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MmmrpaqJHH IIOCBHIIJCJJa o(io6ii!CIIHKl Mcr!CpHaJJOR, CB>!3aHHb!X CO CBOiicma­

~111 11 npeBpaLL(CIIWI~Ill ili[CTa.!ICii aMHi(OB H mlKTaMOB. 3TOT JG1aCC opralll1'1CCKHX 

COCl(I1HCHHii "laHH"I<ICT ll llaCTO}III{CC BpeMH Bl1i1:HOC MCCTO B Oplalll1'1CCKOi1 

XHMJ1H B Ka'!CCTBC "JtjJ<flCKTHBHbiX H B TO lKC BpeMH BCCbMa i1:0CTYflllbiX IICXO}l­

HLIX BCil(CCTB TlclH CHIITC"la pa"JII006pa·lllhiX iipCL(CTaRHTC;JCii Kap6o- fl rcn:po­

Ul1KJll1'leCKI1X CHCTCM, o(iCCI1C'ICHHH !IX <!lyiiKUHOHaJIH'3aUHl1 R C3\.lbiX paJIIhlX 

HanpaBHCHlH!X H pca;nnai{HH \IHOrOI(CJlCBbiX 11 'EKTO HCTpHBH3.!JhHI.IX TL'OIJCTH­

creCKI1X H CliHTCfii'!CCKI1X IIO)(XO;{Oil. J;lx 11CIIOJli>JOBaHHC BCC B 60,1bWcii CTCIICIII1 

;axllaTLmaeT Me11HillliiCKYJtJ Xll\11110 11 noe~y'ICIII1C '\!Hor11x 6110JIOrl!'recKil aKTI1B­

Jlh!X COCJ\llHCHJ1ii. 8 KIIIH"C J!aCTClllllll1C<I!!IIC MCX<IHI13MOB 6HO~l0fll'!CCKOIO !1Cii­

CTBJ·I}I ::lTl1X BC!l!CCTB, TCX pCUCifTOpHhiX 01CTCM. lllaHMOl!CikTBf.IC C KOTOJlbiMH 

O!TpC,'\Cc1HeT 6HlUOIWICCKYIO aKTI1BHOClb BIIOilb llafil(CHI!h!X COeJ!HHC!Hiii. l10LI­

p06HOCfl1 nyrcii BbiHBJ!CI!I151 COOTReTCTHYKlll\11\ (iHonOrH'ICCKHX \H1lUCHCi1. Pac­
C\.IOTpCHbl raKJKC lfCKOTOpbiC IIJlC;lCTaBJICI!J1}1 0 TOI\1, KaK !lpOTCKaKH qJCp~1CHT­

CV6CT!XlTHbiC H3ai1\IOJleiicTHHH. KpaTKO aH<l;111'JHpycTcH xtaTepHaJI, KacaiOillHiicH 

1CIICTI1'1CCKI1X qJ<lKTOJlOB, 'faCTO ilalO!llliX IIC"la\!CHHM)'JO HHllHlpMJUHIO 0 l1Jll1-

'111ffaX 06HapylKCIIHOii 6HOJIOHFICCKOii aKT11BI!OCTI1 11 JG110'l K CC ITOJIOlKI1TCJlL-

llllii \10Jly.1511(1!11. 

Mclllorpac!HI}f IIJlC!(H<I'Hia'ICHa UnH HCCJICl(OBaTC,1eii. pa6oTa!OillllX E o6JJa­

CTI1 6110XH\11111, Opra!IH'ICCKOii 11 MCl(HU11HCKOii Xl1XlHH, CTYi(CHTOB I! aC!IIIpaH­

fOil, laHJl~ld!OWHXCH fiOHCKOI\1 11013hiX 6HO;JO!'I1LICCKH aKTHBHLIX COC)li1HCHI1i1. 
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flPE,l..I,MCJlOBME* 

HaCTOHJJla5I MOHOrpacpHH ITOCB5!IL\CHa 0606WCHHIO :'vl<lTCpHiUIOB, CBHJaH­

HhiX CO CBOHCTBaMH l1 IIpCBpaWCHI151MH aiJ,CTiVICH aMI1,LIOB 11 JiaKTaMOB. 3TOT 

F01aCC OpraHH'ICCKHX COC)l,HHCIIHH 3aHJ11\1aCT B HaCTOHWCC BpCMH UHIIHOC MCCTO 

B opraHH'ICCKOH Xl1MHH B Ka'JCCTBC 3cpcpCKTHBilh!X IICXO!lllb!X BCil!CCTB )J,]J}l Cl1H­

TC3a pa3!I006pa3HbiX npc,LICTaBHTCJICH Kap6o- H fCTCPOllHKJll1'ICCKI1X CMCTCM, 

06CC!ICqCHI1H 11X QlYHKIJ,HOH<Ull13aiJ,J1H B CaMhiX pa3Hh!X HanpaiJJICHHHX H pea­

JIH3aljHII MHOrO!lCJICBhiX H '!aCTO HC06bi'IHhiX II IICTJJHBHaJibllhlX TCOpCTI1'!CC­

Kl1X II CI1HTCTH'ICCKI1X ITO)lXOl!OB. J.1x 11CIIOJib30BaHI1C HC orpaHI1'!11BaCTC5! TOJihKO 

Cl1HTCTl1'ICCKOH 06JlaCThiO, HO BCC B 60JihlllCH CTCIICIIH JaXBaTbiBaCT l\IC,LIHI\11!!­

CKYKl XHl\11110 H IIOJIY'ICIIHC MIIOI'I1X 6HOJIOI'II'ICCKH aKTI1BHh!X C0Cl(I11ICHI1H, 

IIPCflYCMaTpHBaCT WHpOKOC Y'IaCTHC B CI1HTC3C :JTI1X 'l(jlCpcKTI1BHhiX H B TO )KC 

npeMH BCChMa ,LIOcrynHhiX pcarcHTOB. Pa3BIITI1C opraHI1'1ccKoi1 H 1\ICflHI!Hilc­

KOH XIIl\11111 CCro)l,HH IICMbiCJIHJ\10 6eJ !Ip11MCHCHHH IIOBbiX THHOH COCl(HHCI!HM 

l1 H3hiCKaHl1H HOBbiX CIIOC060B 11CIIOJlh30BaHl151 y)KC XOpOWO HJBCCTHh!X KJlaC­

COB BCWCCTB, paBI-!0 KaK II II3IJCCTHhiX pcaKil11H, l13Y'ICIIHC KOTOpb!X B paHcC 

HC HCCJICflOBaHHhiX HanpaBJICHHHX )laCT B03MO)KH0CTb l(OCTH)!(C!Il1H HOBbiX 

ycnCXOB B 06JiacTI1 'JTOH HCHC'ICpnaCMOH HayKH. B HaCTOHWCC BpCMH ony6JII.1-

KOBaHO OI'pOMHOC KOJil1'lCCTBO !IpCKpaCHbiX KHI1I', f!OCBHWCHHhiX o6o6u~CHl110 

,11,(\HHhlX 110 pa3JII1qHhiM acnCKTaM OpraHH'!CCKOH Xl1M11H. flpe,LICTaBI1TCJibHhlH, 

XOTH, KOHCqno )KC, HC l1Cqepnh!BaKJWl1M C!Tl1COK TaKI1X MOHOrpacpi1H !Ip11BC­

}1CH B <<C!II1CKC JIIITCpaTyph!>> [1-24]. 
O;maKO MOHOrpacpHH, B KOTOpoi1 o6cy)Kl(aKJTCH BCC OCHOBHb!C HCCJIC)lOBa­

H1151, 3aTpari1BaKJIL\l1C Xl1l\ll110 aMHJiaUCTaJ!CH, ITO CCH flCHb HC ony6JII1KOBaHa. 

J.1 3aiiOJIHCHI1C 3TOfO rrpo6eJia - Ba.lKHCHl!la5! 3aJ(a'la )laHHOH KHI1fl1. 

Ho 11MCCTCH CII\C O)lHa CTOpO!!a JICJla, KOTOpa5!, C TO'IKH 3pCHHH aBTOpa, 

;I,OJI)!(Ha 6b!Th f!O)lp06HO paCCMOTpCHa B )laHHOH MOHOrpacllHH. J.1 3/(CCb HC06-

XO!ll1MO OTMCTI1Th, 'ITO BO BCCX !IpCflWCCTBYKlllliiX KH11faX, BHC 3aBI1C11MOCTI1 

OT TOfO 6hiJil1 OHH IIOCB5!IL\CHhl XHMl1qCCK11M l1JII1 6110Jl0fl1'1CCKMM IIp06JICl\laM 

j25-31]. BCCUW ITO)lqepKHBaJ!OCb, 'ITO HarrpaBJICHHh!H !TOflXO)l K CI1HTC3Y 6110-

JlOf'HqecKH aKTl1BHb!X BCil(CCTB Tpe6yeT OT X11Ml1Ka YMCHl15! pa3611paTbC5! B OC­

HOBHbiX npo6JieMax 6HOXI1Ml1l1, MOJlCKYJIHpuoH: 6HOJIOfl1l1, cpapMaKOJIOI'HI1. Ee3 

3TOfO XI1Ml1Ky, JaHI1MaJOWCMYC5! liOHCKOM JICKapCTB, OCTaCTC5! TOJihKO «CJICIIOH 

* Pa6oTa BhlllOJJHeHa npH <j:JHHaHconoii: noll)lepJKKe 000 <<BaJieKc<j:lapM». 



4 JlpeoucwBue 

CKp11HHHf>>, B KOTOpOM BCCI, p3C'ICT - HCKH!O'!I1TCJILHO Ha Yi13'IY 11 KOTOpb!Jf 

IT03TOMy, K3K I1p3BI1J10, ~!aJ103WWCKTI1BCH, HCKOHCTPYKTV!HCH 11 HCI1p0113B01U1-

TCJ1CH. B TO 2KC HpCMH 11 1lJ15l 6110J10f0B Tpe6yerCH HCMa '10 yCHJ111H, 'iT06LI OC­

H011Tb re XIH111'ICCKI1C !10H51TI1H, KOTOpb!C HC06X011.11MLI .LI.JI5! COBMCCTHOlf pa-

60Tbl c XI1MIIK3MI1. TonLKo o6ruee noHI1MaHI1e Ba2KHetiiimx 33)]3'! 3n1x 11ayK 

\102KCT !1pl!BCCTH K ycnexy !1p11 pelliCHllll HCTp11BHaJ1bHOH H MHOfOTPY!lHOii 

rrpo6J1CMbl - !10l1CKa HOBbiX !ICKapCTBCllllbiX CpCJlCTB. 

CnenyeT OTMCTl1Tb, 'ITO Tpe6yeMLre n,nH o6oJH3'ICHHbiX ue.rrcti 6Honorwrec­

KHe )]3HHblC T3K2KC 0606ll~CHbl BO MHOrJ1X rrpCBOCXO,[\HblX MOHOI'p3(j;JrHIX, Wl-

3B3Hl15l HCKOTOpbiX 113 H11X rrpC.LI.CT(l!lj[CHbl B <<CITHCKC mncpaTypbl>> [32-45]. 
TaKIIM o6p330\1, paCc:\10TpCH11C TOJlbKO X11MI1'1CCKHX BOTipOCOB COCTaB.HlCT 

l!C C!IHHCTBCHHY!O UCJ!b LlaHHOH MOHOrpacjJI111. lUHpOKOC l1CC'lC!lOBalll1C CriJHCJa 

60,IblliOfO KOJ111'1CCT!la fl<l"lll006p33HbiX COCil,l11 !Cl I Hi( II<lJ1Y'lCHHblX C l1Cil0Jl b· 

30BaHl1CM aMl1!l<ll!CTaJ1CH, BO MHOfl1X CJIY'IaHX ITflCIIYCM<rrprmaJIO nmiYlJCHIIC 

BCIUCCTB, rrpC!lCT<lBJHIIOilll1X 3IlWll1TCJJbHbr:i\ l1HTCflCC l\JIH 6110J!Orl1ll. I1 .'l0-

MI1Hl1py!Olll,Ci1 JamPICH B TaKHX l1CCJIC)lOBaHHHX HllJIHJiaCb pa3pa60TK3 HOllblX 

IIOL!XO;:(OB K CllHTC3Y HC llflOCTO opraHH'ICCKllX, HO IIOBbfX 3CpCjJCKTI1BHbTX 6110-

J!Ofll'!CCKll 3KTI1BHLIX Belll,ccrB. Bcne)lcTnne 3Toro B ueJIOM p}IJ1.e cJiy<raen Hc­

vn6e2KHO Tpe6yeTC51 0!111CaiiHC MCX3Hll3MOB 6l1Q)JOfll'ICCKOfO llCHCTBHH COCili1-

HCHl1H, rex peUCTITOpHbiX Cl1CTCM, B3aHMO)lCMCTBllC C KOTOpb!\111 OIIIJCL(CJ!HCT 

6HOJ10fi1'!CCKY!O 3KTl1BHOCrb BHOBL H3H!lCHHbiX COCJlHHCHHiL ITOllp06HOCTH 

l1YTCI1 BLJHB,lCHl1H COOTBCTCTBY!OIUHX 6HOJJOfH'ICCKIIX Ml1IIICIICH. Y•IHTb!Ba5l, 'ITO 

3TH \1l1lliCHH 'I3CTO 51Bc15l!OTC51 <PepMCHraMH, HCKOTOpbiC rrpC,QCTaBJICHHH 0 TOM, 

KaK TIIJOTCKa!OT <jJepMCHTCy6CTpaTHbiC B3aHMO,[!CHCTBHH, TaK2KC Tpe6yiOT CllC­

UHaJibHOM OUCHKl1. J.1 B HalliC BpCMH y2KC npaKTWICCKH HCB03\102KHO o6oi1THCh 

6C3 aHa}lH3a rCHCTWICCKHX C!l<lKTOpOB, '!aCTO )l3101llriX HC3aMCHl1MYIO l1Hcj.JOp­

:VIaU11!0 0 llpH'll1HaX 06Hapy)KCI!IIOi1 6HOJIOfio!qecKOH aKTHBHOCl'l1 VI KillO'I K CC 

ITOJI02KHTCJibHOH MOL!Yo'JHUI1 H. 

Bee yKa3ailllb!C BOIJpOChl C TOH HHH HHOH CTCITCHb!O J\CTaJJH3aU1111 pac 

OiaTpHBaKHCH B JiaHHOH MOHOrpacjJI1H. l1 XOT5I 6H0,101'WICCKHC rrpo6,'lCMbi BO 

MIIOfHX pa:l!ICJ1ClX KHI1IH o6Cy)K)Ja!OTCH ,[!OCTaTO'IHO f!O)lp06HO, OCHOBHOti rrpC,TJ­

CTaBHCHHhl~i MaTCpH<Ul OCHOIJaH Ha XHMH'ICCKHX TpaiiCWOpMal{l1HX, 06CCITC'Il1-

Ba!OIUllX MHOf0'111CJJCHHb!C CJ1HTC3hl pa3Jll1'!HbiX opraHl1'lCCKl1X COC!IHHCHI1H. 

Ka2K,[lbi):r pa3, Koma 3TO OKa3biBaCTCH HC06XO!Il1Mb!M ITO XOL!Y 113JI02KCHl151, 

0606lll,aiOTCH )J.ClHHblC, CI10C06CTBYIOil!HC ycrrelliHbiM TIO,QXO!la\1 K COC1Ul!ICIII151M, 

o6;w;~310lll,HM TCMH mrr1 l1HbiMI1 6Honom'IeCKHMH 3<jJ(j;JeKTaMvt. TaKHM o6pa-

30M, Ha6H!Oll3CTC5l HCITOJib30BaHHC IIO)lXOllOB, X3p3KTCpHbiX ITJIH opraHI1'1CCKOI1 

Xl1MHI1, )JHJI pe!liCHHH npo6JICM MC)ll1UHHCKOH Xl1\fl1H. HeJ1b3H HC OTMCTl1Tb, 

'ITO 'll1CTO CHHTCTH'ICCKI1H M3TCp113.Tl COCC)lCTBYCT C MaTepna_TJOM TCOpCrH'ICCKOH 

opramrqecKOH XI1MHI1, qTo, BI1IJO'ICM, BIJOJIHC CCTCCTBCHHO, H60 CCfO)lHH 6C3 

JlpeiJuozoBue 5 

:noro ):(OCTH'Ib Ha,[!C2KilbiX 1lOKa3aTCJ1bCTB IJYTCH H pC3YJibT3TOB pcaJIH30BaHI!biX 

rrpeBpaiUCJIHH npaKTHqccKI1 HepeaiibHO. 

)laHJia5l KIIHra TIIJC)lJia3Ha'ICH3 B TICpBYJO O'ICpC;:I:b )l.H51 XMMHKOB, IlpWICM 

!lJI5! rex XHMI1KOB (CTYJlCHTOB, aCTIHpaHTOB H HaY'IIIh!X pa60TJ!IfKOB), B pa60TC 

KOTOpb!X CYIUCCTBCHHOC MCCTO 3aHHM3!0T rrpo6JICJ\fl,J MC,'lHUHliCKOM XHMllH, 

CBH3a!I!ILIC C I10l1CKOM liOBbiX 6HOJI0fl1'ICCKII aKTI1BIILIX COC,[!Hl!CI!I1it. flOJIHT­

HO, 'ITO I101l.XO,[\ K aiiaJIH3l1pyeMOMY MaTepHany !1pC)lCTaBJI5!CrC5l BI10JIIIC CCTC­

CTBCIJI!bll\! !lJIH aBTOpa, HBJI}!IOU~Cf0C5l XHMHKOM-01Jf3HHKOM, B TC'lCliHC Mll0-

fl1X JICT 3aBHMaiOlll,HMCll MCJJ,HL(ll!ICKHMI1 IIp06JICMaMH. I1MCIIIIO IT03TOMY B 

:noi.f MOHOrpaqmH aKUCI!T )lCJiaCTC5l Ha o6cy)[()1CllllC XHMl1'ICCKl1X pcaKIIl1H. Ho 

B KIIHry, KaK )'2KC OTMC'ICIIO BhllliC, BKJIIO'ICI!hl 11 HCKOTOpbiC BOIIpOCbl cj.JapMa­

KOJIOri1H ll 6a3HCHbiC TIOIIHTHH 6HOXHMl111. 

KOI!C'IIIO, O'ICHb XO'!CTCH l!a)lCJ!TbC51, 'rTO Klll1ra !IaMLICT CHOCfO 'lllTaTCJliL 

r1 IICCOM!ICI!IIO, aBrOp C 6mtfOJiapi!OCTLIO BOCilpHMCT COBCTbl l1 Kfll1Tl1'ICCKHC 

3aMC'Iaiii15!, KOTOpbiC MOI'YT B03IIHKI!YTL npl1 aHaJ1H3C I1IJC,QJI02KCIII!Of0 Ma­

TCpllaJia. 

XOTCHOCb 6LI Bh!pa3HTL 6JiafOJiapHOCTh BCCM, KTO IlOMOfaJJ VI TIOMOraCT Ml!C 

n npoucccc Iray•moit pa6oTLI, pan11o KaK 11 B narmcaBHn rr u o¢opMJICHHl11laii­

Hoit MOIIOrpa(j;Jnl1. 3TO - KOJIJICKTHB 0T,QCJ!a MCJJ,l1UHIICKOM XHMHH, KOTOIJb!H 

5I HMC!O '!CCrb B03ITiaBJIHTb. 3TO -· COTPYWil1Kl1, C KOTOpb!Ml1 B TC'ICIIHC )lHl1-

TCJlbHOfO BpCMCHH COBMCCrHO paCCMaTpHBaiOTCH J\.IJIOfllC BOITpOChl - l1 Xl1-

MI1'ICCKHC, H 6HOJIOfH'ICCKHC - CBH3aJIIIb!C C IJOHCKOM IIOBblX 6HOJIOfU'ICCKH 

3KTI1BHbiX BCIUCCTB. 

0co6aJI 6narO,[!apHOCTb - ;J,OKTOpy XHMWICCK11X nayK, rrpo<Pcccopy 

H. D. fpHrOpbeBy, KOTOpbiH 110)lp06IIO 03HaKOMHHC51 C rCKCTOM BCCM MOHO­

rpa<l>HH H UCHI!blC 33MC'I3Hl1H 11 11pC.IVI02KCHl151 KOTOpOrO IJ03BOJIHJII1 aBTOpy 

H36C.lK3Tb MHOfllX norpClliiiOCTCH 11 Ollil160K H 3aMCTHO Y!1YlJllillJ111 TCKCT 

KHHfH. 

B JaKJIIO'ICH11e xoTCJIOCL 6Lr BLipaJHTh npn3HaTenLHOCTh fcHepanhHOMY 

ITHPCKTopy <PrrpMbi OAO <<DI1HHoc!JapM>> ):IOKTopy MCITHU11HCKHX HayK A. B. Ea­

xyrarnBHJIH, C KOTOpbiM CHCTCMaTH'!CCKI1 o6cy)[()la!OTC5! BCC Hay'IHh!C !1p06JIC­

Mbl, npe.ucT3BJI5llOIU11C maBHLii1 npCJI:MCT rrccnenonaHH:it OTJJ,cJia MCJJ,HUHHCKOH 

XHMI1l1 - !10l1CK HOBbiX OpHfl1HaJ1bHLIX JICKapCTBCHHbiX CpC,QCrB, H KOTOpblH 

OK33biBaCT llCMCTBCHHY!O IIOMOlll,b B l1X pCIIICHllH. 

B. r. FpaHUK, 

MocKBa, anrycT 2007 r. 



BBE,II,EHME 

CJIO)!(HOCTh ITOCTpoeHII5! MaTepiiaJia ;J.armorr MOHorpacpiiii 3aKJIIO'IaCTCJI 

rrpe)!(AC BCCfO B TOM, '-ITO B Herr IIpiiXO,IJ;HTC5! paCCMaTpiiBaTh HC TOJlbKO CIIHTC3 

If CBOMCTBa caMHX aMI1,IJ;aueTaJICH, HO II pa3H006pa3HbiC Ilpi!JIO)!(CHlUI, CB513aH­

Hb!C C ilpMMCHCHIICM 3THX MHTepeCHCHllJIIX HCXO)J;HbiX COC,IJ;IIHCHMIT B CaMhiX 

pa3HbiX XHMHqecKHX peaKuM5IX, IIpHBO,IJ;51IUHX K pa3H006pa3Hh!M TMIIaM opra­

HII'IeCKIIX BeUieCTB. 3necb 11 CMHTC3 rrp11pO,UHhiX BemeCTB, Kap6o- li rerepo­

L(IfKJIII'-ICCKHX COe,IJ;MJICIIIIH, If y<I3CTIIC B npOL\CCCaX, CB513aJIHhiX C MO)J;lf(l)IfKa­

lliiCIT HYKJie03IIJJ:OB li HYKJICOTIIJJ:OB, II IlOJiyqeHIIC IIOBLIX 6JIOKOB, KOTOpblC 

II03BOJ15!IOT OCYIIICCTBI1Tb HOJJ:XOJJ:bl K ,a:pyrMM CHHTOHaM, HC06XOJJ:I1Mb!M JJ:JI51 pe­

aJIII3aiJ,III1 JJ:aJihHCITilll!X CHHTCTII'-IeCKIIX CXCM. KaK 6y;J.eT BH,IJ;HO I13 JJ:aJILHCH­

lllCfO II3JIO)!(CHII5!, aiJ,CTaJIH 3MH,IJ;OB I1 J13KTaMOB 5IBJI51IOTC5! Ba.)KHCHIIli1MI1 cy6-

CTpaTaMII, 6a3IIpy51Cb H3 KOTOpLIX MO)!(HO ITO;J.OliTH K CIIHTC3Y TaKHX Ba)!(HClilliHX 

KJiaCCOB opraHM'-ICCKHX COC,IJ;MHCHHH, KaK eHaMMHLI I1 aMMJJ:IIHLI. J1x IIpOI13BO)J;­

Hh!C MCIIOJih3YIOTC5I BO MHOfHX 06JiaCT5IX opraHII'ICCKOIT XIIMIIH KaK B K3'-!CCTBC 

CHHTCTII'-ICCKIIX 3KBHB3JJCHTOB Kap60HHJlbHLIX COC,IJ;HHeHHIT 11 3MI1)J;OB, TaK 11 

B Ka'-!eCTBe cpH3IfOJIOfH'-ICCKH aKTHBHLIX COe,IJ;MHeHMIT. MaJIH3 .UaHHLIX, xapaK­

TCpl13YIOIUifX HCO.)Kif,IJ;aHHO Bh!COKYIO peaKU:HOHHYIO CITOCOOHOCTh 3MH,UaUC­

TaJiei1, ,U3CT B03MO)!(HOCTh o60CHOB3Tb B3)!(Hh!C TeopeTH'-!eCKHC rrpe,a:CT3BJICHI15!, 

IT03BOJIIfBillliC ITOH5!Tb, KaKHM o6pa30M 3TH COC)J;liHCHM5I CITOC06HLI 3cpcpCKTliB­

HO pearMpOB3Tb KaK C 3JICKTp0cpHJibHLIMH, TaK M C HYKJICOcpHJibHLIMli peareH­

TaMII. 3TO, B CBOIO 0'-ICpC,IJ;h, 06CCIIC'IHJIO B03MO)!(H0CTL CIIHTC3a OOJibiiiOfO KO­

JIII'ICCTBa HOBhiX, B TOM 'IHCJIC li npaKT~CCKH IIOJie3HbiX BCIUCCTB, B '-!3CTHOCTII 

npencrasmiiOIIIHX MHTepec ):(JI5I 6IIonorMqecKoro II3yqeHII5!. CyruecTBeHHO, 'ITO 

CIIOC06HOCTh B33HMO)J;CMCTBOBaTh C pa3JIII'!HbiMII COC,IJ;l1HCHII5!Ml1, KaK 3JICKT­

pOHOII36hiTO'-IHhiMH, TaK l1 3JICKTpOHOHC):(OCT3TO'-!HbiMl1, o6yCJIOBIIJia CIIOC06-

HOCTL IfCITOJlb30BaTb aMM):(aL(CTaJili AJI5! L(CJICHanpaBJICHHOfO CIIHTC3a BCUICCTB 

C 3a):(aHHbiMli CBOliCTBaMII. 

J1 B 3TOM IIJiaHe HOJIC3HO OCTaHOBIITbC5! Ha CIICU:IIcpM'ICCKOM CBOliCTBC opra­

HII'-ICCKOIT XHMIIII, KOTOpoe npiiCYUIC eli B 60Jibiiiei1 CTCIICHll, '-ICM APYfHM Hay­

KaM. PC'lb MCT 0 TOM, '{TO CCJIII He o6c~aTh npiipO,Il;HbiC COC,UIIHCHII5!, MMCH­

HO opraHII'-ICCKIIli CIIHTC3 C03));3CT npe,IJ;MCT M5! IICCJie,IJ;OB3Hl15l KaK CaMOli 

opraHM'ICCKOM XHMIIII, T3K II MHOfiiX APYfiiX COIIYTCTBYIQIIIIIX H3YK. )lCHCTBII­

TCJihHO, M5! Toro 'IT06Lr II3yqaTL aHaJIIITII'!CCKHe, cpii3IIKO-XHMII'!CCKIIC H APY­

rHe CBOHCTBa BeiiieCTB, HC06XO):(IIMO CH3'1aJI3 C03));3Tb CaMH BCUICCTBa. B KHl1TC 

B. A. CMIITa c coasropaMH [20] npiiBeneHhi 3aMe'!aTeJihHLie cnosa II3Becrnoro 
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XMMHKa M. Eepnw: «XMMM5! C03,IJ;aer csorr ITpe,IJ;MeT. 3ra rsopqecKa51 ciToco6-

IIOCTh, ITO,IJ;00Ha51 11CK)'CCTBy, KOpeHI-!hiM o6pa30M OTJII1'-!aCT XHMHIO OT OCTaJih­

HhiX CCTeCTBeHHhiX 11 fYM3HI1TapHhiX HaYK>>. PaCUIHp5!51 3TOT TC311C, aBTOph! U:H­

THpyeMOIT KIIHfH IIHuryT: << .•• B OTJI~Me OT CBOHX KOJIJief-CCTeCTBeHHI1KOB XHMI1K 

AOJI)!(CH 6Lm cna•rana c03)J:aTL cnorr o6oeKT HCCJICAOBarmrr, rrpwreM co3,IJ;aTh B 

CaMOM ITp51MOM 11 TO'IHOM CMh!CJie CJIOBa, T. e. CHHTC311pOBaTh BeiUCCTBa, KOTO­

pbie B fipHpO,IJ;e (HJIH, flO KpaMHCIT Mepe, Ha 3eMJIC) HHKOf)J;a He CYIUCCTBOBaJIH». 

C03));3B, TaKHM o6pa30M, npe,IJ;MeT )J;JI51 113y<ICH115!, X11M11K, C O)J;HOIT CTOpOHhi, 

nepc,IJ;aeT ero B pyKH rex, KTO 11CCJic,IJ;yeT cro aHaJII1TwrecKMe lUIM ,Il;pynte cpH311-

KO-XMM!f'-ICCK!fC CBOITCTBa, II C ApyrOIT- MCIIOJih3YCT CfO KaK MCXO)J;HOC COC)J;If­

!ICH!fC M51 CHHTC3a IIOBhiX OObCKTOB. Bo3MO.lK110CTh C03));3Illf5I ACITCTBHTeJihHO 

OOJihlllHX H ITpC,Il;CTaBI1TeJih!IhiX rpyrriT IIOBhiX COe,IJ;HIIeiiHIT H IIOBhiX CHCTeM OIT­

pC,IJ;CJIJieTC51 B OOJihlllOIT CTCilCIIII )J;OCTYIIIIOCThiO II CBOITCTBaMII lfCXO,IJ;HhiX CO­

C,IJ;HHeHIIIT. 

fipennaraeMaJI BHMMaHMIO qHTaTCJIJI MOHOrpacpiiJI ITOCTpOCIIa CJie,IJ;YIQIUHM 

o6pa3oM. 

IIcpsLrrr pa3ncn rrocB5IIIICH o6mHM ITpcncrasneHHJIM o crpyKrypHLIX oco-

6cHHOCT5IX aMMaU:eTaJICIT If lfX CBOITCTBaM, OTBeTCTBeJIHhiM 33 3KCTpaop,IJ;HI!ap­

HYIQ peaKU:HOHHYIO CITOCOOHOCTh 3TIIX COC,IJ;HHCHHIT. B 3TOM pa3,IJ;CJIC paCCMOT­

peHhi ITp~Hllhi CITOCOOHOCTH aM!f,IJ;aU:CTaJieiT peariipOBaTh C HYKJICOcpiiJiaMH H 

3JICKTp0cpHJiaMII, )J;OKa3aTCJihCTBa CYliiCCTBOBaHII51 ,IJ;BOITCTBCHHhiX H TpOITCTBCH­

HhiX paBHOBeCHIT, 3TY CITOCOOHOCTh OITpeneJI5IIOIIIHX. 3necb )!(e OOOOIIIeHhi TC­

OpCTH'-ICCKHC ,IJ;aHHhie, KOTOphiC ,IJ;aiOT B03MO)!(HOCTh MJI ITpC,IJ;CKa3aHHIT, KaKHM 

o6pa30M aMMaU:eTaJIII MOfYT yqaCTBOBaTh B pa3JIII'-!HhiX peaKu:II5!X. 3TOT TeO­

pCTM'-!eCKHM aHaJIII3 B KOHeqHOM IITOre JIBJIJieTCJI OCHOB3IIIICM M51 peiiiCHII51 

BOITpoca 0 ITpiiMCHIIMOCTII au:eTaJICIT B TCX MHOfOU:CJICBhiX npou:eccax, KOTO­

pb!e o6ycJiaBJIIIBaiOT HX CTOJih IIIIIpOKOe ITpiiMCHeHIIe B opraH~CCKOM CIIHTC3C. 

Bo BTOpOIT rnaBe paCCMOTpCHhi 06IUIIC II KOHKpCTHhiC ITpOOJieMhi CIIHTC3a 

aMM- II naKTaMau:eranerr, o6pHCOB3Hhi oco6o CJIO)!(HLie npo6JICMhi IIX npena­

paTIIBHoro ITOJiyqCHII5!. Qqenh B3)!(HhiM BOilpOCOM, ITO KOTOpOMY MaKCIIMaJih­

HO ITOJIHO OOOOIUCHhi MMCIOUIIICC51 B JIIITeparype ,IJ;aHHhiC, 5!BJUICTC5! BOITpOC 0 

ITo6o'-IHhiX ITpou:eccax, ITpoTeKaiOIIIHX ITPII CIIHTe3e au:eranerr, II o CIToco6ax, 

IT03BOJUIIOIIIIIX II36C)!(aTh OCJIO)!(HCHIIIT Ilpii IIX ITOJiyqCHI1II. 

,[l,aJihHCITIIIIIC maBhl IlOCB5!IUCHhi CilCU:IIaJihHOMY paCCMOTpCHIIIO Ba)!(HCIT­

IlliiX BOITpOCOB, KaCaiOIIIIIXC5I OCHOBHhiX CBOITCTB II ITpespaiiiCHIIIT aueTaJICIT 

aMMOB II JiaKTaMOB, BKJIIO'-!aiOIII!fX CMHTC3hl pa3JIII'-!HhiX, ITO 60JihiiiCIT qacTII 

fCTCpOuiiKJIII'-ICCKHX, COC,IJ;IIHCHIIIT. 

Xo'-ICTC51 ITO,IJ;'-ICpKHyrh, '-ITO BC3,IJ;C, rne 3TO 6LIJIO YMCCTHO, aBTOp ITOilhiTaJIC5! 

HC yrryCTIITh HC TOJlhKO XHMII'-ICCKHC, HO II MC,IJ;IIU:IIHCKHC II cpapMaKOJIOfii'-ICCKHC 

acrreKTLI, KacaiOIIIIICC51 o6c~aeMoro MaTepiiana. 



FJIABA 1 

OEIIJ,IIE ITPE)l,CTABJ1EHII51 0 CTPYKTYPHhiX 
OCOEEHHOCTHX AMIIJ(AUETAJIEM 

KaK 3TO J')Ke yKa3biB<UIOCb, MoHorpaqnrii, rrocBHW:eHHbiX XHM!UI aMI1J\­

aueTaJiei1, B JIHTepaType no c11x nop He noHBHJIOCb. OnHaKo ony6JII1Komma 

cep115! o630pHb!X pa60T KaK CBO,[\Ka ,I:\aHHbiX, o6o6W:aJOll~l1X Cl1HTe3 11 TpaHC­

<j)OpMaUHH 3THX coe,I:\11HCHHH [ 46-50]. K co)K<L1eHI1K), nocJICJliiHH 113 ·.nux 

0630pOB ony6Jil1KOB3H ll 1992 r. H MaTepH<UI HOBeHUil1X ny6JII1KaiJ,Hti 110 ceii: 

,[\eHb He o6o6UleH. 

PaccMoTpeHHe CTPYKTYPhi caMHX aueTaneH: aMI1J\OB He naeT HHKaKwx oc-

HoBaHHM ,[\JI5! IIpC,I:\110Jl0)KCJIH5! o6 HX Bb!COKOH peaKUHOHHOH Cl!OC06HOCT!1 flO 

OTHOllleHlUO K HYKHCO<jlHJlbHhiM n;m 3JieKTpOqH1JibHb!M peareHTaM. rlp11 ~JTOM 
cncnyeT Y'H1TbiBaTh, 'ITO aueTaJibHaH 11 KCTaJibHaH rpynnhi HBJIHKncH 3aw:wr­

HhiMH ,I:\JlH aJlb,[\Cfl1~~0B H KCTO!IOB, l1Cl!OJ!b3YKHUl1MHC5!, K3K npaBHJlO, )J)IH 

CHH)KCH!15! peaKTHBHOCTl1 JTHX Kap60HHJlbHbiX COC,I:\HHeHHH. 

C ,I:\pyro.H. CTOpOHbl, C TCX !10p KaK McepBCHH C C03BTOpaMH BTlCpBblC ,I:\0-

~'IO)KlfJI 0 ITOrry'leH!1!1 aUCT(IJ!CM aMH,[\OB H JI3KT3MOB B 1956 f. [ 5JJ l1 HX Bb!CO­

KOH peaKUHOHHOi1 cnoco6HoCT!I s 1961 r. [52], 6hWO orry6nnKoBaHo 6oJrbwoc 

KOJIWJeCTBO pa60T, ,[\CMOHCTpHpyiOW:HX HX W!IpOKYIO CHHTeTI1'1CCKJ'IO !1pH-

MCHHMOCTb. 

f1epBOH3'1aJibHO 6biJI ycTaHOBJICH <lJaKT, 'ITO 3Tl1 COe,[\HHCHH5! JICfKO l1 C 

Bb!COK!IM!I BhlXO):(aM!I pear!IpyiOT C pa3JIH'!HbiMH HYKJJCOtPHJiaMH (B ,I:\aJibHeH­

WCM MHO)KeCTBO npHMCpOB T3KHX pcaKU!IH 6YAYT TipliBC,[\CHbl B ,[\aHHOH KHH­

re) H, BITOJIHC eCTCCTBCHHO, 'ITO J')Ke Ha rrepBOM 3TaTie !IX !1pliMCHeH!IH 110Tpe-

60BaJIOCb 06bHCHCHHC 3TOf0 HCO'!CBH,[\HOfO 5!BJICHlUL 

B 1961 r. MecpBci1HOM c coTp. [52], a srrocrrencTBHH !I APYfliMH IIccrre­

iJ:OBaTCJIHMH [50, 53], 6b!JIO ITOK333HO, 'ITO paCTBOpbi aueTaJJCH aM!1,[\0B KHC­

JIOT li JTaKTaMOB o6Jia,[\aJOT 3o1CKTpOIIpOBO,[\HOCTb!O. 3TO 5!BJICHHC 06b5ICHHCTC5! 

TeM, 'ITO 3MH,I:\aUCTaJil1 ( 1) B paCTBOpe ,[\HCCOUHHpyroT Ha aM6HJ(CHTHbiM KaTH­

OH (2) II aJIKOKCH-aHMOH (cxcMa 1). CnenyeT rronqepKHYTh, 'ITO <UIKOKCH-aHl1-

0H CITOC06eH B3<UIMO,I:\CHCTBOBaTb, HaTipHMep, C COeJlHHCHl1HMl1, HMCIOIUHMH 

3KTHBHJ10 MCTHJieHOBYIO rpyrrrry, C o6pa30B3HHCM Kap6aHHOHOB 11, TCM caMbiM, 

o6neNaTh pcaKUHIO HyKJJeo¢HJTbHoro rrprrcoe;:u-meHmi. 

TaKaH TpaKTOBKa HBJT5!eTCH B HaCTOHIUee speMH o6w:crrpHHHTOH 11 xopomo 

o6MJCH51CT cBoftcTBa at\iHAa!leTanei1. B qacTHOCTH, CAHHCTBCHHblM o6'h51CHCHH-
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CxeMa 1 
R R 
L__.oR" I R"o-

R2 N----'\ RzN~ + 
OR" +'OR" 

1 2 

CM JiefKO rrpoTeKaiOIUero ,[\eHTCp006MeHa BO,I:\OpOWibiX aTOMOB 0-MeTHJ!b!IblX 

rpyrrrr JlHMCTHJraucTanH rr,l1MCTHJI¢opMaMHAa (1 a, R=H, R'=R"=Me) B H36biT­

KC CD
3
0D 5!BJT5ICTC5! cro y<IaCT!IC B pam!OBCCH!1 C COOTBCTCTBYIOIUHM aM6H­

,I:\CHTHbiM KaTHOIIOM (2 a, R=H, R'=R"=Mc) (cxcMa 2) [54]. 
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B pa6(JTC (53] C,I:\CJiaHa ITOITb!TKa MeTO,I:\OM ITOJI5IpOrpa¢!1!1 KOJTH'ICCTBeH­

HO O!lCHHTb CTCITCHb JlHCCO!lHaUHH Jll13TliJI3!leTaJIH N-MeTHJIK3ITpOJT3KTaMa 

(3, n = 3) (BapHaHTbl CHHTe3a aueTaJICH JTaKT3MOB OITHC3Hbl H!1)Ke) (CXCMa 3). 

llpll cpaBHeHHH ITOJT5Iporpa<lJwteCKOfO ITOBe,[\CHH5I aUCTaJI5! (3, n = 3) H MCTHJI­

CYJlblP3THOfO KOMrUieKca N-MCTHJlKarrponaKTaMa (5) rroKa3aHo, 'ITO CO/lCp)KaHHe 

aM6H,[(eHTHOfO K3THOH3 (4) B MeTaHOJ!bHOM paCTBOpe HC npeBbllll3CT 0,3 %. 

O OEt 

N OEt 
I 

Me 3 (n =3) 

CxeMa3 

Q -oEt 

N- + -.o: 
I 

Me 4 

Q MeS04 

N· + ··OEt 
I 

Me s 

3aMCTHM, 'ITO B 3TOH )Ke pa6oTe ycTaHOBJieHO, 'ITO paCTBOpbi ,I:\li3THJiaUe­

T3JI5! N-MeTHJlKarrponaKTaMa (3, n = 3) o6nanaiOT 3JieKTponpoBOJ\HOCTbiO. 

YqnTbiBaH BbiCOKJ'IO peaKUHOHHY!O crroco6HoCTb KaTHOHOB)i!HIIa (4) rro 

OTHOll!eH!1IO K peareHTaM, 3ap5!)KCHHbiM OTpH!l3TeJibHO HJlH HMeiOIUHM HeiTO,I:\e­

J!CHHyiO rrapy 3JieKTpOHOB, MO)Kl!O 33KJliO'!HTb, 'ITO ,[(a)KC T3K35! He3Ha'!HTeJib­

!la5I CTeiTeHb JlHCCOUH3UHH ,[\OCTaTO'!Ha, '!T06bi o6ecrre'!l1Tb rJia,I:\KOe Heo6pa­

THMOe B3aHMO,[\eHCTB!1e a[leTaJieti C pa3Jil1'IHbiMH HyKJJeo¢liJI3MH. 

llpoBe,I:\CHHble HCCJie,I:\OBaHH5l 110Ka3aJIH, 'ITO Me)KJ\y 3UeTaJI5!MH llHMeTHJI­

tJmpM3MHA3 H, C )lpyroi.J. CTOpOHbL HX fOMOJIOf3MH H 3UCTaJI5IMH JiaKTaMOB, 
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y KOTOphrx B o:-noJIO)KCHJUIX IIMCIOTC5I BCChMa peamrroHHocnoco6Hhre CHr 

IIJIII CHTrpyrrnhr, Hap5I,L()' co CXOIJ:CTBOM Ha6JIIO)laiOTC5I II cyr.uecTBCHHhiC pa3JIII­

qii5I. TaK, B c~ae au;eTaJICM IJ:HMCTIIII¢opMaMIIIJ:a 3JICKTpo¢HIIhHhiC areHThi 

Moryr aTaKoBaTh JIIIIIIh N-aToM aueTaJI5I HJIH RO--aHrroH, o6pa3YJOII(HITC5I npn 

)J:Hccou;naunii. B TO )KC speM5I M5l au;cTaJICIT roMo.rrornqHhiX aMII)J:OB, a TaK)Ke 

aUCTaJICIT JiaKTaMOB Hap5I)J:y C JTHMH IIpOIJ;CCCaMH MOryT IIpOTCKaTh peaKIJ;HH 

(aiiKII1IHpOBaHII5I, aiJ;HJIHpOBaHH5I H rrp.) H no o:-CH2(CH3)-rpyrrrraM (CXCMa 4). 

H I 
"-.. ~OR 
/N OR 

' 

CxeMa4 

R' // ~CH2 
I ~OR 

"-.. ~OR N /\ 
Crroco6HOCTb aucTaJICIT aMHIJ:OB KHCJIOT 11 naKTaMoB K o:-C-arrKHJ1!1poBa­

HI1IO (au;HJIHpOBaHliiO) 06b5ICH1ICTC5I [50, 55, 56] TCM 06CT05ITCJ!bCTBOM, 'ITO 

aM611)l.CHTHblll KaTHOH (2) MO)KCT B3aHMO,U:CMCTBOBaTb C aJIKOKCJ1-aHJ10HOM C 

OTpbiBOM npOTOHa OT aKTHBI1pOBaHHOIT o:-CHz-rpynnhi B (2) C o6pa30BaHI1CM 

0:-aJIKOKCHCHaMHHa (6), KOTOpbiiT, TIO)l.06HO CHaM11HaM [17, 57, 58], JJOJI)](CH 

J!CfKO pearHpOBaTh C 3JICKTpOcpH1IhHhiMI1 peareHTaMH (CXCMa 5). 
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B IIOJih3Y TaKOfO npe,U:TIOJI0)KCHII5I CBH)J:CTCJ!bCTBYIOT TaK)KC .n:aHHblC 0 3Ha­

qJ1TCJ!bHOM f10,1l,BJ1)KHOCTH 0:-ITpOTOHOB B JiaKTHMHhlX 34J11pax (7) (CXCMa 6), 
CTpyKTypa KOTOpblX BCCbMa CXO,U:Ha CO CTpyKTypaMI1 aM611,1J,CHTHblX KaTHOHOB 11 

OTJIH<IaCTC5I B OCHOBHOM OTCYTCTBHCM 110JI0)Kl1TCJ!hHOf0 3ap5I)l.a, KOTOpb!H, KO­

HCqHO, cnoco6cTnyeT ycHIICHHIO CH-KHCJIOTHOCTH o:-aJIKHJibHOH rpyrrnhi [59]. 
lfCXO.II5l 113 3TOfO, MO)KHO YTBCp)KIJ:aTh, qTO CCJIH B JiaKTI1MHhiX 34J11pax rJia)l.KO 

rrpOTCKaCT )J:Cii:Tepoo6MCH 0:-HpOTOHOB, TO OTII(CIIJICHI1C aHaJIOf11qHb!X HpOTO­

HOB B aM6H)J:eHTHhlX KaTHOHax, KOTOpOMY B)J:06aBOK CII(C CIIOC06CTBYCT HaJIWII1C 

aJIKOKC!1-aHHOHa, )l.OillKHO HpOTCKaTh C ,ll,OCTaToqHO BbiCOKOIT CKOpOCTbiO. 
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B UCJlOM, MO)KIIO onpe)J:CJICHHO yrBep)KIJ:aTh, qTo Ba)KIICliiiierr xapaKTCpH­

CTHKOIT aMH)J:aUCTaJICii:, KOTOpa5I (KaK 3TO 6y)J:CT BH)J:HO H3 IIOCJICiJ:YIOIU:CfO MaTC­

pHaJia) OTipC)J:CJI5ICT 60JihliiHHCTBO XliMWICCKIIX IIpOIJ;CCCOB C )"IaCTIICM JTIIX CO­

C)J:HHCIIliii, JIBJI5ICTC5I HX CIIOC06IIOCTb cyil(CCTBOBaTh B BII)J:C TpOHCTBCIIHOIT 

paBHOBCCIIOii Cl\ICCII, rrpliRC)J:CIIIIOM Ha CXCMC 5. J1 rrraBHhiii: cpaKTOp, OT KOTO­

poro JaBHCHT ycTaHOBJICHHC H IlOJIO)KCHHC JTOfO paBIIOBCCI15l, - JTO CilOC06-

IIOCTh al!CTa~lCii: npcnpamaTbC5I B aM6H)].CIITHhiC KaTliOIIhi 11 aJIKOKCH-aHHOHhl. 

HeKOTOpbrc noKa3aTCJihCTBa cymccTnonaii!15I paBIIOBCCH5l MC)KIJ:Y au:eTaJI5lMI1 11 

aM611)J:CIITI!biMH KaTI10JiaMH II aJlKOKCH-a!IliOII<lMH 6biJHf ~C ripiiBC)~Cilbl llhiiJIC. 

(})llJaKO Ilp06JICMa Cyll\CCTBOBai!I111 TaKOii: paBIIOBCCHOii: CI1CTCMhl B TC'ICIIHC 

]lOBOJlhiiO IlpOllOIDKHTCJibiiOfO IICpHO,Ua IIp01l0Jl)KiUJa 3aHHMaTb XI1MHKOB-Opra­

IIHKOB, OC06C!II!O ,UJIJI BhU!BJICIIH5l CTpyKTypHhiX qJaKTOpOB, OKa3h!B<IIOUIHX pc­

JliaiOLUliC 3CjJqJcKThi na noJIO)KCHHC pamroBCCH5l. KoHc•mo, H<m6oncc na)KHhiM 

IlOIIpOCOM npH 3TOM 6bJJI BOIIpOC 0 TOM, KaKHC TCOpCTII'ICCKHC 11 CHIITCTII'ICCKHC 

llhiBO,U:hl BbiTCKaiOT 113 ::nora pO)l.a paBIIORCCHH. 

Y)Kc IIp11B01li1JII1Cb pe3yJibTaThi uccrrc,r~,oBaHHIT, B KOTOpbiX ycTal!onrrcl!o, 

'ITO paCTBOpbl aMI1)l.- 11 JlaKTaMaUCTaJICii: 06JiaJJaiOT 3JICKTpOIIpOBOJ!IIOCThiO, 'ITO 

5lBJI5lCTC5I CCpbC31IbiM ll:OKa3aTCJihCTBOM CYil(CCTBOBalll15l 06Cy)KIJ:aCMOf0 paRHO­

BCCH5I. Ouy6m1KOBai!Wt5l B pa6oTe [60] Ba)KHali rm¢opMaUl151 na 3TY TCMY no-

3BOJI5ICT cpaBHHTb cTpyKTyphr auCTcUICH aMH.IlOB (1) c po.n:cTBCIIIIhiMI1 T11fJaMI1 

COC.!IHIICIIHii - aMI1HaJih3<lJ!1paMI1 (8) 11 Tp11CaMI1HOMCTaHaMH (9) (CXCMa 7). 

H 
[/OR" 

R2N--"\ 
OR" 

1 
AMH.ZJ;alleTaJIH 

CxeMa 7 

H 
[/NR2 

R'2N--"\ 

8 
OR 

AMHHaJTh34JHpLI 

H 

R2N---l( NRz 

9 NR2 

Tpuc-aMHHOMeTaHhl 

B 3TOM nccJICJJOBaHHH TaK)KC 6r,ma li3Mcpcna JJICKTponpononHocTh pac­

CMarpnnaeMbiX COCJ!HHCHHM H ITOKa3aiiO, 'ITO mpuc-aMHIIOMCTal!bl li aMI1J-Ia­

}Jb3<lJ!1pbl o6mlJJaiOT 6oJrce BbiCOKorr 3JICKTponpoBO,Il,IIOCThiO, 'ITO HCYAHBHTCJ!h­

no, 110CKOJ!bKY, KaK H B mo60M paBHOBCCHH, CfO 110JIO)KCIIHC OIIpC)l.CJI5ICTC1I 

pa3JIH'IliCM JHCpf11ll HCXO)]JfOfO H KOIIC'IIIOfO COCTOHHHIT. )J,JI5I 11CXO,U:IIbiX CO­

CT05IHHll JHCprHIO OIIpC,Il,CJIHIOT, rJiaBIIbiM o6pa30M, CTCpH'ICCKHC <lJaKTOphi, a 

HMCHHO - HCCB5I3aHIIbiC B3aHMO,IlCMCTBHH MC)KIJ:y TpCM5I rpyrrrr11pORKaMH rrp11 

sp 3-aTOMC yrrrcpo.n:a. B JTOM CMbiC~lC tran6oJiec cTa6HIIhHhi aMH)J:aucTaJIH, no­

CKOJihKY ,U:HaJIKIIJiaMHHOrpyrii1bl ITO pa3MCpy 60JiblliC aJIKOKCH-aiJHOHOB ( C O)li1-

IIaKOBhiMH no pa3Mcpy rpyrrrraMH R np11 rcTepoaToMc). 

TaKHM o6pa3oM, iJ:JI5I 11cxonHLIX MOJieKy.rr cTaoHJibHOCTb na)laeT B p5I.IlY 

(I) > (8) > (9). )J,Jm KOJ-IcqllbiX COCTOHHHM KapTHHa IIHaJI: o6pa3YJOI1(11ITC5l 11p11 
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,Il;I1CCOUII3UJ.UJ: 3MII,UIIHIICBbiH <lJpafMCHT 3HepreTWICCKl:l 33MCTHO BblfOL(HCC TIO­

JIO:lKIITCJihHO 33piDKCHHOfO IIMIIH03qmpHOfO, II ycTOWIIIBOCTh K3TIIOHOB L(OJDK­

H3 CHIDKaThC5! B p5ILJ:Y (8) > (9) > (1). Dpii TaKOM paccMOTpCHIIII Heo6xoLJ:IIMO 

)"'IIThiB3Tb II TO, '!TO aJIKOKCII-3IIIIOH 33MCTHO CT36IIJihHCC, HC)KCJIH 3MIIL(-

3HI10H. Cyncprro3HUII5! YK333HHhiX 3<lJ¢eKTOB, cornacno pa6oTe [60], rrpHBO­

LJ:HT K TOMy, 'ITO 3JICKTPOTipOBOL(HOCTh paCTBOpOB 3UCTaJICH, 3MIIHaJICH H Tp11-

C3MIIHOMCT3HOB II3MCIUICTC5! B PMY (9) > (8) > (1). 

H 

RzN-kNR2 
8 OR 
H 

R2N--l(NR2 

9 NR2 

CxeMa8 

H 
I + RO-

R'N+NR" 

H 
~ I + 

R'~NR" 
R2N-

Ha CXCMC 8 TIOK333H3 ,[(IICCOUI13UII5! L(Byx THTIOB o6C)"AC,ll.3CMb!X COC,[(IIHC­

HHH- aMIIHaJih3qmpoB 11 mpuc-aMIIHOMeTaHOB (JlJI5! aMIILJ:aUeTaJieH: TaKoe paB­

HOBCCHe CM. CXCMY 1 ). 

Eme pa3 rrowiepKHeM, '-ITO HaJIII'-I.He 3JieKTporrpoBOLJ:HOCTH pacTnopoB co­

CLJ:IIHCHHH (1, 8, 9) B 6e3BOL(HbiX paCTBopax [I,MCDA II ,[(IIMCTOKCII3T3H3 Bhi3-

B3HO ,[(HCCOUH3UHCH 3THX BClL(CCTB. 0TCIOL(3 3BTOpb! pa60Thi [60) C,[(CJI3JTI1 Bbi­

BOL( 0 BCp05!THOCTH L(IICMYT3UIIH T3KIIX COCL(IIHCHHH B pacTBOpax II TIOJl.p06l!O 

HCCJICL(OB3JIH ,[(IICM)'T3UIIIO 3MHHaJib3<lJHpOB, rrpe,II;CT3BIICHYIO H3 CXCMC 9. 

H 

I + Ro­
R'N+NR" 

H 
H 

R2N~NR2 
8 OR 

CxeMa9 

•l ! •------- RzN l_,.NRz~ R'N~NR" ~ I 8 OR 

tRo-

H 

R2N~NR2 
NR" 2 

+ 

H 

R2N~OR 
OR 

YcTaHOBJICHO, '-ITO 3MIIHaiib3QJMpb! (8) He L(HCMYTHPYJOT B TC'ICHIIC HCLJ:C­

Jlll Tip II 20 °C, TIOLJ:BCpf3IOTC5I 3TOMY npoueccy 'I3CTII'-I.HO rrpH IICperOHKC Tip II 

50-80°C II BCCbMa 33MCTHO Ilpii '-I.CTblpCX'-1.3COBOM HarpeB3HHII npH 100°C ll 

)l.aJICC HCL(CJlbHOH Bbi,[(Cp)KKC npll 20°C. 0'-I.CHh B(l)KHO, 'ITO KOJIII'-I.CCTBO OCTa­

IOlL(CfOC5! B 3TllX yCJ10Bll5IX 3MIIHaiib3QJllp3 Clli"IhHO 3aBllCllT OT npMpOL(bl aJIKO­

KCIIrpyTIITbl OR (Ta6n. 1). 

Dwea 1. 06U{ue npeocmaeJleHuJI o cmpyKmypHbiX oco6eHHocmRx aMuom,enuweu 13 

Ta6JluJ(a 1 
PelyJibTaTbi .IUICM}'Tawm aMHHaJib3¢Jupos (8) 

% OCTaJOIUCfOCll 
AIIKOKCHrpynrra 

aMHIIaJib3¢lHpa 

OMc 66 

OEt 63 

OPr-n 57 

OPr-i 54 

OBu-t 33 

[l,pyrHMH CJIOB3MH, npH yBCJIWICIIHH o6beMa aJIKOKCHrpynnbl npOI~ccc 

Jl.l1CMYT3UHH HLJ:CT L(<UlblllC 113-33 MCHblllCH CTCilCHH CTa6YL1l13al(Hl1 HCXO.[\HOI'O 

COCT05!HII51. B l(CJIOM .L\IICMYTaUII5! aMIIHaJib3<lJH.pOB B rrpHCYTCTBIIII HC60JJbllU1X 

KOJIWICCTB Cl111pTa MO)KCT 6bJTh OITHC3Ha CJICL(YIOlUHM o6pa30M (CXCM3 10). 

CxeMa 10 

H H 

-<NR2 -<OR' 
R2N + R'OH R

2
N + R2NH 

OR' 
OR' 

H H 

-<NR2 --!cNR2 

R2N + R2NH R2N + R'OH 

OR' NR2 

H H 

-<NR2 -<OR' 
RzN + R'OH R2N + R2NH u T. A-

OR' OR' 

AMII,UaUCTaJIH TO)KC CIIOC06Hbl K I1pCBp3ll!CHIIIO B p3BHOBCCHbiC CMCCH, CO­

CT05!lL(HC H3 aUCTaJICH II 3MHHaJih3qlHpOB B I1piiCYTCTBIIH mpuc-3MHHOMCT3HOB. 

TaK, CMCCh mpuc-TPHMCTIIJI3MIIHOMeTaHa II aQeTaJI5! LJ:IIMCTIIJI<lJopMaMM,II;a rrpH 

narpeBaHHII rrpii 100ac 3a 4 q rrpenpamaeTc5! B aMHHaJih3<lJIIphi (Ta6n. 2). 
K 'IMcny LJ:OBOLJ:OB B rronh3Y HaJIWIII51 paBHonecii51 Me)KLJ:y aueTaJI.5!MII aMH­

non M 3M6II,UCHTb!MII K3THOH3MII l\fO)KHO OTHCCTll ,[(3HHbiC, TIOJI)"'CHHb!C I1pll 

conocTaBJICHIIII MK-cneKTpOB aMII,UXllOPHLJ:OB 11 aMII,UaueTaneH: [ 61 j. Donochi 

rromomeHM5! xnopii,Ua xnop-N, N -JlllMCTIIJJHMMOHM5! (10), TeTpaxnopaniOMMHa­

Ta xnop-N, N -AllMCTHJII1MMOHH5! ( 11) 11 All3TllJial!CTaJI.5! N, N -LJ:HMCTMJI<lJopMa­

MM,IIa (1, R=H, R'=Me, R"=OEt) (I b), OTHOC5!1UHCC5! K IIMMOHIIeBoii yrnc­

pon-yrneponHoH: CB5!3M 3aHMM3IOT BCCbM3 6JIM3KOC TIOJIO)KCHHC Ilpii 1680, 1680 

II 1667 CM-l COOTBCTCTBCHHO. TaKOC CXOJ!.CTBO CI1CKTpOB CBII,[(CTCJibCTBYCT 06 
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06pa3osauue aMHHaJib::J!!Jupos (8) npu uarpesauuu 
mpuc-aMHHOMCTaua H al{CTaJill .IJ.M<I>A 

OR-rpyrrna % o6pa3osamneroc5! aMHHaJIKHjmpa 

(Me2 Nh CH + Me 2 NCH(OR)} 

MeO 64 

EtO 63 

i-PrO 52 

t-Bu 33 

Ta6mu(a 2 

)"IacTIIH aM6H.Il,eHTHoro KanwHa B paBHOBeCHH c au;eTarrcM ,llM<DA. Cnc.ll,CTBH­

eM HaJIII'Il151 TaKOfO paBHOBeCii51 5IBJI5IeTC51 TaiGKe aJIKMIIIipy!OIUa51 CriOCOGI!OCTb 

aueTarreti: aMH,UOB H naKTaMon. OnncaHbi, HanpnMep, peaKU:MH arrKHIIl1pomlHH51 

MaJIOHOBOfO 3$Hpa H 3Tepn$HKa[(Hl1 6eH30HHOH KHCJIOTbl IIpli B'3al1M0ilei1-

CTBHH •n11x coe.ll,nHeHHH c .ll,WHHJiau;eTarreM N-MeTHJIKarrpo;IaKTaMa (3, n = 3) 

(cxeMa 11) [62]. 
CxeMa 11 

PhCOOH 0 
PhCOOEt + 12 OEt + CH2(COOEt):z 

N OEt 
I 

.. 
Me 

3 (n=3) 

- Q.o+ QY,,=a 
Me Me COOEt 

+ BCH(COOEth 
14 

IlpH peaK[(HH C )l,H3TMIIMaJIOHaTOM COOTHOIITeHHe N-MeTMJIKarrpoJiaKT::lM 

(12):eHaMHH (l3):3THJIMaJIOHOBblH 3$Hp (14) COCTaBJI5IeT 53,8:37,7:8,5, npH 

3TepH$HKaUHH COOTHOIITCHHe (12): 3TMJI6eH30aT paBHO 51,2:41,2 ( COOTHOIITe­

HH51 orrpe.ll,eJieHbl MeTO.Il,OM ra30)!(Il.ll,KOCTHOH XpOMaTorpa$HH). 

B .ll,pyTOH pa6oTe [63] aBTOpaMH Ha OCHOBaHHH KHHeTWieCKHX ll CTepeO­

XllMH'!eCKHX HCCJie.ll,OBaHHH IIOKa3aHO, 'ITO CKOpOCTb peaK[(MII 0-aJlKIIJIIIp0-

BaHII51 opraHWieCKHX KHCJIOT JIHMHTHpyeTC51 CTa.ll,HCH aTaKH aM6II.Il,CIITHOfO 

KaTHOHa IIO Kap60KCMJiaT-aHHOHY (cxeMa 12). 
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CxeMa 12 

t) /H 0 
Me2N=C )L 

'- R (_I r-o 
R' 

0TCIO.Il,3 CL(eJiaH B3)!(HblH npaKTH'!eCKHH BbiBO.Il,: IIpH .HCIIOJih30BaHHli .ll,ll­

HeorreHTHJ13[(eTaJI51 .ll,HMeTHJI<popMaMH)l,a (15), He CKJIOHHOro K )"JaCTHIO B SN2-

peaKUH5IX, II JII060f0 CIIHpTa B03MO)!(Ha 3TepWj_J.HK3U:ll51 KliCJlOT 3THM CITHpTOM 

)l,a)!(e 6e1 npe.ll,BapnTeJibHOfO BKJIIO'leHH51 ero aJlKOKClifpyrrn ll COOTBeTCT­

BYIQW.HI{ aMH.Il,aUeTaJib, 'ITO He ncer)la YJl06HO B rrpenapaT.HBHOM OTHOilleHHll 

(cxeMa 13). 
CxeMa 13 

R1- COOH + R20H + Me2NCH(OCHzCMe3):z -
15 

_.... R1- COOR2 + Me3CCH20H + Me2NCHO 

3THM MeTO.Il,OM C llhiCOKHMH BhiXO.Il,3MH CHHTe3.HpOBaHa 60Jiblii<UI rpymra 

3C]ll1p0B aMHHOKMCJIOT. ToT cpaKT, 'ITO aueTaJib (15) He MO)!(CT 6h!Tb HCDOJih30-

BaH HeiTOCpC.Il,CTBCHHO JlJI5l 3TCpWjlHK3ljl1H KMCJIOT f!OK333H B pa6oTe 164]. ABTO­

paMH H1)"1CHO npHMeHCHHC )lJI51 3TCpWpHKa[(HH U:CJIOfO pH.na aiWT<UlCH )~H­
MCTMJI$OpM3MH)l3 (}J,M<l>A), TaKHX KaK .ll,l13THJ1-, .ll,H6CH3HJI-, .ll,M.Il,O)leU:HJI- 11 

;!n-(+S)-6ymnau;cTarrH ,llM<DA. B pa6oTe [65] noKa3aHo, 'ITO .ll,H3THJI- (1, R = H, 

R' =Me, R" = Et) (1 b) 11 _nH6CH3I1Jia[(eTaJlH ,llM<DA (1, R =H. R' =Me, 

R"=PhCH
2

) (1 d) >IBJI5IIOTC51 y.11,o6HhiMH peareHTaMH ~'!51 3TepmjmKau;ww cpeHo­

JIOB H pa3JIH'!HblX Kap60HOBhiX KMCJIOT, KaK apOM3Tl1'lCCKHX - Ha<pTOHHOH, 

ca.TIHU:HJIOBOH, HHKOTHHOBOH, TaK H aJJHQlaTH'ICCKHX - a.[IHTIMHOBOH, QlYMa­

pOBOH. HeKoTophre .11,eTarrH MexaHH3Ma 3TepMQlHKaU:HM Kap6oHoBh!X KHCJIOT 

au;eTaJIHMH aMH.[IOB paCCMOTpeHbl B pa60TC !66]. C 3TOH U:eJibiO 06bCKTOM )lJIH 

H3yqeHHH IlpOl[ecca 3TCpi1QlHK3Ul1H H36paH OIITH'lCCKH aKTHRHblH (S)-6yTaHOJI 

(16). ,llJIH .ll,aHHOfO CIIHpTa ITOKa3aHO, 'ITO CfO 6CH30HJ1HpOB3HHC HC BC.Il,eT K 

H3MeHeHJ.110 KOHQlHrypa[(HM. B TO )KC npeMH npn 3TCpHQlHK3UliH 6eH30HHOH 

KHCJIOTbi (S)-JlM-tno-6yTJ.1Jlau;eTarreM ,[I,M<DA npoTeKaeT npou:ccc c o6pamenHeM 

Kon<PnrypaU:HH (cxcMa 14, c. 16). 

Y'IHTbiBa>I 3TO, aBTOphi [66] npe)lJIO)!(HJIH MexaHH3M 3TepwtmKau;nH, ocHo­

BaHHhiH Ha 6HMOJ1CKYJI5IpHOM SN2-MCX3HH3Me II 6a3HpY1QIUHHCH Ha y<IaCTHH 

B nepCXO.[IHOM COCTOHHHH aM6H,UeHTHOf0 KaTMOHa, H3XO.Il,511UefOC51 B paBHOBe­

CliM C aMH.Il,aUCTaJICM H KOHUeHTpaU:HH KOTOpOfO ITOBhiiiTaCTCH npH yqacTHH 

KMCJIOThl, IIO.Il,I3Cpra!OWCHC5l 3TepM$HKa[(HH. McxaHH3M rrpou;ccca MO)!(eT 6biTb 

npe.[ICTaBJICH CJie.[IYIQWHM o6pa30M (cxeMa 15, C. 16). 
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CxeMa 14 

Me 

Me 
OCH/ 

I ' 
H+OH + 

Et 
Me2N-CH 

I _,.Me 
Et 

87% (S), a~.+ 9,6 "l :;;cocl 

1 
OCH ....._ Et at~=+ 36,4o 

PhCOOH 
CnH6 
80°,3 q 

Me2N- CH(OR')z 

1l 
CH R'O-

MezN~OR' 

Me 

H+OCOPh 

Fl 

u1~=+29,r 
87% (S) 

CxeMa 15 

Me 

H+OCOPh 

Et 

u~=-31,1° 
88% (R) 

RCOOH - RCOO- + M N~1 - RCOOR + MezNCHO 
ez , + ,oR' 

flepeXO):(HOC COCT05!HHC Ha rrpHMCpC KOHKpCTHOM, OllHCaiiHOH BbilliC peaKUHH, 

,Il,H-U30-6yrHJiaUCTa.JT5i )lM<l>A C KHCJIOTaMH rrpe,Il,CTaBJICHO Ha CXCMC 16. 

t.:xeMa lo 

Me 
: .....,CH2Me 

Me,+ o-yJoj 
N-< H --o-C-R 

Me/ H II 
0 

)lpyrHMH CJIOBaMH, 3,Il,CCh Mbl HMCCM ):(CJIO C THITHqHoiJ: SN2-peaKUHCH 11, 

CCTCCTBCHHO, MCXaHH3M, 3aTpy,Il,HCHHhiM ITO CTCpH'I.CCKHM llpH'I.IIHaM ):(Jl5! HCO­

llCHTHJiaUCTa.JTCM, npaKTH'I.CCKH ):(Jl5! HHX HC peaJJH3YCTC5! (eM. CXCMY 13). 
06cy)K)la5! BOllpOC 0 rrpHCYTCTBHll B paBHOBCCllll C aueTaJI51MH aM6H):(CHT­

HbiX KaTHOHOB, HCJib35!, XOT5! 6bi KOpOTKO, HC paCCMOTpCTb rrpo6JieMy HX peaK­

UllOHHOH cnoco6HOCTII B peaKUIDIX C pa3Jill'I.HbiMll HYKJICO<i:JHJiaMII (KOHC'I.HO, 

K 3TOM rrpo6JICMC Mbl 6y,IJ,eM HCO):(HOKpaTHO o6paiUaTbC51 H ,Il,a.JTCC rrpH pacCMOT­

peHIIH CBOllCTB 3MH):(3UCTa.JTCM). 3,IJ,CCb )KC OTMCTHM l-!CCJIC,Il,OB3Hll51 (67, 681, B 

KOTOphiX o6o6IUaiOTC5! HCKOTOpbiC ,IJ,aHHhiC 0 3aBHCHMOCTll peaKUllOHHOH CUO-

J;wea I. 06U{ue npeiJcmae!leHufl o cmpyKmypHbtx oco6eHHOCmHx a;HuiJauema!leu 17 

C06HOCTH auCTa.JTCH OT :J<i:JcpcKTHBHOCTH o6pa30Baiii151 TaKHX KaTHOHOB. flpH 

H3y-'-ICHI1H K11HCTHKI1 pcaKUllll aueTaJICH aMH,Il,OB C ,Il,C30KCH6CJ-I30HHOM [67] 
6biJIO ycTaHOBJICHO, 'ITO CKOpOCTb npouecca 3aMCTHO 3aBI1CHT OT CTpOCHH5i 

arrKoKcHrpynnhi ar(cTaJIH ( cxeMa 17) ('ra6n. 3). 

CxeMal7 

Phl(OOPh 
PhCH2COPh + MezNCH(OR)z ---

)l;e3oxcn6eH30HH NMe2 

CooTnomeHue cKopocTeii peaKuHii aueTa.1eii aMHJWB 

c )le3oKcu6en3ounoM 
--

AiiKOKC1111JY11II<l Depwm 
al(CT<UL5l ,i],M<l>A !IOJLYHPeHpal.l\eili-LH, MHIL. 

OMe 1550 ~ 
OEt 570 

OCHMe2 
1()3 

OCMe3 
60 

OCH=CH2 540 

CH2CMc 3 
t\60 

CH2Ph t\40 
__ L___ 

Ta6JtU/1[1 3 

J13 naHHhlX Ta6JL 3 CJIC,IJ,yCT, 'ITO 'ICM 6oJlblilC (.l\0 onpC)lCJ1<:Hll01'0 llpC)lC­

,1a) IIO 06bCMY a.HKOKCI1rpyilflhl B aUCTa.il5lX, TCM 6hlCTpCC rrpOTCKaCT npOUCCC. 

ABTOpbt ,l(aHHbiX 11CCJic;xosaHHH )le.rJaiOT o6ocnosmmoe JaK.HIO'IClme, 'ITO 11MCH­

HO CJ-15lTHC CTCpH'!CCKOfO Haf!p5DKC!ImL 06)'CJIOBJICI-lHOrG HCCBH3aHHbiMH B3a­

l1MO,UCHCTBI15!MH fCMllH<UlbHblX <UI.KOKCI1rpynn, o6CCfiC'!l1BaCT Of!TI1Ml13aUHIO 

yc.TJ:OBI1H ,1,JI51 C)lBI1ra paBHOBCCI151 B CTOpOHY o6pa30BaHI15! 3M611)lCHTHOf0 Ka­

THOHa l1 COOT!~CTCTBCHHO ycKOpCHll5! npouecca 11CC.TJ:C,l\yCMOi1 KOH,[I,CHCaU11H. 

BbiWC yxe OTMC'la.JTOCh, 'ITO 3HCKTponposo,IJ,HOCTh pacTBopoB aMI1HaJih3-

cj:JMpoB BbllllC, 'ICM aMI1)laJWTaJICH. C 3TI1Ml1 ,UaHHhiMI1 XOpOlliO KOppeJIHpyeT 

11 60J1CC BbiCOKa5I peaKUI10HH<l5l cnoco6JWCTb aM11Ha.JTb3<1J11pOB. Hanpl1MCp, HX 

peaKUI111 KOH,l\CHCaU11l1 II.O MCTI1.lbHOH rpynne aueTOHa HO cpaBHCHI1IO C aue­

TaJI5IMI1 ,l\l1MCTI1Jicp0pMaMI1~13 II.pOTCKaiOT HaMHOfO 60JICC yciiClliHO [69]. l1 3TO 

o6ycJJOBJICHO, HCCOMHCHHO, 66J!billl1M C)lBI1fOM paBHOBCCI151 B CTOpOHY aM611-

)lCHTHOfO aMI1,l\11HllCBOI'O K3Tl10Ha B CJJy'lae aMI1Ha~TJ:h3cp11pOB ( CXCMa 18). 
f!OH5ITHO, 'ITO Ha.JTH'li1C paBHOBCClUI, KOTOpOC o6cy)K,l(aCTC5l B 'HOM pa3)lCJ1C, 

o6yCJiaBJII1BaCT o6pa30BaHI1C HC TOJlbKO aMI16H):(CHTHOIU KaTI10J-Ia, HO 11 aJIK0-

KCH-arll10Ha. f103TOMY ewe O)llll1M ,UOKa3aTCJibCTBOM cyweCTBOBaH115l TaKOfO 
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CxeMa18 
H 

gbC~ + 
H MezN/+"\.OEt 

~%bCI6 
EtO /'"+'\. OEt 

Ph c+ SbC4; I SbCJ6 
3 ~ + MezNCH(OEth M~N /'"+'\.OFt 

H gF4-
MezN/+"\. OFt 

+ CH(OEt)J 
85% 

CH(OEt)3 

60% 

Ph3COEt 

70% 

paBHOBCCI15! (CXCM3 1) 5!BJI5!CTC5! 11 CIIOC06HOCTb 3UCTaJICH aMM,UOB BhiCTyiiaTb 

B pOJII1 ,UOHOpOB 3Hl10HOB. 3TOT 3<lJ<iJeKT OIII1C3H (CXCM3 18) B pa60Te [70]. 
B ,U3HHOH rJI3BC HC paCCM3Tp11B3CTC5! IIO,Up06HO BOilpOC 0 TpCTbCM KOMIIO­

HCHTC paBHOBCC1151, KOTOpOC xapaKTCpHO J.L)l5l 3UCTaJICll 3MM,UOB 11 JI3KT3MOB 11 

KOTOpOe OIIpC,UCJUICT l1X CIIOC06HOCTb B3311MO,UCHCTBOB3Tb C 3JICKTpO<lJI1JlbHblMI1 

peareHT3Ml1. 3TH rrpo6JICMbl 6y.UYT o6C)')K,!l3TbC5! ,UaJICC. 3,UCCb :lKC Mbl orpaHI1'111-

Jll1Cb paBHOBCCMCM, CB5!33HHbiM C o6pa30B3Hl1CM aM6M,UCHTHOf0 K3TMOHa, rrpH­

CYTCTBMC KOTOporo 11 OilpC)lCJI5!CT ,UaJibHClllllCC o6pa30B3Hl1C TpCTbCH COCT3BJI5!­

lOIUCll ::noro TpOHCTBCHHOfO paBHOBCCIDI- a-aJIKOKCMCH3MMH3 (6) (CXCMa 5). 

DIABA 2 

CMHTE3 AUETAJIEM AMM,UOB M JIAKTAMOB 

0)lHMM 113 H3!160JICC 06IUI1X MCTO)lOB Cl1HTC33 3UCTaJICH aMM,UOB KMCJIOT 11 

JI3KTaMOB 5!BJJHCTC5! B3311MO.UCHCTBI1C aMM,UOB 11Jll1 JI3KT3MOB C 3JJKMJJI1py!OIUI1-

MI1 11 3UI11lHpy!OIIU1MI1 arCHT3Ml1, C IIOCJIC.UY!OIIICM o6pa6oTKOM IIOJIY'ICHHbiX 

KOMIIJICKCOB aJIKOfOJl5!TaMI1 liiCJlO'!HbiX MCTaJJJIOB (50]. B K3'!CCTBC aJIKMJJMpy-

10ll!I1X areHTOB Ha!160JICC '!aCTO 11CIIOJlb3YlOT <lJTop6opaT Tp113TI1o10KCOHI15! (17) 

11 ,UI1MCTI1JJCYJibcp3T ( 18). 
XoT5! KOJJWICCTBCHHOC conocTaBJJCHMe peaKUI10HHOi1 crroco6HOCTI1 'JTI1X 

aJIKMJII1PYIOllll1X areHTOB B Cl1HTC3C 3MI1)l3UCTaJICH ,UO H3CT05!ll1Cf0 BpCMCHI1 HC 

llpOBC)lCHO, CJIC.UYCT OTMCTI1Tb Ba:lKHOC K3'1CCTBCHHOC pa3JIW111C MC:lKLIY HI1MI1, 

3aKJJIO'i3!0liiCCC5! B TOM, 'ITO B3a!1MO)lCHCTBI1C aMM,UOB KMCJIOT C (17), B OTJII1'U1C 

OT peaKU1111 C ( 18). B 06hl'!Hb!X ycJJOBI15!X npe,UCT3BJI51CT C060H ueo6paTI1MblM 

rrpouecc 1721. HecMOTp5! Ha TO, 'ITO 3Kcnep11MCHTaJibHO rrp11 C11HTe3e ar.II1J1a­

IICTa.Jiei1 :.HOT TC311C 5!BJI5ICTC51 BCpHblM, H3 C3MOM )JCJIC aueTaJII1 MO:lKIIO npe­

BpaTMTb o6paTHO B npOMC:lKYT0'1Hb!C KOMIIJICKCbl IIYTCM o6pa6oTKI1 11X TpeX­

tPTOp11CTb!M 6opOM (CXCMa 19) [51]. 

CxeMa 19 

R--< 0 Et30+BF4 

NRI ., 
2 

OEt EtONa 

R ---<t+ BF4- :;:::=~ 
NRi BF3 

19 

OEt 

R~OEt 
NR1 

R2 
".NH 
z/ 

~ 
OFt 

R~OEt 
NR~ 

B pa60TaX [51, 52] OTMC'ICHO, 'ITO np11 KJ1II5IqeHI111 HI13llli1C .[(11aJIKMJJaMM­

aueTaJII1 o6MeHHB3lOTC5! C Bb!COKOKI1II5!lli11Ml1 BTOpli'!HbiMH 3MHH3Ml1, T3KHMI1 

K3K, H3Ilp11MCp, MOpcpOJIMH, C o6pa30B3Hl1CM C BbiXO,U3Ml1 50-60 % .[(11aJIKI1Jl-

3MM,U3UCT3JJCH c 6oJJee BhiCOKOMOJJCKYJJ5!pHhiMI1 3aMeCTHTCJI5!Mll R (cxeMa 19). 
l13yqCHUC 3JJKMJJllpOB3HIDI aMM,UOB KHCJIOT C IIOMO!UhlO (17) IIOK33aJIO [71], 

q'[O CTep!1qeCKI1C 3<lJ<lJeKThl 33MCCTI1TCJICH B 3MM,U3X HC OK33biB3lOT 33MCTH0f0 

BJJID!Hll5! Ha npoTeKaHUC peaKUMH; UCKJJIOqCHMC ll3 3TOf0 Ilp3BUJI3 COCT3BJI5!10T 

TC cnyqau, KOf)l3 CTepuqecKHe 33TpynHCHIDI corrpoBO:lK)l3lOTC5! cymecTBCHHOH 

,UCCT36UJII133UI1Cll aM6M,UeHTHOf0 K3THOH3 (19) (cxeMa 19). 
TaK, Cl

3
CCON(CH

3
h, B KOTopoM aMMH351 rpynnMposKa CB5!3aHa c BeChMa 

o6bCMHOH 11 Cl1JlbHO 3JICKTpOHOOTpllU3TCJlhHOH Tp11XJIOpMCTI1JlbHOll rpyiTIIOH, 
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HC peampyeT C OKCOHHCBOH COJih!O ( 17). B TCX CJI)"Ia5IX, KOr,Ua B MOJICKYJIC 

HMC!OTC5! ,UBC aMl1,ll;HbiC tPyHKUHOHaJihHbiC rpyniThl, <<aUCTaJII13aUH5!>> 06CHX B03-

MO)!(Ha JIHlllh npM HaJIWIMII MC.lK.I\Y HHMH MOCTIIKOBhiX rpyrrn [72]. TaK, 113 6uc­
,UUMCTilliaMII,T{a waBeJICBOH KI1CJIOThi [71] II N-MCTUJICYKUHHIIMII)la [73] c noMo­

Wh!O (17) y,n:aCTC5! CI1HTC311pOBaTh TOJlhKO MOHOaUCTaJIH (20, 21) (CXCMa 20). 

CxeMa20 
0 

2) EtONa OEt 

M~N- CDCD-NM~ 

1)17 ~ 
Me

2
N OEt 

NM~ 

~0 o I 
Me 

1) 17 
2)Et0Na .. 

21 

II ~OEt 
ANAOEt o I 

Me 22 

PaJ,UCJICHHC aMH.UHhJX rpynn 3THJICHOBOH rpynnHponKoil ---HC=CH­

o6ecrrc'mBaCT B03MO){(HOCTh IIOJIY'iCHI15! 6uc-aUCTaJI5! (23) ( CXCMa 21) 1711. 

CxeMa21 

0 0 

>-rn=rn--< 
Me2N NMe2 

17 EtO OEt 

~)-rn=rn-<:~ zsK 
Me2N I NM~ 

+ EtONa 

EtO OEt 

Eto--7-- rn= rn-f- OEt 
Me2N NM~ 
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B3aHMO)lCHCTBI1C npoMC){(YTO'lHhiX KOMIIJICKCOB (19) c anKoroJIRTOM Ha­

Tpl15! (71] MO){(CT npOTCKaTh no TpCM HanpaBJICHI15IM B 3aBHCIIMOCTI1 OT xapaK-

Tepa 3aMeCTI1TCII5! R: 
a) o6pa30BaHMC aMl1,ll;aUCTaJI5! (1), 
6) pereHepaUI15! MCXOL(HOfO aMl1,ll;a (24) UJIII 

B) o6pa30B3Hl1C a-aJIKOKCHCHaMHHa (6) (cXeMa 22). 

Jlerqe BCCfO ,!l,OJI)!(Ha npOTCKaTh peaKUI15! a), B KOTOpOH !1MCCT MCCTO npo­

CTCHllla5! aCCOUI1aUII5! !10HOB, TaK KaK 3HCpfi15I aKTHB3UI1li 3TOf0 npouecca, 

nO-BH,UHMOMY, 6y,11,eT cywecTBCHHO HJ1){(C, qeM B CJIY'ia51X 6) 11 B), 11 o6pa30BaHI1C 

aUCTaJI5! (1) )lOJI:lKHO npoTeKaTh 6hiCTpO, CCJII1, KOHCqHO, HC CJII1lliKOM BCJIIIKH 

cTepiiqecKHC rrpei15ITCTBI15! aTaKe aJIKoroAAT-aHHOHa. EcJIH R 5IBJI5ICTC5I o6beM­

HhiM 3aMCCTIITCJICM THna mpem-6YTI1JlhHOH UJIM )ll1XJIOpMCTHJibHOH rpynnhl, 

peaKUI15! HanpaBJI5ICTC5! no TCpMO)l!1HaMI1'lCCKI1 BhlfO,UHOMY I1YTI1 6) C o6pa30Ba-
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OEt 
/• 

R-c:,+ 
', I 

NR2 

CxeMa22 

+ EtO- + Na+ 

/~~ 
OEt 

/ 
R-C-OEt 

' I NR2 

/:0 
R-C~ +Et20 

OEt 
/ 

R2-CH=C + 
' I 

l 

' I NRz 
24 

NR2 
6 

21 

EtOH 

HHCM TaKMX CTa6HJJhHhiX M0,1CKyJI, KaK aMHJl (24) II npoCToil :Jqmp. HaKOIICIJ,, 

CCJIH R - OTHOCHTCJlhiiO HC601lhllla5! 110 06bCMY 11 Cl1JlbHO :3JICKTpOHOaKUCI1-

TOpHa5I rpyniii1pOBKa, 1303MO)](CH OTphlB nponma B a-110J10iKCHI111 (no OHIO­

JI1CHI110 K aMHJJ,IIOH rpynne) 11 o6pa3oBaHHC <X-<UlKOKCHeHaMHWl (6). Cne11,yeT 

OTMCTI1Tb, 'ITO CJ1HTC3 CllaMHHOB THfla (6) Ha6JJIO)l<LTIC51 11 paHCC np11 o6pa60T­

KC qnop6opaTa ]-MCTI1.~-2-3TOKCH-3-Kap63TOKCH-3,4,5,6-TCTparHrtp01111pH)ll1lli1H 

(25) aJIKOIOJI5!TOl\l HaTp115l (CXCMa 23) 174, 75]. 

CxeMa 23 

17 RONa CC
COOEt aCDOEt 

• BF4 CX
CDOEt 

N OR 
I 

Me 

N 0 N--'+'· OEt 
I I 

Me Me 25 
a-.AJIKOKCHCHllMHH rnna 6 

HoBhiM BapMaHTOM Cl1HTC3a auCTaJJci1. JiaKTaMOB (3, n = 1-3) HBMJJOCh 

HCIIOJih30BaHMC B Ka'JCCTBC l1CXO)lHbiX COC)ll1HCHI1i1 JiaKTHMIIbiX 3tPl1POB (7, 
n = 1-3) ( CXcMa 24) [7 5, 76]. J1.CCJIC)lOBaHHC aJIKHJJ11pOBaHJ15I (7) JJ,J1MCTUJICY1lh­

<PaTOM MCTOJJ,OM KOHcypCHTHbiX peaKUl1H C llp11MCHCHHCM f))(X ,iJ,.!Hl aHaJIJ13a 

peaK1~110HHbiX CMCCCH IIOKa3aJIO, 'ITO CKOpOCTb o6pa30BaHIIH KOMIIJICKCOB (26) 
cyu~CCTBCHHO 3aBI1CIIT OT BCJ1Wll1Hbl UHKJla (7): Hai1Bb!Cllla5I CKOpOCTb aJIKI1-

JIHpOBaHI151 Ha6JlK),UaCTC5! B CJIY'IaC 0-MCTUJI6)'Tl1pOJiaKTJ1Ma (7 a, n = 1 ), Hai1-

MCHbllla5!- B cJiyY.ae 0-MCTIL1KanpOJ1aKTMMa (7 c, n = 3). KoHKYPCHTHa5! pe­

aKUH5I npOBO.UHJlaCh IIYTCM CMCllJCHI15I paBHhiX MOJI5IpHb!X 3KBJ1BaJ1CHTOB 

JlaKTI1MHbiX 3tPHPOB, B35!TblX B 3Haqi1TCJJhHOM !136biTKC 110 OTHOlliCHI110 K )li1-

MCT11JlCYJib<lJaTy. I1o OKOH'IaHJ1H pcaKUI111 MCTO.UOM f)l()( OIIpc)lcJ15IJIOCb COOT-· 

HOllJCHHC HC BCJ'YnHBllll1X B peaKUHIO JiaKTHMHhlX 3tPHPOB, KOTOpoe OKa3aJIOCb 

paBHb!M 7 a : 7 b (n = 2) : 7 C = 1 : 1,13 : 1 ,36.)lpyrHMI1 CJlOBaMH, paCXO.U n5ITI1-

'lJICHHOf0 JiaKT11MHOf0 3qmpa IlpOTcKacT C MaKCMMaJibHOH IIO cpaBHCHH!O C 

ilPYfHMI1 JiaKT11MHhiMI1 3<lJnpaMH CKOpOCTb!O. 
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TiocKOJILKY npii aJIKIIJIIIpoBaHIIII N-MCTIIJIJiaKTaMOB nopMOK pcaKIJ.IIOH­

HOH Cil0C06HOCTII (onpe,UCJICHHhiH TCM )KC CilOC060M) OKa3aJIC5! 6JIII3KIIM -

COOTHOlllCHIIC 62 a : 62 b : 62 C = 1: 1,12 : 1, 17, 6Lill0 npiiiDITO, 'ITO nepeXO,UHOC 

COCT05!HIIC ,UJI5! JiaKTIIMHhlX 3qmpoB no CTpyKType 6JIII3KO K 'lCTBCpTWIHbiM CO­

JI5!M, o6pa3yrolUIIMC5! npii aJIKIIJIIIpOBaHIIII JiaKTaMOB. 

PaccMoTpeHIIC npouccca N-anKIIJJIIpoBaHII5! ;raKTIIMHLIX 3qmpos c rroMo­

IUhiO MOJICKYJI5!pHblX MOACJICH ilOKa3aJIO, 'ITO pa3JJII'IIIC B CKOpOCT51X peaKll,IIH 

orrpej],CJI5ICTC5! B OCHOBHOM KOHcpOpMaUIIOHHhlMII cpaKTOpaMII (cxeMa 24) (76]. 

CxeMa24 

(H2C)n~ 

lNAO 

I 
Me 62 

!MezS04 

(H2C)n~ (HzC)n~ MezS04 l -~-~eS04 
lNAOMe I.+ OMe 

Me 

7, n =1-3 26 

FiONa (HzC)nCk OB: 

- OB: 
I 

Me 
3,n=l-3 

JiepeXO,n;Hble COCTOHHHJI: 

(HzC)n~ Q 0 r H~~,A ' ' . 
H N OMe 1 ~ ~ H 

t H ' H , H ' 
I H I I 

MeQ Me Me H Me 
\ /,0 s '/ Hec!lll3lliiHLie B3llHMO,!IeHCTBIDI 

MeO....- ~ ~ ~ ~ o 5-'l.lleHHbiH ~ 6-'I.JleJIHT,lll I(HKJI 7-'l.lleHHbiH ~ 

K 'IllCJJY HOBhiX MCTO,UOB CIIHTC3a aueTaJICH aMII,UOB KHCJIOT OTHOCIITC5! 

B3aiiMO,UCHCTBIIC COJICH ,[(IIaJIKOKCIIMCTJ1JiaMMOHJ151 (27) CO BTOp11'IIIbiMII aMII-

HaMII (cxeMa 25) [77]. 
CxeMa25 

+ /OEt 
~-CH BF~ + HNR

1
R

2 

'\. 
27 OEt 

R1KN- CH(OEth 

1 

AueTaJIII (1) MOryT ,UaJICC peampoBaTb C COJI5!MII (27) C o6pa30BaHIICM 

opTOMYpaBbllHOfO 3cpllpa II COJICH aMll,[(IIHJ151 (28) (cXeMa 26). 
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R1R2N- CH(OB:)z 

1 

CxeMa26 
OB: 

+ / /OB: 
+ RcJN-CH BF.j CH ,·+ BF4- + CH(OEth 

(

0

:B /'r 
R3N + CH~,;r BF4- R1R2N- CH= NR1R2 

29 OB: BF,\ 28 
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AwropLI pa6oThi [77] nonararoT. 'ITO yKa3aiiiiLIC rro6o•mbiC npouccci>~ npo­

TCKaiOT BCJIC/lCTBl1C jl,l1CCOUIIaiU1II )J:IIaJJKOKCl1MCTIIJ!aMMOHl1CBhiX COJICi-i (27) 
Ila TpCTII'!Hbl~i aMIIII l1 COJ!h )J:l1aJTKOKCIIKap60IIIIH (29), KOTOpaH pCarHpycT C 

aUCTa.JTCM ( 1). lJO,li,TilCp)KjJ,CIIl1CM 3TOMY 51JlJj}jCTCH TOT cpaKT (n i, 'ITO II36hiTOK 

COOTBCTCTBYIOlUCrO TpCTII'IIIO!'O aM!11Ia, CMCII(a!OliW!'O paBIIOBCCl1C B CTOpony 

(27), npiiBO)J:l1T K 311a'll1TC:ThliOMY IIOBhllliClll110 Bh!XOJ!a aUCTaJICH (1). 
B>aiiMO/lCHCTBHCM conci-i (27) c allm!laMH KHCJIOT 6h!JI}J rrmry•rciihi N-ai\H­

cla~m!loal(cTaJJH (30) ( cxcMa 27). 

CxeMa27 
R2 

+ 
F..t3N - CH(OB:}J BF4 + R1

- CONHR
2 

-

I + 
R1

- CON- CH(OEt)z + Fi3NH BF4 

27 30 

Hco6b!'IHO rrpoTeKacT peaKIU15! l(IIKJIWICCKHX co~1eii ,[(IIaJJKOKCHMen1JiaM­

MOHI15I (31) C IICpBWrHh!MH 3MHH3MI1, JI;JI5! KOTOpoi-i aBTOpbl !1pCJ1.T!3faKH CJJe;ry­

IOlllYIO CXCMY (79]: npii MOJJ5!pHOM COOTHOil!CHHII CO.i!11 (31) II aM!1Ha, paBHOM 

2:1, OCHOBHbiM !1pOJlYKTOM peaKijl1!1 HBJ!}ICTC5I 6uc-aneTaJJh (32), a IIpl1 !136b!TKC 

aMHHa B OCHOBH0\.1 o6pa3yiOTC5! aMI1JI,IIHaUCTaJIII (34), B Ka'!CCTBC II060'IH0f0 

UpOJI:YKTa Bbi,HCJICH T3K)KC (33). 
0TMCTIIM, '!TO IIHTCpMCJU13T (35) paCU(CITJU.!CTC5! 3MI1HOM JIO 2,2-JI;HMCTIIJI­

!IpOITJ1JICHfJII1KOJI5! (36) II aMll,[(HHa (37). flepBblll IIOJI: B03JI;CHCTBIICM 11CXOJI;­

HOH COJIII (31) npenpawaeTC5.! B CIIMMCTpii'lHbiH JI;HMCp (33), a BTOpOH, pearii­

py5! C TOit )KC COJlbiO,- B I1MIIHOaMHJI;IIHOaUCTaJib (34) (CXCMa 28). 
B pa6oTe (80] orry6J!l1KOB3Hbl HOBbiC JI;aHHbiC 0 MCTO,li,C C:IHTC3a 3MH,Jl­

a!jCTaJiei{, 33KJIIO'l3IOWCMC5l BO B33HMOJI;CHCTBI1II CX-,[(11aJJKJ1JI3MHH0-<X-MCTOKCll­

aueTOHllTpHJIOB (38) c a1KOroJI5!TOM HaTpiiH. PeaKll,H5! rrpoTeKaeT, oqenll,[(HO, 

'Iepe3 CTa,UHIO JI;IICCOUIIaUHII (38) C ITOCJIC,Uyroll\llM B3aiiMOJI;CHCTBIICM KaTIIO­

Ha (39) c aJIKoroJI5lT-aHIIOHOM. B no~1h3Y :noro 3aiGIIO'ICHli5.! cnii,UeTeJJbCTByeT 

TOT cpaKT, 'ITO II3MCpCHIIC 3JICKTp011pOBO)J:HOCTII pacTBOpOB aJIKOKCIIaMHHO­

Hl1TpiiJI3 (38) II pOJI:CTBCHHOro ,UII3MIIHOHIITpl1Jia (40) IlOKa3<L10 H3Jll1'UIC )J:I1C­

COU11al(l1H 3TIIX COCAIIHCHIIH II, CJlCJI;OBaTCJibHO, llX CITOC06HOCTll K 3aMCHC 
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CxeMa28 
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Uli3HOrpyrii1hi H3 3JIKOKCll- ('Iepe3 K3TI10H 39) l!Jlll .U11aJIKl!JI3MI1HOrpyrrrry ('IC­

pe3 K3TI10H 41). flp11 3TOM o6pa3YfOTC5I COOTBCTCTBCHHO 3Mli.LJ:3UCTaJill (1) II 

aMIIHaJih3qmphr (8) (cxeMa 29). 
CxeMa29 

OR OR 
RONa OR 

/ He{+' rn- / 
HC-CN HC-OR 

\ I \\ \ 
38 NR2 39 NR2 1 NR2 

NRI NR2 /NR2 / ~ /• RONa 
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\ I \\ \ 
40 NR2 41 NR2 8 NR2 

KpoMe TOfO, 01111C3HO ITOJIY'fCHliC 3UCT3JICll HCH3ChllUCHHhiX JI3KT3MOB 

( 42-44) Ilpll 3HO.UHOM OKl!CJICHllll IIpOH3BO.UHhiX llllppOJI3 ll IIllpli.LJ:11H3 B Me­

T3HOJIC (CXCM3 30) [81]. 
B 1960 r. 3JIJIHHrc<t>eJib.LJ: c coTp. [82] orrHcaJirr CHHTe3 cep1111 aMHJJ:aue­

TaJieM. II3 11MHJJ:Ol!JIXJIOPHJJ:OB, reHepHpoBaHHhiX 113 N,N-.U11aJIKHJiaMHJJ:OB 11 <t>oc­

reHa, TllOHHJIXJIOpHJJ:a ll 115ITliXJIOpHCTOfO <t>oc<t>opa. IfMHJJ:OllJIXJIOpli.LJ:hl ( 45) 
fihillll rrpeBp3lUCHhi B :lKCJI3CMhiC 3UCT3Jlll (1) qepe3 rrpOMC:lKYTO'IHhiC COC)lli­

HCHI15I (46) (cxeMa 31). 
TeM :lKC MCTO.UOM B pa60TC (61) IIOJIY'fCHhi ll HCKOTOpbiC HOBbie 3Mli.LJ:3UC­

TaJII1. BhiXO)lhi ll 6H6Jil!Orpa<t>mr ITO H3l!60Jiee l!CITOJih3ycMhiM B Cl!HTCTHqec­

KOll rrpaKTIIKC 3UCT3JI5IM IIp11BC)lCHhi B Ta6JI. 4, B35ITOll 113 0630pa ( 46). 
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Ta6,7UL{a 4 

<I>opMaM~maueraJIH, reuepuposauuMe H3 N ,N -JJ.HaJIKHJl(jJOpMaMMOB 

CrpyKrypa BhiXOL(,% CchiJIKa 

60 1521 
Me 2N- CH(OEt}z 

73 [51] 

Me 2N- CH(OMeh 55 [52] 

Me2N -CH(OPr-nh 27 1521 

Me 2N- CH(OBuh - [51] 

Me 2N-CH(OEt)z 35 [52] 

1\ 
0 N- CH(OEth 73 [52] 

\__/ 

M,, N-CH(O-{)), 
52 [51] 

64 [51) 

eN-CH(OE<), 35 [61] 

Me2N- CH(OCH2Phh 30 [61] 
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B 3TOM 0630pe )'Ka3aHO Ha CHHTC3 aMH)J,al(CTaJICH 113 IIpOMC)K)'TO'IHhiX )J,H­

XJIOpaMHHOB (47). 3TH HHTCpMC)J,HaTLI IIp11fOTOBJICHLI pcaKUHCM )J,HXJIOpKap-

6eua ( 48) C )J,HaJIKI1JlaMHJiaMH ( CXCMa 3 2). 

CxeMa32 

CCllXX>Na- [ :CCI2] H 

48 I [

R, p] 
N-CH 

R...-- \ 
47 a 

R'O- OR' 
R I 

- 'N-CH 
/ \ 

R OR' 
l 

N 
R...-- 'R 

KaK y)J(c OTMC'IaJIOCh, <UJKH:mponaHHC cjlOpM:tMHAOB llHMCTHJICYJIL(!JaTOM npH­

BOAHT K KaTHO!Iy ( 49). MKOI'OJIH3 :.JTOfO KaTHOJia ,UaCT aMHLI,aUCTaJIH (1), a 

aMHIIOJIH3- aMHIIaJihJc!mpLI (8) (cxcMa 33) 183, 84]. Crrc;rycT y•rcCTL, 'ITO 

IIpOl!CCC TpaHcqJOpMaimM MCTHJICYJibCfJaTJJOI"O KOMIIJICKCa B aUCTaJIL B03J(CM­

CTBI1CM aJIKOfOJI5lT-aJIHOIIa OCJIO)!Uf5!CTC5l napaJIJICJ!hi!O npOTCKaJOIIWM JTCp11-

cfmKaJ(I1CI1 JToro ammiia, npwrcM o6pa30BaiiHC npocToro JcJmpa Ja•tacTyro }!B­

J!}!CTC.H AOMMIIMPYIOIIICM pcaKUHCM. H~11o yKa3aTL TaK)J(C, 'ITO rroJiy'IC!!l1C 

YJJ:OBJ!CTBOp11TCJiblfb!X Bb!XOJ(OB aM!1H<UIL3qll1pOB B03MO)KJ!0 TOJ!LKO IIpH IIOJI-

IIOM OTC)'TCTBI1!1 B CpCJJ.C )J,a)KC CJIC)J,OB Cill1pTa. 

R___NCHO 
R/ 

Me2S04 

• 

CxeMa 33 

l OMe l H-<~~ CH3SO.j 
N-R 
I 
R 

49 

R___ /OMe 

/NCH 

---=Q
MeON R '\.. 

1 
OMe 

.......__ 
NH 

R___ /OMe 

/NCH 
R 'N/ 

s I 
3TOT IIpOl!CCC paCUIHpCH BKJIIO'ICHI1CM B CHHTC3 BHHI1JIOfH'IHLIX aMM)],OB 

[ 85, 86 j. B 3TOM cJiyqae MC)K)J,y LI.HMeTHJicyJrLcpaToM 11 mpaHC-AHMCTMJiaMHHo­

aKpoJieHHOM (50) HMCCT MCCTO 3K30TCpMH'ICCKa5l pcaKUH5!, B pe3yJ1LTaTe KO­

TOpOH o6pa3yeTC5l )J,CJIOKaJIH30BaHHLIH KaTHOHHLIH aM)'KT (51). 3TOT KaTHOH 

JICfKO pearMpyeT IIpH 06LI'IHOH TCMIIeparype C aJIKOKCH)J,aMH )J,O BHHHJIOfH'I­

HOfO auenum (52) (cxeMa 34). 

B HCKOTOpbiX OTHOUICHJ15!X IIO)J,06HO aMH)J,aQCTaJI5lM BCJJ.YT CC65l mpuc()J,I1-

aJIKI1JlaMI1HO)MeTaHLI, IIpH'ICM OHM B p5l)J,e npeBpall!CHI1H OKa3aJII1Cb )J,a)KC 6onee 

3¢¢eKTI1BHLIMH areHTaMH. 0TCIO)J,a, HX IIOJiy<ICHHC 3aCJI~l1BaCT OT)J,CJILHLIX 

KOMMCHTapHCB. TiepBhiH CHHTC3 TaKOI'O THIIa COC)J,HHCHHH (53) 113 )J,I1MCTI1JI-

J:wea 2. CuHJne3 auemafleil aMucJoe u JlaKmaMOB 27 

CxeMa34 
R~ R 

/ 
, • (-<'.:~---, OMe N N M~S04 b ,.... + /,:'--- J MeO- ~ 

Rl ...,___., /N '· - ., / "- OMe 
5~ R " 1 MeS04 Rl -" / CHO R 51 52 CH 

' OMc 

lpopMaMIU!a 11 TCTpa-6uc-()J,11MCT!illaMMHO )THTaHa (54) B 3ci.JHpC !lp11 25 °C C 

BLIXOJIOM 83% 6biJI ormcan BatinrapTeHOM HAP- (cxeMa 35) u pa60Tc [87]. 

CxeMa35 

Me2NCHO+ Ti [N~:~ • CH [ N~:~ 
~4 53 3 

54 

BnocJlCl\CTiliHI ope)J,epeK H COTp. ony6JIHKOBaJII1 )J,aHIILIC 0 KOIITpOJIIIpye­

MOI\1 H cryiie!l'JaTOM CHHTC3C mpuc()lllaJIKMJiaMHIIO )MeTaiiOB (59) ( CXCMa 36) 

[88-90]. 

a, Me2S04 

F.t/ NCHO--_.. 

55 

CxeMa36 

[ 

9Mc l H-<~ CH3S04" 
N-Et 
I 

.E1 

56 

c{~:J3 
59 

.E1 [ l "NH NEt 
/ ' 2 

.E1 • H ---<~ X 
N-Et 
I 

57 .E1 
LiNEtz 

/ 1 ~ t-BuOK NEtz 

/ 
t-BuO-HC, 

58 NFtz 

B JTOM CHHTe3c peaKUI15l A113THJI¢opMaMHLI,a (55) c JJ.I1MCTI1JICYIIL¢aTOM 

IIpHBO)J,HT K LlLI.LI.YKTY (56). 06pa60TKa CfO 1 MOJIL )J,HJTHJI3M111Ja ,UaCT CTa6H­

ill13HpOBaiiHLIH pe3oHaHCOM KaTHOH (57, X=CH3S04). Koma 3TOT KaTMOII o6-

pa6aTLIBaJOT mpem-6yrHJiaToM KaJII15l, o6pa3yeTC5l aMIUiaJIL3¢Hp (58). AMH­

LJHIIHli-MOH (58, X=Cl) MO)KCT 6LITL pcrenepHponaH o6pa6oTKOH coJmno:H 

KHCJIOToii:. KorLJa )KC (58, X=Cl) BBOA5!T B peaKUHJO c JJ.H:.lTHJiaMHAOM JIHTH5l 

o6pa3yCTC5l mpuc(LJH:.lTHJiaMHHO )MCTaH (59). 3TH peaKUMH YCIICUIHO npOBC)J,C­

Ilbi !1 )],JI5l IIOJiy<ICHH5! BHHI1JI0fl1'IIIb!X aMIUiiU!b3¢11pOB H aMH,UaMMHaJICH. TaK, 

)(HMCTHJI-3-l{I1MCTI1JlaMHIIOIIpOII-l-cHI1JIH)J,CllaMMOHHM MCTlillCYJIL\I_)aT (51) pe 

arMpycT C MCTI1JlaTOM KaJII15l C o6pa30BaHHCM BHI!HJlOfH'IIIOfO aMHHaJIL3¢Hpa 

(60). 06pa60TKa )J,I1MCTI1JlaMH,UOM HaTpH5! IIpi1BO)J,HT K Bl1lll1JIOfl1'IHOMY aMHL!­

aMMHaJIIO (61). I1. (60), I1 (61) 5!BJI5l!OTC5l 60,1CC aKTHBIILIMH pearernaMH, 'ICM 

COOTBCTCTBYJOil!HC BHHI1JIOrH'IHhlC aMH,Ual(CTaJIH (52) ( CXCMa 3 7). 
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CxeMa37 

~N~OMJJ:<SOi 
~ l re/ 

.......... 
-NNa 
--i ~LX/ 

/N" I N........_ 
61 H 

N....- "'Y 'N'-.... 
/ 60 H 

XoT51. KaK BHL\I!O 111 npe,'(mccTBYIOI.l\Cro MaTcpHana. K JiacTomucMy Bpc­

MCHH OTII1CaH CIIHTC3 aUCT3JICM pa3JIJ1'[J]bJX (IMI1,'(0B, BIIIJIIJIOfWII!blX aMl1L(OB, 

MO'!CBIIII 11 JiaKTaMOB, mm60JICC JJOJW06HO HCCJICL(OBal!hi CBOMCTBa 11 CI11ITC­

TWICCKOC npHMCHClli1C )J.M<DA aucT<VIei1 (1, R ~H) (1 a), AHMCTIIJiaiJ,cTaMHil 

()J.MAA) aueTarreti: (1, R=Mc) (1 c) 11 atrCT~Uic~! JiaKTaMoB (3 a-c). 

Ha p11C J. npHBCJ]Cllhl OCIIOBHb!C CTpyKTyphl IICTIOJib1YCMbiX B CI1JITCTI1'ICC­

KOH npaKTHKC aUCTiUICH aMIIJlOB, naKTaMOB H pOJICTBCl!HbiX COCL(HJ!CIIHH. 

Me, pR' 
N-CR 

Me.....- \ 
OR' 

1 (R=H) 

Me IOEt 
' N-C-R 

Me.....- 'oEt 

l(R=Me) 

Me OEt 
' I 
N-c-OEt 

Me.....- \ 
OEt 

0~ /OEt 
C-C--NMc0 

I \ . 
Me2N OEt 

EtO OEt 
Me2N::f-CH =CH- c~NMe2 

/OEt 
CH=CH-C-Me II OEt 

0AN_)(OEt 
I 

/ \ 

EtO 'oEt 
Me

2
N OEt 

Me2N, 10R 
c 

/ \ 
Me

2
N OR 

BHHIDIOflf'Uible aMII)J;~eTaJJH 

Me 
I 

[

N OR 

NXOR 
\ 

Oc 
,.Me 

N 
1......-oEt 

N./\_OEt 
I 

Me Me 
AIIeTaJJH MoqeBHH 

Me 

(CH(~J 

R+OMe 
OMe 

A-o ~. A-s (CH )n 

~~OEt ~NA;omlJN~om ( YE• 
OEt N OEt I OEt N OEt 

I I I 
Me Me Me 3 Me 

re-repoi(HK.IIH'IeCKHe aMH.l{a:QeTaJIH JlaKTaMa:QeTaJJH 

P11c. I. HeKoTopbie aHaJJorH 11 coe.UHHCHHil, po.ucTBCHHbJC al\m.uancTaJJilM 

[;wBa 2. CuHtne3 au,emaJZeii aAtuaoB u ;WKtnaAtoB 29 

Ha JiaHHOM 3Tane o6o6meHII51 MaTepHarra K(l)KCTC51 CYI.l\CCTBCHHbiM npH­

necTI1 OT,Il;CJ!bHO JiaHHblC 0 ,IJ;pyri1X CI1HTC3aX aMI1,Il;aUCTa.JJCH, aMI1,Il;Tl10aUCTa.JJCH 

11, OC06CHHO, aUCTa.JJCM JiaKTaMOB, TIOCKOJibKY 11MCHHO Ha IIOCJJCL(J!HX B 3Ha­

'liiTCJ!bHOH MCpe 6a311pyCTC51 IlOJJY'lCHI1C MHOfiiX KOHJlCHCHpOBaHHhiX reTepo­

UHKJIOB, KOTOpb!C 6yJiyT IIO,IJ;p06HO o6C)')K)J.aTbC51 HIDKC. 

Pa3pa6oTaHHhiH MecpnennoM [51, 52] MCTOL\ rroJIY'ICHH51 aueTarrei1 aMH­

;:roB 11 JJaKTaMOB 113 HMMOHHCBbiX 11HTCpMC,Il;II3TOB 11 CCfO,UH51 OCTaCTC5! HaH60-

;1CC o6IUHM MCTO,UOM 11x CHHTC3a. IIpe,ncTaBJJ51CTC51 rroJJe3HhiM rrpn:necTH o6o6-

memryro CXCMY CIIHTC3a aUCTa.TICH JJ3KTaMOB ( CXCMa 38), XOT51 '!aCTI1'1HO 3TH 

,[(aHHbie y;>KC paccMaTpHBa.Til1Cb. 

CxeMa38 

(CHz)n~ 

l~OMe l 

t MezS04 

(CHz)n~ Et30+ BF4-

l HJIH Me2S04 
0 

RONa (CHz)n~ -

l~OEt/Me 
(CHz)n~ / l ,r./(_ OR 

I 
62 Me 26 I x-

Me 

N OR 
I 

Me 3 
R=Me,Et 

MeTOJl BKJJIO'IaeT arrKHJU1ponaHMC 11 JJaKT11MHbiX 3qmpon (7), y)Kc o6cy)K­

JICHHoe Bb!IllC, 11 JiaKTaMOB (62) cpTOp6opaTOM Tp113TI1JIOKCOHI151 IIJII1 ,UHa.TIKHJI­

CYJibcpaTOM C f!OCJIC,UYIOI.l\CH o6pa6oTKOH IIOJiy'leHHOfO KaTIIOHHOfO HHTepMe­

,UHaTa (26) a.TIKOfOJI5!TOM HaTp1151. 

JlaKTaMaUCTa.TII1 (3), KaK 11 aUCTaJ!l-1 aM11,IJ;OB (1), IIO,UBepraiOTC51 mpaHC­

aUCTa.TII13aUI111 (52, 68) IIp11 o6pa60TKC BhiCOKOKIIIIHI.l\11Ml1 CIIIIpTaMH, rrpn: 3TOM 

o6pa3yiOTCH COOTBCTCTBY!Oil.\He aUCTa.Til1 (63) 11 (64) (CXCMa 39). 

CxeMa39 

........ oa R'OH ......-oR' 
MezN- at, • R2N- CH......_ 

l OEt -EtOH OR' 
R'=n-C4~, CH2Ph 

63 

GOMe 

N OMe 
I Ja 

Me 

R10H 

• -MeOH 

R1= n-Pr 

~~./OR! 
"-~oR1 

I 64 
Me 
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HeCMOTp51 Ha BCCbM3 3H3'UI.TCJibHbiM 06bCM pa60T, OOCB5!IIICHHbiX CI1HTC3Y 

3Mlf,!l;- 11 JI3KT3M3IICTaJICM, npe,n:CT3BJI51CTC51 HC06XO,[(I1MbiM CIIIC pa3 OO,[('ICpK­

HYTh, 'ITO MCTO,[(bi, BKJIIO'I3IOIII11C npOMC)I(YTO'UIOC o6p330B3HI1C 11MMOHI1CBbiX 

COJICM nyreM aJIKHJI11pOB3HI151 HJII1 3IIHJI11p0B3HIDI 3Mlf,!l;OB li JI3KT3MOB, 51BJIHIOT­

C51 li IIO CCM ,[(CHb HaH60JICC rrpcnapaTHBHbiMI1 11 npHBJICK3TCJibHbiMH B CliHTCTH­

'lCCKOM OTHOIIICHHH. B.n:o6anoK K y)l(c paccMOTpcHIIOMY 3,[(CCh MaTepHaJIY yKa­

)I(CM Ha HCCJIC)l0B3HH51, IIOCB51IIICHIIb!C CI1JITC3Y T3K H33biB3CMbiX XJIOpOKHCHb!X 

(91) KOMIIJICKCOB, KOTOpbiC T3IOK.C 51BJI51IOTC51 11HTCpMC,[(I13T3Mli B CHHTC3C 3IIC­

TaJICM 3Mlf,!l;OB H JI3KT3MOB (CXCM3 40). 

CxeMa40 

Q POCJ3 c:l aRONa/ROH 
----~·~ . + + 

N o N OPOCI2 N C1 
I I Cl- I 65 OPOCI2 

!loR 
~wXoR 

I 
Me Me Me Me 

06paTI1M HHHMaHHC Ha HC06bi'lHbiM COOC06 f!OJIY'ICHI151 3Mlf,!l;3I~CT<U1CH Ha 

OCHOBC H3311MO)lCi1cTBI151 OpT03llll1pa (66) C aiiCTHJIXJIOpii,!l;OM (CXCMa 41) (92[. 

CxeMa41 

1
0Ph Me

2
NH OPh I 

-5ooc Me~ - CH CH(OPhh + MeCOCI ___.. MeCOOPh + CH- Cl 
\ 

66 OPh 
\ 
OPh 

TIOJJ:06HhlH MCTOLI. 11COOJib30BaH B pa60TC [93) LI.JI51 CHHTC3a 11.11TI10aHa.JIOra 

LI.MMCTHJicpOpMaMii,!l;3IlCTa.JI51 ( 6 7) ( CXCMa 4 2). 

CxeMa42 

SR 
I 

CH(SRh + MeCOCI • CH- Cl Me~H 
\ 

SR 
I 

Me
2
N-CH 

\ 
SR SR 

67, R=Me 

Cne.n:ycT YKaJaTh, 'ITO TIOAXO,Uhi K CMHTC3Y THOaiiCTaJICH aMH).(OB 11 naKTa­

MOB (aMI1,[(MCpKaf!TaJICH) OCHOBbiB3IOTC5! Ha TCX )!(C IIpl1HIIHIIaX, KOTOpb!C xa­

paKTCpHbi AJI5! nonyqcHIDI aMI1):(- 11 JiaKTaMaiiCTaJicr1. TaK, MCTMJICYJibcpaTnhiH 

KOMIIJICKC Ll.liMCTHJicpOpMaMif,!l;a (50) OpM o6pa60TKC THOJI5IT-aHliOHa rJI3,1..(KO 

npenpaiiiaCTC5! B TMOaiiCTaJih (67) (cxeMa 43, a) [94]. 

OMe 

H-<~: ., 
N-R 
I 
R 

49, R=Me 

CxeMa43,a 

RS-
CH3S04 

1
SR 

Me2N -CH 
\ 
SR 

67 
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AMMMCpKanTaJIH (67) nerKo o6pa3yiOTC5! 11 113 XJIOpOKHCHbiX KOMTIJICKCOB 

(68) (cxeMa 43, 6) [95]. 
CxeMa 43,6 

OMe 

H -<~{ OPOClz 

SR 
I 

RS • MezN -CH 

'sR N-R 
68 I R 

67 

B pa6oTc [95] noKaJauo TaiOK.c, 'ITO AJI5! CI1HTC3a aMI1):(MepKanTaJICH rrpe).(­

napMTCJihHOC BblLI.CJIC!lMC XJIOpOKHCHb!X KOMf!JICKCOB HC 51BJ15ICTC5! 065l3aTCJib-

HbiM (cxeMa 44). 
CxeMa44 

POCI 
MezNCHO + RSH 

3 ~ 
SR 

I 
Me2N-CH 

\ 
67 SR 

l10).(MCTHJiaThl TI1D3 ( 69) npl1 B33!1MO)lCHCTBI111 C aJIKHJIMCpKanTaHaMH JICf­

KO npCBpaiiiaiOTCH B aMI1LI.MCpKaiTTaJII1 (70) (CXCM3 45) [96, 97). 

Ph .~ ,c"-" 
Me2N 69 SR 

~*SR 
Me2N 70 SR 

l1 COBCCM HCCTaH,[(apTHbiM MCTO)l CHHTC3a aMif,!l;MCpKaf!TaJICH 3aKJIIO'laCT­

C5l BO B3aHMO)lCMCTBI1H )lHMCTHJicpopMaMif,!l;a C THo6opaTOM (71) (CXCMa 46) (98). 

CxeMa46 
H 

Me~CHO + (RS)3B • *SR 
71 Me~ SR 

B JaKJIIO'ICHHC xoTenoch 6bi no.n:qepKHyrh, 'ITO B :noli rnane o6c~CHhi 
TOJibKO HaH60J1CC Ba.)I(HblC H H3H60JICC ynoTpe6!1TCJ1bHbiC C!1HTC3bl aiiCTaJICH 

aMif,!l;OB H naKTaMOB. HeKOTOpblC ).(pyrHe, pe)I(C !1CfiOJ1h3YCMbiC B CHHTCTWIC­

CKOH npaKTI1KC, MCTO)lbl CI1HTC33 paccMaTpi1B3CMb!X COC,I..(HHCHI1H 6YilYT yno­

MI1H3TbC5l 00 MCpC )laJibHCMIIICfO !13JIO)!(CHI15l, 6h1Tb MO)KCT, MCHCC IIO,IIp06HO I1 

B CB5!3I1 C o6o6IIICHHCM )laHHblX, KaCaiO!IIl1XC5! CBOHCTB I1 npeBpaiiiCHHM aMif,!l;-

11 JiaKTaMaiiCTaJICH. 



DIABA 3 

OEOEill,EHJIE JIH<I>OPMAUMM 0 CJIHTETJiqECKOM 
IIOTEHUJIAJIE AUETAJJEM AMJI,IJ,OB JI JIAKTAMOB. 

EA30Bh1E PEAKUMM 

PaccMOTpeHHC JIHTcpaTYJJHhiX MaTcpHaJIOB, o6o6mcnHhiX B nepBLIX p,syx 

rJiaBaX KHl!fl!, p,aeT B03MO)I(If0CTb yscpeHHO TpaKTOBaTh l!X KaK HH<iJOpMaUl!IO 

0 B03MO:lKHOCTl! Ha OCIIOBC aUCT<LlCll aMHll,OB l! JiaKTaMOB pCaJil!30BaTb CaMbiC 

pa3Hoo6pa3HLie XHMH'ICCKHe npoueccLI. H XOT5I B 3THX rnanax CHHTCTWICC­

Kl!C llOP,XO,[(bl 06CY:lK,naJll!Cb CIUC BCCbMa orpaHWICI!I!O, pKC 6a3MpyHCb Ha <lJaKTC 

TpOiJ:CTBCHI!OfO paBIIOBCCH5I, xapaKTCpHOfO ,[(JIH aMH,[(- l'! JiaKTaMaUCTaJICll, 

MO:lKHO fOBOpl!Tb 0 Ba:lKIICHliiCM CBOifcTBC 3Tl!X COCP,l!IICHHH- llp05IBJI5ITb 3IIa­

'Il!TCJibliYJO aKTHBHOCTb B npoueccax, CB5I3aHHhiX C B3aHMOll,CHCTBMCM C HyK­

JICOWHJibllhiMl! H JJicKTpo<lJHJibllhiMH peareHTaMH. ITepBoMy nonpocy - peaK­

UH5IM C HyKJICOWHJiaMM - HCKOTOpOe BHHMaHHC p!CC 6hill0 YACJICHO BhlliiC: 

HaJIWIHC aM6M)],CHTIIOf0 KaTMOHa B paBIIOBCCl!l! C aMM)],aUCTaJI5IMH y)I(C 06Cy)l(­

ll,aJIOCh HCOll,HOKpanro. A BOT npo6Jic~Ia B3aHMO,[(CHCTBH5I C 3JICKTpo<lJHJiaMM 

paccMaTpHBaJiaCh TOJibKO llOBCpXHOCTHO. J1McHIIO ll03TOMY o6o6IUCHHC Ma­

TCpl!aJIOB, KaCaJOIUHXCH XHMH'ICCKl!X CBOMCTB aMM)],- H JiaKTaMaUCTaJICll, 3ll,CCh 

pelllcHO Ha<JaTh C HX peaKUHH C 3JicKTpO<lJHJibHbiMH peareHTaMH. 

3.1. PeaKIIHH aueTaJien aMH)J.OB u naKTaMOB 

C 3JieKTpO$HJibHb!MH peareHTaMH 

3.1.1. ~-A.AKa.nupoaanue u au,a.nupoaanue au,ema.neii aMuiJoa u IIUKmaM06 

C TCJ\f 'IT06bl npc,[(MCTHO o6c~aTb 3TH BOllpOCbl, Mhl ll,OJI:lKHhl BcpH)'TbC5I 

K )')KC paccMOTPCHHOll BhliiiC CXcMe 5 H o6o6IUHTh JIHTepaTY]JHhiC ,[(aHHhiC, Kaca­

JOIUHCC5I CHHTCTH'IcCKOfO HCll0Jih30BaHH5I llOKa3aHHOf0 Ha HCH TPOHCTBCHHOI'O 

paBHOBCCHH. 

R, 
aiz 
I_,OR" 

R2N-----".._ ::;::::=::::~ 

1 
OR" 

R'rnz R'rn) 
R2N=L R"O- ~ II~ + R"OH 

~ 'OR" R2~ OR" 

TaK :lKe KaK pasHonecHoe npenpameHHe aMnp,aueTaneii B aM6H.[(CHTHhiH 

KaTHOH (2) H aJIKOKCH-aHHOH o6ycJiaBJIHBacT HcOpll,HHapHO BhiCOKYJO peaK-

3.1. PeaKl,(Ull al,(ema_,zeu aMurJor1 u .wKmaMoB c 3.~eKmpo¢u.1bHbLMU pea<eH!na.Mu 3 3 

[Ll'!O!IHyJO CllOCOOHOCTb llO OTIIOliiCHHIO K HYKJICOq)l!JJaM, IIaTIWII1C a-aTIKOKCl'!­

CI!aMI·IHa (6) 06CCTIC'IHBaCT B03MO)I(JlOCTb peaKUHll TIO TIOJIO.lKCHIIIO 3 C JJICKTpO­

(pHJlbHhlMH pcarCIITa.\1H. TicpBOC KpaTKOC C006ll\Clll!C Ha JTY TCMY TI05IBHJI0Ch 

B pa60TC [99], KOTOpaH TIOCBHIUCHa II3y<ICI111l0 aJIKHJIHpOBal!H5I 11 aiU1JIHpOBa­

Hl15I JIMMCTHJiaUeTaJI51 N,N-AHMCTHJiaucTaMHAa (1 c). B Ka'ICCTBC pearernon B 

JTOH pa60TC HCTIOJih30BaJill 6cH301LlXJIOpHP,, 6CH3l1;IXJIOpH)l, aKpMJIOIIHTpHJI, 

aKpH.TIOBbiH JQHip. B11IIH,1MCTHJIKCTOH. Tipll B03Jl,CHCTBHH Ha aUCT<Llh (I C) 6CII-

3l1JIXII0p11)la IIO.lY'ICII mKH)laCMhlH Jl,llMCTHJiaMHL[ ~-WCIII11111pOllHOilOBOH KHC­

clOThl (71). PcaKUH5l c 6CII30l1JIXJIOpH;:I:OM npoTCKaCT I!C TaK 0)[1[031Ia'Ill0 l1, 

Hap5Ul.Y c 3-6CII30J.UIIIpOH:JBOIUihiM (72). Bhlfl.CJlCII TaK)I(C npo;ryKT O-aU11IIHpo­

B:.UII1H CllaMH!IOKCTOlla (72) --- )ll1MCTI1JiaMI1Jl. ~-6CII3011JIOKCHKOp11'IIIOH Kl1CJ10-

Thl (73). Hco)I(HJl.aii!IO, npH B3ai1MO)]CHCTBI1H (1 b) c aKpHJIOIIHTPHJIOM 11 MCTH­

JIORhiM JC!lHpOM aKpHJ10BOH KI1CJI0Thl, IIOMIIMO o6bl'lllblX Jl.Jl51 pcaKU11l1 C 

CllaMI1IILlMl1 3<lMCll[CllllhiX JTHJIUIOB (74, 75) Bbl!lCJICIIhl llpOIURO)l.llbiC l[HKJIO­

fi'f!'alla (76. 77). VlJJTCpCCIIO OTMCTHTh, 'ITO KOI';1,a B K<l'ICCTRC <UIKIL1!1pyiOil[CfO 

a!'CI!Ta 6hiJl R351T BHIII1JIMCTIWKCTOII, ll JJC'3YJihTaTC ofipa30B<UICH HI!TCpCCIIhli-i 

6IUli1KJII1'ICCKHi1 aMI1J~ancnuiL> mipa11o[2,3-b[nHp<uiOBOH crpyKTYPbi (78). Ha 
CXCMC 4 7 IlpC)lCTaBJICllhl OIII1C<II lllblC Bb!WC npcnpall[CIIHH. 

CxeMa 47 

Me CH2=Cli--Y 
I -OMe Y= CN, CDOMe OMe Me

2
N---,---al Me2N cHr 

M~N~ 
1 2CH2Y )d ~H2Y 

lc PhCDCI OMe + 

ai2=aiCOje ~~hCUCI Y=CN,COOMe ~CH2Cl ~ 74,75 
y 76,77 

MezNCDCH2C.'H2Ph MezNCDCH2COPh + M N 

0 
71 72 e2 COai=C-Ph 

73 I 
OCOPh 

Me 0 NM Me 
e2 78 

C TIOMOIUb!O aHaJIH3a peaKLIHOHHb!X CMCCCH MCTO)laMII TOHKOCJIOHHOli 11 

l':t30:lKll}l,KOCTHOH xpoMaTorpa<lJIIH 6biJIH )lCTaJibHO l13Y'ICHhl [ 1 ()() j peaKUHH 

![113THJiaUCTaJI5I N-MCTHJIKanpoJiaKTaMa (3, n = 3) (3 c) C HCKOTOpbiMH 3JlCKTp0-

II)HJ!hHbiMl! pearenTaMIL YCTaHOBJICHO, 'ITO B3aHMOJlCHCTBHC (3 c) c xnopHCThlM 

flCH30HJIOM npHBOL(HT K CJIO.lKHOH CMCCH COCL(l1HCHI1H, BCC KOMfiOHCHThl KOTO­

poi-i Bbl,[[CJICHbl l1 KOJUFICCTBa l!X OUCHCHbl 3HaJIHTH'ICCKIIMl1 MCTOL(aMH. TioKa-

1:1!10, 'ITO npH -no1r peaKUIIH o6pa3yJOTC5I 3TllJI6CH30aT, N-MeTHJIKanponaK-
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TaM (79), 3-6CH30HJI-N-MCTI1JIKanpoJiaKTaM (80) H U,UC- H mpaHC-H30MCpbi (81, 
82) 3-<j.JeHI1JI-6CH30l1JIOKCHMCTI1JICII-N -MCTI1JIKanpoJiaKTaMa, c npco6Jia)laHHCM 

IICpBOfO, 'ITO ll,OKa3aHO nyfCM H3MCpCIII·Hl HX ll,HIIOJibHb!X MOMCHTOB H cpaBHC­

HH5! IIOJiy<ICHHbJX 3KC11CpHMCI!Ti\JlbHbiX 3Ha'ICHHH C paCC'ICTHbiMli )laJ!IlblMH. 

06pa60TKa IIOJI)"'CIII!biX H30MCpOB U~CJIO'lb!O IIpHBOll,HT K OMbiJICHliiO C-TJO)!(HO­

J<j.JHpHOfO <j.JparMCI!Ta H o6pa30BaJIHIO 3-6CH30l1JI-N-MCTI1JIKaiipOJI3KTaMa (80). 
Jl,pyroi1. ::meKTpocpHJibllbiH pcarCHT, H3)"1CIIIIb!H B 3TOH pa60TC, - p-1111T­

po6ei-!3HJI6poMH)l - JJ,aCT 60JICC Oll,I!03I!a'IIIYIO KapTHIIy: o6p<l3YCTOI CMCCb 

N-MCTlillKanpo;raKTaMa (79) 11 3-p-IIHTpo6cii3HJI-N-McTI1JIKanpomiKTaMa (83) 

(cxcMa 48). 
ITpH H3]"'CHHI1 pcaKUHH aueTami (3 c) c aKpHJIOHHTPHJIOM 6brJio yCTaiion-

JICIIO. 'ITO IIpOUCCC npOTCKaCT B UCJIOM IIO TOMY )!(C IIY"fl1, 'ITO l1 B CJI)"IaC ai!CTaml 

JUIMCTHJiaucTaMHJla ( 1 c) [ 10 1j. ITp11 3TOM 6buJo ycTaiiOBJICJJO, 'ITO coon IO­

IUCI!HC o6pa3yiOIUHXO! !!pOAYKTOB (83 a), (84) l1 (79) COCTaBmiCT 1 : 5: 4 (CXC-

Ma 49. c. 36). 

B pa6oTc [I 01 J noKa3al!o. 'ITO B AOIIOJIIICHHC K TCM npOJlYKTaM pcaKUliH 

6CH3011JHipOBalll151 ai!CTaJICH JJaKTaMOB (3 a-c), KOTOpbiC ~C 06Cy)!().l.CIIhl Bhlll!C 

(eM. cxeMy 48), o6pa3yroTc>I H N-6en3oannpoH3BOJlHhiC (85), H ycTaliOBJICHO, 

'ITO 3Ta peaKII115! 11aH6oncc xapaKTCplla )lmi ancTamr N-MCTHJIBaJicponaKTaMa 

(3 b). JlorWIHO npC).l.IIOJIO)!(lfTb, 'ITO COCJI,HJICJIHH TH!la (85) o6pa3YJOTC51 HYTCM 

np51Moro N-auHmlponami51 naKTaMancTaJI}I (cxeMa 50, c. 36). HJITCpMC).l.HaT (86). 
a 3TO 03Ha'IaCT, 'ITO npli IIpH6JIIf)!(CJIHl1 6CH30HJIXJIOpH)la B03JIHKaJOT IJCCB5l.-

3aHIIb!C B3al!MOJ!CHCTBH51 MC)!()ly BX0ll,51U~CH N-aUHJibiiOHrpyniiOHH a-aJIKOKCH­

rpynnaMH aUCTclJI5!, KOTOph!C, KaK H3BCCTHO [1 ()2 j, MHHHMaJ!bl!bl HMCJIIIO )..1)15! 

UICCTH'IJICHHbiX UHKJIOB. 

Pa3JIWIH}! B pcaKU110HHOH cnoco6HOCTH naKTaMaueTaJICH, onpeACJI51IOIUHC-

c51 BCJIH'IHIIOH JiaKTaMHOfO UliKJia, OTMC'ICHbl 11 B pa60TC [ 103), IIOCBHIUC!IHOH 

l13Y'ICH1110 B3aHMOUCHCTBHH aUCTaJiei1. C aKplillOBblM 3<j.JHpOM, aKpW!OHHTpi!JIOM 

11 MCTI1JIBHHHJIKeTOHOM. ITp11 BBCACHHH B 3TH peaKUHH JII13TlillaueTan5! N-Me­

nmBanepoJiaKTaMa (86) 6hJJIH noJiy'ICHhi 3,3-;:J.I13aMemcHHbJe N-MeTI1Jinl1nepH­

JIOHhi-2 (87) (3-MOH03aMCIUCHHhJC npo;:r.yKTbl IIOJIY'ICHbl TOJibKO B CJJCJIOBhlX 

KOJJH'ICCTBax). HanpoTHB, aHanorwmhiC peaKUHH ;:J.HMCTHJraucTaJN N-MCTI1JI­

n!1ppoJJH)..IOHa npHBOJI}!T TOJihKO K 3-MOH03aMCIUCHHhiM N-MCTI1JIJiaKTaMaM (88) 

(cxeMa 51, c. 36). 

0T'ICTJ11IBOC pa3JIWIIIC MC)!()ly IIHTH- 11 IUeCTH'IJICHHb!MII aUCTaJI5IMH Ilp0-

5!BJI51CTC51 B TOM, 'ITO ll,HMCTlillaUCTaJib 3-MCTlilliiHppOJIH;:J.OHa-2 (89) HC pcarn­

pyCT C MCTHJiaKp11JJaTOM 11 COOTBCTCTBYIOIUHH 3,3-;:J.H3aMCIUCHHbiH 6y-rHpOJiaK­

TaM (90) He o6pa3yCTC5!. B TO BpCM5! KaK ;:J.I13Tl1JiaUCTaJib 3-MCTI1JIII11liCp11JIOHa-2 

(91) B 3TI1X ycJIOBI15IX maAKO ;:r.acT 3-MeTI1JI-3-P-MeTOKCI1Kap6oHI1JI3TJ1JIIII1IIC­

pl1)..1oH-2 (92) (cxeMa 52, c. 37) [103]. 

3.1. PeaK~uu at~ema;zeu aMuooe u ;zaKma-~toe c 3fleKmporjJUJZbHbl-~tU pea<eHnw-~tu 3 5 
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O OEt 

OEt I 
Me 

3c 

CxeMa49 

Ocrn,~~ 
N OEt 
I 

0 CH2 =CHCN 
~ 

N OEt 
I 

Me Me 83a 

· CA · 00 
I CN I 

Me 84 Me 79 

CxeMaSO 

OCOPh 

(CH2)n~OR 

lN OR 
I 

PbOOO ~ (CH,Y, ~Ph+ (CH,P.---j <XlPh+ (Ct ~ + 

~ .. l.A~ l/~ N 0 
25-300C N 0 N 0 I 

I I Me 
Me 
3 

Me 

~ [(CH2)n :=l:OR 

lN OR 
/ 'coPh 

Me 86 

a-

CxeMa 51 

QoE• CH2=CHX ... 
N OEt 
I 

Me 86a 

GO Me CH2 =CHX ... 
N OMe 
I 

Me 

j 
Me 

+ 
COOEt 
I 

(CH2 )n 
I 

N 
Me/ 'coPh 

85 

+ PhCOOEt 

aH,CH~ 
CH2CH:JC 

N 0 
I 

Me 87 

c=(CH,CH~ 

N 0 
I 

Me 88 

3.1. PeaKu,uu au,ema!leii aMU006 u !laKmaMo6 c 3!leKmpocj;u!lbHbtMU peaceHmaMu 3 7 

CxeMa52 
Me Me 

c:e~CH,X UOMe CHz=CHX 

f ~ f OMe /, N 0 
I 

Me 89 Me 90 

C(' 
Me 

OEt CH2=CHX arn,m,x 
N OEt N 0 
I I 

Me 91 Me 92 

06b5ICHCHHC yKa3aHHbiX pa3JIWIHH MC)f(,Uy II5ITH- HliiCCTH'IJICHHb!Mif COC,UH­

HCHH}[Mlf MO.lKCT 6h!Th J(aHO, HCXOJ\5I I-13 KOHUCI1I~HH 1-Hallp5I.lKCHif}[ [ 102, ] 04). 

CCJIH IIpl11!5ITh, 'ITO MCXa!IH3M 3,3-JlHaJIKMJII1pOBaHH5I 6a3HpyCTC5I Ha CXCMC 53, 

BKJIIO'IaiOIUCH H3MCIICIIHC sp 2 --7 sp 3 -rH6pH)lYI3aUHH YfJICpO,UHOfO aTOMa B IIOJIO­

.lKCI!Iflf 3 ai~CTaJibHbiX MOJICKYJI, 'ITO, KaK H3BCCTHO, 3HeprCTH'ICCKH BhirO,lll!O 

,llJI51 lllCCTI1'!JICIIIIbiX- l1 HCBblfO,UIIO ,UJI}[ flliTI1'!JICHHblX UHKJIOB 1102, 1 04]. 

CxeMa53 
H R ct: sp

2 
Me r-4Me 

cj( RX l_~TJ...... -MeX 

N OMe N OMe 

ct:, :::;:::=:~ 
N OMc 
I 

Me 

N::t 
~~OEt 

I 
Me 

I I x-
Me Me Me 

sp2 sp3-pern5p~- pe3.KI(ID! ne ~mer 

a Me ctR Me aR Me 
-EtX 

N OEt N x- oa N o 
I I I 

Me Me Me 

sp2 ~ SJY -pern6p~ - peaimHll I!p(YieKaeT rna.zuro 

KaK CJIC,UyCT 113 pa60Tbi r 10 1] ( cxeMa 50)' aUifJIHposanue aueraJiei.J JiaK­

TaMOB MO.lKCT npoTcKaTb u no a TO MY a3oTa. B 3TOM IIJiane cJie.uyeT nepsona'IaJih­

HO paccMOTpeTh npocTei1ume 3JICI<TpocpuJihHhiC peaKIJJIH c Y'!aCTHCM .UH3TifJI­

aucTaJill LI,M<DA (1 b) - npOTOHHposamre l1 aJIKHJU!pOBaHIIC HO,UHCThiM MC­

THJIOM [52]. OpoTonuponanue npoTeKaer c o6pa3oBaHHCM N-rrpOTonuposannoi.J 

cpOpMhl (93), KOTOpall Tipli ,U06aBJICHiflf 1 MOJUI BO,Uhl npeBpamaCTC5I B CMCCb 

rH,UpoXJiopH,Ua .UHMCTHJiaMHHa, 3TifJicpopMHaTa II crmpra. MeTifJIHpoBaHHC ( 1 b) 
HO,UHCTbiM MCTHJIOM B 3cpHpC TaK.lKC TICpBOHa'IaJihHO H,UCT TIO aTOMY a30Ta. 
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Pc3yJILT3TOM 3Toro rrpou:ecc3 HBJUICTCH cMecL Terp3MCTILTiaMMOHIIli lioJJ:IIJJ:a, 

)liiMCTILTI<l:>OpM3MII)l3, HO)li1CTOfO MeTIIJI3 If OpTOMYP3BLIIHOBOfO 3<l:>IIp3. Ilpo­

U:CCCLI IIpOTOHIIpOB3HIIH II MeTIUI11pOB3III1H ,11;113TIUI3U:CTaJIH ,ll;IIMeTIIJI<l:>OpM3-

Mif)l3 rrpC)lCT3BJICHLI H3 CXCMC 54. 

CxeMa54 
MeJ,J<!mp, 

+ ____LH 20°C, 48 q 
H 

Me2N-foEt 

lb OEt 

HCI (3<lJHIJ) H 
Me}~·-foEt 

I 
Me2N~ OEt ..,...,.1----

1 OEt 
Me r 

+ t MeJ + _ 
r CH(OF.th + Me3N ., Me3NMe 1 

93 H Cl_OEt 

~ H20 (l3KB.) J$up 
+ 

Me2NH2 Cl- + HCOOEt + EtOH 

~lb 
Me N~-~f!~ OEt + CH(OEt)J 

2 

~ r 
EtJ + Me2NCHO 

HeMHoro OTBJICK3HCL OT ocHoBHoro II3JIO)KCHI1H, yK3)KCM, qTo KOfiJ:3 pe•rL 

II)lCT 0 CIIHTC3C 3U:eTaJI5! U:IIKJIHqecKOH MO'IeBI1Hhi- 1 ,3-,11;11MCTIUIIIMII)l330Jli1H-

2-oH3 (94) (52], ee aJIKI111IIpOB3HI1C C IIOMOI!ILIO <l:>Top6op3T3 Tp113TIUIOKCOHI1H 

IIpOTCK3eT He TOJILKO ITO K!ICJIOpOJJ:Y, qTo OC06CHHO X3p3KTCpHO )lJIH 3TOfO aJIKl1-

1111pYJOI!ICfO 3feHT3 (72], HO II ITO 330TY C o6p330B3HI1CM qCTBCpTIIqHOM COJIII 

(95). 06p360TK3 IIOJiyqCHHOH CMCCII 3TIU13TOM H3Tp!IH IIp11BO)li1T HC TOJILKO K 

3U:CTaJIIO (96), HO 11 K 1 ,4-)li1MCTILTI-1-3TI1JI-4-3TOKCI1K3p60HIUI3TIUICH)li13MI1-

HY (97J (cxeM3 55). 

Me 
I [)=o Et,o•..,,-

94 \ 
Me 

CxeMa55 

1
Me 

[

N BF­

:~bEt 
\ 
Me 

~ EtONa 

Me 

[~)<Oilt 
N OEt 

\ 
96 Me 

+ 

Et Me 
\+/ -

[)=~ 
\ 

95 Me 

~ EtONa 

Me 
I 

C
N'Et 

N/COOEt 

I 97 
Me 

I I !'eaKu,uu al{em(Well aMuoo6 u JWKmaMoe c :JJleKmporj;uAbHbiMU peazmmaMu 39 

llo)l'!CpKHCM, qTo K3pTHHa B qeM-TO II3IIOMI1HaeT o6c)')K)leHHLrli BLIIIIe 

1111( 11 rccc, rrpoHCXOJJ:HIIII1M rrpii 6eH30IUI11poBaHI1H aucTaJIH N-MeTIIJIBaJiepoJI3K-

1.1~1a, KOr)la o6pa3yJoTCH He TOJILKO Cr HO 11 N-6eH3011JinpOI13BOiJ:HLie (H3rrpu­

mp, 85) (CM. CXCMY 50). 

3.1.2. J(eiimepoo6Mell CH-amo.ttoa uu,emlL!leu aMuiJoa u AaKma.MoB 

CJie,ll;yJOI!IHl'i. BOIIpOc, KOTOpLIIi U:CJ!CC006pa3HO o6cy11!1Tb B KOHTeKCTC 

'IIICKTpOlpiUibHb!X rrpoueCCOB, CB5113HHbiX C aMUII:aueTaJibHOH TCM3TlfKOH, ':ITO 

ltl'iiTepoo6MeH CH-rrpoToHoll B )lMc:DA au:naJIHX ( 1), rrocKOIILKY rrepBorra'Ia'!L­

IIoii CTd,ll;HeH 3TOM peaKl~HH 5IBJU!CTC51 'cJJieKTpO<jli1JibH351 3T3Ka 'l3CTWIHO IIOJIO­

~l!TeJibHO '3ap51)KCHHoro aToMa JLCHTCpl151 no N-aToMy aueTaJIH. KH!ICTIIKa 

upm~ecca JJeiiTcpoo6McHa rny<reHa B pa6oTe ll05], rn:e onpe.neneHLI cKopocn1 

pcaKl_lHI~I B 'JaBHCHMOCTH OT aJIKOKCl1rpyiiiJLI HCilOJIL3YCMOf0 ,'~eHTCpOCIII1pTa 

(CXCMa 56). 

OR OR / 
/ ROD CH 

CH -- I'OR 
1 'oR & ~NMe2 NMez R_.... 'D' 

CxeMa 56 
OR 

/ OR -c 
o-/ --- l'oR H--·c ---

OR 
D....._ / 

-- ,' 1 'oR +NMez ~ , + / 

O, o, NMe2 D 98 Hmr.r~ R_.... 'D' 

~ f'oR 
NMez 

8 3TOH pa6oTe TlpC.Il,JIO)KCH BepOHTHbiH MCXaHH3M II:CHTCp006MCHa, BK,1Kl­

'ia!OllU1i1 ilpOMC)KY'fO'IHOC 06pa30BaHHe HJIH)la (98). 

TpaKTOBKa MexaH!13Ma CH----) CD-o6MeHa KaK npou:ecca, rrpoxo~mucro 

'Icpe3 CTa)l.HIO o6pa3oBaHI.f51 HJJHJ~a, rron:TBep)K.Il,eH3 B pa6oTax II 06, I 07 J. KoH­

CT3HTLI CKOpOCTH n:e}ITepoo6MeHa auCTaJJCH (1), COfJlaCHO pa6oTe 11061 TO'!HO 

COOTBeTCTBYIOT pe3yJJLTaTaM, npHBC):(CHHbiM B Ta6JI. 5. 

Ta6Aul{a 5 
KoncTaHTM cKopocTH .r~eHTepoo6Mena 

ROD k·Io-2 c 1 ROD k ·1 o-2, c-1 ROD k w-2, c-1 

R= Me 1,63 R = n-Pr 1,10 R = n-Bu 0,78 

R=Et 1,37 R = i-Pr 0.90 

IloKaJano, 'ITO .LJ;CliTcpoo6McH B n:cifTcpoMcTaHoJic CH-npoTOHa B aucT<Uic ( 1 a) 

npOTCKaCT na 16,5 % 33 135 c 11 rra 25,8% 3a 196 c, a B n:cM:Tcpo-mpem-6YTa­

nonc- rra 17 % 33 450 c H H3 26 % 33 705 c, T. c. npouccc B nci1TepoMeTaJioJie 

npOTCKaCT Cyll(CCTBCHHO 6LICTpeC. 0TMeTHM IIpH 3TOM, qTO KHCJIOTIIOCTb MCTa­

HOJJ3 3aMCTHO Bb!IIIC KHCJIOTIIOCT11 mpem-6Y'f3HOJI3 (pK3 paBHLI COOTBCTCTBeH­

HO 15,09 H 19,9), 'ITO, Bep05ITHO, 11 OIIpC,ll;CJIHeT p33JIIfqHC B CKOpOCTJIX p3C­

CM3rpHBaCMLlX pe3KI~IIH, XOT51 HCKJIIO'I3Tb CTCpWICCKHM <l:>3KT0p TO.IKC He CJIC):(y­

CT. B pa60Tc [ 106 I Ha rrpHMep3x iJ:HMCTILTI3ueTaJieli (1 a-i) 6LIJIO IIOK33aHo, 'ITO 
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!;1~1l'll(l'IIIIC 110 ;mny TOJKl' 'laMCTIIO BJII151CT 11a CKOpOCTL L(CMTCp006MCHa. )l;m 

IJcCJic;(oBaiiJIH Gw111 B~>Iflpallhl !\11MCTI1JiaueTamr (1 d-i) (cxcMa 57) (Ta6J1. 6). 

CxeMa 57 
OMe OMe 

/ / rn __ 
I OMe -- CO....._OMe I 
NR2 1 NRz 

R= Me (a), Et (d), n-Pr(e), i-Pr(f), n-Bu (g), CR2C1I20CHzffiz (h), (CRz)s (i) 

Ta6!llll(a 6 
KOHCTaHTbl CKOpOCTH AeiiTepoo6MeHa COCAHHCHHH (1 d-i) 

l3h!IIIC }')I(C yKa:JhiHaJIOCh ( CXCMa 6) 'ITO I\Ci-iTcpoo6MCH 3-CHriiPOTO!IOB xapaK­

TCpCH J\;IH J1aKTHMHLIX ::J<jmpoB. EcTcCTBCHHO, 'ITO 3TOT npouccc, HO c 6oJtcc 

llh!CllKOM CKOpOCThiO npOTCKaCT l1 L(JHI J1aKTaMaU:CTaJICM j108j. 06u_r:a5I CXCMa 

pcaKimi1, cwiJaHHhiX c J[ei1'repoo6MeHoM B ai[CTaJI5!X J1aKTaMoB, cor11acHo II 081 

MO)I(CT 6t.ITh npe;JCTaBJ1eHa CJIC11YJOUU1M o6paJoM (cxeMa 58): f!OH5!THO, 'ITO npH 

o6pa6oTKC mtKTaMaU:CTaJJei1 JICi1TepoMcTaHonoM o6MeH OCH3 ~ OCD1 (HYK­

Jieoqmnt.Ha5! aTaKa) npOTCKaCT 6h!CTpCC, 'ICM 3J1CKTpO<jll1J1hHa5I pcaKUHH 00-

l\ICHa CH2 ~ CD2. 
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3.1.3. Pea«u,uu au,emll.!leii aMuiJoB u AaKmtlM06 c N-zaAozenaMuiJaMu 

llpOL(OJ1)f(a5! o6cy:JK,[(CH11e peaKU11M aMML(aU:CTaJJCM C 3J1eKTpO<jll1JlhHhiM11 

pcarenTaM11, ocTaHOB11MC5! ua 11x B3a11MOLJ:etiCTB1111 c N-raJJoreHaMML(aM11 [109, 

110, 111]. B pa60Tax [109, 110] rroKa3aHo, 'ITO N-raJioreHaMML(hi peampyiOT 

C L(113T1111aUCTaJJCM )lM<l>A C Bh!L(eJ1CHl1CM TCf!J1a 11 o6pa30BaH11CM CMCCH 

N-aul1JI1130MO'ICB11H (O,N-aueTaJJ11 HJOU11aHaToB) (99) 11 N-LJ:113TOKC11MCT11-

JJeHaMML(OB (0,0-aueTaJJ11 1130U11aHaTOB) (100) (CXCMa 59). 

RCONHX + 

X=C1,Br 

OR' 
/ 

CH-OR'-
' 1 NMez 

CxeMa59 

OR' 

RCON=< 

99 
NMe2 

+ 
OR' 

RCON=< + 
100 OR' 

O-AIUUIR30n;uaHar-O,N-au;eTa.rm: 0-Aiurnmon;uaHar-0,0-au;eTIIJill 
OcHOBHhle rrpo,!I)'KThl 

NMe2 
/.' 

+ CH<+ x- + ,, 
NMe2 

MHHopm.re npoiJYIIThl 

OR' 
CR~ OR' + R'OH 

' OR' 

lloLJ:po6uoc HccncL(oBaHHc McxaH113Ma pcaKU1111 N-raJiorcHaMML(OB c aue­

TaJ15IMl1 aMHL(OB rrpCLJ:flpl1H5lTO B pa60TC r 111]. ABTopaMI1 paCCMOTpCH Borrpoc 

0 LJ:BYX B03MO)f(HhiX HarrpaBJ1CH115!X 3f0M peaKU11l1 np11 IlpCJ[Il0Jl0)1(CH1111, 'ITO 

nepBOHo'IaJJhHO Bcema o6pa3yeTC5l 11Jll1LJ:HLii1 a.rrJlYKT cTpyKTypt.I (101), KOTo­

pLii1 MO)KeT L(aJJCC paCXOL(OBaTLC5! IlO pa3Jil1'IHb!M Il)'T5!M (CXCMa 60, C. 42). 

)l1151 Bhl5!CHCH115! BOilpOCa 0 TOM, ITO KaKOMY 113 nyreti Ilp011CXOL(l1T TpaHC­

<jlopM31J115! 11Jll1L(a (101), 6b!J111 IlOCTaBJ1CHbl L(BC peaKU1111 (B OJ[HOM COCYLJ:C) C 

11CilOJlh30BaH11eM 3apaHCC rrp11rDTOBJ1CHHh!X K0Mf!J1CKCOB (102, 103) (CXCMa 61, 
c. 43). B rrpouecce peaKU11i1 H11KaKHx o6MCHOB He rrpo1130illJIO 11 6L!J1H Bhi­

LJ:CJICHLI B Ka'ICCTBC OCHOBHLIX rrpOL(}'KTOB N,0-aU:CTaJ111 (104, 105), I13 'ICfO CL(C­

JiaH BhiBOL(, 'ITO Half60J1Ce BCp05!THhiM MCXaHJ.f3M rrpouecca - BH)'Tpi1MOJ1CKY-

115!pHbiM. llpaBL(a aBTOpLI He HCKJ110'I310T, 'ITO peaKJ[I15l MO)f(CT rrpOTCKaTb 'ICpc3 

TeCHLIC HOHHblC napbl THila ( 106). 

F:NH + MezN= C(OR'~ 
106 

3.1.4. Pea«u,uu au,emaAeii aMuiJoB u AaKmtlM06 c U3ou,uanamaMu 

u U3omuou,uanamaMu 

PaccMaTpHBaeMLiti MaTepHM oXBaTLIBaeT raiOKe peaKUHH aMHL(aueraJJei1 

C I130UJ.faHaTaMH I1 I130THOUI13HaTaMJ.f. 0L(HOH113 nepBblX pa60T, IlOCB5!IUCHHhiX 

peaKUl15!M 3Toro r11na, 5!BJ15!CTC5! HCCJJCLJ:OBaHHe [ 112]. B 3Toi1 cTaTbe noKa3a­

Ho, 'ITO MHOfO'I3COBOC HarpeBaHHC KOMilOHCHTOB CMCCH L(I13Tl1JlaUCTaJ15l L(HMC-
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3. I. PeaKu,uu au,emafleii aMuooe u JJaKma.Moe c .3~7eKmporjJWlbHbiMU pea<eHmaMu 43 

Me 
1 OPr-n 
+ -/ 

MeCONH-N-C 
I "oPr-n 

102 Me 

OPr 

MeCON==( 

104 
NMe2 

CxeMa 61 

Me OEt 
I+ -/ 

n-PrCONH-N- C 
I "OEt 

103 Me 

OEt 

PrCON==( 

lOS NM~ 

mncl:JopMaMH)J,a (I b) 11 cl:Jcmm- 11JIH U11KnorcKCI1o1l130U113H<lTa np11 I 00-130 oc 
npHBO)J,MT K [, 3-)J,I13aMCUI,CI!I!LIM 4-JTOKCM -4-,L(I1MCTI1JI3MI1110l1MI1).1,<l30Jlllll)J,H­

OliaM-2,4 (107) l1 cooTBCTCTBYJOUJ,CMY N-cPcJIHJI- MJIM N-r~HKJiorcKCI1JIKap6aMH­

IIOBLIM J<!mpaM (108) (CXCMa 62). 

CxeMa 62 

OEt 
/ 

CH-OEt 
RN:xho 

+ 3 RNCO OEt 

R= Ph, U:HKJJOreKCHJI oAN + RNHCOOEt 
108 

' NMe2 

lb 
I NMe2 

R 107 

Bo MHoroM no cxonHoMy nyTI1 H,'ICT 11 pcaKUHH auCTaJIH (I b) c l130THOUH­

aHaTaMM ( CXCMa 63) 1113). I1pl1pO,L\a 1130Tl10Ul1al!aTa OKa3LIB3CT pCIIJ310UI,CC 

BJil15lHI1e Ha uanpaBJICHHe npoTeKaiOUJ,HX npoueccoB: Ami R =Me, Et, i-Pr, n-Bu 

BLl,L\CJICHbl TOJibKO 11MI1)1,330Jll1Jl)J,l1Tl10Hbl-2.5 (N ,0-aUCTaJib ,L\11Tl10II3pa6aHOBOM 

KHCJIOTLI) (109), )J,Jl5l R = UHKJioreKci1JI -- CMCCL (109) (42 %) 11 ntoaMI1)J,a (110) 
(28 %), 11 )J,JI5l R = PhCH2, Ph, HacPTHJI- TOJILKO (110) c BLixonaMH 38, 80 11 

43 % COOTBCTCTBCHHO. 

OEt 
/ 

2RNCS + CH- OEt 
' NMe2 

lb 

10-16 q 
----l 

80-120 oc 

CxeMa63 
R 'N:=(s I OEt 
s~N + 

I NM~ 
R 109 

0 EtS" §' 

~NMez RN 110 

RNHCSOEt 

BLIBO,L\, KOTOpLIH 6LUI C,L\CJI3H aBTOp3MI1 f 114 j, ccl:JopMyJIHpOBaH CJICAYIO­

UI,MM o6pa30M: np11 B3311MO,L(CHCTBJ1l1 aUCTami (1 b) C 1130T110UHaHaTaMI1, l1MC­

IOUI,l1Ml1 Hc6oJILI.lll1C no o6beMy 3aMeCTHTCJil1 R, o6pa3yiOTC5I N, 0-aueTanH 
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(109) H rrporr3BOJl:Hhre TrroypeTaHa, a rrprr o6bCMHhiX R o6pa3yiOTC.H. H30Trro­

ypciiJJ:oaMIIJJ:hi (110). llpeL\]IO)J(CHHbiC B 3TOH pa60Te BCpO.H.THbiC MCXaHH3Mbi 

peaKUIIH rrpHBC)l;CHbi Ha CXCMC 64. 

CxeMa64 
OEt OEt 

OEt OEt OEt EtOH + I<!._ cJt- OEt 
cJt-OEt ~ cit.-OEt + ~OEt '-NM,.~ 'NM,.~ ' '+ '- Kap6eH -£ lb -£ 

NMe2 NM~ NMe2 
lb I I 

HIRNcs Ets o + s 
+ H _lL OEt 

S ~EtOH RN llO NM R-N rf.~ 11 /OEt ~ '-'' 
R-N___ll_C-OEt RNCS NM~ 

I " R s/ H NM~ -EtOH ~-...__N--t 

111 1,-...r__)(OEt 

~N NM~ 
I 

109 R 

L(pyroH BapHaHT MCXaHH3Ma, peaJIII3YIOW:HHC51. 'ICpC3 llCpBOHa'laJibliOC 

o6pa30BaHIIC a)l;!l:j'KTa (112), II306pa)J(CH Ha CXCMC 65 [114]. 

Jr\ "" R-N=C=S 

~ 
HXNM~ 

EtO OFt 

CxeMa65 
s-

RN=<+ 
H NMe2 

X 
F!O OF! 112 

m---<. 
H NMez ----+-111 

X 
F!O OF! 

B pa6oTe [ 115] paccMaTPHBaeTC.H. peaKUII51. cpeHHJIH30THOUHaHaTa c UHKJIM­

'ICCKHM aMIIJJ:aUCTaJICM (113). llpC!l;llOJiaraCTC.H., 'ITO l1 B 3TOM CJiyqae rrpOTC­

KaiOT .[(Ba HC3aBIICIIMbiX npOUCCCa, B XO.UC KOTOpblX o6pa3yiOTC51. UBHTTCp-MOH­

HhlC MHTCpMC,liJ-IaThl (114) H (115), npeBpaw:aiOil{HCC.H. )l;aJICC COOTBCTCTBCHHO 

B llpOM3BO.llHbiC TIIaOKCOJiaHa (116) H THa30Jia (117) (CXCMa 66). 
06Il{a51. TpaKTOBKa .UaHHhlX, KaCaiOW:HXC.H. peaKUMH HCUMKJIII'ICCKHX aMH.ll­

aUCTaJICH C H30TIIOUMaHaTaMM, OCHOBaHa Ha o6pa30BaHHII HHTCpMC,UMaTa 

MJIH,UHOH CTPYKTYPhi c rrocJIC.UYIOW:HM rrpeBpaw:eHMCM ero B rrpo.uyKThi TMrra 

(109) H (HJIII) (110) (eM. CXCMY 64). 
TipoMe~o'!Hoe coe.UHHCHMC HJIH,UHOH CTPYKTYPhi (ll8) rrpe.urroJiaraeTC51. 

KaK rJI3BHbiH IIHTCpMC,UMaT H npM B33HMO.UCHCTBMM aUCTaJICll aMH,UOB C l130UM­

aHaTaMH (cxeMa 67) [116]. 
J130UHaHaTbl II HJIH.[(hl 51.BJI51.IOTC51. HHTCpMC.UIIaTaMII H B peaKUH.H.X aMM.U-

3UCTaJICH c a3H,UaMM [ 117]. Ha6JIIO.UaCMhiC rrpouecchr rrpoTeKaiOT rro pa3JIWI-
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118 H.rill,!l 
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EtO OEt 0 f NM~ 
R 

llb!M HarrpaBJICHH.H.M B 3aBMCMMOCTII OT TMITa peaKUMM (TepMWICCKa.H. HJIM cpOTO­

XHMH'ICCKa.H.). Ha CXCMC 68 npHBC.[(CHbi BCp051.THbiC rryTII IlpOTCKaHM.H. paCCMaT­

plmaCMbiX peaKum1. KaK y)Ke yKa3b!BaJIOCb, o6a HarrpaRJICHH>I, IIH.UYUHpoBaH­

llhiC HarpCB3HHCM (TCpMH'ICCKHll rrpOUCCC) HJIH 06JIY'ICHHCM (QJOTOXHMH'ICCK351 

pcaKUlUI), I1pC,UITOJiaraiOT I1CpBOH3'1aJihiiOC o6pa30BaHMC, a 3aTCM TpaHccpop­

MaUHIO npOMC)J(Y'fO'IHb!X HJIH,UOB (119, 120). llpH 3TOM Ha,UO HMCTb B BH.Uy, 

'ITO nyTH, CB513aHHb!C C TCpMH'ICCKMM IlpO!ICCCOM, IlpC.ilYCMaTpHB3IOT TICpBO­

IIa'!aJibHOC o6pa30BaHHC HHTpCHOB (121) H 1130UHaHaTOB (122), a ,i.l,Jl5! tPOTO­

XHMWICCKOrO IlY'fH xapaKTCpHO o6pa30BaHHC B Ka'!CCTBC HHTCpMC,UHaTa TOJlhKO 

llHTpCHa (121). HCMaJIOBa)J(HO OTMCTliTh, 'ITO KOHC'IHhiC rrpO.[(yKTbi llpH TCpMH­

'lCCKOM II cpOTOXHMM'ICCKOM IlpOUCCCaX pa3JII1'1Hbl (CXCMa 68). 
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CxeMa68 
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~ /OfOR' 

RC6H4CNO CJI4R 

3.1.5. Y11acmue al(emaAeii aMuiJoo o peaKl(UU K.rtaii3eHa- 3weHMo3epa 

B KOHI.J:e 3Toro pa3.uena ITpe.ucTaBJU[CTCH Heo6xo.uiiMhiM paccMoTpeTb TaK 

Ha3biBaeMyiD peaKUIIID K.n.all.3eHa- 3rneHM03epa, B KOTopyiD BKJIIO'leHa B TOM 

IIJIII llHOH CTCIICHII 3JICKTPOWIIJibHa5.1 aTaKa ITO ITQilO)!(CHlllO 3 fOMOJIOfll'lHbiX 

aUCTaJICH, y'laCTBYIDIUIIX B ,UaHHOM ITpOUCCCC B Bll,UC a-aJIKOKCIICHaMIIHOB CO 

3Ha'-U1TCJibHblM 'laCTll'lHbiM OTpHUaTCJibHbiM 3ap5.1,UOM Ha ~-ymepO.UHOM aTO­

MC, CM. CTPYKTYPY (6). 

R......_~) 

~l1 fl R'N~ .• 
2 6 OR" 

CHa'laJia OTBJIC'ICMC5.1 HCMHOfO OT aUCTaJibHOH TCMaTIIKll ll OTMCTllM, 'ITO 

ITO COBpCMCHHbiM IIpC,UCTaBJICHH5.1M IIplll-!5.1TO paCCMaTPIIBaTb IICperpyrrmipOBKY 

K.rrai13CHa KaK [3,3]-CllfMaTpOIIHYIQ ITCperpyrrrrllpOBKY aJIJIHJIBHHIIJIOBhiX 3Wli­

pOB (cxeMa 69) [118]. 

3.1. PeaKu,uu au,ema;zeu a.wuooe u /laKmaMoe c 3fleKmporjJwzbubtMu pea;:eumaMu 4 7 

·~ Cx<••"RV/] 
o~ oV 

B KHIIre yTBCp)!(.[(aeTcH, 'ITO 3TH peaKUIIH o6Hap)"ACHBaK1T xapaKTepHbie 

11pH3HaKH COLTJaCOBiiHHbiX ITPOUCCCOB: ITCpBbJi:J. ITOp5.1.'(0K peaKUHH, 60JibliiHC 

OTpHUaTCJibi!biC BCJIH'IHHbi ::li!TpOITIIH aKTHBaUHH, COXpai!CIIliC OITTH'ICCKOM aK­

UIIliiOCTH rrpH JI(IJIII'II1H OIITWICCKOH aKTHBI!OCTII HCXO,UHOI"O :J(fJIIpa, yCKOpe­

llHC llpOUCCCa ITpH fiCpCXO,UC OT HCI101I51pHbTX K fiOJI51pHb!M paCTBOpiTTCJ151M, 

onpCJ(CJICH!IhiH 3(jHpCKT 3aMCCTHTCJICH (ycKOpCHHC !1CpcrpymrHpOBKI1 3JICKTpo­

IIOflOHOpaMH rr 3aMCJ(JICHI1e 3JTCKTpmroaKI\CITTopaMH). Hem>JH He 3aMCTHTh, n 

Mbl 6yJ(CM OroBapHBaTb Ha6JIIOJ.J:aCMbiC 3(jHjJCKTbl HpiT IIOJ.J:p06HOM paCCMOTpe­

IUIJ1 IICperpylllliipOBKH KJiaJ13CHa- 3WCIIM03Cpa, '-ITO IIp06JICMbl MCXallll3Ma 

CIUC HC BIIOJIHC }JCI!bl H BO MHOrHX CJIYtJaHX Hy.)l{)la!OTC5! B J!<IJihi!CHliJCM ynry6-

JICHHOM l13Y'ICH!1H. 0co6o OTMCTHM, 'ITO rrpH JII06biX ITOHCKOBhiX HCCJTC,I\OBa­

IHHTX, B TOM t[J1CJIC H HarrpaBJTCHHh!X Ha ITOHCK HOBhiX 6HOJ10ri1'lCCKH aKTHB­

HbiX IJCII(CCTB, OJ(I!OH 113 HCIH60JTCC B<DKHhiX IIp06JICM }]IJJ!}!CTCH p<npa6oTKa 

1101(XO).\OB K (fJYHKL\HOHaJJl13LII.\lHI 6a30!lb!X COCl(HHCHHH, Y)!(C 11pOHBHBIJJHX 

I(CJICBbiC IIOJIC3Hb!C CBOHCTBa. 

O•rcBHJ.JHO, 'ITO cyruecTsycr MHO)!(CCTBO crroco6os nony•rcHHH pa3Hoo6pa3-

IlbiX BCIUCCTB, COJ.J:Cp)!(aiUMX paJJIH'-IIIblC Q}YHKUHO!IaJTbHhiC rpynflhl. K lJHCJlY 

TaKHX 1\!CTO,UOB, HCCOMHCHHO, OTHOCI1TC51 H rreperpyrrrmpOBKa KJiaif3CHa -

3WCHM03Cpa, T103BOJ151IOU(a>l npeBpauraTb CIT!1pTbl B HCHaChiiUCHHbTC aMll,UHbTC 

npOIBBOJ1Hbie. TaKoro pon:a peaKUHH ~c orrrrcaHbi so MHorrrx ny6m1KaUH.liX, 

KOTOpblC 6yn:yT paCCMOTpCHhl Hll)!(C, H K 'IJ1CjJY xapaKrepHh!X T1pl1MCpOB TaKOH 

rpaHC(p0pMaU!1!1 OTHOC5!TC5.1 peaKI.\HH 3aMCil.lCHHbiX aJIJil1JIOBblX CII!1pTOB (123) 
[ J19 j 11;111 1-MCTIIJI-3-rHJJ:pOKCHMCTIIJII!I1pllJJ:Ol!a-2 ( 124) [ 120] C ,UllMCTIIJiaue­

T<!J1CM f.ll1MCTITJTal(CTaMH1(a (I C), rrpOTCK<l!Oll(HC C o6pa30BaHHCM ,UHMCTIIJiaM!1-

il,OB (125, 126) (cxeMa 70, c. 48). 
IloCKOJTbKY, KaK yKa3aHO BbTWC, rrpH 06C~CHIU! IICpcrpyrrrrHpOBOK 

.Kc1aH3CHa H K.TTaH3CHa - 3IIICHM03epa 3a'-IaCTYID HMCIDT B BMY COrJiaCOBaH­

HLIC ITpOl(CCCbT, B 'IaCTHOCTI1 Cl1I"MaTp011HbTC rrcpcrpyrriiHpOBKM, !1pC)!(JlC '-ICM 

J(CTaJihHO o6c~aTb BCCb MaCCIIB J111TCpaTypHbiX J.J:aHHbiX, ITOCB.51IUCHHbiX 3TOH 

pcaKI.\ITII, Ka)!(CTC5.1 UCJTCC006pa3IIhiM J.J:aTb KpaTKYIO xapaKTCpHCTITKY TaKIIX 

l!pOUCCCOB. 3TO TCM 60JICC 060CIIOBaHHO, 'ITO K HCKOTOpb!M ,UpyrrrM pcaK­

I!H51M TaKOI"O po,na HaM CIUC ITPHJ.J:CTCH B03BparuaTbC.51 B paMKaX )..JaiiHOH MO­

IIOI"paqml1. 

v1TaK, pC'Ib IT,UCT 0 TPCX OCHOBHbiX nmax peaKUHH (rrpMMCpbl 11X ITOKa3aHbi 

Ha CXCMC 71, C. 48)- CHHXpOHHbiC peaKUHM, UHKJIOTipiTCOC)..JHHCHHC H 3JICKTp0-

I!HKJIIT'ICCKMC peaKI!I1Il. 
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CxeMa 71 

O
CH!'Ma-rp<>II1iUe pe:JC)~ 

b. 3 I D 4 2 I [ 1 ,5]-cHI'Mirl'pOIIHIJii 
D 5 7 D cromr 

:;::;..-- D ~ 
PeaJ(:ql!H ~onpHcoerorneHIDI 

~ b. .. 0 PeaKizy~ll 

AruJI.Ca- Am..n.epa 

¢
Me 3neiiTpOI.IHKJIH'leCKHe pe~e 

: hv ,. ~ct.~e 
'H 

Eyra.n.HeH ~ I(mmo6yreH 

Me 
3JieKTp0UliKJlli'ICCKli.Mll peaKUII51Mll H33biB310TC5l T3Kli.C peaKUllll, KOTO­

pbiC npe)].CT3BJI5IIOT co60H UMKJlll'!CCKli.H npouecc, Ilpll KOTOpOM CliCTeMa C n 
1t-3JICKTpOH3Mll npeBparuaeTC5l B CIICTCMY C (n-2) 1t-3JICKTpOH3MM II iJ.BYM5l 

0"-3JICKTpOH3Mll. 06hi'!HO 3TH peaKUllll o6paTHMbi, l1 3JieKTPOUHKJIH'!CCKOH T3K­

.lKC 51BJI5ICTC5l H o6paTHa5l peaKUH51. Erue o)].IIH npHMep 3JieKTpOUHKJIH'!CCKOH 

peaKUHH npHBe)].eH Ha cxeMe 72. 

0 
f'eKCarpHeH-1 ,3 ,5 

61t-3JleiiTpOHOB 

CxeMa 72 

0 
I(mmoreKCa,IUieH -1 ,3 

47t-3JleiiTpOHR + 20-3HeiiTpOHa 

i I l'eaKuuu auemaJieu aMuooB u )wKmaMOB c 3)1eKmporj;uJibltbtMU peazeHmaMu 49 

1\ . lTHX CHCTCM3X B03MOJKHbl )].B3 aJibTCpH3THBHbiX CIIOC06a UHKJIH33UHH 

111'111 pacKpbiTH5I UHKIIa). TaK, ecJIH npH o6pa3oBaHHH UHKJIH'!eCKOM CHCTC~Ihi 

'I' II opfiHTaJIH KOHUCBbiX 3TOMOB yrJiep0)].3 I10BOp3'IHB3IOTC5l )].Jill o6pa30B3-

IIIIH 0 CB513l1 B !1pOTHBOil0}IOJKHbiC CTOpOHbi, IIpOI!CCC H33blBaiOT aucpomamop­

tll.t\1, B O,L(HOM H TOM .lKC Haiip3BJICHHI1- KO!ipOmamOjJ!IbiM (CXCMa 73). 

CxeMa 73 

~~"=}. Q .[(HcpoTaropHMH 

B 

A A B --A A. 

~-~=·}. Q Kon:pOTaropHbill 
A 

A A B --A 8 
113 CXCMbl 73 O'ICBH,L(HO, 'ITO I!pl1HUl1!1H<UihHbiM pa3JIH'Il1CM ,L(JI5! 3THX npo-

1 !CCCOB 51BJI5leTC5! pa3HbiM cTcpeoxnMWiecKnti pc3yJihTaT- .LlJicpoTaTopHhiH IIYTh 

I (l1KJIH33I!Hll IlpliBO)].HT K t(UC-KOHQ)J1fypauHH 0603H3'lCHHb!X 33MCCTHTCJICH, 

a KOHpoTaTopHhiH - K mpaHc-KoHqmrypaUMH. HyJKHo crreuiiaJihHO YK33aTb, 

'ITO OCHOBHOM CTepeOXIIMII'!CCKIIM ITYTb rrpeBp3IUCHIUI 0!1pC,L(CJI5!CTC51 TCM, 

HCIIOJib3YCTC5I JIII <lJoTOXHMWICCKOe IIJIH TCpMII'ICCKOC HHHUHI1p0B3HIIC IlpO­

qecca. llpaBHJI3 )].JI5l 3JICKTpOUHKJIII'!CCKIIX peaKUHH npe,L(CTaBJICHbl B T36JI. 7. 
0TMCTHM, 'ITO CIICTCMbi p33)].CJICHhl Ha ,[(Be rpyiiiihl, O)].Ha H3 KOTOpbiX CO)].Cp.lKHT 

4q, )].pyra>r - ( 4q + 2) 3JICKTpOHOB. )liiaMCTpaJihHO IIpOTIIBOIIOJIOJKHOe ITOBC)].C­

HHe 3TIIX )].Byx rpyrrn K B03)lCJ'1cTBIIIO BHCIIIHIIX <lJaKTOpOB 06b5ICHCHO, 6a3IIpy-

5ICb Ha oco6eHHOCT51X CBOHCTB op6l1TaJieH, Y'I3CTBYIOUU1X B peaKUIIII, KOTOpbiC 

Mbl 3)].CCb paCCM3Tpi1B3Tb He 6y)].eM, HO KOTOpbiC IIO)].p06HO OCBCll.(CHbi B pa6o­

T3X {119, 121, 122). 
Ta611uu,a 7 

llpaBHHa OT60pa ARB 3HCKTpOQHKHH'lCCKHX peaK~HH 

n 
TepMH'!eCKM pa3peweH TepMwrecKH JarrpeweH 
c:l>oTOXHMWiecKH 3arrpemeH !J>OTOXI1Mil'!eCKil pa3peweH 

4q KoHpoTaTopHhril )lHcpoTaTopHhiM 

4q+2 )lHcpoTaTopHblH KoHpoTaTopHhiil 

B TepMWiecKoM rrpeBpaw:eHIIII UIIKJio6yreHa B 6yr3L(IIeH yqacTBYIOT 'ICThi­

pe 3JieKrpoHa (n = 4 = 4q, r)le q = 1) (cxeMa 74). 
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;-t"""s--r/ CDOMe 

d;;¥~:e 

CxeMa 74 

KoHp<mrropHhlii 
npo~ecc 

(X)() Me 

¢~M< 
H 

Cne.uyJOW:aH cornaconmmaH peaKUHH, KOTopaH KpaTKO 6y,n:eT J,n:ech pac­

cMaTPHBaThCH,- pcaKUM.5l I~HKTIOTipM.COCJJ:vUICHI15!. Ha,n:o OTMCTM.Th, '-ITO C 3TOH 

peaKUHCH Mhl B p51JJ:C CJiy'-!3CB 6y,n:cM M.MCTh JJ:CJIO l1 B TIOCJICJJ:YIOW:CM, B l.J3CTHO­

CHI, npH 3HaJII13C ,n:aHHhiX, CB5133HHhiX C CMHTC30M pa3JIJ1llHh!X CMCTCM. MCITOJ!b-

3YW:MX 3MMJI:3UCTaJII1 rrpH ITOJIY'ICHMM IU1KJIM'-ICCKI1X COCJJ:MHCHMH. K pcaKUMHM 

UHKJIOITpHCOCJJ:MHCHI15l OT!IOCMTC5l M3BCCTII35l peaKUI15! )lMJibCa - A.rlh.IJ.Cpa, rrpo­

UCCC 3TOT 33KJIIO'IaCTC5l B rrpHCOCJJ:MHCI!Mli m 7t-3JICKTpOHOB K CMCTCMC n-:>JICKT­

pOIIOB C o6pa30B3HMCM !!OBOrO I~MKJia. 

k~ 
[4+2] 

I.(HKJIOIIpHCOe!UfileHHe ... 0 
PeaKUMM UMKJIOIIpHcoe.uMHCHMH ocnonaHhi na npucoc,n:HHCHMM K rr-<lJpar­

MCHTaM: K OJJ:HOH CTOpOHC Jt-CHCTCMbl MJIM K CC !IpOTHBOITOJIO)I(HblM CTOpOH3M. 

3TH TMIThl rrpHCOCJI:MHCHM5l H33B3Hbl cynpaiiOBCpXHOCTHb!MH MJIM aHTapano­

BCpXHOCTHbiMH [ 119, 121, 122 I. VI J,n:ccb TO)I(C pe'-lb MJJ:CT o cTepeoxMMH'ICCKHX 

oco6ennocTHX rrpouecca (cxeMa 75). 

CxeMa75 
Br 
t .AHTapanosepXBOCTHOe 

H~· H np:acoe}J.HHeHHe 

Me .. U t Me 

Br 

~~-:e 
Br 

Br 

H-At--%·· H CynpanoaepXBocmoe 
- npHcoe,D;IUieHHe 

Me Me 

t t 

IL._ _..H 

Me~ Me 
Br Br 

Br Br 

B 6onee o6meM BMJJ:C cyrrpa- MJIM aHTapanonepXHOCTHOe npucoe,n:MHCHHC 

K 11:-CMCTCMaM rrpe,n:cTaBJICHO Ha CXCMC 76. 
VI, H3KOHCU, paccMOTpHM T3K)I(C CMfM3TpOTIHhiC peaKUHH, KOTOpblC B p5I.IJ.C 

CJiyl.JaCB Harrp51MJ'IO CB5133Hhl C TCMOH JJ:3HHOro pa3JJ:CJia - rreperpyrrrrMpOBKOH 

I /. PeaKu,uu au,emaAeii a,wuooB u JJOKmaMo6 c 3/leKmporjJu!lbHbLMU pea?eH!naMu 

~·] 
CxeMa 76 

CynpanosepXHOCTHOe 
IIpHCOe,[IHHeHHe q·y 

1k-cncre7?a lnn>porrooop>H-~ ( ":•=) 
, • • • • npncoe~erme "' -- •• 

51 

li. ''aihena- 3weHM03cpa. CHrMaTPOTIHbiMH Ha3hiBaiOT TaKMe peaKUMM, B pc­

•VJibTaTe KOTOpbiX rrpOMCXO.IJ.MT MHrpaU¥151 O'-CB513l1, rrpMH3.D.J!C)I(3W:CH OJJ:liOH MJIM. 

IIL'CKOJibKMM COITp5l)I(CJII!biM CHCTCMaM, B HOBOC TIOJIO)I(C!IMC BII)'TpM :.noli: CMCTC­

~11>1. CHCTCMa HyMepyeTC5l C aTOMOB, K KOTOpb!M npMHa.D.JJC)I(HT MM.fpHpyiOJU3}1 

< BH3b. 
2 4 6 

~Hp~~M ~c~~~ 
O'-cBll3h --... 

I ~/s'---/~ 
2 4 6 

IT pH MMrpaUMH CBHJM M3 rroJIO)I(CHMH [ 1,1 I B noJIO)I(etme, narrpHMcp, [3,31 

11pouecc Ha3hiBaeTcH [ 3, 3 I -cHrMaTporrHhiM c,n:nMroM, M3 rroJJO)I(CHMH [ 1, 1 I B 

llllJ!O)I(CHMC [1,3] - [1,31-CHrMaTpOTIHbiM CJJ:BMfOM (CXCMa 77): 

2 

:C ~ 
2 
2 :C3 
-::;:?'3 

2 

CxeMa 77 

[3,3 ]-CIITMllTpOIIHhrii 
C~BIII' 

[ 1,3 ]-cHrM!ITpOIIHhrii 
C~III' 

2 

1~3 
~v3 

2 

1~3 
~v3 

2 

IIocKOJibKY B cnrMaTporrHhiX peaKUHHX a-cB513h MMrpnpyeT BJJ:OJib corrp51-

A<CHHOH CMCTCMhl aTOMOB, T3K%C B03MO)I(H0 o6pa30B3HMC HOBOH CB5!3M Ha TOM 

A<C C3MOH MJIM Ha rrpOTMBOIIOJIO)J(HOH CTOpOHC n-<lJparMCHTa. 

VI 3JJ:CCb COOTBCTCTBYIOIUMC IIpOUCCCbi H33blB3IDTC5l cyrrpa- M 3HTaparro­

lll:pXHOCTHbiMH. Ha CXCMC 78 3TH rrpOUCCCbi IIOK333Hbl ,n:JI5! MMfP3UHM 3TOM3 

BOJJ:Opo,n:a. 
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CxeMa 78 

~
CHCTeMi Cynpa-llOBepXHOCTHOe 

rrpHCOe,IJ;HHeHBe 

H 
B. ·-

c A ~~-~~;~?~ ]-~:=•iJH __ . D B-. .- B .. 

C A C A 

~
-cHCTeiM AHTapa- ~~-CHCTeMa~ l ~-CHCTeMa nosepxHoCTHoe B. 

IIpHCOe,u;HHeHHe •, _____., 

-----®~-- D B.. D .· B .. .. . ... 
c A C C 

l13 paCCMOTpCHl15! J(aHHOH CXCMhl BbiTCKaCT, '-ITO npOCTpaHCTBCHIIO cy­

npa110BCpXHOCTHa5! MI1rpaUl15! 3HepreTl1'ICCKM 60JICC BhlfO.JJ:Ha, '-ICM <U!Tapa­

IIOBCpXIIOCTHa51.. Ho 11p11 60JJhlllOH ,UJilliiC COilpiDKCHHOH UCIIll MllrpaUJ.Ul COOT­

BCTCTBYIOlUCfO aTOMa Ha rrpOTllBOIIOJIO)!(HYJO CTOpOHY COIIpiDKCHHOi1 Cl1CTCMbl 

CTaHOBl1TC5! Il03MO)J(.HOH. 

I1 TCIICpb, IlpC)J(.J(C 'ICM rrepeHTH K OCHOBHOH TCMC HaCT05!Ill,CfO pa3.IJ:CJJa -

IICperpyiiiiHpOBKC KJraH3CHa - 3!llCHM03Cpa, HaiiOMHHM 0 KpaTKO paCCMOT­

pCHHOH BbllllC KJJaCCl1'-ICCKOH neperpymmpOBKC KJraii.3eHa, KOTOpa5!, IIO MHC­

HHIO [ 118], <<IIpC.D:CTaBJJ5!CT co6oii. [ 3, 3]-cHrMaTpOIIHYJO rrcpcrpynnHpOBI<y aJI­

Jil1JIBl1Hl1JIOBhiX 3qmpoB>> (eM. cxcMy 69). 
CYTh rrpouecca, na3bmaeMoro ceH'Iac peaKUllCH KJrai1:3eHa - 3IllenMo3e­

pa, 3aKJJIO'-IaCTC5! BO B3aHMO,[(CHCTBHH pa3JIH'-!HbiX CIUI:pTOB C ,[(HaJIKl1JiaUCTa­

JI5!MH .D:l1MCTl1JiaUCTaMI1.ll,a ('-!alll,C BCCfO C ,[(HMCTllJiaUCTaJICM ,[(HMCTl1JiaUCTaMI1.ll,a 

(1 c)), KOTopoe rrepnona'-laJihHO npoTeKaeT KaK rrepe3TepH<l>HKaUI15! (npouec­

Chi TaKOfO THIIa Mhl 6y.JJ:CM Clll,C 06Cy)J(.JlaTb B ,[(aJibHCHlllCM IIpH paCCMOTPCHHH 

peaKUHH aMH.UaueTaJieti c HyKJJeo<t>llJiaMH) c nocJienyiOI.l\CH rreperpyrrnHpoB­

KOH. B TaKHx peaKUHHX y)J(.e 6hmH HCllOJih30BaHhi KaK OTHOCll.TCJihHO npocThiC 

CIIlipTbl, TaK H CnHpTbl CJIO)!(HOJ'O CTpOCHl15!. HarrpHMCp, B pa60TC f 123] pac­

CMOTpCHO rrpenpall(CHHC rl1,ll,pOKCHfCIITl1JIIIOp<l>l1pHHa ( 127) B H30MCpHbiC XJIO­

pHHhl (Z- 11. E-128) (cxeMa 79). 3Ta pa60Ta llOCB5!.Ill,CHa CHHTC3Y HOBbiX JJHIIO­

<l>llJihHhiX XJIOpHHOB ,[(JI5! <l>OTO,[(HHaMH'-ICCKOH TCpaiiHH. 3Ta TCpaiiH5! OCHOBaHa 

Ha CIIOC06HOCTli <l>OTO'IYBCTBHTCJihHblX JICKapCTBCHHhiX CpC,UCTB CCJICKTHBHO 

aKKYMYJIHpOBaTbC5!. B orryxOJJCBbiX TKaH5!X H IIpH 06JIY'-ICHHH 3a C'-ICT <l>Jiyopec­

UCHUHH pCaJil13YCTCH B03MO)!(HOCTh OIIpC.D:CJICHl15! JIOKaJIH3aUHli orryxoJJH, '-ITO 

5!BJI5!CTC5! BCCbMa IICpCIICKTll.BHhiM .D:HafHOCTH'-ICCKl1M MCTO.D:OM. 

I /. PeaKu,uu a{1ema11eii a~.,wiJoB u JlaKmaMOB c 3~7eKmporjmllbHbiMU peazeHmaMu 53 
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liaCTO neperpyrrrmpOBKa KJiat1:3eHa - 3IIICHM03epa HCTIOJib30BaJiaCh B re­

TCPOIIHKJIJ1l!CCKOM PMY ,LLJUI IIOJI)"ICHH5I npoH3BO)lHhiX 6eH30IIHpaHa HJIH 6en-

30)liiOKCHHa. HarrpiiMep, 6eH30)lHOKCIIH (129) no 3TOt1: peaKIIHH rrpcspama­

CTCH B Kap6aMOIUIMCTHJibHOC IIpOH3BO)l!IOC (130), H3 KOTOporo )laJiee ITOJI)"'CH 

)lHCH (131), CIIOC06Hb!M 6b!Th HCXO)liihiM COC)lHHCHMCM ,LLJUl )lHCHOBOro CHH­

TC3a, OTHOC5IIIICrOC5I K nporrcccy l.(HKJIOIIpHCOC)lHHCHHH ( CXCMa 80) [ 124). 

OH 

CxeMa80 

R 

CXo~:~cxl 0 

o)l :::::.... 0 

129 130 

R 

l)t-BuOK Ot 
IT<I>. ex R'~ I R' 

2)MeJ :::::.._ ? ) 
131 Me 

NMe2 0 NMe2 

B y)Ke yrrol\nmyroi1 6a3oso:i1 pa6oTc [ 119] rro)lpo6no paccMoTpciio MHO­

)KCCTBO IIpHMCpOB IIpCBpa!IICHMH 3TOrO THIIa C IIpHMCHCHHCM B Kac!CCTBC HC­

XO)]J!biX COC)lMHCHHH aJ.(eTaJI5! )lHMCTHJiarrcTaMH)la (1 c) H pa3I!006pa3Hh!X aJI­

JIHJIOBhiX H 6eH3HJIOBhiX CIIHpTOB ( CXCMa 81). 

CxeMa 81 

O
CH20H Me 

*OMe 

' MC]N lc OMe 

(J(
Me 

I 
CH2CX>NMe2 

co o6
0H 

/ 

I 

0'ICHh Ba)KHO, 'ITO B CJIC)ly!O!IICH pa60TC [ 125) 3TOH rpyrrTihi aBTOpOB I10-

Ka3aHo, 'ITO BMCCTO arreTaJIH (1 C) CTOJib )KC 3cpcpeKTHBHO MO)KCT MCIIOJih30BaTb­

C5I a-a.nKOKCIICHaMIIH (6, R = H, R' = R" =Me) (6 a). HeKOTOpbre rrpHMephr 

(CXCMa 82), B35ITbiC 113 )laHHOH pa60Thl, IIpHBC)lCHbl HM)KC BMCCTC C HHcpOpMa­

IIMCH 0 Haii60Jiee pea.nbHOH IIOCJIC)lOBaTCJibHOCTH C06hiTIIH, xapaKTCpHOH )lJI5I 

3TMX CMHTC30B. I1 3)lCCh XOTCJIOCh 6bi IIO)l'ICpK!fYTh, 'ITO XOT5I BO MHOrHX CJIY­

tia5IX IIpli 06C~CHIII1 peaKIIIIH KJiai13eHa - 3IIICHM03epa ysepeHHO IIHIIIYT 

0 CIIrMarpOIIHOM neperpyrrniipOBKC, HC06XO)lliMbiC )lOKa3aTCJibCTBa, KaK npa­

BMJIO, He I1p11BO)l5ITC5I. 

HecMoTp5! Ha 3HatiiiTCJihHhii1 HHTepec K peaKIIIIII Knai13eHa - 3menMo-

3epa, OHa KpaHHC pC)lKO IIpOBO)lHJiaCb )lJI5! rii)lpOKCIIMCTIIJIIIpOII3BO)lHhiX apo-
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CxeMa8l 

:rrn20H U 0~~ (XMe 
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,l(M<llA, 20 "· ~ ~II :::::.... 
l60°C NMCJ CH2CX>NMe2 
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132 

6a .. 
t-AMH.nosLiii 
CIIHJ7r, 24 '1, 

l20°C 

,;. .. 
,l(M<llA, 24 '1, 

160°C 

A 0 Cli2CX>NMe2 

c600 
c:(·~~ 

0 Me 
133 

MaTWiecKIIx reTeporriiKJIOB. K 'IHCJiy neMHoro'IHCJieHHhiX rrpiiMepoB TaKoro 

pona peaKUIIH OTHOCHTC5I IIpHBCJJ.CHHoe BbllliC o6pa30BaHIIe )liiMCTIIJiaMHJJ.a cpy­

pWJIYKCYCHOH KIICJIOThi (133) IIpH B3aiiMOJ].CHCTBHII 4Jyp4JypiiJIOBOro CIIHpTa 

(132) C l-JJ.HMCTIIJiaMHH0-1-MCTOKCH3TIUICHOM (6 a). 

B ony6JIHKOBaHHOM IIccnenoBaHIIII [126] noKa3aHo, 'ITO JJ.IIMCTIIJiarreTa.nh 

llJ.fMCTHJial{CTaMH)la (I C) pearnpyeT C 5(7)-3aMCII.{CHHhiMII 2-(rHJJ.pOKCIIMCTIIJI)­

hcH3o4JypaHaMII (134) B ,UM<J>A llpii KllllCHHH C o6pa30BaHIICM )liiMCTIIJiaMII­

IlOB 2-(2-MeTIIJI6eH3o4JypaH-3-IIJI)YKCYCHhiX KIICJIOT (135), a C 3-(rH)lpOKCII­

MCTHJI)HHJJ.OJIOM (136) II 1-rHJJ.pOKCH-6-MCTHJI-1 ,2,3,4-TerparHJJ.pOKap6a30JIOM 

( 137) npH KOMHaTHOH TCMlleparype - JJ.IIMCTIIJiaMH)lOB 3-(3-IIHJ].OJIIIJI)IIpO­

IIJ.fOHOBOH ( 138) H 2-( 6-MCTIIJI1 ,2, 3, 4-TCTparHJJ.poKap6a30JI -1-IIJI )YKCYCHOH KHC­

IIOT (139) COOTBCTCTBCHHO (CXeMa 83, C. 56). 

KaK BH.D,HO H3 IIpHBCJ].CHHOH CXCMhl, llpOI.{CCC llpOTCKaCT Ofihi'IHhiM o6pa­

.IOM ,LLJUl 3aMCII.{CHHhiX 6eH304JypaHOB (134), a BOT ,LLJUl I1pOII3BOJ].HbiX IIHJ].OJia 

( 136, 137) CHTYal{IDI HHa5I. Ba)KHeHrnyro ponh B pea.nH3ai!IIII peaKUIIH Knal1-

.,eHa - 3IIIeHM03epa IIrpaeT BTOpoH peareHT - JJ.HMCTHJiai!CTaJih N ,N-.UIIMe­

nmauCTaMHJJ.a (I C). 3Ta polih OllpeJJ.CJI5ICTCJ! ~e paccMorpeHH:biM BhlliiC H3JI.C)IC­

I!O ycranoBJieHHbiM $aKToM, 'ITO J1.JI5I :noro aueraJI5I, paBno KaK II ,LLJUI ilPYrHX 

aMHJJ.al{eTaJICH, rOMOJIOfHqHhiX aueTaJIIO JJ.HMCTIIJI$OpMaMHJJ.a, xapaKTepHO 

llaJIH'IHC TPOHCTBCHHOro paBHOBCCIIJ!, BKJIIOqaiOmero, Hap5IJJ.Y C OCHOBHOH arre­

TaJibHOH 4JopMOH, aM6HJJ.CHTHbiH KaTHOH H aJIKOKCH-aHHOH, C OJ!.HOH CTOpOHhi, 

J.f a-aJIKOKCHCHaMHH (6) H CllllpT. lfMeHHO HaJIH'IIIC B f3-ll0JIO)KCHHII CHaMIIHa 

'IHa'IIITeJibHOro 'laCTWIHOro OTpiii.{aTCJibHOfO 3ap5IJ].a o6ycJiaBJIIIBaeT B03M0)K­

I!OCTh paccMOTpCHHhiX Bhiiiie npoueccoB. Xonr: MexaHII3M neperpynniipOBKH 
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H RYf-fcH2CONMez 

CH2CONMez 
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T~CH2 
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(JcJ
CH20H 
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h-l{CHzCHzCONMe2 

~~I 
H H 

136 138 

M 

3 • 
CH2CONMe2 

137 139 

.Il,.!U.I pa3JI11'IHhiX TI1I10B liCXO,rJ:HhlX Kap6IIHOJIOB B lJ:CTamiX HC ,rJ:OKa3blB3JIC5!, 6biJIO 

npcLI,llOJIO)KCHO, 'ITO B CTaHtJ:apTHhiX CJI)"''a5!X, I10,rJ:06HhlX Ha6monacMOMY B 3TOH 

pa6oTe tJ:JI5l 2-(ri1LI.pOKC11McT!IJI)6eH3o¢ypaHOB ( 135), npoTeKaeT comacoBaH­

HhiH npouecc - [ 3, 3]-ciirMaTponHa5l neperpyrrniipOBKa. 

)lJI5l COCLI,!IHCHI1H IIMOJihHOro pMa (136) 11 (139), I10-BI1)],l1MOMy, peaJIII3Y­

CTC5ll1HOH MCXaHI13M pcaKU11l1, KOTOpblH B pa6oTe [126] paCCMOTPCH Ha llp!IMC­

pe 3-(rl1)],pOKCI1MCT!IJI)11HtJ:OJia (136) (CXcMa 84). floCKOJ!bKY l1Hll:OJ! CYIUCCTBCH­

HO 6oJiee 3JICKTPOHOI136biTO'ICH, 'ICM 6cH30¢ypaH, npe,rJ:CTaBJI5ICTC5l BCp05ITHhiM, 

'ITO .Il,.!U.I I1p0113BOLI,HblX 11H,rJ:OJia B03Hl1KHOBCHI1C KaTI10HHOfO !IJII1 KaTI10HOI10-

tJ:06HOfO UCHTpa C03)],aCT JI)"''illl1C ycJIOBI15l .Il,.!U.I CTa6liJ!l13aUI111 o6pa3yiOIUCHC5l 

'laCT!Illhl, 'ICM B CJiyqae 6eH30¢ypaHOB. flpM B3aMMO,rJ:CHCTBI111 Kap611HOJia (136) 
11 aueTaJI5l (1 c) cHa'!aJia, KaK 11 tJ:Il5l 6eH3o¢ypaHOB (eM. cxeMy 83), npoTcKaeT 

XOpOIUO 113ycrcHHa5l lJ:Il5l aMI1)],3UCT3JICH TpaHC3TCpl1¢11KaUl15l )lO COC,rJ:I1HCHI15l 

(140), KOTOpOc )laJICC ,rJ:I1CCOUI1l1pyeT C o6pa30B3HI1CM K3TMOHa (141) 11 COOTBCT­

CTBYIOIUCfO aHI10H3, llX peKOM611HaUl15! Ilpl1BO,rJ:I1T K o6pa30B3Hl110 3MI1)],a (138). 

I I /'1'i/Kl{UU a~emaJZeii QMU006 U JlGKmOM06 C 3JleKmporjJUJlbHbiMU peaceHtnaMU 57 

CxeMa84 
CHz 

CHz )( 
II - + -o t NMez 

(Dl
~ CHz 

lc 0 NMe2 

"~ M;;J N 0 + i' --..138 

H H ~ 
141 0 NMez 140 

laKIIM o6pa3oM, B pa6oTe [126]uccJre)loBaHhi )lBa Tl1rra npeBparueHI1H no 

1·. 'i.IIIICIIY- 3IUCHM03epy- C nepeHOCOM OCTaTKa )lHMCTHJiaUCTaMI1)],a K aTOMY 

1 I 'II'IHI)la L(BOHHOH CB5l3M aJIJI!IJlbHOfO ¢parMCHTa 13 3aMCillCHHblX 2-(nl)],pOKCH­

''''111 'I )6CH3o¢ypaHaX H C Ml1rpaUMCH 3TOfO OCTaTKa K yriiepony. CB5l3aHHOMY 

, ,,,!lpoxcu-rpynrrotl: B 3-(rHJipOKCHMenur)MHLJ:OJie 11 1-(rH)lpoKcM)-6-MeTMJI-

1 . .'. 1,4-TeTpamnpoKap6a3oJic. 

( '11HTC3 113 6eino¢ypaHMJiaJIJII1JlOBOf03¢Mpa (142) COOTI3CTCTBY10lUCf0 

1.1pllaMI1)],a (143) C IIpl1MCHCHl1CM neperpymmpOBKM KJiaH3CHa - 3IUCHMO­

wpa l!pOL(CMOHCTp11pOBaH (cxeMa 85) B pa60Te [127]. 

j(i_ ,, 
'"rl.Jj-

CxeMa85 

-en 
CONMe2 143 

~aMciUCHHhiH rHtJ:pMpOBaHHbiH rH,rJ:pOKCI1Ha¢To¢ypaH (144) B M5lfKl1X 

I 1 IIOH!I5lX TaK)KC TpaHC¢0pM11pyeTC5l B Kap6aMO!IJIMCT!IJlhHOC I1p0113BOL(HOC 

(lotS) (cxeMa 86) [128], rrpaKTI1'll-lhiH CI1HTC3 KOTOporo 6c3l1CITOJih30BaHl15! pac-

' ,,;npuBaeMotl: neperpynn11poBKI1 TPYLJ:HO npencTaBIITh. 

144 

CxeMa86 

lc 

KcmiOJI, 20~C, 
3'1 

0 

145 

HoBbiH IIYTh K 19-3aMerueHHhiM cTepol1)],aM (146) 113 19-HopcTepOI1LI.OB (147) 
IIIIJIIOCTPI1PYCT l1CCJICL(OBaHMC (CXCMa 87) [129]. 
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147 

CxeMa87 

1c .. 
KciDJoll, l30°C, 

2'l 

0 

146 

llyTh K ).l.IHjnopKap60HlUITip0113BO).l.HbiM (148) TaiOKC BKJIIO'IaCT peaKUl110 

c aueTa.JICM J.l.HMenuraueTaMHJ.l.a (1 c) (cxeMa 88) [130]. 

CxeMa88 
OR 

OR 

FA: ~Me2N~ ~.Tonyon F F 

F OH 
0 

148 

B IICCJICJ.l.OBalUil1 [ 131], HarrpaBJICHHOM Ha IIOIICK HOBbiX COCX\I1IIC!Il1H, 

CIIOC06Hb!X !Ip05IBJI5!Tb aHaJibfCTWICCK)'"IO aKTHBHOCTh, CI1HTC311pOBLlHbl B Ka­

qeCTBC rrepcrreKTHBHbiX HHTepMe,U!13TOB apaJIKiunmKJioreKceHbi (149). Cuu­

Te3 6a311pyeTcH Ha o6cyJK).I.aeMoli 3X\CCh rreperpymmpoBKC. KapKaCHbii1 rllpar-

MCHT IIOJiyqCH no CXCMC 89. 
CxeMa89 Q ·-; Q-q ~~~~ .. 

ITcll, -
IJ;HKJIOreKceH-2-on-1 

R ~ R ~ 0 

Q-q 
1c 

R OR OH R OR 
149 

UeHHOCTb neperpyrrrrllpOBKI1 KIIaibeHa - 3rneHM03epa B 3HaqlJTCJibHOH 

MCpC o6ecne'!I1BaCTC5l B03MO)!(H0CTh!O CTepeOCCJICKTllBHOfO C03).l.aHl15l B CllHTC-

3HpyeMbiX CJIO)KHbiX MOJICK)'"JiaX aHryAApHbiX aUCTaJlb,UCfH).l.HblX ocTaTKOB, HC06-

XO,UI1MbiX ).l.JI5! IIOCJIC)J;yiOl!lCfO CI1HTC3a IIp11pOJJ:HbiX BCI!lCCTB, IIp!1H3)JJIC)Kai!lHX 

K TCpiiCHOBhiM, CTCpOHJ.l.HhiM II ).l.pyriiM CTpyKTYPaM, BXOJJ:5!I!li1M B COCTaB MHOfl1X 

3HJ.l.OfCHHhiX COCJ.l.HHCHIIH II aJIKaJIOHJ.l.OB. TaKOH IIOJ.l.XO)J; OIIllCaH, HaiipllMCp, 

(cxeMa 90) B pa6oTe [132]. 

I /. PeaK~uu a~ema11eii aMuooe u ,wKmaMOB c 3/leKmporjJu!lbHbLMU peaceHmaMu 59 

CxeMa90 

Me Me 
Me : ~ 

~' UAl(O<-BuhH-~ ~~ -
.. ·~ ~CliMe2 

<) CHMt::! Hd. CliMe2 CH2CONMt::! 

I) H2, Pd/C 
2) LiA1(0Et0H .. chL_ Mo 

CH2CHO 
maw~ 

CH3 

CTCpCOHarrpaBJICHI!biH CIIHTC3 KOl!J.l.CHCHpOBaHHhiX ~-Kap60JIHHOB ( 150) 
ocyll\CCTBJICH ( CXCMa 91) B pa60TC [ 132]. 

CxeMa 91 

• 
Me Me 

H 
I 

OH 

• 
Me Me 

OH OH 

TpenrqHbiH alJJIHJIOBbiH CIIllpT (151) HC BCTyrraeT B peaKU1110 C Tplf3THJ1-

opTOal(eTaTOM (HCKOTOpbiC )JaHHbiC no COIIOCTaBJICHIIIO peaK!ll10HHOW CIIO­

< o6HOCTif OpT03QJIIpOB 11 aMH).l.al(CTaJlCH B KJiaW3CHOBCKOll IICperpyrriiiipOBKC 

, M. [133]). OnnaKo rrp11 BbrcoKoil TeMrrepaTYpe n H36biTKC aueTaJIH J.l.HMCTHJI­

;11\CTaMHJ.l.a y).l.aCTC5l 113 ( 151) IIOJiyqHTb CMCCb 1130MCpOB (152, 153), COJ.l.Cp)J(all\llX 

llCIICBoi1 aMHJ.l.HhiH Q>parMeHT. Cno)!(HOCTh rreperpyrrmrpoBKH B 3TOM cnyqae 

;1 BTOpbi pa60Tbi [134] 06'bHCH5IIOT COBOKyrrHOCTb!O CTCpiiqCCKUX TPYJ.l.HOCTCH 11 

ll;tJIJ1qJ15l B l\CIIH 3JICKTpOHOaKl(CIITOpHOf0 aTOMa QJTOpa (CXCMa 92). 
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lc 

151 

CxeMa 92 

• 

Me2N-C 
II 
0 152 

+ 

F 

fTOJI110KCHfCH11pOB311HbiC XHpiUlbllbiC U11KJIOI1CHTCH0Bb!C I1p0111BO)lHbJC Tl1ri3 

X
o .. ~ 
o .. ::::u1 

(+) 

A ... o)< u··· 
(-) ······o 

CJIYJIGlT BiDKl!b!MII npeJJ,UICCTBCHHHK3MII ,liJH! 3H3HTHOKOilTpOJ!11pyeMOI'O IIOJIY­

'lCH115! MHOI'I1X IIpiipO,liHhiX 11 HC!Ip11p0,l1Hb!X COC,liiiHCHHH. 

He.r~anHo c npHMeHeHIIeM neperpynniipOBKII KJiarr3eHa - 3meHM03epa 

OIIIIC3HO XIIpaJibHOC IIOJIY'lCHIIC I10JII10KCII!'CHIIpOB3HHbiX UIIKJIOI1CHTaHOI1)~0B 

(cxeMa 93) [135]. 

c) 
CxeMa 93 

1c ,. 0 HCl/~o;caH ... 0 
Ph20, 280°C r· ~ J_ ~ 

OPh 
Me2N- CD OPh 0 

(+)* (-) a"" (-) r 
OH . c?=~(~) IQ .. lo M~N-~ c? 
OPh OPh OH (-) 

(-) (-) H 
* HanparureHHe yrnoB Bpaii(eHIDI 

** TBC=t-BuSiM~ 

C UCJib!O CIIHTC3a ¢YHKilJ10HaJIII3HpOBaHHbiX IJ;IIKJIOIICHTaHOH,liOB I1p0BC­

.IJ;CHO IICCJIC,UOB3HHC, OCHOB3HHOC Ha IICITOJib30B3HHH 33MCIUCIIHOI'O UIIKJIOIICH­

TCH-2-0Jia (154) (cxeMa 94) [136]. 

3.1. PeaKu,uu au,emaAeii aMuoo6 u AaKmaMOB c 3AeKmpor/JUAbHbiAtu peaceHmaJ'.tu 61 

CxeMa94 

6j 
154 

/jJH ~CH2 w+<±5 
CH2CDNM~ 

lc 
• 

CH2CDNMe2 

ITcperpyrrnHpOBKa Knati.3CIIa- 3IIICIIM03Cpa 5lBHJiaC~> KJIIO'ICBorr cTa)liiCti. 

ll HOBOM CI1HTC3C aJIJICH3MII,liOB (J55), 6a3IIpy!OIUCMC5l Ha 11CI10llh30B3HI111 33MC­

I!ICHHOI'O upmrapnuwsoro cnnpTa (156) [137]. B npnncnetnmti. HII)f(C cxeMe 95 
110K;naHo, 'ITO npouecc 11p0TCK3CT 11y'TCM 3JICKTpOcpHJibHOfi aTaKH TpOXHOJI 

ymepo;r-ynrepo.uHoi-t cmnLro no ~- noJIO)J(CHHJO JUIJTHJlaqeTaJJ5l .UHMeTMJraue­

raMn.ua (1 d). 

CxeMa95 

HoY,'• 

R3 156 

R 
ld ;::= RI - -·==< R2 

M~N O 155 

ITcen.uoMoHOBbie KHCJIOTbi A II C (157, 158) 5!BJUIJOTC5! npMMepoM He.uasHo 

oxapaKTCp1130B3HHOH I'PYJII1bl MIIKp66HbJX MCTa60JII1TOB. 

157 

OH ·a Oil ( OOO(OJ,)plOH 

Me 0 ''~Me 
R= Me __l A"- CH2 -J ~~2 

OH 

Me 

158, IF Mo~ m,­
OH 

3TH COCD:IIHCHI15! 06Jia.IJ,310T 3HTHM11Kp06HbJM II 3HT11Ml1K0i1JI33M3TW!CC­

KHM ,liCHCTBHCM (aKTJ1BHOCTb I1pOTJ1B MHKpoopraHII3MOB, o6pa3YJOIUHX XapaK­

repHbiC KOJIOHHII Ha I1IIT3TCJibHb!X cpe.IJ;aX, CO,UCp)f(3IUIIX JIOUI3.1J,l1HYJO CbiBOpOT­

KY n o6Jia.uarorunx rrposocnaJinTeJILHorr aKTMBHOCTLJO B opraHax D:LrxaHM5! n 

MO'lCI10JIOBbiX OpraHaX) . 

Ha nyrn K CI1HTC3y nceB.IJ;OMOHOBLrx KHCJIOT [ 138] npiiMCHeHa nepcrpyrr­

IIHPOBKa K.narrJeHa - 3IIIeHMo3epa (cxeMa 96). 
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CxeMa96 

MezNLo }-? ~~ 

O ...... oH lc ········o _j..,,,Nr-/.. .. ,N 
KCHJIOJI, T. KHII. v V' 

Toii :lKC TCMC - ,[(l13CTCpCOKOHTpOJIIIpyeMOMY II)'Tli TIOCTpOCHM5l. TCTpa­

r11LI,pOmipaHOBOfO 5l.,L\pa !ICCB,[(OMOHOBbiX KMCJIOT - IIOCB5l.IIICHa pafioTa ( CXC­

Ma 97) [139]. 

CxeMa97 
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PhzO, T. mn ••••• 
. ••• 0 
('' 

()·"jOR lc 
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CONMez 

BhllllC paCCM3TpHBaJIC5l. TIO,L\XO,L\ K CIIHTC3Y pa3JIM'IHhiX npOII3BO.UHhiX ll,liK­

JIOTICHTaHa ( 136], Oll:HOH li3 KJIIO'ICBbiX CTa,UliH KOTOpOfO 5l.BJI5l.CTC5l. neperpyn­

IIMpOBKa K.Jiat!Jena - 3wenM03epa. 

B .UpyroM IICCJIC.UOB3Hlili, TIOCB5IIIICHHOM TIOJIY'ICHIIIO clH3HTI10MCpHO 'lli­

CThiX ll,liKJIOIICHTaHOBhiX npOli3BO,UHhiX, !IpC,UCT3BJI5l.IOIIIIIX MHTCpCC ,UJI5l CI1H­

TC33 pa3JIM'IHhiX aJIKaJIOli,UOB ( 140], liCIIOJlh30BaHa Ta :lKC MCTO.UOJIOfll5l., IICXO­

.U5!. li3 apliJI!IpOII3BO,UHhiX .UIIOKCOJIOU,MKJIOIICHT3HOJIOB (159) C li,CJihiO BhiXO,Ua 

K y-JiaKTOHY (160) (CXCM3 98). 3TIIM CJIO:lKHhiM II MHOf0CyYIICH'l3ThiM TiyYCM 

peaJIII30B3H CliHTC3 33MCIIICHHOf0 ,UM3CTCpCOMCpHO 'lMCTOfO ll,liKJIOfCKCCHO­

Ha (161). 
B Y:lKC ynoMHHYTOH pa60Te [137] on:tcaHo B3aMMo.uelicTBIIe JaMemenno­

ro nponaprliJIOBOfO CIIMpTa (156) C 3Mli,U3li,CTaJICM (1 c) C o6pa30B3HMCM aJIJICH-

3Mli,UOB (155). IJo.upo6HOC M3yqCHMC II0,[(06HOfO IIpOli,CCCa 5l.BJI5l.CTC5l. npe,UMCTOM 

M .Upyroro 11CCJIC,UOB3Hli5l. (141], f.L\C, B 'I3CTHOCTM, IIOK333HO, 'ITO IICCJIC,Uye­

Mblll IlpOli,CCC MO:lKCT npOTCK3Th ITO II)'TM, aJibTCpH3TliBHOMY peaKII,IIM K.JJai1:-

3CHa, KOTOpbiH !IpliBO,L\MT B KOHC'IHOM liTOfC K CMHTC3Y y, 0-HCH3ChiiiiCHHhiX 

KapfiOHliJlhHhiX COC,UliHCHMH (162) (CXCM3 99). 

IIeperpymmposKa K.JJai13eHa - 3weHM03epa 6biJia ycneumo IICIIOJih30-

BaHa ,UJI5l. CI1HTC3a liHTCpMC,UI13TOB B TOTaJibHOM CliHTC3C aJIKaJIOII,Ua CTCHMHa, 

IlpliMCH5IIOIIICfOC5l. B MC.UMUMHC B Ka'ICCTBC MHCCKTlili,II,Ua, a T3K:lKC IIpOTliBO­

napa3IITapHOfO cpe.ucTBa (cxeMa 100, c. 64) [142]. 

B pa60TC (143] 11CCJIC,UOBaH IIOJIHhlll CMHTC3 COil:Cp:lK3IIIIIXC5l. B M0p5IX npo­

li3BO,UHhiX fieH30II11pana (163, 164) - (3£)- 11 (3D)-.UaKTOMCJII1HOB, KOTOpbiC 

i /. PeaKu,uu au,emMeii aMudotJ u RaKmw>totJ c 3ReKmpoif;uAbHbtJI1u peazenmaJifu 63 
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162 

M:~HMe ____. + 

Me2 

CH2COOF.t 

npcncTaBJIRIOT IIHTcpec JIJIH ¢apMaKoJrorwrccKoro 11CCJic.uosaHll5l.. O.n:Hotl IIJ 

UCHTpaJILHh!X CTa,UHll ::noro Cl1HTC3a 5!BJI51CTC5! IICperpyiiiiHpOBKa M3M3CHa -

3WCHM03Cpa, IIpCil:CTaBJICHH351 Ha CXCMC 101, C. 64. 

)lpyroe CO,UCp:lKalllCCC5! B MOpe fiMOJIOfli'ICCKI1 3KTI1BHOC COCJ.li1HCHHC -

( + )-J.l:lKaCIIJiaKCH0,1li,U (jasplakeno1ide ), 06JI3Jl3IOillCC UMTOTOKCH'ICCKHM, aHTl1-

fCJlhMI1HTHhiM, IIpOTl1BOrpl16KOBbiM 11 HHCCKTCll,li,UHblM JJ:Cl:fcTBHCM, TaK:lKe 5!Bli­

JIOCb npCJJ:MCTOM TIOJIHOfO Cl1HTC3a, OJJ:Ha li3 CTa,UI1H KOTOporo 6a3HpyeTC5! Ha 

paccMaTpriBaeMoii rreperpyrrnHpOBKe ( cxeMa l 02, c. 64) [ 144]. 
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3.1. PeaKL(UU au,emwzezl aMuoo« u /laKma,woe c 3o1eKmporj;UflbllbiMU peazeHmaMu 65 

ToTaJihHhiM CHHTe3 aJIKaJIOIUJ:a Rac-MenUI,ll)Koy6epTHaMHHa (Rac-0-Methyl­

IOUbcrtiamine) BKJIIO'IJCT B J<aqccme O,lliiOM H3 CTa,llHM CHI'M3TpOIIH)'IO rrepe­

tpyrrrrHpOBKY (TaK y 3BTOpOB) KrraM3CHa ~ 3WCHJ\f03epa [ 145, 146) (cxeMa 103). 
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R 
I R 
OH 

MeO 

lc 
~ 

:J 145°C 
N2 

OH 
:J 

3TOT .lKC IIO,llXO,ll peaJJH10BaH IIpH pa3pa60TKC MCTO,ll3 ITOJ1Y'ICHH51 IIpHpO,ll­

llblX COCL\HHCHHi·i. CO,llep.lKaiUl1X H30!1pOilCHIL'IL(Hl'HL\p06eH30(pypaHOBbiH qlpar­

MCHT -· ( +)-aHreHOMaJIHHa ( 165) 11 ( + )-H30aHreJ-IOM3JII1Ha ( 166) (CXCMa 104) 
1147, 148]. 

~ 
OHC -

CxeMa 104 
OH 

-

HOm 1 !Xr>Y"' ~ I ..... <~ I .... ~ 
OHC ~ 0 0 0 ~ 0 

R(+) 166 

OH 

165 

CJJCL\YJOIUaH cxeMa 105 nocnHrueHa noiiY'ICJ-IHIO O,llHoro 113 cTpOHTeJibHbiX 

6JIOKOB (167) ,llJIH CHHTC3a l13BCCTHOJ'O 3HTH-BI1l.J:-cpe,llCTBa Kap60BHpa [149]. 
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BnOJIHC CCTCCTBCHHO, qTQ B peaKIJ,lUI KJiaH3CHa- 3IIICHM03epa MOryT j"'3-

' IIIDII3Tb HC TOJibKO ,[(llaJIKMJiaU,CTaJill ,[(llMCTHJiaU,CTaM11,[(3, TaKHC K3K (1 C), HO ll 

• "omcTCTBYJOmne opTo3cj:mphL B pa6oTe [150] rroKa3ano, qTo ,[(HMCTHJiau:eTaJIH 

( I) pcariipYJOT C aJIJIHJIOBhlM CII11pTOM (168). IlpM 3TOM, KaK IIOJiaraiOT 3BTOpbi, 

• ll:t'lcU!a o6pa3YJOTC5I CMCWaHHbiC KCTCHalJ,CTaJII1 (169), KOTOpbiC 33TCM npeTep­

llt'lla!OT (3,3]-CllfM3Tp0fiHYJO IICperpynrmpOBI<y ,[(0 aMJ1,[(0B (170) 11JII1, 13 33BI1-

' II MOCTM OT 11CXO,[(IIb!X COC,[(I1HCIII1H, - ,[(0 aMJ1,[(0B CTpYKTYPhl (171). B II0,[(06-

III.IC ncpcrpyrrrr11ponK11 BcrynmoT 11 opTo3cjmphr, IIanp11Mcp (172) (cxcMa 106). 

CxeMa 106 

OMe D,. [3 3] 
);--oMc +HO~- ~~ ---'--.. ~NR'R' ~ 

NR.

1

R

2

] 

NRIR2 ~ II 
1 168 169 170 0 

OMo /'.NJ! OMo c:) HO~ ,/"-0 

~ OMe \_/ );-- OMe - 1 168 # h~ 
NMe2 N~ ~N~ ~ 

I I I _I 111 

lc ~(0)0 ~0 ~' 0 rl 
~ . N~ 

N MeCH=CHCH20H ~ OEt ,.---.._ 

~oEt o\.._/: 

172 
OEt TsOH (kt), 

l60°C fo ~Q 
Me 0 IIpOA)'ICI' 

Y)l(c o6c~anc5I Borrpoc o TOM, qTo 11CIIOJih30BaHI1C peaKlJ,MI1 KnaH:3e­

Ha - 3IIICIIM03epa B PMC CJI)"IaCB o6ecrreqnBaCT IIO,[(XO,[( K CI1CTCMaM, KOTO­

pb!C MOryT HaHTI1 IIp11MCIICHHC .ll,Jl5I 113)"-ICHI15I COfJiaCOBaHHbiX pC<lKUMH ,ll;pyroro 

TMIIa, a 11MCHHO K CI1HTC3Y 1.3-,[(11CHOB. TaKOH CllliTC3 pCaJII130BaH 113 6eH30-

i'J:l10KCHHOB (173), npnqeM B KaqcCTBC 11CXO,[(HbiX COC,[(MHCHllll ll3j"'CIIbl KaK 

aMJI.Uau:eTaJIH, TaK 11 opTo3qmphr. 

BbllliC B CXCMC 106 IIOKa3aHO 11Cf!OJib30BaHHC OpT03qmpa (172) B 06C~­

,[(aCMOH neperpynn11pOBKe. B pa6oTc [ 151] ,[(aHa cpaBHMTCJihHa>I OU:CHKa 11C­

IIOJih30BaHI15I alJ,CTaJICM 11 OpT03qmpOB np11 fi0Jlj"'CHI1ll 1,3-,[(HCHOBh!X COC,UI1-

HCHI1ll TI1IIa (174) (CXCMa 107). 
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R2 1c (XO~OHR' 
0 0 

173 

1
MeC(OMe)3 
Pr<X>OH 
150°C 

R' 

R2 

.. 
140°C 

CxeMa 107 
R' 

(X
o 

0 

BLIXO)\bl: 53-94 % 

R2 

NM ~
uOK, Tf<D, ooc 

eJ, 20°C 

R' 

cx:t'·' (X
o 

0 

BLIXo)\bl: R
1
, R

2 
= amcHJI 55-78% 
= 6eH3HJI 16 o/o 

I~ 
Me~A 

174 0 NMe2 
= (CH2) 5 4% 

OMe 

KaK BH,UHO H3 nptme)~cHHhiX .uaHHhiX, neperpyrrnHpOBKe K.na.ti:3cHa -

3IIICHM03epa TIOCBHIUCH3 BCChM3 60JibiiiaH rpyrrna HCCJIC.IJ:OBaHHM H 3TO Bhl3-

B3HO TipC)!(.IJ:C BCCfO TCM, 'ITO IIpHMCHCHHC CC o6CCTIC'IHB3CT BBC.IJ:CHHC HOBOM 

<l>YHKUHH B MOJICKYJihi COC.IJ:HHCHHM CaMOfO p33JIH'IHOf0 THTia. 113 HCpac­

CMOTpCHHbiX peaKUHM yriOM5IHCM IIOJIY'JCHHC HOBhiX aJIJIJUICJUI3HOB (175) (CXC­

Ma 108) [152]. 

M~Si~Me 

OH 

CxeMa 108 

1c ... 
OCH30ll, T. KHII. 

, ,,,•' SiMe3 

M~A1 
175 Me 

A.JIJIJUIOBbiC CIIHpTbi 5IBJ1HIOTCH O.UHHM H3 OCHOBHhiX 06bCKTOB H3Y'JCHHH 

3TOH rreperpyrrnHpOBKH (npHMCphi TaKHx peaKUHM rrpHBO.UJUIHCh Bhiiiie ). B pa-

60Te (153) IIOKa3aHO, 'ITO B pe3yJihTaTC peaKUHH o6pa3yiOTCH IIO'ITH HCKJIIO­

qlfTCJihHO mpaHC-H30MCpb1 (176) (cXCMa 109). 

Me 

~B 
OH 

CxeMa109 A~ 

1c .,.. [ v -

KcHllOJI, T. KHII • 
......... 

CONMe2 
176 

I1pHMeCL !p4C-H30Mepa 0,6 o/o 
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)~pyroi1: aJIJIJUIOBblll CTIHpT ( 177) T3KJKC BCyYII3CT B 3TOT rrpOI.\CCC, If MC­

\,llii13M rreperpyrrrrHpOBKH 3BT0pb! OTIHCh!B3IOT CJIC,l.(YIOIUHM 06pa30M (CXC­

~LI 110) [154]. 
CxeMa 110 

OH Me f M~ ~,,•' J GI
2

CONMez 

~ .... ·"~tf=t1 ( -~H 
OTBS OTBS l l 

177 OTBS 

flo).l06Hb!M ;KC o6pa30M IIpOTCK3CT peaKUHH 33MCIUCHI!Of0 aJIJIHJIOBOro 

1 1!11pTa (178) (cxeMa 111) [155]. 

CxeMa 111 
OH OTBS 

Me l l OGI2Ph lc 

I( Y '-../'" Tonyon, Me2N 

0 OTBS 

OCH2Ph 

Me 20 '1, T. KHII. 

178 Me Me 

B pa6oTe [ 156] orrpe,lleJICHhi ,llBa HarrpaBJICHHH neperpyrrntipOBKif B pH.llY 

aJIKHHaJIJIHJIOBhiX 3qll1pOB (179): COfJ!aCHO TICpBOMY peamnyCTC5I CHHTC3 aJI­

JlCHOBb!X 1IpOH3BO.UHhlX (180) H I-IH3MHJl0B (181), COfJI3CHO BTOpOMY - IIO­

HY'JCHHC KCT03qll1pOB ( 182). l1HTepnpeTaUHH IIOJlY'JCHHbiX pC3YJibTaTOB IIpH­

BC.IlCHa Ha CXCM3X 112, a, 6. 

CxeMa 112, a 

""'~··-,··~, II 

1 Mez~::: E«L ~etR II otR 
HO R ., -Nr-- -EtOH Mez~ 

II Mez II II 

n9 ~ l 
t oc 

R' 

R' 

~-~) 
0 NMez R 

R' 180 

-
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CxeMa 112,6 
Bropoe Hanpa.BJieHHe: 

Y~. 
M~~11 

I 
R' 

Met EtfL I . Mlrrpa!UIH --7-- M~N 
M~N R 

II 1 HO R 

t79 II 

• -
R' R' 

~o~R ~ 'R 

M~N 

182 
I R' R' 

Ar!JIIUIOBhiH CmlpT (183) BBC.IJ:CH BO B33MMO.IJ:CHCTBHe C a~eTaJICM (1 C), TaK­

)I{C KaK H C <X-aJIKOKCHCH3MHHOM (6 a)- B 060HX CJI)"'3IDC 6bill riia.IJ:KO 110Jiy­

qeH O.IJ:HH H TOT )I{C IIpO.IJ:YKT- <X-3aMemeHHhiH .O:HMCTHJia~eTaMH.IJ: (184) (cxc­

Ma 113) [157). 3TH .IJ:3HHhie 5IBJI5IIOTC51 .IJ:OIIOJIHHTCJlhHhiM .IJ:OBO.IJ:OM B IIOJ!h3Y 

TOfO, '{TO IIMCHHO <X-aJIKOKCHCH3MHHhi, H3XO.IJ:HmHeC5I B TpOHCTBCHIIOM paB­

HOBCCHH C a~eTaJI5IMH 3MH.IJ:OB 11 COOTBCTCTByromHMH aM6II.IJ:CI!T!IhiMH K3TI1-

0H3MH H aJIKOKCH-3HHOH3MH, 5IBJI5IIOTC5I .IJ:CHCTByiOmHM H3'{aJIOM peaK~HH 

3MH.IJ:3~CTaJICH C 3JICKTpOcplUihHhiMH peareHTaMH, K3K 3TO ~C IIO.IJ:p06HO 06-

C~aJIOCh BhiiiiC. 
CxeMa 113 

~/"\ Me 
183 

ICONM~ 

~Me 
'v:_) 184 

bOJlhiiiOH MaTepHaJI IIOCBHmeH B JIHTeparype IIeperpymmpOBKe KJiatl:3e­

Ha - 3IIIeHM03Cpa B p5I.IJ:Y aJIHcpaTH'{CCKHX, I.(lfKJIOaJIHcpaTH"'CCKHX CIIHpTOB H 

pO.IJ:CTBCHHhiX COC.ll:HHCHHH. 

Ar!JIIUIOBhrM. crrHpT, BKJiroqaromH:M. B cBoro CTPYKTYPY ~HKJioreKceHOBhr:M. 

cpparMeHT (185), IIpH B33HMO.IJ:CHCTBHH C a~eTaJICM .IJ:HMCTIUia~eTaMH.IJ:a (1 c) 

TpaHccpopMHpyeTCH B 33MemeHHhiM I.(HKJIOreKCCHHJI.ll:MMCTIUial(eTaMH.IJ: ( 186) 
(cxeMa 114) [158]. 

; /. PeaKu,uu al{emQ/Ieii aMudoB u naKmaMoB c 3/leKmporjJU!IbHbLMU peaceHmaMu 7! 

CxeMa 114 
0 

OH 

Co ........ 
.......... 

lc 
• 

OH 
185 186 

AHanornquo BenyT ce65I B no.uo6HhiX peaKIUIHX II .upyrHe aJIJIHJIOBhre 

1 1111pThi ~HKJIOaJIHcpaTHqecKoM. npHpO.Uhi (187-189) [159-163] (eM. nanprrMep, 

I :O.t:My 115). 

CxeMa 115 

J:;J~M~~ 
187 OH 

Me,VY. 0Si(t-Bu)Me2 

,r \____} ''••,H 

189 

lc .,.Me~··· 0Si(t-Bu)Me2 

'H 

CONM~ 

:::::.... 

NMe2 

I1o.uo6HhiM )I{C o6pa30M HJ 11pOI13BO.IJ:HOfO 3-rH.UpOKCH-4,5-.uerrr.upo~I1KJIO­

IIl"I!T3HOHa-1 (190) CIIHTC3HpOBaH 3MH.IJ:03cpHp (191) (CXCMa 116) (164]. 

CxeMa 116 
CONMez 

110., Q HO.,,, 0 Ho ••••• 0 0 j ,,,, ~ '' """-....""'- ' lc ~ ,, .......... .. - - -''• Cl)()Me •••• ~ ·····( .... , ···•• 0 •. , 
190 191 \ 

Cl)()Me Cl)()Me Cl)()Me 

Coe.UHHCHI15I, co.uep)l{amHe 3JieMeHThl yrneBO.UHOM. CTpYKTYPhi, TaK)I{e rna.o:­

ho BczyrraiOT B peaKU:HIO KnaM.JeHa - 3IIIeHM03cpa (cxeMa 117) [165]. 

I1HTepeCHO, '{TO 6eH3lUIOBh!H CIIIIpT If npyrHe aplUIMCTlUihHhie CIIHpThi BC­

JlYT ce65I B 3TOM rrpou:ecce TaK )I{C, K3K aJIJIIIJIOBhiC CIIHpThl, If rrpeBpamaroTC5I 

I lOll, )XCHCTBHCM l-MCTOKCH-]-J(HMCTlUI3MI103TlUICH3 (6 a) B COOTBCTCTByromHe 

II pOH3BO)XHh!C )XHMeTIUia~eT3MH.IJ:3. 3TH pa60Thl YJ10MlfHaJII1Ch Bhlll1C [ 119, 125). 
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CxeMa 117 

R\'-o 
0 

H 
H 

R= CDOFi, CH20H 

TieperpyrrrmpoBK3 KJiai1JeHa - 3rueHM03Cpa JJ:3CT B03MO%HOCTb CHHTC33 Ca­

MblX pa1HbiX COCJJ:llHCHI1H, B TOM 'IliCJIC l1 T3Kl1X, KOTOpblC CO!J:Cp%aT Cl1JII1Jl- II 

qnopconep%aU!HC rpyrrmtpOBKl1. Tipn JTOM B HCKOTOpblX CJIY'I35!X HCIIOJib30-

BaJIH KaK opTOJcpHpbr, TaK l1 aMHnaueTaJill [ 166]. HarrpHMep, B JTOH pa6oTe 

HCCJICJJ:OBaJIH B3aHMOJJ:CHCTBliC OpTOyKCYCI!OfO JcpMpa, C OJJ:HOH CTOpOHbl, l1 aue­

T3Jl.5! JJ:HMCTI1Jl3UCT3Ml1.ll3, C .upyroH, C BMHI1Jl0BblMH CITHpTaMll, CO.UCp%aUlM­

Mll B Ka'ICCTBC 33MCCTHTCJI5! TpWtnopMCTI1JlbH)'ID rpyrrrry (cxeMa 118). 

CxeMa 118 OH 

R ~· l Ph 
lc 

9'3 OH 

~ 

0 

R 

0 

<I>TOpCO.UCp%3Uli1C 1,3-.UMCHOBblC COC.lll1HCHH5! (193) ITOJIY'ICHbl rrpH peaK­

Ul1l1 I'H.UpOKCH-1,4-.UHCHOB (194) C 3UCT3JICM (1 C) (CXCM3 119) [167). 

CxeMa 119 

F~OMEM lc .,.. 

F ~ 
194 

OMEM 

F>~~CDNM~ 
F 

193 
OH 

MEM = CH20CH2CH20Me 

l1ciTOJib30B3Hl1C B 06CY%.ll3CMOH peaKUMH CHJII1JlllpOH3BO.llHhlX aJIJIHJIOBblX 

CITHpTOB (195) o6eCITC'll1B3CT ITO.llXO.ll K CHHTC3Y CTepeOH30MCpHblX KpCMHHH­

CO)]:Cp%3IUHX 3MH.ll0B (196, 197), KOTOpbiC )]:aJICC MOryT 6biTb npespaiUCHbl B 
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1111~1CTI1JI3UCT3Ml1.llbl, BKJIIO'I3IOIIIHC B CBOH COCTaB BHHI1JlbHbiH cpparMCHT (198) 
I< \l'M3 120) [168]. 

CxeMa 120 
Me NMe2M Me, 1 Me 

Me, I -l(o e , . 
Me-SI 

Fl OMe .._ 1 y CDNMe2 II.,J)H 

~SiMe3 Mt: 
~ ~~J:'Y' 

Me H Me 

Me-Si 

+ ~: NMe2 
~ : H 

Me H 
195 

196 Jpi£11>0~ :/ 
HF, IIIIpH.ll,llH 

-78°C 

197 Tpeo Me 

~/'--...../CDNMe2 
Me - I 

198 Me 

Aru!HJIOBb!C Cl111pTbi (199, 200), OTJil1'!3!0Illl1CC51 npyr OT npyra CTCpCOXH­

~HiCH, II pH B33HMOJlCHCTBl1l1 C 3UCTaJICM Jll1MCTI1JI31\eTaMHJla ( 1 C) Jl3IOT O)lHH 

II TOT )KC 3Ml1.ll (201) (CXCMa 121) [169]. 

Me HO H Me 
CxeMa 121 

~Me 1 ~0 Me, H~Me 199 ...........__ IC _ \ 

~- OH Me ~e2N Me 
_ '•J I 201 
Me~ Me 

200 

B XOJlC TOTaJibHOfO Cl1HTC33 p5!.Ua rrpnpOJlHbiX COC)JJIHCHHH, B •racTHOCTH 

<UIKaJIOl1.ll3 Ty6epOCTHMOHHH3, o6Jia)laiOIUCfO npontBOTy6epKYJIC3HOtl aKTHB­

I!OCTbiO, li3Y'JCH3 pe3KUl15! 3UCTaJI5! (1 C) CO CJIO)KHb!Ml1 IIOJIHUHKJllt'ICCKl1Ml1 

aoTIII11IOBb!Mll CIII1pTaMl1 (202, 203) (CXCMa 122, C. 74) [170, 171]. 

)lpyrtre fCTCpOUl1KJIH'ICCKI1C COCJll1HCHII5!, BKJIIO'Ia!OIUHC B CBOIO CTpyKTy­

py fli.UpOKCI13JIJII1JlbHbiH cpparMCHT, TO)KC MHOfOKpaTHO IlCIIOJib30BaJiliCb KaK 

cy6cTpaTbr .UJI.5! neperpyrmHpOBKH Knal13eua - 3rnenMo3epa. TaK, npoH3BO.U­

Hhre IIIlpaHa (204) BBOJlllJlllCb B peaKUiliO C .UllMCTHJiaUCT3JICM .llllMCTI1Jl3UCT3-

Ml1.ll3 (l c), IIpllBO.U5!IUYIO K BBC.UCHiliO .UIIMCTIUiaUCT3Ml1.llHOfO 33MCCTilTCJI.5! B 

11CXO.llHYJO CllCTCMY (cxeMa 123, C. 74) [172). 
TIHpaHoco.uep)KalU!IC aJIJIIlJIOBbie crrtrpTbi (208, 209) B ycnoB115!X 3To11 pc­

aKUllll rrpeBpam;aiOTC5! B CMCCil COOTBCTCTBYIOIUliX JlliMCTI1JlaUCT3Mll)lOB (210, 
211) B pa3JIH'IHbiX COOTHOUICHli.5!X, B 3aBilCilMOCTll OT CTpyr<Typbi liCXOJlHhiX 

COCJlliHCHliH (cXCMbi 124, 125) [173). 
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CxeMa 122 

lc 

202 OR 

~
VH ,,•'' // : ! ......... 

HO'''''' _ N H \0 

0203 ° 

jl""<=y 
HO 

204 

('b 

lc 

~ 

NMez 
0 

OOR 0 

M~N~ 
lc 

• 

CxeMa 123 

1/ ....... <o=b-
rnzCONMez 0 

CxeMa 124 

AJIJI205 
coornomeuue 

0 

IIJIH 205 lc 

g ~0'1 
MezN~ v 

206 206 :207 = 1:1,4 

+ 
OH 

~7t) 
205a 

H 

207 

AJIJ1205 a 
CQOTHomeime 

206 :207 = 1:7,1 

i /. l'eaKt{Ull au,ema!leii aMUOOIJ u ~taKmaMOB c a~1eKmporj;tL1bHbtA1U peazeHmaMu 7 5 

CxeMa 125 
H 

~0~ 
II ·: .. 0 Mo,N 

CoornomeiDIJI 210:211 
H3 208 = 1:2,9 HJIH 1c 

OH 

)'·""~o, 
20: u 

• 
210 

H 
H 

H3 209 = 1:6,1 

AHa.norwmo pcarnpyKn L\pyrnc aJIJII1JIOBLie cnHpTLI npm13BO.IUibiX niipa­

''' lH [17 3 J. CTOl!T yiiOM>IIIYTL TaK>Ke o ncperpymmpoBK<LX JaMCIUCHHbiX aJIJII1JIO­

"'·LX 3qmpon TCTparHJiponHpanonoro pm1a. OIIl!CaHHblX B pa6oTe [174]. B 'JaCT­

I!oCTU, 6a:mpy5tcL l!a COCJ!IIHCHHI1 (212). HaiiL(CH IIO)lXO)l K CIIHTC:JY IIHpaHOBOfO 

II pOH3BOJ!HOro (213) - 110TCIIl(l1ciJ!l,lfOfO ITjJC)jLUCCTBCHHllKa reTepOUHKJill'ICC­

hOii <racn1 TpoM6oKe<ma A2 (cxeMa 126) [174]. 

~
OTBDPS 

~ lc 
0 • 

10(}-llOoc 

H 

OMe 
212 

TBDPS = t-Eyr~$eHIDICilJIRJI 

CxeMa 126 

R
CONMez BOPS 

H20z 
0 ··-~ -y • 

Br 

OMe 7 
CONMe2 

OTBDPS 

OH 

OMc 

0 

213 

~
CONMe 

OTBDPS 

0 

0 

OMe 

3l]:CCb YMCCTHO L(aTL KpaTKYJO llH<j.JOpMal(HIO 0 ITjJOCTafJI3H,[(HH3X 11 TjJOM­

OOKCaHaX. C BTfi1HHI1CM Ha 6HOCI1HTC3, MCTa60JII13M 11 BbiCB060)I(,[(CHI1C IT]JOCT3-

I"JiaHJIHHOB CB5!3aHh! pa3JIJll!HblC (110311TlfBHblC H HCf3TllBHbiC) 3tPtPCKTbl 3l(CTI1JI­

CaJIHIJI1JIOBOH KHCJIOTbl. TaK, llMCHHO C 3Tl1M CB5!33Ha 3HT!1arpcral(l10HH35! 

aKTIIBHOCTb 3TOrO rrperrapaTa - CIIOC06HOCTb IIHrH6IIpOBaTb arperal(HIO T]JOM-
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6o!li1TOII. •no 11axo;J.HT nmpoKoe rrpHMeHenae )J)I5I rrpC!l:OTBpamenH5I pa3JIMY:­

JI~>Ix TJHlM60'30B - IIOCJICOIIepaUMOHHb!X, TpOM60cj)JIC6HTOB, Hapyrneiii15IX 

MOJI'OJJOfO KpCB006pall(CH115I, 06pa30BaHI15I TPOM60B rrp11 HlliCMI1Y:CCKOH 60JIC3-

H11 CCp!l:na 11 11Hcj.lapKTC MI10Kap.11:a. C ;J.pyrotl. CTOpOHhl, TOpMO)I(CIIHC CI1HTC3a 

IIpOCTanraii!l:HHOB IIpl1BO!l:11T K l[CJIOMY p5I!l:Y OCJIO)I(JICII11H, Ba)I(HCMlliHM 113 

KOTOphiX 5IBIDICTC5I IIOBh!lliCH11C KI1CJIOTIIOCTI1 )I(CJIYJ:(O'H!OfO COKa, HapyrnCH11C 

KpOBOCHa6)1(CH115I CJII1311CTOM, B03I!HKHOBCIII1C )UICIICIITI1'ICCKI1X paCCTpOMCTB, 

)I(CJIY!l:O'IHbiX KpOBOTC'ICHliH, IIpOBOKal[HH ~)p0111BH0-5!3BCHIIb!X IIpOl[CCCOB (yJib­

l[CpOfCH!fOC !l:CHCTBHC). floCKOJihKY TaKOH p11CK CYll\CCTBYCT IIC TOJihKO WHI 

al[CT11J!CaJII1l[I1JIOBOH KlfCJIOThl, HO 11 ,UJI5I JlpyrHX HCCTCp011)Uih!X rrpOTHBOBOCIIa­

JilfTCJibHhiX CpC,llCTB, KOTOpb!C 6y.UYT paCC!.1aTpMBaTbC5I Ill'I)I(C, l[CJ!CC006pa3!10 

KpaTKO OCBCTlfTb IICKOTOpb!C BOIIpOCbl, CB5I3ai!I!biC C 6110CI11!TC30M 11 pOJihiO 

IIpOCTafJiaJIJli1HOB B )I(IIBOM opralll13MC. 

flpOCTarJiai!):(IIIIhi ·- BTOp11'11Ih!C MCCCCII)l)I(Cpb! (IICMpOIICpC)..(aT'IIlKH), 

rrpco6pa3yiOllU1C 1111cj.JOpMaUHIO ropMOIIOB HJIH IICHpOMC!l:HaTOpOB B COOTBCTCT­

BYJOW,HH cj>H3!10JIOfW!CCKI1H OTBCT. 06b!'IH0 OHH !l:C.ifcTBYIO CHJihHO, 110 KpaTKO­

BpCMCIIHO, T. K. pa3pyrnCJII1C HX CIICl[Hcj.JIIY:CCKIIMII ):(Cf.IL':(p0fCHa3aMI1 npOTCKaCT 

BCCbMa 6biCTpO. 113 IIpOJ.\YKTOB II!1Talll15! B opraHII3M IIOCTyriaCT y-JIIIJIOJICIIII­

KOBa5I KIICJIOTa, KOTOpa5I 3aTCM IlpCBpall(aCTC5I B apaXHJlOIIOBYIO KHCJIOTy, Jla­

Kaii.Jll1Ba!OW,YJOC5I B COCTaBC cj.JOC(p0JIHIII1JIOB K.T!CTO'll!OH MCM6paHhl 11 Bh!CB0-

60)I(!l:a!Oll\YJOC5I orry.ua IIOJl Jici1cTBHCM cj.lepMCHTa - (jJOC(pOJIHrra3LI A 2. 

CH3(CH2MCH=CH-CH2)3-{CH2)3COOH y-JIHHOJieHHKoBall KHCJIOTa 

CH3(CH2)4(CH=CH-CH2h-CH=CH--(CH2hCOOH apa.J(J!AoHOBllil KHcmrra 

0 

I 
COOH COOH 

0 

~ 
OH 

HO ~ 
OH 

3H,!IorrepoKcH,!I PGG2 ITpoCTam3H,!J;Ifll E2 (mnnmpoCTOJI) 

McTa6oJIH3M apaXI1JIOHonotl. KMCJIOThi npoTeKaeT B )IByx HarrpaBJICHIIllX. 

ITepnoc II3 IIMX rrpMBOJl:IIT rro.n: .n:etl.cTBMeM cj.lepMeHTa UMK.IlOOKCHreHaJbi K 311-

.uonepoKCI1JIY PGG2, M3 KOToporo no.n: .n:etl.CTBHCM rrpoCTarJiaH.UIIHCMHTeTaJLI 

o6pa3y!OTC5I rrpoCTarJiaH.UHHhi E H F (.D:JI5I rrpocTarJiaiUIMHOB E xapaKTepHo 

HaJilf'IIIC OKCOrpyrriibl B IIOJIO)I(CHMII 9 If OKCHrpyrriiDI B IIOJIO)I(CHIIII 11, Jl:.llii 

IIpOCTarJiaH)J:IIHOB f- l1 B 9 II B 11 IIOJIO)I(CHII5IX !IaX0)..(5!TC5I OKCHrpyiiiibi). 

ITpu .uctl.cTBIIM na BhlllleYKa3aHHbiH 3HJJ:OnepoKCI1JI )..(pyroro cj.lepMCHTa -

TpOM60KCa!ICl1HTCTa3hl- o6pa3yCTC5! 1'pOM60KCaH A 2, OTBCTCTBCIIHhiH 3a o6pa-

i I l'eaKu,uu au,emaReii aMuc)o6 u -WKmw.w6 c 3AeKmporj;u"7bHb!MU peazeHmaMu 77 

IIHt.rlllle TpoM6on B cocyL[ax. B TO )[(e npeM5I TpeTHtl. cj.lcpMeiiT- rrpocTaUHK­

'''''"'IIIITCTaJa IIpCBpail(aCT TOT )I(C IICpOKCHJl B 3IIOIIpOCTCHOJI ( TipOCTaUMK.JlHH), 

11 I)(' II HTCTBY!Oll\HH TpOM6oo6pa3oBaJII110 - TaK C03)..(aCTCll HC06XOL[l1Mh!M )IJill 

+ 11 \lll'o6ecrre•rcnM5I 6aJiaHc. 

.•' () 

() 

......... ./"-... ./'... 

_...~~COOH 

OH 

TpoM6oKcaH A 2 

:;fl 
COOH 

OH 

ITpocTaUHKJIHH 

llpOCTarJial!}lHHhl Hrpa!OT Ba)I(!ICMillYIO pOJIL B rrpOTCKa!Il111 (j)I1'JHOJ!Ofi1-

.,,.<'KI1X II naTOJJOflf'ICCKHX rrpoqcccon ll TKa!IHX. ITo:JTOMY TOpMO)[(CIIl!C HX 

• II II ll.'3a B CTCIIKC )I(CJIY)..(Ka, I')IC 11pOCTa!'JIClii)]Hilbl pcry;mpy!OT CC '3:tU(HT!Ih!C 

• lir >iiCTBa, 110pMaJIII3Y51 KpOBOCIIaO)[(CJlHC l1 Cl!lf)I(<UI CCKpCl(HIO COJI51!10i\ KHC­

'11 • I hi, npunorou K yJihl.lCporcmioMy 3(}>q>CKTy. 

BTopoti: IlYTI> MCTa60JIH3Ma apaXH).]OIIOBOi"I KHCJ!OTbl CB513al! C CC Tpa!!crj)Op­

't.lljHdi no)..( J(CMCTBHCM <jJCpMCIITOB - JIJ1IIOKCHrcHa3. B pc:JyJrhTaTc o6p<ny­

'" ll'll ~TCi-i:KOTIJlfCHbl (rrpiiMCp 11p11BCJ(Cl! l!I1)1(C), Bhl1l>IBaJOUUIC BOCIIaJIC!Il1C ll 

• > IIICTCTBCII!lh!C 3a CIIMIITOMbl aCTMbl. 

HOC:::::,.,_ ~ ~ H, __ ,,OH COOH 

H~··· ~~~ 

~C5Hn 
JieiiKmpHeH B4 

KmiHH'ICCKM rroBbiWeHHbiM yponenb Jieti:KoTpHCHa B4 Ha6JJIO,llaeTCll y rra-

11.11CHTOB C BOCIIaJI11TCJ!bHbiM11 3a60}JCBaHM5IMlf, BK.Jl!O'Ia5I penMaTOH)J:HbiC apT­

pl!Th!, H3BCHHhie KOJIIITbi, aCTMY II xpoHwrecKIIe 6poHXHTbi. Heo6paTHMoe 

IIIII'H6MpOllaHMC HCCTCpOM)J:HblMH TlpOTI1BOBOCIIaJIHTCJibHbiMI1 rrperrap<lTaMM 

11ilOCTarJiaH)..(IIHCJ1HTCTa3bi IIpHBO)..(fiT K II060'IHbiM 3q>cj.JCKTaM, CBll3aHHbiM C 

A\CJIYJ.\O'IHhiMII 3a6oJICBaHlfllMH. C !l:PYfOH CTOpOHbl, YMCHbillCHHe CHHTC3a IlpO­

,·TarJiaH):(HHOB IIpHBO)..(HT K HOpMilJIH3al(l111 tPYJIKI]I10HMpOBa!IJ15I TKaHCH, IIO­

paJKCHHb!X pCBMaTI13MOM. 

Pa6oTa ( 175 j IIOCB5IW,CHa HCCJIC,llOBaHIIIO IIO)..(XO,llOB K CJ1HTC3Y HCHaCbJIUCH­

IIh!X IIIJC)IWCCTBCHHMKOB caxapOB, KOTOpbiC !l:aJICC l1CIIOJib3YJOTC5I )..(J!5I IIOJIY­

'ICHI1ll pa3Jilf'IHblX IIpiipO,llHb!X COC)..(HHCHIIH. 11 3!l:CCb 113Ylfa!OTC5! IIYTH KOHCT­

pyHpOBaHM5I MOHO- H 6IIUMK.I1WICCKI1X CHCTCM TPOM60KCaHa B
2 

II TpOM60KCaHa 

A2 [175] (cxeMa 127). 
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CxeMa 127 

lc ;=:~ 
YMe 

25-.175°C 
33 2 q 

OH o-
OH 

NMe2 

C 11CI10J1b30BaHlfCM aJIJII-!JIOBOfO CI111pTa (214) pa3pa60T3H 11'J5llllHLI~i MC­

TO!l CHHTe>a '33MelUCHHLIX 6ympoJiaKTOHOB (215) ( CXeMa 128) [176]. 

PhCOO~~OCH2Ph 
OH 214 

CxeMa 128 

lc 
• 

PhMe, 5 'l, 
JJOoC 

PhCOO~~,,,J1I2Ph 
hoOH,N,QH"' 0 

OH 2) O:J, ~78oc 
,}.._, OCH,Ph NMo, 

o>,-),""".1 

0 215 

HecKOJILKO cJioB o 6!10JIOr11'ICCKOH npHHJICKaTCJILHOCTI1 6yTapoJiaKTOHOB. 

l13BeCTHO, '-ITO 6aKTCplfH <<06lUalOTCH Jlpyr C ,r~,pyrOM>> C HCl10Jib30BaHHCM Xll­

MH'-ICCKI-!X CHfHaJihHhiX MOJICKyJI. TaK )I(C KaK y BbiCUIHX opraH!13MOB, 11H<pop­

MaUH.H, IIOCTaBJI5IeMa5I 3TI1Ml-! MOJICKyJiaMH, KpHTH'-!Ha LI,Jl5I CHHXpOHJ13aUI1I1 

aKTI1BHOCTI1 6oJILUIHX rpynn KJICTOK. B 6aKTep115IX no o6rueHI1e BKJIJO'IaeT 

IIPOLlYKUI110, Bb!CB060)I(L(CHI1C, LI,CTeKTI1pOBaHI1C I1 peaKUll!O 110 OTHO!lleHI-!10 K 

MaJibiM I'OpMOHOl10LI,06HbiM MOJICKYJiaM, Ha3LIBaCMbiM 3YTOHH,UYKTOpaMJ1. 3TOT 

npouecc, Ha3BaHHbiH KBOpyM CCHCHHfOM (Quorum Sensing) [ 177], 1103BOJI5IeT 

6aKTepl1HM KOHTpOJIHpOBaTb OKpy)l(aJOIUYJO cpe,r~,y LI,JI51 apymx 6aKTepl1H I1 

MeH51Th IIOBCLI,CHHC BCCH I1011Yll5IUI111 B OTBeT Ha I13MCHeHHH B 'll1CJle I1.JJ.I1 BI1,UaX, 

yqacTBY!OlUH.X B KOMMYHHKaUI1.HX. DOJlhlllHHCTBO npoueCCOB, KOHTpOJII1pyeMLIX 

KBOIJYM CCHCHHfOM, HCI1pOL\YKTI1BHO, KOI',IJ,a pC'-lh I1.UCT 06 I1H.UHBI1.UYaJILilOH 

6aKTCIJI1!1, HO CTaHOBI1TC51 BhlfOLI,HbiM, KOI',rJ,a Bbll10JlH51CTC5l OLI,HOBpCMCHHO 

6oJILUIHM KoJiwrecTBOM KJICTOK. TaKI1M o6pa3oM, KBopyM ceHCI1Hr (•ryBcTBO 

KBOpyMa) CMCUIHBaCT pa3JIW!He Me)I(L(y !1pOKapHOTaMH I1 ::JyKapHOTaMH 113-3a 

CI10C06HOCTI1 6aKTepHH JlCHCTBOBaTb llO!l06HO MHOfOKJICTO'-IHOMY opraHH3My. 

Cero,r~,HH I1,UCT aKTHBHLIH npouecc H3Y'-!CHHH apxHTCKTYPLI 6aKrepi1aJILHOH KOM­

MYHHKaUHOHHOH CeTH; KaK XHMH'-!eCKaH llHcpOpMaUHH HHTCrpHpOBaHa, y'-!aCT-

I I l'eaKu,uu au,ema!leil aMuiJoe u !laKmaMoe c J!leKmporjJUJlblibLMU peaceHmaMu 79 

11\<'1 ll llpOI\CCCaX, !Ipeo6pa'3yCTCH B TIJiaHe KOHTpOIUI I'CHHOM 3KCllpCCCIII1, KaK 

'" H llll'aJOTCH 11HTpa- II 3KCTpaBI1Jlbl KJICTO'lHO-KJICTO'IIIbiX B'3aHMOOTHOIIICHIIH; 

"111 p1rryrometi B03MO)I(JIOc;a rrpoKapHoT-3yKap!1oT ncpeKpccrHoi1: KOMMYHI1-

' .1111111 (cB5nH, o6meBI1.H). 

I<.BopyM CCI!CI11!f 6aKTCp!1i.J. llp113BO,rl,HT II BbiCB06mK,naCT XI1MH'ICCKI1M 

' Ill II;UI MOJICKYJI, H<l'3LIBaCMbiX ayTOIIHl!YKTOpaMH, KOHI(Cl!Tpal\HH KOTOpb!X 

"' > <Jl~lCTaCT KaK <[)yHKlJ,I15! IlOBbllllCHI15l IUIOTHOCTH KJICTO'JI!OH IIOilYJUl'-11111. 

!..11. 1CpHH 06Hapy)I(HBaCT Ml11li1M<L'lbHhiH nopor CTHMY~'IHTOpllOii KOilUCHTpa-

111111 'JTHX aYTOHII)J:YKTOpOB 11 113MCHHCT JKCllpCCCI1IO fCIIa 11, CJIC):(OBaTCJlbHO, 

• • 111\'IIIOC IIOBC)lC!li1C. Jlp11 HCI10Jlh30B<llllil1 CI1CTCMbl <<CI1I'I!aJ1 -- OTBCT>> 6aK­

'' pill! CI11IXJJOIU1311p)'lOT IIOBCJ[CIIHC Ha ypOBIIC IIOI!YJ[}IUI111 11 q))'I!KUI10ll11py­

l<>l KaK M)'JlhTilKJICTO'llfhlC opra!Il13Mhl. '3!!a'!l1TCJihllOC MCCTO Cj)C)~I1 aYTOIIIl­

'1 \'I·. IOJJOB 3<ll!l!Ma!OT !!p0l13HO)J)lb!C 6yr11p0!!3KTO!Ia, l!aiip!1MCp 

0 

H ~, XN'u 
AyroHH.eyKTOphl 

R ~ Me(CH2hCOMe, MeCH(OH)Me, Pr, Me(CH2)gCOMe 

Or!HC<\Hbi xopoi!Io 113BCCTHhiC KBopyM ceHCllHr CHCTCMhi c ucJrbro J1JIJIIOCT­

I'·"III!1 11X IIO,rJ,06HH !1 pa:JJil1'!11H. !lO)l_0611H OllpCJ[CJI}JJOT rp)'H)I,<lMCHTaJibHOC 

• ""ticTBO 6aKTCplli1 - cnoco6HOCTL K KOMMYIII1KaUI1H. Pa3J1l1'I!1e B CliCTCMax, 

"'"PlHITHO, C)'ll(CCTB)'CT IIOTOMy, 'ITO Ka)I(LI,a5I Cl1CTeMa OIITI1Ml1311pOBaHa a_rm 

• IIIMYJI5!UIIII BhJ)I(HBaHJ15! B CllCUHaJihl-iOH Hl1lllC, B KOTOpoi1: Ka)I(L(hlH Bl1l(63KTC­

I'IIII upO)I(J1BaeT. TaKI1M o6pa30M, nmhJ ciirHaJIOB, pell,enropoB, MexaHH3Mbi 

• lllll<lJlhHOM IICpc,r~,aqii 11 MI1IIICH11 Ka)I(L(OM CHCTCMbl KBOpyM CCHCI1Hfa OTp<l)l(a-

1<> I VIIHKaJihH)'IO 6IIOJ!Of1110, OTHOCHlUYIOCH K KOHKpCTHOMy BHAY 6aKTCp11M. 

Tcnepb nporr:OJI)I(IIM paccMOTpCHI1C MaTep11aJia, KacaJOmerocl! nepcrpyn­

""I'OBKII KrratiJeHa- 3liiCHM03epa B pHLI:Y 115!TWIJICHHLIX rerepOll,I1KJIOB, Ta­

l II\ KaK 11H,r1,0Jlbll1 6CH30cpypaHhl, HO HC' apOMaTWICCKI1X COCLI:l1HCHI1i1, a CO,UCp­

·1· .Ill (11X I'I1,Up11pOBaHHblC cpparMCHTbl. 1-AuCTl1JI-2-MCTOKCI1-3- fl1)l,j)OKCI1l1HLI,OJII1H 

( lll1) ripH peaKUII11 C ( 1 b) IIpCBpamaeTCH B CMCCh l-aUCTilJI-2-MCTOKC11-4-,r~,I1-

"''IIIJialJ,CTaMH.UOIIHLI,OJIIIHa (217) 11 4-.U11MCTI1JiairCT3MI1,rl,OIIH!lOJia (218) ( CXC­

~1.1 129, c. 80) [178, 179]. 

IJOLI,06Hh!M )l(e o6pa30M IlpOI\CCC IlpOTCK3CT H ,[(][}! Ll,pyroro 11H,L\0Jli1HOBO­

III 11pOII3BOLI,HOf0 (219) (CXCMa 130, C. 80) [180]. 

I Ip0113BO!lHLre ,r~,11rHApo6cH3ocpypaHa (220), HMCJOUIHC B KOH!lCHCIIpoBaH­

""M C cpypaHOBhiM UHKJIOM U11KJIOfCKCCHOBOM KOJibUC I'I1,UpOKCI-!I'pyrmy, TaK-
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CxeMa 129 
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lc -

.lKe IIO!J;BepraJOTCH 06CY.lKLJ:3CMOM rreperpyiTIIHpOBKC C BbiXO!J;OM K COC!J;HHCHHHM, 

co~J;ep.lKaiUIIM N,N-AHMenmaueTaMHAHhiM cpparMeHT (221) (cxeMa 131) [181]. 

CxeMa 131 
0 

lc 

X X 

220 OH 

)J,pyriie TpHUHKJIII'ICCKHC COC,ll;HHCHII51, CO,ll;Cp.lK3IUHC B CBOCM CTpyKType 

cpypaHOBOC KOJibUO (222), T3K.lKC fJia,!J;KO BCTYII310T B peaKUIUO KJra11.JeHa -

3IlleHM03epa (cxeMa 132) [182]. 

1' /. PeaKl{UU au,emw1eu aMuiJo6 u JlaKmaMo6 c 3JieKmporjJuflblib/,wu peacel!maMu 81 

CxeMa132 

Ic • 
HO 

222 
0 

CTpyKTypi!O ClliC 60JICC CJIO)I(HbiC COC,ll;HHCHHH, T3Kl1C KaK ,ll;Hfl1JlpOKCI1-

IIjHlH3BO,ll;Hb!C nop<jmpHHOB. HanpHMep (223). cnoco6Hhi no TaKoMy )Ke THIIY 

1~~';11'11pOBaTb C JmMeTHJiai[CTaJICM J[l1MCTHJiaUCTaMI1,ll;3 (I c) (CXCMa 133) [183]. 

!1 B 3TOM CJIY'!aC Ha6mo,naCTCH o6pa:lOB3Hl1C COCJ[HIICHHH, CO,ll;Cp)Ka!l[HX 

N. N-JJ.HMCTHJiaucTaMHJUihiH <jJparMCIIT u OJJ.HOM 111 nHppoJIHJJ.HHOBhiX UHKJIOB 

111 ljltjmpHHOBOH MOJICKYJibl. 

CxeMa 133 
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Me )'1'-" ""-.....,.( Me 
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223 
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B pa6oTe [ 184] c HCIIOJib30BaHHeM ncperpynnHpOBKH K.rrai13eHa- 3meH­

''" tepa OCYIUCCTBJICH CHHTC3 IIOpqmpHHOH/\HblX M3KpOU11KliOB- 3H<U!THOMCp­

lll' o6orarueHHbiX XJIOpHHOB (224) ( cxeMa 134. c. 82). 

110HCKOBOC HCCJICJ[OB3Hl1C, HanpaBJICHHOC Ha Cl1HTC3 COCJ[liHCHHil, 06JiaJ[a­

ln11U1X aHaJihfCTH'!CCKOif aKTHBHOCTb!O f 185], Bblf!OJIHCHO Ha OCHOBC 3aMClljCH­

III.IX I(liK.J!OfCKCCH-2-0HHJI-3 6CH30JIOB (225) C UCJib!O ITOJIY'!CHHH BCIUCCTB THTia 

( lll1), CO/ICp)Kail(liX M0pcp11HOI10,ll;06Hb!C CTpYK'fYpHb!C cpparMCHTbl ( CXCMa 135, 

1 X2). YI1 COC/Il1Ht'HI1H (225) Cl1HTC3Hp0B3Hhl COOTBCTCTByJOll(He aHJ\l1JIOBblC 

< llll!Hbl (227), KOTOpbiC BBC,[[CHbl B pC3KUI110 KJraM3CHa- 3IliCHM03Cpa, C ITO­

I llt'.l\YIOIUHM MCTl11111pOBaHHCM 11 BOCCT3HOBJICHI1CM 11 o6pa30B3Hl1CM l[CJICBbiX 

• •WJ\IUICIIHII (228) (CXCM3 136, C. 82) [185]. 
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B TOM )KC pa6oTe [185] OTMeqeno, qTO rro.rryqeHHhie coe,LJ;JmeHH.si rrpo.siBJUI­

'"' ·maqJITeJihH)'IO aHaJihreTIIqecK)'IO aKTHBHOCTh. Boo6J.I.(e rosopn, B opraHH3Me 

•u· IIOBCKa aHaJihfCTl!Kl! HaqHHaiOT Bhi,II;CJUlThC.si TOJibKO KaK peaKUHn Ha B03-

IIIIKIIOBCHIIC 60JIH, T. e. l!X B3al!MO,[ICHCTBIIC C OIIHaTHbiMl! pel(CilTOpaMl! MO)KCT 

paccMaTPIIBaTbC.H KaK KOMIICHCaropHbiH :J<fJ<fJeKT. Y MJICKOIIl!TaiOJ.I.(HX l!MCCT­

' >1 IICCKOJibKO Tl!IlOB OIIl!aTHhiX pCU:CilTOpOB. Hal!60JICC Ba)I(Hbl ~-pCU:CilTOpbl, 

·wpc3 KOTOphiC onocpc,l:lyercn anaJihfCTII'ICCKHH 3<fJ<fJeKT Mop<Pmra. B6mi3H OT 

)I pCU:CilTOpOB JIOKaJIH3YIOTC5! 8-pCU:CIITOpbi. C 060l!Ml! Tl!IlaMH pCl(CTITOpOB 

1 IIOC06CH CB5!3biBaTbC51 ~-3H,l:IOpqnm, B TO BpCM.si KaK 3HKC<fJaJIHHhl B3al!MO,[ICH­

' lllyiOT B OCHOBHOM C 8-pCl(CIITOpaMl!. lh)"ICHl!C ,[ICHCTBl!.si Olll!aTOB !Ipl!BCJIO 

" nhiBO,l:ly, qro Mop<Pmr HHrH6Hpyer a,l:ICHHIIaTU:HKJiaJy- y):la.nCHHC Mop<fJmfa 

III.UbiBaCT MOIUHYIO aKTl!Bal(HIO ::noro <l:JcpMCHTa, B pC3YJibTaTC 'ICfO pe3KO 

nmpacTaeT KOJIWICCTBO uAM<I>. Coe,l:IHHCHHH nma (228) xopowo CBH3biBaiOTCH 

c Jl-pel(CIITOpaMH H HMCHHO 3THM Bhi3BaHO l!X aHaJihfCTifqccKOC )J,CHCTBHC. 

06II(CH3BCCTCH BCCbMa HCTipH.HTHblH 3<l:J<l:JeKT Mop<l:Jl!lfa H CfO aHaJIOfOB -

II03I!HKHOBCHHC npHCTpaCTI'I.H (nCHXH'ICCKOH 3aBHCHMOCTH). fl03TOMY 3Ha'IH-

1CIIbHhiC YCHIIHn 6biJIH TIOTPaqeHbl Ha l!3hiCKaHHC aHaJihfCTl!KOB, IIC Bhl3biBa­

IOII(l!X 3H<l:J0pl!l! (IlOBh!IIICHHOfO 6JiafO)J,Yllll!Of0 HaCTpOCHl!.si, COqCTaiOil(CfOC.si 

,. GccneqHOCThiO H HCKp11THqecKOH Ol(CHKOH CBOCTO COCT05!II1151). 3TOf0 3<l:J­

<l1CKTa, TIO-BH,l:ll!MOMy, B 60JibiiiCH Mcpe JIHIIICHbi npenapaThl MCOTa3HHOJI H 

uaHTPa,l:IOJI, y npOMC)J,OJia 11 TpaMa,[IOJia 3TO CBOHCTBO npl!CYTCTBYCT. 

'-./(CHzhPh 

H Me 

Me 

oa
t r:e MePDh OCOEt 

MeO 

N 
1 

Me Me HCI 

Hamp~OJI MellT33HHOJI IIpoMeAOJI TpaMSAOJI 

3,UCCh YMCCTHO yHOM.HHyrh IICCJIC)J,OBaHHC [ 186), B KOTOpOM C llp11MCHCHHCM 

pcaKUIIII K.Jiai13CHa - 3IIICHM03epa CI1HTC3l!pOBaHbl ,a:pyn-IC MOp<l:JHHOTIO,[I06-

IIblC COC)J,HHCHl!H, Haripl!MCp (229), KO­

ropbiC l!MCIOT QTqCTJIHBOC CpO,UCTBO K 

onHaTHhiM peuenropaM. 

CJie,l:lyroma.H pa6oTa, KOTopyro HMe­

n CMh!CJI YTIOM.HHYTh, 6a3HpyeTC5! na 

11p11MCHCHHH nponaprHJIOBhiX CllHpTOB, 

11p11 )J,aHHOH neperpynrrHpOBKC )J,aiOIUl!X 

aJIJICHhi (230) [ 187]. CHHTC3 aJIJICHOB 

()N 
CONMe:z 229 
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( cxeMa 112) )')KC paccMaTpHBaJIC5! rrp11 o6c)')K.UeHHH pa6oThi [ 156]. PeaKql151 

CIIHpTOB C 3UCTaJICM !J:lll\1eTHJI3l!CT3MH)l,3 (1 c) I1p0TCK3CT I1p11 HarpCBOUfl111 B 

TOJIYOJIC, rrpH 3TOM BO BCCX CJI)"'35IX o6pa3yiDTC51 !J:llMCT11Jl3UCT3MH)l,HblC rrpo­

I13BO!J:HbiC. 06III35! CXCM3 IIOJI)"ICHJ15! <UIJICHOB (CXCMa 137) BhlniMHT CJie,n:y-

IOIIIHM o6pa30M. 

Rt 

HO I - R
3 

R2 

CxeMa 137 3 

lc Rt>--/R 

,.. R
2 --2~~CONMe2 

oopopraHJ1'1CCKHC COC,ll;HHCH115! TaKJKe 6biJili! BBC,ll;CHLI B peaKUHK) KJiati.­

'JCHa- 3meHM03epa, nanpHMep (cxeMa 138) [188]. 

(-

O)!<Ph Ph 

B: OMe 

0 --
OH :x-OMe 

Ph Ph 

CxeMa 138 
Ph 

MeC(OEt)3, 135°C, EtCOOH kt )!<Ph 

HJlH ;- 0 lc, ro.nyon, 800C s: ,, OMe 

0 XOMe 

0 Ph Ph 
X X= OEt HJIH NMe2 

B pa6oTe [189] 6Lma c,n:cmma noiiLITKa rrpone;rcHli!H :JToi1 pcaKUHil c :;rj>cL(­

pHHOM 11 HOpiTCCBL(03lpCL1,pHHOM. 0Ka3aJIOCb, 'ITO 3TH npenapaTLI HC BCTyrra­

IOT B flaHHYIO peaKUHIO li I!X B3ai1MOL(CHCTBHC KaK C aueTaJICM L(l1MCTJU!<tJOp­

MaMHL(3, TaK 11 C aUCT3.TICM L(11MCTHJiaUCT3MH)l,a ITp11BOL(HT !J:<DKC B LI,OCTaTO'IHO 

)KCCTKI!X ycwBII5!X TOJILKO K o6pa30B3HHIO N-auiinrrpoH3BOJlHLIX (cxnw 139). 

NHMe 
· Me 

H 

+ 

+ 

CxeMa 139 

NMe2 170°C, 24 q 
I ________. 

RC(OMe }z 4 3KB. lllleTilJill, 

KCHJIOJI,N2 

R=H,Me 

NM~ 
I 

RC(OMe}z 

170°C, 24 q 

4 3KB. ai:Ie'Ili.Jlll, 
KCHJion, N2 

Ticeu~oJ<jJe!ij)HH R = H, Me 

COR 
I 
NMe 
· Me 

H 

Me 

H 
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B CJI)"'a5!X %C HCITOJIL30B311115! TpCTWIHLIX aM11HOB 3Toro Tl1rra rrcpcrpyrr­

IIIIpOBKa I1pOTCKaCT HOpMaJibHO (CXCM3 140)[189). 

CxeMa 140 

(F)~: 
n Me 

H + NMe2 
170°C, 24 q 

OH 1 
~ I MeC{OMe}z 4 3KB. a~eTarnl, ~ /'-.... /NMe2 

~ 1c 
KcilliOn, N2 

)lpyroi1 llpHMCp l13 3TOM CCpl111 npHBCL(CH ( CXCMa 141) B pa60TC [ 19() j. 

~PMB 
HO I 

Me 

lc -------· 
HecKOJihKO 

CT3,ll,Hii 

PMB = p-MeroKcH6eH3HJJOBhiH 3!jJHp 

CxeMa 141 
0 

Et Me 

OPMB 

n- M CTOKCH6eH1HJThmJH 33III11THa5I rpynna 6biJia HCITOJIL3oBaHa TaK)KC 11p11 

pa3pa60TKC Cl11!TC33 BClllCCTB, ITOJI06HLIX lBBCCTHblM HH!'l1611TOpaM CKB3JICH­

CI1HTa3bl 11 (jJapHe3HJ!TpaBccpepa3LI. CKBaJICH - :Ho HCHaCLIIU:CHHLIM ymcno­

i(OpOI~ ·-·- TCpllCH, KOTOpLIH Cl1HTC311pyeTC5! B 'ICJIOBC'ICCKOM opraH!13MC 11 }Jll­

JlHCTOI HC:XOJ!IIbll\1 COCJIMIICII11CM B CI1IITC3C XOJICCTCp11I!a. XOJICCTCpl1ll- O/V1ll 

113 H31160JICC 113BeCTHLIX 11 Jl3)f(Jib!X Jll1111I)J,OB, B qaCTHOCTli CIIIC 11 IIOTOMy, 'ITO 

CYlllCCTBYCT onpegeJICIIH351 KOppeJIHU115! Me)J()ly ero KOHIJCHTp31Jl1CH B KpO!ll1 

tt cepHC'IHo-cocyLJ,HCTLil\!11 6one3IDIMI1. Mcnee II3BeCTHa KpHTJi!qecKII Ba)f(HaH 

pOJib XOJieCTepMHa KaK CTpyKTypHOrO 3JICMCHT3 MHOI'I1X MCM6paH 11 KaK npe!l-

1IICCTBCHHI1K3 CTCpOH)l,HhlX I'OpMOHOB 11 )KCJI'IHbiX KI1CJJOT. )lJI51 MJICKOI111Till0-

11ll1X cro I10CT3BKa B opr3IIl13M C fi11IUCBbiMI1 rrpo)lyKTaMI1 IIC CYIIICCTBCIUJa, 

r. K. K3K ero 6HOCI1HTC3 ITOCT05!HHO pea.TIM3yeTC5! li3 rrpOCTLIX npe,umeCTBeH-

1111KOB. 06pa30B3HIIC CKBaJieHa, 5!BJI5!IOIIICI'OC5! 6JI113K11M npeLJ,llJeCTBCHHHKOM 

\OJICCTCpllH3, rrpoTeKaeT qepe3 IlpOMC%YTO'lHLIH qlapH0311JI TII1p0(poc(llaT I1 

IIOL(p06HO Ofll1C3HO B [30]. 
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Xo.rrecrepHH 
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Bee pac-rymHe :lKHBOTHhie opraHHJMhl HYJK,UaiOTCR B xonecrepnne )J)UI MeM6-

pannoro CHHTCJa, HCKOTOpbiC opraHhi (HaiipHMep, JICCJICJhi Ha,rJ.IIO'ICqHHKOB HJIH 

IIOJIOBhiC JICCJIC3hl) HCII0Jlh3yr<>T XOJICCTCpHH B K3'ICCTBC IIpC,IUIICCTBCHHHK3 )J)UI 

CHHTC33 CTCpOH,UHhiX ropMOHOB HJIH B K3'ICCTBC HCXO!J;HOfO MR 6HOCHHTC33 

BHTaMnHa D. KoHBepcnR cKBanena B TeTPaunKJIH'IecKHe cTepoH.UHhie coennne­

HHH Ha IIpHMepe CHHTC33 XOJICCTCpHH3 BhlriiMHT CJICJJ;yr<>IUHM o6pa30M. IJcp­

BhiM 3T3IIOM 5IBJI5ICTC5I IIOJiyqeHHC CKBaJICH-2,3-3IIOKCH,U3 IlpH K3TaJIH3C CKB3-

JICHMOHOOKCHTCH330H. )l,aJihHClllllHC IIpOIJ;CCChi 33BHC5IT OT BH,U3 opraHHJMOB, 

B KOTOpblX OHH Ilp0HCXO)J;5IT. 

B pacTeHH5IX yKaJaHHhiH 3IIOKCH.U TPanc¢opMnpyeTC5I B necKOJihKO cTa­

.nnti: B cTepoH,ll cTHrMacTepHH. B rpn6ax KoHe'IHhiM peJyJihTaToM cepnH <j>ep­

MCHTaTHBHhiX pcaKuHH 5IBJI5ICTC5I 3prOCTCpHH - OCHOBHOll KOMIIOHCHT MCM-

6paH rpH60B, y MJICKOIIHT3IOIUHX - XOJICCTCpHH. 

CTPYKTYPhi 3¢¢eKTHBHhiX nnrn6mopoB (231, 232), KomphiC nocJIY:lKHJIH 

TCMIIJI3T3MH M5I IIOJIY'ICHH5I IIOJ(06HOfO THII3 COCJ(HHCHHll B pa6oTe (CXCM3 142) 

( 191 j, IIpCJJ;CT3BJICHhl HHJICC. 

0 0 

HOOC ,,. 
,,,,•'' HOOC "'-········· 

w v 
0 {CH~ 

( 
232 

(CH~ 

( 
231 

CTPaTernR cnnTeJa o6mero Mpa YKaJaHHOH cncTeMhl pa3pa6oTana c no­

MOIUbiO aueTaJihHOfO CHHTC33 C IlpHMCHCHHCM COOTBeTCTByr<>IUHX 33IUHTHbiX 

rpynrr, B TOM 'IHCJIC H n-MCTOKCH6CH3HJihHOH (PMB) (cXCM3 143) [191). 

Bhiiiie o6cYJKJ(aJIHCh neperpynnHpOBKH, B KOTOphlx uCHTPaJihHYIO ponh 

nrparoT J(Ha.JIKHJiaueTaJIH J(HMeTHJiaueTaMH)la. Ho aueTaJIH J(HMeTHJI¢opMaMH.Ua 

TaKJKe IlpHMCH5IJIHCh )J)UI 3THX IJ;CJICH, XOTR, KOHC'IHO, MCX3HH3Mbl peaKUHH 

CH.JihHO 33BHC5IT OT TOfO, K3KHC 3MH,U3UeTaJIH HCIIOJlb3yroTCR. B pa60TC [192) 
H3Y'J:CHO B33HMO,UCHCTBHC a.JIJIHJIOBOfO cmtPT3 C J(H3THJI- H !J;H.HCOIICHTHJiaueTa­

AAMH J(HMeTHJI¢opMaMH,Ua (I b, 15). llirreprrpeTauH.5I nporeKaiOIUHX npoueccoB 

OCHOBaHa Ha llCpBOHaqaJibHOH nepC3TCpH¢HKaiUIH C o6pa30B3HHCM COOTBCT-

3. I. PeaK~.~;uu a~.~;ema!letl a-~tuooe u !laKmaMo6 c 3/leKmporjJuflbHbWU peazeHmaMu 87 
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OPMB- O-p-MCTOKCH6eH3HJI 
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OPMB 
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OPMB 

TBS 

0 
lc 

KCHJIIIJI, 

150°C 
)8q, 91% 

TBS 

CTBYIOlUCfO HCCJ1MMCTpl1'IHOfO aueTaJIH (231), KOTOph!H ,UiLT!CC npenpamaeTC5I 

B Kap6en (232), npeTepnermouuri1 [2,3]-cnrMaTponiiYJO rrcpcrpyrrnnpoBKY c 

06pa30B31111CM UCJICBbiX fOM0,10fi1'1HhlX 3MH)l0B (233) (CXCMa 143). 

CxeMa 143 + 

ll,oH+ 
NMe2 NMe2 
I II Ro-

'Lr-o~'Lr-M~NCH(OR):z ---. 
lb,R=Et; 
15, R=HeorreHTHJI 231 

- IL:C-NM I e2 

0 

I( CH2CDNMe2 [2,3] 

232 233 

Emc B O,UHOM 11CCJIC,UOB3HJ111 [193j TOT JICC BOIIpOC paCCMOTpCH Ha 60JICC 

CJIOJICHhiX I1p!1Mepax. B 3TOH pa6oTe Ilpe,UJIO)!(CH p5I,U HOBhlX MCTO,IlOB KOHCT­

pyKIJ;HH 6YTCHOJIH,UOB, a OCHO.flHhiM 5lBJ15ICTC5I TOTaJihHhiH CJ1HTC3 nepCIICKTHB­

HhlX npOTHBOOIIYXOJICBbiX COCJJ;HHCHHH - TpHIITOJIH)la l1 Tpl1IITOHH)la, KOTO­

pblC orpaHH'ICHHO ,UOCTYIIHhl li3 IIpHpO).l,HhiX llCTO'IHHKOB. 
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0 

TpHITIO~ TpHnTOHH.l1 

O!lHOi.J. II:J KJJIO'lCBhiX cTam1i1 :noro opHriiHaJibHoro ciiHTna HBJI>!eTcH 

rnaHMO,IlCHCTBHC TpHUHKJlll'!CCKOI'O aJL1HJIOBOI'O CIUipTa (234) C )UlMCT!1J!aUC­

TaJICM iiiiMCTH.mtJOpMaMH!la (1 a). PeaKUHH, no-BIIJlUMoMy, TaiOKe npoTcKaeT 

'!epe3 o6pa30BaHl1C Kap6eHa (235), [2,3 ]-curMarpomm51 neperpyrumpoBKa 

KOTOpOro ITpUBO,IlliT K UCJICBOMY iiUMCTl.fJiaMHLlY (236) ( CXCMa 144). 
Bo3MO)!(HOCTH pa·munm HCCJIC,Ll,OBaHHH crepeoXHMH'!CCKHX oco6emwcrei1 

rreperpynnHpOBKH Koyrra- KJiaiheHa 11 conocraBJICHlt5I ee c rrepcrpymmpoB­

KOH KJiaii:3CHa - 3meHM03Cpa npH Bb!COKOH TCMI!CpaType (mipOJHI'l npii 

TCMITCpaTypC BbllllC 300 °C) paCCMOTpCHbl B pa6oTC ( 194 j. 
B 3aKJIIO<ICHHC 3Toro pa3!lCJra CJICilYCT o6o6urHTh IIOJlY'ICHHbiC pnym,raTr.r. 

B cymHocTH, ecTh nBa HanpaBJlCHHH paccMaTpimaeMoii: peaKUHII: a) cryncll'ra­

TbiH rrpouecc; 6) npouecc corJiacoBaiiHLiii:. 

IlepBbiH npouecc MO)!(CT 6b!Tb omtcaH CJIC!lYIOIUCH CXCMOH, BKJl!O'IaiOIUCii 

Ha TICpBOH CTa!lHH peaKUHIO mpaHC-3TCp11(lJUKaUUH II !laJlCC 3JICKTpmj:liiJibHYIQ 

aTaKY TIO IIOJlO)!(CHIIIO 3 npOMC)J(Y'fO'IHOro 0:-aJIKOKCHCHaMHHa (AE), corrpo­

BO)J(!laiOIUYIOC5! pa3phiBOM C-0-cBH31I II o6pa3oBaHHCM !lUMeTHJiaMH!lHoro 

(pparMCHTa. 

B'~:opoil npouecc He npc!lycMarpnBaer pa3!leJieHH51 Ha OT!lCJILHhre crannu, 

a 3aKJIIO<IaeTC5! B o6pa30BaHHII nepeXO):[HOfO COCT05!HII5! C Y'IaCTIICM BCCX '!aC­

TCH MOJieK.YJI, pearnpY!QIUIIX Me)!(!Iy co6oi1. Ilpei[noJiaraeMLJe npoueccLI npH­

BC!lCHhi Ha CXCMC 145, C. 90. 
Xorenocb 6br no):['lepKHY'fb, 'ITO )!(CCTKOH rpaHHUhT Me)!(!Iy o6o3Ha'leHHhiMH 

npoueccaMH MO)!(eT II He 6biTh. B pa3JJ:. 3.2.5 rro)[po6Ho paccMOTpCHhi xapaK­

TepHbie npH3HaKH COfJiaCOBaHHblX npOUCCCOB. Ha!lO yKa3aTh, 'ITO BO MHOn!X 

o6CY%i!CHHbiX Bhlll!C IICCJIC):[OBaHH5!X, KaCaiOU(HXC5! peaKUHH KJiaH3CHa -

3IIJeHM03epa, JWTaJibHO MCXaHH3Mbi HC paccMaTpMBaJiliCb, 11 peU!liTb C OIIpCJIC­

JICHHOCTblO BOIIpOC 0 TOM, 5!BJI51CTC51 JIM TipO!!CCC C'fYTICH'laThiM HJIH COfJiaCO­

BaHHbiM ( CHfMaTpOITHa51 rreperpynrrHpOBKa), HC BCC[!la IIpCJICTaBJI51CTC5I B03-

MO)!(HbiM. 0'!CHb Ba)!(Ha5! !lCTaJib, KOTOpa5! BCCbMa cymeCTBCHHa HMCHHO )[115! 

HaiiiCfO paCCMOTpeHU5!, 3aKJJIO'laCTC51 B TOM, 'ITO ):[JI5! KJiaH3CHOBCKHX rrepe­

rpynrrHpOBOK ITpH3HaCTC51 orrpeJ[CJlCHHOC pa3J[CJICHHC 3ap5!J[OB B rrepeXOJIHOM 

3.1. PeaKu,uu au,ema"1e1l aMuooB u "wKmaMoR c 3!leKmporjm.1bllbtMU pea?ellmaAtu 89 
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CxeMa 145 
Cryrre!I'IaThlll npoi(ecc llepeXO):IHOe COCTOllHHe rrpH 

ciD"Marpormon rreperpyrrmiJlOBKe 
( cornacoBliHHhiH rrpouccc) 

<( 

(
,, 
-~ 

(/,; Me c Me I ___ oR- I -OR 
Me2N~ oA 

OR NM~ 
0 

I()NM~ 
H 

()+ 

~·Jj 
t:'r'X 

0 AE NMe2 

\ ()-
"'~ct-12 

- '%~ 

cocToHmm [II X 1 - HMetmo :c~To rro"lBOJIHcT HaM OTHOCHTh peaKI(liiO Km1ii:lc~ 
Jla - '3ll!eHM03Cpa K !IpOUCCCaM, B KOTOpb!X !Ia6JIIOJ[3CTC5l 'JJ!CKTpOCjll!Jihli<Ul 

aTaKa ITO ~!CTl1JfbiiOii (!UH MCTHm~HOBOH) rpyrmaM aMHL[aJLeTaJICH. 

KoHC'IHO, B ueJJOM pl!JlC C1Y'Jacn cTepeoxHMWieCKHe oco6eHHOCTI1 o6cy)[(~ 
.il.aCML!X pcaKJ[I1ii /[a!OT BO:>MOlKI!OCTL JlOCT~lTO'fiiO 'ICTKO xapaKTCpH30KlTh 11X 

KaK [3,3j~CJ1fMaTpDrii!b!C riCpCI'pY11Ifl1pOBKl1, 'ITO BO MIIOfHX CJIY'IiHIX B Op!HH~ 

H<UTLHb!X CTaTL>fX l1 ;reJJaCTC51. 0L[H<IKO ITOJW06JibiH aHamn L[aH!IhiX B 'JTOM 

HarrpaBJ!CHI1TT BLIXO)[I1T '3a paMK11 HaCT051U[CH MOHOrpacjmTT. 

3.2. PeaKuuu au,eTaJieif aMULIOB u naKTaMoB 

c nyKJreocpuJibHbiMH pearenTaMH 

AMI1Ll- 11 JlaKTaMaucT<UIH HUJI51IOTCH BCChMa npHBJJCKaTeJlbllbiMTT pcarcHTa­

MH ).l.JI5l B3ai1MO).l.CHCTBTT51 C pa3JIWlllblMI1 HYKJ1COcjmJiaMI1, 11 11MCIIHO ::!TO HX 

CBOHCTBO B 1Jal160J1LIIICH CTCITCHH TTCIIOJIL3YCTC5l B opraHIP-ICCKOi-i H oco6eHHO 

reTcpoU:TTKJIWiecKoii. XI1MIIIL BrroJIHe o'leBHJJ:HO, 'ITO, ncTynaH B peaKU:HH c 

HYKJlCOcj>HJlLHLIMII areHT3MII, C3MII aMI1L!aU:CT3JIH Bb!CT)'I1310T B K3'!CCTBC 3J1CKT­

pOcjH1J10B 11, CJICJ.l0B3TCJILHO, ).l.OJDKHhl COJ.Icp:lKaTL 'l3CTWIHLIH (I1J111 ITOJ1Hhllt) f10-

J10:lKHTCJILHhiH JapH.ll B enocH: CTPYKTYPC. Ilo3TOMY He 11I1IIJHIIM 6yJ.IeT HanoM­

l!IITL 06 06CYlKJ.laBIIJCMC51 ~e CBOHCTBC aMI1.ll- I1 J13KT3MaU:CT3JICH 1IaXOJ.lHTbC51 

B paBHOBCCliH C a.M6IIL[CHTHLIM K3TI10HOM II 3JIKOKCH-3HIIOHOM, rrpnqeM IIMCH­

HO 3TOT KaTIIOH 11 HCCCT OTBCTCTBCHHOCTL 33 CI10C06HOCTh 3U:CT3JIC!':i. pearl1p0-

B3Tb, 33'13CTYIO BCCLM3 JJCrKO, C p33JiliqHL!Mli HYKJ1COcj>HJ1aMI1. IJoBTOpiiM CXC­

My, ITOK33LIB310IUYIO 3TO paBHOBCCHC, ITpW!CM 3J.lCCb 6y).l.cT I1306pa:lKCHO TOJILKO 

D:BOHCTBeHHOC panHonec11e, B3)!(}{0e I1MCHHO J.IJ151 peaKU:HH c HYKJrcocj>I1JlaMH 

(cxeMa 146). 

R 
I/OR'' 

R2N~-
1 OR" 

CxeMa 146 
R 

R'zN=-=L + R"0-
2 +',oR" 

3.2. PeaKu,uu au,ema,zeii aMurJof/ u oWKma.MOfl c HYK~·zeor/Ju~1bllbtoHU pea<eHma.Mu 91 

3.2.1. AAKU.!lupo«anue OMuiJau,emU.J!JlMu 

l-I'f'.A<HO OTMCTHTL, 'ITO pe3KUII51 C Kap60HOBh!MI1 KIICJIOT3MH 51BJ!5!CTC51 ,[[0-

BOJlbHO '!acTo ncrronLJyeMoii B XI1MI111 aucTandi aMHJ.lOB H JiaKTaMon. B r.rr. I Ta­

Koro nma peaKurm 3TepwjmKaUIIll y)[(e nonpo6Ho paccMaTpHBill1HCL (eM. cxe­

MLI IJ-16), BKJIIOLia5l 11 pc3yJILTaTLI I11Y'ICIUU! MeXaHJI3~!a :nnx npOIJ,CCCOB, 

6a3HpylOIII,CfOC51 H3 y<I3CTI1I1 B nepeXOD:IIm! COCT051HIIH aM6IUICI!Tl!OrO KaTIW­

Ha. I!aXO)l5lll!Croc51 B paBIIOBCCI1I1 C aMl!Jli1UCTaJICM, KOIIUC1!TpaUH5l KOToporo f10-

BLIIUaCTC51 rrpH ITpOTOHI1pOBai!I1l1 aueTaJI51 C Y'lilCTIICM KIIC,lOThi, liOJUlCpfaJOlUCi-i­

C51 3TCpHfjlHK3UIIH. 

B llOITOJIHCHHC K y)[(e o6cy)!(J1CIII!biM pc:lyJlLTaTaM, KacaK1!HHMCH pcaKunii 

3:1Kl1JlllpOB<HII151 C I1CIIOJ[L'30B;tHHCM ilMllJl- II JJilKTaMili[CTaJleii B K3'1CCTI3C aJJ­

KHJ!IIpyK)JUI1X i1I'CHTOB, yKa)[(eM Ha HCCJICJlOB(lHl!C [ 195], ll KOTOpOI\1 I1pOBCl!CH<l 

3Ta peaK!ll151 H<l ITp11MCpaX 6oJihlliOI'O KOJIWJCCTB<l Kap60l!OBLIX Kl1CJ10T II <lJC· 

HOiioB 11 c y'racnreM pa3JIH'!HLIX auCTaneii Lli1MCTHJHjJopMaMI1).l.<L B 'JToi1 pa6o~ 

Te ;urrop yKa3hmaeT Ha rro6o'li!Liii rrpouecc, npoTCKaiOlUIIii rrapaJIJICJihHO 3Te~ 

piiqmKaJUlH (cxeMa 147), KOTOphlH H3J!O y<II1TLIBaTL ITpi1 llpOBCJ.lCHI1H TaKTTX 

peaKIU1it /\sTop [ 195] (eM. TaK)[(e l 52, 196]) npc.llJlaraeT cxeMy B3ai1MOHc:ikmmr 

3MHWHICT3J!CH C KHCJ10TaMI1, a.JlLTCpHaTHilHYIO npoueccy 3TCp11<lJHKaU11l!. 

/OMe 

Me2N-rn + HX 

'oMe 

CxeMa 147 

+ /OMe 
Me2N=C 

'H 
+ /OMe 

Me2N-CH 

' ~ OMe 

Me,+ /OMe 

+ X + MeOH 

Me-N-CH 
/ ' + Me2N-CHO 

Me OMe 

J 
/OMe 

M~N-~ 
OMe 

+ /OMe 
Me3N + Me2N= C + 

x- 'H 

t 
+ 

CH(OMe)3 

Me4N +X-+ Me2N-CHO 

Yl3 I1pi1BC.llCHHOI':i. CXCMhl CJICJ.lYCT, LITO 3TOT IT060'IHhiH npouecc CTIII\tyJII1-

pyeTC5l rrp11 H3JII1'II1H II36LITKa 3MHJ.l3U:CT3JI5l. 
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Boo6lll,e, rro.~~:6op ycJIOBHli.ll:JUI rrpou,ecca ::nepHtPI1Kau,HH arpaeT O'ICHh cy­

IIlCCTBCIIH)'ID poJih. TaK, B 3TOi1.lKe pa6oTe [ 195] rroK<l3aHo, 'ITO rrpH rrpoBC.ll:CHHH 

peaKIJ,HH.ll:HMCTHJiaiJ,CTaJUI .ll:HMCTIIJitPOPMaMH.ll:a (1 a) C n-Hl1Tp06CH30llHOll KHC­

JIOTOll 6e3 paCTBOpHTCJI5! COOTBCTCTBYJOlli,Hll CJTO.lKHblll 3tPHP o6pa3yCTC5! C Bhl­

XO.ll:OM 32 %. ITpa 3TOM Bhl.ll:CJieiio 45% XJIOpl1.11:a TeTpaMCTHJiaMMOHlf5! (eM. TaK­

.lKC ( 196]). 3a 3 '! l1pH6aBJIC!Ilf5! ITO K3f!JI5IM au,CTaJ15I K cycrrCH3Hl1 3T0ll KHCJIOThl 

B XJIOpHCTOM MCTHJICHC BbiXO.ll: CJIO.lKIIO!'O JtPHpa 110.ll:l!lfM3CTC5! .11:0 70 %, a npH 

IIHTHqacosoM rrpH6aBJICHHH- .11:0 90 %. CpaBHCHHC pcaKIJ,Hounoii cnoco6IIo­

CTH 110 OTJIOWCIIH!O K peaKUHH 3TCPHtPHK3ll,HH n-Hl1Tp06CH30HHOH KHCJIOTbi 

aiJ,CTa.Jl51 (1 a) 11 mrppOJII1.11:11IIOBOfO aiJ,CTaJI5! ( 1 C) ITOKa3b!B3CT 66JiblliYIO aKTI1B­

IIOCTb IIOCJ!C.ll:HCfO. 

0 /OMc 
N-CH 

" OMe 

(1e), R=(CH2)4 

Tar<:, B LU1XJIOpTraHe 3a 3 'I (1 e) naeT n-N02C 6H4COOMc c BhiXO.ll:OM 92 %, 

a 3a 25 '!- Bb!XO.ll: KOJIH'ICCTBCHHhiiL )J,JI5I (1 a) KapTHHa ,J.OBOJ!hHO CYIHCCTBCII­

HO OTJIJ1qaeTC5! - BbiXOL[ 3tPHpa B 3TILX ycJIOBH5!X 3a 4 q COCTaBJI5ICT 65 %. Ja 

25 q- TOJ1hKO 70 %. KmrcTaHThi cKopocTH npouecca aJIKH.rmpoBaHHH paBIIhi 

0,012 JijMOJib LlJUl (1 a) II 0,028 JijMOJib L[Jl5I (I e). 

11TaK, IIOBTOpHM Clli,C pa3 OCHOBHYJO (HO HCCKOJ!hKO MO.Il.CpH113!1pOBaimy!O) 

CXCMY MCXaHI13Ma 3TCpHClll1KaUHH (CXCMa 148). 

CxeMa 148 
Me2N - CH(OR'}z 

1l 
RCOOH 

RCOO- + ~ + R'OH 
MezN' + \OR' 

R'O­
CH 

Me2N~OR' 

~ 
RCOO- + Me2N~O-R' 

RCOOR' + Me2NCHO 

0TMCTHM Clli,C pa3, qTO BTOpa5! peaKIJ,l15! 5!BJI5ICTC5! THTIHqHOH SN2-peaKIJ,l1-

ei1, K KOTOpOH HCCTIOC06Ha HCOTICHTl1JlbHa5! rpyrrna, T. C. TIOJiyqCHHC HCOIICH­

THJihHbiX 3tPHPOB .ll:aHHbiM Cl10C060M HCB03MO.lKHO HJIH 3TOT TipOl[CCC peamr-

3YCTC5! TOJihKO B CaMOH MaJIOH CTCIICHH. 0.11:H3KO BBC.ll:CHHC B 3TY peaKIJ,HIO 

H3P5I.ll:Y C 6uc-HCOTICHTHJitPOpMaMI1.11:aUCTaJICM (15) 110'!Tl1 JIJ060f0 L[pyroro CIIHp­

Ta IlpHBO.ll:HT K CJIO.lKHOMY 3tPHPY 3TOf0 CITHpTa ( CXCMa 149) [ 195]. 

.1.2. Pew{u,uu au,ema.1eii aMuiJoe u ,wKtnaMoe c HYKAeorjJu/lbllbLMU pea?e/1/naMu 

CxeMa 149 
Me 
I 

OCH2CMe 

R1 
- COOH + R20H + Me2Nci'J Ml ____... 

'- e 

+ 
----.. Me2N 

OR2 

/ = c + 
' H 

OCHz 
I 

Me-c-Mc 
I 

Me 15 Me 

Me+ CH20H + R1COO- + Me2NCHO 

Me 

93 

Ecm1 :JTOT npyroi1 cmrpT onTwrccKH aKTliBCH, HanpHMcp cmrpT. npHHaLI­

'IC)Karua~i K CTCpOHL[IIOMY p}l.ll.Y, TO HHTCpMCJJ,l1aTOM HBJIHCTOI COC,'\HIICIIHC (237) 

R 

MezN==< 
0 

i AT<uGI c o6pamon 
23 7 CTOpOHbl (SN2-peaKQID£) 

KaK noKa3auo na pHcyHKe Bhiwc, aTaKa Rcoo- HMCcT MccTo c o6paT­

ttoi1 CTOpOHbl- B pC3YJibT3TC npOl1CXOL[I1T o6paU~CHI1C OIITWICCKM aKTHBHOfO 

I!CHTpa, HanpHMCp CXCMa 150. 

CgHI7 

H 
5-a-XoneCTaH-3-a-on 

0 

H 
3-a-rHAPOKCHaHAPOCTaH-17~H 

CxeMa 150 

15 

• 
AcOH 

H 

5-a-3-J)-XoJieCTaHOJiillill.I.\eTaT 

15 

p-HHTpo<!JeHOJI 0 
H 

N02 3-J3-0poH3BO.li;HOC 
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0TMCTHM, <ITO CCJIH B IIOJIO.JKCHHH 3 CTCpOHJ(IIOH MOJICK)'Jibi fHJ(pOKCHrpyrr­

rra 33HHM3CT aKCHaJibHOC IIOJIO.JKCI!HC, TO B npoJJ,yKTC HMCCTCH COOTBCTCTBYIO­

lll,HH 3KB3TOpHaJibHbiH 33MCCTHTCJ1b, H ~ Ha060pOT. 

B pa60Te [ 197] H3yqeHa B03MO.JKHOCTh Tp<nrc¢opMau,HH nciiHl(HJIJIHIIOBOH 

CHCTCMLI B u,e¢anocnopmroByro. KpaTKaH HH¢opMaUH5! o6 3THX aHTH6HoTHKax. 

f1epB35I rpynna ~ IlCHHUHJIJIHHhi ~ npenapaThi, ::>¢qlCKTJ1BHh!C !1pl1 11II¢CKUI1-

}{X, Bbi3BaHllh!X rpaMilOJIO.JKHTCJihl!hiMH 6aKTCpH}!MH ( CTpCI1TOKOKKI1, CTa¢11JIO­

KOKKH, !1HCBMOKOKKH H JJ,p.). f1CIIHUHJIJ111Ilbl OKa3h!BaJOT Bh!pa.JKCHHblH ::>ql<lJCKT 

B OTHOll!CHHH paCTYlll,HX MHKpoopraHH3MOB (6aKTCp11I(11J(IIOC )J,CHCTBHC), OI!H 

nopa.JKaJOT 6aKTCpH11 B ¢a3C pOCTa, OCJia6m151 HX KJICTO'IIIl>IC CTCIIKI1, 'ITO C Y'IC­

TOM xapaKTCpiiOfO )J,JUI 6aKTCp11H I!C06b!'laHI!O BblCOKOfO BIIYTPCIIIICrO ;J,aBJ1C­

Ill1}1 rrp11BOAHT K pa3p&my KJICTO<nroi1 CTCIIKH 11 yii11'ITO.JKCHI1IO 6aKTcpm1. Uc­

<p,urocrrop11Hhi TO.JKC CO)J,Cp.JKaT 0-JiaKT<1MIIOC KOJibi(O, HO OliO a!IIICJ!11pOBai!O 

IIC C TJ1a30JII1)J,HIIO!lh1M, KaK y !1CIIHUI1JTJII1Il0B, a C 3,4-JJ:!11'11JlpO-J ,3-n1a:3l!IIIO­

Bb!M 1(11K!IOM, 11 CCJ1!1 11CXO)J,IIOH CTpyKTypoil. JJ:JI}{ !ICIII11\l1JIJ1111!0B MBJ]}{CTCH 6-
aMHHO IJC 11111(11JWI1110Ba5! KI1CJ10Ta ( 6-Af1K), TO l(JI}l UC<jHU!OC!!Opi1110B ~ 

7 -aMHHOL\C<jJanocrrop11HOBa51 KHCJIOTa (7 -AUK). Uc<jJcurocnop1111hl TaK)[(C npo­

HBJJHIOT 6aKTCp11UI1JJ:HYJO aKTI1BIIOCTh 3a C'!CT 6noKa,J:\hl D-<Uialll1liY3IlaJOlll,CH IIO­

JII1MCpa3bl, OTBCTCTBCHIIOM 3a CI1I!TC3 HOBOi.J. KJICTO'IJIOi1 o60JIO'IKI1 6aKTCpi1H. 

fnaBI!a5I OC06Clll!OCTb UC¢clJJOCIIOp11110B !10 cpaHIICJ!I110 C OCJ!l1!!11J1JII1IlaMl1 ~ 

60JiblUa5! yCTOH'li1BOCTb !1CpBb!X IIO OTI!Oll!CI!l110 K f\-JJaKTaMa3aM, UC<jJ<UIOCI10-

p11Hbl 06Jia,[(aiOT TaK.JKe 60JICC ll!I1pOKHM CilCKTpOM JICHCTBI1}1, BKJIIO'Ia5! BJil15!­

HHC H3 rpaMOTpHUaTCJihllb!C Mi1KpoopraHl13Mbl. 

R .rS~e YNH --(_ Mo 

O O~ COON• 

fleiiHIIHJJJlllHhl 

H2N .rS~e :0--l__ Mo 
0 N COOH 

6-ATIK 
6-AMIIHOITCIIHIIHJIJHUIOBall 

KHCJIOTa (AIIK) 

R'~N)=C~cu,R' 
Qe«J?aJioCITopHHLI COOR 

H
2NT--TSI 
0 )-~YCH2ocoMe 

COOH 
7-~o~e«J?aJIOCI!OpHHOBaR 

KHCJIOTa (7-AW{) 

B XO,J:\C 11CCJICJlOB3HIUl TpaHc¢opMaUI111 I1CH11UI1JIJII1HOBOH CHCTCMhl B UC­

¢anocrrop11HOBYIO aBTOpaM [ 197] I10Tpe60BaJIOCb llOJIY<IHTb n-MCTOKC!16CH3H­

JIOBblM 3¢11p (238), KOTOpblH 6hiJI CI1HTC311pOB3H 113 COOTBCTCTBYIOW.CH KI1C­

JIOTbl (239) o6pa60TKOH ,J:\11HCOI1CHTHJibHbiM aUCTaJICM (15) B !1pHCyTCTBI1H 

n-MCTOKCI16CH311JIOB0f0 CI111pTa ( CXCMa 151 ). 

3.2. PeaKu,uu au,ema;wii aMuiJo6 u JWKmaJ.t06 c HYI0JeorjJunbHbLMU peazeumaMu 95 

CxeMa 151 
Me 
I 

Me-C-Me 
I 

OCHz s / + l'hOCH2CONHJ=-c=! + M~N~oyn2 p-MeC>Ct;l4CH20H ----.. 

N CH20Ac C- Me -;:? Me-0 I 
239 COOH 15 Me 

PhOCH2CONH~ S~~ 

- oJ-~~CH20Ac 
238 COOCH2Ci;J40Me-p 

IlO!lY'ICHHIO CJIO.JKHb!X ::>rjmpon C IIOMOJJ(biO aMHL\aUCT<UJei.J. I10CB5!lll,CHO 

!IOBOJibHO MIIOfO pa6oT [62, 198]. f1pCL\CT<lBJI5!CTC5! UC!lCC006pa3HbiM OCTaHO­

I<I!TbC5! Ha 11CCJlC)(OBaHI111, l!OCB5Illl,CHHOM 60JICC llil1pOKOH npo6JICMC, ~ l13Y­

'Il"I!HIO pcaKl(l111 L\HMCTHJI3UCTaJIH )li1MCTJ1JicjlOpMaMI1,U3 (1 a) C CaMb!Ml1 pa3JIWI­

I 1 J.IMH KI1CJIOTHbiMl1 coCJ111HCHHHMl1 [ 199]. B 3Toi1 lPYH.L!aMCHTaJibHOi1 pa6oTe 

I'·ICCMOTpeHbi M!loroqncJieHHbie peaKUHII aueTaJIH ( l a) c coe.IIHHeHI15!MH HX 
II o6o3Ha'ICHbl npo;IyKTbl 3TI1X peaKUI1M 11 tllaKTOphl, OT KOTOpb!X 3aBHCI1T 

ll:urpaDJJetmc npoTeKaJOlll,HX npoueccoB (Ta6n. 8, 9). 

l1CXO)J}l H3 3TI1X LiaHHhiX, aBTOpbl npCL\JIO.JKHJ111 CXCMbl peaK!(I1M aMHJ(aUe­

t:li!CJ1. C KI1CJIOTHb!MH pearcHTaMM (CXCMbl !52, 153). 

Ta6mu~a 8 
PeaKli,UH LIHMeTunaueraJIH ,li,M<l>A c KHCJIOTHhiMU coe):luneuuHMH 

I1 pOLIYKTbl peai<.U1111 

HX ~ X 
-

Me X Me4N+x- M~N/+'\N(Me)2 BbiXOLI,% 

I 2 3 4 5 

AMJuu,i 

<)ITaJIHM~ + - - 71 

lsNHMc + - - 87 

lsNHPh + + - 60/14 

1\NHTs - + - 78 

<l>eHOJlbl 

l'hOH + + - ToJibKO TIMP 

I, 4,6-TpHXJiop<!Jeuon + + - ToJibKO TIMP 

lluKpHHOBaJl KHCJIOTa - + - 71 
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flpodoAJK:eHue ma6,1. 8 
-

1 2 3 4 5 

Kap60H0Bble KHCJIOTbl 

PhCOOH + + - 50/29 

p-N02C6H4COOH + + - 32/45 

3, 5-L{HHI1Tp06eH30HH351 + + - 21/53 
KHCJIOT3 

CF3COOH - + - 68 

<DocclJoco,ueplKliii\He KHCJIOTbl 

n-(C6H13) 3POOH + + - 38/CJIC)jbl 

(ro'"o p/ + + - ToJibKO nMP 

o1 "oH 

CynbCJ!oKHCJIOTbl 

TsOH - - + 76 

My( 
: I so,oa 

- - + 63 

Me 

Mmtepa.JibHble KHCJIOTbl 

HC104 - - + 85 

HC1 l + I + I - I 30/7 
·-·---

CxeMa 152 

A XXH 
Me2N t OMe 

a) <1JopMIDIHJlOBBHIIC 

M~N-CH(OMe)z + HX ~ M~N~OMe + x- + MeOH 

la b) AmrnmtpoBllHH;/ ~ AmrnmtpoBlllille 

+ 
M~NCHO+MeX Me3N-CH(OMe)z + Me2NCHO 

x- ~ 
~ -

Me3N + MeO~OMe X 

+ - I ~ 
Me2NCHO+ Me~ X 4 .,.. M~N~OMe + CH(OMe)] 

1.2. PeaK4uu a4emaAeil aJ>tuooB u ,wKmaMOB c HJKileoljJI-WbHbtMll pea?eHmaMu 97 

CxeMa153 
B + 

Me2N- CH(OMe)z + HX Me2N- CH(OMe)z 

ta ~! x- /"'--... 

M~NH + MeO~OMe 

~ _L + x- x-
MeOH + MezN~NMez ~~ + CH(0Me)3 x- Me2N; + ,oMe 

~ 2Mc2N- CH(OMc)z 

Me~+ x- + CH(OMe)J + 2MezNCHO 
Ta6,w~<a 9 

3aBHCHMOCTb HanpaBJJCHHll peaKIJ.Hll ,UHMCTHJJ3QCT3Jill }lM <I> A 
C KHCJJOTHbiMH COC,UHHCHHliMH OT HX KOHCT3HTbl HOHH33QHH 

--

HX KoHe'IHhrii rrponyKT CxcMa pKa(R) 

RC=CH 
xxH 

153 (a) 21(Ph) 

(RO)zOPH -

IICN 
MezN OMe 

10,1 

AlkOH X H 153 (a) 18(Et), 16(Mc) 

AlkSH Me:zNXOMe 10,5/12,0 (Et) 

IIP(O)(OR)z 
HJIH 

H 

R2P(O)H 
>=z (ZH=X) 

Me2N 

IIOH H 153 (a) 15,7 

RNH2 
> z 27(Ph) Me2N 

R2CH2 
(ZH=X) 13,3(COOEt) 

RCOOH 4,75(NH), 4,2(Ph) 

t\rOH 153 (b) 3,4(p-N02C6H4) 
Me X 

(RCO)zNH 2,8(3,5-.UH-N02C6H 3) 

RS02NR'H 9,95(Ph), 6,4(Cl2C6H3) 

RCOOH 0,23(CF3) 

ArOH 153 (c) 

Ar2S02NHR' Me4N+x-

(RS02)zNH 

HC1 -3 

t\rS020H ~ X 154 -5,9 

HCI04 

Me:zN~Mez 
-10,5 

I 
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KaK BJ.l.)lHO H3 J(aHHhiX, rrpHBCiJ:CHHhiX B Ta6JI. IS H 9. H cTpyKrypa cy6CTpa­

Ta. H KHCJIOTHOCTh peaKIJ;HOHHOfO rrapTHepa OK33b!B3IOT OTipCJ(CJI51IOlli,Ce BJIH-

51HHC Ha rrpouecc B3aHl\IOJ(CHCTBH51 H CTJJOCHHC ITO.'IY'ICHHhiX npOJzyKTOB rrpH 

peaKIUUIX C 3MH.Q3U:CT3JICM. 

K 'IMCJIY pa6oT, OTHOC5lll\MXC5l K 3TOM npo6JJeMe, yKa)!(el\1 !lOilOo1Hl1TeJihHO 

Jia 11CCJlC,QOB<lllH5l (65, 200], B KOTOpblX. H 'IaCTI!OCTM IIpOBO,!\HJiaCh )]l13TCpH­

(j)l1K3l(H5! IU1Kap60HOBhiX Kl1CJIOT c np11MCHCI!l1CM )J,MCDA ll,l13THJ1· H ,'Ul6CH­

'3HJI3UCTaJICH C BhiCOKHM BhiXO,!\OM ( 64-7 5 %) H npH M5!fKHX yc.TIOB!15JX. 

3lliCHM<ncp 11 ,U:p. (201, 202] OITl1CilJIH l1CTIOJib30BaHIIC ,[(!16CH3l1Jial(eTaJI5! 

J(I1MCTHJicj;JOpMaMH.Qa ,U:JI5l 6JIOK11p0B3HH5! KDriUCBOM Kap60KCI1JlhHOH rpyiiiihl 

JICIITH,[\OB C 1\CJlhiO C03,U:aJIH}l JaLUHTHOH rpyiiTihl, KOTOp<UI MO)KCT 6hiTh 3C\TCM 

IIpM HC06XO;J:J.1MOCT!1 Yfl-ilJICHa CTilH,n:apTHh!MJ.1 MCTO,[\aMH ( CXC~1a 154 ). 

Cxeua 154 

Ph 

......... ---<0_/ 
-N 

0~ 
-----.... Ph t- L-vai-COOH t- L-vai-COO ~Ph 

KmmepcH5l aMl1HOKHCJIOT (239) B aMH.QMHO"HPHphr (240) B Oll.HY CT<VJ.1110 

MO)!(CT 6b!Th J(OCTHfHY'f3 KIIWI'!CHHCM aMHHOK!1CJ10Thl C al{CT<L1CM ( 1 a) HJIH 

(1 b). 06pa3Y!QIUJ.1CC}l aMHJ(llJIO:Xjmpbl MCJICC IIOJ15lpHbl, 'ICM HCXOJ(Hh!C aMMHO­

KHL10Thl, H TaJOKC 60J1CC JICTY'Il1 11 MOiyr 6biTh orrpCtJ,CJICHbl C IIOMOIUbiO fi\30-

BOM xpoMaTorpaqmn 11 Macc-cncKTpOMCTpwrccKH [203]. nonce Toro, aMHiJ:l1H0-

3cj;JHphr MO)[{HO 3JlKHJIHpOB3Th flO a-C-aTOMY o6pa60TKOH JlHTHtiJJ,HaJIKHJia­

MH)lOM H aJrKIUiranoreHJ.l.)lOM HJIH Mnxa3nencKHM aKu;errTopoM c nhrxonoM K 

aHaTJoraM aMHHOKHCJIOThl (241) (CXCMa 155; Ta6JI. 10) [204]. 

R--<COOH 

NHz 

239 

.n;M<l>A-auera.rra 

• !::. 

Cxeua 155 

R --<COOR' LDA 

N-
\ 

R"X 

240 /N'-... 

R" COOR' y_ 
R N\ 

.. 
241 /N'-.... 

3TOT rrpOU:CCC BO MHOfHX CJIY'fa5IX 3Ha'IHTCJibHO JICf'IC pCaJIH3YCTC5l ITO CpaB­

HCHI1IO C npyniMI1 MCTOJJ,aMH aJIKHJII1pOB3Hl15! [ 205]. 
Au;eTaJIH J(HMCTHJicj;JOpMaMHJ(a 6b!JIH HCITOJih30BaHbi B XHMHH HYKJIC03H­

,'J,OB KaK mrKHJIJ1PY!OlllHC areHThl. B pa6oTax [206, 207] orrncaHo N-aJIKHJIHpo­

BaHHe KOMIIOHCHTOB HYKJICI1H0Bb!X KHCJlOT aueTaJICM (1 a) l1 rrpetJ,J10)[{CH MC­

xaH!13M rrpou:ecca, rrpe,n:ycMaTprmarorunil rrepnoHa'-laJILHYIO aTaKY auen.neM rro 

Kap6oHl111LHOMY KHcnopony nyKJieoJJ.l.)la c nocnenyromcn rreperpynrrnponKoil 

(cxeMa 156). 

3.2. Pear:tjuu au,emaneil aAtuJoe u naKmaM06 c HyKJleorjJU!lbllbl.MU peazeHmaMu 99 

Ta6.1ui.ja 10 

06pa3ouanue u llJIKHJiupouanue aMH,LJ,HH03!jmpou HJ aMHHOKHCJIOT [46] 

If< "1.tf< "1. 
0 - 0 
c;s ><_...:; 

R (239) "'"1' 3JJCKTJJOcfmJJ R" (241) :o;; 
""~ ""~ 

H so PhCH=CHCH2Br PhCH=CHCH2 65 

H p-ClC6H4CH=CH(COOMc) 2 p-CIC6H4CH-CH(COOMch 63 

H p-C!C11 H4CH=CHN02 p-C!C6H4CH-CH2N0 2 90 

1\ 1cSCH2CH2 94 p-CIC6H4CH2CI p-CIC6H4CH2 84 
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Me 

McCH2CH 2 
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83 

88 

84 

89 
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Ta6nui.ja 11 

AAKUJIUpOBaHUe KOMDOHeHTOB HYKJieUHOBLIX KHCJIOT aueTaJieM A (46] 

0 

RJ, .Jl. ~ 
N- ~~R2 

o~N/z 
I 
Rt 

Rt R2 RJ z BhiXO,U,% 

H Me CH 88 (6e3 paCTBOpMTCJJll) 

H Et N 78 (6e3 paCTBOpMTCllil) 

I )-pM6ocfJypaH03MJT H Me CH 43 (B ,[l,M<l>A) 100 (B MeOH) 

-I )-pM6ocfJypaH03MJT H Me N 61 (6e3 paCTBOpMTCJJ5!) I 
D-ne3oKcMpM6ocfJypauo3MJI Me Me CH 91 ( 6e3 paCTBOpHTCJill) J 
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B IlpOL(CCCC IIOHCKa IIOll,XO)lOB K CHHTC3Y q>-H301_(11TH)liUia (242) - CI1IITC­

TWICCKOI'O I1pOTHBOJICHK03HOfO C-HYKJIC03H)la [208) B K31ICCTBC HHTCpMC)lJia­

Ta )lJI51 Tpanccl:>opMaL(J.IH KOJihL(a 6biJI 1136pan I ,3-)lMMCTI1JI-<p-yp11)li1II (243), 
IIOJI)"ICHI1C KOTOpOrO CTaH)lapn!biM MCTI1JI11pOB3!!11CM C 11CIIOJih30B31IJICM )ll1-

330MCTal!a 6I>mo ocJIO.lKIICIIO 113-3a npouccca 0-MCTJ.IJIHpOBamur. CMcch no­

JI)"IaJIH l1 11p11 11CIIOJih30BaiiHI1 B KaqecTBC MCTI1JI11pyiOW:CfO arCHTa .11,11MCTI1JI­

CYJihcP3Ta. Hai1JlycnllHM cnoco6oM IIOJI)"ICIIHH (243) oKa3aJIOCh MCTHJIHponaiiHe 

rp-ypi1.11,I1IIa (244) (CXCMa !57) (209] .ll,HMCTHJiai_(CTaJICM ,[{M<DA. <jJ-lbOL(HTH.ll,HH 

(242) IIOJIY"!CH .ll,aJICC IIYTCM I1Hpl1MHLI,l1I!-f!Hp11MH.ll,HHOBOH Ul1KJ!ll3ai_(I111 npH 

B3aHMO.ll,eiicTBHH I, 3-.ll,HMCTIUI -<p-YPMMI ra ( 243) c ryai!HLI,l1l!OM, pc3yJILTaTOM 

KOTOpOrO 51BJIHCTC51 3aMCII(CIII1C .ll,HMCTIUIMO'ICBHHHOro cjlparMCirra B (243) Ha 

ryaHH.ll,HHOBhlM B L(CJICBOM (242). 

HO 

0 

HNANH 

1a 

-HO 

OH OH 244 

CxeMa 157 

O NH 

Me~NMe H2N----< 

OH OH 243 

NHz 

HO 

Nflz 

NANH 

OH OH 242 

,[{aHHLIC, 11p11BC.ll,CHHhlC B Ta6J1. 8, 9, J1, CBHLI,CTCJILCTBYIOT 0 TOM, 'ITO CIIO­

C06HOCTb K N-aJ!KJ1,1!1poBaHHIO 5IBJI5ICTCH BCCbMa xapaKTepHbiM H ynoTpc6H­

TCJibHbiM CBOlfCTBOM 3MHLI,ai_(CTaJICM, HaiipHMep: 

1. N-3TI1JIHpOBaHHe TeTpa3oJibHoro cl:>parMeHTa coe.ll,HHCHH51 (245) )ll13TH­

naueTaneM .ll,HMCTHJicPOPMaMHLI,a (1 b) (cxeMa 158) [210]. 

CxeMa 158 

HN--N N==N 
I II I I 

Et 
'N--N 

I II 

B~~N lb > B~~N,R + B~~N 

OBz OBz 245 Bz = PhCO OBz OBz OBz OBz 

2. N-MenvmpoBaHne npoH3BO,UHhiX HH)loJia H HMHLI,a3oJia )lHMCTI1JlaL(e­

TaneM N-MenmrrHppoJIH.ll,OHa-2 (246) (cxeMa 159) [211]. 

3. N-MeTHJI!1poBaHHe rH,UpHpoBaHHoro rrHpHMHLI,o[4,5-b]6eH3ontocl:>ena 

(247) aL(eTaJieM (1 a) (cxeMa 160) [212]. 

1. 2. PeaKt(UU au,ema,leii aAtuooe u lloKmaMoe c HYf.:.!JeorjJILibHbiMU pea<eHma.wu 101 

CxeMa 159 
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f' lr-f ~e 
11 _..oMe~~Aow...-:::o 
'-.,_~OMe • I [ 0 ~ 0 

~~ 'l I ~e 
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CxeMa 160 

0 

:tC /CH2COOEt ~ /CHzCOOEt 

[ N la U~)lN~ 
. S N~o S N 0 

H I 
U7 Me 

4. N-3THJIHponanJ.Ie TpHa30JIOB (cxeMa 161) [213]. B 3Toii pa60Te rroKa3aHo, 

'II o, B OTJIJ1qHe OT mip330JIOB, )lJIH KOTOpb!X 3Ml1)lai_(CTaJ!l1 HBJIHIOTCH 60JICC 

.11-. IIIBHhiMH aJlKHJII1PYI0W:l1Ml1 peareHTaMH, B cnyqae TpH330JIOB no peaKI_(HOH­

IIllll crroco6nocTH opTo3¢!1pbi H aL(eTanH 6JIH3KH Me)!(,Uy co6oii. YcTaHoBJieno, 

'110 11p11 B33HMO,UCHCTB.I111 aMM,U31_(CTaJlCM (11JI11 OpT03<lJ!1pOB) C 2,3-,UHI(l13HOT­

I'II,I!OJIOM (248) o6pa3YIQTC51 Bee TPH H3 B03MO)I(HbiX MKHJIHpoBaHHbiX H30-

wpoB (249-251). 

CxeMa 161 

NI'~CN ~ NC!r--l(CN+ NCr====rCN + NC~CN 
N...._N/N HJJHCH(OEt)J N...._N/N N.:::::-N/N...._Et Et_......N,~N 

I I 
H 248 Et 249 250 251 

\ IlHpHLI,OHDBaJf NH-rpynrra TaK)Ke crroco6Ha ITO)lBepraThCH MKI1JI11po­

"·'""lo np11 B03,UeiicTBHH aMH,UaL(CTaJieii. TaK, H3 4,5-noJIHMeTHJieH-3-uHano-
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nHpH)lOHOB-2 (252 a-c) npH HarpCB31!1111 C gi13THJI3UCT3JICC\1 )li1MCT11JIQJOp­

!>1aMH)l3 (1 b) B crrnpTc rJia)lKO o6pa3yJOTC5l N-3TH.rmpon3BO)lHbiC (253 a-c) (cxc­

Ma 162) [214]. I1p11 3Tm1 O-::mmrrpoH3BO)lHbiC He o6pa3YJOTC5l. B TO )!(C npc­

M5l, KOr}la B pcaKUHIO C 3UCTaJICM (1 b) BBOA5IT aMH)lbl (254 a-c). o6pa3yiOTC5l 

K3K N- (255 a-c), TaK 11 0- (256 a-c) (U!KHJIHpOBa!IHb!C COCJ_(HI!CIIHH B COOT-

HOIIICIIHH Tlp11MCp110 l: 1 

lb 

CxeMa 162 <·w: <·Wo 
CN 

• 

252a< a,n=l,b,n=2,c,n=3 Me 2N 253 a< 

cy:~ ~ (ncQ;# NEt (nW)# N 
(n) // Jb 

- + ::::..,_ 0 OEt 

0 ~ ~ CDN/ 'NMe
2 

CDN NMe2 

CDNH
2 

254 a< 255 a< 256 a< 

06b51CHCHl1CM 3T0f0 pa'lJlWIIUI, TIO MHCHI1!0 awropoB \214j, }lflJ!HCTC5! :JHa­

'B1TCJlbH351 pa3r!IIUa B o6bCMaX 33MCCTI1TC'!Cti B IJOJ!O)!(CHI1l1 3 !UipHJU1HOBOf0 

UHKJJa. }lJ!5l COC,UHHCHHii (253) - 3TO MaJJCHLKa5! naJIO'IKOBa5l UIJaHOrpynna, 

B COC)l!1HCHH5IX (255) o6bCM rpyrumpOBKII B IIOJIO)!(CHHH 3 (Kap6aMI1)lllHOBa51 

rpynna) 3Ha'!HTCJibHO 60JlblllC. BcJJC)l:CTBHC 3TOrO B TICpBOM CJIY'I<lC HMCCT MCCTO 

3Ha'IIITCJlbH3H CO.llbB3TaUII51 IIIIpH)lOHOBOfO Kap6oHIIJibHOf0 cpparMCHTa, C03)la­

IOIUa51 33MCTHb!C CTCpHqCCKIIC llpCII5ITCTB!15l )lJI51 0-<UIKIIJIHponaHIIH, BO BTO­

pOM CJiyqae - B03MO)!(HOCTb aJJK!1.liiipOBaHH}! 110 l1IIpiiJJ:OHOBb!M a30TY II KHC-

JJOpO!lY ypaBHIIB3CTC51. 
6. AMH)laueTaJJII H36IIpaTC.llhHO II KOJinqecTBCHHO N-anKIIJIIIpyJOT 5,5-)lii-

JaMemeHHhiC rH)l3HTOIIHhl (257) B T!OJIO)!(CHHH 3- TaKOC aJJKIIJIUpOBaHIIC MO­

)lyJIUpyeT npO}lBJICHIIC IlpOTIIB03II!1.liCIITIIqecKOH aKTIIBHOCTII (CXCMa 163) [215]. 

CxeMa 163 
Rt 

R
2
;:.\ 0 IT Me2Nai(O~h 
HNY NH 100°C 6e3 

pacraopJITeJlll 

0 257 

(\ 00 R2~~ 

HNYN'R3 
0 

AueTaJJh (1 a) HCIIOJJh30BaH TaK)!(e )lJIH noJiyqcHII5l c BhiCOKIIMll BhiXO)laMII 

(76-86 %) pH)la S-MeTIIJJIIpoaaHHhiX rnepoUHKJJOB. Oco6hiH HHTepcc Bhi3biBaCT 

i l PeaKt~tm au,ema.~eii aMuiJoB u .wKmaMo6 c HYIUieorjJUJibHbtMll peaze11maMU 103 

.111 h II II HpOB3HIIC 2-MCpKaTITO!lllpHMII)lllHa (258) COBMCCTHO C Ul1KJlOHyKJJC03II­

'il ·~~ ( 259). B 3TOM cnyqae Harpenmmc eM CCII (259) c lliiHConcHTIIJiaueTaJICM 

I I 'i) B npiicyTCTBHH 2-MCpKariTOilllpiiMH)liiHa npiiBO,[{HT K CYJJhQJH)lY (260). 
''·''l,·r o6pa6oTKa HIIKCJJCM PcHC51 )laeT 5' -)lC30KCIIHY'JG1C03IIIl (261) c o6muM 

111.1\IIJ\OM 60% (cxcMa 164) [216]. 

CxeMa 164 
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IIO~N 0 N SH N bN 060% 0 
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X 261 

<><o 259 oXo 26o 

I ;hl!IO T3K)!(C ycT3HOBJICHO, Y.TO aTOM a30Ta, HBJI)JJO!Ul1HC5l <JaCTh!O fCTepo-

11111-.llWICCKOH CHCTCMhi, MO)!(CT 6biTh BHYTPIIMOJICKYJI5lpHO aJJKIIJil1pOB3H npii 

"' llnJih30BaHIIII )liiHeoneHT!1.llaUeTaJJ51 (15). HarrpiiMep, B [217] rroKa3ano nony­

'1<' It tiC N3 -5' -UIIKJJOHYKJJC0311)lHOro npoii3BO)lHoro (262) npll peaKUUII KCaHT0-

""1:1 (263) c )liiHeoneHTIIaueTaJJCM (15) qepe3 BHYTPIIMOJJCKYJ151PHYJO UIIKJJ!13a­

"1Jto (cXCMa 165). 3Ta HC06hllfHa51 Tp3HCQJOpMaUII51I1pOTCKaCT C BhlXO)lOM 88 %. 

CxeMa 165 
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B neKoropbiX CJI)"Ia5Ix .lKCJiareJibHO 6JIOK11ponarh CONH-cPYIIKU:1110 B ypH­

~11HC (264) 11JII1 ryano3Mne (70). CraH~aprna5I rrpou:e~a 6cH111JIMpoBaHM5I c 

IIpMMCJ!CHI1CM T11~p~a HaTp11H 11 6pOM11CTOTO 6CH311Jla ~aCT HM3KMC BbiXO~bi 

N-6cH311JII1poBaHHhiX coeiiMHCHI1H [218[. <DJI11rrc 11 Xopn11T3 rroKa3aJII1 [218], 

cno B J(M<DA IIM6CH311JiaUCTaJib N .N -iU1MCTI:L1cPOpMaM~a KOJIM'ICCTBCI!IIO rrpe­

Bparu:acr YPHIIMH (264) 11 ryaii03!1ll (265) B HX 6CII311JI11pOBaHJ!hlC IIpOJlYKTbl 

( CXCMa 166). 0TMCTI1M, cno B TO BpCMH KaK (264) JICfKO MCTI11II1pycTC5! IIMMC­

THJIJU:CT~UICM N,N-JI.MMCTI1JicPOPMaM~a (l a), ryaH03MH (265) B :.ny pcaKU:HIO 

He BCTyrracr. 
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HoHena 11 ~p. B pa6ore [219] ycraHOBI1JII1, qro 3-¢eHI1JIToKco¢JiaBHH (266) 
rrpu CJia60M KI1II5IqeHHH C 3THJICHa[(CTaJICM J(M<l>A rrpeBparu:aeTCH B 1-(2-r~­

pOKCll3TliJI)-3-MCTI1JI-6-clJeHI1JI-7-a3aJIIOMa3HH (267) C BbiXO)l.OM 72 %. 11Hrepec­

HO, 'ITO 3Ta rpancclJopMaU:HH COIIpOBO~aeTCH )l.CMCTHJIHpOBaHHCM (CXCMa 167). 
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i 2. PeaKl{UU al{emaJJeii aMuaoe u -WKmw,roe c HyK;JeocjJuJJbflbtA1U peazelilnaMu 105 

Hcclmc¢opi111HponaHHe prr6onyKneo3HJI.OB, narrpHMep (268), onHcaHo rrpH 

'" IIOJih30BaHnn au:eraneif (1 a) H (15) [220]. MexaHH3M 3TOH pcaK.I1IIH IICH3Bec­

' <'II. 110 OH MO.lKCT COrJiaCOBaTbC5I C yriOM5IIIYThiM paHCC MCXaiiH3MOM TpaHC­

lll!"l:tJill3aiUH1 (cxcMa 168). 
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<Dop6piOffCII R pa60TC [195[ OIII1CaJI CCJJCKTMBHYIO KCTaJIM3a[(l110 3-KCTO­

, ll'jlOH)l.OB (269) B IIpl1CYTCTBl1l1 C 17 l1JII1 C 20 KCTOHHb!X qlyHKU:HH (CXCMa 169). 

llo;l06Ha5r KCTaJIH:JaU:l151 ucnoJib:JOBaua Bnnypc;rJia [221 J IIJI5I ncpiiBaTH3al(l1H 

1 •. ,pfiHryparon JI.JI51 B)f(X-anaJIH3a. 

Me 

269 

CxeMa 169 
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~N-<OOJ 
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Me 
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Bhuue paccMorpeHbr IICCJICIIOBaHHH, rrocB5II[(eHHbie crroco6nocrn aM~aue-

1.11ldi BhrcryrraTb B ocHOBHOM B Kaqecrse 0-, N- II S-aJIKI1JIIIpYJOru:ux peareHTOB. 

I 111M, O)l,HaKO, aJIKI1JI11pYJOI[(IIC B03MO.lKHOCTll COC)l.MHCHIIM )l,aHHOTO K.Jiacca 

11c orpaHwreHbi, aM~aueraJII1 Moryr aJIKI1JIHpoBaTb H no aroMy ymepo~a, 11 

"11 upoueccbr xapaKrepHhi, ecrecrneHHo, ~JI51 CH-KHcJioT. nhiJIO o6HapY.lKeHo, 

'I m Tpll3aMCI[(CHHbiC MCTHHIIpOll3BO)l.HbiC C JI.BYM51 11JII1 TpCM51 rpyrrnaMH, CTa6H-

1111'111pYJOI[(HMll Kap6aHHOHbi, TaKHMII KaK cPCHI1JI, UIIaH- ll Kap60KCI1JI- aJIKI1JII1-

I >VIOTC51 )l.ll3TI1JiaUCTaJICM .llliMCTI1JicPOpMaM~a ( 1 b) IIpll TCM!1Cparype 90-140 °C 

I< XCMa 170) (222]. 
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CxeMa 170 

EtOOCXH 1b .. 

EtOOC Me 

EtOOCXEt 

EtOOC Me 

B TO JKC BpCM51 rrp11 HC!lOJib30Bamm 6uc(Al1MCTl1JiaM!1HO)-mpem-6yroKcH­

MeTaHa ( aMI1HaJib3qll1pa) 11JII1 mpuC(L\HMCTHJiaMI!HO )MeTana aJIKHJIHpOBaHHC He 

HMCCT MCCTa. TipH o6pa60TKC TpH3aMC!llCHIIblX MCTI1Hrip0113J:lO)J)lblX aMH!laJib­

~)qJMpaMH 11Jll1 mpuc-aMHl!OMCT31IaMH B l'vOlfKI1X ycJIOBI151X (20-60 °C) Clla'I<UI3 

o6pa3yiOTC51 (pOpMaMHJ(IIHHCBbiC ITp011'3BOL\HbiC (270), KOTOpbiC rrp11 Harpe­

HaHlHI np11 140°C B iip11CYTCTI31111 mpem-6YTaHOJia npeBpaiUalOTC51 B COOTBCT­

CTBYIOII!I1C aMll)lbl (271) (CXCMa 171) [222]. 

CxeMa 171 
I H 

/N-._J OBu-t ~--
/ EtOOC "'-._ (:: 

-N ~ N'--
1 ---- Ph CN I 

rum [;N];H 270 

EtOOC H 

PhxCN 

t-BuOH EtOOCXH 

Ph coif 
' 271,45% 

L(aHHbiC 0 pcaKIJI151X Tpi133MCII!CIIIIbiX MCTHIIITp0113BOllllblX C 3UCTaJJCM ( 1 b) 
rrpHBC)JCIJbl B Ta6JI. 12 

Ta6,ll/l{U 12 

KOIIJ~CHCat(IUI aKTHBIIbiX MCTHIIUBbiX COC!lHIICIIHH C ai!CTaJICM (lb) [46) 

Rt 
H+R2 Me2NCH(0~)2 

i 
Rl R2 R3 

Me COOEt COOEt 

Ph COOEt COOEt 

Me COOEt CN 

Ph COOEt CN 

Ph CN CN 

COOEt COOEt COOEt 

RI 

Et+R
2 

R3 

BbLXO,U,% 

CMecb c HCXOL\HhiM 

CMeCh C HCXO)l,Hh!M 

51 

70 

47 

81 

B yJKc yrroMHHYTOH pa6oTc [62] 11CCJIC)lOBaHa peaKUH51 L\!13T!1JiaUeTaJI51 

N-MCTI1JIKarrpmiaKTaMa (3) (n = 3) c MMOHOBbiM 3<lJHpoM 11 rroKaJano, 'ITO, 

H3p51JJY C o6pa30BaHI1CM 0)!(11JlaCMOfO CH3MI1Ha (13) B Ka'ICCTBC MHHOpHOfO 

rrpo)JyKTa peaKUI111 o6pa3yeTC5l 11 rrpoJJyKT C-3Tl1JII1ponaHI15l Manononoro 3<lJHpa 

(14) (eM. CXCMY 11). 

3.2. PeaKu,uu au,emaAeii aMudoe u ,10/WlUMOB c HYKAeorjJu,7bHbL.WU peacenmaMu 107 

L(McDA-aueTanH crroco6rm peamponaTb c 1 ,2-J1!10JiaMH [223, 224]. TaK, 

j>L'aKUI151 mpGIIC-UI1KJIOfCKC3H-1,2-!J:!10Jia (272) C 3UCTaJICM (1 a) )J3CT U11KJIO­

I t'KCaH3IIOKCI1)J (273) (CXCMa 172). C !J:pyrofl: CTOpOHbi B CJIY'f3C U,UC-UHKJIOfCK­

' :III-1,2-)JHOJia o6pa3yCTC51 ITpO!J:YKT mpaHC-aUCT3Jl!133UHI1 (274), a rrp11 ITpOBC)JC-

111111 JTOH pC3KI!I1H C Me3o-yrJICBO!J:OpO)JOM (275) II0JlY'IaCTC51 U,IIC-CTI1Jih6CH­

IIIOKCI1)J (276) [223, 225]. 

CxeMa 172 

OH 

r------) 1a .. 

i-;::---( 6 88% 

272 OH OH 

I+ 

c:::jYJ' 
oo:) ~ 

cd_OII 

Phi~~ 
Ph H 275 

Ia S:>--N/ 
~x: \ 

276 

... 
6 50% 

la • 
6 75% 

B pa6oTe [226] npe,UJIOJKCH MexamnM o6pa3oBaHI15l (276) TepMOJII130M 

IIIIKJIII'ICCKHX aUCTMefl:, CHHTe311pOBaHHblX 113 !J:HOJI3 (275) 11 Tp113Tli.HOpTo<!Jop­

~lll;l'ra. Bo3MO.lKHo, 'ITO MexaHH3M o6pa3oBaHII5l 3IIOKCI1JlOB rrp11 B3311MO!J:etl:­

, 1111111 AIIOJioB c )lM cDA-aiiCTaJI5IMH rrpoTeKaeT rro)J,o6HbiM )!(C o6pa3oM. B pa­

llnn; [227] ocymecTBJICHo rrpenpameH!1e B oJieqmHhi p5I)Ja BIIUHHaJibHbiX 

'I"<'J\IIOJIOB, KaK U11KJIII'ICCKHX, TaK 11 HCUHKJIH'lecKHX. B Ka'ICCTBe THIII1'IHbiX 

III'IIMepoB MO)!(HO rrpiiBCCTH o6pa6oTKY )JH3THJI D-TapTpaTa (277) I136biTKOM 

1! I 0 3KB.) )lMcDA-JJ!1MeTHJiaUeTaneM (1 a) B XJiopHcToM MeTI1JleHe rrpH 25 oc, 
IWIIYII~YJO K COOTBCTCTBYJOll1eMY !J:liMCTH.JJaMIIHO(MCTHJICH)aUeTaJIIO (278). Tip11 

11\lil;tBJICHHH MCTI1JIHO!J:I1)la K (278) IIOJIY'IeHa TpHMCTI1JI3MMOHIICBa5l COJib (279). 
I <'PMOJII13 (279) B TOJIYOJIC IIpl1 KHIICHIIH IIpHBO!J:HT K !J:HMCTI1JI<iJYMapa'fY (cxe­

~1.1 173). L(aHHbie 0 )JpyrliX IIOJIY'ICHHbiX OJIClpliHaX IIpHBC!J:CHbl B Ta6JI. 13. 

CxeMa 173 

IWOC, OH EtOOC, O EtOOC, O Me " )(X)()Et 
X 1a 'j >-- /Mel 'j )--+I/ t..:>. -_)_ N-)_ N-

1 'JC KlC OH EtOOC O -., EtOOC O r '- t::Et 
277 278 279 280 
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Ta6;1uu,a 13 

OJieljlnHbl H3 1-(D.HMeTHJiaMuuo)MeTnJienaueTaJieif [16] 

AueTa.rrh 

o·O>-: ... ,O NMe2 

)( oXo 
oXo xo 0 0 ~ _j 

\ I I \ 
\_! ~ I -

0 0 y 
NM~ . 
-

Ph o=Q-X OMe rhob X OMe 

H 0 

H 0 
0 0 
y 
NM~ 

Me OMe 

PhCH,-0~ 
Me OMe 

95 PhCH,-Oo 
0 0 y 

NMez 

0 
OMe 

0 Ph~OH II 
OMe 

89 Ph COO 
0 0 y 

NMez 
-· 

Al.(CT3Jil1 1J.HMCTl1JIQ)OpM3Mli,U3 T3IQKC pcarHpy10T C (l)-fli,UpOKCHKHCJJOT3MH. 

CTpOCHHC COCIJ.HHCHHH, o6pa3yiDJJJ;l1XCli IIpH 3THX peaKIJ;HliX, 33BHCHT OT paCCT0-

5IHl15I MC)KIJ.Y 1J.BYM5I <PYHKUHOHaJihHhiMH rpymraMH. HarrpHMep, OIIMCaHo [228] 

3.2. PeaKu,uu au,ema,1eii aAwdoe u !laKma.woB c HYKileorjJullbllbJMU peaze11maMu 109 

HCITOJib30B3HHC 3UCTaJI51 ( 15) K3K K3TaJIM33TOpa UHKJIH33UHH IJ.li}! CHHTC33 M3K­

pOUMKJIHqCCKMX JI3KTOHOB (280) H3 COOTBCTCTBYIOJJJ;HX fli,UpOKCHKHCJIOT (281). 
B :not!: pcaKIIMH TOJIYOJihiihiH pacTBop rli,UpOKCHKHCJIOThi H aueTaJI5I (15) IJ.06as­

mum TIOCTCITCHHO K KMTI5IIUCMY TOJIYOJIY. IlOCJIC o6pa60TKH TpC6yeMbiC JI3KTOHbi 

6b!J1!1 IIOJiyqCIIbi C 40-5() % BbiXOIJ.3MH BMCCTC C 0,1HroMCp3MM (CXCM3 174). 

CxeMa 174 

""-+/ • r-<oo rCOOH N 

15 Ci~ 
(CH2)n 6 (~. 

(Ul2)n ) 

~cr-OH ~cr 
281 R 

280 R 

n=6 0% 280a;n=l0 48% 280b; n=l4 40% 280c 

ITpH HaJil1'IH!1 acHMMCTpwrccKoro uctnpa Ha ymcpO!J.C, npHCOCIJ.HHCHHOM K 

cnHpTOBOMY KHCJiopo,Uy, IIMKJIJ13ai!H51 npoTcKaCT c BaJib)lCHOBCKHM o6parucHH­

CM. f1oCJIC/WlOWCC OMbiJICHl1C 11 peJiaKTOHH3ai~J151 IIpHBO)li1T K UMKJIH'ICCKOMY 

3Q)Hpy C o6paTHOH KOHC]mrypaUHCH. B Ta6JI. 13 npHBC)lCHbl ,UaHHbiC 0 CTpyKrype 

paJJIJ1'IHhiX onec]mHoB, CHHTCJHpouaHHbiX upH y•racTHH (popMaMHIJ.aucT<vrei'l. 

f)-fH)!pOKCI1Kap60HOBbiC KI1CJIOThl, TaKHC K3K (281), pear11pyroT C aL(CTaJlCM 

(l a) ( CXCM3 17 5, C. 11 0) B M51fKHX yc.~OBl151X C o6pa30B3Hl1CM 3aMCII!CIIHbiX aJl­

KCHOB THIIa (282) C BbiXOAaMH 55--92% (Ta6JI. 14) [229]. )lBa MCXaHH3Ma (a H b) 
npe,UJIO)I(CHhi wm o6T,5JCHCHH51 3THX pe3yJibTaTOB ]229]. HepBbiH -- fi)'Tb a­
upe:.~ycM<rrpHBacT o6pa:JoBaHHC mpmtc-ai(CTI11IMpoBaHHOro HHTepMC)(I1aTa (283), 
KOTOpbiH IIO,UBepraeTC51 TCpM11'ICCKOH 2 + 2 + 2 (1JparMCHTaUHI1 C o6pa30B3HMCM 

l(CJICBOfO aJIKCHa. l:JTo KacaeTCR 3.JibTCpHaTMBHOrO II)'Tl1 b, OH BKJilO'IaCT o6pa­

'JOB311HC HMli,UHHHCBOH COJ1H (284), KOT0pa51 pa3JI31'3CTC51 no JI3KTOH3 (285), 
113 KOToporo )J.aJJee BbiJJJ;CIIJIHCTC>I C02 c o6pa3oBaHHeM aJJKCHa (282). BTopoi1 

flap11aHT MCXaHI13M3, BKJilO'IalOJJJ;11H (3-JiaKTOHHbiM I1HTCpMenHaT, rrpl13H3H MC­

IICC BCpOliTHbiM, XOT51 3TO Clll;C Tpe6yeT nonOJIHHTCJibHbiX noK333TCJibCTB. 

B ponCTBCHHOM no MexaHH3MY rrporrccce [230] onHcaHa nerpa)JaUMR a-rHJl­

porrepoKCMKap6oHOBhiX KI1CJIOT JlO KCTOHOB B npHC)'TCTBHI1 ai!CTaJIR A ABTopbr 

11 3nCCb IIpClJIIOJiaralOT Ul1KJIH'ICCKOC WCCTWIJICHHOC rrepeXO,llHOC COCT051HI1C 

(283), 11pC)llllCCTBYlOIUCC llOTCpe ymeKMCJlOro raJa (CXCMa 175). 
3lllCHM03Cp H /lp. (231] OIIHCaJll1 peaKUHlO UI1KJIWICCKHX o-rH)lpOKCHKap-

60HOBbiX KI1CJIOT (286) C 3UCTaJICM (15) C o6pa30BaHHCM U11KJIOrCKCani1CHOB 

(287) C XOpOWI1MH BhiXonaMI1 ( CXCMa 176, a, C. 111 ). AllTOp hi npennoJIO)I(J1Jil1, 

'ITO TipOUCCC IIpOTCK3CT 'ICpC3 11HTCpMC)ll13T (288), 113 KOTOpOro Bb!CB060)KIJ.3-

IOTC51 ymeKMCo1hiH ra3 11 nHMCTl1JIQ)OpMaMH)l C o6pa30B3Hl1CM ,llHCHa (287), IIO­

JiyqeHI1C KOToporo HHhiMI1 crroco6aMI1 TPYLIHO/IOCTynrro. 
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CxeMa 175 tOH la >=< (X)()H 
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~A 

06pa30Bauue aJIKCHOB DpH o6pa60TKC ~-r~pOKCHKHCJIOT 

)J,M<I>A JJ.HMeTHJianeTaJieM )J,M<I>A (la) [46] 
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Ta6JiltU,a 14 

BbiXO.U.% 

91 

92 

90 

84 

55 

55 

63 

90 

88 

90 

70 
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I 

3.2. PeaKu,uu au,emwreii cwuooB u 1/aKmaMOB c HyKJleorjJUJlblibtMU peazeHJnaMu 111 

R 

R, ~ R)Q ~=¢ ~ 

R" X 50-94% 
R \+ 

286 R OH 288 R ~N~ 287 R 

3.2.2. CumneJ eHa.MU/106 HU ocHo6e a.MuiJau,emMeii 

K 'll1CJIY HaH60Jiee BOCTpe6onaHHhlX B opraHWICCKOH XHMHH peaKJJ,HH 

aueTaJICH aMH.I(OB 11 JiaKTaMOB C HyKJieoq>HJlhllh!MH peareHTaMH, 6nycJJOBHO, 

OTHOCHTOI BJaHMO).ICHCT!me IIOCJIC).IHHX C COC).IHHCIHUIMH, BKJliO'laiOIU11MI1 B 

cno11 cTpyKTYPhi aKTI1BllbiC MCTI1JICHOBbiC 3BCHhH - CH-KHCJIOTaMH. 3To -

0):!1111 !13 mll160JICC IIpHBJICKaTCJibllhiX 11 llpC!IapaTHB!IhlX IIO).IXO,IlOB K CHIITCJY 

CHaMHHOB, KJJaCCa opraHWICCKHX COC).ll1HCHHH, B COCTaB KOTOpblX BXO,IlHT 

tpparMeHT, COJ~Cp)Kall(lill HC:JaMCIUCHIIYIO (l11!11 1aMCIUCHHYIO) aMI11!0fpynny, 

!Ipl1COC,LUUICIIHYKl K sp 2-rl16pl1T!I1JOI3aiiiiOMY aTOMY yrJiepona, IIpHIIiV!JIC)KaiUe­

MY ymepoJI-yrJiepOJ!HOH TIBOHHO}i CB513H. 

>Jy 
EHaMHHbl 

EuaMHHhi - a, ~-HeHaChlll!CHHbie aMIIHhi - HBJIHIOTCH na ccronHHliiHIIil. 

JICHh HCDKHCHlllliMII COCJIHHCHII5IMII, IICTIOJib3YIO!Ul1Ml1C5l B pa3Jil1'1Hh!X 06JiaC­

T5lX opraHH'ICCKOH l1 MCJ!l1Ul1HCKOH XHMHH, l1X CBOHCTBa l1 npeBpaiUCHI151 5IB­

J15IIOTC5l IlpC).IMCTOM 06Cy)KT!CHH5l 60JibliiOf0 KOJIH'JCCTBa 0630pHhiX pa60T, IIa­

rrpHMCp (233-241]. 
B JTOM pa3JICJie Mhi He nJiaHBpyeM o6o6maTh naHHhJe o6 yqacTHH eHaMH­

HOB, CHHTC3IIpOBaHHhiX Ha OCHOBC aMIIJiaUCTaJICH, B fCTCpOUHKJIWICCKOM CHH­

TC3C, IIOCKOJibKY Cl1HTC3Y COCJlllHCHllK fCTCpOljHKJIIJqecKOfO p51J1a 6yJICT ITO­

CB5llllCHa CI1Cl(llaJihHa51 mana JiaHHO}i MOHOrpa<l.Jl1!1. 3JICCh )KC OC06oe BHHMaHllC 

6yncT yneJicHo co6cTBCHHO cHaMHHOBOMY CHHTC3Y 11 pa3JIHqnhiM CBOHCTBaM 

CHaMHHOB, IIO B03MO)KHOCTH HC CB5l3aHHbiX (HJJH CB5l3aHHh!X B OTHOCliTCJihHO 

He60JihlUOH CTCliCHll) C nonyqeHl!CM fCTCpOUllKJIOB. 

Ho CHa'IaJia - o6 oco6eHHOCT5lX CTpyKTypbl eHaMHHOB, OKa3biBaiOIUHX 

HCITOCpCJICTBCHHOC BJIHHHliC Ha IIX peaKl(HOHHYIO CIIOC06HOCTh. 

B HacToHmee BpeMH XHMII5l eHaMl1HOB 6ypHo pa3BHBaeTC5I n caMhiX pa3-

.rmqiihiX CHl!TCTllqecKl!X HanpaBJICHllHX. C ::nOH TO'IKll 3pCHll5l IIpCJICTaBJI51CTC5l 

l!CJ1CC006pa3HhiM ll B JialiHOH MOHorpa<l.JHH IJCCKOJibKO lUHpe o6CyJIHTh CBOH-
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CTBa CHaMHHOB, '!CM :JTO HC06XO):(HMO )lJUI o6o6ll(CHH5l ,[(aHHhiX no TIOJI)"'CHHIO 

3THX COC)lHHCHJ.Ill TOJILKO Ha OCHOBC aMH)laUCTaJICll. 

BmK.ne.Hrrme cno.HcTBa cnaMHHOB nenocpciJ:CTBcHHO cJrct.~:)'10T H3 Hx crpYJ<­

TypLr H OllpC)lCJI5IIOTC5l conp5IJKCIIHCM HCnO):(CJICIIHOll :JJICKTpOHHOll naphl aTO­

Ma a30Ta C )TJICpO!l:-YriiCpO):(HOH L(BOHI!OH CB5l3hl0 (cxeMa 176, 6). 

CxeMa 176,6 

~N~ 4 ~)~ llJIH ~-- ~0-0~ 
/N 

KaK BJ.l)lHO J.IJ CXCMLI 176, 6, Ha a TOMe :noTa JIOKaJII13YCTC5l'JaCTl1'1HhlH IIO­

JIO)!GfTCJILHhiH, aHa ~-ymepolJJIOM aTo.Me- 'IacTH'lHhiti oTpmLaTeJILHLri-i 1ap5lJl. 

I1:l npliBCtJ:CHHhiX pe3oHaHCHhiX CTPYKTYP TaKJKe O'lCBI1JlHO, 'ITO nop5l)lOK CB513H 

a:JoT-yrnepou uecKOJihKO 6oJihlllC 1, a nop51!lOK cB51311 ymepou-ynrepot.~: MCHh­

mc 2. CJIC)lOBaTCJibHO, BpaiUCHHC OTHOCHTCJILHO Ka.JK)lOH 113 3THX CU5!3CH 3aTOp­

MOJKCHO, npH'lCM L(JI5l noBopoTa BOKpyr N-C-cB5!311 Tpc6yeTC51 JaTpaTa 3Hep­

riiH 3aMCTHO BbllllC, 'lCM iJ:ll51 Opt.(HHapHOH CB5l3H, a )1)151 f!OBOpOTa OTHOCHTCJibHO 

C=C-CB5!3J.I CB060L(Ha51 3HCpfH51 aKTHBaUl!li MHOfO MCHblllC, '!CM ,!I.Jl51 o6bl'IHOH 

L(BOH:Hoi.J.. KaJaJIOCh 6hr, uarrwme 3JICKTponoaKuenTopHo.H .l.l,BOi-iHoi1 CB5l3ll 

.I.J,OJDKHO pc3KO CHl!)!(aTh OCHOBHOCTb eHaMI1HOB no cpaBHCHJ.IIO C HaCbiiiiCHHhi­

Mll aMl!HaMl!. O.I.J,HaKo, na caMOM )lCJie, c11ryauJ.I51 He TaK npocTa 11 B 6oJihlll11HCT­

Be CJiy'iaCB CHaMl!Hhi- cyll(CCTBCHHO 60JICC Cl1JlhHhiC OCHOBaHJ.I51. B Ta6JI. 15 

llpl!BCL(CHLI KOHCTaHThi 110HI13aUI1ll CHaM11HOB, 11Ml!HOB 11 HaCbiiUCHHb!X a.MI1-

HOB, KOTOpbiC CBH.l.l,CTCJibCTBYCT 0 6oJICC BbiCOKOll OCHOBHOCTJ.I TICpBbiX [242]. 

Ta6;1uu,a 15 

KoHCTaHTbl HOHH3aiJ,HH euaMHHOB H COOTBeTCTBYJOI.UHX HaCbiJ.UeHHbiX aMHHOB 

CoeJI:HHCHHe pKa (B BOJI:C) Coe)l.HHCHHe pK3 (B BOJI:C) 

OM, 11,43 OLMe 11,94 

I I Me Me 

OM, 9,55 OLMe 
7,91 

OM, 10,26 GMe 10,2 

I I Me Me 

! 
l! 3.2. PeaKu,uu au,em(JJleii aMuao6 u !laKmaM06 c HYK.!JeoljiU!lbHbLMU pea<eHmaMU 113 

Ilo3TOM:Y B03HHKaCT BOTipOC 0 MCCTC TipOTOHHpOBaHJ.I51 CI!aMHHOB. YcTa­

HOBJICIIO, 'ITO B ra30B0ll <l;>a3e (B CJI)"la51X, CCJIH HCT CTCpH'ICCKHX IIpC!U[TCTBHll 

il:Jl5l COllp5IJKCHI15! HCllO):(CJICHHOll naphl 3JICKTPOHOB CHaMHHOBOfO a30Ta C ):(BOii­

IIOi-i CB5!3biO) Ha6JIIO.I.J,aCTC5l npOTOIIHpOBaHHC no ~-yrJICpO;:I,HOMY a TO MY C o6-

pa30BaHHCM l!MMOHliH-KaTIIO!la [232, 243-245]. 

Ilo):(p06HbiC HCCJIC.l.l,OBaiiH5l rrpOTOI!11pOBaHM51 CJiaMHHOB [246. 247] IIOKa-

3aJIH, 'ITO 0110 rrpoTeKaCT rro ~-yrnepOlJHOMY aToMy. XoT51 npn: HJMcpemm 

KOIICTai!T 110Hli3aUHli CJICl!YCT HMCTb B BH,'ly, 'lTO 113MCpHCMa5! BCJII1'IHlla OT­

BC'laCT cyMMC BKJial!OB N-, C- (a B CJI)"Iac crraMHHOKCTOHOB 11 0-) npoTOIIHpo­

BaJIH5!, OTBCTCTBCHIIOCTh 3a Bb!COKYIO OCHOBHOCTb CHaMHIIOB J!CCCT HMCIIHO 

C-rrpoTmmponaHn:c, BCJICJICTBHC o6pa3oBaHH5! rrp11 ::JTOM IIMMOHHi-i-KaTI10IIa, 

TCpMO)(li!IaMW!CCKH 60JICC CTa6I1Jlbll0fO, 'ICM CIIaMMOJ!HH-KaTHOll, B03Ill1K<l­

IOIIIHi.f npu N-npOTOHIIpoBaiiHli (cxcMa 177). 

CxeMa 177 

)~" 
H+ 

>~ 
H+ 

"'N~ 
/I 

H 
11MMOHHH-KliTHOH EHaMIIH EmlMMOHHH-KaTHOH 

B :JTOM TIJiaHC xapaKTCpHbiM 5!BJI5ICTC5l pa3Jilfl!HC B OCHOBHOCTli MCJKAY 

3-3TI1JI-3-3TOKCliKap60Hl1Jl-0-3Tl1JIBaJICpOJiaKTHMOM (liM liB) 11 1-3THJI-2-3TOKC11-

3-3TOKCHKap60HliJI-1 ,4,5,6-TCTparH)lpO!U1pli)ll1HOM [248, 249]. 

Et 

~COOEt 
~N~OEt 

3 -3nur-3-3TOKCHKllp6oHHJI-
0-3TIIJIBaJiep0JiaKTHM 

p.K,. (50% EtOH) = 4,60 

OCOOE• 
N OEt 
I 
Et 

3-::trnn-2-3TOKCH-3-3TOKCHKllpOOHHJI-
1,4,5,6-rerparn,zworrnpHJJ:HH 

p.K,. (50% EtOH) = 9,65 

IlpH paCCMOTpeHHH KHCJIOTHO-OCHOBHhiX paBHOBCCHH C :yqaCTHCM 3THX 

1130MCpHbiX COCl!HHCHHH (CXCMa 178) 

CxeMa 178 

a

Et + aEt cxCOOEt + cxH OOEt 
COOEt __!!___ COOEt _____!!.__ ---- -+ N + 

N OEt N OEt I OEt N OEt 
I I 
H Et Et 

O'lCBHl!HO, 'ITO CTa6HJIH3aUH5! HMMOHHll-KaTI10Ha, o6pa3YIQlUCfOC5! IIpH llp0-

TOHHpOBaHlll1 UI1KJIH'lCCKOfO eHaMHHa, MHOfO BbllllC, T. K. 3HCpfH51 C-H-CB5!311 
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60JihlllC, 'ICM N+ -H-CB5I3H, pa3phiB rrepBOH OTHOCHTCJihHO 33Tpy~HCH, H paB­

HOBCCllC BO BTOpOM CJiyqae cyll(CCTBCHHO C,[(BHHyTO BIIpaBO. 11MCHHO 3TO 11 

o6yCJI3BJIHB3CT H3 5 IIOp5I,[(KOB 66Jihlll)'IO OCHOBHOCTh CH3MHH3 ITO cpaBHCHH!O 

C llMHHOM. 

,[lpyroi-i CH3MHH - IIlliiCpHJJ:ll!IOBhiH CH3MHH a-OKCOK3IIpOII3KT3M3 -

>nyqeH B yCIIOBIDIX rrpOTOHHpOB3IIH5I MCTO,[(OM 1H JIMP-CIICKTpOCKOIIHH (250]. 

YCTaHOBJICIIO, 'ITO B CIICKTpe 3T0f0 COC,[(HIICHll5l B TpwtnopyKCYCHOH KHCJIOTC 

rrpn 20oc rrpncyTCTBY!OT cmmurhi KaK N-. TaK n C-rrpoTonnpoBaHIIOH ¢opM 

(cxeMa 179). 
CxeMa 179 

~0: C-~-'~OIIN-.. _::~OH 
0 0 0 H 

C-nporoHHpoB3.HHaJI <jlopMa N-npoTOHHpOBaHHaJI <jlopMa 
( HMMOHHif-KliTIIOH) ( eHaMMOHHH-KliTHOH) 

11HJJ:HB~YaJihHY!O N-rrpoTonnpoBanrry!O qJOpMy- cnaMMOHHH-KaTHOH­

y)laeTC513a<lmKcnpoBaTh B CF3COOH rrpn -22°C: B crreKTpe na6JI!OD:aeTc5l cnr­

HaJI OJICQJHHOBOfO rrpOTOHa IIpH 7,3 M. LJ:. HHTCHCHBHOCTh!O B 1 ITpOTOHHY!O CD:H­

HHI.l,y. IT pH CT051HHH pacTBopa rrpH 20 oc couep:lKaHIIe enaMMOHIIH-KaTIIona 

YMCHhlll3CTCll 11, COOTBCTCTBCHHO, YBCJIIFIIIB3CTC5l KOJlW!CCTBO liMMOHHH-K3Tli­

OH3 ,[(0 TCX IIOp, IIOKa nepBh!H HC HC'IC3HCT IIOJlHOCTh!O. flpH IICIIOJ1h30B3HHII 

CD3COOD cnrHMhi enaMMOHIIH-KaTnona 3acPIIKCIIpoBaTh He yuaeTC51II crreKTp 

COOTBCTCTBYCT IIpiiCyTCTBll!O liMMOHHH-K3TliOH3 B CMCCII C IIpOD:YKT3MII r~­

pOJ1II33 - a-oKcoKarrpoJJaKTaMoM H uefi:TepoaueTaTOM niirrepiiD:IIHa. ITocJJe 

Bhl,[(Cp:lKKII IIpii 20°C r~pom13 !1pOHCXO)liiT 110J1HOCTh!O (CXCM3 180). 

CxeMa 180 

~H cn3cooD ~D c;t:H 0+ __ _,.,.,. H + + Nih 

0 HN NO HN 0 ~coo-
0 0 0 

CD,COQ- !l-0KCO.KllllpOJialiTaM 

TaKHM o6pa3oM, o6o6meHHall cxeMa rrpoTOHIIpoBaHII51 eHaMIIHOB BhirJili­

LJ:IIT c;re~)'IOil(IIM o6pa30M: npouecch! N- II C-rrpoTOHIIpoBaHIIll rrpoTeKa!OT 

rrapaJIIICJihHO, HO 60JICC Bh!COK35I 3JICKTpOHH35I IIJIOTHOCTh Ha 3TOMC 330T3 

o6ycJiaBJIHB3CT 66JihlliYIO CKOpOCTh N-IIpOTOHIIpOB3HH5l, II B H3'IaJ1hHh!H MO-

' \%1 

3.2. PeaKu,uu au,ema;1eii aA-tudoe u ;JOKmaMoe c uyK;Ieo¢u.1bllbtMU peace11maMu 115 

MCHT BpCMCHH B paCTBOpe IIpiiCyTCTBYCT IIO'ITII HCKJIIO'IIITCJlhHO CH3MMOHHH­

K3Tl10H. ,[laJih!ICMlliiiH XO)l npou:ecca OIIpC~CJI5lCTC5l IIHD:HB~YaJihHh!Mli OC06CH­

IIOCT51MII CH<lMHH3 II CBOHCTB3MH CpC,[(hl. B CHJihiiOKHCJIOH CpCJJ:C paBHOBCCHC 

C):(BH!IyTO B CTOpOHY N-rrpOTOHHpOB3HH51, KOill.(CHTp3U:II51 CH<lMIIH3 HW!TO:lK­

HO MaJia H, COOTBCTCTBCHHO, I!C31!3'IHTCJihH3 CKOpOCTh C-npOTOI!I1pOBaHH51, 

IIOCKOJlhKY O'!CBH~HO, 'ITO o6pa30BaHHC 11MMOHI1H-KaTI101!3 B03MO:lKHO JlHlllh 

IlyTCM IIp51MOfO IIpOTOJIHpOB3HH51 OCIIOB3IIH51. ,[laJICC MIIOfOC 3aBHCHT OT CTCIIC­

Wi conp51:lKCHH51 uenouencrmoH: 3JICKTpomroi-i rraphr N-aTOMa c ymcpo.u-ynre­

po.urroi-i: ,Il,BOHHOH CB}I3hl0. flpn H~UU1'IJ1H :JQJQ)CKTHBIIOfO COIIpll:lKCHI15l CKOpOCTh 

C-npoTonnpoBaHH5l Jl:OCTaTO'IIIO BCJIHKa (xoT5l n MCIJhlliC, 'ICM N-npoTonnpo­

naHmr), rrp11 HHrn6HpommHH conp5I:lKCHI1H C-npoTonnpoHaHHc cTaiiOBIITCH 

CKOpOCThJII!MI1TilpyimUCM CTai1HCif IlpOUCCCa 1'11llp0In113 Cl!aMHIIOB. 

ITpc)I(JlC 'ICM o6cyJIHTh npo6JICMY 1'11JlpOJI!13a cHaMHI!OB, rrpHBC,IJ,CM cmc AKl 

THfla CIIaMHIIOBh!X CI1CTCM, ,Il,Jl51 KOTOpb!X MCCTO ripOTOIIHpOBaii11H ):(OCTOBCpiiO 

onpCJ!CJICIIO MCToao:-t 1 H 51M P-cncKTpOCKOIII1H. OciiOBIIOCTh cHaMHIIOB, HMC .. 

!Oll(l!X Il a-nOJIO)KCJilll1 MCTHJICIIOBYIO HJTM :-fCTHJlhiiYIO rpynrry, 

(n)~ 

lN~COPh 
I 

Me 

Me 

Me2N~COPh 
l!a 2-3 fiOpHJI.Ka BhllllC, 'ICM OCHOBHOCTh CllaMHI!OB, y KOTOpblX TaKHC rpyiiiihl 

H :JTOM IIOJlO:lKCHHH OTCyTCTB)'KH: 

H 
(n)~ .l 
~~~~COPh 

H 

Me2N~COPh 
JlpH"'HHOH 3TOfO 51BJ15ICTCH TOT QJ3KT, 'ITO nepBhiC ,IJ,Ba CHaMHHOKCTOHa !IO,Il,­

Hl'pra!OTCH MCKJI!O'IHTCJlhHO C-npoTOHHpoBaHH!O, B TO npeMH KaK a-He3aMe­

II(CHHhre eHaMHHOKCTOHhl B TCX :lKC YCJlOBJl}lX IIpOTOH11p)'IOTCH riO KliCJlOpO):(y 

11 a3oTy (cxel\!a 181 ). CooTBCTCTBCHHO rH,IJ,pomn CJTHX eHaMHHOB npoTeKaeT c 

p;rmoti CKOpOCTh!O - !ICpBhiC f11,Il,p0Jll!3)'10TCH 3Ha"'HTCJlhHO 6biCTpee. 

CH2R 

'N~COPh 
I 

H 

~~COPh 
I 

H+ 

H+ 

CxeMa 181 
CH2R 

........._N~COPh 
I H H OH 

+"'N~Ph 
I 

.........._ + L 
H--N~COPh 

I 
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Cne,rzyeT OTMCTiiTb, 'ITO fli,[\pOm13 CHaMHIIOB - O,[(Ha H3 BCCbMa B<DK!IbiX 

peaKl(Hll, xapaKTCpH3)'10Il(HX CBOHCTBa H CHHTCTH'ICCKHH TIOTCHL(HaJI COC,[(H­

HCHHH ::noro KJiacca. EHaMHHOBa.H cPYJIKl(IDI '!acTo wrpacT pOJib B<DKHoil 3a­

IUHTHoil cPYJIKl(HH Kap60HHJlbHbiX COC,[(HHCHHH, KOTOpaH TIOCJIC TipOBC,[(CHHH 

peaKl(rril MO)I(CT 6biTb y):(aneHa fliJ\POJIHTH'ICCKH. Bnc<IaTnHJOIUHM npMMepoM 

TaKOfO HCTI0}1b30BaHIDI CIIaMHHOB 5IB}15ICTCJI CHHTC3 OIITH'ICCKH aKTHBHbiX Kap-

60HHJlbHbiX COC,[(MHCHHH. Cyrb 3TOfO MCTO,[(a 3aKJIIO'IaCTC5I B TOM, 'ITO CHaMHII, 

IIOJIY'ICIIHblll H3 paL(CMWICCKOfO aJib,[(Cfli,[(a, o6pa6aTb!BaCTC5I XHpMbHOll KMCJIO­

TOH C o6pa30BaHHCM CMCCH ,[(HaCTCpCOMCpllbiX HMMOHHCBbiX COJICH, ,[(HaCTcpeo­

MCpbl pa3,[(CJIJIIOT H HMMOIIHCBb!C COJIH fH):(pOJIHJYIOT C o6pa30BaiiHCM OfiTH­

'lCCKH aKTHBHbiX Kap60HHJlhllbiX COC,[(HHCHHH (CXCMa 182) (251]. 

HN/\ 0 

CxeMa 182 

Me 

PhCH(Me)CHO \__/ 
I 

Ph -

r-\ XHpaJibHruJ. 

N 
0 

_KH_crr_OTa __ ~ 
\__j (AH) .. 

Me r-\ 
Ph+A-+v 

H 

~ 
Me 

Ph-f-CHO 

H 

J1JIH ):(pyroil rrpHMCp, npHBC,[(CHHblll B pa60TC [252]: 06b!'!Hb!MH crroco6a­

MM HC YJJ:MOCh npOBCCTH H30MCpM3aL(HIO npmi3BO,[(HOfO mpaHc-1-<PopMHJI-2-
cPCHli}IL(MKJIOfCKCCHa-4 B U,UC-H30MCp. 0):(HaKO TIO,[(XO,[(, CBJI3aHHblll C CMHTC-

30M H ,[(MbHeihiiHM fli):(pOJIM30M CHaMMHa, OKa3aJIC5! YCTICIIIHh!M (CXCMa 183). 

1\ 
yYcHO 

~Ph 
Tpanc-H30Mep 

HN 0 
\__/ .. 
TsOH 

CxeMa 183 

() 
d 3%HCI DCHO __ ., ... 

Ph 
l(uc-H3oMep 

PaHCC y)I(C o6c~MC5I BOTipOC 0 3aTOpMO)I(CHHOM Bpall(CHHH OTHOCHTCJib­

HO yrJiepO):(-yrJICpO!I;HOll ,[(BOHHOH CBJI3H B UHKJIWICCKHX CHaMHHaX CJIC,[(YJOil(CfO 

CTpOCHH5!: 

(n)~ 
~N X 

I 
n=l-3 Me Y 

3.2. PeaKu,uu au,ema!lel1 a1o1udo6 u !laKma.wo6 c HYKAeo!jJU.1bHbtMU pea.:eHJnaMu J 17 

Cne,[(yCT OTMCTHTb, 'ITO BbTCOTa aKTHBal(HOHHOfO 6apbepa 3TOfO Bpall(CHHJI 

l;tBHCHT OT pa3MCpa a3afCTCpOL(HKJia, H CB060):(HaJI 3HCpfHJI aKTHBaL(HH TaKOfO 

llpOL(CCCa YMCHbiiiaCTCJI B PJIJJ:Y IIICCTH'IJICHHbTll L(HKJI (n = 2) < CCMWIJlCHHbTll 

llHKJI (n = 3) < IIJITH'IJICHHbiH UHKJI (n = I). B Ta6n. 16 rrpHBC):(CHbi ,u:aHHhre ):(JIJI 

cl!aMHHOB c X= CONH 2 11 Y ~~ CN. 

11 

I 

2 

3 

Ta6,wu,a 16 
Ll,annhle 

1H JIMP cneKTpos (B CDCI3) H napaMeTpbl aKTHB3I\HH npouecca 

8p3li\CHHJI BOKpyr yrncpOA-YfJJCpO;l_HOH ABOHIIOH CBJI3H B CII3MHII3X (253] 

(n)l 
~c~CONH, 

Me CN 

C0/1Cpl1GIHHC WlOMCpOB. % (npl1 20 °C) i\G 7 
,' KKaJI/MOJib (KLI,JK/MOJ!b) 

92,5 (I{UC) 19.1 OWl 
7,5 (mpmrc) 17,4 (73) 

n (uuc) 13.1 (55) 

78 (mpauc) 13,7 (327) 

38 (uuc) 16,0 (67) 

62 (mpmrc) 16.3 (68) 
--- L____ 

'llliC- 11 mpaHc- OTIIOCHTCll K B3ai1MopacnoJJO)I(el!luo N-Me 11 CN-rpynrr 

B rrepCXO,IJ:HOM COCT05l.HHH, OTBC'I310Il(CM IIOBOpOry OTIIOCHTCJibHO C=C-CBJI­

<11, Ita o:-yrncpO!I;IIOM aTOMC B03HI1K3CT TIOJIO)I(HTCJibHbiH 3apJI,[(, !J:C)10KMH3Y­

Jtlllll1llCJI Ja C'IeT IIerro,[(cnci-moil napbi aToMa aJoTa. ITocKOJibKy noKMI133UHJI 

IIOIIO)KHTCJibHoro 3apJI):(a na N-aToMc cyu~ecTBCHHO 3IIcprcTwrccKH BbifO,[(HCC, 

'll'M H3 <lTOMC yrncpo,[(a, TO 'ICM 60J!biiiC CTCIICHb B3ai1MO,[(CHCTBI15I 3TOH napbl 

< ltaKaJ-I'rJ!Oll op6HTMb!O, TCM Bb!IIIC CTa6HJIH3aL(H5I IICpCXO!J:HOfO COCTOJIHH5I. 

"~ ... ~"+~ 
/N . c_X--R' /N ~--R' 

A R E R 

C !I;pyroil CTOpOI!bl, BKJia,[( CTpYK'J'Ypbi (o) B pC30HaHCHblll r116p11J1: JI:OJI)I(CH 

t •II pCL\CJIJIThCJI CTCIICHbiO H3IlpJI)I(CHHOCTH CHCTCMbl C 3H.UOU11KJIH'ICCKOH L\BOll­

ll<lli CBJI3b!O. l13BCCTHO, 'ITO B L(HKJIOOJICcPHHaX HaTipJI)I(CHHOCTh CHCTCMbl Tip11 

I II'Jll'XO,[(C OT L(11KJIOI1CIITCHa K L(HKJIOfCKCCHY H ,[(aJICC K U11KJIOfCI1TCHY 113MC­

IIIICTOI [254) OT 2,3 L\0 0 11 0,7 KKM/MOJ!h (9,6-2,9 K)J;)I(jMO}Ib) COOTBCTCTBCH-

1111 EcJIH !J:OIIYCTI1Tb. 'ITO BBC,[(CHHC B UHKJI fCTCpOaTOM3 HC Tip11B0,[(11T K pc3-

l· liMY H3MCHCHJ110 :noro p5l.,Ua, TO !10IIJITHO, TIO'!CMY B fi0,[(06HOM 333-pJI):(y LJ.G" 
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MCIUICTC5l OT -20 (84 Ktl)K/MOJih) ).1.0 -13 (54,5 K)J:)K/MOJib) 11 ).l.aJICC ).1.0 -16 

(67 K)l)KjMOJib) KKaJI/MOJih. 3aMCTHM ITpli 3TOM, 'ITO ITO ).l,aHHhiM (255] HaJIII­

'IIIC sp 2-rii6pli).l.II3IIpOBaHHhiX aTOMOB B ITOJIO)KCHII5IX 1,2 <JaCTWIHO rli).l.piipOBaH­

HhiX reTepOI..(IIKJIOB naii60JICC Bhii'O).l.HO M5l IIICCTII'IJICHHhiX KOJIC!..(, T. K. TOJihKO 

B 3TOM crryqae yTOJI rrpH Tplii'OHaJihHOM aTOMC COXpaH5lCT HOpMaJibHOC 3Ha'IC­

IIIIC - 120°. 0TMCTHM, 'ITO 3aTOpMO)KCHHOC BpaiUCIIHC OTHOCHTCJibHO QJOp­

MaJihHO opnHHapHoH: N-C-CB5l3H B eHm.mnax TaK)KC crreUIIaJibiiO 11CCJICAOBa­

JIOCh B pa60TC (256]. 

K '-IHCJIY OCHOBHblX CI1HTC30B CHaMHHOB CJIC).l.yCT OTHCCTH peaKI..(l-111 aJib).l.C­

fli).l.OB l1 KCTOHOB C BTOp11'HlbiM11 aMHHaMI1, rrpW!CM YCJIOBH5l rrpOUCCCOB BCCbMa 

pa3H006pa3Hbl. f1pH 3TOM Ha).l.O 11MCTb B Bl1).l.y, 'ITO aJib.l.l,CI'H).l.bl 06bi'IHO pearH­

pyiOT c HTOp11'-IHbiMH aMI1HaMI1 6e3 HarpcBaHI15l. TaK, np11 wJai1MO.UCHCTBHH 

MaCJI5lHOI'O aJib.l.l,Cfll.l.l,a C flHClCpH.!l}IHOM B rrpHCYTCTBl-111 flOTaJUa o6paJyCTC5l fCM­

.l.l,l1aMI1HOflpOH3BO).l.HOC, KOTOpOC np11 neperoHKC OTJUCflJIHCT MOJICKYJIY f111I!Cp11-

).1.11Ha C o6pa30BaHHCM CHaMHHa (CXCMa 184). 

CxeMa 184 

HNJ /NJ CH,C'Hpl,CHO~ CH,CH,CZNJ ~ CH,CHpl~m-NJ 

KeTOHbi pearupyiOT c 66JihiiiHM Tpy).l.OM, KaK npaBHJIO, np11 HarpcsaHHH B 

rrpHCYTCTBHH 6C3BO).l.HOB OKHCH KaJihUIDI. HJIH, HHOI'.l.l,a, OKHCH 6apiDI.. )lpyroJ.l: 

MCTO.U - HarpeBaHHC B npHCYTCTBllll n-TOJIYOJICYJibcPOKHCJIOTbl. TaK, 1..(11KJIO­

reKCaHOH pearupyeT C ITI1pp0JIII).l.HHOM B 6eH30JIC C a3COTpOllHOB OTJ'OHKOB 

BO.Uhi (cxeMa 185). 

0 + HNJCuM•185~ 0 
0 0 

)lJI5I pa3JIH'lHbiX, B TOM 'IHCJIC ll 6HUI1.KJIH'ICCKHX, TpCTllqHhiX aMHHOB 

npHMCH5lCTC5l Cf10C06 CHHTC3a, CB5l3aHHhlB C OKHCJICHHCM Op).l.HHapHOB yrrre­

pOA-YrJICpO).l.HOB CB5l3H c noMOIUhiO aueTaTa PTYTH (cxeMa 186). 

CxeMa186 co (CH,COOhHg co 

3.2. PeaKu,uu au,ema!leil a.Mudo& u !laKmwwo& c HYK.,?eorjJUJlblfbtMu pea?eH!naMu 119 

CHHTC3 CHaMHHOB, HMC!Oil.(HX B Ka'JCCTBC aMHHHOI'O <jJpai'MCHTa OCTaTOK 

N MCTHJiaHHJIHIIa, OCYIUCCTBJ15110T flO MCTO).l.y Xoxa - HarpcBaHI1CM CMCCI1 

rroro aMHIIa C lli13THJiai..(CTaJICM KCTOHa TipH 140-240°C C OTrOHKOll o6pa3yiO­

II!CJ'OC5l 3TaHOJia (cxcMa IS7). 

MexOEt 

Ph OEt 

CxeMa 187 
_.,...Ph 

+ PhNHMe CH2 = C --N + 2EtOH 
I '-Me 
Ph 

CyrnccTByeT crroco6 CI1HTC3a eHaMHHOB, cmnaHHbiH: c npe.IUlapllTCJihl!hiM 

< l6paJOBaHIICM aMHHOHIUplLCIOB ( CXCMa 188). 

PhCHO 
NaHS03 

Me2NH, 
NaCN 

CxeMa 188 

CN I) NaNH2 CH 2Ph 
/ 2) PhCH 2C1 + KNH2 

Ph - CH Ph CN __ ,.. Ph ------F= CHPh 
'- Hmf I 

NMe2 NMe 2 rreperolfKa NMe2 

a,~.~-TpHXJ!opetiaMI111 noJJy'ICH B3ai1MO)lcJ.l:cTBHcM TIJH<lilKI1JiqJocf!HHOH c 

N ,N-.!IH3nvHx-TpHXJJopairCTaMI1.!IOM (cxeMa 1S9). 

CxeMa 189 
C1 NEt2 

CI3CCONEt2 + P(OEth .,. ')===<_ + OP(0Et)3 
C1 Cl 

KaK y')KC OTMC'I~UIOCb, CHJITC3 CIIaMHIIOB '!aCTO CB5I3aii C 11X 11CIIOJIL30HaHH­

CM B Ka<JCCTBC JamHT!lb!X rpyrm. 3TOT Cll0C06 IIp11MCil>ICTCH 1:! CTCpOH.l.l,HOM p5I­

JlY -- CHa'J<Ula 3al!H1l1Hl!OT O)JHII Kap60HHJ1, npOBO.llHT pcaKUMH C y<raCTllCM .!IPY­

IOfO Kap60IIltJia l1 3aTCM CJlC.'lYCT I'H).l.p0,1!13 CHaMJ1HOBOH QJYJIKUHI1 (CXCMa 190). 

CxeMa 190 

0

HNCJ 
'I P

0 

____,.. 

1) MeMgBr 
2) fUJWOJII!3 
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CunTe3 enaMn:HoB ~mmreTcH npoMe:;KJTO'IHOH CTa;:J;n:e.H nonyq:enn:H roMo­

norwmhiX aJih.UeflUJ;OB H3 KeTOHOB (cxeMa 191). 

CxeMa 191 

R N(Me)Pb + R R 
Li 

I ro + Pb2P(O)CH -NMePb __.... >==< HzO(H ~ fH - CHO 

R' H R' 

B TCX cnyqa51X, KOf!l_3 HCXO!l_Hh!M COe!l_HHeHHeM HBJI51eTCll KeTOH, o6e aJI­

KIIJlhHhie rpynrrhi KOToporo co.uep)KaT aTOMhi Bo.uopo.ua, B03MO)KHO o6pa3oBa­

HIIc ll30MCpHh!X eHaMHHOBhlX COC.UHHCHIIii, KOTOpb!e rrpeBpamaiOTC51 B llMMO­

HIICBYJO COJih. flocJie.UH5151 I!pll o6pa60TKe OCHOBaHI15!MJ1 npeBpau~aCTC51 B O.UHH 

113 Il30MCpOB, a HMCHHO B TOT, KOTOpb!H HMCCT KOHUCBYIO .UBOHHYIO CB513h 

(cxeMa 192). 

Me 

I+ 

"-../ 
NH 

H) <N--
Me 

CxeMa 192 

I H7-<--
I 

+~N......,_ 
~'Me 

I 
s: ~N 

--~~- H /' ~ " 

~ 

3aKJIJOqa5J 3TOT Kp3TKI1H pa3,IJ,eJI ITO CJ1HTC3Y eH3MHHOB, npHBe.UCM o6me­

Ilpi1H51ThiH MeXaHI13M peaKUHH BTOp11qHhiX 3Ml1HOB C KCTOHaMI1 (cxeMa 193). 

CxeMa 193 

(o o- OH 

(_'c( {c{ {c( 
H+ 

H'-N,;R H-N+--R :N--R 

I I I 

R 

J: 
R 

R 

I y+ ycH, + 
H 

(N--R\ 
-H20 N N 

R/ 'R R/ 'R 

I 
R 

flepeXO)J,51 K Xl1MWieCKI1M CBOIIcTB3M eH3Ml1HOB, CJie,IJ,yeT OTMCTI1Tb, 'ITO Ilpli 

UeJIOM p51)J.e HX peaKUHH o6p33YJOTC51 HOBbie eHaMIIHbi, T. e. 3TH peaKUI1II 51B-

~ 
3. 2. PeaKf1UU au,emao1eii aMuiJoe u !laKmaJ,f06 c HJKJJeorf;U.1bHbLMU pea2eHmaMu 121 

Jlli!OTCH O.UHOBpCMCHHO CIJOC060M IlOJiyq:eHHH pa3JIII'IHhiX COe.UJ11IetiJ1H, BKJIIO­

'IalOll(HX B CBOIO CTPYKTYPY cnaMHHOBhii1 rpparMeHT. O.usa II3 caMhiX IIcrronh­

lYCMhiX B CHHTe3e peaKUIIH CH3MJ1IIOB - :no peaKUIIH rrepC3MHHHpOB3HJ15I. 

BccbMa y.uo6so npoBO.UHTh rrepeaMHHHponaHIIe eHaMHHOB, co.uep)K311IHX AII­

MCTHJiaMHHorpynrry, T. K. B 3TOM CJiy<Iae Bh!.IJ:CJIHeTCH .UHMCTHJiaMHH - f33, 

llhiBO)J_Hll(HITOI IlpH narpCB31IliJ1 113 CrpCpbl peaKUHH; IlpH JTOM o6pa3yJOTCll 

IIOBhlC CII3MJ11Ihl ( CXCMa 194 ). 

R 

Me
2
N)ycooEt 

COOEt 

CxeMa 194 

R'R"NH 
• 

R 

R''R'N)yCOOEt 

COOEt 

PcaKUI111 c anH<paTWICCKHMH aMMHaMH o6hi'IHO npoTCK<UOT l'JiaJlKO, 'IaHLC 

IICCfO Ilpl1 HarpcBa!IHH B CITHpTaX. HanpOTIIB, C apoMaT!1'ICCKI1MI1 aMHI!aMl1 

11p0l~CCC OCJIO)KH51CTC51, T. K. rrepeaMHHI1pOBaHHC- TI1lll1'Illa5I pcaKUH>I HYKJICO­

<IlHJ!hHOfO 3aMelUCHI151 I1 OCHOB!IOCTh aMHHa- OLI.I1H 113 OITpCLI.CJUIIOWI1X qJaKTO­

poB, BJII1liiOIUI1X Ha cKopocTh pcaKUHH. HaMJIY'IWHC ycJJOBI15I )11151 rrponc.ueHmi 

11CpCaMHHI1pOBal!l151 C Y'IaCTI1CM Hl13KOOCHOBHblX apOMaTWICCKI1X aMHHOH -­

ll<lfPCBaif!1e KOMITOHCIITOB B YKCYCHOH KHCJIOTC. flp11 3TOM B peaKIU110 BCTynaeT 

IIC eHaMHH, a ero 11pOTOHI1pC>BaHHa51 rpopMa- I1MMOHI1U-KaTI10H, '!TO llp11BO­

I\11T K 3Ha'Il1TeJibHOMY YBCJIWieHIIIO CKOpOCTH rrpouecca (CXCMa 195). 

R 

Mo~Jyx 
AcOH CxeMa~1=5 ~ 

::or===!!:: + I X H~R' 
MezN H + 

y y 
lfMMOHHH-KliTHOH R X 

>==< -- MezNH R'NH y 

+ 
R NH2R' 

Me2N~~ 
y 

B pa6oTe [257) c,Uenana rronhlTKa Bbi51CHHTD MexaHII3M peaKUI1II nepemni­

""POBaHIIR pa3JII1qHhiX eH3MI1HOB npii B33IIMO,UCHCTBI111 C 6eH311JiaMI1HOM Ha 

tJCIIOBe KIIHCTH'leCKI1X 113MCpCHI1H. HII)Ke I!piiBe!l_eHhi KOHCT3HThl CKOpOCTH 

JWaK1(11H nepe3MI1HHpOBaHH51 (CXeMa 196) (Ta6JI. 17). 

CxeMa 196 

R R 
I 

---~.,. PbCH2NH- CH= C 
I 

PhCH2NH2 + Me2N -CH= C 

' R' ' R' 
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Ta6;1uu,a 17 

KoHcTaHTbi cKopocTH npouecca nepeaMunupoaaHHH 

R R' k·J 03 
JI/MOJJb·C 

CN CONH2 2,16±0.13 

H CO Ph 2,19±0.1 I 

COOEt COOEt 4,83±0,56 

CN COOEt 4,61±1,22 

COCH 3 COCH 3 
EblCTpO 

0 

~~ D EbiCTpO 

Me 

Me 0 

CN l CN 0'1CIIb MCJI,JICHHO 

0TMCTI1M, 'ITO B KOI!C'!Hb!X C!JaMHIIOKap60IIl1Jibl!biX COC,UHIICI!l15IX rrpe­

B(lJI11pyiOlU(l51 CTpyKTypa COOTBCTCTBYCT I.J,UC-paC!lOJIO)J(CHJ1!0 Kap60IIl1Jib!IOH H 

NH-rpynn l13-3a CHJib!IOft BllyTp11MOJICKYJI5Ip!lofi l.lOilOPOJliiOH CB513l1. 

ABTOpbl pa60Tbl (257] C)lCJI<UIH Bb!BO)l, 'ITO CKOpOCTbJil1Ml1THp)'IOIIla5l CT3-

)ll15l npouecca IIcpcaMHIIHpommilll ~ aTaKa no a-uonmKCII!1IO cHaMHIJa H 

CTpYKTYPa ncpeXO)li!OrCl COCT05l!IH5l Bblf115!JJ:HT, l3Cp05!TIIO, CJICHYIOIU11M o6pa30M. 

H ----o ,, 
PhCH2"'+/ \ 

/N R 

H 

H NMe2 R' 

ITpli 3TOM poJib H-cB5!3H BCCbMa cyw:ecTBCHHa, Ha 'ITO, B qacTHOCTH, YKa3bi­

naiOT BbiCOKHC OTpHUaTCJibHbiC 3H3'ICHH51 3HTp01ll!H 3KTHB3UHH IIpOUCCCa, H3M­

)lCHHbJC llpll l13)"'CHifH CKOpOCTCH llpH pa3J!HL[HbiX TCMIICparypaX (Ta6;1. 18). 

Ta6;zuu,a 18 

TepMOAHHaMH'IeCKHe napaMeTpbi npouecca nepeaMHHnposaHHll 

k·103 
JI/MOJih·C LIH*,· LIS', 

R R' sooc 90°C ll0°C 1l0°C 120°C K)l)K/MOJlh L()K/MOJib· K 

COOEt COOEt 
2,06 9,14 4,83 6,32 10,6 47±8 -163±21 
±0,3 ±0,45 ±0,54 ±0,18 ±0,18 

CN COOEt 
1,92 4,43 5,66 8,14 44±8 -174±21 

±0,18 L---
-

±1,22 ±0,33 ±0,51 

1.2. PeaKu,uu au,emtueii aMudo6 u JlaKmaMn6 c HyKAenrj;uAblibtMU pea2elimaMu 123 

')l!3L[CH!Ul :.mTpOIIHH 3KTHB3UHH )'K33b!Ba!OT !!a 66Jibl1I)'IO CTCIICHb yrro­

I"IIIO'ICHHOCTH IICpCXOgiiOfO COCT05IHH51 ITO Cp3BHCIIHIO C l1CXOll,HbiM. 

Vl3 )lpyrl1X pcaKijilH Cll3MilHOB OTMCTl1M B3)J(HCHJJil1C llpOUCCCbl IlX aJIKl1-

'IIIJHlll3HH51l1 auHJinposauMH. Ko.lh cKopo pe•rh 11)l.CT o6 aJIKHJIHpoBaHMH, cncll,y­

' I VKa3aTh, '!TO np11 IIC06paTHMOM IIpOUCCCC B3aHMO)lCHCTBil5! C f<lJ1011)lHhi.\U1 

·''IKIIJraMH ncTacT npo6ncMa KOHKYPCHTHoro N- n C-aJIKHJIHponam-IH, npn•reM 

1 IIIICTWICCKH ncpnoc OT'ICTJIMBO npeo6na.uaeT. B p51ilC cny•IacB c•mTaeTcH, 'ITO 

11p11 nepBona•IaJihl!OM N-aJIKl111HpOB311HH D:<UICC B03MO)J(Ha ncpcrpynnHpOBKa 

1\ IIMMOI!l1H-KaTHOII, H TIOCJIC)l)'lOll!HM rJ.!JW011113 rrpHBO)ll1T K C-aJIKl111HpOBali-

11<1MY Kap60Hl11IhiiOMY COC)lHIIClll110 (CXCMa 197). 

CxeMa 197 

Me 

Me~Me 
I Me • Mcr-NMe MeCH=CHCHzBr 

2 --;:: r/< Me '\__D Me 

Me Me 
I I + 

~- CH2= CHCH - C - CH = N Me 2 
I 

Me 
Br-

Me Me 
HzO I / 
- CH2 =CH-CH-C- CHO 

\ 
Me 

llpHMCpOB aJIKHJIHpOB3Hl15! CHaMl1llOB BCCbM3 MHOrCJ (OTMCTI1M, L[TO aJIKH­

'III!HlH(lH!IC n aunnHpoBanue eaaMHHOB Ha3naiOTCH peaKUH51Ml1 CTopKa [234, 

'\1, 258]) 11, H3ITpHMCp, IIpH KH!l5!'ICHHH CH3Ml1HOB C 6pOMYKCYCHblM :J<lJil-

1" >M B )lHOKC3HC llOCJIC fil,I!,pOJIH33 o6pa3yiOTC5! 2-3TOKCHKap60Hl1JIMCTl1JICH­

I ,. I Ollbl. 

PeaKUHl1 eHaMHHOB c 3JICKTpo¢l1JlbHbiMII one¢rrHaMI1 HilYT HCKJIIOL[HTCJib-

1111 110 ~-yrnepO)lHOMy 3TOMy, npnqeM, B CJiyqae HCITOJib30B3HH51 3Kp011CI1H3 

llllj><UyeTCH 6HUHKJIH'!CCKHM rrpO,I!,YJ<T (cxeMa 198, C. 124). 

BecbMa Ba)J(HbiM 5IBJI5!CTC51 cnenyiOw:ee o6cTOHTCJihCTBo: KOrll,a aJIKHJinpy-

111 I j\-)lHKap60HHJibHbiC COCJ(IU!CHHH, o6pa3yiOTC5! HC TOJibKO MOHOaJIKHJI-, HO 

11 1111<UIKJvmpo!13BO,UHhiC. IIepeBOil 3Tnx Kap6oHHJihHbiX coe,r!HHCHHM B eua­

,11111 "' o6ecne•mnaeT B03MO)!(HOCTb ceneKTHBHoro C-MoHoarrKll1InponaHH51, qTo 

'1.1< TO 5IEJI51CTC5l BCCbMa CYW:CCTBCHHbiM B npellapaTHBHOM OTHOIJICHl1M (CXC­

'1,1 199, c. 125). 

AuHJiuponaaue eHaMnHOB H36rrpaTCJihHO npoTeKaeT no yrnepo.uy, B pe3yJih­

l .11 ,. liOCJIC fH,UpOJIU33 o6pa3y!OTC5! <X-3UHJICH3Ml1Hhl. AliaJIOfHL[HO pearnpy!OT 

IIII.IIII'aJJOfCHI1)l.bl ~ B p5Ill,C CJI)"I3CB CH3Ml1H0Bb!C IlHTCpMC)ll13Tbl MOryT 6b!Tb 

nJ.JIIl'JICHhi H3 peaKUHOHHhiX cMeceii.. IIono6HhiM o6pa30M pearMpyiOT c eua­

'IIIII:IMH H30UH3H3Thl l1 1130TilOUH3HaThl (CXCMa 200, C. 125). 
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EtONa 
t II 1I'OCH2COOEt----+ 

/\It<" myKcycHhlif 3<j!Hp 

Mel 

CxeMa 199 
Me 

- Mel I 
CH3COCHCOO~Et .. JC::~~~HCOOEt 

Me Me 
I I_ Mel I 

t II 1C=CHCOOEt ____.. 
I 

CH3CCHC00Et CH3COCCOOEt ---. CH3COCC00Et 
II 1- 1 

NEt 2 +NEt2 Me 

CxeMa 200 

0 0 0 

~ oc ~ 6' c'rn '6 H,o NV Ph 

C:) PhNCX C) PhNCO () 6 & 0 N 
x-o,s x-o ~ 

NHPh PhNH NHPh 

113 npyrnx peaKUHH eHaMHHOB XOTeJiocb 6hr ynownryrh cne.uyrorune: 

a) peaKUHIO raJioreHnpoBaHIDI ( cxeMa 20 1); 

CxeMa201 

Meo 
-to-~~HO 
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6) B33HMO).l;CHCTBHC C 33H).l;3MH (CXCM3 202); 

CxeMa 202 

~ p-N02C6H4 N3 ~N 
~ 1\ ~t0n N/~ 

N '-c_/ (y'\ \_;A 
--•0:) • ~N,N ¥ 

C:)N'©lNO, ~ NO, 

~ 

B) pC3Kl(l110 api11!11pOH31!1151 C y•IaCTI1CM Hb!COK03(p<j.JCKTHHI!b!X ap11JIJ"aJ!O­

rcl!H).l;OH 11 B3aHMOL(ci-icnll1c c n-Tmryo1!cynh<j.JOX110PHJ\OM ( cynL<j.JHpouaHHC) ( cxe­

Ma 203). 
CxeMa203 NO:z 

0~ 

CJ I)CI~~ 
0 

N02 6 Mo-{)Ln~l 0 

I ~~ ~ 
0 
oso~,H,M<-• 

l1, HaKOHCU, YK(l)!(CM Ha Cl1HTC3 a3Hpl1,1.\HHHCBblX COJICH rrpH B3aHMOllCH­

CTBI111 CHaMHHOB C lll1330MCT3HOM ( CXCM3 204 ). 
CxeMa204 

0 0 
6 HCIO- 6I04 4 .. 

C2H2N., 

0 
OCIOi 

IJOJIY'ICHHC H BOCCTaHOBJICHHC HMHHI1CBbiX COJICH ( C o6pa30B3HHCM H3-

CbllUCHHbiX fCTCpOUHKJIOB) rryTCM HX B33HMO.UCHCTBH51 C aJIIOMOI"HL\pH).l;OM JIHTIDI 

HJIH 6oprH).l;pH_uOM H<lTplUI npc.I(CT3BJICHO Ha CXCMC 205. 

!.2. PeaKf1UU Of1emMeii aMuaol3 u !laKmaMOfJ c Hy/UieorjJtL1bHbLMU peaceHmaMu 127 

CxeMa205 

CO H+ co LiAl~ co 
N N 
+ 

TaKIIM o6pa1oM, MO)KTIO pc3IOMIIpOB3Th, •no eHaMHHhi 51BJUIIOTCH HI!Tc­

p<TIIhiMII M Ba)KHb!MM MCXO).l;Hb!MH KOMITOHCHTaMII ).l;JIH CaMbiX pa3H006pa3HbiX 

t>pl':tHWICCKHX peaKUHH. Ha HX OCHOBC MO)KHO IIOJIY'IaTb opraHWICCKHC CO­

l IIIIIICHl151 C pa3Jil1'!HbiMH (llYHKUHHMll, KOTOpblC MOryT 6bJTb HCilOJib30BaHLI B 

'LIIIhHeilmcM CHHTC3e. CaM Lie pa3Hoo6pa3HLIC HarrpaBJICHHH opraHWiecKoro 

11. oco6eii!IO, fCTCpOUMKJIW!CCKOfO CHHTC3a MOfyY 6biTb pCaJil130Ballbl Jla OC­

II<>IIC enaMHHOH. Oww !13 TaKHX uarrpaBJICHHH - HCIIOJib30BaHI1C cHaMHHOB 

" pcaKUJfH HeHHUCCKY, 'ICMY rrocHHIUCHa OT).l;CJILHa51 MOHorpa<j.JMH 128]. B 0,1.\HOti. 

II I IIOCJICJ(YIOIUHX maB reTepOI~I1KJ!ll'ICCKl1H. Cl1IITC1 Ha OCHOBC 3MH)laUeTaJieH 

II l"OOTBCTCTBCHHO eHaMHHOB l1 aMH)liiHOB 11 npyr11X IIOJIY'!CHHbiX !13 3UCTaJICH 

11!Hll13BO).l;HbiX 6y).l;eT IIO/\p06HO paCCMOTpCH OT).l;CJibHO. 3).l;CCb )I(C Mbl ).J;3JJ:I1M 

II<>IIOJIHHTCJ!bllyiO HII<j.JOpMaJU110 0 Cl1l!TC3C CHaMHIIOH IIpM 11CIIOJih30Bai!Ml1 B 

I .I'ICCTBC liCXOllllblX BCII~CCTB ai~CTaJICH aMll,I.\OB H JI3KTaMOB. 

Terrepb o6 aucTaJibHOM CI1HTe3e coeJJ:HHCHHH, conep)l(aJUHX B cnoei-i. cTpyK­

' vpc enaMHHOBhic <llparMeHThi. B pa6oTc [259] nposeneno cpaBHCHHe peaKUIIH 

1111 rrHJ!aUeTaJIH (1 b) l1 aMHHaJib3<j.JHpa (8 a R = Et, R' = R'' =Me) c coe,I.\IIHe­

""HMII, l1MCIOIUHMl1 aKTl1BHOC MCTIIJICHOBOC 3BCHO (Ta6JI. 19). Ha OCHOB3Hill1 

IIJIX ).l;aHHb!X 6blJI CJ(CJI3H Bb!BOJJ:, 'ITO 3MIIHaJih3<j.JHpbl (8 a) R pCaKUII51X 3TOrO 

11111a aKTHBJ!CC, '!CM 3MHL\3UCTaJill (l b), 'ITO Hal160JICC OT'!CTJIIIBO CJIC,I.\yCT H3 

1 p;IIIHCHH5l pe3yJILTaTOB KonncncaUHII c aucTOHOM. 3To xopomo cornacycTC51 

t pnyJILTaTaMil II3McpeHU5l 3JICKTpOIIIJOBOJJ:HOCTI-! paCTBOpOB 3MliHaJib3<j.Jl1pOB 

II ;IM11.U3UCTaJieH, KOTOpaH BbiiiiC llJI5l rrepBb!X (60), l1 C TCM, 'ITO IIpli ).l;HCC0Ul13-

llllll aMliHaJib3<j.J11pOB o6pa3yeTCH 6oJiee CTa6HJihHhiH aM6H).l;CHTHblll KaTIIOH 3a 

• 'I!" r B03Hl1KIIOBCI!l151 aMH).l;HHOBOH CIICTCMbl, MHOfO 60JICC OCHOBHOH l1 CTa-

1 tllllhiiOH, '!CM HMliH03<j.Jl1pHaH, KOTOpa5! xapaKTepHa JJ:JIH paBHOBCCH5l aMII).l;­

.IIH"TaJICH (eM. o6cJ)I(.ueHne cxcMLI 8). B 3TOH )!(C pa6oTe rrpHsenen pHn peaK­

IIIIOIIHOH CIIOC06HOCTl1 CXOJJ:Hb!X COC,I.\HHCHHH IIpll peaKUHl1 C HYKJICO<j.JHJ!bHbl­

~111 !lapTHcpaMH. 

OR 
/ 

t"II-NMe2 

" NMez 

OR 
/ 

>CH-OR 

' NMe2 

OR /NAr /NAr 
/ // // 

.1'Nalk //NH 

> CH - OR > CH > CH >CH > CH 

" ' ' OR Nalk 2 NHAr ' ' Nalk2 NHz 

B ocHoBononararomeH. pa6oTc MeeseH:Ha [52] orriicaHbi peaKUMH CH-KHc­

'"" C pa3JIII'IHb!MH 3MH).l;aUCTaJI51Ml1 (HanpHMCp, 1 C), HX Bl1HHJIO!'aMH (289) 
j.'ltOI. 3UCTaJIHMl1 MO'ICBIIH (290), JiaKTaM- (3 a, 291-293) II Jl3KTOH- (294) aue­

I.IIIHMII (CXCMa 206, C. 129). 
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Ta6m1u,a 19 
PeaKUHll aMII)laUeTaJieii (1 b) H aMHHaJih3!jmpoo (8 a) c CH-KHCJioTaMH 

CH-KHcJioTa PearcHT 
BpeMll 

t, °C Opo)lyKT 
BbiXO)l, 

peaKUl111, '! % 

(1 b) 0,5 20 NCJCOOM< 84 

NCCHoCOOMe - (8 a) 0,5 :20 89 
Me2N 

(1 b) 6 80 j(COPh 72 

Ph COMe 
(8 a) G 80 76 

Me2N 

(1 b) 6 80 M'I(OMo He ,~aH 

MeCOCH2Me 
6 

+NM~ 
(8 a) 80 MeCH2COCH He J\aH 

M~)' 
(1 b) 12 GO (COMe 29 

MeCOMe 
(8 a) 12 60 M~j 53 

-~ 

ClUlbHbiC CH-KHCJIOThi, co)lcp)!(a!liJie rrp11 MCTI1JICHOBbiX rpynnax 3(1xpeK­

TI1BHhiC 3JICKTpOHOilKUCIITOpHb!C 33MCCTI1TCJII1, TilKI1C KaK cyJib<}lOHIIJibHbiC 

rpyiiiibl, JICfKO pearHpyiOT C 3MI1)l3UCTaJI5IMl1 C Bb!XO)lOM K COOTBCTCTBYJOIUHM 

CH3Ml1H3M (261], BKJIIO'I35l 11 COJ(Cp)!(iliUHC HCCKOJibKO CH3Ml1HOBb!X (llparMCH­

TOB, KaK, Haiipi1Mep, IIOK333HO Ha CXCMC 207, C. 130. 
Pe3yJibTaTbi JJ:Byx HCCJie;:J:oBaHRii, KacaiOruwxc.sr Ba)!(HhiX )J}I5! CHHTeTwrec­

KHX UCJICH CBOHCTB CH3MI1HOB, ony6JIHKOB3Hbl B pa60T3X (262, 263]. Pe'lh H)lCT 

0 rrpenpaiUCHI1l1 CH3Ml1HOB, II01IY'JCHHh!X KOH)lCHC3UHCH 3MI1)l3UCTaJICH C 3K­

Tl1BHb!M11 MCTI1JICHOBb!Ml1 COC)l11HCHl151MI1, B COOTBCTCTBYJOIUHC Kap60H111I!Ip0-

H3BO!'IJ!b!C (295) (CXCM3 208, C. 130). 
CneU11aJibll0 OTMCT11M, 'ITO UCJICBOC OKHCJICH11C B 3TOH pa6oTe IIpOBO)JH­

JIOCb CliHfJICTHbiM KHCJIOpO)lOM e02). 
l1ccJIC)lOBaHHC, l(CJiblO KOTOpOfO 6biJIO BOCCT3HOBJICHliC CH3M11HOKCTOHOB 

(296) (cXeMa 209, C. 130) C Bb!XO)JOM K OCHOB3H115IM MaHHHXa (263], T3K)!(C 

BKJIIO<IaeT rrpe)lBapHTCJibHOC B3aHMO)leH:cTBl1e aMH)laUeTaJieH: c CH-K!1cJioTaMH. 

IIpo6JieMa HanpanneHHOH nocTaBKl1 JieKapcTBCHHhiX rrpenapaToB B opra­

Hl13M K MCCTY 11X )lCHCTBI15I pemaeTC51 B pa6oTe (264] IIYTCM C03)l3HH5l Cl1CTCMbi, 

1.2. PeaKu,uu au,ema,1eu aMw)oe u ;zaKmaM06 c HYKJzeoif;u-?bHbtMu peaceH!na.wu 1:29 
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R 

CxeMa207 
0 0 

HO~N~so2~N~OH 
H 0 H 0 

J) 3amwra 
OH-rpymru,.. 

2) 1a 

.. IIO~~~SO,'C~/'-.._/_..DH 
Me 2N NMe 2 

la 0 0 

~R' 

0 

R_jl_CH2R' + 
296 

CxeMa 208 

Ryo 0 
R' 

Me 2N 

'o2 

CxeMa 209 
H I _.,..OMe ll0°C 

Me2N--"'-- .,. 
la OMe 

)l JLR' 
~ 295lf 

0 

0 0 

R___lL_C-R' LiAIH R_lLCH-R' -... ll 4.. l 
NMe2 NMe2 

B KOTOpOH JICKapCTBO CB5I3aiiO C ITO.UXO.IJ:5Ill_(HM OCT3TKOM 33 C'ICT Cl!3M111IOB0f0 

4_lparMCIIT3, KOTOpb!M 33TCM MO)I(eT B opraHH3MC ITO.IJ:BCpraTbC}I fi1.)J,p0JIH3Y C 

BhiCBo6o)I(.IJ:CIU!CM Bhi6paHnoro .uel1CTBYIOIUcro na<rana. B paccMaTpHBacMoif 

pa60TC (264] OIIHCaH CHIITC3 H ri1.)J,pOJil13 pMa .IJ:OKCOpy6HJJ,HIIC!IaMHHOBhiX 

COC.IJ:HI!Cllllll (297). 3aMCTHM, qTQ IWKCOpy6HJJ,MH OTHOCHTC}l K pn.uy IIpOTI-lBO­

orryxoJICBbiX aHTH6MOTHKOB. 

TionyTifO yKa.lKCM, qTQ aJIKaJIOH.IJ:bl, 3HTH6MOTHKM 11 !IpyrMe BCIUCCTBa rrpH­

pO!IIIOfO IIpOHCXO)I(.IJ:CHH}l Ha CCfO.IJ:H5! 5!BJUIIOTCH B<DKIICHIIIHMH JICKapCTBCHIIbi­

MH CpC.IJ:CTB3Ml1, HCI10Jib3YJOIUHMMC}l !IJ15l npOTHBOoriyxOJICBOH TepallHH. TipH­

BC.UCM 3!ICCb JiaH60JICC TIOKa3aTCJibHhiC IIpHMCpb!. 

TaK, B<DKHhiM11 aHTHMHTOT~CCKHMM areHTaMH, HCTIOJ!b3YCMbiMM B XMMHO­

TCpaiTHH onyxonel1. nBMIOTCH aJIKaJIOI1.)J,bi Billr6nacTHH 11 BHHKpiiCTHII. HccMOT­

pH Ha 60JibiiiOC CTpy-KTy-pl!OC CXO!ICTBO, TipiiMCHCHHC 3TIIX aJIKaJIOI1,UOB B XHMHO­

TCpaniiH pa3JIHqaCTC51: Bl1HKpHCTIIH 60J1CC 34_l4_lcKTHBCH Tipii JIC'ICJIIIH OCTpOll 

JICHKCMIIII, a BIIII6JiaCTIIH npHMCH5IlOT IIpll pa3Jill'IHbiX COJIH)lHblX OTiyxOMX. 

McxaHIBM .uc11crsrm 3THX aHT.H6MOTHKOB o6ycnosnen cnoco6uoCTbiO CBJI3hi­

BaTbCJI C 6eJIKaMH- -ry6yrrMHaMll, qTO Tip.HBOJlllT K 6JIOKMpOB3Hll!O KJICTO'IHOfO 

3. 2. PeaKl{UU al{ema;wi.i aMuooe u JWKmaMoe c HyT<JZeolj;WibHbtMU pea~eHmaMu 131 

Me 

llHH6naCTim, R = Me 
llmnq>HCTHH, R = CHO 

Me 

0 

~.::~OM~ 
OH 

,,,. lll'l!llH. KJICTO'!Hh!H l(llKJI 6JIOK11pycTCH TaK.lKe JIPYfllM paCTllTCJIJ,III,JM npe­

ll.ljl:tTOM- 3TOI10311,II:OM, KOTOpb!H HHfH6HpycT TOTIOl130MCpa3y JIll TCM C3Mb!M 

•·UICP)I(llBaeT nponn¢cpau,MIO KJICTOK. 

K npoTHBoonyxoncBhiM ariTn6MoTnKaM OTHOC51TCH .uaKTI1IIOMHJJ,HII (JIHM­

'i'"'P3HYITCMaT03, '3J10Ka'ICCTBCI!Jlb!C OTIYXOITH nWIHHKa), py60MHHI1Ha fi1.)J,p0-

"'"Pl1!I ( OCTpbiH JICHK03, pCTllKYJIOCapKOMa), )l0KCOpy6MJJ,l1IIa rH.UpOXJIOp11Jl 

( p;n;. MOJIQqllQH .lKCJIC3hl, capKOMbi M}lfKMX TKaHCll, paK JICfKOfO, JIIIM4_locap­

'" IM<I, paK HHqH.HKa, paK MQqCBOfO IIY3bipn, OCTpbiC JICHK03bl) I1 MIITOMHJJ,IIH 

( .l,l]l'I!OKapU,HHOMa .lKCJIY,UKa, Kapll,HHOMa IIICllKM MaTKll, KMIIIC'IH.HKa, TIO]l.lKC­

''YIIO'IHOll .lKCJIC3hi, MO'ICBOfO rry3hlp5I). 

CapKOOHH 

/ "' L-rrpoJIHH L-MeTHJIBaJIHH 

I I 

CapK03HH 

/ """ I npOJIHH L-MeTIIJIBIIJIHH 

I I 0 
L-Ba.JIHH 0 

"'-.. / 
L-rpeoiDI.H 

l.IIIIJIHH 0 
~ / 

L-rpeOHHH 

COMe 

OR 

N 

Py6oMHqHH 

OMe 0 OH 
Me 60 

OH 0 
I 

Me Me 
}J;llKTIIHOMHqllli NH2 
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0 OH 
COCHpH 

OH 0 

vt-\j 
Ho\-) 

OMe 0 
Me 

0 MHTOMHI.{l!H ):(OKCOpy6Hl.{HH 

NH2 

He ocraHaBJIHBaHCh rro.upo6Ho Ha Ka)I{)..(OM 113 rrepe•mcncHHhiX aHTH6Ho­

Tl1KOB, ITpHilC)(CM 111HjlOpMaUJ1!0 0 MCXai!WlMC )letiCTBlfH HCKOTOpblX 113 HHX. 

TaK, WlKTI1HOMl1IHIH InfiHpaTcJibiiO l1Hnt6upyeT CHHTC3 p116ocmmoii PHK 11 

HC BJIH5!CT Ha 6!10CHIITCJ )],HK. )J,ctiCTBI1C MHTOMtiUH!Ia, KaK llpC)WOJlaraeT-

CH, CIHI3a!IO C TCM, 'ITO KOMIIOIICl!Thl paKOBhiX KJJCTOK, IlaXOWllUI1XCH B COCTO­

HIIHI1 CliJlhllOH rHITOKCHH, CIIOC06IIbl BOCCTamtBJIIJBaTh Xl1li0HIIhiH QJparMCHT 

11 o6pa:JoBaBwcccH npmnno)]Hoe r11JWOXHHOHa CWHBacT ;me uerm )l,H K. 
)J,OKCOpy6Hl.(l1H 06Jia)(aCT CBoiiCTBaMI1 HHTCpKaol51TOpa. 51BJICHIIC l11ITCpKa­

JI51UHH, xapaKTCpHO J]JI}I MHOfHX fiJIOCKllX HOHll3HpOBal!IIhlX CI1CTCM. Jlpl!H51-

Ta5l B HaC"I"OmUCC BpCM5! 11HTCpllpCTal.(l15! 3TOI"O 5!BJH::HI15! OCIIOBaHa 11a TOM, 'ITO 

IL10CKa5! MOJlCKYJia 6110JIOr11'lCCKH aKTI1BIIOfO llCJUCCTBa CIIOC061Ia BKJil1lii1ThC5l 

Me)I(J]y rrapaMH OCIIOB<1Il11i1 )J,HK, o6p<l3YH KOMfLJICKC, KOTOphlti CTa6HJU1311pyeT­

C5! CliJlaMH BaH-)lep-Ba:UihCa I1110HHhiMH CBH35IMI1 MC)I{)..(y 3apH)I{CHIIOM <ll\lMOHH­

CBOH (u;m t!MMOHl1cBoi1) rpyrmoi1 11 ¢oc¢aTHhiMll aHHOHaMH )J,HK. 0TcJOna 

3aTpyJIHHCTC5! (HJIH l1HfH611pyeTC5!) B03MO)I(HOCTh paCITJICT<1HH5! J(BOHHOH Clll1-

panH, HapywaeTcH CI1HTC3 6aKTepnanhHhLX )J,HK 11 PHK c y•racTHCM rronnMe­

pa3. TaKa5J 6JioKana pacmJcTa!IHH )J,HK ycTaHOBJICHa ::JKcncpi1MCI!Ta.JlLHO. 

AMI1Horpyrrrra noKcopy6numra o6paJycT 11ormyJO CB513h c ¢oc¢anroi1 

rpyrmoti ,Il,HK, a ITJJOCKHH aHrpaXHHOHOBhiH UHKJl BKJlHHllBaCTCH MC)I(J]y CJI0-

5!Mll ocHonaHHM. )J,oKcopy6llU11H llHrH6llpyeT )J,HK-3aBI1CIIMh!e )J,HK- u PHK­

ITOJJllMepa3hi. KpoMe TOfO, C'IIITaCTCH, LITO 3TOT al!Tll6llOTllK CITOCo6eH ll pa3-

pyrnaTb )J,HK ITYTCM aKTllBaUllll cyrrepOKCl1J]l1CMYJ"a3hl - MC)lhCOJ]Cp)l{au~ero 
OKllCJlllTCJihHOfO qlCpMCHTa. Tipc)]ITOJiaraJOT TaK)I{C, qTo UOKCOpy611l.(Hll rrpo-

51BJT5ICT CBOC 6llOJ10riiLICCKOC )]CMCTBllC 6JiarO)lap5! o6pa30BaHJilO CB060l.UlhlX 

pa)li1KaJ!OB, T. C. OH 1\!0)I{CT ITOJ(BcpraTbC51 OJ]HO- 11 JJ;Byx3JJCKTpOHHOMY BOCCTa­

HOBJICHHIO C o6pa30BaHI1CM CCMHXllHOHa 11 fl1J]pOX11HOHa COOTBCTCTBCHHO. Jlpll 

B3ai1MOJ!CMCTBlll1 C MOJlCKYJJ51pHblM K11CJIOpOJ(OM 3Tll COCJ(l1HCHl151 o6pa3y!OT 

cyrrepoKCI1).]-aHllOH, nepeKUCb nouopo)la 11 rllnpoKC11JihHhli1 pa)lllKa.JJ. BocCTa­

HOBJJCHlle MO)I{CT ocymccTBJIHThCH B3al1MO)lei1cTB11CM c P450 penyKTaJoi1, 

NADPH 11 ni1ToxpoM B5 peJJYKTa3oi1. Bo3MO)J{HO, LITO o6pa3onan11e "OH- 3TO 

I. 2. PeaKu,uu au,ema!leu a"tudoe u JlaKmaM06 c HYK.JleorjJUJlbHbtMu pea2e111naMu 13 3 

II l"CTh MCXaHH3M, IIO KOTOpOMY J(OKCOpy6llUllH YHWITO)J{aCT orryxoJJCBhiC K-1CT­

Id1 llpU paKC MOJIOqHOM )J{CJJC3hl. J1MCHHO rrp0113BOJ]llhlC )]0KCOpy611l.(lllla 5!B­

'IHIOTCH llpCUMCTOM l.(llTHpyC1-!0M 3UCCh pa60Thl (CXCMa 210) [264]. 

H la H --+-

CxeMa 210yc;NMe
2 

XYYN "'--./0~ ----. X N"'--./0~ 
0 0 0 O OH 0 0 0 

J~oKcopy6fiiiHH · H Cl -
OMe 0 

297 

COCHi)H 

OH 0 

X= Me, 0 Et, i-PrNH, BuONH, PhS vt\ uo\-J 
NH 

h H 0~ 
X N "'--./ II 

0 0 0 

Terrcph yKa)l{eM eme Ha 0;1HY pa6ory, JaTparnnaiOIUYJO o6cy)I(J]aeMyJO Te­

MaTIIKJ' H HMCJOllLYIO OT'ICTJHIBYJO 6H0-10fHqccKyJO HanpaBJlCHHOCTb [265 j. 3To 

IICCJ!CJ!OBaHI1C HanpaBJ!CHO Ha CI1HTC3 l.(yKy6aCHOJlllJ]a (tsukubaenoJide) -

. HpQJCKTHBHOfO HMMYHOJ]CITpeccaHTa, 5IBJIHIOJUCfOC5! llOTCHl.(HaJihHb!M cpen­

CTBOM )..(1!5! 11CllOI!h30BaHllH rrpH TpaHCIIJiaHTal.(HH opraHOB. 

HO···· 

MeO yMe 

0 

·· ... ~ 

IzyKy6aeHOJIHJI (tsukubaenolide) 
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B XO,l(C CI1HTC3a O,l(HOfO 113 CCrMCHTOB CT]JYJITYPbi 3TOfO COC,l(I1HCIUUI IIp11MC­

HCH JJ:I1MCUUial(CTaJib (1 a) 11 ,n:an:ee IIp11 OKMCJICHI111 IIOJI)"'CHHOfO CHaMMHOJJ:I1-

KCTOHa (298) CI1IITC311pOBaHO T]J11Kap60HMJibHOC COCJJ:MnCHI1C (299) ( CXCMa 211 ). 

QCOOMo 
la • 

80°C 

OMe OMe 

CxeMa 211 

0COOMo 

298 OMe OMe 

QCOOMo 
0 

-30°C 

299 OMe OMe 

3aMCT11M, 'ITO ).LJI51 IIpCBpaiiiCI!lffi CllaMMIIOBOfO <}>parMCHTa B Kap60HHJib­

HYIO rpyrrrry HCIIOJlh30BaH HC CI1IlfJICTHbiH KHCJIOpO.l(, KaK B pa60TC [262], a 

030H. Tio,n:o6HbiH )!(C IIO,l(XOJJ: IIpH o6pa30BaHI1M KCTOIIpOH3BO,l(HOfO Ha OCHOBC 

CHaMMHOKCTOIIIIOfO COC,l(MHCHI151 HCIIOJib30BaH M B pa60TC (266] ).LJI51 CHHTC3a 

CJIO)!(HOH CTJJYKTYPhi HOBoro HMMYIIO.D:enpeccanTa FK-506. l1 3.l(CCh B Ka'ICCTBC 

OKMCJIMTCJI51, KaK H B IIpC.l(bl,l(yWCM 11CCJIC,l(OBaHMM, 6bUI IIpHMCHCH 030H. 

CHHTC3 aHTI16MOTMKa TpocrreKTOMHI!MIIa (300), o6nanaiOmero BhiCOKoti: 

aHTM6aKTCpMaJibHOH aKTI1BHOCThiO B OTHOIIICHHH ana3p06HhiX 6aKTCpHH, TaK)!(C 

ocnoBan na cnoco6nocTI1 aMH,[(al(eTan:eti: Tpanc<}>opM11poBaTb CH-KMCJIOThi B 

eHaMMHmi267]. B 3Toti: pa6oTc noKa3aHo, 'ITO rmponoBbiH <}>parMeHT, co.n:ep­

)!(all(Hif CX-MCTMJibHYIO rpynny, CIIOC06CH BKJIIO'IaThC51 B peaKl(I1IO KOH,l(CHCal(l111 

ITO 3TOH rpynne C JJ:HMCTMJial(CTaJICM ,l(HMCTMJI<}>OpMaMH,[(a (1 a), H o6pa30BaB­

IIII1HC51 IIpH 3TOH peaKl(HI1 CHaMHHOIIMpOH-4 (301) MO)!(CT 6biTh Tpanc<}>opM11p0-

BaH B 2-npOIICHMJIIIpOH3BO,lJ;HOC (302) rryTCM B3ai1MO,l(CHCTBH51 C 3TI1JIMafHHH-

6pOMH,[(OM. Jl:an:hHCHIIICC fH,[(pHpOBaHMC (302) 06CCIIC'IMJIO CMHTC3 l(CJICBOfO 

aHTM6110TMKa (300) (CXCMa 212). 

Cl1nTe3 aMHHocaxapoB ynan:ocb ocymeCTBI1Th c rrpMMeHeHMCM B Ka'IeCTBe 

3aiii11THOH rpyiiiihi enaMMHOTpMKap60HMJibHOrD <}>parMCHTa (303), IIOJI)"'CH­

HOfO na OCHOBC peaKl(MH 1,3-JJ:HMCTMJI6ap6MTYPOBOH KMCJIOTbi (304) C al(cTa­

JICM (1 a). B CI1HTC3MpoBaHHOM TaKMM o6pa30M (cxeMa 213, c. 136) coe,n:I1HCHI111 

(305) 3aiiiHTHa51 ( 1 ,3-JJ:I1MCTMJI-2,4,6-( lH,3H,5H)Tp110KCOIIHpMMH.D:HH-5-MJIM­

JJ:CH)MCTMJICHOBa51 rpynna JICfKO CHMMaCTCJI IIpM o6pa60TKC aMMMaKOM, fM,l(­

pa3HHOM, fH,[(pOKCMJiaMHHOM 11JIM IICpBM'IHbiMM aMMHaMM C BhiCB060)!(.l(CHI1-

CM IIpC,l(BapHTCJlbHO MO,lJ;M<}>Ml(HpOBaHHbiX KaKMM-JII160 CIIOC060M aMHHOCaXa­

pOB (268]. 

I 2. PeaKU,UU Gi.{ema,1eii OAtUao6 u oWKmaM06 c HYKAeorjJU.1bHbiMU pea2eH/nOMU 135 
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oyyo 
N N 

Me/ y Me 
0 303 

CxeMa213 

00YNM:~ HOH 
la 0 

- + 
Me/N~N'-Me R" + Cl-

11 304 R' NH3 
0 ~H,I MHH 90°C 

~
OH 0 

~
Me r / 

R' NH 

305 o NAo 
I 

Me 

)J,JUI HCCJICLJ:OB3IIIDI 3HaJibi'CTWICCKOH 3KTHBHOCTH npOBCJ(CH CHI!TC3 7-an­
KHJI-6,7 -J(HllCrH.[lpOMOpcj:Hl.113IIOB (306) (269), KJIIO'ICBOH CTallHCH KOTOporo 

JIBJI5!CTC5! KOII,llCHC31\115! lll13THJI31\CTaJI5! lll1MCTHJI<PopM3MHll3 ( 1 b) IIO aKTl1B­

HOMy MCTMJICHOBOMY 3BCIIY Tpl11\l1KJIH'ICCKOfO KCTOH3 (307) (CXCMa 214). 

CxeMa 214 

0 

.. 
SBu-n 

0 

N-Me 

- n-BuSH, C6H,, 

t°C, 16 q, TsOH .. 

AueTHJI11pOB3HHbiC 1 ,3-Ul1KJIOIICHT3lll1CHhl (308), CHHTC3HpOB3HHbiC Ha OC­

HOBC peaKUHH LJ:l13THJI3UCTaJIH llHMCTHJI3UCT3MHll3 ( 1 d) ITO 3KTHBHOMY MCTH­

JICHOBOMY 3BCH)' 1 ,3-U11KJIOIICHTMHCH3, OK33aJIHCb IIpHBJICK3TCJibHbiMH HCXOll­

HbiMH COCllHHCHI15lMH llJI5l peaKUHH )J,HJihCa- ArrbJJ:Cpa (CXCMa 215) (270). 
HoBbiH Cl1HTC3 E-peTI1HOCBhiX KHCJIOT 6a3!1pyeTcH Ha HCIIOJib30B3Hl1H .[ll1-

eHaMHH03<PHpHoro Cl1HTOH3, IIOJiy<ICHHOfO C np11MCHCHI1CM 31.\CTaJibHOI'O Cl1H-

3.2. PeaKu,uu au,ema"~eii aMuooB u .1aKmaMOB c Hy/UleorjJU,1blfbtMU peazeHmaMu 137 

OEt 
/ 

Me -C-OEt 

0 ' NMe 2 .. 
CxeMa 215 

~Me_. o---<:e 

\_j_ ~ ~NMez /Me0~~8 = 

~ 
0 

Me 

DOMe 
COO Me 

COO Me 

TC33. 0TMCTI1M, 'ITO pCTHIIOCBbiC KHCJIOTbl 11HI'J16Mpy!OT pOCT .3JIOK3'fCCTBCII­

IIbiX KJICTOK B KYJibrypc H in vivo 11a pa3JIWII!biX .lKHBOTllbiX MOLJ:CJI51X. E-PcTMHO­

CBhle KI1CJIOThl 3KTI1BHhl llpH OllpCL(CJICHHbiX BI1.[\3X JICHKCMI111 11 3JIOK3'1CCTBCH­

llb!X orryxoJiet'! KO.lKH. PcTHHOHllhi Y'I<lCTBYJOT B cHrHaJir.Hot-i: nepe.na'le, BKJIJO'Ia>I 

peryn5!UIIIO H JrHc1HlJepcHruiaiiHK> KJICTO'IHhiX UHKJIOB. HeaaBHO ycTaHoBJICHO, 

'ITO 3IIOIIT03 (nporpaMM11pOBa!IJia>I f'H6CJib KJICTOK- <PYHllaMCHTaJibHbiH npo­

I(CCC B )f013HC.[\C>ITCJibi!OCTI1 MIIOI'OKJICTO'IIlhiX opraiiJ1.3MOB) - :)TO aKTHBIIbiH 

llpOUCCC p<npyWCI!l15l KJICTKJ1. i(CJih :noro npOUCCCa KJICTO'IIIOH 3JIH:VIl1113-

l\1111 - y)laJICHHC HC)!(CJiaTCJibHhiX KJICTOK opraHif3M3, yrpaT!1BWI1X CBOH <j)yHK-

1\Hli npll cro pa:munm, cTapeHI111, 11 IGICTOK, noTeHirHa,1h!IO onacHbiX )1)151 opra­

rm3Ma, TaKHX KaK MY'f3HTHblC, l!H(PI1liHPOBai!HbiC B11pyca:.tH 11 J\p. AnonT03, 

MCllHHpycMbiH E-pCTI1HOCBbiMl1 Kl1CJIOT3Ml1 B JICHKeMwrecKHX KJICTKax, .3aBl1-

L'I1T OT ::Jcj:J<PcKT11BOCTl1 B03L(CHCTBMJI fllaKTOpa HCKp0.3a onyxOJICH - Cf!CIUI¢11-

'lCCKOrO 6CJ!Ka, Bbl3h!BaiOIIlCI'O pa.3pyWCHHC OflyxOJICBh!X KJICTOK. f10II5ITHO, 'ITO 

CTOIIb 6HOJ!Ofl1'ICCK11 B3)!(Hb!C BCIUCCTBa H)')!(ll310TC5l B TIOllp06HOM 11 pa3H011JI3-

IIOBOM liCCJICLJ:OBaHMII, a )1)151 3TOI'O, K3K npaBHJlO, Tpe6yeTC5l pa.3pa60TKa npe­

IIapaTMBHO J~OCTYI1HbiX MCTOllOB HX CHHTC3a. l1MCHHO TaKOH CI1HTC3 npe)l)la­

IaCTC51 B pa6oTe (cxcMa 216, c. 138) [271] . 
l1CXOJUIOC COC)lHHCHHC - !1pOIIHJIHJICII,lll1MCTHJIMaJIOIIaT (309) KOll,llCI!Cl1-

pycTC5l C aUCTaJICM (1 a) IlO MCTI1JlhHOH rpyrrne IlpOIIHJIH)lCHOBOI'O <PparMCIIT3 

l' OTrOHKOH MCT3HOJ13 B I1pOUCCCC pcaKI.\11!1 C o6pa30B3HHCM LJ:HCH3Ml1Ha (31 0) 
C KOJIH'lCCTBCHHbiM BbiXOLJ:OM. B.3ai1MOllCHCTBHCM IIOCJICllHCro C KCTOLJ:HCHOM 

(311) ITOJiy<ICH TCTpaeH (312), KOTOph!H )laJICC nyreM pe3KUI!l1 C MCTUJIM3I'HIIH-

hpOM11)lOM npenpamen B E-penmoeByiO KIIcnoTy. 

PcaKUl111 3MH.Ll3UCTaJICH C rrp0113BO.[lHhiMl1 OKCIIH)IOJI3 C ITOCJICLJ:YIOIIIHM IIC­

pcaMI1HHpOBaHl1CM 110IIyqCH!IhiX C!laMIIII03MIILJ:OB (313) IIpiiBOMT K COC)lliHC-

1111HM (314), KOTOpbiC, 110 MHCHI110 3BTOpOB (CXCMa 217, C. 138) (272], llpC)lCT3B­

IllfiOT IIHTepec KaK aKTIIBaTOpb! 6eH3.[ll!33CIIl1HOBh!X peUCITTOpOB H, IICX0ll5l 113 

rroro, KaK f!OTCHUifaJihHhiC aHTHKOHBYJihCaHThi 11 3HKCHOJIHTHKH. 
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CxeMa216 
CXX)Me I CXX)Me >=< CXX)Me a >=< CXX)Me 

309 Ne2N/ 310 

~JM,~~~<XX)~ 
~ 311 U 312 CXX)Me 

I) MeMgBr -2)KOH, 
MeOHIH20 

3)HO 

O:~<XX)H 
CxeMa 217 

R' 

~NR2 
YU ... ,AI\ R"'NHR"" 6 ,:, . CCL 

R' 

y I_....OR" 
R2N__.Ic(_ R' 6 °-CHa3 -.. 

~ YU"-TAI\ NR"'R"" 

6 : .. 
X 

X 

Burne )')KC C006W:aJIOCh 0 CIIHTC3C BIII.(IIHaJibHhiX TpiiK.ap60HIIJihHbiX CO­

C,l..\IIHCHIIH Ha OCHOBC OKIICJICHIDI CH3MHHOKCTOHOB C IICIIOJib30B3HIICM B K3-

'ICCTBC OKIICJIIITCJICH CIIHfJICTHOfO KIICJIOpo,na [262], 030H3 [265, 266]. B pa-

6oTe [273] TipliMCHCH ,UJI51 OKIICJICHIDI npyroif MCTO,U: OKHCJICHIIC rrepiiO,U3TOM 

(cxeMa 218). EHaMMHO,LIMKap6oHIIJibHoe coenMHeHIIe (315), noJiy<IeHHoe aL(e­

TaJILHhiM MCTO,UOM, Tp3HC<lJOpMI1pYJOT 3,UCCb 3TI1M CTIOC060M B Tpi1Kap60HI1Jib­

Hh!C COC,lll1HCHIIJI C BhiCOKIIM BbiXO,llOM (316, 317). AHaJIOfM'IHbiM MCTO,ll 6b!JI 

I1CIIOJib30B3H 11 B pa60TC [274] ,Umi CI1HTC33 COC,UI1HCHI1M (318), rrpiiro~HbiX 
lV151 IIpHMCHCHIIJI B peaKI.(I111 <DpH,llJICH,llepa ( CXCM3 219). 

l'f 
3.2. PeaKI-(UU au,ema!leii a.Muooe u !laKmaMOIJ c HYK!leorjJU!lbHbiMU pea<eHma~ltu 139 

CxeMa218 

ri(NHCDCHz~~ ANH~l Et 
PCDOC~ PCDOC ~ I NMez 

PG- NH PG- NH 1 315 
PG= 3aiiJ,Iffil"ble rpyii!Thl N ai 0 4, ITtf>, 

~
NHCXX::COOEt 2ooc, lp8 'l NHCXX::COOEt 

II -:?' I\ 
0 I HOOH 

P<DOC + PCDOC ~ 

PG-NH 316 PG-NH 317 

CxeMa 219 

W~ 
0 

Me 

X~N, CH NO;> 
~aiO w~ • 4 I 

././'-.... ~ 0 
?' - NMez X CHO 

NO;> 318 N~ 

flcp110,1(3THLIH MCTO)..\ rrp11MCHCH H B rry6JIHKaUHI1 [275] )..(Jl51 IIOJIY'ICHI1Jl 

ccJicKTJ1BIIOro nHrl16HTopa W1KnooKCHrcHa3LI-2 (COX-2) CTPYKTYPLI (319) 11 

cro aHaJIOrOB. 

Cl 

KpaTKO paccMOTpHM csoi1cTBa 3THX M30cjJepMeHTOB. B opraHH3Me cyw:e­

CTBYJOT nBe ¥13o<lJopMhr COX: 

1) KOHCTI1yYTI1BH3JI, T. e. IIOCT051HHO CyW:CCTBYJOW:3JI 1130<}10pMa, TIOJIY'fl1B­

lll35I H33B3HI1C COX-I; 

2) MH,LzyUM6eJihHa5I H3o<lJopMa- COX-2, 6HOCMHTe3 KOTopoif 3anycKaeTc51 

II OCHOBHOM rrp11 B03,llCMCTBIII1 TI3TOJIOfWICCKI1X, B TOM 'IHCJIC IIpOBOCIIaJIMTCJlb­

llbiX, <lJaKTOpOB. 

3TH <}1epMCHTbl MMCIOT 6JI113K)'IO IIOCJ1C,UOB3TCJlhHOCTb 3Ml1HOKI1CJIOT, HO 

pa3Hhre <l>YHKUMII. COX-1 OTBeTCTBeHHa 33 CHHTe3 rrpocnmaH,UHHOB, pery­

IIHPYJOW:MX ceKpeUIIIO CJII13M )!(CJiynKa. CeJieKTHBHOe IIHrii6HpoBaHMe 3Toro 
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<PepMCHTa rrpiiBO)J;HT K yrHCTCHl-iiO 6HOCHHTC3a IIpOCTafJI3H)lliiiOB, o6Jia)J;alO­

IUliX IIpOTHB05!3BCHHhiM 3<P<PeKTOM, 'ITO o6ycJiaBJIHB3CT B03HMKHOBCHHC yJih­

ueporeHHOfO 3<P<PeKTa. COX-2 oTBCTCTBenna 3a o6pa1onanne rrpoCTarnaH)lii­

HOB, o6JI3)];310IUIIX BOCIIaJIMTCJihHOll 3KTMBHOCTblO. IJpOBC)J;CHHbiC B IIOCJIC)J;HHC 

fO)J;hi HCCJIC)J;OB3HII5! y6e)J;IITCJibHO IIOK33aJII1, 'ITO racTpOTOKCWIHOCTh HCCTC­

pOH)lHbiX rrpOTHBOBOCIIaJIMTCJihHbiX cpCJJ:CTB (HIJBC) CBJI3aHa IIpCHMymCCTBCH­

HO C HCII36IIpaTCJihHbiM CHII)I(CHMCM aKTliBIIOCTII 06CHX li30<l>OpM COX. Yc­

T3HOBJICHO, 'ITO rrpii ccneKTI1BHOM IIHrM6HponaHMII COX-2 3H3'II1TCJibiiO 

yMeHhiiiaeTCJI raCTpoToKcwrccKJ.Ill 3<P<PcKT rrperrapaTOB, rrp11 coxpaHCHIIM 

3<P<PeKTHBHOCTII rrpOTIIBOBOCIIaJIMTCJibi!OfO 11 3HaJibfCTI1'ICCKOfO )lCllCTBI15l. 

0IITMM3JibHbill IIO)lXO)J; K Cl1HTC3Y KJIIO'lCBOfO COC)li1HCHII5l (320) M5! IIO­

JIY'ICI!II5f UCJICBOfO l1Hrii6MTOpa (319) !IpCJJ:CT3BJICH 113 CXCMC 220. 

CxeMa220 

a Me la n:~NMez DCHO 
I 

Nal04 _... 

moe I ____.. 
a N~ a ~ N~ H20/DMFA ~ 

CJ N~ 

O
COBr 

n CH=CHCOOMe MCH=CHCOOMe 

~ I a 
~ --a N~ CJ NHfs 

~ _ ('YCH=aiOOOM< 

a~NH 
I 

~co 

0~ 320 

Y)l(e YIIOMHHaJIOCh, 'ITO CH3MHHOKCTOHbi H IIOJiy'!CHHbiC Ha IIX OCHOBC 

COC)J;HHCHII5! MOryT 5!BJI5ITbC5I YJJ:06HbiMli «)J;HCHOBbiMII>> KOMIIOHCHTaMII B pe-

3KUH5IX UHKJiorrpiicoeJJ:HHeHII5!. YcTaHorureHo [276], TIO rrpH KOH)lencau:IIH (1 a) 

ITO MCTHJICHOBOMY 3BCHY <PeHOKCH3UCTOH3 o6pa3yeTC5l CH3MHH (321), 113 KO­

TOporo JICfKO rronyqaeTC5l 1,3-6YTaJJ:HCH (322), Tpanc<t>opMHpYIQIUHllC5l )J;aJICC 

B )J;MapHJIOBblll 3<l>IIp (323) B ycJIOBII5!X UHKJIOIIpliCOC)J;HHCHII5! ITO .IlHJihCY -

AnbJJ:epy (cxeMa 221). 

liHTepecnhre pe3yJihTaThi rrpnneJJ:eHhi B pa6oTe [277] no TPH<PTopMeTHJIHpo­

BaHIIIO Kap60HHJibHbiX COC)J;liHCHlill qepe3 IIpOMC%YTO'lHOC IIOJiyqCHHC CH3MH-

' 

i 

I 
! 
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0 

CxeMa221 
0 

~OPh • 2) Me3SiOTf/Et3N 
1a ~ OPh 1) BuSHffsOH 

• ~
OSiMe3 321 NMe2 

OPh - _.,_., OH 
-=-COOMe "' 

~ I 
. . . PhM<. 1200C ... a 

IIOKCTOHOB (324). TpH<l>TOpMCTHJihHbiC IIpOl13BO)lHbiC (325) CliHTC3lipOB3Hbl 

11yTeM o6pa6oTKH enaMHHOKCTOHOB (324) TPH<PTopMcTaHOM B rrpHCYTCTBMH 

KpCMHHHCOJ],Cp)l(alli,MX OCHOB3HMH ( CXCMa 222). 

0 d'M< Ia 
• 

0 CF3 rNM,, 
CxeMa222 

0 

~NMe2 HCF3/N(Me3Si)J u 324 Me4NF,DMFA,-l0°C 
0 

~CF3 u 325 

lNHa 

• 

0TMCTHM, 'ITO peaKUHH 3MH)l3UCT3JICll C IIpOM3BOAHhiMM 3UCTO<l>CHOHa 

11pOTCK310T BCCbMa JICfKO, IIpHBO,r:(H C BhiCOKMMH BbiXO)J;aMM K COOTBCTCTBYIQ­

IIl.IIM enaMHHOKeTonaM. Eonee TPYAHO M rrpM 6onee BhiCOKoil TeMnepaType 

.IMHA3UCTaJII1 KOH)lCHCHpYIQTC5l IIO BMHMJIOfH'lHOH MCTHJihHOH rpynne TaKHX 

• OC)\HHCHHll, KaK 3-MCTIIJIUHKJIOfCKCCH-2-0H (326) (CXCM3 223) (278]. 

CxeMa223 

Qo ta 

~ 

120-130°C 

326 Me ~NM~ 
THoJiaKTOMMU11H (327) - THOJiaKTOHHhiH aHTI16MOTHK, rrepnona<taJibHO 

li!.IJ!CJICHHblll 113 IIO'lBCHHbiX 6aKTCpi1ll 11 11HrH6HpyiOIU11ll ~-KCT03UHJI TpaHC­

IIOpTHYIO IIpOTCHHKHH33Y B npouecce CHHTC33 )I(J1pHbiX KHCJIOT 6aKTCpHH 11 

p.!L'TCHI1H. 3TH )I(J1pHbiC KI1CJIOTbi 5IBJI5IIOTC5l CTpOHTCJlhHbiMH 6JIOK3MI1 AJI5l 

IIIIOCHHTC3a MCM6paHHbiX <Poc<PomHIHAOB. 
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0 

HO. 327 

B rry6JIHK3l(MM (CXCMa 224) [279] Ha OCHOBC CH3Ml!HOTIIO<peHOHa-2 (328) 
CMHTC311pOB3H3 60Jiblli35I rpyrrrra Tl!OJI3KTOHOB - 3H3JIOfOB Tl!OTCTpOI·!OBOH 

Kl!CJIOTbl, IIOK333Bllll!X BbiCOKYIO 3HTH6aKTCpH3JlbHYIO 3KTHBHOCTb in vitro. 

CxeMa224 HOU"'"" HO OOM< -s-o Ia Mo 
NMez 328 

CpCJIH CCpHH CHIITC30Il CH3MHHOKCTOHOil, CH3MHH0'3!pHpOB H CHaMHHO­

HHTJJHJIOil, OCYUICCTBJICHHhiX rryTCM KOHJICHCal(HH 3MHJiaUCTaJICH no aKTHBHbiM 

MCTHJTCHOBbiM 3BCHb5!M pa3JTH'IHbiX HCXO,UHbiX pearCHTOB (280-309], OTMCTHM 

CllCUH3JihHO HCCJICJJ:OBaHHC nOJIY'ICHH5! ,UHCH3MHHOKCTOHOB (329) 113 KCTO,UH­

Kap60HOBOH KHCJIOThl (330), conpOBO)K,Ua!OUICCCH 6uc-,UCKap60KC¥1J!HpOBaHH­

CM (cxeMa 225) [281]. 

0 

HOOC~COOH 

330 

CxeMa225 

la 

• N 2 , 20°C,3aTeM 

70°C, I q 

Bhl,!lenerme C02 
M~)f~~ILM,,N 

Y,U06HbiC HCXO,[(HbiC COC,UIUICIIIUI (331) ,[(JI5I CHIITC33 pa3H006pa3HbiX re­

TCpOUHKJTOB IIOJTY'ICHbi nyreM KOH,UCHC3UHH 3MH,U3UCT3JICH ITO MCTHJICHOBO­

MY 3BCHy, H3XO,U5IIUCMYC5I B BMHHJIOfHqJIQM IIOJIO:lKCHHH no OTI!OJUCHHIO K 

3JTCKTpOH03Kl(CilTOpHbiM rpyrrnaM ( CXCMa 226) (286]. 

R4 R3 

~CN 
CN 

CxeMa226 

R1R2NCH(OR}z >-1=<: 
NR1R2 331 

J1 Cll(C Ha O,[(HOH pa60TC M3 3T0f0 CIIMCKa XOTCJIOCb 6bi OCT3HOBHThC5I OT­

,UCJibHO: OIIHCaHa peaKUH5I JJ:HMCTHJI3QCTaJI5I ,[(HMCTMJicpOpMaMH,U3 (1 a) C 2,4,6-

TpHMCTHJI-1,3,5-Tp11UH3H06CH30JIOM (332) [290]. HecMoTpH Ha oqesH,UHbie 

CTCpHqCCKMC IlpCIDITCTBH5I, IIpOQCCC BBCJICHHJI TpCX ,[(MMCTHJI3MMHOMCTHJICHO-

I 2. PeaKu,uu au,emao1eu a.Muooe u JlaKmaM08 c HyK,Jeo£/Ju!lbHbtMU pea2ewnw.tu 143 

1<1.1.\ l'pyrrrr C o6pa30B3HHCM mpUC-CH3MHH3 (333) npOTCK3CT rJia,[(KO IIpH Kll­

lf'.l'll'llHM pC3fCHTOB B JIMMCTHIIcpOpM3MH,UC (CXCM3 227). 

CxeMa227 
CN 

Me2N~~ *M' ~NMez 
Me 

la ~ 

NC CN 

NC' ~33~~ Me 

332 

NMez 

C;re.zzyeT YK<naTh, 'ITO 11 aueT3JIH JiaKTaMoB nerKo nc1yrraroT B peaKUHM c CH­

' IIL".i!OT3Mll C ofipa30BaHHCM COOTBCTCTBYIOIUHX CH3MHHOB (CXCM3 228) (292j. 

(CHz)n~ OMe 

l_NAOMe 
I 

Me 

CxeMa 228 
0 

R, A MeCN 
N N 

+ I )l t°C,2'! 

0AN Me 
I 
R 

0 

R, A 
N N (CH )n 

O~N~~lJ 
I I 
R Me 

0TMCTHM, 'ITO CCp115I COCJ(HHCHHH - IIpOHJBOJIHhiX J1H3cprHHOBOH KHC­

'1< > 11.1 CHHTC3Hp0133Ha C 11CIIOJ1b30B3HI1CM MCTO,U3, 63311JJYIOillCfOC51 Ha B33I1MO­

'Il.lllTIJHI1 ,UHMCTIIJI3UCT3JI5I JII1MCTHJ1qlOpM3MI1,U3 (1 a) C 3KTMBHbiMI1 MCTHJIC­

II<~I<!.IMH COCJIMHCHI15.1MH (334) (CXCM3 229) (294]. 

N, 

334 

CxeMa229 

la 

Me T. KIIU. 6e3 

paCTBOpHTe.ITll 

Z= COOEt, CONEtz 

z 

1-o,o-JJ:nxnopcpeiiHJ10KCHH,I(OJI (335) rrpM KOMHaTHOH TCMncpazype peampy­

' I < :ii(CT3JICM (l a), o6pa3yJI COOTBCTCTBY!Oll(MH CHaMHH03MI1,U (336), KOTOpbill 

nl >l.l'lllb!M o6p330M BCryiiaCT B pC3KU1110 IICJJC3MHIII1p0B3HMJI, C IIOJiyqCHIICM 

•' p1111 cHaMHHOBhiX rrpoM3BO,[(HbiX (337). 3TH coe,[(HHCHM.51 rrpo.51BHJIH ce.r~aTHB­

rrvu>. !IpOTHBOCY.fiOpO:lKIIYIO M aH3JibfCTHqecKyiO aKTMBHOCTb (CXCM3 230) (295]. 
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Wo 
U a a 

335 

CxeMa230 

NMez 

Ctio • ~ U'a a ~ 

I .& 336 

~r~ 
~NA" H 

'&a a 

337 

R 

8CCbMa HHTCpCCIIOC COITOCTaBJICHHC CllOC06HOCTI1 2,3 H 4-MCTJ.fJ1hHbiX 

rpynn Il 3-HHTpOI1IfpH,ZUIHIICBOH COJIH (338) ITO OTHOlliCHHIO K KOH)lCI!CaUHlf 

C ,UWJTI1JiaUCTaJ1CM ,[(lfMCTHJH!JOpMaMH)la (1 b) I1pOBC)lCHO B pa6oTC [296], 

1'/J:C riOKa:JaHO, 'ITO peaKI~H~ HanpaBmiCTC~ B Hai!60J!blliCH CTCI1CHII B !10JIO)!(C­

IIHC 4 C o6pa·wBallHCM 4-Jll1MCTHJiaMHilOMCTI1JICHI1pOI13IlOLUIOI'O (339) B CB5I-

3H C l!aH60JiblllCH CTCp11'ICCKOH ,UOCTyY1110CThiO lfMCiliiO 4-MCTHJibiiOH rpynnbl 

(CXCMa 2Jl). 

CxeMa 231 

Me tiNMez Me Me 

NOz NOz NOz NOz 
'/"' 1 b '/"' '/"' '/"' 

I o .. I + I + I 
~ + 25 c ~ + ~ + ~ + "'*"" Mo f 1-M'JkfM,~ ~> 

338 Me 339 Me Me /--......1~ 
M~N NM~ 

IlOIIbiTKH ITOJIY''!eHlf5I rrnpa30JibHbiX IIpOH3BO,UHbiX Ha OCHOBC l130XlfHOJ1lf­

HOBOro CHaMHHa- l-<l>CHlfJ1-3-3TOKCH-4-)llfMCTI1JiaMHHOMCTI1JICH-6, 7 -,[(l1MCTOK­

Clflf30XlfHOJ1HHa (340) -- He yBCH'IMHCb ycrrexoM, B pC3yJibTaTe ero peaKUHH 

C rH)lpa3HHrlf)lpaTOM 6biJI Bbl)lCJ1CH TOJibKO a3HH (341) (CXCMa 232) [301]. 

IfiiTCpCCHbiC )laHHb!C IIOJiy<ICHbl IlpH H3y<ICHHH KOH)lCHCaUHH ,[(l13Tl1JlaUC­

TaJ15I )lHMCTHJ1<l>opMaMlf)la (lb) c KHCJIOToif McJib2lPYMa (342) [303]. Ilp11 Ha­

rpeBaHHH (1 b) H (342) B CIIHpTC Ha6J1JO,liaCTC5I )lHMCpH3aUH~ C o6pa30BaHHCM 

COJ1H (343), KOTOpa5I CaMa MO)!(CT BbiCTynaTb B KaqecTBC cy6CTpaTa )lJI~ TaKHX 

peaKUHif, KaK rrepeaMHHHpoBaHHe (cxeMa 233). CymecTBCHHO, '!TO np11 rrpoBe-

2JCHHn peaKUHH aUCTaJ1~ C KHCJIOTOH McJib21PYMa B 3qmpe, a HC B CI1l1pTC, yJlaCT­

C~ IIOJIY'IHTb MOHOMCpHblll CHaMHH (344). 

CepH~ HOBb!X IlpOH3BO,liHbiX XHHOJ10HKap60HOBb!X KHCJ10T (345) - HCH3-

BCCTHbiX paHeC aHaJIOI'OB H3BCCTHbiX aHTH6aKTCpHaJ1bHbiX JICKapCTBCHHbiX 

ITperrapaTOB- CHHTC3HpOBaHa rryTCM B3aHMO,[(CllCTBH5! l-UHaHMCTHJ1-3-3TOKCH­

Kap6oHHJI-6-<l>TOp-7-XJIOpXHHOJ10Ha-4 (346) C aUCTaJ1CM (1 a) (CXCMa 234) [308). 
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FXX)ro CxeMa 234 

9' COOEt 
1 la 

a :::::..... N 

345 l 
CN 

roo COOEt 
F 

I 
N 

a J 346 
M~N~CN 

I1ocKOJihKY XHHOJIOHKap60HOBbiC KHCJIOThl 33Hl1MaJOT ceii'JaC fla.IKHeihuee 

MCCTO B p51.UY aHTH6aKTepnaJibHhlX JICKapCTBCHHbJX npenapaTOB (3J 0], npeL(­

CT<.lfl}I51CTC5I UCJICC006pa3HhiM KOpOTKO OCTa!IOBI1ThC5I 1!3 COCL(HHCHI15IX :JTOTO 

THfla 11 HX 6HOJ10fi1'-!CCKOM L(CikTBHH. 

CocL(HHCHH>! ':JToro p5IJla npo51BHJIH BhiCOKYJO Xl1Ml10TepauenrwrccKyio aK­

THBl!OCTh B OTHOlllCHHH rpaMOTpHUaTCJlhi!biX 6aKTCpHH (Kl!lllC'JHa}l, lUI3CH­

TCpHi-iHa51, 6p10UIHOTYHjlO"HIZUI TiaJJO'lKH H ,Up.) H OKc1"3aJil1Cb "Jlia'li1TCJ1bll0 MCHCC 

3<Jl<jlCKTHBHhl (HJIH llC":J<jl<jlCKTHBHhl IlOBCC) TIO OTI!OUICHHJO K rpaMTIOJIO)I(l1TCJih­

HblM 6aKrepmiM (cra<l>HJIOKOKKil, crpcnToKoKKI1, riHCBMOKOKKH). K nepnoMy 

f!OKOJJCIIHIO 3THX llpeuapaTOB Tij1HHa,UJIC.IKl1T HaJll[J!HKCOB<Ul. lll1l!CMll}ll1CB<l51 H 

OKCOJ!HHHCBa5I KI1CJI0Tbl. 

roo 0 

COOH 

Me N ~ r;L..aOCOOI!(~COOH 
H HN ~~ I ~N) ~ Et I Et 

Hamt,n;HKcoBaJI KHCJIOTa TinrreMH,!1JieBW! KHCJIOTa 0KCOJIHJllieBW! KHCJIOTa 

EhiJIO ycraHOBJlCHO, '!TO HaHBhiCmei:J: aKTI1BHOCThJO cpCJJ:H X11HOJIOHKap6o­

HOBbiX KHCJIOT OTJIWiaJOTC51 COC,UHHCHl151, l1MCIOIUI1C aTOMhl <jJTopa, B KOHL(CH­

CHpOBaHHOM 6eH30J1bHOM KOJibUC. 3TH COCL(HHCHI15!, lllHpOKO IlpHMCH51JOml1-

eC5! CCH'!aC B MCL\HUHHCKOH npaKTHKC, Ha3biBaJOT ¢lTopXHHOJ10HaMI1. 

J1 ¢lTOpXHHOJIOHKap60HOBbiC KHCJIOThi, 11 He<lJropHpOBaHHbiC IIpOH3BOL(­

HblC ::noro KJJacca 06'hCL(IIWIIOT 06II(HM Ha3B3HHCM- HHTH6HTOpbl )J,HK-rn­

pa3bl- <lJepMCHTa 6aKTepHaJibHOH KJJCTKH, OTBCTCTBCHHOfO 3a TipOUCCC HOp­

MaJlbHOTO 6noc11nre3a )J,HK. K nacroHmeMy BpeMeHI1 ycTaHOBJlCHO, 'ITO pac­

cMaTpnnaeMhie npenapaTbl B Ka'ICCTBC M11IIICHH L(CHCTBI151 l!MCIOT HC OL(I1H, a 

n;na <lJepMCHTa 113 rpynTibi TOTIOH30MCpa3: )],H. K-mpa3y l1 TOIIOH30MCpa3y IV. 
Tonoi130Mepa3a IV- roMoJior )J,HK-mpa3hi. 06a ¢>epMCHTa Heo6xoAHMhi WI51 

HOpMaJibHOTO Cl1HTC33 )J,H.K 11 COOTBCTCTBCHHO )],JI51 HOpMarrbHOl'O pocra 11 

neneHI151 KJJCTKI1. BbicoKaH 6aKTep«UI1AHa51 aKTIIBHOCTb ¢>Topx11HOJIOHOB cn51-

3aHa c nHrl!611posaHI1CM ¢>ynKUI1i1 o6oHx <pep!'.!CHTOB. B nacToHmce speM5! 

12. PeaKl{UU a~ema~1eii a.Muooe u ;zaKmaMoe c HJK..deorj;uflbHbtMU pea<eHmaMU 14 7 

0 0 0 

t~COOH F 
0 

COOH F~COOH 

1 ~:~·)1 ~) oJ,., (~!)I 
Me IIe<jmoKC8IJ,HH Me OI}IJIOKCan;DH 

0 

)VCYCOOH 
0 ! Q 

F 

~unpo<jmoKCau.HH Me 

F 

Hopl}lnoKcau;mr 
0 

COOH 

JlOMef}IJIOKCau;HH 

vrTaHOBJICHO, 'ITO B rpaMOTp11IJ;aTCJibllbiX 6aKTCp1151X IICpBWIIIOH Ml1IIICllhiO 

''''II}!CTCH ,1J,HK-r11pa·3a, BTopwmoM:- TOTIOI130Mcpa3a IV. HanpoTMB, B rpaM­

IIoHO>KI1TCJibHbiX 6aKTepmlx ronon3Mcpa3a IV- ncpnw-IHa51 Ml1WCI!b. YlMCllliO 

p:ttJIH'lllbiC ¢lYHKUH11 11 pa3JIH'llla5! 'lYBCTBHTCJlbHOCTb <lJcpMCHTOB-Ml1WCHCH 

ollpCl(CJ15110T pa3JIH'IllYIO 'ryBCTBI1TCJibHOCTb 6aKTCpi1H K ACHCTBI110 XHIIOJIOII­

t,, I p60HOBbiX KHCJIOT. 

66Jibllia5I aKTHBHOCTb ¢>ropxl1HOJ10HOB no cpanHCHHIO c nc¢>Top11pOBa!l­

"'·lMI1 aHaJIOraMI1 06'b5!CWICTC5! TCM, 'ITO <lJropXHHOJIOHbi cymeCTBCIIHO CI1Jlb­

lll'C l1Hfl16HpyJOr )J,HK-r11pa3y 11 TOf!OI130Mepa3y IV (I1MCHHO TOIIOI130Mepa­

'"r, BKJIJO'la5I )J,HK-rHpa3y, TIO.U.UCp.IK11BaJOT )J,HK 6aKTCp11aJibHhiX KJJCTOK B 

lll'06XOD,I1MOH ,UJI51 HOpMarrb!IOfO ¢lYHKU110HI1pOB3HI15l CBCpXC11!1pa11hHOH <lJop­

m·) 11 CTIOC06Hbi liJ'IIIIC, 'ICM HX He¢lTOpllpOBaHHbie 3HaJIOTl1 I!pOHI1KaTb BHY'fPh 

h:tKTep11aJihHoi1 KJJCTKH. C'lcD,yeT YKa3aTh, 'ITO KpOMe 6JioKHpOBaHI151 CI1HTC3a 

) (II K, B BbiCOKHX KOHUCHTpaumiX Xl1HOJIO!IKap60HOBbiC KI1CJ10Tbl HHTI-16Hpy­

IIIT 11 6HOCHHTe3 PHK 11 6eJIKOB B 6aKTepnarrhHbiX KJICTKax. 

XHHOJIOHKap6oHOBbre KI1CJIOThi n, ripC.lK,lJ,C nccro, ¢>Topxi1HOJIOHbi npHMe­

IIHIOTC51 IIp11 11H¢lCKUI151X .UhiXaTCJibHbiX TIY'fCH, CpCD,HCTO yxa, MJITKHX TKaHCH 

J<.OlKI1, KOCTCH, cycTaBOB, TIO'ICK 11 MO'ICBbiX nyrei:J:, .IKCJIY.llO'IHO-KHUIC'IHOTO 

I paKTa, 11pH ry6epeyJIC3C 11 pCBMaTI1'1CCKHX 3a60JICBaHI151X. 

L{pyr<rn pa6ora, HanpaBJICHHa5I Ha TIOHCK HOBbiX 6HOJIOTH'ICCKH aKTHBHblX 

mcn;I1HCHHi1, 6a3HpyeTC51 na CTPYKTYPHOi:J: MO.UH¢lHKaU11H npoH3BO.UHbiX OK­

' llll.UOJia ( 309]. lleJibiO aBTOpOB :noi:J: pa60Tbl 6biJIO C03AaHI1C COC.Ul1HCHHH, 51B­

Il~I!OI}ll1XC51 11Hfi1611TOpaMH U11KJII1H3aBHCHMOH KHHa3bi 2 (cyclin-dependant 
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Kinase 2- CDK). 3TH qJepMCHTLI }JRJI5IJOTC5I KJIJO'ICBhiMH perymrropaMH C;10.lK­

noro TipOI..(CCCa KJ!CTO'lHOfO JJ:CJICHH51. I..I,HKJI COCTOHT 113 '!CTLipCX OCIIOBHhiX cl.Ja3: 

I) G I (gap I) - ¢a3a npHrOTOBJiemui KJICTKH JJ:JI51 CHHTC3a )lHK; 

2) S (CHIITC3)- cl.Ja3a, B KOTOpOM OC)'IIJ:CCTBJI5ICTC51 pCiillHKai..(J.I}I )lHK (C1HI­

TC3 2l0'1CpHCM MOJICK)'Jihi )lB)IXU:CI10'IC'I!IOM ,'.J,HK, 11L(CIITWIHOH pOJ!I1TCJihCKOH 

/!B)'XU:Cf!O'IC'IHOM )lHK; K01111pOBaHI1C pOJ!l1TCJibCKOM )lHK C o6pa30Bai!J1CM 

JW'!CpH11X MOJICK)'JI); 

3) G2 (gap 2)- <pa3a, ll KOTOpOH TIOJli'OTamii1JlaCTC5! MI1T03 ( OCI!OBII<.U! c!.Jop­

Ma KJICTO'IHOfO )lCJICHHH, cytJJ,I!OCTh KOTOpOti 3aKJIIO'!aCTC5I B pall!I0\1Cpi!OM pac­

npCHCJIClll111 xpOMOCOM MC)K)l)' Jl0'!Cp!111MI1 KJICTKaM11); 

4) M (M11T03)- cTaJli1H, BCA)'1Ua5I K xpoMCOMHOM ccrpcrarum (pa3;1,CJJCIII1IO) 

II o6pa30Bal!!1IO Jl0'!CpHCi1 KJICTKH. 

CDK KoopmumpycT :JTH QJ<lJhi, cc aKTHiliiOCTr. 3aBI1CI1T oT pcrymrropHoi1 

cy6·bc~(l111Hl(h!, I!a3h1KICMOM I (HKJIHI!OM. qJICI!LI CCMci1CrBa l(l!KJII11!0B CB5I'3hi­

BaJOTC>! 11 aKTHBHpyroT CBOI1X CDK napnrcpon. Harrp11MCp, 1!11KJa111hi A 11 B 
aKn1BI1pytoT CDK I. IUIKJIHIILI A 11 F accOU:1111pomtllhl c CDK 2. D-nm I~HKJII1-

IIOK- c CDK 4. B o6cy)K)lacMoi1 pa6oTc onuca11 HOBhiM KJiacc CDK 2 111lnt611-

Topo!l - TIOTCHI..(HaJibl!biX MHWCIICH ,IJ)UI JIC'ICJ!I1}! IlpOJJJ1(jJCjJ<ITI1BllhlX 3afiOJIC­

!la!IHM, TaKHX KaK paK, ncopua3 11 AP-

CHHTC3 TaKI1X 111!!'!16!1TOpOB, B 'lilCTIIOCTI1 OCHOB<lll !Ia pcaKI..(IHI 3<JMCU:{ell­

llbiX OKCI1HL(OJIOB (347) C JJ:H-mpem-6yTOKC!1airCT<IJICM l(lii\ICTIIJH.jlOpMaMHAa, 

npOTCKa!OIUCM C TIOCJICJ!YIOli!I1M nepeaM!11111pOBai!J1CM pa3Jll1'111biMH apHJiaMH­

HaMH, C o6pa30Kllll1CM COOTBCTCTBY!OlUHX CliaMI1I!OB (348) (CXCMa 235). 

CxeMa235 

R ~ Me2NCH(OBu-t)2 R ~NM~ AINHz 

~NAo R ~NA0 
R~u-0 H 
~NAr> 

H 0 348 

11 B 3aKJIIO'ICIII1C 3TOfO p33J!CJia CJICJIYCT o6o6IU11Tb naHHbiC, K3Ca!OIWICC5I 

MCXaH!13Ma KOHJICHCai..(I1l1 3MI1,U31..(CTaJICH 110 3KTIIBJ!OM)' MCTI1JICHOBOMY 3BC­

ny. )J,JIH 3TOI'O IIC06XOL(HMO TIOBTOpi1Tb CXCMY l, OTIHCb!B3!0IIJ:YJO paBHOBCCI1C 

aM!1Jiai..(CTaJI5I C aM6I1,UCHTHblM K3TI10HOM I1 aJIKOKC!1-aHI10HOM. 

R R 

-l(OR" ~ R'N n'N + R"o-2 -"-2 --~ 

OR" +',OR" 
1 2 

I 2. PeaKt~uu a«ema.?eti (/AtUOOIJ u ;taKmaMOIJ c HyKneorjJunbHbLMU peazeHma.Mu I49 

111 3TOM CXCMbi C HCH36C.lKHOCTb!O BblTCKaeT Bb!BOJI 0 TOM, qro npH BBC,'!C-

111111 ll paCTBOphT, COJ!Cp.lKaUUIC 3MI1Jl3J..(CTaJII1, KHCJIOTHbiX COC)li1HCHI1H B rrep-

11\lll O'!CpCJJ:h J;OJI)I(HO rrpOHCXOJ!HTb OTlUCITJICHHe <<KHCJIOI'O>> npOTOHa TIOJI B03-

,,,.IICTBHCM a.JJKOf0~1}}T-aH!10H3. 

f~a)Ke CCJlli JiaHWU! CT(1Jlll51 51BJI51CTC}J paBHOBCCHOH, np11 3TOM Ha6JIJOAaCT­

' ll l"}!Blff BIIpaBO p3BHOBCCI151, 11306pa)KCHHOfO Ha CXCMC l. 
0TC!OJ!a 110Bhll!JCHJIC KOIIL!CHTpal..(lllf aM6HJICHTHOfO KaTHOHa, KOTOpblM 

'I.IIICC B3ai1MOJJ:Ci1cTB)'CT C o6pa30BaBilJHMC5I aHHOHOM cy6cTpaTa (aCCOUHai..(I15I 

II<~ I lOB) II COOTBCTCTBCHHO o6JICf'!CHHC peaJill331..(lii1 CHaMH!IOBOfO CI1!1TC3a. 

II o6meM BHAC 3TOT ITpOI..(CCC MO)KCT 6b!Th OI111CaH CXCMOii 236. 

R 
1.../0R"-

H!N~ -
1 OR" 

R 

W,N_j_ /y 
. -C 

EnaMHn --x 

CxeMa236 
R 

R]N __ J + R"O- + 
~ 

H X 
"\. / 
/c, 

H y 
-------

X 
- / 
C + R"OH 

/ ' H y 

H2 
2 'oR" 

X, Y= 3neKTj)OHOaKqeTITOphi 

-R"O 
R y R H y 

-+ /- ~I/ 
R'N -c...._ ~ R'N C-._ 

2 X -H 2 X 
OR" OR" 

3.2.3. CuHme3 aMuiJuuo6 Ha octw«e OMudau,emaAeii 

J3Ja!1MOACHCTBHC C pa3JII1'Uib!MI1 aM!1H011pOH3BOAHhlMI1 TaK.lKC 3aHHMaCT 

III<I'IHMOC MCCTO B XI1MI1H aMI1Jiai..(CTaJICH. 11 B nepByiO oqcpCJJ:h 3TO OTHOCI1T­

' !I K IIOJI)"ICHH!O aMH,UHHOBbiX np0113BO)lHbiX, XI1MI15I KOTOpbiX rrpHBJICKaCT B 

I t.ICT0511UCC BpCM5I 3Haqi1TCJibHb!H I1HTepec HCCJICAOBaTCJICM B CB513H C WI1p0-

1-.!IM HCITOJib30BaHHCM 3TOfO KJiacca COCL(HHCHHH B opraHWICCKOM CI1HTC3C 11 

~1l'l!lfi..(I1HCKOH XI1MI1H. qi1CJIO ny6JII1K31..(11H, KacaJOIUHXC}l I13)"1CHI15I IT)'TCH 

< 1111TC3a 11 CBOi:fcTB aMI1,UI1HOB, TIOCT05IHHO B03p3CT3CT, K HHM OTHOC5ITC}l I1 

~waorpa¢115! [31l), II PM o63opoB (312-318). 
KaK H B p33)lCJIC, K3C3!01UCMC}l XHMI1I1 CHaMHHOB, Mbl HC HaMC]JCHbl IIOJJ:­

po6HO paCCM3Tp11B3Tb A3HHh!C 06 )"'aCTJ1I1 3Ml1L(I1HOB, CI1HTC3MpOBaHHbiX Ha 

"' IIOBC 3MI1,Uai..(CTaJICH, B reTepOU:I1KJill'!CCKOM CI1HTC3C, TIOCKOJlbKY CI1HTC3Y CO­

<"./li1IICHHH reTepOU:HKJIMqecKoro pMa 6y)leT IIOCB5IlUCHa CITCUl1aJibHaH rJiaBa 

II.IIIHOH MOHOrp3QJI111. 3L(CCb .lKC BHHMaH!1C 6yACT YACJICHO C06CTBCHHO aMH,UH­

IIOHOMY CI1IITC3Y H CBOHCTB3M 3MI1,UI1HOB, OTJII1'IHbiX OT IIOJI)"'CHI15I fCTCp01..(11K­

IIOil I1X OCHOBC. 

B H3CT051IUee BpCM5I XHMH}l aMI1J!I1HOB 6ypHo pa3BHBaCTC}l B caMhiX pa3-

'''''IHbiX CI1HTCTJ1qecKHX HanpaBJICHI15IX 11 C 3TOM TO'!Kll 3pCHI15I TipCACT3BJI5I­

,.IUI I..(CJICC006pa3HbiM WHpe o6cyAHTh CBOHCTB3 3MI1,UHHOB, '!CM 3TO HCIIOC­

IH")!CTBCHHO B3.lKHO AJ15I aMH,Uai..(CTaJibHOH XHMHH. 
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J{a.nec 6ynyr 06Cy)K)laTbC5! npo6JICMbl aMII,UllHOBOTO CIIHTC3a, 6a3HpyJOIUI1C­

C5! Ha peaKI.1,115!X aMJ1,[(all,cTaTici1 c pa3JIH'IHhiMH a.MHI-.IaMH. Ho ncpeil 3THM Heo6-

XO,IJ}IMO OTMCTHTb, '!TO Tpa)ll1li,J10IIIIb!MI1 HCXO,!J;Hb!MH COC,!l;11HCHI15!Ml1 B aMH,!l;H­

IIOBOM CJ1HTC3C 5!BJI51IOTC5! I!HTpHJibi, KOTOphiC TpaHCC}:lOpMHpyiOTC5! B aMH,!l;HHhi 

'1CpC3 npOMC)!()'TO'IHhiC 11MHI!03qH1pbi. 

Ilocnewmc non)"'a.ror o6bi'IHO no:.l!rcikrsHeM xnopHcToro nonopona Ha 

IIHTpHJlbl B CriHpTC 11 Jl,a.JICC BBO)l5!T B pcaKUIU1 C pa3JTl1'1llbiMJ1 aMHHa.MH ( CXC­

~1a 237) [319-322]. 
CxeMa 237 

~ 
NH 

RC=N OA!k 

RC....._NHR' 

-b
HCI/AlkOH RC~H R'NH2 

+ R'Nl-12 
N·-Me 

/,/ 
RC=N-Mc 

FS~O-

RC 
'NHR' 

J{pyroi1 nO,ll,XO.I\ 6<rmpycTC5! 11a aJIKHJII!pOBamiH III1TpllJ10B ljJTop6opaTOM 

Tpl1JTI1J!OKCOHI15! [72] C IIOCJICJJ:YIO!l!CH o6pa.60TKOi1 II11Tj111Jil1CilhiX COJICH <lMI1-

IIaMI1 (cxcMa 238) [323, 324]. MoAJ1(lmKaL!HCi1 :.JToro MCTOWI HBJUICTOI noJry­

•rcmic II 11Tp11JIHCBhiX COJICH C 110MO!l(J,IO MCTHJIOBOrO ::J(lll1pa ljrropcyJihljlOHO­

BOH Kl1CJIOTbl (CXCI\!a 237) [325]. 

CxeMa 238 
Etp+ BF4 + 

RC =N ._ RC=NEtBF4 

R'NH 2 ~ 
N-Et 

RC~ 
'NHR' 

E.11113Kl1i1 no cyTH napHaHT -- BJaHMO!ICMCTBHC HHTpiiJIOB c KHCJIOTaMH 

JlhiOHCa C 110CJICIIYJO!UCH o6pa60TKOH TIOJIY'ICHHhiX KOMI1JICKCOB aMHHaMH 

(cxeMa 239) [326-330]. 

CxeMa 239 NR' 
FeCI R'Cl + ~ 

-c:
3 RC= N· FeC1

3 
.- RC=N·FeC14 _.. RC....._ ""' 

_ 349 350 ~, 351 NR R 

RC=N l)R'R"NH N-H 
2) H20(HO-) ij 

RC = N · AlCI3 RC~ 
'NR'R" 

KaK BII,UHO 113 np11BC,!l;CHHOJ1: CXCMbi, KOMfiJICKCbl HHTpHJIOB C XHOpHbiM 

)I(CJIC30M(lll) (349) MOryT ITO,LJ;BepraTbC5l aJIKIDU1pOBaHHIO C ranoreH&1KHJiaMJ1 

C o6pa30BaHHCM COOTBCTCTBy'lO!l(11X N-3aMC!l(CHHbiX H11Tj111JII1CBblX COJlCH (350), 
KOTOpblC TIO,ll, B03,!l;CHCTBHCM aMHHOB npeBpaiUaiOTC5! B N ,N ,N'-rpH3aMe!l(CH­

HbiC aMII,UHHhl (351). 
Ilp11 HarpeBaHHH aMII,UOB C fCKCaMCTI1Jlc!Jocc!JoprpHaMJ1,[(0M (fM<l>A) o6-

pa3YJOTC5! HHTpHIIhl (352) H aMJ1,[(HHhl (353) '!CpC3 lpocc!Jop,LlHaMH,LJ;aTTipOH3BO)l­

Hble (354) (cxeMa 240) [331]. 
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11 11 ONHR2 fM<DA .. 
215--230ac 

CxeMa240 
1+ 2 

R1-C=N=R2 R C=NR 
I ---+ - R

1
CN + 

0 (NM 
\~ -o NMe2 

P e2fz '- P/ 352 
II 'i- '-

354 0 0 NMe2 
HoHHaJI napa 

Rlc.,rNR2 

' 353 NMe2 

llp11 11CI10Jib30BaHIH1 B (1;1111,!l;I1HOBOM Cl1HTC3C I1p0113BOJ!Hb!X TI1011MHHO­

Hj.JJ{lOB (355) IIOKiUaHO, '-ITO IlOCJIC)lHHe pcarapyKH C apOMaTWICCKI1MI1 aMH-

11.1~111, ,ll,aBaH ai\HI.[\HHbl (356), a C llbiCOKOOCHOBHbiMH aMHHaMH - Hl1Tj111Jibl 

1 l'i7) [332]. OJJ,HaKo, ccn11 !Ipot(ccc npoBo,nurh B aueraTHOM 6yqlepHoM pacTno-

1~~", aMHJUIHbl (358) MO:.KHO I!OJIY'lHTb l1 !I pH B3aHI\!Oil,CMCTBHI1 C anuc!JaTH'!CC­

IIIMI1 aMHHaMH (CXCMa 24J). 

CxeMa 241 
NH NH 

MeNH2 / ArNH2 // 
CN+ MeSH R~ R~ 
57 355 SMe 356 NHAr 

! AlkNH2 
Merli'TIIhi:H 6y<1Jep 

NH R-< 
358 NHA!k 

!13 paccMOTpCIIH51 CTPYKTypbl aMH!IHHOB cne.uyer, 'ITO norwmo npe)lno­

'1.11 :!Th B031\f0)1(HOCTb «al\fH)lHHOBOH TayroMCj)HH>>, o6yCJIOBJICHHOH nepeHOCOM 

lll'<lTOHa oT o,n:Horo aroMa a3ora K .upyroMy (cxeMa 242). Pa3yMeerc51, ::na B03-

"""'HOCTh onpe,n:CJI5ICTC5! CTpOCHHeM KOHKpCTHb!X aMH)J;HHOB B OCHOBHOM npH-

1" >1\llH 3aMec-rurcnei1: np11 a To Max N. 

CxeMa242 
NR 

R"--< 
NHR' 

NHR R",, 
Bo MHOfiiX CJ1)"1a5IX C TIOMOII!b!O c!JH3HKO-XHMH'!CCKHX MCTO.UOB YD:a.JIOCb 

ollii:Ip~IITh TOJ!hKO O,ll,HY H3 rayroMepHbiX c!JopM. TaK, .UJ151. UHKJIH'!CCKHX 

.1 ~II I)IHHOB, HpOH3BO.I\HhiX 2-aMHHO-Ll
1
-nuppOJIIIHOB ( 359) 11 2-aMHHO-Ll

1
- IlH­

III"Jlll)lliHOB (360), ycraHOBo1CHO, 'ITO 3TJI COCD:IIHCHH51 cymeCTBYIOT B aMHHO­

•IH>jlMC (333]. 

·oNH, 
359 

·ONH, 
360 
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f1p11 Ha.JIWII111 y O)lJ!OfO 113 3TOMOB 330T3 3JICKYpOH03Kl.(CfTTOpHOfO 33MC­

CTI1TCJI51 ,n:OMIIHIIpyeT TOT TayroMep, B KOTopoM CB>I3b C= N conp5DKCHa c 3TI1M 

3aMccnueJieM [334, 335]. HanprrMcp: 

)J,OMHHHpyiOll(Illi TayTOMep 
R 

NANHAik 
I 
3A 3A= :me!ITpOHOaKIIerrrop 

3II3'111TCJibHOC BHITM31IITC riCCJIC)J;OB3TCJICll ITpliBJICKJia IIp06JICMa B3<lriMHO­

ro pacnoJIO)I(CHrr>I 3aMcCTrrTcJici1 OTHOCITTCJihi!O CB>I3l1 C= N n aMHJIHIIax. B pa-

6oTax [ 336, 337] MCTO)lOM ITMP-cncKTpocKomm ri3Y'ICIIa Cllll-alfmU-1130MCpll-

3a11Hll B aMHJIITirax pa3Jiwmoro THna. IT pH HCCJICJ(OBal m11 npiicoc)lrrllcHII>I 

BTOpli'IIIblX 3MHIIOB K 1130IIHTpriJI3M [338, 339) ClBTOpbl IlpHillJII1 K BblBOJIY, 'ITO 

CIIa'JaJia o6pa3yiOTCll Z-q>opMaMH)J,IIIIbi, KOTopuc 3aTcM ncpcrpynniipOBbi­

naJoTCH ll TCpMO)J,IIJJaMH'ICCKII 6oJJcc cTa611JihllbiC E-H30MCphi. Hanponm, B 

pa6oTc [340] YKa3hmacTCH 11a llbi)!CJICHI1C CTa6J1JihllbiX E 11 Z-1130McpoB N-cyJih­

cjJmmnaMMIIHOB. flp11 IICCJIC)J,OBaiirrii 11x CTPYKTypbl MCTOi\<lMI1 I1 K-, ITMP-

11 13C- 5!MP-CIICKTpOCKOTII111 ycTaiiOBJJCI!O, 'ITO Bh!Jll'J!CIIIIh!C BCII(CCTBa (361) 
}lll~lmOTC51 pOT<LMCpaMIT OTIIOCI1TCJJbi!O CB}!311 C-N

1 
(CXCMa 243) [341]. 

H 
MeS~, 2 / 

N =C Ph 
"N'_...,.. 

I 

CxeMa243 H 

MeS~'N2=C/ rn
2
GI

2
NHPh 

'NI-'" 

GI2GI2NHPb 361 
I 
Ph 

EoJihlllOC KOJIH'ICCTBO pa60T TIOCBHII.(CHO ri3Y'fCHI1!0 3aTOpMO)I(CHHOI'O Bpa­

Il(CHHH OTHOCI1TCJJbHO CBH3H C= N B aMrr)J,HHax MCTO)J,OM ITMP-crreKTpocKo­

nrrH [304, 337, 342-346]. Cno6o)J,HbiC 3HCpl'I1ri aKTI1Bal.(rii1 npol.(ecca u~G") 
o6bi'IHO He BbiCOKI1 11 B JanrrcrrMocTrr OT CTPYKTYPhi aMIT.llHHa Bapb11PYJOT B npe­

gemlx 11-21 KK3JljMOJ1b. )J,JJH 3MI1JIITHITCBbiX COJICH BCJJI1'II1Hhl ~G* 3aMCTHO 

BbllllC [337). 

KonuqecTBcHHaH oueHKa TayroMepHoro paBHOBcCHH cepiiii aM11)liiHOB ( cxe­

Ma 244) npOBC)J,CH3 C ITOMOII.(b!O Y<D-cncKTpOCKOflllii IT COITOCT3BJJCHI1H KOH­

CTaHT 110HII3al.(J1.I1 PM3 3MI1)J;I1HOB II COOTBCTCTBYJOII.(ITX MO)J,CJibHbiX COCJIIIHC­

HI1H [ 34 7, 348 ). IT p11 conocTaBJieHrrrr KOHCTaHT TayroMepHoro paBHOBcCIIH ( KT) 

ycTaHOBJICHO, 'ITO )..(Jlll aMITJIIIHOB (362), f.[JC Y = 3JICKTpOHOaKl.(CTITOpHbiH 33-

MCCTITTCJlb, paBHOBCCIIC 3aMCTHO C)lBITHyYO BTipaBO IT, HanpiiMep, )..(11}{ Y = 3UI1JI 

KT-30, a nprr Y = S02R Ky -107 [347]. ITpii Y = 33MCII.(CHHbiH <t>eHI1JI paBHO­

BcCIIc C)lllllHyYO BrrpaBO HC T3K 3aMCTHO II Ky = 2,4 (CXCMa 244) [348). 

1.2. PeaKu,uu au,ema,1eii aMur.ioe u ,wKma.uoe c HyK,JeoifJu,JbHbBtU peacelilnaMu 153 

CxeMa244 

YNH -C(R)= NH YNH = C(R)- NH2 
362 

13 pa6oTaX [ 349-351) II3MCpCHbl KOHCT3HTbi 110Hri33l.(l1lf pH)l3 l.(l1KJII1'ICCKHX 

.>~IIL'UIHOB If ITOKa3aHO, CJTO BCJ111'111Ha pKa Cyll(CCTBCHHO 33HIICI1T OT BCcliFIJ1Hbl 

1111 K 11a ( 0630p riO 3aBHCHMOCTl1 CBOHCTB opraHH'lCCKHX COC)J,I1HCI!l1M OT pa3Mepa 

IIII"!Ia CM. [102]), rrpw!eM OCHOBHOCTb rragacT B pH.llY Cr, > c7 > Cg - c, [351]. 

l I o }!BJICHHC o6bHCHCHO KOlHpOpMal(IIOHHb!Mll (lJaKTOpaMIL /!Jill Il!CCTH'IJICH-

11<>1 o COC,'.(l1HCHI1H pcaJJI13YCTC5I TIJIOCKOCTH3}! KOH!lll1rypaU:11H aMH:IIUlOB!JrO 

<l>p;li'MCHTa, KOTOpaH JlJIH fl51TII-, CCMIT- II BOCbMH'IJJCHHbiX IUIKTIOB 3HCprCTl1-

'l<"t KI1 HCBbii'OLI.Il3 H3-'3a HCCB513aHI!biX B3ai1MO.[I.ci1cTBI1i1 MC)K)ly rrpOTOHaMH 

1111 KJIH'!CCKHX MCTHJJCHOBbiX rpyrrn [ 351). CorJJacHo KoppeJilli!II11 pK3 H 0-KOII­

, I :JilT Taqna [352, 353] c,n:cJJaHo 3aKJI!O'ICHHe, 'ITO BCJJI1'Il1Ha p 11 noo6me oc­

ll~>lliiOCTb <IMHJ!I1HOB (363) 3aBI1CHT 60J1hll!C OT 3aMCCTl!TCJJCH rrpli HMI1HHOM, 

'1<"~1 rrprr aMI1HHOM aTOMC <lJOTa. 

I I pH H3y<IeHim rrpoTOHHpOB<lHI15I aMIT)lHHOB - 2-apWII1MI1H0-1-a3aU:HKJJO­

·"I"aHoB (363) - ycTaHOBJlCHO, 'ITO OHO !1pOTCKaCT ITO 3K30UHKJIH'ICCKOMy, 

m111HHOMY aTOMY <l30Ta, T. K- TOJibKO B 3TOM CJJy<Iae B03MO./KHO CO!lp}!)I(CHIIC B 

llllllTOHHpoBaHHOH !l>opMe (363A) (cxeMa 245). 

It (CH0nl 

l ./;~N-Ar N 
I 

Me 363 

CxeMa245 

(CH2)nl ~ ., 

lN' ....... ~N-Ar 
I ~ 363A Me 

(CH2)n~ 

l_;,AN-Ar 
f I 
Me H 

AMri)lHHbi TriTia (363) - BCCbMa CriJibHbiC OCHOB3HI1H, OCHOBHOCTb KOTO­

j>I.J\ T3K)I(C 33BI1CITT OT BCJIH'liiHbi l.(riKJia (102, 354]. Ha OCHOBaHI1l1 KOppe­

'lliiiHOHHOfO aHa.JIII33 (COI10CTaBJJCHI15I BCJl:wlriH pK3 C 0- If <J--KOHCTaHTaMri) 

\"< 1 aJIOBJJCHO, 'ITO apriJJbHOC KOJlbl.(O B 3TIIX COC)J,ITHCHIIHX ITOBepHyYO OTHOCI1-

II">IJ.IIO CB>I3H C = N npiiMcpHo Ha 50-60°. TaKoti: )i(C uonopoT reTap1111bHoro 

'" LITKa xapaKTepen 11 )J,JI51 npo113BO)lHbiX N-(n11pa30JJHJI-3)aMMHHOB [355]. 

KaK ~e o6c~anocb, <<aMII.llHHOBaH>> TayroMepmi o6ycJIOBJieHa nepeHo­

' liM llpOTOHa OT O)J,HOfO aTOM3 330Ta Tprra)lbl K ):(pyroMy. K T3yYOMCpH11 3TOfO 

11111a 6JIII3KO rrp11MbiKaeT rrpouecc 1 ,3-rrepeHoca pa3JJI1'IHh!X rpynrr11ponoK BHY­

'1'" aMli)liiHOBOH CHCTCMbi, riCCJ1C)..(OB3HHbiH MCTOJIOM )J,IIH3MIT'ICCKOH CITCKT-

1'"' KOf!HII ilMP [356-360) IT TiyYCM KBaHTOBO-XHMII'lCCKHX paC'lCTOB [361). 

l 1, rr o6paTHMbii1 upouecc 6biJJ 113Y'fCH MH pa3JII1'IHbiX 3aMcCTI1Tenei1 (X= aunn 

1 1">1>, 360], 2,4-JII1HI1Tpo<1JeHIIJI, TI11Kprrn [ 357, 360] II cynL<t>enrrJJhHbiti: ocTaToK 

II">X, 359]). ITprr :JTOM cncl.(IIaJJbHbiMrr 3Kcnep11MeHTaMrr [ 359) 6biJJO IIOKa3a­

""· 'ITO npouecc 1 ,3-nepeHoca llBJJllcTCll BHY'fPITMOJieKynllpHbiM ( cxeMa 246). 
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CxeMa 246 

f R R 

A k A 
~-N N-M ~-N N-M ~-N N-M 

I '/ I 
X X' A X 

3HcprcTwrccKHC xapaKTCpHCTHKI1 npouccca 3aBHC5lT oT CTpyKTYPhi X, a 

TaK)KC OT cTpocHHH 3aMCCTHTCJici1. R, Ar, Ar'. CyiUCCTBCHHO, 'ITO )1)15! X= auiDI 

3HTp011115l 3KTI1B3Ul111 (8.5'") 5IBJI5ICTC5l HC60JiblUOH IIOJIO)Kl1TCJlbHOH BCJIH'll1HOH, 

'ITO Hl1K3K HC comacycTC5l CO CTpyKTypm1 (A), K3K CTpyKTypoi1. ncpCXOlll10fO 

COCT05!HI15L 0TC!OL(a L(CJI3CTC5l Bb!BOL\, 'ITO B 3TI1X CJIY'l35!X (A) - I!pOMC)KYTOq­

HOC coe.UHHCHHC. HanpoTHB, Kor.ua X= SR' neJiwmHa t.S"' cocTaBJIHCT OT -14 
J[O -24 ::J. C,ri.., '!TO CBI1LI.CTCJlbCTBYCT 0 CYIUCCTBCHHO 60JiblUCH ynop5!,ri.O'!CHHO­

CTl1 nepexomwro cocTOHHHH no cpaBHCIHIIO c HCXOJ!HbiM, a ::JTO y)l(e comacy-

eTCH co CTPYKTypoti. (A). 
Tcnepb paccMOTpHM BCKOTOpbiC peaKUHH aMHLJ.HHOB, He CB5l3aHHbiC c yqa-

CTMCM aMM.rr.aueTaJieti.. CHa'raJia - o HaH6oJJcc npocToii 11 •IacTo npHMCH5Ie­

Moi1. pcaKUMH- rH.rr.poJIH3C [ 30 1]. KoncTaHTa cKopocn1 ::JTOH peaKUI111 B meJJoq­

HOH cpe.rr.e )1)151 UHKJIWICCKHX aMHLJ.HHOB (364) 3aMeTHO :mBllCHT OT BCJIWIHHhi 

I!MKJia 11 yMeHbwaeTC5I B p5IJ.!Y C 5 >C6 >C7 >Cg [3511. 

/N~ (C~)n ~~ 
'-.N/ 

I 364 
Ar 

HaH60JibWY!O cKopoCTb pacwenJICHHH (364) JIJ15l n = 2 aBTOpbi npHITMChi­

Ba!OT Hal1p5l)I(CHHOCTI1 115lTM'lJICHHOf0 UI1Kll3, a M3JIY!O CKOpOCTb 1'11L\pOJIH3a 

CCMH- l1 BOCbMH'lJICHHhlX aMI1LI.HHOB CB5I3h!B3!0T CO CTCpW!CCKI1MH npCIT5ITCTBl1-

5lMH, B03HI1K<l!OIUHMH npH aTaKC 3THX Ul1K.TIOB l'HL\pOKCHJJ-aHHOHOM (351]. 
ConocTaBJICHHe IUCJioqnoro 11 KHCJIOTHOro rl1LI.pOJJH3a noKa3aJIO, '!TO B nepBOM 

CJiyqae CKOpOCTh npouecca cyiUCCTBCHHO BhllUC. DpH HaJIH'li1H B MOJICKYJIC Ll.PY­

fi1X rpynnHpOBOK, Cl10C06Hh!X 110L(BCpraThC5l fl1Li.POJIH3y, HC06XO,ri.HMO HCKaTh 

ycJIOBHH L(JIH cerreKTHBHoro pacmel1JleHH5I Ka)KLJ.oro <jJparMeHTa. DpHMepoM 

113b!CK3HI15l yCJIOBHH L\1l5l COXpaHCHl15l IDIH paCIUCI1JICHI15l aM11L1.11HOBOll rpyn­

llhl np11 fl1LI.p0JII13C 5IBJI5ICTCH !1CCJICL(OB3HHC, OTpa)I(CHHOC B ny6JIHKaU11H (362]. 
3LJ.CCb ITOK33aHO, qTO L(Jl5l riHpa3HHOBOf0 3Ml1Li.I1H3 (365) B03MO)KH0 113611pa­

TCJ1hHOC OMhlJICHllC MCTOKC11Kap60HIDihHOll rpyiTTihl, a 33TCM 11 ,ri.CKap60KCI1-

J111pOBaHHC rrpll coxpaHCHI111 3Ml1L(HHOBOf0 <jJparMCHTa rryTCM KI1IT.WICHl15i 

paCTBOpa 3TOfO COCL(I1HCHH5i BO BJI3:1KHOM TII1p11L\11HC B ITp11CyTCTBI111 110L(I1.CTO­

f0 Jli1TH5l (CXCMa 247), np11 3TOM o6pa3yeTC5l COCL(I1HCHI1C (366). 

1.2. PeaKu,uu au,emaneii aMuiJoB u naKmaMoB c HJKAeorjJu!lblibL.MU peaceHma.Mu 155 

CxeMa247 

N CN 
(MeO)zCHY X 

A ~NMe2 N Mecx::>c t 
365 0 

(MeO)zCHY NX CN 

A ~ Hcx::>c N N NMe2 

/~ 
(MeO)zCH ~ N CN (MeO)zCHl:N~x CN 

l: X.. I 
~ ~ ~N N~ N ~~ 

+ 367 + 366 
0 0 

)l<L1CC TpCOOBaJJOCb yJiaJJHTb aMHLJ.HllOBY!O rpyiiiTHpOBKV, IIC 33Tp3fi1BaH 

.llll"T<LTihHOil. CTal!JiapTHhiH MCTOJl - o6pa60TKa BOJll!biM aMMHaKOM - OKa­

i.IIICJI B 3TOM CJl)"IaC I!CflpHCMJlCMhiM 113-Ja 3aMh!Ka!!H5l riHp11lllHJ1.HHOBOfO l!I1K­

'i.l 11CITOJ!h30Bai!HC BO.[(IIO-KIICJIOTI!OH o6paOOTKJ1 TaK)I(C OK<UaJIOCb IICB03M0)!(­

III.I M BCJIC,i\CTBllC pa3pylllCIIHH aucTaJihl!Oi1 3aiUHTbr. ABTophr :no it pa6oTbi 

I LIIIIJIH COBCpl!ICIIIIO IICTpHBHaJ!bliOC pCillCIIHC fiOJl)l'!CIIHH UCJICBOHl COCJIHIIC-

1111>1 (367). 0Ka3<lJIOCb, 'ITO CI1IITC3 3TOfO COCL(IIHCIIHH MO)!(CT OhiTh pcaJIH30-

Il.lll Ilpll BbiJICp)!(KC qJOpMaMllJlHIIa (366) B CMCCH MCTaHOJI - MCTHJIOpTmjJop­

>!ll;rr (1:1) B rrpHCyTCTBI111 TOJIYOJICYJibQJOKHCJIOThl (Ts0H-H20). 

B paccMOTpCHHOM Bhrwc cJiyn-rae cpopMaMHJlMHonoc rrpOI13BO)JJIOe (365) 
I>J,IIIO f!OJI)"ICIIO C U:CJihiO 33IUHThl 3MHHOrpyTiflhl. flO.UOOHOfO pOL(a 3aJUHT!IhlC 

I PVllflhi 6yJly'T ITO,ll;pOOHO paCCMaTpiiBaTbC5l HJ1)KC, IIO CI.l.(C IIa O.UIIOM f!OL\06-

IIOM BapHaHTC 11MCCT CMbiCJI OCTai!OBI1ThC5l. AM11L1.11HOB<l5l 3aiUHTa 6hiJia BBC­

'Il" Ita B MOJJCKyJiy ,ll;113pHJiaMHIIOaHTpaXIIHOH3 C o6pa30Balll1CM COC.[(I1HCHI15l 

I 1118) C I[CJlb!O fiOJiyqCHIIH MOHO- II .UIIHHTpO- (369, 370) (IDIII MOH06pOM 11 

>IOIIO-N-auiDI) npOH3BOJlllhiX ampaXHIIOHa (CXCMa 248, C. 156) (362-365]. 
flpiiMCI!CHIIC aMII.UlHIIICBOll 3aiUHThi C f!OCJICL\YIOIUIIM ee fl1,ll;p0JII130M 

IIO"lll0J111JIO CI1HTC311p0B3Th ITpOH3BO.[(HhiC THfl3 (370), HMC!O!UllC 0- II M-3aMC­

' 111TCJIH B CHMMCTpHq!IbiX apiDihHhiX 3aMCCTHTCJI5lX B ITOJIO)I(CHIIHX ] , 4 3HTpa­

l III!OHOBOI'O UHKJia, BCChMa TPYL\IIOJlOC"fYllHhiC ,ri.pyrHMH MCTOJiaMII ( 363 j. fHll­

poJII13 aM11L1.11HOBOfO <jJparMCHTa 5!BHJIC5l JaKJII{)qMTCJlhHOH CTa.[(HCH B HOBOM 

• IIIITC3C HMMJIOB (CXCMa 249, C. 156) 1366]. 
06cy)KLJ.CHHC paCCMaTp11BaCMhiX HCCJlCJlOBaliHH CJIC.L\YCT 33BCpW11Th YK.a3a­

IIIICM Ha TO, qTO I'I1Jlp0JII13 U:MKJIWICCKI1X aMI1LI.I1HOB 5lBJI5lCTC5l MOllCJlhHOH pe­

.IKI(I1.Cll )1)151 H3yqCHll5l QJCpMCHTaTHBHOI'O nepCHOCa O,ri.HOYI'JICpOL\HhlX KOMITO­

IIl"IITOB (367, 368]. 0630p 110 3TOMY BOrrpocy CM. (369]. 0JIHOH 113 BCCbMa 

ll.liK!IhiX peaKI.I:11M aMI1LI.I1HOB IDIH HX COJICll C I!YKJICOcpWihHblMH pearCHTaMH, 
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RCON= C- NMe
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RCONHCOR
1 

KOTOp351 I1p11MCH51CTC51 KaK O,UHH :113 3T3!10B reTepOUl11Ull1'1CCKOfO Cl1HTC33 

(eM. H¥DKe), 51BJI5ICTC5I peaKUH5I rrepeaMHHHponaHH5I. He.uanHo c HCITOJih30Ba­

HHCM 3TOH peai(UHH 0!1l1C3H CI1HTC3 N,N'-,UI133MCil(CHHhiX aMH,UHHOB (371) 

(cxeMa 250) [370]. 

+ 

R §NH2 
~ o-

NH2 

CxeMa250 

mR' 
R'NH2 ______# o-
-R~ 

NH2 

+ 

R'NH2_ 
NHR' R-< 0 

371 NHR' 

BJaHMO,Ueti:cTBHe reTepoUHKJIWICCKHX aMHHOB (HarrpHMep, (372)) c CHMM­

Tpml3HHOM T310KC COITpOBO)J(,U3CTC51 rrepeaMHHI1pOB3HIICM ( CXCMa 251) [ 371). 
BecbMa HHTepecno rrpoTeKaeT peaKUHH aMH.UHHOB c TpeTH'IHhiMH ena­

MHHaMH, KOHC'!Hb!M pC3YJibT3TOM Yl 3,UCCh 5IBJI5!CTC5l rrepeaMHH:11pOB3Hl1C (CXC­

M3 252) [372). 
BTopHLIHhie aMHHhi rrp11 narpenaHHH TaiOKe crroco6Hhi BCTYfiaTh n peaKUMH 

3Toro mrra (cxeMa 253) [373]. 
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CxeMa251 

Rrr-N ~N Rrr-N 372 

R1As)lNH + lN)I .. R1AS~N~NH 
372 2 2 

R R 

~ R,]CJlN~)l~R' 

PhCH2-...,N-CH=N, Ph 
H CH2 

I 
H 

CxeMa 252 

[o 
+ CH2==(N~ • 

Me PhCH
2

....._ f\ CHMe
2 

N=CH-N J .. I + PhGiz-..., N= c- CHMez 

CxeMa 253 

CNH R~ 
~-,)l_N~{J 

RY';, 
~~-_jl_ N~ NMez N 

.. 
Hccne,uonan:11e cnoilcTB N-anTpaxHHOHl1JI¢opMaMI1JJ:HHOB rroKa3aJio, LITO 

O!IIi pcarHpyiOT C IIYKJIC0¢11JibHh!Ml1 pcareHTaMYI TOJihKO B rrpOTO!II1pOB3HHOH 

¢opMc [374]. Ilp11 l13Y'ICHHYI rrcpeaMHHHponanYI5I B pH,uy eHaMMHHOB 6bUIO 

ycTaHOBJICIIO, 'ITO pcaKUYI5I rrpOTCKaCT HC ITO aMI1JJ:l1HOBOMY MC30-yrJiepO,UHOMy 

3TOMy, a !10 CHaMYIHOBOMY a-ITOJIO)!(CI!l1JO C o6pa30B311YICM CI!aMHHOB (a HC 

ITI1pl1Ml1JJ:l1HOB, KaK MO)!(JlO 6biJIO 0)!(11JJ:aTb) (CXCMa 254) [375). 

CxeMa254 

COOPt 
/rn=N-rn=( 

Me2N CN 

RR'NH 
~ 

rn=c(cooEt 
RR'N"" CN 

3aMCil(CHHblC XIIOp<!JopMaMI1JJ:l1Hhl JICfKO pcarHpYJOT C HyKJieO<lJl11IbHhiMH 

peareHTaMH, 06pa3y5I pa3JIWIHOfO THITa ryaHM,UHHhl [3 76-378), I1pOY13BO,UHhiC 

MO'ICBHHhi [379], 0-aJIKl11IYI30MOLICBMHhi [380]. BJaHMo,ueticTBMe XJiop¢opMa­

MH.UHHOB C 3THHMJIMafHMH6pOMI1JJ:OM rrpHBO,UMT K aMM,UHHaM rrpOllMOJIOBOH 

Kl1CJIOThl (373) (CXCMa 255) [381). 
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CxeMa255 a c=c-R 
I I 

ArN= C-NM~ +- RC== MgBr .,. ArN= C-NM~ 
373 

N,N,N'-TpncpTopaMII,llHHbi B pe3yJibTaTe o6pa6oTKH aiTKOroJI5ITOM HaTpH5I 

IIpH Hl13KHX TCMIIepaTypax L(3IOT CMCCb N-<jJTOj)HMHH03cpHpOB H CJIO)I(HbiX 

3qmpon (cxeMa 256) [382]. 

CxeMa 256 

'l-NF EtONa, EtOH / NF 
RC RC / + RCOOF.t 

' ' NFz OF.t 

OpH B3aHMon:encTBHH aMH)lHHOB c n:ocTaTO'IHO CHJibHhiMH CH-KHCJIOTaMH 

o6pa3yiOTCH COJIH (383]. PeaKQHH HMCCT IICj)llblH IIOpHL(OK IJO o60HM KOMITO­

HCHTaM. On:HaKo, Korn:a BMCCTO CH-KHcnoThi n pcaKQHIO nCTynaeT ee )lCHTepo­

aHanor, Ha6niOL(3CTC5I CJJO)I(H351 KH!ICTHKa, Bhl3B3HH351 MHOI'O'Il-ICJICH!IhlMH rrpo­

UCCC3Ml1 H30TOIIJIOfO o6MeHa ]383]. MeTOL(OM 5JMP 
19 F H3y<ICHbl o6MCHHbiC 

peaKUHH C Y"3CTHCM l1MH,[(OHJI3MHL(l1HOB (374), HaiTpHMCp CXCMa 257 [ 384, 385]. 

NH 

R-ef 
' NH2 

/-NH 
+ R1c"' NH2 ' / N=C 

374 'R1 

CxeMa257 
/.NH 

RC/ NH 
' / 2 
N=C 

'RJ 

NH 
+R1-c/ 

' NH2 

l1J peaKQHH 3MII)lHHOB C 3flCKTj)OcpiV1bHbiMI1 peare!IT3Ml1, H3y<ICHHbiX B 

110C]!CL(HHC fOL(bi, OTMCTHM B IICpByro O'!Cj)C).:(b cpTOpHpOB3HHC, IIpOTCKaiOIUCC B 

OCHOBHOM C o6pa30BaHHCM N,N,N'-TpHcpToprrpol13BO.UHbiX (386], XOT5I B HCKO­

TOpbiX CflY"35IX BbiL(CJICHbi II 11pO.uyKTbi 11pncoen:HHCHH5I cpTopa 110 C=N-cB5I-

3H (cxeMa 258) [386]. 

CxeMa258 
NH N-F 

'l- Fz 'l-
OCH2-c, OCH2-C, 

NH2 NH2 

+ 
/N-F2 

OCH2-C'F 
NFz 

PHIL Hccne).:(onaHHti: 110CBHIQCH aunnHponaHHIO aMH.IJ:HHOB. N-MoHoJaMe­

meHHhre aMH)JJIHbl 3U:HflHpyroTC51 3UHJIXJ10j)l1L(3Ml1 ITO 33MCIUCHHOMY 3TOMY 

aJoTa ( cxeMa 259) [ 387]. 

RcYNH 

' NHRI 

CxeMa259 

R2coa 
• 
~NH 

'NRJ 
I 
COR2 

Tipn auHnnponaHHH N-reTapHn-N,N'-n:nMeTHncpopMaMH.UHHOB (375) o6pa-

3YJOTC5I COOTBCTCTBYIOIUHC anHnaMII)lbi (376), Ha11pHMCp CXCMa 260 [388, 389). 

3.2. PeaKu,uu au,emao1eu a.~>tUooe u ,wKmaMoe c HyK!leorjJUJlbHbtMU pea<eHtnaMu 159 

CxeMa260 
R 

,r--r( A~O, AcOH 

)l___)l__~ 
OHC S N NMez 

R 

JJ:>lli(Ud, 
OHC S 

375 376 

)ln5I COC).1HHCHHH, HMCIOlllHX O)lJIOBpCMCHHO 3Ml1HO- 11 aMJ1)ll1HORYIO rpyn­

!Ihl (377), H3Y'ICH3 peaKUHH 3Q1lfl1lj)OB3HH51 H pa3pa6oTaH aHaJH!TH'-ICCKHH 

~1CT0i(, II03BOJIHIOIU11H 011pC)lCJII1Tb 110JI0)1(CHHC 3U1IJihHOH rpynrmpORKH f 390 ]. 

BecbMa HHTepccHo Ha6nroJieHnc anTopon [3901 o rrcpcHoce aunJJhHoi1 rpynrrhr 

B a!ll1flaMHHOaMH)lHHaX (378) C o6pa30BaHHCM HOBhiX ai.(li]!Hj)OBaHJ-!biX aMHL(ll­

HOB (379) (cxeMa 261). 

CxeMa 261 
'iN COR l2 Hz!Pd 

PhCH20CONHCH2CH2C= NCOR · HCI H2NCH2CH2C, ::;:::==~ 

377 

(~j<~H 
YNH 

NH 

378 NH2 

'l-NH 
RCOHNCH2CH2C, 

NH2 
379 

ArJHJIHponaHHe aunnXJIOPHXlaMn N-)lHXJiop¢oc¢mm;wMnJnmoB rrpOTeKaeT 

IJO HC33MCll.lCHHOMY a TO MY 330Ta (391 j. 83aHMO)lCHCTRHCM aMJ1)ll1HOB C Tj)11-

3THJHj)OCqJHTOM [392] H II51THXJIOj)11CTblM cpoCcpOpOM [393, 394j TaK)I(C CHHTC3ll­

j)OBaHbl COCLlHHCHHH, 3aMemeHHhie rro aTOMY N-rpy1111aMH PO(OEt)2, PC1 3, 

PCI4. AMHLIHHhi, 3aMemeHHhie 110 a30TY ocTaTKOM ¢oc¢opnoi-i xncnoTbi, HBH­

JIHCh 11CXOL(HhiM11 COC).111HCHH51MH B HOBOM CHHTC3C 33MCll.lCHHbiX YKCYCHbiX 

KHCflOT (380) (CXCMa 262) [395]. 

CxeMa262 

Ph, CH- cY NPO(OPh)z KOH Ph' 

Me,.. '0 .,. CH-COOH N Me,.. 
380 

flpH R33HMOXlcl1cTBI1I1 aMII)lHHOB C aiTKI1flH30T1IOQHaHaTaMII o6pa3yiOTC5I 

N-moKap6aMHJIOaMII)lHHhi (381) (cxcMa 263) [396, 397]. 

RcYNMe 

' NHMe 

CxeMa263 

Me,N S 
MeNC:S II A 

/'\..N NHMe 
R I 

Me 381 
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Hanponm, rrpH n3aHMOLJ:CHCTBHH N,N,N'-TpH3aMeiUeHHhiX aMllJI.HI!OB c 

apiUIH30Tl10IIHaHaTaMH rrpOTCKaCT 06MCHHa51 pC3KUH51 (CXCMa 264) [398]. 

Tipe,!J:ITOJIO)I(CHHC 0 3Ha'IHTCJibllbiX CTCpWICCKHX TpC60BaHH5IX rrepeXO,!J:HO­

ro COCT051HH51 ITO,!J:TBCp)[(JlaCTCH Bh!COKHM OTpMl(3TCJibllbiM 3Wl'fCHI1CM 31!Tp0-

ITHH 3KTHB<ll!HM (-36,1 3. CLJ:.) [398]. 

K yKa33HI!biM BbiliiC pa6oTaM 6JIH3KO IIpHMhiKaCT HCCJ1C,!J:OBaHHC CHHTC3a 

qJTOpHpOBal!Hh!X HMH,!J:OIUiaMH,!J:HIIOB peaKUHCH aMH,!J:HIIOB C IIH"fp11JI3MH (CXC-

Ma 265) [399]. 

CxeMa264 
Me2N NPh 

Ph~NMe PhNCS ;(l,A • 
' NHMe Ph N S 

I 
Me 381 S i"' Ph, )l_ /Ph 

Ph N-Ph N N 

Me-N~ HJJH Ph)(N~s 
0 Me2N I 

NPh ~ 
Me 

Ph---< + MeNCS 

NM~ 

CxeMa265 
/.NH ~NH 

Rt-C~ + Ri.-CN Rt-C~ /NH2 
NH

2 
NH=C..._ 1 

Rt-H ~ = qrropiiJlOBaHHhle p<mHKaJJT,I Rf 

CnenyeT OTMCTHTh, '!TO 3Ta peaKUI15! BCCbM3 '!YBCTBHTCJibHa K CTepn<!C-

CKOMY tP3KTOpy 11 rrpH yneJIH'ICHHH o6beMa CKOpOCTh rrpouecca pe3KO CHH-

)1(3CTC5l (399]. 

B HCMHOfO'IHCJICHHbiX HCCJIC,!J:OB3Hll51X, IIOCB511UCHHhlX aJIKIUillpOB3HHIO 

aMHLJ:HHOB, 11MCIOIUHX NH-rpyrrrry, noKa3aHo. 'ITO peaKUH5l npoTeKaeT o6hi'IHO 

,!J:OCT3TO'!HO fJia;::(KO. 3TO Ha6monaeTC5l Ilpll B33HMOUCHCTBHH aMHLJ:liHOB C 3tPH­

poM rrpOIIHOJIOBOH KHCJIOThl ( 400], faJIOH,!J:HhiMH aJIKIU13Mll ( 40 1] (B IIOCJIC,!J:HCM 

cnyqae 11CITOJIL30BaJIHCb TaK)I(e Li-coJIH aMHLJ:HHOB) H rrpH peaKUHH c 3TOKCH­

MCTIUICHMaJ10HOHMTpiUIOM (400, 402]. 0TMCTHM, 'ITO o6pa3yiOIUHCC5l IIpH 3TOM 

CH3MH,!J:HHhl (382) ITpll HarpeBaHHH paCIUCITJI5l!OTC5l Ha CHaMHHhl 11 HHTpiUibl 

(cxeMa 266) [402]. 

I1HTepecno rrpoTeKaeT anKHJIMponaHHe N-(nHpHLJ:a3HHIUI-3 )-N', N' -LJ:HMe-

TIUI<l:>opMaMHLJ:HHa (383) HO,!J:HCThiM MCTHJIOM, UCHTpOM aJ1KHJJMpOB3Hll5l B 3TOM 

cJJyqac 51BJJ51CTC5l N 2-aTOM UHKJia (cxeMa 267) [373]. 
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-

NH CxeMa266 
ArNH- c? EtOCH =C(CNh /. N- CH=C(CNh 

" ArNH-c" 
Ar " t .6. A( 

382 

MCN +A rNHCH-C( - CN)l 

a
N~NM~ CxeMa267 

Me I 
~N~NMe2 

A . ./~, c 
R N Me 

)J,HXJJOpKap6C!I TaK)I(C aTaKyCT aMM,[(HHhl ITO IIC3iiMClUCIIIIOMY 3TOMY 330-

1 ,I - KOIIC'IIlblM pe3yJibTiiTOM npouecca (KOTOpbiHIIpOTCKaCT B YCJIOBHHX MC)I(­

<II;Il!IOfO KaTamna) HBJJ51CTOI IIHTpl1JI- H llHaJIH,!J:-311!1011 (CXCMa 268) [403]. 

CxeMa268 

NH ·ca ~ NH Ho- NH ~ 'l '2 'l - 'l 
RC --- RC + CClz • RC - RCN + c::N"' + H20 ' '+ '+ -NH2 NH2 ~C 

He,!J:aBHO orry6JII1KOBaHhl ,[(aHHhJC 0 HOBOM MCTO,!J:C CI1HTC3a <X-33MCIUCHHhlX 

.1 ~IliHOKHCJJOT. ocnonaHHOM ua anKMJIMponaHHH N. N, N'-TpM3aMCUlCHHhiX aM11-

IIllllOB (384) (cxeMa 269) [2041. 

CxeMa269 
R' 

RCH-N=CH-NMe2 (i-PrhNU,R'X 
I 

I 
RC-N=CH-NM~ 

I COO Me 

384 

• 
CDOMe 

/HOKOHI(. 

~CDOH 
R/1 R' 

NH2 

Ha aHaJ10fi1'!HOM npHHUHITC OCHOBaH TaK)I(C HOBh!H MCTOLJ: riOJI)"'CHH5l 

o ·laMeiUeHHhiX aMHHOB (cxeMa 270, c. 162) [404]. 

)laJICC OCT3HOBHMC5l Ha pa6oTaX, ITOCBHIUCHHhlX tPOTOJil13Y N-a-MCTHJI-

1/ XJJOPtPCHHJI-N',N'-LJ:I1MCTI1JJtPOPM3MH,!J:HHa (385). 3TOT 3MH,!J:I1H B BO,[(C 11p11 

V([).o6JJ)"lCHl1H IIpCBp3lU3CTC51 B COOTBCTCTByiOlUCC tPOPMIUIIIpOM3BO,!J:HOC (386) 

II fiuc-aMHLJ:HH03q)l1p (387) [405]. <l>OTOXHMH'!CCKOH rreperpyrrrrHpOBKC IJO,!J:-

1\l'(l!'aCTC}{ TaK)I(e UHKJIH'!ecKHii aMMHH (388) [406]. B pa60Te [407] onHcan 

I cpMOJIH3 1-0KCH-3-cyJJh<lJOHIUIHMHH0-1 ,2-Tl133CTH,!J:HH3 (389) ( CXCMa 271). 

TipC)[(JlC '!CM IIpHC'J'YI1HTh K 0606IUCHHIO ,!J:3HHhiX, KaCaiOIUHXC51 OCHOBHOH 

ICMhl ,!J:aHHOH 0630pHOH '!aCTH, a HMCHHO CHHTC3Y aMH,!J:HHOB Ha OCHOBC aMH,!J:-
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CxeMa 270 
1 I 

R....._N_Li 
NRI . II 1 -'l t-BuLt HC 

2 HC -- \ HR 
\ N/ 
N(CHzR

2h I 
2 CH2R 

R~ R2 'N 
R:Jx 1\ bHR3 

HAW 

CH2R
2 I z 

CHzR 
I /Rz 

HN-CH-R3 

~ 
CH2R

2 R2 . CH2R
2 

R2 
I / L!AIH4 I / 

OHCN-CH-R3 - MeN-CH-R
3 

CxeMa 271 

.. 

C1~ Cl~ (10 ) 1 25°C hv 1 -?'" 

:::::...._ N~ NMe
2

, .,. :::::...._ NHC;O :::::...._ I N~NMe 2 
Me 385 Me 386 Me 387 

2 

U 25°C,hv [><NCO 
R .,. 

0 N N/ NMe 

388 0 ~e h 
+ Me 

Mey 400oc _j_ \ .,.. CH2 - C(=NTs)NHPh 

Me N-Ph 

389 
NTs 

ai_\CTaJJeH ·11- 11X peaKL(I1HM C 3J1CKTpoqmnaMI1 11 HyKrreoqmJJaMI1, ynOMHHCM 0 

TOM, 'ITO np11 B3ai1MO,UCHCTBI1H aMH,UHHOB C ::meKTpOQ)I1JibHbiM11 peareHTaMI1 

rrpOL\CCC MO)J(CT 11pOTCKaTb HC TOJlbKO ITO aTOMY a30Ta, HO 11 110 yrncpO)l;HOMY 

aTOMY artKHJibHOH rpynrrLt, Haxo)l,5IIUCHC5l rrp11 aTOMC C. Bo3MO)J(HOCTb 3aMe­

rueHI15l !1pOTOHOB MCTI1JlbHOH (MCTHJICHOBOH) rpynnbi, HaXOAHIUCHCH npH 

aMII.llHHOBOM Me3o-yrnepo,UHOM aTOMC Bb!TCKaeT 113 CODOCTaBJICHIIH 3J1CKTpO­

HOaKUCllTOpHOfO BJ11l5IHH5l HMHH03qmpHOH H aMII,UHHOBOH cPYHKL\HH [ 407). 
Crroco6nocTL aMII,UHHOB (nma (363), cxeMa 245) K peaKUHHM c 3JICKTpo¢lHJib­

HbiMII peareHTaMH ITO a-CH 3(CH2) rpyrrrrHpOBKaM 6biJia BnepBblC llpO)l;CMOH­

CTpl1pOBaHa Ha llpHMepe peaKUHH ACHTepoo6MeHa [407). 

(CH2)nl 

l_W/~N AI 
I -

Me 363 

'I 
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bblJLO ycTaHOBJ!CHO, 'LJTO COC)l;HHCHH5l (363) B M5lfKHX ycJJOB115lX (CD30D, 
'II"C) 06MCIII1BaJOT a-rrpOTOHbl UHK.ITa Ha )l;CHTCpOHbl, llpWICM 06MCH YCKO­

IJ;ICTCH B rrp11CYTCTBllll KHC!lbiX H OCHOBHbiX KaTaJIH3aTopos [407]. UHKITll'!CC­

IdiC H-llpOTOHb! CHaMII,UHHOB (390), ITOJIY'ICHHblX ITO CXCMC 272, TaK.)J(C 06MCHI1-

I!;IIOTC5l Ha )lCHTCpHH, rrpaB)la B 60JICC )J(CCTKHX ycJIOBllHX [408]. 

(CHz)nJ -OEt 

lNAoEt 
I 

Me 

CxeMa272 
R R 

~/Rl 
+ H2N 1 

(~Hz)nl ~ /~ 
--lNAN~ 1 

I 390 COOEt COOEt Me 

Hc)lamto ol!y6mtKosaH pHtl HCCJIC)lOBaHI1i1, IIOKa3LIBaiOIHI1X, •no <UrcTa­

'llt aMI1J[OB 11 aMI1HaJJL3CjJI1pLI C!!OC06Hb1 KOH)lCHCI1pOBaTLC}[ IIO MCTI1JibHOH 

( Mt:TllJICHOBOM) rpyrme rrp11 aMI1Jli1IIOBOM MC3o-ymepO)lHOM aTOMC (CXCMil 273) 

1·109, 4101. 

NR 
-:/ Me-c......_ 

NMez 

CxeMa273 
1 b illlli 8 a ,.-:NR 

Me2N - HC = HC -C::: 
NMe2 

3TOT !!pllllUllf! BBCJ!CHH51 3aMCCTilTCJlci1 B o.-CH 3(CH 2) rpynrry, Ha3BaH­

III.ri1 <<IIpHHUIIr!OM I!OTCI!lll1<1JlLHOi1 CHaMHHI13aL(l1Il•>, 6r,IJJ l!CriOJIL30BaH TaK.)J(e 

11Jll1 II3Y'ICI!lU1 pcaKUHii al_\cTaJicti: 3l\111i[OB H JiaKTaMOB, a TaiVKC pa3JIH'!HLIX 

lllllOB CH<lMHHOB C 3JJCKTpO<jli1JILHhlMH pearcHTaMI1, Tipli'!CM HaH60JlCC ::J(jHtJCK­

IIIBHbll\1 OKa3aJIOCh CfO rrp11MCHCHJ1C B reTcpOU11KJJl1'!CCKOl\l Cl!HTC3C (CM., Ha­

IIJlHMCp, [411-414]). 
f10CJlC paccMOTpCHI15l 6a30Bb!X CHHTC30B, OTHOC5llllHXC51 K ilMII.lli1HOBOH 

I CMaTHKC B006!l[C, )laJJCC 6ynyr ITO)lp06HO paCCMOTpCHhJ pa3JII1'IHblC aMII,UHHO­

Ili.IC CI1HTC3bi c Y"LJilCTHcM aMHJI- H JiaKTaMai~cTanell. B nepsy10 O'Icpep:b IIMCCT 

< ~ti.ICJI o6cyJU1Tb BCCbMa MHOfO'IHCJICHHb!C IICCJIC)lOBaHl15l, mmpaBJJCHHbiC Ha 

I l<lJLY'ICHHC aMIIJ[HHOB, 11CIIOJ1b3YCMhiX B Ka'ICCTBC 3illUIITHbiX rpynn B OJII1f0-

ll IIOJIHHyKITcOTH.UHOM CI1HTc3e. Ho cua<Iana KpaTKO o cTpyKType. 6uocHHTc3e 

II JICrpa]lai_(JIH HYK.ITCOTJ1)l;Oil B )J(HBOM opraHI13MC. 

<flyHKUHll HYKITCOTII,UOB B )J(llBOM opraHH3MC MHOfOITJiaHOBbl l1 pa3H006pa3-

ll 1.1. H YKJICOTH.Ubi 5IBJIHJOTC5l rrpe.urnecTBCHHHKaMI1 )lC30KCllpl16onyKITcHHOBhTX 

II pi160HYK.ITCllHOBblX KHCJlOT, TpaHCIIOpTepaMll XHMll'ICCKOH 3Heprl1H (3)lCCh 

110 60JlblliCH <JaCTii pC"LJb l1)lCT 06 a)lCH03l1H- 11 ryaH0311HTPHcPOCcP<ITaX), KOMI10-

IIl'1lTaMI1 TaKIIx Ko¢laKropon, KaK HI1KOTHHa)leHI1H)lHH)'KJICOTI1Jl (HAJJ.), cPJia­

lllll!a)lcHIIHMOHo- 11 t!IIHYKJJCOTII,Uhl (<DMH H <DA,lJ,), S-aACH03HJIMCTI10HHH, 

ldl.JH3llM A. l13 B(l)J(J-[CHIIlllX HYKITCOT!I.llOB OTMCTHM 11 TaK.IIe 6110CI1HTCTI1'ICCK.IIC 

IIIITcpMC)lHaTbi, KaK ypiiJ1HH!lH<}:loc<}:laTrJIIOKo3y, L\HTH)lHHAH<Poc¢laT611auun­

l lllll{CpHH. KOHC'LJHO, IIpHBC)l;CH TOJibKO CIIHCOK OTJICJibHhiX ITpi1MCpOB (H BOBCC 
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HC IlOJIHbiH), HO HC06XO)JJIMO )'Ka3aTb CIUC 11 Ha K.JlCTO'!HbiC BTOpWIHbiC MCC­

CCHJ.OKCpb!- IJ.AM<l> 11 ufM<lJ, Ha pOJII1 KOTOpbiX Mbl BKpaTUC OCT3HOBI1MC5I. 

)],Ba fJiaBHb!X rryTI1 6110CI1HTC3a HYKJICOTI1)]0B - 3TO CI1HTC3 de nOVO 11 11p0-

UCCC, Ha3biB3CMbiH peyri1JII133UI1CH (110)Ip06HO CM. [30]). 0JII1f0- H IlOJIHH)'K­

JICOTH)]bl - 3TO BbiCOKOMOJICKYJI5IpHbiC COC)Il1HCHH5l, IlOCTpOCHHbiC H3 p5I)]a 

MononyKneOTHAHhiX CJJHHHU. KopoTKHC nyKncHHOBhre KHCJIOThT onpc,':(CJIHIOT 

KaK OJJHfOHYK.JlCOTH).l,bl - IlOJIHMCpbl, CO).l,Cp)!(aiUHC 50 11JH1 MCHCC HYKJICOTH­

)]OB. Eonee 1.\JIHHHhiC HYKnCHHOBhiC KHCJIOThi OTHOOJT K noJIHHYKJICOTH)JaM. 

3)JCCb Ka)!(CTC5I IlCJICC006pa3IIbiM !IpHBCCTI1 ).l,Of!OJIIIHTCJibllYIO HWl)OpMa­

UI1IO 0 H)li.JTCI1HOBbiX KHCJJOTaX, KOTOpa5I IIOJJC3Ha np11 paCCMOTpCHI111 3KTHBHO­

CTI1 pa3Jil1'Illb!X JICKapCTBCHHbiX CpC)]CTB, OC06CHHO npOTHBOOIIYXOJICBbiX 11 !IpO­

THBOBHpyCHbiX npcrrapaToB. Mrror11c ncKapcTBCI!Hhre npenapaTbi ACHCTBYJOT 

HCIIOCpCll,CTBCHITO Ha HYK.JlCI1HOBbiC KI1CJIOThl, OCTaHaBJII1Ba5I MX pc11JIHKaUHIO, 

nyreM, H311p11MCp, HHTCpKaJIHUI111, CIIII1BKI1 Jl.BYX MOJICKYJJ ,UHK 11JII1 HHfl1611p0-

B31!1151 PHK- 11 ,UHK-rroJmMcpa3. EcTh npcnapaTbT, KOTOphiC 1136HpaTCJ!hHO 

HHrH6!1pyroT CHHTC3 PHK, 6JIOK11pyroT CHHTC3hi 6aKTepmUihHhiX 6eJIKOB, BMe­

IliHBa!OTOI B 6HOCHHTC3 )],HK. fiOCKOJlbKY 3TH BOIIpOCbl BXKHhl B KOHTCKCTC 

aKTHBHOCTH KOHKpCTIIbiX JICKapCTB, npHBCJJ:CM IICKOTOpLIC CBC)]CIIIUI 0 CTpOC-

111111 11 cpyHKUI15IX HYK.JlCI1HOBbiX KHCJIOT. 

HyKJICHHOBbiC KI1CJI0Thl- :no ).l)li111Hb!C IIOJIHMCpHbiC UCI111 COC).l,HHCHHblX 

li:PYT C !lpyroM MOIIOMCpHbiX C)JI1HI1U, COCTOHII~HX 113 )]C30KC11p1160I!YKJICOTH­

AOB 11JII1 p1160IIYK.JlCOTI1)JOB. Cna<raJia 0 )],HK: OCHOBHaH cpyHKU115I ,UHK -

xpaHCHI1C fCHCTW!CCKOH HHcp0pM3U1111, K.OTOpa5I IIC06XO)li1Ma ).l)l5I KOJJ:11pOB3-

III15I CTPYKTYP ncex PHK II cooTBCTCTBCHHO Bccx 6enKoB, pcryJIHU11H 6110CI1H­

Te3a KOMI10HCHTOB K.JlCTOK.. MoJICK.YJibi ,UHK COCT05IT 113 )!Byx UCIICH, rrpii 3TOM 

XpOMOCOMa rrpoK.ap110TWICCKHX K.JlCTOK rrpe)ICT3BJI5ICT C060H !lBYXUCITO'lC'lHY!O 

MOJICKYJIY ,UHK, KOMIT3KTHO opraHI130B31IHYIO H HC OK.p~CHHYIO MCM6paHOH. 

)],HK 3YJ<3p110TI1'!CCKHX K.JlCTOK MHOfO ).l)li1HHCC, CB5I33Hhl C 6eJIK3MI111 opraHI1-

30BaHbi B XpOM3TI1HOBbiC BOJIOK.Ha BHYfPI1 5l)]pa, OKp~CHHOfO CJIO)I(]{OH MCM6-

paHHOH cHcTeMoi1:. Uerr11 ,UHK cocT05!T !13 ocTona - ocTaTKOB JJC30KC11p116o-

3hi 11 cpoccpopHOH KHCJIOThi, K KOTOPOMY I1pi1COC)II1HCHbi a30TI1CTbiC OCHOBaHI15I. 

3aKOJJ:I1pOB3HHa5! l1HcpOpMaU115I xpaHI1TC5! B ,UHK B BI1)JC IIOCJIC)]OBaTCJibHOC­

TI1 rri1pi1MI1)JI1HOBhiX 11 rrypi1HOBhiX ocHoBaHHH. K '!11CJIY rJiaBHhiX rmpi1MI1!JI1-

HOBhiX OCHOBaHHH OTHOC5!TC5I U11T03I1H, ypaUHJI 11 TI1Ml1H. 

0;:5 
H 

J.lHTooHH 

0 

):) 
H 

Ypwnrn 

0 

)::(' 
H 

THMHH 
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lb HYK.JlCI1IIOBhiX KI1CJIOT HCKOTOphiX M11KpoopraHI13MOB I1 paCTCI!Hli BLI­

!I,CJ!CIIbl 11 !JPYfi1C OCHOBaHI151: 5-MCT11JIUI1T0311H, 5-0KC11MCTI11Il!HT03HH, opo­

IIIBaH KHC.IIOTa I1 2,4-)IH3MHH0-5,6-Jl,110KCI1IT11pl1Mlf)]11H. 

:)

NHz Me :)NHz CHzOH :JO 6r:NH2 OH 

N N : 0 
AN ~N O~N COOH H2AN OH 

H H H 
2,4-~H3.MHH0-

5-MeTHJI.QHT031lH S-0KCHMeTHJTUHT03HH OporoBall KHCJJOTa 5,6-IUIOKCHIIII]JHMH.llHH 

¥f3 nypHIIOBhiX OC!IOBai!HH B IIaJ160JihiiiCH CTCIICHH B H)'KJICHHOBLIX KHC­

'IOTax 11pC,f(CTaHJICHbl a)JCHIIH 11 ryaHHH. 

N~N 
lNJ-N) 

H 
A.zl,eHHH 

0 

HN~N 
HzANJ-N) 

H 
fyamrn 

B IIC60Jiblli11X KOJIWICCI"IlaX Haii.llCI!bl II /lpyriiC nypi11Ibl, TaKI1C KaK 6-MCTI1Jl­

.!MI1HOI1YPI11!, 2-MCTHJJ-6-aMHHOllypHH, 1-MCTHJI-2-0KCOilYPHH, 2-liiCTIIJiaMI1HO­

(, .. oKCOI1YPI1Il, 2-JIIIMCTHJiaMHI!0-6-oKCOIIypHH, l-MCTI1JI-2-aMI1H0-6-oKCOilypi1H 

11 6-)]11MCTJ1)JaMJ1HOIIypl11I. 

acNHMe ~0 Me ~0 Q(NMez No N~ HN N~ 'N N No N~ 
~N ~) MezN ~N ~) H2N~N ii> ~N ii) 

6-MeTJiJJ.­

a.MHHonypHH 
2-~HMeTJiJJ.aMIIHQ-

6-oKCOnypHH 
1-MerHJI-2-aMHH0-

6-oKconypHH 
6-~HMeTJiJJ.­
aMHHOnypHH 

CJIC)JyCT OTMCTHTh, 'ITO 113 HCKOTOpb!X I1p!1pO.L(HbiX lfYK.JlC03H)]OB Bhl)]CJIC­

Ilhl TaK.)KC HC3aMCIUCHHhlH 11ypi1H 11 2-MCTOKC11-6-aMI1HOI1)'PI1H. 

©I-:> 
H 

OJ:
NH2 N 

No > MeO~N ii 
IJypHH 2-MeroKCn-6-aMHHOnypHu 

YKa)!(CM TaK)!(e Ha Ba)!(Her1111ee 3Ha'!CH11C rrpO!JYJ<TOB )]e3aMI1HI1ponaHI15I 

d)!CHHHa H ryaHI1Ha- fi1IlOKCaHTHHa, KCaHTIIHa 11 MO'ICBOH KHCJIOTbl, 11rparo-
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IU11X 3Ha"ll'ITCJibfiYIO pOJib B npOUCCCaX o6MCHa BCIUCCTB. flp11 3TOM OTMCTI1M, 

'ITO fi1I10KCaHTI1H HaM,rl:CII B COCTaBe HCKOTOpbiX HyKJICI1HOBhiX KI1CJIOT. 

)(.-) HN~N) HN)l,_~:ro 
lNJ_N ~N)LN j ,N)LNH 

H 0 H H ~H 
fHTIOKC3HTHH KcaHTHH MoqeBrul KHcnora 

fnaBHhie HyKJIC0311)lJ1biC <i:>parMCHTbi .[(HK- .ll.C30KC11a.UCII031111, .ll.C30KCI1-

ryaH031111, .ll.C30KC11U11TH.ll.IUI, T11MI1.11.1111. 

),~--N) 
lN)__N 

HN~ AI 
H2N~Nj o~Nj 

0 

HN~ 
o~N 

IIOH,Co IIOH,~ HOH,~ HOH,u 

OH 
)1,C30CH)'pH)J;HH 

OH OH OH 
)1,e30KCWI,!ICH03HH )1,e30KCmyaH03HH )],e:JOKClfWITH)J;HH 

B COCTaB PHK BXO)JJIT COOTBCTCTBCHHO a.UCH0311H, ryaH0311H, U11TH.ll.HH H 

YPH.ll.HI-1. 

N~N) HN~ 
lNJ-N ~N) H2N IIOlho IIOlho 

OH OH OH OH 

NJ::, HN~I 
O~N) O~Nj uou,D aoa,tj 
OH OH OH OH 
QHTH,l.IHH YpB.LUIH 

A,ueH03HH fyaH03HH 

Hn.lKe rrpe.uCTaBJICHhl n3o6pa.lKCHIDI. rroJIMMCpHhiX uenei1 .[(HK n PHK, r.ue 

R1, R2, R3, R4 - ocTaTKH nnpMMH.ll.MHOBhiX ru:m nyp11HOBhJX ocHoBarmi1. 

,[(Jl5I xapaKTCp11CT11KI1 COOTHOlliCHHM fCTCpOU11KJIJ1<ICCKI1X OCHOBaHliM B 

.[(HK O"lCIIb Ba.lKHbi TaK Ha3biBaCMbiC npaBHJia qaprpa<l:><l:>a, T. K. o6HapY.lKC­

HI1C 3TI1X 3aKOHOMCpHOCTCH OKa3aJIOCb BCCbMa I10JIC3HbiM .ll.Jl5l ycTaHOBJICHIDI. 

npocTPaHCTBCHHOH CTPYKTYPbi .[(HK. 3TH npaBHJia macHT: 

J. flpenapaTbi .[(HK 113 pa3HbiX TKaHCH O.ll.IIOfO Bll.Ua opraiii13Ma 11MCIOT 

0.11.11HaKOBbiH HYKJICOTH.ll.HbiH COCTaB. 
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I 

:'\:~r 
11_..0 
p 

H0....-1 
0 

0'\:~r 
\1_..0 
p 

H0....-1 

OU"R3 Rl,R2,R3,R4-
OCTaTKH HHJlHMH)IHHOBhiX 

0 UJlll llypHHOBhiX OCHOBailuH 
11_..0 
p 

H0....-1 

:tJ' 
\1_..0 
p 

H0....-1 ,[{HK 

I :'(11 
\\ _..0 OH 

Ho ..... r 
0 o'rlz 

\\ _.-0 OH 
p 

H0....-1 

:tl 
\\ _...0 OH 
p 

H0....-1 

:'rf' 
\1_..0 OH 

....-P 
HO I PHK 

2. HyKTICOTll)JIIhiH COCTaB LI,HK y .uaHHOfO BH.ll.a He MCH51CTC51 c B03pacTOM 

• •pi :tHll3Ma, HC 3aBJ1Cl1T OT I111TaHI151 11 l13MCHCHI1it OKpy.lKa!OlllCH CpC.ll.LI. 

l HyKJICOTH.ll.Hhlii cocTaB y pa3JIWIHhlX BH.ll.OB pa3JiwieH. 

4. ql1CJIO a.UCIIHI!OBhiX OCTaTKOB B OCIIOBaHJ151X UCII!1 LI,HK, HC3aBJ1Cl1MO 

111 opraHI13Ma, paBHO 'li1CJIY Tl1MI1HOBbiX OCTaTKOB, a 'll1CJIO ryaHI1HOBhiX -

'IIH"IIY Ul1T03HHOBhiX. Cne.uoBaTcJihHO, 'IHCJIO nMp11Ml1.ll.I1HOBhiX ocHoBaHMH pan-

1111 'll1CJIY nyp11HOBhiX ocHoBaHMi1. CooTBCTCTBCHHO KOJIH'lCCTBO 4-aMI1Horpynrr 

11 11l"IIOBaHl151X UCI111 )lHK (a!ICHJ1JIOBa5! 11 Ul1Tl1J(HJIOBa51 Kl1CJI0Tbl) paBHO K0-

1111'1l"CTBY 4-0KCOrpynn (ryaHI1JIOBa51 11 TI1MH.ll.HJIOBa51 KHCJlOTbl). 

'•)TH ,l(aHHhiC IIap5!)1y C 11H<i:>OpMaUl1CH, IlOJiy<ICHIIOH Ilp11 peHTfCHOCTPYKTYP-

11t •M aHaJII13C, Il03BOJII1JIH 3aKJII0'111Th, 'ITO .UBOHHa51 Cil11paJib .ll.C30KC11p1160HYK­

•II"IIIIOBOH KI1CJIOTbl- 3TO ABC UCIII1 LI,HK, 3aKpyqeHHbiC B Cil11paiih BnpallO 

111 •Kpyr OLJ:HOH OCI1. 3TH UClll1 aHTI1IlapaJIJlCJ!bHbi - 11X MC.lKHYKJICOTI1)l.HblC 

•l•nnjlO)l.ll3<i:>l1pHbiC MOCTJ1KH HanpaBJICHbl B pa3Hb!C CTOpOHbi. Ha BHCWHCH CT0-

1" •Ill" ;(BOllHOH CII11paJI11 paCIIOJiaf3IOTC51 n1J(pO<i:>I1JibHbiC OCTOBbl UCITCH, COCT051-

llllll" 113 '!CpCAyiOIU11XC51 OCTaTKOB )l.C30KCHp11603bi 11 Q!oc<t>aTHblX rpyrrn, 3apH-

1·, "IIIIhiX oTpHuaTeJibHO. B TO )KC npeM51 rn.upoQ!o6HhiC ocnoBaHI151 yJIO)KCHhi 

' I Oil KOH BHYTP11 ABOHHOM CI111paJI11, 11X I1JIOCKJ1C MOJICKYJibl H3XO.U51TC51 6JJH3KO 

npvr oT npyra 11 opueHTnpoBaHhi nepnCH.ll.I1KYI151pHo oc11. O<reHb Ba.lKHo, 11 3TO 

llp>IMO CJICAYCT 113 rrpaBI1JI qaprpa<l>cpa, 'ITO OCHOIJaHJ1Jl OAHOH UCill1 CB5!3aHbl 

' nciioBaHIDIMI1.ll.PYroi1 uerr.11 (eM. npaBMJIO 4). 0'ICBH.ll.HO, aHTHnapanJieJihHhie 

I: 
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UCnH ,L(BOHHOH CnHpaJIH HC 5IBJU!IOTC51 H,L(CIITWIHLIMH Hl1 no nOCJIC,L(OBaTCJib· 

HOCTI1 OCHOBaHHH, Hl1 no HYKJICOTH,L(HOMY COCTaBy, HO OHH KOMTIJICMCIITapHLI 

.n:PYT i1:PYTY (KOMfl.!leMeHmap!tocmb- e3aUMftoe coomeemcmeue, iJonoflltfiiOU{UX iJpy? 

iJpyza cmpyKmyp). Bcer,n:a, CCJII1 B O,L(HOH UCI111 a,LICHUII, nanpOTHB HCfO B i1:PYTOI-I 

ucrrH- TI1MHH, B o,n:Hotl: ryaHI1II, HanpoTHB- U11T0311H. Ucnu, o6pa3yiOIUI1C 

,L(BOHHyiO CnHpaJib - !J:YITJICKC - y,n:ep)ICI1BaiOTC5I p5I,L\OM HC TOJibKO 3a C'ICT BO· 

,n:opO)J;HbiX CB513CH, l!O 11 6Jiaro)J;ap5I ril)J;pocpo6HhiM B3ai1MO,L(CHCTBU5lM, KOTO· 

pblC, KaK ITOJiaraiOT, BHOOIT OCHOBIIOH BKJia,L( B ITOMCp)J(ai!HC 3KT11BHOCTll 

)J;BOHHOH CTI11paJIU. B XO,L(C )J;CJICHI1~ KJICTKH UCTII1 ,L(BOHHOH CTI11paJI11 pa3,L(CJI5I· 

IOTCH ll Ka)J(.UaH 113 HHX CTaHOBI1TC51 MaTp11ll,CH, OTipC)J;CJIHIOIIICH HyKIICOTH,L\HYlO 

TIOCJIC,L\OBaTCJibHOCTb I!OBOH KOMJ1.HCMCHT3pi!OH UCTIH. flpu :.JTOM o6pcl3YCTC51 

( C Y'!aCTHCM TaK Ha3biB3CMb!X <<pCTIJIUK3THBHbiX cpcpMCIITOB>>) ,L(O'!Cp1!5l5l ,L(BOH­

IIlli! CTIHpaJib, IIOJIHOCTbiO H,L\CHTW!Ha5l pO,LIHTCJlbCKOH. B npOUCCCC KOilHpOBa­

IIHH y-'-13CTBYIOT cpcpMCIITbl. <DcpMCHTaTI1BHbiC peaKU11H o6pa30BaHH5l HOBOH 

,L.(HK HJJ:yT TOJlbKO B npHCyTCTBI1I1 5'-TpllcpOccpaTOB BCCX 'ICTbipCX )J;C30KCllpH-

6oHyKJICOTH,L\OB, a KOB<UICI!THOC CBH3b!BaHHC :HHX HOBbiX MOIIOI!YKJICOTH,L\OB 

KaTaJII.-BHpyCT ,L.(HK-nOJIHMCpa3a. flpOUCCC HMCCT MCCTO IIa MaTpHI!C - ,n:py­

fOH MOJICKyJie ,llHK. HcKOTOpLIC BHpycLI, n 'IaCTHOCTH, BcpoHTIIO, OIIKOBHpy­

CLI, HMCIOIIIHC PHK B Ka'ICCTBC c.n:HHCTBCIIIIOH HyKIICHIIOBoi-i KI1CJIOTLI, co,n:ep­

)J(aT o6paTIIyiO TpaiiCKpHnTaJy- I!OJIHMCpa3y, KOTOpa51 OTBCTCTBCI!Ha 3a CI1H­

TC3 ,L.(HK Ha MaTpHUC, KOTopoi-i 51.BJI5ICTC5l BHpycHa51. PHK. floH51.THO, 'ITO 

HHrH6HpOBaHHC 3T0f0 cpepMCHTa TipCJJ:OTBpamaCT pa3MHO)J(CHHC BHpyca H npe­

KpamaeT BHpycHyiO H!lcpCKUHIO. 

Korna Mbl rOBOpHM 06 ana60JIH'ICCKI1X npOUCCCaX, CJIC,L\YCT HMCTb B BI1,L(y, 

'ITO CHHTC3 yrJICBO,L\OB, JIHnH,L(OB, aMHHOKHCJIOT, HyKJICOTH,L\OB - 3TO TOJibKO 

•racTL «CHHTCTH'ICCKOH pa6oTLI», npoHCXOMIUCH B opramnMe. B(l)J(Hcilrneil 1-1 

HC06XO,L\HMOH COCTaBHOH '!aCTbiO BCCX opraHH3MOB 5IBJI5IIOTC51 6CJIKH H HMCH­

IIO ,L.(HK, a 3aTeM PHK 5IBJI5IIOTC5I o651.3aTCJILHLIMH HHCTPYMCHTaMH cOJ,n:aHH5I 

6CJIKOBbiX MOJICKyJI. flpOUCCCbl, TipOTCKaiOIIIHC ITpH 6CJIKOBOM CHHTC3C, 5IBJI5I­

IOTC5I BCCbMa CJIO)J(llblMH H HH1'pllryiOIUHMH, -rpe6yeMaH TO'IHOCTb nopa3HTCJibHa 

H, KOHC'IHO, UCJiblll PM ,L(CTaJICH OCTaCTC5I H ITO CCII ,L(CHb HC BTIOJIHC IIOHHTHbiM. 

O,n:HaKo nanpaBJICHHOCTL npoHCXOMIUHX npoucccon B HaCT05IIIICC BpCM5I 6o­

Jiee HJII1 MCHCC 5ICHa I1 MOJICKyJI5IpHa5I rCHCTHKa BblCTpOCHa B JIOrWICCKYIO 11 

OT'ICTJIHByiO HaY'!HO 060CHOBaHHYIO CXCMy. 

I1TaK, UCHTpaJibHaH ,norMa MOJICKYJI5IpHOH reHCTHKH onpe)J;CJI5ICT TpH CJIC­

ll:YIOIIIHX 3Tana nepe)J;a'IH reHCTH'ICCKOH HHcpOpMaUHH. 

1. PenJIHKaUHH - KOnHpoBaHHe po,n:HTCJILCKOH ,L.(HK c o6pa3oBanHeM 

)J;O'!CpH11X MOJICKYJI. flpH peTIJIHKall,HH KOTIHpyeTC5I BCH XpOMOCOMa H o6pa3y­

IOTC5I !J:O'IepHHe ,L.(HK, H,L\CHTH'IHLre po,n:HTCJILCKoil. Po~J:HTCJILCKa5I ,llHK o,n:­

H03Ha'!Ho OITpC,LICJI5ICT IfYKJlCOTH,L\HyiO ITOCJIC,L(OBaTCJibHOCTb ,L(O'ICpHHX UCITCH. 
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TpaHcKpHTIUHH - rrpouecc <•rrepenHCKH•> reHeTwrecKorr HHcpopMaUHH 

to •l•opMC PHK . 

l TpaHCJI5IUIDI - renenFICCKaH HHcpopMaUH5I, 3aiTIICaHHa5I c noMOIULIO 

-·w tt.tpcx6yKBeHHoro KO;J.a•> B PHK, nepeBOLIHTC5I B pu6ocoMax Ha LIBa.n:UaTrr-

1 •I ,. tll"IIHLii1 Ko,n: 6eJIKonoi1 CTPYKTypbl. 

TpaHCKp~HJI [PHKJ 

~~ 
I EenoK I 

Puc. 2. Tpai!CJUIIJ,I151 reHeTwlt:CKOii. HII<iJopMilLUUI 

J'L'!UIHKaUH5I rciia (?CIIbl- /fGU60JlCC ea:JICitbtC e rjJyliKl{llOfUL1bi/OM Olni/OWCIIUU 

't<~• 11111 MO;ZCKY!l Jl II K, cmpyKmypltafl u rjJyuKt{UOit(l;1bllaH crJuuu«a Hac.1cdcmrfcH­

"'" IIIII, KOHmpOo1llfJYf()U{QJl o6pa30Ha//UC KUKOZO-JlU60 11jJU311GK(l U npcdcmafi!/JlKJ-

11(11>1 co6oii ompc3oK /.(II K. 3mo rppazMemn <enemu'tecKozo MamepiUIJW, onper)c;tfl· 

'''"(lilt IIJIU KoiJupyi{)U{UU orJwt rjJepMeltm. 06cu,ee npaeww: odu11 zc11- odu11 6c;wK) 

•III'I'ILTC5l CIIOC060M nepeJla'!H IIOCJICJJ:YIOIIIHM IIOKOJICHHHM CTpOCHI15l TOM '!aCTl1 

! Ill 1\., KOTOpa51 3aKJIIO'ICHa B .n:aHJIOM rCHC. I1MCHHO 3TO 5lllJI51CTOI TCM TIYTCM, 

,, "t<>p~>rti onpe,n:eJIHCT nopHJJ.OK HyKIICOTHJJ.OB B MaTpii'IHOi1 PHK (MPHK) 11 

• • "o IIICTCTBCHHO f!Op}I,L(OK aMHHOKHCJIOT B 6CJIKC, KOTOpbiH CHHTC3HpycTC5I Ha 

l'llllol!yKJICl1HOBOH KHCJIOTC. ,L.(pyn-IMH CJIOBaMH, Ha Y'!aCTKC ,L.(HK, COOTBCTCT-

11\"I<>li!CM rCHY, corJiaCHO npaBHJiaM KOMHJICMCHT3pHOCTH OCJ'IUCCTBJI5ICTC51. CHH-

1' ' M PHK, KOTopa5I coe,n:HH5ICTC5I c pH6ocoMaMrr rr 51BJI5lcTC5I HCTO'IHHKOM 

llttcltopM3U11H 0 TOM, K3KHM o6pa30M I1 B KaKOM !10pH,n:KC 6yJlyT CHHTC3IIpOBaTb­

' •I lll'!IH 6CJIKOB H3 3MHHOKHCJIOT. flpH 3TOM CYIIICCTBCIIHO, 'ITO JII1HCHHhlll 

I'·' IML'P fCHa CB5I33H C pa3MCpOM CI1HTC3HpycMOH TIOJII1nCIITH,L(HOH UCI1H, CHHTC3 

1 "1< •pot! KOHTpOJIHpyeTC5I 3THM reHOM. B H,n:pe KJICTKH ,L.(HK BXOJJ:HT B COCT3B 

11\'1\ IICOCOM- JJ:BOHHhiX CflllpaJICH ll3 150 nap OCHOBaHHH, KOTOpbiC 33KPY'!CHbl 

"""PYf BOCbMH OCHOBHbiX 6eJIKOB- riiCTOHOB. flpH MI1T03C (CTIOC06 ,L(CJICHI15l 

I· •II" I OK, o6eCTIC'IHB3IOIUHH TO)f(,L(CCTBCHHOCTb XpOMOCOM B p5I,L(y KJICTO'IHblX TIO­

I·<>IICIIHH) HHTH HYKJieocoM CJIHBaiOTCH B xpoMOCOMLI- TIJIOTHLie CTPYKTYPLI, 

• liH<'plKaJUHC ,L.(HK 11 6eJIKH. KaK ~c YKaJLIBaJIOCL, He TOJILKO caMoBocnpoH3-

,,."L'I!He, HO H poJIL MaTpHULI ,L(JI5I CHHTeJa PHK- ocHoBHLre <PYHKUHH ,llHK. 

I' II K - 3TO ,L(JIHHHbiC ITOJil1MCpHbiC UCIIIl 113 COC,L(HHCHHbiX pH60HyKJICOTH,L(OB, 

1111 p:l"lMCpy MCHLIIIHC, 'ICM ,L.(HK. fix o6mee KOJIH'ICCTBO B KJICTKaX OJJ:HaKO 

llt.t'IIITCJILHO npcBLirnacT KOJIH'!CCTBO ,L.(HK. Ka)f(,L(a5I PHK- o,n:nouerro'Ie'!­

"'·111 I!OJIHpH60HyKIICOTH,L\ CO CTporo onpe,n:eJICHHOH MOJICKYJI5IPHOH M3CCOH, 
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H)'KJICOTI-I,IJ;HOi1 rrocne,n:onaTcJihHOCThiO 11 611onor11'!CCKOM ¢YIIKU11ci1. Pa3.JI11'!aJOT 

Tp11 ociiOBHhiX Tl1rra PHK. 

1. Mampu'!Hbte (MPHK) - MaTp11IIhi, 11crro.rrh3YIOIII11CC51 p116ocoMaMI1 rrpH 

rrcpcBO,!J:C rcHCTI1qccKOM 111IWOPM3II1111, xpaHI1MOM )lHK, B aMHHOKllCJIOTHYIO 

IIOCJIC)J,OBaTCJihHOCTh CTp05III!I1XC51 6CJIKOB. l1x HYKJICOTI11lll351 IIOCJIC)lOB3TCJlb• 

HOCTb KOMIIJICMCHT3pHa rCHCTI1qccKOMY coo6ruemuo 113 }"IaCTKC KO!l:I1PYIQIIICU 

)lHK. B O)J,HOH 3yKap110TJ1qccKoi1 KJICTKc 6oJice l 04 pa3.TIWIHhiX MOJICKYJI MPHK, 

K3)!():(351 113 KOTOpb!X KO,Il;11pycT Oil:HY 11Jilf IICCKOJlhKO IIOJII1IICIITI1il:llhiX I!CIIC!i. 

2. TpaHcnopmHbte (TPHK) - o,n:Houcno•re•mbrc nom1pn6oHyKJicOTH!l:hl, 

o6pa3YJO!l[I1C CBCPIIYThiC KOMII3KTHhiC CTpyKrypbl. COCT05IIII11C 113 70-95 pi160-

IIYKJICOTI1)J,OB. Ka)K)J,oii 113 )J,Ba)J,UaTI1 aMI1HOKI1CJIOT, cocTaBJI5IIOU\11X 6cJ1KOBLIC 

MOJlCKYJihl, COOTBCTCTBYCT O)J,!Ia 11JIH IICCKOJibKO PH K. KOTOphlC CB513biB3IOT 

aMHIIOKI1CJIOThl, 11CpC11001T HX K pH60COMaM 11 011pC)l,CJI}l!OT aMHIIOKIICJlOTHYIO 

rrocJICX\OBaTCJibi!OCTh rrocTpociiH5! 6cJIKOB. Ka)!(J\<UI TPH K co.ucp)!(HT oco6LrU 

Tp111IYKJICOTI1il: - TpiiiiJlCT, KOTOphiii l!a3blllaJOT ai!TIIKO,!J:OJIOM. 3TOT 'Tpi1IIJICT 

KOMIIJICMCIITapcH IIYKJICOTHil.HOii nocJrc;JonaTCJihJJOCTH B MPHK - Ko,n:ouy 

(KodoH- eduHuu,a zeHemu•tecKo?o Koda, npedcmaefl>IIOU{Wt co6ou zpynny U3 mpex 

a3omucmbtX oc!tOemtuu e fttofleKyJte JI,H K llflll PH K, KoiJupy10u~w1 BKJIIO'!eHue rv' 
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3. Pu6ocoMa.qbltbte (pPHK), HBJI5!101l(l1CCH OCIIOBilhiMI1 KOMIIf' 

60COM - OIIH COCTaBJI5IIOT )l.O 65 % BCCa p!160COM II HrpaiO~ 

CTpyKrypC II 6HOClfHTCTI1qccKOi1 qlYJ!Kl[HII p1160COM. 

Terrepb 11HWOPM3l.(H51 0 TOM, KaK IIpOTCKaiOT OCIIOBIIh 

ro CI1HTC33. )lJI51 pciiJ1HK3IIHII JIC06XO)l.IIM qlcpMCHT - .IJ.> 

KOTOpbiM K3TaJ1113HpyeT KOBaJlCHTIIOC CB513hiB3Ili1C )J,C30KCHp> 

TioMMMO 3Toro ¢epMcHTa, B rrpoucccc yqacTByioT emc 6oJicc 20. 
6eJIKOB. TIOCJIC,!J:OB3TCJ1hHhiC 3T3Ilbl, II3 KOTOpbiX COCT011T pCIIJIHKa, 
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!l:YIIJICKCa, Yil:Cp)!(aHI1c o6pa3YJOIIIHXC51 uerrci1 na H)')KHOM paccT05lHI1h 

l.\113I!I1IO CI1HTC33 )J,0'1CpH11X l.\CIICH, 11X YMHHCHI1C, 33KPY'!HBaHIIC B CIII1, 

11 TCpMMH3IIIIIO TipO![CCCa. 

Ha ¢a3c TpaHcKp11IIUIIH 111ICT ¢cpMCHTaTIIBHhiii CHHTC3 ucrreti. PHK, HYK• 

J1COTI1)J,H351 IIOCJ1C,!J:OB3TCJihHOCTh KOTOphiX KOMIIJICMCHTapHa IIOCJIC,!J:OB3TCJfhHO• 

CTI1 uerr11 )lHK. Tip11 3TOM o6pa3yiOTC51 MPHK, ITOC'fYII3IOIIII1C B pH6ocoMhl H 

HarrpaBJ15IIOII!I1C CIIHTC3 33KO,Il;HpOBaHHhiX rcHOM (IIJ1II rpyrrnotf rcHOB) IIOJIH• 

IICIITH)J,OB. Tipii TpaHCKpiiiliiMH HC ,!J:OJDKHa 065133TCJihHO TpaHCKpii6HpOB3TbCll 

BC51 KJICTQqHa51 ,LI,HK- Tp3HCKpH611pYIQTC51 TOJlhKO OT)J,CJibHhiC rcHhl IIJlii rpyfl• 

Ilhl rcHOB. 0CHOBH351 l.\CJlh BCCX YK333HHhiX 3T3IIOB - CIIHTC3 6CJ1Ka 11 ero pC• 

ryJ15Il.\II51. PC3IOM11py51 CK33aHHOC, MO)!(}{O 3aKJIIOqiiTh, 'ITO: a) MCCTO CHHTC31 
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HYKJICOTH,Il,HOM nocnc.uosaTCo1hHOCThiO 11 6MOJIOD1'ICCKOM <PYHKJJJ1Cll. Pa3JIWiaiOT 

TpM ociiOBHhiX TMna PHK. 
1. Mampu'lHbte (MPHK)- MaTpHl\hi, MCIIOJih3yiO!l\HCCH pH6ocoMaMH npH 

IICpCRO,llC fCHCTM'ICCKOll MH<iJOpMaUHM, xpa!!HMOM )lHK, B aMHHOKMCJIOTH)'IO 

nocnc,UoBaTeJihHOCTh CTpoHIUMXCH 6cJIKOR. Hx nyKJICOTM.UHaH nocnc,o:oBaTeJih­

HOCTh KOMIIJICMCHTapna fCHCTWICCKOMY C006WCH!1IO lla )I'IaCTKC KO,UHpyiO!l\Cll 

)lHK. B o,o:nofl 3yKapHoTwrccKoi1 KJICTKC 6oJrcc I 04 
pa3JIWJHhiX MOJICKYII MPHK, 

Ka:lK,llaH 113 KOTOpbiX KO,llHpyeT O.lliiY l1Jll1 IICCKOJibKO IIOJIHIICIITII,O:J!blX I~CIICH. 
2. TpaHcnopmHbte (TPHK) - OL\HOUCIIO'IC'IIlh!C rronHpH6oHyK.rrcoTII,llhi, 

o6pa3YJO!l(IIC CRCp!IyThiC KOMIIaKT!IhlC CTpyKTyphl, COCT05IIUI1C !13 70-95 pii60-

HyKJICOTII,UOB. KiDK,lloi1 113 nBanuaTH aM11IIOKIICJIOT, cocTaRJIHIOll(HX 6cJIKOBhre 

MOJJCKYJihl, COOTBCTCTBYCT OL(!Ia liJIII IICCKOJlbKO PHK. KOTOpbiC Cml3biBaiOT 

aMl11!0Kl1CJIOThl, IICpCIIOOIT liX K pi160COMaM l1 OIIpCl[CmllOT aMI1HOKI1CJIOTiryiO 

rroc;rcnoBaTCJih!IOCTh nocTpocHHH 6cJJKOB. Ka)K.n:mr TPHK co,o:cp)KI1T oco6hiH 

TpMIIyKJICOTIIL( - Tpi1II1ICT, KOTOphlH !la3b!BaJOT al!TI1KOL(OIIOM. 3TOT Tpi1IIJICT 

KOMIIJICMCIITapcH nyKJICOTH,O:HOH nocJICIJ.OBaTCJihl!OCTH B MPHK - KOL\OHY 

(KoooH- eduHUt(a ?eHemu<tecKo?o Kooa. npedcma6J151FOU(a>t co6ou <pynny l/3 mpex 

a3omucmbtX OCII06GHUU 6 MO!leKyJte JJ,ll K llflll PH K, KodupyFOU(GJl 6KflFO'lCFiliC oiJ­

IIOti onpedeflC!tHOU GMUI/OK!ICJIOnlbl 6 f10,1U/1C11mlliJIIyFo l(C11b). flOCJICL(lll1H K0,0:11-

pycT aMI1llOKI1CJJOTy, cooTRCTCTByromyJo Nllli!OM TPHK. 

3. Pu6ocOMG-1bHblC (pPHK), HBJ!}l]0Wl1CC5I OC!IOBI!h!M11 KOMIIOHCI!TaMII p11-

60COM - 01111 COCTaBJIHIOT ,0:0 65 % BCCa pH60COM I1 MI'paiOT Ba.lKHYIO pOJib B 

CTpyKTYPC l1 6HOCHHTCTWICCKOH qJyt!KUl1l1 pH60COM. 

TcnCph 11H<iJOpMaUI15I 0 TOM, KaK I!pOTCKaiOT OCHOBIIhiC CTa,O:HH 6CJJKOBO­

ro C11HTC3a. )lJJH peiiJ111KaUHI1 HC06XO.[(I1M <iJcpMCHT - )lHK-TIOJ111MCpa3a, 

KOTOpblll KaTaJil1311pyeT KOBaJICHTHOC CBH3b!BaHI1C ,llC30KC11p1160HyKJICII,llOB. 

floMHMO 3TOfO <iJcpMCHTa, B IIpOUCCCC yqaCTBYIOT Cll\C 60JICC 20 <iJepMCHTOB 11 

6CJIKOB. flOCJIC,llOBaTCJibHbiC 3TaTihl, 113 KOTOpblX COCT011T pCIIJII1Kal\115I, BKJIIO­

qaiOT y3HaBaiii1C TO'IKII CC Ha'IaJia, paciiJieTaHI1C po,llMTCJlhCKOll napbl )lHK­

l[yiiJICKCa, ynep.lKaBI1C o6pa3yiOIIIIIXC5I l[CIICR Ha Hy.lKIIOM paCCT05!HI111, 11HI1-

l\l'lal\IIIO C11HTC3a ,llO'ICpHHX l[CIICH, 11X YAHI1IICIII1C, 3aKpyqrmaHHC B CIII1paii11 

11 TepM11Hal\11IO nponecca. 

Ha <Pa3e TpancKpi1IIUHI1 H,Il,CT <iJepMeHTaTHBHhiM CMHTC3 ncneli PHK, nyK-

JICOTM.UHaH TIOCJICl[OBaTCJibHOCTh KOTOpbiX KOMIIJICMCI!TapHa IIOCJ!Cl[OBaTCJihHO­

CTH uenli )lHK. ITpH 3TOM o6pa3yiOTC51. MPHK, noc'fYIIaiO!l\IIC B pii6ocoMhi H 

HarrpaBJI5IIO!l\11C CHHTC3 3aKOL\11pOBaHHblX fCHOM (MJIIi rpyrrrroil: fCHOB) TIOJIH­

IICIITM.llOB. flp11 TpaHCKpHIIl\1111 HC ,llOJI)KHa o65I3aTCJibHO TpaHCKpl16HpOBaTbC5l. 

BC51. KJICTO'IHa5! )lHK- TpaHCKp116HpyiOTC51. TOJihKO OTL(CJibHbiC reHhl MJIH rpyn­

IIbl reHOB. OcHOBHaH neJih Bcex yKa3aHHhiX 3TanoB - CHHTC3 6enKa 11 ero pe­

ryJI5!UH5!. Pe310MI1py5I CKa3aHHOC, MO.lKHO 3aKJIIO'II1Th, 'ITO: a) MCCTO CMHTC3a 
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ill' II Ka - pH60COMbl, 6) aMI1HOKMCJ10Tbl <iJepMCHTaTHBHO IIpHCOC,llHIDIIOTC5I K 

1 pancnopnwli PHK- TPHK, B) TPHK HBII5!CTCH nepeBO.ll'IHKOM (a.uanTopoM) 

'IL'Th!pCX6yKBCHIIOf0 KO,lla HyKIICii!HOBh!X KHCJIOT (IIO 'IIICJIY TIHpHMH)l,HHOBbiX 

II tlypli!IIO!lh!X OCHOBaiiHR: THM11H, I~I1TOI1H, a,uCHI1H, ryaiiHH) Ha ,llBa,l(l[aT116yK­

I\L'l!HbiM (C1'pYK1YPY 20 aMHHOKIICJIOT CM. [25]) 51.3hiK 6CJIKa. 

OcuoBHhiC 3Taiibi 6eJIKosoro cnnTe3a. 

I. AKmu6al(Ufl aMHIIOKHCJIOT- 3TOT npmwcc npoTeKaCT ne B p116ocoMe, a 

11 1\l1.T030JIC (Bo,UHaH <lJa3a UMTorrJia3Mbi). Ka:ll<,lla5! H3 20 aMiiHOKHCJIOT npiico­

,. l!l1.1IHCTC51 KOBaJICHTHO K CBOCM orrpe)lCJICHHOii TPHK (IIcrroJib3YCTCH 3l!Cpr11H 

AT<D, npouecc KaTaJIII3MpyeTCH Mg 2+ -aKTMB11pyromr1MH <iJepMCHTaMII). Qqenh 

'Vll~CCTBCIIIIO, 'ITO Ka:ll<,llb!H 113 3Tl1X <iJepMCI!TOB CIICU11<iJI1'ICI! DO OTJIO!IICHIIIO 

'' o)lnoi1 KOHKpcnroii aM11HOKI1CJIOTC 11 cooTBCTCTByromeH. ell TPHK. B Ka'le­

' TI\C IIpHMCpa npHBCl[CM aMHIIOaUCTHJial[CIIIIJiaT --- <iJparMCIIT COOTBCTCTByiO­

II!CH TPHK, noKa3hiBaroiUHM cnoco6 CTpyKTYpnoH. aKTrmar~l111 aMMHOKI1CJIOT. 

:c:NH2 

0
_ H 

N I I 
N -C-C-R o-P-0 I 

11 II + lN N) I 0 0 NH3 

~o~H2 

"H-~ OH OH 

2. JfHUI(UGI(Ufl noJIMTICTITH,Il,HoilnerrH. )lnH 3Toro MPHK, IIccyma5! 11H<iJop­

~~ar[I1IO 06 o6cy:lK,llaCMOM TIOJII1IICIITH,Il,C, CB5I3biBaCTC5I C MaiiOll cy6'IaCTI1l\CM 

p116ocoMhi Iii aMI1HOKI1CJIOToii, coe,lli1HCHHOM c cooTBCTCTByromeH. TPHK. 

IIH11.l\11Hpyromwil KOMIIJICKC, BKJIIO'IaiOIIIIIM TPHK 11 HHIIU11Mpyromyro aM11HO­

utcJIOTY, B3ai1MoneiicTBYCT c KO.UOHOM MPHK, KOTOpbiM C11fHaJIIil3MpyeT o Ha'Ia­

''c noJIHIICIITH,Il,HOMl\CIII1. CymecTBCHHO, 'ITO 3HepriiiO rrocTaBJIHCT ne AT<D, a 

I y;\H03IIIITpl1<lJOC<iJaT (IT<l>) 11 IIpOl[CCC H,Il,CT np11 yqacTHII Tpex CIICl\11<iJI1'ICCKIIX 

I >CJ!KOB, Ha3hiBaCMbiX <iJaKTopaMI1 11HI1l\Hai_\HI1 11 IIpi1CyTCTBYIOIU11X B l\HT030JIC. 

3. 3JlOH2Gl(U51 (y).VII1HCHHC) IIOJII1TICIITI1l[H0lll\CIII1 IIpOTCKaCT IIyTCM KOBa­

IIl"IITHOfO CB5I3biBaHH5I aMI1HOKHCJIOT, ,llOCTaBJI51CMblX K pM60COMC B TO'IHO 

'''' peneJiennoe noJIO.lKCHIIC cooTBCTcmyromeii TPHK, o6pa3yromei1 KOMIUICMCH­

' apHhre nap hi c OTBC'Iaromeil ell: KO)lOHOM MPHK. )lJIH CBH3hiBaHII5! Ka:lK,UOH 

.tMHHoanMJI-TPHK (o6pa3yiO!l\HXCH npH CB51.3biBaHIII1 TPHK c aMMHOKIICJIOToil) 

11 JIJ151 nepeMC!l\CHM p116ocOMhi Bl\OJih MPHK na on11H KO,O:OH (11MCHHO B npo­

twcce TaKOfO IICpCMC!l\CH115! IIOJII1TICIITH,Il, y).VIMIDICTC5I Ha O,llHO 3BCHO) 3a'l'pa­

'11111aCTC5I 3Heprl15!, Bhl.llCJI5IIO!l\a5lcH np11 rH,Il,pOJIM3e nsyx MOJICKYJI IT<D. 



172 DwBa 3. 06o6w,e11ue uHijiopMal{uu o cuHmemu'leCKOM nomelll{Ucwe al{ema.-?eii ... 

4. 06 OKOH'tGHUU CUHme3a IIOJIIUICIITM,[(HOH l(CIIIT ClifHaJIIT3llpyeT TCpMll­

HrrpyiOIL(llH KOJJ:OH MPHK, rr IIOJIITIICIITM,[( BhiCBo6mK.uaeTC51 rr3 pll60COMhi nprr 

}"-IaCTllli OC06hiX BhiCB060)J(,llaiOIL(ITX cpaKTOpOB ( cpaKTOpOB TCpMllHal(llll). 

5. 11 IIOCJIC,llHJfH 3T3II- 3TO C60pG'fU6GHUe nOJlUnenmUOHOli l{enu ,llJI5! IIpll­

H5ITH5l CH 6HOJ10fll'ICCKll aKTITBHOH HaTJfBHOH cpopMbl C OIIpC).ICJICIIIIOH IIpO­

CTpaHCTBC!UIOH KOHcprrrypal(ITCH. f1epe).l ITJIIT TIOCJIC CBOpa'IITBaHIT51 CHHTC3H­

pOBaHHhiH IIOJIHIICIITHJ.I MO)[(CT IIpCTCpiiCBaTb IIpOUCCCITHf - YJ.IaJICHHC ITHH­

l(HHpyiOIL(JfX IT OTIL(CIIJICIIITC JIHIIIHHX aMITIIOKHCJIOT, a TaK)[(C BRC).ICHITC B 

OOpC).ICJICHHhiC aMITHOKITCJIOTHbiC OCTaTKIT cpOC(paTIIhiX, Kap60KCITJihlfbiX, MC­

TITJlhJihiX IT ,llpyrHX rpynnHpOBOK, IIpHCOC).IHHCIIHC OJilifOCaXapH)lllhiX ITJIH 

IIpOCTCTIT'ICCKHX rpyiiii. <l>aKTH'!CCKH p1160COMhi HrpaiOT pOJih MCXJIIH3MOB 

(MOJICKYJI5IpHhiX MJIIIHH) ).IJI51 CITHTC:JJ IIOJIHTICIITH).]JfbiX UCIICH. flpH :JTOM 

ynoMHIIaBlllHCC51 BhiUIC prr6ocOMIIhiC PHK (pPHK) rrrpaiOT pOJIL KapKacoB, 

lla KOTOphiX R OIIpC).(CJICHHOM IIOpHJ.IKC 11 )[(CCTKO KpCII51TC51 IIOJIHIICIITHL\HhiC 

ucrr11. B 3aKJIIO'ICHHC cncJJ:yCT yKa:JaTh, 'ITO ncpc'mcneiiiihiC BLilliC npouecchl 

CI1IITC3a pa3II006pa3IIhiX 6CJIKOBhiX MOJICKYJI 06CCIIC'II1BJIOT IIOpMaJib!IOC cpyH­

KUITO!IlipOBaHHC opraHH3Ma. KaK >rc11o 113 IT3JIO)[(CHHoro, Bhr6op aMrriiOKHC­

noT OflpCJ.(CJIHCTC5l IIOCJICL(OBaTCJibHOCTb!O paCIIOJIO)[(CJIIT51 TpHIIJICTOR a30THC­

Th!X ocHoBanm'i: B MOJICKYJIC MPHK, Ha3LIBaCMLIX KO.I\OHaMrr, 11 HMCHHO 3TO 

pclllaCT Ilp06J1CMY BKJIIO'ICI!lUI (ITJIIf HC BK.J110'!CH1151) TOM lfJ1!1 11110H aM!fi!OKITC­

JIOTbl B IIOJIITIICIITH.l.IHYJO l(Cilh. Ha6op KO.LIOHOB - 3TO If CCTb fCIICTH'ICCKITH 

KOJJ:. Ka)J(,lla51 TPHK (TpancnopTHa5l rrnrr a.LianTopiia51 PHK. ITJirr .1\pyroc Ha3Ba­

JII1e PHK-ncpeHOC'IIfK) ITMCCT cpyHKUMIO cnenrrcJ.>wrccKoro CB5l3hiBaHM5l H 

IICpCI!OCa aMHIIOKITCJIOT IT, TIOCKOJlhKY TpaHCIIOpT Ka)J(,llOH aMHHOKITCJIOThl 

Tpe6yeT cBoro TPHK, 3TMX prr6oHyKJrerrnoBhiX KITCJIOT cyll(CCTBYCT UCJIOC ce­

MCHCTBO. TPHK yqacTBYCT B 3TeprrcpMKaUHH OL\HOH cneu11cpwrecKoii aMHHO­

KifCJIOThi, nony'leHHhiC 3cprrphr B nop5!L\KC, npe.LionpeLt:CJICHHOM MPHK (npo­

XOL\5lll(CH B L(aHHhiH MOMCHT '1CpC3 prr60COMY), CB513b!BaiOTC5! C pH60COMaMH H 

p116ocoMa np11 MCIIOJih30BaHI111 3Hcpnm IT<l> np11COCL\11H5ICT Ka)J(,llyro HOBYIO 

aMI1HOKI1CJIOTY K KOHUCBOH Kap60KCITJihHOH rpynnc paCTYillCH IIOJII1IICIITM,[(­

HOH uen11. TPHK- H113KOMOJICKYJI5IpHa5! PHK (M. M. 25 000-30 000). BLrco­

KOIIOJII1MCpHhiC (M. M. 1,7-106-2,1-106) prr6ocoMaJILHLrc PHK BXOJ.15IT B cocTaB 

l(I1TOIIJ1a3Mhi H opraHOM,[(OB KJICTKIT H o6pa3yroT pH60COMbl. pPHK np11CYTCTBY­

IOT B BIT,llC COC).II1HCHHH C 6CJIKaMH - pH60HYKJICOIIpOTCM,[(aMI1 IT COCTaBJI5!IOT 

60JiblllYIO 'IJCTb (75-80 %) PHK KJICTKIT. 

3HaHHC cpyHKUHH HYKJICHHOBb!X KITCJIOT H npouecca lfX CHHTC3a 'lpC3Bhl­

'!aHHO BJ)[(HO ).I;JI51 IIOHCKOBhiX 11CCJICL(OBaHHH, CB5!3aHHhiX C C03.LiaHI1CM HOBbiX 

JICKapCTBCHHhlX CpC).l;CTB. 

3TO MO)[(CT 6biTb 11JIJIIOC1"p11pOBaHO 06C~CHHCM IIp06JICM, CB5!3aHHhiX C 

pa3JII1'IHLIMI1 BrrpycHLIMH HHcpCKL(H5!MH. BrrpycLr - neKJieTO'IHhiC cpopMbi 

i .!. PeaKl{UU al{ema"1ei/ a.MuooB u .wKnWMO!J c IIYK!leorj!IHbHbllYtU peazeHma"Hu 173 

4<11 11111, o6Jia).l;aJOlllHC reHOMOM ()J,HK rum PHK), no nrrmeiiiibiC co6cmeHHoro 

• llllll"'HpyiOW:CfO anrrapaTa Jf CIIOC06Hb!C K CaMOBOCIIp0!1'3BC.I\C!I1110 TOJibKO B 

1 •w 11ctx X0351ITIIa. B 3TI1X ycnoBHRX pa3BI1TI1C BO:JMO)[(HO npii Y'JaCTHI1 c!Jcp­

'11 111 oB - )J,HK HJIH PHK-nonHMepa3, 11x 6noKnpoBaHMC MO)[(CT npHBO.LIHTh 

I \ IIII'ITO)I(CJIHIO BrrpyCOB 11 COOTBCTCTBt:Hl!O JIC'ICIIIfiO ImpyC!Ih!X ITHcpCKL(ITM. 

llo.f~06HbiC IIp11MCpbl BCCbMa MHOfO'liTCJICilllbi H HMCCTCH JICJIL!il p5I;:( lla-

11•'1111l1ii, JIC'ICIII1C KOTOpb!X 06CCIIC'IITBaCTC}! TCM, 'lTO MI!Orl1C }JCKapCTBCil!!h!C 

• I~~" 'ICI'Ba HIII'H6!1py!OT HCKOTOpb!C CTa)ll111 CITI!TC3a }J,HK, T. K. OI!H HJIIT 11llfl1-

I<JII'I'IOT }J,HK-II0"1IfMCpa3y, 11JIH TlpCpbiBaJOT Clfl!TC3 liC06XO,'liTMhlX KOI\!IIOIICII-

11 011 11.m1 CIIHTC3a )J,HK 11 PHK, rwr1 6noKHpyroT Hpouccchr pacrrncTaHH5l ;moi1-

lll.i \ CIUipMCH, lfJIIT pa3pyma!OT IIYKJICHI!OBhJC KITCJlOThl ITYTCM JKTIIBal(HH 

'II lll.I)(Hpy!Oil\HX <pCpMCI!THh!X CI1CTCM. 

II cxo;JJILrc COCiliiiiCJIH5! rom de novo-crrJITC3a -- ::JTO MCTa6oJII1'ICCKHC npc.LI-

111• 1 I HC!!HHKII llYKJlCOTH)WB, TaKHC KaK aMITJIOK!ICJIOThl, p116030-5-f!JOCCjJaT, yr­

'" I IIC If bill fcl3 11 aMMHaK. }J,mi pcyrHJil13a!liTI1 HCIIOJlh1YIOTC51 CB060)lllhiC OC-

11• •n:tlll15! 11 HYKJIC03IT.Lihi, BhiCBo6o)K.l.Iaioll(rrcc}! 111 IIYKJICIIIIOBhiX KrrCJIOT 11p11 

II I IIIT[Jal(ai[I111. fiOI!llTIIO, 'ITO ll '!TOM CJlY'IaC IIpCJ(IllCCTBCI!Ili1Kal\IIT HBJ]}IJOTOI 

lu "ll'l" CJIO)I(Jih!C CTpyKTypb! 11 J.(J151 IIOCfpOC!lli}l IIYKJICOTH.l.IIlh!X MOJICKY;1 Tpc­

h\ 1 1 u1 ocyu\CCTBHTL npoircccbi nx UITKJIH3aUHH. 06a nyn1 11MCIOT Ba)I(I!OC 

lll.l'll"IIHC ).III5! KJICTO'Il!OJ'O MCTa60JUl3MJ. flpn :HOM cym:CCTBCI!IIO, 'ITO ncp-

111.111 I l'l H11X (de novo) 11 B CJIY'IaC ITlipliMH.LIHJIOBOfO, 11 ).\}!H nypHIIOBOI'O 6¥!0-

, 1111 Ina M,[(CHTIT'II!bl .LIJIH 60JibllllfHCTBa OpraHH3MOB. 3L(CCb HC 1IpOHCXOL\11T, 

I I LIIIOCb 6bi CCTCCTBCIIHOfO, Tipi1COC.LIITHClll1H pH603hl K CB060.I\IlhlM OCHOBa-

111111~1 ryaHHHy, aL(CH11Hy, TITMI11Iy, l(HTifL\HHY If ypal(llJiy, a IIYTh K CHIITC3y 

l•l111pycTc5l Ha .ll:PYTOM np11IIUHne- rrpHcoc.LI11HCHHC p11603LI IT.LICT B npoueccc 

111111 IC I 0 CI1HTC3a. f111pHMM,[(I1HOBOC KOJibl(O CHHTC3MpyCTCH B BM,[(C OpOTaTa, IIpl1-

' 1.,-/l.IIIICHHOfO K cpoccpaTy pH603bi H 3aTCM IIp011CXO;:J,I1T KOIIBCpCIT5! ero B OCIIOB-

111.11" lll!piiMM,[(HHOBhiC HYKJICOTM,[(bl, ITCIIOJib3YCMhlC .LiaJICC B CITHTC3C HYKJICifH0-

111.1\ KIICJIOT. TaKHM o6pa30M, npoMC)I(YTO'IHhiMI1 npolr:yKTaMI1 B IIYT5IX de novo 

• Hoi 11 l)(llb!C OCHOBaHIT5! HC 5IBJ15IIOTCH. B TO )[(C BpCM51 OHI1 HRJI5!IOTC5! HHTCpMC­

'111.11 :tMI1 nprr HCKOTOpbiX nponcccax pcyriTJIH3aU1111. 

( 'lla'laJJa o CI1HTC3e rrrrp11MHL\HHOB. Ba)[(HhiMI1 npC.I\lllCCTBCHH11KaMI1 6110-

~ 11111 na nHpHM11.LIHHOB 11 IIYPHHOB 5!BJ15!IOTC51 cpoccpoprr6o3HJIIIHpocpoccpaT 

ti'H 1'1'), aMI1HOK11CJIOTI,r- nll1l(11H ,llJIH nypHHOB, acnapTaT ,llJI5I IIHp11Mll.lii1HOB, 

11< III'IIIHKOM aMI1Horpynnhi 5IBJI5!CTC5! rnyTaMHH. fnyTaMaT TaK)[(C 5!BJ15!CTC5! 

11· Jll'lllltKOM aMHnorpyiinLIIf .1\Ba)J(,llLI 11CIIOJ1b3YCTC5! .l.IJ15! 3TOH ncn11 np11 nony­

." 111111 IIYPHHOB. KaTaJIH3 B KJICTKax OCYillCCTBJIHIOT 6oJILIIIHC MYJibTltcpepMeHT-

111.11. KoMrmeKChi. KncTO'!HbiC Janachr nyKJICOTM,[(OB (KpoMc A TeD) HCBCJII1KH 11 

• 111 I:IIIJUJIOT HC 60JICC 'ICM 1 % OT KOJlWICCTBa, Tpe6yCMOfO L\1I5I CHHTC3a KJIC-

11 •'II I I>~ X D,HK. CneJ.t:OBaTeJILHO, CllHTC3 nyKJieOTML\OR .LIOJI)[(CH npoJJ:OJI)I(aTbC5! 
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li B IIpOl(CCCC CHHTC33 HYKJICHHOBhiX KlfCJIOT li MO)!(CT JIHMHTHpOB3Th IIpOl(CCChl 

peiUIIIK3l(liH H rpaHCKpliill(Hli ,.[{HK. 0TCI0):\3 IIOWITHO, H3CKOJILKO 6HOCHHTC3 

HYKJICOTH):IOB Ba)!(CH )]Jl5l rrpoucccon ):lcJienHH KJICTOK H OlfCBH):\IIO, 'ITO HHn:!-

6nTopLr CHHTC33 HYJ<.IICOTH):\OB MOryT OK333TLCH BCChM3 Ba)!(HbiMH COC):\HHCIIH51-

MI1 )]Jl5l MC):\11ll11Hhl. 

EuocnHTe3 nyp11HOBLIX nyrurcOTH):\OB de novo Ha•miiaeTcH c PRPP. HcTO'I­

IIMKaMH nypHHOBhiX yrJICpO):(HhiX 3TOMOB HBJIHIOTCJI pa3JIH'IIILIC COC):IHHCHHJ'I, 

'ITO ):\OKa3aHO CHHTC33MH, MCX0):\51 113 MClfCilhiX 14C 11 15N- ITpC):IWCCTBCHHHKOB 

(!!y')KHO y<ICCTL, <rro cpopMI1aT o6p33yeTc51 113 N 10-cpopMI1JITerpar1fnpOcpoJI3T3). 

flyrh IIypMIIOBOfO 6MOCI1IITC3a BKJIIO'IaCT IICpCIIOC aMI1IIOrpyrrrrLI OT rJIY­

TaMI1Ha K PRPP ):IJI51 co3n<mi1H C1-3TOM3. 06p33Yffill\Hi-ior 5-(jJoccpopH6o3HJI3-

MI1H- IICCT36HJibi!OC COC):\HIICI!l1C C BpCMCIICM II0,1Y)!(H31111 30 C IIpH pH 7,5. 

C02 
AcnajJTilT ~ frrHWIH 

~N:x/ I I N~ -<l>opMHar 

/~N NH 

<l>opMHar v 
AMH,lU!hlii a3(Yf 

r.JIVTaMHHa 

P11c. 3. CxeMa o6pa30Bamur 5-1>ocqJOp!160311JlaMHIIa 

Kor.ua pC'Ih li):\CT 0 XHMH'ICCKOM CHHTC3C MC~KJICOTH):\HhiX CB5!3CH Ba)!(­

HCHIIII1M MOMCHTOM RBJIHCTCH rro,n:6op 3aiUHTHhiX rpyrrrrHpOHOK WHI 6JIOKlfpOB3-

HH51 CB060):IHLIX fli):\pOKCHJihHLIX rpyrrrr yrJICBO):(HhiX cpparMCHTOB H 3MI1HOrpyrrii 

fCTCpOl(liKJIH'ICCKHX OCHOB3HHH HyruiC03li):\HhiX II HYKJICOTH):\HLIX KOMITOHCHTOB 

[ 415]. 3aiUHTa aMJ1Horpyrrrr neo6xo,n:I:!Ma wm ycTpaHeHHH rro6olfHLIX rrpou:ec­

con, T3KlfX KaK cpoccpopHJI11pOB3HI:!C C o6pa30B3HHCM COOTBCTCTBYIOIIII:!X cpoc­

cpaMI:!JJ:OB. 

B nacToHmee BpeMH JJ:JIH :noli u:eJII:! nmpoKo I:!CITOJILJyeTCH au;eTaJILH351 

33IUHT3, KOTOpOH ITOCBHIUCHO BCCbMa 60J1biiiOC KOJIH'ICCTBO HCCJIC):IOB3Hl:!ii 

( 416-466]. BecL 60JILIIIOH 6JIOK pa6oT, IIOCBHIUCHHLIH 3TOH rrpo6JICMC, paCCM3T­

pl:!B3Th B ):13HHOH MOHOrp3cpHH HCUCJICC006pa3HO, HO HaH60JICC B3)!(HhiC HCCJIC­

.Il:OB3H1:!51 6y.n:yr o6o6IUCHhi Hl:!)!(C. 

TaK, CHHTC3 OJIHfOHYKJICOTH):\OB Ha OCHOBC 3MHHOIIp01:!3BO)lHhiX nypl:!H3 

H ITIIpHMH):\11H3 OCYII!CCTBJICH rryTCM 33IUHThl IICpBH'IHLIX 3MHHOrpyrrrr C IIO­

MOII!hiO ):IHMCTHJI3U:CTaJIH JJ:I:!MCTHJicpopMaMH):\3 (1 a) [416]. Ba)!(Ho, 'ITo 33IIIH­

T3 JICfKO Y_llaJIHCTC51 IIpH Klfii5I'ICHHl1 IIOJIYlfCHHOfO 3Mli):\HH3 B 3T3HOJIC lillH pa3-

6aBJICHHOM 3MMI:!3KC (CXCM3 274). 
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CxeMa274 
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Ia N~ 
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I 
2',3 '-0-3TIJKCHMeTHJienryaH03HH 

R 

II p;!OOTC ( 417] OITHCaJIO B3aHMO):\CHCTBHC )lHMCTHJial(CTaJIH ,O:HMCTHJicpop­

~~Htll/1;1 (1 b) C p33JIH'!HhiMH fCTcpoapOM3TJ1<ICCKHMH 3MHH3Ml1 III1pHMl1):\11-

llollll 11 • • 1mn3 c o6p330B3HHCM COOTBCTCTBYIOIIIHX aM1fnHHOB. IIoKa3aHo, 'ITO 

I'IIIII>IIYKJIC03li):\hi CIIOC06HLI ITO):\BCpf3ThCH T3KOH )!(C pCaKl(HH, HO IIOMHMO 33-

1111111.1 ;JMHHOrpyrriiLI H3 pl160HYKJIC0311)lOB 06p33YffiTCH CIUC 11 2',3'-):IHMCTH­

'Ioi~IIIIIOMCTHJICHIIpOl13BO)llihiC (390) (CXCMa 275). 

NAI 
o~N) 

HO~ 
OH OH 

CxeMa275 

M~NCH(OEtn 

N~ 

)~)NM~ 
N 

la 

• 

HOH~~O 

o)<.H 
Me2N 390 

I, 

11 i 
' 

I 

I! 



176 .f.,w6a 3. 06o6U{eHue Ul!rjJopMau,uu o cuwnemu'leCKOM nomeHU,UGole au,ema11eii ... 

Oco6o OTMCTHM, <rTo au:eT<L'IhiiaH <raCTh coe,UHHCJ-1115! (390) nerKo ynanHeT­

CH I1p11 HarpCBaHHH B BO,UC, a aMH,[II1liOBa5! - rrpH o6pa60TKC MCTaHOJihHhiM 

aMMHaKoM. Co3,Uamre rro.uo6Horo pona 3all(HTHhiX rpyrrrr orr11cano B pa6oTax 

[418-420). OT,UCJihHO ocTaHOBHMCH na HCCJIC,UOBaHHH [421): B 3Toii pa6me rrpo­

Be,UeHa IIOCJIC,il.OBaTCJ!hHaH 3allU1Ta )TJICBO,L(Hh!X 2',3'-rH,UpOKCHrpyrrrr ryaH03liH-

5'-4Joc¢aTa rryTCM B3alf.\10,il.CMCTBI1H C OpTOMypaBhl1Hh!M ::JcPHPOM (20 °C, 15 'I) 

H 3aTcM aMmwrpyrrnhi KOH,Ucncaurrcti c ancT<L'ICM (I a). B pc3yiiLTaTc CMHTe­

:mpomm IIOJIIIOCTh!O <<3all(111UCHHLIH'> ¢oc¢aT (391). 

0 

HN~N 
Me,N~N--l J_ ) 

0:-,.!0~N 0 N 
"'P 

H0/1 
OH oxo 

EtO 
391 H 

0,ll.IIOMI13 BCDKIICHilli1X llp06JICM, B03HHKa!Oll(I1X !IpH CHIITC"3C OJII1I'O,il.C30K­

CI1HYKJICOTI1,L(OB, 5!BJI5!CT01 HC06XO,il.I1MOCTh CI!HTllii TpHTIUTLIIOH 3alU,l1Thl, <ITO 

MO)I(CT 6hiTh OCYJl(CCTBJICHO TOJ!hKO rrp11 HaJIH'IHH CTa6HJih!IOH 3all(I1THOH rpyrr­

IIHpOBKH np11 aMHHorpyrrne HYKJICOTI1,L(a. B rrpoTHBHOM cJiyqae :na rpyrrnM­

pOBKa CHHMaCTC5! O,!l;IIOBpCMCHHO C TpHTl!JlhHOH, 'ITO C03,UaCT HCI1pCO!l,OJI11MhiC 

TPY.UHOCTH nprr ,UaJihHCHil!CM CHHTC3e, narrpHMep ,IJ,C30KCHHYKJICOTI1,L(a ¢oc¢o­

paMI1,L\HTOB THTia (392). IJOIIhiTKI1 3all(I1TI1Tb aMHJrorpynny ,Il,C30KCHa)1CH03II­

IIa (393), 11C!IO!lb3YH ,Il,HMCTI1JiaUCTaJih ,il.I1MCTHJicPOPMaMI1,L(a, OKa3aJIHCh 6e3y­

CI1ClllllhiMH, T. K. o6pa3yroll(a5!CH B 3TOM CJiy<IaC JJ;I1MCTHJiaMHHOMCTHJICHOBa5! 

rpynnHpOBKa 6biCTp0 r11JJ;pOJIH3YCTC5! B Ka<JCCTBC 3all(I1TIIOH rpynnhl IICI1pi1-

Cl\UICMa. BhiXOJJ: 113 noJIO)I(CHHH 6hm nai1,UeH TIYTCM 11C!IOJih30BaHHH ,IJ,HMCTHJI­

au:eTarr5! N-MCTHJinHppoJII1,L\OHa-2 (246) [422]. Ilorry'ICHHaH np11 3TOM aMI1,L\H­

HOBa5! rpynna B COC)1HHCHHI1 (394) HC CHHMaCTC5! B yCJIOBI15!X IT!JJ:p0JIII3a 

TpHTHJihHOH 3all(HThi, HO MO)I(CT 6hiTh JICI'KO y,UaJICHa o6pa60TKOM BOZIIILIM aM­

MIIaKOM ll!IH CMCChiO 3Tl1JICH,UHaMHH - cPCHOJI - BO,Ua ( 10 : 40 : 4). 0TCIO,IJ,a 

C)lCJiaH BbiBO,il. 06 OC060i1: !IpHBJICKaTCJ!hHOCTH HMCHHO 3TOH 3all(HTH0ll rpyrr­

Ilhl. 0nHcaHHbiH Bhl!IIC CHHTC3 IlpC.UCTaBJICH Ha CXCMC 276. 

I1pOBO,il.HMhiC HCCJIC,il.OBaHHH TIO MO!IH<lJMKaUHH OCHOBaHHll 2'-.UC30KCHpii-

60HYKJIC0311,L\OB 'IpC3Bhi<raHHO Ba)I(Hhl ,Il,JI5! pa3BHTI1H 6HOTCXHOJIOfHH 11: COOT­

BCTCTBCHHO ,Il,!IH TIOHCKOBhiX llCCJIC,il.OBaHI1lf B o6JiaCTI1 MC)liiL\liHCKOH XHMI111. 
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8 Harne BpCM51 CT3J!O .[(OCT3TOqHQ .[(OCT)'llHbiM C03,[(3Hl'IC HOBhiX MO.[(vH!HIIIHp0-

B3HHh!X}J,HK. B pa60Te [423] BhiCKa3aHo npe.n:noJio)!(eHrre o no)~o6rrH cTpYJ<TY­

phr ryaH03HH3 (395) Jil HYKJIC03H)~a ll3 IIpOTOHHpOBaiiHOH Q)OpMhi HMH.[(330Tpll3-

311H3 (396), qTo c03,n:aeT rrpe.n:rrochUlKH M51 rro.n:xona K HOBhiM )J,HK. l1cxo.[(51 

113 :nora, IIpOBC.[(CH CI1HTC3 HOBOT'O HYKJIC03H.[(3 (397) (cxeMa 277) 11 HJyqeHhl 

HCKOTOphiC Cf'O CBOHCTBa. 

0 
CxeMa277 

0 

l~N) HN)l_y) 
H2N N N H2N)l N).__ N 

HO-Y 0~ HO~ 0~ 
~~--jl \..r-1' J1MH.D;a30Tplla3RH 

ryaH03J.IH OH 395 396 OH ripOToHnposaHHaJI clJopMa 

Me 0 

l)Me2N&oMeh NM~ NAN~ 
2) P0ilH-1plla30JI I )l I J 
3) NC(CHzbOP(O)N(i-Prh MeAN N~ N 

(MeO}z TrO-y O~ 

39~ ''t--l 
R~ P(i-Pr2)N(OCH2CH2CN) OR 

0 

A. J NJ 
HzN N)-_N 

(MoO),T<O~ 

OH 

lfHTepeCHO, 'ITO HYKHCOTH.[(hl, IIOJIY'ICHHhiC H3 OCHOBC (397), CIIOC06Hbl 

no.n:o6Ho )J,HK o6pa30BhiB3Th aHTHnapaJIJieJihHhie cKpY'ICHHhre .n:yniieKChi, cTa-

6HJIH3HposaHHhre BO.[(OpO.[(HhiMH CB5l35IMI1. 

B ny6JIHK31.(Hll [424] T3K)!(C OIIHC3HO B33HMO.[(CHCTBHC 3MH.[(31.(CTaJICH C .[(C-

30KCHI.(HTH.[(HHOM. Ho u:enh ::noii: pa6oThi 6hma HHOH - aBTOphi .n:o6HBaJIHCh 

yseJIWICHH5I JIHIIOcpHIIhHOCTH HCXO.[(HOfO HYKJIC03H.[(3 ( CXCMa 278). 

N:XNH2 N J ~ Rlli(OMeh 

OHO~ 
OH 

CxeMa278 

N~ 

J~:) 
000~ 

OH 

R= M~N, Fi2N, Pr2N, 
i-Pr2N, 

O.Q.c:J 
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8 XO.[(C CHHTC33 IIOBOT'O I-IYKJIC03H.[(HOT'O 3HTII6IIOTIIKa 3CK3MHI.(IIH3, I!pO­

IIIIIIHIIICf'O Bh!COKYJO 3HTII63KTCpiiaiihHYIO 3KTI1BHOCTh, 31.(CTaJih (1 a) 6hiJI IIC­

II11111.30B3H .[(JI5l noJiyqeiiii5l 33IIIHTHh!X rpynn riO OTHOIIICHHIO K CY1Ihcp3Mll.[(­

II11MJ' cpparMCHT)' H 3.[(CHIII!OBOH 3MIIHOrpynne [ 425]. 

NH2 

a ;:)c) 
oJ'0~ 

RIIN-lo, H' 
0 0 

AKC8MIIl(IIH X 
R =L-aJiaHIIJI 

QqCHb HHTCpCCIIO, 'ITO KOHJJ:CHCai.(HK) 31.(CTaJI5l flO CYJihQJ3MII.[(IIOH ll al\1ll­

ll111pynne MO)!(IIO IIpOBCCTI1 pa3.[(CJThllO, no IICpBOH - I!pli f!OIIJ1)!(C!IHOH TCM-

1WpaType, nO BTOpOH - np11 KOMHaTHOH 11 Hpll IICnOJJh30BaHI111 J136h!TKa 

'~'''l~au:eTaJI51 (cxeMa 279). 

CxeMa279 

N:):NH, N::,_ Ia N:XNH, N::,_ 
I I ) 3KBHMOllllpHOe I I ) 
0~~~ N KO~~· O~~~N N I o I o 

11 1N-SOz y-SOz 
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N~:e2 

la ~ 
3,5-Kpann.rii I ) 

H36LITOK, ~ N 

zooc ?~NO 
N-SOz 

)I 
MezN 

oXo 
7-fJIIIK03H.[(hl 8-aMHI-IoryaHI1H3 (398) T3K)!(C BCTyn3IOT B peaK1IHIO C .[(ll3THII­

.IIl\'TaJICM .n:nMeTHIIcpopMaMH.D:a (I b), npn 3TOM I-Iai1,IJ:CHhi ycJJOB1151, npw KOTOphrx 

II 11pOUeCC BCTYII3CT TOJihKO 3MI1HOrpynna, H3X0.[(5llll351C5l B IIMII.[(a30JJhHOM 

IIIIKJlC (CXCM3 28Q) [426). 

3ali.(HT3 3MIIHOrpynn 31.(CTaJibHb!M MCTO)IOM OCYIIICCTBJJCHa ll I-!3 npHMepax 

1110ryaHHHa (399) II II301li1T0311H3 (400) (CXCMa 281) [427]. 

)J,JI5I BhiHCHCH1151 poJJII N 7 B ryano3HHe 11 a,ueH03IIHe noJiyqeHbi 7-.n:eJaJa­

' y;III03HH (401) II 7-JlC333aa)leH03HH, C KOTOphiMI1 6hiJIII llpOBC.[(CHhi KOI-l.[(eH-

1: 
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C3UHI1 C ,11}13THJT3UCTaJICM ,1.\HMCTHJicpOpMaMH~J;a (1 b). fTOJiy<IeHHb!C H)'KJIC03H­

L(bl HCITOJib30BaHbi MSI CHHTC33 HYKJICOTHIJ;OB l1 OJTHfOH)'KJICOTHL(OB, HarrpHMCp 

CXCMa 282 (MSI 3MHHOryaH03I1Ha) [428, 429j. 

B pa60TC [430] ITOK333HO, 'ITO 3UCTaJIH MOryT )"'3CTBOB3Tb B 33UIHTC He 

TOJibKO H)'KJIC03H,l.\OB l1 HYKJICOTH,l.\OB, HO H )'rJICBO,l.\OB, CB060).(Hb!X OT ITHpH­

MHL(HHOBbiX HJTH nypHHOBbiX OCHOB3HHM. flpHMCpOM 3TOfO SIBJISICTCSI peaKUHSI, 

rrpep;cTaBJTCHHaSI B cxeMe 283. 

B f!OflbiTKaX C03).(3HHSI HOBbiX MO,l.\HcpHU:HpOB3HHhiX H)'KJICOTH,l.\OB, HMCIO­

IIIHX ITOBbllliCHHOC Cp0!1;CTBO K !1;C30KCHpH60HYKJICHHOBbiM KHCJIOT3M, B MOJICK)'­

JI)' 5-MCTHJIUHT03HH3 6biJI BBCL(CH ,1.\0ITOJIHHTCJibHblM 33MCCTHTCJib, C0!1;Cp)I(3UIHM 

.?.2. PeaKtjUU al{ema;leii aMuooe u JlaKmaMoe c HYKJieorj;u..1blibtMU pea?eH!naMu 181 

0 CxeMa282 
0 

HN..- ~ HN:JJ- rNMe2 
II T-NH2 I I N 

N N 

HO-----. 0. I • - HOl( 
0~ 

401 HO OH H' 
OH OH 

Me 

~\ AeO\<O~ 
AcO OAc Br 

CxeMa 283 
Me 

AcO:s=T1 Me2NCH(0Me)z 

AcO 0~ ~O 

,,,•''bMc 

1 pHcpTOpaueTHJibHhiM ¢parMei!T ( cxeMa 284) 1431]. Ha ounoi1113 rrpoMC)I()'TO'I­

JJbiX CT<!LlHi1 CHHTCJa ocyulGCTBJieHa pcaxwui c UHMI:THJiaileT<JJICM N-MCTI1JlnHp­

poJIHAOHa (246) rum JaU!HTbl MeTHJIUHTOJHHOBOM aMHHorpynllhl. Kax y)i(e yno­

~111HaJiocb (CM. CXCM)' 276), 11CI10Jib3013<lHI1C TaKOM UHKJII1'1CCKOH CHaMHHOBOM 

l:tlUiiTbl ITp11BO,l.\HT K ITOBblWCHHIO CTa6HJibHOCTI1 CH3MI1HOBOrO cpparMCHTa. 

NH2 

Mol(~lo 
CxeMa284 

II .OMe 

~NAOMe 
I 

0:10~ 

Tit H ___/"" N>KXU, 
0 0 

Me .. 

TIPs = 1 '1 ,3 ,3 -TeTpaH30IIp0ITJUJ)IHCIDIOKCaH 

D 
~ ~e 

Me llNlO 
0~ I 

TIPS 

~0 ___/"NHOOCF, 0 

CHIITC3 IIOJIHOCTbJO no BCCM cpyHKUHOHaJibllhiM rpyrrrraM 33IIII1IIICHHhiX 

OJII1fOII)'KJICOTI1!1;0B pCaJII130BaH B pa60TC [ 432), IIpWICM TICpBOH CT3,1.\HCH, o6cc­

IIG'll1B310UICH IJ;aJib!ICHUI11C B03MO)I(H0CTH BBCIJ;C!IH}[ 33UIHTHhlX rpyrrrr, SIBAACTCSI 

IIMCHHO pCaKUH}[ HYKJIC03HA3, CHHTC3HpOB31HIOro Ha OCHOBC H30ry3HHH3 (402), 
C L(I13THJiaqeTaJICM ,l.\HMCTH1IcpOpMaMI1!1;3 ( 1 b) ( CXCMa 285). 

i 

I' ~ 



-·~~ ............................ ~-------------------

182 £wea 3. 06o6U{eHue uHrjJopMau,uu o cuHmemu<teCKOM nomeHu,ua.1e awma,1eii ... 

CxeMa 285 

~ 
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/ 0 MeOTr/ 0 
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HN \ 'J 

~
i'iM~NCH(< 

HO AM<I>A 
12<1, 2ooc 

OH OH 402 

MeOTr = 4-MewKcHTpn~eHHJIMeTHJI 

B pa6oTc [ 433] ocyu~ccTBJICII CYIHTC3 5' -0-[6eH3riiJI:PHJI I oKcu-6uc-(Tpii­

MCTIIJICMJIHII)-2' -0-[6uc-(2-aucTOKCII)MeTHIIYPH.ll:HH-3' -(MCTI1JI- N, N-J~MM30rrpo­
rrHII)q>occpopaMH,ll,MTa] (403) (cxeMa 2X6), 6a:mpy5!Cb H3 KOTOpOM IIOJIY'ICH3 CO-

OTBCTCTB)'IOlU35! PHK. 

l1HHUIIl1pOB3HMC Tp3HCJI51Hl111 HrpaeT KpHTWICCK)'IO pOJih np11 KJICTO'IHOM 

pocTc. ITp11 mUIH'lMH anoMaJILIIO BLICOKoro ypoBHH cpaKTopa IIIIHU113UIII1, o6o-

3Ha'laeMoro xaK e I F4 E B HCKOTopux BH)l,ax 3JIOK3'ICCTBCHHhiX orryxoJici1 y 

JI!O)l,Cll, llpC)l,flOJI3f3CTOI., '!TO <pparMCHT ::norO cpaKTOpa, B KOTOpOM 5,5'-TpH­

cpoccpaTHbiM MOCTHK CB5133H 7-MCTHJiryaH03l1HOM, HBJIHCTCH nepCIICKTI1BHOM 

MUlllCHbiO .lJ:lUI npOTHBOOIIYXOJICBblX CpC)l,CTB. 

C UCJib!O C03J1:3Hl15! B03MO)KHOCTI1 )l,JIH HJI:CHTHcp.11K3U1111 ::noro CB513biB3HI15l 

CHHTC3HpOB3HO cjJJIIOOpCCUHp)'IOlliCC rrp0.113BO)l,HOC 7-MCTHJiry3H0311HcjJOCcjJaTa 

11 H3Y'lCHO ero )1,03033BI1CHMOC CBH3hiB3HI1C C O'lHlliCHHbiM 'lCJIOBC'lCCKHM 

cpaKTOpOM .11H11U113U11l1. HH)KC JIOK333H CHHTC3 UCJICBOfO COC)l,l1HCH11ll ( 404) 

(cxeMa 287, c. 184) [434]. 

HoBhiM KJiacc nyKJic0311Jl:OB- 2(~-D-pH6ocpypaH031111)IIHpHMHJI:I1Hhi ( 405) 
C03)1,3H, HCXO)l,H 113 mipOBI1HOrp3Jl:HOf0 3cp.11p3, CfO KOHJI:CHC3UCH C 3UCTaJICM 

( 1 b) C IIOCJIC.ll:Y!OlliCM UHKJII133UHCM JIOITY'JCHHOfO CH3M11HOKap6oHHJihHOf0 CO­

C.ll:I1HCHI15l (406) IIY'fCM CfO o6pa60TKl1 yrJICBO)l,CO)l:Cp)K3llil1M 3MH,ll,11HOBbiM np0-

113BO)l,HblM (407) (CXCM3 288, C. 185) [435]. 

UHKJIH'IccKaH 6uc(3'-5')nHryaHHJIOBaH KHCJIOTa (c-di-GMP) (408)- rrpH­

pOJ1Hhii1 HYKJICOTH,ll,, npiiBJieKaJOlliHM B H3CT05llliCC speMH 3Ha'liiTCJihHOc BHI1-

MaHHe HCJIC)l:OB3TCJ!Cll B CB5l311 C TCM, '!TO peryJIIIpyeT UCJIJI!OJI03Hblll CHHTC3 y 

6aKTep11i1 Acetobacter xylinium, ycKOpHeT CHHTC3 )lHK. EcTh rrpenrroJIO)KCHI1e, 

'!TO (408) MO)KCT IIp051BJI5lTb npOTHBOOIIyxOJICBYIO 3KTIIBHOCTb. 

.1.2. PeaKu,uu au,ema,1eii aMuiJoe u JlaKmaMoe c HYKileorjJUJlbHbLMU pea<eHmaMu 

~ 

~r 
0 ~ 

~--< ~ <) 

o=\_j ~ 
-P?~ 

0 --

\~-o--)- o~ 

- o o ~ __ o I 
o -- - A 

Q j \~] >- 0 " 

\~-o-)- ~ 1'-

0 

@ 

l ~ 0 
<) 

~ 
fB 
0 

i§ I 
0 --

\~-o--)-

183 

r 



184 Dwna 3. 06o6w,eHue uHrjJopMau,uu o cuHmemu'leCKOM nomeHU,UCL?e au,emMeii ... 

'I 
~J 
8.! ll 

~ 
~ 
u 
"' ~ 

u 

i ,• 
01) 

:X: I ~ 

l. .. 0~ 
~ Qo 

~t_r{n r \--< z 
0 

-1~ ... :::g 

t 0+ ··r\; b.-\_ 0 

~-Q-1 
0 

• ' 
' 
:~ 
'0 

~ 

J 
II 

-~ 
ll-o 

0 

0 

J: 

Zt:I: 

~0 0 

j~~-- 0+ 
u ···~o 
z {;' 6 ....... ( 

~ z 

\-Q-1 
0 

6 

@ 

Zt:I: 

~ .., 

r:/ 0 

~/ 'o + !..../; 
b-\_: 

~*1~ 
0 

3.2. PeaKu,uu au,ema,1eu a.Mui!oe u ;zaKmaMOB c IIYK!leorjJU..?bHbtMU pea<·ewnaMu 185 

MeCXXDOEt 
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CxeMa288 

Mc2NCH =CHCXXDOEt 
406 

I(YmoEt 

HO'(JN N 

... 
405 

OO OH 

:o--CayNH2 

w·HO --­
OO OH 

407 

f1p11 peaJII13ill\11H CIIHTe3a JToro HyKJieOTHLI:a [436] B Ka'ICCTBC 3all.(HTHOH 

rpynllbl l1C!10Jlb3YCTC51 <jJOpMaMH)ll1HOBblH <jlparMCIIT, ITOJIY'IaCMb!H C Y'l3CTHCM 

lmMCTJ1JiaUCTaJI51 )..(11MCTI1JI(p0pMaMII,T.L<I (1 a) (CXCMa 2X9, C. 1~6). 

AMI1)l,l1HOBa5l 3aU(l1Ta rrpHMCHCHa TaJOKe l1 JV15l OJIIUOHYKJIC03l1)..(0B na OCHO­

HC HCITpHpO)..(Hb!X l1Ml1)la30JibHbiX Cl1CTCM [437[ THf!a (409). 

DMTrO 

NC 
"'-a 

" zPr~P-O 
I 
H 

N I( }-j/NMe
2 

0. N 

409 

Henp11pOJJ,HbiC ( 41 0) HYKJICOTH)lbl Cl1HTC311pOBaHbl T310KC Ha OCHOBe ITTC­

p11)li1HOB, 11 3)..(eCb l1CfiOJib30BaHa aMI1LI:l1HOB35I 33Wl1TH3.5I rpyrrrra (cxeMa 290, 

c. 187) [438]. 
11 ewe O)..(HO 11CCJie)..(OB3HHe, Ha KOTOpOM Ueolecoo6pa3HO OCT3HOBI1ThC5I B 

l1.i13HC o6c)')K.l.laCMOf0 M3Tep!1aJia, KaCaiOlUCfOC51 3all.(HTHhiX rpyTIIT11pOBOK, -

"JTO CI1HTC3 2"-UHaH3Tl11Il1pOB3HHhlX p!160HyKJie03I1LI:OB II pl160HyKJieOTl1)..(0B 

[439]. 11 3Jl,eCh CHa'laJia CTOHT )..(3Th l1H<i;>opMaUl110 0 TaK Ha3bJBaCMbiX M11Kp0-

PHK - l1HTepecnei1wei1 o6JiaCTH 6!1oJior1111, rrony'IaiOruei1 nonoe pa3Bl1THe B 

uacToSiwee npeM}I [440]. He6oJihl!lHe PHK-ri1LI:hi- JTO MHKpoPHK, MaJieHh­

Kl1e 11HTep<i;>epHpyiOllll1C (HHTep<i;>epCHU115I- B3aHMOfiOJJ,aBJICHI1C Oi.I,HOBpeMeH-

110 BhlllOJIHHCl\!hlX IlpOUCCCOB, HallpHMep LI:JIH B11pycoB HHrH6HTOpHOC )..(eHCTBHe 

onnoro BHpyca Ha penpOLI:YKJlHIO .IIpyroro n11pyca) PHK 11 nonTopHo CBH3aHHhre 
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(o6bC!l,HIIl'IIIIt.ll') l'ffK, OT 21 .[(0 30 HYKJICOTI1.[(0B )J)IHHhl C03.[(310T p33JJW!HhiC 

KJICTO'IIII·Il' IIVTH OT XpOMOClH1HOH apXHTCKT)'phl .[(0 COXp3HCHH5f CTI30o10BbiX 

KJICTOK. lit;pn 15 JICT nocJIC OTKphiTlf5f PHK-HHTepqlepeHUHH Mbl TOo1hKO Ha­

'IJ1IIaCl\! nonMMaTb my6HHY 11 CJJO.lKHOCTh Taro, KaK 3Tlf PHK peryJJMPYIOT 3K­

cnpcccMIO fCHOB If paCCM3TpHB3Tb lfX pOJih B C03.[(iUII111 ::JBOJJ!Ol(HOI!HOH lfCTO­

p!!H Bh!CIIII1X 3}'K3pHOTOB. 

B 1969 r. EpHrreu II Ll,aBH)lCOH rrpeLI.!IOJIO>KI1JIH, •no PHK cnci(HCjJWIHhi 

):(,1.5! OITpC):(CJICHHb!X fCHOB, KOTOpb!C BKJIIO~IaJOTOI I! Bb!KJII0'!3IOTC>I B :JYKapi1-

0TI1'ICCKIIX K 1ICTKax. J..Ix HI1CH ocHOBana 11a npana.:Jax YoTcoHa l1 Kp!!Ka, pcwa­

IOIUHX llpOOJICMbl pcryJJ>JUI!l1 ::>yKapHOTWICCKHX I'CIIOB. C DOCJJC~!YK)JIUIM OTKpbi­

TY!Cl\1 OCJIKOBO-TpaliCKp!!TII[HOIIHh!X <!JaKTOpOll (HX, ncpmiTIIO, I X 50 y o1IO.[(CH) 

MJJC}J o TOM, 'ITO JXI'3Hoo6pa:moe BblcrpaHBai!Mc nopHJlKa PHK nt)LOH onpcLI.e­

JJHcT !IpocJmJJh 3KCI1pCCCIIH Ka>K)lOfO nma KJICTOK paCTCIIHi1 !1JII1 )K]1!l0TllbiX, 

6biJia oT6pomcna. cDaKnt•rccKM iPHK--- 3TO KpOIIIC'IIIhiC PHK, MaJibiC HI!Tep­

qJcpMpyiOlll11C PHK (siRNAs) peryn11py1oT no MCilhliicil MCpc TpCTh 'ICJJOBe­

'ICCKHx rciiOB. MaJIMC PH K, OT 21 .uo 30 HYKJICOTI1JIOB (nt) B )JJIHHY onpCJ!CJI5f­

.iOT CI1CI}HCp11'IIIOCTh 1Jia'I11TC .. 1bll01"0 )LI1aiTa30ila 6110J10fWICCKHX nyrci1. f)C3 3TRX 

PHK rrpoHCXOJ111T ycKopciiuoc pa3pywcH!1c peryJIHIU1i1 ( cunraJI K pa3pywe­

H11KJ l'CHOMa), CTBOJJOBhiC KJJCTKI1 yTpa'II1BaKJTC}!, M03f H MYCKYJihl npCKpama­

IOT pa3Bl1THC, paCTCI!IUI CTai!Oll5ITCH )I(CpTBOM BHpyCHOM 11IIqJCKl[HH, I}BCTbi 

TCp51KJT <j:JopMy H CI10C06IIOCTb DpHBJJCKaTb ll'ICJJ, y KJICTOK 11C'IC3a!OT <p)'HK­

l[HOHaJJhHbiC I}CHTpOMCpbl 11 IlpO!!CXOJlllT )JC3pcrymiUI151 HIICYJI!lllOBOH CCKpe­

I}IUJ. ITpo!lYKJLilH 11 <j:JyiiKU1111 MaJJbiX PHK Tpc6yiOT o6mcro pH)Ja 6cJIKOB: llBYX­

ueno•rcquotl PHK (dsRNA)- cncun<jJH'lecK!lX 3IlllOHYK'ICa3, TaKMx KaK Dicer, 

dsPHK-£B5f3biBaKJmllx 6cJIKOB 11 6cJJKOB, Ha3nmaeMhix Argonaute proteins, CB51-

3biBaJOIURX MaJihie PHK. CosMeCTHo M<illhiC PHK 11 accoui1HpoBaHHbre c HllMH 

6CJJKI1 TIO)JaBJI51KJT TIYTli, KOTOphiC pcryJIMpyKJT TpaHCKpMOILiliO, XpOMaTI111 If, 

B 6oJJcc o6meM Bl1)le, MPHK-cTa6IlJiniiOCTh. CTp}'Krypa reuoMno HCTpOIIYThiX 

PHK MO)I(CT 6hiTb MaJJOi1, uo 11x nponyKU1151 noJIHOCThKJ pa3BI1TOH, Il perymr­

TOpHaJI <iJYHKI}HH Tpc6yeT yqaCTHH 60JihlliOfO KOJJI1'1CCTBa 6CJJKOB. 

B 1990 r. CI1HTC3!lpoBaHbi JIBe rpyrrnhr cBcpx3KCnpecotpoBaHHhiX m1rMeH­

THhiX <iJepMCHTOB }lJI51 IlpOLIYKU1111 my60KO rryprrypHhiX UBCTOB ITCTYH1111, HO 

BMCCTO 3T0f0 6hiJJif IlOJiy<ICHbl !1pC11MYlllCCTBCHHO 6CJJh!C UBCThl. 3TOT <j:JeHOMCH 

6biJJ Bhi3BaH KOCyrrpCCCHCH, ITOCKOJJhKY Tp3HCI'CHHblC 11 3H)JOfCHHbiC I'CHhl 6biJJl1 

KOOp)JI1lfHpOBaHHO penpeCCHpOBaHhl l1 11X OTKpb!THC OITpC)lCJI5fCTC51 IlpH 11CCJJC­

)JOBaHl1H 3amymeHHH PHK. TaKoc 5fBJICH11e, KaK no.LiaBJICHliC <iJYHKUI1H PHK 

OIT03HaHo B rn11poKOM p51J1Y 3yKap110TOB. PHK-11HTcp<j:JepeHUl15f (RNAi) -

B03MO:lKHO HallJiy<IIIIMi1 113 H3BCCTHbiX ITYTei1 BMemaTCJJhCTBa MH 6JioKMposa­

HH5! 3KCTipCCCI1H JJKJ6hiX HaXOJ15llllllXC51 P5fli.OM reHOB B Ill!!pOKOM p5IJIY 3yKa­

pHOTOB np11 3HaHH5fX TOJihKO qacTrr reHHhiX nocJICJlOBaTeJihHOCTCH. B HacT05!-
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llll'l' BpCM5f IlpOBO}l51TC5! KJIIfHH'lCCKI1C 11CITbiTaHH51 Ha JIIO)J5IX, TCCTHPYJOIIJHC 

lll"f.:tpcTBa, ocHOBaHHhle na <PYHKUII5fX iPHK. ToT <j:JaKT, 'ITO PHK Moryr rro­

H.tt~JIHTh 3KcrrpeccHKJ rcHOB B Caenorhahditis elegans, 5fBJJ5fCTC5! rrpophiBOM B 

I'll K-11HTCp<j:JepeHI}HI1, 'ITO CJIC.UYCT 113 OTKph!TI151 TOro, 'ITO dsRNA 51BJI5ICTC5f 

III"IICTBI1TCJibHO TpHrrepoM cneuH<jJ!l'!ecKoi1 .uecTpYKUHH mRNA, 11 onpe.uenH­

' I IIOCJIC)lOBaTCJJb!IOCTb, B KOTOpoi1 mRNA pa3pyrnaeTC5f. fi03)JHCC 6biJJO 06-

II.IJlV>KCHO, •no dsRNA rrpeBpamacTC5! B siRNAs- <j:JparMeHT 11CXO)J,HOH dsRNA 

1 J(lll.fiiOH OT 21 )10 25 HYKJICOTI1)l0B, 'ITO BC,UCT K 6eJJKOBbiM KOMIIJJCKC3M KOM­

II'Il'MCHTapHbiM mRNA MiflliCHHM, 3KCilpCCCI1H KOTOpblX JUf'repcpcpHpOBaHa. 

I .!Kl1M o6pa30M, )JCHCTBHTCJibHhlH MCXal!I13M )lCHCTBI15! M11Kpo-PHK 110Jl06CH 

p.IIIIICH MO)JC.1JI1 )JJJ51 cyrrpecCH11 paCTCIIHH, KOTOpa5! ITOC"IYJI11pyeT, 'ITO MaJibiC 

I'll K, np0113BCJ1CIIIIbiC ll3 cscpx::>KcnpccciiBHhlX rciioB, MOI)'T .uaBaTh TOJJ'lOK 

,. llllaKTHBaUH11 Ko-cynpcccHBHhrx rcHOB (15). B npoTI1BOHOJJO)f(JIOCTh siRNAs, 

f t>IOpbiC npOH3BC.liCIIbl 113 dsRNA C COTH5fMI1 11 TbiCH'!aMll rrap OCIIOB3HHH, 

n11RNAs np0113BCJ1CIIhi 113 TpancKp1111TOB (pri-miRNA), co)lCp)l(amnx neTJICBhie 

111111 IIIIT!lJIC'lHhrc CTPYKTYPbi B 70 HYKJICOTHLIOB )JJIHHoil. lllruurhKH Bhipe3aKJT 

I''' miRNA np11 y•IaCTI1H dsRNA-cncu11<1JwrccKoi1 :JHLIOHyKJiea3bi Drosha, 

ll!'liCTBYJOIUCH COBMCCTIIO C CC dsRNACBH3biBaKJlllHM 6eJJKOBhiM napTHCpOM 

I H ICR8 y JJKJJlei1 IlJIH JICTaKJIIJI1X BPCHHTCJJCH c BbiXOJlOM K prc-miRNA. 3peJibie 

1111RNA BKHKJ'ICHhl B O)JI1ll 113 miRNA-pcriiCTp, BXOJ15f!UHH B 6a3y )JaiiHbiX, 

1·. t' mpa5! KOOp)JHIIHpyeT miRNA-aiiiiOTai}HKJ, pcri1CTpllpYJOlllYKJ 1650 11H)JHBH­

''V·IJihllb!X reHoB, 1648 113 KOTOpbiX 6hiJJH OTKpbiTbi collCCM nc.uasuo- B XXI B. 

ll 1 o BpCM5f KaK siRNAs o6HapY>KCIIhl B 3YKap110TaX OT OCHOBaHHH flO Bepxyw-

1<11 tjHIJIOfCIICTI1'ICCKOI'O )JCpeBa, miRNAs OTKpbiTbl TOJihKO B paCTCIIIDIX H )1(11-

ltt llllh!X 11 11X BHpycax. CcrO)JII5f Y>KC HCCOMIICHHO, 'ITO miRNAs COCTaBmrKJT 

l•oJIJ,IJIOH KJiacc pH6opcryJI5fT0pOB. lJeJIOBC'!CCKI1H fCHOM MO)I(CT COJlCp)l(aTh JlO 

101)1) miRNAs, '!aCTh ll3 KOTOphiX HC TOJibKO )'HI1KaJJbHbl )J,JI5I JIKJ}lCH, HO MOryT 

t.IKii\C .ueJJaTh Ka)l()loro ll3 nac ynMKaJJhHhiM qeJIOBCKOM. He.uaBHHC ycllJII15! 

""P''ilCJIHTb 3TOT MaJJhii1 PHK-KJiacc B rroJIHoi1 Mcpe BCKpbiJJ11 3aMe'!aTCJJbHbre 

•" o\JCifHOCTH npHMaTOB. 

llocKOJJhKY miRNAs MaJJbl, OHM MOiyr 6biCTpO 3BOJIKJI}I1HHpOBaTh C H0-

111.1~111 miRNA-rcHaMI1, B03HllKaKJIIlHMH ITYTCM LIYITJJI1KauHI111 MYTauuu 21 HYK­

'~~'' • nv1a miRNA-nocne.uoBaTeJJhHOCTH. MMbie RNAs .uci1CTBIITCJibHO MHHH­

IIH>piibi. He 6oJiee '!eM 6 IlJIII 7 H3 21 HYKJJCOTI1)la BHYTPI1 miRNA IlJII1 siRNA 

IJ.II<>T 6oJihiiiYKJ qaCTh o6pa3yKJmetlc5! crreuM<jJH'IHOCTH )lJI5I MaJJhiX RNA-6en­

• """'x KOMITJJCKCOB. MaJJbiH per11oH MaJJOH PHK, MCJIMHPYJOlllHH CB513hiBaHHe 

• MI11IICHhKJ, 6biJJ H33BaH <<Ha'IaJihHOH IlOCJIC)lOBaTCJibHOCTbKJ>>, TCpM11H 3TOT 

"'";''IaeT, 'ITO peruon HyKJieOTHJl CB5!3hiBaHHH Me)J{)ly MaJJOi1 PHK-rl1!lOM 11 

• 1· MHlllCHhKJ 11 eme 3 peruoHa MaJIOi1 PHK 11rpaKJT ponb 3acTe:lKKH-MOJIHI1H 

• '> pLTI10HaMH CB5I3hiBaKJmero ca.i.f.Ta MI1WCHI1 PHK. Korna siPHK 11Jlll miPHK 
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TOJibKO 'JaCTHY.HO CB5!3biB310TC5I C MI1IllCHbJO, OHH HC l\!OryT 06CCIIC'II1BaTb IIp5I­

MO pa3pyllleHI1JI MaTpwmotl PHK. BMecTo 3Toro OHH 6noKHpyJOT TpaHCJI5!U:11IO 

MPHK H 6eJIKOBLIH CHHTC3. 

TaKMM o6pa30M, HHTep¢epHpyJOJUHC PHK (siRNA) rrpH3HaHLI HOBLIMM 

Ba.lKIICHU111MH 3JICMCHTaMH, 06CCIICY.HBaJOJI.(HMI1 KOHTpOJib <iJYJIKU11M fCHOB If 

)')KC lfCIIOJib3yJOTC5! B fCHHOH TepanHM, HMCIOIIlCH MHUICIIbiO mPHK. 0)JHaKO 

xoporno H3BCCTHO, 'ITO MaTpHY.I!aR PHK (mPHK) 6brcTpo acrpa}.!HpyeT IIPM 

K3TaJIH3C KJICTOY.Hb!X <!JepMCHTOB, II03TOJ\IY CCTCCTBCHI!O ~ CTpCMJICIII1C ClfHTC-

311pOBaTb HOBbiC OJIHfOHYKJICOTI1)Jbl C IIOBbllllCHIIOH CTa611JILHOCTbiO. B 06C)')K­

J]aCMOH pa60TC 1439] TIOJI)"'CHbi HYKJICOTlfJ]bl, <lJyr<UlfOJJaJ!bllbiC rpyiiiiLI KOTO­

pL!X 33Jl.(HU~CIILI pa3JII1'1HbiMH ifJparMCJJTaMJ1, B TOM 'IHCJIC 11 ipOpMaMlf)JlfliOBbiM 

(DOJI)"'CI!IIb!M KO}.ICHCaU:HCH aMM)lal.(CTaJICH DO aMHIIOrpyiinaM a)JC~IHH- If ry­
aHHJipl160IIYKJIC03l1)JOB), pa3pa6oTaiibi J]CIIpOTCKUHH Cl1HTC3HpOB3HHbiX HYKJIC­

OTlf)JOB If J]aJICC OCYJUCCTBJICH OJilffOIIYKJICOTI1}.1HblH Cl11!TC3. floKa3aHa pC311C­

TCHTIIOCTh IIOJI)"ICIIIILIX COC,Il,lfHCHHH TIO OTI!OUlCI!lfiO K B03,IJ,Ci1:cTBHJO HYKJICa3. 

B 11Tore B HccrrenoBaiiHH !4391 pa3pa6oTaHbi CMIITC3bi 2'-0-u:HaH3Tiill11pOBaH­

HbiX pl160IIYKJIC03H)JOB If pH60HYKJICOTH)lOB. 

KoiiCY.HO, B J]aHJIOM M3TCpllaJIC IIC 06C)')K,llaCTC5! BCCL o6m11pHbiH 6JIOK 

lfCCJIC,Il,OBaJil1M, IJOCB5!Jl.(CIIHhiX «al.(CTaJihHOH>> 3all.(I1TC BCCX 113Y'ICHHbiX IIYKJIC0-

3I1)JOB 11 HYKJICOTI1)JOB, Mbl CTpCMI1JIHCb paCCMOTpCTb TOJibKO HaH60JICC, C HalllCM 

TOY.KM 3pCHI15!, xapaKTCpHbiC 11JIH HaH60JICC HIITCpCCHbiC. B CIIHCKC JII1TCpaTYPbl 

CO}.!Cp)KJ1TC5! 60JibUlOC KOJIWICCTBO CCbillOK, KOTOpb!C HMCIOT Dp51MOC OTHOillC­

HlfC K )JaHHOMy M3TCpllaJIY, HO CIICUHaJibHO 3,Il,CCb IIC 06C)')K,ll310TC5I. 

B y)KC HCOJJHOKpaTHo ynoMJIHYTOM ¢YHJJaMeHTanhHOM MCCJICJJOBaHMlf 

MeepB~Wia c COTPYJJHI1KaMI1 [52) paccMoTpCHLI peaKUMH aMI1)JaUCTane:i1: c pa3-

Hoo6pa3HhiMI1 aMMHOIIpOM3BOJ]HbiMlf (anMifJaTMY.CCKMC 11 apoMaTMY.CCKMC aMM­

Hbi, CCMI1Kap6a3lf)J, 3aMCJI.(CHHbiC fMJ]pa3HHbi) C BbiXO)JOM K COCJ]I1HCH115IM, 

CO)JCp.lKallllfM aMlf)JlfHOBbiH <!JparMCHT (411). Ha CXCMC 291 Cll.(C pa3 (CM. CXC­

MY 19) IIOKa3aHO, Y.TO B33lfMO}.ICMCTBlfC aUCTaJICH )]11MCTlfJI¢0pMaMI1)Ja C BTO­

pM'IHbiMH aMMHaMM IlpMBOJ]HT K HOBbiM aMI1)JaUCTaJI5!M (412). 
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H HccnenoBaHHH [ 467 J H3J"'CHLI peaKU:H11 lli13TI1Jian:eTaJUI 1-MenmKanpo­

'1.11·. LIMa (3 c) c aMI1HaMH (cxeMa 292). B CJI)"'ae peaKU:11H 3Toro naKTaMal.(eTa­

'1 'I < llCpBWIHbiMH 3MI1HOIIp0113BO)JJibil\UI o6p33YJOTC5! ai\IH)]HHbl ( 413), a C 

Ill lljli1'1Hb!Ml1 - )]HCHaMHHbl Tl1II3 (414). fiOH51THO, Y.TO )]JI51 JiaKTaMaU:CTaJICH 

"i'l';iiOB3HHC HOBblX al.(CTaJICH, IIOll06HbiX (412), KaK }.Ul51 (1 a) HCB03M0)KH0. 

Qm ::•
292 

QNfm 
I 3c OEt I 413 

Me Me 

~u 
I NEt2 

Me 414 

i~l1HI1J!Orl1 aUCT<Uieii aMHJ!Oll I1p11 peaKI]l111 C aM!HiaMH /]a!OT IHlHHJIOI'II'IHbiC 

1\lii!U!Hbl [!\6, 2601. CaM IIO)JXO/l K T<IKW\1 COC)ll1HCIII1HM peaJII130Ball pcaKI.(l1CH 

, II. I ~lliHOKCTOHOB C J]HMCTHJICYJibll>aTOM C o6pa30Bai!HCM MCTHJICYJILil>aTHLIX 

I ~~~liiJICKCOB (415), Bl1Hl1JIOfWIHbiX TCM, KOTOph!C IIOJIY'IC!Ibl !13 aMH)]OB l1 

1\1,· ,S()4· Vl3 3THX KOMIIJICKCOfl MOJKIIO llOJl)"laTb KaK lli1Hl1J!Ori1'!Hb!C aMH)]HIIbl 

d I h), TaK H lll1I!lUJOrl1'Il!LIC aMl1Jl<ll(CTam1 ( 417). floc.~C}.llll1C TaK.lKC JICrKO pc­

lllljlV!OT C aMHI!aMH C o6pa30BalJJ1CC\1 BI11!Hl!OrClB aMI1)JH!IOB (416) (CXCMa 293). 
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CJre)JyeT yKa3aTb, 'ITO Bl1HI1JIOfl1 3MlfJ]3l.(CTaJICH (417) BO MHOfOM CXO,Il,Hbl 

< • .I~IHMH al.(CTaJI5!MH B OTHOlUCHlfl1 peaKUMM C HYKJICO<lJlfJihHbiMH pcarCHTaMH, 

lit 1t 1-:0JJbKY OHM CTIOC06Hbl lll1CCOU:l1MpOBaTb C o6pa30BaHHCM BlfHlfJIOfWIHblX 

ii~IIIII)!CHTHLIX K3TlfOHOB (418) C paciipOCTpaHCIUIOll COIIp5I.lKCHHOH UCDbiO, 

lliHTIICY.H.BaiOJUCH 11x IIOBLIIllCHHyJO cra6HJihHOCTb. Han11Y.H.e KaTMOHOB (418) 
• 1i>VC JlaBJII1BaeT CIIOC06HOCTb BlfHHJIOfOB aMHJ]aUCTaJICH pearHpOBaTb C aMHHa­

'111. paBHO KaK If c CH-KMCJIOTaMI1. 
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AMMHHOBhiM CIIHTC3 pa3pa60T3H T310KC Ha OCHOBC U:IIKJIWICCKOrO al(CTaJill 

(419), TIOJIY'ICHIIC KOTOporo 6a3npyCTC51 Ha aMMOHHCBOM COJIH (420) (79). flp11 

peaKl(HII (419) C IlCpBWIHhiMII 3MIIH3MH o6pa3yCTC51 CH3'!3JI3 3Ml1.1liiH (421), 
KOTOpbiiT JJ,aJICC npll peaKillllf C 3U:CT3JlCM (419) npeo6pa3yCTC51 B 3MHJJ,IIH0-

3U:CTaJib (422). I1HTCpCCHO, 'ITO 3BTOp3MII B XOJJ,C HCCJICJ],OB31IH5l 3THX npOU:CC­

COB Bb!ACJICH H .UHMCpHb!IT OpT03qlllp ( 423) ( CXCM3 294). 
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EOJibllla5! CCpH5! 3MH)J,HHOB (CXCM3 295) CHHTC3HpOB3H3 IlYTCM KIII15l'lCHH5! 

pa3JIH'{HbiX rCTCpOUHKJIH'{CCKHX 3MHHOB C J],HMCTHJ13UCTaJICM JJ,HMCTHJI<i:lOpMa­

MH)J,3 ( 1 a) B C3MOM 31.lCTaJIC, B351TOM B K3'!CCTBC p3CTBOpHTCJ15! ( 468]. )l,JUI TIO­

JI)"'ICHHb!X TaKHM o6pa30M aMHAIIHOB (424-429) B cpaBHCHIIII c N-<PcHHJI- II 

N-aJIKHJiaMMIInaMII (430) II3Y'ICHo 3aTopMo)Kcnnoe Bpamcime oTnocHTCJihHO 

CBH3II C= N. KaK BMHO II3 npHBC.UCHHhiX .uanHhiX, 6apbepbi BpameHII5! OKOJIO 

CB5l311 C=N, KaK rrpaBHJIO, HCBhiCOKII, 'ITO xapaKTepH3YCT CHJibHOC COIIpiDKCHIIC 

rraphl 3JICKTpOHOB 3Ml1.1liiHOBOM JJ,HMCTHJ13MHHOrpyiiiibl C rCTCpOUIIKJIII'lCCKIIM 

KOJibUOM. B TCX )KC CJIY'l35IX, KOr.Ua CB060JJ,H35l 3Heprl15! 3KTHB31.{IIII Bp311.1,CHII5! 

B03pacTaeT, 3TO yKa3hiBaeT Ha 3aMCTHhlM yposeHh .ue3apoMaTII331.lllii rcTepo­

UilKJia, o6ycJIOBJICHHb!IT :.J<i:ltPCKTOM COilpiDKCHII5!. 
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Coe.UHHCHH5!, o6na.uaiOw.IIe aMMaueTaJierroJJ,o6HhiMH cBoii:cTBaMII, TaKIIe 

1-.aK JJ,IIMCTHJI3MilHOaJIKOKCIIaueTOHIITPHJihi (38, R1
=Me, 38 a), nerKo II B MHr­

h IIX YCJIOBH5!X pcariipyiOT C IICpBII'IHhiMII 3MHH3Mll II rH)J,p33HH3MH C o6pa-

10113HHCM 3MH)J,l!HOB (431) H rH)J,p33H)J,HHOB (432) COOTBCTCTBCHHO (CXCMa 296, 
t. 194) [469]. 

KoHe'lno, peaKUIIII c aMilHaMH (KaK Kap6o-, TaK 11 reTepoU:IIKJIH'lCCKIIMII) 

II;IKT3M3UCTaJICIT (3 a-c, n = 1-3) IIpOTCK3IOT TIO TOM.Y )KC TIYTII- C o6pa30B3-

1111CM I.{IIKJIH'lCCKHX 3Ml1.1liiHOB (433, 434) (CXCM3 297, C. 195) (375, 470). 
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IlpH o6Cy)!{)lCHHI1 peaKUH11 3UCTaJICH JiaKTaMOB (3 a-c) C I1pOI13BOL(HbiMI1 

3Hl1JII1Ha B pa60TC (470] OTMC'!CHO, '!TO 3TOT ITpOUCCC oqeHb 33BI1CI1M OT OC­

HOBHOCTH liCITOJib3YCMOfO aMIIHa. IlpM ITpOBCL(CHI111 KOHKYPCHTHb!X peaKUIIM 

C yqaCTIICM n-3HI13Hn:IIH3 M n-H11Tp03HMJIMH3 YCT3HOBJICHO, LITO B KOHL(CHCa­

UIIIO BCryrraeT TOJibKO rrepBblll, OCHOBHOCTb KOTOporo CY!UCCTBCHHO BbiiiiC, qeM 

BToporo (pKa n-aHI13IIL(l1H3 H n-HI1Tp03Hl1JIMH3 paBHbi 5,29 l1 1,00 COOTBCTCTBCH­

HO ). Ll,pyroti. ¢aKTOp, OK33biB310IUMll 3H3'!MMOC BJII15!Hl1C Ha CKOpOCTb peaKUMII 

H3KT3M3UCT3JICll M apOM3TM'!CCKI1X 3MMHOB, - 3TO BCJII1'!MHa JI3KT3MH0f0 

I~I1KJia. KoHKYPCHTHaH peaKU1151 aueTaJieti. c n-HHTpoaHHJIMHOM, rrpoBen:eHHM 

C 3HaJIH30M o6pa3YJO!UIIXC5! CMCCCH MCTOL(OM f330)1(ML(KOCTHOH XpOMaTorpa­

cpi1I1, IIOK3'3aJia, LITO COOTHOIIICHMC o6pa3yiOll.lliXC5! 3Mll,UMHOB COCT3BMJIO 

18: 1: 8,3, T. e. Hall60JICC aKTMBHbiM B 3TOM rrpouecce 5IBJI5ICTC5! I15lTI1'IJICHHbiM 

.1.2. PeaKu,uu au,ema"1eii aMuiJoB u "wKmaMoB c uyK.!leorj;LL1blibtMU pea<emnaMu 195 

.IIICT~Uib (3 a), L(aJICC CHCLJ:YCT CCMll'IJICHHLill (3 b) ll H3llMCHCC pC3KU110HHO­

' IIOC06CH IIICCTI1'!JICHHbiH JI3KT3M3UCTaJib (3 c). 3TO II03BOJIIL10 3BTOpaM 33KJI10-

'1111 1>, LITO Ha CT3L(lll1, HMMMTllPYJOIUCll CKOpOCTL pC3KUMM, llMCCT MCCTO IIpCBpa-

11\CIIllC KOHcpMrypaUHM YfiiCpO.UHOfO 3TOMa sp
3 ~ sp 2, K3K M3BCCTHO, H31160JICC 

llloii'O)lHO ::mcprCTJ1LICCKll )JJ!5! II5!TWIJ1CIII!Of0 UMKJia, a H3llMCI!CC- L(}Ul IIICCTll­

'I'ICIIHOfO (comaCIIO KOHUCIIUHll l-HaiTp5I)I(Cifl15!) [102]. Ll,pyrHMM CJIOBaMM, HC­

\< l}l)J 113 3TllX L(al!HblX, MCXaHll3M pcaKUMll 06pa30B3HH5l aMHL(lliiOB OIIllCLJBaCT­

• '' cxeMoi1 298, r.uc HMCIIIIO CT<In:M5! B JIMMHTMPYCT o6uryro cKopocTL rrpouecca. 
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Eruc KpaTK<UI HHcpopMaumr o B3)1(HOM pC3yiiLTaTe, rroJiycrcHHOM B IIy6JIMKa-

1111ll [ 375 j: II pH B33MMOL(CHCTBHI1 5-aMHH0-4-3TOKC11Kap60HI1JIH30KCa3oJia ( 435) 

t !lll3TJ1Jl3l(CTaJICM ,UI1MCTI1JitPOPM3MIIL(3 (1 b) IIOJIY'ICH 3Mlln:11H - a-l(M3HO­

II rnn:poKcH-~-.UHMeTHJiaMHHOMCTHJicHaMnHoaKpHJIOBhiM 3¢11p (436), a c aueTa­

'"'M-N-MeTJ1JIBaJiepo;raKTaMa (3 b)- ero UIIKJIHqccKHti 3HaJIOf (437). Ilpll peaK­

Ill Ill 3Mlln:HH3 (436) C 6eH3MJI3MIIHOM 33MCll{CHMC peaJIH3YCTC5! ITO CH3MHH0Bb!M 

Jl IIOJIO)I(CHH5!M, He 3arparn:BM Me3o-yr;repon:Horo aToMa aMIIn:HHa. KpoMe Toro, 

ll!lOTCK3CT ,UaJibHCHlliHH rli.UpOJIH3 o6pa3y!Oll{CfOC5! CH,UH3MHH3 (438) l1 B pe­

IYJibT3TC Bhll.lCJJcHa N,N'-n:ll6cH3HJIMoqeBHHa (439). Ilpn: peaKUHM 6eH3HJiaMn­

ll.t J1Jll1 ITHIICpiin:HHa C CH3MH,UIIHOM (440), HC CO,UCp)l(3ll{HM B ~-llOJIO)I(CHHH 

lll)(pOKCHfpyrrrrbi, IIpOUCCCbi I1pOTCK310T T3K)I(C MCKJIJOqi1TCJibHO ITO CH3MIIHO­

IUlMY ~-IIOJIO)I(CHMIO C o6pa30B3HMCM HOBbiX CH3MMHOB (441, 442) (CXCMa 299). 

Ilp0113BOL(HbiC H3cpTMJI3MHHa ( 4 71) ll 33MCll{CHHhiC 3MMHOfCTCpOU11KJihi, 

LIKHC KaK 2-aMMHOIITCpiin:HHbi [472], 2-M 6-aMIIHOIIMpliMIIn:MHbi (473), Tpi1-

IIIIKJIHqccKMe 3MHHOII11pl1Mlln:llHbl (474], JICfKO 11 B 06biLIHbiX YCJIOBM5IX pea-

111pYJOT C 3UCTaJICM .UMMCTHJicpOpMaMHL(a (1 a), qTo rrpMBO,UllT K COOTBCTCTBY­

IOII(I1M 3MML(I1H3M. 

0TMCTMM, qTo B pa60TC (475] o6pall(CHO oco6oe BHMMaHMC Ha TO, LITO rrp11 

"-OHL(CHCal(Hll (1 a) C 33MClUCHHbiMll 3MMHOIITCpiin:llHOHaMM (442) OL(HOBpCMCH-

110 rrpoTcKacT 11 N-MeTHIIHpoBaHn:e rrn:pi1MM.UHHOBoro ¢parMeHTa MOJICKYJihi 
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' ••t•p:rJoBaHHCM N-MCTIUI3MHJJ:HHOB (443). CytiJ;ecrneHHO, qTo ecJIH pemu..(mi 

i·l·l l) C 3UCTaJICM rrpOB0,[(11TC5! B ITp11CyYCTBI1H 6CH311JIOB0f0 CIT11pTa, qepC3 

"I'"~IC.)f(YfO'IIIO B03HHK310Ill;HH in situ ,[(116CII3HJiaUCTaJih ,[(11MCT11JirflopMaMH.I(a 

( 1. R = PhCH2, 1 d), o6pa3yiOTCH N-6eii3HJiaMH.I(I1IIhi (444) (cxeMa 300). 

~N R 

"')'>~)/ 

CxeMa300 
0 

MezNCH(OMe):z Me......_ :XNrR 1a N :;:;.; 
• l I 
Me2N~~N 0-.N 

442 R=CHO, (X)()Me 443 

1 

Me2N?(0Me):z 

PhCH20H 

+ 
Me2NCH(OCH2Ph}z 

0 

PhCH,,N::(rR 
Me2N~NAN 0-.N 

444 

B<DKHOC 3a!GIIO'ICH11C CJ(CJI3HO B 3TOH pa6oTe (475]: B TCX CJI)"laHX, KOf):(a 

·H"JiaTeJihHO ITOJI)"ICHI1e TOJihKO aMH):(I1HOB 6e3 corryrcTBYIOmero N-aJIKHJI11po­

''""IHH, CJICJJ:YCT 11CIIOJib30BaTb HC 3MH.I(3UCTaJili, a 3MHHaJib3Cllllpb!, 3M6H):(CHT­

III.IC K3TliOHbl (445) KOTOpb!X He COJJ:Cp:lKaT aJIKOKC11rpyrrrr 11, CJIC):(OB3TCJibHO, 

'IIIIIIeHbi crroco6uocTH K aJIKIUII1ponamno (cxeMa 301). 

R2N 

R'N)<H -
2 OR" 

CxeMa301 
R2N 
~H + R"O­R2N 
445 

flepeaMI1HHpOB3HI1C aMII.L(liHOB, IIpOTCK310Ill;Ce ITO ,\1e3o-yrJiepO):(l!biM 3TO­

~I:IM, ocytiJ;eCTBJieHo B pa6ore [476]. PeaKUn5I rrepnwmoro aJIJ1(lJarn<recKoro 

.IM!IHa (446) C 3UCTaJICM (1 a) ITpliBO):(liT K 3Mli):(liHy (447), KOTOpbiH ITpH B03-

Ifci1CTBHI1 BTOpHqHbiX UIIKJIHqecKIIX 3MliHOB IIpeBparuaeTC51 B HOBbie 3MH.I(ll­

ll !.1 ( 448, 449), CO,[(Cp:lK3ll!HC B CBOCM COCT3BC ,'l;Cf11,[(pOII11ppoJili):(liHOBbiH II 

,,_,TIIJJ:porrnrrepii.L\lfHOBbiH ¢parMeHTLI (cxeMa 302, c. 198). 

Cl1HTC3 enaMH.I(I1HOB (450, 451) c yqacrneM aueraJieil JiaKTaMon (3) orrncaH 

II 1477]lf BKJIIOqaeT pC3KUliiO ):(liMCTlfJI3MliHOMCTlfJilfHIIpOB3Hli5!, a B CJiyqae ITO­

'IY'ICH1151 coeJJ:lfHCHlf51 (450) 11 peaKlilfiO S-MCTlfliHponaH1151 (cxeMa 303, c. 198). 
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i-Pr- CH- NH la I z __ __ 

CH20Bu-t 20°C, 16 q 

446 

CxeMa302 

-:::?'-i-Pr- CH- N NM~ 
I 
CHzOBu-t 447 

+ 

+ HNVM, 
Me~ 

aCHz)n 
N 

~ H n=1,2 

i-Pr- CH- N-:::?'-Nn 
-:::?'-Q i-Pr-CH-N N 

6t2oBu-t Me 
449 

RnNHz + 

s 
s 

I ' 
CH

2
0Bu-t 448 (CHz)n 

Me 

CxeMa303 

C 
(CHz)n McONa C <lz)n sMe 
I .OMe ., ~ I R 

N~OM MeOH N N~ 
I e I 

Me Me 450 

Y C 
(CHz)n MeONa c (CHz)n S 

R,N NH + OMe 
RV ' N~OMo MoOH NAN~NRR' 

R"' I I Me Me 451 

He TOJJbKO aueTaJJH JiaKTaMoB, HO 11 npyr11e UHKJiwrecKHe aMHnaueTaJIH, 

TaKHe KaK L(l13TIUiaueTaJib N-MeTHJICyr<UHHHMIIL(a (452), TaiCKe cnoco6Hbi B3a­

IIMOL(eiicTBOB3Tb C COCL(llHCHIDIMII, COLI,Cp%3IUIIMII nepBWIHYJO 3Ml1HOrpynny, 

mmpnMep c apiiJJriiL(pa3IIHaMH [478], npn 3TOM nonyqeHbi riiL(pa3IIL(liHbi (453) 

(cxeMa 304). 
L'xeMa3U4 

J:lFt30'BF4 J:l RONa 
FtOH 

0 N 0 0 N ~OFt 
I I BF- ·I n ArNHNH~Me 

4 

I 
~,.T_,kOFt ., 

N OFt 0 N NNHAr 
I I 

Me 452 Me 453 

PaHee o6c)')K.!I:aJJOCb, 'ITO nepBII'IHbiC eHaMIIHbi crroco6Hbi B3aiiMOL\CHCTBO­

BaTb c aMHL(aueTaJI5!MII c o6pa3oBaHIICM esaMHL\llHOB (cxeMa 303) [477]. Eorree 

IIOLI,p06HO CliHTC3 II HCKOTOpbiC CBOIICTBa 3T0f0 TIIIIa COCL(liHCHIIM 06Cy)!(,UC-

! 2. PeaKl,(UU al(ema!leu aMuaoe u !laKmaMoB c HyK!leorj;U!lbHbtMU pea2eHmaMu 199 

111.1 (cxcMa 305) B pa6oTe [479]. CnHTe3 rrepBM'IHhiX esaMIIH03<PnpoB (454) 
p.l ql;t60T3H H3 OCHOBC peaKUIIII COOTBCTCTBYIOlUI1X 3TOKCllMCTIIJJCHIIpOH3BO!l­

lll·l\ (455) I1JIII .LJ:IIMCTIIJJaMHHOMCTIIJJeHrrpoii3BOL\HhiX (456) c aMMHaKOM. I13y­

,,,. 11;1 cepll5! pC3KUI1Vl rrcpeaMIIIII1pOB3Hllii CH3MIIHOB I1 IIOK333HO, 'ITO CH3MIIL(I1-

Ill.l (457, 458), IIOJIY'ICHHbiC B331IMO,L(CHCTBllCM nepBII'-IHhiX CH3MI1HOB C 3MIIL(­

II 1l.IKT3M3UCTaJI5!Mll, IIpi1 peaKUI15!X C 3MIIH3MI1 IIOLIBCpraiOTC5! rrcpeaMI1Hllp0-

ll.llllll0 C OTIUCIIJJCHliCM 3Mll)],IIHOBOH rpyiiiihl (CXCMa 305), T. C. II 3L(CCb IIp0-

111'< c llp0TCK3CT HC ITO MC3o-yrrrepOLIHOMY aTOM)', a 110 CH3MIIHOBOMY a-IIOJIO­

HIIIIIO, K3K II B CJI)"'3C, paCCMOTpCIHIOM B pa60TC [375) (CM. CXCMY 254). 

CxeMa 305 

~R NH3 ::YR M~NCH(OFt)z ~ ~R 
I JO HzN ., Me2N N 

454 
<XlOEt (X)()Et 457 (X)()Et 

~2NH ~ 1' (CHz)n 1 RR'NH 
~R ~-~ 1.-::oMe 

MezN 456 l ~OMe [ J 
Mc2N~(OEtylRR':Et c(r,%' rN~N1~: < ~ R RR'NH 

CDOEt f N~ 
lllf~ RR'N~ R 'W-'~e I R=CN <XlOEt RR'N~ R 

(X)()Et CDOEt 

I lpii B3aMo.[(eilcTBllll eHaMIIL(liHOB (457) c apiiJJaMIIHaMM peaKUllii TaiCKe 

11poTCK3CT C o6pa30B3HIICM apiiJJCH3MIIHOB (459). C )"'CTOM 3TOfO l13)"'CH3 KOH­

"' 11\dUllii CH3MIIL(I1H3 (460) C BTOpii'IHblM apiiJJaMMHOM (461), B pe3yJibT3TC 

,. "' opoli rrorryqeH N -apiiJJeHaMIIH ( 462), KOTOphiH nanee rrpeBpameH B aHTII6aK­

'' pu<UihHbiH rrperrapaT OKCOJIMHHeByro KIICJIOTY (463) (cxeMa 306) [480]. Coe)],II­

w Ill HI 3Toro pMa (XI1HOJIOHKap6oHOBbie KHCJIOThi) npoHBIIJJII BhiCOKYIO XMMMO­

"·i•;uJCBTll'ICCKYIO 3KTI1BHOCTb B OTHOlUCHHll rpaMOTpiiU3TCJibHb!X 6aKTCpliH 

I~ liiiiC'IH35!, L(II3CHTCpliHH35!, 6piOIIIHOTI1<P03H35! IIaJJO'IKII li Ll,p.) II 3H3'IliTCJibHO 

W'llCC 3<P<PeKTHBHhi (IIJJI1 He3<P<PeKTI1BHbi BOBCC) 00 OTHOIIICHI1IO K rpaMOO­

•IH.kiiTCJibHhiM 6aKTCplliiM (cTa<PIIJJOKOKKll, CrpCIITOKOKKll, IIHCBMOKOKKII). OK­

' 1111lllll1CB35! KHCJIOTa ilpliHaL\JIC)!(IIT K rrepBOM)' ilOKOJieHIIIO 3TliX rrpenapaTOB. 

( )JlHI1M II3 B<UKHCHIIIIIX HanpaBJICHHH IIOliCKa HOBhlX COCL(IIHCHHH, rrpmiB­

'1 ill<>lll11X aHTIIfl1IICpTCH3I1BHOC L(CHCTBI1e, 5IBJI5ICTC5! II3b!CK3HIIC HOBhlX IIHfl161I­

I111HIII peHHH3Hfl10TCH3HHOBOII CI1CTCMbi (PAC) opraHII3M3. Ilo COBpCMCHHbiM 

lll>~'llCTaBJieHIDIM, H3P5!LIY C UCHTpaJJhHOII II nepH<tlepW!CCKOH HepBHOH II .LJ:pyrll­

!111 l"IICTCM3MII, B peryAAUliii TOHyCa COC)'L(OB II apTCpiiaJJbHOfO ,ll3BJICHI15! IIpii-
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CxeMa306 

Me2~N~R ArNHz,.. ArHN~R 
457 (X)()F1 459 (X)()F1 o=o 0 =o=Etooc: (X)()F1 < ~ I + Mez~~coo_::__ < y-- I n POClj, 

0 NH COOF1 0 ~ N)i -
I 

0
=c0460 a 0 ~: 

0
wo l~62 

( y-- I Ho- ( I 
0 ~ N 0 ~ N 

I I 
Et 463 Et 

lll1MaCT Y'IaCTl1C K<lJIJ111KpC11IIKHIIl1IIOBiUI CHCTCMa, OCYII\CCTBJI51IOll(<lH CBOM 

<jJyHKql111, B '!aCTIIOCTl1, fl~'TCM llh!pa60TKI1 MOIJJ,HOI'O npcccopi!OfO OKTaiiCriTll­

)~a - <Uiri10TCH3HHa I I. nocJIC,'J,Hl1M o6p<nycTC51 }13 M<lJIOaKT!1llHOfO )\CKanen­

TlU\a - al!ri10TCH311Ha I npH KaTaJII1TI1'ICCKOM BJIII51HHM <llcpMCJITa JU11lCIITI1-

J\l1J1KapooKcHncnn1lla3h!, KOTOphJ(i TaK)KC Ha'JhiHaiOT alii l10TCII1HHKOHBep­

THpYJOll[HM <jJCpMCIITOl\1 (AK<D). 3'roT QJCpMCHT IIC TOJibKO K<rraJII13Hpycr ripOJJ,eCC 

TpaHccjJOpMaHMH aiirHOTCH3HIIa I B aiiri10TCil'1HII II, IIO 11 HIIaKTHBHpycr )lC­

npeccopHLIH llCflTH)l- 6pa)l11KJUII1H, T. e. HBJ15ICTOI O)IHHM 113 OCIIOBHhlX KI1-

Hlll!pa3pylllaiOll(lLX <lJCpMeHTOB, B CB51.311 C '!eM ero Ta!OKC H<ULIBaiOT Kl!HHHa30M. 

AK<ll - :JTo 1\HHKCO)lep;Kalll,HM MeTaJJJIO<llepMCHT c M. 1\1. = 1 X0000-190000 
(onrnMaJJLHoc 11dicTBHC pH 6,8-7,2), ormenmJIOlllHM)lHrreunu\ Phe-Arg oT 

C-KOill~a 6pa)lHKHIIHHa 11 His-Leu OT anrHOTCH3HHa I. nom!THO, 'ITO CYJ\IMap­

llhlM :>¢cj:JCKT )lCMCTBH5! cj:lcpMCIITa - IIOBhllllCHHC aprcpHaiiLIIOI'O .LJ,aBIICHI15!. 

Arg- Pro- Pro-G ly- Phe-Ser-Pro- Phe-Arg 
Epa1111KHHHH (rKaHeBhiti ropMoH rpyrrrrhi rnrroTCH3HllllhiX uerrTH;JOB) 

Asp-Arg-Val-Tyr-lie-His-Pro- Phc 
0KTarrcrrTH1! aHrHoTCJI3HH II 

DoBhilllCHHe aprepuaJihHOro .LJ,aBJICHH}! no.LJ, 1!CHCTBI1CM aHrHOTCH3HHa II 
CBH3aHO C CY;KCHHCM COCYliOB, CTHMYJ15!UHCM CCKpCUHH aJihliOCTCpOHa l1 KaTeXO­

JiaMHHOB (yBe,TwrcHHC KOHUCirrpaUHH aJihliOCTepoHa npHBOliHT K yMCHhlllCHmo 

llHypc3a, Bb!BC.L\CHHJO Na +). 

1.2. PeaK4UU al{emCLieii aAtU006 u llGKIIW.\106 c IIJK;JeorjJullbHbiMU peace/1/ntHtU 20 I 

AHrHoTeH3MHKOHBepTHPYJOlllHM cj:lepMeHT (AK<D) HBJUICTC5! KJIIO'lCBhiM ¢ep­

'~~"IITOM, ocyll(eCTBJI5!!0ll(HM KOHTpOJib 3a peHHHaHrHOTCH3HHOBOM 11 K<UIJTHK­

I""III!KHHl1HOBOi{ CHCTCMaMH opraHH3Ma, KOTOph!C HOMCp)I(HBaiOT ypoBCHh 

'I >ll"pHaJJbHOfO .LJ,aBJ!CHHH 3a C1IeT B03.L\CltcTBI151. Ha TOH)'C rrepHQJCpWICCKHX 

• < HYliOB. 6aJJaHC 3JICKTp0,1MTOB 11 BO,!J,hl 11 BJII15l!OT Ha UCHTIJaflhHbiC MCXaHH3Mbl 

1 poBoo6pall(Cill15L I1MeHHO rroHHMaHI1C poJIH AK<D Bhl3BaJIO K )I(J1'3HH HCC}]C.Ll,O­

"·'''HH, IIC!ITpaBJICI!Hh!C Ha ITOHCKH 11Hfl16HTOpOB ::JTOf"O (jJCpMCIITCI C l\CJTblO 

• < > i)(aHIIH HOBbiX aHTHfl1IlCIJTCH311BHhlX CpC)lCTB, Cf!OC06Hh!X npepbiBaTh TpaHC­

•1>< >pMaimio aHfl!OTCH3l1Ha I B aHrHOTCH3l1H II 11 rrpenHTCTBOBaTb paJpyrne-

111110 nenpcccopuoro (nmoreH311BHoro) 6pa~\HKHHHHa [25, 27, 4RO. 4g11. 
l1CX01!5l 113 JHaHmi OC06CHHOCTCH CTIJOCHHH cj:lepMCHTa, 6biJ1 C}jC.laH p}l.L\ 

Lli,JI!O'!C!IHH, IJOJBOJ!HBWHX ITIJOBCCTH f!OHCK ai!THrJ1IICpTCII311BllhlX JICKap­

' 11\CHHLIX cpe1!CTB n onTHMaJihHOM uanpaBJICHHH. Bo-HepBLIX, H<lJII1'IHe Zn 
II :tKTHBHOl\1 l[CHTpC 3H3HMa o6yCJJ<IBJIHBaCT BOJMO)I(!IOCTb ITOJTY'ICIIHH HCCilC­

llllliH11ICCKI1X 11Hfl16HTOpOB 3a C'ICT CB5!3b!BaHH51. KaTHOII<I, TaKHX KaK 3DJA, 
,, 1llCH3HTpOJIHH, 0:,0:-,!J,HIIHpH,!l,HJl, T. e. COC,!J,I1HCHHH, CllOC06JihiX C03)\aBaTh XC­

•t.1 riih!C KOMfiJICKChl C KaTHOH<1MH (BCC yKa3dHHLIC BCil[CCTBa Hp051BJ]}!IOT CBOH­

> 111:1 HHrH6HTopoB AK<D). KpoMc roro, 6hiJIO ycraHOBJJCIIO, 'ITO THOJihl TI1Ha 

lllll"TCHHa, fiCHHUHJIJJaMHHa, 2,3-)lHMCpKaf!TOIIpOnaHOJTa Ta!OKC HHI"l16HpyiOT 

.'\1\.<J> 11 IliJO>IBJHIIOT aHTl1fl1!1CpTCH311BHYIO aKTHBHOCTb. 

HS~COOH 

NH2 

J..lHCTeHH 

Me 

Me:Jy COOH 
HS 

NHz 
fleHHIUIJillllMHH 

SH 

HS~OH 

2, 3-,[(HMepKaiiTOIIpOIIllHOJI 

) ~pyroli IIO):(XO.L\ - HCCJIC)lOBaHHC 11Hfl1611pOBaHH5! cj:lepMeHTa IICfiTH)laMH, 

"''p;nyJO!ll,HMIIC5! np11 pacmeiiJICHIIII cy6crpaToB. EcJJH 3TOT npouecc ycJIOB-

11<> II'I06pa3IITh B cj:lopMyJiaX, B03Hl1K3CT CJiell)'lOll(a5l KapTIIHa. 

R2 

~ 
0 R 

NH NH~ y- COOH 

5. R~,N, J_ l 
COOH I NH COOH 

1 

HOOC~ ;_:), 
~ COOH 

R 

Cy6crpliT 

flpoJIYKT <jlepMeHTaTHBHOH 
peaKUiill 

flpe,llllaraeMblli HHrn6HTOp 
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CTp)'KTypa rrpe.n:rronaraeMoro HHrM6MTopa cxo)[(a co CTpYJ<.TYPOH cy6cTpa­

Ta B TOM )[(C CTCITCHM, B KOTOpOH CTp)'KTYPbi 3HTMMCT360JIHTOB IIO,U06Hbl CTpyK­

Typ3M MCT360JIHTOB. 0TCI0):13 MO)[(HO IIpC!J:IIOJIO)[(HTh, 'ITO T3KOf0 THII3 COC):IH· 

HCHH5I KOMIIJICMCHT3pHbi 3KTMBHOMY UCHTpy clJepMCIIT3 H B TO )[(C BpCM5I pa3pbi11 

CB5I3eti (aMM):IHa5I CB5I3h 3aMeiiena Ha CH 2-C0-cBH3b) oKa)[(CTCH neB03MO)I(­

IIhiM 11 IIpOH30i1)J:CT IIpOl.I;CCC rrpeBp3UICHM5I TMI13 3fOIHICT -> 3HT3fOHHCT HJHI 

cy6CTp3T -> MHrH6MTOp. Tionp06HOC HCCJIC,UOB3IIHC 60Jibii.JOro KOJIW!CCTB3 CO· 

CllHIICIIHH, CHHTC3llpOB3HI!hiX DO 3TOMY IIpHIIUliiiY, OpHBCJIO Cll<l'laJI3 K ):10-

BOJ!bHO CHJihJIOMY HHm6nTopy - D-2-MeTmrcyKummn-L-nponmry. 

4 

Il!XlC i 'Q '-./'" y COOH 

0 
D-2-MenurC)'KIUIHHli-L-IIpOJIHH 

Db!JIO llpC,UIIOJIO)I(CHO, 'ITO liMCHHO KOHUCB3}1 Kap6oKCHJlbH35I rpyrrrra OT· 

BCTCTBCHH3 3a B33!1MOllCMCTBHC C Zn2+ clJepMCHT3. Ha OCHOBC C"rpyKTyph! 3TOfO 

COC,I:\HHCHH5I 6biJI C).l.CJI3H p5I,I:\ OCHOBOIIOJI3f"3IOUII1X Bh!BO,I:\OB: a) HC06XO!J:HMhl 

fH,I:\poc1Jo6HhlC rpyiiDhl B 06JI3CTH MCTI1JICHOBbiX rpynn llpOJIHHOBOl'O clJparMCHTa 

11 I!p11 a:-CH-rpynne MOJICKYJihi; 6) 065133TC;1bH3 BOJMO)[(l!OCTh CB}I3h!B3Hl15I II 

o6JiaCTH 2-COOH-rpymrhr c noJJO)[(.I1TCJihHO 3apmKCHHhiMH Y'IaCTKaMH 3H3HMa 

(ryaHH,I:\HHOBhiH OCT3TOK aprHHHHa) 33 C'ICT HOH-HOHHOI'O B33!1MO)J.CMCTBHH; 

B) B3)[(HbiM BKJl3ll 13 o6p330B3HHC KOMIIJICKC3 <<qlCpMCHT - HH!'I16HT0p» BHO­

CI1T BO,I:\OpO,I:\HM CB513h THII3 C=0 ... H-3H311M; r) HC06XO)J.I1MO B3311MO)J.CMCTBltC 

K3KOI'O-JIH60 clJparMCHT3 C Zn
2+. 

CrreuHanhHO 6hmo ycTaHoBneao, •uo o:-MCTI1JihH35I rpynna B 3TOM npoltJ­

BOJIHOM rrpOJII1H3 BCChM3 B3)[(H3, npH CC OTCY'fCTBHI1 COC!J:HHCHHC B 155 paJ 

MCHCC 3KTHBHO. l1CX0):151 I13 I13JIOJKCHHhiX 33KJIIO'ICHI1ll, 6hiJI CI1HTC3I1p0B3H 

60JihlliOH PM COC)J.I1HCHI1M, I13 KOTOphlX H3I160JICC 3KTI1BHhlM (KaK I1Hrl16lt· 

TOp AK<D) oKa3anC5I D-3-MepKanTo-2-MeTI1JinponaHOI1JI-L-IIpOJII1H, H33B3HHhll\ 

K3l!TOIIpilllOM (K3IIOTCHOM). 

Me ('1 
HS N~ ~ COOH 

0 l<arrroiiPHJI ( K3IIOTeH) 

3TOT npenapaT OK333JIC51 BCCbM3 3cPcPCKTI1BHhiM IIpi1 fl1IICpTCH3I1BHhlX CO· 

CT05IHI15IX, IIp3KTll'ICCKI1 HC OK33blB35I BJII15IHI15I H3 HOpMOTCH3HBHhlX JIIO.[(Cl! 

I1 )[(I1B0THblX. 3aCJIYJKI1B3CT BHI1M3Hl15I ITO,I:\p06Hb!M 3H3JII13 11p06JICMhl CTpYK• 

.1.2. PeaK~uu a~ema;Jeii aMui!o6 u ;zaKmaJit06 c HYI01eorjJWtbHbiMU pea<eHmaMu 203 

I ypa - 6HOJIOI'WICCK351 3KTMBHOCTh, KOTOphiH K3C3CTC51 T3KJKC CTCpCOXI1Ml1-

'H"CKI1X oco6eHuocTeti cTpoeHI15I KarrTorrpMJia. B Ta6n. 20 rrpHBC.[(CHhi !l:3HHhre 

n\1 113MCHCHHH CTCI1CHI1 l1Hfl16Hp0B3HI15I cPCpMCHT3 I1pH p33Jlll'IHhiX 33MCCTH­

Il" 'mx B cTpyKType KarrTorrpMJia. 

X 

0 

0 

0 

0** 

0 

H2 
0 

3auucuMOCTL aKTHBuocTu uuru6uTopou AK<I> 
OT CTpyKrypLI MO.UHijlUK3UHii 

YJyQZ 
X 

y z R ! 50•, MM 

COOH L-COOH H 330 

COOH L-COOH D-CH3 22 

SH L-COOH H 0,15 

SH L-COOH D-CH3 0,023 

SH H D-CH3 250 

SH L-COOH H 240 

OH L-COOH H >4000 

Ta6,w~a 20 

J1 pH Me 'I a H He: * 150 - KOHI..(eHTpaJ~llil, Bbl3b!BaJOII.(a5! 50 %-HOe TOpMO)!(eHHe aK­

IliiiiiOCTH AK<I> 113 nerKHX KpOJIHKOB; ** KariTonpi1Jl. 

113 3TI1X !l:3HHhiX cne.nyeT Ba)[(Hei1:II.Ja51 pOJih rpynn SH B KOHUCBOM clJpar­

~II"IITC, rpyrrrrhr C=O 11 rpynrrhr L-COOH. HeManoBa)[(JW HaJII1'IHe rpyrrrrhr 

I'< 'H3, ee y.uaneurre Ha nopMOK CHI1JKaeT aKTHBHOCTh. BMecTo Y = SH MCIThi­

LIIIIoi !l:pyrHC rpyrrrrMpOBKI1, CIIOC06HbiC K KOOp!J:MH3I..(I1!1 C Zn2+ (npO'IHOCTb 

11oro B33I1MOJJ.ei1cTBH5I H orrpe!J:CJI5IeT BCJIH'IMHY 150). HaMJiyqii.JHe pe3yJihTaThi 

''"''Y'IeHhi rrp11 cJic.n:yrourrrx 3aMeCTHTCJI5Ix: Y = NH(O)P(OH)OPh I1 Y = SH 

( ,,;urrOIIpMJI). 0'!CHb BaJKl-!3 CTCpCOXMMI15I OIITI1'1CCKJIX UCHTpOB - rrpM 33MC­

IIi" L-rrpOJII1Ha ua D-npoJIMH aKTMBHOCTb II3!J:aCT Ha 4 rropMKa (B 10000 pa3), 

'' rul!1 BMCCTO D-CH3 HMCTh rpyrrrry L-CH3, IIOJIY'!3CTC5! coe!l:I1HCHHC, Ha rro­

l"'llOK (B 10 pa3) MCHCC 3KTHBHOC, 'ICM K3llTOI1pMJI. 

l1T3K, CTCpl1'ICCKI1H cP3KTOp 51BJI5!CTC5I 'IpC3Bhl'13HHO B3)[(HbiM LIJl5l B33I1MO­

III"IICTBH51 HCHpOMC!J:M3TOpOB C COOTBCTCTBYIOUIMMH pCUCITTOp3MH, .[(JI51 BbiTCC­

II1"IIH5I MC!J:l13TOpOB C MCCT MX CB5!3b!B3HH51 B !J:eiiO H H3pYII.JCHH5! llp0UCCC3 MX 

llltp;rmoro 33XB3T3, a T3KJKC .[(JI51 B33MMO!J:CUCTBM51 6I10JI0fl1'1CCKI1 3KTI1BHhlX 

1 1 w;(JHICHI1H c c1JepMenTaMI1. HcxoM H3 Bcex BhiCKa3aHHhiX Bhillle coo6p3)[(C­

IIIIIi, B pa60TC [482) 6hiJI IIpC!J:I1pHH5IT Cl1HTC3 3MH,I:\l1HOMCpK3ITTOKI1CJIOT (464), 
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6a3MpYIOlll)1HC5! Ha B3aMMO,UeMCTBJUl al(CTaJICH JiaKTaMOB C MCpKaiiTOaMMIIO· 

KMCJIOTaMM (UMCTeHHOM M TICHIIL(HJIJiaMMHOM) (CXeMa 307). 

C
(CH2)n 

~OFl 
N OFl 
I 

Me 

CxeMa307 
<XXJH 

< H,N~: 
R=H,Me SH 

r;:nrH/R 
~N' N' '1--R 

I 64 SH Me 4 

.. 

f1pe,UCTaBJI51CTC5! yMCCTllbiM ,UaTb HIHjJOpMaUMIO 0 IICKOTOpb!X MCCJIC,UOBa­

IIHJ.lX B JTO~i OOJiaCTl1. KOTOphiC npHBCJll1 K IlOJJY'ICIII110 pa3JIW!Hb!X 6HOJIOfH­

'!CCKHX JtP<!>CKTOB. TaK KaK nee HHrl1oi1TOphi aHri10TCIDHIIKOllllCpTHPYIOIL\CfO 

<jJCpMCllT<I 5!WIHIOTC51 IlpOWJBOJU !h!MH aMHIIOKHCJlOT, 6hiJIO llpC,UI!OJIO)I(CJIO, qTO 

01111 MOryT TIO,UBCpraTbC5! IICpH<jJCp11'!CCKOMY ,UCKap60KCHJ!HpOBa!IHIO H TeM 

caMbiM HIIaKTI1BHponaThCH in vivo. BcJJCACTBHC ::noro 6bJJJl1 npoBC!J.Cllhi 3KC· 

rrcpHMCHThi no HCilOJJh·3oBallHIO Karrronpwxa 11 HOBhiX HHrH6HTopoB AK<'I> -
aMHJJ:HHOMCpKaiTTOKHCJJOT [ 482] B Ilpl1CYTCTBI1M HI !fl16HTOpOB .!l,CKap60KCMJIH· 

poBa!IH5! - pa3Jil1'Illb!X f11JJ,pa3H)WB KHCJIOT 11 6hill0 ycTa!IOBJICIIO, 'ITO aHTH· 

rMncpTcB3HBHhiH J<P<!>CKT YKa3aHJ-IhiX coe.uHIIeHHH (KanTonpHJJa 11 aMH.!.\MHO­

MCpKanToKHCJJOT) 6o;rcc 'ICM BABOC yci1JJHBacTCH 11 3lla'!l1TCJJhliO upoJJoHrn­

pycTCH [482, 483]. 
l13 HCCJIC.!l,OBaiii1H, CB51'3<1li!IhiX C Cl111TC30M aMH.!l,I1HOBhlX COCiJ.HIICHHH, 

rryTcM aucnUihHOH aTaKH no rrcpnwxnoii aMHIIOrpyrrnc yKa%CM ua pcaKL(MK> 

aMH)J,al\CTaJICM C n-Urpa311.!J,OM aiiTpaHMJIOBOM KHCJIOTbl ( 465). l1IITepCCIIO, qT<J 

B 3TOM cnyqae nponccc npoTcKaCT ccneKTJIBHO rro r11.!.1,pa3HHOBOi1 rpynrre NH2 

C o6pa30BaHMeM f11.!.1,pa3H.!l,11HOB (466, 467), IIC 3a-rpamBa5! apoMaTWieCKY£0 aMH· 

norpyrrny (cxeMa 308) [484]. 
CxeMa308 a (X)NHNH2 M NCH(OMe'- (XCDNHN---"-. 

~ /2 I NM~ 

~ 
465 NH2 Me NH2 466 

~N&OMeh Me 

OC
roNHN=< 

NMe2 

NH2 467 

AM11.!.1,11Hbl pa3JIWIHOf0 THTia TIOJIY'ICHhl peaKL(I15!Ml1 TMOal(CTaJlCH (468) C 

MHOf0'Il1CJICHHhiMI1 aMl1HOCO.!l,Cp%all(MMl1 COe)J,l1HCHl15!MI1 (cxeMa 309) [95-97). 
B pa60Te 195] .uan cpaBHHTeJihHhiH aHaJII13 peaKUHOHHOit cnoco6uocTH THO· 

al(CTaJICll TIO OTHOillCHHIO K aMHHOI1p0113BO)J.HbiM B 3aBHCI1MOCTI1 OT npHpO,ll,bl 

,. 
ll 
I 

3.2. PeaKu,uu m~emMeii aMuiJoB u ,wKmaMoB c HyK.!leorjJUJlbHbtMU peazeH!naMU 205 

'IocJJe.UIIHX. TcMnepa-ryphi peaKUMH BapbupymT: .UTI5! aJJH¢aTwrecKHx aMHHOB­

ITO ll0-160°C, ,fl)UI apOMaTI1qecKI1X aMHHOB- 130-175°C, JI.JI51 aMH.!l,OB Kap­

()oHOBbiX KHCJIOT- 155-160°C 11 .!J,JI51 cyJJL<jJaMH.UOB- 120-140°C. BhlXO.!.\hl 

oop<l3YJOllliiXC5! aM11.!.1,11HOBhiX npmi3BO.!l,HhlX KOJIC6JIIOTCH OT yMcpeiiHhiX .!.1,0 Bhl· 

COK11X 11 l!aX0,[(5!TC51 B .!l,Halla30HC 38-92 %. 
CxeMa309 

PhCDNH2 Me2N~NCDPh 

Me2NCHO + RSH ~ t- SR ~~SOzNH2 
Me2~ SR Me2~NSOz<4f4R-p 

! :~NH~ NH2 
Me2N~NR' 

Ph Ph 

M~N~NCSNH2 Me2NAN-~NM~ 
N2H~ 

Ph 

M~:N=\ r­
SEt 

FlSNa .. Ph 
I,SFl 

Me2NA 
468 SEt 

/ Ph 
PhCDNHNH2 l 

M~~NNHCDPh 

B pa6oTc 1485) noKa3aHo, 'ITO aMILJ.HHhi, noJJ)"ICHHhie H3 aMH.!l,aUeTaJietr, 

Moryr 5IBIIThC5! HCXO.!l,HbiMII COe.!l,IIHCHI15IMH .!J,JI5! HOBOfO CMHTe3a THOtPOPMM­

I!<lMUHOB (469) 11 nx cenenoBhiX amuwroB (470). ITpouecc npoTeKaeT ma.uKo 

11p11 nponycKaHJ1l1 B paCTBOp aMI1.!l,l1HOB B al(CTOHC MJIH CTIHpTe cepOBO.!l,OpO,Ua 

IIJlM CeJieHOBO.!l,OpO.!l,a (CXCMa 310). 

H 
!,OMe 

M~NA Ia OMe 

CxeMa310 

~ H2Y ~ 
M~N~ NR M~N~ Y 

Y=S,Se 469,470 

TIIoaui1JiaMI1.!l,HH (471) ncrKo o6pa3yCTC5! npH M5!rKOM HarpenaHHM TIIO­

aMI1.!l,a 6eH30HHOH KHCJIOThl (472) C )J.I13TI1Jial(CTaJICM ,UMMCTMJI<jJOpMaMI1.!l,a (1 b) 
1486]. l1HTCpeCHO, 'ITO TCpMOJil13 ::nora TIIOal(I1JiaMI1.!l,MHa 11p11 900 °C Ilpl1B0,[(11T 

K THO<jJOpMaM11.!J,Y 11 6eH30HMTpi1Jiy, KOTOpbiC o6pa3yiOTC51, KaK npe.!l,TIOJiaraKJT 

:l!lTOpbi, '1Cpe3 npOMC%)'TOqHOC B03HHKHOBCHI1e TMa3eTI1.!l,l1Ha (473). fipH peaK-

1\HH aUCTaJI5! (1 b) C Tl10al(eTaMI1.!l,OM IlpOUCCC npoTeKaeT He TOJihKO I10 aMMHO­

rpynne, HO l1 flO MCTMJihHOH rpynne C o6pa3oBaHMeM CHaMHHOaMI1.!l,MHa (474). 
1-1 COBCeM HHaqe 11.!.\)'T peaKL(HH al(CTaJI51 (1 b) l1 aMMHaJih3q>Mpa (8, R = t-Bu, 
R' = R" =Me) c ¢opMaM11.!J,OM. B 3THX CJiy<Ia51X o6pa3)'10TC5!.UHMeTMJI¢opMaMHA 

11 l(HaHHCTblll BO.!l,OpO,U (cxeMa 311) [486]. 
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PhyS 

NH2 

472 

MeyS 

NH2 yo 
NH2 

CxeMa311 

~Pys 9oooc 
sooc 

N~ 
471 NM~ 

[PhD]-
473 

lb s 

----+-M~~~NM~ 
474 

lb 
• M~NCHO + EtOH + HCN 

! (M~N)2CHOBu-t 
20°C yo 

N=CH-NM~ 
8 

HCN + M~NCHO 

PhCN + M~NCHS 

M51 CMHTeJa JaMeiiJ.eHHhiX aM11.LU1HOB (475--482) no.upo6Ho MCCJIC.D.OBaHbi 

KOH,li.CHC31(1111 3l(CTaJICi.f JI3KT3MOB C C3Mb!MI1 pa3H006pa3Hb!MI1 3MI1HOIIp0113-

BO,li.HbiMM (487). B K3'ICCTBC BC!liCCTB, CO,li.Cp:lK3Illl1X B CBOCM COCT3BC nepB11'l­

HYIO 3MI1HOrpyrrny, MCIIOJih30B3Hbl CY1IbcpOH3Ml1,ll.bl, MO'ICBMHbl, TI10MO'ICBM­

Hbl, M30TI10MO'!CBI1Hhl. Cpe.u11 IIOIIY'JCHHhiX aMI1,li.MHOB o6HapyxeHbi BC!liCCTBa, 

06JI3,li.310Ili,MC IIpOTMBOBOCllaJIMTCJibHhiM, ,li.MypeTWICCKMM 11 3HTI1,li.CllpCCCI1BHh!M 

,li.CHCTBMCM. l1HTepeCHO, 'ITO B CJIY'IaC pC3Kl(l111 C MO'!CBMHOH, l(CJICBOH npo­

.li.YKT o6pa3yCTC51 TOJibKO IIpM MCIIOJih30B3HI111 I151TI1'1JICHHOrO 3I!CTaJI51 - .li:H­

MCTI1Jial(CTaJIH N-MCTI1JI6yrMpoJiaKTaMa. MeHee aKTI1BHhiC IIIeCTM'IJICHHhlH H 

ceMM'IJICHHhiH aueTaJIM (.UHMCTI1Jial(eTaJIH N-MeTI1JIBaJiepo- H KarrpoJiaKTaMa) 

n peaKI!MIO c MO'ICBMHOH He ncrynaiOT. IIpu peaKIIMM c TI10MO'!CBI1HOH I151TM­

M ceMM'IJICHHhre aueTaJIM cnoco6Hhi KOH,ll.eHcHponaTbC51 no o6eMM NHz-rpyn­

naM C 06pa30B3HMCM 6uc-aMI1,li.MHOB ( 476, 482), a ll!CCTI1'1JICHHhlH al(CTaJ!h ,ll.aCT 

TOJihKO MOHOaMI1,li.MHOBoe rrpoHJBO.li:HOe (477). Ha cxeMe 312 rrpMne.ueHhi 3TH 

l1 HCKOTOpbiC .Upyme peaKl(MH. 

HaJIH'!Me B MOJICKYJIC cyJihcpaMI1,li.Horo JaMeCTMTCJIH, KoTopbiH o6Jia.uaeT 

3aMCTHOH KMCJIOTHOCTh!O, C03.li:3CT yCJIOBID! .li:JI51 IlpOTCKaHM51 B MHrKHX YCJIO­

BID!X peaKl(HH C aMI1,ll.aQCTaJI}!Ml1 l1 o6pa30BaHI151 COOTBCTCTBYIOiliHX IIpOH3BO,li.­

HhiX aMI1,li.MHOB (483) [488, 489]. TaK, cynhcpOH (484) peampyeT c aueraJieM 

(1 a) B MCT3HOJIC IIpM KOMH3THOH TCMneparype (CXCMa 313). 
l1CCJIC,ll.OBaHHC (490) CIICl(HaJibHO l10CB51Ili,CHO 113J'ICHMIO peaKl(l1i:J. 3I!CTaJICH 

JI3KT3MOB C ap111I3MI1H3Ml1 H reTepOQHKJIM'lCCKMMM aMMH3MM, KOTOpb!C Ilp0-

BO,li.I1JII1Ch JIM60 B 3cpMpe IIpM KOMH3THOH TCMneparype, JIM60 B C1IY'J3C MCHCC 
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0 0 
\\ /; 

MeHN-S-NH2 + 
484 

CxeMa313 

Me2NCli(OMen 

la 

0 0 
\\1; ~ 

MeHN- S- N NMe2 

483 

OCHOBHhl.\ 3Ml1HOB npH KHIT51'1CHI111 B TCTpari1JJ;pocpypaHC. f1oKa33HO, 'ITO KO[JJ:3 

B pcaKl(l110 BBO,ll,}ITOI L(l13Ml1Hhl, I1p0UCCC MO.lKCT flpOTCKaTh flO 06CJI\1 ilMl1HO­

rpynnaM c o6pa30B31111CM 6uc-coe,n;IIHCHHi1 nma (485). OntC'ICIIO, 'ITO coe,n;H­

Heime (485) o6JI3Jl3CT 11pOTI1BOBOCTI3JII1TCJ!bllblM, 3 aMJ1JJ;11llhl (486, 487) -)]J1-

ypCTH'ICCKJ1M L(CMCTBIICM ( CXCI\13 314). 

CxeMa 314 

CJ:;~Me RNH2 c (ffi2)n 

N OMe NANR' 
I I 
R Me 

=Me,Et,n-Bu(n=l) ,_ (J(Me<)zNU N~ 
=Me(n=2,3) R- -?' I I l:, __ jl 

l 
~ ~ N NH 

H2N-X-NH2 N H2 N NH2 2 

~N ~N 
~r rQI~ v.-{NII, 0--s}-NH, 

N N-X-N N) 
I I (XNH2 OCNH2 
R R I I 

~5 (X = Mema-4JeHHJICH,!Uia.MHH, ~ ~ 
n=2) NHz NH2 
~~ N~ ~~ ,t~ 
~NA~NA/ ~NA~.A/ 

I H I s 
Bu-n 486 Ft 487 

11HTCpCCH351 HOBa51 pC3KJ.(II5I OTKpbiT3 ITpH l13y<ICHHH B33HMOJJ;CH:CTBH5f cpe­

HOKCI13U:CT3MH,U3 ( 488) CO CMCCb!O ,UHMCTHJIQlOpM3MH,U3 l1 XJIOpocpopMa B MC­

T3HOJIC B I1pl1CYTCTBI1I1 MCTI1JI3T3 H31'piDI ( 491). B 3TI1X ycJIOBI15fX 3MI1)l, ( 488) 

rrpeBp3lll,3CTC51 B MCTHJIOBbiti. 3cpi1p QlCHOKCHYKCYCHOti. KI1CJIOThl (489). f1p11 

HCCJIC,UOB3HI1I1 :nOll HCO)KJ1)],3HHOH I1 HC06bJ<IHOH pe3Kl(I111 3BTOpbi YCT3HOBHJII1, 

'ITO B OTCYTCTBHC XIIOpocpopMa YK333HHblll rrpOU:CCC MCCT3 He 11MCCT. JlpH 3TOM 

ycTaHOBJICHo, 'ITO ITPH yKa3aHHhiX ycnoBH51X XJiopo<PopM rrp11 B3ai1Mo,n:ei1:cTBI111 

C )l,I1MCTHJIQl0pMaMH)l,OM B I1pi1CYTCTBHH MCTHJI3Ta H31'pi15f B MCT3HOJIC ripCBpa­

lll,aCTCJ! B CMCCb ,UHMCTHJial(eTaJUI ,UI1MCTHIIQl0pM3MI1,Ua (1 a) (91 %) H OpTOMC-

3.2. PeaKf.iUU Of.iemaAeii aMudo6 u AaKmaM06 c HJKReorfJu,1bllbUWU pea?eHma~wu 209 

IIVHpopMHaTa (3 %). lb 3THx pe3yJihTaToB 6hm c,n;enan BhiBO!l, 'ITO yqacTHH­

KOM ITpOTCK310lll,HX I1pOU:CCCOB 5IBJI5ICTC51 JJ;HXJIOpKap6cH (490), KOTOpb!H I1 

rpaHCcj)()pMHpyCT JJ;HMCTHJicpOpM3MHJJ: B 3l(CTaJib (1 a). )laJICC 31\CTaJib KOJ]JJ:CH­

c 11pyCTC5I ITO 3MI11IOrpyrrrrc 3MHJJ;3 ( 488) C o6p330B3Hl1CM 3U:IUJ3MHL(l1H3 ( 491), 

KOTOIJb!ti. 3aTCM ITIJH B03L(CHCTBHH MCTHJI3T3 II3Tpi15I B MCT3IIOJIC ITpCBpalll,aCT-

01 B Jqmp (489) (CXCMa 315). 

CH~ ---'.,..,.. :CHa2 
490 

CxeMa315 ~ 

Hm~o,~ Jf_oc;J I _im J 
~/ NMe2 ~ CNMez 

PhOCH2CONH2 
488 OMe 

! a-

I a cr 
/CH I + 

Me2N OMe MeOH H_./==- NMez 

+ co ~ . 
PhOGI2CON NMe2 

491 

l MeOH 
MeONa 

PhOCH2COOMe 

489 

BewccTBa, co.uep.lKallHIC 2-<13a-1 ,3-,n;IIeHonyiO CHCTCMY, npc!lCTaBJI5IIOT HH­

I cpCCl!Lll1 KJiaCC COC2UIIICIIHM, BCJIC)lCTBIIC B03MO.lKHOCTI1 IIX l1CliOJib30BilTb B 

Il.liK.T!OflpHCOC)J,Hl!CHIH1 ITO )liUibCY- AJ!L)lepy I1 ,n;pyrux peaKL(H5IX 3JICKTpO­

IIIIKJIII33HIIl1 I1 2+2-UHKJIOITpl1COCL(HHCHH5!. B pa6oTe [492] OIHICaHa HOB35I Me­

lt l,'(OJ!Ofi15I CllHTC3a COC)lHHCHI1li 3TOI'O THf!a, BK.Jl!O'l310lll,a5! ITpHMCHCHHC npo­

IIaprHJiaMHHa (492) n au:nanJI (1 a) (cxeMa 316, c. 210). 113 o6pa3oBamnerocJI 

;JMH!l}fHa (493) f!OJ!y<ICHO 6uc-CHJIHJII1pOBaHHOC HpOI13BO,UHOC ( 494), KOTOpoe 

IJ;IJJee TIYTCM CH5ITH51 OL(HOH 3alll,HTHOM rpynrihi npeBp3ll\CHO B nponaprl1JI3-

WIH (495). ITpu peaKl(HH ero c aJib,n:eri1JJ;aMn c nocneeyiOlll,IIM .ueciiJIIIJIIIpOBa­

IIIICM CIIHTC3HpOBaHHb!X J~HCHOB ( 496) o6pa60TKOH QlTOpliCThiM l(C3HCM CHHTC­

I!!pOBaHbl UCJIC!lh!C a3a,IJ;HCHbl (497). Au,eTMbHblll CI1HTC3 HCIIOJib30!laH ,UJI5! 

IIOJ!y<ICHI1}1 pH,Ua HI1Tp01111p330Jl- (499) I1 6CH3HM11JJ;330CO)l,ep)Kalll,HX (500) 3MI1-

IIIIIIOB (493, 494j (CXCM3 317, C. 210). 

11HTepeCHO OTMCTHTb, 'ITO npH B3al1MO)l,ei1:cTBHH HI1TpO,UH3MHHOI1Hpa30Jia 

(498) c Tpi13TIIJIOpTocpopMI1aToM npoTeKaeT TOJihKO N-3THIIHponaHHe, a aMHHO­

rpyrmbi He 3aTparnBaiOTC5I. 

AMIILI.HHbl 5IBJI5IIOTC5! BCCbM3 y,n:o6HbiMI1 IICXOJJ;Hh!MI1 COC]]JIHCHH51MI1 )l,JI5! 

uoJIY<ICHI15! N-aJIKIIJiripOII3BOLI.HbiX. TaK, B pa6oTe [496] noKa3aHo, 'ITO ITpOI13-

Jit1JlflblC aMIIH03Qli1pOB (501) MOIYf 6b!Tb HCf!OJib30BaHbl B CIIHTC3C N-a.TIKH-
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CxeMa316 
la 

H2NCH2- c= C- H 
492 

---+ Me2N-CH=NCH2-C=C-H ----
25oC 93% 

n-Buli, Mt!JSiQ 
~ M~N- CH= NCH2- C =c- SiMe3 

n-BuLi, Et3SiCI 

1T<I>, -78°C IT <I>, -7 soc 80% 493 

Me2N- CH=NT"- C-C- SiMe3 N2H4 6e:Js., 

SiEt3 494 t-BuOH, 25oC 

,.. H2NCH- C =rn 
I 

[H] ,.. H2NCH-CH=CH RCHO I 2 ,.. 

SiEt3 495 SiEt3 

• R~NT"-CH= CH2 

I SiEt3 
H 496 

CzF3 _. 
R~N~ I Me 

H 497 

CxeMa317 
N~ M~NCH(OEtn N~ 

H2N~ - lb Me2N~N~ ~ 
~r )-NH ~r _)-N~NM~ 
N-N 2 N-N 

H 498 Me 499 I 
I . a 

~ Me tc -:?" ~ Me (JC
N M~NC(OEtn N 

t{ N~}-=NMo, oct{ \_N)-_NMe, 
!====< 500 !====< 

R COOEt R CX)()Et 

JiaMIIHOKIICJIOT (502) qepe3 CT<UJ:IIH IIOJIY'ICHllil aMII,UliHOB (503), IIX aJIKIIJlli­

poBaHllil ,llO liMMOHliCBhlX COJICH (504) II rii,UpOJIII3a IIOCJIC,llHliX (CXCMa 318). 

CxeMa318 
R 

R'+ M~S04 
CX)()R ,.. 

R 

+ la 
R' COOR -----+-

NH2 
501 

R 

N 
503 VNM~ 

R'+COOR 

N+ 

I'l!JWOllll3 +R R' COOH 

NHMe 
Me/ VNM~ 

MeS04 504 502 

~· 
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OTMCTHM, qTo N-aJIKHJiaMHHOKIICJIOThi - Ba:lKHhiH KJiacc aMMHOKIICJIOT, 

~!lTOpbiH HaXO,llliT rrpHMCHCIIIIC l1 B Cl1HTC3C 6IIOJIOfWICCKII aKTHBHhlX BCII\CCTB 

1·197], l1 IIpi1 ITOJIY'ICHI1lf ITCITTH,llHhiX aHaJIOfOB (498), l1 rrpH H3)"'CHI1H KOHWOP­

~1:1IJI10111lb!X oco6eHIIOCTell: rrerrTM,llOB [ 499]. OnioCHTCJihHO o6cy:>K.llaCMoro 

' iii!TC3a HaL(O o6paTI1Th BHI1M3Hl1C !Ia TO, 'ITO aJIKHIIIIpOBal!HC I136Hp3TCJibHO 

l!pOTCKaCT !IC no TCpMHJ!a.JlbHOH ,lll1MCTI1Jl3Mlii!OrpyriiiC, a no HMI1JIHOM)' a30-

1V aMH.lll11Ja. 

Hosotl: Jau~HTHoll: rpynnotl: JlJl5l rrepBH'IIlb!X aMMHOB 5IBHJII1Cb N.N-.nH6en­

tturq)opMaMM.llHI!OBbiC npOI13BOL(IIbiC (505). o6pa3yiOII\HCCH rrpH B3aHMO,llCll­

' TBHH JU1MCTHJiallCTaJIH .lll1MCTHJI(l>OpMaMH)..Ia (I a) C )..(H6CH3H.H<IMHIIOM l1 liO­

'IV'ICl!llhlH rrpH :.>TOM !1HMCTHJiaUCTaJ1h N ,N-.nH6CH3HJICpopl\taMH.lla (I d) c 

!iCpBWII!hiM C\Ml1IIOM ,UaCT aMH.llHII (505), KOTOpblll I!p11 fH,llp11pClllalll1l1 Jla,ll 

l't.I(0H)2 Ha ymc npcBpaiiWCTCH B COOTBCTCTBYIOil!HH aMHII. TaKMM o6pa30M, 

vcTaHOBJICI!O, 'ITO N .N-nn6cl!3HJ1CpopMaMH)l,HI!OBaH rpynua 5IBJ1HCTC5l :.>~¢cK­
ntBI!hiM IlpOTCKTHBHhiM qlparMCIITOM ,llJI5I llCpBWII!hiX aMHIIOB, T. K. OHa pe­

IIICTCHTWl B pa3JIWlllb!X YCJIOBI1HX, 110 MO)KCT 6bJTh YWUICHa TTpH KaTaJII1Tl1-

'ICCKOM f11,llpl1pOBai!Hl1 (CXCMa 319) [500, 501]. 

/OMe 
Me2N-CH 

'oMc 
Ia 

/CH2 Pb 

+ HN 

' CH2Ph 

CxeMa 319 

MeCN, t KHn. 
20'1 

-Me}'lli 
• 

CH2 Ph 
I H 2/Pd(OH)z/C 

PhCH2 OMe 
' / N-CH ____. 

I " PhCH2 td OMe 

RNH 2 • RN:-._ /N, .. RNH2 
'\y" CH2Ph 

505 

HoBhiM 3¢¢eKTI1BIIbiH cnoco6 BOCCTaHoBn:TCJihHOro aJIKHJII1pOBaiii15l apo­

~~;rmqccKJix aMHHOB qepC3 aMII,Ul1110BhiC HHTCpMC)ll1aTbl pa3pa6oTaH B pa60TC 

I ~02] cornacHo cxeMc 320, c. 212. B ucn5lx CI1HTC3a coe.nn:HCHHM, o6na,a:aiOII\HX 

I!IIYPCTWICCKHM ,netl:cTBHCM, - rrpOI13BO,llHhiX 5-cynh¢aMoMnaHTpaHnnosol\: 

k IICJIOTbi ( 506), 5IBJI5!10II\l1XC5I aHaJIOraMI1 l13BCCTH0f0 ,llliYPCTHKa- WYPOCCMII,Ua 

( 'i07), HCIIOJib30BaHa aMI1,lll1HOBa5I 3all\HTa cynh­

<ll:tMII,UHOfO ~parMCHTa C o6pa30BaHI1CM COC)..\HHC-

1111}[ (508) [503]. Mo,nii¢HxaUH5I CTpyK1"yphl aMII,UM­

IIa (508) II03BOJIIUia CHHTC3HpOBaTh P5!.ll aKTHBHhiX 

1111YPCTHKOB. IlpiiMCp OCHOBHOfO CHHTC3a npHBC,llCH 

II CXCMC 321, C. 212. Ho CHaqaJia I!CCKOJlbKO CJIOB 0 

pnJIH ,UrrypCTIIKOB, II B qacTHOCTI1 npenapaTa ¢ypo­

' l'MH,lla, B ~apMaKOJ10rHI1 (25). 

0&COOE 
Cl~ 

507 S02NH2 
<I>ypoceMH,!\ 
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CxeMa320 

ArNH2 + 

R 
I Me2NC(0Me\- ,ll;M<I>A, n • 

40°C, 1 'I 

ArN NMe
2 

NaBHJ,ll;M<I>A 

y 20°C 2 R , q 

ArNH~ 

A<NI~~ PhNH,,p~Brt:,l4NII,, QN 

&> )5NII, 
HO~~d HOH~u 

A.lleHOOHH OH OH OH OH U~ 

R 

ayyF 
a~ sA/ 

CxeMa 321 aX)F aX)F NH3 J> ~ I M~NCH(OMeh. ~ I 

H2N~S ~ ~S ~ I 
N~ 508 

ClXXNHCH
2
J() A-oH NMe

2 

~ 0 a 2) PeaKQilll 
I XXF Meepseillia 

H2N~S ~ ·------- I 
506 ~Na ~ H2N~S S~Cl 

I1cnoJib30Bamre AMypeTMKOB ('racTo B co'leTaHMM c APYfHMM rMIIOTCH3MB­

HhiMM CpC,ll,CTBaMM) - O,ll,HO 113 Hal160JICC MCIIOJib3YCMblX HanpaBJICHHH JIC'ICHIDI 

fHIICpTOHWICCKOH 60JIC3HH . .JlHYPCTHKH yMCHblllalOT pecop6UM!O HOHOB HaTpiDI 

H _upyrMX 3JICKTpOJIHTOB M BO,ll,bl B !10'1C'IHbiX KaHaJibUax, YBCJII1'IMBa51 BbiBC,ll,CHMC 

)!(}f,ll,KOCTH H3 opraHH3Ma. B<OKHeHllla51 rpynrra MO'leroHHhiX IIpciiapaToB- 3TO, 

TaK Ha3hiBaCMbiC, canypeTHKH, KOTOpbiC CIIOC06CTBYIOT HHTCHCMBHOMY Bbl,ll,C­

JICHHlO MOHOB HaTpH5! M XJIOpa. 3TH npenapaTbl !1pHMCH5!10TC5! B Ka'ICCTBC 

IIpOTHBOOTC'IHblX cpe,ll,CTB IIpH 3aCTOHHOH cep,ll,C'IHOH HC,ll,OCTaTO'IHOCTH, Ha­

pyWCHHM BLIACJIMTCJihHoi1 <PYHKUHM no'leK, IIPM JIC'ICHMM rMrrepTOHMH, 3a-

6onesaHMX IIC'ICHM. OcHOBHbie npe,ll,cTaBMTCJIH 3Toro KJiacca coeAHHCHMH -

TMa3MAHhie AHypeTMKM, rrpoM3BOAHhie cynh<PaMOHJiaHTpaHMJioso.i1 KHCJIOThi, 

TaKHe KaK <JlypoceMHA M .up. 

3.2. PeaKI(UU al(ema.-1el1 aMudoo u !laKmaMOB c HyK,?eorjJWlbl/bBtU pea2ewnaMu 213 

CHHTC3 M H3yqeHHe IJeKOTOpbiX peaKUHH aMH,ll,MHoaueTaJreli (509) peanHJ0-

1\:itlhi B pa60TC [504) COrJiaCHO CXCMC 322. J1I£TCpCCHO, 'ITO IIpM B3aMMO,ll,CHCT­

lllll1 TaKHX aueTane.i1 c CH-KMCJIOTaMM rronyqeHLI Hap5!,ll,y c ciiaMH)lHHaMM THna 

('i10) CIUC l1 COJIH, TaKHC KaK (511), CO,UCp)l(aJ.UHC B Ka'!CCTBC KaTMOHOB ,ll,HMC­

IIIJ!aMHIIOMCTHJiaMH,ll,HIIHCBhiH <JlparMCIIT, a B Ka'ICCTBC aHI101IOB- Q)parMCHT 

li.L'!1pOTOlll1pOBaiiHOH CH-CH-KHCJIOTbl. 

CxeMa 322 

~ /CH(OMen RCHCN 
M~N N + 2 

509 

lli,N~R ' M<,NG~OM<b 
CN 

R=CX)()Me 

Me2N~N/ CHY CX)()Me 

CN 

rn R ~/~ 
Me2l'l N 510 I 

CN 

/
+ 

~+ ~N~NMe2 
Me2N CN 

NC~ 

r 1 511 
R R 

BLrwc o6cy)KJ.(annr uonpoc o Bhii'O,ll,ax npMMCIICIIH5! J\1151 JaJHHTLI pa3,TII'I­

JibiX rpymr N,N-nH6emmraueT<UI5! )~HMCTI1llcpopMaMHP,a (l d). B pa6oTc [505] 

llpOBCLI.CIIO 113Y'ICIIMC pcaKUI1011110ll CITOC06IIOCTM :JTOfO aUCTaJI5! rrpH peaKUI1l1 

!' lfMMOHI1M-KaTHOHOM (512) 11 IIOKa3al!O, '!TO C !1CpBWII!hlMI1 aMI1W!Ml1 pcaK­

l(H51 (1 d) npOTCKaCT JICfKO 11 ma,UKO np11 20 °C 11 C Bb!XO,ll,OM K COOTBCTCTRYI0-

11(11M <JlopMaMII,U11HaM (513). 
J1MMOHI1CBa51 COJlb (512) 60JICC peaKUHOHIIOCIIOC061Ia B pcaKUl15IX C aM11-

II<tMH, 'ICM aUCTaJib (1 d), 11 pcar11pyeT C 60JICC BbiCOK11MI1 BbiXOP,aMI1 !1pH 0°C 

1a 2 '!. ,llmi peaKUMH C 3aMCIUCHHhiMII 31!11Jli1H3Mlll1 C (1 d), ll C (512) IIOJiyqe­

llbl cpaBIII1MblC M BbiCOKHC pc3yJihTaThl, a BOT AJI51 pCaKUHH C f11P,pOKCHJICO,ll,Cp­

JKaJ.UMMH 3M11HaMH 3UCTaJibllb!H MCTOA JIY'IlliC. KpOMC TOfO, npM B33MMO.UCMCT­

HI1H C ryaii03HHOM npMMCHCHHC aUCTaJI5! p,aCT BhiXOP, 70 %, a IIMMOHHH-KaTIIOHa 

(512)- TOJibKO 8 %. CooTBCTCTBYIDlUMC npoucccLI npuse.ueHhi na cxcMe 323. 

Phai2 

" Phai /NH 

CxeMa323 

Phai2....._ 
+ Me2NCH(OMeh_- /NCH(OMeh 

PhCH2 ~1d fH2
Ph 2 

Phai2....._NaiO 
./ 

PhCH2 

1a 

/N N....._ 

CIOCCOCI Phai R ~ CH2Ph 
2....._ + 1'<___......._, 3 513 
./ a 

Phai2 a-
512 

-

II 

I 

I 
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PM aMHJ(MHOB CMHTC3MpoBaH rrocpeJJ:CTBOM peaKUMM JJ:MMCTMJI<!JopMaMHJ(-, 

N-<!JopMMJirmrrepHJ(HH- M N-<!JopMMJIMop<!JorrMHJJ:MMCTMJiaueTaJICM c apoMaTH­

qecKHMH aMHHaMH, H3MCpCHhl KOHCTaHThl OCHOBHOCTH 06pa30BaBIIIHXC}[ aMH­

JJ:HHOB II ITOJJY'ICHa XOpOuraa KOppCMUH}[ BCJIH'IHH pKa C 0'-KOHCTaJITaMH faM­

MCTa. IlOJJ:06HOfO TH!la pa6oTa, )')KC YITOMHHyraa Bh!IIIC (354], BhiTIOJIHCHa Ha 

OCHOBC peaKUHH ai~CTaJICH JiaKTaMOB C 3aMClliCHHhiMII aHMJIHHaMH. Ilpii KOH­

)J;CHCaUIIH aMHJ(aUCTaJICH (3 a-c) C aMUHaMH .D:JI}I llOJIHOro rrpOBC):\CIIl15! pcaKUHH 

Tpe6yJOTC}[ pa3JIWIHh!C TCMITeparypHO-BpCMCHHhiC YCJIOBH}[, l1 3aMCTIIOC BJII15!­

lUIC OKa3&IBaJOT KaK BCJIH'IHHa JiaKTaMHOIO UHKJia, TaK II xapaKTCp 3al\ICCTI1TC­

J1CH B apoMaTnqcCKOM KOJihUC (CXCMa 324). 

CxeMa324 

R 

H,N---<3 (CH,)n~ R 
(CH,}n I ,OEt - l fAN----(3 

lN_/(00. M< 363 
I (n=l-3) Me 3a-4: 

Ilo TCM .lKC rrpH'I11HaM MCHHIOTC}[ 11 3J1CKTpOHHhlC CITCKTpbl llOIJ10lliCHI15! 

Cl1HTC311pOBHHb!X aM11L\l1HOB. Ilp11 3TOM IIICCTI1- 11 CCM11'IJ1CHHblC aM11L\11Hhl 

11MCIOT CXO):\HhiC C!lCKTpbi, KOTOpb!C OTJIWIHbl OT 11IDI1<IJICHHb!X aHaJIOfOB. CpaB­

HCH11C HK-crreKTpoB ocuoBaH11H aMHJJ:11HOB 11 11x rH.upoXJiopl:IJJ:OB noKa3hiBaeT, 

'ITO B nocJICL\HHX nonochr nornoweH11a C= N-cB5!3ei1. CL\BHHyThi B BhrcoKocrac­

TOTHYJO o6naCTh. Ha ocuoBaHIIH TeMneparypHhiX II3MepeH11i1 IIMP-cneKrpOB 

HCHO·, '-J:To llOBOpOTHaa II30MCpi13aUI1}[ B aMH,[(11HaX OCYlliCCTBJI}[CTC}[ C HII3Kl:IM 

3HCpiCTII'ICCKI:IM 6apbCpOM. L(aHHbiC, llOJiy<JCHHhlC llpii II3MCpCHIII1 KOHCTaHT 

l10HII3aUHI1 aMH,[(IIHOB (363), npHBCL\CHhl B Ta6JI. 21. 

KaK BH,[(HO Il3 Ta6JI. 21, OCHOBHOCTh aMH,[(MHOB B 3aBMCI1MOCTI1 OT BCJII1-

ql1Hhl UIIKJia yMeHburaerca B PMY 6 > 7 > 5. 3TOT Bonpoc J.lKC o6cy.lK)].arrca B 

pa3L\. 3.2.3. Ewe O.D:Ha pa6oTa, nenocpeJJ:CTBCHHO KacaJOwmrca aMHJ(IIHOBoro 

Cl1HTC3a Ha OCHOBC aMI:~JJ:aUCTaJICH, CBa3aHa C 113yqeHI1CM I1p0113BOL\l1MblX <!Jep­

MCHTaTIIBHO llpOTI1BOpaKOBh!X aHTM6MOTI1KOB - MMTOM11UMHa C 11 MHTOMH­

UMHa A [507). 

R 

Me 

0 

CH20CONH 2 

NH 

514 a, MuroMHcy~H C(R = NH :2 
514 b, MuroMHD;HH A(R = OMe) 

II 

I' 

I' 

I' 

I' 
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Ta611uu,a 21 
3uaqeHHSI pKa (50% cnupT) 1-MeTHJI-2-apHJIHMHHOfiHppommHHOB (363 a), 

nunepH.AHHOB (363 b) u reKcanmpoaJenuuos (363 c) 

R oN o-R 0J3R ONG I I 
Me 363 a Me 363 b Me 363 c R 

8,91 9,28 8,73 

Me 9,44 9,61 9,13 

DMe 9.61 9,86 9,23 

u 8,12 8,69 8,12 

N02 6.31 6,96 6,41 

Ill- N02 6,90 

Ill r 7.89 

I' .:OOEt 7,44 

II/ COOEt 7,21 
---

B .uorronHCHIIC K Marepnarry, J.lKC o6cy.lKJJ:CHHOMY (eM. c. 13lu JJ:aJice), rrp11-

'"'ilCM )J;aHHhiC 0 HCKOTOpbiX peaKUHHX, llp11MCH}[IOUII1XCH B HaCTO}[IUCC BpCM}[ 

II MCJJ:IIll,l111C C y<IaCTIICM npOTHBOOITyxOJICBbiX aiiTI16l10TIIKOB (60JICC llOJJ:p06HO 

1 ~~ 125, 27, 43-45]). KaK )T.li(C yKa3biBaJIOCh, JJ:Ci1.CTBHC MIITOMIIUHHa, BepoaTHO, 

1 mnaHO C TCM, 'ITO KOMllOHCIIThi paKOBhiX KJICTOK, HaXO)J;}[llii1XC}[ B COCTO}[HJ111 

1 IIIII>HOH IHITOKCIIII, Cll0C06Hhl BOCCTaHaBJIHBaTb XHHOHHh!H <!JparMCHT II 06-

I'·IIO!laBIIICCCH llpOH3BO)J;HOC Il:IJJ:pOXIIHOHa CIIIHB3CT )J;BC UCITH )],HK. 

C ll,CJ!b!O OCyWCCTBJICIIHH IIOBhiX llyTCH tPYHKUl10HaJII13aUI111 MOJICKYJ!hl 

~IIITOMMUHHa C 6&IJI npOBC)l,CH II:1JJ:pOJII13 aMIUIOrpynnhi B XHHOHOBOM KOJihUC. 

ll. II ICC llJlaHHpOBaJIOCh 11Cl10Jih30BaHI1C ITOJiy<ICIIHOIO IMpOKCI11IpOI13BO)J;HOIO 

~ ~ 14, R = OH, 514 c) B pa3JIWIHhiX pcaKUHax, BKJIIO'IaroruHx rMpOKCHrpynny, 

I IIIli CIIHIC3a JIOBbiX aHaJIOIOB M11TOMIIUI1113. HCO.lKI:IJJ:aiiHO llpii B3aHMO)J;CHCTBI1M 

~ 'i 14 C) C )J;HMCTMJiaUCTaJICM JJ:MMCTMJiqlOpMaMMa (1 a) npOUCCC KOH,[(CHCaUHM 

ttpoTCKaJI ITO Kap6aM0.11JlbiiOJ\1Y <!JparMCHyY C o6pa30BaHHCM 3Ml:IJJ:I1HOBOfO npo-

11 •no.LI,Horo (515) (cxcMa 325, c. 216) [507]. 

l13y<rCIII1C peaKU.I111 (514 a) C aUCTaJICM (1 a) H3'I3TO C llp0BC)J;CHJ1}[ CC B 

~1111 K11X YCJIOBI15IX- B XJIOpo<!JopMC llpM 50°C B TC'ICHHC 1 q npii BOChMHKpaT­

IIIIM MOJ15IpHOM !136biTKC 3UCTaJI5! 11 ycTaHOBJICHO, 'ITO, HCCMOTpa Ha HaJIH'IHC 

11 1 VfiCTpaTe nepBI1'IHOi1 3MI1HOrpyrriThi B XHHOHOBOM KOJihl(C, npOUCCC KOHJJ:CH-

1 .tt(IIVI CCJICKTHBHO npOTCKaJI ITO Kap6aMOMJihHOH rpynrre (CXCM3 326, C. 216) 

I llh[la30BaHI1CM COC)l,I1HCHI15l (516) C BhiXOJJ:OM 65 %. 
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Me 

CxeMa325 
CH20CONH2 

NaOHJH20 
---1 .. 

NH MeOH 

Me 

CH20CONH2 

NH 

II 

1a ___. 

0 514 a, MHTOMHIUIH C 0 514c 

CH
2
0CON ~ NMez 

___. 

Me 

0 515 

Me 

0 514 a., MHTOMHIUlli C 

NH 

CxeMa326 

0 

CH
2
0CON ~ NMez 

OMe 

516 

• _ flpli liCITOJlb30B3Hlil1 50-KpaTHOfO l136biTK3 3UCTaJI51 (60°C, 2 'l) ITOJiy'ieHa 

CMCCb 3MH,llliHOBblX IlpOii3BO)J,HblX (517) l1 (518) B COOTHOlllCHI111 2: 1 C 06UUIM 

BbiXO)J,OM 78% (CXCM3 327). )J.pyrliMM CJIOB3Mli, TOJibKO npl1 60JiblllOM l136biTKe 

aueTaJI51 IlpOIJ.CCC 3MH,llHpOB3Hl151 3MHHOrpynnhi, H3XO)J,5llUCllC5l B XHHOHOBOM 

KOJihUC, ycKOp5leTC5l H3CTOJihKO, 'iTO ero CKOpOCTb CT3HOBl1TC5l cpaBHMMOll CO 

CKOpOCTbiO o6pa30B3HI15l 3MH,lli1H3 33 C'iCT KOH)J,CHC3UHli ITO Kap6aMOliJibHOll 

rpyrme. Bbl3B3HO 3TO TCM, 'iTO OCHOBHOCTh 3MliHOrpyrrrrhi B 6eH30XI1HOHOBOM 

UliKJIC pe3KO CHmKeHa li3-33 CliJibHOfO 3JieKypOH03KUCITTOpHOf0 BJili5lHI15l Xli­

HOHOBblX OKCOrpynrr, O)J,Ha li3 KOTOpbiX CB5l33H3 C 3MliHOrpyrrrroi1 rrocpe)J,CTBOM 

li liH)J,)'KTliBHOro, 11 COITpiDKCHHOI'O 3tPtPeKTOB. flpli peaKIJ.illlX )J,l13Mlf)J.HH3 (517) 
C p33JIM'iHblMli 3MHH3MH H36JIIO)J,3CTC5! 3JlliMMHMpOB3HliC 3Mlf)J.MHOB0f0 <tJpar­

MCHT3, JIOKaJIM30B3HHOf0 Ha Kap6aMOliJihHOM 33MCCTMTeJie C o6pa30B3HHCM 

MOH03Mlf)J.HHOB THIT3 (519). 
B3aMMoneikTBlie (514 a) c npyrHMH aMH,ll- 11. naKTaMaueTaTI5lMH (1 b) 11 (3 a) 

TaiOKe rrpoTeKaeT no o6eHM rrepBM'iHhiM aMHHorpyrrrraM c o6pa3oBaHMeM nH­

aMH,llHHOB (520, 521). 
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Me 

Me2N 

II 
N 

Ia -
Me 

Me 

A 
CH20CON NMezjl 

0 520 

9Me "-._N~ 
~~ I 
. NH Me 

Me 

CxeMa 327 
CH20CONH2 

cn,ocoNQ 
OMe I Me 

NCHO 

0 521 

NH-

Me 

0 514 a, MHTOMHI\Iffi C 

~ Me2N 
CH20CON NMez 'fl 

OMe I 
N 

CHzOCO//'NMe2 

0 

NH + NCHO 

Me 

0 517 ""'- RNH2 

Me2N'f ~ 
II 0 

CH20CONH2 

0 518 

N 

NH 

Me 

0 519 

J\Mlf)J,HHOB3}J rpynmipOBKa, B CTpyr<Type KOTOpOH liMCCTCH 3CMMMeTpWICC­

IIIII UCHTp, HCIIOJib3YCTC5! K3K 33IliHTH35l tPYHKUHH B P!IJIY fH):rpMpOB3HHbiX 

II ltl:Xl1HOJIHHOB H, llpM HaJIWIMH T3K0f0 3Mlf)J.MHOBOfO <tJparMeHTa, B 3TOH CHCTC­

'1<' 1103MO:>KHO rrpOBC,llCHHe 3CHMMeTpH'ieCKOf0 CMHTC33 1-33MeiUeHHbiX H30Xli­

II111IIIHOB [ 508 j. OrrTH'IeCKH aKTIIBHhiH 1-H3orrporrM-2-mpem-6yYOKCI13TliJiaMHH 

I 'ill) BBC,llCH B peaKUIIIO C 3liCTaJieM (1 a) H ITOJiyqeHHbiH 3MH,llHH (523) ITO,ll­

lll'jli'IIYT rrepeaMHHUpOB3HIIIO Ilpii B33HMO,llCHCTBHH C 33MCIUCHHhiMH 1,2,3,4-

lt'l parH)lpOU30XUHOJIHHaMu (524). CHHTe3HponaHHbie TaKHM o6pa30M aMif,llii-
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HOBhiC I1pOM3BO)lHhiC (525) rrpeBp3ill3IOTC51 B JIMTMCBbiC COJI11, KOTOpbiC )laJICC 

aJIKI1JII1pyiDT f3JIOfCH<L1KMJia:MI1 C BhiXO)lOM K OilTWICCKM 3KTI1BilhiM l-33MCilJ,CH­

I!biM 1,2.3,4-TeTp3rM,IJpOM30Xi11!0JIHH3M (526) (CXCM3 328). 

CxeMa 328 

Me~Me Me2NCH(0Me}z 

• la ,,, •. H Mel.:e R~NH> ~~H 
~~ )I OBu-t R' 524 N 523 

/ 

H2N 

522 OBu-1 

R~ 

~N~ Me 
a)R"Li 
b)R"'X ... 

R 

~~" R'Y I 525 N '•,, H Me 

t-BuO 

526 R"' 

Tiy6JIHK3I~J1}! [509] I10CB51lUCHa o6cy)K.!JCHHIO 11CC,1C)lOBaHI1}! BJaHMO)l,CM­

CTBI15! aMM;.J,3li,CTa,lei-l C 33MCillCHHbJMI1 3HI1Jll1H3MH. 

B 3TOH pa60TC 113MCpCHbl KOHCT3HThl CKOpOCTI1 COOTBCTCTBYIOilll1X KOH,lJCH­

Cali,I1H 11 IlOK333H3 33BI1CI1MOCTb CKOpOCTCH 3TI1X peaKU11ll OT I1p11p0Jlhl aJIKOKCM­

rpyll!Ibl aueTaJieil. YcTaHOBJICHO TaiOKc, •no rrpouecc CMHTC3a aMI1.!JHHOB .uoc­

TaTO'IHO OT'ICTJJI1BO 33BMCMT OT 11CIIOJib3YCMOf0 pacTBOpMTCJJH, B KOTOpOM 

rrpoBOJU1TC5! peaKUM5!. B Ta6;r. 22 M 23 rrpMBC.IJCHbi )l,aHHbie, IJOJiy'leHHbiC rrpM 

113MepeHI111 KOHCT3HT CKOpOCTCH 11CCJIC.llYCMhiX peaKUI1ll (CXCM3 329). 

H 
R I OR' " 
'N-C/ + HzNR 

R/ .........._OR' 

CxeMa329 

• 
H 

R,N- ~= NR' + 2R'OH 
/ 

R 

Ta6;1UIJ,a 22 

3aBHCHMOCTb KOHCT3HT CKOpOCTH (k) peaKlJ.HU 3Mli.U3UeTaJieii C 3aMeiUeHHblMH 
annnnnaMH oT cTpoenHII at~eTaJibHOii anKoKcnrpynnbi (npn R =Me) 

R' oeH30JI XrropO<jJOpM R' DCH30JI Xrropo<.jlopM l 

Me 2,07±0,22 0,80±0, 16 Et 17,50±3,50 6.52±o,5s I 

CH2Ph 2,73±0,48 0,87±0,17 Pr-i 17,83±2,67 15, 15±1,63 

IlpHMe'laHHe: 25°C, 
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Ta6.Jlltla 23 

LIIIHCHMOCTb KOHCTaHT CKOpOCTII (k) peaKUHU aMH.UaneTaJieii C 3HHJIHHOM OT CTpOeHHll 
aMnHnoro aueTaJJbHoro <!JparMeHTa (25°C, 6en3o,1, OR= OMe) 

~2N 103 k, }J 3 Mom,-1 · c-1 fcKcanmpoaJcnuHo 4,02:!:0,55 

IV .1c2N 2,07±0,22 Mop~JO}IHHO 18,00±2,00 

I HnepHJJHHO 3,40±0,63 

KaK BWJ.HO Wl npHBCLI.CIIllhiX pc:>yJihTaTOB KMHCTWICCKoro 11CCJIC;'l,OB<lll1Ul, 

\ 1\l'Jlli'ICHHC p33MCpOB aJIKOKCHI'pyllllhl ripHBOJUIT K 110BbiiUCHJ!K) CKOpOCHI 

I waKIUIH Cl!HTC3a aMHI\HHOB, XOT51 OTI!OCHTC'Ihl!O HI13KOC JI!a'!CHHC ,IJJI5! )ll1-

ln'II 3!1Jl::IUCT<UU! ( CM. Ta6JI. 22) yKa3biBaCT Wl HC06XO)JHMOCTb )Ja~1bHdimcro !!3Y­

'll'!ll!5! )l31LHOf0 IlpO!lCCCa. 

Ho oco6eHHO l!HTpHryioHrei1 BbirJI5!f\IIT ncchMa 6om,moe noBhlii!CHl1C cKo­

l'ocn1 .u;nJ MOp<l>oJIHl!OBoro aucTaJI51 (eM. Ta6JL 23) no cpaBHCHl!JO c mmepH­

'lll!IOBLIM. ABTopr,I pa6oThi [509] Hpe;uronaraJOT B :JToM CJIY'IaC B03HHKHOBCHHe 

lll'pCXOI\HOrO COCTOHHI151 (llC), CTa6l!Jll11HpOBaHHO-

RO 0 
-----N 

i'H 
~ 

I o Ja C'ICT MC)KMOJICKYJ15!pHOH BOLI,OpO[J,I!Oll Cl3511ll 

~ll'>KilY aHl!Jilll!OBOii N H-rpynnoii 11 KHCJiopo)loM 

~wp<lJOJIMHa. 0TCyYCTBHC CCphC3HhlX )lOBOLI,OB !l IlOJ!b­

lV TaKoi1 TO'IKM Jj)CHI15! HC )laCT B03MO)KHOCTI1 OI~C­

ll!IBaTb 3TY lfHTCpi1j)CT<l!ll110 6e3 CI1C!ll1aJibHhiX 3KC­

llCp11MCHT3J!hHhlX o60CI!OBai-II1H. 

RO •... 'c ~~·:' ~---

N ~ 
~0 Kac:.15!Cb rrpocThiX peaKHMH aMMJlaueTaneil c aMM­

IIaMM, CJIC)lyeT YK333Th Ha pa6ory [510], B KOTOpOH 

.\!ITOpbl 06Hapj')KI1Jll1, 'ITO I1pl1 I1Cll0Jib30ll3HMI1 CJia-
IIC 

I >OilCHOBHblX 3MI1HOB CKOpOCTh o6pa30B3HI15! aMI1J(I1HOB MO)!(CT 6b!Tb pe3KO 

VIICJIM'lCHa I1pi1 11CI10Jlh30ll3HHI1 B K3'!CCTBC paCTBOpl1TCJI5! TII1pl1)ll1H3. 

Ba)!(HOH peaKnMeil aMMJ(ar~eTaneil, rro3BOJI5!JOWei1 ocyruecTBIITh CI1HTC3 Bhi­

<oKo peaKli,IWHHOCI10C06HhiX BJ1HaMI1)li1CBbiX COJICH (527), HBJI5!CTC5! MX KOH­

I!l'HC3Ul151 llO aM¥IHOrpynrre TI103MI1)lOB [511], llpi1BOJ(HilJ,35! K TI103ll,l1J13MMLI,I1-

IIaM (528) (cxeMa 330). 

s 
R_lLNHz 

R" R" 

+ R'-..... I .,...OEt s I w-N~ .. R_lL A 
OEt / N NRR' 

M 

/Mel 
e, R" 

R_l_NA~ 

CxeMa330 

528 

527 
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0TMCTHM, '-ITO B pa60TC (512) IIOK333HO, '-ITO peaK.l(I15! OIITWICCKH 3KTHBHO­

ro TH03MHJ.l3 (529) C 3l(CTaJICM (1 a) IlpOTCK3CT 6e3 :JIIHMCpi133l(HH (CXCMa 331). 

0 
CxeMa331 

0 

Nf-LNH2 ~ 
MeS 

Ia 

~ 
MeS 

~ 
Nf-LN NMe2 

~-OOOEt COOCH- COOEt 
I 

0 529 Me 0 Me 

N-3aMCLUCHI!hiM Il11p1121,0II-2 (530) JICI'KO pcar11pycT c ;n~cTaJicM (1 a) c o6-

p;nonauHCM aJIH1J(HI!a (531). B pa60TC r 51] I llpOBC)(CIIO COilOCTaBJICI!HC CKO­

pOCTJ1 1111p0J111Ja :J'I'OI'O COC,I\111ICIII1Jl CO CXO)\llbl~l llO CTpOCIH110 OCI!OBa!IHCM 

IllwJHJ>a (532) 11 IIOK<lJaiiO, 'ITO I!OCJIC)l,l!CC p;nnaraCTCll Ilpl1 600°C B 7 pa3 

OhiCTpcc. An·ropbl r 513] npCJLflaraiOT B03M0)!(l!blll MCXa!IH 3M TCpMl1'ICCKOro pac­

II[Cf!J!CIII15! COC/U1I!Cill1it I102l,06IIOI'O Tl1l!a, 113 KOTOporo CJ!Cl\YCT, 'ITO !!pOl(CCC 

MO)!(CT 'JaMC)J)UITbCll Ilp11 ll<UIH'II1I1 JJICKTpOIIOJ~OI!OpOB H B CHH311 C :JTI1M, JJICK­

TpO!IO[(O!lOp!!biM :Jlp¢cKT aMI1i\Hl!OBOi1 J(I1MCTI1JJaMHI!OI'pynllhl llp11BOP,I1T K 

CIIJ1)f(CIIH!O CKOpOCTI1 06pa30Balll1}! KOI!C'!JIOI'O LU1aiiOIIp0113BO[(IIOI'O (533) 
( CXCMa 332, a). 

CxeMa332, a 
Me Me 

PhCHO Me*~ •M,Ix~ 
·---7 N I 
/ 532 YH H 

PhCN 

MePh Me ~/XCN 
I o 
NH2 530 ~ lxCN • .~~M~~ 

Me I o Me~NAo 
I 

Me NYH H 

« 
531 

CN NMe2 

Me J lxMe CN lxMe CN 

NrH • +~ Y ~ N oo ~ N om 
R I H 
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ll !!p11CYTCTBI111 C'I36hiX KHCJIOT 113y<ICHO rrepcaMHHI1pOB3III1C 60JihlllOH 

II'\ Ill! !.I pa3JIW!Hh!X ¢opM3MHJli1HOB ( 534), IIOJIY'!CHHhiX C Ilpi1MCHCHI1CM aMHJ.l-

1111 l;tJICi! [514]. YcJIOBMJI: HarpcBamtc ¢opMaMHJli1HOB c coOTBCTCTBYIOIIJ:HMI1 

q~t>M;\TH'ICCKMI\!11 aMI1HaMI1 (IL'IJ.I JJPYfl1M11 aMI111011pOII3BO)l,HhiM11) B TOJIYOJIC 

II 'Ill ilPYI'liX paCTBOpiiTCJI5lX (MCTaHOJI, '-lUCTOH11Tpi1Ii, TCTpa!'1121,pOcfJypaH) B Te­

'lt IIIIL' 5-15 'I (cxcMa 332. 6). 

Ia 
PhCH2NH2 ----

CxeMa332, 6 

PhCH2N ~NMe2 
534 

________. ~_.;:;;u PhCH2N N I 
::::--. F 

R' 

lfNH2 + _____.... 

F 

R' 

,..-X, A H2NYR" 
R N NM 

,..-X, 'N....-Y....._ 
R N~ R" ez 

X=NH,O 
R = C7 H15CO, Ph CO, PhCH2 , Ph 

R'=H,Me 
Y=NH, 0 

H 

R" = C7 H15 CO, PhCO, PhCH2 , Ph 

( 'yll.[CCTBeHHO, 'ITO OIITI1M<UibHO I1CIIOJ!h30BaTb 3 3KBIIBaJICHTa KI1CJIOTHh!X 

1 .lt.llll13aTopoB, B Ka'-!CCTBC KOTOphiX rrpl1MCH5!JII1Ch C 3H 7COOH, CF3COOH, 

II« ( H H-I, AcOH, rrpu 3TOM y)Ke c TpHlj.JTopyKcycHoi1 KMCJIOTOH BhiX02l- yMeHh­

""~~' 1 o1, a B rrp11cyTCTBIII1 CHJihHhiX HeopraHwrecKHX KIICJIOT (HCI, H 2S04) na­

,1.1<'1 110 HyJI5!. 

II IY'ICHHe peaKUHtl aMHJlaueTanetl co BTOp11'-!HhiMI1 aMI1HaMH npHBeJio 

•IIII<>JH>B pa6oThi [515] K JaKJIIO'!CHHIO, '!TO 111\iCIOTCJI aBa nyr11, xapaKTepH3YIO­

IIIIIt' ITH rrpouecchi. IIepBhiH 113 Hl1X (rryTh a) rrpHBO/IHT K o6pa3oBaHI1IO aMH­

It.l 'II. •<I>HpOB (8), BTOpOH (IIYTh b) - K nepeal(CTaJII13aU11H. 0TMC'!CHO, '-ITO 

il •111 JIL'<tKU11II c III1ppOJIHJliiHOM eJIHHCTBCHHoe HanpaBJieHIIe - rryrh b ( cxe­

'1" 1 n, c. 222). 
llaJII1'-!11C B MOJICKYJIC lj.JparMeHTOB 3TI1JICH)l,I13MI1H3, BKJIIO'l310Il(I1X B CBOH 

• •" 1 ;111 BTOpi1'-!Hhie NH-rpyrrrrhi, o6ecrre•mBaeT B03MO)KHOCTh B3aHMO/ICllCTB1151 

• Ill\ l'OCJ111HeHHll (535) C 3MH2l,aUCT3JI51.MI1, CO!IpOBO.lK).(aiOil(CfOCJI CH3'laJI3 

"l'"lll'l'CaMI1 U11KJII13aU11I1 B I'HJlpiipOB3HHb!C KOH2J,CHCI1pOBaHHhie 11MHJ.la30J!h­

lll.ll' 11pOH3Bonnhie (536) II 3aTeM rrpoueccol\1 N-¢opMI1IIIIpoBaH1151 c o6pa3o­

'""llll'M coen11HeH11tl (537) (cxeMa 334, c. 222) [516, 517]. 

llo;w6Horo Tl1na N-¢opMI1II11poBaHIIe Ha6JII02l,aeTC5l II rrpH peaKUHH npo­

"""'iiiiOro 4,6-2J,II33a-1-TH3U11KJIOHOH3Ha (538) C llHMeTI1Jlal(CTaJICM 2l,HMCTI1JI­

>I>"i'~l;IMI1lla (1 a) (cxeMa 335, c. 222) [518]. 
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0TMCTHM, 'ITO B pa60TC [512] IIOKa3aHO, <ITO pCaKUIUI OIITWICCKI-1 aKTHBHO­

ro moaMII,lla (529) c au,cTaJICM (I a) rrpoTcKacT 6e3 :JIIHMCpH3ai.lMH (cxc~ra 331). 

0 
CxeMa 331 

0 

0:) 
Me S 

1 I II a 
N~NH2 

~-COOEt 
0:) 

Me S 
~ 

N¥-N NMe2 

COOCH- CDOEt 
I 

0 529 Me 0 Me 

N-.3a:~-~cmcmrbr.H nupMJ.lOII-2 (530) JicrKo pcar11pycr c aucTaJrcM (1 a) c o6-

paJoBal!l1CM al\ll1l!I11Ja (531). B pa6crrc [5!3)1IpOBC[(CIIO COIIOCTaBJICIIHC CKO­

pOCTl1 ll11pOJJI13a :)TOI'O COCLI,HIICIIH5I CO CXO)ll!hl~! 110 CTpOCIIHIO OCllOBaiiHCM 

11JJI(]H]l<t (532) I1 110Ka3ai!O, 'ITO IlOCJIC/.li!CC pa3JJaiaCTC51 11pH 600°C B 7 pa3 

OhiCTpcc. AllTOp hi r 513] npcwwraror BCnMOA<IIhli1 MCXai!HJM rcpMWICCKOro pac­

lUCIIJICIII151 COC).ll11!CJII1if ITO)~OOI!OfO THlla, 113 KOTOpOI'O CJICJ!YCT, 'ITO IlpOUCCC 

MOA<CT '3aMC)J)HIThC51 ITp11 llaJII1'11111 :JJICKTpOIIO)lOl!OpOB 11 B CBH311 C :JTI1M, :JJICK­

Tp0110)10110pllhiii :JCj)(pCKT aMH/jl1!10BOii )111MCTHJiaMIIIIOI'pynnhi np!1BO)J,I-IT K 

Clll1)!(C!Il1!0 CKOpOCTI1 ofipa30ila!!l1}! KOIIC'IIIOI'O !jliaiiOI!p0113BO):j!IOI'O (533) 
(CXCMa 332, a). 

MoiXCN 
I o 
NH2 530 

CxeMa 332, a 

,AvCN ~ n~ PhCN 
Me)lN~o Me N 0 

PhCHO I I ---7 N~H H 
/ 532 1 

~ ~CN • ,~~ Mo,~ 
Me)lN~o Me)lN~o 

I I 
N H H 

Me 531 Y 

M)~ ~ ,~:-2_ 
N r H )l~.A y MeNOH 

R 

!x
Me CN 

+ RCN 

Me f 0 533 

H 
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B npHcyTCTBHM cJia6hrx KHCJlOT 113Y'ICHO rrepeaMHHHposaHHe 6o~lhiJJOM 

I jl\ llllbl pa3JIWIHh!X q)()pMaM!1)111110B (534), ITOJIY'ICHHhiX C IIpl1MCHCH11CM aMII,ll­

.llll"laJICM [ 514]. Y CJIOBIUI: HarpCB<lHHC QJOpMaMII,lll1IIOB C COOTBCTCTBYIOill,l1MI1 

·II>< lMaT!1<JCCKJ1Mll aM!1ll<lMII (11.m1 )J.PYfl1Ml1 aMHIIOIIpOl13BO)jllh!Ml1) B TOJJYOJIC 

IIIII I !liJYrHX paCTBOIJHTCJJ>IX (MCT<lHOJI, <lll,CTOH!1Tpl1Jl, TCTpai'HJ!pOQJypaH) B TC­

'I<'IIIIl' 5-15 'I (CXCMa 332, 6). 

I a 
PhCH2NH2 --='--'-'---. 

CxeMa 332,6 

PhCH2N ~NMe2 
534 

~ ~~u PhCH2N N I 
~ F 

R' 

lfNH2 

+ -
F 

R' 

,...,x, I H2NYR" 
R N~ NMe2 

,...,X, 
1

N....-Y'-
R N~ R" 

X=NH,O 
R= C7H15 CO, PhCO, PhCH2, Ph 

R'=H,Me 
Y=NH,O 

H 

R" = C7H15CO, PhCO, PhCH2 , Ph 

Cylll,CCTBCHHO, 'ITO OIITHMaJibHO 11CITOJib30BaTh 3 3KBl1BaJICHTa KHCJIOTHhiX 

1 .IIaJIHJaropoB, B K<l'ICCTBe Korophrx npHMCHJUUICb C 3H 7COOH, CF3COOH, 

IIC 'OOH, AcOH, np11 3TOM yA<e c rpMQJTopyKcycHoil KHCJIOTOH BhiXOJ! yMeHb­

IILIL'TC5I, a B npHcyrcTBHH CJ1JlhHhiX HeopraHWICCKMX KHCJIOT (HC1, H 2S04) na­

'Lit' I' j~O HYJI5I. 

l-13Y'lCHI-IC peaKUMH aMII,llaUCTaJICM CO BTOpH<!HhlMII aMJ1H<lMI1 ITpl1BCJIO 

oiiiiO(JOB pa60Thl [515) K 3aKJIIO<JCHI1IO, <ITO HMCIOTC51 ).lBa IIyrH, xapaKTCpl13YIO­

IIIIIl' 'HI1 IIpOUCCChl. flepBh!H 113 HHX (nyrb a) IIpl1BOJ!l1T K o6pa30BaHJ110 3Ml1-

II.IIII>JQJllpOB (8), BTOpo:H (rryrh b) - K nepeaueTaJIM3aUHH. 0TMC'ICHO, 'ITO 

1111!1 peaKUJ1I1 C ITI1pp0JIJ1).ll1HOM C)lHHCTBCHHOC HanpaBJICHHC - IIyrh b ( CXC­

~1.1 l33, c. 222). 

flaJIH<JHC B MOJICK)'JIC clJparMeHTOB 3TJ1JICHJ!l13Ml1Ha, BKJIIO<JaiOIUHX B CBOH 

• 111 raB BTOpli<IHhJC NH-rpynnhi, o6ecne•maaer BOJMO)!(HOCTh B3aHMOJ.lCHCTBIUI 

1111.\ COCljHHCHHH (535) C aMH.UaUCTaJI5IMl1, COIIpOBO)I()J.3IOIUCfOC51 CH3'laJia 

II!IOI!CCCa:-:!11 UHKJII!3aUHl1 B fli,IlpHpOBaHHh!C KOH).lCHCl1pOB3HHblC HMJ1).l330Jlb­

lll.ll' IIIJOI13BOJ.lHbie (536) 11 JareM npoueccoM N-¢opMJ1JIHposaHII.5I c o6pa3o­

II.IIIIICM COC).ll1HCHl1M (537) (CXCMa 334, C. 222) [516, 517). 

IIOJ106Horo TMna N-¢opMJ1JIHpoBaHHe Ha6JironaeTcn II np11 peaKUHH rrpo­

IIIIIOJ\HOro 4,6-)J,l!a3a-1-THaUHKJIOHOHaHa (538) C )J,I-IMCTJ1JI3UCTaJICM )J,I1MCTII.JI­

tl1ttpMaMHlla (I a) (cxeMa 335, c. 222) [518]. 



222 J;zaea 3. 06o6U(eHue uHrj;oJLWau,uu o cuHmemu~ecKoM nomeHl{UOJ7e al{ema,1eil ... 

CxeMa333 
MeO-H OMe 

I 
MeO-CH 

I 
R~ 

+ R'N 
21 

rryn,a MeO-------? -I,_ 
MeO- CH-----· NR2 

I 

I+ 
Me0-CH-NR2 

I 

R~ ~ rryn,: 
OMe OMe 
I I 

MeO-fH R2~ Me0-CH-NHR 2 

R~------H R2W ~ 

Rr 
MeO- CH- N'R2 + MeOH 

I 
R2N 8 

Me0-CH-NR2 
I + R)NH 
OMe -

CxcMa334 
R,~)-1 

eN NJ 
/N N 

R, ~ R, ~ /H 

Mo~tN/(NJ~c NJ 
N N N N 

H \___/ 'u 
535 

\___/ H/ \______/ 'rno 
~6 ~7 

CxeMa 335 
H 
'~ 

H H 
'~ /CHO / Me2NCH(OMe h N N la N N 

~s~' I) beH30JI, 80°C, 30 Mlffi ~,) 2) EtOHIH20 18 q, 20°C 

)J,pyra51 pa60Ta ITO)l,06HOJ'O T!HI3 [519) ITOCB5IIUCHa CCJICKTUilHOH 33J.Uli­

TC BTOpW!Hh!X 3M¥1HOrpynrr Il CpC)l,HHX UHKJI3X ITYTCM 33Mh!K3H.H5l HOBbiX 

l(HKJI.H'ICCKHX CHCTCM pCJKUHCH TpH3M.HHOTipOH3HO)l,Hh!X (539) C aL(CTiUICM (J a) 
(CXCI\Ia 336). 

CxeMa 336 

H,N~ 
~ NH 

\,~-()n_j 
H 539 n=l,2 

la n 
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11 B 33KJl!O'!CH11C BCpHCMC5! K HHtPOpM3l(l111, !IOCB51IUCHHOH I1p06JICM3M, 

CB5133HHblM c H0Hb!Ml1 !IpCL(CT3BJICHI151Ml1 0 POJ111 p!160HYKJJCI1HOBbiX K.HCJIOT 

11 COOTHCTCTBCHHO HYK..1C03l1)..(0B l1 HYKJJCOTHJJ:OB B BiDKHCHliiHX llp0UCCC3X, 
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II jlOHCXOi-1,5Ill.(l1X B KJJCTKC, 11 OC!!OBaiJHb!X Ha JTJ1X 3ll(lHJ151X CI1HTCTH'!CCKI1X 

IIOJ(XO)l3X K pa3IH1Tl1!0 OpHfHl!aJ!MIOIJ. CTp3TCfHH !IOJI)"-!CillUl I!OHblX TCp3ITCB­

III'lCCK11X arCIITOB [520, 521]. B MOHOrpa<lJmt [520] OTMCCfJCTC>I, 'ITO KpOMC 

I \'!lOB, KO)l.Hpy!OlJU1X 6CJIKJ1, fC!IOM CO.llC!DKHT fC!lbJ, KOTOpb!C CJ1IITC3Hp)'!OT !IC 

~ti'HK, a apymc PHK, Bh!Jl0,11!5IJOJ.l(He B KJ!CTKax caMOCT05!TCJihllhiC <PYHKI\HH, 

"iJIWillblC OT TpaHCJI>tql111, Ho y•racTBYIOlWIC B J(pyr11x KJJCTO'l!IhiX npm(cccax. 

l 10- pH60CO\ll!biC P.HK (pPf-IK), KOTOpb!C BXOJl>fT ll COCTaB pH60COM H 5IBJUI­

IOTC5! KOMIIOIICIITaMI1 HX cTpyKTypnotl opraHH3aUHH, rpaHcrropnrr,rc TPHK, 

h 'laCe MOJJCKYJJ P.HK. Ka)I(JI<HI 113 KOTOj)hiX l!a l!CpBOM TfaiiC CHIITC"Ja OCJJKa 

< llCJIH!lHCTCH CO CIICIUHjJll'ICCKII\111 :tMliiiOKifCJIOTaMH. IICj)CIIOCIIT HX K j)HOOCO­

~I;IM. OTij)Cl(C)]}ICT <lMIIIIOKllCJIOTIIYIO JlOCJIC!I:OB<lTCJ!hiiOCTh IlOCTpOCIIIUI 6CJJKOB 

11 TaKHM o6pa30i-I o6ccrrc'II1Bacr amra paT TJ1ai!CJI51IlHII l1JY'ICIIHC cnoikTB PHK 

11pl!HCJJO K llhiBOJiy, 'ITO IIC TOJ!hKO 6CJIKH (<JJcpMCIITbl) OIIpC)lCJIHIOT Ka1<LJll1TH­

'Il'CKHC <JlYllKlll1H B Oprai!H3MC. KaK C'II!T;urocb pa!IhWC, HOB npHpO)lC HMCIOTCH 

1\lt,'[hl PHK, o6JJa;raJOIIlHC cncruH!JwrccKHMH KaTaJIHTwrccKHMH CBo!'1cma~m. 
( \TO)l][H y)l(c 0'1Cil11J[Il0, 'ITO B rCI!OMC y•raCTBYCT MIIO)I(CCTBO fCIIOB, 11p0-

lllll0!(5Ill[I1X PHK. 11c cnocofmhrc KOllllponaTL 6CJJKH, 110 rrpHIIl1Marotmlc y•ra­
' IIIC B TaKHX Ba)I(I!Ci1II1HX KJICTO'IIlh!X 11]101\CCCaX, KaK pCI)'JIJI[IHJI Tpa!ICKpH!T­

llllll )J,.HK H Tpai!CJI51lll151 MPH K. K TaKHI\1 npoHcccaM OTHOCHTO! 11 cwrai1CHII r: 
11\'jlBWIIIhJC Tpai!CKpHnThl :JyKapi10TWrccKHX MPH K co.ucp)l(aT IICKOJ.lHpyrouutc 

i'<'IllOI!hl - IIIITpOilbl, KOJJ:11pyiOWHC - :JK3011bl, ITCpllbiC IIp11 llpOUCCCHHI'C -­

'" :pcnaHI1H PHK yn:aJUIIOTCH H3 ncpBI1'liiOro Tpal!cKpHrrTa, HTOphie, coeamm­

'" "· <jJopMHpymT IIOC}TC.llOBaTCJJhHOCTh, orrpeaemrrollJYIO CTPYKTYPY cPYHKUHO­

ILUihiihiX rrom1rrenTH.llOB. CrrJJatl:cmrroM Ha3hiHaroT YL\aJICHHe HIITpOHOB 11 

•lwp\!CHTaTHBIIOC COe,UHI!CHHe 3K30HOB. 

PM60HYKJICHIIOllb!C KMCJIOTbl, He KO)l,HpyiOWI1C 6CJJKH, MO.llYJJHpYJOT HX 

•l•vl IKUI1H. 3TH tPYJIKUHH PHK orrpcaeJI51IOT HX HOBoc no3HUMOHHpoBaHHe; 3TH 

I'll K cei1•1ac HJ3hiBaJOT 6nopcryJI51TOpaMH. B pH)l,e c.rry<racs PHK-KO.llMpyiou~Hc 
1 ,., tr.r KOHTpOJIHPYJOT pa6ory 6cJioK-KOJJ:HPYIOWHX rcHoB 11 PHK-rrpoJJ,yKT KO.ll11-

I'\'\'TC5! TCM )I(C C3MblM fCHOM, KOTOphrii OH pcryJIHpyCT, HO ero o6pa30B3HHC 

•" VIUCCTBJ151CTC51 Ha .llpyroi:r IU1TI1 )J,HK. B pC3YllhTaTe TaK H33h!llaCMbii1. aHTJ1-

' ~,,,,cnonoi:r PHK-npo.uyKT crroco6en B3aHMO)l,ei1:cTBOBaTb c MPHK, o6pa3y51 

lllllpH)l,bl, HC Cl10C06Hb!C K TpaHCJI5!UHH B p!160COMaX C o6pa30BaHHCM 6CJIKa. 

Bee 3TH 3aKJIIOCfeH1151 BCCbMa lliDKHbl J1 OTKphlll<l!OT HOBbie CTp3HHqbi B CHH­

' <'111'ICCKOH OpraHH'ICCKOH XHMI111, Cll5!3aHHOH C IlOJIY'ICHHCl\1 pa3H006pa3HblX 

11VKJIC0311)l,OB H HYKJICOTI1)l0B 11 OJIIJfOMepoH Ha l1X OCHOBe. 0TMCTHM, 'ITO MHO­

I <>'IIICJICHHhlC pa60Tbl, llOCB5lll(eHHh!C 3MI1)],3UCT<UI5!M, BbiCTYIIaiOIJ.lHM B Ka'fe­

' I Ill' HCXO)lHh!X COC)l,J1HeHI1H .ll)l5! C03)l,3HH51 JaiUHTHblX rpyrrrr B IIHpUMI1)l,HHOBblX 

11 "YPHHOEhiX ocaosaHu5lx HyKJieHHOBhlX KI1CJIOT, y)l(c .uocTaTO'IHO rro)l,po6Ho 

j>.Jl'CMaTpHBaJII1Cb BblWC. 
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KpoMe rrpHpOt(HhiX HYKIICOJH,UOB B HacToHmce BpeMH HCCJie)lycTcH rpyn­

na HCflpMpO,l(HbiX HYKTICOJH,l(OB, 11 B pa60TC f 52]) p3CCM3Tpl1B3CTC51 BOn poe 0 

TO:\f, 'ITO M30U:MTH)lHH MO)!(CT COCT3BJI51Tb napy C H30l)'aii03HIIOM. TaK351 fH6-

pl1,[(113ai{M5! ~c 6hma npon;eMOIICTpHponaHa B [522]. B [521] npct(nono)!(CIIO, 

tiTO l130l{liTH,l(I1H Cf!OC06CII HBJIHTbC5I OCI!OBOi1 ,[(JIH KOIICTpy11pOB3Ill151 ,[(flOlf­

llbiX l1 TpOi1HblX OJIHfOIIYKJICOTHJIIlhlX KOMfiJICKCOB. TipC)l)IOJiaracTOI T3K)!(C, 

'ITO 2'-;1C30KCI1UHTI1L!l11!CI1IITOI!hl 11 2'-0-l\ICTl1Jll1'30lJ!1TI1,[(HIICHIITOI!bl MOfYT o6-

naJ{aTb 60JJhllJCH )'CTOH'IHBOCThJO flO OTIIOIIICI!I110 K XHMWTCCKOI'f /{Crpan;aUHH 

11 6oJTcc BhTCOKHM cpo!lCTBOM K PHK-MHillcrrH, Koma 01!11 6yHyr BKJIIO'ICI!bl B 

OJTHfOMCph!. 

J1CX0;1H 113 :JTOfO, 2'-0-MCTHJIH301{l1Tl1J\l11l CjJOCCjJOpaMHJ{HT (540) 11 MCTifJT­

(jJOCfjJOpaMH}UtT (541) IIOJTY'!Cllbl COrJI:ICIIO CXCMC 337 11 IIa HX OCIIOBC npOBC/{Cll 

Cl1IITC3 COOTBCTCTBYTOLT\HX 0Jl11fOMCpOB, 6!10J10fi1'1CCKOC J{Ci1cTBI1C KOTOpbiX 

npcf(!IOJTaracTcH Ll:urcc MCCJIC!IOKITb. 
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3.2.4. Cunme3bt nezemepoapoMamu'leacu.x coeiJunenuu 

iJpyzu.x muno6 na ocno6e aMuiJau,emtl.fleii 

3TOT p33.llC,1 fiOCBHll(CH pCaKUHHM 3Ml1.ll3U:CTMClf C cpocciJop- 11 ccpyCO,[(Cp­

JK3illl1M11 opraHH'ICCKl1MI1 coenHHCHI1HMH, a T3K)!(C C pearCHT3MI1, KOTOphlC He 

Moryr 6b!Th OTHCCCHbl K K3Kl1M-Jli160 COC.lll1HCHI1HM 06b!'lHb!X pH,llOB. 

CHa'laJia paccMoTpHM p5I.ll peaKI(MH aMunaueTanei1 c cpocctJopopraHwrec­

KHMM COCnHHCHHHMl1, KOTOpb!C 3ai!J1M310T 3Ha'li1TCnhHOC MCCTO (xonr, KOHC'l-

110, HC TaKOC fiOJ!bUIOC, KaK pCaKI~I111 C iiKTI1BHblMI1 MCTJ1JICHOBblMI1 coeni1HC­

IIl15IMI1 11 <IMJ1HaM!1) B <IMI1n<H~CTMhHOH Xl1Ml111. 

AKTMBaumr qJoclj)c)HaTa (542) nyreM BJai1MO.llCHCTBI1H c aMI1,UaUCTciiiCM (I a) 

ll[ll1BOJ{I1T K TCTpa3Tl1Jl}!l1MeTI1JiaM!1HOMCTJ1JTCII,[(HqlOC<pOHcHY ( 543), KOTOpbiH 

11p11 B03f(CJ1cTBI111 rl1)J:Pl1,[(a HaTp!15! 11 aJib.llCI'I1)(0B naCT <pOC(l)()pCOHCp)l(illl~I1C 

maMHHhi (544) (cxeMa 338) [523]. 

CxeMa338 
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Eto, ~_o /NMez 60-89oc 
2 /p '\. + CH;::--OMe -----. 
EtO H OMe 
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R=Ph,p-02NC6~, 

PhCH =CH-, ~0>-

~0 
J.f36e)!(aTb 06pa30B3H1151 nHMCpHb!X npO.llYKTOB Tl1II3 (543) yt(aCTC5! IIp!111C­

I TOJlh30B3HMI1 .llMTI103UCTMCH ( 67) ( 524]. 

B 3TOM cJiy'lae o6pa3yeTC5! Tl103TI1JibHOe rrpol13BOLJ:HOe (545), KOTopoe 

I Jla,n,KO peampyeT C t(11cpCHI1Jicp0Ccp11HOKCI1,UOM ( 546) C o6pa30B3HMCM L(HcpOC­

<j)(lpHOfO COC,l(MHCHMJI (547) (CXCMa 339). 

CxeMa339 
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Pa3Hoo6pa3Hhie cpoc¢opopraHH'lecK!1e coenaHeH1151 - 3cpHpbi cpopMI1JI­

<[•occjJoHoBoil KMCJIOTbi o6p33YJOTC5! Ha OCHOBC pC3KUl1ll ,UMMCTI1JI3U:CTa.JUI ,[(M­

M<.:TI1JicpOpMaMI1,Ua (1 a) C cpoccjJl1HOKCML13MI1 ( 525). 
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MnoroqJ-ICJICHHLie pcaKUI-II-I, 6a3I-Ipy!OII\HCCH na B3ai-IMOL(ciicTBI111 ( 1 a) c 

COC11l1HCHIIHMH, COL(Cp)f(a!1(11Ml1 aTOM <j_Joccpopa, IIpHBCL(CHhl H3 CXCMC 340. 
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3aMCil~Cilllh!C 2-ctJa6y-ra.[(HCIIOBLIC CHCTCMhl - KJIIO'ICBLIC l11ITCj)MC)\11aTbl 

n opram-I'ICCKOM Cl1HTC3C [ 526]. 

a-AMHIIOC!JOcqJOI!aTLI paCCMaTj)HBa!OTCH KClK 11MJ-1TaTOj)LI a-aMili!OKI1CJIOT 

H HCfiOJIL3YIOTCH ll Ka'ICCTllC rallTCHOll (<\lparMCHT 01101lOJII1MCpa I-IJill Cl11!TC3l1-

pOBaiiHOC XHMWICCKOC COCL(l11ICI!l1C, CIIOC06IIOC B3311:v!OJ(CifCTBOBaTh C al!TH­

TCJiaMH, 1!0, ll OTJI!1'111C OT aHTHl'CI!a, IICCIIOCOOIIOC Bbl3biBaTL 11X o6pa30llalll1C) 

L(JUI fCHCpa!~l111 KaTaJ!l1TWICCKI1X <HITI1TC,1 [527] - l1HniOJ1TOj)OB cpCp\ICI ITOB l1 

aiiTl103KTCp11aJILHbiX arCIITOB. 

B pa6o-re [ 528] p<npa6aTLIB<UiaJiach c-rpaTcri-IH rroJiy'ICIInH 2-a3aLU1CHOB, 

lfMCIOIU11X B CBOCM COCT3BC 3JICKTj)OHOJ\OIIOpHLIC 11 :JJICKTpOIIOaKUC!lTOj)HhiC 

33MCCTHTCJII1, OCHOB3HHaH Ha KOHJlCHC3UHH L(ll3TlfJI3UCTaJIH )UiMCTlfJI(lJOpMa­

MHL(a ( 1 b) C 4JocqJOpHJiaJIKHJlaJILL(I1Ml1H3MH ( 528) C IIOCJICJ\YIO!Ul1M III!pa3H­

HOBLIM CI1IITC30M, TipHBCL(IIIHM K np0113BOL(HbiM I1!1p33!1HcpoccpOII<lTOB (529) 
(cxeMa 341). AMn.naueTaJIH BLICTynaiOT TaK)f(e H B pOJII1 arcHTOB, o6ccneqnna­

IOIUI1X nc<l_>oc¢oplfJIHpOBaJme pM6m-ryKJIC03MJI¢oc<paTOB. HcxonHLii-1: pw6onyK­

JIC03M rrpcBpaU~aJOT B COOTBCTCTBYIOIUYIO 'lCTBCpTli'IHYIO COJlb, KOTOpyiO 3aTCM 

HarpeBaiOT B L\11MCTHJI<iJOpMaMML(C C aneTaJICM (2 MOJIH Ha 1 MOJIL HYKJIC0311L\3). 

Tlpn 3TOM IIOJ(06paHLI ycJIOBI1H, I!p11 KOTOpbiX B03MO)f(I-!bl HJII1 L(Ccpoc<l_>opHJII1-

pOB3HHC C o6pa30Ba!IliCM HYKJIC03HL(OB, IIC CO!lCp%aluiiX <tJoc<l_>opiWfO OCTaTK3 

(530), o'1l160 o6pa30Baiil1C 4Joc4JopCOL(Cp)f(aiUCf0 UIIKJI3 (531) (CXCMa 342) [529]. 

Cl1HTC3 ¢oc<!JopHLIX n MhiiiiL>-IKOBLIX aHaJIOroB aMH.II:liiiOB (532 a, b, 533) 
OCYIIICCTBJICH ITO 06LI'-IHOH CXCMC, HO B 3H33p06HblX ycJIOBHHX. TlpOBCL(CHO 

3JICKTpOX11MJ1qecKOC BOCCT3HOBJICHHC IIOJiyqCHHbiX COCL(I1IICHI1Hl1 3JICKTpOJil13 

(532 a) rrpn KO!HpmmpyeMOM TIOTCHUHaJIC (CXCMa 343) [530]. 
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AqenUihllhiH crroco6 ;.vm CHJITe3a AHMCTHJiaMHHOMCTHncwlJoc<PrriJa -

(532, R = H, Ar =Ph) H 11IIaJIKIIJlaMHH03TIIJIIIL(C!I<fJoccprr!IOB mna (533) TaK­

)J(C llalliCJI IIpHMCHCIIIIC B pa6oTaX [531, 532]. 
<l>oc<fJopCOL(Cp)J(aiUIIC IIpOII3BO,[(HhiC XHI!OJliiJIOB (534) CIII!TC3Hp0ll<lllhl 

HYTCM IIIIKJJII3aUHH L(HMCTI1JiaMHHOMCTIIJICJIOBhiX npOH3BO):(l !hi X, !IOJJY'ICII!lbJX 

W3 qJOCq)I!IIOKCH,[(OB (535) 11 cpoccpOII3TOB (536) (CXCMa 344) [533]. 
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Bnc,[(CJIHc JJ:HMCTHJiaMHHOMCTHJICJionoro 3BCHa ocymccTBJIHIIoch nyTcM 

l!arpeBa!lH5I HCXOL(Hh!X COCJ(IIIICIIIIH, COJ(Cp)J(all(HX B CTpyKrypc aKTHBHOC MC­

THJICHOBOC 3BCIIO, C ,[(ll3TIIJI31JCTaJICM )];M<l>A (1 b) B TOJIYOJIC npii KH!l5f'ICHHII, 

KaK JTO XapaKTCpiiO ,[(JI5f IT0JlY'!CIIH5I CHaMHIIOB II fiO,Up06HO paCCMOTpCHO B 

pa3,[(. 3.2.2. ITono6uoe BBe,UCHIIe ,UIIMeTHJiaMHIIOMCTIIJicJionoro <jJparMCHTa 

OllHCaHO f 534] II ,UJIJI J(l13Tl!JlOBOfO 3Q.lllpa 6CII3IIJIQJ0CtPOIIOBOi1 KHCJlOThl ( 537); 
o6pa3YJOWMi1cH <jJoc<fJopconep)J(all(Mi1 crraMIIH (538) npcnpau~c11 ).1aJrcc B clwp­

MIUihHoc ITpOII3BOWIOC, cyrueCTBYJOll(CC B OCHOBHOM B CllOJlhHOH tjJOpMC (539). 
IToKa3aHo TaK)J(e, 'ITO CIIaMHH (538) no,[(BepraeTC5I ncpeaMIIIIHponanHro c o6-

pa30BaHHCM Apyroro CIIaMMHa (540) Tlpii IIarpeBaiiiiM TlpH 130-140 °C C l(MKJlO­

fCKCIIJiaMMHOM (CXCMa 345). 

CMHTe3 AIITMo<jJoc<fJopiiJIBHHIIJiaMIIHOB (541, 542) peanii30BaH nyrcM KOH­

,ncHcauMn aMH,[(- IIJIH JiaKT3M3UCTaJICM UO 3KTIIBHOMY MCTIIJICIIOBOMY 3BCIIY 

l\MTIIo<fJoc<fJopiiJihHhiX ::J<fJMpon (543) (cxcMa 346) [535]. MmwTnonpoH3B011-

Hhrc (544) pearMpYJOT c JiaKTaMaUCTaJIHMM ananorwmo. 
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CxeMa345 
0 

Me2NCH(OM ) 150oC 0 e 2 II PhCP(OEt) 0 
' II ' • II 

---~ UIKJI~reKC7HJJaMHH Me2if 538 PhCI HP(OEth 

II 
PhCH2P(OEt)2 + 

537 lb 

HN" -qPh)P~ 

C 
,-oE< 0 /. CIIO 

OEt II ~ ~ 
540 Phr(OEth 

HO) 
539 

CxeMa 346 
s s II Me2NCH(0Meh II 

(EtO) 
2
P- SCH.2X J a (EtOh P- SCX 

5l43[on)<oa 541 lNMe2 

N OFt 
I 

Me ()n 
~ £) X=CN,COOEt,CONEt 

(EtOhP-S~ f 
542 ~ Me [()n)< OFt 

0 N OFt 0 f)()n 
II I II A .. , 

(EtO)zP- SCH2X Me .,.. (EtO)zP- Sf-'" ~ 
544 X Me 

CJie,UyeT OTMCTHTh, 'ITO M5I T3KOf0 po,na <iJoc<fJopcOLI,Cp)J(aiJUIX eHaMHHOB, 

HaTipHMCp )lJl5I (542), l13Y<JCHa ~uc-mpG11C-l130MCpl133l~I15I OTHOCHTCJihHO eaa­

MIIHOBOll yrnepoJ(-yrncpo,UHOM CB51311 li IJOK333HO, 'ITO, KaK II )lJUI APYfMX ena­

MIIHOB, IIMC!Oll(HX B ~-IIOJIO)J(CHIIH 3JlCKTpOHOaKUCIITOpHh!C rpyi!Ilhi, 6apbep 

H3MCHCHI15I KOH<imrypaUHli HCBhiCOK (CB060,UH35I 3HeprH5I 3KTMBaiJMII HC rrpe­

BbiUiaeT 15 KKa.JI/MOJih) II paBHOBCCIIC CMCll(CHO B CTOpOHY l130Mepa C mpaiiC­

OpHCHTaUHCM J(IITIJOtjJOc<fJoplL'lhHOM 11 N-MeTIIJiaMHHorpynnhr. 

J1HTCpCCHO npoTeKaiOT peaKUl!M HOJ(l!CTOfO MCTIIJITpn<fJeHOKCM<lJocq)OHlf5I 

(545) C opTOMypaBhHHhiM 3tPHPOM l1 31ICT<UICM (1 a). 0TMCTHM cpa3y OT'ICTJIH­

BOC pa33III<Jl1C peaKJIHOHHOM CITOC06HOCTI1 l!CTIOJih3YCMh!X peareHTOB- TOJibKO 

!IpH MCTIOJlb30B3HHH aUCTaJI5I Ha6JIIOJ(3CTC5I CIIJihH35I 3K30TCpMH'ICCK35I peaK­

!(H5I. B OCTaJihHOM )J(C HanpaBJICHI1li 11pOTCKaiOl!IHX IIpOUCCCOB BCCbMa CXO,[(Hbl 

(cxeMa 347) [536]. YKa)J(eM, <JTO npM B3aHMO,[(e:i1:cTBIIl! (545) c aueTaneM o6pa3y· 

!OTC5I )llltPCHI1JIMCTI1JIQJOCtPOHaT (546) 11 MCTIIJITerpa<fJeHOKCHCpOCQJOpMH (547). 
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CxeMa347 

M~NCH(OMe)l MeP(OPh}JI CH(OEt}J O 

3.K30TepMa~ 545 ~ Me~(OPh)l + Etl + CH(OEt)z(OPh) 
Mel + Me2NCHO + 

0 
II 

MeP(OPh)l + 
546 

MeP(OPh)4 
547 

AMI-I!laueTaJih (la) JICfKO pcampyeT c Cl1J111"1qJocqmTaMI1 (548) (cxeMa 34S) 

[537]. 

0 
II 

2 (RO)- P- SiMe3 + 
I 
OR' 548 

CxeMa348 

Me2NCH(OMe)2-lRO)-~ l CHNM~ + 2Me3Si0Me 

OR' 
2 

C j"13CTHCM aueTaJI51 )lM<DA CHHTe3Hj}OB3Hhl THOqJOccjlOp11J!HpOB<111HhiC 

BI1HI1JICYJih(jJH,Ubl (549, 550) (CXCMa 349) [538]. f1p11 peaKUHH C aUCTaJieM THO­

rpoccpop!1JITI103!1CTOHa ( 551) Ha6monaeTcH o6pa3oBaHI-Ie npoH3BOAHOro ( 552 ), 
KOTOpOe cpopMaJibHO MO)KeT TpaKTOBaThC51 KaK M!1rpal(HH THotjlOCCjJOpHJihHOH 

rpynn11pOBKI1 OT aTOMa S K 3TOMY KMCJIOpO)la. 

CxeMa349 

s 
II 3IOOTepMa 

(EtO)zP- SCH2CHO + M~NCH(OMe)l 

s 0 
II II 

s 0 
M~NCH(OMe:h 11 11 

S (NMe2 

II I 
(Ft0)2P- SCCHO 

549 

s 
II 

(FtO:hP- SCH2C- Me (Et0)2P- SCX:- Me 

550 ll 
+ (Ft0)2P- OC= CHSMe 

I 
551 552 Me 

NM~ 

C11HTe3 TerpaaJIKI1JIOBhiX 3cpl1pOB !ll1MCTI1JlaM!1HoMeTI1JleH!ll1<\lOccpopconep­

)KamHx KI1CJIOT (553, 554) peaJII130B3H nyreM B3a!1MO)leHCTBI15I aueTaJU! ( 1 a) 

C 6yrOKCI1cpOCcp11TOM ( 555) 11Jll1 )ll1aJIKI1JI( Tp!1MeT11JICI1Jli1Jl )cp0Ccpl1T3Ml1 ( 556) 
(cxeMa 350) [539]. 

(Bu0)2PH 
555 

+ 1a 

CxeMa350 

120-130°C ~ J (BuO:bPH it J 
• (BuOhPfH-NM~ • ~0)2~~e2 

OMe 553 

2 (R0)2POSiMe3 
2 (RO:hP CliNM~ la,ZnCl ~ J 

120-l30°C 2 
556 554 

3.2. Pear:u,uu {//-(ema~Jeli mruooe u JWKmaMoe c HYK"JeorjJWlbllbtMU pea?eHmaMu 231 

f10,Ll,06llh!C QJOCcpopCO,'~Cp)KallU1C llp0!13BO!lHbiC llOJiyciCllbl TaK)KC B pa6o­

T3X [ 540, 541]. 0TIJ1CD,1Cl!I1C S-nwcpoccpop11JibHOfO OCT3TKa OT CH3MI11103Ml1A­

IIhiX npoH3BOi~llhiX (557) c o6pa3oBa!IHCM 33MCIIJ,CJIHLIX KCTCI!-S, N-aucTaJicn 

(558) !lOA B0"3ACi1CTH11C~1 aUCTaJUI gM<DA IlpOACMOHCTp!1pOB3HO B pa6on: (CXC­

Ma 351) [542]. 
CxeMa 351 

s 
NC S-~/OB 

RHN )=( '- OEt 

If NH2 

0 557 

la l NC J -- s- Me2N~ s + OMe 

3 'l, 80°C RHN )=( II --n- NH-P/ OEt 

0 '-
N + OF.t 

_;>=<SMe 

RIIN S NII-11/0Et 

0 558 P, OEt 

B pa6(lTC [543[ Olll1C<tHhl IIO!!X0;1hl K Cll!ITC:JY IIOBhiX THIIOB ~1Ml1JIOMCTH:Ib­

llblX (]lOC(jJopopraui1'ICCKHX coc,1I1HCHI1ii. T<1K. pcaKl!lUI nuponHpo(jJUctjJOpa­

Ha (559) C <ll!t:Tc\JICM ( 1 a) llpHBO,'lHT K 2-IJ.HMCTI1JI3:\1HIIOIIj)OI13BOJUIOM) (560). 
0KCI1)! (561) I!pl1 HarpcBaiHHi C ( la) :[aCT )\11MCTl1JlaMl1llOMCTOKCII!Ip0113-

BO)\HOC ( 562), KOTO[)OC Jl(IJICC ll[)l1 B3<lll MOJ!ciicTH!111 C (559) llpCBp3!WICTC51 B 

a~111HO:VICT11Jibl!OC t\lOC(jJOj)CO,UCpJKaiiJ,CC COC,U11HCIII1C (563) (CXCMa 352). 

0 OJ C;(o 
H 559 

C
o, ~e2 

P- OCH2CHzOCH 
I I 

O OMe 

CxeMa352 

0 c : P- OCH2CH20H 

0 

la 

• 
O H NMe2 

MeOH c \I I 
~ P- OCH2CH20CH 

I \ I 
0 OMe OMe 

0 c :P-OMe + 
0 

NM~ 
I 

HOCH2UI20CH C
o, IH 

1
P-NMe2 

0 560 

• 

I 
OMe 

0 0 
II la II /NMe2 559 ~ ~e2 0~ 

(Ft0)2P- CH "- p/ 0 (EtO:hP (Et0)2P- CH 
\ I00-120°C 'oMe 

561 H 562 
0/ ' LJO 563 

cx-3aMelll,eHHbiC cpoccpOH3Tbl (564) TIOJij"'CHbl [544j C 11CTIO.'lb30BaHI1eM 

N--MenmnpoBaHHhiX aMI1!launanei1. (565) corJiacHo cxeMe 353. 



232 DwBa 3. 06o6U(eHue uHtjJOpMau,uu o cuHmemu'feCKOM nomemt,ua.Re au,ema,wii ... 

CxeMa353 
H 

M~NCH(OMe)z 
Ia 

Me I • 
R2P(O)OR' ~-+ 

Mf:J.NCH(OMe)z 
I c -Me3N MeO I"+' OMe 

Me 

565 /o 
II 

R2P- CH(OMe)z 

t 
CH(OMe)J 

564 

AI.J:CT<UIH aMH)J,OB If JiaKTClMOB HCfiOJih30Ballhl ll pa60TC (545, 546] B CHIITC-

3C ~-<jloc<jJOpHJTHpOBaJIIIhiX CI!aMHIIOB (566, 567) (CXCM3 354). 

CxeMa354 

OQyo 
II .---

I P,(OR)z 

Me X 

0 
II 

Me2NCH(OMe)z 

568 

0 

ta II 
(ROhPCH2X (RO)zPCX 

X= CN, COOR, COR'', CONE~ )l 

1 
()n Me2N H 

C )<OEt 566 

N OEt 
o I 
II Me 

(RO)zPCX 

Me-N~ 
567 \.-On 

0TMCTHM, 'ITO ITOMHMO aUCTaJICH ,lllfMCTI1Jl<jJOpMaMl1,Ua 11 aUCTaJICH HaChl­

IllCHHblX JJaKT3MOB, KOTOpbie, KaK rrpaBI1J10, HCI10J1b3YJOTC5l I1p11 IIOJ1Y'J:CHI111 

CH3MI1HOB, B 3TOH pa6oTe B peaKUI110 KOH,llCHCalll111 BKJ1JO'ICH 11 aueTaJlh 

<<apoMaTH'IccKoro» naKTaMa - ,lli13TI1J1alleTaJih N-McTI1JlXHHOJlOHa-2, CHHTc-

3!1ponaHHhiH BllcpBbiC B OCHOBOfiOJlaraJOillCH pa6oTe MeepBcHHa C COTp. [52]. 
B 3TOM CJiy'laC ITOJIY'J:CH cHaMHH (568), CO,llCp)Kallli1H B CTpYK'fYPC B Ka'ICCTBC 

3MI1HHOH KOMIIOHCHTbl ,ll11fli,UpOXHHOJ111HOBblH <jlparMCHT (CXCMa 354). 
ffccJIC,llOBaH TaK)KC BOIIpOC 0 I10JIY'J:CHI1l1 fCTcpOll11KJJI1'1CCKI1X COC,lli1HC­

HHH, CO,llCp)K3llU1X B Ka'lcCTBC 33MCCTI1TCJ15! <jJoc<jlopcO,llcp)KalllYIO rpyiiiii1pOBKY, 

11 crroco6 Y.llaJICHMR 3TOH rpyrrnhi 113 reTepoUHKJJa [547, 548]. CHHTc3 npose­

ACH, I1CXOWI 113 3aMclllCHHOfO 6eH3HMl1,Ua30Jla (569), B pe3yJJhT3TC IIOJIY'J:CH 

<jloc<jlopco,llcp)Kallli1H cHaMHH (570), lll1KJIH3alll15! KOTOporo I1p!1BO,lli1T K IIp0113-

BO,llHOMY IIMp11Ml1,U06eH311Ml1,Ua30J1a (571). TiocJJc,llHI1H iUUI OTillCIIJTCHl15l <jloc­

<jlopco,llcp)KalllcfO OCTaTKa o6pa6aThiB310T IllCJlO'IblO C BbiXO,llOM K Tp11l\l1-

KJ111'1CCKOMY COC)J,I1HCHHIO (572) (CXcMa 355). 
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a
N CxeMa355 

~ a- Me2NCH(OMe)z 

.~ la N + .,. 

569 H PPh3 
a N\.'\ 1/NMf:J. 

~±_. a-
~ PPh3 

570h 
/~(.'X 

1~~NMel v-N PPh3 

XANHR 

~Nh HO-

v-N}--{ •Ph,PO a N! '}--/PPh3 

R 572 s 

N~ ) 

}--N\ 
571 S R 

B Toii Mcpc, n KaKoii 3;1cch 6y;1cT paccMaTJmBaTbC5I B0'3J\IO%HOCTb omTc·la 

ccpycOJICp)KatUHX COCJII1HCHI1H Wt OCHOBC aMHil,aUCTa.nci1, BI!a'IaJTC o10fl1'1110 

BCpii)''TbCH K BO!IpOCY 06 HC!IOJib30Bal!l111 ll CHJ!TCTH'ICCKHX I\CJI51X Jll1Tl10<1Ml1,U­

aiiCTaJICH. B rii. 2 Y%C paccMaTpHB<UJHCh :JTH COC/li1IICIIHH (CM. (93], CXCMa 42, 

[94], cxeMa 43, [961, cxeMa 45 If [9R], cxeMa 46). YKa3aHHbiC pa6oThi KacaJOTC51 

CHHTC3C1 ClliCTaJICH nma (67), paBHO KaK 11 HCCJJC).IOBaHHC [549], B KOTOpOM )1J1-

Tl10aUCTaJJl1 JlOJlY'ICHbl 111 TpHTI100pT0'3Clll1pOB (573) (CXCMa 356). 

CH(SMe)3 
573 

CxeMa356 

AICI3 Me2NH 
CICH(SMe )z ,.. Me2NCH(SMe )z 

A BOT B pa60Te [550] AI1TI10al\CTaJih (67) rrpH peaKl\1111 c <jlenl1JIH30lll1<Uia­

TOM ,llaeT COJICp)!{alllMH S-3THJ1TI103aMemeHHhiH 11MH,lla30JIHJl,llHOH-2, 5 (57 4) 

(CXCMa 357), KOTOpbiH ,llaJTCC fH,llpOJJI13YIOT ).1,0 TpliKCTOCOC,llHHCHHR. 

SEt 
HC/ SEt 

" NMe2 

PhNffi 

CxeMa357 

0 

Ph,~ N + J__ SEt H (11,0~ 
0:::/" N NMe2 

I 
574 Ph 

Ph O 

:r_)=o 
o I 

Ph 
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T11oaMMLJ:bi (575, 576) cHHTC3!1poBaHLI 111 aM11LJ:aueTaJieii: HJm ru1al!oMe­

TOKCI1,lJ,l1arrKHJiaMHIIonpol1JBOLJ:IIhiX II)'TCM HX B3aJL\10)lCMCTBH51 C CCpOBO,UOpo­

J:OM. TaKHM o6pa30M, rrorry'lcl!a ucJia51 rpynua cocJJ,HHCHHii: :noro Tl1rra (ex e­

M a 358) [551, 552]. 

CxeMa 358 
OMe H S /S s / 2 // 

HC-OMe ,.. HC: 

" " 
/CN 

RC-OMe 

"NR'R" 

H2S ~ 
RC 

NMe2 575 NMe2 " 576 f\1Me2 

PeaKIU1H J\l1HIOMaJIOIJOBoro "J(fH!pa (577) c J.\H'3TI1JiaucT<L'ICM iUIMCTHcl­

qJopMaM!1J.(a (I h) B :JljH1pc np11BOL\l1T K TCTpaMCT!1JHjJopMaMIIJ!I1lll1CBOii: con11 

(578), KOTOpaH Jl<Ull'C llpeBpaiUC!Ia ll CMl'Cb N,N-i\!1MCTl1JlTI10(jJOpMaMI1)\<I (575) 
11 lX-TfOKCHC!IaMl11!0TlHY7<jH1pa ( 579) ( CXCMa 359) [5 51 [. 

CxeMa 359 
s~ )--m2 // 

EtO --'<._ 
+ Me2NCH(0Et}z 

577 OF.t lb 

H 
Me2NCHOF1 + CH(O~}J 

I 

Me2N, 

,...;CH 
s" 

s 
+ -~ =(NMe2 

F.tO__.T- CH 
579 0~ NMez 

t H 
575 

s 

NM 577 -<~ < <(+ ez EtO- ,.. EtO { - r OEt 
NM - ~H .....--; NMez 

ez s "-(+ 
578 NMe2 

S,S-)li13TI1JIOBb1ii: 3cj;Jilp J:U1TilOMaJioHoBoii: KHCJIOThi (580) npll peaKU1111 c 

aM!l)J,al(CTamiMH TaiOKe .uaeT COJIH (581), IIOL(06Hh!C (579), KOTOpbiC ):(aJiee TpaHC­

qJOpM11pOBaHbi B 1130MCpHbiC TCTpaT110IIp0113BO.[(HbiC (582 a, b) (CXCMa 360) (554]. 
C U:CJib!O !IOJ1y<ICHI151 THO<poccj;Jop11MI1L(11TOB 11 OJ!HfOHYKJICOTH)lOB, COL(ep­

)!(all\!lX 3'-S-cj;Joccj;JopJJ:11THOaTH)'IO CB513b ( CIICHCep ), KOTOpbiC IIpHBJieKaTCJibHbi 

LJ)UI B3311MO)JCHCTBJUI C HYKJICHHOBbiMll K11CJIOTaMH 11 HCKOTOphiMH cj;JepMeHTa­

Mll, OCYll\CCTBJICH CHHTC3 JJ:HC)'Jihcj;JII)lHbiX I1p0113BO.llHbiX ryaH0311HOBOro HyKJie0-

311L(a - 5' -0-( 4,4' -)J,I1MCTOKCl1Tpi1TliJI)-3' -(1111j)l1):(IlH-2-HJITI10 )-3' -Tl10ryaH03Ima 

(583) II ero )JHMCTI1JI3MI1HOMCTI1JICHOBOfO (584) 11 mpem-6)'TlL1I,I\11MCTI1JICIIJIIIJ!b­

HOfO IlpOil3BO):(HOfO (585) (CXCMa 36}, C. 236) [555]. 
XOT51 B OCHOBHOM reTepOU:HKJIWICCKHii: CI1HTC3 Ha OCHOBe aMI1L(3UCTaJieii: 

6yueT paccMaTpnBaThC51 B cJICLIYJOll\eii: maBe MOHorpacj;Jnl1, ueJiecoo6pa3HO o6cy­

!1:HTb COOTBCTCTB)'!Oll\HC peaKUHHH3BCCTHOI'O HOOTpOfiHOfO IlpenapaTa 1111paue-
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CxeMa360 
s s 
7--CH2-< 0 577 0 

EtS S~ 

F.t30+ BF4 "'- CH / 
+~ 2~+ 

ON 2BF; 0 
581 t n,s 

~
s j SR "\, sa 
~ + S ~CH, 

EtS SRt ~~ , S 
580 

-<S 

H EtS SEt ! 582 b H ~ _ Me
2
NCH(OR)z 

582 a s s 

EtS > CH ----1:.. s~ 
<{?Et 

NMez 

raMa (Hoorpoll!1:Ia) a cro ccpycoL(cp.iKall\Cro aHac1ora- ri11THO!Il1pat\CTaMa. Ho 

cHa'I<UJa KpaTKa5I Hlrcj;JopMaumi o HOOTporrHLIX npcnapaTax. TcpMHH <<HOOTpo­

llbl•> IIp011CXO)J,IIT OT L\BYX rpC'ICCKHX CJlOB- «HOO•> - Mbll!L1CHI1C 11 <<Tp0110C>> -­

HaUpaHJlCHHC. HooTp011llb!C npenapaTbl - :.no BCCbl\13 CBOC06pa3HblC JlCKap­

CTBCHHblC CpCJ.(CTBa, HC OKCl3h!Ba!OlU!1C OT'ICTJIHBO!'O l1CI1XOTpOm!OrO 3cj;Jcj;JeKT3. 

3TH coe)J,HHCHI1H, B rrepByiO O'IepeAL pe•rb HJICT o uperrapaTe n11paucTaM, o6;rer­

'IaiOT IICpCJla'IY l11Icj;JOpMaU:1111 MC.iKL\Y JIB)'M5I riC)Jl)'!llap115!MI1 I'OJlOBHOI'O M03ra, 

Y!1Y'llllaJOT llpOUCCChl o6y<reHI15!, IIOBb!llla!OT COTlpOTI1BJlCHI1C MOJI'OBbiX KJICTOK 

rMrrOKCI111, yJlY'I!llaioT :meprcTwieCKI1e npouecchi 11 KpOBOCHa6.iKCHI1e M03ra. 

YCTaHoBncHa 3cj;Jcj;JeKTHBHOCTb n11pau;eTaMa np11 pa3JII1'IHbiX cj;JopMax uepe6-

paJibHoii: rl1flOKCl1l1 l1 TpaBMaX I'OJIOBHOfO M03ra, 11HC)'JlbTC, HapylllCHI1HX !1al\Ul­

Tl1 11 l1HTCJlJ1CKTa, XpOHWICCKOM aJIKOfOJ1l13:-IC 11 pa3JII1qHbiX 11HTOKCHKaU:l151X. 

OperrapaTbi 3Toro THrra yny•ImaiOT no3HaBaTeJibHhie (KOrHI1THBHbie) cjJyHKl\1111. 

K '111CJ1)' OCHOBHblX nmoTe3, KaCa!Oll\liXC51 MeXaHH3Ma )J,CHCTBI151 HOOTpOITOB, 

OTHOC51TC51 r AMK-cprWICCKHC 3cj;Jcj;JeKTbl 3TI1X COC)J,I1HCHliH, YCI1J!l1Ba!Oll\11C ;1Cii:­

CTBI1C TOpM03Hb!X npOUCCCOB. HeJlb35! l1CKJI!O'll1Tb TaiOKe BJII151H11C HOOTpOITOB 

11 Ha )lpyrl1e HCHpOMCL\11aTOpHb!C CHCTCMhl M03ra. l13BCCTHO, 'ITO Il!lpaueTaM 

)'CI1JII1HaCT CI1HTC3 ).(O<paM11Ha, CI10C06CTB)'CT HaKOIIJlCH11!0 HOpaL(pCHaJIHHa B 

M03re, !1pCJ.(l10Jl3raeTC5l B3al1MO)J,CHCTBI1C H00Tp0110B C O)J,HI1M 113 110.IJ,Tl1IIOB l'J1)'­

IaMaTHbiX peueiiTOpOB. Tio,u )leiiCTBHCM HOOTpOIIOB YBCJII1'!11BaeTC51 CO)J,Cp.iKaHHC 

;ti\CTI1J1XOJII1H3 B CI1Harrcax, H HCKOTOpb!X CJiyqa51X IIOBbl!llaCTCH CO)JCp.iKaHHC 
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B M03re ccpoTOII.HHa. TIHpau:eTaM HecneumpwrecKH ycKop>IeT Heti:pouanLIILIH 

MeTa6oJm3M, aKTMBHPY>I <l;lcpMeHTLI o6Mena AT~!>, aKTHBMpyeT CI1HTC3 PHK 
l1 6CJIKOBLIH CHIITC3. J1CXOM 113 TOfO, <JTO B opraiii13MC, B03MO)!(l!0, ocyruecT­

BJUICTC5l B3311MO,[(CHCTBI1C rmpaU:CT3Ma C TCMI!! )!(C HJIH 6JIH3KHMI1 110 CTpOCIII1!0 

CTpyKTypaMH (pCU:CllTOpaMII), KOTOpLIC OTBCTCTBCIIHLI 3a CB5I:3hlB3HIIC f AMK, 
paccMoTpcuo cxOJWTBO 3THX coc,UHIICIIHH B cTpyKTypHoM OTI!OWCJBIH ('!aCTO 

llb!CKa:>LIBaCMOC TipC,UTIOJl0)!(CHI1C, 'HO aKTHBIIOCTL Til1paUCTaMa o6ycJ1(1BJICII3 

CJO 6mnocTLIO K I[HKJIWICCKOH <jJopMC r AMK, HMCCT non: co6oi1 M~UIO OCIIO­

Bal!HH - lll1paUCT3M npaKTWICCKII IIC MCTa60JII1'311pyCTOI, BCpm!TIIOCTb p<n­

MLIKaiii1ll cra6HJibJIOIO IUITWlilCIIIIOHJ JlaKTa~IIIOrO UHK.;la IICBCJUIKa). 3JICKT­

j)Ollllh!C oco6cuuocnr o6c11x cTpyKryp (c Y'ICTOM UBI1Trcp-HOIIIIOH llp11pOJlbl 

rAM K) HMCIOT lliiPCJ[CJICJIJIOC cxon:cTBO. 

H~~1S H3N~
0 

0 

Gt~~n 
H2N &h 

~HTHorrnpaueraM a-s~ 
)J,pyrJ1MI1 CJIORaMH, B l[CIII1 aTOMOB ll~!paUCTaMa Ha aTOMC a30Ta KOHilC­

BOii aMIUlJIOH rpynnLI JIOKaJII130BaH '!aCTil'IHLiii f!OJIO)KHTCJlbHb!H 3ap5!J(, a Ha 

JJaKT3MHOM aTOMC KIICJ!Opol[a - •raCTW!Hhlif OTpHUaTCJILHbiH; 'clTH 33p5ll[bl 33-

HHMa!OT o6JI3CTH, 6JIJ13Kl1C flO CBOCMY pacl10JIO)!(CHHK1 K MCCTaM JIOK3Jll113Ul111 

IIOJIO)IUITCJibHOro II OTpMUaTCJlbHOro 33pMOB R r AMK. IloH5ITHO, O,UHaKO, 'ITO 

B r AMK pC'Ih lll[CT 0 IJ,CJIO'JIICJICHHbiX Jap5ll[aX l1 K33aJIOCh uenecoo6pa3HhiM 

C.Il,eJiaTL IIOTibiTKY TaK l\10JII1QJI1UI1pOBaTb MOJICKYJJY TIMpaueTaMa, 'IT06bi 3TH <Ja­

CTW!HbiC 33pMbi yBCJIW111Th. BB11.UY TOfO, <JTO aTOM cepLI JJY<JIIIC YUCj))!(J1BaeT 

OTpHUaTCJlhHbiH 3ap5!,U, 'JCM aTOM KHCJIOpO.Il,a, 6biJI CI1HTC3I1pOBaH .[(11Tl10Ill1-

paucTaM, B KOTOpOM B HY)!(HhiX MCCT3X JIOKaJI!130B3Hhl 60Jibiiii1C TIOJIO)!(I1-

TeJILHbiHI1 OYpMUaTCJlbHhiH 3ap51Jlbl. B pe3yJJLTaTe 6biJIO IIOJIY'!CHO COCJ[I1HCH11C, 

)J,HTHOTIHpaUCTaM, o6JJal[aiOIUeC CYlUCCTBCHHO 60JiblUCH 6HOJIOfii'!CCKOM aKTMB­

HOCTLIO, 1ICM TIMpaueTaM. )lHT!10TI11paUCTaM B,[(BOC ycKOp5ICT (B JI03C 250 Mf/Kr) 

ilpOUCCC Bb!pa60TKI1 H 33KpCITJICHI15! ycJJOBHOfO pCQJJICKCa, OK33biB3CT TIOJIO)!(J1-

TCJlhHOC BJII15IHHC Ha BblilOJIHCHI1C Bbipa6oTaHHOfO ycJJOBHOfO pe<lJJICKCa H36e­

raHH5!, YMCHblll35l JiaTCHTHh!H nepl10l[ 6oJJee 'ICM B.Il,BOC TIO cpaBHCHI110 C KOHT­

pOJICM (<JTO COOTBCTCTBYCT TIMpaUCTaMy B ,[(03e 1000 Mr/Kr). 

)J,MTHOTIMpaueTaM OK33LIBaeT IIOJIO:lKI1TCJ!bHOC BJ1115lHI1C Ha npOUCCCbi KOH­

COJIH,[(aUMH naM5lTI1 B l[03aX, B 4-5 pa3 MCHbllll1X, '!CM TIHpaueTaM. 0H YMHH5!CT 

JI3TCHTHLIH IICpi10)J, B03HHKHOBCHI15! cy,Uopor TipH IIpliMCHCHHH TI10CCM11Kap6a-

3H,[(3 H3 25-30 % 11 yneJIW!HB3CT ilCp110,[( fl:O HaCTYrJIICHI15! rH6eJII1 Ha 45-50 % 
!10 cpaBHCHI110 C KOHTpOJJCM (TI11paUeTaM Jl:a:lKC Tip!1 yneJIH<JCHHbiX R<JCTBCpO 
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)l03aX )laeT UJ1<j:Jpb! 10 11 17% COOTBCTCTBCHHO). 8 )l03C I 0() Mr/Kr )li1THOI1Hpa­

l~CTaM )'1lCJIJ1qJ1BaeT npO)lOJDKHTCJihHOCTh A<H31IH MbllllCM IlpH OCTpoi1 rHI10K­

CH'lCCKOH rHI10KCI111 B 2 pa3a (nHpaUCTaM )lC)laCT 3TO B )l03C 2000 Mr/Kr), 1Ipl1 

nmo6apH'lCCKOJ1 rHTTOKCI111 OH B 3--4 pa3a 3qHpCKTHBHCC I1HpaneTaMa, Hp05!B­

)l5!CT 3H<l'lllTC)lbHYIO aKTIIBHOCTb l1 rrpii aCQH1KCII'ICCKOM ri1110KCI1l1. 

K COA<aJICHHIO, ')TO /(Ci1cTBIITCJ1b!IO BCChl\!a I1CpCrTCKTl1BHOC HOClTpOllHOC 

CpCJICTBO C OC06o BhrpaA<CHHh!Mll aHTllrHITOKCH'lCCKHMH 'JCjHjJCKTaMH HC BOIII­

JJO B npaKTHKY rn-:Ja rro60'IHoro TeparorCHHoro .uei1cTBI15I. OcmaKo TcopcTH­

'ICCKaH 3H~l'fl1MOCTh pa60T, CBH'JaH!IaH CO CTpyKrypHhiM I!Oj(XO]\OM K l(CiiCTBHKl 

1!00Tp0!10B, 110-Bl1;1!1MOMy, 1\0CT<ITO'IIIO r;yii\CCTBCI!Ha !1 OTK]JhiBaCT I!Ollh!C 

!10]\XO)!hl K CI1HTC3Y IIOBhiX 3QlQJCKTI1BHh!X l!pcnapaTOB. 

PcaKUHOHJI~UJ cnoco6HOCTb ;unHormparrcraMa B cpanHCJIHH c m1paucra­

MOM HCC-'ICJ\OilaHa Ha npHMCpC pcaKI(l111 C i\II'JTJUiai(CTam!Mll ){IIl\!CTHJHjJOpl\!a­

MH).(<I 11 J[IIMCTI1JiaUCTaMH][a j556j. )J,JIH BBC)!C!!HH ]!)IMCTI1Jial\III!!Ol'pyllnh! 110 

fiCpBW!I!OH aMHHOrpynnc Kap6aMI1)jl!Ol'O ·JaMCCTIITCJIH IIHpai!CTaMa Tpc6yCTCH 

HarpenaHIIc n KCHJJOJJC l!pu ll0-140°C. AHaJIOni'!Hhii-1 nponecc B CJiy'rac J\11-

THOJIHpaucTaMa !1pOTCKaCT np11 KOMHaTHOii TCM!ICpaTypc B TC'ICI!l1C I '1. 061,­

HCHCHHC :noro pa3Jlll'll1H flO MHCllll!O aBTOpClll [556J '3aKJJIO'JaCTCJ! 13 TOM, 'ITO 

)JJ1Ml1TIIPYIOII(CH CTa,1llCH npOIICCCa KOII)\CHCaiiiii1 B o60I1X CJIY'!aHX HBJJHCTCSI 

o6paJoBaHHe aHHOHOR (586 a, b) rryTcM oTphma rrpoTOHOH OT rpynn CONH 2 11 

CSNH2, KOTopoc 3Ha'Il1TCJJbl!O 6oncc ::meprcTwrecKH Bhli'OJJ:I!O )J,JJJI THOaMH)l­

Horo cpparMeHTa 113-3a 6oJibWei1 cTa6HJ!hHOCTll S-aHHOHa (cxeMa 362). )J,HTHO­

nrrpaueraM TaKA<C I'J!a)J,KO pear11pycT II C <UlCTaJI5IMII JiaKTaMOB. 

Ell[C O)lHa pa6oTa, KOTOpytO CJJCJlYCT o6cy)J,I1Th B 3TOM KOHTCKCTC, l10CB5l­

Il(CHa Cl1HTC3Y l\HHYKJJC0311)J,-MOHOCjlOCQlaTa a)J,CHllH-8-TIIOI(I1KJIOHYKJJC0311)J,3 

(587) [557]. OoJJy'leHrre (587) BKJJIO'laeT l1CITOIIh30BaHHe aucTaJIH (J a) JJ:IIJI Ja­

ll[HThi aMHHOrpynTihl COrJiaCHO CXCMC 363. 

J1 B 3aKJJIO'ICHHe 3TOrO pa3J.(CJJa npHBCJ.(CM CBC)J,CHll5! 0 HOBOH H HC06bi'l­

HOH peaKUHH aucTaJIH N-MeTI1Jl6yrHpoiiaKTaMa c MarHrrtiopraHH'lCCKHMH co­

CJlHHCHI15IMll, KOTOpaH HC llMCCT HH'ICI'O 06ll[ero C 11CCJICJ.(OB3Hl1CM <j:Joc<j:Jop­

ll cepyco.uepA<aiilllX COC)J,HHCHI1H ll KOTOpYJO CJIC/zyCT OTHCCTH K pa3HhlM peaK­

UH5ll\! C Y'IaCTHCM aMH)l- ll JiaKTaM3UCTaJICH f 558 j, KJI3CCll<j:JHUHpOBaTh KOTO­

pb!C HC llMCCT CMhJCJJa ll3-3a 11X Ma.JIO'IHCJICHHOCTH. flo 1\!HCHlllO aBTOpOB, Ha 

rrepBOM :narre clTOH peaKUlll1 o6pa3yeTC5! I-MCTHJI-2-aJIKllii-2-MeTOKCI1I1llppo­

JlJ1[(llH (588), KOTOpb!H J.(a.JICC B3allMOJ.(CllCTBYCT C HCXOJ.(HhlM al]CTaJICM 11 3a­

TCM rrpeBparuaeTC5l npii B03)J,CHCTBlll1 aM6H,UCHTHOrO KaTHOHa (589), HaX0.[\5I­

ll[CI'OC5l B paBHOBCCI111 C JJaKTaMaUCTaJICM (3 a), B HMMOHHCBhiC COJIH JIHMCpHOI'O 

CTpOCHI15I (590, 591) (cxeMa 364, C. 240). 

3.2. PeaK~uu a~ema.1eu a.Muooe u ;wKma.Mofl c H}'K;JeocjJLWbHbtMU peaceHmaMu 239 
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a~ 
N/+'\OMe 
I 

Me Me0-
589 

CxeMa364 

Q OMe + R- Of2Mgi 

N OMe 
.. 

I 
Me 

-r~::-cr<+-!:YL= YamJ-l- Me 588 Me Me Me 

9H 
~?M' 

f Of2R 

Me 591 

HeKOTOphle 3aKJUO'IHTeJibHble 3aMe'lauus K masaM 1-3 

B npCi.l:hl!l,YIU11X rJiaBaX paCCM01"pCHbi OCHOBHbiC 6a30BbiC pcaKUJ111, xapaK­

TCpHhiC MH aMH)]- 11 JiaKTaM3l(CTaJICM, 11 cpYHJ.I,aMCHT3JlbHhiC CBOHCTBa :.JTHX 

COC).l;HIICHHM, traJOIUHC ll0Hl1M3HHC l1X HCO.lKH,l]aHHO 3KCTpaOpljHIIap1!0 Bb!CO­

KOM aKTHBHOCTI1 llO OTHOIIICHI110 K pa3JIH'IHhiM HYKllCOcpHJibHhiM 11 ::mCKTpO­

cpHJihllbiM pearCHTaM. B ).l;3HHOM 33KJIIO'ICHI1H XOTCJIOCb 6bi 0606IUI1Tb HCKO­

TOpblC Ba)I(HhiC BOIIpOChl, OTHOCHIUI1CCH K CBOHCTB3M 3Tl1X COCt(HIICHHM, 

o6yCJIOBHBIIII1C HX HC3aypMHYJO llOIIYJIHpHOCTh B Ka'ICCTBC 3cpcpCKTI1BIIhiX l1C­

X0t(Hh!X COC1111HCHI1M tlJlH pa3H006pa3HbiX Opralll1'ICCKMX Cl1HTC30B. 

)J,JIH Haqana CJICIJ:YCT IIOBTOpHTh CXCMY 5 (rJJ. 1), IIOKa3biBa10IUYJO, KaK 

HaJII1'Il1C TpOHCTBCHHOfO paBHOBCCHH OTpa)[(aCT CIIOC06HOCTh aMH)]- H JiaKTaM-

al(CTaJICH BCTYJiaTh BO B3al1MO)lCMCTBI1C C pa3JII1'IHblMI1 peareHTaMI1. 

R R R 'rn '-r<rT , ~ 
2 " '"""2 rn___..J 

R2N I ;oR R2N __ J R"o- ~ lly.._ + R"OH 
~ ~ ··~ 

OR" 'OR" R2N 6 OR" 1 2 

lfeKomopbte 3(JK;l/O'fUmeJ/bHble 3aMe'tGHUJI K cJWBGM J-3 241 

UeJrccoo6pa3HO 6onee rro!l,po6no 11 KpluwrccKM o6o6IU11Th MaTepmVILI O!l.­

HOH 111 caMLIX mDKHhiX au:eTaJihiibiX pcaKU:11H - peaKU:1111 c CH-KMcnoTaMI1, 

I1pHBO)\HlllCI1 K O}J)lOMY 113 Jiaii60JICC rrperrapaTI1BHbiX CI1HTC30B CJiaMIIHOH. 

BnoJIHC O'ICBli)!liO, 'ITO 3TOT CIII!TC3 HU'IHHacTcH c oTpbiBa rrpoTOI!a OT ymcpo,cr­

IIoro aTOMa CH-KHCJOThl 11 !l.aJICC accow1al(HH 11Byx HOIIOB -· aM6HilC'liTHOro 

KaTHOIIa 11 o6pa30BaBmcrocH Kap6amwua. O'ICBI{LJ,HO TaK)I(C, 'ITO TaKoi1 oT­

pb!B HCI136C)I(H0 I1p011CX01111T !lOti trei1cTB11CM aJIKOKCH-aHHOHa, HaXO!l,HIUCfOCH 

BMCCTC C aM6J1ACIITHblM KaTHOHOM, B paBHOBCCHll C aMH!l,al(CTc1JICM. Jib 06Illl1X 

C006pa)I(CJ!llH TaK)I(C' 0'1CB11iiHO, 'ITO B )!aHHOM CJIY'IaC Kpl1TJ1l!CCKYJO pOJJh 

IWJI)I(Ha HrpaTb c11na BBOiiHMoi1 B npOI!CCC KOH11CHC<ll!HI1 CH-KHCJJOThl. 

Ta6;tUt{a 24 
KoHcTaHTbl HOHHJauuu pllll,a CII-KHCJIOT 

CII-KHCJIOTa pKa JhiT. CChiJIKa 

0 

5,25 ]559] Me6 
Me 0 

McCOCII 2COMc 8,94 [5591 

NCCH 2COOEt 9,0 [5601 

McN02 10,29 ]560] 

McCOCH 2COOEt 10,49 [559] 

CH2(CN)] 11,81 [560] i 

McCOMe ~20 [561] 

McCOOEt 24,5 [560] 

MeCN ~25 [561] 

KaK Bl1tlHO 111 Ta6n. 24, pa3JIWII1H B KJICJIOTHOCTH coe).l;MHCHHH, MMCJOIUHX 

aKTI1BHOC MCTHJICHOBOC 3BCHO, ).l;OCTI1fa!OT fllfaHTCKMX BCJII1'111H (60JICC 'ICM 

10 rropH/lKOB). KoHe'IHO, peaKUHII aueTanei1 c !li1MCIJ:OHOM, aueTOYKCYCHhiM 

3cpHpOM, MaJIOHl!I1H11Tp11JIOM, HHTpOMCTaHOM 11 !lpyrHMH COC).l;l1HCHHHMll, o6-

JJa)laJOII!11MH JlOCTaTO'lHO BhiCOKOii KliCJIOTHOCTbJO, IIpOTCKaJOT BCCbMa JierKO, 

KaK rrpaB!-I.J10, y)l(e np11 KOMHaTHOll TCMTICparype. A BOT C ai(CTOHOM Tpe6yeT­

CH li HarpeBaHHC, 11 W111TeJihHOC BpCMH peaKI!llll (IIpH Hl13KOM BhiXOJlC KOHC'I­

HOfO rrpOJ!YKTa). lho KacaeTCH CU(e MCHCC <<KllCJlhiX>> 3TI1Jial(CTaTa li ai{CTOHI1T­

p11Jia, TO npOBCCTll C Hl1MH KOH).l;CHCaQHJO npOCTO HC YllaCTCH. 

)J,pyrl1Mll CJIOBaMI1, CYIUCCTBYCT, IIO-BI1tlHMO.M)', O!IpC).l;CJICHHa5I IIOpOrOBaH 

BCJII1'111Ha pK0 , IIpll KOTOpOM ).l;a)[(C CTOJlh peaKI!HOHHOCTIOC06Hhle COC)l,l1HCHHH, 
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KaK aMJ.IJlaueTaJirr, y)((c HC pcar11py1oT c o6pa3oBaJJI1CM ciiaMHIIOB 11JII1 Ll)I5I rrpo­

BCJJ;CHI15l TaKHX pcaKU11H Tpc6yJOTC5l oco6o )J(CCTKrrc ycJioiHf5I (TcMncpaTypa, 

J1aBJICifi1C If T. ,U.). 

PaccMOTp11M Tencph c :noi-i )J(C TO<JKJ1 3pCIIl15l aMl1.ii!1IIOBhlH Cl1IITC3. 

3!1CCh Cl1Tyaun5I 5IIlHO ycno)J(JI5JCTC5I. B cJiy•Iac CH-KHCJIOT llOIIHTlJO, •no 

aTaKOBaTb M£'30-yTJ!CpO/UlbiH aTOM aM611)lCIITl!OI"O KaT1.10Jia MO.>KCT TOJ!bKO aiUIOJI 

JTOi\ KHCJIOThl. qTO KaCaCTOJ a.\1lfi!OITp0ll3BOJIIlhlX, TO rrpOCMaTpHBaJOTCH i.(BC 

0T'ICTJll1Bh!C ll03MO.>KJIOCTYJ: !CIH i.(OCTaTO'IIIO OCI!OllllhlX aMHI!OB ITp!1COC}l,l1liC­

IIlH.: 1\!0.>KCT ocyii(CCT!l.TfHTbCH Jf\{TCI\1 aTaKI1 110 ymcpO,lliiOMY aTOM)', JICCVIIICMY 

'IaCTH'IIIhii1 IlOJIO.>KI1TCJihllbli.f JapHJ( "Ja C'ICT llCIJOJl,CclCIIIIOi.f llaphl JJICKTpO!!OB 

OCIIOBIIOW ;tMl11!110!"0 ;tX1T:l (CXCI\Ia 365). 

R' 

" I OR 
R '-... N__/<: OR 

/ 
R"' 

CxeMa36S 
R'~ 

R" I' Ho~· "N~ H2N-R"" 

/ ~OR 

R"' RO-
R' 

H 
R' +/ 

Y
N-R"" 

R" ........_ '-... H 
N OR 

R"'-.. ~ 
-2ROH /N N-R"" • R"/ RO- R""' 

O;uraKO B TCX CJI)''Ja5IX. KO!){a ilMI!IIOrpyrrna COCCD,CrByeT C CHJJhllh!l\1 'J.'ICK­

TIJOilOilK!lCilTOpOM 11 OCIIOBHOCTb CC HC3Hil'IIITCJibHa, HO KllCJIOTIIOCTb )(OCTa­

TO'lHO BCJIHKa, KaK, H<lllpllMCp, B CYJ1bqJOHaMHL(aX, I\ICXaH!13M pcaKUIH1 C aue­

Ta.151\!li Kap)U!HaJibiiO MCII5ICTC51 H CT<1HOBI1TC51 CXOilHbiM C MCXaHWlMOM, 

orrHcaHHbiM HhilllC ilJI5I CH-KHCJJOT (cxeMa 366). 

R' 

R", ,koR 
N 

R"/ OR 
H 

R' I 

CxeMa 366R' H2N-1l EW A 

R"'-..~OR + -

R",/ RO- ~HN- EWA 

N-R"" R' 

R", * R" l ---.. N OR '~N-R"" 
R',/ - ROH R:'"/ 

EWA = 3JieTpOHOa.KU;errropllhlli JaMeCTIITeJTh 

)laHHhiC IlO KOHCT3HTaM OCHOBHOCTI1 liCKOTOph!X aMHHOB ITp11BC)lCHbi B 

Ta6J1. 25 l1 DO KOHCT3HTaM KI1CJIOTHOCTI1 pMa aMI1HOITpOI13BO)lHhlX- B Ta6J1. 26, 
B 'IaCTHOCTI1 cyJihcPOH3Ml1,UOB 11 aMJ.I)lOB Kap60HOBhlX K11CJIOT. 

ffeKomopbte JaKA/O'Iume;tbHbte JaMe'laHUJI K <'fiGfWM 1-3 243 

Ta6,1UL(a 25 
KoncTaHThi HOHH3aiJ,HH HeKOTOphiX aJimjJaTnqecKHX, apoMaTnqecKHX 

H reTCpOIJ,HKJIII'ICCKHX aMHHOB (npHCOe!.IHHeHHC UpOTOHa - OCHOBIIOCTb) (9, 559] 

AMHH pK,. 
. 

AMI1H pK,. 
. 

A~m11 pKa' 

llnrrcpHJlHH 11,22 n-TOJI)'HfllfH 4,69 3-<!>ToprrllpHl\HH 2.97 

MenUJaMHH 10,63 AHHJ!Hif 4,60 3-H11Tp0!!!1p11Jll1!1 O,X 1 

3TaHOJI3MHH 9,50 n-XrropaH!fJIHH 3,99 lll1p11MI1/lHH 1,30 

J3Cl!3l1JJaMHII 9,37 o-<l>ropamuiHII 2,96 4- M CTHJIIIHPH ~!H,'J.llll Ln 
Mopc)>OJIHH 8,36 n-HHrpoaHHJ!HH 1,00 I~HaHa~111;1 1,1 

fHJlp<l'JlHI 8, II 4-AMHH01111pl1JU1H 9.17 AIICTa\IH~1 0.11 

:-.JTHJICIIHMlfll 8,04 2-AMl111011HpHL!l111 6,X6 2-ap6aM<HIJIIHI )JI11!HI I 2.10 

11-AMHIIO<)>t:HOJI 5,50 2-M CTIIJI IIHpHJlllll 5,97 3~ap6aMCliWflli!JHJ!IIH 3,35 

N-McrHJJal!lWHJI 4,85 flnpH!lHH 5,23 4-ap6aMOI!Jlfll1j)l11{l11 I 3,61 

fl p l1 M C 'I a H H c: * YBCJ!l!YCIIHC Jl!a<JCHHH COOTBCTCTBYCT IIOBhiiiiCHHKl OCIIOBHOCTH. 

Ta6.JUI(U 26 
KOHCTaHTbl HOJIH3aQHif HCKOTOpbiX aMHJlOB (OTU(CUJICHUe IlpOTOHa - KHCJIOTHOCTb) 

AMl1!.1bl pKa AMII.Ubl pKa i\MI1)lbl pKa 

MeCONH2 25,5 [562] PhCSNH2 16,9 [5641 CF,SO,NH2 9,7(564] 

PhCONH 2 23,3 [5631 McS02NH 2 17,5 [564] PhS02NH 2 16.1 1565] 

CF3CONH2 17,2 (564] 

l1 p 11M C 'fa H If e: * Yse,1H'fCHlfC 3Ha'!CH11ll COOTBeTCTBYCT CHHlKeHHIO Kl1CJIOTHOCTH. 

KaK BJ.IJlHO l13 rrpHBe,UeHHbrx )laHHhiX, B rrepBYJO oqepe,Uh naHHhiX Ta6JI. 24 
II 26, K11CJIOTHOCTh 06b!'fHhiX aMJ.I)lOB, K3K rrp3Bl1JIO, MCHhlliC, 'ICM y HaH60-

1ICC crrJihHhiX CH-KHcJioT, Tl103MJ.IJlhi 3aHnMaiOT npoMe.lK)'To<moe noJIO.lKCHHe, 

a BOT cyJJh¢aMH,Uhi, HarrpHMCp, aMJ.I)l Tpl1¢TopMeTI11ICYJJL>cPOIIOBOH KHCJIOThi, 

IIO KI1CJIOTHOCTI1 BCChM3 CXO,UCHhl C T3KI1Ml1 COC11:11HCHI151Ml1, KaK Hl1Tp0MCT3H 

11 u:rraH)'Kcycnhrfi 3¢Hp. B03MO)J(HO, 'ITO aueTaMH,U 11 6eH33MJ.IJl rrpn B33l1Mo­

J(cficTBI1l1 C 3MJ.I)l3QCTaJI5IMI1 pC3TI1pyiOT 110 H3ITpaBJICHI110, OITMChiBaCMOMY 

CXCMOH 365, a Hal160JICC KlfCJib!C cyJihcPOH3Ml1)lhl CHa<.JaJI3 J10)lBCpraiOTC51 OT­

pr,my NH-rrpoToiia rr 33TCM )laJiee rrpoMCXO/lHT accouHaQII51 HOHOB, rro)lo6Ho 

IOMy, KaK 3TO OIII1C3HO 113 CXCMC 366. AMH,Uhl MCTaHCYJibcPOKlfCJIOThl l1 6eH30JI­

cyJihcPOKI1CJIOThl, 33HI1M310ll(l1C riO ypOBHIO KlfCJIOTHOCTlf MCCTO MC)((Jly Hal1-

boJJCC Cl11IhHhiMI1 CH-KHCJIOTaMrr 11 aJII1¢anr'leCKI1Ml1 3MJ.IJl3Ml1, Moryr, sepo­

>ITIIO, Y"aCTBOB3Tb B paCCMaTpHB3CMbiX KOHiJCHC3U:IUIX TIO 060IIM MCXaHI13MaM, 

p;tCCMOTpCHHhiM Ha CXCMax 365 11 366, XOT51 ymep)((JlCHI15I TaKOfO pO)la Tpe6yror 

oco6oro, l1 rrpCLJ:ITOtiTllTCJib!IO KlfHCTll'lCCKOfO, l1CCJIC,UOB3Hl15l. 



FJIABA 4 

AMll,ll,- II JIAKTAMAQETAJIM B CMHTE3E 
fETEPOQIIKJIMlJECKMX COE,LIJ1HEHMH 

4.1. TI}ITH'IJICHHbiC fCTCpOI.HKJJbi 

4.1. I. I1Rmll'tAeHitbte ?emepou,uKAbt c O(htUM cemepoamw11o~H 

4.l.la. <l>ypauM 

Dp11 o6cy)!()l,CHHH I1p06JICMbl CHHTC3a TOro HJII1 11!101'0 ITTCpO!(HKJia lla 

OCIIOBC aMHJ(ai_JCTaJICi1 Mbl paCCMaTpHBaCM llpCHMYll!CCTBCHllO TC HCCJ!C/IOHa­

IIH51, B KOTOpb!X H3y<Ja!OTC>I CI10C06bi I_JHK.Jll1JaLJHH, 06CC!!C'll1BaJOllH1C IIOJiy­

<JCIIHC 11MCHIIO ,IUlHHOfO fCTCp01_Jl1Kna, a HC TC pa60Tbl, B KOTOpb!X OH !lp11CY'f­

CTBYCT B MOJICKYJIC !1:JHa•JaJibHO. 3TH 11CCJICJ\OBaHJ151 06Cy)[()(<llOTOJ B IIJiaHC 

IIOJIY'ICHH>I fCTCpOI_JHKJia, KOTOpbiM Cl111TC311pycTOJ J<ll!OBO, liYCTb H<LiKC !!Ollhiii 

Cl1HTC3 OCHOBaH lla COC1!,!1HCH1151X, Y1KC 11MCK)ll(l1X B CBOCM COCT<tBC f'CTCpOIU1K­

Jll1'1CCKOC 5l.ll:po gpyroro CTpOCH!15I, flO CpaBHCH1110 C TC.\1, KOTOpOe 'Ja!JJlaHHpOB<l­

HO AJ15! paCCMOTpCH!151. HaupHMCp, CCJI11 pa3D,CJI IIOCBHWCH IIO!lY'lCHHIO cpypa­

IIOB, o6cy)!()l,a!OTC51 flO 60JiblliCM <raCTH TC peaKLJ!111, B KOTOpb!X pcaJII13YCTC5l 

HMCHHO cpypaHOBb!M Cl1HTC3, a HC TC, B KOTOpb!X cpypaHOBOC KOJ!bl!O Y1KC 5IB­

miCTC5l CTpyKTypHb!M 3JICMCHTOM 11CX01l,Hb!X COC1!,11HCII!1H. 

B pa6oTe [ 566 j Hcnonb30BaHa cnoco6HoCTh rl1)].poKcHnpoM3BOllHhiX aMHn­

cHnaHoB K npeBpaWCHHIO B 6yTHflOJ13KTOHbl C fiOMOWb!O peaKI_Jl1H Kr!ai1-

3CH3 ~ 3WCHM03epa 11 IIOCJICD,YIOUICfO OKJ1CJICHH5l. 

Bhrwe Mbl y)!(e o6cy)!()l,3Jll1 CKJIOHHOCTb pa3nwmoro nma 6yTHpo.rraKTOHOB 

BhiCTyiiaTb B pOJIH ayTOHHD,YKTOpOB, KOTOphlC HaKafiJil1BaJOTC5l B KYJibType IIpl1 

BhiCOKHX rrnoTHOCT51x nonyn5ILJI111 6aKTCpHi1 H B3aHMOD,eiicTByJOT c peuenTop­

HhiMH peryn51TOpHhiMI1 6enKaMH. DoBTOpHM, <fTO Quorum sensing (QS) CHC­

TCMhi 51BJI5110TC5! fJI063JJhHb!MI1 <PaKTOpaMH JKCIIpCCCHH 6aKTCpllaJ!bHbiX fCHOB, 

OHM l1fp310T KJIIO<fCBYJO pOJih B peryJI5IUHI1 MHOfHX MCTafiOJIH<fCCKJ1X npOI_JCC­

COB KJICTKH, B TOM <fHCJIC Il peryJI5lUl111 BHpyneHTHOCTH 63KTCpl1ii. 

Y)!(e yKa3hiB3JIOCh, 'ITO B HaCT05!Uiee BpCM5! o6cy)!(D,aJOTC5! nepcneKTHBhi 

HCTIOJib30BaHH51 QS peryJUIUHM B Ka'!CCTBC I1pHHI_Jl1llH3JlhHO HOBOM MHWCHll 

D,J15l 60pb6hi C HH<lJCKI_JllOHHhiMll 3360JICB3HH5IMH, Bhl3b!B3CMhiM!1 6aKTCpiDI­

MH. 3TOT IIOAXOD, paCCMaTpMBaCTC51 K3K HOB351 aJihTCpHaTHBH351 CTp3TCI'H5! aHTl1-

MHKp06HOH TCpanHH, HanpaBJICHH35! H3 C03D,aHMC JICKapCTB HCTIOCpCgCTBCHHO 
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llflOTMB naTOfCIIHOCTI1 6aKTCpHii, IIOJ!aBJI5!IOUIHX QS pCryJI5li_JI110 (aHTHTiaTO­

ICJl!Ib!C JieKapcTBa). Dono6HaH crparerH5! II03BOJI51CT H36c)!(aTh w11poKoro 

pacnpOCTpaiiCll1151 pC311CTCHT!Ih!X K 31ITH6HOTIIK3M q)Op.\! JiaTOfCHI!biX 6aKTC­

p!1M 11 qlOpM11pOHalll151 6l!OflJICHOK, MHOI'OKpaT!IO IIOBhlillaJO!l(HX ycTOM'lHBOCTh 

oaKTCpl!H K JICKapCT!lC!IIlhiM npcnaparaM. J1 C :JTOH TO'IKH 3pCIII15l IlOD,XOghl K 

Cl1HTC3Y 6yntpOJJaKTOIIOB pa3JIM<fi!Of0 CTpOCIII151 Bhl3h!Ba!OT OC06b!H mrrepcc. 

Ha cxcMc 367 noKaJal!o npc!lpamcHHC rHJ!POKCH::JTHnaucrHnciia (592) B 3a­

MCUICifllhiC l130MCpiibiC 6yrHpOJJaKTOI!hl (593~595), 011,113 H3 CT3JIHH KOTOpOro 

IIKHIO'IaCT B3al1MOAdiCTili1C CHJilfJlhllOfO l'll}!,pOKCIDTl1JIIIpOH3BO.UIIOrO ( 596) C 

)UfMCTJ1Jial(CTaJICM J]J1MCTHJiai_JCTaMHg3 [ 566[. 

CxeMa367 
Me 
~OMe 

l) EtMgBr, Me3SiCI Me2N OMe NMe2 
%.__/Mo2)ROOAI Mo,s~, ~ ~ 

T 596 OH SiMe3 0 
592 OH 

RedAI ~ HaTJlrrH 6uc(MeTOKCJDTOKCH)a.rnoMHIIHil: rn,zq>~ 

Me3S~· M~3Si m-CPBA 

- H ...... , + H 
HO .... ,, 0 O HO o O 

593 594 
Me Me 

Me
3
S?0i 

+ H 0 

HO .. ,.,, 59~ 

Me 
m-CPBA= M-xrropnep6eH30HHWI KHCJIOTa 

Ea3Hpy5lcb ua cnoco6uocnr auero<PeHOHOB rJI3JIKO pearHpoBaTh c aueTa-

115IMH LJ:M<f>A, B pa60TC (567[ H3 2-MCTOKCH-4-3aMemeHHhiX auerocpeHOHOB 

(597) IIOJl)"'CHhi COOTBCTCTBYJOUIHC CH3MHHOKCTOHhl (598), npeBpamCHHC MC­

I'OKCHrpyrriibl KOTOph!X B <PeHOIIbHYJO 06CCIIC'IIIJIO B03M0)1(HOCTh UHKJIH33UHH 

C o6p330B3HHCM cpypaHOBOI'O UHKJ!a C IIOny<ICHHCM 3-aUI1JI6CH30<PypaHOB (599) 

(cxeMa 368). 

CxeMa368 

QR OmR ONMe2 

a -:?' ,;:? 
- 1 BBr3 trn2az 

~ ~ 
R' ~ OMe R' OMe R' 

597 598 

ONMo, ~R:l 
-~~ R' 

599 

B TOM )!(C pa6oTe [ 567) C HCIIOJ!h30B3Hl1CM B CYUIHOCTH 3H3J!Ofl1<fHOfO 

llll.!IXOga H3 4-MCTOKCl1-5,6,7,8-TeTp3rl1,!lpOHa<PT31ll1H-6-0Ha (600) CHHTC3Hp0-
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BaHo TJH1QI1J<JIMqecKoe rrpoH3BO!J:HOe (601), BKmoqaJOmee B cno10 CTPYKTYPY 

:.umemrposaHHoe ¢ypaHosoe KOJihQO (cxeMa 369). 

o;:y la 

600 OMe 

~~ 
-~ :,N ~H 

CxeMa369 

~ ~~ 
:,N ~Mo 

<l>oc4Jamhlif 6y4Jep (pH= 7) 

• 
aD;eiDH, 22°C, 18 'I 

BBr3/CH2C12 

• 

~ 0 

I 

601 0 

0THOCI1TCJ!bi!O HC!(3RHO ony6JI!IKOBal!a pa6ora 15681, B KOTOpoii CI1HTC3 

6CH304>ypaHOB OCyll(CCTBJICH <<C ll,pyroii CTOpOIILM TIYTCM liOCTpOCII!I51 f\-ap11-

JIOKCl1CHaM!IHOBOI'O qJparMCHTa C !.1<UlbiiCHWCii IUIKJIH3aU11cti IIOJIY'ICIIIIOI'O 

HCUHKJiwrecKoro HHTCpMeJmaTa (602) no 6eHJOJ1bHOMY KOJihuy. IToKa3aJJO, 'ITO 

'3TOT CllliTe3 MO)KCT 6btTb pCaJI!I30BaH ll 6e3 HbiJlCJICIIHH npOMC)KYTO'll!h!X npo­

,CJ:YKTOB- KOH.llCIICaUHCM :3cjmpOB apHJIOKCHYKCYC!IbiX K!ICJIOT (603) C aucTa­

J!CM (1 a) (cxeMa 370). 

CxeMa370 

0 
l)CICHzCOONa, NaOH/H 0 

R 60oc, 8 q 2 

2) MeOH,p-TsOH 25oC 3 
OH ' ' q -Q la 

R 

o~cooMe 
~ NMe2 MeCN, 1 00°C, 24 q 

R -~ j( ~• ZoCI, 20"C, CH1CI1 

602 0 COOMe 

-co la ~ 
R 100°C,48q R-v ~ 

0 COOMe 603 0 COOMe 

Ar.ri1)J;aUCTaJihHhiC C!IHTC3bl 1'11)J;pllpOB3HHhlX KOHJ(CHC11pOBaHHhlX <j;JypaHO­

HOB liCI10Jlh30BaHhl T3K)KC B pa60TC (569). 3JICCh, KaK 11 B HCCJICJIOB3H!1!1 (566], 

11p!IMCHCH3 pC3Kl1115! KJiai1:3eHa - 3WCHM03epa. 0CHORh!Ra5!Ch Ha 011Tllqe­

CK!I 3KT!IBHhlX IIp0!13BO)J;HhlX .UMrH)J;pOKC!IIICHTCH)J;HOJIOB ( 604, 605), B pa60-

TC (569] peaJIH30BaHhl C!IHTC3hl 1130MCpHhlX 011THqecKH 3KTHBHhiX OKCa-6Hl1!1-

KJI0(3,3,0]0KT-6-eH-3-0HOB (606, 607) (CXCMa 371). 

I 
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CxeMa371 

MezN~O OPh 
0(6 

MoC(OMo 1NM<, 20% uar,..,_ 

PhzO, 280°C 20°C, 12 q 
(+)19 

604 OH 

OPh QPh 

(-)10 Kz~ 

MeOH 10 
605 OAc OH 

MeC(OMe)zNMe2 0 
Ph20, :Soac J:." ~ 

Me2N 0 OTBS 
77% 

84% 

Na, lKIIm<. NH3 

• IT <I> 
TBSC (rerpa6ymn­
CIIJlHJIX.liOpH.1J,) 

10% HO/.n;noKcaH 

• 20°C, 12 'I 

87% 

c) 
83% OTBS ....... a 

0~~ 0 
100 % 607 

606 

• 

0TMCTHM, 'ITO 6!1UI1KJI (607) 11pC)J;CT3BJI5!CT C06oti B<l)I(Hh!M 6JIOK .UJI5! CHH­

IC33 npOCTarJiaH,U!IHOB. 

<l>OTOXpOMHhiC, TCpMHqecKH CTa6l1JlbHhiC .UHI'CT3pl1JI3TCHhl HHTCHCHBHO 11C­

CJIC.UYJOTC5! KaK 3JlCMCHThl 011Tll'ICCKOM 113MRTH, ¢oTOilepeKJIJO~IaTCJIH, .U03H­

MC'fPhlli .up. B ny6JII1KaU11M [570] o6c~aeTC5! Cl1HTe3 H ¢omxpoMHhre cBoiicr­

na .U!IT!ICHJ1JI3TCHOB, BKJIJOqaJOII(HX B CBOM COCTaB <!>ypaHOBhlC (608) l1 <!>ypo­

ll!!pMMJ1)J;!IHOBhlC (609) MOCTHKOBhlC rpyrrnHpOBKJ1. CHHTC3 060J1X TMIIOB 3T!IX 

COC.UHHCH11H 011HCaH B pa60Te ( 570], Ilp11qeM ¢ypOI1HpHMJ1)J;HHOBhiH ¢parMCHT 

llOJiyqeH, !ICXO)J;5! 1!3 .llHTHCHJ1JI3TCHOB, !IMCIOlllliX B KaqeCTBC MOCT!!Ka 2-aMH­

ll0-3-UHaHo¢ypaHOBYJO rpynny. 11CXO.UHhlM COC)J;!IHCHMCM .UJI5! yKa3aHHblX 

Cl1HTC30B 6hiJI H36paH 1 ,2-6Hc(2,5-.UHMCTJ1JITMCHJ1JI-3)-1-ri1)J;pOKCH-2-oKC03T3H 

(610), KOTOphril. KOH.uCHCal1Heil. c MaJIOH.uHHMTplUIOM B rrpHCY'fCTBMH DBU npe­

BpameH B (608) . .[(aJiee peaK1lllil llOCJIC,UHCfO C al1CTaJICM (I a) 11pl1BCJia K 3MH-

1(11HY (611) li 11p11 110CJIC.UY!Oll(CM B3ai1MO.UCHCTBHH C rH.UpOKClUlaMMHOM IIO­

'IY'ICH (609) (CXCMa 372, C. 248). 

0.UHHM !13 HaH60Jiee 11pl1BJICK3TCJihHblX MCTO,UOB IIOCTpOCHllil 6eH3o<Pypa­

IIOBOfO IIHKJia, CO.UCp)KalllCI'O B OOJIO)KCHMH 5 1'11)J;pOKC!!fpyrrny, 5!BJUICTCJI pe­

;n;IUUI HeHHl1CCKY [28]. 3Ta peaKUIDI 6biJia HCIIOJihJOBaHa B pa60Te [571] .umr 

! HHTC3a 60JiblllOro p51,lla 3-6eH30!1JI-5-ri1)J;pOKCM-2-MeTJ1JI6eH30<PYPaHOB (612), 

IICXOM 113 3aMCII(CHHhiX .UMMCTJ1JI3MHH03T!IJl!I)J;CH6eH30<PeHOHOB ( 613) ( CXC­

M;t 373, C. 248). 
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HO 

Me 

CxeMa372 
NH2 

0 

CH2(CNh 

Me DBU 

610 ~ 
N NMez 

Me Me Me 

CN NH20H·HO 

EtOH, KI!IIeHHe, 56 q 

Me Me 
611 

~ 
Me 

CxeMa373 

0 

Et2NJ 
NH 

~if 

Me 

609 

CN 

Ia 

Me0Ha6c., 
KHilCHHC, 2 '! 

Me 

N~ ~0 
N 
I 

NH2 

~ 
Me 

0 Jlii,IIOKllllll 0 

l!O"C ~~NMe2 XmioH ~Me+ M"NqMoXOEih 

~ /"' 
• I __. 

613 
R R 

HO __. 

612 

R R 
RR;N 

HO 

• 

CpeJJ:H CHHTC3HponaHHhrx 6eH3o<PypaHoBhiX npoH3BOJJ:HhiX HaHJJ:CHhr coe,[(H­

HCHJ.UI, 06JI3,ll;3IOIU11C BbiCOKOH MCCTH03HCCTC311PYJOIUCH 3KTHBHOCThJO, npCBOC­

X0,[(5llUCH, HanpHMCp, 113BCCTHbiH JICK3pCTBCHHhiH npenapaT JII1,[(0K311H. 
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K Co:>KaJICHHIO, np11 ITO.[IKO)!{I!OM 11 BHyrpHMbiiilC<JIIOM BBCJICHHH COC!lHIIC-

1!1151 (613) OK33biB3IOT MCCTHOC pa3J(p3)!{3JOIUCC )lCHCTBHC, <JTO CllCJI3JIO HCB03-

MO)!{!ILIM HX )lCUILHCHIIlCC ITpO)lBI1)!{CHHe B MC)ll1l(I1HCKYJO rrpaKTHKy. 

B )lpyroM 11CCJIC)lOBaHHI1 pcaKl(I15l HeHMl(ecKy 6hma McnoJibJOBaHa )lJIH 

6CH3o<PypaJIOBhlX l(J.IKJIJ13al(HM, 6a3upy!Oll(I1XC5l Ha B3a!IMO.[ICHCT!li1H CHaMH­

I!OKCTOHOB (614) C 6CH30XI1HOHOM [572). 

B 3TOM cJiy'rae o6pa3yCTC5l CMCCL 'IaCTwnro ruJ(pMponamwro )lH6crl3o<Py­

paHa ( 615) 11 CI1HpOCOCJ(HIICHI15!, BKJIIO'I<llOIJ(CfO JiaKTOI!IIL!M !111KJI ( 616), KO­

TOpOC 11p11 KHCJIOTIIOH o6pa60TKC l'JlaJ(KO !!pCBpamacTCH ll 5-rll.[lpOKCII-l,2,3,4-

TCTpar11J(p0J(J16Cll30(jJypa!IOI!-3 ( 617). 

fl OCJIC.[II!HM BCyYilaCT B pCaKl(HlO C Jli13THJia!1CTaJICM .[111MCTHJiqJOpMaMHJla 

(l b) 11 o6p<13YIOIU11HC5l np11 :JTOM 6cmoqJypai!OBb!M CHaMHI!OKCTOII (618) JICI'KO 

I(HKJII13YCTOI I1pl1 B03.[1Ci.fcTBI111 fi1)lpa3HHfll.[lpaTa B ITI1pa30JIO.[IHI'll.[lpOJ(l16CH­

:lO<PYP<lll (619) (cxcMa 374). 

614 

• 

HO 

C:) ~"'"' 

~0+ 19 
COOEt 0 

• 

.COOEt HO 

+ 
0 

1 616 

+HzO(Jt) 

ro N_) 

HO:Goel ~ Ib I 
~<l>A, ~ 

D KllneRHe, 5 MHH. 0 0 

617 
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HoBbie ITpOII3BOJlHhiC ;:urMenmaMHHOMCTIIJieH-3-aueTIIn-5-McToKcH6eir3o­

cjJypa!!oB (620, 621) ITOJIY'JCIIbl peaKUHCH 2-MCTIIJ1-3-auenUI-5-MCTOKCH6CH30-

rjJypa!!a (622) c Jlii3TIIJlaUCT<UICM )lM<DA. B JTOM CJIY"Iac III!Tcpecuo, 'ITO JU1JTII­

JlaiJcTaJib KOI!)lCIICHpycTC51 1-JC TOJibKO ITO MCTI1Jihi!OH rpyiTITC aUCTIIJibHOfO 

cppar:">ICIJTa, 110 H ITO 6cH30cjJypaiiouoJ1 2-MCTHJihi!OH rpyniTc. PcaKUH5I'CIIaMHJIO­

KCTOHa (fi20) C 6CIJ30XHI!OJ!0).1 I1pl1B0l[HT K o6pa30BaJIIIJO Ol/c-6CJI10qJypai!J1JI­

KCTO!Ia (623). )lpyroi-i TpCTHllllhil{ Cll<ll\1111l (624) pcariipycT C 6Cif30Xl1JIOIIOM 

C o6pa30KlHHCM 5-r11J]pOKCII6Cil10fjlypalla (625), KOTOphii-i j]a;rcc BBC)[CIJ B 

pCaKJU110 MCTI1J111pOBalll151 11 3aTCI\! B KOI!HCIICliiHIO C J[IDTI1Jiai!CTaJJCM )lMcJ.>A 

(CXCI\Iil 375) 15731. 

bOJibiiiOi-i 6JIOK 11CCJICHOBaiiHi-i IIOCBHII[CII 113Y'ICJII110 Jl'3ai!MOJ!CHCTIHIH 6CII­

JOXl11llll!a 11 CfO llp0113BOW!b!X C ~-J!I1Tj10CI!a~H!J!aMI1 (0606U[CJ!l1C JTIIX ~taTC­

pl1~UIOB CM. B pa60TC 1281). l1CXO}lllbiC J!11TpOCJial\1111lhJ (l!a!Jp11MCJI, (626) 11 C11II­

TC:JliJIOBallllhJC }J.aJJCC IIYTCM ncpcaMI11lJ1j10BilllltH (627)) 6biJII1 IIOJIY'ICJ!bl 

KOI !)[CIIC<ll[liCH al\111![- 11J111 JiaKTa~Ial[CTaJICH C 1!11TJIOMCTaiiOM, KOTOpa5! llpOTC­

KaCT I"JI<IJIKO 11 C Bh!COKHMI1 llhiXO)la~111. B paoOTC 15741 IIOKa1a!IO, 'ITO KOII)J.Cil­

Ccli[HH (627) C XHHOllOl\1 IIJillBOJ]HT K IIJIOl13BOll,llOMy 5-rll!lpOKCJ16CIIJO<jlypai!a 

(ti28) 11, liCO)KI1Llai!IIO (11i!TCprrpCTaJUUI IIOJ]J100ll0ilaiJa B j2XI), K 6-(a liC 5-)1'11.[(­

pOKCIH1IIJ[OJJ)' (629) (cxc~1a 376, C. 252). 

flcpBbiM IIJIHMCpOM KOlli[CIIC<lllliH <X-fjJ)'liKI[I10II<UihliO IIC3aMCIIlCJ!IlhiX 

[)-IIIHpOCI!aMI1liOB C XliJJOIJaMil }IBI1naCb pa601a. B KOTOpOi-i 6biJJJ1 11C!lO;Ib30-

ll'lllhl 2-)llii\ICTI1JiaM11110- l1 2-!lHMCTl1JiaMI1li0-2-MCTI1JilllfTj10TrliJICIIbl (630 a. b) 

[57 51. KoHJlCHC<IIJ.H51 11x c XHJJOJJaMH ITpoTc KacT B paaHhrx ycJiomuix: JlJlH 

2-MCTI1J13aMcrucmihiX (R' =Me) (630 b) 3Ta pcaKIJ.IUI IIpOBOWIJiacb B yKcyc­

IlOH KHCJIOTe, Tor.ua KaK JlJI5! 2-Hc3aMcU!CHI!hiX (R' =H) (630 a) Tpc6oBaJIOCh 

ll,06aBJICJJHC K yKcyciiOKIICJlOMY pacTBopy n-n)JiyOJICYJihcpOKHC,lOThi (n-TsOH). 

PcJyJihTaToM peaKUIIH HBJIHCTCH CHHTC3 3-BHTpo-5-mnpoKcn6crnocjlyp<mou 

(631) (cxeMa 377, C. 252). flOJIY'ICHHbiC 2-MCTliJJ6CII30Cj)ypaiihl (631) 6b!JIJ1 IIC­

IIO.'lb30B<IHbl )lJIH CI1HTC3a 6CH30cpyp11JICHaMJ11-JOB (npmiBHlllllHX 3aMCTHYIO I1p0-

Tl1llOBI1pycHyJO aKTI1BHOCTb) [57 6]. 
KaK y)Kc 6biJlO yKa3aJ-Jo, ycJIOBIIH CHHTC3a 3-HI1Tpo-5-runpoKcu6cH3ocpy­

paHOB cyiiJ.CCTBCHHO 3aBHC5lT oT cTpyKTYPbi HCXOiJ.HOro CH<IMHHa. 0Ka33JIOCh, 

'ITO ll TCX CJIY'Ia51X, KOr)la B <X-IIOJIO)KCHJ.Ili CHaMHHa OTCYTCTBYIOT 3aMCCTIITCJ1II 

(11J111 R' = NMe2) ;:r,nH IIOJIY'ICHHH xopoumx RhiXOJJOB Heo6XOJlliMO .II:06aBJ1CHIIC 

R AcOH n-TOJJYOJlCYJlbcjJOKIICJIOTbl. )lmi TCX CH<lMI1HOB, KOTOpbiC B <X-ITOJ10.l!CC-

1111II CO.IJ:Cp)KaT MCTIIJlbHYIO rpyrmy, Kpl1T11'1CCKII Ba)KHa 6C3RO.II:Ha51 CpC.II:a- ,ll,JUI 

ce o6ccrrc<rcHH51 B AcOH il06aBJ1HJOT -10% yKcycnoro aunw:pliJla. Pauee 6brno 

ycTanoBJlcHo, 'ITO a-MCTIIJlCHaMIIHhi (R' =Me) cyruccTBCHHo 6oJ1cc ocrroBHhl, 

'ICM He3aMemeHHhiC eHaMIIHhi (R' =H), 3Ha'II1TCJihHO 6r,rcTpce noJJBepraJOTCH 

C-ITpOTOHllpOBaHHIO, a I103TOMY JlCr'IC rll)lp0JJI13YJOTCH r 577' 578]' 'ITO II o6y-
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Me 
CxeMa376 

I Me Me 
Me2NC(OEt)z ~ RNH2 ~ IieH30XHHOH 

MeN~ N02 N~ AcOH 
Me2N RHN 

626 627 

HO N~ £:ON~ '():( ~ 
-- I + I 

// 0 Me HO // N Me 

628 

CxeMa377 

629 I 
R 

O¥ R' HO 
R 0 +Me,N~:::.Me RW~' 

R 631 R 

CJiaB"~HHaCT )KCCTKIIC TpC60BaHH51 K OOC3Jl0)!(!1HaHI110 CpCHhl. J1MCHHO OTIW­

Cl1TCJ!hll0 HHJKOH aKT11BHOCTh!O a-IICJaMCil[CilllbiX Cll<JMIIHOB 00chHC!15ll'TC51 

llCOOXO)lHMOCTh )l06aBJICHH5! CI-I"%HOi1 KI1CJIOThl (n-TsQH), YCKOp5110lliCM npo-

1\CCC C-npoTOHHJatrHH, Heo6XOJ111MOii ;:r.,1H 6eH3mpypaHoBoi1 UIIKJII13aiU111 (cxe­

·'-'ta 378). 
CxeMa378 

~N~ 
O~ M~N 630a 

~0 

====H!--O~NMe2 
~OH 

N~ 

HOTNM~ 
~OH 
HO~N~ 

-----~ ~o)i 

O'leBHL!HO, 'ITO ucnoJJh30BaHHe -rpeTIJ'lHhrx cHaMHHOB B peaKIJ,I1H HeHH­

rrecxy MO)KeT 1Ip11BO.LU!Tb TOJihKO K CI1HTC3Y IIpOH3130)lHhlX 6CH30¢ypaHa (208], 
a )l,Jl51 H3Y'ICHH51 B03MO)K]iOCTll IIOJTytleHH51 3-H11TpOHH)10JIOB He06XO)lHMO ITpH­

MCHCHI1e ITepBH'lHhlX IIJIH BTOpH'lHhlX eHaMHHOB. f1pH B3ai1MO)(ei:fcTBIIH 6eH-

30XHHOHJ c RNHC(Me)=CHN02 B yKcycnot! K11CJIOTe o6Hap~eHo [578], 'ITO 

llb!XO)lhl 6CH3oc!JypaHOBOfO H HHJIOJihHOfO llp0113BOJ1Hh!X onpe,':(eJI5110TCH CTp0-

CHJ1eM JaMeCTHTCJI51 R. T1p11 R = H o6pa3yeTc51 TOJThKO 5-rn,n:poxcn6cHJOqlypaH 

4.J. flRmU'I~?eHHble cemepO!lUK/Ibl 253 

c BLIXOL(OM 57%, rrpH R =Me Bhr,neJTeno 67% 6eH3oqJypaHa H 7% l11lJWJTa, rrp11 

R = PhCH 2 cooTHOlllCIIHc 50: 16. On-rocnTeJTh!IOC co;JCp)Ka!fHc HHllO-'ILHoro 

coc;mHCIIH51 Cll(C 60JTCC II0Bhllll3CTC51 IIpH R = Ar. f1p11 ::JTOM BO BCCX CJIY'Ia51X 

IlOJiytlCifhl 1-1 11)(CifTI1¢HUl1pOB<II!hi TOJThKO IIpOl13BO)lllbiC 6-ri1/(pOKCHH1!)10Jia, 

OOJ1ii"30Balll1C 5-fi1)JPOKCl1l1HL(OJIOBBL(CilliiOi-i pa60TC IIC Ha6JIIOJ1aJIOCh, IICCMOTp51 

IJa TIJ[aTC;Ihlfbii{ ar I<UIH3 JIO,lY'IClllfhJX CMCCCH. )],JI51 YI'O'IIlCIII151 COOTIICllllCJll151 

ll!IJ!OJ1 : OCIJ30C!)y1Jal!, KOJIWICCTBa npo,'l,yKTOB Il CMCCH Oh!J111 Ol(CIJC!fhl MCTOJ(OM 

I H JJMP-CIICKTpOCKOIII111 (J!O HX Bhlj(CJICllll51) 11 ycr<UIOBJICIIO. 'ITO JTO COOT­

IIO!IICIII-IC pamro 0.07:1,0 (JIJIH R'= Me) 114,7:1.0 (JIJUI R=n-MCTOKCHC!)CHHJI) 

(cxc~ra 379). 

Me 
CxeMa379 

0~ Me2N~N02 HOWN02 WN02 

~AcOH 0 +0 
~ 0 0 Me HO N Me 

1 
R 

ITowiepKJJeM emc p<u. 'ITO nym o6paJoBaHmi 6-(a He 5-)-nt'lpOKCIIHHilO­

JTa IIOJlp06JJo o6cy)I(JICHhl B pa60TC [2/ll. 

Ewe OiiHH nm coc)li1HeHHi1, KOTOphri-i ycneniHo BBe)lcH B peaKLlHK1 He­

HHI!CCKV,- :no JlHCHJII1aMHHhl, KOHL(CBOM yrJTCpOJ1Hhli1 aTOM KOTOph!X COt'lUI­

HCII c mnporpyrmoii, Kap60HHJThJIOi-i rpy11noii HJII1 ocraTKOM lll1<niyKcycHoro 

JC!mpa. 3TH COCJ1HHCHI151 CHHTe3HpOBaHbl, HCXO,':L51 113 COOTBeTCTBYKlllJHX ena­

~111HOB, liMC!OlUHX a-MCTIIJJhHYIO rpynrry, rryreM KOH)lCHCai!HH C )li13THJTaUC­

TaJ151Mll )liJMeTHml>opMaMII)la H Lll1MeTHJIJUCT3MH)la (cxeMa 380) [579]. 

CxeMa380 

Me R (NMe2 (NMe2 
I Nl"'- + I ~ OEt ,l.W<I>A R R"NH R ~-- ~2 Me2N--J(_ .,. 2 

Me2N OEt 

RR'N R"HN 

N~ N~ 

l1HTCpCCHhiC J1C3YJihTaThi IlOJTy<ICHbl IIpH HCCJICJ.(OBaHHH CiiHTC3a H 113)"'e­

HHI1 XHMH'leCKHX CBOIIcTB )lHeHL(I1JMHHO)li1KCTOHOB (579, 580], KOTOpb!C CHHTe­

mpoBaHbl rry-reM KOH)leHcaunn aMH)laue-raneii no a-MCTHJThHOii rpyrrrre N-apn­

'ICHaMHHOKeTOHOB, COfJTaCHO CXCMe 381. 

CHHTe3HpOBJHHhiC )laHHhiM MeTO)lOM )lHeH)li1JMHHhi OKa3a.JJHCh BCChMa 

HHTepeCHhiMH COe)lHHCHIUIMH B KJ'lCCTBC KOMIIOHCHTOB )lJ15! peaKUHH HeHHUe­

cKy [580-584]. 
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Me CxeMa381 

p-RC,H.HNK M<,N-'l 00 

1 
CDPh OEt 

Me 
Me2N--l( OEt )J.M<I>A 

Me 

~NMez 
p-RCJ-4HN~-CoPh 

J
ArNH2 
AcOH 

("NHAr 

p-RC;;f4HN 

j:
NMezOEt 

CD Ph 

p-RC6f4HN~ 
CD Ph 

Op11 B'3311MOACHCTBI111 I!I1TpO,U11CIIJlHaMI1HOB c 6cH30XI1IIOIIOM noJJy'ICIIa 

CJIO)!(IIJ51 CMCCb BCIL\CCTB, COCT05!11(35! 113 2-(~-I:U1MCTI1JiaMI1110 )BI1III1JI-3-II11Tp0-

5-fi1J(p0KCI16CH30<Jlypal!a ( 632), 2,6-611C-A11MCTI1JiaMI11!01Ia(jHOX111[0Ha ( 633), 
2,6-611C-ll11MCTI1JI3MI1HOdHTpaxl11IOHa ( 634) 11 2-H11Tp0ri11lpOXI1IIOIIa ( 635) ( CXC­

Ma 382) [580, 581]. 

CxeMa382 

~~e, ~0 HO'©c(: 
Mo,~ :~ 0 0 ~NMe, 

N~ 632 10% 
0 0 OH 

Me2N MezN 

o{:"&N'" 
0 8% ,~ .. 

OH 

NMe2 

+ 

0 

06pa30B3HHC }'K333HHhiX IIpOJlYKTOB Bhl3B3HO TCM, qTo HCXOllHh!C KOMIIO­

HCHThi yqacTBYJOT B peaKl(HHX JJ;Byx THIIOB - peaKl(HI1 HeHI1LI,CCKY 11 peaKUH5!X 

[ 4+ 2)-U11KJJOIIpHCOCJJ;I1HCHH5!. flepBhiH rrpouecc IIpOTCK3CT qepe3 f111lp0XllHOH­

aAJJ;}'KT (636) (cxeMa 383). 

U11KJJorrpwcoenHHCHHe MO)!(CT 6hiTh H3o6pa)!(eHo CJJCJIYJOIL\HM o6pa3oM: 

lll1CH0¢11JIOM B naHHOM cnyqae 51BJT5ICTC5! 6eH30XI1HOH, a llaJihHCHIIIHC IIpOUCCChi 

CB513aHhl C OTIL\CIIJJCHI1CM 330TI1CTOH KHCJTOThl H llHMCTHJJaMHH3 11, C llPYfOH 

CTOpOHhl, IIp11COCJlHHCHI1CM MOJJCKYJihl llHMCTHJiaMHHa K XI1HOHOBOMY <Jlpar­

MCHTY o6pa30B3BIIICfOC5! HHTepMCllHaTa. 06pa3YJOIL\351C51 330TI1CT35I KHCJIOTa 

IIpHCOCllHH5ICTC5! K XHHOH)', B pe3yJJhTaTe qero IIOJiy<I3CTC5! HHTpOf111lpOXI1HOH. 
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CxeMa383 

0~ + (N~ 
~oMo,N'"l 

NMe2 

~NMe2 

636 

-
-IIO'©tX: 

0 /'-NMe2 

CxcMa 31\4 BKJIKl'I<lCT on11cam1c I!pHBCJ(CIIHh!X BLIIIIC npc!\nonaracMbiX npo­

ucccoB. 

CxeMa384 

0 
0 

0 

M)\ ¢- Me,N Mo,N~ 
1-r:;,:§, 0 

H l NMo, 0 
0 

l+M<~H 
0 

Me2N, 
A ~ 1 _r;, l Me,N'© 

0 - ••. NM''I ":> 0 l 
NMe2 

0 

B rrpoAOJI)!(CJIHe 3TOH pa6oTbi, H11TPOLlHCHlll1aMHH, 11MeiOmntt B KaqecTBe 

<jlparMCHTa n-MCTOKClf¢CHI1JiaMlfHOfpynny, 6biJI TaK%e BBCL(CH B peaKUHIO C 

\HHOHOM. J1 B 3TOM CJiy<Iae OCHOBHOH IIOJly<ICHHbiH IIpOLlYJ(T - 2-~-lll1MCTlf­

JiaMlfHOBHHlfJI-3-HUTp0-5-fl11lPOKCI16eH30<JlypaH (637); HO B HC3HaqnTCJibHOH 

CTCIICHH IIpH 3TOH pCaKUI1lf o6pa3yCTC5! TaK)!(e COOTBCTCTBYIOIL\HH 6-rnnpoKCI1-

l1HJ(OJI (638) (cxeMa 385) [581]. 
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CxeMa385 

0

uoHA~\~ 
HO~NO, + ~NO, 
~ ~O~NMo, HO~N~~ ~NMe2 

638 48% 637 CnH
4
0Mc-p 

DCH30tPypaiiOBbiH CHHTC3 npco6Jia):(aCT H 11p11 HCI10Jlh30Bai!HH B Kil'ICCTBC 

Xl1110IIHOH KOMllOIICHThl 2,6-!l!16pOMXI1HOHa 15811. 

CoBcpUICHHO HC06h!'IHOC 51BJICHl1C o6Hapy%e11o rrp11 H3Y'ICHI111 peaKUHii 

llMCIU\HaMHHOKCTOHOB c 6cH30XHHOHOM. B 3TI1X CJIY'Ia51X Ha6JIIO/UlCTC51 KaCKM­

HhiH ITpOUCCC, COCT051IU11Ml13 KOH):(CHCaUHH XHHOHa CHa'IaJia C ):(11CHJlHaMHHOM, 

3aTCM C ):(11MCTHJiaMHHOBI1Hl1JII1H.[(OJIOM C o6pa30Baiii1CM, B KOHC'll-JOM l1TOfC, 

rrpOH3BO)lHOfO 2-(6CH30tPYP111I-3)HH.[(OJia (639) (582, 583j. 

KaK BHJlHO l13 CXCMhl 386, Ilpl! 3aMhiKaHHH 6CH30cjlypaHOBOfO KOJihUa HC 

Ha6JIIO.[(aCTC51 CBOMCTBCHHOfO M5I peaKI.(l111 HCH11UCCKY OTU~Cf1JICHI15! .[(HMCTH­

JiaMHHa, a o6pa3yiOTC51 2-.[(l1MCTI1JiaMJ1HOllp0!13BO.[(IIhiC. 

CxeMa386 

Ar'NH 0 

Mez~Ar 
/XHHoH, 

j/' AcOH 

l
0~COAr J = [Q10 
~N~NMe2 

lr ~ 
HO 

oj 
H 

OH 
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Ll,aiiHbiH tPCIIOMCII 6biJI 061>5!CIICII [ 584] (::JTI1 :>KC rrpo6J!CMbl 06Cy)K)lCI!bl 11 

B [ 585]) xopomo 113BCCTHbiM rrpc):(ITOYTCIIMCM S-aHmu-l,2-3JIHMMHMponamui liM 

S-ctlll-1 ,2-:JJIMMHHHpoBaHMCM. 

~
H ,Ret 

HO 

~:~ 
HO~',H 

Qi_ox~:c2 
(A) S-CUH-H30Mep (Ii) S-aHmU-H30Mep 

V!CXO/Ul H:J "ciTOfO pa3JIH'!HH MO.IKHO 6hiJIO O.IKH)l(lTh, 'ITO B XOL(C pcctKUHH 

HcHHilCCKY cTcpcoxHMI15I HIITCpMCJlHaTOH 11rpacT B<DKII)'IO poJih. B (A)-nmc 

COCJ!l111CHHI1 6oJibllll1C 110 ofn,c~IY 3aMCCTHTCJH1 Me 2N- H Hct (Hct - B ;J,all­

IIOM KOIITCKCTC IIIIJ!OJli1JihHhiHlllparMCHT) B ITOJIO.IK.Clll111 2 11 3 /(11fl11lp06CIIJO­

IJJypal!OBOl'O KOJlhl(a Op11CHT11pOHaHhl TaKHM o6pa30M, 'ITO 01111 MaKCHMaJihllO 

YH<UICHhl Jlpyr oT Jlpyra. CJICJlOBaTCJihiiO, 11x CTcpwiecKoc B3aHMOJlCi1cnmc 

CYIUCCTBCIIHO IIH:>KC, 'ICM B (o), I"llC Olil1 HaXOll51TUI 110 OLHIY CTOpOIIY WITH­

'!JICHIIOfO l(HKJia (13 CUII-liCpl11JJJaHapHOH KOHtPOPMilUHH). C ,L!pyroi1 CTOpOHbl. 

I .2-'J.'IHMHHHpomtHHC (c llh!Cllo6o)I(Jle!II1CM llHMCTHJia:\111Ha) J!JIH HJOMepa (A) 

JanpCll!CIIO, T. K. }(11MCHIJI(IM11HOrpynrra 13 ITOJIO:>KCHl111 2 l1 11pOTOH B ITOJIO:>KC­

HHH 3 opueHTHpomuJbJ S-cwt- no OTHOillCHHIO Jlpyr K ,llpyry. HanpoTHB, B HJO­

Mepe (D) 1 ,2-3J111MI1HHpOBaHHC 3!1a'IHTCJibHO o6JICf'ICllO (S-0/IIIIl/ 110o!O.IKCHI1C 

2-Me 2N- It 3-H-rpynn), pC3YJihTaTOM 'ICfO 51BJ1>1CTC51 06hl'II-IOC ,'!JI51 pcaKl~Hl1 

HeHHHCCKY o6pa30BaHMC 6cH3o<PypaHa (B). 

IIO'©t::(" 
(B) H 

KmJeqHo, R (E) Me2N- 11 Het-rpynrrLI npeTeprreRaiOT He6narorrpl15ITHOC 

cTepwiecKoe B3al!Mo.ueii:cTBI1e - 3TO oco6eHHO 5IpKo npo5IBJI5JCTC51, Kor.ua Het 

CO.[(Cp.IKMT BCChMa o6'hCMHblC 3aMCCTl1TCJll1. B o6cy)K)laCMOH peaKUI111 CTCpi1-

'ICCKl1C 3aTpy.[(HCHI15l IIOBhiillaiOT 3HCpfl1IO (6)-CHCTCMbl II Bbl3biRaiOT llpCHMY­

Ill:ecTBCHHOC (111I1111CKJIIO'II1TCJlbHOC) o6pa30BaHIIe 1130Mepa (A), ll03TOMY 3Jll1-

Ml1Hl1pOBaHIIe l\I1MCTI1JiaM!1Ha HC Ha6JIIO.[(aJIOCh 11 peaKU115I l1pOTCKaJia rryTCM 

t~Crl!.[(p11pOBaHI15l C o6pa30BaHHCM .[(11MCT.l1JiaMI1HOIIpOI13BO.[(HhiX (f). 

HO'©c(lm 

0 NMe 
(r) 2 
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IlpH IfCCJIC,UOB3Hlflf peaKUifH IIO,U06Horo THIIa 6biJIO IIOK333HO, 'ITO If3 

2-P-.UHMCTIIJI3MHHOBl!HlfJI-3-apolfJI-5-MCTOKCII6eH30<l:JypaHOB, HC33BHCHMO OT 

XapaKTepa 3aMCCTHTCJBI B apOifllbHOM OCTaTKC, o6pa3yrDTCH HOBbie 6CH3o<l:Jy­

paHbi C COXpaHCHifCM ,Ul!MCTifJiaMHHOrpyrriibi B qlypaHOBOM KOJibUC ( CXCMa 387). 

Ilprr 'HOM, ,Ua)!(C CJIC,UOB BCIUCCTB, HC CO.UCp)!(aiUHX ,UHMCTifJI3MlfHOrpyiTI1hi B 

IIOJ!O)!(CHHH 2, B npOLJ:YKTaX peaKUHif 06Hapy)!(l!Th HC y,UaJIOCb. 

XHHOH .. 
OH 

NMe2 

B TCX CJiyti35IX, KOr,Ua B peaKUHIO C XHHOHOM BBO,Ulflll!Cb J(HMCTI1JI3MlfHO­

BlfHifJI6CH30<l:JypaHbi, B IIOJIO)!(CHHH 3 KOTOphiX H3XO,UlfJI3Ch 3TOKCHKap60Hl!Jib­

H35I rpyrrrra, HanpaBJICHifC npouecca HC l13MCHHJIOCh ( CXCMa 388). l(pyrHMH 

CJIOB3MH, B paCCMOTpCHHhiX CJiy'I35IX CTCpCOCCJICKTHBHOCTh IIpOUCCCOB OCTa­

B3JI3Ch IIOCTOHHHOH. 

CxeMa388 

XlmoH 
OH 

NMe2 

B rrpoTHBOIIOJIO)!(HOCTh 3TOMY, peaKUHH 2-P-.UHMCTHJiaMHIIOBHHifJI-3-nHT­

po-5-MeTOKcH6en3o¢lypaHa C 6CH30XHHOHOM IIpHBO,UHT K 33MhiK3HHIO 6CH30-

<l:JypaHOBOro UHKJI3, He CO.[(Cp)!(3IUero 33MeCTHTell5I B IIOJIO)!(CHHH 2', T. C. B 3TOM 

CJiy'I3e H36JIIO)l,3eTCH Bhi)l,CJieHHe ,UHMCTifJI3MHH3, 3 He )l,Crli.[(pi1pOB3HHe. 

TaKHM o6pa30M, BBC.UeHHe B peaKUHIO HeHHUCCKY reTeplflleHaMHHa, f!Me­

roruero B reTepOUIIKJiflqecKOM KOJihUe MCRee 06bCMHhiH fl 6oJiee 3JieKTpOH0-

3KUCIITOpHhiH 33MCCTHTeJih (N02 BMCCTO apOHJI flllfl 3TOKCJ1Kap60HifJihHOH 

rpyrriihi), IIpHBO,UfiT K Kap,UHH3JlhHOMY fi3MeHeHHIO H3IIp3BJICHHH IIpOUCCCa 

(CXCMa 389). IlO.[(p06HaH HHTeprrpeT3UHH IIpHBe)l,eHHhiX BhiUie )1,3HHhiX paCCMOT­

peHa B MOHOrpa<l:Jrm [28]. 

IlpO.[(OJI)!(aH 0630p 33MhiK3Hl15I <l:JypaHOBOrO UHKJia C yqaCTifCM 3MII)l,3Ue­

T3JICH, YK3)!(CM Ha pa6ory [ 586], B KOTOpOi1: OIIHCaHa peaKUHH HeH3ChllUeHHhiX 

KeTOHOB (640) C 3UCT3JICM (1 a) IIpH KHIIHqeHfll! KOMIIOHCHTOB B KCifJIOJie B 

TeqeHHe 3 q, IIpl!BO,UHIU35I K )l,l!MeTHJI3MHHOMCTifJICHIIpOH3BO)l,HhiM ( 641). 

~ 
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CxeMa389 
HO 

XHHoH .. OH 

NMe2 

!lOJIY'ICHllbiC COCJ(HHCIH1H BCTYI13IOT B pC3KUHIO C 6CH30- H H3tPTOXHHOHOM 

(pcaKUH}l HcHHUCCKy), corrpoBoA<,Ilarou(yiOcH ru.upOJH130M CHaMHHOBoro <jJp<u·­

\1CHTa 11 o6pa30B3HHCM 33MCIUCHHbiX 5-m,UpOKCI1-3-t!JopMI11!-6CIJ30- ( 642) 11JIH 

Hallno<jmJaHOB (643) (cxeMa 390) . 

CxeMa390 

0 Me2NGI(OMe)z 0 

Ar~Me la • Ar~NMe 
640 ~ 641 

2 

0 
Ar ~Ph, 4-MeO<::i>H4, 

2-<DypHJI 

OH 

rAr 

l¢c ~I 
\ 

0 

~ 
643 

HO ~ 

'CcC 
642 ° -;::7'Ar 

4.l.lb. IluppOJibi 

rno 

~Ar 

BHHHJIOrHqHhiC HMMHHHCBh!C COJIH ( 644) SIBJIHIOTCSI B3)!(Hh!Ml1 HCXO,UHhiMH 

COC)l,l!HCHHSIMH B HCJ(3BHO OTKpb!TOM TIO)l,XO)l,C K Cl!HTC3Y 33MCIUCHHh!X IIHp­

pOIIhHh!X COC)l,HHCHHH [ 587-590]. l1CXO,UHhiC COC,UHHCHI151 )l,JI51 3TOro CHHTC33-

·~aMCIUCHHhiC 3UCTO¢lCHOHhl - BBO,UHTCH B KOH,UCHC3UHIO C ,[l,HMCTHJI3UeT3JICM 

illiMCTHJT¢lOpM3MII)l,3 ( l a), 11 o6pa3yrDIUHCC51 CH3MHHOKCTOHhi ( 645) II pH B03-

ll,CHCTBHI1 peareHTa BHJihCMeepa rrpenparuaroT B (644). PeaKUHH 3THX conei1: c 

aMHH3MI1 IIpHBO,UHT K 3MHHOHMMIIHHCBhiM COJIHM (646), KOTOpbie )1,3JICC IIpH 
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o6pa60TKC ll(CJIOqHbiMH 3fCHT3MH .[(3IOT eHaMHHOKCTOHbl (647), a I!pH B3<1H­

MO.[(CHCTBHI1 C 3qmpOM rJIHUHHa B ,[IHMCTHJicpOpMaMH.[(C B rrpHCYfCTBHH fl1,[1-

pl1,I:Ia HaTpiDI- 2,5-.D:HJaMerueHHbie rmppoJihi (648). Ha cxeMe 391 nprme.n:eH 

rrpHMep 3TOfO Ill1ppOJihHOfO CHHTC33, OIJHC3HHh!H B pa60TC [587[. 

B pa60Te [589] YJ<.33aHo, 'ITO uenhril p51J:\ rrpHpO.D:HhiX coe.uuHeHHi1, BI<Jrro­

'13IOII!I1X B CBOH COCT3B II11ppOJibHhiH cpparMCHT, Ilp051BJIHIOT 3II<l'll1MYIO l!HTO­

TOKCH'JCCKYIO 3KTI1BHOCTh B OTHOIJJCHHI1 p33Jll1q!lb!X JHUIHM paKOBb!X KJICTOK. 

:•h11 BemecTBa aKTHBHhi rrpoTI1B MYJihTI1JieKapcTBCHHOH ycTOH'IHBOCTH paJ.rrwr­

HbiX KJICTO'lllbiX JIIIIIHH H CIIOC06Hbl Ilp051BJI51Tb II0.[(06HyiO pe1HCTCHT!IOCTb Ilpll 

COBMCCTHOM IlpHMCHCHI111 C .IJ:pyrHMII XHMlfOTCpaneBTH'ICCKHJ\111 3fCHTaMI1. 

K TaKI1M anK<IJJOH):(aM OTHOC51TC5I JiaMMeHapHJI 0 11 nyK11aHon A. 

OH 

N oy 
0 ~ 

OH JI }'KHllHOJI A OMe JlaMeiLllapHH 0 

B liCCJIC,[IOBaHI1H [589] Ha OCHOBC pa3pa60T3HHOf0 II paCCMOTpCHHOfO BbllliC 

MCT0,[13 CIIHTC33 3aMCW:CHHbiX IlllppOJIOB npe.n:npiiH51T CIIHTC3 3HaJIOfOB JI3M­

MCHapHJia 0 11 J1YJ<.l13HOJI3 A. 3.[(eCh T3K )KC, KaK II B npe.[(IIICCTBYIOW:IIX pa6o­

Tax [587, 588], CIIHTC3 UCJICBhiX COC,[IIIHCHIIH 6a3llpyeTC51 Ha llOJiyqeHliii II liC­

IIOJ!h30B3Hllli liMMIIHIICBhiX COil eM ( 649), KOTOpbiC o6pa3yiOTC51 rrpii o6pa60TKC 

HaTpiiHfeKcacpTopq>OccpaTOM liHTepMC,[Ili3TOB peaKUIIII eHaMIIHOKeTOHOB (650) 

C XI!OpOKliChiO cpoccpopa. )],aJibHCIU.I.IliM CliHTe3 BKJiroqaeT B33IIMO,[ICHCTBIIC 3TliX 

IIMMIIHIICBbiX COJICH C 3cpllp3Mll fJiliUliH3 (651). 

Ha CXCMC 392, C. 262 Ha O,[IHOM npiiMepe npe,UCTaBJieH T3KOH CliHTe3, KO­

TOphiH 51BJ!51CTC51 OCHOBOH ,llJ!51 IIOJiyqeHII51 pa3JII-fqHbJX Ilp0li3BO.[(HhiX JlaMMe­

HapHJia rryreM N-anKHJIIIpoBaHH51 KoHeqHhiX npo,UYJ<.TOB- 2,3,4-TpiiJaMew:eH­

HhiX IIllppOIIOB (652) ITO IIIIppOJibHOMY 3TOJ\IY 330T3. 

flpii liCIIOJih30B3Hliii B KaqecTBe HCXO,[IHhiX COe.[(HHCHHH He 3cpiipOB fJIH­

UliHa, a (J}--31\IliHOKeTOHOB ( 653) IlOJiyqeHbl 2-6eH30HJI-3-apHJI-4-aJIKOKCIIK3p-

60HIIJIIIIIpporrhi (654), IIp051BMBIIIlle B cpapMaKOJIOfHqeCKOM 3KCIICpliMeHTe 

BhiCOKYIO fliiiOJIIIIIH,[ICMI-fqeCKyiO 3KTMBHOCTh (CXeMa 393, C. 262) [590]. 

0 ., 
::8 
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CxeMa392 
OMe 

0 

L(M <l> A, .6. .. 
OMe 

H2NCH2COOMe 

651 • 
649 PF(i 

OMe 

652 

CxeMa393 

Me2NCH(OMe)z 

OR' • DMF A, N2, .6. 

0 

d~NR< 
R" 

OR' 53 

DMFA,Nz, 

d t R'lF! R Me __ _ • 
NaH, PhMe, .6. R 

0 0 

0 0 

die soq OF!-
R R 
~ 

NMe2 

DMF A-wrnem.rr«!JopMaMH,ll 

• R" 

0 

Do TaKOMY )[(C npl1HU,l-IITY npOBC)J,CH Cl1HTC3 I1 ,IJ,pyrHX I1!1pp011bHhiX COC,[(I1-

HCHI1H, KOTOphiC paCCMaTpl1B310TC5l KaK nepcneKTllBHbiC IIOTCHU,HaJ!hHbiC npo­

TI1B0011)'XOJICBhiC COC,[(l1HCHH5I [591, 592]. 

4.1. flHtnU'IReHHhLe <emepou,uK.~bl 263 

lJaCTH'IIlO H<lCh!WCIIl!b!C 6!1ll11KJIWICCKHC CHCTCMbl, BKJIIO"Ia!OII~l1C B CBOH 

COCTaB pa3![11'Illh!C fCTCpOU,HKJibl, B TOM 'Il1CJIC 11 !111pp0Jlbi!OC K0.'1bUO. Cl1IITC3l1-

pOBal!hl HCXO)(H 113 MOHOKCTamr UHKJIOfCKCaiiL(HOJia-1,4 (655). Ha O,UI!OM 113 

rrancm JTI1X Cl111TC'30B l!pl1MCIICII al!CT<Uib (1 a) H KJIIO'ICBhll\1 COCL(l1IICI!l1CM, 

OOCCIIC'II1BlliCM pCclJUI'3aUIIIO :noro f!OL(XOL(a, 5IBHJ1C>I CI!CIMifliOKCTOII (657), 
KOTOpbit1 HCIIOJ1b30BaiJ T<lK)I(C ,llJill llO.lY'ICIII15l KOIII'(CIIC11pOBal!l!b!X Tll1ppOJJa 

(658), rmpa10}Ja (659), IIIfp11Ml1W!I!a (660) 11 ma30Jia (661) (cxcMa 3lJ4) [593[. 

CxeMa 394 

,Q-R-Q"-2 
u655 l_j u 

QCH
2~NCH(OMe)~CHzN~~CH COOR 

la 2 2 -
l_jo 0 NMe2 ROO 

CII2NHAc 

NzH4 l 
Brz 

656 

\657 ~N-< ::
2 

_ s==< _ciCH2NHAc ~CH2NHA~ fHzNHAc 

A So Be NH, S '-" ~~ "" y _/ I N _.,N 
0 N~ N--NH y 

661 NHz 659 NHz 660 

ABTopaMH pa6oThi [ 594) ycTaHOBJICHO, "ITO N -JTOKCMKap6m-riUIMCTIUICHa­

MHI!hi (662) np11 B3aHMO)J,CHCTBH11 C aU,CTaJ1CM (I a) JlOBOJ1bHO JlCfKO KOH.UCIICH­

pyiOTC5! ITO MeTHJ1CIIOBOMy 3BCHY 11 06p330BaBIIIHHC5l 6uc-cnaMHH (663) B yc­

JIOBH5IX 3lJ,HJlHpOBai!H5I TpaHCcpOpMHpyCTC5l B 11Hpp011bHb!C npOH3BO,Il,HblC (664), 
( 665). Cne,IJ,ycT yKa3aTh, 'ITO JTO HOBhiH H BCChMa HI-ITCpCCHhiH CITOC06 f!OJIY"IC­

IIlf5l riHpp0110B. Ha CXCMC 395 11306pa)[(CII npe,[(riOJ1araCMb!H aBTOpaMH MCXa-

11113M 3TOH !1HTCpCCHOH lJ,I1KJJH3aU,J1!1. 
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CxeMa395 

Rli'f~R' la ·~~·· 
0 H 

662 
R" 

R"'COCI/ 

COR"'/ 
I 

I(NYCOOR 

R'~ 

O 663 H R" 
AcOH, tKlln 

""'- :eCKOJibKO qacOB 
""!Ulli (CF3CO)zO. 20 oc 

H 
I 

!(NYC"DOR 

n· 11• • R' )L-.ll_ 
R 1(~70 u• R"' ~OH 665 Me 

lf'yyM, .Ncoo• - , ..... , 
II R" .JL-4. 

664 
Me 

Me 
0 OH 

vbBCCTI!a5! pcaKI.(H5! Jlci1Mrpy6cpa - Da'IO 6y).J.CT paCCMaTp11HaTbC5l ;lclJICC 

).l,OCT3TO'IHO ITO.ll.p06!IO B CB5!311 C CHHTC30M pa3H006pa3Hh!X llp0113130).ilib!X HH).l0-

JI3. IIocKOJILKY caM npouecc 3aKJIJO'laCTC51 B 33MLIKaHHH rrHppoiiLHoro KOJibr~a, 

B03MO)!(HOCTh peaJII1331.(1111 3TOM pC3KU1111 HC orpaHWIHBaCTC5! CHHTC30M TOJibKO 

HH.[(OJIOB, HO rrp11MCH5lCTC5! 11 Ilp11 ITOJIY'lCHl111 CaMLIX pa3JIWIHblX KOH).l.CHCI1-

p013ClHHhiX rr11ppoJioB [595]. TaK, HCIIOJIL3Y5! 3TOT no).l,XO.ll., peaJil130BaH Cl1HTC3 

11l1ppOII0[3 ,2-d)rll1p11Mlf).l,I1HOB ( 666 a, b), 11MCIO!HUX ).l,l1MCTI1JiaMUHOMCTllJICH­

l1 aMHH033MCCTI1TCJII1 B I10JIO)!(CHI111 2 II11p11Mlf).l,llHOBOfO UHKJia (595), 11 aHa­

JIOfll'li!O Ha OCHOBC HUTpOMCTI1JiypaUl1Jia ITOJIY'ICH ).l,llOKCOITl1pp01I0[3 ,2-d)­

I1!1p11MH.[(I1H (667) (cxeMa 396) [596]. 

IlO).l.06HblH CHHTC3 33311H).l0JIOB OCY!HCCTBJICH C UCJihiO Il011CKa HOBhiX CC­

JICKTUBHbiX 11Hfi16J1TOpOB TpOM611Ha (597) o6meti ¢>opMyJihl (668). 

h N~ 0 

l,x~!nN~ 
668 0 

TpoM6HH urpaeT maBHYJO poJih B HHHUI111poBaHHH TpOM6o3oB. TpoM611H-

3TO cepl1HOBa5! npoTea3a c M. M. 34000, cocT05IIU35l 113 ,n:Byx noJmnenTH.ll.Hhrx 

l(CITCH. IJO.[( ).J.CHCTBHCM 3TOf0 ¢>epMCHTa 113 ¢>u6pl1HOfCH3 - cpaKTOpa CBCp-

4. J. JlHmU'UleHHble <emepOU,UKJlbl 265 

CxeMa396 
0 0 

Y~ MezNCH(OMe)z Me.....,_aN~ 
HN ta Na2S20 4 

~ ~ ... 
,TWI!>A, 60°C 

H2N N Me _,../- N N CH~ 
Me2N NMez 

0 H 0 H 

~':tJ6~,N~:~~Mo<»> MolJOI 
Me2N N N 666a HzN N 666b 

0 0 

HN~N~ I)MezNCH(OEt)z HN~0~ , __ jl 2)[H] , __ ) I 
OAN Me OAN 

H H ~7 

l"b!B3!11151 KpOBH - paCTHOpHMOfO 6CJIK3, IlpHC)'TCTBYIO!HCI'O B ITJI33MC KpO!m, 

ll3 3<1KJIIO'IHTCJihHOM 3T3IlC CBCpTbi133HH51 KpOBH o6pa3yCTC5! HCpaCTBOpHMblfl 

OCJIOK qm6pHH. <l>H6pHH 5!BJI5lCTC5l KOHC'lHL!M ITPO.ll.YKTOM CBCpTh!B3l!l15l Kpo­

BH, CfO MOHOMCp IIOJIHMCp113YCTC51 C o6pa30B3HHCM qm6pH!!OBOH CCTH - OC­

IIOBhl KpOBCHOCHOI'O cryCTK3, 3aKphiB3lO!HCI'O IIOBpC.lK).l.CHHhlll KpOBCHOCHhllf 

cocy).l.. lf3BCCTHO, 'ITO BHC3aiiHhlll TpOM603 COCY.ll.OB MO.lKCT lfMCTh OIT3CHh!C 11 

;~a)!(C K3T3CTpOqJH'lCCKHC IIOCJIC).l,CTBH51 If ITO 3TOM IIpli'lliHC liH!'H6HpOB3lli1C 

rpOM6HH3- IlpHBJICKaTCJihHa5l MllillCHh ).l,Jl5l IIpC).l.OTBpaiHCHH5l TpOM6030B. 0T­

CIO).l,3 3KTHBHOCTL TpOM6HH3 B opraHH3MC ).l,OJI)!(Ha TIU3TCJihHO KOHTpOIIHp0133Th­

C5! H 'laCTO HC06XO).l,l1Mhl CCJICKTHBHhiC HHI'H6HTOphl CfO ¢>epMCHTaTMBHOfO 

)~eltCTBI15l. 

Cpe.[(u BLr6paHHhiX ).l.JI5l 3TOti peaKUHH CHHTe3a reTapHIIMCTHJiaMHH03aMec­

J"HTeJieti 6biJIH CHHTC311pOB3Hhl IIpOH3BO.[(HhiC aMHHOMCTHJIIIHppOJIO[ 2,3-b )IIli­

PH.ll.liHa, CpC.[(H KOTOpbiX, 13 'l3CTHOCTH, 3UCTaJihHhiM CHHTC30M H3 6-MCTHJI-5-

IIHTpOIIllplf).l,OHa-2 (669) 'lCpC3 IIpOMC.lK)'TO'lHhlM 2-I~H3H0-5-H11Tp0-6-MCTHJIIIH­

p11.[(11H (670) 6LIJIO IIOJIYLJ.CHO 5-aMHHOMCTHJI3aMC!HCHHOC COC.[(lfHCHliC (671) 
(cxeMa 397, c. 266). 

IlpO.[(OJI.lK351 06C~CHUC IIOCTpOCHI15l IIHppOJihHOI'O KOJihl(a Ha OCHOBC 

peaKUHli Jle.i1Mrpy6epa- D3'l0, OCTaHOB11MC51 Ha pa60TC (598), B KOTOpOM CHH­

IC3Hp0133HO I!p0113130.[(HOC .[(lifH.ll.pOIIHppOJI06CH30¢>ypaHa (672) li3 5-HHTpo-6-

MCTHJI-7-XJiop6eH30¢>ypaHa (673) (cxeMa 398, c. 266). 

A!laJIOrH'lHO CUHTC3Hp0133H 11 11HppOJIOI1lipll.ll.OII11pllMH).J.llH ( 67 4) ( CXC­

Ma 399, c. 266) [599). 
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CxeMa397 
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OY~YMe 

~NOz 

1) POBri Cl2CHCHCI2 
l:::,., 4'1 NC N Me 

2)Zn(CNh (Ph3PVd, a 
TTU<bA 80oC ""-"-
f-¥" ' '-' 670 NOz 

H2NH
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CUJN 

--~ I 
~ N 

I 
671 H 

(_'xeMa398 
Cl 

Cl 

fu 
l)Me2NCH(0Me:h 

Me ~<bA, 160-163°C 

1 
apron 

2)Fe/Ac0H 
0 2N ~e 

672 673 

1) MezNCH(OMe h 
1a 

2) H2 / 10% Pd/C 
-----l .. 
MeOH (6M HCl) 

CXXJM"e 

LxeMaJ'J'J NM 

0 Me ~~ez 
Me....,_ nNOz Me....,_ NOz I ~ 1 Me2NCH(OEt:h I ~ 1 --• 

0
AN ~ ):{M<IlA, 70-75°C 0AN ~N 

I I 
Me Me 

Me....__ NH 

oAf 
Me 674 

B HHTepeCHOH pa6oTe, OCHOBaHHOH Ha B3aMMO,UCHCTBHM au;eTaJI51 (1 a) C 

aMHHOCHaMM,UMHOM (675), llOKa3aHO, qTQ rryTh l'CTCpOU:HKJIM3aU:MM B 3TOM CJIY­

qae 3aBHCHT OT npHMCH51CMOfO paCTBOpMTCJI5I: B 3TaHOJlC B IIpHCyTCTBMM OCHO­

BaHH51 o6pa3yCTC51 3aMCIQCHHhlH HMM,l.la30Jl ( 67 6), KOTOpbiH 3aTeM U:MKJIJI3YCT­

C51 B U:MaHOI1ypHHOBOe npOH3BO,l.lHOe (677), a B aQCTOHH'fPHJlC IIOIIyqeHa CMCCh 

(677) H TpH3aMCW:CHHOI'O IIHppOJJbHOI'O COC,l.(HHCHH51 (678) (cxeMa 400) (600]. 

l 
I 
' 

4.J. JlRmUI.f.JeHHbte cemepOU,UK/lbl 267 

CxeMa400 
R 

NC CN MeCN ~~N"1 RN~:ON yNHz ~ >=( + Me2NC'H(0Me:h ---+-< If + J 

RHN N NHz N ~ N 

""'3-ranorr,~ / CN )I 678 

~~ / 677MN <NYNHz ez 

NYNH 
676 CN 

B y)l(c UHTMponamwi1 pa6oTc [576] 6wro ycTaHOBJICIIO, 'ITO 3-rmTpo-

2-McTHJI-5-rH.upoKCM6cmo¢ypaHLI (679) Mmyr Y'IaCTBonaTb nocnc 0-aucTH­

JIMponamur JlO coc,UHIICIIH51 (680) B pcaKUMM THna Jlci1Mrpy6cpa- 5a'IO, pc-

3YJILTaTOM qcro 51BI1JIC5I CI1IITC3 nMppoJio[3,2-b]6cH3o¢yparw (681) (cxcMa 401). 

CxeMa401 

HO'(Jo(;Oz AcOUJCOz ~ ~ Zn/AcOH I I Me 

~ 0 679 ~NMez ~ 0 680 ~NMez 
H 

A~'(QLrM' 

681 

Ew:e O,UMH rryTh K IIMppOJihHOMY CMHTC3Y 06Hap)')KCH np11 MCCJIC,UOBaHll.H 

CBOHCTB 11 npeBpaW:CHMH U:11KJII1qecKMX eHaMI1HO,l.lMHMTp11JIOB ( 682) ( 60 1]. 

N-ArrKMIIMpoBaHMeM 3THX coe,UHHeHMH nonyqeHhi N-apoHJIMeTMJieHOBhre npo­

H3BO).(Hhie (683), U:MKJIM3aQW1 KOTOpbiX IIpMBO,UMT K aMI1HOapOMIIIIMppOJIOII11p­

pOJiaM (684). TIOCJIC,l.(HMC I1p11 HarpeBaHMM B MypaBh11HOH KHCJIOTC npeBpaw:a­

IOTC51 B KOH,UCHCIIpOBaHHhiC I111piiMI1XI,MHOBhiC npOM3BO,UHhiC (685), a IIpM 

KOH,l.lCHCaQMM C ,l.lM3THJiaQCTaJICM ,UM<DA- B aMM,UHHhl, KOTOpb!C ,UaJiee U:IIK­

JIH3YIOT B H30MepHbie IIMpHMH,UOllHppOJIH3HI-Ihl (686). TipM B3aMMO,l.lCHCTBMH 

J\H3TMJiaU:eTaJI51 N-u:HaHoMeTMJinnppoiiM,UOHa-2 (687) c 6eH30IIJIUMaHoMeTaHoM 

JJOIIyqeHa CMCCh eHaMMI-IOKCTOHOB (688, 689), KOTOpa51 ,UaJiee I10,l.l B03XI,eikTBIICM 

lTMJiaTa Ha1'pM51 rpaHCQJOpMHpyeTC51 B CMCCb (1: 1) II11pp01IH3HHOB (690, 691), 
T. e. napaJIJieJihHO npoTeKaiOT U:MKJIH3aU:IIH no Topny- UHrnepy (coe,UHHe­

HHe 690) H I10 ,UMKMaHy (COCXI,HHCHMC 691) (CXCMa 402). 
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4.1. ilRmU>LJeHHbce cemepou,uKAbc 269 

np11 peaKU1111 N-aueTHJTl1HJ(OKCHJTa c aueTaJICM ( 1 a) c ITOCJICJ()'IOIU:CH o6-

pa60TKOH BO)THOH COJI5!HOH Kl1CJIOTOH o6pa3yeTC5! CMCCL 2-cf"JOpM11JT-3-rii)lp0-

KCI1-l-ailCTl1Jil1H)lOJTa ( 692) H 3, 9-)lHOKC0-2-)ll1MCTl1JI3MHHOMCTIIJTCH 11Hppo­

JIOj] ,2-a )HH)lOJia ( 693 ). l1HTCpCCHO, 'ITO 1Ipl1 pC3KUl1H ( 1 a) C CH3MHHOKCTOHOM, 

noJIY'ICHIILIM 113 1-aueTnJTHII!lOKcHJia n !ll13TIIJiaueTaJI5! N-qJOpMIIJinHnepHIU1-

ua, CHl!TC3HpOB3IIO COOTBCTCTBYIOll]CC 6uC-CII3MHHOBOC 11pOI13BOJ(HOC (694), 
KOTOpoe JlaJTee UHKJHl3YeTC5l B 3aMCillCHHLiii IIHppOJIO[ I ,2-a]HH)lOJI (695) (CXC­

Ma 403) j602j. G'JlCI!YCT OTMCTHTh, 'ITO COC)J,l1HCHH5l. ITOJIY'ICHHhJC Ha OCHOBC 

'JaMCil(CHHb!X l!HppOJIOjl ,2-ajiUIHOJIOB 11p05!BIIJIH UOJIO)I(IfTCJibHOC HHOTpOIIHOC 

)lCMCTBHC. MexaHII3M KaprlHOTOHH'ICCKoro !lCMCTBII5! (noJTO)I(J1TCJibHOro IIHO­

rporruoro )lCMCTBH51) CHIITCTI1'1CCKHX HCrJIIIK03If!lHbiX KapgiiOTOHHKOB HC CB51-

33l! lfH co CTHMYJUJilHCti anpcnopcucrrTopon 11 rHcTaMMHOBLIX Hrpcu:enTopon 

cepnua, Hl1 CBbiCB060)I(JlCIII1CM KaTCXOJiaMHHOB 11 fi1CTaMI1Ha, Hl1 C 11Hfl1611pO­

BaHHCM Na + /K + -AT<Da3LI; OHM ue BJII15!IOT ua Bhicno6mK,IlCH11C 11 'laxnaT Ca 2+ 

13 C3pKOIIJia3MaTJ1'!CCKOM pCTI1KYJiyMe. Cefl.•rac C'IHTaiOT, 'ITO OJliiH 113 OCHOBHLIX 

MCXaHII3MOB Kap!ll10TOHI1'1CCKOrO 11 cocynopaCU111p5110WCfO JlCHCTBWJ. Kap,lll10-

TOHHKOB HCIJIHK0311JlHOH l1 HCKaTCXOJiaMHHOBOH CTpyKTypbi- HHIH6HpOBaHHC 

r!AM<lJ-3aBHCHMOH QJOCQJO)lHJCTcpa3LI (PDE 3) (OC)'II(CCTBJIHIOUlCH 1'11!lp0JIH3 

uAM<D B 5-AM<D) MHoKap)la 11 cocy)loB. HaKanJTHBa5!ch, I!AM<D crroco6cmyeT 

IIOBLIWCHHIO concp)l(aHH51 cno6onHoro Ca2+, Hrpmowero Hap5!JlY c AT<D KJIJo­

'ICBYJO pom, B coKpameHim MhiiUU:hi cep)lua. B 1984 r. 6bura npe)lJio)KeHa <<WITH­

TO'Ie'lmui MOJJ:CJIL>>, COfJI3CHO KOTOpOH B CTpyKType K3p)ll10TOHI1KOB )lOJT)I(Hbl 

npl1CYTCTBOB3Tb: 

a) CIIJibHLIH Kap60HIIJILIILIH Jll11IOJIL .Ha O)lHOM KOHU:C MOJTCKYJTbi; 

6) mmo<jJIIJihHM o6nacTL (HarrpHMep, Me-rpynrm); 

C:xeMa 403 ccrO CocOH 
l)Me1NCH(OMeh j "-':::: + 
2) HCI/H20 ~ 

N CHO 
I 692 I 

Ac Ac 0~ ~NMe2 
~O 0 M~NCH(OFth 0---?0 0-
~N~N ~NA/N 

I o 694 J . 
Ac ~ ./5- ~ 

0 NMe2 -
0 
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B) COCC,[(HMH CJia60Kl1CJih!H <j:JparMCI!T, IIaiipl1MCp, IIpOTOJI B aMI1)li!OM rpyn­

nc HN-C=O; 

r) ocm)BHbiM UCHTP I1.ill1 H-cB5!3hiB<HO!l(HM aKucnTop ua nponmonoJTO)!(­

HOM IlO OTHO!IIC!Il110 K Kap60HI1JIY KOIIUC l\IOJ'TCKYJibi; 

,U) 06U~a5l JlJIOCKOCTIJa5l (11JII1 6JIH3Ka5l K lUIOCKOCTIIOi.'f) TOITOrpacpiUI. 

Hano OTMCTI1Th, 'ITO CTPYKTypi>r noJIY'ICilllhiX B pa6oTc [602] npoH'3BOJUihiX 

IIHppOJIOHII,l\OJIOB COfJiaCyiOTC5l C 3THMI1 H(JC)\CT<IBJ1CIIJ1}!\111 <<115!TI1TQ<!C'IIIOi:J: 

MOL(CJIH» 11, ll CYllU!OCTH, 6biJI11 Cl11!TC'3VI(JOBallLI. 11CX0il)l H'l :JTO~\ \10)\CJ1!1. 

OnrocHTCJibHO aucT<UibiiLIX pcaK1~11iL !lp11BCJ\CIIIILIX na cxcMc 403. yro'I­

Hl1M, 'ITO KOII,JCI!Cai!H}! arv!l1naUCTaJI5l flO MCTI1J'Tl,I!OM rpynnc N-a!lCTl1Jibi!Of0 

JaMCCTl1TCJUI npc;JCTaBJIHCT co6oi1 BCChMa pCJ!KI1l1, a B0'3MOlKIIO 11 VHl1KaJihllbiM, 

JV!ll Xl1Ml1l1 aucTaJrci1 CJTyLiafL 

B pa60TC 16031 Cl!al\111!!0Jll1l!l1Tpl1~%l ( 696), CHI ITClHpOBallllhiC 11:3 COOTBCT­

CTBCIIIIO 3aMCli!CI!I!hiX CliaMHI!Oal\HI)\Oil (697) nyrCM aJTKI1JT!1pOBall!15l 11 JI<Uib­

l!Ci11IICM I(I1KJ!I1'lai~l111 110 Topny - L~Hmcpy I IOJIY'ICHI!hiX N, N -JTI1<UIKl1JIITpo­

l13BOJ(HhTX (698), D(JCBpall(Cllhl B 3-aMI1II0-4-Il!1ai!O!ll1ppOnhl (699), KOTO(Jh!C 

:JaTCJ\1 npH KOII}ICI!Cll(l1l1 C l(H:HHnauCTaJICJ\1 )J,McDA C ITOCJTCL\YIOLUCM pcaKUHCH 

C ITC(JBWTI!LIMI1 al\1!1IIa\ll1 Tpa!ICCjlOpM!lpOBallhl ll rmppOIIOI3,2-dlllltpl1\!HL(H­

I!hl (700) (cxcMa 404). 

J],HMCTH.rraucT<Uib N-MCTI1JII!l1ppomuroHa (3 a) 5!BHJIC5l HCXOL\Hb!M cocn:H­

HCHHCJ\1 B CHIITC3C 1,4, 7 -rp11MCTl1JTI\l111HppoJTol2, 3-a:2' ,3' -c I Kap6a JonoB (70 1) 

(CXCMa 405, C. 272) (604j. 

Oco6hiHI1IITcpcc B :JTOM Cl1HTC3e npcHCTaBmieT maL(KaH KOIIHCHCaU!1H JTaK­

TaMaUCTaJT5l IIO IlOJIO)!(CIII110 3 l111L(O,TJa C o6pa:30Ball!1CM Ul1KJIWICCK0f0 ~-HMT1-

I!OCI!aM!1IIa (702), KOTOpb!H ,'(aJTCC IlOL\BCpraeTOT TCpMWICCKOM UHKJ!H3aUHH C 

o6pa30BaJII1CM UCJTCBOfO IIpOli.YKTa ( 70 l). flpCJ\!I(}JlafaCMbiM MCXaiii13M ::JTOH 

UHKJIH3aU1111 IIOKa3aH Ha CXCMC 405. 

J],H3THJTaueTaJII1 N-uHaHOMCTHJIJiaKTaMOB (702 a-c), noJTy<ICIIHLrc o6LI'IllbiM 

CIIOC060M H3 COOTBCTCTBYJOI1~11X JiaKTaMOB (703 a-c) 11 <j:JTop6opaTa TpH3Tl1Jl­

OKCOHl15l, JTCfKO pearHpyJOT C UHaHyKCYCHb!M 3<j:J11pOM H MaJTOHj\HHl1Tp11o10M C 

o6pa30BaHHCM CHaMHHOB (704 a-c), KOTOpbiC npH B03L\CMCTBHH ::JTHJTaTa Ha­

TpiDIUMKJTI13YJOTC5l B KOW\CHC!1pOBaHHbiC II!1ppOJTbHb!C npOH3BOL\HbiC (705 a-C). 

floCJTCL\Hl1C ,ll.aJTCC BBO,li.5IT B KOW\CHCaUHIO C aueTaJTCM J],McDA 11 IIOJTY'ICH­

Hb!C aMI1L(l1Hbi (706 a-c) rrpH B03,li.CHCTBHH ncpB11'lHbiX aMHHOB BCTyllaJOT 06bi'l­

HblM o6pa30M B I1HpHMl1L\HHOBYJO UHKJIH3aU!110, KOTOpaR COIIpOBO)!(JiaCT­

C5l nepcrpynnHpOBKOH Jl,HMpOTa 11 o6pa30BaHHCM rcTepoTp11Ul1KJIOB (707 a-c) 

(cxcMa 406, c. 272) [605]. HeKOTOpbre 113 noJTy<JcHHbiX coc,n:nneHHM cJTa6o (na 

30-40 %) HJIH yMepeHHO (Ha 60 %) TOpM035lT pOCT COJII1)1Hh!X onyxoJTeH. 

flnppOJibHblHUI1KJI TaKlKe ITOCTpOCH IlpH eHaMHHOBOHUHKJll13aUl111 B p5!L(ax 

2-MCTHJII1Hpl1L\11HOB H 2-MCTHJIIIHpa3HHOB. llepBbiM 3Tai!OM peaKUHH 5lB,lJ5lCTCR 

4.J. flflniU'i.1eHHble 2emepOl(UKAbt 
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ll.oMe ~~ 
~NAoMe+~N) 

I H 
Me 3a 

CxeMa 405 

80°C -3q 

11 OMe 

~~AoMe 

N-::;/' 702 80% 
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Me 
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KCHJIOJI --
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CH2CN 702 a-<: 
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KB3TCpiili33L(I15! HCXOil:HhiX reTepOL(IIKJIWieCKHX coe.n:HHeHHH (708) II 33TCM 

KOH,UeHC3L(II>I IIOJIY'IeHHhiX '!eTBepTH'IHhiX COJieH (709) C 31IeTaJICM 11:11MCTHJI­

lpOpM3MI1,[(3 ( 1 a), KOTOp351 COIIpOBO)K,U3CTC5! o6pa30B3HHeM 6HL(HIGIH'IeCKHX 

rmppoJico.n:ep%aliiHX coe.n:mreHHH (710) (cxeMa 407) [606]. 

CxeMa 407 

1+ ai
2
COOMe y--

-E

NJMe -ENJ.M~e2NCH(OMe)z -ifN ~ COOMe 
R BrCII2COOMe R R 

::--,. ::--,. Br- ).W<l>A, -:?' 
X X mrreHife X 

708 709 710 
X=ai,CMe,N 
R = H, 3-Me, 5-Me 

IJOJI)"ICIII!b!C 113 OC!IOBC ai~CTaJibiiOfO CHIITC3a CH3MI1IIhl HI~OKClVIhl!OrO 
p5I,Ua (711), Korophrc y%c <l)parMcmapuo o6c)')K)~aJIHCh BhilllC (eM. cxcMy 403), 
JrerKo BCTyHmor B pcaKL(HIO c MaJIOJ~HHHTplVIOM 11 rro.n:o6HhiMH CH-KHCJIO­

raMH C o6pa30B<1HHCM COJJeii: (712), KOTOpb!C IIpH H3fPCB3HHH B IIpHCY'fCTBHH 

TpH3THJI3MHH3 L(HKJIH3YIOTCH B IIHpi1,[(0HI~OJihi (713) H CIIOC06Hhl ll:aJieC ,Ua­

B3Th 3MI1,[(I1Hhl (714) IIY'fCM KOH,UCIIC3L(HH C 3MI1,[(3L(CTaJI5!MH (CXCMa 408) (607). 

Cr=A
o 

N 
I 

ecc:CxeMa408 
0

_ +H 

CH2(0.ZR Et3N, 6eiDOJI, t Knrr 

N <CN 
I -

711 H NRR' H 712 R 

Me2NQI(OMeh 
~ .. 

fKHII• lOMHH 

R 
714 

4.l.lb 1. lflf)J.OJibl 

fiOIDITHO, 'iTO IIOC'fPOeHIIe IIIIppOJihHOrO L(IIKJia 6e3 COMHeHII5! BKJIIO'!aeT BO 

MHOriiX CJIY'I3.5IX (IIOK333HO Bhillle) C0311:3HHe IIH,UOJihHOfO 6IIIIIIKJia. J10CKOJihKY 

llllil:OJihHbie COell:IIHeHII>I IIrpaiOT B3%HeHlllYIO pOJib B XIIMIIH reTepOIIIIKJIII'ieC­

KHX COell:HHeHIIH II HMeiOT He TOJibKO TeopeTII'!eCKyiO, HO H rrpaKTII'ieCKYIQ 3H3-
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'Il1MOCTh (qTo B IICpBylO oqepCJJ:h OTHOCHTCH K CI1HTC3Y JICKapCTBCHHhiX CpCJJ:­

CTB), B ::non rJI3BC UCJICC006pa3HO Bbl.IJ:CJIHTh 11ll.IJ:OJihl B OTJJ:CJihHLIH II0llp33).!CJI. 

BLIIIIC 6L!J1 IIpl1BCL(CII pHJJ: IIpHMCpOB CHHTC33 HHJJ:OJ!bllh!X COCLI,HHCHI1H, 

6a311py1oruerocH Ha npHMCHCIIHH CTPaTemn J1eM:Mrpy6epa - Ea<ro. 3aKJIIO­

'Iaroulci1cH BO B"3il!IMOL(CliCTBl111 COCL(HIICII11H, HMC!Oll(HX B CBOcfi c-rpyKType 

11-IIIITpOTOJI)'Oclbllhlli Cjlp<II'MCIIT, C aMHJJ:aUCTiUUIMI1 H Ul1KJJWl(lUI1CJ-i IIOJ!V'lCH­

IIhiX Cll<l:vtl11101l 11p11 BOCCTaiiOBJICJil111 IIHTpOrpyniibl, COripOB0)K}l_aiOU\11MC5l 

BII)'TpHMOJJCKYmipllhiM llCpCa\111lll1pOBaJH1Cl\l. JlOIIHTIIO. 'ITO Ilp11MCI!Clli1C B 

Ka'JCCTBC l!CXO;J.IlhJX COCJ!l1I!Clii1H allliCJ!HpOB<IIlllhiX lll1Tp0T<)J[YOJJOB !!p!IBO­

;un K CHITTC3Y p<r3JII1'JilblX KOII!l,CliC11pOB3llllhiX Hl!HOJJOB. 

JloCKO,lhKY !13llllhlH MCTOJI OKa3<U10l BCCbMa ::JrjHjX:KTl1BllbiM C llpCllapaTHB­

IIOH TO'!KII 3pC!HIH, B Jll1TCp<rrypc Olly6J111KOKI!l0 MITO%CCTBO pa60T j60S- 636\, 

fiOC!Hlli{CIIIlhlX HMCIIIIO TaKOMY Jlll!l,OJlhllOMY Cl11ITC3y. HcKOTOphlC 113 pa60T, 

ll KOTOphlX CO/!Cp%<lTCll IIC06b!'Jllh!C llallllhlC, CJICI!Yl'T OT)l.CJlhllO o6C)')l_l1Tb B 

)!<Illi!OH MOll01'parjJl111. Jlp11 3TOM CJICJIYCT fiOH'lCpKIIYTh, 'ITO Mbl CTpC Ml1Jll1Cb 

IlpllBCCTH MaKCHM<IJihllO JH)J1Jib!H 6n6JJl101'parjJI1'ICCKHli pccc-rp. flOCillllHCllllblH 

pacc:vtaTpl1B3CMOH pcaKJllll1. 110 ll(lf\0 11MCTb B lll11l.Y. 'ITO llCKOTOphiC 113 OTMC­

'ICllllbiX pa60T, npCllCTaBJJC!IllhiX ll CChJJJKaX, OOC.Y)!(ll<l!OTCll O'IC!Ib KJl~lTKO ~1JIM 

l!C o6cy)!()laJOTCll BOBCC. C IW.YfOH CTOJlOIIbl, !I<IJ160j!CC 31Ia'll1MLIC, C IIalllCH 

TO'IKI1 3pCIIHH, J1CCJICJJ:OBaiJl15I 06Cy)!()laJOTCll J<OCTaTO'IIIO 11011p06110. 

TaK, B pa6oTc [609] on11cal!a pcaKUHH 2-MCTOKCir-6-mnpo-M-KCHJIOJia (715) 

C aUCTaJJCM (1 a), IlpW!C\1 )J)l5l 3cpcjJCKTHBIIOfO npOBC,LI:C!!lHI 11pOI\CCCa !l0TpC-

60BaJICH KaTaJil13 - Y'Iacn1c B pcaKUMH IIHppoJIHJJ:HH<l ( o6 ycKopcH1111 o6pa3o­

uaHH5l CHaMHHOB IIOU ,LI:CHCTBHCM 11HppOJI11,UH!Ia HJll1 Tp113THJiaM11!Ia CM. TaK%C 

[ 611]), KOTOpbiti CIIOC06CTBYCT TpancrjJOpMaUHH aUCTaJIH B 60JICC peaKU110l!HO­

CITOC06HLIH aMHHaJib3cp11p. Hco6xo!l,HMOCTh 3Toro AHK'fYCTCll, no-BH.UHMOMy, 

JnaqnTCJJhHhiMH cTepwiCCKHMH TPYAHOCTli.MH, Cll}IJaHHhiMM c TCM, 'ITO aTaKa 

opmo-MeTHJibJIOM (no OTHOWCHHIO K NOrrpyrrrre) rpyrrnhr ocJIO)!(HCHa mL'l]{l{H­

cM B ,UpyroM opm0-f!OJ10)!(CHI1H MCTOKCHrpyrrnLL )la.HLIICWWCC BOCCTa!IOBJJCHHC 

lll1TpOrpyrriiLI COIIpOBO)!()l3CTC5I rrepcaMHHHpOB3H11CM C Bh!XO,LI:OM K 3aMCillCH­

IlOMY HH).!OJIY (716). 

J.hiTCpCCI!O, 'ITO )J)IH TOfO 'IT06hi IIpOBCCTM HII.UOJILHLIH CJ1HTC3, MCXOM 

113 2-HHTP0-6-!l,MMCTHJiaMHHOTOJIYOJia (717), npMUV!OCh 3aMCHHTb HC3cj>cpCKT11B­

HbiH B 3TOM npOUCCCC aUCTaJih (1 a) na mpuC-JJ:HMCTHJJaMHIIOMCTall (718) H HC­

IIOJlh30BaTL 11 APYI)'IO MOL!Mcj>HK3UH!O 06b!l{H0f0 MCTOJJ:a - BBCCTM B HHTCp­

MC,UMaT (719) ITCpCJJ: BOCCTaJIOBJJCHHCM B K3'1CCTBC nepeaMHHHpyeMOH rpyrr­

ll11p0BKH CCM!1Kap6a311.IIIILIH cpparMCHT ( CXCMa 409). 

B pa6oTe [610] B KaqecTBe ocHOBHOH ucnn 6r,ma rrpCLIIIPHHHTa rrorrLITKa 

Cl1HTC3!1p0B3TL 1- [ (2-LIMMCT11JI3MMHO )3Tl1JI ]-7 ,8-,LI:MfH,Upo-3H-[ 2]-6CH30KCCTII1-

H0[4,3-e]RH).!OJI (720) ll Kal{CCTBC IIOTCHUHaJibHOfO 3HTI1).!CflpCCC3HTa. 
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CxeMa409 

MeDOMe Me M~N1CH(l00Me}.z Me'Oc:OMe NMez Me(x)OMe ~ 
' I 125°C, ~ ~ '\'\ 

+ N ~ I - I 
~ N~ H ~ N~ ~ ~ 
715 MeXH 716 

Me2N NQ 

aNMez Me 

I 

I)(Me2~~(718), Oc:NMez rOONH2 6oNMe2 

~ ~ ~ ~ 
2) H2NOONHNH2 1 1 '\'\ 
(BOAfl. HCI, 20°C) ~ ~ N 

N~ 
717 719 NOz H 

)lJIH 3TOfO OCHOBHb!M HCXO.UHLIM COCL!HHCHMCM 6LIJI l136paH 3-MCTMJJ-4-

HHTpocj>eHOJl (721), KOTOpbiH IIOCJIC 33lllHTbl cjJCHOJlhHOH rpyiiiTh! 6b!Jl BBC,[LCH 

B peaKUHIO JietiMrpy6epa - Ea<ro. JloJiy<ICHhiH TaKHM o6pa1oM JaMeweHHhiH 

HHL!OJI (722) rrpeBpali~CH B UCJJCBOC TCTpaUHKJIWICCKOC COCL!HHCHHC (720) 

o6LI'!Hh!Ml1 MCTO,UaMH ( CXCMa 41 0), 

CxeMa410 

no'(J(Me Phrn2o'((Me PhCHzOu~NM~ 
1 I Me2Nffi(OMe}.z I Hz/NiRa 

~ ~ l40°C, 16'1 ~ 
N~ N02 N~ 

721 

PhffizOC)~ PhaizOD)~ ~ 
I "" ____... I ""-----• 

~ ~ ~ f 
722 <X>OEt 

NMe2 

TIOTihiTKa HH.UOJihHOfO CMHTC3a ITO 06CY%JJ:aCMOH MCTO,[LOJIOfMH JJ:Jl5l 2-HHT­

po-4-UHKJIOfCKCMJITOJIYOJia (723) OK33aJI3Ch OCJIO)[(HCHHOH TCM, l{TO KOH,UCH­

cauHH C HCIIOJlh30B3HMCM L!MMCTliJiaUCTaJIH .UHMCTliJicj:JOpMaMH,Lia ( 1 a) rrpOTCKa­

eT TOJlhKO B )!(CCTKHX YCJIOBIDIX ( 140-170 °C) 11 !l,3CT llpOJJ:YKT C HH3KHM BhiXOJJ:OM. 

·~aMeHa aueTaJIH na aM11HaJIL3cj:JHp (8, R = t-Bu, R' = R" =Me) (8 a) no3BOJIH­

eT IIOJIY<f11Th UCJICBOH CH3MHH (724) TipH 60-80°C (1-2 !l,HH) 11 C XOpOlliHM 

llh!XO!l,OM [612]. 
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B 3TOH )!(C pa6oTe BrrcpBhie B peaKI(MIO Jlctl:Mrpy6cpa - Eaqo 6biJIM B35I­

Thi 3TMJI6CH30Jibl (725), a Bhi60p B Ka'ICCTBC MCXOL(HOfO COC,IlJIHCHM5I HI1Tp0-

TCTpaJII1Ha (726) o6ecrrc<rMJI rronxon K rroJiyqcmno TPMUHKJiwrccKotl: m!,L(oJI­

concp)!(aru:etl: CHCTCMhi (727) (CXCMa 411). )J,JI5I pa3pa60TKI1 ITO!J:XOL(OB K Cl1HTC3Y 

IIpOTHBOOITyxOJICBbiX arCHTOB L(Ha30113MML(OB TpC60BaJIOCb 113y<Il1Tb B03M0)!(­

HOCTh OIITI1Ml133UI111 MCTOL(OB ITOJiy<ICIIMJI. 4-apMJIMHJ(OJIOB, KOTOpa51. 3L(CCb pe­

~UII130Bana co<reTaHHCM MCTOL(OJiornM Jletl:Mrpy6epa- na'ro 11 pcaKrmH Cy3YK!1. 

R3HN ,,,,,, Cl 

NH 

OH 

R2 

)J,Ha3oHaMH.ll A, R 1 = OH, R2=H, R3 = CH2COCH(NH2)CHMe 

Jl:na30HaMH.II B, R1 =OH, R2 =Br, Jil= H 

KoHCTpynpoBaHHC CJIO)KHb!X CHCTCM '13CTO OCYil{CCTBJIJI.CTC5I <<6JIOKOBb!M 

MCTOL(OM>>, T. e. C031J:3HIICM OTJJ:CJibHh!X 6JIOKOB, 113 KOTOpb!X 3TH CHCTCMbl CO­

CT05IT M 33TCM HX 06bCL(liHCIIHCM. )J,Ma30HaMH,llbl .CO!J:Cp)!(aT B Ka'ICCTBC <!Jpar­

MCHTa 4-apM,lMHL(OJiblfYIO 'IaCTb, TIOJiyqCHMC KOTOpoti rrpcL(C'faBJI5IJIO 60JibiiiYJO 

CJIO)KHOCTb 113-3a HH3K11X Bb!XOL(OB Ha CTa)J,H5IX HX CI1HTC3a. HMCHHO C UCJib!O 

C03L(aH!15I npenapanmnoro rronxona K 4-apMJIIIHL(OJiaM B pa6oTe [ 613] IIcrroJih-

30BaHa MeTOJJ:OJIOriiH JietiMrpy6epa - Eaqo. PeaKuneti 2-HMTpo-6-o-MeTOKCM­

<peHIIJITOJiyoJia (728) C aueTaJICM (1 a) B L(liMCTMJI<lJOpMaMML(C B rrp11CYTCTBI111 

mrppOJillL(IIHa rrpii 110 °C B TC'ICHMC 18 q TIOJiyqcH l-rri1ppOJII1[(l1HOMCTHJICH-

2-HI1Tp0-6-o-MeTOKCII<llCHHJI6CH30JI (729), rrpll BOCCTaHOBJICHllll KOToporo fH,ll­

pa1HHrH,llpaTOM B rrpHCYTCTBlllf HIIKCJI51 PeHC5I Cl1HTC3HpOBaH 4-0-MCTOKC!11Je­

HMJIIIHL(OJI (730) C XOpO!liYIM Bb!XOL(OM. 

HcxoL(HhiM (728) rroJiyqeH no peaKI(IIM Cy3YKII 113 2-McTMJI-3-HIITpo6poM-

6eH30Jia (731), KOTOpb!M CO CBOCM CTOpOHbl TO)!(C pearHpyeT C aUCTaJICM (1 a) B 

IIpliCYTCTBlU! II11ppOJII1L(MHa II 3aTCM IIpeBparu:aeTC5I B 4-6pOMHHL(OJI (732). 
B3aiiMoneticTBHeM rrocJiennero c o-MeToKcii<!JeHHJI6opoHonoti KIIcJioToil: 

IIOJiyqeH OIIIICaHHbiM BbllliC (730) (cxeMa 412, C. 278), KOTOpb!M 5IBMJIC5I OC­

HOBHOR 11CXOIJ:HOM <<3afOTOBKOM>> 1J:JI5I L(aJibHeiiiiiCfO CI1HTe3a, HarrpaBJICHHOfO 

Ha IIOJiy<IeHIIC L(lla30HaMIIL(OB. 
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CHHTC3 aMHHOI1Ml1JL330JihHOro cerMcHTa (734) CTPYKTYPhi npHponHoro 

coc_r~,aHCHllii nparMaHI1Jli1Ha D (Bhl,llcJicH 113 MopcKoi1 ry6KH) [ 614] ocymecTRJICH 

ll3 2-HHTpo-3-MCTHJiqJCHOJla COrJiaCHO CXCMC 413, C. 280. flo 3TOMY MCTOJlY CHa­

'IaJI<l peam-nycTCH IIOJIY'ICHI1C HH,llOllbHOfO COC}.I,I1HCIII15!, KOTOpOC }.l,aJICC llpC­

BpamaJOT B [3-r<VJOrCHKCTOI!pOli3BO,llHOC (735), CllOC06HOC KOH,llCHCI1pOllaThOI 

c <<etMH/l,HIIOBhiMH KOMllOIICIITaMH•> IL B •IaCTIIOCTI1 c N-ai~CTHJrryaHI1JJ,I1HOM c 

o6pa30Bai!I1Cl\l 11MH,llil30JlhHOfO l(HKJia. J1MCHHO JTO 11 06CCllC'Il-1RaCT C0:3/l,aHI1C 

IIMHiLa:JW111JB111;~oJibliOro ccrMCI!Ta )lp<n·Maiii1JJ,I1Ha D. 

OH 

NH2 

Br )J.parM3.qHWfH D 

<DyllJ(aMC!lTaJihllbli1 !lporpCCC B IICiipoqJapMaKOJIOfl111 CBH3aH C OTKpb!Tl1-

CM MC}.I,J1aTOpHOii pOJl\1 CCpOTOHI1Ha. 

HOlQc)H' 
I 

©=:DNH, 
I 

H CepoTOHHH H llHJ10IIaH 

3QJQJCKT CCpOTOHI1Ha MC}.I,H11pOBaH 110 MCHhiiiCM Mcpe 14 pCUCllTOpaM\1 (o6o-

3H<l'ICHl1C 5-HT 11p011CXO,lli1T OT aHfJJY!HCKOfO Ha3BaHI151 cepOTOHI1Ha: 5-Hydroxy 

Tryptamine). 3unorcHHhiH 11 JK3orcnHhlil. cepoTOIII1H Rhi3bJBacT coKpamcuHc 

UlaJlKOH MYCKyJJaTyphl KpOBCHOCHb!X COCY.llOB, .lKCJ1YJlO'IHO-KI1lliC'lH0fO Tp3KT3, 

6p011XOB, CY.lKCHI1C ncp11QJCp11'!CCKJ1X COCy}.I,OB, llOBbllllCHI1C apTCp113JlbHOfO }.l,aB­

JICHl15!, OTCK TKaHdi, CBepTbiB3Hl1C Kp0Bl1. AroHHCT CCpOTOHI1HOBhiX pCUCllTO­

pOB - 11HJl0ll3H, CTpyKTypHO 6m13KOC K CCpOTOHHHY COC,l.li1HCHl1C, OKa3biB<lCT 

llCl1XOCTl1MYJJIIpyiOll.(CC l1 3HTl1)],CllpCCCl1BHOC ,l.lCMCTBI1C. ll,pyroi:f arOHl1CT cepo­

TOIII1HOBh!X 5-HT lB/ 1 D-pcucnTopoB - cyMaTpHnTaH - 11CllOJJh3ycTc5l KaK cpe!J.­

CTBO npOTIIB M11rpCHH, a 6JIOKaTOp CCpOTOHI1HOBhlX 5-HTrpCUCllTOpOB KCTaH­

CCp11H HBm!CTCH ai!Tl1fl1llCpTCH311BHblM CpC,l.lCTBOM. 

Bee 6oJihiiice 3Ha'ICHI1e, oco6eHHo n OHKOJIOfl111, np11o6pcTaiOT celi•rac 

npOTI1BOpBOTHblC npcnapaTbl- HaB06aH, 30QJpaH 11 rpaHHll,CTpOH, HBll>IIOml1c­

C5l 6JJOKaTopaMH 5-HTrcepOTOHHHOBbiX pCUCllTOpOB. 3TH npenapaTb! HCllOJib-

li 
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0 
II H 

MeHNI~-~c~CH2CH2NMe2 olrA'l 
0 Q\N) F ~NyO 

=·~"" ~ ~ 0 

0 KeraHcepHH 

3)KHOI Jl1151 npO<}JI1JiaKTI1KI1 11 TCpanl111 0CJ10A<HCHJIH, HbiJBai!HblX XHMI10- 11 

:!Y'ICBOH Tcpar111di, 11 B HaCTOHII!CC BpCM}I 0!111 HaUIJIH lll11p0KOC llp11.\1CHCHI1C 

B KJIHIIH'ICCKOl-\ npaKTHKC . 

N 
I 

0 Me 

---\ 
l__;N 

Me o 

~
H)IaQeTpoH ("~"' 

rQr:={
O ·~""' mrrl"") Me 

, o &-Ju_:n ~N/~ -~ 
I 

H Haso6aH (T))OllliiieTJlOH) Me fpaHHlleT]JOH 

HeLJ,aBHO ycTaHOBJie!lo, •uo Hp0113BOJJ:Jibre 4-(n-aMHHocynHjJOH11JI)aMMH0-

11HJlOJIOB npoHBJI5IIOT anTaroHH>M K HT6-peu:enTopaM 11, 11CXO,ll51 In :nora, ocy­

IUCCTBJICH HOHbiH CI1HTC3 COCJJ:MHCHHH IIO)l06HOfO TMTia ( 616], BKJllO'laiOIUMIT 

l1CTIOJib30BaHHC pcaKUHH JleiiMrpy6cpa - oa•ro. ,[I,JI51 3TOH UCJIH l1CX0,1lHhiM 

COC,Ul1HCI1l1CM l136paua 3,5-)li1HHTpO-n-TOJIYI1IIOBa51 KHCJIOTa (736). ,[I,<UibHCHWHH 

Cl1HTC3, TpC6YJOIUHH )"1aCTI15I ,1ll1MCTHJiai(eTaJ151 ,1lHMCTl1Jl¢opMaMl1,Ua (1 a), OCHO­

BaH Ha OJJ:HOBpeMCHHOM llOCCTaHOBJICHl1H )l,llyx HHTpOrpynn ,1l0 <1Ml1HOrpynn, 

O):(Ha H3 KOTOpblX BC1)'IlaCT B rrpouecc ncpe3Ml1HHpOBaHI1}! l1 39Mb!K3HH}! HH­

JJ:OJlhHOfO UHKJ13, a JJ:pyraH CTaHOBl1TC}! 061,CKTOM T3HC<lJOpM3Ul1l1 B UCJICBbiC 

CYIIbtPOHHJI3MH)l,HbiC COCJJ:HHCHH5!, HaTipHMep 13 (737) (cxeMa 414, C. 282). Tipo­

HJIU3CMOCTb TIOJiyqCHHh!X COC,UHHCHHH B M03f OTipCJJ:CJI5lCTC51 HX fHJJ:POtP06HO­

CTbiO. Tio TCCTY <<YCIIOBHhlH petPIICKC TI3CCHBHOro H36eraHWI» (YPTIH) COCLI,JIHC­

HJie (737) IIOK33aJIO 1H3lJJIMblH 3tPtPCKT B ,U03C per OS J0 Mf/Kr (KpbiCbi). ,[I,II51 

cpaBHCHHH YKmKeM, 'ITO HHrn6JITOpbi aueTl11IXOIIJIH3CTepa3bi KaK )l,OHerreJJijJ 

HJIH pHBaCTHfMHH llp051BJI51IOT ::JtP{jleKT B JJ:033X 3 J1 0,3 Mf/Kr COOTBCTCTBCHHO. 
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CxeMa414 

a
N~ ixN~ la,)J;M<llA,ftN~ 

Me -.:? Me 153oc,J6 q -.:? ~NMez 
__. I I 

~ ~ 
HOOC: 

736 
N~ Br N~ Br N~ 

NHz -o- NHtt...Sr,u ·NH TiCI3X)j!(hS If ~ NHAc bj~L '--{)''4 
2 

10%HCI I '-'::: I - '-'::: 
h- l)J.lHpH,liHH, 60°C I ~ I 

Br N 2) lnNaOH Br N 
H 3) lnHCI 737 H 

4-XrJ.Op11H)].OJli1JI-3-yKCyCH<I5l KHCJIOTa, 5IBJI5!10lll:aJICH rrpHpOL\HhiM ropMOHOM 

paCTCHI1H, B03MO.lKHO, 110 MHCHI110 aBTOpOB pa60Thl [617), 51BJI5ICTCH 6HOCI1H­

TCTI1'1CCKI1M rrpCL\WCCTBCHHI1KOM 4-XJIOpTp1111TOcpaHa (738) . .LJ:mi 113Y'ICHI1R 

npaBI1JlhHOCTI1 :noro 11pCL\ITOJIO)I(CHI15l 110CJICIJ:HI1H CI1HTC311pOBaH 110 CXCMC 415. 

CxeMa 415 

(XCI ~~;~·ecCI NMez cc:Cl CHO ez 

e 36 q ' ?" I ~ Me2NC1IOIPOCI.3 : I ______. 
N~ ~ N~ N~ 

N~ 
I Cl 

a rn= c- cooEt 
~NCHzCDO~NMe NiRa, -.:? 2 ]laBJieHHe 

AezO I 
~ N~ a 

COOEt 

H 

CDOH 

738 

C li,CJihlO 113hiCKaHJ1R HOBhiX aHTarOHHCTOB peiJ,eiiTOpOB 11CIITllil:HhiX ropMO­

HOB racTp11Ha ll XOJICIJ,HCTOKHHHHa 6bma l13Y'!CHa B03MO)I(HOCTh HHJ(OJIJI3aiJ,Hll 

Ha OCHOBC 3cl>Hpa MCTl1JIHl1Tpocl>TaJICBOll KIICJIOThl (739) (618]. Ero peaKIJ,MR C 

aueTaJICM ( 1 a) C 110CJIC,l(YfOJUIIM BOCCTaHOBJICHIICM HHTpOrpynl1hl IIOKa3aJia ,1:(0-

BOJihHO pe.L(KIIe oco6eHHOCTH. Ha cxeMe 416 rroKaJaHo, qTo B xo,a:e :noro npo­

uecca o6pa3yeTC5l CMCCh UCJICBOro ,L(l1MCTOKCJIKap60Hl1JIHH,l(OJia (740) 11 10-'illCH­

HOfO ,a:nMepHoro rrpo,L(yKTa (741). 

4. I. liHmu'-Weltllbte <emepou,uKo1bt 283 

CxeMa416 
COOMe ~Nyy 

~COOMe Me 739 

la, )J;M<DA, ~N COOMe 
150°C,6q '-'2"yY Hzll0%Pd!C 

~ TOJJYOJI 

MezN COOMe 

I + 

-.:? H -.:? 

I I 
~ ::::-.... O::X

COOMe 

N 
H 740 COOMe 

Meooc):XNX(COOMe 

N MeOOC H 741 COOMe 

BcCJ.Ma 1111TCpCCCII TOT Cj)aKT, 'lTO Hp11 llpOBC)(Clll111 pcaKJJ,I111 B KOI!IICIITp11-

poBaHIIOM TlJJIYOJihHOM paCTBOpC !IpCHMYIIICCTBCHHhiM HanpaBJICHHCM rrpOL(CC­

ca 5IBJHICTC5l o6pa3oBaiiHe LUtMepa (741 ). B TO )ICC npeM5! B p<u6aBJICHHOM pacT­

nope C)(I!HCTBCHHh!Mllpo;(yKT peaKI(Hl1, Bhi}JC_;JcHI!biM C I!O'ITH KOJIH'IeCTBeHHbiM 

Bh!XOJJOM, -- 11HJJ()JI (740). 

0J]IIOii 11'3 Ba)KJ!h!X MO)ll1QJ11Ka[JI1ii pcaKIU111 J1CJ1Mrpy6cpa -- Da'!O 51BJI51-

CTCH llaiiJ(CIIII<lll Il paGcnc [ 6191 B03M0)!(110CTh TaK BOCCTaiiaBJII1B<lTh IIpOMC)K)'­

TO'!Hhii1 H11TpoeHaM!1H, 'IT06hr np11 ':JTOM oGpaJOBhiBaJIC>I He N-HeJaMCll\CIIHhii1 

I1I!JlOJ1, KaK JTO npoHcXOi\l1T B Gom,miiHCTBe cJIY'IaCB, a N-rHJIPOKCIIHIIHOJI (mra­

::roni•rmui B03MO)I(I!OCTh peaJIHJoBaHa TeM )ICe cnoco6oM 11 B [624 J. 
fVm :n·oro ll 1(11T11pycl\10i1 pa601e BOCCTaJIOBJ1CIII1C npOBO,l(l1JII1 JJ,I1HKOM B 

pacnmpc x.nopHcToro aMMomm n :Jc!mpc. B XOl\C :JToro HCCJIC)lOBaHHH aBTO­

phi, HCXOflH 113 MCTOKCHIIHTpoToJiyoJia (741). noJIY'll1JIJ1 ,L(Ba IIOBhiX N-MeToK­

CI1HIID.OJihl!hiX COCIJ:l1HCI!I1}! (7 42 a, b), IIp051Bl1Billl1X CBOMCTBa Bh!COKOaKTHB­

HhiX afOIIlfCTOB MCJiaTOHHHOBb!X peueTITOpOB ( CXCMa 417). 

CxeMa417 

MeOOMe la, rmppoJIHJ.I,Illl, 0 
-;?' I KlffieHIDI, 8 q (N MeO 

1 Zn, NJ4CL I '-'::: ~ N~ Meoo: B,0,7• 'C:c:JI 
I f 

741 ::::-..._ : OH 
N~ / ; 
MoO~NH<DR 

f 742a, R:Et 
OMe 742 b, R- Pr 

j 

• j 

I 
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PaccMaTpHBaeMaH B 3TOM pa3,UCJIC MeTo,n:oJiorHH 6Lvm y.[(a'IHO l1CIIOJIL3o­

nana .[(JI5! IIOJIY'ICHI15J: aJIKaJIOI1,LHl 'IY3Hf0CHHM11U11lla [621, 622], IIp11MCH5ICJ\IOfO 

.[(JIH JIC'ICHI15l 11H<fJCKUHOHHhiX 3a60JICB3H11H MO'!CIIOJIOBOH CHCTCMhl l1 IIC'ICHH. 

COOH 
Me 

lJ: yaHroCHHMHilHH 

0.[(Hl1M !13 H3'laJILHhlX 3TaiiOB pa3pa6oTaHHOI'O HpOUCCCa 5IBJIHCTC5! npcnpalUC­

Hl1C KaJil1CBOH COJII1 2-H111-p0-6-Kap60KCl1MCTl1JlMCpKaiiT06CH30J1a (743) B 1-rl1,U­

pOKCI1-4-MCTOKCl1Kap6oHl1J1MCTl1J1MCpKaiiT011H,UOJI (744) ( CXCMa 418). 

CxeMa418 
COOK COOMe 

s) l)la, 120oc s) 

(xMe 2)FeS04,NHtOCo 
3)CH2N2 I ~ I 

h- N 
NOz 1 

743 744 OH 

fl11ppOJI0[3,2-f]11H,UOJI (746) llOJiy<ICH B pa60TC (625], HCXOM H3 2,3-.[(11-

H11TpO-n-KCHJIOJia (745). i\HaJIOni'IHblC 1130MCpHLIC 611UHKJibl (748, 750) CI1H­

TC311pOBaHbl H3 H30MCpHLIX .[(11HI1Tp0KCHJIOJIOB (747, 749) (CXCM3 419). 

CxeMa419 ~ 
-:?' Me -:?' ~NMe2 

¥ M~NCH(O(\(:Et"' I H,INIC I 
Me N(}_z NOz I 

) 
WN 

N~ 745 N~ 746 

M~ *NOz H Me -:?' Me -:?' Me 'N 

0----~ 1~1 ----~ 
OzN NOz !.......~~~ Me 

747 748 749 N(}_z 
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K '!11CJIY llOJIHU11KJII1'lCCKHX COC.[(I1HCHI1H, llOJiy<!CIIHbiX IIYTCM .[(OCTpOHKI1 

l1JiiW)JbHOfO UHKJia IIO peaKU1111 Jlei1:Mrpy6epa- Ea'!O, OTHOCI1TCH CI1HTC3 ITHp­

pOJIO<fJeHaHTpH.[(HIIOB. l1CXO.[(IIOH IIpC,UIIOCb!flKOH IIOHCKO!lb!X HCCJIC.[(OBaiiMH B 

)l<l!IIIOM HanpaBJICHHH 5IBHJ1HCh Jll1TCpaTypHb!C M3TCpl1aJibl, YK<l3b!BaJOII(l1C Ha 

3113'!HTCJ1biiYIO aHTI1JICiiKCMH'ICCKyJO aKTl1BHOCTb pH,Ua 6CI!30[C jHa<fJTI1pl1,Ul1IIOB. 

0;(IIHM H'l HCXO,UIIb!X COC.[(MIICIIHH ,UJ151 CHHTC3a UCJ1Cllb!X nnppOJIO<fJCJia!lTpH,UH­

HOB (752) 6b!JI BLI6pa!! 1-MCTJIJI-2-HHTpOI!a<fJTHpl1,U1111 (751) ( CXCMa 420) [627]. 

CxeMa420 
N(}_z 

Me2NCH(OF.t)2 

• 
Me AproH, ,LlM<DA, 

85-90°C 

NH 

N~ 

753 

ABTOpbl IIOKaJaJIII, 'ITO B 'JaBHCHMOCTH OT TOfO, B KaKHX IIOJIO)I(CHH5!X 

c}JCHai!Tpl!,UilHOBOfO UHKJia HaXO)l51TC51 MCTI1T!bl!a5! H HI1TpOrpynrra, l13MCH5110TC51 

ycnoBH5! peaKU1111 IIOJIY'JCHH51 eHaMHHOB. HanpHMep, HJ (751) enaMHH (753) 

o6pa3yCTC51 IIpH HarpeBaHHI1 C J(I13THJiaUCTaJICM ,UHMCTHJI<fJOpMaMH,Ua llp11 

85-90 °C 6c3 Y'JaCTHH KaKOf0-JIH60 KaTaJII13aTopa, .[(JI5I llpOBC.[(CHH5! aHaJIOfH'I­

HOH peaKUHH c 3-Hiupo-4-MeTHJI<fJenairrpl'I,UHHOM Tpe6yeTCH KaTaJII13aTop -

TplnnmaMHH. HarroMHHM, 'ITO B 6o~'lee CJIO)I(IfLIX CJIY'Ja51x ycKopeHHIO CHHTC­

Ja CHaMHHOB HaJIJiy<IIII11M o6pa30M CIIOC06CTBYeT riHppOJil'I,UHHOBblH KaTaJIH3. 

YcTaHoBIICHO, 'ITO YMeHhiiieHHe KOJIH'ICCTBa BoccTaHOBI1TeJI5! rrpHBOJJ:HT K o6pa-

30BaHHIO N-nmpoKcHnHppoJioHa<fJT11pl1,UHHOB. 

Cpe.[(ll CliHTe311pOBaHHhiX COC.[(I1HCHHH Hait,UeHLI BClUCCTBa, 06JiaJ(aiOlUHC 

IIpOTliBOJICHKCMH<JCCKOH 3KTHBHOCTbiO, COIIOCTaBHMOH C aKTHBHOCTbiO 6CH30-

na<fJT11pH.[(I1HOBblX aJIKaJIOH,UOB. AKTHBHOCTb COC.[(I1HCHHH 3T0f0 THII3 CB513bi­

BaiOT C 5IBJieHHCM 11HTepKarr5ll(l1II - BKJIHHHBaHHCM COC.[(I1HeHHH Me)l(.[(y na­

paMn OCHOBaHHH .llHK 3a C'!CT CBOeti IIJIOCKOH CTpyxTyphi. 06pa3YJOlUHHC5! 

KOMIIJ1CKC CTa6HJII1311pOBaH CJIJiaMH BaH-.[(Cp-BaaJILCa, 110HHh!Ml1 C11JiaMI1 11 

11HTCpKaJI5Il(l151: rrpell5!TCTByeT paCIIJlCT3Hl1IO l(CIICH .llHK 11, CJIC,UOBaTCJibHO, HX 

HOpMaJILHOMY <fJYHKUMOH11pOBaHHIO. flp11 OIIyXOJieBLIX 3a6oJieBaHHHX BBC,UCHI1C 

B KJieTxy BClUCCTB, 06Jia.[(aiOlUHX l1HTCpKaJI1IpYJOlUl1Mll CBOHCTBaMll, ITpHBO,UHT 

K CH!{)I(CHHIO CIIOC06HOCTH OIIyXOJICBblX KJICTOK K ,UCJICHMIO 11 TCM CaMLIM OCJia6-

JlCHHIO naTOJIOfll'ICCKOfO rrpouecca. 
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B pa6oTe [630] pa3pa6oTaH CHHTC3 aHaJioron JICKapcTBeHHoro rrperrapaTa 

6peKbiOHHap HaYpH51 (brequinar sodium). 

COON a 

F 

F 

EpeKbJOHHap HaTpHl! 

0CHOBHa51 H.IJ:C5i ::rroro IIOBOfO CHHTC33 3aKJII0113JiaCb B TOM, '-l'f06LI OCT3-

Bl1Tb XHHOJIHHOBYJO '!aCTh HCH3MCHHOW, a BMCCTO <!JTOp.IJ:l1C!JCHHJihHOI'O <!Jpar­

MCHTa BBCCTH 4-apHJIHH).(OJibHbiii 3aMCCTl1TCJib. Ha KJII01!CBOi1 CT3JUIH .IJ:3HH0f0 

CHHTC'3a !1p0BO,IIHTC5i KOH,UCHC3Ul151 2-6poM-3-MCTl1JI-4-MCTOKCHKap60HHJ!Xl1HO­

JIHHa (754) C 4-apl11Il1H,[.(OJII1HaMH (755), fiOJIY'lCHHhlMH CO'ICT3HI1CM peaKUHM 

Cy3YJ<H 11 JlcM:Mrpy6epa- na'ro (eM. orrHcarmyro Bhiiiie peaKl.(HIO, cxeMa 412) 

B 1613]. IlOCJIC,[.(IlHC l101lY'ICIIhi 06hi'IllblM ITYTCM 113 2-6pOM-6-1111TpOTOJIYOJ1a 

(756) 'Iepe3 npoMC)l(yYO'lHhiM 2-apHJI-6-HHTpoToJiyo;r (757). B pe3yJILTaTe rro­

JIY'ICHLI l.(CJICBhlC 3HaJIOrH 6pCKhl011Hapa HaTpH51 (758) (CXCMa 421). 

CxeMa421 
COONa 

F roMe 

COONa N l_o 
F(X~~(' 758 QN 

~ 0 l)Kz~,Mei M Ar t l)F.tOH,6 

JvMe 

UN~ 

~ 2)POBrm
3

COO e os)NaOH ~ F Me ~ 
~ -..::::: I I + 
::::::..... ::::::..... N 

N Br H 

ArB(OH)z 
Pd(PPh )4 KilT 
Na2~ 

Ar Ar NaBH3CN 
754 755 t 
Me IIHppO.liii,lJ:HII, 

,n;Mil>A ~ I I 
756 Pe~~KQTfl! Cy:Jyi<H 

6: l)MezNGI(OMe)2 oscOH 

2) Fe + AcOH, EtOH ::::::..... N 
N~ H 757 

4.1. flRmu<t,1eHHble zemepOt(UKAbl 
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B pa6oTe 1631 J 113 M-HHYpo-n-TOJIYH,UHHa (759) pa3pa6oTaH rro..o:xo..o: K aMrr­

J(HHOHH.IJ:OJiaM (760)- ITOTCHl.(H<UlhHbiM CCJ1CKTHBHhiM HHrH6HTopaM YpOM6HH3 
( cxe~m 422). 

CxeMa422 

Me I)NaN~,AcOH/HCI ()0 OMe 
2) CuCLz, H20, 80:1 ~ I I -..::::: -
3) 4-6eH3IDIIIHIIepH,liHH, ~ ....._ _.,;:; 

H2N ~ Et3N, IT<IJ, S~ N~ 
759 0-28°C, 24 q 

l)Me2NC11(0Me)2 au w 
IIHppOJlH,lJ,llH, ,l{M<IJA I I I -

2) H2 /Ni/Ra, ITI!l, 5 'l ~ N........_ SOi _.,;:; N 

H NH I)CIS~NCO,MeCN,0°C O:i' 
2) (CICHz)2, POCI3, ooc ~ '-':: NH 

I 1 z 3)MeOH,IICI-nn,O"C, n, au, -"" N 
4) MeOH, Nf4~ 

760 
SOi H 

HcKoTopLre KJiaccr,r 5-HT2c-peu;ernopHh!X aronrrcToB, TaKHX KaK, HanpH­

Mcp, (761) l1 (762), ITOTCHL(HaJihHO ITpHfO.IJ:Hh! B K3'ICCTBC CpC,LICTBa OT O)KHpCHIUI. 

~ 
~N~H C1 \_/ 

761 

::co-..::::: I 
_.,;:; N C1 

762 y 
NH2 

B ny6mrKal.(HI1 (635] OITHCaH CI1HTC3 CCpHH L(HfaJIOfCH33MClilCHHh!X HH­

!IOJIOB (763) C l.(CJihiO llOJIY'lCHl151 Ha l1X OCHOBC CpC.IJ:CTB, ilpC.[IH33H3
1
1CHHbiX 

M51 JIC'ICHH51 YK333HHOM ll3TOJI0fl1H. B K3'ICCTBC HCXOL(Hh!X COCL(HHCHHM M51 

JTOM l.(CJIH 6Lm I136paH o-<iJTOp-n-TOJiyH.IJ:HH (764), KOTOphiM ITO CXCMC 423 rrpe­

BpameH B I1pOH3BOL(HLIC l1H,UOJI3 (763). 

CxeMa423 

xrMe FeMe Na~ FeMe HNoyHz~4 ~ I ooc, HCl ~ I Me2NCli(~Me)2 
::::::..... CuCI HJIH Kl ::::::..... 

Hz 764 H2N N~ X N~ 

F~NMez Fx;oX=CI,I 
~ 1 NiRa,N2f4·HzO 1 -..::::: I 

X ~ ,.,;:; N 
N~ X 763 H 

,..,lifHil-· ___________ ___........ 
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11.CXOL(H Il3 IIOJI)"ICHHbiX COCL(HHCHIIH, 6bma CIIHTC3HpOBaHa rpynna BC­

IUCCTB (765) [635), KOTOpb!C IIpOHBIIJIH Bb!COKYIO CCJICKTIIBHOCTb ITO OTHOIIIC­

HHIO K 5-HT 2c-PCU:CIITOpaM, B Q:lapMaKOJ!Ofll'TCCKOM 3KCI1CpiiMCHTC I10K33aHO, 

'ITO OHH Cl!IUKaJOT IIOTpC6JICHHC IITTI1(11 3KCnCp11MC!lT~UibllhlMI1 )!(!1BOTHhiMIT II 

paCCM3Tp!1BaJOTC5i K3K IIOTCI!l(l1aJII,Jib!C BCIUCCTBa L(JI5l TTCIIOJib30B<IHIT5l B TCpa­

IH!J1 npOTTTB 0)f(TTpCHIT51. 

YW1 
Y•5-F, 6-M<S~ 6-ll< 

~Me 

HN[(OBu-t 

765 0 

Pc3IOMI1PYH o6cy)f()J,CHHhiH MaTcp11<VI, HY)f(HO OTMCTI1Th, 'ITO KJiaccM<rec­

KaH pcaKU11H Jlci1Mrpy6cpa- Ea<ro ocHoBaHa Ha pcaKUHH o-H11TpOTOJIYOJIOB c 

aMI1)J,aUCT3JUIMI1 11 noc,1CJJ,YIOIUCH U:TTKJII13aUI111 nOJIY'ICHHbiX CHaMIIHOB nOCJIC 

soccraHOBJieHI1JI HHrporpyrrnu n npo113BOAHhiC 11MOJia. EcTecrneHHO, •no 3TOT 

npOUCCC MO)I(CT 6a3HpOB3TbC5l HC TOJibKO Ha I1p0113BOL(Hb!X TOJIYOJia, 11 6eH-

30JlbHbiH U:HKJI MO)f(CT 6biTb 3aMCHCH Ha IIOJJ,XOLI,5Ill(I1H fCTCpOU:11KJI (CXCMa 424). 

CxeMa 424 a Me Me2NCH(OMe)2 ~ NMez [H] 

\:Jl, Vw~ ~ 
N02 N02 

(jol 
H 

CIIHTC3 1-MeTIIJJ-9-ae3a3aryaHrrHa - 1-MeTHJI-2-aMHHo-4(3H)-oKco-5H­

ni1ppoJio[3.2-d]niipHMHJJ,IIHa [637) (766) pa3pa6oTaH, IICXO)J,5T H3 2-aMHH0-

4-MeTHJJ -5-HIITpOITIIpHMI1)J,IIH-6-oHa (7 67). 

IlpH B33TTMO}J,CHCTBTTH C aueTaJICM (1 a) B ,ll,IIMCTTTJlCjJOpMaMI1)J,C ITpH HarpeBa­

HHH KOH)J;CHCaUTT5! I!pOTCKaCT KaK no 3Ml1HO-, TaK I1 ITO MeTHJibHOH rpyniTaM, 

II o6pa30BaBIIIHHC5T CHaMIIH03MI1)J,HH (768) npH BOCCT3HOBJJCHJ1II npeTepiTC­

B3CT IIIIppOJJbH)'Kl UIIKJIH3aUIIIO L(O (769). llJ,eJJO'IHOH fi1)J,pOJII13 aMI1)J,IIHOBOH 

rpyniThr npnsoanT K }J,e3a3aryaHIIHY (766). 3aMeTHM, 'ITO B YKa:JaHHbiX ycno­

BIDIX, IIOMIIMO o6pa30B3HIDI aMI1)J,J1H3 11 eHaMIIHa, Ha6JIIOJJ,aeTCH I1 N-anKI1JIH­

poBaHHe no ITOJJO:lKCHIIIO 1 ITIIpiiMI1)J,IIHOHOBOfO U:IIKJia. 

B OTJJII'ITTC or peaKl(IIH B LJ:IIMeTHJIQ:lopMaMI1)J,e, N-MeTHJIHpoBaHIIe B XJIOpii­

CTOM MeTHJICHC MCCTa HC IIMCCT, H peaKUIUI C aueTaJICM (l a) IIpOTCKaeT TOJ!bKO 

ITO nepBH'-!HOH aMmrorpynne c o6pa3oBaHHeM aMIILJ:TTHa (770)_ B3aiiMoaetl:cTBIIe 

3T0f0 aMH,Il,HHa C XJIOpMeTIIJIIIHB3JI03TOM (771) npoTeKaeT npeHMYll(CCTBCH-

! 
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IIO IIO IIOJIO)f(CHHIO 1 J(O IIpOI13BOJ(HOfO (772). 0TMCTI1M, <JTO OJ(HOBpCMCHHO 

H36JIJOJJ,3CTC51 11 a;IKITJII1pOBaiTI1C no aTOMY KHCJIOpopa C o6pa30Bai!HCM COCJ(l1-

IICIIIT51 (773). 
PcaKUITH aMITllTTHa (770) c (1 a) B JJ,IIMenm¢opMaMrrpe pacT enaMTTII (774), 

KOTOpbiH )J;ancc no npou:cpypc r11na Jlci1Mrpy6cpa - Ea<ro npcspauracrcH B 

9-;~c1a3aryawm (775) (cxcMa 425, c. 290) [637]. AiranorM'IHO CI1HTC311pomm&r 

)J,C3<1'3aKCaHTI1l!bl (776, 777) (B IIOHCKOBbiX HCCJ1CL(OB<lHI1JIX, HanpaBJICIIHhiX 113 

C03J(ai!HC aHTarOIIHCTOB allCII0311110Bb!X pCU:CIITOpOB, 11pO>!BJIJliOIU11X ,ll,11ypCTl1'1C­

CKYIO, CCPJLC'Il!O-COCYJJ,I1CTYIO 3KTHBHOCTb 11 CTI1MYJI11pyK)JUYIO B OTIIOIIICI!I1TT 

UHC aKTHBHOCTh) 1638, 6391, npymx 9-pc3a3anyp11HOB (778) [6401. 

0 OR 

RN=o N:)OI oAN RoAN 
I 
R 776,777 778 

IlocneLI,HI1e (778) nony'ICHhT KaK 11HTepMC}ll1aTbi CIIHTC3a C-HYKJIC03!1JJ,OB 

(I1:\1MYlll1JIJIIIHOB) (779). 3TH COC)J,HHCHI15T I1 HX 5'-MOIIOQJOCQJaTbl JlBJ!5IIOTC51 

0'ICHb CI1JibHbiMI1 TTHrH6TTTOpaMII 'ICJIOBC'ICCKOH nyp11HHyKJie03HJJ,QJOCQJOpTTJJ3-

3bl (PNP), KOTopa5! CCJieKTIIBHO KOH1'pOJJ11pyeT nponmpepaU:HIO T-KJieTOK 11 HX 

QJYHKUI111 (T-JII1Mq>OU:11Tbl y•IaCTBYIOT B 3all(!1Te OT BIIpycHb!X HHcpCKUHii. II 

CIIOC06Hbl pacn03HaBaTb II YHWIT0)!(3Tb HCKOTOpbiC 3JIOKa'ICCTBCHHb!C KHCTKH). 

IlOJ(06HbiC TTHfTT6HTOpb! yqaCTBYJOT B JIC'-!CHHH TaKTTX naTOJIOfliH, KaK pcB­

MaTOI1L(HbiH apTp11T, ncoprra3 11 ,ll,pyrrre ayrOTTMYHHbiC 3a60JICB<UIIIH, CBH3alf­

Hb!C C TCM, 'ITO 11MMYHHa5! CHCTeMa H3'II1HaCT peariipOB3Tb Ha C06CTBCHHb!C 

TKaHH Opf3HI13Ma II Bb!pa6aTb!B3Tb aTaKYIO!l(TTe HX naTOJIOfTT'ICCKI1e aHTIITCJia 

(a yroaHTTTTCJia). 

HO 

779 OH OH 

X=NH2 
X=H 

CIIHTC3bl a3ai1H)J,OJIOB II apyriiX 3aMCll(CHHh!X IIIIppoJio[3,2-d]riiipi1MIIL(I1-

HOB onHcaHbi TaK%e B [ 641]. UeJibiO nauuoi1 pa6oTbi 6&m noHcK aroHHCTOB 

5-HTwpeuemopoB. 0JJ,HOHII3 ITpC,Il,ITOCbillOK 3TOfO HCCJieL(OBaHIDI HBHJIOCb BBC­

;xeHHC B MeJJ,HUHHCKYIO npaKTIIKY yiTOM5THyroro Bb!WC JICKapCTBeHHOfO npe-

l 
t 
i 

! 
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llpenapaTa HH,nOJibiiOro pJILia C)'MaTpHIITaHa. IJo,nxo,nbi K CHHTC3)' IJ;CJICBbiX CO­

C):IHHCHHH OCHOBaHb! Ha pCaKIJ;Hlf Jleii:Mrpy6epa- oaqo. oa3Hpy.HCb Ha JTOM )I{C 

ITO):IXO):IC, rrpe):lnpHHHMaiOTC.H HHTCHCHBIIh!C )'ClfJIH.H (642) no IIOHCKY 11HrH6HTO­

pOB Klf!Ia3, no nmy panee OTKphrToro mrrH6HTopa, npc.ncTaBJI.HIOliiCro co6oil: 

nHppOJilfJI-2-MCTHJICHOKCHH):IOJI (780 ). 

f 
0 

780 

C11JITC3 O):IHOro 113 cro a!laJIOI'OB (781) OnHCaH no CXCMC 426, HCXOL\5! 113 

2-XJ!Op-3-l!HTpo-4-MCTHJinHpH):IHIIa (782) 'ICpC3 npOMC)I{)'TO'IHbfH 5-(II11pl1-

t(I1JI-3)-6-a3aOKCI1H):IOJI (783). IIoJI)"'CHHhiil: rrpo.nyKT (781) npo5!BHJI BbrcoKyiO 

l1HI'I16HpyiOIU)'IO aKTI1BHOCTb no OTI!OIIICHHIO K K11!Ia3aM. 

ayyMe 

N~N~ 
782 

783 

-

CxeMa426 

~BEt2 

~-_) 
N 

• 
Pd(PPh3)4 

Br 

NMe2 

H2/Pd/C 

• 

Br Hz/Pd!C .. 
0 

781 0 

Me ta 

~cllA,l::. 

N~ 

f 

N-6poM­
cyKIUillliMH,n 

• 
t-BuOHIH20 

• 
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HccMoTpH Ha O'ICBH.lUIYIO 3cp¢eKTHBHOCTh rrpHMCHCHHJI, MCTO.U Jieil:M­

rpy6epa - Ea'IO, KOHC'ItiO, HC 5IBJI5ICTCH C.UHHCTBCHHh!M CHHTCTH'ICCKHM IIO.U­

XO.UOM K HH.[(OJibHhiM rrpOH3BO.UHhiM, B XO.UC KOTOphiX HCI10Jlh3YIOTC5! aMH.[(- H 

JiaKTaMaueTaJIH. B pa6oTe [643] HJyqeHa peaKU:HH aueTaJJH N-MCTHJTIIHppom1-

.uona-2 C CH3MHHOKCTO!IaMH (784), B pC3YJThTaTC 'ICfO pa:;pa6oTaH HOBh!M MC­

TO.U CHIITC3a 4-apiUI-aMHH033MCIUCHHhiX HH.UOJIHIIOB (785) ( CXCMa 427). 

11 .OMe + 

l.____NAOMe 

II 
R 

CxeMa427 
R2 

784 

R2 

• 

785 

R3 
N..--

14 
R 

)J,pyroti HIIL\OJihHblH CHIITC3 pc<UIH'.lOBaH (644j HCXOL\H 113 CH3MIU!OllHKCTOH3 

(786), IIOJIY'let!HOI'O KOHllCHC3UHCi1 )l!DTI1JI3U:CT3J!H )lHMCTHJHjlOpM3MI1)!3 (1 b) 
no aKTHBHOMY MCTHJICHoBoMy '.lBCHY .llHMCL!OHa. Coe.UHHCHiie (786) rrocJie.uo­

naTCJihHO rrpeBpaliiCHO B 2-UI!aHO)lliMC.UOH (787), 3-3TOKCII-2-l!lfaHo-5,5-.UH­

MCTliJIU!fKJIOI'CKCCH-2-oH (788) l1 3-3TOKCHKap60H!1JIMCTHJiaMIIH0-2-U113H0-

5,5-)lHMCTHJIUHKJIOI'CKCCH-2-oH (789). UHKJIH3aUHCH rrocJie.UHero B ycJIOBH5!X 

peaKUHH Toprra - UmJiepa CIIHTC3HponaH 2-3TOKCHKap6oHIIJI-3-aMHHo-5,5-

.lliiMCTIJJI-4, 5, 6,7-TCTpari1.UpOIIH.[(OJTOH-4 (790), II3 KOTOpOfO )laJICC pCaKUH5!MII C 

3MHL\3UCT3JICM (1 b) II aMIIH3MI1 IIOJlY'ICHbl IIpOII3BO)J,HblC IIIIpHMII.ll0(5,4-b)-

11H.[(OJTa (791) (cxeMa 428). 

CimTc3 no Toprry- UnrJiepy rrpnMCHCH Ta!QKe n pa6mc [645] .llJIH noJIY­

'ICHHH l-MCTIIJI-2-3TOKCIIKap60HHJI-3,5-.U113MIIHOa3ai1H)lOJia (792) H3 2-XJIOp-

3-UH3H0-5-Hl1TpOIIIIpii!l,HHa (793). )J,aJICC C HCIIOJib30B3HHCM aUCT3JihHOf0 

CIIHTC33 'ICpC3 LU13MII)!HH (794), IIOJIY'ICHHhiH KOH.UCHC3UI1CH C 3UCTaJICM (1 b), 
IIOJIY'leH 5-aMHHOTIIIpiiMlfL\0(5,4-b)a33HH.[(OJI (795) (CXCMa 429). 

AMHL\- l1 JiaKT3M3UCTaJIH OK33aJIHCh BCChM3 IIpHBJICK3TCJibHblMII IICXO)!Hbl­

MH COC)!IIHCHHHMH .UJIH IIOCTpOCHH5! IIHpii.UOHOBOI'O l1 6CH30,1hHOI'O UHKJIOB. 

CooTBCTCTBCHHO HCIIOJih30BaHHC aucTaJieti JiaKTaMOB (3 a-c) B pcaKUH5IX c 

rrcpBH'IHhiMH cHaMHHaMH, HarrpHMep, c P-aMnHoKpOTOHOBhiM 3cpnpoM (796), 

o6ecriC'IHB3CT npaKTH'IHbiM IIO.[(XO.U K CHHTC3Y KOH)lCHCHpOBaHHhiX IIHpH!l,O­

HOB-4 (797 a-c), B TOM 'IHCJIC 11 f!HpH)lOHOB, 3HHCJIHpOB3HHh!X C ITHTII'lJICHHhiM 

IIHppOJihHb!M UHKJIOM, T. C. 7-a33HHLIOJIOB (797 a) (cXeMa 430, C. 294) (408, 646). 
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CxeMa428 

Do " £(0 

NM NH20H·Ha Do ~oan 
Me ---+- Me e2 Me -

AcOH 
Me 0 Me 0 Me OH 

0 786 0 787 

M ~CNH2NCH2COOF.t D CN EtONa/EtOH 
- e~. Me 

Me OEt Me M~Et 
788 789 

illo NH2 £Do N~NMe2 
Me lb Me ~ R'NH2 

- Me N = Me N COOF.t 
790 H H 

0 

-Me 
N,R' 

0 

CxeMa429 

• 
OzNYYCN OzNt)CCN H2NyYCN 

~--~ I ~--~ ~ ::-,_N a :::-.. N~COOF.t N N COOEt 
793 I ~ 

H2N~NH2 ~ lb ----. I -
::-.. 

N N COOEt 
I 

792 Me 

PhCH2NH2 

• 
795 

Me e 

NMe2 
Me2N~NUJ(N--/ 

• ~ I 
::-.. 

N N COOF.t 
I 

Nl 
N 

'CH2Ph 

794 Me 
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(X)()Et CxeMa 430 (X)()Et ~1 'L:Jt• + j(-''rJJ( ~ ('r )l,,_,~ 
I OEt HzN Me y Me ~ ii Me 

Me 796 Me Me 797 a-c (n = 1-3) 

flO,ll,06tiOro TI1I!a peaKIU15i f!OJiyqeHH51 3aMCIHCHHb!X, HO HC KOH,ll,CHCI1p0-

B3Illlb!X fl11p11,ll,OIIOB-4, ma,ll,KO npOTCK3CT 11 npH I!p11MCHCI!lfi1 ,ll,H:JTHJiai~CTami 

N,N-,1:\HMCTHJiaucTaMHf\a (1 d). 
B CYUHIOCTH Ta )KC MCTO)lOJIOfi151, 'ITO 11 .IlJI51 IIOJIY'ICHHH KOII,ll,CHCHpOBaH­

IIbiX (H HC KOH,ll,CHC11pOBaHJiblX) !!HpHJl.OIIOB-4 (797), 6hiJia l1CIIOJ!b30BaHa 11 .Il,JUI 

C11HTC3a KOH,ll,CHCHpOBaHJiblX 6eH30JIOB- 11H)(OJIOB, XIIHOJIHIIOB 11 6CH3a3CIIH­

HOB (798 a-c), paBHO KaK 11 M51 C03.I(aHI151 TCTpa:>aMC!HCHHbiX !IpOH3BOJlHbiX 

6cmoJ1a (799) [647]. B :noi1 pa60Tc H3Y'ICHhi peaKUHII JiaKTaM- (3 a-c) u aMH,ll,­

~u~cTancti ( J d) C TpCTH'IllbiMH CWIMHIIO:J<jlHpaMH (800) II UIIKJIII3aUHII (B 'IaCT­

HOCTI1 11 B 11H,ll,OJ!bl) IIOJiyqCHHb!X ,ll,HCH,ll,IIaMIIHOB (801, 802) (CXCMa 431). 

CxeMa431 

EtOOCXCN 
+ ----4•• 

Me NMez 
800 OH 

(CH2)n~OEt 

eN OEt 
I 

Me 3a-< 

(CHz)n )J(EtOOC CN (CHz)n :()(CN c . c 
f NMez f NMe2 

Me 801 Me 798 a-c OH 

800 u~~ CN (n=l-3) b:CN 

Me, Me, 
N NMe2 N NMe2 I I 
Me 802 Me 799 

Me 

)<OEt 

Me2N OEt 
1d 

4.1.lc. TuotlJeHhl 

C!1HTC3bl THOtPCHOBOfO 51J(pa C HCll0Jlh30BaHHCM aMH,ll,aUCTaJICK BCCbMa HC­

MHoroq!fCJICHHhL B )l,aHHOll MOHOrpa<jlHH npHBC)J,CM CJICiJ,YIO!HHC HCCJIC)J,OBaHH51. 

1. UHKIIH3aUHH no Topny - U11mepy 2-aueTHJIMCTHJITH0-3-uHaHo-5-

l-6cH30TpHa30JIIIJI-6-MeTI1JlnupH,ll,HHa (803), npOTCKatOJH(I5! ITO)], B03,ll,CMCTBHCM 

aUCTaJI51 (1 a) C llOCJIC,ll,)'lOJHllM aMH,ll,llHOBb!M CHHTC30M, npHBO,ll,HT K 3(1MhiKa-
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IIHIO THOtPCHOBOro UHKJia C o6pa30BaHHCM 2-aUCTHJI-3-,ll,HMCTIIJitPOpMaMH,ll,ll­

II0-5-l-6emOTplla30JII1JI-6-McTIIJITI1CH0(2, 3-b ]nHpll)J,IlHa (804) r 648]. UHKJIH3a­

l(ll51 llOCJIC)l,HCfO llpil HarpcBaHHH C fH,ll,pH,ll,OM HaTpJUI o6ccncqiiJia CHHTC3 re­

n:pOTpHUiiKJia (805) ( cxeMa 432). 

CxeMa432 

/" ~ '/" /" 

'/" I ta \ I COMe 

Me N S COMe MeXX>-N s 

~Nxx K<~.: ~N ~ NaH, ~ 
CN KJfileHHe, I I 4q N 

N::= N 803 N== N 804 '1 

~
Me-.,_ :;::::.N, ~s, ,? NMe2 

N y_.- y-

1 NH 
N::=N 805 

2. B pa6oTe [649] ,ll,IlMCTIIJiaMHHOMCTIIJieHnpou3BO.IJ.Hbre UHKJiorcKcaHJlH­

oHa-1 ,3 (806) Il ,1:\IIMC,ll,OHa (807) llpll KOll.,ll,CHCaUHH C THOUHa!laQCTaMil,ll,OM 

(808) ,ll,aiOT 3aMCUJ.CHHbre 3-uMaHOXIlHOJIHHTilOHhi-2 (809), S-anKIIJiupoBaiiH­

cM KOTOphiX 6poMaUCTOtPCHOHOM llOJiyqCHhl 2-6CH30IIJI-3-aMilH0-5,6, 7 ,8-TCT­

panl,ll,pOTHCH0(2,3-b]XI1HOJII1Hbl (810) (CXCMa 433). 

0 

D 
0 CxeMa433 

1a -6: 
R -

R NMez 

R 0 
R=H,Me O R 806,R=H 0 

0 

NCCH2CSNHfuCN 

~ -R 

R ~ S 

PhCOCHz:ro807, R~ 
• 

R N R 
809 Sai2COPh 

0 

CO Ph 

810 

4.1.ld. PeaKIJ,uu aMH)laueTa.Jieil: c npon3BO.llHbiMU miTnqJieHHbiX 

reTepouuKJIOB c O,ll,HHM reTepoaTOMOM 

IlpC,ll,hmyiUHC pa3,[(CJihi fJI. 4 llOCB5IJHCHhi yqaCTHIO aMI1.Il.aUCTaJICM B KOHCT­

pyHpOBaHHH ll5!TJ1q]ICHHhiX reTepouuKJioB c O,ll,HHM reTepoaTOMOM. CJie,ll,yeT, 

O)J,HaKO, OTMeTHTh, qTO 3HaqJ1TCJibHOC q!fCJIO IfCJIC,ll,OBaHMM TIOCB5IlUCHO MOJJ:M­

<fmKaUIIH CTPYKTYP, J)Ke CHHTe3MponaHHhiX ,ll,pYfMMH MCTO,ll,aMM, reTepounK-
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JIW!CCKHX COC,[(llHC!IllH I1p11 peaKJJJUIX C a]JCTaJIHMII aMI1,[(0B 11 JiaKTaMOB. 11MCH­

HO TaKI1C llpOUCCCbi 6y,n:y-r paCCMOTpCHbi B ,[(aHHOM pa3,[(CJIC, llpWICM I10p51,[(0K 

l13JIO)!(CHI151 6y,[(CT COXpaHCH (OT <J:>ypaHOB K T110<J:>enaM) 11 B PMC CJiy-taeB B 3TOM 

MaTCp11aTJC 6y,n:yr I1pl1BO,[(l1TbCH CBCL\CH!151 0 IlO.TJy<-lCHl1H ,n:pymx (•!aCTO HC IDI­

THqJJCHHblX) fCTCpOL(HKjJOfi, KOTOpb!C, CCTCCTBCI!IIO, HC 6yJWT BKJTIO'ICJlbl B 

ITOCJIC,[(YIOIIU!C rJiaBbl, CIIC]JII<L1bHO I10CB51ll(CHHb!C JTI1M fCTCpOL(HKJiaM. 

4.1.1 d 1. <l>ypaHbi 

B pa6me [650] OI1HCaH CI1HTCJ p}!,[(a aaanoron 113BCCTHoro ,n:11ypcT11Ka <J:>ypo­

ceM11.Ua. 0 KOTOpOM Y)!(C !1p11BC/l,CHa 11H<jJOpMaL(J.I}lll pa:l)L. 3.2.3 (eM. CXCMY 321). 

0&C0011 
Cl~ 

S02NH2 tl>ypoceMH.ll 

H. a CXCMC 434 I10Ka'3aH llyTh K HOB hiM COC,[(HHCHIIHM :noro Tl1!1a (811 ), cpe­

Hl1 KOTOpblX o6Hapy)!(CH p5!,[( BLICOKOaKTIIBHb!X BC!llCCTB. Cxe.Ma BKJIIO'!aCT 

peaKIJ_J.IIO aJJ_CTaJIH (1 a) 110 cynLcponaMH.UHOH rpy-nne, KOTopaH rJra,n:Ko 11pore­

KacT B MHTKHX yciiOBHHX ()J,M<l>A, 6()0C, 30 MHH.). 

CxeMa434 

-:?' 1 a -:?' -:?' Cl F Ci:(JF Cl F 

I .. I -------• I -H,NO,SD / NO,S "' / NO,Sn:SO,Cl 
Me2N Me2N 

I~ 
CJXXNH - -:;/" 

~ N0:2S :::::.... I SO:JNa (K) 
Me2N 811 

EeH3o<J:>ypaHLI, co.nep)[(aiiU1C aueT11JihHhiH JaMecrnreJIL n rroJIO)[(CHI111 5 11 

rn,n:poKc11rpyrrrry n rroJIO)[(CHI111 6 6mmKJia (812), peampyiOT c aueTancM (1 a) 
C o6pa30Balli1CM o-rl1)lpOKCI1CHaM11HOKCTOHa (813) KJIIO'ICBOTO 11CXO,[(HOf0 L\JI5I 

CI1HTC3a rrHpaHo[2,3-f]6eH3o<J:>ypaHOB (814-817) (cxeMa 435) [651]. AHanom'I­

HLie CI1HTC3hl OI111CaHbl Ta]()[(C B ny6JII1KaU1151X (652, 653]. 
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CxeMa435 

OMe 0 OMe 0 

~NMez 

R 815 

R 816 

ITo TOMY )I(C rrp11HUvmy, HO ,[(JI5! CI1HTC3a 2-oKCOII11pano6en3ocpypanoB 

(818), !1crrom,JoBaHLI 6eH3ocpypanonhr-3 (819) (cxeMa 436) [654]. 

CxeMa436 

R~O R~O CHz(CX)()Me)z 

~n) Et~~T.KHII. ~0~NMe2 
819 ° 
__ ..,.R~oyo 

~0~ 818 CX)()Me 

f11,n:p11p0BaHHbiC <J:>yp0,[(110KCOJiaHbl (820) Cl1HTC311pOBaHbl llyTCM 33MbiK3-

111151 ,[(110KCOJI3HOBOfO {J_MKJia IIpli HarpcB3HIII1 ,[(11fl1)(pOKCII<J:>ypaHOBbiX I1pOII3-

IIO,[(HbiX C )(li3Tl1JI3IJ_CTaJICM ,[(HMCT!1JI<J:>opM3Ml1,[(a (I b) (CXCMa 437, C. 298) (655). 

Kon,n:enc11ponaHHLie c ¢ypaHOBhiM H rwo<J:>enoBLIM IJ_IIKJiaMI1 rr11pH,n:OHhi-4 

(lUI) 11 4-apHJI3MHHOllHpll,[(I1Hbl (822) CI1HTC311pOBaHbl ITO CXCMC 438, C. 298, 

IICXO,[(H 113 2-Kap6aJIKOKCH-3-aMHH06CH30QJypaHOB (823) 11 2-Kap6aJIKOKCl1-

l aMI1H06CH30TI10<J:>eHOB (824) llyTCM KOH,[(CHCaU11H C 3UCTaJICM (1 a) C llOCJIC)(y­

IOIIJ;CH IJ_HKJIH33UHCH B ITpl1CyTCTBI111 6yTHJIJIHTl151 (657). 

BmKHbiH CllOC06 Cl1HTC33 KOH,[(CHCHpOB3HHbiX <J:>ypaHOB OCHOB3H Ha pe­

:IKI~HH 6ympOJiaKTOHa C 3UCTaJICM (1 b), H nonyqeHHbiH CHaMHHOJiaKTOH (825) 
:tiiKI1JI11p0BaJIH <J:>rop6opaTOM 1'pl13Tl1JIOKCOHI151 (826), 11llOnyqCHHYJO llpl1 3TOM 

f 
f, 
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CxeMa437 

lb 
• 

Ph~o--J. Ao ~~0--JH 
\-( HCl,ffi~12 1 \-( 

CHzCib 18'1 

Ph II 0 Q;:Ph I Ph -rr- 0 OH 

0 II L 0 
Ph 

• 
Ph-rO 820 

0 

~xymoR la 
C.••·~xyax>R ·:;; 

~N~NMez 
NHAr 

~ KHini'ICHHe,2'l 
• 

823, X=O NHz 
824, X=S 0 

CN 

I) POCI3 

• 2)ArNHz 

821 

CN 

OKCOHHCBYIO COJih (827) llpenpaW:aiOT B al(CT3Jlb (828), KOTOphiH O,[(HODpCMCHHO 

5JB,15JCTC5l 11 BHHHJiorwiHbiM aMH.L:(al(eTaJiel\1, 11 JiaKToHaiJ,eTaJieM. PeaKUH5l 3TO­

ro aKTHBHponaHHoro coe,[(HHCHI15l c N-(pCHI1JII~HaHat:(eTaMI1.L:(OM rJia.L:(KO rrpH­

BO)J,HT K f!JyponHpli.L:(OHy (829). AJihTCpHaTIIBHblfl MCTO)J CI1HTC3a 611UI1KJia (829) 
pa3pa6oTaH nyreM rrpenpall~CHI15l 6yfl1pOJlilKTOHa B ,[(II3THJI3UCTaJih (830), KO­

TOpblH npu HarpenaHIIH c N-¢eHHJIUifaHaueTaMH.L:(OM npenpaw:aeTC5l B 3aMe­

W:CHHhiH BHHJ1JIJiaKTOH (831), H ITOCJIC.L:(HHH np11 HarpenaHHH C aUCTaJICM (1 b) 
UI1Klli13YCTC5l B UCJICBOH (829) ( CXeMa 439). 

C11C.LJ:YCT CKa3aTh, l.JTO TIO.L:(06HhiH MCTO,[(, HO Ha OCHOBC JlaKTHMHbiX 3cplf­

pOB (7 a-c), ,[(aJI BOJMO)f(HOCTb pa3pa6oTaTh HOBhlH MCTO;:I, CI1JfTC3a rrp0113BO,[(­

HblX rmppo11o-, rmpH)JO- 11 aJenHHO[ 3,2-c ]rmpH.!\OHOB (832). B 3THX c;ryqaHx 

KOH,l\CHCal(H5l JiaKTHMHbiX 3cj;lHpOB C L(HaJ-Ial(eTaMH,[(aMH IIp11BO)J,l1T K UlfKJIHl.JC­

CKliM BTOpWIHbiM CJ-IaMHHaM (833), npH KOH)J,CHCal(IfH KOTOpbiX C .!\If3TlfJial(CTa­

JICM (J b) o6pa3YIOTC5l ,L(lfCH,L(HaMHI-IbT (834), CCJIH KOMTIOHCHThi HarpeBaiOT B 

KCHJIOJIC, HJIH cpa3y 6HIJ,HKllbl (832), CCJIH Harpen BCJ\Yl B .[\11MCTl11IcpOpMaMH,[(C 

(cxeMa 439) [657]. 
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f100,!J,0Jl)K35I 06C)0K.!l:CHI-IC 3UCT3JICH ,laKTOHOB, a HMCJfl!O aqCTiVI5I (830), 
CJICLIYCT YK313Tb, qTo Oil HC peariipycT (B OTJII1'Il1C OT 3ljeT3JICH JI3KT3MOB, CM. 

Hl1)1(C) C 3qmpaMII 3HTpaHHJIOBOH KHCJIOTbl [658]. IJ03TOMY B ::JTOM pa60TC 6biJI 

ll3M,ll,CII aJibTCpH3Tl1Bllb!H ITO,ll,XOL( K CIUITC3Y <iJypOXHI!OJIOIIOB (835) ( CXCMa 439), 

33KJII0'!310ll(l1HC5l BO BBCL(CI!l111 B peaKU11IO C <UITpaHHJIO!lbiM :JqmpOM 6op<iJTo­

p!I,ll,HOfO KOMI1JICKCa (836). IJOJTY'lCIII!biM IIMI11IO:.JqJHp (837) np11 narpCB3HI111 

B 6yri1JTOBOM CII11pTC B llp11CYTCTBIII1 6yTIIJiaTa IIaTpmi JICrKO TpaiiC<jJOpMIIpy­

CTCH ll (835). 

4.l.ld2. f1Hpp0Jibl 

HoBbiH CI1HTC3 ;III( l-MCTIIJia3<liHfKJIOaJIKCHO) j2,3-b:2', 3' -d jrriip11!liiHOB (838) 
pa3pa60Tal! Ha OCHOBC B3ai1MOD,CHCTlllUl aUCTaJidi JiaKTaMOB (3 a-C) C nep­

Blf'!Hh!Ml1 aM!IJ{aMII. IJepBOI!a•JaJ!bliO IIpii :JTOM o6pa:Jy!OTC51 ai!l1m1Ml1JlliHbl 

(839 a-c), KOTOphre, y%e KaK CH-KIICJIOThi, cnocooHbi f{ancc BcTynaTb B KOH­

ilCHCat!I1IO C JiaKTaMal{CTaJUIMII C BhiXOJjOM K 1~11KJII1'!CCKI1M CHaMJ1HOaMI1,ll,II­

Ha~l (840 a-c). UHKJII13ai\11H nocJICfllii1X np11 uarpemUII111 c XJiopoKHChJO <Poc­

qJOpa llj)HBOJ\IIT K Tj)I1UIIKJiaM (838 a-C). B CJiy'laC, KOf!l<l B peaKLU110 BB0Jji1JIC51 

ili1MCTHJTai!CTaJib N-MCTHJJimppoJIHAOHa (3 a), yAaJIOCh rrponccT!1 apoMaTI13a­

L!l1IO (838 a) 11 B Ka'ICCTBC KOHC'IHOf"O fl]JOJIYKTa Bh!i(CJII1Th a3aHIIL(OJI, aHHCJII1-

j)OllCII!HbiH C fll1j)j)OJ111llJ1HOBhiM UHKJlOM ( 841) ( CXC!>1a 440) j659j. 

CxeMa440 M e, 
(CH:i)n 1 Ar{X)NH2 (CH:i)n I 3a-c iN~ POC!3 e NX ~= 20"C, IT<l> l .A / COAr (CHz)n (CH:i)n -

N N I-
I 1 ~ ~r 

Me 3 a-c Me 839 a-c (n =1-3) ~ ~ 
Me 840a-c 

-li
Me, /'( 2)n Ee"N ~ 

,!VIlin =1 

(Giz)n (CHz)n Y"' 

eN N eN ~N 1 

I I 
Me 838lM: Me 841 

B 11CCJIC)J,OBaHHI1 [ 660), HarrpaBJlCHHOM Ha nOHCK HOBbiX aHTafOHI1CTOB 

O:IA -a,ll,pCHO]JCUCIITOpOB, B K3'1CCTBC <<3arOTOBKM>> 11CfiOJib30BaH 3MI1,ll,I1H (842), 
ITOJly<ICHHb!H ITYTCM B3aHMOJlClkTBI151 4,5-A11MCTOKCI1aHTpaHHJIOBOTO 3<iJHpa 

(843) c ,LJ,l1MCTI1JiaueTaJICM (I a). B3ai1MOJlCHCTBI1CM 3TOro aMI1,ll,I1Ha c 6eH311-

30IIHJlOJihHhiM COCJli1HCHI1CM (844), HMCI0ll(I1M B Ka'!CCTBC 3aMCCTI1TCJI51 rrpH 

ll11pp011hHOM 330Te aMHH03TI1JlhHYIO rpynny, CI1HTC311pOBaHO UCJICBOC COCJll1-

4. I. fhtmu'L!IeHHbte 2emepo4U/Ulbt 301 

I!CHI1C, CO)J,Cp)KaWCC TIHpl1MI1)1,111!0HOBb!H U11KJ1 (845), B03HI1KaiOll(I1M B npo­

UCCCC KOIIJ!CHCaUJ111 COC,Zll1IICHI1H (842) 11 (844) (CXCMa 441). 

H2NyyoMe 

EtOOC~OMe 
843 

TsOH 
W!OKC3H, 
KliTTCHlfe 

• 

Me 

CxeMa441 

Me2N, 

----N:oOMe ta Y"' 

- I + .[(M<l>A, ~ 
KlilleHHe EtOOC OMe 

842 

Me 

N~:XxO OMe 
N -:/"' 

845 1 

~ ~ OMe 

NH2 

nyoJII1K<llll!5! [ 661 j IIOCB5llllCHa 11CCJie),OB3Hl110 fCTC]JOUIIKJIWJaljl1fi N-l{lla­

IlO- 11 N-Kap6aMHJlO:tMl11!HHOB (846, 847), npoTCK<l!OlUIIX no)J, Bo:J!.lci-i.cTBJtc\1 

;l:H"HIUiaucT<VUI JU1Menm¢opMaMI1,L(a (I b). YKa3aHHbie aMJ1Jli1Hhi IIOJIY'ICHbi pe­

<lKUitcii JI3KT11MHbiX 3<jmpoB (7 a-c) C l(HaHaMI1,ll,OM 11 MO'ICBI1HOH, a I1X pcaKUHI1 

C 3UCTaJICM (J b) l1Jl'yT 1!0 p<HJ1l1'1Hb!M HanpaBJICH!15IM -· B CJIY'Iae (846) HjTCM 

KOI!JlCHcamm no noJIO)I(CHJ1IO 3 Hacbill(eHHoro a3areTepOU11KJla c o6p<nona­

Hl1CM eHaMHHoaMI1,ll,IIHa (848). B cJiy"fae )I(C aMI1,ll,HHa (847) aueTaJib aTaKyeT 

no nepBWI!IOi1 aMHtwrpynnc, B pe3yJihTaTe qero B03HI1KaeT N-.U11MCTI1JlaMIIHo­

MCTHJieHoBoe I1p0113BOJ{HOC (849). f1p11 UHKJII13aU1111 (846) ITOJiy'ICHbl KOl!JlCH­

Cl!pOBaHHb!C I111pl1MI1)1,11Hhl, COJ{Cp)l(all(I1C 2-aMHHOrpyrrrry B 11Hpi1MH,Zll1HOBOM 

UHKJIC (850), l13 (847) CI1HTC311pOBaHbi aHHCJII1j)OB3HHh!C 1111pl1MHJ{HH0Hhl-2 

(851). Ilpe)I(Jle qeM 11306pa311Tb 3Ty CXCMy, XOTCJIOCb 6b! o6paTHTb BH!1MaHHC Ha 

npHHUIIIIIIaJibHbie cTpYKTYPHhie oTJII1qiDJ N-ul1aHnpomsoJIHhrx (846) 11 N-Kap-

6aMI1,ll,orrpoi13BOJlHbiX (847), KOTO]Jb!C B pa60Te Bbi51BJICHbl riYTCM 113MCpCHIDI HX 

OCHOBHOCTI1. 0Ka3aJIOCb, 'ITO ITO OCHOBHOH CI1J1C 3TH 3Ml1.,Ll,HHbl ,T(paMaTHl.J:CCKI1 

OTJIH'!Hbl Jipyr OT Jlpyr·a - rrepBb!C HCCpaBH11MO MCHCC OCHOBHbi. ECJII1 pac­

CMOTpCTb !1pOTOHHpOB3H11C Ka)I(JlOI'O H3 aMI1,ll,HHOB, 3TO CTaHOBHTC51 nOH5ITHb!M 

(cxeMa 442, c. 302). 

fionee npoCTpaHHoe conp5I)I(CHI1e B pe3oHaHcHOM ru6pi1,LJ,e B, '-ICM B A, 
YK33hiBaeT Ha 66Jibiiiyro CTa611JII133IIJ1IO KaTHOHa, o6pa3yiOll(CfOC5I H3 (847), 
qyo l1 o6ycJiaBJII1BaeT 60Jihlllyro OCHOBHOCTh 3TOrO 3MI1JJ:11Ha. I10-BI1,ll,l1:\10M.)', B 

CTpyr<Tyj)HbiX pa3JIW!l1HX Kp0CTC51 H npW!I1Ha TOI'O, qTo 3Ml!JlHH (846) BbiCTyrlaCT 

I 
1

1 

···I !I:, 
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CxeMa442 

(CHz)n 1- (CHz)n A It (CHz)n I (CHz)n I 
l_ ,~- c c .A+_. C+,~ 

N OMe N -CN N N-CN N N-CN 

~ 
o H 846 H I H I 

_lL A H H 
H2N NH2 

(CHz)n - I - OH I - OH 
H+ (CHz)n~ (CHz)n~ + 

o - "'-.. 1 .-- "'-.. II c ~ II N N-c=-t:ffi N N-C-NH2 
N N-C-NH H 2 H 

H 847 
2 

'-:: 

(CHz)n~ OH 

C~AN=b-NH2 
H 

B pealCl(HH c aMH.UaueTaJICM KaK CH-KHCJIOTa, a aMH.LLHH (847) - KaK aMHHO­

np0113BO.UHOC- Tenepb npHBC.UCM cxeMy 443, rroKa3biBaiOmyiO CHHTC3 n11p11MI1-

.UHHOBhiX rrpOH3BO.[(HblX (850 H 851) 113 o6cy)!(,llaCMhlX aMH,UHHOB. 

CxeMa443 

~ NH ,F.tOH, ~ 
(CH(~ tb (CHz)n .A" NMe2 isooc (CH( _A __ ;l 

N N-CN eN N-CN N N NHz 
H~ H~ H~ 

''tN-:lN_t:,• 'l~N-:LN_L,J~"'(1"):o 
H 847 H 849 H 851 

)J,ocTaToqHo 06bNHhiH aiJ,eTaJibHhlll CMHTC3 IIMppoJIOIIllpH,UOilllpH,Ua3IIHOB 

(852) [662] c yqacTHeM aueTaJUI N-MeTIIJIIIHppoJIH.LLOHa-2 qepe3 cooTBCTCTBY­

IOll.liiH aMH,UIIH (853) rrpe,UCTaBJICH Ha CXCMC 444. 

I I I 

MeO ll 

N:x;:NH2 MeOAN,.) 

N~ Me 
0 

Ph 

CxeMa444 

Me 
I 

oc;N=Q N~N-....;:: re 
0 ___.I I 

N~ 0 

852 Ph 853 Ph 
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He oc-raHaBmtBa51.Cb Ha Bcex orry6JIHKOBaHHbiX IICCJIC.UOBaHmix, rrocB5lll.lCH­

HLix peaKUH5IM aMu.uau:eTaJieil c rriippoJico.uep)!(amHMH coc.ui1HCHH5IMH [ 663], 

(664-680], OTMCTifM HHTCpCCHOC 3aMhJKaHHC a3CIIHHOBOfO U:HKJia (854) Ilpll 

Bh!COKOTCMIICparypHOM pC)!(IIMC IIHppOJibHOfO aMHHOKCTO.[(IICHa (855), IIOJIY­

'lCHHOfO B3ai1MO.[(CHCTBIICM 2-aU:CTHJIBHHHJIIIHppoJia (856) C aJ]CTaJICM ( 1 a) 

(cxcMa 445) [664]. 

CxeMa 445 
nrrni'IeHHe a I 

XHHO.JlllHe, 16 'I 
200ac ~~~~ KH~:CHHC 'Dv~NMez .. (._--~~COMe N -~~ II ~ H 855 0 856 

0 

Koi!JICI!CHpoBaHHhiC rmppoJJo[3,2-d]m-!p11MHJJJ-IIlhi (857), npmiBHBlllHC B 

6!10JI0['11'JCCKOM 'JKCf!Cpl1MCHTC rrpOTl1BOrCpHCCHOC ,1.\CHCTBlfC, CI1HTC3HpOBal!bl 

o6hi'IHhiM o6pa30M ( cxeMa 446) [ 665]. 

CxeMa 446 
CN CN 

m Nllz l mN~NMez 
(C a (CHz)n '-':::: RNHz .. 

L L_N-
COOEt CN COOEt 

.. 
N....._ 

R 

0 

IJOJIY'ICHHC 11HppOJI0[2,3-d]n11p11MH,UHHOB OIIHCaHO TaK)!(C B ,Upyroi-i pa60TC 

[ 666]. HccJIC.UOBaHHC. nocB5Ill.lCHHoc peaKU:H51.M JiaKTaMarrcT<UICH c 3aMemeH­

HhiMH 6CH3aJib,UCfll,UaMU, llO.[(TBCp)!(,llaCT CKJIOHHOCTb aU:CT<lJICH JiaKTaMOB K 

3JICKTpOrp11JihHOMY 3aMCll]CHHIO B IIOJIO)I(CH11H 3. iloKa3aHO ( 667], 'ITO ,1.\IfMC­

THJiaUCTaJib N-MCTHJIIIHppoJIH.UOHa-2 BCTynaeT B peaKU:Hif c 6eH:iaJih.[(eru.uaMH, 

3aMClHCI!I!b!MH KaK 3JICKTpOHO,L\OHOpHhiMH, TaK 11 3JICKTpOHOaKUCllTOp!IblMII 

3aMCCTHTCJI5l.MH C o6pa30BaHHCM rH,UpHpOBaHHhiX rmppOJIO[ 2, 3-d j-1, 3-,UHOKCa­

HOB (858), KOTOph!C ,UaJICC MOryT 6h!Th rrpCBpaiJJ:CHhl B ~-apllJIBHHIIJil1Hppo­
.TIH,l.IOHbi-2 (859) (CXCMa 447, C. 304). ilpC.[(JIO)J(CHHb!H MCTO,l.\ 5IBJI5ICTCH BCCbMa 

I1p11BJICKaTCJlhHblM CIIOC060M IlOJiy<ICHH5I T3KHX ap!illBHHHJIJiaKTaMOB, 'ITO He 

TaK JierKo .uocTM'Ih c rrpnMeHCHHCM LIPYTMX no.uxo.uon. 
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CxeMa447 

R 

OHC~ 

GOMe+ AJ 
1 OMe R 

~ 

Me R= N~, Br, Cl, F, OMe 

R R 
CIIH)YIOBaJI 

0 NaOH 

o)j OMe I 
858 R ~ Me 

t°C, 50% 
--- ... OH 

o r o 
Me R"i9 

I-fHTCpCCHO, 'ITO KOf,lla B peaKIJHIO C JiaKTaMaiJCTaJIHMH BBO!lHT O-aMllH0-

6CH3aJib)lCrH!l, o6pa3yCTC5l CMCCh 4-rll,llpOKCH-2,3,4,8-TCTparll!lpOnMppOJI0-

[2,3-b )XHHOJIHHa (860) H 2,3-)lHrll,llpOITHpp01I0(2,3-b ]XHHOJIMHa (861) (CXC­

Ma 448) [667]. 
CxeMa448 

OOM<O~I~-cl:D 
I OMe H2NV I N 

Me R=N~,Br,Cl,F,OMe Me 860 

·cCO 
I 

Me 861 

Tip11 HarpenaHIIH !lMMCTHJiaiJCTaJieif N -MeTHJI- H N -3TllliiTllpponll,lloua npH 

120-130°C B TCqCHHC 12 q C CHaMH.HOKCTOHaMH (862) o6pa3yJOTC5l 2,3-,lll1fll,ll­

pOnHpp01I0(2,3-bjnHpH,llHHhl (863) (cxeMa 449) [668]. 

ll ~OMe 
"N~Me 
~ R=Me,Ft 

CxeMa449 

+ 0~M< c;:OM, 
862 R 863 
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4aCTWIHhiM OTJJI.-IU3TC1IhHhiM 33p5!,ll B ITOJIO)I(CHHH 3 HC33MCillCHHOfO HH,!J;OJI3 

,!J;OCT3TOqeH, qTo6bi o6ecrreq.HB3Tb B03MO)I(HOCTh aT3KH 3JrCKTPOcpH1IhHbiX pc­

areHTOB no 3TOMY noJIO)I(CHHJO. Xoporno H3BCCTHhi TaK.He peaKU:HH HH)lOJIOB 

KaK peaKu:mi MaHHI!xa, np11BO)l5IIlla5I K rpaMHHY (864) HJIH ¢opMH1II!ponaHHe 

no BHJihCMaifepy no KOTOpoi1 Cl1HTC3HponaHe 3-cpopMHJIHH)lOJI (865) [669] (cxe­

Ma 450): 

~\ 
V-~/ 

I 
H 

CxeMa450 NM~ 

CH:zO+ rv:.~NH ~ 
V-~/ 

I 
H 

! POCJ3 
.z.t:McJ>A rpa.MHH 864 

CHO 

~ M~NH, NaBH4 

V-~l 
I 

I 
865 H 

J1aKTaM<U!CTaJrl1 TaiOKe KOH)lCHC.HpYJOTC5I no !10JIO)J{CHI110 3 III!,10Ha, K<lK 3TO 

nOK<l3a!IO Ha CXCMC 405 Bhi!UC. 

Y)!(e OTMC'i<!)JOCh, 'rro P-.UHKap6oHHJ1hHhJC coe)lHHCHH51, 5!BJUIJOI1111CC5I no­

cTaTO'II!O CHJihllhiMH CH-KHCJIOTaMH, JrcrKo 11 c BhiCOKHMH BhrxonaMH npH B3a­

HMoncifcnmH C aMH)l3L(CT<VI5!MH ITpcnpamaJOTC5! B CH3MHI!O)ll1Kap60IIHJihHb!C 

CHHTOHhl. 8CCbMa npHBJ!CKilTCJihHhlM 06'bCKTOM )lJI5i T3KI1X HCCJIC)lOBaHHM 5IB­

Jl51CTC5I TCTpilMI1HOBil5I KHCJIOTa (866) H CC ITp0113BOJlHhiC. TIOHh!TKa nOJrj"H!Th Ha 

l1X OCHOBC COC)ll1HCIH!5I, CTpYK'fYpHO 6IIH3KHC K ll3BCCTHOI\fY HOOTpOnHoMy rrpe­

l!apaTy !1Hpau:e-raMy (HOOTpOIIHJI, CM. pa3)l. 3.2.4) IIpC!lllpi1H5IT3 B paoOTC (670). 

Ea30BblM COC,ll11HCHHCM )lJI5I 113)'"-ICHJ.UI B03MO)J{HOCTI1 CHHTC33 HOBhiX COC)lH­

HCHHH, C!10C06Hb!X !1p05lBJI5lTh HOOTpOnHOC )lCHCTBHC, B pa60Te (670) 6hiJI H3-

6paH N-3TOKCHKap6oHHJIMCTHJinHppoJIH!ll1H)lMOH-2,4 (867), noJiyqCHHhiM !13 

TeTpaMHHosoif KHCJIOThi (866). PeaKI\HH (867) c ,llH3THIIailCTaJieM JJ.McDA (1 b) 
npOTCK3CT B MHfKHX YCJIOBli5IX, ll ITOJI)"lCHHOC )ll1MCTHJI3MHHOMCTHJICHOBOC 

rrpOH3B01JHOC (868) JlCfKO BCryiiaeT B pa3JIJ1qHhlC pC3KIJHH nepeal\!HH!1pOB3Hl15I, 

B 'IaCTHOCTll B peaKL(l110 C rpCHHJ!fH,llpa3!1HOM. 

CHHTC311pOBaHHhlM 3TllM MCTO,llOM l-3TOKCMKap60HI1J1-3(p-cpeHHJlfll,llpa-

3l1HO)MCTHJICHITllppO!IH,llHH,lll10H-2,4 (869) JICfKO Tpauc<lJOpMI1pOBaH B npmn­

BO,!J;HOC nHpponoTpHa3oJia (870). 3TOKCMKap6oHHJihHaa rpyrma (867) npeBpa­

meua 13 Kap6aMI1JlOMCTilllhHYIO ( 871) ( O)lHOBpCMCHHO llpll 3TOM !ll1MCTI1)JaMHHO­

rpynna CHaMMHOBOI'O <lJparMCHTa 3aMCllJaCTC5I Ha aMHHOrpyrrny) H JlaJihHCHiliHM 

nepeaMHlH!pOBaHHCM C 6eH3HJlaMHHOM CHHTC3HpOBaH 4-0KC0-3-0CH3l1J13Ml1-
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H033MC~CHHblH mrpaueTaM (872) (CXCMa 451), KOTOpbiH llpOHBHJI aKTHBHOCTb 

(B ,L(03C 400 Mr/KI') K3K aKTHB3TOp KOrHHTifBHbiX <J.lyHKIIIfll - CBOMCTBO, B IIC­

JIOM xapaKTCpHOC ,L\JIH HOOTPOIIOB. 

qaCTifqHO rH,L\pHpOB3HIIbiC 3MlfH03TOKCHKap60HIIJIIIHppOl10[ 1 ,2-a ]HMif,L(3-

30J1bi (873 a) (B ::noit :>KC pa60TC IfCIIOJ1b30BaJIHCb If COOTBCTCTBYIO~He IIHpH­

,L(OHMif,L\330J1bl I1 33CIIHHOHMif,L\330J1bl (873 b, C) IIa OCHOBC 3MH,L\IfiiOBOrO CHH­

TC33 C yqaCTHCM 3Mlf,L\3IICT<UHI (1 b) rl1a,L\KO npespa~aiOTCH B IIHppOJIO (nHplf,L\0-

If a3CIIHHO-) nypHIIbi (874 a-c). HeKOTOpbiC H3 nonyqeHHhiX npH ,naJihncH.umx 

CTPYKTYPHhiX MO,nii<J!IIKaUH51X npoH3BO.D,HhiX npoHBHJIH npoTHBOBHpycnyro H 

rHIIOTCI!3!IBIIYJO 3KTHBIIOCTb (CXCMa 452, C. 308) [672]. 
Cmne3 HOBhiX npOII3BO,L\HhiX nHppoJio[ 3 ,2-c ]niipiiJ\IIHOB (875) BKJ1IO'IaCT 

IICpBOH3'!aJihiiOC IIOJ1Y'ICI!HC UHKJIWICCKHX CII3MHII03<J.ll1pOB C IIOMO~hiO KOH­

,L\CIIC3IIIIH 3IICT<UIH (1 b) IIO 3KTl1BJIOif MCTHJlhiiOH rpyiiiiC 2-MCTHJI-3-3TOKCif­

Kap60HHJI-4-0KC0-5-apHJIMCTHJICH-4,5-,nHrl1,llpOIII1ppOl13 (876) C IIOCJICJ\YIOIUCH 

UHKJ1l133UHCH, KOTOpOH: ripC)liiiCCTBYCT IIpOIICCC ncpeaMHHI1pOB3HlfH (cxe­

Ma 453, c. 308) [673]. 

ilO.D,XO)l K Cl1IITC3Y npOH3BO)llibiX K3MIITOTOIII1H3 -· 3JIKcUIOI1,L\3 C npOTHBO-

onyxoJICBOH 3KTI1BHOCTbJO - TaK:>KC pa3pa60T3H Ha OCHOBC CH3MHIIOKCTOH3 

(877), Cl1HTC3HpOBmiHOrD C npHMCHCIIHCM 3Ml1,L\aUCTaJIH (1 a) (675). 

KaMnTOTCUHH- npenapaT, nurH6npyroruHH. CHHTC3 )lHK l1 npHBO,L\HIUHH 

K rH6CJIH onyxOJ1CBbiX KJ1CTOK. ilpHMCHHCTCH ,L\JIH J1CqCHH51 paKa JICrKHX, Hlfq­

HIIK3 H IIpHMOH KHIIIKH. 
Me 

0 

06IIIHpHblll IIOHCK llpOH3BO)l)IbiX, llpOBC,L\CHHhiH B 3TOM pH,Uy COC,L\HHCHHH, 

BbiHBHJl HOBbiH npenapaT, HCIIOJib3YCMbiH I1 ,L\JlH JieqeHH51 JICHKCMHH- llpH­

HOTCK3H. 

0 
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CxeMa452 

(w --1l ...!!!_. (W-Jl ~2 (CHz)n N 

~NH2 ~N~NMez~ 

COOEt COOEt ' 
873 a-c 874 a-c O R 

CxeMa 453 

aooc Ib ~ 0 EtOOC 0 KHneHHe 6e3 
AN) .,. .'!r--( ~ pac-mopmeiDI 30 MHH 

~ u ~~N~Ar 
H 

0 

6ceo 0 &OOC:cc RNHz R...._ 

- Ar Ar ~ N ~ N 
MezN" ......-:: H 875 H 

876 

B pa60Tc [675] nHppoJionMpimorrnpaHoBoc coct~:rrHcHrrc (878) npn KoHJJ;eH­

caunrr C )J)1MCTHJiaUCTMCM t.(HMCTHJI¢OpMaMMJ(a npCBpaii(CHO B CHaMHHOKCTOH 

(877). 3TO COC,[(llHCHHC npll B3aHMOt.(CMCTBl1H C raKMMI1 reTepoapoMaTW!CCKM· 

Mil aMliHaMH, KaK l-MCTI1Jl-3-aMMHOill1pa30JI (879) MJ!H 2,4-t~:MaMMHOl1HpMMH­

t.(l1HOH-6 (880), rrpeBpall!CHO B neHTaUMKJllll.fCCKMe COC,[(MHCHJIH (881, 882), pon­

CTBCHHb!C 110 OCHOBHOll 6a30BOM crpyKrype COC,[(MHCHHHM KaMl1TOTCUHHOBOfO 

PMa (cxeMa 454). 

J1HTCpCCHbiM pe3yJihTaT l10JIYl.fCH npH M3ycieHMI1 peaKUMll l-R-2-aMHH0-3-

Kap6aMl1.lJ.O(TMOKap6aMl1.ll.O )11Mpp0JIO( 1 ,2-ajMMl1.ll.a30J!OB (883 a, b) C aUCTa.JieM 

(1 b) (677j, uanpaBJICHHhiX Ha Cl1HTC3 l1l1ppOJil13MHOl1Mpl1Ml1.ll.l1HOB (884). 0Ka-

3a.JI0Ch, l.fTO KOHJJ;CHCaUHH npoTeKaeT HC ITO aMHHOrpynne B nOJIO.lKCHHH 1, a 

no Kap6aMl1.ll.HOll (THOKap6aMHJJ:HOH) aMHHOrpynne (CXCMa 455). 3TO, BepmiT­

Hee BCCfO, 06bHCHHCTCH TCM, l.fTO OCHOBHOCTh KOJ!hUCBOH aMMHOrpynnhi CTOJ!h 

Mana (HMO Yl.fCCTb, l.fTO R - CMJlhHhiC 3JICKTpOHOaKuenropb!), cno HyKJieo­

¢uJ!bHaH araKa no ueil aM6HJJ:eHTHoro KaTnoua CMJihHO 3aMeWieHa. Hanpo­

THB, KMCJ!OTHOCTb aMHJJ:HOll l1 TMOaMHJJ:HOH rpynn Cl1JlhHO l10BhiWCHa, H 3TOKCI1-

aHHOH, HaXOAAll!l1MC51 B paBHOBCCMH C auera.neM (1 b), 6biCTp0 3aXBaTbiBaeT 

NH-npoToH, 11 npouecc t~:a.rree nporeKaer rro rrpnBeneuuoii cxeMe 455. Ilpo6-

JieMa Bhi6opa MexaHM3Ma B peaKUIIHX aMHJJ:auera.neii c uyKJieo¢l1JlaMH rrot~:po6-

Ho pacCMaTpHBaJiaCb BblillC B pa3,[(. <<HCKOTOpblC 3aKJI!Ql.fl1TCJlbHhlC 3aMCl.faHIDI 

K maBaM 1-3». 

)lpyrMe rruppOJICOt.(Cp.lKall!MC aHHCJIMpOBaHHblC reTepOUMKJlbl, a HMCHHO 

l.faCTHl.fHO runpupOBaHHbiC Ill1ppOJI0(2,3-b j-1 ,8-Ha¢Tl1pl1.ll.I1Hbl (paBHO KaK l1 liM-

H 

' N 

H2N-{. 
N 

0 

0 

882 
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Mez 

Ia 
0 

l10°C, lOMRH 

CxeMa454 

6 H0877
0 

Me--. 

H,N~887 

0 

0 f)-NHz 
~

..._N 

~ 
\ 
N 
I 

Ne 

\ 879 
Me 

881 

R CxeMa455 R 

cO NHz lb cONH2 AcOH,~ 
.l{M<l>A, 20°C N 

~ 883 a, b CXNHz CXN NMe2 
aX=~ R 
bX=S 

... 

884 X 
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0 

JHI,L(O- l1 a3CJ1HHOHa¢THpl1.lJ.l1Hbl) (885 a-c, 886 a-c) CHHTC3l1pOB<lHbl peaKU:HCH 

al.(eTa.JieM aMIUl.OB l1 JiaKTaMOB C 2-aMHH0-3-3TOKCI1Kap60HI1Jl-4,5-Ul1!CJOa.JIKaH0-

11lfpl1.lJ.I1HaMM (887) (CXC!.W 456, C. 310) (678]. 

4.l.ld3. THocjleHhi 

J1HqlOpMaUMH 0 ClfHTC3C t.(l1TlfCHJVT¢ypaHOB l1 JJ:MTMCHlfJI¢ypormpHMIUl.M­

IIOB )')Ke o6cy)!()l,arracb (cxeMa 372) [570]. 11HrepecHaH pa6ora, ocuoBaHHa5! Ha 

pcaKUHHX I ,3-t~:MMerMJIIJ;MKJioreKcaHo[b]rrro¢euoua-4 (888) c UCJibiD ITOiifiCHHH 

I 
I 
I 

li 
I !i 
, •II 

r ~~ 
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CxeMa456 

W 

Me2NC(MeXOEt)2 WN Me 
(CH lc (CH:l)n I I 

NH2 TO.rryon, T. KHII. ~ N~ NMe2 

887 COOF.t CDOEt l ~ONa/BuOH 
17:: ro'cyrm, c m" ~ 

Me 

w (CH DCH2.)n BuONa/BuOH 

N f ~D. 885a-t: 

NMe2 

COOEt Me 

NH 

Me 
., ~N....-0 I 
886 a-t: (CH2.)n 

6oJihlllOH rpymlhi 1 H-rr11pa3oJio[ 3,4-c ]umrnorerrn[ 1 ,2-c ]TlifoqJeHoB, orry6miKO­

BaHa B ( 681). I1cXO)..(HhiM 51BlifJIOCb rrpe,I]JIOJIO)!(eHlife, 'ITO CeJieKTlifBHbie 6JIOK3-

TOpbi 0 4 (He)..(3BHO OTKpbiThiH IIO.IJ:Tlifii .IJ:O<jJaMMHOBbiX peuerrropoB) peueiiTOpOB 

MOryT IIp051BJI51Tb 3TlifiiM'IHbie HeMpOJieiiTM'IeCKMe CBOHCTB3. ,[(JI5! CMHTe3a UeJie­

BhiX BeiUeCTB KeTOH (888) rrpesparueH B OKCMM, KOTOpbiH .IJ:3Jiee IIO.IJ:BeprHYT 

rreperpyrrnMpOBKe EeKMaHa, rrporeKmorue:H: c o6pa3oBaHMeM TMeHo[3,4-b]­

a3enMHOHa-5 (889), M3 KOTOporo .IJ:aJiee fiOJiyqeH COOTBeTCTByrGIUMH THOJiaK­

TaM (890). Mo)..(lif<jJMKaUM5! CTPYKTYPhi rrocJie.IJ:Hero o6ecrre'IHJia, B qacTHOCTH, 

B03MO)!(HOCTb IIO)..(X0)..\3 K KOH)..(eHCHpOB3HHhiM MMH)..(330JI3M (891). ,[(pyroe 

HarrpaBJieHMe 3TOH pa60Tbi - InyqeHIIe B03MO)!(HOCTM ClifHTe3a TpHUMKJIM'IeC­

KMX rmpa3oJioB, BKJiroqaroruMx B csoro CTPYKTYPY TMo<jJeHoBoe KOJihUO (892), 
(893). 0.IJ:HO 113 rronyqeHHhrx coe)..(MHeHMH :noro pMa (892) rrpo51BlifJIO 3aMeTHyro 

ceneKTMBHOCTh rro orHollleHlifro K 0 4-peuerrropaM no cpasHeHMIO c Orpeuerr­

ropaMM II LIPYrMMlif po.IJ:crBeHHhiMM peuenropaMM UHC. 

ABrophr MOHorpa<jJlifM [681] rronararor, qro YHlifKaJihHa51 crpyJcrYPa (892), 
H3p5!.IJ:Y C OTJIM'IM5!MM ero <jJM3lfKO-XMMlif'IeCKMX CBOHCTB OT .Il:PYfliX 3HT3fOHMCTOB 

0 4-peueiiTOpOB, MO)!(eT ChirpaTb 33MeTHyro pOJib B OUeHKe fiMOJIOflf'!eCKOH 3K­

TlifBHOCTlif coe)..(lifHeHMH ::noro TMrra. CMHTeTM'leCKM •mcTb 3Toro lifCCJie.IJ:oBaHM5!, 

BKJiroqaroruM yqacrlfe aMM.IJ:aueraJI5! (Ia), rrpe.IJ:crasneHa Ha cxeMe 457. 

~~L 

r-­on ..,. 
01 
)l 

~ 

4.1. ilRmu'l!leHHble cemepou,UK!lbt 

N 
~ 

" 
~ 

~ r 
Cll 

\ 

~ 

""r ~ 

.., 
a-
QO 

u 
"~ 

~far ::2-

~ ;l " ~ ~ 

0 
::2 ~ N 

r 
::X: :r" u 

J 0-~ 1!5---.-. 
::X: 

., 
;;;s 

Cll 

~ 

0 

" ::2 

ell 

r 

"' :.:E 

r 
~ 

o:R / :::2 ::X: 
0 

" ;;;s 
" OJ 

:::2 ell :.:E r~ 
• § 0! £ 

a~~ 8- N 

§g-~ Z-<: 

~--()_~ ~ ~ 
ell Cll ~ 

~ u 

~ ~ r :£::4' 
z ~ ~ N' ~ ~~ 

~
o o-\i5z 

" :::2 :.:E QO "' ao:.:E 
QO 

Cll 

~ 

"' ::2 £r £ " :.:E 
<Zl 

311 

1-

~ 
li 
\ 



312 {!la6a 4. A.Mud- u !laKmaMau,ema.1U 6 cuume3e cemepou,uK!lU<teCKUX coerJuueuuu 

l1cCJIC,l:IOB3HlfC peaKU:HH fCTCpoapOM3Tlf'ICCKHX 3MHHOKCTOIIOB C 3Mif)l;- If 

JI3KT3M3UCTa.JUIMif (682] o6eCIIC'IlfB3CT nO)l;XO,[I K p33JII1'IHbiM 31IHCJ!HpOBaHI!biM 

aMHIIOIIIfPHAHHaM, BKJIJ0'!3JOW:HM B CBOJO CTPYKTYPY THorpciiOBhri1. rpypaHo­

BhiH H nHpporrHL(HHOBhiM UHKJibL TaK, KOHLICHcauHli au.cTancii. ,l(IfMCTHJraue­

TaMHL~a IIO aMHIIOrpynne 2-aMHII0-3-0-XJIOp6CH3011JITI10<lJCI!a (894) np11BO,[II1T 

K 4-o-xnoprpeHHJI-6-LIH-R-aMHHOTHciio[2. 3-b In HpHJXHIIY ( 895). AHa.JIOrwmo, 

HCXOWI 113 2-aMHH0-3-6C!!3011JI6CI!30<lJyp<U!a (896), np11 B3aHMO,l:ICMCTB!fl1 C TCMif 

)[(C ar~cTaJiliMH IIOJI)"!CH 2-):111- R-aMI1H0-4-¢cl!l1JI!!IfPH.LIO 13, 2-b ]6crnocjlypaH 

(897), a c ,l(H:JTHJrauCTaJieM N-MCTMJnmppOJII1LIOHa-2 - l-MCTI1JI-4-<pcm1JI-2,3-

JJ.!1rH,UpormppoJio[2,3-b jnHpMLI0[2'.3'-b'l6crnocpypaH (898) ( cxcMa 45X). 

Me 
I 

a RzNC(OMe )z 

• 

I 

Me 
I 

R2NC(OMe)z 00(:
894 Ph 0 

~ ~2 r--l OB 

896 ~ ~~Xoa 

~# 

a 

NRz 
Ph 

NRz 

Ph 

898 
Me 

PeaKUI151 aMHHOKeToHa- 2-aueTI1JI-3-aMI1HOT11eHo[2,3-b ]nlfpi1JJ.I1Ha (899) 
c au:eTaJieM (1 a) on11caHa B [683]- B 3TOM cnyqae npouecc npoTeKaeT c o6pa3o­

B3HifeM CH3MI1HOaM!1LII1H3 (900) If no aMI1HOrpynne, 11 no MCTI11IbHOM rpynne 

aUCTI1JibHOfO OCT3TK3. l1HTepeCHO, 'ITO np11 peaKUI111 (899) C OpTOMypaBbi1HhiM 

3¢11p0M o6pa3yCTC51 npo,l:lyKT KOH)l,CHC3U:I1I1 (901) TOJihKO no 3MI1HOrpynne 

(cxeMa 459). 
2-Au;eTI1JITHO<iJeH (902) 11CilOJib30B3H 11CCJIC)l,OBaTCJI5IMif )l,JI51 nocTpOCH1151 

npOif3BOL(HbiX 2-(n11pp01II11I-2)T110<iJeHOB (903) 11 2-(2-aMI1HOn11pHMif)l,I11I-4)TI1-

0rpeHOB (904) [683]. Ha nepBoM 3Tane (902) BBOA111Ilf B peaKUifJO c )ll1MCTI11I­

aueTaJieM )lM$A (1 a), )laJICC nonyqeHHbiM CH3MI1HOKCTOH (905) npeBpall.(aJIIf 

4. J. ilHmU'L1ellltbte zemepou,uK!lbl 313 

CxeMa459 

CoC
NHz eocN~NMez 

MezNCH(OMe)z I ~ ~ 

MeOH, 72 'I .& ~ 
N S COMe KmieHHe N S COCH_... NMcz 

899 CH(OEt)] 900 

~ CoCNV'NMo, 
N S 

901 
COMe 

B X.JIOpHMMOHlfCBYIO COJib (906), 113 KOTopoii 11p11 B3aHMO)l,elicTBIU1 C c~<lmpaMH 

l'nl11\l1Ha II capK03IfHa nOJIY'fCHbi (903 a, b). )lpyra51 IfMMOHHCBali COJib (907), 
COjjCp)[(<lll!ali BMCCTO clTOM3 XIIOpa J!lfMCTli.JiinHU!Ofpynny, l!pl1 B03Jlel1CTBHH 

ryamuuma npenparaaeTcli B (904) (cxeMa 460). 

CxeMa460 

IQ,y Me2NGI(~Me)z 
S Me ~M<DA, 16'1 

902 KlilleHHe 

~~O RHNCH
2
COOB 

l
s 906 a PF4 • 

Me2NH 

I+ 

1) POCJ.J, aizaz 
~~'J)NaPF4,MeOH 

S ~NMez 
905 

0 

ll~l S N 

903 a, b, COOB 
R=H,Me 

NMe2 NH 

lnJ NMe~2N-1'NH2 In ~ 
PF4 NaH,~M<DA 's/ y~ 

N:::-., N 

I+ 904 I 907 

NMez NH2 

rfpH nOI1CKe HOBhiX 6a30BbiX COC)l,HHCHHH )1)151 C03J(3HH5ll1Hflf6IfTOpOB KH-

1 133 npOBCJ(CHbl peaKUlflf 2-aJIKOKCHKap60HHJI-3-aM!fH0-6cH30TI10¢eHa (908) H 

-6eH3ocpypaHa (909) c aueTarreM (1 a) H IIOJI)"lCHHbi aMif)l,HHhi (910) npeBpame­

llhi B rrpOl13BO)l,HbiC fiifPif.ll0[3,2-bj6eH30Tl10rpeHa (911, 912) l1 IIlipH;:I;0[3,2-bj­

GeH30¢ypaHa (913, 914) (cxeMa 461, c. 314) [684]. 

rfoJ(06HbiH ITO)lXOA HCITOJib30B3H B pa60TC [685] )l,Jili 110JIY'fCHH51 IIHpaH0-

[3, 2-b ]6CH30TY!O<iJeHa (915) H3 2-aUeTHJI -3-r!1LipOKC116CH30THOrpCH3 ( 916) ( CXC­

Ma 462, c. 314). 
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CxeMa461 X (X)()R n-BuLi 
X OOOR ~Ay M (CJ( Me2NCH(OMe)2 ~~NMe2 

IS-2 q 

908,X=S NH2 ~eHHe 910 

909,X=O 0 

911,X=S 
913,X=O 

I) POCI3 
CN l) RCJi.JNHz 

• 

CxeMa 462 

Me2NCH(OMe)2 CL)COMe 

OH 1,5-24 ~ 
916 KHTJCHHe B KCHJ10Jie 

• CP6 ~ 1
915 o I 

4.1.1 d4. liH,LJ,OJibl 

912, X=S 
914,X=O 

0 

OH 

CN 

N~ 

~NMe26 ... 

3aMCll(CHIILIC 3-aueTWTI1H,LJ,om,r (916) J!BJUIIOTCH Yt!061!LIMHHcxonuLIMH co­

CtlHHcmuiMH )l)Ul Cl1I!TC3a 3-!Il1pl1Ml1,fli1JIIIpOl13llO,flliLIX, TIOCKOJILK)' KOH,flCIICa­

l(l15I IIO MCTHJILHOif rpynnc cll~CTHJIJ,f!OfO 3al\fCCTHTC)l5I II03BOJIHCT fJla,r(KO npe­

BparuaTL HX !3 COOTBCTCTBYJOll(HC CHaMI!llOKCTOHhl (917), Ha CTpyKTypllbiX 

OC06CJII!OCT5IX KOTOpbiX II 6a3HpyeTCH B03M0)!(1!0CTL 33MbiKaiiiill IIOBOfO !111pll­

MII;l11IIOBOfO l(IIKHa (CXC.Ma 463) [686]. 

flO,fl06Jia5I IIHpiiMli,[(HHOB35I li,HKJIJ11ali,I15I 6biJia OCYJl(CCTBJICUa, JICXOJ(H II3 

4-aueTHHIIH,[(OJia (918). B pc3yJILTaTe no)IJ"ICHLI cpTopconcp)!(all(He 1-aMIIHO­

nporrHJI-4-(2-apH)IaMIIIIOIIHpHMIIt!HJI-4 )HIIJ(OJib!. IIanpiiMCp, (919). 06Jia,[(aJO­

IUHC npOTHBOJICHKCMWICCKOM aKTIIBHOCTb!O (CXCMa 464) (687]. 

Cpe,[(II pa3IIOo6pa3HLIX pa6oT, nocBHU~CHHLrx pcaKUHHM 11IUIOJihHLIX rrpo­

II3BOtlHLIX C aMH,[(aL{CTaHllMII [689-697], OTMCTHM 11CCJIC,ll,OB3HI1C [697], IIOCBH­

IUCl!HOC pcaKUHllM JiaKTaM3UCTaJICH C IIpOH3BO,ll,HLIMH H33THHa (920). 

0Ka3aJIOCh, 'ITO. KOr,r(a B pcaKLJ,IIJO C H3aTHHOM If JaMC!UCHHhiMH II3aTII­

HaMII BBOtlHT ,LJ,HMCTHJiaueTanb N-MeTnn6ymponaKTaMa, rrpoiicxoaHT pacKpLI­

TIIC II3aTIIHOBOf0 UHKJia 11 o6pa3yiOTCll Tp11Kap60HHJihHLIC COC,f!HHCIIJ15! (921). 

PeaKUII5I rrpoii3BOt!HLIX II3aTHIIa c aLJ,eTaHllMII N -MeTHJIBanepo- II KanponaKTaMa 

4.1. ilHmu'l..!leiiHbte zemepot{UKJ!bt 

CxeMa463 

OBn 0 OBn 0 NH2 
I) AH(] 

Me 1 a llr!( 1(2N NH, K2~ 
• ~HfP&C 

NMe2 
916 NH2 OBn T• 917 

OH N~N 
OBn 

I -
CxeMa464 

COMe COMe 
NMe2 

COCH_J 

A---.,_ ~I ''·~I ~N) ~N) ~N) • 

315 

918 k \~ \ 0 

rv~ 
NH 

I) HF2CFP-NH--< 

Ho fr-lJ 
YNDOCF2CF2H 0 r -:?" 

I 
~ __,N ~ 

i-PrOH NH2 
2) N2f4·H20 (EtOH) 

• 

919 

IIOTeKaeT IIO-HHOMY H B pe3yHLTaTe o6pa3YJOTOI TOHhKO N-MCTHJIH3aTHHbi (922) 

(cxeMa 465, c. 316). Ha Toil )!(e cxeMe rrpeacTaBHCHbi peaKLJ,IIll aueraneli N-Me­

THJI6Y'fHpo- II BaHepoJiaKTaMOB C 3aMemeHHbiMI1 B 6eH30JlhHOM KOJILUC N-all,e­

TlUIH33THHaMII (923), B pe3yHbTaTe KOTOpbtx CHHTC3HpOB3Hbl rii,llpiipOB3HHbiC 

npoll3BO,[(HLie 6eH3a3aHH).(OHOB n 6eH3oHacpTHplltlHHOB (924, 925) [697]. HeKo­

TOpLre MO.[(IIqmKali,HH CTp)'KTypbi rrepBhiX TaiOKe IIOKa3aHbi Ha CXCMC 465. 
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CxeMa465 RCtJ:o (CH( ~ OMe + MR~o~ ~ 
N OMe N 0 

I n=I-3 t H 920 
Me Man =2,3 

R 60oc 

w: 
1 922 

(CH2)n I . OMe 

CNAOMe 

I n=l,2 

~ tCCHO COOMe tO:COOMe 
h- 0 (CHi}n (CHiJn +~'="'!'~I )+~I ) ~NAO N N N N 

Me 923 I 924 n = I ~ 925 n = 2 

Ao 

0 
<kHO-O~::Mo 

R (X):(OI'" 
~ N N) 

I 
Me 

CxeMa466 

~J'" ~NAN. 
I 

Me 

)::o~+ 
0 N 

I 

r--J OMe 

l,_,__N_.,)(OMe 
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lN10Me + 
26 I 
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R" Me 
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928 Ac Me 
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+ 053-~ 
lN10Me 

I Mea­
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318 Dwea 4. AMuci- u ~wKma;,wu,em(WU e cwune3e i'emepou,uKnu'tecKux coeciul!eltuii 

TIPI1BC,[(CHHhlfi 1!3 CXCMC 465 RCpOHTllhlfT MCXaHH3111 rrpeBpatUCHHH ITO MHC­

HHIO 3BTOpOB (697] OIIIICLIB3CTCJI CJ1C,[(y!Oll(I1M o6pa30l\t: COrJT3CHO npoucccy 1, 
Ha IICpBOM :narrc rrpH B3311M01lCHCTBI111 aueTaJICi:J.JiaKT3MOB C !13aTifii~L\fl1 IIp0-

11CXO,[(I1T pacmerrnCHHC N -CrCB5!3H rrocncJ]!IMX BCJIC.L\CTRHC HYKJicocpHJILHOM 

aTaKI1 MCTifJiaT-3l!J10Ha. ,lJ,<UICC o6pa30B<1Blll11HCJI aJHfOJI KCTOKHCJIOTbl (926) aTa­

KYCT P-noJIO.lKCHMc n-aJIKOKCHcHaMHHa (927) c oTmcruicHHCM MCTHJiaT-aHHOHa 

l1 o6pa30KlHJ1CM yiiOMHIIYTOfO BbllllC Tp11KCTOI!a (921). TipO!lCCC 2 OCJIOB3H 

!Ia KOJl]~CHCai(HH alll101!3 (926) no IIOJIOJKCJIHIO 3 aM6HL(CI!TIIOro KaT! fOlia (26), 

pC3Y~'TLTaTOM 'ICfO HBJI5!CTCH Tp11l(I1KJIH'ICCKOC COCJ11111CIIl1C (928), Tp:JIICcPOP­

MHpyK)ll(CCCH 3aTCM R (925) ( CXCMa 466, C. 317). 

flpcnpatUCHHC 5-Kap6aMOl1JlhHOH rpyrrnhl npOH3RO/\l!OfO (929) B OKCa,[(H­

<l30JihHhlM UHKJI (930) npH KOliJ!CI!Cal(HI1 C <ll!CT3JICM llHJ\ICTllJiaL(CT<lMI1J(3 C 

IIOCJ1C,[(YJOIUCH pcaKL(11CH C rl1L\pOKCHJiaMlfHOM npOJ!CMO!ICTj)l1j)OI~al!O B pa6o­

TC (cxeMa 467) [698]. 

Me)-N 

N 
"o 

930 

C'xeMa467 

NMc2 
~ ......... 

Me 

)<OMe 

Me2N OMe N 

PhMe, 120°C )l 
Mc2N Me 

........... ·•· 

NMez 
........... 

AcOHIHzO 

NMez 

4.1.2. llRmu't.!leHHbte zemepou,uf(.;lbt c iJ6yMJl u 6oAee zemepoamoMUMU 

4.1.2a. }J,HOKCOJlbl 

B XO,[(C pa3pa6oTKH Cl1HTC3a aJIKaJIOH,[(a ( +) MOHOMOpHHa 6bill0 ITOK<naHO, 

'ITO BHL(HHaJibHbiC ,[(IIfHJJ:pOKCHIIp0113BO,[(HbiC (931) ~ICfKO BCTynaJOT B peaKL(HIO 

(C COXpaHCHJ.ICM CTCpCOXHMHH) UHKJIH33IJI111 C ,[(J.IMCTI1JI3l!CTaJICM ,[(lfMCTJ.IJI­

<j}OpM3M!1,[(a (I a), B peJyJILTaTe KOTopoi1 o6paJyeTC5! l!HKJIH'ICCKI1i1 aneTaJih 

(932) (cxeMa 468) (699, 700]. 

8oo6me, CHTJ3Ul15!, KOf,[(a B MOIICKJJIC B COCC,[(HJ.IX ITOJIO.lKCHI15!X IIp11CJTCT­

By!OT ABC fHJJ:pOKCJ.IMCTHJibHh!C rpy11IIbl, C03,[(3CT ycJIOBI15! ,[(Jl5! 3aMLIK3HI15! AH­

OKCOJI3HOBOfO L(I1KJI3 C IIOMOII.J:b!O aueTaJihHOfO CI1HTC3a. 3TO HCTIOJib30RaHO, 

4.1. flHmu'tfleHHble <emepou,uK!lbt 319 

CxeMa468 
JI.... ./NMe2 

QH MezNCH(OMe)z 0 A 
~ Ia 9 

HO~"' ~ 
931 OCH2Ph 932 OCH2Ph 

llaTipHMCp, ll IIpOUCCCC l13J'!Cl!J.IH IIOJ(XOL(a K IIOJIJ'ICHJ.IIO CI11!TCTI1'1CCKOfO Kap­

fiOL(HKJIH'ICCKOfO nyKJie0311,[(a ::>HTCKam1pa, 5!RJI5IJOllleroc5! aKTI1BIILIM (na JiaHo­

MOJICKJJI5IpHoM ypomre) cpc,UCTBOM liJIH ~IC'ICHIDI rcrranna B. 11HTepMCJ!I13Thi 

cro CI11!TC3a (933-935) ITOJIJ'!Cilhl no CXCMC 469 [70 ]j 113 TCTparMApo<PypaHO­

IIOfO llp0113BO,[(JIOf0 (936). 

CxeMa469 

r-H 
HO~Ny)yo 

,, N 
Ho'''' 3HTeKOBHp ~NH 

NH2 
HO=Q Me2NCH(OMe)z 

0 Ia Me2N 0 X 0 Ac20 
HO """0 H 0 

XMe '""'0 

0 0 
H 0 Me 

... ,., 0 .... " 0 

,, XMe .,. ,, XMe 

H 934 '•,, 0 Me H 935 '•,, 0 Me 

CTepeocrreuMtlJnqecKM:fi MCTO,[( ,[(C30KC!1reH11poBaHI1.li I ,2-,[(110JIOB c o6pa­

IOBaHMCM OJICtPMHOB (937) T3IOKC OCHOBaH Ha rrepBOHaqaJihHOM MX pC3Kl.(l111 C 

;IMI1lJ:3l.(CTaJICM (1 a) (CXCMa 470, C. 320) (702]. 

Ha 3TOM MCTO,[(e- B33MMOJJ:e:ficTBMM aMMAaueTaJie:H c l{Uc-I ,2-L(I1oJiaMn­

i>a3HpyeTCJI TaiOKe ITO,[(XO,[( K CMHTC3Y CTCp11qCCKH HaTip5!)f(CHHhiX OKCMpaHOB 

(938) (cxeMa 471, c. 320) [703]. 

0,[(HO 113 npOMCJKyrQqHbiX COC,[(MHCHI1M (939) 11p11 IIOIIY'J.CHHM YJKC yrroMJI­

IIY"fOfO 11pOTJiBOOIIyxOJICBOfO rrperrapaTa 11PHHOTCKaHa CI1HTC3Hp0B3HO ITO TOMy 

'1\C IlpHHL(MIIY (CXCMa 472, C. 320) (704]. 

I130aM6peTTOJI11A (940) 11 MCTI1JIOBhiH 3<PMp 6-al.(eTOKCH-9-rCKC3,l(CK3HO­

noi-i KHCJIOTLI (941), JIB.llii!OtUHCC5! Ba.lKHbiMH MaTCp11aJI3Ml1liJI5! rraptlJJOMCpiiOH 
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CxeMa470 

(OMe)z ~3 0 R'j~OH M"'::" "'Y )<NMe, 
- A H 

(CF3SO£~O -Rz ~ OH 
~ 

~ 0 Rty )<NMez 
~0 H R2 = 
~ 

Me 

Rz § 0 
(i-Pr)zNFi 

R4 -------· ··x·, + 

R2 R! 

CF3SOzNMe2 

937 

<--xeMa47l 

Ph 

Ph 
HO I Ph3P, .LJ:M<t>A 

/ OH ~AD,20°C 12'l 

/ Mez~;H(OMe)z ~ Me 
Me Me 

Ph (CF3CO)zO 1 _/------t<._ \ _Ph 

0 . 

?:e2 

938 0 

DEAD= JIH3TIUI.IUia30,IliiKap6oKCHJI3T 

CxeMa472 

OH 

n-PrOH, t-BuOK, CHA ft
OH c 

OCH2Ph ,. 

H 
PrOOC ::--..N OMe ___j.- NMe2 

__..., 
OCH2Ph 

0

--J ft MezNCH(OMe)z ~ ./ 0 Ac20, Ioooc -:/" OCHzPh 
ta ""'- I 

OCH2Ph :::--.. 

N OMe 
PrOOC 939 
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11pOMhlillJTCHHOCT11, IIOJIY'ICI!hi 113 aJICyp11TOBOM KHCJIOTbl (942) C Y'IaCT11CM 6uc-
2,2-ll11MeTI1J111pOIUfJ!al..(CTaJUI [I,M<DA (I f) 11 (I a) COOTBCTCTBCHHO [705]. CJic,n:y­

CT OTMCT11Th, 'ITO IIpOUCCC JiaKTOH113al..(J.Il1 C o6pa30BaHHCM (940) 11pCBaJIHpyeT 

l1MCIIHO 11p11 11Cil0Jih30Balll1l1 CTCpW!CCKH 3aTpyJIHCHHOI'O aMJ.I,[(ai(CTaJIH (1 f) 
(cxeMa 473). 

CxeMa473 

OH l)MezNCli(OMe)z 

HO(CH,),, )__ h A<O(Ol,), ~(GI,),OJOM, 
y ~N,),<XJOH 2)Ae,O 941 '-. H,'Pd!C 
OH 942 ~ 

A",_,M ••~~' A•O(CH,), ~CH,),<XJOH 
l MezNCH(OCHzCMe3)z 

If 
0 

l-<(Lll,), /o--<:0 H,;Pd/C 
(CHz)6\__/ Ac20 (CH-, (Qiz}; 

I \ ... "6 ,__/ 
0 0 ~---y 

9 ~-11)1, 940 t::;. -H300M"l"'' ,....,, 

c~~s 
NMez 

PaccMaTp11naeMhiM MCTOJJ: o6pa3oBaHl151 one4J11Hon 113 1l11I'!11lpOKCHcoe,n:11-

IICH11H 1103BOJI5!CT Cl1HTC3MpOBaTb BCCLMa CJIO)KHbiC CIICTCMhl, ITOJI)"'CHHC KO­

TOpbiX ,n:pyrMMIJ cnoco6aMIJ Tpy,n:Ho ,n:ocrynHo. Ha cxeMe 474 npellCTaBJICH Ta­

KOM Cl1HTC3 COC,[(11HCH11M (943, 944), OJI11C3HHbiH B rry6JIIJK31.(1111 [706]. 

~ • 

CxeMa474 

HO OH 

8 
MezNCH(OMe)z 

1a 

'I 
'I 

943 

H 

·~8 
ilpOMC)I(yrOqHoe IIOJI)"'CHIIC ,[(110KCOJI3HOB (945) o6ecrreqJ1BaeT B03M0)1(­

IIOCTb CI1HTC33 p33JIJ1qHhiX 110JII1Kap60IJJIKJIII'ICCKHX COC1l11HCHI1M, B TOM qJ1cJie 

11 apoMaTwrecKMx, TaKIIX KaK HarrpMMep TeTpal.(MKJI (946) [707, 708]. B Ka•re­

nne 11pi1Mepa 11p11BC,[(CH3 CXCMa 475, C. 322, B351:T35! 113 pa60Tbi [707). 

Cpe,n:11 6oJihiiiOi1: rpyrrnhi Hccne,n:onanHH:, HarrpanJieHHhiX Ha rrpMMeHeHMe 

;IMI!1lal.(CTaJICM B CI1HTC3e ,[(110KCOJI3HOB 11 11X MOJJ:I14JHK31.(1111 B p33JIJ1qHhiC opra-

i 
I 
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TIPS 

TIPS = (i-Pr}JSi-

CxeMa475 H 

TIPS MezN 
Me2NCH(0Me}z 

la 
• 

(CF3S~O TIPS 
(i-Pr)zNEt 
PhMe TIPS 

I 

TIPS 946 

945 

IIWICCKMC COC,Ul1HCI!l151 [ 709~ 714], llbi,UCJU1M CITCL(HaJILIIO pa6ory, ITOCB5!Il(CHH)'IO 

Cl111TC3Y aJIKCilOB IIa OCIIOBC Tpl10KCOJJaiiOB [709]. CMCCb )J.HOJIOB 3T0f0 p51,[(a 

(947, 948) B COOTIIOIIJCIIJ1l1 5J ,3:8 ,7 o6pa6aTbiBaJil1 al(CTaJICM (1 a) l1 ITOJI)"ICH­

HLIC J(HOKCOJial!bl (949, 950) o6L!'!Hh!M MCTO,UOM rrpcBpaiUaJII1 B CMCCh UHKJIO­

ciJIKCHOB (951, 952), o6pa3yiOII(YIOC51 B COOTHOIIICHI1l1 59,8:10,2 (cXCMa 476). 

CxeMa476 
OH 

OH 

AI 

.OH 
MezNCH(OMe)z 

!!___.., rMeCb ):(HOKCOJlOB 949, 950] 
/cCF3SQiliO 

/ ~-Pr)zNEt 
AI PhMe 

+ 

OH 

lcr Jo-o 
0948 

AI 

+ 
947 

o- I !/I 'AI JUo 0 0-0 
0 

951 6., 
11 cme O.UHY pa6oTy [714] xoTeJiocL 6LI yiiOM51HYTh oco6o. B Heti pa3pa6o­

TaH MCTO.ll CI1HTe3a rrp0!13BO,llHOfO N-3UCTI1JIHCHpaMMHOBOH KHCJIOTbl (953). 

Heo6xoJ(HMO OTMCTHTh, qTO N-al(eTI1JIHei1paMMHOB351 KHCJioTa (953) (OJJ.Ha M3 

41. ilRmU'I.1eHHbte zemepou,uK.1bt 323 

CI1aJIOBb!X Kl1CJIOT) BXOJ(l1T B COC1"aB fJIHKOITpOTCMHOB 11 f3HfJil103l1)lOB (CJIO)I(HbJX 

cqmHrOJIHIII1J(OB, COJ(Cp.lK31l(I1X p33JII1'IHblC caxapa, 3Ml1HOCaxapa, CMclJIOBYJO 

KHCJ101)' 11 BXOJ(51lliMX B COCTaB HCpBHhiX BOJ10KOH, OC06CHHO B CIIHarrcax If KOpC 

I"OJIOBHOfO M03fa). l13BCCTHO. 'ITO l\fCM6paHbl COCT05IT l13 JIHillf.llOB If 6CJIKOB M, 

ll 'IaCTHOCTl1, JIH!lOIIpOTCHl!aMH 6oraTbl MHTOXOH,llpHM, OHH 06Hap)')KCHhl TaK­

)KC B JLTW3MC KpoBH. MHon1c 6cJIKH co.ucpACaT B TOM I1JlH J1JIOH CTCIIC!lM o6-

umpHLie YfJICBO.UHblC BCTaBKI1, TaK11C KaK I'JIIOK03a, raJiaKT03a, MaiJH03a J1 Ll,p., 

a TaK.lKC Cl1aJIOBh!C K11CJJ0Tbl. fiCJJCJJ,CTBHC :.:lTOro BO M110fl1X J1CCJJCJ~OBaHH51X npo-

5!BJUleTC51 IIOCT05IHHhii-i lf!ITCpec K :JTHM Ba.lKHciiiiH!M crpyKrypaM 11 HX <llYIIK­

l]H51M B opraHH3Me. C :n-otf TO'IKI1 3pCHHH H3Y'lCilHC IlO,UXO/lOB K CI1JlTC1Y 11p0-

113BOJJ,llb!X (953) npeacTaBJI5IeTCHBaACHoi1 I-WY'IHOH npo6JJer.wi1. B pa60Te [714] 

HCXO)lllhll\1 COCJ!l1IICIIHCM JJ.jl}[ f!OJJf'ICHI151 L(CJICBhlX BC!l(CCTB I136pall JIHOKCO­

-'!aH (954), KOTOpb!H BBCJ(CH B KOI!JICHC31Ul!O C ai]eTaJJeM (I a). }laJJbHCWilli1I1 

CHHTC3 BllJIOTh J]O 11p0113BO.UHOfO N-<ll~CTI1JJHCHpaMI1HOBOH KHCJJOThl (955) llpCJ(­

CTaBJJCH Ha CXCMC 477, C. 324. 

0TMCTHM, 'ITO COCJ(HHCHI1C (955) 6LIJJO IIOJJY'ICHO BCTPC'IHh!M CI1HTC30M H 

H3 npupo.uHoti N-aucTHJlHei1paMHHOBoi1 KHCJJOTLI. 

4.J.2b. 0KCa30JJbl 

K 'IHCJJY nepBblX pa60T, ll KOTOpblX aMI1J(3L(CTaJJI1 11CJ10JJb30BaJJHCb jl)l51 

OKCa30JJhll0fO C11IITC33, OTHOCHTC51 11CCJJCJJ,OBaHMC [715). B KOTOpOM np0113BO.ll­

lfOe OKCa30JJl1)J,l1Ha (956) HOJly<reHO B33l1MOJ(CHCTBI1CM UHKJIWICCKHX ai.]CTaJICW 

aMMJJ,Oil (957) f 716] C aJJb)lCfM)J.3Ml1. 

3aMeTHM, 'ITo B TOH .lKe pa6oTe rroKaJaHo, qTo rMJJ.pomn TaKHx aueTaJiei:J 

llpHBOJJ,HT K 3UCTOKCHITpOH3BOJ!HblM (958), )LJ15I KOTOpb!X Ha6JJIOJ!3CTC51 6LICT­

pa51 0 ---t N -MHrpaUH51 c o6pa30BaHHeM N-aueTHJr-N-2-npoiii1JJ3TaHOJJaMHHa 

(959) (cxeMa 478, a, c. 325). 

QqeHb HHTCpCCHOC 11pHMCHCHMC 3UCTaJICM 3MHJ(OB Hai-i}J.eHO B pa6oTe [717], 

B KOTOpOH YCT3HOBJJCHO, 'ITO npH B3al1MOJJ,CHCTBI111 I'HJ(pOXJIOpMJJ.a 3-MCTI1JI-3-

I'H,llpOKCI1JI3MHHOIIpOII3HOJJa (960) c J!H3THJial(CTaJI5IMH N,N-,UHMCTHJJal(eTaMu­

ILa H N,N-.UHMCTHJJ6CH33MHJ!3 o6pa3YJOTC51 OKCa30JJHH-N-OKCI1J!bl (961)- UH­

KJIWICCKHC HHTpOHbi. 11x IIIJMMCHCHI1e IIpH BBC.UCHHH B pa3JJHqHbiC peaKQUH 

j3 + 2] JJ,l1HOJJ5IpHOf0 l(HK.TIOITpHCOCJ(HIICHI151 o6ecncqHBaCT B03MO.lKHOCTb IIO­

JJyqeHH51 HpOM3BO,llHblX OKCa30JJHHOOKCaJJ,Ha30JJOB (962), OKCa30JJOH30KC330-

JIOB (963) 11 3aMCll(CHHhiX U30KC330JJOB (964) (cxeMa 478, 6, C. 325). 

BrroJJHe oqenHJJ.Ho, qTo HaJIHqHe B MoJJeKylle aMHHo- M rHJJ.pOKcMrpyrrn B 

BI1UI1HaJibHOM IIOJJO)!(CHHH 5IBJ15ICTC51 npe!lf!OCbiJJKOH ~ 3aMb!K3HI151 OKC330Jlb-

110f0 l(HKJJa al(CTaJJbHblM MCTO.UOM. 

TaK, rroKaJano [718], qTo JaMeiiieHHhre 3TaHoJiaMHHhi (965) JJerKo pearH­

pyJOT C 3UCTaJICM (1 a) C o6pa30B3HMCM OKCa30JJI1HOB (966) (CXCMa 479, C. 325). 
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4.1. llRmu~eHHbte cemepou,uKilbt 

('+N--'> + RO<';:'"' 47B,: R --<J 
0 0 N 

956 I 
957 Mel rn 

H
2
0 Me/ 'oAc 

Ac 
NH I 

HO~ '-rrT CH OA ./'--... ~N-CHzCH-OH 
~n2 - c ,.. HO' ........__, I 

(o~l­
Me~ 
Me NH20H 

960 

I 
958 Me 959 Me 

NM 
CxeMa 4 78 6 

/ ez ' 
+ RC-OEt :£0 "- ,.. M '\..___ 

OEt e 1/ R 

R~Me,Ph Me N 

PhN_Sg--- 961 t , -
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JO ~1 ~-~~Me ~:AN)(R R'C=ccooM, ~NH·HCI 
\ w--Ph 

962o-{ ::~:s-0 R R~COOMe 
0 N u ~R' \ N __ 

963 0 COOMe 9640 

R' R=Ph R' , ~ph coo • Me 

CxeMa479 RXOH /NM,, ~ ·xo>--· + HC,OMe 

OMe 
R' N R' NH2 

965 1a 966 

1-AMHH0-2-rHJ(pOKCI1- (967) 11 -MCpKaiiTo- (968) KHCJIOThi llpH B3311MOJ(CH­

CTBI111 C 3UCTaJI5IMI1 JI3KT3MOB npeBpaUiaiOTC5I B .L(Ba Tl1lla COC.L(I1HCHI1H - 3MH­

.U11Hhl (969) 11 0- (970) HJII1 S-33MCUICHHhiC auCTaJII-1 I-IJII-1 MOHOTI10aUCT3JII-I 

(971). 3TH aueTaJihHhre (TI-IoaueTmihHhre) npoi-I3BO.UHhre cnoco6Hhi UI-IKJI113o­

BaThc5I J(O Cili-IpOCOCJ(HHCH11H, CO.L(Cp.lKaUII-!X OKCa30JII-IJ(I-IHOBhiC I-IJII1 TI-1330JII-IJ(I1-

HOBhiC U11KJihi (972, 973 COOTBCTCTBCHHO). Cni-IpOCOCJ(I-IHCHI-15I C pacKph!TI1CM 

OJ(HOfO 113 UI-IKJIOB Moryr TpaHc<i>opMI-!pOBaThC>! B aMI-IJ(I1Hhi (969) I-IJII-1 llO.L(­

BepraThC>! J(Cfi-IJ(pl1pOB3HI-IIO C o6pa30B3HI-ICM OKC330JII1HOB (974) I-IJII-1 TI-1330-

JIIIHOB (975). 
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Ee3ycJIOBHO cymecTBCHHO. ~ITO B pe3yJILTaTe 3THX pcaKIUfH o6pa3yiOTCH 

4JYIIKUHOHaJibHO 33MCll(CHHblC UHKJIHqCCKIIC COC).l.l1l!CHH5l, HMC!Oll(I1C K.ap60K­

CI1J1bll)'IO l1 (t}-3MHHOrpynny, 'ITO ll03BOJ15ICT 11CllOJib30B3TL HX ).l.J151 ).!.3JlbHCiiJIIHX 

CHIITCTII'ICCKHX rrpeBp3IUCH11H. 

fJO).l.'!CpKHCM CIUC pa3, 'ITO, K.aK ITOK.a3aiiO ll 3TOM pa60TC, IlpH llaJ111'11111 B 

O).l.HOil: MOJJCKYJIC O).l.IIOBpCMCHIIO aM!1HOrpynn !Iap5I).l.Y C r11,llpOKCI1- 11 MCpKaflTO­

rpynnaMI1, aUCTaJIII JiaK.TaMOll pcaJII13YIOT o6c CBOII QlYIIKHHII np11 B3ai1MO)lCH­

CTBIII1 C IIYKJ1COQJ!IJ1bllb!MI1 pcarcHTaMI1- 11 Cl!OC06HOCTb TipCBpaiU3TbC51 B 3MH­

}1;11Hbl, II CK)]Ol!HOCTh K pcaKUHH ncpcaJ~CTaJ11133![11Ii ( CXCJ\Ia 480) [719]. 

CxeMa480 

(CHz)nj 

l_ _...)<'oEt 

(CHz)nJ / f OEt NA Me 

HOOC I Me 

~ 

:ooclNH2 

R+XH 
R' 

967(X=O) ~ 
968 (X= S) 

~
N 3a-c 

R' XH 

"7:;-~\ ~;c~_j"~/ 
R~X/--(CHz)n N 

I I 972 (X-

974 (X=O) NHMe Me 973 (X= O) 
915 (X- S) - S) 

(aiz)nJ 
EtO~N 

~
X; ~e 

HOOC R 
R' 

NH2 
970 (X =0) 
971 (X= S) 

3aMCIUCHHbiC 3HlillHHLI, CO).l.Cp)K3lUHC B opmO-IIOJIO)KCHHH KOJ1bUa 4JeHOJ1h­

H)'IO, MCpK3IITO- II 33MCIUCHHLIC 3MHHOrpyTIITbi T3K)KC pearnp)'IOT C J13KT3M-

3UCTaJ15IMH no pa3JinqHhiM r-rarrpasneHIDIM, B pe3yJILTaTe qero o6pa3YJOTC5I npo­

H3BOil.HLie OK.C330J10B (976), TH330J10B (977) HX 6eH30I1pOH3BO).l.HhiX (978, 979) 
11. TIHpHMI1.,llHHOB (980) (CXCM3 481) [720]. 

EHaMHH (981), coqeTaiOIUI1H B CBOCH cTpyKrype !lHMCT!ill3MH.HOMCTHJie­

HOBhii1 4JparMCHT, BKJIIOqCHHbiH B CTpyKrypy 34Jwpa 3MHHOK11.CJIOTbi, C 333KC­

TCH-S,S-aUCT3JibHbiM 4JparMCHTOM rrpn o6pa6oTKC pa36aBJICHHOH COJIHHOH 

KI1.CJ10TOH B TCTpam).l.po4JypaHC npeBp3lU3CTC5I B 2-MCT!illMCpKaiTT0-4-MCTOK­

CHKap60HlillOKC330J1 (982). 
B TCX )KC ycJIOBH5IX, HO TipH IIOCJIC).l.)'IOlUCM B03)lCHCTBHH CCpOBO)lOpO)la, 

CHHTC3Hp0B3H TH330J1 (983), HMCIOIUHH TC )KC 33MCCTI1TCJ1IL 

4. I. IlHmu<tJZeHHbte zemepo4UKJ1bt 

J:)-
N CxeMa481 o:N}---

1 (CHz)nNHR 
R" (CHz)nNHR ~ X 

976(X=O) 978(X=O) 
977 (X=S) .... 979 (X= S) 

i (CHiJn -

(CHz)A R'UNH2 R'UN~J l OMe+ I - I I 
OMe ~ ~ R 

I R=Me,Ph =O S NPh~ XH R X , , , 

l c::~' 
c;Jl(CHJ•NHR 

R" 980 
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J1, HaKOHCU, BKHIO'ICHHC B peaKUHIO TICpBH'IHbiX 3MHHOB 06CCIIC'IHB3CT 

HO)lXO).l. K CHHTC3Y 2-MCTHJIMCpK3TIT0-5-MCTOKCHKap60H!illHMI1.,lla30Jia (984). 
TaKH.M o6pa30M, (981) npe).l.CTaBJI5ICT co6o.H y).l.o6HLIH H npHBJieKaTeJihHLIH 

CHHTOH ).l.J15I TIOJiyqCHH51 TI5ITH'!JICHHbiX fCTCpO!~HKJIOB C il.BYMH fCTCpOaTOMaMH 

B fCTepoapOM3TWICCKOM KOJILUC (CXCMa 482) [721). 

CxeMa482 
O--r("SMe 

pa36. HCL I \\ 
RNH2·Ha Trcl>,T.KHr:_..... YN 

H SMe .11HOKCaH 1 NY SMe ---- 982 
N---,.f"' T.KHn. Me2N 1) pa36. HO 

Y\1 4 ~r<I> 20oc COOMe 
N MeOOC 981 SMe , SMe 

984 2)H2S YS-( 
COOMe N 

983 
COO Me 

JlaKTaM3UCTaJ111 HCIIOJib30BaJIHCb T3K.)KC II )lJ151 TIOJiyqCHH5l 11.30MCpHhiX, ITO 

OTHOIIICHIIIO K OKC330JiaM, H51THqJieHHLIX fCTCpO~HKJlOB. TaK, rrpH B33HMO).l.CH­

CTBHH a~CTaJICH JI3KT3MOB C HH.)l3HOHOM, TCTpaJIOHOM-4 II 6-THOXpOM3HOHOM 

(985) TIOJiyqCHhi UHKJIHqecKH.e eHaMMHOKeTOHhl (986), B KOTOpbiX 11p11 peaK-



328 Dwea 4. A.wuo- u !laKmafl.tau,ema!lu e cu11me3e zemepou,uK!Iu•recKux coeowre11uii 

1(1111 C fl1J(pOKCIUI3MHHOM 11 fi1L(p33HHOM pacKpbiB3CTC5I <<6LIBIIIaH JI3KT3MHLIM 

UliKJI>> H IIp11 3TOM o6pa3)'IOTC51 KOI!,UCHCHpOBai!IIbiC H30KC330JILI IUIH I1Hp330-

Jibl (987, 988 COOTBCTCTBCHHO) (CXCMa 483) [722). 

CxeMa483 

0 

<Cf2)n*oMe 

"-.N OMe 
I 

Me CO 
HONH2rurn 
N2If.t·H20 

CH:Urn "' 
/ 

X 
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985 (n ~0,1) X~CHz, S 

0 (CH2)nJ 

cG¢N )l.Jll!m~l, 
I n~3 

Me 
X 986 

(CH2)JNHMe 

N-fH,LlpOKCliaMH,/J,liiiLI, 11MCIOIJ(HC B COCC.[l!ICM IlOJIO;+::C!II111 IlO.[lXO.[lHIJJ,I1C 

QJYIIKJ(HOI!3JIL!Ib!C rpynmrpOBKH, IIaiipliMCp OKCorpyiTilbl, L(OCT3T0'1110 rJiaJ(KO 

U11KJIH3YJOTC5I, o6pa3yH OKCa30JibllbLH UHKJI. l1MCIIHO 11CXOL(Jl l13 3TOfO, pa3pa6o­

T3H CIIIITC3 oKca3oJiomrpnMI1L\11HOB (989). UHKJIH3YJOUJ,HM areHTOM B aaHIIOM 

CJI)"'3C Bb16paH L(HMCTHJIJUCTaJib Jl.I1MCTIUiciJOpMaMHL(J (1 a) (CXCMJ 484) [723]. 

CxeMa484 

HN Ia :Y
O NHCH=NOH 

IOO-Il0°C 
0A 6e3 pacTIIOpHreiDI 

H 

Me ~;::;~ 
0~) 

989 

0TMCTI1M, 'ITO B YK333HHbiX ycJIOBI15IX H3PMY C UHKJII133U11CM rrpOTCKaCT 

H N-MCTIUIMpOB3HI1C, KOTOpoe 51BJUICTC5I BCCbMa xapaKTCpHblM Jl.JI51 peaKU1111 

3MM.llaUCTaJICM C pa3III1'-IHbiMI1, B TOM 'lHCJIC 11 CJI36biMI1 KI1CJIOT3MH, T3KHMI1 

K3K 3Ml1J(bl. EJIH3KHC ITO 33MbiCJIY 11 11Cl10JIHCHI110 HCCJICL(OB3HI15I, npHBCL(IIIHC 

K CHHTC3Y OKC330JI0[4,5-c)- H (4,5-d)-mipM.ll3311HOB, orry6JIHKOB3Hbl B [724, 725). 

5-S ,S-I(I10KC!1J( 6-MCTHJI-4-0KCOOCH3[b )-1 ,2-TH3311HO( 4,5-b )Tl13311HOHa-4 (990) 

51Bl1JIC5II1CXOL(Hb!M COCL(I1HCHHCM B CI1HTC3C OKC330JIO- (991), II11pa30JI0- (992) 

11 U11ppOIIO- (993) TCTp3UI1KJII1'ICCKI1X IIp0113BO,LlHblX, KOTOpbiC 3BT0pbl (726) 

paccMaTp11BaiOT KaK LJ:I1TI1oaJaanaJiorH cTep0!1Jl:OB. MeTOA noJiyqeHI1JI 3TI1X co­

CA11HCHI1H, KOTOpbiH BKJIIO'IaCT B K3'ICCTBC KJIIO'ICBOfO 11HTCpMCL(I13Ta CH3MH­

HOKCTOH (994), I1p11BCLJ:CH Ha CXeMe 485. EHaMHHOKCTOH (994) CI1HTC311pOB3H 

rryTCM 06bi'-IHOH KOHL(CHC3UHII 3UCTaJUI (1 a) ITO MCTIUICHOBOMY 3BeHy, CB5I33H­

HOMY c Kap60H11JihHhiM yrnepoLJ:OM. 
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CxeMa485 

NMe2 
Ia 

0 lOJJyOJI, T. Kllii. 

/s~ ~s~ 994 

N NHOH·H;~:/ k, "' ioo·c, '/ j ~e 
N2lf.t·H20 

zooc ~
2NCH2COOH, MeOH, 
OH, 2 'I KHIIemur 

) Ac20, T. Killl. 

s 

993 

PeaKqHH awnmroiiaMHHa c aueTaJICM (I a) (H p51L\OM apyrrrx auCTarreti) npn­

BO.l\HT K nepeaMHI!HpOB3Hl!IO H 33TCM BHYfpi1MOJ!CK)'JI51pHOH IlCpC3l(CT3JII133-

l\Hl1 c Y'laCTHeM o6e11x rHLJ:POKCHrpynrr. B pC3yJIHaTe pea.mnyeTC51 o6pa3oBa­

HHC OK330JI0[2,3-ajOKC330Jia (995), 51BJJ5110lUCfOCJI¢laKTW.!CCKH 6HUHKJII1'!CCKI1M 

aMI1LJ:aueTaJICM. Ecmr B aaHHhiti rrpouecc BBOLJ:HTCH N-~-MepKarrT03THJI3TaHo­

JI3MHH (996), o6pa3yCTC5I rrpeL(CTaBHTCJib HOBOM fCTCpOUliKJIH'ICCKOH CHCTC­

Mbl- l-a3a-4-0KC3-6-TI136HUI1K1I0[3,3,0)oKTaHa (6HU11KJIWICCKHH 3MHL(- MO­

HOTH03UCTaJib) (997) (CXCMa 486) [727). 

OH 

~ _________, 

HN~OH 
SH 

~ 
HN~OH 

996 

CxeMa486 

E
OH 

CH~OMe 

OMe 
OH 

f's N-( 
~0 997 

---- f'o N-( 
~0 
995 

Pa3Hoo6pa3Hhre aMI1HOreTepOUI1KJihi JICrKo peariipyiOT c aM!1J(aUCTa.IUlM11, 

,[13B351 COOTBCTCTB)'IOIJJ,IIC 3MIIA11Hbl, KOTOpbiC HCI10Jlh3YIOTC5! B peaKUII51X C 33-

Jl3KTOH3MH. B 3TI1X pa6oTax [728-733] He pa3pa6aTLIBaiOTC51 noaxoLJ:bi AJUI KOH­

cTpy11ponaHI15I HOBblX OKC330JlbHbiX COCL(HHCHI1M, a 06pa3yiOTC5I 33MCIIICHHhiC 

OKC330Jlbl, HaJIWIHC II51TI1'-IJICHHOfO fCTepOUIIKJia B KOTOpbiX o6yCJIOBJICHO IIp11-



330 Dwea 4. AMud- u AaKma.Mau,emaJlu e cuHmeJe zemepou,uKAu~ecKux coeduHeHuii 

MCHCHHCM aU:HJifJUU.(HHOB HJIH a3JiaKTOHOB B Ka'ICCTBC HCXO,[(HhiX COC,[(HHCHMH. 

TaK, aMH,[(MHhi (998), nonyqaJOII.(HCCH npH B3aHMO,[(eti:CTBMM aMHHOreTepo­

U:HKJIOB C aueTaJICM (1 a), ,[(aJOT C a3JiaKTOIIOM (999) CCpMIO HOBhiX fCTCpMJI­

aMMHOMCTMJICHOKCa30JIOIIOB (1000) (CXCMa 487) (728). 

CxeMa487 

1a ~ 
HetNH2 HetN NMe2 +Ph~~~ 998 

Ph 
999 

Ph 

- N~O la Me N~O 
HetNHr He~r 

H H 1000 

f10,11,06Horo THIIa COC).lH!ICIIHH, fiOJJY'ICHHbiC B pa60Tax (730, 731), HCCJIC­

)..(OBaJIH B IIJiaHe IIOHCKa HMMYIIOMOAYJJMPYIOII.(HX CBOHCTB. Mo_n;HcpHKaUH5I 3TOro 

aMI1.l(HIIOa3JiaKTOHHOfO CHHTC3a OCYlUCCTBJICHa B pa60TC [733), B KOTOpOH B 

peaKUHJO C fCTCpMJiaMH.D;IIJiaMII (998) BBO).lMJIH HC a3JiaKTOH, a fHIIIIypOBYJO 

KHCJIOTY (100 1), KOTOpaH npeBpall.(aJiaCb B a3JiaKTOH (999) npHMO B TIPOUCCCC 

KOH).lCHCai.(J1I1 (CXCMa 488). 

1a 
HetNH2 .,. 

CxeMa488 
Ph 

HetN~NMe2 
998 

~OOOH A 
+ ~ .. ~""'o 

Ph :::--0 HetNH_ .J__J 
1001 ·---~ 1002 

(X n OMe 0 (H NJCCOOMe 

Ret= I I II :::-- I 
~ N ::-.. ~ .& ~ H .up, 

OOOMe ()_zN N " N Me N 

4.1.2c. l13oKca30JJhl 

B XO).lC 113Y'!CHI1}l B03MO)I(HOCTI1 CHHTC3a aHa.JIOrOB aHTI16HOTHKa II11ppOJI­

HIITpi1Ha, CO.D;Cp)K.alUHX HHOH, a HC I1I1ppOJibHbiM I.(HKJI, 6bma IlpOBC.D;CHa KOH­

,UCHCal.(l1}l .lll13TMJial.(CTa.JI}J .[(M <l>A ( 1 b) IIO aKTIIBHOH MCTMJihHOH rpynne 3-XJiop-

2-HIITpOTOJIYOIIa (1003) 11 IlpC.D;I1pl1IDITa I10I1hiTKa ai..(HJII1pOBaHJ1}l I10JiyqCHHOro 

eHaMHHa (1004) 6poMaueT11II6poMH.UOM B npHCY'fCTBHH niipH.UHHa. B 3TOM 

CJiyqae O,UHaKO TipOTCKaCT TOJihKO LIHMCpl13al.(I15I C o6pa30BaHHCM HCHaChiii.(CH­

HOfO COC).ll1HCHJ1}l (1005). f1p11 IICfiOJih30BaHIII1 CO,Uhl B Ka'ICCTBC aKI..(CI1TOpa 

6pOMHCTOfO BO).lOpO,Ua CI1HTC3HpOBaH 2-HI1Tp0-3-(2,3-!lHI'11.Up0-3-0KCOcpypMJI-4 )-
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XJIOp6CH30JI (1006), B KOTOpbiH O.D;HaKO He y_n;aJIOCh BBCCTI1 aTOM XJIOpa C XJIOp­

OKl1ChiO cpocq)Opa l1 COOTBCTCTBC!IIIO CfO apoMaT!13l1pOBaTh l1 TCM CaMb!M IlpC­

BpaTMTh B q)ypaiiOBhiH ananor m-rpponnHrpmra. 

NOz Cl&cii 
N 

flnppo.mnrrpHH H 

EcJJH B Ka'ICCTBC l1CXO.D;I!Of0 COC.D;HIICHI1}! 6hiJI l1CIIOJlh30Bal! 2-HIHp0-

3-xnopaucTocpci!Oll (1007), 1!p11 cro KOH.D;CHCal.(l111 C ailCTcUICM (I b) IIOJIY'ICII 

CIILlMHIIOKCTOII (1008), IIpCBpall.(CHIILIM .D;ill1CC llyYCM B3aMMOJlCMCTBI15I C I"l1).lp0-

KC11JiaMHI!OM B l130KGUOJILIIhiM (1009), a C rH).lpa3MIII'I1.l(paTOM (1010) B IIHpa-

30JILI!hii1 amiJIOrH II11ppOJIHHTpHHa (CXCMa 489, C. 332) (734]. 

PcaKJ\1111 CI!LIMHI!O.D;HKCTOHOB (10 ll) c rl1.l(pOKCHJJaMHIIOM, cl)C!IJUII'H.D:Pa-

311110M 11 aMM.D;H!IaMH IIpH MMKpOBOJIIIOBOM 06Jlj"ICI!Hl1, IIpHBOAHlUHC K l130K­

Ca30JIL\M, I111pa30JiaM l1 I111pl1MH).llillaM (10 12-1014) COOTBCTCTBCIIIIO, Ofll1Ca­

llhl (CXCivla 490, C. 333) B [735). 

fcTCpOUHKJIWICCKHC aMI1.l(OKCl1Mbi }!BJ!}!IOTOI ncpCIICKTHBllhiMH COCJ(I1liC­

lll1}!MI1 )..(JJ}! nony'IC!IH}! KOII)..(CI!CHpoBamrr,rx MJOKGtJOJJOB u rmpa30JJOB. TaK, 

rmpa3HHOIIOBhJi1 aMHAOKCHM (1015) npH Kon.n;cncau:Jni c I JKBHBaJJCI!TOM 

diiCTaJJ}! (I a) LiaCT CMCCb 3-LIHMCTHJiaMHIIOMeTMJieiiaMHHOH30KCa30Jio[ 4, 5-b l­
nupa3HJia ( 1016) l1 OKCarmpa30JIMJI- 3-rmpa3HJIOHa-2 ( 10 17) B COOTHOlllCHHH 

21 : 13. B 5 % Il.(CJJO'IH nepBbiM c BLICOKOH cKopocTbiO rHLIPOJlH3ycTc>I .n;o 3-al\m­

IIOH30KCa3oJio[4.5-b]nHpa3HHa (1018). AM11.UOKCI1M (1019) pcampycr c auera­

JICM (1 a) C o6pa30BaHHCM CMCCH TpCX BClUCCTB- 3-cp0pMHJiaMHHOIIHpa30JIO­

( 4, 5-b j IIHpa3HHa ( 1 020), 2-).ll1MCTHJlaMHHOMCTHJICHaMHH0-3-uHaHOIIl1pa3HHa 

(1021) l1 N,N-.D;HMCTMJIMO'ICBl1Hhl (1022), ripH'ICM COOTHOlllCIIHC 3Tl1X COC).ll1-

HCHHH B CMCCH 3aBHCHT OT H36bJTKa B35IT0f0 B KOH)..(CHCal.(HIO aMH,Uai.(CTa.JIH 

( CXCMa 491, C. 333, l1 Ta6JI. 27) [736]. 

TparrccpopMal.(H5I enaMHHOKCTOHoBoro cpparMCIITa B H30KCa30,1hiiLIH H 

I1Hpa30JibHbiH I.(HKJlhi CCI'O).lH5I 5IBJI5ICTC5I O).lHHM 113 CTaH).lapTHbiX I1 rrpO,UYK'fHB­

HbiX CIIOC060B CHHTC3a IIp0113BO,UHbiX 3THX II5ITl1'IJICHHhiX fCTCPOUHKJIOB. B pa-

60TC [737] 3TOT IlO).lXO.U l1CIIOJib30BaH ).lJI5I I10JIY'ICHI1}l Cpa3y .llByx fCTCpOI.(HKJIH­

'ICCKHX cpparMCHTOB B O).lHOH MOJICKYJIC. J1CXO)..(HhiM COC).ll1HCHHCM ).lJI5I 3TOM 

UCJIH 6wr Bbi6paH n-ai.(CTHJial.(CTOcpCHOH (1023), peaKI..(l1}l KOTOporo C ai.(CTa.JICM 

(1 a) IlpOTCKaCT IIO 06CHM aKTHBHbiM MCTHJibHbiM rpyiiiJaM C o6pa30B3IIHCM 

6uc-eH.aMIIHOKCTOHa ( 1024). B3aHMMOLICHCTBHCM 3Toro coc.uHHCHJ1}l c rl1).lpo­

KCHJiaMHHOM l1 fH).lpa3HHOM CHHTC3HpOBaHbl OUC-l130KCa30JibHOC (1025) 11 OUC­

!IUpa30JibiiOC (1026) 6cmoJJhHbiC npOH3BO.D;HhiC (cxeMa 492, c. 334). ITo TOMY 
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CxeMa490 

0 [ 0 l 0 1a NHOH·HO (~A (~:~ , • (w 
1 

NH 1012 
ij ~NHNHz o 

O RC, ~~ NHz (OI:l)n 0' 
(CH )n -:;::--- N N '~*"' 1013f/ ~N,..... R Ph 

CxeMa491 

(~ + (~~0 N 
N N~NMe N 'o 
"/.Na0~016 

2 
1017 N_j 

C~~o la 

I NH 75~~~HH 
N 2 

1015 

R=H.,Ac ():::f::.. 
N 1018 NHz 

NOR 

l(N!NH2 ~ 
H NMez 

~ (P + cxN--: M~NmNH, 
N~NHz 
1019 NOR 

1020 NHOIO N CN 1022 
1021 

Ta6,wu,a 27 
3aBHCHMOCTb COOTHOllleHHll (1020), (1021), (1022) OT H36hiTKa aQeTaJJll (Ia) 

KonwrecTBO B3JJToro at~eTa.Jill, MOJih 
Bh!XOI( Bh!XOI( Bh!XOI( 

(1020),% (1021),% (1022),% 
1,2 (3 '! KMTTCHJ!il B TOJIYO!IC) 36 [4 8 
2,3 (6 'I Kl1!1CH11ll B TOJryone) 35 28 10 
ooJJb!lloii H3fihiTOK (5 MHH., 75 "C, 6e3 paCTBOpHTCJill - 66 12 

;Ke IIpHHI.UITIY H30KCa30JIHJibHOe IIpOII3BO,UHOe (1027) CHHTe3HpOBaHO, HCXO­

,UJI H3 4-auenunepcpemma (1028) (cxeMa 493, c. 334) [739]. 

Erue P5!.ll HOBhiX ,UaHHhiX, KaCaiOI.UHXC5I H30KCa30JihHbiX CHHTe30B 113 eHa­

MHHOKeTOHOB, OIIy6JIHKOBaH B pa6oTe [739]. 

'j 
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CXeMa492 

MeCO-o-'\: COMe T.K~~lQq CO·_F\_CO_//NMe2 

- Me2N~ ~ 
1023 1024 l 

N2J4· / NHzOH·HO 

~Hp,n 
N-N -
H 1026 1025 

CxeMa493 

COMe 1a 
~Ill A, 150-160°C 

• 

H j')KC o6cyA<.UeHHa5! pa6oTa [375], KOTOPYJO uenecoo6pa3HO ynoM5!Hyrh B 

LJ:aHHOM KOHTCKCTC, K.aCaCTC5! HC CI1HTC3a, a CBOHCTB 2-aMHH0-3-3TOKCHKap6o­

HIUII130K.Ca30Jia (1029), KOTOphiH npH peaKU11H C aMII,L(- 11 JiaKTaMaUeTalliiMM 

IIOLJ:BCpraeTC5! xapaKTCpHOMY Jlfi5! J130K.Ca30JIOB [740] paCKph!Tl110 UIIK.Ha C o6-

pa30B3HllCM COOTBCTCTBYJOIUIIX aMII,L(MHOB (1030, 1031) (cXCMa 494). 

CxeMa494 

IO((X)()Et 

N, 
0 

1029 NH2 

NC CDOEt 
Me2NCH(O.Et)2 X 

HO ~NMe2 

~ 
I OEt 

Me 

1030 

Jc:O 
HO I 

1031 Me 
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4.1.2d. Tua30Jihl 

KaK cJie)JycT 113 MaTcp11aTJa, np11BCJJ:CHHoro BhiWc, COCL\11HCHI15I Tl1a30Jih­

Horo p51L(a JlOCTaTO'iHO <JaCTO o6pa3yiOTC51 np11 CI1HTC3C OKCa30JIOB 11 pOL\CTBCH­

Hh!X COCJJ:I1HCHI1M. 

lJ,aHI!bii1 pa3}~CJI TIOCB5111(CH Cl1HTC3y Tip0113BOL\Hb!X Tl1a'30Jia, B TOM '!11CJIC 

11 KOH/(CHCHpOBiiHI!h!X Tl1a30o10B, B KOTOpOM aUCTaJII1 aMI1L\OB 11 JiaKTaMOB 

I1pl1HJ1MaiOT HCTIOCpC/\CTBCHHOC y<JaCTI1C. 

Tip11 :JTOM lipHHC)~CHHh!C pa!ICC pa60Tbi, KaCaiOIU11CC51 fCTCj)Oili1KHOI.l, 6y)1J'T 

CllCU11<1J1hHO o6Cy)f(,1IaTbOJ TOJ!bKO 1.! TCX CJIY'Ia5IX, KOfJla 0Hl1 I1pl1HU11TIJ1aJibHO 

OTJII1'11ihl OT 06bi'lllb1X MCTOL\01.! IIOJIY'ICHI151 TJ1a30JibHh!X COCJli1HCHl1i1 11 11X 

Cl.lOJ1cTI.l, CH5I3aHHhiX c npHMCHCHHCM aMHJ~aueTaJiei1. HwmeM c IIO/l:p06Ho pac­

CMOTpCHHoi1 pa!!CC pa60Tbl (CXCMa 394) [ 5931, B KOTOj)OM OIIHCaH CI1HTC3 KOH­

,llCHCHpOR<UIHbiX 'IaCTl1'1HO HaCblil(CHHhiX f151Tl1'IJICHHhiX fCTCpOl(l1KJIOB, BKHIO­

'IaH 2-a~!I11!0Tl1a30J!hl 113 3al\1Cli!Cllll0f0 CI111pOL\110KCOJI3HO!ll1KJIOf'CKCaHOHa. 

B pa6oTe f7 411 /l:.H5I nony•IeHH51 npoH3BOL\Hh!X Tl1a3oJia acnoJJh30BaHa peaK­

UIUI ai\CTaJieii JiaKTaMol.l c 3aMCl1\CHHh!Ml1 1130THOMo<ICBHHaM!1 ( 1032). B 3TOM 

CJIY'Iae RII<PiaJie 06pa3y!OTC51 aMI1Jll1HORbiC Tip0!13B0)1HhiC (1033), KOTOj)blC, TIO 

~1HCHifiO aBTOj)OB, llp11 pacKph!Tl111 JiaKTaMI!hiX ljl1KHOB llj)CBpa!!(<HOTCH B CIU1p0-

fll1[Jj)OJll1)(l1HOTI1a30JJI1HOBhiC COCL\11HCHI151 ( 1034) l1 3aTCM B 2-ai\IHH0-4-( Ctl-l\IC­

TJ1JiaMHI!OaJIKI1JI)THa30Jihl (1035) (CXCMa 495). 

CxeMa49S 

(CH:l)n * R, lCH:l)n j NR J eN ~: +~ J: cNANJlS~R'--
, R' S NH I 

Me 1032 Me 1033 

[ ~fH:l)n l - N, N Me 

)l R' 

~ s 1034 

w--.f'- (rn;- NHMe 

)l r-R' 
RHN S 1035 

11cCJIC,ll,OBaHIIC [742] IIOCB5!WCHO 11011CKY l1Hf116HT0j)OB U11K!ll1H3aBJ1CMMOM 

KI1Ha3bl 2 (CDK 2), KOTOphiC CTIOC06Hhl Bhl3h!B3Th aHT11Tip0Jli14JepaTHBHh!C II 

Tij)03TIOTOTJ1liCCKI1C 34J¢cKThl 11 COOTBCTCTBCHHO MOfYT llCIIOJ!b30BaThC51 K.aK 

IIpOTI1BOOIIYXOJICBb!C areHThl. 

Boo61ue KHHa3hi ~:no ¢epMeHThi, KaTil.J111311PYIOJUHe ¢oc¢opi1JIIIpoBaHae 

MOJICKYJihi-aKuenTopa rrp11 rroMoma A TeD HJII1 JJ:pymx HYKHC03MTPI1¢oc¢aToB. 

B L(aHHoii pa6oTe caHTC3HpoBaHhi 2-aMHHo-4-MCTI1JI-5-aueTIUITI1a3oJihi (1036), 
KOTOphiC peaKUHeii c L\HMentnaueTaJICM ,LJ,HMCTI1JI¢opMaMII,L(a (I a) rrpeBpameHhl 

I 

:I 
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B 3aMCll(CHHhie CHaMMIIOKCTOIIhi Tl-Ia30JihHOfO p5I~a (1037), KOTOph!C ITpH B3aH­

MO~Cfi:CTBMH c N-apMJiryaH~HHaMn (1038) ITpenpall(eHLI n 4-(THa30JIHJr-5)ITH­

pHMH~MHLI (1039), IIp05IBJI5liOll(HC KMI!a3HI!fH6HpyiOll(CC !'J:CifCTBHC (CXCMa 496). 

CxeMa496 
NMe2 

NH2 .) 

~ N 0 Thqmwm, 

:X H2N MeOH Ia 
Me a+ )r--NH2 ~~s 

S Me 
Me Me 0 1036 CDMe 

R n Jl·ILX ~NH NH2 
1038 

~ 

;!:' If.:~ 
Me2N Me t 
/ 

N '-'::: 
N'Oill25'<:, MoOUl,cH,OH ~ NH 0 R 

1039 

THa30JIHJIITHpHMH~HHLI ~pyroif CTPYKTYPLI CHHTC3HponaHLI Jia ocHone 

pCaKU:HH aM~allCTaJICif C IICpBH'-IIIhiMH CHaMHHOHl1Tpl11IaMH (1040). flOJIY'lCH­

IlhiC 3THM ITY'fCM CHaM~HHhl (1041) ITpCBpall(CHhl B 3aMCU(CHI!LIC 4-aMHli0-6-

6pOMal.(CTMJIIII-IpHM~J-IHhi (1042), KOTOphlC ~aJICC TpaHC<jJOpMHpOBaHLI B THa-

30JIMJIITHpHMH,ll;J-IIIhi (1043) (CXCMa 497) [743]. 

CxeMa497 

OFt NMe2 

BICH2~=< Nlft MeCDO-R ~ 

OEt 
Bia-1 _j ____ /NH2 Me2NCXRXOMe)2 
2~~ 2Q°C 

OFt~ 
1040 CN 

~
NH2N 

Br )l 
R 

0 1042 

OFt EtOH, T. ram., 3 'I 

1041 CN 

H2N~NH2 )-{jNH2 
N o lj '\ 

3)H2NC(=S)N=C(NH2)NH2 \ N=-<N 

l)HBr,20°C 

2)NaHffiJ 

1043 R 

l130U:J-IaH~LI 5IBJI5IIOTC5l uocTaToqHo CMJILHLIMH CH-KHcJioTaMJ-I ~mi peaK­

UI-IM C aM~aUCTaJI5IMM - ITpli 3TOM o6pa3yiOTC5l COOTBCTCTBYJOll(liC CHaMHHLI 

(1044). flOCJICLI:HliC IIO~BepraiOTC5l TpCXKOMIIOHCHTHOH peaKUMH C Y'IaCTJ-ICM 

4.1. !bunu'l"?eHHbte zemepou,uK!lbt 337 

d~!!H!OTJ-IOKHCJIOT (1045) H aJJL)lCrH~OB (1046), B pC3YJILTaTC KOTOpoif o6pa3yrOT­

CH COCJUiHCIJI15l (1047), BKJIIO'laJOU(HC B CBOif COCTaB ~-JiaKTaMHLiif UJ-IKTI li THa­

!OIILIILiif qJparMCHT [745]. Bcposrmoe o6b5ICHCHHC B03HHKHOBCHH5l B ITpou:cccc 

peaKU:HH HMCllllO T<lKIIX KOIIC'lHLIX ITpO~YKTOB ,I(al-!0 Ha CXCMC 498, a, C. 338. 

Ha ocHoBaJIHH ~1JrrcpmypiihiX J.(aJIHLIX o6 aKTHBHOCTH HCKOTOpLrx rrpm13-

BOL!HhiX THa3o.Tio[3,2-a]rntpHMHJ~Hl!a ITO OTIIOlllermro K HIV-1 (auniBl-flf-,UcifcT­

BHC) II B Ka'ICCTBC !1pOT11BOBOCI1aJIJ1TCJihlihiX arCIITOB B pa60TC [744] HpC,llflpl1-

1!5lTa l101IhlTKa CJ-IllTC3a I!OBL!X fl0/l,06IIOI'O TJ1lla COC,lllfl!CIIllif C HCIIOI!h30B<llll1CM 

aMI-I,llal(CTaJICIJ. 

flpCJl]!O)KCI!lla}l CXCMa CI11ITC3a 6a3HpyCTCH 11<1 pC3Kl(I1lf ll,I1MCTHJli!I(CTaJI5l 

,'J:HMCTHmjJOpMaMH,rJ,a (I a) c TJ10MO'JCBHHoi1, ITpoTcKarouuw ITO o6cl1M rrcpnwi­

HLIM aMHl!OrpyiTIIaM, ,lliL'IhllCMillCM l]l!K;l!13al(HH ITOIIY'IC!Il!OfO ,'J,Hai\IH,llHJia 

( 1048) 11p11 o6pa60TKC 3aMcurcl!JihiM 6poM<Il(CToqJciiOJIOM (1049) c o6pa:JoBa­

HHCM aMH,llHIIOTl!aJOIIa (1050). IloCJIC,lllii1M BCTynacT B pcaKU:l110 [4+2J U:J-IK­

JIOITpHCOC,lliiiiCHHH C 1\!CTHJIBH I I HJTKCTOJIOM, B pC3YIILTaTC KOTOpOif l10J1Y'lCil 

THaJoJIOnHpHMH,llHII (1051) (cxcMa 49S, 6, c. 339). McTon CHHTC3a TIIaJOJTO­

nnpi-IMH,'l,IIIIOB, fi0,U06IILIM Olll1CaiiiiOMY IlhllllC, pcaJT!130Baii B pa60TC [745j C 

IIpHMCHCIIHCM KCTCHa B Ka'-!CCTBC ,llHCHOCj)HIIa. 

TaKoi1 )f(C THIT Tl1a3oJihiioi1 I!HKIII-I1aruu1 npHMCHCII nmr aMH/U11IOB (1052), 

IIOJIY'-ICHHLIX KOIU!CIICaUJ-ICM aMH)XaU:CTiUICfi: C N-MOIIOJaMCll(CIIHLIMH TIIOMO­

'ICBHHaMII (1053). Ilor[}!TIIO, 'ITO wur N-3a1'.tell(cHHLrx THOMO'ICBIIH pcaKU:IIH c 

al(CTaJI.5IMI1 npOTCKaCT TOJILKO ITO O,lli!Oil: aMHHorpyrrnc. IJ,IIKII!13al(l1CM ( 1052) 

IIOJTy<ICHhl THa30Jihi (1054) (CXCMa 499, C. 339) [746]. 

B3aHMO~CifCTBI1C 3<jJIIpa MOHOTHOKap6aM!IIIOBOif KHCJIOThl (1055) C ,lllfMC­

TMJiaUCTaJICM N,N-LIJ-IMCTHJiauCTaMHJla rrpHBO,lli-IT K aMHJIHHy (1056), KOTOpLii1 

np11 peaKUHH c TpHMCTMJICYIIh<jJmmi1HJII1,llOM (I 057) B ;:rHMCTHJICYJih<jJoKcHne 

(L(MCO) rrp!1 ooc npeBpau~acTC5l B TPHJaMcll(eHHLiif TJ-IaJOJTHH (1058). Me­

TMJII-IpoBaHIICM IIOJiy<ICHHOfO COC,lll1HCHI15l C IIOC.TIC)..{YIOlUI1M )..{Cfi:CTBHCM TpCX-

6pOMI1CTOfO c!Joc<jJopa B TOJIYOJIC ITpl1 KHI1WICHI1H l1 ,llaJILHei:J.weif BO,llHOif 06-

pa60TKOif 6Lm ITOJTY'ICH THaJOIIOH-2 (1059) (CXCMa 500, C. 399) [747]. 

L(pyriie ccpyconep)f(atl(HC COC,llJ-Il!CHIUI (1060) IIpH a.J1KMJIJ-IpOBaHHI1 (J}-faiiO­

I'CHaU,CTOYKCYCHh!Mll 3<jJHpaMH (1 061) ITpcnpall(aiOTC5l B <lJYHKU:IIOHaJihH03aMe­

ll(CHHhiC 2-MCTI1JIMCpKaiiT0-4-aM!1H0-5-3TOKCHKap6oHHJiaUCTMJITHa30Jihl ( 1062) 

HJIII cooTBCTCTBYIOll(J-Ie npOI-I3BO,llHhiC THo<jJena- (1063 a, b). IIocJienHue rron 

H03)..{Cfi:CTBIICM aMH,.laUCTaJI5l ( 1 a) TpaHC<jJOpMIIpyiOTC5l C 3J1llMHHI-IpOBaHHCM 

!ll1MCTJ-IJI<jJOpMaMII,lla B Tlfa30110[4,5-b]rr11pl1,lll1Hhl (1064) MJII1 Tl1CH0[3,2-bj­

II!1p~I1Hhl (1065) (cxeMa 501, c. 340) [748]. 

flpiiBC~CM KpaTKYIO J-IH<jJOpMaU:HIO 0 THa30JICO)..{Cp)f(all(IIX fCTCpOU:IIKIIaX, 

B Cl1HTC3C KOTOpLIX IIpl1Hl1MaJII1 y'-!aCTJ-IC aM~al(CTaJIII, HO KOTOphiC TIOJIY'ICHLI 

113 IICXO,llHh!X COC)..{J-IHCHHM, Y)f(C CO,llCp)f(all(IIX Tl1a30JILHLIM U:l1KII. 
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4.1. IlJunu'l/leHHble zemepou,UK/lbl 

CxeMa498,6 

1a 
Me2N NMe2 

"' N N / 

11048 

~N/(NH2 

s 
• 

p-Br({,J4COCH2Br 
1049 

• 

339 

0 

Me,N'-0NI(sYmc,fl,fu-p~•M'·yCNY sy CO<:t,H4Br-p 

N~~ ~ N~~ 
1050 1051 

s 

CxeMa499 
R' 
I 

0 

S R' 

R- NH_jl_ NH2 
Me2NC(OMeh 
----1 R- NH___lL N.A 

NM~ 
1052 

1 XCH2COR" 

H 0 

/y_yR" 

l00°C,I q 

1053 

1054 R' 

CxeMa500 
Me - + 
I NMe CH2- S(O)Me2 

EtOYNH2 Me2NC(O~eh I( 2 
1057 EtOI(-fs Mei,ai202 

EtO N )WCO, ooc N 

s Yto56 Me 
1055 S NM~ 

s 1058 PBr3, ronyon, 0 =:::::::r- J 
~ ~> '~·~-~., J-{ 

-r 1059 Me 
Me 
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I 
I 

II 
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Ill 
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CxeMa501 

MeS XCH2ax::H2COOEt 

)=y CN 
1061 __/sXax::HzCDOFi 

KS - • MeS ~ 

1060 X~ Cl, Br Y NH2 

Y=N, 1062 
C(CN), 1063 a 
C(COOBu-1) 1063 b OH 

1a 

(

NMe2 

s I 
MeS~ X CXX:COOFi 

N NH 

MeSYS~OlOR 
N---l .. J 2 

---i~ 1064 N 
OH 

• 

SHJIH I( NMez 

Mes----(. ~y CXX:COOEt 

R)----il-NHz 
R-CN - ,COOBu-t 

M<S)C()OlOB 
R 1065 N 

)J,!1CIIJI,V!aMI1HOIIpOl1'3B01U!OC ( 1066) Cl1HTC3HpOBaJ!O pcaKU11eii lUIOCinmlJI­

MCTall<l C ai~CT<UICM (1 a) C ITOCJICJI,YIOIHHM ITCpC<lMI111l1pOB<lHJICM ITOJIY'ICHHO!'O 

rperwmoro cHaMHHa ( 1 067) '3<jmpoM rJIHI(HIIa 11 peaKuHci1 o6pa3onanwcroc51 

BTOpWIHOrO Cl!aMHIIa ( 1068) C )J,H:JTH.~al(CTaJTCI\1 )J,J1MCTJ1JHj)OpMaMH)J,a (1 b). 
)J,aJICC ::no COC}~HI!CIIHC BBC)J,CHO BO B3aHMO)J,CifcTBTTC C 2-aMHI!OTHa30JIOM (1069). 

Pc3yiihraroM 3THX rrpcnpaiUCHHil HBTTJTCH CI1HTC3 3aMCIUCHHoro cHaMlUIOBhlM 

cpparMCHTOM THa30JT0[2,3-b)m1pl1MH,UTTHa (1070) ( CXCMa 502) [749). 

CxeMa502 

0 0 H2NCH2COOEt 0 

la ~Ph 
0 )(M<I>A, Ph N ! ~l'h SO"C 1067 II:=J 

l'h N ~~ 
Me, <XlPh n, 1069 COPh Me2N"'-t __/ 

__/ 
1
b II ~COPh ~ COPh ~<!>A, FiOOCCNH 1066 - Fi<XXXH2NH sooc 

1068 

- PhOC - ;;NYS1 PhOC~ N_jl 
H o 1070 

4.1. flHmu'f.1eli/ibte zemepo~uK,Ibt 341 

no)J,06Hb!H ITO}l,XO}l, K CHHTe:Jy Tl1a30JTOI111pl1M11):U1HOB HCITOJTh30BaH B pa6ore 

[750[. B I(CJIOM 6~'JH3KHH ITYTh K CTTHTC3y rrpHMCHCII 13 pa6orc (751J )J,JT51 110Jiy­

'!CIBI51 TH<\30~10( 4,5-b)rrHpH)J,OIIOBbiX aHCUIOf013 IIaJIH)J,IIKC0130H KHCJTOThl (1071 ). 

roCOOII 
Me N N 

I 
Et 

HaJH!,!IHKCOBrul KHCJTOTa 

CmrTc3 IICITCBhiX npo,1,yKTOB BKmo'racT KOII!J.CHCa!liiiO :JTHJToBoro :Jqmpa 

2-MCTJIJIMCpKaiTT0-4-MaJIOIHIJI-5-aMHIIOTHa·3oJ!a ( 1072) C <lUCT<UlCM (1 a), KOTO­

p<Ui 11pOTCKaCT II IlO aKTHHHOMY MCTHJTCHOBOMY 3BCHy, H 110 aMHI!Orpyrrrre, C 

gaJThi!CH!UCH l(HKJU1'3al(11CM B Tl1a'30JlhHbiH al!aJlOr XIIIlOJIOIIKap60IIOI30M KHC­

JlOThi (1073). N-:JTIIITHpomnmc 3Toro cocgnHcHmi no xrmoJIOHOBOH NH-rpynne 

I1pHBCJ10 K IIOJTY'ICI!HIO 6m13KHX aiiaJTOfOB (1071) Ham!}(HKCOBOH KHCJTOThl H 

~P)THX npenaparoB 'noro p51Jl<l (cxcMa 503). 

CxeMa503 

Mel~ s~ooom b MeS~sJv=:;,H 
N_j(_ __ TOJI)'OJI, T. Kim. N.Jl_. ll 

1072 NHz N NMe2 
0 

0 ll 
MeS~s~OOOH \~s~ooo~"' 

N_l(N)I R N_l(~T)/ 
-____,~·;~~~~OOOH u 

R N_l(N)/ 
I 

1071 Et 

2-fCTCpHIT6CH3THa30JTbi (1074-1076) Cl1HTC3HpOBaHbi, IICX0~5l 113 2-uHaH­

MCTHJT6CH3THa30JTa (1077), peaKimet\ C aueTaJICM (1 a) H IlOCJICJJ:YIOIUHM B3aHMO­

~CHCTBHCM rroiTy'!cHHoro 6eH3THa30J!l11T-2-eHaMHHOHHTpl11Ta (1078) c ryaHH­

AIIHOM, r11,UpOKCHJTaMHHOM H f11,Upa3HHaMH (CXCMa 504, C. 342) [752). 

B 3TOM KOHTCKCTC, ITO-BHJJ:HMOMy, UCJICC006pa3HO 06CyAHTh Cl1HTC3 CCJICHa-

30JIOB, OITHCaHHhiH 13 pa6ore [753) H 3aKJIIO'!aiOIU11HC51 B peaKUHH 3aMCIUCHHOH 

i 

I 
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CxeMa504 

~N 
~s~CN 

1077 Ita t KcHJIOJI, T. KHTI., 3 'I 

~N 
J: ~sJ):/CN 

H2N "NH2/ 1078 ""'RNJ / 1 ~NH
2 

u.~N Ml~H CCN NH, 
1074 lN)l Q S 

1 ~ N-R 
NH2 -:/" N NH 10~ \_J, 

I y 2 
N-

::::-... s 0 
1075 _J 

N-

CCJICHOMO'ICBI1Hbl (1079) C 3UCT<UICM (1 a), 11pOTCK310ll(CH C o6pa30B3HI1CM 3MI1-

Jl,I1H3 (1080). 0TMCT11M, 'lTO HCKOTOpb!C llpOCThlC CCJICHCOJ],Cp.lK311(11C np0113BOJ],­

Hb!C llOJIY'ICHbl C l1CI10Jib30BaHI1CM 3MI1)],3IJ:CTanei.f [7 54) ITO CXCMC 505. 

/OMe 
HC-OMe 

' NMe2 
la 

CxeMa505 
/ScMe /OMe 

o=c + Se=C 
KclUion, T. KHTI. '- '-

NMe2 NMe2 

Se • 

AMI1Jl,11H (1080) npeJJ,CT3BJI51CT co6oi1 CCJICH0333Jl,I1CH, KOTOpbiH CJIY.lKJ1T 

yJJ,o6HblM llCXOJl,HhiM COCJlllHCHllCM Jl,JI51 reTepOJ],JfCHOBOH peaKUlfll )J,IIJibCa -

AJILJJ,epa 11 cnoco6eu peanrpoBaTh c JJ.HMCTIIJIOBhiM 3(j;JIIpoM aueTnJieHJJ,II­

Kap6onoBoli KIICJIOTbl, BbiCTYIT3IOIUIIM B 3TOM npouecce B K3'-lCCTBC )lllCHO­

cpiiJia. B pe3yJihT3TC 3TOfO B33IIMO)lCHCTBII51 CIIHTC3I1p0B3H CCJICH330JI (1081) 
(cxeMa 506). 

4.1.2e. IIMMa30Jibi 

)J,JI51 ITOJIHOTbl KapTIIHbl HC06XO)ll1MO HCKOTOpOe llOBTOpCHHC CBCJ],CHIIH, 

Y.lKC IIpHBCJl,CHHhiX B rJI. 3. K '-liiCJIY nepBblX pa6oT, I10CB511UCHHblX CIIHTC3Y 

reTepOUIIKJIOB H3 OCHOBC 3MI1Jl,- II JI3KT3M3UCT3JICH, OTHOCI1TC51 C006ll(CH1IC 

[ 113), KOTOpOe KpaTKO o6CY.lK)laJIOCb BbliiiC ( CXCM3 63), IIOCB511UCHHOC B33HMO­

)lCHCTBIIIO )li13TIIJiaueTaJI51 )liiMCTIIJicpopMaMI1Jl,a c II30TIIOUHaHaTaMII. PeaKUII51 

4. I. ilflmU'UleHHbte cemepou,uK!lbt 

CxeMa506 

Se Se 

RR'N)lNH2 

1079 

la 

20°C, 6'1 RR'N~~NM:2 
(COOMe 

I~ -
COOMe 

RR'Nr SoyOOOM' 

'("cooMe 

NMe2 

1080 

RR'NyNH 

~. Soi(OOOM< 

yAcooMe 

~e2 

• 

RR'N Se COOMe 

~ f-{)=NM,, RR'Nrr-

0
& "':' 

- N 

H 0 
1081 

0 

343 

npoTeKaeT 10-16 'I rrpii 80-120°C, II B 3aB!1CIIMOCTl1 OT CTPYKTYPhi rrpl1MCH51e­

MhiX II30Tl10UIIaHaToB B pC3yJihTaTe o6pa3YJOTC51 1, 3-LUI3aMell(eHHbie-2,5-)liiTIIO­

oKco-4-3TOKCH-4-JJ.IIMeTIIJiaMIIHOl1Mll)la3oJI!1JJ.HHhi (1082) II 2-3TllJIMCpKaiiT0-

2- R-l1Ml1HO-N ,N -)ll1MCTIIJI3UCT3MII)lb1 ( 1 083). 
CooTHOIUeHne BhiXO)lOB o6pa3oBaB!lliiXC5! BCiliCCTB onpe)leJI5!eTc51 np11pouoH: 

McnoJib3YCMhiX l130TIIOUIIaHaTos: )lJl5! R = MeTIIJI, 3TIIJI, U3o-rrponiiJI, H-6YTMJI 

o6pa3yJOTC51 TOJihKO (1082) c BhiXO!J:3MII 57-65 %, Jl,JI5! R = UIIKJioreKciiJI Bhl)le­

JieHbi II (1082), II (1083) C BhiXO)l3MII COOTBCTCTBCHHO 42 II 28 %, Jl,JI5! R = 6eH-

3IIJI, cpeHIIJI, H3cpTIIJI ITOJIY'JCHhi TOJlbKO (1083) C BbiXO)l3Ml1 34, 80 l1 43 % CO­

OTBCTCTBCHHO (CXCMa 507). 

2RNCS + 
/OEt 

HC,OEt 

NMe2 

CieMa507 

----. •,r~"" 
s~N NMe2 I 
1082 R 

EtS 
+ Ho 

RN 
1083 NMez 

ilO)J:06Ha51 peaKUIH!, HO C l130UII3H3T3Ml1, npOBO)lliJI3Cb II B 60JICC paHHCH 

pa6oTe ( cxeMa 64) [ 114]. Co macHo IJ:3HHhiM 3Toro MCcJie)loBaHIIH M5! R = cpe­

HIIJI II Ul1KJIOfCKCl1Jl rrp11 HarpeB3HI1H KOMITOHCHTOB Ilpll 100-130 °C 6hiJIH 110-

i!Y'JCHbi O,N-aueranw napa6aHosoH: KHCJIOThi (1084) II ::~cpwphi 3aMell(eHHhiX 

Kap6aMHHOBbiX KHCJIOT (1085), 06pa3yiOIUHCCH IlpH peaKUHH BbliJ:CJIHIOll(CfOCH 
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CTII1pT3 C l130U113H3T3Ml1 ( CXCY!a 508 ). Al.JaJIOfll'!Hb!C Tl10ypCT31JLI 06!1apVJKC­

Ilbl 11 B pa60TC [113] (CM. TilK)((C CXeMy 62). 

3RNCS + 
OE.t 

/ 
HC-OEt 

" NMe2 

CxeMa508 

R,N-fO 

---+ A>.T )< OEt 
+ RNHCOOE.t 

1085 

R = Ph, IIHKJIOreKC11JJ 

0 ~ NMe2 

R 1084 

KoHcTpyl1pomtiiiiC !!MHI!a·3oJJhiiOro lll1KJia npc).[ycMaTp11BacT ua;II1'Il1C B 

O).[l!OM l1CXO)UIOM COC)~I1fiCillHI i!BYX aMHIIOrpynn H CflOCOG!IOCTb BTOporo 

HCXO).[I!Ol'O COCj~HJICIIHH BliC)\pHTh ll MOJICKYJIY 0)\Hil O).[llOYI"JICpO/\I!b!H cj)par­

MCIIT. flpCJIC'IaBJl5lCTCH JIO!li'Jllh!M HMCTh 0-<jJC!lHJ!Cll)J,ITaMHIIOBYlO CHCTCMY 11 

06CCITC'll1Tb CC ·3aMhiKaiiHC B l1Ml1)~<UO;!bi!OC KOJlhi[O KaKl1M-JIJ160 OOhl'Jllh!M CIIO­

C060M 11 i[<lJICC 1\IO)[H<jJHUHpOBaTL llOJIY'lCilllOC COCHIIIICilliC C 1\C;lbiO UIIITC33 

I[CJ!Cilh!X COC)~I1JICIIHi1. I3 paOOTC 17551B Ka'JCCTilC 11CXO/[l!Ol"O Jlh!Gpall 5-aMH!l0-

6-m1TpOXI11lOJII1Il ( 1086), BOCCTal!OBJICIIl1C IIV!T{K)rpyrriTbl KOTOporo rlp11B0)~11T 

K Jli1<L\IIIllOXI1IIO.'ll111Y. PcaK!Il1ll IIOCICJliiCro c ccpoyr;rcpo,rroM JJ,aJ!a 2-Mcp­

KaJITOI1MI1LI<nol4,5-flxi1llOJll1II ( 1087). KOTopr,Ii1 obiJI S,N-;UIMCT!Inl!ponaH 

(1088) rrp11 mtrpcnamm c aucTaJrCM (I a) 11 IPJICC p}l/lO!vl nociCHOBaTCJTbllbiX 

pcaKJIHM upcBpamcH B My'T<l!TIIllhii1 2-aMmro-3- :vrcTI1Jll1MI1!laJol4,5-flxm romnr 

(1089) (cxcMa 509) 

o&NH

2 

N02 

~ 

I 
~ 

1086 

roN=(: 
~ --
~ 

N 
1088 

H/NiRa -
CxeMa 509 SH 

NHz N==< 

o&NH roNH cs~ ~ ~ Ia 

-I -
0-. ~ 

N 

SO M 
1087 

NH _ __j ze _j 2 

roNke roN~e 
~ ~ 

I 
0-. ~ 

N N 
1089 

BITOJTHC O'ICBM)J,HO, 'ITO ITOTpe6HOCTb BBC)lCHI15! B MOJICK)'JIY 0/lHOYrJICpO).[­

HOfO rpparMCHT3 ,!lHKTYCT, 3a'IaCT)'10, )((CJiaTCJlbHOCTb IIpHMCHCHIDI ilUCTaJibHOfO 

CI1HTC33 H3 CT3,ll,l111, I!pCI[IIICCTBYKHI(eii Ul1KHI133U1111, 11JIJ1 C3MOH UHKJII133Ullll. 

l1MCHHO T3K35! CTpaTCfiUI HCIIOJib30B3JJ3Cb B pa60TC [756] )lJI5I CI1HTC33 HOBO-

"~~ 
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ro npoTHBOBnpycnoro aUI1flHYKJIC0311)J,a, npe)lcTasmnomcro co6oi1 9-(3-rH,Upo­

KCHrrporroKcH)ryaHHH ( 1090) - 1130MCp 113BCCTI!OI'O ITpOTHBOBiipyciiOfO npe­

rrap3T3 a![HKJIOBHpa. B K3'ICCTBC HCXO).[HOI'O B JTOM HCCJIC)l01l3Hl111 IIp11MCHCH 

0-6CH"311Jlf11/\pOKC11I!pOIII1Jlf11!l,pOKCI1Jl3MJ111 (1 091), KOTOph111 J!CfKO BCTynacT 

BO B3aHMO).[CHCTBJ1C C )li1MCTI1JJ3UCT3JICM /ll1MCTI1Jlcp0pMaMHJ[a ( 1 a) C o6pa30B3-

H11CM COOTBCTCT!ly10ll[Cf0 aMI1)J,l1IIa (1092) 11 3aTCM C a-aMHHOUHallaUCTaMH)J,OM 

(1 093). flony"ICHHbiH np11 JTOM N -6el!3HJIOKCHnponHJJOKCH-N' -I\Hdi!Kap6aMI1-

!l.OMCTHJHjwpMaMH,llHH (1094) UHKJII13YJOT 1Ip11 HarpCBa!ll111 B J~HMCTOKCHJTaiJC 

B ITpHCYTCTBHH JcjmpaTa TpcxcpopHCTOro 6opa JIO 1-( 3-6Cll3l1JlOKCI1flpOriOKC11)-

4-Kap6aMOI1JI-5-aMHIIOHMH)J,a30Jia ( 1095), KOTOpbll'I 06h!'lllhll\!H CTIOC06aMl1, 

IlallpHMCp, KOIU:\Cl!Cal[l!CH C 6CI!3011Jli130THOUHallaTOM C lJOCJ!C.IIYIOllll11\! 3Jll1-

.\1l1l!HpOBaHHCM 6CI!111JibllOH rpyTiflbl I'Hl\pllpOBa!ll1CM Ha)l !IaJIJJa)liiCBbiM KaTa­

~1H3aTOpOM ITpCBpall[eii B UCJICBOM (1090) (CXCMa 510). flono6l!b!H ITYTb Cl1I!TC3a 

HMI1ll330JIOB pcaJIH30BaH H H pa6oTc 17 57]. B Toil )((C poJJH, '-ITO 11 aMH.naucTaJIH, 

MOryT Bb!CTYIT3Th 11 aUCTaJIH Jl3KTaMOB. 

CxeMa510 

Ni:o f NH 

HO~ N )-..... O_j N NH 
An;maroanp 

2 

CN 

HzN.)...... / NHz 
--HO ~~ 

Ia 1093 0 
PhCH20(CH2)JONH2 

1091 20°C 
~ PhCH20(CH2)JON NMe2 20°C, 

MeOH 

.,_ PhCHzO(CHz)JON ~ NH 
I 

1092 

BF3 · Et20 _;:..___;__.,. 
HzN '-..../" CHCN 

MeOCH2CH20Me 
60--80°C 

to94 11 
0 

N 

fNXooNH
2 

PhCH2o~ I NH
2 

1095 ° 

------• (X~N" 
H,o~f ,.A 0 1090 NHz 

l1HMCHHO 3TOMy ITOCB5ilUCH3 ny6JJHKal[!15! [758], B KOTOpOi1 2-aMI1HOTHa-

30JI, 2-3MJ1HOXI1H0Jll1H 11 2-3Ml1HOIT11pl1)l11H KOH)lCHCHpOBaJIH C JiaKTaMal[CTa­

JT5!Ml1 C o6p330B3HJ1CM COOTBCTCTBYJOIUHX 3MI1)],11HOB (1096). 
flp11 3JIKlUI11pOB3Hl111 110Jly<IeHHb!X COC)J,l1HCHI1H o6pa3yJOTC5! 'ICTBCpTiiq­

Hbie COJIII, KOTOpbie np11 B03)J,CHCTBIII1 OCHOB3HIIH rrpeBp3IU3JOTC5! B CTIIIpO-
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COC,llHHCHHll, 113 KOTOpb!X npH L(3JTbi!CHWCM pacKpb!Tl111 H3Cblll(CIII!OI'O a3a­

fCTCpOUHKJT3 o6paJyJOTCll KOII,llCHC11pOB311Hb!C 11MI1):(330Jlbl ( 1097), 11MCIOIUHC 

B Ka'ICCTHC 33MCCTHTCJICH MCTHJI3Mlfl!O(UJK11JlhHbiC rpymmpOBKH ( CXC~la 511). 

CxeMa 511 

(UJ,j.~mH,N~:) ((t::lN----<JRCH2X,.. 
l:_N m I y 

I R. ~e 
~e < 

(II)n I +Jx- ~o;1JN 
"f~~N ,.. 

Me 1096 Y R 

l I A R ] MeHN- (CHI)n -......___/ (Gh)n·~- ; -·---- r\ 
• CNI N~"J .. ~NJ 

~ y y Me 

Il,pyroJ1 IIOHXOil, K 11CHOJ!h30H3HI110 B l1MH1[3JOJ1bi!Ol\l Cl1HTC:JC l'CTCj)HJI<IMll­

~~HHOH npc.LJ.JIO)KCI! B pa6mc 1759 J. ITony'ICIIItc aMHi\HHOB ( 1098) npoBCHCHO 

06b!'!IILIM CI10C060M- KOH)lCHCaUHCH l'CTCp11JJaMI11!01l C dl\111iJ,aW.:TaJICM (1 a). 

J.ClJICC iL1KHJI11pOBaHI!C pcaKU11CH C n-rH!Ij)OKCH6p0~1allCTO!pCIIOHOM (1099), KO­

TOj)OC COf1pOBWK.HaCTC5! l(l1KJU13ai[I1Ci.J ,[(0 KOH.LlCHCHJJOB3HHOI'O HMH)lil30JI3 

( l1 00). Cne,UyJO!l\11H ~nan - O-aJIKHJTI1pOB<Hmc no cpe!IOJlbHOMY ntApOKCHJIY 

3-,Hll-li-6yTl1J111j)OflliJI6pOMI1.LJ.OM. 06pa3yK1U[HCCH npll 'JTOM COC.Ll11HCHH51 ( 1101) 

IIp051Bl1J111 CBOHCTBa MCCTHLIX aHCCTCTI1KOB I1 KcUlhl[l1H-6JTOKaTOj)OB (CXCMa 512). 

CxeMa512 

-G -<:) 
BV cxx:'uH40H-p 

~ 1099 
Me2NCH(OMe)2+ H2N - Me2~N ~ Het -

1098 

- h~<XJCoH.OH-j> M:OU~CliWN!Ju, 
N N 
~ H ~ 

1100 et 1101 

3a nocJIC):(HCC ,[(CCl!TilliCTHC Ul1KJICH - I ,4,7 ,10-TcTpaaJaUHKJIOAOL!CKaH 

( 1102) - CTaJT BillKHLIM liHTCpMC,UHaTOM ,[(Jill IIOJIY'ICHH5! pll.l.(a ,UHarHOCTWICC­

K11X 11 TepanCBTH'!CCKHX cpapM3UCBTH'ICCKHX arCHTOB. Pa3BHTI1C MCTO,[(OB IIOJIY-
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'!CHH5I 3IITHTCJT H DCIITH,llOB ,[(Jill IIOJTy<ICHH5I IIpOTHEOOIIyxOJTCBbiX COC,[(HHCHHIT 

Bbi3BaTJO HHTCpCC B IIJTaHC TepanHH K 6HcjlyHKUHOHaJThHbiM XCJiaTH311pYJOil(HM 

arCHTaM, OCHOBaJIHb!M Ha UHKJTCHC. HOBbiiT f!O,[(XO.Ll K CfO CHI!TC3Y 3aKJIJO'!a­

CTCll B 1IpHMCHCIIH11 mpuC-,[(H3Tl1JTCHaMHHOEOrO IIpOH3BO.l.(I!OfO (1103) B KOH.l.(CH­

CaUHlf c aucTaJTeM (I a). ITonyqcrmhrii: npH 3TOM 6uc-HMl1.l.(aJoJTHJI3Tau (1104) 

IIpCBpaii~CH B 6pOMl1.l.( IlyTCM aJIKHJTHpOB3Hl1ll C ,HH6pOM3TaHOM H .LJ.aJICC B UliK­

HCH (1102) npH OKliCJTCH11H DCpCKHChlO HOL\OpOL\3 (CXCMa 513) [760]. 

CxeMa513 

1\ 1\ 

c:H, H:J 
N N 

Ia c ) () Br(CHmBr 

30MHH KHJTll'leHHH Nf' ~N K2m 3,MeCN 
2 

1103 Ba.I.\eT.I.Jie Ia 
1104 

1\ /\+ 

C~>-<~ 
10%Hz0z 

ex~ N N N N 
\_) Br-

1102 \_) 
2Br-

I ,4,5-Tpi13aMCIUCHHbiC I1MI1.LJ.330Jihi ( 1105) - o6rUHH KJiacc COC):(HHCHHIT, 

npollBJT5IIOil(HX CHJTLHoe cpo,[(CTBO K p38 MAP-KHJiaJaM - rrpoTCHHKHHaJaM, 

BKJIIO'lCIIHhiM B BOCIIaJTHTCJTbllhiC peryJillTOpllhiC IlyTH. CHHTC3 TaKHX COC,[(H­

HCHHH OCyll[CCTBJTCH Ha OCHOEaHHH peaKI[HH MCTHJTfJTHOKCaJT5I (1106) C 4-aMH­

H0-2,2,6,6-IIHIICpi1.LJ.HHOM (1107) H .l.(aJTCC C H30HHTpHJTOM (1108) C o6pa30Ea­

Hl1CM 1-(2,2,6,6-IIHIICpH.LJ.HHHJI-4 )-4-R-cjlCHHJI-5-aueTHJIHMH.l.(aJOJTa ( 1109). 

fiOCJIC,[(HHIT IIpll KOH.l.(CHCaUHH C aUCTaJTCM (I a) IIpeBpall(CH B CH3MHHOKCTOH 

( 1110), KOTOphiiT IIpH KOH.l.(CHC3UHH C ryaHI1.LJ.HHOM Tp3HCcjlOpMHpOE3H B UC­

HCBbiC 1-(2,2, 6 ,6-nHIICpi1.LJ.HHHJT-4 )-4-R-cpenHJT-5-(2-aMHHOIIHpHMH.l.\HJT-4 )-HMH­

naJOHhi (1105), (cxeMa 514, c. 348) [761]. 

PcaKUH5I N ,N'-.LJ.H3aMemcHHbiX 3THJTCH.l.\H3MHHOB (1111) c mpuc-LIHMCTHJTa­

MHHOMeTaiioM 11JTH mpem-6yrHJTaMHHaJTb3cjlHpOM IIpH KOMHaTHOH TCMIICparype 

npHBOL\HT K 1-R-4-R-2-LIHMCTHJTaMHHOHMHLiaJoJIHL\HHY (1112). ITpH BJaH­

MOL\CHCTBHM aueTaJT5I (1 a) c (1111) npouccc npoTeKaeT no o6eHM NH-rpynnaM 

11 na6JTIDL(aCTC5! o6pa30EaHHC .l.(Byx HMI1.LJ.a30HbHhiX U11KJIOB. 06pa3YJO!l[HITC5I IIpH 

3TOM OUC-HMI1.LJ.a30J111JT3Tl1JTCH.l.(HaMHH (1113) IIpH HarpCBaHHH E TOJIYOJTC IIpC­

BpamaeTC5I B UHKJIH'!CCKHH CHTCTpaMHH ( 1114), KOTOphiiT o6pa3yCTC5! TaKJKe 

11 H3 COC.l.(HHCHHIT (1111, 1112) B yCJTOBH5IX, IIOKa33HHhiX Ha CXCMC 515, C. 349. 

EHTCTpaMHH ( 1114) MO)KCT IIO.l.(EepraTbC5I 1J,C3aJTKHJTHpOB3HHIQ IIpH HarpeBa­

HHlf C o6pa30BaHUCM UHKJIH'ICCKOfO ,llHHMHHa (1115), KOTOpbiiT MO)KCT 6hiTb 

nOJIY'lCH HCIIOCpC;J,CTBCHHO H H3 HCXOL(HOfO (1111) H 3UCTaJT5l (1 a) IIpl1 Harpe­

llaHHH KOMIIOHCHTOB B TOJIYOJTC. 

I i 

! 

I 
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4.1. flfllnli'L1euubte zemepol(UK,1bt 

R 
CH(NMe2)3 I 

NH 

C a;m (Me2N)zCHOBu-t 

1111 fH 

QllKJJOTieHTaH 

36°C.,. 

CxeMa515 

R 

I H 

c:xNM~ 
I 
R 1112 

R -------- la 

! 
1 a -----=.:....___ MeTH.JIUHKJIOreKcrur 

IJ;muioreKcrur, -------1.!.~:5.:~_3 " 

J..:IHKJioreKcau 

80°C, 1,5 'I 

80°C, 3 " -----------
R R R 'R 
I H H I Torryon I I 

CY-f"----Jf~N IWC,3q CN>==<NJ 
f R R N~ N N 

349 

R 
1113 I I 1114 I 

R R R 
I ,Ll,HM=unKIIoreKcau 

R • l40°C,6q 

I R 

eN!! ,. eN ~ 
NH Torryon NHNJ + f 
I 110°C, 2 q I 1115 R 
R R 

Bbnue paccMaTpliB3J1C5I sorrpoc o U11KTIJ1111aBI1CHMbiX KI1Ha3ax (CDK). 
fiOBTOpHM, 'ITO 3TO - CCMei.J:cTBO cepHH/TpCOIIIIH Kl1Ha3, BIDKHbiX L(JI5I KOHT­

pOJI5I BXOL\3 B Ka:>K,JJ,yro ¢a1y KJICTO'lHOfO IU11U!a 11 ¢YHKUHOHHpOB3HH5I 3TOfO 

UHKJia. KIIeTO'IH35! aKTHBHOCTb qeTKo peryJI11pyeTC5! p5!L\OM pa3JJJiqHbiX Mexa­

HH3MOB, K KOTOpbiM OTHOCHTC5! ¢oc¢opHJll1pOBaHHC KHH33a.MII I1 L(e¢oc¢o­

pi1JIJ1pOB3HI1C l}JOc¢aT333MI1, CB5!3hiB31!11e CO CIICUI1lpl1'ICCKIL'vi.I1 aKTHBHpyiO­

!UllMH 6eJIKaMH, Ha3biB3CMbiMI1 UHKJIIIHaMH, l1 C l1Hfi16IITOpHbiMH 6eJIK.3Ml1. 

UHKJIHH D 1-CDK-4/6 pRb Cl1fH3JibH35! CI1CTCJ\13- KT!IO'!CBOM MCL(ll3TOp KOHT­

pOJI5! pacTa HOpM3JibHhiX KJICTOK li MHlUCHb L(JHI MYT3U¥111 B OIJYXOJUIX H L(Jl5I 

liHfi16HpOB3HII5I IIpOJIH<flepaUHH KJICTOK. J13biCKaHI1C HHfl16llTOpOB 3THX IIpO­

UCCCOB MO.lKCT OKa3aTbC5! BCCbM3 Ba.lKHbiM M5! L(OCTI1.lKCHI15! CCJICKTliBHOM fH-

6emi orryxoJICBbiX KJICTOK, T. e. 3TO - nepCIICKTIIBHbiM IIOL(XO,U K C03L(3HIIJO 

rrponmoorryxoJ1CBhiX rrperrapaToB. K rpyrrrraM reTepOUHKJIOB, rrpo5!BJI5!JOW:HX 

T3KIIe CBOliCTBa, OTHOC5!TC5! IIp0113BOL(Hbie liMHL(33o(l,2-ajmipl1L(IIHOB, l1 B pa-

6oTe [763] OCYJUCCTBJieHa pa3pa6oTK3 CHHTCTJiqecKHX IIO,UXOL(OB K flOJiyqCHIIIO 

COC,UHHCHHM 3TOfO KJiacca, BKJIJOqaJOJU35! 11 I1pOUCCCbl, CB5!3aHHblC C 11CIIOJib-

30B3HliCM aMHL(3I.\CT3JICM ( CXCMa 516). 
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KaK BI1J(HO 113 CXCMhi 516, CI11ITC3 OCHOBaH Ha peaKI.(l111 2-aMI1HOIIl1pH):(I1-

lla C 6pOMai(CTI1JTaUCTOIIOM, B pC3YJ1hTaTe KOTOpoM: o6pa3yCTC5! aUCTI1J1bHOC Ilp0-

l13BO,[(!IOC HMI1,[(aJOI1Hpi1J(HHa (1116), I13 KOTOpOrO IT pH KOII,[(CI!C<lUI1I1 C auc­

T~UICM (1 a) IIOJT)"ICI! CIIaMHIIOKCTOH ( 1117). fiOCJ1C,[(!fl1M 5IBJI5ICTC5! 6a30BbiM 

COC)~HI!C!!HM !1JI5! CHI!TC3a ITHpHMH):(l1JTCO):(CpAGifUI1X COC,[(l11ICH11M (1118, 1119). 
Cy;rMj)()XJIOp11poBaHHC (1119) c noCJ1CL\YJOll(CH o6pa6oTKOi1 aMMHaKoM npu­

BO)J,HT K cy.llh<j)QIIaMHJ(l!OMY rrpOJ13130J\IIOMY (1120). TaKHM llY'fCM IIOJIY'ICIIa 

Go;rr,rJiaH rpywr~1 JaMCII!CIIIIbiX HMHt1<no[ 1.2-a jrmpHJJ,HHOB, OKa3aBIIIHXC}I cu.nr,­

IIhiMH l1IIr·rr6JrTopaMH Kl1ll~n CDK4 H CDK2. 

B pa6on: 1764] noJJ,o6rthiM >KC o6paJoM CI1JITC3!1pOB<Hihl HOBhiC 11'.111Wl­

·Joll, 2-a [nl1p!!J{I11lhl, ITCpCITCKTl11ll!biC B IIJ!aiiC 113hlCKaiUH! COCJJ,lll1Cll11i1, 06jJa­

i[aiOIIU1X IIpOTl1BOrcpncciiOM aKTI1BIIOCTblO. 

l1Ml11[~\l0 f 1,5-aiii11pl1):(11llhl -- BhiCOKOCfiCl(I1QHl'lllbiC COC,[(l1l!Cl!Hll. }!BJl}l­

IOIIUICCH l1HrH6WropaMH TpOM60KCaii-A2-Cl11!Ta'lhl 11 apO!vtaTil'lhl. 

Clla'I<L~a, B J(OfiOJIIICIII1C K npHBCl\CIIHbiM JJ,aJIIIbiM (p<nn. 3.1.5). -- l!IIq)op­

Matrmr o6 :Jnrx Q)CpMci!Tax. K 'mcny <pcpMCIITOB, aKTHBIIO Y'IaCTByroumx B Mc­

Ta6oJIH'ICCKI1X TpaiiC{j)()pMaU11HX KCCII06110THKOB, OTIIOCHTCH apoMaTa:Jhl. Do;( 

BO:l)[CHCTBJ!C~I :JTHX MHTOXOII)[j)Hcl.!lhllh!X tjJCpMCIITOJl ('rpc6y!Oli(I1X IIaJIH'IHH KO­

(jJCj)MCIITa A, <DA)l 11 KI1C)J0pOJ(a) KCC!I06l!OT11Kl1, CO)J.CpAGlfU!1C, HanpHMCp. 

(j)parMCI!T lUlKJIOfCKCaiiKap60IIOBOM KI1CJI0Tbl, npCBpall[a!OTCH Jl !IpOWmO)J,IlhlC 

flCII'lOi-ll!biX KHCJIOT. flpH OKHCJICIII1!1 aJ!hil:CfH,[(Oil Hpll KaTa.J1l13C apOMaTa'JOH 

pcaJ111'lYIOTC5! ;1Ba llj)OUCCCa: o6pa30BaiiHC Kap601-IOilblX KI1CJIOT l1 ,l[CcjJOpM11-

J1HpOBarme ,1[0 OJJC<f_JHI!OB. ,0:JIH llCpBOI'O IJYTH CITCU11a)Jbllb!Ml1 3KCIICj)HMCI!Ta­

MI1 yc-raHOBJICIIO, crTo nocTaBil[I1KOM aToMa Kl1CJIOpona 5IIlJIHcTc5! 0 2, a He H
2
0. 

BTopoi! IIY'fb !la)I(CII <f_J113110JIOflFICCKI1, ITOCKOJ1hKY 011 KaTaJII1311pycTC5! apOMa­

Ta30M -- 11Jocj_)cpMeHTOM UIIToxpoMa P450 -- CYP19, KOTOphrit yqacTnycT B 

Tpal!Cq>OpMaU1111 aHJ(pOrCHOB 13 3CTpOI'CIIbl. 

TpoM6oKcarrcHrrTa3a (P4S0-5) !l3ai1MOJJ,crrcTBy10T c rrpocTamaH):(I1HOM H
2

, 

o6pa3y51 npoCTamaH,UHII I 2• n TpoM6oKcaH A 2. 

[J ""="'" ......._,., 
OOOH 0 

I 
~ 

0 

3HJ~orrepoKcHJI PGG2 OH TipocrarnaH,!UIH E2 OH 
(liHHO!IpOCTOH) 

TpoM6oKcaHCHHTa3a, npHCY'fCTBYJOIUM B TpoM60U11Tax, npcBparuaeT PGH
2 

B TpoM6oKcaH A 2 113 KOToporo npo!13BO,U5ITCH _upyr11e TpoM6oKcaHhi. TpoM6o­

KCaHbi llHJ.\YUHpyJOT Cy)I(CHHC KpOBCHOCHhiX COCYL\OB l1 arpcral[l110 'fPOM60U11-

I 
I I 

I 1: 

! I 
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TOB H3 CTa,L(IUIX CBCpTbiB3Hli5I KpOBH. TpoM60KC3Hbi, TIO;:J;06HO npocTarJlaH;:J;II­

I!aM, CO)..(Cp2K3T TI5ITII- H lllCCTWIJICHHbie UHKJlbl. 

ITpu p:etl:cTBHH Ha BLilllCyKa3aHHLIH 3H,UonepoKCI1.U LJ:pyroro ¢cpMCIITa -

TpOM60KC3HCI1HTCT33bi- o6pa3yCTC5I TpOM60KC311 A 2, OTBCTCTBCI!I!biH 33 o6-

pa30B3Hl1C 1"pOM60B B COCy)..(aX. 

B pa6oTe [765] npcLI)I02KCH HOBLit! nyTL CMHTC3a paccMaTpMBaeMLIX MMM­

)..(a30IIMPI1.UMHOB (1122), nanpMMCp l-!3 ;:J;OCTYTIIIOfO 3¢Hpa IIllpi1)..(l1JifJll1Ul1H3 

(1121) (cxeMa 517). 

CxeMa 517 CDOEt 

NH2 F\ 
(f Ia N CDOEt ,.. N 

i~~OJI, T. KHII .• ~a 
-:;::?" 1122 1121 

0TMCTI1M, 'ITO BbiXO)..( (1122) B 3TOH peaKUI-!11 COCT3BJI5ICT 87 %. B TO )KC 

BpCM5I npM 11CTIOJib30B3HI111 LI)IH UHKJII133U.HI1 OpTOMypaBLHHOfO 3¢ll1pa BbiXO)..( 

MHOfO HH)KC (31 %). 
fpynna HMI1)..(330[3,4-aj6eH3;:J;I1a3CTII1HOB ( 1123) CI1HTC3HpOB3H3 ITO CXC-

MC 518 [766]. 

CxeMa518 r-f· HON 

NJ R 1) H2/NiRa 

) 2)1a 

N~ 
0 

R=COOAlk 

EHaMI1.UMHLI (1124) rrpii B33IIMO;:J;ei1:cTBHM c aMM;:J;aueTaJieM (1 a) JierKo 

rrpeBp3IIJ.3IOTC5I B TipOH3BO)..(HOC l1MI1)..(330[4,5-bjrriipl1Ml1)..(1IH3 (1125). Tipii o6-

pa60TKC (1124) OCHOB3HliCM B CIIIIpTe o6pa3yeTC5I 1-R-4-IJ.l13HHMI1H0-5-aMMHO­

liMl1)..(330JI (1126), KOTOpbiM Tipii KOH,UCHC3UHI1 C TCM )KC 3UCTaJICM ;:J;HMCTIDI­

<lJopMaMM)..\3 npeBpamaeTCH B (1125) (cxeMa 519) [767]. HY2KHo oTMCTIITL, qTo 

MCX3Hli3M o6pa30B3HH5I Ilp01I3BO)..(HbiX (1125) II (1126) B yKa33HHbiX YCJIOBIUIX 

BIIOJIHC TpiiBHaJibHbiM HC 5IBJI5ICTC5I. ,l1.JUl: IIOHHM3HH5I TOfO, K3K 3T3 UHKJIII33UH5I 

MO)KCT rrpOI1CXO)..(l1Th, Tpe6yeTC5I IIpMBJICqeHMC <lJaKTa (y..Ke IIO)..(po6HO paCCMOT­

peHHOfO BhllllC), COrJI3CHO KOTOpOMY 3Ml1)..(3UCTaJII1 B paCTBOpaX H3X0)..(5ITC5I 
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B paBHOBCCMM c aM6H.ilCHTHhiM KaTIIOIIOM (AK) II aJ"IKOKCII-aHHOI!Ol\1. Cl1!ITC3 

l1Ml1)l330Jlbi!LIX TipOl13IlO)..(HbiX rrpe)..(CT3BJICH Ha CXCMC 519. 

CxeMa519 

CN la~MeO-+AlC R ...-NH R...._N~N"-., 

RNH~N,.... "'1JN MeCN t NH2 - lN ~ 1_' ...,_ ~ la II 

~N 1125 1124 NH2 CN 
CN 

1 
EtOH 
MeO-+ AK+~ la ~ 

McO, NH 
RNH cV 

lNAyCN 
R...._N-tNIIz 

~ ~~:l(LN 
1126 NH 

NH2 

R...._N~NH 
·L CN 
~N 

NIIz 

Br.rr11c yJKc oGcy)K)J,aJJacr, BO"JM02KIIOCTI> CI11ITC3a paJJIWIIIr,rx rcTcpOIJ.l1K_'IOB, 

ucxo;rH 113 "1a~ICIUCHIIhiX aiiHJJI1IIOB 11 aucT~uJci1 JJaKTaMoH ( cxcMa 48 I) [720 [. 

3TOT CI!OC06 6LUI npi1MCIICII 11 )..(JI5I f!OJIY'ICIII15I 33MCU{Cllllh!X 11:\!IIf~330J10B 

(ll27) 11 6CIIli1MI1,i.W30JIOB (1128) (CXCMd 520). 

CxeMa520 

R' NII 
(CHz)nl u 2 

C,xoMe+ I 
f OMe NHz ~ XH 

R=:e,Ph 1( X= NPh,NII 

NHR' 

CJl (CH,ftNHR 
I 
R' 1127 

R'U I~ N:t:"J 
~ I 

~:H R 
~ N~ (CHz)nNHR 

1128 H 

Y2Ke o6CY2K)..(aJI3Cb npo6JieMa CI1HTe3a 11MI1/..\330JIOB 113 eHaMI1H011MI1HOB 

[721] ( cxeMa 482). AMI1)..(HHLJ (1129), CI1HTC311poBaHHbie «aueTaJibHbiM MeTo-

1:.{0M>> 113 pa3JII1'lHb!X 3MI1HOII11p11;:J;I1HOB, 3MHHOIII1pl1)..(3311HOB 11 3MHHOTH330JJOB, 

1"p3HCrpOpMHpYJOTC5I B KOH.IJ:eHCHpOBaHHbiC HMI1)..(330Jibi ( 1130) TIO CXeMe 52 J. 

i I. 

I 
I I 
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CxeMa521 

~NH2 1a ~N~ ~0 Ph I NMe2 + 
N 

h:
N~ ~1129 • Br 

--.,... NMe2 . 
Br-

v h.. _CDOMe 

Me2N 0 Me2N 

N-==( ll30 NHCOPh 

~NH: ~NH, MoY'YNH' ;:yNH, 
~N. ~N . ~~ 
~NH2 ~NH2 S 

a~'N ' ~N/~ ' (_ffNH2 
HaJIW!I1C B apoMaTWICCKOM KOJlhl(C B 0-ITOJIO)!(CHHH HIITpO- H aMHHOrpynn 

C03)J;aCT OT'ICTJIHBYIO B03MO)!(lf0CTh C03.[(3HH~ HMH.[(330JihHOf0 l(HKJI3 TIY'fCM 

11CITOJih30BaHH~ 3MI1ll:3l(CT~ ~ TIOJiy<ICHH~ 3MMHHOBOfO <iJparMCHTa PMOM 

C HHTporpynTIOH, BOCCT3HOBJICHHC TIOCJIC.[(HCi.J., KaK npaBHJIO, COllpOB0)!(.[(3CT­

C~ nepeaMHHHpOB3HHCM (cxeMa 522) (769). 

CxeMa522 

cOO NOz ro: NOz ro:: NOz 
__.... I ____.... I -

::::::..... h ~ h 
Me Me N Me 

H 

~NMe2 
MezNCH(OEt)2 roNOz -?" ~ 

I 
::::::..... h 

N Me 

H 

' 
[H] roN~ .,.. -?" N 

I ~ 
~ h 

N Me 

06pa30B3HHC TipOMC)[{)'TOqHbiX CTIHpOCOC)J;HHCHHH ( 1131) TipCll:TIOJiaraeT­

C5! OCHOBHhiM MCX3HH3MOM TIOJiy<ICHH5! HOBhiX 3aMCll(CHHbiX npOH3BO.[(Hh!X 
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HMM,li330Jia (1132) npH B33HMO)J;CHCTBHH 3l(CT3JICH JI3KT3MOB HJIH JI3KTHMHhiX 

::JqmpoB C 3MHH03MM,li3MH (1133) (CXCMa 523) (770). 

CxeMa523 

(crz)n*OEt 

"-.N OEt 
I 
R 

liJIH 

(CHz)nl 

CN~OMe 

::x:·M~•= [(Of~);~ij ,.-"'R] 
1133 I Nl R I o 

(C\1--;;;---<Nl'R/ Me 1131 

CNH ~ 0 
I Me 1132 

R 

flo 6JII11KOMY CI{CHapHIO npH pC3Kl(HI1 JJaKT3M3l(CTaJICi.J. C aJIK3l!OJiaMHHaMH 

B ::JTaHOJie B llp11CYTCTBI111 n-TOJIYOJICYJib<iJOKI1CJIOThl B Ka<IeCTBC KaT<L1113aTopa 

llOJiy<!CHbi JaMCll(CHHhiC 11MJ1)J;aJOJihi (1134) (CXCMa 524) [771]. 

(CHz)n*OF.t 

eN OF.t 
I 

CxeMa524 

+ H,N)"",R_' __ .,.. 
H2N 

(~~ 
"-. I o 

NH H 
I Me 

Me 1134 

BhllliC ( CXCM3 516) 06Cy)!(!J:aJIC~ CHHTC3 11p0113BO.[(HhiX 11MH.[(330( 1 ,2-a ]­

ll11p11.[(HHOB B ITOHCKC HHrH6HTOpOB l(I1KJII1H33BHCHMhiX KHH33 (COK)- cpep-

MCHTOB, y<JaCTByroll(HX B KOHTpOJIC KJICTO<JHOfO UHKJia, C l(CJibiO .UOCTH)!(CHJ15! 

CCJICKTHBHOH fl16CJIH OITYXOJICBhlX KJICTOK 11 COOTBCTCTBCHHO pa3pa60TKH ll0.[(­

XO)J;3 K C03.UaHrrro npoTHBoorryxoJieBLIX npenapaToB. B pa6oTe (772] c Toi-i )!(C 

UCJihiO 113y<ICH CHHTC3 11MM.LI330( 1 ,2-b )n11pl1ll:33HHOB, HCX0.[(5! 113 2-aMI1H0-6-XJIOp-

1I11pM.LI33HHOB (1135) 11 aMM,ll3l(CT3JICH. lloJiyqeHHblC 1Ipl111X KOH)J;CHC3l(l111 3MI1-

.[(11Hbl (1136) llO.[(BepraiOTC5! CCp11H npespall(CHI1i.J. C BhiXO.[(OM B KOHeqHOM 11TOre 

K I111pi1Ml1.[(11JIITp0113BO.[(HblM ( 1137), l1MCIOll(I1M B TIOJI0)!(CHI1H 2 TIHpi1MM.Lil1-

HOBOfO l(HKJia n-cyJihW3MM.LIOcpeHHJI3MI1HOrpyrmy, B P5!ll:Y KOTOpbiX Hai1:)J;eHbi 

CHJibHhlC 11 CCJICKTI1BHhiC 11Hfi16HTOpbi KHH33 (CDK) (cxeMa 525, C. 356). 

TipOH3BO.[(HOC ( 1138), KOTOpoe MO)!(HO OTHCCTI1 K PMY TCTpaa3acpyJihBCHOB, 

np11 B3311MOLICMCTBI111 c aueraJieM (1 a) rrperepnesaeT UHKJII13aUMIO, corrpoBO)!(­

LiaiOmyrocH OKI1CJICHI1CM 11 06pa30B3HI1CM l1MI1.[(330JIOHOBOfO l(HKJia ( 1139) 
(CXCMa 526, C. 356) (773). 
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CxeMa525 

CJYN'I~ + 

~NH2 

OMe 

R-+OMe 

NMe2 

N 
PhMe, CIU'N NMez 
ICHIICHHe 1 J 

~ ~R 

orn2COMe 
-----1 ~ 

KJ,.l(M$A, 
80°C, 5 q 

1135 1136 

Clu~·. 
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-N 

.. CIYN'~JTJCH=L'H, 
1Jii'C" ~)'-R NMo, 

NH 

PhNH~NH2 
• 

I00-160°C 

~ }-NH No ~I ClYN'~--­

~N 
R 

1) OSO:JH, SOCI2 
2) R'R"NH 

N I 
CIYN'~--­

~N 

-~)-NH'Cl 
~ SOz 

R k'R" 1137 

CxeMa526 
Ar 

ArHNXN NXNHAr ArHN N N I >===< la Y' yN 
-...: N N Kcwmn, ~ >===< ~. )=o 

ArHN NHAr T. KHII. ArHN N N N 

1138 1139 \Ar 

PaHee 6bUia yriOM51HyTa pa6oTa, COTJiaCHO KOTOpOH cepH51 OKCHMOB 6bUI3 

rrpespameHa B PM HMH,U330[3,4-aj6eH3JJ;H33eiiHHOB, CO,Uep)l(3lllHX B IIOJIO)l(e­

HHH 4 HMHJ1:330JihHOTO QHKJia Kap6aJIKOKCHTpyriiihi (cXeMa 518) [766). ,llmi IIO­

JI)"'eHIDI 4-QH3HOilpOH3BOJ];HOfO (1140) cxeMa 6bUia HeCKOJihKO MOllHqJHUHPO­

B3Ha (cxeMa 527). 

TaK H33hiBaeMhiH OJJ;HOKOJI60BhiH CHHTe3 HMH,U330[1,2-ajrrHpH.UHHOB II 

HMHJ1:330[1,2-a)IIHpHMMHHOB pa3pa60TaH B [774], 6a3Hpy51Ch Ha CTaHJJ;apTHOM 

aMHJJ:HHOBOM CHHTe3e C yqaCTHeM 3MM3QeTaJiefi (cxeMa 528). 

11 J);aJiee, K3K )')l(e CJIO)l(HJIOCh B JJ;3HHOH KHHTe, o6cyJJ;HM HeCKOJihKO HCCJie­

JJ;OB3HHH, B KOTOphiX )')l(e CHHTe3HpOB3HHhie IlpOH3BOJ];Hhie HMI-I,U330JI3 IIpHHH­

M3lOT yqacTHe B peaKQIDIX C 3MHJI:- H JiaKTaMaUeTaJI51MH. 

4.1. ll5tmu'lo7ellllbte zemepou,uK/Ibt 

CxeMa527 

ai-NMez 
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CxeMa528 

rc N BIGf2COR' c:R N__....~2COR' Rt ~_..... CHCOR' l 
II T. KHTI. II Br II 

0-.. /'-._ 0 MeOH /'-._ 0 0-.. ~ h-

X t ~.CNM" ~X """"NM., 1 x N~NM., 
R j PhMe t COR 

(LNH, x~H,N t~1 
0TIIOCHTeJihHO HeJ);aBHO 06Hapy)l(eH HOBhiH KJI3CC HeH3BeCTHhiX paHee 

arrKaJIOH.UOB (JJ:H.UeMHOJIJ-IHhi - Didemnolines), B CTPYKTYPY KOTOphiX BXO.U51T 

~-Kap60JII1HOBOe I1 I1MI1JJ;330JihHOe Mpa H o6JI3ll3l0llll1X BhiCOKOM 6!10JI0f!1qec­

KO.i-J. 3KTI1BHOCTblO: UMTOTOKCHqHQCThiO, 3HTI1MI1Kp06HOH 3KTI-IBHOCThiO. 

JJ:() I N 
X N 
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Me-S 
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11CXOJJ;51 l-13 :3TOf0 6bUI3 rrpe,n:rrpHH!IT3 IIOilhiTKa Cl1HTe3a :CJTI-IX 3J!KaJIOHJJ:OB 

[775) ITO JJ:BYM H3Ilp3BJiemi!IM - Cl1HTe3 I1MI-I,U330JihHOfO IlpOMe)l()'TQqHQfO 
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COC.Il)UICHIDI (1141), KOTOpOe 3aTeM BBOJJ;HT B peaKIUIIO C Kap60J!l1JIOBOH CO­

CTaBJ15f!Oll.(CH (1148). IloCJICJJ;HIDI CHIITC311pOBaHa C y<I3CTI1CM al_\CT3JI5! (1 a) ITO 

CXCMC 529. 

CornacHo :>ToM: cxeMc 2-HHTp0-4-6poMTOJryon no peaKl\1111 Jlei1Mrpy6cpa-

Ga'IO npcnpameH B 6-6pOMHII,U:OJI ( 1143), KOTOphiH rrp11 KOH)l:CIICaUIHJ C 1111Tp0-

CHaMJ1HOM (1144) (IIOJiy<ICH 113 3UCT3JI5! )l:HMCT11o1C[)OpM3MHJI,3 l1 1111TpOMCTall3) 

n.acT 3-Hl1Tp0Bl1IIJ1JIITp0113BOJJ;IIOC ( 1145). IloCJICJJ;HCC BOCCTaiiaBJH!B3CTC5! 6op­

rY[jl,p11JJ;OM !I<!Tp115! B rrpncyrCTBHH J(jmpaTa TpCXQ)TOpHCTOfO 6opa )10 COOTBCT­

CTBY!Oll(CfO TpmJTaMmra ( 1146 ), UHKJIH>yrorucrocH: no nHiliJlcpy -- HHncpanh­

cKoMy B TCTpan!JJ;p0-~-Kap60J111110BOC COC)lHIICHHC ( 1147), JlCrH;].pHpOB~UHIC 
KOTOporo npi1BOJJ;HT K 8-6poM-~-Kap60JIHHY (1148). AJIKHJIHpOBa!IHC ( 1148) IIO 

l1II)l0Jlhi!OMY aTOMY a30Ta 3apa!ICC I1pHrOTOBJlCII!IhlM XJIOpMCTlfJll1MH]Ul30JIOM 

( 1141) np!1BOJJ;I1T K UCJICBOMY COCJJ;HHCIII110 ( 1142), HBJI5!10!l\CMYC>l KJIIO'ICBb!M 

B Cl1HTC3C pa3JIH'lllhiX I!p0113BOJJ;Jib!X 11 a!IaJJOfOB 3JJKaJIOI1)lOR p>!jl(l Llilll.CM­

JIOJII1HOB. 

Ilp11 113Y'ICIIHI1 noJJ,XOJ(OB K cn:HTC3Y aJIK<lJIOH)Ia arenacr:rrmra A, JHIMCTH­

naueTaJib )J,HMCTHJI3UCTaM11JJ,a IIp11MCHCII .U.JUI MOI!O-N-MCTJ1JI11pOBaiiiUI rH)IaH­

TOHHa [776]. fAMKA- maBIIhiH TOpM03HOH MCJ~HaTOp R M03I'C, KOTOpbiH 

MCJJ,HHpycT, KO BCCMY IIpO'ICMy, CCJJ;aTHBHb!H 11 Mblli!C'IllO-paccJJa6JlHIOll.(llC 

J<!;><jlcKThi 6cJI30.UHa3CIII1HOBhiX npenaparon. Ha ceroJJ,HHW!lHH JJ;CIIb yc-raiioB­

neno, 'ITO npoH3BOJ(HhiC HMHJ(a3o[1,2-a]rr11pHAHHa (1149) l1 11M11J(a3o[ 1,2-a]­

[1,2,4]Tpl1a3HHa (1150) HBJ15IIOTC5! J(OBOJ!bHO CCJICKTIIBHh!MH fAMKA-aro­

HIICTaMII, 'ITO OTKpbiBaCT B03MO)!(HOCTh IlOIICKOBb!X IICCJIC.UOBaHHH B pHAY 

CTpYKTYPHO CXOJ(HhiX CHCTCM C Jiy<IIliCH <!;>yHKl\HOHaJihHOH CCJICKTHBHOCTbiO 11 

6onee ITOJJ;XOJ:VIll.(HMH <jlapMaKOKHHCTH'ICCKHMH CBOHCTBaMH. 

Me 
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Me NYN 

-...;;:::: /N N 

F 

1150 

CN 

Jf36paHHb!H B pa60Te [777] IlOJ(XOA K CHHTC3Y HOBblX HMHJJ;a3o[2, l-f]-
(l,2,4]TpH33IIH-8-0HOB (1151) 3aKJIIO'!aCTCH B peaKl\IIH fH)J,pa3UAa HMl1)1a30JI-

2-Kap60HOBOH KIICJIOThl (1152) C aueTaJICM (1 a), B XOAC KOTOpOH IlpOIICXOJJ;HT 
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KOH)leHca.u,IDI no rM,Upa311HOBOH 11 nepnwmorr aM11Horpynne. ITocKOJILKY npo­

uecc npoTeKaCT B BCCbl\la )!(CCTKI1X YCJIOBH51X (!l,aY'fCpM, 2l0°C), o6pa3yiOlllHMC51 

rM,Upa3H,I.I)III (1153) l.\HKJn13yCTC5! C Bb!X0,10!\1 K HMH!l,a30TpHa'3HJIOllY ( 1154). 
ITocrrc!l,HHtl: aJIKHJII1PYIOT no ~nOTy TpmnHIIOHonoro qlparMCHTa 11 JaTcM ap!1-

JII1PYIOT no IIOJIO)!(CHIUO 3 C o6pa30Bal!HCM UCJICBbiX (1151) (CXC1\ta 530). 

CxeMa530 

0 
1) la, ~yrepM, 210°C 

H,NHN~ J 2) N.H, LiB~ Rl, OO"C 

1152 TI 
0 Br 

0 

Ji~J 
Me2N H 1153 

Pd(OAc)2, Ph3P 
AcOK, l20°C ~rYyNk+ CN • 

R,N~\ 
I N_f N~ -

N~N--1/ 
1154 

R,N~j F 

F 

~ 

F 

3aMCTHM !l,OIIOJIHI1TCJibHO, 'ITO B 3TOH pa60TC CHHTC311pOBaH TaK)!(C PM 
HMM,Ua30[ 1 ,2-a]rr11p3311H-8-0HOB 11 Tip11 HCCJIC!l,OB3HHH ITOJiyqCHHb!X COC!l,HHCHHM 

6hiJIO ycTaHOBJICHO, 'ITO rrpo!13BO!l,HOC ( 1155) 51BJI51CTC51 CCJICKTHBHblM r AMKA­
a2/a3-aroHHCTOM, H oparrhHO LI,OCTYTIHblM, H HC ITpHBOLI,5llUHM K CCLI,aTHBHOMY 

3¢¢eKTY aHKCHOJIHTH'lCCKHM areHTOM (Ha MOLI,CJI51X 3KCI1CpHMCHTaJibHblX 

)l(J1BOTHblX). 

HecKOJibKO wccJieLI,oBaHHH nocBHIUeHo npHMCHCHHIO aMHLI,a.UeTaJieft B 

Ka'lecTBe areHTOB, aJIKHJIHPYJOlllHX NH-rpyrrrrLr HMH!l,a30JibHbiX npoHJBOLI,HbiX, 

HJIH npOCTOM KOH)lCHCa.U,l1!1 ITO nepBWIHOM aMHHOrpyrrne B HMH!l,a30JibHOM H 

aHHCJIHpOBaHHOM C HMHJia30JIOM feTCpOUHKJIC [778-783). 06e 3TH peaKIJ,HH 

Y%C 3aH51JIH 3Ha'lHTCJibHOC MCCTO B !l,aHHOH MOHOrpa¢Hl1. fipo6JICMbl HCf10Jih30-

BaHIDI aueTaJICH aMH!l,OB 11 JiaKTaMOB !l,JI51 TIOJiyqCHIDI pa3JIH'lHb!X 3aMClUCHHhlX 

-----.r 

4. 1. flRmU<L1Ciilibte zemepol{UKJlbt 361 

iL\1!1LI,l1HOB H LI,Jl51 3JIKHJIHpOBalll151 pa3JIWIH0f0 nma COC)l,HHCHHM Y%C o6o6mc­

lfbl BbilllC !1 CITCI.[HaJibl!OC HX paCCMO'fPCIII1C )l,aJICC Mhl HC ITJiaHHpycM. Ho pa-

6ory [778] CJIC,ilyCT OTMCTI1Tb OC06o H nocmiTHTb CIT HCCKOJibKO CJIOB OT!l,CJibHO. 

B CHIITCTI1'iCCKOM flJJaiiC ::na pa6oTa f10CB5lll(CW\ norry'ICHHIO COC,liHHCHHi-1: THIIa 

(}}56). KOTOph!C llpC,llllOJiaraeTC51 H'3)"'IaTb KaK nepCilCKTHBHb!C COC,li!Ul.CIII151 

/])15! IlOHCKa IIOBb!X JICKapCTB. 

B :JTOM nccJIC/IOBaiiHI1 o6cyx,I~aeTC5l 5IBJICHHC anonTo3a 11 YKa3LmacTc51, 'ITO 

'JTOT XOpOWO 01-pery.f!I1pOBai!IlblM B !IOpMC llpouecc npH IICKOTOpb!X llaTOJIOfJ15IX 

aKTI1BHpycTCH 11 BCJICT K KJICTO'JHOM CMCpTll 11 )J,I1CC!Yy'l!Kll1111. B p51LI,C COBpCMCH­

IIblX l1CCJ1CAOBalli1M IlOK<t:lal!O, 'ITO HI!ni6>1pOBallHC al!OIJT03a IIC llOJII!OCTb!O 

6JIOKl1pycT KJICTO'IIl)'IO f!16CJ!h, HO 'lal!!C Bb!pa)[(aCTCH B li!Op<!JOJIOI'WICCKHX 

!13.\!Cl!CI!HHX, !laflO:v!Hlla!O!I.[HX llCKptn, l1 TaKl!C MCXalii13Mhl Jia3b!BaJOTC51 cei{­

'IaC IICKj)OITT0'30M. l1MClll!O C IJCJlbiO J.IIII'll6!1pOBaiiHH IICKpOilT03a, l1Il)J,Yl!l1-

pycMOrD t!JaKTopoM IICKptna Oll)'XOJICH TNF-a, CJliiTC311pOBallhi coc.U11HCHH51 

THna ( 1156) H ycTaiiOBJICIIO, 'ITO IICKOTOphlC HX aJlaJIOfH !Tp0HBJI5l!OT 3qJcpCK­

THBI!OCTh l!a \10LI,CJJH 11lLICMI1'1CCKOrO ITOBpC)[(LI,CllHH M03ra. fiO-B11.Lli1MOMy, 

Ba:>Kl!O, 'ITO B :JTIIX CJIY'!aHX IlC06XOl111MO MOHO-N -<UIKJ.IJ!l1pcmaii11C 11 l!C CJIY'Iai1-

ll0, 'ITO )lJIH 3TOM l(CJIII 11Cll0Jlb3YCTCH l!C ancTaJib (I a), a AHMCTHJial!CTaJib 

llHMCTIIJiaucTaM HJL<l ( cxeMa 53 I). 

LxeMa531 

Me 

*OMe 

Me2N' OMe 

• 
PhMe/~<lJA 

(5:1), ll0°C, 2 q 

1156 

/Me 
N 

t----4. 
H 0 

TipOBOCllaJil1TCJihHblC lli1TOKI1Hbl (paCTBOpHMb!C <!JaKTOpbl, ITp0113BO!l,I1Mh!C 

KJICTKaMH !IJlH 6HOJIOfWICCKOI'O )lCMCTBl151 Ha 6JIII3JIC)!(all!HC KJICTKH) HHTCpJICM­

KllH-1 ( IL-~) H ¢aKTop HCKp03a onyxoJiei1 TN F-a 11rpa10T KpHTI1'iCCKYIO ponr, 

B pa3BHTI111 peBM3TOHJJ,HOfO apTpHTa (riOpa)!(CHIDI cycTaBOB BOCITaJIHTCJibHOfO 

XapaKTCpa; O!l,HOfO cycTaBa- MOHOapTpHT, HCCKOJibKHX- ITOJIHapTpHT). J1nrii-

6HTOpbl MHTOfCH (JII060e BCll!CCTBO, CTI1MYJIHpy!Oll!CC Ha'laJIO KJICTO'lHOfO LI,CJIC­

Hilll.) aKTl1BI1pOBaHHblX 6CJIKOB (MAP) KHHa3 p38a IIY'fCM 6JIOKa,llbl IIpOJlYKUHH 

IL-~, TNF-a 11 I!l1KJIOOKCHreHa3bi 2 (COX2) l1 M06HJIH3a.UHH uHKJia apaXHJIO­

HOBoi1 KHCJIOTbl HMCIOT 60JihlllOM TepaneBTH'!CCKHM ITOTCHIJ,HaJI. K TaKOfO pOLI,a 

HHfH611TOpaM npHHa)l,JIC)!(aT Ilp0113BOJJ,HhiC rCTCpHJI!1MH!l,a30JIOHOB, H 11CCJICJ]O­

B3HHC [784) ITOCB5llUCHO pa3pa60TKC MCTOLI,OB CHHTC3a IIHpa30JIHJI6CH311MM,Ua30-

JlOHOB. PeaKuHH N ,N -LI,H3aMemeHHLrx 5-auHJIMeTHJICH- HJIH 5-a.u,nHn6eH-
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3MMI1,L(a30JIOHOB-2 (1157, 1158) C )li1MCTMJial(CTaJICM (l a) 11 i"(<UICC C rl1,L(pa311-

HOM Ilpi1BO)li1T K 5-(rmpa30JIMJI-4 )6CH3MMI1)la30JIOHaM-2 ( 1159) 11 5-(rmpa30-

JIMJI-3)6eH311MI1)la30JIOIIaM-2 (1160) COOTBCTCTBCHIIO (CXCMa 532). 

CxeMa532 0 R' R' Rd l)Ia R I I 

0
=<N ~ I 2)N2H4 ·H2o o==<.,_N 

N ::::::-,. N 
I I 
R 1157 R 1159 

R 0 l)la R 0 

~:cr 2)N2H4·H20 ~~~ 
o=< I Me o=( I NMe2 

N ::::::-,. N ::::::-,. l 
I I R' 
R 1158 R R 

I 
N 

o=( 
N 
I 
R 1160 

!1p0!13BO)lHbiC Tip11pOl!HOfO COC)ll1HCH!15! aiTJI!13MHOTIClfHa (ApJysinopsin) 

(1161) IIp05!BIDUOT 6MOJIOfM'!CCKylO aKTHBHOCTh- CTICUIH!>WICCKYJO UMTOTOK­

CM'IHOCTh ITO OTHOlllCHHlO K OIIyxOJICBh!M KJICTKaM H liCHCTBYJOT Il0l!06HO HC­

KOTOphiM HCHpOTpaHCMHTTCpaM. 

X 
1161 

N 
'R" 

I3 rry6JIHKal(HH [785] TipHBCliCHhl )laHHhlC ITO CHHTC3Y COClJHHCHMM :nora 

TIIIIa, HCXO)lH H3 HMH)la30JIHliHHliHOHa-2,4 (1162) 11 3aMe!li;CHHh!X HH)lOJIOB 

(1163). ilOIIh!TKH KOH)lCHCaUHM (1162) C liHMCTMJial(CTaJICM liMMCTH1IcpOpMa­

Ml1,L(a ( 1 a) IIO ITOJI02KCHHIO 4 HMI1,L(a30JlbHOfO KOJlhlja 6biJIM OCJI02KHCHbl HC2KC­

JiaTCJihHhlM B llaHHOM CJIY'Iae rrapaJIJICJihHO npoTeKarornnM N-MCTJUIHpoBaHHCM. 

l1J6e2KaTb 3TOra y)laJIOCb rryreM MCIIOJib30BaHHH B KaqecTBe KOHliCHCHpyromero 

areHTa mpem-6YTOKCMaMHHaJih3cpMpa. I1oJiyqCHHOC IlpM era HCTIOJlb30BaHim 

)lHMCTHJiaMHHOMCTMJICHOBOC IIpOH3BOliHOC BBCliCHO B peaKUMIO C MHliOJIOM 

4. 1. IlHmU'I/IeltHbte cemepou,uKAbt 363 

11 ero 2-3aMCIL(CHHhJMI1 (1163), B pC3YJibTaTe '!Cro IIOJIY'ICHbl l(CJICBbiC 5-(f3-MlUl0-

JII1JI-3-BI1IIMJI)11MI1)la30JII1,L(I1H)ll1011b!-2,4 ( 1164) ( CXCMa 533). 

CxeMa533 

~
NMe2 Me2N-!: OBu-t HN~ - la JNMe2 

HN ..,...,.f--~e2 I ;==- HN_Q 

)-__ 0 o~N 1102° )-__ )=o 

0 ~ lCO' H 0 f ~ Me 

N R 
1163 H HN--<0 

NH 

0 

I3 YIIOM5IIIyroi:i Bblll!C pa60TC [783] ITOJ(06Hb!H CMHTC3 pCaJIH30Baii l!Jill 

ITOJIY'!Cl!IU! Cmtp011Ml1,L(a30JII1}Il1l!)lMOI!fl1)lai!TOI1HIIp0113BO)lllblX ( 1165) ( CXC­
Ma 534). 

1m{~ 
o~N ° 

H 

KCN1Ac201 
20°C 

0;l~o I 
R 

CxeMa 534 
NMe2 

Me2N- cr- OBu-t ~ 
NMe2 HN~ la HN 

.... I ;==o I o 
o~N o~N 

H R=H,Me l ~e 

~
CN CN K~~c20 

R=Me 
CH2N2 Me......_ N ROC...._ ,( 

R=fr ~N ° l)=o 
o I o~N 

Me ./ I NC:gN N /N2~ Me 

ROC...._ Me 
N 

oJ-f 
0 

1165 Me 

I 
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l1riTepeCH351 pa6oTa, IIOCB51111CHHa5I IIOJiycrCHHIO 5-8-aHHCJI11pOB3HHh!X 

IIpOH3BO)l,Hh!X HMH)l,330(4,5-b)[J,2,4]Tpi1330UHIIOBOH CHCTCMbl (1166) orry6JIH­

KOBaHa (cxeMa 535) B [786]. 

CxeMa 535 

rn2Ph 
Me I 

JC) 
MeN CH2Ph ta z :X I rn

2

Ph N AcO I 
CF - '\ Ac20fNI-40Ac ~N 

,(X)()H (KaT.) ;J '\ ~ N ~ OzN N 

AcHNN fH2Ph lNzlit 

~N [ 
)l_ )- H ?I,Pb /~r,Ph /O,N N DN> + H,NHNJ 

J. )l ) /[i1] O,N N J 
)=N N 

Me 1166 

HoBLIII II)'TL K Cll1ITC'3Y 'lTIL'IOBOro ·,Hjmpa 1-oKco-1 ,2-l(HfliJlpOKC!Illl!pi!Mll­

JlO[ 1 ,6-aj6CH3l1MH)la30JI-4-Kap60IIOBOM KHCJIOTLI ( 1167) [788 j pa3pa60T3!! Ha 

OCHOBC peaKUl1l1 3Tl1JIOBOfO 3qmpa 6eH3IIMH)la30JJ-2-YKCYCHOM KHCJJOThi ( 1168) 
c aueTaJicM ( 1 a) npH rrponcp:eHIIII npouecca 6e3 pacTnopiiTCJJ51 H rrpn MIIKpo­

BOJIHOBOM o6JJyciCHHH (cxeMa 536). 

CxeMa536 

~ N CX>OEt RNCX 

~N~NMez 
H 

(X N CDOEt Ia 

~ ~KpOBOmHOBOe 
N o6JJY'feHHe, 
H 90°C, 15 MIDI. 

1168 

~~N CX>O& l 
-~tcNM<~ 

_..,..(X:~uxn 
1167 }-~ 

X R 

l1Mll)l,330JJIICBh!C COJJII peariipYJOT C 3Mll)l,aQCTaJJ51MII, KaK 3TO CBOllCTBCH­

HO .upyriiM CH-KIICJIOTaM, c o6pa3onaHIICM eHaMHHOBoro cpparMeHTa (cxe­

Ma 537) [789]. 

m: 
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CxeMa537 

F\ Me2N-o-~ C.1f=N-N~N=-N=GI-o-~ NMe2 
- I Cl -

Me 

lMe2NGI(OEt)2 
HJJH 

o-CH(0Et)2 

F\ Me2N-o-~ GI=N-N~N-N=GI-o-~ NMe2 - y~,- -
R = Me, NRR' = nHppoJlli,!IHHO, nnnepli.!\liHO, L 
Mop$ommo, I ,4-TeTparii)1JJOTIIa:JHHo, ~ 
N-MeTIIJJIIHIIepa:JHHO NRR' 

I1 BI!OBh BCpHCMCll K UHKJIHH3aBHCH\1LIM KH!Ia3aM (CDK), KOTOph!C, KaK 

)')Ke yrrol\1!1HaJiocb, peryJIHpyK1T HopMaJihllhiM npouccc KJieTO'IHoro )l,CJICH!U!. 

IlOMl1MO TCX IJCCJICJlOBaHI1M, KOTOpLIC o6cy)!()l,aJIHCh B IIJI<lHC ITOHCKa HHrH6H­

TOpOB CDK [763, 772], yKmKCM eme Ha o;mypa6oTY [789], KoTopa51 nocB51!l1eHa 

CIIHTC:JY HOBLIX COC)l,IIHCHHM THI!a (1120), CXO)lHhiX flO CTpyKType H llO)lXOilY K 

HX flOJiyqCHHIO Ha CXCMC 516. 

YKa)!(CJ\1, "'TO CpCJlH 3THX BHOBb CI1HTC:mpOB3HHb!X BC!l1CCTB o6Hap)')KCHbl 

CHJibHLie HHrH6HTOpbi CDK-<jlcpMeHTOB, KOTOpbre anTopbi [789] C"!HTaJOT B03-

MO)!(HbJM H33B3Tb BC!lYIUHMH COC)lHHCHli51MI1 (lead compounds) )lJU! OTKpb!TH51 

HOBb!X opaJibHO 3KTIIBHbJX UCJJCBb!X 6JIOK3TOpOB. ilOBTOpiiM TOJJbKO 06!l1YJO 

CTPYKTypy HatiJJ,eHHbiX HHrn6nTopon. 

~N 
fi( N"" 

0 JV [:0 ~s 17-N R"R'N/ ~ 

N .;:::?" 

4.l.2f. llHpaJOJibl 

BBeJJ,eHne eHaMHHOBoro cpparMeHTa rryTCM peaKUMM aMH)l,aueTaJJeti c Ke­

TOHaMM, IIpl1BO)lH!l1CC K CH3MIIHOKCTOH3M, 51BJI51CTC51 CCTCCTBCHHhiM CITOC060M 

CIIHTC33 ITHpa30J!hHhl'X COC)lHHCHMll C rrp11MCHCHMCM fll)l,p33IIHOB, KOTOpb!C yqa­

CTBYIOT B UMKJII133U11ll, BKJ!IO"l310!l1Cll CH3MI1H0Bh!C M KCTOHHhiC rpyrrnHpOBKII. 

TIIIIWIHbiM Tip!1MCpOM T3KOfO IIO)lXO,Ila 51BI!51CTC51 KOH,IlCHC3UII51 IIpOM3BO,IlHbiX 

I 'I 

I 
I 

I 
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~-6eH30HJJTip0lliiOHOBh!X 3qm:pOB (1169) C LJ:IIMCTMJI3l(CT3JJeM LJ:IIMeniJJQJOp­

M3MIILJ:3 (1 a) C o6p330B3HIICM CH3MMHOLJ:MK3p6oHMJ!hHOfO COCLJ:IIHCHMSI (1170), 

KOTOpoe pearMpyeT C QJCHIIJ!fliLJ:p33MHOM TOJ!hKO ITO OLJ:HOMY H3Tip3BJICHl110 (He 

33TparMB35l MCTOKCI1Kap60HMJ!hHYJO rpyrrny). B pe3yJJhT3TC rrpoTeKaeT 6hlCT­

pa51. pe3Kl(I1SI nepeaMIIH11pOBaHI1SI ( 1171) C ITOCJICLLYIO!l(I1M Bh!XOLJ:OM K IT!1p3-

30JJI1JJYKCYCIIOMY 3QJI1PY ( 1172), KOTOphii1 LJ:aJICC npeBp3ll(aeTC5! B KHCJIOTY 

(1173) (cxcMa 538) [790]. 

CxeMa538 

R-o~ OOCH
2
CH OJOMc ~ R -~ OOCCH20J0Me PhNHNH_; 

2 
AcOH \d._ II 

- (KaraJim) - 1170 '\, 
1169 !20 oc, 8 " NMe2 

-r.-o=rt"'Mj-ROr:f>PJOM· 
L 1171 NHNHPh 1172 Ph ___.N' N ::;/' 

R~CH20JOH 

117~ /h,) 
Ph N 

-
)l,pyroti. eHaMHHOKCTOH (657), KOTOpb!H TO)KC ITOJTY'ICH C IIpHMCHCHHCM al(e­

TaJJSI (1 a) 11 peaKl(l10HH351. CIIOC06HOCTh KOTOporo y)Ke ITOLJ:p06HO o6cy)KLJ:aJI3Ch, 

Tip3BLJ:3 l!C B TIJI3He TIIIp330Jih!IOf0 CMHTC33 (CM. CXCMY 394, (593]), T3K%C fJiaLJ:KO 

pcampyeT C fl1LJ:p33!1Hfl1LJ:P3TOM C o6p330B3Hl'ICM 4,5,6,7-TCTP3r11LJ:p0-5-aMIIIIO­

MCTHJJMHLJ:330JJa (1174) (CXCM3 539) (593]. 

CxeMa539 

AoHN), 
~ N,H,·H,O 

~ 
0 NMez N-N 

657 1174 H 

f1pOI13BOLJ:HhlC 6CH30HJ13l(CTOHIITpHJJa (1175) IIpl1 B33l1MOLJ:Ci1CTBI1l1 C 3l(C­

TaJJCM (1 a) rrpeBp3IU310TCSI B CH3MMH (1176), COLJ:Cp)K3Il(l1H B ~-IIOJIO)KCHMll 
33MCil(CHHYJO 6eH30l1JlhHYJO- l1 l(l13HOrpynTihi (791]. Ilpll BBCLLCHHM 3T0f0 CH3-

MIIH3 B peaKIJllll C riiLJ:p3311Hfl1LJ:p3TOM lfJIM QJCHHJJfiiLJ:p33l1HOM TIOCJIC nepBO­

H3'IaJJhHOro nepeaMMHHpOB3Hl1SI C o6pa30B3HMCM HOBhiX CH3MMHOB ( 1177), 

( 1178) na6JJJOLJ:3IOTC5l LJ:BC KOHKYpeHTHhiC IIIIKJIII3al(MM - c y'!aCTHeM ;m6o 
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Kap6oHMJihHO:ti., JIM6o l(HaHorpyrrn. B pe3yJihTaTe 3THX rrpespamenHi1 o6pa­

"IYJOTC5I 4-6CI!30l1JJ-5-aMl1HOIIHpa30J!hl ( 1179, 1180) l1 apHJJl(II3HOill1p330Jihl 

( 1181, 1182) (cxeMa 540). 

CxeMa540 

0 0 [ 0 ] 
ta N2~·H20 

Ar___lL CH2CN - Ar___lL C- CN Ar___lL C- CN 

1175 1176 'l 1177 'l 
Ph7 NMez NHNH2 

[

r_lL_C-CN ] ! 
1178 'l 0 

NHNtll'h O A<~N + HN~\ 
Ph'N4-"'-... A<~ H,N l1 A<~ 

L /N + )LN~N 1179 1181 

Ar~ ~ H2N I 
1182 CN 1180 Ph 

EHaMl1Ho¢ocq>oHaThi (1183), o6pa3yJO!l(IICCH rrpii KOHLJ:eHcal(lllf al(eTaJm 

(1 a) ITO aKTIIBHOMY MCTHJJeHOBOMY 3Beny COCLJ:liHCHIIH (1184), COLJ:ep)K3Il(IIX 

npii CHz-rpynrre ¢ocrj.>oHaTHYJO rpynrry BMecTe c LJ:pyriiMII CHJJhHhiMH 3JICKTpo­

noameruopaMII, rJJaLJ:KO pearHpYJOT c pa3Jill'IHhiMII 6IIHyKJieo¢l1JlaMII, TaKIIMH 

K3K fli,ll,p33IIHhl (c o6pa30B3HHCM IIllp330JIOB (1185)), ryaHIILJ:IIHhl II D-QJCHHJJCH­

LJ:II3MIIH (c BhiXOLJ:OM K IIMpliMJ1LLIIH3M II LLM33CTIIIH3M (1186) II (1187) COOT­

BCTCTBCHHO) (CXCMa 541, C. 368) (792]. 

)l,IIKap6oHHJJhHhre coeLJ:MHCHI1SI SIBJI5!JOTC5! '!acTo rrpHMeH5leMhiMII II yLJ:o6-

HhiMII 06beKT3MII M5! TIOJly'!CHI1SI H3 IIX OCHOBC LJ:IIMCTHJ13MIIHOMCTIIJICHilp0-

!13BOLJ:HhiX (rryTeM KOHLLCHC3l(IIH C 3MIILJ:3l(CTaJI5IMII) II LJ:aJJCC LLJI51 C03LJ:3HI1SI IIH­

pa30JlhHOfO KOJlhl(a (737, 739, 793-812]. 

B K3'ICCTBC IlpMMepa BhlillC IlpiiBCLJ:eHa pa6oTa [ 813 j, B KOTOpOH C HCIIOJih-

30BaHl1CM LJ:3HHOro IIOLJ:XOLJ:3 ocymeCTBJICH CIIHTC3 IIIIp330JIOB II KOHLJ:CHCIIpO­

B3HHhiX mrpa3oJioB (1188-1190) (cxeMa 542, c. 368). 

Pa60T3 (814] IIOCBSIIl(CH3 TIOIICKY HOBhiX IIpOTHBorepTICTII'ICCKMX COCLJ:II­

HCHIIH. Ho CH3"'aJJa - HCKOTOp35I 06Il(a5! IIHQJOpM3IIII5!- IlOBTOpiiM, "'TO BII­

pyChi - 3TO BHercrreTo"!Ha5! rj.>opMa )KII3HH, CTPYKTYPHO 6onee rrpocTa5!, '!eM 

6aKTepiiii. CymecTBYJOilliii1 BHe KJieTKII IIHQJeKl(IIOHHhiH BIIpyc (BIIpHoH) co­

!lep)KIIT Mpo, cocTo5!mee II3 )l,HK IIJIH PHK, rroKphiToe 3all(IITHoi1. o6oJIO"'KOH 

(rcarrcli,ll,oM), IIOCTPOCHHOH H3 OLJ:Horo HJIII LJ:Byx 6eJIKOB. KoMrroneHThi BIIpyca 

I 

, I 
'I 
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CxeMa541 
EtO R 

NMe2 EtO_::: P~ 
RO, 1a RO j PhNHNH2 cf 

_,.P-CH2X 'P-C:;;/" N 
RO II R0/11 \ X=COR / 

0 0 X N 

1183 1184 (XNH2 ~h 
X= CHO, COR, COOEt, CN I 

COCOOEt, CONMe2 ""-~ 1185 
/ ~ NH2 

/ H2N~NH2 

Eto -zR ik EtO -R t NX) N \ -:?' 
\ 1j '\ EtO-- P 

Eto--P ~ NH2 -'l I 
II I 0 :--.., 

-N N 
O 1186 1187 H 

Ph'-.,--rr-YOEt 

0! 0 Ia 

NMe2 Ph~·(---

~Ylr<~ 
0 o I 

N 

CxeMa542 

Ph N 
"- (CHz)n '-~/ ~ 

Ph(CH,)•'tiNH' ~ OOOE< 

~ 1188 

COOEt 

Ph 

/":, 

n = I I II<l>K, 
n=O 

~----------~--~~ 

COOEt 

pa3MCW:CHhl B Bh!COKOM CTCITCHH ynop5UIO'fCHHO. EOJihWHHCTBO BHpycon HMCCT 

<jlOpMy HKOCil3J(pOB (20-rpaHI!HKOB), T. e. IIO'ITH c<j_)epH'fCCKyiO, XOT5! BHpyChl 

KOpH 11 rpHima HMCIOT CI1Hp3JlCBH!lHYIO <jJOpMy. Y BHpyca rpHIIITa KaiTCHJ( 

o6pa30BaH J(BYM5! 6eJIKaMH - HetfpaM!IHH)la30H l1 reMafrJIIOTIIHHHOM, OKpy­

)KCHHhiMH JIHilH!laMH. BHyTpn 3Toi1 o6oJIO'fKH- crrHpaJihHO 3aKpyqenHa5! pH-

6oHYKJICHHona5! KMCJIOTa. Tnnwmhie )_(H K-co,IJ,ep)Kall(He BHPYChi - a,IJ,eHOBH­

pychi, rropa)Ka!Oll(MC CJII13HCTb!C o60JIO'IKH fJia3 I1 KHUIC'iHMKa, TIOKCOBHPYCbl 

(HanpnMep, ocna), BMpychi repneca, PH K-conep)Kall!He BHpychr - MHKCOBH-
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pychl rpHnna (pO)l BHpyCOB. Bhi3hiBaiOiljHX OCTpbiC HH<j;JCKU:HOHHhiC 3a60JIC­

B3IIl15! ,IJ,hiXaTeJlhiihiX TIYTCM (rpnnn, rraparpmm. 'fyMa), rrapaMHKCOBHpychi 

(CBriiiKa, KOpb), BHpyCh! )KCJITOII !THXOpal(KH H ')HUC<j;JaJIHTa. 06hi'iHO KaTIC!1,Il,hl 

ITOKpb!Tbl }111IUIJ(aMH, 1!0 aJ(CHO!!HpyCbl 11 pcOB11pyChl (Bbl3biBaiOll(l1C OCTpbiC 

pCCTI11paTOpllb!C 3a60JICB3HH5! H 110p(l)KCI!HC Kl1IliC'lH11K3) JIHITHJ(OB HC CO,!!Cp­

)KaT. lJ"aCTO Il lmpycax BCTpC'laiOTC5! I1 Q>CpMCI!Tbi. 

Tpy!lHOCTH nowcKa 11 npHMCIICHIUI rrponmon11pyciihiX cpc,IJ,CTB xapaKTep­

Hhi l(JI5! XHMHOTCpanCBTfi'ICCKHX CpC)lCTB. Hco6XOJ(l1MO H36HpaTCJlhHOC 11 CllC­

ql1<j;JWICCKOC 110l(aBJ!CIIHC pcnpOJlYKU:l111 BHpycoB, IIC "33Tparl1B(I!OlJlCC npOUCC­

COB )KJ13IIC!lC5lTCJ!bl!OCTll KJlCTOK, Cl1CTC\f li I{CJIOCT!!OJ'O opraHH3Ma X035!11!13. 

CJie.aycT OTMCTHTh, 'ITO pa3JIW!HC Mc)K]Jy <j_)apMaKOJJOI'Hcti 11 XHMHOTcpanneti: 

0!1pCjjCJIHCTCii TCM, 'ITO qXlpMaKOJJOfl151 l13Y'IaCT H36HpaTCJlbliOC J(CMCTBHC TOKCI1-

'ICCKI1X arC!ITOB !Ia BpC,!!IIh!C 11 JIOJ!C3Ilb!C KJ1CTKI1, npHIIa/I,JIC)KalJlHC TOJibKO 

O)liiOJ\fY oprallliJMy, XliMI10TcpaiiH5! liCCJIC)JYCT 5IIlJICIIH5! li36HpaTCJihi!OH TOK­

CH'JIIOCTH B Tcx c;ry'Ia5IX, Korna BpCD:IIhJe c-rpyKTYPhi npe,LicnlBJI5!IOT co6oti 

opraiii13Mbl, OTJlli'Illh!C OT 110JIC3llbiX. flo:HOMY 3<j_)rpCKTbl <j_)apM3KOJIOfl1'ICCKM 

aKTI1BilhiX BC!UCCTB )lOJJ)Kiihl 6h!Th o6paTJ1Mbl, JianpOTliB, l(Jl5! XliMliOTCpallliH 

HaH60JICC !jCI!Ilhl arCIIThl C MaKCHMaJlbllO IJC06paTHMh!M flCHCTBI.fCM. <JlapMa­

KOJ10f!1'iCCKI1C CpCIJ,CTBa )lOJ!)KIJhl Bhl3biBaTh pa31111'111YJO ITO HIITCIICHBIIOCTli pc­

aKl.(liiO pa3JII1'111h!X CTpyKTyp opraiili3Ma. ).l,JI5i Xlil\fHOTCpaneBTli'iCCKliX CpC,!!CTB 

)I(CJiaTCJICII 3<j;J<j;JcKT: BCC HJIH HJ1'fCI'O. Pa3)'MCCTC5!, 'ITO CTOJ!b )KCCTKOC J(CJIC!IliC 

B 0!1pC,!!CJICHIIOM MCpC yCJIOBHO, XOT51 B UCJIOM, KOHC'IIIO, OTBC'faeT HC06XO­

llliMhiM Tpe6oBallli5IM K npcrrapaTaM. ~TaK, )JCHCTBHC llpOTliBOBIIpycJIOJ'O 

nperrapaTa J(OJDKHO 6hiTh HanpaBJICHO Ha KaKOM-Jili60 :nan pa3BHTI151 BlipyCHOH 

HH<j;JCKUliH - npOI!HKIIOBCHI1C Blipyca B KJICTKy, l.lCnpOTCHI!J13aUH51, Tpanc­

KpMnUI151 BHpyCIIOfO fCIIOMa, Ci1HTC3 CJICUH<j;JH'iCCKliX 6CJIKOB, CHI1)KCHHC aK­

TMBIIOCTII BIIpyCCilCUI1<j;JH'iCCKHX llOJIHMCpa3 IIYKJICHHOBh!X KHCJIOT, J1 IIpli 3TOM 

rrpenapaT J(OJl)KCH 6biTh HCTOKCJ1'!CH J(JI51 X035111Ha H3 BCCX ypOBH51X ero llpHMe­

HCHI151. CJieJ(OBaTCJihHO, OCHOBHOil: llO)JXO!l K fi011CKY aHTHBlipyCHbiX nperra­

paTOB - CTpora5! HanpaBJICHHOCTb, OCHOBaHHa5! Ha B03J(CHCTBI1li Ha COBep­

liiCHHO onpe)JCJICHHbiC MHUICHH - BlipyCHh!M J'CHOM, BIIpyccneuH<j;JI-!'iHhiC 

<j_)epMeHThi, LI,HK 11 PHK-noJIMMepa3hi BnpycoB, Tl1MHJlHHKHHa3hi n Heti:paMI1-

Hl1J(a3hi. flpl1 B03)lCHCTBIII1 TCM HJili !1Hb!M CITOC060M Ha <j_)epMCHTHhlll anna­

paT BMpyCHbiX 'faCTliU M liX penpO!lYKUHIO )lOCTHraeTC5! 6JIOKa,IJ,a C!1HTC33 Bli­

pyCHhiX HYK11Cl1HOBbiX KHCJIOT. HexoTOpbie rrpnMephr KOHKpeTHhiX BHpycoB: 

liOKconnpycr,I conep)KaT <j;JepMCHT PHK-noJIHMepaJy, npOHHKaiOIUYIO n KileT­

Kli X0351HHa np11 HH<l;JMIJHpoBaHHli. Tnm:!'IHhiH PHK-co,IJ,Cp)KalJlHH s11pyc 

Vaccinia (KOp0Bb5! ocrra) B UliTOITJia3MC KJlCTKM-X0351liHa CHHTC3HpyeT I-13 CBO­

eii PHK KOMIIJieMeHTapHyiO ).l,HK, Ha ncti: cHHTe3Hpyerc51 BMpycna51 PHK (rrp11 

perrpeCC!1l1 - 110)JaBJICHI1l1 ,I(HK KJlCTK11-X035IliHa), Ha pn6ocoMaX X0351liHa 

jl: 

I 
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H3l[HHaeTCH CHHTe3 BIIpycciTellWtmqeCKIIX 6eJ1KOB If 6biCTpoe pa3MHO)!(ei-!Ife 

BrrpyCHbiX l[3CTIII.l B KJ1eTKe-X035II1He. 

BHpycbi reprreca (Herpes Simplex) cocT05IT Ha 70 % 113 6eJ1KOB, Ha 22 % -
cpoc¢Olll1TI11,UOB, Ha 6 % - )],HK H ymeBOL(OB. K H3CT05IIL{CMY npeMcHH II3BeCT­

HO BOChMh TI3TOfeHHhiX B11pyCOB repneca '!eJlOBCKa, KOTOpL!C pa3)JCJUIJOTC51 H3 

Tpii ITO,UCeMCHCTBa B 3aBI1CHMOCTI1 OT TI1Ila KJlCTOK, B KOTOph!X IIpOTCKaCT lHI­

cpeKI.lliOHHhiH ITpOUCCC, xapaKTCpa pcnpO!J.YKUHH 13!1pyca, CTpyKTypbl !'CHOMa, 

MOIICKYJIHpHo-6HOJ10ri1'1CCKHX 11 HMMYHOJIOI'H'ICCKI1X oco6cHHOCTCi1. B TaGer. 28, 

B351TOMI13 pa60Tbl 11221. /l(IHa KpaTKa5I XapaKTCJHICTI1Ka THIIOB repneca 11 naTO-

J!Ofi1H, l1Ml1 Rbl3biBaeMhlX. 

7ilfillll{il 28 
BHpycnbiC nanuorHH 

.---· 
B11.11 repucca bOJJC"JJIII 

BHpyc upocroro rcpucca 1-ro TH!Ia 
51lBCI!IIhlll CTOMClTHT, I'CjJrJCCilhi~\ ilCjJ\I;(TJI'J, 

'JK'JC~Ia, KOH'b!OJIKTI!BJIT /1jJ. 

BHpyc npoc-roro rcpr1cca 2-ro nma i'CI!I!TaJJJ,JibiC rlOp:t)KC!IIHJ Cnll'lHCTJ,J\. ~ICHJ!Jll'IIT 

fl1-1pyc BCTjJHHOM OC!Ihl 
lkT[H!IIaH OCJia. OIIO}!Cb!Ba!Oll!HC nopa;.KCJJ!1H flO 

\OilY 'IYBCTBHTCJJhllh!X I!CpB!lhiX OKOII'IaJJHi\ 

B1-1pyc 3nuJTei-\ua- Eappa 
rcrranrr. l!J!(jJCKI[HOHli!Mt MOIIOHYKJJCO l, 

K<!pi\Hl!OM<l l1 il,p. 

TcpaTOI'CH!Ihlii 'Jl!H!>cKT, HMMYHO)lC(jJJJUIJT. nopa-

UIHOMCfaJIORHpyc )!(CH11ll IIC'IC!Il1, !IO'ICK, ;]C!'KliX, J!HMCjJO)"lJJOR, 

UHC 

BHpyc repncca 'ICJJORCKa 6-ro nma 
~)uuerjJ<WHT, KOljJaKrop pa3nHnui BVIY.-HHcjJcK-

UI111, Kapl]HHOMa 

Bl!pyc rcpneca 'IenoncKa 7 -ro nma Cmu~poM xpoHwiecKoi-\ ycranocTH H J1P-

fepuecnllpyc, CB513aHHbiii c 
CapKoMa Kanoum. ncpnwmaH JJI!Wjm~m 

capKOMoii Kanoum 

B nypiiiiOBOi1 cepHH Harr6once 113RCCTCII aHTI1rcpneTI1'1CCKI1!1 npenapaT 

3ll;I1KJ10Bl1p. 0THOCI1TCJlbHO HC}.I;iiRHO OTKphiTO HOBOC aHTHreprreTI1'iCCKOC cpe,n:­

CTBO (GW3733). 

I 
NYN 

HNR GW3733 

NHR <i:NH 
HO~ JN ~NH 0 2 

AwooroBHp 

4.1. flRmu•weHHble <emepou,uK;lbl 371 

Hcxo,n:H H3 CTPYKTYPbi 3TOro coc,n:HHCHHH, n paccMaTpl1naeMoi-l: pa6oTe [8141 

pa3pa60Tal! CI1HTC3 TaKOfO THfla I1Hpl1.MJ1,UUJ1Ill1pa30)10[2,3-a]nHp11,Ul1HOB (1191) 
C Y'I3CTHCM aMI1Jl.aU:CT<L15I (l a) Ha CTii,UI1H IIl1pHMI1)]UHOROH U:11KJ1l13al.l11H (cxe­

Ma 543. C. 372). 

Mo,n:mpHKaJ!HH o6u~cro np11HU11na nupa30JibHOro CHHTeJa c BKJ1IO'ICHH­

cM IIOJlY'IClll1!f l(J1MCTI1JiaMHIIOMCTI1JICIIOBOfO rrpOI13RO,UHOfO ( 1192) Ha O):J:HOIT 

113 1aK.JTIO'Il1TCJlbllbiX cT<W:11i1 peaJI!13oBaJia n pa6oTe [815]- B pe3yJihTaTe no­

:Ty<ICIIhl I-<UIKI1J13aMCil(CI!HbiC 3-TpJ1(jJTOpMCTHJI-4-cy;rb<p3MI1,UOITI1pa30Jlbi (1193) 
(cxcl\EI 544, c. 373). nJll1JKHi1 IIO.UXOJJ: pcaJIH3oBaH n ny6JlrrKaUHl1 [816]. 

nl1aiiaUCTO(jJL:IIOII (1194) HBJl51CTC!f BCCbMa llpl1BJICKaTeJibllbiM Cl1l!TOI!OM 

:Lml I .4,5-JaMCIJLCIIIIL>IX m1paJoJron. TaK, Clla~mHOIIi1TpHJ1 ( 1195), IlOJl)"-ICI!IlbiH 

HJ ( ll94) 11 )J,M <l)A-<HJ:CT<UIH (I a) np11 BJaHMO.Qci-icTBI111 c r11,Upa3IU!OM 11 cpcrrl1Jl­

rimp<nHHOl\.!, 1IpcBpaupcTC5! B Jalll1CHMOCTI1 OT YCJ!OBI1H Jll160 B UH<IIIO¢CHl1Jl-

11!1pa30J! (I 196). !11160 B aMH!l06Cli30IU!fiHpa30J! ( 1197) (CXCMa 545, C. 37J)I8I 7j. 

I3 y/Kc y110MHllyroi1 BhiiiiC pa6oTc ( cxcMa 483) 1722 j noKa3aiio, 'ITO aHHCJll1-

poBal!!lhiC Il!1pa30J!hl, !lapHJJ:Y C pa3Jll1'IIlb!Ml1 ai!I!CJll1pOBaHIIblMI1 I'CTCpOUHK­

Jl(ll\!11, Moryr OhiTh nony<IClihi na oc11onc aqcT~Uici1: ciaKTaMon. Bbrllle TaiOKe 6h1Jla 

110;J:p06JIO o6Cp(J..(Cila pa60Ta (CXCMa 491) [736j, B KOTOpoi1, B 'IaCTHOCTl1, 6b1JJH 

Cl1!1TC3l1pORal!bl IlpOJ.-!3BO]lJI blC I1l1p330JIO[ 3,4-b )I111pa3HIIa (1020 ). llo 6JI!13KO­

My Cll0C06y B [ 8 I 8 j 11CCJ1C)(OBal!a BOJMO)!(HOCTb CHHTC3a COC):J:HHei-Il1IT, HBJ15IIO­

llll1XC5! 11Hr116l1TopaMI1 pa3BI1Tl1H aTepocKJ1cpo3a. C!la'l<Uia o6 :nol'i: naTonorHH. 

fl1IICpXOJICCTCpl1HeMl15I - IIORbiiiiC!IHOC CO,UCp)!(al!Me XOJlCCTCpiiHa B KpOBH, 

np11BOJJ:HULce K o6pa3onaHHIO aTcpoM l1 paJBl1T11IO aTepocKnepo3a - Ja6oJJe­

BaHIDI, conpoBO)!(,ILaiOmcroc5I o6pa3onaiiMeM )!(MpOBhiX 6MllleK Ha BHY'fpeH-

1111X CTCHKiiX apTCpl1i1, HX 33KyTIOpKe l1 JaTpy,UHCIIHIO KpOBOTOKa - O.Ul1H !1:3 

maBHbiX ¢aKTOpoB p11CKa cep.n:e'mo-cocy.n:McTbiX 3a6oJ1CBai-mii. )],mr YJlY'llliCHIDI 

qJyHKUl1H 3H,Il0TCJ1If5I l1 CHI12KCH!15I aTepoTpOM603a l1 I'III!epXOJICCTCPHHC.Ml111 

IlpMMCH51CTC5I aHTl10KC11,UaHTHa51 TepaniDI, orpaUWI!1Ba!Oil(35I KOHU:CHTp3I.lHIO 

aKTl1BHb!X ¢opM KI1CJ10pOZI;a (A<l>K), TaKHX K3K cynepOKCH,U-aHMOH-pa.u,IIKaJI, 

nepeKI1Cb BO,r!;OpOZI;a, IlCpCKHCI1 JlHilHZI;OB, fi1,Uj)OKCHpaZI;MKaJI, nepOKCl1Hl1Tpl1T. 

Aul1Jl-CoA: XOJ1CCTCpl1H-0-al(HJITpaHcclJepa3a- .MC)!(KJ1eTO'IHblH ¢epMeHT, 

KiiTaJil13HpyiOIL{l1IT 3TepH¢l1K3Ul110 XOJlCCTepMHa, l1 l1HrH6l1pOB3HHe 3TOro ¢ep­

MCHTa CHI1)!(3CT a6cop6l(l110 XOJ1CCTepl1Ha, TIJli13MCHHbiiT ypOBeHb Jll11!11,UOB l1 

TCM C3MblM CHH)!(aeT ypOBCHh aTepOCKJ1CpOTI1'ICCKl1X IlOBpC.)J():(eHHM. lloiiCK 

T3Kl1X l1Hrl16HTOpOB ITp!1RCJ1 K 3KTl1BHO.My COCZI;l1HCHI110 (1198), Ha OCHOB3Hl1l1 

CTpYK'fYphl KOTOporo 6b!J13 npe.n:npHIDITa pa3pa60TKa IlOJiycreHl151 Be!L{eCTB 31'01'0 

Tl1Ila [ 818]. 3TH l1CCJ1CJJ:OB3Hl151 .UOJDKHbi ll)JOHCHMTb, KaKHe .Ml1UlCHl1 llOJDKHhi 

6biTb Hal'f,n:CHhl ,UJ!5I pC3Jll13al(J1H HanpaBJleHHOfO ITOHCKa HO!lb!X JlCKapCTBCHHbiX 

cpencTB, 3¢¢eKTHBHbiX M5! Jle'!eHHH arepocKJ1epoTuqecKHX 51BJICHl1H. B o6-

CJ')K,l:LaeMoi-l: pa60TC B Ka'IeCTBC l1CXO,UH0f0 COe,UHHCHl15I H36paH M-l(l1aHOaUeTO-
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4.1. flmnu'i.1Ciiltble <emepou,uK!lbl 373 

CxeMa544 

F3C M~NCJI(OR") 
~SOzNRR' 2 

II T. KIITI. 6e3 pacwopHTeJIJI 
N, 2-5q 

NHCDOEt 
1192 

H2NHNCDOEt 

H~ -

- F3C 

O
SCJ.2NRR' 

-

FC 

~' o""NIU< 
N 

~C"n----/OzNRR' 

{() 
' N 

I 
CDOEt 

I 
H 

NRR' = nnnepn.I\HHO, IIHppoJIII,AHHO, N(Me )Ph 
R"=Me,Et 

CxeMa545 

N 
I 
R" 

1193 

R 

B TipllcyrcTBHII Y.)G~ 

r\-.11 ~ ~ .. il H R=H,Ph
2 

NC ~ 
O O ~HCL 11: ~N 

\.=/ ) ~~ HzN N,N 

NC NC NMez "'(
1

~r 
1194 1195 Q-(1 

~ /; II 

1197 ° 
<l>eHoH (1199), Koropbrti KaK ;~ocraro'IHO CHJibHa5I CH-KHCJ1ora rJia,a:Ko pearn­

pyer C aueT<L'ICM (1 a) C o6pa:lOBaHHCM CHaMHHOKCTOHa (1200). )laJiee CJICtlY­

CT CTaimapTH<UI M>l rmpa]OJibHOro CHHTC3a peaKUH5I C fHL(pa3HHfH.L(paTOM H B 

riOJIY'ICIIHOM rmpa30o'lbHOM npmnnotrHOM unaurpyrrna npenpameua n ¢op­

MHJibHYJO C o6pa:mnat!l1CM o~t-<l>opMHmjlCHHJIIIHpa30Jia (1201). 
I1ocJic;mni1 Jpnee apenpaii~eH B 3-(N-6eHJHJiaMHHoMeTHJI)¢euHJinupa3oJI 

(1202), B3aHMOL(cticTBI!CM KOTOporo C apHJIH30UHaHaTaMH Cl1HTC3HpOBaH PM 
MO'lCBHH - aHaJIOfOB BCJ!YlllCfO COCL(IUICHI15I (lead compound) (1198), npetr­

CTaBJI5Itoll[HX co6oti N-apmr-N'-3aMerueHHbiH 6eHJHJI-N'~M-I111pa3oJTHJI-3-6en-

3HJIMO'leBHHY (1203) (cxeMa 546, C. 374) (818]. 
Tcaepb- 0 L(pyrHX 3a6oneBaHH5IX, CB513aHHbiX C XO]]IIHeprH'lCCKOH CHCTC­

MOH. Arouncrhr MycKapHHOBbiX peuenropon (M3) necbMa nnrepecHbi J!JI5I repa­

aennr<recKnx arenron, apennaJHa'!eHHbiX JJ,.n5I JieqeHH5I KOrHHrnnnoro ne¢nuii­

ra, HanpiiMep rrpii 6orre3HH fulbUreiiMepa. 
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4.1. ilRmu'flleHHbLe <emepou,uK.!lbl 375 

YK(l)f(CM 3!lCCh, qTo 3UCTHJIXO}lliH - B036)')K,U3I0ll{IIH MC):(IiaTOp B HCpBHO­

MbllliCLJ:HOM COC)lliiiCHIIII (!lCTIO.ll5IpM3JUIDI II B036)')K,UCHIIC HCpBHbiX KJICTOK, 

C0Kp3II(CHIIC MbllliU) 11 TOpM03HOM, 11Hr!1611pyiOll{l1M MC)lii3TOp B CCp)lUC. 

AucTHJlXOJIHH HBJHICTC51 MCJli1JTOpoM He TOJihKO Ha nep11¢cp1111, no 11 B UHC. 

¥f3BCCTIIO, 'ITO XOJII11!0pCUCTITOp 5fBJI51CTC5f HC <lJcpMCIITOM, a 6CJIKOBhiM KOMTI­

J!CKCOM, HJ3hiBacMhiM nepMeaJoti:. CncnycT OTMCTHTh, 'ITO cymccTByroT )lBa BM­

/\a X0]Jl1!10pC!(CilTOpOB, O!J:l1Il 113 KOTOpb!X 113611paTCJlhHO B036)')K,U3CTC51 MYC­

Kap111!0M, .HpyrOI1 -- Ill1KOTI1H0'.1. 

HO,,,, 

McMcH,N•Mo, 
(+)-MycKapmr (2S,3R,5S) 

caf2 
N 

Hmwruu 

HHKOTI11!- ili'OIIJICT B raHrJIMOHapHbiX 11 np011JBOJ!hHO-MhllliC'IHhlX OKOII­

'Jaiii1HX, OKaJhJBaCT IIapKOTI1'1CCKOC 11 3ti:<lJop11'!CCKOC Jl,CMC'I'IlHC (BJIIUIHitC Ha 

UHC), HMHTMPYCT rrcl-icTmte aqcTHJixo.~Jura B CMHancax 11cpn---> ~thi!lll!a 11 HcpB 

--7 HcpB. HHKOTl1l!OBhrii xo;mHopeqcrnop -- I'JIHKOIIpoTeHH c M. M. > 50 000. 
6r,rcTpce MYCKap11HOBoro j)eL!CIJTopa pcantpycT Ha noHBJICHHe cntMyna. HHKO­

THHorrono6HhiMH CBOMCTllaMH 06JiaLiaCT Kap6aXOJIHH, O,LJ,HaKO 'IHCTb!C HI1KOTI1-

IIOBbiC arOHJ1CThl B MC.lJ,HIU1HC HC 11CTI0,1h3YIOTC5I. 

Me3N+CH 2CH20CONH2r Kap6axoJinu 

A BOT B xrtpypnm umpoKo npuMeH5fiOTC5I atnaroHUCThi HHKOTHHOBhiX pe­

ucnTopoB, KOTOpblC I103BOJI5IIOT Ll:OCTJ1qb MOlUHOrO paCCJia6JICHI15I Mblllill II CO­

OTBCTCTBCHI!O CHIDKCHH5l L!03 061IIHX 3HCCTCTIIKOB. 3TO B nepByiO O'ICpC.D,b -

,'(I!TIIJU1H. 
0 

Me3N~ ./"-.... .)l ../".... _o.,_ ............. + 
~ "o- ~ f( ........_., 'N Me

3 

,lVITHJIHH 0 2HaC 

MycKapHHOBhrt! pcuerrTop (Bhi.lJ,CJieH I13 M03ra 6h!Ka) aKTIIBHO 6JIOK11py­

CTC5I CTICIII!<lJWICCKI1M aHTarOJiliCTOM - aTpOTIHIIOM, KOTOpbiH CB5I3b!BJCTC5f C 

pCUCIITOpOM o6paTHMO li MO)f(CT 6LITb BhiTCCHCH C pCUCTITOpa aUCTHJIXOJIHHOM. 

Ha116mree THTIMLJ:Hbie aroHHCThi MycKapnHOBhiX peuenTopon- MeTaXOJIIIH, 

l1HJIOKapTiliH . 
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376 Jnaea 4. A~tuii- u naKmaMau,emaow 6 cuH/ne3e ;:emepou,uKnu'teCKUX coer)uHeHuii 

MeTaXOJIHH HMCCT rrpCHMynJ:CCTBO rrepe,U 3JJ;CTHJIXOJIHHOM - OH MC,UJICH­

HO rH.upomnycTCH au;eTHJIXOJIHHJCTepa3oi1. MycKapHH HMHTHpycT .ueU:cTBHC 

3UCTHJIXOJIHH3, B OCHOB!IOM B rrap3CHMI13TW!CCKHX ITOCTf3JifJI110H3p11biX Cl1-

H3ITC3X. 

K •mcJiy aroHHCTOB MycKap111IOBhiX pci~errTopoB (KaK M 1. TaK 11 M 3) OTIIO-

CHTCH ITp0113BO,UIIbiC ITl1p330Jil1JITCTp3nt,Up011HpH,Ul11IOB, KOTOpb!C B pa60TC [ 819] 

Cl1HTC3!1pOB3llbl 110 CXCMC 54 7. 
CxeMa547 H 

a CDMe aCOCH=CI('NMe2c0N-N 
1a : I RNHNH2 ~ I ~ 

N N R :::-.. 
I N 

l)R'I 
2)NaBJ-4 

• crv 
~ 
R' 

Tio.uo6HbiM )f(C MCTO).(OM 'ICpC3 rrpOMC%YT0'IliOC ITOJIY'!CHI1C CH3Ml1HOKC­

TOHOB 113 2-N, N -Jll13aMeweHHLIX-4-MeTHJI-6-rl1,.[(poKcHaueTocpeHoHoH noJIY'IC­

Hhi COOTBCTCTBY!Ollll1C apHJIITHpa30Jibl (820). 

KoHLJ;CHC!1pOB3HHblH K3Mlll3HOTpH3311H, IIMCJOIUHM B Tpl13311HOBOM UHK­

Jie 3MIIHOfpyrmy (1204), qepe3 o6pa30B3HHC 3Ml1,.[(HH3 (1205), rrorryqeHHOfO C 

Y'l3CTHCM 3Ml1,.[(31~CTaJI5! ( 1 a), rrpeHp3IUCH B TCTp3JJ;IIKJIII'ICCKIIC ITpOH3BO,UHb!C 

(1206). Cpe,UII HHX o6napY%eHhi nemecTna, o6na.uarowne u;eHTpaJihHhiM cTn­

MYJII1pyiOIUIIM ).(CHCTBI1CM ( CXCM3 548) ( 821). 

N 

(}(JNH:• 
1204 

CxeMa548 
N ax 'N NH20H·HO 

• II 
:::-..~~NMez 

1205 

N N 
~ 'w-- ~ 
~w"lN) 

~N,NH IllllK 

~NANrn=NOH• 1206 

HecTepol1,.[(Hhie npoTIIBOBocrranHTeJihHhie nperrapaThi 6noKIIpyroT o6pa3o­

naHIIC rrpOBOCTiaJIIITCJibHh!X rrpOCT3fJI3H,UIIHOB TiyTCM HHrH6I!pOB3Hll5! qJepMCH­

Ta JJ;HKJIOOKCHfCH33hl (COX). l1Hrn6HpOB3HHC 3TOf0 <lJepMeHTa Bhl3hiB3CT 

4.1. f!Htnu'tne/i!ibJe <emepou,uK.1bJ 377 

11pOTI1BOBOCI1a.nJ1TCJ1hHblH. aHaJJbfCTifLICCKl11I l1 aHTHII11pCTll'ICCKIIH J<lJlfJCKThl. 

U11Ko~OOKCI1l"CH<Ua npcl(cTaBmiCT co6oi1 L(Ba <lJepMeHTa - KOHCTHTYTHBHhiH 

(COX-1) 11 HH.Uyurr6ellbHLiii (COX-2). BLI.UBHHyTa nmoTe3a. 'ITO ce;IcKniBHhie 

liHrH6HTOpbl COX-2 o6JI<VWJOT npoTHBOBOCn<IJlHTCJThHhiM XICHCTBMeM 6e3 Tex 

no6o'IIIh!X 3(jHjJCKTOB, KOTOphTC xapaKTep!ihl WIH COX-I (pe'lh B ocHOBHOM o6 

yJibi!CporcHJIOM 1'\CHC"l"lllllf - B0311llK!IOBCill1H 511BLI )f(CJIYJlKa 11 JHlCH<ll!U3TH-

11epcnroi1 KHIIIKll). 0THOCHTCJlhHO llC)JallliO 1105illi1JIIlCh ,UaHHblt' 0 HOBblX CC­

_ICKTHBilhlX 11HI"l16wropax COX-2 (Du P 697, SC-58125 H SC-58615 ··- IICclC­

KOKCJI6), cpc;IH KOTOpLIX B MCJI,HUI111CKYIO npaKTIIKY y)f(e BBC;(ell UCJICKOKCl!6 

( ccllccoxih ). rrpli~!cfHIIOII!llHC51 11p11 penMaTOHJIHOM 11 oCTeoapTrnne I i122j. 

F Fn Mn 
~cv, ~cr, 
O N-N oN-N 

Br0 0 I 
~ ~ ~ s s 
/~ /~ 

Me 0 SC-58125 H2N ° SC-58635 (celecoxib) DuP697 

B pa6oTC ji\22j OliHCaH CHHTC3 (CXC~ta 549, C. 378) COC)]JIHCTIHH, o6Jia)l<llO­

ll(HX CllJlbllbiM l1 CC!ICKTHBTILTM 11Hfi16HpylOIUHM r!CHCTBHCM 110 OTI!OlllClll110 K 

COX-2. AKTHBJIOCTh rrony'ICIIIIhiX 3,4-).~HapHJirrnpa3onon (1207, 1208) 6Lma J13Y­

'ICHa in ViVO np11 BBCr!CHHll KIJhiCaM. 

C11iiTCJ II HCCJIC;l;OBaHllC L(C(ICTBll51 HOBbiX COCr!IIHCHI1M Ha KOpTIIKOTpO­

IIII!IllbiCB060)!(JlaJOIUHii rjJaKTop (CRF) peaJII130BaHhi B pa6ore [823]. Ho cna­

'IaJia- HHtPOPMatU15I o rrerrniJ\HhTX ropMoHax. CeKpeTMpyeMhre rHIIOTaJTaMYCOM 

ropMOI!bl IIC TIOC"fYII310T B o6~HH KpOBOTOK, a no CIICl]HaJibHbiM KpOBCHOCHbiM 

cocy,'\aM rrona;"J;aJOT B runo<Pn3, cocTOHIUHti Il3 .unyx noncil- ncpe.unei-i H 3an­

Hei1. B nepC!lllt'H ,L\OJIC npOH3BO,LI5ITC5I L(JIHHHblC TICIITI1,.[(bl, T3KJ1C K3K KOpTH­

KOTpOIIllll ( 39 aMHHOKHCJIOT), COMaTOTpOI1HII (191 al\!HHOKIICJIOTa), <lJoJIJIHKy­

JIOCTIIMYJ1I1pyiOIUHi1: ropMOH (M. M. 36000), JIIOTCl1HI1311pyiO~I1H ropMOH, 

IIpO.TiaKTJ1H (M. M. 26000), JillTIOTIJOIIHH (83-93 3MHHOKIICJI0Thl), THpOTIJOIIl1H. 

3TII ropMOilhr o6JJal(aioT CTHMYJIHpyromHM LICHCTBIICM. Tax, KOpTHKOTporrnH 

CTHMyJinpyeT Kopy HaJlHO'IC'IHHKOB, TllpOTporrHII- IUHTOBH,UHyiO )f(CJie3y. OT­

MCTHM, qTo KOpTHKOTpOI111H HCTIOJ1h3YCTC51 B MCL(HUHHC M51 BOCI10JIHCHII5l HC-

06XOL(HMhlX r!JI51 opraHJ13M3 KOJIJ1qecTB l'OpMOH3 IIpll HapylliCHHH ero CCKpC­

!11111. KopTHKOTpommnLrcno6o)!(JlaiOIU11i1 <PaKTOp (CRF) - 41-aMHHOKIJCJIOT­

HhTll nerrTII.U rrpoH3BOLIHTC51 B rMTIOTMaMyce H .ueilcTByeT na CRF-peuenTopbT 

B )f(CJie3ax n MOJIYJIHpycT J<P<PcKTbi na pa3JIWJHbTe CTj)CCChi. CmiiiiKOM 6oJihllla5! 
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CxeMa549 F 

~~
F 

0 -:?' I II<l!K + • 

MeS HO :::::-._ MeS 
• 

F 

R' 

-------· • 
MeS NM~ 

MeS 

R' 

MeOzS MeOzS 

CTIIMYllilUIDI CRF npiiBO.UIIT K HCKOTOphiM HeliporrcmrnaTpii'-!CCKIIM 3a6oncHa­

HIIHM, BKJIIO<IaJI ,UCflpCCCllll, TpCBOfY ll,UpyriiC CTpCCCOBhiC I13TOJIOfllll. lf3 '-!llCJia 

nerrerrTII,UHhiX aHTaroHIICTOB CRF OTMCTIIM rrpoii3BO.UHhiC rriippono- (1209) II 

Illlp330JIO- (1210, 1211) flllpiiMII,UllHOB. 

"-.N~ 

lvO 
~vM, 

~N~ 
N...._) Me Me~ ~ 

· Me 

~~ 
·~Me 

Cl 

Me 1209 Cl 1210 NM~ 12ll 

CIIHTC3 noTCHUIIaJihHhiX IIHrii6MTopoB CRF ocyruecTBJieH no cxeMe 550 
[824]. Ilpii 3TOM IIOK333HO, '-ITO 2-aJIKllJII1pOII3BOJ1:HhiC MCHCC 3KTIIBHhl, '-!CM 

l-aJIKllJIIlpOII3BO,UHhiC ( 1211). 

4.1. llJimu~eHHbte zemepot(UKIIbl 
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380 [';zaea 4. AMua- u JWK/1WMau,ema"w e cuHJne3e cemepou,uK.1U'fCCKUX coe<lum'HUU 

Y)((C H3 3TOM pa60Tbl O'lCBHL(HO, 'ITO 11pH 11Hp330JibHOM CHHTC3C BllOJIHC 

peaJihHO o6pa3oBaHne HJOMepHhiX coegHHCHI1M. TaK H nponcxown npH B3a­

I1MogeticrBHI1 C l-MCTHJJ-3-aneT!1"1-4-rl1)lpOKCI1XHHOJIOH0-2-oHa (1212) C aiJC­

TaJJCM ( 1 a) C llOCJIC)l)'JO!llCti pC3KUl1Cii C fHJlpa3HH3MH, 11p11 'HOM o6pa3)i!OTC5l 

1130MCpHbiC 11Hp330;1HJIXH!IlmOHhl (1213, 1214) (CXCMa 551) [824[. 

CxeMa551 

roOH COMe 

Kcrw:;, T. nm. 
N 0 

OH 

roCOCH ..._ .-- NMe2 ,.._.... 
RNHNH2 

O EtOH JIH6o EtOH + AcOH 
I I -

Me 
OH 

Me R 

' OH N-N 

' II H ____. 
+ 

H H 

1213 1214 

OrMCTIIM, 'ITO coOTHOillCHIIC o6pa3yiOIUIIXC5I H30MepoB (1213) II (1214) 
onpenenHeTC5! ycJJOBII5lMI1 npouccca (Ta6n. 29). 

R 

Me 

Ph 

Ta6J/UU,a 29 
COOTHOLUeHUll (1214):(1213) npu CHHTele nupalOJlHilXHHOJJOHOB 

06nurii BhiXOJI, % Coomowem1e (1214):(1213) 

86 (EtOH) j90 (EtOH + AcOH) 4555 (EtOH) j55:44 (EtOH+AcOH) 

70(Et0H) j60 (EtOH + AcOH) 0 100 (EtOH) jiOO:O (EtOH+AcOH) 

Heo6hi'lHhiH CliHTC3 niipa3oJILHh!X npoi13BOJJ:HLIX on11caH B pa6mc [825]: 

fl1)lpa30Hbl ( 1215) IIpii B3aiiMOD:CMCTBIIll C J!IIMCTI1JiaUCTaJICM L!IIMCTIIJicpOpMa­

MII,Lia (1 a) rrpenpamaiOTCH B CHaMIIHOfl1)lp330Hhi (1216), KOTOpbiC IIpii BbUICp.lK­

KC B 3UCTOHHTpiiJIC B !IpiiCYfCTBliii nepxnopara JIIITIIH rJiaJ(KO !IpCBpamaiOTCH 

B 33MCil.!CHHb!C III1p330Jlbl (1217) C OTIUCI1JICHHCM T)JIIMCTI1JI3MHHa (CXCMa 552). 

Bhriiie )i.)i(e lllJia peqh o KoprnKorponiiHBhiCBo6o)((JJ:aiOIUeM ¢arcrope (CRF) 

( CXCMa 550) [823) - HCMpOriC!ITM)lC, 5IBJ15ll0Il.!CMC5l llCpBIIqHb!M MCJlH3TOpOM 

anpeHaJihHOrO CTpCCCOBOfO OTBCTa CJIII3IICTOH fiii10TaJiaMyca (HPA). IlpCJJ:llO­

JiaraCTCR, qro KOpTIIKOTp0!111II IITp3CT BaJKII)'JO pOJIL B pa3Bl1Tl1II 31-IJlOKpHIIIIhlX, 

HCHp011CIIXI13TpiiqecKIIX II HCHpOgereHepaTIIBHhiX 3360JICB3H!1ti. 

CRF 5!BJI51.erc5l peryJJ51.ropoM Bhrcno6o)((JJ:CHIIH anpcaoKopT11KorponHoro rop­

MoHa, qro rrp11BCJIO K JaKJIJOqeHHIO o ToM, qTo r11nepceKpeuu51. CRF MO)((eT Bhi-

3LIB3TL 3MOUIIOHaJ!bHLIC l1 3HKCHOJII1Tl1'lCCKIIC 3cpcpCKThl, II He 11CKJIIO'ICHO, 'ITO 

CRF Ilrpaer ¢yHD:aMCHTaJihHYIO poJih B 3TIIOJIOrHII nenpecciiM. 

4.}. flHmU'lJICHHbte cemepOl{UKJibl 

0 
II 

Ph2-p=t 1a 
PhMe,L'-. 

R N 
I 

CxeMa552 
0 
II -pr Ph2 NMe2 

R N 

4M li004 

Me NO:! 
20°C, 16 'I 

[ 
015~:e2 l l'h,-~ - '~ 
R -.....::::N Me 

I 
1216 NMe2 

0 
II NMe2 

Ph-P~ 
-Me3N 

2 

.-l_.~N- Me 
R -.....::::N 

1217 

381 

BLIWC rrpHBC)lCHhi npHMCph! (coc)l_HHCIIH5l ( 1209)-(1211) p51Jla Hci1poncrr­

TI1lUILIX CRF pcucrrropHLIX <lliraroHHCTOB in vitro H in vivo. B pa6ore [8261 

OCYIU,CCTHJICH CHHTC3 HOBLIX COC)J,HHCHHM 11!1pa30JIOI111p11JJ:HHOB0f0 pHJJ,a H nna­

HC IIOHCKa (l/!TaroHHCTOB CRF. nony'ICIIHC ri!1pa30J10!1HpHJl11HOB pCaJ!l130Ba­

HO 06h!'lllh!M MeTO)lOM (CM., HanpHMCp, CXCMY 55())). a J(3JlCC OCY!llCCTHJ!CliO 

Wtpa1!(11BaHHC fll111Cpa3HHOBOfO UHKJla C BLIXOJIOM K Tpi1U11KJll1'1CCKI1M npo-

113BO)J,llb!M (1218), cpC/l:l1 KoropLIX o6napy.)KeH pRJ! aHraroHI1CTOB CRF 11 in 
Vitro, 11 in ViVO, 11p!1'1CM Hil!160JICC aKTHBHLIM 5lBJUICTC5l COCJlHHCHHC (1218a) 
(CXCI\ta 553, C. 382) [826). 

MoneKyJJHPHLie wanepoHLI - ceMcticrno BHYTPHKJJCTO'IHhiX cneullaJII1311-

poBaHHhiX 6CJIKOB, pOJJL KOTOpb!X 3aKJIIO'I3CTC5l B 06CCriC'lCH11H 6LICTpOrO Ha­

XO)I(J!Cilll51 !Ip3Bl1JILHOH npocrpaHCTBCHHOM CrpyKTypL! 6CJIKOBh!X MOJICK)'JI. 0HH 

)i3H310T H CBJI3h!B310TC5l C 'l3CTH'IHO CBCpHYfh!MH 6CJIKaMH, cra611JlH3!1pyiOT 

T3KHC 6CJIKH D:O MOMCHTa npaBliJlhHOro (pOJJJIIIHra (CBOpa'IIIB3HIIC Kpy!IHLIX 

MOJICKYJI 6CJIKa), II TOJ!hKO IIpii 3aBCpWCHllll 3TOro npouecca C03J13CTC5l 6Jia­

roiipii5lTH3JI CHTy3U115l )l.IIJI L(IICCOI!IIaUliii CBJI3CH UianepOHOB C 6eJIKaMII. )lJ15I 

TaKoti D:IICCOI!l13UIIII rpe6yeTCJI 3Heprii5l II B npouecce npHHI1Maer Y'Iacriie ee 

HCTO'IHIIK- AT<!>. KpoMe yKa3aHHh1X BLIUie 3cptfJeKTOB, wanepoHhi B opraH!13-

Me BL1110JIHHIOT II PHD: npyr11x ci>YHKUHM. BhHICHCHo, 'ITO wauepoHhi 5lBJI5liOTC5l 

OCJIK3MII TCIIJIOBOro WOKa (Jipyroe H33B3HIIC- 6eJIKH CTpecca- Hsp 90), CIIH­

TC3 KOTOpL!X IIHD:YI!IIpyercR !IOJl J!CMCTBIICM T3KHX cpaKTOpOB, KaK '!pC3MCpHOC 

TCIUIO, llOBhllllCHHOC B03JICHCTBI1C OKIICJ!liTCJibHhlX 3fCHTOB, l10HII3llpyiO!llCC 

11 YJJLrpacpiiOJieToBoe o6JIY'lCHIIe. PoJIL wanepoHOB CBOD:HTCJI n 3TliX cJJyqaHx 

K 331Ul1Te KJICTO'lHLIX crpyKryp. IllanepoHhi HY.lKHhi 11 L\JI5l nepeHoca 6eJrKOB 

'lCpC3 MIITOXOHD:pHaJILHhlC MCM6paHbl, H L(JUI c6opKH OJIIII'OMCpHblX 6CJIK0Bh!X 

KOMITJICKCOB. CJregonaTCJILHO, wauepoHhi - 6eJJKH, KOTOpLre urpaiOT KJIIO'le­

BYIO pOJih B IIOMCp.)KaHIIII KOHcpOpM3Ull11, CTa6!1JihHOCTII II cpyHKUMH 6eJIKOB 
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4. J. flHfflU'f.HeHHbte 2emepOli,UK~1bl 383 

BHYfpH KJTCTKH. Hsp 90 BKJTTO'JCH B CMrHaJJhHb!C nepe.IJ:3'1H, perymn_(MTO KJTCTO'I­

HOrO UMKJTa H 3IJOIIT03 HCKOTOph!X OHKOrCHHh!X 6CJJKOB. Ha cerO.IJ:H51IIJHMH )lCHb 

6eJJKli TCIJJIOBO!'O IIJOKa paCCM3TpHBaKHC5l KaK MHIIJCHb )lJI5l IIOHCKa TipOTMBO­

OTIYXOJICBhlX npenapaToB. 0)lHH 113 HaJI6oJJee CHJJhHhiX MHrii6HTopoB Hsp 90-
npoii3BOf\HOC rmpa30Jia VER-49009. 

a OMe 

HO 

0 VER-49009 

f10)(XO.IJ:hl K CHJITC3Y T3KOrO THIIi\ COClJI1l!CIIIIH (1219) p<npa60T3llbl (CXC­

Ma 554) B [827J. 

CxeMa554 
Cl Cl 

~ I AcOH·~3 ~ I HO~ HO~ 
~ ~ Me 

OH OH 0 

PhCH2"-~Cl la, 
PhCH2Br 0 ~ 2 q, l50°C 

K2CO], MeOH I Me 
~ 

/0 0 
PhCH2 
Cl Cl PhCH2 

l)N2!4-H20 "-
2) N-6pOMCyxqHJlliMim 0 

• 
~NMe2 

T II 
--/0 o Cl 

Jilt.' -HO~ PhCH2 

---

'~ ""- ~\ 

' II 

OH N...._N 
1219 H 

BhiiiJe Mbi y){(e o6cy){()lamt H3BCCTHhie nwpychi rcprreca (eM. Ta6n. 28); 
flOHCK 3KTI1BHhiX COC)lHHCHHH M5! 60ph6bi C repneCHbiMII BHpycaMH 6hiJI pa­

HCC c<iJOKYCIIpOBaH Ha ffYKJieQ3II.IJ:3X TMTia II.IJ:OKCMpy6II)lHHa, BII)lapa6HHa, 1'pii¢­

JJ}'pli)liiHa, MIIIIJCHhTO KOTOph!X 5IBJI5ICTCJI BIIpyCH35l TIOJIHMepa3a. I13BCCTHO, 'ITO 

aUHKJIOBHp (zovirax) 5IBJI5ICTC5I CIIJihHb!M, CIICUII<lJM'IHhiM H XOpOIIJO nepeHO­

CHMbiM MHrii6MTOpOM. 
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~0 I ~I J=O 
~ ~ ___ )I ~ N 

O~N O~N H2N~N N) 

HOH~p II,MI,p > 
OH OH OH 

Ilp,OKCHpy6H,!UlH PuMHHOH~OKCypHAUH A[{JIK !lOB Hp 

H2NOCr-N 

N, )I 
N 

H~~ 
OH OH 

PH6asnpHH 

H2NOCr-N 

N, )I 
N ncr1,p 

OH OH 
BH.~~;apa6HH 

HyKJie03II)J;LI COCT3BJI5!IOT OT)J;C.JILHYIO rpyrrrry IlpOTI1BOB11pycHbiX cpeL(CTB. 

I1LJ:oKcypll)J;11H 11 3MMHOI1L(OKCYPMIIH - rrperrapaTbi, KOTOpbiC ITO)); )J;CHCTB11CM 

KIIHa3LI BIIpyca reprreca npenpamaiOTC5! B Tp11<j.JOc<!JaTLI, o6rra.uaiOmne cnoti:­

CTBaMII CI1JihHLIX IJ;IITOCT3TI1KOB. B KJICTKaX, IIHtPIIU.MpOBall!lb!X BIIpycoM rep­

IlCCa, 3TII rrperrapaTbi BKJIIO<JaCTC5! B ).J,HK BIIpyca II npepLIB310T CC pcnJII1K3-

U.IIIO. )],pyroft B<l)l(lfblH rrpe)J;CT3BIITCJIL 3TOfO pMa - pM6aM!1));11.J1 (p116aB!1piiH) 

3<lJ<!JeKTHBeH KaK npoTHB )],HK, TaK II npoTIIB PHK-conep)l(aJUIIX BnpycoB 

(rp11rrn A 11 B, ono5!CLIBaiOJUMti: repnec, KOpL, BeTp5!Ha5! ocna, renaTIIT A, B). 

In vivo 3TO coeniiHeHIIe npenpamaeTc5! B 5'-Mono<f>oc<f>aT, 5!BJI5!IOJUMHC5! HHrM-

6HTOpOM <!JepMeuTa MH0311HLJ:Crll)J;poreua3LJ. B pe3yJILTaTe rrpeKpamaeTc5! CI1H­

Te3 ryaniiJIOBoti: KIICJIOTLI, ueo6xo,~J;MMOti: LJ:JI5! o6pa3oBaHM5! )],HK 11 PHK. 

ITono6HLIM o6pa3oM nei1CTByeT II nperrapaT BII)J;apa6IIH - in vivo on Tpii<!Joc­

<!Jopiirr11pyeTc5!, MHrii6MpyeT )],HK-f!OJIIIMepa3y, B03,1J;CHCTBY5! ua <!JepMCHT 

BMpyca repneca 3Ha<JIITCJILHO CMJILHee, <JeM Ha <!JepMeHT X035!IIHa. CJienyeT 

OTMCTIITL, <JTO OCHOBHOM HC)J;OCT3TOK BII)J;apa6IIHa - CllOC06HOCTh )J;C33M11HM­

pOB3TbC5! <f>epMCHTOM - 3L(CH03IIHL(C3MI1H330M. 

O'ICHL B<l)l(lfbiM rrperrapaToM LJ:JI5! JIC<JCHII5! BIIpycoB npocToro reprreca M 

OII05!Cb!B3IOJUCro reprreca (JIMIII35!) 5!BJI5!CTC5! 3U.IIKJIOBIIp. Au.HKJIOBIIp MOHO­

<!Joc<!Jop!1JIMpyeTC5.! BMpyccneU.MtPM'fCCKOH TIIMMLJ:MHKJ1Ha30M, MOHO<!Joc<f>aT 

<f>oc<!JopMJIHpyeTc5.! AO Tpw<f>oc<!JaTa, KOHKYPHPYIOJUero B HH<f>HUHPOBaHHLIX 

4.1. llHmu~eHHbLe <emepou,UKilbl 385 

KJieTKax C .IIC30KCMryaH0311HTpii<f>oc<!JaTOM 33 B11pyCCIICUIItPWICCKYIO ).J,HK­

IIOJIIIMCpa3y, 'ITO IIpMBO)J;IIT K IIHfM611pOB3I!IIIO CI1HTC3a )],HK BIIpyca B KJICT­

KaX 11 6JIOKIIpoBaHMIO peiVII1KaU.H11 BMpyca. BecLMa Ba)!(Jro, <JTO B 3AOPOBLIX 

KJICTK3X MJICKOI111T310JUHX <!Joc<!JopiiJIIIpOBaiiiiC 3l.J.Hl<.HOBHpa MCCTa HC MMCCT 

11 Ha pciVII1Kau.niO KJieTKII-X03JII1Ha aU11KJIOBIIp He BJIIIJieT. B pa6oTe [828] 

rrpC)J;JIO)I(CII IIOBLIM KJiaCC HCfJIIIK0311.IIHLIX IIpOTI1BOfCpiiCCHb!X COC.II111ICHIIM 

( 1220), CI1IITC3IIpyCMbiX ITO CXCMC 555. 

CxeMa555 

X n 'Q-cooM, 
Me 0..N LiHMDS 

Cl 

-
Ac20 

• 
Ft20·BF3 

LiHMDS = JlHTII:lireKCaMeTH.ll.II;HCHJIOKCaH 

COMe 

COCH=CH 
\. 

I) (CF3C0)20, 
Cl Et 3N, CH2CI 2 

-----1 .. 
2)FeCI2, 
1,2-,!UlMei'OKCIDTaH 

Cl 

• 

NH 

NHRHz~NHR' 
• 

NMe2 

Cl NH20H 
• 

Ct -
NHR.la .. 

NHR 

l13y<JeHHe peaKU.HH UHKJionpiicoe.uiineHH5.! a3HLJ:OB (1221) no yriiepo.u­

yriieponnoti: .UBOHHOM CB5!311 MCTOKCJ1BIIHMIIflpOII3BO.UHOro (1222) 11 tPYHKUIIO­

HaJIM33UWI IIOJIY'fCHHb!X 1,2,3-Tpl1a30JIOB (1223) fiYTCM 11X IIpCBp3JUCHtl5.! B 

llllp330JIMIITp11a30Jibl ( 1224) C np!1MCHCHI1CM .Ill1MCTMJI3UCTaJI5! .II11MCTMJI<f>Op­

M3MII)J;a (1 a) C f!OCJIC)J;YIOIIIMM B33IIMO.UCMCTBI1CM flpOMC)I(YTO'fHOfO CH3MIIHO­

KCTOHa C tPCH11.JITII)J;pa3IIHOM 5!BMJIMCb npC.IIMCTOM l1CC.JIC.UOB3H115.! (829] (CM., 

HanpHMCp, CXCMY 556). 
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386 J:wea 4. Mtud- u ,wKmaAta4ema,1u B cuwne3e zemepo4UK!IU'fCCKUX coecJuHeuuu 

o~ 
CxeMa556 

0 ~ U zoooc 0 N 1) la,p-TsOH, 175oC 
MeO~......._ Me- N/ .::;:.N 2) PhNHNH2

, 200°C 

1222 Ph \d......._ 
1221 N=N ~ 1223 COMe 

~uJ~ 
PcaKUII51 N-KapfioMCTOKCHMCTHJIIIHpa:nm-2-KapfioKcaMHJ\a ( 1225) c auc­

TaJICM (l a) IIPIIBO)(IIT K CIIaMllHtB<jlHpy (1226), KOTOpblH 11)1!1 ll'l<lllMO)[CiiCT­

llHH C rJ.i)(pa:lJIIIaMH rrpcBparUaCTC51 B JIHpa·lOJlbHOC IIpO:VDBOJ(IIOC (1227) (CXl'-

Ma 557) [iDO]. 
CxeMa557 

rYNil la ~Nil RNHNH2 ~Nil Ox:N:R 
~~ ~~ ~~ NH 

:::-...N CONHCH2COOMe :::-...N CONHCCOOMe :::-...N CONH 

1225 1226 ll 1227 
--NMe2 

EHaMHHOKCTOHhl, COTI,Cp)l(alUHC B CBOCH CTpyKrype CJJO)I(HO'JqntpHyKJ 11 

0-MCT!1JIOKC11MHYK) rpyrmbl, npH ll33HMOJI,CHCTBHH C rHJI,pa3HH3MH npcBpa­

[[[aKHC5! B 1Hij)330Jibl, COJI,Cp)l(a!liHC fHJI,pa3HJI,Hb!C 11 aJIKHnOKCHMHb!C <jlpar-

MCJ!Thl (cxeMa 558) [831]. 

CxeMa558 

YO O la. rcq O N2J4·H20 ~~H 'N 
Me OEt- OEt ~ j CONHNH2 

NOMe Me2N NOMe N 
'oMe 

]-J\'Jcnur-J-auenLT-4-rH,TpOKCHXHHOJIOH-2 ( 1228) rrpH KHITWICHHH B yKcy­

CHOii K>ICIOTC C aMHj(al(eT~lJICM ( 1 a) npeBpaU(3CTC51 B iJl1MeTl1ni1MH!lOMCfi1JICH­

llj)OH'lBOJI.I!OC ( 1229), H3 KOTOpOrO peaKUHCH C THOCCMHKap6a311jl,<lMl1 llOJIY'ICH 

r!HplUO;JHn-3-XHHOJlOH (1230), a npH B3ilHMOJI.CHCTBHl1 C 7-xnop-4-rHLI,pa3HHOXH­

HOJI.HHO:\l { 1231)- 3aMClllCHHblH 1-(XHHOmm-4 )-3-(X:VIHOJJ.lfl!OI-I-2-HJI-3 )11Hpi130Jl 

(1232). JlOCJICJI,HHH ITOJJY'ICH Ta!QKC llCTpeqHb!M CHHTC30M ITO peaKl(HH (1228) 
c (1231), c rrocneJI.)10lllCi-i KOHJI.CHcau!1eii c aneTaJJeM (1 a) [832] (cxeMa 559). 

a-, 
on on 
00 
:ll 
"' ~ u 

4.1. llamu~1eHHbte zemepo4UK!lbt 
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388 J:wea 4. Auud- u ~wKmaMau,emanu e cuHme3e <emepou,uKnu~ecKUX coeduHeHuii 

Pa3IIoo6pa3HLie nHpa30~'1LHLrc rrpoH3BO!lHLie IIeonHoKpaTHO BBO)ll1Jli1Ch B 

pC3KUl1l1 C 3Ml1L\3UCT<LT!IMI1 (375. 6gl, 833-856]. 11 IIa HCKOTOpbiX 113 JTHX pa­

bOT HMCCT CMb!CJI OCT3IIOBI1TbC5I 110L\p061ICC. 

PH60HYK-Teo3HL\ (1233) rrpll B33l1.\IOJ(ci1cTBI111 c aucTaJJCM (1 a) rrpcnpau[cH 

B aM!1J(I11I (1234), 113 KOTOIJOfO 110 CXCMC 560 llOJIY'ICl! re-rcp01!11K-111'ICCKHH 

allcUlOf 31lTI16110THKa KOCjJOpM11UI1II3 - rip0113BO!ll!OC I111pcl'30~'10[ 3 .4-d ]1!Ha3C­

fll1!1a ( 1235). YcT<liiOBJICIIO. <ITO :no COC!li11IC!Il1C 51BJUICTC5! CHJJbllbiM HHrH-

6HTopoM rpcpMC!ITa <V[CII03111l!IC"33MI11133LI (nC'laMJ1!133hl- JWH1Mbl, K<ITaJIJ1311-

pyiO!I[I1C ITpi1 \fCTa60c'llf'ICCKI1X 1!pC13paWCIIIUIX I'lff\IJOJJHTH'ICCKOC /(C3aMI11!11-

pOB<IIIHC cy6crpaTOB, B !!<llii!OM CJIY'IaC !lp0113BO.Ll.llb!X a,L(CII031111Cl, 'ITO I1pHBO,'ll1T 

K IIOTCpC 6lfOJJOri1'ICCKOH aKTl1BHOCTH, T. C. cpcpMCIITaTI1BIIOi1 i(C3<lKTl1Bai(i1H 

cy6cTpaTa) (cxcMa 560) ]g36]. 

OHC 

MJ~N2r~ HN 
1233 OAc OAc 

TMSO 

NC~H 
Me2N-~ ~ 
A~'¢:/'N 

OAc OAc 

CxeMa560 

la .. 
OHC 

Me2N-~ ~h\ 

A~y:!:l'N 
Me3SiC"N 

1234 OAc OAc 

HO H 

H2/NiRa 
p, l00°C - AoO HNQ;~ 
~ 

1235 OAc OAc 

.. 

B ny6JIHKaUHH [ 8 3 3] HCCJIC.UOBMH peaKUHH 1-MCTI1JJ-4-JTOKCHKap6om1JJ-

5-aMHHOITI1pa3oJJa C OpT03<jJ11paMJ1 11 3MH)laUCTaJJHMI1 11 ITOKa3aiiO, 'ITO npo­

l[CCC IlOJl)"fCHHH aMl1L(HHa C aUCTaJ15IMH npOTCK3CT B MCTaHOJTC 11p11 Kl111CHI111, 

a c opTo3¢HpaMH neo6xo,Ul1Mhi 3Ha'!I1TCJihHO 6once )I(CCTIU1C ycnomur - K11-

rreHHe B CaMOM OpT03<jJ11pC, a B MCTaHOJIC rrpOUCCC IIC HMCCT MCCT3. 

l{pe3Bbl'Iallll0 HHTCpCCHall peaKUH5f aMH,U3UCTaJICII OTMC'ICI!a ( CXCMa 561) 

ll pa60TC [834] - IIOJJY'fCHhi 611UHKJJWICCIU1C CTa6l1JlbllbiC a30MCTIUI11Ml1llhl 

(1236). Uenccoo6pa3HO 3!J:CCh yrrownryTh TaiOKc pa6o-ry [837]. nocBRIIrcmryiO 

IIOHCK)' l1HfH6HTOpOB npOTCHHTHp0311HIU1IIa3, 11rpaiOWI1X <I_JynL(aMCI!TaJibH}'lO 

pOJih B rryT5fX cHrHaJILHOii rrepe)l;a'IH. TioBLIIllCHHa!l aKTHBHOCTh 3THX ¢cpMCH-

Me 

rr I 0 N 

If 

' N Me Ph 

4.1. J!JIInu~eHHbte <emepou,uKJibt 

C:xeMa561 

M~N~rr+ Me 

la -N la 
--- o_ 

' Ph N-' Me 

1236 

tx
H Me 

I 0 HN 

N 
N-' 'Me Ph 

389 

TOH H36JIIO)laCTC!l np11 MHOfHX 3360J!CllaHH5lX, Cmi3aHHb!X C llb!COKOH npOlii1-

<I_Jcpaul1ei.f KJJCTOK, TaK11X KaK paK, ncop11a3 11 .up. CJICL\OHaTCJILHO, 11HrH6HTOpLI 

pOCTOBb!X <jJaKTOpOB rrpOTCI1l!T11p0311HKI1Ha3 11MCIOT 60JILWOH TCp3!1CBTWICC­

KI1H IIOTCHI~I13JJ M51 JlC'ICHH5! OJJYXOJJCBLIX 3I111TCJIH<!JlbHLIX 3360JJCB3HHH. Ta­

KI1C HHri1611TOpbi o6Hapy)!(CHLI [837] B p!IL\Y nHpa3ono]3,4-d]rll1p11MI1L\11HOB 

(1237), Cl1HTC3HpOBaHHLIX 11CXO)l51 113 3-3MHH0-4-U113H0-5-ap11JJ(11JJI1 6CH311JJ)-

3MIU!OI111pa30JIOB ( 1238) ( CXCM3 562). 

~R ~R-562 ~R 

~_,Nyx la .,. ~_,Nyx 
I~ I~ 

H2N CN 1238 N CN 

X= NH, NHCH2 )I r+R Me,N (*-R 

HNLYY~=-:LYY 
N~NH N;-)-NHCJ40-p 
LN LN 1237 

\ 

.. 

C'Jf40-p 

llpyme nHpa3oJio[2,3-a ]rr11pi1MHL\11HLI [839 J 11 n11pa3ono[ 5, 1-c ][ 1 ,2,4]6eH-

30Tpi1a311H- 5-oKCI1ilbi [838] CI1HTC311poBaHLI CTaH.D,apTHLIMH MeTo)laMH. CraH­

il3PTHLri1: )!(C MCTOL( f10Jl)"'CHI15I IT11p330Jll1Jl-1-rrHpl1L(l1JI-3 KCTOHOB ( 1239) 6biJJ 

pCaJIH30B3H [839) 113 COOTBCTCTBYIOIU11X CH3Ml1HOKCTOHOB, ITOJIY'-ICHHLIX H3 
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390 J!laBa 4. AAtuo- u ;wKmaMau,ema!lu e cuHmeJe cemepou,wuzu'leCKUX coeouHeHuzi 

3-aucnmniipMIIHa KOH,UeHcalJ;Heil c aueTaJ!CM ( 1 a). CoeJ(IIHCJIII5! ( 1239) oKa-

3aJ!IICh y.uo6HhiMII IICXOJ(HhiMII )J)I5! ITOJiyqeHI15! 'ICTBCpTII'lllh!X aMMOIIIICBhlX 

IlCcPaJ!OCITOpiiHOB (1240). lliiipOKIIii CITCKTp 3KTHBHOCT11 aiiTII6HOTIIKOB, OT­

HOC5!IUHXC5! K IIHplU\IIHHMUCcPaJIOCTIOpHIIaM, Bhl3hiBaCT OC06hiM 111ITCpCC K C0-

CD;HIICHII5!M :.:lTOfO TIITia, !1p05!BJI5!IOIUHM aKTHBIIOCTh ITO OTIIOiliCI!I110 K rpaM­

TIOJ10)KHTCJ!hllhiM !1 rpaMOTpHUaTCJ1hllhiM MHKpoopraJIH3MaM. ()qCJib B<DKIIO, 

'ITO C11JITCJ JIOBhlX COCL\HIICIIIIM :)TOM CTpyK'ryphl, !10 MI!CII1110 pH)J,a HCCJJCUO­

BaTCJlCM, no3BOJI5!CT IJaL\C5IThC5I Jia BO'JMO)KIIOC ycrpa!!CIIHC pa3BHTI1H MYJihTH­

JJCKapcTBC!!I!Oii pc3HCTCHTHOCTI1 Ilp11 HX llpHMC!LClll111 (cXCMa 563) (g40j. 

CxeMa563 OM 
.,....R' N/ e 

d!R+ ,A"[(~n>-N"' 
N 1239 I (X)()SiM f e3 OMe 

H ~ 
~ S N~N 
~N+ ( -4 ~ ll s}-- NH2 

N ~ 0 
I mosiMe3 

N-......R' 1240 
R 

B pa6onx [847-849] paccMoTpCHhi pcaKU!1I1 J(H3THJ1aUcTaJI51 L\HMCTHJ1¢op­

MaMH.LI.a (1 b) C npOI13BOJ(HhiMII ITHp3JOJia. f1oKa3aHO, 'ITO IipH B3ai1MOD;CMCTBHI1 

(1 b) C 3-3aMCIUCHHhiMH-4-UH3H0-5-aMI1HOI1Hpa30JI3MH (1241) np11 K!1!1CHHH 

B MCTaHOJIC o6pa3yJOTC5! O)KliL\aCMhiC aMI1}l.I1Hhl (1242), KOTOpblC Ilp11 o6pa60TKC 

BO)J,HhlM 3MM!1aKOM rrpenpaiU310TC5! B 3-R-4-aMI1HOI1!1pa30,10[ 3,4d]nl1p11Ml1,UliHhl 

(1243). 0)IHaKO Ilp11 HarpeBaHHH (1241) C 3I(CTaJ!CM TipH 140°C 6e3 paCTB0-

pHTCJI51 3TH aMMI1Hhi nonnepraJOTCH npoueccaM N-aJIKIIJIHponaHH}! no o6o­

IIM 3TOMaM 330Ta llHpa30JihHOf0 Ul1KJI3 [847). 

B TCX )KC ycJ10Bl15IX npoTeKaeT N-aJ!KHJll1poBaH!IC 11 3-MeTOKCHKap6oHl1JI-

IlHpa3oJia (1244), Ilp11 HCCKOJihKO !10HJ1)KCHHOM TCMTICpaType (120°C) l1 rrpo­

H3BOJ(Hh!X nHp330JI0[3,4-djniipiiMMI1HOB (1245) [848]. B )J.pyroi1 pa60Te [849], 

pacMaTp!IBaJOIUCH TY )KC npo6JieMy - aJ1KI1JIHpOB3Hll51 !lO NH-rpynnaM Iliipa-

30JihHOro UllKJia, 3BT0phl IIOKa3aJ!ll, qTO .LI.Jl51 COC.LI.I1HCHIIll, COJ(Cp)K3!UI1X B CBOCll 

CTpyKrype 3HHCJ1llpOB3HHhlM lll1piiMMllHOHOBhlM UllKJI (1246, 1247), npoTe­

K310T npouecchr 11 N-, 11 0-aJ!Kl1Jli1pOB3HII51 no 3TOMY aMMHOMY ¢parMeHTY 

(cxeMa 564). 
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392 F:wea 4. AMUO· u ,Ja/WWMau,ema!lu e cwuneJe <emepot(UK,w•;ecKux coerltmeHutl 

J1 ClUe IIa OL(I!Oif 113 IICL(aBI!IIX pa60T, I!OCB5IIIlCIIJIOH CHHTC3Y 11 6HOJIOHI­

<JCCKOMY HCCJIC)..IOBaHHIO l!Ol.lb!X HCIIpOaKTifRl!biX npOl13BOL(IILIX IIHpa30JI0-

[3,4-b)nHppoJI0[3,4-d]nHpH,l.llfiia [854], XOTCJIOCb 6LI OCTaHOBl1TbC51 B :nOM 

pa3)..1CJIC. H·mccTHO, <rTO np0113l.lOJ\HOC HMH)..la3o[ I ,2-a )nHpHgHJJa- 30JIIIH/ICM­

Cf!OC06Cl! )..ICHCTBOR<\Th KaK arOIIIiCT 6C!!'l0}.!11a3Cfll1110BhiX pCl!Cll'IOpO!l 3TOT 

npcnapaT HCI!0Jlh3YCTC>I )..1]15! JIC'!Cl!HH TpCBO.iKilh!X COCTOH!II1lf, T. C. 110 'J(jJ<j)(:K­

TaM HaiiOMll!IaCT JWi1cTBHC TOpM03IIoro Mc;utaTopa UHC y-al\lv1IIO:\IacJIHIIOH 

KHC.I!OThl (fAMK). 30JTI111!WM JQJ(pCKTI1llC!l KaK aJl.IIOCTCpiP!CCKHH ;-,tOJ!YJIHTOp 

r AMKA-pc:ncrrropoB, OTRCTCTBCHI!LIX 'la pcry;rm(H!O l!Cifpo!!aJihi!Oi1 MCM6p;lllhl, 

llpOROWIIUClf XJ!Opl1J1,-110l!hl, !!pOMOTHpyiOil(HC CJJafiyJO Jici1pOI!iUlhiiYIO flill\:p­

IIOJI5lp113al(l110 11 ClnJ.iKaiOII(HC l!CHpOllaJihi!YIO B<YlOYl!HMOCTh. TIOJ(061!hlC IlpO­

I!CCChl KOI!TpOJH1pyiOTC5! OJIHOHJ(!IOif IICi1pOTJ1il!ICMIICC!Idi, KOTOpaH !!pCOOpa­

·lyCT CllH)KCIIIIYIO !1Ci1poWUlbliYIO Jl(J36)'/(Hl\IOCTh ll al!aJihi'CTli'!CCKHH :;cj)(jlCKT. 

Me 

N-

() NMe2 

Me ]oni1ll.l1eM (zolpidem) 

B pa6oTc [8541 ocyruccTBJICH nm1cK IJOBbiX CCJlCKTHBHhiX MO,llYJIHTopoB 

fAM K-pcl..(cnTopon HJI5I JIC'ICHI1H HcifpoJiorwiCCKHX 3a6o"1cnanHif. 

CJ1!1TC3 COCIJ,HJICIIHH :JTOfO THna OCHOBal! Jia B3aHJ\IO)(Ci1cTBI1II l-QJCIIHJl-

3-MCTHJJ-5-:.JMHHOfl!1pa30Jia ( 1248) C aucTaJICM ,/lM<DA (l a) c IIOCJICIJ,Y!Oll(CH 

pcaKI..(HCH TIOJlY'ICil!IOI'O aMlf).UJHa ( 1249) C 3aMCIUCJ[][bll\111 l-apH.l-3.4-)..ICfH)..l­

pocyKI..(I1liHMH,llaMH (1250) - rCTcpopcaKI!HH ,Il,HJibca- AnNwpa, B KOTopoif 

Jl Ka'!CCTBC !..!11CIIOBOM KOMITOHCHTbl BbiCTynaCT aMH;.I.l1!1 (1249). 
BapHaUl1H JaMCCTHTeJicil: B apHnLIIOM c]lparMC!ITC COCJIHHCJIHI1 (1248) 

o6CCI1C'I!lB • .l!OT Jl03MO)KHOCTL C11I!TC3a (CXC.\Ia 565) 60JihlUOfO pH!:(a !I11pa30J!0-

13,4-bjrmppOJI0[3,4-djnnpl1)..1HHOB (1251), Koropbrc np11 oiiOJlOrJPICCKOM my­

'!Cllllll ripOHBHJIH CC/(aTHBHhiM 11 CHoihllb!H aiiaJlbfCTJ1LICCKJili 3QJQJCKTbL 

4.1.2g. 0KCa.L\Ha30Jlhl 

,[l,OBOJJI,I!O 60J!blliOH M3TCpHM ( OCHOBaiiHhlit !Ia HCI10-1b30BaH1111 aMII).]­

:lt(CTaJICH) npC,llCTaBJICH B JI11Teparypc ITO CI1JITC3Y 11 l11Y<ICHI1!0 HCKOTOphiX 

CHOHCTB fCTepOU11KJIOB, BKJIIO'!alOlUHX B CBOII COCTaB 60JICC L(B)"X J'CTepoaTOMOB. 

4. 1. !!H.mu'1!1eHHbte <emepou,wc.1bt 

CxeMa 565 

Meh\ 

:N'-/-NH2 la 

6 _,& 

1248 

M~\ ~NM~ 
i(/--N 

61M9 
.. 

Me 
0 

X= H, Me, Cl, N02 

.. - 1251 

X 

A +y 
N 0 

OW,250 

393 

XapaKTCpl!hiM nprrMepoM no)..lxo.ua K npoii3BO)..IIILIM oKca[2,4),l.IIIa30JIOB 

(1252) 5IBJUICTC5I 1!pOTCKaiOIUa5I C XOpOIIliiMII BhiXO)..laMII pcaKI..(II5I aM11)..10KCII­

MOB (1253) C ai..(CTaJICM (1 a) II CI'O I'OMOJIOJ'aMII, Tpe6yiOll..(a5I )..lJI5I 1..(11KJIII3al..(1111 

)..IOROJILIIO BhiCOKotl: TCMnepaTyphr (cxcMa 566) [855]. U11KJIH3ai..(H5I BKJIIO'IaCT 

yqaCTHC B npOI..(CCCC BIII..(11HaJihHO paCI!OJIO.lKCHHLIX aMHHO- 11 I'H)..lpOKCIIrpynrr 11 

MOHOyrJICpO,l.IIIOH KOMIIOHCHTLI, B Ka'ICCTBC KOTOpotJ: BhiCTynaiOT aMH)..lai..(CTaJIII. 

R' N 
1.....-0R 

CxeMa566 

_..,..OH 
l40°C N--o 

Me2N/'\ OR + R"~NH2 
1253 

•R"~N~R' 
1252 lli.m>)ILI 64-94 % 

ilo ,llpyroM)' BIIOJIHC ,llOCTynHOMY MCTOJ.lY OKCa[ 1 ,2,4]J.l11330Jlbl ( 1253) fJla,L(KO 

MOryT 6h!Tb ITOJIY'JCHLI 113 rrepBH'IHbiX 3MH.llOB 11 3MH)..laU:CTaJICM 11Y'fCM )..laJib­

HCHillCfO B3311MO)..ICMCTB115l o6pa30B3BillHXC5l aui1JlaMH)..li1HOB ( 1254) C I'H)..lp0-

KCI1Jl3MHHOM (CXCM3 567) [856]. 

CxeMa567 

LoMe NH, J' 
MeN/'\ + ~ l2ooc ~ 2 •A NMe 

OMe R 0 l,Sq 2 
N2 R 0 

1254 

NH20H 

AcOH, 
,liiiOI<CaH 

N--o 

R')lNAR' 
1253 

II. 

I I 

! I 
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VJ3BCCTHO, 'ITO 2-apHJI-4-IUmCp11,1l}U!OXHll0J111Hbl (1255) CITOC06Hbl 3ali!C­

IU3Tb 
3
H-)U133CIT3M, Bb!TCC!I5U! CfO C 6CJ!30,UI133CITHHOBOrO pCl(CITTOpa. 

ocJno,uHaJcrrniroBLIC Tp<liiKBIL1H'3aTOpbi o6na,uaiOT aHKCI10JJI1TH'ICCKHM 

(IIpOTJ1BOTpCBO)I(HbL\1), fHIIHOTWICCKHM, Ml10pCJiaKca I!THLIM 11 npOTHHOCY)lO­

pO)I(Jfb!M. flpH :JTOM H<li160JICC Ba)I(JlaH cpyi!KI!HJ! :JTlfX rrpcrrapaTOB -- aHKCHO­

JII1TH'ICCKHH :Jrpc\JCKT. 

Om1 ,UCHCTBYJOT na r AMK-cpnF!CCKHC CHCTCMhl, ycHJIIIR<I}J TOpM031 IOii 

:JQlrjlCKT fAMK. flocKOJJhK)! B KJICTKax UHC o6Hapy)KCJ!bl cncuH<UJhllhiC 6c113o-

~\~ 
)!HWlCfiHIIOllbiC pt.:ljC!ITOph!. l!aXO,IUIU(HCCH B TCCIIO!f t.:ml­

'311 c fAMK-pcllCIITOpaMH. 6cH30J1Ha'lCfii1IIhl JIBmiJOTC>I 

JKJOITIIIIhiMH JIHraJuiaMII :JTJIX pci[CnTpoB. I-Lll16oncc :JQl­

<!JcKTilBIIbJc Tpai!KBHJ!li3<1TOpb1 npl11la;(!IC)I(<lT K 6Cil30}[11-

a3Clli11!0BOMY p5I;[y. 0JIIlllM H'l I!HX JIBJI}ICTO! J(I1<13CflaM. c~N 
Ph 

(' ;[p'yTOi1 CTOpOllhl, 113BCCTI!O. 'ITO OKCa,HH<UOJl hi Cli0-

C06I!hl ycnCUillO 'laMCI]}!Th C!O)KI!O'JCjJHpllh!C rpyrrrrhl B 

6CJI30)\H<tJCflllll0BbiX Jll11':lii}J,aX C Bb!COKOH :J<jJCjJCKTHBIIO­

CThlO in vivo. BcJIC.LLCTBHC :noro B IICCJic;wna!II1H I X571 pcup:!GoT:tll MCT0/1 CJIII-

Ana3enaM (cn6a3oH) 

TC3a COC,'lltllCilltH ( 1255), B KOTOph!X CTpyKTypa 4-llHriCp11)ll1110XHI!OJII1llOB 

KOM6l1!U1pycTCH C OKG!l!Hcl30Jlhllhll\l qJpai:\ICIITOI\1. 

B Ka'!CCTBC HCXOH!lh!X COCJUII!Cl!HH 3jl,CCh llh!6paru,J 2-apHJI-4-( 4-Kap6aM0-

11)1 )11110Cpl1)1l11I0-6-3aMCU(Cil!lhlC Xl11!0Jll1ll hl ( 1256), Kap6aMOHJ!hllblH r{lparMCIIT 

KOTOphiX l1 JlllHJICH OCIIOBOH ,II,JIH l!OCTpOCIIHH OKCa[ I, 2,4j;I,Jia30~lH.'IhllOro Ja­

MCCTltTCJIH ( CXCI\Ia 568). 

c5'' 
CxeMa568 

Me 

l}MezN~OMe 
T. KHTI., 1 q OMe 

2)NH20H · HCI, ).IHOKcaH 

AcOH, 2N NaOH, 20 ac 
2 q, 3aTeM T. KIDI. 30 MKII 

• 
RI 

R2 

cl\"Me 

0 
N 

R2 

AHaJJOfl1'IHO 111 5-Kap6aMll)lOHH,uOJia (1257). H\lCJOHLCro B noJJO)I(CHHH 3 

ilHMCTI1JI3MI1HOUHKJI06yTHJ!LilhlH 3aMCCTl1TC!1b C xapaKTCpHOi1 mpaHC-KOHiiJH­

rypaUHCH 11H,[(OJIH!1hHOH H ,UHMCTliJ1aMHHOrpynn. no~TY'ICHO COOTBCTCTBYIOIJJ,CC 

4.1. flRmu~elilibte zemepou,uKJlbE 395 

5-oKca[l,2,4j,uHaJoJJHJJnpoi13Bo,uHoe (1258) (cxeMa 569) [858]. CrepeoxHMJ1qe­

CKne oco6eHHOCTH CTPYKTypbi rrpn KOH,ueHcaunn I1 l(HKJIH33UI1H coxpaHHIOTCH. 

NHz 1257 

CxeMa569 
,,NMez 

.~ .... 

Me 

Me2N~0Me 
,.. OMe 

To.rryon, 
120°C 

N/0 

'' II Me.JL-N 

Me~ 

NMez 
......... NMez 

1258 

NMez 
......... 

70% 
BO,llll.AcOH, 

,li,HOKCllll 

C l(CJ!h!O IIOHCKa JICK3pCTB ,II,JIH JlC'IC!IHH TpOOWICCKHX 60JIC3JICH 11CCJ1C,l)0-

Ballbl peaKU1111 f11)1pa3!1)13 l-MCTliJI-5-Hl1TpOKap60H0130H-2 KHCJlOThl (1259) C 

,UH3TI1Jial(CTaJJCM JIHMCTHJI<.tlOpMaMli,[(a (1 b) H ,UH3THJ!OpT()(iJOpMltaTOM. I1HTC­

pCCHO, 'ITO IIpH HCIIOJib30!laHHH 3l(CT3JIH KOH,[(CHCal(IIJI flO IICpllH'IHOM aMH­

HOrpynne rrpOTCKaCT riia,QKO )')ICC npH KOMH3THOH TCMrrepaType C o6pa30B3HHCM 

,UI1MCTHJlaMHHOMCTI1JICHOBOrO npOI13BO)lHOro (1260), HO IIpOBCCTH era )laJih­

HCHiliYJO UHKJin3al(HIO He y,uaJJoch. B TO)I(e BpeM.H noJiy'leiiHoe c opro3ilJHpoM 

3TOKCHMCTI1JICHIIpOH3BO,UHOC ( 1261) rrpH HarpeBaHHH rJia,[(KO l(I1KJI113YCTC5! B 

OKca[l,3,4]JIHaJoJIHJIHMMa3oJI (1262) (cxeMa 570) [859j. 

~~)yNHNH, 
Me 0 

CxeMa570 

!L,. ~'Jy-f/'>W,, 
Me 0 

1260 1259 i pEt 
CH-OEt 
\ 

)[
N OEt /:::;. /IN 

o,N N ~ NIIN"""- OR ~N..A_W)\'-N-N 

1261 ~e 0 ~e // ) 1262 ~0 
2-MeTHJJTI10-4-aMHHOOHpl1Mli,[(HJJ-5-aMI1,[(0KCHMbi (1263) ITpli peaKJJ,HH C 

,l)I1MCTHJ!al(CT3MI1,U3l(CTaJICM l1Jlli YpHMCTHJ!OpTOI!JOpMHaTOM fJla,QKO rrpeBparua­

IOTC5l B 5-(l,2,4-0KCa,[(li330JIHJJ-3)rrHp11Ml1,[(11Hhl (1264) (CXCM3 571) [860]. 

. Iii ij 

II 

II II 

I I 

; I 

I 
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CxeMa571 
N XMe N XMe 

;;:
1( MezNC(MeXOMe)2 hi( X=S R=Me 

HzN N nJIHCH(OMeh N :::::.... N X=S:R=H 
R--f X=O,R=Mc 

NOH NH2 1263 O- N NH2 1264 

floKa3aHO, 'ITO WJOMCpHbiC aMHHOOKCaJl!1a30Jihl, 5-3<11\ICIIICHllbiH 2-aMHHO­

fl ,2 ,4 jOKCaJ(J.Ia30J! (1265) 11 5-3aMCIIICIIHbiK 3-aMHHO/l ,3 .5 joKCaJJ,Ha30J! (1266), 
ma).lKO BCryrraiOT B peaKI!l1l1 C al(eTaJJCM ( J a) C o6p<l30ll<llll1CM COOTBCTCTB)'IO­

lUllX aMHJ(l1HOB ( 1267), (1268) ( CXCMa 572) j86l, 862 COOTBCTCTBCHHO j. 

CxeMa572 

N ----r("" NH2 

II II Ia 

NM 
N-l(N / e2 

.... R~ _.....N R~ _.....N 
0 1265 0 1267 

N --N 

)l II~ 
R 0~ 

1266 NH
2 

N- N 

)l )lN~NMe2 R 0 
1268 

• 

JlcrKo pearHpyeT c aueTaJICM (I a) II 3-aMIIH0-4-aMHJJOKCHMojl ,2,5]oKca­

JJ:Ha30JI (1269), II o6pa30BaBilll1HC5l aM~HH (1270) rrpH B3aiiMO,llCiiCTBl1l1 C opTO­

MypaBhl1HhlM 3<jJHpOM B rrpl1C)'TCTBl1l1 3<jJHpaTa Tpex<:j.JTOp11CTOf0 6opa rrpeBpa­

IUaeTOI. B 3-.[(11MCTMJiaMHHOMCTHJICHaM11H0-4-( ( [ ,2,4/.IlHOKCa30JIHJ!-3)/l ,2.5joK­

Ca,llHa30JI (1271) (cxeMa 573) [863]. 

CxeMa573 

Me2N NH 

~~ l 2 
CH(OEt)3 Ia N 

- rl!NOH Et20·BF3 
H,N~NOH 

N N 
"o.....- t269 

--Me2NII jrr 
N~N 

N N "o,.... 1211 

N....._O_.....N 1270 

UHKJIH3aUl151 4-aMHHo<jJypa3aH-3-Kap6oKCaM~OKCHMOB (1272) [864] ocy­

mecTBJieHa IT)'TCM rrepBOHa'IaJihHOH HX KOH,llCHCaUHH C aMHJJ:al.lCTaJICM ( 1 a), 

4.1. flHmu'tlleHHbte cemepou,UKAbt 397 

rrpOTCKaiOil(ei.f C o6pa10BaHHCM aMH,ll;HHOaMHiJ:OKCHMa (1273), KOTOphiH ITOC­

JIC BJal1~!0J(CHCTilH51 C TpH::>THJI<jJOpMHaTOM rrpeBpamaeTC5! B 3-(( 1 ,2,4)0KCa,llH­

a30J11Ul- 3 )-4-J(l1MCTH.JlaMHIIOMCTHJICHaMHHO<jJypa3aii ( 127 4). 113 I10CJ1C).lHCfO rrp11 

rl1J(p0JII13C aMH)J)1IIOBOrO <jJparMCIITa ITOJI)'<ICH 3-( f [ ,2, 4)0KCa).lHa30)111JI-3 )-

4-aMJ1IIO<jJypa3aii ( 1275) ( CXCMa 574 ). 

NOH 

H2NdNH2 

N....._O_..... N 1272 

CxeMa574 
NOH 

NdNH2 
MezN~ Ia 

.,. N 2ooc N....._o_..... 

HzO 
H2N"--t N 5 % HCI 

11 II II )I• 

1273 I CH(OEt)3 

j Et30·BF3 

N N Me2N~ ,, II II )I 
N....._ _.....N N....._ 

0 
1275 ° N N N....._ 

"o.....- 1274 ° 
4.1.2h. THa,n:Ha30Jlbi 

Cmrre·l 3al\!ClHCHHh!X r I ,2,4]n!a,ll;J.Ia30JIOB pa3pa6oTaH Il)'TCM B3aHMO).leti.­

CTBJ!51 nrrrpoKCHJiaMHH-0-cynHpOHOBoi1 KHCJIOTbi c N-THoarurnaMH.IlHHaMH 

(1276, 1277) (cxeMa 575) [865j. 

ef
t roMo~=IILieu~eMa575 NMez ctS )lN 

NH2 aMn,qaqenum '?' N=< H2NOSOzOH -::;.....- N R 

--· I R I 
N :::-...N :::-...N 1276 

,-(~;C(Mo)~>Moh ,---(~=\~~ J)lM, 
~N) l__N) lN) 1277 

I I I 
Boc Boc Boc 

Do fi0.[(06Hoi1 )!(C cxeMe CHHTC3HpOBal!bi 3aMCil(CHHbiC r 1,2,4]THa).lHa30-

_-lbi n pa6oTax [865, 866]. 

flpl1 pcaKUHH <ll.lCTaJICH JiaKTaMOB C THOrl1.[(pa311.[(aMl1 TaiOKe peaJIH3YCTCJI 

o6pa3oBaHHC aMli).ll1HOBh!X COC,ll;HJICHHH (1278), KOTOphiC HaXO).l51TCJI B paBHO­

BCCIIH CO CI1l1pOCOC,ll;HHCIII15IMI1 ( 1279). flOCJIC).lHHC I1pCTCp!1CBaiOT paCKpbiTHC 

<<6b!BlUCfO>> JiaKTaMHOfO l.lllKJia If ,[(aiOT npH Kl1CJIOTHOH o6pa60TKC 2-(W-aMH­

HOaJIKHJ1)-1,2,4-THa,ll;IIa30Jlbl (1280, 1281) (CXCMa 576) (867). 

I 

I II, 

:I,: 
I 

! 

,,j 

I 
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CxeMa576 

(aiz)n S [ H (GI:z)n J~ 
)LS + lN~OR:-RJl ~J ~ N~N 

R NHNH I OR N-N N ~S I 
2R' H 1 / R' 

n = 1-4 1278 R' R 1279 

!IX I. / NHR'l 
Cis$.~~_/ R-_/S~()n_/NHR' 

\\ II ·HX N-N 1281 

6,7-,llHaMHH0[1,2,3)6eH30Tl1a,QJ1a30JI (1282) np11 Kl1Il51'ICI!l111 B TC'ICIIHC 2 'I 

C aUCTaJICM (1 a) npe!lpamaeTC5.! B ,QHaMI1,QHH (1283) - UHKJ1H3aU115! HOBOfO 

II5!TH'IJICHHoro UHKJla np11 3TOM He npoHCXOLJHT. HoBbtii HMHLJ.a3oJibHbiil UHKJl 

(1284) o6p<13YCTC5l !Ipl1 HarpeBaHHI1 (1282) C MypaBbHHOll K11CJIOTOll (868], KO­

TOpMI BblCTynaeT 3Ll.CCh B pOJII1 MOHOymepOL!HOH KOMIIOHCHThl. Koma B pe­

aKIU110 C (J a) BBCJII1 LJpyroe LJI1aMI1HOCOCLJI1IICIIHC- 3,4-,aHaMHH0[1,2,5)T11a­

Lll1a30JI (1285), o6pa30llaJIC5l TOJibKO MOHOaMI1Ll.l1H (1286) [1\69). 06cy)KLJ.aCMblC 

peaKH11l1 OTpaJKCllb£ Ha CXCMC 577. 

H2N'Cc:NH
2 

~ s 
I I 

~ /.N 
N;r 

1282 

CxeMa 577 ) ~ NMez 

Mez ln:N 
1a N /./ S 
__. , I 

2 'I KIIIIll'leHHll I N 

~HOOOH 

6e3 pacmopHI.eJill ~ N'l 

1283 

~mr:Oc:N 
~ s 

I I 
1284 ~ N'lN 

~
NHz N--/NMez 

N 1a N:,: I • I s, s 
N NHzl285 ' NH2 1286 

2-MeTI1JI-5-3aMeW:CHHbiC (1,3,4)T11aLJI1a30Jlbi (1287) C aUCTaJICM (I a) pe­

arHpYJOT BCCbMa MCLl.JICHHO, LlaJKC np11 TCMIIeparype 140°C. 0pouecc o6pa30-

BaHl15! CHaMUHa (1288) 3aMCTHO YCKOp5!CTC5!: IIpll l1CIIOJ!b30BaHI111 mpem-6yri1JI­
aMI1HaJib3<}:Jl1pa, HO l1 B 3TOM CJiyqae Tpe6yeTC5l HarpeBaHHC Ll.O 130-140°C 

(cxeMa 578) [870]. 

4.1. lbunu't!leHHbte zemepou,uK,1bt 399 

CxeMa578 

Mc2N H 

N--N laiDIH X N--N )l )l Me2N OBu-t )l ~ 
R S Me R S ~ NMez 

1287 1288 

4.l.2i. TpHa30.1hl 

CI111TCJ Jwyntx WITII'L1CilHhrx rcn:poi~HKJIOB, concp.>!GlliUix TPH rcTcpo­

:tTo~ta ( N) B qHKJil', - TPH~I10JIOB •racTo Ha'IHIIacTCH c co3;<am1H aMI!WIJioBoi1 

Cl1CTL'\lhl p51)10M C KaKHM-JIJ.160 a30TC0ll.Cp)!Glll(l1M CjJparMl'I!TOM. '!T06b! 06CC­

l1C'II1Tb Janna! 111pOB<lHHYIO lU1KJ!J13aUJ.110. D pHMCpOM JTOro CJIYJKHT 2-aMHIIO· 

3-6Cll H1Jiri1Il.pOKCl1fll1p11JU11! (1289), KOTOphii1 BBOLll1Jll1 B pcaKll.HIO C ai].CTaJICM 

i.\11MCTJ1J](jJOpMaMl1i!:<l (I a) 11 o6pa30BaBllll1liCH aM!Ul.I1Il ( 1290) !ll1KJIJ1'lOBaJICH 

llj)H I I<ll'j)CBainfl1 B MCTai!OJIC C fl1I(pOKCHJiaMJ1H-0-cyJibC}lOI!OBOH KI1CJ10TOI1 C 

y•racTI!l'\1 ri11pH/lHI I OBOJ'O a:>O ra B TpHaJOJIO [ 3 ,2-a j fll1p11,QHI!OBOC IIpOH3130AJIOC 

(1291) (cxeMa 579) [X7lj 

C\-Q 
H2N 1289 

CxeMa579 (A 
(A "-OH I H2NOS~L ~ -q\( -q o 

N 0 \ 

IN 
Me2N 1290 1291 

N N 
~ 

Do,~o6Hb!H Cl!HTC3 TpHa30JI0[2,3-a)II11pHMI1L1.11Ha (1292) Bhii10JIHCH, 11CXOM 

ll3 2-(3aMCillCHHOfO <}:JCHI1JI)-4-aM11HO!lHp11MHL1.!1Ha (1293) (cxeMa 580, C. 400) 

[872 j. CHIITC3 pa3H006pa3Hb!X TpHa30JIOB BKJ1104aeT KOHLJ.CHCaUUIO aMHAaUCTa­

JICH no 11CpBI1'1HOH a~!l1HOrpyrrne fl1Ll.pa3HAOB KHCJIOT, nepeaMUHHpOBaHHC 11 

).\a:1hHCllUJYIO Ul!KJII13aU1110 npoMeJKyTO'IHh!X auuJiaMHApa30HOB C o6pa30BaHH-­

CM TpmnoJihnoro lll1K.na. B o6tueM BHAe :.na cepl!5! npoueccoB IIpeacTaBJiena 

Ha onHoM H3 npHMepoB (cxcMa 581, c. 400) 11 o6cy)KLJ.eHa B ny6JIHKal~I1II [873]. 

B :HoM uccJie,'(oBaHun [8731 pa3pa60TaH 3<}:J<}:leKTI1BHbiH o,'lHOKOJI60BhiH 

MCTOLl. f10J1Y'ICHl1H Tpi1a30JIOB !Ipl1 OL!HOCTaLJHHHOM IIpOBCACHI111 npouecca 6e3 

Bhll\CJ!Clll15! 11HTCpMCLJHaTOB l1 CMCI1ICHI1l1 BCCX l1CXOL!HhiX COCAI1HCH!1H B CaMOM 

Ha<raJie Cl1HTC3a. ABTOpbl OTMC•Ja!OT, <ITO HCIIOJih30BaHHC B Ka'ICCTBC 11CXO;l,­

HhiX JaMClllCHHhiX 3HI1Jil1HOB l1 6eH311JlaMI1HOB !Ip11BOL].l1T K BbiXOLJaM Tpl1a30JIOB 

22-87 %. B TO BpCM51 KaK C IIpOCTbiMH aJIKHJiaMI1HaMI1 11 UI1KJ10aJIKI1JiaMUHaMH 

BhiXO;J:hl BCCbMa Hl13Kll l1 '!aCTO He IIpC!lbiUJaiOT 10 %. 

II 
I I 

I' 
! I 
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C:xeMa580 

NNH2 NN~NMc2 

N:;:.__ N Ia N:;:.__ N NH20H 

R ··x· 11Xl"C45:.,R ··x· M<OH,20"C u.293 u 
N

N~ ..-NHOH NN 
~ -:/" 

TI<llK, 100°C > 
- R NxN . NxN-N 
u u1292 

C:xeMa581 
1) 4-F(#4CH2NHz 

2) AcOH, 120 °C, 3 q 
0 MeCN 0 NMe2 
II /C(R'XOMe)2 )l I 

R/\ + Me2N 50°C,30Mllli NHNAR' 
NHNHz 

FQR'~N 
- I I \ 

~ NYN 
R 

PeaKUHH aMHJ\aueTaneii c N -apl111THoceMHKap6a3H.li:aMH ( 1294) npHBOJ\HT 

K MCpKaiiTOT[Jl1330!13M (1295), KOTOpbiC IIpl1 J\ailbHelllliCM HarpeB3Hl1l1 C aue­

TaJI5!Ml1 no.n:nepraiOTCH S-anKM1lHponaHR10 (cxeMa 582) [874]. 

H H Ia 
/N~N, .,. 

AI II NH2 100°C 6e3 

s pacTBOpHTelili 
1294 RJlH B ,I(HOKCa.He 

CxeMa582 

AI 
I 

I(NI(SH N--N 
1295 

AI 

la I -~(NI(SMe 
N--N 

4-AueT11!I-[ 1,2,3)-Tpl1330JJhi (1296) CHHTC3HponaHhi IIYTeM UHKJiorrpucoe­

!J:HHCHl15! a311J\OB (1297) K eHOJI3ti>upaM (1298). Hanwme B TpRa30JihHOM UHK­

Jie 3I_(eTl1!IhHOH rpyrrnhi II03BOJII1!IO C IIOMOll(hlO 3UCTaJlhHOrO Cl1HTC33 rrpeBpa­

Tl1Tb l1X B 4-nupa30JII1!I-3-[ 1 ,2,3]-Tpl1330Jihi (1299) ( cxeMa 583) [875]. 

, __ 
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C:xeMa583 

N3 0 
~N 

200°C 1- \-Q, + Mc0~0 
1298 Me 

Ph 
\ 

- N.__J COMe 

1) la,p-TsOH, 175°C N.--J-VN N- N 

0"" -
2) PhNHNH2, 200°C I \ 

~ ON 1299 

AMIIJ\p<UOHbi (1300), uony•IcHHbiC uJ 3-aMHHo-4-uHauonllpHJia:li1HOB 

(1301), l!Oll, HOJJ(CHCTiniCM aUCT<UHI J1:McJ)A rJia,LIKO IlpCBpaU!aiOTC51 H Tpl!a.>O­

Jli1JI1Utp11}J,aJI1Hbl (1302 HJIH 1303) (cxcMa 584) [876]. 

C:xeMa584 
NH 

CXCN 
Nzf4·H20 .. ~-"'90h 

N NH 

cC
N0N-~300 2 

I e 

-N 

N HID! 

Me-~ 

cC
N / 

N 
N N '""'-. N N-

1302-"-...NM e2 1303 NMe2 

KaK BHl\HO H3 paccMoTpennoro Bhime 1\laTepnana (eM., HanpH:-vlep. [875], 

(cxeMa 'i83)), WUIIPme C-aucnmbHOH rpynnhi B reTepOI\HKJTe o6ecneqnnaeT 

B03MO)KH0CTh ITpOCTOrO IIO!J:XO~(a K CHHTC3Y fCTCp11}1TplJa30JJbHbiX Ilp0l13BO!J:Hb!X. 

Ha 6o.lhlllOM '!ITCJie rrpnMepon 3TO npo,JJ,eMOHCTpuponaHo B TICC!fC;l;OBamm: 

[877 ]. B 3Toti pa6oTc cHaMHHOKCTOHhi (1304), noJJy<reHHhic m 'lTJ:enmreTepo­

UHKJJOB ( 1305), TpaHCQ:JOpMHpOBaHhl B XJJOpnpOIICHl1oll1CBb!C ( 1306) IT 3aTCM B 

Bl1H<lMHlll1CBb!C (1307) CO!Tll, KOTOpbiC IlpH B3al1MO.llCHCTBl1l1 C 3-aMHH0[1,2,4j­

Tpl1a30JJOM npeBparuaiOTCH B Tpl1a30JJOill1pHMH,Ll,l1Hbi (1308) (CXCMa 585). f1o­

D:OOHblM )KC o6pa30l\l CliHTC3HpOBaHbi 1111pl!MilJ\OTpl1a30!Tbi B paOOTC [878]. 

PocToBotl ropMoH qenoneKa ucrro}Jh3YCTCH nmr Jie'IeHwr cro .ueqmuHTa B 

.1CTCKOM B03paCTe. l1CC'IC!J:OB3HIIC (879] IIOCB5!ll(CHO pa3pa60TKC CHIHC3a lfH­

TCpMeL(JlaTOB IIOJI)"!eHH5f CTpyKTyp, o6eCJIC'fl1B3!0ll(HX HCll(CCTB, CIIOC06Hb!X 

I 1j j 

1

11 

I 

Iii 
II: 'I 

I 
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0 

Het)lMe 

1305 

CxeMa585 

0 0 PF-
l N l)POCI3 AA Me 2NH ~ .... ~+ ... 

Het ~NMe2 2)NaPF4 Het NMe2 
1304 1306 

HN~N Het 

NMez )=~ ~w,N 
-- I ~~ H2N ... L __ I > Het = 2-<t>ypWI 

3-flHppOl!RJJ 
2-flHppOl!RJJ 
3-TheHIDI Hct~NMez ~N~N 

1307 NaH, AM<t>A 1308 2-THelillJI 

Bbl3hiB3Tb BbiCBo6mK.LlCHMC pocrosoro ropMoHa (hGH). B Ka•rccTBC Hcxomwro 

COC)l.l1HCHI151 11CI10Jlb30B3H 2-Kap6aMOHJl-4'-MCTHJl6HcPCHI1Jl ( 1309), pCaKUHH 

KOTOporo C }l,l1MCTHllcpOpMaMH,11.3UCT3Jl51Ml1 nporeKa!OT ITO 3Ml1,1l.HOH aMHHorpyn­

ne, 11 o6pa:>y101Hl1HC5l 3Ul1Jl3Ml1)l.HH (1310) llpH B:3311MO!lCHCTBl111 C mnpa:>HHOM 

npespalll,aCTC51 B Tpi13:30Jll1Jl- (1311), a C rl1,1l.pOKCI1Jl3Ml1HOM- B OKCa,ll.l1330Jll1Jl­

I1p0113BOLI,HblC (1312) (cXeMa 586). 

Me 

CxeMa586 
Me 

Me2NC(RXOMe h 
R=H,Me 

CDNHz 

Me 

N7 

mNYR 
NMez 

"NH20H 

~Me 

1-<l>CH3lUUIMCTlUJ.6CH3HMl1,11.330Jl (1313) npH peaKUHH C cpCHI1Jlfl1,11.pa3HHOM 

npespaiUeH B cPCHl1Jlfl1,llp330H (1314), 113 KOTOporo npH B33HMO,ll.CHCTBH!1 C (1 a) 

11p11 Kl1I151qeHJ1.11. B KClUJ.OJlC CHHTC311.pOB3Hbl 'fPJ1.330JllUI6CH311.Ml1)l330Jlbl (1315). 

\""'· "'"'""""' sooro, rrpm<KaOT qope' rrpoMox<yroquoo o6paeoBOHH< oua-

4. I. JlRmu'l.lteHHble zemepou,UKJibt 403 

Ml11!3 (1316) 11 cro )laJlbllCMWCC nepeaMHHHpOB3HHC C yqacT!1CM TCpMHIIaTih­

HOM r!1,11.paJOHOBOi1 NH-rpynnhi c Bbl,1l.CJlCHHCM ,ll.l'!MeTHJiaMHHa 11 o6paJOB3H11CM 

UCJICBblX npOJl)'KTOB (1315). 

DHpa30JIH1lTpHa:>OJlbi (1317) noJIY'ICI!hi HJ ¢eHaUWITpmnonon ( 1318) •1cpe3 

llpOMOKYTO'!J[OC 06pa30BaJ!l'!C cpC1111Jll'l1)lpa30l!OB (1319) !1 !1X l!arpCB<\lll1C C 

(1 a) (cxcMa 587) !880]. 

Ph 

CxeMa587 

1a 
.... (XN~P _hNHNH-~ ex~ N~ 

/ ~ / Kcrnion, 
~ ~ T. KHll., 18 q 

CHoillPh 1314 CHzC- Ph 
1313 ~ II 

NNHPh 

(XN> 
,..., N -Me2NH 

(XN> 
N Ph 

I 
1316 ICC-Ph 

II 
NMezNNHPh 

1315 1K 
N N 
'N/ 

0 N\ 

~~¥ 
1318 

PhNHNH2 ... ?'~ Ph 
1 N-CHzJI 
N.:::::/ NNHPb 

1319 

I 
Ph 

..--:;:N 
la V ' Ph 
-\ N~ 

KcHJion, NJ If \\ 
T.KHTI N ~ 

18 q-, 1317 'N 
I 
Ph 

Yc~TIOB!151 TpHa30JlbHOro CHHTe3a c yqacTMCM aMH)l.aueranei1 HacroJlbKO xo­

pomo pa3pa6oTaHbl, <ITO noJiyqeHHe 3HHCJJH:pOB3HHblX Tp!1330JlOB )i,U3CTC5l ocy­

JUCCTBJl51Tb H B HC COBCCM TpHBHaJibHblX CJlY'J35lX- HanpHMCp ,ll.JlH I10IlY'JCHJ.151 

BToporo Tpl1:330JlbHOI'O UHKJI3, KOH,ll.CHC!1pOB3HHOf0 C OJ].HHM l1 TCM )I(C 6a30BbiM 

rerepOHHKJIOM. TaK, H3 2-aMHHO-TpHa3orro[3,4-ajxHHOKCaJil1Ha n o6bi'1HhiX 

ycrrOBI151X y,11.3Jl0Cb I10Jl)"'l1Tb TeTpaUHKJIHqecKHe np0!13BO,ll.HblC ( 1320), B KO­

TOpb!X XHHOKCaJlHHOBOC HLI,pO aHHCJlHpOBaHO C TpH330JlbHb!Ml1 UHKJl3MH llO 

1,2- H 3,4-cBH351M (cxeMa 588, C. 404) (881). 

MoHoaHHenHpoBaHHhlH c -rprra30JlhHhlM Ul'IKJIOM XH:HoKcanHH (1321) no­

J1Y'IeH 113 2-aMH:H0-3-MCTHJIXHHOKCaJlHHa (1322) 06bNHhiM MCTOJ],OM (cxeMa 589, 

C. 404) (882). 

Y<Iacrne aueranei1 naKTaMOB B noc-rpoeHHH TpHa30JJhHoro UHJ<.,Ta TaK )l(e, 

KaK B CHHTC3C Tl1a,ll.H330JlOB (eM. CXCM)' 576 (867)), npe,11.yCM3Tpl1B3CT npoMe­

)f()FTOqHoe o6pa3osaHrre cnHpocoe,ll.HHeHI1H (1322) [883]. Pe3y1lbT3TOM 3TOH pa-

6orhi HBJI5lCTCH I101lY'JCHHe 3MHH03JlKl11lTpHa30JIOB (1323) (CXCMa 590, C. 404). 

,I 
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CxeMa588 

riN NHzOH 
(JC N :"""· w•c 

N N~NMe2 X
N-N la 

N .,. 

(JC To.rryon, 
T. KHII., 2 q 

NHz 

~ ~ n~K ~ (JCN~ 708000 (JCN~ 
N NH- N CH=NOH \ IN 13 20 N::::::! 

CxeMa589 

(JC
NXNH2 

la ocNxN~NMez NH20H 

To.rryon, I MeOH, 20°C 
N M T. KHII., 2 q ::::::.... 

: (JCe NxlL.""'NOI! fi<l>: (JCM: Jj 
::::::.... I 7()-800C ::::::.... I ~. 

N ~ ~IN ~ 

CxeMa590 

(cr~~ OR" 

'-'.NXOR" 
I 

SR"' 
+ A EtOH, T. KHII. 

RNH NHNH2• HX 
R' 

_...,.. (CH:z)nl N NHR [~~/~'N J 
CNAN/ Y-HX ~ -ll -

I SR"' I Nl SR'" 
R' R' ·HX 

R 
N-N 1322 

• R"'S)(N~ /-NHR 
I ()n 
R' 1323 

llOCKOIIbKY B JIHTeparype II05IBI1JiliCh JJ,aHHb!C 0 TOM, 'ITO (l)-CYJib<}:laMOI1JI­

aJIKI1JIOKCHHMH.Jla30( 1 ,2-b ]IIlipH.Jla3liHbi 5IBJUIIOTC5I HOBbiM KJI3CCOM 3HTH3CTMa­

Tll'ICCKliX 6pOHXOJJ,I1JiaT3TOpOB, B MOHOrpa<}:lHH (884] IIpCD,IIpMIDIT3 pa3p360T­

Ka CHHTC33 3H3JTOfOB 3TliX COC.!I;IIHCHlill- (1,2,4]Tpli330JIO(l,5-b]IIHpH.l(33li-

4.2. lllecmu'l!le/1/ible zemepoU,UK!Ibl 405 

HOB (1324), COL(Cp)[(311U1X BMCCTO 11MH.ll330JibHOfO Tp11330JibHb!H UHKJI. Yno6-

HhlMI1 11CXOL(Hb!MI1 COCL(HHCHIUIMil L(JUI CI1HTC33 Tpili . .\HKJIWICCKHX (1324) 51Bil­

;mcb 33MCil.\CHHb!C 3-XJIOp-6-aMI1HOII11pH.Jl33ilHbi (1325), KOTOph!C IIpil KOHL(CH­

C311l·HI C aM!IJ\3UeTaJUIMll )J,310T 3Mil)J,HHbl (1326), )laJTCC 06b!'!Hh!M o6p330M 

C03)l3K)T KOII,I\CIICHpOB<lHHOC TpHa30JibHOC KOJibUO (1327) 11 JaTCM, l!CIIOJ1h3Y5I 

1101~BI1%11hiH aTOM XJ!Opa B IIllpH.Jla3!1liOBOM UliKJIC, IIOJiy<I310T 60JibliiYJO rpyrrrry 

l.(CJICBhiX 3113JIOHlB ( 1324), CpCL(H KOTOph!X HaHJ\ell p5I,I\ COC,I\HHCHHH, 06JJa,ll3-

!0il(HX BbiCOKOi-i 6HOJIOrH'ICCKOH 3KTHBHOCThiO ( CXCMa 591). 

-:?' a R'trR 
H2N ~N__....IN + 

1325 R 

R"' 
I Me2NC{OMe)z 

R):)' - -:?' ~ ~------· 
N N/ 

CxeMa591 

Xr
R 

R"' -:?' Q I)NH20H-HO 

:A 
I 2)II<I>K 

~ N ., Me2 N__..-
R 1326 X R'D o, A- (CHl)nSOzNHz 

I (CH2)n y 

N"N 

R")=~ 1327 

N I 

R")=~324 
4.2. IlleCTH'IJieHHble reTepOUHKJlbl 

4.2.1 lllecmu't.!leHHbte i!emepoU,UIOlbt c oiJnUM i!emepoamo-'UOM 

4.2.1a. llpOH3BOIJ,Hble UHpaHOB 

0L(I!HM 113 BIIOJTHC I~CJICC006pa3Hb!X IIOL(XOL(OB K CI1HTC3Y llHpOHOBhlX rrpo­

l13BOL(l!b!X 5IBJI5ICTC5I IIOCTPOCIIHC CTPYJ<TYPhl, B KOTOpOH 3JTKOKCHKap60HI1JibH35I 

rpynna COCCL(CTBYCT C CH3MHH03qll1pHb!M <}:lparMCHTOM. I1MCHHO T3K35I CHTya­

Uli5I peaJ!ll30BaHa B pa60TC [ 885 j, fL(C Ilpll pa3pa60TKC IIOJiy<ICHH51 npHpOL(HOfO 

lPYJibBCHa - lPYJibBOIIJIIOMCpHa, o6JI3L(310JUCf0 3HTH6aKTCpHaJTbHOli 3KTliBHO­

CTbiO, CHHTC3HpOB3H COD,Cp)[(aLIJ;HH T3KYJO CHaMHHOBYJO rpynrry L(HMCTHJI3MHHO­

,llHOKCOJI3HOUilKJIOfCKCCH (1328), KOTOpblH B KHCJ!Oll CpCD,C JICfKO npeBp3JU3CT­

C5I B UHKJIOfCKCaHOlll1pOH-2 (1329) (CXCMa 592, C. 406). 

0JJ,HOKOJT60Bh!H ( <<OllC-pOt») CHHTC3 33MCIUCHHbiX 3-6eH30liH3MHH0-5-0KC0-

5,6,7,8-TeTP3fli.llPOKYM3pHHOB (1330) pa3pa6oraJI IIa OCHOBC TpCXKOMIIOHCHT­

l!OH peaKUHH np0113BOL(HbTX UHKJIOfCKC3HJ(HOH-l ,3-0B ( 1331) C nmnypOBOll 

KHCJIOTOH (1332) H 3UCT3JTCM (1 a) (11JIH TPH3TI1liOpTO<}:lOpMH3TOM) CXCM3 593, 

C. 406 [886]. 

! ! 
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HO COO CxeMa 592 

AM<I>A H 0 COOMe D:
Me la 

HO COOMe 80°C, s'q X p;: pa:ID. HCl 
0 Me2N 0 

_____. O COOMc 
HOD:) 1328 NMe

2 

HO 

1329 COOMe 

D
o CxeMa593 R'Wo 

0 

R PhCONHCH2COOH + MezNCH(OMeh---. R 

0 
1332 1a NHCOPh 

R' 1331 0 1330 

L(pyr11e )l.HKCT0!1p0113BO)l.Hh!C TalQKC rJI3)l.KO pearHpyiOT C aMH)l.aUCT<UI5!Ml1 

II )l.aJICC C nmnypOBOH KHCT!OTOH HJIH o6pa3yiOIUHMC5! H3 HCC a3T!aKTOHOM 

(1333). TipHMCp TaKHX llpOUCCCOB llpl1BC)l.CH B HCCJ!C)l.OBaHHH [887], pe3yJIL­

TaTOM KOTOpOro HBHJICH CIIHTC3 33MClUCHHOf0 N-6CH30!1113Ml1HOllHpOH3 (1334) 

(cxeMa 594). 

CxeMa594 

0 0 
PhCONHCH2COOH 

1332 + 

R~ + Me2NCH(0Me}z - Ao 1a 

RXNMe2 + fN\\ 
---. 

0
A ./-Ph 

R' 0 t 0 1333 R' 

0 

R~NHCOPh 

. R')loAo ~ 
1334 

AcOH, 
T. KHll. 

tX:r:)_~ 
06IUa5! CXCMa )..(aHHOH peaKUHH, H3XO)l.RIUa5!CR B XOpOillCM COOTBCTCTBHI1 

CO CXCMOH 594, B IIpHJIO)KCHilll K lpCXKOMilOHCHTHOM)' rrpoueccy, OllHCaHHO­

MY BLrrne, paccMoTpeHa B [888]. EHaMHHOKCTOHLI rrpH peaKUHH c ,ll.pyriiMII 

aUI1JlrJII1UI1H3MH TaK)KC .Il3IOT IIHj.13HOHhl (889]. 

CI1HTC3 6eH30IIHpOHOB OCHOB3H Ha UHKT!l13aUII51X COC)..(HHCHHH, B KOTOpb!X 

CHaMIIHOBblll Q_JparMCHT paCIIOJIO)KCH B opm0-!10JIO)KCHHH K QJCHOJlhHOH rpyrme. 

J1MCHHO T3KOH CIIHTC3 OIIHC3H B pa60TC (890]. 3.UCCh 3-aUCTHJI-5,5,8,8-TCT-

4.2. llfecmu<t!leHHbte zemepou,uK!lbl 407 

paMCTHTI-5 ,6, 7, 8-TCTpam,ll.p0-~-H3QJTOJI ( 1335) BBC)l.CH B peaKJ~HIO C 3UCTaTICM 

(1 a) 11 o6pa3yiOIUI1HCJI CII3Ml1HOKCTOII (1336) UHKT!l13YIOT B 5,5,8,8-TCTp3MC­

TI1JT-5,6,7,8-TCTparl1)l.p0-~-HaQJTO[b]n11pOH-4 (1337) (CXCMa 595). 

CxeMa595 

Me Me 0 

w.
COMe 

OH 

Me Me 1335 
Me 

1a 
--

Me Me II 

WC~NMez BOJIH.HzS04 

• 
OH 

M 1336 Me e 
0 

• 

Me 1337 

J,by•ICIII1C il).l).lJ'KTOB !!pOTI1BOOfiYXOIICBbiX BClUCC"rn 11 [I,HK !1pC).J,IIO.'IaracT 

CCYll(<IIII1C HOI30J1 I'CI!epaUI1l1 ill'CHTOI3, CHIDK31011(11X MyTafCHHhlli llOTCHl(HaJI, 

He lnMcH>UI npr1 'JTOM )K.c;rarcJJLHLIX Ul1TOTOKcwrecKIIX cnoticrn, Heo6xoLrHMhiX 

:~JI51 11pmmJICHIIJ1 rcpaneBTJ1qecKoro )..(ciicmmr. B :>TOM nmmc 6t.IJ!a nocntwie­

Ha 3<12l<l'Ia CHHTC3HpOB3TL <llYPOKY1-tapHHTH:\!H)l.HHMOH03J.lJlYKT (3aMCTI1M :JJ{CCL, 

'IfO K '111CJIY r.riaBHl>IX H)'KJ!C03H):!Hh!X <pparMCHTOll ;:J:HK, Hap5r;J,y C ;(C30KCH­

a!ICI!03IIHOM, 11C30KCHryaH031IHOM, JJ,C30KCHUHTH.LIIIHOM, OTHOCI1TC5l II TIIMH­

DJIH). 3Ta Ja)..(a'Ia !10CTaDJICHa B CB5!111 C TCM, 'ITO 

<pypoKyMapl!HLI Bh!COKO 3QJ<l)CKTHBHbi B TepallHH 

KO)!(HhiX :Ja6wrenaHHHH KO)I(Hoi1 JIIIM(lJOMLI T-KT!e­

TOK. B KaT.feCTBe nperrapara, npru-rawre)Karuero K 

PHi.LY <!JypoKyMapHHOB, BLr6paH ncopaneH. 

~I 
Ao~o) 0 0 

ncopaJieH 

CHHTe:J 2-Kap6oKcimcopaJICHa ( 1338) )..(olH IIOJiy<ICHI1R TIIMHLIIIHMOHOa;l­

J:YKTa BhiiiOJ1HCH 110 06b!'IHOH CXCMC, HCXO).!H !13 2-3TOKCHKap60Hl1JI-5-Q_JopM!1JI-

6-nr)..(pOKCl16CH30QJYP3Ha (1339). Era KOH)..(cHcaUI151 c JU13Tl1JiaueraneM HI1Me­

TH;raueTaMI1.11a llpHBOJJ:HT K 3TOKCIIKap60HHJ!IICOpaJICHY ( 1340), niL!pOJII130M 

KOTOporo l10JIY'ICH ( 1338). 
3ro coeJU1HCHl1C 6Lmo BBeneHo B peaKUHIO c 0-auenumeJOKCHTHMIVlHHOM 

B npucyrnBHH 1-[ (3-)l.MMeTHJiaMIIHO )npmirur]-3-3TIIJIKap6o;umMI1.Lra. B pc:~yrrh­
Tare ITOJIY'ICH I..(CJ!CBOti <jlypOK)'M3pHHTIIMI1l(11HMOHOa):!)l.yKT ( 1341) ( CXCMa 596, 

C 408) [ 891], Ha OCHOBC KOTOporo l1JT3HHpyeTC5! CI1HTC3 OJTl1fOHYKT!COHJHOB. 

8 y)Ke ynOMHHaBIIICHC51 pafioTe [796 j, IIOMHMO rmpa30JlhHOfO CHHTC3d 113 

0-H!JlpOKCH<HICTO<jJCHOHa 06h!'fHhiM MCTO}\OM <Jepe3 CHaMHHOKCTOH (llOJiyqeH­

Hhlli aJ(CT<UlhHhlM CTIOCOtlOM) OCYU!CCTBJICH 11 CHHTC3 6CH30!1I!paHOHa-4. Do.u:o6-

,, 

1: 
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4.2. !l!ecmu~JleHHbLe 2emepo4UK!lbl 409 

Hb!H 110,llXO)J, (HO Ha OCHOBC CH3MHHOKCTOH3 H3 33MCI!l,CHH0f0 0-Kap6oKCH3UC­

TOmur6CH30JJa) npHMCHCH T3K)!(C J!Jl51 110JIY'ICHH51 4-aUCTHJlH301<)'}.!3pHH3 [ 892]. 
TaKoro )!(C Tnna no,Qxoa HCIIOJJb30BaH 11 J(Jl51 IIOJJ)"ICHJ.I51 nHpaHOI1l1pl1Jl11HOB­

B 3TOM CJiy<!ae B peaKUHIO C L(HMCTHJl3UCTaJJCM L(l1MCTHJI3UCTaMHL(3 BBOL(HJlH 

2-npOI1l10HHJI-3-rHt~pOKCH-4-R-IIHpHliHHbl (893[. 
BLmrc y)[(c OTMC'laJJOCh [266], 'ITO HOBbii.f HMMYJIOJlCIIpeccaHT FK-506 co­

rrep)!(HT TpHKap6oHJiiJJbHhii.f rjJparMeHT, BKJIIO'IaiOIHHi.f n cno10 CTPYKTYPY TCT­

par11J!ponHpaHonyro '!aCTh. 

Me 

0 

c):l_J ,,,,,,,,)I 

0 Me 

FK-506 

B 3TOH pa60TC npCliJIO)!(CH CHHTC3 TpHKap60HHJlhHb!X COClii!HCHJ.Ill, OCHO­

B3HHhiH Ha np11MCHCHJ.IH aMJ.Ili3UCTaJJCH (cxeMa 597) . 

0 
CxeMa597 

Sl ~Br OJ\ 0 
0~ ~HgO,Hg02 ~ 0 la 
-Bull, IT<I> -l5°C 0 -

2)1-78°C,4-S'I S "-'::o 

TIIP = rerparH,IIJlO!IHpaHH.ll ........_, -

0 =-~ 0 aJ1IP 0 ~ aJ1IP 

OCSN ::a 06N OH NMo, ;;;:, 06N ~H "-'::0 0 0 
OTHP 

Ill,. 

1,, 

II! 

II 

111 

ill 
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3JICCh YMCCTIIO 06CY1IHTh rrpo6J1CMY Cll(C OJIIIOfO TIDKCJlCHlliCfO 3a60JICBa­

HID! - lliH30rppcHHH, M5I KOTOpOH XapaKTCpllbi TaKHC CI1MITTOMLI, KaK 1303-

6)')K,I(CIIHC, MaJIH5I llpCGICD;OBaHH5I, CJIYXOBh!C fiVIJIIOl!H!IalU1H. I1MITYJ1hCaUH5I 

KJICTOK M03ra (HCHpOHOB) 3aBHCHT OT BLICB060JKJICIIH5I IICHpOMCilHaTOpOB, OKa-

3LIBaJOI.l.(HX J1H60 B036y)!(JiaJOI.l.(CC, JIH60 TOpM031IOC JICHCTllHC. J1 rrp11 06Hapy­

)KC!fHI1 TOfO c}JaKTa, 'ITO C IT0311TI1BIIb!MH CI11'\U!TOMaMH 60J1C3JIH l\10)1(1!0 6opOTb­

C5I C IIOMOU(b!O ci)CIIOTIIa311110Bb!X npcrrapaTOB (IIO)!aBJlHIOI.l.(HX ci>YIIKIH101111-

pOBaiiHC ,Qo<l;nlMIIHOBbiX DrpcucnTopon, IIcpc)JaJOIHHX )JO<!>aMHHOBLJC cHnia.'lbi 

BIIYTPL IICHpOIIOB), 6LU!a c{j:JOPMYIIHpOB<IIIa )(()(JJaMl1l!OB<HI TCOplUI llHlJO<J>­

pc!IHH. 

0perrap3Tbl <jJeHCITlla:JHHOBOrCI plll\a 

cQ(Mc, cQ(:JQJc, cQ()g_o~ 
HCI ~ ~ ·HCI ~ 

NMe2 NMe2 NMe2 
AMHHa:JHH OpoMa:JHH JlcBoMerrpoMa:JHH 

11MCI 1110 '!pc·lMCpiiOC Bb!CB060)K)JCI!l1C )lO<J>aMHI Ia B Ila>Kllclii!lHX OT)lCJ!aX 

M03ra- rmM6W!CCKOi1 CllCTCMC (•racTL UHC, BKJIJO'Ia!OIUa>l y•raCTKI1 Kopbl no­

Jiylllapm1 60JihiiJOfO M03ra), 13Cp05ITHO, BC)laJOIIICH :JMOL(115!MH l1 MOTl1BaL(H5IMl1, 

11 no6HLIX l!OJUIX, y•racTBYJOlUHX B MLICJII1TCJILHOi1 11C5!TCJibl!OCTH, - o6ycno­

BHJIO I!pC)liTOJIO)KCJIHC 0 BCiiYUJCH pOJIII 11CpCI1pOtlYKL(l111 JlOqJaMHIIa B CI1MI1TO­

MaTHKC Illl130rppeHHI1. 

0JJ:JiaKO '1CpC3 IICKOTOpOC BpCM5I 6bLJIO ycTai!OBJJCHO, 'ITO IlpCnapaTbT <l;)CIIO­

TJ1a3IUIOBO!'O p5I)Ja IIC YJ:!)"-IUJaJOT COCT05IIII15I rrai!HCIITOB C HeraniBI!b!MH CHMII­

TOMaMH ll11130¢pe!!l111, a TaK)KC TCX, y KOfO CI1MIITOMLI ycyry6Jlillll1Cb MCl(JlCHHO 

11 IIOCTCITCHIIO. Bee 3TO CBWlCTCJibCTBOBaJIO 0 TOM, 'ITO 1IOrpaMHIIOBa5! TCOpH5I, 

ITO MCHblliCH MCpC, HC 1IOCTaTO'!Ha M5I 06b5ICHCHI15I yKa3LlHI!OfO HBJ!CHIUI. 

CJIC1IYIOUJa5I 1IO<l;>aMIIHOB35I fHllOTC3a OCHOBhiBaJ13Cb WI TOM, 'ITO HCfLlH!B­

Ilb!C H II03!1TI1BHLIC CHMHTOMbi lll1130¢pcHI1H o6yCJJ.OBJICHbl IIC,I\OCT3TKOM 1IO­

rpaMHHa B 01IIII1X OTD;CJiaX fOJlOBHOTO M03ra (HaiipHMCp, R J106HLIX )l0JI51X) H 

CfO ITOBLllliCHHOfO COD;Cp)K3HID! B D;pyriiX OTJJ:CJiaX (HarrpHMCp, B J1HM6WICC­

KOH CTPYKTypC). 

Koma 6Lmo ycTaHOBJieno, 'ITO KJI03annn (a3a.JJcnrnn) Bhi3LmacT rro6o'!HLIC 

llCBpOJIOfWICCKJTC 3¢¢cK.Tbi pC)KC, HC)KCJIH aMHHa3IIH H TaJlOITCpmiOJI- npcrra­

paTbl, 51BJIHIOUJHCC5I 60JICC CI1JibHb!MI1 6JIOKaTOpaMH D;OrpaMHHOBbiX pCUCITTOpOB, 

CTaJlO HCIIO, 'ITO 3a B03HHKHOBCHHC ll!H30rppeHI1ll MO)KCT 6L!Tb OTBCTCTBCHCH 

rre TOJILKO JJ:OrpaMHH, rro n npyrllc Hei1poMC)lHaTopbi. ELmo npeJJ:nOJIO)KCHO, 

'ITO Ha MOJ1CK)'J15IpHOM ypOBHC 3TH rrpcnapaTbl yxy)llllaiOT 1IC5ITCJibHOCTb CHT-

4.2. Wecmu~o1eHHbte cemepou,UK!Ibt 411 

/Me <N 
Cl N N__) 0 IAr ~ F-o-~ II r-\ nCI ~~-o _ C-CH,CH,CH,--~ 

A3aJiermm ( KJI03armH) ra.rrorrepii,ll;llH 

I!~Uibl!h!X CI1CTCI\I M03ra 11 6JTOKl1pyiOT myTaMaTilYIO Cl1ri!aJII13al(l110- TO'IIICC, 

O/lHH In THnoB myraMaTHhiX pcLrcnTopon- NMDA-pcuernopbi. NMDA-pc­

UCIITopbi Y'IaCTByiOT TaK)KC H B pcrymfi(I-1H Bb!CBO()O)K)(CIIJ1H )lO<l;>aMHIIa. bJTOKa­

Ha :.>n1x pcucrnopoB BLnLmacT napymcHH51 L(oc}JaMHIIOBoi1 CTPYKTYPhi M03ra, 

f/O)l0611LIC TCM, KOTOpb!C Ha6JIIOJI;l!OTC5! np11 IIIH·wrppcm111. B03MO)KJIO, 'ITO 

I!CfaTllBllLIC }!BJICili1H, Ha6JIIOJJ:aiOUJI1CO! 11pi1 lllH30clJpciiHH, o6yCJIOBJ1CIIbl lla­

pylliCIIHCM Rb!CB060)KL!CI!HH I'JiyraMaTa HJ1H o6p<UOBaiii15! COCD;l1IICI111i-i, 6JIOKl1-

pYJOll(l1X N MDA-pcucrnopLr. B 3TOM mra11c ncpcncKTI1BHbiMI1 npeJJ:CTaBJIHIOTCH 

HCCJIC)(OBai!Hll, HarrpaBJIC!Illb!C IIa 110l1CK COCD;HI!CIIHH, CllOC06llbiX CTHMYJII1-

pOmiTL 3TH pCUCITTOpbi. 

HCCMOTp}l l!a rrpOBCL!CHHbiC HCCJICL!OBaiillH, I!a CCf01IHHllllli1H 1ICHb IIOKa 

He nai1:neno HMC)KHOro JICKapcTBCJIIIoro rrpenapaTa, cnoco6uoro II3JIC'IHBaTL 

lllH30c}JpeHHJO. J1 3)JCCb HC06X01IHMO OTMCTHTb, 'ITO CHMIITOMbi lll1130<tJpcHHH 

B BbiCillCH CTCITCIIH BapMa6eJibHbl H BIIOJIHC BCp05ITIIO, 'ITO 3TO - UCJibiH KOM­

IIJICKC pa3JTII'!Hb!X 3a60J1CB(liiHH CO CXO)l!Ib!Mll xapaKTCpHCTI1KLlMI1 H M5I HX 

JIC'ICIII15I Tpe6yCTC5I UCJibiH KOMITJICKC pa3Jill'IHhiX JlCKapCTBCIII!biX nperrapaTOB. 

B pa60Te (894j IIpC1Illp!IH5ITa ITOIILITKa CHHTC3I1pOBaTb COC1II1HCHH5I, CIIO­

C06I!b!C yBeJlH'IllBaTb 1IO¢aMHIIeprH'IecKYJ0 aKTHBaUHIO H aHTHncnxoTH'ICCKYJO 

aKTIIBHOCTL H o6JlanaiOUJHX cpoD;CTBOM K 1IOrpaMHIIOBLIM D 2 peuerrTopaM, B Ka­

'ICCTBC I1CX01IIIOH M01ICJ111 6bLJIH (Ha OCHOB3HIIH JIHTcpaTypHbiX JJ:aHHbiX I1 TCO­

pCTH'ICCKJ1X C006p<DKCHHH) Bbi6paHbl 3aMCUJCHHbiC XpOMCHOHbi, CHIITC3 KOTO­

ph!X IIpCD;IlOJlaraeT yqaCTHC aMmiallCTaJlCH. 06ll(a5I CXCMa IIOJ1)"-ICHH5I UCJICBbiX 

COC1IHHCHHH BIIOJIHC COOTBCTCTBYCT 06LI'IHOMY aUCTaJlbHOM)' ITHpOHOBOM)' CI1H­

TC3y (CXCMa 598, C. 412) H IIOJiyqCHbi COC1II1HCHID! (1342), ITp05IBHBll!I1C B 3KCJIC­

pi1MCHTC 3aiiJiaHHpOBaHH)'IO aTHIII1'1HYJO aHTHITCIIXOTWICCKYJO aKTHBHOCb, 60-

JICC BLICOK)'IO, 'ICM H3BCCTHhiC nperrapaTbl 3TOfO THIIa. 

LJ:pyroro THIIa IIHpOHOBa5I lli1KJill3aili15I 6bLJia peaiiH30B3Ha (895] Ha OCHOBC 

)l;HC111IHaMHHa (1343), ITOJIY'JCHHOfO Ha OCHOBC KOH1ICHC3ilHH aueTamr (l a) ITO 

aKTIIBHoMy MeTI1JICHOBoMy 3Beny N-(uHaHMeTI1JI)aMHHOMeTI1JieHMaJ10H1IHH11T­

PI1Jia (1344). )J,aJiee peaKllH5I (1343) c 1II1MC1IOHOM rrpHBCJia K rrpOH3BOL!HbiM 

3-aMllH06CH30XpOMOHa-2 (1345, 1346) (CXCMa 599, C. 412). 

If 

' 
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CxeMa598 

O illMe Cl(CHzhBr nillMe 

K2CD:3 (au:enm) I ~ 
IK> ~':'CII,cii,CO "'- OH 

aH,rn,or,m : I o ~------• -Clxo 

-------· ~YTI :?' I R' 

~ ~N~o ~ 
F 1342 0 R 

CxeMa599 J(NM,, 0 
NC w~'N~:D 

11 I o 
1343 CN 

EtO~CN CN la 

CN CN /'--.N~ -(+ HS04- NC H I (AHo~aH) 
NH3 CN 

1344 
NC 

__ M_.~)fyOy:tCN N~·H,O =~~('10 
~H ~NHz 

0 1345 0 1346 

CHHTC3 3,5-.UHapiUifiHpOHOB-4 peaJJH30B3H 06bFIHhiM MCTO)lOM peaKUHCM 

L3-n;HapmraueTOHOB c aueTaJJCM ( 1 a) c nocncn;yJOII(Cti UHKJIH3auHci1 o6pa-

3YJOIUHXCH 1 ,3-6uC-L(I1MCTHJiaMHHO-l ,3-L(Hap11JI3UCTOHOB II pH o6pa60TKC MC­

TaHOJibliOH COJI5IHOH KHCJIOTOH IIpl1 KOMIIaTIIOH TCMIICp<nypc [895]. Cl1HTC3hl 

MHU)'H06y H J1eii:Mrpy6epa - 03'10 51Bl1JIHCh OCHOBOH IIOJIY'ICHHJ! IIHpaHO-

X 
H [3,2-e]- 11 [2,3-f]-HHL(OJIOB (1347, 1348) (cxe-

N. R Ma 600) [608]. 
\ Y Y;tee paccMaTpi1B<UIHCh peaKUH11 L(HKCTOII-

N--{ pOH3BOJ..lHhiX c aMHJ..laueTaJJ5IMH 11 r11nnyponoi1 

AruiHCHHODCHHhl 

X=H,Br, Y=O,NH,N, 
Me, R,R'=H,Me 

0 

N...,_ KHCJIOTOH HJIH o6pa3yiOlUHMOI H3 I-ICC 33JI3K-R' 
TOHOM [887, l\l\8]. DOL(OfiJ-JbiC IIpOUCCCbl 06-

Cy;tel(310TC51 11 B [897]. 

AIIKaJJOH.Ubi arrmiCHHoncHHhi npe.ucTaB­

J15J:JOT 3HaqJ1TCJibHbiH HHTCpec B CB513H C HX 

Bh!COKOH Ul1TOTOKCJ1qHOCThiO ITO OTHOlllCHI110 K paKOBhiM KJICTK3M H CIIOC06-

HOCTbiO B03L(CifcTBOB3Th Ha HCHpOMC)lH3TOpbL 

4. 2. lllecmu'fAeHHbte <emepol{UK!Ibt 413 

CxeMa600 

r Me PellfCWUI ~Me 
Ou KnaibeHa HO :?' 

I I + 

~ N~ ~ NOz 

HPOMe 1) BH3!IT<I> 
1 2)H2~ 

~ 
N~ 

~ 
HO 

HO 

• 

1347 

Me 

+ 

OH 

Me 

N02 

1) Ph3P +DEAD (pearru;m1 
MrnzyHo6y) 

2)1a } pe~ 
3)Hz/Pd/C JleiiMrpy6epa- fuqo 

DEAD = )Vi3THJI330Kap6oKcHJiaT 

0 

\ + (v~ vv---N/ 
H 

1348 

CHJ!TC3 al!iL'IOfOB 3THX <L1KaJIOI1.UOB (1349), B COCTaB KOTOpb!X BKJIIOqeH 

IIHpa1IOBUi1 U11KJI, OCYlliCCTBJICII 13 [898] 11CXOL(51 H3 6ap6Hryp0130H H .UHMCTHJI-

6ap611TYPOBOI1 Kl1CJIOT ( 1350 a, b) ( CXC1Ia 601). 

CxeMa601 
R R 
I I 

0 N 0 0 N 0 

V 1a • Y:)2HzNCHzCOOMe ·HQ 
/ .[{Mill mm N NMe2 AcOH 

R MeCN, 20°C R/ 

1350 a, b 0 R 0 R 
a·R=H I I 
b;R=Me Oy:;co la oy:;cN o .. 

N NHCH2COOH N NHcmoMe 

~ ~ l 

DO 0 MewO ~ NMe2 

Me Me R 

M, ~0 0 ~ ~:t;:o 
I 

1349 R 
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HOBbie cpOTOXpOMHhiC CIIHpOTHaiiHpaHOHH.UOJIIICBbiC COJ1II (1351) CIIHTC3H­

pOBaHbl B [899) no CXCMC 602. 

roS CHO 

la 

::::..... 0 

Me CxeMa602 R~ 
S 1 + Me ceco :::,.... 7 Me 

Me I .. ././'-.._ 

0 Y" 'NMe2 Me 
Me 

R 
'-, ( Me 

• 

1351 

N 
I 

feTepopcaKJU1CH J],HJILCa- AJii>,ll,Cpa CWlMIIIIOKCTOHOB (1352) C CllOKcH)HI­

pal\IH peaJJI130BaH Cl!IITC'3 CjlyHK!liiOHaJILJJO '3<LMCII~CHHLIX 3,4-JI:IH11li:P0-2H­

II11paHOB (1353 a, b) (cxeMa 603) [900j. 

CxeMa603 
NC NC NC NC l ~r-,-TNHaJ,Pb 

Ph Oph 0 Ph 0 

Ac20 T: - ~CH2Ph 

Ph OAc 

R H 1352 Ac /'... 

X 
"N...- 'Ph 

NCD R' OR" R' + 
TOJIYOJJ, 6oM6a, _ .. •'' 

110-120°C 48-72 'I Ph O OR" 
' 1353 a 

Ac, ~ 

NC~ Ph 

Ph)LO~,OR" 
1353 b R' 

J1CXO.IJ:51 H3 3aMCIUCHHhlX IlHKJIOTICHTa)l,IICHl1JI-aHIIOHOB C IIOMOU(h!O auc­

Tlli1hHOf0 CIIIITC3a rroJiyqeHhi uHKJIOncHTa[b] niipmm ( 1354) ( cxeMa 604) [90 1]. 

CxeMa604 

x'r:::\ BrCH_p:~_,~OM•hxlr\\ Io •xh 4N"'OH ~-
~ /~0<,01(0M•h,)' 'rn,<H(OM'~.~J 

X= t-Bu, SiMe3 M~N 1354 0 

4.2. JJJecnw<-f,1eHHbte <emepou,uK!Ibt 415 

Ll,pyrne IIpOll3BO.L(HhlC 3TOI'O 6HQHKJ13, TaK.lKC CllHTC3IIpOBaHIIhiC C npHMC­

BCHIICM auCTaJI5I (I a), OIIHCaHhl B (902). 

PcaKuiiH 1-(2-m.L\pOKCHcpcnnn)6yraH-1 ,3-.UHOHa ( 1355) c l(HMCTIInar.J;cTa­

_1eM (1 a) np!1BOii:IIT K CHaMI1HO!lHKCTOHY (1356), KOTOphiH B KHCJIOH CpCJJ:C L(I1K­

:III3YCTC}{ B 6CIJ30IIHpal!OH-4 ( 1357) ( CXCMa 605) [90 3). 

CxeMa605 

('y OH 6~1: .:U. ('y OH j"M' NM-e-=H=-+-

~mMe ~ 2 

1355 0 1356 0 H 

~ 1C(rCOMJ wffiM• L o 1357 o 

PcaKIUICH :JTOKCHMCTl1JICIIMaJ!OHOBoro Jqmpa c :Y!CTl1JIOBLIM :J<fJupoM rJIH­

llHI!a l1 IlOCJ1CAYJOll~CH KOIT!lCHCaJ~liCH !ll1MCTl1JlaucT<UU! ITO aKTHBIIOMY MCTI1-

J1CITOBOMY 1BCI!Y IIOJ1)"-ICHHOro MCTOKCHKap60IIliJ1CI!aMHI!O,'J,I1JCjH1pa ( 1358) 

CI1HTC311pOBaH )lHCH)l,HaMHH (1359), KOTOpbiH ,ll,aJ!CC HCIIOJ1h30BaJI KaK BCCL­

Ma ITCpCIICKT11BHhiH CHUTOH HC TOJ1bKO )l,J15l IIHpaHOBOfO (1360), 1!0 11 )l,J1}! Ill1-

pHMI1)l,HHOBOrO (1361, 1362) CI1HTC3a. HeKoTopLIC rrpHMephr npHBC!lCHhi HIDKe, 

Ha CXCMC 606, C. 416 (904). AJiaJ!Orl1qHhiC nHpOHOBhiC CHHTC3hl OIIHCaHLI B 

pa6oTe [905]. 

IlHpaHOnHpH.L\a3HHhl, paBIIO KaK 11 II11pl1)l,OIIIIpl1)l,a3HHhi, CHIITC3HpOBaHbi 

no cTaH!lapmoil cxeMe [662, 906] (cxeMa 607, c. 416). 

HecTaH)lapTHLril IIY'fh peaKuiiii THrra HeHII!lCCJ<Y peaJIII3oBaH B CIIHTc3e 

6eH30IIIIpoHon-2 (1363). Ha nocne)lHeil CTa.ll,IIH HcrroJIL30BaH aMH!laueTaJ!h (I a) 

.[(J15l 3TepHqlHK3!lHII cpCHOJ1hHOH I'H!lpOKCHrpyrrnhi B (1363)- IlpH 3TOM B Bhi6-

paHIIhiX YCJIOBH5IX 3MHHOrpyrrna B IIOJ10.lKCHHII 3 IIIIpOHOBOI'O l1HKJ1a TpaHCcpOp­

MHpyeTC51 B 3Ml1)l,IIHOByJO. AJianoriiqHO CHHTC3HpOBaHbi II HacpTOIIHpOHhi-2 

(cxeMa 608, c. 416) [907, 908]. 

KaK Y.lKC YKa3LIBaJrocL, HaH6onee qacTo M51 CHHTe3a rmpaHOBhiX (11 THanH­

panonLrx) COC.[(HHCHHH C yqacTHCM aMI1)l,3!lCTaJ!Cll npHMCH51IOTC51 B TOH l1JIH 

HHOll CTCIICHII MO.UHcpH!lHpOB3HHhiC CHaMHHO-MOHO- H .[(HKap60HHJ1hHhiC CO­

C!lHHCHH51 (714, 726, 749, 750, 909-933). Ha HCKOTOpbiX 113 3THX HCCJIC.[(OBaHHH 

l1CJ1CC006pa3HO OCTaHOBHTbC5I OT)l,CJ1hHO. 

B pa60TC [675) pa3pa6oTaH IIODXO.U K CHHTC3Y IIpOH3BO)lHhiX )')f(C yrrOMHHaB­

IllCI'OC5I BhiiUC aJ!KaJ!oH.n:a KaMIITOTC!lHHa, KOTop&ril np11 B03!lCHCTBHH na opra­

HH3M CnOC06CH HHrH6HpOBaTb CHHTC3 )lHK, 'ITO IIpHBO)l,HT K rH6CJIH orryxone-
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CxeMa606 

~COOEt ~N~CDOEt 
EtO l H2NUI2~Me·HC1 MeOOC H l Me2NC{MeXOMe)z 

COOEt Et3N, EtOH, H20 1358 CDOEt 

MoXNM,, 0 

__ M_cCXJC_ ~~axm RRDo 

1359 CDOEt 

RWO 
R i'i~CDOEt 

syH~ 
ILN / ~Q 

0 Me 1360 CX)()Et 

I 
N NH2 s--rN Me -o:N Me 

~N"'"Y N~CDOEl X~ N"'"YN~OOOE< 
136~11 l 1362Y'H 1 

0 a)()Et 0 COOEt 

CxeMa607 
0 0 

:JqCOOEt :x;)()Et :x) :x) N N:::;.-- N:::;.-- 0 NH N:::;.-- NH 
I ~I I -1 I ~I I 
N N:::-.,. "'- N:::-.,. N:::-.,. 

NMe2 

~ ~ ~ ~ 

CxeMa608 

ROOC ' )(NH, IJO~NH, 
ROOC ~o~. ~ 

MeOU):COOEt 0 0 

0~ 

~0 
1363 

------+ Y" N---/NMez 

::::-..1 
0 0 

• 

BbiX KJICTOK. fiOBTOpliM B COKpaiiiCHHOM BHL(C IIOL(XOL( K CHHTC3Y 3Hai!OfOB 

KarrroreunHa, BKJIIO'IaiOIIIHH rrpHMCHCHHe aMHLJ:aueTarr5I (I a). B paccMoTpeH­

HOH BbiiiiC pa60TC [213] (CM. CXCMY 454) Ha OCHOBC )')KC CHHTC3IipOB3HHbiX 

paHCC TpMUHKJlli'ICCKIIX COCL(IIHCHHH, COL(CpA\.3IIIIIX IIHpOHOBOC KOJlhiiO, II)"TCM 

11CIIOJib30B3Hli51 3IICTaii51 L(liMCTIIJI<i:>OpMaMI1L(a (1 a) IIOJIY'ICH CH3MHHOKCTOH, 

4.2. lllecmu~;zeHHbte cemepou,uKAbt 417 

113 KOTOporo L(ai!CC CHI!TC3HpOBaHbi 3IIHCJII1:pOB3HHbiC C 333fCTCPOIIHKJlaMH 

aHaJIOfH KaMIITOTCUHHa. 0TMCTHM, 'ITO IIpOBCL(CHHC T3KIIX IIpOIICCCOB o6yCJIOB­

JICIIO TCM. 'ITO CH3MHHOKCTOil!IbiH <!>parMCHT JICfKO KOI!,UCHCIIpyeTC51 ITO CHaMH­

HOIIO,D.06l!OMY cpparMCHTY 3MHHOfCTCpOl{HKJIOB C o6pa30BaHHCM IIHpHL(HHO­

BOIO I{HKJia (CM. HaiipliMCp, 1913. 9141) (06III351 CXCMa 609). 

881 ... ~1---

CxeMa609 

0 (NMe2 

~~f~v 
\_ NH, oA 

882 

3J{CCb IfMCCT C.\1biCJI BCpHyThC51 K 1Ip06JieMaM, CB513aHHhiM C IIOHCKOM 

IIHfl16HTOpOB CHHTC3a XOJICCTCpiiHa, KOTOpbiH, K3K 3TO Y2KC paccMaTpl1B3JIOCh, 

51BJl51CTC51 OL(HHM H3 H3H60JICC II3BCCTHbiX H B3A\.HbiX JIHIIHL(OB, B 'I3CTHOCTH 

CIIIC I1 IIOTOMY, 'ITO CYIIICCTBYCT OIIpC,UCJICHHa51 KOppemiiiii5I MC)K,ll.y ero KOH­

IICHTp31{HCH B KpOBII H cep)J;C'!HO-COCYJJ:l1CTh!MH 3a6oJICBaHH5IMif. 

Y;Ke y-Ka3biBarroch, 'ITO ,D.JIR MJieKOIH1TaiOIIII1X ero nocTaBKa n opraHH:3M c 

IIHlUCBbiMI1 llpOL(y-KTaMH HC 51BJIHCTC51 OC06o Kpi1TH'IHbiM IIPOIICCCOM, T. K. CTO 

6HOCHHTC3 IIOCT05!HHO MO)f(CT peaJII130BaTbC51 113 rrpOCThiX IIpCL(IliCCTBCHHifKOB. 

Oco6o Ba2KHO 11 11HTepecHo, 'ITO necb J{OCTaTO'IHo CJIOA\.HhiH nyTh ero 6110CI1HTe-

3a 6a3HpyeTC5! Ha OJ{HOM llpCJ{IIICCTBCHHIIKC- auernii-KoA, KOTOpbiH, B KOHC'I­

HOM HTOfC, H IIOCT3BJI51CT BCC 27 3TOMOB ymepo)J.a XOJICCTCpHHa (1364). 

Mecoo---. - -
AII;eTHn 

HO 
4 6 

XonecrepHH 

1364 

I 

il 
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l13yqCHHC nyTH 6JIOCI1HTC3a XOJICCTCpHIIa J(aCT 110HI1M3HI1C Tpai!CIIOpTa CfO 

l1 J\PYfi1X JII1I111J\OB MC)[():(y OpramtMI1, IlpOUCCCOB, 6Jiaro):(ap5r KOTOpbiM XOJICC­

TCpHH BXOJ\11T B KJICTK)', CITOC060B, ITO KOTOph!M BHyTpiiKJICTO'IHa5f IIPOJ\YKilHJI 

XOJICCTCpliiia 011pC,l.\CJIHCTCJI ero KOJIWICCTBOM, IlOJI)"-IaCMb!M C 1111Il!Ci.J, If KaKHM 

o6pa30M IlJIOXaH pcryJIJ!IjliH X0,1CCTCp11110BOJ'O CI1JJTC3a BJII1HCT IIa 3J:(OpOBhC. 

l13011pCIIOBaH C):(l11!11!la, 5!BJIHIOII{aHCJI KJIIO'ICBh!M HIITCpMCW1aTOM Jia IIynr OT 

3UCTaTa K XOJICCTCp1111Y, BXOJ(I1T Il COCTaB MIIOJ'I1X npHpOJ!IIhiX JII1fll1i\OIL 11 

MCX<llli13Mhl f!OJII1MCp!13ai(I1If, o6ycJJaBJII1B<liOLUCH 11X 110JIY'IC!!l1C, BO MII0rl1X 

cnycrasrx CXOlJ:IIhi MC)[(Jly co6oti. 

Me 

I 
H3onpcH 

l13Y'ICII11C Ha )[(J1BOTIIhiX, IIOJIY'IaJHLil1X 14 C-ai(CTaT (B BIU!C aiJCTl!JI-KoA), 

1Ip!!BOJ!I1T K MC'ICIIOMY XOJICCTCpHHy, 'ITO IIOJ!TBCp)[(.'!aCT, B '!aCTI!OCTI!, 'ICThl­

pexCTaJ]l1Hilhil1 CriOC06 cro 6HOC!1HTC'la (CYl\IMapH<UI CXeMa 610). 

CxeMa 610 

Me Me 0 0 
I I II II 

3MeCOSKoA- -oOCCH2CCH2CHpH-- -L_ CH2CI-120- P-O-- P-0=-----. 
I I I 
oH 1365 1366 o- o-

MesanoHaT AKTHBHpoaaHHbiH H3onpeH 

Me, ./"-.. .A.'-. Me 

Me. Me 

Me 

H 

Me 1367 HO 
XonecrepHH 

KaK BI1JlHO 111 3TOi1 cxeMhi, npCJ\UieCTBCHHl!KOM xoJiccTcpHJia npH 6Ho­

CI1HTe3e HBJIJICTC5f CKBaJICH (1367), 11 HC,l.\3BHO 113 IIpllpOJIHLIX 11CTO'IHI1KOB 6hiJI 

Bhi.L\CJieH HHrH6IITop <tJepMcHTa CKBaJICHCl!HTeTa3hi 611ca6ocKBaJI A (Bisabos­

qua1 A). 0TMCTI1M, 'ITO CTCHCHh l1Hfl!6l!pOBaHl1H 6110Cl!HTC33 XOJICCTCp11Ha y 

JIIO)ICH pa3JIW!Ha, HO, YMCHhlllaH KOJII1Y.CCTBO XOJ1CCTCp11Ha l1 B ll11W:C, 11 B006-

W:C B opraHH:JMe, MO)[(HO CHH311Th CfO ypOBCHh B Kp0BI1, 'ITO '!aCTO llp11BO)IHT 

K YJIYY.WCHI110 COCT05fHI15l cep)IC'IHO-COCYJIHCTOH CI1CTCMhl. 

Hcxo11:H 113 CTpyKTyphi 6Hca6ocKBaJia A, B [922] 6hiJIH npcJIITp11HHThi ycH­

JmH no pa3pa60TKC CI1HTC3a npOI13BOJIHOfO 5-<lJOpMHJI6CH30cPYP3Ha (1368), 
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CHO 

CHO 

~ 
Me Me I>Hca6ocKBlli.I A 

11MCiow:cro 6oKoByio ucnL, noJ(o6Hyio 611ca6ocKBaJiy A, a TaiOKc crmTc3a 6eH­

Jo<iJypaHOB, COJ(Cp)[(all(11X TaKO.if 3aMCCTI1TCJIL 11 amiCJI11pO!laHHhiH 1111paHOBLIH 

U11KJI (1369, 1370). ,QJIJI pcaJIJ13aUifl1 3TI1X UCJICH 6LIJI np11MCHCII J(I1MCTI1Jla­

UCTaJIL N, N -J\11MCTI1Jlar~eTaMI1Jla ( cxcMa 611). 

CxeMa611 

OHC 
MezNqMeXOMe}.z 

l,l3KB. 

• 3f}>up, T. KHll., 6 q HO 

OH 
I 

)l ! M<,NQM<XOMoh 
2,8 3KB. 

Me Me 34Jup, T. KHn., 6 q 

)l 1368 

Me Me 

11 
0 

OH 

.,,,,,H 
,,,,,,H 

----+ 

OH 

)l 
Me Me L Me Me 

l1 OTMCTI1M CW:C O)IHH HC06biY.HhlH 06W:HH CHHTC3 llHpOHOB-4, ony6JII1KO­

BaHHhlH (CXCMa 612) B [931). 

Ill 
i 

l11 

I 

I' 

I 

I' 
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Me 

Ac20, BF3-ra:JJC + 
5-10°C 0 

PhCOMe -1 
BF2 

Ph 0/ 

CxeMaD
612 

# NMe2 

6
0 

SNHCI04 
Ia -~ 

- B BO,I\IL EtOH I 
Fz T. KHTI. o Ph J>h 0/ 

4.2.1 b. llpmt3BOJJ,HhiC IUtpii,II,ItHOB 

Cpell.II cmrreJOB p;niioo6p<nHhiX reTepOIU1KJHI'!CCKIIX coc;(l!IICI!IIi1. IIpo­

TCK<IIOIIII1X c y•racn1cM aMH/1.- u JI<IKTaMaucranci1, noJry•rciH1C II!JllWlBO/\llhiX 

rri1p11JJ;l1IIa Jaii!IM3CT, 110)KaJiyH, BC1l)'IUCC MCCTO. 

K 'II1CJIY ncpBbiX pa6oT, B KOTOpbiX rmpHLIHIIOBhiH CI1IITC'l fit.ur ocJIOB<III 

Ha CI10C06HOCTH aMH,UaUCT<UICH peari1pOBaTb C C I-I-KI1CJIOTaMH. OTHOCV!TCH KOll­

llCIICaUII5I ,UlDTHJiaUCTa.JlCH aMI1L(OB riO MCTI1JihHOti rpyrmc ;J.IDTIJJIOBOJ'O 'J<jlllpa 

)-MCTI1JI-2<JTOKCHKap60I!IUHj1yMapoBOii: KJ1CJIOThl ( 1371) [lJ:l4J C o6pa lOB:IIIIICM 

)H1C!IaMl1liO-Tpl1:J<lmpa ( 1372), IUIKJll13ai (HCii KOTOporo HarpCHa!HJ\.'\1 C 6CI!3!1,!­

aMI1IlOM B C!!HpTC 11(1JI)l<ICII J-6CH'HIJ!-3 ,4-)(11:1TOKCHKap60III1.'1!!11pl1i(OI l-2 ( 1373 ). 
Tio;w6HhiM lKC o6pa30M Yll<UIOCh IIOofY'IJITb JBOl111J\OJIOiU1pi1/LOII-2 ( 1374) Ii'l 

aucTami o-qHaiiotjlciiHJiaucTaMHJ\a (1375) (cxcMa 613). 

CxeMa613 

Me CDOEt MezN~CDOEt PhCHz 

)( 
MezNC(R')(OEth PhCH2NH2 :t?N ~ 

AM<DA, 80°C a6c. en., 

&~371 (X)()l o::Et 0Et OEt Et00C1372(X)()Et T. KHII. 0 (X)()Et 

13 73 (X)()Et 
'?" I NMez 

:::::.... 
CN 

1375 

NMe2 yc>OEt /.'..... //'-.... ,COOEt 

CDOEt H21NiRa 

(X)()Et 
CDOEt 1374 0 

AueTa.T!L ( 1375) 6hm IIOJiyqCH B JTOH pa60TC 06LI'!Hhnl MCTO,UOM- 3.JIKMJIH­

poBaHJ1CM COOTBeTCTBYJOIUCfO aMIIJ(3 <lJTop6opaTOM T(JH3Tl1JIOKCOHI1H H o6pa-

60TKOM ITOJiy<lCHHOI'O KOMITJICKCa 3Tl1JI3TOM HaTpll5!. 0,UH3KO riOJI)"'IliTb T3KliM 

crroco6oM lll13THJiaueTmiL N,N-Jr:HMeTHJIHHKOTHHaMI1,lla (1376) He y.uanocL, II 

3TOT npO.uyKT 6Lill CI1HTC3I1pOB3H TOJihKO qepe3 aMli,UX.IIOp11,U, ITOJiy<ICHHhlli Jr:CM-

4.2. lliecmu•wewtbte zemepou,uKAbt 421 

CTBHCM l!a ,iU1MCTI1JIHJ1KOTHIIaMI1,ll TI10HHJIXJI0p11,UOM. KaK JTO OIIJ1CaHO BLIWC 

(eM. [82]). J1cnonL30BaTL B JTOM CJry<rac Et30+BF), no-BH,UHMOMy. HCB03-

MO)KIIO 11J-3a ncpBOHa<raJihi!OM KBaTCpllli3aL~Hl1 1!0 IU!p11,UMHOBOJ\IY a30Ty. 

vb ar (CT~LH51 ( 1376) f!OJIY'ICII 1-nHpM,UHJI-3-3 ,4-,UHJTOKCI1Kap6omrmmp1I­

J(011-2 ( 1377). CHIITC1!1pOHaTb C IIOMOU(b!O <iJTop6opaTa TpMJTI1JIOKCOHJ151 ll)1-

:JTI1Jiai~CTaJl h 3-( 1(11aHOXI1110JII1;1-2);(11MCTMJiaueTaMH,Ua ( 1378) aBTOpaM [934] 

yJ(amlCh. f1pC)(I10JiaracTOl, 'ITO KKlTCp!ll1'lai~J1}j XI1li0)1J1!IOBOI"O a:lOTa B JTOM 

COCJ_(HI!Cil11I1 C'I'CpH'ICCKH 3aTp)'llllCIIa, IIO CaM aUCTanL OKa3aJICH \1ilJJO pCaKuH­

OIIIIOCIIOCOOIIblM, 11 Bh!XO)j II1 ll0)10)KCI!l151 6LIJI HaM}J:CII Il)'TCM BBC;1CllHH rrpo-

1\!C)KY!WIIIOI'O cjrropfiopaTa B pCaKI(HIO C <llll10110M ( 1379) J_(l1:)Tl1JIOBOro :J(jH!pa 

I-~!CTI1JI-2-JTOKCHKapfioiii1JICjlyMapoBOH K!1C,10Thl. )J,~UILI!ciiunn1 Cl1JITC3 !lCJIC­

noro TPHIU1KJIWICCKor·o rmpH,Uorra (1380) rrpoTcKaJI IJia/l.KO (cxcMa 6I..f, c. 422). 

Y COBl'[)IllCIICTBOB<IIlllhiM MnO,U IIOJl)"lCI!l1H TCplll1PI1LV1Ila ( 1.181) pa3pafio­

Tall 11)/TCM IIarpcBaii11H 2-aUCTI1JI1111pl1Jll1Ha ( 1382) C al{CT~LlCM )(l1MCTJ1JICjlOp­

\1:tM l1;(a C IIOCJIC,lWIOll~HM B33l!MO,UCHCTBI1CM llOJIY'ICIIOfO CI!aMHIIOKCTOIIa 

(1383) C HCXO,'Ulh!M (1382) (CXCMa 6!5. C. 423) [935[. 

flOI1CK l!OTCIII(l1anbl!hiX ITpOTI1BOOII)'XOJICBhlX COC,lll1HCIIHii, lJ.JHI KOTO(Jb!X 

pcaJihiiO llpOHBJICJlHC 11IrrcpK3o1HpyiomcJ'.t <tKTJ!BilOCTl1, 033HJJYCTCH l!a BIJYrpH­

MOJICK)';lHpiiOIJ aTaKC f3-aMJ1l!Ofp)'llllhl CHaMHHOKCTO!IOB ITO XHIIOII!-IOM)l Kap6o­

InUiy, conpono)KllaiOu(e!lcH III1PHllHIIOBoi1 uHKJII13al(l1Cii. Emc pa1 non•rcpKHCl\1, 

'ITO 11!ITCpKaJI5!!~11H - :JTO HKni1IIl1BaiU!C COC;':(I1HCIII1M \IC)l(,!J:Y napaMH OCHOBa­

lll1ii 1l H K. o6pa3yiOITU1HCH KOMIIJICKC cTa6HJIH3I1poBall CHJiaMH Ban-nep- Ba­
a;rhca 11 l1IITCpKiL1HlU1H rrpcmiTCTBYCT pacrrJICTaiiH.!O UCfiCM lJHK 11, CJIC,UOBa­

TC.TlhiiO, 11x IIOpMa"lh!IOMY <PYHKUHOHHpoBai!HIO. B ny6JIHKarum [936] onucana 

pC3KUIHI 3UCT<UUI ( 1 a) C TCTpaUHKnH'ICCKMM XHHO!!OM (1384), HMCIOmHM B CBO­

CH cTpyKTypc aKTHBI£YIO MCTHJILHYIO rpyrrny c ll<UihHCiillliiM ncpeaMrmiipona­

IIHCM 06pa10BaBIIICfOC5! C!IaMH!Ia (1385), CO!lpOBO)KllaiOlilCfOCH 3aMbiKaHHCM 

!IOBOfO fll1p11,UHHOBOro lU1Kna llO IICHT3UHKnli'!CCKOfO COC)]HIICHllii ( 1386) ( CXC­

Ma 616. c. 423). 

flOCTpOCHl1C TII1pl1,lU!HOBOfO liHKJia 110 :HOM)/ npHHUHII)' pCiUill30B3HO B 

6oJihlllOM KOJIWICCTBC HccnenonaHHH [937-952]. Y'!HThiBa51, '!TO rry6nHKaunn, 

IIOCB5ImCHHhiC TaKllM Ul1Knl133Ul15IM, OTJIH'Ia!OTC5! B OCHOBHOM BLI60pOM MC­

XOllHhlX COC,ll,l1HCH11H, HOB liCJIOM BLITIOJIH5i!OT OJr:HH3KOBbiC 3aJr:u<ll1, Mhl C'!l1T3-

CM HCUCnccoo6pa3HhiM OCTaHaBJIHB3ThC5! Ha KaJK)]OM 113 HIIX. 0)]H3KO ClllC HC­

CKOJibKO npHMepos rrpHBCCTI1 Bee )KC rrpe;r:cTaBJI5!CTC5I )KCJiaTCJihHLIM. B pa6oTe 

(946] B peaKUH!O C 3liCTaJICM lll1MCTI1JI3UCT3MI1,lla BBC)]CH 1 ,4-llH3MHH03Kpl1-

L(l1H-5,l0-Jr:HOH (1387), MO)K!-10 6LIJIO 6hi 0)KM,U3Th 33MLIK3Hl15!11B)'X I1Hp1IJr:HHO­

BbiX lil1KJIOB. 01l.H3KO B Bhi6paHHLIX )/CJIOBI151X o6pa3)/CTC5! MOHOITHp11,UOaKp11,UO­

HOBOC npoH3BO,UHoc (1388). Cnc,UyeT no,U'!epKH)lTh. •no B 3TOM cny•Iac aue­

Tanh 3T3K)lCT HC MCTHJihH)'!O, a 3MJ1HOrpyrmy, II 1I11pl1MI1,llllHOB35! Ul1K.Jll133I:r:ll51 

! 

I! 

j! 
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4. 2. lllecmul{fleftHbte zemepou,uKJibt 

la 

O l<HneHHe B ronyone 
c y;zmneHueM MeOH .. 

N WMe 

1382 

1384 0 Me 

• 

CxeMa615 

rTI _!_382 

"'~NM:, 
1383 0 

CxeMa616 
0 

0 1385 0 

~ 
NM~ 

NlltCI, 
AcOH 

423 

-

IIp<HCKacT 'lepn aMH/ll11IOBb!M ( CXCMa 6!7), a HC CHaMHHOBbiM 11HTCpMC)ll1aT, 

KaK 3TO 6biJIO B CJiy•rae, OII!ICaHHOM Bb!IIIC, !Ip11 06CJ')K,llCHI111 pa60Tbi [936). 

CxeMa617 

0 

MezNC(MeXOMe}z 
.... 

65-80°C, 21 'I 

1387 0 NH2 NMe2 

--H20 

1388 o NMez 

B 3TOM )KC Hccne.uonaHI111 [946] 6Lmo noKa3aHo, 'ITo npenocxo.UHbiM CHH­

TOHOM .IlJI5.! KOHCTpy11pOB3Hl151. IU1pl1.Il11HOBOfO KOJibl.(a 51.BJI5liOTC5l .U113pHJI(reTe­

p11JI)KCTOHbl (1389), KOTOpblC npM B33MMO.UCMCTBI111 C Jll1MCTIUI3I.(CTaJICM ,!U1MC­

THJI3I.(CT3MII.Il3 rrpenpamaiOTCH B 611I.(MKJIMqecKI1C 2-):UIMCTHJiaMHHOli11pl1.Ili1Hbi 

(1390) (cxeMa 618). 

1: 
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I' 
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R" 
CxeMa618 

R'' 

R Me2NC(MeXOMe)z R 
0 

EtOH, T. KHII., 12 'I 

X=CH,N NMc2 

B pa6oTc [9451 npc,Il)IO)!(C!l non:xo.u K KOIICTPYHPOBai!HIO nHpH,UHI!OBLIX 

l.(HKJIOB, pa3pa6oTa!I!ILIH C J{CJILIO C03J(ai!J15! 11CX0;1110f0 COC,UHHCIIH5!, D:JIH o6-

CY)!(J.(aCMOfO XI1HOHOBOfO 3aMLIK<lHWI l.(I1KJlcl. )J,JIH 'JTOfO Ha(IHOXHHOH (J39l) 
Bll0,1.(51T B peaKUJ1IO UHKJ!Oflp11COCJII1IICII115l C 1.(11MCTI1Jiri1J.(pa30HaMH KpOTOHOBhiX 

MLJ[CfHLJ:OB ( 1392) C o6pa30ilaHI1CM IU1JlH,UOHa(}JTOXHHOHOB ( 1393) 11 J.(<UICC 

CJlC).(YCT KOHJ(CHCaUI15! C J(l1::JTI1Jlai.(CT<UICM D:l1MCTI1Jlc!>OpMaMI1JU\ 11 !U1p11,ni1110-

BaH l.(IIKJII13aUHH C 13biXO,UOM K TCTpal~l1KJII1'ICCKI1M I!JlOH3130).(11LIM 2, 7-mHpT11-

p11_ni1Ha (1394) (cxcMa 619). 

0 Me 
CxeMa619 

Rw, 
0 

I +M'r-=--... 
~ N:Y" 

1 1392 

R' 
Me2NGI(OEth 

to 

1391 0 NMe2 NMe2 0 1393 

R' R' 
Nl{jQ 

~R • R 
AcOH 

T. KHII., 30 MHH. 

0 0 

HaKOHCU, OTMCTHM pa60Ty (949], B KOTOpoif OCYJUCCTBJICH C:HHTC3 TI10c!>C­

HOB0f0 amurora aJIKaJIOHJia xyaHoH:waMI1Ha A (kuanoniamine A), o6Jia;I:aJOme­

ro CI1JILHOH rrpOT:HBOOflYXOJlCBOH aKTI1BHOCThiO in Vitro l:l in vivo. 

N> 
s 

KyaHOHHllMHH A 0 
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I1 B 3TOM CJIY'IaC 11CXOJ(Hb!H rrpo,nyKT JIJI5! Cl:IHTC3a aHaJiora (1395) 6LJJI ITO­

JIY'ICH C !1CITOJIL30BaHJ1CM peaKU1111 UI1KJIOITp11COCLJ,I1HCHI15l (HCCKOJlbKO MO;:J,J1-

rjHHUipOBaHHOH) C o6pa30HaifJ1CM TI1CHO,lU!ri1JIPOITl:lpUD:06CH30XI1HOHa ( 1396). 
CJIC;1YJOIUHi1 ·.nan - ;:J,CfHLJ:pHponaHHe LJ,O THCHOITHpH,no6eH30XHHOHa ( 1397 ). 
a WUICC - CHOBa al.(CT<Jj!LHLIH CHHTC3 B JIOBOJlbHO )!(CCTKI1X YCJ10BH51X (Harpe­

BaiiHC B JIIIMCTHJl(pOpMaMIV.(C) C BLIXOJ(OM K CHaMHIIOKCTOIIOBOMy 1111TCpl\!C­

JJI!<lTY ( 1398) 11 3<1Mb1Ki!HHC n!1pl1,1lHHOBOfO IH1KJ1a o6pa60TKOH X.fiO[JI1J~OM a~1-

MOHI1H B YKCYCHOi1 K11CJIOTC ll TOKC a30Ta 11Jll1 [2()°C (CXC\1a 620). 

CxeMa620 

0 

Qc~ Me ~ 
I + =M,( 

I 

Me 

Ac20 
• 

MeCN,20°C 

0 

Me 0 

__.. 

1397 0 

NMe2 

I) Me2NCH(OMe)z 
Ia,~<I>A, I00°C 

2) NJ4CI, AcOH, N2, 
12ooc -­CooMe 

H 

/ 
COO Me 

0 

0 

-
'COO Me 

0 1396 

COOMe 

1398 

IlpoH3BOLJ:Hh!C ITI1IICKOJII1HOBOH KIICJIOTLI, OKHCJICHHLIC ITO ITOJIO)!(CHHIO 4, 
BXOJ[5JT 13 COCTaB MHOrHX ITpHpOJ[Hh!X COC,UIIHCHHH, B 'IaCTHOCTI1 aHTI16HOTH­

KOB, 11 OITTI1'ICCKI1 'II1CThiC aMI1HOKHCJ10Thl 3T0f0 THITa 51BJI5JIOTC}! CHHTCTI1'ICC­

K11l\111 :HIITCpMCJ[HaTaMH ,UJI5l ITOJly<ICHI15l llOTCI!UHMLHLIX TCparrCBTI1'ICCKI1X 

areHTOB, OTHOC5!J..UHXC5l K KJiaccaM NMDA-aroni1CTOB II aHTaroHI1CTOB. 

YKmKCM 3,nech, 'ITO HM)J,A-peuenTOpLI - ::no cneul:IMhHhiC myYaMaTHLie 

peUCIITOpb!. DJIOKaj.(a HX rrpiiBO,UI1T K CHH)!(CH1110 ITOCTyiiJICHI151 13 HCpBHLIC KJICT­

KH Ca 2+, 'ITO COXpaH5lCT 11X OT ITOBpC)!(JICHHi{ I1 l(aCT JIC'IC6HLIH :c~c!>qJCKT npH 

pa3JIWIHhiX 3a6o.rreBaHHHX IJ, H c. n OJ{aBJICHHC UCHTpaJILHOro CTHMyiii1PYJOIUCfO 

J{CHCTBI15l r.JI)"TaMaTa IIp11BOJ[I1T K CTa6l1JII13aUH11 IIpCCI1HaiiTWICCKI1X HCHpOHaJIL-

Ill 

I 
I 

I 

1'1 

II 
I 
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llhiX MCM6pai!, 6JIOK3)lC TIOTCHJJJ1aTI33BHCHMblX 113Tp11CBbiX K3113JIOB 11 llpC)lOT­

BpaU(CIIHIO BhlCB060)K,IICHI151 mn6)'JK,Ila!Olll,HX 3MHIIOKHCJIOT - fJI_'y'T3MHHOBOM 

11 acnaparruroBoi1 _ 

J1CIIOJih30B31!11C T3KOro TIO)lXOJI3 IlpHBCJIO K CHJITeJy IIOBOI'O llh!COKO:J(jJ­

cpcKTHBIIOI'O npOTI1B03TIHJICI1TH'JCCKOfO rrpcnapaTa - JI3MOTpHJIJKHIIa, HBJI51-

IO!li,CfOCH 111IfH6HTOpOM BbiCB060)K,IICHHH :JTHX 3MHHOKHCJIOT. 

N/N t?
CI 

H2N~N NH2 

Jla~IO'fPH,liJKJIH 

B pa60TC [953 j pa3pa6oTall CHHTC3 OITTH'ICCKH 3KTI1BHhiX 4-0KCO- H 4-1'11!(­

pOKOIIlpOIDBO)\HbiX TIHfiCKOJIHHOBOM KHCJIOTLI (1399, 1400), HCXOWI 111 3ai1!11-

II1CHHOI'O no N-aToMy MoHo3<iJnpa acrraparuuonoi1 KHCJIOThi (1401). Muoro­

cTanai1IILii-i IIpOUCCC BKJIKJ'!i!CT CHHTC3 CHaMHHOl\l1Kap60IIIU!bHOfO coerrHHCHl151 

(1402) C TipHMCHCHCM aMH)l3l\CT3JI51 (1 a) (CXCMa 621). 
KoHcTpyHponaHHe nnpHLlHHoBoro UHKJia c HCTIOJih3oBaHHeM aMHLlailCTa­

nei1 5IBJI5ICTC5I BCCbMa IlpHBJJeKaTeJibHb!M MeTO)lOM C HeCKOJibKHX TO'!eK 3peHI15I: 

no-nepBhiX, 3TH cnoco6br 3aqacry10 rrpenapaTHBHbi 11 o6ecne'IHBaJOT xoponme 

BbiXO,llhi ueneBbiX coe)J,HHeHHM. Bo-BTOphrx, 3TO o6cTmneJihCTBO II03BOJI5ICT Bo 

MHOfHX CJIY'I35IX IIpHMCH51Th TIO)l06HbiC CITOC06bi ,liJI5I CHHTe3a BC!li,CCTB, o6na)la-

10II111X 3H3'IHMOM 6HOJIOfll'IeCKOM 3KTllBHOCTb!O, ll TI03BOJI5IIOT C03,llaB3Th rpyn­
flbi lead Compounds, Ha KOTOphiX )J,aJICe OCHOBaHa pa60Ta flO TIOHCKY HOBhiX 

JICKapCTBCHHhiX cpe)lCTB. J1 B rpeThllX, llpOBO):IHM35I C HCTI0Jlb30B3HHeM 3THX 

MeTO,l!OB pa6oTa ll03BOJI5IeT H3XO)ll1Tb ll_'y'TH K IIOHHM3Hll!O MCX3HI13MOB, Ha 

KOTOphiX 6a3HpyeTC51 6IIOJIOfll'ICCKOe ,lleMCTBHe CllHTC3HpOB3HHhlX COe)lHHeHHM, 

'ITO )l3eT CTHMYJI K perueHHIO TeopeTU'IeCKHX npo6JieM, CB5!33HHbiX Henocpe)l­

CTBeHHO C TIO)lXO,ll3MH K CHHTe3y OpllfHHaJibHblX JieKapCTBeHHblX Cpe,l!CTB. 

B ITOCJICLlYIOlUCM MaTepHaJie BCe 3TH BOIIpOChi 6y,ll_yr B TOi{ HJIH HHOM CTe­

rreHH 3aTpOH_'y'Thl H HMCHHO Ha HHX 6y,lleT o6paiiJCHO BHHM3Hlle B rrepByJO 

O'Iepe)J,h. Tiepe'IHCJieHHe BCeX HCCJie,l!OB3HHM, TIOCB5IIUeHHhiX llllpH)],HHOBOMY 

C11HTe3y HJIH peaKUIH!M TIHpH)],HHOBhiX COe)lHHCHllM C 3l.(eTaJI5!Mll 3Mli)lOB, He 

rrpe,l!CT3BJI5!CTC5I llCJiecoo6pa3HbiM, ll 06CYJK,ll3Th )laJiee Mhi 6y)J,eM TOJihKO TC 

pa60Tbl, KOTOpbie 5IBJI5IIOTC5I npllHUHTIHaJibHbiMH B XHMH'ICCKOM H (HJIH) 6HO­

JIOrH'ICCKOM OTHOIUeHH5IX. 

Ha nepBOM 3Tane paccMOTpllM llCCJie)lOB3Hll5!, OCHOB3HHbiC Ha llpllMC­

HeHHI1 pa3JII1'1HhiX eHaMHHOKap60HHJibHbiX COel(HHeHHM. 3TH HCCJIC)lOB3HI15I 

..... ... 
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~ 

~ 
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COCTaBJU!IOT, llQ)JGUiyM, Hai160JICC IIpCJlCTaBJ-ITCJihi!LIH 6JIOK, ITO Kpai1HCH MCpC 

B Cl111TCTI1'lCCKOM OTHOlllCill-111. K TaKMM pa6oTaM OTHOC5JTC5l rry6Jil1KaqJU1 

[214, 606,649,684,689, 748~750,819, 823~825,851, 919,948, 954~1073]. 

Ha•meM c nocTaTO'lHO npoCToro BapHaHTa- CMHTC3a 11-Kap6ommoB ( 1403) 
H3 i-MCTI1JI-2-::JTOKCHKap60IIHJI-3-::JTOKCHKap601!MJIMCTHJil111JlOJia ( 1404) ( CXC­

Ma 622) [954]. 

o5
coo_:_. 

,.,-::? 
COOEt 

~ H 

1404 

CxeMa622 

NMe2 

Me 

COOEt NJ40Ac 
--1 
TsOH, 

COOEt L(M<I>A, 
T.KHll. 

EtOOC 

0 

1403 Me 

l1tncpccH&Ii1 CHHTC3 ¢YHlUIOHaJII13HpoBaHHLIX nl-lpHJlHHOB pcamnomm c 

11CI!OJib30Ba!IHCM XCJiaT!JbiX COCJlHHCHHH. oOpllbiH XCmlT ( 1405) Ilp11 B3aJlMO­

JlCHCTBI111 C aMHJlaUCTaJilll\111 IIOJlBCpraCTC}J KOH)[CHCaiJ,I111 110 MCTHJibHOH rpynne 

aUCTI1Jlh!IOrO 3aMCCTHTCJI5l, I1 I!OJIY'ICHHbiH CHaMHH ( 1406) UMKJIH3YIOT JlO Ill1-

pi1D:OHa (1407) (CXCMa 623) (955). AMHHorpymra B XCJiaTC 3all.J,HIUCHa KOM!l­

IICKC006pa30BaHI1CM, KOTOpOC aKTHBHpyeT aqeTMJibHYIO rpynrry. 

CxeMa 623 

. ---y- ·--, BF3 · EtzO,.,. B(OBu )J (' 73Fz Me
2
NC(R!0Me )z R'NH NH2 R~'NH NIL,, 

Oyy 0 IT<l> 0 '·•,,,,., .. 0 Tf<l> 

Me Me Me Me 1405 

NMe2 

:w· 
Me 0 

1406 R 
1407 

IlOJ(06HOf0 THIIa XCJiaTHhiC CHHTC3hl 3-I[HaHIIHpH,llOHOB-4 Olll1C3Hhl B pa-

60Tax [968, 969] (cxeMa 624). ITo TOMY )!(C rrpHHI[Imy cHHTC3HponaHDr H rrH­

pH,llo[2, 3-dj-rrHpHMH,llHHhi (970]. 
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CxeMa624 

oMeSYNH'o 

~~ 
Me 

M~eS NIL,, Ph2B(OB~ (' 13Phz 

Tf<l> 0 • •• ,,,.,, .. 0 

Me Me 

M~eS ••••• NlL.,,,J3Ph
2 1a = : 

----.. ;,,, .... 0 Tf<l> 0 '" 

Me Me 

M~eS ('NR,,,/Phz RNHz,.6,.. 

0 ;,,,,,,,_,, 0 Et.3N 

CH=CHNMez Me 

M;yS NH.,,ll'h' 
Me 

.HN~ 

CN 

H~Me~o 

~~ 
B pRJlY rr!1pH,!!OIIoB-2 Haii:J-\Cll p51Jl BhiCOKoaKTMBJihiX BCIUCCTB 11 JICKapCTBCH­

uux npcnapaTOB. 0TMCTHM cpcnM IIHX rmpi1JlOH L-697, 661 - Hnr116rnop 

o6paTJIOJ1 Tpa!!CKp11IITaJbl (HIV-1), CHIITCTWICCKHC KapJJ:HOTOIIHKH liOBOro 

IlOKOJICI!Il51 M111Ipl111011 l1 aMpHIIOII. 

H2N H2N 

AMpHHOH MmrpHHOH 

~)Til rrperrapaTbl OKa3LIBaiOT llOJIO)!(HTCJibHOC HHOTpO!!HOC, a TaK)!(C cocy­

J(OpaCIIIHpH!OIUCC J(CHCTBI-IC, y 60JihHhiX C JaCTOHHOH cep,I!;e'IHOM HCJ(OCTaTO'I­

HOCTb!O ITOJl IlX BJIH51HileM yHeJIIl'IHBaeTC51 cepJlC'lHhiM BhlOpOC, llOHI1)!(3CTC51 

WlBJICHile B nero'IHoi1 apTepHu, YMCHhlllaeTcH rrepH¢eprPrecKoe cocynHcToe co­

nponmJieHHe. 06a rrperrapaTa, K CO)!(aJieHHIO, rrpeJIHa3Ha1 ICHbl TOJihKO ,lLJIH KpaT­

KOBpeMCHHOH TepallilH OCTpOH CCpJ(C'lHOH HeJ10CTaT011HOCTH. 

B pa60TC [971) C HCITOJih30BaHHCM ai{CTaJihHOro CJ1HTe3a H MHKpOBOJIHO­

BOro 113JlytieHil51 (MW) OCYlllCCTBJICHO IIOJIY'!CHHC 60JihlliOH rpyrrllhi rrpOH3-

BOJIHbiX III!pHJlOHa-2 (CXCMa 625, C. 430). 

JU HpOKHH CllCKTp 6HOJIO!'Il'ICCKOro JlCHCTBHH llpCJ(CTaBHTCJI51 TpCTDCH re­

Hepal{11H I~CrPaJIOCITOpHHOBhiX 3HTH6HOTHKOB - l{C<lJTa3HJ(I1Ma ( ceftazidime) 

11 ero aHaJIOfOB, OTHOC51IUHXC5! K !!Ilpil,llHHHH-I[e<lJaJIOCllOpHH3M, Bb!3hiB3CT 

3Ha'lHTCJihHhiH IlHTCpec K 'ICTBCpTWIHbiM aMMOHHeBbiM COJI51M UCrPaJIOCITOpH­

HOB, KaK K COCJ(I1HCHI151M, llp051BJI5110!UHM BhiCOKYJO 3KTHBHOCTb ITO OTHOlllC­

HHIO K rpaMITOJIO)!(HTCJihHbiM H rpaMOTpHI[aTCJihHhiM MHKpoopraHilJMaM. Y)!(C 

113BCCTHhiC COeJJ:HHCHHH 3TOJ"O THlla HC llpCJ(OTBpaiUa!OT pa3BHTH5f MCTHI[HJI-

II 
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JII11IpC311CTCIITHOfO Staphylococcus aureus (MRSA) 11 rnaBHa51 UCJih CHHTC3a 

IIOBhiX COCLI.HHCHHM COCTOHT B If3hiCKaHHH B03MO)f(I!OCTH H36C)f(aHH51 MYJihTH­

JICKapCTBCHIIOM pC3IICTCilTHOCTl1. 

CX)()H 

I /Me 

NOAMe 

J[{r~)=r'i 0 
H2N S ~ 

lJ,e(j!Tli3H,IIHM CX)()-

MMI.:l!I!O :JTOMY BOnpocy IIOCB5llUCI!a pa6oTa [972] IIO CHIITC3Y HOBh!X COC,[(H-

111.:1111M, B KOTOphiX OCYli!CCTilJICIIa KOM6l11IaiJ,1151 II11p11/:U1HI1Cil0f0 11 IIHpa30JII1Jih-

110fO <]lparMCIITOB. UcncBbiC ncu~cCTBa (1408) crmTC3HponaHhi no cxcMc 626 
113 ]-ai(CTI1JIIIHp11ii1111a IIYTCM Cfll KOIIJI.CHCaq!111 C ai(CTiUTCM ( l a) C ITOCJICJIYIO­

II!Ci\ pCaKIIHCM C l'11Jipa:miirHJ(paTOM ,[(0 f111pa30J!I1Jlhll0f0 Ilp0113BO,[(I!Of0 (1409) . 
,l],aJICC --- pcaK!(l15! (1409) C l!CfllaJIOCIIOpHIIOBhiM 11l!TCpMCJil1aTOM (1410) C o6-

pa10il<llll1CM 60J!hll10i1 rpynnhi COC)l)1IICIII1M CTJ1YKTyphi (1408). 

0 ctMo 
N 

CxeMa626 
0 R 

~NMe2 Nzf4·Hz0 
MezNC(RXOMe)z, ooc 

+ 

0 1YII S 

- (0C( +H>'js 1,~. ::n0==t 
1409 CDOSiMe3 

irNOMeH :tJ ~ 
N ~ S "'::::: 

• N I+ ~ H,N~S )~f~N b 'N 

CX)() 1408 R 

flOJIY'!CHHb!C COC)U1HCHH51 IIp051Bl1JIH IUHpOKHM CilCKTp aHTJI6aKTCp11aJib­

HOti aKTHBHOCTH in vitro, HO He HMCIOT 51BHOfO IlpCHMYJll,CCTBa nepeiJ aHTII6H­

OTHKOM uerprrHpoMOM (cefpirome) B OTHOllieHHH MRSA. 

I 
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NOMe H Q 
,,jr~:f=(l )J 

H2N~S O ~ 
:Qeif>IlHJlOM (X)()-

J1J!fH6l1T0pb! H/!CpHhiX CCpl1H/llpOTCIIHKHHa'3 ( <})CpMCHThl, KaTaJJH3HpyJO­

Illi1C <!Joc<!Jopi!JJI!poBaH!1e MoJieKyJibi-aKIICI1TOpa up11 noMOil!H AT <I)) - 'IJJe­

HOB <}lOC<fJ3L\HTIIJJI1H0311TOJIKI!Ha '3HOfO ( qlOC<}la!li1Tl1Jl HH03llTOJI H 3TH flj)OIBBO,U­

HbiC B IIJI33MCIIHOH MCM6paHe Hrpa!OT UCHTpaJJbHYIO j)OJJL B Cl1rH<l)]hHOi:i 

ncpe,lla'IC y ::-JyKapliOTOB) CCMCJkTBa paccMaTpl1BaiOTC51 KaK pa;J.J103aJH!1TilbiC 

cpC!JCTBa H fiOTCHUllaJJbllbiC npenapaTbl ,llJJ51 JIC'ICHH51 3JJOKa'IeCTBCHHb!X ony­

XOJICH. Cm-ITeJ noTCHUllaJJbHhiX 11HrH611TopoB (1411) ocyu(ecTBJieH !973] no 

CXCMC 627. 

NC 

CxeMa627 

OMe OMe 

0 0 ¢ ~ ~ NMe2 0 ~ 

o-rn, ~ o--rn, 
ta, ~ci>A, 65°C ai2(CN)CDNH2 . ~ . 

Jl 

OH 

Mn~ 

NC 

)W cl>A, 25 "C 

MeONa, 

)Wei> A, 95 oc 

0 
II 

rno NH2NH2 

OMe 

0 Q 
o-rn2 

CF3(X)()H 

0 

N 
~ 'NHz 

Pa3Bl1Tl1C IlO,UXO!JOB K IT011CKY !lpyrliX KMHa3 - Ili1KJJI1H33BHCI1MblX, KOTO­

pblC OTBC'13JOT 33 KOHTJ)OJJb pOCTa HOpMaJJbHbiX KJJCTOK ll HBJJ5!JOTC5! MlllllCHb!O 

L(JJH 11Hfl16HpOB3Hl151 ITOBbllllCHHOH liX !1pOJJ!1<l-JepaUI111 11 COOTBCTCTBCHHO 

o6cCIIC'ICHI1C CCJICKTliBHOH r116CJJI1 OITYXOJICBbiX KJJCTOK, 51BJI5ICTCH rrpc,UMCTOM 

113Y'!CHI1H B [974]. B :noli pa6oTe c rrpHMeHeHHCM o6bi'IHhiX MeT01lOB aueTaJJh­

HOro CI1HTC33 peaJII130B3H IIO,[IXOL{ K IIOJJY'ICHI110 HOBOH cep1111 11MI1,[{330-
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fJ ,2-a j riiiplUHHOB. KilK IlCJ1CITCKTHBHhlX l1HfH611'rOpO!l llpC,il,CTaBHTCJlCH CC~IC(l­

CTBa CCpl!H/rpcOHl1HOBhlX K11WU. 

flOBhllllCJlllblC lipOll'yKIUHI 11 :JKCDpCCCJHI pC!lCI1TOpOB Jllli~\Cp~!<L'lhl!OIO 

!)OCT\lllilfO <]l:!KTOjJ<l pacot:lTplll;acTCH KaK rrpwn!Ha Mfl0f11X Bl1}JOB p:lKa y 'IC· 

•wBcva. B I1CCIC/lOKtHI1Jt !9751 nonuaHo, 'ITO rrpm1JBO!UihiC aHliJJHHo!1.7!Ha­

l!rritp11;!11JrOB 'lil~ICriiO fiOJJCC aKTHBllhl B :JTOM OTHOJJIClfHIL '!CM pal!CC H3y­

'!Cifllh!C jl.X jJI:Hjrniplli\II!Ihl. Ha cxe!>IC 62iS. c. 434 noK:naH cimTn al!HJmHo-

11 ,7jJI:HjJTII]Jil.'li11!0Jl ( 1412. 1413) C 11pi1MCl!Clli1CM dlll'T<!ji}J ( l a). 

I loBJ.Ii1 ptTIIOCCJlCKTIIBJihli1 OJUIOKOJJGOHhiH CIIJITCJ ( E )-pCTI1I!OCBOI1 Kl1C-­

IOThlll CC illl:JJ!Ol'OB (1414) J1<ll[l<lOOTallJ1l Clla!\111l!O'J(jJIIpllOJ'O CHl!TCJlla (1415) 
I <)7(1 1- 1\:IJII!Ot:B;IJ[ Kl1CIOTa -- ropMoH, KOTOphii1 OTBC'I:tCT ·3a 'JKCIIpecci1IO rc­
liUB B KO)J(C 11 flLT)'!!Hpyc-r CIIIITCJ GcJJKOB, HcoGxomtMhiX /L'IH pocTa HJJII ,L~,wiJ­

<llcpciiiJHaitHI1 KJICTOK. lj!il/11'-pCTliiiOCBaH KHCJIOTa (E) OOJl3)laCT Cl'JICKT!IlliiOi1 

fiHOJIOI'H'ICCKoi1 aKTIIBHOCThiO l!JI5I HopM<tJihHoro poeT<! 11 i\!HjHjlcpcHUl1<H!1111 

'!llltTC.'ll1ll. lfll.'(Yl!Hp)'CT ;!I!llllTOJ )]CHKCMH'ICCKI1X KJJCTOK, MC!lHHpycT ll<lj)iiK]lllll­

llOL' J!ciicTB!Il' <jlaKTOpa I!CKJ1C)'J<t OIIYXOJ!di. 06Cy)](lJi\C~!blH CHHTC:l llpl!BCHCH 

Hil OCMC 62lJ. C. .+)') 

CiuncJ (!Hlci!JopitJIHJlOKIIII!JAX XHIIOJ!il!IOB -- x Il!JO.'II1H<lJoccp;nwKcJ1,'IOH 

(1416) (\]I[IC<HI (C\l'\ta (J30, c. 436) B I'J77j. 

r!nc-rpOCIII!C llllj)ll.'Ull!OBO!'O l\HKJia l IO)tjlOflllO IJCCJIC)!Oll<lHO liflll HCIIOJllr 

'30B<llllll1 ClMbiX p;n_1li'!Hh!X l1CXC';111b!X COC'-IHI!CllYii-i, HMC!O!Ul!X B COCC.l!IHX 

!IOJIO)](CJIIIHX 1'eTCfX1tmKJ!a nepBW!HYK) aMHIIOfpynrry 11 KeTOilllh!H rjlpan!Cl!T. 

PcaKLU1H raKJ1X aMIIHOKeTOHOB c arvllll\- 11 JiaKTaMaueTaJI>IMI! npt!BOJI.IIT K o6pa-

30B~llii1IO KOII;J,CilCY'POBaliHbiX rrapl1JU1HOB (1417, 1418, 1419). B Ka'IeCTBe rrpH­

~tcpou t!pHBCilCIIhl KOII}[Cl!Gll(lll1 2-aMl1H0-3-0-~10p6cH3011.TITJ10(jJCH<l ( 1420) C 

3MI!)la]\CT<UI>lMII II 3-<ll\11!!10- 2-6el!30WI6CH30<l-JypaHa ( 1421) C TCMH .iKC aue­

L1.1>lMll 11 :rH::-JTILialleT<L1CM 1-~tcnvmHppo.iiHJlOWl-2 ( cxcMa 63 L c. 436) [985]. 

Cpew1 11M vt;[a 10 [ J, 5-a ]lll!j)IIJ1HIIOB HaH)lCI!bl BLICOKOCITCUH<jlli'IHh!C mirH-­

(il!TOj)hl Tpo!>!6uKe<lH-ArcHHTCTa3LI H apoMaTaJLI ( CM. cxcMy 517). Cmrrn 

COC1Utl!Cl!I1M JTOT'O TI!l1a (HllfH;'H110[1.5-a]m1pHil,l1110B (1420)) 113 ITp01!3BO;''(I!hiX 

l!llpll;(I!jJ-2-a\mHoyKcycHoro ·,Hjmpa (1421) 6oJlee non:po6Ho npeacTan:IeH Ha 

CXl'Me 632, C. 437, [765]: i\H(UIOfH'IHhlC CIIH'IT3bl l1M11}J,a30J111HOH 0!!)'6ni!KOBa­

l!hl B paGOTc [987], 

2-A:\Hl!IOOCIIJH~!HJJ,a30:I ( 1422) np11 B3aHMO;J,eilcTBHll C eHaMl1HOKCTOHa­

MI1 ( 1423). llOJI'ilJCHHhlMH KOHl!eHCa!ll!CH aMHLJaUeTancii C 3aMCIJJ,CHHhlMH 

arrnocpcHoHaMll ( 1424). ;J,aeT rmpiU(06CH311Mll;~a30Jihi (1425. 1426) 19891. co­

OTHOll!CHIIC KOTOJ1h!X '3aBHCHT OT TOfO, KaKot\ aMHllaUeTaJJb 6hiJI 11CI10olb30B3H 

npu flO!lY'ICHHH 1423 (cxeMa 633, C. 437). 

PcryJI>I!liUI )](1131ICllC}JTenhHOCTH opraHH3Ma B JHa'Il1TCJihHOi1 Mcpc onpcnc­

:mCTcH ncpCHOCOM '!epc3 MCMGpaHbl HOHOB KaJILl(l-151. f1pOHHKaH B KJICTK!f, OHH 

3KTH!mpyKn HH)TpHKJlCTO'IHhiC 6lto'_mepreTII'--ICCKIIC 11pOUCCChL Ji~eCh Ba)](HCH-

I 
I' ,, 
ii ,, 

I 

------------------;"liWLallMiilll-· ------------------· 
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E 
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1) n-Buli, Me2CH2CH2NMez 
F120,-78oc 

CxeMa628 

F 2) cyxoll: COz 
~ 3) Me3SiCHzN2 FUCOOMe n-BuLi, MeCN F~CDCHzCN 

N~ 
NHBoc 

~ I -78°C 

N:::,.,_ 
NHBoc 

N~ ___l! 
l'iHBoc 

J(), -0 R I 

mNH R'NHCH2CH20Na'CCNHr _..,:;; 
F CN 0 CN 

Tf<I> _r ~ ~ 
R'HN N:::,.,_ I ~ 

Fcio ~ CN l)POC13 

- 1 2)ArNH2 

N:::,.,_ 

R' 

N 
H N N 

j 1412 
R"NH2 ~ 

NH~ 
R"HNdrCN ~ ~ 

N:::,.,_ I J 
N 

1413 

CxeMa629 

R'~moMo 
la 

95°C, 
O'ITOHKll 

cmqrra, 
J8q 

Mo,N ~'-. 1 .CUOMo + Mece Me J 
r ~ ~ Me 

R COOMe 

1415 l Me 
R' 

#'-- ~ - COOMe Me Me 0 R' :/"' T I MeMgBr ec~ Jl ___.__, _L -
R COOMe "-"Y"" ~ y J COOMe 

1) KOH 2 j 2) HCJ Mo R <XlOMo 

COO Me 

Me Me 

I Me R 
MeMe~~___.__,_L_ 

Cc"-"Y"" '-._"'y"' y ~ COOH 

1414 R
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CxeMa630 
0 

R' II 
XJl j 

PPhz Me2NCH(OE'in 

!::, TOJIVOJJ. 9()°C 

R N R" 

0 

Mc2NGI(OEt}z 
!:::. 

NMe2 0 

R' XII ~ PPh2 

R~ N R" 

lT~eyo,, 150"C 

() 

R' II 
Me2NCH(0Et}z nxPPh2 

~:::. I 
Torryon, R / :::C...... 

484 N R" 

R' II 
XJl 

PPh2 

+ 

R NH, OjR" 

~ I d:o c1 

S NH2 

1420 

1421 NH2 

CxeMa631 

1417 

Me2NCR(OR'h .. 
CXOEt 

~ r OEt 

~e 
-;:::: 

1416 

N'Rz 

NMcz 

4.2. JJJecmu~,?eHF!bte ?emepotiUK.'lbt 

CxeMa632 
CDOEt crNH 1a, TOJJ.)'OJI, 

2 .. 
T. K!IIT., 1,5 q 

1421 

[ CDOEt CDOEt J 
c*lNM~ ce~NM,, 

/Me2NH CDOEt 

CC:., 
CxeMa633 

437 

x{}R-Me 

Me2NC(RX/ 1424 

0 R 
H ~- IT ~ AcOH,6 FYN)-Nn, +x~---QNMe2 ~-N fj ~ 

1422 Rb-G _ X 

- r; ~ + 

~ ~}- - X ~N;rR 
~N ~N 1420 1425 

llil1C OHOX11MW!CCKUC (iJaKTOpb! - :no cpocqJOpl11UipOB3HHC OCJIKOB H TpaHC­

cpOpM3UHH AT<D n uAM<D c Bb!J~CJICHHeM 3Hepml1, oTCIO!.l,a- HHTeHcHcpHKa­

L\II5! BH)'Tp!IK.HCTO~lHb!X MCT300JIH'ICCKIIX IlpOl[CCCOB, IIOBbiUICIIHC cpyHK.[[HO­

H3JibHOii aKTIIBHOCTU pa3JIW!Hb!X OIIOJIOH!'ICCKII 3KTHBHbiX BCUICCTB. lfOHbl 

K3JibUH5! IlpiiHIIl\faiOT Y'I3CTIIC BO MHOfHX cpii3HOJIOfWICCK.IIX llpOl[CCCaX- Mbi­

UIC~UIOM COKpaWCHHH, CCKpCTOpHOH 3KTHBHOCTJI KJICTOK, HCpBHO-MbllliC'IHOH 

rrepC,!Ia'le, (PYHKUHII TpOMOOUHTOB. DepeHOC KaJibUHCBbiX HOHOB B opraHH3-

MC npOTCKaCT qepe3 T3K Ha3b!B3CMb!C <<MC)JJICHHb!C KaHaJib!>> ( <<ObiCTpb!C>> Ka­

HaJibl IIpC)[H33H3'1CHbl ,l[Jl}[ TpaHCfiOpTa 2\P)'THX HOHOB) II KOHJ<.YpCIITHOC OJIO­

Kl1p0133HHC 3THX IIOTCHUHaJI3aBHCHMb!X KaHaJIOB MCMOpaH KJICTOK MIIOKap)[a 

(Kap)[HOMHOUIITOB) IIpiiBO)[liT K 3KOHOMli3aUliH 2[C5!TCJibHOCTII MIIOKapna. 

KpaTKO paccMoTpiiM JieKapcTBCHHbie cpencrsa, BX02\5IWHe B K.Hacc TaK 

Ha3b!BaCMbiX aHTafOHHCTOB HOHOB KaJibUWI, K KOTOpb!M OTHOC5ITC5! IIpOH3B02[­

HbiC 2\IIfl12\pOIIIIpl12\J.IHa - HIIcpC,l\HIIIIH II cpopH,l\OH. 

!. 
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HmpC,lHTIHH o6JiaJ.IaeT c.rw6otl aHTHapHTMWlCCKOt't aKTHBHOCThiO, HO cy 

WCCTBCHHO CIUihHCC CHH)J(aCT IICpWpCpWlCCKOC COC:\'JjllCTOC COTTpOTIIBJiei!HC 

l1 JHa'mTeJrbaee yMeHblll<lcT apTepHaJ!bHOe LiaBJ!CH!1c. cDopruoH 6:unoK no iieii­
CTBI1JO K HlicpCl!I1!111HY, OK<Ub!BaCT fl1!10Tell311BHOC, COCHMO;IIJTH'ICCKOC 11 KOp0-

HapopaCUH1p5!1011JCC JJci1cTBHC. 

Cl1!ITC3 L4-,J,Hl11,1lpom1pH)U11IOB (1427. 1428,1 ocyH!CCTH;Icii cunaciio cxc­

MC 634 [993]. 

CxeMa 634 

CDOH MeCDMe,~ () O)rph rn"''1Aa ~0~ Olr Ph RNHz Ac2Q ,u,m•v T. KHII. . ---< AeON a Me N Me
2
N -~ N HOH, Hq 

NHCDPh T. Kinr. 

Me ~ I 

- cto oyPh Mea:

2

N 
0 

toMe 

/~ N # NHCDPh 

R_,... N y 1427 R_,...N Y 1428 

fJIHKOI'Cil Cl!HT<na KHH,na (GSK-3)- cepH!!TpeOHI!HOHa51 KI!Ilil"la, OTBC­

'IaKJill(l5l :.>a KOinpoJtb rpyllllhl pcrymnopHbiX 6CJIKOB. cnoco6Ha5J tjmc<jJOpH­

nHpoBaTb 11 11HaKTJ1BHpO!!ilTb CI11!TC'3 rJ111KOI'Cil'l. fJl!OK03a 5!ll;[5!CTCH OCI!OBIIhfM 

TOI1JII!BOM 60,1bllli1IICTBa opraHI1'3MOB, r)(C Olla '3aiiaCaCTC}J ll BHtiC LfJI!KOI'CIIa I1 

JTCfKO M0611]1I13YCTC51 11pH IIC06XO)~YIMOCTJI 'JHCpfeTTI'ICCKI-IX 1<:rrpaT. nocTyna5! B 

llC'!Cilb 11 Mhlllll~hl, L1K)K03a HaKaHJUfBaCTC51 B BllflC fJII!KOfCHa IIC'ICI!I! - OC­

HOBHOfO pe3CpByapa fJl!OK03bl, KOTOpa5! OTTylla fiOCyYI1aCT B KpOBb. MhTlllC'!HblH 

1Jli1KOI'CH, pacna):La51Cb B npOUCCCC J'J111KOJIH3a. CflYA<.HT 11CTO'IHI1KOM :mcprlll1 

}(1!51 MhlillC'Il!OfO COKpall{Cill1H. Yr.riCBO)lbl, COCTaBJT5!JOWJ1C 3H<FIHTCJ1hii)'K) 'laCTb 

palJIIOI!a 'ICJIOBCKa, 11CpCBapHBaJOTCH B A<.CJIYllO'lHO-KIJIL!C'illOM TpaKTC (llpO­

UCCC 1111li!CBapClll151 Ha'!HH<lCTCH C pOTOBOM JIOJ!OCH! H :>KCJiy;(Ka, a K\lHC'Illb!C 

JTa!lhl uepeBap11BilHW! 11!IWH II l3CaCbiBaHI1C B KpOBh o6p;nyiOWllXC5! <jlpar:-.teH­

TOB npoHCXOJl)!T B TOHKOM KI1IliC'IIIHKC). noHCK IIHri!6I1TOpon GSK-3 OCTaCTC}J 

aKTY<LfJbHOM 3a)la'ICH l! l!a perHCHHC :noii llp06rtCMb! HaupaB,lC!IO HCCJICiJOBa-

1111C !994!. 1/IC nponC,1CH CHJITCJ 6-apH-rtmtp<noJio [3 .4-b I rmpH/THilOB ( 1429) 
(CXCMa 635). 

LJ.cpC3 npOMC)J(y-TO'IHOC o6pa:30BaHHC CIIaMiii!O:..JCjJHpOB ( 1430) rrpOTCKaeT, 

no-BJW:HMOMy, o6pa:mnaHue nHpa.uo[3,2-b ]I-!1Jl!OJ10B ( o-Kap6mnmon) ( 1431) a 

;(<:lJiee 11x aHHennpoBaHHbiX TIHJXIHOHOBbiX npowmon.HbiX ( 1432) [991; j. OcHoB­

Hbll\111 IICXO!H!h!MH COC,UHHCJIHHMll 1J,l51 'JTHX npeBpail(etiHit TIOCJIY)KJL1l1 3-ap11-

."lcL\1HHOHII~\OJ1bl (1433), UOJIY'ICHHb!C l!J [-a]JCTI!JH!ll}JOKC!1.'ld (CXCMa 636. a). 

4. 2. Ulecmu<tneH!fbte zemepol(Uf{,1bt 439 

1) 1 a, )l,M <!> CxeMa 635 
2) A, T. Klfii 

O
COMe CH2(CN)CONH . MeCN, sooc 2· MeONa, 

McO ~ J 
MeO~ 

Br --
MeO 

1) BBr3, 25"C, 16 'I 

2) ~COC1, 
Py, T. KHII. 

• 
HO 

CN 
I) POCI3, )J,M <!>A, 

T. KHII. 

0 2)N2J4·H20, 
T. KHII., ]2 'I 

• 

MeO 

CxeMa636, a 

NHco-<J 

CN 

N-EpOMCYKII.HHHMH.LI, 
)J,M <!>A, T. Kllll. 

0 

NHz 

OO
NHAr 

POCI3 

N ~~KHII. 
H 1433 

Oc0
N~2CDOEt .. 
I CI-

H +NM 

Ar 
I 

-- --CcCXMeH+ 

~ CDOEt 
1430 

NMez 

.( HCI -

e2 

Ar 
I+ CJ-
N Me 

~y Me2NCH(OFi)z 

~N~CXX)Et 
H 1431 

0 

0 

)lpyr11e I1HpaHOIT11plillliHOBbiC np0113BO):\HbiC ( 1434, 1435) TaiDKe llOCTpO­

eHhJ H3 CHaMHHOKCTOHOB (1436) !10 CXCMC 636, 6, C. 440 [999]. 

BTopWIHhie eHaMIIHOKCTOHbi ( 1437) npH B3ai1Mo;xei:J:cTBHI1 c aKpi1JIOI1JI­

x.nopHI10M majJKO o6pa3YJOT l'KfJpHpOBaHHblC !1pOH3BOJJ;Hb!C TIHpH;:I:OHa-2 (1438), 

I 
I I 
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CxeMa636, 6 

0 Me Q)C;o ~NMez 
la 1 (X-y---~ ~ O~Ac~-NHt ~ 1436 0 R 

0 R !NH20H ) ~ R=H, Me, Ph cx;Q< 
C(Q~ I N 

~ 
N"-o R 

1435 0 R 1434 () 

KOTOphlC )\aJICC BCTYII<l!OT B pcaKIUfiO C )I,WJTHJI<IIJCTaJICM )I,HMCTHJial\CT<IMII/1<1. 

B jlC'l'y"JlhT;JTl' KOTOpoii 'laMb!KaCTOI 6CH'l0Jihii!.IM llHL1 C o6p<noBaiiHCM :laMC­

IIJCIIIIhiX LIJifl!)ljlOKap6ocrHpHJIOB (1439) ( CXCMa 637) [ 1 ()() ll. )ji,CCh IICpBOHa­

'!aJihHO IIpOTCKacT N-aKpHJ1011JI11pOB<Hme cHaMHHOKCTOH<t. :>aTCl\1 aJIKIIJilipo­

BaiiHC !10 CHaMliiiOBOl\l'y" [)-IIOJ10)!(CH!1!0 C 3aMbiK<HIHCM JiaKTaMHOfO IJIIKJJa 11, 

IIaKOIICI(, KOH)lCHGliUIH clllCT<lJIH TIO aKTIIBI-IpOB<liiiiOii MCTI1JII,J!Oii rpVIIIJC H 

o6pa·mnam1c 'ldMCIUCHHoro 6einom,noro KOJJbll<L 

CxeMa637 

Me
2
NC(MeXOF1)2 Me -RCJI4NH Me CH2 =GICXX1 

PhCOMe ~ P 2 ~ COPh COPh 
Me

2
N p-R{1;H,;NH :-/ 

1437 
Ph 

Mo,NqMoXOR), ro 
0 N NMe I z 

{1;H4R-p 1439 

Me 

~~x:rO>~ 
1438 

Li,HKTII13aU11H IHlp11)UIHOBhlX li,HKJIOB Ha ocmme CH<lMHIHDcjH1pOB npHBO­

)J>IT K pa3Jlli'!HhiM anl!eJIHpoBaHHhiM reTepOUHL1aM II 0021, TaKI1M KaK npmn­

BO~!Hhie i13<1HH)10JIOB (1440) [1003J HJJH 1,6-HacjJTHpH)lHHOB (1441) [1004JH 

,r~;pyrHM reTepOJI,HKJliiM, K<IK HanpHMep XI1HOJ10HaM ( 1442) (CXeMa 63i\) [] 005]. 

TaKOH )!(C TI1IT KOHCTpyHpOB<lHH5! KOH)I,eHCHpOBaHHhlX ITHpH)UIHOB OTIHCaH 

B rry6JIHKaiJH5!X [I 006-1 008J. )lH-N -OKHCH KOH)leHCHpoBaHHhiX I, 7 -uarfnHpH­

AHHOB (1443) CJJHTe3HpOB<IHhl '!epe3 eHaMHHOKCTOHHbiC llpOl!3BO)I,HbJC (1444). 
)lJJ5! TIO.JJyqCHHOfO ( 1443) ITOKa3aHO HaJJH'!He HeKOTOpOH aHTHMHKOTHqeCKOH 

aKTHBHOCTH (CXCMa 639, C. 442) [1009]. 
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CxeMa639 

.. 

-
B paGoTc ]1010] pa:JJJI1'1l!Oro THna CI!al\ll1IIOKCTOI!Lr rm!pOKO Hcrronr.3oBa­

Hbi JVI>I Cl11ITC3a I!Hpl!HOIIOB-4. B K<l'ICCTBC rqmMepa IIJHIBCJ(CM pcaKl(liiO 

r)-,IU!KCTO!IOB ( 1445) c aucraJICM (I a), pe·3yJJbTaTOM KOTOpoii )JB_:I)JCTCH oGpa­

"JOB<llli!C COC}U1HCII!1ii (1446), COi.(Cp)!Gll!ll!X B CBOCM COCT<lBC ,'(BC Cl!al\IHIIOKC­

TOHIIbiC !'j))'lllll!pOBKl1, Y'I<ICTI1C KOTOph!X B 1111jJI1/]JIIIOBOii lll1K,II1Ja!~lll1 1Ip11-

BOmiT K 3-awL~-5-apl1Jifll1Plt.ilOHaM-4 (1447) (cxel\ta 640). 

CxeMa640 

nDMezNCH(OMe)z 
la 

~ 
R R' R 

1445 

0 0 l)MeNH2 
2)HC1 .,. 

R' 

- 0 0 1446 Me2N NMe2 

R R' 

1447 

rJOIICK HOBbiX TcpaiJCBTf1l!CCKIIX arCHTOB i.(JlH JIC'ICHIIH TpO~!OtJ'1!\100.'ll!'ll'C­

KIIX OOJICJHCH (TpOM00'1\100J11Ul -- COCT051H11C, npH KOTOpOM oGpaJoBaBilHiii­

C>I B KpOBCHOCHOM COC}'i.(C TpOMO OTpb!BaCTC>! OT CTCIIKII cocyna, !1CpCilOCHTC>I 

C TOKOM KpOBH 11 3aC'I'jJCBLlCT B i1JJY!'OM COCYi.\C) Y)KC rrp1113CJI K CHI!TC3y HIITCpc .. 

Cllb!X B ::JTOM OTHOI![CIII111 Hllri16HTOpOB THna (1448 ). 

f;t Me 0 UMe ~ ~ N ~ ~'N ~~ I ~ H ""- NH, 0 
1448 • 

4.2. lllecmu'l!lelillble <emepol{UK!Ibl 443 

B pa6oTe [I 0 11] H3y•reHa B03MO)I(HOCTb Cl1HTC3a coe).(HHCHI1ii rro).(o6Horo 

Ti!fla C I!pHMCI!CIII1CM 3l(CT<UI51 (1 a) (CXCM3 641) . 

CxeMa641 
R' R' 

MeyR' 2)0zNCH2CX)NH2, ------ ------• 
I) la, TsOH (KaTaJIH:mropy: J(X 

menn mmepHt~ID~a NH • N CDOBu-t 
0 OzN H2N ............... 

0 0 

___ :Q~.,N_ rr:cL:N 
H~N....., H II 

0 :::::-....~ 
NH2 

Y/Kc oTMC'I<L~oci>, •rro manur,rii 11Hn16HTOpHbtii McxaHJ13M B UHC ocymc­

CTBJI5ICTC>I 'lCflCJ r AMKA l1 fAMKcpcucrrropHbiC KaH<Uihl II MCTa6oTpOriHblC 

fAMKg-pCUCIITOphi fAMKA-pCU,CfTTOpHhiC cpyHKUHH CBHJ<!Hbl C MODYJJ511\11CH 

TaKHX COCJ!IlliCIIHti, KaK 6apOl1TypaTbl H OC06CI!HO 6CH30i.(J1a3Cili1Hbl, KOTOph!C 

Bh!Jb!Ba!OT p<nJIH'IHbiC OTBCTh!, BKJJIO'IaH Wlli!CHCHJ1C IlOBC;lCH'lCCKOH aKTHHJIO­

CTl1, BO lHHKI!OBClHIC cy,·wpor, CC)(a]JH]{}, \!0/J:yJI>!L(HIO KO!'IIHTI!BHb!X cpyHKUHH 

II HacTpOCJIIHI. DOJ!bllll1HCTBO r AMKA-PCUCilTOpOB B M03fC COllCp/KaT 60Jibll!OC 

'll1CJIO C)'O'bCJlHHl11~ (U-, ~-, y- 11 !\p.) 11 CfTCUI1cpl1'!CCKl1 CB513b!Ba!OT /.(llaJCIIHHbl. 

XoTH uperrapaT n11a3enaM 3cpcpeKT11BCH np11 JIC'ICHI111 TpeBO)!(HbiX cOCTOHHHii, 

011 Bbl3b!BaCT p51;1 fT000'1HbiX 3cpcpeKTOB, TaKJ1X KaK CCJ(aUI151, aTaKCI151, !10TCHU11-

pOB<IHHC iUIKOrOJICM 11 pHCK TOJiepaHTHOCTI1 l1 3aBHCI1MOCTI1 OT XpOHW!CCKOfO 

np11MCHCHI15I. MeHee Bbtpa)I(CHbi no6o<JHbie 3¢cpeKTbi y coe,l.(HHCH1151. ( 1449). 

Cl 

CI1HTC3 TaKoro THila COCi.\Hl!CHHM (1450) OCYJl-lCCTBJJCH 110 CXCMC 642, C. 444, 

B [1011]. 
Coe11HHCHI1>I (1450) IIpOHBHJJM BbiCOKoe cpo,l.(CTBO K 6eH30;J.I1aJemmoBo­

MY peuernopy, :cHpQlCKTHBHbl K MOi.(CJll1 TpeBorH, BBCi.(CHHC HX He rrpHBO!mT K 

CC,ll3UI111 11 ITOTCHUI1pOBaHHIO 3QHlJeKTa 3TaHO,'la. 

" ! 

,I 
'I 

I 
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TBDMSO 

-:? 

~ 
N 

0 

I 
Ar 

CxeMa642 

TBDMSO 

Ia 
• 

TBDMSCJ = t-BuMezSiCI Me 

0 N-{ 
IT // , ) , Nail, )..J;M<!>A ) 

I)H2N~'S C 

2) DEAD, PPh3, Tf<D 

• 

Ar 

0 

• 
NMe2 

Ar 

SJl 

N Me 

I1llpl!i!OHhi-2 ( 1451) Cl11!TC3Hj)Ollallbl 113 t:ll<l\llllll nrjll!pOB ( 1452) H Cllil­

MlllllXIMH)JOll (1453) I!O CXCMC 643 [1014). 

CxeMa643 

NMe2 

Me>--<CN Me2NCH(0Et)2 j NH3 ~NH 

Me COOEt ~CN Me 0 
1452 Me 

CN 1451 

Me CN Me CN COOEt ____) NMez ~)Me2 

>=< Me2NCH(OEth >==< + ~ + 
• CN /CN 

Me CONHz Me CON--.._ Me Me NMe
2 1453 ~ ~ 

\..._ NMe2 CONH2 CON-- __/ 

Me~O 
CN 1451 

4. 2. lllecmu~;leHHble ?emep0/1UIC.·1bt 445 

Vl3)"'ICIII1C pCaKU11I1 CII<l:\!!1IIOJ!l1KCTOHOB C }U1JTIL'Iai(CTiL'ICM ;J:IIMCTIUiaUCTa­

~1l!)Ja [lOIS. 1016] noKa3<Lm. 'ITO nocJ1CJU!l1H BCTynaer B npouccc -~a C'ICT ua­
XO;lHutcmc>I B p~lBIIOBCCHil C Lll\CTaJICM fX-<UIKOKCHCHLlMl1IIa (~HO pa131!0BCCI1C Mbl 

\')!(C IIO""P06HO !lCOJli!OKpaTIIO o6cy)!('{aJI11). 06pa1)'10lljHC011!11CILll1LlMI1IIhl npe­

Bpa!UCI!bl i\iL'ICC ll pa3Jll1'lllh1C fCTCpO!II!K1U. 13 TOM '!HCJIC H B KOH)JCHCHpOBLlll­

HJ,!C I1!1pHJ\OIIhi-2. B Ka'JCCTBC npin!cpa :.JTol:r HOBOti Hco6b!'II!Oi1 pcaKuHH ua 

CXCI\!l' 644 !!pllBl'J\CII !lj)OL!CCC Jfa OC!!OBC fiCpBWIIIOfO CllaMJ11!a (1454) C o6-

pa10BLli!Hl'/o.! !!pOMC)!(YTO'lllb!X i\IICII)(li<IMIIIIOB (1455, 1456) l1 )[aJICC TCTpa­

rl1)\pOXH!IOJIOI!a (1457) 11 6crnormparrol!a (1458). 

J('' 
o....... /JJ 

Me Me 
1454 

CxeMa644 

CH3 
I 

MczNyNMe2 

Me2NC(OEt)2 

+ 

1l - Jl 
Cl!2 
II 

Me2NCOEt 

o. ...... ..-0 

Me· Me 

O 6 ~10%HC1 

~ 

Me 

Me2NyN=< 
NMe2 

+ 
0, A /0 

Me Me 

6 ~ I~%HC1 

Me~r-.~457+ 
Me 0 0 

Mob)o 
Me 1458 H 1457 

Y )!(C JIHCaJ!OCb 0 TOM, 'ITO ll~UlH'HfC ll ~10~1CKYJJC J(Byx Clli1Ml1HOKap6ol!JL1b­

l!LIX <lJparMCI!TO!l 06CCJ1C'UIBaCT YCJlOIHIH )!_.,1}! KOliCTpyHpOllal!!l51 l1Hpl1J(OHOBOH 

c-rpyKTypb! (CM. C\:t~\IY 640). Tio JTO.\IY HYTH nowmJ II illlTOphl pa60Tbl [1017], 
KOTOp!,JC HHc.:m iUDljH!p OKC0)\11K!1CJ10Tbl ( 1459) 13 pCKl!HIO C aMHJ(ill~CT<L'!CM 

(1 a) 11 11'JY'IHJ!l1 l!Hj)H]l}ll!OllYIO !li1KHI1'laL(I1!0 IllJJl)"ICIIHOrO )U1Cl!aMIU!OKCTO­

lla (1460) 110;1 B03).(cfkTBlJCM pa31WI!lb!X aMHl!OCO,clCp)!(aHmX pcarCHTOB ( CXC­

Ma 645, C. 446). 

LI,HMCplnaumr CI!.lMHHOKCTOIIOB llpH Kl1TIW!CHI1!1 B YKCyCHOi1 KHCJIOTC C 

nOCJICJlYIOIU11\1 IIarpCB<UIHCM C aHCTaTOM aMMOHl15! npHBO)ll1T K 3aMCIUCHHOMy 

m1pl1JU1HY (1461) (cxel\ta 646, c. 446) [l()lg). 
TpcTWU!biC CHaMl1HO<L1bJlCrMbi rmJIOJlbiioro p5!;-ra ( 1462) ma)lKO HHIGTH-

3YJOTC5! !IpH HarpeBaHIIH B aBTOKJiaBC CO CriiipTO!lbJM aMMHaKOM C 06pa30Ba­

I!HCM y-Kap60JIIIHOB (1463) 
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R(X)Cf!COOR 

0 

1459 

Me2N la N R' ______. y Mez 1 R'NH2 N 

R~460 0 1 OOOR ROO:' ('II 
HzNNH

2 
~CXX>R 

0 

NH
2 

N~ 

CxeMa645 

V
I Ia ~ NMe

2 

R(X)C 
J==\ a"': coo:m'q<=R 

~y-0-(~=0 0 
0 

~NH2 

HzN.--V _ 

0 

R_jl_Me 

COOR 

CxeMa646 

0 
Ia II AcOH 
_R__u_~-

R~N NMez 

1461 UR 

MeC00-NH~ 

• 
MezN 

0 

3aMCTHM, 'ITO TaKHC Cl!aM!1110aJib)l,Cfi1}(LI (1464), KOTOp!AC IIOJI)"!Cllbl rrp11 

B0'3)l,Ci1CTlll111 IIa HCXO,J)!b!C 2-MCHUI-3-<l_)Op!v!l1JI-5-miTpOH!UIOJlLI ( 1465), I!C ai]C­

T<UU! ,1!1MCTIIJI<l_lOpMaMHWl, a ai]CT<Ul>l JU1MCHIJiaUCTaM!1)Ja, rrp11 K11II5!'!CI!Hl1 B 

!Il1MCTl1JI<l_}OpMaMI1!IC npenpaU]aiOTC5! IIC B l111p11!!111!0BLIC COC!II1HC!III5!, a B CO­

OTBCTCTBYIDIIIHC rrpOH:lllOJJ:l!LIC Kap6aJOJia ( 1466) ( CXCMa 64 7) ( 10 19] 

B pa60Tc [1020] CHaMHI!03<l_}!1pLI (1467) np11 uarpcBai!I1!1 c !IHMCTHJiauc­

T<UICl\1 ,UHMCTI1JiaUCTaMH!Ia IlpCBparucHbl Il III1pii!IOHLI-4 ( 1468) ( CXCMa 648). 

C y<IaCT11CM CHaMHll03<l_ll1pOB B Ka<JCCTBC l1CXO!IIIb!X BCll(CCTB CHHTC311p0-

Ba!la 60Jlblll(UI rpyrrna II!1p11JIO( 1 ,2-a ]n!1pl1)IHHOB H lliiPIIl\0( 1 ,2-a ]I111pHMJ1gi1HOB 

(1021). I10!IXOL]bl K Cl1I!TC3y aH<UlOfO!l aHTH6aKTCpl1aJibHOfO rrpcrrapaTa TpH­

MCTOilpiiMa, KClK llOTCHUl1ru1LHbiX HHfl16UTOpOB <l_JepMCl!Ta <l_JoJJaTpCL\YKTa3a, 

4.2. JJJecmu<t;reHHhie zemepou,UK1bl 

CxeMa647 

CHO ~N'(t:( la 
I -

~ N Me 
I 

1!465 R _taB 

~NY'Ir----TI CHO 

• ~N~NMe2 
I 1462 ! NH:YEtOH 
R 110-120oc, 

MeN OEt 
2 )l,M<DA, T. Kim., 2,5 'I 

aBToKJJaB 

~N~----r(aiO ¥e 

~r~~" ~ 
1464 R ~ ~ n:o~ )l,M<DA,~ 

~N'Co)-...;::N 
I .,;; 

~ N 
I 1463 
R 

T. KHTI, 12 q ~ N NMe

2 I 
R 1466 

ROXNH' 
H COOEt 

1467 

CxeMa648 H 

NMe2 Me EtOVN *OMe 
OMe MezN • 

0 1468 

447 

Ta!OKC pe<L1l130B<lHbl aUCTaJibHb!M Cl1HTC'30M HC06XO)UIMb!X eHaMHHOKCTOHOB 

!1022]. CBCJJ:CHI1ll 0 CHHTC'JC HCKOTOpb!X IIOJIHUHKJIH'ICCKMX aHaJIOI'OB Kap,lll1-

0TOH11Ka .mu1prmoua ony6jii!KOB<!Hhi B pa6ow [ 1 023]. HeJ.IaBHo rr0,1)"'CHHhiH 

HOilb!II Kap)U!OTOHI1K MC,10p11HOH CliHTCH1pOBaH 06bP!Hb!M al(CT<b1hHb!M MC­

TOJ_IOM (1023]. 

QJ 
Me Me.n;opHHoH 

B pa60Te [851 J npiiBC!ICH xapaKTepi!biH CHHTC3 rrHpa3oJio[l. 5-a jnnp11JIM­

HOB (1469). 3!ICCb CJICllYCT o6paT!1Tb BHJ1MaHHC Ha CTallHIO 3aBepmaiDll(CH 

IU!KJIIBaUJfH, 6a3HpyiOlllC}iC51 Ha aTaKC (X-!lOJIO)I(CHl1ll CHal\fiiHa (1470) IIO aK­

TI!BHOM}' MCTifJJCHOBOMY 1BCHY (CXCMa 649). 

I II 

I; , 
:I 
jl 
,I 

,, 
I, 

II 
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CxeMa649 

NH2 )::1NH2 ~ ta ~ Me2N PhCDCH2CN 

oAN/N CN o N/N 

I y I 
Ph Ph Ph HNC Ph 

Et:ONa 

- NH 

N 
0 N_..... 

Me2N,.~N 
~ oAN ...... ~ 

I 
1470 Ph 

I 
1469 Ph 

YITO'-'Hil!CM TaK)I(C II BIIOJIHC OObi'lllhli1 MCTO}l, CIIHTL'"la Illlpll}(OJIOB-2. "l<l­

KJ!K)'!a!Ol!Uiiiul B KOH}l,CIIC<lljllll aM!I)JallL'T<lcldi IIO aKTliBIIOMY MCTIIJJCIIOBOMY 

"l!ICIIY (l-D.IIKL'TOHOB L' flOCJIL'J!YIOIJ!Ci[ pcaKI!IICii C lj!Ial!aUCTaMll)lOM Jl 025 j. 
2,5-Hitai!CTIIJlllllp<l"lH!lhl ( 1471) JJCI"KO B3<Ht:-10!!dicTByiOT C aueTaJIL'M ( 1 a) 

llpH MIIKponoJIJIOROM ofiJIY'ICHlfll c o6pa:loB<HillCM 6uc-cHaMIIHOKCTol!a ( 1472). 
KOTOpJ,Jt\ )(aJJCC l"Jia!(KO pcarHpyeT 11p11 Ha!pCB<lHJll! C 2- <ll!t'Tl!Jlllllj1liJU1JIOM 

(1473) C llblXO)l0!\1 K 2,5-6uc-(JU!fU!pll;(ll~1)I11!pa-li!WlM (1474) (CXCMa 650) Jl02Gj. 

J:
N COMe 

1 1a 

M.OC )Mw, 
N T. Klill. (Ar) 

1471 

-

CxeMa650 
0 

~cJ:N~~l (X~' 
I II N t NMe

2 

0 NMc2 -BuOK, Tr<ll 4 ~472 JaTeM o6pa6' ,li,HJI, 

N 
~ 

/./ 
N 

-...:::::: NH OTKa 
' 40AcsAcOH 

.....-;;. 
N~ 

1474 

N 
-;/ 

::::--... 

DponyKThi peaKmm HcmmecK)' [2R] (c nocJICt\YIOIUHM 0-MeTUJJHpoBaHH­

eM) - 2-MCTl1;1-3-apol1JI-5-MCTOKCH6CH30cpypaHbl (1475) - ripH KOllll.CI!CaiUIH 

C aUCTaJICM ):(HMCTlUiajJCT3MH,Ua J!iliOT eHaMHHOKCTOHbi (1476), KOTOph!C IlpH 

B03JICikTBHH 31\IMHaKa HJJH fH)lflOKCHJJaMHHa !lj)CBparuaiOTC5! B 11HpH,[(06CH-

30cpypaHbl (1477, 1478), a npn HarpenaHHH- B JIH6eH3ocpypaHhi (1479) (cxe­

Ma 651) [1027). 

4. 2. lllecmu'fileliHble zemepou,uK:lbl 449 

CxeMa651 

Me 

MeO'CclCOAr 1 MeO'CcJJ:COAr 
-;?'" I Me2NC(OEt)2 -;?'" I NMe2 

::::--... 0 7::::--... .... Me 0 Me 
1475 Ar NH3 / 1476 

MeO / I~ Ar 

NH20H·HCI 

Me 

~cOH 
Ar 1479 

NMe2 

MeO 

Me 

flcpmPIIIhii1 cHaMl!HO)flmp ( 1480) npu nponon.>Kl1TC.1hiiOM HarpenaHim c 

a[\eT<lJICM )(HMeTI1JJaJ(eTaMHJl<l npeBpali!CH B a.MH)lliHOCllilMliH (1481). UllKTJJ!'la­

UHci-i KOTOporo fi0}])"1 1Cl!O flj)Oli'lBO}UJOC Illlj)l-1;\0IJa-4 ( 1482) (cxeMa 652) [102flj. 

F3C~COOPt 

NHz 1480 

CxeMa652 

~e F3C 
Me2NC(OEt)2 Y'COOEt .. 
l00°C, 10... N~Me 

I t48t 
NMe2 

NaH, )J;M<l>A, F3C9o 
80-90°C 
---)lo~ HN 

1482 
NMe2 

0TMCTl1M, 'ITO pa3JIH'IHL!e l!Hfl1I!pOIU!pWUIHOBh!C ITflOH'3BOJ\HbiC, lfMCIOlUHC 

B !10}]0)1(CHilll 4 lii1pHD_HHOBOfO UifK.Tia aMHHO<!>CHW!hHhiii OCTaTOK, HOI! JieiicT­

BHC!-.1 aMJUiilUCT<UlCii: }]CfKO npeBpaii(<liOTC5! B aMH)lHHhl, a IlOI!llCHCTBHCM CHa­

MJJHcncjmpOB- B eHaMHI-I03qmpHhie rrpoH3B01IHhiC I ,4-J1Hri1i.IpormpH,LJJIHOBoro 

p5!J(a. Y•IHTL!Ba5!, 'ITO K '-!HCJJY ;_urnwporiHpiii!HliOBI,JX IlpOI13BOllHb!X OTHOCHT­

C51 6onhWOe 'IIICIO -~qHpeKTHBHhlX .1CK.apCTBCHHb!X Cj)CJICTB, Hai-i;1CHHhlC B pa­

OOTC [l029J TpaHCcpOpMaUHH MOf)'T OK333TLC5! IIO}]C3Hh!MH IlpH HOIICK.C HOBb!X 

JICKapCTBCHHhiX llpenapaTOB ::noro 11Cj)CllCKTl1BHOf0 j)5I)la l"CTCj)OIJHKJIOB. 

B 1lPYfOM HCCJie)lOBaHJm [ 1030 j ITpH one-pot-peaKJIHH KCTOHOB C Ilj)Ol13-

BOi.ll!hiMH fHilllypoBoi1: KHC}]OThl H}]I1 ee aH<lJ!Ofal\IH II 3MH)lal!CT3JI5!MH (IVIH 

OpT03<jmpaMH) CfHITC3HpOBaHhl KOHi.ICHCllpOB3HHhlC Illlj)OHhi-2 (1483), KOTO­

pLIC Ilpll B33HM01lCikTBI1H C pa3J!WlHhlMH 3MIIHO!lpm13BOI!HLIMH TpaHccpop­

MI1flYJOTC5! B KOHli,CHCilpOBilHHhiC f!Hj)H,I.UIHLI (1484, 1485) (cxeMa 653). 

II 
I 

:1 i 

Ill 
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N
OR' 

R + ~0 + Ia 

R NHCH2C::OOH 

0 

CxeMa653 

Ac20 
-R ;Q;X

o 

R NHCOR' 

0 1483 

II l NH, l N,14 f" 
ri(Nro ri(N'fo 

R~NHCOR'R~NH2 
0 1484 NNH2 1485 

II ponmooHyxoJiemHI aKTHBHOCTh rrpmnBO,LI,Horo aHTpaHMJW~IHJia C 1-1040 

6r,ma l!pOJICMOIICTpHpOBa!Ia Ha flj)Cll:KJIHHH'ICCKHX MOf(CJJHX, OC06CIIIIO )J,JIH :JJIO­

K<l'ICCTBCHHhlX onyXO!Idi llO/(lKCnyJ\O'IHOH )KCJIC:~hl, KHIUK!-I, MOJIO'IIIOi\ )J(CJinhl. 

AKTHBHOCTh ')'1'01'0 COC)J,I1HCIIIUI KOppCJIHpycT C HHrH6HpOB<lliHCM K<ICKa;]JWI'O 

nyn1 MHTOI'CilaKTHBIIIJOB<IHI!ll~l IIIJOTCHIIKHHa:Jbl (MHTOI'Cll -- JI!060C BCII(CCT­

BO, CllOC06HOC CTH:\1YJJHpOB<1Th H<I'I<IJIO KJJCTO'IHO!'O MHTO:l<l). ~(pyrot\ <li!Tpa­

HHJJ<l~1HJI AAL 993 omJcaH KaK lead compound Houoro CTpyKTypHoro KJJacca 

11If!'H6l!TOpOB KriH<l'l, npmiBnHKJllU!X CI!IIhHblC ai!TJ.1aHri10I'CHHhiC (aHfiiO!'C­

HC3 - o6pa30BaJII1C HOilbiX KpOBCHOCHhlX COCY)(tlll; 11IJOUCCC Hl'fJ<lCT B<l)J(HYIO 

pOJlb B pa3Bl1THH onyXOJ!Cti, CflOC06CTBYH HX pOCTy) H lliJOTl-!BOOllYXOJICBhiC 

CBOi-icma. Cl>JJKJ<lJCWl.\IHIIOBa5l KHCJIOTa- COCfi.HHCHHC, TaK)J(C llpHII<UVIC)J(aUJ,CC 

K pHfi.Y aM!1HOal!TpaHHJJOBbiX npOI13BO.fl.llh!X H 5!BJIHIOIUCCCH CIIJihHhiM npon!­

BOBOCllaJIHTCJibllblM arCHTOM, I1p05lBJJ5lCT CBOHCTBa CHJlbHOfO HHI'l-!6!-ITOpa KJIC­

TO"IHOM npOJIH<jJcpaUHH. 

rYtN"~oA~NHDcr, ~011 
,y~" u~ u;:, 

y ~J ~Y-.cr, 
CI-1 040 I AAL 293 KHCJIOTa 

I1CXO.fi.H 113 IIp!1BC.fi.CI!l!b!X .fl.aHHhiX, B pa60TC f l 031] IIpCfi.Tlp!1115lTO HCCJlC­

JlOBaHHC ITO MO,.U:IIqm:KaUitH qJJIIOWCI1aM!1HOBOH KIIC;10Thl C UCJibiO 113biCKaJIHH 

HOBhiX aKTHBHbiX COCL\HHCIIHH. B K<FICCTBC l!CXOJ(llb!X COC,JllHCllllii Bbr6patn,J 

4. 2. llfecmu'l;leHflble cemepou,ur<:,1bl 451 

:mTp:.tlllf:!OBaH Kl1C.10TJ ( 1486) l1 MCTIIJIOBbiM Jtlmp 2-aMl-!I!OHIIKOTIIHOBOi1 

KHC!Olhl (1487), Ko:·opbiC IlpCBpa!l\CHhl B COOTBCTCTBYJOI.l{HC CIIaMHHOKCTOHbl 

( 1488, J489), 3(1TCM KO!l,lCHCaW!Cli C aUCTa:ICl\1 (l a) B L(liCIUTl-IaM!1liOIIp01!3BO}l­

libtC ( 1490., 1491) 11, !IaKOHCU, B rnrp!1,UL1bllb!C ctHa;TOn1 <jJCHqlJIIOpa~ll!llOBOH 

11 <na<!Jelltj>mopa.-.umonoi1 KHCJIOT (1492, 1493) (cxel\ta 654, a). B ;1atmoi1 pa-

6<nc COOO!l(<WTOI. 'ITO CI11ITC1!1pOBai!JibiC COCL(J1JICIUH! ( 1492, 1493) I!pOm3!1-

_-111 in vitm a!lTJ!IIj)OJilHpcpaTI1BHYIO aKTHBJ!OCTb B KOIIUCIJTpaUHHX OT l!a!IO- ,rJ:O 

!\.111KpOMOJ!Hj)llbiX. 

CxeMa654, a 

crC::OOH ~t a:JCF3(X C::OOH 

MeO~ I 
NH ~ NH 

aCOOMe 

l 
1486 

2 I 
1488 ~COCF3 

Me 

1a,3 3
: tNH 

TOJiyOJI, T, ~ ) .,. . COCF3 

Me I 
~ C::OOMe ~ MeO~COCF3 aCOOMe/ 1490 l, ,)l NH, "- I 1491 X~ CH, N jNMe2 

1487 N NH NH; AoO 
1489 I COCF ,llM<l>A, Me~ 3 T.KlUT. 

(J(
COOMe 

I 
' X NH 

1492 (X=CH) 16 
1493 (X= N) '- N CF3 

Moay.THponarmc Kamra6mma11oro pcucnropa I (CBI), KOTOpbrii oKa3LIBa­

'·'T ~(OMHI!ltpyiOII(CC BmiHIHlc B UHC, oKa3hmaeT .\IOJIJ,Hbrt:r Jcpq>cKT na mrme­

HOC troTpcGJtcHJIC 'lCJ10BCKa If L\pyrHx )J(]tBOT!lhiX. CBI-aroi!JtCThl CTI1My;mp)10T, 

<l o6paTHhiC :l!'OllliCTbl llOJ:aiJJH!!OT T1!1ll(CBOC li0Tpc6JJCIIJIC, ,\CMOIICTpHpyH lllll'H-

6!1pOB<IJ!HC CBI, 11 HB.TTHKlTOI •:pc;J,CTB<lMJI J'\,15l 11L''ICIIIfH O)I(Hpcmm. B pa6oTc 

f I 033] pa ;pa6man MCTO;J, cmTTCl~l raKHX .\IOllYJUnopon CB l B p}I;:ry I .~-HaQ:>TH­

pH,n:HHOll (1494, 1495) ( CXCMa 654. 6, C. 452). 

KaK ylKc Ll6Cy:>K1J,a,TOCh BbllllC, rrpHMCHClii1C xcJiaT!Ioro CI11!TC3a OKa3aJlOCb 

llCCbMa l!CpcncKTilllllhl.\1 ~I,Jl5l IIOJI)''JCI!lfll pa3II006pa~\llh!X fCTCpO!U1KJJOB 11, B 

'JaCTJIOCT\1, lll1p11)Jl11JCO;lCp)K<lll(J1X COCJll11ICIIl!ii. 3TOT .\fCiOA l1Cfl0}lb10BaH B 

jl034] ;I,..15l Cl!l!TC'3a IIp0!-!3llOJ(llbiX 4-aMHII0-2-TpmtrropMCTI1J!Hl1KOTHIIOBOH K'l1C­

.10Thl (1496) (CXCl\la 655, C. 453). 

I 

1,' 

I; 
I I 

I I 
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4. 2. 11/ecrnu~;zemtbJe <emepOL\IIK.1bl 453 

CxeMa655 
H 

H FC N 
F C NH F3C N 3 £,,•.,--;---. BPh 

3 x· 2 
. x;:········:::: BPh ,,,, '•• 2 Ph BOBu = 1 2 1a : I 

2 j, 0 ]llo '·· ..... ,,•' 0 
'••,,,,,•'' Torryorr, EtOOC • 

EIOOC CDMe EIOOC r Kiln NMe2 

J4t<jleHim6o EtOH, ~ 
xemrr 0 ~~ 
----- LxCOOEt H ~. fi 

F C N F3C N, 3 
x;:·········::::sPh2 ta · ~-········ .... BPh2 I 

~ I - ~. I_ N CF3 •••• •'N-R .. ,, ,,,.N R NHR H 
··,-.;~'' . '•' 1 

EtOOC EtOOC NMe2 (XCOOEt 
Me - ----.... .;/' 

I 
:::--... 

1496 N' CF3 

PcaKmur Cll<IMIIIIOKCTO!la ( 1497). no.ry'JCIII!Onl cTaH.uapTHLIM Cl111TCJOM 

111 KCTOJia 11 <1Ml1}[al[CTC!rJ>r ()a). C Tl10llllcll!<li{CT<l\ll1i!Ol\l (1498) ITpHBO)[l1T K 

2-Ml'pK<lllT0-3-UJ!aii0-6-TliCHl1JJ-2-TilipH/HIIIY ( 1499), 113 KOTO]JOI'O C l1Cli0Jih30Ba­

IHIC\I pcaKIUIH Top11a ~- UHmepa. cmrren1pomm nicHoj2,3-b]m1pi!I\11H (1500), 
n pcnpaH(CHHLiii ,cJa:Jcc n mipi1MH1IonrcHofll!pi1JU1H (150 1) ( cxeMa 656) [I 035J. 
HcnoJib:JtHJalllH:: TJ10LU!aila!lcTCL\IlfiHl (1498) npH peaKIHH1 c aueTa;lCJ\1 JUI­

MCTH.JJ~liiCTaMwra !l!JilBO;JIH K CHC!l\111HOTI10:1l\IH;1_Y ( )502), KOTOpb!H 110)..J06Hb!M 

CxeMa656 I(Jy la I~ NCClhCSNI-!
2 

Me -- I . NMe 1498 s s ~ 2 ]llo 

0 CN 0 1497 

-- I(JL(X'--ICJL((-CN 
S N SH S N SR 

1500 

1499 

R'=COOEt 
COMe 
CN 

1499 

NH2 

R'-1 
s 

R=CH2COOEt 
CH2C0Me 
CH2CN 
Me 

1501 X=OH, NH2 

X 

i 
1
,1 1 

1: 

' 
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)J(C OOJ!fl30M 3f!TCM rrpenpaiUCH Il 4,5-J(Ma.MHHOITpOIBBOJU!OC THCHol2.3-hi­

ITHp11J(HHa (1503) (cxe.Ma 657) [1036]. 

Me 

MezN~OEt 
OEt 

-

CxeMa657 

NmizCSNHz NCX CSNH2 NCXCSNHz 
~ PhNH2,AcOH I)ta 

Me NMez Me NHPh 2) HO-
~, 1502 

lxCN Oi~' NH~~2 I 1) HaiCH2R" 

1 

R" 

N S 2)NaOH 
H N S 1503 

K 'll1CJIY CIIal\IHHOKap6oHHJlhHhiX COCJHIHCHI1M, KOTOJ1h!C 3KTI1Bl!O IIC!!OJ!h-

3YIOTCH B I111p11LIJ11IOBOM CHIITC'JC. OTI!OCHTC51 Cl!aMJ1!IOaMI1)(bl. nupH)IHIIOilO­

MY CI!!ITC"3Y B 'JTI1X CITY'laHX '!aCTO COilyTCTBYCT 11 o6p<l'lOB<II!l1C !IHp11MI1L!IIIIOB, 

J<I'I<lCTYIO KaK npoMc.>Kyro'!llhiX COCL!HllcHHi1. Harrpi!MCp, ll pa6oTc [10371 rro­

Ka3ano. 'ITO BTOp11'!I!h!C Clla\111l!O<IMI1.fl:hl (1504). J!CfKO o6p<nyiOil\11CCH B pC'lYJih­

TaTe aUCTaJibl!OfO CllHTC3a, CIIOCOOHbl KOHHCHCI1pOBaTbCH flO IlCpBI1'IHOi-i 3MII­

HOaMI1L!I!Oi1 rpyllllC rrp11 B03/ICiiCTIJJ.1l1 aM!i)taiiCT<IJ!ei:j ~- 11pl1 :HOM I!pOTCK<ICT 

rrHpHM11HI11IOBaH UHKnl13aUH>I ( 1505) 11 na~'lcc np11 a TaKe rHLipOKCH.'l-anHoHa 

pcamnyeTOI 11Hpl1l\!II,IU1HITHpH,IUIHOB35! pcUHKJII1'3<lllliH C Bb!XOJlOl\1 K 3aMCIUCH­

Ilb!M 4-aMHHOII11p11J!OH-2-0HaM (1506) (CXCJI!a 658). 

CxeMa658 

~:OEt NCCHzCONHz ~Me CONHz RNHz AyMe MezNCH(OEt)z 

MezN-C, M N CONH2 
OEt ez RHN 

-~~ro~a-J~lt~jM~~~:~~~ 
~ ~~0 

HO- ~NH l)POC13 v 1505 
- 2)R'NH2 

RHN 0 RHN NHR' 

1506 CN CN 

PcaKUI1H aMHL!- u JiaKTaMal\CTaJIC{I c rrcpBWIHhiMH cHaMI1HaMH (1507) HB­

JI51IOTC51 O)lHHM 113 ITp11BJICK3TCJ!bHbiX Il)'TCM CHHTC3a pa3JII1'lHbiX III1pl1)ll1HOBh!X 

(1508) 11 KOH,LlCHCHpOBaHHb!X !IHpllL\IIHOBbiX (1509) COCL\11Hel!HM (cxe:-.13 659, a) 

[408, 1037]. 

4.2. lllecmu<ueul/bJe <emepou,uK.IbJ 455 

CxeMa659,a 
0 

+ I /OEt. 200°C 
~Et ~a D J( Me Me j 

Me2N- C, - ~ p-TsOJt 
H201 Me OEt Me2N N Me M N N Me 

1507 ez H 1508 

+ ~Et Do 
(CH2)11 (CHz)n ~ l _ OEt _l,_ :l j( 200°C (CHz)n 

N___)( . 'N N Me p-TsOH ~N N 
I OH I I I Me 

Me Me 
Me H 1509 

JlcrKOCTb, C KOTOpoi-i TpCTVI'IHh!C CHaMI1HOaM!1Jjbl BCTYWHOT ll KOH)lCIIC<\­

IHIIO C <IMII)l<lllCT<lJI5!MH, o6yCJJOB!IJia BOJMO.iKI!OCTb OCYI1!l'CTBJICI!J1}1 11Jl51MOM 

llllpl1JU1110llOi1 IUIKmnaiU111 (6C3 I1pOMCA:)'T0'11101'0 n6p:noBa!IliH !THplHIH,1HIIO­

Il0!'0 npmllllO/I,l!OrO, KilK ITOK:l3al!O Jla CXCMC 658) (CXC~Iil 659, 6) [413], [ 1038]. 

CxeMa659, 6 

(CH2)n~r ~~ l co co 
N Me2 I 
Me t CN t CN 

I NMe2 I NMe2 

(CHz)nJ;~N Me ~N 
l to ~bo 

N Me2 I 
Me CN i CN I Mc2NCH(OEth MezNCH(OEt)2 

(CHz)nJy Me L CONH2 ~CONH2 
N Me2 
I 
Me\N /CN 

+ CH2(CN)CONH2 

(THz)nl Me 

l___ X OEt I ~ OEt 

I OEt Me2~0Et 
Me 

1'1 
,,j, 

lr, 

I,, 
I 

I 
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OniC'ICHO, ·no Ha!l6o.:Jcc ncrKo rrpoTeKaeT llHK~IHJ<liUUI wccrwL1Cl!HOro 

Cl !a:\!HIIOa!~HJiaMIIJU1Ha. /],JUI KOJ!l1'!CCTBC!ll!OI'O COflOCTaBnl'lll!H pa3JIJ1'll!b!X ac­

rtCKTOB :.J1llX l!OBhiX pcaKIU1i\ I(HKJI!1'1<1WIH 6bJJIII OrtpCJJC_h~llhl llX KO!ICTaiiTJ,I 

CKOpOCnl 11 !10Jl)"!Cllbl TC[J~!Olll!llal\1!l'lCCKI1C XapaKTCpl1CfHKII "JTIIX l!pO!ICCCO!I 

11 03l)j. Y C"l Cli!OIWCI!O, '!TO IVlH Ul!KJ!li'!CCKHX Cllc!Mlll!O<ll (JI:Jal\!11)!!11IOB CKOpnCTh 

l[llKciinaiUii1 B 'l<IBJ1Cl1MOCTII 01 BCJlli'lllilhl !ll1KJ!a !11~!CIIHCTCH B j)H/LY 6 > 7 > 5. 

!1CCJICJ~OB<ll!a TaK)!(C <<o6paTIIaH•> pcaKIUBI (CXC~!a h6()) !6.f6j. 

CxcMa660 

(CH2)n 

Ay
ii . ~ J__:.:JI2)nJC:Xc"N 

Mc
2
N CON N l 

H ~ I 

Jy 
~ CN Me N N 

I H o 

Mc,N OJN!lo Me M< 

CN /loa 
~ 

OEt 
H Me 

Mo,NAymNJ.-__NMo;-~ (Y" 
CN MooN' 'N}, H 0 

f1pOBC;1Cl!llhiC KllllCTWICCK!lC HCCJIC,'lOBaiiH51 ;1<1..!111 BCU~IO)KilOCTb llO!IY'lll'fh 

;JOCTOBCpHh!C CBC,'~l'HIUI 0 \!CXalf!1"Hil' JT!1X !IC06IA'!IIf,J.\ l\11K:Illl<lL\l!ii, KOT0flbli1 

ncl!lpo6Ho o6cyAQcH B [646. 1039[. 
E;w~tltliOTHoa~tHJ-lhl (1510) TaK)KC cuoco6Hhi BCT)TI<!Tb B aH;uorwiHbiC pc­

aKIIIlll l\IIKJIHJaU!11!-peiU1KJ1!1laUI1l1 C o6pa30H<llll1Cl\l B KO!IC'l!I0!\1 l!TOI"C !ll1p!1-

i111l!Tl10llOH-2 (1511) (CXC\1<1 661) [1040[. J10.l06HOfO Tl!lla l!CC!C.HH\ill!l1C C 

HC KOTOph!:\H1 ~!OJU!CllltKaUJU!Ml1 06cyiKJLaCM0!\1 MC l"O/J,;l Oil\ OJ!l!KOJl,l HO B ! 1 0411. 

CxeMa661 

\-

CN Me
2
NC(Me)(OEt)2 Me>=<; CN PhNH2 Me 1) MezN0[(0El)I 

.,.. - ~N 2)JIO-
NH AcOH 

2 Me2N NH2 PhHN 1\Ho 

S S lS NHPh 1510 S ' 

NC ....._ CN 

__.,..I N I M~N~)- OS 
I 1511 H 

Ph 

4.2- !lfecmu•;,zeulibte cemepol(UK_Jbt 457 

CI11!TCJ ai!llC}ll!poBaiiHhiX 3-ul1airomipH.D:OHOB-2 (15 12) pa3pa60Tan no 

aiia;IOf"Wli!OH CXC:VIC 11p11 HCfl0Jlb30B3l!11H B KaqeCTBC 11CXOlUIOI'O COC):\Hl!Cli!Uf 

Cl!aMI!l!OaiJ,HJTaMHJUI!la (1513), !TOJl)"!Clll !Oro l!a OCIIOBC 6C!!30THa"311I!TI101Ja-3 

(1514) (cxcMa 662) [1042, 1043]. 

CxeMa662 

~el,Na~ : I , NaH : 1 ~ (Xs'l, (XsX2(CN)CONHz(Xs\ 
N S N SMe N 
H H 

15

14 

(Xs~ CXsl(CONH2 Me2NCH(OEt)2 -;/ NMe2 
Mc2NC.(RXOEt)2 CN :::::-.... I CN -

~<DA ~ Me ~ Me 
1513 CON==< CON=< 

NMe 2 

~~ex~~~:,, 
NMez 

·CX~:Q:o CONH2 1514 CN 

];I COBCCM B ~pyrol\1 p5IJJ:Y COC):(l1HCH11H OCYll\CCTBIICH IT0l\06Hb!II Cl1HTC3 KOH­

~CHCHpOB<IHHh!X mtp[1LIJIHOB (1515) (CXC~l<l 663, a) [1044). 

CxeMa 663,a 

0 0 

C4NCCH2CONHz,O{Me2NCH(OEt)2 

NaH I ~<DA, 
:::::-.... 20°C,3 q 

Cl NC CONHz 0 

1515 CN 

B TOM cnyqac, KOf[(a TpCTII'IHblli CHaMI1!-IOaMH.D: (1516), !10}JYliCH!lblH rrp11 

B'Jal1MOl[CI1cTBHl1 UHaHOal(eTaMH)J,a C aUCTa.JlCM )1,11MCTHJ1aUCTal\111):\a, BBO)l,l1TC5l 

B pcaKI(HJO C JTllM )!(C aueTa.TICM, B03HI1KaeT BOJMO)I(HOCTb aJibTCp!!aTl1BHblX 

UHKJ1l!Jauai1 c o6pa3oBaHHCM 1130MepHhiX nl1pi!)J,OHOB. TaK, B pa6oTe [1 045] 

!!OKa3aHO, t!TO eHaMHHOal(l1JlaMH):(HH, IlOJiyqeHHb!H 113 (1516), MO)I(CT Ul1KJII1-

30BaTb0!, KaK C Y'IaCTHCM eHaMHHOBOH MCTl1JlbHOM rpyrrnhl, TaK l1 C yqaCTI1CM 

aMH.D:HHOBOM MC30-l\1CTl1JibliOH rpynllbl 11 B pe3yJ1hTaTe B03Hl!KaeT CMCCb 3-Ul!a­

H0-4-)J,l1MCTl1J1aMl1H0-6-MeTl1Jl- ( 1517) 11 3-u11aH0-6-L(IfMCTHJ1aMl1H0-4-MeTHJI­

(1518) ITI1Pl1l!OHOB-2 (CXCMa 663, 6). 
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CxeMa663, 6 

Me C:ONHz Me 

MeoNC{Me)(OEt~ ~ NH 
~ MezN 1516 CN 

NCX::HzC:ONHz I / ~ 

j MezNC{Me)(OF.t~ o 
~<!>A 150oc MezN 

' / 1517 CN 40% 

Me ~ + M ==( NMez l ~CON- NMe2 ~ ~H 
MczN CN 

0.. 
Me 0 

1518 CN 31% 

J)a:mpyHch 11a IU110IH:laiU1HX TaKoro nrna, HJ ~IOI!OKCT<UJH l A-Ul1KJIOITK­

ca!IJJl10IIa 11 l!ll<lHaUCTaMI!I(a 11 )(aJICC }!li:JT!WaUCT<LI>I .UHICTILiltjlOp'.-1aMI1)(<l H 

I 10461 ocyll!CCTB.~CH HOBbii1 Cl!HTc:l 5,6,7,8-TCTpanr;(po~3-I!l1aHoinoxJ1IIO­

;wH:lHOHa~2, 5, a ll'l 5, 6, 7,8-TCTpari1,L(J10-3-Kapoa 1\1011.!1 JUOXI1JIO:ll-llla IIOJIY'IC II 

4, :'-Tpl!MCTHJICJ 1-2,7 -II<HiiTI1PHAl11L'H10H-l, 8 I l 04 7 I. AwutoiWIHO CllHTe mpollall 

3-J(lJaH-4-(!>ci!IL~rrHp11AOH-2 I 1041\j. llo 'JTO~IY )KC MCTO;ly B CIII!Tc:>Ll KOIHCil­

cHpoHallllbiX mrpHJ\HHOB ROBIJe•reJJht 11 aqCTamr JiaKTa~wB I 1049[. Ha fia lC cl!a­

MliHOaMI1J!OB ( 1519), fiOJI)"lCHHL!X l13 Jl<lKTal\lal(CT<UICii, llpOBCHCIIO I!U)lpOfiHDC 

l1CCJIC,10BaHHC )!TIOI\UIHYTOH Ilb!WC Ill1p11Ml1,1111H-ITHJ1l1,il.l!HOBO~l pCUli101113ClUl111 

I 10501- Y cTai!OBJICl!O, 'ITO n npouecce TaKoi1 1!11KJll13aium BbiJICJJ51CTCH \l)'JXlBh~ 

Hl!aH KI1CJ!OTa l1 flO CKOpOCTH CC Bbl,ll,CJICHIIH l13Mepel!a KIIHCTHKa :JTOH jJCUHKJil1-

3al(l111 B 1 ,5-MOJI5IpHOM <]Joc(j>aTHOM 6yq>epHOM paCTsope c pH= 8. Km!eTJIKa 

6biJla l11MCpC113 np11 pa3JIWIHblX TCMriCp<nypaX, 'ITO ;1aJIO B03MO.iKHOCTh riOJIY­

'll!Tb TCp!--.10}ll1HClMI1'!CCKl1C napaMCTJ1bl IIj)OUCCCa 11 paCCMOTjJCTb BO:JMO)f(Hbli1 

ero MexaHH3M (cxeMa 664). 

(Ct:l ,0< 

lNlO 
1520 

CxeMa664 

~ (Cr2)n~e2NCH(OEt~ (CH2)n :XNMe2 

CH(OF.t)3 ~N CONHz L CN 

AcOH H N 

!~~~1; CN l 
b:n=2; N 0 
c:n=3 (CH].)n:Q:NH / 1521 

~ ~OH 
~ 0 

CN 

4. 2. !llecmu<IJ1ei!Hble <'PmepoiJ,uK,Jbt 459 

l_JToor,J IIC OCJIO)f(li51Tb aJiaJill3 I'l1!J:pOJIHTl-f<fCCK11X npOI(CCCOB l!aJ!ll'lHCM 

;l_Oll0Jil1!1TC:If,f!Uii ;\lL\1CTllC!aMHJIU~ICTl1JlCHOBOH rpyirnbL KaK :.HO HMCCT I>ICCTO 

y COC;U11IC1Il1fi (1521), H lMCpC1111H !!pOBOJ,l1JII1 Ha !1[1l1MCpC 6l!l,l1Kc!O!l ( 1520). 

!IO.'IV'ICIIJIJ,IC )!<11Jil!,IC 11[111BC)J,Cl!hl B Ta6JT. 30. 

Tm).lllt[a 30 
TeJIMO)lHHaMu'!ecKue i(aHHbre npuuecca ( 1520) --) (IS 19) 

CoCW1HcHllll 

llap:l\ll:rJ;--~rlszo~ t52o c 

lc~~;:_l_l_.~IVJl.i· "C~ ___ -\o- ~()-90-= 
klO'.wtH! :i.~8 3Sl 9,63 
--~ ------~--··- ----~- ----·--·- ----

\If. KK:JJI/MOJib 24, 'I±] ,2 
-------·-·. ------ -------~------------

\S. K:JJt/MOJih ·K --7,X+-3,2 
----- ---------·· 

vh l!pllllC/(CllllblX B T<!Ocl. 30 !(allllb!X CJIC/LYCT, '!TO CTCj)l1'fCCK11e Tpc6<malli!H 

K pctCII!Cll.!CIIl!IO Til1j)I1.'>11liU1liOBOl'O fUIKJla (a Hai!O HOMIII1Th, 'ITO KOI',Ll,<l B npo­

J[CCCC Y'IaCTI\YlOT COCI!l111Clll1ll Tllfla (1521), Ha6mOI!<lCTCH !111p11I\111lOBaH J(l1KJlH­

·;ai[WI C OTIUlllJICIIlh'\1 ,(II\1CTl1J1ilM!1ff<l) ll l(CJlO\.fiiCJlC;Il1KH, JJOCKO.JhKY :JHTpO­

lllU! <IKTilBaiUUI COCT<IIlJ!51CT BCCrO -7,~ :J11Tp01111MHhlX C,'U11!HI~. KorJ(a IICj)CXO;I­

liOC COC10>llii1C IipCI!CTcliLI>ICT COOUHIIpOCTpctliCTBCilliO 3C!Tfl)')!llCIIIIJi!O CHCTC\1)1, 

)J rrponml clKTI1BaL(Hl1 xapaKTCj)IBYIOTC51 OOJlhlUl1Ml1 OTj)HJJ,aTCJ!bHbiMJI BC.'Il1'1l1-

!laMJI, '!aero l\fHOfO llh!WC, 'lCM -25-30 :JHTj)Ofll1i11lhlX Clll1lll1U. 

0TCIO)l,a ClC,UyCT, 'ITO l!CpCXO}\IIOC COCT051HHC, Oopa3yiOLIJ;CCC5f npH f'l1,Up0-

JIHTWICCKOii. DCI'pa;Icl!U111 fll1Jll1MI1L!l1HOBOI'O l(l110la, CTCpl1'!CCKl1 I!C CJIHIIIKOM 

IIarpy)KCIJO. VICXO,.'l5lll3 JTOro, aBTOpb! npCL(JlO)f(lVJH C)1Cll,)10IUHi1 MCXaHl13\f ,L(Cr­

pa;raul111 fll1jll1MI1JJ,l11101l0f0 KOJTbUa (CXCMa 665, C. 460). 

Eml!v!Hil ( 1522) 11CriOJ1h30BaJIOI B nHpl!AHIIOBOM cmiTe3e 11 HpyrHM op11ri1-

li<UihllhiM IIYTC\! --- !Ia OCHOBC pcaKJJ,HH [2,3j-Ul1KJIOflp11COCll,HI!CHl15I C )"-1<1CTHCM 

Cl!a\H1/UIIIOilOf0 npO\IC;K)TO'IHOfO COC)ll11ICIU1H ( 1524) l1 Jl;:L1CC C o6pa30Bai!I1CM 

KoJIJICllCJ!p(marmoro /1llm;rponupH.il.HIIa (1523 ). Pea.:H130Hal! TaK%e nMp11.:1l1-

IIOBI>lii Cl1!!TC3 '!CpC3 .J,l1eiiaMHIIO<lMHD,l1110BbiH HHTCpMC,J,l!aT ( 1525), IIOJI)"-!CH­

!lhlfl !!pH KOI!,1CI!Cal(l111 ,Lll1JTl1JI<lllCTCUUl ,'(l1MCTI1Jl(jJOpMaMI1)Ja IIO 3Ml1ll,HIIOBOi1 

MC30-lltCTl1JThiiOI1 I'p)'IlfiC, II ,.1aJihlfCHIIlllM 3al\lb!K3ll11CM 2-)li1MCTl1Jia~1l1HOI1l1-

p!1/l,I1liOBOro lU1KHa (1526) (CXC:\!a 666, C. 461) [105lj. 

l1 CLI!C --- 06 y'laCTJ1l1 CHaMHI!OaMl!,J,l!Ha (1527) E CI!HTC3C ~-KapOOJ111Jla 

(1528) (cxc~ta 667, c. 461) I 10521. Hco6bi'!HaH UHK.'II13al(MH o-TOJl1Jta.IIIl1HO;Il1-

~~encJaMHIIOMCTHJICIIaucTocjJcHorra ( 1529) B l-T0311JIX!1HOJTOH-4 ( )530) Omtc;ma 

(cxcMa 661\, a, c. 461) B [1053]. PHJI. CI11!TC30B JaMClUCHHbiX mrpiurmoB onH­

cal! c y<tacTHCI\1 aMIU-, .rraKTaM- 11 JtaKToHaueranei.J B [1054--1076]. HeKorophiC 

.10l10}1IHITCJ!hllhle llj)Ul\!Cj)bl npHHCJlCIIJ,I llll)f(C, 
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)l z 
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£___/ ::r:@ 

s 1l 
0 0 

Hz 
rlz_j .:: 7'-,o £_j ::r: ::r: s 

0 0 

~{ 
~ 

Z - ::r: 0::: ..... 

£_/ 
s 

4.2. ll!C'cmu'f.•lei/Hbte ;emepoL!liK.1bt 461 

CxeMa666 

R R R Do Do Me2NCH(OEt)
2 
Do 

TonyoJI, ~ 
R' 0 R' NH2 T. KHn. R' N NMe2 

Me2NC(MeyOEth 1522 1524 

TOI!YOJI, T. KHIT. l c COO& 
0 KCilliOJI, I 

Me COO& D T. KHIJ., 6--8 'I 

I 0 COOEt 

~, NANMe2 &COO& 
/Uvi<DA, 

T. KHTI., 4 'II Me2NCH(0Et)2 R 

[ 
t NMe2 l 0 R' 1523 ~ 

:4}~,,-;~NM~ 
( 

R 

NH2 

CxeMa667 

Me2NCH(OEt)2 R NMe2 ~ 
~ ( (Me2N)zCHOBu-t ~R ~~~ 

N I 
~ R' 
~ N~ CH20z,CF3COOH 

NMe2 1527 "1 
R NMe2 R 

H 
N 

- I( 215°C 

NMe2 

R' 1528 R' 

CxeMa668, a 
Ts 

ol.o ~o l)H+ 
Me Me2NCH(OEt)z -?" I ~ NMez 2) SOzOz 

TOJiyOJI, ::::::...._ 
NIITs T. KHTI. NIITs 

1529 

N~l 
~I 

1530 0 

I 

I 

I 
! 
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EI!aMHHOaUHJiaMHi:(HHhi rrpin-tcHCIIhi B onc-pot-Cl1HTC'3C npc!":(craBHTCJI5l 

Tpl1l!HKJIWICCKOH CHCTCMLI- ITl1pl1MI11(0[5,4-cjxl1J!OJIHI!a (1531) (CXCMa 668, 6) 

[ 1058]. 

CxeMa668, 6 
~NH N 

CN 2,5 q, T. KHI1 -:/ I A1..-0H, cxrO 
l'hHN ~ 7'-- "- ,(' 1531 CON NMe2 

Pcn10CCJICKTHB!IOC BBCiJCIIHC i!BYX yrncpOiJIILIX aTOMOB B N-MCTHJI-2-I(HKrw­

IICI rra,HHCI m;mpoiiHJI:lMI111 ( 1532) J(OCTHn ryro BKJIIO'ICIIHCM npouccca N -(l>op­

MI1JIHponaHH5I C IIOCJICJ(YIOIJ{11M l(l1MCTI1JlaMHJIOMCTJ1JICIII1fl0BcllntCM flO p-ll0JJO­

;;(CHI110 IUIKJIOIJCIITa,Il}fCIIOBOro KOJibi(a CII]CTaJICM (1 a). )J,aJJhi!CMIIIa5l BIIYTPI1-

MOJICKYJ!Hplla51 liHKJIH"Jai!HH B ycnoBHHX pcaKI!HI1 BHnLcMai1cpa -- XaaKa 

fiiJlfBO/HIT K 11pOMC)I(yY0'1110~1Y np0113BOl(IIOMY (jJyJihBCIIa ( 1533), KOTOIJOC 1CI­

TCM ITvTCM CCfll111 pcaKl!l1M npcnpallrCIIO B aMHI!Oi!l1CIIOilhiM CI111TOII (1534) l!JIH 

I IOJIY'ICIII15l MOIIOTCpiTCIIOBblX aJIKa}IOl1i!OB rpynrrhl TCKOMaiiHJia (ICCO!l1aninc) 

(CXCMa 669)[1067]. 

CxeMa669 

OrMe l)HCOOB MezN~Me MezN~Me 
2) la POCI3 __._ 

90°C,72q, -
~+ 

HN ,lUIMeToKcrr:rraH HN a' "'N 

I I 1-o~ 
1~2 Me Me Me 

Me2N~ Me2N~ ~ Me ~ Me 
__._ -HCl 

- x:lz - OPOCI2 
N 0, 1'.-T 

a I 
1533 Me ff,,,,., 

H'' l I ~___.J.l.,_ R Me 
N 
I H 

Me ~N 
AliKllJIOH,ll rp)'Illlhl 

TeKOMllHHHll (Tecomanine) 1534 Me 

3aMhiK3HI1C 1111pi1)Jl1HOBOrO UHKJia IIYTCM pC3K!JI1l1 UHKJIOI!pl1COCJ!I1HCHIUI 

Ha OCHOBC 5-6CH3aJibaMHH0-6-LI,HMCTl1JiaMl1HOMCTI1JICH-1 ,3-LI,l1MCTI1J!)'jJaUHJI3 

(1535) OIIHCaHO (CXCMa 670) B [1068]. 
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LxeMa67U 
0 0 0 

Me JcNH2 Me,oN=CHAr Me,l~N=GIAr 
'- N AiiliO 1a -

130°C 6e3 
oAN Me oAN Me paCTBOpHTe.mr o~N =-NMe2 

I I I 
Me 0 Me 0 Me 1535 

Me, :XiH Me'N:OAr 
N Ar I -A H A 

0 ~ NMe2 0 ~ 
Me Me 

J.1HTCpCCHbiM MCTOJ! Ill1jJ11i!I1HOBOM U11KJII13aU1111 C Y'IaCTHCM CHaMHHOBOM 

rpyri1!11pOBKl1 pcaJ!l130Ball B [ 1 069]. 31(CCb pcaKUl151 3aMCll!CHHOrO 3-tPCHl1JI­

C\Ml1llOMaJICl11111MI1i!a ( 1536) C a,\1HllaUCTaJICM ( l a) Ilpl1HOLI,I1T K CHaMI1HOl1M11HY 

(1537), KOTOph!H np11 HarpeBctHI111 C IIOJll1tPOC<jJOpHOi1 KHCJIOTOM ( fl <D K) npe­

HpawacTUI B npOl13BO)!HOC IU1ppOJJ0[3.4-bjXI1HOJ1l1Ha (1538) (CXCMa 671). 

,](. 
PhHN~· 

1536 0 

CxeMa67l 

~0 ~0 
1 Me2N -?" -....::::: 
~ N-R- I N-R 

Tonyon, II<l>K, ~ ~ 
T. KHTI, Ph 140-145°C N ~ 

1537 0 1538 0 

EHaMHHOHMHH03<jJHpb1 ( 1539) TaK;Ke 51BJI51JOTCH rrcpcncKTHBHhiMH coena­

HCHI15IMI1 ,ll..J151 KOHCTp)'11pOBaHHH Ha l1X OCHOBC KOHiJCHCI1pOBaHHLIX 1111pi1)Jl1HO­

BbiX cucTeM. B Ka•JecTBe rrpHMepa rrpuneaeM rrpol13BOJ!HLJe OKCHH,l.IOJia, coaep­

)l(alUHC B OLI,HOH MOJICKyJie l1 CHaMHHOBbLH, 11 3ap5l)I(CHHbiH CHaMI1H03tPI1PHLii1 

<lJparMeHThl (1539) [ 1072, 1073] (cxeMa 672, c. 464). 

BccbMa 3Ha'IHTCJihl!a51 rpynna HOBbJX coeaaHeHHM IIH)JI1lli1HOBOro p51!":(a, 

BKJIIO'l<Ul 11 KOHJ_lCHCI1pOBaHHLIC l1!1pi1Jll11!LI, CI1HTC311pOBaHa Ha OCHOBC BC­

WCCTB, liMC!OlUHX B CBOCM CTpyKTypc CHaMHHOB)'IO l1 H11Tp11JILH)'IO rpynflbl 

[ 1 074[. HanpHMep, 3-uHaHo-4-MenvixHHOJIHH (1540) c l1CfiOJib3oBaHHeM aue­

ra.TJbHoro CHHTC:Ja ynaeTc51 rrpenpaTHTh B 6cHJo[ c ]-1 ,7 -HatPTl1PI1JIHH ( 1541) ( cxc­

Ma 673, c. 464) [1074]. 

CuHTC3 aHanora (1542) KapLI,HOTOHHKa MCl(O)JHHOHa pa3pa6oTaH, 11CX01(5l 

113 2-MCTI1JI-3-1!113H0-6-MCTOKCI11111pl1LI,l1H3 (1543) (CXCM3 674, C. 464) (1075]. 

rny-raMaT - HaJ16()}ICC pacnpocTpaHCHHbiH B036y)l():(a!OlUI1H HCHpOMC1(113-

TOp B UHC, MOl()'JlHpyCT aKTI1BHOCTh MHOrHx THITOB CHHancoB 11 aKT11B11pyeT 

G-6em<l1, CBH3aHHhiC c peuerrTopaMn (GPCR), Ha3BctHHbiMI1 MCTa6oTponHhiMI1 
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CxeMa672 

W O=:(l NMez ect:;.l BF}JMez 
~ ~ + 4 

N 0 N 0 +- N OFJ 

Y) 

Me2NGI(OF.t}z ll) Et30 BF4 ~ -
C Cl C ~ Cl C ~ Cl 

I I t539 
~ ~ 

oy:; OctX
CONH2 

NM e2 Y"' Y"' 

I I 
X ~ ::..... 

CHz(CN)X l\'H3 (6oM6a) N N Nllz 

° CY)Cl CN X -CONI!, Cll)CJ 

CxeMa673 
Me Me Me 

~CNPO<l, ~CNH,IPd/C ro~ (N,. 

Uw/L U~(A ~ ~ 
1540 H O N Cl 

ro
_JNMez ~ _NH 

CN HzS04 A 
Me2NCH(OMe)z Y"' ,. ~ _ 0 
__ ,..,. I AcOH 

~ N~ 

CxeMa674 

OMe Me OMe 

QMe2N&OMe:t¢Me N::Y" HBr/AcOH 
I ?' 

~ ,-'/ 

Me Me2N 

0 0 

1543 CN CN 0 M 
I' e 

~ 
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r:ryraMaTHLIMH pcQcrnopaMn (mGiuR5). Tpw rpyrrrrLI 3THX per!ernopoB 11MC!OT 

BOCCML OT'lCTni1BbLX liOJ!TlUIOB, H B OOJICBOH 'ryBCTBHTCJibHOCTH KJI!O'ICBY:IO pOJib 

urpaeT ncpBa5! rpyrrrra mGiuRI. LrryTaMaT 11 JJpyrHe Bm6y:)K,naromHc aMHHO­

KHCJIOTLr llb!Cll060)I()!a!OTC5! H3 HCpBHh!X OKOH'IaHHH Ha rrcpm!JcpHI1 I!pH BOCIIa­

JTCIIlHf If np11 JTOM arOIIHCTbl lfllll.YUl1pyiOT aiiaJILfC1l1!0, a 1111fM6HTOpbl np11-

BO)!HT K HOpMaJII1:laU1111. B pa60TC [ 1 076] OCY:UI,CCTBJICII CHHTC1 arnarOHHCTOB 

(1545) :JTJ1X pC'-\CIITOpOB, HCXOJJH 113 Cl!aMJ1HO)!l1H11TpiU10B (1544) (CXCMa 675). 

CxeMa675 
NMe2 

NC NMez NC NMe (jCN 

>=< 1 a 2 
IICI/MeOH Y"' I HXCH2COOMe ,. ~ 

NC Me NC~544 < - NMe2 ::..... NaiL IT<l> 

Gc
NMez NHo -·-. N Cl 

J( ~ 1)1a 

2)RNH2 
N X COOMc 

Nl 
NR 

1545 0 

Ilo;ry•rcrrrruc coc~(HHcmur 11Jy:'ICHhi B Ka•rcCTBC aiiaJihfCTl1KOll. Ha116oJicc 

aKTMBIIO COC/.U111Clll1C c X = S 11 R =, PhCH 2. Tc )I(C OCilOBI!hiC np111I'-\HIILI 11C­

IIOJihJOBalll15! CI!LlM11HOH11Tp111IOB B 1111pl1Jll1110BOM CI1HTC3C pCaJII130Baiibl CllJC 

B '-\CJ!Ol\1 P5LUC HCCJIC~OBalll1H [1077~1088]. 

0T~CJ!bll0 KaCa5!Cb :HOK TCMbi, CTOHT KpaTKO OCT<lHOBI1TbC51 Ha rry6JIJ1KaU11li 

[I 089] ( cxcMa 676). B :noi1 pa6oTc rroKaJaHo, 'ITO np11 BJaHMo~ei.fcTBHH MaJIOH­

lJHHn-rpnJra C ;U13Tl1JiaUCTaJICM l~l13THJiaUCTaMHJJa, IIOMMMO 0)](!1JJaCMOf0 !IpO­

i1YKTa - tx-'-\11LlHO-~-Jll1MCTlli1aMJ1HKpOTOHOHI1Tpi11Ia ( 1546), o6paJyeTC5! 11 ~11-

MCTl1JJaMMOIII1CBa5! COJIL (1547), KOTOpa51 JJa..TICC IIpCBparuaeTCJI B aMI1Jll1HI1CBy:lO 

CO Jib ( 1548). f10CJICJ!H5151 Ilpl1 HarpCBClHI1l1 C KOI!l~C!Hpi1pOBaiiHOH COJ!5!HOH 

KHCJIOTOH IlpCTCpi!CBaCT '-\l1KT!li3aU1110 JIO 2-XJI0p-4-MCTJ1JI-3,5-JJ11Ul1aH0-6-aMI1-

HOfll1pllJil1Ha (1549). 
CxeMa676 

Me Me Me Me2NH{ 

_)<OEt 
Me2N OF1 

+ CH2(CN)z- Jy CN + NC, ~ _ CN 

MezN )<-'''::''~ -
NC 

Me Me 1546 CN txMe 1547 CN 

NC CN ~ HCl KOII.Q. NC Y"' CN ~ Me2N ,,,,,~,,,, NMe2 80oc ::..... I 
NC 1548 CN H2N N C1 

1549 
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B p>!;1C C'faTci1 o6cy)K)la!OTCH COC,lli1HCHI1H, B KOTOpb!X l!MCIOTC>l HI1Tporpyn­

llbl 11 3<1MCCTHTCJIH. CllOC06Hb!C IIO,Ull<Cpf<lTbCH aT<lKC ilMH,llaUCT<UJCH (T<lKOI'O nma 

pa6oThi y)j(c paccMaTpHuaJII1Ch np11 amVIH3C pcaKJ~I111 Jlci1Mrpy6cpa- 6a'JO) 

[775. 1090-1 094]. On.JCTI1M HCCJICJ~OBaHHC [ 1 093[, cncuuaJibHO nocHmHCHHoc 

rmpH.UHHOBOH !IHKJIH3ai(HH !Hl OCHOBC 0-XJ!Op-W-IIHTpO<lUCTO(jJCHOHa ( )550). 

PcaKJ~l1H ::rroro COCI111l!Clll1>!, HMCKHUCfO ll CBOCii CTpyKTypc aKTl1BI1pOKli!HYIO 

!V!CT11JICHOBOIO rpynny, C J(lBTHJlallCT<IJJCM )(HMCTILlqlOpMaMH!UI ll[JOTCK<ICT 

Llil/(KO ll!JH KOM!IaT!IOll 1TM!ICp<l'rypc C o6p;noBaHHC\I HliT!JOCllaMllH<I ( 1551 ), 

KOTOpblll liOJUlCpracTCH ncpcaMl1H11pOB<1lll110 C IIOCJJC;l)'lOII(Cl~i l(l!K}ll!l<ll(l1ci1 C 

BJ,I6poCOM XJ!Op11CTOfO BOJ!OpO;~a II o6pa30B<llll1CM ]-·l<I~ICII[CllliOrO-:J-JII1Tp0-

Xl1HOJ!OHa-4 (1552) (CXCMa 677). 

CxeMa677 

ceO NOz _koEt a:O NOz roO NOz 

Me2N OEt ::/ 1 I( RNH2 ::/ 1 

~ , ~ N 
ct Cl NMe2 I 

1550 1551 1552 R 

11'3 l!3;rmKClli!OrO CJlCJ\YCT, 'ITO MJI0rl1C C!la!\111IIhl /IBJIHIOTCH BCCh~!a li)JHBJlC­

KaTCJlbHh!MH Cl1HTOHaMl1 )JJ!H Il!1p11)ll1HOBOrO CI111TC lei. flb!Th MO)KCT, B !ll'CKO.ilb­

KO MCHblllCH C'JCilCHll, HO llCc )KC BCCbMa 3WI'!l1MO, J]j!}! TO}! AI:C UCJ!l! IIC!IOJ!b-

3YlOTC5! BCIUCCT!la, COLJ.Cp)Kallll1C B CBOCM COC'faBC aMI1,111HOBbli1 <jlparMCHT. 

06cy)K)lCilliC :::rroro M<ITCpl!a.na Ha '!I!CM C pa60Tbl [1 096[: i!pOTCltliKllH<l3bl, 

!IcpeHoc51UHIC <l>oC!popHJibHbre rpynnhi OT AT(I) K ntp01lHIOBbiM, ccp!IHOBbiM 

H TpCOHHIIOBb!M 6CJIKO!lhll\1 Y'laCTKaM, l!rpa!OT pOllh ClffHaJlhiiO}i !!CpC!]a'JH B 

pcrymiUIII1 KJ1CTO'IH0f0 pocra II lllll01W!CCKIIX Tpa!ICCjlOpMaUHt! B K,1CTKaX B 

OTBeT l!a BIIClHHHC CTl1MYJibl. 0)J.HaKO !Ipl1 11CpC1!pO;JYKlll!ll 'HHX <l>epMCHTOB 

B03HHKaCT l1X rl111CpaKTl1BclUHH, Bh!3biBaiOU]aH HCKOHTpO.'IH)JYCMYIO ripO:IlH{JC­

paU!110 KJICTOK. HHrH6HpOBclllltc aKn!BIJOCTII 'JTI1X Kllli<U J.acT ymiK:l.1LH)'IO 

BO'JMO)!(HOCTb 6JJOKl!pomrrb HCKmrrpO!IHpycMhiii !CICTO'IHbiii poeT ll coonleT­

CTBCHHO B03M0)KHCJCTb 6opb0hl C OI!KOJIOfll'lCCKH~ll! J:lOOTICBalll1HMl1. K '!llC.:Iy 

TaKIIX OJ!OKaTOjJOB OTIIOCHTOI 3-Hl1a!l-4-al!l1lll1HOXI1JIOJ!Hllhl ( 1553), CHHTC3H­

j)OBaHHb!C B ·noi:i pa6o-re no cxcMe 67X. ITpoH3BO;!HhiC 3-aMHHOHa<jnamtiiKap-

6oHoiJoro 'Hjmpa (1554) IIPH pcaKl]HH c aucT<UJC~l (I a) ;w10T aMlUl1Hr.I (1555), 

KOTOpb!C !!pH B03I!CilcTBIIll m!THJ1aUCTOI!11Tp11:1a UllKJIH 3)'!0TCH B OCII'30XI!I!O­

·'JOH-4 (1556). ITocnenHui1 no CT<uu~,apnwi1 cxeMc npcnpawe11 B 4-XJiopnpo111-

nonnoc (I 557), :wTcM B 4-apHJlcU\ll1HO!!pOH31lO~LHOC (1558) ll. HaKoncu, n nc­

JICBhiC f11J(pOKC!Ulp01!3BO]lllhiC ( 1553). 
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LXeMa678 

-occ COOMe LiCIMN 

McO IT<D,~-78°C 
~ 3aTeM AcOH 

1555 N NMez 
-occCOOMe 

1 MeO ~ 
..--:;; 
1554 NHz 

0 Cl 

CN CN 

-MeO 

ArNH2 
FtOCH2CH20H 

T. KHll. 

1556 

MeO 

1558 

PCX::l3 
-MeO 
T. KHll. 

NHAr 

CN 

1557 

NIJAr 
CN 

1553 

B 6oJILmoi1 rpynnc pa6oT [1098-1128] mmcau CHIITC3 aMH;Jl1HOB pcaxuu­

ci1 aMHLI.auCTa;rei1 c pa>JIWIHhiMH aMHHOKap6oum<.naMH 11 rcTepOUl1KnaM!1. He­

KOTOpbre l1'3 3TJIX HCC,lCJIOBaHHH H~a!OTC>! B Cflt'l]HaJ!bHOM o6CYJK)lCHl!IL 

On1eTHM. 'ITO aMHLJ:IIHOBbiM Cl1HTC3 npHMeHeH )l)l5l rroJiy<!CHl15! npoHJBOJIHLIX 

2-aMJlH0-1 ,4-)IHfHJipOIIHpHJ~HHOB ( 1559) 11 JlaJICC iJ,l1rH,llp0!111plll.(OIIllp11Ml1Jilf­

HOB ( 1560). YfCXOI(Hbl!\1!1 COCJ1!1!ICHI15!Mll B pa60TC ( 1114) 6biJ!l1 BLI6paHbl 

OCII3aJILaUCTOYKCYCHb!M3qlHp (1561) 11 ~,~-,!ll1aMHH03KplillOHHTplill (1562) (cxe­

Ma 679). 

CxeMa679 

EtOOCJh [(CN EtOOC~CN A .... +A MeOH,f:::, A~,Jl Me
2
NCH(OEt)z 

Me 0 HzN N~ Me N NH2 
1561 1562 H Ph xX:Ph NHz 

CN + A o- EtOOC -...;:: N EtOOC NH4 c xX ~<DA, T. KHTI., J 
- ~ 2q Me N N N N NMez H ~ H 1~ 

1559 

1... 
.. __________________ E!i·H~IIL>J .--------------------
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B n,pyroi1 pa6oTe [ 1115] cHHTC3HponaHhi aHaJIOTH nm!IOTWICCKOTO cpc;KTBa 

rrcpnomuw 11 anTHD,enpcccaHTa quryrrcp;mrrHHa. 

R 

C) 
1 Tieprramrn, R = H 

Me <lmyneprramrn, R = F 

Ha cxcMc 680 IIJJCHCTaBJICH o6uwi1 CMHTC3 aitaJIOron :n11x npcnapaTOB. 

CN 

~Mf2 
~~ 

0 

-
0 

Cxee(}Ma680 CN ~Me Mel,Kz~ 
MeoCO 

N NMe2 ~ 

H2N 

Me 
I 

Me2NC(0Me}z 

McOH,6 

CN Me 0 

I NaB, 
A ):\IIOKCaH 

N NMe2 ----.-

NMe2 

6 

0 

IlHpHMH)IHJI<i.>OpMaMHll,HH (1561), ITOoly<JCHHbiM np11 pcaKI!HH aUCT~UIH (1 a) 

C COOTBCTCTBYlOlUHM aMHHOITl1p11MI1HI1HOM (1562), npcnpall(CH B ITp0113BOHHblC 

IU1pH)!OTil1pi1MH)ll1Ha (1563, 1564) (cxcMa 681) [1111]. 

CxeMa681 
M~N H ~ '--N N Ph · Ph !!.._-;;c; -\( MeOH,6 ~cx;/'Ny 

Me ::::.:-... N MeONa ::::.:-... N 

1561 
0 I SMe 0 SMe 

NIJ..t AcO-. ~OH 1563 

(NjNYPh 
NYYN 

Me SMc 1564 

0;
H2N NYPh 

Me II N 

01562 SMe 
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Ce\Ici1cTna <jJOC(PO!lHJCTepa3 (POE) HaH6mree pacnpocTpaHCHbi n MMMY­

HOKOMncTCHTHhiX l<JlCTKaX, f)lC IIX KaTaJIMTH'-ICCKall aKTMBHOCTh HarrpaBJTCHa 

Ha ITOBhilllCHl1C KOJIW-ICCTBa rJ,AMC}:l, 'ITO Ilpl1BO)!J.1T K l1HfH6HpOBaHHlO CHHTC­

Ja llpOBOCIT<Uli!TCJlhliblX MC)'(i1<lTOpOB. 0TCIOHa 4Joe<JlO/!l13CTepa3hl - XOpOUII1C 

MHWCHll )!JUl JIC<JCHI1H BOCIT<U!CHHH, aCTMhl, 3pCKTHJILHOM HHC<i.>YHKUI111. He­

;.raBIIO noK~mtHO, 'ITO coe)li1HCIIHll RS-25344 11 CP-77059 npo5!BJIHIOT aKTHB­

llOCTb KaK HHra6Hrophi POE. 

0 

~N~ 
~v n~~-A~.J 

0 Ay:Oz 
RS25344 v 

~~ 
V nA~~A~.J 0 N N 

CP77059 0 
EtOOC.Jl) 

l1cxo;rH 113 :noro, B pa6oTc [IllS] npcnnpHH5!T CHHTC3 HOllhiX amuroron 

)(allllh!X COCi1HI!Cill1H. C JTOM UCJ!LIO 3-MCTJ1)1-4-al\1111IOYPaUHJT (1565) 6hiJT BBC­

)(CH B pcaKUHIO C aueTaJie:.! ( 1 a) 11 IIOJIY'ICHIIhlM aMH)\11H ( 1566) ITO)lBCprHyT 

6CH3HJTI!pOBaH!1IO ITO 110JTO)KCHlfK) 1 C o6pa30BaHJ1CM (1567). )laJTCC llOCJIC)lOBa­

JIO i1.0)lHponamre N-i1oHCyr<UHHIIMHJJOM JIO (1568) 11 JlaJTee nocrpoeune IIHpH)IH­

HOBoro U11KJia C Bh!XO)lOM K UCJICBhlM IIHpM0[2,3-d[!I11p11Ml1)ll1HaM (1569, 1570) 

(cxcMa 682). 

CxeMa682 

HN~ Meo~6 HN~ Ph~~ 
oAN NH oAN N~NMe oAN N~-= I z I 2 I 2 

Me 1565 0 Me 1566 Me 1567 

rt Ph~~~ 
~N~ O~f N~NMez 

CH2=CHR• 

Pd(OAc}z, K2C03, PPh3, 

,UMti>A, 120°C 

0 Me 1568 

~N~~n< 
----• o~N ~ 

I 

0 R 

Ph~N~ 
o~N)l_) 

I N 

Me 1569 Me 1570 
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11cCJICJ(OB<Illl1C [ 1120] fl0Cil5lll(CJIO 110!1CJCY l1Hrii6l1TOpOB Tlfp03!1HKJ111a'J­

¢cpMCIITOB. KaTanl13!1pyiOIUHX ncpcuoc qJocq>aTHOi1 rpynnhi OT AT<D K TIIpo-

311HOBOMY OCTaTK)' 6c.r.IKOB, 'ITO o6CC!lC'111BaCT MC)](KJlCTO'fi!)'IO C11£'ll<lJII13ai(l110. 

AKnmaUHH. TaK )ICC KaK 11 ncpcupo,!J,)'Kl\115! :)Tl1X qJCpMCIITOB, npl1BOI111T K orry­

XOJICBhiM 3a6oncBal!l15lM, OCTCO!l0p03Y, WOKOBblM COCT05lllll5JM. Y1JllaiL'lCllllhiX 

K !!aCT05lll(CMY BpCMCliH HIIri1611TOpOB MO)](HO yKa'J<ITh I! a COCJ_(J111Clll1C ( 1571 ). 

o] 
~N 1571 

aX) 
I h- a 

HN 

OMe 
--.:;:-N 

J 
N 

Cl1l!TC3 XlfHOJlHHOHbiX aHanoron ( 1572) ·JToro COCAHHCHHH, npC;'UJO.iKCII­

Hbiil B [ 1!20], npliBC)J,CH B CXCMC 683. CHJ!TC3 6a:mpyCTOI Ha fiOCTpOCHUl1 

lll1pl1Il,I1HOBOrO KOJlbl(a C fiOCJlCtlY!OiliHM o6pa30BaHUCM 4-ap11n<lMHHOXHH0.'111-

HOB (1573) 11 ll,anee (1572). B nony'ICHHbiX p>u~ax coeJIHHCHHH nma (1572) 
06Hapy)](CHbl Cl1JlbHbiC l1Hr116IIT0pbl Tllp03l1HKJ1Ha3, npl1'·1CM HaJVlY'Illla51 aK­

THBHOCTb nai1)1ena )l_TT51 COC,!J,I1HCHI1M, l1l\!CIO!lll1X B 60KOBOH I_(Cillf HC MOptjJO­

JlHHOBbiH, a N-MCTl1_!11l111lCpa3HHOBhiH ocTaTOK. 0TMCTI1M, 'ITO llO!lXOL\bl K co­

C,!J,l1HCHlUIM TaKoro THna pa3pa6aTbiHMl1Ch TaK)](e ( 11 c Toi1 )ICC ueJihiO) n [II 05 J. 

CxeMa683 0 

BryyCDOH l) 1a Br~CN 
0 2)n-Buli,MeCN ~N)I 

NH2 H 

1) POCI3 • 
2)ArNHz 

ClX)Cl l) Pea.KUID! CylyKH ClnCI I TBDTS, ).IHOKCaH, PPh32PdCI2 I 
• HN h- OMe 2) IN HCl, Tf<l> HN h- OMe 

ro 
3) MOIJ4>oJIHH 

Br CN ~ 

L~ 
N 

1573 

CN 

1572 

TBDTS = TPH6YfiUif5-( 1.3-J.IHOKCOmlH-2-Hll )· 3-meHHJilCTaHH:lH 

-"""""-----------------"' 
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l1HTCpCCHhlC H CHHTCTWICCKOM OTHOlllCHHH pa60Thl [ !!23. 1!24 j BKJIIO'IaJOT 

McranJIHpomnmc tj)OpMaMHJ.ll1HOR (1573), anKHJlHponaHHC 11 )lance yiJ,anCHHc 

il>opMaM!flll1HOBoro ocr<JTKa c o6pa·loBaHHCM C-anKmmpmnBO)lHoro (1574)­
:nor cnoco6 cra:1 B<DKHoi1 cra;mett CHHTC3a u:cnoro pHn:a aJIKa,1011JlOB (cxe­

Ma 6X4). 

&NH, OMe h 

R • 
~ 

CxeMa684 

N~NMez 

-Cr'oMe + R'rn'-.. 
R l~_)lfQ?"-·'iHI 

R'-(01 I) n-Buu, 
-socc -;::/' R' 

R' I N w ~ <x;:\ _ .,,. E 

~ N......_ 

II 
2)EX 

N 

1573:01 
EN~ 

MeO~R' MeO ~ 

R' 

] ,3-}lHl\tCTH!l-4-aM!H!OYPaWU (1575) Ilpl1~lCIIC!l ~1JI51 CI111TC'la COC)J,HI!Cll115! 

( 157 6), B CTp)'KTypy KOTOpOro BX0/(5!T HaXO).l)l!llHCCJI B COCC)J,HifX ilOjiO)](CI!l1HX 

lU1KJia aMW1l1l!OBaH ClfCTC!\!a If aTOM MO,!J,a. J1C!lO.Ilb10BaHl1C 3TOHl CO'ICTaJU15l 

l10'JBOJIJ1JIO pa3pa6oTaTb ITOL\XO)l K 'laMb!KaHHK1 11IlplUUIHOBoro UHK..Tia l1 CHH­

TCJY 3a.\fC!llCHHOfO fli!p!I)l0[2,3-djn!1p!IMIU.IlUia (1577) (CXCMa 6il5) [1118). 

CxeMa685 
0 

0 0 It 
Me......_ A. Me......_ A, ~ 'r 

N'- Jl la N -.... .. Jl 0 
0)-...._N, -~H:-+-OAN N~NMe2 

I I 
Me 1575 Me 

XCH=CHY 
CuL K2CO,. Pd(OAc)z, 
AM<DA, 100°C, 3-6 q 

0 X 

Me-.....,~y 

N-...."Jl_) 
OAN ~ 

~
0 I 

Me......_ • 

~ N~NM,, 0 N 
I 

Me 1576 

I X= IL Y = CDOR, CN, OOMe, Ph, OBu-t 
Me 1577 X=Y=CDOR 
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DOJiblll<UI rpynna 11CCI!C)J,OBai111H, Bh!TIO~!HCI!Hb!X !Ia OCIIOBC aUCT<WCI":\ ;raK­

TaMOB 11 aUCTaJTH )ll1MCTHJiaUCTaMH)J,a 11 HCKOTOph!X CfO f0\10IIOI'OB, flOCflHWClla 

HX B3aHMO)\Ci-iCTB1110 C llp0113BOJ~llh!MI1 ai!TpalliU!OBOro :><Jmpa 11 :JCjmpoB 2-arvm­

IIOTI11pl1)J,l1H-, TI11pHMl1/\11H- H f!O,'J;06!lb!X a\!l1l!OKap60HOBhiX Kl1CJIOT C Bh!XO)]OM 

K KOI!JlCI!CI1ponamihiM rmpH/l,OI!aM-4 [355. 646. 1101. !129-1132]. Oc!!OB!Ioi1 

np1111lll1ll JTOii IIOCJ-!IHCi1, 110-Bl1}1,11MOMY, o6Jl{l1i1 xapaKTCp I\11KJIJI3aU1111, llll­

Ka·3a!l (lla Tip11MCpC JJaKTa\1aiJCTac!Cii) !fa CXC\!C 686. 

CxeMa686 
EtCXX.: 

(CHv~ RCXX.::c y (CHv~ y-" Y l _)(OEt + ) - l A A __ ) 
~ OEt HzN ::-,X ~ N ::-,X 

--
Me Me 0 

EtOOC JLc ___:.cHv~ y-"
1
v _ (CH2)n I I J 

-lN NAX) lN N X:?' 
I H I H 

Me Me 

B :JTOM p<U~!C~lC K<DKCTOI IIC Jll1lliHI!M llilTIOMHIITh 0 BOTIJ10CC, KOTOj)biii )10-

CTaTO'[I!O IIO)J,p06HO o6cy)!()J,aJTC5T B llCJ1Bh!X fJ!aBaX MOHOrpaclniH: ITOCKOJihKY ITpH 

reTepoUHKJIM'ICcKoM Cl111Te:!C rrp11 Y'Iacnm aucTaJieii (nne ]aBIICHMOCTII oT Toro, 

K3KOI'O TJ1Jia HCXO).l,Hb!C COC)UIHCHI15l BCT)'!laJOT B peaKUl111) Ja'IaCTYJO o6pa3YJOT­

CH OKCOfCTCpOUHKJ!bl, HMCIO!llliC 3MH}lHbi.ii (TJ10aMH).l,Hblll) cpparMCHT. Heo6xo­

}lliMO rrp11 3TO~I Y'II1ThiBaTb BO'lMO)!(HOCTb N-, 0- 11 S-aJTKHJinpomn-mH. He oc­

TaHaBJIHBa5!Ch Ha 3TOM no;rpo6Ho, npHBCJ\Cl\1 PM rrorrommTe~1hHbiX ccbJJIOK Ha 

,"II!TCparypy, B KOTOpoii TaKHC peaKUHI1 ynoM5IHYfhl [755. 800, 807, 1133, 1136]. 

TipCJ\CT<lBJI5ICTC5l YMCCTHb!M H<lf!OMHI1Tb 0 TO~L 'ITO all,CT<UII1 JiaKTOJIOB TaK­

)](C Cf!OC06Hbl !!pliBOJJJITb K (llypoXHIIOJJOHaM 11 pO;'l,CTBCHHhE\1 COC)lllHCHif5IM 

rrpH Jl3a!1MO)leilcTBHI1 C aHTpaHHJIOBhll\1 3(lJHpOM II, B006!llC, !30 MHOfOM Ha­

f!OMHHa!OT CBOMCTBa JI<lKTaMaiJCTiUICil [657, 658, ]()54]. 

11 B 3aKJIIO'lCHllC 3TOf0 pa3).l,C~!a OTMCTIIM, 'ITO 3MIUUIHhl HCH0~1hJOBaHbl 

B aCUMMCTpWICCKOM Cl!HTC3C <L1KaJIOlL'lOB (-)caJJhCOJIHHa l1 ( + )cam,cOJUIJUIHa 

(cxeMa 687) [1137]. 

TioCJIC o6pa30BaH!UI aMH)J,HHa o6bJ'IHhl~l all,CT<UlbHh!M CIIOC060M Hau6o­

JICC B3.lKHa5l peaKUIU! B JIOJI)"-ICHHll 3T1IX aJJKaHOH).l,OB - 3TO IICpCaMHHHpOBa­

HHC 3T0f0 aMll)ll1Ha 3aroTOBJICHHb!M 3apaHCC 6,7-)lllMCTOKCH-1,2,3,4-TCTpa­

I'H)lpOH30Xl1HOJIIIHOM c nocJICII)'IOWHM o6pa3oBaHIICM O-mpem-6yrruumnrcBoro 

ripOll3BO).l,HOfO, aJTKIIJIHpOBaHHCM H ).l,e3aMil)J,HH11pOBaHHCM IIYfCM o6pa60TKH 

fl1)J,pa3HHOM. 
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CxeMa687 

Me2N"n 

H2Nf.Me 
'•,,, Me 

t-BuO H 

N~ )'',,,H 
t-BuO 

OMe 

CXX b, .. 

HN OMe 

+ 

W
OMe 

N OMe 
Me I( 

~""""'"}i 
Me , ••• -··' 11 )RI 

H -0~ 2)N#~ 
Bu-t 

(S)-Bammo!l 6 -mpem-
ymnoBMif ~JtPlfJl 

CXX
OMe 

( N ,_B"li 

X
I Me OMe 

M 

t-BuO H e 

~OMe 

( )CaJJbCOJIH.LIHH R=Me, R'= H 
( +) f'oM OCaJibCOJJIT.L\HR R = 3,4- (MeO )zC6H4CH2CH2- R' = Me 

R'N~OMe 
R H 

4.2.1 C. TipOU3BO)J,IIhle JJ,pyrux reTepOUUK.10B 

4.2.Jcl. JlupUMHJl,UHbl 

CJ1HTCJ fCTCponHKJI!l'ICCKMX COC;'ll1HCH!U1 HJ Cl1I!TOHOB, KOTOpb!C Ha!160J1CC 

yno6HO llOJIY'IaTb, 11CllO.'lh3Y5! al\U1)laUCTdJill. C03,LJ,aCT ,L(JT}! JTHX COCJJ,IlHCHHH 

BOHCTJ1HY HC060:Jp11Mh!C B03MO.lKHOCTJI ).l,JI51 llpl1l\1CHCHH5T B CHHTCTW!CCKOii 

upaKTHKC. B JJ,aHHOM pa3L[CJie IuiaHHpyeTcH o6o6uunh nHTepaTypHhiC JJ,aHHbiC, 

KaC<1!0ll{l1COI aJ~CTaclhHhiX CHHTC30B, ri[111BO)J,SIIJ[J1X B KOHC'IH0\1 HTOfC K pa3-

H006pa3Hb!M reTepoiri1KJiaM. 

11 Ha'IilTb HCJTCC006pa3HO C II11p11Mli,Ll,l1HOB. :;)To Bbi3BaHO TCM, 'ITO IIMCH-

110 111!pl!,'li1HOBhlC If ri11p11Ml!)li1HOBhiC COCJll1HCHI15! Hy)!()J,a!OTC5! B np!1MCHCHI1!1 

!Ia I!a<laJJhllbiX CTa,'lH5!X CHaMl1HOBbiX H aMH,'lllHOBhiX 11CX0)1Hh!X, H MaTCpHaJI 

110 CllHTC3Y ITl1pHMI1)111HOB cpaBHI1M no o61,CMY C TCM OrpOMHh!M MaTCpH<L'IOM, 

Ko-ropbii1 6hlJ1 o6o6u~cH BbllllC )l.!UI n11p111l11llOBhiX UHKJIH3aUHH. KoHe'IHO, np11 

'HOM HaJJ,O HMCTb B BH)J,y, 'ITO BO MHOfHX CJlY'IaHX B )J,aHHOH MOHOrpaqJHH B 

pa3Jll1'1HOM KOHTCKCTC Y)KC IipHXO)J,HJIOCh aHCUIH311pOBaTh )J,aHHblC, CB5!3aHHb!C 

C TIOJIY'ICHI1CM H CBOHCTBaMH D11p11MI1)J,I1HOBblX COC)J,HHCHHH. 

KaK 11 B CJiy'!aC KOHCTpyHpOBaHH51 riHplUlHHOBOro UHKJia. rrp11 IT11p11MI1-

)J,HHOBOM Cl1HTC3C, BKJIIO'!a!OW.CM y'!aCTJ1C aMHL[aUCTaJICH, B Ka'!CCTBC 11CXO)J,­

Hb!X COC)ll1HCHl1H OCHOBHOC llpHMCHCHHC HaXO)J,5IT pa3JIH'!HhiC aMH)J,I1HOBb!C 11 
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CHaMMIIOBb!C CHCTCMbl [74, 75, 635, 661, 677, 683. 720, 835, 887, 888, 1049, 

1138-1149]. Bo Ml!OrMx cny<raJJ.x rmpHMH)lMI!OBbiC CH!ITC3bl !l,OCTaTo<mo TH­

IIJFIIIhi, 11 ua Ka)K!l,OM H3 HHX OCTaHaBJIJ1B3TbC51 I-ICUCJICC006pa3J!O. IlOJTOMY B 

IIOCJIC!l:YIO!l(CM TCKCTC Bb!6pal!hl llill160c1CC Ba)Kllb!C, C TO<!Kl1 3pC1!1151 aBTOpa, 

HCCJIC1J:OBa!Il15l. l1 OT)lCJlbliO 6yD:yT paCCMOTpC!Ibl OC06b!C CJl'{'IaH H TC CilJITC'3bl, 

KOTOpbrc )laJIH wm6oncc B<DKIIhiC 611onorwrecKMc pnynbTaThl. Ha<IHC!\1 c y)f(c 

YTIOMHl!YTbiX pa60T [74, 75], B KOTOpbiX Olll1Cai!O 0-aJIKHJIHpOBaiii1C 3-JTOK­

CJ1Kap60Ili1J!- 11 3-a,1KI1J!·3-:JTOKCl!Kap6ollHJIJiaKTaMoB. B I!CpBoM CJIY'IaC IIOJIY­

'ICII a-JTOKCHC!IaMMII ( 1578), BO llTOpOM - /~11MCTH."ai~CT<Uib (1579). 06a :JTIIX 

COC)l,lii!CIIMH rna,II.KO pcarHpyiOT C BCli(CCTBaMJI, COJJ,Cp)K<li1!11MI1 ll CBOCM CTpyK­

Typc aMMJl,l1110BhlM Q:.>parMCIIT, C BbiXO)lOM K 6!1Ul1KJIJ1'!CCKI1M IIHp11M11):(11!10-

IIal\l-4 (1580, 1581) (cxcMa 688). 

R 

('Y._COOEt 
l:;AoEt N 

I 
Me BF4 

EtONa 
R=H 

MeONa 
R=Et 

CxeMa688 
.I.:NH 

RC~ 
NH2 -C('"H 

I OEt 

Me 1578 

Et NH a H2Nt' 
COOEt " 

N OMe NH
2 

1 OMe 

Me 1579 

0 

~NH 
lN"N~R 

I 
Me 1580 

~ 
lNANJ:NH 

I 
Me 1581 

Ba)KIIaH HHcpopMai~l15.1, KOTopa51 np11BC)lcHa B pa6oTe [75], KacacTc5.1 pcaK-

1!110HHOt'I cnoco6IIOCTH HCCJICJlYCMhiX 0-<UIKI1JlrrpoH3BOJlHhiX naKTaMOB. Cornac­

HO IIOJIY'ICHIIbiM n::li!Hb!M OI!a 113MCH5l.eTC5l. B pHJlY JJaKTaMaiJCTaJ!H > JiaKTI1M­

IlbiC JcjJHpbi > U-<L'lKOKCJ1CI!aMI1l!bl. 

Cal\IH aM11JlaiJcTaJII1 B MJJ.rKMX ycJIOBIIJJ.X JICrKo pcar11py10T c aMI1i1,11Hal\111 --

pcaKIJI151 11X C TpHXJIOpMCT!1J](}JOpMal\ll!Jl.l1l!OM (1582), HaTipHMCp, npHBOJlHT K 

CBOC06pa3IIOMY 6uc-aMHJll1HY (1583), KOTOphii1 BCTyrracT 13 IJHKJ10ITpl1COCJ111l!C-

1!!1C C 3UCTI1JICII0Bbll\111 r!p011'3BOJll!blMI1 C BblXOJlOM K 3al\!CllWIIHhiM 111tp1Ufl1-

).l,l11JaM (1584) (cxcMa 689) [1138]. 

CxeMa689 R' 

NH M NC(M XOM )z NH R'C=CCOR" l:} 
c13c ~ ez e e Cl3C-< Cl3C--{ \ COR" 

NHz ITtlJ,SOoc N-,NMe2 N= 
90-100% I 

1583 R 1584 R 1582 
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J1 Cll(C OW!a pa6oTa f 1139], B KOTOpOH IIpi1 HCIIOCpC):(CTBCI!HOM B03)lCM­

CTBI111 aMI1il3IlCT3JHI !la C!laMI11li11I (1585) IIp011CXO)ll1T IICO)KHJiaJIJIOC o6pa30-

BaHJfC n11pl1l\!11lll1llOBOro U:MKJia ( 1586). CxeMa 690 }],acT rrpc)lCTaBJICJIHc o 

B03MO)KJ!OM MCXal!J13MC TaKOM l(I1KJ!I13aU1111. 

C'xeMa690 

NCX N0:2 - NCX N0:2 -Mc2N 

N NMe2 N NMez 

~ )I 
Me2N OEt H EtO 

1 ~ Me2NCH(OEt)z 

>Cx~ 

N NMe2 

jl 
Me2N 1585 

Me2N-
____.. 
.----

~N0:2 
HN ,)lNM,, 

)I 
EtO 

1-Eto-

+:XNMe2 NOz 
~ N 

~N NMe2 

1586 

Ilowrn!O, <ITO )lJIH IIOJIY<JCHMH pa3JII1'1HbiX f1Hp11MI1J!I1HOI3b!X COCJli1HCHl1M 

aKTJ1BHO ucno;lb3YIOTC5I aMI!Jl.HHbi pa3Hol1 cTpyKrypbi. TaK. liMMHoaMHJlHHbi 

(1587), IIOJIY'ICHHhlC aiJCTaJibHb!M CHHTC30M 113 11MI1HOaMliH3 ( 1588) IIp11 Ha­

rpcBaHI1!1, npCBpaiUaiOTC}l B CMCCb 6CH30,II.J1a3CflHHa ( 1589) 11 HMHJ[330XHH3-

30Jli1Ha (1590) (cxeMa 691) [1140]. 

CxeMa691 

JJ:;2 :« CHNMez 1a, 20°C ~ PhMe, T.I<Hn. 

I 72'1 
NCHzCONHMe ~ NCH2CONHMe 

0:2N 0:2 

-
0:2N 

1587 Ph 1588 Ph 

CONHMe + 

1589 
51% Ph 

l ~ N 
0:2N -o 

1590 k.F 
34% I 

Me 

)J,pyme I1MHH03MI1,Il.HHhi (1591) IIpH peaKl(IUIX UHKJ10IIp11COC/l11HCHI15l. C 

3JICKTpOHOHC)lOCT3TO'!HhiMI1 3THJICH3MII IIpCBpall(a10TC51 B IIpOH3BO)lHhiC III1p1I­

M11Jl.HH3 (Haiip!1Mep, B (1592)) (CXeMa 692) (1141]. 

l.,._ ..... ____________________________ ... Hm-liW•• ______________________________ ....... 
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CxeMa692 

/"N MezNCR(OMe)2 hOCH /"N R Ar~ 
PhOC""l·lr\ _Jt P Z\ _fl 1 ~- N02 

0 NH 0 N~ [, /'~~ ..... ·~J 1591 ;:~:~N'" 
Coa''\o~):NM,, Phom,\~~)/ 
J1MJ1l!OaMH/U1l!LI HCI10Jlh10BaJihl ll 1111[lHMII)J}!IIOBOl\l CHIITCJC 11 B pafJOTC 

[ 1058] llYTCM BJaHMO)JCHCTBIU! C KCTCIJOM l1JII1 np0111BOf\l!I,IMI1 aKpHJIOBllH 

KHCJIOThL 

PcaKtUIH LUIKJionpHCOCJl,llllCIIIIH npl!MCIICIIa TaK)KC 11 ;unr "3aMhiKaiiiUI IIH­

J1I1MI1J\11IIO!loro UHKJia HJ N-Kap6;uiKOKCHIIMI1lllX1Mll/\lll!a ( 1593) (cxcMa 693) 

!I 142]. 

NC:OOR' 

R~NHz 
1593 

la, IT<!> 

• SO"C 

CxeMa693 

NCCXJR' R"C==' CC:OOR"' 

R~N0NMez 
R" R" 

N~ COOR"' ~ C:OOR" 

., I~-·* NMez l~T)l 
R~N H RAN H 

YKmKeM 3)JCCh, '-ITO rrpHMCHCHHe a:v~n)JaUeTa.rrei1 B Ka'ICCTBe O)JHoynlcpoA­

Hoi1 KOMfiOHCHTbl 5!BJI5ICTC5! O)JHIIM H3 BCCbMa yrroTpe6JITCJihHh!X CITOC060B 

33Mb!K3HH5! fll1p11MH)JI1HOI30J"O KOJihU3. TaKO(! ITOAXO)J UCfiOJib30!laH !3 pa6oTaX 

[720] (eM. CXCMY 481) 11 [1143] (cxeMa 694). 

CxeMa694 0 

~CONHz la 

~ ---
~NH 
UNJ 

cNH, c~(ar,p,NHM, 
NHz H 

T~:lo& ~ 
I OEt 

Me 

l.JemepTW!Hh!C COJIH (1594) ITOJIY'lCHHbiX THOilUl!JiaMH)JHHOB rrpe)JCT3BJ15l­

IOT co6oi1. THITWIHYJO a3a)JHCHOBYJO CHCTCMJ', Hi! 6a3C KOTOpOM B03MO)!{CH CHHTC3 

Tpl133MCll\CHHbiX ITIIpUMH)JHHOB (1595) (cXCMa 695) [1145]. 

4.2. !!lecmu~,zeuubte zemepou,uK.Zbl 

CxeMa695 
s 

477 

SMe R~S MezNC(MeXOMe)z R~ __/Me 

NHz N\ 
j Me Mel ., R~ __j 

1 
_ ___.,. 

N~+ 
s MezN~ 

NMez 1594 t-I'Mez 

PhNCS I I 
., N::::-... N-Ph y 

Me 1595 

Uc)Ia5I rpyrma HCC.'ICJ\OBaHI1i1, HanpaBJICHHhiX Ha KOIICTpyHpOBaHHC lll1-

pllMI11\HIIOBI>IX I\11K}IO!l, OCHOB<Illa Ila llpl1MCHCIIHH BHII<lMHIUICBbiX Conei1, 

l!;tiip11\!Cp (1596} (CXC\Ia 696) 1683, 877, 8781. 

CxeMa696 

Q ~u nNM,, w~. 
S COMe S COCII 

n\ . /-'NMez-

mr A~ 
Me2NH _ ___.,. ~

F6+ 
NMe2 s ~ 

1596 NHMe 

H,NJlmr,{s/Y) 
NaH, )J;M<l>A NY 

NHz 

nocrponme fl11p11MI1Jli1HOBOrO U11K.ola BO MHOrliX CJIY'Ia51X 6a3apyeTC5! Ha 

noJIY'ICHHhiX cneuHaJihl!o 111111 rrpoMC%YTO'!HhiX aUIIJiaMI1)JHHax. TaK, B pa6oTe 

I l 1 46] Kap6aMOHJihHOC rrpo113BO)JHOe 3aMCIIICHHoro n11pl1Jla311Ha ( 1597) rrp11 

Kl1fi5Jl.ICHlll1 B TOJIYOJlC C aUCT<UTCM (1 a) npe!3paiUaCTC5! B IT11p11MHJI0[3,4-b]m!­

pHWl3HH (1598). npH 3TOM IICCOJ\IHCHHO, 'ITO HHTCpMC)JHaTOM 51!3JI5!CTC5! 3U11-

Jia\IH,UHH ( 1599) ( CXCMa 697). 

PhS 

0 
la -

CxeMa697 

PhS 

'i ·' 
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Do)J06Hbl~ )KC o6pa30M ITj)OTCKaeT lH1pl!Ml1,C~lfHOBa5J Ul1K.Il-J"lal(l!51 JJ) ( 1600) 
( CXeMa 698) B pa6o-re [1147 j. !1 lJ;,eCJ, OCIIOBHh!M npo~e)l(y'TO'IIlh!M ITj)OLlYKT0\1 

5!Bm!CTC51 <UUL1<11\1JJ,1IIH ( 1601). rlo.n:o6HOfO Tim a mrpiiMII;111HOBhiii CliHTC'l Iii! 

OCHOBt' ilTUIJiaMJ1)li1HOH Ofly6;l!JKOBaH TaJ.OKC B [66J. 6 77. J 049, 1148 j. 

CxeMa698 

(CHJ)nl (CHJ)n1 l H2NCDNH2 l Me2NCH(~E.t)2 

N Y OMc N NCDN!b H • 

(CH2)nl ~ ..._ (CH2)nJ(~N 
lN NOON lN N-~O 

H /1 H H 
1601 ~ 1600 

NMe2 

llpl!BC}ICM KpaTKy!o IIII<jlopMaUI!IO 06 aMI!;VlllOKCTOilaX. B IIyClJH!KalU!}!X 

[l\35. 1149j OIIIIC<lllll THITII'IHOC 'JaMb!KaJIHC Ill!pl!\111iUIIIOBOIO 1\IIK}]<l C Y'Ia­

CTI-101 aJ\!HJJHHOBOfO cjlp<trMCIJT<I (nony•!CHIIOIO at{CT<L~hHhiM CI1HTC30M) l! l!a­

XO}lllll{ciiol B COCC)lHCM !IO}]())I(Cill-11! KCTOrpyiTIJhl (CXC,El (Jl)lJ). 

CxeMa699 
Me2N 

;c;H2N NYSMe '--=--:;r:;N NI(SMe rN .. ~Nir_SMe Ia :;.--- NH+ A CT ;:;.---
/ -- I 4 c I 

0 N 0 ~ N l3uOH,6 N~ ~ / N 

Me SMe Me SMe Me SMc 

ToT )I(C npHI!Uim, np11 KoTopoM cocc,a;tmil c auHJ1aMHJI:Hl!OBOJ1 rpynnoi:f 

<jJyHKUHOIWJfhHhiH 3aMCCTHTC,1h npHHHMaeT y•racTHC B TepMHHa~~hHoti CTa)]Jni 

riH]JHMH,'\HIIOBOii. UI!KJJI.13aUH11, peanH3YCTC5! H J}IH ;:(pyriiX LlMHIUIHOKap6o­

HHJibl!LIX COC)JI!HC!llii-i, Hanpm1cp al\IHAilH03(ill1pOB [375, 603. 680, ))45, !076. 

1084, 110 lj. BecL.\Ia 6o.~huroi1 6;JOK ItccnerroHaiiilii. nocB51llLCII IU1KJ!l!3aJU1H 

aMHA11H0!111Tp!1J!OB B !1J10113BOLllihlC Ill1]JJ1,\1l1JL!!Ha. J.1 ;{JUI ::JTllX lU1I~1IUaiU1i-i xa­

paKTCpiiO Y'Iacnrc aMIIJ\IIIIOBoro <jJparMCHTa 11 mnpiL'lhi roi-i rpynilhl. KOTopal! 

IIPH ·laMhiK<lHHVI urrKJia o6ecne•IHBacT o6pa3onaHile aMHHorrHpl1~ll1J(IIIIOBhiX 

IIpOH3BOJI:HhiX 1744, 1114. 1127, 1150-1154]. B K~Fiecrne npH\lcpa (cxe\ra 700) 

nprmc.:.rcM pa6oTy ]11 141. ,[(oiioJIHHTCflhHhie cchimm: Ha nplll\ICHemre B IU1Pl1-

:\II1J.HHOBOM CHHTC3C aMH.:IHHOKCTOHOB [ 1]55. J156j, al\f!1;L]1HOH11Tp!UIOB ]1!57 j 

H aMHAHHOaMHJ(OI:l jl 099 j. 
COBCplllCHHO O'ICBH;:(IIO 60}]h!llOC CXO,L{CTBO CHHTCTH'ICCKHX B03MO)I(IIOCTdi 

B CfPYJ.:TJ'j)HO CXOil!-lh!X JaMC!llCHHhiX aMH,lHHaX li eHa\H!H:lX B f!JTaHe KOHCT· 

pyHpOBaHHH reTepOUHK~WICCKHX CHCTCl\1. Bcne;(CTBHC :noro TTOt(XOL] K mqJH-

4.2. lllecmu'!.leHHbLe <emepOJ1UK,1bL 479 

CxeMa700 

Me 

- 0 
H,N~ CN B.OOC~ CN 

)lN)lNH2 Me H 

NH~ 

Me2NCH(OEt)z 

• 

-::: 

NH~ AcO--
.....,..,. NH2 

EtOOC .).._ .CN /~McDA,• EtOOC 

T. KIIIT. Mo/:tlJ Me/ "'1'1' -~ .. NMe2 " N 

~1l1JU11l<lM B 06JI(CM CXO,'~Cll II ){}JH <jJyllKL~I10JJanb!IO 'la\!CIHC!lllb!X aMI111)1!10B l1 

cHa\1HHoB. H:HlpHMcp ;um ilMIUUIHO- 11 cHaMHIIO:.Jcj)HpoB ln7. 9051 TaK, n y>Ke 

YIIOM51IInhL\ llb!WC pa6oTaX [904. 905] flOKaJ<li!O. 'ITO (CM. CXCI\lY 606) 11p11 

KOIUCIIC:llll!ll Cl!ill\lHJIO:J<!JIIpa ( 1359) C ai\!IIHOI'CTCpOLU!KJiaMI1 o6p;nyJOTC5.1 

Kllii;{CI!OlpOHaHHhiC ni!p11MI!i1l1HOllhl ( 1602). H~ll'IOil{llC B f!OclO)KCHIH! 6 flli­

j)l!MJlflllllOBOfO Ul1KJTa CHaMliHO::JqllipHbiii. OCTaTOK (CXCMa 70 l ). 

I~ - X X ~/ 
NMeo CxeMa 701 ~?N 

A COOEt -'- j - N CDOEt 
McOOC ~T H,Nj[~ ~ ll~ 

1359 CDOEt X=C1I=CH,S 1602 0 CDOEt 

E!Ia~lllll0'3qll!p ( 1603). B COCTaB KOTOporo BXO.iJ.I1T cynhCpOHOB<UI rpyrrna. 

Ti!KA<C >IBmicTC>I y;!o6Hbii\I o61,CKTOM nmr rrHpH~li1Lli1HOBoro ( 1604) CHHTeJa 

(CXCM<l 7()2) j1158j. 

CxeMa702 o 
NH 

so, OOOMe Mo-( S<l,-c 
1(1> I(NMo, N:J ):M, 

SO] I( ~ax;~'-
Ph 3 q, 20°C 

1603 1604 

Do 6JI113KOMY CUeHapHIO OCYIUCCTB}]CH ITI1pi1MH)JHHOBhiH Cl1HTe3 B (830). 

(852) II B (553], B KOTOj)0\16hiJI HCfiO}]b30BaH CHaMHHOTI103qH1p (1605) 11 CliHTC-

3I!pOB2lH 2-<IlCH!l}]-4-3TOKC!i-5-rriiaHITHpi!MI1l!)IH ( 1606) ( CXeMa 703). 



480 fw&a 4 A.wuJ- u .UIKmaAJaL(ema,1u 11 cwmze>e zemepoL(UKJIU'fi'CA-ux coer)wJeJ/Uli 

CxeMa 703 
S H 

CN 

<­
CN 

NCCH c'i'S ~ NCiOR + NC(x··''''''~,,,,,, CNMezN',-,,;;,,,,,,,,NMe2 
2 ' : = OR : - : 

1605 -~~ / 
Me?N EtO ~ ,' OEI H 

~ t _.-::;NH S S 
PhC ;;-; 

:Jr
OFt CN '- Nllz 

N 

A 1606 
Ph N 

[Jia:1111l!OaMJ!jjbl Opl1 B03J!ciknmH <IMlli\<IUCT<IJidi rna;(KO npCHJ1ill!l<liOTC51 

B cooTBCTCTBYIOJI!He II11p11Ml11Ulllhl. B pa6oTc [ 1 I 59 J ll'l cHaMI1l!OaMI!IIa (1607) 
IIOJlY'ICH ll11p1111Hf)IOH'30XI1HOJIHII ( 1608) ( CXCMa 704) _ 

CxeMa 704 
Me 

MeO *OFt 

X)j( Me2N OEI 
NH 

MeO 

H CONH2 

1607 

MeO 

MeO 

1608 0 

EHaMHHoaMHllhi - rrpo!13BOllHLie a:-wtaH-P-aMHHoKpoToHaMHJJ:a - n uc­

JioM j)5!llC JICCJIC,'(OBaHHii lfCITOJib30BaHL! )1)15! rJOJJY'ICHlf5! 3aMemeHIIL!X lll1pl1-

MI11UIHOB (1059, 1160, Jl61j. llpl1 3TOM Ha;J:O II:\1CTL 13 BHJJ:y, 'ITO peaKUIHl3TI1X 

CHal\IHHOB C aM!1)lai(CTaJI5!:\Il1 11 Oj)TOCJ<l>HpaMit IlpOTCKatoT IIo-pa3JIOMY-

TaK, HarrpHMep, rrpH HarpemtHHII KpOTOHaMit!lOB ( 1609) c IJWcJTHJlaueTa­

JieM Ll,M<DA B COI1JJTC o6pa3yCTOI 5-UliaH0-6-JU1MCTlVIaMJ1IIOMeTI1J!CHIII1pHMI1-

;II1HOH-3 (1610), a C Tpl13TIL1<}>0pMIIaTOM B YKCYCHOM aHni!lPllJJ:C - 5-UHaH0-

6-MCTlJJlflllj)llMIIJJ:l1HOH-3 (1611) (CXCMa 705) [J161j. 

CxeMa 705 

Me Me N:XCN O!(OBh,Ac,:~CN 
'l H2 CONHR 

N 0 1609 H 1611 

_....OEt 
_....CH, 

Me2N OEt -FtOHabs.,D. 

NMez 

) 

Cx~ 
H 1610 

4.2. 1Uecmu'!,1eHHble zemepot{IIK.1bl 4Rl 

EHaMl11!01!11Tp11Jibl B OllpC.[(C.IICI!IlbiX CJiyY:aHX cnoco6Hbl c;I)I)Kl1Tb HCXOl.(­

IIbiMH COC.[(l1HCHI15!Ml1 !{1!5! Ill1p11MI1,'(11!10BOfO CHHTC3a f 601, 1079, !162, 116Jj_ 

XapaKTcpHLri-i np11Mep In 11ccrc110Banmr [ 1162], f/IC pa3pa6oTaH IIOJJXOJI 

K Cl1HTCly IIOBhlX Hllfi16!1TOpOB 6aKTCp!1aJ!bHOli Ll11ri1JIPO<fJOJiaTj)CIWKTa3LL 

<DparMCHT :noro CHIITC3a, KaCaiOIJLJ1HCH II11pl1Ml1L(l1HOBOH ql1KJil13ai(I111 IIa OC­

IIOBC CIWMHIIO!l11Tp11JTOB, Ilj)HBCL(CH l!a CXCMC 706_ 

CxeMa 706 

OMe Ia ... 

OMe 
NH 

H2N~ 
NHz ... OMe 

CN 

Me 

Oiz(CN)z + O~ OMe AcOH NC I .. 
~ NH/ Aco-

~Mez OMe 

# OMe 

Me 

NC 
OMe HBr/ AcOH ... 

Br 

OMe CN 
OMe 

OMe 

OMe 

OMe 

OMe 

Coc,cr:l1HCHI15l, o6bCJJ:HHHtoiUI1C n cnoci-i cTpyKType aMM!ll1HOBhii1 n CHaMI1-

HOBLii1 <flparMCHTLI, - CH3MIIJJ:l1Hhl - MOfYJ', CCTCCTBCHHO, l1CTIOJ1h30BaThC5I 

IJJIH nocTpoeHH5I rrHpHMIIJJ:HHOBLIX npo113BO!lHbiX_ TaK, l-aMHHo-1-R-aMHHo­

MenJJJCH-2,2-JJ:HU!1aHo3Tl1JleH Y)!(C YITOM!1HaJTC5l B Ka'ICCTBC l1CXOLIHOro CHaMI1-

lli1Ha !{JI>f rJOJlY'ICHIUI UHaHorrypHHOBOro np0113BO.LJHOro ( 677) B CMCCI1 C I111p­

j)OJibHblM coe,cr:HHeHHe:-.t (678) (eM. exeMy 400) [600]. B ,cr:pyroM HCcJie,cr:onaHHH 

( 1164] aM!1HOJJ:HCHaMIIJJ:l1H (1612) 5!Bl1JIC51 YIJ06Hb!M CHHTOHOM M5l C03L(aHH5f 

nttpl1Mf{JJ:l1HOBOro l1 I111pH;J:IiHOBOrO U11KJIOB C BL!XO)jOM K MCTI1JICHIIHpi1MIIJJ:l1Hy 

(1613) 11 nHpH!lo[4,3-d]n11pl1Ml1JJ:HHY (1614) (cxeMa 707, c_ 482)_ 

PeaKU1111 3aMbiKalilf51 Ill1j)l1MI1,'(11HOBOfO UUKJia Ha OCHOBC eHaMH,'(lfHOB 

OI111C3Hhl T3!0KC B (lJ25, 1165]. B ITOCJIC!{HCM pa60TC CHaMIIJJ:HH (1615), ITOJIY­

'ICHHLIM C HpHMCHCHHCM aUCTaJibHOfO Cl1HTC33 I1pl1 H3IpCBaHl111 C I1Cj)Bl14Hb!MI1 

aMHHaMH, rJia!{KO ripCBpamaeTC5I B MCT11JICHITI1j)l1MIIJJ:I1H (1616), ITO)j06HO TOMY 

KaK 3TO H36J1to!{3CTC5l B pa60Te (1164]. 

i~;:~i£~1111111111111111111111111111111111111111 .............................................. .. 
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NCX CN NcX eN cxeMa;~X7 CN R C¢~ NH R 
1a RNHz 'N N/ - -- -

H2N CH2R N CR N CR ~ 

MezN)I1612 llNMez RHNJI llNHR 1614 CN 

~R'NH2 
".. NCXCN 

t) 
I 1613 
R' 

Cmnn (1616) upc;\CTaBJit:H 11a cxcMc 708. 

CxeMa708 

NC COOEt :-JC)(:COOEt 

X Me2NCH(OEt):, RNH
2 

ronyoJJ, 

T. Klffi. N~N ~ NMeo H2N Me Me2, · • 

R, :)y l CXX)Et 
'-':N 

1615 1616 CN 

HaMGoJJee o6untpHhiii 6JioK pa6oT HO nllp11M11.UHHOBOi1 IU1KJlHJ<11\HH, 11C­

XO.i\H 1-1'3 TlpOH3BOHHhiX eHaMHHOB, 11p1111<1)UJC)Kl!T npHMCHCHli!O )\~151 :;niX 1\C­

Jidi CHilMliHOKCTOHOB [593. 649, 686, 687, 749, 739, 789, 82(}, 924. 964. 970, 

1099, 1101, 1156, I 157, 1166-1182[. Il,JTH 3aMb!KaHHH liHpHMH):\HHoBoro Ul-lK­

na 1-13 CHal\lliHOKCTOHOB B Ka'ICCTBC pcareHTOB HCllOJib'lYJOTCH, KaK llpilBliJ!O, 

ryaHH!\HHhl, auemT aMMOHIHl H HHorwl cjJOpMaMHl\. HcKOTOphie 113 yK<r3aHHhiX 

II!HOfO'IliCJICHHblX CChiJlOK UCJICC006pa3HO j)i1CCMOTj)CTh 6o.rtCC !10}[p06HO. 

I Jy6.ilHKaJ[llH 17891 ITOCBHil(eHa CliHTelY II IICUIC,l,OB<I Ill! Kl :.J(jJCjlCKTllBHhlX 

H CCJICKTHBHblX HHfll6JlTOpOB l(llK]lliii1aHJIC!-111thlX Kllll<n. KpaTKO H<\IIOMIIH\1. 

'ITO IIOpMa.ilbHbiM Tij)OlLCCC liOCJlC_i.(OBilTCHb!IOCTH C06hiTIIi1 KJICTO'Il-10[0 l[liKJla 

)[(H'3HCHHO 3ilBHCH\1 OT CIO pcry)111pOB<1Hl-151 UHK'll1H3alll1CliMhlMH KHH<13<1MH 

(CDKL HarrpHMep. CDK2/-UHKTntH-E-KoMITJJeKcoM. KOTophiH BHOCHT BKJ1a;1, 

B ITj)OUCCC CpoC<jJOpHJll-lj)OBaHHH 1-1 i1KTHB!-1pycT TpaHCKpl1!11[110I!Hblf'l CjJaKTOp 

E2F. B :JTOH pa6oTc [7S91 ocymccTBJlCH CHHTC3 m-IpHMliJUUI-2-aM!1HOHII!Hi[a-

30[2,3-aJn!1pHJlllHOB (1617), HCXOI\H 113 CHaMHHOKCTOH3 ( 1618) (CXC1\!a 709). 
UHK.JnnyiOIUHM arcHTOM !\JlH C03Jtafll1}1 nHpHMillJ.HHOBoro UHK.!Ia B :noi-i pa­

GoTc Bbi6paHa TaKa}J a\HI/[HIIOBasr KOMllOHCHTa, KaK S-McnunnOTI·!OMO'!CBJIHa. 

4.2. ll!ecmu'l,1eHHhle <emepo«UK.1bt 483 

CxeMa 709 

Q ci:So 
NH2 

MeoN 

lo ~~~0 - C NH 
- MeS~ o:N ~NH, 

N 
(" ySMe 

~N 

(l-) 
N 

RNHz 
• 

0:~ N 

NY~~ 
~N v-R' 

1617 

0 II pl1JIHIJJ)1nl1~111,1330Jlhlib!C 11Hrl16!1T0ph! CTpCCC-aKTI1B11pyiOIU11X p3 8/ 
CSBP MAP KI1WU, 6JIOKHpyKHl\11X C11l!TC3 nponocrraJII1TCJihHhiX UJ1TOKI1HOI.l 

(H<1IIp11Mep, TL-1 11 TN F), npo51BJUIIOT CI1JihHYIO in vitro 11 in vivo npOTI1BOBOC­

fi<UI11TCJibHYIO aKTJ1BHOCTh, 'ITO o6ccne'iHBaeT npHBJieKaTCJihHOCTh 3Toro nyTI1 

KaK MlllllCHI1 JI)l51 JIC'ICHIUI XpOHW!CCKI1X BOC!JaJICIIJIH, TaKI1X K3K pCBMaTOI1J!­

Hbii1 apTpi1T 11 BOCriaJICHilli KI1Il!C'IH11Ka. 

CuaTe3 IUtpHMI1J\l1HOBbiX l1HTepMCJI!1aToB ,UJI5i IIOJIY'fCHilli ueJICBhiX coeJJM­

HCHHH (1619) OCHOBaH Ha IIOJIY'iCHI111 11 11CI10Jib30BaH11ll CH3MI1HOKCTOH3 (1620) 
(cxeMa 710) [1168]. 

CxeMa 710 
NH 

MezN~ MeHN // · HCI 

1a NHz N:?' 

Me_ _1 OMe loooc OMe NaOH• A I o: OMe l/Me ~ ~ 
J( --.. MeHN N 

0 :l 0 1620 N:?' OMe 

-A I 
MeHN N 

1619 
CHO 

Xopomo H3BeCTHo, '-ITO HecTepOH!\Hhie rrpOTHBOBOCllaJiliTCJlhHbJe areHThi 

11p051BJl5110T CBOIO aKTHBHOCTh, B OCHOBHOM, llYTCM 11HI'l16JTpOBilHH51 Ul1KJlOOKCll­

reHa3 (COX)- KJTIO'IeBbJX ¢epMeHTOB apaXH!\OHoBoro KaCKaJ\a. Y)Ke ITHCaJIOCh 

o TOM, 'ITO HMecTCH .UBa H3ocpepMCHTa I\11KJlOOKcHreHa3 - COX-I ll COX-2, 

npH'ICM nonaraiOT, 'ITO ce.rreKTJTBHbTC HHrH6HTopbi COX-2 He Bhi3hiBaiOT yJThUC­

porennoro 3¢¢cKTa. OoJTcK TaKJTX HHrH611TopoB 5TBHJTC51 npe!\MCTOM Hccne-

1

1

, 

I 
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JJ:OBaHHH B pHJJ:Y nHpa3o.rwll.5-a]nHpHMHJlHHOB (1621), CltHTC3HponaHHhiX no 

CXCMC 711 [839]. 

CxeMa 711 F 

H2N 

R-CH COR'~ R-CCOR' + 
2 )I 

Me2N 

S02Me 

·-;;;::-
R' 

SO:! Me 

;::J,pyroii IIOJJ:XO)( K KOI!CTpyHpOB<lllHIO llllj)HMHJJ:HllOBOfO KOJlbl(a rrpO.Ll,C­

MOHCTpllpOBaH B 1970]. 3)lCCb Cl!/JHaMllHOKCTOH (1622) BBC)lCH B peaK!(HlO C 

6Cl!JCHIJlll'lOTHOl(l1aHaTOM 11 J(<lflCC B IlH]1HMH,']J1HOBYIO l(liKJlJBal]lllO H ITOilY'ICll­

IIOC IIHpHMII)(liHOBOC Il]10113ll0l!I!OC ( 1623) ITpll KOHJJ:Cl!Cill]llll C <L\HI,1lal(CTaJICM 

rrpenpau(CHO B rmpHJJ:OnHpHMHJIHH (1624) ( cxeMa 712). 

CxeMa712 

RR:;'N NHz PhC:ONCS 

0 PhMe, 
H T.KHn. 

R" 1622 

RR~'N NH2 ~:g;:_ RR~'N :/'Ny_:_. 
0 NHCOPh 0 :::::..., N 

1623 
~ s ~ s~ 

H 
RR'N NlPh N NYPh 

0 ---y- ~NH PhMe::. KHn. 1(- '( '\ 
~ R'=H,R"=Me ~ 

R" s 1624 0 SMe 

TipmnBOJJ:IIMbiH TpoM60I(HTaMH pocTonoii. <lJaKTOp (PDG F) HBJl5lCTC5! cJIJib­

Hbl:\f MJi!TOfCHOM (BC!LlCCTBOM, CTHMYJIHpyiOll(HM MHT03 - OCHOBIIYIO <fJO]J\1Y 

KJICTO'-!HOfO XJ:CJJCHHH, CY!LlHOCTh KOTOpOM COCTOHT B paBHOMC]JHOM pacnpCJJ:CJIC­

Ill111 Xj)OMOCOM MCA<JJ:Y JJ:O'!CpHHMH K.HCTKaMH) l!J!H TaKHX KJICTOK, KaK tPH6po-

6JJaCTbl ( CllCUilaJll1311pOBaHHbiC KJICTKJi! COCJJ:HHI1TCJ!bi!OM TKaHI1, Cl1HTC3Il]J)'l0-

4.2. lllecmu•t.·Je!tlfble ?emepou,uK.lbl 485 

ll!I1C >1 CCKpcnrpyK>HlJ1C OCHOBI!h!C KOMllOHCHThl HCA<K!lCTO'!HOfO flC!JjCCTBa -

I10nl1C<!Xap11J]hl. HHJI5!1011UlCCll l!pC;llli<:CTBCHHHKall-!l1 KOJIJiai\?Ha- CdMOfO pac­

llpOCTpaHCHI!OIU 1[1116j)WIJI51j)HOI'O 6CJ!Ka y BhiClilHX A<l!BOTHhlX, 1!3 KOTOpOfO 

cocTOH1 coc;nunnc.'lhHhiC CTPYKTYPhl: CBH:JKH 11 cyxmKvL'lHH crjJop,n!ponaHhr 

ll<lJXlJIJICJII,Hll (1<ll'IHmC))KCHHhi\HI BOJ!OKH<1Mll KO,TJiai'CHa). 

BKJIIO'ICIIHC PDG F B npomHjlcpanimlhiC Ja6o_;rcnam1H •rcnoBCK<t CTli:\lY­

;tvipycT llOJICK cricl]HijJwrecKHX 11Hn16mopon P DG F-pCL!CilTOpHr.Ix npoTcllll­

Kl!Ha:J (o6pa.lOB<IIIl1C PDGF BCHCT K aKHIBaUJ111 Tllp03HHOBhiX IIpOTCHJJKHHa:J). 

Hai1l!CIIo, •no IIHrH6HponaHue PDG F-Kl!HiUHoii peucrnopHoi1 aKniBIIo­

cnl BlYlMO)KJlO llj)ll llj)lfMCHCllliH ClpHJl<lMHHO!lllpHMHJ(HIIOR, KOTOj)biC CIIOCOfl­

H!.l }JHI'I16>IpoBaTh KJlCTO'lHOc ayTO<jJoc<]lop11JH1pOBaHHC PDG F, •no ~rmKeT rrpu­

BOLUJTb K liOJIY'ICIIHIO noTCIIUI1aJJbllhiX HpOTHBOOlryx<mCBbiX arcHTOB. CmrTn 

l(CJICBblX COC}(li!IC!lllii (1625) pCaJJI130BaH B 11169], HCXO!I51 113 3-ai(CTHJin11p11-

i(111Ia ( 1626), IIYTCI\1 KOllfiCI!CaL!Hll C )UIJTHJiaUCTcL'lCM /ll1MCTHJ1(}JOpMaMI1J(a H 

InaHM011CiiCTllH5! rro;ry'ICI!I!Ol'O Cl!aMJIIlOKCTOlla (1627) C api11lryaHI1J(I1HaMJl C 

oflpa30B<IIIHCM apHJI<IM!IIIOIIHj)HMIIJ(HHOB ( 1628), a!jH,lHj)OBal!HCM KOTOpbiX !10-

ny'ICHbl 1625 (cxo1a 713). 

OOMe 
-:?' I Me2NCH(OEt}2 

:::::...,1 1,[ 
1626 

CxeMa 713 

0 Q ~NMe2 O:!N NH 

'(X
NH_ll_NH 

2 

~ 

1627 Me 

NY~:ONO:! -? -:?' 

I I 
:::::-... _,. N :::::..., I) Hz/Pd!C 

Me 2)R(X)Cl 

N H 
-? YN:ONHCOR 

:::::-... _,.N :::::.... I 
Me .. 

1628 1625 

CB}IJLIBaHI1C ncmecTB c T-KHCTOLJHLIM aHTHrcHHbiM peucnTopoM (peucrnop 

T-J1liM<lJOUl1Ta, 'laCTH llMMYJiHOM CIJCTCMLI) HHHUHHpyeT CllfHaJ!bHbllf KaCKa,U, 

BCJJ:YILIHII K UHTOKJ1HTCHHOM 3KCnpecCI1H, npoJIHcpepaUIIIl 11 BLIITOJ!HCHl110 3cp­

cpCKTOpHhiX rjJyHKUHM T-KJieToK. PeuraK)!Lli1M cjJaKTopoM npeo6pa3onaHI15I pe­

ucnTopHoii: T-KJieTo'moH: peucnTopiioJ:l: cHrHaJIHJaUIIH HBJUICTCH cjJoccjJopHJIH­

ponanl1e T11p0311IIO!lb!X peuenTOpHLIX OCTaTKOB. B pa6oTe r 1179] pa3pa6oTaH 

nonxoJJ: K CHHTe3y cneuucjJwrecKHX HHrH6nTOpon THp03HHKHHa3 ZAP 70 (1629), 

BCHYIUHii K CHH)[(CHHIO rrpoJIH¢epaTI1BHbiX 3<fJcpeKTOB (CXCMa 714). 
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CxeMa714 

0 Q Me ~ 1a QNMez MeOX/1 NHJLNHz 

--- -;:/" I I MeO :::,.._ 

N ~ N MeO 

R N H R 

-? yNY:OMe 

~ N I .Y ~ OMe 

OMe 

Tciicph 0 CI1HTC:Jc aHIICJIIIjJOB<!IIIIhiX Hl!p11MH;(HIIO!l ( 1630). IICXO)\H l!"l 

et-aJIKOKCllcHaMHHOB ( 1631 ), IIOJIY'Icllllh!X HJ McTl!JICYJThtjJ:lTIIhiX KOl\IIIJicKCOB 

(1632) II OcJ Bhi)\CJiclll1H BllCj(CllllhiX B peaKIUIKl C IHOIUI~IIIaTaMH l1 InOTIIO­

l~l1al!<lTa~HI ( CXCMa 71)) ]666]. 

CxeMa 715 

(CH2)nl Me2S04 (CH2)nl l l + MeS04 

N OMe N OMe 

X ~e 1632 

~ Ar 

~r:JlNJ:X 
I I 

~rCHz)nJL ]~ l~ OMe 

Me 1631 

Me Ar 1630 

C.'Ic,UycT TaK>KC etuc p:n BCpllyThCH K CIIaMl1!IOJC]ntpv ( 1359) ( 0.1. cxcMy 701 ). 
B npono;DKCJI.l-IC ynoMHHyThiX BbiWC pa60T ]904. 905] 6hLia upoBCJlC!Ia pa60":-a 

f 1183], B KOTOpofi ::JTO COClli111Cll.l-IC paCCMaTpl1BaCTCH KaK I!Ollblll pcarCIIT ]!)Ill Cl111-

TC3a pa3JIJ1CJJihlX aHIIC}Il1jJOBai!HhiX fCTCpOU:HKJIOB, nanp.l-IMCp, OKCa30JIO-, l130-

KCa30JTO-, 6Cli3T.l-la30J!O-, l1li,Ua30JIO-, IIHpHJJ.OilHjJI1MH)ll1liOB 11 JljJ. (CXCMa 716). 
Y IIOM5UICM Cli\C HCCJ!C)lOBaH.l-IC, IlOCBll:li(CIIHOC IlOJT)"ICI!HIO lH!pHMHL(HJIOB 

(1633), CO)lCp)J(ali(HX B llOJIO)J(C!IllH 5 cyJibcPOIIHJ!bllYIO rpynny (CXCMa 717) 
( 1184], B Ka'ICCTBC l\l1KJIH3YJO!l.\HX arCHTOB 3)J.CCb HCIIOJih30B<lHbl 6C!I3L1Ml1,1,1111 

HJ!H ryani1,L"\l1H. 

4. 2. lllecmu~.7ei!Hble ?emepol.(uK:lbt 

J( 
NMez H::a 71&6 

__ _,.,.~ Het NH 

McOOC ll~ COOEt • • " .,. 

59 COOEt 

~)l~~C000 
COOEt 

CxeMa 717 NH NHz 

R'---< RSOz'CN Me
2Nll 

R-SOzcx::N 1a R- SOzCH1CN __ _.,.. NHz II 
0. ~R 1633 N 

487 

);1 HaKOHCl(, fl p:16on; 11 062] l!OKaJ<lHO, 'ITO aMHl\OKCHMH:lH rpyml:l T<lKA<C 

MO:KCT y•racTBOBaTh B <jlOpMHpOB<ll!HII IIHpi!MH)!HHOBoro UHKJJa ( cxeMa 7 U\). 

CxeMa718 

('NYNHCOPh 

~CN NH20H 
N NHCOPh N N p 

CXy HzS04 KoKQ. cx;'::y-' h .,. I I _1a 
NOH 75-sooc -~ ~N"-

0 

NHz NHz 

uc;N N Ph y 5%Na0H 

N ...... 
0 

N ~NMe2 

4.2.lc2. llHpH.Ll33HHbl 

a;N N Ph y 
N., 

OH 

0 

XoTH nraBeHCTBYJOll!ec noJIO)J(CHHe nHpHJJ:HHOBhlX H m1pl1Ml1ill1HOBhiX 

CHCTCM B reTCjJOl(l1KJ!lFICCKMX Cl1HTe3aX, 6a3HjJYJO!l.\l1XC5! Ha llpl1MCHCHI1H aMH)l­

:ll(CTaJICll, He Bbl3blBLICT COMHCHHH, I1pOI13BO)lHhlC .n:pyrHX 330TCO)lCpA<all.\l1X 

fCTCp0l(l1KJ!OB TaK)J(e 3aHHMaJOT ,UOCTOHHOC MCCTO B CllHTCTWICCKliX 11CCJIC,UO­

Bai!H5IX 3Toro THna . 
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,i],OCTaTO'U!O 60JILllliH! rpVTIIIa pa60T IIOCB5IlUCIIa CI1!ITC'3)' 11 H3)"'1Clfl1!0 

CBO!kTB ]'B!Cil(CI!HblX II11pH;(a3J1IIOB [21, 662, 722, 724, 725, 772. g]4, S46. n I. 
874, 876,965, 979, 1185-1196]. 

HvJKl!o OTMCTHTL. 'ITO B nHpH;L<l"ll1I!OB0\1 pHJLY mti1;[cHa ccpl1H 6HoJionr­

'ICCKJ1 BbJCOKO<IKTHBllhiX COC}]HIICl!Hti, B 'IaCTl!OCTH !IOBh!X K3p;.]!!OTOlli1KOB, Ta­

KI1X KaK HMa30Hal!, 11lli\O!Il1Jl)(al! 11 lll:l\100Cll/\3ll. 

0 0 0 

NH 
N 

() 
11MaJO!IaH 

Me 
11H.a:orrH.a:aH 

0 n~~~XlOMe 
B llpOl[CCCC TIOHCKa HOBhiX ilKTJ1llllLIX COCJU1!1Cill1ii B JIHJIY lll1plVW311llOH 

B3.)KHOC ~!CCTO yncmiCTC51 BOJMO.)KHOCTH IIOJIY'ICIHI51 <jJyriKIIHOH<ULHLJX npoH3-

BOJJHLIX, KOTOpLIC '!3CTO Cl1HTC3HpyiOT C IIp11MCl!CJU1CM aMIUl,aUCT<lJJei1, HanpH­

MCp (cxnra 719) [ 1189[. 

0 
1a 

T. Kill. 

• 
~NMe2 

CxeMa 719 
0 

Ia 
CJI6, 

T. Klill . 

Me 

0 

• 
~NMe2 

0CJIOBHa5I MCTO!l0JIOI'H51, KOTOpa5I llCllOJih3YCTC5I B CIIHTC3C lll!pJU]a3!1HOB 

c Y'IaCTllCM aMHnaueraJiefi, 3aKJIJO'IaeTC5I BO B3ai!MO,le~icTmm CH-KIICJIOT 

(1634) C !:(l1a30HI!CBblMJ:I COJI5!Ml! C o6pa30BaHl1CM COOTBCTCTBYIOllU\X nmpa-

30HOB (1635), KOTOpb!C _J;uree HpH HarpeBaHHH C Jll1!\ICTJ:IJ!al\CTaiiC.\! ;1MCl>A 

(1 a) UIIKJIH3YIOT B lll1pH)la3!1HOHhi-4 (1636) (cxeMa 720, a) (1186]. 

Erue o,rum rrpMMep noxro6Horo rrupana3IIHoBoro CI1HTe3a ony6:111KoBaH B 

[ 1195]: 6eH30Tpl1a3ommmnpa 30H (1637) no TOMY JKe rrpHHWmy npenpaiUeH 

····-----------------------------------------------j·!-d.tl!SL!il!:oe 

0 

RCH~R' 
1634 

4.2. lllecmu~~II!HHbte <emepol(UKJlbt 

CxeMa 720, a 

0 
ArN10 II R' 
~ ~y 

RCH2 II 
1635 N--... NHAr 

la 
0 

._RVYR' 

1lN/~ 
I 
Ar 1636 

489 

B lllf(j)<lJOI! (1638) 11 /(itr!CC pCaKIJ,l:lcJ{ C aJ(CTaJJCM (J a) B lll1j)H;la311IIOII (1639). 

3.·rccJ, HllTCpCCIIa O;ll!a )(CTaJIL, KaCaiOIUa510l pcaKI..(HOIIJIOH CllOC06l!OCTl1 aMl1.LJ:­

al(CT~lJICi1, - KOI'J(a B npm~ccc l\HKJll13aUH11 6biJIO B3HTO C-al\CTHJib!IOC npo­

H3HOJ(IIOC :tlOCOC)(l11 ICIIWI (1640), IIp01130lllJ!O 3aMCTHOC yCKOpCIIHC ripOI.l,CC­

ca oGpa30B:l!UIH IIHpHJ[a3HIIOBOfO l\l1KJ13- BMCCTO CCMH'IaCOBOfO HarpeBaHmi 

B KCl1J10JIC 110TpC60BiUJOCL TOJ1hKO 10 MHI!. 3TO, fiO-BHJ]HMOMy, CB5I33HO C yc­

KOpCIIHCM KOH,1CHC<Il(Hl1 aucraJI5I no MCTHJihHoii rpynrrc ocTaTKa COMe B 

(1640) 110 cpaBHCHHJO c (1638) (cxcMa 720, 6). 

6N N~l(Me 
Ia 

N, 
1637 NHAr T. 

~&\-61 
I 

1639 Ar 

4.2.1c3. Ilnpa3HHhl 

CxeMa 720,6 

__.. l ~NMc2-f6 rrt v N 
NHAr 'N 

1638 1 
AI 

6
N ~ COMe 

N-f-COMe 

KCliliOJI, T. Kill., N'=' 
IOMHH, 1640 NAI 

la 
• 

1-!CKOTOpblC BOIIpOChl opraH!1'1CCKOM l1 MC!J:l1l\I1HCKOM XHMHH paCCMOTpe­

Hbl B XO!:(C HCCJJC;:(OB3HHM (c Ilp11MCHCHI1CI\! aMH!:(al(CT3.Jiefi), ITOCBHli]CHHbiX 

f!OJIY'ICHHJO 11 l13Y'ICHI110 TipOl:I3BO!:(HblX I!Hp3311Ha (362, 736, 777, 1026, 1134, 

1197-1201]. 

KaK YlKC yKa3b!BaJIOCb, r AMKA- maBHbiH TOpM03HOICI MC!:(l:laTop B M03re, 

KOTOph!M MC!:(11HpyeT, KO BCCMY TipO'ICM)', CC!:(aTHBHbiM H MhllliC'IHO-paCCJia6-

JJHIOIUHH 3Cp<1JeKTbl 6CH30):(!1a3CIIl1HOBbiX rrperrapaTOB. IlOHCKOBhlC l1CCJIC!:(O­

BaHJ:IH' mmpaBJICHHLIC Ha CHHTC3 CCJICKTJ:IBHhlX r AMKA-arOHJ:ICTOB, aKTHBHO 

IIp0!:(0J[.)KaJOTC5I B TIJiaHe l13biCKaHHH rrperrapaTOB C JIY'IIIICM <1JYHKU110HaJibHOH 

CCJICKTHBHOCTbJO H 60JICC ITO!:(XO):(HIUHMI1 <1JapMaKOKl:IHCTWICCKl1MH CBOMCTB3Ml1. 
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B pa6oTc [777) pa3pa6oTall MCTOLJ: CHHTC3a 33MCWCI!IIbiX 111\HIJJ<uo[ I ,2-alrm­

pa·Jrmon (1641) 11 l1Ml1Jla3o[ I ,2-diTpHaJHIIOB (1642), 11 cpc,UI1 llCpBbiX Hai1;~c­

Ho C0Clll1I!CHI1C (164} a), l11lCifTl1(jJHIU1pOBai!I10C KdK CC)JCKTHBHhli.J. 11 opa:Jb-

110 JlOC1)'11Ilbiti. fAMKA-aroHHCT. 

0 0 

R,N~N 
~N 

"'~N 
LN/N 

R' R' 

1641 1642 
1641a(R=Et), R'=6-F 

floJIY'ICHHC IIHpaJHIIOB c Y'IaCTHC\1 aM!lJl<li(CTa.nci1 JJ!IH JaJJLHThi IICpBWI· 

IIOii aMJJI!Ol'IJYll!Ibl pcamnOBai!O ll 1362] nyrcM pcaKIU1ll MOIIOOKCJgiOB U-IU1-

KapOOI Jl1JlhllbiX COC)(l1IICIII1i-i ( 1643) C a1\Il1li0Mcl!l0!!/ll1!! 11Tp11JIOM ( 1644) C BJ,J­

XOJ{OM K N-oK!1Cl1 JaMCil!CIIJIOro 2-a~!lmo-3-l\I1aJioimp<nl11Ia ( 1645) 11 IFl'ICC K 

J!C'lOKCJ1)(11pOBallJIOMY IljJOHYKTY ( 1646}, llB.IIlllOillCM)'Cll K.HlO'ICBb!M l!IITCj)\1C­

;(l1Cli"OM B Cl111TC'3C IITCj)H)IIIIIOB (CXC\ta 721). 

CxeMa 721 

)0l
o C) oxR HN- /CN 2 CH, ·TsOH 

R - 1644 CN 

OR' N ,. 
1 CDOR' 

OH 1643 

R 

NCXNX la, 

0-. CXXlR N -H2N + 
01645 

NCXNXR NC /"N R NC /"N R 

I - XY-XY MezN~N 0-.N COOR' MezN~N 0-.N) HzN 0-.N 

t ' 1646 
0 

l1HTcpccHoc npaMCHCHHe .'lH3TK~aucT<L~li LIM <DA. cuoco6c-myiOII\CC npc­

BpaurcHaio LJI1ri11l,p0!1!1pa3HHOBOf0 Ilp0113BO)Ul0[0 ( 1647) H JaMClJ(CHHbii1 1111-

pa311H, orry6Jil1KOHaHO B 11200]. 3)lCCb IIOKaJaHO, 'ITO HarpCBaHHC 2,5-UilC­
MCHIJIMCpKafJT0-3,6-,Ul1[11)ljJOIT11pa3!1H3 C al(CTiiJJCM (1 b) llpl1 130°C np11BO}ll1T 

K o6pa30 BaHHIO 2, 5-0llC- MCTI1JIMCp KallTO- 3-L!HM CTI1JI al\1111!01\l CTH}lll 11 pa 3l1llil 

(1648) (cxeMa 722). 

On1cntM n 3TOM pa31lCJie H TO, '!TO aMu,UaueTaJll1 aKTHBHO 11CIIO!lbJomuutcb 

11 B qJyHKU110Ha.J!ll3aUHI1 XI1HOKCa.Jl11HOBbiX npOI13BOJJ,HbiX [881, 8821. 

4. 2. lllecmu<cfeHHhle cemepou,uK'lbl 

NITS Me 

MeS~N 1647 

4.2.1c4. TpHa3HH 

CxeMa 722 

Me2NCH(OEt)z -----130°C, 1 'I 

JNMe2 
NnSMe 

MeS~N 1648 

491 

McTO!!bl IIO;JY'ICI!l151 11 <jlyHKUHOII<WH:JaUlUI TPH33HHOB 33Hl1M<UOT 3aMCTHOC 

\ICCTo B a\l!1D,<tHCT<VIbHOi1 TCMaTHKc 1292, 732. 838, 841. 1203-1214]. 113 CHHTC­

·loB, Hanpall.'ICHilhlX Ha o6pa30B3Hl1C Tp!1a3!1HOBb!X COC)J,l1HCHI1i1, OTMCT!1M BJa­

l!l\IOf!CiknHIC ri1JWOXJIOpH!l<l ryaHHJI-0-MCTI1Jil130MO'ICBl1Hbl (1649) C aUeTaJICM 

(I a), KOTOpoe I!j)I1B01l11T K 2-aMHH0-4-MCTOKCI1-1,3,5-Tp!1a3!1Hy (1650) (CXC­

Ma 723) 11203]. 

CxeMa 723 

HzNyNH ·HO 

HNYNH 

1649 OMe 

OMe 

~N 
!.!.__.., I II 

~ ~NHz 
N 1650 

)lpyroif 1\!CTO!l OCHOBaH Ha UHKJIHJaJUIH aMI11lriHOccJ<1lHpOB (l65l), IIOJI)"ICl!­

l!biX peaKIU1CH c:Hjmpon 3MI1HOKI1CJIOT c aMHLJaueT<lJlCM ( 1 a). AMM1U1H03cp11pbl 

(1651) rrpenpau~a!OTC5l B l,2.4-TpM3311HOHbi (1652) rrp11 H3fjJCB<IHI111 C IHJlpa3rrH­

nurpaTOI\I (CXCMa 724) [1204]. 

CxeMa 724 

H R l)EtON~OH R 

I ·HO 2)ta ~ HzN~ MezN~ Nz~ ·HzO 
CDOR' COOR' 

1651 :x) 
H H 1652 

Ewe O)lHa B03MO)I(H0CTb Cl!HTC33 Tp11a311HOB OCHOB3Ha H3 TIJ3HC<jJOpM3-

UHH rmaHorpyrrrr. TaK, rrp11 rrocJIC,UOBaTeJihHOif o6pa6oTKe H30HHKOTIIHOHHT­

pHJia (1653) MCTI1JI3TOM H3Tpl151, K3pOOH3TOM ryaHI1,1l,l1Ha l1 aUCTaJICM (1 a) ITOJIY­

'ICH 2-aMHH0-4-ITIIjJI1)J;r1JJ-2-1,3,5-Tpl13311H (1654) (CXCM3 725) [1205]. 

CxeMa 725 

NC>-CN 

l)MeONa!EtOH ~N~ 
2) Kap6osaT ryaHJW~Ha N 'I ~ fJ '\ N 

3) la/MeONa - ~ 

1654 NHz 1653 
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4\)2 ru;ua 4. A.JtllrJ- U lflKfJl{]JU(JUCJJUUll (1 Clllftfle'Je 2elfU!fJOl{UK.'Z:.t 1!(!CI<lLX coerJUttl!hllll 
~-----------------

:--Ic-ron penwccJICKn1Hl!oro Cl1!lTC'la 3aMClUCI!llhlX :HIJ:IOBJ,IX )<jmpoB I ,2,-+­
rpi1a'niH-5-Kap6ommoi-\ KI1CJIOTI>I (1655) npcVFl)l(Cl! (c:xnr~t 726) H 11210]_ 

CxeMa 726 
N, N-N= PPh1 N-NH, 

C10CC"OOH '1- Ph3PiH20 JL - - Jl -
RC11K2 ~------;{/UYcooEt --,( 1(cooB --;/ l(cool.i _ _.. 

0 R' 0 0 

N 
"' __ / R-..,_ N, 

' . -1~~ -' -t .._ / ,' 

lvk2NC(R )(0Me)2 II NMe
2 

AcO NH4 Y::: ,N 
--- _..l.l,_ COOH ___ ___.. L i I --' 1--r/ - AcOH /'-"'- ),, 

R II BCXX,/ ' N' " R' 

0 1655 

lip!! Jn:IIIMO.'ICilCTill1!1 l{ll:JlJVjHJIOpl!,1a ( 1656) C ill!MCTILII!Hli)M;I\11L'l0~d 

< 1Gp. l'lYCTUI 3--'\11 ~ICTl\Jiit'1llli0~2~a l<lltpol !l'li-2-l Lllt'lC ll-1-;u I MCTI!ita\I \10!! (II I \JII l~ 

j)ll;l ( 16'i7), ll'l KOTOporo l'III!Tl''lllpOB:IIl :1\HI;Ulll<Jai{CT:Ulb ( 1658) il(ll'ilC}[!BIIi 

llj)ll ll'!<lii~IO)ll'l!CTBIIII C ryallll;llll!0~1 11!111 i!MIC!llll:l\111 ,'j<ll'T COOTBCTCTI\l'll!IO 

J:l\lC'IIIl'lllll>l:: ]_.\ ~~J;)([!!II!III,I (1659, 1660) (CXCM!l 727) jJ2J2!. 

Cl '~" __.--Cl ',f IT MccNC_~ 
:N N y 

Cl 1656 

CxeMa 727 

~,~+ Cl 
Me,N N NMe2 

1657 

OMe 

McONa ---
/ 

::::--_ OI 
/~N/ "oMe 

+ la + Mc2NH 

.,. Me2N 1658 

NH I 
H,N-'(Niv 

N 

H2N-{ ~N 
N_/1659 

'- NJI 

""' Ph< ~ KH2 

N Ph-1 ~N 
1660 N=-/ 

MoHomnp~nollhi TpliKap6omi:IhHhiX coc;nmcmii1 ( 1661) !!pH KOIIi\t:lle<I­

IIHll C al!CT<L"ICM (] a) !IC1!0T aMH)lH!!Ollb!C rip0!1'3BOJ[HhlC ( 1662). KOTOJ!blC npll 

HarpcRaHmt c aucTaToM aMMOilii>I B yKcycHoii KHC'IOTC rrpcBp<tillaiOTUI B Tpii­

~~lHIIhl ( 1663), CO,l,C!J)l(ai!UlC ai[l!JlhHblC Hi Ill <li1KOKCHKap60HIL'lhHh!C Jal\ltcCTI!­

TCJIH (CXeMa 72X) [1213]. 
PcucnTophi KopTIInnpoiiHHBhiCBo60)l(J\aiOIUcro ( Kopn!KoTporriiH ~plL111-

niHr·) ljJaKT<lpa R i!OCJICJ,lll!C rO}lbl paCCM<!Tj)I!Ba!OTCH KaK \lllii!CH!l ,\JIH flOHCKa 

a!ITIF!enpecc<JHTOB 11 aHKCHOclHTHKOR. Kopn!KOTJlOilHH - anpcnoKopTHKOT~ 
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CxeMa728 

0 () () 

II N 
0 0 R..---yR,. la.,. 

N, 
!661 Nth 

R ~ )(_ R'' Nt4 AcO-

- lf ~ Ac0H,6 

N,_~ . 

~~ 'N 
R''/ !/ 3 

-~~-R-- N 
1662 

!'. NMl2 
1663 

pll!!J!blli illp:vtOH (AK1T) lllHl<:Jl!pyc .-c;r ll~'jll','!Hdi ,1UJidi 1 'IJIO<jJina II Bblj1a­

tl,!ll>IB:tc!Tll H (Jll.'!bllll1\ K<•'II!'ICcn;;lX B OTHCf' 1!~1.1i<'llVJO Clpl'CCOBVIO cwryai(l110. 

l kKOT<lp<t>J llll<!lUJlM:IJll!)j I) Al<l r Y)l(C rlblJI;: !ElHa JlJ,[Il!C'_ 5;1l:u. IIOB!Opll~L '110 

BhiC ",m)o;;; !c' Ill!C i\Kl T KOin}'OJI upyc 1 01 a oc1 JOB! I0\1 UljJTIIKOTJlullliH-pleJH~ 

JJIIfr;!J.tKmpml (C'Rt") rlo:\o(iHo:tp\'nt~t ilCJillliiHhl\llilJ1\IOJI:t.\l, AKTf cWJ'lbi-

1<,1'-''01 ,. pc'I[CIITl'p<I\lll llJICI'l~1:tTl1'lCCKIIX \101flp<111. f1p11 J OpJ\!OllpCI\CIITO['IllHI 

!>TJ 11\!0,'Jt.' iiCJ'BJH1 fljlOllCXO}ti!T 'll-lil'IJITC.'l hi !OC VJlL';IJl'lCIII !•.' VJlOilHH HH)'Tpi-IK~'IC~ 

!tl'I!IOIO c;\!\-1Cl) '•)nn ll'!<lfH1'1iiJ.Ii1 .\1l'CCCII;lAlCp YCILIIIB<!t:T I'OpMOH<UI>llblii 

c::Jr!i.LI 11 ';lla'lll.\10 C 1'11~1V:II1JJYCT llpllT<:KaJClf(l1C \!l'Ta6lHI1'1l'CKI1C IlptlllCL'Chl, 

ilil!IJ1ll\·!Cfl I!YTCM <IKlf!Hl1J10BitiHUi llp0Tl'lll1Kl11!a3bl. !3 Jli!aHC I!OI!CK<I COC',I!l­

ilt:llllii, <lll-'l<lJ\dlOIIUIX ::po;(CTl>0\1 1--. JlCIICl!lop:t~t AI< IT, B pa6oTe i l2Ujapc;r~ 
IIIJilinlr CIIIITC'J Ill1[1-JJ():JOj J.~-it\-1 '1_5-lTHiali!HU!! (1664) !W CXCMC 729. 

LXeMa729 
Me Me 

CDNH2 CONA ~Me2 CONH'~S 
~~R Mo,NC(McXOMoh ~I( R H,S!AoOH ('r" M'L~ 

R"Y R'/y R"~ 
R' Me Rlbl2 . R' RbR2 MeR' 

\ :t-.11{o N~ 
CON~SMe . \ 

1
. I N 

__ --._ .R NH Rv "'. 'N~--~ ~ ~:.4 0 
R' K 

R" R' 

fl :.JT0\1 ;KC p;n,ll'.'ll' OT\ICTII\1 HCMHOl'O'U1C.'lCHHb!C l1CCJlC;lORaHHH, !!OCRH­

Il!Ciil!b!C Cl!IITt.".lY rcrpaJJIIWB np11 HCJJ0.1IdOBaHIHI aMlllFI!lCTandL B [ 1215] 
riO.l)'lt:ll lll1pll\IH.CJG\ 1.2 hjTnpa:mu ( 1665) pcaKll:lleJi 2-rlL'1p:t:JIIH0-3-a~111HOill1-

p11"ll1.'1.llllOHOB-4 (1666) c (1 a) B ~lC',lHHOii VKCYCHOH KJ-!CclOTC (cxcMa 710). 
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0 
CxeMa 730 

R'X: /NH2 Ia 

~ AcOfL20oc 

NANHNHz 
R 1666 

~<'y)V~) 
)lNAN 

R 1665 H 

;lpyroii CHIITC"l TCTpa3HIIOB (1667) IIpC,']CTaBJICI! I! a CXCMC 731 [ 1216]. 

CxeMa 731 
+ 
NH- NH2 Ia N- N 

MeS-< r· EtOH, Et3N, MeS-< ~ NMe2 --• 
NHNH2 T. KHTT., 30 MHH N1INH2 

N-N 

-~ Mes-{ ~ 
N-N 
H H 

NaNQz/CF3CDOH 

• 
N-N 

Mes-{ ~ 
1667 N=N 

4.2.lc5. HcKoTopbiC KOH}lCHCHposaHHbiC aJOTCO}]CpiKamHe rcTepou.nKJibl 

4.2.lc5a. llaqnnpHJlHHbi 

B ·noM pa3J\CJie pe'Ih noi1_ueT o KOHJ-lCIIC!1poBallllhiX mccTWIJICHHbiX rcTcpo-

1]11KJiax, COD,Cp.iK3lli,I1X 60JICC Oi]HOI'O 3TOM3 a30Ta. l13 T<IKHX COC)]HHCHI1il, B CI1H­

TC1C 11Jll1 MOiUHjlHK3UlU!X KOTOphiX I1p11MCH51fl!1Ch aMH.IIaUCTaJm, B ill1TCp<nype 

B Hal160JiblllCH CTCITCHH 11pC,UCT3BJICI!bl H<HjlTI1p11JU1Hbl - HMCHHO C HI1X l!a'I­

HCTC51 o6o6IUCIU1C )l<lHHbiX, 110CB51WCHHhlX ::JTOH TCMaTHKC [214, 678, 945~950, 
990, 1004, 1049, 1066, 1081, 1087, 1217, 1218, 1219). 

06IHI1If MCTOt(, y_uo6HblH D,.TJ51 CI1HTC3a 1,6-Ha<pTl1pl1D,l1HOB (1668), npe.rr­

CTaBHCHHhlH B ny6HI1KaUI111 [990 j, 3aK.olJOqaeTC51 B KOH,UCHCaUl111 I~H3TJ1JiaUC­

TaJI51 )lM<DA I!O aKTHBl1j)OBaHHOif 2-MCTI1JlhHOH rpyrrrre 2,6-JU1MCTI1JJ-3,5-nH-

3TOKCHKap6oHHJII1l1p11D,l1Ha (1668) C o6pa:JOBaHI1CM CHaMHHa (1669), KOTOj)blH 

npu l!afpCB3HHI1 C 11Cj)BWIHhlMH aMHHaMH TpaHC<pOpMHpyeTCll. B 2-MCTl1Jl-

3-3TOKCHKap6011!1H-6-R-1 ,6-H<HjnHpH.UHH-4-omr (1670) ( cxcMa 732). Amuwrwr­

Hhiii Cl1HTC3 peaJil130BaH l1 B pa60TaX [949, 990, 1004, 1006]. 

CxeMa732 

EtOOCYY COOEt EtOOC CDOEt 

~.)__ Me,NG~OEth XX: RNH, 

Me N hlMe Me N ~NMe2 
1668 1669 

EtOOC /R 
::/"'" N 

--~... I 
Me ::--..N -;::?' 1670 

lh 
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fcTcpoi(I1KJIOHp11coc,ru1HCHI1C Ll,ItJibca- ATihJicpa c uoCJ1CJ\YIOUlCi1 KOHJICH­

cuuici1 C TCM iKC 3:VII1_ilal]CTa.•JCM l1CIIO.Ib30B3HO ,1.15! Cl1I!TC33 2,6-HaqJTl1p11)11111-

CO)(CpA<aiJ]I1X 3JIK<li101l;l0B KJ!cliCTO<jJOJIHH<l (1671) ll caMIIaHrl!Ha (1672) (CXC­

Ma 733) 19501. flo;F)OHoro nma CIJIITCJ ocyw,ecmne11 11 B pa6cnax [945-947. 

94S, 1009. 12171. 

W
O Br M)(_ CxeMa 733 

+ ~ 

~ N::/"'" 

o I 
NMe2 

0 Me 
I) Mc2NCH(OF.t)z, 

).IM<l>A, 120°C 

0 

0 

2) Nf4Cl, AcOfL T. KHII. ---
1671 0 K.neiiCTo<j>omrn 

Me 

1 

Kcrnwn, 140°C 

NMc2 

0 CaMnaHrHH 

C'IIHTC:J IIOJHI\1CTHHCH-2, 7 -H<HjJTllpl1D,lfllOB ( 1673) pa3pa6cJTaH Hi! O<l3C 

4,5-!IOJ!li\ICHUTC!l 3-UHaH!l11p11110ilOB-2 ( 1674) ITO CXCMC 734 [2141. 

CxeMa 734 

(CHcr:;xn ::/"'" NH (Ccyz)n 7 NH Me2NCH(OF.t)z 
EtOfL T. Kim. 

~ 0 ~ ~ 
0 

CN 1674 CONH2 

(CHcy:n ::/"'" NH (CHz)n 
~<I> A, 

::::::...._ T. KJIIT. 

0 0 

CON~ 
NMe2 

0 

rlogo6Horo nma 1,8-Haq1THPI1JIHHOBhiH CHHTC3 6h!Jl peamnonan (cxe­

Ma 735, C. 496) B [678]. 

Mcno.%:JOBaHJtc 11113THnaucTcLH51 N-MCTI1JIBaJicponaKTaMa B pcaKUHH c UH­

auom]cTaMHJJOM C ITOCJIC.UY101Ul11\1 B3a!1l\IOD,CHCTBI1CM ITOJIY'lCHHOfO CHaM!1HO­

aMJU(a (1675) c .rrwnmiaueTaJICI\1 N ,N-nHMeTI1JlaueTaMI1,lla rrp11ne~1o K noJIY'IC­

!11110 r11npnponamwro 1,6-HaqnHpHnHHOHa (1676) (cxeMa 736. c. 496) [ 1049]. 

i' 
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CxeMa 735 
Me 
I 

(CHwn -;/' N Me2NC(OEt)2 
ronyorr, T. Klill. 

::::::-... 
NH2 

COOEt 
(CHiJn 

(CL:ViJn '/"' "-N BuONa!BuOH 

::::::-._ l\!Me2 N=( 
CDOEt Me 

.. 
0 NMe2 

CxeMa736 
Me 

Qo~ 
N OEt 
I 

Me 

I 
CH~NH2 ~e2NC(OEt)2 

CONH2 
N 
I 

Me CN 1675 
Me 

-[~~MJ-W.~ 
0'!CBI1L(HO, 'iTO 11pH B3aHMOl(Ci1cTB!IIl C ai(CT3JICM CHa'JaJia o6pa3yCTCH 

CH3MHHOaUHJJaMl1J(HH (1677), KOTOpblH 6e3 Bbl,L(CJICHHH npeBpamaeTCH B npo-

113BOJ(HOC HaC}ln!pHL(liH3. 

PcaKUHH 6eH30IIJiyKcycuoro 'c!cpHpa (1678) c ~-MeTHJiaKpOJlCHHOM ( 1679) 
11pHBO!ll1T K TpHKap60HHJihHOMY COCll,HHCIUUO (1680), KOTopoe rrpH o6pa60T­

KC ri!,UpOKCHJI3MHHO M J(a CT 2-ctJCHI!,l- 3-3TOKCI!Ka p60HI1Jl-4- :'v!CTHJI II!!pHJ(HH 

(1681). ilHKJII133UH51 ITOCJICL(HC!'O I1pH HarpeBaHHI! B llOJIWiJOccjlOpHOii KIICJIOTC 

(nfDK) Ilpi!BOJ(HT K HHJ(CHOITllpHJ(HHY (1682), KOTOpbiH KOHL(CHCHpYJOT C aMHJ(­

dUCTaJJCM (1 a). B pe3yJibTaTe 6e3 Bhi,UeJieHHH eHaMHHOBoro HHTCpMell,nan 

(1683) CHHTC3llpOB3H HHJ(CH0-1,6-HaqnHpl!,UHH (1684) (cXeMa 737) (1218). 

4.2.1c5b. IlTepHJJ.HHbi H rrypullbi 

B pa60Te [1219) B npouecce noJ-IcKa HOBbiX Imru6riTopoB HenpoHaJibHOH 

N0-cHHTa3bi ocymecTBJieHa MOLJ:HtPHKaUHH CTPYKTYP JaMemeHHbiX nTepH.UH­

HOB c ucnoJib30BaHHCM aueTaJIH (1 a) ll,JI51 JaiUHThi aMHHorpynrrhr. CpenH noJiy-

4. 2. lllecmu~;leHHbiC <emepouUKlbl 

d
COOEt Me 

~ 
0+ r~ 

CHO 

1678 1679 

Me 

CxeMa 737 
Me 

COOEt 

NH20H•HCI -

497 

Me 

~COOEt II<PK, 

L ~10--140°~ 
N 

::::::-... 

la ~ Nf4+ AcO-.. .. 

'ICIIJILIX riJ1<li13BOllllblX IITCpll}l,IIHa OOJUeii ljlOp.\IYJibl (1685) 06Hapy2KCHLI ;:(0-

llOJibi!O CHJihlli,JC HHfHOIITOpL! ·noro ljJepMeHTa. 

0 

~H CH HN'>~)l Ny~,OR 
H2NAN NXH 

H 1685 

B ny6m-1KaUIIH 14 721 om1cana KOH,UCHCaUH5! aMH,UaJJ,eT<W>I no 2-aMHHO­

rpyiiiiC IITCpl1.'l,HIIOB C qeJih!O il;OCnOKCHH5! HX JI)llfiiiCII pacTBOpHMOCTH B BO;JC 

}J;JJ51 npOBC}lCHHH 6HOJ10I'WICCKOfO H3Y'!CHH51. 

PZ16oTa [1220 I nocnHW,eHa noucKy HOBhiX nponmo\fa,lHPHHHb!X npena­

paToB. Maii5!pHH ocneTCH B<DKHeti:mePr npo6JreMoi-i. 3axBaTJ,JBaJOmePr 6oJiee 

5()() MJIH H<lCCJJCHmi H BhT3bJBaJOU(CH 2,5-3 .\LTIH IICTaJibHb!X I!CXO,UOB B fO,U. nep­

BhlM npHpO}lHhl\f JICKapCTBOM J(JI51 TIC'!CHHH MaTI5!pHH Oh!JI XHHHH, KOTO[Jhlif B 

;J,aJibHeilmeM fihiJI 3aMeHeH XTropoxHHOM. flr<mHon rrpo6;JeMoil HBJIHeTC51 B03-

HIJKHOBCHI1e pC3HCTCHTHOCTil 110 OTHOIIICHHIO K 3THl\l npenap<lTa:\f, H 0;\HHM 

ILl H<lllpaBJICHHil IIOHCKa HOBh!X BC!llCCTB HB;151CTCH H3bfCK<lHHC COCJ(HHCHHH, 

KOTOph!C :n-oro HBJTCHH51 HC BhBbTBa!OT. 

AHTHMCTa60m-Hhl - 3HTHCpOJIHCBh!C H aHTHcpOJ!HHHCBh!C COC)]HHCHII51 

/(CHCTBYIOT Ha cpOJJaTHbiii 6HOCHHTC3 de novo, KOTOpbiH HC06XO}lHM .JL;lH pOCTa 

M<l.TUipHilHb!X napa:mTOB. 0TC!Oil,d IIOHCK COOTBCTCTBYJOIUHX aHTH.\!CTa60~1IlTOB 

Il HHrH6HTOpOB o6panroro 3aXBaTa n-aMHHOOCH30ihiOi! KHCJlOTbl (rfAb), KaK 

OCHOBI!b!X :\!HUICHCii 3HTHMa.'I51pHHHOti XHMHOTCpariHH. fiO)l'lCpKHCM, '!TO }lJI51 
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MeO 

HO,,,,,, 

~ 

~ 
N 

Xmnm 

a'OQ ~ "'-.:::: 

I 
~ ~ 

Et IIN,~ 
XrropoXIlli Et 

Me 

Me 

~MYMY~IMe 
Cl~ NH NH Me 

I1poryaHJUI 0 Aj:rreMHCHHHH 

6aKTCpHi1 !IpOl(CCC CHJITC3a JIYII'HJ!pOrjJ())IHCBOit KMCJIOThl ua OCIIOBC nAE }lll­

JIHCTCH )f(JUIICIIliO Jla)f(JihJM - CiaKTCpHH, B OTcllFIHC OT MJICKO!Il1TaiOlUHX, MOI)/T 

llO.ilY'IaTh :JTOT npOJJ:YKT TlJJlhKO B pC3YJihTaTC Cl11ITC3a, a 1\FICKOTIHTaJOII(HC. B 

'IaCTIIOCTJ1 JIIOJJ:11, K Cl1l!TC'3Y J!llfl1/[pOCjlOJII1CBOli KHCJIOTI>I l!C C!IOC06Jihl H llO­

!IY'IalOT CC C lll1ll(Ci1. l1II!'li611pOilaJIHC :JToro Cl11ITC3a IlpHBO)J:HT K rH6CJJll na­

TOfC!IllbiX 6aKTCpHH, !IC 3aTpan1Ba1! )f(J13l!CIIIIO B<DKJihlX cjJyiiKl(HH OpraHH3Ma 

MJICKO!li1Ta!Oll(I1X. CyJIL<paiiHJiaMHJ!hi 6JIH3KH no cTpyKTypc, JJICKTpOIIJihii\1 

CBOHCTBClM H pa3McpaM MOJICKYJihl K nAE. 

0 

H2N-o-~-NH2 
0 

Iie.llhiH CTJ)errron~m 

8MClliHB351Cb B CHHTC3 Ha CTa.UHH KOH1l,CIIC3l(l1H nAE C myTaMI1HOBOH 

KI1CJIOTOii II !ITCpHl\HHOBhiM COCJ[IIHCHIICM, CYJibrjJaHHJiaMHJ[bl Hapyllla!OT Cl1H­

TC3 )J:llfHJ[j)OCpOJIHCBOH KHCJIOThl, 'ITO Jl CBOIO O'!CpC)J:h TOpM03liT 6HOCl1HTC3 

Tl1MliHa H BCCX nypHHOBhiX OCHOBaHIIH H BC.LJ.CT K 6hJCTpOH rH6C!ll1 6aKTCj)l1H, 

JIHlliCHHblX B03MO)I(HOCTH CHHTC33 C06CTBCHHbiX )J,HK. 

J1CITOJ1b30BaHliC CYJibrjJaMHJ[OB - 3HTl1MCT360Jil1TOB !1A6 - B K3'ICCTBC 

aHTll6aKTCpH<L1hHhlX CpeJ[CTB 06CYJK,LJ.CH 0, Ha!1p11~1ep B pa60TC 125 j. 
)lpyrolt Tl1!1 neKapcTBeHHhiX npenaparos - aHTHMeTa6omiThi caMolt .UM­

rHJipOrjJOJIMeBoii Kl1CJ10TLI, HHriT6npy!OW:He Jill1ll,!l,porjJoJiaTpeJiyKTa3y. OHH 

ITj)CJIOTBpall(a!OT BOCCT3HOBJICHliC )l,HI'll,il,pOrjJOJiliCBOH KHCJIOTJ,J J[O TCTparM,!l,p0-

rjJOJil1CBOH KHCJlOTbi, TCM C3MhiM npepb!Ba51 CHHTC3 rrypHHOB, !IHpHMliJ[HHOB 
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>1. B KOIIC'IIIOM HTorc, )J,HK. H~m60J1ee H3BCCTHhJit aHTHMCTa6omn Juu·vr.:wo­
cpOJ1HCBOlt KHCJIOTbl - TlpOTHBOOITyXOJICBhlH npcnapaT MCTOTpCKCaT. 

Me"-N Ni:NH2 

HOOC:>-HP ~,( ~NH, 
0 McTOT()CKCaT 

CpaBIICIIHC CT!T)'KTyp l~YlriUJ:pOcjJLHliCBOii KHCJl<Hbl 11 MCTOTpCKCaTa IIOKa­

'\h!BdCT, '!TO :JTO Pll/J:CTBCIIllhiC COC11Hl1Cili1H, CllOC06HhlC B3aHM0;1ciicTBOBaTL C 

Oj(l1I!aKOBh!Ml1 <jlpal\JCl!Tal\!11 aKTHBIIOro UCI!Tpa CjlCpMCIITa, B Jl:cll£l!OM CJIY'IaC 

)l,llrll)(pO<jJOJiaTpC.Ll)'KTcUhl, ;:t'Hl KOTOpoi1 ;~Hl'I1;J:pO<jJOJ1I1CBCUl KHCJIOTa HBJIHCTCH 

cyCicTpaTOM, a MCTOTj)CKCaT -- l1lll'HOHTOpOM. 

.......... -----

,'_,' ~'N- Do 
HOOCJHN rQr )( j H 

', ~ ,' NH N~H2 
'' 0 , / 

,Il,H:rn.upoilJOJIHeBaJI KHCJJOT3 

HOOC 6 H }QJJO IlN:t5 

~(;
0 

HOOVHN 7 NHI 2 ~ 
0 8 2 

TeTparH.l1JXI<iJoJIHeBaJI KHCJJOTa 

B pa6oTc 11220 I ocyw:ecTBJICH aMHJJ:al(CTaJihHhiH CHHTC3 aKpi1J!HHI1!1HHHJI­

cynJ.cjJoHoB. B 'laCTHOCTH COC1l,I1HCHH51 1686 11 CfO aHaJIOfOil, IIpOHBl11lllli1X 33-

MCTHYIO npoTHBOMaJ1Hp11HHYIO aKTHBHOCTh. 

s~___f\_N~ ~ NMe2 

~ .OMe 
a 

AKTJ1BJIOCTh COC;J:HHCHHl1 :JTOro Tl1!1a I!C 33BliCI1T OT np11C)'TCTBl11l n-aM!1-

II06CH30i{HO~I Kl1CJJOThl (nAE). 
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nyp11H0Bb!H Cl11!TC3 obo5IUCII ll pa60T3X (672, 677, 767, 1154, 1221-122~1-

JlaKTa~EIUCTaJIM 6L!Jll1 Jq)fj)CKTHBIIO 11CITOm>30Ba!lbl !UIH llOJI)"ICill1H HOBLIX 

npoH>BO)UfhiX, BKJJIO'laiOII\I!X B cnn1o CTPYKTYPY nypHIIOBJ.Ii\ rjJpar:viCJIT [11541. 

C11a•ra;Ia CO'JWtCTCH «HMHAa:Jo;r hl ia H 1aroTnhKa>> ( l6R7) 11 1arc~1 c: IrpaMC!lCIIH­

c\r )(WJHUiaf(CTaJUr /~MC[JA pcaJIIH\'CTC5l llYJllli!OBaH ( 1688) IU!l<:J!Wl:!lliHf (cxc­

Ma 73~)- BcJICJI :Ja :1TIIM C!ICJIYCT llcpcrpymHipOBKa gH\Ipcn:t c o6p:noBal!l1CM 

riOJil1Ml'fl1:1CIIliYPHJIOB (1689) (eM. EIIOKC [ 1154]). 

CxeMa 738 

(CH:V~ 

l OEt 
H2NCN (CH:Vn I FtONa (CH:Vn~ Me2NCH(OEt)2 

• lNANCN lNAN N OEt 
I 
CH2CN 

(CH:Vn ~ 

_lNAN 

~2CN ~ 
NC 1687 NH2 

(CH:Vn~ 

RNH2 ~ l. _A 
(CH:Vnl 

t::,,no- l 
~ N N TsOH, ,0, N N 

~)l,M<PA J~ 
NC N 

Me2N___§' HN N--~N rum_(=) 
N---~ 

I 
R 1688 1689 

l1HTCj)CCHa51 pa60Ta f 1222] OCHOBaHa Ha ITp11MCHCHl111 2,4,5-Tp11al\!11HO!ll1-

p11MI1)li11Ia (1690), KOTOph!Hilpli KOH)l,CHCaiJI1l1 C aUCTMCl\1 (1 a) npcBpaU]CH B 

mpuc-al\!l1)111H (1691) l1 3aTCM B nypHHOBbiH aM11Al1H (1692) (cxeMa 739). 

CxeMa739 
NMe2 

:rNHz :rN__j NMez :}N::::::=... NH N-/ ~ 

~ ' .. x~- ~x~ 
H2N N /- N N ~ N N 

1690 Me2N 1691 MezN 1692 

l1Ml1Ho:;~qmp (1693) npn KOH;:J,eHcaumi c aueTaJicM (1 a) npenparl(acTcH 

B aMH,lli1H, 113 KOTOporo )l<UieC !10 CXeMe 740 fiOJl)''ICHO llpOll:JBO)lHOe rryp11!Ia 

(1694) [1223]. 

npH B3aHMO.L(el-iCTBI1li 1 ,3-;:J,H33MC1UCHHOf0-5-apl1Jia30-6-aMHI-IO)ipa!U1-

JlOB (1695) c ( 1 a) nonyqcHbl rrypHHhi ( 1696) n Tll1pHMHJ\OTpl1a311Hhi ( 1697) ( cxe­

Ma 741, a) [1224]. 

4.2. IJJecmu~:lCiilfbiC c'emepoUUK.·1bl 

CxeMa 740 

OR CN 

~HAN-( /CN ;:N~CNCN 
H 1693 t 
-

R R 
I NMe2 
N--/ 

~x;NH < ~ N~NM 
N e2 

~x;Nil < ~ N N 

CN 1694 CN 

CxeMa741,a 

• 

0 0 0 Ar 

~R'(JcMt---, +R,1:Jch~J" R:Jc ' N oJN "'te",. 
I NHo 

Me 1695-

0AN N 0AN N:::r 
I I 

Me 1696 Me 1697 

I-DCJI'JYI)I-4-IlllTp0-5-MeTJ1Jli1MHWl30c1 ( 1698) TaK)Ke 5lBIL1C5! HCXO)]HLIM 

COC)Il1HCl-Il!CI\! 11}151 ITOJIY'ICHI15! Ja\Ie!l~CHHb!X nypHHOB ( 1699) ITyTeM HCI10Jli>'30-

B<IIIIUI auCTaJJ5l IWIH nmry<remui cooTBeTCTBYIOlUero enaMrma (1700). Ha cxe­

Me 741, 6, C. 502. Il306pa)KCH ITYTL l1 !1pC)liTOJJaraeMbi:H 3BTOp3MH MCX3Hl13M 

o6pa3oBaHIIH nypnHOBLIX coe;:umetmi\ [ 1225 J _ 

0cTaHOBI1MC5l ClUe Ha HeCKOJlbKl1X pa6oTaX, HC BOIIIC!l,IIIHX B npe)liiieCTBY­

!Ol!lCC 06C)')!(JlCHHC H IlOCBHIUeHHh!X CJ1HTC3Y <nareTepOUIIKJIOB. 

Hcnanno pa3pa6oTaHLI crmTe3br: 

1) mipiiMI1!l0[5',4':,5,6]rmpHJl0[3,2-b]HHJlOna (1701) (cxeMa 742, c. 503) 

[ 12291, B 3TOM CJl)"fae )]HeH,llll<ll\!liH (1702), llOJl)''IeHHhlli Ha OCHOBC HH,llOKCHJJa, 

BBC)~e!I B peaKJUIIO C aueTaneM )ll1l\!CTlL1<llOpMaMH,lla (1 a), ITj)H 3TOM HMeeT MC­

CTO KacKa)ll!b!H npOUCCC. COCTOHIUllii l1:l )IB)'X UI1KJJH33U11i1, O)]Ha II3 KOTOpbiX 

Ilj)l1BO)]IIT K 0-Kap60JJHH)' (1703), D,<IJJCC UHaHorpynna 0.\1b!J15!CTC5! )lO Kap6a­

MHJ\HOH C o6pa30BaH!1CM (1704), a BTOp<UI UHKJIJI3aUH5! Ilpl1BOJU1T K 3aMbiKa­

Hli!O lllipl1MH!li1HOBOfO UHKI!a llO (1701); 
2) IT11ppoiio[1,2-a]nHno;ra (1702) (cxeMa 743, c. 503) [1230]. 

0T\!CTHM 3ilCCb Ta!OKC pa6oTy [ 1231). Il KOTOpOH CHHTe:mpoBaHLI TpHa3a­

rerepOUl1KJihl, B TOM '!HCJIC 11 lllCCTWIJleHHbiC. 06IUa5! cxe~1a 744 IlpllBC)lCHa 

Ha e. 503. 

B IJ:OllOJIHeHHC K paCCMOTpCHHOMY MaTepH<L1Y yr<:a)KCM Ha HCMHOroqJtcJJeH­

Hbie l1CCJJCIJ:OB<HUI5!, ITOCB5llUCHHLie Tl!allHpaHaM. 
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4. 2. JJJecmu~Ae/1/tbre zemepou,uK,1bt 

CxeMa 742 

n-- NHz (EtO)zCHNM~ ~
0 

~I 1702 NHR 
H 

0 

~
CN 

lyN~tfNMe2 -I -HzO 

H20 -
H NHR 

N "­
NMe2 

(t:{O CN (Et0)2Cf=:2
743

Q~O 
Jy 

[ (Et0)2CHNMe2 
.NH2 ~ 

N N ~ 
I 
H NMe2 _ --

H2N 1702 CN 

• 
CN 

CxeMa 744 

HNJ .. cYj ~NH N 

503 

" 0 

8 pa6ore [ 1232] ocymecTBJieH CI1HTe3 cepHH KOHL(eHCllpOBaHHhlX Tll3!1l1-

pa!IOB, 11CXOLI,51 113 3,5-.rtHOKCOilp0!13BOlJ.HOfO (1703) H 3UeT3Jl51 ( 1 a) (CXeMa 745) 

'!epe3 eii3MIIHOJll!KeTOH ( 1704)-

! 

I! 
I' 
I 

I 

II 
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0 

ou~ 
s 

1703 

CxeMa745 0 

RM£'"' Lc\ 
NMe2 7 O H 

o_, f ~0 NH::J)} 
1,J RC~ 

1704 ~2 a:N 
s A 

N R 

J:l Kp:.!TKO- CII(C 06 0,1\]!0if pa60TC [926[, B KOTOpoi1, HCXO,IJ,H 11'3 TCTpa­

<jlTOp6e!!30HJIYKCYCHOfO '3<jmpa ( 1705), pC<lJIH:lOBaH CHHTC'l ccpycOJ(Cj))K<lll(HX 

awworoB aHTH6aKTcpnaJILHLIX <I>TopxliHO!lO!!Oll. McTon, ci1HTC3a 6<rmpycTCH 

!Ia IIOJI)'"IC!!l1I1 CHaMliH0/~11Kap6oHHJ!bi!OHl COC/!11 !IC!llHI ( 1706) 11 cro U!JKJ1Il­

JaUl111 BO <!HOpHpOBa!!l!b!li 6CI!30Tif<lll llpa!!OH (1707) ( CXCMa 7 4(i ). 

CxeMa746 

COOEt 

~
O COOEt F~O C:DOFt F 

'/" I 1a '/" I H2S ., 

To.rryon, ~ o 

~ F 120oc F F -30 C F 
F 1 q ' NMez 

F F 

0 

F 

4.2.2. lllecmu'fAeHHble zemepou,uKJtbt c iJ«yMJl u 6oJtee zemepoamoMmwu 

4.2.2a. TuaJHHbl [1232-1243] 

fi pOH3BOJ(HblC J1Ha3<Hp11!{HKTIOB ( 1708), IIMC!OI!U1C nepW!>epW!CCKYIO 14n:-

3JICKTpOHHYIO CHCTCMY 11 BKJIIO'Ia!Oll!HC B CBOH COCTaB 1,3-Tl!33HHOBbiH <jlpar­

MCHT, CHIITC311pOBaHLI '!CpC3 CepyCOJICp)Ka!ll,llC CHilMl!HO'cHjlHpHbiC 11HTCpMe­

}Jl1aTbl THIIa (1709 ), KOTOpbiC 1ll1KJII13YIOTC5I II pH HarpcBaHHH B YKCyCHOI1 

KHCJIOTC (CXCM3 747) [1232]. 

J,3-J:lMHJl<l30[2,1-a]THa3IU!bl (17)0) I!OJI)"!CHhi 113 OCHOBC peaKUHll IICI!a­

CbllUCHHb!X KCTOHOB C THOMO'!CBHHOti C JlOCJie,UyiOI[lCH o6pa60TKOi.f IIOJI)"!CH­

HOro 2-aMHH0-1 ,3-T!la3HHa (1711) aM!UiaueTa.JIHMH H B3aiL\lO,[(elicTBilCM CHH­

TC3HpOBaHHh!X 3Ml1Jll1HOB (1712) C CX-6pOMKCTOHaMH (CXCMa 748) [1233). 

flo;:r:o6Horo po.ua 1 ,3-THa3l1HOBhlH CHHTC3 OI!liCaH B pa60T3X [ 1234, 1236 j 

H B l1CCJICLJ,OB3Hllll [1235], rLJ,e OH npHMCH5IJICli J[Jl5l llOJIY'ICHil51 CCJICH33HHOB. 

4. 2. 11!ecmuot!leHHbJe <emepou,uK!lbt 505 

CxeMa747 Y-N Y-N c;rN NJ 1a AcOH, .. J gooc,Jq 

'1 
80°C, 2 q 

s S~NMez 'CHzCOOR 

1709 COOR 1708 COOR 

CxeMa 748 
0 s 

Me II )l 
Me~Me+HzN ~ 

H2N S Me 

_l)_HCV_Et_.,OH n:;tMe 
2) Et3N, CH2a 2 N ~ 

20°C 

Me 1711 

R~hJ:, 
COR' Me 1710 

R N S Me 
Me2NC.{RXOMe)z y yuyMe R'O:X:lhBr 

CH20z,T. Kllll. NMcz NY 
1712 Me 

flhllllC Y)KC OIU1C3H [ 1043] CHHTC3 cPCHOTl13311HOB- I!pOI13BO!J:HbiX OCHOB­

HOfO Knacca cl>apMaKoJiorw-IecK.l1X BemeCTB, neticTBYIOlUHX Ha UHC KaK Hetipo­

JienTHKH. aHK.CHOJlllTHKH 11 3HTllrHCTaMHHHhlC npcnapaTbL 3aMClUCHHhlC COC,IJ,H­

HCHHH THI!a (1514) (CXCMa 662), HMCIOlUHC ,UOI!OJIHHTCJlhHhiC 33MCCTHTCJII1 B 

6eH30JlhHOM KOJlhUC, I!pOHBI1Jll1 CpOL!,CTBO K 6eH30!l:I133CIII1HOBhiM peuenTOpaM. 

R~XX;:Q:o 
CN 

[ 4+2)-UliKJIOITpHCOC;:J:HHCHHC MCTHJIBliHHJJKCTOHa K 3MI1,[(liHO,[(HTI13Kap-

6aMaTaM (1711), ITOJlY'!CHHhiM H3 3Ml1HO,[(HTHOKap6aMaTOB (1712) ITpll B03)J;CH­

CTBHH 3Ml1,[(31lCTami (1 a), ITpliBO,Ul!T K 2-aJIKHJJMepKaiiT0-5-aueTHJJTI1a3HHaM 

(1713), KOTOpblC rH,[(pOJili3YJOTC5I LJ,O 5-aueTHJJTH33HHOHa-2 (1714) (cxeMa 749, 

c. 506) [747]. 

YcHJieHIIe CH-KIICJIOTHOCTH McTHJieHosoro JBeHa B l-cl>eHHJI-2-MeTOKCH­

Kap6oHHJIMeTHJJMepKanTo3nmeHe .nocTIIrffYTO rrpeBpameHHeM ero B cyJIL¢oH 

(1715), KOTOphllf I!pH B03,UCHCTBI1H McTaHOJihHOfO dMMHaK.a JierKO TpaHCcPOP­

MHpyeTC5I B cyJILcPOH 5-q>eHHJJ-5,6-;:r:uru.upoTpHa3HHOHa-3 (1716). PeaKIIIDJ: ero 

c aueTaJieM (1 a) no aKTHBHpoBaHHoil CHrrpyrrrre rrpHBOAIIT K 2-!l:HMcTliJI-

I 
II 
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CxeMa749 0 

H2NYSR 

s 
1711 

Ia 
• 
MezN, SR 

'=Ny 
s 

1712 

p-TsOI! l o ~s 
HN COMe 

1714 

('Me S 

I we RSY_l 
N~COMe 1713 ' 

• 

<IMHHOMCTJLl!CiliTpOJUBO}(HOMY ( 1717), H1 KOTOporo CllliTC'lllpOBaiia rpyiiiJil 

HOI!b!X J(llnij\pOTlta1IIIIOilb!X 11JlOl1'3BOL\IIhfX (1718-1720) (cxe~Ia 750) [1237j. 

LxeMa750 

SOz :tSOz ):_SOz ( -'] Ia MezN -'] Nzf-4. HzO HzNHN -'] 

~~~~L~. ~ N~ 
0 N Ph 0 N Ph NH 0 H Ph 

1 
H 1716 H 1717 Ph< .J/2llzS04 1718 

NHIMeOH 1 ~2 
:y RSH MeOHJH20 

Na2CO:, 

'-/T RS N"-'::: MeOOC SOz ~SOz SOz 

111s ll I Pb 0 }_Ph Ph~~N}Ph 
1720 H 1719 H 

Auanoru ctnopx!1HOJIOHKap6oiiOBbiX KHCJIOT c JaMeHoti Xl1HOJil1HOBoro 

I[HKJla Ha 6CII30THa3HHOBbiH ( 1721) Cl1HTC3HponaHbl B ll23R I' no xapaKTepy 

IICIIOJih30Bal!HbfX CHHTCTH'fCCKHX MCTOrroB 3Ta pa6oTa 6Jllf3Ka K ynOMHH}'TOMY 

Y>KC Bblll!C HCCJIC)J,OBaHHJO (CXCMa 746) [926[. B KOTO(JOM fiOJl)"JCHbl l10JW6rl0-

ro THila COCL(HHCHI15!, BKJl!O'!a!O~HC B CBOH COCTaB THalll-Ipai!OBbiti cpparMCIIT. 

oeH30THa3HHOBhre npoH3BOI\HhiC, o KOTOpbiX pe'fh l1Jl:CT ·mech, Cl1HTC3HpoBa­

Hhi flO CXCMC 7 5 J. 
CxeMa 751 

FoS~OOOMe F:oc SI(OOOMe :XXE ?' S)OOOMe 
1 1a 1 H2JNiRa ,. 1 

~ ~ ~ 
C1 NOz C1 NOz NMez ~ 

b'uC-,f\I1MCTilllaMI1HOMCTill!CHTIIOMO'ICB!1Ha (1722)- BCCbMa 1Tpl1BJICK3TCJ!b­

HOC I1CXO)XHOC COCL\HHCHI1C )lJI5I CI1HTC3a pa3Jlii'IHb!X KOH)lCIICHpOBaHHbiX Til-
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a30JTOB (1723) H THa3HHOB (1724). 06o6~CHHa5! CXCMa 752 :m-IX TpaHCcpOp­

Mai_\HM, COrJiaCIIO ( 1239], ITpHBC)J,CHa HR>KC. 

CHzCOR C:xeMa 752 s / Br-

S opoMKeroHhl ~ ~N~N~N~ S la II MezN 

1 

~ "' A """'NM., B;N 

1) EpoMKeroHbi 

2)R'CH=C=O ~~7 
MezN l =C=O 

~:rK i7" 
I I 0 I I ·:23 ~ ~ 1724 

CHHTC3 HOBbrx npoHJBOL\HhiX cpeHOTHaJHHa B [12401 ocyu.recTBJICH no Toi1 

JKC CXCMC, 'ITO 011I1CaHa Ilblll!C B pa60TC [ 1 043]. 

I1 B 33KJl!O'ICHHC - HHcpOpMamm 0 CHHTC3C 6CH30Tl!ar\Ha3HHOB (1242]. 

I1CXO,f\HOC COC,T\l1HCHHC- cyJILqH1HaMH,f\ (1725) HarpeBaiOT C 31\CTaJICM (J a), 

pe3yJibTaTOM 'ICfO 5IBJI5ICTC5I o6pa30BaHHC 6, 7 -J(HXJIOp-2-MCTHJI-1 ,2,4-6eH30Tlf­

aLJ,H33HH-1-0KCHLI, (1726) (CXCMa 753), 

Cl:CXNH2 CxeMa 753 CI:cxtf Me 
~ 1a ~ 

I H llQOC I 1 
~ s..--N-.... ~ s..--

a + Me a + 
1725 0 1726 0 

ll.pyra5I cxeMa 754, npeLJ,cTaBJICHHM HII)I(e, TaK>Ke BKJIJOqaeT )"lacrne aueTa­

JUI (I a) B CI1HTC3C ITpOI13BO,f\HOfO TH<l,lliia3IIHa (1727) (1243]. 

RDx~ I NH2 
.-::NH s;;--

R /;'Ph 
0 

~:Ma754 RDxl 
- ~ N~ 
~<I>A MHH l 

...-::N 
R s:;;--

1; \ 
0 Ph 
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4.2.2b. )lHOKCaHbl 

B pa60TaX [667, 1244, 1245] IlOKa3aHa B03M0)f(J!0CTL CHHTC3a a ~IOJJ.l1cjJJ1-

KaU!111 ,UHOKcauoB. Bhlwc onncau Cl1IITC3 1,3-f(l10KCa!IOB 113 ~u~C1<Llcit ,laK.Ta­

~IOB [667] (cxcl\la 447). CH!ITC3 C10)KIIOJ1 TcTp<n.(l1KnwiccKol'f clfCTCMLI ( 1728) 
f 1244 ], COJ!Cp)Ka!l[cit B Ka'rccmc cj)parMCIITa L3-JUWKCUJOBhii1 Ul!K..'l. omtc<m 

C i!pHMCIICHHCM aMHJl<ll[CT<UU! ( 1 a) IB mpem-(iyTHJ!OBOI'O ')(ll.Hpa Cj)Op\1!UI.YKCY·· 

CI!Oi1. KHCJTOTLJ (1729) (CXCMa 755). 

CxeMa 755 
0 0 

0 OHC ' OHC,_r 
OHC0 la Y OBu-t_~ ·o~ 

1729 OBu-t 11, (__ 

6
0 

0 
~cz HHOH 

n,so.Ac,O )___ 0 ., ~ hv., 0 ~ ~ 
0°C, 12 q 0~ CH(OAc)l 0 H 

\\ \ CH(OAc)l 
0 1728 0 

Mo,UucjmKaiJ,HHl!HOKCaliOBOH CTPYK"JYPLI coc;!HHCIJH>I ( 1730) nyTcM Tpanc­

¢opMau.ua :HOrG COCl!I1HCHl151 ll CllaMHHOl!I1KCTOHbl (1731, 1732) OCYIUCCTB­

_'!CHa C Y'laCT11CM aUCTaJIH C IlOCJICl!YIOIUCH pcaKIJ,J1CMI!CpCaMJ1lll1pOBai!J151 ( CXC­

Ma 756) [1245]. 
CxeMa756 

Me ...-:0 NH Met;;oY c:;/ Het 2 H Me la 
~ ~ .. 

0 Me-- ~- Het/N II II 
/c~o o o 

Me NHR 
1730 0 NMez H c; Hh .. NJMe /N Me RNHz Het/ y 

Het 
0 

o 1732 
1731 0 0 

4.2.3. CeMu•uemtbte <?emepm~uKAbt 

4.2.3a. A3enHHbt 

KoHe•mo, K.onwicCTBO ny6JIHKauuit, ocHonaHHhiX !Ia aueT<UTbHOM Cl1HTC-

3C H IlOCll5lll!CHHblX flOTIY'ICI!TI!O fi}ITJI- 11 lllCCTW!J1CHHhlX fCTCpOlUIICIOB, 51BHO 

l!OMI1HHpyeT B JIJ1Teparype. TeM He MCHCC )lOCTaTO'IHO 60J1hWOi1 6,'!0K pa60T 

KaCaCTC51 CHHTC3a II CBO}lcTll COC;IHHCHHM C 60J!hlllCII BCJ!II'-IliHOi1 UHK.Ha. CpC!IIl 

4.2. lllecmu~!leHHbLC cemepol{UK,1bt 509 

JTHX HCCJIC)IOBaiiHJ! B ITCpBOJI 'laCTI1 l!aHHOrO pa3i!CJ!a OTMCTI1M pa60Tbl, Ka­

Ca!OWHCCH CBOMCTB H IlpCBpaWCHHH a3CillfHOB 11 l!X aHaJIOfOB [ 664, 680, 681, 
1246-!248]. J1Hal.JHCM C Cl11ITC3a npOJDBOl!HOfO aJCI1lfi!OJia-3 (1733), lfCXO)JH 

113 KlfCJIOThl MeolhllPYMa ( 1734), npeBpaUJ.Cl!HOH CHa•Iao1a B eHaMI1HOllHKap6o­

l!HJihl!Oe COCl!HHCHIIC (1735), 3aTCM B i111CHJ111a:vii1110BOC np0113BO,I.\HOC (1736), 
KOTOpoe 6hiJ10 f!OJlBCprHyTO fll1p011l13Y C BhiXOllOM K (1733) (cxeMa 757) j1248]. 

CxeMa 757 
Me Me 

oxo 
oAAo 

1734 
KHcmrra Me.m,fiiJYMa 

Me Me 

oxo 

1a 

0 0 

1736 

Me Me X Me 
._ 0 O Me2N----l:OMe 

~ OM< 

O 1735 NM: 

60(}°C D IUIJl0liii3 0 
__ ..., 

Me2N N 
I 

1733 Me 

.. X 
Me2N NMez 

3aecb XOTCJIOCh 6bl OTMCTI1Th, <ITO ll CTaTbC [ 1248 j HMCCTC5I 11HTepeCHOC 

yKa3aHHC Ha TO, 'ITO 11pl1 K..l1llH'ICHlfl1 B TOJiyOJIC C0Cl!I1HCHI15I ( 1735) C giiMCTI1JI­

aueTaJICM l{HMCTlfJI3UCT3MHl!a Bh!XO.IJ: ( 1736) OKa3aJIC51 I!lf3K..l1M, HO 3cj.>cjJeKTHB­

HOCTb npouecca KOHl!CHCaUI111 pC3KO YBCJII1'flfBaCTC51 (llOCTHraeTC5I 80 % BblXO)l) 

npH !1pOBC)lCHI1J1 pcaK..UIII1 ll Ilp11CY'fCTBI111 1136biTKa )llfMCTHJiaMI-IHa B peaK..UHOH­

IIOH CMCClf. 

Pa60Tbl [664, 681) IIOl!p06HO paCCMOTpCHbl paHCC (CM. CXCMbl 445, 457 CO­

OTBCTCTBCHHO ). HCKOTOphiC CBOHCTBa 6CH3a3CI!I1HOHOB (1737) 11 Il11pl1M11l!0-

6eii30TJ1a3CfllfHOB (1738) omtcaHhi (cxeMa 758, c. 510) B [1246, 1247]- B o6onx 

CflY'Ja51X Ha nepBOM 3Tane IlpOUCCChi Ha'IJ1Ha!OTC51 C aMHgHHO!lOfO CIIHTC3a ny­

TCM KOHl!CHCaUJ1l1 COOTBCTCTBYIOIUHX aMI1H0!1p0113BOl!HhiX C aMI1)1aUCTaJIHMI1. 

4.2.3b. )lua3enHHbi 

Y)f(e o6cy)!(,llaJIOCh, 'ITO Hal16oJiee 3<pcjJeKTI1BHbTe -rpaHKBHJIH3arophr npH­

Ha!IJlC)f(aT K 6eH30!IHa3ennnoBoMy p5I;Iy. Dp11Bel!eM HCCKOJibKO npHMepoB, 

I1p11MCH51CMhiX B 3l!paBOOXpaHCHI111 JICKapCTBCHHhiX CpCl!CTB :noro pH.lla. 

XOT5! CTpyKTyphl IlpliBC)lCHHh!X BhllUC rrpenapaTOB BO MHOfOM CXOl!Hhl, 

Bh!pa)f(CHHOCTh TOfO lfJIII l!pyroro cp113110JIOfWICCKOfO 3cjJcpcKTa, KOHC'IHO, pa3-

JIJ1'lHa- )lHa3eiia.M, H03CIIaM, cjJeHa3eTiaM !1p05IBJI5l!OT OT'ICTJII1BOC CCl!aTHBHOC 

I' 
i I 
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ai1:;° Cit~)~' Cl~jOH 
}J;illl3enaM Ph XrrroellH,ll; Ph HroenaM Ph 

B<~ Cia:; 
<I>emnenaM Ph Me,l\a3ellaM Ph 

Cl 0 2N 

11 }J.<I)KC CHOTBOpHOC ll,CHCT!li1C. HanpOTHB, MC,ll,a3CIIaM MO)I(HO paCCCMaTp11BaTh 

KaK /.lHCBHOH TpaHKBHJII13aTOp, T. K. 01! 06Jia;laCT CJia6bJM CC!laTMBHhlM 11 CHO­

TBOpHhiM ::J<!>QJCKTOM. Bbipa)I(CHHhiM ycnoKaHBaiOllJHM nei1cTBHeM o6JiaJJ:aer 

rHJJ(l'3CIIaM. 

B TC'ICHHC MHOJ'I1X JICT CTpaTCriUI JIC'ICHH5l IIII130QlpCHI111 11: IIC11X030B 6biJia 

OCHOBaHa Ilp11MCHCHHI1 Hei1:pOJICIITl1KOB, TaKHX KaK J'aJIOIICp11,ll,OJ1, cj.JJ1y<!JeHa-

3l1H. O!lHaKo HX HCllOJih30BaHI1e orpaHH'ICHO BpC!lHhll\111 Hei1:poJiorwiCCKI1Ml1 

3(jJQJCKTaMI1, BKJ110'!a!OUli1MI1 3a60JieBaHml, CB5!3aHHhJC C orpaHJ.t'ICHHCM llBI1-

)I(CHI15l l1 3KCTpamtpaMI1ll,a.JihHbJM11 II060'1Hh1MI1 5IBJ1CHI15IMI1, TaKHMI1 KaK rrap­

KHHCOHI13M. B Ka'ICCTBC npOTOTHI!a HOBh!X CpC)lCTB JJ:JI5! J1C'ICHl15l yKa3aHHhiX 

IIaTOJIOI'HH cei.f•rac paCCMarpHBaCTC5l npenapaT KJ103a!IHH, OTHOCHllJl1HCH K «aTli­

IIWIHbiM aHTl1IICI1XOTHKaM>>, HO p5IJJ: II060'IHbiX 3<lJ<!JeKTOB COXpaH5ICTCH. 

r~, 

;Q)yN~ N 

Br 
fH.l1a3ellaM Ph 

Me 

I 

C) 
N 

c(N 

H-0-a 
Krr033.IIHH 

B UCJJOM HHTCpec K 6eH30,[(l1a3CIIHHOBbiM CHCTCMaM OCTaCTC51 HCl13MCH­

HbiM l1 60JJblllOC KOJil1'1CCTBO HCCJIC)lOBaHHH IIpOBOL\HTCH B 3TOM HarrpaBJJC-
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1111!1, 13 T0~1 'll1CJIC l1 C Ilpl1.'11CIICHI1CM aMI1,[(aU:l.'TaJICH [766. 836, ] 113, Ill), 1175, 

!2-+9-1255]. TaK, R pa60Tc [1249] 113Y''ICHhl nOJ\XO!!hl K CI1I!TCJy m6pu;~oB 

(3-Kap60Jil1HOB 11 6CH30)1!1a3Clll11JOR (1739) C UC,lbiD H3h!CKalllUI COl:lll:!HCI!l1K. 

>m;ImOIJ(l1XC51 nHraH;~aMH 6cJJJO,'\l1~l3Cf!l1JJORhiX pcucmopoB UHC (cxcMa 759). 

In vitro noKaJano, 'ITO TaKoro nma rH6pll}I,hi ~I,ci1cTB!1TcJib!IO 11M ClOT cpOt\C rno 

K 6crnoaHa3enMIIOBbiM pcucrrropaM UHC. 
<DJiyM<l3Cl!l1JI -- CC!ICKTHB!Ib!H 6JIOKaTop l!Cll'fpanhl!blX :)fjJijJCK"~'OB ()·..:l!"lO­

i\lla'lCn!11101l. KOTOph!K np11MCWICTCH j(JHI !l(li(<IJUC! I lUI l!lU\YilHpllBaiii!Oii 11 Ml1 

cc;(aUH11 IUII1 lipH HX ncpc;I,o·mpOBKC. KpoMc Toro, :.rro-r IlpL:IIapar nprlMcwrc·Ioi 

JVHI aKTI1Bai(Hl1 KOriiHTHBI!hiX rjJyl!K!Uii-i y naiU!C!ITOB np11 fioJJClllH AJihU­

rci-IMcpa. Cll!rrn <j)}IyMa;cmma on11caH (cxcMa 760, c. 514) n [!251 j. l1cxon­

l!hiM COCfUIIICin1C~I }l)IH :JToii UCJII1 Bhl6pa!1 2-X..'!Op-4-~ICTII.:JOCil'l0[1 ,4[;J11a'lC-

1111!101!-5 H :JTHJ!OBhl~i :J<jl!lp JI,HMCTHJlaMHI!OMCTHJlC!II'J!I1!111!Ia, llO~lV'!Cl!!lbli1 

pc;tKIUicii :JTHnrJIHUHHara c J\l1MCTI1JraucTaJrcM ;HIMcnun!mpMaMHJra (I a). 

n y6Jil1K<t!HIH r 12521 !IOCBHUlCIIa CHI !TC3Y (±)-4-apJ.m-4,5-Jll1l'l1J\P0-3 H -l ,3-
6C.I!30)!11aJL:I!HHOB ( 1740) B Ka'ICCTBC IIOTCI!UlliUlhHhlX aiini,'J,C!lpCCCaHTOB (CXC­

Ma 761, c. 514). 

BHpycllhJC noJII111pOTCHIIhi B cTpyKrypHbiX It <l>YHKUHO!IaJlhllhJX 6CJIKax 

PH K-r-c.HoMa 'ICJIOBC'ICCKoro HMMYHOJlC<j)HL(H'Ja llpncpHcB<IlOT nponcccHIII' no;~ 

;lL'tiCTBHCl\1 acnapTaTHhiX I!pOTCaJ, I'Cl!l?IJHpycMblX J!HM l'CI!OMOM. J1IIni6!1p0-

Balli1C JTHX 11pOTCa3 in Vt!ro llpHBOJ(HT K IlfJOi\YKl~Hl1 nporCllllb!X BHpHOHOB, 

KOTOph!C HC)lOpaJBHThl 11 JIC 06olil,il,cll0T 111!<lJCKUI10Jll!blM )lcl-iCrBHCM. 

0TCIO)la Ka)!(CTC>i paUHOIIaJ!hHOH CTpaTCI'l1H flO llOJ-ICKY 110P,06HOI'O Tl1fla 

HH!'I16!1TOpOB, o6ccncqJ1HaiOll(I1X I!CpCilCKT11BllYJO B03:V10)f(IIOCTb 60ph6bi C 

11MMylfO)l,Ccp11U11TIIbiM CI1H)lp0MOM. 

B pa6oTc [!253] ocyuLCCTBJICH CHIITC3 HOBbiX TpHa30JI- 11 6CH3J,l1a3Cill111-

coJI:Cp)[(alUl1X COC)li1HCI!HH ( 17 41), IIp051Bo15!!0ll(I1X TaKyK) aKTHBHOCTb ( CXC­

~a 762, c. 515). 

3qJCpCKTHBHb!M CHHTC3 !U1pcl30ll0[ 3,4-d]-l ,3-JU1a1CIIHJIOH ( 17 42) p;upa6o­

TaH H 11255 j, HCXO)l}[ H3 I-MCTI1J!-4-r\)()pMHJI-5-aMI11JOIIl1pa30Jla ( 17 43). fi)TCM 

p5I~Ia !JOCJICJ!OHaTCJihllhiX pcaKUHK (CXCl\la 763. a, C. 515): 

1) KOH/I.CHGlUJ1l1 C aqcTa..'1CM )lM<DA (I a) ,UO aMH!ll1IIa (1744); 
2) pcaKUl-111 C TpHMCTJWUHaHOCHJiaHOM C o6pa30BaHHCM CH!ll1J1CO[[Cp)[(a­

ll(Cf0 aMH)li1Ha (1745); 
3) l1 rH,UpHpOBaHHCM Ha,ll 6op11JIOM K06cUihTa, COflfJOBO.JK,.CJ,aK)ll(CMC5! UI1K­

m13aUHCH)l!1a3Cill1HOHOfO KOJibUCl C Bb!XO)lOM K I(CJICBOMY (1742). 
l1 Cll!C 06 O,'\HOi1. l1HTCpCCHOH pa6oTC [1113]: aprH!!HH Ba30I!pCCCl1H 

(A VP) - Ll.l1Kili1'ICCK11i1 IIOHal!CflTHJl, KOTOpb!K ocyutCCTB~'l5iCT CBOC JJ.l'i-icTBHC 

'Iepe3 TpH MCM6paHHOCB513aHHbiX G-npoTCHHa, coC)li1HCHHbiX c nonnmal\tH 

pel.l,CflTOpOB VIa, v2 11 v, (KOTOpbiH H.Horna o6011Ia'Tcl!OT KaK vlb)- Apr111111IT 

4.2. lllecmu'!,JeH/ibte zemepou,uK.?bt 513 

~0 
0-

~ I c;;-;- d 5 OJ~o 
::r: \ £ l) '\-z ~ [i _z, 

~~<J ~ J LJ/ ~ • ~ II \ ~ ,_ 
I 

"' u t C)l g r i ~ § £ ~~ "' ::r: l1:l ::r: l1:l <Zl 

Cj I ~I ::r:§ ~b 
"' 0 §::r: ;.:::_;:::-9 II) - N -....:::::: 

~~z o ~: oi=~ I h 

~ h _z ~ 
z::r: . \::r: 

z 
I C) I 

r 
. u -< 0 

~ ~ ~ 

0~ 

~-PC 
~ 



514 J:uum 4. AArua. u naKmratau,ema,Ju B cuumeJe <emepou,uK.lll'leCJ,:ux coerJuueJwti 
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0 MeNH 
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CN 
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NMe2 
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CxeMa761 
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p N{<XXM 
~~N\ 
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(N O(tCN 
0 Me 

("'yNo, ("'yCOCl 

X~'- ~JJ:I NO, y--0 c 
Me X ~ ~ ~ X 

NMe2 

---. MeNH2, NaCNBH3 
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NHMe 

y 
R 

---. RC(OR')J 

• 
N~ 

N-Me 

X 
X 

NHMe 
1740 
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CxeMa 762 
0 

J- 1a 
NH2 0 

., ,ll.MCO, wooc 0 2q 

~ AJ Me2N J .... Ph 0 \ 

~ Ph . ~~ OR N 

RO O 1}/ ~ N
2
J-4 (6e3B.) NMe2 o \\ H, 

90

oc ~~/--N :.--.. AcO • ~ N 25q ~N ~ I ~ .. '"•Ph ----N 

~ Ph \ N \\ 

RO N 0~/ N·---N ~\ I/ ~ H 

•ll~N/--N :.--.. 
~ ~I ~--- .... Ph 

~ Ph ~ 
OR 1741 RO 

rncJC} 
HzN I 

1743 Me 

OSIMe3 
I 

CxeMa763,a 

OH~ Me3SiCN, 
~ ~ Zn02,N2 

20°C, 3 q N • 

111744 ~e 
Mez/ 

HCJC H2/CoBx / N .,. NC 1 

N 
N I 

IW><::: 
lN)lN~N 

) I Me 
1745 Me2N 

I 
1742 Me 

B330!1pecCHH (A YP) 5!BJI5ieTC5! O,[(HHM H3 OCHOBHhiX ropMOHOB, KOTOphiH pe­

ry;mpyeT :>KHJJ:KOCTHhiH II conesoti 6anaHc MJreKorrHTaiOW:HX. OH noBhmraeT 

ypOBeHb pea6cop6U:HH BO,Uhl, B pe3yJihT3Te qero CHH:>KaeTC5! 06beM MOqH, Ba30-

npecCHH Yrpeu:errTopHhre aroHHCThi - 3TO KIIacc aHTH,UHypeTHKOB c noTeHUH-

il 

, I 
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5! () fizatm 4. _A_~tud- U da!U/l(ll>tal(etllU-111 8 CUHI/le3e cemepOl(UKilU'fCC/diX Uii'I)U/felfllli 

it.nbllblM l!Ci10Jlb30B31IJ1CM L\1151 }1C'!CHJ15! 60.lJC3HCi:f. xapaKTCpl13)'Kll.UH'I.CI-i llp0-

/WKL(l1Ci:f 6oJihWI!X 06l,L'MOB pa36aBJICHHOi-i ~!O'll! ilJI!-1 HCaJKKlldT!ihll\1!1 ypuB­

H5ll\ll1 AVP, TaK!1MII KaK 1I!1a6en..I (HarrpHMep. Hec<lxapHhiii ;(Ha6n), ·JI!ypn 

11 1!11KTYPH51. B HacToHmec npel\HI cynrecmycT Kpavrnc M<l.'!O cpc;]CTi> JIJI>I TJL'­

'ICHH51 HCCaXaj)HOfO .J;HaOCTa (l!H0fj(i1 i'OBOj)liT 0 H;Unl'HIH TOm,KO <HilOrtl 

npcrrapara -- /!C'lMonpcccHI!a DDAVP --- IrcnTilJ(Illll'O ;I!OPHCTa B<l'lO!lpccctt­

HOBDro VrPCI!CIITOpa) M~ll'IOTC>I n<.lHHl>Il' ofi opaJihHO aKTJlllllblX HCHCl!TJlil­

HhiX cpcJ(crBax --- V 2-ccJICKTHBHO:.r ;r!lTa!'OIII1CTC -- VPA-9HS 11 ct:JtcKn1BliOM 

aroHucTe - VNA-932. 

~x n ' ::::-.... 0 -:;/ 
Me I N-

CI 'N 'o Cl/ ~ l-:) 
VPA-985 H VNA-932 

B o6cy&..IFiCMoii 3;ICCh ny6m1Kaium ! 1113 j omJca!l Cl1HTC3 ( cxel\la 763, fi) 

H ,c<aJIHhiC 0 6l10Jl0fl1'!CCKOt1 aKTHBHOCTl1 11pC).(CT<Illl1TC:ICH HOBOfO KJ1<1CC1 HL'­

fJCHTHJ\Hb!X opaJTbHO aKTl1Bllb!X CCJlCKTl1BHbiX arOIJHCTOB V 2-pC!(CflTOpa, Bhi6op 

KOTOpblX OCHOBaH tia IICWIBI!O HaH).(CHHOM Kai!)JH.i.(aTe B nperrapaThl (lead 
COmpound)- (1746). llpCJ.UIOJJaraCTC5!, 'ITO 'JTO COC,[(YIHCHl1C riOK<l>KCT Bh!CO­

KYIO ::J$qlCKTHBIIOCTb np11 JlC'ICI!Hl1 JICCaxapHOfO 1(l1il6CTa 11 COCTaBHT KOHKy­

peHI.J,1110 flCI1111.)JHOMY rrpcnapaTy L(C3MOflj)CCCl1Hy, 0 KOTOpOM pC'Ib !!VIa Bbl!UC. 

M--{N~ 
(X_r 
0~ 
Fj:A)lo 

1746 Me 

l.J:TO KaCaCTC>I 06Cy)KJ],aCMh!X HOBblX Cl1HTC30B, paCCMaTpl1BilCMbiX B 3TOH 

pa60TC, TO B Ka'!CCTBC HCXO).(HhiX COC1(HHCHl1H )lJUl flOJlY'ICH!151 Tp11a30JlbHbiX 

=.,~,:n 
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'lll2UO!'OB ( J 746 ), Ji.ICCL Bhi6pallhl opm0-3ilMCUICIIHbTC napa-l(rtaHOMCTIUT6CH30-

al'hl (17 47), K010pLIC aM.Hi.Jal(CTilJlbllbll\f CHHTC30J\f npeBpall(CHbi B al(HJJ<lMI-!;1!1-

llbl (1748) H ;n_;r.,:c riO CXCMC 763, 6 r, COOTBCTCTBYIOLUl1C ap!1JJTpHa30o1bi {1749), 
111 K(lTOphiX I! JlOJl~rLJCHbi l]CclC'BhiC TpHil30JJI1JI6CH30HJI6Cil3}T,I1il3CT!IIllbl ( 17 46). 

Dpoqccc npcr;p<.HL\Clll15! (1749) _... ( 1746) 1-pc6ycr HC:IO!Ib30HaHH5l B Ka'IC­

CTBC J.-JCXOJII10f0 Tpl1IJ,HKJJa (1750), KdK JTO llOK33a!lO WI CXCMC 763, 6. 

cxg)J 
N 
H 1750 

3Ta 06U(a>I CXCMa I1pl1BC).(CHa Hl1)KC. 

QX)Me 
CxeMa763, 6 

COO Me 

QR JO%H202 

K2CO:J, ~MOO 
7 

~ ,!'o,NC(MoX~Meh y 90~ ¢:COOMeR Nz~ 
AcOR67'lo Me 

CN CDNH2 CDN~NMez 
COOMe 17

48 

R I) p-Me0Ct;l4CH20(PMB) M)JN 
2) NaOH!MeOH -:;/ ~ ~ 
J) (CDCI):b CH202, 1. Kliii. (Y -

+1750 ::::-..._A 
4) K2CO:J, ~<DA N 

• N . 

M5-~t 
e H 

N PMB 

0~ I 
~ N~ 

R 1746 r-Me 
N-N 

CF3COOH, T. Klffi. 

7 ,liHCH, 
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4.2.3c. CeMif'IJICHHbte UUKJibt c aToMaMu a3oTa, Kucnopona, cepbt 

=·:hOT OTHOCI1TCJ1bHO He60JihlllOti 1\!aTCpiia.JI (H3ITOMHHM, 'ITO Mhl paccMaT­

pHBaCM TOJlbKO TC CHHTC3bl H MO!(H<jmKaiJHli, npOBC!(CHHC KOTOph!X CH513<1HO C 

cytl(CCTBCHHb!M CI1HTCTH'ICCKHM BKJT:lJ:(OM aM!1JJ<1I(CTaJTcti) BKJTI0'13CT 115!Th 11C­

CJlCJlOBai!!1H [ 1256-12601. 

B pa6oTe 112561 B Ka'JCCTBC I1CXOc'li!Oro COClll1HCHI151 Bhi6paH (!)-tjJCIIOKCI1-

ai(CTOYKCYCIILii1 'J<jnrp (1751). HaJIW111C B CTpyK'rypc :noro COCJJ:I1HCHl1H aKTI1H­

Horo MCTI1JICIIOBOI'O 'lBCIJa JlO'lllOJili_TJO IlpOBCCTI1 IIO HCMV KOI!)~CHC3lU!IO ai[C­

T<1Jl5l (I a) H o6pa10BaBliJCCC51 CHaMHII0!\11Kap60HI1JlhHOC COC.IUII!CIIHC ( 1752) 

11])11 ]1C<lKIHfl1 C n1)l[)<l:ll1Hl11JJpaTOM IUIH 3aMCll~CHJihiMH rH;\l)a:ll1H<J:\HI JICI'KO 

npcBpali(CIIO B 3-tpCIIOKCl1MCTHJ!Il11pa30JI-4-Kap60IIOB'y'IO KHCJIOT)' ( 1753) 11 CC 

11p0113BOtl,liLIC ( 1754). np11 HarpeBa!IHH c nomHpOC(iJopHOH Kl1CJIOTOii ( n <.!J K) 

:JTH COCJJI1HCHJ.151 rJJaJTKO UHKHI13YIOTCH C o6pa30BaH!1CM npOIHBO!(HbiX !111pa-

30JI0(5,4-cj-J-oKC<1'3CITl1HOB (1755, 1756) (cxeMa 764). 

CxeMa 764 

[

hox j N2l4·H;oo
1 

o--yNk 
NMe2 Ho- ~ N 

EtOOC HOOC 

1 
1752 1753 

PhO-=:r-O 1o 

EtOOC T. KHII. 2 q 

1751 

RNHNHz 
R l=r; PhO'X' PhO , N + N-R 

HOOC f 1754 HOOC 

O l il<I>R; l30"C 

q;(: R 
/ 

~ 
1756 ?"N 

0 

1 II<DK, 
l30°C 

0 

1755 0 

B [ 12571 3aMeiUCHHhre B 6eH30JlLHOM KOJibUe 1-TptHj:nopaucTrrn-2-( opmo­
r11JJpOKcH¢eHI1JlaMHIIO)rrpommeHLI (1757) IlpM HarpCB3HHH C H'36b!TKOM aUC­

TaJU! (1 a) TpaHc<!JopM11pOBaHhl B CHaMHHOKCTOHbl ( 1758), KOTOpb!C rrp11 IlO­

BbllliCHHOII TCMITCpaType B IlpHCYfCTBHH cepHOII KMCJIOThl U11.i<.Jli13YIOTC51 B 

rrpOH3BO.L\Hh!C 1 ,5-6eH30KCa3Cili1Ha (1759) (CXCM3 765). 

~--IIIII" 
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(X
OH CxeMa 7-((65 OH .-JNMez 

R Me ~ R '?" [ ~ 6MH2so4 

~ 75-80°C ~ 70°C 
N N 1,5rr 
H H 

1757 COCF3 1758 COCF3 

- R£(l,m, 
1759 H 

AM!IHOI111p!1Ml1;Jo6nnoKccm1Hhi ( 1760) ncrKo npcBp;uuaKncH B aM!11ll1-

Hhi (1761), KOTOph!C HB!1.'ll1Ch 11CXO)JI!h!Ml1 COC.L\11HCH!151MI1 .QJI5! CJ.:IHTC3a COOT­

HCTCTBYIOII(I1X IIp0113BOL(HhlX, 11MC!O!ll,11X B CBOCH CTpyKTypc OKCaL(I1a30JIJ.:IJihHh!H 

<jJpa!MCIIT ( 1762) (CXCMa 766) 11258]. 

CxeMa 766 

~N 
Me2NC(RXOMe).z N, 

NH2 \, 

R 

NANMe2 

H(~:20H7 
1760 176~0H·HCI 

R r H R 

HN tf~ 
d 

NH20H ·HCI 

~N \ 
N \ j==NOH 
~ /J--NH 

• 

AllaJTOfW!Hbll\1 o6pa3m1, TO'IHO 110 TaKOH )!(C CXCMC, B pa60TC [ 12591 113 

TYiaaHaclOra Tj)l1UM.i<.J1a ( 1760) CIHlTC3HpOB<lH TMa3CTTI1HOBhlli <lHaJIOr COCJUIHC­

HI15! ( 1762), 0603Ha'!CHllhiH Ha 11j)I1BC,'\CrlHOH HH­

)!(C fjJOj)MyJle KaK 6CH301Tj)Ol13BOJli-IOC ( 1763). 

),1 B 3aKJIIO'ICHHC, OTMCTI1M pa6oTy [ 1260 j, B KO­

TOpOH 110 CXCMC 767 OCYWCCTBJlCH CHHTC3 4,6-JJHOK­

ca-l-a3a-UHKJlOKT3HOB (1764, 1765). 0CHOBH351 

CTpc1TCI'I15! 3TOrO HOBOI'O CHHTC3a 6a3HpyeTC51 J-Ia 

pa3phiBe N-C-CB513H B N-MCTHJIHpoBaHHhiX Ul1K­

JII1'1CCKHX 3MI1)laUCTa.JI51X (1766) ITOJJ B03)1CHCTBMCM 

a.JTKOrOJT5!TOB HaTpHH. 
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c~~ 
rn2R 

CxeMa767 M 
1 e MeSO:~ 

-e-N~ 0~0 

~
CH2Rt766 

Me Me 
I I 

(N~ (N~ 
oXo o o 

OR' y 
RH2C 17 64 1765 II___ R 

---------

4.2.3d. CHHTCJ .ICKOTOpbiX KapOOI(HKJIH'ICCKHX COC/I,HHCHHH 

B 'JTOM Hc6oJihlllOM pa:l).(e;Jc paccMaTpHBa!OTCH Te peaKUHH aMH).(aJ]CTaJJdi. 

KOTOpblC IIJJHBO)lHT K 3aMbiK<ll!liKJ Kap60l\HK.Hl1'!CCKHX f\lp3fl\ICHTOB TCX 11Jil1 

11Hb!X CI1CTCM 6c:J y'laCTI15! H o6p<UOB3Hl1l1 fCTCpOUHKHOB. 

PcaKUIHl wr6cH:JHJIKCTOHa ( 1767) c aucT<LICM ( l a) np11 Harpcnamm npH­

no;un K )li1MCTHJI3MH)ly 3-<jJCHIL'lH<HpT<UII!H-l-Kap60HOBOl1 K11CJIOThl (1768), IB 

KOTOporo IIOJIY'ICHa CaMa Kap60HOBa5I KHCJIOTa (1769) 11 )laJJCC CC aMJ1)lbl (1770), 
MO,il,H<pHK<ll.\11CH KOTOpb!X Cl1JITC311pOBaHbl COC)li1HCHI15!, paCCMi\Tj)11Bi\CMb!C K<lK 

BCp05ITHhiC 3HT3fOHI1CTbl 'lCJIOBC'ICCKOfO Hei-ipOK.HHHHOBOf0-3-pcucnTopa ( CXC­

Ma 768) [1261]. 

1767 

COC)H 

CxeMa768 

la .. 
180°C, 24 q, 

amoKJlll.B, N2 
1768 

PhCH(NHz)COOMe · HQ, 
,l(H.l.IHKIIOTeKCHJIKap60,l\llliliMHJI, 

Et3N, l-rn.upOKCH6CH301pllll30JJ, 

IT<l>, MeCN, 3 q, 20°C 

CDNMez 

85%KOH, 
311illeHr.llliKOJlb 

CDOMe 

':"--D 
1770 

BeChMa HC06hi'-!HhiC CHHTC3hl IlpOH3BO)lHhiX !ll1f\JCHHJI3 ( 1771) 11 Haf\JTa­

JIHHa (1772) rrpHBCLI:CHbl (CXCM3 769) B [1262]. 
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CxeMa 769 
CONMez 

R.~ 0 II !a 
·-·~ ~'-=\._l!r-(ToMe 

R-\\ J. __ \'= CDNMe2 
~ !771 \ 

~Jl~Me 

~ . ~~,, 
l80°C, 

3B"IO ICJaB, N2 

150--200oc rol '~ _......,. ~ 

:::::_..... R 

* 

~ 
0 

la 

L Jl li WH12°C 
~ -~,,...~/R 

Mc2N CDNMe2 

(l~. 
1767* 

ilOJJY'ICHIIC MC'!Cl!Oro ( 13C) ( 1767) IIO Kap60H11JihHOMY 3TOMY yTIICpOLJ:a 

IIO:li.lOJ!l!JIO ycTaiiOBHTb, 'ITO MC'!CHh!H ynicpo)l JIOK<UII13YCTC5! IIOCJIC UI1KJIH"3a­

l\llll Ha yrnepO"\HOM <!TOMe )JHMCTllJJCIMHJlOI'O Kap60HHJH\. 

Dp11 pa::paoOTKe MCT01..{a CI11HeJa L'IIOKOKOpTl1KOl1)Ul010 aHTarOHilCTa CCK­

BI1Ul1J!)]HIIa - npHpO;I.HOI"O BCll.\CCTBa, l111fl1611py!Olli,C10 3KC11pCCCHIO l"JI!OKO­

KO(JTHKOHL\l!h!X l"Cl!OB - ,Ll.J15! I1p0BC,il,CIIH5! pcaKU:Hil K.JJai1:3CH3 - 3IIICHM03C­

pa 11CI10Jlh"lOBaJT ,il,I1MCTHJiaUCTaJJh )l11MCTI1JiaUCTaMJ1)la [ 1263]. 

Mo::yj 
Crt)=

OH 
CHz 

e 

~:, 
Me CeKBHJWJIJIHH 

,i.lJJ5! CI1HTC3a 3TOrO COC):]l1HCH115! 6hllla HJY"ICHa B03MO)f(HOCTh 110JJY'-ICHJ1H 

<<3afOTUBKH>> (1772), BKH!O'-!a!Ou~ei-i UCIIb npeBpa!UCHHH, HCXO)U! H:l KCTOHa 

(1773) l1lfi!TC[lMCLJ:l!3TOB Tl1l1a (1774) TIO CXCMC 770. I10JIY'ICHJIC apO:V13Tll'!CC­

KOf0 6CH30ilhHOfO 1..\HK.Ha H36JJ!OiJ,3CTC5! l1 IlpH B33HMOJlCJicTBHH CMCCH l130MCp­

HblX 6pOJ\!KCTOHOB (1775, 1776) C aueTaJJCM ( 1 a). 
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~ 
~ NaJLIT<l> 

CxeMa~770 MeO OEt 

NaBH4'EtOH 

TBSO = : HCDOEt, TBSO _ _ 2) HCI, Tr<I>/oopp 

~
~ H T. Klffi .... 

Me 
TBS = TpH6yriDICIDIHJI 

(~, ~ 
.. 

1773 Me Me 

W
Me rno Me 

W CH20H 

TBSO Me ~ H TBSO , = )(OMe 
-~ NaBHJEtOH : H ~e2N OMe ("OONMe

2 

~ 
~ Me; 

~ = ~ 
Me Me 

M< TlliOfii:f Me = = 

(:, 
Me 1772 

)l3)1bHCHillCC OKMC)!ClUie o6pa30BaBll!CfOC51 IlpH 3TOM CHaMHHOKeToHa 

(1777) X)!OpaHMOM IIpHBe.TIO K MeTHJIOBOMY 3WMPY 2-6poM-3-qJOpMliJI-4-rl1J(­

poKCH-6-MeTMJI6eH30HHOH KMCJIOTbi (1778) ( cxeMa 771) ll264]. 

CxeMa771 

Lr:a~M: LX=M',. 
Br 1775 ° 0 1776 Br 

-
---toQMe CDOMe XJiopaHIDI 

.. ---11 

0 Br 
7 

NMe2 

gMe CDOMe 

I 
HO 1 Br 

CliO 

FJJABA 5 

HEKOTOPbiE LI,OllOJIHMTEJibHbiE CBE2l,EHM51 

B :noM pa3J(CJIC ,Uai!LI KpaTKHC CBCJlCIUHI 0 IICKOTOpbiX 113 TCX rrpo6JICM, 

KOTOpb!C lTC 3aTpOIIyTbl (11JI11 3aTpOIIyrLI IIC):lOCTaTO'IIIO) ll OCI!OBIIOM TCKCTC 

MOI!Orpa(j)HH. 

LJcnoBC'ICCKI1i1 llHTOMcranoBHpyc ( CMV) nprma.une)I(HT K BC3J(ccyr.unM 

mrrorci!aM, OTHOC51IUHMCH K ccMci-icTBY rcpncc-nnpycon. TcKynra51 TcpanHH 

BKJ!IO'IaCT aUHKJIOBHp, raJIUI1KJIOB!1p, CH,UOtjlOBHp, (pOCKapi!CT. 

Y)I(C ITHCaJIOCb 0 TOM, 'ITO OY:CHb Ba)l(l!b!M npcnapaTOM .llJlH JICY:CHHH BH­

pycon rrpocToro rcpncca 11 orroHCbiBmoruero rcpncca (nnum51) HBJI5ICTCH aun­

KJIOBI!Ip. BhiiiiC y)i(c oTMe'IaJIOCb (eM. pa3J(. 4.L2c), Y:TO auHKJIOBI!Ip :-wHotjloc­

(jlopnnHpycTcH mipyccrrcuHtjlwrecKoi-i THMHJU!IIKHIIaJoi-i, MOHotjloctjlaT ¢octjlo­

p1!1,1HpycTCH JJO TpHcpOC(jlaTa, KOl!KypHpyiOIUCro B HmpHI\HpOBaHHbiX KHCTKaX 

C llC30KCHiyaii03111!TpHtj}Octj}arOM 33 Bl!lpyccrrcU11CjlWiecKYJO )lHK-IIOIII1Mepa-

3Y, Y:TO 1!p11BOAI1T K I1ll!'I16!1pOBalll1Kl Cl1l!TC3a )lHK !lHpyca B KJICTKax l1 

6JIOKHponamuo pCIIJil1K3Ul1I1 BHpyca. BCCbMa B<l)l(liO, 'ITO B 3AOpOBbiX KJICT­

KaX MJieKOIIHTaiOII{llX tj}octj}OpliiUipOBal!lie aUI1KJIOB11pa MCCTa He I'IMCeT I'! rra 

pcnnHKailHIO KJieTKII-X035111Ha auiiKJIOBHp He BJIH5ieT. AnaJior auHKJIOBHpa -

ra!lllliKJIOBHp 60JICC :.Jtjltj}cKTHBCII: ,UeHCTBYCT He TOJibKO Ha BIIpyCbi reprreca, 

110 11 Ha llliTOMcraJIOBIIpyc. B KJICTKax, rropmKeHHhiX lliiTo~reraJioBIIpycoM (Bbi­

:maHHhiC HM IIHtjleKUHH- rrpwmHa T5I)I(eJiblX OCJIO)I(lienni1 - pernHIIThi, rrneB­

MOIIHII, KOJII1Tbl), ral!UI1KJIOB11p !1pCBp3IUaCTC51 B MOHO-, a 3aTeM B TpHtjlOC­

tjlaT, KOTOpbiH TOpM03liT CIIIITC3 II pCI1lliiKaUI110 )lHK BHpyca. 

Ho Bee rrcpeY:ncncHHhiC JicKapCTBa rrc np05IBJIHIOT nocraro<rHo BhiCOKOil 

6IIo;rocTyrrHOCTH. Bc)!cncmiie :.JToro rrpegrrpHH51T rroiiCK B PMY 3aMCIUCHHbiX 

rcTapHmiioMO'ICBHH (cxe~m 772, c. 524) [1265]. B Ka'IecTBe rrpiiMepa rrpiiBC­

nciio Tl1330Jlll)!Kap60IUIJlbHOC I1IJOI13BO.UIIOC ( 1779). 
Tcncpb OCT3110Bl1MC51 Ha gpyrof-i TeMe- 0 HeKOTOpbiX pegKO BCTpC'IaiOUll1X­

C51 peaKUIUIX aMJIA- II mlKTaMaueraJieil. B pa6orc [ 1266] ncc}!eJ(OBaJIC51 Borrpoc 

0 B3aHMOJ(CHCTBI111 aMM.U3UCTaJI51 C OKCIIpaHaMH. 0Ka3aJlOCb, 'ITO 3IIOKCI'II'pyrma 

JIC HBJI51CTC51 o6bCKTOM aTaKII aMI1J(aUeTcUICH, 'ITO C03,UaeT B03MO)I(li0CTb .llJl51 

MO,UHcpllKaUIIll 3IlOKC11!1p0113BOJ(HblX IlyTCM BBC,UCH!l51 ,UOil0)1Hl1TCJibHOfO CHa­

MIIHOBOfO ¢parMCHTa. TaK, np11 pcaKuiiii aucTan51 (1 a) c 2,3-:.JnOKCII-2-MeTo­

KCHKap6mmnuuKJioncHTaHOHOM ( 1780) f)l3,UKO o6pa3yCTCH )ll1MCTIIJiaMI1HO-
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CxeMa 772 

EtOOC __..cHz- NC 
la =<NC HzS/Et N j( S 1) NaOH 
- / \_, \ 2)(COClh 

Me2N' COOEt ;j EtOOC N 

Cl:)C) ~
NH2 ONH2 

+ ~ I 
n, ~N"yNil --<' ~ 

0 

THOKap6ollH1lliMH.IIa:JOJI NCS ~X 

~• NHO 111N ";. 
~ H H 

o ~ 0 »Ni(l3-x 
-~y 1779 

0 

MCTIIJJCHOBOC Tip0113BOJJ:HOC (1781), KOTOpOe MO)KCT 6h!Th npeBp3ll(CHO B MC­

THJ!CHKCTOH, co.uep)Kall(HH CJIIOKCII!Uibiii rj>parMeHT ( 1782). ITocJic):(mri-i npe­

BpamcH B MCpKaUTOMCTI!JliipOl13BO)lHOC ( 1783), T3K)KC COL\Cp)K3ll(CC OKCHpa­

HOBhiR r!lparMCHT (CXCMa 773). 

CxeMa773 
0 0 a COOMe la ~COOMe DIBAH.,. 

Me2N IT~, reKcaH, 

0 o Et3N, N2, -78 oc, 24 q 

1780 0 

_ ______, .... ~~' 
1781 0 

RS~~M< RSH 

1782 1783 
DIBAH = .llllll305yrnrrarrJOMHmrli rn,llpllJl 

I1 CIJ.l,e OL\H3 pa60Ta, KOTOIJYIO XOTCJ!OCh 6bi 06CYL\IITb [ !267) B L\OIIOJlHCHliC 

K MaTepnarry, il:3HHOMY B pa3L(. 3.1.4, KacaeTCH CHpOri1L\pOXJIOpiiHa- IIop¢H­

HOIU(HOfO TIHrMCHTa, 5IBJ!5l!Oll(CfOC5l KJl!O'ICBb!M COCL\HHCHHCM B CliHTC3C Illl­

T3MMH3 B 12 , o6]JaJJ:aiOIUero BhrcoKoi-i aKTHBHOCThiO np11 reparreBTM'IecKoM ne­

'ICHIIH MaJJOKpOBH>L 
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)KeJ!C30COL!Cp)K3ll.IJIR CIIpOrJ.U(pOX.10p!1II QJ)'l-IK:l\HOH!1pyeT KaK rrpO_CTCTWICC·­

JG15.1 rpyrr:ra cynh¢I1T- II H11Tp!ITpCJJ:)'KT33 6aKTCpHR II paCTCJ-f11H. I1oCJIC BOCCT3-

l!OBJlCIIH5.1 CHpOrH):(pOXJIOp11H3 l1 CCpiiH XIIMJ1qccKHX rrpOUCCCOB o6pa3YJOTC5l 

11llTCpMC11lE1Thl, KOTOpb!C ,[(3JICC Tp3!1Cfj)OpMIIpyiOTC5l B K06Hp111IOBYIO KHCJJOTy, 

npcnpaJJHliOll!YIOCH 6IIOCHHTeTwrccKM n BMTaMMH B12 

HOOC 

;::H COOH 

....... (COOH X 

y 

X HOOC Me 

y y 
~COOH 

Cnporn.upoxnopHH Ko6HpHHOBaj[ KncrrOTa 

Hmr J(aHHoro pa3JJ:CJia cyw:ecTneHHO, 'ITO Ha onHoi-i H3 cTa.n:nPr CHHTe3a 

nnTaMJ.ma B12 HCIIOJih3YCTCH rrcpcrpyniinponKa KlJaHJCHa - 3rneHM03cpa c 

llj)HMCIICIIHCM !lliMCTIIJI3UCT3Jl5! L\HMCTIIJiaUCTaMH)l;a, KOTOpaH B 3TOM CJJyqae 

llpOTCKaCT CTCpCOCCJlCKTHBHO l1 06CCIIC'li1B3eT 06pa30B3HI1C HC06XO!lliMbiX L\)!5.1 

;~aJibHcfi:rnero CIIHTe3a aMIUJ:OB (1784) (cxeMa 774). 

Me 

HO, ,Me 
CH 

COOMe 

Me 

Me 

COOMe 

CxeMa 774 
H Me 

'c....-

Me 

COO Me 1784 COOMe 
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H, HaKoHcU, npHBCJlCM ony6nHKOBaHHY!O B [1268, 1269] HH¢opMaUH!O o 

cso6oAHopanHKaJJhHbiX pcaKUHHX aMl1)laucTanci1. YcTaHOBJJcHo, <no aLrenurb 

( 1 a) I1 CfO fOMOJlOfli- JllU1pOill1Jl-, L(HfiCHTIIJI- l1 AHfCKCIUJ3UCT3Jni L(HMCTIIJI­

q)OpMaMHJl,a C mpem-6YTHJlhHhlM paJJ,HKaJIOM (fCHCpHpOBaHHbT\1 Wl COOTBCTCT­

BYKHIJ,CH nepeKHCII) Jla!OT CMCCH COOTBCTCTBY!OII(IIX 3r\JHpOB Kap6aMHHOBOH 

KHCJIOTbl ( 1785), a.Hb)lCTH)l,OB (1786 ), aJTK<liiOII (1787) I1 JLHMCTHJTq)()pMa\1!l)l,a. 

C'xeMa 775 
t-BuO· 

MezNCH(OCI-IzR):z _____.. H2Naxx::H2R + Me2NCHO + RCHO + RMe 
R=H, Et, Bu, q;H11 1785 1786 1787 

Me2Naxx::H2R + RG!2· 

t. 
t-BuOH + Me2NC(OG!2R):z 

t-BuOOBu-t - 2t-Bu0· MezNGl(OCHzR):z 

MezCrX::HzR + RQ-!0 

Me2NCHO + RCI-12· 

Ha CXCMC 775 11306j)(l)!(CHbl 3TH npeBpaiUCHI15l 11 HCKOTOpb!C C006pa)!(CHHH. 

3BTOpOB 0 flj)C)1110JJaraCMOM 11X MCXaHI13MC. 

3AKJIIOlJEHHE 

B ClTnli'IHC OT IlpCj_(lllCCTBYIOJUHX MOIIOrpa¢Hi1 aBTOpa JliiH!IaH KIIH!'a fJlaB­

IIhlM Oflpil'30M JlOC!l}IWCila XHMWICCKIIM IIp06JJCMaM, a BOflpOCbl 6HOJ!OI'II'ICCKIIC 

(6HOXJ1MWICCKIIC, 4JapMaKOJIOI'I1'lCCKI1C l1 Jip.) 06Cy.lK.UCIIbl fJOfiYT!IO C MaTCpHa­

Jl<lMJI, Kaca!OWIIMHCH CHI!TCTI1'!CCKOH H TCOpCTW!CCKOH opramtqCCKOH XHMHI1. 

Ka:l<t.:IOCb 6b!, XHMHH aMHJJ.aUCTiUJCHIIOHBI1Jl(ICb OTHOCHTCJlbi!O HCJl,aBIIO, llCpBaH 

pa60Ta 6bUia ony6TIHKOBal!a B 1956 r., a ncpBOC )lOCTiiTO'IHO 061llHpHOC llCCJIC­

J!OBillll1C Jntx cocJIHIICIIHH - TOJJhKO B 1961 r. Ho npcnrrmKCHIIhiH 3Uecb 

MaTCj)l1iUJ H.CIIO )(CMOIICTp11pycT, CKOJlb pa3II006pa3I!bl 11 ·ma<!l1TCJlbl!bl B03MO)!(­

IIOCTI1 HCIIOJ1h30BalllU! JTHX COC)li1IIC1111H. J1 !Ia CCfOAWIIJII!11H 1J;Cilh y)!(C IICJ1b35l 

I'OBOpi!Th, 'ITO aMI1Jl,- 11 mtKTaMaUCTiUJH J<lJ¢CKTllBHO o6oran!JJH TOJlbKO TCOpC­

TWICCKYJO 11 Cl11ITCTI1'1CCKY!O opraiiW!CCKYKJ XI1MI1!0. Bee B 60JJblllCM CTCITCH11 

aKHCIIT CMCIHaCTCH B CTOpOHY MC)(HU11l!CKOit XHI\11111. l1 060i1TH 3TH CTOj)OHbl 

npi1MCJICIIH>r al(cT~tJICH y)!(C HCB03MO)I(I!O JJ,a 11 ncucnccoo6pa3no. YJIHBHTCJih­

noc 6oraTCTBO B03MO)I(]I0CTCM, OTKj)biBa!OIUCCC5l B npOUCCCC llp11MCHCHI1H aMH)(­

auCTaJICit B opral!WICCKOM CHI!Te3C, ll0j)O)(I1JIO UC:lb!M j)HJl HOBbiX Ba)!(Hh!X 11 

IICBCJl,OMblX pa!!CC HanpaBJJCHI1M, HCIIOCpCJICTBCIIHO CBH3aiiHb!X C 6HOJIOfi1CM. 

Bo MI!Or11X CJJ)"Ia5IX, o6Cy.lK,[I,a5l HOBb!C CI1IITC3hl C3MblX pa3H006pa3HbiX CI1-

CTCM, ca.'v!b!X pa3JJW!Bh!X K}]3CCOB opraHW1CCK11X COC)U1HCJ-!11H, OKa3aJJOCb HC06-

XOA11Mbll\l B )!OCT3TO'Ill0H MCpC Il0Jlj)06l!O o6o6IUaTb )laiiHhiC, HCfJOCpC)(CTBCHHO 

KaCa!O!lli1CCH llj)OUCCCOB, CIHl3aHIJblX C MCX3Hl13MOM )(CilCTBI1H Cl1HTC311pOBaH­

IIblX rpynn COCJUHICIII1H na )1(11BOM opra!ll13l\1, npo6JJCMhl ¢cpMCHTaT!1BHOTO 

Kanuuna, CB5!3H 611onorwrccKoi1 aKTJ1B!IOCTJ1 co CTPYKTYPllhiMH ¢aKTopaMI1. 

I!pWII1II B03HI1KIIOBCHI1H TO[() 11Jll1 HHOfO 6HOJJOfi1'!CCKOfO JICHCTBH5l H BO MHO­

fllX CJIY'IaHX- Xl1MWICCK11X 11 6110J!OfW!CCKHX HJ(CH, HanpaBJlCHIIbiX na ITOHCK 

llOBhlX Oj)l1f11l!aJ1bHbiX ~lCKapCTBC!I!Ib!X Cj)C)(CTB. £oraTaH XI1Ml1H 11 6oraTaH 

6HOJIOflUI, OTKj)biT35l rrpH KOI!CTpyKTHB!IOM npHMC!ICHHI1 aMH)laUCTaJJCH, -

3TO riiaBIIOC, 'ITO XOTCJJOCb 0Tpa3J1Tb B )la!IIWH MOHOrpac}Jmt. 

3TO 3aKJllO'!CHIIC UCJJCC006pa3I!O Ha'IaTb CO CXCMhl 776, OTpa)l(alOIUCM OC­

HOBHb!C KJJaCCbl COC.U:HHCHHM, KOTOpblC MOiyT 6b!Tb C!1HTC311j)OBilHhl Ha 6a3C 

HcnoJib30BaHI1H. aMHJI- 11 naKTaMaueTaJrcil. P<nyMeeTCH, oTpa311Tb Ha 3Toi1 cxeMe 

BCC B03MO)I(HOCTI1 ai!CTaJJhHOH X11M1111 HC npC)(CTaBJJHCTCH B03MO)I(HblM, HO 

XO'!CTC5! BCj)I1Th, LJTO 11 B KpaTK0.\1 Bll)(C OHa 6y)1CT fiOJJC3Ha )J,}IH OUCHKH npn­

BJJCKaTC)lbliOCTH CC H B IJJI3HC XI1Mi1'1CCKOM, 11. B KaKOH-TO Mepc, B nnaHC 6110-

JJOfW!CCK0:\1. 

·--------------~N,'t"iiil!'J .. _.. __________ _ 
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5aKmo<tel!ue 529 

flp11 Cp<lBHCill!H TCKCTa ~10l!Orpacp11!1 11 CXCMhl 776 CTaHOBl1TC5! O'ICBUJl­

JihnL 'ITO !Ia I!Clf OTp<DKCWt TOJlhKO IIC6om,llla5! Y:aCrh 0606lllCI!I!O!'O MaTCp!1Ma 

11 BMCCTI!TJ, H HCC 0G'1hliJCf? KrUWICCTBO ll.:ll!llhiX BpH,'\ J[l1 B03MO)KJIO, }l<l l1 IIC 

I\CJJccooGpimro. TaK 'ITO JTY cxcMy II}0KJIO nocnpHJ!I1MaTI> TOJihKO KaK I!CKYIO 

lL'LIIOl'Tpa!UllO K TOMY 06IU!1])I!OMY MaTCp!1any, KOTOpbli1 CO,i!Cp)!Cl1T Klllifa. ilpH­

BC,i!CIIl1C TaKoi\ CXCMhl l!OnC3HO, ITO Kpai1!!CM Mepc, ,'(1151 IIOJIY'ICI!l!H llCpBH'l­

I!hiX CBC1!CIII1i1 o laMc'IaTcJrhiihiX B03MO)KifOCTHX, xapaKTCpl13YIOUJ.J1X Y'IZICTHC 

aMHH- 11 JJaKT<Il\lal(CTa.TICii B opra!II1'1CCKOM CI1HTC3C. 

KaK y:.Kc yKa3hiBaJtOCh, B MO!lOrpat!mH Yl\CJJ5!CTCH crrcuH<VTbiiOc BllHMaiiHC 

l1 6HOj[OfH'ICCKOfi aKTHBI!OCTH COCJ!l1IICJIHH, l!OJI)"IC!IIIhiX 3UCTaJJbi!blM Clll!TC-

301\1. B IICKOTOpblX C.T\"Ia5!X ::rro Il])OCTO yKa33Hl1C 11a II<UTH'IllC TOll 1-WH 11!10lf 

aKTHBIIOCTII, B ;1pyn1x -- liO,[(p06ITOC paCCMOT])CI!l1C l\1CXa!fl13MOB 6!10J!Ofll'!CC­

KOI"O }!Ci1CTBl15! l1 pC3y.1hTaTOB 6HOJ10fi1'ICCKOrO ll3)"1Cllll5!. lb il])C)lJiaraeMOI'O 

TCKCTa CJICli:YCT, 'ITO CHIITC3 pa3JJH'IIIblX OpraiiH'ICCKIIX CHCTCM, 6a3HpyiO!l(J1M­

C5! IIa Upi1MCIICIIIHI aMI1;JallCTaJ!Cli:, 06CCilC'IHBaCT l!OJIY'ICIIHC TIOpa3HTCJ!bl-lO 

pa3Hoo6pa3IIbiX 6!JOJIOri1'1CCKH aKTHBIIhiX COC!lHIICHliH. CpC!lll JIHX BClUCCTBa, 

06Jlcl!laiOII]liC ar lilllbl CTI1'1CCKOH. f10TlfBOBOCil<lJIJ1TCJ1hiiOH, aHTHI'HilC])TCII3lfll­

IIOH, IlpOTlfBll:miLICilTII'ICCKOH, aHTIIarpcraUIIOIIIIOH. lllfY])CTHY:CCKOII, aHTJ1-

JlCII])CCCHBHOii, MCCTHOa!lCCTC311pyiOU1Ci·i, ~IIIT11ap!IDII1'1CCKOH 11 IIOOTpOfiiiOM 

aKTI1HIIOCTbiO. Bo \1HOrHx cJJy~r<utx paccMorpcnbi TaK)KC llalll!biC o npoTHBOMHK­

po6JIOM, Hl1TOTOKCII'ICCKOM, nponiBOOI1YXOJICBOM, ll])OTHBOJll:MKCMHY:CCKOM, 

<li!Tlll\lHKOTH'ICCK0:\1, al!TH6aKTC])HMLIIOM l(CMCTBHJ1 llOJI)"ICIIHhiX COC)lllHC!IHH, 

HX npOTHBOBHpycnoi1 aKTHBHOCTH, B03JJ,CHCTB!IH Jia pa3JIWI!Ib!C peUCriTOpHLIC 

CHCTC\lhl, l1l-lfH611pyiOlUCM aKTHBHOCTH 1!0 OTHOlllCJll1!0 K pa3JifiqHLIM QJC])MCH­

TaM (WmpHMCp, KlHJa3aM. aH!'l10TCII3HHKOHBCpTHpy!OlUCMY QJCpMCIITY l1 !lp.), 

aKTI1BHpy!Oil(CM 3QJQJCKTC Ha KO!'HHTIIBI!h!C QJYHKUHH. 

B naHHOi1 MOIIorpaQJHH nc npHBOl\HTC5! cnoBapr, 6nonorHqecKHX, 6HOX11MH­

'ICCKI1X 11 MCJUHJHIICKHX TCpMHIIOB (KIIHfa ilOCB5IlUCHa B OCHOBHOM XHMHY:CC­

KHM npo6neMaM), HO yKa)KCM, 'ITO B ilpCl(hl!lYlllHX KHHrax :na TC])MHHOJIO!'l15!, 

HC BCCUia 3HaKO\ta5I Xl1MHKZIM, paCCMOT])CHa 1:(0CTaTO'!HO liO!lp06HO (30, 31). 
J1 CHOBa, KaK 11 B flPC!llllCCTBY!OlUHX KHHrax, aBTOpy XOTCJ!OCb 6bi CITCUl1ii.Jlb­

HO ilOiL'lC])KHYTh BilOJIHC O'ICBH)lHhlH (fJaKT, 'ITO HMCHHO opraHHY:CCKHM CHHTC3 

5!BJ!>ICTCH 6a30M Jlll>l liOHHM:lHlf>I MHOfllX 6HOXHMHY:CCKHX npOUCCCOB, IT])OHCXO­

/l5llUHX B )KHBOM OpraHH3MC, paBHO KaK l1 Jl1!5! ilOJI)"lCHll5I HOBhlX 3QJQJCKTI1B­

HblX .rreKapcTBCHHbiX npenapaTOB. flo3TOMY ocoJHaHHhii1: no.uxo)l K OCMhiCJIC­

Hl1IO MHOfHX BOII])OCOB 6HOXHMI1l1 H CllHTC3a 6HOJ!OfWICCKH aKTHBHLIX BClUCCTB 

l1 JICKapCTBCHHbiX C])Cl(CTB B03MO)KCH TOJihKO llpH ITOHlfM<lHHH ilp06JJCM (TCOpC­

TH'ICCKHX ll npaKTWICCK11X) opr<lHH'!CCKOH XHMHH. BCJICJJ:CTBMC 3TOI'O B MOHO­

rpaQJHlf 06Cy)!(Jla!OTC>I npo6JICMbi B03MO)KHOCTH HCli0Jlh30BaHH5! COBpCMCHHh!X 

il])Cl(CTaBJICHHI1 0 CBOHCTBaX H QJYHKUH5IX QJCpMCHTOB, paBHO KaK 11 BOil])OCbi, 

I i 

------------------i'H'1'lilii...JI, ------------------
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CB5133HHb!C C B3311MOgei1cTB11CM Opral!WICCIU1X COC;1111!Cill1ll C p<l'3Jil1'Illh!MI1 pc­

UCIITOpiihlMI1 CI1CTCI\Ia!\111, B UCJIS!X COBCpiiiCI!CTBOB<lii!UI TpaJ1!1lll101JIIOI'O opra-

1 li1'1CCKOI'O CI11ITC3a. 

ABTOpy XO'!CTCH BCpHTb, 'ITO l13Y'IClll1C rrpo6JICI\L paCCl\!ClTpCl!llhiX B )(<lll­

IIOI·f MO!!OrpaqmH, OKa)KCTCH IJOJIC3llb!M IIC TO;JhKO )lJlH XHMI1KOB-C11JITCTI1KO!l, 

!!0 l1 JVIH 6HOX11Ml1KOB l1 ltJapMaKOJ!OfOB (a 6c3 TCCI!OI'O KOIITaKTa Y'ICJ!b!X 1Tl1X 

CliCl(H<UlhllOCTdi: :Jc!Jc[JCKTJ1Bllb!C riOHCKOilb!C l1CCJICl[OKll !lUI B IIaiiiC 11(1CMH y)KC 

lll'BOJMO)KJJbl), KOTOpb!C l10C'faBILll1 !lCJ!biO yr;ryoJICIIHC CBOC!'O !IOIIJ1Malll1}! 

f!(10UCCCOB, 1Ip011CXOJlHJllHX ll )KHBOM opral!l13MC. lJUTh MOlKCT. llllllhll' 3!Ial!IUL 

HOJIY'ICI!IlbiC llpH '!TC!ll111 :JTOH Klll1fl1, OKa)KyTCJ! IlO:IC:lllhl~111 11 .'[]!}! l!a!IJXlB­

JlCI!I!OI'O Cl1JlTCJa I!OilblX ::H\l<pCKTHBI!hiX JICKapCTIICI!J!hlX CpCJ!CTB. 

Ecm1 IlpHilCJlCIIHhiif 3JlCCL 1\taTCPH<VI )lacT KaKHC-To IIMllY"lbChl IGlH yK:nall­

IIbiX HCCJIC/IOBaHHM, UCJ!b aBTOpa MO)KIIO 6yJlCT C'IHTaTb J[OCTI1ri!YTOl1. 

11 llOCJIC).(J!CC, -·- aBTOpy 6biJia 6h! '!pC3Bhi'IaHliO HIITCpCCI!a .'!.11CKYCCIU!, 

CBH:JaHI!aR C IIp06JICMaMH (KaK XllMII'!CCKHMH, TaK 11 6HOIIOri1'!CCKHMl1), paC­
CMOTpCI!llhL\lX B 'HOM MOIIOrpacpl11L J1IOObiC 3aMC'laJIIUI 11 I!OA(CJlallllH. KOTO­

J1b!C B03!!!1KI!Yf 13 !!pOl!CCCC 'JTCIIHR, 6y,[(yr BOC11pl1W!Thl C 6Jiaro;Jap!!OCTh!O 11 

Y'ITCHh! B 6yJlyiUCM. 

OPEJI,METHhiH YKA3ATEJih 

A 
/uaf(HCIIhi 209. 226. 342. 476 
AlC!!llliLI 137, 215. 29S. 306, 309. 310, 

352. 361. 365, 371, J'J3, 411, 416. 
417. 4 70. 4n. s3o, 536-540 

ArKHJHrpyrout<nr cuoco6HocTb aucntJtcii 

i!Mil)l,OB 11 !lilKTaMOB ](), 14-16, 
91-105 

A!IKOKCllCililMHIJbl 10, 11\, 20, 21, 
32-39, 46, 54. 55, 70, 31 X, 445, 
474. 486 

N!hUlTHMCpa 60J!C3Hb 373, 'ii2 
AM6li![CIIT!lh!C IGlTllOI!Ll 8-11, 13-19, 32, 

55. 70. 90. 127, 148, 191. 197, 238. 
241-243. 30~. 318, 353 

A:~-~H;J,Hllbl 6. 23, 127. 149-163. 175, 176, 
lXI, 182. 191-195. 197, 204-206. 
208. 209. 211, 214-216, 219, 220, 
226, 238, 240-243, 247, 266, 267, 
270. 273, 279, 287, 288, 292, 294, 
300-302, 306, 313, 318, 325, 329, 
331, 335. 337, 342, 345, 346, 353. 
355. 356, 361' 388, 390. 392, 393, 
396, 397, 399, 402. 405, 415, 443, 
449,457, 459. 465-467,469,472-479, 
471, 486, 492, 500, 512, 517. 519 

AMl1,LJ,l1HOMepKanToKHCJIOTLI 203, 204 
AMH,LJ,MCpKanra"111 30, 31 
AMHHam,:Himpbr 11--14, 17, 24, 26, 27, 

106, 127, 128, 163, 197, 205, 221, 
274, 275. 347, 362, 398 

AJranhrcmKH 83, 392. 465 
AHI'l10TCH3l1HKOHBCpT11py!O!lli1H 

<j_JepMCHT (AKID) 200-204 
AHTarOHl1CTbf l10HOB KaJ!bl\Hll 437 
AHTH6aKTepHaJibHasr aKTHBHOCTb 134, 

142, 179, 405, 431 
Amn611oTHKH 94, 130-134, 141, 179, 

214, 215, 245, 330, 388, 390, 425, 
429, 431 

AHT11MeTa6omnLr 202, 497-499 
ArronToJ 137, 361, 383, 433 
ApaXHJLUHoBai! K!fciioTa, McTa6omnM 76, 

77, 361, 483 
ApnMaTa3a 351, 433 
ATepocKJiep<n 371 
AyTOHH,[JYKTOphl 78. 79. 244 
AI!CTaiiH HMHJ(UB 2() 

AllcTaiill MO'rcmm 28, 38, 129 
:'-J-ai(CTl1JIHCHpaMHHOBa5! Kl1CJIOTa 322 
AUCTHJ!XOHHH 235. 281, 375, 376 

E 
DCJIKOBhii1 CHHTCJ 190. 23 7, 433 
GeHJOJ(llaJcmiHOllbiC peucrrTopbi 294, 

394, 443, 505 
EpaD.HK11Hl1H 200, 20 I 
EymponaKTOHLI 78, 79, 244, 245, 297 

B 
BaJorrpeccHH v2 512, 515 
BnHHJIOI'WIHbiC aMH,Uhl 26, 28, 191 
B,THl!HHe senwmHhi l\HKJia 21, 34-37, 

153, 154, 194, 195, 214, 456 

r 
N-ranoreHaMl!,Uhi 41 
fAMK 235, 237, 358, 360, 392, 394. 

443, 489 
fcprrec 368, 370, 383, 384, 524 
LTHKOI'CH 438 
f.TJyTaMaT 173, 411, 425, 463, 465 
fopMOHhl 76, 85, 86, 200. 282, 377, 380, 

401, 433, 493, 515 

)]; 
,!J;BOHHilll CI1!1paJib 132, 167, 168 
JJ:eihepoo6MeH 9, 10, 39, 40, 162 
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CB5!33HHb!C C B3al1MOL(CHCTH11CM Opral!l1'1CCIU1X COC,111l!CH!IlJ C pa3JIH'lllh!Ml1 pc­

UCHTOpiib!Mif CHCTCMaMH, B UCJI5!X COBCpiiiCI!CTBOBa!ll15! Tpa)I!1UHOIIIIO!'O opra-

1 IH'ICCKO!'O Cl1HTC3a. 

ABTOpy XO'!CTCH BCpHTb, 'ITO II3Y'ICI!HC rrpo6JICM, paCCl\IOTpCI!llhiX B 7\<lll­

IIOi\ MOI!OrpaqmH, OKa)KCTC5! ITOJIC3llbiM I!C TO;!hKO J!JI51 XY!MHKOB-CHIITCH1KOB, 

1!0 11 ,LI,JIH 6HOX11MHKOB 11 (!JapMaKOJ!OfOB (,l 6c3 TCCIIO!'O KOIITaKTa \;"ICllhiX }THX 

CllCI(H<lJlb!IOCTCH ~Jct>C\JCKTHilllbiC ITOHCKO!lb!C HCCJICL(OBClliiUI B lla!l!C BpCMH )')KC 

I!CBO'JMO)Kilbl). KOTOpb!C flOCTaBH,lH l\eJlhiO yrJJy6JICIIHC C!lOC!'O liOIIHMaJIH}l 

npOl!CCCOB, upoucxowmmx B )KHBOM opraiiH'lMC. DLITh MO)KCT. HOBhil' 'liial!IUL 

IIOJIY'lCJIIlblC I!pH 'lTCIIHH :not\ Klll1rl1, OKa)KyTCll no;IC3IIhl~111 11 ;UH! Jia!!paB­

JICl!JlO!'O CHI!TC3a IIOBbiX JC\lCpCKTHB!IbiX JICKapCT!ICIII!blX CpCJ[CTB. 

Ecm1 npHBCJ!CHHhiH 3ll.CCb MaTcpH<UI nacT KaKHc-ro 11\·IIIYnhchi JwiH yK<naH­

IIhix 11CCJ!C,10BaHHH, UCJ!b aBTOpa MO)Kl!O 6yncT C'li1TaTb )lOCTHriiY'f"Oi.J. 

11 TJOCJlCJIIICC, -- <lBTOpy 6biJia 6b! '!pC3Bhl'!aH!IO Hl!TCpCC!la 11.11CKYCCJU!, 

CBH:JaHI!aH C llp06JICMaMH (KaK Xl1MWICCKHMI1, TaK 11 6HO-lOri1'ICCKHM11), pac­

C:MOTpC!lllhl.\1>1 B ~:rroi1 MOl!OrpaCpllll. Jlro6b!C 3<lMC'lali!H! l1 !IO)KCjja!IHH, KOTO­

jlb!C B03!II!KIIYT B npOUCCCC 'JTCIIHH, 6y,1YT BOCI1j1HI!HThl C 6Jiaro).l,ap!IOCTbiO 11 

Y'ITCHbi B 6ynywcM. 

flPE).I,METHhlll YKA3ATEJih 

A 
Alai\HCI!hl 209. 226, .i42. 476 
A'll'l!l111Ll 137, 215, 29S, 306. 309. 310, 

352. 361. i65, 371, 393, 41!, 416. 
417, 470. 49S, 530, 536-540 

AIK111Hlp)/lOUL<HI CIIOC06l!OCTh auCTa.JlCH 

ilM!V\OB ll JlilKTaMOB 10, 14-!6, 
91-105 

A'rKoKcHcllaWIIJbi 10, 11\, 20, 2!, 
32-39, 46, 54. 55. 70, 318, 445, 
474. 486 

A.!IbU!THMcpa GoJrc lllb 373, 512 
A~16I1!\CIITILt,rc Kanwi!LI 8-11, 13-19, 32. 

55. 70. 90. 127, 148, 191. 197. 238. 
241-243. 308, 318, 353 

AMH!!HIILI 6. 23. 127, 149-163. 175, 176, 
181, 182. 191-195, 197, 204-206. 
208. 209. 21!, 214-216, 219, 220, 
226, 238, 240-243, 247, 266, 267, 
270. 273, 279, 287. 288, 292, 294, 
300-302, 306, 313, 318, 325, 329, 
33 L 335. 337. 342, 345, 346, 353. 
355. 356, 361' 388, 390. 392, 393, 
396, 397, 399, 402, 405, 415, 443, 
449,457, 459. 465-467,469,472-479, 
471, 486, 492, 500, 512, 517. 519 

AMHJIIIHOMepKanroKHCJIOThi 203, 204 
M!H.llNCpKanT<LlH 30, 31 
AMHHam,:.HimpLr 11-14. 17, 24, 26, 27, 

106, 127, 128, 163, 197, 205, 221, 
274, 275. 347, 362, 398 

AHaJihrcmKH 83, 392, 465 
AHrl!oTcH3l!HKOimepTHpyiO!.llHH 

<J.>epMCHT (AK<D) 200-204 
AHrarOHHCTbl HOHOB KaJILI.\Hll 437 
AHrH6aKTepHa.rJhHa5! aKTHBHOCTL 134, 

142,179,405,431 
AmH6HoTHKH 94, 130-134, 141. 179, 

214, 215, 245, 330, 388, 390, 425, 
429. 431 

AnmMeTa6oJIHTLr 202, 497-499 
Anomm 137, 361, 383, 433 
ApaXH/l.OHOBall KHCJIOTa, MCTa60J1H1M 76, 

77, 361, 483 
ApoMaTa3a 351, 433 
ATepocKJiepo> 371 
AyTOHHJIYKTOphl 78, 79. 244 
AunaJ111 HMHI!OB 20 
Al!naJ111 MO'!CBifH 28, 3S, 129 
\i-ili\CTI1JIHCHpaMHHOBa5! KHCJIOTa 322 
Aucnvrxomm 235. 281, 375, 376 

6 
DCJIKOBLii1 CHHTCJ 190. 237. 433 
GeHJOJI,HaJcmJHour,Je peucnTophi 294, 

394, 443, 505 
op3,11,HK11HI1H 2oo, 201 
EymponaKTOHhi 78, 79, 244, 245, 297 

B 
Ba3onpecCHH v2 512, 515 
BHHHJiorwmr,re aMHJihl 26, 28, 191 
B,1Hl!HHe BCJIWII1Hhi 1.\HKJia 21, 34-37, 

153, 154, 194, 195, 214, 456 

r 
N-raJioreHaM!fJILI 41 
fAMK 235, 237, 358, 360, 392, 394. 

443. 489 
fcpnec 368, 370, 383, 384, 524 
fJIHKOI'CH 438 
f.riyTaMaT 173, 411, 425, 463, 465 
fopMOHLI 76, 85, 86, 200. 282, 377, 380, 

401, 433, 493, 515 

,U 
}J;BOHH35l CI1HpaJih ]32, ]67. 168 
)J;eihepoo6MeH 9, 10, 39, 40, 162 
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)!H:UCIIl1lfhi 1 J7. 352, 33X. -+43, 5U9. 
512 

1.4-;.l,HnmponHp~UlHHbi 431;, -~49, 467 
)JHnt;.(potjJOJJIJCBiUI KJ1C.1IOTa 4'JH, 499 
/\llCHi(Ha~tHHbl 53. 256, 204. 2'JS, 340. 

411, 415, 44~, ~01 

,'JIIMCTHJICyJlhtjJilT i'J 21, 26. 27._ !00. 
191 

}lHOKCi!Hbl 123, 'iOH 
L!>WKCOJ!hl 62, 297, 31X, -'21, 123 
llHcMyrai(llll 12, 13 
'J,HTIHlllltpdllCTaM 235, 237, 2JX 
Il,HVpeTHKll 21], 212 2%, -~ l ~ 
WIK 1\2, 146-14X, 164, 166-170, 173, 

17X, IS2. 215_ 223, 2X5_ 306, 367, 
3o9, 3~4, JX5, 407, 415, --tZ!, 49S, 
524 

ill! K-rllpaJa 147 
)l,mjJaMHII 235_ 410, 411 

E 
EHaMrmr.r 6, Ill, 112. 1211, 121, 123, 

127, 134 16lJ, 1')1, !9K, 225, 2:l0, 
263, 271, 336, 466 

11 
Y!JoKca·m;rhi 323, 32S_ 330, _l31, 333, 

334, 486 
YhoTl!Ol(HaHaThi 41, 43, 44, 123, 159, 
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V13AATEnbCTBO 

BY30BCKAs:l KHHrA 

t l13;taTeJIL>CTBLl "By:lOBCKa}! Kmtra'> npCi!.raraeT 6o.'lblLtOM Bbt6op .:mTcparypbt 

p<rmwnmii TC:VtaTHKlL Eom:c ;teU!TH .1CT yCIIC!TIHO~i pa6oTLI Ha pblHKe H:llta­

TC.%CKI1X YGI)T 110l!l0;1HJI!1 C~t\' BOiJTIJ ll i!CCHTKY KpynudiUll!X HayciHb!X !1'>­

ltaTC.lLCTB C rpal!bl. 

+ K'na:wr tnit<ITCJihCTna BK.rrto•racr ~IOIIorp~HjllHI, yqe6HLIC 11 Y'ICOHO-Mero;ur­

'ICCKIIC I!OCOO!!}! )(il}l B)"JOB 11 Cpl'lllll1\ CIICIUI<LlbllbtX Y'ICO!Ih!X 1aHCL(CllH}L TC 

M<!Tli'ICCKHC cfiop!!HK!l H<IV'lllb!X CTaTcii, CI!p<tllO'llll!KH, CJTOBapl1, a TaJDKC l!Cl­

Y'IIIO-!IO'JIIa!laTL'JII,IIblC H upHKJiallHhtc 11 J;tal!l1H. Han111 KHHrH anpecoBallbl 

a611ryp11C11Ta~I, cr·yi!CIIT<IM. aC!H!pairraM. llpCIIOJ\aHalC:!HM. C11CUl1aJIHCTaM 11 

llCCM .1IIOOO'll!aTL::Ihllbl\1 'll1TaTCJ!HM. 

+ B •tHc;Ic a1rropon ttpcHo;taBaTC,1H, uaycl!lbiC pa6oTI!l1Kll, cucumUJI1CTLI 113 Moc­

KBbl, CaHKT-flCTcpfiypr a, Ca\Iapbi, PocnJBa-Ha-)~ol!y, ToMCKa, HoBocn6Hp­

cKa, 51KyTcKa H ;tpyn1x Iopo_t(OB P<D, a TaK)KC w> cTpaii 6Jl!1)KtJero 111laJlbHe­

ro ·Japy6c)Kb}L 

+ Pcamnam1cii r;HlDKHoii npo~!YKHHH l1'lLiaTe;JhCTBa 'J<liii!MaercH ToproBoe rrpe).(­

IIptuinie «By-JOBCKaH KH!lfa>>, KOTOpOC MHO!'O .leT BJ<ll!MO)\CHCTByeT C Kpyn­

l!ditlll!Ml1 KIIYI)Kilhl\111 Mara3!1!laMI1 r. MocKBbi, a TaK)Ke KHI1l'OTopnlBhJ\Il1 

KOMrtallJ1HMH K<lK MocKBbl. raK 11 itpynix ropo;ttlll P<D H crpaH 6IIH)KHCro 

Japy6c"'-L}L Ocn6aH 11porpa~1Ma pca:n1 Jat;Jm cyiHCCTBycr ,ilJm 6116~'Il10TCK 11 

6t10Jll!OTC'fllh!X CHCTC~L 
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