OMe
R KHIISTUEHUE R ®)
1.277 OAc R
1.278a 1.2786

BaumogpeiictBue azupuanHoB (1.277) ¢ XJIOPUCTHIM allETHIIOM M BOJIOW TPUBEIO K
cMmecsM poaykToB (1.278 a,B), B KOTOPBIX TIIaBHBIM OKazalics mocieauii (2 : 98, 4 : 96,
4:96, 13 : 87) c oOpawieHHO! 10 OTHOLIECHUIO K coenuuenuto (1.278 6) crpykrypoit xu-
pasbHOTO TIeHTpa. [IpuBeieHHas HUXKE cxema TpeAroiaraeT mepBoHaYalbHOe 00pa3o-
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BaHUE alMJIa3UPUIUHUEBON COJIUM C MOCIEAYIOLEH THUIOBOM aTakoil XJOpua-aHUOHA U
JIaTbHEUIIIUM 3aMbIKaHUEM OKCa30JIMHOBOTO Iukia [221].

Ph Ph Ph
1 _A : -
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B pabote [222] npeanoskeHa yao0Has METOAHMKA OBICTPOTO M PETHOCEIEKTUBHOTO
packpeiTus asupana (1.279), a Taxke ero KMCIOPOACOAEPIKALIETO aHajIora (MOKCHIA) C
WCTIONIb30BaHNEM aMMOHHMH- 1 2-MomuOaodocdara (AMP).
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1.279

docdopconepxalire OpraHoKaTaIu3aToOPbl CIIOCOOCTBYIOT Takke 3(P(PEKTUBHOMY
PACKPBITHIO a3UPUAMHOBOTO IUKJIA C yYaCTHEM CHIIMJIMPOBAHHBIX HYKICO(PHIIOB, TAKUX
kak Me;SiCN, Me,;SiN, u Me,SiCl [223].

B pabote [33] npuBeneHbl MpUMEpPHl CHHTE3a aMUHOCITUPTOB M3 a3UPUIUHOB; IS
MOJTyYEHUS] CTEPEON3OMEPHBIX mpeo- U spumpo-popm (1.280 a,0) ucnonp3oBan yuc-N-
cynshuamnazupuans (1.281).
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KonTtpacTHast cTepeoxwMusi TOCIEAHEH peakuH CBs3aHa C MPHHIUITHATBHBIM
BKJIQJIOM CYJb(OKCUIHOW TPYIIIbI, BIUSHUECM JOTIONHUTEIHHON aKTUBAIMK KOMILICK-
ca (1.282), a Taxxke ¢ 0COOCHHOCTSIMHU MPOTEKaHUs cTepeocnenuduyeckoit [3,3]-curma-
TPOTIHOM NeperpyNIHPOBKY, BKIIIOYAIOIICH MUTPALIHIO TPUPTOPMETHII-AllETOKCUT PYIITTBI
K FeHepupyeMoMy KapOOKaTHOHY WJIM HOHHOM mape [224].

Hwxe mpuBenena cxema cunte3a (+)-tuamdennkona (1.283), Bkiouarorias Boc-
CTaHOBIICHHE KapOokcuimatHoro ¢parmenta asupuauna (1.284) ¢ mocnenyrommm
N-allmuInpOBaHKWEM M OKHCICHUEM METHICYNIb(GUAHOM Tpybl [33].
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luaponu3 W aneToyM3 a3sMpUIUHOBOIO IMKJIA HCCIEOBAHBI JUIS  a3UPHIMHO-
muTto3nHa (1.285) — mpoTHBOPaKOBOTO aHTHOMOTHKA TpymIEl MuUTOMUITMHA C [225].
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[Tomo6GHOro pona peakuusi, a UMEHHO PACKPBITHE a3UPUANHOBOTO LUKJIA COEAUHE-
Hus (1.286) o neiictBuem kapOoHOBOM KUCIOTHI (1.287), BXOJAUT B CXeMy CHHTE3a H3-
BECTHOT'O MPOTHUBOPAKOBOIO CPEACTBA akTHHOMMIIMHA D [33].
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_CH)ClL,
KHUITIYCHUEC

7 nuei
80%

1.286 1.287

B nenaBaeM 0630pe B. A. Uebanosa [113] npuBeneH npumep MacCHBHOCTH a3HpH-
JUHOBOTO IIMKJIA B CPEe YKCYCHOM KUCIJIOTBI, KOTOpasi B OUYEHb MSTKUX YCJIOBHUSX TPaHC-
(dbopMUpYET UHBIE CTPYKTYPHBIE (ParMEeHTH MOJICKYJI.
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BsaumopeiictBue asupuanna (1.288) c ykcycHOM KHCIOTOW NpHUBENO K CMecH
crepeonsomepos (1.289 a, 73 %) u (1.289 6, 13 %), rUAPOTU30M KOTOPBIX ObLI MOJTYUYCH
amunoctupt (1.290) [75].

)y 'n
| _OAc OH
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EtOAc . MeOH, A N
NHR 65% NHR
1.288 1.289a 1.2896 1.290

MexaHn3M pernoceneKTUBHOTO a0 IM3a HEaKTUBUPOBAHHOT O asupuauHa (1.291,
Ar=4-CICH,, 4-FCH,, 2-nadtun) npuBeneH B pabotax [226; 227].
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B pabore [72] Hapsmy ¢ aMHHOJIN30M OTHCAHBI U APYTHE MPEBPAIICHUS a3UPHIN-
Ha (1.292, R = CO,Bu-f), ocymectBisiemble nox neiicreuem cnupros (C,H;CH,OH,
CH,CH(OH)CO,CH,), a Take yKCyCHON KHCIIOTBL.
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W3 npuBeieHHOI BhIIIIE CXeMBI CIeIyeT, 4To areTonns azupuanaa (1.292) npusoaut
K TIPOJIYKTY, TIOJIy9€HHOMY B pe3yJIbTaTe CTEPUIECKOT0 KOHTPOJISA, TOTa KaK B3auMO/IeH-
CTBHE ¢ OCH3UIIOBBIM CIIUPTOM 3aBepinaeTcst oopazoBanueM u3omepos (1.293 a, 6) B o1-
HomeHuu (1 : 1) He3aBHCHMO OT KOJIMYECTBA MCIOJIB3YyeMOro 3(upara Tpex(pTOpUCTO-
ro 6opa. He oka3piBaeT CyliecCTBEHHOTO BIMSHHS Ha COCTaB MPOJYKTOB PEaKIHH U BbI-
60p TeMIepaTypHOro pesxxumMa ocyiectsiaenus npouecca (0 u -30 °C), Tak e Kak U 3a-
MeHa KaTanu3aTopa Ha OeHTOHMT B cpese Tosyona (130 °C), u B ocobeHHOCTH NpoBeie-
HHUe peakiuyu B oTcyTcTBUe pactBoputes (100 °C) moj Bo3eiicTBHEM MHKPOBOIHOBO-
IO U3JIyYCHHS.

Cmech M30MepOB TONTydeHa TakXKe B peaknuax To3mnasupuanHoB (1.294) ¢ ykcyc-
HBIM aHTHIPHUIOM IIPH HCIIOIB30BAHUN aMMOHUII-12-Momuonodocdara (AMP) B kade-
CTBE TETEPOTCHHOTO KaTaJnu3aTopa B OTCYTCTBHE pacTBOpUTENS [222].

Ts NHTs OAc
N Ac,0, AMP
—_— +
/A K.T., 14
R R OAc R NHTs
1.294

JlokazaHo ydacTue a3upUINHOB B CHHTE3€ d(PHPOB MYPABHHHOIN KUCIIOTHI IIPH B3au-
MozelcTBur N, N-nu3zamerieHHoro 2-opomaytmnamuna (1.295) ¢ mumernn-gopmamuiom
[69]. Ilo MHEHWIO aBTOPOB, HOH a3upuAnHUSA B peaknuu ¢ [IMDA obpasyer nuHTEpME AT
Bunbcmaitepa, KOTOPBIN Jaiiee THAPOIU3YETCS I0 COOTBETCTBYIOMIEro (opmuara. Yda-
CTHE [-aMUHOTPYTITHI TPOSBIISETCS B KOHTPOJIE HE TOJIBKO PETHO-, HO U CTEPEOCEIIEKTHB-
HOCTH PEaKITHH.
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1.3.4. BzaumoneicTBue ¢ ApyruMu Hykjiaeopuiamu

BsaumoseiicTBue a3upuaMHOB € S-coJliepKalluMU HYKJICO()HIaMi HCCIIEIOBAaHO B
pabotax [72; 201; 208; 228; 229]. B [208] B kauecTBe 23 PEKTUBHOTO U pPEreHEPHPYEMO-
TO PacTBOPUTENS B CHHTE3ax f-amuHOCYIbGUI0B (1.296, n =1, 2; R> = CH,, n-CICH,,
n-BrC,H,, -MeOCH,, 2-nadTin) npennoxen noiaudtwieHrnukois (I1507), mo3Bossio-
IIM{ OCYIECTBISTH PEaKIMH C BHICOKUMH BBIXOAAaMH, a TAK)KE CTEPEO- H PErHOCEIEKTUB-
HO B HEUTPAIBHBIX CpeJlaX U CPABHUTEIBHO MATKUX YCIOBUSIX.

NHTSs(Boc)
@NTS(BOC) + R'SH %
n n ‘/gpe
1.296
NHTs

Ie

+
SR' Alk NHTs

(AP)Alk
N/ i+ rsg 2L
N
Ar

K.T.
Ts
1.297a 1.2976

[Ipu 3TOM apuna3supUIMHBI MPEUMYLIECTBEHHO 00pasyioT coenunenus (1.297 a),
TOrAa KaK aJKWJIA3UPUAMHBI C JIETKOCTHIO HPEBPALIAIOTCS B TO3MIAMUHOCYIb(HIBI
(1.297 6). llpuBenenHble pe3yIbTaThl COTIIACYIOTCS C JaHHBIMH PaOoTHI [72].

t-BuO,C
t—BuOQC
PhCH,SH
—_—
N EN, TT'® . SCH,Ph
Z 30°C, 5 cyr. ZHN

Bsaumopeiicteue azupuanaa (1.298) ¢ OeH3MIMepKanTaHOM IIPUBOIUT K AMHHOTHO-
my (1.299) u nanee k nuctuny (1.300) [54].

V4 H SCH,Ph H S35
N phcH,sH  ZHN 2 HLoN, g
MeO,C. g _PhCRLSH - . /
A BF3*OEt2 ~ ¢
H H MeO,C gH HO,C aH
1.298 1.299 1.300

B pabore [228] mnpuBeneHbl TpUMEPHl HCIOJIB30BaHMUS JHA300MLIUKIOOKTAHA
(DABCO) B xauecTBe KaTaau3aTopa peakluyy a3upUIMHOB C THOJIAMU M aMUHaMH. Hike
MIPHUBEJICH PsiJ] HCCIIeIOBaHHBIX To3mIa3upuanHoB (1.301 a—k).
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Bn
15
NTs NTs NTs

1.301a 1.3016 1.3018 1.301r

Ph Ph
\DNTS \E\ITS NBn

1.301x 1.301e 1.301x

Araka nykieopurna (ArSH, PhCH,SH, ArNH,, PhCH,NH,) nanpaBiena mo tepmu-
HampHOMY C-aromy asmpuamHoB (1.301 B, r), M0 00OMM YITIEPOJHBIM aTOMaM COEIH-
nHenus (1.301 a) u mo OeHszmibHOMY atomy yriepoaa asupuanna (1.301 e). Bzaumoeii-
ctBue coenuuenus (1.301 1) ¢ peHMITHOIOM ¥ aHWJIMHOM OTJIMYAETCS COOTHOIICHHUEM
KoHEUYHBIX TIpoaykToB (1.302 a,6) — 1,1 : 1 3,5 : 1 cCOOTBETCTBEHHO.

NHTs Nu
)\/Nu )\/NHTS
Ph Pl
1.302a 1.3026

Hwxe npuBe/ieH npemnonaracMplii MEXaHU3M PEaKIi, KaTaIu3upyeMoi 1rua300u-
nukiookranom (DABCO) [228]:
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R! R! NTs
N
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MeCN, k.T. "/ ',
R2 “Nu
‘ NHTs

. [\ NHTs
%y,
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B paGore [229] onmcana 5SHAHTHOCENEKTHBHAs JECUMMETpH3AIHA Me30-N-
cynshornnazupuauna (1.301 a) tnonamu ¢ yaactuem conu ammonns (1.303), a Takxke ee
AHAaJIOTOB, COJICPIKAIMX Pa3THYHbIE [T0 XapaKTepy apyiibHbIE 3aMeCTUTENH. Brixox mpo-
IykTa gocturaet 99 %, a YHAHTHOCENEKTUBHOCTE — 72 %.

WNHTs
PhSH, 10 mMom% (1.303) X

1 M NaOH (BoaH.)
CHCl3-tomyon (1:1) SPh
25°C

1.301a
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Pesynbrarhl ruaporaqoreHUpOBaHMs a3sUPUANHOB OTpakeHbl B padortax [36; 187;
230-232]. IlporexaHuio 3TUX peakuuii cnocoOcTByeT kucias cpeaa [187].

R(Bn) R(Bn) R(Bn)
+ —
NH _HHal NH Hal _HHal _ NH; Hal
Hal

OpHaKO aMUHOTATIOTEHHIBI JIETKO 00pa3yroTCsl M B HEMTpaJbHBIX cpenax [232].

I%OC NHBoc
MgBr, -
BnO\A/OH Et%O Bno\/\_/\OH
257C, =
95% Br
1.304
NHBoc
BnO
BnO\/'\/\ Br
~ oH
Br
NBoc A Me,C(OM
\/<l/\ MgBr, 1.305a, 50% €,C(OMe), BocN
Et0 Br TsOH, CqHj XO
25°C <
> BnO
95% OH
NHBoc 1.306

1.3056, 50%

HpI/IBCZ[CHHI)IC JAaHHBIC CBUACTCIILCTBYIOT O BJIMAHUN CTCPCOXUMNYCCKUX OCO6€HHO-
cTell cyOcTpaTta Ha perHoXUMUIO peakiuu. CTpoeHue MPOIYKTOB MOJTBEPIKICHO CIICK-
Tpamu IIMP, a Takke XMMHUYECKMMH METOJAMHU: U3 TPEX CTEPECOM3OMEPHBIX AMUHOTra-
norenuyioB (1.304, 1.305 a, 6) TosbKO TOCJHEIHUI JIETKO MpeBpalleH B OKCa30JIHIUH
(1.306). PaznuuHOE MOBEICHUE CTEPEOM3OMEPOB aBTOPHI [232] 0OBSCHSIOT pa3iuyHON
YCTOMUYMBOCTHIO 00pa3yIOmuxcs mepexoanbix coctostauii (1.307 a, 0).

¥ ¥
Br: Br Br: Br
g Wi
BoeNL Y “SNBoc
OH BnO
BnO OH
1.307a 1.3076

B paborax [2; 233] mpuBeneHBl TPUMEPHI 3aBUCHMOCTH PETHOXUMHH PACKPBITHS
asupuanHoBorO IuKiIa coenuHeHuit (1.308, R = #-Pr, i-Pr, Ph, R’ = Me, Et) ot nmpupoisr
ATaKyIOIIEro peareHTa 1 yCJIOBUH OCYIIECTBIICHHS PEaKLINH.

NHCO,Et H CO,R' Br
/k/COzR' NaBr R\\\W//’H MgBr, o _COR
R Amberlyst N R

loo] (IR
=

CO,Et NHCO,Et
(28,3R)-1.308

W3BecTHBI mpUMephl THApOraloreHupoBanus Tozwnasupuauaos (1.301 a, 6, x) u
(1.309 a—B), npuBoasmiero k 2-ranorenamunam (Hal = Cl, Br, 1) [230]. B pabote mox-
TBEPIK/ICHBl OCHOBHBIC 3aKOHOMEPHOCTH MPOTEKaHMsI PEaKUUH HYKICOPHIBLHOTO 3ame-
LICHUS B PAAY STHJICHUMUHOB, & UMEHHO MPAHC-PACKPBITHE TPEXWICHHOTO UKJIA, A TaK-
JKe aNbTEePHATHBHAS PETHOCEIEKTUBHOCTD MPOLIECCa, MPOSBIISIOMIAsICA B 3aBUCUMOCTH OT
XapakTepa 3aMeCTUTENS B a3UPHIMHOBOM (parMeHTe MOJIEKYIL.
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Ph
@ NTs <) NTs T: NTs

1.301a 1.3016 1.301x
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1.301x
CH3CN K.T.

90% NHTs
4:1

NHTs

13096 —<h
’ CH;CN, K.T.
NHTs

77%

1:9

W3MeHeHue pernoXuMun B T0JIb3y TEPMUHAIBHON aTaku HyKieohwta (s a3upu-
muHa (1.309 6) cooTHOIIEHUE M30MEpOB cocTaBisieT 1 : 3,5) 0TMEUeHO IpU UCTIOIh30Ba-
HUU CHIMINPOBAHHBIX HyKJIeo(mIoB, Takux kak Me,SiCl, Me,Sil u Me,SiN,, a Takxke
N-rereporuknmyeckoro kapoerna (1.310) B kauecTBe katanuzaropa [231]. Huxe npen-

CcTaBJICHA 06u1a$[ CXCMa BO3MOXKXHOI'0O MCXaHU3Ma pCaKIUU:

N N
he
5 mons% (1.310) 1
NTs —————— 1
Me;Sil, TT® i
0,5 1, 95% TsNJQ HE) 1————si(Me
1.301a )k\/ MMe
R
N N
N
1.310

NHTs

T

00630p [213] MOCBsAIIEH aHAIM3Y XUMUYECKOTO TIOBEICHHSI SHAHTHOMEPHO YUCTHIX
a3UpUAMH-2-KapOOKCHIaTOB. B HeM MpHBeeHbI MHOTOYHCIICHHBIE CBUICTEILCTBA BO3-
MO>KHOCTH BOBJICUEHHS B PEAKIIMOHHBIE MTPEBPAIIEHNS KaK CaMOT0 a3UPHUIMHOBOTO KOJIb-
1a, TaK U OKPYKAIOMIKX ero pyHKIMOHATBHBIX Ipymil. [I[pu 7TOM MHOTOKpaTHO TOKa3a-
Ho, yTo azupuaunsel (1.311, R = Alk, Ar) yCcTOHYUBBI [0 OTHOIICHHIO K KOMIIEKCHBIM TH-

IpumaM MetamuioB [213; 234].
Ph Ph

({Qk OH k
Me' N ! L-Selectride® J\ ZnClz, NaBH,
B
R THEF, -78°C CH;OH, -78°C
H > H 3
® 93-99% (S) 86-99%
1.311

Ph
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C npyroii CTOpOHBI, BOCCTaHOBUTEIbHOE packpbiTre azupuauHa (1.312, R = Et, Ph)
MIPOUCXOUT MO JECHCTBUEM aTIOMOTUIpUAA TUTHS [235] ¢ mocneayoiel peoKCuaaiu-
el 3aMeCTUTEA.

H—AlH2
NHTs
R e 1. LiAIH, R / =
H"""\WA""Cone 2. NalO,, RuCly Hit I /E\/COZH
N 73-86% N R
Ts Ts
(2R,35)-1.312

%IIIH:..

otHomenuu 1,6 : 1

Bsaumoneiictue azupuanna (1.313) ¢ fioguaomM camapusi IpUBOJUT K 00pa30BaHHIO
rpaguuecKoe pa3aeiaeHue Mo3BOIMIIO MOyYUTh H30MepHbIe MpoAyKTs (1.314 a, 6) B co-
611

f-amuno03¢dupoB [236]. [IpeBpamenue B N-Boc-ipon3BoAHbIEC U TOCIEAYIOIEE XPOMATO-

(¢}
OBn
NH

(25,3R)-1.313

LSml,

2 Boc,0
66%

CO \\\\\\

(25,3R)-1.3142
Boccranosnenue azupuaunos (1.315, R'

“tly,.

0
OO)ROBH
NHBoc “NHBoc
(2R.3R)}1.3146
Tr, Ts, Boc, Ac; R°= OR, NR,, Alk; R’

R*= Alk, Ar) ¢ coxpanennem KapOOHWIBHOM IPyMIIBI ONKMCaHO B paboTtax [236; 237]

(0}
R3 NHR' O
R4 R?2 Sml, 3 ,
N JIMDA R4 R
iy 60-98%

1.315

B [2] npuBeneHB! peakiuy THAPHPOBAHMS a3WPHUIHH-2-KapOOKCHIIATOB, KOTOPHIC
XapakTepu3yroTcs pa3phiBoM cBsizu C—N, MpUOIMIKEHHOHN K BHEIIMKIINYECKOMY 3aMECTH-
239].

temo. [Ipu aToM cuHTe3MpoBanbl coenunenus (1.316—1.318, R = H, Alk, Ar) [213; 238

EtO,C
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N AcOH
J\ 80%
Me”~ Ph
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/ } COZE ( )é 2
AcOH
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Ph
({{). OH
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H 24,
© 259C, 4 4
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CO,Et
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OH
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S R

NHBoc
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MHoro4HClIeHHbIE TIPUMEPBI B3aUMOJICHCTBUS a3UPUIUHOB C METAJUIOPTraHUYECKU-
MU COCIMHEHHSIMHU MPHUBEIEHBI B padoTax [13; 33; 36; 46; 51; 240]. B xauecTBe pearcH-
TOB UCIOJIb30BANIUCH aleTUIeHU b TuTus [240], nutuitankunkymnpatsl [36; 46], a Takke
TpuMeTHICUInIIuanua [241].

NHTs
Ph——Li
NTs
CuOTf (10 mons%) “,
Et,0, 25°C, 45 4 %\
96% Ph
1.301a
NHTs
&/\/\ Li,CuCNMe,
—_—
Et,0, -78°C
259C, 124
63%
0-Ns 9- Ns
/ 1) 0,5 oks. (1.319) HN

A <) CH,Cly, K.1., 75 M. Ar\)\/CN

2) 3 sxkB. TMSCN
CH,Cl,, k.T.,5 4
62-78%

MeO |\OO/| OMe

1.319

[Mocnenuuii cityyail mpeacTasisieT cCOOOH HOBBIA METOJl aCHMMETPHUYECKOIO pac-
KPBITHSI TEPMUHAIIBHBIX a3UPHIMHOB NpU yyacTuH xupanbHoro amuna (1.319). Peakuus
OCHOBaHAa Ha aCUMMETPUYECKOM pacrio3HaBanuu azupuaunon (1.320, Ar = 4-MeCH,,
4-MeOCH,, BocOCH,, 4-BrCH,) ¢ mocnenyrommm ux pacKpbITUEM O] BAUSIHUEM HY-
KJI€O(MIBHOTO peareHTa. AHAIOTMYHO ObUIM BBeAeHbI rpynnbl Ny u 1 [241].

PernocenekTuBHO MpoOTeKaeT ajKUIUpoBaHue AudeHHIPoCcHUHUIAZUPUANHOB
(1.321, R = CH,Ph, CH,CHMe,) nqumMeTunkynparoM JIuTHs; BbIXoJ aMuHOB (1.322) co-
crasisieT 86 u 73 % coorBeTcTBeHHO [46]. VX nedochunnnrpoBanue 10CTUracTes Kpart-
KoBpeMeHHbIM Bo3aeicTBueM BF.*OFEt, B meTanore.

R
N/ MeCuli R R | _BFJOE, _ R ]
N TI®, 5 u Me R MeOH R
Dpp 78 (0%C NHDpp NHDpp ~ CHyCL,0°C  ®NH, F®
1.321 1.322

B pabote [46] paccMOTpEHO B3aUMOICHCTBUE a3UPUIUHOB C APYTUMHU HYKICO(DUITb-
HBIMH p€arcHTaMu, a TaKKE IOJYUCHHE aMUWHOB C BHUUWHAJIbHBIMH 3aMECTUTCIIAMU (I,

SPh, SePh, N,, CN, Ph).
LS VARVEY)
MeMgl Ph Me
pp
Dpp
N3ydeHbl MHOTOYHMCIIEHHBIE MEPErPYNIUPOBKH, COIMPOBOXKIAIOUIUE OTHU PEAKIUU
[33; 36; 242; 243].
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S]

) ) NTs NHTs
Me;SiCH,Li HO
0 NTs ——— | O — _
o SiMe; SiMe;
-78—0°C

92%

1.3.5. U3omepu3anmu U neperpyninupoBKH.
IIpeBpaiienue a3UpUIMHOB B Apyrue MMKJIHYECKHe
CHCTEMBbI

OnHO U3 caMbIX MHTEPECHBIX MPEACTABIISCTCS MEPErpynupoBKa yuc- WIA MpaHc-
n30MepoB azupuanH-2-metanonos (1.323, R =Me, Ph, CH,0Bn) — a3a-nieperpynmnupoBka
[Taitna [2; 128; 170].

a o0
OH
S O DNu
N Lo N +
Hmw KH Hu A T R, 2) H;0 R Nu
N N 42-99%
Ts Ts NTs NHTs
1.323 1.324 1.325 1.326

Cy6ctpat (1.323) mon meicTBHEM CHIBHBIX OCHOBAaHWH crmocoOeH Tpanchop-
MHPOBATHCS C 00pa30BaHHUEM JIBYX MOTEHIMAJIBHBIX HHTEPMEINATOB — OKCA-aHHMOHA
(1.324) v aza-annona (1.325). [locneanuii sBNseTCS MPEANOYTUTEIBHBIM 10 JAHHBIM
pacueToB U ONpeEJeNeH IKCIEPUMEHTAIbHO. ATaka MHOTOYHCICHHBIX HYKICO(HIOB
(Nu = Me, u-Bu, PhS, #-BuS, CN, #-Bu,;Sn, NBn, u ap.) npuBOoaUT K aMHHOAJIKOTO-
o (1.326) ¢ coOroieHneM UCKITIOYUTEIbHON peruo- u crepeocenekTuBHOCTH. [1pu
OTCYTCTBHH aKTHUBAIlMU aToOMa a30Ta MeperpyninupoBKa He TPOUCXOUT U3-32 OTCYT-
CTBUSA B peakImoHHOU cpeae nHTepMenuata (1.324). Ecnu ucnons3yeTcs ocHOBaHWE
HEJIOCTATOYHOM CHJIIBI, 00Pa3YIOTCS MPOIYKTHl MEKMOJIEKYJIIPHON aTaky a3upHINHA
o yTsMm (a) uiu (0) [2].

B pabore [128] npeayioxkeHbl yCIOBHS MPEBPAIIEHUs a3UPHIANHOB B 3TIOKCHU/IBI
MOJ] ICHCTBUEM THAPHJIOB Kajus U HATPUS B MATKUX YCJIOBHUIX C BBICOKMMHU BBIXO-
JTaMHU.

H NaH (4 9Ke.), K.1.,2 4 ¢ e
BnO\/W\/OH TCO-TM®OTA (12:1)  Bpo [

0,
Ts 97% NHTs

H
NTs
OH e KH (4 2kB.) i NHTs
TFCD K.T., 18 4
99%

B npucyTcTBUM OCHOBAHMI MPOUCXOASAT U IpyrUe NEPErpyninupoBKy. Tak, mosyde-
HBI ONITHYCCKU aKTUBHBIC TIPOIYKTHI Ha OCHOBE a3upuauHoB (1.327-1.329) [33].
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g NHTs
s-BuLi NTs &
NTs _(-)-craprenn,_ NTs
Et,0, -78°C :
69% A
1.327
s-BuLi
Et,0, “Et,0,-780C
LDA
1.328
s-BuLi NHTs
NTs (-)-CIIapTe(I;IH NTs
Et,0, -78°C )
"Li
1.329

N3yuens! karanusupyemsle BF, a3annHakoIMHOBEIE TEpErpyNIUPOBKY a3UPHINHOB
(1.330-1.333), nanpaBieHHE KOTOPBIX CYLIECTBEHHBIM 00pPa30M 3aBHCUT OT CTETICHH 3a-
MEILEHHS ANKUIBHBIMY TPYIIIIaMU TPEXWICHHOTo (hparmMenTa [244].

Ts BF3*Et,0

Ph>A<Me -15°C, 4 cyr. p?l/[e NS

Pl Me 96% ol \Me
1.330

Ph LS H —400CBE>Z<ETtZO7 CYT. H

e 65% "
1.332

Is BF;*Et,0 H

M8>A<H K.T., 5 MHH.

Ph H 11%

Me
Ph H
1.331

Ts
N H 0O
o Me H BF;*Et,0 Me
—400C—>K.T., 2 Hen.
69%
Me

1.333

O0pazoBaHue TO3WIMMHUHOB MPOUCXOUT COTIACHO MPUBEACHHON HIUXKE CXeMe:

I"l\}s
Ph Me
Ph>A<Me
1.330

o
Me NTs
Me| -BF3 Ph; /
Me PH Me

XwupanpHblid UMUH [(R)-1.334] monydeH B pe3yabTaTe TSPMUICCKOTO MTPEBPAIICHUS
puHIITa3upuauHa (1.335, R = COzBu—t, C=CH, Ph, rexcmn) [245].

Bu-t

A

H™ TR
(2R,3R)-1.335

]

R

__PhH

KUITIAYCHUEC

(R)-1.334

Tepmunyeckas neperpynnupoBka asupuansa (1.336) npuBoIUT K COOTBETCTBYIOLIIE-

My umuny (1.337) [246].

\ OMs
N

JJ T O

1.336

AN
|

cl Cl

1.337

OMs
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IeperpynnupoBka Tepmudecku cradbuibHoro (10 190 °C) asupumuna (1.338) B
9-amuHodeHaHTpeH onucana B padore [66].

O H H |
0®
1. HCl
2. NaOH
-Ph;PO
o H NH,
H

1.338

ABUPHUIIMHEI 110 IPABY CUYUTAIOTCSA, KaK U STMOKCHUIHBIC COSAMHECHHUSI, CTPOUTEIHHBIMU
OJIOKaMU TSI KOHCTPYUPOBAHUS Pa3HOOOPA3HBIX IMOJIU- U TETEPOIUKIHYSCKUX CUCTEM.
Ora 00JaCcTh TIIATEIILHO U UHTCHCUBHO HCCIIEYETCS B TIOCICIHUE TOJIbI, U PSJ] 110100~
HBIX peakuui yxxe onucat [32; 36; 65; 113; 123; 181; 188; 244; 247-251].

B pabore [57] mpuBenieH OpUrHHaIbHBIN CHHTE3 IATHWICHHOT0 amuHocinpTa (1.339)
C UCIOJIb30BAHUEM B KaueCTBE cTapToBoro marepuana coeaunenus (1.340), Bkirouaro-
HIETO KaK a3UPUAUHOBBIN, TaK U STTOKCUIHBINA [IUKIIBI.

O MeS, SMe
TMSQ SMe
Tst/A N THF, -80°C E BF;*Et,0
TMSWG/SM" DMPU  TeN O gMe | 42%
SMe ~TMS TsHN  OH
1.340 1.339

[IpennoxkeHo HECKOIbKO CIOCOOOB TPEBpAIEHUs] ONTHYECKH AaKTUBHBIX a3u-
pUAMHOB B asupuHbl [2; 252-255]. Ilocmemnue MOTyT OBITH TOJNYYCHBI JCHCTBH-
eM OcHOBaHWU Ha N-to3mnazupuanH-2-kapookcunatel (1.341, R = Me, Et, Ph) u ux
N-cynbpuHMICOACpKAIIUEe aHaiord. [1oJoOHBIM 00pa3oM MONyYEHBI COEAMHEHHS
(1.342 a, ).

Ph R
bl N
N -78%C

H ) CO,Me Ph CO,Me
Ts
1.341
A 1.T™mscl Crafly
'{""\WA""COZME _950C /
BIRY _2.LDA _ H
Hy;C13 é 3. H,0 ~/""CO,Me
p-Tol”~ "0 62% N
1. DMS
H H H PO;Et Ph H
-4 (COCh, N\ o
Phi PO3Et2 2 BN Ph! 7 + N """"PO3Et2
N e N N
H
(R)-1.342a (R)-1.3426
62% 15%

B paGote [134] noctyaupoBaHo 00pa30BaHUE a3UpUHA KaK MHTEPMEIuaTa B peak-
MY METaJNTUpOBaHus yuc-azupuauna (1.343).
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T
1 1. RLi (4 5x8.), TTD l\fle
N -78°C, satem 1 1 mpu -20°C (SiMe;
A . 2. Mel (5 5kg.), TT® A
#Bu SiMe; 20°C~0°C3aly HBU R
1.343
RLi MeII
Ts @
Noe , {u
/AG\LI A = A e
. -TsLi ) <
#Bu SiMe; #BU SiMe; #BU R

ABHUPHIVHBI SBIISIOTCS MPEIIISCTBEHHUKAMHU f-TaKTaMOB B PEAKIUIX KapOOHMINPO-
BaHUs, IPOTEKAIOIIMX C paclIupeHueM rerepouukia [1; 2]. Hanpumep, nnzaMerieHHbli
yuc-azupuaut (1.344) xonumuecTBEHHO MpeBpataercs B mparc-f-nakramsel (1.345 a, 6) B
oTHomeHuu 92 : 8 [256; 257], Torna kak COOTBETCTBYIOLUI mparc-U30Mep MpeBpalia-
eTcs B f-JlaKTaM ¢ MHBEPCUEH KOH(PHUTYpaluy peakKOHHOTO EHTPA.

Me OTBS  Coy(CO)g Me,, M

H\W/; 500 psi €O, 100°C _ K OTBS TBSO S
N 0% NB
Bn

1.344 1.345a 1.3456

HcnonszoBanue BMecto Co,(CO), kapOoHma xene3a npespamiaet asupuant (1.346)
B KoMIutekc (1.347), koTopblif B pe3yibTaTe BOCCTAHOBIIEHHUS PallEMHYECKOro oOpasiia
JIaeT f-aKTaM ¢ BIXOJI0M 54—69 % [258].

O, Q,
Fey(CO)g >—Fe(CO)3 1. NaBH4
Me. — YJIBTPa3BYK BnN O -70°C, 76%
Huom sy 68% \5‘ ¥< 2. M83NO
N (dr 18:1) mMé H 0°C, 63%
Bn
(5R,6S,3E)-1.346 (5)-1.347

[Ipu nevictBuu Ha asupuanH (1.348) okcuaa yriiepoaa B MpUCYTCTBUH 3aKPEIIIIEHHO-

r'0 Ha MOJIMMepe KOMIUIEKCHOTO pojiueBoro karaiuzaropa (1.349) nomydeHsl f-nakramMmbl
C KOJTMYE€CTBEHHBIM BBIXOJIOM.

Bu-¢

/ (1.349),co FPh Bu-t
N (400 psi) N
Ph/<’ GeH30I1
99% 0
1.348
(CO),Cl (CO)Cl
Rh_ Rh_
Ph,P k j’th thp Pth
Ph,p” &) /\PPh
Cl(CO)th ) _Rh(CO)CI
“PPh, PP 2
07 "NH
o

1.349
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CxoHbIH 110 CTPYKTYpe azeTunnHoH (1.350) sBisieTcs KIIIoYeBbIM HHTEPMETUATOM B
cuHTe3e psaaaHTHONOTHKOB. OH IMONTy4eH B3anMoericteuem azupuauna (1.351) cuunanu-
aHroHoM [182] ¢ mocneaytomum o0pa3zoBaHueM mpen-0yTOKCUKapOOHUIaMUIHOTO UH-
TepMeauaTa.

OTBS
oH OTBS 2
OTBS !
/'\W/k/OH . S CO,H
NTs 0=i\ NHTs NH
NHBoc Y
1.351 1.350

MHoroctyneH4yaroe MpeBpalleHHe IpeTepreBacT TPULUKIMYECKUN a3upUIUH
(1.352, PMP = C,H,OMe-n) B peakuuu c s3¢upatom BF;[33].

/PMP /PMP PMP\NH o)
N ~N
H H-
S S X S,
Pt 0l e O
N y N
CO,CH,CCl, BF; CO,CH,CCly CO,CH,CCl,

1.352

IIpeBpamenne muasupuanHa (1.353) urpaer pemaronyo poias B cuHTe3e 1,3-amm-
MuHO[ 14 arrynena (1.354) [120].

CER = () - 80 - 8220)

OH OH
1.353 1.354

[Muponu3 azupuauna (1.355) npuBoaur k 4,5-nmuruapoasenuny (1.356) [259].

-
EtOﬁ—N@@SOZ F;g EtOZC—NC —— Et0,C—N
B 2
=

1.355 1.356

Coemunenus (1.357, R = Me, Ph, 4-MeC H,) npeBpamensl B 3-cynbhonamumo-
2,3,4,5-terparuapo-1,5-6enzoruazenunsi (1.358) [105].

R

SH
0:%:0 1,2 k8. ©: S
Tlf NH, C[ }NHSOZR
%Br N

1,2 sxB. K,CO3, TT'®D

0°C, u—A, 5u H
1.357 1.358
SO,R
HN/ 2
NHz‘/‘

Pacmipenue rerepolykia 10 MSITH- U IMIECTUYJICHHOTO OCYIIECTBICHO HECKOIbKH-
MU CIIoco0aMHu, B YaCTHOCTH, Yepe3 00pa3oBaHue a3oMeTUHIINIO0B [260—262]. B pabdote
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[249] monoGHOrO poaa mpeBparieHus npoBeaeHs! i asupuauna (1.359) B npucyrcrBun
muMmetunanernieHaukapookcmnara (DMAD) B muokcue yriieposa.

3
I|{3 lli l|{3
N 1 2
RN H A _hv, RLAEER
R! R2
R? H
1.359
- MeO,C CO,Me
N MeO,C—==—CO,Me M
A hv 254 um
Pl CO,Et MeCN, 14 Py o
69%
MeO,C CO,Me
MeO,C—==—CO0,Me /Z—S\
A hv 380 M Ph CO,Et
CO,Et MeCN, 25 mun. N 2
DCB, 68%

Tepmomnuzom azupuamaa (1.360) moryden 3ameriennbiii mupponus (1.361) [249].

CH,Ph MeO,C CO,Me
X MeO,C—=—CO0,Me /Z—S\
A 80-85°C Ph COPh
Ph COPh Tostyor, 4.5 4 ITI
1.360 42% CH,Ph
1.361

Tepmonms azupuarHa (1.362) BKIIFOUEH B CXeMY CHHTE3a aKPOMEINHOBOW KHCIIOTHI
B (1.363) [1; 156].

/
H H
Am\\“\ S — \\\\\\\\OB
OBn —— H
(0] (0]

N
Bn
1.362 1.363

CriosxHas IOTUTeTepOoMKINIeckas CTpykrypa (1.364) moirydeHa B peaKIiu KO-
MIPUCOECTMHEHUS N30TpeHa K asupuauny (1.365) [2; 263].

Me
N
Ph Z ﬁi"\B PhH”», N
\[ TMeCN \[ o
O0— Sl U301peH 0_151,,//
Ph Ph
(R)-1.365 (3R,4S,6S,1'R)-1.364

OOHaeKUBAIOLIME PE3YIbTATHl MOTYUYEHBI MIPU U3YUYCHUH PEAKUUH aKTHBHPOBAH-
HBIX a3UPUIUHOB C oJie(hHAMH B IPUCYTCTBUH KUCIOT [ 188; 264]. B3aumoeiicTpue a3u-
pununa (1.301 1) c TepmunanbHBIME ankenamu (1.366, R', R*=Et, (CH,),, (CH,),, (CH,),)
3aBeplIacTcsl 00pa3oBaHUEM COOTBETCTBYIOIIMX MPOIYKTOB ¢ BbIxogamu 72—80 %.

Ts 1
Ts R! . N R
N . BF;*OEt, Q2
Aph :Rz CH,Cl,, -78°C
Ph
1301z 1.366
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bunukmmueckue nmupponuauasl (1.367, 1.368, n = 1, 2) cHHTE3UpOBaHbI TaKXKe C
Y4acTHEM T-HYKJI€O(HIIOB B YCIOBHIX KHCIOTHOTO Katanuza [189; 265].

Me
Me Me
@0
Me Et;0BF,
4, NTs
CH,Cl,
0%c
75% 1.367
NT
BF;*Et,0 (300 Mo5%) NI
-780C — k.t n
1.368

KucnotHokatanmsupyemas neperpyninipoBKa TpUITUKInYecKoro asupuanaa (1.369)
npuBena k oopazoanuto coequaeHus (1.370) co CTpyKTYpOH, CXOTHON CO CKEIETOM TPO-
MTaHOBBIX aJTKAJIOUIOB [266].

F
"”"so Ph BF3*E,0
TsHN
SO,Ph

SO,Ph

1.369 1.370 (45%)

B pabotax [244; 267] mokazaHa BO3MOXXHOCTh 00pa30BaHUs MIECTHUICHHOW a30TCO-
JieprKaiiel rerepounkindeckoi cuctemsl (1.371) B mpucyrcTBum 2,3-1uMeTHaoyTaame-
Ha-1,3, a B [65] — aHAIOTMYHOTO CEMUYWICHHOTO IMKJIA B YCIIOBHSX [-pacIieTuieHUs a3H-
PUIMHUIKAPOMHUIIBHBIX PaluKaJIOB.

Ts
N H TsN

BF;*E(,0 /
K.T., | 4

81%

'~
_—
=

1.371

3aMelIeHHbIC TUPPOTUANHBL U MUMIEPUANHBI CHHTE3UPOBAHBI C IPUEMIIEMBIMU BbI-
X0JlaMH Ha ocHoBe quasupuauna (1.372) [268; 269].

H
AcOH BocN. NaCN
“ow . Tsshc
oc ) Boc
H 65% NHBoc
NHBoc

(2R,5R)-1.372

[uppomuaun (1.373) nonyuen npespamieHneM auazupuauna (1.374) [2; 270].

H OBn NaNj, BnO, OBn
CbzN i 10% BuyNJ
65°C,51% N
OBn H NCbz NCbz
NHCbz
(25,3R 4R, 55)-1.374 (2R.3R 4R,55)-1.373

B kauectBe (ropupytomiero arenra ncnoibs3zoBaiics TBAF; mocneganii packpsiBai
OJIVH U3 a3UpHUINHOBEIX (pparmMeHToB cyodcrpara (1.375), momydeHHOTO M3 D-MaHHUTOIA
[188]. IIpu 3TOM BBICOKHI BBIXOJ U PETHOCEIEKTUBHOCTh ONPEICISIMCH MPEANOUYTH-
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TEJNILHOW aTakoil Hykieoduiaa Mo MeHee CTEPHUUECKH 3arpy’>KEHHOMY TEPMHUHAIbHOMY
yriepogHoMmy atomy asupuausa. IlokaszarensHo, uro LiBF, B aHalOrHuHBIX YCIOBHSIX

JeiicTBOBaI HAMHOTO MeHee 3P PEeKTUBHO.

F ° .
N—Ts N—T's /
2, TS
"N
0 KT, 24 0 78% o
Ts—N TsTNS 0 HN=Ts
1.375

Peaknus [3+2]-nmkinonpucoequnenns 2-henun-N-tozunazupuauna (1.301 x) ¢ qu-
TUAPOIUPAHOM IIPOTEKAET B IPUCYTCTBUU TpH(bnaTa Menu [248].

Cu(OTh,, DCM _

o°c 30 MuH.
45 %

Phﬁ O

1.301x

2:3

“\\\:“

B3anmoneiictBuem N-To3mi-2-puHmiazupuanaa (1.376) ¢ aekTpohpuiIsHBIME aTKe-

HaMH TTOJTYICHBI THPPOTUINHEI [ 185].

~
R z TsN x
TsN - &
<l/\ Pd,(dba); Z
(4-FCgHy)sP R

1.376

V4

[IpeBpamenne asupuauna (1.377) B nupponuaIuH MpOBEIAEHO B NMPUCYTCTBUU Zn-

cozepskariero karanuzaropa [271].

OMe Ph
NPhCO E (20 %) " /
t MOJIb! Me
Pl 2 ° Ph\/g © CO,Et
TOJYOI, 459C, 76 4 76%
CO,Et CO,Et
1.377

[IInpoko M3BECTHBI PEAKLUH PACUIMPEHUS A3UPUIMHOBBIX KOJIEL B IIPUCYTCTBUU
ocHoBanuii. Tak, B paboTe [63] onUcaHO alKUIMPOBAHUE U AlIMIMPOBAHHE BUHHIIA3HPH-
AWHOB, @ TAKKE YyCJIOBUA I'CTCPOLUKIIN3AINN TOJTYUCHHBIX COeﬂHHeHHﬁ.

Bno\/|>/\ BrCH,CO,Bu- Bno\/b/\ LDA F
K,CO;, TT® -780C P -
HN 2 3 N - .
70% | 98% g CO,Bu-t
CH,CO,Bu-t BnO
1.378 1.379
BnO
—
A0, Et;N \/NI>/\ LiHMDS
DMAP, CH,Cl, 0 Tr®
789C — v, BNO HN
Me 83% \
1.380 1.381
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W3 npuBeneHHOI BBIIIE CXeMBbl BUIHO, 4TO azupuauH (1.378) npu B3anMoaencTBUN
¢ LDA npespamtaercst B retparuaponupuant (1.379) B Buge eqMHCTBEHHOTO H30Mepa B
pesyiabTate asa-[2,3]-neperpynnupoku Buttura. Hanporus, amun (1.380) uepes asza-
[3,3]-nmeperpynnupoBky Kisiizena npespamaercs B naktam (1.381). B paborax [272—
277] onucanbl MOA00HBIE MTpeBparerns BuHmIa3upuanHoB (1.382, 1.383). B nocneqnem
ciydae oOpa3oBaHHe JIaKTaMa MPOUCXOANT Yepe3 COOTBETCTBYIOIIEE MIEPEXOAHOE COCTO-

suue (1.384).
Me H
1| LITTR LDA /
A IO
99% g CO,Bu-t

| Me'
CH,CO,Bu-t
1.382

\W/7 LiHMDS H
e IIIIIIIH
8% B“\)v)(
TR1% N %\OBn
OBn .

O OLi

1.383 1.384

CxotHBIM 00pa30M OCYIIECTBIICHBI MpeBpaieHus azupuanHoB (1.385, 1.386) [33].

E N <0 __Tomyom E PhNCS
W, KHIsHCcHHE

NHPh
1.385 1.386

Banr ¢ cotp. [278; 279] npennoxxuian METOAMKY cuHTe3a 1,4-0eH30AMa3enuHOB
(1.387, R =H, 3-Cl, 4-Me, 4-Cl, 5-Cl; Ar=Ph, 3-MeCH,, 4-MeCH,, 4-FC,H,, 4-CICH,,
4-MeOCH,). Ona BrimouaeT N-OeH3MIMpOBaHHE a3UPUINHA, CTPOTO PETHOCEIICKTHBHOE
PACKpBITHE a3UPUANHUEBOTO HOHA, a TAKXKE TeTepoluKIn3anuio nurepmeanara (1.388) B
MIPUCYTCTBUU OCHOBAHUSI.

s COCF,

R\\l NHCOCF; 1. CHyCN \ N/
| (‘* W/CO2Me KHUIISTYEeHUE /
Br + CO,M
Z, N 2. EtN, CH;CN j e
\/ | KUIIAYECHUE N
Ar 25-71% |
Ar
1.387
o
Br R
\' | &
CO,Me
Vi \ /) - Z NHCOCF
)\ N ’
R Ar CO,Me
|/\/
NHCOCF; Ar Br
1.388

3amemennsrii uppoamsuanH (1.389) B ocHOBHO# cpefie TMOydeH depe3 COOTBET-
ctByromuii maTepmenuat (1.390) [13].
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E\j HCI Oj LDA
®
ND CO,Et B CO,Et

%Cl

1.390 1.389

JlocToiHBI yOMUHAHUSI MHOTOYHCIICHHBIE MTPEBPAIeHUS a3UPUANHOB B MMAPPOIIHU-
IIUHBI U TTAPPOTUINH-2-0HbI B YCIOBHSAX PEaKIUN ¢ paauKaIbHBIMU peareHTamu [280].

PhSe
1) PhSe AIBN
NTs
2) Ammun6pomuy / NaH Bu3 SnH R N
R
Ts

CO,Me
NN AN

N~ X CO,Me —_—
>V X CO, #\/Seph BuySnf CO,Me
N
H

1. O’Bbpaiien B 2008 1. mpeanoxuil cleayonyo cxemy cuaresa [106]:

0,Et

T
s my

Ch N\ _-COsEL

PhSe”

i-Pr

i-Pr i-Pr
NBS BF;*Et,0
TsNCIN Et;SiH
TsNCINa NTs 2 i,
MeCN A 8°C —00C N IK
K Ts

KT, 149 0

O0pazoBaHue MATUWICHHBIX JAKTAMOB JIOCTATOYHO MOAPOOHO MPOAHATU3UPOBAHO B
0030pHoii ctaThe [ 187] u qpyrux padotax lllTamma ¢ cotp. Hampumep, B3aumoeiicTere
to3mnazupuanHa ¢ coenquernsmu (1.391, X = CO,Et, CN, R = Me, Et) mpuBoaur k ak-
tamy (1.392). 3amena to3mibHOT0 octatka Ha C(O)NPh,, COPh u COAd-1 npuBoauT 4a-
CTHYHO WJIH MOJTHOCTHIO K MOJTyYeHUI0 HeUKIN30BaHHOTO TipoaykTa (1.393) [281; 282].

0

0 \ o)

\ P(OR), SPOR

P(OR), [>NTS /\)i )2

< " X

. NaH/TI'® 0

umu NEt; ll\ls
1.391 1.392 1.393

HenaBHo mpeiioskeHo JBa HOBBIX CIIOCO0a MoJTyueHus y-naktamoB [283; 284]. Ilep-
BBII BKIIIOYAET [UKIM3AINI0 AKTUBUPOBAHHBIX a3UPUIUHOB C CHOJSITAMH, BTOPOMl — B3a-
UMOJCHCTBUE 3aIUIICHHBIX STUICHUMUHOB C TUTUUPOBAHHBIMU IUTHAHAMH.

0
Ts CO,Et
N < 2 +-BuOK, Cu(OTf),  EtO,C NTs
+ —_—_—m
Ph/A TI'®, 6.5 \
CO,Et 0, N
0"C—k.T. PH
Rl
7 [ — [
N S.e.S S S 2)bcCc 8 S
Bus 1;1‘{@ R? DMAP o
R'=Bn RZ=H, N 2N
Ph, TMS H R Bus

MHorue 3aMelIeHHbIe a3UPHUIUHBI B PEAKITHSIX C TaJOr€HOBOIOPOIHBIMH KUCIOTAMH
WM aMHHOCTIPTAMH MIPETEPIIEBAIOT TUMEPHU3AIHI0 ¢ 00pa30BaHUEM MHIIEPA3HHOB [37;



76 Paznen 1. ABIrlpI/I)Il/IHLI Ha OCHOBE€ aMUHOCIIMPTOB U UX NMPEIIIECTBCHHUKOB

285]. Tak, ¢poroakTuBUpOBaHHAs AUMepHU3alMs asupuauauiI-kerona (1.394) ¢ nocneny-
IOLIMM OKHCJICHHEM MTPOMEKYTOYHOI0 IHUIEpa3nHa NPUBOAUT K 00pPa30BaHMIO COCIHHE-
Hust (1.395) [113; 286].

(0] (0]
Q H
Ph N. Ph N Ph
Ph hv  Ph /0/ Ph | |
N Ph Ph
H Ph N Ph N
H H
(0] (0]

1.394 1.395

T

B monorpadun [123] u 0630pe [113] mpuBeaeHO MHOTO TTPUMEPOB CHHTE3a a30TH-
cThIX TeTeporukioB (1.396—1.399) na 6a3e a3upUANHUIKETOHOB.

NO,
Ph Ph NHCH,-cyclo
\N—I\{ @ / o AN 6r11-CY
/k)\ 1 /)\Ph =
Ay Ar N 7\—N N Ph
Bu-#
1.396 1.397 1.398 1.399

W3 asupummna (1.301 1) neiictBuemM HHUTpUiIa TMoOiydeH 2,4-IU3aMenIeHHBIN
1H-nmugazonud (1.400) [287]. B xadecTBe KaTanu3aTopoB B OTCYTCTBUE PACTBOPUTEINS
XOPOIIIO MPOSBUIHA ce0s TprduIaTel ckauaus [288] u Mmeau [248]. AHAIOTUYHO TTOTYYEeHbI
nvuazonuas (1.401, 1.402).

Ph N
/<I’\ITS Et3OBF4 \(\\
Ph CN CH2C12 NTs
25°C, 67%
1.301x 1.400

R
RCN (5 axB.) )\

NTs  Sc(OTf); (25 moas%) N

Ar/<’ K.T., 50-94%

Ar
1.401
C/R > e
NTs Sc(OTf), 7T oN? e

<

S

N o - . S
N -Sc(0Tf);
Se(OT )\/N
> 50T A Ts

Ar

N
RCN, Cu(OT
Ny REN: CuOTD, _ Nr
65°C, 30 mun. N
T

1.301a 1.402
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77
[IsaTuunennsie rereporukinueckue cucteMsl (1.403) momydeHsl ¢ UCMOTB30BaHUEM
reTepOKYMYJICHOB (KapOOIMHMHU/IOB, U30THOIMAHATOB U U30IMAHATOB) B MPUCYTCTBUH
naJuiaiueBoro karamusaropa [185].

.
Pd(OAc),/PPhy /\(\
RIN - 7 >, RIN

:l/\ R2N=C=Y >//N R2

Y

1.403
B psine pa6or [37; 65; 187; 247; 289-291] onucan cuHTe3 nATUWIeHHBIX N,O- H

N,S-conepxkamux rerepoukioB. C GeHUIN30THONNAHATOM STHICHUMUH JaeT IPOIYKT
3amerenust (1.404), KoTopsIid BOOCIEACTBUH MPEBPAIIACTCS B 2-aHUIUHO-4,5-THA30JIMH
(1.405) [37].

DNH PhNCS

N
I>N—C(S)NHPh — (s >\NHPh

1.404 1.405

COOTBCTCTBYIOIICTO HHTECpMECIUAaTa.

TuazonuauaTnoH (1.406) momyyeH B3auMOJICHCTBHEM a3UPHIMHA C CEPOYTIIEPOIOM
B aprokiaase npu 150 °C [187]. TIpu sTom coenunenue (1.407) paccMOTpeHO B KayecTBe

= N
CS, ®_CS,
Dk Sy
150°C R S
36-71%
1.407 1.406
B [291] pa3pabotanbl ycaoBus IpeBpalieHus a3upuANHOB B OKCa30auHbL. B pabo-

Te [247] mpuBeneHa COOTBETCTBYIONIAS IIETIh TIPEBPANICHUHN TSI TTOTUITUKINIECKOTO CO-
eaunenus (1.408).

Ao P oo

1.408

W3BecTHBl M JApyrue HpuUMeEpbl CHUHTE3a OKca3oiaMHOB. Tak, cTpykTypsl (1.409,

R = Me, Et, Pr, R> = Me, Ph; 1.410, R = Me, Ph) nony4eHsl B yCIOBUSAX TEPMOJIN3A, &

TaK)Ke B KMCIION U MHBIX cpenax [2; 292-296].

. ! R X OH
T N— S PTSA 0

H §N7 X cnel, 0; \, _Ho

>95% 4
o T

X X =%
o0 RO
R R

NHCOR' /‘ ‘
(4R, 55)-1.409
O« _R
0 o\( 0o o
S J
~—N N 1y ,/ BF;*OFEt, ~N N iy,
th

0
CH,Cl,

HPh N:<R

1.410
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Kpowme toro, HampaBieHre mpeBpalieHus: a3UPUINHOB CYIIIECTBEHHBIM 00pa3oM 3a-
BHCHUT OT XapakKTepa UCIOIb3yeMbIX KUCIOT JIbtouca; mocieHue CrocoOHbl aKTHBHPO-
Bath cyocrpar (1.411) kak 10 KUCIOPOJI-, TAK U IO a30TCOACPIKAIIUM HYKICOPUIEHBIM

ueHtpam [297; 298].
TMSN;
Yb(bipheno)OTE y CuOTD,

84% 89%

¢ N 0N
N3 NHCOR /]\ Y
0 "R R
1411

B nocneanne rojpl pa3paboTaHbl METOJIUKH MOIYUYCHUS! PA3NIMYHBIX TPYII OKCa-
30JUAMHOHOB HAa OCHOBE a3MpHUIWHOB [278; 299]. Panee Oblia mpemioxkeHa METOIUKA,
BKJTFOYAFOIIIAs TIpeBparieHue dTHiIcHUMIHOB (1.412) B XJTOpaMHUHBI C ITOCICAYIONMEH MX
KOHJICHCAIUEH NP yYacTUH KapOoHaTa HaTpHs ¢ 00pa30BaHKEeM KOHEUHBIX OKCA30IIU U~
HoHos (1.413) [300].

R3 R3 R!
E R?® 9 4r— 2
RA ,R2 HCI / H NH3C1 N3.2CO3 R R
R} > e Rl Cl R,'4 IMCO O. NH
R! Y
1412 0
1.413

[IpeBpamenne azupuanna (1.414, A = (CH,),0OCOPh) B cOOTBETCTBYIOIINH ITHKITHU-
yeckuil kapoamar (1.415) mpoucxoaut nox AeiicteueM Hoauna Hatpus [2; 301], a Taxoke
MIPH YYaCTHH Pa3InIHOTO poaa KucioT JIpronca [302].

PhOCO,,
OCO g HOIIIIII
PhOCOuw,, Boc,0, Hin)
o, N, [TH NeOH OH
H" “H  70% 0 95% N
N (CH,);0H
A 0
1.414 1.415

Pazpabotan MeTon CHHTE3a CTEPCOXUMHUYECCKH OIHOPOIHBIX TeTparuapo-1,3-
okca3uH-2-oHOB (1.416 a, 6) Ha ocHOBE a3UPUIUHOB [77].

// PhCHO (1.5 5kB.)

$ InI (1.3 5x8.), H,O Ph
Hm\—~ =] Pd(dppf)Cl,,CHCl; Ph NaH (1.5 7xB.)
N TTd/AM®A (1:1)
Boc NH OH KT, 154
Boc

PhCHO (1.5 3kB.)
InI (1.3 sx8.), H,O

HmN—rwy  Pd(dppf)Cl,,CHCly Ph NaH (1.5 okB.)
N TI /MDA (1:1)
Boc K.T., .51

Boc
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Habnronaemas npu 3TOM CTEPEOCETIEKTHUBHOCTh ONPENENsIeTCsl 0COOCHHOCTSIMHU Me-
XaHU3Ma PeaKlry, BKIIOYAIOIero oopasoBanue nepexoaubix cocrosuuii (1.417 a, 0) ¢
Pa3IMYHON CTENEHBIO CTEPUUECKUX MPENATCTBUI.

—*
RI\W/ ]//,
NRZ * \‘ \\\\H

R2H

“ Pd©) 1.417a o NHR? O

|
]

el
an)

R!

Y\\‘\\\\H
ONR? \]

R! H
C] 2,
Pd S
H/N X/\ \\\\\\ H
RZI R o\\‘

InI .
H* “In
1.4176

______ ~ R! : R

NHR? OH

Aszupugus (1.418) mpeBpamien B coorBercTBytomuii kapbamar (1.419) B pamkax
TpexcTaauiHoro one-pot nponecca [181]. IlocnenHsas cTpykTypa sABISETCS KIIOUEBBIM
WHTEPMEINATOM B CHHTE3aX MOIIHBIX HHTHOUTOPOB aclapTHINpoTeas (peHUHA, IeNCHHA
u 1p.). [lpeBpaiuenue a3upuanHa BKIIOYAET 3aUTY THIPOKCHIBHBIX TPYIIL, a TAKXKE HO-
ciieaylolee B3auMoeiicTeue ¢ peaktuBoM I punbsipa B npucyrcrsun Li,CuCl,.

(0]
on Py
HO . Q
\/\<I|\IBOC A
HO R

1.418 1.419

bunknmueckue azupununsl (1.420, 1.421) B3anMoneiicTBYIOT ¢ pa3HOOOpa3HBIMU
M0 CTPYKTYpe KUCIOPOACOACPKAIIMMH HYKJICO(PUIFHBIMI peareHTaMH C paclleryIeHu-

eM oJTHOH 13 cBsi3eil C—N TpeXwICHHOro UKJIA, MPEBPalIasch B COOTBETCTBYIOIINE aMU-
HocrupThl [303].

0 0
//< H,0, TFA (kar.) /(
o) MeOH, H,SO, (xat.) o
N\ AcOH NH
QL R — H, MC, AC 4,2/
H 70-77% “—OR
1.420
0 0
o//< o)
N H,0, TFA (kar.) NH
91%
H H H
HO'
1.421

B nocnenHue roapl NpeAaokKeHbl ITyTH NPEBPALICHUS a3UPUANHOB B OKCA30JIHMIHU-
HOHBI, BKJIIOUAIOLME BHeApeHue auokcuaa yraepoaa [36; 289; 304; 305]. Ycnosus no-
N0OHOTO posaa TpaHchopMaurii BKIIOYAIOT KaTaJIUTHIECKOE BO3JeiicTBUEe OpoMuaa -
tus B cpene N-mermmmpponuaona (NMP). [1pu sToM 31eKTpOHOOHOPHBIE 3aMECTHTE-

71 B OEH30JIbHOM Koutblie cyOocTpata (1.422) cokpalmarT mpoA0KUTEIEHOCTD MTPOTEKa-
Hud peakuuu [304].
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CO, (1 atm) Ts

N o)
NTs  LiBr (20 Monb%) \f
MeO ————————> MeO
NMP, 100°C, 24 1 '}

79%
1.422
CormacHo Ipyroif METOINKE, TIPEBPAIleHIs TAKOTO THTIA TPOTEKAIOT PH MTOBBIIIECH-

HOM JIaBJICHUH B IPUCYTCTBHU KATATUTHUECKUX KondecTB coequaenust (1.423), a Takke
nnMetnnamuHonmpuauHa (DMAP) [36; 305].

5 monp% (1.423)
—N Nee CO, (400 psi)
N/ DMAP (2 MoIb%)
Cr, N—Pr ————(—————— >=O
B O/ | N\ B CH,Cl,, 100°C, 2 u
t-Bu & O u-¢ 75%,
Bu-t t-Bu
1.423

Hogsle cunTeTnueckue moaxozs! [289; 290] ucmnonb3yloT METOIUKY JIEKTPOXUMHU-
YEeCKOTO BHEAPCHUS TUOKCHAA YTIIepoJia B OYCHb MSITKUX YCIOBHUSX MPH aTMOCHEPHOM
nasyieHHH. Tak ObUIM MONTy4YeHbl HuKIndeckue kapoamatel (1.424 a, 6), mpuyeM riaBHBINA
nU30Mep 00pa30BHIBAJICS B pe3ysbTaTe pa3pbiBa HauOOJIee CTEPUIECKU JOCTYITHOH CBSI3U
C—N a3upuaIuHOBOTO IHUKIIA.

0 0
Boc  CO, (1 arm) )I\ )I\
N Ni (1), & RN Y . RN O
R/A DMF
80-85% R R
1.424a 1.4246
60 : 40

B 2001 r. cuATE3MpOBaH ONTHYECKH aKTUBHBIN OKca3oauanH-2-0H (1.425) ¢ kommde-
CTBEHHBIM BBIXOJIOM, & TAKIKE MOJTHOM PErro- U CTEPEOCEIEKTUBHOCTIO COTIIACHO MTPHBE-
NIEHHOM HIDKe cxeme [295]:

(@)
O O.
Y Bu-t /”\

Q

N Sn(OTH),
/A n/OBn CH,Cl, /\ —

K.T., 49

0
1.425
B pabore [286] nist mpoBeicHHS SHAHTUOCEICKTHBHOTO CUHTE3a S-PyHKIIMOHATU3H-
POBaHHOTO OKcazouauH-2-0Ha (1.426) ucmnonp3oBaH XJ0podopMar, CrIoCOOCTBYIONIUI
TeHEpUPOBAHUIO a3MPUANHIEBOT0 HOHA, AATTbHENIIINE TPEBPALLIEHHS KOTOPOTO MOCIE10-
BaTEJbHO MPHUBOAIT K 00pa30BaHUIO LeneBOro npoaykra. B [306] mis ocymecTBieHus
AQHAJIOTMYHOT'0 IPOIlecca YCIENTHO UCIOIb30BAHO MUKPOBOJIHOBOE M3JIy4YEHHE.
0 Ph  OMe Ph O

w,, _Ph h k )J\
( RN k /K WIS N
N Me0,CCl N § OMe SN (—o
A OEt CH,CN vy _~OEt ' OEt OEt
n/ KHIISTYCHHE C 1

(6] 74 e O @lo O
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1.4. U3SBPAHHBIE METO/IUKH CHHTE3A ABUPH/ITHHOB

Hukyim3anusi aMHHOCITUPTOB MMyTeM BHYTPUMOJIEKYISPHOT0 HYKJIEO(PUILHOTO
3ameneHus [50]

MeO,C H NEt;/TT ®/MsCl k.1. 30 Mmun CPh,
: 2J /}/NHCP}U 3aTeM 48 4 Kursd. MeO,C, N o

HO' o\ °H 89% A
H 2

Metua  (2R,3S)-[3-’H,]-N-TpudenniMeTnaasupuun-2-kapookewiar. Mertun
(2R,3S)-[3-’H,]-N-tpudenmnmerunusocepunar (3.10 r, 8.56 mmosns) pactBopsiiu B TI'D
(45 mu), no6asnsum TpudTHIAMEH (3.08 T, 30 MMOJTB) U TIEpEeMEIIMBAIN CMECh TIPH KOM-
HaTHOU TeMmmeparype (5 mun). Jlobasmsuin Mesunxiaopus (1.48 , 12.9 MMoJIb) 10 KaruisiM
B Te€4eHHUe 15 MUH U NepeMennBalii peakinoHHyIo Maccy eme 30 MuH. 3aTeM KUIIATHIN
48 4, mocye OXJaXKACHUS 10 KOMHATHOM TeMIlepaTypbl paCTBOPUTEINDb YAASIN B BAKYyMe
J10 00pa30BaHUsI OPAHIKEBOTO BA3KOro mMacia. Jlobarssiiu stunanerat (50 mi), mojryyeH-
HBII pacTBOp mpombIBaiu 10 % TuMOHHOM KucnoTo# (3 X 25 M) ¥ HACHIIEHHBIM BOJI-
HBIM PAaCTBOPOM MHUIIEBOH cobl (3 *x 25 mur). Oprannveckuil cioi ocymany cyibhaTom
MarHusi, pacTBOPHUTENb yIAISUIA B BaKyyMe JJO 00pa30BaHUsl HEOUUIIEHHOTO MPOJYKTa B
BH/JIE OpaHkKeBOro BA3Koro Macia. [IpoaykT ouninany nepekpuctaumzanuen u3 He6oIb-
00 KOJIM4eCcTBa MeTaHoja. Beixos 2.6 T (89 %), 6enbie kpucTais ¢ T. . 126—129 °C.

Huxam3anus aMmuHocnMpToB nox aeiicteueM P,I, [88]

-Bu
)\/NHI-Bu PhH, N,
Ph 62%  pi

Ceexenpurorosnenusiii  P,I, (1.0 mMmonp) npoGaBmsimu K pacTBOpy 2-mpem-
OytunamuHo- 1 -¢penmmatanona (1.0 mmons) B 10 M cyxoro OeHsona B atMocdepe azo-
Ta. Peaknmonnyro maccy nepememmsanu 20-24 4 npu KOMHaTHOM TemIlepaType W 3a-
TEM CMEILIHMBAJIH C HACBIIIEHHBIM PACTBOPOM COJIbl, OPraHUYECKUHN CIIOH SKCTparupoBain
3¢UpOM, BBICYLIMBAIH CyIbGaToM HATpUs U ynapupain. OCTaTOK OUMIIAIA BaKyyMHOR
neperoHkoii B anmnapare Kyrenspopa. Beixon 62 %.

Huxsmzanus amuHocnupToB noj aeiicteueM PPh,/DEAD [63]

oH
PPhy/DEAD
_— >
Ph/\/Y\ PhMe, kunsiuenue Ph/\4>/\
52% HN

NH,

(2R,3R)-3-(2-PeHNJIITIIT)-2-BUHUIAZUPUTUH. AmuHOCTIUPT (0.128 T,
0.669 MMoIIB) pacTBOpSUIN B TOJyodie (2 MiT) U 100aBIISLIH K pacTBoOpy TpudeHunpochun
(0.184 1, 0.703 mmomnb) 1 DEAD (0.111 mi, 0.703 mmosb) B Tomyode (3 mi). [locne xu-
MSTYCHUS Ha MPOTSDKEHUH HOYM PEakHOHHYIO Maccy BBUIMBAIM B Boay (5 Mi) u 100aB-
JISUTA TUATUITOBBIHN 3¢up (5 Mi1). OpraHUuecKui ClIoi BBICYIIMBAIN CYyIb()aTOM MarHus u
ynapuBajiu B Bakyyme. OCTaToOK CMEIIMBAIIU C AUITUIOBBIM 3(hrupom (5 MiT) U OCTaBIISLITN
Ha HOYb B MOPO3WJIbHOW Kamepe, BBIACIUBILYIOCS OKUCH TpudeHmipochuHa oTACTIIN
¢unpTpoBanneM. OUIBTPAT KOHIEHTPUPOBAIN B BaKyyMe, OCTATOK OYHIAIN KOJIOHOY-
HOW xpomatorpadueii (rentan — stunanerat, 6 : 1 — 3 : 1). Bexon asupuauna 0.060 r
(52 %), macmno.

Huxyam3anusi aMHHOCIIMPTOB MO/ ieiicTBHEM XJIOPCYJIb(oHOBOI KUCJIOTHI (Me-
Toa Benkepa) [39]
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R4 R3 R4 R3 H
on _C1SOsH 0505 NaOH unmn Na,CO; Rl N 3
HoN 80-96% +H3N R 12-85%
1

R R rRZ R! R? R*

AlnpaTHyecKkue aMHHOAJIKOrOJbIHaporencyabparsl. OO0mas MeToAWKA.
B 150 mu aByrop:iyio xonly, cHa0)KEHHYI0 MarHUTHOW MEIIalIKOW U KamaTeJbHOH BO-
ponkoii, nomemanu 10 mmons amuHocniupTa v 100 M1 aGCOIOTHOTO TUATUIIOBOTO d(H-
pa. Ilociie momHOTO pacTBOpPEHHsT aMUHOCIIUPTA PACTBOP OXJIAKJANIU B JIe/ITHOM OaHe 110
0 °C. 3areM Ipy UHTCHCUBHOM TIEPEMEIIMBAHUU JIO0ABJISUIA XJI0PCYIIb(OHOBYIO KUCIOTY
(1.16 T, 10 MmmotB), ipH 3TOM (hopMHpOBaIcs Oelblii ocalok. Peakunonnyo Maccy nepe-
MEIIUBAIM 2 4, 0CaJ0K OTACISUTH (QUILTPOBAHUEM M POMBIBAIIN AUITHIIOBBIM 3(UPOM
(3 x 10 mm).

ApoMaTHYecKHe aMHHOAJIKOIOJAbruAporencyibparsl. OO0mass MeToaAnKA.
B 150 mu aByrop:yio xonly, cHa0)KEHHYIO MarHUTHOW MEIIallKOW U KamaTelbHOH BO-
ponkoi, nomemnanu 10 Mmosib amuHociupTa U 100 M1 cmecu abCOIFOTHOTO XJIopodhopma
(BBICYIICHHOT'O HaJ| XJIOPUCTHIM KaJblIMEM) U aOCOIIOTHOI'O alleTOHUTPUIIA (BBICYILICH-
HOT'O HaJI HATPUEM) WJIH TUITHWIIOBOTO ddupa B cooTHomenuu 1 : 10 mo oobemy. [Tocne
MOJTHOTO PACTBOPCHUSI aMUHOCIIMPTa PacTBOP OXJaxaaiu B JesHoi 6ane no 0 °C. 3a-
TEM IIPU UHTCHCUBHOM TIEPEMEIINBAHUU T00ABIUIN XJI0pCyib(hoHOBYO Kucioty (1.16 T,
10 MMontp). PeaknmonHnyto mMaccy nepemMennBain 2 4 ¥ KOHIIGHTPUPOBAIU B BaKyyMe,
0CTaTOK MPOMBIBaNK Ha PUIBTPE AUATHIOBBIM dpupoM (3 % 10 mi).

Anudarudeckue asupuaunbl. O0mass Meroguka. K aMUHOAIKOTOIBTHAPOTCH-
cynbdary (5 mmonb) no6asisin 6.2 M pacTBop ruapokcuaa Hatpus (4 M) U mepeme-
HIMBaJIM PEAKIMOHHYIO MacCy NpU KOMHaTHOW Temriiepatype wiu npu 70 °C Ha npors-
xenuu 2 4. K nuctumsty, o0pazoBaBuieMycsi oclie IEPErOHKH PEaKIMOHHOW MAacChI C
napom, A00aBJIsUTH IJIACTUHKY THAPOKCU/IA Kalus 0 HacklleHns. Bepxuuii (opranuye-
CKUI) CJIOW OTICIISIIN, BOJIHBINA SKCTPArMPOBAIU TUATHIOBBIM 3pupoM (3 % 50 mir). O0b-
€IMHEHHBIC OPraHUYECKUE CJIOU BBICYIIMBAIIN CYJIb(ATOM HATPHSI U KOHIIEHTPUPOBAIH B
Bakyyme. [IponykT oOpa3oBbIBaics B BHJIE Macia.

ApomaTudeckue asupuanHbl. O0masa Meroguka. K aMHHOAIKOTOJIBIUAPOTEH-
cynbdary (5 MMOIb) J00aBIsUIM HACHIMICHHBIM BOJHBIM PAacTBOpP KapOOHATa HATpPUs
(10 M) 1 mepeMermmBanu peaknuoHuyto mMaccy npu 70 °C Ha mpoTspkeHun 3 4. 3aTem
AKCTPArupoBaiv AUATHIOBEIM dupom (3 x 50 mi). [Tocne ynaneHus pacTBOpUTENS IPO-
JYKT OYHIIATIH KOJIOHOUYHON XpomaTtorpadueii Ha cuiukarese (COpOeHT MoAIeaunBaIn
1 % TpUATHUIIAMHHOM B IETPOJIEHHOM 3(upe, SITIOCHT MEeTPOJICHHBIN d(PUp — dTHUIIAETaT,
5:1). IlpoxyKT BBIAENSIN B BUJE Maca.

IIpeBpamenne a3u10CMUPTOB B A3UPUIAMHBI [606]

. - . -
H N,
OH H
O O

H™ v "H
N
H

mpanc-10-A3un0-9,10-quruapodenantp-9-oa. Pacteop 20 r (0.31 monp) asuna
Hatpus, 500 mn anetona, 250 M Boasl u 0.5 MJI KOHII. CEPHOI KUCJIOTHI IIEpeMeIlIrnBa-
T TIpU KOMHATHOH Temmeparype 10 muH. 3atem mobasismu penantpenokcun (0.97 r,
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5 MMOJIb) M IPOJIOJDKAIN TIepeMeinBanue 48 4. ALIETOH ylapuBajil B BAKyyMe, OCTaTOK
CMEILIMBAJIIH C XJIOPUCTHIM METHIEHOM. OpraHu4eckuil CJI0d OTIEINSUIN, BBICYIINBAIN H
ylnapuBajy B Bakyyme. Brixoa azupocnupra KOJTHMYECTBEHHBIH.

(1a,9b-Iuruapodenantp|9,10h]azupun-1-un)TpudennndochoHuii rHAPOKCHA.
K nepememmBaemomy pactsopy 2.62 T (10 Mmonb) Tpudennndochuna B 50 mi cyxo-
ro 3¢upa nodasnsum 2.37 r (10 mmons) azunocnupta. Yepes 10 mun (npu 18 °C) Hauu-
HaJIOCh BhIIeNeHHe a3oTa. [lepememmBanue npoxomkanu eme 20 MmuH. PacTBop KoHIIEH-
TpupoBasiu B Bakyyme (mpu 15 °C) 1o ob6vema 10 mi. becuseTHbie KprcTanisl IPOIYKTa
oT(MIBTPOBBIBAIN U TpoMbIBanu 20 mit xonogHoro 3¢upa (3.95 1, 84 %).

1a,9b-Auruapodenantp|9,10b]azupun. Memoouxa A. B armocdepe azora u
IPU OXJIKICHUH B JIEISHON OaHE MpU 3HEPrHYHOM NepeMelinBaHuu go6assu 3.1 r
(15.3 mmomb) Tpu-#-0ytrndochuna k 3.4 r (14.3 mmons) asunocnupra. [locne npoxox-
JICHUS 3K30TePMUYHON peakuu Maccy oxyaxaanu 10 0 °C u npomsiBanu cyxuMm 3¢u-
pom (4 x 15 mur). Berxon npoaykra 2.0 T (72 %) B Buie OECIIBETHBIX KPUCTAJIOB C T. ILI.
163—-164 °C (6en3on — nuknorekcan). Memoouka b. Pactop 0.942 r (2 mmons) (1a,9b-
auruapodpenantpl9,10b]a3upun- 1 -un)rpudenmndocdonnii rugpoxcuga 8 100 mu xio-
pHucTOro MeTHieHa KUISTWIN 15 MuH. PacTBOopuTeNb ynapusaiu B BaKyyMe U OOJBLIYIO
gacTh TpueHmnpocHUHOKCHAA OTACISIIN SKCTpakuel s¢upom (3 x 25 mi). OcraTtox
pacTBOPSUIM B 2 MJT XJIOPUCTOTO METHJICHA ¥ OUHMILIANIN TPOAYKT C OMOIIBIO KOJIOHOUHON
xpomarorpaduu Ha OKHCH aTFOMUHHS (Tekcad — 3¢up, 5 : 1). Beimeneno 0.234 r azupu-
muHa (uncrora 85 %).

IIpeBpaieHue a3u10CIUPTOB B a3MPUIHHBI [168]

=z

CwMmech 3Tl (2R,3R)-3-a3umo-2-ruapokcurekcanoara u 3tua (25,35)-2-a3uno-3-
ruapokcurekcanoata. Pactsop smokcmadupa (0.98 r, 6.2 Mmoin), azuga Hatpwst (1.23 1,
19.0 mmomn) u xstopuna ammoHus (1.02 1, 19.0 MMo:p) B aTaHose (20 MIT) KUTIATHIHA 5 .
[Tocne ymapuBaHusi pacTBOpUTEINS K ocTaTKy m00aBmsmn 20 mut Boasl. [Ipoaykr skcrpa-
rupoBain 3upoM (3 x 25 mir), 3pUpPHBIE BHITSHKKA BBICYITUBAIN CYJIb()AaTOM MarHus u
KOHIIEHTPUPOBAJIM B BakyyMe. HeouuileHHbIN NPOAYKT OUMIIATIN NpernapaTUBHON Xpo-
Matorpadueli (cunmkareib, rekcad — atuianerart, 9 : 1). Berxog 0.92 r (74 %), Oecrpert-
HOE MacIio.

ITUN mpanc-3-NPpoNUIa3uPUAUH-2-Kapookcuaat. Memoo A. Tpubennndochuna
(2.19 1, 8.4 MMOIIB) 10OABISUIM K TIEPEMEIIMBAEMOMY PACTBOPY CMECH M30MEPHBIX a3H-
moctrpToB (1.12 T, 5.6 MMoOITB) B 3dupe (25 MIT) U ITepeMeITHBaIA PEAKIIHOHHYIO CMECh
Mpyu KOMHATHOW Temnepatype 18 4. PacTBopuTenb ynapuBaiv, a OCTaTOK IMOJBEpPrain
BaKyyMHOH meperonke B ammnapare Kyremspopa (70-110 °C, 0.2 m6ap). [lomyueno 0.67 T
OecuBeTHOr0 Maciia. HeounIeHHbIH TPOAYKT OYHIIAIN TpenapaTUuBHON XpoMaTorpadu-
eil (cunmkarenb, Tekcan — dtwianerat, 9 : 1). Berxox 0.60 r (69 %), OeciiBeTHOE Mac-
1m0. Memoo b. Tpudenundochun (6.15 1, 23.4 MMOIB) 100ABISITN K TIEpEMEITHBAEMO-
My PacTBOpPY CMECH M30MEpPHBIX a3uaoctnupToB (4.49 r, 22.3 MMOIB) B alleTOHUTPUIIE
(100 M) 1 mepemMemIMBaIN PEAKIIMOHHYIO CMECh P KOMHATHOW Temmieparype 1 4 (1o
MIpEeKpaIieHns BbIACIEHHUS a30Ta). 3aTeM CMeCh KUIIATWIN 5 4. PacTBopuTens yaansim B
BaKyyMe, OKMCh Tpu(eHmIhochrHa OTACTIN TTocTe T00aBIeHHs K OCTaTKy CMECH TeK-
caH — 3(Hp W HEOUHUIIICHHBIN MPOIYKT OYHINATN MperapaTHBHON XpoMarorpaduei (cu-
JIUKaresb, rekcaH — atuiarnerar, 9 : 1). Berxox 2.80 r (80 %), GecriiBeTHOE MacIo.
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Cunre3 N-cyab(poHNIA3UPHINHOB U3 JMOKCHAOB [45]

RI Rl R]

2 2 5
R RSO,NH, K,CO; R OH 1) Py/MsCl, CH,Cl, R

NSO,R
R? nuokca, BnEt;NCI R3 NHSO,R 2) K,CO3 MeCN R?
R4 47-95% 54-82%

R* R

OO0umasi MeToaMKA PacCKPbITHA SNOKCHIHOI0 HUKJIA cyJbdoHamuaamu. [lepeme-
IBaeMyto cMech smokcua (2.33 mmorns), motama (0.1 3KB.), OEH3UITPHITUITAMMOHHHA
xiopupa (0.1 »xB.) u cynbonamuna (1.2 5xB.) B 1 M auokcana Harpesanu nipu 90 °C B
ToKe azoTa 68—96 4. [locne oxmakaeHust JOOABISIIH 5 MIT TUXJIOPMETaHa, Maccy (PHiTb-
TPOBAJIN Yepe3 LEONNT, GUIbTpaT BHICYLIMBAIM U yHapuBaiu. B octaTke HeOUMIIIEHHBIN
nponykT. O4nucTKa — NepeKpuCTaUIM3alusl WM Quem-xpomarorpadust Ha CUIMKaresie
(9IIOEHT TIeTPONIEHHBIH AUP — TUITUIIOBEIH d(Hup).

MesunupoBaHue-UUKIM3ANMSA ruApokcucyibponamuaos. O0masi MeTroauka.
PactBop ruapokcucynshoramua (1.36 MMOITB) B 8 MIT XJIOPUCTOTO METHJICHA TOOABIISI-
JM K [IepEeMEIINBAeMOMY PAacTBOPY MUPHUAMHA (5 9KB.) U Me3mwixjaopuia (5 9kB.) B 8 mi
xsopuctoro MetmieHa npu 0 °C mox azotom. Ilocne 20 MuH mMaccy kumsituau 5-16 4.
Ilocne oxnaxaeHUs! PEaKIMOHHYIO CMECh NPOMBIBAJIM HACBHIIIEHHBIM PacTBOPOM XJIO-
pucroro Hatpus (15 M), BeIcymIuBanu cynb()aToM MarHus. YTapuBaHUE PacTBOPUTE-
JIs1 1aBajlo HEOUMIIEHHBINH Me3niat. [lomyyeHHbIH NPOaYKT HepeMEeLINBaI ¢ MOTaIeM
(4 oxB.) B 15 M anieronutpruta npu 45 °C mox azorom 3—16 4. [loce oxmaxaeHus 10-
0aBIsIH 15 MIT XJIIOPUCTOTO METHIIEHA U TIPOMBIBAJIM OpTraHWMYECKUH cIoii Bogoi (20 mur)
1 HACBILICHHBIM PAaCTBOPOM XJIOPUCTOTO HaTpus (20 mir), BRICYIIMBAIU CyJIb(aToM mar-
HUs. YTIapuBaHUE PaCTBOPUTEIS 1aBAJIO HEOUHIIEHHBIN N-cynbdoHnnazupuaut. Oumnct-
Ka — (pnemr-xpomarorpadus Ha CUIMKaresne (3JII0CHT NETPOJICHHBIN 3(Up — TUITUIIOBBII

a¢up).
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Doctoribus atque poetis omnia licent

Pa3zoen 2

AETUJIUHBI. METOblI CUHTE3A, PEAKIIUU,
BUOJIOI'MYECKASA AKTUBHOCTD

2.1. XAPAKTEPUCTHKA H BHOJIOTHYECKAA AKTHBHOCTbD

Ha ¢one MHOrOuMcCIEeHHBIX PabOT B OONACTH MATH- M IIECTHWICHHBIX a30T-
COJIepIKaIINX TETEPOITMKIIOB, a B IIOCJIEIHHIE T'OJIbl — AKTHBHOTO MCCIIETOBAHUS a3UpPUIH-
HOBBIX CHCTEM, a3eTHUAMHBI 3aHUMAaJM JIOCTaTOYHO CKpoMHOe MecTo [1]. OmHako B mo-
CIIeTHUE JeCATUIIETHS TIOJI0KEHHE CYIIIEeCTBEHHO H3MEHIIIOCH OJ1aro1apsi OTKPBITHIO pa3-
HOOOPA3HBIX MPHUPOJHBIX COSAMHEHWH ATON TPYIIIBI, HTMPOKOMY HCIIOIH30BAHUIO 3a-
MEIICHHBIX a3eTHINHOB B KA4E€CTBE JIUTAH/IOB ISl IPOBEACHUS KaTATUTUYECKUX Peak-
[IUH, a TaKKe XUPAIHHBIX MPEANIECTBEHHUKOB B CHHTE3aX OMOJIOTHYECKH aKTUBHBIX CO-
ennHeHuil. OTHOBpEMEHHO ¢ azeTHauHamu (2.1) TmmareiabHO M3ydaroT 2- u 3-a3eTHan-
HOHBI (2.2, 2.3); TocienIHre YacTO paccCMaTPUBAIOT KaK HETHJIPOIHM3YEMbIE M30CTEPHI
[-naxtamoB [2]. B maHHyT0 rpyny BXOAST TaKXkKe a30TCOAEPIKAIINE TETEPOINKINISCKIE

cucreMsl (2.4, 2.5) [3-6].
SN
R
N_ 5 N_ N NTN 08 —N_
2.1 22 2.3 24 25

B [2] ommcaH®l rpynmbl TPUPOIHBIX COENWHEHWH, COMEPIKAIINX a3eTHIUHOBHII
(parmMeHT, a TaKKe NPUBEJCHBI CHHTETHYECKUE MOIXObI K MTOyYEHUIO STUX COEIIHE-
HU. M3BeCTHBI mpeacTaBuTe N KUCIOT (2.6, 2.7), a Takke neHape3uanHsl A u B (2.8,
2.9, R, R =H, Ac). [locienue BblieIeHbI U3 MOPCKUX Bogopocieii (1991 r.) [8]; usyue-
HUE UX CTPYKTYpPbI POBEAECHO C UCIIOJIb30BAaHUEM JIBYMEpHBIX criekTpoB AMP. ITpous-
BOJIHBIE a3€THUIMHA BXOAT B COCTAB MENTHAMIIOIMOKCHHOB [2].
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2.1. XapakrepucTnka U 0M010rH4ecKasi aKTHBHOCTh 101

Asetuaunsl (2.10, 2.11, R = Me, Et, Pr, Bn, 2.12, 2.13) sBISIOTCS BBICOKO-
KaueCTBEHHBIMU JIMTAHAAMH ISl MPOBEACHUS KAaTAIM3UPYEMBIX METaJJIaMU PEeaKLMi
WU XUPATbHBIMU MPEAIIECTBEHHUKAMU CIIOKHBIX OPTaHUYECKUX COCIUHEHUN.

HO \<>j R~ R
N N
R OH H
2.10 2.11
OMe
. N
N Fe
5 VDY P
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HO Ph
MeO ’
E \/<> ) OMe i

2.12

W3Bectuwr murangs (2.14, R = Me, Et, i-Pr, #-Bu, 2.15) Ha 0ocHOBE aMHHOKHCIIOT, CO-
JepIKaNTuX a3eTUINHOBBINA (hparMeHT [9]. DTH CTpyKTyphl HAIIUTH IPUMECHECHHE B PEaKIIH-
SIX KE€TOHOB C apoMaTHIeCKUMU anbaerugamu. Coenuaenue (2.16) sBiseTcs Takke pery-
JIATOPOM POCTA PACTEHUI.

HT — HN — HN

N N
HOZC( R H - Hex CO,H

2.14 2.15 (5)-2.16

I'erepobunenTarnbie muranasl (2.17, 2.18) BximouatoT pocheTaHoBbIH 1 a3€THANHO-
BBIU ITUKJTBI [6].
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Oxcazoboponuaus (2.19) oOHapyXWJI HCKITIOUUTEIbHYIO0 aKTUBHOCTD M SHAHTHOCE-
JIEKTUBHOCTh MPU BOCCTaHOBJICHUH MPOXUPATBHBIX KeTOHOB Oopanom [2; 10]. Jlurann
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(2.20, R = Me, Ph, 2-nadtun, 1-rentuin) kataauzupyer coBMecTHO ¢ BBr; peaknuio nu-
€HOBOr0 cuHTEe3a [6].

Haunbonee BaxxHast 00s1acTh MPUMEHEHUS a3€TUANHCOACPIKAIINX COSTMHEHHI — pa3-
paboTKa HOBBIX JICKAPCTBEHHBIX CPEACTB Ha MX ocHOBE. B 0030pHbIX [11; 12] n apyrux
paboTtax oTpaskeHO pazHooOpa3ue BUAOB ONOJOrHYECKON aKTUBHOCTH COEIMHEHUH 3TOH
TPYIIIBL.

[Ipexne Bcero, a3eTHIUHBI UCTIONB3YIOT ISl JICUEHHUS PACCTPOMCTB LEHTPAIBHOM
HepHO# cuctembl (LIHC), Brmtowaromux Oone3nn AnbireiiMepa, [lapkuHcona, Oone-
BbI€ CHHJPOMBI, IIN30(PEHUIO, IEIPECCUH, CBSA3aHHBIE C YYaCTHEM HUKOTHHAICTHIIXO-
muHoBoro perentopa (nAChRs) [13]. dns neuenns 6one3nn Anblrelimepa paspaboTa-
HBI MHTHOUTOPHI p-cekpeTasbl (2.21, R' = Et, i-Pr). /s o3UTpOHIMHUCCHOHHOM TOMOIpa-
¢un (II9T) mpu uccnenosanuu 6onesneit HHC paspaborans! o,f,-CyOTHIIBI CEIEKTHB-
HBIX (pTOpCOEpKAIIMX UraHaoB ¢ atoMamu °F (2.22, R', R>, R*=H, F, [; 2.23) [13].
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SO, 0 N = | R l Xl
H
O O
N R!
H H
Cl
2.21 222 2.23

Pasnuunbie 3-kapGamMounsamelennbie asetuaunsl (2.24, R' = Et, R'-R' = (CH,),,
R*> = OCONHAIK) 00Hapy 1M TPAaHKBUIN3UPYIOILYIO AKTHBHOCTB. Y CTAHOBJICHO, YTO
(3-cyrunazerunun- 1 -nin)kapOOKcaMUIbI ONIPEeTICHbl KaK KaHAUAATHI AJIS JICUCHHS HILIe-
mun U apyrux paccrpoiicts LIHC. Tpuunknnueckuii azetuant (2.25) U ero npou3Bo-
HbIE 00J1a1al0T AaHTUXOJIMHEPTUUECKONH aKTHBHOCTBIO.

H
R? O NYNHZ
% Nj O N:| NH
N,
R! R?
2.24 NHCH;4 2.26
2.25

1-luxnorexcui-3-ryaHugnHOAa3eTUANH (2.26) OOHAPYXUJIT aHTUTHUICPTEH3UBHYIO
aktuBHOCTh. Coenuuenust (2.27, 2.28) uHruOupyroT aOCOPOIINIO X0JIECTEPUHA U UCTIONb-
3YIOTCSl KaK KapAHOBacKyJspHbIe areHTHI [14—-16].

o\ o
o\\s/
HO on OH
0 OH
5 HO
A HO
N

Ph
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B pa6ote [17] npemioxkeHo Uconbp30BaTh azeTuauHbl (2.29, 2.30) it cuHTE3a HO-
BOM I'pYIIIbI IPOTUBOPAKOBBIX ar€HTOB.

MeS MeS R2
NH NH \/N N—SO,Ar
HO—\/ R3

2.29 2.30 2.31

B kauecTBe aHTHOAKTEpHAIBHBIX CPEICTB UCTIOJIL30BaHbI coelMHeHus rpymmsl (2.31,
R? R*= CH,Ph, Ph, #-Bu, Ar) [18; 19]. Ha ocHOBe 3-aMHHOA3eTHIHHOB MHOJTYYEHBI COOT-
BETCTBYIOIIIKE (’pTopanonom)I, CPEeIU KOTOPBIX HAMICHBI COCIMHEHUS aHTUOAKTEPHAITb-
HOTO JICHCTBHSI, aHAJIOTH MCIIOJIb3YEMbIX B KIMHUYECKOH MPaKTUKE PTOPXUHOJIOHOB (Jie-
BodiI0OKCcaIMHa, NUIPOIIOKCAIIMHA | JIP. ).

Coenunenns (2.32, R' = Me, H, R?, R? = Me, OH, Br, CN, F, OMe) nposiBUIN TIPO-
TUBOBOCIAIIUTEIIBHYIO aKTUBHOCTh B KauecTBe aHTaronnctoB PDE4-unrudurtopos [20].

2.33 2.34a 2.346

RZ R

2.32
AHTHBHpYCHas aKTHBHOCTH oOOHapyxkeHa y [(2'S,3'S)-0uc(runpoxcu-MeTH)
a3eTHIWH- | -1J1 |MIPUMUAIUHOBBIX HYKJICO3uI0B (2.33) — aHajmoroB OKCETaHOIIMHA
(2.32) [21]; oHa xapakTepHa TakXe IJIs1 OMOAKTHBHBIX aJaMaHTAaH-CITHPOTETEPOITUKIIOB

(2.34 a,0) [22].
[ToaBeneHs! IpeBapUTEIBLHBIC HTOTH HCIIOIL30BAHUS coeauMHECHMH (2.35 a—1) B Ka-
YECTBE TPEIIICCTBCHHIKOB HHTHOUTOPOB N-prOO03UITHapoia3bl u docdopunassl [23;

24].
HO
}< NH “CNH
HO

2.35a 2.356 2358 2.35r 2.350

(0]

Hojp - N
NH

OH OH

236 237
DTH COeMHEHUS SBIISTIOTCS aHAJIOTaMH1 3aMEIIeHHOTOo nmuppoiuanHa (2.36) — mpen-
MIECTBEHHUKA HHTHONTOpa MUPUHOHYKIeo3unohochopunassl (2.37).
B pabote [25] ommcaH CWHTE3 W W3Y4YEHO NCUCTBHE AaHTHIMAOECTHICCKOTO CPEI-
ctBa IGF-IR (2.38), BBITyIIEHHOTO B KIMHHYECKYIO MPAKTHKY IIBEUIIApCKON (GUpMOit
«Novartisy.
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2.38

2.42 2.43

AzenpHUATNH (2.39) N3BeCTEH KaKk aHTUTUTIEPTEH3UBHOE CPEACTBO [26], a a3eTHIUH
(2.40, R = H, CH,Ph) — xak apmaneBTruyeckuii HHTEpMeIuaT, UCIOIb3yeMbIi B CHHTE-
3e aHTHINIIIeTITHKA ne3nHaMuaa (2.41) [11; 27]. Pazpaboranbsl aHTHOMOTHKY TEOUTICHEM
LJC11,036 (2.42, R = H) [28], rebunenem nuBokcua L-084 (2.42, R = CH,OCOC(CH,),)
n oHKoIUTHK D83-7676 (2.43) [11].

B mocnennne necstuiieTuss oopamieHo ocodoe BHUMaHUe Ha CO3JaHue OMoyoTrnde-
CK{ aKTHBHBIX COCTMHEHNH, BKITFOUAIONINX (pparMeHT azeTuanH-2-oHa [2; 29-35]. K aum
OTHOCSITCSI TICHUITWIIITNHBI (TIEHaMBbl ), IEHEMBI, KapOarleHeMbl, OKcaneHaMBbl, 1edanocrio-
puHsI [36].

o7 43
CO,Na
TennuuaanHbI ITenembl Kap6anenemsbl
(ITenampbi)

H R'COHN !
-0 R'(H) 7 6 _.S. 2
NﬁR N >

o 7 o8 5 [4 R

CO,H COH
Oxcanenamsl Hedanocnopunni

(Hedemnbr)
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Cpenu coelMHEHUH 3TOW TPYIIBI — AHTHOMOTHK KapoOerneHeM (2.44), KinaBuinaHoBas
(2.45) u (2S,3R)-nipoknaBamMuHOBasi KUcioTa (2.46), MHrHOUTOP a0COPOIUHN XOIeCcTepH-
Ha 58053 (2.47).

o]
CO,H
2.44 2.45
OH (0] OBn
(0}
H,N OH N

N,

OO0 N

O
F

2.46 2.47

Hcropust pa3paboTKu 3TOH TPyNIIBI COSAMHEHIH onrcana B padborax [14; 15]. Onun
n3 nepBbIX HHrHOUTOPOoB ACAT (anmimkod’H3uM A XosecTtepoianui-Tpancdepasa) moiy-
geH B 1994 1. [16]. [Tocmenyromasi OoNTUMHU3ANMS CTPYKTYPHI TIPUBEIA K CO3IaHUIO0 00-
IIMPHOM TPYNITBI aHTHOMOTUKOB M, HAKOHEII, K pa3padoTKe U3BECTHOI'O CPEJICTBA I3ETHU-
muoa (2.48) B onmTrueckn akTHBHOU (popme.

HO.
HO
OH OH OH
. (S) ", Fm%
®) )
N N
’ \©\ ’ \O\
F F
248 2.49

00630p [37] moCBsiIEeH ’TOMY aHTUOMOTHKY W IPYTUM HHTHOUTOpaM XOJIECTEpHHA, a
0030p [38] — aHAJIM3Y CUHTETUYECKHUX BO3MOXHOCTEH a3eTHIUH-2-0HA KaK CHHTOHA TPU
KOHCTPYHPOBAHUHU COTCH OMOJIOTMYECKH AKTUBHBIX COCJMHEHHH, Cpel KOTOPBIX OCO-
00 OTMEYEHBI TIIOKYpOHUABI (2.49) U cynb(OHUINPOBAHHBIE TPOU3BOAHBIC YIIIEBOJIOB
(2.50).

A’ oH

o
HO O
., OH 0
HO OH
. 4 OH

2.50 F
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B pa6ore [39] onucaH cUHTE3 MPOU3BOHBIX [-IAKTAMOB CO CTPYKTYpOH (pyHKITHU-
OHAJIM3UPOBAHHBIX MPOJUHOB, B [40] — COCIMHECHMIA, BKIIFOUAOIIUX (PPArMEHThI MOP-
(dhonmHa, TUTIEpa3wHa U €T0 TOMOJIO0TOB. CHHTE3UPOBAHBI CEIICHCOICPIKAIITIE OUITIKITH-
yeckue f-nmaktambl [36] U THOKapOOHMIICOAEpKAIINE aHAIOTH OMHCAHHBIX COEIMHE-
Huii [41].

2.2. METO/IbI CUHTE3A ASETH/IHUHOB

2.2.1. AseTHAMHBI U3 AMHHOCTIMPTOB

OCHOBHBIM CIIOCOOOM TOJIY4EHHUSI TPUMETHIICHHIMHUHOB paHee CYUTAJIOCh OTIIIEe-
MJICHUE TaJOTeHOBOI0PO/Ia OT MEPBUYHBIX P-TaIOTCHAIKUIAMUHOB. 3aMbIKaHUE TTUK-
Jla JIOCTUTajoCh MPH MEperoHke cmecu opomamuHa ¢ 33-50 % pacTBOpOM €aKOTrO
KaJli, Ipu 3TOM B Ka4€CTBEC INMPOMEKYTOUYHBIX MPOAYKTOB HUCIIOJIB30BaJIMCh aMHWHO-
cnupThl [1].

Wzydenne npeBpaieHuii OpOMaNKHUIAMUHOB MO3BOJIWIO YCTAHOBUThH 3aBUCUMOCTH
CKOpOCTei 00pa30BaHUs IUKIMYSCKUX aMUHOB OT BEJIMUYUHBI IMKIa. OKa3aiock, 4TO
A3eTHIMHOBBIN MUK 00pa3yeTcs HAMHOTO MEHIJICHHEE, YeM a3UPUIMHOBBINA, KOTOPBIHA
SIBIIIETCSl HECPAaBHEHHO OoJiee HaNpsOKEHHBIM. 3aMeJIeHHe CBA3BIBAIOT C YMEHBIIICHH-
€M CTaTHCTUYECKOW YaCTOThI B3AMMHBIX MPUOIMKEHUH pearupyronux IpyIm ¢ POCTOM
LIETIA B MOJIEKyJIe cyOcTpara.

3amareHTOBaH crioco0 CHHTE3a 1-3aMelIeHHBIX a3eTHIMH-3-0JI0B U3 XJIOPAMHHOB
(2.51, R = H, Alk, Ar) [42].

R OH R OH
>_<; Et;N, Buy,NJ 7j
PhCH,NH Cl KHUIISTYECHHE N
? 134 Ph—"
2.51

B [2] ymomsiHyTa BO3MOXXHOCTH CHHTE3a a3eTHauHa (2.52) 3JeKTpOXUMHUYECKIM Me-
TOJIOM C y4acTHeM HoJicoiepikaniero narepmeanara (2.53).

) . CO,Me
-2€
MeO,C NHTs  Nal, ACOH/MeOH_ Mc0,C NHTs  NaOMe /\cone
\’/\/ —>87% —>MeOH N
MeO,C CO,Me 100% Mg
2.53 2.52

B 0630pe [43] npencraBnena o0mupHas rpymnma a3eTHIMHOB, CHHTE3UPOBAaHHBIX 10
cXeMe:

Ph

Ph Cl
LiHMDS on
—_— Me
0,
Me N THF, -78°C
N 78% N
Me Me

OaHUM U3 MEPBBIX TPUMEPOB UCTIOIH30BAHNS AMHUHOCIIHPTOB B CUHTE3€ a3¢TUIMHOB
SIBIJICSL TTUPOJIA3 3TUIIOBOTO 3dupa N-(1-MeTHi-3-0KCHITPOITHIT)-KapOaMUHOBOH KHCIIO-
ThI (2.54) (1944 1.) [1].
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CH,
X
HO
\/\/ Ncooc,H; —2 - N—COOC,H;
“H,0

CH,

2.54

B mocnennue pecatunerus TpaHCHOpPMAIMIO aMUHOCIIHPTOB PAacCMaTpPUBAIOT Kak
HanOoJIee MePCIEKTUBHBINA METO/I MMOTYUCHUS a3eTHINHOB. Vcmonp3oBanuio 1,3-aMuHO-
AJIKOTOJIeH B KauecTBe 0a30BBIX CyOCTPaTOB OJIATONPUATCTBYET TOCTATOYHO BBICOKAS JI0-
CTYITHOCTh COCTMHEHUH ITON TpyNIbl Oarogaps peaknnu Mannnxa [44; 45]. BapuaaTtsl
CHHTE3a a3eTUANHOB (2.55) CBS3BIBAIOT ¢ (GOPMUPOBAHUEM HanWOOJIEe MPEATIOUTHTEIb-
HBIX YXOJSAIIMX TPYIII, BO3HUKAIOMINX MPY B3aMMOAECWCTBUN aMHHOCIIMPTOB C ME3HII-,
TO3WIXJIOPUIAMH U UX aHAJIOTaMu, TpUQeHnI(OCHUHOM B YCIOBUSAX peakinu MUIyHO-
0y, N, N'-kapOOHUIANIMEIa30JI0M [44].

MsCl, 2Et;N R
EEE— N
HOUNHR DEAD, PPh,
Im,CO e
2.55

AMHMHOCTIMPTBHI aKTUBHPYIOTCS TaKKe JEHCTBHEM CHIBHBIX MHUHEPAJIBbHBIX KHUCIOT
(Takux Kak OpPOMHCTOBOJIOPOJIHAS KHCIIOTA), KOTOPhIE TIPUBOMAT K 00pPa30BaHUIO a3eTH-

JTUHUEBBIX COJIEH.
R_ _H
AN
HO HR oy
2 + H,0

CornacHo 1epBoii U3 YIOMSHYTHIX BBIIIE CXeM OBLIO TIOJYYSHO MHOXKECTBO a3€TH-
JIMHOB [46—49].

B [46] onican sHaHTHOCTIENM(DUIECKHI CHHTE3 3-a3eTHINHOIOB (2.56 a, 6— 2.58) u
W30MEPHBIX a3UPHUIUHOB; JUIS MOTyUEHUS ITOCIETHUX MPENIOKEHBI yI00HbBIE YCIOBUS.

OH OH
OH
1.1 5kB. MsCl
CH3\/'\/0H =, CH;m CH4
z Et;N/CH,Cl,
= 77% N N
~NH 0 I I
Ph,CH CHPh, CHPh,
OH OH 2.56a 2.566
C3H7III$ Phllll&
) )
CHPh, CHPh,
2.57 2.58

B pabotax [47-49] ynanoch OCyIIeCTBUTh CHHTE3 YETHIPEX BO3MOMKHBIX CTEPEOU30-
MEpHBIX a3eTUANHOB (2.59) u3 amuHoankorouei (2.60) 1 MpoIeMOHCTPUPOBATH U3MEHE-
HHUE KOH(PUTYpaLuy aToMa yIiepoa, CBI3aHHOTO ¢ THAPOKCUIBHOM IPYIIION.
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Ar, Ar2 Ar, Ar,
Me\[kOH Mey,,, [-\OH Mey,,, OH
Ar"' T NH, M NH, Ar"' T NH, Ar\“' ™NH,

cuH,aHT #-2.60

aHT H,aHT H-2.60
+ cuH,aHT H-2.60

cur,cri-2.60

cHH,aHT 1-2.60
+cuH,cuH-2.60

MsCl, MsCl, MsCl, MsCl,
Et;N Et;N Et;N Et;N
Me N . \\\Ar2 Me N Ar, Me 2 Ar, Me//,’ A\\Arz
o—N N J:N SN
ArY “Ms Ary “Ms ArY “Ms Ary Ms
T paHc, T panc-2.59 e, T pac-2.59 T paHc,fHc-2.59 e, ipc-2.59

+ T paHc, T paHc-2.59 + T panc,quc-2.59

B pab6ote [50] Obut 06CYXIEH CHHTE3 a3eTHANHOBOTO M30cTepa (2.61) m3BecTHOTO
TakcaHa — |-eoKCH-2-TuOCH30I0KCH-4-Tealle THII0AKKaTHHA.

Jokcan, A
90%

2.61

Hogslit knace asetuaunos (2.62, R' = Et, i-Pr, R* = H, CI, R* = H, Me) nomnyuen co-
TJIaCHO MpUBEIeHHON HIbKe cxeme [51]. OTMeTHM coXpaHeHHe AUXJIOPMETHIIBHON IpyT-
Tbl B YCJIOBUSX PEAKIINH.

1 Rl
N
K,CO3, DMSO
85-90°C, 48 u
60-78%

R?

2.62

[Ipu nonyyeHnn BaXKHBIX MHTEPMEAMATOB B CHHTE3€ MUTOMULIMHOUIOB [2; 52] 0OHa-
PYKEHO OHOBPEMEHHOE 00pa30BaHUE a3UPHUIUHOB U a3eTHIMHOB (4 : 1) Ha OCHOBE CO-
enuneHuit (2.63 a, 6). Coenunenue (2.63 0) npeBpamaetcs B mparc-au3aMeIlieHHbIN a3e-
tuavH (2.64 0).

OMs

CO,Me MsO, CO,Me
MsO, co,Me DME.EGN Mso/\w' S U
80°C, N NPf
NHPf 71-91% Pf

2.63a 2.65 2.64a O
OMs MsO,, CO,Me Pf= 'Q

MsO__A_ CO,Me _DMFE, EGN_ D Ph
\/\( 1100C, NPf

NHPf 73%
2.636 2.646
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ABTOpPBI CUMTAIOT, YTO 00pa3oBaHKE asupUAnHA (2.65) sBIseTCs pe3ylbTaToM He-
ONaronpuATHBIX CTEPUYECKUX B3aMMOJCHCTBUHN B MEPEXOJHOM COCTOSHUU PEaKIUH JTU-

OMs H
MeO C’g“ MeO,C.
€Oy NHPf 2 @/}HPf
H OMs MsO' (OMs
H

Me3uiiara.

H
MsO, CO,Me MsO,,Q CO,Me
tN(Pf NPf
2.64a 2.646

[IpUHIUIUAIBEHO BaXKHBIM Pa3BUTHEM TOTO METOJA IIPEICTABIAETCS COBMELICHUE
reTepoLMKIN3alliU C BBEJECHHEM aMUHO- WM THAPOKCHIBHBIX Ipynil. B psje ciydaes
AMMHOTPYIIIBI T10JIy4al0T BOCCTAHOBJIEHMEM a30TCOJAEPKAIMX 3aMecTHTenel. Takum
HyTeM nosydensl asetuaussl (2.66, R', R* R* = Alk, Bn, Ar, Nu=OMe, CN) [51], a Tak-

ke CTpykTypa (2.67) [53; 54].
R{

OMs NaBH,, MeOH, A
20-30 4, 66-91%

JIN
O cr ci O KCN, MeOH A
6-20 4, 54-84%

_Bn
N 2 sxB. NaCNBHj,
| 1 sxB. HOAC
CO,Me MeOH, A
Cl 86%

B kauectBe TpaHCOpMUpPYEMO# TpyIIbl U3ydeHa HUTpUIIbHAs [55]; comepkaHue
coenunenus (2.68) coctasmiset ot 0 10 25 %.

NEC><70TS L1A1H4 gg J‘\

R' R? 15- 250c
1 2
75:90% R R
2.68

RLR2= [ | ; Oij; Ph, CHy; CHs, CHy; O; (j
S N

H
(E OTs _ ﬁ

N. OTs _
\% & HJS/%(I -
R R, via'NH,"

1

R Ry

3amura BTOporo HyKJIeo(pHIbHOTO EHTPa aMHHOATKOT OISl IPUBOIUT K MOJTYYSHHIO
N-3amuimeHHbIx azetuauHoB (2.69, R', R* = H, OBn, R’, R* = H, Bn, CMe,) [56].
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CN .
/ LiAlH, MsCl, Py
—oy ——— b Rl A
Y Et,0, k.1., K.T., 124
254

2.69 2.70
Metomom SIMP ycTaHOBJIE€Ha MpEANOYTUTENbHAS KOH(DOpPMAIUs OJHOTO W3 CYJIb-
¢runpunazeruauHoB (2.70). Hwke npeacraBieH MeXaHU3M HUKIU3AIUH:
o—

= 9 s
==g==0

NHMs b
NaH _ / _— N-Ms
OMs  DMF OMs
R R R

B [21; 57] onuncaHo moslyueHHE a3eTHIMHOB, COBMEIEHHOE C BOCCTAHOBIIEHUEM
A3UAHBIX TPYNI a3ugoankoros (2.71).

OMs  Raney-NiW-2  BnO
B N, EtOH, k.1, NH
1549
BnO OBn
2
o}
H3COCO TSCL P H3COCO Hy PdC_ H,COCO 3
95% " EtOAc 1 5
_ N \, 60°C, 54 \,
0~ 307V 65% N o7

Hekotopsie  Ouc(runpoKkcUMeTHIT)a3eTHANH- | -WII-MTUPUMUINHOBBIE  HYKJICO3HU/IbI
(2.72, R =H, Me, X = O, NH), anayiorn oOKceTaHOIIiHa, OB CHHTE3UPOBAHBI HA OCHO-
Be (+)-mmatunraptpata (DET) [2; 21].

Bno H
t—OH  1)mscl BnO 1) i-amyINO,
(H—DET —, — NH ===
2) Raney-Ni 2) LiAlH,
N, 86% OBn 83%
BnO H
R
X
BnO HO %\(
B N—NH, ——=, N—N\n/NH
o]
OBn HO
2.72

Hapsiny ¢ reHepupoBaHHMEM aMHHOTPYIIIBI, HPEABAPSIONIUM T'€TSPOIUKIH3AIINIO,
pa3paboTaH IOMOIHUTEIBHBIN BAPHAHT JAHHOT'O METO/1a, BKJIFOUAIOIIHI MEKMOJICKYJISIP-
HOE B3aUMOJICHCTBHE CyOCTpaTa C aMMHOM U MOCIIEAyIolee 00pa3oBanue azeTuanHa [17;
58; 59]. B xauecTBe UCXOAHBIX COCIMHEHUI B TIOJJOOHBIX PEAKIIUSAX HCIIOIB3YIOT OB
Y UX TIPOU3BOJIHEIC.

ABTOpHI [58] 1MoKa3anu, 4TO MUKJIN3ALKS TPOUCXOIUT MPU ISHCTBUHM aMUHA Ha Cy0-
CTparT, BKIIOYAIOIIUK J[BA TPU(IATHBIX OCTaTKa, MPU STOM OOpa3yHTCS COCIUHCHHS
(2.73, R' = H, Me, t-Bu, OBn, Ar; R*=Ph, CHPh,, CH,Ph) u cnuponukinieckuii a3eTu-
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1vH (2.74). IIpoaeMOHCTPUPOBAHO MIPEUMYIIECTBO 3TUX OCTATKOB 10 CPABHEHHIO C TO3HU-

JIATHBIMH YXOSIIUMU rpynnamu [58].

Ho/\K\OH T£,0

R! DIPEA R! DIPEA

HO.

HO

OH 70°C

35%

R

TfO/Y\OTf R2NH, E
——

N

1

\RZ

273

1) Tf,0, DIPEA, -20° Ph Ph
) 160, , -20C >—N N—
2) Ph,CHNH,, DIPEA,  py Ph

2.74

Azerumunsl (2.75, R = Me, Bn, t-Bu) nomydeHs! Takxe 1eHCTBUEM MTEPBUYHBIX aMU-

HOB Ha 4,6-TUTO3MIATHI TIOKOmUpano3uaa (2.76) [52; 59].

OTs
(0]
TsO OBn
BnO OBn

2.76

RNH,
—_—

60-76%

RN
(0]
BnO OB OBn

2.75

B [17] onrican cHHTE3 MOTEHIIMAIBHO OMOJIOTMYSCKH aKTUBHBIX coenuHeHui (2.77,

2.78) na ocHoBe nuomna (2.79).

1. Tf,0, ocHoBanue CO,Et 1. NaOH,
HO MeOCN, 0 MeOH,
- —=20%C 0
EtOZC}COZEt 200C NBn —20C
HO 2. BnNH,, MeCN, 2. H,0,
-10°C — 70°C COEt KUISAYEHHE
2.79 63% 2 75%
LiAlH,,
To
HO
NR
HO
2.77
MeS
NH * HCl
HO

HO,C
NR
LiAlH,,
TTo
HO
NR
MeS
NH * HCI
2.78

CB0oe0oOpa3HON abTEPHATHBOM 3TOMY METOJY SIBISICTCS] B3aMMOJCHCTBHE aMWHA C

JUTAIOTCHHUIOM B YCIIOBUSIX MHUKPOBOJTHOBOTO OOTyIeHHS [2].

NH,

K,CO;5, H,0
MW 80-100 W,
120°C, 20 mun.

54%

+ c1/\/\c1

O

N
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DHaHTHOMEPHO OIHOpoAHbIe azeTuanHkI (2.80, R = Me, #-Bu, Bn; 2.81, R', R*=Me,
i-Bu, Bn) moxy4yeHsl Ha OCHOBE aMHUHOKapOOHWIBHBIX coequHeHui [2]. Xumudeckas
tpanchopmanus cyocrparo (2.82, 2.83) Bkiovaer mojiydeHue aMHUHO-aJIKOTOJIeH B Ka-
YECTBE WHTEPMEINATOB, TETCPOITUKIN3AINS KOTOPBIX OCYIIIECTBIISICTCS TIPH YYACTHH Ta-
JoTeHUTHBIX yxomsmux rpym (I, Cl).

0 OH HO,
R ]){H Sm(O)/CI—;zlz R \{-\/1 AgBF, -
Tr®, 0°C NBn,
NBn, NBn, I
2.82 2.80
cl
HO,
\‘)K/ < _Tre - R\ A O
—_—
Et Tl
NBn, NBn, R?
2.83
R}
HO /—COEt | ) HO, CO,Et
R'=Me, R>=H
E— R L N
R! PU/HCO,H — Me
MeOH, A
Nt BF, , N
Bn, 100% Bn
2.81

Bropyro rpynny npespaiieHui aMHMHOAIKOTOJIEH BKJIOYAET MX B3aUMOJEHCTBHE C
tpudenundochunom (TOD) [9; 44; 60—63]. B padote [60] aTOT MeTox mprBEN K 0Opa-
30BaHMIO cMecH azeTuanHa (2.84) ¢ asupuauHoM (2.85).

OH
OH
PPh3
4 K.T., 5 JIHEH,
II\I3 Ph KHI‘[S{'—[GHI/IC Ph
2.85 2.84
40% 24%

HenaBHo pa3paboTanbl METOAWKN aHAJOTMYHBIX MpeBpalienuii ¢ nomouisio TOD B
MPUCYTCTBHHU TETParaloreHu 0B yriepoaa [44]. UaauBunyanbHblid mpoaykT (2.86) Obin
TIOJTy4YeH MPH UCTI0JIb30BaHNU cucTeMbl, BKItovaromei Et;N u CCl, [61].

Me
Me, {
NH CH,0OH  Tod R. N
—_—
R!-CH-CH—R?>  EtN, CCly
H R
2.86

HawmGoree ycriemHo mporece MpoTeKaeT B YCIOBHAX peakuun MuiyHoOy, ¢ yda-
ctueM PPh, u nustrnosoro s¢upa azoankapoonosoit kuciaotsl (DEAD). [lpucyrcrBue B
CTPYKTYpE COCTMHEHUs! MOJBIKHOTO aTOMa BOAOPOJIA, a TaKKe OJaronpusTHOE pacro-
JOeHUE (PYHKIMOHAIBHBIX TPYIIT IPYT OTHOCHTENBHO JIPyTa JeflacT BO3MOKHBIM OCY-
IIECTBJICHUE BHYTPUMOJIEKYJIIpHON Aeruaparamnuu [9; 62; 63].
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NHTs
s,

NHTs
Si(CH
o\ SiCH3) LiBF,, MeCN OH PPh;, DEAD
H,O0, kunsuenue TIr'®, k.t.
Me Me H
Me. ~__OH Td®d DEAD H- —Me
Tr®, 0°C, N
NHTs 18 4 TS
Me Me\(:\(Me
PPh;, DEAD
\H\r 5 Me—&--Me PPh;, DEAD
NH OH TT® N TT® II\IH OH
81% + 91% Ts
S

Ts

W3BecTHBIM METOAOM TeTEPOLUKIN3ANY aMUHOCIIUPTOB SIBJSETCS BO3JACHCTBUE
1,1"-xapoonmnauumuazona (CDI) [2; 44; 45]. YcioBus omydeHUs] SHAHTUOMEPHO OJI-
HOPOAHBIX yuc-azeTuauHos (2.87, R', R* " Me, Et, Pr, Ph, (CH,),0Ac, (CH,),OTBS u ap.)

NpUBEACHHI B [44].
OMe

OMe

HN
H CDI (2 3kB.), MeCN N
HO/\/\RI 150°C, 2-4 u, S,
R? 0,05 Mbar R? R
2.87

ABTOPEHI 3TO# pabOTHI OKHUJIANHN TIpeBpalieHne amuHocnupra (2.88) B ukmmueckuit
kapOamar (2.89) B cooTBeTCTBHY ¢ JaHHBIME padoT [64; 65], olHAKO KUTISTYSHNE COeTH-
HEHUS B allETOHUTPHIIE TPUBEINO K azeTuauHy (2.90) 6e3 cienos coennueHus (2.89).

OMe B OMe
O&B\I _CDL 0 HN A
My NN MeCN ( NG AN\ MeCN
H OTBS H OTBS KHIYECHHE,
™so TBso/\/ 124
2.88 - B
OMe OMe
S T
07 °N
- . N k),% PN
TN Y OTBS
& “y. H
OTBS A~
S0 TBSO
2.89

2.90
N3yueHs mepCceKTUBEI CHHTE3a 2,4-TH3aMEIICHHBIX a3eTUINHOB. B oTiimaune oT nu-

KJIM3YIOMHXCs aMmuHoankoronei (2.91, R = Pr, gmop-rexcun), coequaenue (2.92) oxaza-

JIOCh HECTIOCOOHBIM K MPEBPAIICHUIO B a3eTUANH [44].
OMe Ph
7

OMe
SO RN
u, -
O

QH HY CDI

“

R

2.92

291
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B paGore [44] 0603HauEHBI Pa3IHYHsl CTEPEOXUMUIECKUX 0COOEHHOCTEH 00pa3oBa-
HUS a3€TUAUMHOBBIX U a3UPUIUHOBBIX cucTeM npu B3aumonericteuu CDI ¢ 1,3-u 1,2-amu-
HoankoroysimMu (2.93, 2.94).

OMe OMe OMe
g, S
9 oS3
oHIY - Im~o Y |:I|\I
2 -ImH H -CO,, -ImH .,
Bu Bu “Bu
2.93 2.96 2.95
IS Y :
/?\/ Im™ ~Im_ Im™ >q Ph NR, [, /E\/
PN T n o, ° Py
NR,
2.94 2.97

Oo6pazoBanue azetTuauHa (2.95) mpoucxoauT ¢ MONHONW UHBEPCHEH KOHQUTypaun
aToMa yTJepoJia, CBI3aHHOTO C KHCIOpPOJOM. Takoe CTepeoXMMHUYECKOe TEUEHHE Peak-
UM COOTBETCTBYET MEXaHMU3MY, MOJOOHOMY S\2, COrflacHO KOTOpoMy (hopMHpOBaHHUE
cBsizu C—N u gekapOokcunpoBanue cyocrpara (2.96) mpoucxoauT o JHOBPEMEHHO. DTH
JIAaHHBIE JIOTIOJIHEHBI pe3ysibTaTamMu [66; 67], CBUIETEIBCTBYIOIIMMHU, YTO OCH3UIIBHBIC
THIPOKCHIIbHBIE TPYMIBI B cCOeANHEHNUHU (2.94) MOTYT OBITH 3aMEIEHbl C COXpPaHEHUEM
KOH(UTIYpaluHu B pe3ysibTaTe BKIIOUCHHS UMHUIA30IbHOTO (parMeHTa. JTOT pe3yibTaT
00BsicHEH 3a cueT (GpopMUpoBaHUsT HOHHOH Tapsl (2.97) ¢ MOCIEAYIOMNM PaCKPBITHEM
a3MPHUIMHUEBOTO NOHA MTPU BTOPUYHOM THUIOBOM aTake [44].

2.2.2. llonyyeHune a3eTUAUHOB U3 IMOKCHIHBIX COeIUHEHU I

Hapsy ¢ u3BecTHRIMU MEeTOIaMHU TIOTYUYSHHS a3eTHAMHOB Ha OCHOBE aMHHOAIIKOTO-
Jiell 1 aMUHOTranoreHuaAoB [2; 7; 42; 49; 68; 69], 3aciyXKUBarOT NPUCTAIIBHOIO BHUMAHMS
JIPYTHE PEaKIy — PETHOCEIeKTHBHAS HHAYIIUPYEMas CEICHOM ITUKIIH3AIHs BTOPHIHBIX
TOMOAJUTHIIFHBIX aMUHOB [70], BOCCTaHOBJIEHHE aMIUHOKETOHOB M JUKETOHOB C TIOCTIE Y-
FOIIIIM ME3UJIMPOBAaHUEM ¥ aMUHOJIM30M AJKaHOIOB [49], nukinu3arus 3-(aMMOHAN )TIpo-
nuicynbdaros [71], a Takke BOCCTaHOBJICHNE a3eTHINHOHOB [72].

W3BecTHBI IpUMeEpHI TIOMyYeHUs U TpaHC(hOPMAIUH SITOKCHIHBIX HHTEPMETUATOB B
peaxIusaX CTepPeON30MEPHBIX aMHHOCITUPTOBBIX cyOcTpaToB (2.98 a,6) [73].

Ph
ph\ /Ph Ph\ Y o Fh
_P NaOH, Hy0,DME_ | (2PN Spe oCooH
07 NH - OH 25°C, 24 4, 72% 0 & )N:k
Ph cl
Ph cCly -
Cl
2.98a
Ph_ Ph ph_ Ph Ph
2 o Ph | COOH
0" NH OH NaOH, H,0,DME | 0% “NH s P
: 57% 0
Ph cal,
Ph
2.986

Omnucan mpuMep, Korja o0pa3oBaHUE a3eTUIUHOB U3 AITOKCHAMUHOB KaTaIM3HpPOBa-
HO OpomuIoM MarHust [74].
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Br

R! R2
/7
0 MgBr Rl 4o sm0- N
/A/\ R —_— Rl)\hN/ Soomso-tet
N ole H - MgBr
R! H O MgB :
gBr HO

B psane ciydaeB peakiusi MpUBOAUT K CMECH a3eTHUAWHOB (2.99 a, 0) 1 a3upuIuHOB
(2.100 a, 6). dy1st TOCTIKEHHUSI MAKCUMATBHOU PETHO- M CTEPEOCEIIEKTUBHOCTH BaphUPO-
BaJIM XapaKkTep M KOJUYECTBO KaTallu3aTopa, MOATBEPANB BOZMOKHOCTh HAIIPABIEHHOTO
CHHTE3a a3eTHINHOB (cM. Tadm. 2.1) [74].

O Mng
ph/A\/ NHBn )II/IOKcaH
KUIITYCHHUC
2.99a,6 2.100a,6
Tabauya 2.1
OnTuMHU3auMs METOAMKHA CHHTe3a a3eTHAUHOB (2.99 a,0).
Ne MgX, [IponomxutensHOCTh | BhIXOZ, CoOTHOILIEHHE TTPOTYKTOB
n/n (Monp%) peaxuuu, 9 % (299a:2.996:2.100 a : 2.100 6)
1 MgBr,-Et,0 (50) 5 48 88:4.1:7.1:0.5
2 MgBr,-Et,0 (5) 5 69 89:1.9:8.9: cnempt
3 MgBr,-Et,0 (1) 48 60 61 :cunenpr : 32:7.5
4 MgBr, (5) 5 66 86:9.7 : 4.0 : oTcyTCTBYET
5 Mgl, (5) 1 59 85:9.0: 6.5 : oTcyTCTBYET

Huknuzamus ¢ coxpaHeHHeM KOH(HUTYpaIi — pe3yIbTaT €€ WHBEPCHHU B JABYX I10-
CJIeI0BaTEIbHBIX CTaAUX Ipouecca [74].

Br RL R?
’ e
)\/\ ’ N
MgBr, R! NHR?
—_— e) B > o
- MgBr, @ O MeBr, HO'

MgBr
/A/\NHRZ - -
o ) OH
MgBr, )O\/MiB ________ . RIJ\7
- R! - MgBr, N
h

- MgBr, Y NHR?
Br R
Br Rl,/ /R2
‘ N
MgBr, R! )\‘/\NHRZ
—_— —_—
---- o /D
- MgBr, e O - MeBry HO

Rl
W/\NHR2 L MgBr |
o @

OH
MgBr, (0] MgBr . )H
—_— —_— R 5
- RIJ\(\ - MgBr, ’/N
b

- MgBr,
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B pabore [75] npogeMoHcTprupoBaHa BO3MOKHOCTB IIpeBparieHus snokcuaos (2.101,
R =i-Pr, Ph, Ph(CH,),, CH,(CH,),; Bus = SO,Bu-f) B 3amemIieHHbIC a3 TUANHBI U TUPPO-
JIMJIUHBI C BBICOKMMH BBIXOAAMH B ITPEUIOKEHHBIX ISl TOTO CHEIMATbHBIX YCIOBHSX.

K,COj3 (3 3kB.), OH
BusN o KI (1 9xB.) )Nfid K,CO;4 BusN
H = - v D ———
DMF, 100°C,  p. 80°C, 48 u
R 24 4, 89-98% 61-86% R
2.101

Hwuxe npuBeieHa cxema nukin3anuu snokcuaa (2.102) [75].

\NH
N T:(\OH 4-3K30-tet <_<‘ 5-om70-tet \NQ/OH
(0]

2.102

Cuntes (2-amuHoankui)okcupanoB (2.103) mpoBeeH Ha OCHOBE XUPAJIBbHBIX aJIbIH-
MUHOB (2.104).

q ABr 9

00
_S. S N7
N In, TF® “NH MXIIBK (3 5ks.) \NH
Py 60°C, 4 u N CHxCL,25°C. 24w 0
’ 2125 5
R H R X R)\/‘Q

2.104 2.103

Ha ocHoBe CTCPECOXUMHUYCCKU OJHOPOJHBIX OSITOKCHJOB ITOJYYCHBI ODHAHTHUOMED-

HO YHCTBIC a3CTHIUHBI; MTOCIICTHIE MPEBPAIICHBI B a3eTHINHCOAEpKAIUe KapOOHOBBIC
KuCIIOTHI (2.105) [75].

[0}
RuCl; (10 monp%),
OH OH
BusN NalO,4 (3 2kB.) BusN
MeCN, CCly,
H,0, 25°C
R
2.105
\ 3 N \
\‘\\OH OH > TTOH \X\\ OH

8

\i\ § Ph \(\\)‘2 Ph\‘

81% 88% 91%

Buslil:l“ BusN: Buslil:|"‘ BusI\II:I’

85%
3acmyKUBaeT BHHUMAaHHUS OCYIIeCTBIIeHHE TmpeBpamieHuii tuma (2.106—2.107)
[2; 76].

O

F;C OH
F;C
i-PrOH
—_— N
HN /CH3 KHUITSTYCHUEC Ph
A8
(¢}

Ph

2.106 2.107
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WHo# noaxon K CHHTE3Y a3eTHIAMHOB BKIIIOYAET B3aUMOJCHCTBUE MEPBUYHBIX aMU-
HOB (2.108) ¢ snuxuopruapunom (I"'aptaep, 1966 r.) U nocneayomee CIOHTaHHOE Mpe-
BpallleHUE MPOJIyKTOB B a3eTuanH-3-0ibl (2.109) [69; 77; 78].

0]
%m OH OH
RN, i MeCN ’j
K.T., H-TeKCaH R” Kumnsyenue, 4-5 4 N
2.108 R

2.109

OOHapykeHa BakHas POJIb CTEPUYECKOro (akTopa, CBS3aHHOTO C 0OBEMOM aj-
KWJIBHOW TPYNIBI aMHHOB; OJIHAKO JIAXKE B PEAKIUSIX mpem-OyTWiI- U mpen-OKTHII-
MIPOW3BOMHBIX BBIXOJ] a3€THAWHOB B IEpBBIX ombiTax coctaBmsut 20-30 %. B [79;
80] moka3zaHa BO3MOXKHOCThH IPEBPAIICHUS B a3eTUAWHBI 1-agamMaHTIII- W |-TIHKIIO-
JOJISIIIIAMUHOB, U B COJIM a3€THIWHUS — BTOPUYHBIX aMHHOB. llepByro cTammio peak-
uu (B CH,CL,, rexcane, meTanoue, nerponeitanom a¢gupe, JIMCO) pekomeH10BaHO TIPO-
BOJMTH P KOMHATHOW TeMIIEpaType C TOCIEIYOIINM KUTISTYSHUEM TaIOTeHT HIPUHOB B
aneronutpuie [81; 82]. Oka3anock, 4TO MOBBIIICHUIO BBIXO/A a3€THINHA CIIOCOOCTBYET
M30JISIUS U OYKCTKA MPEAIIECTBYIONIECTO HHTepMeanara [69].

B [83] mpennoskena ynoOHas AByXCTaauiiHas METOIUKA XEMOCEJIEKTHBHOTO TIpe-
Bpamenus amuHoB (2.108, R = #-Bu, #Bu, i-Pr, HOCH,CH,, CH,CH=CH,, Bn) B
N-ankunazetunnH-3-omsl (2.109). [TokazarensHa oOHapyKeHHas paHee 3aBUCUMOCTD BbI-
X012 a3eTUIMHOB OT 00BEMOB AIKMIIBHBIX TpyIn aMiHOB (R = #-Bu, -Bu, cooTBeTcTBeH-
HO 40 u 85 %). st momyueHust mpon3BoAHEIX azetuanHa (2.110) rcmonap30BaHa U3BECT-
Has peaknys SUXJIOPTHAPUHA ¢ OSH3TUAPUIAMUHOM [84—86].

0
Cl OH
H (0] Et3N (3 okB.)
RNH, —mM8M8Mm N
£PrOH, k1., 4244 R” MeCN, 0°C™>™ xuns4eHue N
2.108 24 4, 26-85% R’
2.109
" Cl% OH
p
Ph NH, MeOH Ph )
HCI (ra3) Cl
Ph
2.110

B pa0Oore [87] onucano B3aumoaeicTBre ruapoxiopuaa oensruapuinamusa (2.111)
C SMUXJIOPTUAPUHOM B XJIOPUCTOM METHJICHE B NMPHCYTCTBUH BOABI M TMAPOKCHAA Ha-

Tpusl.

Ph 1. CH,Cl,, NaOH OH

)\@ o H,0, k1., 124 ’j
P~ NH;Cl N
2. c1/ﬁ Ph\(
2.111

(¢}
K.T., 724, 51% Ph

Azerngun-3-om (2.112) ucnonb30BaH Ui CHHTE3a psAfa BAXKHBIX COSAMHEHUWH.
B [88] u3 Hero nonyyena azeTuanH-3-wykcycHas kucioTa (2.113), kotopast Hapsiay ¢ ee
ananoramu (2.114, 2.115) paccMmarpuBaiach B KauecTBe KOHGOPMAIIMIOHHO OTPaHUYCH-
HOTO0 aHajora y-aMuHoMaciastHol kucioTsl (I'AMK).
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OH CO,H
HN HN
N N
H

2.112 2.113 H
2.114 2.115
EtO,C CO,Et EtO,C CO,Et
1) MsCl-Py
112 D LiBr, Li,CO;, THF 1) H,, PA(OH),/C 1) KOH, EtOH, 1,0 _ 113
3) NaH, CH,(CO,Et), 2) Boc,O 2) 165°C, 1 mm.pT.CT.
DMF II\I III 3) CF;CO,H
CHPh, Boc

Cunre3 1-amkuin-3-ruapoxcu-2-pennnazerunauaos (2.116, R = #-Pr, i-Pr, ¢-Bu,
4-CIC,H,CH,, PhCH,CH,, EtOC(O)CH,) ocyuiecTBieH 110 NPUBEICHHON HIKE CXEMe
[89]. BzaumoneticTBue coemamnenus [(R,R)-2.117 a] ¢ OeH3MIaMHHOM TPOBOIWIA TIPH
KHITSTYCHUH B METAHOJIE.

Br

Ph /R
Ph)w RNH,, MeOH, k.T. \D\I
o 20-110 49, 65-93% .

N

HO
(R,R)-2.117a 2.116

Bce azetnnnns (2.116) oxapakTepnu30BaHbl KaK mMpaHC-U30MEPHl B OTHOIIIEHUH OpH-
EHTalnu 3-THAPOKCHIBLHOU M 2-QpeHuIbHON Tpynmbl. [Ipyn ncnoap3oBaHUM THACTEpPEO-
momepa [(R,S)-2.117 6] B TeX K€ yCIOBHUSAX ITOTYICHBI 2-aMUHOMETIII-3-(DCHIITOKCUPAHBI.
Paznuune peakimonnoi cnocodnoctr cTpykryp (2.117 a,6) 00bsCHEHBI aBTOPAMU C TOY-
KU 3pCHHSI KOHPOPMAITMOHHBIX 0COOCHHOCTEH 00pa3yeMbIX HHTEPMEIUaToB [89].

Ph
" Ph . /R
(R,R)-2117a —— NHR
Br H 5
OH HO
2.116
Ph
H OH WCH,NHR
(Rs)_21 176 —— I Ph/l>‘\\\\\ 2
Br H 0)
NHR

[Ipuemnemsiii Beixon azeruannos (2.118, R = SiMe,, Et, u-Pr, i-Pr) nocturnyr B pa-

6ore [90].
c1% Me;Si
SiM

SiMe; (0] tVies )\R /Me

)\ EtOH )\ NaOH N N
—_— —_—
R NHZ KHUIITYCHHC CI/Y\E R
OH HO HO
2.119 2.118 2.120

Hcmonp3oBanne MeTWIaMHHA BMecTo coemuHeHus (2.119) cHmKaeT BBIXOX
N-metunazetunua-3-oaa (2.120) mo 10 %, ogHAKO MOCIETHHA YCIICNTHO MOIYyYatoT Jie-
CHTIIIMPOBaHUEM coenuHeHns (2.121).
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Cl% Me;Si
JiMe; N)\SiMe3

(0]
_— >

Me;Si NH,
HO
2.121

A. KarpumkuMm ¢ cotp. [21] mpemmoxkeH MeTo TONYICHHS a3eTHINHOB Ha OCHO-
B€ JMUXJOPTHAPHHA, BKIFOYAONINN MMPOMEXYTOUYHOE CHIMIMPOBAHNE THAPOKCHIBHOM

IPYIIIbIL.
Cl
(0]
PN /\ _ NH(SDCOCH;
Ph NH, Et,0, kT, 48 1 ? Ph " NHZCOCH3 Ph H Cl
92% O(Si)
/"Ph o /"Ph
CH;CN, Et;N N EtO N
KUIsiueHue, 72 4 EtOH, k.T1.
42% (Si)O 14, 77% HO

B 2009 1. ommcan cumHTE3 mpem-0yTHUI-6-0KCco-2-a3actupo|3.3 |renTaH-2-
KapOokcuiara, a 3areM ero N-Boc-miponsBoanoro (2.122) [91].
1) TsCl, EtsN

% s o~<>< _NaBH, % DMAP, 91%
——=» Bn o n OH ~ LA,
COLE T os% 2) LiAlH,
e
CH,NH
— | BnO / —— Bn0—<><;NH e O:<><>N—Boc
OTs 2.122

[Ipenmoxkern 3¢ ¢GeKTHBHBINA CIOCOO TOMyYeHHs Ha OCHOBe dmokcuma (2.123) u
L-mponwHA >HAHTHOOMHOPOIHBIX OWITUKIMYCCKUX a3eTUAUHOB — a3admmukio[3.2.0]-

renTaHoB [92].

[ 1. L-mpomun, Ei;N HO 1) PPh;, CCly BnO/’/,'
‘R/ E{OH, 60°C, 12 \)\/N CH,Cly, ., 5 1, 60% N
. OBh——_——————> BnO
2. SOCl,, MeOH CO.M 2) LIHMDS, THF/HMPA -
Kurmsiyenue, 1 4 HLMe _00°C - ()° o =
90°C - 0°C, 58% GO,Me

2.123 42%

AmuHONU3 cTepeon3zoMepHoro 3mokcuaa (2.124) u mocnemyromiee MpeBpaIIcHIe
aMUHOCIIUPTA MPUBEIH K MTOJIyYEHUIO UHANBUYaJIbHOTO SHaHTHOMeEpa (2.125).

1. B-LMKIOAEKCTPUH
2. L-nponuH HO PhO N
O, (MeTHIIOBHIi 3¢hup) - N
%OPh 91% PhO \/\/ —_— >
CO,Me MeO,C
2.125

2.124

Pasmenienre kapOOHUIBHOW TPYIIBI IO COCENICTBY C OKCUPAHOBBIM (PparMeHTOM
MO3BOJISIET OCYIIECTBUTh CUHTE3 a3eTHINH-2-0HOB (2.126), oHako B [93] mokazaHo, 4To
Hapsily ¢ HUMU JIETKO 00pa3yroTcsl U pyTHe reTepolHKIndeckie cucreMsl (2.127 a—B,
PG =4-MeOCH,, Ph,CH, (4-MeOCH,),CH, R = Ph, #-Bu, i-Pr, H u np.).
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OH
H
[¢] R (0] R
OCHOBaHHE R Me j/
—_— + | +
N

0
PG
2.128 2.126 2.127a
R Me
Me/,, O HO, R
+ \ + M
\
HO N o I\{ 0
PG PG
0
2.1276 2.1278

[TockonbKy a3eTHIUH-2-0HBI ABJISIOTCS NMPEAIIECTBEHHUKAMHU U KJIIOUEBBIMUA UHTEP-
Me/lMaTaMy B CHHTE3aX TPOM3BOAHBIX THEHAMHIIMHA, KapOaneHeMa U APYIHX LEHHBIX
aHTHONOTHKOB [38], B padote [93] moapoOHO Mccaeq0BaHO BIUSIHUE XapaKTepa OCHOBa-
HUS U YCIIOBUH MpOTEKaHMsI peaklMi Ha COOTHOLIEHHE MPOIYyKTOB IUKIN3auuu. Paspa-
00TaHBI yCIOBUS cCHHTE3a AMOKcHOyTHpata (2.128), onpeneneHsl ONTUMaIbHBIC YCIOBHS
ero mnpespaiieHus B coeauHenus (2.129 a,0) — kunssuenue ¢ K,CO; u JIM®A B TeueHue
18 4 (100 %).

(0]
N I
N
PG~ R
0 0 R
A 1. (COCl),, THF, -5°C, 2 u N
Me CO,Na*NaBr 2. Py, 14,-5°C—20°C Me PG
O
2.128

t-Bu

OMe
2.129a 2.1296

[onusrii cuares nenema (2.130), aHTHOMOTHKA CO CTPYKTYPOH S-1aKTama Ha OCHOBE
L-tpeonunHa, onucan B padote [94].

1 OH
o OrR' O o
o) Ph Me™ %, 0 —<
Me —_—, : R -
N/ ’
(6] N 0
1 CO,Na

2.130

2.2.3. [IpeBpanienne a3UPUIMHOB B a3eTHAUHBI

K 4gunciy Hanbonee M3BECTHBIX pEareHTOB, MPUBOIAIINX K PACIIHPEHUIO TPEXUIICH-
HOTO TIMKJIA JTO YeTHIPEXUIEHHOTO, OTHOCATCS HIIUABI cepbl. B [95] onmucano packpeiTre
asupuanHoB (2.131) auMeTnicynb(HOKCOHNHA METHIIHOANUIOM, KOTOPOE COMIPOBOXKIALT-
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csl 3aMbIKaHUEM LMKJIa B uHTepMenuare (2.132). OtMeueHa BbIcOKasi cTepeocnenuduy-
HOCTb PEaKUUil — yuc-a3upuaMHBI IPEeBpalIaTcs B mparc-azetuaunsl (2.133), Torna
KaK mpaHc-a3upUIuHbI C JIETKOCTBHIO 00pa3yIoT yuc-a3e TUANHBL.

(S
(0] Me\\ /O
=z 3
?02R3 Me\g@ o S N,SOZR
R N g M cH, R
\A/ -DMS ‘.
o /i, 3 2 Rl
H H e % _SOR® 18.77% R R
2.131 2.132 2133

B [96] npennokeHO MCHOIB30BaHHE MUKPOBOJIHOBOIO OOJYYEHHUSI B PEaKkUUsIX Ha
OKCHJIC aJIOMHUHUS B OTCYTCTBHE PACTBOPHUTENS UL MOJMy4deHus: coeanHeHuid (2.134,
R'=Me, Ph, C.H,;, 4-Cl(Br, Me)CH,; R?=H, Ph, X = H, Me, Cl). [TokazarenpHo, 4TO B
MIPUBEICHHBIX YCIOBHSX pEaKIUsl HE TPOXOAUT IIPU UCIIOIb30BAaHUH CHIIMKAress U MOHT-
Mopuitonnta K-10 mnu KSF. CtpykTypa coenunenuii noarsepxaeHa cnekrtpamu AMP
n NOE-3kcniepuMeHTOM, KOHCTAHThl CIMH-CIIMHOBOTO B3aMMOJAEWCTBUS BUIIMHAIBHBIX
mparnc- ¥ yuc-mpoTOHOB COCTABJIAIOT COOTBETCTBEHHO 7,5 1 9,0 '

X O\\ /Me o
(0] o S@ O\\//
A H,C” “Me oS
0=% MW, 160 W, 90°C N x
_—
N AlLO3 7 Mun.
A 68-79% R? R!

2.134

B kauecTBe peareHTa JUisi U3YYCHHOUM I'PYIIbI CyOCTPATOB UCIOJIb30BAH JTUMETUI-
cynbhonurdTokcuKkapoonunmermiar [97]. Cunres azeruaunos (2.135 a, R = Ph, X =H,
Me, Cl) nmpoTekai peruo- u CTepeoceleKTHBHO B aTMOC(epe a30Ta Kak PU HarpeBaHUH,
TaK M Ha XOJIO/Iy, OJTHAKO B YCJIOBHSIX MUKPOBOJHOBOTO BO3JCHCTBHUS HAPSIY CO CTPYK-
Typoii (2.135 a) O6buT MOMyYEH COOTBETCTBYIOMUN perunonzomep (2.135 6), nzonupoBan-
HBII C TIOMOIIBIO0 KOJIOHOYHOU XpoMaTtorpaduu [98].

O\\ /Me
o @
X H(lj/ “Me
N CO,Et
02? N, atm., DMF X
N 1) 50°C, 3 u
A 2)K.T., 214
R
0\\ /Me
x ©_s@
H(lz Me
S\ CO,Et
0—? MW, ALO, X
N 58-63%
"R

2.1356

B 0630pe [12] onucano B3aumoseiicteue asupuaunos (2.136, R' = Ph, CO,Me) ¢
WIHJIAMU CepbI, IpUBOJIsIIee K azetuaunam (2.137 a, 6). MexaHu3M peakiuu BKIIIOYAeT
obpazoBanue unuaa (2.138) ¢ nocnenyomeil MeKMOJICKYIAPHOH, a 3aTeM BHYTPHMOJIe-
KYJISIDHOH aTakoi 1 00pa3oBaHHEM a3eTUANHOBOTO LIUKIIA.
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Me
R!  CO,Me R!  Br(@Cl
Mo Xy COMe e\ Bren g\ come
+
N coMe Br(Cl) N"~copMe N"=~co,me
Ri COM PhH, k.1.,2 4 CO,Me CO,Me
HIVle
2.136 2.137a 2.1376
- . ®
N 3 (N 2.137a,6
/Q(R s e>/R3
R
R! R? R2
(CI)Br R4
2.136 \l6
S
Me” ® " Me
2.138

Pacmmpenue nukia a3upuIMHOB MPOUCXOAMUT MPH ACHCTBUU APYTUX HYKICOPHIIb-
HBIX peareHTOB (aMHUHOB, METAJUTOpraHUYECKUX coemuHeHnit) [19; 62]. B pabore [19]
OTMCaH OJHOCTAIMUHBIA METOJ] chHTe3a 3-aMuHoa3eTHAMHOB (2.139), obnamaromumx aH-

THOAKTEpUANTBHON aKTHMBHOCTHIO, HA OCHOBe asupuauHoB (2.140, X = Br, Cl, R' = Me,
Ph, n-MeCH,).

2
NHR NHSO,R!
X% R’NH, < |j
TTI THF (MeOH) 19-37% N
SO.R! NSso.r! R
2.140 2.139

B peakuny, 17151 IpoBEACHUS KOTOPOH MPEIOKEHO HECKOJIBKO METOMK, UCTIOJIB3Y-
10T OCH3WIIAMUH, mpem-0yTHIaAMUH | JIaxe UKIorekcuiamuH. [TonoOHas Tpancdopma-
sl He MTPOMCXOIUT MPH JeHCTBUM OeH3rHaApruiIaMiuHa. Bo Bcex ciydasx B KauecTBe BTO-
poro mpoaykra noiay4atoT 1,3-0u(N-R-amMuHO)-2-n-T0oyon-cynb(poHaMuI.

WHOW myTh, COCTOSIIUNA BO B3aUMOJICUCTBHHM N-TO3WJI-2-a3UPUIMHOMETAHOJIOB
(2.141 a, 6) c pearentoMm ['mnmana (Me,CuLi-2LiBr-Lil) npu —78 °C B adupe, npeo-
sxkun T. MOyxka ¢ cotp. [62]. Oba crepeon3zomepa 00pas3yroT Mo Ba MPOAYKTa AIKHIHPO-
Bauwms (2.142 a, 6, 2.143 a, 0) ¢ BEICOKMUMH BBIXOJIaMU U HU3KOW PErHOCETEKTUBHOCTHIO.
[IpeBpamenue coenunenuii (2.143 a, 0) mox neiictBueM cuctemsl peareutoB DEAD-
TOD B Terparunpodypane NpuBOIUT K azeTuauHam (2.144 a, 0).

NHTs NHTs
Me ~ OH Me ~ CO,Me
Me Me
Me
N— “oH 2.142a
H\ /H H H
e Me -
Me=—T—T==Me
2.141a L Me\‘)\/OH —_ L
/
NHTs Ts

2.143a 2.144a
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NHTs NHTs
Me OH Me CO,Me
— -~
M Me Me
eﬁg‘\\OH 2.1426
R -
H H
I"l\ls Me Ny
. Hirve 1IMe
2.1416 L Me oH L
7/
NHTs Ts
2.1436 2.1446

CrepeonszomepHble a3eTHAUHBl (2.145) moiy4deHBl Ha OCHOBE mpaHc- U Yuc-
asupuauHoB (2.146). [Ipu >ToM B KauecTBE MPEAIIECTBEHHUKOB BBICTYIAIH YHAHTHO-
onHopoausie 1,3-amunoankoronu (2.147) [63], moayueHHbIE B COOTBETCTBUU C TPUBE-
JCHHOW HIDKe cxeMol. VX muKimn3anus B yCIOBHAX peakiud MuilyHoOy mpuBena K ase-
TuauHaAM [99].

f .

7
Rzﬁ”\/ Pd(PPhs), Inl, H,0 R> R? DEAD,PPh;
lef R*-CHO N OH RI’N 2%
R! R
mpanc-2.146 cun,cun-2.147 yuc,mparnc-2.145
I
R2 // H RY ‘\\\//
\W/ Pd(PPhy),, Inl, H,0 RZY\/ R3 DEAD, PPh;
I|\I R-CHO NH C:)H R’ R3
R! RI”
yuc-2.146 cun,anmu-2.147 mpanc,mpanc-2.145

I'eteporuknm3anyio obJeryaeT MpuCyTCTBHE aKTUBHOI'O aTAaKYIONIETO peareHTa B
TBUIOBOH 00JIACTH a3UPUAMHOBOTO ITUKIA. TaK, anmu-a3upuauHo-aMuHOIPUPHI (2.148)
MIPETEPIIEBAIOT TEPMUYECKYIO IEPETPYIITUPOBKY B MATKUX YCIIOBUAX B IPUCYTCTBUU TPU-
STHJIaMUHA ¢ 00pazoBaHUeM mpaHc-N-3aMeneHHBIX 3(pUpOB amKniI-3-aMUHOA3eTHIUH-
2-kap6oHOBBIX KucnoT (2.149, R' = Me, Et, R* = Me, Et, +-Bu) [100]. Beixox a3etu-
JTMHOB CHIDKAETCS] B OTCYTCTBHME OCHOBAaHHUS B peakIMOHHOW cpene. [lokazaTensHo, 9TO
CUH-A3UPUITHOAMUHOI(UPEI HE CHOCOOHBI K MEPETrpyNIHPOBKE B TPUMETHICHUMHUHBI.
K ananornunon MUKIN3alluU CKJIIOHHBI CTPYKTYPhI, BKIIIOYAIOIINE UMUHOI'PYIIITY, B pC€aK-
AU C IUaHOOOPOTHAPUIOM HATPHS.

Ts R! H
Rl N ) N~
>%CO2R2 Et}N, CH3CN R
1 B
R Y 70°C, 20 4 o N
—_ 7,
HN_ _Ph 44-80% \( CO,R?
Ph
Ph
2.148 2.149
Ts
RL N NaCNBHj (2 5B.)
2 AcOH (1 k.
R1>% COR®  _ACOHUMB) ) 148> 2149
z MeOH, k.1., 6 4
N Ph 86-96%
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B [101; 102] npuBesiena cxema cuuTesa 2-(cyibGoHuauMuHo)aseTuuna (2.150, R,
R*= Ar).

R! (Rl R! R!
SO,R? ( SO,R? 4
( RZSO,N; N N ol - N~g0,R?
N _ e N —_— —_— T:(/
L\ 80°C, 3 u A{ p AV\J
//N \x D
N N=N
2.150

JJist aTaky 1Mo SK30IMKINYECKOMY (hparMeHTy cyOcTpaTa BEIOpaHbI TAK)KE PeareHThI
I'punbspa, npusosIIuMe K rereporuiiam (2.151, R' = Bn, 4-MeOC,H,CH,; R* = Et, i-Pr,
Bu, Bn; R*X = BnCl, BnBr, Mel u ap.) [103].

OBn o R!
1
R 1. R2MgCl (2.5-3 oxs.), TTD R o=c=/ N
N, Cul (20 mois%), -30°C> K.T., 3 4 |N (1.4 oxB.)
A 3 : o RZ\)\/ R3| -78°C~ k..
2.R°X (1.5-2 3kB.), 40°C, 3 4 47-63% BnO R3
3. AcOH (2 3kB.), K.T., 30 MUH R2
2.151

B pabote [104] nmokazaHo, YTO pacroIOKEHHAsE B HEMOCPEICTBCHHON OJIM30CTH OT
A3UPUAMHOBOI'O LUKJIA Kap6OHI/UIBHa$I rpyiia HE NPENATCTBYCT reTCPOUUKIU3allu aMH-
na (2.152). B [69] ynomunaetcs peaknus To3unata (2.153).

Ts TsHN o
EtOH Me

W O  EtONa (kar.)
—_—

W
©}

M H
€ 86% N
Et0,C_ _NBn Et0,C
: > Co,Et B"
CO,Et
2.152
Et;N
OTs  95% EtOH |
N N OH
25°C |
6 nHeH
2.153

B mocnenaue roasr o0pareHo mprcTaabHOe BHUMAaHUE Ha KapOOHWIMPOBAHUE A3H-
PHUIIMHOB T10]1 IeHCTBHEM KapOOHMIICOIEPIKAIIMX KATaIN3aTOPOB, IPHBOJIAIICE K PACIIIH-
PEHUIO TPEXWICHHOTO IMKJIA U CHHTE3y 3aMEIICHHBIX a3eTUJNHOHOB. DTOMY BOIIPOCY
nocBsiieH psg 0030poB [60; 105]. B xauecTBe KaTamu3aTOPOB Yalle JPYTUX UCIOIB3Y-
0T KoMIUTeKChI kKobanbTa [106—109], aukens [105], xenesza [60; 105], poxus [105; 109—
111], manmanus [112—-114]. B pabdote [106] Ha mpuMepe peakiiuii ¢ TeHEPUPOBAHHBIM in
situ annonoM TeTpakapbonmikoo6ansTa [Co(CO),] mccneaoBaHo BIUSHUE 3aMeCTUTENEH
B a3MPHUIMHOBOM (hparMeHTe Ha CTepeo- U pernoxumuto peaknuii (2.154, R = H, Me, Et,
Ph, CH,OTBDMS).

R R
3 OTBDMS TBDMSO
R
V\OTBDMS _[Co€ON1 N
N N N
k e} \—Ph o \_—Ph
Ph 2.155a 2.1556
(OCHOBHO#

2.154 npomyKT)
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CootHomenue u3zomepos (2.155 a,6) konednercs ot 100 : 1 mo 73 : 27. IlocnenHwuii
OTCYTCTBOBAJ B peaknusx azupuanHoB (2.154, R = H, Ph) u Obu1 Haubonee npeacras-
nieH B peaknusx (2.154, R = Et, yuc- u mparnc-uzomepsr). [lokazatenbHO H3MEHEHUE KOH-
(urypanuu [-1aKTaMoB 10 CPABHEHHIO C a3UPUAWHAMU KaK JUIS Yuc-, TaK U I MPAHC-
HU30MepOB. BBIX0OJ MPOIYKTOB MPEBPALLCHUS YUC- U MPAHC-a3UPUIUHOB COCTABJISIET CO-
oTBeTCTBEeHHO 95-99 1 40-63 % [106].

Arrapsan ¢ cotp. [115] oOHapyX uiH, 4TO paclIMpeHUe LUKIa UMEET MECTO TOJIb-
KO B PEaKIIMsIX HEaKTUBUPOBAHHBIX a3UPUIMHOB, TOT/Ia KaK MX aKTUBUPOBAaHHBIC aHAJIO-
T'Yl B TIOJJOOHOTO poJia MPEBPAIICHHUSIX OKa3bIBAIOTCS HHEPTHBIMH. [Ipu 3TOM aTtaka aHU-
OHA TeTPaKapOOHMIKOOAIbTa MPOUCXOANUT CO CTOPOHBI IPpynmbl SiMe, 1 cOnpoBOKAACT-
Csl MHBEpCUel KOH(UrypaIuy arakyeMoro 1nentpa. Ha cranuu BHenpeHus kapOoHMIIa, a
TaKXKe 3aMbIKaHUs [f-TaKTaMHOTO (hparMeHTa KOH(HUTYpaIysi peaKIIMOHHOTO LIEHTPa COo-
XpaHseTCsl.

H-{3u Co,(CO)g (8 MOBY%) H-Bu o]
N‘) CO (500 psi), DMF
95°C, 16 4, 74% .
n-Bu SiMe; 1-Bu “SiMe;
) (=)
Co(CO), - Co(CO)y
o ° kJO(CO)A‘
H-Bu—N Co(CO)4 co H-Bu—N~__ v (6]
—_—

H-Bu /SiMe3 H-Bu /SiMe3

IToxazaTenbHO, 4TO, B OTIMYNE OT KapOOHUIMPOBAHUS a3UPHUINHOB, AEKapOOKCHUITH-
pOBaHUE CTEPEOU3OMEPHBIX mpanc- u yuc-1,3-okcasuHanoHos (2.156 a,0), mpusossinee
K oOpazoBanuio azeruauHa (2.157), mpoTekaer cTepeoXxuMu4ecku HeotHopoHO [116].

(6] O

)]\ — )]\
TsNK/lo\/ Pd(PPhs)4 (5 Monb%) TST:(\ Pd(PPhs)4 (5 moms%)  TsN 0]

_—~  CHyCly, k1., 10 Mun . CD,Cly, k.., 2 4 ., %
-CO,, 74% “Ph -CO, : ’

Ph Ph

2.156a 2.1566

Nzyueno mnpespauienne yuc-azupuauHos (2.158, R = CH,OH, CH,OTBDMS,
CH,OAc, CH,NH,) B mpanc-azetunun-2-onsl (2.159). Beixon coeannenuii ¢ 3aMenieH-
HbIMU 1 HezamelneHHbIMU OH- u NH,-rpynnamu cocraBun 86—96 % u 68—79 % cootseT-
ctBeHHo [106].

Ph R ° Ph R
\\W4 [Co(CO), ] );(
N N
k G \_-Ph
Ph
2.158 2.159

B [107] B kauecTBe KaTaJlM3aTOPOB MCIOIb30BaHbl KoMIiekchl (2.160, 2.161), npu-
TOJIHBIE 11 KapOOHUIMPOBAHMSI SMTOKCUIOB U a3UPUINHOB.
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2. 7

@ ] R [€)
[L,M] [Co(COy)] = /Tl \o [Co(COY)]

2.160

N | N
® ©
J 1% [Co(COy)]
#Bu tBu
t-Bu o t-Bu
2.161
Me Me
Mev 2.160 (xar.) Mev 2.160,2.161 (xar.)
—_—
g 60°C, 41 ) N 60°C,6%,90150% BN
95% o) Bn 0

Hmxe mpencraBiena cxema KaTAIUTHIECKOTO Ik peakiuu [107]:

L,M—X Co(CO),

X >_/
ANG R R

R! R2

X=NR,0

0
L,M—X Co(CO);s
@ n
(LM [Co(CO,° >}
R! 2

0
0
x:/I/ k LM —/X\>_>£EO(CO)4 co

-

R! R?

Hns peakunn kapOoHmnupoBanus 1-OeHzonn-2-merunasupununa (2.162) npemio-
JKEH MEXaHU3M, BKIIIOYAIOIIUN AIEeKTPOHHBIHN nepenoc [109].
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M S
e OO o)

4 / H N—
j\ + Cocop s Co(CO), ); N_<Ph — | Co(CO), > V; _<Ph

o] Ph M H M¢
2.162 l
Me Co(C0)4 Co(CO), o° o®
H - —< _— N:< co Co(CO)4 N:<
N Me Ph Me>——/ Ph

Ph

Hwxe mpuBeseHbl MPUMEPhl aHATOTMYHOTO HCIOIh30BAHUS KapOOHHUIIOB jKene3a
[117], xommexcoB Pd(0) [112] u pommst [110; 111]:

Bn O Fe(CO);
R, N Fey(CO)g
//
A/\ 68-77% /N\< o T/
R? COMe Bn N2
1
R Me
Bno/V\ _RdO) /Y\
N CO (1 at™m.) 51%
Bn oc”
mpanc:yuc = 3:1
M Ph Me Ph
¢ [Rh(CO),Cll,
N CO (20 arm.), 90°C, PhH N
: 81% i-Pr 0

i-Pr

B pa6ore [111] mpu ucmonb30BaHIHN XUPATBHBIX JINTAHAOB (d- 1 [-MEHTOJIOB) 0OHa-
pyXKEeHa aCHMMETPHUECKasi HHAYKITUS U TTOJTYYCSHbI SHAHTHOMEPHO 00OTAICHHBIC a3ETH-
JUHBI Ha OCHOBE parieMudIecKux Moaudukarmii (2.163).

Ph
Ph Pha® /s (R)
N/ [Rh(COD)Cl], N/ .
Il\l d-meHTon (3 9KB.) Il\l N N
£Bu  CO (20 atm.), 90°C +Bu o +-Bu
2.163 65%, 77%ce 21%, 97%ee
Ph Ph ) Ph, ®
X7 [Rh(COD)Cl], . N7/
_ >
Il\I I-menTon (3 9KB.) N I|\I
tBu  CO(0arm),90°C O +-Bu +Bu
2.163 25%, 100%ee 56%, 85%ee

2.2.4. [Ipyrue MeTo/AbI CHHTE3a

K ux ymcnmy HaMHM OTHECEHBI MHAYIMpyeMas dJeKTpoduiaamu 4-3HIOIUKITH3AIHS
MIPOU3BOAHBIX HEMPEAETbHBIX AMUHOB, PEAKIIMK CTEPUUECKH HAIIPSKEHHBIX CUCTEM, BOC-
CTaHOBJICHUE a3€TUINH-2-OHOB U T. JI.

MHoOroYuclieHHble  JW- W TPU3aMEUICHHBIE  3-OpOMa3eTUIMHBI  TOJy4Ye-
Hbl B peaknusx N-mmHHaMuWiITo3wiaMuaoB (2.164, 2.165 u np.) ¢ 6uc(KoImuanH)-



128 Pazpen 2. Azeruaunbl. MeTo/bl CHHTE3a, peAKIUH, OM0JIOTHYECKAS AKTHBHOCTD

opomonuiirekcapropdpocparom (BBH) B kauecTBe 31eKTpoPHUIBHOTO peareHTa

[12; 118-120].

B 1/, 2

N NHTs  Br'(coll),PFg
CH,Cl,, k.1, 12 4, N
71% Ts

2.164
Me, Me
Br,,

N NHTs  Brf(coll),PFq (

_Or ot

CH,Cl,, k.1., 12 4, Me N

95% Me Ts

2.165

B [12] npuBeneH MexaHU3M PEAKIUU, B COOTBETCTBUHU C KOTOPHIM 00pa30BaHue a3e-
TuAMHOB (2.166) omnpenensieTcsl MOBBIICHHOW YCTOHYMBOCTBIO OCH3MIIBHOTO KaTHOHA-
nHTepMeanara (2.167) no cpaBHeHUIO ¢ GpOMOHUEBBIM HOHOM (2.168), BeyIiM K COOT-

BETCTBYIOLLIEMY a3UPUIUHY.

R? R3
+Br Br
NHR
S — N-R
R?2 R3 R? 3
2.168 R
NHR!'  Br'(coll),PF,"
CH,Cl,, k.T., 12 4
R? R3
Br,
NHR
o
R? N,
R3
2.167 2.166

B pabore [121] ocymiecTBieHo aelcTBrEe N-OpOMCYKIMHUMHUAA HA HENpeaeIbHbIC

cuctemsl (2.169, R = Ph, Pr, i-Pr, t-Bu).
OH OH  Br o
( C ¥ Lo [
P N

PR SN U gt PRN H
| —
38-55% |
N

2.169
Hwxe npuBeieH MEXaHU3M CHHTE3a TUACTEPEOMEPHO YUCTHIX a3eTUAHOB (2.170):

1

R
Iy TMS ,
BSI N RHOIMS
2169 —— -+ — . <N7‘—‘-"""H
R H@r Br
2.170

Aserumunsl (2.171, R' = Et,CH, #-Bu, Ph, R = Me, Ph) nosy4ensl coriacHo j1aH-

HbIM paboThI [122].
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Rl
1. BSI (1 akB.) I
IT/\{ 2. E;N*3HF (2 9kB.) N/7(\Br NaBH,, MeOH, A N
1 )\ R CH,Cl,, 68-78% 1 )l\ R® F 24, 59-70% .
R OH R OH
F
2171

DM MeToI0M U3 coenuHeHus (2.172) momydena cMmech azetuauHa (2.173) ¢ a3upu-
nuHOM (2.174) B oTHOmIEHNH 3 : 1.

1.BSI (1.1 3kB.) Ph Ph.__Ph
N/\/ Et;N*3HF (2.2 okB.), Ph/< ?V/
| CH2C12/ K.T., 54 T:L . F
Ph)\Ph 2.NaBH, (3 axs.), '
MeOH, A, 13 4 F
2.172 2.173 2.174

CMecH a3eTHAMHOB U asupuaunos (2.175, 2.176, R' = Me, Et, R’ = t-Bu, t-Amyl,
PhMeCH, 4-Ts) nony4eHbl aMUHOIH30M, OPOMHPOBAHUEM M MHAYIIMPOBAHHON OCHOBA-
HUEM IUKIn3anue opomMerunakpmwiatos (2.177). [lo maenuto aBTopoB [123], azupu-
JIMHBI TIPEJICTABIISTIOT COOOW MPOYKTHI KHHETHYECKOTO, 8 a3eTUANHBI — TEPMOIUHAMHUYC-
CKOTO KOHTPOJIA.

Br 2 R2

1. R2NH,, CH,Cl, (31-97%) .
COOR! 2. Bry, CH,Cl, (57-98%) A<\

1
3.K,C0s, CH;,CN COOR! COOR
2177 2175 2.176
(0-26%) (36-95%)

I[JBI HO.Hy‘-IeHI/ISI Aa3€TUIUHOB I/ICHOJ'IB?:yIOT apI/IJ'II/IMI/IHBI, HpeBpaIlIeHHbIe B AJIKCHBI
(2.178) [2; 53; 54].

PN NHTSs TN Ar
A AT _Z "MgCl )\/ 1. BH;*DMS, NaOH, H,0,, THF s j
AN THF-EL,0 (1:1),  Ar 2. DEAD, PPhs, THF, K.T.
K.T., 124

2.178

[Ipennoxkena u3sAIHAS METOAWKA MPEBPALICHUS YHAHTHOMEPHO OTHOPOIHOTO
f-amunoaniena (2.179, R' = CO,Me, Alk) npu B3auMoaeHcTBIY ¢ HOAUCTBIM ANKUIOM
(2.180, R* = Ar, anxenun) nog aeiicreuem Pd(0) xaTanusatopa u kap6onata kanus [124;
125].

R! /°/ R,
. gy Pd(PPhy), KyCOs
NHTs DMF N
Ts
2.179 2.180 R?

B 2003 1. [126] u 6onee mo3aaux padotax [43; 120] omucano mpeBparieHue TuApoK-
cuiicoiepkamux aMuHoHUTpHUIoB (2.181) B o, f-HeHnacwienHsie 3¢upsl (2.182) merto-
JIOM one-pot OKHCIeHUs-oNeUHUpOBaHus. B3anmoielicTBIE MOCIEeIHIX C IMTHHATEeKCa-
METHJIIMCHIIA3UI0M TIPUBOIUT K cMecHu snuMepHbIX (ipu C) azetuaunos (1 : 1).

OH CO Et —CO,Et
)i 1. Oxucnenue no CepHy -
-78°C __LiHMDS _(>_N
™ Me CN
Me N CN 2. PhyP=CHCO,Et NN I o, .730(: N
Bn 73% 74% \
Bn

2.181 2.182
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JlnactepeocesleKTUBHOCTh BHYTPUMOJIEKYJIIPHOTO IpUCOEAMHEHUs 1o Muxas-
mo uccnenosana B [120]. Koytu ¢ cotp. nmpuBenu B 3TOl pabOTe TOKa3aTENbCTBA Tep-
MOJIMHAMHUYECKOT0 KOHTPOJS CTaJUM BHYTPUMOJIEKYJISIDHOW LIMKIN3AL[H, BBHI3BAHHOM
3,4-mpanc-opueHTanyen 3aMecTUTENeH B epexoIHbIX cocTosanusx (2.183 a, 6), mpuso-
JSIIMX K TPOIyKTaM reteponukinianuu (2.184 a, 6).

N,Ll
Me /
)\ NCO,Et
Bn- -
i j\ B 2 CN
H~ ~COOEt n
2.183a 2.184a
Me 1
N~
" CO,Et
Bn-N/-\\ Li E—
N A
CN
H™"COOEt Bn
2.1836 2.1846

A3eTHIMHBI KOHCTPYUPYIOT TakKe€ Ha OCHOBE JIPYTUX CTEPUUYECKH HAIPSKEHHBIX
CHCTEM, K YHCITy KOTOPBIX OTHOCSTCS Mpesxie Bcero 1-azaburukio[1.1.0]0yransr (ABB)
(2.185), xoTOpBIE OMYYAIOT IPEBpAIIEHUEM OPOMCOIEPIKAIIIX WITH HETIPEIeTHHBIX aMH-
HOB (2.186-2.188). B3anMoieficTBHEM OMIIMKINIECKOTO TPETHYHOTO aMHHA C PSIIOM HY-
kneodunpHBIX pearenToB RNu (R = H, CO,Et, Ms, Ts, Tf, RCH,, NO, NO,; Nu = Cl, Br,
OH, OTs, AcS, NO,) nonyyaroT 3-3amMelIeHHbIe a3eTUAUHEI [2; 127-129].

Br/\l/\ NH, BuLi @ NCS
DU - \/\
Br -78°C N 0°c NH,

2.186 2.185 2.188

NaOH RNu
80°C
/Y\ Br Nu <>N_-R
NH,

2.187

Br

B pabote Harao c cotp. [130] onrcaHnsl cienyrolinne npeBpaieHus:

isH 2.185 s
T _— >
Trd, k1,229 NH

50-92%
O D O Qo O O
r= , , , , I,
. N\N>_§ u\N\>_S s>_g o>_E NN e

2.185, Mg(ClOy), H
RI—NHZ O—> RI-N NH
Tr'o, 0°C, 3-24 4

24-53%

- O O OO
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B 0030pHO#i padote [12] u psiie crenuaibHBIX UCCIICOBAHUN 00CYXICHBI BOTIPO-
Chl CHHTE3a 3aMENICHHBIX a3eTHIWHOB B3auMojehcTBUeM |-a3zabunukio[1.1.0]0yTanoB
(2.189, R = H, Me, Et, Ph) u ux aHanoros ¢ TO3MJI-XJIOPUIOM, TAIOT€HOBOIOPOTHBIMU
KHCJIOTaMH, alIXJopuaamMu 1 xsopodopmuaramu [129; 131].

R R R
’j‘CI CICO,R!, THF (CH,Cl,, Et,0) ’Z( TsCl, Me,CO d‘(ﬂ
— L =
N N N

K.T., SMUH - | 4 K.T., 18 1
RI0,C” 77-100% 62-87% Ts”
2.189

AHaJOTHYHO TIOJyYeHBI COSAMHEHUS C HECKOJIIbKMMHU a3eTHINHOBBIMU (PparMeHTa-
mu [12; 132].

Iy
N7 N
o T
cl cl
€OCl,, HC. Cl
H,C_ CI CH,Cly,

0-25°C, Cl
é 18 1, 88% )Q

o e
O=P—N B ——

aIeToH, aueTOH
Cl N

N 0-25°C, 18 4, 0-25°C, 14 4, N N
gg 52% 82% H,C CH3

cl” “cH,

B 0030pe [12] mpuBeieHbBI JaHHBIC O TIOJYUYSHUH a3eTHAMHOB TpaHcopmaluei ase-

TuHa (2. 190)
cl
NaBH, _ MIXTIBK _ LiAIH,_ c
“FOH N= CHZCIZ, TELO.xr N
37% 87% o
9%

2.190
C yuacTueM MeTunaTa nojydens! coequnenns (2.191, R' =H, Me, F, OMe, R*=i-Pr,

c-Hex) [133].
Rl
; Cl
MeO MeO
MeOH
RZ/N

2.191

OnucaHo ydacTue TOJUIMKINIECKUX CTPYKTYp B CHHTE3€e a3zeTuanHoB. [Ipucoenu-
HEHUEeM MMWHOB K KBaJIpuIuKiIeHy (2.192) nony4deHs! momunukiInieckue GTopcoaepxa-
mtue coequHenns (2.193 a,0) B orHomenun 75 : 25 [134].

F

HsC,N=C
_(CF3),C=NAr. ﬁ STENCE,
90°c 50 a 900(: 124

80%
2.192 2.193a 2.1936

CF,

F
+ N,

CoHs
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BsaumoneiictBuem kBaapuuukiena (2.192) ¢ aurpunamu (2.194, Rf = CF,, C)F,,
#-C,F,) omy4eHsl ¢ BEICOKOW 9K30-CTEPEOCETIEKTHBHOCTBIO a3eTUANHEI (2.195).

Rf

/Rf CF3Si(CH,)s Rf CF

5197 RICN (@194 14 _CSF,THF CF; HCIE,0 7 3
. > £

Et,0, 100°C, 12 4 o0°c, 24 N siCHy), 25°C.29 Hel

56-81%
2.195

B cuHTe3ax a3eTHIMHOB MIMPOKO MCIIOIB3YETCS] METO/, CBSI3aHHBIM C BOCCTaHOBIIC-
HHUEM a3eTHIMH-2-0HOB 1 MOAPOOHO pacCMOTPEeHHBIN B 0030pe [2]. BoccTanoBnenue npo-
BozsAT aubopanom B TI'®, amroMoruapuaoM JIUTHs, THAPUPOBAHUEM Ha HUKese Penes.
B peakuusix BoccranoBneHus: ucnoib3ytoT DIBAL-H u xnopananst (AIH,Cl, AIHCL,);
nociegHue 00eCeYBalOT COXPaHEHHE TBOWHBIX M TPOWHBIX CBSI3EH, a TAKKE CONPSIKEH-
HBIX TUEHOBBIX CHCTEM.

HH H H __
BnOa: - AIH,CI BnOa: - »—
= Et,0 N ==
N 2
o ~ 86% ~
H H H H
BnO/ Y I\ BnO/ ANVE
AIH,CI
Et,O N
N _— 2 —
(0] 81%
BnO H H o 8
N AIH,CL *E|’_—
N ==  EyO0 N —
o \/ 89% \//

[IpoBeneHo > dextHoE NpeBpatieHue ouc-f-nakrama (2.196) [72].

PhO, \Ph PhO,  .Ph

N Ph

7’

g AIH,Cl
Et,0
O/';IL Me 85% N Me

tOH ]:OH

2.196
B kadectBe mpumepa mpencrasiieH BRITOTHEHHBIH B 2007 T. cHHTE3 OMOJIOTHYECKH
aKTHBHOTO aJlaMaHTaHcIupoazeTuanna (2.197) [22].

H CO,Me COOH
0,
cN L. LDA, -70°C, THF N _EtOH, NaOH, H,0 CN
2. CICO,Me, 20°C, KHIIAYCHHE,
24 4, 88% 3arem HCIl,
85%
EtOH, HCI, COOH COO0SiMes
. - .
_H/PO, CH,NH,Cl MeSICLEGN CH,NHSiMe, |- MeMel, B0, 24 4
50 psi, 20°C, C¢Hg, 3 4, 80°C 2. NH,CI, 69%
5u,32% 100%
NSiMe, NH NH
MeOH, 10 mun. LiAlH,, THF
- BN Py e— 0 ——
(0] 90°C, 96% KHIISTYCHHE,
54, 90%

2.197
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2.2. MeToabl CHTe3a a3eTHIMHOB
Ha ocnoBe azerununona (2.198) nonyden azetuaun ABT-594 (2.199), npossisito-

KU MOIIHYIO HCOMMONIHYH0 aHAJIbI'CTUYCCKYH0 aKTUBHOCTD
‘\\\\C02Bn ‘\\\\\\\OH o\ S~ 0 ~N
1) LiAlH, 1) MsCl, Et3N
—_—
NH 2) (Boc),0 N,
60% Boc 2) HO \ / Cl Boc
2.199, 92%

0
2.198
[TooGpanb! ycinoBHS BOCCTAHOBUTENBHOTO NpeBpatienns aHanoros (2.200) »3etu-

MHO0a, TIPOTEKAOIIETO ¢ COXPAaHEHUEM YETHIPEXWICHHOTO KA [72]

_AIH,CL EKO
N KHIITYCHHUC
RO Q

2.200
O/HaKO BOCCTAHOBJICHUE B TEX K€ yCIOBHSX f-nmaktama (2.201) ¢ 3aliuIeHHbBIME
. 9

THJIPOKCUIIBHBIMU TPpyIIIaMM HEOXHUIaHHO MpUBENO K nunepuauny (2.202), a He k ase-
tuauny (2.203). [Mocnenuuii, ogHako, ObUT OTYyYEH JEHCTBUEM aTIOMOTHUAPHUAA JIUTHS C

. . ,
BbIJIeJIeHHeM aMuHocnupTa (2.204) B KayecTBE COOTBETCTBYIOLIETO HHTEPMEAHaTa
OR

OR O
_AIHCL . F
Et,0, “ELO, 0C
@ 60% N
H

2.201 2.202

LiA1H4l THF, 0°C
79%
ORDMS
ORDMS ORDMS
/@/’\/ _CBr, PhP, ECLN /©/,\/
T CHCN, 60%

2.203

F

ORDMS

2.204
I[J'IH CHUHTE3a a3CTUANHOB HCIIOJIb30BAaHbI TAKKC NCPCTrPYNIIUMPOBKU 0oJiee CIOKHBIX
. =H
b b b 9

TeTePOLUKINIECKHX CHCTEM, B YaCTHOCTH, BHHUJIOKCa3MHOHOB (2.205 R!, R?. R’

i-Pr, Me, Phu np.) [2; 116].
)0]\
S~ ! S
! 0 Pd(PPh), R N

N
)\/k/\ CH,Cl,, k.1. !
Y R3 R R3

L
2.206
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MexaHn3M peakluu BKIIOYaeT oOpa3oBaHue Pd-komruiekca, BBIOPOC ABYOKHCH
yriepoja ¢ Hocienyroleld HykiIeoQmIbHONW aTakoi aToMa a30Ta U 00pa3oBaHUEM a3e-
tuauHa (2.206).

2.3. HEKOTOPBIE IIPEBPAIIIEHUA 3AMEIIIEHHBIX A3ETH/[HUHOB

CTpyKTypa U peakiMoOHHas CIOCOOHOCTh a3eTHANHOB 00CYX/eHbI B paborax [135;
136]. D11 coenvHeHus BCTyNalOT B PEAKIMK, KOTOPBIE 3aKII0YAIOTCS B U3MEHEHUSX BHE-
MUKINYECKAX (PparMEeHTOB, MPEBPAIECHIIX y aTOMa a30Ta, a TAK)KE PACKPHITUU ITUKIIA H
M3MEHEHUH XapaKTepa reTepolMKInIecKoro ¢pparmMeHTa [2].

B 00630pe [12] npuBenena cxema npeBpatieHuit asetuannos (2.207, R = i-Pr, #-Bu,
t-CiH,,, c-Hex, C.H,CHCH,, (C,H),CH), conpoBoxaaromuxcsi 3aMeLeHUEM Me3UIaT-
HOM IpyTIIbL.

SR!
R’N
R'SH, Et;N, MeCN
0,
N OMs NR'R?
’j \ KNPht ’j RIR®NH |'
R/N Tomyon R/N MeOH, H,0 nnun CH3;CN R/N
2.207
NaNj
N, NaBr

NaNO,
N

MeOH

HIIN .
Br DMF i-PrOH

« " R
H
N
il «

e

R

H,N™ “NH,

Pacuieruienre cpaBHUTENBHO HEYCTOHYMBOIO a3eTUMHOBOTO (pparMeHTa u3y4vaeT-
csl B TeUEHUE MHOTHX JieT. I3BeCTHO, 4TO KOHIIEHTPUPOBAHHBIC HEOPTAHUYECKUE KHCIIO-
THI Pa3MBIKAIOT UK ¢ 00pa30BaHUEM COJICH 3aMeIeHHBIX H-TIponiiIaMuHOB (2.208) [1].

<>NH HEL ™" Nug HOl
2.208
Packpertue azupununos (2.209, R = Ph, Pr, i-Pr, #-Bu) non neiicrBuem ¢propuctoBo-
JIOPOAHON KUCIIOTHI B MUPUIUHE IPUBOJUT K aMUHOANKOTOJISIM (2.210) ¢ BHICOKUMU BhI-
xonamu [121].

OH OH OH
Br
[ w HF /Py Lo pen ( Br M
PR S N—} PR N T™S PR i
f vs E e MY

2.209 2.211 2.210
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Peaxnust sBnsieTCsl BBICOKO CTEpPEOCTIEHU(PUYHON U IPUBOAUT K 00pa30BAHUIO HAH-
THOOJHOPOAHBIX MPORYKTOB. llpeamonaraemplii MexaHH3M BKJIIOYAaeT MPOTOHHPOBA-
HHUE MO aToMy a3oTa ¢ oOpa3oBaHMeM uHTepMmenuara (2.211) u mocneayromee anmu-
AIIMMUHAPOBAHUE TPUMETHIICHIIUIBHON TPYIIIIBI.

B [82] omucano nonyyenune amuHocnuptoB (2.212, R = i-Pr, #-Bu, Bn, muxnorek-
cHil-, n-YTOP-, N-XJIOP-, N-METUIOCH3MII-) IO/ ACUCTBHEM n-OpoMdeHona.

OH
HO
D ArOH
NR  130°C OAr NHR
2.212

Huxe MPEACTABJICHBI MPEATIONIAracMbIC MCXaHNU3MbI peaxum?l, OTHOCAIIHUECS K SN2_

u Sy 1-tumam.
HO R? HO R?
+ — — < NHR!
$NHR! S=NHR! -H
k &+

&+,
ArO<
H

2 2
HO_ R wo, R/ HO\E‘\O Ar
|:+II\IHR' I:NHR1 -H

B pabore [137] paccMOTpeHO pernoceneKTUBHOE B3aMMOCHCTBAE YHAHTHOMEPHO
qucteix (25,3R)- u (2S,3S)-N, N-nubeH3ni-3-ruipoKCH-2-MeTUIIa3e TUIUHII OPOMHUIOB
¢ TuocynbdaTtHeiM B AUTHO(OCHATHHIM aHHOHAMHU. ATaka 000MX HYKJIEO(HUIIOB MPOHC-
XOAWT UCKIIOUUTENBHO 10 MEHEE 3aMeIIEHHBIM aTOMaM yTiepoa 0001X a3eTHINHOB.

S
I
anN/k/\S—P(OEt)Z

SNHT  64% OH

Br
2213
Na,S,O /k/\
2o Bn,N” Y S-SO;Na
OH

+
Bn,N OH + (EtO),P= —_—
2% (EO)=S -NH,Br

63%

S
+ I
anNj‘& OH + (PrO)ZIIS’I-:S —>—NH4Br BIIQN/Lr\S_P(OPr)Z

N 1-[4+ 65% OH

Br
2214
Na,S,0
v anN/k‘/\S—SO3Na
OH

50%

Uzsectno [137], uro amurOCTIHPTHI (2.213, 2.214) cIocOOHBI 1aiee mpeBpanaTbes
B THUPAHBI.

S h
anNJ\‘/\S‘l%(OPr)Z MEANCHHO, anN/'\r\éH s eon BN
‘QU (OE(OP;)Z -(Pr0),P(S)
S
2.214
JlocTaTouyHO YacTo BO3HUKAET 3aJada CHITHS MM 3aMEHbI 3alUTHONW TPYIIBI MPH
aToMe a3oTa. YJaJeHHe TO3WIBHOTO OCTaTKa MPOBOMSAT B YCIOBHSAX KaTaJUTUYECKOTO
ruaporenonusa [1]. JeTo3unupoBanue MOXKET COMPOBOKIATHCS BBEACHHEM 3alUTHOM
IPYyMIBI C COXpaHEHHWEM ONTHYECKOl akTuBHOCTH [138].
B [90] onucano necwimiupoBanue azetuanHa (2.215).
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Me3Si F
>N OH ——» MeN OH
Me;Si

2.215

VY nanenue n-metokcudenmibHol rpymisl (PMP) mpoBoaniu ¢ moMoriso aMMOHHUT-

nutpata uepus (CAN). OTMeueHb! ciyyan pacKpbITUS a3eTUIAMHOBOTO IHKIIA B PE3Yib-
TaTe UCIOJIb30BAHMS 3TOTO peareHTa [44].

N/P MP | CAN, MeCN-H,0 N/B o¢
2. Boc,0, NaOH
~a ey 729 ~a iy,
_PMP 0
N 1. CAN, MeCN-H,0 Boce /\/]\
2. Boc,0, NaOH N Y Ph
" "’//Ph

45%

Jeben3nmmpoBanne coennaeHns (2.216) SBHIIOCH 9acTHIO MPEBPAIICHIS] AMHHOKIIC-
JIOT C a3eTHIANHOBLIM (parMeHToM B Tpurrentun (2.217) [139].

“,
K4

. 1. Pd(OH),, H,, N
1. TFA, CH,Cl,, MeOH, AcOH, &
| K.T., 0,59, 95% Illj o K.T., 34, 95% Illj o
B  "CO,Bu-t 2.(I)-AlaOMe-HCl,  Br i 2. (L)-N-BocAla, o (
EN, MeCN, k.1, HN—,/ Et;N, MeCN, k.T., HN_(
16 4, 65% CO,Me 16 4, 50% BocHN ™ CO,Me
2.216

2.217
BC3YCJ'IOBHO, LOCHTPAJIbHBIM BOIIPOCOM XHMHUH aA3CTUAUHOB SABJIACTCA pa3pa60TKa

crioco6oB BBeneHHS (hapMako(OpHBIX (parMeHTOB HETMOCPEJICTBEHHO K aToMy a3oTa
B pabote [21] onrcano nonydenue ruapaszuna (2.218).

BnO H30aMuIHUTPUT BnO LiAIH, BnO
NH —(p— NNO ———— -~ N-NH,
0°C—k.1. TT'o, -10°C,

OBn 204 OBn 3,54, 83% OBn

2.218

Ha ocnose coenunenus (2.218) 0butn momydensr [(2'S,3'S)-6uc(ruapokcu-MeTrn)
azeTuanH- | -mi|nupuMuauHAyKIeo3u s (2.219, X = H, Me) [21].

H
OT,N 0
BnO NH , BnOq A N J\
2215 _FOCH-CH-NCO__ "§ ; __T%NHOH ‘QN X ,
C «He, X.T., 121

EtOH, SO”C 8y
OBn

OBn

\T/ 0 \r N\ N
20% Pd(OH),/C 1. Ac,0, Py, K.T., 104
—_—
C.H,,, EOH, T2 o-CICH,0p0CL, . AcO N'N F
KHILTYEHHE, 3 4 1,2,4-tpuason, Py,

OH -30°C = k.1, 124

OAc
2.219

OT/ N NH,
35% NH,OH N
MeOH, k.1., 154 HO :

WQN

OH
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B psine ciyuyaeB npoBoAsST B3aUMOACHCTBIE HE3AMEIICHHBIX 110 a30TYy a3€TUANHOB C
rajoreHcoaep;kamumu coenuuenusmu [20; 130].

0 R 0
\.
E | CO,H R.,N NH F COH

DABCO, MeCN, |

F N kunsdenue, 0,5-5 4 N N
© A s
R N\ "
(0] (0]
F COH Ars<>NH F CO,H
| DABCO, MeCN, N |
F N kunsuenue, 20 4 N
© A F A
ArS
Rz N

1
NH AN R

1 1
)\/ER )\/ER I\lI
J K,CO3. CHyCl, )\ T100-120C #\N/ I\O
450C

B kadecTBe yXOASIIUX MPYIII OMUCAHBI TAKXKE TO3WIBHAS U ME3WIIbHAS TPYIIIBI [25].
B pabGore [17] BBemeHHe a3eTHOWHOBOTO IHKJIA TPOU3BEACHO IIYTEM BOCCTaHO-
BHUTEILHOTO aMUHUpOBaHUA anbaeruaa (2.220) u np. ¢ moMomipio coeauHeHmnin (2.221,

2.222, R = H, CH,OH).
BnO\\ BnO\\ 0)< 0o

H
HO N—"SN NaCNBH;, N~TSN O pa N NH
* 3, = .
<’CNH HCL + \ | ~ MeOH, k.1 \ | ) MeOH, A& \ | Pz

N o HO N HO N
OHC ’ N N

2.221 2.220 R R

H
MeS N SN
<’CNH*HC1 + @ HCHO \ | )
HzO L[I/IOKCaH =
95°C MeS N
<’CN
2.222

R
W3 nutepaTypHBIX JaHHBIX U3BECTHBI MPEBPAILCHHS, CBA3aHHBIC C (YHKIMOHAIH-
3arel THAPOKCHIIPHONW TPYIIIBI 3-TUAPOKCHA3eTHANHOB (2.223, 2.224). B gacTHOCTH,
OIMCAHO AIlMJIMPOBAHUE COSMHEHUMN, IPUBOJISIIEE TAKKE K JICATKIITUPOBAHUIO U BBEJIE-
HUtO N-armibHOU Tpymmsl [ 140].

Ph, ACzo, BF3*Et20
>—N OH ———%~ AcN_ )OAc
PH 120°C, 96 u

41%

(o)

2.223
(0]
(CF;C0),0 I
t-Bu—N, OH ————————— F;CCN OCOCF;
Kursiaenue, 12 4
72%
2.224

B [86] onucano BBeieHUE ME3HIBHO TPYIIIBI M TOCJISTYIOIINE IPEBPAIEHUs ME3U-
nara (2.207, R = CMe,, CHPh,).
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OH H_ OMs H_ NO, 0,N_ NO,

23 MeSO,Cl 23 NaNO, 2&

N Et;N N

R R

O,N_ NO,
AgNO; 23 HNO, gg
g NaNO, I]\{I (CH;CO),0 ITI
NO,
2.207
O,N _(cocn, O,N
OZN><>N*Bu—t

CL,CHCH,CI, 02N><> J\n/ NO,
Kuns4eHue, 12 u,
68%

Vcnosnp30BaHnEe XJIOPUCTOrO METWJIEHA KaK PacTBOPUTENS B PEakUUU a3eTHIMHA
(2.225) B npucCyTCTBUU TUAPHUIOB Kallusl UM HATPHs, a TakKe mpem-OyTUiIaTa Kajus
(2.226, 2.227) [62].

&
NPUBEJIO B NEPBOM ciydae K numepy (2.226), a B mocieiHeM — K CMECH COeIMHECHUI

Ts

0\/0
CH2C12 "H
NaH
(KH)

.ulll

2.225

O\/OBu-

2.227
Omnucano okucieHne 3-ruapokcra3eTunHoB [84; 85; 87]. B padoTte [84] oHO mmpoBe-
JIEHO JABYMS METOJIaMH — IEHCTBUEM TPEXOKUCH xpOMa B KHciou cpeae u DMS

@ @ koS

Ph Ph
2.223

2.226

No2

TEJb KJIacca «IHEPTeTUYECKUX MaTepruaoBy [86]
2.2

amun (2.229) [141], a Takxe 1,3,3-tpunutpoazetniud (TNAZ) — u3BecTHbIH mpeacTaBu-

Ha Gaze azermamna (2.223) A. Ko3MKOBCKHM MONy4eHbI aMUHOKUCIOTa (2.228),

0 NHBn
1. (COCI),, DMS, CH,Cl, ’i/l/ NaCN, BnNH, ’j*CN
2. EN, - 78°C—> w.1., 90% N HOAc, 60°C, 154 N
Ph 95% Ph
Ph Ph
NH, 1. 10% NaOH, EtOH, kunsuenne
COOH 2. H,, 20% Pd(OH),/C, EtOH
HN Et;N, 60 psi, k.., 24 4
90%
2.228
NH, _ )
TCONHZ
HN

1. NaOH, EtOH, H,0, nuokcaH, KunsueHue
2. H, (1 atm.), 20% Pd(OH),/C, EtOH, k.T.
2.229

90%

[141] paccMOTpeHBI TakKe METOABI IMOJTYUSHHUS KHUCIOPOI- U CEpOCOMEPIKAIINX
aHasoros (2.230-2.232) mpuBeACHHBIX BBIIIE COCTUHEHUN
NH,

NH, NH,
d‘COOH ﬁCONHZ d’COOH
2.230

2.231

2.232
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[Tomyuenue ketoHa (2.233) SBHIIOCH BaKHBIM TAllOM B CHHTE3€ coeiuHeHus (2.234),
MPOSIBIISIIONIETO KaTaIUTUUYECKUE CBOMCTBA B PEAKIUSAX OKHUCICHHUS aJKEHOB OKCOHOM
[85].

OH O O
DMS [ CH;0S0,CF; I
N (COCl), N N
Ph—(*HCl Et;N Ph—< H;C (‘?HPh 0S0,CF;
Ph 2
2.233 2.234

B pa6orax [142; 143] npuBeneHbl pe3ybTaThl BOCCTAHOBJICHUS a3€THAWHOHOB JI0
azetuauHOB oA neiictBuem LiAlH,, AIH,Cl u npyrux peareHTOB; 00CYXICHO BIHSHUE
MIPUPOJIbI BOCCTAHOBUTEJICH Ha COOTHOIICHUE TIPOIYKTOB PEAKIUH.

BnO. Ph BnO Ph BnO Ph
[H] +
N, N, HN
o “ph “ph HO “ph
2237 2235 2.236

B otimame ot DIBAL, Mmonoxop- u nquxiopanana (AlH,Cl, AIHCL,), mpuBoasmux K
azetuanny (2.235) ¢ Berxogamu 73-94 %, amomoruapua nutns, LiBEtH n LiB(s-Bu),H
MIPUBOISIT K aMHHOCTIUPTY (2.236) Kak e TMHCTBEHHOMY TIPOAYKTY IpeBpareHust (2.237).

Oco060e BHIMaHWE TIPUBIICKAIOT METOIBI TpaHC(OpMAITUN a3eTUIUHOB B JPYTHE Te-
TEPOIMKIMYECKIE CUCTEMbI. B 4acTHOCTH, HaliJICHbI CIIOCOOBI TIPEBPAIICHUS a3 THIMHOB
B DIOKCHJIHBIE COeIMHEHNUs. J[eHCTBUTEIILHO, PACKPBITHE YETHIPEXWICHHOTO IHKIIA a3e-
TUJIMHUEBBIX COJel ¢ 00pa30BaHHEeM OKCHPAHOB MPOUCXOJIHUT MO/ JICHCTBUEM alleTaTHO-
T'0 U ATKOKCUIHBIX HOHOB [43]. Tpu- 1 TeTpaazazaMenieHHbIC SIMTOKCHIBI YCTICTITHO TIOJTY-
YaroT B3aUMOJICHCTBIEM HOHOB a3eTHIUHHUS C KAPOOHHUIBHBIMU COSAMHEHHUSIMU — alTbjIe-
TUAAMH 1 KeToHaMH [ 144].

Ph

z l\l/Ie Ph
M KHMDS, THF, -78°C _N \N
¢ % KOJIMYCCTBCHHO Me M .,/6
. OH -
M Me Me
o Me
TfO J]\ /_
Comen 2wl g
> LiHMDS A
A
Ph— N N Y
M
€] 0 g e
TfO Oy ( —N
_OCHOBaHHE /\ Ph PH o0 H
o N T Ph @ > S
N N> “eN
N A
Ph—" e Ph\/ Me Ph— e NC o

N-3amenIeHHbIe a3eTUINH-3-0Hbl OTKPBIBAIOT ITyTh CUHTE3a HOBOW T'PYIIIBI CITUPO-
aHHYJICHOBBIX okcupaHoB (2.238, R = CO,Et, Ts, CHPh,) [145 ; 146].

R
N

(6]

Sml, OH MsCl, Et3N _OCHOBanue
N THF, 25°C HO DMAP, CHZCIZ KMISYEHHE
R

2.238

~z
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Onucanbl COco0bI IPEBpANIEHUs A3eTHIMHOB B a3upuuHbl (2.239, 2.240, R' = H,
Me, F, OMe, R* = i-Pr, cyclo-Hex) [12; 133].

1

R R!
Ccr +
Cl ~ OMe MeO_ OMe
T — (T 2 (Y
N N | 83-94%
R R cr R R2 R R2
2.239
R! R!
cl c R o o
Cl  NaH (2 5xs.) —  H,0 R~y
N DMS, 80°C, 3 u N H o Rl N 1
. . | R
R? R2 R2
2.240

Ha npumepe mpanc-1-unknorekcni-2-¢pennn-3-azetuanauamesunara (2.241) uzy-
YeHO B3auMOjeiicTBue ¢ pasnuuHbiMu Hykieodmwiamu (X = HO, AcO, MeO, CN,
MeS’, PhS") [41], npuBogsiiee 4aCTUYHO K CYKEHUIO NUKia. it CHHTE3a a3upUMHOB
(2.242) npenokeHo B3aumoeicTBre ¢ MetwiaroM Hatpus (MeOH, Et,N, 40 °C, 20 u,

BBIXOT 85,5 %).
X
OMs X %
X
4 SN

2.241 2.242

M3BecTHa M HIMPOKO MCIIONIB3YETCSl peakliis pacIIUpeHus LuKia (o-THIPOKCH-
AIKWI)a3eTUANHOB 10 3-3aMerieHHbIXx nupponuanHoB [147]. Ipennoxennas Koyru

C COTp. peaKius SABJSCTCS KIIFOUEBBIM 3TAllOM B CUHTE3aX MHOT'OYMCIICHHBIX aJIKaJIOH-
noB [43].

4
, R R} NHR®
R NHR?
BF;*OFEt,
B LE———
N R? R*
R? R! I\.1
Rl
“ BF;*OFt, T
R4 R4 5_+}|3F3
RN
R3 NHRS R3 + R3 R4
"~ NHR? )
2 }\]tkl 2 }\I\Rl 2 }Q\Rl
L N R FB R™ H

Ha mpumepe 3-xsopaseTuauHa MoKa3aHo, YTO MPOAYKT €ro okucieHus (2.243) B
YCIIOBUSIX TEPMOJIN3a MTPEeBpaIIaeTcs B n3okca3onuauH (2.244) [12].
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cl
cl cl
’j H,0, ’j A
— = + —
N N
R N—g
R
2.243 2.244

dopmanbHOe [4+2]-IHUKIONPUCOCTUHEHUE C IPEIBAPUTEIBHBIM  PACKPHITHEM
2-pennn-N-ro3unazeruauna (2.245) HaOnmrogaeTcs Mpy ero B3auMoJICHCTBHH C HUTPHIIA-
MU (2.246, R = Me, i-Pr, Ph, Bn, CH,CI).

Ph N
RCN * o N
(2.246), BF;*E,0
N

CH,Cl,, k.., 42-72% Ner

Ts
2.245 2.247
3aMelieHHbIe TeTParuAponupUMHUINHEI (2.247) 00pa3yroTcs B COOTBETCTBHH C OKH-
JaEMBIM MEXaHU3MOM:

el O - e OO Y

: “Ts
Ts pTOl'S O BF3 pTOl’S O- BF3 TOI/S O BF3

2.245 0 0 0 2.247

Ha ocHoBe a3eTHIMHOB MOTyYEHBI IICHHBIC BOCEMU- U CEMHUYJICHHBIC TeTEPOLIUKIIN-
yeckue cuctemsl [43; 92; 148].
o) Ts TsN

/
>\—N >\—o
Bn~ Bn~

I|3n
N/ TsNCO (15 xs.) N N N
CH,Cl, (McCN, THF) y y

1 4, K.T.
1% 19%
o
Me TfO \
nO BnO \®
N MeOTf, CH,Cl, N NaN3/KCN/CsOAc _ BnO
K.T., 100% DMF
MeO,C MeO,C N
CO,Me
Ph Ph
& KHMDS, THF, -78°C (g
(RN —_—
0,
ON, 93% ON, \\ 80% .
Ph—o/ Ph—o/ 1 CO,Et
6
TfO™ CO,Et COzEt
2.4. U3SbPAHHBIE METO/TUKH CUHTE3A ASETH/IHHOB
Cunre3 azeTuauHoB u3 N-Ts-1,3-amunocnuproB u PPh,/DIAD [9].
NHTs LiBF, NHTs PPhy, DIAD TS
. MeCN-H,0 Tro, x.1. N
AN SiMe; ———» —_— >
Ph Y (0] KHIISTYCHUE Ph v OH 86-94% .
z - K/
Alk Alk Ph Alk
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Amunocniupt (1 3KB.) pacTBOpsUIM B CMECH aleTOHHTpuI — Boda (98 : 2, 20 mu/
MMoITb) U go0aBisin LiBF, (5 9kB.). PeakimoHHyr0 Maccy KUIIATHIH 0 OKOHYAHUS pe-
aknuu 1o gaHHeiM TCX (22-72 4), obpabareBasin OydepubiM pactBopoM (pH 7, nu-
XJopMeTaH, cyibdar Hatpus). PactBoputens yaansiu B Bakyyme. Heounmmenusiit N-Ts-
1,3-amunocniupt u Tpudenundocun (1.5 3xB.) pactBopsuu B 6e3BogHoM TI'D (25 mu/
mmodb N-Ts-1,3-amunocnupra). Auuzonponunazogukapookcunat (DIAD, 1.5 skB.) men-
JICHHO 100aBJIsUTH K peaKMOHHOI Macce U nepeMerrBany 24 4. 3aTeM cMech IpoITycKa-
JIM 4epe3 CIoW cuimkaressi (IpOMbIBKA — JUATHIIOBBIN 3(hup), pacTBOPUTEINb YAAISIIN B
BakyyMme 1 ounmain N-Ts-a3eTHIUH KOJIOHOUHON Xpomarorpadueil (#-neHral — Iu3Tu-
JIOBBIH 3¢up, 6 : 1). Berxons! npoxykros 86—94 % (nBe craaun).

CuHrte3 azeTuauHoB u3 1,3-amunocnupro u CDI [44].

OMe OMe

HI;I 2 oke. CDI, MeCN
HO/\/\R1 150°C, 2-4 4, 0.1 mbap N
- 71-90% O Y,
R? R? R!

R!, RZ = Alk, Ar, AIKOTBS, AIkOAc

Oomas meroanka. PactBop coorBetrcTBytomiero 1,3-amunocnupra (0.2 MMOJIb) #
1,1’-xap6onmmauumugazona (CDI, 0.4 mmonb) B anetonutpuie (10 mim) kunstuam 2 4.
PactBopuTens ynansim B BakyyMe U HarpeBaiu oopasosasimecs kapbamarsl pu 150 °C
B anmapare Kyrenspopa B riryookom Bakyyme (0.1 m6ap, 2 1). HuskomonexkymspHble npo-
JIyKTHI CKaIUTMBAJIMCH B MpHeMHUKe. OCTaTOK OT MEPErOHKH OYUIIAIN KOJIOHOYHOM Xpo-
Matorpaduei Ha cuukarene (3JII0eHT — AUITHIIOBBINA AP — IIeHTaH). BbIxo/ b1 cooTBeT-
CTByIOMUX a3eTUANHOB 71-90 %.

Cunre3 1,3-a3eTHAMHOB U3 1H0JI0B [58].

1) T,0, DIEA, MeCN, -20°C
HO/\/\()H - R] @N_RZ
2) R?NH,, DIEA, 70°C

Rl
R!'=H, Me, Ph, OBn, #-Bn; R? = Ph, Bn, 7-Bu et al

Oo6mas metoauka. K pactBopy amona (5 MMoib) B cyxoM arietoHutprie (10 mir)
npu -20 °C memnenHo noGaBisum aHTuapua tpudropmerancynbpokuciaotsl (TT,0,
10.5 mmomp) Ha mporsbkennn 10-20 muH, namnee muusonpormmdTuiamuH (DIEA,
12.5 mmonp) Ha mporskernn 10-20 muH. PeaknmoHHYI0 Maccy MepeMermBalid Mpu
-20 °C-(-10 °C) B Teuenue 10-30 mun. Jlanee gobasmnsiau DIEA (12.5 mmoib, 5 MuH), 3a-
TEM COOTBETCTBYIOIIHI aMHH (4.75 MMOJIb, 5 MUH) 1 HarpeBanu Maccy mpu 70 °C 1-2 4.
PacTBopuTens ynansaiam B BakyyMe, MPOIYKT OUUIIATIN KOJOHOYHOW XpoMaTorpaduen Ha
cunukarene. BeIXoael COOTBETCTBYIOMNX a3eTUANHOB 32—92 %.

1-mpem-byTua-3-azeruauno [77].

NI 4 O MeOH, 60°C, 3 nus
2 %01 v HO N

[IpoBoaMIM KOHAEHCALMIO SKBUMOJBHBIX KOJIMYECTB mpem-OyTHIaMHUHA W SIH-
xnopruapusa (0.5 mons) B 200 M1 metanona nipu 20-25 °C. IlonyueHHyI0 cMeCh AN
MOPOBHY U TOJIOBHHY BBLACPKUBAJIN TP NepeMeIInBaHiy 1 HarpeBanuu g0 60 °C B Te-
yeHue 3 qHeil. PacTBopuTens yaansim B BAKyyMe, OCTaTOK MOJIBEPrail BaKyyMHOM nepe-
roHke npu 1 Mm. pt. cT. u remneparype 60—66 °C 1 nepekpucTaIN30BbIBAIN U3 CKEIJUIU-
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301bBa F ¢ BeIMopakuBanuem. Brixon 7.0 T (22 %), OeciBeTHBIE KPUCTAILTBI C CHIIBHBIM
aMHMHHBIM 3anaxom, T. 1. 44—46 °C. BTopyio nojioBUHYy peakIMOHHON Macchl KOHLIEH-
TpupoBasin B poropHoM ucnapurene npu 40 °C. HeouneHHbli MaciiooOpas3Hblil mpo-
JOYKT OCTaBJISUIM IPU KOMHATHOM Temmeparype Ha 2.5 Mecsina U oOpabaTbiBasn jaaiee,
Kak onucaHo Boire. Oommid Beixoa 11.1 r (34 %).
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Pa3zoen 3

CHUHTE3 IIATU-CEMUYJIEHHBIX TETEPOIIUKJIOB
C OJHUM ATOMOM A30TA U3 AMUHOCIIUPTOB
N UX NPEAINECTBEHHHUKOB

3.1. HAXO’K/IEHHUE B ITPHPO/IE. BUOJIOTHYECKAA AKTHBHOCTb.
I1YTH UCIIOJIB3OBAHUA

W3ydyenne XxuMHUM NUINEPUAMHA TECHO CBS3aHO C PA3BUTHEM XMMHH aJIKaJIOMJIOB.
Bonbioe unciio paboT B 3T0i 001acTi OBLIO MPEANPHHATO C LETbI0 CHHTE3a aJIKaIOUI0B
WM TTOJTyYeHHs] CHHTETUYECKUX BELIECTB C aHAJIOTHYHBIMH CBOMCTBAMHU. Y CIIEXH XUMHUHU
a3areTepoLMKIIOB HAIIUIM OTPaXKEHHE B TOCIEIHUX 0030pax, MOCBALICHHBIX, B YaCTHO-
CTH, caxapaM CO CTPYKTypaMH a3anupaHos [1; 2] n ux nATUUICHHBIM aHAJIOTaM, K YHCILY
KOTOPBIX OTHOCATCS coennHeHus (3.1-3.8) u MHOXKECTBO IpyTHX.

OH oH
HOy,, WOH ‘
OH
OH N
HO N H
H
31 3.2 33 34
Houpumuuun CYB CBanHCOHHH AJKCHH
3 OH HO OH
HOQ_~_sOH HOy, SO WOH
OH \\\\\\\' N OH N OH \\\\\\‘ N OH
H H
HO
35 3.6 3.7 3.8
Kanucrerun Aj (H)-Anerodopun Kacrarocnepmur a-1-C-3tundaromun

Cpenu npupoAHBIX a3alMPaHo3 BCTPEUYAIOTCS IPOM3BOJHBIC TUIIEPHUINHA, HHIOIH-
3UJIMHA, HOPTPOIIaHa; OHU TMPOSIBISIIOT NMPOTUBOPAKOBYIO, aHTHIHMA0CTHYECKYIO, aHTHU-
OaKTepHabHYIO U TPOTUBOBUPYCHYIO aKTUBHOCTS [ 1; 3; 4]. [lomuruapoxkcumupoBaHHbIE
MUIEPUINHBI U TUPPOJIMAUHBI IPOJIEMOHCTPHPOBAIN CHIIbHYIO HHTHOUPYIOILYIO aKTHB-
HOCTb IIPOTHB TJIMKO3UAA3 U IuKo3uiaTpancdepas [3; 5], Ha UX OcHOBE OBLIM CO3JaHbI
cpenctBa 60ps0bI co CITU [lom.

B [6] omucansl a3oTcoaepikamine reTepoyKIIbl, OTHOCSIIHECS K MOPCKHM aliKajo-
uaaM, MPOU3BOJIHBIM 3,4-nuapwinupposna. [IpeioxkeHsl METoJIbl CHHTE3a COCTUHECHUH
5TOM TPYIIBI, B yacTHOCTH HuHramuHa B (3.9), namennapunos G u K (3.10, R', R*R’,
R*=H, Me, OH) u nykuanona A (3.11).
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MsuorocrtaauiiHas Tpancdopmanus npupogHoro kepamagpuanHa B (3.12) nozsonnna
CUHTE3MPOBaTh MOPCKO# ankanoua manzamuH A (3.13) [7]. HenaBHo onmcaHbl 3HAHTHO-
CeJIeKTUBHBIE cuHTE3bI (—)-ananuna (3.14) u (-)-aganmuuna (3.15) [8; 9].

3.14 3.15

CuHTe3 MUPPOITUAUHCOIEPKAIINX allKalon10B [aHn3omunuHa (3.16), peTpoHerHa
(3.17), cnappamuna (3.18), nerokcunanna (3.19)] onucan B padorax [8; 10].

HO,

QL[] s

OMe

3.19

3.16

B [11] obcyxneHo BAMSIHHE CTEPECOXUMHYECKUX 0COOCHHOCTEH TUIPOKCHIUPOBAH-
HBIX TUPPOJIMINHOB HAa UX OMOJOTHYECKYH aKTHBHOCTh. B orTnmuume ot 1,4-aumeokcu-
1,4-umuno-D-manuaurona (DIM, 3.20 a), cuinbHOTO MHTUOUTOpPA -D-MaHHO3UA3bI, CO-
oTBeTcTBYrOIUN L-3HaHTHOMED (L-DIM, 3.20 06) 0OnamaeT WHrHOUPYIOIICH aKTUBHO-
CTBIO TI0 OTHOIIIEHUIO K HAPUHTHUHA3E.
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Bricokast Ononornueckasi akTHBHOCTh XapaKTepHa JUIsi MHOTHX TpeJICTaBUTeIIeH 3a-
MEIIEHHBIX TTHPPOJIUJANHOB, HIIEPUIMHOB U 00JIee CIOKHBIX CTPYKTYP, BKIFOUAIOIIHX
YIIOMSIHYTBIE TeTeporuKIndeckue ¢pparmMentsl. B [12; 13] mpemmoxkeH MeTo cHHTE3a
poTUBOrpHOKOBOTO areHTa (—)-anm3omunuHa (3.21). B paborax [14; 15] onmcan au-

3aiiH coenunennii (3.22, R = ({, >, n = 1-4), obnagaronmx cBOMCTBAMHU JIBOHCTBEHHBIX
N

M;-anTaronuctoB u PDE4-UHrnOMTOpOB, NPOSIBISIOMINX MPOTHBOBOCIIAUTENBHYIO aK-
TUBHOCTH. Cpear OOIIMPHON TPYNIBI HAMITYyUIINE CBOMCTBA, OJHAKO, IPOSBUII TUAMHUH
(3.23) ¢ otHUM a3areTePOIMKINIECKUM (PparMeHTOM.

. A
0 0

W3BecTHBI pabOTHI 10 NOMCKY MPOTUBOBUPYCHBIX ar€HTOB CPEIN a3areTePOLUKIIOB
[16; 17]. B [16] oHu HaiizeHbl Cpeay CIIUPOTETEPOLUKIOB C KapKaCHBIM ()parMeHTOM
anamanrana (3.24-3.26, R = H, CH,). Ilpu 3ToM Hanbosee akTHBHBIM OKa3aJl0Ch COE/IU-
Henue (3.26, R = H).

NR
N N
@(R} el K

3.24 3.25 3.26
[IpakTideckn BaXHBIMHU NPU M3YYSHHH TMOJMOOHBIX COSAMHEHWH TPEICTaBISAIOTCS
MPOsIBIICHHS HEHPOTpOIHOI akTuBHOCTH [ 18—22]. M3BecTHA Ononmornveckast akTHBHOCTb
AMUJIOKUCIIOT, OJIYYEHHBIX aMUHOJIU30M 3HIUKOBOro anruapuaa [23]. B rpynne amugo-
kucnort (3.27, n = 4-6, 3.28, 3.29) HauBBICIIYIO aKTHBHOCTH (aHATBI€TUYECKYIO, TPAHK-

BUJIM3HPYIOIIYIO, TPOTUBOCYIOPOXKHYIO) MPOSBUI TETPaMETHINUIICPUANIKAPOOKCAMH
(3.29) [24; 25].

/ / A

COOH COOH COOH
/C\m _C Me O;C Me
0""™N (CHy) 07N \ [ -Me

d n N Me. N

Me
M¢

3.27 3.28 3.29

W3BectHbl upponuauuacoaepxkamue coenuuenus (3.30—-3.32), oTHocsmuecs K BbI-
COKOCEJICKTUBHBIM K-OMMOIHBEIM aroHHCTaM U TPOSIBIISIONINE CBOWCTBA aHAIBIETUKOB

[18].
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| 9
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cl /NY\@CI
0
cl

m(jl Ph NMe
O Cl O Cl
3.30 3.31 3.32

K 4gucity HemenTHIHbIX J-arOHUCTOB, 00JIATAFOIIUX aHTHHOIUIICTITUBHBIM JICHCTBH-
€M, OTHOCSITCS THIepuanHcoaepxkamume coenunenus (3.33-3.36) [19; 26]. B [19] onucan
CUHTE3 U U3yYeHA aKTUBHOCTh MHOTOYHCIICHHBIX aHAIOTOB coenaunenus (3.36).

0
H
T
N Z N
: "OH h

R

3.33 3.34

(0] (0]
N NR2R3 7N NRZR3
X P X—,/
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N E g
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3.35 3.36

B pab6ore [22] A. Kapcon ¢ coTp. moATBEpAMIA OTHOIICHUE K (- U O-OMHOUTHBIM
aronucram coemunenuit (3.37-3.39, R = H, Alk), nMeromux cTpyKTyphl aMHIOB M CIIOXK-
HBIX 2(DUPOB.

O | O NHEt O | O CONHEt O | O OEt
8 8 8

3.37 3.38 3.39

Bunmknnueckne cucremsl (3.40, 3.41) nposiBuu ceds Kak CENeKTUBHbIC HHTHOUTO-
pbl ceporonuHoBoro 5-HT penenTtopa v oka3aauch NIPUTOJHBIMU JUIS JIEUEHUS JIETIpEC-

cuit [20].
Ar
O™ ., 8
0 7 o N
HO

\\ OMe
Y

3.40 3.41

Briatoryrocst posib B MCTOPUU MEAMLIMHCKON M OPraHUYECKOW XMMHUH ChIrPajo OT-
kpbiTue [Janu [27], KOTOpbIi BIEPBbIE BBIICIUII U3 IKCTPAKTA KOKU IKBATOPCKOU SOBU-
Toit nArymku Epipedobates tricolor anxanonn snubatuavH (3.42), UMEIOMINN CTPYKTYP-
HOE CXOJACTBO ¢ HUKOTHHOM (3.43) [28].
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Buonornueckue nCIbITAHUS MTOKA3aJId, YTO 3MUOaTuAnH (3.42) sBIsieTCs BRICOKOCE-
JIEKTUBHBIM JINTAHIOM JUIsI HHKOTHHALETHIXOJUHOBOTO PELENTOpa U MPOSIBIISET CBOM-
CTBa MOIIHOTO HEONMHOWAHOTO aHAJbIETHKA, MPEBBIAIOIIEIO MPOTHBOOOIEBOE ACH-
ctBue mopduna B 200-500 pa3 [27; 29]. Hukotun (3.43) Taxxke nmposiBisieT 00e30011Ba-
oliee AeHCTBHE, HO Psi NOOOUHBIX 3(h(heKTOB, BO3ZHUKAIOIINX B KEIYJOYHO-KUIIEYHOM
TPaKTE U CEPACYHO-COCYAUCTON CHUCTEME, JENaeT €ro TeparneBTUUYECKH HEHPUTOIHBIM
[30]. OTkphITHE SNTMOATHAMHA, MOIITHOTO 00€300JIMBAOIIETO CPEICTBA, CIIOCOOHOTO A(-
(heKTHBHO NOJABIATH KaK OCTPYIO, TAK U XPOHUUYECKYIO 00JIb 0€3 BO3HUKHOBEHUS [1000Y-
HBIX 3()(peKTOB U JIeKapCTBEHHOM 3aBUCHMOCTH, BO3POAMIIO KMUBOH HHTEPEC YUCHBIX K Te-
TEPOLMKIIAM MOJOOHOM CTPYKTYPBI.

OtkpeiTue anu Aano MOIIHBINA TOTYOK CHHTETHUECKHM, CIIEKTPalIbHBIM U (apma-
KOJIOTHUECKUM HCCIIEJ0BaHUSIM OOJIBIIOrO YUCIIa a30TCOAEPIKALINX OULIUKIIOB, OTPaXKEH-
HBIM B paboTax [31-40]. Hapsiny ¢ 7-a3anopOopHaHaAMH M3YyYalIUCh TaKkKe 2-a3aHOpOOp-
HeHbl 1 2-a3aHopOopHaHel [31; 41]. beuio mokazaHo, 4TO PMUOATHIUH U €r0 aHAIOTH
BEChbMa I0JIE3HBI B PEILICHUN MPOOJIeM BO3pacTHOH Helpoaerenepauuu (6one3Hn AnbL-
reiimepa, [lapkuncona, nemennuu Jlesn) [32].

Cepusi akTUBHBIX WHTHOUTOPOB y-cekperasbl (3.44-3.46) mcrionb30BaHa MU KOH-
CTPYHPOBAHHUH CPEJICTB /IS JIeueHus: Oone3Hu Ambireiimepa [17].

7/ _\_OH

3.44

3.45 3.46
R'=Et, i-Pr, NR?ZR’°= N ). NC>—N > NC><0H NDA, N N
Pr > N s
OH
OH

B mocnenHue roapl BO3pOC MHTEPEC K COSAWHEHHUSM, MPOSBISIONIMM aKTOIPOTEK-
TOPHBIE CBOMCTBA, NPEMSITCTBYIOLUIMM CHIDKEHHIO pab0TOCIIOCOOHOCTH B HEOJIAr OIIPHSIT-
HBIX YCJIOBHSIX CpeAbl OOMTaHMsI, a TaK)Ke aJanToreHHble cBoiicTBa [42]. Hapsiny ¢ mpo-
W3BOJHBIMHU aJaMaHTaHa, B paboTe Ha3BaHbl M3BECTHBIC HEKOHKYPEHTHBIE OJOKATOPHI
KaHabHBIX caliToB NMDA-penentopoB — ¢penunkauans (3.47), MK-801 (3.48), SKF
10047 (3.49), ciocoOHbIe MpeaynpeXaaTh U yMEHbIIATh JereHepaunio HEMPOHOB MPH
HeOIaronpusTHBIX BO3IEHCTBUSIX.

3.47 3.48 3.49
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[IsTH-, WeCTH- U CeMHWICHHbIE IMKIBI C OJHUM aTOMOM a30Ta SIBJSIIOTCS CTPYK-
TypHBIMH ()parMeHTaMHd MHOTHX JIEKApCTBEHHBIX NpenapatoB [43; 44]. [leiicTBUTENb-
HO, MUPPOIUINHOBBIA UK BXOAUT B CTPYKTYPY aHTUTHIICPTCH3UBHOTO CPEJICTBA DHA-
nanpuia (3.50), anTunapKMHCOHMYECKOTO npenapata nporukiuauaa (3.51), antuanade-
TrKa raukiaasuaa (3.52), amanentuka npoimHTaHa (3.53), aHTUTHCTAMUHHBIX TTpernapa-
TOB TPUIPOJIMINHA U KJIEMAaCTHHA, HEHPOJIENITUKOB PEMOKCUIIPUIA U alu3allpyuia, Tuy-
peTHKa MUpeTaHuIa.

CO,H
3.50 3.51
Me
s ou
2\
N\NJ\N/S\\ N
H H O
3.52 3.53

Bosbioe 4ncio U3BECTHBIX JIEKAPCTB BKJIIOYAET MUIEPUANHOBBIN (parMeHT — OJTHO
n3 HEX, aeMepon (3.54), nagamu npumensaTh B 30—40-x rogax XX Beka [45]. Oto Be-
ecTBO 001a1a510 3 (HEeKTUBHBIM OO0y TOISIFOIIUM I€HCTBUEM M HAILIO IPUMEHEHUE B
KadyecTBe 3aMeHuTeNst MoppuHa. K cTpyKTypHOMH rpymniie TUIEepHIHHOB OTHOCSATCS MPO-
TUBONAPKUHCOHUYECKHUE Mpenaparsl OunupueH (3.55) u Oy unuH, aHaJbreTHKA PeMU-
¢dentannn (3.56), anbdanpoauH U KETUAMH, aHTUTUIICPTEH3UBHbBIC Mpenaparhbl AeOpH-
COXMH, KETAaHCEPHH, AaHTUAJUIEPTMUCCKUH U HECelaTUBHBIH aHTUTCTAMUHHBIN IIpenapaT
JIopaTaivH, HEHPOICTITHK TAIONEPUI0I, KOPOHAPHBIA Ba30IMISITOp NieprekcuinH (3.57),
JUYPETHUK KJIOMAMHJl 1 MHOTHE IpYTHE.

Ph  CO,Et
N HO
I Ph N
CH; C :
3.54 3.55
Ph. _CO,Et
N

MeOzc@
N NH

\/\’/ OMe
(0]

3.56 3.57

B MeHbIIei cTernenn n3BECTHHI JIEKapCTBA, BKIIIOYAIOIINE CEMU- U BOCHbMHUYJICHHBIE
MMUHHBIE [IUKIIBI, CPEIM HUX aHAIBIeTHKH dTorentasuH (3.58), menrtaszunon (3.59), an-
Tuaenpeccant Meranpomut (3.60) u npyrue.
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3aMeleHHbIE TUPPONIUINHBI UCIIOJIB3YIOTCS B KaueCTBE JIMTAH/IOB IPU IPOBEe-
HUM KaTaTUTHYeCKUX peakuuii [46; 47]. B 0030pe [48] obcyxaeHo npumeHeHne 060iib-
LIOH TPYIIBI 3TUX COENMHEHUH, BKIIOUaromed cTpykTypbl (3.61-3.67), B pa3inuHbIX
9HAHTHOCEJEKTUBHBIX KaTATUTHUECKUX MTPEBPALLIEHUAX.

PPh,

<j\/NHPh (j\/NMef oH <Nj\/f’ Ph, Q\/ (><C02H
N
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CSHll H t-Bu o MesN 0
2
3.61 3.62 3.63 3.64 3.65
CH, //%
LD o
M
OH N ¢ .\\\\OH
Hs Ph
3.66 3.67

®epunra ¢ cotp. [49] mokazanu, 4To ydacTue KOOAIBTCOAEPIKAIIEro KaTalu3aTopa
B IIPUCYTCTBUU ONTHYECKH aKTUBHBIX JTUTaHAoB (3.68, 3.69) npuBOIUT K SHAHTHOCEICK-
TUBHOMY COMNpPS’KEHHOMY MPHCOEANHEHUIO AMATWILMHKA K XalKkoHaM. B kauecTBe nu-
TaHJ0B UCIBITaHbl TakKe aMuHOCTIUPTHI (3.70 a,0).

Co(acac), (7 monb%)

>_\_ - ELZ Xwupanbubli surasy (16 Mosns%) O Fh
N\ Ph f2n CH;CN-rekcan *
-30°C
3.68 3.69 3.70a 3.706

B MHOTrOuHMCIIEHHBIX paboTax Mo JAECUMMETPU3ALINN Me30-3TOKCUIO0B HaAPSAY C JU-
tudanm3onponmwiamMuaoM (LDA) yenemHo ucnsitan tuamuH (3.71) [38].

5 monp% (3.71), OH NH O
2 5kB. LDA, 5 5x8. DBU @’ N
TI'®, 0°C, 6 4, 91%

3.71

AcUMMETpUYECKOE alluIUPOBAHNE Me30-1,2-TN0I0B OCYIIECTBIIIA C YYaCTHEM JIH-
rargja (3.72) [50; 51].

Me
OH 0,5 Mmos% (3.72) OH \N—Bn
(:( 1,5 sxB. BzCl, 1 5xB. Et;N (I DJ
_7R0 0 N
on CHaCh, -78°C, 24 4, 87% 0By {

3.72
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Boccranosienue kapOOHMIBHBIX TPYIIIT IPOBEACHO € ydacTHeM KaTtanuzaTtopa (3.73)
[52].

,Boc /Boc
N 0,5 7xa. (3.73) HN
0,5 sxB. BH;*DMS OH
07— CHCly, k1., 22 4, 07/
N 76% N
Boc Bod

3.73

s ipoBeieHus KaTaTUTHYECKOTO SMTOKCUINPOBAaHUS aIKeHOB OKCOHOM JleHmap-
KOM [53] cHHTE3UpOBaHBI M YCIIEIIHO UCIIOB30BaHbl KaTamu3aTopsl (3.74-3.77). Huxe
MIPUBEJICH TPEATIOIaraeMblii MEXaHH3M PeaKIlnu:

0 0 0
- 0
T Qine, Q™
CH.WN— _ - 5 ~
Y4 0S0,CF, N! 0SO,CF; e, N
R / ’/,//CH H-C12H25 H3C 0502CF3
R = Ph,CH, 1-C o H,s
H-CyHys
3.74 3.75 3.76 3.77
R R
- O =
3 0 . 0]
3 S/ Yoo S S S S N
i x — S50 o R 7N\
K R
H H H

Oco0yr0 IIEHHOCTh MPEJICTABJISIOT MUPPOIHIUHBI, BCTPOCHHBIC B CJIOKHBIC TOJIH-
nukinyeckue cucrteMbl. B 2000 r. @. Jlanra ¢ coTp. mpOBEIH ITUKIONPUCOCAUHEHHE
N-metunazoMeTHHWIHAA K Qymepeny C,, ¥ MPOASMOHCTPUPOBAIN BINSHIE MUKPOBOJI-
HOBOTO U3TyUYCHHUS HA PETHOXUMHUIO 3TOTO TIporiecca [54].

CH,NHCH,COOH / HCHO

Cao N—CH
AN MHUKPOBOJIHBI

B 2009 r. KoHeBbIM ¢ cOTp. OJO0HOE COSAMHEHUE OBLIO MOJIYYCHO B PE3yJIbTaTe
LUKJIOTIPUCOeIMHEeHUsT inOeH3okcazenuuuit mnaa k Cy-pymnepeny [55]. Unua nomy-
YEeH Ha OCHOBE a3UPHUAMHA, OITUCAHHOTO B [56].

M. Iparo c cotp. [57] HeAaBHO COOOIININ O CHHTE3€ YEThIPEX KIACCOB MOHO- U OUC-
aanykToB Ha ocHoBe (ymiepena Cg,, B yactHocTH coequnenwii (3.78, 3.79).

(0) NHB
HOOC/\II}II/\/ \/\O/\/ 0C

HCHO, C,,
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3.2. TPAHC@®OPMALIUA AMUHOCITUPTOB B IIATH-CEMHY/IEHHBIE
A3O0TCOAEPKAIIIHE 'ETEPOLIHK/THY9ECKHE CUCTEMBI

B03MOXXHOCTH MONyYeHHS ITUX CHCTEM 3aMBIKAHHEM IIMKJIA Ha OCHOBE JTUTAJIOTe-
HUJIOB, aMUHOTAJIOTEHUI0B, AMHHOCITUPTOB M JHAMUHOB pacCMaTPUBAIH C JaBHUX TIOP;
IIPA 3TOM OCHOBHYIO MPOOJIEMY HCCIIEIOBATEIHN BUACIH B CHHTE3€ MPEIIICCTBCHHUKOB
9TUX coeuHeHuii [45]. B cBsI3u ¢ OTKpBIBIICHCS B TTOCIESTHUE TOIBI BO3MOKHOCTBIO Pac-
CMaTpUBAaTh aMHUHOCITHPTHI KaK ONTHUMAJIbHBIC CTPOUTEIbHBIE OJIOKH JUIsi KOHCTPYHPOBa-
HUS Pa3HOOOPA3HBIX UKIMYECKUX CUCTEM MBI ITpeJiaraeM o0CyKACHHUE STUX OUHYKIICO-
(hMITOB KaK OCHOBBI JUISI CHHTE3a IMUIIEPUINHOB U TUPPOTHINHOB.

B [58; 59] mpuBeneHa kimaccuguKaIys METOJ0B IIUKIOACTHAPATAIINA AMHHOAITKOTO-
JIeH, pa3Aensonias ux, Mpexe BCero, Ha «IPSIMbIe» U «HETPSMBIE» METOIUKH.

«IIpstMBIe» METOIBI MIUKIIOACTUAPATAIIMA AMHUHOAITKOTOJICH, TPHBOISATITNAE K COOTBET-
CTBYIOITUM ITUKITMICCKAM aMHUHAM, BKITFOUAIOT, TIPEKIE BCETO, TaJIOTEHUPOBAHUE ¢ 00-
pa3oBaHUEM TAIOAMHUHHBIX MHTEPMEINATOB; UCIIOIL30BAHNE KHUCIBIX CPEIl C TEHEPHPO-
BAHHEM COOTBETCTBYIONINX KaTHOHHBIX HHTEPMEANATOB; PEaKITNio MuiryHoOy, B3auMo-
JeCTBUE C KapOOHMITUUMHUIA30JIOM U PEAOKC- METANIOPTaHUIECKUMU peareHTaMH, Ta-
kumu kak RuH,(PPh,), u RhH,(PPh,),.

B [58] ymoMmsiHYyTBI KJIaCCHYECKHE «HEMPSIMBIC» METOAMKU ILUKIOACTUAPATALINN
aMUHOCITUPTOB, BKITFOYAIOIINE ITOCIIC0BATEIBHYO 3aUTy N-HYKICO(QUIbHBIX IICHTPOB,
(O-aKTHUBALMIO, IIUKJIM3AIINIO U JCTIPOTEKIUIO (CHATUE 3aIIHTHI).

Huxe npuBeneH npumep «HEOpAMOi» IeruapaTaluu 3a CUET aKTUBALUU KUCIOPO-
HOT'O aTOMa BBEJICHHEM ME3MJIBHOW TPYIIIel B Monekyiny amuHoctupTa (3.80, R = Me,
TMS, R'=H, Bn, TIPS) [60]:

1
OR! NHB R'C, OR
= n MSCL, EtN S

CH2C12, K.T. ‘\\O
h

Bn 0

3.80

Psn ananornyHbIx npeBpalieHUi BoLIEd B pa3iesl 0 BOCCTAHOBUTEIbHON UKIIN3a-
IIUH, OJTHAKO PE3YJIbTATHI MOCIEIHUX JIET CBUAECTEIBCTBYIOT O IPEUMYIIIECTBEHHOM pPa3-
BUTUHU METOJIOB «IPSIMOI» IMKIIOAETUIpaTaALlUHU.

CrnetyeT OTMETUTh, UYTO HApsAy ¢ HYKICO(PHIBLHBIM 3aMEIEHUEeM, HaOIF01aeMbIM
B MOMEHT T€TE€pPOLMKIN3ALUY, MAPATIICTLHO UCTIONb3YIOTCS U OTPAKEHBI B HACTOSIILIEM
0030pe TyTH, BKIIOYAIOIINE OKUCITUTEIbHBIE U BOCCTAHOBUTEIFHBIE TPOIIECCHI, KaK TO
MPOUCXOJIUT B psijie peakuuid caxapos [61].

MsO
Npou3BOJHBIC ME3WINPOBaHUE O NH
TpHO3 > >< 2 o (ranakTo-, anbTpo-, uj0-)
oW
HyKIIeoQUIbHOE
Op  OP \ 3aMeleHue
2,3-tpanc
OP OP
P oos "°Z&f§§§§§§§§2’°e

_okucienue
3PUTPO3 >< H,

OH OP (Tano-, ryso-, ajmio-)
2,3-nuc
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B 0630pe YOOMSIHYTBI TAKKC CIICHUAJIBHBIC 1 MHOTOKOMIIOHCHTHBIC MCTO/bI MPC-
BpalcHus aMHUHOAJIKOTOJICH B ISTH- U IIECTUUWICHHBIC N—coz[epmaume MUKINYCCKUEC CU-
CTCMHEI.

3.2.1. JleiicTBHe XJIOPHCTOI0 THOHHMJIA, KUCJIOT U HX COJIei

AxTuBarus u neruaparaiis amuaocpToB (3.81, R = Me, Bn, i-Pr) Bo3smoxHa mpu
WCTIOJIb30BaHUU XJIOPUCTOTO THOHUIIA C HEITOCPEJICTBEHHBIM MPEBpAIlEHHEM B TUPPOIIH-
nvH (3.82) [62].

NH,
1) PhO,S 1) SOC1
HO\)\ )—2> Ho/\r \/\SO2Ph )_2»
R 2) BnBr, 80-90% 2) KOH

H,0, 95%

3.81

Bn
Bn\N —-R
LDA
— Cl/\/ \/\SOZPh LA
79%
SO,Ph

3.83 3.82

[TeperpynmupoBky cyoctpara (3.81) OOBACHSIIOT IPOMEKYTOUHBIM 00pa30BaHUEM
WOHA a3UPHUINHMUS, TPUBOASINETO K mHTepMeanaty (3.83).

H
CrI- CIJ R _s0,Ph
N\ SO,Ph 2
381 —90h R»\AN+/\/ \L — 382
N N
H Bn Bn
3.83

OH
In D PhOs™ ST SOzPh
2)SOCL, 87% Tos0%
Ney so Ph

B pabore [58] xnopupoBaHHe-IIUKIOACTUAPATAIIMS UCIIOIB30BaHbI JIJIsl Pa3padOTKu
METOJIa CUHTE3a OMOJIOTMYECKU aKTUBHBIX (+)-Ourudanuna u DOV-21947 (3.84 a, 0,
Ar=4-MeCH,, 3,4-CL,C,H,) [63].

‘\\\Ar
Ar SOCI, (1,2 3kB.) Ar NaOH, H,0
R\ PP U P N B ——
i-PrOAc, 25°C pH 8,5-9.5 N
HO NH, cl NH, I
3.84a,6

XJoprupoBaHUE aMUHOCITUPTA MPUBOAUT K cMecH mpoaykToB (3.85) u (3.86, X = Cl,
OH) B cooTHomennu (3 : 2), KOTOpbIE MOABEPTaOTCS JalIbHEHIIICH TeTepOIHMKIA3AINN

[58].
Cl ©:C1
‘\\\\©[ cl SocL \\\\ + W -
NH NH; C NH
Cl S—X
I
(6]

3.85 3.86
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B [64] npennoxken mMeTon cuHTe3a 3-NOIM(TOPATKUICOIEPKALIUX MUPPOIIOB Mpe-
BpanenueM amuHocnupra (3.87, R', R>, R*= Me, Et, Ph, H, Br, R, = CF,, CHF,, CF,Cl,

C,F;) B kucmnoii cpene.

R? 3
. R R3 RF R3 R]-‘
R'O H,H0 o) — —
EEs—
/R Nt TMeCN e NH, q oH " / \
R OH 2
2 F 2 F R N
3.87

Hwxe npencrasnen Mmexanusm ruzgponnsa coenunenus (3.88, X =F, H, Cl, CF,):

e g

3.88
I'mapoxcuiaMpoBaHHbIE MUPPOIUAWHEL W MHICPUAWHBI HOJXYYEHBl NPEBpPAIICHU-
€M aMHHOCIHPTOB C HE3aMEIICHHBIMH Hykieo(uibHbIMH neHTpamu mytem Cu(l)-
KaTaJIM3UPOBAHHOTO BHYTPUMOJIEKYJISIPHOTO THAPOAMUHUPOBaHHUs [65].

K PPh, PPh,
NH
-BuOCu - Keantdoc (15 Moip%) m
MeOH - n-xcunon (1:1),
N 140°C, 72 4, 47%
OH
Kcantdoc

[MokazatenbHO, YTO TETEPOIMKIN3AIMS JETKO MPOTEKAeT B MPUCYTCTBUH JBYX W
TpeX THAPOKCHIBHBIX Tpynn [cuHTe3 coenuHeHni (3.89, 3.90)] n He mMeeT MecTa, eCiTu

rpynma OH 3ammumena (OTBDMS).

| [ o

N

/ \ \,
’ \ S

HO OH HO OH
3.89 3.90

I'unpasuHOCTUPTHl LUKIU3YIOTCS TOJ JEHCTBHEM TPH(PTOPYKCYCHOM KHCIOTHI
(TFA) [66].

MeOOC, H H
2, KOOC N HOOC N
NH,NH,*H,0 NH, TFA, H,O N
—_— —_—
K.T., 24 4 65% o |
OH HO
MeO OMe MeO OMe

B kauecTBe NUKIU3YIONIMX areHTOB MCIONB3YIOT Takxke TFA-conu u npyrue comu
MeTayioB [67; 68].
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0 1. NaNj OH
aw 2. LiAlH, H = 1. Hg(TFA),
3. (t-Boc),0 O 2. NaCl
0, 0,
68% NiBoc 90%
/
OH X
oW 3 1. 1-C o Hy3SH e ?
2. Me,C(OMe),
75%
AW
\ I
ClHg H Boc Boc
Ierepormknsl (3.91, Y = O, NBoc, NTs, R' = H, Alk, R’= H, Ar, R’= Alk, Ar) no-
JIy4EHBI B MSITKUX YCIOBUSIX [68]

2 OH R
==—R> CuCl,, kar. / \
1 —_— 1 3
R -H,0 R v R
YH 53-99%

3.91
B pabote [68] mpuBeneH BO3MOKHBIH MEXaHU3M 00pa30BaHMS 3aMEIICHHBIX (ypa-
HOB U IIHPPOJIOB.

2 OH cuc12
:< Tha

CuCl r2 OH
; Cuc12 b\
l-H2o j-Hzo

CuCl

R2
M B X
Rl R3 - CUC12
Y
[69; 70].

3amenieHHble (pypaHbl, TUPPOIBI U THOPEHBI IMOIYJal0T C TIOMOIIBIO COJIEH 30110Ta
OH

R Au[P(#-Bu),(0-6udenun)|Cl/
/<V 3

X
AgOTf (2 Mons%) wn AuCl (0,05-2 mons%) R ) Ry
R; XH 87-99%
R,
X=0,NR, S
HO_ R’
Rl (Ph3P)AuCI-AgNTTf, (0,05-0,5 Monbs%) R2
§ wint (PhyP)AUCL-AgOTS (0,1-0,5 moms%) /U\
3 0, o
XH R Tomyoun, K.T., 85-98% R! X R3
X=0, NBoc, NTs

B [70] omrican cuHTE3 3aMEIICHHBIX MHPPOJIOB (3.92—-3.94) ¢ ucmoap30BaHUEM KOM-
OouHaru Au/Ag-KaTaan3aTopoB.
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H N (CH,),Ph Bn N t-Bu H N H
Boc Boc Ts
3.92 3.93 3.94

['erepounknmu3anny NoABEPrHyT aMuHOCHHUPT (3.95), MoTy4eHHBIH Ha OCHOBE 3aMe-
nieHHoro anetuieHa (3.96); peakuus npoTekaeT B MpUcyTCTBUM Hoxa [71; 72].

o) NH,

OH O
/\)\{\OH , K,CO;
| > | —
MeCN/H,0 NS OBn
H

K.T., 36 4, 88%

OBn
3.96 3.95
0 (0}
1. J,/PhsP/umunazon PtOy/H, \\\\”\
CH,Cl, k.1, AcOH, k1. /\(j
A
2. MeCN, Et;N, P | OBn 14, 86% P “u, /\/OBn
KUISYeHHE E E

[Ipu mpoBeeHnn aCUMMETPUYECKOTO CHHTE3a ankainonaa ¢paromuna (3.97) Ha cra-
MY KaTaTUTHYEeCKOU TeTeponukin3anuu coequuenus (3.98) ¢ yaactuem comneit nmaa-
Jst HaOJTFOAAI0Ch CMEIeHUE ABOMHOM cBsi3u [73].

OBn OBn OBn
1. 05, CH,Cl,
OB piep MeCN), OB OH (1:4), -78°C WOBn
—_— —_—
TCD, k1., 90% 2. NaBH,, -78°C, 80%
X OH
) )
Boc Boc
OH
3.98
OH _BnO BnO N
1. HCL, H,0 OH
MeOH, 70°C, 64% N N\ _OBn P OBn
B AN SSo
2. Hy, Pd/C, OH Bog@{ Boc [P
AcOH, 87% I}\Il \ k}OH
o
i
3.97
- 3.99a 3.996 -

O0pasoBaHue MeperpynuiupoBaHHOTO MPOYKTa aBTOPHI CBSA3AIM ¢ OOJbIIEH YCTOH-
YUBOCThIO KoMIuiekca (3.99 a), B KOTOpOM, B OTJIMYHE OT POJCTBEHHOH CTPYKTYpHI
(3.99 6), numeet MecTo KoOpaUHALUS aToMa Pd oTHOBpeMEHHO ¢ ABYMSI KUCIOPOJHBIMH
aToMaMH M aTOMOM a3oTa [73].

3.2.2. Peakuusi MunyHoOy. /leiictBue KapOOHUJIIHMMHIA30J1a
Peakruss MuimyHoOy OCyIIeCTBICHA B OTHOIICHWW pPsda WHIUBUIYATBHBIX

D-xcunonmacrepeonzomepos (3.100, R = Me, Bu, -Bu, CH,SiMe;, Ph, CH,=CH, CH,Ph)
[13].
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OBn A: PPhs, (EtOOCN)2 OBn H,, Pd-C, MeOH/HCI OH
NHBn  mupmmas, 0°C, 1,5 9 K.T., 3 JTHS WIN
HO//, R HO, R
HO B: PPh;, CCly, EtzN 1. Hy, Pd(OH),-C, MeOH,
DMF, k.1.,54 K.T., 2 JTHs *
OH R NBn > NH*HCI
62-84% 2. HBr, k.1., 1 nenn
3.100
C nmomorpio peaknu MutmyHoOy moryders! coequaerus (3.101) [74] u (3.102) [75]
Y
TS o) OH AcO,,' N
HN 1. PPhs, DEAD, TT'®, k.1

A/K/

2. Py, Ac,O,k.T.,2 4 N OAc
OI{ B 2V s

AcO

#O

Ts

3.101
PPh,, DEAD #0 Red-Al ﬁLO
o, OTHP — Tro OTHP
-, K.T., 30 MHH
HO HI_}I "CO,Bn 9
S

DOWEX OH
To % OTHP 2y NH,
,// KHUIIIYCHUE
2% I_}I “CO,Bn
S

HO,,, OH
—_—
oy KHUIISTYeHUE .
44 INI CH,OH lg
3.102

E “CH,0H

C wucnons3oBanuem Tpudpenmwidochuna (TDD) nposenen cuntes 1,2,6,7,8-men-
(3.104, 3.105) [78; 79]
OH

tarunpokcunHaoam3uanHa [(—)-3.103] [76; 77], a Takke POACTBEHHBIX T'eTEPOIIUKIIOB

Ph;P, DEAD

OEIZ_A/H
Py HO N—+,

=t H
i,
()-3.103
HO _ OH HO . OH
wo. ZHEI PhpcCl, : U3
PhyP/EGN_ @ : __EtN.DMF _
NH cc14, 2%
HO

HN 69% m
HO
3.104 OH

3.105
Meronuxka [78] BKIIIOUaeT IpeIBAPUTEIHHOE MIPEBPALLCHUE CITUPTA B XJIOPU. 3aMe-
HOM 3aMeCTHUTEJICH B IIUKJIIE MTOTYYCHBI COSIMHEHU S, 00Ia/1al0Ie IMTOTOKCUYECKOH aK-
tuBHOCTRIO [13]. B [72; 80—-82] mpeacTaBieHbl HHBIE TPUMEPLI CHHTE3a T€TEPOLIUKIOB
(3.106-3.108) o MuiyHoOy.
OH O

1. I,/PhsP/umunason,
/w,,ﬁ CH,Cl, k.1

(0] (0]
y ] PtOyH,
. OBn 2. MeCN, EN, PN OBn AcOH PR OBn
H kursuenue, 94% H N

P

H
3.106

OBn

OBn NHBn  PPh;, CCl, Ei;N  HOy,
HO 7 MT, x.T.
JAMT, NN
OH Ao
Ny

3.107
N3
> ~ 0504, NaJO,
OTBS

1. PPhs, TMF,
nuokcaH-poaa (3:1), OTBS
0°C,3 4

K.T., 30 muH, 65%
2. NaBH,4, MeOH,
, 0°C, 30 mun, 65%

3.108
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B ycnoBusix peakunn MunynoOy amunocnupt (3.109) npespaiueH B nuppoauInH
(3.110), a Ha OCHOBE TOCIIEIHETO TOIY4YeHBI OuIuKInueckue coeauaenus (3.111, 3.112)
[12; 83].

%
wl\o OH OR 3 QH OH
g P 5 .
N HO' N
NHCOCCl OH 7
3.109 3.110 311 3112

B 0630pe [12], mocBsmeHHOM CHHTE3Y OMOIOTHYECKH aKTUBHBIX [f-aMUHOAJIKOTOJIEH,
yKa3aHo, 4To CHHTe3 (+)-KacTaHocnepMuHa (3.7) reTepourkin3anmeii CooTBeTCTBYIOLIE-
'O MPeIIIeCTBEHHUKA, IPOBOIAT TAKXKE B YCIOBHSIX peakiuuu MHuIyHoOy.

#‘Q_ OMOM #\Q:

5% Pd/C,
CgH,,, EtOH
KHUIISIYCHUEC

OMOM OH

OH
2l

A=

1) xou. HCI, MeOH HO.
KHIISTYECHHE

2) DOWEX 50 WX 8-100

HOY

3.7

B 2004 . paccMOTpeHO B3aWMOJCHUCTBHE C Kap60HI/IJ'I,I[I/II/IMI/I,Z[3.30J'IOM (CDI)
rpynnsl aMuHocnupToB (3.113, n = 0-2, R' = ankun, R*= ankun, apui) ¢ n-MeTOKCH-
(heHnmamMuHOTpYIIIIOH [84].

R R? N R? R, R?
(/()Jn\r CpI 0 (/[‘fl\( (@
HO HNO I N0 NHN\@ TImH,-co, N
OMe = OMe

3.113

B xauectBe mpuMepoB  IpHBENEHBl  CHHTE3bl  nupposuauHa  (3.114,
PMP = n-metokcudennn) u nunepununa (3.115) [84; 85].

PMP on
NP 1. TBDPSCI, DMF, N-PMP 1. CDI, MeCN N,
= OTBS—¥MHzAason, 92% __umunason, 92% 92% HO OH __KHIIAYCHHE
NN
HO™ & 2. n-TsOH, MeOH 2.2 1. NaOH
\_OTBS 91% D— TI®, 79% TRpPSG
3.114
TBSO
1. TBAF, TT'®, 96% PMP
2. CDI, MeCN, kumnsiueHue N.
HO. 0,
_ 3. 150°C, 0,05 MBap ., OH

z 4.2 u. NaOH, TI'®, 62%
HN-pMmp
3.115

B pabore [59] nomereHsl Apyrue METOANKY MOTYUYCHUS 3aMEUICHHBIX TAPPOIIH -
HOB M NUNepuanHOB ¢ yyactuem CDI.

OH 1. TBDPSCI OTBDPS SN
~ ~
£ ImH, DMF z DI, MeCN, ff BDPS
TBSO/\/Y\/\OTBS 2. n-TsOH, MeOH HO OH 2 H. NaOH
NHPMP 84% NHPMP 69% PMP
AN
NHPMP | IBAF. Tro OH

TBso/\/j/\@ 2. CDI, NaOH N
0,
HO 60% PMP

3.115
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3.2.3. OkcuaaTUBHAA M BOCCTAHOBHUTEJILHAA
HUKJIN3A0HA AMHHOCTIMPTOB

O¢ddexTHBIM MPUMEPOM OKCHIATHBHOW WMKIM3aLMU SIBISETCS TpaHchopmanus
THJIPOKCHTO3WIIATOB B MUppoiuauHbl, katamuzupyemas Os(VII) u onucannas T. [Jlo-
Haxblo ¢ coTp. B 2010 r. [86]. I'eTepouukin3anusi 3JHAHTUOOAHOPOIHBIX CUH- U AHMU-

aMHHOAJIKOT OJICH NpUBOAUT COOTBCTCTBCHHO K 3SHAHTUOYHCTBIM Yuc- H mpch-2 5-
AU3aMCIICHHBIM MMUPPOJIUAUHAM.

N/ \L
OH K,0s0,(OH), (1,1 5kB.) \N\ /N/
N TMEDA (1,1 2k8.) 0=0{=0
aneros, H,O, pH 7
NHTs 59% TS—N\—_U
Sc(OTf); (0,5 skB.)
muMoHHas k-Ta (0,75 9kB.)
MeCN, H,0, 60°C
79%
[©) ks
H-O
\ Q
HO, 0\654
- < ' ) //
NE N
| H on | H
Ts Ts

B kauecTBe MUKIN3YIOUIETO areHTa HEOJHOKPATHO YIOMSHYT N-OpOM-CYyKIIMHUMUL
(NBS) [87-90].

OH NBS O OH
TN A~ DMEH,0 (4D O\/Br 2 1. NaOH @
\/Y\ OOC, 24 N K.T., 2 THS N
OH Ts Ts
HO 0
[\ NBS (\/i/ TsOH, CeHy
0 0°C,44,83% po“ N OH tunsuenme, 30 mun
NHTs

S

JI. ®patitar m P. MeTiy omnmcanym OKHCIUTEILHYIO METHAPATANNIO CYIb(HOH-
amunoankoroyei (3.116), ocymecTriaeHHyo mupuauHuitximopxpomarom (PCC) [91].

0
(O] >< LDA o\ & X Oy O X
S y s” —
- EJ\O TI®, -78°C Jk TIo, 78°C HO~ A~ J\
HO 3.116
PCC ) \ TFA 7 \
Tl ~n 00 N N
CH,Cl,, k.1., 70% %/O N CH,Cl,, xumsruenne
TS 6% %o

OKI/ICJII/ITGHLHYIO IMUKJIN3aIHIO aMHUHOAJIKOTOJICH KaTaJIu3upyrOT KOMILJIEKCaAaMU UPpH-

Ivst, Tipy 3ToM TtorydeHsl nHaods! (3.117, R = Cl, OMe), 1,2,3,4-TeTparuipo-XuHOIUHBI
u 2,3,4,5-terparuapo-1-6en3zazenunsl [92].
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[CP*IrCL],
(5 Mmomp% / kar.)
OCHOBaHHE, 2 MOJIb% Y N\

PhMe, 100°C, 17 4 AN

[Cp*IrCl,],
(5 momp% / Ir)

(:(\/OH K,CO; (10 MoB%) m
NH, 2-1ponaHo N
R?

120°C, 40 1, 69% H

kat. [Cp*IrClL], RI X n

it et st N I

K,CO3,n=12 (- N7 R2
H

B pabore 06cysxaeHbl MEXaHU3MbI IPUBEJCHHBIX PEAKINH.

OH
E:(\/ , OCHOBaHHE
NH

[Cp*IrCl,], 2

[Cp*Ir]

0
T
o NH, 11}11
NH

2

H,

HeonnokpatHo onucaHbl MpUMEpPbl BOCCTAHOBUTEIBHOM JETrHApaTallid aMHHOAJ-
koroseid. B [93] B kadecTBe XUpaIbHBIX CTPOUTEIHHBIX OJIOKOB B CHHTE3€ S-TUAPOKCH-

MUTIEPUIMHOHOB MCIIOJIB30BaHbI 2-aMUHOIIponapruioBsie cruptol (3.118, R = Me, i-Pr,
CH,Ph, Ph).

OH 1. TBDMSCI, OTBDMS
R z nmugaszon, DMF, k.T. R B 1. H,/Pd(OH),
\‘/\ 2. 5-BuLi, TTC®, -78°C N MeOH
NBn, 3. CICO,Bn, TT D, NBn, CO,Bn  2.DCC, 4PPy,
-78°C— -40°C CH,Cl,

anmu-3.118 4. NH,CI-H,0
TBDMSO/, HOy,
T, e O
R N 0 TF(D K.T. R E O

BoccranoBuTenbHas nuKiIn3anus onucana B [94]; oHa cocTaBiseT MPUHLIHUIAAIBHO
Ba)KHBII ATall CHHTE3a NPUPOAHOTO AeoKcokaccuHa (3.119).

0
NHCbz O HO
6% Na/Hg, MeOH i CoHys

-10°C, 4 4, 68% '~ NHCbz

OH SO,Ph N
H
OH| H,, 20% Pd(OH),, MeOH HO"-O
24 4,100% W E “C 5 s
3.119

B pa6ore [95] onmcano moirydeHne CTEPEOn30MepHBIX TUppouauHoB (3.120 a,0).
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[TepBbIii 13 HUX TIOJTYYEH PEBpANICHUEM ME3MITHLHOTO TTpon3BoaHOTO (3.121) a3umo-
AJIKOTO0JIS 10 CIEAYIOLIEN cXeme:

H
|

Ga_ OMsNs  yeoonm, pac  Ga M NO | gy NETHE

—_—

2. K,CO3, 86% )/S_Z 2.3 n. HCIH,0

TBSO TBSO 79% :
0.0 0,0
>< WOCH,0CH; X
3.121

= QGa

OCH,OCH,

B pabote [96] onucano npeBpalieHue 3aMereHHoro no N- u O-atomaM aMUHOCTIHP-
Ta (3.122) B OMOJIOTUYECKH aKTUBHBIN ankanoun (+)-neokcornpocodunut (3.123).

—_—

NHCbz O 10% Pd/C Bzoxfj
H,
H.CO H;CO_ v, Ci1Hyz —>
3 \H)\i/\)‘\Clezs MeOH 3 \"\\ N7 s S 1123
O OBz 24 4, 83% o H
3.122 1. LAH, THF HO
124,63 % \O
2.8 1. KOH, MeOH =~ HO u, ~CriHo3
KUIIIYCHHUEC E
10 4, 63%
3.123

B [97; 98] BBemenme TO3WIEHON/ME3MITEHOM Tpyms! [coequneHue (3.124)] mposene-
HO 10 BOCCTaHOBUTEJILHOTO ITPEBPAIICHUS [MaHO- B AMUHOTPYIIILY.

C
(0]
D-manHO3a —> 5 ><O

H H
*
H,, LiAIH,, DME 0///,,.@ HC Ho/’"'ip'iCl
0 0°c ﬂ\ N N
0 0 HO OH
o< o

OH
3.124

HpaKTI/I‘IeCKI/I BCC NIPUMCPBI BOCCTaHOBUTEIIbHOM AcruapaTtaliui OTHOCATCA K «HEC-
MIpAMBIM» METOJaM KOHCTPYUPOBAHUS I'CTCPOLUKIIOB.

3.2.4. Jlpyrue myTH npeBpamnieHusi aMMHOAJIKOr0J1ei

B [99-101] ontmcano y4acTre B OIbITax 110 TeTEPOIUKIN3AIIH KaTau3aTopos [ pyo-
Oca, MPUBOAALIMX K 0OPa30BAHUIO IISATH- M LIECTUWIEHHBIX /N-T€TEepOLIUKIOB.
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OH
gMOI\l;IOC A~ ~OMOM HO WOMOM
s B xar. Tpy66ca O 4% 05O, NMO
NN Kt 244, 92% 82%
Boc Boc
Hy/PtO, 6 1. HCI, McOH
EtOAC, K.T., lu K.T.. 90%
98% ’
WOH .61 HCIL, MeOH ~OMOM OH
O K.T.,74 O HO, WOH
N 2. E3N, Boc,0,
Boc K.T., 30 muH, 89% Boc
Napycl
OH _\——Br OH kat. I'py66ca OH
= NaHCO = CH,Cl X
HO/\=/Y\ —3> HO/\:/Y\ 212 HO > \
H TIr'®, H,O R kurnsiaenue, 70% R
OH NHBn 1., 85% HO Ban\ HO BnN

== NH, —
0 =/_ \L Kar. pr660a Ph
Ph
R

p-TsOH, 110°c, (Boc)ZO 86% N
4 nus Boc op

Baxxnasi 0cOOEHHOCTD TeTEPOIMKIM3AINN OMPECISETCS BO3MOKHOCTBIO BOBJICUE-
HUS B HEE aTOMOB a30Ta, BKIIFOUCHHBIX B OT/ICIBHBIN TeTepOMKINIeckuii hparment [61].

PO OR
H H
o K\N)\)\ o) N
> —
0N ‘_/S/N\M HO
6 OR OH OH

B kauecTBe mpuMepa NpeiCcTaBiIeHO CIeAyIollee IpeBpalieHue:

NaH 025M O
EtO 2 )—OEt _ BnBr Ei0—( HCl EtO
N T EtOH NH,
HO OR K.T., 24 4 BnO K.T., 94 BnO OMs
{ 75% 65% 4
0
HO
EtN EtO Ng D H, PAC OH
LiBEt;H .
JIMCO NH _ZBEBE. po __ k1,99  _ HO,, OH
70°C, 2 BnO Jre /' 2)DOWEX-H'
85% 4 0°C,3 4 A ’6 90% N OH
1) ><’O 84% X H

Oco0OeHHO TICHHBIMH TMPEICTABISIFOTCS KOHACHCAIUN aMUHOCIIUPTOB C KapOOHUIIb-
HBIMH COEIMHEHUSIMU, TpuBoIstue K ourmknam (3.125, X =H, O, a-CN, R =H, COOR';

O
3.126, R' = CH,0H,— j) [102].
O
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Cg¢Hs Ol

NH,
MeO,C  CHO

3.125 AN

[To manueiM [103; 104], B3aumopeiicTBue 2-amuHo0eH3mioBoro cnuprta (3.127) ¢ ke-
TOHAMU B MIPUCYTCTBUH PYTEHUEBOT0 KaTaIN3aTOPa MPUBOIUT K XUHOJINHAM. XUHOJIUHBI
MOJIyYEHBI M3 TOTO K€ aMUHOCIUpTa U aneroperona [104]. B pabore ucnbitan oommp-
HBIU pSiJl KETOHOB U allbJIETU0B.

(0]
N
@j\ )I\ph CuCly/0, (1 atm.) (;(\OH m
N/ Ph KOH, nuokcan NH, [Ru]

3.127

Huxe npuBeieHbl CXeMbl IPOTEKAHUS PEAKIIHIA:
Ph

CHO X
NH,

NH,

cull Cu! -H,0

—_— —_—
Z
N N N Ph

PhJ\ PhJ\

s cuHTe3a a30TCOMAEPIKAIIUX TeTEPOLUKIOB B MOCIEIHUE TOIBI HUCIOIb30BAHBI
TPEXKOMIIOHEHTHBIE CHUCTEMbI — 2-aMUHO(EHOJIbI, 3aMEIlCHHbIC OCH3aIbICT Il U 000-
TalIeHHbIE JCKTPOHAMHU HMUKIndeckue ankeHsl [105—109]. B [106] onucano ogHopeak-
TOPHOE B3auMOoJieiicTBue a3a-Jluibca — Anbaepa aiis 2-amuHodeHoa, OeH3anbaeriuia u
3,4-nurunpo-2H-nupana noj 1eficTBUEM MUKPOBOJIHOBOTO O0JIyUSHHS.

OH
ot one 07 GdCl;, MeCN NH
+ +
K.T., 12 24 q )
NH, i 60-100°C O O
15-30 Mun

MW, 60%

(moGouHBII (rnaBHbIH
MPOJIYKT) MPOJYKT)

B pabote [109] npoBeneHa onTUMHU3alMs YCIOBUH TPEXKOMIOHEHTHOTO CHHTE3a;
IPU TOM JYYIIMM KaTalu3aTopoM Ha3BaHa TPUPTOPYKCYCHAs KHCIOTa, a COOTHOLIE-
nue npoaykros (3.128 a,6, R'= H, Me, R>, R’= H, F, Cl, NO,, CO,Me) cocTapiseT oT
16 : 84 no 36 : 64.
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OH
OH OHC CF;CO,H
(0 13 okB.) NH R2
"MeCN, 60°C oy
15 Mun
MW, 40-50 % In 3
R
3.1286

MeTopl CTEpEOHAIPABIEHHOTO CHHTE3a MOHOLMKIMYECKUX M aHHEIMPOBAHHBIX
N-THUIPOKCHATTKWIIITUTIIEPUINHOB 00cykaeHsl B padorax [110-112]. Cpean Hux ocobo
OTMEYEHO BOCCTaHOBUTEIFHOE aMHHUpPOBaHHE 1,5-TUKapOOHHMIBHBIX COCTUHEHUH, KO-
TOpOoe B ciaydae MeTmieHauiukiorekcanona (3.129) npuBoaut Kk N-(2-TUAPOKCHITHN)
nepruapoaxkpuangy (3.130) [112].

Ho/\
HO_~ NH,
KBH,

3.129 3.130

MSTKMM H  CEJEKTHBHBIM  BOCCTAHOBHTENIEM  SIBJISICTCSl  TeTpakapOOHHII-
rugpunodeppar kanus. M3 rimyraposoro anpiaeruna (3.131) u araHoIaMuHaA € €ro IoMo-
IbI0 Mosty4eH N-runpokcuytunnunepuans (3.132) [113].

HO,
0 0
I O, )
T NH, N
H H KHFe(CO),
20°C
3.131 3132

Ha ocHoBe munepuanHO3TaHOJA TOIYYEeHbI COEIMHEHNs, MPOSBISIONINE CBOMCTBA
HEHPOMEINATOPOB, OJIOKATOPOB alETUIXOIUHACTEpas3bl (AXD) U MOMABIAIOMNAE POCT
kapuuHom [112].

JpyruM BapuaHTOM BOCCTAaHOBHUTEIBHOTO AMHHUPOBAHUS SBISIETCS KaTalUTH-
YecKoe THAPOAMUHUPOBAHUE, KOTOPOE MPHUBOAMT, B YACTHOCTH, K IMoOJydeHuio N-(2-
TMPOKCUAIIKII)-OuC-IIMKIAHONMIIEPUIMHOB U IIEHHBIX amuHocnupTos (3.133, Ar',
Ar*=Ph, 4-MeOC H,, n=2,3) [112].

H,N(CH,)xOH, H,
Ni/Ru, Ru/C,
RuO,, m,n=1,2 n

x=2,3 k/ OH

Ar!
H
_H,N(CH,),0H | Hy HBF,
= 3 N,, N, 1200
N Ar?
Y
OH

n
3.133
Karanusupyemoe namiagueM OKHCIEHHE THAPOKCUEHAMHHOB CIIOCOOHO MPUBECTH K
uppoJiaM u 0oJiee CI0XKHBIM KOH/IEHCHPOBaHHBIM cucTteMaM [6; 114]. ['mapokcnenamu-
HBI TIOJTY4alOT COIJIACHO CXEME:
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(0]
o o R (Ph) H OFt
. H (Ph) TIrd, MS4A HO \
o H,N K.T., 7 THEH, apron
Me Et _ Me

OH 60-97% R N
H

3.134

Hemnpenensurie amuaoankoron (3.134, R = H, Me, i-Pr, Bn, Ph) npeBparmienst B co-
oTBeTCcTBYIOIHE TUppoitkl (3.135) [114]. YementHo CHHTE3UPOBAHBI TAK)KE COCTUHEHUS
(3.136-3.138).

Q
PA(PPhs); (2 Moms%), (Ph) H, OFt
3.134 MsBr (1 3kB.), K,COj3 (2 3kB.) / \
IM®A, 150°C R N Me
H
3.135
COOEt O
fi% & \
N
H
3.136 3.137 3.138

[IpuBenen npeanonaraemMplii MexaHu3M peakuuu [114]:
% HO.__R’ _R?
ArBr - Arfl’dBr I JE
PdL
2 R4 N Rl
H

L
ArH /“ 2L
\ HBr-OcHoBanue
PdL,
L

|
ArPdH ArPdO

ﬁ IL
C :
S P o ¢ §

e

B 2010 r. onmy6imKoBaHO MCCIEIOBAHNE CHHTE3a ISITH- U MECTUWICHHBIX HEHACHI-
IIEHHBIX a30TCO/ICPIKAIINX COSAMHEHUI Ha OCHOBE aMUHOCITUPTOB U KapOOHMIICOIepIKa-
IUX COSAMHEHHUH ¢ y9acTHeM reTepornoynkucior Kerruna [115].
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(6]
(0} O Q
M n=1 7~ 7
WIn
\N \N R
R

i

ot HzN/\M/H\OH—
n=0,1

o o

R

ABTOpLI npeajiiararoT CHGHYIOIIIHP'I MCXaHU3M PCAKIIUU:

O 0 O
OH OH
+ ) g
—_— —_—
r R -H,0 = R -H,0 N/ R
NH, (0] N
H R R

R

- R apoMaTH3aIusl

TeTePOIIOIMKHUCIIOTA / |
N
R H

B 00630pe B. A. I'mymkoBa [116] obcyxaeHsl MeToabl cuHTe3a OeH3[3]azennHoB
(3.139-3.141, R = H, Me, Alk, Acyl); crpykrypsr (3.142, 3.143) penxo BCTpedaroTcs B
MIPHUPOJIE ¥ MAJIO UCTIONB3YIOTCA B XUMHYECKOW MTPAKTHKE.

COn OO T OO OO
3.139 3.140 3.141 3.142 3.143

B psge cinydaeB coenmwHEHHs STOW TPYMIBI MOJyYaloT U3 aMHHOCTHPTOB (3.144,
3.145) B IpUCYTCTBUH CEPHOM, COMISTHOM KUCIIOT MM MeTaHCyIbhokucioTs [117; 118].

NH, /@A Clm
CIDJ Br MeO H




3.3. CuHTe3 NATH- M MIECTUYWIEHHBIX 230 THCTHIX reTePONNKJIIOB
HA 0CHOBE YMOKCUIHBIX COeIHHEeHUI 173

3.3. CHHTE3 IIATH- H HIECTHY/IEHHbIX A3OTHCTBIX TETEPOLIHKIIOB
HA OCHOBE J3IIOKCH/IHbIX COE/JUHEHHUHU

3.3.1. UcnoJuab30BaHne aMUHOIIOKCH/IOB

KondopmanoHHo orpaHWYeHHbIE TSTH- U MIECTUYIICHHBIE a30TCOJIEPIKAIINEe reTe-
POLMKINYECKHE CHCTEMBI SBISIOTCS MOCTOSHHBIM MPEIMETOM HCCIEIOBAHUS B XUMUU
MIPUPOJIHBIX COCTMHEHH, B OPTaHMYECKOW 1 MeIUIMHCKOM xumuu [ 119—121]. Haunbonee
M3BECTHBIM METOJOM CHHTE3a COCTUHEHHI 3TOW TPYIIIBI IPEACTaBISETCS TpaHChopMa-
1Sl aMUHOANKOToJIei. Hapsaay ¢ aMHHOCTIMpTaMH MPUBJIEKAIOT BHUMAaHUE WX TPE/IIe-
CTBEHHUKHU — 3MIOKCH/IbI, a3UPUIUHBI U HenpeaenabHble coenuuenus [10; 122-124]. Yawe
BCEro U HamOoJiee YAauyHO B ITOJ0OHOTO poJia PeaKIUy BCTYIAIOT aMIHOATIOKCH B [119;
120; 125].

B [119] pa3zpaboTaHo HECKOJIBKO CHHTETHYECKHX MTOIX0/I0B K MSATHUJICHHBIM ITUKITH-
yeckuM (hopMaM mMHHOCaxapoB. ['eTeporukiau3amnus moauyHKIIHOHAIBHOTO COeTNHE-
Hus (3.146) mpoTeKaeT, BUANMO, C y4acTHEM aMUHO- ¥ THIPOKCHILHON TPYIIIIBL, a TAKKe
C COXpaHEHHEM AIOKCHTHOTO ITUKJIA.

O OH NHBn
HO Sz N 3 M H,SO,, nnokcan, KunsdeHue HO\/;\/'\/
70% Z
NHBn OH
3.146
PPh;, Et;N,
CCly, IM®DA,
1%
OH

3 M H,SO,, 11oKkcaH, KUISTYEHUuE

67%
Bn Bn

iy,

- S
s

jan)

O
Zz .
< -

/

Becpma 11eHHBI BapHaHTBI JAaHHOTO METO/1a, o0ecrieynBarone 00pa3oBaHue dM0K-
CHJIHOTO IMKJIa B MOMEHT peakiuu. OHU paccMoTpeHsl B [126] Ha mpumepe cUHTe-
3a 3-metun-5-apun-4H-muppoino[2,3-d]uzokcazonos (3.147, Ar = CH,, 4-CH,CH,,
4-CH,0OC(H,, 2-CICH,, 4-CIC H,, 2,4-C1,CH,, 4-NO,CH, u 1. 1.). OnHOoCTanuitHas Me-
TOJMKA BKIFOUACT dMOKcuanpoBanue ankeHos (3.148) mo Illapmneccy:

NH, NH,
H;C t-BuOOH, (-)-muatunraprpar, H;C
e TA 0,
\’r\ngH:CH‘AT Ti(Oi-Pr),, 10% NaOH I\} A\ CH-CH-Ar
N~g 0 0)
3.148 l
H H
ﬁ Ar N A
H3C | H3C !
B “H,0 I N OH
N\O ~0 H
3.147

B cuHTEe3e MOMUTHUIPOKCHUIMPOBAHHOTO MPUPOJHOTO ankaimouaa (+)-1-1eokcuHo-
MpUMHIIMHA 31TOKcuaMuH (3.149) npocTo KUISITUIN B 3TaHOJIBHOM pacTtBope. OOpa3oBa-
Hue nunepuauHa (3.150) ¢ KOTMYeCTBEHHBIM BBIXOJIOM SIBISICTCS PE3YJIbTaTOM 6-9HOO-
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mem-UUKIU3aluK, TOTa KaK MPOAYKT, COOTBETCTBYIOIIMMA S5-3K30-mem-aTake, OTCYyT-
ctByet [120].

A/O ﬁLo oH
> EtOH, kunsdenue 0, ~OH HO,, «~OH

0,
OTBDPS 100% N
H,N B OrBDPS OH

TZ

3.149 3.150

OTOT MyTh CTaJl YCIEITHON 3aMEHOM Mpe/IoKeHHOTo panee [127] MHOTOCTaANITHO-
ro METOoJa PacKpbITHs BUHUIAMOKcH A (3.151), mpUBOASIIETO K COOTBETCTBYIOIIEMY -
MEPUINHY, U JaJlee K aJIKaJIony KacTaHocriepMuny (3.7).

OH
A(O 0 HO,, WOH

(6] I ~H
\ N ‘ OH

PMBO
3.151 3.7

B ycnoBusix marpeBanus snokcuf (3.152, R = Ph, i-Pr, CH,Ph) npeBpamien B cmech
yuc- 1 mpanc-napponuanH-3-o0108 (3.153 a, 6) [128; 129].

- -

O\\s/:gH 1. K,CO5, IM®A, 100°C, 24 1 SO, SO,
N + N
T B 2. Hy0, 25°C )\/><OH /‘\/> -OH
R R R
3.152 3.153a 3.1536

['erepounknmuzannu cocoOCTBYET IEKTPOQUIbHAS aKTUBALMS HYKJICO(UIBHOTO
LIEHTpa OKCUPaHOB. B Markux yciosusx coequnenus (3.154, R', R* = H, Cl) npesparia-
10Tcst B muppodio[ 1,2a]xunonunst [130]:

N0 BF;*OEt, N
CH,Cl,, 0°C
R? R?
R! R!
3.154
BF, BF;
-H,0

e} —
7\ o BF3 @ I\
N l0) N N
- e
OBF; OH
R? R? R?
Rl Rl Rl

B [131] B xauecTBe KaTtamm3aTopa npeacrasieH komruieke H,PO,*BF,, a B pe3ymns-
TaTe MPEeBPAIICHUS CTEPEON30MEPHBIX coennuennit (3.155 a, 0) mory4eHs! Y HAHTHOMEP-
HO YHCTBIE TeTparuapon3oxuHonwsbl (3.156 a, 6). [IpeBpamenue smokcuaa (3.155 a,
R = Bn) nmpuBoaut k amurOCTIHPTY (3.157).
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OH

RY<? H;PO,*BF, R
CH,Cl,, k.1, 50-92 4 N

NBn, Bn”~
3.155a /OH 3.156a

NBn, Bn/N NBn,
3.1556 3.1566 3.157

Hwuxe npuseneH npeanogaracMblii MEXaHU3M PEAKLIUU:

H;PO,*BF; =—— H;PO, + BF;
v I
\@ ®
(0] + Oj 8’/'
R BF; nnmu H R o R "
CHzclz, K.T. J -
NBn, Bn,N: BnN
3.155a 3.158 Y=BF;umH" j
lBF 3wt HT OH
N
Bn~

~ ’_‘O@_Y _OH
o 3.156a
NBl'lz

NBn, 3.157

B kauectBe katanmmzaropos Obimn ucnbitansl TfOH, TMSOTS, BF,*OEt,, TiCl,,
InCl,, EtAICl,. [locnenuuii B psixy obecnieunn HanTydmuid Beixox (63—78 %); BBIXOBI
coequHeHnit (3.158) cocraBuim B Tex ke ycioBusx 42—63 % COOTBETCTBEHHO. DTUM

JKe ITyTeM TPOBE/IEH MOHBIN CUHTE3 anKanon 0B (+)-uHaonu3nHa 167B (3.159) u 209D
(3.160) [132].

N3 N3
0 CO,Et 1. Zn, CH,Br,, TiCly o)
2. LiAIH,, TT® MXIIBK, CH,Cl,
3. CH;S0,Cl, E;N
4.NaN;, DMF
EtAICl,,
NaBH,
N
H TsO
3.160
N N
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YTOMSIHYTBII METO] UCTIBITAH Jajiee Ha MPUMEPe KATHOHOHTHOW TaHJIEMHOH ITUKITH-
3anuu 3mokcuasuma (3.161).

N3  1.NBS, TI'®-H,0, 0°C N3 1. EtAICl,, CH,Cl,
| 2. K,CO3, MeOH, k.T. 2.NaBHy, NaOH, 1 4

54%

3.161

BeposiTHBIIT MexaHN3M 2J1eKTPOGUILHON IIMKITM3AINY pUBeieH Hike [132]:

A ®
2161 EHAICh ° 06 N ° N,
LAO N LAO N
®
H
- - |

[pucyrcrue kuciot Jlptonca (M OGoporuapuia HaTpuUs JUIs MPEBPALICHUS a3UIHOM
TPYIIBI B aMHHOTPYIIITY) JOCTATOYHO JiIsl Tpancdopmanuu snokenna (3.162, n = 1-3) B
azabunukImdeckyto cucremy [132].

N; HO
1. Kucnora Jlstonca N
2. NaBH, /‘:>
(n (n

3.162

B pabore [133] u3yuena rereporuknuzanus snokcuza (3.163, R = H, OMe); tpaHc-
(dopmanus a3uJHON B aMUHOTPYIIILYy IPOBEACHA B ycloBUsAX peakunu Llltaynunrepa:

R
PPh, NH O NH
- - 0, . .
TI'®-H,0, xunsuenue, 76-81% | ‘OH ‘OH
Na

3.163 3.164

[onyuyen mpanc-nadrunconepxamuii anaior (3.164). Cunrte3 apyrux CTpyKTyp-
HBIX aHAJOTOB AJKAJOWA0B UHXOHA B YIOMSIHYTOH paboTe MPOBEJCH Ha OCHOBE IIOK-
cuna (3.165, Teoc = CO,(CH,),TMS).
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OMe OMe @
N
0 0
CsF ~
—GsF )5 — OH
N JIM®A/1-BuOH, Ll 60% & |
N 0,
N Teoc 110°C N
3.165

B kauecTBe KaTanu3aToOpoB LUKIM3ALUU UCHOIL3YIOT namaauil. B [134] onucan
CUHTE3 HOBBIX u30MepoB (3.166) mponuHcoaepxkamux qunentuaos. [lentumomumernkn
OTHOCSTCS K YUCITy CEIeKTHBHBIX MHTHOUTOPOB MPOIHHCIIEITU(PUIESCKAX SH3UMOB.

OH
(0] H,, Pd/C g
BocHN NHCbz BocHN
OH OH

3.166

B paborax [135; 136] ucnonszosanu Pd(PPh,),. [IpeBpammenne snokcnamuna (3.167,
R'=Boc, Cbz, R* = Me, Et) npooauin B TT'®, [IM®PA, aleToHUTpUIIE; BBIXO bl TUPPO-
JTUAUHOB cocTaBuiau 12—-86 %, ee 61-91 % [136].

2

XX CORT pa(pPhy), (5 vom%) 1N

‘7,

Y JIM®A, E;N, 70°C = 5

R'HN 30 muH, 86% COR
3.167 OH

B [135; 136] nammydmmie pe3ynbTaThl JOCTHTHYTH B OTCyTCTBHE ocHOBaHUS (NaH),
IIPH TOM COOTHOIIICHHE TTOIYYEHHBIX CTEPEON30MEPHBIX MupponuanHoB (3.168 a,0) co-
crasiuset 90 : 10.

0 _ PdPPhy,
TFQD KUISTYEHUE, +
TIIH = 54, 74%

3
le
ng

E
CO,Bn CORE coan COEL coan COZ !
3.168a 3.1686
MexaHu3M JelcTBUS KaTaau3aTopa MpeICTaBIeH HIKE:
Me Me 0° Me 0 Me
OH | par Pd(0) pd* [yon
- N X TCo,E NH COEt | — ",
| ) ) ) CO,Et
CoBn  COE CO,Bn CO,Bn CO,Bn 2
3.168a 3.1686

Bzanmogpeiictue amokcunaa (3.169 a) ¢ ruapasuHruapaTOM IPUBETIO K CMECH MHp-
pommrauna (3.170) u mumepuauna (3.171) [137; 138]. Ha ocHOBE IepBOTro M3 HUX MOTYYeH
ankanoun (—)-racranerud (3.172 a) [139]. Ilo sToif ke cxeme u3 smokcuna (3.169 6) mo-
nmydeH ankanoun (+)-guruapokcurenuorpunan (3.172 6). Ob6a coenunenus (3.172 a, 0)
CITy’KaT OCHOBOM JIJISl TAbHEHIIIEr0 KOHCTPYHUPOBAHHS AJIKAJIOUI0OB HEIIUHOBOTO PsiJia, B
gacTHOCTH, TactanuHa (3.173), HCcrmoap3yemMoro st OMOJIOTHIECKUX TECTOB.

B [139] moka3aHa BO3MOYKHOCTh BBEJCHHS B PEAKIIMIO I'C€TEPOLUKIN3AIUKN (PTaIu-
MHJIHOM TPYIIIBIL:
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1. N,Hy, EtOH,
K.T., 2 CyTOK OH
OMOM Bocy0, TID, . OMOM
1-Pr2NH K.T.,244 RO OMOM
NPhth 82%
7:1
3.169a 3.170 3.171

Pd/C, H,, MeOH, HCI (xar.)
K.T., 6 4, 95%

OH
OH, OMOM oH, OMOM
H MsO MeSO,Cl, Py, HO
HO CF,CO,H, MeOH CH,Cl,, k1., 14 4
N 1., 12 4, 90% N 0 N
K.T., 124 o Boc” 80% Boc”
3.172a
OMOM
/\/\/(/\ HO,,
RO AR NPhth ~ —
0 N
3.1696 3.1726 3.173

[IpoBe/ieHO SHAHTHOCEIEKTUBHOE JICITPOTOHUPOBAHUE — IIEPETPYIITUPOBKA STIOKCH/I-
HOT'O MPOU3BOIHOTO 3aMELICHHOI0 MO a30Ty rekcaruapoasonunna (3.174, R = CO,Bu-f)
C MOMOIIIBI0 (—)-criapTenHa, odecreuyrnBaromiero 89 % 3HaHTHO-CEICKTUBHBIN H30BITOK
nponykra (3.175) [140].

OLi OH
0 R
pe e (IR — |
R—N 0 . —
/N Li II\I@ N
R R
3.174 3.176 3.175

MexaHn3M CII0YKHOTO MPEBPAIICHHUS BKIIOYAET JIUTHUPOBAHUE SIIOKCHAA C ITOCIIe-
IyIOIIEH TpaHCAaHHYJISIPHOW aTaKOH MOHHOM IMaphl aTOMOM a30Ta, MMPUBOISIICH K 0Opa-
3oBarmio winzaa (3.176), koropserit nmperepnenaet [1,2]-murpanuto 3amectutens R [140].

OrnrcaHbl CITOCOOBI TTPEBPAIICHUS KapOOHUIICOIEPIKAIINX AMIHOATIOKCHIOB, TIPUBO-
IAIIAE K JJaKTaMaM, IIPUTOTHBIM JIJTsT KOHCTPYHUPOBAHUS IICHHBIX enTHaoB [141-143].

Ph,, A\ JH
JA\H
HAY PTSA
__ _NMe KT

(£)-C—xnayzeHamu
86%

0]
0 HZN\)J\ X HO
: li1 . o
FmocHN OMe ™ FmocHN 'q\N\)J\ X g
0]

TFE, BzOH,
HarpeBaHue 0 R!

HO

4

; 0
D-Arg-D-Tyr—N N
-y D-Glu-D-Leu-D-Ala-NH,

O
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Bonpmioe konmmuectBo ankanonnos (knaysenamus (3.177), neoxnay3enamun (3.178),
romokiayzeHamug (3.179) u ap.) mosydeHsl Ha OCHOBE OTKphITOro B 1996 r. onruue-

CKU aKTHBHOTO (+)-N-metui-N-[(Z-ctupun]-3-pennnokcupan-2-kapookcamuaa (3.180)
[143].

o
0l

\\\Llﬁ —
Me
3.180
Ph
Ph, OH Ph, ,OH : Ph  OH -
3 2 Ph OH
m [ S . [ |
TUON y NS0
HO Me HO Me 1\I/Ie

N\
3.177 3.178 3.179

B [143] npuBenens! npenamonaraeMble MEXaHU3MBI 00pa30BaHUs BCEX PACCMOTPEH-
HBIX BBIIIE MPOAYKTOB, U, B 9aCTHOCTH, ToMoKiIay3eHamusa (3.179):

o
g
=

® Ph OH
HO N—Me
=

_H*
Ph™ o N o)
Ph

|
Me

3.179

B 2010 r. onmcano mpeBpamnieHne 2’ -amMmuHOANIOKcuxankoHa (3.181), Birouaroree
TaH/IEMHBIH MTPOLIECC PACKPBITUS AMOKCHUIHOTO ITUKIA U MUTPAITUIO apUIHLHOTO 3aMECTH-

tens [144]. IloqoOHOe HampaBiIeHWE PEaKIMH MPOSBISETCS B YCIOBUSAX KaTaim3a TPH-
(hTOPYKCYCHOM KHCIOTOM.

O
(0]
TfOH (3 oxB.) O
NH, CH,Cl, N
H
3.181

3.182
O6pazoBanue azan3zodaaBoHoB (3.182) mpoTekaeT 1mo ciemyromei cxeme:

0 0 o) 0
- ® OH OH
(0] — O-H — ® —
« i
NH, NH, N -H N
o TRD T O

3.181
0 0 o) o) 0 o
O = *‘\*). - s O
| I 3D~ 0w C
v D oA -H,O ..
N H N N N @ 2 Ny
H H H H H

3.182
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3.3.2. 'eTepolUK/IM3ANMH B PEaKIMAX AMUHOJIU3A 3MOKCHIHBIX
coeMHEeHu

ATIpoOMpPOBaHO HCITOIB30BAaHNE ANBTEPHATHBHOTO BHIMICTIPUBECHHOMY BapHaH-
Ty METONIa — BBEJCHUE aMHUHOTPYINIHI B MOJICKYTy okcupaHa [145-147] wim amuHO-
JIA3 SITOKCHIIOB C OJTHOBPEMEHHO MPOTEKAOIICH reTeponukim3anueii. B [145] mpuseaen
yTh cuHTEe3a upponuauHa (3.183) u ero ganbHeHIeH eperpyMMUPOBKY B THTICPUINH

(3.184).
H ‘\\OAC
1o BnNH, E%\ \OH 1. MsCl, Et;N
\ —_— 0
) H Nal N 2. BuyNOA 7
c1” Ph NaHCO5, Na \ H Ph UNDAC N7 Ph
Bn Bn
3.183 3.184

B paborax [121; 148; 149], onyOiukoBanHbix B 2000 T. OJJHOBPEMEHHO aHTJIMM-
CKUMH ¥ HEMEIKUMH YYCHBIMH, MPEICTABICHBI PE3yJIbTaThl B3aUMOACHCTBUS XHpallb-
HBIX SMOKCUAOB ¢ N-OeH3unruapokcuinamunoM. Crepeonsomepsl (3.185 a, 6) momyueHst
B PaBHBIX KOJIMYECTBAX.

BnNHOH CHCly
*HC] KHH;{'-IeHHe
(6]
NaOMe
=

MeOH 9\\ N,
0 s
3.186 Bn

3.185a 3.1856 1

| H,, Pd/C, MeOH

YcraHoBieHa BO3MOXXHOCTh OJHOPEAKTOPHOTO mpeBparieHus smokcuma (3.186).
[Tpu aTOM OOHapyskeHa OoJiee BBICOKAs CTEPEOCEICKTHBHOCTh MpoIlecca, KOTopas Cy-
IIECTBEHHBIM 00pa30M 3aBHCHUT OT XapaKTepa HCIO0Jb3yeMOoro pactBoputeiis. Tak, mpu
npoBenennn rereporukiusanuu B EtOH, CHCL u MeOH cooTHolieHue mpoayKToB
(3.185 a,0) mensiercs 014 : 1 105 :2 1 5 : 1 COOTBETCTBEHHO.

B pabote [121] ommcaHO perHoceNeKTHBHOE MpeBparieHune dmokcuna (3.187) B
ennHCTBeHHBIA TPoaykT (3.188). Mcmonmb3oBanme n-OpoMOCH3WITHAPOKCHIAMUHA B
MPUCYTCTBHU METHJIaTa HATPUS B METAHOJIC MIPUBEJIO K CTEPEOXUMHUYECKH OJHOPOJIHO-
My mapponnaua-N-okcunay (3.189, 73 %), a He3aMeeHHOT0 THAPOKCHIIAMUHA B TEX JKe
YCIOBHSIX — K oOpa3oBanuto coeauaeHus (3.190).

OH OH OH
BaNHOH*HCI, HO HO

| 0 ocHoBanue, MeOH @

K.T., 724 = _N ™ TN

HO HC g2
©: Y5,
3.187 Bn 0
OH OH 3.188

HO, HO
@ .
O
15) OH

3.189 3.190

Hapsny ¢ HenpeneiabHbIMU SMOKCHIAMU PACCMOTPEHO y4yacTHE B peaklUsX Hempe-
JIenbHbIX aMuHOB [121]; Tak, S-anetokcurerparunponupuaut (3.191) momyuen npespa-
menueM aanykra (3.192) c yuactuem karanuszaropa ['pyooca.
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Ph

1. MeHN
o R N | OAc (CysPh(CHRu=CHPh o~ _OAc
N\ H,0, 100°C, 5 4 \L (7 monp%) (j/
Ph

2. Ac,0, Py CH,Cl,, kunsiueHne

K.T., 6 4, 46% ITT 80 1, 75% Il\f
Me Me
3.192 3.191

B3anmopeiictBue amnuiamMuHa ¢ BUHWINOKCHAOM (3.193) mpoBoauiu U B Jpyrux
YCIIOBUSIX; TPOAYKT IMUKIIM3aIMU UCIOIb30BaH JJIsl CHHTE3a allkanoun/a (—)-cBanHCOHMHA
U €0 aHAJOr'OB — MOIIIHBIX HHTMOUTOPOB TIHK03uAa3bl [ 150—154].

= S = —

9 SNNH, wo o~ _ROM_ RO S
TSOH, H;0 R Boc
opmp 103G 3 aua OPMB OPMB
3.193
1) TFA/anu3zon
T 2) PPh;, CBry, NEt;
T OH

OH N

O,, N
—
1) AD cmech o RO, H
= N
2) H,, Pd/C
OPMB

Bzanmoneiicteue Bunmmdnokcuaa (3.194) ¢ GeH3uaaMrHOM MPUBOJHUT K MHTEpMe-
muary (3.195), nocneauuii npeBpaiaeTcs BHyTPUMOIEKYIIsipHO B nunepuiuH (3.196) u
nanee B (+)-1-meoxcunonpumunud [127; 155; 156].

WLO OH
BnN H2 O/,‘ ‘\\OH O’,' \\\OH HO’,, ‘\\OH
/ —_— —_— —_—
Ms0™ Y TsOH —
o 0 IMCO | Ms0” HN I\II\ | N
OH
Ph

120°C
3.194 Ph

3.195 3.196

[TpuMeHeHne MUKPOBOIHOBOTO OOJTyUSHHSI COKpAIaeT MPOJI0KUTEIBHOCTh TPOTe-
KaHUS peakIiu JI0 8§ MUH, a TAKXKe MOBBIIIACT BBIXOJ MPOIYKTOB aMHHOIIHM3a JIU- U TPU-
3aMENICHHBIX BUHIIOKCHpaHoB [127].

B nocneiHue TO/IbI TPOSIBUIICS MOBBIIICHHBIH HHTEpEC K CHHTE3Y MPOU3BOIHBIX WH-
JI0Ja U ero TUPUPOBAHHBIX aHAIOTOB. boiee ThHICSYM ANKaIOWIOB COJICPIKAT B CBOCH
CTPYKTYpE MHIOIBHBIA (PparMeHT, TIOATOMY CHHTE3 ONTUYECKU aKTHBHBIX MPOU3BOHBIX
WHJIONIA CIIOCOOCTBYET pa3paboTKe METOMUK MONTyYeHHS SHAHTHOMEPHO YUCTBIX JieKap-
CTBEHHBIX CPEJICTB C BBICOKOH TeparieBTUUECKONW aKTUBHOCTHIO. OIMUCaH METOJ CHHTE3a
MPOM3BOAHBIX TeTparuaponsonos (3.197, 3.198, R = Ph, CO,Et, CO,#-Bu), B ToM uncie
COJICpIKaINX XUPATbHBIN 3aMECTHTEIb TIPU aTOME a30Ta:

Ph
R
2
Pd(OA o /
\ pp PdOA), o _BNH: (TN
EtOH-H,0 MeCN, 60°c 100°C, 85% N
89-96% 75-92% \
Bn
M
e Me R 3.197

3.198
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BsaunmoneiictBue dhropcoaepkaiero snokcuddupa (3.199, R = CH,, CH,CH,CH;)
¢ N-MeTHIaHUINHOM MpoBeaeHo B rekcadrop-2-nponanone (HFIP), nocnenuuii croco0-
CTBYET PacKpbITHIO 3MOKCUAHOIO IIMKJIAa B OTCYTCTBUE KUCHOT JIbtonca [146]; crepeo-
n3zomepsl (3.200 a,6) oOpasyrorcst B COOTHOIIEHUHU 94 : 6.

F5C,

“OH
F3C: A :R PhNHMe R,
EtO H HFIP, k.1., 45 Mun N H
3.199 Me
3.200a 3.2006

B [157] onucan cuaTe3 N-3amemennbix uaaoioB (3.201, X = H, F; R = Me, Et, i-Pr,
Ph), Butogaromuii pacKkpbITHE SMOKCHIHOTO nukia coeaunenni (3.202, Y = F, Cl) amu-
HaMH, HyKJIeO(QUIbHOE apOMaTHYeCKOe 3aMEIICHNE U BHY TPUMOJIEKYJISIPHYIO JIeTuaparta-
IIUIO TTOJ1 ICHCTBHEM MUKPOBOJIHOBOTO U3JTy4CHHSL.

0 OH R on R
X RINH AN N X
I I - | xI- N — xI A\
1 0 i HN. i 1
PNy IMOA MW, 240°C AN Z N Pz i
R! R!
3.202 3.203 3.201

B kauectBe pactBoputenei Obutu uctbitanbl H-BuOH, JIMCO, #-BuOH + nonHast
KUIKOCTh, OJJHAKO Bce OHM ycTymanu JJM®DA, B cpesie KOTOPOTO BBIXOABI COCTUHEHUS
(3.201) gepe3 10, 30 u 60 munH cocTaBmmm cooTBeTcTBeHHO 22, 81 1 100 %. B peakuu
C MUKJIOTEKCHIIAMHUHOM yIaJIOCh BBIACIUTE M 0XapaKTepHU30BaTh aMHHOCTIAPTHI (3.203),
MIPEBPATHUB WX JIajiee B KOHEYHBIE TPOYKTHI.

B oTcyTcTBHE MUKPOBOJIH U3y4eHO B3anMo iericTBure smokcuaa (3.204) ¢ oyrmiamu-
HoM [158].

ph_ OH Ph
H- BuNH2 BryTpuMonekyasipHO AN
HN\/\/ (SN Ar) N

3.204

Peakiuu mpoBOAMIIN TaKXkKe B 3aMasiHHBIX TpyOKax (12 1) B IpUCYTCTBUM pacTBOPH-
teneit (AMCO, IM®A) u pocara kanus npu 150 °C; B pesynsTate Obl1a nomydeHa 00-
mupHas rpynna ruapokcuraaonuHos (3.205, R = MeO, NH,, CH,CH,OH) [158].

/_‘
S_N
RNH
© 100°C, 122
F F 1
F

3.205

B 2009 r. [125] npemnoxeH KOPOTKUH U y1oOHBINA CUHTE3 3,6-1U3aMelIeHHbIX N-(2-
TreHWT/apuin)uH10JI0B (3.206) corIacHO MPUBEACHHON HUKE CXEMeE:
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NC
N
N 0N S N N

H OH

o K,CO3, TBAB, DMF EtOAc, 50% Bogn. HCI AN

. F 90°C, 85% F N K.T., 1 4, 83% F N
S
Ne</ N
— —
CsHy, CsHyy
3.206

[ukmmdeckre aMHHOHUTPOHEBI TTOTYYE€HBI B3aNMOAECHCTBHEM SITOKCHUHUTPHIIOB C TH-
JIpOoKcwIaMUHOM B MeTtaHouie [159]. KackagHblii xapakTep peakuuy BUJIEH U3 CICAYIO-
EeH CXEMBbI:

R R
(0) X OH 0
50% BoxH. NH,OH J/\\® ) _— ®J\/OH
NN MeOH, 55-60°C HaNT N HN"ND
n O (o)
MEKMOJIEKYISIDHOE H - BHYTPHMOJIEKYJISIPHOE
packpsiTHE HO\/\ I _OH TIpUCOEANHEHUE
S3MOKCHUIHOTO HUKJIA R—I\€}N Hl/ITpPU'la
0 Z
|> L n HO_~ -OH
I NHOH | yexmonexynsproe BHyTpHMOTeKymApHoe | ,  pX1_ N
\f’)/CN MPUCOEIUHEHNE o - PacKpbITHE \/),&
n HUTpUIA |>‘\NHOH SIOKCUIHOTO LIUKIIA n “NH
R_
n  NH

C uCnosb30BaHUEM HUTPUIIOB B TPEXKOMIIOHEHTHBIX One-po! KOHJICHCAIUSIX C I10-
CJICJIYIOIIUM BOCCTAHOBJICHUEM ITMAHOTPYIII MOJYyYEHbI TETPArHAPOU30XHHOJIMHBI, 00-
JaJAIoNIe aHTUKOATYJISTHTHONH aKTUBHOCTHIO [ 160—-165].

MeO MeO Me DL, v Me
:@ N '><Me + ACN 1) HySO4 Me Him NaBH, Me
*HCI
MeO 0" "Me 2)NH,OH =N DHC o NH
Ar H Ar

OMe M

0 OMe e0  OMe
MeO 0 0. OMe
M H,SO,
SR T S
MeO M 0]
e 7 NHMe Me HN‘<_<O
a9 OEt OEt
MeO MeO MeO
]@ . OE . ren 18Oy .
MeO MeO = MeO | NH
R
MeO MeO MeO
0 o@ - Mescn 501 .
MeO MeO | MeO _N

SMe
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3.3.3. CuHTe3 a30THCTBIX IeTEePOLNKIIOB
€ MCMOJIb30BAHHEM TO3HJICO/IEPKALUX PeareHTOB

HenaBHO oka3asoch BO3MOXKHBIM BOBJI€Uh B IMKIIM3ALUIO DSl TPEACTaBHUTE-
Jed TO3WIAMHHOOKCHUPAHOB allMLIUKINYecKoro psaa [166; 167]. B3aumopeiictBue
0-CyIb(OHUIIAMHHO-0,-)TIOKCUKETOHOB C TUMETHIITHPA3HHOM TIPUBEIIO K 00pa30BaHUIO
COJIepIKaIINX TTHPPOIUTUHOBOE KOJIBIIO S-THIPOKCHIUMETHI-THApa3oHoB (3.207) [166].

NH,NMe,, EtOAc,  HO oS
W _MgSO,, EtCO,H _ NTs
NHTs - 40%C — - 250C
NNMe,
3.207

B pesynbrate rerepouuknuzanuu dnokcuaoB (3.208-3.210) nomyuensr N-To3ui-2-
nupponuanameranonsl (3.211 a-B) [167].

NHTs
NHTS NHTs
O o
3.208 3.209 3.210
OH
NTs oH Ts TsN
3.211a 3.2116 32118

KonkypentHoe obpa3oBanue N-TO31I-3-MUNEPUINHOIIOB HAOIIOAaETCs PEIKO, Ipe-
MMYILECTBEHHO B CUCTEMaX C HAIIPsKEHHBIM MEPEeX0IHBIM cocTosiHueM [167]. s Bcex
yKa3aHHBIX NPEBpAIICHUI XapakTepHa WHBEPCHs KOHPHUIYpalud aTakyeMoro aromMa
yTiepo/ia AMOKCUAHOTO IIUKJIA.

OnokcucynbpoHamuasl (3.212) monyvanu mnpeBpaiieHHeM N-TO3HMIa3UPUANHOB
(3.213); nocneaHue CHHTE3MPOBAHBI B JIBE CTAAMU M3 COOTBETCTBYIOLIMX aJUIMIIOBBIX
CIIUPTOB ITyTeM MX asupuarHuposanus no Illapreccy [168] ¢ mocnenyromeit neperpymn-
nupoBkoit [laiina [169; 170].

NTs Me;S(O)I, NaH NHTs T%
€3 , INa.
RMOH 4>DMSO R/'% — p /
0 OH
3.213
3212

[IpuBnekarenpHa neperpynmupoBka snokcucyibonamuos (3.214) ¢ oopasoBaHu-
eM 3-TUApOKCUNUpPpoIuIuHOB (3.215), MexaHu3M KOTOpOU npuBeeH Huxe [171]:

R \VHTs CH,=S(0)Me, TsN
R2 Y _— L s Rl
R3 R2R3 OH
3.214 3215
€] €] ®
RUNTs ~CH,=S(0)Me, 2l NTs ™\ S(0)Mes
R R30
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B pab6ore [171] Takxke onrcaHa rereporukim3ans amokcuaos (3.216, R = H, Pr, Bu,
Ph, 4-BrCH,; 3.217, 3.218).

NHTs NHTs NHTs
R/'% O% CsHy;
(¢} (¢}
Cl
3.216 3.217 3.218

N-Tozunmunepuannonst (3.219 a,0) nomydenst u3 snokcuaos (3.220) mox neiicTBu-
eM kobanbTcoaepskamiero karanuzatopa [172]. [lokazano, 4To cooTHOIIEHUE 00pazyro-
IIUXCS Yuc- U mpanc-CTepeon30MepoB 3aBUCUT OT KOH(UTypaluu cyocTpara.

H OH
Co(CO)g O’ o
BF;*OEt, . -

NH N "’\ N S
| \ |
Ts \\ Ts R Ts R
R
3.220 3.219a 3.2196

BeccrnopHo, TIEHHBIMU TIPEJICTABISIOTCS yJIAYHbIC TIONBITKH MPEBPAICHHS STIOKCH-
TO3WJIATOB B IpyTHE TeTeporukindeckne cuctemsl [173; 174]. Tak, o6paboTka samokcuaa
(3.221) xucnotoii JIstonca npusena k auazenuny (3.222, R = H, Ts), KoHgeHCHPOBaHHO-
My TI0 ypanuibHOMY QparMenry.

0 o 0 0 0
N
\N)tNoz £A__NHTs \NJENOZ H,, 5% PdC \N)iNHZ BF,*OEt, \N)t >—OR
O)\W ol NaH, 90% o%\r‘v NN 0% O%\ITI NNy O%W S

S [e) S O S

3.221 3.222

ABOTHCTBIE TETEPOIMKIIBI CHHTE3UPYIOT HAa OCHOBE COETMHEHHA, COIEPIKAIIIIX TOK-
CUIHBIA MUK U N-TO3UILHYIO TPYIITY B pa3NMUYIHBIX pearentax [152; 175]. Ilpemnoxen
OOTIHif METO/] SHAHTHOCEIEKTUBHOTO MOYYEeHHUS 2,5-TN3aMeIIEeHHBIX TUPPOIAITHOBBIX
cucrem (3.223 a,6, R = Me, #-C,H,), TOI00HBIX TPUPOTHBIM alTKaJOnIaM, Ha OCHOBE BH-
Humnokeuaos (3.224 a,6, R = Me, #-C,H,) u NaNHTs B aneronurpune npu 40 °C. Y na-
JIeHWE TO3WJIBHBIX TPYIII MPOBEASHO ACHCTBHEM amallbraMbl HATPHUS M TOCIEAYIONIETO
muporeHonma 175].

_NaNHTs DHPO, nO\ / \ )Na(Hg) o / \
T TsNH, NHTSs 2) MsCL, EGN WISNT 'R 2)HyPA/IC N N~ R
H

Pd(PPhy), K 3) K,CO; Ts
3.224a 32232
BnO,
0
_NaNHTs _ DHYPO; B0, [1 HNaHg)  po [“)\
TTsNH, "''NHTS 2) MsCL, EGN WINGTIR ) HPAC ANTS N R
R Pd(PPhy), K 3) K,CO, Ts H

3.2246 3.2236
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B pabote [176] moapoOHO M3YyYEeHO B3aMMOCHCTBHE apUIIAIIOKCHIIOB CO CTEPEO-
nzoMepHbIMH (E)- u (£)-rekc-3-en-1,6-auro3unamugaamu (3.225), npuBozsimee K o6paso-
BaHUIO COOTBETCTBYIOMUX 1,5-auTo3nnokrarunpo-1H-nmupponuanno|3,2-clnuprunHoB
(3.226 a, 06) ¢ mpanc- n yuc-COUNCHEHNUEM TeTEePOIUKINIecKuX PpparmenTos. [IpeBparmie-
HUe crepeon3omepa [(£)-3.225] B yka3aHHBIX YCIOBHUAX MPUBOIUT K TEM K€ IMPOTYKTaM
C TIPEUMYIIIECTBOM TIOCIIETHETO.

0]
NHTs N/TS
Cl H
N TsHN
Z p-TSA (10 Mmons%) CIO\H% . cl Q
0, R
TsHN CICH,CH,C], 75°C K Il\I TSHN
Ts
(£)-3.225 3.226a (29-3.225
(rmaBHBII
MPOJYKT)

LleHHOCTE MOJTyYEHHBIX MPOAYKTOB 3aKIHOYAETCS B BOZMOXKHOCTH MX AalIbHEMIIe-
ro MpeBpalleHNs] B MAPTUHEIUIOBYIO KUCIOTY U MapTuHesuiuH (3.227 a, 0). OTu Henen-
THJIHBIC TIPUPOJIHBIC COSJAMHEHUs] OOHAPYKHUIIM CBOMCTBA aHTAarOHUCTOB OpaJIUKUHUHO-
BBIX PELENTOPOB, UCKIIOUUTENBHO CHIBHYI0 aHTHOMOTHYECKYIO aKTUBHOCTH ITPOTUB KakK
2pam-TIOJNIOXKUTENbHBIX, TaK U 2paM-OTPULATEIbHBIX OAKTEPUH, a TAKKe CPOACTBO K pe-
LENITOPaM HEKOTOPBIX g-NIpoTeuHOB [177].

0 E N 3.227a,R=H

H
3.2276, R =H,C N NH
RO E }Nl 2 W/\/ \n/ 2
1y N \n/ NH

p-TSA (10 moss%)
CICH,CH,CI, 85°C

3.228a 3.2280
(rnaBHBIN
TIPOAYKT)

B 2010 r. Xancon ¢ cotp. [178] ucciaenopanu B3auMOACHCTBUE SMOKCUAOB C CYJIb-
(oHamMHIaMH Pa3IMYHBIX TUIIOB, KOTOPOE aBTOPBI OLICHWIIN Kak [4+3] KackazHOe MpHCco-
eIMHEeHUE C MCIOb30BaHUEM KOMIIEMEHTapHOH aMOUHIBHON cTpaTternu. B xauectse
peareHToB paccMoTpeHsl cyibhoramuasl (3.229, R' = Alk, All, Bn, R*=F, Cl) u snok-
cuanble coemunenus (3.230, R’ = CH,0Bn, CH,0Ph, CH,CH,CH=CH,).
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0
£ (3.230)
0.0 R’ 0
% Rl Cs,COs BnEGN'CI Osgl R
Rl A \E mocan/ THE/DMF o X
Z . MW, 110°C, 20 mun Z /2
65-78% 0 s
22 231
3.229 o 3.23
L3 . (3.230)
R} 0] 1
Cs,COs, BnEGN'Cl Osgl R

\O\\S’/O R! nmokcan/THF [

~ e

TN Mw, 110°C, 20 v /2
0\

3.232
MexaHu3Mbl  00Opa3oBaHusi  OeH30THMaokcazenuH-1,1 -auokcuno  (3.231) w
THaoKcaszenuH- 1,1 -nuokcnaos (3.232) BKIIOYAIOT PACKPBITHE SMTOKCHHOTO LIUKJIA C MO-
CJICAYIOIINM HYKJICOPHUIBHBIM 3aMELICHUEM B apOMaTHYECKOM KOJIbIIC MIH LUKIN3aLHU-
el o oxca-Muxasmo [178].

3.3.4. I'eTepouMKJIM3AHH JMOKCHAHBIX NIPOU3BOJIHBIX KAPKACHBIX AMMHOB

OO0pa3zoBaHWe HOBBIX MATH- W MIECTUWICHHBIX a30TCOMEPKAIINX TETEPOIHKINYe-
CKHX CHCTEM XapaKTePHO TaKKe JJIS SMTOKCHIHBIX COEIMHEHHUH, BKIIIOYAIONINX KapKac-
HbIe (parMeHTHl. B gacTHOCTH, /U HUX CBOHCTBEHHO 0Opa3oBaHME NMPOM3BOIHBIX a3a-
ajamantana u 4-asatpunukio[4.3.1.1>*]ynnexana (4-asaromoanamanrana) [179; 180].
CrioHTaHHBIA TPAaHCAHHYIIAPHBIN MPOIECC, TPUBOAAIINN K IIPOU3BOIHBIM a3aalaMaHTa-
Ha, IMEeT MeCTO Ipu aMuHONM3e Ardnokcuaa (3.233). braronpustHoe B3anMHOE pacrio-
JIO’)KEHUE DITOKCUIHBIX (DParMEeHTOB JIPYT OTHOCHTENFHO JIpyTra MPUBOJIUT K MPOCTpPaH-
CTBEHHOMY cOIMKeHHIo aToma a3oTa 1 atoma C’(~ 1,5 A) B uarepmenuare (3.234) [179].

0, HO_, 3 NHR HO
RNH, ) NR
_ L 7 —_—
O 5 6 (0]
OH
3.233 3.234

Amnanoruunsle cTpyktypsl (3.235, 3.236) mosnydeHbl B COOTBETCTBUHU CO CXEMaMH
[180; 181].
0 0

o, M M

HN R N R
NaH (DMF) HO
TsOH, PhH

3.235

Ph Ph Ph

A 5 ol TN

@ R )
—_—
3.236

Cunres azaromoanamanrana (3.237) onucan B padore [182]. Dnokcunutpui (3.238)
OKazaycsi yZ00HOI MOJEbI0 ISl MPOBEICHUSI BHYTPUMOJICKYJSIPHOM HUKIU3ALUH 32
CUET aTaku a30TCOJCPIKAIICr0 HYKJICO(UIa U3 ThIJIOBOM 00JacTH 3MOKCUAHOTO (par-
MEHTA.
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o o
H,0,, HO"

—— HO

3.238 3.237
B psine cny4aeB mpeBpalieHne aqUIUKIMYECKHX SMOKCHIHBIX COSAWHEHHH, TaKUX
Kak quanokcu 1,5-nmknookraauena (3.239), npuBoaUT K 00pa30BaHUIO THAPOKCHIICO-
JepKaliix KapKacHbIX aMUHOB WIIM MX allMIIbHBIX opm [183].

CH3 CH3
1. MeNH,
2 Ac,0 AcO
3.239
300°C T
Bn Bn

BnNH,, H,0 ﬁ\\l\ %

I'eteporuknuzanus smokcrna (3.240) monoxeHa B OCHOBy OJTHOTO W3 METOJIOB CHH-
Te3a MPUPOTHOTO ankaouaa srudatuanHa (3.42), otkpsiroro Hamu [27; 29-32; 39].
o] CHZPh
~

H Cl
N Z \N
N-MeTmImuppoan0H Aj . =~
180°C, 18 4
3.240

Koporkuii nyTs cuHTe3a (£)-aHaTokcuHa (3.241) npemoxkeH B padote [35].

€]
0 Me

PN 0 PaN 0]
(U Ph7 Ny P NN
- . |Bn-
Bn~y MelLi n Nﬁ:\\\\‘ N
H -0 X {50 N -
HO

3.241
B pabote [184] onucaHa reTeponMKIN3aIns CEMUUWICHHOTO SIMTOKCHAMHK/IA (3.242).

_L.NH,OH, 140°C | 140°C _LiAlH,
2 NaH

OO0pa3oBaHue MOJUIUKINYECKUX a3a0pEeHAaHOBBIX CHUCTEM, BKIIOYAIOLIMX MHPPO-
JUIUHOBBIA ()parMeHT, BeCbMa XapaKTepHO AJIS SMOKCHIHBIX MPOM3BOAHBIX 3aMEIeH-
HBIX HOpOOpHEHOB (3.243, 3.244) B peaksIX BOCCTAHOBJICHUS aIFOMOTHIPUIIOM JIUTHUS
[185-188].

HN Ph

3.242



3.3. CuHTE3 IATH- U IIECTHYIEHHBIX a30THCTBIX reTepouuKJI0OB

Ha OCHOBE DMOKCHIHBIX COeIMHeH il 189
HO,
o] LiAlH, | ©Q
—_— —_—
Et,0, k.1.
CN HN
NH,
3.243
HO,
0 LiAlH, o
B — B ———
ji Et,0, xunstuenne
N
N~ R N~ R R—
H H
3.244

B 00oux ciryyasx reTepolMKIN3anys MPOUCXOJUT 3a CYET THIJIOBOW aTakd aroMa
a30Ta aMUHOTPYIIIBI, BO3HUKAIOIIEH MPH XEMOCEIEKTHBHOM BOCCTAaHOBJIEHWN HUTpHIIA
(3.243) nn amupga (3.244). [TaccuBHOCTH AIIOKCMHOPOOPHAHOBOTO ()parMeHTa B OTCYT-
CTBHE KHUCIIOW cpelibl OOIEH3BECTHA U ONpeAeisieTCs] BKIaJ0M cTepryeckoro ¢akropa,
MPEMSATCTBYIOIIETO MEKMOJICKYIISIPHOM aTake BOCCTAHOBUTEIIS U3 THUIOBOM 00JIacTH Kap-
kacHOro (pparmenta [189—191]. DT 3aKOHOMEPHOCTH OINPEIEISIFOT XEMO-, PETHO- U CTe-
peocernekTUBHOE TpeBpariieHue dmokcuna (3.245) B azabpennan (3.246) [31; 192].

ArSOZNHz, HO,
0 K,CO3, BuN'Br | O
—_—
PhH, xunstuenue
N
Br NHSOzAr ArOZS/
3.245 3.246

OO6mmpHas rpymnna azadpenianos (3.247) noiayueHa B peakiusix MOKCUIUPOBAHHS
3aMelieHHbIX HopoopHeHoB (3.248, X = SO,Alk, SO,Bn, C(O)NHAT, P(O)(OR),) ¢ 9100-
OpHUEHTAIMEH 3aMEeIIEHHBIX aMUHOMETHIIBHBIX rpyti [193-197].

HO,
0 RCO,H ; RCO;H
EtOAc (CHCLy) EtOAC, K.T.
N
NHX NHX X
3.248 3.247

B otimume ot MoueBrH, hochoHAMIIOB U ANKHICYTH(HOHAMUAIOB, K T€TEPOITNKITH3a-
MY HE CTIOCOOHBI BCE aMUIBI KAPOOHOBBIX KHUCIIOT, (hTOPCOACPIKAIIHE CYIb(OHAMHIBI H
apuIICyIb(POHAMUIBI C AIIEKTPOHOAKIIETITOPHBIMUA 3aMECTHTEIISIMHI B OpHO-TIOTOKEHHSIX
OenzonpHOTO KoJblia [186; 198; 199]. Baxnas ponb cTrepuyueckoro (pakTopa BBITEKAET
W3 OTCYTCTBHS TETCPOIUKIN3ANNHA B PEAKITUAX ITMOKCUANPOBAHUSA coeaumHeH (3.249,
3.250) [200; 201] m oOpa3oBaHus a3a0pPEHIAHOBOI CHCTEMBI IIPH OKHCICHUHN 00jIee 00b-
e€MHOTO0, HO U Ooyiee KOH(MOPMAIMOHHO MOABIKHOTO cyibhonamuaa (3.251) xamdop-
cynbdokucioTs [202].

/
A7 o Y
// \\ Tﬁl (6]
3.249 3.250 3.251

B paborax [196; 197; 203 ] npuBeneHbl pe3ynbTaThl KBAHTOBO-XUMHUYECKUX UCCIIEI0-
BaHUI MEXaHU3MOB 00pa30BaHUs a3a0PEH/IaHOBBIX CUCTEM.
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Poncreennsie cucrems! (3.252, R = Ph, 3-NO,CH,, 4-NO,C.H,, 4-EtOC(O)CH,)
MOJTYYEHBI TAHOIU30M STOKCUIHBIX MPOU3BOIHBIX UMUIOB (3.253) psina HOpOOpHEHA B
MIPUBEJICHHBIX yCIOBUAX [204].

0 1) EtONa, EtOH  HO.
o 25°C,1-24 4
2) 20% HCI COOH
N N
(0] \R R/ (0]
3253 3252

3.4. CHHTE3bI HA OCHOBE A3HPH/IUHOB

B menblIel cTenenu, 4eM SMOKCUAHBIE COeIMHEHUS, AT Oy YEeHUS! a3a[KII0aJIKa-
HOB MCHOJIB3YIOT a3UPUANHBI, OTHAKO B MOCJIETHUE OBl HHTEPEC K 3TOH TpyIIe Mmpe-
IIECTBEHHUKOB CYILIECTBEHHO BO3pPOC: OOHAPYKEHBI HOBBIE PEAareHThl M KaTaln3aToPBI,
pa3paboTaHbl HOBbIE METOAMKH NpeBpatienuii [1; 2; 205-208].

Becbma BakHa TepCHEeKTHBA MpPEBpalleHUs] a3UPUIUHOB B JIPYTHE T'eTepPOLUKIIHU-
geckre cuctemsbl [209; 210]. DTu BOIpOCk HEAOCTATOYHO HCCIEAOBAHBI, OJHAKO yKe
M3BECTHBI MHOTOYHCJICHHBIE TPUMEpPhl MOA00HBIX peakiuii [12; 211-216]. B o630pe
[209] moapoOHO HccaenoBaHbl Peakllni a3UPUANHOB C apeHaMH, allkeHAMH U JPYTUMHU
7-HyKIeo(uIaMu, IPOTEKAIOIINe KaK HHTEPMOJICKYIISIPHBIE U MHTPaMOJIEKYJISPHBIE TIPO-
LECCHL.

3.4.1. UuTepMoJieKyJIsipHbIe IPeBPaLlleHUsI A3UPUAHMHOB B ISITH-
U HIeCTUYWIEHHBbIE a30TCOAep Kalue HKJIbI

K uuciy Hanbomnee M3BECTHBIX MyTeH NpPEBpAIlCHUS a3UPUIUHOB OTHOCSTCS PeaK-
MU [UKJIOTIPUCOCIMHCHUSI, BKJIFOUAIONIUE 00pa3oBaHUE JBYX3apsIHbIX 1,3-7aumosnei
WKW a3aroMoOaJllIMJIBHBIX paJUKajIOB B KAaUCCTBEC MHTCPMEAUATOB IIPU BSaHMOHeﬁCTBHH
C peareHTaMu, COJIePKAIIUMHU KpaTHBIEC CBsI3U. Pacmmpenune reteporukia (3.254) mo -
TUYJIEHHOTO OCYIIECTBICHO HECKOJIBKUMH CIIOCO0aMH, B YaCTHOCTH, Yepe3 00pa3oBaHHe
a30MeTUHUINAOB [55; 209; 217-220].

Ph
P BF;*OEt,
N 0C. 800 N
N -78°C, 80% N
3.254
Ph ) Ph B )
:N; + f/ ? 5 n CH2C12 3 n
Ts o) n = 2, BF;*OEt,, 80% N H
n =2, Se(OTH)s, 78% Ts
3.254 n=1, Se(OT), 72%

B pabore [214] mogo6HOTO pojia MpeBpalieHre MpoBeIeHO B TPUCYTCTBUU TUMETHII-
anerunenankapookcunara (DMAD) B cynepkpuTHYECKOM TUOKCHAE YITIEpOa.
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3
II@ fli llﬁ
| A N hv 1 >
RS % H «—— R \&% WOV R
) R! R?
R H
CO,Me " CO,Me
M M
e0,C DMAD N DMAD €0,C
| CO,Et hv3some Co.pr hv2sdmm | CO,Et
pn” N MeCN, 25 mun 2 MeCN, 1 4 pn” N
DBC, 68% 69%

Tepmonmzom azupuauna (3.255) nomydeH 3amenieHHbIH uppo (3.256) [214].

Bn CO,Me
M
N Me0,C—=—CO0,Me e0,C A\
A g | D—corn
PhCH;, 80-85°C, 4.5 4 N
Ph COPh 420 pr” N
3.255 Bn
3.256

B monorpaduu [219] onucansl cTepeon30MEpHBIE TTPOTYKTH TPUCOSIMHCHUS BU-
Hukapoonara (3.257) k winny (3.258, PMP = n-meTokcudenmnn).

H
7 —=CO,PMP
N
P
Ph

PhMe/A o
e bq
e} o~ o

N
SN co,pvp \—/
L£O,PMP " A-'H (3.257)
- / F Me
N
A PhMe/A 3.258
H
PR N
X X X X
o 0 o 0 o 0 o 0
> H H + H' S H + H' I H + H H
- H WH -H H
N ‘Cco,p™mP N “co,pmP N ‘co,p™mP N “co,pmP
AHH /kIIH /kIIH /ku]-[
PR N LU PR N PR N

(30%) (33%) (11%) (10%)

B paborax [208; 221] onucaHo cTepeo- U PETHOCENCKTHBHOE B3aMMO/ICHCTBHE a3u-
punuHoB (3.259, Ar = Ph, 2-BrCH,, 4-CIC,H,) ¢ auMeTnnoBbIM 3pHUpOM aleTHIICH M-
kapOoHoBoi kucioTsl (DMAD). B kauecTBe nHTEpMeIuaTa B peakLiui y4yacTBOBAJ HIH]
(3.260); 1,3-gunonsspHoe npucoearHeHue nocieanero kK DMAD obecrieunio noixydeHue
€IMHCTBEHHOT'O CTEPEOOJHOPOIHOTO AUTHAponHppoia (3.261), KOTOPBI BIOCIEACTBUH
OBbUI IIPEBPAIIEH B COOTBETCTBYIOLIHIA TUPPOIT.

(0] O
CLU$2 o | (| e s
N 90 98% N
Ar

e CO,Me CO,Me
Ar/kH A Y 2 Ar \ 2
CO,Me CO,Me
3.259 3.260 3.261

B pabote [221] ommcano npucoenuHeHune audOeH30kcazenuaunyM winna (3.260)
¢dymnepeny Cy,.
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Ceo

HarpeBaHue miu MW

3.260

B cXomHBIX yCNOBHSIX MPOTEKaeT MpucoeauHenne asupuanHa (3.262) k 3amelneH-
HeiM aieHaMm (3.263, R = H, Me, #-Bu, Ph, Bn) [222]. B city4ae poacTBeHHOTO coeTuHe-
Hus (3.255) Hapsimy ¢ OCHOBHBIM MpoaykToM (3.264) HaOmoqaeTcs oOpa3oBaHUE 3aMe-
mieHHoro nuppoua (3.265).

Bn R\I\ (3.263) }|3n
' ' N \CO,Et

N CO,Bn Ph
PhACO gt PhCH;, MW, 150°C, 15 mun N
48-73% BnO,C
3.262
Bn
]|3n 113n Bn EErl
N CO,Bn Phae NN .\COPh \N/
AN N
Ph coph PhCH3, MW, 150°C, 15 mun N
BnO,C BnO,C Ph
3.255 Byl
3.264,30% 3.265,23%

B pabote [223] onucaHo MpUCOSAUHEHUE TUXJIOPKETEHA K a3upuauny (3.266).

) cl
P —
| D=0 Ph
N cl
cl
= reKcaH, KuIsuenue, 1 9 N
A/\Ph 39% i

Cl

3.266 0

CrnoxxHast HOTUTETEPOIMKINYEcKas CTpyKTypa (3.267) morydeHa B peaKIiu HKI0-
MIPUCOEIMHEHUS U30IIpeHa K azupuauny (3.268) [224; 225].

Ph—;;> MeCN, monpeﬂ Z/Z‘Jj

Ph‘_&% O/Sl'”Ph
Ph Ph
(R)-3.268 (3R, 4S, 6S, 1'R)-3.267

B paGotax [216; 226] moka3aHa BO3MOXHOCTh 00pa30BaHUs MIECTUUICHHON a30T-
coJiepikaliel rereporukianueckoi cuctemsl (3.269) B npucyrctBuu 2,3-numeri-1,3-
OyTaaueHa, a B [213] — aHAIOTHYHOTO CEMUWICHHOTO IMKJIA B YCIOBHUSX [-pacilerieHHs
A3UPUIMHUIKAPONHIIBHBIX PAHKaIIOB.
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TS Ts
\
N ; g H N
—_—
BF;*OEt,,

K.T., 1 4, 81%
3.269

B 0630pe [207] u psne pabot [227-234] mpuBeneHbI MPUMEPHI KaTATUTHIECKOTO
npeBparnienns azupunnHoB (3.270, 3.271) B cloXKHBIE CHUCTEMBI, BKIFOUYAIOIINE TSTH-
YJIeHHBIe N-COJIepIKaIlre TeTEPOIHKIIBI.

Me
N
Ph
H Me Ph (e}
7 . Ph
N 1. 2Ph—=—Ph =
" © 2. P N Me
OEt (CO)sCr”™ "Me - P
oyscr= N
Me 3.270
SEM
X N
o Nay[Fe(CO),]
R
\“ O CO, 54%
INg
Mee
OTf
3271

B pa6otax [209; 212; 235] onmcaHo pacmmpeHne a3uprUINHOBOTO KA B PEaKIIH-
X C aJIKCHAMU Pa3JIMYHBIX THUIIOB MIPY yYaCTHHU KaTaau3aTopoB. B mepBoil U3 HUX COOT-
HomeHue nmpoaykToB (3.272 a,0) cocrapmsier 2 : 3 [212].

Ph Ph
Phﬁ . @ Cu(OTf),, DCM 2\/(] . /
—_—
N 0°C, 30 mun N N
Ts 0 45% Ts © Ts ©
3.272a 3.2726
/I\T\Z /N\
n
Ph Ph ¢ Cl Ph Ph OMe s
N CO,Et (20 Monb%) Ph Il] CO-Et Me P N_CO,Et
A U — \7@\9'/ JEt| 7 .
Ph CO,Et PhMe, 45°C, 76 u 76%  “CO,Et
CO,Et 2 YOMe
Me
Me Me
©\/\g . Y7 _Se(OTf; TMSCI N
N N CHyCl,, -30°C, 94 N
\ z 90% H
Me

Tary4u ¢ coTp. OOBSICHHUIH MOTyYeHHBIE UMY PE3YNIbTAThI [3+2|-IIMKIonprcoeInHe-
HHUS TIPOMEKYTOYHBIM 00pa30BaHMEM a3aroMoanTiiibHOro paaukana (3.273, R = OBu-#,
OSiMe,, OH) [236].

TsN BF,*OEt TsN

(2 9xB.) TsN*—4 TsN TsN



Pa3gen 3. CunTe3 NATH-CEeMUYJIEHHBIX FeTEPOLUKIOB
194 € O/IHUM ATOMOM 2a30Ta U3 AMHHOCIIMPTOB U UX MpeJIIeCTBEHHUKOB

[lo npuBeeHHO cXeMe MoTyueH psiJi MOHO- U Ouretepouukiios (3.274-3.276) ¢ BbI-
xonamu 60—67 % [236].

Ts Ts
OH H N H N
C&(\X OH OH
TsN Me H H
I I
3274 3275 3.276

3.4.2. UuTpamoJieKkyJisipHble PpeBpPallleHusi a3MPUIUHOB

[IpeBpamiennst COeMHEHUH, BKIIIOYAIOIIMX 00a PEAKIMOHHBIX LIEHTPAa B EAMHOMN
CTPYKType, MPOTEKAIOT KaK B YCIOBUAX TEPMOJIN3a, TaK U MO JeHCTBHEM KaTalln3aro-
poB. B paborax Takano ¢ cotp. [237-239] B 1988—1990 rT. nosyueH psiji MUPPOJIATUHCO-
nepxammx coequaeHni. Tak, Tepmonu3 azupuauna (3.277) B 3anassHHON TpyOKe pUBEI
K coequHeHno (3.278) B BHJie €TMHCTBEHHOTO M30Mepa, NMPEBPAIIEHHOTO Jlajee B MpH-
POJIHBIN MPOJIYKT — (—)-KauHOBYIO Kuciory (3.279), o0namaroilyr0 CBOMCTBAMU aHTH-
reJIbMUHTHKA U MHCeKTUIIH A [240].

H H H H H H

— b B
H OBn  ycunon OBn COH

OPMP W\n/o 305-310°C OPMP 'H

N 70% N ‘co,H

| o) | 0 |

Bn Bn Bn

3.277 3.278 3.279

ABTtopamu [237] npeuioskeHa CTpyKTypa nepexoanoro cocrostaus (3.280) peakiun
TEPMOJIN3a.

H

MOBH
PMPO™ ™l 0/5 VO
N (0]
\
Bn

3.280

ITonoOHas cTpaTerus HCIOIL30BaHa B CHHTE3€ aKpoMeToBoi KucioTHI (3.281) [239]
u (—)-me3zemOpuHa (3.282) [237].

H
OBn __Kcwion CO,H
200°C H
66% N COH
Bn
3.281
OMe OMe
MeO
(@)
L
Me
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B pabGore [241] omnucaHo BHYTPUMOJICKYJISIPHOE  LMKJIONPUCOCAMHEHHE
N-dranuMuioasupuInHOBOrO (parMeHTa K ABOMHOM YIriepoa-yriepoIHoH CBsI3U CTPYK-
Typ (3.283, R = CN, CO,Me). [Ipu 3ToM OTHOLIEHHE Yiic- U mparc-u3oMepoB (3.284) co-
craBisier 2,3 : 1 12,2 : 1 COOTBETCTBEHHO.

Phth Phth H

| \N MR

N H (0]
W v R

P PhH, 6 u H Phth= —
O/\/ O
(0]

3.283 3.284

Hepexoz[HLIe COCTOSIHUSA PCAKIIUHN ITPUBCACHBI HUKC:

Sr=g
| y===enH
Phth / Uy A
I H yuc-3.284

Phth,_

A

mpanc-3.284

Tepmonms azupuaunoB (3.285, R = CO,Me, CONE,) npuBen Kk cMecu MuppoIuHa
(3.286) u muppomna (3.287), mprudeM MepBHIi U3 HUX MTOJIYYCH B KAUECTBE STUHCTBEHHOTO
MIPOIyKTa MpeBpaIeHus B ciaydae azupuanaa (3.285, R = CN).

Phth Phth, N R

N HN \
L\ N
N R PhH

_PhH .
6-7 4
07 0

3.285 3.286 3.287

3aMeleHHbIe TUPPOJIBl CHHTE3UPOBAHbI B PE3yJbTaTe KaTaJU3upyeMON IIaTHHOM
LUKIIU3AIUH TPONapruiIa3upuInHOB (1 OKCupaHoB) [242; 243]. Te e MPOyKTHI MOJTY-
YeHBI B pe3yJibTaTe MeKTPOGMILHON MUKIU3AUKN TIPU ASHCTBHH MOJIEKYJISIPHOTO Hoza
Ha 3TH CHCTEeMBI [242].

) PICI, (10 wom%). NIS (2own) ¢ Bn Bn

I I
N N C N
Z nunokcan/H,0 (2:1), 100°C, 1 u | + |
Cy / Y
1
| I, (2 9xB.) /

NaHCO,, nnokcasn, 100°C, 10-90 mun

B kauecTBe kKaTann3aTopoB BBHICTYIAIH TaKXe MPOM3BOAHBIE ayanus u dhocdopa
[205; 244].
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98% N~ Me
|
Ts Ts

)%/\W/Me Pd(PPhs),I -
N
|

yuc:mpanc

(95:5)

BsaumoneiicrBuem N-To3un-2-suHunasupuania (3.288) ¢ snexrpodunbHeIME ajke-
HaMU B YCJIOBHUSIX KaTaju3a IMoJy4eHbl nuppoauaunsl (3.289) [245].

R Z
TN Z TsN
S
N Pdy(dba)y, (FCHP s\
3.288 7
3.289

B 2009 r. nosiBUIMCh JaHHBIE O KATAIMTUUECKOM MPEBPAILCHUN AJIKUHUIA3UPHIN-
HOB B mHppoutbl [242; 243; 246]. B momoOHBIX peakiusax Hapsay ¢ KOMIDIEKCaMH Tie-
pexoaubix MetamioB [Ru(PPh;),Cl,] ncnons3ytor conu tpuduatsr —Y(OT1),, In(OTH1),,
AgOTTf [246].

PPh;AuCl (10 Mmonp%),
AgOTf (10 Mmosp%) | A\ Ph
MeOH, k.T. N
PPh3AuCl (10 Mmoms%),  (H)D

Ts
N
Ph’L\
Ph
I"gs
AgOTf (10 monb%) | AN
Uﬁ\ ome  CDOD (10/D), . N
Ts
OMe

Mexanuszm KaTaJIU3UPyEMOTO 30JI0TOM MPEBPAILCHUA ITPEACTABIICH HUXKEC!
Ts

N
\ 2 @ Rll N
D—R LAu \\
R! ?s R?
AuL @
(IIXuL
\ 2 — I 2
[ D e
R! N R! ;IV\—/
Ts Ts
AuL
H@ @
N\
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Pacmmpenue a3upuIMHOBOTO LMKJIA IPOUCXOIUT MIPH B3aUMOICHCTBUN COCAMHEHHUN
(3.290, R =i-Pr, -Bu, Bn) ¢ PPh, u N-6pomcyknunnmuzom (NBS) [247]. Crepeonsomep-
HbIE CTPYKTYPHI (3.291 a,0) N3BECTHBI KaK HHTEPMEIUATHl B CHHTE3€ aHTUIICUXOJIUTHKA
anroHanpuaa (3.292).

]|3n
R ", N
R 1.2 5ks. Ph,P Rg " N 0 Q
A e [ A —
OH  ¢21u *-Br Bf cl OMe

3.290 3.291a,06

MeHN
3.292

V3BecTeH psAa MPUMEPOB MPEBPAICHUS A3WPUIMHOB B JPYTHE TETEPOIUKIIHYC-
CKHE CHUCTEMbI B HEHTpAbHBIX U OCHOBHBIX Cpe/ax. B 4acTHOCTH, MPEASIONKESH HOBBIH
MyTh KUIKO(PA3HOTO CHHTE3a XUPATbHBIX MOHO3AMEIICHHBIX MHUIIEPA3HHOB HA OCHOBE
N-akTHBUPOBAHHBIX a3UPUANHOB. [[eHHBIC CTPOUTEIBHBIC OJOKH /ISl KOHCTPYHUPOBAHHUS
OMOJIOTHUECKH AKTUBHBIX COCJAMHCHUIN MOMYUYCHBI aMUHOJIN30M HUCXOTHBIX a3UPUINHOB
MOJT IEHCTBUEM (-aMHUHOAJIKOTOJIS C MOCeayoeH nukn3amnuei mo dykysme — Mu-
yHoOy [248].

/\ - NH2
s  HO “(), 1. Boc,0, Et,N, R
N (15 oxB.) H = MeCN, k.T.,2-3 4 @
AN DCI AN NS 2. PPh,, DEAD, k1., 3-4 4
R HO ( )n NHTs 3. DB[sJ, K.T., 15 Mun kN

|
Boc

B [249] onucana neperpynnupoBka BUHUIazupuuHa (3.293) B mpucyTcTBUN HOIH-
Jla TUTHS U B YCIOBHSIX MUKPOBOJIHOBOTO M3My4ueHHs. [lomyueHHbIH THpPOIHH OKa3aics
yI0OHBIM UHTEPMEINATOM B cUHTe3e (—)-annzomunuHa (3.294) [250].

MeO AcO,
NTs il 200°C, MW O
o

N 3.294

3.293

3.4.3. Paclunpenne a3MpuIHHOBOIO UKJIA B IPHCYTCTBUH KHCJIOT
U OCHOBAHMU

Hapsiny ¢ TepmugeckuM u POTOXHUMHAYECKIM ITUKIIOMPHCOETNHEHNEM a3UPHUINHOB K
HEMpeaebHBIM COSAMHEHUSM MPOBOIATCS MCCIETOBAHMS TpaHC(HOPMAIH a3UPHUINHOB
B IIPUCYTCTBUU KHUCIIOT M OCHOBaHui [213; 216; 225; 226; 251-258]. U3BecTHO, 9TO OU-
AKJIAYECKHE TUPPOTUIUHEI (3.295) CHHTE3UPOBAHBI TAKXKE C YIACTHEM 7-HYKICOpHIa
B YCJIOBHSIX KHCIIOTHOTO Katanmusa [251].

Me Me
Me
= @0
Me Et;0BF,
— NTs
CH,Cl,, 0°C
75%
HE Y H 3.295
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KucnorHokaranusupyemasi neperpynnuposka asupuausa (3.296), coxpepikarie-
ro LUKJIONPOIIAaHOBBIN (PparMeHT, npuBela K noiydenuto coenunenus (3.297, 45 %) co
CTPYKTYpOM, CXOHOM CO CKEJIETOM TPONaHOBBIX aJIKaIon0B [253].

F
gsozph BE;*OEt, .
H  'H TsHN
Ts SO,Ph SO,Ph
3.296 3.297

B pabote [259] npoaeMOHCTPUPOBAHO BIMSHIE HE3HAYNTENBHBIX OTIIMYNH CTPYKTY-
psl cyocTpatoB (3.298, n = 1,2) Ha cocTaB oOpazyromuxcs B npucytcteuu BF;*OEt, ipo-
JIYKTOB TeTePOLMKIN3AIHH.

Me;Si

\“NTs BF;*OEt, (300 mons%)

-78°C—x.1., 16 4
77%

H, _NT BF;*OEt, (300 Mmonb%) NTs

s
//'<] - 78°C—= xunsuenne, 46 4
On 37%

(R)-3.298

BzaumopeiictBue 2-meTuieHa3upuanHOB (3.299, R'=H, Me, R*=H, OMe) co crup-
tamu (3.300, R*= Bn, Pr, -Bu, All u ap.) B npucytcteuu >¢gupara BF, 3aBepiuaercs mu-
KITU3aIUel MpOMeXyTOYHOTO MMUHIEBOT0 HoHA 110 [InkTe — [lInenrnepy ¢ o6pazoBaHu-
eMm coenunenuii (3.301) [260].

2 N 1 sxB. BF3*OEt, 2 NH
R \@E\@A V™ 20 ROOL 33000 R N
0,
N -30°C— k1., 154 N Me OR3
\

\ 37-83% .
R R

3.299 3.301

Cunre3 (+)-kpymuna (3.302) [207; 234] BKIIOYaeT OMHOPEAKTOPHOE TIPEBpAIICHUE
coenquaeHms (3.303), mpeamonararomiee 00Opa30BaHKE MOTHITMKINYESCKOT0 HHTEPMEIra-
Ta, COJIEPXKAIIETO a3UPUIANHOBEIN (HparMeHT.

H Me
= C0OMe
/ H H H
0 N —aMe 3 \Me
Me, o N_ 2o | Me Ny Jomel —= Me . ~NHO
O O T e
3.303 3.302

B kauecTBe anpTepHATUBHOTO BapHaHTa OTMETHM 00pa30BaHUE MSTHYWICHHOTO aMU-
HocriupTa (3.304) ¢ UCTIOIB30BAHHEM TEX K€ KaTallM3aTOPOB, @ B KAUECTBE CTAPTOBOIO
Matepuana — coenuHeHus (3.305), BKIIOYAOIIETO KaK a3UPUIAUHOBBIN, TaK U ATMOKCHUJI-
HBIN UKITBI [258].
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OTMS SMe
0 OTMS g\
2 DMPU : Me Br*OEY
—_— —_—
TsN h Tr®, -80°C TSNV/\/‘\SMe 2% R
T™S. & _SMe _ TMS TsHN
T OH
SMe
3.305 3.304

BryTpuMonexysapHoe pacKkpbITHe a3upuanHOBOrO (pparmenta coenuuenus (3.306)
B IIPUCYTCTBUH OCHOBAHHUS B PE3yJIbTaTe OJIATONPHUSITHON THIJIOBOH aTaku MPUBOJIUT K 00-
pasoBanmio nrppoaugona (3.307) [261].

Ts,
N NHTs
n-CgHy311. Y n-CeHis,,,

EtONa (kar.), EtOH o

EtO,C NH 88% EtO,C N

Et0,C H

CO,Et
3.306 3.307

B peaxnuu azupuauna (3.308) ¢ enonstom auMeTmiMaioHaTa mupponuaoH (3.309)
oOpasyercs ¢ BBIXOAOM 15 % B pe3ynbTaTe BHYyTPUMOJEKYJIApHON S\2-ataku [262].

MBOZQ ]—l—_ Ph
Ph,,  .CO,Me COMe e ipA = \COMe Ph,,  .CO,Me
H N H " Na © KUISTYEHHE, 6 9 T H N H
! CO,Me oo N H H
COPh COPh
3.308 3.309

BrICOKO cTepeoceneKTUBHBIN «IOMHHO-TIPOLIECCY PACKPBITHS M 3aMbIKaHUS LUKIA
B psANy aKTMBHPOBAHHBIX a3UPUAMHOB C ydacTueM KucioT JIptonca [263] mpuBOAnT K
y-naktamam (3.310, R' = Et, u-Pr, Bunmn, ammwt; R* = CO,Et, COCH,).

0
N + <R2 NaH, Cu(OTf), R N
Ph\“‘/_\Rl CO,Et TI @, k.1.-60°C, >90% o "
3.310
i _II{l /LA Ox, /R I 9 | (0]
SOR' O_'E?_ ° =< \(|) Ph < Nbs\_R1 2
Ph\A LA Ph\(ﬂ Na M Ph\(ﬂ LA — OF(o —>R OC\&/NSOZRI
o (0 o Q\o R \0--0—\—L{X ph
| EtO A g2 EtO g2 |

B [206] omucano ankwiMpoBaHWE W AIMJIMPOBAHWE BUHWIA3MPUAMHOB C MOCTe-
JyIolel TeTepolKIn3alell MoJyYeHHbIX MPOJYKTOB B OCHOBHBIX cpenax. Ilokasa-
HO, uto asupuauH (3.311) npu B3aumoaeicTBuu ¢ auTHAUU3oNponuiaMuaoM (LDA)
npespatieH B Terparuaponupuant (3.312) B BUAE €IUHCTBEHHOTO M30MEpa B PE3yJib-
Tare aza-[2,3]-neperpynnuposku Buttura. Hamportus, amup (3.313) gepes aza-[3,3]-
neperpynnupoBky Kisiizena Tpancopmuposan B nakram (3.314). B padotax [231; 264;
265] onmcaHsbl 10100HKIC MTPeBpalieHus BUHWIa3upuanHoB (3.315, 3.316).
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B“O\/I>/\ BrCH,CO,t-Bu Bno\/b/\ LDA, -78°C @

K,CO,, TTD T .
2o ’ > ‘COt-Bu
CO,t-Bu OBn
3311 3312
BnO
A0, Et;N " \/l>/\ LHMDS, TT'd 7
DMAP, CH,Cl, o -78°C » k.T. K
=<M 83% LAY
€ BnO
3313 3314
Me H 70 =
vaf LHMDS, -78°C
N 99%
Me' E CO,t-Bu
CO,t-Bu
3315
NS Ho ’
"\ H  LHMDS.-78C_ OBn 7\ oBn
Bn 81% Bn \\‘.
O)\/OBn N OLi I %I
Bn 0

3.316

B pabote [252] momydeno coequaenue (3.317), comepikaiiee CTpyKTypHBIH (par-
MCHT NHUPPOJIM3UTUHOBBIX aJIKAJIONIO0B.

E{0,C
f\ﬁ O’\ H /
Cli X COsE N, CcoE — ] ~LosEt -
> N
al
3.317

3aMeleHHble TUPPOIUANHBI U UNIEPUANHBI CHHTE3UPOBAHBI ¢ IPHUEMIIEMBIMU BbI-
X0JlaMH Ha OCHOBe Ouc-azupuanHoB (3.318, 3.319) npu yuyacTuu M3BECTHBIX HYKIIEO-
(UIBHBIX peareHToB [225; 254-257].

H
<L 0—»
N 70% NBoc 35°C,65% NC N NHBoc
H Boc

Boc \HBoc
(2R,5R)-3.318
H OB 2o
n BnO, R
CbZM NaN, 10% BuN'T,_

Y 0, 0,

o NCb 65°C, 51% N

A . 3 Iébz NHCbz

(28,3R 4R, 55)-3.319

B 2009 r. pa3zpabotaH yqoOHBIN YETHIPEXKOMIIOHEHTHBIN CHHTE3 3aMEIEHHBIX TTH-
nepuauHOB (3.320, 49 %) Ha OCHOBE METHIIEHA3HUPHUINHA C YIaCTHEM peakTuBa | puHbs-
pa [266].

Bn

| OEt

N 1.EtMgCL Cul (kar.), TT®  EtO_ ]
2. ICH,CH,CH,I o N
3. LiP(O)(OEY), wPro g
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B peakuuu azupuanna (3.321) ¢ peaktuBoM ['puHbspa B IPUCYTCTBUH HOAHMIA MEAN

LUKITU3aIHs POMEKYTOUYHO oOpasyromierocs Hojcoaepxkaiiero umuna (3.322) mpouc-
XOAMT C yyacTueM Ooporuapuaa Hatpus [267].

th RMgCl (3 ks.), Ph
Cul (20 monp%) )\ _MgCl )\ NaBH, (3 2kB.)
N Tr® N __AcOH N
K 30°C>k.1. R\/§ 0°c +40°c T c2a ~
24 4

42%
3.321

Ph

3.322

B [268] ommcana mmactepeoceleKTHBHAS BOCCTAHOBHUTENbHAS paguKaabHas IIH-
xm3arusa  3-aza-5-rekcenmndenceneaunos (3.323, R = Ph, 2-tmenun, w-Pr, i-Pr,

2-(1,3-muokconan-2-uia)3TUi) ¢ OTHOIIECHUEM yuc- U mpauc-poayktos (3.324 a, 6) ot
1:9 101 :12 coOTBETCTBEHHO.

__ #-BuzSnH
N_/_ PhSeH J/ __AIBN
R 65-96% hy, 15°C R N
80-96% H
OH OH
3.323 3.324a,6
ITo cXoMHOMY MeXaHM3My MOJydeHbl ankuauaeHnunepuunsl (3.325, R' = H, Ph,

CH,Bn, R’= H, Me) [269; 270] u nupponuaun-3-ousl (3.326) [271].

1

R SePh
Y\/ 1.17 5kB. n-BusSnH  p1

N AIBN, PhH

%/Rz KuMs4enue, 6 4 HN o R?
58-68%

2 Rz

PhSe 3.325
IPOIHOoJIaT 0
R” NH, \'Phse AIBN, TTMSS
2 _CO,R  CO (80 COR

/ R N/\/ P (80arm.) g
PhSe H

N
N H
F _\\—COZR
K 3.326
[Mon nefictBuem snexkrpodunbHbix peareHtoB (Mgl,-Et,0, H,/Pd-C) mpoucxoaur

pa3psiB cBsi3u C—N B MoJIeKyJIax HalpsKeHHBIX MOJUIMKINYecKUX cyocTpatoB (3.327,

3.328), conpoBoxiaromiuiics 00pa3oBaHUEM CYIIECTBEHHO MEHEE HANIPSHKEHHBIX ITUKITH-
YECKUX CUCTeM [261; 272].

):NH

R IpOIHOIaT

0 | 0 Me. Ph
OR* Mgl,-Et,0 OR* Me
7 gl-Eh 7 R¥ = 0
N CH,Cl,, -65°C, 2 4 N |
45% md Me —_
3.327
(0]
\}\)<OMe
@“\ OMe 1 pd.C Q H,/Pd-C
N . TIr®d,6u “YSC g OMe-n MeOH, 16 9 ., _CeH,OMe-n
M C¢H4OMe-nt 81% HyCY N OMﬁe 4OMe-i 79% HyC N iy o0
H / \

3.328

OcyIIecTBIICHBl yAauHbBIE MOMBITKH CHHTE3a 2,3-TH3aMeNIeHHBIX WHIO0IO0B (3.329)
Ha ocHoBe 2H-a3upuHoB [273; 274]; peakiuyl MPOXOIAT KaK B YCIOBHUAX TEPMOJIHN3a, TaK

u B npucyrcrBun karanmmzatopoB (Pd(PhCN),Cl,, Rh,(OC(O)CF,),). B 2010 r. npexamno-
JKeHa HoBas yaoOHas metoauka [275].
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Rl
FeCl, (5 monb% A
_reth (> Monb7o) ( 2 PN, 0) X—: AN R2
TI'®, 70°C, 24 4 Z~N
H
3.329
Hwuxe npuseaen npeanongaraeMblii KaTaaUTUUECKUI LUK
Rl
| Ny >—R?
3.329 X N
=
FeZ+
Rl
e
X )—R?
TN
‘63
H [re®

3.5. IPYTHE METO/IbI

B uncio 3THX METO/I0B BXOJAT B NIEPBYIO OYepeab MPEBpallleHNs] aMUHOB O/ J1eH-
CTBHEM Pa3HOOOPa3HBIX PEareHTOB, B YACTHOCTH, PEaKH aMHHOB C JWUTaJOreHUAaMHU
W JUTO3WIATaMU B BOAHO-LIEJIOYHOM Cpesie IMoJ BIMSHUEM MHKPOBOJIHOBOIO 0OIyde-
HUs [276]. DTh yaoOHbIe 0JHOPEAKTOPHBIE (0ne-pot) MpeBpalleHus] paCCMaTPUBAIOT Kak
nposiBiieHHe «green chemistry». Hapsiny ¢ Booll B KauecTBe PEakLIMOHHOW Cpeabl Hc-
nbeITaHbl ToNuATHICHTIHKOIE ([T21 300), anerorutpui, JIM®A, Tomyoun; peakius Ipo-
XOAUT C aQPOMATHUYECKUMH U aTMLUUKINICCKUMU aMUHAMHU, OCH3MJIAaMHHOM, aMMHAKOM.
B otcyTcTBHE MUKPOBOIHOBOTO OOIydeHUs! N-a3aluKIOAIKaHbl, H30MHIObI, THPa30-
JIbl, TUPA30JIUANHBL U (TanmasuHbl 00pas3ytoTcst B TedeHne 10—25 4 mpu HarpeBaHuu Ha
MacisiHOM OaHe, Torza Kak BO3JEHCTBHE MUKPOBOJIH COKPALIAET MPOAOJIKUTEIBHOCTD
nuKI000pa3oBanust 10 20 MUH.

K,CO;3, H,0
—_—

M
R—NH, + X(CHp),X R—MCHz)n +  2HX

MW
K,CO;, H,0
R'-NH, + =~ —2—» 2., RIN + 2HX
X MW
NH R® R* 2 E 4
I2 K,CO;, H,0 R—y~ R
,NH  + )\/L —_— + 2HX
R X X MW

R3

R, R, R?=H, Alk, Ar; R}, R*=H, Alk; X = Cl, Br, [, TsO

OH
X MW, 120°C, 20 mun HO{
)\/NH2 + N + 2HX
X 61%
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Huxe IIPUBCJACH npez[nonaraeMbIﬁ MCXAaHU3M pCaKIuu I npOCTeﬁmero apujiaMu-
Ha:

X/\/\’;X +
o 154
NH2 M N “H X ocHopanne \ . X _OCHOBaHME
B MOCJICAHUEC TOABI ITOJIYYHJI pPa3sBUTHUC croco0 cuHTe3a TETPArnIPOXUHOJIMNHOB
(3.330), paszpaborannsrii JI. C. [ToBapoBem [277].

L AN H L X H = N AN
R oA Tme R AL R
NH, O° R M N” R N R
H
3.330

B npucyrctBum kucnot JIpronca B yCIOBUSIX JIBOMHOTO U30BITKA OJICUHOB MOJTyUe-
HbI ipoaykTHl (3.331, X = O, NCbz, n = 1,2).

X
H' nm )n
R @\ < Z _kucnora Jlbtouca R \
I g
XH
F NH, F E
3.331

B [108] ocymiecTBieHa KaTaau3upOBaHHAS JAaHTAHOUJAMHU MYJIbTUKOMIIOHEHTHAS
aza-peakiysi Jlunbca — Anbiepa Ha OCHOBE anudarudeckux N-apuialibIMMUHOB H IU-
KJIONIEHTAaUEHA.

R} u @ (3,0 3kB.) R!
\O\ X /I\ Dy(OTf); (5 moss%)
NH, O R2 MeCN, k.T., 24 4 E R2

(1,0 okB.) (1,5 2kB.)

B pabote [105] ¢ wmcmonp30BaHWEM XHPATBHOTO KaTaau3aTopa TMOMYyYeH aIIyKT
(3.332) c BBICOKOH CTETIeHBI0 YHAHTHOCENEKTUBHOCTH (110 91 % ee).

O

XupanbHblil KoMIuieke Yb

HO
(20 monb%)
N CH,Cl,, MS4A
P
H

Ph

3.332

AHaJOTMYHO TPOBEACHBI One-pof CUHTE3bl NMUPAHO[3,2-C|TeTparuipo-X1MHOJINHOB
(3.333 a, 6) ipu yuactuu conelt rafgonuaus [106].

NH,
© GdCl; (20 momp%)
+ | + PhCHO —————————
CH;CN, k.1.
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B kaudecTBe kaTanm3aropa B peakMd aCUMMETPUIECKOT0 [3+2]-IUKI0NpHUCOeInHE-
Hus a3omeTnHOB (3.334) ncnonp3zoBansl AgOAc u murany (L*) [278)].

Fo:Me MeO,C, . COM
)NL) ) [Cone ];ggA;/SI;Z e :Z_L 2Me
R~ H CO,Me 20’ R N CO,Me
3.334 \I:)"’/Bn 10 98% ee
L= é P(4-CF;C4H,),

Hwxe npuBeaen npeamnonaraeMplii Mexanu3Mm 1,3-TUMOISIPHOTO UKIOTIPUCOESTIHE-
HUSL:

R R
AgOAc/L* /Z—ﬁ\
/\ PN _— >
Arm N° COsEt i-Pr,NEt Ar
i-Pr,NEt
HOAc

i-PryNEt-HOAc

BzaumopeiictBue apunamunos (3.335, R!, R*=H, CH,, #-Bu, Br, OH, CI, F, OCHy)
¢ HenpeaenbHbIM anberuaoM (3.336) BkiItouaeT BHYTPUMOJICKYJIISIPHYIO FETEPOPEAKIIUIO
Junsca — Anpaepa, karanuzupyemyto xyiopunoM Bucmyta [107]. Kondurypauus cre-
peousomepHbIX (ypo[2’,3":5,6nupano[4,3-B]teTparuapo-xunonuHos (3.337 a, 6) nox-
TBepkJeHa criekTpamu NOE.

NHy  oHC-Z2«0 BiCLy/CH;CN
. LN
* 0P~/ % KT, 30 Mun

3.336 3.337a 3.3376

[To nyty asa-peaxuuu Auibca — Anbaepa Nody4eHbl 3-(QyHKINOHAIN3UPOBAHHBIC
2-azabunukino[2.2.1]rent-5-ensr (3.338) [279].

o 1. PhCH,NH,, TFA
BF;*OFEt COR
H 3 2
RO /
N
0 L

2. , CH,Cl,, -78°C
70-80% Ph

3.338
Bzanmopeiicteue mmdupa (3.339) ¢ N-myxrneodpunmamu (3.340, R = Bn,
(MeO),CHCH,) o naBneHreM IPHUBOANT K COSAMHEHHUSAM C 7-a3aHOpPOOPHAHOBBIM CKe-

netom [40].
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COOMe
R., (OOMe HO
| \/\N
_RNH, (3.340) COOMe
11 Kbap,
| K.T., MeOH MeOOC MeOOC
MeOOC 3.341
3.339

BsanmogpeiictBrue coennnaenus (3.339) ¢ sTaHOTAMHHOM MPUBOIUT K aMHUHOCITHUPTY
(3.341), a ¢ u- 1 TpHaMUHAMU — K KapKacHBIM coefuHennsM (3.342, 3.343) [40].

MeOOC™ - /\©/\ COOMe

MeOOC 3.342 COOMe
H
3.339 N

11 Kbap, N\/\N/\ oot
k.T., MeOH Me0OC—> N e
H,N NH, 0
MeOOC
3.343

B [53] onucano nomyuenue N, N-MeTHIaIKWINMUNIEpUAOHUATpUGIIaToB (3.344) — ak-
TUBHBIX KaTaJIH3aTOPOB OKUCIICHUS ATKEHOB OKCOHOM:

AN
RNH H,C CO,CH;  p N (/\/COZCH3> NaH
2 MeOH N 2 " CHg

COLH;  yey, 1,0 CH;0S0,CF3
_— _ L _ P
KUISTYEHUE CH,Cl, +
TI\I ITI N OTf
R R R CH;

3.344

B pabotax [62; 280; 281] T. bek ¢ coTp. U3T0KUIN OCHOBBI CTpaTeTUH CHHTE3a 3a-
MEIIEHHBIX MUTICPUINHOB, TUPPOJIUAMHOB U IPYTHX TETSPOLUKIMYSCKHX CHCTEM 32 CUET
UKJIONPUCOSTUHEHUS aneTuieHCcyabhoHoB (3.345 a, 6, R =H, Pr, Bu, Ph u ip.) x - m
y-xnopamunam (3.346, R'= H, Me; 3.347, n, m = 1,2).

i Il

BnHN
3.345a 3.346
SOZAr
d d / SO,Ar
SO,Ar
3.34506 3.347

[Tocnenyroriee BOCCTaAHOBUTENBHOE Y IaIeHNE TO3WIBHBIX IPYTIIT OCYIIECTBIIAIOT 00-
paboTKOM MPOIYKTOB IIUKIONPHUCOETNHEHHS 110 CXEME:
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1. NaBH;CN d

2. Na, NH; (x.)
—_—

3.348, 60%

A H,, Pd/C |

OTUM TyTeM CHHTE3MpPOBaHBI IIEHHBIE BemecTBa — (—)-uHpomm3uasl 167B u 209B
(3.348, 3.349), a Taxke ankanoun (—)-nmacyoun (3.350).

Me
H

3.349

OMe

3.350

OcHoBaTeNbHO U3yYaeTCs TeTEPOLMKIN3alNs AlUIbHBIX TPOU3BOJHBIX HETIPEIEb-
HbIX aMHHOB (3.351) B yCIOBUSIX 37€KTPO(MIBHOIO MPUCOEIUHEHUS MO 10 ABOHHOM

yTIepoJI-yIJIepOHOM CcBsi3u [282].

R OH OH
HO N
NHCOR! Na,CO; N 1 N 1
83% . L,
COR COR
3.351 (93:7)

B 0630pe [283] npuBeneHO MHOTO IPUMEPOB 00Pa30BaAHUS TISITU- M LIECTHUICHHBIX
raJoreHIakTaMoOB U3 HENpPEACIbHbIX aMUI0B, B TOM YHUCIIE IPETEPIIECBAIOIIUX TpaHchop-
Mario B N, O-Ouc-TpuMeTHICHIWIBHBIE pou3BogHbIe (3.352) ¢ mocieny oM dJIeK-
TpodMIBEHBIM HoxupoBanueM [282].

OSiMes

Me381OTf NSIMC3

2% TEGN

3.353 3.352

H
/\/\)OI\ —»I ! e ! - !

2 2

7 NH, /\Lj /
(0]
LN HN o

T'ereponuknuzanuio coenunenus (3.353) napsay ¢ HoAOM MHULMUPYIOT U ApYyTHE
aNIeKTp