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1. BBenenue

AKTVaJIbHOCTDH TE€MBI. CO3I[aHI/IC MCTOJ0B CMHTC3a HU3KOMOJICKYJIAPHBIX OPraHUYCCKUX

COEIMHEHUH C IOTEHUHAJILHOW OHOJOrHYecKOM AaKTHBHOCTBIO SBIISIETCS BaXKHOM 3ajadei
COBPEMEHHOM OpPraHMYeCKOM XUMHH. Maible MOJIEKYJbI B 3HAYUTEIBHO MEHBIIEH Mepe
MOJIBEPTalOTCs JIerpajalliii U MEeTaboJIM3My B YCIOBUSX OpraHW3Ma IO CPaBHEHHIO C HX
BBICOKOMOJICKYJISIPHBIMU aHAJIOTaMH, a BApbUPOBAHUE MCXOJIHBIX PEAreHTOB J1a€T BO3MOMXKHOCTh
KOHCTPYHPOBATh MOJICKYJIBI C IIIMPOKUM KPYIOM 3aMECTUTENICH M (YHKIIMOHATBHBIX TPYIIIL.

OnanM 13 3¢ (HEKTUBHBIX U ATOM-3KOHOMUYHBIX METOJIOB CHHTE3a HU3KOMOJICKYIISIPHBIX
COCTMHEHUH, TPOSBIISIIONINX PA3IMYHBbIC TUIHI OMOJIOTMYECKON aKTUBHOCTH, SIBIIICTCS PEaAKITUs
Hunbca-Anbiepa ¢ JOueHOPWIAMU, COACPNKAIMUMU IK30IUKIMYECKYIO JBOWHYIO CBS3b.
[Tomyyaemble TakuM MyTEM CHOHPOANIYKTHl O0JIAJAIOT OTPAaHUYECHHON KOH(GOpPMaIMOHHON
MOJIBIDKHOCTBIO, UYTO TIO3BOJSIET 3a(UKCHPOBATh (PYHKIMOHAIBHBIC TPYIIBI CHUPOIUKIA B
MOJIOKEHUSAX, HEOOXOJMMBIX [UIsl B3aMMOJICHCTBHS C IeJeBbIMH cyOcTparamu. Kpome Toro,
aJJIyKThl peakuuu [4+2]-IUKIONPUCOSANHEHHUS MOTYT OBITh JIETKO MOJBEPTHYTHI JAIbHEUITUM
Monudukanusam no obpasyromieiicss kpatHoit C=C cBs3u, 4TO paciupsieT Kpyr MOJydaeMbIX
CIIUPOCOWICHEHHBIX MPOAYKTOB. [loidydeHHble B pe3yiabTaTe TaKOro B3aUMOJCUCTBUS
CIIUPOILMKIMYECKNE COCIMHEHHS COJEPKAaT HECKOJbKO Kap0o- H  TeTepOLUKIMUYECKUX
dapmakopopHbIX (pParMEeHTOB M HMEIOT KECTKYIO CTPYKTYpPYy, UTO BAXXHO JUIS MPOYHOTO
CBSI3BIBAHUS C OMOJIOTHUYECKUM MUIICHSIMH.

CreneHb pa3pa0oTaHHOCTH TeMbl. B Hacrosiee BpeMs NpOU3BOJHbIE TMAAHTOMHA U

TUOTHJIAHTOMHA, COJIepKalllie B CBOEU CTPYKType JBa CIHPOCOUTICHEHHBIX MATHUICHHBIX
reTEepOLMKIIA, U3BECTHBI KaK COEUHEHNUS C BBICOKOW IIUTOTOKCUYHOCTBIO, IIPENOI0KUTEIbHBIM
MEXaHM3MOM KOTOpPOH SIBISIETCSl MHTHOMpOBaHUE OENOK-OeNKOBOTO B3aMMOJCHCTBUS P53-
MDM2. Oanako oOmipe MeTOIbl CHHTE3a MMHJIAa30JI0HOB, CIIUPOCOWICHEHHBIX ¢ O-WICHHBIMH
[MKJIaMH, HAa MOMEHT Hayajia JaHHOW JHCCEPTAllMOHHON paboOThl B JIUTEpAaType OIMUCAHBI HE

6LIJ'II/I, 1 OMOJIOTHYEeCKas aKTUBHOCTh JaHHBIX COESIMHEHUN paHee HC U3ydaiacChb.

Heuablo padoTsl sBiIseTCs pa3paboTka CHHTETUYECKMX IMOAXOJOB K HOBBIM Kiaccam
CHUPOUUKINYECKUX NMPOU3BOJIHBIX TMAAHTOMHA Y THOTHUAAHTHOHA C UCIOJB30BaHUEM PEaKIUU
Junbca-Anbiepa M TNOCHEAYIOIIUX MOIU(DUKAMM CHUHTE3UPYEMBIX MOJIEKYJ, a TakKke
UCCIJIEOBAHNE IUTOTOKCUYHOCTH TOJYyYEHHBIX COEAMHEHUN.

3agayamMu__McCJIeI0BAHUSA ObLIN: 1) pa3pa60TKa n OINTHMHU3AIUA IIOAXO0J0B K

MOJIYYCHUIO HOBBIX CTPYKTYPHBIX KJIACCOB CITUPOTPOM3BOJHBIX HMHUIA30JIOHOB IOCPEICTBOM
peakuuid [4+2]-IUKIONPUCOECTUHEHUS S-METHINACHUMHIA30JI0HOB € [IUKJIMYECKUMHU JTUCHAMHU,
a TaKXKE MIPOU3BOJHBIMHU 1,3-6yranueHa; 2) HCCIeI0BaHuE peakuuii

[3+2]-uuknonpucoenMHeHUST HUTPUIOKCUIOB, HHUTPUJIMMHHOB, a3WJIOB, a30MCTUJIMMUHOB,



AQ30METWIMINIOB M HUTPWIWINIOB K CIMPONPOU3BOAHBIM THUAAHTOMHA W THOTMJAHTOMHA,
IIOJIyUEHHBIMU B pe3yibTare [4+2]-IuKIONpUCOEIUHEHMS; 3) N3YYEHNE BO3ZMOXHOCTU CHUHTE3a
CHHMPOTNPOU3BOAHBIX HMMHUAA30JI0HOB C OKCHPAHOBBIM WM a3UPUAMHOBBIM (ParMeHTOM U3
COOTBETCTBYIOLMX HEMNPEAEIbHbIX CIHMPONPOU3BOAHBIX; 4) M3y4€HHE BO3MOXKHOCTU BBEACHMS
(YHKLUMOHAJBHBIX TPYHI B CTPYKTYpPY HENPENCNIbHBIX CHUPOMMHUIA30JI0HOB pPEAKLUAMHU C
ANEKTPOMIBHBIMA ~ areHTaMH;  5)  HMCCIEJOBAaHME  IIUTOTOKCHYHOCTH  IMOJYYEHHBIX
CIHMPOLMKINYECKIX THIAHTOMHOB W THOTHJAHTOMHOB IN VItr0 Ha pa3IM4HBIX KJIETOYHBIX
KyJbTYypax.

IIpeameTom HCCICA0OBAHUA  ABJIJIMCh  METOABI CHHTE3a  CIIMPOMMHIA30JIOHOB

peakiusiMu  [4-+2]-1MKIONPUCOSANHEHHS, HCCICI0BAHUE 2HO0-[9K30-CECKTUBHOCTH DPEaKIIUU
Jwibca-Anbepa, a Takke M3YUYCHHE HAMPABICHHS JaTbHEHIINX MOTUPUKAINUN ITOJYICHHBIX
CIUPOMPOU3BOIHBIX PEAKIUAMH 1,3-AUMOISIPHOTO IUKIONPUCOSTUHEHH S, STTOKCUTUPOBAHUS U
3NEKTPOPUIBHOTO TPUCOSAUHEHHUS.

Hayunasi HoBU3HA padoThl: 1) BepBbic ObUT pa3pabOTaH OOIIMIA TOIXOJ K CHHTE3Y 2-

XaJIbKOT€H-UMUJIA30JI0HOB, ~ COJAEpXkAIlUX B CBOEH CTPYKTYpE CIHUPOCOWIEHEHHBIE C
MMH/1a30JIOHOBBIM (hparMeHTOM 6-usieHHbIe AIULUKIIBL; 2) pa3paboTaH CUHTETUYECKUN MOIX01 K
MOJYYEHHI0 KOH(OPMAIMOHHO KECTKUX TETPALUKINYECKUX TPOU3BOJAHBIX THJIAHTOMHOB U
TUOTUJAHTOMHOB,  COJAEpXKAIlUX  HM30KCA30JIMHOBBIE, MUPA30JUHOBBIE, TPUA30JIMHOBBHIE,
OKCHUPAHOBBbIE U a3UPUIMHOBBIE (parMeHThl; 3) BIEpBBIE MpPENIOXKEH YyIOOHBIN, MpPOCTON B
BOCIIPOM3BEICHUH MeTOoJ] TeHeparuu 1,3-gumoneit nytéM and@y3noHHOro cMmemmBaHUs
XJIOPOKCHUMOB U XJIOPTUAPA30HOB € MapaMy TPUITUIIAMUHA, TIO3BOJISIIOIIUI JOOUTHCS BBICOKOTO
BBIXO/a MPOAYKTOB 1,3-AUMOISPHOrO HUKIONPUCOEINHEHNUS 3a CUET MOJABICHUS AUMEPU3ALIUN
munonei; 4) paspaboTaH ABYXCTaJAWWHBIM TOAXOJ K TMOJIYYEHHIO MOJUIUKINYECKHX
THJIAHTOMHOB  TIOCJIEOBAaTEIbHBIMU  peakuusMu  Jluibca-Anpaepa W 35€KTPO(UIBHOTO
PUCOETUHEHNUS; 5) U3ydeHa IIUTOTOKCUYHOCTD MOTYYEHHBIX CIUPOLUUKIMYECKUX MPOU3BOIHBIX.

Teopernyeckass W npakTuyeckas 3HAYUMOCThL paboTel: 1) paspaboTaHbl

npenapaTuBHBIC METOUKH peakimu Hunsca-Anbaepa METUITUICH- "
rajoreHMEeTUINACHUMUIa30JI0HOB c MPOCTBHIMU JUEHaMU (UMKIIONIEHTAaINEH,
1,3-nuknorekcagues, 2,3-TUMETHIOYTaAMeH, W30MpeH); 2) ToKa3zaHa  BO3MOXKHOCTH
MoauUKAIIMK  CTPYKTYp  MOJy4YaeMbIX B  pesyibTare  [4+2]-IUKIONpHCOSTUHEHUS
CIIUPOCOWICHEHHBIX THIAHTOMHOB ¥ THOTHJIAHTOMHOB PEAKIUSAMH C HUTPHIOKCHIAMH,
HUTPUITUMUHAMH, a3UJaMH U TMEPOKCOKHCIOTaMHU; 3) pa3paboTaH HOBBIA METOH MPOBEICHUS
peakiuit 1,3-AUMOISPHOTO LUUKIONPUCOSIUHEHUS B YCIOBUSX TU(D(Y3MOHHOTO CMEIIUBaHUS
peareHTOB, KOTOPBI TMO3BOJIIET IMOAABUTHh HEXKEJAaTeNbHbIE MPOILECChl AUMEpPU3ALUU

BBICOKOPEAKITMOHHBIX 1,3-mumoneit; 4) pa3paboTaHbl HOBBIE TMOAXOIBI NECYIb(YPUPOBAHUS



MPOM3BOHBIX THOTHIAHTOUHOB; 5) MPEJIOKEH METO/] CHHTE3a MOJUIIMKIMYCCKUX THIAHTOMHOB
peakuusMd  KoHpopmanmoHHo  orpaHuueHHbIX  N(1)-3aMeméHHBIX ~ HMMHIA30JI0HOB  C
anektpoduinbHbiME arentamu (Br, 12, PhSCI, PhSeBr).

MeT010J10THSI _IHCCEPTAIMOHHOI0 HMCCJIEI0BAHUS. HCHCBBIe COCOUHCHUA ObLIU

MOJYyYEHbl C UCIOJb30BaHUEM peakiui a3a-Burrura, Juibca-Anbsaepa, 1,3-mumnosisspHoro
LUKJIOTIPUCOEIUHEHMS], KOHJCHCALUY, AJKWJIMPOBAaHUS, AlMJIMPOBAHUSA, SMOKCUIMPOBAHUSA U
ANIEKTPOPUIBHOTO MprcoeauHeHns. OUNCTKA MMOJTyYeHHbBIX COSAMHEHUI MPOBOINIACH METOIaMHU
KOJIOHOYHOM Xpomarorpauu, MEeperoHKd, NepeKpucTain3auuu, sKcTpakiuu. CTpykTypa,
COCTaB M YUCTOTA IMOJYYCHHBIX COEAMHEHUHN omperensiach merogamu JAMP, B Tom uucne c
UCIIOJIb30BAaHUEM JBYMEPHBIX KOPPENSLMOHHBIX METOJUK, MAacC-CIIEKTPOMETPUU BBICOKOIO
paspeuienus, TOHKocHOHHONH xpomarorpaduu (TCX), kuaxocTHOW Xpomarorpaduu/macc-
cnektpoMerpun (GKXMC), pentrenoctpykrypHoro ananuza (PCA).

IloJ10KkeHMS1, BLIHOCUMbIE HA 3aLIUTY.

1) Peakmmst [unbca-Anbaepa MOXeT OBITh HCIOJB30BaHA IS CTEPEOCEICKTHBHOTO
CUHTE3a CHUPONPOU3BOAHBIX MMUJIa30JI0HOB u3 5-MeTHIHIeH-3aMEeIIEHHBIX
2-XaJIbKOT€HUMUIa30I0HOB.

2) HoBble kiacchl KapKacHBIX CIMPONPOM3BOJIHBIX I'MIAHTOMHOB, COJCPKAILIUX YETHIPE
Kap0o- ¥ reTepOLUKINYECKUX (parMeHTa, MOXKHO CUHTE3UPOBATh B3aUMOJIEHCTBHEM MTPOTYKTOB
[4+2]-tmknonpucoennHeHUS 5-MeTHIINIEHUMHU1a30JI0HOB c HUTPUIIOKCUAAMH,
HUTPWIMMHUHAMH, a3U/1aMH U IEPOKCOKHUCIOTaMH.

3) [NonuuukiIn4yeckue COMpOCOeINHEHHS], ColeprKalue KOMOMHAIINIO THAAHTONHOBOTO U
OKCa3WHAaHOHOBOTO (parMeHTta, IMONYy4aroTCsl MpPH B3aMMOAECHCTBMM NPOAYKTOB peaKLUu
Junbca-Anbrepa S-METUINACHUMHIa30I0HOB C 31EKTPO(PUIbHBIMU ar€HTaMU.

4) Meton nudQy3MOHHOTO CMEIIMBAHUS XJIOPOKCHUMOB U XJIOPTHUAPA30HOB C IMapamu
TPUSTHIIAMHHA sABJIseTCd 3(P(EKTUBHBIM CHOCOOOM MpOBeACHUs peakuuid 1,3-aunonsipHoro
LHUKJIONPUCOETUHEHUSI C HUTPWIOKCUIAMH U HUTPWIMMHUHAMH, TO3BOJISIIOIIMM JOOUTHCS
BBICOKOI'O BBIXO/1a TPOYKTOB 3a CUET MOJABICHUS JTUMEPU3ALNH JUTIOJEH.

5) HaubGonee axkTHBHBIE M3 MOJYYEHHBIX MOJMUIMKINYECKUX CIHUPOTUAAHTOMHOB U
CIUPOTHUOTUAAHTOMHOB JIEMOHCTPUPYIOT LMTOTOKCHMYHOCTh B JuanasoHe 4-15 MxM B
HCCIENOBAHUAX IN Vitro.

JIMYHBIH _BKJAJI_aBTOPa COCTOSUI B cOOpe W aHaJIM3€ JUTEPATYpPHBIX ITAaHHBIX 10

TCEMATHUKC HCCICAOBAHUA. ABTOp NpuHHUMAJI Yy4YaCTUC B COCTABJICHUU IIJIaHA HCCHCHOB&HHﬁ.
ABTOpOM OcyH_ICCTB.HéH CHHTC3 LCIICBBIX COGI[HHGHHﬁ, AHAJIN3 U UHTCPHPCTAlUA MOJTYUYCHHBIX

PE3YyIbTAaTOB, IMOATOTOBKA MATCPHATIOB HUCCIICAOBAHUA K ny6nm<au1/m B HAYYHBIX H3JJaHUAX.



[ToaroToBka Kk myOJMKaUK MOJYYEHHBIX PE3yJIbTaTOB IMPOBOJIMIACE COBMECTHO C COABTOPAMH,
npu4éM BKJIAJL COUCKATEs ObLT OCHOBOIOJIATAFOLIM.

Hyoaukanuu. [To marepuanam guCCepPTalMOHHOTO HWCCIEAOBAHMS OITYyOJMKOBAHO &
HeyaTHbIX paboT: 4 CcTaTbu B pELEH3UPYEMbIX HayyHbIX JKypHajaX, HHIEKCHPYEMBIX
MexyHapoaHbiMu 0azamu gaHHbIX (Web of Science, Scopus) 1 peKOMEHIOBaHHBIX JIS 3AIUTHI
B auccepraunoHHoM coBere MI'Y mo cneumansHoctu 1.4.3 - opranuueckas xumus, 4 Tesuca
JIOKJIA/I0B Ha MEXTyHAPOJAHBIX U POCCUICKIX KOH(EPEHIINSX.

Anpobauusi_pe3yiabTaToB. OCHOBHBIE PE3YNIbTAaThl JUCCEPTALMOHHOW padbOThl ObLIH

MPEJICTaBICHbl HAa MEXKIYHApPOJIHBIX U POCCHICKUX KOH(EpEeHIMSIX: MEKIYHApOIHAs HaydHas
KOH(EpEeHIUSI  CTY/ACHTOB, AaCHUPAaHTOB MW  MoOJOIbIX  y4€HbIX  «JloMmoHOCOB-2020,
Bcepoccuiickuii kKoHTpecc 1o XuMHH TeTeporukiandeckux coeauneHnin «KOST-2021», «VI
CeBepo-KaBkasckas koHpepeHus mno opranuueckoil xumum» (2022 r.), «MapKOBHHUKOBCKHE
uyreHus. OpraHuyeckas XuMus: oT MapKoBHHKOBA 110 Hamwmx gHei» (WSOC-2022).

CTpykTYypa M 00beM padoThbl. PaboTa cocToUT M3 mIeCTU pa3/eioB: BBEIECHUS, 0030pa

auTepaTypel Ha TeMmy «llukimudeckue MeTHIIHMICHOBBIC COCOUHEHHS B peaknusx Jluibca-
Anbliepa», OOCYXIEHUS pe3yabTaToOB, AKCIEPUMEHTAIbHOH YacTH, BBIBOJIOB U CIIHCKA
UTHpyeMol JauTepaTypsl. Pabota n3noxkena Ha 193 nucrax MamMHONMMCHOTO TEKCTa, COAEPKUT
118 cxem, 17 pucynkoB, 39 tabmum. Croucok IHUTHPyeMOH ImTeparypbl Briarodaer 201

HaMEHOBaHUH.
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Teoc = COOCH2CH2SiMes;
TMS = SiMes;

OBT = ¢udn1-BaKyyMHBIN TEpMOIIN3



2. O030p JuTEpATYpPBI
HUKINYECKHUE METUWJINJIEHOBBIE COEJIUHEHUWS B PEAKLIUAX

JANJIbCA-AJIBIEPA

Hacrosimuii  nutepaTypHbIii  0030p TOCBSIIEH  HCIOJIB30BAHUIO COCIMHEHHH C
3K30LUKINYECKON CBSI3bIO =CH, B KayecTBe nueHo(uos B peaKkusax
[4+2]-uuknonprcoe IMHEHHS.

B coBpemeHnHOl opranuueckoil xumuu peakuus Juiabca-Ausbaepa nonydusiia IMIMPOKOE
pacupocTpaHEHUE KaKk METOJ CUHTE3a IECTUWICHHBIX HUKINYECKUX CTPYKTYp. JloCTOMHCTBaMH
JAHHOM peakUuu SBISETCS aTOM-3KOHOMHMYHOCTh, @ TaKXE€ BO3MOXXHOCTb KOHTPOJIA
CEJIEKTUBHOCTHU MPOTEKAOILIETO MPOLECCa IIUKIONPUCOECTUHEHNUS.

Ucnonp3oBanne B peakuusx Jluibca-Anbliepa JUEHOPUIOB C SK30LUKINYECKOM
JBOWHOM CBS3bI0 TIO3BOJISIET BBOJUTH B MOJICKYJY CIUPOCOWICHEHHBIE (DparMeHThl, YTO
OTPaHUYMBAET KOH(POPMAIMOHHYIO TOABMXHOCTh CHHTE3HPYEMBIX COCIMHEHUH U MOKET
MPUBOJUTH K POCTY OMOJIOTUYECKOM aKTUBHOCTH 3a CUET MPABWIIBHO MOI00paHHON OpHUEHTALUN
3aMEeCTUTENeH B mpocTpaHCTBe. B HacTosem o030pe paccMoTpeHbl peakiuu Juibca-Asnbaepa
TUEHODWIOB C PA3IUYHBIMUA IO DJIEKTPOHHBIM CBOWCTBAM (YHKIHMOHAJIBHBIMH TPYIIIAMH,
npezcTaBieHHbIX Ha Cxeme 1. BaxkHo oTMeTHTh, uTO 3amectutenu npu aBoiHOH C=C cBs3u
qUueHopwIa BIMSAIOT HE TOJBKO Ha €ro peaklHOHHOCIIOCOOHOCTb, HO M Ha CTEpeo- H

PETrUOCCICKTUBHOCTD BSaHMOHGﬁCTBHﬂ C JUCHAMH.

Cxema 1.
\/\ N\ \/X‘ ji}CH )
CH 2/n
Lo o {CHahn o xS CFizh o
n=0-4 n=1-2 © n=1.3 n=0-2
X=0,NR, SO
HeaKkTMBMPOBaHHbIE 2-meTunuaeHTeTparuapodypaH u
ANKEHb! 2-MeTUnMAeHTETParMApoNMpaH NPOTOaHEMOHUH LMKnnyeckme 2-MeTUNMAEHKETOHbI

npon3BoHbIe
KeTeHa

o) O 0
(e} =N
<\ X H 1

X=0,NR n=1-3

2-MEeTUNUAEHONKETOH 2-MeTUNUAEHUMUHOKETOH LUMKnnyeckune MeTUAMOEHOKCUHAON o,B-HenpeaensHble
[OHOPHO-aKLEeNTOpHbIE UMUHWEBbIE NOHbI
ankeHbl

(0]

Bo wMmHoOrumx cnyyasx -SK30LMKIMYECKUE METHIMJICHOBBIE MPOU3BOJIHBIE SBISIOTCS
BBICOKOPEAKIIMOHHBIMU YaCTULIAMH, CHOCOOHBIMU OBICTPO pasiaraThCsi B PacTBOPE WIIHM IPH
XpaHEHUH, TIO3TOMY PEaKIIMU ¢ HUMH U3YYEHBI XYK€ TI0 CPaBHEHHIO ¢ 0osiee CTaOUIIbHBIMU TPH-
U TeTpa3aMeNIEHHBIMH TI0 JBOWHON CBSI3M aHajoramu. Bmecte ¢ 3Tum, OoJyiee BBICOKas

AKTUBHOCTh METHJIMJICHOBBIX CYOCTpaTOB B peakiusx [4+2]-IUKIONPUCOCTUHEHHS JENAeT UX



NEPCIEKTUBHBIMUA OOBEKTaMU HCCIEIOBAaHUS U, KPOME TOTO, pacIIUpsieT KPYr CHHTE3UPYEMBIX

UUKJINYECKUX CTPYKTYP.

HeakTuBHpOBaHHBbIC HUKJIOAIKEHbI ¢ IK30LUKIMYECKOU IBOHON CBA3BIO

N3ydyenne HeDYHKIIMOHATU3UPOBAHHBIX 1,]1-AM3aMEMIEHHBIX QJIKEHOB B PEAKIUSIX
Jwibca-Anbiepa JEMOHCTPUPYET, HYTO OTH CYOCTpaThl SBISIOTCS MAJIOAKTUBHBIMH TIPH
B3aMMOJICHCTBUM C HCAKTUBHPOBAHHBIMH JWCeHAMHU. M3-3a OMU3KMX XUMHUYecKuX cBoicTB C=C
CBsI3CH JIMeHa M TMEeHO(HIIA TPOBEICHUE PEaKIUi B KECTKUX YCIOBUSAX MOXKET OBITh OCJIOKHEHO
POTEKaHUEM psijia MOOOYHBIX MPOIIECCOB, HATPUMED, AUMepH3anuu aueHos [1-3].

Ecimu B ponn nueHa w nueHO(WIA BBICTYIAET OJUH U TOT ke CyOCTpaT, TO IEJICBBIC
JMMEpPbl MOTYT OBITh BBIZICJCHBI ¢ XOopoumMu Bbhixomamu (Cxema 2). McciaenoBaHre KHHETHKA
TEPMUYECKON JUMEPHU3alUU [TUKIMYECKOro JreHa 1 yka3pIBaeT Ha OMpaIuKalbHBI MEXaHH3M
peakiu [4]. [ToMrMO OCHOBHOTO MPOAYKTa 2 B XOJE PEaKIMH TaKKe 00pa3yeTcsi MUHOPHBIi
npoaykT ¢GopmanbHoro [4+4]-tukionpucoeaunenus 3. Mcmonab3oBaHHE B JaHHOW pEaKIUH
ZnCly-Et20O mo3BosisieT moay4uTh aaayKT 2 B Oojee MATKHUX YCIOBHSIX C BbIxogoM 62%. B sTom
cilydae TPEAINOoJIaraeTcsi, 4To Peakiysi MPOTEKaeT uepe3 MPHUCOSAUHEHHE MPOTOHUPOBAHHON

bopmbl coerHeHus 1 KO BTOPOH MOJICKYJIe JUEHA C MOCIeAYIOIIeH IuKm3anueii [4].

PhMe, 125°C nnn
+
ZnCly-Et,0, CH,Cl, -70°C

1 2, 52-62% 3,13%

(obpasyeTcs TOnbKO B
TEPMUYECKUX YCNOBUAX
NpOBEAEHUS peakLmu)

Cxema 2.

B pa6ote [5] mpoaykr aumepusanuu 7@ ObLI MOJIYYEH MPH IOMBITKE CHHTE3UPOBATH
CEeMUYWICHHBIN JUeH 5a u3 Ouc-amneHa 4a moja JelcTBHEM Karanuzatopa Ha ocHoBe poawms ().
JlanpHelme ucciue0BaHus OKa3alii, YTO aHAJTOTUYHBIE CIUPOOHIIMKIMYECKHE aIyKThl 7D-h
00pa3yrTcs B TeX e yclIoBUsX ¢ Xopommmu Bbixogamu (Cxema 3) [6]. Mcnonb3oBanue 1.5
skBuBasIeHTOB TEMPO B KadecTBe JTOBYIIKH PaIMKAJIOB CHIKAST BBIXOJI IIEJICBOTO MPOJIYKTa 7@
c 89 no 44%, a peructpamus meronom DCHU-MC annykroB 6a ¢ TEMPO yka3sbiBaeT Ha
OMpaauKambHBIA MexaHu3M numepu3auuu 5 [6]. CTouT OTMETHTH, YTO aHAJIOTH JHMEHa 5 C
TeTpa3aMeIIEHHBIMI JTBOMHBIMH CBSI3SIMH SIBIISTIOTCSL OoJiee CTAOWMJIBHBIMH W MOTYT OBITH

BBIJICJICHBI U OXapPaKTEPU30BAHBI B YCIOBUAX [TUKIOM30MEpH3ainu Orc-aieHos [7,8].



x

OUKJIIAMH W BBICOKOPCAKIMMOHHOI'O HUKIOIICHTAAUCHA IIpU CHJIIBHOM

MCTHIJI

Cxema 3.

[Rh(cod)Cl], (5%),
(R)-DTBM-Segphos (10%),

NaBArF (10%)
Hy, CH,Cly, rt. J X
4
/\//C KaTanusatop N |
NN TF®/CH,Cl, (4:1), 40°C =
N
4a-h 5a-h 6a-h 7a-h, 42-89%
F3C
0 0 Q Q
1l
= N— S—@— N— S—@OMe N-S N— SO*
I 1 y I 1
¢ ¢} o] o N
b c

o] 0o T™S COOEt 0
N*g% NS ! N-C{

I N o
5 , COOEt , O‘é

e f g h

Pazmumune xmmuueckux cBorictB C=C cBsseit HC(I)YHKI_[I/IOHEUII/IBI/IPOBEIHHOFO aJIKCHa H
JUCHA II03BOJIACT HNPOBOAUTHL PCAKIUN HUKIONPUCOCAUHCHUA I10 ﬂBOﬁHLIM cBsI3sIM  Oosiee

u3buparensHo. Hampumep, B xome B3ammojeicTBusi aueHopwioB 8, 9 ¢ HanpsHKEHHBIMU

cniupoHopboprensl 11 u 12 obpasytorcs ¢ Beixogamu 55 u 17%, coorBerctBeHHO (Cxema 4)
[9,10].

KOTOp

oM TepsieTCs OKOJIO MOJIOBUHBI ciupoHopOopHeHa 12 [10].

Cxema 4.

rMMOPOXUHOH (KaT.) 7
O+ )
" ° (CHy),

170-190°C

8,n 0, 10 11,n =0, 55%;
9,n 12,n=1,17%

B cnyyae >nmeKTpPOHOAKIENTOPHBIX TETEPOJUEHOB PEAKIMH C TPOCTHIMU aJIKEHAMHU
NPOTEKAIOT B Ooyiee MATKHUX ycloBHUsX. B pabore [11] ObuIO mMoka3aHO, 4TO B3aUMOJACHCTBHE
uaeHuukiIoneHtana 13 ¢ 0.4 skBUBaJeHTaMU HECTaOMJIBLHOTO aueHa 15 mpu KoMHaTHOM

TEMIIEpaType MPUBOJHUT K PETHOCEICKTHUBHOMY OOpPa30BaHHIO CHUPOOKCHMA 16 ¢ BBICOKHM

BeixozioM (Cxema 5) [11].

Cxema 5.

.OH
N

Ph)l\/ cl
14

N32C03,
CHzclz, r.t.

Ph

~N
.0 CHzClz |
+ N~ —_— 0
r.t.
Ph/&

13 15 16, 84%

Harp€BaHuM LCIICBbLIC

Husknii BeIXON coenuHeHHss 12 CBsi3aH C TPYAHOCTBIO OTYUCTKH MPOAYKTA, B XOJe



[Ipumepsl KOHKypHUpYIOIIMX peakiui Juibca-Anpaepa ¢ y4acTHEM SK30LMKINYECKUX
METHIIMCHOBBIX IPOU3BOIHBIX MPOAEMOHCTPUPOBaHbI B padote [12]. Mcxonubie cyocTpartsr 17,
18 moryt BBICTYNaTh Kak B POJH JUEHA, TaK U B POJIM JUCHO(WIA, TIOITOMY B pe3yabTaTe UX
B3aUMOJICHCTBUsL 00pasyroTcs aBa Tuna anayktoB (Cxema 6). ITpomexyTtounoe obOpa3oBaHue
uBUTTEp-noHa 19 moxaTBepkgaeTcss TEM, YTO B Clly4ae NPOAOKUTEIBHOrO Harpena
cnupocoenuHeHns 21 B anetoHuTpuie obpasyercsa npoaykt 20 6e3 mpumecell MCXOIHBIX

coenquuenuit 17 u 18.

Cxema 6.
Ac Ac_ Ac
Ac
Ac _AC  MeCN Ac + |
+ | e, —
o Ac 0
Ac 65°C
(0]
17 18 19 20, 51% 21, 30%

[TpumeHeHne peakiuii HUKIONPUCOSTUHEHHUS K HEaKTUBUPOBAHHBIM AJIKEHAM B CHHTE3€
NPUPOIHBIX CcoeAMHEeHnH mpencraBieHoHa Cxemax 7 u 8. Ha Cxeme 7 moka3aH CHHTE3
HPOU3BOAHOTO (-)-CHUPOXHHA30JIMHA 24 13 9-METHIINACHIUMUIA30MH/I0NIOHA 22 U TeTeporeHa
23. TTomuMoO T€NIEBOTO MPOJYKTa 24 B X0J€ peakiuu O00pa3yrTCs 3HAYUTEIBHBIC KOJIHMYSCTBA
U30MEpHBIX aJAyKToB 25 U 26. BBejeHue XMpalbHBIX 3aMECTUTENIe BO BTOpOE MOJIOXKEHHE
MMHJIa30JIOHOBOTO IMKJIA JAWeHOpUIa 22 He NPUBOAUT K CYILIECTBEHHOMY YBEJIWYECHUIO
CeNeKTUBHOCTH peakuuu [13].

Cxema 7.

CEQ\N/CW N%N Keunon
+ —
N N\)\OEt 130°C !

22 23

LieneBou NpoaykT
24, 20% 25,53% 26, 16%

B pabotax [14,15] B X0/e MOJydeHHUsI aTKaJIOHWIa IUKJIOKJIABUHA ObLIa MCIOJIb30BaHA
TepMUYecKas IUKIM3amus  MeTwiuaeHimkiIonpornanos 28, 32 (Cxema 8). Us-3a
KOH(OPMALIMOHHBIX OTPaHUYEHUH MOJX0Ja JMEHAa K IUEHO(UIY BHYTPH OIHOH MOJEKYIbI
JTaHHAasl peakIys MPOTEKaeT C XOPOUIeH CTepeoCeNeKTUBHOCThIO. IHTEpEeCHO OTMETUTh, YTO B
ciydae KOH(OpMaroHHO Oojiee TOABMXKHOTO TpHEHa 32 CHUPOOHIMKINYECKHNA aaIyKT 33

obpasyertcst ¢ BbIxooM 85% 0e3 mpumeceii apyroro auacrepeomepa [15].



AO NaHMDS, TBSCI Ao 1) Tre, 95°C, MW
B —

N -
>,_//_N\ Trq)’ _78°C V \ 2) n-Bu4N+F , o

o TBSO

28

27
)\\CH NaHMDS, TBSCI )\,CHz 1) Tr®, 195°C, MW

2 _—

N .
>_//—N\ Tro, -78°C \/\__//_ \ 2) n-BuyN*F-, Tro

o TBSO o

31 32 33, 85%
Takum 06pa30M, HECMOTPA Ha OTHOCHUTCIIbHYIO HHCPTHOCTH 3K30HUKIIMYCCKHUX HBOﬁHBIX
C=CH; cBszeii HCAKTUBHPOBAHHBIX AJIKCHOB, 3TH Cy6CTpaTLI HaxXoIAT IIPUMCHCHUC B CHHTC3C

MMPOAYKTOB HUKIIOIPUCOCIUHCHU.

IIpousBoanbie 2-MeTHIHIEHTEeTPAruApopypana u 2-MeTWINAEHTETPArHAPONMpaHa

OcHoBHOe orpaHuueHue paboTel ¢ 2-metunuaeHterparuapodypanom 34a u
2-MeTHIIUIeHTeTparuaponupadoM 34b 3akimroyaercsi B OTHOCHTENBHO JIETKOH HM30MepH3alluu
ATHX COENMHEHHI B DHEPTETHUECKHU O0Jiee BHITOAHBIE €HAIPHUPHI 35 ¢ SHIOUMKIMYECKONW JBOWHON
ces3pio (Cxema 9).

Cxema 9.

\/\ H* unn A _—
(CHa)y — —™ o\/(CHz)n

O—/
34a,n=1; 35a,n=1;
34b,n=2 35b,n =2

B obmiem cirygae Gomee cTaOMIIBHBIE U30MEPHI 35 ¢ SHIOMMUKIMYECKON JTBOWHON CBSI3BIO
NPaKTUYECKH HE B3aMMOJEUCTBYIOT C JUEHAaMH, a COJep:KaHue PaBHOBECHOU (popMbl eHapupa
34 B peakIMOHHOW CMECH HEJOCTaTOYHO Ui MpoTeKaHus [4+2]-muknmonpucoenunenus. Ecmu
ynaércst moo0paTh YCIOBHS, B KOTOPBIX eHApUpHI 35 BcTymaoT B peaknuto unbca-Anbaepa,
TO 00paTHMOCTh W30MEPHU3AINH TMPUBOIUT K TOMY, YTO B XOJI€ PEaKIUU 00pa3yIOTCs aTyKThI
NPUCOEIMHEHUS JTUEHOB K obenM (opmam eHaupos [16,17]. CpaBHeHnue nByX peakiuid Ha
Cxeme 10 neMoHCTpUpPYET, UTO COOTHOLICHHE JIBYX MPOAYKTOB IMKJIONPUCOEAMHEHUS CHIIBHO
3aBUCUT OT CTPYKTYPHl UCXOIHOTO JHEHa. B ciydyae BHICOKOPEAKIIMOHHOTO OPTO-XHHOHMETHA
npeobsagacT MPOAYKT MPUCOSAUHEHHUS K Oojice cTabunbHOMY m3oMepy 35¢ [16], a B ciaydae
mueHa 39 mpeuMyIeCTBEHHO 00pa3zyeTcsl aJayKT MPUCOCIWHEHUS K MEHee CTaOWIbHOMY, HO

Oosiee peakmoHHOCTIOCOOHOMY eHddupy 34a [17].



Cxema 10.

AcO OH
OAc
36
PhH, A
- AcOH
AcO
AcO (0] PhH AcO
R o :
o A
35¢ 37 38a, 25% 38b, 63%
NPht Pt PhiN
P PhMe 2
= + —_— | .o + \
0 A Foc” 07\ o
F,C” YN0 3 FsC™ O
35a 39 40a + 40b, 4 : 1, 54%

B ycrnoBusX, MpH KOTOPBIX H30MEpHU3alMs TETEPOIMKIOB 34 MpOTEKaeT MEIJICHHO,
2-MeTHIIUICHTETparuApodypanbl U 2-METHINACHTETPArHPONUPAaHbl MOTYT pEarupoBarh C
SJICKTPOHOAKUCIITOPHBIMU AVCHAMMU. I[aHHI:IfI Ioaxod ABJIACTCA OAUMH N3 OCHOBHBIX crIoco00B
cuHTe3a crimpokeranei [18,19]. B psae pabor [20-22] Obuto mokazaHo, 4TO criupokeTanu 42
CaMOTIPOU3BOJILHO 00pa3yloTCsi MpHU  CMelleHuH eHdGupoB 34 ©  COOTBETCTBYIOIINX
npousBoaHbIX akposnenHa (Cxema 11, Tabmuma 1). Bo u3bexanue MOOOYHBIX MPOIECCOB
HN30MEpHU3aIn 34, KOTOpass MOXET NPOTEKATh B MPHUCYTCTBUU CIICAOBBIX KOJIUYCCTB KHCJIOT, B
peaKIMoHHyI0 cMech a00aBisioT O0e3Boaubiii KoCO3 [23-25]. B3aumoneiictBre enadupos 34 ¢
reTepoIMeHaMH JIy4IIle BCETO MPOTEKAET B OTCYTCTBUE pacTBopuTels [25,26], 4o yka3siBaeT Ha

S3HAYUTCIIBHOC BJIIMAHNC KOHIOCHTPALTUOHHOT'O 3(b(1)eKTa.

Cxema 11.
\/\ “ R-F
(CHy)y, + R N
O—/ ‘\\o ¢ O\/(CHZ)n
34 41 42
n=1,2

Tabauia 1. BzanmopeiictBre eHdIUPOB 34 ¢ MPOU3BOIHBIMU aKPOJICHHA.

MMPOAYKT yCJI0BUsA BBIXO/, % CChIJIIKa

%6 0e3 pacTBOpuUTEN, I.t. 82 [20]

%% 0e3 pactBopuTen, I.t. 77 [21]




|
%% 0e3 pacTBopuTed, I.1. 72 [20]
42c
MeOOC
PhMe, 0—20°C 7 [22]
| 0e3 pacTBOpUTEIIS,
U/\) P P 64 [23]
K2CO3 (1 skB.), 100°C
PhMe, K>COs (0.25 »5kB.), 1
110°C
[25]
PhMe, K,COs (0.50 »5kB.), 28
110°C
n-Bu PhMe, K2CO3 (1 akB.), 110°C 11 [25]
| (CH,),0TBS
O~ :
oM, 0e3 pacTBOpUTENA,
OBn ’ P P 26 [24,25]
42g K2CO3 (1 BKB.), 1100C
B cmywae wmanoakTUBHBIX CyOCTpaToB B rerepo-peakuuu Jlunbca-Amnbaepa

2-MeTuiHuIeHTeTparuapohypaHaMu 1

UCIIOJIb30BaH KaTanu3 kuciotamu Jlptouca. Hampumep, B pabore [26] ucnons3oBanue ZnClz B

kommyectBe 0.1-0.2 5KB. MHO3BOIMIO MOJIYYUTh LEJICBBIC CIIMPOKETAIN 45 ¢ XOopoumunmMu

Beixogamu (Cxema 12, Tabmuiia 2).

Cxema 12.

\i

Tabauia 2. BzanmopeiictBre eHdUpoB 43 ¢ MPOU3BOIHBIMHU aKPOJICHHA.

2-MeTUINICHTETParuAponpaHaMu

44

R1 (—)\
45a-d, R1y qu R3 =H, Me

R1 R> Rz | ycmoBus peakumu | Bbixox 45, %
Me |H H PhH, r.t. 84
Me |H TIr'o, r.t. 50
H Me | TIO,rt. 63
H H H PhH, r.t. 55

MOXKET




Cremyer MOJYEpPKHYTh, YTO B YCIOBHSIX ITaHHOW PEAKIMH HM30MEpPU3AIUS HCXOHBIX
erd¢pupoB 43 HeBozmoxkHa (R1 = Me, Tabnuna 2) unu 3atpyaaena (Ry = H, Tabauna 2) uz-3a
NPUCYTCTBUSL B MOJICKYJIE KOH(OPMAIIMOHHO >KECTKOTO SMOKCUAHOrO (parmMenra. Kpome Toro,
AMOKCHUIHBIN ()parMEeHT OKa3bIBAE€T CTEPUYECKOE BIIHMSIHAE HA IMOJXOJ TeTepOJUCHA K JBOWHOU
CBSI3M JUEHODWIA, TOITOMY IPHCOSANHEHHE IUCHA HIET CTEPEOCENCKTHBHO CO CTOPOHBI
3amecTtuTenst R1c oOpazoBaHreM MpOIyKTOB 45.

Wcnonb3oBanue Eu(fod)s B kauectBe kuciothl JIboMcCa MO3BOJISIET MPOBOAMTH TETEPO-
peakmuto Jlunbca-Anbaepa B MSATKHX YCIOBHSX C €HI(QHpaMH, IS KOTOPBIX HU30MEpH3allHs
pOTEKAeT OTHOCUTENBHO Jierko [25,27,28]. B ciyuae 2-MeTuinaeHTeTparujponupana meaeBoi
npoaykT 48a 6bu1 mosydeH B rekcane npu 0°C ¢ Beixogom 86%, HO peakiust ¢ aueHoduiaom 46

npoTekaia Xyxe ¢ MmoOOoYHBIM 0Opa3oBaHueM mpoaykTa eHoBou peakiuu 49b (Cxema 13,

Tabmuua 3).
Cxema 13.
OBn n-Bu
n-Bu
O \\\R-] / O + OH
+ o \\R1 (0] \\R1
6} RN ' OBn '
R2 OB n-Bu
n R, R,
34b, R1 = R2 = H; 47
46, R, = (CH,),0TBS, R, = Me uenesble agayKTbl NpOAyKTbI
[4+2]-unknonpucoegmHeHns €HOBOM peakuunmn
48a,b 49a,b

Tabauna 3. BaumopeiictBue 2-MeTUINIEHTETPAruApONUPAHOB ¢ METHIINICHKETOHOM 47

B PA3JIMYHBIX YCIIOBUSAX.

R1 Rz | ycnoBus o0t 48 : 49
BBIXOM, %0
H H Eu(fod)s (0.05 »xB.), PhMe, 0°C | 32 ToJbKO 48a
Eu(fod)s (0.05 skB.), rekcan, 0°C | 86 Tosbko 48a
Eu(fod)s (0.15 sxB.), MeCN, 0°C | 35 1:1.3
(CH2).0TBS | Me | Eu(fod)s (0.15 sks.), _
o 59 2:1
6e3 pactBopurtens, 0°C

IMomumo ZnCl> wu Eu(fod)s B rerepo-peakuuu Juibca-Ajbaepa MOTYT OBITh
UCIIOJIb30BaHbl KOoMIUTeKchl Memu (1) ¢ XupanabHbIM OHMCOKCA30JMHOBBIM JIMTAHIOM, YTO
TIO3BOJISICT TIOJIy4aTh CHUPOLUKINYECKUE COCTUHEHHUS C XOpOIIeH SHaHTHOCEICKTHBHOCTHIO
[29].

Compokeranmu C  KOHAEPCUPOBAHHBIMH  OCH30JBHBIMH  SApaMH  MOTYT  OBITh
CHHTE3MPOBaHBl MO PEAKIMU CHIPHPOB C OPTO-XMHOHMETHJIAMH, KOTOpPbIE T'€HEPHUPYIOTCS IN
sitt. B pabore [30] pmannHas peakuus Obula HW3yd4eHAa Ha TOpPUMEpPE  Pa3IMYHBIX

2-M€TI/I.HI/II[CHXpOMaHOB. br1to IMOKa3aHO, YTO B OTCYTCTBHC KaTaJIn3aTOpa BSaHMOﬂeﬁCTBHe C



OpPTO-XMHOHMETHAAMHU TpoTekaeT npu Harpee a0 110°C ¢ xopommmu BbeIXOJaMH. BbIXobl
yIa€Tcs MOBBICHTD, €CIIM B KaueCTBe Karanu3aropa ucrnosib3oBath T1Cls (Cxema 14).

Cxema 14.

R4 OH PhH
—_—
\©/\/OAC 110°C

- AcOH

50

53a-g,

R4 =H, Ac; R, =H, OMe; R3 = H, Me, Br
6e3 katanusaTtopa 45-60%;
B npucytcteum TiCly 60-71%
B pa6ore [31] nmansbli momxonx ObUI pealn3oBaH B CHUHTE3E CTPYKTYpPhI CeMEHCTBa

PYOPOMHIIMHOB.

IIpou3BoaHbIe MPOTOAHEMOHNHA

HccnenoBanusi mpou3BOAHBIX MpoToanemMonnna (Puc. 1) B peakuusx [unbca-Anbaepa
JEMOHCTPUPYIOT, YTO JUEH MOJKET IPUCOCIUHATHCA K HEMY KakK IO 3K30LMKIMYECKOH CBS3U

C()=C, tak u mno sumomukinyeckoii cBss3u C(3)=C(4)

1

O

s >0 [32,33]. B o6iiem ciyuae HampaBiCHHE PEaKIUU 3aBUCHT OT
4 3 CTEpPUYECKOW JOCTYNMHOCTH JBOWHBIX cBsi3eir (Cxema 15,
S4a Tabmuma 4). Kak Obi1o mokasano B paborax [32,34-37],

Puc. 1. IIpomoanemonun,
MOKCUH pacmenuii cemelicmaa

momuxoevix (Ranunculaceae) cenektuBHo 1o cBs3u  C(5)=CH.. Ecimum B crpykrype

MMPOTOAHEMOHUH 54a pearupyet ¢ MNOpOCTbBIMU JUCHAMU

nueHoduna conepxkarcs sx3onukimueckue ceszu C(5)=CHAIk, C(5)=CHAryl, To nanpasnenue
peaKkiii 3aBUCHT OT cTepuueckoit 3arpyxenHoctu cBs3u C(3)=C(4). B cayusae 3- u
4-3aMeIIEHHBIX TETePOLMKIOB B XOJe peakuuu obpasyrorcs aanyktel |, a B ciyuae
HE3aMENIEHHBIX ~ aHaJOTOB pEaKIUs MOKET TMPOTEKAaTh [0 JHIOIUKINYCCKOW  CBS3U

C(3)H=C(4)H c obpazoBanuem amaykros Il.
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Tabnuia 4. BanmoielicTBie MPOU3BOIHBIX MpoToaHeMoHnHa 54 ¢ nuenamu 10, 55-57.

aueHoduI pe3yabTar CCBLIKA

obpazyercs I, B ciyuae | [32,33,35-37]
BBICOKOAKTHBHOI'O JHeHAa 57 Taxxke

o0pasyercs MUHOPHBIH poaykT |1

obpasyeTtcst TOIbKO | [32,36]

peakuusi mporekaer ¢ Hu3KuUMH | [32]
BBIXOJIaMH, HPEHMYIIECTBEHHO

obpasyercs |

peakuusi mporekaer ¢ Hu3KuMH | [32]

(0]
WO
— BBIXOJaMH C 00pa3oBaHUEM TOJBKO |

B ciydae queHa 57 obpasyercs Tonbko | [33]

-~ O _o
- [

R peakiust He UIET [33]
o

R1 = ankun-

R, B ciiydae queHa 57 oOpasyercst Tosbko | [33]

~ O _o
o |
B

R1 = ankun-, apui-

B pabore [37] mokazaHo, YTO KapOOIMKIMYECKHE TUEHBI (I[HMKJIONCHTAINCH,
IIUKJIOT€KCAIMECH) pEearupyroT ¢ MPOTOAHEMOHWHOM T10 SK30IUKInYeckoi nBoiHON C=CcBsizu ¢
IPEeUMYIIECTBEHHBIM 00pa3zoBaHueM cTepeonzomepoB 58 u 60, B KOTOPHIX CIOXHO3(UpHAS
rpymnna HaxoJHuTcs B SHAO-ToJoxeHun orHocutenbHo (CH2)n Moctuka (Cxema 16, Tabnuna 5).
[Tpy MOBBIIEHUH TEMIIEPATYpPhI PEAKIHs MPOTEKAET MEHEE CEIEKTHBHO C MPHOIM3UTEIHHO TEMU
K€ CYMMapHBIMHM BBIXOJAMHU LEJNEBBIX MPOAYKTOB. HeokupaHHBIH POCT CEIEKTHMBHOCTH B
peaknuu ¢ nukiIorekcagueHomM 1npu 160°C  oOBsicHsIETCS TOOOYHO  MPOTEKAIOLINM
UKJIONPUCOCIMHEHUEM BTOPOTO SKBUBAJICHTA JTMEHA K SHIOLUMKIMYECKON CBS3M Ie€TEPOLUKIIA,

YTO JIeJIaeT HEKOPPEKTHBIM aHAN3 CEIEKTUBHOCTH oOpa3zoBanusi 60 u 61 B 3THX yCIIOBHSIX.



Cxema 16.

(CHy), (CHz)n (CH2),
/\\ //\ 7 / 0
N\ A\ + o)
o) 6] =
neat, t°C
e} (6]
54a 58a + 59a,n =1, 70-80%;
60b + 61b, n = 2, 60-70%
Tabmuma 5. B3aumopeiicTBue  NPOTOAHEMOHMHA C  IUKJIONEHTAAUCHOM U
LIUKJIOTEKCATUEHOM.
IAEH t°C | 58a:59a | nuen t°C 58b : 59b
60 2.60:1 60 1.49:1
85 255:1 85 1.48:1
@ 100 | 2.46:1 @ 100 | 1.47:1
135 |2.26:1 135 1.46:1
160 | 2.22:1 160 0.19:1
[IpenmournuTenpbHOE O0pa3oBaHWE CTepeoW3oMepa S8 TakkKe XapaKTepHO IS

3-3aMeIIEHHBIX MPOM3BOIHBIX mporoaHeMonnHa [32,36]. [erepormkibr 54b,C, koTOpbie

COACPpKAT TPYIIIbI Br u OAC, pearupyror € MOUKIOINCHTAAUCHOM B TEX IKC€ YCIOBUAX C

IPAKTUYECKH TaKOM e CeJEeKTHMBHOCThIO, Kak U IpoTroaHeMoHMH 5S4a. Hamporus,

MeToKcHIpon3BogHoe 54d B3amMoneiicTByeT ¢ JHEHOM MeHee H30upaTeIbHO Tpu Ooee

BBICOKOH Temmeparype (Cxema 17).

Cxema 17.
O Az, Az
A\ x + (0]
o) X o) =
CH,Cl,, t°C
o 0 X
58 59
54a, X = H; 58a + 59a, 70 : 30, X = H, t=90°C, 75%;
54b, X = Br; 58c + 59¢, 70 : 30, X =Br, t =90°C, 90%;
54c, X = OAc; 58d + 59d, 67 : 33, X = OAc, t = 90°C, 70%;
54d, X = OMe 58d + 59d, 67 : 33, X = OAc, t = 155°C, 88%;
58e + 59¢, 58 : 42, X = OMe, t = 155°C, 48%

Henuknuueckue 1,3-0yTaaneHbl Takke MOTYT B3aMMO/ICHCTBOBATh C TPOTOAHEMOHUHOM
[34,35]. B ciy4ae s51eKTpOHOJIOHOPHBIX TMEHOB PEaKIMU MPOTEKAIOT MpH Temmeparypax 140-
170°C ¢ XopomMMH BBIXOJaMH, /JIsi HECHUMMETPUYHBIX JIMEHOB HAOIIOJACTCS BBICOKAs
PETHOCENEKTUBHOCTh PEAKIIMU C TMPEANOUYTUTEILHBIM 00pa30BaHUEM OPTO- M Iapa-aJayKTOB

(Cxema 18). Caenyer OTMETHTD, YTO LIEJIEBbIC MTPOIYKTHI [4+2]-IIMKIONPUCOCANHEHHS HE MOTYT



OBITh MOJYYCHBI B CIy4ae MCIIOJIb30BaHHs TUCHOB C DJICKTPOHOAKIENTOPHBbIME rpymmamu (AC,

COOEY) [34].

Cxema 18.
R /
1T\ |
\ R1_
\ ' \
(e}
CH,Cl, unu neat ©
e} ¢}
140-170°C
54a 60-65

64a + 64b, 6.1: 1, 84% 65, >35%

PernocenextuBHOCTh peaknuu Jlunbca-Anpaepa ¢ MPOTOAHEMOHHHOM ObLIa MOJIPOOHO
u3ydeHa Ha npumepe usomnpena (Cxema 19, Ta6muua 6) [35]. Iloka3aHo, Y4TO COOTHOIICHHUE
napa- ¥ MeTa-aJIyKToB 66 u 67 ymensmaercs ¢ 26:1 no 6:1 mpu Harpee mo 155°C. Crout
OTMETUTh, 4YTO BapbupoBanue KoimuecTB AICl3 B kadecTBe Karaiu3aTopa MPaKTHYSCKH HE

BJIMACT HA CCICKTUBHOCTD O6pa3OBaHI/IH PEruon3omMepos.

N\ =4 neat N + A\
0oL éHQQ o
(0] (0] ©

54a 56 66 67

Cxema 19.

Tabnuna 6. B3aumopeiicTBue mnpoTOoaHEMOHMHAa 548 ¢ M30MPEHOM B PA3TUYHBIX

YCIIOBUSIX.

temneparypa, °C | Bpems, 4. | AICl3, 3xB. | BbIxOm, % | 66 : 67

25 21 0.33 38 26.0:1
25 21 1 38 246:1
25 140 0.33 39 240:1
63 120 - 24 20.7:1




95 48 - 52 122:1
108 3 - 69 98:1
118 1 - 64 89:1
130 0.75 - 68 82:1
140 0.4 - 58 75:1
155 4 - 77 5.6:1

Mexanusm peakiiuu [4+2]-1UKIONPUCOCIMHEHHS ¢ TPOTOAHEMOHUHOM ObLIT PACCMOTPEH
B paborax [36,38-40]. Kak u B ciy4ae B3aMMOJEHCTBHS psga APYTUX 3JICKTPOHOIOHOPHBIX
JTMCHOB C 3JICKTPOHOAKIENITOPHBIMU AueHo(uaamu [41], mpeanonaraercs, uro peakius Junbca-
Anpaepa ¢ TETepONHKIOM 54 mpoTeKaeT yepe3 MPOMEKYTOYHOE 00pa3oBaHUE OMPaTUKaIHLHOTO
unrepmennara | (Cxema 20, Tabmuma 7). [laHHBIH MEXaHH3M MO3BOJISET OOBICHUTH
00pa3oBaHHe HEKOTOPOTO KOJHYecTBa aanykToB [2+2]-mmknonpucoenunenus |l B ycmoBusx
peakiuu ¢ 1,3-0yraguenom [36,40], mpuuém BbIXOmbl MOOOUHBIX TpoaykToB |l CymecTBeHHO

3aBHCAT OT BpCMCHU BBIACPKUBAHUA peaKHHOHHOfI CMCCH.

Cxema 20.
N
= %

Il, npoaykt
[2+2]-umknonpucoeanHeHuns

A ~ CHCh,tC & 7
AN - \
; ’ \
I

54 55

N—x
0

o)

I, npogykt
[4+2]-umknonpucoeanHeHns

Tabnuia 7. BzanMopelicTBre MPOU3BOJHBIX IPOTOAHEMOHHUHA 54 ¢ N30MPEHOM.

X ycnoBusipeakiuu | O6mmit Beixox, % | 11 : 111

150°C, 45 munyT 77 2:3

H 150°C, 90 munyT 80 2:1
150°C, 135 munyt | 90 15:1

150°C, 10 munyT 44 2:1

Br 150°C, 20 munyT 69 5:1
150°C, 40 munyT 84 15:1

155°C, 4 gaca 54 1:1

OMe | 155°C, 8 gaca 65 2:1

155°C, 20 gaca 85 8:1




[Ipenmnonoxenne 060 aCUHXPOHHOM MNPHUCOEAMHEHUU OyTaaueHa TMOATBEPKAAETCS TEM,
YTO MpuU HarpeBaHuu coenauHeHuil |l B mM30bITKE M30MpeHa MPOUCXOAUT MEPETPYNIHUPOBKA C
obpazoBanuem mnpoayktoB 111 [36]. Ecam Obl meperpynmupoBka TpoTeKana dYepes
MIPOMEKYTOUHOE OOpa3oBaHue nueHoduna 54, To B peaKIMOHHOW cMecH Tmpeobiagaiu Obl

anaykTel ¢ uzonperom IV u V (Cxema 21).

Cxema 21.
N
CH,CI A\
= 2Ll \ X o+ N x
N Ol [ Ob < 1 %
O o
150°C o) 0] (0]
O
X =H, 3 yaca, . v J
I 56 X =Br, 1uyac,
I, 94% IV+V, 6%

B Hacrosimee Bpemsi peakiuu Jluibca-Anbaepa ¢ TPOU3BOAHBIMH MPOTOAHEMOHHHA
AKTUBHO TPUMEHSIOTCS B CHHTE3€ IS MOJYYEHHs] CJIOXKHBIX (YyHKIMOHATHU3UPOBAHHBIX

MOJIEKYJT C XHUPaJIbHBIMU 3aMecTuTeNsMu [42—45].

HI/IKJ’[I/I‘ICCKI/IC NMPOU3BOJIHLIC ameTaJied KeTeHa

Hcnons3oBanne B peakiusx Junbca-Anpaepa 1,1-am3aMenmiéHHBIX alKeHOB C JIETKO
YXOJSIIIMMU TPYIIIAMH M TIOCJIEIYIOLIHIA THAPOJIN3 TTO3BOJISET MOJIy4aTh (hOpMaIbHbIC aTyKThI
[4+2]-umuknonpucoenuuennss nueHoB kK kereHy CH>=C=0 1m0 CcBsI3M yIJIepoa-yriepos
(Cxema 22) [46-48].

Cxema 22.

X = H,0
X, ~ o

X4 X5 = OAc, CN, S(=0)R, SO,R
Hammume tpynmnm OR, SR, NR: npu naBoiiHOW cBsizu 1,]-mu3aMeméHHOrO ankeHa
YBEIIMYMBAET €ro 3JEKTPOHOJAOHOPHBIE CBOWCTBA, 4YTO 3aTpPyAHSAET B3auMOJIEHiCTBHE C
NpOM3BOJIHBIMU OyTanueHa. Peaknuu ¢ TakMMU HPOM3BOJHBIMHU, KakK IMPaBHIIO, NMPOTEKAIOT B
YCJIOBHUSIX CHJIBHOTO U MPOIOJKUTEIILHOTO HArPEBaHUsI C YMEPSHHBIMU Bbixoamu [49].
Hanpotus, ankensl ¢ snektpoHoakunenTopubivu rpymmamu S(=0)R, SO2R pearupyrot ¢
OyragueHamu B MArkux ycioBusx [50,51]. JlanHbli momxon Hamén MpUMEHEHHE B CHHTE3E
XHpalbHBIX KeTOHOB [52]. B Tabnuue 8 mpomeMOHCTpHpOBaHBI NpPUMEPH B3aMMOJCHCTBUS
1,3-nmuokcuna 2-metunuaeH-1,3-qutuana 68 ¢ uKIoneHTaAueHoM, 1-meTokcu-1,3-0yraaueHom,
dbypaHoM W TPOU3BOAHBIMU 1,3-TIUKIIOTeKCcaaueHa. B OOMbIIMHCTBE ClydaeB B3aUMOJCHCTBUE
CyIb(OKCUIHOTO MPOU3BOIHOrO 68 ¢ AueHamMu He TpeOyeT KaTajau3a U MPOTEKaeT C BBICOKOM

JIMACTEPEOCENEKTUBHOCThIO. (CTEpEOCENEKTUBHOCTh pPEAaKIMKM yOAETCsl IMOBBICUTH, €CIM B



Ka4yecTBE KaTajau3aTopa MCI0Jb30BaTh KHCI0ThI JIbionca BF3-Et2O, SnCls mnu Et,AICIH, oxnako
B OTUX YCJIOBI/UIX HpI/I B3aHMOI[eﬁCTBHH C SHGKTPOHOIIOHOPHBIMI/I IMUKJIIOICKCaIuCHAMHN MOFyT
000YHO 00pa30BBIBAThCS MPOIYKTHI MpucoeAnHeHHs mo Muxasmo [52]. B ciyuae meHnee

peaknroHHoro 2H-mupaH-2-0oHa B3amMojielicTBHE ¢ nueHodmiIoM 68 mnpoTekaer B Oosee

KECTKUX YCIOBHUAX C YMEPCHHBIMHU BBIXOJAMH.

Cxema 23.

Q 0

s - I %
Bog 0 - [

(0] O' O'

68

69a,b-75a,b, ueneBble npoaykThbl

[4+2]-umknonpucoeanHeHns

76, NoGoYHbIE MPOAYKTLI
npucoeanHeHnsa no Muxasanio

Tabmnuma 8. Bzaumogeiicteue 1,3-nuokcuna 2-MetununeH-1,3-qutrnana 68 ¢

Pa3siIMYHbIMU JUCHAMMU.

MPOIYKTHI yCIOBUS 0o0mmii Beixon, % a:b
0 Lb 0 CH4Cly, 1.t. 96 90:10
7 IS 7% S
s l*\J ' J
S S
o o BF3-Et,0, EtCN, -78°C 74 >97: 3
69a 69b
OMe OMe
O, OpF
S + S
S] '3_7 EtCN, r.t. 83 >97:3
o 0
70a 70b
Q5 X o EtCN, r.t. 64 76:24
ibsj + ﬁ?; BFs-Et,0, EtCN, -78°C 53 85 : 15
S S
o 9) . _
1a 1b SNnCls, EtCN, -78°C 65 >97:3
PhOOC,
Phooz,j\? o LN&? 0 | CHCl, 40°C 60 73:27
/ S + / S
:SJ ‘SJ
0 0 BF3-Et,0, CH,Cly, -78°C 96 (41 : 59)* 68 : 32
72a 72b
o 1% BF3-Et20, CH2Cl,, -35°C 60 90 : 10
7 S + 7 i7
s s
S o Et,AICI, rexcan, -78°C 62 74126
73a 73b




o 0 EtCN, 97°C 77 59 : 41
7 S + Z S - .
ved & ) " meo § ) | BFeELO, CHCly -78°C 21 80 : 20
d o ELAICI, -CH:Cly,
74a 74b 20 reReaT 95 (55: 45)* >97:3
-78°C
(0] (0]
) o] ) 'o
/ S + 2 S
L) 3_7 PhMe, 111°C 33 946
o o
75a 75b

* . YKa3aHbl COOTHOIICHUA IPOAYKTOB pCaKIIUN I[I/IHBCEI'AJ'ILI[GP& 1 TOOOYHBIX MIPOAYKTOB pCaKIIun Muxans.

Ilo cpaBHEHHUIO ¢ METHUJIMJIEHOBBIMM MPOU3BOAHBIMU CYJIb(OKCHIIOB U CYIb(OHOB, MX
TpU3aMEeUIEHHBIC aHAJIOTH PEArupyIoT ¢ AUEHAMH B Ooliee KECTKUX YCIOBHUAX U YacTO TPEOYIOT
UCIIOIb30BaHus KaTanuzaropa [53].

Peakuus [{unibca-Anbaepa ¢ 37€KTPOHOAOHOPHBIMM IPOU3BOJHBIMU KETE€HA, KaKk U B
cilyyae 2-MeTHJIMACHTETPAarugpopypaHoB U 2-METHWINWJCHTETPAaruIpoONUpaHOB (CM. pasien
[lpousBopHbIe  2-METWIMICHTETparuapopypaHa ¥  2-METHIWACHTCTPAruapoONupaHa), B
OCHOBHOM H3y4YeHa Ha MNpUMepax akIEeNTOPHBIX TeTepoaueHoB. B paborax [54,55] Obuio
MOKa3aHO, YTO NMPOU3BOJAHbBIE KET€HA [/ C XOPOUIMMHU BBIXOJAMHU DPEArupyroT € Pa3IUYHBIMU
aKpoJIeMHAMH MPU HENpOJODKUTEIbHOM HarpeBaHUM TMOJl JIeHCTBHEM MHKPOBOJIHOBOTO
uznyuenus (Cxema 24, Tabnura 9).

Cxema 24.

o = MW
O € 1)
o So 0" o
77 78 79a-e

Tabnumna 9. BzaumoeicTBue anetaieii kereHa 7/ ¢ METHIMIEHKETOHAMH.

TIPOYKT YCIOBUS PeaKIuH BEIXOJ, % | CCBIIKA
Ph
| o 6e3 pactBoputens, MW,
P05 )P | 450 W, 120°C 49 (>4
79a
Ph
| 0 6e3 pacteoputens, MW,
Ph” SO 73 [55]
O\z_ 780 W, 110°C
79b




|
/(O\/(L/ \(}_Ph 6e3 pactBoputenss, MW, 79
oh 780 W, 100°C
79¢c
Ph
/O/o 6e3 pactBoputenss, MW, o1
Ph” O Ph
0\>_ 780 W, 155°C, [55]
Ph
79d
Ph
| 0 6e3 pacrBopurens, MW,
PR 0 \) 92
0 780 W, 120°C
79

Ha ocHOBe MUKIMYECKUX MPOU3BOJHBIX KETCHA, TOMYyYSHHBIX U3 XUPAIBHBIX THOJIOB, B
pabote [56] Obu1 paspaboTaH TMOAXOJ K CHHTE3y SHAHTHOMEPHBIX 2-METHIXpOMaH-4-OHOB.
BBenenne 0OBEMHBIX 3aMECTHTENCH B CTPYKTYpYy MUCHO(GWIA TO3BOJIMIO KOHTPOJIMPOBATH
JINAaCTEPEOCENeKTUBHOCTh MpoTeKawme peakuun [unbca-Anpnepa. Kak mokazano B
Tabmune 10, yBenuueHne CEICKTHBHOCTH PEAKIMH HAMPSMYIO 3aBUCUT OT CTEPHYECKHUX CBOMCTB
rpynn R B ucxoanom amerane. Hanbonbias 1uacTepeoceNeKTUBHOCTh JTOCTUTAETCS B cllydae

2-6pomMbeHUIBHOTO U 2,6-A1MMeTUI(EeHUIBHOTO 3aMECTHTENEH.

Cxewma 25.
(0] 0 o
CHO o
=
o‘ , ?TR + o R
OhT o o4 0_7‘
'

R

e

OH o-uR
Rt — =T,
0~ "R

OH

80 81

82, ocHOBHOW NPOAYKT 83, MMHOPHbIN NPOAYKT

82a-e + 83a-e, R = Ph, 2,6-Me,CgHj3 2-MeCgH,,
2-BrCgHy, 2-HacpTun, 54-79% (d.e. 35-78%)

Tabnuna 10. Cunte3 2-meTunxpomMan-4-oHoB 82 u 83 u3 alerasieil KeTeHa peakiueil

Hunbeca-Anbaepa.

R Temreparypa peakuuu | Bbixon 82 +83,% | d.e., %
Ph -78—20°C 61 40
2,6-Me2CeHz | -28°C 54 78
2-MeCsHas -28°C 70 69
2-BrCsHa -28°C 79 78
2-Ha T 0°C 58 35




Jlis >HAHTHOCENEKTUBHOTO CHHTE3a coeluHeHuss 89 BMeCTO XUpPAJbHBIX alleTajei
KEeTeHa MOXKHO HCIIOJIb30BaTh XHMpalibHble aMUHaIU. ABTOpamu pabothl [57] Obuia mokasaHna
BO3MOXXHOCTh CHHTE3a KeToHa 89 W3 ONTUYECKHM YHUCTHIX 2-METHIMJICHUMHIA30IUINHOB TIO
peakiun  Jlunbca-Ajbaepa C MOCHCAYIOMAM Truaponu3oM mpoaykroB (Cxema 26). Ecnun
UCXOJHBIA AUEHOGUIT HE COJepsKal apUIbHBIN WK Pa3BETBIEHHBIN aKUIBHBIM 3aMECTUTEND Y
aroma aszora rerepouukia (Ri, Rz, Cxema 26), To peakums [4+2]-uMKIONPUCOSANHEHUS
IpoTeKaia ¢ XOPOIIMMH BBIXOAaMHU ¢ 00pa3oBaHUEM CIMpoaMHHajel 86, KOTOpbIE PU CTOSHUH
MEJUICHHO TIepPErpyNImUpOBBIBAIMCE B TayToMephl 87 u 88. Huskuii sHaHTHOMEPHBIN H30BITOK
keroHa 89, momyueHHOro mociae o0paboTku 86 BOJHBIM PACTBOPOM KHCIOTHI, YKa3bIBaeT Ha
HU3KYIO JTNACTEPEOCEIICKTUBHOCTh IUKJIOTPUCOCTUHCHIS JTUEHOB K

2-MeTI/IJII/IIleHI/IMI/II[a?;OJII/IIII/IHaM.

Cxewma 26.
Ro
N
R
HN\)_ 3
MeOOC /, =
Ri R,
87
= neat unu rekcaH unun / H+
R JL R + Re - >
1~ -Ra N

N :N N PhH unu PhMe R H,0 o

3 t=2-20°C N * COOMe

N COOMe =2- M 1~

h K °00C Ry R4 89, e.c. 3-46%
85
Ra
84, Ry, Ry, R3 = ankun-, Ph; ) N
R4 = H, ankun-, Ph 86, 35-71% Rs
N
MeOOC |

B oeJIoM, IJid MOJYUYCHUA (1)yHKIII/IOHaJ'II/IBI/IpOBaHHI>IX KETOHOB MOXHO HCIIOJIb30BaTh KakK
OUKIINYCCKHUEC, TaK W HCHOUKINYCCKHUC CHHTCTUYCCKHMC OKBHUBAJICHTBHI KCTCHA. OI[HaKO
OUKINYCCKUC TMPOU3BOAHBIC C XUPAJIbHBIMU 3aMCCTHUTCIIAMHU MOTYT BCTYIIATb B PCAKIUHN
OUKIONPUCOCOAUHEHUA C BBICOKOH JAUAaCTCPCOCCIICKTUBHOCTBIO, YTO OTKPBIBAECT BO3MOKHOCTHU

AJIs1 CHHTE3a DOHAHTUOMEPHO YHUCTBIX KECTOHOB.

I_II/IKJII/I'-ICCKI/IC NMPOU3BOAHDBIC 2-MeTI/IJII/IZ[eHKeTOHOB

Uccnenosanue 2-MeTHIMACHKETOHOB B peakuuu Juibca-Anpaepa OCI0KHEHO TEM, YTO
9TH COCJMHEHUS CKJIOHHBI K qumepu3aimu [58] u nzomepusamnuu [59,60] B mocTaTouHO MSATKHX
ycnoBusx (Cxema 27). Hampumep, Npou3BOAHBIE 2-METHIMICHIIMKIOTEKCAHOHA TMOYTH
MOJTHOCTBIO JIMMEPU3YIOTCSI NMPH KOMHATHOH TeMIlepaType B TEUYCHHE CYTOK, IMOITOMY HX
1e/1Ieco00pa3Ho MOIy4aTh HEMOCPEACTBEHHO Tepea HadaigoMm peakiuu [61]. ITo cpaBHeHHIO €
pou3BOIHBIMU KeToHA 90 2-MEeTUIUACHIAKTOHBI U 2-METUIUACHIAKTaMbl 3HAYUTEIHLHO Ooliee

YCTOWYUBBI, ¥ IS UX U30MEPHU3aIK HE0OX0AUMBI Oosiee kécTkue ycnous [62].



Cxema 27.

anmMmepusaumna 2-MEeTUNNOEHKETOHOB:
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A nnun
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92a 92b 93a 93b

B psze pabot ObLIO MOKa3aHO, YTO 2-METHIINACHKETOHBI CIIOCOOHBI B3aUMO/ICHCTBOBATh
C IMKIOIEHTAJINEHOM B OTCYTCTBHE KaTajHM3a C IPEUMYIIECTBEHHBIM O00pa30BaHHEM 3K30-
npoayktoB 95 (Cxema 28, Tabmumna 11). Mcmonb3oBaHue KOMMEPYECKH JOCTYITHBIX KHCIIOT
JIerouca (ZnCly, AICl3, TiCls, Eu(fod):) B kauecTBe Karanmm3aropoB HE MPHBOIUT K
CYIIECTBEHHOMY YBEIHUCHHIO CEJIEKTUBHOCTH MPUCOSANHECHHUS [IUKIIONEHTAANEHA K JUCHODHITY
[63]. DHaHTHOCEIEKTHMBHOCTh pEAKIWH 3HAYUTEIHLHO BO3PACTaeT, €Ciu Kuciaora Jlpromca

COJICP)KUT XHUpalibHble Juransl [61,64,65].

Cxema 28.
0 ; o) ;
T+ O —— e
% Y o X
94 10 95 96
Tabauma 11. BsanMmopaelicTBre 2-MEeTHIIHAECHKETOHOB 94¢ NUKIIONEHTAIHEHOM.
X Y YCIIOBHSPEAKITIH BBIXO/T 95:96 | cchuika
CH2 | CH2 | 6e3 pactBopurens, 125°C 47 91:9 [66]
PhMe, A 97 88:12
o] CH: : [63]
TiCls (0.1 5xB.), CH2Cly, -30°C 40 90:10
PhMe, A 85 93:7
NH CH> [67]
AICl3 (0.1 skB.), CH2Cly, -10°C 70 92:8
O (6{0) PhH, r.t. Beicokuii | 100 : 0 [68,69]

Hanwune o0bEMHBIX 3aMecTHTeNel okoo JnBoiHOW C=C CBS3M 2-METHINICHIAKTOHOB
HaJaraeT OrpPaHWYEHUS Ha TMOAXOJ JUEHOB K CyOCTpaTy, 4YTO TPHBOIUT K BBICOKOH
JIMACTEPEOCEICKTUBHOCTH peakuuu. B padore [70] Obu1o moka3aHo, 4TO METHIHICHOKCETAaHOH
97, comepkamuii M3OMPONMIBHYIO TPYIITY B TMOJOXEHUU 4 TETEPOIMKIIA, B3aUMOJICHCTBYET C

[UKJIOTIEHTAUEHOM, IIUKJIOTeKCaAueHOM U GypaHOM ¢ 00pa30BaHUEM JBYX MPOIYKTOB peakluu



U3 YEeTHIPEX BO3MOXKHBIX, a B CIy4yae M30MpPEHa BHICOKOCEIEKTHBHO 00Opa3yercs mapa-u3omep

101a (Cxema 29, Tabmnuma 12).

Cxewma 29.
o) R\
“ 2 0
(0] + R_\ I
\| o)
97 98-102

Tabnuma 12. B3aumopeiictBue 2-MeTHIHICHIAKTOHA 97 ¢ pa3IUYHBIMH JTUCHAMH.

MPOYKT YCIIOBUS BbIXO7, %0 a:b

6e3 pactBopurens, 50°C,

94 71:29
THAPOXUHOH (KarT.)
6e3 pacrBopurens, 70°C,

52 70:30
THAPOXUHOH (KarT.)
6e3 pactBopurens, 130°C,

73 80:20
TUAPOXUHOH (KarT.)
0e3 pactBopurens, 130°C,

52 >05:5
TUAPOXUHOH (KarT.)
6e3 pactBopurens, 130°C, 56
TUAPOXUHOH (KarT.)

JIaHHBIH METOJT MOXKET OBITh HWCIIOJNB30BAaH JUIS TOJTYYCHHSI ONTHYSCKH YHCTHIX
coenuHeHui. Hampumep, B xoae peakuuu xupaibHoro aueHodmia 103 ¢ MukIoneHTaaAueHOM

ObUI MIOJTYYCH eAMHCTBEHHBIH 3k30-u30Mep 104 ¢ Beixomom 91% (Cxema 30) [71].



Cxema 30.

O
PhMe, A
Rsr. -

Ph™ COOEt
EtOOC

10 EtOOC
103 104,91%, d.r. > 25 : 1

B smreparype Takke  BCTpEYAOTCS  MPUMEPHl  DHJIO-CEJICKTHBHBIX  PEAKIIHA
2-METUIMICHKETOHOB C IMKIMYeCKMMHU aueHamu. B pabore [72] cnmpoammykr 106a Obur
MOJIy4eH C BBICOKMM BBIXOJIOM M3 COOTBETCTBYIOIIETO METHIIMJICHIAKTOHA IMPH yMEPECHHOM
HarpeBanun ¢ 2-nupoHoM 105 (Cxema 31). CTOMT OTMETHTH, YTO HPEHUMYIIECTBEHHOE
o0pa3oBaHUE DJHI0-3JJIyKTOB B peakiusx ¢ 2H-mupaH-2-oHaAMH TakKe XapaKTepHO JUIs

HEIMKIINYECKUX METHIINIAEHKETOHOB [73-75].

Cxema 31.
o R oS
o . @ PhH, 80-90°C % + %O
\Iw\/o N0 TolS TolS Y
STol S
94a 105 106a + 106b, > 98 : 2, 74%

Obparumocts peakiuu Jluiabca-Anbiepa MoOXKeT ObITh HCHOJb30BaHA JUIl CHHTE3a
2-MeTnuAeHOyTHponakToHoB [76,77]. Crnmponakronsr 108-111, kotopbie OBUIM MONYYEHBI U3
mumertuinoBoro 3¢gupa 107, B ycnoBusx ¢uaui-BakyymHoro tepmonniza (OBT) snumunupyrot
[UKJIIOTICHTAJIMeH, W B cioydae S-amkminzaMmeniéHabix rereporukioB 108, 109 mneneswie
MetmuaeHnakTonsl 112 u 113 obpasyrorces ¢ Beicokumu Bbixomamu (Cxema 32). B Tex ke
ycnoBusax coequHeHune 110 Ttaxxke oOpa3zyeT COOTBETCTBYIOIIMH METHIIMICHIAKTOH, KOTOPBIH
uzomepusyercss B 114 mpu mMombITKE BBIAETUTH 3TO COEIUHEHHE METOAOM KOJIOHOYHOM
xpomatorpadpuu. B cioydae naktoHa 111, koTopblii comepKHUT Tapa-MeTOKCH(DPEHUIIBHBIM

3aMECTHTENb, H30MEPHU3AIIUs POYKTA MPOTEKAET HEMOCPEJACTBEHHO B YCIOBUSAX peakuuu [77].

Cxema 32.
(0] O
1) NOA, TMOTA, -30°C /
Z1_/cooMe o+ o
2) RCHO, 0°C MeOOG " OOC\\.
MeOOC e R e R
107 108a-111a 108b-111b
R= n-CsH»]»]’ n—C13H27, n—C3H7v 4—MeOCeH4, 66-80%
BT, ~500°C
HCI
o = o+ o+ o
HoOC n-BuOH, A MeOOC MeOOC MeOOC
R anumepusayus R R R
u3omepa a
116, R = n-CgHyy, 71%; 112a + 112b, R = n-CsHy1, 92%; 114, R = n-C3Hy, <38%;

117, R = n-C15Hay, 72% 113a + 113b, R = n-Cy3Hyy, 86% 115, R = 4-MeOCgH,, 70%



B psage pabor [78-81] Obuta m3ydeHna BHYTpUMOJIEKYJIIpHas peakius Jluabca-Abaepa
(YHKIIMOHATM3UPOBAHHBIX JIAKTOHOB, MO3BOJISIONIAS CO3/7aBaTh JBA HOBBIX ITUKIA B MOJIEKYJE
32 OAHY CHUHTETHYECKYIO CTaaui0. Pa3mep OMHOTO M3 IUKIOB 3aBUCUT OT JJIMHBI JUHKepa X
MeKay (GparmMeHTamu aueHa u aueHodmiaa (cMm. Tabmuiy 13), KoTOpas CHIBHO BIIHMSET Ha
NPOTEKaHWE BHYTPUMOJIEKYJSIpHOM peakiuu. Jlns oOpa3oBaHHMs TPOAYKTOB € 5- wiw
6-unennbivu uksIamMu 119a-d u 120a-d HeoOxoaumo kumnsueHue B Toinyode (~110°C) B TeucHue
2-3 nHeW, a B cioydyae IUKIU3AlMd WCXOJHOrO TpHeHa B 7-wicHHbIE JakToHbl 119e, 120e
peakmus TMpoTeKaeT B Ooyiee JKECTKUX YCIOBHSX MPHU KHIITYCHHH B OPTO-AMXJIOPOCH30JIE
(~180°C) ¢ HU3KOM CENEeKTUBHOCTHIO.

Cxewma 33.

o) TOMyon unu
R opTo-anxnopbeHson

118a-f 119a-f 120a-f
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Tab6auia 13. BuyrpumosekyspHas HUKIH3aIus 2-MeTiiinacHIakTonoB 118a-f.

Hoveps X R peXOR 119 * 119:120 | ccpuika

CcoeIUHEHNT 120, %

119a + 120a | -CMez- CH.OMEM | 61 97:3 [80]
119b + 120b | -CH2CH>- H 74 86:14 [81]
119c + 120c | -CH2CMe:- H 78 95:5 [80]
119d + 120d | -CH2CMe.- CH.OMEM | 61 86:14 [80]
119e + 120e | -CH2CH2CHz- CH.OMEM | 76 53 : 47 [80]

H OMEM
119f + 120f -4 3 H 0 - [80]

JIaHHBII METOJI HE MO3BOJIAET CO3/aTh CTPYKTYpPHl C 8-WJIEHHBIM HUKIOM. [lombiTkm
cuHTe3upoBath coequneHust 119f u 120f u3 cooTBeTCTBYIOIIErO TPHEHA NMPH HATPEBAHUH 0
160°C nnu B npucyrcrBun ELAICI npu -78°C okazanuch O6e3ycremnbl. B Tex ke ycrnoBusx He
NPOTEKACT BHYTPUMOJICKYISIPHAs LUKJIN3AMS METHIUICHIAKTOHOB (IMEHO(HII), COICpKaIIUit
(dypanoBbiii pparment (nuen) [80].

B nacrosimee Bpems peakuus unbca-Anbaepa ¢ TpOU3BOIHBIMEU 2-METUIUIECHKETOHOB

A0CTAaTOYHO HIMPOKO IMPUMCEHACTCA B OpFaHquCKOﬁ XUMHHU, a MATKUE YCJIOBUA IPOBCACHUA U



XOpoIiasi CeJICKTUBHOCTh MO3BOJISIOT MCIOIb30BaTh €€ B CUHTE3€ MPHUPOIHBIX COCAUHEHUIN [82—

84].

Hukanyeckue 2-MeTHINAEH-1,3-THKETOHBI

[To cpaBHEHHIO C TPOM3BOJHBIMH METHIIMACHKETOHA, METHIINCHIUKETOHBI SIBISIOTCS
3HAYUTEIILHO MEHEEe CTaOMIIbHBIMH CyOCTpaTaMu, KOTOpbIE, KaK MPaBUIIO, TEHEPUPYIOTC N Situ
U3 cOOTBETCTBYIOIMX 1,3-muKeToHOB. BBUIY KpaiiHEe BBICOKOW pPEaKIMOHHOW CIIOCOOHOCTH
NIPOM3BOIHBIC METUJIMICHINKETOHOB MOTYT BBICTYIATh B peakuusax [uibca-Ajbaepa Kak B poJn
nueHo¢uIa, Tak U poJie TeTepoIHeHa.

B pabGore [85] Obuto mMOKa3aHO, YTO B3aUMOJCHCTBHE TPHKETOHa 122 ¢ MPOCTHIMU
JMEHAMHU TIPU KUIISTYEHUH B JMOKCaHE MPUBOJUT K 00pa3oBaHMIO MUpaHOXWHOHOB 128 n 129, a
He crnupocoenuHennit (Cxema 34). Peakiusi CENEKTHBHO IPOTEKAeT MO OJHON W3 JBOWHBIX
cBsizell OyragueHa C TIPEUMYIIECTBEHHBIM OOpa3oBaHMeM H30MepoB 128, B KOTOPBIX
TUTUAPONIMPAHOBBIA UK ~ oOpadyer  Haumbomee  aktmBHpoBanHas C=0O  rpynma
METHIHAeHTpruKeTOHa [85].

Cxema 34.

0 O
R 0}
z (0]
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o]
121 122 128a-f, 30-90% 129a-f, 0-40%
P
Z-D e
R N , NN S NS , A
10 Ph X
123 124 125 126
127

B cnyuae wmerununenmanonara 134 B3auMopeiicTBHEe ¢ JHEHAMH TPUBOAUT K
OKUJaEMBbIM CIUPOAALyKTaM [4+2]-nukionpucoenuuenns. Peakuuu coemuHenus 134 ¢
[IUKJIOTICHTAIMCHOM, ITUKJIOTeKCaneHOM U 1,3-0OyTajueHaMu MPOTEKAIOT B MATKHUX YCIOBHSIX
npu KOMHaTHOM Temmeparype [86—88], Beixosl 1eneBbix npoaykros 138a-f 3aBucsr ot crocoba
noiydeHuss metwnaeHmanonara 134 (Cxema 35). HauOousbmx BBIXOJIOB yIAJIOCh JOCTHYDL B

pEaKIMSX C UCTIOIB30BAHUEM MTPOU3BOAHOTO nupuauHa 133 [87].



Cxema 35.

ﬁ)i’& 138a-f, 48-98%

133 OAc

-0 .0 0T XL
N : N N TN
10 135 55 56 136 137

[To6GouHbIE MPOIIECCHI, MPOTEKAOIIME MPU TeHepaluu UcxoaHoro auenoduta 134 [89],
MOTyT TPHBOAUTH K OOpa30BaHMIO HEXeJTaTeNbHBIX MpoayktoB. Hampumep, B paborte [90]
neneBoe coequHenre 140 ObuT0 MOTydeHo BMECTe ¢ MPUMECHI0 AucTuponakToHa 141 - mpomykra
dopmanpHOTO TIpHCcoenuHeHnss K OyraameHy 139 nByX SKBHBAJIEHTOB METHIIMICHMAJIOHATA U

OJIHOTO 3KBHBaNeHTa (hopmanbaeruaa (Cxema 36).

Cxema 36.
o) > 0
o o OTMS 0 o] O OH = o
L-nponuH ><
YO . CH,O0 + o + =
o.__0O 2 =z o) 5
x MeCN, H,0, r.t. 0 0 O H
I\ o7k o) o)
130 0 07L
139
140, 92% 141, 4%

CTOUT OTMETHTH, YTO HaIpaBlieHWE peakinuu J(unbca-Anbaepa 3aBUCUT HE TOIBKO OT
ANeKTpOHHBIX CcBOMCTB C=0O rpynm B CTPYKType UCXOTHBIXCOSTUHEHUH |, HO U OT cTepuvecKoi
HarpykeHHocTH cBsi3u C=C. CpaBHeHHE PEaKIMOHHON CrocOOHOCTH 1,3-IMKETOHOB C AM- U
tpuzameménnon C=C cBs3pi0 mpuBeneHo B Tabmuie 14. B oTaumyme OT METHIIMICHOBBIX

MPOU3BOJIHBIX, MX TpHU3aMELIEHHBbIE AaHAJIOTM B peakUMsIX ¢ OyTaJueHaMu Bcerjaa o0pasyroT



ciupoanayktel Ill, a gms mporexkanust rerepo-peakuuu [unbca-Anpaepa  HeoOX0AMMO

UCTIOJIb30BAaHUE CHIIBHBIX 3JIEKTPOJIOHOPHBIX AUEHO(UIIOB BPOE F3(PUPOB €HOJIOB.

Cxema 37.
R, O rZ
R- ) N
O/
B ponu retepoameHa B ponu AneHoduna

I ! m
Tabnuna 14. Bo3mokHble HampasieHus peakuuu Junbca-Anpiepa 2-MeTHIUICH-

1,3-1MKETOHOB.

IIPOM3BOTHBIC
B POJIM FeTEPOIMCHA B POJIM JueHO(HIa
2-metmimnaeHd-1,3-1uKkeToHa

o pearupyroT ¢ aJKEHaMU | JIUTepaTypHbIE JTAHHBIE

[85,91,92] u mmenamu [85] | oTcyTcTBYIOT
npu 100-110°C

B3aMMOJEHCTBYIOT c | pearupytor ¢ Oyra-1,3-nuen-
spupamu enonoB npu 50°C | 2-amMmMHaMu  OpU  KOMHATHOM
[93] TEeMIIepaType WM YMEPEHHOM

o o O
, O
O\\‘J\fo JIUTEPATyPHBIE JaHHBIC | pearupyeT C JHEHaMH  [IpU
o. 0 OTCYTCTBYIOT KOMHATHO# Temmeparype [86—88]
R
OW\;%O

HarpeBanuu [94]

R = Alk, Aryl
R, R, B3aUMOJICHCTBYIOT C | pearupytoT ¢ OyTagueHamMH Mpu
o\\‘Jl/\’//o o | 0 aupamu CHOJIOB npu | Temneparypax 65-100°C [94,97]
0.0 N__N. KOMHATHOW TeMnepaType HiIu
R R PP

X YMEPEHHOM HarpeBaHuu

R1 = Alk, Aryl; Ry = H, Me [93,95,96]

Kak u B ciyyae METHWJIMJICHIMKETOHOB, METHJIUACHOBBIE NPOU3BOJHBIE 3-MMUHO-1-
KETOHA SIBIISTIOTCS MaJOCTaOMIIBHBIMH COEJIWHEHHSIMH, KOTOpPhIE HEBO3MOXKHO BBIJICIUTH B
quctoM Buzie. B padote [98] okcazonon 144 momydanu in Situ u3 OEH30MIBHOTO MPOU3BOTHOTO
amanuHa 142 mox neiicteuem N,N’-gum3onponmikapbonuumuna. Bpems xn3HN MHTEpMeEIHaTa
144 cymecTBEHHO 3aBUCHUT OT YCIOBMHA pEaKIMM M YMEHbBLIAETCSs NpPU yBEIHMUYEHHH
KOHIIGHTpPAllMM MOJIEKYJI W B Ooinee TOJSAPHBIX  pacTBopHuTesx. lcmonb3oBanue
IUKJIONEHTAMEHAa B KauecTBe JIOBYHIKM Uil coeluHeHus 144 mo3BosiseT MOJy4YHUTh
COOTBETCTBYyIOIMME amnykThl 145a u 145b npuOIU3UTEIFHO B OJWHAKOBOM COOTHONICHHH

(Cxema 38).




Cxema 38.
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142 143 144
145a + 145b, 55 : 45, 65%

HOI[XOI[, OCHOBaHHBIN Ha p€akuuu MIpPOU3BOJHBIX OKCa3O0JIOHOB 144 ¢ OUKINYCCKUMHA
JUCHaAMH, MOXET OBITH HMCIOJL30BaH B CHHTE3€ aMHHOKHCIIOT C KOH(l)OpMaI_II/IOHHO KECTKUMHU

¢dparmentamu [99].

I_II/IK.]II/I‘{CCKI/IC AOHOPHO-AKHECNTOPHBIC AJTKCHBI

HccnenoBanus MUKINYECKUX TPOU3BOTHBIX 2-aJIKOKCH M 2-aMHJ0AKPHIIATOB B PEAKITHIX
Jwibca-Anbiepa JEMOHCTPUPYIOT 3JIEKTPOHOAKLENTOPHBIN XapakTep JSTUX AUEHO(QUIIOB.
JeiicTBUTENbHO, NaHHBIE CyOCTpaThl MpPH HArpeBaHUU JIETKO BCTYMAlOT B PEAKIUI0 C
Pa3IMYHBIMU 3JIEKTPOHOIOHOPHBIMU JreHaMu. Hampumep, OKCa30IuANHINOHBI U THIAHTOUHBI C
IK30LUKINYecKOr CBs3bi0 C=C B3aMMOACHCTBYIOT C IIUKJIONCHTAANCHOM TIpH Temmeparypax 60-
100°C, B pe3ynbTaTe 4ero ¢ BHICOKMMHU BBIXOJAaMH OO0Pa3yIOTCS €IHMHCTBEHHBIE CTEPEOH30MEPHI
149a, 150a (Cxema 39, Tabmuna 15). Mcnonp30BaHue XJI0PHI0B THATKHIATIOMUHUS B KAY€CTBE
KucoT JIbronca mo3BoJsieT MPOBOAUTH PEaKIMI0O B 0ojiee MATKUX YCIOBUSX, HO MPUBOAUT K
CHIDKEHHIO CEJICKTHBHOCTH. YBEJIMYCHHE COOTHOIIEHUS u3oMepoB 151a u 151b mpu mepexose
ot Me;AlCI x ERAICI, o Bceli BUTUMOCTH, OOBSICHAETCS CTEPUYESCKUM BIMSHUEM AJIKAIBHBIX

T'pynIl B KOMIIJICKCC I[I/ICHO(I)I/IJ'I'KI/ICJ'IOTa JIprorCca Ha mMOAXO0/1 AUEHA.

Cxewma 39.
R 0
N (@] / 7
o) \f + @ + X
|
146-148 10 o R

149a-151a 149b-151b

Tabauma 15. Bzaumoneticteue nuenopminoB 146-148 ¢ mukiIoneHTaneHOM.

nueHodu YCIIOBUS PEAKIIHI BBbIXO, % a:b CCBLIKA
X=0;R=Ph 6e3 pactBopuTens, 60°C 73 toibko 149a | [100]
PhMe, 100°C 95 toapko 150a
X =NBn,R=Bn [101]
EtoAICI (1 5kB.), CH2Cly, r.t. 98 75:25
Me2AICI (1.2 sxB.), CH2Clz,
93 83:17
X = N(CHMePh), | -70—0°C
[102]
R = CHMePh Et,AICI (1.2 5kB.), CH2Cl>,
84 97:3

-70—0°C




B pa6ore [103] Obuto M3ydeHO B3aMMOJICHCTBHE IUKJIONCHTAAMEHA C MCTHIHICH- U
xjopMmerunuaeHnMuaazononamu 147, 152-160. Otmedaercs, 4ToO BCe pEaKIUU MPOTEKAIOT C
XOpOUIeH CTEPEeOCETeKTUBHOCThIO, OJHAKO BBIXOABI IeNeBbIXx mpoayktoB 150, 161-169
CYIIECTBEHHO 3aBUCAT OT PEaKIHMOHHOHM crmocoOHOocTH aueHoduiua. beuio mokazaHo, yTO
troruaanTounbl 153, 154, 159 u 160 Gosiee akTUBHBI B KaueCTBE TUEHODUIIOB, YeM THIaHTOMHBI
147, 152, 155-158, a xnopupoBaHHble cyocTparhl 155-160 BeTymaroT B peaklnio 3HAYUTEIHHO
XyXK€ METWIHJCHOBBIX aHajoroB 147, 152-154. B HEKOTOpHIX CiIydasx aJayKThl
[4+2]-tukonpucoeiMHeHNsT HE MOTYT OBITh BBIJCJICHBI B WHIMBHIYaJTbHOM BHJE METOIOM
KOJIOHOYHOM XpoMaTtorpaduu u3-3a TPYIHOCTU OTAEICHHUS OT IpUMecedl HempopearupoBaBIINX
nuenopmioB (Cxema 40, Tabmura 16).

Cxewma 40.

% " 2L

N__X PhMe 7 H Y
0]

| R, )‘N\ R1/N~<

Y 10 X R X

147, 152-160 150a, 161a-169a 150b, 161b-169b

Tabnuna 16. B3aumoeiicTBre TPOU3BOIHBIX OKCA30IUINHANOHA U THAAHTONHA C

[IUKJIONICHTAJHEHOM.
HOMeEpa HOMeEpa
KOHBEpCHs™*
UCXOIHBIX IIPOJYKTOB Y | X | Rt Rz t°C a:b
(BeIXOM), %
JTUEeHO(DUITIOB
147 150a + 150b H o Bn Bn 110 |53 87:13
152 161a + 161b Bn H 23 27 79:21
153 162a + 162b H |s Bn H 23 100 (100) 87:13
154 163a + 163b Bn Bn 23 33 (27) 93:7
155 164a + 164b H H 110 | 6(6) 85:15
156 165a + 165b o lo Bn Bn 150 |0 -
157 166a + 166b Boc |H 90 57 89:11
158 167a + 167b Boc | Boc |90 53 76: 24
159 168a + 168b o s Bn H 40 76 (73) 87:13
160 169a + 169b Bn Cbz |40 40 80:20

* - onpenensnack no *H IMP criekTpaM peaklMOHHOMN CMECH.
Kak u nuknnueckue nueHsl, OyTaiueHbl MOTYT B3aMOJICHCTBOBATh C METHIIHICHOBBIMU
IMPONU3BOAHBIMU OKCAa30JUAVMHIAWOHOB W THAAHTOMHOB B OTCYTCTBHC KaTajiW3a, OJHAKO IIO

CpPaBHCHHIO C HUKIOICHTAAUCHOM 3TU PC€aKIHUU IMPOTCKAIOT IPH 3HAYUTCIBHO 0osiee CUIIBHOM



HarpeBaHuu (cMm. Tabmumy 17). B3ammoneilicTBue ¢ OUE€HAMH MOXKET HIATH B 0oJjiee MATKHX
YCJIOBUSIX, €CIIM KCIOJb30BaTh KHUCIOTHI Jlptomca B kadectBe karanuzatopa [101] wim
NPOBOIUTH PEAKIIMIO B 0TcyTcTBUE pactBoputess [100].

B cnyugae 2-(tpumermicuiokcu)-1,3-OyTagueHa W3 pPEaKIMOHHOW CMECH METOIOM
KOJIOHOYHOM XpoMarorpaduu MOKET OBITh BBIICJIECH MNPOAYKT ruaponu3a 173, a B ciaydae
U30MpEHa B3aUMOJICHCTBUME MPOTEKAaeT MEHEEe CEJIIEKTUBHO C OOpa3oBaHHMEM CMECH
peruouzomepon 171, 172,

Cxema 41.

Ra 7l 0
—_—
gl

(0]

7\

Ri
N 0O
07\/4 + Rog
X

146, X = O; R = Ph;
147, X = NBn, R = Bn; 171174
170, X = O; R = 4-CICgH,
Tabnuna 17. B3aumoaeicTBrE TPOU3BOIHBIX OKCA30IUINHANOHA U THAAHTONHA C

pa3sIN4HbIMHU AUCHAMMH.

JueH HPOIYKT yCJIOBHS peakiuu | BeIXOA, % | cchblLika
o 0
m + /Q_( keunon, 190°C wmmm
O. N~ N~
/E Y - Oy R |6es pactsopurens, | 89-97 [100]
o) o)
65°C
171a + 172a, 80 : 20, R = Ph;
171b + 172b, 75 : 25, R = 4-CICgH,
(0]
O
=
£ o.__N-pp kewuon, 160°C 53 [100]
TMSO \[r
(6]
173
0
I T\ Znl; (0.5  okB.), o1 [101]
- ~Bn
o PhMe, 80°C
174

Ecim B CTpyKType MCXOTHOTO TETEPOIHMKIIA TIPUCYTCTBYIOT XUPAIBHBIC 3aMECTUTEIH, TO
peakIus ¢ JUCHAMH MOXKET MPOTEKaTh C BBICOKOW SHAHTHOCEICKTUBHOCTHIO. Tak, B paboTax
[104,105] 6bu10 MOKa3aHO, YTO B3auMoaAeHCcTBHE aueHo(uIoB 175, 176 ¢ MUKIONCHTAIMCHOM |

OUKIOICKCaAUCHOM B OTCYTCTBUC KaTajin3a HNPHUBOAHUT K 06pa3013aHmo WHIAWBUAYAJIbHBIX



sHaHTHOMEpOB 177a-179a ¢ xopommmu Beixogamu (Cxema 42). Ilpu HCIONB30BaHUHM KHUCIOT
JIetouca (LiCIO4, EAICI, TiClx(i-PrO)2) B sTHX peakiusx HaOMIOAACTCS 3HAYUTEIBHOC
naJieHue SHAHTHO- U TNACTEPEOCETCKTUBHOCTH.

Cxema 42.

(CHz)n

0 0
Mo U Mo + A?X WH + Aﬁl//(o
"H

X—/, o~
neat, t_Bu7/ ‘H O\(\t-Bu X7/
t-Bu n=1,t=25°C; t-Bu H

7
n=2,t=140°C

175,176 177a-179a 177b-179b 177c-179¢c

N =

> 95 (177a-179a) : 5 (gpyrue nsomepsbl)
X =0, NCOPh; 62-86%

MertununeHoBele  TPOM3BOAHBIE ¢ R-KoHurypammend  Tper-OyTHJIBHOTO U
[IUKJIOTeKCUIIBHOTO  3aMECTUTEINIsI TaKXKe BBICOKOCEJIIEKTUBHO BCTYMAIOT B PEAKIHI0 C
muknyeckumu  guenamu  [106,107]. Opnako B cinydae (R)-¢denwmnokcasonuaunona 180
B3aUMO/ICHCTBHUE C IIMKIIOTEKCAMEHOM MTPOTEKAET MEHEe U30UPATENIbHO ¢ 00pa30BaHUEM CMECH
nuactepeon3omepoB 18la u 181c (Cxema 43) [108]. Ilpeamosnaraercsi, 4YTO B XOJ¢ pPEaKIUU
HPOUCXOIUT YaCTHUYHAS AUMEPU3AIMsS TIPOJYKTOB Yepe3 MPOMEKYTOUHBINH IBUTTEp-HoH 181D,
B KOTOPOM IIOJIOKUTENBHBIN 3aps]l CTaOMIM3UPOBAH HEMOAEIEHHON Mapol aMUAHOIO a30Ta U
(benunpHON rpynmnoil. BeinepkuBanue pacTBopa OCHOBHOTrO mpoaykra 18la mpu temmeparype
100 umm 130°C B Teuenue 24 yacoB NpPUBOAMUT K oOpaszoBaHuio cmecu 18la m 181c B
COOTHOILIEHUH 55 : 45, 4TO MOATBEPKIAAET MPEATI0KEHHBIN MEXaHU3M.

Cxema 43.

7

O of fop | Ao
V 0 100°C ; 100°C
o)

N~/ R o R o RS
PhCO™" 7'Ph CH,Cl, 60°C N -N PhCO™ /'
H PhCO~ “ioh PhCO j'-_Ph Ph7/ H
H
180 181a-183a 181b-183b 181c-183c
R =H, 60%, 74 (181a) : 26 (181c);
R = OMe, 81%, 89 (182a) : 11 (HenaeHTUUUNPOBAHHbLIN U3OMEP);

R = OTMS, 84%, 93 (183a) : 7 (HemaeHTUDULMPOBAHHBLIN N30MeEP)

B Tex ke ycmoBusix peakuus rerepormiia 180 ¢ 1-3ameméHHbIMU
1,3-nuknorekcagreHaMu npoTekaeT Ooyiee CeIeKTUBHO, M OCHOBHBIE MpOAyKThl 182a, 183a He
n3oMmepusyrorcs npu  temmeparype 100°C, 9To MokeT OBITh CBSI3aHO C HEBBITOJHBIM
obpazoBanuem wuHTepMeauaroB 182b, 183b wu3-3a cTepuuecknx B3aUMOICHCTBUN MEKITY
3amectutensimu R u PhCO. B ciydae 2-TpuMeTHiacHIMIOKCH-1,3-IMKIOreKcaiueHa peaKius ¢
mueHopwiom 180 w mocnenyromuil THIPONWM3 TPUBOIUT K CIOXKHOM CMECH peruo- H

JMACTEPEOMEPOB, COOTHOIIIEHHE KOTOPBIX 3aBHCUT OT TeMiepaTypsl peakituu [108].



CunpHOE BIMSHHE TEMIEPAaTyphl PEakIUUd Ha HHAHTHOCEIEKTHMBHOCTH OOpa30BaHUS
annyktoB 2,3-mumeTmiiOyranueHa 184 Toke yKa3blBaeT Ha MPOTEKAIOIIME IPOIECCHI
AMUMepU3aMi B peakiuoHHoi cpene. Kak mokazano B Tabmume 18, snumepusarus
MpaKTUYECKHU He UIET npu Harpese peakiuu 10 60°C, a npu temnepatype 130°C ceneKTUBHOCTh

PE3KO CHUKAETCs, U coeauueHust 184 o0pa3yroTcs npuMepHO B paBHOM cooTHomenuu [108].

Cxema 44.
W .y e L XY
phco N 7 ph PhCO” NH7/"Ph PhCO” N7/ 'Ph
1:o 136 184a 184b
Tabauia 18. Bzaumopeiictue METHWJIMIEHOKCA30JIUIMHOHA 180 c
2,3-AMMEeTWIIOYTaIMEHOM B PA3ITUYHBIX YCIOBHSIX.
YCIIOBUS Beixon 184a + 184b, % | 184a: 184b
60°C, 9 yacop | 81 93:7
80°C, 2 gaca 59 91:9
100°C, 1 gac 52 86:14
130°C, 1 gac HE U3MepsICA 50:50

YMepeHHBII HarpeB peakmMOHHON cMecu xupaibHoro ameHoduna 180 c¢ nueHamm
OKa3ajCcsi ONTHMAJbHBIM JUIsl TIOJNYYEHMs ILIEJIEBBIX IPOAYKTOB C XOPOLIMMM BBIXOJAMHU U
OpeOTBpALleHUss TOOOYHBIX TpOLEccOoB. bbUIO mOKa3aHO, 4YTO B TakKuUX YCIOBHUSX
B3auMoJieiicTBue ¢ 1-metmn, 1-merokcu wim 2-MeTwi-1,3-0yTagueHaMu MpOTEKAeT C BBICOKOU
SHAHTHOCEJIEKTHBHOCTHIO ¢ 00pa3oBaHKHeM cMecH pernonsomepos [108].

Taxkum o0pa3oM, peakiys ONTUYECKH aKTHUBHBIX IIUKINYECKUX NMPOU3BOAHBIX 2-aJIKOKCH
U 2-aMHUJ0AKPUJIATOB C Pa3JIMYHBIMU JUEHAMH IO3BOJIET IOJIy4aTh SHAHTUOMEPHBIE aJTyKThl

[IUKJIONPUCOETMHEHHUS, YTO MOXKET UCIIOIb30BAThCS B CHHTE3€ MPUPOIHBIX coeauHenuii [109].

N3aTnHUINIEHbI

Peaknust [lunbca-Anpaepa am-, TpU- ¥ TETPa3aMENICHHBIX W3aTHHHUIIMICHOB C TUECHAMHU
MO3BOJISIET CHUHTE3MPOBATH CTPYKTYPHI CO CIUPOMHIOIBHBIM (ParMeHTOM, KOTOPBIE MOTYT
00J1a1aTh BEICOKOW Ononorndeckoi aktuBHOCTHIO [110,111]. HecMoTpst Ha mpocTOTY MOTy4eHUs
3-MeTunuaeHOKCHHI0I0B [112-114], ux peakIMOHHAs CIOCOOHOCTh MaJio HW3yueHa H3-3a
CKJIOHHOCTH 3THX COEIUHEHUH K mojmMepusanuu [114]. Hanporus, Goee cTrabuiIbHBIE TPU- H
TeTpa3aMeIEéHHbIC W3aTHHWINACHBI ITUPOKO UCCIICOBAHBI B PEAKIUAX KaK U ¢ MpocThiMu [115—

119], tak u ¢ GyHKIIMOHATM3UPOBAHHBIMU TueHamu [120-122].



EnuHcTBeHHBIE TpUMEphl HKCIOJIB30BaHUS  3-METHIIMICHOKCHUHAOJIOB B  KadyecTBe
JTUCHO(DWIOB OMHUCAaHBl B PabOTax MO CHUHTE3y XWHA30JUHOHCOJCPKAILIUX ajKaiouaoB [123—
127]. B pabore [126] Obuta uzyuena peakuus usaruHuwiuneHa 185 c¢ asaguenom 23 B pa3HbIX
yenoBusax (Cxema 45, Tabmuma 19). Bbuto moka3aHo, 4YTO YBEIWYEHHE IOJISPHOCTH
pacTBOPUTENIS IPUBOJIUT K YBEIMYCHHIO BBIXOJI0B 3K30-aA1ykToB 1864a. [loOaBneHne pa3nuiyHbIX
kucinor Jletouca (3a wuckimouenueM  Y(OTf)s wu  Eu(fod)s) Takke yBenuuuBaer
9K30-CEIEKTUBHOCTD PEAKIINH.

Cxema 45.

0 +
N
N Z N0Et
H o)

185 23 186a 186b

Tabauna 19. Bzanmopelictere 3-MeTrmnuacHokcuaaoma 185 ¢ xunasonunonom 23 B

Pa3JINYHbIX YCIIOBUSAX.

pactBopuTenb | kucnorta JIptouca | t°C 186a : 186b
CHCIs - 25 37:63
MeCN - 25 68 : 32
CHCIs Cu(OTf)2 (1 okB.) |-78 79:21
CHCIs TfOH (0.2 7xB.) -20 >98: 2 (68%)
CHCIs Eu(fod)s (1 oxB.) | -20 <2:98 (73%)

* - YKa3aH BbIXOJI OCHOBHOI'O ITPOAYKTA, BBIACJIICHHOTO B UHAWBHUIYaJIbHOM BUJIC U3 peaKHHOHHOﬁ CMECH.

[Ipenmnonaraercs, uyro kuciora JIporca KOOPAMHHUPYETCS MO KapOOHUIIBLHOM TpyIie
METUIMICEHOKCHH0Ma 185, TeM caMbIM yBeIMuYMBas AaKIENTOpPHBIE CBOICTBa aueHoduia.
CorigacHO KOMIBIOTEPHOMY MOJIEIMPOBAHUIO, OYEHb BBICOKAs CEJEKTHUBHOCTh pEAaKIMHU B
npucyrctBur  TfOH 00BsCHSETCS TeM, YTO B IEPEXOJHOM DK30-COCTOSHHUU 00pasyeTcs
BOJIOPOJIHAS CBsI3b MEXAy mpoTtoHupoBaHHOH CO-rpymmoit aneHodHIa M ATOKCHTPYIIION
azaaueHa [126].

CTouT OTMETHTbH, YTO KOJMYECTBO MCXOJHOTO TUEHA B PEAaKIMM TaKXKe BIUSET Ha e
cenekTuBHOCTh. Kak mokazaHo B paborte [127], ymeHblieHHe H30bITKa AueHa 23 C MATH JI0
HIOJIyTOpPa IKBHBAJICHTOB IMPUBOJIUT K 3HAYMTENILHOMY YBEJIMYCHHIO BbIXxoaa u3omepa 186b
(Cxema 46, Tabmuma 20). B cimyyae HarpeBaHHs pPEaKIHOHHOH CMECH B3aMMOJICHCTBHE
npoTekaeTr 0oJiee CEJICKTUBHO, H TEPMOJMHAMHUYECKH OoJsiee CTaOMIBHBIN 3HI0-ipoaykT 186b

oOpa3yercs ¢ BbIxoaoM 46%.



HN
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o N ~
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N Ry \%\OEt tC SN N
H o N R N
Ri OEt 1
0 (o]

23, Ry =H, R, = Me;

189, Ry = Cl, R, = Me;
190, Ry = F, Ry, = Meg;
191, Ry =H, R, =Bn;
192, Ry =H, R, =i-Pr;
193, Ry =H, R, =i-Bu

185, X = H;
187, X = COOMe;
188, X = COOt-Bu

186a, 194a-198a 186b, 194b-198b

Tabmauna 20. B3auMoneiicteue uzatuauangeHos 185, 187, 188 ¢ xunazonuHonamu 23,

189-193.

nueHo (I JTMEH
t°C BhIXOH & | BbIXOA b a:b CCBUJIKA
X 3kB. | R2 R3
5.0 H Me r.t. 52 18 29:1
15 Me r.t. 34 43 1:1.3
15 H Me kurnsuenue | 23 46 1:2
5.0 Cl Me r.t. 34 25 14:1
H [127]
1.5 F Me r.t. 40 59 1:15
1.5 H Bn r.t. 67* 1:19
1.5 H i-Pr |40 KOJINYECTBEHHBII™ 1:25
1.5 H i-Bu | r.t. 26 38 1:15
COOMe 2.0 H Me r.t. 66 24 314:1 [124]
COOt-Bu | 3.0 H Me r.t. 65 15 43:1

* - oOpasyercs Hepa3aeauMas CMeCh H30MEPOB.

st cpaBHenust B Tabnume 20 nmpuBeIeHbI TaHHBIE B3aMMOACHUCTBHUS TPH3aMEIIEHHBIX
M3aTHHIINICHOB ¢ a3agueHoM 23. B aToMm cirydae cTepeoceneKTHBHOCTh PeaKIny 3HAYNTEIbHO
BO3PACTaeT, MO BCEH BHUIMMOCTH, M3-32 CTEPUUYECKOTO BIMSHHUS CIOKHOI(UPHBIX TPYyHN Ha
noaxon aueHa K cesizu C=C auenoduia.

B obmem ciyuyae, B3aumMOJCHCTBHE HW3ATHHWINICHOB C a3aJMCHAMH IPOTEKAET C
BBICOKUMH  BBIXOJIAMH,

a BapbUpPOBAHUE YCIOBUN pPEAKIHMH TO3BOJSET KOHTPOJIUPOBATH

CCIICKTUBHOCTD 06pa3OBaHI/I}I HU30MCPHBIX ITPOAYKTOB.

o,p-HenpenejJbHble HMUHHEBbIE HOHBI

Peakuust lunbca-Anbiepa MMHUHHEBBIX HOHOB, KOTOPBIE COAEPXKAT IK30LUKINYECKYIO
cBsizb C=CHpy, siBisieTCsl METOI0M CHHTE3a CIIUPOLMKINYECKUX UMUHOB - BAXKHBIX CTPYKTYPHBIX

¢dparmenToB Mopckux TOKcuHOB [128]. B pabore [129] Obiza mpoaeMOHCTPHpOBaHA



BO3MOKHOCTH TIPOBEICHHS PEAKIINU 6- M 7-4WICHHBIX UMHUHUEBBIX coier 199, 206 ¢ paznuyHbIMU
1,3-6yragueramu. OTMEUYEHO, YTO CKOPOCTh PEAKIIUU CYIIIECTBEHHO 3aBUCHUT OT MPOTUBOMOHA X
(cm. Cxemy 47) u ymenbmaercs B psagy X = SbFe ~ ClO4 > TfO > CF:COO™ ~ (PhO)2PO2™>
TsO > Cl' (8 CD3CN npu komHaTHOM Temimeparype). JaHHas peakiust XOpOIIO MPOTEKaeT B
noispubix pactBopureasx (MeCN, MeOH, i-PrOH), torma kak B XJIOpPHCTOM METHIICHE H
xyopodopme HaOmrOaeTCss ObICTpasl TOTUMEpU3aNMsl IUeHa, a B ciydae OeH3oia W Toiyolia

IeJIeBBIC TPOIYKTHI HE 00pa3yIOTCs U3-3a IUI0XOH pacTBOpUMOCTH AueHouia [129].

Cxema 47.
R R
_ —
Ry NH* X° RS
o
NH* X Rs ! . NH" X Rs
—_—
MeCN, "Ry n-Bu MeCN,
t=24-60°C R, t=0-60°C  Rg

Rz

Ry

199
207a,b-210a,b, o1 77:23 go 92:8,

202a,b-205a,b, ot 92:8 no 95:5,
X = SbFg", 91-98%

X = SbFg", 94-98%

R, Ph CH,OBn
P~ = = = =
- R
Ry X
R
s 125 200 124 201

B ontummsnpoBaHHBIX ycnoBHsX 1,3-OyTagueHbl B3aMMOJACHCTBYIOT ¢ HMHHHEBBIMHU
wonamu 199, 206 ¢ Beixomamu 91-98% u BbIcOKOH amactepeocesnekTUBHOCTBIO (Cxema 47).
bonee Hu3kast cenekTUBHOCTh oOpa3oBaHusi mnpoaykroB 207-210 cBs3aHa ¢ Oosbliel
PEaKIMOHHON CITOCOOHOCTRIO 6-uwieHHOTO AreHopmIa 206 1o cpaBHEHUIO C 7-WICHHBIM HMUHOM
199. Bricokast akTUBHOCTH coequHeHust 206 moaTBepKaaeTcsi SKCIePUMEHTATLHBIMU JTaHHBIMU
B3auMoJIeiicTBUs 2-MeTHiIneHTaarueHa 125 ¢ skBuMossipHoit cMmechio uMuHOB 199 u 206, B
pe3ynbrate KoToporo mpoaykt 207 obOpasyercs B 11-kpaTHOM H3OBITKE IO OTHOIICHHIO K
npoaykTy 202 (cm. Cxemy 48, BepxHss peaxius).

Cxema 48.

. NH* SbFg"
‘NH SbFg /NH* SbFg = MeCN I B
> N n-bu
n-Bu + + 24°C +
06 199

125

207 +202, 11 : 1

NH* SbFg"
i

Bn
/
Lo -
INH" SbFg N" SbFe 7 MeCN
+ + e
199

211 125
202 +212,20: 1



ITo cpaBuenuto ¢ NH-umununeBoit conpro 199 e€ N-6ensunmponusBoanoe 211 pearupyert ¢
mueHoM B 20 pa3 MemiieHHee, YTO MOXKET OBITh CBS3aHO CO CTaOMIHM3aIell MMUHHEBOTO MOHA
2113a cuét runepkonbroraiuu (cM. Cxemy 48, HikHssA peakius) [129].

Ecnu ucxonubplif MMHHHUEBBIH HOH COACPXKHUT XUPAIbHbIE 3aMECTHTENH, TO B XOJE
peakuu MOKeT HaOmoaaThCsi U30BITOYHOE OOpa3oBaHHME OIHOIO W3 HJHaHTHOMEpoB. Ha
Cxeme 49 nokazaHo, 4TO BBEJICHHE METUILHOU TPYIIIBI B CTPYKTYpY AueHodmina 213 oka3anock
JIOCTaTOYHBIM JIJIsl TOJy4eHHs mpoaykra 214a c xopomei omrmueckoil umcroToi. B cimydae
coenquHeHUs1 215 HSHAHTHOCENEKTUBHOCTh pEAKLUWU YBEIMYMUIACh HE3HAYUTENbHO, IO BCel
BUJUMOCTH, H3-32 CJIa00OTr0 BIUSHUS XHPAIbHBIX 3aMeCTUTENe Ha TOAXOJ [ueHa K
IK30LMKIMYECKOM CBsi3u queHoduia [129].

Cxema 49.

NH SbFg" NH+ SbFg
NH* SbFg"
| Z _ MeCN, 24°C ” Bu Me n -Bu
Me\“' n-Bu +

213 125
214a + 214b, 98 : 2, 86%

Me
Me! NH+ SbFg” NH SbFg
Me' /NH+ SbFg P MeCN, 24°C § ;
+

215 125
216a + 216b, 60 : 40, 91%

BBunay cuHTeTHYECKHX TpyIHOCTEH pabOThI ¢ MMHUHHEBBIMH COJSIMH OBLT pa3paboTaH
Cmoco0 mosydeHus: ux in Situ u3 ankokcukapOamatoB MOjA JeicTBHEM KHUCIOT Jlbromca (cM.
Cxemy 50). [awsblii m0OAXOA OBUT  WCHONB30BaH Uil HM3YYCHHS  pEaKUUH  C
2,3-mumetminoyraauenom [130]. Okazanock, uTo 3Ta peakius HarbOoee 3 PEKTUBHO MPOTEKAET
B TNPHUCYTCTBUU TPUPTOPYKCYCHOW KHUCIOTHI B XJIOPUCTOM METHJICHE WM aleTOHUTpUIIC.
OCHOBHBIM TIPOAYKTOM siBiIsieTcss coemuHeHue 220, KoTopoe 0o0pa3yeTcs IMOcie THAPOJIN3a
cnupouMuHueBoro noHa 219. B npyrux pactBopurenax (AM®PA, IMCO, TI'®d, rtomyoun)
IPEUMYIIECTBEHHO 00pa3yercsi MPOJYKT THAPOIM3a HCXOAHOro aueHoduna 222. B xoxe
nanpHeimeil Tpanchopmanmu coeauHenue 220 ymaércs mpeBpaTHTh B cnupouMuH 221 C

BBICOKUM BBIXoz0M [130].



Cxema 50.

Boc. , NHBoc N

| H,0 0 1) CF3COOH, CH,Cl,, 0°C ‘

2) NEtg, TF®

Boc.

Boc.
N CF3COOH N*
e - - | . 221,79%
CH,Cl, 0°C 219 220, 43%
MeO
NHBoc

e
217 218 \

222
B pa6ore [131] meroauka reHepanuu iN SitU UMHHHEBBIX MOHOB KCIIOJIb30BANACh Ha

npUMepe PeakuH C IUKJIONCHTAANCHOM. BBIJIO MOKa3aHO, YTO B3aMMOJICHCTBHE MPOTEKAIO
BBICOKOCEJICKTHBHO C 00pa30oBaHHEM MPOIYKTOB THAposu3a cnupoeHamuna 226 (Cxema 51). B
TeX K€  yciuoBusAX  2,3-muMmeTwiOyTaiueH  He  oOpa3yeT  IeNeBble  aJUIYKThI
[4+2]-tuknonpucoeauHeHuUs. [Tony4eHHbIC pe3yibTaThI JIEMOHCTPHPYIOT, 4TO
BBICOKOPEAKIIMOHHBIE THEHbI Oosiee A(P(PEKTUBHBI B Ka4eCTBE JIOBYIIEK JUIS HECTAaOMIBHBIX

HUMHEBBIX NOHOB.

Cxema 51.
7 NEt; 7 H,0 /7 o
N —_— _—
@ N*—R N-R
/ NHR
R
Y 224 225 226a, R = Boo, 24%:
226b, R = 9
N Sc(OTf)3, MeCN, -78°C; ,R=Ts, 70%
3atem NEt;
MeO \\
223a, R = Boc;
223b,R=Ts

BiaumopeiictBue o,p-HempeaebHBIXUMUHUAEBEIX COJIeH C ()YHKIIMOHATHM3UPOBAHHBIMH
JTUEHAMH TPUBOJUT K OOpPa30BaHUIO IPOW3BOJHBIX CIIMPOWMHHOB, KOTOPBIE B YCIOBHSX
peakuu MOTYT TMpeTepreBaTh NalbHEWINEe MpeBpaiieHus. Hampumep, B ciydae aaayKTOB
[4+2]-umknonpucoenunenus |1, comepxkamux 3nekTpoHOOHOpHBIE rpynmbel —OPMB u—OH,
POUCXOIUT BHYTpUMOJeKyisipHas nukimn3aius B N,O-aneranu 231-234 (Cxema 52, Tabnuia
21) [132].

Cxema 52.

N-COOR;

CH2 ic
_COOR; .
//\ +/COORA] R //\N+ H N’

N 40 (CHon 1| \
kucnota Mbtouca | (CH2)n | _— ot /OR4 e (CHy),
\~COOR !

C”% _ @ .
R3

1 I} 231-234

228-230



Tabmuma 21. Cunrte3 cnmpormknnuecknx N,O-ameraneit peaknueir [unbca-Anbaepa ¢

MOCEAYIOLIEN IUKIU3ALUECH.

nueHodu JTUeH YCIIOBUS PEAKIINU MPOIYKT BbIXOJ, %

-CO0Bn BnO H NPOOBn
Yy | BFsEt20, -78°C—r.t. 78
OMe BnO, o
PMBO
\-COOBN BnO H N’COOBn
Y, | BF3-Et20, -78°C—r.t. 53
OMe BnO 0
PMBO

/COOMe Sc(OTf)s, CHzClz, 0°C o oot a1
Moo Ho BFs-Etz0, -78°C—r.t. P 68
pOOBn
N-CO0Bn H_N
Z N Sc(OTf)3z, CH2Cly, 0°C 60
MeO HO P

Xopomre BBIXOABI TPOAYKTOB 231-234 cBs3aHBI C MPEUMYIIECTBEHHBIM 00pa30BaHHEM
untepmenuatoB |l ¢ cun-pacnonoxenuem rpynnsl -CH2OR u umueBoro ¢parmenra, yto
yKa3bIBa€T Ha BBICOKYIO CTEPEOCEIEKTUBHOCTD MPOTEKaroIiel peakuuu Junbca-Anbaepa.

CenleKTUBHOCTh  [4+2]-IIMKJIONPUCOSIMHEHUST TaKKe 3aBUCHT OT 3aMECTHTENeH B
HCXOJIHBIX COCJMHEHUSX, YTO TO3BOJISIET KOHTPOJIUPOBATh HampaBiieHue peakuuu. Hanpuwmep, B
cilyyae ajmkokcukapb6amara 217 u O6yragueHoB 235-237, cogepkauux o0bEMHBIE 3aMECTUTEINH,
00pa3syercsi eMHCTBEHHbIN quacTepeoMep ¢ aHTh-pacnonoxenuem rpynn —CH>OR u -C=N*
(coemuuenus 238-241, Tabmuua 22) [130]. [dns Gosnee 3PPEeKTUBHOTO AEPOTOHHUPOBAHHS
uHTepmenuatoB 238-241 aBropsr padboTel [130] mpemyararoT 100aBISTh B PEAKIIMOHHYIO CMECh
TPUSTHJIAMHH 4Yepe3 dYac IMOocjie Hayajga peakiuH, YTO NPUBOIUT YBEIMYEHHUIO BBIXOJIOB

criupoeHaMUHOB 243, 244.

Cxewma 53.
B ~
oc NG Boc\N
Boc. TIPSO L.
W OCHOBaHune o
XN + —_— RO~ " - T RO
Ry ™
RZ Rz
MeO R0 OTIPS OTIPS
— = 242, R, =Bn,R, = H;
217 235-237 238-241 243 R, =Bn, R, = Me;

244 R, =Bz R, = Me



Tabnuma 22. CunTe3 ciupouMuHOB 242-244 peakuueit J{unbca-Anbaepa.

HOMEpa
Ri | Rz YCIIOBUS PEAKIIUHI BbIXO, %
IPOJTyKTOB
242 Bn | H | BFsEt.0, CH:Clz, -78°C | 3
BF;-Et20, CH2Cly, -78°C;
243 Bn | Me 34

yepes 1 uac NEt3

BF3-Et20, CH2Cly, -78°C;
244 Bz | Me 76
yepes 1 uac NEt3

CTOUT OTMETHUTD, YTO aAnyKThl 242, 243 ¢ adKOKCHOCH3UIBHON TPYIION 00pa3yroTcs ¢
0oJiee HU3KMMH BBIXOJAMH IO CPAaBHEHHUIO ¢ MX OCH30MJIBHBIMH aHajoramMu 244, 4To MOXKET
OBITH CBSI3aHO C TPOTEKaHWEM MOOOYHBIX HyKJIeopuabHBIX peakuuii rpymn OBn  mo
AEKTPOPUIBHOMY [IEHTPY HIMHUHHEBOTO HOHA.

[Tomumo 1eneBbix mpoayktoB |V, B pesynbrare peakuuu 3JIEKTPOHOJOHOPHBIX
OyTaAHEeHOB C WMUHUEBBIMH COJSIMH MOTYT OBITh TMOJNIy4€Hbl €HOHbl V U MPOIYKTHI
necumunupoBanust VI (Cxema 54, Tabnuna 23). [Ipeanonaraerces, 4To AUEH MPUCOCTUHICTCS K
UMUHUEBOMY HOHY IO CTYIIEHYaTOMY MEXaHU3My C 0Opa3oBaHHWEM CTaOWIU3UPOBAHHOTO
kapOokatuoHa ||, KOTopsIif 3aTeM >MTUMUHUPYET TPUATKUICUIUIBHBINA KaTHOH WU BCTYIaeT B
peakiuio UKIn3anui. BaxHo otmetuth, uro B mpucyrctBun SC(OTF)s mpu -20°C mpoaykT
JECHIINITUPOBaHUs V MOXKET OBITh BBIJICIICH U 0XapaKTEPHU30BaH, a IPU KOMHATHOUW TEMITEpaType
B T€X XK€ YCIOBHSIX OH MMPETepeBaeT NUKIM3auio B criupoeHamun VI [131].

Cxema 54.

-TBS* A BHYTpUMORneKynsipHas
e Lumknusauus

BzO BzO ‘
) \\\\\\\\\\‘

OoTBS o
TBSO

CcTyneH4yaTtoe

\ npucoeguHeHne
Kucriota + BHYTpUMOnekynapHas vi

R
N N
N INbtonca ! / umknusayms
CUHXPOHHOE NEt;
MeO

*s., npucoeauHexve
+

223a, R = Boc; N
223b,R=Ts; '« NEt,
223a, R = Cbz I




Tabmuma 23. PasnuuHble  HaNpaBJICHHWS peaklMW WMHUHHUEBBIX HMOHOB | ¢

AJIEKTPOHOJOHOPHBIM OyTaIuEHOM.

R VYcnoBus peakuu Beixon 1V, % | Beixoxn V, % | sBexox VI, %

BF3-Et,O, CH2Cl,, -78°C;
Boc 4 - .
yepe3 2 yaca NEt3

Sc(OTf)s, MeCN,
Cbz 20 - -
-20°C;uepes 2 yaca NEt3

Sc(OTf)s, MeCN, -20°C;
Ts 5 64 -
yepe3 2 yaca NEt3

ZnClz, MeCN, r.t.; gepes
Ts 5 62 -
2 yaca NEts

Sc(OTf);, MeCN, r.t;
Ts 5 - 44
yepe3 2 yaca NEt3

ViMuHueBBIE CONMM TaKkKe CIIOCOOHBI B3aUMOJAEHCTBOBATH C TI'eTEPOLHKINYECKUMU
JME€HaMH, OJJHAKO B 9TOM ClIy4ae 00pa3yroTcs TOJIBKO MPOAYKTHI AIKWINPOBAHUS T'€TEPOLIUKIOB
(Cxema 55). AnKuaMpoBaHHE AIIEKTPOHOIOHOPHBIX (PYpPaHOB M MHIOJIOB UMHUHHUEBBIMH COJISIMH
NPOTEKAaeT B MATKUX YCIOBHSIX C BBICOKUMH BBIXOZAaMH, a B cirydae uHpoina ¢ rpynmnoil COOEt B

nonoxxenun N(1) ueneBoit mpoaykt 251 o6pasyercs nuib ¢ Beixogom 13% [133].

Cxema 55.
R,00C.
R,00C ©\/\> 1 N
N @\OTMS R400C. N N
o) N R,
NS
o Sc(OTf)s, CH,Cly, 0°C Sc(0Tf)s, CHaCly, 0°C N
MeO N
Rz
245, R, = Me, 65%; 229, Ry = Me;
246, R, = Bu, 75% 230, R, =Bu 247-250, R, = Me, Bu;

R, = H, Me; 85-92%;
251, Ry = Et; R, = COOEt; 13%

HecmoTpst Ha HEKOTOpBIE CIOKHOCTU PabOTHI C o,B-HenpeaeIbHBIMI UMUHAMU, PEAKIIHH
Junbca-Anbepa ¢ JTHMH COEIUHEHUSMU MOTYT TPHUMEHSATHCS Ui KOHCTPYHPOBaHUS
nonuukIndecknx monekyn. Ha Cxeme 56 (BepXHss peakius) MpeCcTaBlieHa CTaAusl CUHTE3a
MaKpOIMKINYECKOro sapa rumHoaumuba 253a [134]. Hukauszanus HMCXogHOro mMuHa 252
MPOTEKAaeT B MSATKUX YCJIOBHSIX C OOpa30oBaHMEM »53K30- W JHIO-aUIYKTOB TPHMEPHO B
OJIMHAKOBOM COOTHONICHHWU. B X0/€ peakiuy 4aCTUYHO MPOUCXOTUT THUAPOIH3, MTOITOMY IS
pereHepalnuu CIHPOUMHHOB 253 peaklMOHHYIO CMECh BBIICPKHUBAIOT HAJ MOJEKYISIPHBIMU

CUTaMHU B IPHUCYTCTBUH TPUITHIIAMHHA.



Cxema 56.

OH OH :
S s 1) untpat HaTpua/HCI (pH ~6.5), w
X H,0, 36°C i
Q 3
2) NEt; +-BuCOOH, PhH, MS 4A
\ hl
N
252
TBSO OTBS
X ., PhH, 185°C,
= “ Cymunaisep, MS 4A
1

LeneBon NpoaykT 253a + 253b, 1:1

21% (06Lwwmin BbIXOA Nocne AanbHenwnx
CUHTETUYeCKUX TpaHcdopmaumii 253)

S
0}

NHTeoc NHTeoc
NHTeoc

255a + 255b, 2 : 1, 60%
254

Hns  cpaBuenuss Ha  Cxeme 56  mpuBeeHa  BHYTPEHHSS — [UKIM3ALUS
(GYHKLIMOHAIU3UPOBAHHOIO O-METHJIMACHKeTOHa 254. Kak MOXHO 3aMeTHTh, 3Ta peaklus
IPOTEKAeT B ropaszio 6ojiee KECTKUX yCIOBUAX U HE MIPUBOJIUT K 00pa30BaHUIO CTEPEOH30Mepac
HYXXHOH KOH(pUTYparuei.

Takum o00pa3zoMm, B3aMMOJEHCTBHE IUKIMYECKMX METHUJIMACHOBBIX IPOU3BOJHBIX C
JMeHaMu BJsieTcs 3(pPEKTUBHBIM CIIOCOOOM CO3[aHUS CIIUPOLHUKINYECKUX CTPYKTYp, KOTOPBIH
AKTUBHO UCIOJb3YETCS B COBPEMEHHOW OpPraHMYecKON XMMHMU. Ba)kHO OTMETHTH, UTO peakLuu
UKINYECKUX JHUEHOB C HECUMMETPUYHBIMU JIOHOPHBIMU (TIPOM3BOJIHBIE MPOTOAHEMOHHUHA),
aKILIETITOPHBIMU (METUIIN/IEHKETOHBI) U JIOHOPHO-aKLENTOPHBIMU nueHopunamu
(METUIN/ICHOBbIE MPOU3BOJHBIE OKCA30JIMIMHAMOHOB M THUAAHTOMHOB) XapaKTE€PU3YIOTCS
BBICOKOM JTMAaCTEpPEOCENIEKTUBHOCTBIO; B CIlyyae MCIOJIb30BaHUS XUPAJIbHBIX JAUEHO(UIIOB
BO3MO>KEH DHAHTHOCEIEKTUBHBIM CUHTE3 aJAyKTOB [4+2]-IIUKIONPUCOEIUHEHMS, a ISl B CIIydae
HECUMMETpUYHbIX  1,3-0yTagueHOB  BapbUpPOBAaHME  YCJIOBUM  pEAaKIUU  MO3BOJIET
KOHTPOJIMPOBATh PETHUOCEIEKTUBHOCTh MPOTEKAIOUIEr0 IUKJIONPUCOeTUHEHH. B 1emom,
BapbUpOBaHUE CYOCTPATOB M YCJIOBHUIl peakiyii MO3BOJSIOT TOHKO HACTPauBaTh CTEPUUECKUE U
AIIEKTPOHHBIE CBOMCTBA CO37aBAEMBIX CHUPOCOUICHEHHBIX (PparMeHTOB B MOJIEKyse, JaBas
BO3MOXXHOCTh NPHUMEHATh PEaKUUU JAMEHOBOTO CHHTE3a C IMKIMYECKUMU METHIIMJIEHOBBIMU
MPOU3BOJHBIMU B CHHTE3€ MPUPOIHBIX COCTUHEHUI U UX aHAJIOTOB.

ITo cpaBHeHUIO ¢ TpH- U TeTpazameEHHbIMU ITpu C=C cBs3u oJepUHAMU, COeTUHEHHS C
sk3omMKIndyeckoil  cBsa3plo  C=CH:  sBnstorcss  Oosiee  akTHUBHBIMH B peakUuUsaX
IUKJIONPUCOCANHEHUS 32 CYET CTEPUYECKOW AOCTYNMHOCTH JBOWHOM CBSI3M, UTO PACIIUPSIET
CHUHTETHUYECKHE BO3MOXHOCTH CO3/IaHUsl CIUPOLUMKIOB. BMmecre ¢ 3TuM, HecTaOMIBHOCTH

HeKoTopbIX 1,1-nmu3aMemENHBIX NPOU3BOAHBIX HPUBOAUT K CHHTETUYECKUM TPYAHOCTSAM



MOJIyUYEHUsI MCXOJHBIX AMEHO(MUIIOB M MOXET HajaraTh psAJ OrpaHUYCHHH Ha IpOBEIEHUE

peaKkuuii ¢ TUEHAMU.



3. O6cy:xnenme pe3yjbTaTOB 1

W3BectHo, utO peakuus Juibca-Anpiaepa ¢ HehyHKIIMOHAIM3UPOBAHHBIMU JIHEHAMHU
MO3BOJISIET BBECTH B MOJIEKYNy KOH(POPMALMOHHO XECTKUNA JMNO(UIBHBIA (parMeHt, 4To
MOXKET TIPUBOAWTh K 3HAYUTCIILHOMY POCTY OHOJOTHYECKOW aKTUBHOCTH IOJIy4aeMBbIX
coequnenuii [135-138]. Ilpum 3TOM BapbHpOBaHHE CTPYKTYPHl JHEHA ITO3BOJSAET TOHKO
HACTpaMBaTh CTPYKTYpYy oOpasyromierocs aunopmibHoro kapkaca [139-141], a nHamuume
nBoitHoi C=C cBsA3M B afayKTe [4+2]-IUKIONPUCOEINHEHUS OTKPBIBAET MYTh JUIsSl JaJIbHEHIINX
MOTU(PHUKAIIHA TOTydaeMbIX MOJIEKYI.

B npeppigymux paborax Hameld HayyHOW Trpymmbl ObUIO MOKa3aHO, YTO CIHPO-
2-XallbKOT€HUMH/Ia30JI0HBI C ABYMS CIIUPOCOUTICHEHHBIMU S-YJIEHHBIMU [IUKIIAMU, ITOJTy4aeMble
peaKuusIMA HUKJIONPUCOSIUHEHUS 1,3-AUMONeH K 5S-METUINACH-3aMEIIEHHBIM THAAHTOMHAM, a
TaKXKe 2-THO- M 2-CeJICHOMMU/Ia30JI0HaM, 00JIalal0T BBICOKOW IMUTOTOKCHYHOCTBIO, YTO MOXKET
OBITh CBSI3aHO C UX CIIOCOOHOCTHIO MHTHOMPOBATh B3auMojcicTBue OenkoB p53-MDM2 [142—
144]. OxHako MPOU3BOIHBIC HMHIA30I0HA, UMEIOIINE B COCTABE CIIMPOCOWICHEHHBIC O-UICHHBIC
IIUKJIBI, HA OMOJIOTHYECKYIO0 aKTUBHOCTh paHee HE HCCIIECIOBAIICH.

B pamkax manHOi paboOThl OBUIO H3YyYEHO B3aUMOJCHCTBHE METHIIHICHOBBIX
npou3BoHBIX | ¢ nuknonenraguenom 1, 1,3-muknorekcaanerom 2, 2,3-TuMETHIOYTaANEHOM 3
U HW30MPEeHOM 4, 4YTO TO3BOJMWIO pa3paboTaTh METOABI TONYYEHHUS paHee HE OMUCAHHBIX
CHUPOLUKINYECKUX coenHeHni ctpykrypHoro tumna Il (Cxema 1). bouto onpeneneno BnusHue
3amecTtuTeneid B nueHodumiaax | Ha CKOpOCTh TPOTEKAaHWsI pEaKIuil M CEJICKTHBHOCTH
o0pa3oBaHUsl M30MEPHBIX MPOAYKTOB B ciydae nueHoB 1, 2 u 4. Kpome Toro, Hamu ObLia
HCCJIEIOBaHA BO3MOXHOCTh MOCIEAYIOUIETO BBEIACHHS Pa3NUYHbIX (PYHKIIMOHAIBHBIX TPYII B
KOH(pOpManMoHHO KECTKUU (parMeHT wumuaazonoHoB |l peakmusmu ¢ 1,3-punonsmMu u

pa3IMYHbIMU 3J1eKTpoduiIbHbIMU arentamu (Cxema 1).

! B O6CY)KL[€HI/II/I PE3YIbTATOB UCIIOJIB3YCTCA HyMEpalluia COCHHHGHHﬁ, CXEM U PUCYHKOB, OTJIMYAromasAcs ot
HyMEpaluu B 063ope JIUTCPATYPhI.



Cxema 1.
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Z[J'ISI pdaa CHUHTE3UPOBAHHBIX COE€TUHEHUI OBLIO MMPOBEACHO TCCTUPOBAHUEC HUX

[IUTOTOKCUYECKON M aHTHOAKTEPHAIIbHON aKTUBHOCTH.

3.1. CuHTEe3 UCXOAHBIX TUEeHO(UIOB

Mpbl HayalM HAIId WCCIICJOBAHHUS C CHHTE3a CEPUU HCXOJTHBIX WUMHIA30JI0HOB 5-29,
COZIepIKAIUX SK30IMKIHNUECKYIO MBOWHYIO cBsi3b B mojoxeHun C(5) (Cxema 2), MOCKOJIBKY
HAIMYUE 3aMECTUTENIed C pa3jMYHBIMH DJIEKTPOHHBIMU U cTepuueckuMu dpdextamu mnpu
JBOMHOW CBSI3M MMHIA30JI0HA U B HEMOCPEJCTBEHHOW OJM30CTH OT HEEe MOXKET BIUATH Ha
PCAKIIMOHHYIO CIIOCOOHOCTh  JUEHO(HIIA, YTO TO3BOJSCT VYIPABIATH CKOPOCTBIO U
CEeJIEKTUBHOCTHIO peaknnu Junbca-Anpaepa. B ummmazononax 5-11 BapsupoBayicst 3aMeCTUTEIb
B [IEPBOM TMOJOXKEHUH TeTepolukia, coequHeHus 12-21  mpencrtaBnsioT  coOoi
3-apmi3aMenm€HHbIe THOTUIAHTOWHBI, UMUA30JI0HBI 22-27 colepiKar TpU- U TeTpa3aMelIEHHYIO

C=C cBs3b, a B coenuHeHUAX 28, 29 mpUCyTCTBYET K30mMKINYecKas cBsa3b C=N.



Cxema 2.

Ph

Ph Ar :
‘ N o=N_o0
N
O \/40 O \/48 \f
}N\ NH Y NH
R
Hal
511, R = H, Ac, COOEL, 12-21, Ar = Ph, 2-FCgHy, 2-CICgH4,
Ts. Boc. Bn. CONHPh 3-MeC6H4, 3-MeOC6H4, 4-FC6H4, 22’ Hal = BI',
’ ’ ’ 4-C|CGH4, 4-’\/'9()C6H4Y 23! Hal = |
2,6-M9206H3, 3-C|,4-FCGH3
R R4 Ph
| | N
o) N\/éx o N\?o O MX
NH NH 7N,
4 84 Ar—N  Ph
Ar R,
24, X =0, R =H, Ar = 4-FCgHy; 26, Ry =Ph, Ry =Br; 28, X =0, Ar = 4-NO,CgHy;
25,X =S, R =Ph, Ar = 4-MeOCgH, 27,Ry = H, Ry = 4-FCgH, 29,X =8, Ar=Ph

HecmoTpst Ha TO, 4TO B COBPEMEHHOW OpPraHUYECKONM XMMHHU IIUPOKO HCCIIEIOBAHBI
CHHTCTHYECKHE TOAXOIABI K pa3IMUYHbIM HMHIA30JI0HAM, METHIINIAECHOBBIE ITPOM3BOIHBIE
TMJAHTOMHA W THOTHUAAHTOMHA SIBISIOTCS MAaJTOM3Y4YCHHBIM KJIaCCOM COCAMHEHHMH H3-3a HX
OTHOCHUTEJIBHO BBICOKOH PEaKIMOHHON CIOCOOHOCTH. BhICOKass aKTUBHOCTh 3THX COCIUHEHUM
CYIIECTBEHHO 3aTPyIHIET BO3MOKHOCTH MX CHHTE3a; IEUCTBUTEIILHO, OITUCAHHBIE B JINTEPATYPE
METOJUKH TIOJYYCHHs METHJIMICHHMHUIA30J0OHOB MPUMEHMMbI TOJBKO JUIS OTrPaHHYECHHOTO
Habopa rereponukiaoB (cM. momydenune N(3)-OensmnbHbIX Mpou3BoaHbIX [145] u 1-apwmi-3-

[146]).

MCTUIMACHTUAAHTONHAX U METUIIMACHTUOTHJAHTOMHAX CTCPUICCKU I[OCTYHHOI\/'I C=C nosBoisieT

MeTI/IJ'I'5'MCTI/IJ'II/II[CHFI/I)IaHTOI/IHOB OI[HaKO HaJIM4Ynue B HCXOOHBIX

HUX HCIOJIB30BaTh CITMPOLUKINYICCKUX

B peakuuu Junbca-Anpaepa Il TIOJYYEHHS
MMHUJIA30JI0HOB, TIO3TOMY B Hayaje Hallero HCCIEJOBaHUs OCHOBHOM 3ajauyedl SBISUIOCH
pa3BUTHE TMOAXOJIOB K CHHTE3Y pPa3HOOOPA3HBIX MPOU3BOJHBIX S-METHIHICHTHIAHTOMHA H
S-METUIIMIEHTUOTUIaHTOMHA.

Ucxomupnii  S-mMetniauaeH-3-QOeHWITHIAHTONH 5 OBLI TMOJYYeH 110 OINHWCAHHOW B
muteparype Metoauke (Cxema 3) [147]. Ha nepBoii craguu audTiiManionat 30 HUTPO3HPOBAIIH
C HCHOJIb30BaHUEM HHUTPUTA HATPHs, MOCJIE YEro MPOBOAWIM PEAKLHUI0 BOCCTAHOBUTEIHLHOIO
amuaHpoBaHus. [lomydaembrii mpoaykT 31 BBommiIM B peaknuio MaHHHXa C TOCIEAYIOIIAM

TUAPOIN30M U JekapOokcmupoBanueM. [Ipu oOpaboTke momydaemoro B-mopdonauHoalaHnHA

32 GeHMIM30IMAHATOM B HIETIOYHOM cpejie ObUT TIOJTYYeH THIAHTOMH 5.

)

Cxema 3.

O

1) PhNCO, Ph
COEt 1) NaNO, AcOH EtO,C._ COEt N - CHO NH*2HCl  NaOH, H,0 N
CO,Et 2)Zn, HCOOH NHCHO  2) HCI, H,0 CO,H 2) HCI ,\\,/:/
3) H,0
30 31,53% 32, 75% 5,41%



Hamm [IOIIBITKH CHUHTE3UPOBAThH 5-MeTHIINIEH-2-THOT U TAHTONH 12 3
(EeHWITM30THOIIMAHATA U AMHHOKHCIIOTH 32 B aHAJIOTHYHBIX YCIOBHSIX OKa3aJUCh 0€3yCIENIHBI U
MPUBOJMIIA K 00pa30BaHUIO CMECH MPOJIYKTOB JAUMEpPHU3ANUU U JecyabhypupoBanus. OqHaKoO,
B3auMojieiicTBue P-MopdonuHoanannHa 32 U (HEHWIN30THOIIMOHATA B CMECH NMUPHUIUH-BOA-
NaOH, u mocnenyromeld SKCTpaKIMU TOIYOJIOM (U1 yaaJieHusi n30bITKa (PeHUIM30THOIIaHaTa
U TMHPUANHA) W TOJKHUCIECHUE BOTHOW (ha3bl coystHOM kucioTod mo pH 2-3 ¢ nmanpHeHmum
KHIISTYeHUEM | 9ac MOJIyYeHHON CMECH MO3BOJWIIO MONTYYHTh S-METHUIIHICH-2-THOTUIAHTONH 12
C XOPOIIIUM BBIXOJOM.

B xoxe onTtummuzanmu yciaoBHWM peakiu ObLJIO MOKAa3aHO, YTO BPEMs BBIIACP)KUBAHUS
cmecu [B-mopdonmHoanmannHa 32 W (PEHWIM30THOIMAHATAa B IIEJIOYHOH cpene HUMeeT
NPUHIMITAATBHOE 3HAa4YeHHe. [Ipy BBIIEP)KMBAHUM CMECH Ha JaHHOW ctaauu B TeueHue 50-60
MuHyT B crekrpe SIMP 'H koHeuHOro mpojykra HaGIIOAAIOTCS OYEHb MHTEHCHBHBIE CHIHAJIBI
npuMeceld, KOTOpble MOTYT COOTBETCTBOBATH MPOJIYKTaM MOJUMEPHU3AIUU MPOMEKYTOUYHOTO
MIPOM3BOTHOTO THOMOYCBHUHBI. ¥ MEHBIIICHHE BPEMCHH BBIICP)KUBAHMS HA TIEPBOM CTaAWH 110 25
MUHYT TPHBOJUT K OOPA30BAHHIO IIEJICBOTO THOTHJIAHTOMHA 12 ¢ MaJlbIM KOJWYESCTBOM
npumeceld, 100 BoBce 0e3 mpuMeceld MOOOYHBIX MPOAYKTOB IMOJIMMEpH3auu. Bpews
KUIISTYEHUSI B COJITHOKHCIIOM DPAacTBOpPE TaKKe HMMEeT 3HaueHUe. BbUIo yCTaHOBIEHO, YTO B
Clly4ae YBEJIWYCHUS IPOJIOJDKUTSIIBHOCTH KHISIYEHUST B CONsTHOW kucnote ¢ 1 jgo 10 gacor
MPOUCXOIUT KAaK YaCTUYHOE JeCyab()ypHpPOBaHHE, TaK W JUMEpH3AIHs OO0pa3yroIIerocs
THOrHAanTouHa 12,

Jl7is OLlEHKH CHUHTETUYECKHUX BO3MOKHOCTEM METOJMKM HAMU TaKKe ObUIM TMOTy4YeHBI
B-amuHOamaHUHBI 33 U 34, KOTOPHIE H3YYAIHCH B YCIIOBUSX, MOAOOPAHHBIX JJIST B3AaMMOICHCTBHS
B-mopdomunoananuna 32 ¢ PhNCS [148]. Oka3anock, 4To 1e7eBOi METHIINACHTHIAHTONH 12 ¢
XOPOIIIUM BBIXOJIOM MOXET OBITh MOJy4eH TOJIBKO U3 MPOU3BOJHOTO MopdonuHa 32, a s 33 u
34 He wHaAOMIOIANOCH TOMHOM KOHBEPCHM HA CTAaJUU OTIICIUICHHUS aMUHOTPYIIBI OT
tuorumanTonHoB 39, 40, a Takke 0Opa30BBIBAIMCH NPOAYKTH AeCYlbQYpUPOBAHHS H
quMepu3ani. MBI TIpearojiaraeM, 4TO 3TO MOXET OBITh CBS3aHO C Pa3HOW OCHOBHOCTBIO
UCTIONB3YEMBIX aMHUHOB, TaK KaK OCHOBHOCTh MOp(OJIMHA Ha ~2 TMOpsAIKa HIDKE, YeM Y
MUPPONIMINHA U TUTIEPUIUHA, OTPOOOBAHHEIX B paboTe.

OnTUMHU3UPOBAHHBIC YCIIOBUSA TOJNYUEHHUS S-MeTHIHJICH-3-()eHUI-2-THOTHIaHTONHA

npeacrasieHsl Ha CxeMme 4.



Cxema 4.

X Ph Ph
<N> CO2" NHPh 0 N__q 0 N_g
PhNCS HCI, H,O (pH 1-2 TOnbKO B crnyyae 38
KKNHzoZHCn H’&S 20 (p ) [\\j/: y [\\]f
NaOH, Py, H,0 (pH 9-10) N A, 14ac
CO,H
z 40°C, 25 MUHYT X N\//\X 12, 51%
32, X = CH,0OCH,; 38, X = CH,0CHj;
’ 35-37 ’ 2 2;
33, X = (CHy)z; 39, X = (CHy)y;
34, X = (CHp)3; 40, X = (CHy)s;

Pa3zpaGoranHblii HaMu TOIXOA OBUI Jajee YCHEIHO NMPUMEHEH Ui CHHTE3a CEpHUHU
3-apmi-5-mMetwueHTHoruAanTonHoB 12-21 u 41 (Cxema 5). bpiio mokaszaHo, 4To B cilydae
M30THOILMAHATOB C AJICKTPOHOJOHOPHBIMU 3aMECTUTEIISIMH B apOMATHYECKOM KOJIBIIC IEJICBBIE
TIPOIYKTBI o0pasyroTcst c Ooee BBICOKUMU BBIXOJIAMH. Hcnonp3oBanue
4-HUTpO(DEHUITM3OTUOIIMAHATA TIPUBOAUT K PE3KOMY CHIDKEHHUIO BBIXOJOB 10 26%. IlombiTka
OCYIICCTBUTh PEAKIHMI0 C [UKIOTeKCHIM30THOIIMOHATOM HE TpuBela K 0O0pa30BaHUIO
COOTBETCTBYIOIIETO METHJIHICHTHOTHIAHTONHA 42 B TEX )K€ YCIOBHSIX PEAKITUH.

Cxema 5.

o)
[ ] 1) NaOH, Py, H,O (pH 9-10), R
N 40°C, 25 MUHYT (6] N\/¢S
NH

NH,*2HCI + RNCS
2) HCI, H,0O (pH 1-2), A, 1 vac
CO,H

12, R = Ph, 51%; 13, R = 2-FCgH,, 73%;
32 14, R = 2-CICgH,, 66%; 15, R = 3-MeCgHy, 68%;
16, R = 3-MeOCgHy, 69%; 17, R = 4-FCgH,, 68%;
18, R= 4-C|CGH4, 60%, 19, R = 4-MeOCGH4, 90%,
20, R = 2,6-Me,CgH3, 51%%*; 21, R = 3-Cl,4-FCgHj, 56%;
41, R = 4-NO,CgHy, 26%; 42, R = uuknorekcun-, 0%

* - gucroTa coequHenus okoao 60% (o nanneM ‘H SIMP cniektpa).

[Monyuennbie N(1)-HezameméHHbIE WMHIA3070HBI 5 W 12 OBUTH HWCMOJIB30BAHBI IS
MoCIeAyommMX MoauduKanuii mo aroMmy a3ota. bbuio 0O0HApYKEHO, YTO B MPUCYTCTBUU
TPUATHJIAMHHA COCJIMHEHHWE 5 B3aUMOJICHCTBYET C AIWIUPYIONIUMH H TO3WIHPYIOIIUMHU
areHTaMH B MSITKHX YCJIOBHAX ¢ oOpa3oBaHueM mpoaykToB 6-11 ¢ Beixogamu 80-95% (Cxema 6,
Ta6n. 1). 'maantoun 10 ObUT MOJYYEH C BBICOKMM BBIXOJOM IO PEAKIUU AIKUIMPOBAHUS B
OpUCYTCTBUM  M30bITKa  KapOoHara  Kamuss B KadyecTBe  OCHOBaHHWsA.  Peaknus
MeTWIHACHTHIaHTOMHa 5 ¢ omHuM skBuBaieHToM PhNCO Takke mpoTekanga ¢ XOpOIIUM
BbIX010M (70%), KOTOPBIN yJaJIOCh €Il MOBBICUTh MPHU UCIIOIB30BAaHUM 1.5-KpaTHOTO M30BITKA
usonmanata (Tabmn. 1). Oxnako B cinydae peakiiuu ¢ PANCS B aHajoruuHBIX yCIOBHUAX IICIIEBOM
npoxykt 43 He obpasyeTcss naxe B CIENOBBIX KomuuecTBax (mo ganeiM TCX u 'H SIMP
criekTpockonuu). B Oomnee KECTKUX YyCIOBUAX (KHISYCHHE C HW30BITKOM HW30THOIMAHATA) B

crektpax ‘H SIMP peakImoHHO#H CMeCH OTCYTCTBYIOT CHTHAJIBI IPOAYKTa 43 M, TOMHMO 3TOrO,



MCYE3al0T XapakTepuctruunble curHanbsl =CHz-bparmenta rugantTonna 5 B oonactu 5.0-6.0 m. 1.,
YTO YKa3bIBACT Ha IMPOTCKAIOLINC HO60‘IHBI€ MponuecCChl PA3JIOKCHUA MCTUWINACHTHUAAHTONHA 5

W/WIIM TIPOJTYKTOB PEaKIui B OCHOBHOM Cpejie.

o " o "
N R-X N
=0 =0
N OCHOBaHue N
H R

5 6-11

Cxewma 6.

Tabmnuna 1. [Tomydenne N-3amMemEHHBIX 5-METHIIMICHTHIaHTOMHOB.

HPOIYKT R YCIIOBHS PEaKIIUH BBIXOJ1, %0
Ac20 (1 3xB.), NEts (1 3xB.), DMAP (kar.),
6 Ac 95
CHCls, r.t.
CICOOEt (1 skB.), NEt3(1 sxB.), DMAP (xar.),
7 COOEt 88
CHCl3, r.t.
TsCI (1 akB.), NEt3(1 sxB.), DMAP (kart.),
8 Ts 80
CHCls, r.t.
Boc20 (1 sxB.), NEt3(1 sxB.), DMAP (kaT.),
9 Boc 94
CHCl3, r.t.
10 Bn BnCl (1 sxB.), K2CO3 (3 3kB.), MeCN, r.t. 95
PhNCO (1.5 sks.), NEt3(1 3xB.), DMAP (kar.),
11 CONHPh 94
CHCl3, r.t.
PhNCS (3 sxB.), NEt3(1 sxB.), DMAP (kar.),
43 CSNHPh 0
CHCl3s, A

[TombITKM BBECTH THOTMIAHTOMH 12 B peakluy alWIMPOBAHUS U aJKUIMPOBAHUS B TeX
K€ YCIIOBUSIX HE NMPUBOJMIN K 00pa30BaHUIO allWi- ¥ AJIKUIMMHIA30JI0HOB. BbII0 00HapyXeHo,
yro B mnpucyrctBuu ocHoBaHud (NEts, K>CO3) MeTHIMIEHTHOTHIAHTOMHBI —OBICTPO
pasnaratorcs. Orcyrerue B 'H SIMP crekTpaX peakIMOHHBIX cMeceil XapakTepHbIX CHTHAJIOB
=CH2-¢pparmenTta MokeT ykas3blBaThb Ha MPOTEKAHHE peakuuil Muxasist JenpOTOHHMPOBAHHBIX
dopm coenuHeHns 12 ¢ IpyruMu MOJIEKyJIaMH UMHUa300Ha. [IpenoaoKuTe bHbI MEXaHu3M

MOJIMMEPHU3aAIN METHIIUACHTUOTMIAHTONHA 12 IpEaACTaBJICH Ha Cxewme 7.



Cxema 7.

N S
(0]

P s PR 25//"“" Ph O}\N[/; ph
o N\( OCHOBaHue N s I\\l S o N s
T — V

N

n
1

*%NH - o=>/j

12 I Il

[To cpaBHEHHMIO C THOTHJIAHTOMHOM 12 THIAHTOMH 5 Oojiee YCTOWYMB K JIEHCTBHIO
ocHoBaHui. Hanpumep, npu CTOSIHUM pacTBOpa COeAMHEHHUS S U ogHOro skBuBajieHTa NEt3 B
xjiopodopme B TeueHue 24 4acoB MOJUMEPU3YETCS OKOJIO IMOJOBHUHBI MOJIEKYN 5 (M0 JaHHBIM
'H IMP cnekTpoB peakiuoHHOH cMmecu). Ilo Bceil BHAMMOCTH, pa3HHMIA B CKOPOCTSX
pa3ioXKeHUsT METUJIMACHUMHUIA30JI0HOB OOYCIIOBJI€HA TEM, YTO B Cllyyae JAECNPOTOHUPOBAHUS
TuorugantonHa 12 oOpasyercst Oosee CHIBHBIN S-HYKJIEO(pHWI, KOTOPBIM Jierde BCTYHaeT B
peakuuu npucoenHeHus 1o aBoitHoN C=C cBs3u.

[MTomumo Momudukamuii uMuma3onoHoB mo monoxeHuro N(1) Hamu Obula M3ydeHA
BO3MOXXHOCTh BBEICHH 3amecTutTesieil mo sx3onukiandeckoil C=C cBs3u B cTpykTypax 5 u 12.
Mpl 0OHapyKWJIHM, YTO TPU B3aUMOJCHCTBUM TruiaHToMHa 5 c ranoreHamu (Brz, l2) B
PUCYTCTBUH TPUITHIIAMHHA JIETKO 00pazyroTcst COOTBETCTBYIOIIHUE
rajorenMeTminaeHuMuIa30monbl 22, 23 (Cxema 8). Kondurypaums coenunenuii 22 u 23
noarsepskaaerca 3Hadenusmu KCCB B 'H SIMP crekTpax MpoayKTOB MX B3aUMOJEHCTBHS C
UKIIONIEHTaHEeHOM (cM. pazzaen 3.2.1). MoxHO MpeanoaoKuTh, YTO peakiys UMHIIa30J0Ha 5 ¢
raJloreHaMu MPOTEKAET Yepe3 MPOMEXYyTOUuHOe oOpa3oBaHue aurainoreHuoB 44, 45. B ciydae
B3aMMOJICHCTBYS THAAHTOMHA 5 ¢ GPOMOM B OTCYTCTBUU OCHOBAaHUI HEYCTOWYMBBIA JUOPOMMT
44 wmoxer OBITh BBIIEJCH W3 PEAKIUOHHOW CMECH IOYTH C KOJUYECTBEHHBIM BBIXOZOM.
Crpykrypa coenunenus 44 nonrsepxkaaercs metonoM “H SIMP cHeKTpOCKONHH MO HATHYHIO
XapaKTEPUCTHUHBIX JTyOJIETOB JAMACTEPEOTONHBIX mpoToHoB CH2Br rpymmer B obmactu 4.18 u

3.92 Mm.1.

Cxewma 8.
Ph Ph Ph
Ph N o N._O R N._0O
o N0 Hal, o= F NEt, | o= F “H . oY
T NH =N NH
NH  CHCly, rt. /
Hal
Hal Hal Hal
5
44, Hal = Br; 46, 47 22, Hal = Br, 98%;
45, Hal = | 23, Hal = I, 93%

Huskasa crabwinpHOCT, coemmHeHuii 44, 45 wmoxer OBITH CBs3aHa C HaJIAYHUEM
noasmwxkHoro mnporoHa B CONH-¢parmente rerepornukia, 4To HPUBOAUT K CIHOHTAaHHOMY

SJIMMUHHUPOBAHUIO TaJloreHoBoopoa. [1o cpaBaenuto ¢ quopomuaom 44 ero N(1)-3ameréHHbie



aHajord 48 u 49 ycToi4mBEI JaXkKe B YCIOBUAX KUIITYEHUS C U30BITKOM TPUITUIIAMUHA U MOTYT
OBITh TOJYYCHBI HEMOCPEACTBCHHO W3 METWIHJICHTHIAHTOMHOB 6, 7 m OpomMa B MSTKHX

ycnoBusx (Cxema 9).

Cxema 9.
P o
N (0] NEt
N
N, CHClIg, rt. ‘R CHCIg, A
R Br 3
Br
6,7 48, R = COMe, 95%;

49, R = COOE, 96%

Hcnons3zoBanne  N-xmopcyknuaumuna u N-OpoMcyKnuHMMHUIA B KadecTBe
TaJIOTEHUPYIOUINX areHTOB B PEaKIUU C MIMUIA30JI0HOM 5 MPUBOAUT K 00pa30BaHUIO IPOIYKTOB
COMPSDKEHHOTO TMpPUCOETUHEHUsT 52 M 53, a He K TaJOreHMETHIIMICHOBBIM IPOU3BOJIHBIM
(Cxema 10). [daHHblii pe3ynbTaT CBUACTEIBCTBYET B IOJB3Y TOrO, 4YTO DICKTPOPHIbHOE
NPUCOSIMHEHNE K METHJIMJICHTHIAHTOMHY 5 MPOTEKaeT 4epe3 MPOMEXYTOYHOe 00pa3oBaHUE
TpeTU4HbIX KaTnoHOB 50 1 51, cTaObMIM3MPOBAHHBIX HEMOJACIEHHON IEKTPOHHON Mapol a3oTa.
CtpykTypa mpoxyktoB 52 u 53 Owina moarsepskaena nanabiMu °C SIMP crekTpockomuu Mo
BenmMuMHE XxuMHueckux ciasuroB rpynn CHzHal. B ciyuyae coenunenust 52 artoii rpyrmme
COOTBETCTBYET CUTHAJ C XMMHUYECKHM C/IBUTOM OKOJIO 44.7 M.J., TOTJa Kak B clieKTpe Opomuaa

53 curHai aTroma yriepoja METHIEHOBOM IpyMIbl HAOII0IaeTcs B 00JIaCTH 0KOJIO 32.6 M.JI.

Cxema 10.
(0]
N—Hal 7

g g "o

o N\fo 0 | o N\fo o=

NH NH NH

H,SO, (kaT.), MeOH, 0°C + L

Hal Hal

°  sos1 52, Hal = CI, 69%;

53, Hal = Br, 74%
B otinume ot runanTounna 5, Tuorunnantous 12 npu B3aumoaericteuu ¢ 6pomom mipu 0°C
oOpa3yer npoaykT 54 nuib ¢ BeixogoM 9% (Cxema 11). [To Bcelt BUAUMOCTH, HUZKHI BBIXO]I
TaJIOTCHUPOBAHMUS THOTHJIAHTOMHA CBS3aH C MPEUMYIIECTBEHHBIM okuciaeHuemM CSNH-

(dbparMeHTa B yCIOBHUSIX PEAKITUH.

Cxema 11.
& s
° N\fs Bry 0 \N,/;
:}NH CHCI3, 0°C 7
Br

5 54, 9%



[ToMrMO MMUIA30JI0HOB € AK30LUUKINYECKUMH TraJOr€HMETUINICHOBBIMU (pparMeHTaMu
22 w 23 nns wM3ydeHus BIUSHUS 3aMecTuTens npu aBoiHoW C=C cBS3M HA XOJ MPOTEKaHUS
peakuuu Jlunbca-Asbaepa 1o autepaTypHbiM MeToukam [149,150] Hamu ObUTH CHHTE3HPOBAHBI
apUIKACHOBBIE MPOU3BOAHBIE 24, 25 M3 MPOU3BOJHBIX MOYEBHMH PEAKIMSIMH KOHACHCALUU C
apomatndyeckumMu anpaeruaamu (Cxema 12).

Cxema 12.

H
N
o N0 Ho  NH, O OF°
i\f + ACHO —— )N
NH EtOH, H,0, A
55 Ar

24, Ar = 4-FCgHy, 20%

1) ArCHO, Fh

o i N
KOH,EtOH O S
Etozcﬂys o{%s K
KA NH 2) HCI, H,0 Y
Ar
56 57
25 Ar= 4-MeOC6H4, 63%

KOH, EtOH

I'ananTounsl ¢ TeTpazamemEnHon 1BoitHON C=C CBS3pI0 OBUIM CHHTE3MPOBAHBI U3 JIH- U
TpHU3aMENIEHHBIX TPEAIIECTBEHHIKOB 5 1 24, TIOJTy4YeHHBIX HAMHU paHee. BblTo ycTaHOBIIEHO, UTO
KUISTYCHUE METUIIMICHTHIAHTOMHA S C HU30BITKOM OpoMa W TPHUATHIAMHHA B XJIopodopme
IPUBOAUT K 00pa3oBaHuio coeanHeHus 26 ¢ Beixogom 73% (Cxema 13). Ilpu 6pomupoBaHum
HOJIPOU3BOIHOTO 23 B T€X e YCIOBHIX ObUIO BBIIENEHO coequHeHue, nanHsie IMP u macc-

CIIEKTPOCKOITUU KOTOPOTO TTOJHOCTHIO COBIAIAIOT ¢ TUOpoMuIoM 26.

Cxema 13.
pq Pq Pn
OQ/%N\I&O . o N\fO Br, (3 akB.), NEt3 (3 akB.) o N\fo
NH NH CHClj, A NH
4 3‘ //
I Br Br
5 23 26, 73% (113 5); 48% (43 23)

B cmydae Tpu3ameméHHOro WMHIa30JioHa 24 peakius ¢ OpOMOM B KHUIISIIEM
xJopohopMe IpoTeKaeT ¢ 00pa3oBaHUEM OXKUIAEMOro mpoaykta 6pomupoBanus 27 (Cxema 14),
KOH(Urypanus KOToporo Oblia ycTaHoBieHa mo Koppemsuusm B cnektpe SIMP NOESY1D
MEXJy NPOTOHAMHU napa-QPTop-3aMelIeHHoro apoMarudeckoro koneia U NH-pparmentom

TeTEPOIIHKIIA.



Cxema 14.

H
H N o
o N\fo Br, (3 3kB.), NEt3(3akB.) O \f
NH CHCly, A 4 "
4 ¥ Br
E F
24 27,53%

Nmunazononsl, conxepxkamme 3k3onukiandeckyto C=N cBsa3p B momoxenun C(5)
reTepouurKia, ObUIM TOJydeHBl 0 peakinusM, nmokasaHHeIM Ha Cxeme 15. Ha mepBoii craaum
KOMMEpYECKH JOCTyNHbIe coeauHeHus 58, 59 xumsatwim ¢ okcamwixiopugom. J[lanee
noJydeHHble mMuaa3oionsl 60, 61 BBogmam B a3za-peaknmio Buttura ¢ ¢docanuMuHamu,
oOpazyrommmucs In Situ u3 TpudenmidochuHa u coorBercTByrOmEro asuaa. [lomydeHHbIe

UMUHBI 62 1 63 oTunIamy ot TprudeHnIHoCcHUHOKCHIA TEPEKPUCTAIUTU3AUCH U3 ITAHOJIA.

Cxema 15.
Ph
! o. Ah o Ph
HN (COCl), N ArN3 PPhs N
=X — >:x >=X
HN MeCN, A g N opTo-Keunon, A Ar—N/ N
Ph Ph Ph
58. 59 60, X = O, 89%: 62, X = O, Ar = 4-NO,CgH,, 76%;
’ 61,X =8, 82% 63, X =S, Ar=Ph, 70%

Takum o0pazom, Ha mepBoM 3Tame paboThl OBUIM MOMYy4eHbl JUEHO(GMIbl 5-29,
cogepxame N(1)-3ameménnble u N(1)-He3amMelEHHbIE HMMUAA30J0HOBbIE (DparMeHThl ¢
AK3OIMKINYECKON NU-, TpU- M TETpa3aMeIIEHHOW IBOMHOW CBs3bI0, KOTOpBIE Jajiee ObLIN
WCCJICJIOBAHBI B PEAKIUAX C PA3IUYHBIMH JUCHAMU. 3a UCKITIOYCHUEM COeAMHECHHU 5, 24 u 25,
BCE€ OCTaJIbHbIE THAHTOMHBI U THOTHJIAHTOMHBI OBLIM MOJYYEHbI BIEPBHIE C HUCHOJIb30BAHUEM

pa3paboTaHHBIX HAMU METOJIOB CUHTE3a.
3.2. Bzaumoaeiicreue UMHUIA30JI0HOB 5-29 ¢ nueHaMu

3.2.1. Peakyuu umuoasononos 5-16, 19, 22-29 ¢ yuxnonenmaouernom

VYenoBus peakums Jwibca-Anpaepa METWIHICH-UMHUIA30JI0HOBBIX TPOU3BOJHBIX C
OUKIIOIICHTAIUCHOM ObLIN ONITUMU3HUPOBAHA Ha IIpuMeEpe MCTHUIIMACHT NIAHTONHA 5.
BapeupoBanuchk COOTHOIIEHHE UCXOIHBIX PEareHTOB, PACTBOPUTEIL U TeMIIepaTypa MpoBeIeHHUs
peakiuu. ONTUMABHBIM OKa3ajoCh HCIONb30BaHHE 8-KpaTHOTO U30BITKA JUeHa TIpU
KUISTYCHUH B XjiopodopMme, OeH30lie, METaHOJE WJIM JTaHOJIC, B JTUMETHICYIb(OKCHIE,
AllCTOHUTPHJIEC, alleTOHE MIIM ATHJIAIETAaTe PEaKIHsl MPOTEKAET MEJICHHO WM MPAKTHYECKH HE

UIET.



B onTUMU3MPOBAHHBIX YCIOBUAX KHUISTYCHHS B XJopodopme, Jajee B PEAKIHIO ObUIH
BBEJICHBI METHIJIHICHUMUAa30JI0HBI 6-16 1 19. Pesynbrarel npeacrasnens B Tabnuie 2. Bo Bcex
CIIy4asiX peakius IUKIONPUCOCTUHEHHS MpOoTeKaga C MPEUMYIIECTBEHHBIM 00pa3oBaHUEM
IOPOAYKTa C OK30-TIOJIOKEHHEM METHIIEHOBOIO MOCTHKAa OTHOcUTenbHO Tpymnsl C(4)=0
HCXOIHOT'O T'eTEPOIIMKIIA.

Cxema 16.

| | '
N O-_N O-_N X
e D e P, N

N\
1

5-16, 19

64a-76a (3k30-) 64b-76b (sHpo-)

Tabauna 2. Peakiuu Jlunbca-Asbepa IMUIa30JI0HOB 5-16 u 19¢ muKkIoneHTaIueHOM

npoaykr | X R: R2 9K30.9H00? BBIXOJ, %
64a+64b | O Ph H 91:9 81 +9°
65a+65b | O Ph Ac 77:23 73(78 : 22)°
66a+66b | O Ph COOEt 79:21 | 83(83:17)°
67a+67b | O Ph Ts 87:13 | 91(89:11)°
68a+68b | O Ph Boc 85:15 | 73(85:15)°
69a+69b | O Ph CH2Ph 100: 0 10¢
70a+70b | O Ph CONHPh | 80:20 85(80 : 20)°
7la+71b | S Ph H 91:9 79 +8°
72a+72b | S | 2-FCeHa H 91:9 71+ 7°
73a+73b | S | 2-CICeHa H 91:9 68 + 0P
74a+74b | S | 3-MeCeHq H 91:9 80 + 8°
75a+75b | S | 3-MeOCeH: H 91:9 81 +9°
76a+76b | S | 4-MeOCgH4 H 91:9 78 +8°

b

a 110 JaHHBIM 1H SIMP CIICKTpa peaKL{I/IOHHOﬁ CMCCH. "BbIXOA BBIACJICHHBIX B MHAWBHUAYAJIbHOM

BUAC OCHOBHOI'O M MHUHOPHOI'O MPOAYKTOB. ¢ BbIXOA JIsA BLI,E[CHCHHOﬁ CMCECU OCHOBHOI'O U MHUHOPHOIO

d

npoiykra. B ckoOkax yka3aHO COOTHOLIEHHE HM30MEPOB. ‘BbIxon ompenensiu 1o gaHdeiM 'H SIMP

CIEKTPA PEAKIIMOHHONW CMECH.

Crout oTMeTHTb, 4TO B oTinure oT N(1)-3aMeIEHHBIX 9K30- U 9HOO-TIPOIYKTOB 65-68 1
70, N(1)-nezameménnsie coenuHenus 64a, 71a-76a u 64b, 71b-76b moryr ObiTh paznencHsr

METO/IOM KOJIOHOYHOW Xxpomarorpaduu. Ilo Bceil BUIUMOCTH, 3TO CBS3aHO C BA)XHOHM pOJIBIO



BogopoaHoi cBsizu CONH- u CSNH-¢parmMenToB npu HOpOOPHEHOBOM KapKace COSAMHEHUU
64, 71-76, BausIONICH HA TPOIIECCHI AACOPOIIMY U30MEPOB HA MIOBEPXHOCTH CHUITHKATEIIS.
1
CrtpoeHure MOTYyYeHHBIX CITUPOUMUIA30JI0HOB 64-76 ObLIO ompeaeneHo Mo JaHHbBM “H u
13C SMP cnekTpockormu, a B ciydae coequMHEHHs 64a CTpyKTypa OblTa NOITBEpKIeHA

meronom PCA (Puc. 1).

Puc. 1. Monexynapnaa cmpykmypa coedunenus 64a.

Mo nanueiv 'H SIMP crnekTpOCKONHH 5K30- M 2HOO-TIPOAYKTH @, b pasmmuarorcs mo
xumuueckuMm casuram nporoHoB HC=CH nHopOopHEHOBOro kapkaca: XapakTepHble 1yOJeThl
NyOJIETOB OCHOBHBIX TPOAYKTOB a CMEHICHBI B Oosee ciaboe mojie (6.20-6.60 m.a.) mo
OTHOIICHUIO K CHUTHAJaM MHUHOPHBIX MPoaykKToB (6.15-6.45 m.x1.) (Puc. 2), 4ro coriacyercs ¢
nutepatypubiMu qanuabsiMu [101,103,151]. Kpome toro, ajist coenunenuii 64 u 71-76 xapakTepHo
OUYECHb CYIIECTBEHHOE pa3Nuuue B OSKpaHHpoBaHUM NH NPOTOHOB 3Kk30- M 9HOO-N30MEPOB
(paznmuumst B xuM. casurax > 1 m.j. B CDCI3), uto 00bsichumo BiusiHreM anu3otpornuu C=C

CBSI3H, KOTOpask PacroyiokeHa OIM3K0 K aMHUIHOMY ITPOTOHY B U30MeEpE a.
OCHOBHOH o
n3omep 74a Liaowo

1400000

1200000

1000000

800000

MUHOPHBIN i
usomep 74b o
200000

200000

Puc. 2. Xapaxmepucmuueckue 0yoaemut 0yonemos npomonos HC=CH nopbopnenosozco kapkaca

coedunenuii 74a (sepxmnee uzobpasicerue) u 14b (nuoicnee uzobpasicenue).

Kputepuem oTHECEHUs 9K30- U 9HOO-CTEPEOU30MEPOB coequHeHnit 64 u 71-76, moMumo
BEJIMYMH XMUMHUYECKUX cIBUroB BUHMWIBHBIX 1 NH mpotoHoB, moryTt ObiTh cnekTpel NOESY,
npesncTaBiaenHble Ha Pucynkax 3 u 4. B cmektpe 'H-'H NOESY cnmponpoussomnoro 72a

nposiBisieTcs: B3aumozeiicteue NH mporona ¢ mporonom CH=CH cBs31, a Takke ¢ MpOTOHOM



Omkaiield METUIICHOBOM T'PYIIBI OUIMKIIA, U HEeT B3aumojericTBuss NH mpoToHa ¢ mpoToHOM

npu atome C(7) HOpOOPHEHOBOTO KapKaca.

4.5

€
- a
a

P 5.0
5.5
6.0
6.5
7.0
7.5

55 50 45 40 35 30 25 20 15
ppm

Puc. 3. NOESY *H-'H SIMP cnexmp coeounenus 72a.

Hanpotus, B cnydae u3omepa 72b mpu obiyuenun NH mporona sddexr Opepxaysepa
HabmoaeTcss sl npotoHa npu arome C(7) HOpOOpHEHAa W OTCYTCTBYET JUIsl MPOTOHA MPHU

nsoiiHol C=C cBs3M.

\
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Puc. 4. *H NOESY 1D AMP cnexmp coedunenus 72b.

B xome w3yuenus peaknuu Jwibca-Anpnepa ¢ METHIMICHTUIAHTOMHAMHU  OBLIO
II0Ka3aHO, YTO JMACTEPEOCEIEKTUBHOCTD IPOLIECCA YYBCTBUTENIBbHA K NPUPOAEC 3aMECTUTENS B

nonoxennn N(1) wmmmmasomonoBoro ¢parmenta. HecMOTpss Ha yBEIMYCHHE CTEPHUYCCKHX



MPENSTCTBUA  OKOJO OK30IMUKIMYECKONH JBOWHOW CBsI3W JueHOMIa, B3aUMOICHCTBHE
UKJIONEHTaAueHa ¢ TruganTouHamMu 6-9 wm 11, cogepkammMu SIEKTPOHOAKLENTOPHBIE
samectutenan Ac, COOEt, Ts, Boc, CONHPh, nporekano MeHee CeeKTHBHO 10 CPAaBHEHHIO C
N(1)-He3amernéHHbIM ruIaHTOMHOM 5. Takue pe3yabTaThl MOT'YT CBHETEIBLCTBOBATH B IOJIB3Y
TOTO, YTO OJIEKTPOHHBIC (AKTOPHI 3aMECTUTENICH CHIIbHEE BIMSAIOT HAa PEaKIHOHHYIO
crocoOHOCTh jaueHo(dMIa, YeM cTepuueckue. Biusuue 3amectutens B mojoxenun N(1)
reTepolKiIa Ha MPOTEKAaHHE PEaKUUH TaKkKe TIOATBEPKIaeT TOT (aKT, YTO B Ciydae
umuazoiona 10 ¢ moHopHbM 6eH3UIBbHBIM (hparmeHToM Tpu N(1) BBIXOIBI 1IEIEBOTO MPOIYKTa
CYIIIECTBEHHO MMaJal0T, U 00pa3yeTcst JHIIb OJUH U3 u3omMepoB 69a (cMm. Tabmnuiry 2).

[Ipu BappUpOBaHMM SK30IMUKIMYECKOTO aTOMa XaJlbKOT€HAa MCXOJHOTO TeTepPOLHUKIIa B
nonoxennu C(2) (O wim S) peakuus [uinbca-Asbaepa IpOTEKaeT ¢ MPAKTHUYECKU OAMHAKOBOM
crepeocenekTuBHOCThIO (Tabnuia 2, cM. JaHHbIe st 00pa3oBaHust MpoykToB 64 u 71). Takast
K€ CEIICKTUBHOCTh peakiuu Jluinbca-Anbaepa HaOMOJAETCs I THOTHIAHTOMHOB 72-76 C
pasubiMu 3aMectutensiMu B mosioxkeHud N(3). ITo Bceit BUIUMOCTH, DIICKTPOHHBIC CBOMCTBA
samectutenei B monoxenusx C(2) u N(3) rerepormkia ciabo BIHSIOT HAa PEAKIIHOHHYIO
CIOCOOHOCTH AueHOdUIIA.

VBenuyenune crepuueckux npensarcTtBuil npu C=C cBsI3M MeTUIMIEHUMHIA30JI0HA
JIOJDKHO 3aTPYAHATh TPOTEKaHWe peakiuu [4+2]-uukinonpucoenuHenus. JlelicTBUTENBHO,
TaJIOTeHMETHIIMICHTUIAHTONHBl 22, 23 pearupyloT C IUKIONEHTAJUeHOM JIHIIb B Oojee
KECTKUX YCIOBUAX MO CPABHEHUIO C MPOM3BOIHBIMU 6-16 1 19. B ciyuae peakiuii coeanneHuit
22, 23 ¢ 20-kpaTHBIM U30BITKOM JIM€HA NPU KUIITYEHUU B Opmo-KCUIIOJe 00pa3yroTcs TOJIBKO
9K30-m30MepHI 77, 78 ¢ ymepennsivu Beixogamu (Cxema 17). B 'H SIMP cnektpax coenunenuit
77, 78 nyo6mer B obmactm okono 4.7 m.ju. ¢ xapakrepHoii KCCB = 3.3 I'm yka3miBaeT Ha
npocTtpaHcTBeHHoe pacniosioskenue rpynn CHBr u CHI B nHopOopHeHOBOM Kapkace, uTO

MO3BOJIACT OJHO3HAYHO NOATBCPAUTDL CTPYKTYPY UCXOJHBIX BUHHUIITAJIOTCHHUIO0B 22 u 23.

Cxema 17.
Ph
Ph o &
' NULNGG!
oN_o opTo-Keunos, A Hal \,_ \F
N @ =33y " Hy SN
i W)
Hal
77, Hal = Br, 64%;
22,23 78, Hal = I, 37%

Nmvunazonmonsr 24, 25,28, 29 conepkaimume B CBOCH CTPYKType apWJIbHBIE 3aMECTHUTEIN
npu aBodHBIX C=C u C=N cBf31X, B aHAJIOTUYHBIX YCJOBUSAX HE OOPa30BHIBAIU IICTICBBIC

NPOAYKTHl IUKIONPUCOEIMHEHHS JaXKe B CIENOBHIX KoiamuecTBax (mo maHHeIM ‘H SMP



CHEKTPOCKOMUU PEaKIMOHHBIX cMecei). B Tex e yclIoBUSAX LUKIONEHTAaIueH HE pearupoBall C

ruganTonHamu 26, 27 ¢ rerpasaMeriénubiMu BoiHbIME C=C cBsi3simu (Cxema 18).

Cxema 18.

nnn

R Ry Ph
NH

/ Br / NH Ar—N/ N\Ph opTo-Kcunon, A
RQ R2

24, X = O, R = H, Ar = 4-FCgHy; 26, R, = Ph, R, =Br; 28, X = 0O, Ar = 4-NO,CgHy;

25, X =S, R =Ph, Ar = 4-MeOCgH, 27, Ry =H, R, =4-FCgH,4 29, X=S, Ar=Ph

HaHHHe pE3yiabTaThl MOATBCPKAAOT BAXHOC BJIMUAHUC CTCPUUCCKHUX (1)aKTOpOB Ha

IMPOTCKAHUEC peaKuHﬁ OUKIOIIPUCOCIUHCHUA.

3.2.2. Peakyuu memunuodenumuoazononos 5,12, 13, 15,16 u 18-20 ¢

1,3-yuxnocexcaouenom

B OTIINYHE oT B3aMMO/ICHCTBHS c [IUKJIOTICHTAJCHOM, peaxknuu
5-MeTWIMIEHUMUIA30JI0HOB C MEHEe AaKTUBHBIMH JHeHaMu 2-4 He MPOTEeKaT Jaxe Mpu
KUIISTYeHUU B Todyosie ¢ 20-KpaTHbIM HM30BITKOM JHEHOB. B ycIoBHSIX MHUKPOBOJIHOBOTO
obmydyenust mpu HarpeBe B Oenzone 10 140°C METHIHACHTHIAHTOMHA S C H30BITKOM
1,3-nukiorekcagueHa 2 oOpa3oBaHUE IEIEBOrO TPOAYKTa ObUTO 3apUKCUPOBAHO JIHINL B
CenoBBIX KomnuecTBax. [loaToMy Hamu ObLTa H3ydeHa BO3MOXKHOCTD Hcmonb3oBanus BF3-Et,0,
AICIlz u Znl, B xadectBe KucioT JIbtonca, CHOCOOHBIX KaTalM3MPOBaTh peakiuio Jluibca-
Anbaepa coequHenwii 5, 12, 13, 15, 16 u 18-20 ¢ nuenom 2.

beuto  oOHapykeHo, uyto B mpucyrctBuun BFz-Et;O mumkiorekcammen 2 OpICTpO
paznaraercs, U LeneBble IPOAYKTHI peakuuu Junsca-Anpaepa He oOpasyroTes. B mpucyrcTBumn
AICl3 Takxke mpOMCXOAMIIO pa3ioKeHHE AUeHa, KOTOPOE YCKOPSUIOCH TIPH HArPeBe PeaKIMOHHOM
CMECH, OJIHAKO IIeNIeBOM MPOIyKT 79a MOXeT OBITh BBINEICH, €CM JUEeH 2 J00aBIsITh B
KHUTISTIIN pacTBop aueHoduna 5 u kuciotsl JIptouca. B mpucyrcTtBun omnoro skBuBanenta Znl;
ITUKJIOTEKCATUEH HE BCTYIAN B PEAKITHIO C 5S-METWIHICHTHIAHTOMHOM 5 Jlake MPU HarpEeBaHUH,
HO B TeX e ycioBusax Tuorummantowssl 12, 13, 15, 16 u 18-20 B3aumopeiicTBUBAIU C ITUM
JMEHOM ¢ 00pa3oBaHWEM CMeCH jauactepeoMepHbix mpoaykroB 80a-86a u 80b-86b B
cootHomenun ~3:1 (Cxema 19), kotopsle OBUITH pa3AeieHbl METOJAOM KOJOHOYHOM
XpoMaTorpaduu.

CTOUT OTMETHTH, YTO CTEPEOCEICKTHUBHOCTb PEAKIIMH CYIIECTBEHHO HE 3aBHCHUT OT
samectuteseir B mosnoxenun N(3) tuormmantomnoB 12, 13, 15, 16 u 18-20, a Takxke ot
KoJMuecTBa ucrnonb3dyeMoro Znly. B mpucyrcTBrue u30bITKAa KaTalau3aTopa BBIXObI IIEJIEBBIX

MPOJAYKTOB HECKOJbKO CHUXKAJINUCh, TMPEANONIOKHUTENbHO, U3-32 YCKOPEHHUS IIPOIIECCOB



pa3joXeHus AMeHa moja JeicTBUeM Kuciorel Jlpiouca, a mpu HemoctaTke Znlz cKopocTh
00pa3zoBaHusl MPOAYKTOB yMeHbIIajdach. ONTHUMaIbHBIM OKa3aJoCh HCIHOJIb30BaHue Znl; B
KOJIMYECTBE OJTHOTO SKBUBAJIICHTA IO OTHOIICHHIO K TUEHO(IITY.

Paznuunble pe3ynbTaThl peakiuu JueHa 2 ¢ TMAAHTOMHOM S5 M THOoTHaHToMHamu 12, 13,
15, 16, 18-20 B mpucyrctBuu Znl, MoryT OBITH CBsi3aHBI ¢ TeM, uTo Znl, kak Ooyiee MsATKas
kucCnota JIprouca mpeuMyIIECTBEHHO KOOPIUHHUPYETCS MO aToMy cephbl 2-THOMMHUIA30JI0HA, U
BapbupoBanue xaibkoreHa (O wmm S) cuiabHO BiHMseT Ha 3(P(EKTUBHOCTH CBSA3BIBAHHA
nueHodua ¢ kuciaorou JIsronca.

Cxema 19.

Ar A Ar
! fe) rll o
N N
0 X kucnota Jlbtounca (1 aks.) X X
e =

+
Tt A
2

5,12, 13, 15, X = 0, kucnota Jlbtouca = AlCls; 79a-86a (3k30-) 79b-86b (aHgo-)
16, 18-20 X =S, kucnota Jlbtonca = Znl,

A

Tabauna 3. Peakuuu Jlunbca-Anbpaepa S-MeTHIMIEHUMUIa3010HO0B S5, 12, 13, 15, 16 u

18-20 ¢ 1,3-uuMKiIorekcagreHoM

npoaykr | X Ar kucnoTa Jlptonca | Beixon a, % | Beixon b, %

AlICl3 16 0
79a+79% | O Ph

Znl; 0 0
80a+80b | S Ph Znl; 54 19
8la+8lb | S 2-FCeH4 Znlz 44 15
82a+82b | S 3-MeCeHa Znl; 60 25
83a+83b | S | 3-MeOCsH4 Znl; 51 21
84a+84b | S 4-ClCeHa4 Znl; 55 20
85a+85b | S | 4-MeOCsH4 Znl; 50 19
86a+86b | S | 2,6-Me2CeHs Znlz 44 15

CtpykTypa HpOIYKTOB pEaKIUU C LUKIOTeKCaJueHOM Oblla JoKa3zaHa Ha MHpHUMeEpe
coeaunenus: 86a meronom PCA. DnemeHTapHas siueiika, npejacraBieHHas Ha Puc. 5, Bkimouaer
JIB€ MOJIEKYJIbI CIIUPO-aIyKTa, CBSI3aHHBIE MEX1y CO00M BOJOPOIHBIMU CBSI3IMHU THOAMHUIHBIX

¢dbparmMeHTOB, 00pa3yIOMIKUX 8-YJIECHHBIN HUKIL.



Puc. 5. Monexynapras cmpykmypa coedunenus 86a.

Kak u B cilyyae ajyKTOB B3aUMOJCHCTBUS C IUKJIONEHTaqueHoM 64-76 (Cxema 16),
U30MEPHBIE HK30- U HHOO-TIPOAYKTHI peakuuid [uibca-Ajbaepa METHINACHTHOTHIATOUHOB 12,
13, 15, 16 u 18-20 ¢ nukioreKcaAueHOM MOYKHO Pa3TUYHUTh 10 3HAYCHUSM XUMHUYECKUX CIIBUTOB
npororoB CH=CH rpynmbl: Ajis OCHOBHBIX MPOJYKTOB 3TH MPOTOHBI MPOSBISIOTCS B 00JIACTH
6.34-6.62 m.a.(8 CDCl3) B Buae OBYX MYIBTUIUIETOB, a JUIsi MHHOPHBIX MPOJYKTOB CHUTHAIIBI

sToro (parmMeHTa Habmoat0TCes B obactu 6.30-6.48 m.a. (B CDCl).

3.2.3. Peakyuu 5-wemunudenumudazononos 5-7 u 11-21 ¢ 2, 3-oumemunboymaouernom

B3aumoneiictBue nmMuaa3onoHos 5-7 u 11-21 ¢ 2,3-numeTundyragueHom Takxe Tpedyer
KaTanu3a AercTBueM KucioT Jlptomca u Moxer npotekate B npucyrctBuu AlClz wmm Znl;
(Cxema 20, Tabmuna 4). beiio obuapysxeHo, uro moxa aeiictBuem AlCIl3 peakmus auena 3 ¢
rereporukiaMu 5-7 u 11 nmporekaer ¢ yMepeHHBIMU BBIXOJaMH C 00pa30BaHHEM MPOJIYKTOB 87-
90.

Cxewma 20.

Ar
|
N X
o) X kucnota Jlbtonca (1 akB.)
\R CHCI31 A ‘R

3
5-7, 11-21
X = 0, kucnorta Jlbtouca = AlCls;
X =S, kucnorta Jlblonca = Znl, 87-100



Tabnuia 4. Peaknuu Hunbca-Anbaepa 5-MEeTHUINIEHUMHUIa30JI0HOB C

2,3-nuMeTun0yTaueHoM

npoaykr | X Ar R kucaora JIprouca BBbIXOJ, %
87 o oh H AICI3 47
Znl; 0
88 ) Ph Ac AICl3 44
89 ) Ph COOEt AICl3 33*
90 ) Ph CONHPh AICl3 29*
o1 S o H AICl3 45
Znl; 92
92 S 2-FCeHa H Znl 84
93 S 2-ClCeH4 H Znl 71
94 S 3-MeCsH4 H Znl; 85
95 S | 3-MeOCsH4 H Znl 79
96 S 4-FCeH4 H Znl 74
97 S 4-CICgH4 H Znl; 82
98 S | 4-MeOCgH4 H Znl; 88
99 S | 2,6-MezCeHs H Znl; 68
100 S | 3-Cl,4-FCsHs H Znl; 81

* OCJICBOC COCAMHCHUEC 06pa3yeTC}1 B BUAC HepasneJmMoﬁ CMECH C NCXOJHBIM ILI/IeHO(l)I/IJ'IOM, KOTOpPYIO
MOKHO OTACIUTH OT OCTAJIbHBIX ITPOJAYKTOB p€aKIuu METOAOM KOJIOHOYHOM XpOMaTOI’paCI)I/II/I. BLIXOZ[

paccunTthiBaiics 110 AaHHBM ‘H SIMP criekTpa cMecH IIPOJyKTa U HCXOAHOTO METUIMIEHI HAAHTONHA.

Tak e, Kak W UUKJIOTEKCaaueH, 2,3-mUMeTHIOyTagueH B mpucyrctBuu Znly merko
pearupyer ¢ THormmaHtomHamu 12-21 ¢ oOpa3oBanmem meneBbix coeamHeHuit 91-100 c
BBICOKMMH BBIXOJaMH, HO HE pearupyeT ¢ KUCIOPOJAHBIMU aHaJIoraMu. BeposiTHO, 3TO CBsI3aHO ¢
CEJIeKTUBHOW KoopAuHaIuen kuciaoTel JIbtonca mo C=S CBS3M HMCXOJHOTO TE€TEPOIUKIIA.
3HauynTeIbHOE YBEINYeHNE BoIxoa TnoruaanTonHa 91 mpu 3amene AlCl3 Ha 6ontee msirkuii Znlo
MOXXET OBITh CBSI3AHO C YMEHBIICEHHEM CKOPOCTH PAa3JIOKEHHUs IHUEHA MOJ JECHCTBUEM KHCIOTHI

JIprouca.

3.2.4. Peaxyuu 5-memunudenumudaszononog 5, 12, 14-16, 18 u 19 c uzonperom

Ha npumepe n3onpena 4 Oblia U3y4eHa perHOCEICKTUBHOCTh peakiuu Junbca-Anbaepa
¢ umugasoiaonamu 5, 12, 14-16, 18 u 19. Brimo mokaszaHo, 4TO KHUIISYEHHE THOAHTOMHA 5 B

xynopodopme ¢ 10-KkpaTHBIM U30BITKOM JMEHAa B MPUCYTCTBUU KHUCIOTHI JIbloMca MPUBOAUT K



oOpazoBanuto mnponaykta 10la c¢ Beixomom 70% U clegoBBIM KOJMYECTBAM MHMHOPHOTO
peruouszomepa 101b. B anamormunsix yciaoBusx THorugantownsl 12, 14-16, 18 u 19 c
XOPOIIUMH BBIXOJAMU O0pa3yroT Hepa3IeliuMylo cMmech pernomzomepoB 102a-107a u 102b-
107b B cootHomennn 87:13 (mo nanasM ‘H SIMP criektpockonuu peakimonHoi cmecn) (Cxema

21, Tabmuma 5).

Cxema 21.
Ar A A
0 N\/éx . ~  kucnorta Jlblonca (1 akB.) 0 N/V/X O N\fx
+
NH CHCI5, A NH NH
4
5, 12, 14-16, X = 0O, kucnorta Jlblouca = AlCls;
18, 19 X = S, kucniora NMbiovca = Znl, 101a-107a (napa-) 101b-107b (meTa-)

Tabnuma 5. Peakuun dunbca-Anbaepa S-mMeTunuaeHuMua3oinouoB 5, 12, 14-16, 18 u

19c uzomnpeHom

MPOJYKT X Ar kuciora JIpronca | mapa:mera? BHIXO?, %
10la+101b | O Ph AICl3 > 05:5 70 (>95:5)
102a+102b | S Ph Znl; 87:13 82 (87:13)
103a+103b | S 2-CICeH4 Znlz 87:13 61 (94:6)
104a+104b | S 3-MeCeH4 Znl 87:13 64 (89:11)
105a+105b | S | 3-MeOCgH4 Znl 87:13 76 (90:10)
106a + 106b | S 4-CICgH4 Znlz 87:13 68 (87:13)
107a+107b | S | 4-MeOCgH4 Znlz 87:13 71 (80:20)

b

4 o gannbM 'H SIMP criekTpa peakMOHHOM CMECH. ° BBIXO/ 171 BBIIEJIEHHOM CMECH OCHOBHOTO

U MUHOPHOT'O TPOAYKTA. B ckobOkax YKa3aHO COOTHOIICHUEC U30MCPOB.

CTpoeHHE permom3oMepoB ObIIO jokazaHo Merogom ‘H-BC  HMBC SMP
crniekTpockonuu Ha mpumepe cTpyktyp 104a u 104b (Puc. 6). B wactHOCTH, MOJIOXKEHHUE
METHHOBOTO MPOTOHA B MIECTUWIEHHOM KOJIbIle coequHeHnst 104a MOATBEpIKIacTCs HATHYHEM
kpocc-muka B crnekrpe HMBC, OTBETCTBEHHOrO 3a BHIMHAIBHOE B3aWMOJICHCTBHE 3TOrO

MMpOTOHA C YCTBCPTUYHBIM AaTOMOM YTJICPOAa B CIIMPOLIUKIIC.
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Puc. 6. *H-C HMBC AMP cnexmp cmecu coeounenuti 104a u 104b.

[MTonyueHnble pe3yiabTaThl jAeMOHCTpHpYOT, uto AlCl3 sBusercs shdexkTrBHBIM
KaTaJan3aTopoM B3aMMOJICHCTBUS MaJOaKTUBHBIX JTUEHOB c TO0BIMU
METUITUACHUMUIA30]I0HaMHu, a ZNly — TOJBKO ¢ THOTUAAHTOMHAMH, YTO TIO3BOJISIET C XOPOIIUMHU
BBIXOJIAaMU TOJTYYUTh CIUPOIUKINYECKHE WMHIA30JI0HBI C Pa3IMYHBIMHU JIUIO(YUIbHBIMU

KapKaCaMH.

3.2.5. Peaxyuu 5-memunuoenumuoazononos 5, 6, 12 u 25 ¢ namuunennvimu

2emepoyuriamu (npou3sooOHbiMU ypana u muogena)

Ha mpumepe ¢ypana Oblia ucciiejoBaHa BO3MOXKHOCTb MATUYICHHBIX TETEPOIMKIOB
BCTYIATh B PEAKIIUHN C METHJIHICHOBBIMU TIPOM3BOJIHBIMU UMHUIAa30JI0HOB 5, 6, 12 u 25. Kak u B
ciydae jaueHoB 2-4, (ypaH He pearupoBal ¢ OITUMH HWMHJA30JIOHAMH B OTCYTCTBHE
katanm3aropa. Mcnonb3oBanue kucnot Jlptonuca (BFs-Et2O, AlCI3, Znl) npu omHOBpeMeHHOM
cmemuBanuu peareHToB B CH2Clo mpu koMHaTHO# Temrmeparype Wid B YCIOBUSX KHIISTYCHUS
MPUBOAMIO TOJHKO K 0Opa30BaHMIO TOJMMEpPAa HEM3BECTHOTO CTPOCHHS B CMECH C MCXOJHBIM
METHIIHICHUMHIa30JI0HOM, OJTHAKO TPH HEMPOJODKATEIHFHOM BBIJCPKUBAHUU cMecH (ypaH-
AICl3 ¢ nocnenyromnum 1o0aBieHUEM THAAHTOMHA 5 YAaI0Ch BBIICIUTD AJIIYKT IPUCOCTUHCHHS
109a. /[lanpHeimas oNTHUMH3AIM YCIOBHI peakluu, TMpeJcTaBieHHas B Ta0nuie O,
npejrnoiarajia BapbUpPOBaHHE COOTHOILIEHUS PEAareHTOB M BpPEMEHU IEPEMEIINBAHUS CMECH
dypana ¢ AlICl3 B xj0prcToM METHIICHE 0 BBEACHHS B PEaKIMIO MeTHIHAcHTrHaanTonHa 5. C
UCITIOJIb30BAaHUEM 5 SKBHBAJICHTOB (pypaHa u 1.5 3KBHBaJEeHTOB KUCIOTHI JIbloMca HaM yaaioch

MOBBICUTH BBIXOJ IeneBoro mpoaykra 109a mo 51%.



Cxema 22.

Ph
Ph
0N
o N o CH,Cly, rit. D
I\ + Aci + F > N NH
0 NH \ 3
108 5 109a

Tabnuma 6. Peakius S-metunuaeHruganTonHa S ¢ ypaHom.

dbypan, k8. | AlCls, skB. BPENIL BRACPIHRANI Beixox 109a?, %
cmecu ypan-AlCls, c.
30 1.0 0 24
35 2.0 0 20
35 3.0 10 18
35 2.0 30 41
10 1.5 10 49
5 1.5 30 51
5 1.5 60 40
5 1.5 240 32

a BbBIXO/J[ BBIACJICHHOI'O B UHAUBUYAJIbHOM BHUJI€ COCAUHCHU.

MoXHO TmpennoiaraTb, YTO pEaKIUs MPOTEKaeT IO MEXaHU3My, OIHMCAHHOMY JUIS
B3aMMO/JICUCTBUS 0-aMHUI0AKPUIIATOB C MSTUWICHHBIMHU reteporkiamu [152]. Ioa neiictBuem
KUCIOTH! JIbloMca eHaMHH-UMHUHHOE PaBHOBECHE METWIIMJICHTUAHTOMHA CMEIIAETCsl B CTOPOHY
umuHHON (hopmbl 110 (Cxema 23), kotopast 3h(HEKTHBHO B3aUMOICHCTBYET ¢ aKTUBUPOBAHHBIM
neiicteuem AICls hypanoM ¢ obpasoBaHmeM TpPOAyKTa o-amMupoankmiuposanus 109a. B 'H
SAMP cnekrpe coeaunenus 109a mpucyrcTByeT CHMHIIET MeTHiIbHOM rpynmsl mpu 1.90 m.a., a
Takke JBa ayosera u nayoner ayonmeroB a-3amernieHHoro ¢ypana. B SMP cnektpax
PEaKIMOHHON CMecH Takke ObUT 3a(pMKCHpPOBAaH B CIEJOBBIX KOJMYECTBAX MPOIYKT PEAKIIMU
Muxasns 109b, oGpasyromiuiics B pe3y/bTaTe B3aUMOJICHCTBUS Npeobiagaroimeil eHaMUHHON
dopmbl rumanTonHa ¢ komiuiekcom ¢ypan-AlCls. M3omep 109b Ok mmeHTHGUIMPOBAH 1O
xapakTepHbiM curHanam ABX cuctems! B obnactu 3.0-4.5 m.1.

Cxema 23.
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109a, 51% 109b, cnegoBble konuyecTBa



Jljis moTBEpKAEHUS MPEANoIaraeéMoro MexaHiu3Ma aMuI0aKUIMPOBAHUS B PEAKIIUIO C
dbypanom Obu1 BBen€H N-ammIMpOBaHHBIN TUIAHTOWH 6, HECNIOCOOHBIH K WMHUH-CHAMUHHON
TayTOMEPUU U3-3a OTCYTCTBHUSI TOJBHKHOTO TPOTOHA TPH EHAMHUHOBOM (QparmeHTe. bwiio
00HapY)XEHO, YTO B XOJI¢ B3aUMOJICHCTBHUS 00pa3yeTcs JIMIIb ayKT peakiuu Muxasns 111 B
CIeIOBBIX KoNMuecTBax (1o nanHeM ‘H SIMP criektpa peaknuonHoi cMecn) (Cxema 24).

Cxema 24.

Ph 1) N

I 0
@ + AC, + © N\fo CH.Clp, rt. r
\ I \ “Ac

N
“Ac O
108

6 111, cnepoBble konnyecTea

B tex xe ycnoBusx peakuus ¢ pypaHoM Obljia U3ydeHa Ha MPUMEPE TUOTUIAHTOUHOB 12
u 25. Okazanoch, 4TO apWINACHTHOTHIAHTOMH 25 HE pearupyer ¢ 3THM TeTePOLUKIIOM, YTO
MOKET OBITh OOBSCHEHO TOBBIINICHHBIMH CTEPUYCCKUMH 3aTPYAHCHHSIMH OKojio cBs3u C=C
coeMHEHUs 25, a B cllydae METWIHICHTUOTUAAHTONHA 12 nmpoayKT amuaoankuinpoBanus 115a
ObuT BBIAETEH C BbixogoM 25% (Tabauma 7). bomee Huskuii BbIxon mpoaykta 115a mo
CPaBHCHHIO C KHUCIIOpozacoaepxamuM aHaiorom 108a moxker ObITh CBs3aH ¢ OoJiee ClIa0BIMU
akuentopHbiMu cBoiictBamMu CSNH-rpymmer ncxomanoro nmMuaasonona 12.

JanbHeiime WCCIIETOBAHMUS peakuui ANKUIHPOBAHUS reTepPOILUKIIOB
METHJIHICHUMHIa30JI0HaMHU TTOKAa3aH, YTO MPOTeKaHHe JaHHOTO MpoIlecca CUIBHO 3aBUCUT OT
AJIGKTPOHHBIX CBOMCTB MCXOJHOTO TeTepoapoMaTuieckoro cyocrpara. Kak u B ciydae ¢ypana,
2-metunrnodper B mpucyrctBuu AlCl3 pearnpyer ¢ rugaHToMHOM 5 ¢ TpeAMOYTHTEILHBIM
o0Opa3oBaHHEM MPOAYKTa aMUJOATKUINpoBaHus 116a. B oTiauune oT 3TUX TeTepOIMKIIOB, Ooee
AIIEKTPOHOJOHOPHBIN 2-MeTundypaH B aHAIOTMYHBIX YCIOBUSAX MPEUMYIIECTBEHHO 00pa3yeT
amaykT peaknun Muxass 117b, a 2-pyponutpun 114 B mpucyrcTBHM KUCIOTHI JIbtonca He
BCTYIAeT B PEAKIMI0 C METWJIMJICHTHJIAHTOMHOM 5, YTO, BEPOSTHO, CBA3aHO C HAJTUYHEM B
HCXOJJHOM T€TEPOIIUKIIEe CHIIBHOM 3JEKTpOHOaKIenTOpHOH Tpymisl (Tabmumna 7).

Tabnuma 7. Peakiuu nMuaa3onoHoB S, 12 u 25¢ npousBoaHbIMH QypaHa U THODEHA B

npucyrcteun AlCls.
AMU1a30JI0H TreTEPOLUKII NIPOAYKTBI

Ph Ph ?h

| 0 l\ll (0] N \Fo

N (0]
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108 (o) (0]
5
109a, 51% 109b, cnenoBbie KonuyecTsa




Ph F|>h
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?NH 0 Xy NH N
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116a, 26% 116b, cnenoBble konuyecTsa
Fl,h Ph
Ph O N o \
N F O N0
O F° @\ N T
(@) \ NH
NH o) I \
113 o
5
117a, cnepoBble KonuMyecTsa 117b, 43%
IIDh
N I\
oo | s |
NH
114
5

Taxum oOpa3om, B3auMOJIeIICTBIE METUITUACHUMHUIA30JIOHOB C MPOU3BOIHBIMU (pypaHa u
THO(peHa TpOTEeKaeT HE KaK LHUKIONPHUCOEIUHEHNE, a KaK O-aMHJIOAJKUIMPOBAHUE H
IpUCOEeTUHEHNE TT0 MHXadIio, YTO MOKET OBbITh CBA3aHO C ACHHXPOHHBIM MEXaHU3MOM PEaKIHH
U3-3aCTIOCOOHOCTH THUJAHTOMHOBOTO M TETEPOIMKIMYECKOT0 (PparMeHTOB CTaOMIM3UPOBATH

3apsi/] B IPOMEXKYTOUHO 00pa3yrOIIeMCs IIBUTTEP-UOHE.

3.2.6. Ankunuposanue u ayunuposanue npooykmos [4+2]-yuxnonpucoeounenus 64a,

71a, 79a, 80a, 80b, 91

[Ipu uccnenoBanuu peaknuii Juibca-Anbaepa ¢ METHIMACHUMHUAA30I0HaMU 5-12 Ob110
oOHapykeHo, uTo B ciiyuae N(1)-He3aMeImEHHBIX HCXOHBIX coeuHeHui 5 u 12 oOpasyroriascs
JIUacTepeoMepHasi rmapa CIUPOIMKINYECKUX TeTEPOIMKIOB MOXKET OBITh YCIICITHO pa3/ielicHa Ha

UHAUBUAyanbHble u30Mepbl, Toraa kak N(1)-3amemiéHHble NPOM3BOJAHBIC T'MIAHTOMHA



oOpasyroTcsi MO0 B BHUIIE HEpa3IeIUMON CMECH JHACTEPEeOMEPOB, JIMOO C KpaiHE HU3KUM
BeixogoM (cM. Cxemy 16, Tabnmmy 2), 4YTo jAeidaeT HEBO3MOXXHBIM HMX IOJYYEHHE C
npernapaTuBHBIMU BhixonaMu. [IoaToMy Hamu Oblila H3ydeHa BO3MOXKHOCTh IMOCT-MOIU(PUKAIINN
no aromy aszora N(1)-HesameméHHBIX CIHpONpou3BoAHbIX 64a, 7l1a, 79a, 80a, 80b u 91,
KOTOpbIE MOTYT OBITh BbIACNEHbl B HMHIWBUIYaJbHOM BHUIE METOJAOM KOJOHOYHOMN
xpomaTorpadum.

Mpbl OOHaApyXWIIM, YTO THAAHTOMHBI 64a, 79a ¢ BBICOKMMH BBIXOJAAMH MOTYT OBITH
POAKWIMPOBaHbl MK mpoaruinpoBanbl aericteueM PhCHCl wnmn Boc,O npu kumnsyenuu B
xmopopopme wiau  amneronurpwic (Cxema 25). CrekTpaibHble TaHHBIE O00Pa3YHOIIUXCS
npoaykToB 68a m 69a TOMHOCTHIO COBHAJAOT CO CIEKTPAIBHBIMU JAHHBIMA OCHOBHBIX

npoayKToB peakunu Juibca-Anpaepa metmaeHruaanTonHos 9, 10 ¢ nukioneHTaaueHom.

Cxema 25.
j Ph Ph
" N0 N._S-R
(6] \f R-Y o) \f o W/
" N—R nnu N
-4 5 NEt; DMAP, CHCl3 K : -§ )
nim K,CO3, MeCN
X=0,8
64a, 71a, 79a, R-Y = Mel, PhCH,Cl, Boc,0
80a, 80b, 91
o o on Ph
O XN O N
O - - =0
Lo Co o
CH,Ph boc L
69a, 60% 68a, 86% 70, 83%
Ph
Ph Ph o Ph o |
° ’ OxN XN
3 = : )—SCH,Ph
Z />_SCH2Ph : />—SMe : />_SMe N>_ )
S O N
118, 98% 119, 90% 120, 92% 121, 96%

B ommmune or rumanronHoB 64a m 79a, twormmantoumHsl 7la, 80a, 80b u 91
ankunupytores Mel u PhCH2Cl B Gonee MATKUX YCIOBHMSX NMpPHU KOMHATHOH TemIiieparype B
aneronutpmwie B npucyrctBun KoCOsz, HO HCKIIIOYUTENHHO MO atoMmy cepbl. OOpa3oBaHme
ceszeit S-CHoPh 1 S-Me monarBepkiaeTcsl TaHHBIMH BC amMmp CIIEKTPOCKOIINU TI0 BETWYHAHE
XHMIYECKHX CABHTOB SP°-THOPHIHEIX aTOMOB YIIepoJa B COOTBETCTBYIONIMX HMHIA30JI0HAX
118-121. B cnyuae coemunenuit 119, 120 merusneHoBoOW Trpymnme COOTBETCTBYET CUTHAN C
XUMHUYECKHM cIBUTOM Okoio 34.0 m.a., a B crekTpax npoaykroB 118 u 121 curnansl aToMOB
yTJIepo/ia MeTUIILHOM TPYIIIBI HAOTIOJAI0TCS B 00JaCTH OKoJIo 12.5 M. 1.

Kunsuenne S-amkunupoBaHHOTO anaykta 118 B sTaHoNe B MPUCYTCTBUU COJSTHOM

KHCJIOTHI TIO OTMIMCAaHHOM B JiuTepaType Meroauke [143] He mpuBOIMIIO K 00pa30BaHHIO IIETICBOTO



rujaHTonHa 64a gaxe B crnemoBeIX KoimdectBax (Cxema 26). B IH gMPp CIIEKTpax
peakMOHHbIX cMmeceld B oOnactu 6.0-6.5 M.O. OTCYTCTBOBAJIM XapaKTEPUCTHUYHBIE CUTHAJIbI
CH=CH mnpotoHOB HOpPOOpPHEHOBOTO Kapkaca, 4YTO MOXET YKa3blBaTh Ha MPOIECCHI
KapOOKaTHOHHOH IMOJIMMEPU3AIIUH B YCIOBHSAX PEAKIUH.

Cxema 26.

Ph . Ph .*
O%_/ HCI, EtOH, A n—N.*

I )—SCHPh —————— S =0

118 ‘ N

Z-

Jlpyrue cnocoObl MOJy4eHUS! CIUPOTHIAHTOMHOB M3 THOTHJAHTOWHOB IIPEIIIONAraroT
UCTIOJIb30BaHUE PEAKLNH, KOTOpble MOTYT KOHKypeHTHO mpotekarh mo C=S u C=C cBszsam.

Takue peakuu pacCMOTPEHEHI ajiee B pasaenax 3.3.1.3 u 3.4,

3.2.7. Amponouzomepus opmo-3ameuiéHHulX 3-apuiumMuoas0ioH08

Uccnenyst cnuponukindeckue THorumaanTonnsl 72, 73, 81, 92, 93 u 103, conmepxariue
opmo-dTop- U opmo-xnopheHWIbHBINA 3aMecTuTeNn B TojokeHur N(3) rereponukia, METOAOM
SIMP crniekTpocKonuu, Mbl OOHAPYKUIIH, YTO JJIs1 BCEX MOJOOHBIX MPOU3BOJIHBIX HAOJII0AIOCh
ynBoenne curHainoB B SIMP criektpax, a B ciaydae 2,6-quMeTHiI(QpeHNIBHBIX TPOU3BOJHBIX 86 1
99 nBa Habopa CHUTHAJIOB HAONIONANWCH UIS METWIBHBIX Tpymil. JlaHHOE sBIIEHHE MOXHO
OOBSACHUTH 3aTPYAHEHHBIM BpalleHHeM BOKpYr oauHapHoi cBsi3u C(Ar)-N(uMuaa3oio0H)
THOTH/IAaHTOMHOBOTO ()parMeHTa, B pe3yjibTaTe dYero Kaxaoe opmo-(peHnn3aMenéHHoe
CIIMPOCOCIMHEHHE CYIIECTBYET B BHJIE [JBYX aTpPONOU30MEPOB (aKCHAIHHO-XHPAITBHBIX
TeTePOIMKIMYECKIX aHAIOTOB OMApMIIBHBIX MMPOU3BOIHBIX, aHAIOTUYHOE SIBJICHUE OTMCAHO IS
JIPYTUX Opmo-3aMeIEHHBIX 2-THOTUAaHTONHOB [153-155]).

Hannsie SIMP cnexktpoB coenunenuit 72, 73, 81, 92, 93 m 103 npu KomMHaTHOU
TEMIepaType HE CBHICTEIBCTBYIOT O HAIMYUH BHYTPUMOJCKYISIPHBIX JIAHAMHYECKUX
TIPOIIECCOB, MO-BHANMOMY, H3-3a BBICOKOTO Oaphepa BHyTpeHHero Bpamenus. B °F SIMP
CIEeKTpe COCOUHEHHUs /2a cinaboe yIIMpeHue JUHUKA HaONltoJaeTcs JUIIb MpU TemIeparypax
Beire 80°C (Puc. 7); 370 ykaspiBaeT Ha TO, 4To Oapwep BpamieHusicBsi3u C(Ar)-N(MMu1a30I10H)

ooubIrre 20 KKaJl/MOJIb.
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3.3. BzanmojeiicTBHe CIMPOIMKJINYECKHX HMHIa30JI0HOB € Pa3JIHYHbIMH

1,3-gunoasamMu

Tperpss wacTh HacTOsiIE pabOThl TMOCBSIIEHA CUHTETHUYECKUM TpaHCPOopMaIusam
npoAyKTOB peakiuu Junsca-Anbaepa 64-121, kotopsie ObI IPUBOANIIN K BBEICHUIO PA3IMUHbIX
dbapmakohopHBIX PparMEeHTOB B IEJE€BbIE MOJIEKYJbI. Tak, HAaMH OBLIIM MCCIEIOBaHBI PEAKITUU
[3+2]-uuknonprcoenHeHNs 110 KPATHBIM CBSI3SIM CITUPOMMHE1a30J10HOB 644, 64b, 71a, 73a, 744,
76a, 80a, 80b, 91, 95, 97, 100 u 118. B kauectBe 1,3-aumosicii ObLIM H3y9IEeHBI HUTPUIOKCH/IBI,
HUTPUITUMUHBI, a3Ubl, Q30METHIMMHUHBI, A30METHIIUINAbI U1 HUTPUIUIUABL. [lodydaemble Takum
nyTéM aIayKThl O0JIaJaloT OrpaHUYEHHON KOH(OPMAlMOHHOW MOJBUKHOCTBIO M COJEpKaT
3a()MKCHPOBAHHBIC B IMPOCTPAHCTBE MATUWICHHBIC TETEPOITUKIIBI, YTO MOXET YIYUIIUTh HX
CBSI3BIBAHUE C OMOJIOTHYECKUMU MUIIICHSIMH.

B ponu punonsipoduna ocoOblii HHTEpEC MPEICTABISUIA aIAYKThI ¢ IUKIONEHTaTUEHOM
64-76, xoropele H3-3a HANPSDKEHHOCTH HOPOOPHEHOBOIO IMKIA COJAEPKAaT OTHOCHTEIHHO
peakmonnyto aoiHyro C=C cBs3b. Kpome Toro, peakmmu 1,3-aumoneid ¢ MpOU3BOIHBIMH
HOpOOpHEHA 110 JIUTEPATypHBIM JTaHHBIM XapaKTEPHU3YIOTCS BBICOKOW 9K30-CEIIEKTUBHOCTBIO
[156—-158], uTo moaTBEpAMIOCH B XOJI¢ HAIIETO UCCIIEIOBAHMS: 9K30-KOHPUTYpAIUS TPOAYKTOB
1,3-1UMoNIAPHOTO MUKIIONPUCOCIMHEHNS K coeinHeHusM 64a, 64b, 71a, 76a u 118 (Cxema 27,
cM. Takxke manee pasgensl 3.3.1.2, 3.3.1.3 u 3.3.2) Obuia yCTaHOBJICHA 10 BEMYMHE KOHCTAHT
CIIUH-CITMHOBOTO B3auMojieicTBUss CH-Tpymm reTeponukiImdeckoro (GpparMeHTa U COCEIHHX

IPOTOHOB HOPOOPHAHOBOTO OcTOBa [159].



Cxema 27.
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B ciy4yae CHMpOIUKIMYECKUX THOTHIAHTOMHOB OBLIO OOHAPYXKEHO, YTO HEKOTOPHIC
JUTIONU (HUTPHIIOKCUIBI, HUTPUIMMHHBI) CIIOCOOHBI KOHKYPEHTHO HPHUCOCIUHSATHCS IO CBSI3U
C=S wucxomnoro munomnspopuna (Cxema 28). CpaBHCHHE pPEaKIIMOHHOW CIIOCOOHOCTU CBSI3ei
C=C u C=S crnupo-npou3BOIHBIX THOMMHJA30JIOHOB B PEAKIHMIX C TAKUMH IHUIOISAMHU OBLIO
MIPOBEJICHO HA IPUMEpE aAyKTOB ¢ LIUKJIONeHTagueHoM 71a, 73a, 74a, uuknorekcaauenom 80a,
80b, 2,3-numernnoyramuenom 91, 95, 97, 100 u paccmotpeno B paszaene 3.3.1.3.

Cxema 28.
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Ha npumepe a3uaoB Obl1a POIEMOHCTPUPOBAHA BO3ZMOXKHOCTH TTOJIYUSHHS KaK IIEJIEBBIX
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OpoAYKTOB  1,3-TUNONSPHOrO  IUKJIONPUCOECAUHEHMS, TaK M  aJAyKTOB  (OpMalIbHOTO
[2+1]-uukinonpucoequHeHNs. 3aBHCUMOCTh HAINpPABICHUST PEAKIMM OT THIA 3aMECTUTENS B
HCXOJIHOM a3ujie pacCMOTpeHa B pazjene 3.3.2.

Crnenyer OTMETHUTH, YTO H3-3a Pa3JIMYHON pPEAKIMOHHOW crmocoOHocTH 1,3-numoneit
YCIIOBHS B3aUMOJICHCTBUSL CO CIIMPOMMHUAA30JIOHAMU TOAOUPATHCh WHIAMBHIYAJIBHO JUIS

KaXXJ01T0 TUIla AUITIOJIA.

3.3.1. Peakyuu umuoazonoHo8 ¢ HUumpuIoOKCUOamu U HUMpUuiuUMuHamu

Cpenu u3BecTHbIX |,3-mUnoneld HUTPUIIOKCHIBI U HUTPUIIMMHUHBI SBISIFOTCS BaXKHBIMH
UHTEpMeIMaTaMy B CUHTEe3¢ (PYHKIIMOHATM3UPOBAHHBIX MATHWICHHBIX TeTeporukioB [160-162].
[Tpucoenuaenne >TuX jaunoned k aBowHOH C=C CBS3M TPOTEKAET CENEKTUBHO B MSITKHX
ycioBusix [163,164] u MoXeT MpUMEHSThCS JUIS MOAM(UKAIMIA KaK MPOCThIX alkeHOB [165—
169], Tak u c10XHBIX MOTH(YHKIMOHANBEHBIX MoJieKy [170].

VY 100HBIMM CHHTETHUECKUMH MPEAIIECTBEHHUKAMH HUTPUIOKCHIOB U HUTPUIMMHHOB
ABJISIIOTCSL COOTBETCTBYIOLIME N-THIPOKCUMOWI- U THIPA30HWITAJIOTE€HUbI, KOTOPbIE MOTYT
OBITH MOJYYCHBI B HECKOJIBKO CTaIUil U3 KOMMEPUYECKH MOCTYMHBIX peareHToB (Cxemsr 29, 30).
JUiss u3ydeHus: BIUSHHS 3aMECTUTENIeH B JUIOJE Ha MPOTEKaHWE peakuuu 1,3-AumossipHoro

UKJIONPUCOCIMHEHUS! HAaMU OBLIM CHHTE3UPOBAHBI apui-, ajlKWi- U OpoMmpou3BoaHbie 126,



127, 130 mo peakituu okcumoB 124, 125, 129 ¢ ramorenupyronumu arearamu (Cxema 29) [171-
173].

Cxema 29.
NH;OH*CI N-OH NSC N—OH
R-CHO R— —— R
NaOH, H,0, EtOH, 0°C H OM®A, 0°C o]
122,123
124, R = 4-CICgH, 88%; 126, R = 4-CICgH, 91%;
125, R = n-Pr, 83% 127, R = n-Pr, 82%
0 NH;OH*CI N-OH Br, N—OH
H—< H— —— B
COOEt  NaOH, H,0, EtOH, 0°C COOEt H,0, 0°C Br
128 129, 86% 130, 51%

B kauyectBe NpeAMCCTBCHHNKOB HUTPUIMMHUHOB ObLIH MOJIY4CHbI THAPA30HUIIXJIIOPHUABI

135 u 136 aeiictBuem tpudenmidochuna B CCls Ha cooTBercTByromue ruapasuasl (Cxema 30)

[174,175].
Cxema 30.
H
PhNHNH, N—NHPh PPh; N—NHPh
R—-COCI > R —» R
nupnavH, Tre, 0°C o] CCly Cl

131, 132 133, R = Ph, 97%; 135, R = Ph, 86%;

134, R = Me, 94% 136, R = Me, 71%

IIpu o6pabotke ranorennpousBoanbix 126, 127, 130, 135 u 136 ocHoBanueMm
00pa3yroTcsi HecTaOuJIbHbIE HUTPWIOKCUIBI M HUTPUIMMHHBI, KOTOPHIE B YCIOBHSIX pPEaKIUU

B3aUMOJICHCTBYIOT C AUNOJIAPO(PUIAMU.

3.3.1.1. Memoo oughghy3uonnozo cmewusanus peazeHmos

OcHOBHOE OTpaHHYCHUE peaxiuit 1,3-mumoNsIpHOTO [IUKIIOTIPUCOCTUHEHUS
HUTPUIOKCHIOB W HHUTPHIMMHHOB, KOTOpPbI€ TEHEPHUPYIOTCS IN SitU W3 COOTBETCTBYIOIINX
raynorennpousBoaubix 126, 127, 130, 135 u 136, cBA3aHO CO CKJIOHHOCTBIO ITUX IUMONEH K
TUMEpPU3AINH, CKOPOCTh KOTOPOHM CYIIIECTBEHHO 3aBHCHT OT CTEpUYECKUX (M B MEHbIIEH
CTEIEHHU OT JIEKTPOHHBIX) 3 PEKTOB 3aMeCTUTENICH B HUTPUIOKCHIaX M HUTpuiIMMHUHax (Cxema
31). BeicTpas auMepu3anus CYIIECTBEHHO OTrPaHMYMBAET KPYr IMOJy4aeMbIX IPOIYKTOB
[3+2]-uuknonpucoemMHeHNs, KOTOpPBIE YAacTO OOpa3ylTCs C  HEYIOBIECTBOPUTEIHHBIMU
BBIXOJIaMHM Jla)kKe B Cllydae CTaOWIM3MpOBaHHBIX mumoned [176-179]. B cBsa3u ¢ 3tum B
JUTEpaType TNPEUMYIIECTBEHHO TIPEJCTABICHbI pEaKIWH ¢ TEMH HUTPUIOKCHIAMU U
HUTPWIMMHHAMH, JUTsI KOTOPBIX MOOOYHBIE MPOIECCHl TUMEPHU3AIMU MTPOTEKAIOT OTHOCUTEIBHO

memnenno [170,177,179].
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AnbTepHaTUBHBIE CHOCOOBI TEHEpAlMM CTAOMIIM3UPOBAHHBIX M HECTAOMIM3UPOBAHHBIX
JTUIIOJICH OTMKMCaHbl B OCHOBHOM B ITPUMEHEHHH K PEaKIUsAM ¢ IpocThiMu aikeHamu [180-186] u
HAQJIaraloT CYIIECTBEHHbIE OrpaHUYEHUs Ha BbIOOp cyOcTpaTa U3-3a HCIOJB30BaHMS
JETHIPATHPYIOMIAX U OKUCIAIOMmuUX areHToB [182-184,186], BbICOKOI TeMImepaTypbl peakinu
[181,184] u nmpoTekaronmx kapOOKaTHOHHBIX meperpynmnuposok [180,185].

Jlnist mogaBneHus HeKeaTeNbHON TUMEepU3aIiy UMl B peakiusax |,3-aumonspHoro
UKJIONPUCOEMHEHUS! HUTPWIMMHUHOB M HUTPWIOKCHUAOB HaMH BIEpBble OBbLI MpPEIIOKEH
UCKJIIOUUTENIPHO TMPOCTOM M  YyIOOHBIH MeTOoA HX TeHepauuu mnyTeM Jud¢y3MOHHOTO
CMEIIMBAHMS TPETHYHOTO amuHa ¢ N-THApOKCHMOWI- M THApa3oHmIatorenuaamu. [Ipubop, B
KOTOPOM NPOUCXOAMUT NU(PY3MOHHOE CMEIIEHUE areHTOB, MpPeACTaBiIseT co00il HEeOOJBIIYIO
BHaJy, NOMELIEHHBIA BHYTpb BHasbl Oonbluero pasmepa (Puc. 8). Bo BHyTpeHHIOIO BHaly ¢
MarHUTHBIM SKOPEM 3arpyXaeTcsi CMeCh MCXOJHOIO ajKeHa W TUIPOKCHMOWITAJOTeHUA WM
UMHJIOMIIXJIOPHIa B OpraHU4ecKoM pactBoputenie. CTOUT OTMETUTh, YTO KOMIIOHEHTH! PEaKIiu
HE 00s53aTeNIbHO JTOJDKHBI OBITh MOJHOCTHIO PACTBOPUMBI B PEAKIIMOHHOM Cpelie, UTO SIBISETCS
JOCTOMHCTBOM METOJ]a TI0 CPAaBHEHHMIO C HCIIONB30BaHUEM MPOTOYHBIX PEaKTOpoB. BHemHss
émkocth comepxkut 100-200 xpatHbIii M30bITOK TpernyHoro amuHa (NEts, Takke MOryT OBITH
ucrions3oBanbl  NMes wimm  i-PrNEt2), KoTopblii MeIUileHHO wucmapsieTcss ¥ IOMaaaeT Bo
BHYTPEHHIOI BHAIIy C PEaKIMOHHOM cMechlo. [IpennmokeHHas MeToauKa SBISETCS MPOCTOW B
CHHTETHYECKOM  WCIIONHEHWH, He  TpeOyeT  WCIONB30BaHMS  CICIUATN3NPOBAHHOTO
0o0OpyIOBaHUS, W MOXET OBIThb JIETKO paclIMpeHa Ha Jpyrue OpraHUYecKue peakiiuH,

MPOTCKAIOMIUC YCPE3 ACTUAPOTAJIOTCHUPOBAHUC.
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Puc. 8. Ilpubop ons oughy3uonno2o cmeumusanus peazeHmos.

BaxuelmmmM paznuyreM MexXay AUQQPY3HOHHBIM CMEIICHHEM aMHHA M TOCTETIEHHBIM
IPUKAIBIBAHUEM €r0 pacTBOpPa B PEAKLIMOHHYIO CMECh SIBIISIETCS TO, UTO B ciiydae quddy3uu 3a
HEOOJIBIION NMPOMEXYTOK BPEMEHHU B PEAKIUI0 BBOJAUTCS OYEHb Majloe KOJIMYECTBO aMUHA, YTO
NPUBOJIUT K OOPa30BaHUIO CJIEIOBBIX KOJIMYECTB HECTAOMILHOTO JHIIOJNS, KOTOPhIii MIHOBEHHO
BCTYNAeT B pPEaKlMI0O C aJlkeHOM. B ciyyae npuKanblBaHHs KOJMYECTBO aMHUHA HM3MEHSETCS
CKauKoOOpa3HO, YTO MPHUBOJUT K OJHOBPEMEHHOMY OOpPa30BaHUIO OOJBIIOrO KOJIWYECTBA
MOJIEKYJI JUIIOJSA, KOTOPbIE IIOMHUMO OCHOBHOW peakuuu [3+2]-UUKIONPUCOCIUHEHUS MOTYT
B3aUMOJICHCTBOBATH JPYT ¢ IpyroM (cM. Cxemy 31).

Bo3moxxnoctn  metoma  nmudpy3MOHHOTO  JETUIIPOTAJIOTEHUPOBAHUS OBLIM  HAMHU
IIPOZIEMOHCTPUPOBAHBI Ha IpuMepax 1,3 -AUNonsipHOro HUKJIONPUCOEANHEHNS HUTPUIIOKCUIOB U
HUTPWIMMUHOB K junongpodunam S, 137-139 (Cxema 32; pacTtBOopuTelb - XJI0POhOpM,
TpetuuHblii amuH - NEt;). Baxxno ormeruts, yto onedunsl 137-139 He comepkaT CHIIbHBIX
aKIENTOPHBIX 3aMecTuTenelt npu nBorHoi C=C CBs3M U, KaK CIEACTBUE, MEJICHHO BCTYIAIOT B
peakuuio 1,3-aunossspHoro mukiIonpucoeanHeHus. Ha npumepe metunuieHruaanTonHa 5 Oblia
IOPOJIEMOHCTPUPOBAHA  NMPUMEHUMOCTh  METOAMKH  JU(PQPY3MOHHOTO  CMEIIMBAaHUSA K
AKTUBUPOBAHHBIM ajikeHaM. OcoOBIil MHTEpeC MPEACTABIAIOT PEAKIIMU COSAUHEHHs 5 ¢ ObICTPO
quMepusyrommmucs 1,3-1unonsMu, TOCKOJIBKY B 3TOM ClTyyae KJIaCCMYECKHE METOAUKH MOTYT
IPUBOAUTHh K HEYAOBIETBOPUTENbHBIM BbIXOJaM MpoAyKToB [176], a Hamuuue MOIBUIKHOTO
IPOTOHA B THJJAHTOMHOBOM ()parMeHTE MOJIEKYIbl 5 HajaraeT orpaHUYeHUs Ha ajJbTepPHATUBHBIC
METOJIMKHU TeHepaluu qunoneid. Takum o0pa3om, Ha mpuMepax noiaydeHus npoaykros 140b,c,e -
143b,c,e meTonuka nuddy3MOHHOTO CMEIIMBAHUS ObLIa MPOTECTUPOBAHA JIJISi B3aUMOJICUCTBUS
MaJIOpEeaKIIMOHHOCIIOCOOHBIX AJIKEHOB CO CKJIIOHHBIMU K OBICTPON AMMEpPU3aLUU AUTIOISIMH.

CpaBnaenue BbIxofioB retepouukiioB 140-144, momydeHHbIX MeTonoM auddy3noHHOTO
CMEIINBAHUA M IO METOAMKAM, ONMCAaHHBIM B JMTEparype, nokazaHo Ha Cxeme 32. OTmerum,
YTO W3-3a OTCYTCTBUS YHHMBEPCAJIBHOTO METOAA TMPOBEACHUS peakiui 1,3-a1unonspHoro

LUKJIOTIPUCOCTUHEHHS JIUTEPATypHbIE JaHHblE MHOTJA TPYIHO COMOCTaBUMBI MEXKAY COOOM,



MOCKOJIbKY CIMOCOO TeHEepaluH TUIOJS M YCIOBHUS PEaKUUU CUJIBHO 3aBUCAT OT CTPYKTYpPHI
aJIKeHA U CTaOWJIBHOCTH OOpa3yIOUIUXCS in Sifu HUTPUIOKCUAOB W HUTPWIMMUHOB. Hampotus,
Bce peakiuu Au((y3MOHHOTO CMEIIMBAaHHMS HAaMHM IPOBOAMJIMCH IO €AMHOM METOIUKE B
xjopodopMe Mpu KOMHATHOM Temneparype. CTOUT TakKe OTMETUTh, YTO B HEKOTOPBIX
JUTEPATyPHBIX IPUMEPAX MPUMEHEHHUE PEAKUUN JErHApOTraIOTeHUPOBAHUS WM HEBO3MOXHO,
WIN TIPUBOJIUT K 0OPa30BaHMIO IIETIEBBIX MPOIYKTOB C HU3KUMHU BBIXOJAMH, TOTJAa KaK METOAMKA
TU(GQPY3MOHHOTO  JETHUAPOTATIOTCHUPOBAHUS NMPUBOAMT K TEM K€ TIeTepOLUKIaM ¢

npenaparuBHbBIMHA, @ B HCKOTOPBIX CIydasaiX KOJIUYCCTBCHHBIMU BbBIXOAaMU.
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 JlureparypHble JaHHBIE JUIA PEAKLUH JErUaApOraJoreHUpOBaHus dTUX TPOM3BOIHBIX OKCHMOB
OTCYTCTBYIOT. [IpHBeIeHBI JaHHBIC IS peaKInU ¢ (PEHUITHUTPHUIIOKCHIOM, KOTOPBIA 00pa3yeTcs in situ u3
COOTBETCTBYIOIETO anbAoKcHMa mox jedctBueM NaBrO,. ° JlureparypHble JaHHBIE IS peaKiuit
JIErUAPOTajJOr€HUPOBAHMSI ATUX MPOU3BOJHBIX OKCUMOB OTCYTCTBYIOT. IIpuBeicHBI NaHHBIE ISl PEAKLIUU
C STWJTHATPHIIOKCHIIOM, KOTOPBIN TeHEpUpPYyeTCd in situ Neruaparanueil 1-HuTpornponaHa B IpUCyTCTBUN
PhNCO wm NEt; mpm HarpeBanmu. © CoITIaCHO IJIUTEPATypPHBIM NaHHBIM, ACTHIPOTAJIOTCHHPOBAHUE

opomokcuma 130 mporekaer mox paeiictBuem NaHCO;. ¢JlurepaTypHble maHHBIE I pEaKLUi



JETHIPOTAJIOTEHUPOBAHNS JTUX IPOM3BOAHBIX THIPAa30HOB OTCYTCTBYIOT. lIpuMBeneHBI IaHHBIE IS
peaknuM ¢ JOUmoieM, oOpasylomMMCS TpU  TEPMHUYECKOM  Pa3jOKEHWHM HATPHUEBOM  CONU
1-(1-auTpOdTUIHCH)-2-(EHUITHIPA3HHA. ¢ JIuteparypHble JlaHHBIE JUIS peaxuuit
JIETUAPOTaJIOTEHUPOBAHMS ATUX IPOU3BOJHBIX OKCUMOB OTCYTCTBYIOT. IIpuBeicHBI NaHHBIE IS PEAKIUU
C METWIHHUTPUIOKCHIOM, KOTOpPBIH oOpasyercss in situ TpWU AeTHApaTalyd |-HUTponpomaHa B
npucyrctBun Boc:O m DMP.  JluteparypHble naHHble Ul PeaKLyil JeTHIPOraloreHUPOBAHUS STHX
MIPOM3BOJIHBIX OKCHUMOB OTCYTCTBYIOT. [lpuBeneHsl maHHble aAnd peakuuid 1-apui-3-MeTwi-5-
METHIMACHTUIAHTOMHOB C (DEHUITHUTPHIOKCHUAOM, OOpa3yloIMMCs in Sifu M3 COOTBETCTBYIOLIETO

anpaokcuma oz neiicrsueM NaClO.

Bpemsi mporekanusi peakuuil 1ud@Gy3HOHHOTO CMEIIUBAHUS HAMpPsIMYyI0 3aBUCUT OT
3arpy30K BeHIECTBAa. bBOJBIIMHCTBO TECTOBBIX pEAKIUN Mbl MPOBOAMIU IS 3arpy30K
rajoreHnpou3Boaubix 124, 125, 129, 135 u 136 0.27 mMonb u ux xonuentpanui 0.089 M; B
TUX ClydasX BBIJCPKUBAHUE DPEAKIHMOHHBIX CMecell B TEUEHHE JBYX [JHEH OKa3bIBaJIOCh
JIOCTaTOYHBIM [IJIsl MEepeHOoca OAHOTrO U OoJiee SKBUBAJICHTOB TPUATHIAMHHA B PEaKIIMOHHBIN
cocyql (KOIMYECTBO MEPEHECEHHOTO TPHUATUIIAMHHA OIICHHBAJIOCH MO COOTHOILIECHUIO CHUTHAJIOB
MCXOJHBIX BEIIECTB, NPOAYKTOB M amuHa B 'H SIMP crHekTpax ajuKBOT, OTOMpPAEMbIX W3
PEaKLMOHHBIX CMEcei).

TecTupoBaHue NPENIOKEHHON dKCIIEPUMEHTAIBHON METOAMKU Ha NMPUMEPE PEAKLUI CO
ctuponioMm 137 mokaszanmo, 4YTO B3auMojeWcTBHE ankeHa 137 C HUTPUIOKCHIAMH U
HUTPUIUMHUHAMH 110 METOAY AU(PQPY3HOHHOTO CMEIIMBAHMS NPOTEKAET C KOJIMYECTBEHHBIMU
BBIXOJJAMH M BBICOKOM PETHOCENEKTUBHOCTBIO. [l0 BCcell BHMAMMOCTH, H3-3a OTCYTCTBUSA
3HAYUTEIbHBIX CTEPUUECKUX TNpensATcTBUH ankeH 137 Jjierko BCTymaeT B peakIUH
1,3-1umnonspHOro  LMKJIONPUCOCIUHEHHS KaK CO  CTAaOMIM3UPOBAaHHBIMM, TaK U C
HeCTaOMIM3UPOBAHHBIMU AumoiasaMu. CTpykrypa oOpasyromierocs u3okcazonmaa 140a Obuta
MOATBEPKJEHA ¢ Hcnoib3oBaHueM JByMepHbBIX SIMP meronoB HSQC m HMBC, a B ciydae
nupazoanHoB 140d,e ux IMP cniekTpsl coriacyroTcs ¢ TuTeparypHbIMu daHHbIME [168,187].

B cnyuae neryuux onedunoB 138 u 139 B xoze peakiuu npoucxoiuia kKak Iuddysus
TPUATHUIIAMUHA B PEAKIMOHHYIO CMeCh, Tak W oOparHas auddysus HopOopHeHa 138 wumm
HopOopHaaueHa 139 Bo BHENIHIOIO EMKOCTh ¢ aMMHOM. O/IHAaKO MpHU HUCIOIB30BaHUM 3-KpaTHOTO
U30BITKA AJKEHOB JMIIONbL YCIEBaeT IOJIHOCTBIO IMpOpearupoBaTth C ONe(OUHOM, U IIEJIEBbIE
rereporukibl 141 u 142 00pa3yroTcst ¢ XOPOLUIMMH BBIXOAaMHU.

Kondurypanus mnpoayktoB mnpucoenuHenus 141-143 Obuta ycTaHOBIIEHA METOIIOM
"H AMP cniekTpockonmuu Mo 3HauYeHHI0 KOHCTAHT CITHH-CIIHHOBOTO B3ammoeiicTsus CH-rpynm
TeTePOLHUKINYECKOT0 (parMeHTa M COCEIHUX IMPOTOHOB HOPOOpHAHOBOrO ocToBa [159]. Mur

OoOHapyXuu, 4To HUTpUIokcuasl 124, 125, 129 u uutpunumunsl 135, 136 B3anMoneiicTByIOT ¢



HOpPOOPHEHOM C CEJIEKTUBHBIM O0pa3oBaHUEM 9k30-TIpoaykToB 141a-d, 4yTo cormacyercs ¢
auTeparypHbIMU JaHHbIMU [169,188]. B ciyuae nuena 139 panee Obuia noka3aHa BO3MOXHOCTb
NPOTEKAHUS PEaKIUK MO0 OJHON MIIM IO JIByM KPaTHBIM CBS3SIM C 0Opa30BAHUEM CMECH IK30- H
anoo-TipoaykToB [189]. B ycnoBusix peakiuu aud@y3MOHHOTO CMENIUBAaHUSA TPH 4-KpaTHOM
u30bITKE HOPOOpHaAMEHA HApSAy C OCHOBHBIMU 3K30-TIpoAykTamMu 142 Takke o0pas3yroTcs
MHUHOpPHBIE 3HO0-TIpoAYKThl 143. CtoUT OTMETHTH, uTO cooTHomieHue 142 u 143 Hampsmyio
3aBHCHUT OT PEaKIIMOHHON CIIOCOOHOCTHU AMIIONS — PEAKIHsI ¢ HUTPUIOKCHIAMH ITPOTEKAeT MEHEE
CEJICKTHBHO, 4eM ¢ OoJsiee CTaOUIbHBIMU HUTPHUIMMUHAMH.

[ToMumo peakuuii ¢ HeaKTUBUPOBAaHHBIMU ajikeHaMU 137-139 BO3MOKHOCTH METOJIUKHU
T PY3MOHHOTO CMEIIMBAHMSI OBLIN MPOAEMOHCTPUPOBAHBI HA TPUMEPE METHIINACHTHIaHTONHA
5, comeprkariero akTUBUpOBaHHYIO dK301uKIndeckyto C=C cBsi3b. Mcxonublit onedun S mioxo
pacTBOPUM B PEAKIIMOHHON cpeie, HO HECMOTpPS Ha 93TO, €ro B3aMMOJACWUCTBHUE KaK CO
CTaOUITM3UPOBAHHBIMH, TaK U C HECTAOMIM3UPOBAHHBIMU HUTPWIOKCUIAMH M HUTPUIMMHHAMU
IPUBOAMIIO K CEJIEKTUBHOMY 00pa3oBaHHIO rerepouukiioB 144 c BeIxojaMu B auana3oHe 84-
96%. CrnexTpanbHble HaHHBIE CHUPOTUIAHTOMHOB 144a-¢ coOrnacyroTcsi ¢ ONUCAaHHBIMU B
JUTEepaType MPOAYKTaMH IUKIONPUCOCAMHEHHUS] K MeTHiIMJeHruaanTonnaMm [146], crpoenue
nupasoinoHa 144e ObulO J10Ka3aHO C HCHOJb30BaHUEM JBYMepHBIX Meroauk SIMP HSQC wu
HMBC.

Bo3moxHoctn 1M QPY3MOHHOTO  CMEUIMBAaHUS ~ PEAareHTOB C  BapbHPOBAHHEM
pacTBOpUTENSA, TEMIEPAaTyphl PEaKUUMU M AMHHOB BO BHEIIHEH EMKOCTH, IPEICTaBICHBI B
Tabmuue 8. Mbl OOHapyXWiHM, 4YTO TNepeMElIMBaHHE PEaKIUOHHOW CMeCH B METOJUKE
Tu(h(dYy3MOHHOTO CMENIMBAaHUS He SIBISETCS O00s3aTeNIbHBIM, OJHAKO 0€3 MepeMelInBaHus
HaOJIOZIaeTCsl CHIDKEHHUE BBIXOZAA IeieBoro mpoaykra l44a, 4uro, mo-BUAMMOMY, CBSI3aHO C
JTUMepH3aleld peakiuoHHoro 1,3-1umnosns, KoTopelid 00pa3zyercss B U30bITOUHOM KOHIIEHTPAILIH
B BEPXHEM CJIO€ pacTBOpa NpHU MOIVIOIIEHUHU IapoB aMuHA. B Xoxe peakuuu pacTBOPUTEIN
MOTYT HCHapAThCSA, MOITOMY B cllyyae JIETKOKHISIIMX PacTBOpPUTENIEH BpOJE IHUITHUIOBOTO
sbupa OYEHb BAXKHO CIEAUTh 3a O0BEMOM peakuuoHHOM cMmecu. I[lomHoe wucnapeHue
pPacTBOPUTEISI IPUBOIUT K OCTAHOBKE PEAKIIMM U CHUYKEHHIO BBIXOJIOB LIEJIEBBIX T€TEPOLIUKIIOB.

Cxema 33.
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Tabnuma 8. Peakmmst aumonsipodria S ¢ rajmoreHNpow3BOAHBIM 126 B pa3iMvHBIX

yCIOBUAX".
COJICP)KUMOEC BHEIITHEH PacTBOPHUTEIb BO
YCJIOBHSI pEeaKIuU BeIxox 144a®, %
BUAJIBI BHYTpPEHHEH BHAJIe
NEts CHCls 20°C, 1 news ¢ 100
nepeMEIIMBAaHIEM CMECH
NEt CHCls 20°C, 1 news b3 95
MepeMeIIBaHuUs
NEts MeOH 20°C, 1 news ¢ 100
nepeMeIIiBaHHEM CMECH
NEts PhH 20°C, 1 pens ¢ 01
nepeMeIIiBaHEM CMECH
NEts Et,0 20°C, 1 nenn ¢ 83
nepeMeIiBaHEM CMECH
NEt/EtO (1 : 5) Et,0 20°C, 1 nene € 88
MEePEMEITUBAHUEM CMECH
NMesH™CI ,CNaOH, CHCls 20°C, 1 meHn ¢ 91
H.O MepeMeIIMBaHUEeM CMECH
NEtsH*CI ,CNaOH, CHCls 20°C, 1 meHn ¢ 98
H.O MepeMEIIMBaHUEeM CMECH
i-PrNEt CHCl 18°C, 3 mms ¢ 96
nepeMEIIUBAaHHEM CMECH
i-Pr,NEt CHCls 20°C, 1 nems bes 95
nepeMeITuBaHMsI
i-ProNEt JIMCOd6 20°C, 1 nems bes 97
nepeMeITuBaHMsI
i-ProNEt OPTO-KCHIIOJ 80°C, 1 nen Ges 94
niepeMeITuBaHMSI

& CraproBbie 3arpy3ku: 20 mr (0.106 mmonb) coemuuenust 5 u 20 mr (0.106 mmorns)
coeuuenus 126 Bo BHyTpeHHel Buaie; 35.85 MMONb aMiHa BO BHemHei Buane. ° 1o 1aHHBIM

C

'"H SIMP cnekTpoB peaKIMOHHOH CMeCH. PactBOop BO BHemHeW Buasie ObLT MOJNyYyeH

HCMMOCPECACTBCHHO IICPE HAYaJIOM pPCAKIUH.

B kavectBe aMHHOB B MeTOAWMKEe AU(PGY3NOHHOTO CMEIIMBAHUS HAMHU OBUIH H3ydCHBI
NMesz (Twm~3°C), NEt3 (Twmn~89°C) u i-ProNEt (Twm~127°C), xoTopble MOIYT OBITH
MCIIONIb30BaHbl KaK B YUCTOM BHJIE, TaK U B BUJE KOHIICHTPHUPOBAHHBIX pacTBOpoB. OKa3anocs,
yto JeTy4drii NMes ObICTpO ToriomnaeTcs peakiiMoHHOW Cpefiod, YTO MPUBOAUT K 00pa30BaHUIO
OOJIBIIIOTO KOJMYECTBA PEAKIMOHHOCIIOCOOHOTO JHIIONSA W YBEIMYCHHIO BBIXO/a IMMOOOYHBIX
MPOYKTOB ero nuMepusanuu. McnonszoBanue i-ProNEt, menee nerydero, yem NEts, mo3BossieT
6onee 3(p(HEeKTUBHO TMOAABIATH NPOLECCHl TUMEpPU3AIUH, HO BpeMs pEaKIHUH MOXET
YBEJIMUYUTHCS U3-3a Oojiee MeuieHHOH nuddy3nn amuHa.

Kpome Toro, Obumn m3ydeHbl peaknuu IU(PPy3nOHHOTO CMEIICHHS MPU PA3TUIHBIX

TEMIEPATYPHBIX YCJIOBHSIX, YTO MOXET BIHATH Ha PEAKIUOHHYIO CIIOCOOHOCTH MAMIMOJIEH,




obpasyrommxcs in situ. I[Mpu Huskux temmneparypax (-18°C) HabmomaeTCs CHIKEHUE CKOPOCTH
muddy3un aMuHA U TPOTEKAHUS XUMUYECKUX PEAKIIUid, 9YTO IPUBOJUT K HAKOIIJICHHUIO AWITONS B
PCaKIIMOHHON Cpelleé U CHIDKEHUIO BBIXOJOB IICJIEBBIX TE€TEPOIMKIIOB. BBICOKOTEMIIEpaTypHas
peakuus (80°C) Ha mpumepe B3aUMOACHCTBHUS coenuHeHH S5 m 126 B mpucyrcrBum i-ProNEt
MpUBeEJa K HE3HAYMTEIbHOMY CHUXEHUIO BbIxoaa 144a 1o CpaBHEHHUIO C TAKOH K€ peakuueit
IIPY KOMHATHOM TEMIIEpATYpE.

Takum oOpa3om, HamMu OBUIM TPOJEMOHCTPUPOBAHBI MPEUMYINECTBA METOJA
CMEIIMBAaHUs peareHToB AuQdy3ueil MmapoB JieTyuyero TPETUYHOTO aMHUHA B PEaKIMOHHBIN
pactBop 171 1,3-IUnoNsspHOro MUKIONPUCOSTUHEHHUS HUTPUIIOKCUIOB U HUTPUIMMUHOB. MeTon
HEe TpeOyeT MCIIOJIB30BAHMSI CIICITUATH3UPOBAHHOTO U JIOPOTOCTOSIIETO 000pYyI0BaHUS, ITPOCT B
CHHTETUYECKOM HCIOJIHEHUM U TO3BOJISIET IMOJIyYaTh IIEJIEBbIE M30KCA30JIbI U MUPA30JIOHBI C
BBICOKMMH BBIXOJIaMU BHE 3aBHCHUMOCTH OT CKOPOCTH AumMepu3anuu 1,3-nuroneid, KOTopsie
obpasyrorcs in SitU mpu JeruaporaloreHUPOBAaHUH COOTBETCTBYIOIIMX TaJIOTCHITPOM3BOIHBIX.
[IpoBeneHne peakquii B  ONUCAHHBIX YCIOBUSAX OCOOEHHO J(PQPEKTHBHO B cCilydae
B3aMIMOJICHCTBHSI MAaJIOAKTHUBHBIX OJC(PUHOB C BBICOKOPCAKIMOHHBIMH 1,3 -AWMOISAMHU, KOTIa
HCIIOJIb30BaHUE KJIACCHYECKOI0 METOa MPHUKAIBIBAHUS PACTBOPA aMHHA B PEAKIIMOHHYIO CMEChH
MPUBOJIUT K 00pa30BaHUIO 3HAUUTEIHHBIX KOJIWYECTB HEKENATEIbHBIX MPOAYKTOB Pa3NOKEHUs

HUTPUIOKCHUJIOB U HUTPHUIIUMHUHOB.

3.3.1.2. Peaxyuu cnupoeuoanmounos 64a u 64b ¢ numpuroxcuoamu u numpunumunamu

[Tockonbky MeTomuka AU y3MOHHOTO CMEIIMBAHMS TOKa3ana CBOK 3(P(GEKTHBHOCTH B
peakusax ¢ MoaenbHeIMH gunonsgpodunamu S, 137-139, mbl u3yunnu €€ BO3ZMOXKHOCTH JIJIst
npoBeneHus 1,3-AUNoaspHOro MUKIONPHUCOECIUHEHUSI K CIIMPOTUAaHTOMHY 64a. BapbupoBanue
TPETUYHOTO aMHuHa, TEeMIEparypbl CpeAbl W PACTBOPUTENS B PEaKIMM THAAHTOMHA 64a c
rajoreHnpon3BoaHbIM 136 (Tabmuma 9) mpogeMOHCTpUPOBANIO, YTO JaHHAS PEAKIUS MOXKET
IIPOTEKATh MPU MTEPEMENTMBAHNN [TPU KOMHATHOM TEMIIEpPAType C MOJTHON KOHBEPCUEN NCXOTHOTIO

nunonspoduia 64a.

Cxema 34.
N w
(0] 0 i N
N—NHPh  TPE€TWYHbIA aMuH
If Yy + Me—C” Oﬁ/
cl Andd. cmelleHne HN:
64a 136




Tabaumna 9. Peakmus gunonspoduna 64a ¢ rajsoreHIpPOU3BOIHBIM

136 B pa3ian4HBIX

yCIOBUAX".
COJICPIKHMOE pacTBOPUTEITH BO OOIINI BBIXOJ
136, skB. YCJIOBHSI pEeaKIuu
BHEIIIHEH BHAJIBI BHYTpPEHHEH BHaJIe 145a + 146a°, %
r.t., 1 gess c
1 NEts CHCI3 nepeMennBaHueM 68
cMecH
1 NEts CHCls "L, 1 zexs Ges 53
nepeMeInBaHus
rt, 2 masac
2.1 NEts CHCI3 nepeMenImBaHueM 89
cMecH
r.t,3 ousc
3 NEts CHCl3 nepeMennBaHueM 100
cMecH
1 i-Pr,NEt JIMCOd6 "L 2 fit bes 52
nepeMeInBaHuUs
14 i-Pr,NEt CHCls "L 2 fit bes 100
nepeMeInBaHus
1.4 i-PraNEt CHC; “16°C, 3 s Bes 91
nepeMeInBaHus

@ Craprossie 3arpy3ku: 25 mr (0.098 mmorb) coenunenus 64a ucoeaunenune 136 B KoauvecTse,

yKa3aHHOM B Tablule, BO BHyTpeHHel Buae; 35.85 MMonb amuua Bo BHemHel suase. °Ilo gannbv *H

SIMP cniektpoB peakipionHoN cMmecu. [IpomykTer 145a u 146a Bcerna o0Opa3oBBIBAIMCH B COOTHOIIEHUH

52:48.

CTouT OTMETUTH, YTO BHE 3aBUCHUMOCTH OT YCJIOBHM peakiuu mponyktel 145a u 146a

BCerjga 0Opa3oBBIBAIMCH B COOTHOIIEHMH 52:48 (mo naHHbIM SIMP crnekTpoB peakimoHHON

cmecu). CTpoeHHE OCHOBHOTO W MHHOPHOTO H30oMepoB 145a, 146a Obuio J0KazaHo ¢

ucnonbzoBanueM nByMepHbIx MeToauk SIMP HSQC u HMBC (Puc. 9).
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Puc. 9. 'H-C HMBC AMP cnexmp cmecu coedunenuii 145a u 146a.

B ycnoBusx m30bITOUHOrO KOJMYECTBA rajoreHnpou3Bonnbix 126, 127, 130, 135 u 136
HaMu ObLIa UCCieloBaHa peakius 1,3-IUnoisipHOro MUKIONPUCOSAUHEHHS K CTUPOTUIAHTOUHY
64a no merony nuddy3noHHoro cmemmBaHus ¢ TpudTHIaMuHOM (Cxema 35). beuto mokasano,
YTO IIeJIeBbIE TETEPOIMKIIBI 00pa3yloTcsl B BUAE HepasdenuMbIX cMeceit nzomepoB 145 u 146 ¢
BBICOKMMH BBIXOJJaMH BHE 3aBHCHUMOCTH OT CKOPOCTH JUMEPHU3aLHUU MPOMEKYTOUHO

00pa3yrouXxcs TUMOJEH.

Cxema 35.
Ph

Oi(N o} N=XH NEt; (nape1)/CHCI3

+ _c”

HN' R-C’
Hal andd. cmeluexHne

126, 127, 130,
64a 135,136

145d + 146d, 58 : 42, 85%; 145e + 146e, 54 : 46, 93%

145c¢ + 146¢c, 62 : 38, 86%



Crpoenue coequnenuii 145¢ u 146¢ 6su10 moareepskaeHo Meronamu gHSQC u gHMBC
(Puc. 10). IlpeumymectBeHHOe oOpazoBaHue peruomszomepa 145¢ commacyercs ¢
JUTEPATYpPHBIMUA JTAHHBIMU I peakuui [3+2]-IUKIONPUCOCIUHEHUS K HECUMMETPUUYHBIM

HOpOOPHEHaM, COIepIKaIUM aKIenTopHbIe 3amectutenu [190].

L{ Jt R B A U Y

f1 (ppm)

| ulm ||| ll

T

95 90 85 80 75 70 65 6.0 5.

T T T T T T T T T T T T T T

5 50 45 40 35 3.0 25 20 15 10 05
2 (ppm)

Puc. 10. '"H-C HMBC AMP cnexmp cmecu coedunenuii 145¢ u 146c¢.

B tex ke  ycmoBMAX B KauecTBe  AMmoisApodmia B peakUMH ¢
4-x710p(HEHWITHUTPUIOKCUIOM OBbIT H3yYeH 5HOO-TIPONYKT peakuuu Junbca-Anbaepa 64b
(Cxema 36). Mbl OOHapyXujaM, 4TO B CIydyae B3aUMOJICHCTBHS C STHUM JUIOJEM I€JIEBbIE
reTepOLMKIIBI 00pa3yloTCsl B COOTHOLIEHUH 52:48 (U1 cpaBHEHUS, OCHOBHOM 9x30-n30Mep 64a
o0Opa3yeTcst IPOAYKTHI B COOTHOIIEHUU 57:43).

Cxema 36.

N-OH NEt; (napel)/CHCI3
Z

+

cl ::: C‘C| oudd. cmelwenne

126

147 + 148, 52 : 48, 88%



[TomyueHHBIN pe3ynbTaT MOXKET CBUIETENBLCTBOBATH O BaXKHOM POJIM MPOCTPAHCTBEHHOTO
pacmoNOKeHUs 3aMecTUTe]ed B HOpOOpHEHOBOM Kapkace. [lo Bcelt BUAMMOCTH, 9HOO-
pacmoNoKeHHe THIaHTOMHOBOTO (parMeHTa co34aéT OTMOTHUTEIBHYI0 HANpsSHKEHHOCTh B
criponukie 64b, uro yBenumuuBaeT akTUBHOCTh ABOMHOW C=C cBsI3u JUMOMUILHOTO KapKaca.
DHEpPreTUYeCKH MEHEe BBITOAHAs KOHQUTYpalus 3aMecTUTeNed B coeauHeHun 64b
MOJTBEPIKIAACTCS TEM, YTO OHO KaK TEPMOJUHAMUYCCKU MEHEE CTAOMIIBHBIN MPOYKT 00pa3yeTcs

B MEHBIIEM KOJIHMYECTBE, YeM u3oMep 64a B ycnoBusix peakuuu unbca-Anbaepa (cMm. paszaen

3.2.1).

3.3.1.3. Peaxyuu muozuoanmounos 71a, 73a, 74a, 80a, 80b, 91, 95, 97, 100 « 118¢

HumpuﬂOKcudajwu U HumpuiIumuHamu

Peakuuu 1,3-1umonsspHOTO MUKIONPUCOCSIMHEHHS] HUTPUIIOKCHIOB ObUTa TaKKe U3Yy4YeHa
Ha npuMepe TuoruaantouHoB 61, 71a, 73a, 74a, 80a, 91, 95 u 100. C ucnonap30BaHUEM ITHX
MMHUJIA30JI0HOB B CMECH C DKBUMOJSIPHBIM KOJWYECTBOM N-rHApoKcuMouixjiopuaa 126 B
ycnoBusAX 1u(pPy3nOHHOrO CMENIMBaHUs B KAU€CTBE €IUHCTBEHHBIX MPOIYKTOB U3 PEAKIIMOHHON
cMmecu OblUIH BBIJIEIECHBI THAaHTONHBL 60, 64a, 79a, 87 u 149-152 (Cxema 37). Ilo-Bugumomy, B
JAHHOM cllydae peakuus 1,3-AUMoIsipHOr0 LUKIONPUCOETUHEHUs MpoTekaeT no cBsizu C=S c
nostyaeHreM okcarpuasona I, koTopslit 3aTem pacmanaercs ¢ 00pa3oBaHUEM COOTBETCTBYIOIIETO
TUAAHTOMHOBOTO Tpou3BoaHOrO [191]. Jlns yckopeHus pa3iokeHHs OKcaTpuaszolia Ha BTOPOU
CTaJIMM PEAKIIUU MOXKET OBITh HCIIONB30BAHO KUIISTYCHHE PEAKIIMOHHON cMecH B XJIopodopMme B

TCYCHUC JIBYX 4aCOB.

Cxema 37.

AFN S 1) NEts (napsi)/CHCI5 Ar’\\l o N Ar,‘\‘ o
oj(\Ni' . N-OH andd. cmeleHne O}\,\};S o \'\ﬁ
Ry C'@C\m 2) CHCly A R; cl Ri

R, R, R2
1 126 I m
Eh : ; “cl
(0] O N N
O o Ox 0 N
pite ~ F ~ O "0
\ 3
o Ph

60, 99% 64a, 90% 149, 95% 150, 98%

F
© Q/OMG cl
N N
o5
H

os N0 O "0 oMo o
'g" NH NH NH N
79a, 89%° 87,87% 151, 90% 152, 81%
4 O0OpasyeTcst B CMECH C HEOTAECIUMOM MPUMECKHIO IPOLYKTOB IpUcoequHerns aumnos mo C=C

cBssu (o ganEeM 'H SIMP criektpos).



CTOUT OTMETHTh, 4YTO 10 jaHHeIM 'H SIMP CIIEKTPOB PEAKIMOHHBIX CMeceH
B3aUMOJICHCTBHE HUTPWIOKCUJIOB € THOorwaaHTouHamu 61, 7la, 73a, 74a, 91, 95 u 100
MPOTEKAET BBICOKOCENEKTHBHO MO cBsizu C=S, nume B cioydae coenuHeHus 79a oOpasyercs
okono 10% mpumecu anaykroB mnpucoenuHenus mo cBs3u  C=C. DOddexTuBHOCTD
necyabOypupoBaHUs THOTHIAHTOMHOB 1 (o) JeMCcTBUEM HUTPHUIIOKCH]IOB ObLI1a
IIPOZIEMOHCTPHUPOBAHA HA IIPUMEpPE CUHTE3a CIUPOTUIaHTOMHOB 64a, 79a, 87, 149-152 (Cxema
37); TakoW METOJ CHUHTE3a CHUPOTHUIAHTOUHOBBIX MPOU3BOIHBIX SIBISETCS aJIbTEPHATUBHBIM
crioco0y MX ToJydeHus 1o peakusMm Jwibca-Anbaepa U3 METHIUACHTUIAHTOMHOB (pa3aebl
3.2.1-3.2.4). Ins coenunenus 149, kak u B cay4yae opmo-GeHUI3aMeIEHHbIX THOTHAAHTOMHOB
72,73, 81, 92, 93 u 103, B IMP cnekrpax HaOmoqaeTCsl YIBOCHUE CUTHAJIOB, YTO YKa3bIBaeT Ha
3arpyaHeHue BpamieHus BOKpyr cBsizu C(Ar)-N(rugantous) (cM. pazaen 3.2.7).

HuTtpunuMuHsl Takxke MOTYT U30UpaTeIbHO pearupoBarh cO CIUPOTHOTUAAHTOMHAMH 110
cBsa3u C=S, B 3TOM ciyuyae oOpasyrommecs: aaayKThl [3+2]-IUKIONPUCOCANHEHUS SBISIOTCS
CTaOMIILHBIMH COCAMHCHHUSMH W MOTYT OBITh BBIJCNICHBI M Oxapakrepm3oBaHbl (Cxema 38).
OtcyTcTBHE TPOAYKTOB MPUCOCAMHEHHS TO crepudyecku gocTynHbiM C=C  cBs3aIM
MMHIa30JI0HOB 71a u 74a noaTBepkaaeTcs TaHHbIMU 'H IMP CIIEKTPOB PEAKIIMOHHBIX CMECEH,
IJIe TPUCYTCTBYET TOJIBKO OJMH HAOOp CHTHAJIOB, BKJIIOYAIOMIMX XapaKTePUCTUYHYIO OO0JIaCTh

CH=CH npoToHOB Kapkaca 11eJeBoro rerepouukia npu 6.0-6.5 m.1.

Cxema 38.
A
;
Ar Ph v NN
) \
;‘\j\fs N-NH EtN (napwt)/CHCl; o N\#S)\ R,
0 N + R,C N,
N 7 . CMeLleHne R R
R g, Rs cl A 7 R, s
2
I 135, 136 I
R Me Me A Me
Ph Ar 4 Ph Ph N
e o N3, S N T
\ 2 A ~ . 4
N\/\s/\'\"e = W = O™ “=NH N N
\

) - N NH
:/>//N\ N b NHbn Ph Ph
§ ph

158, Ar = Ph, 92%;

153, 97% 154, Ar = Ph, Ry = Me, 93%; 156, 95%
159, Ar = 4-CICqH, 61%

155, Ar = 3-MeCgHy, R, = Ph; 90% 157, 91%

B cnyuae B3auMonelicTBUS HUTPUIMMUHOB ¢ UMuAa3ononaMu 71a, 74a, 80a u 80b onun
Habop curHaioB B SIMP chmekTpax yka3plBaeT Ha BBICOKYIO PErHMOCEIeKTUBHOCTb
nukaonpucoeauHenus: aunoda. CormacHo nanHeiM NOESY 'H-'"H IMP CIIEKTPpA COECAVUHECHUS
156 (Puc. 11), HUTpUIMMUHBI IPUCOEANHSIOTCS K 9k30-u3oMepaM 71a, 74a u 80a co cropoHsl,

npotuBononoxHoi (CH2), MocTuky kapkaca. K coxanenuto, koHpurypaiuio npoaykra 157 ue

yIaJ0Ch YCTAaHOBUTh MeToAamMu JABymMepHON AMP cnekTpockonuu, HO MOXHO HPEANOI0XKHUTH,



qTO 3H00-pacnono>1<eHHe 3aMECTUTEICH B 6I/II_[I/IKJ'II/ILICCKOM KapKacc€ OKa3bIBaCT aHAJIOTHYHOC

BJIMSTHUE Ha TIOJIXO] IUTIONS K CyOCTpary.

N

ppm

85 80 75 70 65 60 55 50 ‘pégg 40 35 30 25 20 15 10
Puc. 11. NOESY 'H-'H IMP cnexmp coeounenus 156.

B cnyuae ctpykryp 158, 159 nx TouHas koH(Urypauus Takxke He Oblja yCTaHOBJICHA,
kpome Toro, anamus PC SIMP cnekrpa 4-xjopdeHnnzaMenménaoro coeiuaenus 159 ocnoxuén
VIIPEHUEM HEKOTOPBIX CHUTHAJIOB, YTO MOXKET OBITh CBSI3aHO C JIMHAMHYECKHUM pPaBHOBECHEM
MEXly pa3IMYHbIMU KOH()OPMAIIMOHHBIMU (POpMaMH MPOIYKTA.

Ha ocHOBaHMM NOJIYYEHHBIX PE3YJIBTAaTOB MOXKHO CIENIATh BBIBOJ, YTO B3aMMOJAEHCTBHE
HUTPUJIOKCH/IOB U HUTPUIMMUHOB C THOrMAaHTouHamu 71a, 73a, 74a, 80a, 80b, 91, 95, 97 u
100 mpenMyIIeCTBEHHO MPOTEKAET MO Oojiee peakimoHHoCcoco0Hoi C=S cBsi3u, a HEe TIO CBSA3U
C=C. Opnaxo npoayktsl npucoeauHenus mo C=C cBs3u TUMOPUILHOTO Kapkaca MOTYT OBITh
CHUHTE3UPOBAHBI, €CJIM B PEAKLIUIO BBOJUTH S-aJIKWIMPOBAaHHBIE IPOU3BOAHBIE. Tak, HAa IpUMeEpe
peakiuu  1,3-IMNONSAPHOTO  LUKJIONPUCOETUHEHUS K  crnupoumungaszoigony 118  Obuio

MIPOJIEMOHCTPUPOBAHO, YTO B YCIOBUSX TU(PHY3HOHHOTO CMEIICHHS 00pa3yeTCsi CMECh IEIEBBIX

n3okcazomHoB 160 1 161 ¢ oOmum BeixomoMm 97% (Cxema 39).

Cxema 39.
% P
BnS\WN o /N—OH NEt; (napbl)/CHCI; an\(N o
N + C|4©70\’ y +
Cl andd. cmelueHne Ny ol
126
118 o-N

160 + 161, 55 : 45, 97%




OTCyTCTBHE TIPOAYKTOB MpucoeauHenus mo cesa3u C=N (mo nanaeiM 'H IMP crnekTpos
PEaKIIMOHHONH CMECH) MOXET OBITh CBsI3aHO ¢ €€ crnaboi PEeakIMOHHON CHOCOOHOCTHIO H3-3a
HaJU4Us CONMPSHKEHHOMN AIIEKTPOHOIOHOPHOM Tpymmbl SBn.

Takum oOpa3zom, mertoauka AUGGY3MOHHOTO CMEIIMBAaHUS MOXKET OBbITh YyCIHellHa
MIPUMEHEHA JJI MOIY4YeHUsl aAayKToB |,3-TunosspHOTrO MUKIONPUCOECANHEHUSI HUTPUIOKCHUIOB
U HUTpWIMMUHOB 10 cB3siM C=C wu C=S pa3nuuHblX UMHUOA30JI0HOB. B ciydae
CIIUPOIPOU3BOAHBIX HMMHJa3010HOB 71a, 74a, 80a u 80b crepuueckue XapakTEpUCTHKU
TUNO(QUILHOTO Kapkaca MO3BOJSIOT KOHTPOJIUPOBATh CTEPEOCENEKTUBHOCTD MPOTEKAIOIIETO
mporecca, B pe3ylbTaTre 4Yero MOTYT ObITh MOMY4YEHBI MOJHIMKIMYECKUE CTPYKTYPBI C

KOH(QOPMALIMOHHO KECTKUMHU (PYHKIIMOHAIU3UPOBAHHBIMU (hparMeHTaMHU.

3.3.2. Peakyuu cnupoumuodasonioHo8 ¢ a3uoamu

B omnmuume ot OonpmmHCTBA  1,3-mMIIONEH, OpraHUYECKHWE a3uIbl  SIBIISFOTCS
CTaOMITLHBIMH COSJMHCHUSMH TPU HOPMAITBHBIX YCIOBHSX, KOTOPHIE MOTYT OBITH BBIICIICHBI B
WHAMBUAYaIbHOM BHAe. B manHoit pabore azuapl 167-171, 173 u 175 ObliM CUHTE3UPOBAHBI
TpeMmsi pa3HbIMU criocobami, npeacTtaBieHHbIMA Ha Cxeme 40. A3uapl 167-171 Obu11 moTy4YeHbI
U3 KOMMEpUYECKHM JOCTYIHBIX AaHWJIMHOB, KOTOphle mon aeiictBueM NaNO:2 B Kucioil cpene
00pa3yloT MUMa30HUEBBIC COJIM W 3aTeM pearupyroT ¢ NaNsz ¢ JIMMHHUPOBAHHEM MOJIEKYIIbI
azota. CoemguHenue 173 ObUIO0 mModMydeHO U3 (GEHUITHApPA3WHA B YCIOBUAX PEAKIIUU
HUTPO3UPOBAHMS, a TO3Wia3ua 175 ObT CHHTE3WpPOBAaH W3 TO3WIXJIOPHIA IO pPeaKluu
HYKJICO(PHIHHOTO 3aMEIICHUSI.

Cxema 40.

1) NaNO,, HCI, H,0, 0°C .
R—=NH, R-N=N=N
2) NaN3’ Hzo, 0°C
162-166 167-171, R = 4-NO,CgH,, 4-BrCqHy,
2-NOZCGH4, 2-BrCGH4, 2-Py, 80-91%

NaNO,_ HCI, H,0, 0°C .
Ph—NHNH, Ph—N=N=N

172 173, 40%

NaN3Y MezCO, Hzo + -
Ts—Cl Ts —N=N=N

174 175, 77%

VYcnoBus  peakuuMyd — NPUCOCAWHEHHsS]  a3uJOB K CIMPOUMHUIA30JIOHAM  OBUIH
ONTUMHU3HPOBAaHBI Ha TpuMmepe TuaanTouHa 64a (Tabnuma 10). YBenuwueHue Ttemmeparypbl
peaknuu MO3BOJISIET 3HAYUTEIHHO YCKOPHTH POTEKaHNE 1,3-mumnonsipHOTO
HUKIONPUCOCAUHCHUA, HO MPUBOAUT K MAACHUIO CCICKTUBHOCTH 06pa30BaHI/IH HN30MCPHBIX

TpuazonuHoB 176. B crnyuae kumstueHUs B opmo-KCUJIOJE IeNieBble TMPOAYKTHI HE 00pa3yroTcs,



0 BCEH BHUIMMOCTH, W3-32 PA3J0XKCHUS HCXOTHOTO a3uaa W/WIN TPOJYKTOB B YCIOBHSIX
peaKIum.

Cxema 41.

Ph

(@] N le)
HN + OZNO

167
64a

Tabmuua 10. Ilpucoeaunenue 4-uutpodeHmnasuna K COUPOTUIAHTOMHY 64a B

PAa3INYHBIX YCIIOBUAX.

YCIIOBUS PEaKIHH BeIXOx 176a+176b, % | 176a:176b
oensou, r.t., 30 queit 65 68 : 32
Oen3om, A, 36 gacos 86 63 : 37
Toiryon, A, 36 qacoB 83 57 : 43

opTo-Kcmiioi, A, 36 4acoB 0 -

B ycnoBusix 36-yacoBOro KMIISIYEHHUS B TOJNYOJI€ B peakuusx ¢ 4-HUTPOPEHHIIA3UI0M
ObLIM M3y4yeHbl THOTHAAHTOUHBI 71a, 74a u 80a. Oka3anock, 4To B ciayyae UMUAa300HOB 71a u
74a, coxepkalux HOpPOOPHEHOBBIM Kapkac, B3aUMOjEHCTBHE ¢ a3ujgoM 167 mporekaer ¢
o0pa3oBaHHEM Hepas3aeInMON cMecH pernon3oMepoB a u b ¢ xopomumu Beixonamu (Cxema 42).
B Tex xe ycnoBusix peakuusi ¢ coequHeHueMm 80a He mpuBoaMiIa K 00pa30BaHUIO MPOIYKTOB
Jake B CJIe0BBIX KomuuecTBax (o gaHHbM 'H SIMP crexTpa peakiimoHHO# cMecH). B ciyuae
BBIJIEpKUBaHUs cMecH aunoisipoduia 80a u azuaa 167 B Tomyosie mpu KOMHAaTHOM TeMmeparype
B TeueHue 183 nHeit oOpazoBaHue 1IENEBBIX MPOAYKTOB TaKxke He ObLI0 3adukcupoBano. [1o Beeit
BHUJINMOCTH, Pa3JIMYHbIE PE3YJAbTaThl B3aUMOACUCTBUS a3WJIOB C THOTMAaHTOMHamu 71a, 74a u
80a cBs3anbl ¢ pa3HON HANPSHKEHHOCTHIO OMIIMKIMYECKUX KapKacoB 3TUX JIUIOISAPO(UIOB, UTO
BJIMSAET Ha PEaKIMOHHYIO criocoOHOcTh C=C cBs3M.

Cxema 42.

Ar Ar Ar

oN_s PhMe N o=N
+ - O S ﬁ/ S
HN: + OQNONzNzN — 1 + /©/N02
167 N N

71a, Ar = Ph, X = CHy;
74a, Ar = 4-MeOCgH,, X = CH;;
80a. Ar= Ph, X = CHyGHy: 177a +177b, Ar = Ph, X = CH,, 61 : 39, 62%;
178a + 178b, Ar = 4-MeOCgH,, X = CHy, 77 : 23, 49%;
O,N 179a + 179b, Ar = Ph, X = CH,CH,, 0%;



CrpykTypa TpHa3oJuHOB ObLIa MOATBEpPIKIACHA HAa MPUMEpPEe CMecH pernou3omepoB 178
meronamu nByMepHoil SIMP cnektpockonuum mo koppensumsim  Mexnay CH-dparmentom

TPUA30JIMHOBOTO LIUKJIA U YETBEPTUUYHBIM aTOMOM YIJIepoja B y3iie criupoiukia (Puc. 12).

LLLL—A_AJLMML_A

OMe - - - - - 30

100

f1 (ppm)

110

120

— e = 130

140

150

— - - -~ 160

170

180

L

) T T T T T T T T T L T T T T T T L 2 T T T 17 T T T T T T T L T T T T T
11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f2 (ppm)

Puc. 12. 'H-C HMBC SIMP cnexmp cmecu coedunenuii 178a u 178b.

BzanmoneiictBue 4-6pomdennnasuna ¢ THAAHTOMHOM 648 B KUTISIIEM B OCH30JI€ TaKkKe
OpUBOAUT K oOpa3zoBaHMio cmecu TpuazonnHoB (Cxema 43). Ilo cpaBHeHMIO C
4-HUTpO(EHMITA3UIOM AJTYKThI ¢ a3ujoM 168 obpa3zyrorcs Oosee CeneKTUBHO C YMEPEHHBIM
BBIXOJIOM, YTO CBS3aHO C HHU3KOM pPEaKIMHOHHOH crnocoOHocThI0 1,3-mumons 168 wm3-3a
OTCYTCTBUS CHJIbHBIX aKIIENTOPHBIX 3aMECTUTEINICH B apOMaTHYECKOM KOJIBIIE.

Cxema 43.

Ph

|
N
Oy=0 . PhH
HN' + Br N=N=N ———>
A, 36 yacos

168

64a

180a + 180b, 68 : 32, 35%

Br

B otimune ot 4-autpodenunazuna u 4-o6pompennnazuga, B3auMoaeucTeie asuaos 169,

170, 173 u 175 co cnuporuaanTouHoMm 64a mpuBoauT K 00pa3oBaHUIO a3upuanHoB 181-184



(Cxema 44, Tabnuma 11), uro moarBepkmaercs meronom HRMS. Ctoutr oTMeTuTh, 4TO BHE
3aBUCHUMOCTHU OT TCMHepaTyprIX YCJIOBI/Iﬁ peaKI_[I/II/I U TUIIAa 3aMCCTUTCIA B UCXOOHOM asuac,
IPOAYKTHI, COJEpIKAIFe TPUA30JUHOBBIM IUKI, HE ObLIM OOHAPYXEHBI B PEAKIIMOHHON cMecH

o na"HueIM SIMP ananu3za.

Cxema 44.
Ph Ph
|
o=MN_o 0N
.- o)
:E + R-N=N=N ——> 1
169-171,
173,175 N
64a R

181-184, R = 2-NO,CgH, ,2-BrCgH,, Ph, Ts, 23-32%

Tabnuna 11. [Mpucoenunenue azuaos 169, 170, 173 u 175 x cnuporugantouny 64a.

MPOJYKT R YCIIOBUS PEAKIINH BBIXO, %
Tosryou, A, 36 4acos CJIEAOBBIE KOJIMYECTBA
181 2-NO2CesH4
Oensomn, r.t., 183 nus CJIENOBEIE KOJIMUECTBA
182 2-BrCeHa4 oensou, r.t., 183 nus cJIEAOBBIE KOJIMYECTBA
183 Ph Toayol, A, 36 yacoB 32
ToNyo, A, 36 yacos 23
184 Ts
oensou, r.t., 150 qus 25
TOJTyo1, A, 36 yacoB 0
185 2-Py
oenzom, r.t., 183 mus 0

ITo Bceit BUAMMOCTH, B OTIIMYME OT Mapa-HUTPOo(eHWI- U napa-o6poMpeHnI3aMenEHHbIX
tpuazonuHoB 177 u 180, tpuazonuusl I ABIsAOTCS 3HAUNMTENBHO OOJiee HECTAOWIBHBIMU, M B
YCIIOBHSAX PEAKIMH OHM PACKPBHIBAIOTCS C TMOCIEAYIOIINM SITUMHHHPOBAHUEM MOJIEKYIISIPHOTO
azora (Cxema 45) [192,193]. Huskue Bbixons! azupuauHoB 181-184 MoryT ObITh CBSI3aHBI C TEM,
yro uHTepMenuarhl Il CKIOHHBI K CKEJIETHBIM MEPErpyNnIupoBKaM, a TaKkKe MOTyT BCTyNarh B
pas3InYHbIe paluKalbHbIC PEAKIIHH.

Cxewma 45.

Ph Ph

|
OQ\/N 0
HN: 1,

|

+ - (o) N

+ R-N=N=N — |
HN

169, 170,
173,175

64a N—N

181-184, 23-32% L R " .



B cnydae a3uzioB ¢ CHUIBHBIMU aKLIENTOPHBIMU rpynnamMu 169 u 171 B3aumoneiicTBue ¢
munonsapoduiaoM 64a  3aTpyaHEHO, MMO-BUIUMOMY, H3-3a NEperpynumupoBoK 1,3-aumorns,

npezacTaBieHHbIX Ha Cxeme 46, koropas s OpTO-HUTpo(eHWIa3uga MMeeT HeoOpaTHMBIN

XapakTep.
Cxema 46.
-
N=N=N =N
. —_— N\ /Cl) + N2
B INZO B /N+
(0] (0]
169 186
Oy = Oy
—N +N _N
171 187

B nenom, peakmus rugaHtouHoB 64a w THOorMmaHtouHoB 71a, 74a c asumamMu uUMeeT
OTpaHHYEHHOE TMPUMEHEHUE B CHHTE3€¢ KOH(OPMAIMOHHO OTPaHHMYEHHBIX MMHUA30JI0HOB M3-32
OTHOCHUTENIbHO C1a00il PEeaKkIMOHHON CHOCOOHOCTH OpPraHM4ecKuX a3uioB U HMCXOIHBIX

IH/IHOJIﬂpO(l)I/IJIOB, a TaK>KC M3-3a BO3MOXKXHOT'O IPOTCKAHMA MMOOOYHBIX IMpOLCCCOB.

3.3.3. Peakyuu cnupoumudazonona 64a ¢ azomemunumunamu, a3oMemuiuiuoamu u

HUMPUIUTUOAMU

Kak u mHOTHE npyrue 1,3-auImonu, a30MeTHIIMMHIHBI, a30METHIIIINAB U HUTPHITINAIBI
SBJISIIOTCSL BaKHBIMU NPE/IIECTBEHHUKaMU B CHHTE3€ IMSTUWICHHBIX TrereporukioB. Ha
npumepax jaunoneil 188-191 namm Oblia MccienoBaHa BO3MOXKHOCTh IPOBEACHUS PEAKIMU
[3+2]-1kmonprucoeaHEHNs 3TUX AUTIONEH K CIUPOTHIaHTONHY 64a.

CraOuipHBII TPU HOPMAJIBHBIX YCIOBHAX a3oMeTHAMMHH 188 Obi1 momydeH 1o
metoauke [194], a BeicokoakTuBHbIe qunoian 189-191 renepuposanucs in situ [142,144,195]. B
XO/JIe UCCIIeIOBAaHMsI Mbl OOHApY Wi, YTo 1o JaHHbIM SIMP cnextpockonuu u LCMS ananusa
PEAKIMOHHBIX CMecell MCXOJIHBIH THIAHTOMH 648 He B3aUMOJCHCTBYET C 3TUMHU JUIOISAMH
(Cxema 47, Tabmuma 12).

Cxema 47.

Ph

|
o=-N ® p. O
ﬁ/ © a/b\c

HN:

1,3-gunonsipHoe
LMKNonpucoeanHeHne

64a



Tabouma 12. VcnoBus peakiuid  CIHPOTHIAHTOMHA 64a ¢ a30METHIIMMHHAMHU,

A30MCTUIIMIINIaMU 1 HUTPUJIWIIMIaMU.

@/b\<§

a yCJ10BUsA PCaKIIMU

@E&O coennuenne 188, NEts, CHCls, A
N

H,C napadopwm, capko3us, EtOH, A

J
mo u3aruH, capkos3us, EtOH, A
H

PhCH=N-CCIPh, NEts, PhH, r.t.

BeposiTHO, 1BOifHAsA CBS3b B CTPYKType AUmOsipodmiia 64a HETOCTaTOYHO aKTHUBHA IS
npoTeKkaHus [3+2]-IUKIONPUCOENNHEHUA. DTO MOATBEPKIAETCSI OTCYTCTBUEM JIMTEPATYPHBIX
JaHHBIX O B3aMMOJEUCTBUU a30METWIMMMHOB, a30METWIWINAOB M HUTPWIWIHAOB C

MPOU3BOJHBIMA HOPOOPHEHA.

3.4. BzaumoaelcTBre CIMPOLUKINYECKHX MMHU/IA30JI0HOB C IEPOKCONPON3BOAHBIMH

Emé ogaum ciocoOom BBEAEHUS JOMOJHUTEIBHOIO MeTEPOIMKIMYECKOro (hparMeHTa B
CTPYKTYpPY JUNO(UIBHOrO Kapkaca aaayKToOB [4+2]-LUKIONPHUCOETUHEHNS SABISETCS peaKlus
smoKcuaupoBanus. JlanHas peakuuss Obula HM3ydYeHa HaMHM Ha IpuUMepe HOPOOPHEHOBOIO
npoun3BoHOTO 64a. beII0 00HApPYKEHO, YTO TPU B3aUMOJICHCTBUU 3-KPaTHOTO M30BITKA Mema-
XJIOPIIEPOKCOOCH30MHOW KHUCIIOTHI C COeAMHEHHeM 64a oOpasyercs cMech 9K30- M 9HOO-

npoaykToB 192 B cootHomenuu 93:7 (Cxema 48).

Cxema 48.
Ph Ph Ph
0§N7¢o MCPBA (3 ak8.) o§_—/N o . OQ_—/N o)
NH CHCI, NH NH
64a 6\ 0
192a (3k30-) 192b (3Hgo-)

93 : 7,84%



N3omepsr 192a u 192b He ymamoch pas3faeiuTh METOAOM KOJIOHOYHOM Xpomarorpadum,
OJHAKO UX MOYKHO DPa3JIMYUTh B CMECHU METOIOM 'H aMmP cnekrpockonuu no KCCB — nmns
OCHOBHOTO 3K30-TIPOJIYKTa CUTHAJBI MPOTOHOB SMOKCUAHOTO IUKJIA TPOSBISIOTCS B BHJIE ABYX
nyoneToB B ob6iactu 3.2-3.5 M.JI. ¢ KOHCTAaHTOW CIMH-CIMHOBOTO B3auMozeicTBus 3.3 I'm. s
MUHOPHOTO 9HOO-TIpoiyKTa B oOnactu 3.8-3.9 M.A. OpUCYTCTBYIOT JBa ICEBAOTPUILIETA C
KOHCTAHTOM CIIMH-CIIMHOBOTO B3aumoaeunctsus 3.7 .

Peakuust MCPBA ¢ tuorumanTonHoMm 71a B TeX xe yCIOBUSAX MpHUBeETa K 00pa30BaHUIO
cynbdormIbHOr0 npomsBogHoro 193 (Cxema 49), mpu stoM namasie ‘H SIMP crmektpos
PEaKIIMOHHON CMECH YKa3bIBaIOT Ha OTCYTCTBUE JaXKe CIEAOBBIX KOJMYECTB dnokcuaa. Hanuuue
CH=CH cBs3u B mpoxnykre 193 moarBepkmaeTcs HaJMYUEM XapaKTEPHBIX CHUTHAIOB STHX
TIPOTOHOB B 06actH 6.2-6.6 M.1. Kpome Toro, mo ganaeM 2C IMP criekTpockomnuu cMenienye
curnanma C(2)=SO; rerepormukia B Oojee cunbHOe mone (~151 M.A.) OTHOCHTEIIBHO
THIAHTOMHOBBIX M THOTHIAHTOMHOBBIX aHAJIOTOB MOXXET YKa3blBaTh Ha Mepepaclpe/esieHne
aeKTpOHHOM 1oTHOCTH ¢ atoma N(1) Ha akuenTopHyto cynbhoHWIbHYIO Tpyminy. HecMoTps Ha
TO, 9YTO JHOKCHI TuoruaaHTomHa 193 sBIseTCS MaIOCTaOWIBHBIM COSAMHCHHUEM TIpU
HOPMAJIbHBIX YCIIOBUSIX, €ro oOpa3oBaHue ynaércs 3apeructpupoBarb merogamu LCMS u

HRMS.

Cxewma 49.
Ph Ph
o N_s MCPBA (33k8.) O N
~ 3KB. ~ =N
71a 193, 99%

B xome nanmpHeWmux WCCIeqOBaHUN OBUIO OOHAPYXKEHO, UYTO CYIb()OHUIBHOE
npou3BoaHoe 193 Takke MOXKET OBITh MOJTYYEHO B CMECH C COOTBETCTBYIOIIMM THIaHTOMHOM
npu 00paboTKe METaHOJIBHOTO PAacTBOPAa MCXOJHOIO THOTMJIAHTOMHA 71a KOHIIEHTPHUPOBAHHOM
H202 (Cxema 50). BBuay cioxHOCTH pazaeneHus NpoaykToB 64a u 193 peakunoHHas cMech Ha
clenyroliel craauu Obiia Harpeta 10 60°C mis pasnoxenus coequaenns 193. JlaHHbBIN MOIX0T
OBUT WCIIONIb30BaH HAMHU JUIS TIONYYEHHS] TPOAYKTOB IecyibpypupoBanus 64a m 71a, uro
SBISICTCS  aJbTEPHATHBHBIM  CHOCOOOM  TOJYYEHHsT TaKMX  CIMPOTMIAHTOMHOB  0e3

UCTIOJIb30BaHus peakiuu Junbca-Ambaepa (cm. pasnenst 3.2.1 u 3.2.2).

Cxema 50.
(CH2), (CH2), (CGHz)n (CHa)n
(0] 0] O o
ﬁb—_{ H,0, (35% BoAHbI pacTeop) ib_{ ﬁb__( neat, 60°C, 2 vaca MO
+ B —
HNT(N\Ph MeOH HNWN\Ph HNWN\Ph HNWN\Ph
S (0]

.Sy
7:3 0”70 °
(Mo ganHbIM "H AAMP criekTpoB peakuMOHHOM cMech) 64a,n =1, 60%;

Man=1, 64a+193,n=1;79a + 194, n =2 79a,n =2, 65%

80a,n=2



Beixogpr nponykroB 64a m 7la (60-65%) mo Cxeme 50, He mpeBbIIAIONIAE HX
KOJIMYECTBEHHOE CO/IepKaHue B cMecu ¢ coeauHerusamu 193, 194 (<70%), MOTyT yka3biBaTh Ha
TO, YTO AMOKCUJBI THOTHIAHTOUHOB 193, 194 He SBAAIOTCS MPOMEKYTOUHBIMU COCTUHEHUSIMU B
CHHTE3¢ THUJIAHTOMHOB 64a m 7la. MoOXHO mNpeanonoX)urth, 4to auokcuabl 193 u 194
00pa3yloTcsi MO pEeaklUH OKHUCICHHUSA, a coeauHeHus 64a um 7la sBIAIOTCA NTPOIyKTaMU
HYKJICODUITHHOTO TIpUcOoeanHeHuss MoJeKyabl H2O2 K THOTHIAHTOMHY (aHAJIOTUYHBIC PEaKIIUU

onucanbl s ruzapasuna [196]) u mocneayromiero ruposusa 00pa3yromierocs HHTepMeIuaTa.

3.5. BzanmoaeiicTBue CIUPONMKINYECKUX THAAHTOMHOB € 3JIEKTPOPUIbHBIMU

areHramMu

3.5.1. Bpomuposanue N(1)-nezamewénnvix cnupocudanmounos 64a u 79a

[ToMumo cHHTE3a CHHUPOMMHIA30JIOHOB, COAEPXKAIIMX B CBOCH CTPYKType 3- H
5-uJIeHHbIE TeTePOLMKIIBI, HAMU OBUTH M3y4YEeHBI PEAKIHUU 3IEKTPOPUIBLHOTO MPUCOCTUHEHHUS 110
meoitHOi C=C cBs3u amgaykroB [4+2]-mukionpucoenuHenus. OOpasyronecss B XOHC
B3aUMO/ICHCTBHUS MPOAYKTHI COJIEPIKAT PA3IMYHBIC SK30LHKINUYECKHE 3aMECTHTENIN B CTPYKTYpe
KOH(OPMAIMOHHO KECTKOTO JIMNO(QWIBHOTO KapKaca, 4YTO TMO3BOJISICT M3MEHSTH €ro
AIIEKTPOHHBIE U CTEPUYECKNE XAPAKTEPUCTHKH U MOXKET TOBBICUTh OMOJIOTUYECKYIO0 aKTUBHOCTD
CHHTE3HPYEMBIX MOJIEKYIL.

CrepeoceneKTUBHOCTh  3NEKTPOGMIBHOTO MPUCOEAMHEHUS IEepBOHAYaJlbHO  OblIa
u3yyeHa HaMH Ha IpHUMepe B3aUMOJEHCTBHS CIUPOTUIAHTOMHA 64a ¢ 6pomMoM B XjJopodopme.
Mpsl 0O0HapYXHJIM, YTO B XOJ€ PEAaKIHMH C BBICOKOW CEIEKTHBHOCTBIO 00pasyercss AHOpOMHUI
196a, BeimeneHHslit ¢ BeixogoM 71% (Cxema 51). MOXHO TpEAIONOXKUTH, YTO HA TMEPBOMH
CTaJuM 3JIEKTPO(UIbHBIN TrajloreH MNPUCOETUHSETCSs K JBOHHOM CBSI3M HOPOOPHEHOBOIO
¢parmenTa ¢ HauOonee JAOCTYHNHOH CTOpoHBL. OOpa3oBaBIIMIiCS OpPOMOHMEBBIM HOH
pacKpBIBAaeTCs MO JACHCTBUEM HYKJICO(HIIA, aTaKyIOMIEro MPOCTPAHCTBEHHO 00Jiee MOCTYITHBIN

aTOM yTJepo/a, MaKCUMaJIbHO y/aJleHHbIH OT THIAaHTOUHOBOTO ()parMeHTa.

Cxema 51.
Ph Ph Ph
u
N - N
O~ (0] O, O~ (0]
~ F CHCl4 <" ~ F
—=NH + B, —— ’14// "NH
e &3
cTepuyecke Br Br
64a + npensTcTBnS

195 196a, 71%



Crpoenue npoaykra 196a Opu10 m0Ka3aHO MeTogamu aBymepHou SIMP crnekTpockomuun

HMBC (Puc. 13) no Hanuuuto kpocc-nmukoB Mexay CHBI rpymmoii u 4eTBepTUYHBIM aTOMOM

yIiiepoa B CHHPOLHKIIE.

W

_ ﬂg’[_ J‘MMM\* A
-] . e o s ¥
H = T T F
Br 0 ] ° B -
Br
H HN\[(N\ph

)

13. *H-**C HMBC AMP cnexmp

Puc.

T T T T T
4.5 4.0 35 3.0 25

2 (ppm)

coeounenus 196a.

100

F110

F120

130

140

150

160

=170

180

F190

f1 (ppm)

[Ipu npoBeneHUN TOMH Ke peakuuu MeToIoM U Py3HOHHOTO CMENTUBaHUS (CM. pa3zen

3.3.1.1) Obula momydeHa HepasJenuMas CMech H30MEpHBIX IubpomunoB 196a-c, mpuuém

peoOIaIaloIIUM COSTMHEHHEM OKa3aJcs MPOAYKT KapOOKaTHOHHOH meperpymmupoBku 196b

(Cxema 52). Paznuunbie pe3ynabTaThl peakiuuu Npu J00aBlIeHUH OpoMa OJHOW MOpUUEH WA B

XoJae I[I/I(b(by31/IOHHOFO CMCHICHUSA MOT'YT OBITh CBSI3aHBI C Pa3HBIMU CKOPOCTAMHU HAKOIIJICHUA

6pOMI/II['aHI/IOHOB B peaKHHOHHOﬁ cpeace. HOCKOJIBKy METOI I[I/I(l)(l)y3I/IOHHOFO CMCIIHMBAaHUA

MO3BOJIACT BBOAWUTHL B PCAKIUIO CJICHAOBBIC KOJIUYCCTBA TI'aJIOI'CHA, 6p0MOHPICBBII>i non 195

o0Opa3yeTcs B YCIOBUSX MaJloil KOHLEHTpauuu BI’, 4yTo yMmeHbIIaeT CKOPOCTb PacCKpBITUS

uHTepMenuara 195 Hykieopmsiom, W Kak CIEICTBHE, YBEIMYMBACT BPEMs €r0 JKU3HH H

BEPOATHOCTH NPOTEKAHMS CKEJIETHOU MEPErPYINIIUPOBKH.
Cxema 52.
Ph Ph Ph
N
O B, (napui)icHCl

O:Q/N
"

64a

0]

< —_—

&

Br

+

ondd. cmewweHne

196a
195

196b 196¢

196a : 196b : 196c = 39 :47 : 14
(no manHbIM "H SIMP cniekTpoB peaKLMOHHOM cMecK)

B 'H SIMP cniexTpe peakimoHHoi cMecH guopomuy 196a 1 mpoayKThl HeperpyImupoBKH

196b,c moxHO paznmuunth mo curHanam CHBr-rpymm — B coemunennn 196a stum rpymmam



COOTBETCTBYIOT JIBa MYJIbTHIUIETa B Auana3zone 4.3-4.7 M.1., a CHHTIIET U 1yOJeT my0JieTOB B

Oosee criibHOM T10J1€ OTHOCSTCs K rpynnaMCHBYI amaykros 196b u 196¢ (Puc. 14).

A\

196a

196a  196b

196b

040~

196¢

465 4.60 435 4.50

445 4.40 435 4.30 425 4.20 415 4.10

f1 (ppm)

Puc. 14. Xapaxmepucmuunvle cuenanvt npomonos CHBr-epynn coeounenuii 196a-c.

KapOokarnonHas meperpynnupoBKa TaKXKe MPOTEKaeT MPH OPOMHPOBAHUM THIAHTOHHA

64a B MOJIAPHBIX PACTBOPUTEIISX BHE 3aBUCUMOCTH OT criocoba mobaBneHust Opoma (o0aBieHUE

onHoil mopuued wiM AudQGy3MOHHOE CMEIIMBaHWE); B 3TOM CIydyae B XOJA€ peakIuu

MPEUMYIIECTBEHHO 00pa3yroTcsl MPOAYKTHI conpspkEéHHoro npucoenunenus 197 u 198 (Cxema

53, Tab6mura 13). IIpu npoBeeHUHU peakilnii B METaHOJIE U alleTOHUTPHJIC 1IEJICBbIC COCAMHEHUS

197, 198 6puM MOTyYEHBI C XOPOIIUMH BBIXOJIAMH, H B 000HX CiIy4asx MeToa Au(Qy3noHHOTO

CMCHIMBAHUA TPOACMOHCTPUPOBAT 60J'IBIJ_IYIO B(I)(I)CKTI/IBHOCTL o CpaBHCHHIO C MECTOIOM

NPUKAIbIBAHUS.
Cxema 53.
Ph
N ~
oMo e -
~=NH ——— 6
pacTBopuTenb
X Br
64a 197, 198
Tabmuma 13, Pesymbrarel  OpoMUpOBaHMsS —CHHpPOTHAaHTOMHa 64a B
pPacTBOPHUTESX.
MPOAYKT X YCIIOBHS PEAKLIUU BBIXOJI, %0
Brz, MeOH 41 (61%)
197 OMe | Bry(napsi)/MeOH, xudd. a0
CMELIMBaHNe
1) Brz, MeCN 71%
2) H-0
198 MeCONH | 1) Bry(nmapsr)/MeCN,
nudd. cMeIMBaHue 55 (86*)
2) HO

* - o manapM 'H SIMP crieKTpoB peakIMOHHOM cMecH

Pa3HbIX



CTpykTypa TpOIYKTOB CKEJIECTHOH NEpEerpynInupoBKH TOATBEPXKICHA METOAaMH
nsymepHoit IMP cnextpockonuun COSY, HSQC u HMBC na npumepe coenunenus 197 mo
KoppensusamM Mexay yriaepogom CHOMe-rpynmsl 1 mpoTOHAMH METHIICHOBOTO (hpparmeHTta

Hopoopuana B HMBC SIMP cnekrpe (Puc. 15).

JJUD L

gHMBCAD_01
] ° k30
— k40
— ® = -
Br — = = [*
H N k60
MeO — ° . oe B
k70
H —_— 8
NH . } L e
H ko : [
O '}l F 100 g
Ph tio &
F120
] o
— 2% k130
F 140
F 150
| °
F 160
é 170
_ ®
180

T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

2 (ppm)

Puc. 15. *H-*C HMBC AMP cnexmp coedunenusn197.

[IpenmnonoxuTenpbHbld MEXaHW3M MEPerpynnupoBKH mpenctaBieH Ha Cxeme 54. Ha
nepBoi ctaauu 6pom atakyer C=C cBsi3b HOpOOpHEHa 648 cO CTOPOHBI METHIIEHOBOTO MOCTHKA.
[Tocneyromas MUTpANHs CBSI3H YTIIEPOI-yIIIepoa B KapOokaTroHe | MpuBOAUT K 00pa30BaHUIO

katuoHa ll, k KoTopoMy 3aTeM NpUCOEeTUHAETCS BHEIIHUN HYKJIEO(PUII C 9K30-CTOPOHBI.

Cxema 54.
H
0 o ’
Br, " + 0 O N X o}
_ J— u
N-Ph —2 g N-Ph ~Ph = -Ph ———
HN— HN— Br N A N-Fh
5 H 5 J HN*{\O Br HHN~\§O Br HHN*
o

64a | [ 196b, Nu = Br, X = Br;

197, Nu = MeOH, X = OMe;
198, Nu = MeCN, X = NHCOMe

B aHamormuHeIX ycioBUSAX OBUIO H3ydyeHO OpOMHpOBaHUE CIUPOTHIAaHTOMHA 794,
MMEIOIIIETO B COCTaBe OunKKiI0[2.2.2 |OKTEeHOBBIH ¢dbparmMeHT BMECTO
ounukino[2.2.1]renteHoBoro. Mel 0OHapyKUJIM, YTO B YCIOBHUSAX PEAKIMU MPOUCXOIUT MOJHAS
KOHBEPCHUSI HMCXOJHOTO COEIMHEHUS C O00pa3oBaHMEM CMECH HEHJICHTH(QHIUPOBAHHBIX
nponykroB (mo manHeiM TCX u SIMP anamm3za peaknumonnoit cmecu) (Cxema 55). Ilo Bceit

BUJUMOCTH, B3aUMOJICHCTBHE coelUHEHUs 7/9a ¢ OpOMOM MPOTEKAET M0 Pa3HBIM HAIPABIICHUSM,



4TO MOYKET OBITH CBS3aHO C HECEIEKTMBHOM arakod rajore”a 1o C=C cBsa3u OUIMKINYECKOTO

KapKaca ¢ 9K30- U 9HO00-CTOPOH, a TaKKe MPOTEKAIOLIMMHU CKEJIETHBIMH MEPETrpyNIUPOBKAMH.

Cxema 55.
Ph

oA

|
N
(e} (0]
E Bra, CHCl3 unn CIIOXHasi CMeCb

—_—T
Br,, MeCN NpoayKTOB

79a
B menom, pe3ynbTaThl B3aMMOICHCTBHSI CIIUPOTHAAHTOMHOB 64a m 79a ¢ Opomom B
Pa3IUYHBIX YCJIOBUSAX JIEMOHCTPHPYIOT, YTO MPOIECCHI, MTPOTEKAIIINE B XOJI€ MPUCOCTUHEHUS
3MEKTPO(PUIBHBIX areHTOB K JABOWHOM CBS3H, MOXXHO KOHTPOJIUPOBATH BAPbUPOBAHUEM YCIOBUI

pCakiuu U CTPYKTYPbI HCXOAHOI'O J'II/IHO(bI/IJ'IbHOFO KapKkaca.

3.5.2. Peaxyuu N(1)-3amewénnuvix cnupoeudoanmounos 66, 68a, 70, 89 u 90 ¢

INEKMPOPUTLHBIMU PeazeHmamu

Ha ocHOBaHMM JaHHBIX, IOJyYEHHBIX IPH H3YYEHUU TPUCOEAMHEHHs Opoma K
CIIUPOUMUIA30JIOHY 648, HamMu OBUT pPa3padOTaH CHHTETUYCCKUI TOIXOJ K TMOJy4EHUIO
NOJUIUKINYECKUX TUAAHTOMHOB, 3aKJIOYAIONIMICSI B IOCJIEIOBATENbHBIX  pPEaKLUAX
[4+2]-uuknonpucoequnennss k N(1)-3amMemiéHHOMY METHJIMICHTUIAHTOMHY U JAalbHEUIIeM
NPUCOETUHEHUU 3JekTpoduiabHoro areHta mno jaBoiHo C=C cBa3u oOpa3oBasiierocs
KapKacHOro oJjepuHa C TOocieayroueil arakod COOCTBEHHOH YpeTaHOBOM TpYINIIHUPOBKU
MOJIEKYJIbI B Ka4€CTBE BHYTPEHHET0 HyKjIeo(uia.

Peanuzanus ganHOrO 1MoX0/1a ObUIA MPOIEMOHCTPUPOBAHA Ha IIpUMeEpe B3auMOIeHCTBUS
OpoMa co CHUPOTMAAHTOMHOM 68a. Mbl OOHApPYX MM, YTO B XOJI€ PEAKIMU MPAKTHUECKH C
KOJIMYECTBEHHBIM BBIXOJIOM 00pa3yeTcsi TeTpalMKINYecKuil okcaznHanoH (Cxema 56), KOTOpbIi

MOJKET OBITh JIETKO BBIJICJICH U3 PEAKITMOHHOW CMECH METOJIOM KOJIOHOYHOM XpoMaTorpadumu.

Cxema 56.
W Bry Br. 0
-Ph H ~Ph
N CHCl3, 0°C , $ _{‘
N H
o} o}
t-Bu” \\< o \\( o
o} o}
68a 199, 95%
Kondurypamus 3amectureneii B coenuHernn 199 6s1a ycranosneHa MerogoM “H SIMP
cnektpockonuu no BenmmunHaM KCCB HCO u HCBr nmpotoHoB HOpOOpHAaHOBOTO OCTOBa — B

cnektpe 199 B obnactu 5.2 m.a. mpucyrctByer nyoner ¢ KCCB 5.0 I'm, a mpu 4.5 m.a.

HaOJII01aeTCs XapaKTEePHbIM CHHTJIET.



[Ipeanonaraemseiii Mexanu3m oOpa3zoBanus npoaykra 199 npencrasnen va Cxeme 57. Ha
NEepBOI CTaguu OpPOM MPUCOETUHSIETCS K IBOMHOM CBsA3M HOPOOPHEHOBOTO Kapkaca ¢ Hauboiee
NPOCTPAHCTBEHHO JIOCTYITHOM CTOpPOHBI € oOpa3zoBanueM OpomoHueBoro wuoHa |. 3atem
KapOOHHMJIBHBI aTOM KHCJIOpOJa, OOJIQJAIONINA CTa0bIMU  HYKJICO(PHIBHBIMA CBOWCTBAMH,
aTaKyeT IUKJINYCCKH OPOMOHHUEBBIN MOH C 00pa30BaHHEM CTAOMIM3UPOBAHHOTO KapOOKaTHOHA
I, xoTOpBIif IpeTeprieBaeT npeBpaiieHue B okcazuHaHoH 199.

Cxema 57.

Q . 9] Br Q Br. Q
NP B, BLWN/%—»H I NP | N-Ph
N - - N N

o= &o Br H,O:<N%\O H*O\*( {\0 " o~( V<\o

Br
Ot-Bu (0]
Ot-Bu

68a I I 199

Ot-Bu

B3anmoneiicTBre ¢ OpOMOMIPOU3BOIHBIM THAAHTONHA 668, KOTOPBIA COAEPKUT TPYIIILY
COOEt B monoxxennn N(1) rereponmkia, TakkKe MPUBEIO K 0OPa30BaHUIO MOJHIIMKINIECKOTO
npoaykra 199. Ilommmo Opoma, B KadecTBe OJNEKTPODUIBHBIX AareHTOB B pEakUUU C
coenuHeHneM 66a moryt ObiTh mcnonb3oBanbl I, PhSCI wim PhSeBr. Tlpu B3aumopeiictBun
ATHX pPEareHTOB C TMJAHTOMHOM 66a M3 peakIMOHHONW CMECH C XOpPOIIMMH BBIXOAAMHU OBLIH
BbIienieHbl okcazuHaHoHbI 200-202 (Cxema 58, Tabnuma 14).

Crenyer OTMETUTh, YTO BO BCEX OOCY)KJaeMbIX B JJAHHOM paszfiefie peakiMsaX UCXOIHbIHN
9Kk30-TIpOAYyKT Jlunbca-Ambaepa 66a BBOAWIICS B PEaKIMIO B CMECH C 9HOO-TIPOAYKTOM 66D,
MOCKOJIBKY 3TO M30MEpPHI HE yIAIOCh Pa3feiUTh METOIOM KOJIOHOYHOW Xpomarorpaduu (cM.
pazaen 3.2.1). Coenunenue 66b Takxke pearupyer ¢ 2eKTPOUIBHBIMU areHTaMH, HO B 9TOM
ciydae 1o JaHHbIM SIMP cnekTpoB peakiMOHHON cMecu 00pa3yroTcs OKHAAeMble MPOJYKThHI
npucoeauHeHus 1o JBoMHoW C=C cBs3u (IuOpOMUABI, XJIOPCYNbPUABIL, OpPOMCEIEHUbI),
KOTOpBIC, B OTJIMYKHE OT MCXOIHBIX CIHUPOTUIAAHTOMHOB 66a u 66D, Moryt ObITh OTHENEHBI OT

OCHOBHBIX ITPOAYKTOB METOJIOM KOJIOHOYHOM XpOMaTOTpa(bI/II/I.

Cxema 58.
ph o
© N>: Y H COOE
(0]
Y-X H ~Ph X N
N R I N + /\éo
O b N— Y
O\« o H N,
O\Et o 0 Ph
o 203,Y = X =Br;
cmech nsomepos 66a, 66b ;gg z = EF, 204, Y = X = | (He oBpasyeTcs
201’ Y - éPh' no gaHHeiM AMP cnekTpockonum);
T, ’ 205, Y = SPh, X = Cl;
202, Y = SePh

206, Y = SePh, X = Br



Tabmuma 14. BzaummojelcTBHE THIAHTOMHOB 66 ¢ pa3sau4HBIMH SJIEKTPODUILHBIMU

arcHramMu
MPOAYKT Y YCJIOBUSA peaKIuu BBIXO, %0
199 Br | Brz (1 5ks.), CHCls, 0 °C 73
200 | | 12 (1 5kB.), CHCl3, 0 °C 76
201 | SPh |PhSCI (1 ks.), CHCls, 0 °C 70
202 SePh | PhSeBr (1 sks.), CHCl3, 0 °C 73

Onupasch Ha MOTYYCHHBIE PE3YIbTAThl, Mbl U3YUMJIN B3aUMOACHCTBHE ICKTPODUIHHBIX
areHtoB Br, I u PhSCl ¢ rumantonHoM 89, KOTOpBIH COACPKUT OTHOCHTEILHO HHEPTHYFO
TerpazamemiéHHy nBoiHyt0o C=C cBs3b. B pesynbrate peakiuu 89 ¢ 6pomMoM ObLT BBIIECICH
oxcasuHanon 207 ¢ xopomuM BeixogoMm (Cxema 59). CTout otMeTuth, uto B *H SIMP crekTpax
PEaKIMOHHOW CMecH He ObUI0 OOHApYKEHO JaXke CIICJIOBBIX KOJIHYECTB JIUOpOMUIA
(0oxHuIaeMoro MpoAyKTa MPUCOCTUHEHHS OpomMa K TeTpa3aMemléHHOW IBOWHOW cBs3u). DTO
MOJATBEPXKJIAET HAIEe MPEANOIOKEHHE O TOM, YTO PEaKIusl MPOTEKAeT 4Yepe3 MPOMEKYTOUHOE
oOpa3oBaHHe OPOMOHUEBOTO MOHA, a He uepe3 audpomun (cMm. Cxemy 57). BaxkHO IOTICPKHYTH,
YTO B JMTEpaType He ObLJIO HaWIEHO NPUMEPOB peakUUid LUKIU3aluu TO0J JeHCTBUEM
ANEKTPOPUIBHOTO areHTa, MPOTEKAIOIINX M0 CTEPUYECKU HArPY>KEHHOM TBOMHON CBS3H.

B SIMP cnektpe peakIMOHHOM cMecH, MOJIyYeHHOM B XOJ€ B3aMMOJAEHCTBHs Opoma ¢
coequHeHueM 89, TakKe NPUCYTCTBOBAIM CHTHAIBI TPOAYKTa OPOMHUPOBAHUS HCXOIHOTO
ruganTonHa 49, oT KOTOporo, HAallOMHHM, HE YAaéTCs OTYMCTUTHCS HA CTAJUU TOJyYCHUS
amaykra 89 (pasgen 3.2.3). Onnako okcazuHanoH 207 JErKO OTAENAETCS METOAOM KOJOHOYHOM

xpomarorpaduu ot 1ubpomuaa 49 u 1pyrux NOOOYHBIX MPOTYKTOB.

Cxema 59.
Ph
o] o Osl N Ph

N Bry, XN (0] ,\i
=0 i =0 =0

N CHCls, 0°C Br N Br N
\ Ry
COOEt O/&O o cookt

89 207, 72% 49
(8 BMOE cMecK © (BbIXOA4 paccynTaH OTHOCMTENBHO (npooykT 6GpoMmnpoBaHus
MeTUIMaeHrIMaaHTomHoMm 7) coaepxaHusa 49 B UICXOOHOW cMecH) MeTunuaeHrmgaHTovHa 7)

B cnextpe H SIMP coenunenus 207 MpHCYTCTBYIOT CHTHANIBI JBYX HEIKBUBATCHTHBIX
MeTUIbHBIX Tpynn npH 1.59 m.a. u 1.85 m.x. Crpykrypa coenunenus 207 Obuia MOATBEpKICHA

METOJIOM PEHTT€HOCTPYKTypHOro aHanusa (Puc. 16).
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Puc. 16. Monexynapnas cmpykmypa coeounenusi 207.

B ycnoBusix, aHalOrMyHBIX peakuy OpOMHUPOBAaHUS CHUPOTUAaHTOMHA 89, B peakuuio ¢
coenunenneM 89 6butn BBeaeHs! l2 u PhSCl. Oxnako, no manueiM TCX u *H SIMP ananusa
PEaKIIMOHHON CMECH, 3TU AIJIEKTPOQIIbHBIE areHThl HE B3aMMOJCHCTBYIOT C TMIaHTOMHOM 89
Jaxe IpH KunsgueHun B xaopodopme. I1o Beeit Bugumocty, I u PhS™ apusrorcs Gonee cnaObiMu
3IEKTPOPHILHBIME peareHTaMu, 4eM Br', u mostoMy He IpHCOEAUHSIOTCS K TETpa3aMEeIlEHHON
IBOMHOI CBA3H.

B Tex e ycrnoBusix Hamu Oblla H3y4e€Ha BO3MOXHOCTh BHYTPUMOJEKYISPHON
nuknu3anuu cyoctpatoB /0 u 90. B xome peakunuu ¢ OpoMOM W MOIOM OBUIM TOJYYEHBI
coequnaenust 208, 209 u 212, copeprkamme OKCa3MHAHUMHHOBBIN (pparMeHT, HAJTM4UEe KOTOPOTO
obnapyxupaercs B "H SIMP crekTpax mo XapakTepHOMY XHMHYECKOMY cABUTY mpoToHoB HCO

rpymibl (06macts 5.2-5.6 m.x1.) (Cxema 60).

Cxema 60.
Ph %
O N H‘: o H COOEt
0 Hal, N~ Hal N
N/E 2 |_I| N‘& + \)70
\ CHCly, 0°C o—" % Hal N
CONHPh \ H .
N~ (o] Ph
Ph
cmecb nsomepos 70a, 70b 208, Hal = Br, 31%; 210. Hal = Br-
209, Hal = 1, 29% 211, Hal = | (He o6pasyeTcs
Ph F’h no AaHHbiM AMP cnekTpockonum)
O« N O\\_/N
>=O Br2 H >=O
N CHCl3, 0°C : g\ Ph
CONHPh B <y N
90 212, 87%

Mpl npenmnosaraeM, 4To CEJIeKTHMBHOE 00pa30BaHHE MMHUHOB CBSI3aHO C OTHOCHUTEIHHON
YCTOMYMBOCTHIO MPOMEXKYTOUYHOTO KapOOKaTHOHA, KOTOPBIN SIBISETCS MPOJYKTOM PaCKPBITUS
OopomonneBoro moHa CO-rpynmoii B 3amectutene rumaHtomHa (Cxema 61). B ciyuae
UKIM3alMKd Yepe3 aToM a30Ta JIOJDKHAa OOpa30BBIBATHCS HEYCTOHUMBAas MPOTOHMPOBAHHAS
dopma amMuza, KOTOpast He COJEPKHUT 3aMECTUTENEH, CTOCOOHBIX Y3PPEKTUBHO CTAOMIN3UPOBATH

MOJIOKUTEBHBIN 3apsi.



Cxema 61.

\\ I
(0] + o) 0\6\6 o) 0\« 0
Br ) - HN- N
N-Ph B _Ph Br Ph “Ph
_ N CTabUNM3NPOBaHHbIN

N < H N*< kapGoKaTUOH 210
Oa/ (o) ~ .Oa/ [0)
NHPh Br NHPh , %, Br O
J%”e o,
70a %, H N-Ph

Cl | —X—
- H N+\\<N—<
B a o}
G
HEeYCTONYMBbLIN KaTUOH
Breigenenue coemunenuii 208, 209 w 212 w3 peakmMOHHOW CMECH OCJIO)KHEHO UX
YYBCTBHTEIHLHOCTHIO K BJare BO31yXa M K MPUMECSIM BOJbI B PACTBOPUTEISAX M HCIIOJIB3YEMBIX
anmroeHTax. [Ipu HamM4MUK ClIeIOBBIX KOJIMYECTB BOJABI B ACUTEPUPOBAHHBIX PACTBOPHUTENSAX TU
COCIMHCHMS CIIOCOOHBI MTHOBEHHO pasnaratbcs. Ha mpumepe okcazmnanumuHOB 209 m 212

IMOKa3aHO, YTO IPHU HX BBIACPKUBAHHUU B BOHHO-aHeTOHOBOﬁ CMecU B TeueHue 12 4JacoB 3TH

COCMHEHUS TIOJTHOCTBIO THAposn3ytoTcst 10 poaykToB 200 u 207 cootBercTBeHHO (Cxema 62).

Cxema 62.
Ph Ph
o ! o) i
H H,O X
= N>=O 2 > = N>=O
. Ph Me,CO ‘
IQ‘ py o
o N O\A\o
209 200, 99%
Ph Ph
o) ! '
: H,O N
QNFO : 7 N/EO
i __Ph Me,CO
Br ¢ o)\N Br 3 O\A\o
212 207, 99%

CTOUT OTMETHTh, YTO CHEKTpallbHbIe JaHHBIe coenuHeHuss 207, IMOJYYEHHOTO II0
pPEaKIUu TUAPOJIM3a COSAMHECHHSI 212, TIOJHOCTHIO COBITAJIAIOT CO CIEKTPAIBHBIMU JaHHBIMU
TOTO YK€ COEJIMHEHUS, CHHTE3UPOBAHHOTO MyTéM OpomupoBanus cydctpata 89 (cm. Cxemy 59).
Hcxons u3 9T0oro, Mbl IpenoiaraeM, 4To cyoctpat 212 o0mamaeT Takoi ke CTepeoOXuMHEH, Kak
u coenunenne 207 (cm. nanasie PCA oxcasunanona 207 Ha Puc. 16).

Takum  oOpa3om, Obula  MNPOAEMOHCTPUPOBAHA  BO3MOXHOCTh  MOJU(PUKAINH
nu3amenieHHoi nBoitHoi C=C cBs3u aaqyKTOB peakiuii [4+2]-uukionpucoennHenus 66, 68a u
70 mopx nmeiicTBHEM psiga pasiuyHbIX AMekTpoduibHbx areHToB (Bro, 2, PhSCl u PhSeBr) c
obpaszoBannem oxkcaszuHaHOHOB 199-202 m 207 c BeIcOKMMH BbIXOJaMH. B ciyudae Oosee

WHEPTHOW TETpa3aMelIeHHOW ABOWHONW CBs3M B mpou3BOAHBIX 89 m 90 mmkiam3anus mon



NeiCTBUEM 3JeKTPO(UIBLHOTO areHTa, paHee He OMMCaHHAas B JIMTEpaType, BO3MOXKHA TOJBKO

IpH JIeicTBIM 00JIee PEaKIIMOHHOCTIOCOOHOM 3IIEKTPOGHIBHOM YacTHIb Br,
3.6. BuoJjiornyeckoe TeCTUPOBAHNE CHHTE3MPOBAHHBIX COEIMHEHMIt

3.6.1. Hccneoosanue yumomoxkcuuHocmu

HekoTopsie 13 MOTYYCHHBIX CIUPOMMKINYECKUX UMHIA30JI0HOB OBUIA MTPOTECTUPOBAIH
Ha IMTOTOKCHYHOCTH ¢ momoInpo crangaptHoro MTT-tecra [197]. IIMTOTOKCHYHOCTH
OIICHUBAJIM C HCIIOJIb30BAHMEM KIIETOYHBIX JIMHUH Pa3IMYHON OSTHOJIOTHHU: pPaKa MOJOYHOU
xene3pl  MCF7, xapuuHOMBI Jierkoro uyenoBeka AS549, HepakoBOM KJIETOYHOM JIMHUU
smOpuonansHo mouyku denoBeka HEK293T u kneToyHol TMHUM HEPaKoOBBIX (UOpoOIACcCTOB
nerkoro VA13. Pak nérkux M pak MOJOYHOM KEJe3bl SABJSIOTCS OJHUMH M3 HanOoJiee YacThIX
IPUYUH OIMyXOJIEBBIX MOPAXKEHUI M CBS3aHHBIX ¢ HUMH cMmepredl B mupe [198], Hepakombie
KJIETKH MCIIOJIH30BAIHUCH VISl OLEHKH CEJIEKTUBHOCTH IIMTOTOKCUYECKOTO JACUCTBUS. Pe3ynbTarsl
nokazanel B Tabmuie 15. BoabIIMHCTBO TECTUPYEMBIX COCAMHEHUU MPOSBISIIM HUZKYIO WU
YMEPEHHYIO IIMTOTOKCHYHOCTh MO OTHOIICHHIO KO BCEM TECTUPYEMBIM KJIETOUHBIM JTUHUSIM; UX
3HaueHust [Cspaps (ICs0abs — KOHIIEHTpAITUS, IPUBOJSINAS K IBYKPATHOMY YMEHBIICHHIO YHCIIa
KJIETOK 10 CPaBHEHHUIO C HEOOPaOOTaHHBIMU KJIETKAMH) TIO OTHOIICHHUIO K KJIETOYHBIM JTMHUSM
A549 u MCF7 B ocHoBHOM HaxojsaTcs B auanazone ot 20 mo 100 mxM. Kpome Toro,
TECTUPYEMbIe COCTUHEHHS TMPOSIBISIOT HEOOIBIIYI0 CEIEKTUBHOCTh KO BCEM TECTHPYEMBIM
KJIETOYHBIM JMHUSIM. HecMoTpss Ha HEKOTOpYI0 CeJIeKTUBHOCTh coenuHeHudt 93 u 99 B
otHouieHun AS549 mo cpaBuenuo ¢ VAI3, ux 3HaueHus ICso (ICso — KoHIEHTparws,
oOecrnieunBaromias MoJIOBUHY MAaKCUMAaJIbHOTO IIUTOTOKCHUYECKOro 3¢ (}eKTa) NOBOJIBHO ONMU3KU
(Tabmuma 15). Takxke MOXHO OTMETUTh, YTO CHHPOMMHAA30JOHBI,  COJEpKaIie
ranioreH(peHunpHbIN 3amecTuTens B nonoxeHnn N(3) rereporukia, B OONBIIMHCTBE CIydaeB
obmanmaroT 0oyiee BBICOKOW ITUTOTOKCHYHOCTHIO B OTHOIIEHUHM BCEX TECTHPYEMBIX KJIETOYHBIX
auHUE. B 3TOM MOXHO yOeaWThCs, CpaBHHMB JaHHBIC, MOJy4deHHBIe 1 coemauHeHus 100,
HanOojee  IUTOTOKCHYHOIO M3  BCEX  HCIHBITAHHBIX  COCIMHCHUM H  HMEIOIICTO
JUTaJIOTEHUPOBAHHOE (PEHUIIbHOE KOJIBIIO, C TAHHBIMU, TTOyYeHHBIMH JIJIS coeTuHeHni 84a, 92,
96 m 97, UMEOMMX MOHOTAJIOTCHHUPOBAHHBIC (EHIIBHBIC KOJbIA, M HETaJOTeHUPOBAHHBIX
coenuuenuit 64, 71. Coennnenus ¢ OMe- wim Me-3amecTuTeNleM B (PEHHIILHOM KOJIBIIE Y aTOMa
N(3) umuaa3onoHa He 00J1aaal 3HAYUMOM ITUTOTOKCHMYHOCTRIO (Tabmuna 15, coenuaeHus 74-
76, 83, 85, 94, 95, 98, 104).

Cpenu ipotykToB peakuuu Junbca-Anbaepa OTHOCUTEIBHO BBICOKYIO IIMTOTOKCUYHOCTh
C CEJEKTHBHOCTBIO IO OTHOmEHHo K kiaetouHod muaMM HEK293T mnokazamm agmykTsl

nuKIonpucoequHeHus 2,3-gumerunoyraauena 93, 97 u 99. PesynpTarhl MccienoBaHus cMecH



nupa3zonnHoB 145a + 146a n1eMOHCTPUPYIOT, YTO BBEJACHUE MATUUICHHBIX T€TEPOIUKINYECKUX
GparMeHTOB B CTPYKTYpy JHINOMUIBHOTO Kapkaca aJuykTa 64a Takxke NTPHUBOIUT K
CYIIECTBEHHOMY YBEIWYCHHUIO ITUTOTOKCUYHOCTH TOJTYYaeMbIX COCAMHCHHM, OJIHAKO B 3TOM
cilydae HaOJIOIAeTCsl HU3KAasl CEJIEKTUBHOCTD 110 OTHOIIICHHUIO K PAKOBBIM M HEPAKOBBIM KIICTKAM.
B cnyuae okcazunanonoB 200, 202 u 207 nHambonee BBICOKOW aKTHBHOCTBIO 00J1a71aj10
coequnenue 202, comepkariee rpynny PhSe, a musa crpykryp 200 u 207 nabmroganach HuU3Kas
IMUTOTOKCUYHOCTH TI0 OTHOIICHHUIO KO BCEM THIIaM KJIETOK.

Tabmuma 15. Ilutorokcuueckue 3PGEKThl CIUPONPOU3BOIHBIX, PACCUUTAHHBIC Kak
ICs0abs (ICs0abs — KOHIIEHTpaIMsl COCAMHEHMH, BbI3bIBatomas 50% rubdenp KieTok, MKM) mpu
65-uacoBoii 00paOOTKE KIETOYHBIX JIMHWA PAa3IMYHOM OSTHOJIOTUHM C HCIIOIH30BAHHEM

crangaptHoro MTT-recra.

KJICTOYHAsA JIJUHUA

COPMMHCHINC |-l 503T | MCF7 | VAI3 | Asdg | ™
64a >>100 | >>100 | >>100 | >>100 | 100
64b >>100 | >>100 | >>100 | >>100 | 100
70a+70b | 146+26* | >>100 | >>100 | >>100 | 100
71a 830437 | >>100 | >>100 | >>100 | 100
72b 874190 | >>100 | >>100 | >>100 | 100
74a >>100 | >>100 | >>100 | >>100 | 100
74b 115+17* >>100 >>100 >>100 100
75a 11149* >>100 >>100 >>100 100
75b 11248% | >>100 | >>100 | >>100 | 100
76b 120£13% | >>100 | >>100 | >>100 | 100
77 56,4425 | >>100 | >>100 | >>100 | 100
78 69,1448 | >>100 | >>100 | >>100 | 100
80a 213423 | 141+28* | >>100 |85,2+10,1| 100
83a 980407 | >>100 | >>100 | >>100 | 100
83b 108£12% | >>100 | >>100 | >>100 | 100
84a 6,740,7 | 37,8+6,1 | 30,9434 | 16,9+19 | 100
85a 41,9¢38 | >>100 | >>100 | >>100 | 100
85b 100+12* | >>100 | >>100 | >>100 | 100
88a >>100 | >>100 | >>100 | >>100 | 100
86b 875+7,2 | 104+11* | >>100 | 140+21* | 100
92 206+3 | 122429% | >>100 | 495#5 | 100




93 ~5 ~100 >>100 ~10 100
94 22,0£8,0 | 102+17* | 98,7+17,6 | >>100 | 100
95 18,3+1,7 | 50,6%5,2 | 80,8+13,7 | 354+4,8 | 100
96 13,7+¥2,3 | 59,0+13,3 | 45,0£7,5 | 23,2+3,5 | 100
97 4,4+0,6 | 76,6+16 | 52,6+7,8 | 26,2+3,9 | 100
98 10,2+1,3 | 98,3+19,8 | 75,317 | 52,2+5,7 | 100
99 ~4 ~100 H/1 ~10 100
100 6,8£0,3 | 11,1+0,6 | 9,8+0,4 7,9+0,4 | 100
104a + 104b | 44,6%4,9 | 146+22* | 110£13* | 144+36* | 100
119 60,1+3,4 >>100 >>100 >>100 | 100
145a + 146a | 5,9+0,3 6,3+0,3 | 10,7#1,1 | 9,4+0,5 | 100
149 99,0+11,1 | >>100 >>100 >>100 | 100
150 48,6124 | 86,4+7,3 | 132+17* | 135+14* | 100
200 114+15* >>100 >>100 >>100 | 100
202 13,2405 | 17,4+1 |14,8++09| 9,3%0,6 | 100
207 >>100 >>100 >>100 >>100 | 100

Cmax — HauOOJIbIIast KOHIIEHTPAIHS, H3YUYSHHAs B TECTE.

>>100 — coeauHEHHE NPOSABISAET HEOONBIIYID IHUTOTOKCHYHOCTH WIIM HE TMPOSBISET HUKAKOH
OUTOTOKCUYHOCTH. 3Ha4eHHs ICs0abs pACCUNTATE HE YAAJIOCH.

* — 3HaueHue [Csoaps, PACCUNTAHHOE IYTEM KCTPAIIOJIALNH JAHHBIX, TPeBbIIAET Cax.

H/JI — HeT naHHEIX.

3.6.2. Uccneoosanue anmubaxmepuaibHou akmueHOCMuU

Hekotopble coeqMHEHUs, HCCIEIOBaHHBIE Ha IUTOTOKCUYHOCTb, TaKkkKe OBLTH
NPOTECTUPOBAHBI HA aHTHOAKTEPHUAIBbHYIO aKTHBHOCTh. TeCcThl MPOBOAMINCH Ha mTamme E.coli
BW25113 DTC-pDualrep2 ¢ HOpMaJIbHOM KJIETOYHOW CTeHKOW W Ha mrtamme E.coli BW25113
LPTD-pDualrep2 ¢ moBpexIeHHONH KJIeTOYHOW cTeHKOH. HexoTopele M3 MpOTECTMPOBAHHBIX
COE/IMHEHUH MPOSBIISIIA 3aMETHBI aHTUOAKTepUaIbHBIH AP ekt B orHOomeHnu E.coli BW25113
DTC-pDualrep2, HO ObLTH NMpakTUYECKU HeakTHBHBI B oTHomeHun E. coli BW25113 LPTD-
pDualrep2. Bce mnpoTecTHpOBaHHBIC COCOMHEHHS TAaKKe aHATM3MPOBAIA HA MEXaHH3M
aHTHOAKTEpUAIbHOW AKTUBHOCTH C TIOMOIIBIO permopTepHOi cucrteMbl pDualrep2 [199],
MO3BOJISIONIEH BBISABISATH HHTHOUTOPBI TPAHCISAUUU M UHAYKTOpHl SOS-0TBETa, HO HU OAMH U3
ATUX MEXaHU3MOB OKA3aJICs HE 33/1eCTBOBAH. 3aTeM U3MEPSUIM MUHUMAIbHYIO HHTHOUPYIOIIYIO
kounentpanuio (MUK) mms E. coli BW25113 DTC u E. coli K-12 (WT) mns naubGonee

6akreproTokcuuHbIX coequnennii. MUK coeaunenus 150 B otaomrenun E. coli BW25113 DTC



coctaBisieT 125 MkM, B TO BpeMsl Kak Apyrue coeauHenus au6o nmokaspiBator MUK ~ 500 MmxM,
1 MM, 1160 HeakTHBHBI B 3ToM Tecte (Tabmuia 16).
Tabmuna 16. AntubaktepuanbHbie 3((EKTh CIHUPONPOU3BOAHBIX, IOKA3aHHBIE Kak

MUK (MxM) mst E.coli BW25113 DTC u E.coli K-12.

ITaMM 64a 64b 72b 77 78 86a
E. coli DTC | >1000 | >1000 | 1000 | 1000 | 1000 |>1000
E. coli K-12 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000

[ITaMM 92 97 99 119 159 150
E. coli DTC | >1000 | >1000 | 1000 | 500 500 125

E. coli K-12 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000

>1000 — coennHEHHUE B 3TOM TECTE HEAKTUBHO.

Bce ucnbiTanHbIe cCOeTMHEHHs ObUIN MOJHOCTHIO HeakTHBHBI B oTHOIIeHnH E. coli K-12 B
KOHLEHTpauusx 1 MM u HmKe. DTO CBUAETEIBCTBYET O TOM, YTO HCCIIEIYyEeMBbIE COCTHHEHHUS
tokcnunbl g E. coli, HO addexTHBHO ynansioTcs U3 KICTKH AP QIIIOKC-CUCTEMaMH,

clieIoBaTelibHO, He eiicTByroT Ha E. Coli qukoro tuna.



4, DKcrnepUMeHTAJbHasl 4YacTh
4.1. Oo0mue cBeaeHUA

Bce ucnonb3yembie pacTBOPUTENH OBUTH OYMINCHBI M OOE3BOKECHBI 1O METOJIUKAM,
onucanubiM B [200]. Mcxomubie peareHThl ObUTH MPHOOPETEHBI M3 KOMMEPUYECKUX MCTOYHHUKOB
(Sigma-Aldrich, ABCR, AKSci). KoHTpoJib 3a X010M peaKiiy OCYIIEeCTBISLIN ¢ ToMotsio TCX
C HCIOJBb30BAaHMEM IUIACTUH C CHJIMKarejieMm ¢ (IyopecHeHTHbIM HHAWKAaTopoM (254 HM) u
BU3yanu3auu ¢ nomompio Y®-namnel. Crexrpsl AMP 'H, ¥C u F perucrpuposanu na
crektpomerpax BrukerAvance um Agilent 400-MR (400 MI'm ms H, 101 MI'u mms 3C,
376 MI'ty st 19F) B JIMCO-d6 u CDCls. XuMmu4ecKue CABUTH IPUBEAEHBI B M.J. IIO
orHomennto k  TMC.  Macc-CcekTpsl  BBICOKOIO  pa3pelieHus C  HOHM3aIuen
AIIEKTPOPACIBUICHUEM PETUCTPUPOBAIN B PEKUME TOJOKUTEIBHBIX HOHOB Ha KBAJIPYIOJIEHOM
BpemsnponetHoM Macc-criektpomerpe  TripleTOF 5600+ (ABSciex, Concord, Kanana),
OCHAIIIEHHOM HCTOYHMKOM HOHOB DuoSpray. [lpumensuuce crnegyromue mnapamerpsl MC:
KamUIIpHOE HampspkeHue 5,5 kB; maBiieHne pacnbpUIAIONIETO ra3a U ra3oBoi 3aBeckl — 15 u 25
PSi COOTBETCTBEHHO; TEMIIEpaTypa HCTOYHHKA HOHOB — OKpYXKAroIas cpeaa; auama3oH m/z 100—
1200. DneMeHTHBII cocTaB OOHAPYKEHHBIX HOHOB OMNPENENSIA Ha OCHOBE TOYHBIX Macc U
M30TOIMHOTO pacIpe/ielieHus] ¢ UCIONb30BaHWEeM MporpammHoro obecredenus Formula Finder
(ABSciex, Concord, Kanama). Hanusie PCA mosydeHsl Tpyd KOMHATHOW TeMIiepaType C
ucnons3osanueM audpaxromerpa STOE Pilatus100K, CuKa (1,54086 A). CtpykTypbl GblLiu
pemensl ¢ nomombio SHELXT u yrounensl ¢ nomouisto SHELX. [TonoxxeHne HEBOIOPOIHBIX
aTOMOB YTOUHSAJIM C HUCIOJB30BAaHHWEM AaHM30TPOIHON IOJHOMATPUYHOW  MPOIEAYpPHI
HAUMEHBIIINX KBaJPATOB.

4.2. CuHTE3 HCXOTHBIX THEHO(DUIOB

Ucxonuseiii 3-heHnI-5-METUTUACHTUAAHTOMH 5 U TPEIIIECTBEHHUK THOTHUIAHTOMHOB
B-mopdonuHoananuH 32 MOXyYEHBI 10 JUTepaTypHOU MeToauke [147]. ApuinaeHMMUIa30I0HbI
24, 25 cunresupoBanbl o Meroaukam [149,150]. TlpenmecrBennuku uMuaoB 60, 61 mosry4deHs!

no merouke [201].

OO0wmas npoueypa CHHTe3a MEeTHJIMIEHTHIAHTOMHOB 6-11.

K pactBopy mermnuaenrumantouna 5 (0.27 mmonb) u anmnmpytromiero arenrta (0.30
MMOJIb) B xsopodopme (30 mur) mobasmsmu tpusTmiiamud (30 mr, 0.30 mmons) 1 DMAP (3 wmr,
0.02 mmonb); cMmech nepeMemMBald B TedyeHue nHA. [lonmydeHHyio cmech mpombiBain 1M
BogHBIM pactBopoM HCI (2x15 mur). Opranuyeckyro ¢a3y cymmnn Haj 6e3BoaHbiM NaxSOs n
¢wibTpoBanU. 3aTeM pacTBOPHUTENb YIAISAIM B BaKyyMe BOJOCTPYMHOTO Hacoca, MPOAYKT

BBIJIETISUTM METOJIOM KOJIOHOYHOU XpomaTorpadueil Ha cCulIuKaree.



0 1-Ayemun-5-memunuoen-3-gpenunumuoazoruoun-2,4-ouon ~ (6)  (3ar0€HT -

N._N=pp xnopodopm). M3 metmmaeanmuaazonona 5 (51 mr, 0.27 mmons), Ac2O (31 wmr,

A
’ o} 0.30 mmoub), tpudTraamuna (30 mr, 0.30 Mmmons) 1 DMAP (3 wmr, 0.02 mmosb)

coequaeHue 6 (59 mr, 95%) nonyuniu B BUaE 0J€IHO-KEITOTO TBEPIOTO BEIIECTBA.

Cuextp 'H SIMP (400 MI'u, CDCls): 8 7.52-7.39 (M, 5H), 6.58 (x, J=0.7 ', 1H), 6.09
(m, J=0.7 T'y, 1H), 2.68 (c, 3H). 3C SIMP (101 MTI'u, CDCls): & 169.3, 160.0, 151.5, 131.5,
130.2, 129.2, 128.9, 126.2, 108.5, 26.5. HRMS (ESI+) m/z macca paccuntannas (CisHi5sN202S,
M+H): 230.0691, macca naiigennas: (M+H): 271.0897.

o) Omun  5-memunuden-2,4-ouokco-3-penunumuoazonuoun- 1-kapborxcuram (7)
£io. N N-p, (97H0CHT - x10podopm). M3 MeTHINICHUMUIA30I0HA S (51 mr, 0.27 mmoib),
o O CICOOEt (33 mr, 0.30 mmoutn), TpudTriamuna (30 mr, 0.30 mmons) 1 DMAP

(3 mr, 0.02 mmob), coenunenue 7 (62 mr, 88%) moaydniu B BUIE OJIeIHO-KEITOrO Maca.
Cunextp 'H SIMP (400 MI'u, CDCls): § 7.53-7.44 (m, 2H), 7.43-7.38 (M, 3H), 6.23 (x, J = 1.2
I'u, 1H), 6.03 (x, J = 1.2 I'u, 1H), 4,47 (xB, J = 7.1 I'u, 2H), 1,42 (1, J = 7.1 I'u, 3H). CnekTp
13C AMP (101 MI'u, CDCls): & 160.1, 149.8, 149.3, 131.6, 130.5, 129.3, 129.0, 126.4, 106.6,
64.3, 14.2. HRMS (ESI+) m/z macca paccuntannas (Ci13H13N20s, M+H): 261.0870, macca

Haiinennas: (M+H): 261.0867.

0 5-Memunuoen-3-genun- 1-mosunumudazonuoun-2,4-ouon ~ (8)  (amoeHr -
Y xmopodopm). U3 metrmuaenumuaazonona 5 (51 mr, 0.27 mmons), TSCI (57 wmr,
T’ \[or 0.30 mmouns), Tpuatiiamuna (30 mr, 0.30 mmosas) 1 DMAP (3 mr, 0.02 mmostb)

coenunenue 8 (74 mr, 80%) nmonyunnu B Bue 0€I0ro TBEPAOTO BEIIECTBA.

Cunekrtp 'H IMP (400 MI'u, CDCls): & 8.02-7.97 (m, 1H), 7.49-7.32 (M, 7H), 6.23 (0, J = 1.0
I'u, 1H), 5.96 (1, J = 1.0 T'u, 1H), 2.46 (¢, 3H). Cnexrp *C AMP (101 MI'u, CDCls): § 159.7,
149.8, 146.7, 134.5, 131.6, 130.2, 129.3, 129.0, 128.5, 126.0, 104.7, 21.9. HRMS (ESI+) m/z
macca paccunutantas (C17H1sN204S, M+H): 343.0747, macca naitnennas: (M+H): 343.0750.

o Tpem-6ymun S-wemunuoen-2,4-ouoxco-3-penurumuoazonuoun-1-kapookcuiam

N_N-pp (9) (ammroenT - x0podopm). U3 metununenumugazonona 5 (51 mr, 0.27 MMous),
Boc o Boc,O (65 wmr, 0.30 mmounb), Tpuatminamuna (30 mr, 0.30 mmosie) 1 DMAP (3

mr, 0.02 mmouts) coequnenue 9 (73 mr, 94%) noaydninu B BUJE OJIeHO-XKEITOTO MacJa.

Cunextp 'H SIMP (400 MI'u, CDCls): & 7.49-7.45 (m, 3H), 7.41-7.38 (m, 2H), 6.14 (¢, J = 1.0

I'u, 1H), 5.98 (1, J = 1.0 I'u, 1H), 1.61 (¢, 9H). Cnexrp *C AMP (101 MI'u, CDCls): § 160.1,

149.4, 147.9, 131.8, 130.5, 129.2, 128.8, 126.4, 105.9, 85.6, 28.0. HRMS (ESI+) m/z macca

paccuntantas (Ci1sH17N204, M+H): 289,1183, macca naitnennas: (M+H) : 289.1183.



CunTe3 MeTHJMAeHrnaanTouna 10.

K pactBopy mermnmuaenrumpantonsa 5 (0.27 mmons) u KoCOsz (0.54 mmons) B
arierorutpuiie (30 mi) nodasnsim PhCH2Cl (0.27 MMoib) U cMech MepeMeIinBaii B TCUCHHUE
HOYH. 3aTeM PAacTBOPUTEIb YAASUIM B BaKyyMe BOJOCTPYHHOIO HAacoca, OCTaTOK PacTBOPSIIN B
xsopodopme (20 M), HEpPacTBOPUMOE TBEPAOE BEUICCTBO OTQHIBTPOBBIBAIM U PACTBOP

KOHILICHTPUPOBAJIN IMPU IMOHUKCHHOM JaBJICHUU, ITOJIy4Yad HCJICBOC COCIUHCHUC.

o 1-bensun-5-wemunen-3-penunumuoazonuoun-2,4-ouon (20). U3

N_ N-p, MCTIIHICHUMHIA30JI0Ha (51 mr, 0.27 mmoms), K2COsz (75 mr, 0.54 MMoinb) u
Ph—"

\g/ PhCH2CI (34 wmr, 0.27 mmonb) coequnenne 10 (71 mr, 95%) monyyanu B BUje

OecIBeTHOTrO MacJa.

Cunextp 'H SIMP (400 MI'u, CDCls): & 7.52-7.49 (M, 4H), 7.37-7.31 (M, 6H), 5.49 (n, J = 2.4
I, 1H), 4.89 (¢, 2H), 4.82 (n, J = 2.4 Tu, 1H). Cnexrp 3C AMP (101 MI'u, CDCls): & 161.4,
153.4, 135.2, 135.0, 131.5, 129.2, 129.0, 128.3, 128.2, 127.6, 126.0, 96.2, 44.5. HRMS (ESI+)
m/z macca paccuutannas (C17HisN202, M+H): 279.1128, macca naiinennas: (M+H ) . 279.1121.

Cunre3 Meruauaenruganronna 11.

K pactBopy metmnuaenruaantonna 5 (0.27 mmornb) u ¢penmnmusormanara (0.41 MMosib) B
xaopodopme (30 mi) mobasmsumm TpudTHwiIamMuH (30 mr, 0.30 mmons) 1 DMAP (3 wmr, 0.02
MMOJIb); CMECh NepeMelIBaiu B TeueHue AHA. [loiyueHHyl0 cMech MpOMBIBaIM 2% BOJHBIM
pactBopom HCI (2x15 wmm). Opranmueckyto ¢a3zy cymmnu Hajg Oe3BomHbiM  NaxSOs u
bunpTpoBasiv. 3aT€M PACTBOPUTENh YIAUIM B BaKyyMmMe BOJOCTPYWHOTO HAcoca, MPOIYKT

BBIJICIISITA METOZOM KOJIOHOUYHOM XpoMaTorpadueil Ha cumukarese.

o 5-Memunuden-2,4-ouoxco-N,3-oupenurumuoazonuoun-1-kapooxcamuo  (11)

PRHN_ N Nepp (amroeHT - xsopodopm). M3 metunuaennmuaazonona 5 (51 mr, 0.27 mmonb),
0 \([-,r PhNCO (43 wr, 0.41 mmons) u PNCH2CI (34 wmr, 0.27 MmMmorb) coeaunerne 11

(75 mr, 94%) nonyyanu B BuJie OJ€THO-KENTOrO MacJa.
Cunextp 'H SIMP (400 MI'u, CDCls): § 10.19 (ym. ¢, 1H), 7.58-7.34 (m, 9H), 7.17 (m, 1H),
6.65 (1, =0.9 T'u, 1H), 6.12 (1, J = 1.0 ', 1H). Cnexrp *C AMP (101 MI'u, CDCls): 8 153.8,
147.9, 136.6, 131.4, 130.1, 129.5, 129.3, 129.3, 126.4, 124.9, 120.5, 108.9. HRMS (ESI+) m/z

macca paccuntantas (C17H1aN3Os, M+H): 308.1030, macca naiinennas : (M+H): 308.1026.



OO0mast npoueaypa CMHTE3a METHJINAEHTHOTHIAHTOUHOB 12-21, 41.

B KpyriosoHHYI0 KonOy, ToMemeHHylo B pasorperyio no 40 °C Boxmsayio 6aHio,
no6aBis cMech mupuauH:Bona (1:1) u muruapoxnopun 2-aMHHO-3-MOP(OIMHOIPONIAHOBOM
kucinotel 32 (1.0 kB.), mocite yero pactsopom ruapokcuaa Hatpus (3N) moBoauau 3HaueHre pH
cpensl A0 9. 3aTeM B PEaKIMOHHYIO CMECh J00aBIISUIM COOTBETCTBYIOLIUN apUIM30THOIIMAHAT
(1.0 5kB.) u nepemeniuBanu B TeucHre 30 MuUH. PeakIIMOHHYIO CMECh JIBa pa3a 3KCTParupoBaind
OcH305I0M, oOcTaBisisi BOAHYIO (hasy. KOHIEHTpHpOBAaHHOW COJSTHOW KHUCIOTOW JOBOIHIIN
sHaueHne pH pactBopa 10 1-2, BBINMABIIMKA OCAaTOK OTGOHIBTPOBANIM. MaTOUYHBIN pPacTBOP
MEPEHOCHIIA B KPYIJIOAOHHYIO KOOy U goBoawin 1o kumenud. [locne 1 waca mepememmBanus

0Ca/I0K OT(GUIBTPOBAIIN, IPOMBIBAIIHM 3 pa3a BOJOU U CYIININA Ha BO3/YXE.

Ph 5-Memunuoen-3-penun-2-muoxcoumuoazoruoun-4-on (12). W3 nuruapoxiaopuia

1

© N%S 2-amMuHO-3-MopdomHonponanoBoii  kucinorel 32 (245 r, 10.0 mmoms) u

e denmnuzornonuanara (1.56 r, 10.0 mmons) coemunenue 12 (1.04 1, 51%)
HOJTyYaJId B BUJIE OJICIHO-KEITOTO TBEPIOTO BEIIECTRA.
Crextp 'H IMP (400 MI'w, IMCO-d6): § 12.49 (ym. ¢, 1H), 7.44-7.51 (m, 3H), 7.37-7.21 (wm,
2H), 5.34 (1, J = 1.7 Ty, 1H), 5.17 (m, J = 1.8 I'y). Cuexrp 23C AMP (101 MI'u, IMCO-d6): &
178.2, 162.5, 135.4, 133.1, 128.9, 128.8, 128.7, 97.8. HRMS (ESI-) m/z macca paccunTaHHas

(C10H7N20S, M-H): 203.0285, macca naitnennas: (M-H): 203.02809.

3-(2-®mopgpenun)-5-memunuoen-2-muoxcoumudazonuoun-4-on (13). 4!

©\F JTUTHAPOXJIOpUIA 2-aMHHO-3-MOp(ONIUHONponaHoBoi kucinotel 32 (2.45 r, 10

° N%S MMOJIb) U 2-pTopdhenmnmzotrormanara (1.53 r, 10 mmoins) coenunenue 13 (1.65 r,

. 73%) monyyanu B BHJIe O€I0T0 MK 0JIeTHO-OPAH)KEBOTO TBEPIOTO BEIIECTRA.

Cnexrp H AMP (400 MI'u, IMCO-d6): 6 12.72 (c, 1H), 7.56 (m, 1H), 7.52-7.48 (tx, J1 = 1.7

I'u, Jo = 7.7 T'u, 1H), 7.43 (m, 1H), 7.36 (tn, J1 = 1.7 T, J2 = 7.7 T, 1H), 5.42 (0, J = 2.0 I,

1H), 5.25 (m, J = 2.0 T'y, 1H). Cekrp *C SAIMP (101 MTI'u, JIMCO-d6): § 177.3 (c), 162.0 (c),

157.6 (m, J=250.1 T'n), 135.2 (c), 131.8 (n, J=8.1 '), 131.6 (c), 125.0 (n, J= 3.7 T'rx), 120.5 (x,

J =127 Tu), 116.3 (a, J = 194 T), 99.0 (c). HRMS (ESI-) m/z macca paccuutanHast
(C10HsFN20S, M-H): 221.0190, macca naitnennas: (M-H): 221.0190.

3-(2-Xnopghenun)-5-memunuden-2-muoxcoumudazonuoun-4-oun (14). U3

©\0| JUTHIPOXJIOpUAa 2-aMHHO-3-MopdonuHonponanoBoi kucinorel 32 (2.45 r, 10

° Nhf ° MMOJIb) 1 2-xiopdennu3oruonuanara (1.70 r, 10 mmons) coenunenue 14 (1.56 r,
66%) mosyyanu B BHjIe 0€10r0 WK 0J1€IHO-OPAH)KEBOTO TBEPOTO BEIIECTRA.



Cnextp 'H SIMP (400 MT'u, IMCO-d6): § 12.68 (c, 1H), 7.65 (mwx, J1 = 1.3 T, J2 = 7.8 T,
1H), 7.54-7.46 (m, 3H), 5.40 (1, J = 1.9 Twy, 1H), 5.23 (1, J = 1.9 I'n, 1H). Crextp B3C SIMP
(101 MI'u, AMCO-d6): ¢ 177.3, 161.8, 135.2, 132.2, 131.9, 131.1, 130.8, 129.9, 128.1, 98.7.
HRMS (ESI-) m/z macca paccunrtannas (C1o0HsCIN20S, M-H): 236.9895, macca HaiineHHast:
(M-H): 236.9901.

Me 3-(3-Memungpenun)-5-memunuden-2-muokcoumudazonuoun-4-oun (15). Us
\© JUTHIPOXJIOpUIa 2-aMUHO-3-MOP(OIMHONPONaHoBoi kuciotrel 32 (2.45 r, 10
© N\FS MMOJIb) B 3-MeTradermnzornonnanara (1.49 r, 10 mmons) coenqunenne 15 (1.49
>:NH r, 68%) mosyyanu B Buje 6€710ro Win 0JeIHO-0PaHKEBOI0 TBEPIOTO BEIIECTBA.
Cunexrp H SIMP (400 MI'u, JIMCO-d6): & 12.50 (ym ¢, 1H), 7.38 (1, J = 7.6 T'u, 1H), 7.27 (x,
J =75 Tu, 1H), 7.17-7.09 (m, 2H), 5.35 (, J = 1.4 T', 1H), 5.17 (x, J = 1.4 T, 1H), 2.34 (c,
3H). Cnextp 3C SIMP (101 MI'u, IMCO-d6): & 178.2, 162.5, 138.4, 135.3, 133.0, 129.5,
129.1, 128.7, 125.9, 97.8, 20.8. HRMS (ESI-) m/z macca paccunrtannas (C11HgN20S, M-H):
217.0441, macca naiinennas: (M-H): 217.0438.

MeO 3-(3-Memoxkcughenun)-5-memunuden-2-muoxcoumuoazonuoun-4-on  (16). U3
\© JUTHAPOXJIOpUaa 2-aMuHO-3-MopdoarHOIponanoBoit kucinotel 32 (2.45 r, 10
© Nys MMOJTb) U 3-MeTokcubenmmmzoTnonuanara (2.34 r, 10 mmons) coenunenue 16
(1.61 r, 69%) monmy4anu B BHIe O€NOro WM OJICHO-OPAHKEBOTO TBEPIOTO
BEIIIECTBA.
Cnexrp 'H AMP (400 MI'u, IMCO-d6): § 12.47 (c, 1H), 7.39 (t, J = 8.1 T'y, 1H), 7.02 (un, J1
=21Tu,J2=8.3Tu, 1H), 6.94 (1, J = 2.1 ', 1H), 6.90 (m, 1H), 5.33 (1, J = 1.6 T'y, 1H), 5.14
(n, J = 1.6 T, 1H), 3.75 (c, 3H). Cnexktp *C AMP (101 MI'u, IMCO-d6): § 178.1, 162.4,
159.5, 135.3, 134.1, 129.6, 121.0, 114.7, 1145, 97.8, 55.4. HRMS (ESI-) m/z wmacca

paccuntanHas (C11HoN202S, M-H): 233.0390, macca naiinennas: (M-H): 233.0387.

F 3-(4-®mopghenun)-5-memunuoen-2-muoxcoumuoazonuoun-4-on (17). Us
JMTHIPOXJIOpUIa 2-aMUHO-3-MOPOIMHONPONaHoBoi kuciotel 32 (2.45 r, 10
oM g MMouib) 1 4-propdenmmuzoruonmanara (1.53 r, 10 mmoss) coenunenune 17 (1.51 r,
,\?: 68%) mosyyanu B BuJie O€I0T0 MK OJIeTHO-OPAH)KEBOTO TBEPIOTO BEIIECTRA.
Cunextp ‘H AMP (400 MI'u, IMCO-d6): 6 12.51 (ymr ¢, 1H), 7.45-7.39 (M, 2H),
7.37-7.31 (m, 2H), 5.35 (1, J = 1.8 T'u, 1H), 5.16 (x, J = 1.8 'y, 1H). Cnexrp *C AMP (101
MTI', IMCO-d6): 6 178.2 (c), 162.5 (c), 161.9 (n, J= 245.8 '), 135.3 (¢), 131.1 (m, J=9.0 I'm),
129.3 (n, J = 3.0 T'm), 115.8 (J = 22.9 I'n), 97.9 (c). HRMS (ESI-) m/z macca paccuntanHas

(C10HsFN20S, M-H): 221.0190, macca naitnennas: (M-H): 221.01809.



al 3-(4-Xnopghenun)-5-memunuden-2-muoxcoumuoazonuoun-4-omn (18). U3

JMTHIIPOXJIOpUIa 2-aMHHO-3-MOP(OIMHONPOnaHoBoi kucinotel 32 (2.45 1, 10

MMOJIb) U 4-xnopdenunuzoruonuanara (1.70 r, 10 mmons) coenunenue 18 (1.42 r,

° N'\?js 60%) moay4anu B BHIE O€I0r0o Mk 0J1eIHO-OPaH)KEBOTO TBEPOTO BEIIECTRA.

Cunextp 'H SIMP (400 MI'u, AMCO-d6): 6 12.54 (ymu. ¢, 1H), 7.58 (1, J = 8.6 I'ly,

2H), 7.41 (n, J = 8.6 ', 2H), 5.36 (un, J = 1.8 'y, 1H), 5.17 (n, J = 1.8 I'y, 1H). Cnexrp *C

SAMP (101 MI'u, IMCO-d6): & 177.9, 162.3, 135.3, 133.5, 131.9, 130.7, 128.9, 98.0. HRMS

(ESI-) m/z macca paccumrannas (C1oHsCIN20S, M-H): 236.9895, macca maiinennas: (M-H):
236.9890.

ome  3-(4-Memokcugpenun)-5-memunuoen-2-muokcoumuoazomuoun-4-on  (19). U3
JMTHIPOXJIOpUIa 2-aMHUHO-3-MOPQOIMHOIponaHoBoi kucinotel 32 (2.45 r, 10
MMOJIb) U 4-metokcubenuansornonnanara (2.34 r, 10 mmoins) coenunenue 19

© N\FS (2.11 r, 90%) nonydanu B BuAe O€IOro WM OJIEIHO-OPAH)KEBOIO TBEPIOTO

" BEIIIECTBA.

Cunexrtp H SIMP (400 MI'u, IMCO-d6): § 12.50 (ym. ¢, 1H), 7.24 (x, J = 8.8 T'y, 2H), 7.01 (x,
J=8.9Tu, 2H), 5.32 (1, J = 1.5 T'u, 1H), 5.16 (n, J = 1.5 'y, 1H), 3.78 (c, 3H). Cnexkrp *C
SAMP (101 MI', IMCO-d6): & 178.5, 162.7, 159.3, 142.9, 135.4, 130.0, 126.8, 125.6, 114.1,
97.7, 55.4. HRMS (ESI-) m/z macca paccuntannas (Ci11HoN20.S, M-H): 233.0390, macca

Haiinennas: (M-H): 233.0394.

3-(2,6-0umemungpenun)-5-memunuoen-2-muoxcoumuoazonuoun-4-on  (20). U3
Me/©\Me JUTUAPOXJIOpUAA 2-aMUHO-3-MOpdonnHonponaHoBoil kucnotel 32 (2.45 r, 10
° N\fs MMOJIb) U 2,6-mumerundenmnuzornonuanata (1.47 r, 10 mmoins) coequaenne 20
h (1.97 r, 51%7?) monmy4any B BUJIE CBETIO-OPAHKEBOTO TBEPIOTO BEIIECTBA.
Cuextp *H AMP (400 MI'u, IMCO-d6): § 12.50 (¢, 1H), 7.38-7.09 (M, 3H), 5.34 (¢, 1H), 5.19

(c, 1H), 2.36 (c, 3H), 2.34 (c, 3H).

cl 3-(3-Xnop-4-pmopghenun)-5-memunuden-2-muoxcoumuoazonuoun-4-on  (21). U3
F\© IUTHIPOXJIOpUIA 2-aMUHO-3-MOp(HOIMHONPONaHoBOK kucinotel 32 (2.45 1, 10
MMOJIb) U 3-XJ0p-4-pTopdhenunuzorrornmanara (1.88 r, 10 mmoins) coennnenune 21

© N'\?:S (1.43 r, 56%) momyuanu B BHae Oenoro WM OJIEIHO-OPAHKEBOTO TBEPIOTO
semectsa. Cnexkrp ‘H IMP (400 MI'y, IMCO-d6): 6 12.59 (ym. ¢, 1H), 7.73 (nx,

J1 =24Tu, J2 = 6.8 I'y, 1H), 7.57 (1, J = 9.0 I'y, 1H), 7.44 (m, 1H), 5.37 (n, J = 1.7 T'y, 1H),

2 Coemunenue 20 GbLIO MOMYYEHO B BU/E HEPA3AEIIMOM CMECH ¢ IIOOOYHBIMY MIPOAYKTAMH JUMEPU3AIUH STOTO
METHJINICHTUOTHIAHTOMHA, M B TAKOM K€ BHJIC BBOJUIIOCH B MOCIIEAYIOIIHE peakiuu [4+2]-1uKIonpucoeIuHeH s
BBIX0]1 LIE/IEBOTO COEMHEHNUS OLICHUBAJICS 10 AaHHBIM *H SIMP CIIEKTpA.



5.19 (n, J = 1.7 T'y, 1H). Cnexrp BC AMP (101 MI'u, AMCO-d6): § 177.8 (c), 162.2 (c), 157.2
(m, J=248.6 T'y), 135.3 (c), 131.3 (¢), 130.1 (m, J= 7.7 T'm), 125.4 (¢), 119.4 (n, J= 18.8 '),
117.1 (n, J=22.3T), 98.1 (¢). HRMS (ESI-) m/z macca paccuurannas (C10HsCIFN2OS, M-H):
254.9801, macca naitnennas: (M-H): 254.9807.

NO, 3-(4-Humpopenun)-5-memunuden-2-muokcoumuoazonuoun-4-oun (41). Us
JIUTHIPOXJIOpUa 2-aMHHO-3-MopdosimHonponaHoBoi kucioTel 32 (2.45 r, 10
MMOJIb) U 4-autpodennmmsorrormanara (1.80 r, 10 mmoss) coequnenue 41 (0.71 r,
© Nr\?:s 26%) moayvanu B BHAC Oeloro WM OJIEAHO-OPAH)KEBOrO TBEPAOTO BEILIECTBA.

Cuekrp ‘H AMP (400 MI'u, IMCO-d6): & 12.67 (ymr. ¢, 1H), 8.36 (1, J = 9.0 I'n,
2H), 7.72 (n, J = 9.0 ', 2H), 5.40 (xn, J = 1.9 'y, 1H), 5.21 (n, J = 2.0 I'y, 1H). Cnexrp *C
SAMP (101 MI'u, IMCO-d6): & 177.2, 162.0, 147.2, 138.7, 135.3, 130.2, 124.0, 98.4. HRMS
(ESI-) m/z macca paccumrannas (CioHsN303S, M-H): 248.0135, macca naiinennas: (M-H):

248.0141.

O01as MeTOANKA CHHTE3a S-rajJjoreHMeTHJINAeHIHIAHTOMHOB 22, 23.

K pactBopy merunuaenrumanronna 5 (0.27 mmonp) u ramorena (0.30 Mmonb) B
xaopodopme (30 mur) gobapnsu TpudTHwiIaMuH (30 mr, 0.30 MMOJIB) U CMECh MEpEMEIIMBAIIA B
TedeHne | dYaca. 3aTeM pacTBOPHUTENh YAAISIIM B BaKyyMe BOJOCTPYHHOrO HAcoca, OCTATOK

OYHIIATIH KOJIOHOYHOM XpOMaTOFpa(I)Heﬁ Ha CUJIHNKarciic.

o (Z)-5-(Bpommemunuden)-3-penurumuoazonuoun-2,4-ouon  (22) (9a10€HT -

N~ph
hid

o Mmoib), Bra (48 wmr, 0.30 mMmons) u TpudTHiaamuua (30 mr, 0.30 mMmoIb)

Br\

o metanos/xsopodopm (1:200)). U3 mermnuaenunmugazoiona 5 (51 wmr, 0.27

coenuuenue 22 (71 mr, 98%) nomyuyanu B Buzie 6€I0T0 KPUCTANIMYECKOTO BEIECTRA.

Cunextp 'H SIMP (400 MI'u, AMCO-d6): 8 11.16 (ym. ¢, 1H), 7.52-7.44 (m, 2H), 7.44-7.37 (m,
3H), 6.81 (¢, 1H). Cuextp “C AMP (101 MI'u, IMCO-d6): § 160.1, 153.1, 133.6, 131.5,
128.8, 128.2, 127.0, 92.1. HRMS (ESI+) m/z macca paccuutannas (CioHsBrN2O2, M+H):
266.9763, macca HaiigenHas : (M+H): 266.9760.

P (Z)-5-(Moomemunen)-3-penurumuoazonuoun-2,4-ouon (23) (omr0eHT -
HN\n/N\ph metanos/xmopodopm  (1:200)). U3 mermnmuaenumumazonona 5 (51 wmr, 0.27

° MMOJIb), |2 (76 mr, 0.30 Mmosb) U TpudTHIamuHa (30 mr, 0.30 MMOJIB) COeTUHEHUE

23 (79 mr, 93%) mony4ainu B BUjIE OJI€HO-XKEITOr0 KPUCTAITMYECKOTO TBEPAOTO BEIIECTBRA.



Cunextp *H AMP (400 MI'u, AMCO-d6): § 10.94 (yur ¢, 1H), 7.52-7.45 (m, 2H), 7.45-7.37 (m,
3H), 6.77 (¢, 1H). Cnektp 3C SAMP (101 MI'u, IMCO-d6): & 159.3, 153.2, 138.3, 131.7,
128.8, 128.1, 126.9, 64.3. HRMS (ESI+) m/z macca paccunrannas (CioHgIN202, M+H):
314.9625, macca naiinennas: (M+H): 314.9628.

CunTe3 5-rajioreHMeTHIHIeHTHOTHIAHTOUHA 54.

K pactBopy 0.98 mmons MeTmmaeHTroruaanTonna 12 8 30 mut ximopodopma nipu 0°C 1o
KarsM 1o6asisuia pactBop 157 mr (0.98 mmons) Bra B 20 M xjaopodopma, 1mocie 4ero cMech
nepeMennBaiu B TeueHue 1 yaca. 3aTeM pacTBOpUTENb YIAlSAId B BaKyyMe BOJIOCTPYHHOTO

Hacoca, 0CTaTOK OYMIIAJIM KOJIOHOYHOM XpoMaTorpadueii Ha cuimkarene.

o (Z)-5-(Bpommemunen)-3-penun-2-muokcoumuoazonuoun-4-on (54) (onroeHt -

Br\
N _N-pr, xmopodopm). M3 metunuaeaumugazoiaona 12 (200 mr, 0.98 mmoins) u Brz (157
S mr, 0.98 mmoib) coequnenue 54 (25 mr, 9%) nonayyanu B BUJIE€ CBETIIO-KEITOTO

KPHUCTAJUIMYECKOT0 TBEPJIOrO BEIIECTRA.
Cnekrp 'H SIMP (400 MI'y, JIMCO-d6): 6 12.71 (yur. ¢, 1H), 7.51-7.42 (M, 3H), 7.36-7.32 (M,
3H), 6.95 (¢, 1H). Cnexrp 3C AMP (101 MI'n, IMCO-d6): & 178.7, 160.8, 133.9, 133.0,
129.0, 128.9, 94.9. HRMS (ESI+) m/z macca paccuntannas (C10HsBrN2OS, M+H): 282.9535,
Mmacca Hainennas : (M+H): 282.9530.

OO0mas npoueaypa CHHTe3a THIAHTOMHOB 26, 27.

PactBop mermnuaenrugantouna (0.27 mmoins), 6poma (0.81 MMonb) M TpUITHIAMUHA
(0.81 mmomnb) B xmopodopme (30 M) KHUMATWIM B TedeHUe 6 yacoB. BeimaBimumiics ocaaok
(GWIBTPOBANIM HA CTEKJISHHOM IOPUCTOM (HIBTPE, HECKOJIBKO pa3 NMPOMBIBATIM HEOOJIBIINMHU

HOPLMSIMHU XJI0podopMa U CYIITHIIN Ha BO3IYXE.

Ph 5-([ubpommemunuden)-3-penurumudazonuoun-2,4-on (26). U3

0o N);O MeTmuaeHruaaaTonsa S5 (51 mr, 0.27 mmons), Brz (130 mr, 0.81 mMMonb) u
/—NH
Br

Br

tpudTHIamMuHa (82 Mmr, 0.81 MMmonb) coeaunenue 26 (68 mr, 73%) noaydanu B
BHUIC OJIETHO-KOPHUYHEBOTO TBEPOTO BEIIECTBA.

Cunextp *H AMP (400 MI'u, IMCO-d6): & 11.13 (ym. ¢, 1H), 7.50-7.43 (m, 2H), 7.42-7.35 (M,
3H). Coexrp 3C AMP (101 MI'u, AMCO-d6): & 159.4, 151.9, 132.0, 131.2, 129.2, 128.7,
127.6, 77.6. HRMS (ESI+) m/z macca paccunrannast (C1oH7BraN2O2, M+H): 344.8869, macca
naiinennas: (M+H): 344.8853.



(E)-5-(Bpom(4-gpmopenun)memunuoen)umuoazonuoun-2,4-oun 27). U3

OO apunuaeHruaantonna 24 (56 mr, 0.27 mmons), Bre (130 mr, 0.81 mmonb) u

tpudTiamuaa (82 mr, 0.81 mmoins) coenunenue 27 (41 mr, 53%) nonyuyanu B

Bu i€ 0JI€THO-KOPUIHEBOIO TBEPIOTO BEICCTRA.
E Crnekrp 'H AMP (400 MI'u, AMCO-d6): 6 11.24 (ym. ¢, 1H), 10.41 (ym. ¢, 1H),
7.49-7.45 (M, 2H), 7.18-7.14 (m, 2H). Cuexrp *C SIMP (101 MI'u, IMCO-d6): § 162.8 (1, J =
2474 Tn), 161.2 (¢), 154.4 (c), 133.2 (1, J = 3.1 T'ry), 132.8 (1, J = 8.6 T'ry), 130.8 (c), 115.3 (1, J
=22.2Tn), 107.8 (c¢). HRMS (ESI+) m/z macca paccunrtannas (C1oH7BrFN20O2, M+H):
284.9673, macca naiinennas: (M+H): 284.9669.

OO0mas npoueaypa cHHTe3a HMHHOB 62, 63.

Tpubenunpochun (0.5 wmmons) wu apmiasux (0.5 Mmoms) mnepememmBaid B
opmo-kcunoine (30 M) Tpu KOMHATHOM TemrepaType B T€UEHHE Yaca. 3aTeM B PEaKIIMOHHYIO
cMech J100aBJISIIM MPOU3BOJHOE TMAAHTOMHA WM TUorugaHTouHa (0.5 MMOJb) U KMUIISITUIU B
TedeHWe 3 dacoB. PacTBOpUTENs yHapuBaid, NPOAYKT BBIACISUIA METOAOM KOJIOHOYHOM

XpOMaTOI‘pa(l)I/II/I Ha CUJIMKArejc U NCPpCKpruCTAIINIM30BbIBAJIN U3 9TAHOJIA.

P (E)-5-((4-Bbpompenun)umuno)-1,3-ougpenurumudazonuoun-2,4-ouon (62)

Oj-Nro (amoenT - x70podopm). U3 rumantouna 60 (133 mr, 0.5 mmons), PPhs
Br@N ph (131 wmr, 0.5 mmomb) u 4-Opombenunazuma (99 mr, 0.5 mMmoib)
coenunaenne 62 (160 mr, 76%) momydanu B BHAE KEITOTO TBEPAOTO
BEIIIECTBA.
Cuextp H IMP (400 MI'u, CDCl3): & 7.61-7.52 (m, 4H), 7.51-7.40 (m, 8H), 6.89 (1, J =8.1
', 2H). Cnexrp B¥C AMP (101 MI'u, CDCls): § 152.8, 151.6, 144.7, 139.5, 131.2, 130.9,
129.7, 128.9, 128.8, 128.4, 128.3, 126.7, 125.5, 121.4, 117.6. HRMS (ESI+) m/z macca
paccuntanas (C21H1sBrN3O2, M+H): 420.0342, macca naiinennas: (M+H): 420.0345.

oh (E)-1,3-Huperun-5-(hpenunumuno)-2-muoxcoumudazonuoun-4-ou (63)
Oi\l'ys (amroeHT - x70podopm). U3 runantouna 61 (141 mr, 0.5 mmons), PPhs (131
@—N/ N\ph mr, 0.5 mmoib) u dpennnasuaa (60 mr, 0.5 mmosns) coequnenne 63 (125 wmr,
70%) monmy4aym B BHJIE JKEITOTO TBEPIOTO BEIIESCTBA.
Cnekrp 'H AMP (400 MI'u, CDCl3): § 7.62-7.48 (m, 4H), 7.43-7.40 (m, 3H), 7.36-7.30 (M, 3H),
7.18-7.15 (m, 3H), 7.08-7.04 (M, 2H). Cnexrp *C SIMP (101 MI'u, CDCls): § 178.9, 145.0,

139.9, 133.4, 131.7, 129.2, 129.1, 129.0, 128.9, 128.8, 128.5, 128.2, 127.8, 125.0, 119.9. HRMS



(ESI+) m/z macca paccunrannast (C21H1sN3O2, M+H): 342.1237, macca naiinennas: (M+H):
342.1240.

4.3. Ipyrue Moau(puKamun S-MeTHJIHAeHI 1IaHTOUHOB

OO6masi mpoueaypa cuHTe3a ruIaHTOMHOB 48, 49.
K pactBopy metununenruaantonsa (0.27 MMoiib) B xsopodopme (20 mir) modaBunu
eaunoi noprwen 6pom (0.27 MMOJIB) M IEpEMEIINBAIH ITPU KOMHATHOW TEMIIEpaType B TEUCHUE

yaca. [locrne 3aBepiieHns peakiuu pacTBOPUTEh YIAPUIIH.

o 1-Ayemun-5-6pom-5-(6pommemun)-3-penurumuoazonuoun-2,4-ouon (48). 13

\Ojj'\/éo METHIIUICHTHIaHTONHA 6 (62 Mr, 0.27 MMomb) 1 Brz (43 mr, 0.27 MMoIIb)

o BrN\Ac coenunenue 48 (100 mr, 95%) monyvanu B Bue OJI€AHO-OPAHIKEBOTO Maciia.
Cuexrp 'H IMP (400 MI'u, CDCls): § 7.56-7.45 (m, 3H), 7.44-7.39 (M, 2H), 4.86 (1, ] = 10.4
', 1H), 4.26 (1, = 10.4 T'n, 1H), 2.68 (¢, 3H). Cuexrp 3C AMP (101 MI'u, CDCls): § 168.4,
165.5, 151.0, 129.6, 129.5, 129.2, 126.4, 63.7, 32.1, 26.1. HRMS (ESI+) m/z macca

paccuntanHas (C12H10BraN2OsNa, M+Na): 410.8950, macca nHaiinennas (M+ Na): 410.8946.

oh Omun-5-opom-5-(6pommemun)-2,4-0uoxco-3-penunumuoazonuoun-1-
\Oj\"l‘?o kapbokcunam (49). I3 metununenruaanronna 7 (70 mr, 0.27 mmons) u Bra
o rN\COOEt (43 wmr, 0.27 mmons) coequnenue 49 (109 mr, 96%) nomyuanu B BUzIE
OJIeTHO-OpaHKEBOTO MacJa.
Cunextp H IMP (400 MI'u, CDCls): 8 7.55-7.44 (M, 3H), 7.44-7.39 (M, 2H), 4.76 (1, J = 10.5
I'a, 1H), 4.50 (xB, J1 = 7.1 T, J» =14.4 T'n, 2H), 4.30 (o, J = 10.5 'y, 1H), 1.46 (1, J = 6.5 I'y,
3H). Cnexrp 3C AIMP (101 MI'u, CDCls): § 164.8, 148.3, 148.2, 129.55 129.1, 129.0, 125.9,
64.4, 64.4, 32.0, 13.6. HRMS (ESI+) m/z macca paccunrtannas (C13H13BraN204, M+H):
418.9237, macca narinennas (M+H): 418.9234.

OO01mas nmpoueaypa cuHTe3a THAAHTOUHOB 52, 53.

K pactBopy Metunuaenrunantouta 5 (0.27 mmosns) B meranode (20 mi) npu 0°C
no6asisin N-xiop- mim N-Opomeykimaumu (0.27 MMOITb), OJTHY Karllto KOHLEHTPUPOBAHHON
CEpHOI KUCIIOTHI U OCTABJISUIM [IEPEMEIINBATHCS B TEUEHUE AHS. 3aTeM PEaKlIMOHHYIO CMECh
paszbaBmy HackieHHBIM pacTBopoM K2CO3 (1o pH ~ 7), mpoayKT skcTparupoBaiu

XJIOpoGopMoM (2X15 MIT) U BBIACTSUIA METOAOM KOJIOHOYHOU XpoMaTorpaduu Ha CHITUKarese.



Ph 5-(Xnopomemun)-5-memoxcu-3-genunumuoazonuoun-2,4-ouon (52) (3:110€HT -

\Oj‘N);O meTanos/xsopodopm (1:100)). U3 metunuaenrunanronna 5 (51 mr, 0.27
cl NH

OMe MmoJb) U N-xsopeykumaumua (36 mr, 0.27 mmosb) coeaunenune 52 (47 mr,
69%) nonyyanu B Buae 0eaoro TBEPAOro BEIIECTBA.

Cuextp 'H AIMP (400 MI'u, CDCls): & 7.52-7.47 (m, 2H), 7.44-7.38 (m, 3H), 6.58 (ym. ¢, 1H),
4.95 (n,J =11.6 T'u, 1H), 4.75 (n, J = 11.6 T, 1H), 3.41 (¢, 3H). Cnektp 3C AMP (101 MI'n,
CDCls): 6 168.2, 154.8, 130.2, 128.9, 128.4, 125.7, 88.4, 51.7, 44.7. HRMS (ESI+) m/z macca
paccuntantas (C11H12CIN2O3, M+H): 255.0531, macca Haiinennas (M+ H): 255.0528.

5-(bpommemun)-5-memoxcu-3-gpenunumudazoruoun-2,4-ouon (53) (30€HT -

Ph
o N\Fo metanos/xsopodopm (1:100)). U3 metununenrunanronna 5 (51 mr, 0.27
Br\j;\:m mmoutb) 1 N-Opomcykumaumuaa (48 mr, 0.27 mmois) coeaunenue 53 (60 mr,
e

74%) nony4anu B Buje 06e1oro TBEPAOro BEIIECTBA.

Cunektp *H SIMP (400 MI'u, CDCl3): § 7.52-7.47 (m, 2H), 7.44-7.40 (M, 3H), 6.47 (ym. ¢, 1H),
4.80 (1, J =10.9 I'u, 1H), 4.68 (1, J = 10.9 T'u, 1H), 3.42 (c, 3H). Cniexkrp *C AMP (101 MI'w,
CDCls): 6 168.1, 154.6, 130.2, 128.9, 128.5, 125.7, 87.7, 52.1, 32.6. HRMS (ESI+) m/z macca
paccuntantas (C11H12BrN2O3z, M+H): 299.0026, macca naitnennas (M+ H): 299.0025.

4.4 B3zaumoaeiicTBue HMHIA30JI0HOB C THEHAMU
OO0mas Metoauka peakunu Juiibca-Anbaepa MeTHIHIEHUMHI1230J10HOB 5-16, 19,
22-29 ¢ HMKJIONEHTAUECHOM.
K pactBopy merunuaenumugaszoiona (1 skB.) B xjopodopme (30 mi) moGamisiim
LUKJIOTIEHTAUEH (8 9KB.) U CMECh KUISATHIA C OOpaTHBIM XOJOIUIBHUKOM B TeueHue 6 4acos.
PeaknnonHy0 cMech OXJaXKJalnu 1O KOMHATHOW TeMmIepaTypbl U PAcTBOPHUTENb yIapHBaId B

BaKyyMe BOJOCTpyHHOro Hacoca. OCTaToK OYMINAIM KOJOHOYHOWH Xpomartorpadueil Ha

CHITHKarere.
o (1S* 28* 45*)-1"-Denuncnupo[ouyuxnof2.2.1]cenman-
/ Z/( 4
HN_ N * “5'; 2,4"-umuoazonuoun]-5-en-2"5"-ouon (64a) (omar0€HT -
o)
b @ o meraron/xiopohopm  (1:800)) 1 (1S* 2R* 45%)-1"-
@ Genuncnupo[ouyuxno[2.2.1]cenman-2,4"-

OCHOBHOW 13oMe MUWHOPHbIV n30Me|
P P P umuoazonuoun]-5-en-2"5'"-0uon  (64b)  (smoent -

meTa”on/xmopodopm (1:400)). U3 wmermnuaenrugantouna 5 (184 wmr, 0.98 mmonb) u
nukionentaguena (201 mr, 3.04 mmonb) momywyanu coeauHenue 64a (202 mr, 81%) u

coeaunenue 64b (22 mr, 9%) B Bue OeIbIX MU OJI€THO-KEITHIX KPHCTAIIHYECKUX BEIIECTB.



(18* 25*45%)-1'-@enuncnupo[buyuxno/2.2.1]cenman-2,4'-umudazonuoun]-5-en-2"5'-
ouon (64a): cnexrp H AMP (400 MI'u, CDCl3): 7.49-7.43 (M, 4H), 7.39-7.35 (M, 1H), 6.56
(mm, J1=3.1 T, J2=5.6 'y, 1H), 6.23 (a0, J1 = 3.0 I'y, J2 = 5.6 'y, 1H), 5.83 (yw. ¢, 1H), 3,09
(c, 1H), 3.06 (c, 1H), 2.46 (ax, J1 = 3.5 T, J2 = 12.3 ', 1H), 2.30 (x, J = 9.1 'y, 1H), 1.58-1.55
(m, 1H), 1.38 (mx, J1 = 3.5 Ty, J2= 12.3 'y, 1H). Cuexrp BC AMP (101 MI'u, CDCl3): 176.0,
155.0, 142.2, 132.8, 131.4, 128.6, 127.6, 125.8, 66.3, 51.9, 47.3, 42.2, 41.0. HRMS (ESI+) m/z
macca paccuntantas (CisHisN202, M+H): 255.1128, macca naiinennas (M+H) : 255.1131.

(18* 2R* 45%*)-1"-@enuncnupo[ouyurnof2.2.1]cenman-2,4"-umuoazonuoun]-5-en-2'5'-
ouon (64b): cmexktp H SIMP (400 MI'u, CDCls): 7.46-7.39 (m, 4H), 7.36-7.32 (M, 1H), 6.40
(mm, J1=3.1 T, J2=5.5Tu, 1H), 6.17 (ax, J1= 3.1 ', J2 = 5.7 ', 1H), 6.09 (ym. ¢, 1H), 3.10-
3.09 (m, 1H), 2.96-2.95 (m, 1H), 1.96-1.94 (m, 2H), 1.78-1.75 (m, 1H), 1.58-1.56 (m, 1H).
Cuextp 3C AMP (101 MI'u, CDCls): 174.7, 155.5, 139.7, 132.1, 131.8, 128.9, 128.0, 126.0,
66.4, 54.1, 49.4, 42.6, 42.0. HRMS (ESI+) m/z macca paccunrannas (CisHisN202, M+H):
255.1128, macca naiinennas (M+H): 255.1131.

(1S8*25%45*)-3"-Ayemun-1"-

lb(o . %N'AC Genuncnupofouyuxnof2.2.1]cenman-2,4"-umudazonuoun]-
Ac/N\[(N\© 0 N\’QO 5-en-2"5"ouon (65a) wu  (1S*2R*4S*)-3"-ayemun-1'-
° @ Genuncnupof[ouyuxnof2.2.1]cenman-2,4"-umudazonuoun]-
OCHOBHOV M30Mep muHopHoii naomep  I-€H-2"5" -ouon (65b) (amroent - xmopodopm). U3
MetuauaeHruaanTonHa 6 (87 mr, 0.38 mmons) u rukmonentaaueHa (201 mr, 3.04 mmonp) Obuta
HoJyueHa cMech coenuHenuit 65a u 65b B cootHomenun 78/22 (82 mr, 73%) B Buae OaemHO-
KOPUYHEBOTO MaCIa.
OcHnoBHoii m3omep 65a: ciektp ‘H SIMP (400 MI'u, CDCls): 8§ 7.52-7.34 (m, 5H), 6.52 (mn, J1
=3.1Tu, J2=5,4Tu, 1H), 6.02 (ux, J1= 2.8 ', J2= 5.4 T'u, 1H), 3.22-3.11 (M, 2H), 2.92-2.86
(M, 1H), 2.52 (c, 3H), 2.34-2.27 (m, 2H), 1.40-1.35 (M, 1H). Cnektp 3C SAMP (101 MIn,
CDCls): 6 174.4, 170.8, 154.3, 144.0, 133.1, 131.3, 129.3, 128.9, 126.7, 73.0, 57.0, 46.9, 44.1,
33.1, 28.5.
MunopHublii nzomep 65b: cnextp *H AMP (400 MI'u, CDCl3): 6 7.52-7.34 (m, 5H), 6.53-6.48
(M, 1H), 6.05-6.01 (m, 1H), 3.22-3.11 (M, 2H), 3.01 (c, 1H), 2.76 (a, J = 8.5 T'u, 1H), 2.64 (c,
3H), 1.72-1.67 (M, 1H), 1.52 (1, J = 8.5 T'y, 1H). Cnexrp *C AMP (101 MI', CDCl3): 8 172.7,
171.2,154.3, 141.9, 133.1, 131.2,129.2, 128.8, 126.5, 73.2, 57.0, 46.9, 44.3, 32.5, 28.4.
HRMS (ESI+) m/z macca paccuntannas (Ci7H17N203, M+H): 297.1239, macca HaitneHHast:

(M+H) : 397.1240.



Omun-(15*285*,45*)-2",5"-0uokco-1"-

Lb—(o + lI}NH Genuncnupo[ouyuxnof2.2.1]cenman-2,4"-
HN N
\[S]/ \Q 07N umuoazonuoun]-5-en-3'-kapooxcunam (66a) wu  smun

(18* 2R* 45%*)-2",5"-0uokco-1"-
OGHOBHOM UaoMep MUHOPHEIN 3OMED oy oy nenupo [6uyukno[2.2.1] cenman-2,4 -
umuoazonuoun]-5-en-3'-kapooxcunam (66b) (amoent - xnopodopm). V3 MeTniuaeHrn1aHTONHA
7 (99 wmr, 0.38 mmob) u nukioneHtaauena (201 mr, 3.04 MMoiis) cMech coeauHeHuit 66a u 66b
B cootHoueHuu 83/17 (103 mr, 83%) nonyyanu B BUse O6J1€HO-KEITOrO Macia.
OcHoBHoii n3omep 66a: ciekrp ‘H SIMP (400 MI'u, CDCls): 8 7.47-7.35 (m, 5H), 6.49 (mn, J1
=3.1Tu, J2=5.6 T'y, 1H), 6.06 (an, J1= 3.0 'y, J2= 5.6 I'u, 1H), 4.38-4.18 (m, 2H), 3.16 (c,
1H), 3.13 (¢, 1H), 2.66 (nx, J1=3.5T'w, Jo=12.4 I'u, 1H), 2.38-2.32 (m, 2H), 1.44-1.41 (M, 1H),
1.33 (1, J = 7.2 'y, 3H). Cnexrp 3C AMP (101 MI'u, CDCls): & 174.0, 151.9, 151.1, 144.0,
131.2,130.6, 129.1, 128.6, 126.5, 71.6, 63.6, 55.6, 47.3, 43.3, 35.9, 13.9.
MunopHbiii usomep 66b: cnexrp *H SIMP (400 MI'u, CDCls): & 7.47-7.35 (m, 5H), 6.50-6.46
(M, 1H), 6.07-6.04 (m, 1H), 4.38-4.18 (m, 2H), 3.16 (c, 1H), 3.10-3.04 (m, 1H), 2.52 (o, J = 8.9
I'u, 1H), 2.38-2.32 (M, 1H), 1.78 (un, J1= 2.4 T'n, Jo= 12.4 T'u, 1H), 1.53 (x, J = 8.8 'y, 1H),
1.38 (1, J = 7.1 'y, 3H). Cnexrp 3C AMP (101 MI'u, CDCls): & 172.4, 151.8, 151.1, 141.4,
133.0, 130.6, 129.0, 128.5, 126.4, 72.2, 63.7, 56.0, 49.0, 43.7, 34.3, 14.1.
HRMS (ESI+) m/z macca paccuutannas (CigHioN20s, M+H): 327.1339, macca HaiijneHHas:
(M+H): 327.1340.

(15*28*45*)-1"-Denun-3'-
lb_(o @Nﬁs mosuncnupo[ouyuxnof2.2.1]ecenman-2,4'-umuoazonuoun/-
X0
0“N

TS/N\[fN\@ 5-en-2"5"ouon (672) w  (I1S*2R*4S8*)-1"-¢penun-3'-
0

OCHOBHOW M30Mep MUHOPHBIA 3omep S-en-2",5"-0ouon (67b) (BJ'IIOGHT - XJ'IOpO(i)OpM). M3 130 mr

mosuncnupo[ouyuknof2.2.1]eenman-2,4"-umuoazonuoun]-

(0.38 mmonp) mermnuaeHruaantonHa 8 u 201 mr (3.04 MMonb) UMKIONEHTaIUMeHA Oblia
NoJIydeHa cMech coequHenuil 67a u 67b B coornomenuun 89/11 (141 mr, 91%) B Bunme OaemHO-
HKENTOro Maca.

OcnosHoli uzomep 67a: cnekrp ‘H SAMP (400 MI'u, CDCl3): 6 7.90-7.86 (M, 2H), 7.45-7.26
(M, 7H), 6.72 (mn, J1= 3.0 I'm, J2= 5.4 ', 1H), 6.31 (ux, J1=2.9 I'y, J2= 5.4 I'y, 1H), 3.21-3.16
(M, 2H), 2.70 (am, J1=3.2 T'u, Jo= 12.4 I'n, 1H), 2.47-2.43 (m, 1H), 2.42 (c, 3H), 2.32 (1, J=9.1
I'u, 1H), 1.49-1.45 (M, 1H). Cuexrp **C AMP (101 MI'u, CDCls): § 173.6, 152.6, 145.2, 144.3,
136.7, 132.3, 130.8, 129.5, 129.2, 128.9, 128.8, 126.3, 76.4, 56.6, 46.8, 43.6, 33.6, 21.8.



MunopubIii n3omep 67b: Cnexrp ‘H SIMP (400 MI'u, CDCls): § 8.01-7.97 (M, 2H), 7.45-7.26
(M, 7H), 6.50 (mn, J1= 2.8 T', J2= 5.4 I'u, 1H), 5.99 (nn, J1= 2.9 'y, Jo= 5.3 I'u, 1H), 3.27 (c,
1H), 3.21-3.16 (m, 1H), 3.06-2.99 (m, 2H), 2.44 (c, 3H), 1.92 (, J1 = 2.2 Ty, J2= 12.6 T, 1H),
1.71 (a,J = 9.2 I'u, 1H).

HRMS (ESI+) m/z macca paccunrtannas (C22H21N204S, M+H): 409.1217, macca HaiiieHHast:
(M+H) : 409.1212.

Tpem-o6ymun-(1S* 28*,48*)-2",5"-0ouokco-1"-
lb_(o . @N’Boc Genuncnupofouyuxnof2.2.1]cenman-2,4"-umudazonuoun]-
>~o

BOC/N\[( 5-en-3"-xkapbokcunam (68a) u mpem-6ymui-
o)
(1S* 2R* 45%)-2" 5"-0uoxco-1'-gpenuncnupo
OCHOBHOI M3OMep muHopHeld usomep  [Hyyukaof2.2.1]eenman-2,4'-umuoazonuoun]-5-en-3'-

kapboxcunam (68b) (amroent - xmopodopm). M3 109 mr (0.38 MMoIIb) METHIIMACHIHAaHTONHA 9
u 201 mr (3.04 mMMoIp) HUKJIONCHTaIMCHA ObLIa MOJyYeHa cMech coenuHeHui 68a u 68b B
cootHomeHuu 85/15 (98 mr, 73%) B Buae 0€10ro KPUCTAUTHISCKOTO BEIISCTRA.

OcHoBHoii m3omep 68a: ciekrp ‘H SIMP (400 MI'u, CDCls): & 7.48-7.36 (m, 5H), 6.50 (mm, J1
=3.1Tn, J2=5.4Tnu, 1H), 6.10 (ax, J1=2.9 T, J2=5.4 ', 1H), 3.18 (c, 1H), 3.13 (¢, 1H), 2,71
(wm, J1= 3.4 T, Jo=12.3 T', 1H), 2.38-2.32 (M, 2H), 1.53 (¢, 9H), 1.47-1.42 (m, 1H). Cniektp
1B3C AMP (101 MI'u, CDCls): & 174.5, 152.2, 149.7, 144.3, 131.4, 130.9, 129.2, 128.6, 126.6,
84.4,71.4,55.6,47.4,43.4, 35.8.

Munopublii nzomep 68b: cnextp *H AMP (400 MI'u, CDCl3): 6 7.48-7.36 (m, 5H), 6.51-6.47
(m, 1H), 6.11-6.06 (m, 1H), 3.20-3.06 (m, 3H), 2.45 (n, J = 8.8 T'u, 1H), 2.38-2.32 (m, 1H), 1.81-
1.75 (m, 1H), 1.58 (c, 9H).

HRMS (ESI+) m/z macca paccunuranHas (C2oH23N20s, M+H): 355.1652, macca HaiijieHHas:
(M+H): 355.1652.

(1S8*25*45%)-2"5"-0uoxco-N, 1"
,CONHPh ,
L% oughenuncnupo[ouyurnof2.2.1]cenman-2,4"-
PhHNOC” \[( \© umuoazonuoun]-5-en-3'-kapooxcamuo (70a) u
(18* 2R* 45%)-2",5"-0uoxco-N, 1
OCHOBHOI M30OMEp M””°p“b'“ wsomep  gughenuncnupo[ouyuxno[2.2.1]cenman-2,4"'-
umuoazonuoun]-5-en-3'-kapoorxcamuo (70b) (amoent - xmopodopm). M3 117 mr (0.38 mmosnb)
meTmaeHruaaaTonda 11 u 201 mr (3.04 MMonb) HUKIONEHTaAUEHA OblIa MOTY4YeHa CMECh

coequnenunii 70a u 70b B coornomennn 80/20 (120 mr, 85%) B BHE CBETIIO-KENTOTO Maca.



OcnosHoli nzomep 70a: cnexrp ‘H SIMP (400 MI'u, CDCls): § 10.02 (ym. ¢, 1H), 7.55-7.35
(m, 9H), 7.13 (M, 1H), 6.64 (aa, J1 = 3.0 'y, J2 =5.6 T', 1H), 6.15 (an, J1 = 2.9 T, Jo = 5.6 T'y
1H), 3.23-3.17 (m, 2H), 3.14 (an, J1 = 3.4 T, J2 = 12.2 Ty, 1H), 2.41-2.34 (m, 2H), 1.44 (m,
1H). Cuexrp 3C SIMP (101 MI'u, CDCls): 6 174.0, 155.5, 148.4, 144.0, 136.8, 130.2, 128.9,
128.6, 128.6, 126.2, 124.0, 120.0, 72.6, 56.4, 46.4, 43.4, 33.4.

Munopublii nsomep 70b: ecmexrp 'H SIMP (400 MI'y, CDCls): § 10.16 (ymu. ¢, 1H), 7.55-7.35
(M, 9H), 7.13 (M, 1H), 6.54-6.50 (M, 1H), 6.10-6.07 (m, 1H), 3.23-3.17 (m, 3H), 2.35 (M, 1H),
2.40-2.36 (m, 1H), 1.85-1.80 (m, 1H).

HRMS (ESI+) m/z macca paccunutanHas (C22H20N303, M+H): 374.1499, macca naiinennas
(M+H): 374.1497.

(1S*28* 45%)-1"-¢henun-2'-

ﬂb{o %NH muokcocnupo[ouyuxnof2.2.1]2cenman-2,4"-
o N\A\ S

HN\[(N\Q umuoazonuoun]-5-en-5"-on (71a) (3:110€HT - XI0pOhopM)
s

u (1S* 2R* 4S*)-1"-penun-2"-
OCHOBHOI M3omep MUHOpHBIN 3omMep  myoxcocnupo[ouyuxnof2.2.1]eenman-2,4'-
umuoazonuoun]-5-en-5"-on  (71b)  (smoentr -  wmeranon/xnopodopm  (1:400)). U3

MeTmmaeHTHornaanronra 12 (200 mr, 0.98 MMounb) u riukinonenTaauena (201 mr, 3.04 MMoIb)
noaydanu coenunerue 71a (209 mr, 79%) u coenunenue 71b (22 mr, 8%) B Buae O€bIX WM
OJICTHO-XKENTHIX KPUCTAJUIMYCCKUX BEILIECTB.

(1S* 28* 45%*)-1"-@enun-2'-muoxcocnupo[ouyuxno/2.2.1 ] cenman-2,4"-umuoazonuoun]-5-
en-5"-on (71a): cnektp *H AMP (400 MI'u, CDCl3): 7.74 (yu. ¢, 1H), 7.54-7.44 (m, 3H), 7.37—
7.34 (m, 2H), 6.61 (ax, J1=3.1 Ty, J2=5.6 ', 1H), 6.28 (1, J1=2,9 T'y, J2=5,6 ', 1H), 3.18
(c, 1H), 3.10 (¢, 1H), 2.44 (nn, J1=3.4 ', Jo=12.4 T'n, 1H), 2.27 (1, J = 9.2 ', 1H), 1.60-1.56
(m, 1H), 1.50 (mm, J1 =3.5 T, J2 =12.4 'y, 1H). Coextp 3C AMP (101 MI'u, CDCls): 181.9,
176.8, 142.8, 133.2, 132.9, 129.1, 129.0, 128.3, 69.6, 52.7, 47.3, 42.5, 41.0. HRMS (ESI+) m/z
macca paccuntaras (C1sHisN202S, M+H): 271.0900, macca naiinennas (M+H) : 271.0897.

(1S* 2R* 45%*)-1'-@enun-2'-muoxcocnupo[ouyuxno[2.2. 1] cenman-2,4'-umuoazoruoun] -
5-en-5"-on (71b): cmexrp H SAMP (400 MI'u, CDCls): 8.54 (ym. ¢, 1H), 7.52-7.42 (M, 3H),
7.35-7.32 (m, 2H), 6.44 (nn, J1=3.0 ', J2=5.6 T'y, 1H), 6.16 (o, J1= 3.1 'y, J2= 5.5 'y, 1H),
3.13 (¢, 1H), 3.07 (c, 1H), 2.07 (mx, J1 =3.6 Ty, Jo=12.6 ', 1H), 1.92 (ax, J1= 2.6 ', Jo= 12.6
T, 1H), 1.79-1.77 (m, 1H), 1.71 (x, J = 9.4 T, 1H). Cnexrp 3C AMP (101 MI'u, CDCls):
181.7, 175.2, 140.4, 132.9, 131.5, 129.1, 129.0, 128.3, 69.2, 53.9, 49.5, 42.9, 41.3. HRMS
(ESI+) m/z macca paccunrannas (C1sH1sN202S, M+H): 271.0900, macca naiinennas (M+H) :
271.0903.



(18* 28*4S5%)-1"-(2-¢pmopgherun)-2'-

ﬁb{o A?NH muoxcocnupo[ouyuxno[2.2.1]ecenman-2,4'-
o N\A\ S
o

HNYN\Q umuoazonuoun]-5-en-5"-on (72a) (omroeHT -
S

OCHOBHOW nsomep MVIHOprlVl n3omep muOKCOCﬂMpO[6u1/;uKJZO[2.2. 1] ZeﬂmaH'2,4"

xjaopodopm) u  (1S* 2R*45*)-1"-(2-pmoppenun)-2'-

umuoazonuoun]-5-en-5-on  (72b)  (dmoenr -  meraHoi/xiaopodopm  (1:400)). U3
meTrmaeHTrHoruaanrornna 13 (218 mr, 0.98 mmois) u mukionentaauena ( 201 mr, 3.04 MMoIIb)
nonydanu coequrenue 72a (201 mr, 71%) u coenunenue 72b (20 mr, 7%) B Buae OebIX WIH
OJICTHO-XKENITHIX KPUCTAJUIMYCCKUX BEILIECTB.

OcHoBHOIi u3omep 72a: cuextp *H SIMP (400 MI'u, CDCls): § 7.49-7.47 (m, 1H), 7.39-7.35
(M, 1H), 7.31-7.25 (m, 3H), 6.65-6.62 (m, 1H), 6.33-6.27 (m, 1H), 3.23-3.19 (m, 1H), 3.12 (c,
1H), 2.51-2.45 (c, 1H), 2.28-2.26 (m, 1H), 1.61-1.59 (m, 1H), 1.54-1.48 (m, 1H). Cnektp *C
SAIMP (101 MTI', CDCl3): (nBa Habopa curnanos aiast C(Ar)-N — poramepos) & 180.9 (¢, C+C"),
175.9 (¢), 175.8 (c), 157.6 (un, J = 244.7 I'u, C+C"), 142.5 (c), 142.4 (¢), 132.9 (n, J = 18.1 I'n,
C+C’), 1311 (n, J = 7.7 T), 131.0 (n, J = 7.9 I'r), 130.5 (c), 130.4 (¢), 124.2 (1, J = 4.0 T'my),
124.1 (n,J = 3.9 Tn), 120.4 (1, J =12.9 T'y, C+C’), 116.3 (1, J = 19.5 I'y), 116.2 (1, J = 19.5 I'r),
69.6 (c), 69.5 (c), 52.6 (c), 52.2 (c), 46.9 (c), 46.8 (c), 42.2 (c), 42.1 (c), 40.6 (c), 40.2 (c).
HRMS (ESI+) m/z macca paccuntannas (CisH14FN2OS, M+H): 289.0805. macca HaiijieHnHas:
(M+H) : 289.0801.

Munopubiii uzomep 72b: cnexrp *H SIMP (400 MI'u, CDCls): 8.68 (ymr. ¢, 1H), 7.53-7.42 (M,
1H), 7.42-7.33 (m, 1H), 7.33-7.19 (m, 2H), 6.45 (a1, J1= 3.0 T'y, J2= 5.7 'y, 1H), 6.17 (un, J1=
32T, J2=5.8T'n, 1H), 3.17-3.12 (m, 1H), 3.12-3.07 (m, 1H), 2.11-2.04 (m, 1H), 1.93 (11, J1 =
2.7Tu, Jo=12.2Tn, 1H), 1.86-1.69 (M, 2H). Cnextp 3C AMP (101 MI'u, CDCls): (18a HaGopa
curnainoB st C(Ar)-N — poramepos) 6 181.2 (c), 181.1 (c), 174.6 (c), 174.5 (c), 158.0 (n, J =
253.4 T'm), 157.9 (0, J = 251.2 T'm), 140.6 (c¢), 140.5 (¢), 131.6 (c), 131.5 (¢), 131.4 (n, J = 7.9
I'm), 131.3 (a1, J = 7.9 T'm), 130.9 (¢), 130.8 (¢), 124.5 (1, J = 3.6 I'r), 124.4 (n, J = 3.6 '), 120.9
(m, J =13.0 I'm), 120.8 (n, J = 13.0 I'x), 116.7 (x, J = 19.4 T'x), 116.6 (x, J = 19.4 I'r), 69.6 (c),
69.5 (¢), 54.2 (¢), 53.7 (c), 49.5 (¢), 49.4 (¢), 43.0 (c), 42.9 (c), 41.5 (c), 40.9 (c). °F AMP (376
MIn, CDCls): 6 -119.05 (ddd, J1=4.9 'y, Jo=7.2 ', J3= 9.7 '), -119.56 (ddd, J1=5.1 I'ny, J2
= 72 Ty, J3 = 9.7 T'm). HRMS (ESI+) m/z macca paccunrannas (CisH1sFN2OS, M+H):
289.0805. macca naiinenHas: (M+H) : 289.0808.



HN_ N
A \Q umuoazonuoun]-5-en-5"-on (73a) (3:110€HT - XI0pOHOPM)
S ¢l

C

(18* 25%*45%)-1"-(2-xnopghenun)-2'-
0
A?—( ll;NH muoxcocnupo[ouyuxno[2.2.1]cenman-2.4'-
o N\/QS
J°

u (1S* 2R* 45%*)-1"-(2-xnopghenun)-2"-
OCHOBHO# M30Mep MUHOPHBIA U3OMED 1111 01ccoCnupo [OUYUKILO [2.2.1]cenman-2.4'-
umuoazonuoun]-5-en-5-on  (73b)  (smoenr - meraHon/xiaopodopm  (1:400)). U3

MeTmaeHTrHoruaanronna 14 (234 mr, 0.98 MmMonb) u nukinonentaauena (201 mr, 3.04 MMob)
nonyyanu coenunenue 7/3a (203 mr, 68%) B Buae 0enoro KpUCTAJUIMYECKOTO BEIIECTBA.
MuHOpHBIN TPOAYKT MOXKHO OOHAPYXHTh B criekTpax SIMP peakiimoHHOlN cMecH, HO BBLACTUTH
€ro MperapaTuBHO HE YAAJIOCh.

OcnosHoli uzomep 73a: cnekrp H AMP (400 MI'u, CDCls): 7.79 (ym. ¢, 1H), 7.59-7.56 (m,
1H), 7.48-7.35 (m, 3H), 6.61-6.59 (m, 1H), 6.31-6.27 ( M, 1H), 3.25-3.20 (M M, 1H), 3.10 (c, 1H),
2.50-2.43 (c, 1H), 2.29-2.25 (m, 1H), 1.60-1.49 (M, 2H ). Cnextp *C SIMP (101 MI'u, CDCls):
(mBa Habopa curnanoB C(Ar)-N — poramepsi) 6 181.3 (C+C"), 176.4, 176.2, 143.0, 142.9, 133.5,
133.5, 133.4, 133.4, 131.4 (C+C"), 131.3 (C+(C"), 131.2 (C+C"), 130.5, 130.4, 127.8 (C+C"), 70.2,
70.1, 53.2, 52.4, 47.5, 47.4, 42.7, 42.6, 41.4, 40.5, HRMS (ESI+) m/z macca paccuuranHas
(C15H14CIN20S, M+H): 305.0510, macca naitnennas: (M+ H y: 305.0506.

(1S8*25%45%*)-2"-Tuokco-1"-(m-
o
ﬁb{ + %NH monun)cnupo/ouyuknof2.2.1]cenman-2.4"-
N
HN\[( \Q 07NTTS UMUOazonuoun]-5-en-5'- on (74a) (amoeHt - xmopodopm)
S Q

u (1S* 2R* 45%*)-2"-muokco-1'"-(m-
OCHOBHOI N30MEp MuHopHbii usomep  TMOAIUTL)cnupo [ouyuknof2.2. 1] cenman-2.4'-
umuoazonuoun]-5-en-5-on  (74b)  (omoent - meranon/xiaopodopm  (1:400)). U3

metuauaeHTrHornaanronna 15 (214 mr, 0.98 mmos) u nukinonentaguena ( 201 mr, 3.04 MMoIIb)
noxydanu coenuHenue 74a (223 wmr, 80%) u coenunenue 74b (22 mr, 8%) B Buae OebIX WU
0JICTHO-KENIThIX KPUCTAJUTHUECKUX BEIIECTB.

OcHoBHoii u3omep 74a: cnexrp H SAIMP (400 MI'u, CDCls): § 7.75 (yur. ¢, 1H), 7.42-7.38 (M,
1H), 7.28-7.26 (m, 1H), 7.16-7.14 (M, 2H), 6.61 (mn, J1=3.1T'n, J2=5.6 ', 1H), 6.28 (an, J1=
29T, J2=5.6 T, 1H), 3.17 (¢, 1H), 3.10 (¢, 1 H), 2.46-2.42 (m, 1H), 2.42 (¢, 3H), 2.27 (n, J =
9.2 I'y, 1H), 1.60-1.56 (M, 1H), 1.50 (nx, J1= 3.6 ', J2= 12.4 I'n, 1H). Cuexrp ¥C AMP (101
MTI'u, CDCl3): & 181.6, 176.6, 142.4, 138.8, 133.0, 132.4, 129.7, 128.5, 128.4,125.0, 69.2, 52.4,
46.9, 42.2, 40.5, 21.0, HRMS (ESI+) m/z macca paccuntannas (C16H17N20S, M+H) : 285.1056,
Macca HainenHas: (M+H): 285.1057.



MunopHubIii uzomep 74b: cnexrp 'H AMP (400 MI'u, CDCls): & 8.84 (ywm. ¢, 1H), 7.42-7.38
(M, 1H), 7.28-7.26 (m, 1H), 7.15-7.09 (m, 2H), 6.43 (o, J1= 3.0 ', Jo= 5.6 ', 1H), 6.16 (ax,
J1=3.1 T, Jo=5.7T'u, 1H), 3.11 (¢, 1H), 3.06 (¢, 1H), 2.41 (c, 3H), 2.07 (ax, J1= 3.6 Ty, Jo=
12.6 T'u, 1H), 1.90 (g, J1= 2.5 T, Jo = 12.6 ', 1H), 1.80-1.69 (M, 2H). Cnexrp *C AMP (101
MTI'u, CDClg): 6 181.4, 175.0, 140.1, 138.7, 132.4, 131.1, 129.6, 128.5, 128.4, 125.0, 68.9, 53.5,
49.1, 42.5, 40.9, 20.9. HRMS (ESI+) m/z macca paccuntannas (C1sH17N2OS, M+H): 285.1056,
Mmacca Hangennas: (M+H) : 285.1055.

(1S* 28* 45%*)-1'"-(3-memoxcugenun)-2-
o
Lb( + l%li muokcocnupo[ouyukaof2.2.1]2cenman-2.4"-umuoazonuoun/-
HN_ N s
\lsf \Q om N 5-en-5"-on (75a) (>m0enT - xM0podopm) u (1S* 2R* 45%)-
OMe :

MeO
OCHOBHOM M3oMep wuropHiii usomep [ OUYUK0[2.2.1]2enman-2.4'-umuoazonuoun]-5-en-5"-on

1'-(3-memoxcughenun)-2"-muoxcocnupo

(75b) (amroent - meranoa/xaopodopm (1:400)). U3 metunuaentuorunganronta 16 (229 mr, 0.98
MMOJIb) ¥ nukionenTaguena (201 mr, 3.04 Mmob) nmonydanu coeauuenue 75a (216 mr, 74%) u
coeaunenue 75b (17 mr, 6%) B Buze OeIbIX HIH OJI€IHO-KEITHIX KPHCTAIINYECKUX BEIIECTB.
OcHnoBHoii u3omep 75a: cnekrp *H AMP (400 MI'u, CDCls): § 7.93 (yur ¢, 1H), 7.44-7.39 (M,
1H), 7.02-6.99 (M, 1H), 6.95-6.92 (m, 1H), 6.88 (1, J = 2.2 T'u, 1H), 6.59 (nn, J1=3.1 Ty, J2=5.7
I'n, 1H), 6.26 (ax, J1= 3.0 I'u, Jo= 5.7 'y, 1H), 3.84 (c, 3H), 3.20 — 3.14 (m, 1H), 3.09 (c, 1H),
2.43 (nn, J1=3.5Tn, J2=12.3 T, 1H), 2.26 (1, J = 9.2 T'u, 1H), 1.59-1.55 (m, 1H), 1.49 (nx, J1 =
3.5, J2=12.4 'y, 1H). Cuekrp 2C AMP (101 MI'u, CDCl3): § 181.4, 176.4, 159.6, 142.3,
133.5, 133.0, 129.4, 120.2, 114.7, 113.7, 69.3, 55.1, 52.4, 46.8, 42.2, 40.5. HRMS (ESI+) m/z
macca paccuntanaas (C16H17N202S M+H): 301.1005, macca naiinennas: (M+H) : 301.1011.
MunopHblii uzomep 75b: cnexrp ‘H SAIMP (400 MI'u, CDCls): § 9.08 (ym. ¢, 1H), 7.42-7.37
(M, 1H), 7.02-6.93 (m, 2H), 6.89-6.84 (m, 1H), 6.43 (an, J1=3.1 T, J2=5.7 'y, 1H), 6.16 (nx,
J1=3.1Tu, J2=5.7 'y, 1H), 3.83 (¢, 3H), 3.10 (¢, 1H), 3.06 (¢, 1H), 2.07 (nn, J1=3.6 T'ny, J2 =
12.6 ', 1H), 1.89 (1, J = 12.6 T', 1H), 1.74 (¢, 2H). Cnexkrp *C AMP (101 MI'u, CDCl3): &
181.1, 174.9, 159.6, 140.2, 133.5, 131.1, 129.3, 120.1, 114.7, 113.7, 69.0, 55.1, 53.6, 49.2, 42.6,
40.8. HRMS (ESI+) m/z macca paccuutannas (C16H17N202S, M+H): 301.1005, macca
naiinennas: (M+H): 301.1008.



(18* 25*45%)-1"-(4-memoxcughenun)-2"'-
O
lb—/( . l%’}l muoxcocnupo[ouyuxno[2.2.1]ecenman-2.4'-
HN N S
b \©\0Me o umuoazonuoun]-5-en-5"-on (76a) (3M0€HT - XJI0podhopm)

u (I1S*2R* 45%)-1"-(4-memoxcugherun)-2"-muoxcocnupo

OMe

! !
OCHOBHO U30MEP wunoprsii maomep | OUMUKNO[2.2.1] 2enman-2.4"-umuoazonuoun]-5-en-5'"-ou

(76b) (amroent - merano/xaopodopm (1:400)). 13 metunuaentuoruganronta 19 (229 mr, 0.98
MMOJIb) 1 nukionenTaguena (201 mr, 3.04 Mmmob) nmonydanu coenuuenue 76a (229 mr, 78%) u
coeaunenue 76b (23 mr, 8%) B Buze OeIbIX HIIH OJIEHO-KEITHIX KPHCTAIIHUECKUX BEIIECTB.
OcHoBHoii u3omep 76a: cnexrp *H AMP (400 MI'u, CDCls): § 7.36 (yur ¢, 1H), 7.27-7.25 (M,
2H), 7.02-7.00 (m, 2H), 6.62 (an, J1= 3.1 ', J2= 5.6 ', 1H), 6.28 (ma, J1= 3.0 ', J2= 5.6 I'n,
1H), 3.85 (¢, 3H), 3.17 (¢, 1H), 3.11 (¢, 1H), 2.45 (an, J1= 3.5, Jo=12.4 'y, 1H), 2.28 (1, J =
8.7 T'u, 1H), 1.59-1.57 (M, 1H), 1.49 (ax, J1= 3.4 I'y, J2= 12.4 Ty, 1H). Cuexrp B*C SIMP (101
MTI'u, CDCl3): & 182.0, 176.7, 159.5, 142.4, 132.9, 129.0, 125.1, 114.0, 69.1, 55.1, 52.3, 46.9,
42.2, 40.6. HRMS (ESI+) m/z macca paccuurannas (CisHi17N20.S, M+H): 301.1005, macca
naiinennas: (M+H): 301.1006.

MunopHblii uzomep 76b: cnextp ‘H SIMP (400 MI'y, CDCls): 6 8.98 (ym. ¢, 1H), 7.29-7.18
(M, 2H), 7.06-6.96 (m, 2H), 6.43 (an, J1= 3.1 'y, J2=5.6 T', 1H), 6.15 (an, J1=3.1 T, J2=5.7
I'n, 1H), 3.84 (¢, 3H), 3.10 (¢, 1H), 3.05 (¢, 1H), 2.06 (nn, J1= 3.6 'y, Jo = 12.6 I'u, 1H), 1.93-
1.80 (m, 1H), 1.75 (¢, 2H). Cnextp 3C AMP (101 MI'y, CDCls): § 181.6, 175.1, 159.4, 140.2,
131.2,129.0, 125.1, 114.0, 68.9, 55.1, 53.5, 49.2, 42.6, 40.8. HRMS (ESI+) m/z macca
paccuutannas (C16H17N202S, M+H): 301.1005, macca naiinennas: (M+H): 301.1007.

Oo6mas npouenypa Peaxkuus Juibca-AJibaepa S-rajJjoreHMeTHIHIEeHTHIAHTONHOB
17, 18 ¢ mUKJIONIEHTATHEHOM.

K pactBopy 5-ranoreamerununenrunanronta (0.37 mmons) B opmo-xcunone (30 mor)
no6aBmsun  mUKJIoneHTaaueH (488 wr, 7.40 MMONb) W CMECh KHMSTHIM C OOpaTHBIM
XOJIOJIWJIBHUKOM B Te€ueHHE 13 4dacoB. 3aTe€M PEaKIMOHHYIO CMECh OXJIAXJaldu 10 KOMHATHOM
TEMIIEpaTypbl U pPACTBOPUTENh YINApPUBaJIUd B BaKyyMe€ BOAOCTpYMHOro Hacoca. OcTaTtok

OYHIIATIH KOJIOHOYHOM XpOMaTOI‘pa(l)I/ICI\/'I Ha CUJIHNKarcic.

H (18* 2S* 3R* 4R*)-3-0pom-1"-gpenuncnupo[ouyuxnof2.2.1]cenman-2.4'-
ﬁ%jg umuoazonuoun]-5-en-2"5"-ouon  (77)  (dmoent -  xjopodopm). U3
HN}rN\@ 5-Opommernnuaenruganronsa 22 (99 wmr, 0.37 MMoNb) W IUKIIONEHTAINCHA
° (488 mr, 7.40 mmonb) Obuto momydeHo coeaunenue 77 (79 wmr, 64%) B Buze

0esoro KpUCTAINIMYCCKOI'O BEIICCTBA.



Cuextp 'H AIMP (400 MI'u, CDCls): 8 7.53-7.34 (m, 5H), 6.52 (an, J1=3.0 'y, J2=5.8 I'n,
1H), 6.41 (w1, J1= 3.1 Ty, Jo= 5.8 Ty, 1H), 5.75 (yur. ¢, 1H), 4.75 (1, J = 3.4 T, 1H), 3.40-3.34
(v, 1H), 3.21-3.19 (m, 1H), 2.43 (1, J = 9.8 T, 1H), 1.86-1.79 (m, 1H). Cuexcrp 3C AMP (101
MTI'u, CDCls): 6 174.0, 154.6, 140.8, 135.2, 131.3, 129.1, 128.3, 126.1, 66.1, 58.1, 51.8, 49.5,
44.6. HRMS (ESI+) m/z macca paccunrtannas (C1sH14BrN20O2, M+H): 333.0233, macca
HarigenHas : (M+H): 333.0237.

H (18* 2S8* 3R* 4R*)-3-Hoo-1"-¢penuncnupo[ouyuxno[2.2.1]cenman-2.4"-
umuoazonuoun]-5-en-2"5"ouon  (78) (vmoent -  xmopodopm). U3
TFN\@ S-noagmernnunenruaanronna 23 (116 mr, 0.37 MMOab) M HMKIONEHTaIUEHA
(488 mr, 7.40 MmMoutb) mosrydanu coeauaenue 78 (52 mr, 37%) B Bujge 6enoro
KPHUCTaJLTAYECKOTO BEUIECTBA.
Cuextp 'H IMP (400 MI'u, CDCls): § 7.53-7.40 (m, 4H), 7.44-7.34 (m, 1H), 6.47 (g, J1= 3.0
', J2=5.8 T'u, 1H), 6.39 (an, J1=3.0 ', J2=5.8 ', 1H), 5.84 (¢, 1H), 4.73 (1, J = 3.2 'Ly,
1H), 3.38 (¢, 1H), 3.16 (¢, 1H), 2.50 (1, J = 9.8 ', 1H), 1.87 (a1, J1=1.9 ', J2= 9.8 ', 1H).
Cuextp 3C IMP (101 MI'u, CDCls): § 173.2, 154.2, 142.5, 134.7, 131.0, 128.7, 127.9, 125.7,
65.0, 50.2, 50.2, 45.4, 36.8. HRMS (ESI+) m/z macca paccuntannas (C1sH14IN202, M+H) :
381.0095, macca Haitnennas : (M+H) : 381.0095.

OO0mas meroguka peakunu Juibca-Anbaepa MeTHINIEHUMIAA30J10HOB 5, 12, 13,
15,16 u 18-20 ¢ 1,3-muKjaorekcagneHoM.

K pactBopy merunuaennmunasonona (0.49 mmons) u AlCIz wm Znl (0.49 mmons) B
kursieM xiopodopme (30 mir) gobasmsum 1,3-mmkinorekcaauer (196 mr, 2.45 MMoib) U cMech
KUISATHIIM ¢ OOpaTHBIM XOJOJWJIBHUKOM B TedeHHe 6 uacoB. 3aTeM pPEaKIHOHHYI0 CMECh
OXJIXKIAJIM 0 KOMHATHOM TemIeparyphl, CMeCh NMPOMBIBaIN Boaoi (15 mi) u ¢uibTpoBany.
Opraanyeckyto (azy cymmnn Haj 6e3BogHbM NaxSOas, GriIbTpoBaIM M yIapuBaid B BaKyyMe

BOJIOCTPYIHOTO Hacoca. OCTaTOK OYHINAIN KOJJOHOYHOW XpoMatorpadueit Ha CHIMKarese.

(1S* 28* 45%*)-1"-ghenuncnupo[6uyuxno/2.2.2] okman-2.4'-umuoazonuoun]-5-en-
4 P 2" 5-0uon  (79a) (omoent -  meraHoi/xiopodopm  (1:600)). U3

"NV P MetmmmaerrnanTonsa 5 (92 Mr, 0.49 mmoms), AlCI3 (65 wr, 0.49 Mmons) i 1.3

O
-rukJorekcaaueHa (196 wmr, 2.45 mmons) coemunenne 79a (21 wmr, 16%)
MOJTyYaJTH B BHJIE OETIOT0 KPUCTAUIMYECKOTO TBEPAOTO BEUIECTBA.
Cunektp *H AMP (400 MI'u, CDCl3): 6 7.53-7.32 (M, 5H), 6.58-6.54 (m, 1H), 6.37-6.33 (M, 1H),

5.52 (ymr. ¢, 1H), 2.83-2.79 (m, 2H), 2.42-2.30 (m, 1H), 2.26 (n, J1= 2.0 ', Jo = 13.6 T'my, 1H),



1.74-1.68 (m, 1H), 1.60 (ar, J1=2.4 ', J2=13.6 ', 1H), 1.35-1.20 (m, 2H), 1.16-1.12 (m, 2H).
Cuextp *C AMP (101 MI'u, CDCls): § 175.1, 154.8, 137.8, 131.7, 131.2, 129.0, 128.0, 126.1,
63.7, 39.7, 39.3, 30.2, 23.8, 18.5. HRMS (ESI+) m/z macca paccunrantas (C1eH17N202 M+H):
269.1285, macca narinennas: (M+H): 269.1273.

(IR* 2R* 4R*)-1"-Denun-2'-

ﬁ@_{o i%r\m muokcocnupo[ouyuxno[2.2.2] okm[5]en-2.4'-
Yoo N\A\ S

HN\[(N\Q umuoazonuounf-5"-on (80a) (smoeHt - xaopodopMm) u
s
(1S* 2R* 4S*)-1"-¢chenun-2'-

OCHOBHOM UaoMep MUHOPHLIN M3OMEP 111 occocnupo[6uyurino[2.2.2] oxm[5] en-2.4'-
UMUOA3Z0IUOUH] -5 "-0OH (80b) (amroeHT - METaHoJI/XJ10podopm (1:600)). U3
metuauaeHTHornganronna 12 (100 mr, 0.49 wmmonas), Znly (156 wmr, 0.49 mmons) u
1,3-muknorekcanuena (196 mr, 2.45 mmons) coenunenns 80a (75 mr, 54%) u coenqunenus 80b
(27 mr, 19 %) momy4danu B BUIE OCIIBIX WM OJIETHO-XKEJITHIX KPUCTALNTUICCKIX BEIICCTB.
Ocnogsnoli uzomep 80a: cnexrp ‘H SIMP (400 MI'u, CDCls): 6 7.60 (ym. ¢, 1H), 7.53-7.43 (m,
3H), 7.34-7.31 (M, 2H), 6.62-6.58 (M, 1H), 6.40-6.36 (M M, 1H), 2.87-2.86 (M, 2H), 2.38-2.32 (M,
1H), 2.21 (an, J1= 1.8 I'n, Jo=13.7 'y, 1H), 1.73-1.65 (m, 2H), 1.34-1.29 (M, 1H), 1.20-1.12 (m,
1H). Coextp 3C AMP (101 MI'u, CDCls): § 180.9, 175.2, 137.4, 132.5, 130.8, 128.7, 128.6,
127.9, 66.2, 38.6, 38.1, 29.6, 23.3, 17.4. HRMS (ESI+) m/z macca paccuutannas (C1sH17N20S,
M +H) : 285.1056, macca naiinennas: (M+H): 285.1057.

Munopubiii uzomep 80b: cnextp H AMP (400 MI'u, CDCls):  8.69 (ym. ¢, 1H), 7.52-7.43
(M, 3H), 7.33-7.31 (M, 2H), 6.48-6.44 (m, 1H), 6.34-6.30 (M, 1H), 2.83-2.82 (M, 1H), 2.77-2.76
(M, 1H), 2.07-2.03 (m, 1H), 1.99-1.95 (m, 1H), 1.78 (ax, J1=2.7 I't, Jo=13.5T';, 1H), 1.48-1.32
(v, 3H). Cuexrp *C AIMP (101 MI'u, CDCls): 6 181.2, 175.5, 134.8, 132.4, 130.4, 128.7,
128.6, 127.9, 65.6, 38.4, 37.8, 29.2, 22.4, 21.0. HRMS (ESI+) m/z macca paccuntaHHas
C16H17N20S, M +H) : 285.1056, macca naiigennas: (M+H) : 285.1055.

(IR* 2R* 4R*)-1"-(2-¢pmopghenun)-2'-
ﬁ@o i%NH muoxcocnupo[ouyukno[2.2.2] oxm[5]en-2.4'
"o N\A\ S
J’

HNWN\Q umuoasonuoun]-5"-on (81a) (smroeHT - xymopodopm) H
S F

OCHOBHOI M30MEp mMuHOpHbI n3omep  MUOKcochupo[ouyuxno[2.2.2] okm/[5] en-2, 4'-

(1S* 2R* 45%)-1"-(2-¢pmopghenun)-2"-

UMUOA30MUOUH] -5 "-0H (81b) (smr0€HT - METaHOJI/XJ1I0podopm (1:600)). Us

meruauaeHTroruganronna 13 (109 wmr, 0.49 wmmomas), Znly (156 wmr, 0.49 mmons) u



1,3-tukorekcagauena (196 mr, 2.45 mmons) coenunenns 8la (65 mr, 44%) u coenqunenus 81b
(22 mr, 15 %) momy4danu B BUAE OCIIBIX WK OJIETHO-XKENTHIX KPUCTATUICCKIX BEIIECTB.
OcHoBHoii uzomep 8la: cnexrp H AMP (400 MI'u, JJIMCO-d6): (18a HaGopa cUTHAIIOB IS
C(Ar)-N — poramepsr) 6 10.60 (ymr. ¢, 1H), 10.59 (ym. ¢, 1H’), 7.53-7.26 (M, 4H+4H"), 6.47-6.44
(M, IH+1H"), 6.34-6.29 (m, IH+1H"), 2.91-2.90 (m, 1H’), 2.78-2.77 (M, 1H+1H"), 2.67-2.66 (m,
1H), 2.16-2.08 (m, 1H+1H"), 2.02 (mn, J1= 2.0 T';, Jo= 13.5 'y, 1H), 1.95 (am, J1= 2.0 Ty, J2 =
13.5 I'y, 1H'), 1.55 (m, J = 13.5 I'u, 1H+1H'), 1.55-1.46 (m, 1H+1H'), 1.22-1.18 (m, 1H+1H"),
1.02-0.98 (m, 1H+1H"). Cnektp 3C AMP (101 MI'u, AMCO-d6): (nBa HaGopa CHIHANIOB ISt
C(Ar)-N — poramepsr) & 179.7 (¢, C"), 179.6 (c, C), 175.7 (¢, C"), 175.6 (c, C), 157.8 (1, J = 250.0
I'u, C), 157.5 (n, J = 250.0 'y, C"), 136.0 (¢, C+C"), 131.9 (¢, C), 131.7 (1, J = 12.0 I'u, C+C"),
131.6 (¢, C"), 131.5 (1, J = 8.1 T'u, C), 131.3 (n, J = 8.1 T'u, C), 124.8 (1, J = 3.7 I'u, C'), 124.7
(m,J=8.1Tu, C+C"), n, J = 3.7 ', C), 116.1 (1, J = 19.3 T';, C+C’), 66.4 (c, C), 66.3 (c, C),
38.5 (¢, €), 38.3 (¢, C", 37.8 (¢, C), 37.5 (¢, C"), 29.4 (¢, C"), 29.3 (c, C), 23.2 (¢, C'), 23.1 (c, C),
18.1 (¢, C"), 18.0 (¢, C). °*F SIMP (376 MI'u, AMCO-d6): & -120.01 (auu, J1=5.4 Ty, Jo=7.6
I'm, J3=10.1 '), -121.56 (ddd, J1=5.4 ', Jo= 7.6 ', J3=10.2 I'n). HRMS (ESI+) m/z macca
paccunranHas (C1e6H16FN2OS, M+H): 303.0962, macca naiinennas: (M+H) : 303.0957.
MunopHubiii uzomep 81b: cexrp H AMP (400 MI'u, AMCO-d6): & 11.00 (ymr. ¢, 1H), 7.52-
7.26 (M, 4H), 6.37-6.33 (M, 1H), 6.20-6.16 (M, 1H), 2.80-2.55 (M, 2H), 2.03-1.97 (m, 1H), 1.91-
1.64 (m, 3H), 1.23-1.21 (M, 1H), 1.13-1.10 (M, 1H). Cuexrp **C SIMP (101 MI'u, IMCO-d6):
(mBa Habopa curnanos s C(Ar)-N — poramepsr) 6 180.7 (c), 180.6 (c), 176.1 (c), 176.0 (c),
158.2 (1, J = 249.8 I'nr), 158.0 (1, J = 249.8 T'nr), 135.3 (¢), 135.2 (¢), 132.2 (1, J = 15.1 T'ny,
C+C”),131.9 (n,J=7.9T), 131.8 (1, J =7.9'r), 131.7 (c), 131.5 (¢), 125.2 (n, J = 3.6 T'm),
125.1 (n, J = 3.6 I'y), 121.5 (1, J = 12.6 T'y, C+C’), 116.6 (1, J = 19.4 T'n), 116.5 (1, J = 19.4 '),
66.4 (c), 66.3 (¢), 38.9 (c), 38.3 (c), 37.9 (¢), 37.8 (¢), 29.6 (c), 29.5 (¢), 22.7 (¢, C+C"), 21.3 (c),
21.2 (¢). HRMS (ESI+) m/z macca paccunrannas (C1e6Hi6FN2OS, M+H): 303.0962, macca
naiinennas: (M+H): 303.0963.

(IR* 2R* 4R*)-2"-Tuoxco-1"-(m-

ﬂ@_{o ﬁ%NH monun)cnupo[ouyurnof2.2.2] oxm[5] en-2.4'-
WS

HN\[( N\Q umuoazonuounf-5"-on (82a) (dmroeHt - xmopodopm) u
° /@ (1S8* 2R* 45%*)-2"-muoxco-1'"-(m-
OCHOBHOI U3oMep MUHOPHeIZ u3omMep  monuit)cnupo[ouyukaof2.2.2]okm[5] en-2,4'-
UMUOA30MUOUH] -5 "-0H (82b) (smr0€HT - METaHOJI/XJ1I0podopm (1:600)). Us

metuauaeHTrHoruganronna 15 (107 wmr, 0.49 wmmoms), Znly (156 wmr, 0.49 mmons) u



1,3-mukorekcaauena (196 mr, 2.45 mmons) coenunenus 82a (88 mr, 60%) u coemqunenus 82b
(37 wr, 25 %) onmydanu B BUAE OCIBIX WM OJIETHO-XKENTHIX KPUCTALTUICCKIX BEIIECTB.
OcHoBHoii uzomep 82a: cekrp ‘H AMP (400 MI'u, IMCO-d6): § 10.39 (ym. ¢, 1H), 7.35-
7.31 (m, 1H), 7.23-7.21 (m, 1H), 7.09-7.05 (M, 2H), 6.48-6.44 (m, 1H), 6.33-6.30 (M, 1H), 2.82-
2.75 (m, 2H), 2.32 (¢, 3H), 2.18-2.13 (m, 1H), 1.96 (x, J = 13.7 I'u, 1H), 1.52-1.49 (M, 2H), 1.28-
1.24 (m, 1H), 1.00-0.95 (M, 1H). Cnextp *C SIMP (101 MI'u, IMCO-d6): 180.8, 176.5, 138.6,
136.4, 133.9, 132.2, 129.8, 129.7, 128.9, 126.5, 66.4, 38.7, 38.2, 29.9, 23.6, 21.2. HRMS (ESI+)
m/z macca paccuutannas (C17H19N20S, M+H): 299.1213, macca naiigennas: (M+H) :299.1212.
Munopubiii uzomep 82b: cnexrp ‘H AMP (400 MI'y, JIMCO-d6): & 10.84 (ymr. ¢, 1H), 7.34-
7.31 (m, 1H), 7.22-7.20 (m, 1H), 7.07-7.03 (M, 2H), 6.36-6.32 (M, 1H), 6.18-6.16 (M, 1H), 2.72-
2.69 (M, 2H), 2.31 (¢, 3H), 2.03-1.98 (M, 1H), 1.80-1.71 (m, 2H), 1.66-1.63 (M, 1H), 1.28-1.24 (M,
1H), 1.15-1.08 (M, 1H). Ciekrp 3C AMP (101 MI'u, AMCO-d6): 181.4, 176.5, 138.5, 135.1,
133.9, 131.8, 129.8, 129.6, 128.9, 126.5, 65.9, 38.2, 29.7, 22.7, 21.3, 21.2. HRMS (ESI+) m/z
macca paccuntantas (C17H1oN20S, M+H): 299.1213, macca Haitnennas: (M+H) : 299.1213.

(IR* 2R* 4R*)-1'"-(3-memoxcugpenun)-2'-

@o ﬁ%,}l muokcocnupo[ouyurnof2.2.2] okm[5] en-2.4"-umuoazonuoun]-
0PNTS

HN\H/N (> ' 5"-on (83a) (smroeHT - xyopodopm) u (1S*2R*4S*)-1'-(3-
S
OMe

MeO
OCHOBHO/ M3OMEP muropHeli usomep 4y yiydazonudun]-5"-on (83b) (amoeHT - MeTaHOI/XI0pOhOpPM

memoxkcugpenun)-2'-muoxcocnupo[ouyuxnof2.2.2]okm/[5] en-2,

(1:600)). 13 metunuaentrornaantonna 16 (115 mr, 0.49 mmoss), Znl2 (156 mr, 0.49 MMmosb) 1
1,3-tukorekcaauena (196 mr, 2.45 mmons) coenunenus 83a (78 mr, 51%) u coemunenus 83b
(32 mr, 21 %) nomyyanu B Bujie OCNBIX HIIA OJIETHO-KEIIThIX KPUCTAITHYECKUX BEIIECTB.
OcHnoBHoii u3omep 83a: cuextp *H AMP (400 MI'u, CDCls): § 7.67 (yur ¢, 1H), 7.42-7.38 (M,
1H), 6.99 (nn, J1= 2.4 T'u, Jo= 8.4 I'u, 1H), 6.92-6.90 (m, 1H), 6.86 (c, 1H), 6.60-6.56 (m, 1H),
6.38-6.35 (M, 1H), 3.83 (¢, 3H), 2.84 (¢, 2H), 2.37-2.32 (m, 1H), 2.19 (n, J =125 Ty, 1H), 1.71-
1.64 (M, 2H), 1.34-1.29 (m, 1H), 1.19-1.12 (M, 1H). Cuekrp 3C SAIMP (101 MI'u, CDCl3):
180.8,175.2, 159.8, 137.4, 133.4, 130.8, 129.3, 120.1, 114.7, 113.7, 66.2, 55.0, 38.6, 38.1, 29.6,
23.4., 17.4. HRMS (ESI+) m/z macca paccuntannas (Ci17H19N20.S, M+H): 315.1162, macca
naiinennas: (M+H) : 315.1162.

Munopubiii uzomep 83b: cnexrp ‘H AMP (400 MI'u, CDCls): § 8.93 (ym. ¢, 1H), 7.41-7.37
(M, 1H), 6.99-6.96 (M, 1H), 6.91-6.85 (m, 1H), 6.86-6.83 (M, 1H), 6.47-6.43 (m, 1H), 6.33-6.30
(M, 1H), 3.83 (¢, 3H), 2.82-2.76 (M, 2H), 2.05-1.96 (M, 2H), 1.80-1.76 (M, 1H), 1.68-1.62 (M,

1H), 1.43-1.26 (M, 2H). Criekrp 3C AMP (101 MI'u, CDCls): 181.6, 175.4, 159.5, 134.8, 133.4,



130.4, 129.3,120.1, 114.7, 113.7, 65.7, 55.0, 38.4, 37.8, 29.2, 22.4, 21.1. HRMS (ESI+) m/z
macca paccuntanras (C17H1oN202S, M+H): 315.1162, macca naiigennas: (M+H) : 315.1162.

(IR* 2R* 4R*)-1'-(4-Xnoppenun)-2'-
ﬂ@_«o ﬂ%NH muoxcocnupo[ouyuxno[2.2.2]okm/[5]en-2.4'-
HN\[(N\Q\CI ’ o N)§ S umuoasonuounf-5"-on (84a) (dmr0eHT - XIopodopm) u
(1S* 2R*45%*)-1"-(4-xnopghenun)-2'-
Cl muoxcocnupo[ouyuxno[2.2.2]okm/[5]en-2, 4'-

eHaRHoi naowep HHHOPHET aOMEP UMUOAZ0MUOUH] -5 "-0H (84b) (smroeHT -
MeTaHo/xmopodopm (1:600)). 13 metmwmaentruoruaanronna 18 (117 mr, 0.49 mmons), Znl,
(156 mr, 0.49 mmons) u 1,3-nukitorekcanuena (196 mr, 2.45 mmons) coenquneHus 84a (86 wr,
55%) u coemunenuss 84b (31 mr, 20%) momy4anu B BuAE OCIbIX WM OJICTHO-KEITHIX
KPHUCTaJLTNYECKUX BEIICCTB.
OcnosHoli uzomep 84a: ciekrp ‘H SIMP (400 MI'u, IMCO-d6): & 10.46 (ymr ¢, 1H), 7.54-
7.51 (m, 2H), 7.36-7.34 (m, 2H), 6.47-6.43 (m, 1H), 6.32-6.29 (M, 1H), 2.86-2.84 (M, 1H), 2.76-
2.74 (M, 1H), 2.16-2.13 (m, 1H), 1.98 (1, J = 11.9 I'u, 1H), 1.52-1.48 (m, 2H), 1.19-1.13 (m, 1H),
1.00-0.94 (m, 1H). Cnextp *C SIMP (101 MI'u, IMCO-d6): 180.3, 176.3, 136.5, 133.6, 132.9,
132.1, 131.4 (2C), 129.1 (2C), 66.5, 38.7, 38.1, 29.9, 23.6, 18.5. HRMS (ESI+) m/z macca
paccuntannas (C16H16CIN20S, M+H): 319.0666, macca naiinennas: (M+H) : 319.0664.
Munopublii uzomep 84b: cnextp 'H SIMP (400 MI'u, AMCO-d6): § 10.90 (ym. ¢, 1H), 7.52-
7.50 (M, 2H), 7.33-7.30 (m, 2H), 6.36-6.32 (M, 1H), 6.19-6.15 (m, 1H), 2.75-2.70 (M, 2H), 2.02-
1.96 (m, 1H), 1.80-1.73 (M, 2H), 1.66-1.63 (m, 1H), 1.27-1.23 (m, 1H), 1.14-1.08 (M, 1H).
Cunextp BC SIMP (101 MI'u, IMCO-d6): 180.9, 176.3, 135.2, 133.4, 132.9, 131.8, 131.3 (2C),
129.1 (2C), 66.0, 38.2, 38.1, 29.7, 22.7, 21.3. HRMS (ESI+) m/z macca paccuutaHHas
(C16H16CIN20S, M+H): 319.0666, macca naiinennas: (M+H) : 319.0663.

(IR* 2R* 4R*)-1'"-(4-memoxcugpenun)-2'-
L@O ﬁ%NH muokcocnupo[ouyukno[2.2.2] okm[5]en-2.4"-
HN\[(N\Q\OM; o NA S umuoaszonuoun]-5'-on (85a) (amoeHT - xmopodopm) u
° © (1S* 2R*,45%)-1"-(4-memoxcugenun)-2"-muoxcocnupo

OMe [ouyukno[2.2.2]okm[5]en-2,  4'-umuoazonuoun/-5'-on

OCHOBHOM M30Mep MWHOPHbIN M30Mep

(85b) (smroent - metanos/xsopodopm (1:600)). U3
metunuaeHTroruganronna 19 (115 wmr, 0.49 wmmons), Znlx (156 wmr, 0.49 mmonb) u
1,3-tukorekcagauena (196 mr, 2.45 mmons) coenunenus 85a (77 mr, 50%) u coemqunenus 85b

(29 mr, 19 %) nonyyanu B BUuAE OENbIX WIH OJI€THO-KENTHIX KPUCTAIINYECKUX BEIIECTB.



OcnogsHoli uzomep 85a: cnekrp ‘H SIMP (400 MI'u, CDCls): 6 7.67 (ym. ¢, 1H), 7.24-7.22 (m,
2H), 7.01-6.99 (M, 2H), 6.60-6.56 (m, 1H), 6.38-6.35 (M, 1H), 3.84 (c, 3H), 2.84-2.82 (m, 2H),
2.38-2.31 (m, 1H), 2.18 (1, J = 13.7 I'y, 1H), 1.71-1.63 (m, 2H), 1.37-1.34 (m, 1H), 1.19-1.12 (m,
1H). Cuexrp BC SIMP (101 MI'u, CDCls): 181.3, 175.4, 159.4, 137.4, 130.8, 129.0, 125.0,
113.0, 66.1, 55.1, 38.6, 38.1, 29.6, 23.3, 17.4. HRMS (ESI+) m/z macca paccumranHas
(C17H19N202S, M+H): 315.1162, macca Haitnennas: (M+H) : 315.1159.

MuHopHbIii u3omep 85b: cnexrp *H AMP (400 MI'u, CDCls): & 8.57 (ymu. ¢, 1H), 7.23-7.21
(m, 2H), 7.00-6.98 (M, 2H), 6.47-6.43 (M, 1H), 6.34-6.30 (M, 1H), 3.84 (c, 3H), 2.82-2.76 (m,

1H), 2.75-2.74 (m, 1H), 2.05-1.94 (m, 2H), 1.79-1.75 (m, 1H), 1.66-1.63 (m, 1H), 1.42-1.34 (M,
2H). Cnextp 3C AIMP (101 MI'y, CDCls): 182.1, 175.8, 159.4, 134.8, 130.4, 129.0, 125.0,
113.9, 65.5, 38.5, 37.8, 29.3, 22.3, 21.0. HRMS (ESI+) m/z macca paccuntantas (C17H19N202S,
M-+H): 315.1162, macca naiigennas: (M+H) : 315.11509.

(IR* 2R* 4R*)-1"-(2.6-Jumemungpenun)-2"'-
@o i%NH muoxcocnupo[ouyukno[2.2.2] oxm[5]en-2.4'-
HNTNﬁ oo N)§S umuoazonuoun]-5"-ooun (86a) (smoeHT - XJI0pOhOpM) H
° \©/ (1S* 2R* 45%*)-1"-(2.6-0umemunghernun)-2"'-

OCHOBHOY M3oMep MUHOPHBI M3OMEP 10, o ccocnupo [buyurao[2.2.2] okm[5] en -2.4"-
UMUOAZOMUOUH] -5 "-0H (86Db) (371F0CHT - METaHOJI/XJ10podopm (1:600)). U3
metmuaentruoruaanronna 20 (114 wmr, 0.49 wmmoms), Znlx (156 wmr, 0.49 wmmonb) u
1,3-muknorekcaguena (196 mr, 2.45 mMons) coenunenns 86a (67 mr, 44%) u coenqunenus 86b
(22 mr, 15%) nony4anu B Bue OenbIX WU OJ€IHO-KENTHIX KPUCTAININYECKUX BELIECTB.
OcnosHoli nzomep 86a : cnexrp ‘H SIMP (400 MI'u, CDCls): & 8.38 (ym. ¢, 1H), 7.30-7.25 (M,
1H), 7.19-7.16 (M, 2H), 6.57-6.51 (m, 1H), 6.40-6.34 (m, 1H), 2.84-2.79 (m, 2H), 2.39-2.34 (m,
1H), 2.21 (c, 3H), 2.20-2.15 (m, 1H), 2.12 (c, 3H), 1.72-1.65 (m, 2H), 1.31-1.25 (m, 1H), 1.18-
1.12 (M, 1H). Cuexrp 3C AMP (101 MI'u, CDCl3): § 180.2, 175.1, 137.2, 136.4, 136.1, 131.0,
130.7,129.3, 128.1, 128.0, 66.5, 38.4, 38.3, 29.6, 23.3, 17.5. HRMS (ESI+) m/z macca
paccuntanHas (C1gH2:N20S, M+H): 313.1369, macca naitnennas: (M+H) : 313.1370.
MunopHublii uzomep 86b : cnexrp 'H IMP (400 MI'u, CDCls): 6 9.38 (ymr. ¢, 1H), 7.28-7.25
(M, 1H), 7.18-7.15 (m, 2H), 6.47-6.43 (M, 1H), 6.35-6.32 (M, 1H), 2.84-2.82 (M, 1H), 2.76-2.74
(M, 1H), 2.21 (¢, 3H), 2.10 (c, 3H), 2.08-2.00 (m, 2H), 1.82-1.78 (M M, 1H), 1.68-1.61 (M, 1H),
1.43-1.27 (M, 2H). Cuexrp 3C AIMP (101 MI'u, CDCls): § 181.1, 175.3, 136.5, 136.1, 134.8,
130.5, 130.4, 129.2, 128.0, 66.1, 38.2, 38.1, 29.2, 22.5, 21.2, 17.3, 17.5. HRMS (ESI+) m/z
macca paccuntanas (C1gH2:N20S, M+H): 313.1369, macca Haiigennas: (M+H) : 313.1367.



Oo6mas meroauka peakuuu JInibca-Ajbaepa MeTHIHIEHUMHIA30JI0HOB 5-7 1 11-21
¢ 2,3-TUMeTHI0YTA/INEHOM.

K pacrBopy Merminaennmuaazonona (0.27 mmons) u AlCIlz wu Znlz (0.27 mmonb) B
kumsmeM xjaopodopme (15 mia) moGamsum 2,3-TUMETUIIOYTAIMEH W CMECh KHUIBITHIIH C
0o0paTHBIM XOJIOIUJIBHUKOM B TeueHuEe 6 4acoB. 3aTeM PEaKIMOHHYIO CMECh OXJIaKIalIU J0
KOMHATHOW TeMIIepaTypbl, CMECh MPOMBIBATH BOMOH (15 Mn) u ¢punpTpoBau. OpraHUYecKyro
¢azy cymmnu Hag 6e3BoaHbIM NaxSOs, GUIbTpOBaIN U yrapuBaid B BaKyyMe BOJOCTPYHHOTO

Hacoca. OcTtaTok Ooyuiajin KOJIOHOYHOM xpOMaTorpa(bHeﬁ Ha CUJIMKareie.

7,8-Humemun-3-gpenun-1,3-ouazacnupof4.5] dey-7-en-2,4-ouon (87) (3mroeHT -
/@(‘3 metanos/xmopodopm (1:200)). U3 merunumenumugaszonona 5 (51 mr, 0.27
HNEN\Q mmoib), AICI3 (36 mr, 0,27 mMonb) u 2,3-numerwinoyraauena (108 mr, 1.35
MMOJIb), coeauHenue 87 (34 wmr, 47%) moaydanu B BHIEC OJICAHO-)KEITOTO
KPUCTAJTUIECKOTO TBEPIOTO BEIIECTBA.
Cunekrtp H AMP (400 MI'u, CDCls): & 7.48-7.42 (m, 4H), 7.38-7.34 (M, 1H), 6.46 (ym. ¢, 1H),
2.75 (n, J =17.1 T', 1H), 2.20-2.18 (M, 2H), 2.12-2.06 (M, 1H), 2.03-1.98 (M, 1H), 1.83-1.80 (M,
1H), 1.66 (c, 6H). Cnexrp 3C AMP (101 MI'u, CDCls): 6 175.3, 155.2, 131.3, 128.5, 127.6,
125.6, 124.9, 121.5, 60.3, 39.2, 29.4, 27.3, 18.7, 18.3. HRMS (ESI+) m/z macca paccuntanHas

(C16H19N202, M+H) : 271.1441, macca Haiinennas : (M +H): 271.1439.

1-Ayemun-7,8-0umemun-3-gpenun-1,3-ouasacnupo[4.5] oey-7-en-2,4-ouon (88)
o (@mroeHT - meranoa/xaopodopm (1:200)). U3 metunuaennmumazonona 6 (62
\[(])/NIN\Q mr, 0.27 mmons), AlCl3 (36 mr, 0.27 mmonb) u 2,3-aumetnin0yranuena (108 mr,
1.35 mmonb), coenunenue 88 (37 mr, 44%) monyvanau B BUIE OJICTHO-XKEITOTO
Mmacia.
Cunektp ‘H AMP (400 MI'u, CDCl3): & 7.50-7.46 (m, 2H), 7.41-7.35 (m, 3H), 3.24 (m, J = 17.3
I'm, 1H), 2.98-2.91 (m, 1H), 2.63 (c, 3H), 2.58-2.51 (m, 1H), 2.15-2.07 (m, 2H), 1.78 (am, J1=6.0
', J2=13.0 T'n, 1H), 1.70 (¢, 3H), 1.67 (c, 3H). Cuiextp 3C AMP (101 MI'u, CDCls): § 172.4,
170.1, 153.2, 130.7, 129.3,128.9, 126.6, 125.8, 120.5, 65.0, 34.9, 28.8, 27.4, 19.0, 18.9. HRMS
(ESI+) m/z macca paccumrannas (CigsH21N203, M+H): 313.1547, macca naiinennas: (M+H):
313.1541.

/@(o Omun-1,8-oumemun-2,4-ouoxco-3-¢penun-1,3-ouazacnupof4.5] oey-7-en-1-
Y \© kapbokcunam (89) (BblmeIeH B CMECH C HCXOAHBIM THAAHTOMHOM [ C

HCIIOTh30BaHUEM xjopodopma B KadecTBe AJIIOCHTA). U3



merunuaenumugazomona 7 (70 wmr, 0.27 wmmons), AIClz (36 wmr, 0.27 mmoms) u 2,3-
numeruioyraauena (108 mr, 1.35 mmons), coequnenue 89 (77 mr, 33% no manueiv ‘H SIMP
CIEKTpa) TIOJTyYald B BUJIE OJICHO-KEITOTO MACIa.

Cunextp *H AMP (400 MI'u, CDCl3): § 7.51-7.49 (M, 2H), 7.41 — 7.38 (m, 3H), 4.38 (x, ] = 7.1
I'u, 2H), 3.14 (1, J = 17.4 T'u, 1H), 2.80 (m, 1H), 2.56 (M, 1H), 2.20 (n, J = 17.4 T'u, 1H), 2.11 (™,
1H), 1.86 (M, 1H), 1.70 (c, 3H), 1.68 (c, 3H), 1.40 (1, J = 7.1 T, 3H). HRMS (ESI+) m/z macca
paccuntanHast (C1oH23N204, M+H): 343.1652, macca naiinennas (M+H): 343.1646.

7,8-oumemun-2,4-ouoxco-N,3-ougpenun-1,3-ouazacnupo[4.5] oey-7-en-1-

o kapbokcamuo (90) (BblmesieH B CMECH C HCXOAHBIM TrujpaHTouHoM 11 ¢

PhHN\g/N\n/N© UCIIONIb30BaHEM MeTaHoia/ximopodopma (1:200) B kavecTBe amroeHTa). U3

© merrauaenumuaaszonona 11 (83 mr, 0.27 mmons), AlCI3 (36 mr, 0.27 MMOJIB)

u 2,3-numetundyranuena (108 mr, 1.35 mmons), coequnenue 90 (81 mr, 29% no naHHBIM H
SIMP cnexTpa) nosyyanu B BUJie OJ€AHO-KENTOro Macia.

Cunextp 'H SIMP (400 MI'u, CDCl3): § 10.44 (c, 1H), 7.56-7.49 (m, 4H), 7.49 — 7.39 (m, 3H),

7.39-7.31 (m, 2H), 7.13 (m, 1H), 3.48 (1, J = 17.2 Ty, 1H), 3.13 (m, 1H), 2.60 (m, 1H), 2.23 (x, J

=17.3 T, 1H), 2.15 (m, 1H), 1.90 (M, 1H), 1.73 (¢, 3H), 1.70 (¢, 3H). HRMS (ESI+) m/z macca

paccuntannas (C23H24N303, M+H): 390.1812, macca Haiinennas (M+H): 390.1807.

7,8-Tumemun-3-penun-2-muoxco-1,3-ouasacnupo[4.5] oey-7-en-4-on (91)

0 (amtoeHT - xsopodopm). U3 metumuaeaumuazonona 12 (55 mr, 0.27 Mmmons),

HN\H/"‘\Q Znly (86 mr, 0.27 mmonb) u 2,3-aumerwioyraauena (108 mr, 1.35 Mmoinb)

® coequaenue 91 (71 wmr, 92%) momydanu B Buae O€IOro KPHCTAUITMYECKOTO

TBEP/IOTO BEIIECTBA.

Cuextp ‘H SIMP (400 MI'u, CDCls): 8 7.75 (yur ¢, 1H), 7.53-7.43 (M, 3H), 7.34-7.32 (m, 2H),

2.74 (n,J =17.1 T'u, 1H), 2.24-2.22 (m, 2H), 2.11-2.05 (m, 2H), 1.93-1.89 (M, 1H), 1.70 (c, 6H).

Cnextp C SAIMP (101 MI'y, CDCls): § 182.1, 175.7, 132.3, 128.8, 128.7, 127.9, 125.1, 121.4,

63.3, 38.4, 29.1, 27.3, 18.7, 18.4. HRMS (ESI+) m/z macca paccunrtannas (C1eH19N20S, M+H):
287.1213, macca Harinennas: (M+H): 287.1213.

3-(2-@mopghenun)-7,8-oumemun-2-muokco- 1,3-ouazacnupo[4.5] oey-7-en-4-

0 on (92) (amoeHT - xmopodopm). U3 merunuaenumugazonona 13 (60 mr, 0.27
HN\H/N\Q MMoJb), Znlz (86 mr, 0.27 mmonb) u 2,3-mumerminOyraauena (108 mr, 1.35
S F

MMouib) coeauberne 92 (69 wmr, 84%) monydyand B BHJE CBETIIO-XKEITOTO

KPUCTAINIMYECKOTI'O TBEPAOro BEMICCTBA.



Cunextp H AMP (400 MI'u, AMCO-d6): § 7.97-7.96 (M, 1H), 7.49-7.46 (m, 1H), 7.36-7.22 (m,
3H), 2.74 (1, J = 17.1 T, 1H), 2.21 (c, 2H), 2.13-2.07 (m, 2H), 1.96-1.91 (v, 1H), 1.68 (c, 6H).
Cunextp BC AMP (101 MI'u, IMCO-d6): (1Ba naGopa curnanos aus C(Ar)-N-poramepos) &
181.2 (c), 181.1 (¢), 175.6 (c, C+C"), 131.5 (n, J = 7.9 T'u, C+C"), 131.0 (c), 130.9 (c), 125.6 (c),
125.5 (c), 124.7 (¢, C+C"), 121.9 (1, J = 14.6 'y, C+C'), 120.8 (¢, C+C"), 117.1 (1, J =194 I'ny,
C+C'"), 64.2 (c), 64.1 (c), 39.0 (c), 38.5 (c), 29.8 (c), 29.3 (¢), 27, 7 (¢), 27.6 (c), 19.1 (c, C+C"),
18.8 (¢, C+C"). HRMS (ESI+) m/z macca paccuutannas (CisHisFN20OS, M+H): 305.1118, macca
HarinenHas: (M+H): 305.1120.

3-(2-Xnopghpenun)-7,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] oey-7-en-4-
/@(C’ on (93) (amoeHT - xa0podopm). M3 merunuaenumugasonona 14 (64 mr, 0.27

HN\I(N MMoJIb), Znlz (86 mr, 0.27 mmonb) u 2,3-mumernndyraauena (108 mr, 1.35
> ol MMmoub) coequnenue 93 (61 mr, 71%) monydanu B BHAE CBETJIO-XKEITOTO
KPHUCTAJUTMIECKOTO TBEPIOTO BEIICCTRA.

Cunekrtp 'H SIMP (400 MI'u, CDCls): & 7.84-7.82 (m, 1H), 7.57-7.56 (m, 1H), 7.45-7.41 (M, 2H),
7.37-7.33 (m, 1H), 2.75 (1, J = 17.1 T'u, 1H), 2.22 (¢, 2H), 2.14-2.09 (M, 2H), 2.01-1.91 (m, 1H),
1.68 (¢, 6H). Cunextp *C SIMP (101 MI'u, CDCl3): (uBa maGopa curnamos mus C(Ar)-N-
potamepos) 6 182.2, 181.9, 175.4 (C+C"), 133.5, 133.4, 131.2, 131.1, 131.1 (C+C"), 130.8, 130.8,
130.5 (C+C"), 127.7, 127.7, 125.5, 125.4, 121.9, 121.7, 64.2 (C+C"), 39.1, 38.4, 29.9, 29.3, 27.6,
27.5, 19.1, 19.0, 18.9, 18.8, HRMS (ESI+) m/z macca paccunrtantas (Ci1sH1sCIN20S, M+H):

321.0823, macca Haitnennas: (M +H): 321.0827.

7,8-/[umemun-2-muoxco-3-(mema-monun)-1,3-ouazacnupo[4.5] oey-1-en-4-
/@(O on (94) (amoenT - xiopodopm). M3 mernnmuaeaunmuaazosiona 15 (59 wmr, 0.27
HN\n’N Mmodb), Znly (86 mr, 0.27 mmoins) u 2,3-mumerninoyraauena (108 mr, 1.35
S

MMOJb) coeauHeHue 94 (69 wmr, 85%) momywanum B BuHIe Oenoro
KPHUCTAUTHIECKOTO TBEPIOTO BEIIECTBA.
Cunekrtp H AMP (400 MI'u, CDCls): & 8.37 (ym. ¢, 1H), 7.41-7.36 (m, 1H), 7.27-7.25 (M, 1H),
7.13 (c, 2H), 2.72 (1, J = 16.8 I'y, 1H), 2.41 (c, 3H), 2.21 (c, 2H), 2.11-2.04 (M, 2H), 1.92-1.86
(m, 1H), 1.66 (c, 6H). Cnextp *C SIMP (101 MI'u, CDCls): § 182.2, 175.8, 138.7, 132.2, 129.6,
128.5, 128.4, 125.1, 125.0, 121.2, 63.4, 38.4, 29.1, 27.3, 18.6, 18.9, 18.9, 18.9. HRMS (ESI+)
m/z macca paccuutannas (C17H21N20S, M+H): 301.1369, macca naiinennas: (M+H): 301.1380.

3-(3-Memoxkcughenun)-1,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] oey-T-
/@(o ome €H-4-on (95) (amoeHT - xnopodopm). M3 metunuaennmuasonona 16 (63

hif mr, 0.27 mmonb), Znl2 (86 mr, 0.27 mmons) u 2,3-mumernnodyraguena (108



mr, 1.35 mmoins) coemaunerue 95 (67 mr, 79%) monydanu B BHIAC 0EIOr0 KPUCTALTHYSCKOTO
TBEPJIOTO BEIIECTBA.

Cuextp ‘H SAIMP (400 MI'u, CDCls): & 7.85 (ym. ¢, 1H), 7.40 (1, J = 8.1 ', 1H), 7.01-6.98 (M,
1H), 6.92-6.90 (m, 1H), 6.88 -6.86 (M, 1H), 3.83 (c, 3H), 2.74 (1, J = 17.0 T'u, 1H), 2.21 (c, 2H),
2.10-2.07 (m, 2H), 1.92-1.90 (M, 1H), 1.68 (c, 6H). Cnextp *C SIMP (101 MI'u, CDCl3): &
182.0, 175.6, 159.6, 133.3, 129.4, 125.1, 121.4, 120.1, 114.8,113.6, 63.3, 55.0, 38.4, 29.1, 18.7,
27.3. HRMS (ESI+) m/z macca paccunranHas (Ci7H2iN202S, M+H): 317.1318, wmacca
Harinennas: (M+H): 317.1317.

3-(4-@mopghenun)-1,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] oey-1-en-4-
/@(‘3 on (96) (amoenT - xaopodopm). U3 merununenumugazonona 17 (60 mr, 0.27

HN\[S]/N\Q\F MMoutb), Znlz (86 mr, 0.27 mmonb) u 2,3-auMertunodyraauena (108 mr, 1.35
MMmoutb) coenuHenne 96 (61 mr, 74%) monydyaau B BHJE CBETIO-KEITOrO
KPUCTAJTUIECKOTO TBEPIOTO BEIIECTBA.
Cunekrp H SIMP (400 MI'u, CDCls): § 7.99 (ym. ¢, 1H), 7.33-7.28 (m, 2H), 7.20-7.16 (M, 2H),
2.73 (1, J =17.2 T'u, 1H), 2.24-2.21 (m, 2H), 2.12-2.04 (m, 2H), 1.92-1.87 (M, 1H), 1.68 (c, 6H).
Cunextp 3C AMP (101 MI'u, CDCls): 8 181.9 (c), 175.6 (c), 162.2 (n, J = 249.2 I'n), 129.8 (x, J
=8.8 T, 2C), 128.2 (1, J = 3.1 T'y), 125.1 (¢), 121.3 (¢), 115.7 (m, J = 23.0 I'y, 2C), 63.3 (c),
38.4 (c), 29.1 (¢), 27.2 (c), 18.6 (c), 18.3 (c¢). HRMS (ESI+) m/z macca paccuntaHHas

(C16H18FN20S, M+H): 305.1118, macca Haiinennas: (M+H): 305.1125.

3-(4-Xnopgpenun)-1,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] dey-7-en-

/@(O 4-on (97) (amroeHT - xmopodopm). M3 metunuaennmumazonona 18 (64 mr,
HNTN\D\Q 0.27 mmodb), Znl2 (86 mr, 0.27 MmMoub) u 2,3-auMetuinoOyraaueHa (108 mr,
S 1.35 mmonb) coenunenue 97 (71 wmr, 82%) mosiyyanu B BHIE CBETIIO-
KEJITOr0 KPUCTAJUIMIECKOTO TBEPIOTO BEIIECTBA.

Cuextp ‘H SIMP (400 MI'u, CDCls): & 7.87 (yur ¢, 1H), 7.48-7.46 (m, 2H), 7.30-7.27 (m, 2H),
2.73 (n,J =17.0 I'u, 1H), 2.24-2.22 (m, 2H), 2.12-2.04 (M, 2H), 1.91-1.88 (M, 1H), 1.69 (c, 3H),
1.68 (c, 3H). Cuexrp C SIMP (101 MI'u, CDCls): & 181.6, 175.4, 134.7, 130.7, 129.2, 128.9,
125.1, 121.4, 63.3, 38.4, 29.1, 27.2, 18.6, 18.3. HRMS (ESI+) m/z macca paccunTanHas

(C16H18CIN20S, M+H): 321.0823, macca naiigennas: (M+H): 321.0828.

/@(o 3-(4-Memoxkcughenun)-1,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] oey-T-
HN N\©\ en-4-on (98) (amoeHT - xymopodopm). U3 mernnmaenumugaszonona 19 (63
\ISI/ oMe mr, 0.27 mmous), Znlz (86 mr, 0.27 mmons) u 2,3-auMetrnoyTaaneHa (108



mr, 1.35 wmmonb) coemumHenne 98 (75 wmr, 88%) modydanu B BHUAE CBETJIO-XKEITOTO
KPUCTAJNTMIECKOTO TBEPIOTO BEIIECTBA.

Cnekrp 'H SIMP (400 MI'u, CDCls): § 7.73 (ym. ¢, 1H), 7.27-7.22 (m, 2H), 7.01-6.99 (m, 2H),
3.85 (¢, 3H), 2.73 (1, J = 16.9 I'u, 1H), 2.23 (c, 2H), 2.12-2.07 (m, 2H), 1.91-1.87 (M, 1H), 1.69
(c, 3H), 1.67 (c, 3H). Cnextp BC AMP (101 MI'u, CDCl3): § 182.5, 175.9, 159.5, 129.0, 125.0,
124.9, 1215, 114.0, 63.1, 55.1, 38.4, 29.0, 27.2, 18.6, 18.3. HRMS (ESI+) m/z wmacca
paccunrtanHast (C17H2:1N202S, M+H): 317.1318, macca Haiinennas: (M+H): 317.1325.

3-(2,6-Jumemunchenun)-7,8-oumemun-2-muoxco-1,3-ouazacnupo[4.5] oey-1-
/@(0 en-4-on (99) (amroent - xaopodopm). M3 metunuaenumuaazonona 20 (63 mr,
HNTNﬁ 0.27 mmons), Znlz (86 wmr, 0.27 mmone) u 2,3-mumertnnoyraaueHa (108 wr,
S 1.35 mmostb) coenunenus 99 (58 mr, 68%) mosyvanu B BUIEC CBETIO-KEITOTO
KPHUCTaJLTAYECKOTO TBEPJIOTO BEIICCTBA.
Cunextp H SIMP (400 MI'u, CDCls): § 8.07 (ym. ¢, 1H), 7.30-7.26 (m, 1H), 7.18-7.16 (M, 2H),
2.77 (1, J = 16.6 T'u, 1H), 2.22 (¢, 2H), 2.17 (¢, 6H), 2.13-2.03 (M, 2H), 1.91-1.88 (M, 1H), 1.68
(c, 6H). Cnextp 3C AMP (101 MI'u, CDCls): 6 180.9, 176.1, 136.8, 136.7, 131.0, 129.8, 128.6,
125.6, 121.8, 64.1, 39.1, 29.7, 27.7, 19.2, 18.9, 17.9, 17.8. HRMS (ESI+) m/z wmacca
paccuntannas (C1gH23N20S, M+H): 315.1526, macca naiinennas: (M+H): 315.1530.

3-(3-Xnop-4-pmoppenun)-1,8-oumemun-2-muoxco-1,3-

/%:,Z(O ouazacnupo[4.5] oey-T-en-4-on (100)  (3moent - xmopodopm). U3
HN_ N meTrauaenumuaazonona 21 (69 mr, 0.27 mmons), Znly (86 mr, 0.27

\QZI\F MMoOub) U 2,3-numermnOyTaauena (108 mr, 1.35 mmons) coennnenne 100
(74 wmr, 81%) mony4anu B BUAE CBETIO-XKEITOTO KPUCTATUIMYECKOTO TBEPAOTO BEIIECTBA.
Cnexrp 'H SIMP (400 MI'u, CDCls): 6 8.10 (ym. ¢, 1H), 7.45-7.43 (m, 1H), 7.27-7.25 (m, 2H),
2.73 (m, J = 17.1 T'u, 1H), 2.24 (¢, 2H), 2.12-2.04 (m, 2H), 1.91-1.88 (m, 1H), 1.68 (c, 6H).
Cnexrp *C AMP (101 MI'u, CDCls): & 181.3 (c), 175.3 (c), 157.8 (1, J = 251.4 T'n), 130.4 (c,
2C), 128.6 (c), 128.0 (1, J = 7.9 '), 125.1 (¢), 121.6 (¢), 116.5 (n, J = 22.9 T'm), 63.4 (c), 38.3
(¢), 29.1 (c), 27.2 (c), 18.6 (c), 183 (c). HRMS (ESI+) m/z wmacca paccuuTaHHas

(C16H17CIFN20S, M+H): 339.0729, macca naiinennas: (M +H): 339.0736.

OO0mas MeToquka peakunu Juibca-Anbaepa MeTHJINIEHUMIIa30J10H0B 5, 12, 14-
16, 18 u 19 ¢ uzonpenom.
K pactBopy Mermmmaennmuaazonona (0.27 mmons) u AlIClz wmu Znlz (0.27 mmons) B

kursieM xjaopodopme (15 mir) mobasnsmm uzonped (92 mr, 1.35 MMoIb) U CMECh KHITSITHIIH C



00paTHBIM XOJOAUIBHUKOM B Te€UeHHE 6 4acoB. PeakIIMOHHYIO CMECh OXJIAX/IAJIM O KOMHATHOM
TEMIIepaTypbl, CMECh IPOMBIBAIIM BO10H (15 M) n punpTpoBanu. Opranuyeckyro ¢asy cymmim
Hax Oe3BomHbIM NaSOs ¢uabTpoBalv M ynapuBald B BaKyyMe BOJOCTPYHHOTO Hacoca.

OcTaTok ouMIaNK KOJIOHOYHOHM XpoMarorpadueil Ha cuinmkarese.

8-Memun-3-gpenun-1,3-ouazacnupo[4.5] oey-7-en-2,4-ouon (101a) (amroeHT -
@(o metanos/xiopodopm (1:400)). U3 merunuaenrupantouna 5 (51 wmr, 0.27
HN\n’N\© mmoib), AICIz (36 mr, 0.27 mmoas) u m3ompena (92 wmr, 1.35 mmounb)
° nonyuyanu coenunenue 101a (48 mr, 70%) B Bume 0e10ro KpUCTAIUIMYECKOTO
BEIIIECTBA.
Cunektp H SIMP (400 MI'u, CDCls): § 7.47-7.44 (m, 4H), 7.38-7.33 (M, 1H), 7.26 (ym. ¢, 1H),
5.43-5.37 (M, 1H), 2.75-2.69 (m, 1H), 2.18-2.06 (m, 4H), 1.88-1.82 (M, 1H), 1.68 (c, 3H).
Cuextp *C SIMP (101 MI'u, CDCl3): § 176.0, 156.1, 134.1, 131.8, 128.9, 128.0, 126.0, 116.8,
116.7, 59.8, 34.0, 29.7, 26.3, 23.2. HRMS (ESI+) m/z macca paccuutannas (CisH17N202,
M+H): 257.1290, macca naiinennas: (M+H): 269.1283.
8-Memun-3-ghenun-2-muokco-1,3-ouazacnupof4.5] oey-7-
@(O . 2 en-4-on  (102a) wu  7-memun-3-genun-2-muoxco-1.3-
HN\[S]/N\Q HN\Q/N\@ ouazacnupo[4.5]oey-7-en-4-on ~ (102b)  (omoent -
OCHOBHOV M3oMep muroprsin nsomep  XJIOpoopm). M3 mertmnuaentuorugantonna 12 (55 wr,
0.27 mmons), Znlz (86 mr, 0.27 mmonb) u u3onpena (92 mr, 1.35 MMonb) moiydanud cMech
coequaennii 102a u 102b B coornomenuu 87/13 (60 wmr, 82%) B BuAe Oemoro
KPHUCTaJUTHYECKOTO BEIIECTBA.
Ocnosnoii uzomep 102a: cnexrp ‘H SIMP (400 MI'u, CDCl3): & 8.26 (ywm. c, 1H), 7.53-7.43
(M, 3H), 7.34-7.32 (m, 2H), 5.45-5.43 (m, 1H), 2.75-2.70 (M M, 1H), 2.25-2.05 (m, 4H), 1.97-1.92
(m, 1H), 1.73 (¢, 3H). Cuextp BC SIMP (101 MI'u, CDCls): § 182.1, 175.9, 133.8, 132.3, 128.8,
128.7,127.9, 116.2, 62.3, 32.8, 28.9, 25.8, 22.9.
Munopubiii nzomep 102b: cnexrp *H AMP (400 MI'u, CDCls): & 8.19 (ym. ¢, 1H), 7.53-7.43
(M, 3H), 7.34-7.32 (M, 2H), 5.55 (¢, 1H), 2.75-2.70 (m, 1H), 2.25-2.05 (m, 4H), 1.97-1.92 (M,
1H), 1.73 (c, 3H).
HRMS (ESI+) m/z macca paccunrannas (CisH17N20S, M+H): 273.1056, macca HaiiieHHast:
(M+H): 273.1054.



3-(2-Xnopghenun)-8-memun-2-muoxco-1,3-
@«O cl . AQ/(O ¢l ouaszacnupo[4.5]oey-7-en-4-on (103a) u 3-(2-xnopghenun)-
HN\[(N HN\[rN 7-memun-2-muokco-1,3-ouazacnupo[4.5] oey-7-en-4-on
OCHOBHOI M3OMEp muroprbin nsomep  (103D) (s;mr0eHT - xjopohopm). U3
metuauaeHTrHorunaanronna 14 (64 mr, 0.27 mmons), Znlz (86 mr, 0.27 mmons) u uzonpena (92
mr, 1.35 mMoutb) noyuanu cmech coenunennid 103a u 103b B cootnomennu 94/6 (51 mr, 61%)
B BHJIE OCJIOT0 KPUCTAIITMYECKOTO BEIICCTBA.
Ocnosnoii nzomep 103a: cnexrp ‘H AMP (400 MI'u, CDCls): § 7.92 (ym. ¢, 1H), 7.57-7.55
(m, 1H), 7.47-7.40 (m, 2H), 7.36-7.35 (M, 1H), 5.47-5.45 (m, 1H), 2.77-2.72 (m, 1H), 2.32-2.12
(M, 4H), 2.07-1.96 (M, 1H), 1.74 (c, 3H). Cnextp *C AMP (101 MI'u, CDCls): (18a naGopa
curnanoB st C(Ar)-N-poramepos) 6 181.9, 181.8, 175.5, 175.4, 134.3, 134.2, 133.5, 133.4,
131.4,131.3, 131.0 (C +C"), 130.3 (C+C"), 127.7 (C+C"), 116.8, 116.8, 116.7, 116.7, 63.2, 63.1,
33.7,32.8, 30.2, 30.1, 26.2, 26.1, 23.2, 23.2.
Munopubiii uzomep 103b: cnexrp ‘H AMP (400 MI'u, CDCls): 8 7.92 (yw. ¢, 1H), 7.57-7.55
(M, 1H), 7.47-7.40 (m, 2H), 7.36-7.35 (m, 1H), 5.56 (¢, 1H), 2.77-2.72 (m, 1H), 2.32-2.12 (M,
4H), 2.07-1.96 (M, 1H), 1.74 (¢, 3H).
HRMS (ESI+) m/z macca paccunrtannas (CisHisCIN20S, M+H): 307.0666, macca HaiiieHHas:
(M+H): 307.0665.

8-Memun-2-muokco-3-(mema-monun)-1,3-
ouazacnupo[4.5]oey-7-en-4-on  (104a) wu T-memun-2-
HN\[(N\Q HN\[]/N\Q muokco-3-(mema-monun)-monun)-1,3-

ocHOBHOM UaoNEP WHOpHAIH W3OMEP ouaszacnupo[4.5]0ey-7-en-4-on  (104b)  (smoent -
xsopodopm). U3 metunmunentuorugantonsa 15 (59 mr, 0.27 mmons), Znl2 (86 mr, 0.27 MMoIIb)
u u3onpena (92 mr, 1.35 MMoIb) nosyvanu cMech coeinHeHuit 67a u 67b B cooTHomenuu 89/11
(49 wmr, 64%) B BHIe 6€TTOT0 KPUCTAJUIMYECKOTO BEIIECTRA.
OcHoBHoii uzomep 104a: cnekrp *H SIMP (400 MI'u, CDCl3): & 7.78 (ymu. ¢, 1H), 7.39-7.37
(m, 1H), 7.27-7.25 (m, 1H), 7.12-7.11 (m, 2H), 5.46-5.44 (m, 1H), 2.74-2.70 (m, 1H), 2.41 (c,
3H), 2.24-2.10 (m, 4H), 1.96-1.91 (m, 1H), 1.75 (c, 3H). Cnexrp 3C AMP (101 MI'u, CDCls): &
182.7,176.3, 139.2, 134.1, 132.6, 130.1, 128.9, 128.8, 125.3, 116.6, 62.6, 33.2, 29.3, 26.2, 23.2,
21.3.
Munopubiii nzomep 104b: cnexrp 'H AMP (400 MI'u, CDCl3): 6 7.72 (ywm. ¢, 1H), 7.39-7.37
(M, 1H), 7.27-7.25 (m, 1H), 7.12-7.11 (M, 2H), 5.56 (c, 1H), 2.74-2.70 (m, 1H), 2.41 (c, 3H),
2.24-2.10 (m, 4H), 1.96-1.91 (m, 1H), 1.75 (c, 3H).



HRMS (ESI+) m/z macca paccunrannas (CisH1oN20S, M+H): 287.1213, macca HaiiieHHast:
(M+H): 287.1212.

3-(3-Memoxcugenun)-8-memun-2-muoxco-1,3-
. ouazacnupo[4.5] 0ey-7-en-4-on (105a) u 3-(3-
HN\[(N\Q HN\H/N\Q Memokcugenun)-7-wemun-2-muoxco- 1,3-ouazacnupo
. m‘gh';"eep — maoljz:)e [4.5] dey-7-en-4-on (105b) (smroenT - xmopodopm). U3
metuauaeHTrHornaanronna 16 (63 mr, 0.27 mmons), Znlx (86 mr, 0.27 mmonb) u uzomnpena (92
mr, 1.35 Mmmouts) monyuanu cmech coenurenuit 105a u 105b B coorHormennu 90/10 (62 mr, 76%)
B BHUJIe 0OEJIOr0 KPUCTAILTHYECKOTO BEIIECTBA.
OcHoBHoii uzomep 105a: cniekrp *H SIMP (400 MI'u, CDCl3): & 7.77 (yuu ¢, 1H), 7.43-7.37
(M, 1H), 7.00 (nmm, J1=0.8 T'i, Jo=2.5T1, J3=8.4 T'y, 1H), 6.91 (mua, J1=0.8 T, Jo=2.5 T,
J3=8.4Tu, 1H), 6.87-6.85 (m, 1H), 5.46-5.45 (M, 1H), 3.83 (¢, 3H), 2.75-2.70 (m, 1H), 2.24-2.02
(M, 4H), 1.97-1.95 (m, 1H), 1.75 (¢, 3H). Cuextp 3C AMP (101 MI'u, CDCls): 8 182.4, 176.2,
160.0, 134.2, 133.7, 129.7, 120.5, 116.6, 115.1, 114.1, 62.8, 55.5, 33.2, 29.4, 26.3, 23.3.
Munopubiii uzomep 105b: cnexrp *H AMP (400 MI'u, CDClz): 8 7.73 (ym. ¢, 1H), 7.43-7.37
(M, 1H), 7.01-6.99 (m, 1H), 6.93-6.89 (m, 1H), 6.87-6.85 (M, 1H), 5.57-5.55 (M, 1H), 3.83 (c,
3H), 2.75-2.70 (m, 1H), 2.24-2.02 (m, 4H), 1.97-1.95 (M, 1H), 1.75 (¢, 3H).
HRMS (ESI+) m/z macca paccunrannas (CisH10N202S, M+H): 303.1162, macca HaiijeHHas:
(M+H): 303.1165.

@( 3-(4-Xnopghenun)-8-wemun-2-muokco-1,3-
P . ouazacnupo[4.5] oey-7-en-4-on  (106a) wu  3-(4-
HN\[]/N\©\0| HN\EN\Q\CI xnopghenun)-7-memun-2-muokco- 1,3-ouazacnupo
S

OCHOBHOM U3OMEP wopriii maomep 1 4-9]0ey=7-en-4-on (106b) (smoent - xmopodopm). U3z
metuauaeHTrHornaanronna 18 (64 mr, 0.27 mmons), Znl2 (86 mr, 0.27 mmonb) u u3omnpena (92
mr, 1.35 mMoutb) monydanu cmech coequHennii 106a u 106b B coornomenuun 87/13 (57 mr, 68%)
B BHJIE 0EJIOr0 KPUCTAJUTHYECKOTO BEIIIECTBA.
OcHoBHoii uzomep 106a: cnexrp *H SIMP (400 MI'u, CDCl3): & 7.70 (ymr. ¢, 1H), 7.48-7.45
(M, 2H), 7.31-7.30 (M, 1H), 7.29-7.28 (M, 1H), 5.46-5.45 (M, 1H), 2.74-2.70 (M, 1H), 2.24-2.06
(M, 4H), 1.97-1.92 (m, 1H), 1.76 (¢, 3H). Cniexrp 3C AMP (101 MI'u, CDCls): § 182.1, 175.9,
135.1, 134.1, 131.2, 129.6, 129.3, 116.5, 62.7, 33.2, 29.3, 26.2, 23.2.
MunopubIiii nzomep 106b: cnexrp ‘H AMP (400 MI'u, CDCls): § 7.65 (ymr. ¢, 1H), 7.48-7.45
(M, 2H), 7.31-7.30 (m, 1H), 7.29-7.28 (m, 1H), 5.57-5.56 (m, 1H), 2.74-2.70 (m, 1H), 2.24-2.06
(M, 4H), 1.97-1.92 (m, 1H), 1.76 (c, 3H).



HRMS (ESI+) m/z macca paccuntannas (CisHisCIN2OS, M+H): 307.0666, macca HaiineHHast:
(M+H): 307.0663.

3-(4-Memoxcughenun)-8-memun-2-muokco-1,3-

@(O . ouaszacnupo[4.5]oey-7-en-4-on ~ (107a) wu  3-(4-

HNINOOW HNIN\Q\OMe MemoKcugpenun)-7-memun-2-muoxco-1,3-ouazacnupo

OCHOBHOW M3oMep MUHOPHEI M3oMEp [4.5]0ey-7-en-4-on (107b) (pmoent - xmopodopm). W3

metunuaeHTrornaanrornna 19 (63 mr, 0.27 mmons), Znl2 (86 mr, 0.27 mmonb) u u3omnpena (92
mr, 1.35 mmouts) monyuanu cmech coequaenuit 107a u 107b B coorHomenunu 90/10 (58 mr, 71%)
B BHUJIe 0OEJIOr0 KPUCTAILTHYECKOTO BEIIECTBA.
OcnosHoli uzomep 107a: cnexrp ‘H AMP (400 MI'u, CDCls): & 7.66 (ym. ¢, 1H), 7.25-7.22
(M, 2H), 7.01-6.99 (M, 2H), 5.46-5.45 (m, 1H), 3.85 (¢, 3H), 2.74-2.70 (M, 1H), 2.23-2.10 (M,
4H), 1.96-1.91 (m, 1H), 1.75 (c, 3H). Cnexrp *C IMP (101 MI'u, CDCls): 6 183.0, 176.4,
159.9, 134.1, 129.4, 125.3, 116.7, 114.4, 62.5, 55.6, 33.2, 29.3, 26.2, 23.2.
Munopusbiii usomep 107b: cnexrp *H SIMP (400 MI'u, CDCl3): & 7.66 (ywm. ¢, 1H), 7.25-7.22
(M, 2H), 7.01-6.99 (M, 2H), 5.57-5.56 (M, 2H), 1H), 3.85 (¢, 3H), 2.74-2.70 (m, 1H), 2.23-2.10
(m, 4H), 1.96-1.91 (M, 1H), 1.75 (¢, 3H).
HRMS (ESI+) m/z macca paccuntannas (CisH10N202S, M+H): 303.1162, macca HaiijeHHas:
(M+H): 303.1158.

O0masi MeToAMKA CHHTe3a aJAYKTOB S-MeTHJIMIEHMMHAA30JI0HOB S5 m 12 ¢
NATHYJIEHHBIMH IeTepolHKIaMu (IPOU3BOAHBIMY (PypaHa U THO(DeHA)

AICIlz (1.5 5kB.) moGaBimsuii K pacTBOPY NSTHYWICHHOTO TreTepouukina (5 9KB.) B
IUXJIOpMETaHe MpH KOMHATHOW Temreparype. CMmech BbIIEpKHBalOT B TeueHne 30 CeKkyHI,
1ocjae 4Yero OJHOM Mopuueil [00aBisad pacTBOp METHWIMJACHUMHUAA3010H (1 9KB.) B
TUXJIOpMETaHe M CMeCh I[epeMEIIMBajIM B TEUEHHE JHSA. 3aTeM pPEaKIHOHHYI0 CMeCh
oOpabaTbIBaIi BOJOW, OTAESUTH opraHmdeckyro ¢azy m cymmian Hax NaxSOs, PactBop
(GWIBTpOBANN, PACTBOPUTENh OTTOHSUTM TPH TIOHI)KEHHOM JIABJICHWH, IEJIEBbIE IPOIYKTHI

BBIACIISIN METOJIOM KOJIOHOYHOM XpOMaTOI‘pa(I)I/II/I.

oh 5-(Dypan-2-un)-5-memun-3-penunumuoazoruoun-2,4-ouon  (109a) (smroeHr -

© N%O metanoi/xmopodopm (1:400)). U3 dypana 108 (90 mr, 1.33 mmomns), AlCI3 (53

X

4 mr, 0.41 mmoinb) u Mmetwuaenruaantonsa 5 (50 mr, 0.27 mmonbs) B 20 M

nuxjopMerana nomydanu npoaykt 109a (35 mr, 51%) B Buae 6e10ro WM CBETIIO-XKENTOTO

MOPOIIKA.



Cuextp H AMP (400 MI'u, AMCO-d6): 6 9.09 (ymr. ¢, 1H), 7.71 (n, J = 1.2 T'u, 1H),
7.50-7.46 (m, 2H), 7.42-7.36 (M, 3H), 6.59 (n, J =3.2 T'u, 1H), 6.49 (o, J1 = 1.9 ', J2 =3.3 'L,
1H), 1.78 (c, 3H). Cuexrp 3C AMP (101 MI'u, AMCO-d6): § 172.5, 154.5, 151.4, 143.7,
131.9, 128.9, 128.1, 126.8, 110.8, 108.4, 59.5, 21.5. HRMS (ESI+) m/z macca paccuutanHas
(C15H15N202S, M+H): 257.0921, macca Haiigernas (M+H): 257.0927.

Ph 5-(Dypan-2-un)-5-memun-3-penun-2-muoxcoumuoazorudun-4-on (115a) (amoeHt
ng;:/js - Metanos/xopodopm (1:400)). 13 dpypana 108 (167 mr, 2.45 mmois), AlCIs (101
\ o mr, 0.74 mmons) u metrauaeHTrHoruganronna 12 (100 mr, 0.49 mmons) B 40 mi
JMXJIOpMeTaHa monydanu npoaykT 115a (33 mr, 25%) B BHie KOPUYHEBOTO MOPOIIIKA.

Cuoextp H SIMP (400 MI'u, CDCl3): & 8.08 (ym. ¢, 1H), 7.54-7.45 (m, 4H), 7.37-7.34
(M, 2H), 6.46 (1, J =3.3 I'u, 1H), 6.40 (nn, J1 = 1.8 I'm, J2 = 3.3 I'u, 1H), 1.93 (¢, 3H). CnekTtp
13C AMP (101 MI'u, CDCls): 6 182.3, 172.2, 148.6, 143.4, 132.3, 129.0, 128.8, 127.9, 110.4,
108.1, 62.1, 21.4. HRMS (ESI+) m/z macca paccuntannas (CisHisN202S, M+H): 272.0619,
macca Haitnennas (M+ H): 271.0897.

Ph 5-Memun-5-(5-memunmuogen-2-un)-3-gpenurumudazonuoun-2,4-ouon (116a)

© NYO (ammroenT - Metano/xopodopm (1:400)). 13 2-metuntuodena 112 (240 wmr, 2.45
AN NH

\ g mmonb), AlICIz (101 mr, 0.74 mmoins) u MeTununeHrunanronsa 5 (92 mr, 0.49

mMMonb) B 40 mi muxiopMeraHa mnoiydanu npoaykt 116a (36 mr, 26%) B Bujae kEnTOro
MOPOUIKA.

Cunektp *H SIMP (400 MI'u, CDCl3): 8 7.49-7.43 (m, 2H), 7.40-7.34 (M, 3H), 6.96 (ym. ¢, 1H),
6.94 (1, J = 3.6 T'u, 1H), 6.68-6.66 (M, 1H), 2.46 (c, 3H), 1.92 (c, 3H). Cnextp *C AMP (101
MI'1, CDCls): 8 172.8, 155.1, 140.6, 139.4, 131.0, 128.7, 127.9, 125.8, 125.1, 124.5, 61.7, 25.2,
15.0. HRMS (ESI+) m/z macca paccunranHas (C1sHisN202S, M+H): 287.0849, macca
Haiinennas (M+ H): 287.0857.

Bh 5-((5-Memunghypan-2-un)memun)-3-genunumudazonuoun-2,4-ouon (117b)

© N%O (amroeHT - mertanodn/xmopodopm (1:800)). U3 2-merundypana 113 (201 mr,

NH
B 2.45 mmorb), AICIz (101 mr, 0.74 Mmoib) u MeTHIHIAeHTHAaHTOMHA 5 (92 M,

° 0.49 mmons) B 40 M auxsopMeTaHa monydanu npoaykt 117b (57 mr, 43%) B
BHJIE KEITOrO MOPOILIKA.
Cnexrtp 'H AMP (400 MI'u, CDCl3): § 7.49-7.43 (m, 2H), 7.40-7.34 (M, 3H), 6.20 (ym. ¢, 1H),
6.05 (n, J = 3.0 'y, 1H), 5.90-5.88 (m, 1H), 4.38 (mun, J1 = 0.9 I'n, J2 = 3.7 'y, J3 = 8.1 'y, 1H),

3.32 (mx, J1 = 3.7 ', Jo = 15.2 T, 1H), 3.06 (a1, J1 = 8.1 ', Jo = 15.2 I, 1H), 2.23 (c, 3H).



Cunekrp BC SAIMP (101 MI'u, CDCl3): 6 171.4, 151.9, 147.2, 138.0, 128.8, 128.7, 127.9, 125.7,
108.6, 106.0, 56.1, 30.4, 13.2. HRMS (ESI+) m/z macca paccunranHast (C1sH1sN20O3, M+H):
271.1077, macca naitnennas (M+ H): 271.1077.

4.5. ANKWIMpoOBaHNe U ALMJIMPOBaHUeE MPOAYKTOB peakiun Juiabca-Asbaepa

O01masi npoueaypa aIKHJINPOBaHUSI HMUIa30J10H0B 643, 71a, 80a, 80b, 91.

K pacrBopy nmumaazosona (0.27 mmons) u KoCO3 (1.5-3 3kB.) B aneronutpuiie (30 mi)
ankuaupoBanus 1o6asisuin areHT (Mel i PhCH2CI, 1-3 5kB.) 1 cMeCh KHISATHIM ¢ 0OpaTHBIM
XOJIOMMJIBHUKOM B T€YeHHE 8 4acoB (Ui MPOW3BOMHBIX T'MIAHTOWHA) WM MEPEMEIINBAIN B
TeyeHUue JHsA (I TPOM3BOIHBIX THOTHAAHTOWHA). PacTBOpUTENs yAalsii B BaKyyme
BOJOCTPYHHOrO Hacoca, OCTaTOK pacTBopsuii B XxJopodopme (20 i) u  3areM
orunbTpoBhIBaNK. [locne ynaneHus: pacTBOPUTEINIS B BAKyyMe BOJIOCTPYHHOIO HacOCa OCTaTOK

OoyHInaaIn KOJIOHOYHOM XpOMaTOFpa(I)HCﬁ Ha CHUJIHKarciec.

(1S* 28* 45%*)-3"-6enzun-1'-gpenuncnupo[ouyurno[2.2.1] cenman-2.4"-
4 P umuoazonuoun]-5-en-2"5"-ouon  (69a) (omoenr -  xmopodopm). U3
ph_/N\[(N\Ph MetuuaeHumuaazonona 64a (69 mr, 0.27 mmons), KoCOs (112 wmr, 0.81
° mmoib) u PhCH2CI (103 wmr, 0.81 mmons), coenunenune 69a (56 mr, 60%)
MIOJTY4aJId B BUJIC CBETIIO-)KEJITOIO Maca.
Cunextp ‘H SIMP (400 MI'u, CDCls): & 7.55-7.17 (M, 10H), 6.51-6.47 (M, 1H), 5.86-5.79 (m,
1H), 4.67 (n, J = 16.3 'y, 1H), 4.43 (1, J = 16.3 T', 1H), 3.11 (c, 1H), 3.00 (c, 1H), 2.61 (1, J =
9.0 'y, 1H), 2.30 (u, J1=3.7 T'n, J2=12.8 T', 1H), 1.62-1.42 (m, 2H). Cnexrp 23C AMP (101
MTI', CDCls): 6 175.8, 155.5, 140.3, 137.2, 133.6, 131.7, 128.5, 128.3, 127.5, 126.7, 126.2,
125.7, 69.1, 53.7, 47.8, 44.7, 41.6, 35.0. HRMS (ESI+) m/z macca paccuntannas (C22H21N202,

M+H): 345.1598, macca naitnennas: (M+H): 345.1600.

(18* 28*45%)-2"-(6ensunmuo)-1"-penuncnupo[ouyuxnof2.2.1]cenman-2.4'-

Ai(o umuoaszon]-5-en-5'(1'H)-ooun (118) (anroeHt - xsopodopm). M3 TnoruaantTonHa

NYN\Ph 71a (73 mr, 0.27 mmoms), KoCO3 (57 mr, 0.41 mmonb) u PhCH2CI (34 mr, 0.27

ph_/S MMoJIb) coeauHerne 118 (95 wmr, 98%) monydanm B BHIE CBETJIIO-XKEITOTO
aMop(HOTO TBEpJIOTO BEILECTBA.

Cunextp 'H SIMP (400 MI'u, CDCls): § 7.49-7.21 (m, 10H), 6.54 (an, J1= 3.1 T'u, Jo= 5.6 I'ny,

1H), 6.27 (ax, J1= 3.0 I'n, J2= 5.6 ', 1H), 4.36 (1, J = 13.0 T'y, 1H), 4.24 (n, J = 13.0 I'uy, 1H),

3.11 (c, 1H), 2.97 (¢, 1H), 2.37 (n, J = 8.5 ', 1H), 2.23 (ux, J1=3.5 ', J2 = 11.5 ', 1H), 1.57-

1.45 (m, 2H). Cnektp °C SIMP (101 MI'm, CDCls): & 184.0, 158.3, 138.4, 136.1, 135.0, 132.3,



129.0, 128.9, 128.4, 128.1, 127.2, 126.9, 77.3, 53.3, 46.1, 42.4, 39.1, 34.2, HRMS (ESI+) m/z
macca paccuntanas (C22H2:N20S, M+H): 361.1369, macca Haiinennas: (M+H): 361.1371.

(18* 28* 45%*)-2"-(memunmuo)-1'-¢penuncnupo[ouyuxno[2.2.2] okman-2,4'-
P umuoaszon]-5-en-5'(1'H)-ooun (119) (amoent - xmopodopm). M3 tHornganronna

NYN‘Ph 80a (77 mr, 0.27 mmoinb), KoCOsz (112 mr, 0.81 mmons) u Mel (58 wmr, 0.41

_S

MMOJb) monydanu coeauHenue 119 (72 wmr, 90%) B BHIE CBETIO-XKENTOTO
aMop(hHOT'0 TBEPIOTO BEIECTBA.

Cnexrp H SIMP (400 MI'u, CDCls): 8 7.49-7.40 (m, 3H), 7.30-7.26 (m, 2H), 6.51-6.48 (m, 1H),
6.45-6.39 (m, 1H), 2.81-2.78 (M, 1H), 2.48-2.45 (M, 1H), 2.46 (c, 3H), 2.40-2.33 (m, 1H), 1.96
(mm, J1=2.3 I', Jo=13.0 ', 1H), 1.76-1.69 (m, 1H), 1.62 (at, J1= 3.2 T'r, Jo = 13.0 I'r, 1H),
1.35-1.27 (m, 1H), 1.11-1.02 (M, 1H). Cnexrp 3C SIMP (101 MI'u, CDCl3): & 182.8, 158.7,
133.3, 133.2, 132.3, 128.9, 128.4, 127.0, 74.3, 38.3, 37.5, 29.7, 23.2, 18.2, 12.5. HRMS (ESI+)
m/z macca paccuutannas (C17H19N20S, M+H): 299.1213, macca naiigennas: (M+H): 299.1215.

(1S* 2R*,48%*)-2"-(memunmuo)-1"-enuncnupo/ouyuxnof2.2.2] oxman-2,4'-

A N umuoazon]-5-en-5'(1'H)-ooun (120) (amoeHT - xmopodopm). M3 THoruganronHa
o N»\S/ 80b (77 wmr, 0.27 mmoinb), KoCO3 (112 mr, 0.81 mmons) u Mel (58 mr, 0.41
|
Ph

MMOJb) Tonydanu coeamnenue 120 (74 mr, 92%) B BHIE CBETIO-XKEITOTO
amMop(HOTO TBEPJIOTO BEIECTBA.

Cuextp 'H SIMP (400 MI'u, CDCls): 6 7.47-7.36 (M, 3H), 7.28-7.24 (m, 2H), 6.51-6.46 (m, 1H),
6.38-6.33 (m, 1H), 2.81-2.79 (m, 1H), 2.53 (¢, 3H), 2.45-2.41 (m, 1H), 2.37-2.32 (M, 1H), 1.85-
1.77 (m, 2H), 1.40-1.34 (M, 1H), 1.29-1.26 (m, 1H), 1.19-1.11 (M, 1H). Cnexrp *C AMP (101
MTI'u, CDClg): 6 183.1, 158.7, 134.8, 132.3, 131.3, 128.8, 128.3, 126.8, 72.9, 38.6, 38.2, 29.7,
22.8,21.7,12.5. HRMS (ESI+) m/z macca paccunrtannas (C17H19N20S, M+H): 299.1213, macca
Haiinennas: (M+H): 299.1211.

2-(bensunmuo)-7,8-oumemun-3-ghenun-1,3-ouazacnupof4.5] oexa-1,7-ouen-4-
on (121) (amoenT - xsopodopm). U3 torumanrouna 91 (77 mr, 0.27 mmons),
YN\Ph K2CO3 (57 wmr, 0.41 mmone) u PhCH2Cl (34 wmr, 0.27 mMmoib) mosyyanu
coequaenue 121 (95 mr, 96%) B BuAE CBETIIO-KENTOTO0 aMOP(HOTO TBEPAOTO
BEIIIECTBA.

Cnextp 'H SIMP (400 MI'u, CDClz): & 7.49-7.18 (M, 10H), 4.41-4.32 (m, 2H), 5.45-5.43 (M,
1H), 2.57 (n, J = 17.5 T'u, 1H), 2.53-2.42 (m, 1H), 2.11 (n, J = 17.5 Ty, 1H), 2.03-1.90 (m, 2H),
1.78 (c, 3H), 1.73 (¢, 3H), 1.73-1.66 (m, 1H). Cnektp 3C AMP (101 MI'u, CDCl3): & 183.2,
158.4, 136.2, 132.1, 129.0, 128.9, 128.5, 128.1, 127.1, 126.9, 124.9, 121.2, 70.9, 38.5, 34.4,



30.2, 28.0, 18.7, 18.5. HRMS (ESI+) m/z macca paccuutannas (C23H2sN2.0S, M+H): 377.1682,
Macca HarjenHas: (M+H) : 377.1664.

OO0mas MeToANKA AUMJIMPOBAHUS THAAHTOMHOB 643, 79a.

K pacrBopy rumanTouna (0.27 mmosns) u Boc2O (70 mr, 0.32 mmois) B xstopodopme (30
M) pobGasisut TpudTHwiIaMuH (32 mr, 0.32 mmons) 1 DMAP (33 wmr, 0.27 MMoib) U cmech
KUIISATHIIM ¢ OOpaTHBIM XOJIOAMIbHUKOM B TeueHue 10 vacos. [locne ynaneHus pacTBOpHUTENS B

BaKyyM€ BOJIOCTPYHHOTO Hacoca OCTaTOK OYHINAIM KOJIOHOYHOM Xpomarorpadueit Ha

CUJIMKaresne.
Tpem-6ymun-(18*25*,485%)-2"5"-0uoxco-1'"-
o)
ﬁb/( Genuncnupofouyuxnof2.2.1]cenman-2,4'-umudazonuoun]-5-en-3'-kapboxcuram
N
Boc”

\([)1/ B (68a) (amroent - xmopodopm). M3 ruganronna 64a (69 mr, 0.27 mmois), Boc,O
(70 mr, 0.32 mmoims), TpudTHiaamuna (32 mr, 0.32 mmoas) 1 DMAP (33 mr, 0.27 mmonb) 66110
nosyueHo coenuHenue 68a (86 mr, 86%) B Buje 0€10ro KpUCTAIIIMYECKOTO BEIIeCTBA.

Cunekrp 'H AMP (400 MI'u, CDCls): & 7.52-7.43 (m, 2H), 7.43-7.34 (m, 3H), 6.50 (am, J1= 3.1
I'm, J2=5.6 I'u, 1H), 6.10 (mx, J1= 3.0 T', J2=5.6 T'n, 1H), 3.21-3.17 (M, 1H), 3.13 (¢, 1H), 2.72
(mm, J1=3.6 'y, Jo=11.9 T'i, 1H), 2.39-2.30 (m, 2H), 1.53 (c, 9H), 1.53-1.40 (M, 1H). Cnektp
13C AMP (101 MI'u, CDCls): 6 174.4, 152.1, 149.6, 144.2, 131.3, 130.8, 129.1, 128.5, 126.5,
84.4, 71.3, 55.6, 47.3, 43.3, 35.71. HRMS (ESI+) m/z macca paccuntannas (CzoH23N20s4,
M+H): 355.1652, macca naiinennas: (M+H): 355.1648.

Tpem-oymun-(15*,2S*,45*)-2",5"-0uokco-1'-gpenuncnupo[6uyurno[2.2.2] okman-
7 & o)
4

2,4"-umuoazonuoun]-5-en-3"-kapboxcunam (70) (amoent - xiuopodopm). U3
_N

Boc \g/N\Ph rugantouna 79a (72 wmr, 0.27 wmmonas), BocO (70 wmr, 0.32 mmons),
tprdTUiIamuHa (32 mr, 0.32 mmons) u DMAP (33 mr, 0.27 MMo:1b) ObLIO IOTYYE€HO COEAMHEHUE
70 (82 mr, 83%) B BuJIe 6€T0T0 KPUCTATTUIECKOTO BEIIECTBA.

Cunextp 'H IMP (400 MI'u, CDCls): § 7.49-7.43 (m, 2H), 7.41-7.35 (m, 3H), 6.50-6.43 (M, 1H),
6.29-6.23 (m, 1H), 2.90-2.85 (m, 1H), 2.84-2.79 (m, 1H), 2.70 (a1, J1=3.3 ', J2=13.6 ', 1H),
2.24-2.16 (m, 1H), 2.14 (nn, J1=2.0 Ty, J2 = 13.7 ', 1H), 1.77-1.69 (m, 1H), 1.54 (¢, 9H), 1.31-
1.27 (m, 1H), 1.13-1.05 (M, 1H). Cextp 3C AMP (101 MI'u, CDCls): § 173.1, 151.8, 149.6,
137.7,131.3, 129.3, 129.0, 128.4, 126.5, 84.3, 68.9, 40.5, 34.8, 30.5 (C27)., 23.3, 20.7. HRMS
(ESI+) m/z macca paccunrannas (C21H2sN2O4, M+H): 391.1628, macca Haiigennas: (M+H):

391.1635.



4.6. Peaknum 1,3-AUNOJSIPHOTO HMKJIONPHCOETUHEHUSI HUTPUIOKCH/IOB U
HUTPUJIUMUHOB

O0was npouenypa peakuuu 1,3-1HNOJISIPHOT0 HMKJIONPUCOETUHEHHUS K CTHPOJTY
MeToa0M NG Py3MOHHOT0 CMeIEHUSI.

Cwmech ctuposa 137 (0.26 mmoitb, 0.027 1) 1 N-THAPOKCHMOKII- HITH
rugpaszonwranorenuaa (0.26 mmons) B 3 Mit xsopodopma rmomemany B Buainy oobemMom 15 mi
(nnametpom 1.3 cm) U 3aKpbIBaIM CTEKJISSHHON IPOOKOM C OTBEPCTUSIMU. 3aTEM BHATTY
MTOMECTHIIM B 3aKpbITYIO BUaily Ha 50 mu1 (nuameTpom 3.5 cM), coaepkaniyro Tpudtuiaamut (35.9
MMOJIb, 5 MJT), U PEaKIIMOHHYIO CMECh NIEPEMEITUBAIM P KOMHATHOM TeMIlepaType B TeUeHUE
nByx aHen (konTposb TCX niu AMP). [1o okoHYaHNU peakIMy cMeCh U3 BHYTPEHHEN BUaIb
pas6asisuia 10 mit xstopodopma, NEPEeHOCHIIN B ACIUTEIbHYIO BOPOHKY U MMPOMBIBAIIH 2%-HbIM
BoaHBIM pacTtBopoM HCI (2 x 10 mm). Opranudeckyto a3y cymmnu Haj 6e3BoaHbM NaxSOq,
pPacTBOPUTENb YA IPU MOHMKEHHOM JIaBIICHUH U OCTaTOK OYMIIAIN KOJIOHOYHOM

xpomaTtorpadueil Ha cunukarese.

o-N 3-(4-Xnopgenun)-5-gpenun-4,5-oucuopouszoxcaszon (140a) (3moeHT -
CI xnopodopm). M3 27 mr (0.263 mmons) crupona 137 u 50 mr (0.263
MMOJIb) THApOKCUMomIxiopuaa 126 610 nomydeno coequaenue 140a (64 mr, 94%) B Buze
0€eJ10r0 KPUCTAITMYECKOTO BENIECTRA.

Cnexrp 'H SIMP (400 MI'u, CDCls): § 7.64-7.62 (m, 2H), 7.41-7.32 (m, 7H), 4.63 (un, J1 = 8.3
I'm, J2=11.1 T, 1H), 4.63 (a1, J1 = 11.1 T, Jo = 16.6 T'y, 1H), 4.63 (mn, J1=8.3 'y, Jo = 16.6
I'u, 1H). Cuexrp B3C AMP (101 MI'u, CDCls): 8 155.3, 140.8,136.2, 129., 128.9,128.5,128.1,
128.1,126.0, 83.0, 43.1. HRMS (ESI+) m/z macca paccunrtannas (CisH1i3CINO, M+H):
258.0680, macca naiinennas: (M+H): 258.0670.

o-N 5-@enun-3-nponun-4,5-oueudpouszoxcazon (140b) (amoent - xaopopopm). 13

Q/U\L 27 wmr (0.263 wmwmomp) crupoma 137 w32 wmr (0.263 wmmonb)
rugpokcuMomxiopuna 127 Oputo momydeHo coemaunenue 140b (45 wmr, 91%) B BuUze
OeclBETHOT'O MacJa.
Cunektp H SIMP (400 MI'u, CDCls): & 7.39-7.26 (m, 5H), 5.55 (an, J1= 8.1 I'n, Jo = 10.8 I'n,
1H), 3.36 (amx, J1=10.8 I'u, Jo = 17.0 T'y, 1H), 2.90 (am, J1 = 8.1 ', J2 = 17.0 T', 1H), 2.37 (1, J
=7.5Tn, 2H), 1.66-1.57 (m, 2H), 0.97 (t, J = 7.4 T', 3H). Cuexrp BC AMP (101 MI'u, CDCls):
o 158.4, 141.4, 128.7, 128.0, 125.7, 81.2, 45.3, 29.6, 19.8, 13.8. HRMS (ESI+) m/z macca
paccunrannas (C12H1sNO, M+H): 190.1226, macca naiigennas: (M+H): 190.1220.



@/{N)\Br 3-Bpom-5-genun-4,5-oueudpousoxcazon (140¢) (amoenT - xmopodopm). U3 27
Mr (0.263 mmoutb) ctuposa 137 u 53 mr (0.263 MMOITb) THAPOKCUMOMIOPOMUIA

130 nmomyueno coenunenue 140c¢ (53 mr, 89%) B Bue OeciBeTHOro Macia.

Cuextp H SIMP (400 MI'u, CDCl3): 8 7.41-7.36 (m, 5H), 5.68 (aa, J1= 9.0 ', Jo = 10.9 I,

1H), 3.63 (nx, J1=10.9 I'u, Jo= 17.2 T'u, 1H), 3.23 (an, J1=9.0 'y, Jo= 17.3 'y, 1H). Coekrp

1B3CSAMP (101 MI'u, CDCls): & 138.8, 136.3, 128.5, 128.4, 125.6, 82.8, 48.8. HRMS (ESI+) m/z

macca paccuntannas (CogHoBrNO, M+H): 225.9862, macca naiinennas: (M+H): 225.9864.

@ 1,3,5-Tpughenun-4,5-oucuopo-1H-nupazon (140d) (omroent - xaopopopm). M3
27 mr (0.263 mmonb) crupona 137 u 61 mr (0.263 MMOITB) UMUIOHIXIIOPHIA

N—N
\
135 6b10 oaydeno coeaunenue 140d (68 mr, 87%) B Bue OJIeHO-KEITOTO

KPUCTAUTHIECKOTO BEIECTRA.
Cuextp ‘H SIMP (400 MI'u, CDCls): & 7.78-7.75 (m, 2H), 7.44-7.28 (M, 8H), 7.24-7.20 (m,
2H), 7.14-7.11 (m, 2H), 6.85- 6.81 (m, 1H), 5.30 (1, J1 = 7.2 'y, Jo= 12.5 T'wy, 1H), 3.86 (n, 1
= 125 T, J2= 17.1 Ty, 1H), 3.17 (g, J1 = 7.3 Ty, Jo = 17.1 T, 1H). Crektp *C SIMP (101
MTI', CDCls): 6 146.7, 144.9, 142.6, 132.8, 129.2, 129.0, 128.6, 128.6, 127.6, 125.9, 125.8,
119.1, 113.4, 64.5, 43.6. HRMS (ESI+) m/z macca paccuntannas (CisHi1oN2, M+H): 299.1542,
macca HaiaenHas: (M+H): 299.1531.

@ 3-Memun-1,5-0ughenun-4,5-oucuopo-1H-nupazon (140e) (amr0eHT -
NN xsmopopopm). 13 27 mr (0.263 mmonb) ctupona 137 u 32 mr (0.263 mmosb)
W Me nmugonxiopuaa 136 6si1o monydeno coequaenne 140e (58 mr, 94%) B BUzC
KENTOr0 KPUCTAITMYECKOTO BEIIECTRA.
Cunextp ‘H SIMP (400 MI'u, CDCls): & 7.37-7.24 (m, 5H), 7.17-7.13 (M, 2H), 6.95-6.92 (M,
2H), 6.77-6.73 (m, 1H), 5.03 (M ax, J1= 8.1 I'y, Jo=12.0 I'y, 1H), 3.43 (mnn, J1=1.2 ', Jo=
12.0 T'm, J3=17.5 T, 1H), 2.74 (nax, J1= 1.1 T'u, Jo= 8.1 'y, J3= 17.5 ', 1H), 2.08 (c, 3H).
Cnextp C SAIMP (101 MI'u, CDCls): § 148.1, 145.7, 142.6, 128.6, 128.4, 127.0, 125.5, 118.2,
112.7, 64.4, 47.4, 15.5. HRMS (ESI+) m/z macca paccunrtannas (CieHi7N2, M+H): 237.1386,
Macca HaiinenHas: (M+H): 237.1387.

Oo6mas npouenypa peakuuu 1,3-1MnoJsipHOro UKJIONMPUCOETUHEHHS K
HOpOOpPHEHY MeT010M TH(PPY3MOHHOT0 CMELICHHUS.

Cwmech HopOoprena 138 (0.79 mmouib, 0.074 1) 1 N-TUAPOKCUMOWII- HITH
ruapazonmranoreauaa (0.26 myvoss) B 3 it xstopodopma rmomeriaiu B 15 vt Buary

(mmameTpom 1.3 cM), 3aKpBITOM CTEKJIIHHOM MPOOKOM C OTBEPCTUSIMU. 3aT€M BHATy MTOMEILAIH B



3aKpbITYIO BUany Ha 50 mu (auamerpoM 3.5 cM), coepikallyo TpudTHiIaMuH (35.85 MMounb, 5
MJT), 1 PEaKIMOHHYIO CMECh IePEMEIINBAIN IIPH KOMHATHON TeMIepaType B TEUCHHE BYX THEH
(xouTposib TCX unu SIMP). [1o okoHYaHMM PEeaKLIMU CMECh U3 BHYTPEHHEH BHAJIBI pa30aBIIsiIn
10 M1 x10podopma, NEPEHOCUIIH B ACTUTEIbHYIO BOPOHKY U IPOMBIBAIN 2%-HbIM BOJHBIM
pactBopoM HCI (2 x 10 mur). Opraandeckyro ¢dasy cymmin Haj 6e3B01HbIM NaxSOg,
pacTBOPUTENH YIASUIM IPU TOHWKEHHOM JIABJICHUH U OCTAaTOK OYHILAINA KOJIOHOYHOM

xpomatorpadueil Ha CHITUKarese, UCTIONb3ys XJI0po(hopM B KaUeCTBE IMIOCHTA.

0, (3aR*,4R*,7S*, 7aR*)-3-(4-xnoppenun)-3a,4,5,6,7,7a -eexcacuopo-4,1-

memanodenszo[d]usoxcazon (141a) (amroeHt - xopodopm). M3 74 mr (0.789
MMoJIb) HopOopHeHa 138 u 50 mr (0.263 MMoItb) THAPOKCUMOMIXIIOpUaa 126
ObU10 TIonyueHo coenunenue 141a (64 mr, 99%) B Buze 6emoro

KPHUCTaJUTHYECKOTO BEIIECTBA.

Cunextp *H SIMP (400 MI'u, CDCl3): 6 7.65-7.61 (M, 2H), 7.37-7.33 (m, 2H), 4.63 (1, J = 8.3

I'u, 1H), 3.45 (o, J = 8.3 ', 1H), 2.62 (c, 1H), 2.48 (¢, 1H), 1.62-1.48 (m, 3H), 1.37-1.34 (m,

1H), 1.21-1.14 (M, 2H). Criexrp 3C AMP (101 MI'u, CDCls): § 155.6, 135.2, 128.5, 127.6,

127.5, 87.8, 56.4, 42.6, 38.8, 31.9, 27.0, 22.2. HRMS (ESI+) m/z macca paccuntanHas

(C14H1sCINO, M+H): 248.0837, macca HaiiaenHas: (M+H): 248.0837.

O\N (3aR*,4R*,7S* 7aR*)-3-nponun-3a,4,5,6,7,7a-cexcacuopo-4,7-
< memanobenso[d]usoxcazon (141b) (amoent - xmopopopm). M3 74 mr (0.789 mmois)
HopOopHeHa 138 u 32 mr (0.263 MMoitb) ruapokcuMomIXiopuaa 127 6su10

nosxyueHo coequnenue 141b (42 mr, 90%) B Bujie 0J€HO-KENTOrO Maca.
Cnexrp 'H AMP (400 MI'u, CDCl3): 6 4.39 (n, J = 8.3 ', 1H), 2.98 (x, J = 8.2 'y, 1H), 2.50
(n, J=3.7 Ty, 1H).), 2.33-2.25 (M, 2H), 2.19-2.12 (m, 1H), 1.68-1.50 (m, 4H), 1.45-1.39 (m, 1H),
1.26-1.04 (m, 3H), 0.95 (t, J = 7.4 T'g, 3H). Ciexrp 3C SIMP (101 MT'i, CDCls): § 158.3, 85.5,
58.9,42.4,37.8,31.7, 28.2, 26.8, 22.3, 19.2, 13.5. HRMS (ESI+) m/z macca paccunuTaHHas
(C11H18NO, M+H): 180.1383, macca naiiaennas: (M+H): 180.1380.

(XQN (3aS*,4R*,7S*,7aR*-3-6pom-3a,4,5,6,7,7a-cexcazuopo-4,7-

- memanodenzo|[d]uzoxcazon (141c¢) (amoent - xaopodpopm). 13 74 mr (0.789 mmos)
HopOopHeHa 138 u 53 mr (0.263 mmouib) ruapokcumoniopomua 130 momyueHo

coemuaenue 141c (50 mr, 88%) B Bujie OECIIBETHOIO Maca.

Cuextp 'H AMP (400 MI'u, CDCls): 6 4.58 (n, J = 8.3 ', 1H), 3.18 (1, J = 8.3 'y, 1H), 2.61

(c, 1H), 2.52 (1, J = 3.2 Ty, 1H), 1.61-1.51 (v, 3H), 1.28-1.22 (m, 1H), 1.13-1.08 (m, 2H).



Cnexrp BC AMP (101 MI'y, CDCla): 6 139.2, 87.5, 61.7, 42.6, 38.2, 31.8, 26.3, 22.2. HRMS
(ESI+) m/z macca paccunrannas (CsH11BrNO, M+H): 216.0019, macca naiinennas: (M+H):
216.0017.

Ph  (3aS*4R*,75*,7aR*)-1,3-0u¢henun-3a,4,5,6,7,7a-cexcacuopo-1H-4,7-
'\/I\N memanounoaszon (141d) (amoenHT - xaopodopm). M3 74 mr (0.789 mmouib)

Ph  HOpOOpHeHa 138 u 61 mr (0.263 Mmmons) umugonnxiiopuaa 135 Ob110 MOTyYeHO
coenunenune 141d (73 mr, 96%) B Bujie U3yMPYAHOTO KPUCTAJUIMYECKOTO TBEPIOTO BEIICCTRA.
Cuextp 'H AIMP (400 MI'u, CDCls): § 7.79-7.77 (m, 2H), 7.41-7.37 (m, 2H), 7.33-7.26 (M, 3H),
7.18-7.17 (m, 2H), 6.83 (1, ] = 7.2 ', 1H), 4.13 (1, J = 9.6 ', 1H), 3.57 (1, J = 9.6 'y, 1H),
2.81-2.80 (m, 1H), 2.66-2.65 (M, M, 1H), 1.70-1.59 (m, 2H), 1.51-1.48 (M, 2H), 1.42-1.39 (M, 1H),
1.20-1.18 (ar, J1 = 1.5 'y, J2=10.5 I'n, 1H). Cuexrp 3C AMP (101 MI'u, CDCl3): § 149.2,
1445, 132.6, 129.1, 128.5, 128.1, 125.8, 118.4, 112.3, 68.3, 55.1, 41.4, 40.1, 33.1, 28.0, 24.4.
HRMS (ESI+) m/z macca paccuntannas (C2oH21N2, M+H): 289.1699, macca naiinennas:

(M+H): 289.1697.

Ph  (3aS*,4R*,75* 7aR*)-3-uemun-1-¢henun-3a,4,5,6,7,7a-eexcacuopo-1H-4,7-
(XE\,;\N memanounoaszon (141e) (amoent - xiaopodopm). 13 74 mr (0.789 Mmois)

Me nopOopueHa 138 u 44 mr (0.263 Mmoub) umunonixiaopuaa 136 Obu10 morydeHo
coenmuaeHue 141e (52 mr, 87%) B BUJIE KEATOr0 KPUCTAITMYECKOTO BEIIECTBA.
Cnexrp 'H AMP (400 MI'u, CDCl3): § 7.26-7.22 (m, 2H), 7.01-6.99 (m, 2H), 6.78-6.73 (m, 1H),
3.87 (n, ] =9.2 'y, 1H), 3.01 (n, J = 9.2 I'u, 1H), 2.68-2.67 (M, 1H), 2.46-2.45 (m, 1H), 1.99 (c,
3H), 1.67-1.54 (m, 2H), 1.43-1.41 (m, 1H), 1.35-1.27 (M, 2H), 1.20-1.18 (M, 1H). Cuexrp 3C
AMP (101 MI'u, CDCls): 6 150.2, 145.1, 128.7, 117.1, 111.3, 67.2, 58.6, 41.0, 38.5, 32.5, 27.6,
23.8, 14.2. HRMS (ESI+) m/z macca paccuutannas (CisHi9N2, M+H): 227.1543, macca
HarinenHas: (M+H): 227.1543.

OO0mas npoueaypa peakuuu 1,3-1MnoasipHOro HUKJIONPUCOETHHEHHS K
HOpOOpHagueHy MeT010M AN (PYy3MOHHOI0 CMelIeHHUs.

Cwmecy HOpOopuammena 139 (1.053 wmmomns, 0.097 1) w N-THAPOKCUMOWII- WJIH
ruapasonmranoreauaa (0.26 mmois) B 3 Mt xjaopodopma moMeIaan B BUaay oobeMom 15 mit
(mmamerpom 1.3 cM) U 3aKpBUIH CTEKJIIHHOW IPOOKOI ¢ OTBEPCTUSAMU. 3aTeM BHATy TOMEIalIU B
3aKpeITyI0 BHany o0bémMoM 50 mi (amamerpom 3.5 cm), conepxamryro TpudTuiaamuH (35.9
MMOJIb, 5 MIT), U pEaKIIMOHHYIO CMECh MEepEMEIINBaU MPU KOMHATHON TeMIepaType B TeUEHUE

nByx naHer (koHTpoib TCX unu SIMP). [1o okoHyaHnuu peakuuu cMech U3 BHYTPEHHEH BHAJIbI



pazbaBmsn 10 Mt xsmopogopMa, IEPEHOCUITH B ICTUTEILHYIO BOPOHKY W TTPOMBIBATU 2%-HBIM
BonHbIM pactBopoM HCI (2 x 10 mur). Opranndeckyro ¢a3y cymmian Haj 6e3BogHbIM Na2SOyq,
pacTBOpUTENb YAAJSUIM TPH TOHWKEHHOM JABJICHMM M OCTAaTOK OYHINAIA KOJOHOYHOU

xpomaTorpadueil Ha cCHIIMKaresie, UCIOJb3Ys XJI0pOPOpPM B KAUECTBE TIOCHTA.

', 0, @\\\O\ Cmech (3aR*,4S*,7R*,7aR*)-3-(4-xnopghenun)-3a,4,7,7a-
N+ N
{ R4 mempazuopo-4,7-wemanobenszof[djusoxcazona  (142a) u
7Y (38S* 4% 7TR* 7aS*)-3-(4-vroppenur)-3a,4,7,7a-

o c cl mempazuopo-4,7-wemanobenszo/djusoxcazona (143a) (smoeHt

OCHOBHOII M30MEP  MMHOPHBIN H30Mep
- xmopodopm). 3 97 mr (1.053 mmons) HopOopHaauena 139 u

50 mr (0.263 mmob) ruapokcuMomxiiopuaa 126 Obuia mosydeHa cMech coeuHeHuid 142a u
143a B cootHommeanu 86/14 (62 mr, 96%) B Bujie 0SJI0T0 KPUCTAIUTHYSCKOTO BEIIECTBA.
OcnosHoli m3omep 142a: enextp *H AMP (400 MI'u, CDCls): 8 7.68-7.63 (m, 2H), 7.40-7.36
(M, 2H), 6.34 (11, J1=3.0 'y, J2=5.8 ', 1H), 6.10 (o, J1 =3.2 'y, J2 = 5.8 'y, 1H), 5.00 (z, J
=8.2TImu, 1H),3.76 (n, J =8.2 'y, 1H), 3.28 (¢, 1H), 3.12 (¢, 1H), 1.72-1.70 (m, 1H), 1.65-1.62
(m, 1H). Cnexrp BC AMP (101 MI'u, CDCls): & 154.9, 139.9, 135.5, 129.0, 127.9, 89.7, 57.4,
49.9, 45.0, 43.2.
Munopssiii nzomep 143a: cexkrp *H AMP (400 MI'u, CDCls): § 7.68-7.63 (m, 2H), 7.40-7.36
(m, 2H), 6.17 (nn, J1=3.0 I'n, Jo=5.7 I'u, 1H), 591 (un, J1=3.1 ', J2=5.8 T'i, 1H), 5.41 (mx,
Ji=4.1T1,J2=9.5Tn, 1H), 4.12 (ax, J1=4.1 'y, J2=9.5 'y, 1H), 3.39 (c, 1H), 3.35 (c, 1H),
1.65-1.62 (m, 2H). Cnektp 3C AMP (101 MI'u, CDCls): § 155.7, 134.8, 134.2, 129.2, 127.7,
87.8,57.0, 48.8, 47.8, 46.7.
HRMS (ESI+) m/z macca paccuntannas (C14H1zCINO, M+H): 246.0680, macca HaiiieHHas:
(M+H): 246.0675.

o, 0, Cwmech (3aR*,4S*,7R*,7aR*)-3-nponun-3a,4,7,7a-
[XE/}N ' @5’\‘ mempazuopo-4,7-wemanobenszo[d]usoxcazona (142b) u
- ] (3aS*,4S*,7R*,7aS*)-3 -nponun-3a,4,7,7a-mempazudopo-4,7-
OCHOBHO M30MEP  MUHOPHbIil U3OMEP
memanobenszo|[d]usoxcazona (143b) (amroeHT - x10podopm).
N3 97 mr (1.053 mmone) HopOopHanuena 139 u 32 mr (0.263 MMOJIb) THAPOKCUMOMIIXIIOPHIA
127 obuia mosyueHa cMmech coenunenuii 142b u 143b B cootHomenuu 91/9 (39 mr, 84%) B Bue
OJIETHO-KEITOr0 Macia.
OcnoBHol n3omep 142b: cmexrp *H AMP (400 MI'u, CDCls): 6 6.24 (mn, J1=3.0 T', J2=5.7
I'u, 1H), 6.03 (na, J1=3.2 T, Jo=5.7 I'n)., 1H), 4.75 (an, J1=1.0 ', Jo= 8.1 ', 1H), 3.29 (x,

J=7.9Tu, 1H), 3.18 (¢, 1H), 2.97 (c, 1H), 2.33 -2.25 (m, 1H), 2.20-2.13 (m, 1H), 1.68-1.55 (m,



4H), 0.99-0.94 (m, 3H). Cnexrp *C SIMP (101 MI'u, CDCls): 6 157.5, 139.4, 135.1, 87.1, 59.3,
49.3,43.6, 42.6, 28.3, 19.2, 13.5.

Munopnslii nzomep 143b: enexrp *H SIMP (400 MI'u, CDCls): § 6.17 (mn, J1=3.0 T', J,=5.7
I'n, 1H), 6.06-6.04 (m, 1H), 5.20 (an, J1=4.2 'y, J2=9.5T'u, 1H),370 (ax, J1 =4.2 T, J2=95
', 1H), 3.30-3.28 (M, 1H), 3.12 (¢, 1H), 2.33-2.25 m, 1H), 2.20-2.13 (M, 1H), 1.68-1.55 (M,
4H), 0.99-0.94 (m, 3H).

HRMS (ESI+) m/z macca paccunrannas (C11HisNO, M+H): 178.1226, macca HaiiieHHas:
(M+H).178.1228.

EXQN . w0, Cwmech (3aS*,4S*,7R*, 7aR*)-3-6pom-3a,4,7,7a-mempazuopo-4,7-
/Br ““/<Br memanodenzo|dlusorcazona (142¢) u (3aR*,4S5*,7R*,7aS*)-3-
OCHOBHOW M30MEpP  MUHOPHbIit 3oMep Gpon-3a,4.7. Ta-mempazudpo-b.1-

memanobenszo|[d]uzoxcazona (143¢) (amoent - xmopodopm). M3 97 mr (1.053 mmoss)
HopOopHaauena 139 u 53 mr (0.263 mmons) ruapokcumomiopomuaa 130 ObuTa mosrydeHa cMech
coenuueHuit 142¢ u 143¢ B cootHomenuu 85/15 (43 mr, 77%) B Buae 6ecBETHOTO Maca.
OcnosHoli m3omep 142c: enexrp *H SIMP (400 MI'u, CDCls): 8 6.26 (na, J1=3.0 T', J2= 5.6
I'n, 1H), 6.06 (ox, J1=3.2 Ty, Jo=5.6 'y, 1H), 4.88 (a1, J1= 0.9 'y, J2=8.1 I', 1H), 3.43 (1, J
=8.1Tu, 1H), 3.26 (¢, 1H), 3.14 (c, 1H), 1.71 -1.65 (m, 2H). Cnexrp *C AMP (101 MTI'w,
CDCls): 6 139.5, 138.5, 135.5, 89.4, 62.1,49.9, 44.4, 42.9.

Munopssiii nzomep 143c: enexrp *H SIMP (400 MI'u, CDCls): 6 6.21-6.17 (M, 2H), 5.33 (ux, J1
=4.2Tu,J2=9.5Tu, 1H), 3.85 (na, Ji=4.2 'y, J2=9.5 'y, 1H), 3.38 (c, 1H), 3.26 (c, 1H),
1.71-1.65 (m, 1H), 1.59 (mn, J1= 1.4 Ty, Jo=9.2 T, 1H). Cexrp BC AMP (101 MI'y, CDCls):
0 138.7,134.8, 134.5,87.9, 61.7,48.1, 45.7, 45.9.

HRMS (ESI+) m/z macca paccuurannas (CgHoBrNO, M+H): 213.9862, macca HaiiieHHas:
(M+H): 213.9850.

Ph Ph Cwmech (3aS*,45*,7R*, 7aR*)-1,3-0u¢genun-3a,4,7,7a-
N, wN
mN * @ /<N mempazudpo-1H-4,7-wemanounoasona (142d) n
Ph Ph

OGHOBHOM W3OMEP  MHHOpHAIT HIOMEP (3aR*,4S*,7R*,7aS*)-1,3-oupenun-3a,4,7,7a-mempazudpo-1H-
4, 7-memanounoazona (143d) (amoent - xaopopopm). M3 97 mr (1.053 Mmois) HOpOOpHaIUEHA
139 u 61 mr (0.263 mmoub) umumonaxiaopuaa 135 Oblia moryueHa cMmech coenuuennii 142d u
143d B cootnomenunu 92/8 (65 mr, 86%) B BUC U3YMPYAHO-KPUCTAIUTMYECKOTO TBEPIOTO
BEIIIECTBA.

OcnosHol n3omep 142d: cnexrp *H AMP (400 MI'u, CDCls): 6 7.84-7.79 (m, 2H), 7.44-7.41
(M, 2H), 7.37-7.34 (m, 3H), 7.27-7.22 (m, 2H), 6.90-6.85 (m, 1H), 6.44 (11, J1=3.0 T, J=5.7



I'n, 1H), 6.24 (g, J1=3.1 T, J,=5.7 I'n, 1H), 4.46 (an, J =9.3 I'u, 1H), 3.86 (1, J =9.3 I'ny,
1H), 3.52 (¢, 1H), 3.33 (c, 1H), 1.67 (a, J = 9.3 'y, 1H), 1.56-1.53 (M, 1H). Cnexrp 3C AMP
(101 MI', CDCls): 6 147.1, 144.1, 140.0, 135.8, 132.5, 129.2, 128.5, 128.2, 125.7, 118.6, 112.3,
69.0, 55.4, 48.1, 46.3, 43.4.

Munopssii uzomep 143d: enextp H SIMP (400 MI'u, CDCls): § 7.84-7.79 (m, 2H), 7.44-7.41
(M, 2H), 7.37-7.34 (M, 3H), 7.27-7.22 (m, 2H), 6.90-6.85 (M, 1H), 6.01-5.94 (M, 2H), 4.86 (a1, J1
=3.5Tu, J2=10.3 'y, 1H), 4.21 (an, J1=3.8 ', J2=10.4 'y, 1H), 3.66 (c, 1H), 3.50 (c, 1H),
1.68-1.66 (m, 1H), 1.56-1.53 (M, 1H).

HRMS (ESI+) m/z macca paccuntannas (C20H19N2, M+H): 287.1543, macca HalineHHast:
(M+H): 287.1540.

N,Ph “N?h Cwmecs (3aS*,4S*,7R*,7aR*)-3-uemun-1-¢penun-3a,4,7,7a-
():LZ\N ' @/N mempazudpo-1H-4,7-wemanounoaszona (142e) n

OGHOBHO Maovv':/:) MMHoprm'\::omep (3aR*,4S* 7R*,7aS*)-3-memun-1-¢penun-3a,4,7,7a-mempacudpo-
1H-4,7-memanounoaszona (142e) (amoenT - xaopodopm). M3 97 mr (1.053 mmosnb)
HopOopraauena 139 u 44 mr (0.263 MMoutb) nMuonIxiopua 136 Obl1a mojydeHa cMech
coenuaeHuit 142e u 143e B cootHomeHuu 92/8 (41 mr, 70%) B BUE )KENTOTO
KPHUCTAJTHIECKOTO BEIIECTBA.
OcuoBHol n3omep 142e: cnexrp *H SIMP (400 MI'u, CDCls): & 7.29-7.25 (m, 2H), 7.05-7.03
(m, 2H), 6.78 (m, 1H), 6.31 (na, J1=3.0 ', Jo=5.7 T'n, 1H), 6.16 (a0, J1 =3.1 T'm, Jo=5.8 T,
1H), 4.20 (1, J =9.0 I'u, 1H), 3.38 (¢, 1H), 3.28 (1, J =9.0 I'u, 1H), n, J = 9.0 ', 1H), 3.11 (c,
1H), 2.01 (¢, 3H), 1.59-1.53 (M, 2H). Ciexkrp C AMP (101 MI'n, CDCl3): § 148.4, 144.6,
139.3,135.3,128.7, 117.3, 111.2, 67.9, 58.7, 47.5, 44.6, 42.8, 14.2.
Munopssiii nzomep 143e: enexrp *H SIMP (400 MI'u, CDCls): 6 7.29-7.25 (m, 2H), 7.05-7.03
(M, 2H), 6.78 (M, 1H), 6.08 (mx, J1=2.9 ', Jo= 5.7 I'n, 1H), 5.99 (an, J1=3.1 Ty, Jo=5.7 I',
1H), 4.60 (nn, J1=3.8 I'm, J> =10.2 ', 1H), 3.70 (mn, J1=3.8 ['m, J2=10.2 ', 1H), 3.56 (c,
1H), 3.23 (¢, 1H), 1.96 (¢, 3H), 1.59-1.53 (m, 2H). Cnexrp *C AMP (101 MTI'u, CDCls): &
1345, 133.8, 128.7, 117.1, 111.0, 66.2, 57.9, 48.1, 47.0, 45.0, 14.7.
HRMS (ESI+) m/z macca paccuntannas (CisHi7N2, M+H): 225.1386, Macca HaliieHHas:
(M+H): 225.1386.

OO0mas npoueaypa peakuuu 1,3-1MnoJasipHOr0 HUKJIONPUCOETHHEHHS K
METWIHAEHTHAAHTOUHY 5 MeTo10M TU(PY3NOHHOTO CMeLIeH .
Cwmech MetmuaenruaanTrona 5 (0.26 mvoss, 0.049 r) u N-ruapokcuMouI- Win

ruapazonmranoreauaa (0.26 Mmoss) B 3 it xstopodopma moMelnain Buaxy oobemom 15 mut



(mnameTpom 1.3 cM) U 3aKpBIBaJIU CTEKJISTHHON MPOOKOH ¢ OTBEPCTUSAMU. 3aTeM BHATY
MOMEIIAJTH B 3aKPBITYIO BHaTy 00beMoM 50 mit (nuametrpoM 3.5 cM), CoaepIKaIlyro
TpudTHIAMHH (35.9 MMOIB, 5 MIT), U PEAKLIMOHHYIO CMECh TIEPEMELINBAIN IIPH KOMHATHOMN
TeMriepatype B Teduenue aByx aHei (kouTpodb TCX unu SIMP). [To okoHYaHMM peaKIuu CMeCh
U3 BHYTpeHHeH Buaibl pazbasisiu 10 Mt xstopodopma, IepeHOCUIIN B ICIUTENIbHYIO BOPOHKY U
npombiBau 2%-ueiM BotHBIM pacTBopoM HCI (2 x 10 mir). Opranndeckyto a3y Cymim Ha
6e3BoaHbIM NazSOs, pacTBOPUTENH YAAISIIN MPU MOH>KEHHOM JIaBJICHUN M OCTaTOK OUMIIATN

KOJIOHOYHOM XpomaTorpadueii Ha CHIIMKarene.

3-(4-Xnopgpenun)-8-penun-1-oxca-2,6,8 -mpuazacnupo[4.4] non-2-en-7,9-
5 KP . ouon (144a) (amroeHt - metanos/xsopodopm (1:100)). 13 49 mr (0.263
HN\; : MMOJIb) MeTunuAeHruganTuona 5 u 50 mr (0.263 Mmob)
oW i rUApOKCHMOMIXIIopuaa 126 6110 mosydeHo coenunenne 144a (86 mr,

96%) B Buie 0€10T0 KPUCTAIITUYECKOTO BEIIECTBA.

Cunextp *H SIMP (400 MI'u, JIMCO-d6): & 9.80 (ym. ¢, 1H), 7.78-7.76 (m, 1H), 7.72-7.70 (M,
1H), 7.61-7.57 (m, 1H), 7.53-7.47 (m, 3H), 7.44-7.40 (M, 3H), 4.01 (n, J = 18.5 T'u, 1H), 3.72 (x,
J=18.5Tu, 1H). Cnexrp BC SIMP (101 MI'u, IMCO-d6): § 169.2, 155.9, 153.8, 133.8, 131.4,
131.0, 130.7, 130.2, 129.0, 128.3, 126.7, 126.5, 125.6, 93.2, 40.9. HRMS (ESI+) m/z macca
paccuntannas (C17H13CIN3Os, M+H): 342.0640, macca naiinennas: (M+H): 342.0640.

8-@enun-3-nponun-1-okca-2,6,8-mpuazacnupo[4.4]non-2-en-1,9-ouon (144b)
EN; (amroeHT - MeTano/xsopodopm (1:100)). 13 49 mr (0.263 MmoIIH)
o?{\/] ° MeTwmeHTHIaaTHoHa 5 1 32 mr (0.263 MMoIh) ruapoKcuMomIxiIopuaa 127
O\ ObuTO MoTyueHo coeaunenue 144b (63 mr, 88%) B Buze 6emoro

KPHUCTAJNINYECKOTO BEIECTBA.
Cunextp H AMP (400 MI'u, JIMCO-d6): & 9.63 (ymu. ¢, 1H), 7.50-7.47 (m, 2H), 7.43-7.36 (m,
3H), 3.51 (n, ) =18.6 T', 1H), 3.17 (1, J = 18.6 'y, 1H), 2.34 (1, J = 7.4 'y, 2H), 1.61-1.51 (™,
2H), 0.93 (1, J = 7.4 Ty, 3H). Criexrp *C AMP (101 MI'u, IMCO-d6): § 170.2, 159.5, 154.3,
131.9,129.3, 128.6, 127.1, 92.1, 43.9, 29.1, 19.5, 14.0. HRMS (ESI+) m/z macca paccuynuTaHHas
(C14H16N303, M+H): 274.1186, macca naiinennas: (M+H): 274.1175.

© 3-Bpom-8-¢henun-1-oxca-2,6,8-mpuazacnupo[4.4]non-2-en-1,9-ouon (144c)
0N (ammroenT - meTanos/xsopodopm (1:100)). U3 49 mr (0.263 mmosb)
o)
K MeTuuaeHruaanTiona 5 u 53 mr (0.263 mmons) ruapokcumomsiopomuaa 130

o. ~—Br
N ObL10 OTyueHo coequnenue 144¢ (68 mr, 84%) B Buzie OJI€THO-KEITOTO



KPHUCTaJTHYECKOTO BEIIECTBA.
Cuextp 'H AMP (400 MI'u, JIMCO-d6): § 9.76 (ywm. ¢, 1H), 7.51-7.48 (m, 2H), 7.43-7.37 (m,
3H), 3.86 (1, J = 19.0 T', 1H), 3.49 (1, J = 19.0 'y, 1H). Cuexrp *C AMP (101 MI'u, IMCO-
do6): 6 168.4, 153.7, 137.8, 131.2, 129.0, 128.4, 126.7, 93.0, 46.5, HRMS (ESI+) m/z macca
paccuntanHas (C11HgBrNzO3z, M+H): 309.9822, macca naiinennas: (M+H): 309.9820.

1,3,8-Tpughenun-1,2,6,8-mempaaszacnupof4.4] non-2-en-7,9-ouon (144d) (a3moent
oﬁS‘j . - metanos/xsopodopm (1:100)). 13 49 mr (0.263 MmoIIB)

HN\R MeTuauAeHruaanTuoHa 5 u 61 mr (0.263 Mmmoms) umugomxiaopuaa 135
Pt noaydeno coequnenne 144d (95 mr, 94%) B BH/IE JKEITOTO KPUCTAIUTNIECKOTO
BEIIIECTBA.

Cuextp 'H IMP (400 MI'u, CDCls): 8 7.68-7.65 (m, 2H), 7.46-7.38 (m, 6H), 7.29-7.24 (M, 4H),
7.18-7.16 (m, 2H), 7.08-7.04 (m, 1H), 6.76 (ym. ¢, 1H), 4.01 (n, J =17.6 I'u, 1H), 3.72 (1, J =
17.6 ', 1H). Cnextp *C AMP (101 MI'u, CDCl3): § 170.8, 153.9, 147.5, 142.4, 131.2, 130.9,
129.7,129.4, 129.3, 128.8, 128.7, 126.0, 125.9, 123.8, 117.9, 81.7, 45.2. HRMS (ESI+) m/z

macca paccuntanHas (C2sH19N4O2, M+H): 383.1503, macca naiinennas: (M+H): 383.1507.

@ 3-Memun-1,8-ougpenun-1,2,6,8-mempaazacnupo4.4]non-2-en-7,9-ouon (144e)
! (amoenT - metanos/xmopodopm (1:100)). M3 49 mr (0.263 Mmob)

o o]

I MeTuauaeHTHaanTHoHa 5 u 44 mr (0.263 MMoms) umugonxiaopuaa 136

~N_. ~—Me
PN nonyueHo coenunenue 144e (73 mr, 87%) B Bue KENTOr0 KPUCTAIUTMUECKOTO

TBEP/IOTO BEIIECTBA.
Cuextp 'H SIMP (400 MI'y, CDCly): & 7.48-7.43 (m, 2H), 7.41-7.37 (m, 1H), 7.30-7.25 (M, 4H),
7.12-7.09 (m, 2H), 7.07-7.03 (m, 1H), 6.84 (ym. ¢, 1H), 3.55 (1, J = 17.9 ', 1H), 3.01 (1, J =
17.9 ', 1H), 2.02 (¢, 3H). Cnektp 3C AMP (101 MI'u, CDCl3): § 171.1, 154.2, 148.9, 142.9,
130.9, 129.3, 129.3, 128.6, 125.9, 123.6, 118.1, 81.9, 48.6, 15.5. HRMS (ESI+) m/z macca
paccuntanHas (C18H17N4O2, M+H): 321.1346, macca Haiinennas: (M+H): 321.1344.

OO0mas npoueaypa peakuuu 1,3-1unoJasipHOro HUKJIONPUCOETHHEHHU S
HUTPUJIOKCUAOB K THIAHTHOHAM 64 MeToaoM Audy3HOHHOr0 CMelIeHHS .

Cwmech tumantouna 64 (0.22 mmonb, 0.056 ) u N-ruapoxkcumonnraiorenuma (0.26
MMOIlb) B 3 Mi xjopodopma momemanu B BHaly o0bemoM 15 mu (amamerpom 1.3 cm) u
3aKpBIBAJIM CTEKISTHHON MPOOKOHM C OTBEpCTHSAMU. 3aTEM BHANy IMOMENIAIN B 3aKPBITYIO BHATY
obbemoM 50 mu (mumamerpom 3.5 cMm), coxepkamyto TpudTHiIamMuH (35.9 mmonb, 5 mi), u

PCAaKIMOHHYIKO CMCEChb IICpEMCHIMBAIN IIPpH KOMHATHOH TEMIICPATYpC B TCUYCHUC JIBYX }IHCﬁ



(xorTpOoas TCX wmm SIMP). [1o okoHUYaHMM peaklud CMECh U3 BHYTPEHHEH BHAJbI pa30aBIIsiiv
10 mu xnopodopma, MEepeHOCHIH B JICIUTEIbHYI0 BOPOHKY M HPOMBIBAIN 2%-HBIM BOJHBIM
pactBopom HCl (2 x 10 wmm). Oprammueckyro ¢aszy cymwnm Hajg 0e3BoaHbIM NapSOg,
pacTBOpPUTENb yOAISUIA TpPU TOHWKEHHOM JaBIIGHUUM M OCTATOK OYHUIIANU KOJIOHOYHOU

xpomaTorpadueil Ha cuIMKarese.

Cwmech (3a'S*,45*,4'S*7'S*,7a'S*)-3'-(4-xnopghenun)-
1-gpenun-3a',6',7',7a"-mempacuopo-4'H-
cnupo[umuoazonudun-4,5'-

[4.7] memanobenso[d]uzokcazon]-2,5-ouona (145b) u
OCHOBHOV M3OMEP  MUHOPHBIN U30MEP (3a'R*,4S5*,4'S* 7'R*, 7a'R*)-3'-(4-x10ppenun)-1-

¢enun-3a', 4", 7', 7a'-mempacudpo-5"H-cnupo [umuoazonuoun-4,6'-
[4.7]memanobenzold]uzsoxcazon]-2.5-ouona (146b) (amoent - meranon/xmopodopm (1:100)).
N3 56 mr (0.22 mMoib) rumanTonaa 64a u 50 mr (0.26 MMoJIh) ruApOKCUMOmMIXIIopraa 126
ObLIa oJy4eHa cmech coenmHenuit 145b u 146b B coornomenun 57/43 (81 mr, 91%) B Buze
0€eJI0ro KpUCTAIMYECKOTO BEIIECTRA.

OcnosHoli m3omep 145b: cnextp ‘H AMP (400 MI'u, IMCO-d6): & 8.84 (ymr. ¢, 1H), 7.69—
7.67 (m, 2H), 7.53-7.51 (m, 2H), 7.44-7.37 (m, SH), 4.81 (1, J = 8.3 ', 1H), 4.21 (m, J = 8.3 I'my,
1H), 2.77 (¢, 1H), 2.63 (1, ] = 4.3 T'u, 1H), 2.26-2.12 (m, 2H), 1.42 (nn, J1=2.6 T, Jo=13.5 T,
1H), 1.34 (1, J = 10.8 T'ry, 1H).

MunopHslii u3omep 146b: enexrp *H AMP (400 MI'n, JIMCO-d6): & 8.85 (yur. ¢, 1H), 7.80-
7.79 (m, 2H), 7.53-7.51 (m, 2H), 7.44-7.37 (m, 5H), 5.10 (n, J = 8.3 I'y, 1H), 3.90 (1, J = 8.3 I'ny,
1H), 2.89 (¢, 1H), 2.56 (1, J = 3.5 I'u, 1H), 2.26-2.12 (m, 2H), 1.70 (na, J1=2.9 T, Jo=13.2 Ty,
1H), 1.34 (1, J = 10.8 I'ry, 1H).

Cwmech nzomepos 145b u 146b: enexrp 3C AMP (101 MI'y, IMCO-d6): & 176.3, 176.2, 156.4,
155.4,135.2, 135.1, 132.5, 129.6, 129.5, 129.1, 129.0, 127.2, 128.3, 128.9, 128.9 127.7, 127.4,
127.2,87.1,84.4,79.6, 64.6, 62.8, 56.0, 52.1, 51.9, 48.2, 43.4, 40.3, 36.5, 31.2, 30.9.

HRMS (ESI+) m/z macca paccuntannas (C22H19CIN3Os, M+H): 408.1109, macca HaiinieHHast:
(M+H): 408.1116.

o Cwmech (3a'S*,45*,4'S* 7'S* 7a'S*)-1-¢henun-3'-nponun-
3O e

NN 2 3a',6',7',7a'-mempacudpo-4'H-cnupolumudazonuoun-4,5'-
o . o
@ ﬁ [4.T)memanobenszo|d|uszoxcazon]-2,5-0uona (145¢) u
O, ~ X O
N N (3a'R*,4S*,4'S* T'R*, 7a'R*)-1-¢henun-3'-nponun-3a’',4',7',7a'-

OCHOBHO 130oMep MWHOPHbI U30Mep

mempazuopo-5"H-cnupo[umuoazonuoun-4,6'-[4.7T|memanobenso[d]uzoxcazon]-2,5-



ouona (146¢) (amoent - metanoa/xaopodopm (1:100)). 13 56 mr (0.219 MMoIIb) THIaHTONHA
64a u 32 mr (0.263 Mmob) ruaApOKCUMOMIXIOpraa 127 Oblia mosyyeHa cMech COSIMHEHU I
145c u 146¢ B cootHomeHuu 62/38 (64 mr, 86%) B BuJIe 6€TOT0 KPUCTAJUIMYECKOTO BEIIESCTRA.
OcuosHol n3omep 145¢: emextp *H SIMP (400 MI'u, CDCls): § 7.79 (ym. ¢, 1H), 7.49-7.45 (m,
2H), 7.41-7.35 (m, 3H), 4.45 (1, J = 8.2 T';, 1H), 3.55 (1, J =8.2 ', 1H), 2.62 (n, ] =4.3 'y,
1H), 2.51 (c, 1H), 2.37-2.24 (m, 3H), 2.18-2.12 (m, 1H), 1.65-1.48 (M, 3H), 1.32 (nn, J1=3.0 I'm,
J2=13.7T'n, 1H), 1.34 (m, 3H).

Munopssii nzomep 146¢: emexrp H AMP (400 MI'u, CDCls): § 7.97 (ym. ¢, 1H), 7.49-7.45
(M, 2H), 7.41-7.35 (m, 3H), 4.86 (un, J = 8.1 'y, 1H), 3.16 (1, J = 8.2 T';, 1H), 2.89 (c, 1H), 2.46
(n, J =3.5Tn, 1H), 2.37-2.24 (M, 3H), 2.18-2.12 (m, 1H), 1.65-1.48 (M, 4H), 1.34 (M, 3H).
Cwmech n3omepos 145¢ u 146¢: enexrp *C AMP (101 MI'u, CDCls): 6 175.4, 175.3, 158.2,
157.0, 156.3, 156.1, 130.9, 128.7, 128.0, 125.7, 84.2, 81.2, 64.4, 62.7, 58.3, 53.9, 51.7, 47 .4,
42.8, 40.0, 38.4, 36.3, 30.8, 30.5, 29.3, 28.1, 19.2, 13.5. HRMS (ESI+) m/z macca paccuntaHHas
(C19H22N303, M+H): 340.1656, macca naiinennas: (M+H): 340.1640.

o o Cwmech (3a'R*,45*,4'S*7'S*,7a'S*)-3"-0pom-1-penun-
HN_—XN/© HN N/© 3a',6',7',7a"-mempacudpo-4"H-cnupolumuoazonuoun-4,5'-
© ¥ ﬁo [4.7)memanobenso[d]uszokcazon]-2,5-ouona (145d) u
O B BN (3a'S*,45*,4'S*, 7'R* 7a'R*)-3'"-0pom-1-ghenun-3a', 4", 7', 7a'-

OCHOBHOW nU3omep MUWHOPHbBIN n3omep . ,
mempacudpo-5'"H-cnupo|umuoazonuoun-4,6'-

[4. 7 \memanobenzo[dlusokcazon]-2,5-ouona (146d) (amroent - metanon/xmopodopm (1:100)).
N3 56 mr (0.219 mmons) runanTonHa 64a u 53 mr (0.263 MmMois) rugapokcumomiopomuaa 130
ObL1a mosydeHa cmech coenuHenunit 145d u 146d B cootHomenun 58/42 (70 mr, 85%) B Buze
0eJIoro KpUCTaUIMYEeCKOTo BEIIECTBA.

OcnosHoli m3omep 145d: enextp 'H AMP (400 MI'n, IMCO-d6): & 8.75 (ymr ¢, 1H), 7.49—
7.45 (m, 2H), 7.42-7.36 (m, 3H), 4.77 (1, J = 8.3 T', 1H), 3.89 (1, J = 8.3 I'u, 1H), 2.78 (¢, 1H),
2.63 (1, ] = 4.6 T, 1H), 2.27-2.16 (m, 2H), 1.40-1.34 (v, 2H). Criexrp 3C SIMP (101 MTL,
JAMCO-d6): 6 175.5, 154.9, 138.9, 132.0, 128.6, 127.8, 127.0, 86.4, 63.6, 57.1, 47.3, 43.0, 35.9,
30.3.

Munopssii nzomep 146d: enextp H SIMP (400 MI'u, IMCO-d6): & 8.75 (ym. ¢, 1H), 7.49-
7.45 (m, 2H), 7.42-7.36 (M, 3H), 5.05 (o, J = 8.3 I'y, 1H), 3.61 (1, J = 8.3 'y, 1H), 2.92 (¢, 1H),
2.58 (n,J =4.1Tn, 1H), 2.27-2.16 (m, 2H), 1.56 (a1, J1=3.2 'y, J2= 13.4 I'y, 1H), 1.40-1.34 (M,
1H). Cnextp *C AMP (101 MI'u, AMCO-d6): & 175.6, 154.9, 139.7, 132.0, 128.6, 127.8,
127.0, 83.8, 62.1, 60.8, 51.5, 39.1, 38.9, 30.7.



HRMS (ESI+) m/z macca paccuntannas (C16H1sBrN3O3z, M+H): 376.0291, macca HaiineHHas:
(M+H) : 376.0292.

Cwmech (3a'S*,4S* 4'R*, 7'R*,7a'S*)-3'-(4-xnoppenun)-
1-gpenun-3a',6',7',7a"-mempacuopo-4'H-
cnupo[umuoazonuoun-4,5'-

[4.7 ] memanobenszo[d]uzoxcazon]-2,5-0ouona (147) u
(3a'R*,4S*,4'R*,7'S*, 7a'R*)-3'-(4-xn0ppenun)-1-

OCHOBHOW n3omep MUWHOpPHbIV n3oMep

¢enun-3a', 4", 7', 7a'-mempacudpo-5"H-cnupo [umuoazonuoun-4,6'-
[4.7]memanobenso[d]usoxcazon]-2.5-ouona (148) (amoent - metano/xmopodopm (1:100)). 13
56 mr (0.219 mmosb) ruganTorna 64b u 50 mr (0.263 mmonb) rugpokcuMonixiopuaa 126 obuia
nosyueHa cmech coeunenuit 147 u 148 B cootnormenuu 52/48 (79 mr, 88%) B Bujae 6esnoro
KPHUCTaJUTHYECKOTO BEIIECTBA.

OcuoHrol n3omep 147: cnexrp *H IMP (400 MI'u, JIMCO-d6): & 7.79-7.76 (m, 2H), 7.68—
7.66 (m, 2H), 7.51-7.45 (m, 3H), 7.42-7.36 (m, 2H), 5.36 (o, J = 8.2 ', 1H), 3.88 (1, J = 8.2 I'y,
1H), 2.79 (¢, 1H), 2.61 (1, ] = 4.0 I'u, 1H), 2.15 (an, J1=2.1 I'n, Jo= 13.4 'y, 1H), 1.89-1.77 (m,
2H), 1.48-1.42 (m, 1H).

Munopssii nzomep 148: cnexrp *H SAMP (400 MT'y, IMCO-d6): & 8.98-8.89 (m, 2H), 7.51—
7.45 (m, SH), 7.42-7.36 (m, 2H), 4.73 (1, J = 8.3 T', 1H), 4.61 (1, J = 8.3 I'u, 1H), 2.71 (c, 2H),
1.89-1.77 (m, 3H), 1.48-1.42 (m, 1H).

Cwmech nzomepos 147 u 148: cnexrp *C AMP (101 MI'u, JIMCO-d6): 8 175.1, 174.8, 156.4,
155.6, 154.8, 154.8, 135.0, 135.0, 132.6, 132.6, 129.5, 129.4, 129.2, 129.1, 129.0, 128.9, 128.2,
128.2,128.9, 127.8, 127.3, 127.3, 87.1, 82.7, 64.5, 64.0, 55.7, 53.5, 49.3, 49.1, 44.1, 42.6, 41.0,
38.7, 32.6.

HRMS (ESI+) m/z macca paccuntannas (C22H19CIN3O3, M+H): 408.1109, macca HaiiieHHast:
(M+H): 408.1112.

OO0mas npoueaypa peakuuu 1,3-1UNoASIPHOr0 HUKJIONPUCOETHHEHH S
HUTPWIMMHHOB K CHHPOTHIAHTHOHY 648 MeTo10M A1 (PY3NOHHOIO CMelIeHHUS.

Cwmech ruanTonna 64a (0.12 mmois, 0.030 1) u ruapaszonmranorenuaa (0.35 Mmons) B
3 M xjopodopma nomemani B Buasty oobemom 15 mut (amamerpom 1.3 cm) u 3akpbiBasiv
CTEKJIIHHOW IPOOKOH ¢ OTBEPCTUSAMU. 3aTeM BHAITy TOMELIAN B 3aKPHITYIO BUaly 00bemMoM 50
M1 (nuametpoM 3.5 ¢M), colepKallyo TpudTIIaMuH (35.9 MMOJIb, 5 MIT), U pEaKIIMOHHYIO
CMECh MepeMelInBalii IpU KOMHATHOW TeMIepaType B TeueHue AByX nHel (koHTpoias TCX unun

SIMP). 1o okoHYaHUU peaKIMK CMeCh U3 BHyTpeHHel Buaibl paz0asisuiu 10 mi xnopodopma,



MEPCHOCUIIH B ICIUTEIBHYIO BOPOHKY U TIpOoMbIBaiu 2%-HbIM BoiHBIM pacTBopoM HCI (2 x 10
mut). Opranuueckyro (asy cymmnn Hag 6e3BoaubiM NaSO4, pacTBOpUTENb YIS IPH

INOHM)XCHHOM AAaBJICHUHU U OCTAaTOK OYHIIIAJIN KOJIOHOYHOM XpOMaTOI‘panI/ICI\/'I Ha CHJIMKarecie.

o o Cwmech (3a'R*,45*,4'S*,7'S*,7a'S*)-1,1",3"-mpucpenun-
HN__)J\N/© HN N/© 1'3a',4',6',7",7a"-eexcacuopocnupolumuoazonuoun-4,5'-
@ o + © [4.7)memanounoazon]-2,5-ouona (145€) u
PN, A—Ph Ph—N=Ph (3a'S*,45*,4'S* 7'S* 7a'R*)-1,1",3"-mpucperun-
OCHOBHO/ M30MEp  MMHOPHbI U30MEp 1',3a',4',5",7',7a'-eexcazudopocnupolumuoazonuoun-4,6'-

[4. 7\ memanounoazon]-2.5-ouona (146e) (3aroent - meranon/xiaopodopm (1:100)). 13 30 mr
(0.118 mmounp) runantonna 64a u 82 mr (0.354 mmons) nmunomnxiopuaa 135 noixydena cmech
coenuaeHuit 145e u 146e B cootHomenun 54/46 (49 mr, 93%) B BUE CBETIO-KEITOTO
KPHUCTaJUTHYECKOTO BEIIECTBA.

Ocuosrol n3omep 145e: enextp *H SIMP (400 MI'u, CDCls): § 7.92 (ym. ¢, 1H), 7.72-7.70 (m,
2H), 7.44-7.30 (m, 9H), 7.21-7.10 (m, 3H), 6.92-6.85 (M, 1H), 4.11-4.03 (m, 2H), 2.98 (c, 1H),
2.78 (¢, 1H), 2.45-2.32 (m, 2H), 1.68-1.52 (M, 2H).

MunopHslii nzomep 146e: enexrp *H SIMP (400 MI'u, CDCls): 6 7.77 (ymr. ¢, 1H), 7.72-7.70
(M, 2H), 7.44-7.30 (m, 9H), 7.21-7.10 (M, 3H), 6.92-6.85 (m, 1H), 4.57 (1, J = 8.9 I';, 1H), 3.59
(n, J=8.9Tn, 1H), 2.87 (¢, 1H), 2.73 (c, 1H), 2.45-2.32 (m, 2H), 1.68-1.52 (M, 2H).

Cwmech nzomepos 145e u 146e: enexrp *C AMP (101 MI'u, CDCls): 6 176.0, 175.8, 156.9,
156.9, 148.9, 147.2, 1444, 143.9, 131.9, 131.1, 129.4, 129.3, 129.1, 128.7, 128.6, 128.6, 128.5,
128.4,126.1, 125.9, 125.7, 119.4, 119.1, 112.5, 66.9, 65.4, 64.1, 63.7, 54.4, 50.9, 49.7, 49.6,
41.7,41.0, 40.5, 37.6, 32.1, 31.7. HRMS (ESI+) m/z macca paccuutannast (C2gH2sN4O2, M+H):
449.1972, macca Haiinennas: (M+H): 449.1968.

o /@ o /@ Cwmech (3a'R*,45*,4'S* 7'S*,7a'S*)-3"-memun-1,1'-
__)LN HN:)LN ougpenun-1',3a',4',6',7',7a'-
0 +

HN
Qg © eexcazuopocnupolumuoasoruoun-4,5'-
pn—N. A—Me Me—, N-pn [4.7T)memanounoazon]-2,5-0ouona (145a) n

OCHOBHOW /I3OMEP  MAHOPHI U3OMep (3a'S*,4S*,4'S* 7'S*, 7a'R*)-1"-memun-1,3'-0uchenun-
1'3a',4'\5', 7", 7a'-eexcacuopocnupolumuoazonuoun-4,6'-[4.7| memanounoaszon)-2,5-ouona (146a)
(ammoenT - meTanos/xsopodopm (1:100)). M3 30 mr (0.118 mmoss) rugantonna 64a u 60 mr
(0.354 mmounp) nmugounxiopuaa 136 Oblia nmosryueHa cMmech coenuHennii 145a u 146a B
cootHomeHuu 53/47 (37 mr, 81%) B BUJIE )KENTOTO KPUCTAILTUIECKOTO BEIIIECTBA.

OcnosHol n3omep 145a: emexrp *H AMP (400 MI'u, CDCls): § 7.55 (ym ¢, 1H), 7.42-7.26 (m,
7H), 6.95-6.93 (m, 2H), 6.82-6.80 (M, 1H), 3.85 (1, ] = 9.3 'y, 1H), 3.42 (1, J = 9.3 'y, 1H),



2.75 (1, J = 4.4 T, 1H), 2.60 (c, 1H), 2.41-2.29 (m, 2H), 1.96 (c, 3H), 1.53-1.46 (m, 2H).
Cnexrp B3C AMP (101 MI'u, CDCls): § 176.0, 156.5, 148.3, 144.8, 131.2, 129.3, 129.2, 128.5,
126.2,118.4, 111.9, 66.3, 65.3, 53.6, 48.5, 41.6, 37.7, 31.7, 14.5.

Munopssi nzomep 146a: cnexkrp *H SIMP (400 MI'y, CDCls): 6 7.79 (ymu. ¢, 1H), 7.42-7.26
(m, 7H), 7.00-6.99 (m, 2H), 6.82-6.80 (M, 1H), 4.30 (1, J = 9.3 T, 1H), 2.97 (1, ] = 9.3 T', 1H),
2.84 (c, 1H), 2.51 (1, J = 4.4 T, 1H), 2.41-2.29 (m, 2H), 1.95 (c, 3H), 1.53-1.46 (v, 1H), 1.43
(nm, J1=3.2 T, J2=13.4 'y, 1H). Cnexrp *C AMP (101 MI'u, CDCls): 6 176.0, 156.9, 150.1,
145.6, 131.3, 129.3, 129.2, 128.5, 126.2, 118.7, 112.0, 64.1, 63.3, 58.2, 51.1, 41.1, 39.4, 32.0,
14.5.

HRMS (ESI+) m/z macca paccuntannas (C23H23N4O2, M+H): 387.1816, macca HaliieHHas:
(M+H): 387.1813.

Oo0mas meToauka aecyjib(p)ypaunu THOTHIAHTOUHOB peakuuei 1,3-1unoJasipHbIM
LMKJIONPHCOeUHEHHEM HUTPHJIOKCHA0B MeT0A0M AN ((Py3MOHHOr0 cMelIeHusl.

Cwmech tnorunantouna (0.19 mmons) u N-ruapokcumonnxiopuna 126 (0.19 mmons) B 3
Ml xjopodopma nomemanu B 15 mi Buany 1 (amamerp 1.3 cM) U 3aKkpbIBajgM CTEKJISIHHOU
npoOkoit ¢ orBepcTusiMu. Buany 1 3aTtem nomernanu B 3akpeiTyto 50 mi Buany 2 (auamertp 3.5
CM), conepkamuii TpudTHIaMUH (35.9 MMONB, 5 M), M PEaKIMOHHYIO CMECh IEePEMEIINBAITN
IpyU KOMHATHOM Temmeparype B TeueHue AByX JaHed (koHTponb TCX wumm SAMP). Ilo
3aBEpIIEHUHM pPEaKIMU CMeCh M3 BHYTpeHHed Buanbl pazbasmsin 10 Ma  xnopodopma,
HIEPEHOCHIIH B JCIUTEIbHYIO BOPOHKY U MpoMbIBaiu 2%-HbM BoAHBIM pactBopoM HCI (2 x 10
). Opranmueckyro (asy cymmnn Han O0e3BogabiM NaxSOs mocne 4ero cMech KHISATHIH B
TedeHue 2 yacoB. [locie 3Toro pacTBopuTeNb yaausuid Ipy NOHWKEHHOM JABJIEHUH, a OCTaTOK

OYHIIIATIH KOJIOHOYHOM XpOMaTOFpa(l)Hef/'I Ha CUJIHNKarciic.

ili?—(o (1S* 28* 45*)-1"-henuncnupof[ouyuxnof[2.2.1]cenman-2,4'-umudazonuoun]-5-en-
HN\n/N\© 2", 5"-0uon (64a) (smoenT - meTanos/xopodopm (1:200)). 13 Tnorugantonna 71a
(o]

(51 mr, 0.19 mmomns) u 4-xnop-N-ruapokcudbenznmunonnxiaopuaa (36 mr, 0.19

MMOIIb), coenuHenue 28a (43 mr, 90%) momydanu B BHAE OETOT0 KPUCTATMYECKOTO TBEPAOTO
BELIECTBA.

CrekTpanbHble JaHHBIE TOJHOCTBIO COBIAJAIOT C JAaHHBIMH TOTO K€ COCAMHCHHS,

MOJTY4EHHOTO 1o peakiun Junbca-Anbaepa (cM. paszen 4.4).

E 5 (1S*,25*,45%)-1"-(2-xnoppenun)cnupo[6uyuxno[2.2. 1] cenman-2,4'-
i/
i N@ umuoazonuoun]-5-en-2'5"-ouon (149) (amroent - meranos/xiopodopm (1:200)).
[e]

cl N3  Ttwormpmantomna 7/3a (58 wmr, 0.19 wmwmoms) wu  4-xjop-N-



ruapokcudensumunomtxiopuaa (36 mr, 0.19 mmons), coenunenue 149 (52 mr, 95%) nonyqanu
B BUJIe OEJI0r0 KPUCTAILTUNYECKOT0 TBEPIOTO BEIIECTBA.

Cnextp 'H AMP (400 MI'u, CDCls): § 7.57-7.50 (m, 1H), 7.41-7.31 (M, 3H), 6.55-6.51 (M,
1H), 6.25-6.19 (M, 1H), 5.94 (ym. ¢, 1H), 3.18-3.08 (M, 1H), 3.05 (M, 1H), 2.52-2.43 (m, 1H),
2.30-2.23 (m, 1H), 1.58-1.51 (m, 1H), 1.44-1.36 (m, 1H). Cnextp *C AIMP (101 MI'u, CDCls):
(mBa Habopa curnanos aist C(Ar)-N-poramepos) 6 175.7, 175.5, 154.4, 154.4, 142.2, 142.2,
132.8, 132.7, 132.7, 132.6, 130.3, 130.2, 130.2, 130.1, 130.0, 129.9, 129.2, 129.1, 127.3, 127.3,
67.1,67.0,52.2,51.6,47.3,47.2,42.2,42.1, 41.2, 40.4. HRMS (ESI+) m/z macca
paccuntanHasist (C1sH14CIN2O2, M+H): 289.0738, macca naiinennas: (M+H): 289.0736.

(1S*,25*,45*)-1"- (mema-monun)cnupo[ouyuxno[2.2.1] cenman-2,4'-
/HN\IfN \©/ umuoazonuoun]-5-en-2'5"-ouon (150) (3moent - meranou/xmopodopm (1:200)).
° N3  tuwormmantomna 74a (54 wmr, 0.19 wmmome) u  4-xyop-N-

ruapokcudesumunomtxiopuaa (36 mr, 0.19 mmons), coequaenue 150 (51 mr, 98%) momyganu
B BUJI€ OEJI0r0 KPUCTAILUTHIECKOTO TBEPIOTO BEIIECTBA.
Cuextp 'H IMP (400 MI'u, CDCls): § 7.35 (1, J = 7.7 I'u, 1H), 7.26-7.15 (M, 3H), 6.56 (ux, J1
=3.1Tu, J2=5.7Tu, 1H), 6.23 (an, J1=3.0 T'u, J2= 5.8 T't, 1H), 5.77 (yu1 ¢, 1H), 3.12-3.04 (m,
2H), 2.46 (nm, J1=3.5 T, J2=12.3 T'u, 1H), 2.40 (c, 3H), 2.30 (1, J = 9.1 I'u, 1H), 1.58-1.54 (m,
1H), 1.38 (na, J1=3.6 ', J2=12.3 'y, 1H). Cnexrp *C AMP (101 MI', CDCl3): § 176.1,
155.1, 142.2, 138.6, 132.8, 131.2, 128.6, 128.4, 126.5, 123.0, 66.3, 51.9, 47.3, 42.2, 41.0, 21.0.
HRMS (ESI+) m/z macca paccunutannas (C16H17N202, M+H): 269.1285, macca HalineHHas:
(M+H): 269.1286.

7,8-Humemun-3-gpenun-1,3-ouazacnupof4.5] dey-7-en-2,4-ouon (87) (amroeHr -

/@(o MetaHod/xsnopodopm (1:200)). U3 tuorugantouna 91 (54 mr, 0.19 Mmmoinb) u

HN\H/N\Q 4-xmop-N-ruapokcudensumugonwaxiopuaa (36 mr, 0.19 mMmonp) momydanu

° coenunenune 87 (46 mr, 90%) B Buge 0EIOro0 KPUCTAUTMYECKOTO TBEPIOTO
BEIIIeCTBA.

CrekTpanbHble JaHHBIE TOJHOCTHIO COBMANAIOT C JAaHHBIMU TOTO K€ COCAMHECHMS,

HOJIY4EHHOTO 1o peakiun Junbca-Amnbaepa (cM. paszen 4.4).

7,8-Humemun-3-(m-monun)-1,3-ouazacnupo[4.5] 0oey-7-en-2.4-ouon (151)
/@(O (ammroeHT - metanon/xmopodopm (1:200)). M3 tnorunantouna 94 (57 mr, 0.19
Y MMOJb) U 4-xmop-N-ruapokcudenzumugonnxiopuaa (36 mr, 0.19 mmoub)

nonydanu coeaunenue 151 (49 mr, 90%) B Buze 6e10ro KpUCTaNIMYECKOTO



TBEPJIOTO BEIIECTBA.

Cunextp 'H AMP (400 MI'u, CDCls): § 7.36-7.15 (m, 4H), 6.63 (ywm. ¢, 1H), 2.73 (x, J = 17.2
['u, 1H), 2.38 (c, 3H), 2.20-2.16 (m, 2H), 2.10-1.96 (m, 2H), 1.83-1.77 (m, 1H), 1.65 (c, 6H).
Cunextp *C SIMP (101 MI'u, CDCls): § 175.4, 155.5, 138.5, 131.1, 128.5, 128.3, 126.3, 124.9,
122.8, 121.5, 60.3, 39.2, 29.5, 27.3, 20.9, 18.3, 18.2. HRMS (ESI+) m/z macca paccuutanHas
(C17H21N202, M+H): 285.1598, macca Haiinennas : (M+H): 285.1601.

3-(3-Xnop-4-¢pmopgenun)-7.8-oumemun-1.3-ouazacnupof4.5] oey-7-en-2.4-

/@(O o ouon (152) (amoent - meranoa/xaopodopm (1:200)). 13 tuorumantounna 100
HNTN F (61 mr, 0.19 mmoinb) u 4-xsop-N-rugpokcudbenznmuomixiopuaa (36 wmr,
0.19 mmonb) momywanu coeaunenue 152 (47 wr, 81%) B Buae 0enoro KpuUCTAUIMYECKOTO
TBEPJIOTO BEIIECTBA.

Cuextp 'H SIMP (400 MI'u, CDCls): 6 7.59-7.55 (M, 1H), 7.59-7.55 (m, 1H), 7.41-7.36 (m, 1H),
7.26-7.18 (m, 1H), 6.49 (m m, 1H), 2.73 (n, J = 16.9 I'u, 1H), 2.21-2.16 (m, 2H), 2.11-1.95 (m,
2H), 1.84-1.78 (m, 1H), 1.67 (c, 6H). Cuexrp *C AMP (101 MI'u, CDCls): § 175.3 (c), 157.4
(m, J =250.2 I'r), 155.2 (c), 128.9 (¢), 128.3 (¢), 125.8 (1, J = 7.7 I'r), 125.5 (¢), 121.9 (¢), 121.2
(c), 116.8 (m, J = 22.0 T'n), 60.9 (c), 39.7 (¢), 30.0 (c), 27.7 (c), 19.2 (c), 18.8 (c). °*F AMP (376
MTI'1, CDCl3): 6 -115.44 (ddd, J1 = 4.1 T'u, J2= 6.5 T'y, J3 = 8.5 I'm). HRMS (ESI+) m/z macca
paccuutannas (C16H17CIFN202, M+H): 323.0963, macca nHaiinennas: (M+H): 323.0961.

Oo0mas npouenypa nposeaenus 1,3-1unoasIipHOro HUKJIONPHCOETMHEHUA
HUTPUJIMMHUHOB M0 KpaTHO# cBsi3u C=S THOrHAaHTOMHOB 6-11.

Cwmech tnorugantouHa (0.27 MMoub) U npealecTBeHHUKA HuTpuaumuHa (0.27 MMoib) B
3 M xjopodopma nomemanu B 15 mi Buany 1 (auamerp 1.3 cM) U 3aKpbIBajdM CTEKJISHHOU
npoOkoit ¢ orBepcTusiMu. Buany 1 3aTtem momernanu B 3akpeiTyto 50 mi Buany 2 (auamertp 3.5
CM), conepxaruii TpudTHIaMuH (35.85 MMOb, 5 MIT), U PEaKIIMOHHYIO CMECh MEepPEMEITUBAIN
IpyU KOMHATHOM Temmeparype B TeueHue AByX aAHed (koHTponb TCX wmm SAMP). Ilo
3aBEepIIEHUHM pEaKIMU CMeCh M3 BHYTpeHHed Buanbl pazbasmsuin 10 Ma  xmopodopma,
NIEPEHOCWIIH B JICTTUTENBHYI0 BOPOHKY U MPOMBbIBAIN 2%-HbIM BogHBIM pacTBopoM HCI (2 x 10
mit). Opraandeckyio (azy cymmm Haj 6e3BoHBIM NaxSOs, mociie yero pacTBOpUTENh YA
Ipy TOHW)KEHHOM JIaBJIEHMM, a OCTaTOK OYMINAIM KOJIOHOYHOM Xpomarorpadueil Ha

CHJIMKaArciic.



q 3-Memun-1,6,9-mpugpenun-4-mua-1,2,6,9-mampaazacnupo[4.4] non-2-en-1,8-
\ \/\S)\Me ouon (153) (amtoent - xjopodopm). M3 tworumanrtoumna 61 (76 wmr, 0.27
ﬁ>// MMOJIb), TPeALIeCTBEHHIKA HUTpuiauMuHa 1 (46 mr, 0.27 MMOJIb) COeTUHEHHE
6 (108 mr, 97%) mosty4usiu B BUE KEITOr0 TBEPIOTO BEILIECTBA.
Cuextp 'H SIMP (400 MI'u, CDCls): § 7.37-7.31 (m, 7H), 7.28-7.21 (m, 6H), 7.15-7.11
(M, 1H), 1.97 (¢, 3H). HRMS (ESI+) m/z macca paccunrannas (C23sH19N4O2S, M+H): 415.1223,

Mmacca HalinenHas: (M+H): 415.1227.

ve (1R*2R* 2'R* 4R*)-5"-Memun-1',3"-0ughernun-3"H-

o\/ 7\N oucnupo[ouyuxno[2.2.1]eenman-2,4"-umuoazoruoun-2",2"-[1,3,4] muaouason]-5-
"bh en-5-on (154) (pmroent - xmopodopm). U3 trormmanrtouna 7la (73 wmr, 0.27

MMOJIb), TIpeAlIeCTBeHHNKa HuTpuimMuHa 136 (46 mr, 0.27 MMOIIb) cCoeIUHEHHE
154 (101 mr, 93%) mony4unu B BUAE CBETIO-KOPHUUHEBOTO aMOP(HOTO BEIIECTRA.
Cuextp H SIMP (400 MI'u, CDCl3): 8 7.92-7.89 (m, 2H), 7.88 (yw c., 1H), 7.47-7.43 (m, 4H),
7.31-7.25 (m, 3H), 7.09-7.05 (M, 1H), 6.39 (an, J1=2.9 I'n, J2 = 5.5 T', 1H), 6.30 (uz, J1 = 3.0
I', Jo=5.5 T, 1H), 3.26-3.24 (m, 1H), 3.08 (¢, 1H), 2.95 (mn, J1=3.8 Ty, J2=11.5 T, 1H),
2.36 (¢, 3H), 1.88 (1, J =8.8 T't, 1H), 1.46-1.40 (m, 1H), 1.35 (am, J1 =2.9 T, Jo = 11.5 Ty, 1H).
Cuextp *C AMP (101 MI'u, CDCls): § 173.4, 156.9, 145.0, 139.8, 139.4, 138.3, 135.5, 128.9,
128.6, 125.6, 123.9, 122.1, 119.6, 76.6, 54.8, 45.9, 43.0, 36.9, 17.3. HRMS (ESI+) m/z macca
paccuutanHas (C23H22NsOS, M+H): 403.1587, macca naiinennas: (M+H): 403.1587.

(1R*,2R*,2'R*,4R*)-3" 5"-Jugpenun-1'-(mema-monun)-3"H-

q% oucnupo[ouyuxno[2.2.1]eenman-2,4"-umuoazoruoun-2',2"-[1,3,4] muaouason]-5-
O\f 7\N en-5'-on (155) (amoent - xmopodopm). M3 tuorumantouna 74a (77 wmr, 0.27
i MMOJIb), TIpealecTBeHHIKa HuTpuimMuHa 135 (62 mr, 0.27 MMOJIB) COETUHEHHE
155 (116 mr, 90%) mony4usu B BUAE CBETIIO-KENTOr0 aMOp(HOIo BElleCcTBa.

Cunextp 'H SIMP (400 MI'u, CDCls): & 8.04-8.02 (m, 2H), 7.88 (ym c., 1H), 7.72-7.69 (m, 2H),
7.52-7.48 (m, 2H), 7.45-7.40 (m, 3H), 7.36-7.30 (m, 2H), 7.27-7.22 (m, 1H), 7.18-7.15 (m, 1H),
6.90-6.86 (M, 1H), 6.44-6.40 (m, 1H), 6.36-6.33 (M, 1H), 3.30 (c, 1H), 3.10 (¢, 1H), 3.07-3.02 (™,
1H), 2.32 (¢, 3H), 1.93 (1, J = 8.4 Ty, 1H), 1.50-1.42 (m, 2H). Criexrp 3C IMP (101 M,
CDClz): 6 172.7, 155.5, 139.5, 139.1, 138.4, 137.7, 135.1, 130.0, 129.8, 128.4, 128.3, 128.2,
125.7,125.5, 124.3, 122.0, 119.9, 116.3, 76.8, 54.4, 45.5, 42.6, 36.4, 21.0. HRMS (ESI+) m/z
macca paccuntantas (CaoH27N4OS, M+H): 479,1900, macca Haiinennas: (M+H): 479,1901.



o Me (IR*2R*2'R*4R*)-5"-Memun-1',3"-ougpenun-3"H-
OQ__—/'{IVEN\,N oucnupo[ouyuxno[2.2.2]okman-2,4"-umuoazoruoun-2'2"-[1,3,4]muaouaszon]-5-
R (156) (amroent - xsmopodopm). U3 tuorumantouna 80a (77 mr, 0.27
MMOJIb), IPEIIIeCTBCHHUKA HUTpranMuHa 136 (46 mr, 0.27 MMOJIb) COeqHHEHNE
156 (107 mr, 95%) nony4uiu B BUAE CBETIO-KOPUUHEBOTO aMOP(HOTO BEIIECTBA.
Cuextp 'H AMP (400 MI'u, CDCls): § 7.98-7.96 (M, 2H), 7.84 (yw c., 1H), 7.46-7.42 (m, 4H),
7.31-7.23 (m, 3H), 7.09-7.05 (m, 1H), 6.44-6.40 (m, 2H), 2.92-2.88 (M, 2H), 2.76-2.72 (m, 1H),
2.35 (¢, 3H), 1.78-1.65 (m, 2H), 1.51-1.47 (m, 1H), 1.29-1.12 (m, 2H). Cniekp 2C SIMP (101
MI'n, CDCls): 8 172.5, 154.3, 144.5, 139.6, 137.9, 134.7, 132.9, 128.5, 128.2, 125.0, 123.5,
121.6, 119.2,72.0, 42.5, 35.0, 30.2, 22.6, 20.7, 16.9. HRMS (ESI+) m/z macca paccuntanHas

(C24H25N4OS, M+H): 417.1743, macca Haiinennas: (M+H): 417.1749.

o Me (18%2R*,45%)-5"-Memun-1',3"-0ucpenun-3"H-oucnupo[6uyuxno[2.2.2] oxman-
OQ_——/'{]#S\,I?N 2,4 -umuoazonuoun-2',2"-[1,3,4]muaouazon]-5-en-5"-on ~ (157)  (dmoeHt -
@ " b xmopodopm). M3 troruganronna 80b (77 mr, 0.27 MMOIIb), MPEAIIECTBEHHUKA

autpuwinmuHa 136 (46 mr, 0.27 mmonb) coemunenue 157 (102 wmr, 91%)

MOJTYYHJTH B BHJIE CBETJIO-KOPUYHEBOTO aMOP(HOTO BEIIECTBA.

Cuextp H SIMP (400 MI', CDCl3): 8 8.00-7.98 (m, 2H), 7.51 (yw c., 1H), 7.48-7.42 (m, 4H),

7.29-7.23 (m, 3H), 7.07-7.03 (m, 1H), 6.40-6.37 (m, 1H), 6.20-6.16 (M, 1H), 2.92-2.89 (M, 1H),

2.77-2.74 (m, 1H), 2.72-2.67 (m, 1H), 2.35 (¢, 3H), 2.35-2.30 (M, 1H), 1.62-1.56 (m, 1H), 1.44

(mm, J1 =2.2 T, Jo = 12.5 T, 1H), 1.35-1.18 (m, 2H). Cuexrp **C AMP (101 MTI'u, CDCls): &

172.6, 156.5, 145.2, 139.9, 138.4, 135.3, 130.6, 128.8, 128.6, 125.6, 123.7, 122.2, 119.4, 70.3,

42.1, 33.9, 30.5, 24.7, 20.4, 17.3. HRMS (ESI+) m/z macca paccuntannas (C24H2sN4sOS, M+H):

417.1743, macca Haiinennas: (M+H): 417.1746.

pn Me 3,9,10-Tpumemun-1,14-ougenun-4-mua-1,2,6,14-
0o N\/SH?N mempaazaoucnupo[4.1.57.25] mempadexa-2,9-ouen-13-on  (158) (smroent -
" xmopodopm). M3 trorumantonna 91 (77 mr, 0.27 MMOjb), IpelIeCTBEHHUKA
nutpwinmuHa 136 (46 wmr, 0.27 mwmonb) coeaunenue 158 (104 wmr, 92%)

MOJTYYHJTH B BHJIE CBETJIO-KOPUYHEBOTO aMOP(GHOIO BEIIECTRA.

Cunektp *H IMP (400 MI'u, CDCls): 6 8.94 (ymr. ¢, 1H), 7.77-7.75 (m, 2H), 7.50-7.47 (M, 2H),

7.36-7.32 (m, 1H), 7.27-7.21 (m, 4H), 7.04-7.02 (m, 1H), 3.00 (1, J = 18.2 T'i, 1H), 2.39 (¢, 3H),

2.15-1.98 (M, 5H), 1.74 (c, 3H), 1.70 (¢, 3H). Cniextp 3C SIMP (101 MI'u, CDCls): & 173.8,

150.7, 145.5, 139.6, 137.8, 128.5, 128.4, 126.6, 125.9, 123.8, 123.6, 123.2, 118.7, 64.2, 34.5,



31.9, 28.2,18.7, 18.7, 16.9. HRMS (ESI+) m/z macca paccuutannas (C24H27N4OS, M+H):
419.1900, macca Harigennas: (M+H): 419.1880.

cl 14-(4-Xnopghenun)-3,9,10-mpumemun-1-penun-4-mua-1,2,6,14-
mempaazaducnupo[4.1.5°.2°] mempadexa-2,9-0uen-13-on  (159) (smoeHt -
o S Y xiopodopm). U3 tuorumantounna 97 (87 mr, 0.27 MMoJb), MpeaiIecTBEHHUKA
NH N autpuinMuHa 136 (46 mr, 0.27 mmons) coeaunenne 159 (75 mr, 61%) noxyanim
SEZ B BHJIE CBETJIO-KOPHYHEBOTO aMOP(HOro BEIlleCTBa.
Cuextp 'H IMP (400 MI'u, CDCls): 8 9.12 (ym. ¢, 1H), 7.73-7.71 (m, 2H), 7.50-7.46 (M, 2H),
7.36-7.32 (m, 1H), 7.23-7.15 (m, 4H), 2.96 (1, J = 18.2 T', 1H), 2.40 (c, 3H), 2.15-1.97 (M, 5H),
1.72 (¢, 3H), 1.69 (c, 3H). Cuexrp C SIMP (101 MI'u, CDCls): & 174.0, 146.2, 136.7, 129.0,
128.7,128.4,127.1, 126.6, 124.4, 123.9, 120.2, 64.5, 34.7, 32.1, 28.5, 19.1, 19.0, 17.3. HRMS
(ESI+) m/z macca paccunrannas (C2sH26CIN4OS, M+H): 453.1510, macca naiinennas: (M+H):
453.1513.

Cwmecs (3a'S*,45*,4'S* 7'S*,7a'S*)-2-(6enzunmuo)-3'-
(4-xnopgpenun)-1-gpenun-3a',6', 7', 7a'-mempazuopo-
4'H-cnupo[umuoaszon-4,5'-[4,7]
memanobenszo[d]uzoxcazon]-5(1H)-ona (160) n
OCHOBHOI U3OMEP MUHOPHI M3OMEP (3a'R*,45*,4'S* T'R*, 7a'R*)-2-(6ensurmuo)-3'-(4-

xnopgpenun)-1-gpenun-3a',4', 7', 7a'-mempacudpo-5'H-cnupo [umuoazon-4,6'-

[4, 7] memanobenzo[d]uzoxcazon]-5(1H)-ona (161) (3moeHT - MmeTanoa/xiaopodopm (1:100)). 13
truorugantonda 118 (97 mr, 0.27 mmos), ruapokcumonxiopuaa 126 (51 mr, 0.27 Mmos)
cmech coequaenmit 160 u 161 B cootHOomenwnn 55/45 (134 mr, 97%) mony4wv B BUJE CBETIIO-
KOPUYHEBOTO aMOP(HOTO BEIIECTBA.

OcnosHoli u3omep 160: cmextp *H AMP (400 MI'u, AMCO-d6): § 7.83-7.79 (M, 2H), 7.54—
7.41 (m, 8H), 7.37-7.19 (m, 4H), 4.95 (1, J = 8.4 ', 1H), 4.43-4.33 (M, 3H), 2.69-2.67 (M, 1H),
2.61-2.58 (m, 1H), 2.16 (a, J =10.7 I'y, 1H), 1.96 (am, J1=4.9 T, Jo=13.1 'y, 1H), 1.44 (ax, J1
=24Tn,J2=13.1Tu, 1H), 1.36 (x, J = 10.9 I'u, 1H).

Munopsslii nzomep 161: cnexrp *H AMP (400 MI'u, IMCO-d6): & 7.83-7.79 (m, 2H), 7.54—
7.41 (m, 8H), 7.37-7.19 (m, 4H), 5.36 (1, J = 8.3 T';, 1H), 4.43-4.33 (m, 2H), 4.13 (1, J = 8.3 I'y,
1H), 2.79 (c, 1H), 2.61-2.58 (M, 1H), 2.07-2.00 (M, 1H), 1.78-1.74 (m, 1H), 1.36 (1, J = 10.9 I',
1H).

HRMS (ESI+) m/z macca paccuntannas (C2gH2sCIN3O2S, M+H): 514.1351, macca HaitneHHast:
(M+H): 514.1347.



4.7. Peakunu 1,3-1UNOJSIPHOTO IUKJIONPUCOETUHEHUST a3U/10B
OO0mas npoueaypa peakuu HUKJIONPUCOeTHHEHHS a3U/10B K CIIMPOUMH/Ia30JI0HAM
PactBop cnmpoummnazonona (0.40 mmoins) u asuaa (0.40 MmMoib) KunsSTWIM B OSH30I1E
uiau tonyosie (25 mu) B TedeHue 36 vacoB. MeToa A: BBINABIIMKCA OCaJOK (DHIIBTpOBAIM HA
CTEKJISTHHOM TOPUCTOM (UIbTPE, HECKOJIbKO pa3 MPOMBIBATM HEOONBIIMMH MOPUUIMU
pacTBOpUTENs W CYIIMIU Ha Bo3ayxe. Meron B! pacTBopuTens ynaisiii Mpu TOHUKECHHOM

JIABJICHUH, @ OCTATOK OYHIIAIM KOJIOHOYHOW XpoMaTorpadueil Ha CUIIHKarene.

)OL @ 0 @ Cmech (3a'R*,4S*,4'S*,7'S*,7a'S*)-1'-
AN N HN___)LN (4-numpogpenun)-1-gpenun-1'3a',4',6',7',7a'-
(0] + o)

§§ §§ 2excazuopocnupo[umuoazonuoun-4,5'-[4,7]

OZNON‘N"N N~‘N/N‘®>NOZ memanobenso[d][1,2,3]mpuazon]-2,5-0uona
OCHOBHOM n3omep MI/IHOprIVI n3omep (176&) u (3a'R*,48*,4|S*,7'8*,7als*)'3|'(4'
numpocgpenun)-1-penun-3',3a',4',6', 7', 7a’-eexcazuopocnupo [umuoazonuoun-4,5'-

[4,7]memanobenso[d][1,2,3] mpuazon]-2,5-ouona (176b) (Beimenensr mo meroxy A). U3
criuporuganTonHa 64a (102 mr, 0.40 mmoms) u 4-autpodenmnazuna (66 mr, 0.40 mmoip) B 25
MJI TOJTyOJIa cMech coequHeHuid 176a u 176b B cootnomennn 57/43 (139 mr, 83%) nmomy4uiu B
BUze OEoro TBEPOTO BEIIECTRA.
OcnosHoii u3omep 176a: ciekrp *H AMP (400 MI'u, IMCO-d6): & 8.96 (ym. ¢, 1H), 8.27—
8.23 (m, 2H), 7.58-7.44 (m, 2H), 7.49-7.36 (M, 5H), 5.23 (1, J =8.9 I'y, 1H), 4.17 (1, J =8.9 I'1y,
1H), 3.09 (¢, 1H), 2.74-2.71 (m, 1H), 2.29-2.23 (M, 1H), 2.14 (n, J=11.3 T';, 1H), 1.69 (an, J1 =
2.7Tn, J2=13.8 'y, 1H), 0.93-0.88 (M, 1H).
Munopssiii nzomep 176b: ecnexrp *H IMP (400 MI'u, JIMCO-d6): & 8.89 (ym. ¢, 1H), 8.27—
8.23 (M, 2H), 7.49-7.36 (m, 7H), 5.01 (1, J = 8.9 I'u, 1H), 4.37 (n, J = 8.9 I'y, 1H), 3.00 (c, 1H),
2.86-2.83 (M, 1H), 2.29-2.23 (m, 1H), 2.14 (1, J=11.3 T'u, 1H), 1.69 (nn, J1=2.7 ', Jo=13.8
', 1H), 0.93-0.88 (M, 1H).
HRMS (ESI+) m/z macca paccunrannas (C21H19NsOs, M+H): 419.1462, macca HaliicHHAS:
(M+H): 419.1472.

X

S
1,0
HN N HN Humpogenun)-1-penun-2-muoxco-
(@] +
5@ §§ i 1'3a'4',6',7' 7a'-

OZNQN\ _N N. ,N@Noz \
N N eexcazuopocnupolumuoazoruoun-4,5'-

OCHOBHOI U3omep MWHOPHbBIN n3omep
[4,7)memanobensol[d][1,2,3]mpuazon]-2,5-ouona

(177a) u (3a'R*,4S*,4'S*,7'S*,7a'S*)-3'-(4-numpopenun)-1-¢penun-2-muokco-3',3a',4',6', 7', 7a'-

/@ CMech  (3a'R*,4S* 4'S* 7'S* 7a'S*)-1'-(4-
N



eexcazuopocnupol|umuoasonuoun-4,5'-[4, 7| memanobenso[d][1,2,3|mpuaszon]-2,5-ouona (177b)
(Bbimenensl 1o merony A). W3 cnupormmantomna 7la (108 wmr, 0.40 Mmoab) u
4-autpodenmnazuna (66 mr, 0.40 Mmoib) B 25 M Tolyosia cMech coeaunenuit 177a u 177b B
cootHoweHuu 61/39 (108 mr, 63%) noay4ymin B BUJIe CBETIIO-KENTOrO TBEPIOTO BEIIECTBA.
OcuoBHol n3omep 177a: emexkrp *H AMP (400 MI'u, AMCO-d6): 6 10.97 (ym. ¢, 1H), 8.29—
8.24 (m, 2H), 7.59-7.56 (m, 2H), 7.49-7.36 (m, 5H), 5.27 (1, J = 8.7 ', 1H), 4.22 (1, J = 8.7 I'Ly,
1H), 3.24 (c, 1H), 2.78-2.75 (M, 1H), 2.31-2.23 (M, 1H), 2.14-2.09 (M, 1H), 1.79-1.75 (M, 1H),
0.95-0.89 (M, 1H).

Munopusiii uzomep 177b: enexrp *H SIMP (400 MI'u, IMCO-d6): § 10.87 (ym. c, 1H), 8.29—-
8.23 (M, 2H), 7.49-7.36 (m, 7H), 5.07 (1, J = 8.8 ', 1H), 4.41 (n, J = 8.8 I'y, 1H), 3.14 (c, 1H),
2.88-2.86 (M, 1H), 2.31-2.23 (M, 1H), 2.14-2.09 (M, 1H), 1.79-1.75 (m, 1H), 0.95-0.89 (M, 1H).
HRMS (ESI+) m/z macca paccuntannas (C21H19NeO3S, M+H): 435.1234, macca HaiineHHas:
(M+H): 435.1243.

OMe OMe Cmech  (3a'R*,45*,4'S*,7'S*,7a'S*)-1-
(4-memokcugpenun)-1'-(4-numpopenun)-2-

S /@/
HN_)&N
. ﬁ% muoxco-1'3a' 4' 6' 7' 7a'-
N¢N,N4®*N

e
HN: N

g
OZNQN\N/,N o, eekcacuopocnupo|umudazonuoun-4,5'-

OCHOBHOI! U3omep MUHOPHbIA U30MeEP [4, 7| memanobensol[d][1,2,3]mpuaszon]-5-ona
(178a) wu  (3a'R*,4S5*,4'S*7'S*,7a'S*)-1-(4-memoxcugpenun)-3'-(4-numpoghenun)-2-muoxco-
3',3a',4',6', 7", 7a'-eexcacuopocnupo[umuoazonuoun-4,5'-[4, T\ memanobenso[d][1,2,3| mpuazon] -
5-ona (178b) (Beimenensr mo metony A). U3 cnuporumantouna 75a (108 mr, 0.40 mMmomb) u
4-autpodenmnazuga (66 mr, 0.40 Mmosb) B 25 M Toiyosia cMech coeaunenuit 178a u 178b B
cooTHomeHuu 77/23 (91 mr, 49%) nomyumiiu B BU/I€ CBETI0-KOPUYHEBOTO TBEPIOTO BELIECTBA.
OcnosHoli m3omep 178a: emextp *H AMP (400 MI'u, AMCO-d6): 6 10.91 (ym. ¢, 1H), 8.26—
8.24 (m, 2H), 7.59-7.56 (m, 2H), 7.30-7.26 (m, 2H), 7.02—7.00 (m, 2H), 5.27 (1, J = 8.9 I'y, 1H),
4.21 (n,J =8.9 1, 1H), 3.79 (c, 3H), 3.22 (¢, 1H), 2.76-2.73 (m, 1H), 2.28-2.20 (m, 1H), 2.12-
2.09 (M, 1H), 1.78-1.73 (M, 1H), 0.95-0.89 (M, 1H).
MunopHslii n3omep 178b: enextp *H AMP (400 MI'u, JIMCO-d6): & 10.81 (ymr. ¢, 1H), 8.26—
8.24 (M, 2H), 7.44-7.41 (m, 2H), 7.30-7.26 (m, 2H), 7.02-7.00 (m, 2H), 5.07 (1, J = 8.6 'y, 1H),
440 (n,J=8.6 T'r, 1H), 3.79 (c, 3H), 3.12 (¢, 1H), 2.88-2.86 (M, 1H), 2.28-2.20 (M, 1H), 2.12-
2.09 (M, 1H), 1.78-1.73 (M, 1H), 0.95-0.89 (M, 1H).
HRMS (ESI+) m/z macca paccuntannas (C22H21NsO4S, M+H): 465.1340, macca HaiineHHas:
(M+H): 465.1336.



o /@ o : Cmech (3a'R*,4S*,4'S* 7'S* 7a'S*)-1'-(4-
H’\!__)k"‘ HN__)kN bpomgpenun)-1-¢penun-1',3a',4',6',7',7a'-
o + o)

=3

Br@N‘N"N N\‘N/N@Br [4, 7 memanobenzo[d][1,2,3] mpuazon]-2,5-ouona
OCHOBHOW n3omep MVIHOprIVI nsomep (180&) u (3alR*,4S*,4'8*,7|S*,7als*)'3"(4'

eexcazuopocnupolumuoazoruoun-4,5'-

opomogpenun)-1-gpenun-3',3a',4',6', 7', 7a'-ecexcacuopocnupolumuoazoruoun-4,5'-

[4, 7\ memanobenso[d][1,2,3]mpuazon]-2,5-ouona (180b) (Beimenenst mo wmerony A). U3
criuporuganTonHa 64a (102 mr, 0.40 mmone) u 4-6pomdbenunasuna (79 mr, 0.40 mmoib) B 25 mi
Oensona cmech coenuuenuii 180a n 180b B cootHomennn 68/32 (63 mr, 35%) mony4yuiia B BUje
0esioro TBEPOTO BEIIECTBA.

Ocnosroi n3omep 180a: enexrp *H SAMP (400 MI'u, AMCO-d6): 6 8.92 (ym. ¢, 1H), 7.55—
7.50 (m, 2H), 7.49-7.44 (m, 2H), 7.42-7.31 (m, 5H), 5.11 (1, J = 9.2 'y, 1H), 4.06 (1, J = 9.2 T'1y,
1H), 3.02 (¢, 1H), 2.69-2.66 (M, 1H), 2.27-2.20 (M, 1H), 2.15-2.11 (m, 1H), 1.67-1.63 (M, 1H),
0.93-0.88 (M, 1H).

Munopusiii nzomep 180b: cnexrp *H SIMP (400 MI'u, JIMCO-d6): & 8.85 (ym. ¢, 1H), 87.55-
7.50 (m, 2H), 7.49-7.44 (m, 2H), 7.42-7.31 (m, 3H), 7.26-7.22 (M, 2H), 4.88 (1, ] =9.2 I'y, 1H),
4.28 (1, =9.2 T'n, 1H), 2.95 (c, 1H), 2.81-2.78 (M, 1H), 2.27-2.20 (m, 1H), 2.15-2.11 (m, 1H),
1.67-1.63 (m, 1H), 0.93-0.88 (M, 1H).

HRMS (ESI+) m/z macca paccuntannas (C21H19BrNsO2, M+H): 452.0717, macca HaiiieHHast:
(M+H): 452.0719.

o (1'S*2'S*45* 4'R* 5'S*)-1,3"-/lugpenun-3'-azacnupo[umuoazonuoun-4,6'-

HN__XN’Ph mpuyurno[3.2.1.0°*]okman]-2,5-ouon (183)  (Bemenen mo Metony B ¢

©  ucrnons3oBaHmeM Meranona/xiopodopma (1:100) B kauectBe SmoeHTa). U3

N
Ph
25 mu tonyona coenuaerue 183 (44 mr, 32%) moay4yunu B BUAE CBETIO-KOPUYHEBOTO TBEPIOTO

cnuporunanTouna 64a (102 mr, 0.40 mmons) u dhenunazuga (48 mr, 0.40 MMoinp) B

BEIIECTBA.

Cuextp 'H AMP (400 MI'u, CDCls): § 8.19 (ym. ¢, 1H), 7.37-7.32 (m, 6H), 7.23-7.15 (m, 3H),
7.09-7.05 (m, 1H), 5.01 (n, J = 9.3 ', 1H), 3.65 (1, J = 9.3 ', 1H), 2.71-2.69 (M, 1H), 2.37-2.30
(m, 1H), 1.55 (an, J1=3.1 T, J2 = 13.7 ', 1H), 1.19 (1, J = 11.8 Ty, 1H). Cnexrp *C AMP
(101 MTI'u, CDCI): 6 175.2, 156.1, 139.1, 130.7, 129.0, 128.7, 128.1, 125.7, 122.1, 113.7, 80.5,
63.6, 58.9, 50.3, 39.9, 37.5, 30.34. HRMS (ESI+) m/z macca paccuutannas (C21H20N302, M+H)
: 346.1550, macca Haiinennas : (M +H): 346.1555.



o (1'S*2'S*4S5* 4'R* 5'S*)-1-Denun-3"-mozun-3"-azacnupo[umuoazonuoun-4,6'-

HN™ N° mpuyuxno[3.2.1.0°?]oxman]-2,5-0uon (184) (Beimenen mo wmeromy A). U3
§§o cnuporunasTonna 64a (102 mr, 0.40 mmons) u To3mnasuzaa (79 mr, 0.40 mmons) B
w 25 mn tonyona coenunenue 184 (39 mr, 23%) nonyuunu B Buae 0esoro TBEPIOTO
BEIIICCTBA.

Cuextp 'H AMP (400 MI'u, JIMCO-d6): & 8.89 (ymr. ¢, 1H), 7.80-7.78 (M, 2H), 7.47-7.43 (m,
4H), 7.37-7.32 (m, 1H), 3.28 (1, J = 5.4 'y, 1H), 3.21 (1, J = 5.4 T'u, 1H), 2.81 (c, 1H), 2.56-2.54
(M, 1H), 2.41 (¢, 3H), 2.10-2.06 (m, 1H), 1.76 (1, J = 10.4 ', 1H), 1.51 (am, J1=3.1 T, Jo =
13.2 T'u, 1H), 1.28 (1, J = 10.4 'y, 1H). Cnextp *C AMP (101 MI'u, IMCO-d6): § 207.1,
175.7,155.3, 144.8, 135.4, 132.4, 130.4, 129.0, 128.2, 127.9, 127.3, 65.5, 45.4, 41.9, 38.8, 38.0,
36.0, 26.0, 21.5. HRMS (ESI+) m/z macca paccuntannas (C22H22N304S, M+H) : 424.1326,
Macca HaiaenHas : (M +H): 424.1325.

4.8. B3aumojeiicTBHE CIUPOMMH/IA30JI0HOB € MEPOKCONPOU3BOAHBIMHU
OO6uasi npoueaypa Cunre3a coenunenunii 192 u 193.
PactBop cnmpoumuazoiaona (0.20 mmons) 1 MCPBA (0.60 MMoIb) mepeMelnBaii B
xyiopodopme (25 mit) B Teuenue 2 maHei. [Ipoaykt peakimu npomeiin pactBopom NaOH (3N,
2x20 wmu), pactBop cymmau Hapn Oe3BomHbIM NaxSOs, pacTBOpUTENs yHaIsId B BaKyyMe

BOZIOCTPYMHOI'0 HAcOCa.

o o Cwmech (1'S*,2'R*,45* 4'S* 5'R*)-1-penun-3'-
HN_JLN”F>h HN_)LN/P" oxcacnupo[umudazonuoun-4,6'-
ggo * 6—§0 mpuyukno[3.2.1.02,4) okman]-2,5-0uona (192a) u
o N (1'S*,2'S* 4S* 4'R* 5'R*)-1-ghenun-3'-
OCHOBHOI! M30MEp MUHOPHbI U3OMEP

oxcacnupolumuoazonruoun-4,6'-
mpuyuxno[3.2.1.02,4lokman]-2,5-0uona (192b). N3 rupantonna 64a (51 mr, 0.20 MMOjb) u
MCPBA (104 wmr, 0.60 mmoinb) cmech coequnennii 192a u 192b B cootHomenun 93/7 (45 wmr,
84%) noayuuau B BUae 0eoro TBEPIOTO BEIIECTBA.
OcnosHoli m3omep 192a: emextp *H AMP (400 MI'u, CDCls): § 7.57 (yur. ¢, 1H), 7.49-7.44 (m,
2H), 7.41-7.36 (m, 3H), 3.43-3.41 (M, 1H), 3.24 (¢, 1H), 2.75 (¢, 1H), 2.62 (c, 1H), 2.30 (ax, J1 =
3.9T1, J2=13.1T1, 1H), 1.85 (1, J=10.6 I't, 1H), 1.50 (mm, J1=3.2 T, Jo=13.1 'y, 1H), 1.42
(m, J=10.6 T'u, 1H). Crextp 3C AMP (101 MI'y, CDCls): § 175.2, 156.0, 130.9, 128.6, 127.8,
125.7, 65.9, 50.5, 47.7, 46.1, 37.8, 36.4, 23.7.
Munopssii uzomep 192b: enextp H SIMP (400 MI'u, CDCl3): § 7.55 (ym. ¢, 1H), 7.49-7.44
(M, 2H), 7.41-7.36 (M, 3H), 3.88-3.86 (M, 1H), 3.79-3.77 (M, 1H), 2.68 (c, 1H), 2.58 (M, 1H),



2.49-2.44 (m, 1H), 2.23-2.18 (m, 1H), 2.15 (an, J1=4.2 I'n, Jo=12.6 I'n, 1H), 1.78 (an, J1=3.2
I'a, Jo=12.6 I'u, 1H).

HRMS (ESI+) m/z macca paccunrannas (CisHisN2Os, M+H): 271.1077, macca HaiijneHHas:
(M+H): 271.1081.

(1S8* 28* 45%*)-1"-ghenun-2"-cynvgponuncnupo[ouyuxno[2.2.1] cenman-2,4'-

M e umuoazonuoun]-5-en-5"-on (193) U3 tnormpantonna 71a (54 wmr, 0.20 mmons) u
60 MCPBA (104 mr, 0.60 Mmmoib) coeaunerune 193 (60 mr, 99%) moay4uian B BUIE

OecIBETHOTO Maca.

Cunekrtp *H SIMP (400 MI'u, CDCl3): 6 8.08 (ymr. ¢, 1H), 7.48-7.45 (m, 4H), 7.37-7.31 (M, 1H),
6.52 (1, J1 =3.1 T, Jo=5.6 ', 1H), 6.27 (mx, J1 =2.9 ', J2 = 5.6 ', 1H), 3.14-3.12 (M, 1H),
3.00-2.98 (M, 1H), 2.38 (1, J = 8.6 T'y, 1H), 2.22 (un, J1 =3.5T'y, J2 = 11.7 I'y, 1H), 1.57-1.50
(M, 2H). Coexrp BC SIMP (101 MI'u, CDCl3):  182.8, 151.1, 138.9, 134.5, 133.5, 129.1,
126.9, 121.5,77.1, 53.2, 46.1, 42.4, 38.9. HRMS (ESI+) m/z macca paccunTanHas
(C15H13N203S, M-H): 301.1641, macca naiigennas : (M-H): 301.0630.

O0wmast mpoueaypa aecyib(UpPOBaHNs THOTHIAHTOUHOB 64a, 79a nepekuchbI0 BOAOpPOIA

K pactBopy tnorumanrouna (0.19 mmoins) B Metanone (30 mur) godaswim 35% BOAHOM
H202 (100 Mk) 1 cMech niepeMemurBany B TedeHue 2 aHei. [locne ynaneHus: pacTBOpUTENs B
BaKyyMe€ BOJOCTPYHHOIO Hacoca CMeECh BblIepkHBaJn Npu Temreparype 60°C B TeueHue 2

4acoB, 3aTCEM OCTAaTOK OYHIITaIA KOJOHOYHOM XpOMaTOFpa(i)Heﬁ Ha CUJIMKarcie.

(18* 28* 45%*)-1"-penuncnupo[buyuxnof2.2.1]ecenman-2,4'-umuoazonuoun]-5-em-
__ 2',5"-0uon (64a) (amroent - Metanon/xnopodopm (1:200)). U3 tnornaanrounna 71a
\[0r " (51 mr, 0.19 mmounb) u 30%-noro BogHOro pactBopa H202 (100 Mki) coenuHeHne
64a (29 mr, 60%) noaydanu B BHJIe O€IIOT0 KPUCTALTHISCKOTO TBEPIOTO BEIISCTBRA.
CriexTpanbHble JaHHBIE TIOJHOCTHIO COBMANAIOT C JaHHBIMH TOTO € COCTUHCHUS,

NOJIY4eHHOTO 1o peakiuu Junbca-Anpaepa (cM. paszaen 4.4).

o (18* 28* 45%)-1"-penuncnupo[buyuxnof2.2.2] okman-2.4"-umuoazonuoun/-5-en-
ﬂ%« - 2" 5"-0uon (79a) (amroeHt - meranos/xmopodopm (1:200)). U3 tHormmantonHa
\g/ 80a (54 wmr, 0.19 mmonb) u 30%-noro BoxHoro pactBopa H202 (100 mx)
coeaunenue 79a (33 mr, 65%) noxay4anu B BUJe OEIOr0 KPUCTAJUIMYECKOTO TBEPIOTO BEILIECTBA.

CnexTpanbHble JaHHBIC TOJTHOCTHIO COBMAIAIOT C JAHHBIMHU TOTO K€ COSTNHEHUS,

MOJy4eHHOTO 1Mo peakiuu Juabca-Anbaepa (cMm. pasaen 4.4).



4.9.B3aumoneiicTBie CIUPOrHIAHTOUHOB € MIKTPOPUILHBIMH areHTaAMHU
Cunre3 ruganrouHa 196a.
K pactBopy criuporungantonna 64a (0.20 mmoss) B xopodopme (30 Mir) mpu KOMHATHOM
TeMIiepaType eauHoi nopuuei n1o6asmsum 6pom (0.20 MMOJIB) U OCTAaBUIIM NIEPEMEIINBATHCS B
TE€YeHHE IHS. 3aTeM pacTBOPUTENb YAAISUIM B BaKyyMe BOJOCTPYHMHOro Hacoca, MpPOAYKT

BBIJICTISUTH METOJIOM KOJIOHOYHOU Xpomarorpadueii Ha CUITUKarere.

Ph (1S*,2R*,4R* 55*,65*)-5,6-0ubpom-1'-gpenuncnupo[6uyuxno[2.2. 1] 2enman-2,4'-
|

0§:N7¢0 umuoazonuoun]-2',5"-ouon (196a) (smoent - meranoa/xaopodopm (1:100)). U3

e cmporupantonna 64a (51 wmr, 0.20 mmons) m Brz (32 wmr, 0.20 mMMmomb)
B Br coequuenne 196a (59 wmr, 71%) monyyanu B Buae 0€lIOro KPUCTAIUTHYSCKOTO
BCIIICCTBA.
Cuextp ‘H SIMP (400 MI'u, CDCls): § 7.49-7.42 (m, 2H), 7.42-7.34 (m, 3H), 6.23 (ym. ¢, 1H),
4.59 (m, 1H), 4.31 (1, =2.7 I'n, 1H), 2.73 (c, 1H), 2.71-2.61 (M, 2H), 2.35 (m, 1H), 2.28-2.17
(M, 2H). Cnexrp *C AIMP (101 MI'u, CDCls): § 174.5, 155.4, 129.1, 131.2, 128.4, 125.9, 64.6,
59.3, 55.9, 53.5, 44.8, 36.6, 35.1. HRMS (ESI+) m/z macca paccunrannas (CisHisBroN2Oo,
M+H): 412.9495, macca naitnennas: (M+H): 412.9496.

O0mass mnpoueaypa peaknuu OpOMUPOBAHHMSI CHUPOTHAAHTOMHOB METOJOM
AP Py3HoHHOr0 CMeIeHHS.

Cwmech criuporugantonna 64a (0.40 mmons) B 3 M pactBoputens (MeOH umun MeCN)
MOMEIIAIOT B BUaly o0beMoM 15 mi (quamerpom 1.3 cM) U 3aKpbIBalOT CTEKIISIHHOM MPOOKOIL ¢
OTBEPCTHSIMU. 3aTeM BHUAJTy MOMECTWJIM B 3aKpbITyl0 Buany Ha 50 ma (muamerpom 3.5 cwm),
comepxamryto 6pom (35.85 mmonb, 1.8 M), U peakIMOHHYIO CMeCh NepeMelInBalId MpU
KOMHAaTHOW TemriepaTtype B TeueHue 1Hs (KoHTpoab TCX mwnmm SAMP). B cinydae ucnons3oBanus
MeCN B kadecTBe pacTBOpPHUTEN CMeCh pa30aBIsIM BOJOM, MPOIYKT SKCTparupoBaliv
xjopoopmom (2x20 wmur), opranumdeckyro ¢a3y cymwm Han 0e3BogHbIM NaSOs. 3atem
pacTBOpUTENb YIANSAIM TPU TOHWKEHHOM JIaBJIEHHWHM, OCTAaTOK OYMIIATU KOJOHOYHOM

Xxpomatorpadueil Ha CHUIIUKarese.

Br (1S*,2R*,4S* 5R*,7S*)-7-bpom-5-memorcu-1'-
MeQ Genuncnupofouyuxnof2.2.1]cenman-2,4"-umuoazonuoun]-2",5'-ouon (297)
HH i Nl\io (amroenT - metanod/xmopodopm (1:100)). M3 rumantouna 64a (51 mr, 0.20
Ph mMmoib) coenuHenue 197 (30 wmr, 41%) mnomyyanu B Buae Oeroro

KPUCTAINIMYECKOTI'O TBEPAOro BEMICCTBA.



Cuextp 'H AMP (400 MI'u, CDCls): § 7.92 (ym. ¢, 1H), 7.52-7.49 (m, 2H), 7.43-7.38 (m, 3H),
4.11 (c, 1H), 3.65-3.62 (m, 1H), 3.32 (¢, 3H), 2.71 (an, J1=7.2 ', J2 = 13.8 ', 1H), 2.58 (1, J =
29T, 2H), 2.53 (1, J =2.9 ', 2H), 2.02 (at, J1=4.1 T, J> = 13.8 ', 1H), 1.89-1.79 (M, 1H).
Cuextp *C AMP (101 MI'u, CDCls): § 172.9, 155.4, 130.8, 128.8, 128.0, 125.7, 82.3, 63.0,
56.3, 53.7, 51.0, 45.5, 39.2, 28.6. HRMS (ESI+) m/z macca paccuntanHas (Ci6H18BrN203,
M+H): 365.0495, macca naiinennas: (M+H): 365.0499.

J\ B, N-((1S,2R,4S,5R,7R)-7-Bpom-2',5'-0uoxco-1'-
O™ 'NH Genuncnupof[ouyurnof2.2.1]cenman-2,4'-umuoazoruoun]-5-un)ayemamuo
HH ’\io (198) (pmroent - mertanos/xnopodopm (1:30)). U3 runanronna 64a (51 wmr,
° Eh 0.20 mMmomb) coemmuenune 197 (43 wmr, 55%) monmydanu B BUAC O€IIOTO

KPHUCTANTAYECKOTO TBEPIOTO BELIECTBA.
Cuextp 'H IMP (400 MI'u, IMCO-d6): & 8.95 (ymr ¢, 1H), 7.67-7.62 (m, 3H), 7.37-7.33 (M,
2H), 4.51 (c, 1H), 3.76-3.70 (m, 1H), 2.64-2.61 (M, 1H), 2.57-2.50 (M, 2H), 1.91-1.80 (m, 3H),
1.81 (c, 3H). Cnexrp 3C AMP (101 MI'u, IMCO-d6): & 173.1, 168.8, 153.7, 131.6, 131.4,
128.6, 120.5, 79.2, 62.6, 53.8, 53.6, 51.5, 47.6, 40.9, 27.5, 22.5. HRMS (ESI+) m/z macca
paccuutanHas (C17H19BrNsOs, M+H): 392.0604, macca nHaiinennas: (M+H): 392.0605.

OO0mas npoueaypa CHHTE3a OKCa3MHAHOHOB M OKCA3UHAHNMMHOB.

K pactBopy cnuporugantouna (0.31 mmons) B xmopodopme (30 min) mpu 0°C enuHoii
nopuuen 106aBnsn 3MeKTpoduiabHbI areHT (0.32 MMOJIB) M OCTaBIISUIM NE€PEMEIINBATHCS B
TEUYEeHUE THs. 3aTeM MPOAYKT OTPHIBTPOBAIN HA CTEKITHHOM IOPUCTOM (PHUIIBTpE, MPOMBIBAIH
HEOOJIBIIIMMU TIOPUHUSIMH  PACTBOPHUTENS W CYIIWIA Ha Bo3ayxe. DuibTpar ymapuim Tpu
MOHMKEHHOM JIaBJIEHUH, MTPOAYKT BBIACISUIA METOAOM KOJOHOYHOW Xpomarorpadueil Ha
CHJIMKarese, 3J0eHT - MeTaHous/xnopodopm (1:200). [TonmyyeHHOE B X0/1€ OUUCTKU COETMHEHHE

00BEAUHSIIA C OCATKOM.

5 o (7TR*,7aS* 9R*,10aR*,11R*)-11-6pom-2-henunmempacuopo-1H,5H,7H-
HWW% 7,9-memanoyuxnonenmald]umuoazof1,5-c] [1,3] okcasun-1,3,5(2H)-mpuon
; O\«N_QO (199). U3 cnmporugantouna 66 (101 mr, 0.31 mmons) u Brz (51 wmr, 0.32
° MMoJb) coennHeHne 199 (85 wmr, 73%) momyuanm B BuUae Oenoro
KPHCTAJUIMYECKOTO TBEPJIOTO BEIIECTRA.
Cnekrp 'H AMP (400 MI', JIMCO-d6): & 7.55-7.49 (m, 2H), 7.48-7.39 (m, 3H), 5.23 (1, J =
5.1 T, 1H), 4.46 (m, 1H), 3.14 (n, ] =4.7 I'u, 1H), 2.63 (n, J =4.7 I'u, 1H), 2.44 (M, 1H), 2.30
(m, 1H), 2.08 (m, J = 12.6 T'u, 2H). Criexrp BC AMP (101 MI'u, IMCO-d6): 6 172.2, 150.5,



142.5,131.1, 128.9, 128.9, 127.4, 86.9, 79.2, 62.6, 55.7, 43.2, 41.2, 33.8. HRMS (ESI+) m/z
macca paccuntanHas (C16H14BrN204, M+H): 377.0131, macca naiinennas: (M+H): 377.0127.

H N-Ph memanoyuxnonenmal/d]umuoaso[1,5-c][1,3] oxcazun-1,3,5(2H)-mpuon

| 0 (7TR*,7aS* ,9R*,10aR*,11R*)-11-1100-2-penunmempacuopo-1H,5H,7H-7,9-
g%
~ © (200). U3 cruporumantonna 66 (101 mr, 0.31 mmonb) u l2 (81 mr, 0.32
° mMmonb) coequHenne 200 (100 mr, 76%) momydanmu B Buue 0Oelioro

KPHUCTaJLTAYECKOTO TBEPIOTO BEIIECTRA.
Cuextp 'H AIMP (400 MI'u, JIMCO-d6): & 7.58-7.36 (m, 5H), 5.37 (n, J = 4.2 T, 1H), 4.36 (c,
1H), 3.07 (1, J =5.0 I'u, 1H), 2.67 (n, J = 4.5 I'n, 1H), 2.42-2.31 (m, 2H), 2.18-2.07 (m, 2H).
Cuextp *C AMP (101 MI'u, IMCO-d6): § 172.3, 150.6, 142.5, 131.2, 129.0, 128.9, 127.4,
88.1, 62.6, 44.6, 42.1, 40.8, 35.0, 30.7. HRMS (ESI+) m/z macca paccuntannas (CisH1411IN204,

M+H): 424.9993, macca naiinennas: (M+H): 424.9988.

BhS 0 (7R*,7aS* 9R*,10aR*,11R*)-2-ppenun-11-(gpenurmuo)mempacudpo-
H ’ N-Ph 1H,5H,7H-7,9-memanoyurxnonenmald]umuoaso[1,5-c][1,3] oxcaszun-
: O\\(N—QO 1,3,5(2H)-mpuon (201). N3 cniuporuaantounna 66 (101 mr, 0.31 MMois) u
© PhSCI (46 mr, 0.32 mmonb) coequnenne 201 (88 mr, 70%) monyyanu B
BHUJIe 0€JIOr0 KPUCTAJUIMYECKOTO TBEPIOTO BELISCTRA.
Cuextp 'H AMP (400 MI'u, JIMCO-d6): & 7.56-7.36 (m, 8H), 7.33-7.24 (m, 2H), 4.81 (axn, J1 =
20T, J2=4.8Tu, 1H), 3.75 (¢, 1H), 3.14 (n, ] =4.9 I'u, 1H), 2.45 (nn, J1 =4.7 Ty, Jo = 13.9
I'n, 1H), 2.39 (1, ] =4.3 T, 1H), 2.22 (n, J=11.1 T'n, 1H), 2.13 (a, J1 =3.1 Ty, Jo=10.4 Ty,
1H), 2.00 (1, J = 11.1 T'u, 1H). Ciexrp 3C AMP (101 MI'u, AIMCO-d6): § 172.5, 150.7, 142.9,
134.2,131.2,129.4, 129.3, 128.9, 128.8, 127.4, 126.7, 84.3, 63.3, 53.9, 42.3, 39.9, 39.5, 34.2.
HRMS (ESI+) m/z macca paccuutannas (C22H19N204S, M+H): 407.1061, macca HaliieHHast:
(M+H): 407.1059.

PhSe o (7TR*,7aS* 9R*,10aR*,11R*)-2-phenun-11-(ghenuncenanur)mempacuopo-
HWNJ* 1H,5H,7H-7,9-umemanoyuxnronenmald]umuoasof1,5-c][1,3] OKCA3UH-
: 0\\(N—<o 1,3,5(2H)-mpuon (202). N3 ciiuporuaantonna 66 (101 mr, 0.31 MMois) u
© PhSeBr (76 mr, 0.32 Mmmois) coenunenue 202 (103 mr, 73%) monyyanu B
BHUJIC OEJIOr0 KPUCTATUIECKOTO TBEPIOTO BEIIECTBA.
Cnexrp 'H AMP (400 MI'u, JIMCO-d6): & 7.61-7.56 (m, 2H), 7.54-7.47 (m, 2H), 7.47-7.30 (M,
6H), 4.98 (nn, J1=2.1Tu, J,=4.9 I'n, 1H, CH), 3.73 (1, ] =2.7 'y, 1H), 3.11 (n, ] =4.9 I'ny,

1H), 2.45 — 2.39 (v, 2H), 2.24 (M, 1H), 2.09 (m, 1H), 2.00 (v, 1H). Ciiextp C SIMP (101 MTI'y,



JIMCO-d6): 6 173.6, 155.8, 142.1, 132.3, 130.6, 127.4, 128.0, 127.3, 126.9 124.5, 124.0, 83.0,
62.2,52.0,41.4, 39.0, 38.7, 33.5. HRMS (ESI+) m/z macca paccuntannas (C22H19N204Se,
M+H): 412.9495, macca naiinennas: (M+H): 412.9496.

Ph (7R*,8R*,10aR*)-8-6pom-7,8-0oumemun-2-penunmempacuopo-1H,5H-
O%-/'\gzo 7,10a-wemanoumuoaso[1,5-cJ[1,3]okcazoyun-1,3,5 (2H)-mpuon (207). U3
Bri, \ Lo crmporuganTonsa 89 (0.31 mmonb, 267 mr cmecu 89 u 7 (1:2)) u Br2 (154
$0 mr, 0.96 mmons) coequnenue 207 (88 mr, 72%) momydanu B Buae O6enoro
KPHUCTAJUTMIECKOTO TBEPIOTO BEIICCTRA.
Cuextp *H SIMP (400 MI'u, JIMCO-d6): & 7.58-7.45 (m, 3H), 7.44-7.37 (m, 2H), 2.78 (n, ] =
13.2 T, 1H), 2.58 (0, J = 13.9 'y, 1H), 2.33 —2.21 (m, 2H), 2.15 (m, 1H), 1.95 (m, 1H), 1.86 (c,
3H), 1.59 (¢, 3H). Cnektp 3C AMP (101 MI'uy, AIMCO-d6): 6 170.7, 150.2, 144.8, 131.0,
129.0, 129.0, 127.4, 85.7, 68.5, 61.4, 35.2, 31.9, 30.0, 27.4, 23.1. HRMS (ESI+) m/z macca

paccunrtanHas (C17H18BrN2Os, M+H): 393.0444, macca Haiinennas: (M+H): 393.0443.

. o (7R*,7aS* ,9R*,10aR*,11R*,E)-11-0pom-2-¢henun-5-

HWNJ’?\ (penunumurno)mempazuopo-1H,5H,7H-7,9-

H O\«N 0 memanoyuxnonenmaldjumuoasof1,5-c] [1,3] oxcazun-1,3(2H)-ouon (208).
N=ph N3 ciuporuganTonna 70 (116 mr, 0.31 mmons) u Brz (51 mr, 0.32 MMoutb)

coeaunenue 208 (43 mr, 31%) noxy4anu B BUJE XKENTOrO TBEPOTrO BEILECTBA.

Cuextp 'H AMP (400 MI'u, JIMCO-d6): & 7.52-7.39 (m, 5H), 7.35-7.26 (m, 2H), 7.15-7.06 (m,

3H), 5.08 (1, ] =4.9 I'u, 1H), 3.91-3.89 (m, 1H), 2.85 (1, J =4.9 T'u, 1H), 2.74 (1, ] =4.8 'Ly,

1H), 2.69 (nn, J1=5.0 I'm, Jo = 14.1 'y, 1H), 2.62 (m, 1H), 2.29 (m, 1H), 1.93 (an, J1=3.1 T, J2

=14.1 T'n, 1H). HRMS (ESI+) m/z macca paccuntannas (C22H19BrNzOs, M+H): 452.0604,

Macca HaiinenHas: (M+H): 452.0601.

(7TR*,7aS*,9R*,10aR*,11R* E)-11-u00-2-penun-5-

(0]
I
H N-Ph  (@perunumuno)mempazuopo-1H,5H,7H-7,9-
1
HO\«N—QO memanoyurnonenmaldjumuoaszo[1,5-c] [1,3]okcazun-1,3(2H)-ouon  (209).
N~pn N3 cnmporuganTonna 70 (116 mr, 0.31 mmoie) u |2 (81 mr, 0.32 MmoIn)

coemuuenue 209 (45 mr, 29%) monydaiy B BUJE KEITOTO TBEPIOTO BEIIECTBA.

Cuextp 'H AMP (400 MI'u, IMCO-d6): & 7.57-7.40 (m, 10H), 5.68 (c, 1H), 4.51 (¢, 1H), 3.18
(m, J=13.9 T, 1H), 2.74 (¢, 1H), 2.44 (m, 1H), 2.31 (M, 1H), 2.25 - 2.05 (M, 2H). Cuexrp *C
SAAMP (101 MI'u, IMCO-d6): & 172.3, 150.5, 142.5, 131.6, 131.1, 129.9, 128.9, 128.8, 128.3,



127.4,123.2, 88.0, 62.6, 44.5, 42.1, 40.8, 35.0, 30.7. HRMS (ESI+) m/z macca paccunTanHast
(C22H19IN303, M+H): 500.0466, macca naiinennas: (M+H): 500.0464.

Ph (7TR*,8R*,10aR*,E)-8-6pom-7,8-0umemun-2-penun-5-
O%_/’\j o (penunumuno)mempazuopo-1H,5H-7,10a-memanoumuoasof1,5-
BFQLN% c/[1,3]okcazoyun-1,3(2H)-ouon (212). N3 cnuporumantouna 90 (0.31
$70 mMmoib, 310 mMr cmecu 89 m 11 (1:2)) u Bry (154 wmr, 0.96 mmonb)

coenuaeHue 212 (126 mr, 87%) nmosy4anu B BUJIE KEITOTO TBEPIOTO BEIIECTBA.
Cuextp 'H AMP (400 MI'u, JIMCO-d6): & 7.54-7.45 (m, 5H), 7.43-7.36 (m, 2H), 7.24-7.16 (m,
3H), 2.91 (n, J = 14.0 I'u, 1H), 2.79 (M, 1H), 2.31 (m, 1H), 2.15 (M, 1H), 1.90 (m, 1H), 1.71 (c,
4H), 1.53 (c, 3H). HRMS (ESI+) m/z macca paccuntannas (C23H23BrNzOs, M+H): 468.0917,
Macca HaiinenHas: (M+H): 468.0914.
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5. BeiBoanl

[Tpennoxena oOmias METOMOJOTHS JHACTEPEOCEICKTUBHOIO CHHTE3a CHHPOIPOM3BOIAHBIX
TMJAHTOMHOB M THOTHJIAHTOWHOB peakuusmu Jlmibca-Anpaepa 5-MeTHINIEeH-3aMEIIEHHBIX
2-XaJIbKOTEHUMHU/JA30JI0HOB € IIUKINYECKIMHU U AlMKIMYECKUMH JTUCHAMHU.

PazpaGoransl mpenapaTHBHBIE METOABI CHHTE3a CIHPOLMKIMYECKUX TUIAAHTOMHOB U
THOTHJAHTOWHOB, COJEPXKAIIMX H30KCAa30JIMHOBBIC, IHPA30JIMHBIC, TPUA30JIHHOBEIC,
a3UpUIMHOBBIE ¥  OSHOKCHAHBIE (pPAarMeHThl, pPEaKIUsIMH CIIHPOMMHUIA30JIOHOB C
HUTPUIOKCUIAMH, HUTPWIMMHUHAMH, a3U1aMHU M TIEPOKCOKHCIOTAMH.

[IpemioskeHbl METOABI CHHTE3a MOJUIHMKINYECKUX CIUPOCOSAMHEHUH, COJepKaIIiX
OKCa3WHOBBIE (pparMeHTHI, IPU B3aMMOJCHCTBHH MPOIYKTOB peakiuu Jlunsca-Anpaepa 5-
METWIHJCHUMHIA30I0HOB C AIEKTPO(UIBHBIMU areHTaMu.

[IpemoskeH HOBBIA A GEKTUBHBIA crnoco0 TMpoBeAeHHs peakiuid  1,3-TumonsipHoro
OUKJIONPUCOCTUHEHUSI ~ METOAOoM  JU((QY3HOHHOTO  CMEIIMBAaHHUA  XJIOPOKCHMOB U
XJIOPTUIPA30HOB C TapaMy TPUATWIAMHHA, MO3BOJIIOINIUM DPAaBHOMEPHO W B  MAaJIbIX
KOJINYECTBAX TI'€HEPUPOBATh PEAKIMOHHOCHOCOOHBIE HHTEepMenuaTbl. Od(eKTHBHOCTH
MeTona JuGQy3HOHHOTO CMEIIMBAaHUS TPOJEMOHCTPUPOBAHA Ha MpHUMeEpax peaKIui
1,3-pumnonsipHoro npucoenuHeHus Mo KpaTHbIM cBs3sim C=C u C=S.

Jns  psoa CHOUPOTMIAHTOMHOB M CIUPOTHOTHWIAHTOMHOB OOHAapyXeHa yMepeHHas

IUTOTOKCUYECKAas aKTUBHOCTh Ha KiieTouHbIX MHUSIX MCF7, A549, HEK293T u VA13.
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