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Beenenue

[pouio moyTH TPH AECATHIETHS C TeX 1OpP, Kak Ha MHPOBOM (hap-
MaleBTHYEeCKOM prHKe TMOSIBUJIUCH HepBbIe aHTl/I6aKTepl/IaJIbeIe npenapaTbI
(TOPXHHOMIOHOBOTO Psifia, TaKHe Kak HOPJIOKCALKH, e)IOKCALIMH, LIHIPO-
(JI0KCALKH U O(IOKCALMH.

R 0

F COOH
R’ N
R* R

[TpousBosHble 4-0KCO-3-XMHOJIMHKAPOOHOBOKM KHCJ/IOTHI, TaK HasblBae-
Mble XHHOJIOHEI, OBIIM M3BECTHBI ¢ Hauasia 60-X TofoB, OZHAKO XHMHOJO-
Hbl TI€PBOrO NMOKOJIEHHs (HaMHIMKCOBas KHCJIOTA, OKCOJNMHHEBAsSI KUCIOTA,
MUMeMUaKeBas KHCJOTa M AP.) He comepxaind (ropa W OblIH aKTHBHBI
B OTHOLIEHHH JIUIIb OTPAHHUYEHHOro psiia GaKTepHasbHbIX HH(EKLHH.

[lepBbIM mpenapaToM 3TOH TPYNMbl, 10 CHX MOpP COXPaHMBIUMM 3Ha-
yeHHe, fIBJISTCS HaJMAuKcoBas kucaota (1-stua-1,4-nurunpo-7-metui-4-
okco-1,8-HadTHpUANH-3-KapOoHOBas KHUCJO0TA), BHEApPeHHAas B MeIHLHH-
CcKylo mpakTuky B 1963 r. [1-3].

Monundukanns sapa GTOPXMHONOHOBOH CTPYKTYphI, CBSI3aHHas C BBe-
JIeHHeM B MOJIeKyJy aToMa (propa, obecreuusa 3HauMTeJbHOe y/yylleHHe
aHTl/IMI/IKPOGHbIX CBOWCTB U OTKpbl/1a HOBbl€ MNEPCHEKTHUBBl B KJIWHUYECKOM
JedeHnd uHbexuui. [To ypoBHIO aKTHBHOCTH U CIEKTPY aHTHOaKTepHaslb-
HOTo JIeACTBUS (PTOPXHHOJIOHBI MPEBOCXOAAT MHOTHE aHTHOMOTHKH, B TOM
yycile UedalocnopyHbl TPETbEro MOKOJEHUs W JApyrhe XHUMHOTepareBTH-
yeckHe cpeicTBa. Biarogaps BAMSHHIO Ha TpOLeCChl Pa3MHOXKEHHs 0ak-
Tepuil myTeM MHruOMpoBaHus 6axrepuanbHoii JHK-rupaser — depmenta,
OTBEYAIOLLEro 3a PaspelB K BOCCTaHOBJeHHe 1BOiHON ciupanu JHK, ¢rop-
XHHOJIOHBI 00/1alaloT BBICOKOH aHTHOaKTepHaJbHO! aKTHBHOCTbIO. Kpaiine
BaXKHO, UTO MEXaHM3M JAeHCTBHMA (PTOPXMHOJOHOB OTIHUEH OT MEXaHHU3MOB
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JeACTBUA APYTHX TPYINI aHTHOAKTepHANbHBIX Mpenapatos (Ledasnocnopy-
HOB, aMUHOIVIMKO3HWJI0B H llp.), YTO IMO3BOJISIET 3¢)CbeKTMBHO HCII0/JIb30BaTh
UX 1J1s JIeYeHHUs I/IHCpeKI_II/IOHHbIX 3360./19831—[1413[, BbI3BAHHBIX pe3l/ICTeHTHbIMI/I
K 3THUM npenapaTaM HITaAMMaMH.

He ynuBuTeNbHO, 4TO MOCJENHHe [Ba NECATHIETHS] O3HAMEHOBAJIHCh
cO3JaHHeM ILeJOH CcepHH aHTHOAKTepHalbHBIX XMMHONpPENapaToB (Top-
XHHOJIOHOBOTO Psifia (B Tabar. | MpHBeeHE! CTPYKTYPBl KJIMHHYECKH HAanGo-
Jlee BaXKHBIX (DTOPXMHOJIOHOB), YTO TO3BOJIHJIO FOBOPHTb O Hadyale HOBOH
3pbl B XMMHOTePaNuu GaKkTepHanbHBIX HH(EKLUH.

JlelicTBUTEIHO, COBPEMEHHBI apeceHas] TepaleBTHYECKUX CPeICTB
0opbOBl ¢ GaKkTepHaJbHBIMM MHAEKLIUSIMH YXKe TPYLHO NpeICTaBUTb 0e3
BIIEUAT/ISIOLIEr0 ceMeHcTBa (hTOPXHHOJIOHOBLIX Npenaparos. Haubosee us-
BECTHBIMH IIPE/ICTABUTENSIMH (DTOPXHHOJIOHOB SIBJSIOTCS JI€BO(IOKCALMH,
npyJaudIoKcaluH, MOKCH(DIOKCALUH, Na3ydJoKcalyH, LHNIPOQJIOKCaLHH,
crapdioKcalyH, reMudIoKcalnt, ratudaokcauut [4-25].

Tab6auna 1

Kanvnnueckn BaxkHble CbTOle/IHOJIOHbI

0
N COOH NN COOH
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HN\) k Me”
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Ipodonacerue maba. 1
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Odoxcannu JleBodiokcauux

3

Ha npoTsiKeHHH MHOTHX JIET OHH M3y4aioTCsl HayuHBIMH KOJIJIEKTHBAMH
aKaeMU4YeCKUX HHCTUTYTOB, yHl/IBepCI/ITeTOB )4 cbapmaueBTquCwa qﬁ)l/IpM,
0 YeM CBHIETEJbCTBYIOT MHOrOYHC/IEHHbE 0630pbl U MoHOrpaduu [9, 14,
16, 26-53].

HeonHokpaTHoO NpenpUHHMANKCh MOMBITKYE PUMEHHTb K KilacCH(HKa-
LMK (PTOPXMHOIOHOB MOAXON, OCHOBAHHBII HA BbIJEJNEHHH HECKOJIBKHMX [0-
KOJIEHI/Iﬁ, HEKOTOpbIe K3 MPEAJJOXKEHHBIX CXeM KJ'[aCCl/lel/IKaLLI/II/I TNpUBEAEHDI
B Tabu. 2 [54]. OnHako HH OJIHA U3 STHX CXeM He CTajia OOLIeNpH3HAHHOH,
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TEeM He MeHee, HeCMOTps Ha YCJIOBHOCTb pasiesieHus, MOXHO BbIACJIHTH
rpynmbl COEHMHEHHﬁ, OTHOCALUUXCA K OAHOMY K TOMY K€ [OKOJIEHHUIO
BO BCEX TpeX cxemax.

Ta6auna 2

ABTOpbI U NIPE/IIOKEHHbIE HMH BapHAHTEI K/1aCCH(QUKALMH XHHOJOHOB

P. Ball [55] V.T. Andriole [56] F. Van Bambeke [57]
I nokonenue I nokosnenne I nokonenue

Hanupnukcosas kuenota | Hanmuankcosas kuenora | Hanuaukcosas Kucnora

I1a nokosenue LluHokcanuu I1a nokosaenue
JHOKCaLMH II nokonenue Hopdokcaunn
Lunpogaokcaunt Hopdiokcanns Llunpodnoxcauun
Odiokcaunn Liunpodokcauux Jlomepiokcauus
JleBooKcaLnH Jlomedaokcauun Odokcanus

IIb nokonenue Odaokcaunu JleBookcannu
Cnapdaokcauut JleBohsioKcal IIb moxoseHne
I'penadokcanus III mokosnenne Crnapdnokcarnu
Tocydaokcauun Crapdaokcalut ['penaduiokcaumt

II1a nokonenue Tatudokcaumt II1a nokosnenue
Moxcndiioxcanns I'penadpokcanyn Tatudoxcauun
Tatudaoxcauun IV nokonenue TpoBacokcalun
Crapdiokcalut TpoBadiokcalun Mokcudiiokcalut
Kannadpaokcauun Moxkcudiokcanns IIIb nokoseHue
Tposadokcauun Temudpiokcanyu Temudnokcanun

ITIb nokosnenue IV nokonenne
Temudaoxcauun [apeHokcauun

DTOPXHHOJIOHEI MIEPBOTO MOKOJIEHHSI, K KOTOPOMY BCE aBTOPHI OTHECH
HAJIMIUKCOBYI0 KHCIOTY, TPOSIBISIA AKTHBHOCTb K TPAMOTPHLATEJBHBIM
Enterobacteriaceae. HanunukcoByo KUCIOTY MPUMEHSIIA TOJIbKO ISl Jie-
YeHHsl MOUEBBIBONSILUMX MyTeH, HO MO Mepe COBEPIIEHCTBOBAHHS XHMH-
YeCKOH CTPYKTYPBl XMHOJOHOB 00JaCTH KJIHHHYECKOTO MPHMEHEHHsS HX
CYLIECTBEHHO PACIUHPHINCH K ITOT MPOLECC MPOLOJIKAETCS.

B psiny (TOPXMHOJOHOB BTOPOrO MOKOJNEHHs PA3JHYaOT TPYIMY Mpe-
NapaToB, aKTHBHBIX B OTHOLIEHHH TPaMOTPHLATEJbHbIX MHKPOOpPraHu3-
MoB, E. coli w P. aeruginosa, a Takxe Tpynmny MpenapatoB ¢ LIKPO-
KUM CIIEKTPOM aKTHBHOCTH (HOP(JIOKCALMH, MedOKCALHH, SHOKCALHH,
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(aepokcalut, JomedoKcaluH, UUIPOdIOKCALMH, o(JoKCaluH, Py(IoK-
caluH, HaaugiokcauH). Hopdaokcauut, ohiokcalut 1 LUIPoQJIoKCaLuH
MMEIOT O'POMHO€ 3HaueHHe JJIs JIeUeHHUs YPOJOrHiecKuX 3ab0eBaHui, HH-
(heKLHH KeJy0YHO-KHILIEYHOT0 TpaKTa, a Takxe 3abojeBaHUil, nepenaro-
LIMXCS TOJIOBEIM ITyTeM. PTOPXUHOIOHE! TPEThEro NOKoJIeHHS (JeBo(JIoKca-
LIMH, Na3y(oKcalkH, cnap(oKcalyH, KIMHaQIOKCallH, CHTadI0KCALHH,
TpoBadIOKCcaLKH, TOCY(/IOKCaLKH, TeMadIoKcalkH, rpenadaokcanuH, 6a-
JI0)JIOKCALIMH, MOKCH(JIOKCALMH, raTH(JIOKCALUH) MPOSIBIASIOT 6osee Bbl-
COKYI0 aKTHBHOCTb M0 OTHOLIEHHIO K IPaMIIOJIOXKHTEJbHEIM KOKKaM (0co-
OeHHO KIMHAJIOKCALMH, CHTA(hJIOKCALUH, TPOBA(JIOKCALMH B OTHOLIEHHH
S. pneumoniae). Kpome Toro, Tpethe nokoseHHe GTOPXHHOJOHOB MOAABJIS-
eT rpaMoTpuLatesbHele . influenzae u L. pneumophila, akTHBHBI B OTHO-
LIeHHH aHAdPOOHEBIX M aTUIHYHBIX Bo3bynuteseil [58]. Mokcupiokcauns
M TaTH(IOKCAUHH aKTHBHbl B OTHOIIEHHH LHIPOQJIOKCALHH-Pe3HCTEHT-
HBIX M JIeBO(JIOKCALMH-PE3UCTEHTHEIX [TaMMOB MTHEBMOKOKKOB, a TaKike
METHLMJ/IJIHWH-PE3UCTEHTHBIX W MaKPOMUA-PE3UCTEHTHBIX CTaq]I/IJ'IOKOKKOB.
JleBopioKcallH, MOKCH(JIOKCALMH M TaTH(JOKCALMH HalIM IIHPOKOe
NpUMEHeHHe [JIs JledeHUs! MH(EKUUH BePXHUX U HIXKHHUX JBIXaTeJNbHBIX
nyTel, TaKHX KaK MTHEeBMOHHS, CHHYCHT, (DapUHTHUT, HHPEKLHH KOXKH 1 MAT-
KHMX TKaHeH, BbI3BAHHBIX IPAMIIOJIOXKHTE/bHBIMH IITAMMaMH CTa(UIOKOK-
KOB, THEBMOKOKKOB, CTPENTOKOKKOB, aHIeHTEPOKOKKOB. B moc/ienHue rogsl
(TOPXMHOMOHEI BCe LIMPE MPUMEHSITCA AMs JedeHus TyGepkyaesa [8, 50,
59-63].

[lepBble YTOPXUHOJOHE! HHrHOMpPoBanu Tomousomepasy II (JIHK-rupa-
3y), uto mpuBoguao K GsokupoBaHuio cuHTesa PHK Ha marpuue JHK
U K rubesy KJeTOK, NpUYeM crelyduyeckoe JeHcTBHe (hTOPXHUHOJOHOB
Ha GaKTepuH 3aK/iuaeTcssi B TOM, 4TO OHH uHeubupyiom JHK-eupa-
3y Gakmepuii, Ho He ceéasvieatomcs ¢ JHK-monousomepazamu kie-
mok xo3auna [64]. Ha puc. | mnpexcraBieHa cxema HHTHOHPOBAHHS
JIHK-rupasel pTopXxHHONOHOM. VIHTEpeCHO OTMETHTb, YTO PE3UCTEHTHOCTb
GaKTepuil K XHHOJIOHAM 4acTO CBfI3aHa C MOBPEXKAEHHEM CYObeIHHHLb A
JIHK-rupasbl. Bee onucannble 0 HacTosiwero Bpement JIHK-rupassbi pas-
JIMYHBIX OaKTePUH ABJAIOTCS TeTpaMepaMH, COCTOSIIMMH U3 ABYX CyObesu-
HUL A ¥ IBYX cyObenuHul B.

B pa6ore [65] meromamu SAR u QSAR mnpoananusupoBano GwoJo-
ruyeckoe JeHCTBHe (TOPXMHONOHOB H IpeAJOXKeHa MOAeJb B3auMojeli-
creust JIHK-rupaser ¢ xuHoson-3-kapGokcamunom (puc. 2). Pacemorpero
GosbIIOe KOJMYECTBO (DAKTOPOB M OTMEUEHO, YTO KJIOYeBLIMH fBASIOTCS
T-CT3KMHIOBOE B3aUMOJEHCTBHE TeTepPOLMKJNYECKUX filep U B3auMomek-
CTBMe aToOMa a30Ta aMHJHOH PNl ¢ pelentopoM [66].

Mexanuam feHcTBHS (TOPXHHOJOHOB HA (DePMEHTb Pa3JHUHBIX OaK-
TepUil MPOLO/IKAET OCTaBaThcsi 0OBEKTOM HccsenoBanuil [67, 68]. [o-
TOJIHUTE/IBHBIH CTHMYJ K €TaJbHOMY H3YYeHHIO MeXaHH3Ma B IOC/eJHHe
rofbl CBfI3aH elle M C TeM, YTO CHTHANbHAs MOJEKY/a, HHIYLHpyloulas
o0pasoBatue rexa lasB, uMeeT CTPYKTypy 3aMelleHHOro 4-xuHosoHa [69)].
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Puc. 1. Unru6uposanne JJHK-rupaser ¢ropxuHonoHamu

Tyanns — Ilypun
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Tunpodot- - CTOKHHT B3anMOzeHcTBIE
HOE B3aHMO
JieficTBIe

Puc. 2. Ilpennonaraemas moxens B3aumonerictsust JJHK-rupassl 1 N-3ameriensoro
xuHonnH-4(1H)-oH-3-kapGokcamnia

B Hacrosiee Bpemsi B 3aBUCHMOCTH OT OJIOKHpyeMoro (epMeHTa 6aK-
TEPUH Pa3MyalT TPH THNA (YTOPXMHOJIOHOB:

— (pTOPXHMHOJIOHBI TepBoro THna (HOP(JIOKCALMH, IHOKCALMH, (IepPOK-
caluH, LUIPO(IOKCalHH, JoMe(IOKCalluH, TpoBathJIOKCaLUH, IrpenatiIok-
caluH, o(JIOKCALUUH M JeBO(IOKCALMH) NPENNOYTHTEJbHO HHTHOUPYIOT
Tornonsomepasy 1V;

— (hTOPXHMHOJIOHBEl BTOPOro THHA (HAZU(IOKCALMH W Crap(JIOKCALHH)
npennouTutensHo uHruobupyor JHK-rupasy;

— (DTOPXMHOJIOHBl TpeTbero THna (raTU(JIOKCalMH, MasyQIOoKCaLHH,
MOKCH(JIOKCALIMH, KIMHADJIOKCALMH) OKas3biBAlOT [BOMHOE NEHCTBHE: OHH
uHrHoupytoT U Tononsomepasy 1V, u JHK-rupasy [70-72].
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BaxkHbIM CBOHCTBOM (DTOPXMHOJIOHOB sBJsieTCS] M30MPATEJbHOCTb HX
Jlel;lCTBMﬂZ TnojaBJisisi B 6aKTepI/IL[M[LHbIX KOHLIEHTPAUHAX aKTUBHOCTb 6aKTe-
puanbhoit JIHK-rupasel, onu He Bausior Ha cBsisannblie ¢ JJHK npouecce
KJIeTOK MJIEKOMUTAOUHNX [73]. XHHOJIOHEI He YOUBAIOT GaKTePHH HHIHOHPO-
BaHHMeM KPHTHUECKHX KJIeTOUHBIX mpoleccoB. CKopee OHH HapyIaioT Jeki-
CTBHe JIBYX CyluecTBeHHbIX (hepmeHToB, IHK-rupassl u Tononsomepassi 1V,
U TOOYXKIAalT WX YOWBATh KJETKH, BEHI3bIBAS Pas3pbIB JBYXCIHPAJTbHOH
JHK [1].

Benymue (apmaueBTuueckre (GUPMBI YyiKe CO3LaJH U BBEJH B MeMU-
LMHCKYI0 IPAaKTUKY 0OJIbIIYIO TPYIIY NpernapaToB STOrO Kjaacca:

o 1980-1985 rr. — HopJoKcaluH, Ne(oKCalUH, LHIPOQIOKCALHH,
o(hJIOKCALIMH, SHOKCALMH, aMU(JIOKcalUuH, AU(JIOKCaluH, nbadIoKcalyH,
MPJIOKCALIUH;

0 1985-1990 rr. — somediokcalkH, crniapdoKcaiut, (JepoKCcalmH,
TocydJIoKcalH, TeMaJIoKCaltH, JeBOpIOKCALIUH;

0 1991-1998 rr. — remaduokcaluH, ratuidaoKcaluuH, KAHHa(JIOKca-
LMH, MOKCH(JIOKCAlLUH, TpoBadJoKcallH, 3HpodJIoKcaluH, 6anodiaokca-
LUMH, TpyauGIOKCallH, Ma3udIOKCALNH, HNPOMIOKCALMH, AaHO(JIoKca-
uuH [74].

BasxHoe CBOHCTBO (TOPXHHOJIOHOB — HX ONTHMalbHas (papMaKoKHHe-
THKa, 06ecreyruBaolas BbICOKYIO CTeNeHb GHOZOCTYMHOCTH MPH NMPHMeHe-
HHH BHYTpPb M OJLHOBDeMEHHO BbICOKHE TKaHEBble M BHYTPHKJETOUHbIE KOH-
LIeHTpALHH, YTO M03BOJISeT NOOUTbCS BLICOKOH KIMHHYECKOH 3((eKTHBHO-
CTH B CJIy4asx TsKesblX (popM 3a60/eBaHHS IIPH Ha3HAUEHHH NpeNapaToB
TOJIbKO TepopanbHo [74].

DTOPXUHOJIOHEI, MPUMeHsieMble B MEIULMHCKOH NPAKTHKE, XOPOLIO Ie-
PEHOCATCS] B3POC/BIMK OOMbHBIMU JaXKe MPH AJIUTENbHbIX Kypcax JedeHus,
3TY Mpenapathl He 0Ka3blBAIT renaro-, Hedpo- U OTOTOKCHYECKOro jei-
CTBHSA. O}lHaKO B 4yHCJIe HexXeJiaTeJIbHbIX peaKuMﬁ CJIelyeT OTMETUTb HEKO-
TOpble MOGOYHbIE 3(eKTh: (OTOTOKCHUHOCTb (MOA BausHHEM YP-myueit
BO3MOXKHa (POTOAECTPYKLHS MOJEKY/bl (PTOPXMHO/IOHA, MHAYKIHS CBOOOA-
HBIX PaJMKa/IOB U MOBPEXAEHHe KOXKHBIX CTPYKTYP); BOIMOXKHBIE CYLOPOXK-
Hble PeaklHH, CBsi3aHHble ¢ MHrHOHpoBaHueM peuentopoB TAMK; mopas-
JleHre MeTab0JM3Ma KCaHTHHOB M METHJKCAaHTHHOB. TeMadOKCalMH BbI-
3biBaeT y psiia GOJIBHBIX MOYEUHYIO HeJOCTaTOYHOCTb, FeMOIHHAMHYECKHE
paccroiicTBa, TpoMGooGpasoBaHUe. Kpome Toro, nmeercst MOTeHIHaJbHAs
BO3MOXKHOCTb apPTPOTOKCHYECKHX S(Q(EKTOB M HapyLIeHHH HOPMalbHOro
Pa3BUTHS XpSILEBOH TKaHH. PTOPXUHOIOHEI HACTOJBKO 3()(EKTHBHB NPH
TSKe/IbIX HHQEKUHAX, YTO HOP(IOKCALHH, HMEIOINI HanGOIbIINI 10 Bpe-
MeHH ONbIT KJIMHHYECKOTO NPUMEHeHHs B KJHHHKaxX SIMoHUM, yXe paspe-
lIeH B 3TOH CTpaHe /s IPUMEHEHHs B MeuaTpuu [74].

BoJIBIIMHCTBO (hTOPXMHOJIOHOB, BOLIEAIINX B MEIULUHCKYIO NMPAKTHKY,
MMEIT B CBOEH OCHOBe OHMLMKJMYECKylo cucteMy 4-okco-1,4-IMruapoxu-
HOJIMH-3-KapGOHOBOH KHCJIOTH. AHHeNHpOBaHHEe Kap0o- M TeTepOLHUKJ/IOB
K XHHOJIOHOBOMY OCTOBY l'[pMBO}lI/IT B pﬂ]le CJIy4yaeB He TOJIbKO K IIOBbI-
LIEHHI0 aHTHOAKTePHaIbHON AKTHBHOCTH [75], HO M K MOSIBJEHHIO APYTUX
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[naBa 1

CHHTE3, CTPOEHHE U AHTHUBAKTEPHUAJBHASA
AKTHBHOCTb BHIMKJIHYECKHUX
$STOPXWHOJOHOB

1.1. MeTtoas! nocTpoeHus (PTOPXUHOJIOHOBOTO OCTOBA

Jlns cuHTe3a XMHOJMH-4-0H-3-KapOOHOBBIX KHCJOT paspafoTaHBl 1Ba
NpUHUKNHaIbHBIX nogxona [1, 2]. IlepBblii OCHOBaH Ha HCMO/NBb30BaHHH
¢ropupoBannbix anunuHo (1.1, A=CH, CF) umm 2-amunonupuanHoB
(1.1, A=N) B KayecTBe HMCXOIHBIX COENMHEHWHEH U COCTOMT B KOHMIEH-
calliM X C 3TOKCHMETH/EHMAJOHATOM, LHaHOALeTaTOM WJH alleToaleTa-
TOM ¢ oOpasoBaHHeM eHaMmHHOB 1.2. BHYyTpHMOJIEKY/ISIpHAs LMK/IM3aLHs
coenunennit 1.2 mox nefictuem mosmudochoproit kucaorsl (PPA) (pe-
akuusi Toynna—Jlkeko6ca) MPUBOAUT K OOPa30BAaHHIO COOTBETCTBYIOLIHUX
¢ropxunononos (1.3, A=CH, CF) unn nadprupugoros (1.3, A=N) (cxe-
ma 1.1) [3-9]. Ankunuposanue propxutosnonos (1.3, R =H) o6biuto npo-
BOAAT ankuaGpomuaom B npucytcTBun KoCO3 B aTHIaLETATE, CONEpIKALLEM
TpusTHIamMuH [10].

Cxema 1.1
(0]
Fn EOCH=CYZ Ffj\z Y ppacerE) Fm\(
XN N X\A‘I‘\l]/ XA N
1 R 12 R 13 "

A=CH, CX, N; Y, Z=COqR, CN, COMe; R = Alk, uuksonponu

Bropoii moxxox npepamnosaraeT UCro/ib3oBaHue (TopcofepKalux GeH3o-
uibHbIX pou3BonHbix (1.4, A =CF, CH) uiu uX HUKOTHHOMJ/IbHBIX aHaJIo-
roB (1.4, A=N) B KauecTBe CTPOUTE/bHBIX GJIOKOB, KJIIOUEBBIMH HHTEPMe-
[MaTaMH B NaHHOM CJlyyae SIBASIOTCS GEH30M/I- WK MUPUIMHOUNAKDPUIATbI
1.6 (cxema 1.2) [11-20]. Llukansanuio eHaMHHOHOB 1.7 OCYIIECTBASIOT
narpesannem B JJM®A B mpucyTcTBun KapOoHaTa Kajusi, B 3TUIALETATe
B NPUCYTCTBUH THApuAa Hatpus [21, 22] uiu ApyruX OCHOBHBIX YCIOBHSIX
[2, 23, 24].
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Cxema 1.2
Y 0 Y 0o 0 Y o 9
F F
Z R Z OBt HCOE, N2 OFt
—..— _ | | -
> NS NS
X7 AT F X7 AT F X7 AT F Ot
14 15 1.6
Y 0 9 Y o o
HN-R' F. F.
2 /l | OEt base Z OFt
- —_— |
NS NS
X7 AT TE e X7 AT
1 1
7 R s R

A=CF, CH, N; X=F, Cl, Br; Y=F, H

B Hacrosiluee BpeMst NPOJOJ/IKAIOTCS HCC/EIOBAHHUs], HarpaBieHHble
Ha YCOBEPIIEHCTBOBAHHE METOJOB MOCTPOEHHS OHLHMKJIHYECKHX (TOPXH-
HOJIOHOB, TIOBbILIEHHE BbIXOZA (DTOPXMHOJOHOB M KadyecTBa MPOAYKTA,
yMeHbLIEHHe KOJNHYeCTBa CTaiHil, yaewesineHne cuuresa [25-37]. Psn
HCCJIeIOBAHUH MOCBSILEH Pa3paboTke HOBBIX METOLOB MOCTPOEHHST (PTOPXH-
HOJIOHOBOTO OCTOBA H HalleJeH Ha MOJMy4eHHe OPUTHHAJIBHBIX COEIHHEHHI
C aHTHOAKTePHAIbHON aKTHBHOCTbIO.

[pesioxkeHo MPoBeieHHe KOHAEHCALHH 3-X/10p-4-(PTOPaHHIIMHA C 3TOK-
CHMETH/EHMaJIOHOBEIM 3(UPOM B YCIOBHSIX MHKDOBOJHOBOTO H3JIyde-
Hust [38).

Peaxuus Toynna-Jxeko6ca manoHaros 1.10 B nudeHnnoBoM sdupe
noapo6Ho paccmoTpeHa B pabore [39] (cxema 1.3).

Cxema 1.3
R4
R COOEt
| (CHy),0
R 250°, 14
RI
19 1.10
R' oOH R' oH
3 3
R \COOEt ) NaOH R \COOH
5 P ) HC P
R N R N
1 1
R R

1.9-1.12: R'=F, R°=R’=R'=H (a); R*=F, R'=R’=R'=H (6); R°=F,
R'=R’=R'=H (¢); R*=R*=F, R'=R'=H (¢); R'=R'=F, R”*=R’=H (9)

2 B.H. Yapywwus, 3.B. Hocosa, I'.H. Jlunyxosa, O.H. Uynaxuu
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Panee ans uMkauzauuu  3,4-auranoreHaHUTMHOMETHIEHMANOHOBOH
kucqaothl (1.2, A=CH, X=Cl, F, R=H, Y=Z=COOEt) B cooTBeTcTBY-
IOIUH 3TUI0BLIH 3up 6-¢prop-1,4-1uruapo-4-okco-3-XHHOMMHKAPOOHOBOH
KMCI0TBl 1.3 4acTo  MCMoJb3oBalM  JayTepM WM JAH(eHHJIOBbIH
a¢up [40], omHako nUQEHHTOBBIH 3(UP OMACeH [/l OKpyKaKlleH
cpenbl BC/IEACTBHE CBOeH TokcuuHocTH. B pabore [41] cramuio
UMKIM3aUMKM  TpejjaraeTcs MPOBOAWTb B  Cpele  XJA0pPCynb(OHOBOH
KHCJOTE MM oieyma mpu Temnepatype 70-90 °C B reuenne 0,5-3 u.
B pesyabrare ¢ BoixogoM 99 % nosmyvaior cMech 1-31Ha-1,4-puruapo-4-ok-
€0-5-XJ10p-6-hTOp-3-XUHONUHKAPOOHOBOH KHCIOTE M 1-9THJI-1,4-1urun-
po-4-0Kkco-6-¢rop-7-dhTop-3-XUHOTMHKAaPOOHOBOH  KHCAOTE  (COOTHOLLIE-
uue 60/40). 5-Xiop-usoMep He 00/afaeT aHTHOAKTEPHAJbHOH aKTHBHO-
CTBI0O M 3arpsi3HfieT Le/eBOH MPOLYKT, NPOLeCC pasfeseHHs H30MepOoB
oKasbiBaeTcst CJI0KHBIM. Paborel [36, 37, 42] mocBsilieHbl LMKJK3ALKEK
3-tdrop(x/10p)-4-ropaHUNHHOMETHIEHMATOHATA B CPeJle BBICUIMX a/lKaHOB
(C12-Cyg) MaM [eleBbIX BBICOKOKHMISLWUX (pakikil NPOLYKTOB Hedrere-
peronkd. OLHAKO BbICOKOKHMMsLIME (DPaKLUH MPOLYKTOB HedTerneperoHKu
colep:KaT B CBOeM COCTaBe apoMaTHYecKue, HelpelesbHble U Pas3BeTB-
JIeHHble YTJIeBOJOPOALI, KOTOpble B YCIOBHSX LHMK/IH3ALMK IOJBEPXKEHb!
ocmosieHnto. ABropamu [27] GblIO NMPENIONKEHO MPOBOAHTb LHMKJIHM3ALHIO
JU3TUII0BOrO 3dupa 3-XJ0p-4-(QTOPaHHIHHOMETHIEHMANOHOBOH KHCJIOTHI
B JIETHEM JM3€JbHOM TOIJIMBE B KaueCTBe PacTBOPHTE/IS NP TeMmepaType
230-245 °C B TteueHue 1 4. Takoe TOMIMBO SABJSETCS TOBAPHBIM MHO-
FOTOHHAXKHBIM TPOLYKTOM MepepaboTKH He(pTH, He COHEPXKHT MpHMeceH,
BBI3BIBAIOIINX OCMOJICHHE IIPH TEMIEPATYPHOM peXHMe peakluH, JelieBie
MHAMBUIYaJbHBIX YIJeBogopofoB Cig—Cig. Ero npumenenue mossosser
YIPOCTUTb ~ TEXHOJNOTMUECKHIl  NpoLiecC, MOBBICHTb  SKOHOMHUYECKYIO
3((HeKTUBHOCTD, YBEJHUUTb YUCTOTY MPOAYKTA LUKJIHN3ALHUH, SBJISIOLIErOCs
MPOMEKYTOUHEIM TPOLYKTOM B CHHTe3e BbICOKOI((EKTHBHBIX aHTHOAK-
TepHaJibHBIX BETEePHHAPHBIX MperapaToB LIMPOKOTO CreKTpa JeHCTBHUS.
O umkausauuu uHtepmendara 1.10 B Hurpobensosne, conepxaiieM PyOs,
coobuiaercst B padore [43].

Jlnst nosyueHus yunpogrokcayura ObLIO MPENIOXKEHO HCIOJb30BaTh
3-x710p-4-(ropaHUMH U 1-3TOKCH- |-(TPUMETH/ICH/IUIOKCH) LMK IONIPOTIaH
B KauecTBe KJIOUEBBIX CHHTOHOB [44]. YHOGHBIH crmoco6 mosydeHust
1-3THIQTOPXUHONOHOB, OCHOBAHHBIH Ha B3auMofelcTBUH N-3TH/IaHHJIMHA
C JMITHIITOKCHMETH/IEHMANOHATOM, MpeloxeH B padore [45]. As-
Topamu [46, 47] ans nocTpoeHHs (HTOPXHHONOHOB OblT HCMO/NB30BaH
N-dopmua-N-311-3-X710p-4-(hTOPaHHIHH.

3-bensokcason-2-ui-4-propdenunamun (1.14, X=0) u 3-Gensorua-
3001-2-u1-4-propdpenunamun (1.14, X=S), nonyueHHble LHUKJIOKOHIEHCA-
uuell 5-aMuHO-2-(hropOeH3oiHoi KucaoThl 1.13 ¢ 2-aMuHO(eHONOM WK
2-aMUHOTHO(EHOIOM B NOJH(POCHOPHOH KHUCIOTE, IPHMEHEeHE! /1 CHHTe3a
7-6eH30KCa30MUN- U 7-0eH3THA30/M/I-3aMelleHHbIX (GTOPXHHOMOHOB 1.15
¢ ucrosp3oBanueM peakuun [oynna—Jxeko6ca (cxema 1.4) [48].
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Cxema 1.4

1,4-Iurunpo-4-oKCOXMHO/IMH-3-KapOOHOBbIE  KMCJIOTh, He HMelollye
atoma (pTopa B MOJNOXKEHUH 6 U comepKalllde B MOJOXKEHUH 7 4-MeTHmu-
NEePUAMHUIBHBIH OCTATOK, Takxke OblIM TMOMy4eHbl Mo peakuuu [oynna—
Jxeko6ca [49].

HoBbiii mogxon K CHHTE3y HOp@AOKCayuHA TipenoxkeH B matente [50]
(cxema 1.5). Ha mepBo#i cragun OCyLieCTBASIOT peakuuio 3-xJop-4-drop-
auusvHa 1.16 ¢ 2,2-gumeTna-5-stokcumeTusen-1,3-1nokcan-4,6- 1uosom,
nocsie LMK/AM3aUMKM HHTepMenuata 1.17 mpoBOAAT TMAPOKCHMETHIHMPOBA-
nue 1.18, N-ankunuposanue, okucienue rpynnel CHoOH u 3amerienue
aroma Cl(7) Ha ocTaToK nurepasuHa.

Cxema 1.5

M;{V{e
|
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0. F o Q
F 0 F CH,=0
j@\ 0 Ot P
a NH, c N cl N o
116 117 g
O 0
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> ~ HO'
cl N Ho
2
. 120 Et
0
F COOH

N-®enunguokconupposiud 1.23 Obl CHHTE3UPOBAH KOHIEHCALMEH eHa-
MuHa 1.22, nosyyeHHoro npucoennHenneM 3,4-audropanuauta 1.9r k au-
MeTH/IaLeTHIIeHIUKAPOOKCHIATY, ¢ OKCAIUJIXIOPUIOM. 6,7- Judrop-xuHo-
JoHKap6oHoBasi kucjora 1.26 nomyueHa B pesysibrate nuposnusa 1.23
C MOCJIeAYIOMMM THAPOJM3OM U fekapGokcHiupoBanueM (cxema 1.6) [51].

9%
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Cxema 1.6
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MHoro uccle[oBaHHH NOCBAIEHO MOAH(HKALMK METOLOB MOCTPOEHHS
(TOPXHHOMOHOB U3 (hTOpCOAEpKALLMX OEH30HHBIX KHCJOT. Tak, B CHH-
Tese l-umkJonponus-1,4-nuruapo-4-okco-6-drop-7-xJop-1,8-HadrupuanH-
4-Kap60HOBOIZ KHCJIOTBI NMpPeANpHUHATa yaayHas MOMbITKAa OCYILECTBUTH He-
ThIpe CTaiuK 0e3 BblfeJeHHs MPOMEKYTOUHBIX mpoayktos [52]. Pacteop
3TUM0BOrO 3¢upa (2,6-1UX/10p-5-TOPIUPULKH-3-HJ)YKCYCHOH KHCJIOTbI
B Tos1yosie o6padathiBaioT (MeO)sCHNMey 1 yKCYCHO# KHCJIOTOH B Teue-
Hre 50 MHH, 3aTeM [00aBJAIOT LUKJIONPONHIAMUH U MepeMellHBaoT peak-
LHOHHYI0 Maccy npu 25-35 °C emue 50 MuH. CMech NPOMBIBAIOT PacTBOPOM
JIMMOHHO¥ KHCJIOTbI, BOLOH, 06padaThiBalOT TeTpalyTHAAMMOHUIGPOMUIOM
1 25 %-m pacrBopom NaOH, nepemernBator 2 u, Kunatar ¢ 35 %-M pac-
tBopoM HCI B Teuenue 8 4; mocsie (puibTpauli U MPOMBIBKH BOLOH U H30-
TIPONAHOJIOM M0JIYYaIOT ¢ BBLICOKMM BBIXOAOM 1-LMKJONponun-1,4-nurugpo-
4-0kco-6-trop-7-x710p-1,8-Had THpPHAKMH-4-KapOOHOBYI0 KHC/IOTY. B pabo-
te [53] mpensioxkeH croco6 mosyueHust raTH(hJIOKcalHa 0e3 BblAedeHHs
IPOMEKYTOUHBIX IPOLYKTOB.

MurepMenyar B cHHTe3e HaQTHPUAMHKAPOOHOBBIX KHCJIOT — 3THJIO-
BB ahup (2,6-11X710p-5-DTOPIHPHANH-3-HJT) yKCYCHOR KHCAOTB — OBLI
NoJlyyeH C BbICOKHM BBIXOLOM HarpeBaHHeM 2,6-1HXJ0p-5-(Top-3-mupu-
JMHKapOOHUTpPUIA ¢ LHHKOBOH mbliblo 1 MeSO3zH B TI'® ¢ nocsenyromeit
o6padorkoit BrCH,COOELt [54]. OnHopeakropHbiii crioco6 crHTe3a s¢dupa
2,6- 1uxJ10p-5-(PTOPHUKOTHHOBOI KHCJIOTEI OMKCAH B mareHte [55].

B kauecrse 6ensousaranorennnos 1.4 njs mocTpoeHUst (GTOPXHHONOHOB
MOTYT OBITb HCIOJIb30BAHBI 3,5-AUXA0P-2,4-1MPTOPOEHIOUNDTOPUL UK
5-x710p-2,3,4-TpupTOPGEH30UNDTOPHA, CHHTE3UPOBAHHbIE NPH HarpeBaHUH
TerpaxJsopGensounxnopuna ¢ KF B cyabponane, mmbo 3-xm0p-2,4,5-1pu-
(TOpOEH30UIXNOPHL, TONTyYeHHbIH XJopupoBaHieM 2,4,5-TpudTop6eH3oii-
HOH KHCJIOTBI XJIOpCY/b(OHOBOH KHCJOTOH M nocienyoueii o6paboTKo#
3-x710p-2,4,5-TpUTOPOEH3ONHON  KHCIOTB  THOHHJIXJIOPUIOM  [56].
Jlnsg uMkausauud uHtepMenuara 1.7 B 3Toif pafoTe HCMOJIb30BAHBI
(TOpHA HATPHS, THAPOKCHb LIEJOYHBIX METa//I0B, KapOoHaThl MIeNOUHBIX
MeTaJlJI0B, OpraHHYeckue aMHibl M aMHUAMHBI, TPUITWIAMHH, 1,4-1nasa-
onuukio(2.2.2]oxran (DABCO) uau 1,8-nuazabuuukio[5.4.0]ynnen-7-e1
(DBU).
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TlpensioxeHo ocylecTBATh LMKAM3aumio uaTepmenuatos (1.7, Rl =
= wukJionponud, 2,4-nudropdenn, 1-aueroken-2(S)-un; X, Y=H, Cl, F;
A=CH, CF, CNOy, N) B npousBonssie xuHosoHa 1.8 B areToHHTpHIIE
B npucytcreun KsPO, mpu 75-80 °C B teuenue 1,5 u [57].

CHHTe3 uMmpo¢JIoKcalliHa Ha OCHOBE 3-LUKJIOMPONMUIaMHHO-2-XI0p-
5-Top-4-(4-3TOKCHKAPOOHU- | -THIepasHHUI) GeH30UIITHIAKpUIATa  OCY-
LiecTBIeH aBTopamu [58].

KnioueBoit crapueil B cuHTe3de Jugprokcayuna W memagrokcayuna
sIBJIsIeTCS B3aUMozekicTBYe 2,4-11X/10p-5-(pTopaleToeHoHa ¢ AUITHIIOKCO-
natom [59].

1-Lluknonponui-6-(pTopXxUHOIOHKapOoHOBEe  KHca0TE  1.32  MoryT
ObITb CHHTE3UpOBaHbl Yepe3 MPOMEXYTOUHOe 00pasoBaHue 2,4-muxJop-
5-(ropoensounnaneronutpuaa 1.30 (cxema 1.7) [60].

Cxema 1.7
o
F - H,N-OH.HCI | \N
Cl CH=CH-CI F o
AICI, CICH,CH,CI
cl
127 Cl Cl
129
o
F
H(‘(Otr)‘ F. COOH
—-
Cl cl

1.30

CuHTe3 (HTOPXMHOJOHOB MOXKET OCYILIECTBJATbCS TaKXKe Ha OCHOBE
(ropconepxkalux aueroderoHos [61, 62]. Hanpumep, okcanniupoBaHuem
2,4- nuxn0p-5-¢proparieToheHOHa ¢ MOCAEYIOUIHM ITOKCHMETHIIEHHPOBAHHU-
eM, aMHHMDOBAaHMeM, LHMK/IM3aLHeH, THAPOIH3OM, AeKapOOHHIMPOBAHHEM
¥ 3aMelleHHeM XJIopa Ha NUIepasnH NoJydeH Lunpodiokcauus [63].

B paGote [64] nas unkauzauuu uHTepmenara 1.36 B xunoson 1.37
HCMOJIb30BaH CUJMMDYIOLMH areHT. B pesynbrate peakuuu Tuna Kue-
BeHaress 2,4-nu¢rop-3-Meroxcuaueroperona 1.33 ¢ yKCycHbIM aHTHApPH-
nom obpasyercsi cmech a¢dupos (1.34, R=F) u (1.34, R=O0Et), xo-
Topasi Gblia mpespamena B cmech (1.35, R=F) u (1.35, R=0E1).
[Toc/ie B3aUMONEHCTBHS € LHKJIONPONUIAMUHOM TeTEPOLUK/IU3ALUS CMe-
cu (1.36, R=F) u (1.36, R=O0Et) ocyuecrBiesa ¢ npuMeHeHHEM
Me;Si-N=C(Me)-0SiMe; (cxema 1.8).

Asropamn [65] mpensiokeHo mMosydyeHue leJeBoro eHamuHoHa 1.40
nedcTBrHeM 3THI0BOro 3¢pupa N,N-AMMeTH/IaMHHOAKPHJIOBOH KHCJOTHI
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Ha  XJOpaHTMApHA  2,4-nudrop-3-MeToKcHOeH30HHOH — KucaoTsl  1.38
¥ ToC/IeAyoel peakineit 3-1umMeTnaIaMuHo-2-(2,4- 1u¢rop-3-MeToKkCHOeH-
sonm)akpuiara 1.39 ¢ (1R,2S)-2-¢propunkionponunamutom (cxema 1.9).

B cunrese 8-HuTposaMelleHHBIX aHAJOrOB LHMIPOQJOKCALHHA TaKXkKe
OblJIa HMCMOJIb30BaHA PeaKLHsl STHJIOBOrO (upa 3-IUMEeTHIaMHHOAKPHIIO-
BOH KHCIOTH ¢ 2,4-1uxJ10p-5-hTop-3-HUTpoGeH3ouaxaopiunom [66]. Cuu-
Te3 JpPYrux (PTOPXMHOJOHOB Ha OCHOBe 2,4,5-TpH(hTOpOGEH30UMXIOpHaA
¥ 3TUJIOBOTO 3(Hpa 3-IMMeTHIaMHHOAKPHIOBOH KHCJOTH OBl peasn3oBaH
B KackaHOM MHKpopeakTope [67].

[Ipn HarpeBaHWH eHAMHHOHOB, CHHTE3HPOBAHHBIX U3 |,3-1MKapOOHHUIIb-
HBIX COEIMHEHHH W MePBUUHBIX aMHHOB, ¢ 2,4,5-TpU(TOPOEH30UIXIOPHAOM
1.42 B Tosyose B MPUCYTCTBUYM TPUITUJIAMHHA U JONONHUTENLHOTO HArpe-
BaHUs IocJse 100aBileHns B peaklHoHHyto Maccy DBU obpasyrwores xu-
HOJIOHBI 1.43, BBIXOZ KOTOPHIX MOCJE BbIIE/JEHHS C MOMOLLBIO KOJOHOYHOH
xpomarorpaduu coctapun 10-41 % (cxema 1.10) [68].

Cxema 1.8
0
o 0 0o 0
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| _ | OEt
F FONH . N
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1.36 OMe 1.37
Cxema 1.9
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Cl N[[R
F

142 R' = Alk, Ar, NMe,
143

Cxewma 1.10

R =H, Me;

Hcnosb3yst cponctso Tetpadensolf,c,g,i]payopera K aKTHBUPOBAHHOMY
YIJII0, peasi3oBaH TBepLO(pa3HbIH CHHTE3 LUNPO(dJIOKCALMHA HAa OCHOBE
2,4,5-tpudpropGensounnykcyctoro agupa 1.44 u 1.45 (cxema 1.11) [69].

Cxema 1.11

O o o
F

4 cramn m/ton

o‘o Do

[locTpoeHre (GTOPXUHOJIOHOBOTO OCTOBA MOXKHO OCYLIECTBHTb BHYTpH-
MOJIEKYJISIPHOH [IMKJIM3alHel TMHUTPO3AMElIeHHOr0 eHaMuHoHa 1.46, mpo-
TEKAIOLLEH ¢ 3aMelLeHHeM HUTPOrPYIIbl; MOC/EAYIOUKMM BBEIEHHEM aTOMa
(Topa B MoJoXKeHHe 7 TaKxKe MyTeM 3aMeLleHHs] HUTPOrPyIIbl PU Harpe-
Banuu 1.47 ¢ ¢ropunom kanus (cxema 1.12) [70].

Cxewma 1.12
0 o0 a o o o
F. F F
opr MM T om b T om
| o AMCO
O,N NO, “NH ON N 165 °C F N

CuHTe3 (hTOPXHHOJIOHOB Yepe3 MPOMEXKYTOUHOe 00pa3oBaHHe alJIHJIO-
BEIX 9(DMPOB C MOCJENYIOWHM fea/lTHIMpoBaHieM B npucyrctud Pd onu-
can B padore [71].

OnHoil M3 3ajay npu pa3paboTKe METOZ0B CHHTe3a (TOPXHHOJIO-
HOB ABJAETCA CO3JaHHE 3KOJOTHYECKHM YHUCTBIX TEXHOJIOTHH M HCKJIIoye-
HHe BPEIHBIX DACTBOPHTeJeH, TaKMX KaK NMMeTHA(DOPMaMHiL M ApyTrHe.
C 3r0il Uesblo Obla M3ydyeHa peakuus xJoprnpoussopHoro 1.49 ¢ mu-
nepasyHOM B BoJe. DBLIO 0TMeueHO 00pa3oBaHHe MOGOYHOTO MPOLYK-
Ta — 6-nunepasuHUANPou3BofHoro 1.51, Ko1MyeCTBO KOTOPOro COCTaB/IsIeT
8-10 % (cxema 1.13) [72].
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Cxema 1.13
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1.2. B3aumocBs3b CTPYKTYpbl U aHTUOAKTEPUATBHON
AKTUBHOCTH

HccnienoBateny mocTostHHO paboTaioT Haj MoiM(MHKaLued OGHIMKJIMYe-
CKHX (DTOPXMHOJIOHOB C Le/IbI0 CO3/laHusl Oosiee aKTHBHBIX Mpenaparos.
MHoro Hcc/e10BaHHH MOCBSILIEHO H3MEHEHHI0 M PaCLIMpPeHHI0 CMeKTpa
6HOJIOTHYECKOH aKTHBHOCTH, CO3/IaHMI0 MPENapaToB, YCTOMYMBBIX K pe3u-
CTEHTHBIM LUITAMMaM.

Bonpockl B3aMMOCBS3H CTPYKTYPbl M aHTHOAKTepPHalbHON aKTHBHOCTH
(ropxuHOIOHOB, cuHTe3npoBaHHbIX B 80-x u Hauyate 90-x rr. XX Beka,
paHee paccMoTpeHbl B 0630pe [73]. B 1aHHOM pasjesie omucaHbl npeBpaliie-
HHUsl (TOPXMHOMIOHOB, MPOTEKAIOLIKe ¢ COXpaHeHHeM 4-XMHOJOHOBOrO (par-
MeHTa, NMPOAHAJU3UPOBAHO BJIMSIHHE BBOJMMbIX B Pa3jUUHbIE MOJIOXKEHHS
3aMecTuTeslell Ha aHTHOAKTepPHaIbHYI0 aKTHBHOCTD.

1.2.1. Moxndukauus mnonoxenus N(1). Arom asora B mosioxe-
HUH | QTOPXHHOJIOHOB UrpaeT BaKHYIO POJb B NPOSIBJIEHHH aHTHOAKTepH-
aJIbHOH aKTHBHOCTH. 3aMeHa a30Ta Ha YIVIepOJ U KHUCJIOPOA B aHaJorax
OKCOJINHHEBOH KHCJIOTH TOJHOCTBIO Je3aKTHBHMPYeT MOJeKyJay XMHOJIOHA
[74, 75]. AkTuBHOCTb 1-THOAHAMOTOB JOMedIOKCALMHA CPABHUMA C HAMH-
JIUKCOBOM KHC/IOTOH [76)].

Monudukanns N-HesaMmelleHHbIX (TOPXHHONOHOB 3aKMiOuaeTcs BO
BBEJIeHHH aNKUJBHBIX 3aMeCTUTeNell peakuueldl ¢ COOTBETCTBYIOLIUM al-
KU/ITalOreHUIOM B NPUCYTCTBMM [OTalla, THAPHAA HATPUs WM THI-
pokcuua Hatpusi. [lepBble mpeacTaBUTENH KOMMEPYECKHX (PTOPXHHOJIOHOB
conepxanu y N(1) aTunbHyo rpynnupoBKy — HOp@AOKCayuH, negrokca-
UUH, IHOKCAUUH, PTOPITUILHYI0O — (PAEPOKCAUUH WA METHIAMHHOIPYII-
ny — amugprokcayun. VaydeHre akTHBHOCTH CEPHH aHAIOrOB SHOKCALMHA
¢ C;-Cs anudaruueckumu 3amecturensmu y N(1) moaTBepausno BbIBofbl
0 TpEUMYIIeCTBE 3THJbHOH TPYNNHUPOBKH, HO HE BBIBHJIO KAKUX-JIHOO
3aKOHOMepHOCTeH (CoHs > u-C3H7- > uso-C3H7 > u-C4Hg > CsHyp >
> CHjs) [77].

1-9TUA(TOPXUHOJIOHB! MOJYYAT MHO0 STUIMPOBaHHeM 1H-GTOpXHHO-
noHa [78-81], nubo peakuueil sTuiaaMuHa ¢ 5-(METOKCHMETHIEH)-2,2- -
MetuiI-1,3-anokcan-4,6-1noHOM (Mpou3BoAHbBIM KHCI0TH Mesapyma) 1 mo-
caenywotiel unkiusayei 5-([N-31ui-N-(4-gropranopeHu)aMuHo]-MeTh-
JneH)-2,2-iumetna-1,3-nnokcan-4,6-guona [82].
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Crpoenne  1-3Tu-6-hrop-4-0KCO-7-(4-MeTunnunepasunun)-1,4-urua-
POXHHOJHH-3-KapOOHOBOH KHCJOTB — Ne@AOKCALUHA U3YYEHO METOIOM
penTreHocTpykTypHoro ananusa (PCA) (puc. 1.1) [83].

Puc. 1.1. lannsie PCA neduokcaunta

Mopudurauns 3THIBHON TPyNnel — 3aMeHa BOJAOPOiA APYTHM (par-
mentom (OH, F, CF3) okasanach onmpaBIaHHOH JIMIIb B CJydae BBELEHHS
aroma dropa (grepoxcauun) [84]. s cunTesa ananora nedJiokcaluHa,
conepxxaiiero CHoCHoF B monoxennn 1, mpoBoauTes ajKMIMpOBaHHe
1H-¢propxuHoioHa 1-6poM-2-)TOpPITAHOM B MPUCYTCTBHM AMM3OMPONUI-
3TWJIaMHHA U TeTpabyTuaaMMonuiuonuna npu 110 °C [85].

KoH(opMaLHOHHO OrpaHHYeHHble aHAJOrH (epoKcaluHa CHHTe3HPO-
BaHbl 10 cxeme 1.14. AktuBHOCTb Z-1u3oMepoB 1.54 B OTHOLIEHHH TpaM-
T0JI03KUTeNbHBIX U IPaMOTpPHLIaTe IbHEIX 6aKkTepuii B 2-32 pasa npesbillaeT
akTHBHOCTH E-n3omepos 1.55 [86].

Wsyueno pacnipenienente B opranusme ['8F]dnepokcaruna [87].

3ameHoit stuabHoit rpynnel Ha NHCH3, sBasiioumiytocs ee crepuue-
CKHM aHaJIOroM, ToJTydeH BbICOKO3(D(MEKTUBHLIN Npenapar amupioKcayun.
ITpu ucnblTaHUAX in vitro OH He 00/1afall 3HAYUTEbHBIMU TIPEUMYLLEeCTBa-
MH Tlepell HOP(JIOKCALUHOM U MedIOKCALHHOM, HO MPOJEMOHCTPHPOBA
Jyulide (papMakOKHHeTHUYeCKHe CBOHCTBA, OyLy4H aKTHBHBIM B PaBHOH
CTEIeHH TPH TpHeMe 0pajibHO U mapeHTepasbHo [88].
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DTOpXHHOJOHEI, comepKalife B MOMOKeHHH 1 (4-THasomuameTi)-
¥ (2-MeTH/ITHA30/IMI)METHI, MIPeAcTaBeHbl B pabotax [89, 90].

CuHTe3 1-BUHHJIBHBEIX NPOM3BONHBIX (PTOPXHHOJIOHOB OMHCAH B paboTax
[91, 92].

JleiicTBuem Ha 1H-(ropxuHosoHn 1.56 mponaprunbpomuna B AUMETHI-
cyaboKcHae B NMPUCYTCTBMM KapOoHAaTa Kajusi ObLIO MOJNy4eHO Mpomap-
rubHOe TpousBofHoe 1.57, KoTOpoe MOIBEPrIM TpaHC(HOPMALHH B IPO-
naaueHnsbHoe npoussonHoe 1.58 o6paGorkoit NaHCOj; (cxema 1.15)
[93, 94].

PasHooGpa3ne Mopu(HUKaLKil 10 NOMOXKEHHIO 1 orpaHHuMBaeT TOT (akT,
4TO J/Is1 IPOSIBJIEHHST XMHOIOHOM XOpOLLIel aHTHOAKTepHaNbHOH aKTHBHOCTH
B JAHHOM II0JIO2KEHUH [0JI2KHA 6bITb OTHOCHUTEJIbHO MaJiasi Jll/lHOq)l/IJIbHaﬂ
rpymnna, HampuMep LMKJIONPONUJbHAS. Psj BaXHEHIIMX (TOPXHHONOHOB
CONEPIKUT LIUKIOMPOMUIIbHEIN 3aMeCTHTeb B NoNoKeHnH 1 (yunpogrokca-
YUH, IHPOPAOKCAUUH, epenaprOKCayuH, KAUHAPAOKCAYUH, eamuproK-
cayun, mokcuproxcayun) [95-98].

Hexotopsle mponssofHble mumpogokcarta usydensl mertogom PCA.
Tax, Ha puc. 1.2 npexcraBieH KOMIJIeKC CyJabdaTta MarHus ¢ HUIPOMJIOK-
Cal[MHOM, B KOTOPOM COJIbBATHPOBAHHBIH HOH MarHHs PACIOJIOXKeH MeXIy
IByMSI IDOTOHHPOBAHHBIMU M0 MHIEPA3HHOBOMY LMKJIY MOJEKYJaMH LH-
npoduiokcaunsa [99].

Cxewma 1.14

F COOEL ) me,NCH(OMe), COOEt

K,CO,. DMF COOE
F ¥ 2 v Nah, THF
McO F VH Q /

R
\AV.. R
152 F
OMe

R=H,F,0Me

U\k

1) kewion, t
2) H,50,, CH,COOH

3) savemenne F(7)

F COOH F COOH
] . ]
R N F N
R X

R’ = d-verwammnepasits,
3-auHonuppoaHH

R K/F
154 155 F
Cxema 1.15
i Bry _—cn o 0 o 0
F OEt N2 1HCLACOH .
_— OEt — > OH
- N K,CO,, DMSO | 2) NaHCO, |
) H cl N al N
156 157 \\\ 1.58 \
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[o]
F COOH

12[Mg(H,0)° O] - 3HOH
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02w O5W © 06w
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03 S1
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04 C23
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Puc. 1.2. lannbie PCA xommiekca LMnpogokcainta u cyibhara Martus

B yskuX psmax COelMHEHHH, Tje BapbUpyeTcs 3aMecTUTeNb B IO-
JIOXKEHHH |, LHKJIONPONMUINPON3BOAHbE, KaK IpPaBUJIO, 0ojee aKTUBHBI
[100-103]. Benetre mMeTHIbHON MM (DEHUIBHOM TPYMN B LMKJIONPOMHUII,
a TakKe 3aMeHa Ha LHMKJIOOYTH WM LHKJIONEHTEHH CHUXKAeT aKTHBHOCTb
uunpocokcatuta (taba. 1.1) [104].

Hecmotpst Ha To uTo N-muksoneHTeHua- U N-UHKI0OYTHIADTOPXHHO-
JIOHBI He TPOSIBUJIM BBICOKOH aHTHOaKTepuaibHOH akTiBHOCTH [104], ux
ounukio[1.1.1.]Jnentunnponssonssie (1.59, 1.60) u comepxkauiie KHCJo-
ponHbiil anasor uukgaobyrana (1.61, 1.62) mpeBocXomsT MO aKTHBHOCTH
in vivo UMNPOQJIOKCALMH B OTHOIIEHHH TPAMIIONOXKUTENbHBIX MHKPOOD-
raHW3MOB M aHa’pOOOB M PE3UCTEHTHBIX K LMIPO(JIOKCALUHY LITAMMOB
S. aureus [105].

Hanuune 3amectuTelell B LIKKJIOMPOMUILHOM OCTaTKe MPUBOLHT K 06pa-
30BAHHIO ONTHYECKH aKTHBHBIX H30MEPOB, KOTOPblE Pa3/HYaloTCs 10 aKTHB-
HOCTH (HampuMep, 2-MeTHJILHMKJIONPOMUIbHbIE NPOM3BOAHbIE B Tabd. 1.1)
[104, 106]. B xauecTBe mpuMepa MoxHO NpHBecTH U 1-(2-dTopuukaonpo-
nus1)npoussonsbie (taba. 1.2) [107].

Kak BugHO U3 gaHHBIX Taba. 1.2 yuc-aHanmoru Gojiee aKTHBHBI B OTHO-
LIeHHH TPaMIONOXKHTEIbHBIX LITAMMOB 0aKTepHil, ueM COOTBETCTBYIOLIHE
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Tabnuna 1.1
Axrusroctb N(1)-3aMelueHHbIX TPOU3BOLHBIX (QropxiHonoHoB (MIC, MKr/ma)
F | COOH
|
‘/\N N
A
R, S. aureus E. coli Ps. aer.
A9537 A15119 A9843
LHKJIONPOMHI (4UnpoproKCayuH) 0,13 0,03 0,13
2-MeTHJILEKJIONPOIHI (mparc) 1 0,06 2
2-MeTHJILHKJIONPOIHI (4uC) 0,13 0,13 1
2,2-IMMeTHIILLMK/IOTIPOTIAJT 1 1 32
1- MeTHJILHKJIONPONUI 0,25 0,06 0,5
1-(peHUILHKIOTPOTHI 0,13 0,13 4
LHKJIOGY THIT 0,5 0,13 1
0
F COOH

R=NH, (1.59); CHy,NH, (1.60) R=4-merunnunepasuuun (1.61);
3-metni-4-amunonupponuaunui (1.62)

MpPaKC-A30Mepbl, Pas/Huus B OTHOLIEHHH IPaMOTPHLATEJBbHBIX LITAMMOB
MeHblle, S- )4 R'aHaHTI/IOMepr HEe3HaUUTeJIbHO OTJUYATCS M0 aKTUBHOCTH
[107]. Ananoruusbie pe3yJbTaThl ObLIM MOJNYYeHBl paHee HJst 1-(2-MeTi)-
# 1-(2-eHu) UMK I0nPONUAbHBIX 3aMelnenHbix [106, 108].

Jlns BBeleHUsl B MosoxKeHHe 1 TOPXHMHOMOHA (hTOPCOMAEPXKALIErO LIHK-
JIOTIPOMUJIBHOTO OCTaTKa C OMNpeJe/eHHOH CTepeoKOH(pHrypaluel wHpo-
ko wucnombayerest (1R,2S)-2-dpropuuknonponunamus [109]. Tak, B pado-
te [110] mpensoxkeHo mosyyars eneBoit eHamuHoH 1.65 neiictBueM 3TH-
noBoro adupa N,N-1uMeTH1aMHHOAKPHIOBOH KHCJOTh Ha XJOPAHTHIPHI
2,4-niudrop-3-MeTokcubeH30MHOH KueaoThl 1.63 M mocrenyiowell peax-
upel 3-muMeTHIaMHHO-2-(2,4-1udTop-3-MeToRCHOeH30MT)akpriata 1,64
¢ (1R,25)-2-dpropuukonponuiamutom (cxema 1.16).
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Ta6auua 1.2

Bnusinue c’repeonaomepos B LLI/IKJIOI'IPOI'II/I.}'I]JHOM 3aMeCcTUTeJ e
Ha aKTHBHOCTb (hropxuHo/IoHOB (MIC, MKr/mi)

F COOH
|
R’ N
A[(H)
H(F)
Hzomep R’ S. E. coli | Ps. aer | S. smith. Kiebs.
aureus phneum.
yue | e 01 |<005 01 | <005 | <005
nunepasuH-1-ui
mpanc | FNETHL 1,56 | <005| 0,78 1,56 0,2
nunepasyH- -1
gue | SOl 2005|010 | <005 | <005
nHUnepasuH-1-ui
mpane | 3O Mema- oy s6 1 005 030 | 078 | o
nunepasuH-1-ui
yuc | FRIvema g o051 01 | <005 | 0l
nunepasyH- 1-1i
mpanc | S UDMeTRI |y s6 1 005|078 | 078 | 02
nunepasuH-1-ui
Cxewma 1.16
0 o o NH-Ts
Cl EtOOC-CH=CH-N(CH), ok F
F o F F F NMe,
Me 163 i
OMe 64
0o o o 0
or =% OEt
| DMF |
F F NH F N
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Jlpyras MoauuKauus 1-IMKJIONPONUA(YTOPXHHOJIOHOB — BBeleHHe
ocrarka l-R-nuksionponana (R=OMe, CN, Alk u n1p.) myrem Baau-
MozelcTBUsl 1H-(hTopxuHO/OHA ¢ 1-R-3aMeleHHBIM LUKJ/IOMPONHITPU(IIA-
Tom [111].

DTOPXMHOMOHBI, COLEPXKALIMe B TONOXKEHHH | 3aMelleHHblHl OeH-
3WJIbHBIH (DparMeHT, CHHTEe3HPOBAHbI AJKHJIMPOBAHHEM 3THUJIOBBLIX 3(DHPOB
6,7-nudrop-  uan  6,7,8-TpudhTop-4-ruAPOKCHXUHOIHH-3-KapOOHOBOM
KHMC/IOTBl [JefiCTBHEM 3aMelleHHOro OeHSWJXJOpHAA C IOC/eLyIOIUM
3amenlenneM atoma F(7) Ha ocTaToK mumepasnHa uix N-MeTHIMHIepasHHa
M THAPOJHM3OM CJIOXKHOI(UPHOH rpynnupoBkH. HauGosbluyio aHTHOAK-
TepHaJIbHYI0 aKTHBHOCTb B DSy TaKMX COeIMHEHHH NpOSIBUIN 6-(hTop-
1-(4-dproppenunmerid)- 1,4- nuruapo-7-(1-nunepasuHui)-4-oKCOXHHOMMH-
3-kapOoHoBasi kuciora Hu  6,8-mudprop-1-(3-propdenunmernn)-1,4-nu-
ruapo-7-(1-nunepasutu)-4-oKkCOXUHOMMH-3-Kap6oHoBasi  kucaora [112].
1-TpuasonnnGensunpHoe mnpoussogHoe 1.67 TakKe CHHTe3HPOBAHO
peakuueil ajikutupoBanus 1H-xunosnona 1.56 (cxema 1.17) [113].

Cxema 1.17

CH,CI 0

F COOEt E COOEL

Cl

TZ

1.56

N,
\ \>—Me
N-N
\
Et

3aMelleHHbIe 110 MOJI0KEHNIO | reTepusGy TH/IbHBIM (PPAarMEeHTOM MPOU3-
BonHble nediokcaurta 1.68 u 1.69, omncannbie B padore [114], npencras-
JS10T CO00H TMOPHA (PTOPXMHOJOHA C MHUPUMHAMHOBBIMH M MyPHHOBBIMH
HYKJIEHHOBBIMH OCHOBaHHUSIMH.

[0) (0]
F
OH
I ot o
VMY Y
HN\) K/\/Nv/\/(
Me
1.68

[ToxasaHa BO3MOXKHOCTb MCMOMb30BaHUS 1-N-3amellieHHbIX 1-TprTOp-
MeTHJI-1,2-5TH/IeHIHaMHHOB AJ15 MOLM(UKALKK monoxkeHus 1. PropxuHo-
noHbl 1.71 nomyyeHsl HarpeBaHueMm 3-sTokcnakpunata 1.70 ¢ 1-N-3ame-
LIeHHbIMY  |-Tpr(TOpPMETHI-1,2-3THIIEHIMAMUHAMKY B TOJyOJIe; B Caydae
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(0] (o]
OH
|

(\ N N A\ N
] K/V@

1.69

XHHoJoHA 1.71a peakuuio NPOBOAM/IH B MPUCYTCTBUH N-MeTHIMOP(OJIHHA
B KauecTBe peareHta, cBssbiBawoiiero HF (cxema 1.18) [115].

Cxema 1.18
Q 0
F COOEt CF; F COOEt
+ ’ NH, — |
F F TOEt R‘/N‘R2 F N
F TACE S»CF yl{h
170 3 CRTN L,
V TR
1m R

1.71: R' =PhCO, R*=H (a); R' =PhCH,, R’ =H (6);
R' 4+ R? = (CH,),0(CH,); (8), R + R? = (CHy)s (2)

Wcenenosanue cnextpos IMP °F coenunenuii 1.71 nossosuso Bbl-
SIBUTb JlaJibHM€ KOHCTAHThI CIIMH-CIIMHOBOTO B3aI/IMO}1€ﬁCTBI/Iﬂ 7JF7F MexXay
TPU(PTOPMETHIIBHOM T'PYNIUPOBKOE M aToMOoM (hTOpa B MOJIOKEHHH 8, ocy-
LIECTB/IIEMOTO Yepe3 IPOCTPAHCTBO BCJIECTBHE FeOMeTPHYECKOH GIH30CTH
B3aUMOJIEHCTBYIOIHX SIIeP.

Onucana MogMOUKAaUUs TONOXKEHHs | TyTeM BBeNeHHs mpem-
OyTuibHOrO 3aMectuTesisi. Peakuusi 3Tus0Boro sdupa 7-xJop-6-¢gprop-
4-0Kco-1,4-IMrHAPOXUHONMH-3-KapOoHOBOH  KucaoTel  1.66 ¢ mpem-
Oyruadpomuiom B JM®PA B npucyTcTBHM THApHAA HATPHS NPHBOLHMT
K N-t-0yTusibHoMy npousBonHomy 1.72 [116]. Ipyroit mopxon K cuHTe3y
1.72 ocHoBaH Ha BHYTPUMOJIEKYJISAPHOH LMK/IM3aUKK HHTepMenraTos 1.73
(cxema 1.19) [117].

Cxema 1.19
0 o
0
o 0 BIC(CH), g,
. ot F COOEt
OFt NaH, DMF ‘ OCHOBaHHE ‘ H
-—
Hal N Hal Hal N
Hal N
H M%Mc M1 Me
N Me
.
156 172 173

Panee [77] mokasaHa OWIKGOYHOCTb BBIBOZOB O TOM, 4YTO OINTH-
MaJIbHbIM aJIl/ICpaTHLIeCKHM 3aMECTUTEJIEM SBJSETCA ASTUJbHAA rpynna.
Tak, N(1)-mpem-GyrunpHbie mpoussomHbie 1.74 0061afal0T  BEICOKOH
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AKTHUBHOCTBIO, 0Cc00EHHO B OTHOLIEHHH FPaMIOJIOKHUTENbHBIX MHKpOOpra-

nusmos [104, 108].

0]
F / COOH
T
R’ N T;I
CMe,

1.74: R” = nunepaaun-1-un (a), 3-amuHo-nupposunus-1-un (6)

AHa/u3 B3aHMOCBSI3H «CTPOEHHE—aKTHBHOCTb» B Psly (PTOPXHHOJIOHOB,
cojepKalMXx B | TMOJOXKEHHH MOHO-, 1H- W TPUPTOP-I-GyTHIBHBINA
3aMecTUTesb, NMOKa3ald, YTO aKTUBHOCTDb i Vilro yMeHblIaeTcsl B CJedy-
ol nocaegoarensHoctd:  1-(1,1-gumerun-2-gpropatun) > 1-[1-metni-
1-(¢propmerun)-2-dropatua] > 1-[(1.1-nudpropmernn)-2-gropatua] [118].
B usyueHHo# cepuu coeuHeHWH MOHO(TOP-mpem-OyTHIbHbE TPOU3BO-
Hele 06/1afanu Jaydiiefl aKTHBHOCTbIO, YeM He(hTOPHPOBAHHbIE aHAJOTH.

CuHre3upoBaHbl hTopxuHOJOHB 1.76, conepkaline (THIPOKCHITOKCH)-
MeTH/IbHBIA (DparMeHT, MPHUCYTCTBYIOMMH B IPOTHBOBUPYCHOM areHTe
aluKI0BUp. JlaHHYH 3ajady He yAajoch PeLINTb aqKWaHpoBaHueM 1H-
XHHOJIOHA JleHCTBHeM (2-alleTOKCHITOKCH)METHIOPOMUIA, [OITOMY Obla
IPUMEHEH MeTOJ| CHJIM/IMPOBAHHS, H3BECTHBIH B CHHTe3e HYKJEO3HIOB
(cxema 1.20) [119]. Propxunomonsl 1.75 ObUIM MOXBEPTHYTH CHJIH-
JIMPOBaHUI0 feficTBHEM rekcameTuinucunazada (HMDS) B atmocdepe
a30Ta, 3areM 00pabOTaHBl alleTOKCHITH/IALETOKCHMETUIIOBLIM 9()UPOM
B 1,2-1MX/00p3TaHe B TNPHUCYTCTBHM KaTaauTHdyeckux KosuyectB SnCly.
YhaneHue auUMIbHOH 3allMThl B GOKOBOH Lemd ObLIO peaan30BaHO
B 1M pacrope NaOH B meraHose.

Cxewma 1.20
0 (0]
COOH
F COOEt 1) HMDS/CISiMe, F |
2) AcOCH,CH,0CH,0Ac
R E (X=Ac) R \T
3) NaOH, MeOH 0}
178 ) Na e HO/\/
. 1.76
R=H, F, Cl

B npyroii padore [120] onucan cunres (1.76, R =H) nyrem Harpesa-
nus (1.75, R=H) c 6uc(rpumerunncununi)rpudropaueramuaom (BSTFA),
comepxkaiuM 1 % TPUMETHIIXJIOPCHIAHA B aLETOHUTPHJIE, C TOCTELYOLHM
7006aBIeHHeM KBHUMOJISIPHOrO KoJudyecTsa 1,3-1HOKCo/IaHa, XA0PTPHMETHI-
cuana u KI npu komHaTHO#H Temmeparype.

5'-Troa/KUI-aLUKJIOHYKJ/I€031 16l (PTOPXUHOJIOHOB MOJIYYeHbl peaKiuek
Me3usaTa Ha ocHoBe 1.76 ¢ MeTaHTHOMAT- WM THO(EHOJAT-aHHOHOM [121].
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Cepusi HOBbIX XHHOJOHOB 1.79, KOTOpble NpeCTaB/SIOT TeTepPOLHK-
JIM4eCKHe TPOM3BOJHbE MPUPOAHBIX AMHHOKHCJOT, CHHTE3HPOBAHA OJIHO-
PeaKTOPHLIM METONOM, YHOOHEIM B T/IaHe MPOMBIIIIEHHOr0 MPOM3BOACTBA
(cxema 1.21). Coenunenus 1.79, oxapaktepusoanbl mMetonamu IMP 'H,
13C, macc-crektpometpun. [lepeuunble HCCIEN0BAHKS M0Ka3a/H, UTO NaH-
Hble (DTOPXHHOJIOHBI NPOABJAIOT OMPENeJEHHYI0 aHTHOAKTepHaNbHYIo aK-
THBHOCTb NMPOTHB B. subtilis u S. aureus [122].

Cxema 1.21
9 o o o
F Cl 1) EtOOC-CH=CH-N(CH,), F : F COOH
) BROOCCHC . OFt 1) K,co, ]
» - R ————
F F o 2)5hUpH aMHHOKHCIOT | Py ,(COOE‘ 3 pons .
OMe OMe ome
7 1.78 R” ~COOH
: 179

Hayuenne N(1)-apuinpousBomHbIX (TOPXHHOJOHOB IMOKa3ano, 4YTO
1 B 9TOH IPyIIe HalilieHbl BHICOKOAKTUBHbIE coefuHeHHUs. HesamelleHHBbIH
(eHHT [e3aKTHBHPYeT MoJjeKyay QropxuHonona [77]. He mposiBuan
aHTHOAKTePHANbHON ~ aKTHBHOCTM U 4-n-HUTPO(EHUJbHBE  aHAJIOTH
HopiokcaurHa U meduokcaunHa [123]. B To ke Bpemst (peHHJIBbHBI
3aMeCTHTeJIb ¢ OAHHUM HJH ABYMS aTOMaMu q)’ropa OKa3bIBaeT 6JIaFOl'IpI/IHT-
HOe BO3JIeHCTBUE, YBeJHYMBas aKTUBHOCTb (TOPXHHOJOHOB B OTHOLIEHHH
aHaspoOHbIX Gakrepuit [101, 124, 125].

OcyulectBieH  cuHTe3  7-(MeTuanunepasuuui)-6-¢rop-1-(4-gropde-
HUJ)-1,4-1Mruapo-4-0Kco-3-XHHOMMHKAPOOHOBOH ~ KUCIOTH —  Oughrok-
cayuHa — Ha OcHoBe 2,4-mUXJI0P-5-(TOP-[F-0KCOOEH30/IPONAaHOBON
KHCIOTB M 4-1HX/0p-5-TopaueTodeHoHa MyTeM OKCaJHIMPOBAHHS,
B3aHMO}1€l';ICTBI/lH C 3TOKCHUMETHJIEHMAJIOHATOM, aMHWHHPOBAHHA, LHUKJ/U3a-
UMM, THIPOJH3a, NeKapOOKCHIMPOBAHMS M 3aMelleHHs aToMa XJopa Ha
N-merunnunepasun [126]. ot mpenapar — oxuH U3 HaubOJIee aKTHBHBIX
(TopxuHONOHOB in vitro B orHowenun Ch. trachomatis u npyrux
BHYTPHUKJIETOUHBIX apasutos [127, 128], oH o6iafaer U MpeBOCXONHBIMH
(papmMaKkOKHHETHUECKMMHU cBoicTBamu [129].

2,4-TudropdeHuIbHbIA 3aMeCTUTETh BXOAMT B COCTaB TAKHUX HM3BECT-
HbIX (PTOPXMHOJIOHOB, KaK memaproKcayum, mo3y@roKCayuny U mpo-
sagrokcayun [130-132]. Hanwune Takoro samecTuTessi B MOJOKEHHH |
TMOCJIEAHUX CBSI3BIBAIOT C IeNaTOTOKCHYHOCTBIO H FeMOJMTHUYECKOH aHeMH-
eit [132].

1-(2,4- Qudpropdern) Hah THPHINHKAPOOHOBEIE KHCJIOTHI, COHEpIKALLHe
B TOJOXKEHMM 7 OCTaTKH 3-METWJIHUIEpasuHa, aMHHOIHPPONHIHHA
1 (la,5a,60r)-6-amuno-3-a3abuuukio-[3.1.0]rekc-3-una, omucasl B pagdo-
tax [133-135]. 1-(2,4-Iu¢prop-5-HUTpodeHN)-3aMeleHHble (HTOPXHHO-
JIOHBI, 00JIajiaoliye IHPOKUM CIEKTPOM aHTHOAKTepHabHON aKTHBHOCTH,
ObUIM CHHTE3HPOBAHBl B pe3y/lbTaTe HHTPOBAHMS 3STHJIOBOrO 3dupa
7-x10p-6-(rop-4-0Kco-1,8-HUPTHPHKMH-3-KapOOHOBOH KHUCJIOTbl B CHCTEME

3 B.H. Yapywwu, 3.B. Hocosa, I'.H. Jlunyxosa, O.H. Uynaxuu
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KNO3/HoSO4 mpit KOMHATHOH TemmepaType ¢ MOC/IeAYIOLUM THAPOJIH30M
1 3aMellleHHeM atoMa XJopa B moJioxeHud 7 [136].

OnuH U3 TNOIXOJO0B K CHHTe3y HOBBIX HHTEPMEIHAaTOB LJIsi (PTOPXHHO-
JIOHOB, COIEPKAIINX B NOJOXKEHHH | (DTOPApUIbHBIA 3aMeCTHTe/Ib, OUCAH
B [137]. O6paboTka Meruanponnonara u 2,4,5-tpudprop-, 2-dhrop-, 2-¢prop-
5-merokcu- uin 2,3,4,5-rerpadropbensanbaernnoB cmecsio ZnCly/BuyNI
[03BOJIHJIA TIONYYHTh (-H010-Q-(THAPOKCHANIKHI) aKPHAATI, KOTOPbIE H Obl-
JM B JallbHeflleM HCMO/Mb30BaHEl B CHHTe3e 1-(dTopapui)saMeliieHHbIX
(PTOPXUHOMOHOB IyTeM NPOBEJEHHs DeaKLUHUH OKHUCIEHHs, aMHHHPOBAHHUs
¥ THPONH3A.

AnTubaKkTepHasbHas aKTHBHOCTb psila (TOPXHHOJOHOB, COAEPXKALIMX
B N0JIOXKEHHH | aMMHO(QTOP(EHUJIBHEIH 3aMeCTHTeNb, a B MOJOXKEHHH 7
pas/iuuHBIE TeTepOLMKIHYecKHe (parmentsl, usydena B [138]. Ilokasa-
HO, uTO HauboJsiee aKTHBHBI 7-aMHHOaseTHaMHNponssonHble 1.81. Tak, N-
(5-amuHo0-2,4-nudpropdenn)-8-xnopsamernennsii xuxoson 1.81 (R=Cl)
06/1a1aeT OYeHb BBLICOKOH aHTHOAKTepHa/JbHOH aKTMBHOCTbIO K IPaMIOJo-
JKUTENbHBIM U TPAMOTPHLIATENbHBIM MHKPOOPraHH3MaM, ero aKTHBHOCTb
B oTHoWeHUU S. pneumoniae B 30 pa3 Bbllle, YeM Y TpoBaIOKCALHHA,
aKTHUBHOCTb K METHLMJ/UIMH-PE3UCTEHTHOMY WiTaMMy S. aureus B 128 pas
TpeBbIlIaeT AKTHBHOCTb TPOBA(JIOKCALIHHA.

PentreHoctpykTypHoe —u3yuenue 7-(3-3THiaMHHOA3eTHAMH-1-1iT)-1-
(5-amuHo0-2,4-nudropdern)-8-xnoprnponssontoro 1.82 mpogemoHCTPHPO-
Baslo, UTO apuJ/ibHbIi 3amecTHTesb mpH N(1) 3aMeTHO BbIBeieH M3 MJI0CKO-
CTH XHMHOJIOHOBOTO LUKJA M3-33 CTEPHYECKOTO OTTAJKHBAHHS MEXIY HHM
1 aToMoM xJopa (puc. 1.3). DBosee Toro, MosexyJspHoe MOLeNTHPOBaHHeE
rpynnsl (propxuHooHoB 1.81 mokasano, 4To NPOCTPAHCTBEHHblE NOMEXH
MMeIOT MeCcTOo IIpH BCeX 3aMecTuTesx R. Bewl cpenan BbiBom, uTo
CHMbHO Je)OPMUPOBAHHAS OpHeHTalks B coeanHeHusx 1.81 nomkHa ObITh
K/TI04eBBIM (aKTOPOM /1 aHTHOAKTePHANbHOH aKTHBHOCTH.

O cunrese anajoros 1.81, coxepxaiux B noioxenun 7 ocrarok (35)-
3-amMuHonupposuanHa, a takke N-(5-amuH0-2,4-1udrop)dheHun3ameleH-
HbIX 1,8-HadTHPHIMHKAPGOHOBBIX KHCIOT coobliaeTcst B nareHte [139].

Onucan cuHTe3 U Apyrux N-apuisaMelleHHbIX (HTOPXHHOJOHOB. Tak,
BoccTaHOBJeHHeM  1-(4-HuTpodenu)hropxruHoIoHOB aeiicTBHeM FeSOy
B BOJHOH LIeJI0UH Tosydersl 1-(4-aMmuHodenns)propxunoons [140, 141].

Ha ochose 1-(4-amuHo(eHHT)PTOPXMHOIOHOB peakikell 11a30THpPOBa-
Hust B 30-70 %-m pactBope HF B nupuanse u nocienyomum pasnoxeHuem
COJIM 1Ma30HHs TIPH HarpeBaHHH MoJy4yeHo 4-(hTopheHnIbHOe TPOU3BOLHOE
[142].

7-Xnop-1-(2,4-nuuHutpodhernn)- U 7-nunepasuHaameleHtble 1-(4-Hut-
podern)-6-prop-1,4- 1uruapo-4-okcoXHHOJMH-3-KapOOHOBbIE KHCJIOThI
omucanbl B padotax [143].

®ropxunoson 1.83, cuHTe3UpoBaH B3aHMONEHCTBHEM 3TUJIOBOrO
a¢upa  3-3TOKCH-2-(2,4,5-TpuhTOp-4-XI0POEH30MT) AKPUIOBOH  KHCJIOTHI
C COOTBETCTBYIOUIMM aHHJMHOM H TMOCJeNylouedl BHYTPHMOMEKYJISPHOH
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Puc. 1.3. Janusie PCA coenvinenvs 1.82
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NMe, Het

LMKIH3aLUKeH, THIPOIH30M K 3aMelieHueM aroma F(7) Ha ocrarok
MUPUAKH-2-Hinunepasuna [144].

3%
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Cunres nponssonHbix 1.84 ocHoBaH Ha HCHoOJb30BaHMK 4-(mHppo-
JUAEH-1-nn)Metunanuanta, 4-(MopponnHomerwna)anuanta win 4-(1,2,4-
TPHA30/UI- | -HUT)METHIIAHHIMHA B PEAKLHH C 3TOKCHakpuiaTom Tina 1.6
[145-147].

Dropxunosnon 1.85, conepxkauiuit N-okcuHbIi GpparMeHT B GeHUIbHOM
samectutesie npd N(1), Obl cHHTe3MpoBaH G6/1arofapsi HCMOJb30BAHUIO
JIByX KaTaJlUTHYECKHX DeaKLUH: najjaiuii-KaTalu3upyeMoro KapOoHHIH-
poBanust u Kpocc-coderannst Cysyku [148].

AnrtubakrtepuanbHblil npenapar saun3oiud (Zyvox®) 1.86, comepxa-
Wit B nosnokeHun 1 2-drop-(4-okcasonuaoH-1-1i)heHHIbHEIH 0CTaTOK,
nosyyeH B3auMopeHicTBHeM 2,4,5-TpH(TOPOEH3OUIXIOPHAA C STHJIOBBIM
3(hUpoM 3-1MMeTHIAMHHOAKPUJIOBO! KHCIOTHI, 3aMelieHHeM N Mey-rpymmsl
B NOJIyYeHHOM eHaMHHOHe Ha 0CTaTok 5-(S)-aueramuuomerui-3-(3-¢rop-
4-aMUHO(EHUT)OKCA30/IMI0HA B MIPUCYTCTBHHE 4-MeTHIMOP(OJIUHA, BHYT-
pHMOJIEKYISIpHO# LMKAK3anuei B npucytcTBud DBU, 3ameliennem aToma
¢ropa Ha ocratok N-Meruinunepasuna u rugponusom [149].

0o o 0o 0
F N N OH
| H
=
NN N
|
Z OH 1.86 N
1.85 N \]70
I Me
[0} Me H (0]
N

Ac/

S

Me”

Psix uccilenoBaHui MOCBsIlEH BBEJEHHIO TETEPUJIBHOTO 3aMeCTHTes
B nosoxenne 1 ¢ropxuHonona. Tak, Baaumonefictue axpuaara (1.6,
A=CH, X=F, Y=H) c 5-¢rop-2-amuHonupuauHoM ux 3-(rop-
4-aMHHOTIMPHMHOM B KauecTBe aMHHA M MOCJefylomas HHK/IH3aLHus Co-
OTBETCTBYyIOlIero HHTepMenyata 1.7 B nuMeTHA(QOPMaMHe B PHCYTCTBHH
KapOoHaTa KaJlksl TMO3BOJMIM IOJMYYHTh (DTOPXUHOJOHBI, COAepXKalllHe
B TOJNOXKEHHH 1 5-(Top-2-nupUmuIbHBIE U 3-(TOp-4-NMUPUIU/IbHBIH
ocratku. Ilas cuHTe3a coorTBercTBymOWKX HadrupuanHos (1.8, X =Cl,
Y=H) uukau3auuio NPOBOAMIM B ALETOHHTPHIE B MPHCYTCTBHU
KapOoHata kamus u 18-kpayH-6-a¢upa. 1-(5-Prop-2-nupnmun)-6-drop-
7-(4-metun- 1 -nunepasunui)- 1, 4- 1urunpo-4- okCOXHHOMMH - 3- KapGOHOBOH
KHCJIOTBl MOHOXJIODH] TI0Ka3aJl in 0itro W in vivo aKTHBHOCTb B OTHOIIEHHH
S. aureus ¥ IPYTUX MHKPOOPTraHH3MOB, 3TO COeJHHEHHE HMeeT OTJIHYHBIH
(apmaxoxkunernyeckuil npoduap [150]. 1-(2-TTupupun)-7-xa0p-6-drop-
1,4-nurunpo-4-okco-7-(1-nunepasuHuI) XUHOMMH-3-KapOOHOBas  KHUCJIOTa
CHHTE3WpOBaHa HCXoAs W3  2,4-Auxjiop-d-hropaierodeHoHa myTeMm
o6pasoBauusi [-KeTo3(upa, KOHIEHCALMHM, XeJaTHPOBAHHS C OOPHOH
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KHCJIOTOH B YKCYCHOM aHTHADHAE M MOCJELYIOLIero HYK/eo(hHIbHOrO
3amelenust aroma F(7) Ha nunepasun [151].

Coenunenrie 1.87 (ABT-492) nepcrieKTHBHO AJIf JIeYeHHs TSKEMbIX
pecrupaTopHbiX 3a00/eBaHUil U MH(EKLHH MOUEBBIBOASIIMX MyTeHd. DTOT
(TOPXMHOJIOH 00/afaeT WHMPOKUM CIEKTPOM aHTHOAKTepHaNbHOro Jei-
CTBHUSI, BKJIIOYAS! XMHOJIOH-UYBCTBUTE/IbHbIE H DE3UCTEHTHbIE CTAPHUIOKOKKH
U CTPENTOKOKKH, BAHKOMULMH-YYBCTBUTE/bHbIE M PE3UCTEHTHBlE SHTEPO-
KOKKH, aHa3poOHble GakTepiy W Apyrue uHdekuuu [152].

Bbicokylo aHTHOaKTepHallbHYI0 aKTHBHOCTb MPOSIBJSET aHAJOr COefU-
Henust 1.83, comepxaimuii B MONOXKeHHH 7 OCTaTOK 3-aMHHOA3eTHIH-
Ha [153]. IponsBonmsie ¢ropxuHonoHos thna 1.88, comepxkamme B mo-
JoxkeHHH 1 5-(Top-2-NUPHIHIbHBIA 0CTaTOK, a Takke 1-(6-dropmupuans-
3-U1T)(PTOPXHUHOMOHB TIPEBOCXOAAT 10 aHTHOAKTEPHANbHOH aKTHBHOCTH
uunpodaokcaunt [154-156]. PTOPXMHOMOHBI, COmEpKAIIHE B IOJIOKE-
HUM | 3-MUPUAMJBHBIN U 4-MUPUAMJIBHEIN OCTATKH, PacCMOTPEHH! B pado-
te [157].

i 0
F COOH
| F COOH

N N l

i N N

HO Aot

N ! g |

N N 188 N

1.87 F .
F

CHHTe3npoBaH psl (TOPXHHOJOHKAPOOHOBBIX KHCJOT, COAEpHKalLKX
B nosioxkeHHH 1 1- uiM 2-HahTUJIBHBINH 3aMecTHTeNb, @ TaKxke 3-, 5- WIH
6-XHHOMUMbHBIA 3amecTuTesb [1568, 159].

Beenenre B mosoxkenune | HuTpo(amuHo)umumasona [123] u THa-
sona [160] He mnpuBenO K aKTHBHBIM COEIMHEHHSIM, B TO JKe Bpe-
M 1-(1,2,5-THannasonui-3)por3BoaHbEIe M0KA3alH BBICOKYH aKTHBHOCTb
¥ LIMPOKUH CTeKTp aHTHOaKTepHasbHOro feHcTBus [161]. dTopxuHOMOHDI,
cofiepKalllie B M0JI0KEHHH | M30KCA30/MIbHbBIE U H30THA30MMIbHbII OCTa-
TOK, ONHKCaHbl B natente [162].

CHHTe3MpoBaHbl TaKxe (TOPXMHOMOHBI, CofepKallyie B MOJOXKEHHH |
N'-meTun-4-HuTpo-2-nupponuibHbiii octatok [163, 164].

1-AMHHODTOPXHHOJIOHB CHHTE3UPYIOT AMHHUPOBAHHEM He3aMelleHHOr0
10 nosioxeHuo 1 hpropxuHoIOHa 0-(2,4-IMHUTPODEHUT) THIPOKCHIAMUHOM.
OcHoanus ugpda 1-amuHo-7-nunepasuHua-6-QTOPXHHONOHA U apOMaTH-
YeCKHX a/IblerHI0B H3ydeHbl B padote [165].

Psn N-(1-asupuauHui) XUHOMMH-3-KapOoHoBbIX KucaoT 1.90 mosyuen
peakuyell HUTPEHOB, FeHepUPOBAHHBIX MyTeM OKHcJeHHs! N-aMHHOXHHO/IO-

HoB 1.89 neiicteruem Pb(OAc)y, ¢ ankenamu (cxema 1.22) [166, 167].
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O6Hapy:KeHa BO3MOXHOCTb DACKPBITHSI MHPHAOHOBOTO LHMKJA 1-amu-
HOXHHOJIOHOB. [Ipy B3ammomeficTBHH 3TH/IOBOrO 3dupa l-amuH0-6,7-1H-
¢rop-1,4-1urunpo-4-okCOXMHOMNH-3-KapooHOBOH Kuc/aoThl 1.89 ¢ anerua-
aleToHOM 0e3 JocTyna Bosayxa obpasyercst 1-(2-aueruis-4,5-nudropde-
HUJ-4-aueTua-3-metuanupason 1.91 (cxema 1.22) [168].

Cxema 1.22
o]
F. COOEt i f
1) Pb(OAc), F. COOEt F.
| -— CH,CHCH,COCH, Me
Cl N 2) RR'C=CHR" —_— Me
: | X N F N7\
N NH,  X=CLF =
1.90 N 18 N X o N 0
R R( , Me

R=H, Ph, CO;Me, OAc, Me; R'=H, Ph; R” =H, COsMe, R'R"” =(CH,)4

Jlns BBeZieHHS B NoJIoKeHHe 1 (TOPXHHOMOHA METHIAMUHOIPYTITEl OCY-
LeCTBASANN peakuuio 3-3rokcuakpunata ¢ NHoNMeCHO, satem uunkiunza-
LHIO TIOMy4eHHoro nHTepMeanara [169, 170].

1-OxceraHun3aMellleHHble  (DTOPXMHOJOHBl  ONHMCAHBl B  IaTeHTax
[171, 172].

1-TpudropmernasamelieHHEIH (GTOPXHHOMOH 1.96, CHHTe3HPOBAHHBIH
no cxeme 1.23, mposiB/ifeT aHTHOAKTEPHANbHYI0 aKTHBHOCTb Ha YDOBHeE
Hopdiokcauuua [173].

Cxema 1.23
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1.96

N-Tunpokeun-2-enun- 1 N-THAPOKCH-2-MeTHI3aMellleHHble XHHOJIOHbI
1.99 nonyueHbl KaTaJiUTHYECKHM BOCCTAHOBJEHHEM AMKeTo3(pupoB 1.98
B MATKHX yc/ioBHsx (cxema 1.24) [174, 175].
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Cxema 1.24
o o
OH 0 o o
f cooH RUDE' F X H.PdC
_ OEt o Ot
R=Me, Ph C(OR EIOH, 1 bar
F NO, e . NOZ( ) . e
197 198 o9 OH

Ha ocnoBanuu pesy/abTaToB MPOBEACHHBIX l/lCC.)'lE}lOBaHI/Iﬁ MOXKHO clie-
JlaTh BBIBOJ, YTO HAaHOOJIbLIeH aHTHOAKTePHANbHON aKTUBHOCTbIO 00/1aflaloT
COENMHEHHs, COlepXKalllie B MOJOKEHHH | LMKJIONPONHMIBbHbIHA, (TOpde-
HWJIBHBIA WM mpem-OGyTH/IbHBIH 3aMeCTHTEJNH, HEe3aBUCHMO OT IPYTHX
3aMecTUTesell B MoJleKyJ/e (TOPXHHOMOHA.

1.2.2. Moxndukauuns noxoxenns: C(2). Monudurauuu C(2)-noso-
JKEHWsl OueHb OrpaHUdeHbl BCJIEACTBHE CHHTETHUECKHX TpyAHocTeil. Bce
M3BECTHble 2-a3a-aHalord XWHOJOHOB M Ha)THPUIAMHOB — MPOM3BOAHBIE
LIMHHOJIMHA, He TPOSIBUJIM CKOJIbKO-HUOY/b 3HAUHTEIbHOH aHTHOAKTepHaIIb-
HOH akTHBHOCTH [176-179].

2-3amelleHHble  (PTOPXMHOIOHBI, B TOM YHCJIe 2-METHJNPOU3BOAHbIE,
CHHTE3UPOBaHbI JefiCTBHEM Ha (PTOPXMHOMOH peakTHBa [pHHbSpa B MpH-
cyrerun Cul, mpouece mosyyeHust BK/IOYAeT CTaguio (heHH/ICeTeHHPOBaA-
HUSI, OKHCJEHHSI CeeHOKCHIA W cun-3numuHnpoBanust [180]. Beenenue
samecturesieil 2-CHs n 2-SCH3 nesakTHBHpYeT MoJeKymny (HTOPXHHOJIOHA
[181, 182]. Ilpenmosaraior, 4To MeTHJbHAs TPYNNa H3-3a CTEPUUYECKOrO
BJIMSIHUSL HApYIUaeT KOIMIaHapHOCTh 4-0KcOo-3-KapGokcudparMeHTa u mpe-
MATCTBYeT B3aHMOAENCTBHIO MEX/y MPEnapaToM W MHLIEHbIO SH3HMA.

Cunres 2-nonudropankun-6,7-gudropxunononos 1.101 u3z 3,4-nu-
(ropanuanta 1.9 ocyluecTs/eH MyTeM aLHIMPOBAHUS aHTMAPHAAMH [MO-
U TOPaTKaHKaPGOHOBBIX KHCJIOT, MpPeBpAIleHHeM MOMy4eHHOr0 aHH/IMAA
B COOTBeTCTBYMWMH nMUHOXM0puA 1.100 u nanee LMKAK3aLUKMeld CcOeny-
HeHuss 1.100 ¢ ManoOHOBBIM HJIM LUMAHYKCYCHBIM 3(DHPOM B NPOH3BOLHOE
xuHosona 1.101 (cxema 1.25) [183].

Cxema 1.25
(0]
F F a RCH,-CO,Et F R
—_-.. - I
F NH, F N7 “CF,CF,H F N7 TCECEH
1.9 1.100 RN COLE 1101

DTopXHHOMOH-2-KapOoHOBEIe  KHCJ0THl  1.104  mosydeHbl  LHKIH-
3alyeldl  2-aMMHO3aMeLleHHbIX — 3-NeHTapTOPOEH30MIAKPHUIOBbIX  KHCJIOT
1.103 (cxema 1.26) [184-186]. Kommuekc kucmots 1.104 (R'=OH,
R = umkaorekcna) ¢ JMCO onwcan B patore [187].

2-@enunsameleHHble (PTOPXHHOMOHE CHHTE3HPOBaHBl MO cxXeme 1.27.
Dropcopepxkaiine aHuanHb 1.9 pearupyiT ¢ GeH30HJALETOHUTPUIOM
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Cxema 1.26
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Cxema 1.27
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u1M GeH3oMMaleTaToM B ykcycHolt kuciore npu 80 °C ¢ oGpasoBaHueM
1.105, 06paboTka KOTOPEIX OKCAJHIXJIOPHAOM NMPHBOAUT K MUPPOJAHOHAM
1.106. ITuposus 1.106 mnossoasier monyuuTh xuHoJoHbl 1.107, koTopble
B pesyJbTaTe TMAPOJM3a U 3aMelleHus aroma F(7) oGpasywT coenuue-
nus 1.109. MHtepecHo oTmMeTuTb, uTO B pesyibraTe peakuuu 1.107
¢ EtI B npucyrersun KoCOj3 npennouturesbHo nporekaer O-ajKHIMpoBa-
Hue [188].

2-THOXHHOJIOHEI, B KOTOpbIX aToM cepbl pu C(2) He yuactByet B 06pa-
30BaHHH HACHILEHHOTO LHUKJA, He NPENCTaBISIOT CaMOCTOATEJbHBIN HHTe-
pec, HO LIHPOKO MCIOMb3YIOTCS /st CHHTe3a [a]- uiu [b]aHHe HpOBaHHBIX
(TOPXUHOMOHOB, TAKMX KAK THA30/10- H a3eTHAWHUIXHHOOHB [189-191].
Onucan CHHTe3 U CTPOEHHe 1-LHUKJONPOMNHII-2-THOANKH/I-8-MeTOKCH(TOp-
xuHosonos 1.112 [192] (cxema 1.28). B kauecte R BLIGpaHbl Takue
LMKT0QJKHIMMUHEL, KOTOPBIE MPHCYTCTBYIOT B H3BECTHBIX (DTOPXHHOJIO-
Hax — yaugrokcayure, UANPodIoKcalnHe U MOKCH(DIOKcaluHe. bobline
TPYAHOCTH BO3HUKJIH TPH NIPOBeJEHHH THAPO/IH3a STHI0BBIX 3¢upos 1.111.
B oObuHBIX 17151 GO/BLIMHCTBA (PTOPXMHOJMOHOB YCJOBHSIX THLPOJIH3 [0
coennHennit 1.112 He npoTekaeT; NpH MOBBILIEHHOH TeMIepaType Kak
B KHCJIOH, TaK M B OCHOBHOH CpeJe HMeeT MecTo AeKapOOKCHIHPOBAaHHE
¢ obpasoBanueM (ropxuHonaoHoB 1.113. W TosbKO B abIMsiILel cepHOH
KHCJIOTe TPH KOMHATHOH TeMIepaType ¢ BBIXOZOM 5 % yIajoch MOJy4HTh
coenunenns 1.112 [192].
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Cxema 1.28
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H3yueHa aHTHOaKTepHasbHash aKTHBHOCTb XHHoMoHOB 1.112, 1.113 Ha
psilie IITaMMOB, MPOBEJEHO CPaBHEHHE C YJIH-, LUNPO-, MOKCH(IOKCALUHOM
M NPOLYKTaMH MX JeKapOOKCHIMPOBAHHMS M CHeJaH BBIBOL, YTO Hajluude
2-aIKUNTHO3aMECTHTeIS MOXKET NPUBOAUTb KaK K MOHMKEHHIO, TaK U I0-
BBILIEHHIO aKTHBHOCTH [192].

1.2.3. Mopucdukauus 3-kapOokcurpymmsl. 3ameHa 3-KapOoKcH-
IPYNINbl Ha alui, Kap6o3TOKCH- U KapboMeTokcurpynmnsl [193] uan npyrue
KHMC/IOTHbIE OCTaTKH — TMAPOKCAMOBOK, YKCYCHOH, (hocdoHOBOH, Cy/bdu-
HOBOH HJIM CY/Jb()OKHCJIOTHI, NIPUBOAUT K Pe3KOMY CHHIKEHHIO aHTHOaKTe-
pHaNbHOM AKTHBHOCTH WJIK K T0JIHOH ee motepe [194-197].

6-Prop-7-nunepasuo- 1 - uuk0Nponu- 1,4- IUruapo-4- 0KCOXHHOJHUH-
3-cynb(OKHCIOTa MONyYeHa Yepes MPOMeXYTOUHoe 00pa3oBaHue 2-TpuMe-
THJICHJTH/IITAHCYIb(OHIIbHOE TTPor3BoxHoe [197].

3-KapGokcnumeruiicyabuHUIbHOE TPOM3BOAHOE (DTOPXMHOJIOHA OMHca-
Ho B padote [198]. Coenutenne 1.116 ciHTe3HpOBAHO ABYMS CIOCOGAMHU:
KoHZeHcauuell (-ketocynbdona 1.114 ¢ opTo3(GUpoM M LMKIK3aLKel aHU-
sunoakpuiata 1.115 (cxema 1.29) [199]. McxonHbiM chipbeM AJist TOTyUe-
Hust propxunosoHa 1.118 siBnsiercs (-kerocyabdokeun 1.117.

XWMHOJIOHbI, cofiepKallie B 3-TOJOXKEHHH HMUTHPYIOLMH KapOGoKcH-
rpynmny octatok 1H-TeTpasos-5-ui, Takke okasaiuch HeakTHBHE [200].
He nposiBun cKoJbKO-HUOYIb 3HAUMTENbHO aKTUBHOCTH THOCeMHKapOa-
30HbI 3-auusxuHosoHoB [201].

Kap6okcunponsBoaHsle, Kak U HEKOTOPble APyrHe MOAM(MHKALUHK 3-Kap-
OOKCHJIbHOH TDYIIbl, OKAa3blBAIOTCS AKTHBHBIMH TOJBKO B TOM CJydae,
€CJIH OHH BBLINOJHSIT (YHKLUMH NPEIIIeCTBEHHHKOB U B YCIOBHUSIX in 0iv0
MpPeBpAILAIOTCS B AKTHBHBIE MNPOM3BOAHbE KapGOHOBOH KuciaoTsl [202].
OnHako mpeqlecTBEHHUKH He Bcerga o0/afialoT BBICOKOH aKTHBHOCTb ifl
vivo. Tak, (5-meTun-2-0Kco-1,3-1MOKCO)METHIOBbIA 3(QUP HOPdJIOKCaALH-
Ha 1.119, npespaiatoliuiicsi B HOpHIOKCALUHH B IKCIIEPUMEHTE in vivo,
TPH Opa/ibHOM BBeJEHHH MOKa3biBaeT GoJiee HU3KUH YPOBeHb COLEPIKaHHS
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Cxema 1.29
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B KPOBH, YeM 9KCIePUMEHTaJbHast 1033 HOP(IOKCALMHA, YTO 0ObSICHSET-
csl ero HU3KoH GuopocrymHoctbio [203]. Bosbluast rpynna ¢propxuHoso-
HOB, COIEPXKALUKUX B MOJNOKEHHH 3 KapGOKCHJIbHYIO TPYIIY, COeXMHEHHYIO
¢ 5-MeTHa-2-0Kco- 1,3- 1HOKCOM-4-HI-METHIBHBIM OCTAaTKOM, OMHCAHA B pa-
Gote [204].
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C ucrosib3oBaHHeM KapOOKCHJIBHOH TPYMIbl B KayecTBe (DyHKLHOHAJb-
HOH pa3paGoTaHbl MeTOIbl NMPUBSA3KH K Hell OMC(OCOHATHBIX TPy Kak
0CTeO(UJBHBIX Ha NPUMepe MOKCH-, TaTH- W uumpodiokcaunna [205].
Bely cuHTe3MpoBaHbl poK3BoAHbIe 3THX (ropxuHonoHoB 1.120, conepxa-
ye GucocdoHaTHble I(UPHEIE, THOI(DUPHBIE K AMHUIHbIE TPYIIHPOBKH.
HcenenoBana ux CrocOGHOCTb CBSI3BIBATBCS C KOCTSMH H pereHepHpoBaTh
MPH 3TOM aKTHBHBIH JeKapcTBeHHbIH KoMMOHeHT. [lokasaHo, uto 6ucdoc-
CbOHaTHbIe NIPOU3BOJHbIE q)TOpXHHOJ'IOHOB ABJAIOTCS OCTEOTPONHBIMU MpeN-
LIeCTBEHHUKAMH [J1S1 TIPefyTpPeXAeHHS 0CTeOMHIIUTA.

BaxkHeliIuM HarpasieHHeM MOIUMDUKALMU NOJIOKEHHs 3 YTOPXHHOJIO-
HOB fIBJIIeTCS CHHTE3 aMHJI0B U MMAPasuiIoB. BaauMozeiicTBHeM XI0paHTul-
puaoB  1-1uKa0nponui-6-¢hrop-7-x10p-4-0KCOXHHOMH-3-KapOOHOBOK  KHC-
JIOTBI C apuJaMUHAMU W MOCJEAYIOHUM 3aMelleHHeM 7-C1 Ha OUKJIHYeCKHe
aMHHBbl CHHTe3npoBaHbl amuibl 1.121 u u3yyeHa uX aHTHOaKTepHasbHas
aktuBHocTh (cxema 1.30) [206]. MHTepecHo oTMeTHTb, UTO Haubojee aK-
TUBHBI B OTHoWeHUH B. subtilis u S. aureus 7-xnopcofepiKalire aMHIBl.
Peakuuefl XJI0paHTHAPHIOB C apUJTHOMOYEBUHAMH CHHTE3HPOBAHBI (TOD-
xuHoJIoHb! 1.122 [207]. Cpenn HUX HalJeHBl COEIMHEHHS, IPEBOCXOMSIIHE
10 aKTHBHOCTH LMMPO(IOKCALHMH B OTHOWeHUH B. subtilis.
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KapGokcamuasl tuna 1.121, conepxaiuyve B nosnoxeHud | Bomopon,
a B MOJIOXKEHHH 7 OCTaTKH LMKJ/J0AMHUHOB, MOJY4YeHbl U3 COOTBETCTBYIOLIUX
5(UpOB B peaklMH C LUKJIOreKcuIaMuHoM, N-meruanunepasuHoMm, N,N-
JMSTUJIAMHHOIIEHTAHOM WJIH H-OKTH/IAMMHOM B IHDUIMHE NOJ JaBJeHHEM
npu 120 °C [208].

Onucan cuntes N’-a/IberHIONHKO3HITHAPASHIOB  (PTOPXHHONOHOB
1.125 u (TOPXHHOJIOHOB, COIEPXKALIMX B [OJOXKEHHH 3 OCTaTKH
amuHokHcoT 1.126 Ha ocHose ruppasuaa 1.123 u asupa 1.124
(cxema 1.31) [209].

CuHTe3 6-)TOPXHHOJOHOB U HA(QTHUPHUIMHOB, CONEPXKAIIUX B MONOKE-
Huu 3 COoCHYZ, rie Y 1 Z — 3/1eKTPOHOAKLIENTOPHBIE TPYTIIbl, HAPUMEp
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R =D-apa6uto, D-keuno, D-manHo, D-ranakro

9(up, LHAHO, HATPO, ALMJI U 3aMeLLeHHbIH alu/, aMU, alKHJICYab(OKCH-
WK anKUICynbOHUI-Tpya, npeicTasien B padote [210]. Hosele xuHoO-
JIOHBI MPOSABJSIOT BLICOKYI0 aHTHOAKTePHaIbHYI0 aKTHBHOCTD.

Dupel U IHAPa3HI0NPOU3BOJHEIE (QTOPXHHOJOHOB HCIOJb3YIOTCS A/
MOLM(HUKALMK NON0XKEHHS 3 TyTeM BBEJIeHHS B HETO apUJIbHbIX U FeTepHJb-
HBIX 3aMecTuTesell. Tak, Npu HarpeBaHHH MOHOTHAPA3UIOB MedJoKcalNHa
i 6-drop-1,4-murnapo- 1-31ri-7-(rekcame e HUMUH- 1-1a1) -4 -0k C0-3-XH-
HOJINHKapOOHOBOH KHcI0Tl 1.127 ¢ 9THIKCAHTOreHaTOM Kalus B TaHOJe
00pasyloTces  3-0KCajMasonbHble TPOH3BOAHblE (hTOpXHHOMOHOB 1.128
(cxema 1.32) [211].

Cxema 1.32
8
F o N
F
T o NHNH, F | =s
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LiukI0KOHAeHCaLMel ruapasuaa HopdJiokcalyHa 1.129 u 6eHsodypaH-
xankoHa 1.130 nonyueHo GeHsodypaHnupasonuHoBoe npoussogHoe 1.131
(cxema 1.33) [212]. Jlpyrue mpumepsl MOCTPOEHUs MHPA30JbHBIX M MHPa-
30JIOHOBBIX (DParMeHTOB Ha OCHOBe THAPA3UIHON I'PYMMHPOBKH (PTOPXHHO-
JIOHOB TIpUBENEHE! B padote [213].

Bsaumoneficreuem ruapasuna 1.132 ¢ apomMaTHyeCKHMMH aJjibleruja-
MM CHHTE3MPOBAHBl FMIPA30Hbl, KOTOPble B PEaKIUHH C MepKaNTOyKCYCHOH
KHUCJIOTOH MpeBpallleHbl B NMPoU3BOAHbIe (ropxuHonoHoB 1.133, cozepxa-
l{e B TOJIOXKEHHH 3 THA30JHIMHOHOBBIH (parmeHT (cxema 1.34) [214].
®ropxuHosionsr 1.133 npoTecTHpOBaHB B OTHOLIEHHHM Psifa PaMIojo-
KUTEJNbHBIX W I'PaMOTPHULATEIbHBIX 6aKTepm?1 W MOKasaau 3HAYMTEJbHYIO
AHTHOAKTePHAIbHYI0 aKTHBHOCTb, CPaBHUMYIO C aMIHLHMJJIMHOM, HO GoJsee
HH3KYI0, 4eM Y LUMPOdIOKCALHHA.
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Cxewma 1.33

Cxema 1.34
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Dropxunononsl 1.136-1.138, conepxaiiyie B MOJOXKEHHH 3 OCTAaTKH
3aMelleHHbIX a30J10B, onucaHbl B pabore [215]. MicxonHbIM chIpbeM CJIyxKH-
au THoceMuKap6asuasl 1.135, nonyyennble u3 ruapasuna 1.134 u usotuo-
uuanatoB (cxema 1.35). BaxHo OTMeTHTb, 4TO aBTOpPaM yAanoch OCylLie-
CTBHTb CHHTe3 3-asosocofepxaiiux (ropxuHononHos 1.136-1.137 xak
B OOBIYHBIX YCJIOBHSAX, TaK U C HCIOIb30BAHHEM YJIbTPa3ByKa H MHKDOBOJ-
HOBOTO 00JTyUeHHs], UTO NO3BOJIUJIO He TOJbKO COKPAaTHTb BpeMs peaKLHi,
HO U TIOBBICHTb BBIXOJ[ LieJIEBBIX NMPOAYKTOB. Bce coenuHeHus oxapakTepu-
sopanbl Metonamu UK, 'H IMP crekTpocKomuH H Macc-CrieKTpOMeTpHH.

Hsyuena axtuBHOCTb (hrOopxvHOMOHOB 1.135-1.138 B oTHOWEHUH
S. aureus, E. coli, B. subtillis. Jlyduue pesynbTaThl MOKa3and THOCEMH-
KapGasunonponssontsle 1.135, U3 3-a30/0MPOM3BOAHBIX aKTUBHBIMH OKa-
3a/IUCh TOMbKO JH3aMelleHHble Tprasonbl 1.136, HO TOMbKO B OTHOLIEHHH
S. aureus.

C  wucrnonb3oBanueM  4-(R-amuHo)-2-0kco-3-neHTadTOpGEH30MIOY T-
3-eHoaTa, NOJYYEHHOTO W3 MeIHOTO XeJaTa ITHJIOBOTO 3(upa IeH-
TadTOPOEH30UNTHPOBUHOTPAZHON KUCJIOTbI, CUHTE3UPOBAHEI NPOU3BOAHEIE
1.139 (cxema 1.36). BsaumopeiictBue ux ¢ apomaruueckumu 1,2-mu-
HyKJIeo(QuIaMd TpPHUBOEMT K (ropxuHoioHam 1.140, comepxarum
B IIOJIOZKEHHH 3 OCTaTKHM XUHOKCA/NOHa, GeH30KCA3HHOHA U GeH30THA3HHOHA
[216, 217].

JUnsl MOBbILIEHHS KOHLEHTPALMKY aHTHOHOTHKA B KPOBH NPH Mepopasb-
HOM BBEJ€HHH HCIOJIb3YIOTCS PasJHuHbIe JeKapcTBeHHble dopmbl. OnHuM
3 IIPUMepOB sBJseTCS IPUMeHeHHe 3-(DOPMHIbHBIX aHAI0roB (PTOPXHHOIIO-
HOB, KOTOpbIe B OPraHH3Me OKHCJSIOTCS 10 KapOoHOBBIX KHCJIOT. CHHTE3H-
poBaHbl 3-(hopmus-ananoru Hopdiokcaurta 1.141, nepuokcaunna 1.142
v uunpodokcauyta 1.143 u usyyena ux aHTuGaKTepHanbHas aKTHBHOCTb
B CPaBHeHHH C HCXOAHBIMH (TOPXHHOJOHAMH. 3-POpMUIIPOH3BOLHBIE
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Cxewma 1.35
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1.141-1.143 06/1a1a10T HU3KOH aKTHBHOCTBIO in vitro (Tabu. 1.3), omHako
[IPH UCIIBITAHUSX ifl Viv0 ObLIM AKTHBHEE 3-KapGOKCHXUHOMOHOB [218].

Ta6auua 1.3
AxTHBHOCTb 3-(DOPMUIAHAIOrOB HEKOTOPBIX (ropxuHoioHoB (MIC, MKr/mi1)
CoenrHeHue S. aureus E. coli P. aeruginosa
Hopdiiokcauuu 0,20 0,10 0,78
1.141 > 100 12,5 > 100
[edokcanns 0,39 0,20 1,56
1.142 12,5 6,25 > 25
Lunpogaokcaunt 0,20 0,006 0,39
1.143 25 3,13 50

Brio 10KasaHo, uTo nocse opajNbHOrO BBEJHHS MbIIaM (hOPMHIbHAs
rpynna GBICTPO NpeBpallaeTcs B KapOOKCHJbHYIO, MPH 3TOM 3-(POPMHJI-
MPOM3BOJHOE HOP(IOKCALMHA, HAmpHMep, MOKa3biBaeT B 2 pasa Goiee
BLICOKMH YPOBeHb B CBIBOPOTKE KPOBH, UeM IPH aHaJlOTHUHOM BBeNeHHH
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HopioKcauHa. Bbicokas GHOIOCTYMHOCTh (POPMMIBHBIX MPOHU3BOAHEIX
00BbSCHAETC MX Jyullled PacTBOPMMOCTBIO MO CPaBHEHHIO € 0a30BBIMH
COeJIMHEHHUSIMH, KOTOPEIe TIPH (DH3HOJIOrHuecKnX 3HaueHusix pH cymectsy-
10T B BHJE TPYAHOPaCTBOPHMBIX LBUTTEPHOHOB XHHOJOHKAapOOHOBBIX KHC-
not [73].

3-DopmusibHOE ¥ 3-aueTH/bHOE MPOM3BOAHBIE (hTOpXuHOJOoHA 1.146
Oblyi MOJTyueHsl TpaHcopmalyei amuna 1.145; anbrerun (1.146, R=H)
npespaite B cnupT (1.147, Y=OH) u amun (1.147, Y=NHR) (cxe-
ma 1.37) [219].

Cxema 1.37
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Jlpyro#l moixon K CHHTe3y XHHOJIOH-3-KapGOKCalbJerHI0B NMPOLEMOH-
CTPHUPOBAH Ha npumepe darogrokcayuna. [1pu o6paboTke Me3uaTa 3TOro
(TOPXUHOMOHA GOPrHAPUIOM HATPHUsi B MeTaHose Obl1 MoaydeH 2,5-1ua-
3a0MKKM0[2.2. 1] renT-2-1n-4-0KcOTeTParnAPOXHHOKH, KOTOPbIH MpH Jefi-
crBun NaOMe u HCOyEt o6pasyer cooTBeTcTBYIOWIME aHTUOHOTHKY 1a-
HoGJIoKCcaluH anbaern [220].

1 -Huknonporui-7-(4H - 3-metni - | - munepasuuu) - 5 - MeTHI - 4 - 0KCO -
1,4-nurunpo-3-popMUIXHHOJIUH aKkTHBeH B oTHoweHun E. coli (EDsg
0,331 Mr/Kr mpu mepopasibHOM BBeleHHH Y Mbiinei) [221].

Monudpukauuu 5-amuHo- 1-wukaonponui-6,8-gudrop-7-(umc-3,5-1ume-
THJI-1-nunepasuuu)-1,4- 1Uruapo-4-0KCOXHHOTMH-3-KapOoKcanberuaa no
TOJIOXKEHHIO 5 NIpeACTaB/eHbl B maTeHTe [222].

Beenenve ruppokcusamelieHHol GeHsuabHON rpynmbl BMecto COOH
B TOJIOXKeHHe 3 (TOPXHHONOHOB MO3BOJNMJIO MOJYUYHTh BEICOKOAKTHBHBIE
uHruéuTopel Tonousomepasbl II. Takumu cBoiictBaMM 006Jajaer, Hanpu-
Mep, 1-uuknonponun-7-(2,6-1uMeTHAnupUINH-4-1i)-3- (3-ruapokcuGeH-
3u1)-6,8-nudrop-1,4- nuruapoxuHonnt-4-on [223].

MHoro BHUMaHHUsl B [OCJHeJHHE JAECATUJETHS YAENseTCs HCCIel0BaHH-
M aHTHOMOTHKOB «IBOMHOr0 JeicTBUs». OIHUM U3 HampaBJeHHH CHHTe-
3a TaKMX COeJMHEHHH fiBJseTcs 3TepudHKaLUsi (TOPXHHONOHKAPOOHOBBIX

e

e
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KHCJIOT NPOU3BOAHBIMH Lie(pasloCrIoprHa 1 MeHULH/IMHA. Takoe coueTaHue
MMO3BOJIMJIO PACLIMPUTD CIEKTP aHTHéaKTepHaﬂbHOﬁ AKTUBHOCTH KOHBIOTH-
POBAaHHBIX C XHHOJOHAMH 0eTajaKkTaMOB 3a CYeT B3aHMOAOMOMHSIOMNX
MeXaHH3MOB HX HeHcTBHs. B KauecTBe mprMepa MOXKHO IIPUBECTH Npernapar
1.148 — 3¢up daepokcaunHa U fealeTuinedoTakcimMa. JTOT Mpenapar
MMeeT 4pe3BbYAiHO IIMPOKMH cHeKTp HefcTBus. OH aKTHBEH B OTHO-
wenud 1000 1TAaMMOB MHKDPOOPraHH3MOB M MOXKeT ObiTb HCIOJIb30BaH
TpY JleyeHuH 3a00/1eBaHHUi, BBI3BAHHBIX PE3UCTEHTHBIMH K XHHOJIOHAM HJIH
LegasocnopuHam naroreHamu [224].

COOH

f 0
F COOCHy N2 N
(\Nm /\C)iNHcs\g—NyNHz
Me” N\) ’l ;

F CHCHF
1148

Coenutenune 1.149, nonyyeHo KoHaeHcauueil 3-popMunpudamMnuLmuHa
SV u runpasuna 6-¢rop-1,4-nurunpo-7-(metua-1-nunepasuHud)-1-sTui-
4-0Kc0-3-XMHOIMHKaPGOHOBOH KHCJIOTB B CPejle WHEPTHOTO arpOTOHHOrO
pacTBOpUTeJs [IPH KOMHATHOI TeMIepaType W XapaKTepuayeTcs akTHBHO-
CTbIO B OTHOLUIEHUHU Psifia IPaMIIOJIOKUTENbHbBIX MHKPOOPraHHU3MoB [225].

Me Me Me

1.149 Bt

3-Hurpo- n 3-aMMHOXHHO/IOHBI CHHTe3HpOBaHbl Mo cxeMe 1.38. 2-Amu-
HO-4-x710p-5-(hropOeH3oiinas kucaora 1.153 nomyyeHa peakuueit 3-XJ0p-
4-¢propannanna 1.9 ¢ XJopajdbruipaTtoM M THAPOKCHIAMHHOM ¢ o6pa-
30BaHHEM COOTBETCTBYIOLIEr0 H30HHTPo3oaueTamuaa 1.150. Lluknusauus
ero B 98 %-ii cepHoit kucsioTe mpuBesa K obpasosanuio 1.151 u 1.152
B coorHoweHnn 1 :2. Okucienne 310i cmeck 30 %-M pacTBOPOM NepeKUCH
Bogopoza B 2,5 N pactsope NaOH npu 80-90 °C npuBoxuT K 06pa3oBaHuIo
(ropconepKallell aHTpaHUI0Boi KucaoTh 1.153. Ita Kuciora Oblia mpe-
BpallleHa B 4-X/10p-5-(Top-2-[(2-HUTPOITHINAEH)aMUHO] OeH30MHYI0 KHCJI0-
1y 1.154, KoTopast MoaBeprHyTa LMKJIM3ALMK B 3-HUTPOXHHOMOH 1.155.
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B pesysnbrare ankuaupoBanus 1.155 nosyden xuxoson 1.156. Ilpespa-
uenre 1.156 B 3-amuHonpoussonHoe 1.157 JOCTUTHYTO BOCCTAHOBJIEHHEM
XJIOpUIOM osioBa B KoHUeHTpupoBaHHOH HCI. M3yueHbl Takxke peakuuu
(OPMHIMPOBAHHS aMHHOTPYIIBl W ALUIMPOBAHUS €€ TPU(TOPYKCYCHO
KHUCJI0TOH [226].

Cxewma 1.38
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JIpyrum MoaXomoM K CHHTe3y 3-HHTpodTopxuHOIoHOB 1.162 sBas-
ercs Baaumopeiictaue 2,4,5-Tpudrop-a-uurpoaueropenona 1.158 ¢ op-
TOMYPaBbHUHBEIM 3(HUPOM M aMHHOM C TMOCHeLyMLIel LHKIH3auked (cxe-
ma 1.39) [227].

Cxewma 1.39
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Eue omuH cnoco6 nosmydeHus 3-HuTpodropxuHonoHos 1.165 3ak.roua-
eTcsl B leKapOOKCHINPOBaHUU KucaoThl 1.163 HarpeBaHneM B AH(eHUIOK-
cune npu temneparype 250 °C W pervocesieKTHBHOM HUTpoBaHuu 1.164
(cxema 1.40) [228].

4 B.H. Yapywwu, 3.B. Hocosa, I'.H. Jlunyxosa, O.H. Uynaxuu
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Cxewma 1.40
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3amellieHre KapOGOKCHIPYIINbl B MOJOXKEHHH 3 HA BOLOPOJ, HEOJHOKpAT-
HO 00CYXK[a/0Ch, NPUYEM MOJyYeHHEIe NaHHble 10 aHTHOAKTepHa/bHOH
aKTHUBHOCTH JIeKapOOKCHIUPOBAHHBIX (PTOPXUHONOHOB YacTO MPOTHBOPEUH-
Bel. Tak, B psge paGor [229-231] Gblio mMOKa3aHo, 4TO J€KAPOOKCHJIH-
POBaHHBIH LUNPOQJIOKCALMH MPOSIBASIET aHTHOAKTEpPHANbHYI0 aKTHBHOCTb
npotuB S. aureus, S. epidermidis, E. faecalis, B. subtilis, E. cloacae,
S. marcescens n naxe 6osee aktueH npotus E. coli, yeM uunpodokca-
uuH. B TO Xe Bpems JeKapGOKCHIMPOBAHHBIH HOP(JIOKCALMH He obJafaer
aHTHOAKTepHaIbHOi akTHBHOCTBIO [193].

B HenmaBHefl paGoTe mpeicTaBJeHbl Pe3y/bTaThl CHHTE3a HECKOJBbKHX
J1eKapOOKCHIMPOBAHHBIX (DTOPXHHONOHOB W HCC/Ie[0BAaHUS MX aHTHOAKTe-
pHANbHOM AKTHBHOCTH IBYMsl Da3IMYHBIMH MeTOJAMH Ha TaKHX LITaM-
Max, kak E. coli 29425, S. aureus 25923, E. faecalis 29212 [232].
JlexapOokcuaupoBanye LUIpodIoKcaliHa OcyllecTBaeHo 1o cxeme 1.41
yepe3 o6pa3oBaHue (pOPMHUIBHOrO NpousBogHoro 1.166.

Cxema 1.41
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AHasloruyHO CHHTe3MPOBAaH M JeKapOOKCHIMPOBAHHBIN HOPQIOKCALHH
1.168. B ciyuae snpodiokcanuta u 1-wukaonponus-6,8-nudrop-7-(3-me-
THJINHIEPa3HH-1-1iT)4-0KCOXHHOMNH-3-KapOOHOBOH KHUCJOTh JIeKapOOKCH-
JIPOBAHUE y/1a70Ch IPOBECTH B OJHY CTalHI0 C 00pPa30BaHHEM COeNHHEHUH
1.169 n 1.170 cooTBeTCTBEHHO.
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Hu onun M3 nexapGOKCHIMPOBaHHBIX (ropxuHoioHoB 1.167-1.170
He TIPOSIBUJI aHTHOAKTEPHANbHOH aKTHBHOCTH, HAa OCHOBAHHH Uero aBTODHI
JIeNaloT BBIBOJ O BaKHeMIleH posn 3-KapOOKCHIPYINIMbl IS TaKoH akTHB-
HOCTH.

2,3- luruapo-7-apuiokcy (apuiaMiHO ) 3aMeLleHHbIe (DTOPXHHOJIOHBI
1.173 cuHTe3npoBaHbl Ha OCHOBe 3-xJop-4-dropanHunuHa 1.9 u akpu-
noHutpuia (cxema 1.42) [233]. Kak coofmamT aBTOpEl, YacTHYHO
TUIpUpOBaHHble (ropxvHOMOHB 1.173 o6samaioT aHTHOAKTEpHAJIbHOM
aKTHBHOCTBIO, HECMOTPSI Ha OTCYTCTBHE KapOOKCHTPYMIBl B MOJOXKEHHH 3.

Cxema 1.42

1) menoyHoit

:@\ CH =CH-CN Hapom3
j 2) uomd)occ}mpmu

KHCIIOTa

19 1171

1) Etl F
_—

2 xu
H @X T]I
1.172 J—R Et
X=0,NH R 1173

1.2.4. Momndukanus 4-okcorpynnbl. OCHOBHbBIM HamnpaB/eHHEM
MOAUGbHUKALUHU TOJI0XKEHHsT 4 MOJIeKyJIbl (PTOPXUHONIOHOB fIBJIsETCSt 06paso-
BaHHMe OKCHMOB, a3WHOB, THIDA30HOB, CeMHKapOa30HOB Ha NpHUMepe HOp-
(JIoKCalMHa W APYTHX MpeicTaBuTesedl 3toro kKiacca [229]. Tak, npu
HarpeBaHWH XMHOJOHKapOGOHOBOK KHCaOThl 1.174 ¢ THOHUIXJIOPHIOM B Te-
yeHHe vaca ¢ rocjefylouleil 06paboTKol peaklHOHHOH MacChl XOJOLHOH
BOJIOM, cofiepaKalllelt aueTaT HaTPHst M LKKJIONPOMUIaMuH, obpasyercs 82 %
uukaonponuanmuta 1.176 u 16 % amuna 1.177 (cxema 1.43) [233].

[IpenpuHUMAJINCh TOMBITKH MOJNYYHTb aNKOKCHIPOM3BOLHbBIE ()TOPXHU-
HOJIOHKApPOOHOBBIX KHCJIOT, OCHOBBIBasiCb Ha pe3y/ibratax pabor [234]
1 [235]. B mepBoit usyueHa keto-eHo/bHas TayTOMepHsi | H-(hTOPXHHOIOHOB
1.178, a B Gosee paHHeM COOOLIEHHH NOKa3aHa BO3MOXHOCTb MOJMYYeHHs
4-3TOKCHXHMHOJIMHA JefICTBUTEM Ha 4-XHHOJIOH JKeCTKOTO 3JeKTPOQHILHOrO
peareHTa — TpuaTUADOChaTa.

OnHako JaHHYI0 peakLHMI0 0Ka3aJoch HEBO3MOXKHBIM PaclpOCTPaHHTh
Ha 3aMellleHHble q)TOpXHHOIIOHbI. q)aKT aJ]KI/IJII/IpoBaHI/Iﬂ TaKUX l'IpOl/I3-
BOJHBIX HCKJIOUHTENBHO N0 MOJOXEHHIO | NoATBep:KaaeTcss KBAaHTOBO-
xumnueckumu pacuerami [234]. Coornowenne npoxyktoB N- u O-atu-
JIUPOBAHUs 6-(TOP-7-XIOPXHHOJIOHA B PAa3/MUHBIX PACTBOPHUTE/ISX U3YUEHO
B padore [236].

4%
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Cxema 1.43
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Jpyro#i moxxon k momupukauun C(4) 3akiouancs B cuHTese 4H-
1,4-6ensornasun-1-okcunos u 1,1-muokcnnos 1.179 [237-239], comep-
XKALMX PasjHuHble 3aMecTHUTeNH B Oensosape. OOHAKO 3TH COeNUHe-
HUsA He 00/Jajalu aHTUOAKTepHalbHON aKTHBHOCTbIO M He WHTHOMpPOBaIM
JIHK-rupasy. 4-TuonpousBoaHele 1-3TH/-3-XHHOIMHKAPOOHOBOH KHCJOTHI
1.180 Tak:ke He MPOSIBUIN aHTHOAKTepHanbHOM akTuBHOCTH [240]. 1 pe-
3yJbTaThl M0Ka3biBalT, uTo rpynnupoBkd SO u SOy B XHHOMOHAX He sB-
astioTest 6Mon3ocTepaMi KapOOHUJIBHOM T'PYMIIbL.

B uenom Obln cuenan BbiBoA, uto (parment C(4), comepxaiiuii KeTo-
rpymnmy, HeoGXoAuM AJs cBsisbiBaHMA XuHOMoHOB ¢ JIHK-rupasoit, ynane-
HHe €ro WK 3aMeHa Ha ApyrHe OCTATKH MPUBOAMT K MOJHOH HHAKTHBALUH
TOJTyYeHHBIX COeJHHeHHH.

5

R’ (ﬁ)n S
F S« COOH COOH
R
7,
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R Et

1179 1.180

1.2.5. Mogu¢ukauus nonoxkenus C(5). B pannux paGorax Obl-
J0 TOKa3aHo, 4To N-3TUINPOM3BOAHblE (DTOPXHHOJIOHOB, HE COHEpIKa-
wue 3amectuteseil, kpome C(5), He MPOSBISIOT aHTHOAKTEPHATIbHOM
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akTUBHOCTH [241, 242]. Beenenue B 5-nosoxenue 1-upkaonponui-6,8-nu-
(rop-7-(4-merunnunepasus- 1 -un)-4-okco- 1,4- turuapo-3- XUHOJIHUHKapGO-
HOBOH KHCJOTH Takux 3amecturened, kak F, Cl, Br, OH, OCHj, SH,
SCHj3, CHO, CH»O, Tax:e He npuBesio K CKOJIbKO-HUOYb 3HAUMTEJNbHOMY
TMOBBIIIEHNI0 aKTHBHOCTH [243, 244]. B npyrux myGaukauusx yKasbiBa-
Joch, 4To 3aMectuTesn Y C(5) OKasblBalOT OTpULATE]bHOE BJIHMSHHE Ha
aHTHOAKTePHaTbHYI0 AKTHBHOCTb (PTOPXUHOMOHOB [245, 246]. OTpuuaresis-
Hbli a(pext C(5) 3amecTuTe/Isi OOBSCHSIN €ro MPOCTPAHCTBEHHBIM BJIH-
SHUEM Ha B3auMofeiicTBHe 4-0Kco-3-KapOOKCH(pparMeHTa MOJIEKY/Ibl XH-
HOJIOHa ¢ HOHaMH MeTajaa GakrtepuanbHoit JIHK-rupassl. OnHako nmoutu
He OTVIHYAIOLKHCS 110 06BbEMY OT aTOMa BOLOPOAA aToM (hTopa TaKke CHH-
JKaeT aKTHBHOCTb, YTO He MOXKeT ObITb CBSI3aHO C €ro IPOCTPAHCTBEHHBIM
BausiHHeM [245].

HeoxXHIaHHBIMH OKa3a/MHCh Pe3yJabTaThl, CBHAETENbCTBYIOLIHE O 3HAUH-
TeJIbHOM BJIMSIHUM aMHHOrpymIsl B nosoxenun C(5) [247]. Beenenne amu-
HOTpYNIbl B 5-nos0KeHHe 6,8-1udTOp-7-NUIIepasHHUIXUHOIOHOB NIPUBEJIO
He TOJIBKO K TOBBIIEHHIO aKTHBHOCTH B OTHOIIEHHH TPaMOTPHLATeJbHEIX
MHMKPOOPraHH3MOB, HO H, 4TO oueHb BaxkHO, B 8-10 pas yBenuumio ak-
THBHOCTb NIPOTHB CTa(UIOKOKKOB H CTPENTOKOKKOB. 5- AMHHONPOU3BOAHEIE
(TOPXMHOMOHOB ObLIH NPELCTABNEHH! KaK elle OIHH KJacc (TOPXHHOIOHOB
LLII/IPOKOI'O cneKTpa }leﬁCTBHH, " 6bIJII/I pa3p360TaHbI MOAXO0Abl K CHHTE3aM
5-aMHUHO3aMelleHHbIX [-3T’I- U 1-LUK/I0NpOnHA(QTOPXHHOIOHOB € Pa3iny-
HBIMU 3aMeCTUTeNSIMH B mosioxkenun 7 [243, 247-250]. Tak, cnapgarok-
cayur 1.184 Obin cunTesupoBaH no cxeMe 1.44. CuHTe3 ocHOBaH Ha
HUTPOBAHUM TeTpapTOPOEH30HHON KHCJOTBI, NOCTPOEHHH HA OCHOBE XJIO-
panruapuaa 6-uutpo-2,3,4,5-retpadropbensoiinoil xucaots 1.181 xuHo-
JIOHOBOTO OCTOBA, BOCCTAHOBJIEHHH, THAPO/IH3e H KOHIEHCAUuH ¢ 2,6-1u-
MeTH/IUIePasHHOM, o6LIKH BEIXOX cocTaBua 28 % [251].

Cxema 1.44
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Cxema 1.45
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Ele onHO HampaBieHHe MOXM(HKALMHM (DTOPXHHOJIOHOB — BBeNEHHE
METH/IbHOI TPYIMbl B MOJNOXKEHHe D, KOTOpoe B psiie CJydyaeB IPUBEJO
K TOMOXUTeNbHBIM pe3yapTaTaM. OcCyllecTBEHB CHHTe3bl psila TaKHUX
IPOM3BOJHbLIX, HAMPUMED O-MeTH/I-4-0KCO-3-XHHOMMHKAPOOHOBBIX KHCJIOT
1.188 Ha ocHoe 2-metui-3,4,6-TpucpTopGensoiiHoil Kucaotsl 1.187, mo-
JyueHHOH u3 okcasonuHa 1.185 wuau 2,4,5-tpuchropépombensona 1.186
(cxema 1.45) [252]. 5-MeTun-8-(hTOPXHHOMOHD! MOJYUYEHBl HA OCHOBE MeEH-
Ta(TOPUPOBAHHOrO aHasora coetnHenus 1.185 nyrem 3ameleHus o-atoMa
(TOpa Ha MeTHJ, PAaCKPHITHS OKCa30JMHOBOrO LHMKJA M NOCTPAaUBAHHS IH-
pumoHoBOro (pparmenta [252].

Konpencauust 2,6-1ux/iop-4-MeTHII-5-QTOPHUKOTHHOUIXJIOPHAE € Ma-
JIOHOBBIM 3(MPOM, Nocjefyloliee 1eKapGOKCHIUPOBAHHe, B3aUMOJEHCTBHE
¢ HC(OEt);, peakuust 3-3TOKCHIPOM3BOAHOrO ¢ 2,4-1H(TOPAHUIIHHOM
U JanbHefillas LMKAM3auus npuend K 1,8-HadTupuaun-4-oH-3-Kap6oHO-
BBIM KHCJIOTaM, CONEPKAIIUM METHJbHYIO TPYIMY B NoJoxeHHH 5 [253].

dtunoBbiit 3up 7-x710p-1-uKKI0IpONHA-6-PTOP-1,4-AIUrHAPO-D-METHI-
4-oxco-1,8-Hadrupunun-3-kapooHoBoit  Kucaothl 1.193 mosyueH nyrem
BOCCTaHOBJIeHHS ABOHHOH cBsi3H Cy—C3, peruoceseKTHBHOIO NEMPOTOHHPO-
BaHUsl NI0JIOXKEHHST 5, METHIMPOBaHHs, pereHepaluy 1BoHHOH cBsisn Co—Cs
uepe3 CeJeHHPOBaHHe, OKHC/IEHHE W CUH-3JIMMHHHpOBaHHe (cxema 1.46)
[254].

5-T'uppokcuMeTua- U 5-hopmua-1-wukaonponua-6-¢prop-7-nunepasu-
Hug-1,4-nuruapo-4-okco-1,8-uudprupuanser 1.196—1.198 cunresnpopanbl
uepe3 H-TPUMETH/ICHIHIbHbIE npousBonHbie 1.195 (cxema 1.47) [244].

[IpoTHBOpeUHBLIE Pe3yJbTaThl O BJHSHHU 3aMECTUTEJs B MOJIOXKEHUH 5
Ha aHTHOaKTepHalbHYI0 aKTHBHOCTb MOOYAMJIHM NMPOBECTH Gosee AeTanbHbIH
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Cxema 1.46
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aHa/IN3 B3aHMOCBSI3H «CTPOEHHE—aKTHBHOCTb» D-3aMeIeHHbIX (PTOPXHHO-
qoHoB [101, 102]. Ha cepuu 120 coenmuenuii, comepxkamux B C(5)-
nosoxenun rpynmuposkn H, NHy, OH, CHj3 u samecturean y C(8)
(H, Cl, F), y C(7) (nunepasus-1-un, 3-Mmerunnunepasus-1-um, 3,5-1ime-
TUMUNEPa3HH- -1, 3-aMHHONUPPOJUAKH-1-HI U 3-3THIaMHHOMETHIIHD-
posimus-1-u), y N(1) (atma, wuksonponua u 2,4-gudropdenusn), 6510
nokasaHo, uto 3amecturesb y C(5) OkasbiBaeT HEOZHO3HAYHOE BIIHSIHHE
Ha aKTHBHOCTb, KOTOpas B 3HAUHTEJIbHOH CTeNeHH 3aBHCHT OT APYTHX
3amecturesieil, B nepsyto ouepenb oT N(1). Tak, 5-amuHOHOP(IOKCALMH
B 10 pa3 MeHee aKTHBeH, ueM HOP(JIOKCALMH, B OTHOLIEHMH IPaMOTpPHLA-
TeJIbHBIX LITAMMOB GaKTepui, HO B 5 pa3 0osiee aKTHBEH B OTHOLIEHHH
rpamnosoxutenbHbiX. B apyrux N(1)-3TH/BHBIX NPOM3BOJHBIX 3aMeHa BO-
JI0POia B 5 MOJIOXKEHMHM HAa aMHHO-, OKCH- MJIM METHJbHYIO TPYHIHPOBKY
CHMXKaeT aKTHBHOCTb NMPOTHB BceXx wTamMMoB B 2-10 pa3. OpHako, ecau
N(1) — uMKJIOMpOMMJ, pe3yabTaThi IPOTHBOMOJOKHLL. BBeneHue 5-amu-
HOTPYMMBl B LUMNPOGIIOKCALMH yBeIHUHBAET B § pa3 aKTHBHOCTb B OTHO-
LIEHHH TPAMIIOIOKHTETbHBIX MHKPOOPraHU3MOB NP COXPaHEHHH BBICOKOH
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aKTHBHOCTH B OTHOLIEHHH IPaMOTPHULATEJNbHBIX WTaMMOB Gakrtepuil. Ok-
CHTpyMNna CHHXaeT akTHBHOCTb B 2-20 pa3, 0cOOEHHO B OTHOLIEHHH TIpa-
MOTpHLaTeNbHbIX TaMMoB. Ecain B uesiom cpaBHuBath BausHue NHo, OH
1 CHs rpynn B 5-nonoxkenun N-LHKIONPOMUIBHBIX MPOM3BOLHBIX, TO MO-
noxutenphblil adpdekr NHy n CH; 3amecTutenell mpruMepHO OIHHAKOB,
U 3TH (PTOPXUHOJIOHBI OOMAJAIOT LWIMPOKHM CIEKTPOM M BBICOKMM yPOBHEM
aKTHUBHOCTH. Pe3ysbrathl ucnbiTaHuit mst HekoTopbix C(5)-mpoH3BOAHBIX
npuBeseHsl B Taba. 1.4.

Hcexonsi 3 mosyueHHBIX 3aKOHOMEPHOCTEH B MOCJENyIOLike TOfbl HC-
CJIeloBaHUsl ObIM HalpaBleHbl HA CHHTE3 M MCMbITAHHSI HOBBIX 5-aMHHO-
1 H-MeTHJI3aMelleHHBIX (D TOPXHHOJIOHOB. B psiny H-aMuHO- 1-LHKJIONPOITHII-
6-(hTOPXHUHOJIOHOB OBIJIM  BbISIBJIEHBl TPOM3BOAHbIE, OO6/afaloLIHe BBICO-
KOH aKTHBHOCTBbIO K TpaMIOJIOKHUTeJNbHbIM IITaMMaM Oakrepuit. Tak,
7-(7-amuHOMeTHII-5-a3acnupo([2.4]rentan-5-un)-xunonon 1.199 B 12 pas
TpeBbILIAET N0 aKTUBHOCTH B OTHOUeHHH S. aureus HPCH27 uunpodaok-
cauuH [255-257]. Beicokoit akTHBHOCTbIO B OTHOLIEHMH P. aeruginosa
32104 u E. coli NIHJ o6nanaer anasor coenutenus 1.199, conepxaiui
uuc-2-(QTOPUMKIONPONUIBHYIO TPYNIHPOBKY B mojoxenun 1 [258, 259].

DTOPXUHOJIOHEI, CONEpIKAIIHe aMHHOTPYIIY B MOJNOXKEHHH D U METOK-
CHTpYNIy B rnosoKeHHH 8, HampuMmep npoussomHoe 1.200, a Takxke MX
8-MeTH/I3aMellleHHble aHAJIOTH, TPOSIBJSIOT BBICOKYIO aHTHOAKTEPUAIbHYIO
aKTUBHOCTb B OTHOLIEHWH LIHPOKOr0 psifia MUKpoopraHuamos [260-262].

NH, NH, O
F COOH F COOH
I 1 |
N N R~y N
F A R OMe A
NH,CH/ 199
1.200

5-AunnamuroxuHosonsl 1.204 crHTe3nposanbl mo cxeme 1.48 [263].

C ue/blo MOJIYYeHUsT MYJbTHUCBSA3bIBAIOLMX TePANeBTHYECKUX areHTOB
OCYILECTBJIEHO CBSI3bIBAHHE M0 MOJOKEHHSIM D IBYX (PTOPXMHOJOHOBBIX
Jurasnos 1,3-nnamuHonponanosbiM MocTiKoM (cxema 1.49) [264, 265].

DTOPXUHOJIOHEI, COfepKalllie B MOJOKEHUH D TMAPA3HHOrPYMNY, sB-
aAs0Tcst 9Q(HEeKTUBHEIMM aHTUMUKPOOHBIMH areHTaMH B OTHOLUEHHH pfi-
[la TaTOreHHbIX MHKPOOPTaHMU3MOB, OOJAJalT Jydlled PacTBOPUMOCTHIO
B BOJE, YeM MHOTHe M3BeCTHble (TOPXMHOMOHBL. 5-IHipasuHO3aMelleH-
Hble XMHOMOHOB 1.211 MoryT ObITb HCMOJIB30BaHBl AJS JeueHHs HH(peK-
LIMOHHBIX 3a00/IeBaHUI LEHTPAJbHOH HEPBHOH CHCTEMbl, OCTPOrO OTHTa,
CHHYCHTA, UH(EKLUMH IVIa3 M TMOJOCTH PTa, eHHTANbHBIX MH(EKLHH, THi-
HEKOJIOTHYeCKUX 3a00/eBaHUH, KeNyI0uHO-KHIIeUHbIX HH(EKLUH, HHpeK-
LMH KOCTeH, KOXKH U KOXHBIX CTPYKTYP, JIeUeHHSI 0XKOTOB, MPOQHUIAKTH-
K1 OaKTepuasbHBIX 3a00/1eBaHHI Yy GOJIbHbIX CO CHHMKEHHBIM MMMYHHbBIM
CTaTycoM (MauKeHTaM, MoTyYalokM XUMHOTEPATHIO PH OHKOJOTHYECKHX
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Ta6anua 14

Axrusroctb C(5)-aHanoros 3ameluerHbix GropxuHononos (MIC, Mxr/mi)

R! RS R’ R® S. E. P.
aureus | coli |aeruginosa

y-CsHs Cl 4-merunnunepasus-1-un | F 0,2 10,025 0,78
y-CsHs Br 4-merunnunepasun-1-un | F | 0,39 | 0,05 0,78
y-C3Hs OH 4-merunnunepasus-1-un | F 0,2 0,05 0,78
y-C3Hs OCH3 | 4-merunnunepasus-1-un | F 25 0,2 12,5
4-C3Hs SH 4-merunnunepasun-1-ua | F | 3,13 0,2 12,5
y-CsHs SCHj; 4-mertunnunepasun-1-ua | F | 3,13 0,2 12,5
y-CsHs NH, 4-metunnunepasud-1-un | F 0,1 0,012 0,2
4-C 3Hs | N(CH3)s | 4-merunnunepasun-1-ua | F 25 3,13 50

y-CsHs H 3-NHy-nupponunuu-1-un | F 0,2 1,6 0,8
y-C3Hs NH, | 3-NHy-nupposuaun-1-un | F | 0,05 | 0,006 0,1

y-CsHs NH, 3-NHy-nupponnnun-1-un | Cl | 0,1 0,025 0,8
y-C3Hs OH 3-NHy-nupponunus-1-un | F 0,1 10,013 0,2
y-CsHs CH3 3-NHy-nupponumun-1-un | F | 0,013 | 0,006 0,4
y-CsHs CHj; 3-NHy-nupponupus-1-un | H 0,1 0,025 0,4
y-CsHs CoHs | 3-NHy-nupponumun-1-un | H | 12,56 0,4 12,5
CoHs H 3-NHy-nupponunuu-1-un | F 0,4 0,1 0,4
CyHs OH 3-NHy-nupponunun-1-un | F 1,6 0,2 0,8
CoHs NH, 3-NHy-nupponunuu-1-un | F 0,4 0,1 1,6
CyHs CHj3 3-NHy-nupponunus-1-un | F 0,4 0,05 1,6
CoHs CHj3 3-NHy-nupponunun-1-un | H 1,6 0,2 3,1

3a00/IeBaHUAX WJIM TI0CJHe TPAHCIIAHTALMK OpraHoB). 5-IMapasuHOXMHO-
noHbl 1.211, cuHTe3MpoBaHble 3aMellleHHeM aToMa (Topa B MOJOXe-
HUM 5 TpU JeHCTBUM THADAsHHTHApPATA MK t-OyTHiaKapbasata, aKTHBHbI
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Cxema 1.48
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B OTHOLIEHHH MeTHLHJJIHHPe3UCTeHTHoro wrtamma S. aureus 395 (cxe-
Ma 1.50) [266-269].

[Ipenapar 1.212 npexcraBisieT co60# KOMGHHALMIO H-THAPA3HHO3aMe-
LIEHHOr0 (PTOPXUHOMOHA ¥ HedanoThHa [270].

Monudukanus pTOPXHHONOHOB BBeJIEHHEM METHIbHOM IPYIIbl B [OJI0-
KeHue b nposesieHa asropamu [271, 272].

5-MeToKCH- U 5-ruapoKcH-6-rop-1,8-HadTHPHIOH-3-KapGOHOBbIE KHC-
notel (1.218, 1.219), npeBocxopsiuye JNeBO(JOKCALHH 10 aKTHBHOCTH
K S. pneumoniae 7257, cunre3upoBanb! no cxeme 1.51 [273].

1.2.6. Mogudukanus nonoxenust C(6). Mayueno BiusiHue mpupo-
1Bl 3AMECTHTEIs B TIOJIOXKEHUH 6 Ha aHTHOAKTepPHAJIbHYIO aKTUBHOCTD [193,
274, 275]. TokasaHo, 4TO aTOM raJloreHa Beerja OKasbiBaeT 6/1aronpUsTHOe
BO3/IEHCTBHE HA YPOBEHb AKTHBHOCTH XHHOJIOHOB, PUUYEM Haubo/Mee aKTHB-
HBIMH OKa3bIBAIOTCS (Toprpor3BonHbie (tabs. 1.5). 3HAUMTENBHO CHHXKa-
I0T aKTHBHOCTb Takue 3amecTutesd B 6 nojoxenud, kak COCHj, NOo,
nunepasuH-1-ui, a Takxke aupropmerokeurpynna [276], nupponuaus-1-um,
4-meruanumnepasus-1-un, mopgonns-1-un [246].
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HO CHHXKaeT aKTHBHOCTb XHHOJIOHOB (taém. 1.5) u [277, 278]. As-
topaMu [279] Gbli OCYILIECTBJEH CHHTE3 elle OXHOro 6-asa-aHasora
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3amena ¢ropa npu C(6) u aktiBHOCT anasoros (MIC, mkr/mi)
[0}

RS COOH
0y
R N
!
R' R® R’ S. E. P.
aureus | coli | aeruginosa
CyHs H nunepasuu-1-ui 12,5 | 0,78 3,13
CoHs CH3; nunepasuH-1-uan 3,13 | 0,39 6,25
CoHs SCH3; nunepasuH-1-un 25 0,78 12,5
CyHs COCHj3 nUnepasut-1-ui 100 100 100
CyH; CN nunepasuH-1-un 12,5 | 0,39 6,25
CyHs NO, nunepasut-1-ui 25 0,78 12,5
CoHs F nunepasuH-1-un 0,39 | 0,05 0,39
CyHs Br nunepasut-1-ui 3,13 | 0,39 12,5
CoHs Cl nunepasuH-1-uan 1,56 | 0,20 3,13
CoH; | MMmePa cl 100 | 100 100
3UH-1-H71
4-CsHs F nunepasuH-1-un 0,25 | 0,06 0,5
4-C3Hs N nunepasut-1-ui 8 1 4
4-C3Hs H 3-NHy-nupponunun-1-un | 0,25 | 0,008 0,5
4-CsHs F 3-NHy-nuppoaunnun-1-un | 0,03 | 0,004 0,25

(TOpXHHOMOHOB —  7-numnepasuHo-l-uukaonponu-1,4-nuruapo-8-grop-
4-okco-1,6-HadrupunnH-3-kapOoHoBoit  kueaotel  1.224  (cxema 1.52).
B KayecTBe HCXOLHOTO COEAMHEHHS B3ST STHJOBBIH 3(GUp 2,4-IUTHIPOKCH-
3-HuTpO-5-nuprauHKapGoHoBOH KucaoTe 1.220. HadrupunnakapboHosast
kucsota 1.223 cunresuposana B 10 cramuii, K/MoueBoil sBAseTCS peakuus
[lumana — pasnoxeHue rekcadropdocdonaTHoit conn auasonus 1.221,
TN0JIy4eHHOH M3 3TUJIOBOr0 3(upa 3-aMHHO-2,4-1HXJI0p-5-NHPUAMHKAPGO-
HOBOH KHMCJ/IOTHI.

Hagnexnbl aBTOPOB Ha TO, 4TO BBeJeHHe atoma (Topa B MOJMOXKe-
HUe 8 anBeueT K TOBBIIIEHHWKD aKTHUBHOCTH, He Ol'[paB}laJIHCb, nu coenu-
HeHue 1.224, u apyrue 7-LMK/I0aMUHO3aMeLUEHHbIE €r0 aHAJIOTH ObliH
NPUMEPHO B 4 pa3a MeHee aKTHBHBI B OTHOLIEHHH TI'DaMIIOJOKHTEJNbHBIX
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Cxewma 1.52
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¥ I'PaMOTPHLATe/bHBIX OPraHU3MOB 110 CPaBHEHHIO ¢ MX 1,8-HadTHpPHIMHO-
BBIMH H3oMepamu [279].

M3 pauubix Taba. 1.5 cenyer, 4To NpH HaJMYMH aToMa (TOpPa B IO-
JIO’KEHUH 6 XMHOJIOHBI MPOSBIISIOT HaHOO/IbIIYI0 aHTHOAKTEPHANBHYIO aK-
tuBHOCTh. Ho yke B Gostee moazueit paGote [280] yGenurensHo nokasao,
4TO J/IS1 MOJTyYeHHs BhICOKOAKTHBHBIX COeIMHEHH He 0053aTeqbHO MPHCYT-
crBUe atoMa ropa y C(6), 10cTaTOUHO UMeTb B MOJIEKYJIe XHHOJIOHA TaKHe
(apmakodopHble rpynnupoBkH, Kak N(1)-uukionponua u C(7)-3-amuHo-
nuppoauaut (tada. 1.6). [lepemerenne ropa B 8-nosioxKeHHe B STOM PsLy
TNPUBOAUT K He3HAUYMTeJbHOH NMOTepe aKTHBHOCTH.

HekoTopble XHHOJOHKAapOOHOBbIE KHCJIOTH, He CofepxKallihe aToM (To-
pa B TOJOXEHHH 6, HO HMeMIIHe yuc-2-YTOPIPONHUJIBHEIN 3aMecTHTeb
B T0JIOXKEHHH | ¥ aMUHOLHMKJIONPONUJIIHPPONHAHHOBEIE TPYIIHPOBKH B T10-
JIOXKEHHH 7, TaKkKe 00/MafialoT aHTHOAKTEePHAIBHOH aKTHBHOCTbIO [281].

OTH BbIBOLBl MOATBEPXKNAIT M JaHHbe 00 AKTHBHOCTH 8-rajoreHo-
7-MUpPOJIH AMHUI(THIIEPA3HHII) IPOU3BOAHBIX 3-XHHOJOHKApPOOHOBOH KHC-
JIOTBI, CONEPIKALIUX B MOJOKEHHH 6 aMHHO- [282], METOKCH- MJIM THAPOK-
curpynmy [283].

[TocTOSIHHEIN POCT HCCJIENOBAHUH 10 B3aHMOCBSA3H «CTPYKTypa—aKTHB-
HOCTb» B PSIaX BHOBb CHHTE3HPOBAHHBIX ()TOPXHHOJOHOB II03BOJISIET Ha-
XOIUTb HOBble KOMOMHALMU 3aMeCTHTeJell B XMHOJOHOBOM LHUKJeE, IIPUBO-
JAsliie K CO3[AaHHI0O BbICOKOAKTHUBHBLIX IpernapaTos. TaK, Ha Cepuu 8-Me-
TUJIXMHOJIOHOB, He cofepxkalluX (Topa B MONOXKEeHHH 6, a B MOJOXKEHHH 7
MMEIOLIMX Pas3JIMyHble LHK/I0AMHHHBIE 3aMecTHTeNH (coennueHusi 1.225)
T0Ka3aHO, YTO OHU 00/afalOT BBICOKOH aKTHBHOCTbIO IPOTHB TPaMIIOJO-
JKUTENbHBIX OaKTepHi, BKJIOYAs LUIPOMJIOKCALUH- U MeTHLHJIHH-De3U-
crenTHole S. aureus [284]. HanGosbliylo akTHBHOCTb MpOSIBISIET MHUIle-
PHAMHUIbHOE MPHU3BOAHOE, KOTOpoe B 17 pa3 Obl1o Gojee aKTHBHO, YeM
LUMPO(JIOKCALHH | M0KA3a/J10 OYeHb BHICOKYID aKTHBHOCTb B OTHOLIEHHH
S. pneumoniae co sHauennem MIC <0,016 mxr/mi.
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HM3omepHble MOHO- M AM(TOPNPOU3BOAHbBIE XHHOJOHOB
U ux aktuHocTh (MIC, MKr/ma)

R® R® R® | S. aureus | E. coli | P. aeruginosa
H H H 0,25 0,008 0,5
H H F 0,03 0,008 0,25
F H H 1 0,13 4
F H F 0,13 0,06 2
H F H 0,03 0,004 0,25
H F F 0,008 0,008 0,13
[0]
COOH
|
R” N
Me A
1.225

1.226

Xutoson 1.226, ne conepxawuii dropa npu C(6), u ero aHasoru,
OTJIHYAIOLIHECsT 3aMECTHTEJIEM B MOJIOKEHHH 8, TAKKe MPOSIBUIN BBICOKYIO
aKTHBHOCTb B OTHOWEHHH S. pneumoniae mytauuu GyrA u ParC (3Haue-
uusg MIC 0,03-0,125 mkr/ma) [285].

PesucTeHTHBIE B OTHOIIEHHH MHOTUX THIIOB JIEKAPCTB IPAMIIOJIOKHTEb-
Hble IATOreHBl, fBJISIOLIMECS NPHYMHOH BHYTPHUOOJBHHUHBIX HH(EKLUH,
CTaHOBATCS Bce GoJbliell MpofieMoii B MefHIHHe, YTO NOOYKAaeT MPoBO-
IHUTb TOCTOSIHHBIH TIOUCK HOBBIX aHTHOAKTePHAJIbHBIX IpernapaTos. B paGo-
Te [286] ocymecTBieH cuHTe3 HOBBIX 6-(rop-1-[(1R,2S)-2-bropuukionpo-
naH-1-un|-8-merokcuxuHosmonos 1.227—-1.229, conepxaiiyx B M0J0XKeHHH
7 3-(1-amuHouukI0anKu1)nupponuaus-1-un u ux C(6)-1eTopupoBaHHEIX
anasorop 1.229-1.231. B xauecTBe HCXOIHBIX COEJMHEHHH ObLIM HC-
T0JIb30BaHbl 3-MeTOKCH-2,4,6-TpudTopOeH3oiiHas KUCI0Ta sl XUHONOHOB
1.227-1.229 u stunosblit 3¢up 2,4-1u¢pTop-3-MeTOKCUOEH30MTYKCYCHOM
KHMCJIOTbI 11 XHHOJOHOB 1.229-1.231.
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Crpykrypa xuHosoHoB 1.227-1.231 mnoarsepxieHa merogamu MUK,
cektpamu 'H SIMP, a ans xnoprumpara coenunenns 1.230 mposeseHo
PEHTTEHOCTPYKTYPHOE HCC/IeI0BaHHe, YTO NO3BOMUIIO ONPENENUTh abCoMoT-
HYI0 KOHQHrypauuio crepeousomepa (puc. 1.4).

[o]

0
6
R COOH RS COOH
! | |
g_@ N
R—
N\ OMe H, Me
H [] \
6
1227: R=F, R=H; 1229: R°=F;
6
1.228: R'=F, R=M¢; 1232: R =H

1.230: R’=H; R=H;
1.231: R®-H; R=M¢;

Puc. 1.4. launsie PCA xsoprugpara 1.230

Msyuyena aHTHGaKTepuanbHas aKTHBHOCTb XuHosMoHOB 1.227-1.231
B OTHOLIEHMM TPaMIONOXKUTENbHBIX H TIPaMOTPHLATENbHBIX OaKTepHit
B CpPaBHEHMM C H3BECTHbIMH (pTOpPXHHOMOHAMH [286]. Pesysibrarhl
HCTbITAHUI HEKOTOPBIX M3 HHX MpHBeJeHsl B Taba. 1.7.

AxrtuBHocTb coenuHenu#i 1.227-1.231 NpOTHB TpaMIONOKHUTEIbHBIX
Gakrepuit B 4-520 pas Gosblue, 4yeM y TPOBa-, MOKCH-, TaTH- WJH LH-
npoguiokcalnHa. B oTHOleHMM TrpaMoTpuuaTesbHbIX Oakrepuil E. coli
u K. pneumoniae 3TM XUHOJIOHBI TPOSBUJM aKTHBHOCTb, CPaBHUMYIO
¢ TpoBa- M LMMPOQJIOKCaUHMHOM. UTO KacaeTcs BIJMSIHHA 3aMecTHTeNs
B noJoxeHHH 6, To QTop3amelleHHble Gojlee aKTHBHBI, 4eM Je(TOPHPO-
BaHHble aHasord. [IpoBefieHbl TOKCHKOJOTHYECKHe HCCIeJI0BaHHS U MOKa-
3aHO, YTO HaMMeHblUeH BHYTPHBEHHOH TOKCHYHOCTBHIO €IMHCTBEHHOH [03bl
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Awnrubakrepuanphas aktusHocTb (MIC, Mxr/mi) coepunennit 1.227-1.231
¥ HEKOTOPBIX H3BECTHBIX (YTOPXMHONOHOB

Coenu- | S. aureus i::i:: E. faecalis | E. coli ]jr'l:nﬂiz_ };I_ZZ;Z_
nerue | FDA 209-P J-o4 ATCC19433 | NIHJ type Il | PAOI
1.227 | < 0,003 | <0,003 0,012 <0,003| 0,012 0,2
1.228 | < 0,003 | <0,003 0,025 <0,003| 0,012 0,2
1.229 | <0,003 | <0,003 0,025 <0,003| 0,025 0,39
1.230 | < 0,003 0,006 0,025 <0,003| 0,05 0,39
1.231 < 0,003 0,006 0,05 0,006 0,05 0,39
1.232 | < 0,003 0,006 0,05 0,012 0,05 0,39
TVFX* 0,013 0,05 0,2 <0,003| 0,025 0,2
MFLX? 0,013 0,025 0,2 0,006 0,05 0,78
GFLX? 0,05 0,2 0,39 0,006 0,05 0,78
CPFX* 0,05 0,39 0,78 <0,003| 0,025 0,05

# TVFX — tposadokcaun, MFLX — mokcudaokcauns, GFLX — ratu-
¢anokcaunn, CPFX — uunpodiokcauns

U JIy4dMH (papMaKOKMHeTHYeCKMMH JaHHBIMU o6nanaer xuHosoH 1.230.
DTOT XHHOJIOH NMPOSIBUI OJIU3KYI0 MK GoJlee BBICOKYIO aHTHOAKTEPHATbHYIO
aKTHBHOCTb B CPaBHEHHH C IPYTHMH TeCTHPYeMBIMH (TOPXHHOJIOHAMH HJIH
JPYTHMH TIpenapaTtaMy B OTHOIIEHHWH KJIMHHYECKH H30HPOBAHHEIX I'PaMIIO-
JIOKMTEJIbHbIX OaKTePHH, PE3UCTEHTHBIX K OXHOMY MJIM MHOTMM aHTHOaKTe-
puasbHbIM areHtaM. XuHosoH 1.230 Gblt 0To6paH A5 JalbHEHIINX HCIbI-
TaHUH KaK NMepCHeKTUBHBIN Npenapar A/st JeyeHus! HH(EKLUH, BEI3BAHHBIX
MYJIbTH/IEKAPCTBEHHO-PE3UCTEHTHBIMU I'PAMIIONIOKUTENbHBIMU OaKTEPUSIMH.

Hopduokcaunn u meduiokcalyH, cofepiKalllhe B MOJOXKEHHH 6 H30-
Ton dropa, momyuens oomerom 'SF/!9F B 7-xnopsamerenHom HHTepMe-
Juarte M TOC/TeAyIOIMM 3aMelleHHeM aToMa XJopa Ha IHMepasHH WM
1-merunnunepasun [287].

doroxumuyeckoe npespalleHHe HOPQJOKCALMHA U 7-IHIEPa3HHUI-
1-31un-6-drop-1,4-muruapo-1,8-Had THpUAKH-3-KapOOHOBOH KHCJIOTBI B CO-
OTBETCTBYIOLIME 6-THIPOKCHIIPOM3BONHbIE H3YUeHO B padore [288].

1.2.7. Mopndukauus nonoxenus C(7). HauGosbiuee uncno my6-
JIMKALMI KacaeTcst MOAHQUKALMHK 7-NOJIOKEHHS MOJIEKYJIbl (PTOPXHHOJIOHA.
310 06yci0BIeHO TeM, uTo atoM rajorexa y C(7) 1ocTaTodyHO JErko BCTY-
naet B peakuuu ¢ N-, S-, O- u C-HyK/eodunamMH, 4TO MO3BOJSET LIHPOKO
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BapbHPOBATb CTPYKTYPY XHHOJOHOB. Boiiblloe BHHMaHHe Hcc/efoBarteel
yaeJsieTcss Mofbopy ONTHMAMBHBIX YCJOBHH HYKJICO(QHILHOrO 3aMelleHHs
aTOMOB XJI0pa W/ (ropa B 3TOM mosioxkeHuu [289-294].

XUHOJIOHBI, cofiepKalllie B 7-NOJOXKEHHH Masbli WM JUHEHHBIH 3a-
mecrurenu, takue kak H, OH, OEt, COOH, CI, Me, NH,, NHR,
NHC;3H;(u), NHNHy, SCHoCHoNHy 1 np., oGnapawor cnaGoil akTHB-
HOCTBIO B OTHOLIEHMH TPaMIONOKUTENbHBIX MHKDOOPIaHM3MOB H IIpaK-
THYECKH He aKTHBHB B OTHOLIEHHH otpuuaresbHbix [193, 295-297].
7-Asa-anasorn 6-pTopXHHOMOH-3-KapOGOHOBO# KUCJAOTH — 1,7-HadTrpuau-
HbI TaKXKe He [0Ka3aJjH BBICOKOH aHTHOAKTepHaNbHOH akTHBHOCTH [298].

[TouTH Bce MpPaKTHYECKH Ba)KHble (PTOPXUHOMOHBI COLEpKaT B 7-IO-
noxenn cBasb C-N, a Haubosee pacrmpocTpaHEHHBIMH 3aMeCTHTeNSIMH
SBJSIOTCS LUMKJIOANKWINMUHBL. YKe TepBble MPEeACTABUTENH COAEPXKAIH
y C(7) nunepasus (HOpQJIOKCALNH, LHTPO(IOKCALHH), 4-MeTHINHIIEPA3HH
(medpiokcanus), 2-MeTuaNIHNEpasut (1omegrokcayun) 1 obnagany sHaqu-
Te/IbHO GoJlee LIMPOKUM CIEKTPOM aHTHOAKTEPHAIbHOH aKTHBHOCTH, 4eM
He coleprKalllhe OCTAaTOK MHMepasuHa aHaJlOrH — HaJMAMKCOBas H OKCOJIH-
HueBasi KucsoThl [299-301].

PacTBopEl KaJleBEIX cOMell |-LHK/IOMPOMUIINIPON3BOHBIX 6-)TOPXHHO-
JIOHKapPOOHOBBIX KHMC/IOT, COAEpPIKAIHX B MONOKEHHH 7 OCTAaTKU l-MeTHIMH-
nepasuHa u 4-3THnunepasuHa-1, uenonb3yot ais unbekuui [302]. Conn
HOP(JIOKCALMHA C ra/JaKTypPOHOBO#, acnaparuHoBoi, IMIIOKOHOBOH /K Ty~
TaMHHOBOH KHCJIOTO! IIPHTOAHBL /ISt NapeHTepasibHOro npuMeretust [303].

Jlns BBefleHHs B MoJI0XKeHHe 7 QTOPXHHOJIOHA OCTaTKa MHMepasnHa Mpo-
BOASAT PeaklHUIo 7-XJOPXHHOJIOHA ¢ N-aJKOKCHKapOOHHUIHUIEPA3HHOM B BbI-
COKOKHIISIIIEM JMIONSIPHOM anpOTOHHOM DAcTBOPHTEJE, 3aTeM OCYIIeCTB-
JISIOT THAPOJIM3 alKOKCHKapOOHUJbHOM rpynmupoBkd [304]. dtoT cnocod
YCIIELHO HCIOJIb3yeTcs B CHHTe3e LUMPO(IOKCAalHHA — IpelBapHTelb-
HO CHHTe3MpYIOT 1-uuKaonponui-7-[4-(3Tokcukap6onu.)-1-nunepasuuun]-
6-¢prop-1,4-1uruapo-4-oKCOXHHOIMH-3-KapOOHOBYIO KUCJIOTY, 3aTeM MPOBO-
IAT THApoNH3 BoxHbIM pactBopoM KOH c obpasoBannem mumpociokca-
unHa [305]. VsBecTHbl Takxke cjydau HCIO/Nb30BaHUsSI GOpAHALIETATHBIX
KOMILJIEKCOB (D)TOPXHHOJIOHOB /151 BBEleHHs ocTaTKa numepasuta [306].

AJ'[bTepHaTI/IBHbIM CHOCOﬁOM MoJIy4eHHUs 7'1'[I/Il'lepa3l/IHOXI/IHOJ'IOHOB SABJISA-
eTcs peaklHus 7-rajoreHo3aMeleHHoro 6-TOPXHUHOJIOHA € CHJIHIITUIepasH-
HOM B NPUCYTCTBHH YETBEPTHUYHBIX aMMOHHHHBIX coseit [307]. Tpumerni-
CHJIUJIOBBIE S(UPbI (PTOPXUHOJIOHKAPOOHOBLIX KHCJIOT TaK3Ke HCIOJIb3YIOTCS
171t 00/IerdeHns BBeIeHHs MeTHIIHNepasiHoBoro 3amecrures [308].

Jlnst BBelleHUs B rnosoxeHue 7 1-3THJ-6-(TOPXMHO/MH-3-KapOOHOBOH
KHMC/IOTBl OCTaTKa 4-MeTHJINUIepasHHa IOJdy4alT OOPHU-(IIPOMNHOHHUIIOK-
CH)aHTMAPHI XMHOMOHKapGOHOBOH KHC/IOThI, 00pabaThIBAlOT ero 4-MeTHiI-
nunepasuioM B JJMCO npu temneparype 110 °C, rHApoKCHIOM Hatpus
¥ COJISHOM KHMCJIOTOH, 3aTeM mosydaioT MeTancyibdonar [309].

5 B.H. Yapywwuu, 3.B. Hocosa, I'.H. Jlunyxosa, O.H. Uynaxuu
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[npoko pacnpocTpaHeHbl HTOPXHHOIOHBI, COAEpKALLKe B ONOKEHHH 7
0CTaTOK 3-MeTH/MHIepa3HHa, TakuHe Kak JOoMedIOKCAUUH H TeMaJoKca-
uud [310-313]. B cuntese ratudiokcauyna 1/st BBeIEHUs 3-MeTH-1-1mu-
NepasMHUIbHONO OCTaTKa B MOJOXKeHHe 7 1-uukjaonponui-6,7-nudrop-
8-MeToKCH-4-0KC0-3-XHHOMMHKAPOOHOBYIO KHC/IOTY NPeIJIoKeHO HarpeBaTh
¢ amunoM B JIMCO B atmoctepe azota mpu 55 °C B Teuenue 24 u [314].
Jlas sameenust atoma F(7) B artuioBoM adupe 1-31un-6,7,8-Tpudrop-
4-0Kco-1,4-IUrUAPOXHHOMMH-3-KapOOHOBOH KHUCIOTH HAa OCTAaTOK 3-MeTHJI-
NUnepasuHa ONTHMANbHBIMU YCJOBUSMH 0Ka3aJl0Ch HarpeBaHHe ¢ 2-MeTHII-
NUMepasuHoM B MpucyTeTBHM mupuanHa npu 60-70 °C [315]. B narente
[316] mpensioxen Metox cuHTe3a 7-(3-MeTHII- 1-MUTePA3HHIIT)3aMELLeHHbIX
XHHOJIOHOB TPOBEeJeHHEM peaKLUH 7-Ta/oreHnpoOM3BOLHOIO ¢ aMHHOM B BO-
ne ¢ pobasieHueM kapGoHata Kaaust mpu 90-95 °C B TeueHHe He MeHee
10 yacos.

1-Luknonponua-6-drop-8-meTokeu-7-(3,5- tumeTHa - | -UnepasuHua) -
1,4-1urnapo-4-oKCOXHHOIHH-3-KapOoHOBas KHMCJO0TAa MepCreKTHBHA s
NPOQHIAKTHKH U JeueHHs MH(EKIHOHHBIX 3a00/eBaHHi Y TeMIOKPOBHBIX
KUBOTHBIX [317].

Harpesanuem 6-x710p-8-(hTOp-7-nunepasuHu-1,4-nurunpo-4-okco-
3-XuHOMMHKApOOHOBOH ~ Kucaotel B JIM®PA ¢ flomdcTeiM - 9THIIOM,
FaJOUIHbIM aJIMIOM MMM TaJOHIHBIM 2-OKCHITHIOM B IPUCYTCTBUH
TPUITUJIAMHHA TOJYUeHbl 7-(4-3Tha-, 4-anmun u 2-okcuaTuiI-1-nunepasu-
HUJIbHBIE) pon3BonHse [318, 319].

BBenenye B nunepasuHOBbIl ()parMeHT TAaKOrO 3aMeCTHTe/Isl, KaK ai-
KOKCI/I3aMeLLLeHHbIFI 6eH3l/I.}'l, l'IPI/IBeJIO K 3HAUMTEJbHOMY YBEJHUYEHHUIO JIUIIO-
(HUIBHOCTH CHHTE3MPOBAHHBIX MO cXeMe 1.53 HOBBIX MPOM3BOAHBIX LHMIPO-
(uokcanuna 1.233 a—p [320].

Cxema 1.53
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NaBH, PBr, 1233 a-p

R@ McOH R‘é Cr,Cr, Ré

R: 2'5-numerokcu (a), 4',5'-mumerokcu-2-uutpo (6), 4',5'-MeTH/eHIMOKCH-
2"-uutpo (B), 2'-6pomo-4’.5'-numeroken (r), 3'4'-stuaenesmokcn (m), 4'-me-
token (e), 3',5'-mumeroken (xk), 2/,3'-mumerokcu (3), 3',4’-mumerokcu (m),
2'-xnopo-3',4’-numerokcu (k), 3',4'-metunennuoxcu (m), 2',3’,4'-rpumeroxcu (m),
3’4’ 5" -tpumerokcy (), 4'-6ensunokcu (o), 4'-6ensuiokcu-3'-metokeu (m), H (p)

ABropsl paspaGoTany yHOOHBIH MeTOX, O0OecreuMBAIOLIUH MPOBee-
HHe BCeX MPOLECCOB (BOCCTAHOB/IEHHe afbJernioB GOPrUAPHIOM HaTpUst
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[0 COOTBETCTBYIOLIWX CIIHPTOB, 3aMeLleHHe THAPOKCHIPYNNbl Ha GpoM
M KOHIEHCALHs OPOMMETH/IAPEHOB C LHIPO(JIOKCALHHOM) B OLHOM
peakrope. Boixon coenuuennit 1.233 a—p cocrasun 27-63 %. Crpykrypa
onHoro u3 Hux (1.233 a) nonrsepxkneHa merogom PCA (puc. 1.5).

Puc. 1.5. lannbie PCA ¢ropxutonona 1.233 a

Mayuena anTuGaKTepHasbHas M IPOTHBOTYOepKyJe3Has aKTHBHOCTb
TOJIyYeHHBIX MPOM3BONHBIX LMIPO(IOKCALHHA B OTHOLIEHHH GOJBIIOrO
psiia rpaMroJIoKUTe/bHbIX M IpaMOTpuLaTe/bHBIX Oakrepuit [320]. Pe-
3y/JbTaThl MOKa3aiu, uyTo coeinHeHve 1.233 e uMeeT Xopollylo aKTHB-
HOCTb in vitro TMPOTHB BCEX TPaMMOJOXKHTEJbHbIX OaKTepui, BKJIouas
MeTHuHnuH-pesuctentHbie (MICs: 0,06-32 mkr/mu), kotopasi B 2-8 pas
TpeBbIllaeT aKTHBHOCTb LUNIPO(IOKCALMHA, a TAKXKE aKTHBEH B OTHOLIEHHH
M. tuberculosis (MIC 1 mMkr/ma).

Peakuueii 7-nunepasMHUIXHHONOHA C AUITUICYAb(HATOM, ITHO-A-TONY-
oJICyIb(OHATOM HJIH TPUITHIPOCHATOM B HHEPTHOM pPacTBOPHTEse NPH
25-150 °C rtaKkxKe nosMy4yeHbl XMHOJOHKAaPOOHOBblE KHCJOTHI, COLEPKalHe
3aMeLleHHBbIi 110 M0JI0KeHHI0 4 MUnepasuHOBbIH 3amecturedb [321].

IIpu o6padotke HopdaokcaurHa BogHeM CHyO B cmech MeTaHOM-XJ10-
puctsiit Meten (1 : 1) 66 nosyuen N(4')-rugpokcuMeTrHOPIOKCALHH,
ABJAIOMMICS NPOJEKAPCTBOM, KOTOPOe OBICTPO THIAPOJNU3YeTCsl IO HOP-
¢uokcannna npu pH 4,0-7,4 u cpaBHUTENBHO MeIJIEHHO THIPOJH3YeTCs
TpH LIeNOYHEIX 3HadeHusx pH [322].

Peakuue#t  7-munepasMHUILHONO  NPOM3BOJHOTO (D TOPXHHOJOHA
¢ 2,3-UUKJIOreKCHIHIEHIINLEPAIbIErHIOM oIyueHo 7-[4-(2,3-xuruapok-
CHNPOIHJI)-1-NHNepasnHuIbHOE] TIPOU3BOLHOE; OCYLUECTBJEHA pPeaKLus
7,8-1u(hTOp-6-XI0PXHHOMOHA C 2-TIHUNEePa3HHOHOM, MOAM(MHKALKS 7-MHme-
Pa3MHUIBHOTO OCTaTKa BBEJEHHEM B €r0 MoJoKeHHe 4 GeH30HIMeTHILHOrO
(parmenta (peakuust ¢ XJopaleropeHoHOM) H (OPMHUIBHOTO (hparmeHTa

5*
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(peakuus ¢ aHTMAPHAOM MypaBbHHOM kucaoTsl) [318]. TlosyuenHbie B pe-
3y/IbTaTe TaKoH MOAM(HKALHMHM NMPOU3BOAHEIE 00/1afalOT BbICOKOH aKTHBHO-
CTbIO B OTHOLIEHUH CTA(UJIOKOKKOB, CTPENTOKOKKOB, THEBMOKOKKOB, KJIe6-
cuels, nporees, Pseudomonas, a Takxe M. pneumoniae, M. tuberculosis,
M. leprae v aTHNHYHBIX MHKOGaKkTepui. [Ipenapatbl MOryT GbITb HCMO/bB30-
BaHbl [JIf1 JIeYeHHs] CENICHCa, OTUTA, (PapUHTUTA, NHEBMOHHMH, NEPHTOHHUTA,
nyenoHe(pUTa, LUCTUTA, SHIOKAPAUTA, OPOHXHTA, apTPUTA U APYTHX HH-
(heKLHOHHBIX 3a00/1eBaHHUI.

N(4') - TunpokeusTuinunepasuH - 1 - LukJ0nponui - 8 - meTokcu - 6 - prrop-
1,4-n1urunpo-4-0KCOXHHOIMH-3-KapOOHOBasi KUCJ0TA MOJyuyeHa KHIsSUeHH-
eM cMecd 6,7-1udTopXHHOOHA, 1-(2-TuapOKCHITUN)IHNepa3HHa U TPUOY-
THI00paTa B aLETOHHTpPHIE B TedeHue 5 4 [323].

Beenenve 2-BuHU/IMKMNEPa3HHA B NONOKeHHe 7 1-LuKaonponua-6,7-au-
(rop-8-xm0p-1,4-1MUruapo-4-0KCOXHHOMMH-3-KapOOHOBOH KHUCJIOTHI OMHCAHO
B marerte [324]. CunTe3 (hTOPXMHOJIOHOB, CONEPNKALINX B MOJNOKEHHH 7
2- niu 3-(uHaHOMETHI) TUNePa3HHUIbHBIA 0CTAaTOK, MPELCTaBIeH B paboTe
[325]. dropxHHOMOHBI, COfepKaLLHe B NONOKEHHH 7 4-THIPOKCUTTHTIEPA3H-
HUJILHBIA OCTaTOK, 06/1aJal0T BBICOKOH aHTHOAKTepHaJbHOH aKTHBHOCTHIO
M JIy4UIIMH TOKCHKOJIOTHYECKHMH CBOHCTBAMH, YeM HX Je30KCHaHaJIo-
ru [326].

B cepun numepasMHMJBHEIX NPOM3BONHBIX BaXKHOE 3HAUeHHe HMeeT
3aMeCTHTe/b B [UNEPA3HHOBON yacTy Mosiekyssl. Tak, 4-MeTH/1(3THI)3aMe-
LIeHHble TIPOH3BOAHLIE, KaK MpaBuio, Gosee akTuBHEI (246, 327]. Ha ypo-
BeHb aKTHBHOCTH OKa3blBaeT BJIMSIHHE H IOJIOXKEHHe METHJbHOH IpyIl-
Nbl B [HIEpa3dHe, B TOM 4YHCJE NPOCTPAHCTBEHHOE, O UeM CBHJETe/Ib-
CTBYIOT JaHHbBle IJIsi NPOM3BOAHBIX 1,8-HadTHPUIMHKAPOOHOBBIX KHCJIOT
(taba. 1.8) [328].

Cepusi R- u S-3HaHTHOMEPOB 7-(3-MeTH/INHUIEPA3HH- 1 -HIT) XHHOJIOHOBBIX
MPOM3BOAHBIX Oblyia CHHTe3WpoBaHa, ucxoas u3 (R)- u (S)-mpem-Gytui-
2-MeTununepasut-1-kapookenaaros  [329].  Mayuenne —amrtnGakrepu-
a/bHOH aKTHBHOCTH MOJIy4eHHBIX COe}lI/IHeHI/Iﬁ B OTHOLUEHHH 14 BUJI0B
0akTepuil MOKa3ajo, YTO B LEJOM BIHSHHE IPOCTPAHCTBEHHOrO (hak-
TOpa HEOJHO3HAYHO, OJHAKO Ha6/II0faloCh pasjHude B aKTHBHOCTH R-
1 S-3HaHTHOMepOB B 2-64 pasa B 52 % ciayuaes.

6-Prop-7-(eem-au3amelieHHble THIEPASHHII)XHHOJIOHbl MeHee aKTHB-
Hbl, YeM MOHO3aMelleHHble NurepasiHoBbie nponssopuee [330]. Beere-
HUe B 4 MOJIOKEHWe TaKUX 3aMecTuTesel, Kak 3-OKCHITHJ, 3-(TOpITHI,
3-1MTOPITH, 1€3aKTHBHPYET MOJIEKYTy (PTOPXMHOIOHA, OCOOEHHO B OT-
Hotwenuu P. aeruginosa [100].

BousiHpe BTOpOro rerepoaTomMa B IHINepasuHe HeofHO3HauHO. Tak,
sameHa B nunepasuHe N(4) na O, S uam CHo-¢parmentsl B aHa-
Jorax aMH(JIOKCAlMHA NPUBOLMT K CHIXEHHIO aKTUBHOCTH in vitro
u in vivo [80], ogHako 3aMeHa MUIEPAa3UJIBHOrO 3aMeCTHTENs B HOp-
(JIoKcanKHe Ha THOMOP(OIMHOBBIH 3HAUMTEJBHO IMOBBIIIAET AKTHBHOCTH
MPOTHB TPaMIONOKUTEIbHEIX Oakteprii [331]. Bbicoko# akTHBHOCTBIO
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Tabauma 1.8

AnTubakrepuanbHasi aKTHBHOCTb 7-R-TPOU3BOAHBIX
1,8-HadTupunrHKap6oHoBbx KucaoT (MIC, Mkr/mi)

NG COOH
Bee
CMe,
R S. aureus | E. coli | P. aeruginosa
A9537 | 15119 9843

[Tunepasun-1-ui 0,25 0,06 1
4-MeTuJi-nunepasut- 1 -ui 0,5 0,06 1
3-MeTuJ1-nunepasus- 1 -ui 0,13 0,5 8
3,4- Mumetna-nunepasut- 1-un 0,5 0,06 4
2-Merua-nunepasu-1-un (R) 0,13 0,03 8
2-Merun-nunepasus-1-un (S) 0,06 0,03 2
2,5- lumeTH-nunepasut-1-un (mparc) 1 0,13 8

npotusB S. aureus 007afal0T Takxke 7-(3-amuHOMOpdOJHMH-1-un) U 7-[3-
(no1e 4)-amuHOMeTHMTHIIEpHAKH- | -1 ] -ipon3BoxHbe [103, 328]. 7-Mopdo-
JIMHU-1-Un- 1 7-amuHOMOp(O/IHH-1-Hi-3aMelleHHble 6,8-1udTop-1-1uKio-
npomnui-4-okco-1,4- AUruapo-3-XHHOTMHKAaPOOHOBOH KHCJOTBl [IPOSIBISIOT
GoJiee BBICOKYIO aKTHBHOCTb MPOTHB S. aureus, yeM o(JIOKCALMH U LUIPO-
(aokcauun [332] (taba. 1.9).

MHorouuc/eHHble HCCe0BaHUS HamMpaB/eHbl Ha CHHTE3 (TOPXHHO-
JIOHOB, COLEPXKAIIMX PA3NHYHO 3aMellleHHble NMHPa3HHHU/IbHbIE 3aMeCTHTe-
au. Tak, ¢ Lenblo yIydlleHHs TPaHCIOpTa Nperapara yepe3 GHOJOTHYe-
cKHe (apbepbl CHHTE3UPOBAHO NPOM3BOAHOe HopiokcanuHa 1.234 (cxe-
ma 1.54) [333].

Cxema 1.54
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JUisi BbISCHEHHs] MeXaHM3Ma JeHCTBHs (PTOPXMHOJOHOB Ha KJETOYHOM
YpOBHE CHHTE3MpOBAHBI [BA PErHOM30MEpHbIE LUTPAT-(DYHKLHOHAIU3HPO-
BaHHble MPOK3BOAHbIE LHmpoduiokcanrHa 1.235-1.236 [334].
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Tabnuna 1.9
AxruBHOCTb 7-R-npou3BonsbX (rropxunosionos (MIC, Mkr/mi)
F i COOH
|
R N
A
R S. aureus | E. coli | P. aeruginosa
[Tunepasu-1-ua 0,10 0,006 0,10
[Munepunuu-1-un 0,78 3,13 50
Mopdonns-1-un 0,025 0,10 0,78
3-AmuHOMOp(ONHH- 1 -1 0,025 0,10 0,78
3-MeTtunaMuHOMOPHOMUH-1-1a 0,025 0,10 3,13
3-AueTHnaMHHOMOP(OJIHH-1 -1 0,20 1,56 12,5
[}
F COOH &

COOH

)

Ho N(\N N HOOC N Nl
nooc/w \) A Q A

HOOC: N.

HooC © HO
1.235 o] 1.236

HexkoTopble auu/ibHble TPOM3BOLHbIE JOME(IIOKCALMHA IPEBOCXOAAT €r0
no aHtHGakTepHanbHOi akTHBHOCTH [335]. ObpaGoTka 7-munepasuHOXH-
HoJloHa 1,1’-THOKApOOHUIIIMHMKAA30/I0M U TOC/eAyIollee [eACTBHe Ha
MHTepMeJHaT aMMHaKka MPUBOAUT K 00pa3oBaHuio 7-(4-THOKapGaMOMJIH-
nepasuHo)xuHosoHa [336]. BBeleHue CIUpOMHMNEpPA3HHOBON TPYIIHPOB-
KH B rnosioxeHue 7 1-LHUKJIOMpPONnI3aMellieHHbIX (hTOPXHHOJIOHOB OMHCAHO
B marente [337].

Bbicokoil aHTHMHKPOGHOH aKTHBHOCTBIO 00JIaJAl0T IPOU3BOAHbIE (HhTOP-
XHHOJIOHOB, COZiepaKallikie B MONOXKEHHH 7 OCTaTKH MunepasuHauona 1.237
[338]. 6,8- Qudrop-1-3THi-4-0KCc0-1,4- AUTHAPO - 3 - XHHOTMHKAPGOHOBas
Kucnora, cogepxkaiiasi mpu C(7) octaTok mumepasuHa, 3aMeLleHHOro Mo
4-110J102KeHHI0 n-aMHHOGeH3UIbHBIM (parmenToM 1.238, nonyuena karanu-
THYECKHM FHHPHPOBQHHGM COOTBETCTBYIOLLEr O HHTpOHpOH3BOﬂHOFO Y MoKa-
3aJla aKTHBHOCTb K I'PaMIIOJIOKUTENbHBIM U TPaMOTPHIIATEIbHBIM GaKTepH-
am [339].

CHHTe3MpOBaHbl ~ aHAJOTH LMIPOGJIOKCAMHA M  HOP(IOKCALHHA,
comepxatye 2-(2,4-1uxn0pdeHus)-2-0KCOITHIBHYI0 TPyNny B MHIe-
PasMHOBOM KOJIblle, TaKHe MPOM3BOLHbE MO AKTHBHOCTH MPEBOCXOAAT
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cooTBeTcTBYyoOlIMe OKcHMbl [340]. AsKuampoBaHHeM LUIPOQJIOKCaLHHA
neiicreuem ['C]-merunitonuna npu 120°C B Teuenue 5 MuH mosy-
yen N(4')-['1C]-MerTunnunpodokcanus, ucnobayembiii A/is TOMOrpadH-
YyecKUX uccienoBaHui [341].

[TpousBogHoe 1.239, nonyueHHoe peakuueil 1-3tun-6-drop-1,4-nurua-
po-4-0kco-7-[4-(2-okconporui) - | - mirepasuHu | XHHOJHH - 3 - KApOOHOBOH
KHCJIOTBI C THIPAa3HHOM B MeTaHoJle, o0/aaeT aHTHOaKTepHaIbHOH aKTHB-
HocTbio [342]. Ananor Hopduiokcaurnna 1.240 noJyyeH 3aMelleHHeM aToMa
¢ropa B 1-31Ua-6,7- 11 TOP-4-XHHOJIOHKAPOOHOBOH KHCJIOTE HA NMPOM3BOA-
Hoe mumnepasuHa [343].

0
F COOH Q
F COOH
She
N Bt e (N Ty

/I J N/\/N\) Et
N

1.239 1.240
Me

BBeneHve apuibHbBIX M TeTepUJIbHBIX  (DParMEHTOB B MOJIOXKe-
HHe 4 THIepasHHOBOrO 3aMeCTUTe/ TakKe 4YacTo HCNOMb3yeTcs Js
MOLM(HUKALKUK  (PTOPXHHOJIOHOB. CHHTE3 (DTOPXHHOJIOHOB, COAEpHKAILMX
B TMOJOXKEHHH 7 ocTaTku (2,6-1MaMHHONUPUMUANH-4-HJT)IHNepasuHa
¥ (4,6-nuamuno-1,3,5-Tpuasuu-2-un)nunepasuxa, onucax B natente [344].
B ycnosusix peakuun Illaren-BaymaHa cuHTesupoBaHbl 1-3aMelleHHbIe
6-prop-7-(1-(4-((Z)-2-(2-amuHoTHA30/1-4-11)-2-METOKCHUMHUHOALIE THT ) [TH-
nepasunun))-1,4-1uruapo-4-okco-3-XHHOMMHKAPOOHOBbIE  KUCJOTH [345].
CHHTe3  Jpyrux  2-THa3o/M/NHIepasHH3aMelleHHbIX  (TOPXHHOMOHOB
peakumeil aMHHO-1e(DTOPUPOBAHHUS TIPUBENeH B matenTe [346].

Psin  N-(5-6ensuntuo-1,3,4-tuagnason-2-un)- u N-(5-Gensuncymnbdo-
HuJ-1,3,4-THaMa3on-2- 1) IPOU3BOLHBIX  7-NHUNepasiHOXHHOIoHoB 1.241
noslyueH peakuued HOP(IOKCALMHA WM LMMPODIOKCALNHA ¢ GEH3UATHO-
uiu Gensuicynbdonni-1,3,4-rnaanasonunxgaopiunom (cxema 1.55) [347].
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Cxewma 1.55
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N-[5-(5-Hurpo-2-tuennn)- 1,3,4 - Tuagnasos - 2- i) nunepasuHU/IbHBbI
aHajor HopguokcauuHa 1.242 oGnagaeT  BBICOKOM  aKTHBHOCTbIO
B OTHOLIEHMH TPaMIOJOXKHTENbHbIX MuKpoopranusmos (MIC = 0,008-
0,015 wmxr/ma) [348]. Beemenue 2-(2-(ypHis)OKCOITHIBHOH, 2-THAPOK-
CHHUMHHO-2-(2-DypHJ)3TH/BHOM,  2-(2-(ypHi1)-2-MeTOKCHHMUHOITUILHON
1 2(2-ypui)-2-heHuIMeTOKCHMMHHOSTHIbHOR TPYNNHUPOBOK B MUMepa-
3MHOBOE KOJIBLIO HOp(IOKCALMHA U LMIPO(JIOKCALMHA NPUBOAUT K BHI-
COKOAKTHBHBIM aHTHOAKTePHANbHBIM NperaparaM (HampHMep, COeIHHEHHe
1.243) [349].

BaxHefimnM HanpasJseHHeM MOAM(HKALUK (TOPXMHOJNOHOB SBJISETCS
BBe/leHHe (hapMaKo(OPHbIX TPYHIHPOBOK B MOJNOKEHHE 4 MHIIEPa3HHOBOrO
(parmenta. Tak Obl1 cHHTEe3UpOBaH psif GropxuHonoHoB 1.244, comepxa-
WUX (parMeHT 71-aMHHOCY/Ib(OKUCIOTH B MOJIOKEHUH 4 MHIIepPa3HHOBOrO
upkiaa [350-352]. Coennuenne 1.245 npexcrasisieT coGoii MOIHGPHLIKPO-
BaHHbIH Temaduiokcauut [353].

LIHpoKKM CMEKTPOM M BBHICOKHM YPOBHEM aHTHOAKTEpPHAJbHOTO Aei-
CTBUSl, B TOM UHCJe M NPOTHB PE3UCTEHTHBIX K (3-7aKTaMaM LiTaMMaM,
00J1af1al0T rHOpUHbIE POU3BOAHbBIE (GropxrHONOHOB [354]. CrHTe3upoBa-
Hbl aHTHOaKTepuabHble npenapatsl 1.246-1.248, coueramwiupe GparMeHT
NEHULMIIHHA WM LedaocropiHa ¥ HOP(JIOKCALUH MM LUIPoQJIoKca-
uun [355, 356]. Hanpumep, coemuuenne (1.246, R=o6ensun, R'=Et,
R?2=R®=H) nonyuyeHo B3anMOMEHCTBHEM HATPHEBOH COJH MEHHLMJIH-
Ha G ¢ HOp(/IOKCALlMHOM B AMXJOpPMeTaHe B MpucyTcTBUM N-MeTHaMopdo-
auHa npu temmeparype or —10 °C no +15 °C [357].

Beenenrie okcasoninoHoBoro dparmenta (coenrnenus 1.249) npunaer
aKTHBHOCTb K LMMPO(JIOKCALMH-PE3UCTEHTHBIM LUTaMMaM  S. aureus
u E. faecium [358-360]. Coennnenns (1.249, R = Et, uuxsonponu) cuu-
TesnpoBaHbl kunsuennem N-[[3-(3-drop-4-(nmunepasun-1-un)denni)-2-ok-
CO0KCa30/1uANH-5-(S)-Hi]MeTri]aueTaMinaa ¢ IHALETOKCHOOPATHBIM KOM-
nnekcoM  7-xJ0p-1-R-6-drop-4-okco-1,4- 1UruapoXUHOMNH-3-KapbOHOBOH
KHMC/IOTBl B alleTOHUTPHJIE B MPUCYTCTBHH TPHITUJAMHHA B TedeHue 16 u;
7-3aMellleHHbIH KOMIJIEKC TpeBpalleH B KapOoHoBylo Kucaoty 1.249
seigepxkuBanieM B 1IN NaOH npu komuatHoit remneparype [361, 362].

Jlpyroit THN THOPUAHBIX aHTHOAKTEPUAJbHBIX CPENCTB MpPEICTaBJSIOT
coenunennss 1.250-1.251, coueralomue B CTPYKType (pparMeHTHI
(TOPXMHOMOHOB M ypaumioB. Ilpu BbIIepKHBaHMH HOPQJOKCALHHA
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3-(4-ionOytnn)-6-(3-3TH1-4-MeTHNaHUAMHO) ypaunaoM B TM®A

B NIPUCYTCTBUU KapOoOHaTa KaJus NPH KOMHATHOH TeMrepartype B TeyeHHe
1

cyTok oGpasyercs coemuHenne 1.250 [363]. Bosee mmpokuit
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pSiI CcoenMHeHHHl, B KOTOphX BapbupyloTcs 3amectuteaun R, R!, RS,
CHHTEe3WPOBaH U Hccienoad B padore [364]. Coennnenns 1.250-1.251
aKTHBHbl B OTHOLIEHWH LIMPOKOTO Psild MUKPOOPraHW3MOB, B TOM YHC/Ie
PE3UCTEHTHBIX K PSIY aHTHOMOTHKOB IITaMMOB S. aureus, WHFHOUPYIOT
u noaumMepasy 11IC, u 6axrepuasnbryto Tonousomepasy II [364, 365].
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1.251: R=H, Me, CH,OH; R' = Et, 4-Pr, 4-FC¢Hy, 2,4-FyC¢Hs; R®*=H, F

1.251

1-Huknonpornui-1,4- nurunpo-4-okco-7-[4-(2-okco- 1,3- nnokcon-4 -ui-
MeTH1)- | -nunepasuHiui]-3-XHHOTMHKapOOHOBbIe KHCIOTh 1.252 aKTHBHbI
B OTHOLIEHHH JHTePOOAKTEPHH, Pe3NCTEHTHBIX K MEeHHUH/IMHAM, LedaJo-
CIOpPHHAM, aMHHOMIHMKO3UIAM, CYlbpaHHIaMHUAAM U TeTPALUKJIUHAM, MH-
KoOaKTepusM TyGepKyJesa, K Pa3iMYHBIM IPaMOTPHLATEJbHEIM OaKTepH-
sM [366]. Coenunennst 1.252 mosyyaioT HarpeBaHHeM LUIPOQJIOKCALHHA
¢ 4-ranomeTna-5-Metua-1,3-guokcos-2-onom 8 JM®DA, TMCO uau auero-
HUTpUJIE B IPUCYTCTBUH KapOOHATa HATPHS MJIH OPTaHHYeCKOro OCHOBAHHUS
(cxema 1.56) [367].

Cxema 1.56

Jlumepsl uumpodiokcaunsa 1.253, aKkTHBHEIE B OTHOLIGHHH Jie-
KapCTBEHHO-YCTOMUMBLIX (opM S. aureus, CHHTE3UPOBaHBl IO CXe-
me 1.57 [368].

BuryanunuHoBblii  aHasor gumepa 1.2563  mosiyyeH  meficTBHeM
rekcaMeTH/IeH-O1c(LlMaHoryaHuiMHa) Ha  l-muksonponua-6-¢rop-1,4-nu-
ruapo-4-okco-7-(1-nunepasnHui) XHHOMHH-3-KapOoHOByI0  KucaoTy [369].
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Cxewma 1.57
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HN\) Cl\/va\)

wnpogokcauti

. Hooc\in:o vxvdj?igcm
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X=CH:CH, C¢Hy

1,4-Buc(1-31171-6-rop-1,4- aurunpo-4-okco-3-KapooKCeH- 7-XHHOJTMHUI)-
nunepasuH onucad B narexte [370].

7-(N-Apui-2,2,2-tpudTopae THMUAOU ) THIIEPA3HHUINTIPOU3BOAHbIE
(ropxuHonoHOB 1.254 moJiyyeHbl ¢ XOPOLIMM BBIXOJOM peakiueil HophJIoK-
caliHa WK LUNpodIoKcalrHa ¢ N-3aMelleHHbIMH TPUDTOPaLeTHMUIOUII-
XJIOPUAAMH U KapboHaToM Kajust npu kunsueHud B JJM®PA B Teuenue
18-20 y (cxema 1.58) [371]. HBa coenunenus (R=4-Me u 2-CF3, 5-Cl)
10Ka3a/Ii BBICOKYI0 aHTHOaKTepHaJbHYIO aKTUBHOCTb M OTOOpAHBI st
Nla/bHeHAINX UCCIef0BaHHH.

Cxema 1.58

F N\)
X=CH,N )

R'= STHJI, LIMKJIOMPOTIHIT @N 1.254
R

BLICOKOAKTHBHEIMM ~ aHTHOAKTepHANbHEIMH  CPEICTBAMH  ABJIAITCA
7-a3eTHAMHU-3aMelleHHble  (TopxuHOMOHb [372-374]. Onucan cuHTe3
M JlaH aHaIM3 B3aMMOCBSI3H «CTPYKTypa — aHTHOAKTepHalbHas aKTHB-
HOCTb» 17151 cepun Gosiee 80 QTOPXMHONOHOB, CONEPXKALIMX B 7-TIOJIOKEHHH
aseTHAMHOBBIN LMK [375]. JleTanbHO HM3y4eHO BJMSHHE MPHPOMbI
3aMecTHTesell B N0/I0KeHHAX | u 8, a TaKkKe TPYNIHPOBOK B MOJNOKEHHH 3
a3eTHIMHOBOr0 OCTaTKa Ha aHTHOAKTePHAIbHYI aKTHBHOCTD. JIpakTHuecKH
BCE COEMHEHMS, 32 HCKMIOUeHHeM KapOOKCHa3eTHAMHOBOTO MPOH3BOAHOrO,



76 Ia. 1. Cunmes, cmpoenue, c8olicmsa GUUUKAULECKUX HMOPXUHOLOHOB

00/1aa/1H LIMPOKMM CMEKTPOM M BBICOKHM YPOBHEM aKTHBHOCTH in vitro
U in vivo, 4YTO CTHMYJMPOBAJO JalbHEHIIMe HCCIENOBAaHHS B DALY
7-a3eTHAMHUI3aMeLLeHHBIX (PTOPXHHOMOHOB.

Coenunenve 1.255, obsajaioliee BHICOKOH aKTHBHOCTBIO B OTHOLIEHHH
HecKoJbKMX wwtaMMoB B. anthracis (MUK < 0,03 mkr/mia), cuuTe-
supoBaHo HarpesaHueM N-[[(5S)-3-[4-(aseTuanH-3-nioxcn)-3-hropde-
HUJI|-2-0KCa30J M AMH-D- 1] -MeTra] aueTaMiia ¢ 7-XJ10p- 1 -LHKJIONPOITHII-
6-¢prop-1,4-nurunpo-4-okco-1,8-HadTHpuArH-3-KapOGOHOBO# KHCJIOTOH
B N-meTui-2-mupposunose B npucytersun (Me)s;SiCl i Tpustniamusa npu
MHKPOBOJIHOBOM Hanydenun mnpu 150 °C B Teuenne 7 wmuH [375].
[Tpoussonnoe 1.256 nomyueHo u3 AM(MTOPGOPATHOrO KOMIMJIeKca 1-IHMK-
JIOTIPOMUII-8-METHIXHHOJIMHKAPOOHOBOH KHCIOTHl M 3-THAPOKCHA3ETHANHA
[377].

F COOH

(0]
F |\ | F COOH
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Oﬁ/ -~ 1.256
Me

CuHTe3npoBaHa 5-aMuHO-7-[(R)-2-amuHoMeTHI- 1 -a3eTuanHm]- 1 -1uK-
sonponu-6,8-nudrop- 1,4-1uruapo-4-0KCOXUHOMMH-3-KapOoHOBast KHC-
nota [378]. B psny aseruiuHU/I3aMelleHHbIX (DTOPXUHOJIOHOB XOPOLIO
3apeKOMEHJI0Ba/IH Cebsl Mmpanc-3-aMUHO-2-MeTUI- 1-a3eTHINHUIIBHEIE TIPO-
usBonHble  [379-381].  7-AzerununHun-5-rugpokcu-6-drop-1,4-nurun-
po-4-0KcOHADTUPUINH-3-KapOOHOBblE ~ KMCJOTHl  00/IafAI0T  XOPOLIMMH
(hapMaKOKHHETHYECKUMHU XapaKTepucTHKaMu [273].

Doubliast rpymnmna BbICOKOAKTHBHBIX (TOPXHHOJOHOB COLEPXKHT MHPPO-
JIMIMHOBY 3amecTuTesb B mojioxkeHnu 7 [382], npruuem 3HaunTe/bHOE BHU-
MaHHe yaessieTcs CHHTe3y (DTOPXMHOJOHOB ¢ 3-aMHHO- MJIM 3-aMHHOMe-
THINHPPONHAMHUIbHBIM 3aMecThTeneM [383-399]. Dt coenuHeHus, Kak
MpaBuo, 00/1aal0T 3HAUUTENBHO Gosee BBICOKOH aKTHBHOCTBIO B OTHOLIE-
HUH l'paMl'[OJ'IO)KI/ITeJ'[beIX MI/IKPOOPFBHI/ISMOB 14 CpaBHI/IMOﬁ C nnnepasnﬁo»
BBIMU MPOM3BOAHBIMU B OTHOLIEHHH TPaMOTpULaTeNbHbIX Oaktepuit [118,
400-405].

Jlns BBelleHMsl aMMHOMMPONMIMHOBOTO (hparMeHTa B MOJOXKeHHe 7
(TOPXMHOMOHKAaPOOHOBOK KHC/IOTH (Hampumep, coenuHenue 1.257) ocy-
LIECTBSIOT peakuuio 7-(hTOPNPOM3BOAHOTO ¢ 3-mpem-OyTOKCHKapOOHU -
AMHHOTHMPPOJIMAMHOM B alleTOHUTPHJe B npucyTcTBin DBU, satem samury
CHMMAIOT KHISYeHHeM B CMeCH KOHIEHTPHPOBAHHOH COJISTHOH KHCJIOTHI
1 meranona [406]. Coennnenue 1.257 akThBHO B OTHOuweHHH E. coli,
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P. vulgaris, M. morganii, S. aureus, E. faecalis (MIC cooTBeTcTBeHHO
<0,015, <0,015, 0,06 1 0,125 mr/a) [407, 408]. DTOPXUHOJIOHBI, COLEPXKA-
1€ B NOJIOKEHHH 7 0CTAaTOK 3-aMHHO-4-MeTHJIEHIINPPONHNHA, TPOSIBISIOT
BBICOKYIO aKTHBHOCTb K S. aureus u E. coli 7437 [409].

LIBUTTepHOHHBIF XapaKTep (hTOPXHHOJOHOB, CONEPXKAIUUX B 7-TOJOXKe-
Hun NH-dparmeHT, pesko cHrKaeT ux BogopactBopumocts (<0,2 MKr/mi).
B To ke Bpems pacTBOPHMOCTb B BOJe NPH (DHU3HOJOTHUECKUX 3HAYEHH-
ax pH — onHo u3 TpeGoBaHME AJs TapeHTepaNbHOTO BBENEHHs JeKap-
CTBEHHOro npenapara. BogopacTBoprmbie (OpMBl (QTOPXHHONOHOB OBIIH
MOJIyUYeHbl CHHTE30M HX COJeH ¢ KHCJOTaMH, a TakxkKe IyTeM XHMHue-
CKOM MOAM(MHUKALUK MOJEKYJbl — BBeJEHHEM B IHPPONUIMHOBBIH LUK
aMHUHOKHCJIOTHBIX ocTarkoB [402]. Kpome Toro, Haiuune q-aMMHOKHCJIOT
B 3aMeCTUTeJle, HAXOASLEMCS B TOJIOKEHHH 7, 3HAUUTENBHO YBeJHYHBAET
1 aKTHBHOCTb {71 0[O0 TIIPU NePOPATBbHOM HJIH NOLKOXKHOM BBeAeHHH (Ipo-
uzBonubie 1.258) [410]. lns BBenenus ocratka L-aiaHuHa 0CyIIECTBISIOT
B3auMoJielicTBHe 1-1uKaonponua-6,7,8-rpudrop-1,4-1uruapo-4-okCoXHHO-
JIMH-3-KapOOHOBOH KHCIOTH ¢ 1,1-1MMeTHASTHIOBEIM 3¢upoM [l-merua-
2-0Kc0-2-[(3-nUppONHAHHII) aMHHO] 3THI | KApOAMUHOBOH  KMCJIOTHI, MOJY-
YeHHBIM U3 mpem-GyTOKCHKapOOHUIaMUHO-L-anaHuHa.
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MeO 1.257 1.258

Moznndukauueii 7-aMHHOMMPPONHAHHOBOIO ()parMeHTa (TOPXHUHOJO-
Ha CHHTE3UPOBAHB! HOBbIE K/IMHA(IOKCALMH-TPHA30/bHble rHOpuabl 1.259
(cxema 1.59) Kak HOBBIH THI aHTHOAKTEPHAJbHBIX W MPOTHBOrPUGKOBBIX
arentos [411].

Cxema 1.59

KIMHadIoKcaunH 1.259

X1, Xg, X3=H, CI, F, Me

[TpoBeseHHbIll CKpUHUHT coefrHeHHi 1.259 Ha aHTHOaKTepHaTbHYIO
aKTHBHOCTb TPOTHUB 4 TIPaMIOJNONKHTENbHBIX M 4 TpaMOTpHLATeNbHBIX
MHMKPOOPraHH3MOB M JByX BHIOB TPHOKOB MOKa3al, 4TO GOJbLIMHCTBO
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COeNMHEeHHH 00/1alaeT IIHPOKHUM CIIEKTPOM JAeHCTBHA U MMEeT HM3KHe 3Ha-
uenust MIC (0,25-2 mkr/mia). [lo akTHBHOCTH 3TH THOPHIHbBIE COENUHE-
HHSl CDaBHUMBI WM GoJiee 3(Q(eKTHBHBI, YeM HCXOAHBIH (DTOPXHHOJIOH —
KMMHA(IOKCAUMH U NPOTHBOTPHOKOBLIH mpemapat ¢iiokoHasos1. Ciexyer
OTMETHTb, YTO HEKOTOpble M3 HHUX MPOSBUINA 6osiee BBICOKYK0 aKTHBHOCTb
M0 CPaBHEHMIO C KJHHA(JOKCALMHOM M B OTHOLIEHMH MeTHLH/IHH-PEe3H-
CTeHTHBIX S. aureus.

Bbicokoii aHTHOaKTepHAIbHOH aKTHBHOCTBIO 00/1aI0T 1-LUKJIONPONMUI-
coziepxKalue KapboHOBbIE KHCJIOTbI, HMEIOLIHe B MIOJIOXKEHHH 7 1-MeTH/IaMu-
HOSTH/BHYIO HaH (1-aMHHO-1-MeTH/I)THABHYIO IPYNNUPOBKH B MONOKEHHH
3 nupposuanHoBoro nukia [406], a Takxke 3-(2-UHAHOMETHIAMHHO)THPPO-
JUAKH-1-uabHbI (parment [412].

Kpome aMHHOAIKH/IBHBIX B MHUPPOJHAMHOBBLIA LHMKJI OBLIH BBELEHbBI
u apyrue 3amecturenn: O, NOH, NOMe. CuHTe3 npou3BOAHBIX, COLep-
JKAIMX aTKHUJIOKCHMHBIH 3aMeCTHTeJb B M0JI0XKEHHH 4 U aMHHOMETHJIbHBIH
3aMeCTHTe/b B MOJIOKEHHH 3 MUPPOIHAHHOBOTrO LKKaa 1.261 npexcrasnen
Ha cxeMe 1.60. ®@ropxuHosoHsl 1.261 00/71a1a10T BBICOKOH aHTHOAKTepH-
aJIbHOH aKTHBHOCTbIO B OTHOLIEHHH TPaMIOJOKHUTEJbHBIX H IPaMOTPHLA-
TeJIbHBIX MHKDPOOPIaHH3MOB, B TOM UHCJIe METHIHJITHH-YCTOHUUBOTO MITaM-
ma S. aureus (MRSA) [413-419].

Cxema 1.60
%\}
N , R® 0
Ft 7 F F COOH
F COOH ,O°N N R’ X
A R R I | |
I N Z
N~ X7 N
Y X N CH,CN, DBU [
I R
R % 1.261
1.260 0-N -
R7

R' =Et, unxsonponui, 2,4-mudroppenun; X =CF, CCl, CH, N, COMe; Y =F,
Cl; R°=H, NH,; R" =H, Me, Et, nponua, usonponua, t-6yTua, 6eHsun

B cunrese remudiokcanrna 1.262 cBo60aHYI0 aMHHOTpYNNy npejsa-
pHTeNbHO 3alMianT o6pasoBanueM ocHoBauus ludda ¢ kapboHUABHBIM
coenunenneMm R!C(O)R? (R!, R®*=H, anxun, nuxnoankua, Ar) [420].
Coenvtenus 1.263, uMerolide ONTHYECKH AKTHUBHbIA LEHTP B NMUPPONH-
JIMHOBOM KOJIblie H METHJIOKCHMHYIO TPYIy, 06/1aJal0T BLICOKO} aHTHOAK-
TepHaJIbHOH aKTHBHOCTBIO M XOPOIIMM (hapMaKOKMHETHYECKHM IpPOQHIeM
(421, 422].

BBenenne 3amelneHHOH 6eH3HJOKCHMHOH TDYIIHPOBKH BMECTO METH-
JIOKCUMHOH B CTPYKTYPY reMU(JIOKCALlMHA IPHBEJIO K 3HAYUTEJbHOMY yBe-
JIMYEHHIO JIUMOGHIBHOCTH (PropxuHOIoHOB 1.264 [423].

Mayuenue aHTHOAKTepHAJIbHOH aKTUBHOCTH NOJYYEHHBIX MPOM3BOLHBIX
1.264 nokasano, yTo OOJIBLIMHCTBO M3 HUX TNPOSIBUJIO 3HAUMTEJbHYIO
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1.263: X=N, R=H (a), X=CF, R=NH, (6)
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Q—/ 1.264
R

R: 4'-merokcu, 4'-mudropmerokcu-3'-metoken, 2,3'-, 2'4'- 2'5- 26~

3’ 4'-numetokcu, 3',4’-numerokcu-6-prop(sutpo, 6pom), 2'-xnop-3',4’-1umerokc,

4'-6ensnnokcu, 4'-6ensunokcu-3'-metokcn, 2,3',4’-, 3',4',5"-rpumeroxcu, 3',4’-me-
TunennuokeH, 3',4'-metunenaroken-6'-uutpo(xaop), 3',4"-3THnenuokcH

aKTHBHOCTb TPOTHB BCEX TECTHPYEMBIX TPAMIOJIOXKHTEJbHBIX OaKTepHH,
BKJII0UAsT METHUH/NNH-pe3ucTentHeie S. aureus (MRSA) u S. epidermidis
(MRSE) (MIC: < 0,008-8 MKr/mii), HO OHH MeHee aKTHBHBI, YeM H3-
BeCTHble Nperaparhl, B OTHOLIEHHH PaMOTpULATe/]bHBIX JuUHKH. Haubo-
Jlee aKTHBHBIM OKasajoch coenuHenre 1.264 (R =2’ 5-numerokcu) (MIC:
< 0,008-4 mxr/mn), kotopoe B 8-2048 n 2-128 pas Gosee stpekTHBHO,
4eM JIeBO(JIOKCAIMH 1 reMU(JIOKCALMH COOTBETCTBEHHO NPOTHB TPaMIIOJIO-
JKUTeNbHBIX GakTepuil. Bosee Toro, ero akTHBHOCTb MPOTHB KIMHHYECKHX
06pasuos MRSA (MICq: 1 mkr/mi) B 8 pas Goble, ueM y TeMHDJIOK-
callUHa, U B 2 pasa GoJibllle, 4eM Y reMU)IOKCALMHA 1 MOKCH(JIOKCALHHA
B OTHOLIEHHH KJIHHHYecKuX 06pasioB MRSE (MICqy: 4 mkr/mi).

CHHTe3UpOBaH psii (PTOPXMHONOHOB, CONEPAKAIIUX CIUPOMHUPPOJIHAU-
HOBble 3aMecTHTeJd B nosoxenun 7. Tax, npoussomHoe 1.265 mnosy-
4eHO HYKJeO(MIbHBIM 3aMellleHHeM aToMma (Topa B AU(TOPOOPATHOM
KOMILIeKce 6,7-IH(TOPXMHONOHA HAa COOTBETCTBYIOLIMH MHPPOJHIHHOBBIH
ocrarok B JM®A B npucyrctBud TpusTHiamuHa [424]. B cunrtese
CIIHPONUPPOJIHIUHOBBIX XHHOMOHOB 1.270 BHauase MPOBOASAT HYKI€O(PH/Ib-
Hoe 3aMmelleHHe (Topa B AUKapOOHMJbHOM npoussoiHoM 1.266 Ha ocra-
ToK (S)-7-amuuo-5-asacnupo[2,4]rentana, 3aTeM OCYLIECTBISIOT KOHJIEH-
cauuio uHTepmendara 1.267 ¢ opToMypaBbHHEIM 3(UPOM, aMHHHPOBaHHe
1.268 (1R,2S)-2-¢propunknonponuiamuHom, unkusauuo 1.269 u ruapo-
JIU3 CII0KHO3(HPHO# rpymmsl (cxema 1.61) [425].
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BBeenenue B mojoxeHue 7 (pTOpXMHOMOHA ocTaTka l-aMHHO-5-a3acmu-
po[2.4]rentana omucauo B padorax [426, 427].

Cxema 1.61
[0 o0
OFt RNH OFt H((OI\) F
OEt
N F OEt
X=H,F,CL Ak
H 1.267 X
R‘NH 1.268
9] [0]
P
‘ OEt OH
N F NH
AL
RNH 1.269 F

1270

8-Xu0p-1-(2-TopuKKI0NPONHI)PTOPXHHOJIOH, COLEPKALIUI B MTONOKE-
HUH 7 0CTaToK 1-aMHHO-5-asacnipo[2.4]rentaua, nosyueH U3 He3aMelleH-
Horo o nosoxkenuto 8 ananora aeicteuem SOCly B CHoCly [428].

dbdexr xupansHocTH 1-(yuc-2-gropunknonponuia) u 7-(7-aMmuHO-
5-azacrnupo[2.4]rentiia) Ha aHTHOAKTEPHAIbHYI0 aKTHBHOCTb HCCJIENOBAH
Ha cepud (ropxuHojsoHoB 1.273, 1.274, KoTOopble CHHTE3HPOBAHBI HYK-
N1e0(QUIBHBIM 3aMelleHHeM 8-x/10p-6,7-audropxunononos 1.271 cooTset-
cTByIOWUM  3-[(mpem-GyTOKCHKapOOHHIT)aMHHO] TUPPOIHAMHOM | TOC/Ie-
NYIOLKM CHSITHEM 3alluThl B MNpou3BopHbiX 1.272 [429]. AGconoTHas
KOH(UIypaLusl 3aMecTUTeNel B MOJOKeHHsX | M 7 onpejeseHa MeTOIOM
PEHTreHOCTPYKTYPHOrO aHalM3a Ha mpuMepe xuHojoHOB 1.271, 1.272
(puc. 1.5, 1.6).

HMsyuenue aHTHOaKTepHaJbHOH aKTHHOCTH (TOpxHHOMOHOB 1.273,
1.274 mnokasano, uto mpoussogHeie 1-[(1R,2S)-2-propuurionpomnui]-
u 7-[(7S)-amuHo-5-a3acnupo[2.4]rentia] GTOPXHHONOHOB Gosiee aKTHBHEI
B OTHOLIEHHH Psifia IPAMIIOJIOKHTEJBHEIX H IPAaMOTPHLATENbHBIX GaKTepHH,
yeM Ipyrue crepeounsomepsl (tadm. 1.10).

Hasnaue cnimponupposuantoBoro 3amecturess y C(7) ¢propxuHoIoHOB
NPUBOAUT K MOBBILIEHHIO JIHIOQHIBHOCTH, YTO CIOCOOCTBYET JydlleMy
YCBOEHHIO Toc/e opanbHoro npuMenenus [337]. Cpean TakuX XMHOJIOHOB
BbISIBJIEHbI BHICOKOAKTHBHbIE aHTHOMOTHKK [337, 430-434].
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Puc. 1.6. anusie PCA coenunenus 1.271

Coenvnenne 1.275, conepkallee aMHHOTPYNIY B LHMKJIONPOIHJIb-
HOM ()parMeHTe CIHUPONUPPOIHINHA, AKTHBHO B OTHOLIEHHH METHLMJUIHH-
yCTOHUMBBIX WTaMMoB S. aureus [435, 436]. OnucaH CHHTE3 H30MEPHBIX
cnuponpoussonHbix 1.276 u 1.277 [437, 438], nokasaHo, 4To coefHHEHHs
1.276 sBasiioTcs aHTHOAKTePHAIbHLIMKM areHTaMH LIHPOKOro CreKTpa jei-
CTBHUSA.

Bce Gosbluee BHHMaHHe yHesseTcs CHHTe3aM SHaHTHOMEPOB (TOPXH-
HOJIOHOB, COIEPIKAIIMX ONTHYECKH aKTHUBHbBIE IPOM3BONHbE MHPPOIHIHHA
[402-404, 439-443]. Kak u B cayuyae N(1)-mpoH3BOIHBIX, SHAHTHOMEDEL
pa3/MyaloTes M0 aKTUBHOCTU. Tak, Ans 7-(3-aMHHONMHPPOJIMAMHUI)3aMe-
LIeHHBIX (P TOPXHUHOJIOHOB aKTHBHOCTb U3MEHsIeTCs B CJIeAyIolWeM psay: S >
> R > pauemar. B 60/bLIMHCTBE M3YyUYeHHBIX CJy4aeB yuc-u3oMepsl Gosee
aKTHBHEI, YeM mpanc. HekoTopble 3aKOHOMEPHOCTH MOXKHO MPOHMJITIOCTPH-
poBaTb Ha mpumepe l-mpem-GyTun-6-¢rop-7-[(3’-amuno-4'-mMetHa)muppo-
S aEH- 1-1un)-4-okco- 1,8-Had TupuuH-3-Kap6oHoBoit KucaoTs 1.278, mis
KOTOPOH OBUIM CHHTe3HPOBaHBI Bce 4 JHAHTHOMEpAa M HM3yuyeHa HX aH-
THOaKTepuanbHas akTuBHOCTb (Tabu. 1.11) [444], a Takke Ha mpuMepe
cnapduiokcauuna [243].

BaejieHrie aMHHOLMKJIONPONHIBHOrO (parMeHTa B UPPOJIHAMHOBbIE OC-
TaTOK B IOJIO2KEHHH 7 MO3BOJIAAET MOJYYUTb COEIUHEHHS, 06.}13}13101].[149 BbI-
COKOH aKTHBHOCTBIO K P. aeruginosa v HHU3KOH TOKCHYHOCTbIO [445-448].

6 B.H. Yapywwun, 3.B. Hocosa, I.H. Jlunyxosa, O.H. Uynaxuu
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Ta6auua 1.10

AnrtnGakTepuabHasi aKTHBHOCTb Pa3JIHYHBIX SHAHTHOMEPOB
¢ropxunosiotos 1.273, 1.274 (MIC, mxr/mu)
)

HZ
Coen. | X X:S::: S. ;Otgr;us djrrft’i)z:'is %Iﬁji vul;lris E Oc?fzg(c)ae
1193 56556 08601
1.273 | H S| 0013 0,025 |<0,006| 0,006 0,006
1.273 | H R 0,1 0,1 0.05 0,05 0,05
1.274| F|\R|S|S| 0,013 0,025 |<0,006| 0,006 0,006
1274 | F|S|R|S| 0,025 0,05 0,013 | 0,013 0,013
1274 | F|R|S|R 0,1 0,1 0,025 | 0,025 0,025
1274 | F|S|R|R 0,1 0,2 0,05 0,05 0,05

Ta6auna 1.11

AKTHBHOCTb Pa3/IMYHbIX SHAHTHOMEDOB
7-nupposuanHua hropxuHosonos (MIC, Mkr/mir)

F. COOH

A

P

N N
éMq

N

L 12w

CoennHeHue S. aureus 9537 | E. coli 15119 | P. aeruginosa 9843

1.275a, (3'R, 4'S) 0,015 0,06 2
1.2756, (3'S, 4R) 0,008 0015 05
1.2758, (3'R, 4'R) 0,015 0,13 1
1.275a, (3'S, 4'S) 0,008 0,03 0.25

UUIpoJIoKCaLUH 0,06 0,015 0,25
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R'=H, Alk
Y = H, NH,

5-AmuHo-7-[(3S,4R)-4-(1-amurouukonpon- 1 -um)-3-drop- 1 -mupposunu-
Hu|-6-¢rop-1-((1R,28)-2-propurknonponun)- 1,4- xuruapo-8-meTu.i-4-ok-
COXMHOJMHKapOoHoBass Kucjaora 1.279 nosydeHa —B3auMopeiicTBHEM
3THJIOBOTO a¢upa [1-(3R,4S)-4-¢rop-3-nuppoNH AMHHIII | LHKIONPO-
/1| KapOaMHHOBOH KHCJIOTH ¢ H-aMuHO-6,7-mudrop-1-[(1R,2S)-2-dhrop-
uKaonponua)-1,4- iuruapo-8-mMeTu-4-0kCOXHHOIHHKAPOOHOBOH KHC-
qotoit  [449]. Coennuenrie 1.280 cHHTe3HPOBAHO B3aUMOLEHCTBHEM

6%
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cootBeTcTByowero 6,7-nudropxunonona ¢ (3R)-3-[1-(mpem-Gyrokcuxap-
GOHHJIAMHHOLUKJIOTIPOIIHI) THppoTHAnHOM [450].

NH, O
0
F COOH
| cootBu F COOH
HN H
NN N NH
N
FH F
1279 1.280 F

Coennnenrie 1.279 u 7-[3-(1-aMHHO-1-UKJIONPONHIMETHI) THPPOJIH-
nuH-1-un)-npoussontoe 1.281 MPeBOCXONAT MO aKTHBHOCTH LUMPODIIOKCa-
LLMH, raTH(JIOKCALHMH, MOKCH(IOKCALMH, 06/1aJal0T BBICOKOH aKTHBHOCTbIO
K PE3HCTEHTHBIM IPaMIIOJIOXKHUTENbHEIM MHKpoopraHuamam [448]. Beicokyio
AKTHBHOCTb TpOSBIAET TaKKe LHKJI00YTHIaMHHO-3aMeLleHHOe MPOU3BOJ-
Hoe 1.282 [451].

2 NH, O 0
F
F
OH
| F | OH
R— F
A LA
F
1.281 1.282

Bo mHorux paGotax B mosiokeHHe 7 (PTOPXMHOJOHA BBeJEHbl aMHHO-
MeTHJI-3aMellleHHble TUPPOHAHHOBEIE (hparMeHThl [452-457], a Takxke MX
reTepUINpPON3BOaHEE, Hanpumep coenuHenns tuma 1.283 [458]. Cunres
(PTOPXMHOJIOHOB, COAEPHKAIIMX B MOJNOKEHHH 7 3-(HNHPHIMHII)IHPPOJIH-
JMHOBBIA ocTaTok, onwucadH B pabore [459], a (3S)-(1'-merua-1'-amu-
HOITH) uppoanaiHOBbIH U (3R,1S)-3-(1’-aMHHOSTHI) TUPPOTHIUHOBBIE
ocraTkd — B padorax [460-462]; 7-[3-amuHoMeTHI-4-apui1-1-upposHan-
HUJI|-(DTOPXHHOJIOHOB — B cTaTbe [442]; 7-(3-apuamnupposiuanHo)pTopxH-
HOJIOHOB — B maTeHTe [463].

Q
\S\C] F COOH
1.283 1.284

C TOYKM 3peHHss aHTHOAKTEPHAIbHOM aKTHBHOCTH NEPCIEKTUBHBI OI-
THYECKH aKTHUBHbIE 7-(3-TMAPOKCHIUPPOJMIHNH-|-HIbHblE) TNPOU3BOLHbBIE
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(ropxuHonoHOB [464, 465], a TakxKe 3-TPH(TOPMETHITHPPONHAUHHIAPTOD-
XHHOJIOHBI [466)].

[TpousBogHoe 1.284 akTHBHO B OTHOuUleHWH S. pneumoniae,
a TaKxXe Pe3UCTEHTHBIX rpammonoxuTenbHbix Oakrepuii (MRSA, PRSP,
VRE) [467]. Coenunenne 1.285 aktnBHO B oTHoweHud H. influenzae
HI-3542, M. catarrhalis BC-3531, E. coli EC-2549 [468]. Cunres
okcasonuanHxuHoIoHa 1.286 onucan B padote [469].

0 (6]
F COOH F COOH
” | |
o ove A
F
1285 0] 1.286
Y
(o]
NH

Elue ofHUM LMKJIOMMHHHBIM 3aMeCTHTeJeM B IOJOXKEeHHH 7 (BTOPXH-
HOJIOHOB sIBJIsSieTCsl 3aMeleHHbld munepuann [470-473]. Hanugsokcanun
(II moKosIeHHe) COLEPKUT B TOJIOKEHHH 7 THAPOKCHIHIEPUIHHOBYIO TPyI-
nupoBKy, a Ganoduokcaunt (Il mokosnenne) umeer B nosoxennu 7 3-Me-
TUNAMHHOMUIIEPUAMHOBbIA 3aMecTuTe b [474].

[TocToSIHHO NPOBOASATCS HCCJENOBAHUS 10 YCOBEPIIEHCTBOBAHHIO pe-
aKIUH 3aMelleHHs TrajoreHa B TOJOXeHHH 7 l-3Tua- u 1-nmkjonpo-
nH/-6-)TOPXUHOMOHOB HAa OCTAaTOK NumepuuuHa. [lokasano, 4To 3amele-
HHe Ha MUMePHAMH MOXHO OCYIIeCTBJAATh B MUPHMIMHE NPH TeMmepaType
70-75 °C [475]. IlpepnpHHAMAIOTCS MOMBITKH HCIO/b30BATh [1JIs BbILle-
YIOMSIHYTOH peaklHH SKONOTMYECKH UYHCThIEe PACTBOPUTENH — 3aMelleHHe
rajoreHa Ha IHIEPUIHH B CHHTe3e LUIPO(MJIOKCALMHA MPEIJIOKEHO OCy-
LIeCTBJSAT B criuproBoM pactBope npu 140 °C B Tevenue 5 u [476]. Pe-
aKlus aMHHO-}lerTOpHpOBaHHH C MCIIOJIb3OBAaHUEM I/IMMO6I/IJII/I31/IPOBEHHOI'O
Ha nosumepe Amberlite 900-Cl ocHoBaHusi mpeasiokeHa B pabore [477].
OcylecTB/IeHO aMHHUPOBaHUe B-()TOp-7-raNoXHHOMUH-3-KapOOHOBBIX KHC-
JIOT B yCJOBHSIX MHKPOBOJIHOBOTO M3fyuenns B JIMCO [478].

3aMmelleHne atomMa (Topa B TMONOKEHWH 7 Ha OCTAaTKH MHIePHAMHA
M JPyrMX BTOPHYHBIX aMHHOB 3((EKTHUBHO MpOTeKaeT B Cilyyae Mpei-
BapuTe/bHOr0 00pasoBaHus audTopGopaTHOro Kommiekca 1.287 (cxe-
ma 1.62) [479].

OnuH U3 crocob6oB nosydeHus 7-MunepuanHua-1,8-HapTupuarHKap6o-
HOBBIX KHCJIOT, B TOM YHCJe IHOKCALHMHA, 3aK/M0UaeTcs B NpefBapHTe/Ib-
HOM CHHTe3e 7-CyJlb(MHHI- HJH 7-CyJb(OHUJNPOM3BOLHBIX HAa OCHOBE
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Cxewma 1.62
Me
NH,
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1.287

1.288

2,6- 11X 10p-5-HTOPHUKOTHHOBOM KHUCJIOTBI (CXeMa BKJII0YAeT LHUKJIH3ALHIO
JlukMaHa) ¥ MOCJEAYIOUIYI0 peaklHio ¢ MUIEePUAMHOM WM MHPPOTHIH-
Hom [480].

1-1{uK10npONUI-6-(TOPXUHOMOHD], ~ COfepKallie B  TMONOXKEHHH 7
(3S)-amuHO-(4R)-UMEPUANHUIBHBIA ~ OCTATOK,  MPOSIBISIOT — BBICOKYIO
aKTUBHOCTb B OTHOLIEHHH PEe3HCTEHTHBIX WITAaMMOB S. aureus u S. pneu-
moniae [481]. AuTnGaKTeprHanbHble areHThbl, COAEPXKALLKeE B MONOKEHHH 7
4-aMuHO- Y 4-THIPOKCHUIUIIEPUANHUIIBHEIN 3aMeCTHTelb, 3-aMHHOMETHII,
4-aMHHOMETHJI- M  3-MeTWJaMHHOIHMIEPUIHHHUIbHBIA OCTaTOK OMNHCAHBI
B paboTtax [482-486].

7-AnKnIMeH3aMellleHHOe IPOU3BOAHOE HA(DTHPHAMHKAPOOHOBOH KHC-
a0t 1.289 cuHTe3upoBaHO peakiuelt 7-XJop-l-LuKI0IPONUI-6-hTOp-
4-okco-1,4-purunpo-1,8-nadtupuans-3-kapooHoBoit kKucaoTsl ¢ 4-(2-(1,3-
IUrUapo- 1,3- 11oKCo-2H - u30MHA0 - 2- 1) - | - PTOPITUIIN IEHTTHTIE PHAHHOM
B auetoHutpuie [487]. Cnnponponssonﬂoe Hadtupuiona 1.290 nonyyeno
samerenrem atoma Cl(7) [488, 489].

F l\ i coon COOEt
z
NS N
Boc-NH
HN Z
F
1.289 1.290

OcylecTB/IeH CHHTE3 HECKOJbKMX CepHil HOBBIX 6-(TOPXMHOIOHOB
v HadrupuauHOB, comepxamux npu C(7) 4-aJKOKCHMHUHO-3-aMHHOMe-
Tin-3-H(Metun) nunepuinHuib bl 3amMectuTesb (coennnenns 1.291) uiu
3-a/IKOKCHMUHO-5-aMHUHO (METH/IAMHHO) TUITEPUAMHUIBHBIA  3aMecTHTelb
(coenunenns 1.292) [490-492]. Pesynbrarhl GHOJOrHYECKHX HCCJIE10Ba-
HUi coenuHenuil 1.291 mokasaiu B psifie ClyyaeB BbICOKYI aKTHBHOCTb
NPOTHB BCEX TPAMIOJIOKHUTENbHBIX OPraHH3MOB, BKJI0YAsi PE3HCTEHTHblE
K dropxunosnonam (MICs: 0,125-4 mkr/mia). Cpean npoussoxubix 1.291
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HauGosbllee BHUMaHHe TpHBJeK (ropxuHoMoH (R =s3tua, R! = uknonpo-
man, R2=H, X =COMe), Kotopbi#i okasajcs B 16-128, 2-32 u 4-8 pas
fo/siee aKTHBEH, YeM TeMH-, LUIPO- H JEBO(JIOKCALHH B OTHOLIEHHH
(ropxuHooH-percTeHTHEIX MSSA, MRSA n MRSE.

Q 0
NH, Nz ) COOH NG COOH
)
S e J ]
R' ]{I
RON 1.291 1292
NOR

1.291-1.292: R= Me, Et; X=N, CF, COMe; R®*=H, Me

4-3amewennsie 4-(1H-1,2,3-tpuason-1-ui)nunepuantsl GblIM CHHTE3H-
poBaHbl U BBeleHbl B 1,8-HaTHPHUAMHOBOE KOJIBLO C LEJBI MONyYeHHs
HOBBIX aHTHOaKTepHa/bHbxX coenrnenui 1.293 [493]. Cpenu Hux dropxu-
HoJIOH, B KoTopoM R=CHO, nposiBu/1 cpaBHEMYIO ¢ LMIPO(JIOKCALHHOM
aKTUBHOCTb NIPOTHB XHHOJIOH-UYBCTBHUTE/IBHBIX MHKDPOOPIaHH3MOB, 0COOEH-
Ho S. aureus u S. epidermidis.

N-Okcunbl 1.294 nposiBISIOT BBICOKYIO aKTHBHOCTb TaK:Ke B OTHOLLe-
uun S. aureus ATCC 25923, E. coli ATCC 25922 u npyrux MHKpoopra-
Hu3MOB [494-497].

F COOH F COOH

Z
Q
Z
\
Z
Z
/
<Q
o —

R— A R'
I
\(N:N 1.293 R" 1294
1.294: R=Et, CH,CH;F, CHy-CH=CH,, CH,Ar; R’ = CH,NHj,, H,
CH,NHC(O)NHAr, R” = H, CH,0Alk

OcyuiectBiensl peakiuu 7,8-1u(hTop-6-XI0pPXHHOIOHA € 2-NHIepasu-
HOHOM, 2,6-1MMeTHIMOP(OTHHOM, 4-THAPOKCHIMNEPUIMHOM H MOIH(HKa-
uMsl 7-NUNEPUSHHUNBLHONO OCTAaTKa BBEJEHHEM B IoJoXeHHe 4 GeH30UJ-
METHJIBHOrO (peakilusi MHIePa3HHUIbHOTO MPOU3BOJHOIO C XJopalerode-
HOHOM) M (JOPMHJIBHOTO (PeaKius ¢ aHTHIPHAOM MYPaBbHUHOH KHCJIOTHI)
¢parmenta. [losyueHHble B pe3yabTaTe Takod MOAH(HKALHUH IPOU3BOLHBIE
00/1aal0T BBICOKOH aKTHBHOCTbIO B OTHOLIEHHH CTadHJOKOKKOB, CTpeIl-
TOKOKKOB, ITHEBMOKOKKOB, KJeOCHell1, MpoTeeB, P. aeruginosa, a Takxe
M. pneumoniae, M. tuberculosis, M. leprae n aTHIHYHBIX MHKOOAKTEPHH.
[Tpenapatsl MOryT ObITb MCIOJbB30BAHBI A/ JIEUEHUS Cencuca, OTHTa, (a-
DUHTHUTA, IHEBMOHUH, [IEDUTOHHTA, THeIOHe(PHUTA, LIUCTUTA, SHIOKAPAUTA,
OpOHXHTa, apTPUTa M APYrHX HHPEKLUHOHHBIX 3aGoseBanuil [318].
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[lepcreKTHBHBIM HampaB/ieHHeM MOAHMDUKALUH (PTOPXMHONOHOB SIBJISI-
eTCsl BBEJIeHHE MOCTHKOBBIX LMKJMYECKHX aMHHOB B moJioxkeHue 7 [498].
Bbicokyio aKTHBHOCTb NPOSIBUJIM POU3BOAHBIE 7-1Ha3a0nLUKI0[2.2.1]-ren-
TaH-3-XHHOJIOHKapGoHOBOH kucsoThl 1.295 [118, 400, 498-501], B psimy
KOTOPBIX MOJTyueH aHTHOMOTHK JaHodJokcauuH 1.2956, pekoMeH10BaHHbIH
B KauecTBe BeTEPHHAPHOrO Tperapara.

CHHTe3npoBaHa cepust HOBbIX ()TOpXHHOJOHOB 1.296, MMeLKX B MO-
JI0XKeHHH 7 OMLMKJIMYECKUH cepycolep:Kallhi 3aMecTHTeJb He OCHOBHOrO
xapakrepa [502]. Brosornueckre Hece10BaHus IOKA3aJH, YTO OLHO U3 CO-
envHeHni 1.296 nposiBUIIO OYeHb BBICOKYIO aKTHBHOCTb NPOTHB XMHOJOH-
YYBCTBUTE/IbHBIX M PE3UCTEHTHBIX K GOJBLIMHCTBY JeKapcTB GaKTepui,
ocobeHHO K S. pneumoniae.

o 0]
P | |
@ N N
R $ A

1.295 1.296

1.295: R' =CMe;, R=H (a); R' = ugkonponusa, R =merna (6)

Tposaduioxcanus 1.297, aHTHOMOTHK IIMPOKOTO CNEKTpa JeHCTBHS,
comepxkut B mosnoxkenun 7 (la,5a,6a)-3-azabuumkio(3.1.0]rekcanosbiit
¢parment [503, 504]. Wsyuwascsi cHHTe3 aHaJIOroB TpPOBa)IOKCALMHE,
comepKalux 3amecTuTesu B 3-a3abuuukio[3.1.0]rekcanoBom Qparmen-
te [505], Hampumep, 3k30-6-HuTponponsBogHoro [503]. AumaupoBaHHBE
no NHy-rpynne npoussoaHble TpoBadiokcaliHa, a Takxe 6/7-1-MeTnaamu-
HO-3-a3a0U1NK/10[3.1.0]rekcHIbHBIA aHaJIOr aKTHBHBI B OTHOLIEHHH H. py-
lori ¥ MOTYT MCMOJIb30BAThCS AJ151 JeyeHnus racrputa [506-508].

Coennnenrie 1.298 coueraer B cebe LHKJIONPONUIXHHOJIHHOBYIO
CTPYKTYpY raTH(JIOKCALHHA U MOKCH(JIOKCALMHA U 6-aMHHO-3-a3a0UIHUK-
710[3.1.0]-rekcuIbHBIH  3aMecTHTeNb TPOBAa(JIOKCALUHA B MOJOXKEHHH 7,
OHO aKTHBHO B oTHowenun T. gondii [509]. 6-3-duactepeomep TpoBa-
(/oKcanuHa, ABJslomuics akTuBHbIM HHrH6HTOpoM JHK-rupass, cunre-
3upoBaH B padore [510].
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1.297 1.298
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XuHonoHkapGoHoBast kucaorta 1.299, comepxaiias B MOJIOXKEHHH 7
ocrarok 6-metns-3,6-1uasabuumkio[3.1.0]rekcana, mpeBoCXoguT MO aK-
THBHOCTH B oTHoweHnn E. coli DC2 uunpoduokcauns [511]. Curresnpo-
BaHBI TaKXKe (PTOPXHHOJIOHBI ¥ HAYTHPHIMHEL, COflepKalLie B NOJOKEHHH 7
oCTaTKU 3aMelleHHoro 3-asaduumkJorentada 1.300 [512, 513].

o] 0
F COOH
Fo COOH
I e 1]
Sae s
z

M F Y

. R X

1.299 1.300
1.300: A=CH, N; Y=Et, MesC; X, Z, R, R'=H, NH,, Me, CH,NH,,
CH;NHMe, CHyNHEt

Baaumozefictaue 5-amuHo-1-uuksonponuia-6,7,8-rpudrop-1,4-guruapo-
4-0KCOXHHOJMH-3-Kap6oHoBOH KucaoTsl ¢ (-)-[la,ba,63]-6-amumo-1-me-
THI-3-a3a0UUKKII0-[3.2.0]renTaHoM  TO3BOMMIIO  MOJYYHTh  COENHHEHHE
1.301, MuHHMa/bHAas MHIHOMpYOLLAsi KOHLEHTpALUsi KOTOPOro B OTHO-
wennu S. aureus smith u E. coli A10536 wuuxe 0,001 mkr/ma [514].
BBenenue mpem-6yToKCHKAPGOHHIAMUHO-TPYIINEL B MOJI0KeHHe 2 (BMECTO
nosioxenust  6)  3-asabuumkio-[3.2.0]rentanoBoro  dparmeHta Takke
PUBOAUT K BLICOKOAKTHBHBIM aHTHOAKTepHAIbHBIM areHTtaM [515]. ®rop-
xuHoJIoH 1.302 copepxutT 3-a3abHUMKIIOTENTAHOBBIH ()parMeHT APyroro
tuna [516]. Croco6 momyuenus (-)-7-[(7S)-amuno-5-azacnupo|2,4]rentan-
5-mi]-6-drop-1-[(1R,28S)-2-drop- | -uurionponu]-1,4- nuruapo-8-mMeTok-
cH-4-0KCO-3-XHHONMHKApOOHOBOI KHCJOThl paspadoraH B padore [517],
a  1-us06yTun-7-(3,6-guasuduumkiao[3.2.0] rentun) propxuHOIOHOB  —
B [518].

DTOpXHHOMOHOBbIA aHTHOHOTHK JaHoduokcauuH 1.303  comepxuTt
B nosiokeHu# 7 octatok (18,4S)-5-MeTui-2,5-1nazaduunkao[2.2. 1] renrana
[519-522]. Beicokoii aHTHOaKTepHaJIbHOH aKTHBHOCTBIO TAKXKe 00/afaioT
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1-mpem-6ytun-6-drop-4-oxco-1,4-nuruapo- 1,8-HadTHpuauH-3-KapooHo-
Bble KHCJIOTBI, COlepxKailde B mojoxeHuu 1 ¢parmentst (1R,4R,7S)-
uin (18,48,7S)-7-metun-2,5-nnazaduuukiao[2.2.1jrentana [523]. Cunres
7-[(7S)-7-amuno-5-a3acnupo[2.4]rent-2-u1)-6-¢rop-1-[(1R,2S)-2-propun-
KJIOMPONH)-8-MeToKCH-4-0Kco- 1 4- IUrHApO-3-XHHOMMHKAPOGOHOBOH  KHC-
J0Thl TpHBefeH B pabore [524]. Dbliu Takxke mosmydeHbl (GTOPXHHOMIOH-
kap6oHoBble Kucnothl 1.304, comepxalupe 0CTaTOK a3abWILMKJ/IOOKTaHA
[525, 526].

[0]
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N. '
AT k

NHR
1.303 1.304

1-LluknonponunzametieHssle propxuHonons 1.305, 1.306 copepxar
B TOJIOXKEHHH 7 OCTAaTKHM a3a0MUMKJIOOKTaHa apyroro tuma [527, 528].
(4)-7[(18,5R)-1- AmuHoMeTHI-3-a3a6u1KKI0[3.3.0] ok TaH-3-1i1)- | - LK I0-
nponu-6,8-gudrop-1,4- nuruapo-4-okco-3-XHHOJIMHKApOGOHOBas  KUC/IO0Ta
1.306 npeBOCXOUT MO AKTUBHOCTH CBOW (-)-3HaHTHOMEp [528].
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1.306
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Psap antumukpoGHbix cpencts 1.307, 1.308 comepxut B mosoxe-
HUHK 7 ocTaTKH 6-aMuHO-3-a3a0uinK0[3.3.0]okT-1(5)-eHa UM oKcaasabu-
LHKJIOOKTHIIBHYIO Tpymmy [529-532].
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1.308: X=0, Y=Z=CH, (a); Y=0, X=Z=CH, (6); Z=0, X=Y=CH ()
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3amelenne atoma ¢ropa B l-uuknaonponui-6,7-gudrop-1,4-guruapo-
4-0KC0-3-XHHOJMHKapOOHOBOH KHesoTe Ha 6-(S)-amuto-(1R,4S)-2-a3abu-
1HK0([2.2.2) oKT-2-HIbHBIA OcTaToK onucano B padore [533]. Ewe opxum
MPUMEPOM CHHTE3a (PTOPXMHOJIOHOB, CONEPXKALIMX B TMOJOKEHHH 7 (hpar-
MEeHT a3a0HLUHKJIOOKTHIBHOTO TUIIA, SIB/ISETCST BBeleHHe MUPpoao|[3,4-b]mu-
PUIMHUIBHOTO M {HA30JHIHHOBOTO OUIMKJIMYECKOTO OCTATKA (COeNHHEHH S
1.309, 1.310) [534-536].

(6]
F COOH Q
| F COOH
N N l
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J P A
LN

1.310
1.310: X =CHy, R = unkonponunuukionponun (a); X=S, R=H (6)

Bonbloe KosiuuecTBo paboT MOCBALIEHO BBEAEHWIO B MOJNOXKeHHe 7
(DTOPXMHONIOHOB TaKoro (parMeHTa a3abHUMKJIOHOHAHA, KaK YaCTHYHO
rugpupoBanHbeil nsounpon [537-541]. (-)-(1R,2R,6R)-Vsomep ¢ropxuno-
noHa (1.311, R=F) npeBocXoguT no mpOTHBOONMYXOJIEBOH AKTHBHOCTH
B oTHoweHuu Jeiikemun P388/VCR rakue mpemapathl, Kak BHHKPHCTHH
u anpuamunid [540]. Ocratku (3aRS,4RS)-2,3,3a,4,5,6-rekcarunpo-1H-
U30MHA0/I-4-uamuna (coennnenue 1.312), 8-azabuuukio[4.3.0]Hou-2-ena
(coenunenne 1.313) n azabuurKI0-HOHanHeHU A (coennHenre 1.314) Tak-
JKe TepCreKTHBHBl [/ MPOSIBIEHHs (hTOPXHHOJOHOM aHTHOAKTepPHaIbHOH
aKTUBHOCTH [542-544].

F COOH F COOH
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6-drop-1-[(1R,2S)-2-bropuukonponan- 1 -] -4-0KcOXUHOMMH-3-Kap-
GOHOBBIE KHCJIOTHI, COAEPXKAllHe LHUKJIONPONaH-aHHeJHPOBAHHBI 2-aMu-
H0-8-a3a6uiuk0([4.3.0]HoHaH-8-UbHBIH 0cTaTOK B moJioxenud 7, 1.315,
1.316, unru6upytor 6axrepuansuyto JHK tomousomepasy IV [545].

BBenenne TakuxX OWLMK/IMYECKHX aMHHOB B IOJOXEHHe 7, Kak
2,8-nuazaduunkio[4.3.0]HoHanb [546-548], M03BOJIM/IO MOMYYHTH BBICO-
KoakTHBHbIE (propxuHoonsl 1.317. yuc-2,8- uazabuuukmo[4.3.0]HoHau
CceJIeKTHBHO pearupyet ¢ l-upukaonponuna-6,7,8-tpucrop-1,4-nuruapo-4-ok-
€0-3-XMHOJIOHKAapPOOHOBOH KHCJIOTOl 1O MUPPOJMAMHOBOMY aToOMy as3oTa
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F COOH F COOH

X=F, Me

OWLUKJIMYECKOT0 aMHHA, [0ITOMY HET HEeOOXOAUMOCTH HCIIONb30BATh
B JAHHOM C/lyuae 3alIUTHYIO rpymnmy. B To ke BpeMmsi MpOCTPaHCTBEHHO
He3aTpyAHEeHHbIH MUMEePUIHHOBBIN aToM a3oTa 3,8-1ua3abuunkio[4.3.0]Ho-
HaHa Tpefyercst 3allMTHTb [JIss [POBEJEHHs CeJIEKTHBHOH peaklH
10 MHPPOTHAKHOBOMY aToMy asora [546].

S3A

A =CF, CCl, C-OCHj3, C-C=CH, N; Z=CHy, NH; X, Y=CH,, O, NH; xondu-
rypauus yuc, pay; mpauc, pay; yuc, S,S; yuc, R,R; yuc, 1R,6S; mpanc, 18,6S;
mpanc, 1R, 6R

1.317

Xunosion 1.317, comepxammii yuc-2,8-nnasabunnk.io[4.3.0]Hou-8-un
B MOJIOXKEHUHU 7, B 2—4 pa3a akTHUBHee in vitro, ueM NPOU3BOJHOE, COLEpKa-
1iee B 3TOM NOJIOKeHuH 2,7-1uazabuuukio[3.3.0]okt-7-ua. yuc-2,8-Juasa-
OuunKiI0-[4.3.0]HOHUI SIBJISIETCST ONMTHMANBHBIM 3aMECTHTENEM 1JIsi 6OJIb-
LOro yucna (DTOPXMHOJOHOB M T03BOJISET [MOJYYUTb BbICOKOAKTHBHbIE
coenuenus. Eciu onny u3 CHg-rpynn GHUHK/IMUECKOr0 aMHHO3aMeCTHTe-
as1 B npenaparte (1.317, A=CF, Z=NH, Y =X =CH,) 3amesutb Ha aroM
KHMCJIOPOAA MJIM a30Ta, TO aHTHOAKTepHaJbHas aKTHBHOCTb HEMHOTO CHH-
xkaetcs. CpaBHeHWe 3HaUYeHHI MHHHMa/bHOH MOAABJSIOLIEH KOHLEHTPALHH
T0Ka3aJIo, YTO COelMHeHHe, CollepKalliee GUUUKINUECKHH aMuH B S,S-KOH-
¢urypanuu, B 2-4 pasa akTHBHee, UeM SHaHTHOMep C IPOTHBONOJIOXKHOM
KoHOurypauuet. M3 yuc-usomepos xunomona (1.317, A=CF, Z=NH,
Y =CHy, X=0) HauGosiee aKTHBHBIM OKa3a/JoCb COeJHHEHHe, COfepIKa-
mee amuH B 1R,6S-kongurypanuu. Ms mpanc-usomepos (1.317, A=CF,
Z=NH, Y=CHy, X=0) coenutenue ¢ amuHoM B 1S,6S-Koudurypauuu
aKTHBHee, yeM ero sHaHTHOMep. OJHAKO aKTHBHOCTb 3THX XHHOJOHOB
HEMHOTO ciabee, yeM mpenapara ¢ S,S-nnasabuunkio(4.3.0]HonaHoM B mo-
JIOXKEHUHU 7.

8-X/10paHasor BbILIEYOMSHYTOrO COeIHHEeHUs Gosiee aKTHBEH K LUH-
pOKOMY psifly GakTepuil, HO sBJseTCS (POTOTOKCHUHBIM. 8-DTHHUJIXUHOJOH
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NoKasaJ BbICOKYI0 aHTHOAKTepHasbHYI aKTHBHOCTb, OOJbLIYI0 yCTOHUH-
BOCTb K CBETYy, 4YeM 8-Ia/JloreHOXMHOJIOHbI, HO MEHbLIYI0 XHMHYECKYH
ycToiuuBocTb. Takxke ObIIO OOHApY:KEHO, YTO OH OKa3biBaeT M0OOYHbIE
3((heKTH Ha LEeHTpaJbHYI0 HePBHYIO cucTeMy. 8-MeTtokcuxunounoH (1.317,
Z=NH, Y=X=CH,) o6sagaer BbICOKOH aKTHBHOCTBIO ifl ViVO N0 OTHO-
LIEHHUIO K LWIMPOKOMY ALy OakTepui, XOpOWMMH (hapMaKOKHHETHUECKHMH
CBOHCTBAMH, BbICOKOH YCTOHUMBOCTBIO K CBETY U He sIBsieTCs (POTOTOKCHY-
HbIM [546].

HccnenoBanusimM no CHHTe3y M OMOJOTHUECKOH aKTHBHOCTH JAHa3abu-
LMKJIOHOHH/IXUHONOHOB TOCBSIIEHO M MHOrO IPYyrux pabor [549-551].
Hanpumep, 8-1HaHO(QTOPXMHOJMOHbI, COAEpKALLMEe TAKOH OCTATOK, OMHca-
Hbl B maTeHTax [552-554], a 8-1u(TOPMETOKCHIPOH3BOAHEIE — B MaTeH-
te [555]. 8-Lluano-1-uukaonponui-6-hTopxHHONOHKAPOOHOBAs KHUCIIOTA,
cofepalliasi B MOJIOKeHHH 7 0CTaTOK 2-0Kca-9,8-11a3zabuuukio[4.3.0]HoH-
8-us1a, NPOSIBASET BBICOKYIO aKTMBHOCTb K . pylori u MOXeT MCIONb30-
BaTbCsl IS JIEYEHHUsT TaCTPOLYOeHAJIBHEIX 3a6oneBanuii [556).

HepCHeKTHBHbIMI/I aHTHﬁaKTepHaJ’[be}MI/I areHTaMH TaKxKe l'[pl/I3HaHb]
¢ropxunonons 1.318, 1.319, conmepxaiiue B MONOXKeHHH 7 (parmMeHT
(+)-2,8-nnazaéuiyk.io[4.3.0]HoH-b-eHa uau 2,7-nuazaduunkio[4.3.0]Hou-
4-ena [557-561].
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7-(1,3- Qurnuaponupposno[3,4-b] nupuant-2-ui) XMHOMHIH- 3 -KapOOHOBast
kucgora 1.320 nposiBiseT aHTHOAKTEPHATbHYI aKTHBHOCTb LIMPOKOTO
criekTpa pedcTsus [562].
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1.320

BBenenne B mojoxkeHue 7  8-MeTOKCH(TOPXHHOJOHA — OCTaTKa
4,5,6,7-reTparunpo-1H-mupasono[4,3-c]mupuiyuHa  MO3BOJHAO  TOJYYHTH
npenapatr 1.321, akTHBHBIH K METHLUHJJIMH-YCTOHYMBOMY LITaMMy S. au-
reus KP-90-3 [563]. XunosnonkapboHosas kucaora 1.322 crHresnposaHa
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Ha ocHoBe l-wuksaonponui-6,7-nudrop-8-meTokcH-4-okco-1,4-nuruapo-
XUHOJIMH-3-KapGokcuGopara u  4,5,6,7-TeTparuaporuero|[3,2-e|nupuu-
Ha [564].

1,2,3,4-TeTparispon30XHHOMHHOBOE KOJIBLIO TaKKe BBOLMJIOCH B I0JIO-
sxenne 7 dropxuHoaoHOB (coemuHenns 1.323) [565, 566]. Coenunenne
1.324, oGnapamwluee BBICOKON aKTHBHOCTbO B OTHoweHWH E. faecalis
u S. aureus, nonydyeHo Ha OCHoBe GOPAM(DTOPUIHOrO KOMIIeKca 1-LHK-
nonponui-6,7-nudrop- 1,4-1uruapo-4-oKCOXHHOIMH-3-KapOOHOBOK  KHCJI0-
Tl U N-[2-0kco-3-(2,3,4,5-TeTparuapo-1H-6eH30(c]asenuu-7-1n)okcaso-
JIHIKH-D-uaMeTH|auetamuaa [567].

I/I3B8CTHbI l'[pl/IMepr BBeJIeHUs TMOJHOCTbIO FH}lpHpOBaHHOFO H30XHHOJIH-
Ha [568-570], a TakKe HerHIPUPOBAHHOTO H30XHHOJMHMHA [571].

o 0
F on F COH
| |
N OMeA S

2
X A
H
1321 1322
o o
F 0 0
OH e/lk F CoH
M¢” NH
N N |
R R N N N
o% a A
1323 0
1324

1.323: R=Et, uuxsonponu

Muoro  paboT  MOCBAIIEHO — CHHTe3y  7-MOP(ONHHO3aMelleHHbIX
(TOpXHHOJOHOB [672, 573]. BblcoKyl aKTHBHOCTb NPOSIBISIOT TaKxkKe
(TOPXHHOJIOHBI, COfEpPIKALLHe B MOJOKEHHH 7 2-THAPOKCHMETHIMOPHOTHH
i 2-amuHOMeTHAMOphoMUH [574-577], ocratok Mopdosuna ¢ NHyC(O)-
IPYNIHUPOBKOH B mosoxkerrd 3 [578], a Takike (HTOPXHHOJIOHBI, COLEpKa-
wue B MopdosrHoBoM (parmente rpymmel CN, CO9R, CHyCHoF [579)].
7-[(18,4S)-3,3- lumerni-2-okco-5-azabuuukio[2.2. 1 renran-5-ua] dprop-
XHHOJOHBl 1.325 MeHee aKTHMBHbI, 4YeM LMNPO(JOKCALMH K raTHQJIOK-
cauuH [580]. 7-MophoNHHOXHHOJIOHE, COfepXKallke B MONOKEHHH |
METHJIbHBIA, 3TUJBHBIA, 2-QTOPITHIbHBIN, 3-OKCHITHJBHBIA OCTAaTKH,
omucanbl B padore [581]. Hekotopeie 7-mopdosiHo3amereHHbe GTOPXH-
HOJIOHBI MOT'YT OBITh HCIIO/Ib30BaHbI 151 JeUeHHst 3a00/IeBaAHNH, BbI3BAHHBIX
KOJIMGALMIAMK U caJlbMOHe IaMH [582].
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R=H, Me; R’ = uuksnonponu, 2,4-nudropdenun

Ha ocHoBe Hutpusa 1.326, nosmyueHHOro KoHuexcauweil 2,4,5-Tpu-
(ropbeHsoHuTpuna ¢ 3-amuHo-2,3,4,5,6,7-rekcarunpo-1H-a3enuHom, CuH-
Te3upoBaH (TopxuHOJOH 1.327 myTeMm IIEJOYHOrO TMAPOJH3a HUTPHJIb-
HOH TIpynnbl, 00pa3oBaHUs COOTBETCTBYIOLIETO AWITHIOEH30MIMAJIOHATa,
KoHpeHcauuel nocaentero ¢ MeoNCH(OMe)y, 3amenoit NMey-rpynmsl Ha
LMKJIONPONUIAMUH, LMK/IU3aLKel 0/yUeHHOr0 eHaMHHOHA B IIPUCYTCTBHH
mpem-6yTokcraa Kaaus B TT® u ruaposan3om 3ToKCHKapOOHHUIbHON IpyT-
nbl (cxema 1.63) [583].

Cxema 1.63
(0]

F CN F COOH
I:[ e |
N F N N
1.326 A 1.327
NH,

Onucano BBefeHHe W ocratka l,4-1uasenuHa B nosoxenue 7 (ropx-
1HOJIOHOB [584]. 5-Amuuo- 1 -unkaonponui-6,8-guruapo-7-(2,3,4,5,6,7-rek-
caruapo-1H-1,4-nnasenun-5-ou- 1-1u)- 1,4- iurugpo-4-oKCOXUHOMHH-3-Kap-
GouoBas kuciaora (1.328, Y = NH), nonyuennas sameriennem atoma dropa
B COOTBETCTBYIOLIEH XMHOJOHKapPOOHOBOH KHC/IOTE MPH HarpeBaHWH C TeK-
carunpoguasenuHonoMm B HMPA, akTHBHA K MeTHLMJ/UIHH-PE3HCTEHTHEIM
1ITaMMaM MHKPOOpraHuaMoB [585-587].

Cpenu 3amecTHTesel, KOTOpble MOXKHO BBECTH B MoJOXKeHHe 7 (hTOp-
XHHOJIOHA IIyTeM 3aMelleHHs aToMa (Topa, ClefyeT OTMETUTb TaKxkKe rek-
carugpo-2-metui-5H-nuppono[3,4-d]usokcason-5-un (coeannerue 1.329)

588].
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CrienyeT OTMETHTb, YTO MOLM(HUKALMA MOJOKEHHs 7 MOJIEKYJbl (Top-
XMHOJIOHA 3a CYET peaklWH aMUHO-IeQTOPUPOBAHHS WMEeT CBOM Orpa-
HUYEHHS, H03TOMy B p;me CJIy'-laeB }leﬁcTBeHHbIM METOIOM BBEJI€HHS re-
TEPOLUKJNYECKOTO (hparMeHTa B MOJOXKeHHe 7 (DTOPXMHOJIOHA fBJSETCS
LHMKaonprcoennHeHte (cxema 1.64).

Cxema 1.64
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1.334

o=z

4-X1HOMOH-3-KapOOHOBble KHCJIOTHI, COAepKalllhe pas/HyHble reTepo-
uukanyeckne 3amectutenn 1.333-1.338, cuHTesupoBaHbl B pesysbrare
peakLui HUTPO30- MMM HUTPOHO-LUKJIONPUCOENHHEHHS. 7-TuIpoKCHIaMu-
HoxuHosoH 1.330, mosyueHHbll Npy HarpeBaHWH 6,7-AM(TOPXHHOJIOHA
¢ TMAPOKCHIAMHHA THAPOXJOPHAOM B MUPHAMHE, Obl1 MOABEPIHYT OKUCIe-
HHUIO 10 HUTPO30-HHTepMennata 1.331 unu KoHIeHcaluu ¢ (popManbieri-
zoM ¢ obpasoBaHuemM MetuiaeHHuTpoHa 1.332. Coenunenns 1.333-1.335
CHHTEe3UPOBaHbl peakuuell [4-+2]UUK/I0NPHCOeIHHEHHST HUTPO30-HHTEPMe-
nuara 1.331 ¢ nnenamu. 2-Msokcasonuannuixutonons 1.336-1.338 o6-
pasyioTes MIpH AUMOJISPHOM LMKJIOMNPHCOeNMHEHHH MeTH/IeHHHTpoHa 1.332,
TOJTYUYeHHOTO in Situ, U ofeduHoB (cxema 1.64) [588, 589].

Mertoposiorust  1,3-1MMONSAPHOTO LUKJIONPUCOENHHEHHs siBseTcs 3¢)-
(DeKTHBHBEIM CNIOCOGOM BBElEHHs B MOJIOKEHHE 7 (HTOPXHHOJOHOBOTO OCTO-
Ba TaKHX TETEPOLHUKINYECKUX qﬁ)pal‘MeHTOB, KaK TpHa30Ji0B, TPHA30JHHOB,
M30KCa30MMIHHOB U 1p. (cxemsl 1.65-1.67) [690-594]. Tax, peakuust
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7-a3u10MpoH3BOAHOr0 6-hropxrHosoHa 1.339 ¢ eHaMUHAMH LMKJIMYECKHX
KETOHOB U HOPOOPHEHOM IPOTEKaeT IMIafKo ¢ 00pa3oBaHHeM COOTBETCTBYIO-
mux ak30-1,2,3-rpuasonutos 1.340. Taxkue LUMKJIOALLYKTbl MOABEPralnTCs
KaTHOHHBIM IeperpynnupoBKaM, KOTOpble CONPOBOXKIAIOTCS OTPLIBOM No
1 1,2-cHrMaTponHbIM cBHroM, AaBasi amuauHbl 1.341 uiu aMmuHOHOPOOP-
nan 1.342 (cxema 1.65) [590, 591].

Cxema 1.65
(n=12; m=0) o
R' = wiknoanmmnio F COOH
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Yacto ans MOAMGHUKALMHK MOJOKEHHS 7 (DTOPXMHOJIOHOB HCIOMb-
3yeTcsl JOCTpauBaHHe TeTEPOLHK/IHYECKOr0 (parMeHTa B 7-THIPasHHO-,
7-aueTus, 7-MeTHJA(PTOPXHHOJOHAX MO peakUMsM KOoHIeHcauuH. Tak, Ha
ocHoBe 1-3TUJI-6-(prop-7-ruapasuto-1,4-1uruapo-4-oKCoOXHHOMMH-3-Kap6o-
HOBOH KMCJIOTbI CHHTE3MPOBaHbI THAPA30HO-, THPA30JI0- U AUTHAPONUpPHIA-
3uHonpou3BonHble [295]. B pesysbTate TepMOXMMHUUYECKOH PeaKLHH a3uia
1.343 ¢ reTepouUMK/JHYECKUMH aMHHAMH TOJyYeHbl HOBble MPOU3BONHbIE
3TUJI0BOrO 3upa 7-ruapasuHo-1-31ua-6,8-1uTopXuHO/IOH-3-Kap6OHOBOH
kucaoThl 1.344 (cxema 1.66) [595].

1. 342

Cxema 1.66
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7 B.H. YapyuwuH, 3.B. Hocosa, I'.H. Jlunysosa, O.H. Uynaxux
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Peakuusi nuK/onNpucoeyHenns asometHHa 1.332 ¢ ankeHamu mnpote-
KaeT pervo- M CTepeoceseKTHBHO M MpPeACTaB/seT co00H yRoOHBIH crio-
€00 MoJsyueHHs psiia CTepeor3oMepHbIX 7-H30KcasounuHoB 1.345-1.349
(cxema 1.67) [592-594].

Cxewma 1.67
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1.346

1.347

7-IlupponunsamelenHble  hTopxuHooHsl 1.352, mnposiB/siolMe aH-
THOAKTepHaIbHYI0 aKTHBHOCTb, CHHTe3HpoBaHbl Mo cxeme 1.68 [596].
[Ipn B3auMomelcTBUH 2,5-IMMETOKCHTETPAruApopypaHa ¢ (TOPAHUIHHOM
1.350 oGpasyercss mupposo3aMelleHHoe npoussopHoe 1.351, KoTopoe
nojiBepraeTcsi BHYTPUMOJIEKYNSAPHOH LUKJIOKoHAeHcauuyu npu 230-280 °C,
N-a/KU/IHPOBAHKIO ¥ THAPOIH3Y C o6pasoBaHueM xuHOMoHa 1.352 [597].

Cxewma 1.68

MeO~ O~ ~OMe 0

F U E n PhO F COOH
SR s WD ¢

HN NH-CH=C(COOE), @: NH-CH=C(COOEY), @' N

R
1.350 1.351
1.352

OcylecTBeH CHHTe3 MPOM3BOAHEIX LMMPO-, TaTH- U MOKCH(JIOKca-
LIMHA, CONepKallUX B MOJOXKEHUH 7 THAPOKCHOUCHOCHOHATHBIE TPYIIIbI
1.354-1.356 [598]. Kak mnoxasano panee [599], mpousBopHOe LMIPO-
(okcaunHa ¢ GucdochaTtHoil rpynnoil B nunepasuHoBoM uLukae 1.353
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COXPaHHJI0 aHTHOAKTEPHA/IbHYI0 aKTHBHOCTb LMMIPOQJIOKCALMHA U Coco0-
HOCTb CBfI3bIBAThCSl C KOCTEBOH TKaHbIO B CYCII€H3HH, a MOo3Hee B ONbITaxX
in viVO Ha MOJEJNH OCTEOMMesHMTa KphIC Oblja MOATBEpPXK/IEHA ero 3pdex-
THBHOCTb B NpelynpexaeHnu GaKTepranbHOl (GOpMBL.

Coennnenusi 1.354-1.356 nosyuenst ¢ ucrnonb3oBannem Cu(l)-ka-
TaNM3UPyeMOll peakluH a3ui0-aJKHH-1,3-IUIOMSIPHOTO HUKJIONPHUCOENH-
HeHust. Bsaumonefictue O-CHIMIMPOBAHHBIX 3-a3UIONPOMHUATETPAITHII-
Gucocdonaros ¢ N-mpornapruszamelieHHbIMH (DTOPXHUHOJOHAMH H T10-
clleflyloliee CHSTHE 3alIUTHl NPHBEJO K NPOU3BOAHBIM LHMpo-(1.354),
ratu-(1.355) u MokcugiokcaunHa (1.356), B Kotopbix 1,2,3-TpHasosbHbli
JIMHKep CBSI3bIBaeT (VTOPXUHOJOHOBBIN U MPONUATHAPOKCHOUCHOCHOHATHDIH
(bparMeHTHI.

JlaHHbIe coelMHeHUs 00/1afal0T aHTHOAKTEPHAIBHOH aKTHBHOCTBIO, 110~
JI00HO MCXOAHBIM (DTOPXMHOJIOHAM, M IPOSBUIM OCTEOTPOIHBbIE CBOHCTBA.
[TpousBoatoe uunpogaokcaunta 1.354, nokasasiiee y10BIETBOPUTENbHbIE
pesyJbTaTel Ha HAaHOPa3MePHOM T'MAPOKCHanaTHTe, 0TOOPAHO A/S U3yUeHHs
in vivo.

F
OH oH

oy

R
\l/\N
LN\) \)\/N\) R
o O HQ
rZ 1353
Ho/li OH 0:/? Ot R=R' =H (1.354); R-Me, R'=OMe (1.355)
OH OH oy
oH J J
H
NIN:N
F
F oH
HQ N
O:/P N ! OM
OHOHJ\O \ e

1.356

CuHTe3npoBaHa Gosbliiasi Ipymnna (pTOPXHHONOH- U HaQTUPHIMHKApGO-
HOBBIX KHCJIOT, B KOTOPHIX B reTepOLHMKIHYecKHi 3amectutenb npu C(7)
BBEJIEHO Tpou3BofHOe MyTuivHa (coemunenns 1.357) [600]. XuHosoHbl
1.357 mokasaau BEICOKYI aKTHBHOCTb B OTHOLIEHHH JIeKapCTBEHHO-Pe3U-
CTEHTHBIX GaKTepHil, B YaCTHOCTH METHULMJJIMH- U XHHOJIOH-PE3UCTEHTHBIX
cTaUJIOKOKKOB, S. pneumoniae u ap.

Kak crepyer M3 BbILIEH3JI0XKEHHOTO, GOJBIIMHCTBO (DTOPXHHOJIOHOB,
B TOM uYHcie Haubojee u3BecTHbIX, siBasiorcsi C(7)-N-nponsBoiHbIMH,
OJIHaKO CHHTe3MpoBaHbl 1 (hropxuHo/OHb co cBsisblo C(7)-C. Tak, Ha oc-
HoBe 7-Metni-1,8-HaripunuHona 1.358 u (mpem-GyToKcH-Gue-AMMeTHII-
aMHHOMeTaHa) mojydeH eHamuH 1.359, KoTopblil MpH AEHCTBHH peareHTa

7%
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Busbcemetiepa npespaiaercs B uHtepMentar 1.357. Peakuus 1.360 c run-
pasunoM, NHoOSO3H uan ryanunuHom B KauectBe AMHYK/IEO(UIOB NpPU-
BOAMT K 00pa3oOBaHUIO MHPA30J0-, H30KCA30/10- M MHPUMHAMHO-3aMelleH-
HbIX mpousBogHbix 1.361-1.363 (cxema 1.69) [601].

Cxewma 1.69
(0]
-BuOCH[NMe,], F O CO,Et
-BuOH Me =
‘1;1 7NN
Me
1.359
Pearent
Busbemeitepa

1) RNHNH,
-—
2) ruaponus
1) NH,0S0,H
X
0 2) runponus D HNTONH,

‘ 2) rumponus

1.363

7-AnernnsamelieHHblit GpTopxuHooH 1.364 Gbl1 MpeBpalleH B eHAMUH
1.365, Ha oCHOBe KOTOPOrO CHHTE3MPOBaHbI MHPa30/onpon3sonHoe 1.366,
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u3okcasosonponssogHoe 1.367 u nupumumuHonpoussogHoe 1.368 (cxe-
ma 1.70) [601].

Cxewma 1.70

tBuOCH[NMe,],

LBUOH

1.364

1) RNHNH, 1365 H R)k\,,_
X =N, CH, CAIk, CF
2) riponus,
2) runponus

1) NH,080,H

2) ruzporis

1.367

7-(4-TuasonubHbie) npoussofHsie (ropxuHonoHos 1.370 rtakxe Mmo-
ryT OBITb CHHTE3MPOBAHBI Ha OCHOBE 7-aLETHJI3aMELIEeHHOT0 XHMHOJIOHA
1.364 [602]. Inst storo ocyumectsJsiioch GpomupoBanue 1.364 u B3an-
MOfieficTBHe MoJTy4eHHOro 7-(6pomauerua)xutosona 1.369 ¢ THoamuzom
(cxema 1.71). MsomepHbie aHAJOTH, CONEpRKALINE 2-THA3OJH/IbHBIA (par-
MeHT B moJioxkeHnu 7 1.374, mosyueHsl u3 7-(THOKapGaMOUI)XHHOJIOHOB
1.373 (cxema 1.72) [602]. Has cuHtesa 7-(2-3aMelleHHBIX 4-THA30J1H-
JIMHHJT)-IIPOU3BOJHBIX OCYIIECTBJSNOCh BOCCTAHOBJEHHE 7-THA30IHIbHBIX
anasnoros JeficrBueM NaBHy [603]. dropxunoson- u HadTHpUAHHKApGO-
HOBBIE KHCJIOTHI, cofepxatine npu C(7) THO(EHOBBIH (pparMeHT, omUcaHbl
B marente [604].

Cxema 1.71
o
CO,Et 0
ACOH, Gpoviar Kais COEL ) sy E cont
- S)NH, 0,
HBr e—— I
Br 2) ruapoms ~ .
0 R K R
>;N R K
1369 ¥ -

Psin 6-rop-7-(2-3amemennbix 4-trazonuin)-1-31ui-1,4- guruapo-4-ok-
COXHHOJUH-3-KapOOHOBBIX KUCJIOT CHHTe3HpoBaHbl B padote [605]. 7-Tua-
30JIMJIXHHOJIOHE! CHHTE3HPOBaHBl MeTOLOM [aHua; 7-THA30/MINHHIXHHOIO-
Hbl TOJIy4YeHbl KBaTePHH3aLMell THA30/IbHBIX NPOU3BOAHBIX M BOCCTAHOB-
JIeHHeM UX OOprUApUAOM HaTpusi. 7-THas3o/bHble W 7-THA30JMIAMHUJbHbIE
POM3BOHbIE (TOPXHHONOHOB HEAKTHBHBI [0 OTHOLIEHHIO K IpaMOTpHLa-
TebHbIM GaKTEPHSIM, HO HHTHOUPYIOT POCT IPAMIOJIOKHTENbHBIX GaKTepHi

1 MuKobakTepuit [603, 605].
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Cxema 1.72
9 0
F COEt . F CO,Et
| 7 _NaNO, HCI 27 H,S, CHN, NEL,
v | [
CucN
HN L NC N
1371 1.372 k
@ [0}
F COEL ) pc(o)c,r F CO,Et
. | - | -
S N 2) ruaponus S .
wo I
1.373
R 1.374

BaxHyio pomb B MoaM(MKALMK TOMOKEHHS 7  (TOPXMHONOHOB
UIPAIOT CHHTE3bl Ha OCHOBE 3/IEMEHTOOpraHuYeckux coeiuHenuil. Tak,
B3aUMOJEHCTBHE  7-XJOp- WaAM  7-OPOMIPOM3BOAHOTO  (PTOPXMHOMOHA
¢ (ruennn)SnBus, (2-dpypun)SnBus, (3-nupuana)SnBus, (rerparumpo-
treHo[3,2-c]mupunun)SnBus B numerHadopmMaMuie B NPUCYTCTBHH AH-
xnop6uc(Tpudennapocdun)naniafus TPUBOLUT K 06pa3oBaHHI0 COOTBET-
CTBYIOLIMX 7-TeTepH/I3aMellieHHbIX GTopXxuHOMOHOB [606, 607].

[Ipu nmeficTBMM OPOMMPOM3BOLHOTO H30OMHIOJIMHA Ha XuHOMOH 1.375
B mpucytcetBud AgO u (PhsP)4Pd o6pasyercss 3amelueHHbIH XHHOJIOH
1.376 (cxema 1.73) [608].

Cxewma 1.73

F COOEt
Br AgO

| + i =
M -
Bu,Sn N ¢ i (Ph,P),Pd
Me % o

[0]

F COOEt
_— |
(o]
I} N
Me S—N
| Me
(0]
1.376

BakTepuLIHON aKTHBHOCTbIO 00/1a/1aI0T NPOHU3BOJHbIE (hTOPXHHOJIOHOB,
cojepKaiiie 4-NMUPUAMABHBIA (DparMeHT B TMOJOXKEHHM 7, HampHMep
(1.377, R'=H, Et, CH=CHy) [609]. 7-(2-Metuanupuautu)-1-uukio-
nponua-6-drop-1,4-1uruapo-4-okCOXMHOMMH-4-0H-3-KapOOHOBOH KHCJIOTbI
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3TWJIOBBIH 3(GHUP MoJyyeH JeHcTBHeM Ha 7-OpOMMPOM3BOAHOE 2-Me-
Thi-4-(tpumeruncransua)nupuansa B npucytersun PdCly(PPhs)e [610].
1-Uuknonponun-7-(2,6-numerni-4-mupununun)-6-dgrop-1,4-guruapo-4-ox-
C0-3-XHHOJMHKApOOHOBAs KHCJIOTA M ee JeKapOOKCHJbHBIH —aHaJor,
TOJIy4YeHHBI} [P HarpeBaHuy Kucjotel B JJMPA B npucyTcTBHH LHaHKAA
HaTpus, 3(dexTHBHO MHrHOMPYIOT Tomousomepasy Il MiekomuTamOmUX
[611-613].

1.377

7-(3-Okcazonununun)- u 7-(rerparuapo-1,3-okcasuH-3-um)-3amelieH-
Hble (PTOPXHMHOJIOHBI ONHCaHbl B paboTe [614].

7-Bunnin-, 7-(3-amuso-1-uukionenres-1-un)- u 7-(1,2,3,6-retparuz-
po-4-nupHIKHKI)-4-0KCOXHHOMMH-3-KapOoHoBble  KucaoTsl 1.380-1.382
CHHTEe3UPOBaHbl Ma/JIafHi-KaTaln3HPyeMbIM KPOCC-COUeTaHHEM Ha OCHOBE
7-xuHosuatpupaata 1.379 ¥ COOTBETCTBYIILIMX BHHHJICTaHHATOB (cXe-
ma 1.74) [615, 616]. Cunres 1,8-HaTHPHAKHKAPOOHOBBIX KHUCJIOT, COLEp-
KALUUX aUMKIHYECKHI WM LHMKJIHYECKHH 3aMeCTHTeb B MOJOXKEHHH 7,
C HUCr0JIb30BaHHEM MeTONOJIOTHH MaJjliafuii-KaTa u3HpyeMoro Kpocc-coye-
TaHUs C y4acTHeM 7-XJIOp3aMelleHHOr0 Ha(pTUPHIAMHA M OJIOBOOPraHHYe-
CKHX DeareHToB omucaH B padore [617].

Cxema 1.74

F. COOH F. COOH
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N
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PACI(Ph,P),, LiCl, THF
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PACL(Ph,P),, LiCL, THF

2) rapones

2) ruapori
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Jlpyrum npuMepoM (DTOPXMHOJIOHOB, COZEPXKALUMX B MOJOXKEHHH 7
KapOOLMKJIHIECKHe 3aMeCTHTeJH, SBJAIOTCS 8-MeTOKCH-1-IUKJIOnponu-
6-(TOPXHHOJIOHE € 1-aMHHOLMKJIOAJKHABHBIMU K 1-KapOOKCHIMKI0AM-
KuJbHBIMH ocTaTkamu 1.387, 1.389, cunresuposansbie no cxeme 1.75. BHa-
yajle CHHTE3HPYIOT 7-IH(eHHIMETOKCHKaPOOHUIMETUIIBHOE MPOU3BOLHOE
1.384, xoTopoe mpeBpamaioT B AH(MEHUIMETOKCHKAPOOHHIBHHHIXHHOJIOH
1.385, a 3arem ¢ nowmoubio HOfKMAa TPUMETHICYIb(OKCOHHS (HOPMHUPYIOT
LMKJIONpOnaHoBblil (parment. Bsaumoneiicreuem 1.384 ¢ 1,4-1u6pom6y-
TaHOM B NPHCYTCTBUHM TMIAPHAA HATPUS MOJMYHalOT LHKJIOMPOIAHOBOE MPO-
usBonHoe 1.386, ruaponns KoToporo B TPU(DTOPYKCYCHOH KHCJIOTe MpH-
BOIMT K 00pa3oBaHuio 1-KapGokcuuuKIoankuixuHotoHa 1.387. Tlocae
o6pabdotky 1.387 pudenundocdoprunasuiom U nocienyoLero ruapoansa
KapOOHHIaMHHO-IMKJI0AJIKHIBbHOrO nporssonHoro 1.388 B Tpudropykcyc-
HOl KHCJIOTE MOJIYYaloT aMHHOLMKJIOAMKUJIbHOE IPOM3BOLHOE XHHOJIOHA
1.389. 7-(1-amunouukaonponun)-, 7-(1-aMHHOUKKI00Y THI)- 1 7(1-aMHHO-
LHKJIONEHTHT) XMHOJIOHE! 1.389 MpOSIBISIOT BBICOKYIO aKTHBHOCTH B OTHO-
wennd B. subtilis, E. coli NIHJ, C. freundii IFO 12681, K. pneumoniae
B-54, E. cloacae IFO 3320, E. aeruginosa IFO 13534, S. marcescens IFO
12648, P. vulgaris IFO 3851, P. mirabilis IFO 13300, M. morganii IFO
3848 (MICs 0,05-0,2 mkr/mJ1), 0GecreunBaT BbICOKHH YPOBEHb B KPOBH
TIPH OPaJIbHOM U NapeHTepalbHOM BBEJEHHH, HMEIOT HU3KYI0 TOKCHYHOCTb
¥ BBICOKYIO YCTOHUYMBOCTb K cBeTy [618, 619].

Cxema 1.75
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CuHTe3 7-LMKJIONPONHU/I3aMelleHHBIX (TOPXHHOIOHOB, MPOSB/SIOLIKX
BBICOKYIO aKTHBHOCTb B OTHOLIEHHH MeTHLHJIMH-YCTOMUYMBBIX LITAMMOB
S. aureus F-597 u E. coli NIHJ, npusenen B narente [620].

7-BunusizamerieHHasi (hTOPXMHOJIOHKApPOOHOBAs KHUCJIOTA MOXKET OBITh
no/yyeHa peaxiueli 7-0poM3aMelleHHOr0 XHHOJIOHA ¢ BHHHJIMarHWHGpo-
MuIOM B TeTparuipodypane B mpucyretBud ZnCly u Terpakuc(tpude-
HUN(OCHUH)TaNIafHs W MOCAEAYIOWHUM THAPOIH3OM STOKCHKAPOOHH/Ib-
HOll IpynnupoBKH. JleHicTBHe IMa3oMeTaHa Ha 7-BUHMJIXHHOJIOH NO3BOJSET
CHHTE3UPOBAThb 7-LHKJIONPOIUJXHHONOH. B3auMozneficTBHeM TeTparuupo-
MUPaHHUJI-3aLHKILEHHOTO NPONAPrU/IOBOr0 CIUPTA C 7-GPOMXMHOJIOH-3-Kap-
603TOKCHXHHOJIOHOM M0JY4aioT 7-(3-rHApOKCH- 1 -NPOMHHII)-IPOH3BOLHOE,
KOTOpOE B PeaKLyH ¢ [Ha3oMeTaHOM 00pasyeT 7-(2-rHApOKCHMETH- ] -1HK-
JIOTIPOTIHIT)-3-KapO03TOKCUXHHOMOH [621].

DTOPXHHOJOHEI, COfepKallke B TMOJNOKEHHH 7 MOAM(HLHPOBAHHBIMH
ApUJIbHBIA 3aMeCTHTeJb, TaKKe NEPCIeKTUBHBI AJ1 MEIHLHHCKOH XHMHH.
PaspaboTan KopoTkuii myTb cHHTe3a l-mukaonponui-6-¢prop-7-(4-runpok-
CH(DEHHIT)-3aMeLLIEHHBIX XHHONOHOB, UCXOAS U3 7-OPOMXUHOJIOHOB U 4-THj-
pokcudenunboproit kucaotsl [622]. Iponssontoe 1.392, cunre3uposas-
Hoe myTeM KoHpeHcauuu ajibieruna 1.390 ¢ PAINHCH;CHoCN 1 mocse-
nymolell LMKJIOKoHAeHcaunn HuTpuaa 1.391 ¢ ryanuautom (cxema 1.74),
MHTHOUpYeT AUrHApodonaT-penykrasy S. aureus ATCC 25923, S. aureus
157/4696 u Ph. carinii s¢dexTuBHee, 4eM mpenapar Tpumeronpum [623].

Cxema 1.76
(0]
PhNHCH,CH,CN COOH
t-BuOK ——
NC H,N__NH,
NH HCI

Peakuusi HyK/Jeo(pUJIbHOTO 3aMelleHHsi rajoreHa B MOJOXKEHHH 7 Ha
HUTPOMETaH I03BOJH/IA MOJYUHTh 7-(HHTPOMETHI(QTOPXHHOJOHEI), KOTO-
pble HCMOJB3YIOTCA KaK MHTEPMEAUATbl AJA MOJNYyYeHUs OMOJIOTHYECKH aK-
THUBHBIX MPOU3BOAHBIX [624]. TpaHcdopMalusi 7-HUTPOMETHIBHBIX TPOH3-
BOJHBIX B COOTBETCTBYIOLME apHIaibAeriibl paccMoTpeHa B pabote [625].
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Ha cxeme 1.77 npenctaBieH cHHTe3 1-IHMKJIOMPOMUA-6-(TOPXHHO-
J0HOB, comepxkamux B mosioxkenud 7 NHyoCHo-, (mumepasunun)CHo-,
(4-merunnunepasunun)CHy-, EtNHCHy-, PrNHCHy-, i-PrNHCH,-,
(unknonponua)NHCHy-, BuNHCHy-, PhNHCH,-, 4-CIC¢H4NHCH,-,
3-CICgH4NHCH,-, 4-FC¢H4sNHCHo- u mp. (1.394, 1.396, 1.399).
Coenvnenusi, comepxaue B nonoxenun 7 AlkNHCHy-, mnokasanu
GoJiee BBICOKYIO aKTHUBHOCTb in vitro, 4eMm JIOMe(IOKCALMH B OTHOLIEHHH
rpaMOTPULATENbHBIX MHKPOOPTaHH3MOB, B TO BpeMs KaK MPOU3BOMLHbIE,
conepxkaiue B nonoxkennn 7 ArNHCHy-, mpomemonctpupoBanu akTuB-
HOCTb B OTHOLUEHHH TIPaMIONOXKHTENbHBIX MHKPOOPraHM3MOB Ha YpPOBHE
JoMe(JIOKCallHHA ¥ BaHKOMHLKHA [626].

Cxewma 1.77

F COOEt (0]
CHNO,. NaH COOEt | by, o F CooH
F N DHCLAOH  HN, |
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HO NaBH, 3
N o, 2) HCI, AcOH ArHIN !
- A r \
F
1.397 A A

1.396
1395
PBr,

COOE COOH
1) HNRR"
Br. —
2) HCI, AcOH R‘/

1398 1.399

CuHre3 (hTOPXHHOJIOHA, COLEPKALLEro B MoJ0KeHHH 7 (1-HMUaa30/11)-
(ennameTHIbHBI ocTaTok 1.402, Ha ocHOBe 3aMelleHHOro aHuIMHa 1.400
npuBeseH Ha cxeme 1.78 [627].

Cxewma 1.78
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®opmuposanne ceasu  C(7)-C B 7-(1,2,3,4-reTparunponuppo-
n0[1,2-a] MHpasuH-7-1)XMHOMOH- U HaQTHPUAMHKAPOOHOBBIX KHCJIOTAX
1.405 ocyluecTB/eHO B3aUMOLEHCTBUEM 7-TaJOreH- MJIM TO3HUJ3aMelleH-
HbIX XxHHOJIOHOB 1.403 ¢ GopubiMu 3¢dupamu 1.404 (cxema 1.79) [628].
H3yuenue aHTHOAKTepHaNbHOH aKTHUBHOCTH XHHOJIOHOB 1.405 B OTHO-
WEHHH Psia TPAMIONOKHTENbHBIX M TPaMOTPHLATE/bHbIX [aTOreHOB
110Ka3a/10, YTO HECKOJbKO COEAMHEHWH MPOSIBUIN BBICOKYI0 aKTHBHOCTb
MPOTHB LUMIPOdIIOKCALMH-DE3UCTEHTHBIX bakTepHil S. pneumoniae.

Cxema 1.79

R
X=N, CR; 1.404
Z=Br, Cl, OTf
1.403

1.405

AJ'IKI/IHI/IJIXI/IHOJIOHKapéoHOBbIe KHUCJIOTBI MOTYT 6bITb CHHTeSHpOBaHb]
aJIKHHUIMPOBAHHEM 7-Ta/loreH3aMellleHHbIX XHHOMOHKApPOOHOBBIX KHCJIOT
[629] nubo nannanuii(0)-kaTanMsHpyeMbIM KpPOCC-COYETaHHEM 7-HOLXHHO-
JIOHA C aLETHJIEHOBBIM MPOM3BOLHBIM. [MAPUPOBAHHEM aJKMHUJIXHHOJIOHA
1.406 6o nostyder (Z)-3-aMHHOTIPOTIEHUIIBHEIN aHAJIOT, 00/1alal0IIHH BbI-
COKOH aHTHOAKTepHabHOH aKTHBHOCTBIO, OHAKO YCTYMAIOUMA 10 aKTHB-
HocTH nunpoduokcanuny [630]. 7-TpumeTHionMeTHIaMHHONPOU3BOLHOE
1.407 obnanaer nyuuieil GHOLOCTYIHOCTbIO, YeM HopdJiokcauuH [631].

0 0
F COOH F COOH
| HOCH,
RR'N FZ N HOCH; N T;I
HOCH/ " Et
1.406 1.407

CuHTe3, a TakxKe aHTHOaKTepHa/lbHas AKTHBHOCTb 7-LHKJIOMPOMHI-
aMHHO- W 7-H300yTH/IAMUHOXHHONOHOB OMHCaHBl B paborax [632, 633].
Mayuenre aKTHBHOCTH MONM(ULMPOBAHHBIX 7-THIPa3HHO3aMeElleHHBIX
(TOPXMHOMOHOB TMO3BOJHJIO YCTAaHOBHTb, UYTO 7-aMHHOMOP(OJHHOIPOH3-
BOJHBIE TIPEBOCXONSIT MO AKTHBHOCTH 7-aMHHOIHMIEPa3HHUIbHbIE aHAJIo-
ru [634]. Harpesanue 6,7,8-tpudrop-1-unkmnonponun-1,4-nurugpo-4-ok-
COXHHO/IUH-3-KapOOHOBO! ~ KHMCIOTH ¢ l-aMMHO-4-MeTH/NHIIepPasHHOM
03BOJIMJIO TMOMY4YHTh (DTOPXMHOJIOH, IPEBOCXOASALIMI MO aKTUBHOCTH
B otHoteHuHu E. coli ATCC-25922 nopdaokcauun [635].

BbiCOKYI0 aKTHBHOCTb MPOSIBJSIIOT H-aMUHO-6-()TOPXHHOJIOHEI, COfepIKa-
wpe B nosioxkenun 7 NHoCHyCHyS-rpynnuposky [636].
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7-CynbdonpousBofHble HaTHPUAMHKAPOOHOBLIX KHcoT 1.408 cuHTe-
3MPOBAHBI U3 2,6-1MXI0P-5-YTOPHHKOTHHOBOH KHCJIOTHI C HCIIO/Ib30BAHHEM
neperpynnuposku Jnkmana (cxema 1.80) [637].

Cxema 1.80
q
F 9 i
A OEt | F. CO,Et
A onencoons == ‘ N ‘ R oL | > I
- N A
§ONN 7 0=s” "N” "N
R sy )
X R

1.408

Me Me

CuHTe3 7-3aMeIlleHHBIX XHHOJIOHOB B3aMMofeHcTBHeM 6,7-1H(TOPXH-
HOJIOHA C TEPBUYHBIMH CIHPTAMH JIMOO TeTePOLUKIHYECKHUMH THOJIAMH
onucaH B paGote [297]. Bbicokasi aHTHOAaKTepHa/bHash aKTHBHOCTD BbISIB-
JieHa y 7-3amelienHoro gropxutonona 1.409 [638].

CB0e0o6pa3HbIMH MOAU(ULKPOBAHHBIMU 110 MONOXKEHHIO 7 ()TOPXUHOJIO-
HaMH MOXHO cuuTaTh (propconepxaive 1,7-nadrupununsl 1.410, onucan-
Hble B pabore [639].

o 0
F COH NN COR"
| |
Nz
7N N N
F K/F R R
1.409 1410

1.2.8. Mongudukanus monoxenuss C(8). Xapakrep samecruresns
B T0JI0XKEHHH 8 (QTOPXHHOMOHKAPOOHOBBIX KHCJOT TaKKe OKa3blBaeT Ompe-
JleJleHHOe BJIMAAHHE Ha aHTnéaKTepnaanyfo AKTUBHOCTb. TaK, B Cepuu
N-uukionponunbHbix npousBofubix 8-F u 8-Cl mpoussonnbie Gosee akTHB-
HBl B OTHOLUEHHH TPaMIIOJIOKHUTEbHbIX 6aKTepUH in vitro 1 ob/afatoT Jyd-
1el aKTHUBHOCTBIO in Vivo, YeM WX He3amellleHHble aHasoru [78, 247, 401].
8-Metun-, BUHHI-, 3TeHHJ- U 8-MeTOKCH-TIPOM3BOAHEIE 00/afalOT TaKiKe
LIKPOKUM CIIEKTPOM M BBICOKHM ypoBHeM aktuBHOCTH [640]. Takue 3a-
mectutean B mosoxenun 8, kak NOo, NHy, SCHj3, CF3 uare Bcero
0Ka3blBAIOT OTPHLATe/bHOE BJAMSIHME Ha MPOsIBJIeHHe aKTUBHOCTH in vitro
# in vivo (tabn. 1.12), 0coGeHHO B OTHOLIEHWH IPAaMOTPHULIATE/BHBIX MHK-
pooprauusmos [401, 641].

BBenenne B 8 mosoxkeHne aToma asoTa NPHBEJO K LIMPOKOMY Kiaccy
aHTHOAKTepHaNbHBIX cpefctB — 1,8-HadTHpHIMHAM, O UeM yxXe ObLIO
YTOMSIHYTO.
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Tabauua 1.12

3amewenre npu C(8) 1 akTuBHOCTb 7-R-NPOM3BOAHBIX
¢ropxurononos (MIC, mkr/mi)

[0}
F COOH
|
R N
R A
R R® |S. aureus | E. coli | P. aeruginosa
3-CH,NHEt- H 0.2 16 04
[Tupposuau-1-un
SCHNHE: e 005 | 0,025 04
[Mupponunus-1-un
SCHNHEE i op | 005 | 04 63
[Tupponunuu-1-un
[Mupponuuuu-1-un | H 0,1 0,025 0,1
[Mupponaus-1-un | F 0,05 0,013 0,1
[Mupponunus-1-un | Cl 0,05 0,013 0,05
[Mupponunun-1-un | NOy 0,8 0,2 1,6
[Mupponuuuu-1-un | NHy 3,1 0,4 1,6

B sToM psiny BbisiBJIEH Tako# npenapat, Kak axokcayur [3, 642, 643],

TNOJIy4YeHHBIH 3aMellleHHeM atoMa XJopa B 7-Xaop-1-3tua-6-¢rop-1,4-nu-
ruapo-4-okco-1,8-HadTHpUANH-3-KapOOHOBOH KHCJIOTbI MHIEPAZHHOM.

BaxHoe 3HaueHue JJis1 TIOBBILIEHUSA aHTHMl/IKp06H0ﬁ AKTUBHOCTH UMEET

8-MeTOKCH3aMeCTHTe b, YTO MOATBEPIKAEHO LEJbIM PSIOM rareHToB [24,
446, 483, 644-659]. MeToKCHTPYIIY B MOJOKEHHH § CONEPKAT MIPENapaThl
Morcugrokcayun v eamugroxcayun (660, 661]. Mutepmenuar B cuntese
ratugiokcannta 1.413 cunresupyior Ha ocHoBe 2,4,5-TpuTOp-3-MeTOK-
cubeH3oitHol KucnoTel mo cxeme 1.81 [662]. CuuTes rartuuokcaunta
Ha OCHOBe 3-TMAPOKCH-2,4,5-TpU(TOPOEH30NHOH KHCIOTBI, BKJIOYAIILHH

13 cramu#i, onucau B pabore [663].

Cxema 1.81

o o

9 0 o
COOH 1) wkzonpo
soct F COOE! F Huasan
) R B HH ‘ Ot L OEt
F F F F OB F N
OMe

OMe OMe OMe
1411 1412 1413
1414
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®ropxunonon 1.415, NposiBISAIOLKMH BbHICOKYI0 aKTHBHOCTb B OTHOLLe-
uud H. influenzae w M. catarrhalis, nonyueH neficTBueM 4-THIPOKCH-
3,3-IMMeTHNHIepPHMHA Ha AM(MTOPOOPATHEIH KOMIIeKe 1-1(HKJI0nponu-
6,7-nudrop-8-MeToKCH-4-0KCO-1,4- IMTHAPOXHHO/IMH-3-KapOOHOBOH KHCJI0-
Th [664]. Xunoson 1.416 1m0 aKTHBHOCTHM B OTHOLIEHWH S. prneumoniae
B 4 pasa mpeBOCXOmHT JeBodJokcauH [665, 666]. [IpoussogHoe 1.417
nlaeT MeHblle MOGOYHBIX 3((eKTOB, CKasblBalOUIMXCH Ha padoTe ceph-
ua, yeM ratudiokcauut [667]. 8-Merokcu- 1-UuKIONPONUIDTOPXHHOIOH,
colepxKalMil B TOJNOXKEHHH 7 OCTAaTOK NUMETHJIaMHHOMETHJIMODP(OJIHHA
1.411, MoXeT PUMEHSATbCS /s JIeUEHHs racTpPuTa, paka POTOBOH MOJIO-
CTH, Tpenapar MUMeeT HU3KYI0 TOKCHYHOCTb, pexe APYTUX (TOPXHHONOHOB
BbI3bIBAeT NPUBBIKaHKE W Auapero [668].

o o0
o 0
F OH F.
Me | | OH
Me N N Me
N N
OMCA
HO OMe
HN
1415 1416
o 0 o 0
F. F

HN OMe A o\‘) OMe A
1417 CH,NMe, 1418
o 0 0o 0
F F
] OH ] OH
R
NH2CH>G\I N ..(...) N N
/!

FCH; OMe A HN OMe A

CF{ )
1419 1.420

CuHre3 8-MeTOKCH-1-LHKI0NPONHI(TOPXUHO/IOHA, COlepKALLEro B M0~
JIOKEHUH 7 0CTaTOK 3-(peHUJINHUIepasnHa, onucat B narente [669]. Coenu-
HeHue 1.419 aKTHBHO B OTHOLIEHMH METHULMJIJIHH- H XMHOJIOH-YCTOHUMBBIX
wramMmmoB S. aureus [670]. Cunres 8-MeTOKCH-6-(TOPXUHOIOHKAPOOHOBOH
KHCJIOTHI, couepmameﬁ B TI0JIO2KEHUH 7 ONTUYECKH aKTl/IBHbII:I 0CTaTOK
TpaHc-3-aMuHOMeTH-4-TprudTopmMeTnanuppoauania 1.420, onucan B pa-
Gore [452].
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Cunres 8-nudropmerokcen-1-nukonponun-6-propxutonona 1.426, nc-
xonst u3 3-guchropmerokcu-2,4,5-rpudpTopdensounnarerara 1.424, nokasan
Ha cxeme 1.82 [671, 672].

Cxema 1.82
COOH o
COOH COOH  HCICF, F coon v
— CH,COOEt
NaOH, DMF . p—
f F F F
OCHF,
1.421 OH i 1423 : 1424 OCHF,
0 o
1) HC(OE), § 1) NaH, EL,O 0o o
Ac,0 OEt 2 BF,OEt, McCOCH,CHMe, F
— \ _— o
2) winonpo- 3) savemerme F
moawn F FNH 4) ruaponns M\/\N N
OCHF,
- HN. (‘)
1425 i,

1.426

Jlpyrue ananord ratudJoxcalyHa ¥ MOKCH(JIOKCAUHHA — (TOPXHHO-
JoHbl 1.428, comepxailide GEH3UJIOKCHUTPYNNY B TOJNOXEHHH 8, — CHH-
Te3UpOBaHbl peakiuell 8-x10p(PTOp)IPOU3BOIHEIX C GEH3UIOBLIM CIHPTOM
B npucytcreun t-BuOK (cxema 1.83) [673].

Cxema 1.83

PhCH,0H

Mc ,COK

1427 C[lAPh 1428

8-T'uapoKCH(TOPXHHOMOHBl OblIM CHHTE3UPOBaHbl LHUKJU3ALMeR 3TH-
JIOBBIX 3(GHUpoB  3-(ankumamuHo)-2-(2,4,5-Tpudrop-3-ruapoKCcH)aKkpuIoBoi
KHUCJI0ThI [674].

DTOPXUHOJIOHEI, CoiepKalllie 8-METHIbHbIA 3aMeCTHTeJb, TaKXKe Mpo-
SBJSIOT BBICOKYIO aHTHOAKTepHaJbHYI aKTHBHOCTH (657, 675-680]. Tak,
04aMYPAOKCAYUH, AMEIOLIHH GOMIbIIOe 3HAUeHHe IS JIedeHHsl yPOJIorHye-
CKHX 3a00/IeBaHHUH, TaKxkKe COAEPKUT METHJbHYIO Fpymmy.

Cunres 8-merusxunosona 1.437 Ha ocHoBe juMeTH/TETpadTopdTana-
Ta 1.429, KoTopblil Ha MepBOil CTafMK BCTYMaeT B PeaklHI0 ¢ HUTPOMeTa-
HOM, TpejcTaBiieH Ha cxeme 1.84. Mumerun-3,5,6-rpudrop-4-metundranar
Obl1 MOMy4eH BOCCTAHOBJEHHEM JMOO HHTPOMETHJIBHOTO MPOM3BOLHOIO
1.430, nu6o yerBeprhuHOil conn 1.432. Tlocne runponusa, nekapOOKCH-
JIMPOBAHUSA BBIAENSIOT 3-MeTHa-2,4,5-Tprpropbensoitnyio kucaory 1.435,
Ha OCHOBE KOTOPOH H3BECTHBIM CIIOCOOOM CTPOAT (PTOPXHUHONOHOBLI OCTOB.
Jlns samerennst atoma F(7) B kucsnore 1.436 Ha ocTaTok CTHPOMUPPOIH-
IMHA TPeBAPHUTE/IBHO MOMyYaioT AudTopGopaTHbIA KoMIIeKe [337].
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Cxema 1.84
F
F COOM (OOMe COOMe
¢
ciNo,  F COOMe  Nipen  F COOMe
F COOMe ~ DBU CH,=0
F F F
CH,NO,
1429 1.430 : 1431 CHNMe,
HSnBu, l CHYI
a306MCH30GMTHPOHNTPIT
o COOMe COOMe
F COOH
H,50,, AcCOH COOMe F COOMe
‘~— UV, Ni/Ren, EtOH
-—
F H . ]
Me CH,NMe, 1~
1434 L Me Ly
H,0.t,
4 cytok

0
COOH
COOH F COOH
N N

N
ve A
1435 NH,

1.436 :

ot et
KAQ
5

el

1.437

8-Metun- u 8-MeTOKCH-1-UMKJI0NPONHI-6-)TOPXHHOJIOHOBbIE KHCIOTHI,
coziepKalllie B TOJIOXKEHHH 7 OCTAaTKH 4-aMMHO-3-MeTH/I-1-munepuanHa,
yuc- ¥ mpanc-4-aMuHO-3-MeTH/I- 1 -nunepuanHa, 4-MeTHIaMUHO-3-MeThI-
l-nunepuarHa, 4-3THNAMHUHO-3-MeTHJI-|-nunepuarHa, 4-LHKJIONPONUI-
aMHHO-3-MeTHJI- | -IUnepuanHa, 4-1uMeTHIaMHHO-3-MeTH - | -IUNeprunHa,
4-3ToKCHKAPOOHUIAMUHO-3,3- IMMETH - | -TUMepuKHa, 4-GeH3UJI0KCH-
KapOOHHUIaMUHO-3,3- 1MMeTH/I- | -THIIepHInHa, 4-amMuH0-3,3- IMMETH/IIH-
nepunrHa,  (4)-3,3-auMeTuI-4-¢-Gy THIOKCHKAapOOHHIAMUHONIHIIEPUAKHA
U (-)-4-amuHO-3,3-1MMeTHI-|-inepuvHa  aKTHBHBl B OTHOLIEHHH
LIXPOKOTO psila MHKPOOPraHM3MOB, B TOM UHC/Ie LHIPO(IOKCALMH-
PE3UCTEHTHBIX WITAMMOB [479)].

1.438
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7-(5-Asacrinpo[2.4]rent-5-1un)-5,8- AUME THIXMHOIMH- 3-KapOOHOBAs KHU-
caota 1.438 B HecKo/IbKO pas MPeBOCXOAMT MO aKTHBHOCTH B OTHOLIEHHH
K. pneumoniae PCI-602 u S. aureus HPC 292 uunpodiokcauus, ume-
eT Maaylo (QOTOTOKCHUHOCTb, He BBI3BIBA€T KOHBY/IbCHE IPH IPUMEHeHHH
B KOMOHHAUMH ¢ (peHGyheHoM [681].

Hasnuue B mosioxenun 8 atoMoB (hTopa, XJ0pa MM METOKCHIDYIIILI
npuaaer uuToToKcHuHOCTh [682]. IlpucyTcTBHe aToma rajoreHa (¢ropa
UM XJI0pa) B MOJIOXKEHHH 8, HampuMep B crapduiokcalHe U KJIHHA(JIOK-
caiuHe, MoBbIaeT (orodyBcTBUTENbHOCTE. Ha ocHoBe 3-6pom-2,4,5-Tpu-
(ropbensoitHoi kucaotsl 1.440, nonyyeHHoll u3 okcazonuHa 1.439 cuure-
3UPOBAHEI 8-GPOMXHHOJOHKAPOOHOBEIE KucaoTh 1.441 (cxema 1.85) [683].
[Ipsimoe GpoMUpOBaHHE XHHONOHOB B mojoxkeHHe 8 neiicTBueM N-Gpom-
caxapyHa B IIPUCYTCTBHH NOJMIHAPOMTOPUIA NUPUIMHA OINUCAHO B pado-
Te [684].

8-XnopxuHonoHKapGoHoBasi kucaota 1.443 noayueHa o06paboTKOH
He3aMellleHHOH 1o nosokeHuto 8 KucaoTel SOCly B yKCyCHOH KucsioTe
uiu SOCly B xsopodopme (cxema 1.86) [685, 686].

Cxema 1.85
Me
Me
b q
F COOH
F o F CO,H
B — - . |
F F
F F R N
Br
1439
B
1.440 L B A
Cxewma 1.86
0
F COH a
I S0,Cl, HOAc F CO,H
[
N N l
A O
1442 a A

1.443

BaxHeHnm nyteM MOIM(HUKALMK MOJNOKEHHS 8 (PTOPXHHONOHOB fBJIS-
ercst opmo-metannuposanune N-(mpem-6yTokcrkap6onun)-3,4-mudTopanu-
nuHa 1.444 neiictBueM t-GyTH/IKTHS TPU TemmnepaType —78 °C u nocJe-
Lyollasi peakLUs TUTHHIPOU3BOIHOTO C 3JEKTPOQHUIAMH C 06pa3oBaHHEM
2-3amelleHHbIX 3,4-nudropaHuauHos 1.445 nocine ruaponusa. Ha ocHose
1.445 cunresupoBanbl (GTopxuHOJOHE 1.446, 3aMelleHHEe MO MOMOXKe-
nuo 8 (cxema 1.87) [687].

8 B.H. Yapywmu, 3.B. Hocosa, I'.H. Jlunyxosa, O.H. Uynaxuu
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Cxema 1.87
1) t-BuLi
3 e : 1) ELOCH=C(CO,Et), 0
F 2) E F 2ED,
:@\ —_ 2)220° F CO,H
_
3) 0 H0 N
F NHBOC )t F NH, 3) 0, H,0
F N
R H
¥ y R
1444 1445 46

R = Me, SMe, CH,OH

8-Cyabo-7-x710p-6-hrop-4-0Kco-1,4- 1uruapo- 3-XHHOJIMHKapOOHOBas
kucaota 1.448 nosydyeHa npu HarpeBaHWM AHITHI-3-XJ0p-4-(TOpaHUIN-
Ho-MeTHseHManoHata 1.447 B 20 %-m oseyme npu Temneparype 70-80 °C
(cxema 1.88) [688].

Cxema 1.88
E " 0
F 100C " coorr  S0: %)
| H,50, F CO,H
cl N
" al N
1.447 SOM 1448

8-1luano- 1 -uuxsonponu-1,4- nuruapo-4-okco-3- XHHOTMHKAPOOHOBbIE
KucaoTsl 1.453, cunresnpoBanHbie Mo cxeme 1.89 [689], akTHBHBI B OT-
HOLIEHHH LIMPOKOro CrekTpa 6akTepuil, B TOM uHc/le K MHKODAKTepHiM
TybepKyJesa.

Cxema 1.89
Cl Cl a
Coon HUTpOBaHKeE, HN COOH HNO, NC COOH
BOCCTaHOBIIEHHE —_— .
CuCN, NaCN
Cl Cl a
F Foo1450 F 1451
1.449
[0} [0} 0 0
F
OEt —» F on
' — |
R
cl Cl "NH >N N
1,
CN A R CN A
1.452 1.453

8-LlnaHoxuHonuHKapooHoBast kuciora 1.454 o6nasaer BBICOKOH aHTH-
GaKTepHanbHOH aKTHBHOCTBIO B OTHOLUIEHHH T'PAMIIOJIOXKHTE/IbHBIX H IPaM-
orpuuarebubix Gakrepuit [690]. 8-LlnaHoxutoson 1.455, comepxaiui
B MOJOXEHHUH 7 OCTAaTOK AMa300MLHMKJIOHOHAHA, MO aHTHOAKTepHaJlbHOH
aKTHBHOCTH MPEBOCXOAUT 3HPOGIoKcaunH [691].
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1.2.9. BoiBogp! 0 COOTHONIEHHH CTPYKTYpa — aHTHOAKTepHaJIbHAsS
aKTHBHOCTb. [l yCTaHOBJIEHHS KODPeJSILHH CTPYKTypa — GHOJOTHYe-
CKasl aKTUBHOCTb LIMPOKO HCIOJBb3YIOTCS pacueTHble MeTombl [692-694].
BMpTya.)'lebIﬁ CKPUHUHT ABJAETCA IMOJE3HbIM HWHCTPYMEHTOM [/ HWIAEH-
THQUKALWK HOBBIX Beaywux cTpyktyp [695]. OcHoBHoe ero mpemmyiie-
CTBO — CMOCOOHOCTb MOMCKA TAKHX CTPYKTYp B mpefesax 0asbl JaHHBIX
MOJIEKYJI, KOTOPBIX HeT (DM3UYeCKH. BUPTYyanbHBIH CKPHHHHT B OCHOBHOM
CBsI3aH C HCIOJb30BaHHEM TPEXMEPHOH CTPYKTYpHOH HH(OpMALUH O Le-
JIeBOM TIPOTEHHE, YTOOB HAEHTH(QHLUHUPOBATL MOTEHIHANbHYI0 aKTHBHOCTb
COeJIMHEeHHH.

Tak, nJf NPOrHO3UPOBAHUS NPOTHBONHEBMOKOKKOBOH aKTHBHOCTH
(PTOPXMHONOHOB ~ Pa3paboTaHbl METOABl  YCTAHOBJEHHSI KOJMUYECTBEH-
HOHM CBA3M MeXJAYy MOJIEKYIAPHOH CTPYKTYPOH M XapakTepuCTHKAMH
(apMaKkOKHHETHKH W (DapMaKONMHAMHUKH B COYETaHHH C HH(OPMATHB-
HbIM XeMOMEeTPHuYeCKMM moxxofoM [696]. B kauecrBe mnapamerpos,
03BOJISIIOIMX [POrHO3UPOBATh [POTHBONHEBMOKOKKOBYI) ~aKTHBHOCTD,
BbIOPaHBl 3apsil 6€H30KOJbLA, MOJNEKYISPHbIH 00beM M KOI(P(HULHEHT
pacmpenesenust (tada. 1.13). ABTOpBI MPENIOKUIN BHIUHCIATD MTOKA3aTeb
PCI = 0,79Qp + 0,548log P + 0,8vol. DBblio mokasaHo, 4To aKTHBHbIE
B OTHOWIEHHH S. preumoniae (TOPXHUHOMOHBI (TPOBA(JIOKCALKH, JE€BO-
(JI0KCaLMH, raTHIIOKCALMH, reMH(IOKCALMH, MOKCH(IOKCALMH) HMEIOT
snauenue PC1>3,9.

MeTonamu MoJIeKy/ISIPHOH MeXaHUKH M MOJIEKYJISIPHOH JMHAMHKH B pa-
oote [697] usyueHa GHOAKTHBHAs KOH(pOpMALHs HOPIIOKCALHHA.

BoisiBleHHe CBSI3M CTPYKTYPa—aKTHBHOCTbL B DALY (PTOPXMHOJIOHOB SB-
JsieTcsi 00BEKTOM MHOroYMC/IeHHbIX myGaukauui [73, 698-701]. OcHos-
Hble BBIBOIBl O 3aBHCHMOCTH aHTHOAKTePHAJIbHOH aKTUBHOCTH OT NPHPO-
Ibl 3aMeCTUTe/Iell Ha OTHEJbHBIX CepUsiX OULUKJIHYECKHX (PTOPXHHOIOHOB
¢ Hayasa 90-Xx TONOB OCTAlOTCS JOCTATOYHO MOCTOstHHBIMU [702, 703].
Tax, BOLOpOL B MOJMOXKEHMM 2, KapOOKCHJ/IbHAs IPynna B MOJOXKEHHH 3
M KeTOTPYINNa B IOJNOXKEHHH 4 XMHOJMHOBOH CTPYKTYphl He MOTYT ObITb
3aMeHeHbl 6e3 3HAYHTEJbHOH MOTEpH aKTHBHOCTH. Dojiee Toro, mukJompo-
MuU/bHAs TpyMnna HaijeHa ONTHMaJbHOH Aast mosokeHus 1. Arom dropa
B TIOJIOXKEHWH 6 MOBBIIIAET BHYTPUKJIETOUHOE MPOHMKHOBEHHE M aKTHB-
HOCTb B OTHOLIEHMH T'DAMIOJONKHTENbHBIX OaKTepHil. 3aMeCTHTeNb B I0-
JI0XKEHHH 7 OKasblBaeT 3HAUUTENbHOE BIHMSHHE HA YPOBEHb AKTHBHOCTH,
CIIEKTp }:[el:iCTBI/Iﬂ, TOKCHYHOCTb. Ol'ITl/IMaJIbe[MI/I SIBJIAIOTCA a30TColaepxKa-
LI{e TeTepOLHMK/Ib C GOKOBBIMH LEMSMH. 3aMecTHTeJH B MOJOXKEHHAX 8

8%
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Tabauua 1.13

TTapameTpel (PTOPXHUHOIOHOB, BJIHAMLIHE
Ha MPOTHBONHEBMOKOKKOBYI0 aKTHBHOCTb

Qs .
Hassanne (sapa (lsfag J\I/eOKl (JIN:IO-
drop- Dopmyna GeH3o- ' Y
pacnpe- | Hblif 00b-
XHHOJ/IOHA KoJIblLa), nenenns) | em), A®
z ,
1 2 3 4 5
0
F COOH
Hopdiro- | 0,4728 4,76 875,69
KCaLUH (\N N
llN\) K
0
F COOH
Odpao- > Nl 09609 | 477 | 947,01
KCaluH
H3C/N\) O\)\CH3
0
, Fo s COOH
Ho- U 05661 | 443 | 862,84
KCaLWH (\N N N
N N
NH, O
F COOH
|
Cnapdio- H;CY\N N 0,9579 4,77 945,68
KCaluH HNj) F A
CH,
0
Pz COOH
I ~x \Nl Nl
Tposaipo- /@ o |oasa2 | 512 | 90844
KA | o
F
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Ipodoancerue maba. 1.13

ot

COOH

Tesofpo- -~ | 09277 | 542 | 92558

KcaluH

KCaliH

Tatuduo-

kcaunx HN\) OMe A

F COOH
Lunpodyo- (\N Nl 09704 | 4,99 | 1030,12
(0]
|
N

0,9288 5,19 932,73

j\/j\/‘ﬁ/coox-x

Temuciio- N 0,5768 4,25 1055,95
KCalrH

iyeh

0—N
0
F COOH
|
Moxkcudaio- H, r~y N 0,9386 5,11 1055,62
KCalHH . OMCA
N H
H
0
F COOH

Jlomedio-
N 0,4790 481 895,69
KCaluH (\
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Oxonuarue maba. 1.13

0
F COOH
Hedpzo- ! 05895 | 581 | 103517
KCaluH (\)\1 N
HSC/N K
0
F COOH
Diepo- l
(\N N 1,4280 5,02 1024,06
KCalUUH N\) F
H,c” \
F

¥ 5 BJMSIOT Ha OOLIYI0 MPOCTPAHCTBEHHYIO KOH(Urypauuo. B miaue
BJIMSIHUSI Ha TPAMIOJIOXKHTEJbHEIE U aHadPOOHble GAKTEPHH ONTHMAJbHON
1JIs ToJIoxKeHUst 8 HaiiieHa MeTokcurpynna. KoMOWHaLMsi Takoil rpymsbl
C IIPOCTPAHCTBEHHO-3aTPYAHEHHBIMH 3aMECTHTEJSIMU B TOJIOXKEHUU 7 BelleT
K CHHJKEHHIO Pa3BUTHS PE3UCTEHTHOCTH S. aureus K hropxuHosoHam [704].

Bumecre ¢ TeM, HaKomIeHHe (haKTHUECKOTrO MaTepHasa He MOXeT He IIpU-
BOJMTD K [IEPECMOTPY CYLIECTBYIOUINX AaHHEIX. B o63ope [705] Ha mpuMepe
3TUIIOBBIX 3)UPOB B-PTOp-4-0KCo-1,4-1Uruapo-3-XHHOMMHKAPOOHOBBIX KHC-
70T GoJlee [IeTabHO MPOAHAIU3UPOBAHB OCHOBHBIE COOTHOLIEHHS CTPYK-
Typa — aHTHOAaKTepHaJIbHasi aKTHBHOCTb. B 3aBMCHMOCTH OT MO/OXKe-
HUSL U TPHPOLbI 3aMeCTHTeJs] B XMHOMOHOBOM (pparmente aBTophl [705]
(co cchlIKaMu Ha APYTHX aBTOPOB) AeJAIOT CJEAYIOLHe 0000LIeH S

1. 3ameHa aroma a3oTa B MOJOXeHMM | Ha KHMCIOPOL WJH YIJIepox
Je3aKTHBHpYeT MoJeKyay. OnTHManbHOH SIBseTCs STWJBHAS TPyNna Mpu
arome N, a Takxke ee GHOM30CTEPHI, LKKJIoNponuabHas [348, 632, 706-709]
mpem-0yTuibHas [632], metnaamuuo-, 2(4)-(mn)dropeHnIbHbIH, n-0K-
cudenmbHEH 73], dropunkionponuibabii (545, 710], 2,4-nudrop-
5-aMHHO(QEHUIBHEIH,  5-(TOp-2-MUPHIMHUIbHBIH, — 2-aMHHO-3,5-1udTOp-
2-mupupuHunbHbA  [710] nunepUMHUNBHBIH, nHnepasuHUMbHBIA [708],
2-drop-4-amuHoQennabhbit  [711]  3amectutenu.  HeGmarompusitHo
BBe/leHHe (DeHUJIBHOTO, n-HUTpodeHunbHoro [711], GensumpHoro [710],
MopdouHunbHoro [708] samectureds.

2. Hebnaronpusitho mpucyTcTBe B nodoxenud 2 rpynn Me, SMe,
aroma F [73]. BuaronmpustHo [a]THasonuanHo-, THAa3eTOaHHEJIHPOBaHHE
[73, 710],

3. 3amena rpynnei CO9Et wa H, RCO, NN(R)C(S)NR, CO,Me
MPUBOAHT K CHHXKEHHIO WJM [OTepe aKTHBHOCTH. TepH(UKaLUs
MPOM3BOAHBIMU Lie(paJOCIOPHHA, MHHULK/IMHA MPUBOLHT K aAKTHBHBIM
COEJIMHEHHSAM «IBOHHOrO AeHcTBHS». XOpOLIYI0O aKTHBHOCTb MPOSIBJSIOT
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HUTpOaLeTHIbHOe npon3BofHoe [710], conu apruuuna [712]. Baarompu-
ATHO [b]OKCOM30THA30M0-, MHPHIO-, MHPUMUIO-, MHPASHHOAHHEJTUPOBA-
uue [73].

4. Ynanenve uau samena rpynmsl C=O NpUBOAMT K HMHAKTHBALHUH.
Ipynnet SO u SOy He siBasiorest 6uonszoctepamu C=0 B xuHOJMOHAX [73].

5. Beenenne Hal, OH, OMe, SH, SMe, CHO, CH,0 [73], Et, NHMe,
NMey, NHAc [710], NHy, Me [73, 710] B nosoxeHde 5 He MPUBOAUT
K TOBbIIEHHI0 akTHBHOCTH. [lo namueiM paGothl [545] BBemenue NHj
MOBBILIAET AKTUBHOCTb.

6. BaaronpusitHo BBemenue Hal [710], NOy [632], NH, [713] B mo-
noxkerre 6. 1o MOBBILIEHHIO AaKTHBHOCTH 3aMECTHTEJH MOXKHO pacro-
n0xuth B caepylomui pan: F>H>NHy >Me>Br [710]. Hebaaro-
npusaTHo BBeeHne OCHFy, nupponuauuuia-1, 4-mMetTunnunepasuHuma-l,
nunepasuuuia-1, Mmopdosrununa-1 [73], NHy [632, 710].

7. Coenunenusi, conepxkauine 3amecturenu H, OH, OEt, COoH, Me,
Cl, NHy, NHR, NHNH,, SCHyCHyNHy B mosoxenuu 7, obGnagaior
c1aboii aKTHBHOCTBIO HMJIM HEaKTHBHEL DuarompustHo BBezeue 4,5,6-
YJIEHHBIX A30TCOLEPHKALIMX TeTepPOLHKIIOB: MHnepasutuaa (73], GHUHKIOB
[545, 710], nupponnnuuuna, nunepunrauaa [509, 713, 714], nunepasunu-
ga [713]. Ouu, B cBOIO Odepefb, MOTYT COLEPXKATH PA3JIHUHBIE 0GBEMHbIE
3amecturesu: 2-(pypaH-2-un)- u 2-(THO(eH-3-1)-2-0KCOITH, OKCHUMHU-
Hoatua [706, 709], 1,3,4-tuanuazon-2-un [348, 707]. CoeanHeHust ¢ uK-
JIOTIPOTIH/IBHBIM, | -aMHHOLMKJIONPOH/IbHBIM, BHHUIbHBIM, aMHHOMETHJIb-
HbIM [626], amuHO-mpem-OyTHIbHBIM [632] 3aMeCTHTEJAMH MPOSIBJSIOT
BEICOKYI0 akTiBHOCTH [710]. Baarompusitho 1,2,3-tpuasosio[4,5-4) anHesnu-
posatue [715].

8. BunarompusitHo ckaseiBaetcsi Beenenue rpynn Me, Cl, F [705],
CH=CH; B nonoxenne 8, oxcasuHo[i]annennposanue [73, 716], OMe
[509, 713], H [632]. Hebnaronpusitio npucyrtcrue rpynn NOg, NHo,
SMe, F, GensokcasuHo-, GeH30THa3uHO|i|aHHeMpoBaHKe [73], Hasiuune
rpynn OH, OEt, OCH,F, OCF; [710].
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[naBa 2

CHHTE3, CTPOEHHE U AHTHUBAKTEPHUAJBHASA
AKTHBHOCTDb NOJHUIHUKINYECKHX
$STOPXWHOJOHOB

B nanno#i rnaBe CHCTEMAaTH3HMPOBaHbl JaHHble O METOAaX CHHTe3a
Hu élHTl/l6aKTepHa.)'le0ﬁ AKTUBHOCTH MOJUIHUKJIUYECKUX q]TOpXI/IHOJIOHOB mno
NPU3HAKY aHHEJHPOBAaHHWA LMKJ/OB K pPAa3/JUYHBIM TPaHAM XHHOJOHOBOIO
0CTOBa.

2.1. [a]-AHHennpoBaHHBIE (PTOPXUHOJIOHBI

Jlnsi cuHTe3a [a]-aHHeJMpOBAHHBIX (TOPXMHOJNOHOB HCIIOJB3YIOT 1Ba
(opmasibHBIX TOAXOAA. B mepsom ciyyae aHHenupyembiii no rpanu [a]
LMK/ COAEPXKUTCS B MOJYNPOAYKTAX — aMHUHOAKPUJATax A MM MajioHa-
Tax B, KoTOpble 3aTeM LWMKJIM3YIOT C 3aMblKaHMEM MHUPHAOHOBOTO KOJbllA
B COOTBETCTBYILIME (PTOPXUHOJIOHBL. BTOPOH MOAXOL COCTOUT B HCIOJIb-
30BaHUM TOTOBBIX XMHOMOHOB B unu T, a moctpauBanue nukjaa mo rpa-
HU [a] ocyluecTBsIeTCs 3@ CYET BHYTPUMOJIEKYJISIPHBIX LMKAU3ALKMH |- Hilk
2-3aMelIeHHbIX IPOU3BOAHBIX [1].

2.1.1. 3ambikaHMe NUPUAOHOBOrO Koabua. As0i0[3,2-a][1,8]Had-
THPUIHHDI 2.2a—B OblIH CHHTE3HPOBAHBI yTEM BHYTPHUMOJIEKYJISIPHOI KOH-
JEHCALMH COOTBETCTBYIOLIUX 3THIOBBIX 3(QHUPOB 2-(a30/MIAMH-2-HIH/IEH)-
3-0Kc0-3-(2,6-1uxJ10p-3-MUPUAKI-5-(PTOP) IPONHOHOBOI  KHcIoTH 2.1a-B
B MPUCYTCTBHH OCHOBAHHS C MOCIELYIOLUM THAPOJIU30M SQUPHOH rpyIbl
¥ 3aMerleHneM atoma xjopa npu C7 Ha ocTaTok mumepasuHa (cxema 2.1).
AnunbakreprasbHas akTUBHOCTb 2.2a—B 3aBHCHT OT MPUPOJbI reTepoaToMa
X (S > O > N). Tuasomno[3,2-a]HadrpuannnponssoaHoe 2.2a nposiiser
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O
E coEt F >©\ 0,Et
z \ z J
A
z
NS

N

b

OH
|

0
F COEt
z | z
N N
§ LZH
71

B r

Cxema 2.1

(0]
1) t-BuOK
F CO?E[ 2) KM:"IOTHHFI THIPOJIN3 i
Z | \ - F Z COH
_
N X 3) munepasuH | |
Cl N Cl X
N
H

) uN\) )-—/

21 22 R

X=S,R=H (a); X=0, R=Me, (6); X=NMe, R=H (8)

BBICOKYI0 aHTHOAKTepHa/IbHYI0 aKTHBHOCTb, CPAaBHUMYIO € O(JIOKCALHHOM
¥ 9HOKCalMHOM [2].

Peakuueii umuHoapupos 2.4, 2.5 ¢ (-kerospupamu 2.3 mnosyueHb!
xuHosoHbl 2.7, 2.8 (cxema 2.2), uHTepMenuartsl THma 2.6 He Bo Bcex
cayyasix Obln BbiAeseHsl [3].

Cxema 2.2
F 0
rN‘ OEt COOEt o
[0) \/J 2.4 I —_ COOEt
COOM “ R |
R N
R w5 v .
F Ne_OFt 27 Y
S
23 o
25
COOEt
R
N
2.8

R=H, F; Y=CHy, (CHy)y, (CHy)3, CH;0
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AHaJIOrMUHBIH TPHEM HCMOJb30BaH AUl MOJyYeHHs [a]-aHHeJIHpoBaH-
HbIX (TOpxHHOJOHOB 2.10, 2.11 13 (TOp3aMelleHHbIX 3THIaLeTaTOB 2.9
(cxema 2.3). Lluknokonaencauus coenunennii (2.9, R*=R°>=Cl, R*=F)
¢ 2-X0p6eH30THA30JI0M HJIH 2-XN0P6EH30KCa30/10M B IPHCYTCTBHH THADH-
na Hatpus npu 160 °C B pudeHHIOKCHIE N03BOMMAA TOJYUUTb TETPALHK-
JIM4ecKre 6eH30THa30J10[3,2-a] XMHOMOHE! 1 GeH30KCa30410(3,2-a] XMHOMOHE!
2.11. Konpencauus 3-ketoaupa 2.9 ¢ UMHHOIUPAMU JaeT COOTBETCTBY-
IOllHe TPHLUHUK/IHUeCKHe propxuHoionsl 2.10 [4, 5]. 7-(1-Tlunepasunusn)-
1 7-(4-metnni-1-nunepasuuna)6eH3otnasono[3,2-a] xuHonous 2.10 nposis-
JIIOT 0CTaTOYHO BBICOKYIO aKTHBHOCTb MPOTHB psifa bakrepuit [6, 7].

o0 N o
i con R:@[ - RaL N _OMe
Z ? X 4 : 3
m R\~ CO,Et R'>v/
AN |
RNy S N

R77z7TR
29
21 R

2.9: Z=N, CH, CF; R'=H, F, Cl. 2.10: Y=S, O; CHy, (CHp)y; R' =R?=H,
R!, R®=CH,CHy; R®=Cl, F. 2.11: X=S, O; R®=H, Hal, COOH, CN, AIkO,
AIKS, NH,, AIkNH; R®*=NR'R?, AIkS, AlkO

Cxema 2.3

Monnoukanns Metoga CHHTe3a a30.10[3,2-a]XMHOMOHOB, OCHOBAHHO-
ro Ha BHYTPUMOJEKY/SPHOH KOHIEHCALMH STUJOBBIX 3(UPOB 2-(aso-
JIHIHH-2-WIHeH)-3-0K c0-3- (M0 TOP(HEHNIT) POTHOHOBOH  KHCIOTH [§],
M03BOJIM/A MOY4UTb OeH30[c]-XHHOMIM3HH-5-KapOOHOBbIe KucaoThl 2.16
M UX THApUpoBaHHble aHasorn 2.17 (cxema 2.4). KonpeHcauus JuThid-
2-nupuauianerara ¢ 2,4,5-rpudropdeHsonnxopinom 2.12a 1aet TPULHK-
JIMYeCKUH (TOPXHHOJOH 2.14 6e3 NpOMexyTOYHOrO BbIAENEHHs HHTEp-
mennata 2.13. Karanutuueckoe ruppuposanue 2.14 B Tpu(TOpYKCYCHOH
KHCJI0Te T03BOJISIeT MOMY4HTh FMAPHPOBAHHEIH aHasor 2.15. M3 untepwme-
nuatoB 2.14 u 2.15 Obn mosyyeHsl XHHOJMOHONpPou3BoaHble 2.16 u 2.17
COOTBETCTBEHHO, KOTOpHIe Go0Jee aKTHBHBI K IDaMOTPHIATeNbHBIM OaK-
TepHUsM, YeM K TIPaMIOJIOKHTEJbHEIM, HO HX aKTHBHOCTb MeHBIIE, 4eM
y uunpoduiokcaurta [8]. Anasor coepunenns 2.14, He comepKalluii 3TOK-
CHKapOOHUMIBHOM TPy, omucad B padore [9].

Benaruasono(3,2-a]xunonunu-3-kap6oHoBast kuciaota 2.19 cuHresnpo-
BaHa KOHJeHcalluell meHTapropoensonnxyaopuaa 2.126 ¢ (GeHstnasonm.)-
2-alleTaToM B MPHUCYTCTBUM THAPHAA HATPHS, NaJbHeHIlell LHMKIH3aLHeH
uHTepMenrara 2.18 B 1MMETH/IOBOM (pUpPe STUNEHTVIMKOMSA B IPUCYTCTBUH
ruapuaa Harpus npu 160 °C 1 runposnnsoM cloKHOI(GUPHOH rpymmbl B 2N
cepHo#i kucnote (cxema 2.5) [10].

Ha ocnoBe nonudrop6ensonnxaopuios 2.126, B 4 a-a3aretepusianero-
HUTPUJIOB 2.20a—e pa3paboTaHbl METO/Ibl CHHTe3a (hTOPCONEPXKALIUX XHHO-
JIMHOXHHOJIOHOB 2.21, 6eH3UMK1a30/10XHHOJIOHOB 2.23, 2.25a, 6, 6eH30TH-
a30/10x1uHOMOHa 2.24 ¥ THasosoxuHoMoHa 2.22 (cxema 2.6). [Tpn auusupo-
BaHuu 2.20a—e xjopaHruapunamu 2.126, B nepBoHaya/ibHO 00pasyoTCs
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Cxema 2.4
Z
9 « X coom
F N F COOEt
Cl
B —
F F F PN
2.12a 2.13 7

COOEt H,, Pd/C COOEt
(‘F COOH

Cxema 2.5

[0]

F
Q ) CH,0CH,CH,0CH,
J\/CooEx COOEt NaH F COOH
T I
) H,50,
F N g
2.124 F
219

2-(reTepui-2-uianeH)-3-0kco-3-noaudTopdeHUNPOTHOHUTPHIIBI, KOTOPbIE
LUK/IU3YIOTCS B COOTBETCTBYIOLIME HUTPHUJIbL [a]-aHHEIMPOBAHHBIX (BTOPXH-
HOJIOHKapPOOHOBBIX KHCJIOT Npn HarpeBanu B JIM®PA, 2-nupponnnone niu
aueronutpuie B npucyrersuu DBU [11, 12].

3aMbIKaHHe MHPHIOHOBOTO LKA OBIIO HCTO/Mb30BAHO TaKXKe /s CHH-
Te3a THA3€TONPOU3BOIHBIX, CONEPKAIINX METHJIBHYIO IPYIIY B THA3ETHAU-
HOBOM KoJsiblie (cxema 2.7). IlpousBonHoe THasetuauHa 2.26 uuk/iu3yer-
csl NP HarpeBaHuM B MoJH(poCHOPHOi KucioTe, 00pasys usomepsl 2.27
1 2.28 B coorHowenun 10:3 [13].

[IpoussomHoe THa30m0(3,2-a]xHHOMMH-4-KapGOHOBOH ~KHCIOTE  2.30
KpoMe crocofa, MoKa3aHHOro Ha cxeme 2.1, OBIIO CHHTE3HMPOBAHO TaKXKe
U3 THa30IMAuHUIMAeHMaoHaTa 2.29 (cxema 2.8) [14]. Coenunenue 2.30
MpOSIBJIsSIET aKTUBHOCTb B oTHoWweHud S. aureus (MIIK 0,14 mkr/mi).

7,8,9,10-Terpagrop-1,2,4,5-terparunpo|1,4]okcasuto[4,3-a] xunonun-
4,6-nuoH 2.33 Gbla1 moJiyueH KOHJAeHcalueld neHTahTopGeH30UITUPOBUHO-
rpafgHoit KucaoThl 2.31 ¢ 3TaHOJIAMHHOM B JHOKCaHe ¢ MOCJeNyIoLel
LMKM3aurel nmponssogHoro 1,4-okcasun-2-ona 2.32 (cxema 2.9) [15].
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Cxema 2.6
Y 0] F 0
F
o @ F @
- 5 CH,CN I
F F 2 F N g
z S P/
2126, B -
2.20a-e H,C 222
Y 0O
F CN
F N Ny
F

2.23,2.24,2.252, 6

2.12: Z=F, Y=F (6),

2-un (6), 1H-6QH3HM14IL330J1 -2-un
2-un (), 4-MeTHaATHA30M-2-11 (€

CO,Et

ICO ,Et oK

e

Me

F
x
Br N

E00C—/ °
COOEt

226

229

(B); ZZOQ

)

. MAPUAMH-2-UJ1 (), XMHOJIMH-

(B), 1-MeTHnGeH3UMUAA30-2-1a1 (T), OEH3THA301-
); 2.23: X =NCHj; 2.24: X =S; 2.25: X=NH,
Y=H (a), F (6)

Cxewma 2.7

CO,Et

MY

227 Me
228
Cxema 2.8
1) monmdocdoprast (0]
KHcsoTa F CO.H
2) KMCIIOTHBIi THAPOMH3 I
3) I-MeTuAnunepasuH (\ N N s
Me” \) Me

230

XuHokcasonsl 2.34 npu HarpeBanuu B JIMCO B NpHCYTCTBUH TpH-

3TUIAMMHA 00pPa3yloT NPOLYKThl FeTePOLUKIN3ALMH —

1,2,3-pucprop-4-R-

(5H)-5-okcoxunonuHo[1,2-a]-8H-xuHoKcanuu-7-01bl 2.35, 1M0-BHAHMOMY
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Cxema 2.9
F 0
F oo o BN OH oo
F oH \ 0 F
—_ —
I : L,
F F F HN 0 F N
F F F K/o
231 232 23
Cxewma 2.10

R [0}

. R (0] R )
(0]
\ F A F
e + O_’——
HN Z

F F NH P N 0

F F N

F NH F NH
2.34
235
R=0H,F

3a CYET MOJIHOCTBI0 apOMATHUYECKOr0 XapaKTepa BO3MOXKHOIO LIBUTTEP-HOHA
(cxema 2.10) [16, 17].

2.1.2. Iukausauus 1-3aMeleHHbIX XUHOJOHOB. HykneoduabHoe
3ameltieHue Bogopoza nmpu C -2 MoxeT ObITb HCNO/Ib30BAHO /st IOCTPOEHHUS!
[a]-anHennpoBaHHbIX XHHOMOHOB. CylleCTByeT BCEro HEeCKObKO MPUMEPOB
peanM3alMK 3TOTO MOAXOAA, M BCE OHHM BKJIOYAIOT TaKHe MPOM3BOAHBIE
XHHOJIOHOB, B KOTOPHIX B XO#e peakuuu B N-3aMecTHTesle TeHepHpYeTCs
KapOaHHOHHBIH LeHTp. Tak, CIMPOLMKJIONPONHU/IbHOE NpPoH3BonHOe 2.38
MOXKHO TOJIYUHTb U3 (PTOpXHHOJIOHA 2.36 nelicTBHEM MeTaIMYecKOoro Mar-
HHSL 1 Me[H, B3aHMOJeHCTBHEM IOJy4eHHOro XHHOMMHA 2.37 ¢ THAPHIOM
HaTpHS, (heHHICENeHOXNOPHUIOM C MOCTeNYIOUHM OKUCIEHHEM, 3aMellleH -
eM aroMa (hTopa Ha OCTAaTOK MHUNePa3HHa U THLPOJH30M 3TOKCHKApOOHH/Ib-
HOit rpymmsl (cxema 2.11) [4].

Cxema 2.11

OH

F CO,Et coEt 1) NaH/THF
| Me CoTHE c H,SeCl H,0,
F N
(CH)I o
F 2 3) KHCHOTHEI THAPOAN3
HN\) F

236

Ha cxeme 2.12 mpencraBieH CHHTE3 MPOU3BOAHBIX Mupaszoso|l,5-a]xu-
HosnHa 2.40, 2.41. Ilpu HarpeBanun N-aMHHOXMHOJIOHOB 2.39a-T c ale-
TUJIALETOHOM B YKCYCHOH KHCJIOTE 00pasylTcs TPHLHUKJMYECKHe NHPa3o-
n0[1,5-a] xuHouHbl 2.40a-B. XUMH3M peakLHy BK/I0YaeT KOHIEHCALHIO
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coefrHeHui 2.39 ¢ alleTHIALETOHOM, MPUBOASALLYIO K 00Pa30BaHHMIO THApa-
30HOB, H TOC/IEIYIOLIee BHYTPUMONEKYIISPHOE HYKIEOQHIbHOE 3aMelleHke
atoma Bofoposa npu C?. B coortetcTBHM C KoHuenuuel peakumii S
JUIS IOCTHIKEHHSs! BBICOKOTO BbIXOfla coefHeHHi 2.40 TpeGyeTcs BHEIIHUH
okdcauTesb (6apGoTHpOBaHKE BO3AyXa yepe3 peaklHoHHYH cMmech) [18].
Hnco-3amellieHne aLeTH/BHOM TPYIIbl B N0JI0XKEHHH 3 coenuHenuil 2.40
Ha METHJI WJH aToM OpoMa u3yueHo B pabore [19].

Hosbiii MeTon [a]-aHHeMPOBaHHS, B KOTOPOM HCXONHBIM BEILECTBOM
sBasiercsi N-metunamuHoxuHoson 2.39r, omucan B paborax [20, 21].
Hcnonb3oBanne Tanmema l,4-mpucoefdHeHnss K aKTHBUPOBAHHBIM Kpart-
HBIM CBSI3M M BHYTPHMOJIEKYJSPHOH peakunn Muxas/is ¢ mocjenyrolim
OKHCJIEHHEM H JeKapOOKCHIMPOBAHMEM IPUBONUT K TETPArHAPONHPA30-
n0[1,5-a]xuHomony 2.41 (cxema 2.12).

Cxewma 2.12
o [} o)
F COOEt F COOEt F COOEt
(e Y — e
F N R N R N COMe
¥ 8 N
ya1  Me 239 20 M Me

2.39: R' =NH,, R*=Cl (a), F (6), 4-metun-1-nunepasunua (s); R'=NHMe,
R?=F(r). 2.40: R*=Cl (a), F (6), 4-meTua-1-nunepasunus (s)

Peakuust N-MeTHIaAMHHOXHHOJIOHOB C Pa3JHYHBIMU d(QUPAMH aKPUJIO-
Boi kucaotel uim CHy=C(CN)Cl B mpucyTcTBHM THApHIA HATPHSI HaeT
TPULHMKAHYecKde aaaykthl 2.42 (cxema 2.13). OmucaHa ux TpaHcdop-
Mauusi B nupasoso[l,5-a]xuHonon 2.44 OKHCIeHHEM, HO C HeGOJBLINM
BBIXOJIOM, W B XMHOJOH 2.45 ¢ BbICOKHM BBIXOIOM MpH 0GpadoTke oc-
HoBanueM. Ctpykrypa coemunenns 2.44 mnoxrBepkieHa gaHHbiMH PCA
(puc. 2.1). Tpuuuk/anyeckas cucTeMa NPAaKTHUECKH IUIaHApHA C HeOOMb-
LIMM OTKJIOHEHHEM OT IUIOCKOCTH aToMa a3ota N2 MHpasojibHOTO LKKJA.
Hosble unruéutopsr JJHK-rupassl nposiBUJM MeHbLIYIO aKTHBHOCTb, YeM
JIeBO(JIOKCALIMH K I'PAMIIONOKHTENbHBIM H TPaMOTPHLATENbHBIM MHKPOOP-
ranuaMaM. Bblna oTMeueHa 10CTAaTOYHO BEICOKASt aKTHBHOCTD NPOHU3BOIHEIX
2.42 B orHowenuu P. vulgaris [22].

Peakuust N-(9TOKCHKapOGOHMJ)METHI3aMEleHHBIX 3TUJIOBLIX 3(hHPOB
6,7-nu¢prop-, 6,7,8-rpucprop- u 5,6,7,8-rerpadrop-4-okco-1,4-1uruapoxu-
HOJIMH-3-KapGOHOBBIX KHUCJOT C METHJMETHKPHJATOM NPUBOAUT K [3+42]
ajnykraM, rekcarupponupposo[l,2-a]xutononam 2.43, KOTOpbe MOXHO
paccMaTpuBaTh Kak MPEIIIECTBEHHHKH COOTBETCTBYMOLIMX [a]-aHHeaHpo-
BaHHBIX (PTOPXMHOMOHOB (cxema 2.13) [23].

2.1.3. Iukau3auus 2-3aMeleHHbIX XHHOJOHOB. [IponsBonHoe
[1,2,4)rpuasuno[l,6-a]xuHonnna 2.47 moJyuyeHO W3 METHJIOBOrO 3(H-
pa 6-¢rop-4-okco-1,4-1MrHapO-2-XHHOIMHKAPOOHOBOH  KucaoThl  2.46a
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Cxewma 2.13

R=CH,COOEt  F

RI=CI;R#=CN
—_—

OCHOBaHHUE

Puc. 2.1. lanusie PCA coenvnenus 2.44

N-aMHHHpOBaHHEM C TOCJEAYIOEH KOHAeHCalued aponIn30LHaHaTa
M UMKJIM33aUKed  TOJYYEHHOro —(-ceMuKapOasuaokapOokcuiata (cxe-
Ma 2.14) [24].

8-Drop-4-ruppoken-1H-[1,2,4] rpuasuno(4,5-a]xunonns-1,6(2H)-nnon
2.48 cuHTe3upoBaH KoHJeHcauuell 6-(rop-4-okco-1,4-1urunpo-2-xuHo-
JuHKapborunpasina 2.466 ¢ pocredom (cxema 2.14) [25, 26]. 8-Drop-
1,2-nurunpol(l,4]okcasuno[4,3-a] xunonnu-4,6-1uon 2.49  obpasyercst
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B pe3yJbTaTe BHYTPUMOJEKY/IPHOH LHKIU3aLHK 2-XJ10p3THI-6-(pTOp-4-0K-
co-1,4-nurunpo-2-xuHonuHkapookcuiara 2.46s [27].
Cxema 2.14

(0]
—_—
(0}
N COOR
H
246a- \"/
\ 0

N

0)\ ’IN
247

2.46: R = Me (a), NHNH, (6), CHyCH,Cl (B)

249 0

Y1oGHBI!l OXHOCTAJMHHBIA MeTOA CHHTe3a [a]-aHHeJMPOBAHHBIX TpH-
LMKJIHYeCKHX (DTOPXHHOJOHOB MpenjioxeH B pabote [28] (cxema 2.15).
HcXonHEIME COEUHEHHSIMU CIYKUMN 4-(a/ITHI0KCH) XHHOMHHE! 2.50a—B.
Murpauust ajiuibHON rpynmsl B meperpynnuposke Kistiisena npusogut
K IMeHOHY, a MocJeayiouas neperpynmnuposka Koyna uepes tayromepHsiii
eHaMUH T03BOJIUIA NONY4HTh 2-(3-GyTeHus)-4-xuHooH 2.51.

Cxema 2.15
opteaon o J
CO,Et
B t CO,Et F CO,Et
. >
R=anmmn -
Me E “ F N
N H
o 0
CO,Et .
COEt CO,Et
N-GpOMCYKIMHIMIL
R
XJ10pOeH3071
D E N F N

t

Br. 253

252

2.50: R =aqun (a), 2-nponunua (6), 2-(xsopMeTus)-2-nporeHus (B)

O6paborka 2.51 GPOMCYKLUHHUMUIOM H MOC/ENYIOLIee Jeruaporaore-
HUpoBaHHe cnupToBbIM pactBopomM KOH mpusoaut x muppoio[1,2-a]xuxo-
JIOHY 2.52. DTO coeflHeHHe MOXKET ObiTh MOJYYeHO TepMOoIu3oM 4-(2-mpo-
MUHUIOKCH)XHHO/HHA 2.50 B KUIISLLEM O-IHXJI0pOeH30Ie.
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BaxKHEIMH HHTepMeHaTaMH B CHHTe3e [a]-aHHeJHPOBAHHBIX (TOPXU-
HOJIOHOB SIBJISIOTCSI IPOM3BOJHbBIE 2-MepPKANTOXHHOJIHMH-3-KapOOHOBOH KHC-
gotel 2.54 [13, 29-32]. Ilpu obpaGoTke coemuHeHnd 2.54 MPOH3BOI-
HeMH 1,1-1ubpomsTaHa uau 1,1-puiionsTaHa B NPUCYTCTBHM KapOoHara
KaJust 06pasytoTest 3TuioBble a(upsl 6,7-nudrop(l,3]tnasero[3,2-a]xuHo-
JIMH-3-Kap6OHOBOH KHCJIOTH 2.55a, HX peaKlys ¢ UUKJIHUeCKUMH aMHHAMU
B IUPUIHHE B NPUCYTCTBHM TPHITWJAMHHA JaeT 7-LHKJI0aMHHOIPOH3BOL-
Hble, TOCJe THAPO/IH3a KoTopeix BogHbiM KOH Oblia momyuena Gosbiuas
rpyInna THa3eTONPOU3BOAHLIX (PTOPXHHOIOHOB 2.556 (cxema 2.16) [10, 13,
33-37].

Cxema 2.16
R" OH 2 o
R CO,Et 1) RCHX,, K,CO,, DMF R coy

2) BTOPUYHbI aMUH, MUPHINH, TPUITHIAMUH |
T,
R N~ TsH 3) KOH, H,0 R NS
R R’ Y
e R=H, Me, Et, Ph; X = Br, [ R
2.55a, 6
2.54: R R°=H, F, Cl; R*=H, F; R*=F, (3ameleHHBIi)4-TUpUAKIAMEIHO, 1-MH-
nepasuud, 1-nupponnaunud, 4-metun-1-nunepasunnn. 2.55: Y =Et (a), OH (6)

[TpousBonnbie  4-okco-4H-[1,3]tnasero[3,2-a] xuHotuH-3-Kap6GoHOBOH
KUCa0THl 2.550, HMelolmMe B TOJNOXEHUH 7 OCTaTKH MHUPPOJIHINHA,
NUNepUIUHA, MOPMOIHMHA, THOMOP(O/IHHA, 00/1afal0T BEICOKHM YPOBHEM
aHTHGaKTepaibHoil aktiBHOCTH [38-45]. Ha mpumepe psina [a]-ammesu-
POBAaHHBIX XHHOJIOHOB [0Ka3aHO, YTO THa3eTONpOM3BOAHblEe 2.57 Gosee
aKTHUBHBI, YeM THa30/MAHHOXHHOJOHb 2.56 (rabn. 2.1) [46]. Cuenyer
OTMETHTb, YTO BBICOKOH aKTHBHOCTbIO 06/I1aflaloT TOJIBKO CepocofepKalilie
npoussozHbie. 3amena C(2)-S ¢parmenta Ha C-O u C-N B coennHeHHsIX
2.56 NpUBOAMT K 3HAYMTENBHOMY CHHXKEHHIO aKTHBHOCTH.

B TtnaseroxuHosoHax 2.57 Ha aKTUBHOCTb BJIMSIET NIPHPOJA 3aMeCTHTe-
a5 B nosioxkernd 7 (taba. 2.1). A B psiiy THA3eTOXHHOJOHOB C 4-MeTHI-
1-nunepasunorpynnoit nmpu C(7) aKTHBHOCTb OMpefessieTcss pasMepoM
samecturens npu C' (H > Me > Et > Ph). Jlis THa3eTOXHHOJOHOB
¢ nunepasuHunbHoi rpynnod mpu C(7) akTHBHOCTb YOblBaeT B DSy
Me > Ph > H. Hannuue aroma ¢ropa nau merokeurpymner npu C(8)
yBeJH4YKhBaeT aHTl/léaKTepl/laﬂbHle AKTHUBHOCTb.

DTHsoBBIEe IQUPH  2-MePKANTOXHHOIMH-3-KapOOHOBOH KHC/IOTH 2.58
CIIy’KaT TaKkxKe MHTepMeNHaTaMH B CHHTe3e IPOM3BOIHBIX 5-0Kco-1,2-1H-
ruapo-5H-ruazono[3,2-a] xuHouH-4-kap6oHOBOH KHCIOTEL 2.59 1 5-0k-
co-5H-tnasono[3,2-a] xuHonuH-4-kap6oHoBo# kucaoTh 2.61 [47, 48] (cxe-
Ma 2.17). Tlpu B3auMoLeiCTBHM MepKanTONpou3BoAHEIX 2.58 ¢ mpousBoa-
HBIM XJIODAlleTOHA B TIPUCYTCTBHH TPHITHJIAMHHA B NHXJIOPMeTaHe HJIH
xJopohopme NpH KOMHATHOH TeMmmepaType W LMKJIM3ALMH MOJY4YEHHOro
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Ta6auna 2.1

AKTHBHOCTb HEKOTOPBIX [a]aHHenHpoBaHHbIX (ropxuHo/ioHoB (MIC, mMkr/mi)

0

F co.n F COOH
I |

’ R” N s

2.56 R 257 R
Coen. R’ R(X) |S. aureus|E. coli | P. aeruginosa
2.56 | 4-Merunnunepasuuua | H(S) 0,39 0,20 1,56
2.56 | 4-Merunnunepasuuua | Me(O) 12,5 12,5 > 25
2.56 | 4-Merunnunepasunun | H(NMe) 100 50 100
2.57 | [Tunepasunun Me 0,05 0,0125 0,2
2.57 | 4-MeTuanunepasuHuI Me 0,1 0,025 0,39
2.57 | Mopdosunun Me 0,1 0,1 0,39
2.57 | TuomopponuHUI Me 0,025 0,2 0,39

nponykra 2.60 B KOHLEHTPHPOBAHHOH CEpHOH KHCIOTe OBbIIM CHHTE3H-
poBaHbl THasosoxuHOMMHbL 2.61 [48]. Hurnaponpoussomubie 2.59 Obi-
JIM TIOJTy4eHbl LHKIH3alMell MepKanTOXMHOMMHOB 2.58 ¢ NPOM3BOLHBIMU
2,3-mubpoMnponana B IMMeTHA(OPMaMHie B MPUCYTCTBUM KapOoHaTa Ka-
aust npu temneparype 50 °C B Teuenne 3—4 u [49].

Cxema 2.17
OH o
¥ =z CO,Et R' CH,CH(Br)CH,Br  F CO,Et
_—
> |
F N SH K,CO,, IMOA
N s
S R =H.F X
2.58
259 R'
CICH,COCH,R'
NEt,
oH F CO,Et

F - CO.Et 20

0
|
] | N
N s/\"/\R & (\2/
2 o .

2]
]

R
2.60 2.61
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2.1.4. Mogudukauus [a]-aHHeAMPOBAaHHBIX  (HTOPXMHOJOHOB.
Monndukauus —nojoxeHuss 7  THaseto[3,2-a]XHHOJOHOB  MO3BOJIMIIA
NOJy4HTh HOBBle aHTHOaKTepHanbHble cpenctBa 2.62, 2.63. n-Toayon-
cynb(oHaTHAsA cosb coelrHeHus 2.62 mposiB/feT BbICOKYI aKTHBHOCTb
k E. coli NIH] JC-2 (MIIK 0,05 wmr/mn) [50]. Tuaseronpousson-
Hble C OCTaTKOM l-aMHHOMeTHJ-2-0Kca-7-a3abuiukio|[3.3.0]okT-3-nia
B nosoxkernd 7 2.63 nomasasiior H. pylori [51]. Cunres 7-[(S)-3-tpu-
(ropauerunaMuHOMeTH - | - nupponuannud] - 1H,4H - [1,3]tuasero([3,2-al-
XUHOJIMH-3-KapOOHOBOH ~ KucaoThl omucan B matente [39], 7-[(S)-
3-Tpr¢hTOpaLeTHIAMHUHO- | -TUPPOJIHIMHHI|-IPOU3BOAHOTO — B  MaTeH-
te [50], 7-(3-aMmHHO- 1-NKPPOJIKAHMHHII)-IPOU3BONHOTO — B marteHTax [40,
52, 53].

o 0
F ] CO,Et F COOH
N N_s N N
S
C{ F 7/ F Y
NHCOCF, Me o CH,NH, R
2.62 2.63

6-Drop-1-merua-7-[4-(5-metui-2-okco- 1,3-guokcosn-4-un)-metu- 1-nu-
nepasunun)-4-okco-4H-[1,3]tuasero[3,2-a] xnuHonunu-3-kapGoHOBas KHCJIO-
Ta SIB/ISIETCS] HOBBIM TPHLHUKIWYECKHM (TOPXHHOIOHOM (npyiugrokcayun)
2.64 [54]. B opraHuaMe 3cTepasbl MeTabOMH3UPYIOT MPYJIHQJIOKCALUH
10 yaugrokcayuna 2.65 [55].

O—é 2.64 2.65

2.66

Hanuune ThasetHoro QparMeHTa B XMHOJOHe 2.65 ckasbiBaeTcs Ha
peakLHOHHOH crnocofHOCTH KapOoKcHJbHOH rpynnel. Tak, ecid B LH-
npodyJokcalyHe 1eKapooKCHIMPOBAHHE MPOTEKAeT NMPU AeHCTBUHM LHAHKAA
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1 Harpeanud B JJMCO, To ynu¢JoKcaluuH B 3THX YCJOBHSX OCTaeTcs
HensmeHHbIM. M Tosibko B 10 %-it cepHoit kucioTe npu Temneparype 100 °C
B TeueHue 6 JHeH uMMeeT MeCTO [eKapGOKCHJIHPOBaHHe C 00pa3oBaHHEM
xuHOJIOHA 2.66 ¢ BoixomoM 40 % [56]. WHTepecHo OTMETHTD, YTO AHTH-
faKTepuanbHas aKTHBHOCTb coeauHeHus 2.66 B 60-12000 pa3 meHbiue
10 CPaBHEHHIO C UCXOAHBIM yandokcauuHoM. [TogoGHas 3aBUCHMOCTD Ha-
Gmofianach U B cydyae MPOAYKTOB AeKapOOKCHIMPOBAHHMS LIUIPO- H MOKCH-
(uokcauusa [56], 4TO CBUIETEJBCTBYET O BAXKHOH POJIH KAPOOKCHUTPYIIIIEI
B MPOSIBJIEHHH aKTHBHOCTH.

OnHUM W3 HampaBieHHH MOAM(HKALHK THA3eTO[3,2-a]XHHOMOHOB
SIBJISIETCST  [IOJIyYeHHe ONTHYECKH aKTHBHBIX COeAWHeHHH (cxema 2.18).
CHHTe3 MPOBOAMJICS B3auMoeiicTBUeM 2-(2-(TopaTHi)THOXHHOMOHA 2.67
C XHMpaJbHbIM TPOH3BOLHBIM KapOGOHOBOH KHCJIOTEL C MOC/IELYIOLUM
XJIOpHpOBaHHeM XHpanbHoro s¢upa 2.68. Ilocie pasnenenus cmecH
JIMacTepeoMepoB OCylLlecTBaAsJach LMKaAu3auus 2.69 ¢ obpasoBaHHeM
2.70 [57]. B psany 1-mertun-4-okco-4H-[1,3]tnasero(3,2-a]xunonun-3-kap-
GOHOBBIX KHCJOT (S)-H30Mepbl MPEBOCXOASAT M0 aHTHOAKTepHasbHOH
aktusHocTH (RS)-mpoussonssie [58].

Cxema 2.18
h
OH R-(-)-2-benunnponuo- [¢] Me
F N COOEt HIWIXIOPHA F N COOEt so,C1,, cHcl,
=z NEt,, CHCI, P
F N SN F N s Ur
2.67 2.68
(0]
OJ\I/MC 0
F COOEt  H,0.NEt, F COOEt
= Cl E—— |
P /K/ o
F N SENCF F N* S
2.69 2.70 [

F

[Tpu obpabotke 1-MeTaHCYNbHOHUNOKCHMETH- UK 1-(DTOPMETH/ITHA-
3€TOXHHOJIOH-3-Kap6okcuaara 2.71 rHIPOKCHIOM Kajlus OblIH CHHTE3HPO-
BaHbl 7-3aMellleHHbe 6-Qrop-1-MeTunen-4-okco-4H-[1,3]tnasero[3,2-a]xu-
HOJIMH-3-KapGoHOBEe KuCAOTH 2.72 (cxema 2.19). i coenuHeHwust
AKTHBHBl B OTHOLUEHHH XHHOJIOH- M METHLM/IMH-YCTOMUMBBIX LITAMMOB
S. aureus [59]. 7-(4-AmuHO(pEHHNT)IPOU3BOLHOE |-MeTHIIEeH-4-0KCO-
4H-[1,3]tuazero[3,2-a]xuHONMNH-3-KapOOHOBOH  KHCJOTBl  [PEBOCXOAUT
10 aKTUBHOCTH in Vivo B OTHOWeEHUH S. aureus wanpodaokcauns [38].
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Cxewma 2.19
[0} (0]
F COOEt Kon F COOH
| _ |
R N s R N s
271 [ 2.72 7(
X

[IpoBoauiach MOAH(UKALHMS W MOJOKEHHS 3 THA3€TOXHHOJIOHOB. Tak,
HanpuMep, 06pa3oBaHie aMUIHOH CBSI3H MEXNY mpem-6yTOKCHKapGOHH/Ib-
HBIM TIPOM3BORHBIM 7-(3-(N-mpem-GyTrHoKcHKapOOHUIAMHIHO)- 1-THPPOIH-
IHHUI]-6-pTopTHa3eTo[3,2-a] XHHOIOHA U Mmpem-OyTHIOBEIM 3(PUPOM K-
LMHA TOCTHTHYTO B padore [40].

[IpousBoxHble THA30.10[3,2-a)XUHOMOHOB THA 2.73 MOJYUYEHBl MyTeM
BBeJIEHHsI OPUIHHA/IbHBIX MOCTHKOBBIX 3aMecTHTesell B mosoxkeHue 8 [60].
Cpeny HOBbIX [a]-aHHENHPOBAHHBIX XWHOJOHOB TaKXKe CJEJyeT OTMETHTb
[1,3]6en30tHasuuo[3,2-a]xunonun- u [3,1]6ensoruasuno|l,2-a]xunonns-
6-kap6oHOBble Kuca0TH 2.74, 2.75 [61].

0 o)
F | COOH . COOH
HN N . |
S R NS
\=/
F
21 274
0
F COOH
R NS

275

BBegeHue rupasiHHOrpynnsl B N0JI0KeHHe 5 TOPXUHOIOHOBOTO 0CTOBA
[a]-anHennpoBanHbIX (HTOPXHHOIOHOB 2.76 (THA3ETONPOM3BONHBIX, GEH3-
THa30410[3,2-a] XHHOJIOHOB, THA30J10[3,2-a] XHHOMOHOB) MO3BOJIMIO TOJY-
uuThb 3((EKTHBHbIE BOLOPACTBOPHMblE AHTUMHKPOOHbIE areHTbl B OTHO-
LIEHHH Psiia MATOreHHbIX MHKpoopranuamoB (cxema 2.20). IlponsBonHsie
XHHOMOHOB 2.78, 3aMellleHHble 10 TMAPA3MHOBOH TpyMne, MOTYT OBbITb
HCTOJIb30BAHEl IS JIeUeHHsl MIMPOKOr0 psifia MH(EKLHOHHBIX 3aboseBa-
nuit [10].

8-Oxco-1,2,4-tnanuasono4,5-a] xuHonuu-9-kapboHosas kucaora 2.79
MHTHOUpYeT ToronsoMepasy II W mposiBsieT NMPOTHBOONYXOMEBYIO aKTHB-
HOCTh [62].

11 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. Uynaxuu



162 T 2. Cunmes, cmpoerue, c80UCMBA NOAUKUKAULECKUX (PMOPXUHOLOHO8

Cxema 2.20
Fo0 |
NH, .HCI
F. COOH M Poop w0
‘ T F COOH 1) NH,NH, H,0
Lot ‘ —_  F COOH
F N —_— 2) HCI, EtOH ‘
N N
F E N N
276 N F
HN 2.77 &
\coBu-t HCI-H,N 278
(]
F COOH

BHyTpiMO/IeKyISIPHOH TepMUUeCKOH KOHIeH calHel 3-aleTh1-5-0KCOMHU-
pasosio[1,5-a] xuHonuH-4-3THiIKapooKkcuaata 2.80 npy HarpeBaHUU B KHIs-
weM 0-AMXJI0pOeH30/e B TeueHHe 2 4 M0JyyeHa HOBast TeTPaLUK/IHdecKast
cucrema 2.81, comepxkaliasi QTOPXMHOJIOHOBBIH (parmeHT (cxema 2.21).
JlanHoe mpeBpalleHHe MOXHO PacCMaTpuBaTh Kak CJ0KHOI(PHPHYIO KOH-
JeHcauuio KistiiseHa B OTCYTCTBMM OCHOBHOrO Karaiusa [63].

Cxema 2.21
H
o 9 o o
‘ F
O O
Yo F N 0
I
N N
281 M1 Me H Me

2.2. [b]-AunenupoBaHHbBIE (PTOPXMUHOJIOHBI

CyiecTBOBaBIIEE DaHee yTBEPXKIEHHE O HEOGXOLMMOCTH COXPAHEHHS
KapOOKCUTPYIINbl B TOJOKEHHH 3 XMHOJOHOB [l TPOSIBJEHHS] UMH AHTH-
GaKTepHanbHOM aKTHBHOCTH [64] GblI0 OMPOBEPrHYTO AAHHBIMH O BHICOKOH
aKTHBHOCTH [b]-aHHEJIHPOBAHHBIX 2-0KCOH30THA30JI0-, TUPHAO-, THPUMHIO-
¥ THPA3HHOXHHOJIOHOB [65-68], 4TO CTHMY/IMPOBAJIO HCCIEIOBAHHS B 3TOM
psny coenunenuit. Tak, Gbin cunTesuposad psan 2,3,4,9-TeTparuapouso-
THa30/10(5,4-b] xunonnn-3,4-nronos 2.83 u 2,3,4,9-rerparnaponsokcaso-
110[5,4-b]xuHonu-3,4-1uoHoB 2.84 (cxema 2.22). MCXOmHBIM BelECTBOM
/ISl CHHTE3a 3TUX COEIUHEHUH CIYXKHUT 2-METUIICYIb()OHUIBHOE TPOU3BOL-
Hoe 2.82, no/1yueHHOe OKHCJIEHHEM COOTBETCTBYIOLLEr0 MeTHITHOXHHOJIOHA
M-X70pGeH30iHON KHes0TOl [65, 69-74].
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Wsoruasonoxunononsl 2.83 (R2=H, R!=Et, uuknonponun) okasa-
nuch B 4-10 pa3 Gosee aKTHBHEI, yeM LMMPOMJIOKCALMH M HOP(IOKCA-
uuH [66] (tada. 2.2).

Cxema 2.22
R 0
N> CO,Et 1) NaSH
- .
N l l 2) NH,080,H, NaHS O,

R zZ N SOMe

1
1

2.82

1) HONHCOOBu-t
2) CF,COOH

2.84

R!' =Et, CgH4F-4, uuknonponur; R®=F, Cl, (3ameuwenHblii) 1-nunepasuHui,
mopdoiuto, 1-nupposumunun; Z=CH, CF, N

Ta6nuna 2.2
AKTHBHOCTb HEKOTOPBIX [b]aHHenHpoBaHHbIX (propxuHo/oHoB (MIC, mMKr/mi)
Coen. R! S. aureus E. coli P. aeruginosa
2.83 | Irun 0,02 0,005 0,05
Hopouiokcauus 0,20 0,01 0,1
2.83 | Lluksonponu 0,1 0,1 0,20
Liunpodaoxcauun 0,78 0,1 0,39

Bhicokasi aKTMBHOCTb HM30THA30/MAMHOBBIX MPOU3BOAHBIX OOBSCHSET-
Cs TeM, YTO BCJIEACTBHE apPOMATHUYECKOr0 XapakTepa TIHIPOKCHU30TH-
a3oJibHOro LKK/aa NH-mpoToH MOXHO paccMaTpvBaTh Kak MMHTHPYHOLIMH
OH-npoToH KapOOKCHIPYMIIbl, YYaCTBYIOLMHA B 06pa30BaHHK BOLOPOLHBIX
cesizedt ¢ JJHK-rupasoii [67]. CorsiacHo MeTOLy MOJIEKYJISPHOTO MOIEJNHPO-
BaHHs ONTHMAJbHBIM HHTHOMTOPOM Tomou3oMepasbl 11 siBisieTcs coennHe-
e (2.83, Z=CH, R!=CH,yPh, R®*=R5=H) [62]. Hapsay ¢ Bbicokoii
AKTHBHOCTBIO GOMBLIMHCTBO COeAHHEHHH 2.83 ObliM JOCTATOYHO TOKCHY-
HBIMH U B KIMHUYECKYIO NPAKTHKY He ObliM BHEJpEHbI.

B Gosiee mosgHux paGoTax cooOIIaeTCss O MHOTMOYHC/IEHHBIX BapHa-
LMAX CTPYKTYPbl OKCOM30THA30JOXMHONOHOB THMA 2.83 M DOACTBEHHBIX

11*
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COe}lI/IHeHI/II‘/’I 3a CYEeT BBeJEHHUS apl/l./'lebIX 148 l'eTepl/IJIbeIX 3aMecTHTeNeH
B mosioxkeHue 7 (dopmupoBanue cBsisu C(7)-C) u MomuduKauuu moso-
wennit 4a, 6, 8 u 9 [75, 76]. B pesyabrare ymanoch MOJNYYHTb PSIA
BEIECTB C BBICOKOH aHTHOaKTepHasJbHOH akTHBHOCTbIO. C Lesblo mosy-
yeHHs1 Haubosiee 3(D(PEKTHBHbLIX HHTHOUTOPOB peMJHKALWHM OaKTepHasb-
woit [IHK, wanpumep, cuuresupoBano mpoussogHoe 2.85 [77]. Kpocc-
coyeTaHde 7-OpPOMMPOM3BOAHOTO TeTparuapo-6-hropusoruasosno(d,4-b]xu-
Hosnu-3,4-mona u ArB(OH)y wmiau ArB[OC(CHs)s]e B mpucyTcTBHH
Pd(PPhs)4 1 NaHCO3 mo3Bosin/o noiyunts 7-apuisaMerieHHble TeTparn-
po-6-¢ropusotuasono[5,4-b)xunonun-3,4-nuonsl [78].

5-T'unpasuHonponssogHoe H30THa30/0(5,4-b]xuHonuHa 2.86 sBisercs
BO[LOpaCTBOpl/IMbIM aHTI/IMI/IKpO6HbIM AreHTOM M MOXKeT 6bITb HUCII0JIb30BAHO
7Sl JIeYeHHs! LHPOKOTO Psifia MH(EKUHOHHBIX 3aboeBanuil [10].

Hzortnaszono[5,4-b]-anHennpoBantble  (TOPXUHONOHBI,  COHEpIKALIHE
B I0JIOKEHHH 7 aMHHOAJIKOKCH3aMeCTUTe/H, OnKcaHbl B pabore [79], a mpo-
M3BOJHbIE C 3aMELIEHHBIMH LMK/IOMPONUIBHBIMKE 3aMECTHTENSMH B M10JI0-
sxennd 7 — B [80]. Bbicokyio aHTHOAKTepHAIbHYIO aKTHBHOCTb MPOSIBASIOT
aHaJIorn coefnHeHns 2.85, cogepiKalline B IOJOXKEHHH 7 OCTAaTKH 3-aMH-
HoaseTuauHa [81].

9-Huknonponua-6-drop-8-meToken-7-(2-Mernanupuant-4-un)-9H-uso-
THa30410(5,4-b] xuHOMNH-3,4- IMOH TIPOIEMOHCTPHPOBAN BbICOKYI0 aKTHB-
HOCTb if Vitro B OTHOLIEHHH METHLHM/UIHH-YCTORUMBBIX LITAMMOB S. aureus
(MPSA) (MICyp = 0,5 MKr/mia1), BBICOKYI HHTHOHPYIOLLYI0O aKTHBHOCTDb
B otHouweHnd JIHK-rupassl u tononsomepassl 1V S. aureus, cnabyio ak-
THBHOCTBb K Toron3omepase Il 4esoBeka u c/1aGyio0 LHTOTOKCHYHOCTh [82].
Bblo 1M0Ka3aHo, YTO BBEJEHHE METOKCHIDYINbI B MOJOXKEHHe 8 crocos-
CTBYeT YBEJHYEHHI0O aKTHBHOCTH B OTHouleHHH MPSA u ywmeHblueHHIO
HUTOTOKCHYHOCTH.

JlanbHefline yCHJMsE 3TOH TpYNNbl aBTOPOB OblIM HANpABJEHB Ha
CHHTE3 HM30THA30J0XHHOJIOHOB, COAEPKALIMX 8-METOKCHIpymmy, a B IO-
J0XKeHHH 7 — 0oJlee TPAAULUOHHBIE HACBHILIEHHBIE aMHHOLMKJIBI, HaIpH-
Mep MHPPOJHUIHHDI, KOTOpble, KAK M3BECTHO, MOBBILAIOT aKTHBHOCTb B OT-
HOLIEHHH TPAMIOJIOKHTEJbHEIX MHKpoopranuamoB [83, 84]. B pabore
[84] monyuena cepusi 7-(3'-3aMeLLeHHBIX) TUPPOJIHANH-8-METOKCHU30THA30-
JIOXHHOJIOHOB 2.87-2.94 W ucc/enoBaHa UX aHTHOAKTepHalbHAas aKTHB-
HOCTb B OTHOLUEHWH METHLMJUIMH-YYBCTBHTENbHBIX S. aureus (MUSA),
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MeTHLHINHH-pe3ncTeHTHbIX S. aureus (MPSA) u E. coli. VisyueHo Bnus-
HUe 3aMecTHTesell R U CTepeOXHMUYECKHI acTekT.

2.87-2.94

R: H (2.87), merun (2.88), srun (2.89), aumerun (2.90), uuknonpornun (2.91),
THa30.1-2-u1 (2.92), okcason-2-un (2.93), mupuaus-2-ua (2.94); R': H, Me; R*:
H, Me, Et, ugo-nponus, UuKJIONPONUI U Ap.

Muorue u3 3tux coeauHennit umenu MIC < 0,25 MKr/ma B oTHoLIe-
HUH XHHOJIOH-pesncTeHTHbIX (MPSA) wrammos. Ha mprmepe crepeorso-
MepoB 1”-MeTun-3'-aMUHOMeTUIITMP PO AMHIIPOU3BOAHBIX 2.88 BhIsIB/IEHO,
4TO GosIee NPELNOYTHTEJNbHOH AJIs aHTHOAKTePHATbHON aKTHBHOCTH SB-
asiercst 3'-R, 1”-S-koudpurypaunsi. CaMbIMU NePCTIEKTHBHBIMH OKa3aJIHCh
2.88 (R,S)- u 2.90 (R)-nmpou3BoxHble, IAHHBIE LJIsi HEKOTOPBIX M3 HHX
(R' =R?=H) npuBejiensl B Ta6s. 2.3. U3yueHa HHTOTOKCHUHOCTb COSHHE-
Huit 2.87-2.94 u unrubupyiouas aktuBHocTs B otHoweHnd JIHK-rupassi
1 Torousomepassl 1V, koTopasi st HEKOTOPLIX MPou3BoxHbIX 2.88 n 2.90
Gosee yeM B 30 pa3 Bbilue, 4eM Y MOKCH(JIOKCALMHA.

Ta6auna 2.3

Anrtubakrepuanbas (MIC, MKr/Mi1) # uuToTOKCHUYeCKas (MKrM)
aKTHBHOCTD 6-(hTOP-8-METOKCHU30THA30MOXHHOIOHOB

[C— MUSA MPSA E. coli Luro-
ATCC29213 | ATCC700699 | ATCC25922 | ToKCHUHOCTBs)

Llunpocokcanx 0,25 32 0,02 > 100

Moxcudokcanns 0,06 4 0,03 > 100
2.88 (R,rac.) 0,004 0,06 0,02 9
2.88 (RR.) 0,02 0,25 0,03 33
2.88 (R,S.) 0,002 0,06 0,008 6
2.88 (S,rac.) 0,03 1 0,06 —
2.88 (S,R.) 0,02 1 0,06 51
2.88 (S,S.) 0,03 1 0,06 15
2.90 (R) 0,004 0,06 0,06 9
2.90 (S) 0,03 2 0,13 61
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Tueno[b]-aHHeMpoBaHHBI (TOPXHHOMOH 2.97 CHHTE3UPOBAH HA OCHO-
Be 2-MepkantonpoussogHoro 2.95 u BrCHyCN (cxema 2.23) [85].

Cxema 2.23
F i CO,Et O on
: ooy COJEL 1 NaHCO, F
‘ 7 =
F N TsH V““LO 60C. THF
: 20C, THF 1\ SCH,CN  2) mnepasi (\N NT S

295 A “N\) 297 A

2.96

Ha cxeme 2.24 mokasan cuures 6,8-nu¢prop-7-(4-metui-1-nunepasu-
HUJT)-5-LKaonponuanupuao(4,3-b) xunonun-1,10(2H,5H)-tuoua 2.99, ko-
TOpelil mosyuns HasBaHue AT-5755 M peKOMeHIOBaH AJs NPENKIMHH-
YeCKHX HCMbITaHUH. DTHJIOBbIHA 3dup 4-0kco-6,7,8-Tpudrop-1-unkonpo-
nuJ-1,4-1Mruapo-3-XMHOTMHKAPOOHOBOH KHCJI0TH 2.98 NpH KHIAYeHHH
¢ 1,3,5-TpuasuHoM B TeTparugpodypaHe B NPUCYTCTBHH THIPHAA HATPHs
B Teuenne 12 u pmaer 6,7,8-mudrop-5-mEkaonponuanupuno(4,3-b)xuno-
aus-1,10(2H,5H)-nron 2.99a, 13 KOTOporo nocje 3amelleHns aroma (ro-
pa 0CTaTKOM MeTHJINHNepa3HHa MojydanT coelnHeHre 2.996 [86].

Cxema 2.24
o 0o 0
F CO,Et F
| NH
—_— |
F N7 Me R NNF
" A A
298 299

2.99: R=F (a), 4-metus-1-nunepasunua (6)

Terpauukanyeckue aHasnoru ogpsoxcaunHa 2.101 6buid nosyyeHsl 1o
cxeme 2.25. AHHeJMpOBaHHE [IOMOJHHTENbHOTO MHPHAOHOBOTO KOJIbLA
npoBonsAT o6paboTkoit coenuuenusi 2.100 rumpupgom Hatpusi B JMOPA,
METH/IM30LHaHATOM, 3aTeM pPacTBOPOM COMsIHON KHCJ0Thl. CoenrHeHHs
2.101 nposiBasiioT GoJlee BBICOKYIO aKTHBHOCTb B OTHOLIEHWH S. aureus,
ueM odrokcauH [87].

Cxema 2.25
0 0 OH
F | CO,Et . N e
F N Me X

2.100 2.101
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Jlubenso[1,6]Hadrupuannonsr 2.102 He NpPOSIBASIOT 3HAUMTEJBHOM
aHTHOAKTepHabHON aKTHBHOCTH, HECMOTPS Ha TO YTO CPefH MOAH(HpO-
BAaHHbIX XMHOJIOHOB, Y KOTOPbIX KapOOKCHJIbHASI IPYIINa 3aMeHeHa aMHHOH,
HMeTCs GHOJIOTHYECKH aKTHBHBIE coenHeHus [88].

2.102

1-Merua-1,4-puruapo-9H-nupasoio(4,3-b] xunonnn-9-on 2.106, xoro-
PBIi IBJISI€TCSt HHTMOUTOPOM NPOTeUHKHHA3bl C, CHHTe3UPOBAH LUKJIHM3aLH-
el 4-[(4-dpropdennn)amuto]-1-mMeTu- 1 H-nupasos-5-kapGoHOBOI KHCIOTbI
2.105, KoTopasi B CBOW 0uYepefb NosydyeHa B3auMopeHcTBueM 4-(TopaHu-
anHa 2.103 u 4-ion-1-metna- 1 H-niupason-5-kap6oHoBoil KucioThl 2.104
B BOJe B NPHCYTCTBHM MeJHOro MOpollKa M KapOoHata HaTpus (cxe-
Ma 2.26) [89].

Cxema 2.26
HOOC, O Me
AR S S e e e
+ \ / \ POCI, \
L LD N
NH, good” Ve N7 7
H H
2.103 2.104 2105 2.106

2.3. [c]-AHHennpoBaHHBIE (PTOPXUHOIOHBI

XuHosoHTHOHB! 2.107 npy B3aUMOJEHCTBHHU C 3aMelLleHHbIMU THpa3u-
HAMH LUKJIH3YIOTCS B MHPa3oso[4,3-c|-anHenupoBantbie Xuuoantsl 2.108
(cxema 2.27) [90, 91].

Cxema 2.27
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2.4. [d,e]-AHHennpoBaHHbIe (PTOPXUHOIOHBI

Oxcorpynma B MonOKeHHH 4 sBAseTcs HEOOXOAMMBIM (parMeHTOM
17151 cBsAsbiBaHMsA XHHOJOHOB ¢ JIHK-rupasoit, a ymanenne ee umm 3a-
MeHa Ha Jpyrue TPYNIBl IPUBONMT K MOJHOH HHAKTHUBALHMH IOJy4eH-
HbIX coepuHennit [64, 92]. Ilo 3Tofi mpuuMHE HATIPABIEHHOTO CHHTE3a
[d,e]-aHHepoBaHHEIX (PTOPXHHOJIOHOB He MPOBOLUIIOCE.

H3zokcaszonoxunonon 2.110 Gbii moJyueH Mpu CHHTe3e 5-a3UIOMNPOM3-
BOJHOTO, MOCKOJIBbKY CKOPOCTb LMKJHM3aLMH a3ufonpoussogHoro B 2.109
0Kasajach BBIIIE, YeM CKOPOCTb o0pasoBanus asuga (cxema 2.28) [67].
Jlerkoctb TpaHC(OPMALKMKM H30KCA30JBHOTO LHMK/JA B COeIHHEHHSX THIA
2.110 1o3sBosMNa OCYIIECTBUTb CHHTE3 H-aMHHO3aMeLLEeHHbIX ()TOPXHHO-
JIOHOB.

Cxema 2.28

2.5. [f]-AHHennpoBaHHbIe (DTOPXHHOJIOHBI

[f]-AnHenvpoBaHHe BeleT K rnoTepe atoma (Topa B MOJOXKeHHH 6,
¢ HaJMYMeM KOTOPOTrO HOJIroe BpeMsi CBf3blBA/JH BBICOKHE ypOBEHb aHTH-
GaKTepHanbHOH aKTHBHOCTH (PTOPXMHOMOHOB. OnHAKO paGoThl MOCJIENHHX
JIeT BbIIBUJIM BBICOKOAKTHBHBIE COENMHEHHs CpPefyd O0KCas3oso-, THa3oJso-
1 UMu1a30-[4,5-f] xuHOI0HOB.

BsaumopeiicTBueM  5-aMHHO-6-THAPOKCH-4-0KCO- 1, 4- INTHIPOXUHOJIHH-
3-kapGoHOBOM KucjaoThl 2.111a ¢ OpTOMYpaBBUHEIM 3(QUPOM B IH-
metundopmamuie mpu  100-110°C B reuenue 30 MuH mosyyeHa
9-0Kc0-6,9-11ruapookcasoo[4,5-f] xuHosuH-8-kapGoHoBas KHCJI0Ta,
M3 KOTOPOH Mocje 3aMelleHHs aToMa (Topa B MONOXKEHHH 7 Obli1
CHHTE3HPOBaH Psif 0Kcaszosio[4,5-f]xunosonos 2.112a (cxema 2.29) [93].
Wmupaszo[4,5-f|xuononsr 2.1126 u tpuasoso[4,5-f]xuronons 2.1128
OblM TOJTyYeHbl HCXOAs U3 5,6-IMaMHHOXMHOJMOHOB 2.1116. B onbitax in
vitro UMUIa30XMHOJIOHb OKA3a/JUCh PABHBIMU 10 aHTHOAKTEpPHANbHOH aK-
THBHOCTH COOTBETCTBYIOLIMM TPHA30JOXHHONOHAM HJIH G0Jlee aKTHBHBIMH.
CoeqviHeHHs], CollepKalle aToM (Topa B MOJOXKEHUH D, MPOSBISIOT GoJee
BLICOKYIO akTHBHOCTH [94, 95]. Tak, mpoussonHoe 2.1126 (R®*=R*=F)
umeer 3Havennss MICs B mpemesax 0,025-12,5 MKr/Ma B OTHOLIEHHH
psima  MukpoopranuamoB [93]. Haubosee mnepcrekTHBHEIME — Cpenn
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5-propumunaso[4,5-f]xuHononos 2.1126 okasanuch NPOM3BOLHbIE, TIf€
R*=H, F, Cl, R®=4-metun-1-nunepasusus, nokasaplixe XOpoLIHe pe-
3yJIbTaTbI B OTHOLLIEHHHU KaK FpaMHOﬂO)KHTeﬂbeIX, TaK U l'paMOTpI/IL[aTeﬂb'
HbIX GakTepuit [94].

Cxema 2.29
NH, O -
) ? 1) (E10),CH Y=N o
R COH X
- 2) HNR' R? COH
B E—

F . T:ll R T:I

R R R R'
2.111 2,0 2.112 a-B

2.111: R'= umkonponua, Et; R*=H, F; R®*=0H (a), NH; (6); 2.112: X=0,
Y=CH (a), X=NH, Y=CH (6), N (8); X=N, Y=S5(r);
R' = 4-meTu1- 1 -nunepasunm, 3-aMuHo- |-HPPOTHHHMI

Hexoroprie uMuaaso[4,5-f]xunononsr 2.1126 (R®=R*=H) 6buu no-
JIyYeHbl M3 COOTBETCTBYIOUIMX 5-aMHHOGEH3MMUIA30/10B B YCJIOBHSIX peak-
unn Toynna—JIxeko6ca [96-99], nx aHTHOAKTepUaNbHASL AKTUBHOCTD ObLIA
HHU3KOH.

[1,2,5] Tuanuasono(3,4-f]| xunononkap6oHosas kuciora 2.112r (R'=
=Et, R®=R*=H) cunresupoana B3auMojelicTBHeM b5-aMUHOOEH-
30[c][1,2,5]THannasona U AUITHIOBOrO 3(pHpPa ITOKCHMETHIEHMaJIOHOBOH
KMCTOTHl W 3alaTeHTOBaHA B KauecTBe aAHTHOAKTEPHAJbHOrO Cpel-
crea [100].

[To cxeme 2.29 Obln mosydeH TakkKe psA TeTPALMKIHYECKHX aHAJIO-
roB oiokcaurHa — umMuaaso[4,5-f]xunosnonsr 2.113, okcasosno- 1 THazo-
110[4,5-f] xunonons 2.114 (Y=0, S, NAlk; X=0, S, CHy, R! =H, Alk)
[93, 101]. Hanpuwmep, umunaso[4,5-f]xuuonon 2.114 cuHTesnpoBan peii-
CTBHEM 3TOKCHMETH/EHMAJIOHOBOrO 3(upa Ha cooTBeTcTBYMOWHH 1,2,3,4-
TeTparuapo-6H-umunaso(4,5-g|xuHonus, panbHeAmed UHKIM3aALKEd HH-
TepMeaHata B moJudocdopHoM adupe U nocaenyoumm rugpoansom [101].

0 H RY
HN\>—N 0 >:N o

COH

2.113 2.114

2.115

[Tupposioxutosonsl 2.115 Gblid nodyueHbl U3 5-hTop-6-9ToKCHKaAp-
GOHHU/IMPOU3BOLHOTO MyTeM 3aMelleHHs] aToMa (Topa B MONOXKEHHH b
rpynnoii NHCHyCOOEt, konmeHcauuyu B MPUCYTCTBUH mpem-GyTHJata
KaJusi, THApoiu3a W 3amelenus aroma ¢ropa npu C(7). CoenuHenust
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2.115 okasajucb MeHee aKTHBHBIMM B OTHOWeHWHM E. coli u S. aureus,
yeM odiokcatun [102].

5-Merokcunmunaso[4,5-f]xunosmonsr  2.116 npeBbLAT [0 aHTH-
GaKTepHaNbHON aKTUBHOCTH in vifro aHa/lord oJoKcalMHa — HMHJa-
30[4,5-f]mupuno(1,2,3-d,e][1,4]6ensokcasnnnl 2.117 [103]. AkTHBHOCTH
coenvHenuit 2.116 B oTHoweHun S. aureus Taxkas ke, Kak y aHaJoros,
COflepKallMX aToM (hTopa BMECTO MeTOKCHrpynmbl. B oTHowenuun E. coli
u P. aeruginosa aktuBHOCTb Npou3BoiHbIX 2.116 B 2-16 pas Hiuxe,
yeM aKTHBHOCTb 5-(PTOPHMHIA30XHHOJIOHOB.

/A 9 7N
N COH N COH
R\ l R\ l
N N N N
R’ OMe R’ o\)\
M
2116 2117

Oxcasoo[4,5-f]xuuosnonsr 2.118 u okcasosno[5,4-f]xunonons 2.120
OblM MOJTydeHbl U3 AM3TUI-3-N-[5(6)-6eH30Kca30/1I]) aMHHOMETH/IEHMA-
soHatoB 2.119 B ycsoBusix peakuuu [oynna—[[xeko6ea (cxema 2.30)
Hapsy ¢ [g]-aHHe MPOBaHHEIMH NPOU3BORHbIMU [104].

Cxema 2.30
R
O>=N o o0k COOEt R)»
o 0
| Ph,0 ElOOC—<\_ N o 9 -
N \>_R COOEt
N H |
H 0
2118 2119 H

2.120

2.6. [g]-AnHenupoBaHHbIE (PTOPXUHOIOHBI

|g]-AnHennpoBaHHble  XUHOMOHBl 2.122 mOJy4aloT BHYTPHMOMEKY-
NApHOH LMKJM3anuell coemuHeHuit 2.121, comepxKallMX B MOJMOXKe-
HUM 7 OCTaTKM STHJEHAMAMHHA MM STaHOJAMMHA, HMX HarpeBaHHeM
B JAMMETHI(QOPMaMHIe B NpPUCYTCTBHM THapuaa Hatpus mpu 60-90 °C
(cxema 2.31) [105, 106]. AnTubakTepHasbHas aKTHBHOCTb MPOH3BOLHBIX
nupnpo(2,3-g|xunokcamnna  2.122a, 6, okcasuuo[2,3-b]HadTHprarHa
2.1228, nupasuuo[2,3-b]uadrupuanna 2.122r u nupuno(2,3-g|GeH3ok-
casuHa 2.122p okasasnacb GoJsiee HH3KOH, YeM aKTHBHOCTb O(JIOKCALlMHA
¥ LMNPOQIOKCaLMHA.

Ha cxeme 2.32 nokasaH CHHTe3 TeTPALUKJIMYECKOrO [g]-aHHEIMPOBAH-
HOro (hTopxuHOJOHa — 7-0Kco-11-¢prop-10-31Ha-1,2,3,34,4,5,7,10-0KTa-
ruapookconuppodo|1,2-a]nupnno[3,2-g]-8-XHHOMMHKAPGOHOBOH ~ KHCJIOTHI
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CxeMa 2.31

[}
NIIL[MG)A
NG | | CO,H - [

NS
HX(CH)N” ~z7 "N
R

2121 a-a 2122 a-n
Z=CH, X=NH, NMe, R=H, Me (a); Z=CF, X=NH, NMe, R=H, Me (6);
Z=N, X=0, R=Me (B); Z=X=N, Me, R=Me (r); Z=CH, X=0,

R=Me (n)

2.124. V3BecTHO, UTO BBeleHHe OCTaTKa NMHUPPONMAMHA B MOJOXKEHHe 7,
KaK MPaBUJIO, YBEJUUMBAET aKTHBHOCTb GMUMKJIHYECKHX (DTOPXHHOJIOHOB.
OnHako coenvHeHde 2.124 nposiBuno cnabylo  aHTHOAKTepHATbHYIO
akTiBHOCTDb [105].

Cxema 2.32
(0]
F CO,H ?
HN 3
2 ’ N CO,H
_—
N N
| N N
F Et 1
F Et

Ha ocHoBe 1-3TuJ1-6,7-1HaMHHO-4-0KCOXHHOJIMH-3-KapOOHOBOK KHCJIO-
Thl CHHTE3UPOBAHBl UMHAA30[4,5-g|xuHomonsl 2.125, nupasuso[2,3-b]xu-
HOJIOHBI THMa 2.122 u ux Tterparunponpoussonubie [107]. AuTubaxrepu-
aJlbHasi aKTHBHOCTb 3THX COEJMHEHHH OKasasachb HHXke, UeM y NedJioKca-
HHWHa U OKCOJIMHHEBOH KHCJIOTHI.

2.125

R': H, CH,CH,NEty; CH,CH,OCHO; CH,CH;0Ac; CH,CH,OH; R%: H, Me

[Tonyuen psn dypoHadrupuanHo 2.126, KoTopble SBJSIOTCS MPO-
CTPaHCTBEHHO OTPaHHYEHHBIMU 3a CUeT 00pa3oBaHMs TeTParnapodypaHo-
BOro Kosblla Mex1y mnonoxeHussMH C-6 u C-7 XHHOJIOHOBOH CTPYKTY-
pel. HanGosbluylo akTHBHOCTD in vivo moKasanu npoussopHsie (2.126,
R = uuknonponun) [108]. ®yponadprupunun 2.127 ucnoissyoT s noy-
yeHHs GaKTepULUAHBIX MaTepraos [108].
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o1 2.126 2127

Oxcasoo[5,4-g]xunomons 2.128 u okcasono[4,5-g]xutosons 2.129
Oblid MOJTydeHbl W3 AM3TUI-3-N-[5(6)-6eH30Kca30/11I]) aMHHOMETHIIEHMA-
soHaToB 2.119 (cxema 2.33) Hapsgy c [f]-aHHEJTMPOBAHHBIMH XHHOJIOHA-
mu [104].

Cxema 2.33
0

- COOEt 0

0 MO Eo0c— N Ph0 N COOEt
= ‘ N Yk — r~ |
h N H o o
N
H
2128 2119 2129

2.7. [h]-AHHennpoBaHHbIE (PTOPXUHONOHBI

2.7.1. IMKJIU3auuy 3aMelIeHHbIX XMHOJIOHOB. B oT/iMune OT XH-
HOJIOHOB, MMEIOIIKMX B CcOCTaBe 3amecTntens mpu C 7 aMHHOTpYnmy, THi-
poxcunpounssoaHble 2.130 n 2.132 npu HarpeBaHUM B AUMeTHJI(DOpPMaMUe
B NMPUCYTCTBUM THAPHAA HATPUS LHMKIH3YIOTCS ¢ o6pasoBaHheM He [g]-,
a [h]-auHenupoBaHHBIX (ropxuHOMoHOB 2.131 u 2.133 (cxema 2.34).
Coenunenne (2.133, R?=uuknonponusn, R'=H;NCH,CHy) cpasuumo
Mo aHTHOAKTEPHAJbHOH akTHBHOCTH ¢ ouokcauutom [105]. Ilpoussox-
Hoe (2.131, R=Et) akruBHo no ortHouweHuto K P. aeruginosa (MIC
25 MKr/MJI), HO B LeJOM [A]-aHHeJHpOBaHHBIE (TOPXHHOMOHB 00/1afal0T
1260l aHTHOAKTePHAIbHON akTHBHOCTbIO [109].

®ropxuHONOHE, He uMelowe 3samectutens npu C®, Ho comepxa-
e KapBOKCHJIbHYIO Tpynny B coctape 3amectutens npu C7, nukIuay-
I0TCSl NpU HarpeBaHWd B mnosudocdopHoit kuciore (cxema 2.35). ITup-
poso[1,2-i][1,7]penantposnnn-2-kapGoHosasi kucsaora 2.135a u nupasu-
Ho[1,2-i][1,7]penanrponnn-9-kapboHosasi kucaora 2.1356 Gosee aKTUBHbI
B OTHOLIeHHH S. aureus, yem oduiokcauus [110, 111].

B pabore [112] ommcaHo onHOCTamuiHOE aHHEJMPOBaHHE (YPaAHO-
BOTO LMKJA K 3THI0BOMY 3(upy l-umuknonponua-6,7,8-rpudrop-1,4-nu-
THAPO-4-0KCOXUHOJNH-3-Kap6oHOoBOH KHcaoThl 2.136 peakuueit ¢ mpem-
Oyruaateroateratom B npucytcTsun t-BuOK (cxema 2.36).

Bbln nostydeHsl ypoxuHosonsl 2.138, B KOTOPBIX KOH(OPMALHOH-
Hasl XKeCTKOCTb JOCTHTHYTa 00pa3oBaHHeM TeTparuapodypaHoBoOro Kosblia
mexay nonoxenuamu C’ u C® xunononosoii crpykryper [108).
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Cxema 2.34
o 0
F coH F COH
HOCH,CH Me l
2 Z\I:l ]:l N ]:l
Me F R K/O R
2130 2131
—_—
&
2132 2133
R'=Et, LUKJIOTPOIUT; R? = AcNHCH,, NH,CH,
Cxema 2.35
o]
o]
F COH
F COH
M®K, 90-100 C
[ ’
\/\—< X
F
o

2.134a, 6

2.135a,0 F
Y =X=CHjy (a), Y=(CHy)y, X=NMe (6)

Cxema 2.36

..1
o
L
=

HN

2.138



174 Ta. 2. Cunmes, cmpoerue, c80UCMBA NOAUKUKAULECKUX (PMOPXUHOAOHOB

6-Oxco-6,9-nuruapo(1,2,5]okcaanasoo[3,2- 4] xuxonns-7-kap6oHoBas
kucsota 2.140 cuHTe3NpoBaHa Ha OCHOBe asfa 8-HUTPOXHHOJOHA (cxe-
Ma 2.37) [113].

Cxema 2.37
0 [0]
F COEt D NaNy Me,S0. F con
| - KOMH. TeMIl. |
_— > -
Cl N 2) m-KCUOM, 1,24 O‘N/ ] N
\
NO, A 3) HCI, EtOH * 0—-N A
2.139 2.140

Crpykrypa N-okcuua 3Tu/ioBoro sgupa 9-uukaonponua-4-drop-6-ox-
c0-6,9-nurunpo(1,2,5])okcannasoso|3,4-h) xuHoIMH-7-KapGOHOBOH KHCJIOTHI
2.140 noareepxaeHa panueiMd PCA (puc. 2.2) [113].

0]
F. COOEt
||
O‘N/l N
+o-N A
JlnuHbl cBsizeit (A): BanentHere yribi:
N'-0' 1,220(2), N'-C°® 1,330(2), N2-0%-N' 109,44(12),
N'-0? 1,458(2), N*-C° 1,318(2), O'-N'-C® 135,78(18),
N2-0% 1,371(2), C5-CT 1,414(2), C5-N'-0? 105,09(14),
C°-C% 1,415(2), C*-C° 1,456(2), C°-N2-0% 105,92(14),
F-C" 1,344(2) N2-C°-C5 111,58(14),

N%-C*-C* 129,80(15
N'-CB-C7 128,94(17),
N'-C8-C° 107,96(15

(14

)
)
)
)
),
)
F1-C7-C® 118,78(14)

Puc. 2.2. Tannbie PCA atusoBoro agupa kuciaors 2.140

PeHTreHOCTPYKTYPHBIH aHa/IM3 OKcanua3oso[3,4-A]XHHOIMHE 103BOIHI
BEISIBHTH TECHble BHYTpUMOJeKyasipble konTakter N% - - - C'0 (2,834 A),
ol...F! (2,988 A), o*...ot (2,824 A), a Takxe BHYTPUMOJIEKYISPHbIE
BonioponiHbie cesisu Mexay O', O onmoit mosexyan u H', H'® npyroii
MoJiekyabl [113].
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Mayuenre aHTHOaKTepHaJbHOH aKTHBHOCTH XMHONOHKAapOOHOBOH KHC-
gotbl 2.140 u ee 3dupa nokasano, 4To MO CPaBHEHHIO C LUMPODIOKca-
LIMHOM aKTHBHOCTb 3THX COelMHEHWH B oTHoweHuu E. coli u S. aureus
3HAYNTEJILHO HUXKe, HO KHcJIoTa B 2-3 pasa Gosiee akTHBHA, ueM 3(Hp.

Y1oOHbBIA OOLIMA METOL TMpeJIoKeH [Jis CHHTe3a 6-0KcoTHanhaso-
10[3,4-h] xuHouH-7-Kap6oHOBOH KucoTel 2.142 [114]. Tepmuyeckas LuK-
JIOKOHJleHcalust 7,8-1MaMUHONPOK3BOAHOro 2.141 ¢ THOHHJIXJIOPHUIOM B TO-
Jyosie B TeyeHHe § U NPHBOIUT K ITHIOBOMY 3hHupy coeluHenus 2.142,
KHUCJIOTHO-KaTa/IM3UPYeMbli THAPOTH3 KOTOPOrO MO3BONMI MOMYHYHTh U KHC-
noTy (cxema 2.38).

Cxema 2.38
F CO,Et F CO,Et F COOH
| © saClyHCl | © soal, |
P — 0
cl N HN N7 romyon,80-85°C N7 TN
: \
NO, A NH, A s—N A
2139 2141 2142

Crpykrypa  9-umkionponun-4-¢prop-6-okco-6,9-nurunpo-[1,2,5]-rua-
11a30010(3,4-h) xuHoNuH-7-kap6oHoBoi  KucaoTe  2.142  mopTBepKaeHa
JAHHBIMH PEHTTEHOCTPYKTYpHOro aHaiusa (puc. 2.3) [114].

F1

Puc. 2.3. Jlauusie PCA coenvnenus 2.142

Ulnpokoe TecTHpoBaHWe — THAmHa30J0[3,4-A]XHHOIHH-7-KapGOHOBOM
KHCAOTbl 2,142 1OKasano, 4YTO COEIMHEHHe TpOSIBISIET  BBICOKYIO
AKTHBHOCTb TIPOTHB TPAMIOJOXKHTENbHBIX OalMIl W CTAaUIOKOKKOB,
BKJOYas MeTl/ILLI/IJ'IJIl/IH'pGSI/ICTGHTHbIe, )44 I‘paMOTpHHaTeJ’IbeIX 6aKTepl/Iﬁ.
BeiGopouHble JaHHble Il STOTO COEAHHEHHS! B OTHOLIEHHH HEKOTOPBIX
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BH/0B MHKDOOPTaHH3MOB B CPaBHEHMM C LUNPO(JIOKCALMHOM MPHBEEHbl
B Tabn. 2.4.
Tabanua 2.4

AnTubakTeprabHasi aKTHBHOCTb
[A]xuHOMMH-T-KapGoHOBbIX KucsoT 2.142-2.144 (MIC, MKr/mi1)

B. B. subtilus 1 E. coli
CoenuHeHne S. aureus
cereus | ATCC 6633 ATCC8739
Linnpodanokcanun | 0,15 0,03 0,7 0,015
2.142 0,15 0,07 1,5 0,7
2.143 — 0,15 1,5 1,5
2.144 — 0,7 0,7 3

lMeTHU,HJIJ'll/[H’pe3MCTeHTHb1ﬁ

Ha ocHoBe 7-xJ0p-6-(hTop-8-HUTPO-4-0KCOXHHOMH-3-KapOOKcHaaTa
2.139 ocyuecTsieH cuHTe3 2,6-nrH0KcoTeTparnapo- 1 H-nupposo[3,2-a]xu-
HOJIH-7-Kap6oHOBO# KucoThl 2.144, HOBOrO TPULMKJINYECKOro THOpUaa,
CBSI3bIBAIOLIErO (hTOPXHHOJIOHOBBIH (LHKAb A, B) ¥ OKCHHIOMBHBIN (LHKJIEI
B, C) Guodopubie Qparmentsl (cxema 2.39) [115]. 3amemwenue xsopa
JIeNPOTOHHPOBAHHBIM MaJIOHAaTOM, TMOCJENYIOWHH KHCJIOTHO KaTalu3upy-
eMblil THIPOJM3 M MOHOIEKapOOKCHJMPOBAHHE MPHBOLUT K IOJNYYEHHIO
7-(kapbokcumern)-nponussonHoro 2.143 ¢ yIOBIETBOPUTENBHBIM BBIXO-
ZoM. B pesyibraTe BOCCTaHOBJIEHHS HHTPOLPYIIBl B STOM COeIMHEHHH
M CaMONpPOM3BOJbHOM JAKTAMHM3alLHH TMOJYYeHO HOBOE MPOM3BOLHOE
NUPPOJIO[ 4] XUHOJKH-7-Kap6oHOBOH KucaoThl 2.144. ABTOpHl OTMEuaiorT,
4TO CTafHsl BOCCTAHOBUTENbHOH LHMK/IM3ALHMH MOXKET MPOBONMUTBCSA Kak
JUTHOHUTHEIM METOJOM, TaK M KaTaJUTHUECKUM THIPHPOBAHHEM, OLHAKO
NepBblii MeTO 3dKCIepUMeHTANbHO 6oJlee MPOCTOH M OBICTPBIH, a ChIPOH
nponykt 2.144 nosyyaercs ¢ Gosiee BLICOKOH CTENEHbI) UMCTOTBI.

Cxema 2.39

| 1) CH,(CO,E),/NaH, DMF

o N 2) 6N HCI N
NO, A HO,C  NO, A
2139 2143

U coennnenne 2.144, u ero npepuwecTBeHHHK 2.143 nokasanu MwHpo-
KHH CMeKTP BICOKOH aHTHOAKTepHalbHO aKTHBHOCTH (pe3yabTaThl HCIbi-
TaHUH NpuBelleHbl B Tabnuie 2.4), HO OKa3aluCh MeHee aKTHBHBIMH, 4eM
LUNPODIOKCALIHH.



2.7. [h]-Anneauposartoie pmopxurHOLOHbL 177

Cepust - stunoBbix  3¢upoB  2-R(Ar)-9-uukiionponui-4-¢prop-6-okco-
1 H-umnpaso[4,5-h) xuHonuH-7-kap6oHoBoit Kucaotsl 2.145 Gbina cuHTe-
3MpOBaHA TePMUYECKOH LMKJIOKOHIEHCalkell JuaMHHONpOoU3BonHoro 2.141
¢ GoJbIINM H30bITKOM anudarnyeckux KucaoT (R=H, Me, Et) B Teuenue
3 u (cxema 2.40) [116]. Jlnst BBeJeHHs apOMaTHYECKHX 3aMeCTHTeJNeH
B MOJIO’KeHHe 2 OCYILIeCTBJsAIH LHKIOKOHIEHCALHI0 THAMHHONPOH3BOLHOTO
2.141 c apomarnyeckumu anbrerugamu (Ar = penn, n-xuop(prop)denus,
N-TOJIWJ) B YCJOBHUSIX MHKDOBOJIHOBOTO OOJyYeHHs B TedeHHe 15 MuH.
KucnorHo-karanusupyeMblM ruapoiu3oM 3(upel 2.145 Obliu nepesesieHbl
B COOTBETCTBYIOLIME KHCJIOTE ¢ xopownM BbixogoM [116]. Crpoenue
coenvHennit 2.145 wu  kucaor usydeHo Meromamu MK, FIMP 'H
u 13C cnekTpocKONHU M Macc-CreKTPOMETPUH.

Cxema 2.40
o}
F CO,Et F CO,Et
RCOH + [ o [ <5 s+ archo
N N N
NH, A >\’NH A
) R

2.141 (Ar) 2145

Onucan ynoOHbIA Croco cHHTe3a HWMHIa30[4,5-h]XUHOIHHKAPGOKC-
amugoB 2.148 [117]. B kauecTBe WCXOZHOTO MPOAYKTA HCIO/Ib30BAH
8-amMuHO-6-drop-4-riunpokcn-N-MeTH- 7 -(MeTHIAMUHO) XMHOMKH - 3-Kap6-
okcamup 2.146 (cxema 2.41). BsanmopeilcTBHe ero ¢ pasjiuyHBIMH Ke-
TOHaMH/KapéOKCI/IﬂbeIMI/I KHCJ0TaMH l'[pHBO}lI/IT K l'[pOI/I3BO}leIM umMuaa-
30[4,5-h] xuHosuHOB 2.147, STHIMPOBAHHEM KOTOPHIX MOJYYEHBI COOTBET-
CTBYIOLIHe (PTOPXHUHOJIOHB 2.148.

Cxema 2.41

OH 9]

OH
F A\ CONHMe F N CONHMe F CONHMe
KeTons/sicrors Bl |
z Z
MeH) N Me—y N N
NH,

2146 X
«@:ﬂ R 2

OH
F N\ CONHMe F CONHMe
Ell ‘
-~
Me—y N’ Me—y N

k

N .
" N.
(CHn CHn
2149 ( 2150

R=Me, Et, CF3, Ph, CéH4Cl, CgH4F, CsHyNO,, CgHsMe

12 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. Hynaxuu
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HMHaye npotekaer KoHAeHcauus AMaMuHA 2.146 ¢ LUKJIHYECKHMH MO-
HOKETOHAMH, MPOAYKTaMH SIB/ISIOTCS CIIHPONPOU3BOAHEIE XHHOMMHA 2.149,
KOTOpble B YCJOBUSAX PeaKLUHH He TPaHCHOPMHPOBAMHUCH B COOTBETCTBYIO-
Ixe MMHIA30/POU3BOIHbBIE, a NPH STHIHPOBAHHH JaBald 3aMelleHHble
¢ropxuHononsl 2.150. VsyueHue npoTHBOMHKPOGHOH aKTHBHOCTH COEMH-
HeHu#l 2.148 mokasano, yTo Bce OHM MeHee aKTHBHbI, YeM LHIPOQJIOK-
CallkH.

Henasro [118] ocyiuecTs/ieH CHHTe3 psila TeTPALUKIHYECKUX [h]-aHHe-
JINPOBAHHBIX (DTOPXHHOJIOHOB — DPa3/MYHO 3aMelleHHbIX |-LHKJIOMPONHII-
6-(rop-4-okco-1,4-purunponupuno(2,3-a]kap6ason-3-kapGOHOBEIX KHCJIOT
2.154. Peakuusi mpoBOLM/Iach B [Be CTaiMM H B KauecTBe HCXOIHOTO
NPOLYKTa KCIO/Mb30BaH 7-X10p-6-PTOp-8-HUTPO-4-0KCOXHHOMH-3-KapOOK-
cunat 2.139 (cxema 2.42). TlepBasi kJoueBasi CTajusi BKJOYAET MNassa-
JMyM-KaTaJM3HpyeMoe Kpocc-coueTaHue Mexay coefnHeHneM 2.139 u co-
OTBETCTBYIOWMM apuiTpuMetnicTanHaTom 2.151 (peakuus Stille) ¢ 06-
pasoBaHueM 7-apuanpousBogHoro 2.152. B mocnenyoweit crtaiuu 3TH
COeJIMHEHHs MofBepraloTcs (oCQHT-0MOCPeIOBaHHOH BOCCTAHOBHTE/IBHOM
uukauzauun (peakuus Cadogan) B YCJIOBHSIX MHKPOBOJHOBOTO 0G.yue-
HUsl, JaBas COOTBETCTByMoliKe 4-okconupuio[2,3-a]kap6asoi-3-kapookcH-
natbl 2.153. KncsoTHO-KaTanu3upyeMblil THAPOJIN3 NOCHEIHHX TPHUBOLUT
K Kuciotam 2.154

Cxema 2.42

SnMe,

0
CO,Et
I+
N 2
LA
2 a

2139 2151

F
Pd(OAc),, CsF
—_—
Mo
a & R

R=Et, 2.153
R=H, 2.154a-3

AHasOrMUHBIM TyTEM C HCHO/Nb30BaHHEM 2-THEHHJITPUMETHJICTaHHATA
bl MOMyueH THO(EHOBLIH M3ocTep coenuuenus 2.154 (R'=R’?=H) —
1-uuksonponun-6-drop-4-okco-4,10-aurunpo- 1 H-rreno[2’,3':4,5] xuHo-
J1H-3-Kap6oHoBast kucaota 2.155 (cxema 2.43) [118].

Cxema 2.43

COOH
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Msyuena aHTHOaKTepHanbHas aKTHUBHOCTb XHHOJOHOB 2.154 u 2.155
B OTHOWIEHMHM 16 CTaHZAPTHBIX MHKPOOPTaHH3MOB TPaMIIOJIOKHTEJbHEIX
M TPaMOTPHLATEJbHEIX OakTepuil. BrbiGopouHble [aHHBIE B OTHOLIEHHH
HEKOTOPbIX W3 HHX MpUBeAeHbl B Tals. 2.5 B CPaBHeHHH C LKMMPO- U Je-
Bo(IOKcalMHOM. Bce cuHTe3upoBaHHBle COeIMHEHHS 00JafaloT BBHICOKOH
aKTHBHOCTbIO NMPOTHB B. subtilus, Haubojee aKTHBHB M3 HHX XMHOJOHbI
2.1541 u 2.155. Itu ke npousBonHsle ¥ 2.154a mOKasaiu BBICOKYIO
aKTHBHOCTb B OTHOLIeHWM cTadunokokkoB. Coenunenuss 2.154 u 2.155
JIyullle HHTUOUPYIOT I'PAMIIOJIOKHUTeNbHbIe GaKTepHH, YeM IPaMoTpHLaTe b=
Hble. Cpesiu Moc/e[HUX Hauboslee YyBCTBUTEJbHEl K HUIM OaKTepHH LITaMMa
H. influenzae.

Uro KacaeTcst BIUSIHUSA 3aMeCcTHTeNel B OeH30JbHOM KOJIbIle (R1 u RQ),
TO CJIeflyeT OTMETHTb, YTO HAaUOOJIbLIYI0 aKTHBHOCTb MPOSIBUJIO MPOHU3BOL-
HOE C aToMOM (Topa B n-mosiokeHuu (coen. 2.1564x). Hannuue MeTH/IbHOM
YLl NPHUBOAUJIO K YMEHbIIEHHIO aKTHBHOCTH.

Ta6auna 2.5
Anrnbakrepuanbhast akrusrocts (MIC, mkr/ma) xusosnoHos 2.154a—x 1 2.155
Coenn- R | R B. subtilus S aureus S. epidermidis | H. influenzae
HeHHe ATCC 6633 ATCC 12228 ATCC19418
2.154a| H | H 0,015 03 0,15 0,03
2.1546 | Me | H 0,07 > 100 > 100 > 100
2.1548 | OMe | H 0,07 3 3 1,5
2.154r | OMe | Me 0,07 6 25 6
2.154x| F | H 0,003 0,07 0,07 0,15
2.155 0,003 0,03 0,03 0,015
Llunpodiiokcaut 0,03 0,3 0,07 0,15
JleBohiiokcaluH 0,03 0,07 0,15 0,15

2.7.2. TlocrpoeHue nupumoHOBOro Koabua. Ilupunol3,2-A]xutolo-
Hbl 2.157 mpencTaBasiioT co60il aHAJIOTH HAJIHAMKCOBOH KHCIOTHI, ¥ KOTO-
pbIX Mexay Kosbliamu A i B BkiioueH GeHsosbHbIH (parment. Ha cxeme
2.44 moKasaH CHHTE3 3THX NPOM3BOAHBIX U3 8-aMHHOXMHOJMHOB. [locsie
KOHJIEHCALUK C 3TOKCHMETHJIEHMAJI0HaTOM, UuKaAu3auud 2.156, N-3tuiau-
POBaHHsI U KHCJOTHOTO THAPOJIH3a 06pa3yioTesi LeseBble nupuao[3,2-a]xu-
Hosonw! (2.157, R®=H, Cl). 3amemenue atoma XJI0pa B TMOJIOXKEHHH 9
Ha OCTaTKM aMHHOB TO3BOJIMJIO MOJNYYMTb WWIMPOKMH psx 2.157. Hau-
GoJIblyI0 aHTHOAKTEePHaIbHYI0 aKTHBHOCTb NOKa3a/o coenHeHue (2.157,
R3=H, Rl:4-MeTH.}]HI/IHepaSHH-1-HJ'I), OlIHaKo, MUPHLO[3,2-A]XHHOMOHBI
2.157 MeHee akTHBHBI, 4eM wunpodokcauus [119, 120].

12%
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Cxema 2.44
F
Rz 1) PhOPh
z i 2) C,HJ,K,CO,, DMF
N
AN +
RN CO,Et ) H

4) |-MeTHAMUNepasHH
N CO,Et (R*=Cl)

2.156

3
R 2157

R’=H, F; R®= H, Cl, 4-meTna-1-nunepasusu

Cuntes  1-ankun-8-amuHo-6-¢prop-4-okco-1,4-nurunponupunol2,3-h]-
XUHOMMH-3-KapOoHOBO# KueaoThl 2.158 onncan B pabote [121]. dtuiossiit
a¢up 1-31un-6-drop-1,4,7,10-rerparunpo-4,10-auoxco-1,7-peHaHTPOTHH-
3,9-nm1Kap6oHOBOH KHCIOTE  2.1569 ObI  CHHTE3MPOBAH —JBYKDATHBIM
JOCTPaHBAHHEM [HPHIOHOBOrO LHMKJMAa Ha 2-(alleTH/IaMHHO)-4-aMHHoO-
1-drop6ensone [122].

(0]
F COH
HN N
|
N 0 Et
COOEt

2.8. [i,j]-AHHeaupoBaHHbIe (PTOPXMHONOHBI

2.8.1. Odaokcauun u ero aHasoru. HanGonee H3BeCTHBHIMM Mpes-
CTaBUTEJISIMH TPULIMKJIMYECKUX [[,/]-aHHEMPOBAHHBIX (PTOPXUHOJIOHOB SIB-
asiotest oduiokcaut 2.161a u ero anasnoru 2.1616-r [123]. Oduokcauun
XOpOIIO M3BeCTeH KJIMHMIHUCTAM, NPUMEHSeTCs] B MEJULMHCKOH IPaKTHKe
Gosee 15 ser (BKJiouas MepuOf KJIMHMYecKoro usydeHus c¢ 1986 r.),
XapaKTepU3yeTcsl BBICOKOH KIMHHUECKOH 9 (eKTHBHOCTDIO, IMPOKUMH T10-
Ka3aHUSMHM K NPUMEHEHWIO, YCTOMUMBOCTBIO MOJEKY/Ibl K TpaHC(hopMa-
UMM B OpraHH3Me, NOCTAaTOYHO XOpollel NepeHOCHMOCTbIO, NPaKTHUECKH
He B3aUMOJEHCTBYeT C NperaparaMi APYTHX (papMakKONOrMYeCKHX TpyII
U HMeeT [Be JeKapCTBeHHble (hOPMbl — INEPOPANbHYI0 M HHDBEKLHOH-
Hyto [124]. Odiokcalkit npeacTasisiet COG0H paLeMHUIecKy o CMech paBo-
¥ JIeBOBPALIAKIINX H30MePOB, MPH 3TOM OKasasjoch, YTO JEBOBPaIllaio-
M M30Mep 3HAUYMTEJbHO aKTHBHee MPABOBPAILAIONIEr0 B OTHOLIEHHH
NpaKTHYeCKH BceX OAaKTepuil, MpuueM HMMEHHO 3TOT H30Mep, B OCHOBHOM,
¥ ompefie/isieT aKTHBHOCTh odh/IoKcalnHa. YucThif JeBoBpalllalolnii H3oMep
10 Ha3BaHHEM /1e80(A0Kcayur Obll BHEPEH B MEIHULMHCKYIO MPAKTHKY
B 1997 r. 1 Ha cerofHsAWHKA eHb NpHOGPeTaeT Bce GOJbIIYI0 3HAYHMOCT.

HcxonHeIMH BellecTBaMH J/Isl CHHTe3a O(JIOKCALMHA M €ro aHaJoroB
cayxatr coenvHenus 2.160a—r, nosyyeHHble B3aUMOLEHCTBHEM THJIOBOTO
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a¢upa 2-(treTpadTopOeH30u.)-3-3TOKCHAKPUIOBOH KHUCJIOThl HJIH COOTBET-
CTBYIOLIMX €HAMHHOHOB C MPOM3BOLHBIMU 2-aMHHOMpornaHona (cxema 2.45)
[125-129]. Odnokcauns posnroe BpeMs SIBJSUICS OIHHM W3 HauboJlee aK-
THBHBIX npenapatoB [130-136], npuuem aToM KHC/IOPOAAa B OKCa3HHOBOM
KOJIbLle [14eT ONTHMAJIbHBIN aHTHOAKTEPHAIBHEIH 3((QeKT. AKTHBHOCTD py-
prokcayuna 2.161r in vivo npu nepopanbHOM BBEJIEHHH OKa3anach Takoi
XKe, Kak y uMnpodokcaltHa 1 o(pJaoKCalHHa, MPH 3TOM pydJoKcaluH
06/1a1aeT BBICOKOH GHOmOCTYMHOCTBIO [137].

Cxema 2.45
¢} .. o
F CO,Et 1)KE/DMF or BuNF (x=0), F con
| NaH/THF (X = §) ] :

F £ DH*, H,0 (\ N N

F Rz)g\xﬂ 3) (\}\]H , nnpuH v ,N\) x\)<::z

(
Me'N
2.160a-r 2.161a-r

2.160, 2.161: X=0, R' = Me, R*=H (a), R' =R>=Me (6),
R! =R? = uuksonponua (); X=S, R'=R*=H (r)

[IprMeHeHHe ONTHYECKH aAKTHBHOTO S-(-)-2-aMHHOMpOMaHoMa M03-
BOJIMJIO TOJNYYHTb GoJiee aKTHUBHBIH aHTHOMOTHK — JeBO(JIOKCALUH
S-(-)-2.161a [138-149], axtuBHOCTb KOTOPOro B 2 pasa Bbille, 4YeM
pauemara, u B 128 pas Gosbime, yem R-usomepa [150]. Crpykrypa
J1eBO(JIOKCALIHHA HCC/IE0BAHA METOXOM MYJIbTUSEPHON CIEKTPOCKOMHH
SIMP [151].

M3BecTHO HeCcKOMBKO MeETOIOB CHHTe3a JeBO(JIOKCALMHA H €ro
S-(-)-npexypcopa: (epMeHTaTHBHOE pasfefeHHe 3SHAHTHOMEPOB OGEeH30K-
casuna [152, 153], acuMmeTpuuHBIHl CHHTE3 MyTeM BOCCTAHOBJIEHHS
LMKJIMYECKOr0 HMMHHA XHMpalbHbIMH peareHtamu [154], pasnenenue
paLeMHUYecKOi CMECH WHTEPMENHaToB, MOCTPOEHHE XUPAJbHOTO MHPHAO-
0eH30KCA3HHOBOTO (pparMeHTa W aCHMMETPHYHBIH CHHTe3 M3 XHMPaJIbHBIX
cuntoHoB  [125, 150, 155-159]. CunTes JseBodOKCAUMHA —MOKET
OCYILECTBJATbCS B3aHMONEHCTBHEM T'HIPOKCHMETHJIBHOTO MPOM3BOLHOTO
NUPHI06EH30KCa3HHA ¢ JUHUTPOOEH3OUIXIOPHIOM U NOCHeNYIOIHUM pasjie-
JIeHHeM M30MepOB M TpaHC(OpMalUei HPOKCHMETHILHOTO NPOU3BOLHONO
B MeTHJbHOE [160].

B pa6ore [161] mpensioxeHo UCMOIb30BATH HA CTAMH THAPOJIH3A TOK-
CHKapOOHUJIbHOM TPYIIB SHAHTHOCEJEKTHBHYIO 3CTepasy, M03BOJISIOLLYIO
TOJIYYUTD HCKIIOUHTE/IbHO JeBodiIoKcanuH. O NpUMeHeHHH 3CTepasbl CBH-
HOIl MeueHH [/l SHAHTHOCEJEKTHBHOrO NpeBpalleHuss GYTHIOBOrO 3dupa
odhyioKcalMHa B JeBoQJIOKcalHH coobiaercs B padore [162, 163]. Pac-
npefieJieHHe SHAHTHOMEPOB O(JIOKCAllMHA MeXIY BOAHBIM H OPraHHUeCKUM
pacTBOPUTENSIMH BYX(a3HOH CHCTEMBI, COepXKalllell XUpAIbHBIH cesek-
TOp — ellle OfHH Croco6 mosydeHus geBodiokcatuna [164].
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O (eKTHBHEIM MeTOIOM CHHTe3a JeBOo(JOKCAlMHA SIBJSETCS apou-
JIHpOBaHUe 3THJI0BOrO 3dupa (+)-3-[(1-auerokcunpon-2-(S)-ui)amuHo]-
aKPUJIOBOH KHCJIOTHI, TMOJYYEHHOTO, B CBOW ouepeab, U3 (S)-2-amu-
HOMpoNaHosa-1 ¥ 3TWJNponHoiaTta ¢ TeTpadTopOeH30UIXJIOPUIOM Wil
2-HUTPO-3,4,5-TPUPTOPOEH3OUIXIOPHAOM C TOCHEAYIOIIEl LHKIH3aLHel
3THI0BOrO  3(upa (+)-2-(2-HuTpo-3,4,5-rpuchropGensonn)-3-[(auerTokcu-
npon-2-(S)-1)aMiHO | -aKpUJIOBO# KHCJIOTHL [165].

B pa6orax [166-169] MerunmunepasdiHOBEI OCTATOK BBOESIT Ha 60-
Jee paHHMX crajusix. OJMH M3 TOAXOOB K CHHTE3y STHJOBOTO 3(u-
pa 2-(2,3,5-tpucprop-4-(4-merun- 1 -nunepasunun))-6ensoni-3-(S)-(1-rump-
OKCH-TIPOI-2-HJIaMHHOAKPHJI0BOH KHC/I0Tbl 2.164 0CHOBaH Ha MPUMEHeHHH
[-keroaupa 2.162 1 00pa3oBaHHM B KauyecTBe MPOMENKYTOYHOTO COEMU-
HEHUst 3-IHMeTHIaMUHO-2-apousakpuiara 2.163 [168] (cxema 2.46).

Cxema 2.46

E CO,Et F CO,Et

B0 Me
= |

+ N Me

N F \ 2
$ AN G A ON
N. 3 M

e

D —

2.163

2.164

BBenenye octaTkoB 3-aMHHOMMppONMAMHA B monoxkeHue 10 coemu-
venust (S)-(-)-2.161a npUBOAUT K MOBBILIEHHIO AKTUBHOCTH, CHHXKEHHIO
TOKCHYHOCTH M YJyUIIeHHI0 (apMaKOKHHETHYECKOro MPO(HIIs Mo CpaBHe-
HUIO ¢ JeBoduiokcatntoM [170]. Crures seBo(IOKCaLHHA, OCHOBAHHBII Ha
BHYTPHMOJIEKYJISIPHOl LIMK/IH3ALHH STHI0BOrO ahupa 2-(2,4-xuxsop-3-HuT-
po-5-hropGensoui)-3-[(1-auerokcunponu-2(S)-ui)amMmuHo) akpuaara, onu-
can B narente [171]. Oduloxkcauus Obl1 TaKk:Ke CHHTE3UPOBaH BHYTPH-
MOJIEKYJISIPHOH BOCCTAHOBUTE/IbHON LMK/IM3aLKel 2-HUTPO-3-(2-oKcompor-
okcH)-4,5-nudpropakpunara 2.165 (cxema 2.47) [172] smbo HarpeBanuem
3TUI0BOrO 3dupa 2-(2-Hutpo-3,4,5-Tpudrop)-6eH3ou-3-(1-m-6yTrianme-
TUJICHJIMJIOKCHIIPOII-2-UIaMHHO ) aKpHJIaTa B TeTParuipoQypaHe B MPHCYT-
crun BuyNF [173].

Pydaokcauus 2.161r MoxeT ObITb CHHTE3HPOBAH TaKXKe peaklHell ITH-
J0Boro adupa 2,3,5-Tprutprop-4-(4-meTuii- 1-nunepasuHmn)GeH30UMaKPHIIO-
BOil KucIOTH ¢ auMeruaaueraneM N,N-gumerundopmamuna, B3auMopei-
crieM nosydeHHoro akpunata ¢ HoNCHoCHySH, BHYyTpHMO/eKyaspHO#
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Cxema 2.47

OEt F CO,H
BoccTaHOBTC LA

F NO, ~OEt UHKIH3ALNS § I

2.165

LMK/IM3alKell MepKanTonpOM3BOAHOIO U THAPOJIU30M ITOKCHKAPOOHHIBLHOM
rpynnsl [174-176].

JlpyruMm MeTomoM CHHTe3a THa(0Kca)3uHO[i,f]-aHHeJqnpoBaHHBIX (TOP-
XUHOJIOHOB 2.161 siBJIsieTcsi KOHJeHCallksl GEH30KCa3HMHOB (GeH3THa3HHOB)
2.167 ¢ pU3THIITOKCHMETHIEHMAIOHATOM U MOCJAeAYIOel HKIU3aLnel
MHTEepMeN1aToB B NONH(POCHOPHOI KHCIOTe MO0 B CMECH CepPHOH KHCIOThI
u ykcycHoro anruapuaa (X =0) nan geiicreuem PBrs (X =S) (cxema 2.48)
[177-181]. IpousBonroe (2.168, X =0) takKe moiyyann KoHaeHcaLueH
2-ruapokcy-3,4-1uPTOPaHHIMHA C AUITHISTOKCHMETHIEHMANOHATOM, 3a-
TeM BBOAM/IM B PEaKLHI0 C MPOMH/IEHOKCHIOM K 3aMblKaiH (2-THApoKcH-
MpPOMoKCH-3,4- 1 TOp) aHHIIHHOMe THIIeHMaIoHaT B 2.168 peiictBreM Tpu-
(ennndochuna 1 nuITHIA30IKMKapOOKcHaTa [182].

Cxema 2.48

F L Q )
E(OCH-C(COE), F EOC COE o COOEt F CO,H

R N — /\\r —_— | I | ’
Xﬁ)\kl R N R’ N R N
2 X 1 X X
2167 ® 2.168 w,/kk %R‘ R
R 2160 R R

2.161a, 2.170
2.167-2.170: X=0, R'=Me, R>=H, R*=F (a); 8 apyrux coefunenusix X =0,

S; R'=Me, H; R =H, Me, (rop3amerieHHbIH QeHHIT; R*=Cl, F, 1-nunepasuHui,
4-meTuJ1-1-nunepasuHun

B pa6ore [158] omucan cunres (S)-(-)-7,8-nudrop-3,4-1urunpo-3-me-
ti-2H-[1,4]6ensokcasuna 2.174 us 2,3,4-tpudropuurpodensona 2.171.
OnuH U3 MOAXOMNOB, NpeACTaBJeHHbIH Ha cxeMe 2.49, BKJIOUaeT B3aHMo-
neficteue  2,3,4-Tpudropuurpodensona 2.171 ¢ (R)-1,2-nponananonom
B TeTparuapodypaHe B NPUCYTCTBHM THAPHAA HaTpus ¢ oOpasoBa-
HueM  cMecd  (R)-3,4-nudprop-2-(2-ruapoKCHIPONOKCH)-HUTPOOEH30.1a
i (R)-3,4-nudprop-2-(1-ruapoKkCHU30MPONIOKCH)HUTpOOEH30Ma B CO-
oTHolleHMH 3:2, obpasoBaHue cMmecH MesusiatoB 2.172 u 2.173,
BOCCTaHOBJIEHHe HUTPOrpymnmbl AefictBreM Bogopoza ¢ 10 %-m Pd/C u uuk-
JIM3aLHMI0 B cpee mpem-OyTOKCHAA Kalusl C MOCJAeNYIOUMM pasjee-
HHeM OeHaokcasuHoB 2.174 u 2.175 KoJOHOYHOH Xpomarorpadueii.
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Ha ocHoBe 2.175  CHHTEe3HPOBHO  2-MeTHJIMPOM3BOAHOE  MHPH-
10[1,2,3-de][1,4]6en3okcasun-6-kapGoHoBoi  KucaoThl 2.176. 3amena
(R)-1,2-nponanarona Ha (S)-U30Mep TO3BOJMJA [MOJYYHTh  AHAJIO-
THYHBIM  00pas3oM  R(+)-opuiokcaunH u  S-(-)-2-MeTH/NIPOU3BOLHOE
nupuno[1,2,3-de][1,4]6eH30KcasnH-6-kapOOHOBOK  KHCJOTL.  J{pyroit
MOAXO0/L OCHOBAH Ha MCIMOJb30BAHHU peakuuu 2,3-1udrop-6-HUTpodeHona,
TNOJIyYeHHOr0 ruaponnsoMm  2,3,4-tpucropuurpodensona 2.171, ¢ (S)-
ik (R)-2-(2-rerparuaponupanuiokcu)nponadonom [158]. B paGore
[183] cunres 3-amkun-9-drop-10-(4-anku-1-nunepasut)-7-okco-2,3-1u-
ruapo-7H-nupuno[1,2,3-de]-1,4-6eH30Kca3nH-6-Kap6OHOBBIX KHUCJIOT
OCHOBbIBaeTCsl Ha KOHAeHcaluu 2,3-1UdTop-6-HUTPO(eHOa C rajloreH-
METHJIAJKUIKETOHOM C TOC/EAYIOUMM KaTaJUTHUeCKUM BOCCTAHOBJIEHHEM
U JI0CTpanBaHWeM MUPHIOHOBOro (parmenta. [si mocTpoeHus Gpropcomep-
JKAUIUX MPOM3BOIHBIX OEH30KCA3MHA TaKkKe WCIOJb3YIOT B3aHUMOLEHCTBHE
2,3,4-tpudpropuurpodensona 2.171 ¢ (R)-2-(arokcustoken)-1-nponanonom
uin  (R)-1-6ensunokcn-2-nponanosiom [158]. Cuntes seBoduiokcaiuna,
nepBasi CTafysi KOTOPOro 3aKJ/HYaeTcs B PerHoceeKTHBHOM HYKJIEO(pHUIb-
HOM 3aMellleHHH aToMa (ropa B nosnoxeHuu 2 2,3,4-tpupTopHUTpoGEH30Ma
atetoHuoM (S)-Truepoa, mpuBeneH B pabote [184].

Cxema 2.49
®-
F 1) HO(CH,CH(OH)CH,  F F 1) H,, PdIC
[ + _—
. vo, 2) Meso,Cl F:Q\Noz FI;\NO: 2) t-BuOK
F o 0O.__Me
2171 2172 j\(R)' 2173 ®-
9w ?
SO, Me SO,Me
[0}

o

N
()4 Me R)-(+) Me/N\)

2174 Me 2175 2176 Me

f F COOH
. .
—_— |
F NH F ‘NH (\ N
0 0 o
R)-(-)

(8)-(-)-odoKkcatmH

OpuruHajbHBI METOA MOCTPOeHHs HHTepMeanata tuna 2.168 B cuH-
Te3e o(IoKcalHHa npeasoxkeH B crathe [185]. [udropamunoderon 2.178
MoJTy4YeH M3 JUTHHMPOU3BOAHOTO, reHepuposantoro u3 2.177 u (MeO);B
¢ mocieAyoUnM OKucaeHHeM cBsidn C-B M KHCIOTHBIM THAPOJH30M.
Awmnnoderon 2.178 Gbun npespaues B eHamuH 2.179, KoTopelil GbuI
HCIOJIb30BaH JUIs cuHTe3a oduokcaunna (cxema 2.50). Llukaunsauus co-
envHenns 2.179 ¢ obpasoBanuem 2.180 npoBonuTCcs AeHCTBHEM TPUITHI-
(ocduna u artunazonrkapookcunara (DEAD). B cunrese neBodiiokcaru-
Ha MPUMEHSIETCS] XUPaJbHbIH SMOKCHA, YTO MO3BOJIAET H30eXKaTb CTafHH
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pasueﬂel-mn pauemaTa JJ11 TIOJTyYeHU s 3H3HTI/IOMEPHO YUCTOTO 69H30KC33I/I-
Ha 2.180 [182].

Cxewma 2.50
1) tBuLi, THF, -78 C
F 2) BOMe), 78C F AMTHITOKCHMETHAC HMATOHAT
_
[
:@\ 3) H,0, AcOH
F NHBoc 4)HC1, 40 C F NH,
OH
2177 2178
F EtOOC_ COOEt EtO,C_ COOEt
1) LiClO,, NaH
> j j ——=, odyroKcauux
F N nponwxclmkcnn
H 2) DEAD, PPh,, AcOEt
OH
2179

2.180

Jlpyroil myTh MOCTpoeHHMsI GEH30KCA3MHOBOrO KOJbLA MHTEPMeMara
2.180 npexncrasied B padore [186] (cxema 2.51).

Cxema 2.51
EtOOC_ COOEt EtOOC_ COOEt

J )
S

2.181 2.180

B padore [187] cunres mpousBopHbix odiokcaurta 2.170 npensoxkeHo
OCYILECTBIATb peakiuell (ropconepxaiero 6exsokcasuna (2.167, X =0)
¢ 2,2-IMMeTHJI-5-3TOKCUMeTH e - |,3- 1H0KcaH-4,6- IMOHOM C Moc/enyolel
UMKAK3aLKel HHTrepmenrara 2.182 (cxema 2.52).

Cxema 2.52
Me, Me Me
M 0.0
. =y 55 o
o
S o F COH
3 ¢} OEt |
R NH . —_—

R’ N R N
O\)\Rl O\)\R, O\)\Rl

2167 2.182 2.170

Bbl1  npemsnoxkeH MeTon  CHHTe3a OQJIOKCALMHA JOCTpauBaHHEM
MUPUJOHOBOrO LHKJA 0e3 BbiieJeHHs HHTepMenuata tuma 2.166. Itot
crnoco6 BKJAIOYAeT aMUAMpoBaHHe OeH3oKcasuHa 2.167 MypaBbHHOH
KUCJOTOH M LHMKJAM3auuio monydeHHoro dopmamuaa ¢ CICOCH;COOEt
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¢ oOpasoBaHMeM TpHILMKAHueckoro sdupa (2.170, R3=F), us ko-
Toporo mojyyawT oduokcauuH 2.161a [188]. Coepunenus (2.170,
R® = (TopaTOKCH) MPOSBAAIOT aHTHOAKTEPHANbHYIO AKTUBHOCTb, & MPOU3-
Bonuble (2.170, R3 = OH) o6anant ymepeHHoii LHTOTOKCHYHOCTbIO [189].

B na6oparopun Mucruryra opranudeckoro cuuresa YpO PAH Boimos-
HeHa cepus paboT Mo KMHETHYeCKOMY PasjieJieHHI0 paleMaToB 2-MeTHa0eH-
30KCA3WHA W IPYTHX reTepounkindeckux amuuos [190-195]. s pasme-
JeHusi pauemarta 7,8-mpudrop-2,3-murunpo-3-metun-4H|1,4]6ensokcasuna
(RS)-2.167a ObuIM HCIIOJB30BaHbl HAMpPOKCeH, N-[cysbpoHUI3aMeIIeH-
ubiii]-(R)-nposun 1 (2S)-(6-MeTokcHHA(T-2-11)IpONHOHKIXA0PUA. [lomy-
YeHHBIH 3THM METONOM ONTHYECKH aKTUBHBIH (S)-H30Mep 2-MeTH/IGeH-
3oKkcasuHa 2.167a ucrnosb3oBaH /st CHHTe3a JeBoguokcauuHa (S)-(-)-
2.161a [190].

AcuMMeTpUUHBIM BOCCTaHOBJeHHeM 7,8-nu¢prop-3-MeTuia-2H-1,4-6eH-
30KCa3HHa JefCTBHEM XHPAJIbHBIX TPUALMJIOKCHOOPTHAPHIOB HATPHS MOMY-
ueH (S)-(-)-7,8-nuchrop-2,3-nurunpo-3-merun-4H-1,4-6enzokcasun 2.174,
K/TI04eBOH HHTepMenuaT Aas cuHresa (S)-(-)-oduokcaunna [154].

HenaBHo onucaH cnoco6 cuHTe3a WHTepMenauata 2.174 opraHokara-
JINTUYECKUM BOCCTaHOBJeHHeM 7,8-mudrop-3-meTu-2H-1,4-6eH30KcasnHa
C HCMOJb30BAaHHEM XHPANbHBIX KHCIOT DpsHcTena Kak KaTasiusaropa
¥ 3aMeIeHHOro IMTHAPONHPHANHA KaK HCTOYHWKA Bopopoxa [196]. Me-
TOI TPOCT M YHOOeH, peaklus NpOTeKaeT IPH KOMHATHOH TeMiepaType
C BBICOKMM BBIXOLOM H BBICOKOH SHAHTHOCENEKTHUBHOCTIO TPH OTCYTCTBHH
MeTaJlJIoB.

Jlnst nonyuenus (R)- unn (S)-7,8-nucbrop-3-propmeru-3,4-nuruapo-
2H-[1,4]6eH30KcasuHa Mosydyand COOTBeTCTBYoWHUH 7,8-mudrop-2,3-nu-
TUAPO-3-THIPOKCHMeTHI-4-To/I- [ 1,4]GeH30KCca31H, KOTOPbIl 00pabaThi-
BalM AH3THIAMHHOCYIb(QOTPUPTOPULOM, MOCIAE HET0 YAAISIH TO3HIbHYIO
sawuty [158].

Baaumonetictauem 3,4-nudrop-2-mepkantonutpodensona ¢ (R)-1,2-npo-
MUJIEHOKCHIOM B l'[pI/ICyTCTBI/II/I 3TI/IJI}11/II/I301'IPOI'II/I.HBMI/IH3 CHHTeSMpOBaH
(R)-3,4-nnrop-2-(2-ruapoKCUIPONUATHO) HUTPOGEH301,  KOTOPbIH OBl
Boccranosien pedicteieM SnCly 1o (R)-3,4-nudrop-2-(2-ruapoKCHIpOHII-
THO)aHWJMHA, HA OCHOBE KOTOporo mouydeH (S)-7,8-nudrop-3,4-murna-
po-3-metun-2H-[1,4]6eH30THa3nH — K/IOYEBOH WHTEPMEAHAT B CHHTE3e
trasuHo[i,f)xunomnna. Mcxons us 3,4-mudrop-2-MepranToHUTpoGeH30Ma
1 (S)-1,2-nponuneHokcupa Ob1  mosyyen  (R)-7,8-nudprop-3,4-nurua-
po-3-metun-2H-[1,4]6ensornasun [158, 197]. Ipyroii Baxueimuil cnoco6
cuHresa 7,8-mudrop-3,4-nurunpo-3-metua-2H-[1,4]6eH30THa3nHa OCHOBaH
Ha B3aWMOIEHCTBUU 2-MepkanTo-l-nponaona ¢ 2,3,4-TpupTOpHUTPOGEH-
sonoM. Ilpu oxucienuu (ropcomepxaieil 2,3-IUruapo-3-MeTH-7-0K-
c0-3-MeTuJ1-7-0kco-7H-nupuao(1,2,3-de] [1,4]-6eH30THasnH-6-KkapGoHOBOI
KHC/IOTBl [IEPEKUChI0 BOZOPOAA B YKCYCHOH KHCJIOTe 0Gpasyercs COOTBET-
crBytomui 1-okeun [158].

[Tpoussopubie nupumol[l,2,3-d,e][1,4]6ensokca(tua)suna 2.185 Gblin
cuHTe3upoBanHbl Mo cxeme 2.53. Aubmerun 2.183 mnosmyuanu nefictBrem
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GeH3ruapuI-2-6pOMIpPONHOHaTa Ha STHJIOBEIH 3¢up 4-okco-6,7,8-Tpudrop-
1,4-nurunpo-3-xuHoJMHKapGoHoBo# KucaoThl B JIM®PA B mpucytcTBum
NaH ¢ nocrenyiomenm ynanenueM GeHaruapuibHoit rpymmsr [198] su6o
030HO/M30M 1-(1-GyTeH-3-un)xuHonona [199], monydeHnyio Kucaory mpe-
Bpallla/id B XJIOPaHTHAPU] U BOCcCTaHaBAWBAM nocaenuuil 1o 2.183. Luk-
ausanus anbgerufa B JJM®PA B npucyTCTBUM OCHOBAHMs Jaja OKCasHH
(2.185a, R?=F). Jlna nonyyenus npousBoaHbIX THashHa 2.184 Heo6xo-
numa o6padotka anbiernaa 2.183 rumpocynbdurom Hatpusi B JIM®PA,
TnpeBpallieHre THAPOKCHINponu3BogHoro 2.184 B XJOpHL M JerHaporaso-
reHupoBaHHe. [HAPOIHM3 3TOKCHKAPOHUIIBHON IPYNNb U 3aMelleHHe aToMa
(ropa MpUBOIMT K cepuu mponykTos 2.185a u 2.1856 [198].

Cxema 2.53
0 l 0 ' 0
F CO,Et F CO,Et F CO,H
[ — J — |
- . ,
F N R N R N
F S 1 X\/\
H‘X\Rl j)\R R
2.183 0 2184 O 2.185

2.185: X=0 (a), S (6)

Tasygproxcayun 2.186 — aHTHOAKTepHATbHBLII Tpernapar, cofepxa-
LIME aMHHOLMKJIONPONUAbHBIA 3amMecTiTesb B nosoxkennd 10 [200-202].
OnuH 13 METOLOB €ro mojyyeHdss — Ha ocHoBe 3dupa (2.169, X =0,
R! = Me, RQ:H) peakUsIMH KOHJeHCALMH, THAPOJIH3a, LUKJIOKOHIeH a-
LMK C MCTOJIb30BAHHEM KaTasiu3atopa Mex(asHoro rnepeHoca W neperpyn-
nuposkoii [odmana [203].

MonnbnunpoBaHHblil MHUNepUAHHO3aMeleHHbIH aHajor odJIoKcalHa
2.187 cunresupoBan B pabore [204]. Ananor oduokcaurHa 2.188, co-
nepaxatuuil B monoxkenu#u 10 octatok 1-amuHo-3-azabuiukio[3.2.1]rekcana
MPOSIB/SIET BBICOKYI0 aKTHBHOCTb K LIMPOKOMY pPSIIy MHKPOOPraHH3MOB,
takux Kak Sh. flexneri, P. vulgaris [205].

Ananoru coennnenus 2.188, conepaxariye 0CTaTKH APYTHX OHLUK/IHYE-
CKHMX aMHHOB — [1a3a0MLMKJIO0KTEHa 1 11a3a0HLUKJIOHOHEHa — OMHCaHBbI
B padote [206]. Wsokcazomo-nnpunobensokcasun 2.189 omucan B mares-
Te [207].

AxTHBHOCTb ~ aHajora JeBO(JIOKCALMHA, COLEPXKALLEro  OCTATOK
4 4-numetusi-3-amuHonuppouauHa  2.190  mpeBbiluaeT  aKTHBHOCTb
3-aMHHOTMPPONHMAMHOBOrO ~ MPOM3BOLHOTO B  OTHOILUEHMH  PA3JHYHBIX
ITaMMOB CTa(U/IOKOKKOB K cTpentokokkoB [208]. (-)-10-(7-AmuHo-
5-azacniupo[2,4|renran-5-uin)-9-prop-2,3- qurunpo-3- (S)-metni-7- okco-
7TH-mupuno-[1,2,3-de][1,4]6ensokcasun-3-kapGorosass ~ kucora  2.191
CHHTEe3HPOBaHa U3 AU(PTOPOOPATHOrO KOMILIEKCa | ornucaHa B padore [209].
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2.188

(3S)-10-[L{uc-(3S,4S)-3-amuno-4- (dhropmeTna) nuppou AuH- 1 -1n]-9-¢prop-
2,3-nuruapo-3-metua-7-okco-7H-nupugo[1,2,3-de][1,4]6ensokcasun-
6-kapGoHoBast KucioTa 2.192 akTuBHee JeBO(JIOKCALMHA B OTHOLIEHHH
S. aureus 870307 [210]. Coenunenve 2.193 ycrynaer JeBo(IOKCALHHY
N0 aKTHBHOCTH B oTHoweHuu A. fascalis KCTC 1004, B. subtilis ATCC
6633, P. aeruginosa KCTC 1637 [211]. Amun 2.194 cuHTe3npoBaH Ha-
rpeBaHHEM 2-aMHHOMETUJI(DYPaHA C METHIOBBIM 3(QUPOM JIEBO(IOKCALUHA
B atunauerate npu 100 °C B teuenue 12 u [212].

0 0
F | COOH F COOH
Me l
N N
Me>@ [¢] \/L J \)N\
HN Me 0 Me
2 HN
219 2.191
0
F COOH
. |
N N
o XN,
HN

2.192

BaaumoneficTBreM ogJIoOKcalMHA ¢ XJIOpMeTH/IaneTaToM, l-XI0pITHi-
aleTaToM /M 1-XJ0p3THAKAapOOHATOM MOJYUYeHbl MpoJeKapeTsa, dhdek-
THBHbIE [JIs JledeH st 3aboneBauil, Bol3BaHHbIX P. aeruginosa [213].
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H N N (\ N N
HN\"/I\(\) 0\)\MC Me/N\) O\/LMe
[} 2.193 2.194

Ha cxeme 2.54 npuBeneH peikuil 1Jisi TPULHUKIHUECKUX [i,f]-aHHEMHPO-
BaHHbBIX XHHOJIOHOB C/Iyyail 3ameleHns aroma F? Ha ocratok amuna [214].

Cxema 2.54

9 [o)
F COOH CH, H3C‘NQCL COOH

2.195 2.196

10-[2-(AmusomeTH)-4-THazomni] -9-prop-2,3- AUruapo-3-MeTHI- 7 -0K-
co-7H-nnpupo-[1,2,3-d,e] [1,4]6en3okcasun-6-kap6oHoBas kuciora 2.198
nosiyuena B3aumoneiictereM 2.197 ¢ tHoamugom (cxema 2.55) [215].

Cxema 2.55
COOH COOH
1) Cbz-NH-CH, C(S) -NH,
2) THIPOJIN3
Mc Me

2197 NH, cu
2.198

Anasor odnokcauuna 2.199, comepxkaiuii MakpOLUUKJIHYECKUHH (par-
MEHT B MOJIOKEHHH 3, onucaH B padore [216].

NH.

2.199
OH
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CI/IHTE3I/IPOBaHbI MHOTrOYHCJ€HHbIE aHaJIOTH OCbJIOKCaLLI/IHa, B KOTOPBIX
MoAU(bHUKALHUs IPOBOAHUIACH He TOJbKO M0 mosoxkeHusM 6 u 10, Ho u 1o
0KCa3HHOBOMY LHKJY. Tak, Ha ocHoBe (hTopxuHo/IoHa 2.200 ¢ ucnonb3oBa-
HueM 1-6pom-3,3-numerni-2-6yraHona (cxema 2.56) B HECKOJIbKO CTafHid
CHHTE3UPOBAHO TPULMKIHYecKoe npou3BofHoe 2.201, copepixaliee B OKca-
3MHOBOM (pparMeHte mpem-Gy THIIbHEIH 3aMeCTUTe b B mojioxeHuu 2 [217].

Cxema 2.56

0 [}

BrCH,C(0)C(CH,),
F cor ) BrOROOCCH), F COH
? K,CO,, DMF I
- .
F N 2) HOAc, H,S0, (\N N
F H 3) METWINUNEPA3HH, ,N\) [V~
auusonporwiamitd, IMCO Me
2.200
2201 Me,

B paGorax [218, 219] npusenen cuures 9-drop-3-mernien-10-(4-me-
TUMMANepasuH- 1 -ui)-7-o0kco-2,3-auruapo-7H-nupuno[1,2,3-de] [1,4] 6en-
30KCa3UH-6-KapGOHOBOI KHCJIOTH U ee |-THa-aHasmora 2.202, 3tu coepu-
HEHHs TIPOSIBIISIIOT CPABHUMYIO € O()JIOKCALIHHOM aKTHBHOCTH B OTHOLIEHHH
IPaMIIONIOKUTENbHBIX M PAMOTPULIATEbHEIX MHKpoOpranu3MoB. Coeute-
Hust (2.202, R = 3-unksionponunamuHoMetua- 1-nupponnaut u 2.203) 06-
JIaJlal0T BBICOKOM aKTHBHOCTBIO B OTHOLIEHHH MeTHLMJIMH-PE3UCTEHTHOrO
wramma S. aureus MR5867 (MIC 0,016-0,25 mxr/ma) [220].

o
F COOH
|
Me N N
HN. )\
0O Me

2.204

Boint nonyuen mupuno(1,2,3-¢,d][3,1]6ensokcasun 2.204, kotopslit po-
SIBJISIET BBICOKYI0 aKTUBHOCTb B oTHowennd E. coli (MIC 0,015 mkr/mu)
u S. aureus (MIC 0,12 mxr/ma) [221]. 8-AMHHO3aMelleHHbIE aHAMOTH
odhyioKcalMHa omucanbl B pabote [222].
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CHHTe3MpoBaHa U NPOTECTHPOBAHA HA aHTHOAKTEPHAJIbHYI0 aKTHBHOCTb
cepHsi aHasioro ogJokcauuHa 2.205, npoussopHoe 2.205a BbileseHO
B BHIe IBYX cTepeousomepos [223]. B orHowenuu E. coli u S. aureus
MHKPOOPraHM3MOB HaHOOMbIIYI0 aKTHBHOCTb MposiBUI R-uzomep 2.205a,
HO B LIEJIOM BCe TOJIYYeHHble COeNMHEHHs OKa3a/jhCb MeHee aKTHBHbIMH
10 CPaBHEHHUIO C JIeBOMIIOKCALMHOM.

H
|

|
N, N
| AN \/\I:l N
VZ H
R
Rl
2.205

R'=H, R=wusonponua (a), mumerua (6), uuknoGyrun (B), umkionentda (r),
R' = mumerun, R=H (n)

2.8.2. Map6odiokcauyH ¥ ero aHajoru. MapGodiokcaurHt sB-
JseTcs TNpeACTaBUTeNeM ellle OLHOH TPYNMbl TPHLHMKJIMUECKHX (TOPXH-
HOJIOHOB — mupuao(3,2,1-i,7]-1,3,4-6ensokcanuasutos 2.208, oH MIKPOKO
HCTOJIb3yeTcs] B BeTepUHApUH. CHHTe3 COeNMHEHMH TaKOro THIA MOXeET
ObiTh ocyiecTieH mo cxeme 2.57. Cycrensuio 1-(Merniamuuo)-6,7,8-
TpudTopxuHONoHa 2.206 B Boze HarpeBanu ¢ mapadopmoM, Mosydas Xu-
HOJIOH 2.207, KOTOPBIH LMKIM30Ba/HU B PUCYTCTBHUH TeTpalyTHIaMMOHUH-
(ropuaa B KuMsmeM Ge3BOIHOM TeTparuapoQypane [224].

Cxema 2.57
0 o o
F CO,Et
F CO,Et
[ CH,=0, H,0 2 F COH
F N
Py Tl ROYTY
NHMe F N-Me 0. N
- N~ S Me
2.206 2207 CHOH 2,208

D eKTHBHEIM METOLOM MoJyueHHst Mapoodiokcaurta (2.208, R =4-
METHJIUIEPasHHII) SIBJSETCS CONPOBOKAAIOWIAsCS JeGeH3UIUPOBAHHEM
unkausauus 2.210 B asTokaase Han 5 % Pd/BaSO, (cxema 2.58) [225].

B pa6ore [226] o6Gcyxknaercst HeoGbluHas (OTOXHMHUS MapGodiIokca-
uuHa. B omimume oT Apyrux (TOpXMHOJOHOB oOsmydyeHHe pactBopa 2.208
BelleT K FoMoJIHTHUecKOMY paspbiBy cBsish N-N, morepe dparmenta u 06-
pa3oBaHHI0 (PEHOKCHIIBHOIO pajuKasa. KoHeuHble MpoayKThl (HOPMUPYIOTCS
B pe3y/bTaTe AMMEPH3alliH, BOCCTAHOBJEHWS WJIM JHUCIPONOPLHOHUPOBA-
HUS pajnKana.
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Cxema 2.58
0
F CO,E i
Et
T renon f COEt i
. DS%  Pd/Baso, F COH
(\ N N .
N F .
Me” N NS o Nive N N
Me” cro Me ek
M ~Ns

2210 2208

8- Amuno-9-drop- 10-asabuunkioankui-nupuno[1,2,3-de] [1,3,4] 6enso-
KCaJMasuHbl, 00Jajaollde aHTUOAKTePHaJbHON AaKTHBHOCTbIO, OMKCAHbI
B paborax [227-229].

Ha cxeme 2.59 nokasaHbl HeKoTopble MOZMGHKaLKK MapGOdJIoKcaly-
Ha 2.208. N-Okcun mapGoduokcauuna 2.211 u mupuno(3,2,1-i,]-1,3,4-
Gensokcanuasunbl 2.212, 2.213 [230] ucnosb3yiores aas JeueHns GakTe-
puanbHbX HH(ekuui. [IponsBogHoe GeH3okcanrasyuHa 2.214 nokasasno ax-
TUBHOCTb B OTHOIIeHUH S. aureus ICB 23701 (MIIK 0,5 mmonb/mi) [229].

Cxema 2.59
o
F COOH H,0, F COOH
| —_—
(\N N NaOH, H,0 o N
N >
N 0N,
NN RN A
2208 2211
1) socl,
2) CH2(COOR'YCOOR"
o 0
F COOR' 0
i COOR’ F COOH
COOR" bai:l ‘
(\N N N N N
N [ w \
Me” \) T Me N 0N,
Me” ON “Me 7 Me
2212 9

2213 2214

Awnanor  okcanuasuHoli,j|-xunosona  (2.208, R=F), comepxa-
WMH HUTPOTPYNNy B nOJNOXKeHHH 8, Obl1 MOABEPrHYT MpeBpalLEeHHI0
B 8-aMMHOTIPOU3BOZIHOE JeHcTBUEM HHKessl Penesi, samemenuio atoma F!0
Ha mpem-GyTHINHKIEPa3HHKAPOOKCHIAT, MPEeBPAIeHHIo B JAHA30HHEBbIH
MHTepMeJHaT JefCTBHeM HHTPO3OHHMI TeTparopGopata ¢ MOCHEAYIOLHM
BOCCTaHOBJEHHeM Juasorpymmsl. O6pab6oTka mosyueHHOro 8-rujapasuHo-
MPOU3BOJHOTO COJISIHOH KHCJIOTOf MpHBeJa K 006Pa30BaHHMI0 COEAHHEHHs
2.215, xotopoe ofnazaer xopoluedl PacTBOPUMOCTBIO B BOJE M BBICOKOH
aKTHBHOCTBIO B OTHOLIEHHH LIMPOKOTO psifia MHKpoopratuamos [10].

PaspaGoTan MeToj CHHTe3a aMH0B (TOPXHHOJIOHKAPOOHOBBIX KHCJIOT,
OCHOBAHHBIH Ha aKTHBALMM KapOOKCWJIBHOI TPYIIMbl Yepe3 CMeLIaHHBbIH
QHTHAPHJ XJIOPYTOJBbHON KHCIOTH. Msrkue ycsoBHs peakiHH MO3BOMHIIH
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NH, HCI
/
HN O
F COOH
N N
)
Het uN _J 0N,
<
2215

TNOJIYYUTb aMHJbl XHHOJIOHKApPGOHOBOI KHCJIOTH M pPsiila apH/IaMHHOB —
3,4-nudpropanununa, 1,2-nuamuno-3,4-nudropdensona, 4-amuto-1,5-nume-
THN-2-PeHnanupasonona-3 2.216. [lokasaHo, 4To aMuj XMHOJOHKapOo-
HOBOH KHCaOTH M 1,2-1HamuHo-3,4-1udropeHsona, HUMeUUid cBoboa-
Hylo amuHorpynny 2.217, koHAeHcupyercst mpu HarpeBanuu 1o 160 °C
B 3-GeHsuMuaasosbHoe mpoussogHoe 2.218 (cxema 2.60). Bensruppasun
XHHOJIOHKApPOOHOBOK KUCJOTI OBl MOJIYYeH Yepe3 aKTHBHPOBAHUE MOCIE] -
He# OyTHJIOBBIM 9()HUPOM XJIOPYTOMbHOH KucaoTh [231].

Cxewma 2.60
Q q o0
F COOH .
. N-R
H
N\) 0N
Me” NN N\) O _N.
Me M N Me
2.208 2216 R = Ar, NHC(O)Ph
F F
F
0o 0 E
0 N
F ¥ . |
N
NH —_— |
(\N 1;1 2 (\
N N
Me’N\) O M e X o Ill\
Me” 7 Me
2217 2218

2.8.3. Nlpyrue [i,j]-anHennpoBanHble ¢rOpxHHOIOHBL.  Paspa-
GoTaHbl METONbl CHHTE3a M JAPYrMX [i,f]-aHHEJMPOBAHHBIX (TOPXHHO-
noHoB. Tak, nmkiusauues 2-nonudropGeHsonnakpuiatos 2.219a-B,
cOlepXKalMX B IMOJOXKEHMH 3 OCTAaTKH THIPasuia, THoceMHKapbasuia
¥ aMmuipasoHa, ocyiiectsieH cuHre3  1,3,4-THagnasuuo(6,5,4-ij]-,
1,3,4-okcannasuuo[6,5,4-i,/]- u 1,2,4-rpuasuso[5,6,1-i,/]anHempoBanHbIx
XHHOMoHOB 2.221a-B (cxema 2.61). Ilpu kunsuenuu 2.219a B Tonyose
B TeueHHe 2 4 06pasyioTcsi THAAMA3HHOXMHOJOHH 2.221a, mpuyeM mpome-
JKYTOUHBIE OHLIMKJIMYECKHe TPOU3BOAHBIE BbIIEUTb He yaanoch [232, 233].

13 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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Lluknusauus akpuaaros 2.2196, B B TONMyose B TeyeHHe 2-3 4 mpH-
BOAUT K 00pa3oBaHMI0 Mpou3BofHbIX 2.22006, B. OKcalHasHHOXMHOJIO-
Hbl 2.2216 Obuty mosydyeHbl LMKau3auuedl 2.2200 B KUMSLIEM ToJyoJse
B MPUCYTCTBUU KapOOHaTa Kasus, TPHA3HMHOXHHOMOHBI 2.221B — mpHu Ha-
rpeannn 2.2208 B ykcycHom anruapume [234-237]. OcoOwlit HHTEpeC
B KauecTBe MOTEHLHANbHbIX JEKaPCTBEHHBIX MPENapaToB IpPeiCTaBJsIOT
THaJMa3MHO-aHHeIMPOBAHHblE XHHOMOHBl 2.221a Y MPOAYKTHl 3aMeLleHUs
atomos F® u F'0 Ha octaTku 1MKJIOATKMIMMHHOB, Tak Kak Cpeid HUX
BBISIBJIEHBI COeJIHHEHHS, KOTOPble HApsNy ¢ aHTHOAKTePHANbHOH MPOSIBISIOT
U 1pyrue Bujbl aktuBHocTH [238, 239].

Cxema 2.61
Y 0 Y o Y o0
F COOEt F COOEt F COOEt
| — j  — |
F F TiIH F N F N
F HN R F HN R XN
2219a-8 \I)!/ 2220a-B x 2221a-8 R

2.219-2.221: Y =H, F; R=Ar, Het, uukaoankunumuto; X =S (a), O (6),
NH (8)

Pasnnynas crnoco6HOCTb (PTOPXHHONOHOB, COLEPXKALLUX B MOJNOXKeHHH |
CrocoOHbIE K TayTOMepHH prﬂl’[HpOBKl/I, BCTYyIaThb B peaKLu/m HUKJIH3aLHH
(BHYTpPHMOJIEKY/ISIPHOE 3aMellleHHe (hTOpa) ¢ 00pasoBaHHEM TPULHKIHUE-
CKHMX TpOM3BOIHBIX 2.221 moaTtBepikiaeTcst JaHHBIMU KBAaHTOBO-XHMHYe-
CKHMX pacueToB Ha npuMmepe coennnenuil 2.220a—8 (Y =H) [240]. ITony-
IMNUpHYeckKuM MeTonoM PM3 Obla onpesieieHa ONMTHMaJbHAS T€OMETpHs
obeux TayromepHbix (opm (A) u (B) coenunenuit 2.220 u npoxyKToOB
uMKau3auu 2.221, paccuyuTaHbl UX SHepreTHyeckue, 3apsioBble U OpOH-
Ta/bHble XapaKTepPHCTHKH.

[0} 0] 0
F COOEt F COOEt F COOEL
F N F N F N
F NYR F HN TR X__N
XH X \Rr
2.220ba-8 2.220Aa-B 2.221a-B

[TokazaHo, uto aJs coenvHeHndt 2.220a (X =S), Jerko BCTYMamLIKX
B TPOLECC LHMKJK3aLKK, Gosiee CTAOUJIBHOM W IHEPreTHUeCKH 0ojiee Bbi-
ropHo# siBssiercst popma (B), KoTopast xapakTepu3yeTcs HaHMEHbBLINM 3Ha-
yeHneM noJiHo# sHepruu (Etorar) (taba. 2.6). das npoussonHbix 2.2206
(X=0), tpebytouux Gosiee KeCTKHX YCJIOBHH MPOTEKAHHs peakiuH, Kak
npaBuio, Oosee xapaktepHoil sBasiercss gopma (A). Coenuuenusi 2.2208
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(X=NH), koropsle He ymajsochb MOABEPrHYTb LUKJH3ALUK NPH Harpesa-
HUA B OTCYTCTBUM WUJAHW B MNPUCYTCTBHUH OCHOBAHHS, TaKXKe MpEUMylle-
CTBeHHO peanusyioresi B (opme (B). DHepreTHueckue XapakTepUCTHKH
B3MO u HCMO rayromepro#i dopmbr (B) (tada. 2.6) uMelor npuMepHO
OAMHAKOBO€ 3Ha4YeHHe KakK [/ UHUKIUSYILHUXCHA, TaK U AJAd HEUUKJIU3Y-
fomuxess Mosekya. HanGosnee nHpOpMAaTHBHEIM (paKTOPOM, OTJIHYAIOLIUM
LHUKJ/IU3YIOLIMeCs] W HELUHUKJIUIYIOUIUeCss COeIUHEHHUS SABJAETCHA IJOTHOCTH
pacnpeznesenus B3MO (p%;,) Ha rerepoatome X 1 HCMO Ha atome C*
XHHOJIOHOBOTO [IHKJIA (pﬁCMO) (taba. 2.6). MakcimalbHOM 3ace/IeHHOCThIO
B3MO o6/1anatot Jierko LHK/IM3YIoLHecs Tpou3BofHble 2.220a, 4T0 MOXET
XapaKTepU30BaTh HX KaK COEJUHEHHs ¢ Gosiee SIPKO BBIPAXKEHHBIMH HYK-
Je0(UIbHBIMU CBOHCTBAMHU BepxHell opGutany rerepoaroma X. Ilpu atom
naotHocts pacnpesienenus HCMO Ha atome CP Takke noskHa umets
JIOCTaTOYHO BBICOKOE 3HAUeHHeE.

CrpyKTypa npou3BoiHbIX 2.221a—B MOATBepXKIEHAa METOAAMH CIleK-
tpockoniu AMP 'H, 'F, macc-criekTpoMeTpun U peHTTeHOCTPYKTYPHOro
ananusa [232, 233]. B ta6uune 2.7 npuseneHsl AaHHble cnextpos AMP 1°F
IJIs IPOM3BOAHbBIX 2.221a, 6, a Ha puc. 2.4 — MoJieKyJ/IsipHas CTPYKTypa
2.221a (Y =F, R =rekcaMeTH/IeHUMHUH).

PeHTreHOCTPYKTYPHBIH aHAU3 THalMa3HMHOXHMHOJOHA (puc. 2.4) mnoka-
3aJl, 4TO MOJIeKy/a MpeACTaBJsieT COOOH COUNEHEHHYI0 TPHLHKIMYECKYIO
TOJIUreTePOATOMHYI0 CHCTEMY C TPeMsl aToMaMH (Topa, STOKCHKapOOHHUII-
¥ reKcaMeTH/JeHMMHHOBBIM 3aMeCcTUTeNsIMH. TpHILUK/IMYecKas CHCTeMa Mo-
YTH MJI0CKast, ABYTPAHHBIA YroJ MeXLy MJIOCKOCTbIO XHHOJMHOBOTO (hpar-
MeHTa U NPUKOHJEHCHPOBAHHOIO K HeMY LIeCTHUJIEHHOr0 THaIMa3HHOBOIO
LHMKJa paBeH 3,1°. [ekcaMeTH/IEHHMHHOBBIH 3aMeCTUTE/b HMeeT KOH(popMa-
LMI0 Kpec/1a ¢ TouTH KomnjaHapHbiMH atomamu N°, C!4, C!6 y C!7 4 atoma-
mu C12, C18 C19) orknoHsiomumucs Ha paccrosinus —0,64, 0,89 u 1,17 A
OT 3Toi mnockocTH. CiellyeT OTMETHTb TaKyl 0COOEHHOCTb KOH(pOPMaLHUK
MOJIEKYJIBI, KaK He3HauMTeJbHBIl M0BOPOT reKcaMeTH/JIEHHMHHOBOrO (hpar-
MenTa BOKpyr cBsisgh C!-N3 (062 aToma MJOCKO-TPHTOHANbHBIE, CYMMbI
Ba/eHTHBIX YIJI0B 359,9 1 358,1°) OTHOCHTENbHO THAAMA3HHOBOTO LHKJA.
B03M0xHO, 3TOT MOBOPOT 06YCJIOB/IEH OTCYTCTBHEM CTEPHUECKUX HaMpsiKe-
HUE B MoJleKy/ie (IPHCYTCTBHe 3amecTHTenedl y atoMoB S # N Morso Obl
NPUBECTHU K CTEPUYECKUM 3aTPYAHEHHUAM MEXK1Yy HUMH U NPOTOHAMH aTOMOB
C'" u C"). Ananus paccrosnuit B uenouke N3~C!'=N'-N? (qmunp stux
cesizeit 1,38, 1,27, 1,41 A) He uckmouaer HauuMe B Heil HEKOTOPOro co-
npsKeHus. TakKe MOYTH KOMNJIAHApHA C IJIOCKOCTbIO XMHOJMHOBOrO (par-
MeHTa 3TOKCI/IKap60HH.ﬂbHaﬂ rpynna, [LByl‘paHHbIﬁ YTOJ MeXKAY MJA0CKOCThIO
yepe3 HeBOLOPOJHbIE aTOMbl 3TOKCHKAPOOHMJBHON TPYNIbl U MJIOCKOCTbIO
XMHOJIMHA paBeH 5,6°.

Ha ocHoBe akpu/aToB 2.222 CHHTE3UPOBaHBI TeTPALUKJIHUECKHe XHHO-
JIOHBI, B KOTOPBIX Tl/la}ll/la3l/IHOBb]ﬁ CppaFMeHT AHHEJNHUPOBAH C XWHOJHMHOBBIM
i ¢ TpuasoibHeM — 9-¢rop-10-(4-Merunnunepasus-1-un)-3-R-8-ok-
co-8H-[1,2,4]-rpuasoso[3,4-b]tuanuasuno(6,5,4 - ij] xuHouH- 7 - KapGOHO-
Bble KHCJOTH 2.223 (cxema 2.62). AKTMBHOCTb TAaKHX COEIHHEHHH

13*
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Ta6anua 2.6

3HEP1‘€TI/I‘{ECKI/IQ u op6manbl—u;1e XapaKTepHCTUKH

¢dopm A u B coenunenuii 2.220

Op6uranbHele
XapaKTepHc-
C Eiotat, kkan/monb | aas ¢popMbl B | tuku atomos,
O€/IMHEeHHE
YYACTBYIOIIMX
B LUUKJIM3aUHH
A b Egsmo | Ercmo | Alicwo | Phamo
2.220a 125139 | —125152 | 5,914 | 5,311 |0,3246 | 0,1418
(R = mopdouHo)
2.220a 122661 | —122674 | —5,884 | 5,319 |0,3225 | 0,1445
(R = tomoposnHo)
2.220a
(R—nupponnuns- | —118378 | 118389 | 5,606 | 5,558 | 0,3605 | 0,1209
1-un)
2.220a
(R—mxaorexcin- | —125279 | ~125291 | ~5,698 | 5,441 | 0,3358 | 0,1489
aMKHO)
2.220a _121825 | 121837 | 5,723 | 5,506 |0,3515 | 0,1179
(R = nunepunuu-1-um)
2.2206 121515 | —121512 | —5,688 | 4,957 |0,0333 | 0,0770
(R=Ph)
2.2206 138380 | —138376 | 5,908 | 4,088 |0,0089 | 0,0758
(R=CsHiNO,-3)
2.2206 122165 | —122161 | 5,869 | 4,465 | 0,0177 | 0,0767
(R = nupununuui-4)
2.2206 —122166 | —122162 | 5,811 | 4,516 | 0,0181 | 0,079
(R = nupuanuui-3)
2.2206 107163 | —107159 | —5,756 | 5,441 |0,3493 | 0,0813
(R=Me)
2.2206 113252 | —113248 | —6,034 | 5,251 |0,3349 | 0,0677
(R=CH,CN)
2.220s 118831 | —118836 | —5,868 | 5,285 |0,1698 | 0,1099
(R=Ph)
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Tabauua 2.7

Xumuueckue casuru §(F) u KCCB B cnekrpax YF qMP (235MTu, DMSO-ds)
(ropcozepKaux THa(0Kca)AHa3MHOXHHO/IOHOB 2.221a, 6

x|y R Xumnueckuit cupur §(F), KCCB J (Tu)
FlO FE} FS
154,24 134,51
o|H ;:Z”M 3 Jop = 22, 3 Jrp =29, -
. Jen=175 =11
154,24 134,66
8 ‘T=T76 S Jen=10,4
o 151,43 160,59 146,19
O|F Z SJer =214, 3 Jep = 20,2, 3 Jrp = 20,2,
AutEn Jrr =60 S Jrr=214  Jrp = 6,0
i 151,42 160,77 146,31
O|F HH_‘;_M 3 Jep = 21,3, 3 Jrr=20,2, 3 Jrr=20,2,
. " Jrr=55 S Jrr=213 " Jrp =55
reKcaMeTH- 132,1 137,8
S |H| nennmnn- 3 Jer = 23,5, 3 Jer = 23,5, -
1-un 4 Jrn=9,0 S Jrm=10,8
— 132,2 1378
S|H| PP =23, SJre =223, -
. =85 3 Jen=10,8
reKcaMeTH- 129,63 162,41 140,93
S|F| nennmun- |3J(F'°, F*) =232, | *J(F°, F*)=20,2, | ®J(F®, F®)=20,2,
1-un 1JFY F) =98 [PJ(F F9=232| ‘J(F F'%=98
. 131,05 163,69 142,12
S|F ““pf’lfm SIE, F) =232, | *J(F°, F*)=20,4, | *J(F®, F%) =204,
JHRLRT 4 ppi0 BBy —9.3 |3 (FY, F0 =232 *J(F®, F1*)=9,3

¢ R=H, Me K rpaMnosoxKuTeJbHbIM U IPAMOTPULIATE/bHBIM GaKTepHsM
CONOCTaBHMA C aKTHBHOCTbIO O()IOKCALMHA, IPOU3BOAHEIE ¢ R=Ar meHee
akTUBHBI [241].

[Tonyuensr mpousBopnble mupuno[3,2,1-i,/junnHonuna 2.226 [242].
CHHTe3 OCHOBaH Ha TIPHCOEIMHEHHH |-MeTHJIaMHHOXHMHOMOHa 2.224
K [u-mpem-OyTWIMETUJEHMAJOHATY W  LUMKJM3ALUU  TOJYYEHHOro
npoaykra 2.225 B NPUCYTCTBUM KapOoHaTa Lie3ust B KayecTBe OCHOBAHHS
(cxema 2.63). Ilocse psima moc/ieoBaTeNbHBIX MPEBpAIleHHH (THAPOIH3a
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BasieHTHble yrab:

c'-s'-c® 99,1(5), C'-N*-CM
123,3(8), C2-N2-C'° 120,1(7),

115,9(8), S'-C'-N' 128,7(7),
SL.C'-N® 113,1(7), N'-C'-N®
118,1(9), N*-C2-C° 118,5(8),
N2-C2-C" 119,4(8), C3-C*-C"
122,1(8), S'-C*-C? 125,3(7),
s'-ci-c* 118,5(7), C>-C*-C*
116,1(9), F'-C*-C° 116,4(9),
F'-C*-C° 120,3(9), C*-C*-C°
123,2(9), F2-C*-C* 117,8(9),
F2-C°-C° 123,2(9), C*-C°-C°
119,0(9), F3-C°-C° 116,0(8),
F*-C8-C7 121,4(8)

C'-N*-C" 118,8(8), C'*-N3-C"*

Ny 19D

Jlnnbl cesizeit (A):

st.c! 1,77(1), F'-C* 1,35(1), F3-C®
1,34(1), O*-C'" 1,20(1), N'-C' 1,27(1),
N2-C10 1,34(1), N3-C* 1,45(1), C>-C°
1,42(1), C*-C* 1,40(1), C*-C° 1,35(1),
€' 1,37(1), C'"-C'® 1,53(2), C'%-C"?
1,47(2), C1-C'® 1,51(2), C-C* 1,49(1),

S'-C? 1,74(1), F2-C° 1,33(1), 0'-C®
1,24(1), O°-C'" 1,33(1), N?-C? 1,40(1),
N3-C! 1,38(1), N°-C" 1,46(1), C*>-C”

1,40(1), C*-C° 1,38(1), C5-C7 1,42(1),

C8-C? 1,46(1), C°-C" 1,49(1)

Puc. 2.4. auusie PCA stunosoro s¢upa 8,9,10-rpudrop-7-okco-7H-2-rekcamets-
seHuMuH-1-1i-[1,3,4] ruanuasuso [6,5,4-1,j]xuHo/uH-6-KapGOHOBOH KHCIOTHI

Cxewma 2.62
(o]
F COOMe )k co, DMF
.
| 2) HCI, AcOH
F F NH
| 3) METWINHUIIEPA3HH,
N U30MpONaHo, N
HS R cs Me”
O
N—N

2222

2223

CJIOKHO(UPHBIX TPYMNMN, JeKapOOKCHIMPOBAHMS M 3aMellleHus aroma
(Topa Mpu NEHCTBUH aMHHOB) MOJYYEH Psil BHICOKOAKTUBHBIX AHTHOAK-
TepHasbHBIX areHToB 2.226 [243, 244]. Coemunenue (2.226, R=H,
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R! = yuc(-)-3-aMuHO-4-MeTUAMUPPONHIHH) B 8 Pa3 aKTUBHee B OTHOIICHUH
P. aeruginosa, 4eM O(JIOKCALHH.

Cxema 2.63
0 o .
F COEt F CO,Et
CH,=C(CO,Bu-t), | ? F COH
F N
Y F N R’ N
F NHMe PN, N !
“Me
2224 5225 CH,CH(COBu-t), R
2226

2.226: R=H, COOCMe3

[poussonHoe nupuno[3,2,1-i,jlunHHonnna 2.227 nposiBisSeT BEICOKYIO
aktuBHoCTh K E. coli NIH JC-2 (MIIK 0,05 mxr/ma) [245]. CoennHenue
2.228 akTuBHO B oTHowenuu E. coli (MIIK 0,05 mxr/ma), S. aureus
(MIIK 0,1 mkr/mn) u P. aeruginosa (MIIK 0,39 mxr/mm) [245].

2227 : 2.228

Ha cxeme 2.64 nokasaH croco6 nosyuenns npou3sogHsix 7H-[1,2]okca-
3uHo([4,3,2-i,j]xuHonuHa 2.230a, 6. Crupt 2.229 HarpeBajiy ¢ M-XJ0pInep-
GeH30MHON KHCA0TOH B XJsopodhopme. [HAPOMH3 CN0MKHOIPUPHONH TPYIITLI
T0JIy4eHHOT'0 TPULKKJNYeCKoro XuHosnoHa 2.230a 1 3amelueHHe aToma
(ropa ocTaTKOM NHIepasuHa MpuBesaH K coepuHeHuto 2.23006, kortopoe
0Ka3a/10Ch, OJIHAKO, MeHee aKTHBHBIM B OTHoLIeHUH E. coli, ueM oJiokca-
uuH [246].

Cxewma 2.64

Cl

F CO,E H

t
X > 3.CICHCOM, CHCL,  F COOR'
_ - .

F N

R N

CH,CH,OH )

°C [}

2.229 2230

2.230: R=F, R' =Et (a); nunepasun-1-un, R' =H (6)

BaxkHoe 3HaueHue 1J11 MEAMLHHCKOH XMMHH UMEIOT ONTHYECKH YHCThbIE
(ropconep:Kaliue MPOU3BOAHEIE OEH30XHHONM3WHA. TaK, MHHHMaJbHas
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MHTHOUpYIOLast KOHLEHTpaLus S-(-)-Haangiokcalnta B oTHoweHn! S. au-
reus ATCC 25923 cocrasasier 0,025 mkr/ma [245]. Cunres 8-mertni-
QaymexrHa 2.236 mnpencraBren Ha cxeme 2.65 [248-250]. Kuouesbim
HHTepMenraToM B cuHTe3e 2.236 siBasercs 6-prop-5-mMetni-1,2,3,4-rerpa-
THIPOXHHABANH 2.234.

Cxema 2.65

NH, CH.CH-CH-CH-O

2 HCL FeSO, H,0 Ny Me unGopan N
- .
F M-HUTpOGEH301- = Tro
cymborar F

COOH COOH

CH,0H
. 2232 2233
COUEl
e, E{0-CH=C(COOEY), / COORt 1) mombochopra 0
Kueror F COOH
2) Y\n(}”
e Me N
2234 2235 .
Me 2236

Jlnst nonyuenust S-(-)-aryMexuHa pauemuueckywo cmech 2.234 pasge-
JISIH TIPH UCMob30BaHuH L-(-)-nu-n-Tonyontaprparos [251] uau 3-Gpom-
8-cymbpoxkambopsr [252].

Onucan cnoco6 moJydeHust 2-meTus-6-¢gprop-1,2,3,4-TeTparuapoxuHo-
JIMHA — TPeKypcopa B CHHTe3e (yMeXHHa — OpPraHOKaTalIUTHYeCKHM BOC-
CTaHOBJIEHHEM 2-MeTHJ-6-(DTOPXHHOJMHA C HCIONb30BAHHEM XHPAJIbHBIX
KucnoT DpaHcTena Kak KaTajuaTopa M 3aMelleHHOTO JMTMAPONUPHUIH-
Ha Kak HCTOYHMKa Bomopoxa [196]. Metox [0CTaTOYHO MPOCT, peaKuus
MpOTeKaeT NMPH KOMHATHOH TeMmepaType C BBICOKHM BBIXOZOM M BBICOKOH
SHAHTHOCEJIEKTHBHOCTBIO TIPH OTCYTCTBUH MeTaJlJIOB.

CuHre3 8-amuHoaHasora quymexuHa 2.241 Ha ocHoBe 6-(hTOp-5-HHUT-
poxuHa/ibanHa 2.238 npencraBieH Ha cxeMe 2.66. lnasotupoBaHueM U 3a-
MellleHHeM [Ha3orpyIIbl Ha TajloreH MOMydeHbl §8-XJop- U §8-GpoMIpous-
BOJHBIE, OCYILECTBJIEH CHHTe3 aMUI0B 8-OpoM-npousBogHoro 2.242 [253].

Cxema 2.66

PUC, H, NHAe
NN, 1150, AOH
Soam
N Me
2237 2.233 223 1

NHAc

0
FIO-CH-C(CO0E, m 1) nomgocpopran COOH F COOH
rons
2) NaOH HZN Hal N
COOEt
2240
COOEt

Hal = Cl, Bi
2241 e Me
2242
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M3yyeHue 3aBUCHMOCTH CTPYKTYpPa—CBOHCTBO B PSAY MNOJNHMLMKIHYE-
CKHX (PTOPXHHOJIOHOB MOKA3bIBAET, YTO T€OMETPUUECKAs CTPYKTypa Urpaer
BaXHYI0 POJib B OHOAKTHBHOCTH. CHHTE3 HOBBIX (DTOPXHHOJIOHOB OOBIYHO
COMPOBOXKAETCS M3yUeHHEM HX CTPOEHHsi PasJUUHBIMH METOLAaMH, B TOM
qyhc/ie W PEHTrEHOCTPYKTYpHbIM aHaiusoM. Ha puc. 2.5 mpencrasiena
cTpyKTypa 6-3THJI-9-(pTOp-6,7-1MrHapo-8-(4-rUapOKCHIHIIEPH IHHO)-D-Me-
Thi1-1-0kco-1H,5H-6eH30(ij] xuHoMU3HH-2-Kap6OHOBOH KHCIOTH 2.243 —
3TUJIBHOTO aHazora Haguduokcauuta [254].

F. COOH

2.243

Tlnunbl cesseit (A):
F'-C% 1,372(5), 0'-C*
1,216(6), 0%-C™ 1,332(6),
0°-C* 1,264(5), 0*-C"7
1,429(7), N'-C' 1,346(5), N'-C°
1,392(5), N'-C!° 1,500(5),
N2-C7 1,415(5), N>-C"®
1,464(5), N>-C" 1,475(5),
C'-C? 1,351(6), C>-C° 1,431(7),
C2-CM 1,475(7), C3-C* 1,446(6),
C*-C° 1,403(6), C*-C° 1,408(5),
C3-C 1,358(6), C°-C" 1,396(6),
C"-C® 1,395(6) 6)
c8-c* 1,521(6), c'-c!
1,519(6), C'°-C"* 1,522(6),
c'-c 1,518(6), C''-c*
1,525(6), C'°-C'® 1,521(6),
C'-C'" 1,537(7), C7-C"®
1,520(7), C'8-C" 1,521(7),
C?-C?' 1,525(7)

BasieHTHbIe YTJIBL:
C'-N'-C° 120,1(4), C'-N'-C'° 119,7(3),
C%-N'-C'® 119,8(3), C"-N2-C'® 120,7(3),
C7-N%-C" 114,8(3), C">-N2-C" 111,2(3),
N'-C!-C? 124,0(4), C'-C*-C® 120,3(4),
c'-c-c™ 118,5(5), C3-C2-C'™* 121,2(5),
03-C3-C? 123,3(4), O°-C3-C* 121,0(4),
C2-C*-C* 115,7(4), C3-C*-C° 120,4(4),
3¢t 121,3(4), c5 Ch-CY 118,2(4),
C*.Co-C®119,4(4), F'-C°-C° 116,7(4),
F'-C5-C7 119,3(4), C°-C5-C7 124,0(4),
N2-C7-C% 123,7(4), N>-C7-C® 118,8(4),
C5-C7-C® 117,4(4), CT-C5-C° 119,4(4),
C7-C5-C'% 119,9(4), C°-C:-C'? 120,6(4),
N'-C’-C* 118,6(4), N'-C°-C8120,2(4)

Puc. 2.5. Jauusie PCA coenunenus 2.243

B coenunenuu 2.243, kak M B HagudIOKCALMHE, XHHOJIOHOBbIH
(parMeHT MpaKTHYeCKH MJIOCKMH, MHNEePUIHHOBOE KOJIBLO TBHCTHPOBAHO,
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MeTHJIbHasA rpynna OTKJIOHSIETCS Ha 3HAYMTENbHbIH yrosa OT IJIOCKOCTH
XHWHOJIOHOBOTO I1IMKJa, a 3TUJIbHASA rpynna 3aHUMaeT 3KBaT0pV]aﬂbH0€ mno-
JIOKEHHe.

1,2,4-OkcaguasuHoli,f]-aHHeJUPOBAHHBIH (TOPXHHOOH 2.245 cHHTe-
3UpOBaH LUKJK3aLUKeld 3-[1-(TuIpOKCHUMHUHOITHI)aMHHO|-aKpuiaTa 2.244
B IM®A B npucyrcTBun kapGoHata Kajausi (cxema 2.67). Murepmenuar
2.244 nonyyeH u3 3-3TOKCHaKpuaaTa, (OPMaMHIOKCHMA M YKCYCHOTO aH-
ruapuaa. XuHomousl (2.246, R =4-metunnunepunus-1-ui, 4-MeTuanumne-
pasuH-1-ui) akTHBHEL B oTHOWweHHH K. pneumoniae [255].

Cxema 2.67
[o) ) o
F. COOEt F COOEt F COOH
| — | — I
F F )N\H F N R N
b o. A o,
z N 7
1;1 Me Me N Me
2244 OCOCH, 2.245 2.246.

8,9- Mudrop-2-metui-6-okco-1,2- nuruaponuppodo|[3,2,1-i,j] xuHouu-
5-kapOoHOBas KucaoTa 2.249 nonyyeHa u3 coennnenus 2.247 nociesnosa-
TeJIbHBIM 3aMbIKaHHEM JUTHAPOIHPPOJIBHOrO U MMPHUIOHOBOrO LIUKIIOB (CXe-
Ma 2.68) [256, 257]. 3amemenue aToMa F¥ Ha ocTaToK 4-MeTHJNHNEpa3HHa
OCYLIECTBJSIOCh [IPM HarpeBaHuM AUGMTOPOOPATHOTO KOMIUIEKCA, MOJY-
yeHHOro u3 2.249 ¢ MeTH/MHMIEPasHHOM B rekcameTH/JeH(oCHOTPHAMHU-
ze [258].

Cxema 2.68
Et0,C  CO,Et

) X 0
f peny, T L con
| _— | 2) HCL H,0 b
F N - |
H F N
CH,

F N

CH,
CH(OH)Me Me
2247 2248 2249

[TpousBomubie  numunaso[4,6,1-i,/]XxuHOMHH-3-KapGOHOBOH ~ KHCJIOTHI
2.251 mosyueHbl KOHjeHcalueHd 8-aMMHOXHHOMOHOB 2.250 ¢ amudaru-
4eCKHMH KapOOHOBBIMH KucioTaMmu (cxema 2.69). Coenuuenus (2.252,
NR!R? = 4-merunnunepasun-1-un, R=H, Et) nokasamu ymepennyio
aHTHOAKTepHaTbHYI0 aKTHBHOCTD [259)].

Liuknusauuneil (propxuHoHOMOHA 2.253, MMelollero B MONOXEHHH 8
TMIPOKCHTPYNNY, a B ToJoXeHUH 1 o-pTopdeHHTbHBIA 3aMecTHTelb,
noJsyduer Qropcomepxaimii  mupuno|[3,2,1-k,/]peHokcasnn — TeTpauuk-
Judeckuil [i,f]-aHHesnpoBaHHbIA (TopxuHOMOH 2.254a (cxema 2.70)
[260-263]. Bosee ynoGHbIM criocoboM MoMydeHHst coenuHeHui 2.2564 —
MHTEPMEeJMaTOB B CHHTe3e TeTPALMKJHUeCKHX ()TOPXHHOJIOHKAPOOHOBBIX
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Cxema 2.69

0 0 0
F:Q:”]/coom oon F COOE F COOEt
_Reoon [ — |
R
F N F N SN N
NH, '
R

R
2.250 2251 2252

KHUCJI0T 2.255 — npejcTaB/iseTcs KOHAeHcalus eHaMuHa 2.256 ¢ o-aMuHo-
(eHOIAMH U MOCJEAYIOlas UMKIU3ALKS aKpuaaToB 2.257 B MPUCYTCTBUU
ocHOBaHHs [264].

Cxewma 2.70

] 0

F CO,Et N

? CHN,t F 2
N F N 2
0H©F

2253
Y
T K,CO,, DMF

0
F ICO:E‘ Ho  >x?YF CO,Et
> |
F FON(CHy), . -
F
2256 F HO( ~
2357 X |

Y
2.254, 2.257: X=Y =CH (a); X=N, Y=CH (6), X=CH, Y=N ()

-

2254

CoenHenns 2.257a MOAM(DHULMPOBAHBI BBEEHHEM TajOreHoB, Cyab(o-
1 KapOOKCHIDYIIN, a TaKXkKe apUJbHBIX 3aMecTHTeJel B Koabplo D, mns
NPOU3BOAHBIX 2.2576, B MOJyUeHbl 3aMellleHHble M0 MHPUAMHOBOMY (par-
meHTy D ananoru [265].

Ha ocHoBe (TOpxHHOHO/IOHA 2.258, MMEIOLIEro B NOJNOKEHHH 8 aMHHO-
rPyIIy, NOJMyYeHsl [i,f]-aHHeTMPOBaHHbIE TeTPALUKIHIECKHe (PTOPXHHONIO-
Hbl 2.259, comepkaline XHHOKCAIHHOBBIH (parmeHT [266] (cxema 2.71).
OTH COeNMHEHHs] MMEIOT LIMPOKHH CMeKTP aHTHOAaKTepHalbHOH aKTHBHO-
CTH, HO OHHM MeHee aKTHBHEI, 4eM oQJiokcaunH [261].

dropcopepxkalure nupuaoGeH30(eHoKcasuHbl 2.260-2.262 crHTe3u-
poOBaHbl LMKJOKOHIEeHcalLMel eHaMuHa 2.256 c 3-aMuHO-2-HadTO/IOM,
1-amMuHO-2-HaTOMOM 1 2-aMHHO- | -Ha(TONOM COOTBETCTBEHHO (cxeMa 2.72)
[267].

HMurepmenuarsl 2.260 Gbliv MogudULMPOBaHEl 3aMeHol OeHaokobLa E
Ha HPUMHAMHOBEI [268].
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Cxewma 2.71

0 (0]
F CO,Et
2D CHN, F CO,H
JE—
2) HCL H,0,
F N ) N R N
NH, f F 3) HNR R HN

2.258 2259

Cxewma 2.72
NH,

o OH o
F co, et D F CO,Et
l EtOAc l
F FONCH), ——— F N
2) K,CO,, CH,CN o
w I
OH
300

EtOAc

2.261

DMSO, 60 ‘C
2) K,CO,, CH,CN
0

2) K,CO,, CH,CN

BuyTpuMo/eKyIsIpHOH  LMK/IM3auKeld  3-meHTaTopOeH30UIMETHIEH-
3,4-nurunpo-2H-1,4-6ensokcasun-2-ona 2.263 B8 JMCO mpu 200 °C
6e3 ocHoaHus, nu60 npy 80 °C B NMPUCYTCTBUM TPUITHIAMHUHA NOJYUYeH
3-okco-4,5,6-rpuchrop-3H-nupuno|[3,2,1-k,/] peHokcasnn-3-on 2.264 (cxe-
Ma 2.73) [269].

BsaumopeiicTBreM 3TOKcHakpunata 2.265 ¢ aMMHOYpALMJIOM MOJY-
yeHo mpousBopHoe 7-okca-8,10,11b-Tpruasabenso[de]antpauesa 2.266
(cxema 2.74) [270, 271]. IlpnmeHeHHe O-THAPOKCHAMHHOIPOU3BOLHBIX
(peHaHTPeHa MO3BOJHM/IO CHHTE3MPOBATH LIECTHSAEPHbIE (YTOPXHHOJIOHBI
2.268 [272].
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Cxewma 2.73
F O F o
F
0 F
\ —
F F HN 0 F N
F 0
2263 2.264
Cxema 2.74

HN
o ) o O 0 9
§ OO F CO,Et N F COMH
F CO,Et | 1) HNR'R’ ) |
. . ‘ op DNaHCOLDMF F N Do R\?‘l N
t 0 R0
) )

2) 3++-Boc-amo-
nuppornAMH

oL N 2267 2268

[upunobensokcasun 2,272,  aHHeNMPOBaHHBIH  (pEHOKCA3HHOM,
CHHTE3UPOBAaH Ha OCHOBe 0EH30KCa30JbHOTO MpoM3BofHOro 2.269
(cxema 2.75) [265].

Jlpyrue LiecTUsiiepHble aHAJOrH MUPHULO(EHOKCA3HHOB — MUPHA00EH-
3odypodeHokcasut 2.273, a Takxke NUpUA0OEH30KCA3HHBI, aHHENHPOBaH-
Hble (uyopeHoM 2.274 u aHTpaxuHOHOM 2.275, Takke CHHTE3MPOBAHBI,
HCXOsl M3 Mpou3BonHoro 2.256 (cxema 2.76) [268].

dropconepxaiiee mpoussogHoe 4-okco-4H-mupumo|3,2,1-k,/] penrua-
3UH-D-KapGOHOBOH KHCIOTH 2.279 CHHTE3UPOBAHO HA OCHOBE 0-aMHHO-
THO(eHoa U eHaMuHa 2.256 n1Go sTokcHakpuaata 2.265, B KauectBe
MHTepMelHaTa BhiAeas iy aucynsdua 2.276 nmubo akpuaar 2.277 cootser-
ctBeHHo (cxema 2.77) [265, 268].

BsaumopeiicTBeM 3-3ToKCHakpu/iaToB Thna 2.265 ¢ 2-ruppasuHo-
OeH3aso/MaMHi B TOJYOJe CHHTE3MPOBAaH PsiA THJOBBIX 3(HpoB 3-(GeH3a-
30J1-2-H1J1) TH|Pa3UHO-2-IONU (B TOPOEH30MMAKPHIOBOH KUCJO0Th 2.280a—xk.
CrnocoOHOCTb 3THX COENMHEHHH K aMHHO-MMHHHOH TayTOMEpHH M03BOJIHA
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Cxema 2.75
o 0
F CO,Et . o
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Cxema 2.76
o 0
F CO,Et F CO,Et
F F N(CH,), _ N

F 2256

OCYLLECTBUTh LHMKJIH3ALMH C [i,f]-aHHeJIMPOBAHHEM XHUHOJMHOB TpPHA3H-
HOBBIM LIMKJOM (cxema 2.78). HoBble meHTalMK/IMYeCcKHe (TOPXMHOJIOHbBI
2.282a—x OblIM MOJMydeHbl LKMK/IM3alMeld akpuiatoB 2.280a-x B Ku-
MSIeM aLETOHHTPH/IE B MPUCYTCTBHH AHazabuuukioyHmeu-7-esa (DBU),
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Cxema 2.77
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TPUITUJIGEH3UIAMMOHHUI XJI0pPHAA WM (PTOPUAA KaJjus, 10O NPH Harpesa-
HUH B IHOKCaHe B MPHCYTCTBHH THApuaa Hatpust [273-275].

Crpykrypa (ropxunononos 2.283 usyuena meromamu AMP 'H, '°F
CIIEKTPOCKOMKH, MacC-ClIeKTPOMETPHM W Ha TpHMepe 3THJI0BOro supa
4-okco-1,2-nu¢rop-4H-6ensrnasono[2',3':3,4]-1,2,4-rpuasuno(5,6,1-i,] xu-
HOJIMH-5-KapOoHOBOH KHCJOTH 2.2823 monTBepxkaeHa naHHbMH PCA
(puc. 2.6).

[To manusiM PCA Mosekyla neHTaLMK/IMYeCKOTO ()TOPXHHOJOHA Mpej-
cTaBsseT co0o# CUCTEMY M3 MATH COYJIEHEHHBIX HEHACBIIIEHHBIX LHUKJIOB.
B omiuune oT IpYrHX KOHIEHCHPOBAHHBIX apOMAaTHYeCKMX CHCTeM, ILIa-
HAapHOCTb PacCMaTPUBAeMOr0 COeJMHEHHUs CYLIeCTBEHHO HapylleHa, IpHYeM
BCe KOHIEHCHPOBaHHBIE LHKJbl HEKOMJaHapHEI ApYT Apyry. [leficTBuTe/b-
HO, IIOCKOCTb O€H30/IBHOTO KOJIbLA H INUIOCKOCTh THA30JBbHOTO KOJbLA
o6pasyior yron 5,9°; TPHasHHOBOE KOJIBLO COMPSKEHO C MHUPHUIOHOBEIM
(parmMeHTOM M AH(TOPOEH30/BHBIM KOJBLOM, 00pa3ysi AByrpaHHble yr-
ael 3,7° u 10,3°; mByrpaHHBIH yros Mexay AU(TOPGEH30JbHBIM W [H-
PHJIOHOBBIM LIMKJAMH XMHOJOHOBOTO (parMeHTa paBeH 6,7°. OueBuiHO,
cTepHyecKoe MPENATCTBHE, BO3HMKAlOLlee H3-3a BOJOPOAHOTO aToMa IpH
atome C' u atoma dropa npu C!3, sBnsiercs mpHuMHO# OTKJIOHEHHI MO-
JIMLUKIMYECKOH CHCTEMBI OT MyaHapHOCTH. Ecin 6bl GeH3oJbHBIE KOJIbLA
0€H3THa30JbHOTO M XHMHOJOHOBOrO ()parMeHTOB ObLIM MJIAHAPHBIMH, pac-
crosnue Mexxay aromamu F2 i H! 6bi0 Gb1 comirkom Mano (menee 2,0 A),
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Cxewma 2.78
Y o Y o
F COOEt F COOEt
| — r —
F FoONH F N
F I’I F IllH
x7 N XL\N
2.280 a-x 2.281 a-K Q
R R £ R
Y 0
F COOEt COOH
| —_—
F N F
NYN NYN
R X R X
2282 a-% ¢ 2283 2-x
2.280-2.283: X =NCH;, R=F, Y=F (a ) H (6); R=Y=H (8); Y=F,
R=NO; (r), Br (n); X=S, R=H, Y=F (e), H (x)

4TO HejomycTuMo. HapylueHne niaHapHOCTH B NMEHTALMKIHYECKOM [IPOH3-
BOJIHOM (YroJl MeXAy IJIOCKOCTSIMH OeH30JbHbIX KoJlel| paBeH 28,8°) naer
BO3MOXKHOCTb paccrosHmio F2-H! yBenmuutbes 1o sHauenus (2,32 A).
Yros moBOpPOTa STOKCH-TPYMIBI OTHOCHTENBHO MJIOCKOCTH XMHOJIHHOBOTO
dparmenta Bokpyr ceszu C3-C!7 pasen 10,8°.

Tpoananmusuposartl cnektpsl SIMP °F paza menTauuk/uueckmx
(ropxuHonoHoB (taba. 2.8) [275]. B cmekrtpax npousBonHbIX GeH3UMH-
nasono[2',3':3,4]-1,2,4-rpuasuno (5,6, 1-i,j] xuHosnua 2.282-2.283a, 6
curnan F! uMeeT CJIOXKHYIO MyJbTHIIETHOCTb, aHAU3 JMHHH MYJIbTH-
nnera F! naer ocHosanue cumtats, uto F! B3aumoneiicTByer ¢ ueThpbMs
npyrumu sagpamu (F2, F3 wmu H3, F!' u H'?). B cnexkrtpax Takux
MEHTAUUKIMYECKHX TPOM3BOMHBIX cHrHA1 atoma F'! ornuuaercs mo
MyabTUnneTHoCTH 0T curHana F'O sesencrue Bsaumoneiictsus smep F!!
u F!. Cursan atoma F! B cmektpe IMP '°F npoussomnoro (Y=Z=H,
R=F), 3anucaHHOM C LIHPOKOMOJIOCHEIM MO/@BJEHHEM IPOTOHOB, HMeET
Bua nyOnera ny6seroB. Takum oGpasoM, ocoGeHHOCTblO criekTpoB SMP
19F 6eH3a30/10TPHA3MHOXMHONMHOB ABAseTCA MposBieHHe naibux KCCB
TJ(F', F'1) = 3,5-4,0 Tu u 8J(F!, H'?) = 2,0-3,0 .
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[0}
F COOEt
YN
NYN
S
2282k

Tlomntr cesseit (A):

S.C® 1,747(4), S'-C° 1,743(4),
F'-C'? 1,347(5), F?-C"®
1,346(4), 0'-C" 1,221(5),
0*-C'" 1,190(6), O°-C""
1,318(5), 0°-C'® 1,489(7),
N'-C® 1,390(5), N'-C'*
1,411(5), N'-C' 1,416(5),
N2-N® 1,403(4), N2-C°® 1,275(5),
N3-C7 1,342(5), N°-C"®
1,396(5), C'-C? 1,392(6), C'-C'®
1,376(6), C'-H' 0,97(6), C*-C®
1,375(7).
BaJIeHTHbIe YTJIBL:
N'-cH.c 126,5(3), N'-C!-C"®
117,0(3), C*-CM-C" 116,4(3),
N®-CP-C! 119,2(3), N*-CP-C™*
118,7(3), C'0-C"®-C!* 122,0(3),
N'-c"®-C! 129,1(4), N'-C'*-C°
110,8(3), C'-C'®-C° 120,0(4),
0%-CY7-0° 122,6(4), 0>-C'"-C*
123,1(4), O*-C"-C* 114,1(4),
0°-C'*-C" 106,3(6),
0°-C'-H'"** 111(4),
0°-C'*-H'*® 124(3),
C-C'S-H'$* 120(4),
Cl9.cl8.y!sB 93(3),
H!8A.CI8_ !B 98(5),
C'S-C1-H""* 109(3),
Cl8.Cl9.19B 94(3),
C'*-C"°-H"*® 120(4),
H9A_C19.H!%B 124(5),
HY9A_C19.H!%B 106(5),
H'9B_Cl19.!9¢ 106(5

BasientHbie YTJIBL:

C°-S'-C% 90,4(2), C'7-0%-C'® 116,8(4),
C5-N'-C" 116,5(3), C5-N'-C'® 113,3(3),
C".N'-C'® 130,1(3), N>-N2-C°® 114,8(3)
N2-N3-C7 116,8(3), N>-N3-C' 122,3(3),
C7-N3-C"® 120,4(3), C>-C'-C'® 118,6(4),
C2-C!-H' 116(3), C'6-C'-H' 126(3),
cl-C-C? 121,3(4), C'-C*-H? 114(4),
C3-C2-H? 124(4), C*-C3-C* 120,7(5),
C2-C*-H%127(3), C*-C3-H® 113(3), C*-C*-C°
118,5(4), C>-C*-H* 119(3), C°>-C*-H*
122(3), S'-C°-C* 126,5(3), S'-C*-C'®
112,5(3), C*-C°-C'® 120,9(4), S'-CS-N!
111,3(3), S'-C5-N? 120,7(3), N'-C°-N?
128,1(4), N3-C7-C® 123,7(4), N3-C7-H’
109(3), C3-C™-H' 127(3), C7-C5-C° 120,8(3),
C7-C8-CY7 114,4(3), C*-C5-C'7 124,8(3)

’

Puc. 2.6. Jauusie PCA coenunenus 2.282x

14 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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Ta6auna 2.8
Xumuyeckue casurn 0 (F) B crekrpax YF gMP (235MTu, CDCl3)
(ropxuHooHoB 2.282-2.283
Y [¢]

R n N#
CH
R 09 3
Coenne- Xumnueckue casuri, 6p, M1, "J, T
Hie F! F2 3 Fl0 Fll
135,56 m.a.a.1 143,05 n.o.1.n
SJ(F'-FY) 21,5, 161,72 na 145,99 nn |5, 2820 AnR oyl plo) o
Z=Et, | 4;p1 8 EFPCT 37(E3 12 J(F-F ) 215, |35 nn 12
22820 | JEF) 58 | TEFY) 204 L) 197,55 o par 0" | (Y -HY) 1035,
SRR NG(FLH) 25, I(F-F) 204 | () 5.8 EOH?) 75 JF-H) 75,
T7(F'-F'") 4.0 2 TEFY) 40
138,65 LAAA 146.21 s 145,85 n.n.1.n
SIF'-F?) 215, 135,61 na 30 st (ELFY) 22,0,
Z=Et, |47l 13 3702wl J(FU-F') 220,13, 11 (412
20826 | J(F-H)) 80, |\I(F2-F') 21,3, - S0 105, | 7105,
: C7(F'-H") 2,0, | *J(F-H’) 10,4 Eoa?) 75 I -H) 75,
TIF'F") 35 ’ 2 TgE"F) 35
133,35 pa.n 145.48 111 142,27 n.n.nn
Jon JF'-F) 212, | 158,85 nx 144,05 1.1 SJ(F'd—F“)‘él . IFF) 217,
2.283a | o F) 58, | UEF) 206, 1(F-F) 200,135 p1o a5 D108,
: SJ(F'-H) 2,0, | JT(F*-F®) 206 | “T(F-F') 5.8 o2y i1 JF'-H) 6.8,
TJ(F'-F") 3.3 S TIENFY 36
136,50 p.n.1.1 145,49 1ax 142,05 na.a.4
SIF-F) 211, | 13277 nn 3l ity g e | TFF) 216,
Z=H, |47pl 5 37m2 pl _ J(FU-F ) 215, |35 ni 12
90836 | JEH) 7.9, [SI(EF) 209, SHE0) 115, | JEHD) 107,
: SJ(F-HY) 2,0, | 2J(F-H%) 102 10 iz, 79 LJ(E"-H®) 6,9,
T7F'-F'"y 35 i | TF'FY) 38

BhisiB/IeHBl  HEKOTOpble 0COGEHHOCTH —3aMelleHHs aToMoB  (Topa
NpOU3BOAHbIX 2.282 Ha ocTaTKM aMHHOB. B oranuue orT Tpu- U TeT-
paLMKIHYeCKHX  [i,/]-aHHEJMPOBAHHBIX  (PTOPXMHOMOHOB — 3aMelLeHHIO
moziBepraeTca He ToMbKO atoM F!, Ho u atom F? xunosonos 2.282 (mpu
Y=H) [275]. Tak, B3aumoneiicTBieM mpou3BoaHbix 2.283e u 2.282B
C THUPPOTMAMHOM B TNHPHIMHE ObliM ToMydeHbl |,2-1H3aMelleHHbIH
XHHOMOH 2.285 ¥ MOHO3aMelleHHbll NpoayKT 2.284 CcOOTBETCTBEHHO
(cxema 2.79). Hanuie IMP 'H u macc-criextpos coenunenus 2.285
YKa3blBalOT Ha Ha/lMuhe B HeM IBYX OCTaTKOB aMuHa. B cmekrpe SIMP
YF xuHonoHa mposiBAsieTcA OIMH CHTHAan B BuJe AyOjeTa AyO/eToB
¢ xoHcranTamu 8,0 u 3,0 I'y, B cnekrpe AMP 'H sroro NPOAYKTa CHrHazl
H3 nposiBisiercss B Buie aybaera ¢ Kodcrantod 8,0 'y, Ha ocHoBanun
3TOr0 OBl CHeMaH BbIBOL, 4TO atoM F! COXpaHHJCH, a aToM F?
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nonBeprest 3amellenuio. [lpu B3aumonefictBun kucaor 2.283B, e uiu
GopatHoro Komruiekca 2.283e ¢ apyruMu amuHaMH  (OyTHIAMHHOM,
l-MeTunnunepasuHoM, 1-KapOGOITOKCHIIMIIEPA3UHOM) B  aLETOHHTPHUIIE
B npucyrereud DBU, B mupuanne min aumeruadopmamuze obpasyercs
cmech 1- M 2-MOHO3aMelleHHbIX NPOLYKTOB B COOTHOLIEHHH OT 1 : 1 10 1: 2.
BeposiTHO, 4TO BCJIEACTBHE 3/1€KTPOHHOIO BIMSHUS 6€H3a30/10TPHASHHOBOM
COCTABJSIOIIEH NEHTALMKIMYECKOH CHCTEMBl [MOYTH  BbIPABHUBAETCS
cnoco6HocTs aToMoB F' u F2 K HyK/eo(HIbHOMY 3aMeleHHIO H, KpoMe
TOr0, B pe3yJbTaTe CTEPHYECKMX (DAKTOPOB 3aTPyAHSETCS 3aMelleHHe
B MOJIOXKeHUH 1.

B xunononax 2.282-2.283 (mpu Y =F) atom F? He ck/oHen same-
aThCsl Ha OCTAaTKH aMKMHOB (cxema 2.79). BsanmopeficTBueM coenrHeHus
2.282a ¢ nUppONMAMHOM B MHUPHAMHE ObLT MOJNy4YeH MPOAYKT 3aMelleHHs
TobKO atoMa F! — MoHosamerenHbiit 3¢up 2.286, KOTOPHI THAPONH3OM
Obls1 TpeBpallleH B COOTBETCTBYMOLLylo KucaoTy. CrpoeHue sdupa 2.286
¥ KMCJIOTbI IOATBEPKEHO CIeKTPabHbIMU JaHHBIMU. FIHTepecHOi ocobeH-
HOCTbIO crieKTpoB SIMP '9F 1-(mupposuus-1-ui)-nponsBogHEIX ABIsETCA
Hamaume korcrant % (F', HY) = 3,0 T u %J(F2, HY) = 3,0 T, KoTopble,
Kak u KoHctautl J(F!, F'1) u 8J(F!, H'?) B coenunenusax 2.282-2.283
(rabu1. 2.8) 06yc/I0BIIEHEl T€OMETPHYECKOH GIH30CTHI0 B3AHMOLEHCTBY LMK
sinep. [lpu B3anMoneHcTBUM KHCHOTH 2.283a ¢ MUPPOJIMAMHOM B MHPUIHHE
npoHcxonuT 3aMelienye atomos F! u F® Ha octatok amuma. B crektpe
AMP 'H nosyuenHoro xuHosoHa 2.287 MNpUCYTCTBYIOT CHIHAfbBl JBYX
0CTaTKOB muppouiuHa, B cnektpe SIMP '9F storo coemunenus curnan
atoma F? mposiBaisieTcst B BUfle CHHTIIETA.

Cxema 2.79

Qo
N

fof OH
N.

N
| OR
NfN \ | S
@,N\ F N 2285
Me NN
SV & N
Z N o o
2.282,2.283 .

F R=H, Et F
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Cunres 1-prop-11-(4-metun-1-nunepasutun)-8-oxkco-2,3- Lruapo-
4H ,8H-nupuno-[1,2,3-e,f][1,5]6eH30KcasenuH-7-kapGoHOBOM KHCJIOTBI,
ob/afaolell aHTHOAKTepHaNbHOM aKTHBHOCTBIO, OMKcaH B padore [276].

2.9. Terpauukanueckue [a,i,j]-aHHeaupoBaHHBIE
(TOPXUHONOHBI

CHHTe3 TeTDALMKJMYECKHX aHaIOroB O(IOKCAlMHA OB OCYIIECTB-
JIeH JIBYMs MyTSIMH: BHYTPHMOJIEKYISPHOH LHKIH3aLHeH TPHLHKINIeCKHX
¢ropxunononos (cxemsr 2.80, 2.81) i UCXoAst U3 TPOM3BOLHBIX THA30JI0-
OKCa3WHA W THA30JoNHpasuHa (cxema 2.82).

LIMK/IM3aLHMI0 TPULUKIMUECKUX (GTOPXHHOMIOHOB 2.288 ¢ o6pasoBaHueM
npousBonHbix 2.289 mposomuau B JIM®PA B mpucyTeTBuM Kap6oHaTta Ka-
ausi. [Ipy npoBefieHHH peakiuH B alleTOHUTPHUJE B MPHCYTCTBHH TPHUITHI-
amMMHa obpasyiorcs npoussoiHbie 2.290, a B moaudochopHOi KHcI0Te —
coenunenns 2.291 (cxema 2.80) [277].

Cxewma 2.80
¢ 0
F CO,Et F co

R’ N s R NS

18 (L_/ x A

R’ 2289 (X=0)
2288 a-8 2290 (X = NMe)
2291 (X = CO)

2.288: R?=R*=F, R' = OH (a); NHMe (6); R' =COOMe, R*=H,
R? = 4-vetus- 1-nunepasunna (8)

Terpaunknuueckne mnpoussoaHbie 2.293, 2.294 nosyueHsl U3
xuHoMoHa 2.292a (cxema 2.81). Coemunenne 2.292a pearupyer
C TepBUYHBIM aMHHOM B alETOHHTPUJE B MPHCYTCTBUM TPUITHJIAMHHA
MM C CYIb(MIOM HAaTpUs B XJopoopme B NMPUCYTCTBUM TeTpaldyTHJaM-
MoHHIBpOMKTa, 06pasys XMHOMOHONpPOH3BoaHbe (2.293, 2.294, R? =Cl).
Jlas cuHTesa  4-rumpokcu-5-(4-metua-1-nunepasunua)-8-okco-6-¢rop-
8H-6enso(i,j]Tnazono(2,3,4-d,e]-xunonnsnt-9-kap6oHOBOH KHCJIOTbI
2.295 coenuHende 2.2926 UMKIM3YIOT HarpeBaHWeM B MoJn(ochOpHOH
kucsorte [49, 278, 279].

Tra30/M0XMHOKCANMHBl ¥ THa30/100eH30KcasuHbl 2.296 (cxema 2.82)
[280-282], oxasanuch ynoOHBIMH COEIMHEHHSIMH LJISI CHUHTE3a TeTpPaLHK-
JHYecKux (ropxuHosoHoB 2.293, 2.295, 2.299. Ilpu B3aumoneiicTBHH
THA30/I0XMHOKCA/JIHHOB U THa30/100eH30Kca3nHOB 2.296a—B ¢ TpUXJOpMe-
TUAXJ0P(OPMHUATOM B abCOMIOTHOM TOJIyOJIe, 00PaGOTKOM AMITH/IMAJIOHA-
TOM B alleTOHUTPHJIE B MPHCYTCTBHH TPHITHJAMHHA MOJYUYEHBl MaJOHAThl
2.297. DT coeMHEHUS LUMKIU3YIOTCSA B MOJUPOCHOPHOH KHCIoTe, faBast
B pe3y/bTaTe TeTPALMKIHYECKHe XHHOJIOHOMpon3BoxHse (2.293, 2.295,
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Cxewma 2.81
9 0
F CO,Et . co
R N" g R’ N s
3
R (\__/ . J=  2203x-w)
\ 2294 (X =)
229228 R 2.295 (X = CO)

2.292: R' =Cl, R>=R*=F (a); R' =COOEt, R®*=H,
R? = 4-metua-1-nunepasuuun (6), F (8)

R? =F), KoTOpble Moc/Ie THAPOJIN3A STOKCHKAPOOHUILHON IPYTIbl U 3aMe-
uienus atoma ¢ropa y C7 naior 7-3amelrieHHble XMHOMOHE! [283, 284].

JIist cHHTe3a TeTPalMKJHYecKoro coeinHeHus 2.299 asropsl [282]
paspaGoTa/u yIoOHbIH croco6 okucieHus amuHa 2.2978 (X =NH) B umun
2.298 neiicreuem JIMCO u TputtopykcycHoro anruapuaa. JlanbHeiiimas
LMKJM3aLKs MoJyyeHHoro MajioHata 2.298 B moanpochopHOil KucioTe,
3aTeM THAPONH3 ITOKCHKAPOOHMIBHOH IPYMIbl TPHALETOKCHOOPAHOM B YK-
CYCHOM aHTHIPHIE W 3aMellleHHe aToMa (pTOpa B MOJOKEHHH 7 OCTAaTKOM
|-MeTH/MHKIepa31Ha MPUBeH K MOMYyYeHHI0 XHHOIoHA 2.299 ¢ niaHapHOH
TeTPalMKINYeCKOH CTPYKTYPOH.

Cxema 2.82

F F

s C(CO,EY),
/4 1) cico,cel j :
- .
F N o F N 2.293,2.295
X\)\/ s \)\/S
X <,
2.296 2297

|

0
F CO,H F
| - C(CO,EY),
(\N N7 S F N
\) N k)_l

S
HN Nw

2.299 2.298
2.296, 2.297: X=0 (a), NMe (6), NH (s)

X

Coennnennst 2.295 BbICOKOAKTUBHBl K METHIMJJIHH-DE3UCTEHTHOMY
wrammy S. aureus (MRSA) 1 K 0QJIOKCALHH-PE3UCTEHTHBIM LITAMMAM.
Ipenapar (2.295, R?=2-MeTOKCHMETHIMOP(ONHHO) ABJASETCS NepCrek-
THUBHBIM /15 HpI/IMeHeHI/Iﬂ B KayecTBe Tepal’[eBTH'—leCKOl‘O Cpe}lCTBa HPO'
™B MRSA-Gakrepuii. AHTHOaKTepuanbHas aKTHBHOCTb TeTpaLlMKJIHYe-
CKHX [a,i,/]-aHHEJUPOBAHHEIX (PTOPXHHONOHOB 3aBHCHT OT rerepoaroma X
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X=0, S,NH

2302

(NMe > O > CO) B psny THa30/bHbIX IPOH3BOAHbIX 2.293 1 O > NMe =
= CO nJs1 THazoanaKHOBLIX 2.289-2.291 [49, 277, 285].

Terpauukanyeckoe npoussonHoe 2.300, comepxaliiee 0CTaTOK 3-aMH-
HOMUppoMUAKHa, U coenuHenue 2.301, copmepxaiiee ocratok (1S, 4S)-
5-MeTHJ-2,5-1a3abuiukiao[2.2. 1 rentaHa, MpeBBILAIT [0  aHTHOAK-
TepHaJbHOH  aKTHBHOCTH ouokcaunn [286, 287]. CuHTe3upoBaHbI
takxke aHajord 2.301, cozepxalupe B TMOJOXKEHHH 7 ocTaTKu 8-asa-
onunki0(4.3.0]-HoHeH-8-una  uaM  2-okca-5,8-guasuduumk.io[4.3.0]HoH-
8-usa [288], 2-MeTuiamnHO-8-a3abuuKK.0[4.3.0]HOH-3-eH-8-1a [289)].

Beicokoii akTHBHOCTbIO 06/1afaloT aHasork XuHosoHs! 2.302, conepxka-
1€ B MOJIOXKEHHH 7 3aMelleHHbIH LHKI0NPONUIbHbIH octaTok [290].
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[nasa 3

JPYTUE BHJbl BUOJOTMYECKOH
AKTHBHOCTH

B nocnennue nBa necsTUIETHS MHTEHCHBHO HCCJeAyeTcsl He TOJBKO
MHrUOMpOBaHHe OaKTepHalbHbIX (EePMEHTOB COENMHEHHAMH (DTOPXHHOJIO-
HOBOTO psifia, HO W MPOTHBOOMyxoJeBast [1], mporuBoBupycHas [2] (B ToMm
yucse B orHowenud BUY [3]), antunuaGeruueckas [4] u npyrue BHibI
[5, 6] akTHBHOCTH OH- M MOJULUKINYECKHX (TOPXHHOTOHOB.

3.1. PTOpPXMHOIOHBI, NPOSABIAIONNE IPOTUBOOMYX0JEBYIO
aKTUBHOCTb

Hexkoropble npescTaBuTenn cemMeiicTBa (hTOPXHHOJIOHOB HHIUOUPYIOT TO-
nonsomepasy Il — BaxHbIH (DepMEHT 1J1s OCYILECTBJEHHUS PEMIHKALUH —
¥ TepCeKTHBHBI /IS CO3aHust IPOTHBOOMYXOMEBEIX mpenaparos [7, 8, 9].
CaMbIM MHOTOYHC/IEHHEIM BUIOM (PTOPXUHONOHOB, NPOSIBIISIOLUX IPOTHBO-
OIyXO0JIEBYI0 aKTHBHOCTb, SIB/SIOTCS XHHOOeH30KcasuHel 3.1 [9-17].

a 0
F COH F COH
N N N N
0 0
HN - Hel R—=N
3.1a aea R

3.1: R’ =auerun, R=NO; (6), Me (), F (r); R’ =nopsamun, R=H (1)

Kak cnenyer us nanubix Taba. 3.1, xuHoGeH30KcasuH 3.1a npeBocxo-
JUT I10 aKTHBHOCTH B OTHOILUEHUHU HeKOTOprX OMYyXO0J/IEBBIX KJIETOK TaKue
NPOTHBOOMYX0JIEBblE Tpenaparsl Kak aipuaMHLUH, KaMITOTELHMH U 3TOMO-
sun [18].

Dbina uccllefoBaHa B3aHMOCBS3b NPUPOABI 3aMeCTHTeJel MPH aMHHO-
rpymme, B 6eH30KoMbLie coeuHeHuH 3.1-3.3 U crocoGHOCTH K MOJABJIEHHIO
pocta omyxoJieBbix kaetok (tabu. 3.2, 3.3) [12, 19-21]. Coennnenus 3.1,
3.2a, 6 uHruOUpYIOT He TOMbKO TomousoMepasy II, Ho u Tomousomepasy I
[18, 22, 23].
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Ta6auua 3.1

AkTHBHOCTD XMHOOEH30KCa3KMHa 3.1a B OTHOLIEHUH psana

OIyXO0JIeBbIX KJIETOK B CPAaBHEHWH C NPYTMMH MPOTHBOOIYXOJIEBbIMA areHTaMu

JIMHUK KJIeTOK

3uavenwus 1Csg in vitro, MkM

3.1a | Anpuamunus | Kamnrorenus | dronosusn
DU 145 (pak npocratbi) 0,2 1,57 3,20 29,79
HTC 116 (pak kumeunuxa) | 0,87 1,10 1,00 15,11
Hela (pax weiiku matku) | 2,33 3,09 1,08 18,24
MDA-MB231 (pax rpyan) | 4,34 1,39 4,16 16,25
HL-60 (nefikemust) 2,40 0,72 0,013 1,44
A -549 (pax nerkux) 1,3
HT-29 (pak kulueuHnka) 0,2
HTC-8 (pak kuieyHnka) 0,3
MCF-7 (pak rpyau) 0,7
A546 (pak rpymu) 0,7
P-388 (neiikemust) 0,05
8226/S (Muesoma) 0,3
Tabauna 3.2

LluToTOKCHYHOCTD in vitro xuHobeH3okcasnHoB 3.16—x1 (ICsp, MKM)

JInHus KneTok 3.16 | 3.18 | 3.1r | 3.1x | Anpuamuuus
AB549 (pak Jerkux uesoBeKa) 0,052 | 1,01 | 4,1 | 0,512 0,052
HCT-8 (pak kuIle4HHKaA YesioBeKa) 0,075 0,038
HT-29 (pax xuieunnka yesnosexa) | 0,078 | 0,64 | 0,21 0,091
P388-D1 (neiikemust Mbilieit) 0,011|0,65 | 0,11 | <0,05 0,016
Ta6auna 3.3

LIMTOTOKCHYHOCTD in vitro XuHOOeH30KcasuHoB 3.2r, a, 3.3 (ICso, MkM) [24]

JInuus Knetok 3.2r 3.21 3.3
HT-29 (pak kuweyH#HKa) 0,03 0,05 2,20
Dul4b (pak npocrarsl) 0,02 0,04 2,49
MiaPaCa (pak monske/yl04HO# Xee3bl) 0,01 0,02 2,31
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32a-n 33
3.2: R=Cl (a), NO; (6), OMe (r), OCH;-CH=CH; (n). 3.4: R = nupposiuans-

1-ua1, 1-MeTunnupposuaun-2-ui, Mopdoau-4-un; R’ = 3-amuxonuppoaunun-1-ua,
3-(nupasuH-2-1i) IUPPONUAKH-1-1a, 4-u3onponununepasus-1-mi

Awmuner 3.4 sddektusro nonasasior poct Kaetok HCT-116 (pak ku-
uieyHuka), sHaderus ICso cocrasasior 0,03-0,4 MmxM [13].

JlanbHeHIInM HampaBieHHeM MOIM(HMKALKH XHHOOeH30KCcasuHOB 3.1
ObLIO AHHEJUPOBAHKE JOTOJHHTEJBHBIX KOJEl K GeH30KCA3MHOBOMY (hpar-
MeHTY, B XOJ€ 3THX HCCJ/ef0BaHUH MosmyueHbl 6eH30- U JHOEH30MPOU3BO/-
ueie 3.5, 3.6.

g S s
35 3.6 O 37 O

JlaHHBIE [0 LUTOTOKCHYHOCTH MEHTALMKIMYECKHX W LIECTHUSIAEPHBIX
npousBopHbx 3.5, 3.6 mpexcrasiens B Tada. 3.4 u 3.5 [18, 25].
Ta6anna 3.4

AKTHBHOCTb NMEHTALUK/INYECKHX MPOU3BOAHBIX 3.5
B OTHOLUEHHH PSifla OMYXOJIEBbIX KJETOK

JIuHUK KJIeTOK 3uauenus ICsg in vitro, MkM

(S)-nzomep (R)-u3omep

B16 (menaHoma) 0,2 0,02
MDA-231 (pax rpyan) 0,08 0,005
H226 (pax nerkux) 0,03 0,01
HT-29 (pak kueuHrka) 0,05 0,03

DU 145 (pak npocraTbi) 0,06 0,03
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Ta6anua 3.5

AKTHBHOCTb LIECTHSIIEPHBIX MPOU3BOAHBIX 3.6
B OTHOLIEHHH HEKOTOPBIX OIYXOJEBBIX KJETOK

JlvHuY KJIEeTOK 3uauenus 1Csg in vitro, MkM

(S)-nsomep (R)-u3omep
MCF-7 (pax rpyau) 1,0 0,7
8226/S (Mmuesoma) 0,5 0,3

MovieKky IsIpHOH MULIEHbIO LIECTHSIEPHBIX (TOPXUHOMOHOB 3.6 sBisieT-
cs1 yuactrok JITHK, crocoGHbiit k oGpasoBanuio KBanpymiekca [26]. DBbi-
70 mokazaHo, 4o (R)-usomep 3.6 xapakTepusyeTcs CHJBHBIM CBSI3bIBa-
HueM ¢ G-KBaipyIMJIeKCOM M CJabbiM BJHAHHEM Ha Tornousomepasy II,
B TO BpeMsi Kak (S)-u3omep 3.6 — CHIBHBIM CBSI3BIBAHHEM C TONOH30MEpa-
3oit 1l u cnaGeim B3anmoneficTBreM ¢ G-kBagpymaekcom [15].

O neiictBun coenuHenusi 3.7 (mpenapara QQ58) — Gensodypo-
npousBofHoro 3.la — B KauecTBe HHTEPKANATOPA CBUAETEJbCTBYIOT
SMP-3kcnepumenTsl (puc. 3.1), a Takke faHHble pacuetos (puc. 3.2) [27].
[Tpenapar QQ58 uHruGupyer yesoBeueckyio Tesomepasy (ICs 28 mxM)
[28, 29]. CorsniacHo panHbIM HccaenoBanui [22, 27, 30], QQ58 B opranusme
npeBpallaeTcs B KBap(AOKCHH, KOTOPHIH cBsi3biBaetcs ¢ G-KBanpyrekca-
mu JJHK u nepemermaer HyKJeOTHH OT MecCTa ero 3akpelseHHs Ha fouep-
Hell HUTH.

[Monuspepusle GpropxuHonons 3.8—-3.12, comeprkaiuye aMUIAHbIH (par-
MeHT, 3({eKkTHBHO MHrHOHpywT poct Hela (pak wieliku MarTku), 3Haue-
nust ICso cocrasasior 0,1-0,2 MmkM [26, 31, 32].

[IpoTHBOONYXO0/IEBYI0 AKTHBHOCTb NPOSBHIM M JAPYTHe NOJHsSIEPHbIE
(TOPXUHOMOHBl —  (hTOpCOZepKALlMe MPOU3BOAHBIE OEH3a30J10TPHA3H-
HO|i,j]-aHHeIPOBAHHEIX XHHOJIOH-6-KapGoHOBbIX KucaoT 3.13 [33].

Y o]
F COOR"
| 3.13: X=S, Y=R=R'=R"=H
- N (a), X=NMe, Y=R=R'=H,
N /Ill R”=Et (6), X=NMe,
Y Y=R=R'=R"=H (8), X=NMe,
R X Y=R=R'=F, R"=H (r),
X=NMe, Y=R=F, R"=H,
R R’ = nuppuanans-1-un (n).
3.13a-n

HauGosnbinee npoTHBOONYX0JEBOE NEHCTBHE OKA3BIBAET XUHOJOHOMPO-
u3BogHoe 3.13r, YTO HarvIAAHO AEMOHCTPUPYIOT KpHBblEe MOAABJEHHS PO-
cra kjaerok (puc. 3.3). AHanu3 pgaHHbiX Tabi1. 3.6 moKasbiBaer, uTo
KOHLIEHTPALMH, NPH KOTOPBIX MPOMCXONUT MHIHOMPOBAHHE POCTA KJETOK
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Puc. 3.1. Mopenb  kommsekca Puc. 3.2 Mopeab KoMILIeKca
QQ58-IHK mo pamubiv °'P{'°F} QQ58-IHK coracHo pacueTy MeToioM
u BC{!°F} IMP skcnepumentos MCT
[0) (0]
F | E/\/R
R o™~y N

3.8: R, R'=nuppomuans-1-un, l-merunnupponuans-2-ua, Meo,NCHoCHs; 3.9:
R =Me;NCHyCHy, (Mopgosin-4-ni)-CHs, mupposnaus-1-un

Ha 50 % (Glsp) u rubesb 50 % kaerok (LCsp), MMEOT HauMeHblIHe
3HaueHHs B caydae coequnenus 3.13r. [l nojasieHust pocta KIeTOK aH-
HeJIUPOBaHHe K TPHA3HHOBOMY (hparMeHTy ocratka l-MeTH10eH3UMU1a30/1a
(coennnenns: 3.138, r) npeanouTHTENbHEE, YeM aHHEJIHPOBAHHE OEH30TH-
asonbHOrO ocrarka (coepnuenne 3.13a). Uem Gosblie aTOMOB BOIOpOAA
B 0€H30J/IbHBIX f/]paX XHHOJIHHOBOTO 1 6€H3a30/1bHOTO (PParMeHTOB 3aMellle-
HO Ha aTOMbI cl)Topa, TEM BbIllIe npomsoonyxonesoe }leﬁCTBHe NneHTaluK-
JIMYECKUX MPOU3BOAHBIX (Cp. akTHBHOCTD BetecTB 3.13a—B). KapGoHosbie
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o o]

O 31

3.10: R=(NH,)2C:NCHyCHs, nupposunun-1-ui, MesNCHyCHy; R’ = 3-amuno-

MUpPOTHAKH-1-1i,  okraruaponupposo[3,4-b]mupuana-6-ui1.  3.11: R =nup-

ponunuH-1-un,  1-metnanupponunuu-2-un,  MeyNCHoCHo,  Mopdosun-4-um;

MeyNCH,CHCHyCHoNH, R’ = 3-amunonupponuaun-1-un, (nupposiu-

nuH-1-u1) CHoCHoNH, (1-metunmupponunus-2-un)CHyCHoNH, oxrarunponuppo-
J10[3,4-b] nupuans-6-ui

Y
[}
0
N
R\/\N/\>_H
H 0]

3.12 O

3.12: R = I-meruanupponnnun-2-un, MesNCH,CHp

KHC0Th 3.138B, T [OJABISIOT POCT K/IETOK CHJIbHEE, YeM COOTBETCTBYIOLIHE
3THI0BbIe 3(Hpbl 3.136.

TecrupoBanue coenuHennst 3.134 mokasano, 4To BBeLeHHe MHUPPOJIH-
JHUHOBOTO CbpaI‘MeHTa B T0JIOXKEHHUE 1 TMeHTAUHKJIHYeCKOro HpOHSBO}lHOFO
3.13r npUBOIMT K POCTY MpOLEHTa THOeJH TOJBKO ABYX JHHHH OIy-
xonteBblX Kjetok — NCI-H460 u SF-268 (ra6s. 3.7). [last coenuHeHus
3.13x 6blno MpoBeNEHO HMcCae0BaHHe Ha KyJbrypax 60 JMHME pakoBbIX
KJeToK HeBATH rpynn. Kak BHAHO M3 JaHHBIX Taba. 3.7, CyLleCTBEHHOro
yBeJIHYEHHs] aKTHBHOCTH N0 cpaBHeHHIo ¢ 3.13r He Habuonaercs [34].

CoenvHenre 3.13r MPOTECTHPOBAHO B 3KCTEPUMEHTaX in vivo (MeTox
TOJIBIX BOJIOKOH M KCeHorpaduueckas Mofesb) [34].

Hexotopble TpuumkaHueckue [i,f]-aHHenupoBaHHbe (YTOPXUHOJIOHBI
NPOSIBASIOT TPOTHBOOMYX0JIEBYI0 aKTHBHOCTb, B YAaCTHOCTH IPOH3BOLHBIE
neBodokcannna 3.14, comepxaluye B TOJOXKEHHH 3 JHIO(UIIbHBIA
¢parment [35]. HanGosbiuylo akTHBHOCTb B OTHOLIEHHH T[IHOGIACTOMBI
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Ta6auna 3.6

HpOTHBOOHyXOJ’IeBaH AKTHBHOCTb U OCTpasg TOKCHYHOCTb
TNeHTalMKIHYeCKHX (pTOpXHHOMOHOB 3.13a—]

1g(GIs) 3.13a | 3.136 | 3.138 | 3.13r | 3.13x
Jlelikemus —4,33 | —4,06 | —6,24 | —6,08 | —5,91
Pak nerkux (Non-Small Cell) | —4,23 | —4,19 | —6,51 | —5,66 | —5,73
Pak T0/ICTOr0 KHILEUHHKA —4,00 | —4,09 | —5,84 | —6,14 | —5,71
Pak CNS —4,04| —4,16 | 5,79 | —5,51 | —5,65
Menanoma —4,03| —4,04 | 5,52 | —5,85 | —5,71
Pax Au4HMKOB —4,12 | —4,18 | —5,37 | —5,67 | —5,67
Pax nouek —4.20| —4,04 | =598 | —5,76 | —5,83
Pak npencrarenbHoii xenessl | —4,00 | —4,00 | —5,66 | —5,73 | 5,71
Pak Mo/I0uHO# XKesesbl —4,00 | —4,11 | =5,20 | —5,80 | —5,70
Cpennee snayenue 1g(Gls) | —4,12 | —4,10| 5,71 | —5,81 | —5,73
Cpennee 3nauenne 1g(TG1) | —4,00 | —4,00 | —4,55 | —5,23 | —5,13
Cpennee snayenue 1g(LCso) | —4,00 | —4,00 | —4,14 | —4,67 | —4,48

SK-MEL-5 (menanoma) OVCAR-8 (pak siM4HHKOB)
s 150 s
g . 100 ]
g 90 &
= o T
a5 0 5l
S =
2 -0 2
= —100 =

Lg MossipHO# KOHLeHTpaLHH Lg MOMSIPHOH KOHLeHTPALUH

——  3.13a —— 3.136
—s— 3138 —— 3.13¢

Puc. 3.3. KpuBble nonasieHus pocta KJAeToK AJsi NeHTALUKIHUECKHX MPOU3BOAHBIX
3.13a-r

nokasan spup 3.14a (ra6n. 3.8). Kpome Ttoro, wuccnemoBaHa mpo-
THBOOIYX0JeBass aKTUBHOCTb MPOM3BOIHBIX JeBoguokcaunHa 3.15,
colepKaluX GeH3THA30/IbHbIA (PparMeHT BMECTO KapGOKCHJIbHON IPYIIbI
(taba. 3.9) [35].

Tpuunkauyeckuii (GropxuHoson 3.16 ob1anaeT aKTHBHOCTbIO B OT-
HowreHnn omyxoseBbix kaetok KB u P388 [36]. IlporuBoomyxosesast
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Tabauua 3.7

[TpoleHTbl pocTa TpexX JMHUE KJETOK MPH KOHLEHTpALUH 107 mous/a
105 coenuHenui 3.13r, a

c NCI-H460 MCF7 SF-268
OeluHeHHe
(paK Jierkux) (pak rpyan) (pak LIHC)

3.131 —86 —62 -92
3.13r —65 -97 —77

] |

F | 2 F s

(\N N (\N
_N 0

Me \) \/kMe Me/N O\)\Me sisd

3

.14

3.14: R=0CH20C(0)C, Hy; (a),
R=

OCHQOC(O)C17H35 (6), NHCsHl? (B); 3.15:
H (a), NO; (6)
Tab6auuma 3.8

AKTHBHOCTb NMPOM3BOAHBIX JeBoGiIoKcalHa 3.14
B OTHOLLIEHHH HEKOTOPBIX OMyXOJIEBBIX KJETOK

3uavenus 1Csg in vitro, MKM
Coemn- | U373-MG
HeHue A549 (pax | PC-3 (pak | LoVo (pak MCF-7
(ratuo-
Gnacrona) JIETKMX) | IpoCTathl) | KuiledyHkKa) | (pak rpyau)
Jlesopaok- | g 70 238 67 622

CalKH

3.14a 0,2 65 86 0,3 0,3

3.146 0,9 593 100 4 12

3.148 2,3 2,2 1,5 0,8 2,1
aKTHBHOCTb  (DTOPCOZEPKAIIMX  MPOW3BOAHEIX  1,3,4-o0kca(Tua)1nasu-
H0(6,5,4-i,j]xuH0J0H-6-KapboHoBbIX  KMeaor  3.17,  3.18  wm3ywanmach

B Hauuonanshom wuncrutyte paka (CIIA) na xyaprypax 60 snmmmit
PaKOBBIX KJETOK NEBSITH IPYII, TAKMX Kak JefKeMHsi, paK Jerkhx, pak
TOJICTOrO KHleyHrka, pak CNS, MesaHoMa, pak SUYHUKOB, PakK MOYEK, pak
Tpe/CTaTeIbHON XKeJle3bl, pak MOJIouHOH xkeJsesbl (tabm. 3.10) [33, 34].

B pﬂlly THaJHWa3WMHOXHWHOJOHOB 00JIbllI0E BJIHSIHUE Ha HpOTl/IBOOHyXO-
JIeBYI0 aKTHBHOCTb OKa3blBaeT 3aMellleHHe atoma (ropa Ha (apmaxodop-
uelii pparmert N,N-mumerns-1,3-nuamusonponana (coepuuenns 3.18a
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Ta6auna 3.9

AKTHBHOCTb MPOU3BOAHBIX JieBo(ioKcalnHa 3.15 B OTHOLIEHHH
HEKOTOPBIX OMyX0JIeBbIX K/eToK (3Hauenus ICso in vitro, MkM)

JInHUS KneTok 3.15a 3.156
KB (kapuuHoMa KoxH) 60,2 0,6
A2780 (kapurHOMa SIMYHHKOB) 26,6 1,2
Bel7402 (kapuuHoMa neveHu) 92,2 2,0
PC-3 (pak mpocraTbr) - 9,9
A549 (pak Jerkux) — >10
MCF-7 (pak rpyau) — >10
o FEOO Yy 0
F CO,H F:Q:\ﬁ/coom F COOR"
|
O 0 ) ' ! ) s E

=

3.18a-1

Me” 0N
3.17a, 6

3.16 Z3

X

F
3.17. X=C-NO, (a), N (6); 3.188 R'=Et, Y=R'=F (a),
Y=R'=Me;N(CHy);NH (6), Y=H, R'=F (8); R"=H, Y=H, R'=F (1),
Y=R'=F (1)

-

Ta6auma 3.10

[TpOLEHTE PocTa TPeX JIHHHI KieToK mpH Koruertpauun 10~ mosb/m
s coequuenu 3.17, 3.18

C NCI-H460 MCF7 SF-268
OejliHeHHe
(paK Jerknx) (pak rpyau) (pak LIHC)
3.17a —62 —87 —50
3.176 73 -33 —11
3.18a —45 —86 -30
3.186 —71 -91 -95

1 3.186). B cayuae coenunenns 3.186 nocturaercs npakTHUeCKH MOMHast
rubenb (6omee 90 %) omyxoneBbix kaetok MCF7 u SF-268. B psany
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coenuHennit 3.18a, B, T, A Hanuyde atoma (rTopa B NONOXKeHHH § ycu-
JIMBAeT MpoLece MOAaBIeHHs pocta KaeTok (puc. 3.4, coenuuenust 3.18a,
3.18x). Cuenyer Takke OTMETHTH IOBOJIBHO BHICOKYIO aKTHBHOCTB COEMH-
Henust 3.18a B oTHOweHHH Jeiikemun [33, 34].

MOLT-4 (nefikemus) OVCAR-8 (pak siuHHKOB)
s 150 . . . s 150 . . .
o 13
o i=}
a. a
= =
= T
[ ()
= =
o o
[} (=%
: : 7100 1 1 1
-8 -7 -6 -5 —4 -8 -7 -6 -5 —4
Lg MosisipHO# KOHLEHTpauun Lg MoJIsIpHO# KOHLeHTpaLHK

——  3.18a —— 3.18s

—0— 3.182 —— 3.180

Puc. 3.4. Kpusble nopaBieHust pocta KJETOK 1/ THaJHa3HHOXHHO/OHOB 3.18

ClleflyeT OTMEHHTb, YTO MPOTHBOOMYXOJEBbIM JeficTBHEM 00MafaloT
He TOJBKO [i,f]-aHHeJMpOBaHHble (TOPXMHOMOHBI, HO H MOJMLHMK/IHUe-
CKHe (DTOPXMHOJIOHEI, B KOTODBIX JIOMOJHHUTE/JbHBIH LKA aHHEIMPOBaH
no [c]- mau [h]-rpansM. MccsenoBaHue MPOTHBOOMYXO/MEBOH aKTHBHO-
cti 5-uukionponui-6,8-gudrop-7-(2,6-gumerni-4-nupununun)-5H-nupa-
3on10[4,3-c]-xunonunu-3(2H)-onos 3.19 mnokasano, uro Haubosee 3hpex-
TUBHBIMH HMHrHGUTOpamMu Torousomepasbl 11 kmerok Hela (pak wwieiiku
MaTKH) SBJAIOTCS NpousBopHble 3.19K, p, comepkallue LHUKJIOTeKCH/Ib-
HYI0 TPYNNY B MOJOXEHHH 2; HaWJydllhe IaHHbE 10 LUTOTOKCHYHOCTH
B OTHOWIEHHH KjeTok P388 (JeiikeMus) mokasao AMMETHIAMUHOLKMKJIO-
rekcusbHoe npoussofHoe 3.191 (raba. 3.11) [37]. 6-Prop-4-oxkcomupu-
10[2,3-a]kapbasosi-3-kap6oHoBuie KucaoTsl 3.20 uurudupyior MCF-7 (pak
rpyan) u A549 (pak serkux), snauenue 1Cso (MCF-7) mast coenunenus
3.206 cocrasnster 0,8 MKM, uTo B 1Ba pasa mpeBblllaeT aKTHBHOCTb
npenapara saaMnTULHHE [38].

3.20: R=0OMe, R'=Me (a), R=F, R'=H (6)
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Ta6auna 3.11

HWurubuposanue tonousomepassl II kietok HelLa u uuroTokcH4HOCTD
B oTHOWeHnH P388 nupasosnoxuHonuHOB 3.19

3uavenne ECs LIIEITOT(;KCMHHOCTb
B OTHOILEHHH 1Cs50) B oTHO-
Coer. R Tononsomepassl 11 menun P388
kaerok HelLa, MkM in vitro, MKM
3.19a H 11 79
3.196 Me 5,9 3,1
3.198 CHyCO,Et 6,1 5,1
3.19r CH,COOH 10 >200
3.19x CH,CH,OH 6,4 2,0
3.19¢ (CHy)2NMe, 2,6 0,26
3.19x (CHs)sNMe, 1,7 0,16
3.193 (CHz)gNH(CHz)QOH 3,3 1,3
3.19u Ph 2,7 1,8
3.19x LUKJIOT€KCHIT 09 0,68
3.19a CH(CH,CH,),CHMe 3,1 1,4
3.19m CH(CH,CH,),0 1,7 0,29
3.191 CH(CH2CHy):NMe 3,2 0,094
3.190 | CH(CH,CH,);CHNHCOMe 74 1.3
(yuc) ' '
3.19n CH(CHgCHg)zCHNHCOMe 98 1.2
' (mpanc) ’ ’
3.19p CH(CH2CH,);CHNH, 0,5 0,44
(yuc)
3.19¢ CH(CH,CH,);CHNH, 49 15
(mpanc) ’ ’
3.197 | CH(CH:CH:);CHNMe, 1,7 0,067
(yuc)
3‘19), CH(CHchz)QCHNMeQ 4.4 0.26
(mpanc) ’ !
1-Lluknonponu-6,8-xudrop-7-(2,6-
uMeTHA-4-nupuauHmT)-4H-4- 7,6 29
OKCOXHHOJIUH-3-KapOoHOBast KHCJI0Ta
1-Lluknonponu-6,8-xudrop-7-(2,6-
JUMETHII-4-THPHLMHAI)- 17 15
4H-XnuHo/HH-4-0H
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Jlanee paccMOTPHM OHUMK/IHYECKHe (TOPXHHOJIOHBI, MOAABJISIOLIHE
POCT OMNyXOJeBbIX KJeTOK. BBenenue B mosoeHHe 1 (TOPXHHOIOHOB
ocratka muppoJsio[2,1-c|[1,4]6eH3onuasennna — (parmeHTa MPUPOAHBIX
HU3KOMOJIEKYJISIPHBIX [IPOTHBOOIMYXO/IEBBIX ar€HTOB — MO03BOJHIO TIOMY-
unTh coefuHeHHs 3.21, aKTHBHOCTb in vitro KOTODBIX IMpeiCTaBJeHa
B Ta6s1. 3.12 [39].

0 0
F | OR' o
2 Mo )Ng
n=1-3 I\[\’]../\o N
321

3.21:n=1(a), 2 (6), 3 (8)

Tabanua 3.12

npOL{eHTH HHI‘HﬁVIpOBaHHH pocTa HEKOTOPbIX JIMHUH KJIETOK
4 o
npu KoHueHTpauun 107" Moab/n anst coenunennii 3.216, B

JIMHUH KJIeTOK 3.216 3.218
HT-29 (pak kuleyHHKa) 7 79
A549 (pak Jierkux) 78 79
HOP-62 (pak Jnerkux) 21 —
SiHa (pak weiikn MaTku) 49 43

[TpousBoaHble 1-(heHUI3aMelleHHBIX (TOPXHHOMOHOB 3.22 MOAABJSIOT
poct knetok Colo205 (kapuuHoma KuiueyHnKa), 3Haderus [Csp cocTaBisior
2-20 1M [40].

F. COOH

322

3.22: X, Y=CH, N, C-CONH,; Z=CH, N; R’ = nuppouaus-1-u1, 2,5-1umeTu-
3-mupposns-1-ui, N(OMe)Me; R2=H, Et
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3-BeHsumunasonbHoe npousBogHoe 3.23, MOJyyeHHOE HarpeBaHHeM
HOp(JIOKCAlMHA ¢ O-(peHHUIeHAHAMUHOM B MOJMH(OCHOPHOH KHUCIIOTE, a TaK-
Ke Psifi €er0 aHaJoroB, B TOM YHCIe [i,f]-0Kca3HHO-aHHEUPOBAHHEIX, [I01aB-
JSI0T pocT omyxoJeBbix knetok KB, A2780 u Bel7404 [41]. Coenunenne
3.24, npexncrassiolee co60i ruOPUL 8-IaBOHYKCYCHON KHCIOTBI M XH-
HOJIOHA, aKTHBHO B OTHOMIeHHH JuHui Kaetok CX-1 (ICs 2,0- 107> M)
u LX-1 (ICsp 2,9 - 107> M) [42]. UcetenoBana NpoTHBOOMYX0/IeBas aKTHB-
HOCTb MPOM3BOAHBIX LHMNpodIoKcaluHa 3.25, coepKalikx 3aMecTHTeNb
B T0JIOXKEHHH 4 IHIepasuHOBOTO ()parMeHTa, HaHJyullHe Pe3y/IbTaThl I10-
Kasajio coequHenue 3.258 (taba. 3.13) [25].

3.25: R=H (a), COCH,CI (6), CO(CH,)sCHj (8)

Ta6nuna 3.13

3nauenust ICso (MKkM) st Ipou3BoAHbIX LMMpodioKcaurHa 3.25

JIMHUK KJIETOK Lunpoduokcauut (3.25a) | 3.256 | 3.258
PC-3 (pak npocratbi) 143 8 4
U373-MG (rnuoGnactoma) 96 4 5
LoVo (pak KulueyHHKa) 89 17 7
A549 (pak sterkux) 280 10 3
MCF-7 (pak rpyau) 476 23 20

HcenenoBanne B3aHMOCBSI3H CTPYKTYpa—aKTHBHOCTb B psify 1-(2-THaso-
auan)-6-¢rop-1,4-nuruapo-4-oxkco-1,8-HadTHpUIHH-3-KapOOHOBBIX  KHCJIOT
3.26 [43-45] nokasano, 4TO BBeJEHHE 3aMECTHTe/ed B THA30JbHOE
KOJBbIO CHHKAeT aKTHUBHOCTb, 6,8-1H(QTOPXMHOMMHOBbIE MPOH3BOLHBIE
MeHee aKTHBHBI, YeM coOTBeTcTBywolKe 1,8-HaQTHPHAHHOBbIE, 3-aMHHO-
MUPPOJIMAMHOBBIH 3aMeCTHTe/b ONTHMAaJeH s MPOSBJEHHS aKTHBHOCTH.
Jlaunple mo axkTHBHOCTH 3.26a, 6 B CpaBHEHMM C TperapaToM 3TOMO3MJ
npejcTaBieHsl B Tabs. 3.14.
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HZN—‘C HCl
N

N7 s
R' \_/
3.26

3.26: R=R'=H (a); R=H, R"=0Me (6); R=Me, R'=H (8)

Tabauua 3.14

AxruBHocTs 1-(2-Tnaszonun)-1,8-nadrupuantos 3.26 B orHOweHHK
HEKOTOPBIX OMyX0J/eBbIX K/eToK (3Hauenus ICsg in vitro, MkM)

JInuus Knetok 3.26a | 3.260 | aTomo3up
G-361 (menaHoma) 0,39 0,4 0,28
AZ-521 (pak poTOBOM MOJIOCTH) 0,35 0,58 0,08
HT-29 (pak kuweuHnka) 1,2 2,1 1,3
A-427 (pak Jerkux) 0,22 0,42 0,095
SK-OV-3 (pak sinuHuKOB) 0,93 1,1 0,95
SCaBER (pak moueBoro nysbipsi) | 0,34 0,78 0,31

OG aKTHBHOCTH aMHOB 7-3aMelleHHbIX 1-(2-THasonun)- u 1-(2-0eHs-
THa30/11.1)- |, 8-Hap THPHANH-4-0H-3-KapOOHOBBIX KHUCJIOT COOOLIAeTCst B pa-
dore [46]. Irunosbiii a¢up 1-(4-umawo-2,3,5,6-rerpadroppenni)-6,7,8-
TpU(pTOP-4-0KCO- 1 ,4- IUrHAPOXHHOMMH-3-KaPOOHOBOH KHUCIOTE MHTUOUPYET
(ocdopunnposanue akruaropa TpaHckpunuuu STAT3 (snauenue ECs
cocrasasier 170 HM), 4To HrpaeT BaxHYIO poJib 1Js Tepamuu paka [47].

3.2. ®PTOpPXMHOMOHBI, MPOSABIASIOMKE
TyOepKYJOCTaTHYeCKYI0 aKTUBHOCTD

DropxuHononsl uHruoupytor JHK-rupasy MukoGakTepuit W uMewT
CYLLECTBEHHOE 3HAueHHe I Tepaluy pPHU(paMIHH-PE3UCTEHTHOrO Tybep-
Ky/e3a [48-52]. 3HaueHus: MUHUMANbHBIX HHTHOHPYIOLIMX KOHLEHTPALHH
M3BECTHBIX XMHOJIOHOB B OTHOWeHUH M. tuberculosis cocrasasior ot 0,12
1o 128 mxr/ma (ta6a. 3.15) [53, 54].

3HauuTe bHOE BHUMaHHE y/eJsieTcsl HCCIIeNOBAHUIO NOJaBIeHHs pocTa
PE3UCTEHTHBIX IITAMMOB MHKoOGakTepuil (ropxuHoJOHaMH. Tak, 3Haye-
Hus MIC90 neBodpiokcalliHa B OTHOLIEHHH MYJbTHPE3UCTEHTHbIX LITAM-
MoB M. tuberculosis coctaBnser 6,25 MKI/MJ, B OTHOLIEHHH JIeBO-
(JIOKCALMH-YYBCTBUTEIbHBIX wwTaMMOB M. tuberculosis 0,78 wmxr/mi,
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Ta6anua 3.15

Ty6epkynocratnyeckas akTHBHOCTb M3BECTHBIX XHHOJIOHOB

XUHOJI0H MIC, mKr/ma XUHOJIOH MIC, mKr/ma
Cnapdiokcaumt 0,25 TpoBadokcalu 16
Curaduiokcal 0,25 I'penaduiokcauun 1
Kimnagokcauns 0,5 [Medpokcaunnu 8
Taruduiokcauuu 0,12 Tosydaokcaunt 16
Llunpociiokcatut 0,5 Temadiokcalu 4
Moxkcueiiokcauus 0,5 Drepokcarnn 6,25
JleBooKcaLuH 0,5 DHOKCalKH 8
Oduokcanus 1 OKco/THOBast KHCJI0Ta 32
Temudiiokcanns 4 Daymexun 64
[apeHoKcaluH 2 [TunemuaneBast KueaoTa 128
Hopdaokcauun 4 Hanupukcosas Kuciora 128

JeBo(JIOKCAlNH-pe3ucTeHTHBIX M. fuberculosis 12,5 wmkr/mu, M. avium
25 mkr/ma, M. intracellulare 25 mxr/ma [55].

BaXHEIM HampaBJeHHeM CO31aHHs (TOPXHHOJNOHOB, aKTHBHEIX B OT-
HOIIEHHH MHUKOOaKTepuil TyGepKyJesa, sIB/seTcs BBeJeHHe OCTATKOB H30-
HHA3MJa W NUPasHHAMMIA B NHUIEPa3sHHOBBIH (parMeHT B MOJIOKEHHH 7.
1-Tper-Oytunsamelentsle (GropxuHononsl 3.27 u 1-1-umkionponum-5-
aMMHO(TOPXHHOJIOHB! 3.28 NpOSAB/SIOT BBICOKYIO aKTHBHOCTb K M. fu-
berculosis in vivo (B onbitax Ha Mbiwax Swiss albino) [56]. MuHu-
MaJibHble MHTHOMpYIOLIMe KOHLEHTpalHH B oTHoweHun M. fuberculosis
H37Rv coctaBasior 3,13 Mkr/ma ans coeaunends 3.29a u 0,78 Mkr/mia
1715 coenunenust 3.296 [57]. JanHble Ty6epKy/n0CTaTHUYECKO! aKTHBHOCTH

NH, 0 0
g | OH F | OH
(\N N MBY\N N
R\/N\) Mc—I—Mc R \/N j) F A
327 Me Me 328

3.27, 3.28: R = (mupunun-4-u1)-C(O)NHN = C(Me) (a),
(nupasus-2-u1)-C(O)NHCH, (6)

16 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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X1HOMOHOB 3.30, conepKallixX OCTaTKH TMIPa3HIOB 3aMelleHHbIX OeH30M-
HBIX KHCJIOT — H30CTEPOB M30HHA3MAa — MpeacTaBiaeHsl B Tada. 3.16 [58].

329 330

3.29: (nupupun-4-un)-C(O)NH (a), (nupasun-2-un)-C (O) (6)

Ta6auua 3.16

TyG6epkynocraTnyeckasi akTHBHOCTb (PTOPXHHOMOHOB 3.30,
cofepXKalluX TMapPa3oHoBbIH (hparmeHT

MIC, mkr/ma
RO x|y | e |
Hs7Rv ATCC 27294 A;‘? 241

uukaonporua | H | CF3 1 0,5
uukmaonponua | CFs | H 2 0,5
upkaonponua | H F 1 0,5
uukjonponus | F H 1 0,5

Et H |CF; 5 5

Et F | H 6 5

1-Lluknonponui-8-metokcuxuHoonsl 3.31, 3.32 nposiBUIH aKTHB-
HOCTb B OTHOUIEeHHUH M. tuberculosis, ero MyJbTHPE3UCTEHTHOrO LITAMMa,
a rakxe M. smegmatis (tabu. 3.17) [59].

Y (o] o} Y [o] [}

COLO Ll QOO
331 O .

MeO

3.31, 3.32: Y=H (a), NO; (6), NH2 (8)
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Tabauua 3.17

TyGepkynocraTiueckass akTHBHOCTb
1-1mktonponu.-8-MeTokcHpropxuHoionos 3.31, 3.32

MuHuManbHas MHrHOUpYIOLas KOHUEHTpauus, MKM
Coenunetne | M. tuberculosis MyﬂbTHpeSMCTETHb{ﬁ' M. smegmatis
wramm M. tuberculosis
3.31a 1,57 1,57 3,15
3.316 0,35 0,35 1,44
3.318 3,06 - 6,13
3.32a 1,46 1,46 2,93
3.326 0,16 0,33 0,68
3.328 2,85 2,85 5,72

[TpousBogtoe 3.33 o6snanaer NPOTHBOTYOEPKYJIe3HOH aKTHBHOCTBIO
B oTHowenun Meningitis tuberculosis H37Rv [60]. 1-[(6'-Drop-1',4’-nu-
runpo-7-(4"-merna-1"-nunepasuuua)-1’-atun-4'-okco-3'-xuHoNMAaAMU 10) -
3-umnHoMernn)-prudpamuinn SV 3.34 obnagaer TyGepKyJI0CTATHIECKOH aK-
THBHOCTBIO [61].

333

DTOPXHUHOJIOHEI, COLEpKALIHE B TMONOKEHHH 7 3-meTni-3-(l-amuHo-
3TUJI) IMKJIOTEeHTUIIbHBIH U 3-(1-aMHHOIIPOIHI) LMKIONEHTHABbHBIA OCTaTKH,
aktuBHel K M. fortuitum [62].

N-(4-Amuno-2-drop)penubrsle npoussogusie 3.35 (R =H, Me) unru-
oupyior poct M. tuberculosis [63). BBenenue B cTpyKTypy (GTOPXHHOIOHOB
0CTAaTKOB aMHHO3(MPOB UJH MOJHITHIEHAMUHO-TIOLAHIOBLIX (hparMeHTOB,
MPUAAIOLIHX COCOGHOCTb K POHHKHOBEHHIO Yepe3 KJIeTouHble MeMOpaHbl,
NpUBeN0 K CO3JaHMIO mpousBoxHele 3.36, obmajgalomyx crenHguIecKol
AKTHBHOCTBIO B OTHOLIEHHH MHKOGAKTEPHH M HHU3KOH TOKCHUHOCTBIO [64].
TyGepxynocratnyeckast aktuHocTh npousBonsix 3.36 (R=H; X, Y=0;
n =4) B nATh pa3 BhILlle, YeM aKTHBHOCTb rneiokcannHa [64].

16*
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©/ N X\-e/ N

F
Y X
-/ N
3.36

3.36: Y, X=0, NH; R=H, Et; n =0-4

B psiny 6enstuasono[3,2-a]-xuHosioH-6-kapGoHoBbix kuciaot 3.37, 3.38
OblM BBISIBJIEHB COEIMHEHHS C BLICOKOH TYOepKYJI0CTaTHUECKOH aKTHBHO-

ctbio (Taba. 3.18) [65].

O (0]
F COOH . COOH
RY N N | |
S

1O oo,

R O,
'S S
337 Mecl H

3.37: Rumme wma-1-un, R =R*=H (a); R' 74 C]C6H4 R’=0H, R®*=H
(6); R'=R*=H, R*=Et2NC(0) (8); R*=H, R!, R* = OCH,CH,0 (r)

Ta6auna 3.18

TyGepkynocTaTudeckast aKTHBHOCTb GeH3THa30/10(3,2-a]-aHHeJMPOBAHHEIX
¢ropxuHosoHos 3.37, 3.38

MunumasbHas ]/IH]']/I6I/IpyK)LLIaH KOHLEHTpaLus, MKI'/MJI

.| MysbTHpe3HCcTeHTHBIH M. smegmatis

Coennene | M. tuberculosis LLITa)]]\’IM MPT tuberculosis* ATCC ?4468
3.37a 0,39 0,19 6,53
3.376 0,36 0,36 2,98
3.378 0,18 0,08 3,15
3.37r 0,86 0,86 6,89
3.38 0,37 0,18 6,14

* KnuHuuecKuii wTaMM, pesuCTeHTHbIH K H30HWa3uay, pudaMIuLuHy, STamMoy-
TOMy U O(JIOKCALHHY
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OdioKcaliH U ero aHa/lord MepcrneKTHBHb He TOJIBKO B KauecTBe aH-
THOAKTepHa/bHBIX areHTOB, HO U sl JiedeHus TyOepKysesa. Odiiokcalyu
npu no3e 300-800 mr u neBodhIOKCaLMH (1€BOBPAILAIOLIUH H30MepP 0(JIOK-
cauuna) npu no3e 250-500 mr B feHb B KOMOMHALMH C TAKMMU areHTaMH
KaK n-aMHHOCAJMLUI0BAs KHC/IOTA, LIHKIOCEPHH, STHOHAMU] 3(Q(PEeKTHBHBI
JJIS JJe4eHus MyJ'[bTI/Ipe3I/ICTeHTHOTO K J'IeKapCTBeHHbIM npenapaTaM Ty6ep-
Ky/esa. [Ipy Hcro/sb30BaHHH THX (PTOPXHHOJIOHOB JOCTHIAeTCs BHICOKAs
KOHIIEHTPALUSl B KJeTKaX TOCTS, UTO IOBbIIIAeT MX aHTHOAKTePHATbHYIO
aKTUBHOCTb [56].

Bbicoko#i TyGepKy/10CcTaTHYeCKOH aKTHBHOCTBIO 00JaAaT MPOU3BOA-
Hble odaiokcanuHa 3.39-3.41, conepxaliyie HUTPOrPYIY B MOJ0XKEHHH 8
(ta6a. 3.19) [66].

Me

Ta6nuna 3.19
TyGepxynocratnueckast akTHBHOCTb 10-3aMelLleHHBIX
9-¢rop-8-uurpo-2,3-auruapo-3-mMetu.-7-okco-7H-[1,4]-
0KCasuHo[2,3,4-i,j] xuHonnH-6-kap6oHoBEIX KucaoT 3.39-3.41
3nauenus MIC99, mMkr/ma

MyunbrupesuctentHblil | M. smegmatis
wramm M. tuberculosis | ATCC 14468

Coennnenne | M. tuberculosis

3.39 0,80 1,60 3,21
3.40 0,21 0,09 3,47
3.41 0,19 0,09 6,61

Ananus naHHBIX 1O TYGepKYJIOCTATHYECKOH AKTHBHOCTH OKCaiuasH-
HOXMHOMMHOB 3.42 ¥ THaAMa3HHOXMHOJMHOB 3.18 mokasan, uto cpemu
OKCa/lMa3MHOXHHOJIMHOB coeflHeHHe 3.420, umeroliee HUTPO(EHHUJIbHbIHA
OCTAaTOK B IIOJI02K€HHWH 2, l'[pOﬂBl/I.}'lO HEeCKOJIbKO 60J'IbLLIy}O AKTHUBHOCTb 110
CPaBHEHHIO C MUPUNI-4-HII-3aMelLleHHBIMK TPOU3BOAHBIMK. B psiy THayu-
A3UHOXMHOJMHOB 3.18 HanGosiee aKTHUBHBLIMM B OTHOLIEHMM MHKOOAKTEepHH
TyGepKyaesa okasanuch coeiuHeHusi 3.18r, x. Ilpu 3ameHe Bogopona
B moJiokeHuu 8 Ha F akTHBHOCTB cyuiecTBeHHO cHixaercs (3.18x), 3a-
MellleHHe aToMa (hTopa B 3TOM M0JOXEHHH Ha MOP(OJHH BHOBb MPHBOAMT
K TOBBILIEHHIO TyGepKy/iocTaThueckoil aktiBHOCTH (3.18k) (raba. 3.20)
(67, 68].
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0
R' 0
R’ N ) l
) R’
0N
Z 3422-8
NS
X7 R

TyGepkynocTaTnueckasi akTHBHOCTb TPHLHMK/IMYECKHX (hTOPXHHO/OHOB 3.18,
3.42 B otHowenuy wramma M. fuberculosis H37RV B onwitax in vitro

©»
Z-Z

-

3.18r-n

-

Ta6auna 3.20

MuHumalbHast
Coenu- R R! R? X HHTHOUpYIOLLast
HeHHe KOHLEHTpALHUs,
MKI/MJT
3.42a | H Et F N 0,6
3.426 | NO, H F CH 0,2
3428 | H H nupposuaus-1-un | CH 0,4
3.18r | — H F — 0,2
3.181 | — F F — 1,6
3.18¢ | — H MUPPOMUAKH-1-HT | — 1,6
3.8k | — H MopdosuH-4-un | — 0,2
3.18 | — H 4-37T0KCHKApOOHUA- | 0.4
nunepasuH-1-uin
3.18u | — | 4-MeTHANHUNEPHIHH F — 1,6
3.18k | — MoposHH-4-1a MOpPdOTHH-4-1a — 0,3
3.181 | — 4-5TOKCHKAPOOHUI- | 4-9TOKCHKAPOOHU- | 0.8
nHnepasuH-1-ui nunepasuH-1-ui
Wsonuasng 0,15

3.3. PTOPXUHOJOHBI, NPOSBJISAIONLIYE POTUBOBUPYCHYIO
aKTHBHOCTb

®ropxunononsr 3.43, 3.44, comepxaluye (TPHa30JIHJIMETH)(PEHUIb-
HbIHl (DparMeHT B NOJIOKEHHH | W apuJIbHBIA OCTATOK B MOJIOKEHHH 4 nu-
nepasuHa, sauwuiaor BUY-uHpHIpoBaHHbIE KIETKH OT BUPYC-HHAY-
LIMPOBAHHOTO Pa3pylleHHs ¥ MpPeACcTaBasioT co00H JeficTBeHHble CpeiCcTBa
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L7151 JleueHHs: ¥ IPOUIaKTHKH GoJe3Hell, BbI3BaHHBIX peTpoBHupycamu BUY
(raban. 3.21) [69].

0
Fa COOH @
| ) | F | N | COOH
(\N X7 N _
LJ Y
R /N\) _
R N=Y,
Iz
N
343 N 344
1y
A=y

Ta6auna 3.21

AKTHBHOCTb XHHOJIOHKApGOHOBBIX KHeaoT 3.43, 3.44
B OTHOILEHWH BHpyCa I/IMMyHO}leq]HLU/ITa yeJioBeKa

Coemunenve | Y | Z | A | X R 1Cs0, MKM
3.43a N |CH|CH| CH | 3-CIC¢H4 0,7
3.436 N |CH|CH|CH CgHs 0,2

3.438 N |CH|CH| N | 3-CIC¢Hy 0,4
3.43r CH|CH| N | CH| 3-CICgHy 0,7
3.43n CH| N |CH|CH CeHs 0,25
3.43e CH| N |CH| N CgHs 0,5
3.43x |CH| N |[CH| N | 4-FC¢H,4 0,2
3.433 CH| N |CH|C-F|2-EtOCsHy 0,7
3.44a N |CH| — | CH| 3-CIC¢H4 0,7
3.440 CH| N | — | N | 4-CICsH,4 0,6

dropxuHosonsl 3.45, conepxkauiye 4-(2-mupuani)-1-nunepasuHOBbIA
(parMeHT B TOJIOXKEHHH 7, MHIHOMPYIOT 0OpaTHYIO TPAaHCKPHUNTA3y BH-
pyca uMMyHogeduuuta yesnoBeka Ttuna [. 3uauenus ECjyp cocraBnasioT
7,5 MKkM 1na 3.45a, 5 MkM gas 3.456, 1,3 MM s 3.45B, nas Uu-
npodiokcannsa 100 mxM [70]. 8- Audropmerokcrxunonons 3.46 [71-73]
i 8-TprudpropmeTHikap6oHOBEle KHCIOTH 3.47 [74-76] unruGupyior pe-
navkauuio BHY-1, snauenus ECsp nas xucior 3.46 mpencraBieHbl
B 1a6s1. 3.22 [73, 77]. CorsiacHo naHHbIM paGoThl [78], TpudTopmMeTHIpo-
u3BogHble 3.47 NMPEBOCXOLST COOTBETCTBYIOLIME AU(PTOPMETOKCHIIPOU3BOL-
Hele 3.46 1o aktHBHOCTH B oTHOWeHuH HIV-1 (tabn. 3.23).
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Ta6auna 3.22

AkTHBHOCTD 8-AH(TOPMETOKCHIIPOH3BOAHBIX XHHOMOHKaPGOHOBEIX KHC0T 3.46
B OTHOLIEHUH BUPyca HMMYyHOAe(HLHTA UeJoBeKa

CoenviHenue R R’ ECso, MKr/ma
3.46a LUKJIONPOMHI 2-OMeCgHy 0,015
3.466 LMKJIONPOIHJI CeHs 0,03
3.468 LMKJIONPOIHJI 4-FCgH4 0,02
3.46r LIMKJIONPOIHI 4-OMeCgHy 0,01
3.46n LUKJIONPOITHJ 2-NUPUMUANHHII 0,07
3.46e LUKJIONPOMUI | 5-X/I0p-2-THPUMHUIHHUI 0,07
3.46x LMKJIONPOITHJ 2-6eH30KCa30/HI 0,037
3.463 Me 2-OMeCgH,4 0,021
3.46u Me 2-NUPUMUAHHAIL 0,07
3.46x CH,CHyF 2-OMeCgH,4 0,07
3.46a CH,CHy0Ac 2-OMeCgH,4 0,06
3.46m Et 2-OMeCgH,4 0,01
3.46n Et 2-NUPUMHANHHII 0,08

Tabauua 3.23

Wuru6uposanue 8-tpudpropmernixuHononamu 3.47
u 8-pudropmeTokcuxuHonoHamu 3.46 supyca HIV-1

R R 8-CF3 8-OCHF,
Coen. |ICs9, MkM | Coen. | IC59, MKM
Me 2-OMeCgHa 3.47a 0,054 3.463 0,35
Et 2-OMeCgH; | 3.476 0,11 3.46m 0,22
uukonponun | 2-OMeCgHy 3.478 0,069 3.46a 0,56
Me 2-nupumuannua | 3.47r 0,049 3.46u 0,31
Et 2-nupumuannua | 3.47x 0,095 3.46H 0,47
LMKJIONPONUA | 2-nupuMUAnHAS | 3.47e 0,19 3.46n 3,7
Me 2-nupuauI 3.47x 0,014 3.460 0,24
Et 2-NUPUIHT 3.473 0,026 | 3.46n 0,89

LUKJIOTPONHAII 2-nupuauI 3.47u 0,065 3.46p 0,49
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oo i i

B H

Fm F COOH F COOH
(\N N

3.45: R=1¢-Bu (a), uuksnonponun (6), Me (8)

Beenenvie atoma dropa B mosioxeHdHe 8 MeHee 3(peKTUBHO AMs MPO-
ABJIeHHs aKTHBHOCTH K Bupycy HIV-1, 4yem BBeaeHHe METOKCHIPYMIbl
(snauenne ICsy cocraBisier 50 mMxM gns 3.48a u 1,8 nas 3.486).
[i,j]-AHHeTpoBaHHe OKCA3MHOBOTO LKMKJA OJArOMPHSITHO AU AKTHBHOCTH,
HO He l'[pl/IBOIU/IT K 00J1€e aKTHBHBIM COeIMHEeHHsAM, 4yeM S’MeTOKCI/I', U TeM
Gosiee nudrTopMeTOKCHIpon3BoaHble (3Hauenne ICsy cocrasaser 3,7 MkM
st 3.49a u 1,7 nas 3.496) [79]. [i,/]-AnHesnpoBaHbIE (GTOPXHHOIOH
3.498 (ECs 0,074 mkr/mi1) Gosee aktuBeH B oTHoweHnH Bupyca HIV-1,
ueM THazeronpoussogHoe 3.50 (ECsp 0,4 mxr/ma) [73].

F COOH F COOH

N 348 @N 349

(\N N s
N N
SR
N 3.50
3.48: R=F(a), OMe (6); 3.49: R=H, X=CH (a), R=F, X=CH (6), N (g)

O6 axtuBHOCTH B oTHoweHMH BWY aHasoros oduokcauuna, comep-
KALIMX 3aMeLIeHHY0 LHKJONDPOMUJIbHYIO TPYIMIy BMECTO METHUJ/IMHUIepasu-
HOBOro (parmenta, coobwaercst B padore [80]. 3nauenust ECsy TpuLHK-
JIMUeCKUX TNpou3BofHbIX 3.51 B orHowenuu Bupyca HIV-1 cocraBasior
0,008-2,3 mxr/ma [81].

B pany ¢ropxuHomoHKap6oHOBIX KHcaoT 3.52, 3.53, comepiKaliux
B NOJNOKEHMM | HaQTUABHBIE /MO0 XHHOJMJIBHBIH — 3aMeCTUTE/Ib,
BEISIBJIEHBl TIPOM3BOJHEIE, MPOLEHT HHTMOMPOBAHHS KOTOPHIMH 00paTHOH
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3.52,3.53: X, Y, Z=CH, N; R, R, R” =H, Me

tpanckpunrtassl BMY mpu  konuentpauuu 0,1 MKr/ma  mpeBbiiiaet
COOTBETCTBYIOLIEE 3HAUeHHe JJis aTeBupauHa [82, 83].

OcHoBanust MaHHHXa HopdiaokcauuHa 3.54 aKTHBHEI B OTHOLIEHHH
HIV-1 (ra6a. 3.24) [84].

i

A

3.54

DropxuHoson 3.55, copepxaluuii B MOJOXKEHHH 1 (2-rHApPOKCHITOK-
CH)-METHJIbHBIAl OCTAaTOK MPOSIBJASET aKTHBHOCTh K BHpPYCY repmeca
HSV-1 (ECs0 2,30 MkM), Ho ycrymaer npenapaty auukiaoBup (ECso
1,09 mxM) [85].

[o]

F COOH
|
N

HO/\/O\|

3.55

Tpuuukauyeckue ¢ropxuHosoHsl 3.56, 3.57a, 6 nposiBASIOT BbICO-
KyI0 aKTHBHOCTb 110 OTHOLIEHWIO K BUpycy remarura B (3nauenus I1Csy
0,1 mxM) [86, 87].

3-Oxcannasonoxutonons! 3.58, 3.59 uurudupywt NS5B nonumepasy
Bupyca remaruta C (raba. 3.25) [88].
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Tab6anua 3.24

3nauenusi ECsp (Mkr/mia) aisi coennenuii 3.54 B orHowennd Bupyca HIV-1

Coen. | R | X | RV | Y z A R* | R® | ECy
354a| H |CH| H | N N CH H H | >48
3546 | Cl |[CH| H | N N CH H H | >63
3548 | Br |[CH| H | N N CH H H | >62
354r | H |[CH| H | N |COMe| N H |OMe | >88
354n| Cl |CH| H | N [C-OMe| N H |OMe| >51
354e | Br |CH| H | N [C-OMe| N H |OMe| >34

3.54x | H N |NH2 | CH| CH |C-OMe| OMe | OMe | >66
3.543 | Cl N |NH2 | CH| CH |C-OMe| OMe | OMe | 11,3
354u | Br | N | NH2| CH| CH |[C-OMe| OMe | OMe | 13,9

0
|

(o]
F CO,H F co
|
(\jl N l/\N N
N 0 z
7 "ok,
3

.56 CMe,

R
3.57: R=H (a), uuksnonponun (6)

N—O,

oo ey
i I | o %

3.58a-¢ 3.59a-

Ha npumepe ¢propxuHosioHa 3.58 pacueTHbIMH MeToAaMH ObLIO Mpofe-
MOHCTPHPOBAHO, YTO JIMTaH[ 3aHHMaeT cBA3biBatolKil yuactok NNI-2, pac-
T0JIOXKEHHBIH B 00/1aCTH «G0JIBIIOrO Masblia» (puc. 3.5), 06pasys HeCKOJIbKO
BOJOPOJHBIX CBA3€H M 3aHMMas JBa rHAPO(OOHBIX KapMaHa.

8-TpudropmeTni-xuHOIOHE 3.47K—0 MOAABJSIOT LUTOMEraJOBUPYC
yesoseka (taon. 3.26) [89].

DropxuHononsl 3.60, comepxkaiye cyib)aMHUIOMETHIBHYIO TPYIIH-
POBKY B IHIIePa3HHOBOM ()parMeHTe, aKTHBHB B OTHOLIEHHH BHPYCOB
rpumnmna HlNl, H;;NQ, H5N1 [90]
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Tabnuna 3.25

Huruonposatue NSHB nonnmepassi Bupyca renaruta C
¢ropxuHosonamu 3.58, 3.59

Coex. R R 3nauenne 1Cs,
MKM
3.58a 4-xnopeHun Ph 0,023
3.580 4-xn0pdenn 4-(ropdennn 0,019
3.588 4-x70pheHun 2,4-nudrophenn 0,075
3.58r 4-(tpuchropMeTr) heHHT Ph 0,024
3.587 | 2-¢rop-4-(TprdropMeTHII) peHn Ph 0,014
3.58e | 2-(rop-4-(tpudpropmerrn)henns | 4-propdenu 0,015
3.59a 4-x70pdeHun Ph 0,115
3.596 | 2-¢rop-4-(TprdTopMeTH) heHHU Ph 0,038
3.598 | 2-(rop-4-(rpucpropmernn)ennn | - 4-propdenun 0,045

Puc. 3.5. CsisbiBanue (propxuHo/iona 3.581 ¢ MHIlIeHbi0

LlunpodyJiokcayt ¥ JeBo(IOKCALNH PeKOMEHI0BAHBl JIs MPO(pUIaK-
THKM 3a00J1eBaHus, BbI3BaHHOrO nosxomasupycoum BK nocre tpancnnan-
Tauuu nouku [91].
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E COOH F COOH
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347K-H (&N 3470

Tabauua 3.26

AkruBHOCTD coenuHeHH# 3.4TK—0 B OTHOLIEHHH LUTOMErajoBHpyCa YesoBeka

CoenviHenve R ICso, MKT/MJI
3.47x 3-CICgHy4 0,11
3.47n 3-F3CCgHy 0,2
3.47m 4-FCsHy 0,07
3.47u CHs 0,09
3.470 - 0,18

0]
F COOH

3.60

3.60: R' =Et, LUKJIONPOIHT, R?’=H, OMe; RSZQ-HHpHMH}lMHMJ[, 4,6-numeTHII-
2-NUPUMHAHHII

3.4. PTOPXUHOJOHBI, IPOSABIAIOLINE IPYTHUe BUABI
aKTUBHOCTH

B nocnennee Bpems ynesaseTcsi BHUMaHHe HCCIELOBAHMIO aKTHBHOCTH
(TOPXMHONOHOB B OTHOLIEHHH IPUOKOB W mapasurtoB. OcHoBaHus Mau-
HHXa HOp(JIOKcannHa 3.54 NPOSB/IAIOT 3HAUNUTENBHYIO TPOTHBOrPUOKOBYIO
aktuBHOCTh (Tabn. 3.27). Bce ykasaHHble coenuHeHdss 3.54 1Mo aKTHB-
HOCTH B OTHoweHWW Histoplasma capsulatum TpeBOCXOAAT KJIOTPHMA-
son. Coennnenust 3.54r—-m Gosiee aKTHBHEI, YeM KJIOTPHMA30J, B OTHO-
wenun Microsporum audouinii. Yetsipe dropxutosona (3.54r, e, 3, u)
aKTHBHee KJjoTpuMasona K Cryptococcus neoformans, TP COeLHHEHHs
(3.54r—e) mpeBoCXOASAT KJIOTPUMA30J 110 aKTHBHOCTH K Microsporum gyp-
sum. VI3 Bcex coenuHenuil 3.54 HauGosee BBICOKYIO MPOTHBOrPHOKOBYIO
aKTHBHOCTB TposiBuio 3.54m [84].
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1-(n-Byrnn)-6-¢rop-7-(mMopdonun-4-un)-4-okco-1,4- IMruaAPOXHHOMMH-
3-KapGOHOBOH KHCJIOTh GEH3MIAMUJ aKTHBEH B OTHOLIGHHH Trypanosoma
brucei rhodesiense (ICso=9 uM) [92].

®ropxuHoIOHE 3.61 TPOSBIAIOT NPOTHBOrEbMHHTHYIO aKTHBHOCTh
B orHowennn Acanthoeilonema viteae [5]. Ilpoussognoe 3.62 obsana-
er (yHruuuaHoil akTuBHOCTbIO [93]. KompeHcupoBaHHBIA (HTOPXHHOJIOH
3.63 nposBseT QYHrHUMAHYIO aKTHBHOCTb, MHHHMAJ/bHAs MOAABISIONIAs
koHuentpauust Kk Candida Albicans ATCC 10231, Histoplasma Capsula-
tum ATCC 11407 w Blastomyces Dermatitidis ATCC 28839 cocrasasier
32 mxr/ma [94].

H (\ | : :
5\) c c

3.61: X=H, Cl; R=uwukJorexcun, #-oktua, EtyN(CHy);MeCH

Mokcugnokcauns, ratuguokcalys, TpoBadJoKcaluH, rpenagiokca-
LIMH NPOSABJSIOT aHTHNAPa3UTapHYI0 aKTHBHOCTD B OTHOLIeHHH Toxoplasma
gondii w Plasmodium falciparum, BbI3bIBalOLIMX TOKCOMIA3MO3 M MaJjsi-
PHIO COOTBETCTBEHHO. YKa3aHHble (TOPXHHOJOHBI NEHCTBYIOT Ha MHIIEHH,
cxoxue ¢ JIHK-rupasofi, pacrosoxkeHsl BHYTPH BepXyLIEYHOrO CJIOs Mapa-
3utoB [95]. O akTHBHOCTH (QTOPXHHOMOHOB 3.64 B OTHOLIEHHH TAPA3UTOB
(Coccidia) coobuiaercs B paGore [96].

DropxuHononsl 3.65, comepxalune B GokoBoi uenu nmpu N(1) mupu-
JUJIbHBIE OCTATOK, NPOSIBJSIOT NPOTHBOMANAPUHHYI0 aKTUBHOCTb — 3Ha-
uennsi [Cso B oTHOwenuu P. falciparum cocrasasior 8,2-29 mxM [97].
BhisiBsieHa akTHBHOCTB ruapasuaa 3.66a u ruapasona 3.666 B oTHOLIEHUH
XJIOpPOXHMH-UYBCTBUTE/IbHOTO WTaMMa Plasmodium falciparum FRC-3 (3Ha-
yenust [Cso cocrasasior 8,7 u 3,3 MKM coorBercTBeHHO) [98].

[0} (o}
F [0} o (0] o}
| F
| OR I}IH

SR N S
oA

A |
X|/Y Me

=N

Z “COOR'

3.64 3.65 Het

3.66
Cl
3.64: X=CH, N; 3.65: R, R'=H, Et; Het=2-nupumun, 3-nupumus;
3.66: R=NH2 (a), (mupuanu-2-u1)-CH=N (6)
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JlaHHEIe [0 aKTHBHOCTH (DTOPXHHOJIOHOB 3.67, cofepKalluX B MOJIOXKe-
HuH 7 3-23a6MIKK0[3.1.0]reKCHIIBHBIA 0CTATOK, B OTHOLIEHHH M/1a3MOIHH,
npeacTas/ieHbl B Tabi. 3.28 [99].

[0} ) 0 0
F F.
|\ | OH OEt
_ |
H§ NT XN a N
e R N
R Hooer 268 [ X
N

H

Ta6auna 3.28

AKTHBHOCTb aHaJIOroB TPOBA()JIOKCALIMHA M LMKJIONPOIH/I-TPOBa(IOKCALH-
Ha 3.67 B oTHOWEHHH MyasMopuii (3Hauenus [Csy, MKM)

XJI0pOXHH-
Coenn Toxo- | Plasmo- | pe3ucTeHTHBIH
. }le X R R’ plasma | dium LTaMM
HEHHU
gondii | yoleii | Plasmodium
falciparum
3.67a N uukaonporua | NH2 1,68 — -
3.676 | C-OMe | uukonponua NH2 2,1 73,1 92
3.678 | C-OMe | nmknonporun | CH2NH2 | 66 — 100
3.67r [C-OMe | 24HH0TOP | Npo |30 | - 105
(eHu
3.67x | C-OMe | 24T | cponpe| 37 | 40
(benun
TpoBadiiokcalut 0,96 74 22
Tatudaoxcauut 12,7 — 29
Mokcudiiokcaunt 10,9 — 45

7-XnoprpoussonHoe 3.68 aKTHBHO B OTHOLIEHHH XJIODOXHH-YYBCTBH-
TesibHOro wramma Plasmodium falciparum, suauenue ICsy cocraBiser
1,33 mxr/ma (st uunpodaokcanuna ICs0 = 8,81 mkr/ma) [100].

HekoTopble (TOPXMHOJOHb 00/MafAl0T KapAMOBACKYJISPHOI, rumep-
TeH3MBHOH, aHTMTPOMOOLMTHON aKkTHBHOCTbIO. Hampumep, 1-merni-
3-meruncynbpoHnaaMuto-6-dhrop-4(1H)xuHonon rmokasan rumepreH3uBs-
HYI aKTHBHOCTb B onbitax Ha cobakax [101]. Coenunenne 3.69
MHTHOMpYeT arperauuio TpombouuTos [102].
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R, R*, R®=H, OMe; X, Y=H, CI

3-®enun-4(1H)xunononsl  3.70, mpexctapssiomse coGoi H30CTEPBI
130()J1aBOHONI0B, 00JIaAI0T KapAHOBACKYJISIPHOH akTiBHOCTbIO [103].

[TpousBonHoe ¢ropxuHonona 3.71, comepiaiiee ryaHHIHHOBYIO TPYI-
MUPOBKY B IOJNOXKEHHH 2, NPosIBUIO ce0st B KauyecTBe THIOIIHKeMHYe-
ckoro areHTa [4]. Tpuuuknuueckue GTOPXUHOJIOHE! 3.72 NposiBUIM cebst
B KayeCTBe aroHHUCTOB KaHaél/IHOI/I}lHOFO penenrtopa, 4To MMeeT 3Ha4YeHHE
LJIs1 TepaNuK BOCTANeHHH U HeBpomaThyeckux Goseit [104].

OEt [0] (0]

Amuner gaymexuna 3.73, 3.74, kak nokasano B padorax [105, 106],
MHTUGUpYIOT hochoauacrepasy IV.

0o 0 o o
F
OMe H
H,C N H,C N Z
OMe ~
373 h CH, N
" 374

CorsiacHO HeJaBHHM HCCJEJ0BaHUSM, 5-aMHUHO(DTOPXMHOMOHH 3.75—
3.80 BhICTYNAlOT B KayecTBe MHTUOMTOPOB INIMKOT€HCHHTa3a-KHHA3bI-
3b (GSK, cepun-tpeonnn-nporennkunassl) [107]. Coenunenus 3.76a, 6,
00KOBasi LeMb KOTOPbIX COJAEPXKUT TPH METHJIEHOBble TpYIMMbl, aKTHBHee
npousBofHbIX 3.75a—B 1 3.76B, B GOKOBOH LieMH KOTOPBIX IBE UM YeThIpe
MeTH/IeHOBBIX rpymmbl (Taba. 3.29). Ilepcnekrusubivu unrnéuTopamu GSK
SBJIAIOTCA OM- M TPHUHUK/IMYECKHEe (TOPXUHOMNOHBI, COLEpIKAIIHe OCTATOK
N-(2-nupuaun)srunenguamusa [107].

Mopudurauneii coenvHenuss 3.78a rmosyueH [IMPOKWH psif Mpo-
M3BOAHBIX 3.786—C M MOKa3aHO, YTO 3aMeHa KapOOKCHJIBHOH Tpymibl

17 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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3.80

Ha HUTPUJIBHYIO WK 1H-TeTpaso/ibHy0 MPUBOMUT K CYLLECTBEHHOMY MOBbI-
uieHnio akTuBHOCTH B oTHoweHur GSK (taba. 3.30) [108]. Okcasenwuo-
AHHeJIMPOBAHHBIH (TOPXHHOMOH 3.81, MMeIOUHMit CIUPOLUKIOOYTaHOBbIH
(parMeHT — cBoeoOpasHblil aHasor (ropxuHoioHa 3.80 okasaics mep-
CHEKTHBHBIM /151 JleyeHus Auabera Broporo tuma: sHaueHus ICso u ECso
B otHoweHur GSK-3b cocrasasior 36 HM u 3,2 MKM COOTBETCTBEHHO,
coenrHenne 3.80 CHMXKaeT cojepKaHWe IVIIOKO3bl B IJa3Me B OMBITAax
Ha Mbimax [109].

NH, O
NH, O 2
F COOH
F R'
| N N l

X "y N
R N | H

P~ 0
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Ta6auna 3.29
Hurubupoanue GSK dropxutosonamu 3.75-3.80

CoefinHeHKe R ICs0, HM
3.75a 4-NH,CgHy 900
3.756 CsHs 440
3.758 HMHAa3071- -1 3400
3.76a CsHs 45
3.766 MMULa307-1-11 45
3.768 CH,CgHs 290
3.77 - 22
3.78a — 44
3.79 - 31
3.80 - 12

®ropxunononsl 3.82-3.84 nposBuay cebsl Kak ceJeKTHBHbIE alljo-
cTepuyeckde MOAYIATOPhbI penenTtopa M|, npsmas akTHBaLHs KOTOPOro
MMeeT OTHOLIEHHe K Tepanuy Gose3nu Auburefimepa [110-113].

F (0] 0 F [0)
COOH COOH COOH
N N N
F F
Ar(Het) Ar(Het) Ar(Het)
382 3.83 3.84

3.82-3.84: Ar=Ph, 4-PhCeHs, 2-CF3;C¢His, 3-CF3CgHs, 4-CF3CgHs,

2-OMeCgHy, 2-CNCgHy, 2-naptua, 4-(mupasosn-1-un)CeHy,  4-(umupason-

1-un)CeHy; Het = l-metna-2,3-nuruaponnnon-5-ui, 1-MeTHIMHIa30/-5-11, HHIA-
30J1-5-11, H-apUIIIHPHAUH-2- 11

B naGoparopun HUU Gruomepuumtckoit xumurd PAMH 6bl10 poBeieHo
NPOrHO3UPOBaHKe CIEKTPa OUOJOTHUECKOH AKTHBHOCTH HEKOTOPHIX MOJIH-
LUKIHYeCKHX (PTOPXUHOMIOHOB. COraCHO pacueTHbIM JAHHBIM, C BBICOKOH
BeposTHOCTbIO (>0,6) meHTalukaMueckue (ropxuHoionsl 3.13a, r sB-
JISIIOTCS aHTUTOHMCTAMH HHTepJIeHKHHA, NPOTHBOBOCHANUTENbHYI0 aKTHB-
HOCTb MPOSIBASIIOT coenunenns 3.13r, 3.188 [114].

Takum 06pa3oM, GTOPXMHOJOHB U3BECTHBI He TOJBKO B KauecTBe aHTH-
GaKTepHalbHbIX areHTOB, HO M COeIMHEHHH, MPOSIBJISIOLNX APYTHE BHAbI
6HoJI0rHYecKOi akTHBHOCTH. [ToHCK MPOTHBOOMYXO/IEBbIX M NPOTHBOBUPYC-
HBIX areHTOB B PAAY (TOPXMHOJIOHOB MPONOJ/KAETCS MO HACTOSILEe BPEMS.

17



260 I, 3. Jlpyeue sudol 6uosoeuteckoil akmusrocmu

Ta6auna 3.30

Huruduposanue GSK dropxunosonamu 3.786—c

CoeMHeHHe R R ICs0, HM
3.786 CONH, (mupuamn-2-un)NHCH,CHoNH 33
3.788 CN (nupunuu-2-un) NHCH, CHoNH 0,57
3.78r COOH PhCH,CH,CH,NH 40
3.78x CONH, PhCH,CH,CH;NH 67
3.78e CN PhCH,CH,CH,NH 1,4
3.78x COOH (nupason-1-u1)CH,CH,CHoNH 16
3.783 CN (nupazoa-1-u1) CHyCHo,CHoNH 0,86
3.78u COOH (umumason-1-u1)CHyCHyCHoNH 150
3.78k CONH, (umupason-1-un)CHyCHyCHoNH 180

3.78x C(NH)-NHOH | (umupason-1-u1)CHoCHo,CHyNH 140

3.78m IH-rerpaso-5-un | (umupason-1-u1)CHyCHyCHoNH 20

)
)
)
)

3.78u CN (umupason-1-un1)CHyCHyCHyNH 1,0

3.780 COOH (nupuann-2-u1) CHoCHoCHoNH 10

3.78p IH-rerpasgost-5-un | (nupuann-2-ui1)CHyCHoCHoNH 2,4

)

3.78n C(NH)-NHOH | (nupuauns-2-un)CHyCHoCHoNH 71
)
)

3.78¢ CN (nupunmns-2-u1) CHyCHyCHyNH 0,6
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METAJIJIOKOMIIJIEKCBI
®TOPXWHOJOHKAPBOHOBLIX KHCJOT

DTOPXHHOJOHEI HA CETONHSIIHUI JeHb SBJSIOTCS CAMBIMH H3BECTHBIMU
aHTHOAKTePHaTbHBIMU TIpernapaTaMy U JOCTAaTOYHO LIMPOKO HCIOJIb3YIOTCS
17151 JledeHnst psita 3aboseBanui [1]. OgHako Npu MCMO/Ib30BAHHH HX B KiIH-
HUYECKOH NpaKTHKe OblJIO OOHApYXKEHO, YTO codyeTaHhe (TOPXHUHONOHOB
¢ IPYTHMH NpenapaTaMi NPUBOAHT MHOTAA K HEOXUIAHHBEIM Pe3yJbTaTaM.
Tak, B pabore [2] coofmassoch, 4To IPHeM MarHHH-aTIOMHHHACONEPKALIHX
aHTalUKA0B (MperapaThl, CHHXKAIOLIME KHCJOTHOCTb JKEJYIOUHOTO COKa 3a
cueT afcopOUpyIoLero, 00BOJAKHBAIOLIEr0 HCTBHS) OJHOBPEMEHHO C LIH-
nPOQIOKCALHOM IPUBOAHUT K MOMHOH NOTepe aKTHBHOCTH JIeKapcTBa B Chl-
BOPOTKe. AHTAlHAbl COZepXKaT He TOJNbKO HOHbI MarHusl M aJIOMHHHS, HO
¥ IPYTHX METJIJIOB, TAKHX KaK KaJblLUil H BACMYT. A MOCKO/IbKY aHTaLH/bl
NPUMEHSIIOTCS TIPH JIeYeHHH HeKOTOPHIX 3a00/ieBaHHMi, HAaNpUMep aHeMHH,
BO3HHUKJIA HeO6XO}1HMOCTb U3y4eHUs B3aHMOJle[2CTBMﬂ MOJIMBAJIEHTHBIX Ka-
THOHOB ¢ (DTOPXUHOJIOHAMH Y BJIHSIHHSI METaJlJIOB Ha OMOAKTHBHOCTb.

HcenenoBanus Takoro njaHa pasBMBAIOTCS B HECKONbKUX HaNpaBlIeHHU-
X: U3yueHHe 3aBHCHMOCTH «CTPYKTypa — OHOJIOrHYecKas aKTHBHOCTb» Me-
TaJIJIOKOMILJIEKCOB; HCTIONb30BaHHE PEAKLHH KOMIIeKCO00pa3oBaHHs U KOM-
I/IeKCOB /151 OIpefiesieHuss (hTOPXHHOJIOHOB; BbIICHEHHE DOJIM KaTHOHOB
BO B3auWMojieficTBUM (propxuHosoHoB ¢ JTHK.

Hanuune B Mosekynax (TOPXHHONOHOB KapOOKCHJBHOMH, KETOHHOH
IPYNNbl U a3areTepOLHKINYECKOro (parmMeHTa MpejomnpenesseT Crnocos-
HOCTb 3THX COeJMHEHHH 00pa3oBbIBATb KaK MeTallJIOXeNaThl, TaK U COeMH-
HEHUS! HOHHOTO THIA C DA3IUYHBIM Y4acTHeM (DYHKLHOHAJbHBIX TPYIII.
MaBecTHO Takke, YTO META/UIOKOMILIEKCH MOTYT IOBBIIIATh AKTHBHOCTb
(TOPXMHOJIOHOB GJ1arofapst MOBBIIIEHHOH JHIOMAHOH PacTBOPUMOCTH, Be-
Iyliell K YBeJHUEHHIO BHYTPHKIETOUHO! akKyMyJsiuuy [3-5].

BsauMogelicTBHe MOHOB METANNOB € XHHOJOHAMH CTajo MPeIMEeTOM
MHOTOYHC/IEHHBIX Ty6/IMKALKH, B TOM YHCJe HECKOMbKUX 0030PHBIX CTaTeH.
Tak, B pabore [6] mnpeacraBieHbl JaHHble O KPHUCTAJIMYECKOH CTPYK-
Type psa MeTaJOKOMIIEKCOB XHHOJOHOB, B TOM udHcje (TOpCcomepka-
X, HOHHBIX COe}:[l/Il'*lel"Il/IﬁY paccMOTpeHbl BONPOCH TEPMHUYECKOr0 aHa-
auza, MK- n AMP-crnektpsl KoMmmiekcoB, WX OHOaKTHBHOCTb. B Gosee
no3nHeM 0630pe (7] 060OIIeHB NAHHBIE TO CTPYKType H CBOHCTBAM
MeTaJl1oXe/1aToB (PTOPXHHOJOHOB M B3aUMOLEHCTBHIO MeTaJIOKOMILIeK-
co ¢ JIHK. B o63oproii cratbe [8] mpexcraBieHa (huU3HKO-XHMHUUYECKas
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1 (apmMaKko-KMHEeTHYeCKass MH(OpMalUs M aHTHOAKTepHalbHble CBOHCTBA
(TOPXMHOMOHOBEIX KOMIIEKCOB ¢ GOJBIIOH IPYNNOi MeTaslI0B.

4.1. CuHTtes, CTPYKTypa U OMOJIOrMYecKasi akTUBHOCTb
MeTaNI0XeJaToB (PTOPXMHOJIOHOB

Bo/bIMHCTBO (PTOPXMHOMOHOB MMEIOT OTPaHHYEHHYIO PacTBOPHMOCTbH
B Bofe B LIHMpoKOH obsmacth pH. CmelueHue BOAHBIX PacTBOPOB COJeH
MeTaJlJIoB C PAacTBOPAMH XHHOJOHOB MPHUBOAHMT K MOMYYEHHIO KOMIIEKCOB,
B GOJIbLIMHCTBE C/y4aeB BbIAEISIOLIUXCS B BHAE MEJTKOKPHCTAIIMYECKHX
0CaJIKOB, YTO 3aTPyAHSET BBIPALMBAHHE KPUCTAIJIOB H MOJyYeHHe IOCTO-
BEPHBIX CBEJIEHHH 0 CTPYKTYpe. PeasbHble yCrexu B 9TOM OTHOLIEHHH ObIIH
JOCTHTHYTBI [IPH HCMOJIb30BAHHH TMAPOTEPMalIbHbIX peakuuil [9-11].

Komnnexcot Cu(Il)

HanGosnee usyuens xommiexcsr mexu(ll) ¢ dropxunononamu. Masect-
HO, uT0 KoMruIekehl Menu(Il) urpaior BaxKHyI0 posib B IPHPORHBIX GHOJIO-
TMYECKHX CHCTeMaX M Kak (papMakosornyeckue o0bekTel. CHHTE3HPOBaHbI
kommekesl Cu(ll) ¢ uumpodiokcauiHoM, 3HOKCALMHOM, SHPOQJIOKCALH-
HOM, HOP(JIOKCALIUHOM, O(JIOKCALHOM, crapdIoKCaluHOM, MOKCH(IIOK a-
LIMHOM, a TaKXKe CMellaHHO-JIMTaHHble KOMIJIeKChl. Tak, npu B3auMope-
CTBHM BOIHBIX PacTBOpPOB LumpoduiokcaunHa (cf) u xsopuma Menu Ol
nosyuen Kommieke coctaBa [Cu(cf)yCly]-6HyO 4.1 [12]. B stoM kom-
nJeKce aTOM Me[H HAaxXONWTCs B LIEHTPe WHBEPCHH U OKPYXKeH UYeThIpbMs
aToMaMH KHCJIOpOia OT ABYX MoJekysn juranaa [Cu(1)-O(1) =1,928(2) A
u Cu(1)-0(2) =1,931(2) A] (puc. 4.1). JiBa x/opHa-HOHa pacrofiaraiorcs
aKCHa/bHO U yZIa/leHbl OT aToMa Meli Ha Goblune paccTosiius, 2,588(2) A.
KoopauHalMoHHBI y3esl Meu MpejcTaBiseT cO00H HCKaXKeHHBIH OKTas/p.

Puc. 4.1. Crpykrypa kommiekca [Cu(cf)oCls] 4.1
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[unporepmanbhoit peakuueit uumpoduiokcaursa ¢ Cu(BFy)o - 6H.O
(narpeBaHHe peareHToB B TepIoHOBOH TpyOke B neuu npu 110 °C B Teue-
HUe OIHOTO [Hsl) CHHTe3upoBaH MenHblil Komrieke [Cu(cl)y(BF4)q] - 6HO
4.2 [13]. CrpykTypa KoMIlIeKca, OATBEpPKIEHHast PEHTTeHOCTPYKTYPHBIM
aHann30M, G/u3Ka omucaHHOH Bhime cTpykType Kommierca [Cu(cf)oCly].
AToM MeaM CBfi3aH C UeTHIPbMS aTOMaMH KHCJIOPOAA LMIPOQJIOKCALH-
HOBBIX MOJIEKYJl, HaXONSILIMMHCA B KBaTOPHAJBHBEIX MONOXKEHHSX, a [Ba
aToma (ropa TeTpaTopoOOPaTHOrO aHHOHA 3aHMMAIOT aKCHaJbHble MO3HU-
uu. KoopruHaUMOHHBIA y3eJ — THUIHYHBIA HCKaXeHHbIH oKkTasnp. Cas-
31 Cu-0, o6pasoBaHHble ¢ KapOOHUJIBHBIM atoMoM Kucjopona O(1), amuH-
nee [1,927(2) A, uem cBssu ¢ KapGoKcuiaTHBIM aToMoM KHcsopoaa O(2)
[1,907(2) A]. Monexynsl uumpodioKcalyHa B KOMILIEKCE CYIIeCTBYIOT
KaK LBHTTeP-HOHEI C NIPOTOHMPOBAHHBIM aTOMOM a30Ta NHMepasuHa U Je-
NPOTOHUPOBAHHOH KapOOKCHJBHOH rpynnoi. Kommseke oxapaktepusoBaH
nanHbiMu UK-, anektponHo#, SITP-ceKTpocKOMnK ¥ LMKJIHYECKOH BOMBT-
amnepoMeTpuu. [TocKo/lbKY HeKoTopble (hTOPXHHOJIOHBI, HAamPHMep LHMIPO-
(pJIOKCALMH, B HACTOsILlee BPEMsl MCMOMb3YIOTCS B KJIMHUYECKOH MpaKkTHKe
17151 60pbObI ¢ uHbekuusaMu M. tubercular, B paGote [13] usyueHo BausiHHe
KoMIieKcooGpasoBanus Lunpodiokcaurta ¢ Cu(ll) Ha aHTHMHKoGaKTepy-
aJIbHYI0 aKTHBHOCTb. [Ioka3aHa 3HauMTesbHO Oyibluast aKTHBHOCTb MEIHO-
ro KoMmekca. BeposTHO, MOBBIIIEHHAs PaCTBOPUMOCTb MeTa I IOKOMILIEKCa
B JIMMHAAX CMOCOOCTBYET YCMEIIHOMY TPAHCIOPTY B KJETKH OakTepui,
a JIerko MpoTeKaloliee BOCCTAaHOBJEHHE MeTa/ia MPHUBOLUT K 00pas3oBa-
uuo Cu(l) u akTHBaLMM KHCJIOPOAA, KOTOPbIA TyOHTeNeH /sl MHKOGaK-
TepHil. ABTOpbl NPUXONAT K BBIBOLY, UTO PEIOKC-aKTHBHBIE METaJJOKOM-
IJIeKCBl MOTYT ObITb I€PCIEKTHBHBIMHM J[JIS CO3JAHHS BbICOKOAKTHUBHBIX
IPOTHBOTYOEPKY/Ie3HBIX [IPeNnapaTos.

Onucansl  KoMmmaekchl —HunpoguokcanuHa ¢ Menmbio(Il) cocrasa
[Cu(cl)2(ClO4)q] - 6H0 4.3, [Cu(ci)2(NO3)s] - 6HoO 4.4 [14]. Crpykrypa
KomIekca 4.3 moATBepKAeHa NaHHBIMH PEHTTeHOCTPYKTYPHOrO aHalu3a.
Kak u B paHee OMHCAaHHBIX KOMIUIEKCAX, MOJeKy/aa LHMIPodJIoKcalnHa
CYyLIeCTBYeT B LBUTTEP-HOHHOH (opMe C [BYMss aTOMaMH BOLOPOAA,
CBSI3aHHBIMH C aTOMaMH a30Ta I[HIePasHHOBBIX (parMeHToB. MoH Meny,
B LeHTpe KPUCTAIOrpahuueckoil MHBEPCHH, HAXOLUTCS B TETPArOHANbHO
HCKaXKeHHOM OKTas[pHueckoM oKpyxeHuu (puc. 4.2). B sxBarTopua/bHOH
MJIOCKOCTH Meflb CBSI3aHa C YeTBIPbMs aTOMaMH KHcaopoaa (OT KapGoHH/Ia
¥ KapOGOKCHJIBHON TPYMMbl) ABYX LHUMIPO(JIOKCALHHOBBIX MOJEKYJ, AJHHA
csizeil Cu-0 okoso 1,928 A. Paznuuue miun KapOOKCHJIATHBIX CBAA3eH
O(1)-C(1) u O(2)-C(1) [1,278(3) u 1,245(3) A] nonrBepxnaer
00pa3oBaHue CBSI3H MEXJy aHHOHHBIM aTOMOM KHCJIOPOLA U aTOMOM MeJH.
Oxrasgpuyeckast KOOPAMHALMS JONOMHSETCS ABYMs aTOMaMH KHCJIOPO-
Ia OT mepxJIopaTHbIX aHHOHOB, yribl O-Cu-O pasauyatores — ot 77,34°
no 102,66°. CpaBHenue crnekTpaibHbix xapakrepuctk (MK-, nu¢dysHoro
paccesinust, II1P-cmekrpockomnust) kommiekcoB 4.3 u 4.4 ykasbiBaer
Ha 6/IM30CTh HX CTPYKTYPHI.
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012
Puc. 4.2. Crpykrypa kommiekca [Cu(cf)2(ClOy4)s] - 6H0 4.3

Tecruposanne kommiekca [Cu(cf)a(NOs)s] -6H,0 4.4 mokasasno, urto
OH TPOsiBJIsieT 6OJIee BBICOKYIO MJIM CPAaBHHUMYI C FMIAPOXJIOPHIOM LHIIPO-
(pJIOKCAllMHA aKTUBHOCTb B OTHOLUEHHH pPsiia IPaMIONIOKUTEIbHBIX U Ipa-
MOTpHuaTesbHbIX OakTepuit [14]. Ompenenena Takxke cnocoGHOCTb 3TOrO
kommiekca pacuenasts JHK.

B kommiekce Lunpodiokcalita, noJy4eHHOM C HCII0Jb30BaHHEM CYJlb-
¢ara memu, cocraBa [Cu(cf)(Hp0)3]SO4-2H,O 4.5 [15] Tosbko onHa
MOJIeKy/la XHHOJOHA KOODIAMHHPYETCSl C MeTaJoM 4epe3 aToM KHCJIOopo-
na kapbonuna [Cu-O=1,939(1) A] u arom kucropona KapBOKCUAbHOH
rpynns [Cu-O=1,915(2) A]. Koopausauus Bokpyr aToma Menu — ca6o
HCKaXKeHHas KBaJpaTHO-NHPaMUaJIbHasl.

Onucansl  KoMIUIeKchl Mead ¢ HopokcauuuoMm (nf) cocrasa
[Cu(nf)o] -5H,O 4.6, [Cu(ni)2]Cly-2H,0 4.7, [Cu(ni)2(NOs)-Ho0
4.8 [16]. B kommrekce 4.7 (u3yueH MeTOZOM pPEHTIEHOCTPYKTYPHOrO
aHanM3a) Mefb KOOPAMHHMPYET JIHTaHi 4Yepe3 deTbipe aToMa KHC/I0pPOAa
JBYX MOJIEKYJ HOp(JIOKcaliHa ¢ 06pasoBaHieM MiaHapHoro yana CuOy.
XJ]OPI/IH-aHHOHbI 3aHUMAIOT aKCHaJIbHbIE M0JIO2KEHHU ST, OHH OTCTOSAT OT aTOMa
MenH Ha oueHb Goabiiue paccrostuus [Cu-Cl=2,935(2) A u 2,921(2) A],
yron O(1)-Cu-CI(1) cocraBasier 90,4(2)°. Arom asota mumnepasuHOBOro
(parmerta npotoHuposa. CTpyKTypa 5TOro KoMekca 6/143Ka CTPyKType
KoMmIJiekca Mend ¢ uunpoduokcaurtom 4.1. Komnaexkent 4.7 u 4.8
oxapakTepu3oBaHbl  crekTpajsbHbiMH  aaHHbIMH  (MIK-crektpockonus
1 1u(QY3HOro paccesiHust), OnpeneseHbl MATHHTHEIE MOMEHTHI [16].

HccnenoBaro Kommiekcoo6pasoBatne HOp(JIOKCalWHa U O(IIOKCALHHE
¢ Cu(Il) u Cu(Il)/dpeHaHTposMH B BOAHBIX pPacTBOPaxX H ONpeAeseHbl
KOHCTAaHTHl ycToHuMBOCTH OuHapHbix Cu(Il)/pTOpXHHOMOH W TPOHHBIX
Cu(II)/penantponnt/PTOPXHHOOH ~KOMILIEKCOB MOTEHIHOMETPHYECKUM
U CreKTpodoTOMeTpHIeCKHM MeToxoM [17]. YcraHoBIeHO, YTO KOHCTAHTEHI
YCTOMUYHBOCTH KOMIUIEKCOB HOP(IOKCALIMHA Bbillle, YeM JJIsi KOMILIEKCOB
o¢iiokcauHa. CpaBHeHHe KOHCTAHT YCTOMUYMBOCTH TPOHHBIX W GHHApHBIX
KOMILJIEKCOB OTYeT/JIMBO [OKa3blBaeT, YTO TPOiHbIE KOMILIEKCH Goslee



4.1. Cunmes, cmpykmypa u 6U0A02ULECKAS AKMUBHOCMb 271

cTabuabHbl. JTOT (DaKT, BO3MOXKHO, YKasblBaeT Ha B3auMOJeHCTBUe
MeX1y JuUraHgaMu B TpOﬁHbIX KOMIIJIEKCaX. I/Isyl{eHa aHTHMI/IKpO6Haﬂ
aKTMBHOCTb B OTHOLUEHHH HECKOJIBKHX BHAOB OaKTepHH M BbISIBIIEHO,
uTo s KoMmmitekcoB Menu(Il) oHa HeMHOro HiKe, YeM AJIsSi HCXOLHOTO
(ropxuHonoHa. OnHako moJyueHHsle aBropamu [17] TpoiiHble KOMIIEKCHI
MPEACTAB/SIOTCS] [ePCNeKTHBHBIMM B KauecTBe MeTalJI0aHTHOHOTHKOB
C Y4eTOM YCTOMUMBOCTH MX NPU (pusuosornyeckoM sHauenun pH 7,4.

Heckosbko koopauuamonusix coenurennii Cu(ll) ¢ odaokcauuHom
(oflo) cuHTe3upoBaHbl 1 HcciefoBaHbl GusnyeckuMu Metofamu (VK- snek-
tpoHHasi, JIIP-criekTpockonusi, Macc-CleKTPOMETPHst, ONpejieieHHe Mar-
HUTHbIX MoMeHTOB) [18]. Ilpu mpsMoM B3auMOmeHCTBUH O(JIOKCALHHA
C COJIbI0 MeTasjla B pacTBope 00pasyloTcst MajopacTBOPHUMble B BOLE KOM-
MJIEKCBl Pa3/IMYHOTO COCTaBa, BbleJsieMble B BHAe MOPOWKOB. Jlis HUX
Mpe/NoNoKeHa MOJNHMepHast CTPYKTypa, KOTopas Oblia MOATBEpXkK/IeHa
macc-criektpamu. [IpoBesieHre peakuuy B Cpefie BOXHOTO aMMHaKa [03BO-
JIMJIO TIONYYMTb KPUCTAIMYECKHe KOMIIeKchl. CTPYKTypa MeJHOrO KOM-
nnekca [Cu(oflo)o(Ho0)] - 2Hy0 4.9 onpenesieHa MeTOZOM peHTTEHOCTPYK-
TypHOro ananusa (puc. 4.3).

040,.\{_13

CRen o ros O
032 Cl6 :‘;:!"(_x 2

Puc. 4.3. Crpykrypa kommiekca [Cu(oflo)o(HsO)] - 2H,0 4.9

KoopanHauusi BOKpyr atroma Mead — cj1ab0 HCKaXKeHHas KBajpar-
Has MHpaMHIa C XeJaTHbIM CBf3bIBAHMEM XMHOJOHA C MeTaljoM yepe3
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KapGoHubHbIH aToM  kucaopopa [Cu(1)-0(33) =1,956(3) A, Cu(l)-
O(13)=1,943(3) A] u onuu aToM Kuc/IOpoza KapGOKCHIBHOH TPyIIbl
[Cu(1)-O(11)=1,911(3) A, Cu(1)-O(31) =1,922(3) A]. JlononuuresHO
aToM Memu KoopauHHpyer Mosekyary Boxsl [Cu(1)-O(1)=2,198(7) A].

[To peakuuu UMNpOdJIOKCALMHA C HHTPATOM MeAH B MPUCYTCTBUU
2,2-unupuanIa mosydyeH CMelaHHo-IUTaHIHbIH TATHKOOPAMHUPOBAHHbBIH
kommteke coctasa [Cu(cf)(bipy)(Cl)o7(NO3)o3]NO3 - 2Ho0 4.10 [19]. Ko-
OpIMHALMOHHBIA y3eJ Mefd — KBa[paTHas MUPaMHIA C IBYMsI IOHOPHBI-
MM aToMaMH asora ot aunmpuauna [Cu(1)-N(4)=1,977(3) A, Cu(l)-
N(5) =1,994(4) A], ¢ nByms atomamu Kucjopona oT UMIPOGJIOKCALHHA
[Cu(1)-0O(1)=1,924(3) A, Cu(1)-0(2)=1.920(3) A] u c xnopua- uu
HUTpPAT-aHHOHOM, 3aHHMAIOLIHM TITOe KOOPAHHALHOHHOe MecTo (pHc. 4.4).

Puc. 4.4. Crpykrypa kommiekca Cu(cf)(bipy)(Cl) 4.10

Atom Memu KOOpAMHHpYET UMMPOGJIOKCALUHH uYepe3 KapGOHHJIbHbIN
¥ KapOOKCHJIBHBIH aTOMbl KHCJIOPOZA C 0OPa3soBaHMEM LIECTHUJEHHOTO
ukaa. Mexay MpPOTOHHPOBAHHBIM ATOMOM a30Ta MHMeEpPa3HHA U KapGOK-
CHJIBHBIM aTOMOM KHCJIOPOZA COCENHEH MOMeKyJIbl (hOPMUPYETCs CHIIbHAs
MexKMoseKyspHas Bofopofnas ceazb (N---O 2,675 A).

JlBa CMeLIaHHO-UTaHAHBIX MEeIHbIX KOMIJIEKCA C HOP(JIOKCALMHOM
u ¢ 1,10-dpenantponntom cocrasos [Cu(nf)(phen)(Hy0)](NO3) - 3Hs0
4.11 u [Cu(nf)(phen)(NO3)](NOs3) - 3Hy0 4.12 cunre3upoBassl 1 oxapak-
TepH30BaHbl (PEHTreHOCTPYKTYpHBIA aHanu3) B pabore [16]. Crpykrypa
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3TUX KOMIJIEKCOB 6/1M3Ka CTPyKType KoMmsekca Mean 4.10 ¢ uunpodok-
CallMHOM M JMIUPHIMIOM. BoKpyr aroma Mesu — KBajpaTHO-NHpaMH-
JaJlbHOe OKpYyKeHHe. B sKBaTOpHasbHOH IJIOCKOCTH HOH MeTalllla CBSI3aH
¢ ngByms aromamu kuciaopoga O(1) u O(3) oT XHHOJNOHOBOrO JIHraHAa
M C JBYMsS aTOMaMH a30Ta OT MOJIeKY/bl (heHaHTpoIMHA. AKCHanbHOe
T0JI0XKEHHE 3aHSTO aTOMOM KHCJI0poAia MOJIeKyJIbl Boibl B 4.11 uiu aroMom
KHCJI0pOaa HUTpaT-aHHoHa B 4.12.

Pan pasHOJMraHIHBIX KOMIJIEKCOB MeAH C HOP(IOKCALMHOM M Mpo-
u3BoAHbIMU (peHaHTposiHA (A) cocraBa [Cu(nf)(A)Cl]-5H,O 4.13a-p
orcaH B pa6ote [20]. CtpykTypa coennnenuii mogo6na kommiexcam 4.10,
B aKCHAJbHOM TOJIOKEHHH HaXOLHTCs aToM Xxnopa. McenenoBana aHtn6ak-
TepHasibHas aKTHBHOCTb KOMIUIEKCOB 4.13a—J B OTHOIIEHHH HEKOTOPBIX
MHKPOOPraHH3MOB U II0Ka3aHO, YTO BCe OHH Oosiee aKTHUBHbI N0 CpaBHe-
HHUIO ¢ HopduokcaunHoM (taba. 4.1). Cienyer OTMETHTb, UTO OTCYTCTBHE
3aMecTuTeslel B MOMOXKeHHAX 2, 9 (peHAHTPONMHA BefeT K YBeJHUEeHHIO
AKTHBHOCTH.

Ta6auna 4.1

AkruBHOCTb HOpdIOKCalkHa 1 Kommaekcos 4.13a—x (MIC, mmos/i)

Coenn- A S. B. S. P. E.
HeHHe aureus | subtilis | marcescens | aeruginosa | coli
nf - 2,50 2,50 4,10 3,80 2,80
4132 | 2Omverwa- o4z 1998 | 963 263|235
1,10-enanTposnH
2,9-nuMeTrI-
4.136 4,7-1ncpern- 2,33 | 2,16 3,12 3,40 2,65
1,10-¢penanTposns
4.138 45-nasa- 1,36 | 1,31 1,09 132 |1,86
(bayopen-9-ou
a.13¢ | LI0-denanmpomm- |y 5|y 5o 1,45 145|154
5,6-110H
4131 S-iitpo- 132 | 1,32 1,16 120 |1,50

1,10-denanTpouu-

CMellaHHO-/IMraHIHble KOMIIEKChI MeIH MOMY4Y€eHbl U ¢ APYTHUMH (QTOPX-
MHOJIOHAMH U He TosbKO co BTopbIMH N,N-comepxkalunmu auranaamu. Tak,
OnucaHa CTPYKTypa KOMILIEKCA Mef C HOP(JIOKCALMHOM U TpHdeHuadoc-
¢urom cocraBa [Cu(PPhs)e(nf)]CIOs 4.14 [10]. Menb cBsizana ¢ 1By-
Msi aToMamu KHcaopoia Hopdsiokcamuna [Cu(1)-0(2)=2,0763(18) A,

18 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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Cu(1)-0(1) =2,074(2) A] u ¢ nBymsa aTomamu docdopa Tpudenuadochu-
Hosoro suranaa [Cu(1)-P(2) =2,2389(8) A, Cu(1)-P(4)=2,2472(8) AJ;
KOOP/MHAL[MOHHbIH y3es — HCKaXKeHHBIH TeTpasip.

BaanmonelicTBie  [I€NPOTOHMPOBAHHOTO  SHpodIoKcauMHa  (erx)
¢ CuCly-2HyO B wmeraHose NPUBOIMT K 00pa30BaHMI0 HeHTPaNbHOrO
kommekca 4.15 cocraBa Cu(erx)q(HoO), a B mpucyTeTBun deHaHTpoHHA
WM OUIUpPHIKHA — K (OPMUPOBaHHIO HeHTpasbHOro 4.16 11 KaTHOHHOrO
4.17 wmoHosimepHoro kommiekca [21]. Crpykrypa kommsexkcos 4.16
u 4.17 onpenesena wmerogom PCA. B coenunenun 4.16 cocrasa
[Cu(erx)(phen)Cl] aTom MeauM NSATHKOOPAMHHPOBAH C HCKaXKEHHBIM
KBaJpaTHO-HPaMHUAAbHBIM  OKpyxkKeHHeM. JlBa ~aromMa  KHCJOpOZA
9Hpo()IOKCallMHA M JiBa aTOMa a3oTa (DeHAHTPOJHMHA JexaT B Ga3uCHOH
IJIOCKOCTH, aTOM XJ0pa 3aHHMaeT BepLIMHHOe IOJNOXKeHHe, CTPYKTypa
KoMIuIekca Osu3ka coennnernio 4.10 (puc. 4.4). B kartHoHHOM KoMIMekce
4.17 cocrasa [Cu(erx)(bipy)(H20)]Cl ananoruunas reomerpust 1 6asuctHoe
Opr)KeHl/Ie aToMa Meau, HO B BepU_II/IHe l'[l/lpaMl/I}lbI HaXomUTCsA MOJIeKYyJsa
sonbl. Katnon [Cu(erx)(bipy)(HpO)]t weittpanusosan anuoHoM xJopa
BO BHellIHel c(epe, OTCTOSALIMM OT atoMa Melu Ha 12,605(2) A.

B xpucrannax nBe cocenHue Mosekyiabl KommiekcoB 4.16 u 4.17 06-
pasyioT IMMEpHYI0 KOHQHIYDALHUIO C OTHOCHTENbHO KODOTKHM PacCTOSIHH-
em Cu-Cu (5,839(2) A nns 4.16 u 3,969(2) A nns 4.17). B BogHbIx
pactBopax no faHHeiM TP 3TH KoMMJeKChl TakKe M0Ka3blBalOT AUMepHbIe
00pa3oBaHysi, HO C PasJHYHBIM COOTHOLIEHHEM AHMEP—MOHOMED, B 6OJIb-
el cTerneHu AUMephl XapakTepHsl s 4.16.

Asropsl [21] mpotectupoBanu xommiexchl 4.15-4.17 B oTHoueHUU
TPeX Da3JIMYHBIX MHKDOOPTaHM3MOB M MOKA3alHd, UTO JyYllHe pe3yJbTa-
Thl nokasan kKommiaekc 4.15 (MIC=0,125 mkr/ma, aas auranga (erx)
MIC = 1,00 mxr/ma) npotus E. coli u P. aeruginosa.

B nocsienytomesi ctatbe Te ke aBTophl cuHTe3upoBaiu kKommieke Cu(ll)
¢ N-nponua-Hopaokcauutom (pr-nf) u 2,2'-6unupunutom 4.18 [22]. dtor
kommireke cocraBa [Cu(pr-nf)(bipy)Cl] mo mauusim PCA Ttakke wnmeer
NATHKOOPAMHUPOBAHHBIH aTOM MeJH, FeOMEeTPHI0 HECKONbKO HCKaXKeHHOH
MUpaMUIbl ¢ aTOMOM XJopa B BepuinHe. B kpucrannax HaGmopaercst ou-
MepHasi accollMalys, aHaJoruyHo Kommiekcam 4.16 n 4.17, a B pactso-
pe — paBHOBeCHe NMMEPHBIX M MOHOMEDHBIX CTPYKTYyp. M3yueHue anTH-
MHKPOOHOH aKTHBHOCTH KoMIlekca 4.18 mokasaso, 4ToO OHa 3HaUMTe/b-
HO Bblllle, yeM y Jjuranga B orsowennn E. coli (MIC=0,25 mxr/mi,
nasi pr-nf MIC=4,00 mxr/ma) u BiBoe Bhillle B OTHOLIEHMH S. aureus
(MIC =8 mxr/ma, nas pr-nf MIC= 16,00 mkr/m).

HccnenoBato B3anmopericteue komniekca 4.18 ¢ JITHK u npotuoony-
X0JIeBasi aKTMBHOCTb B OTHOLIEHMH Jefikemun HL-60 u K562. Tlokasano,
4TO J/Is1 KOMILIEKCA XapaKTePHO MOBbILIEHHe KOHIIEHTPALHOHHO-3aBHCHMOTO
aHTUIPOJH(EPALHOHHOT0 M 3aBHCHMOTO OT BpPeMEeHH H KOHIEHTpalHH
HEKPOTHYecKoro s deKTa Mpy CrelrnpUuecKUx KoHLeHTpauusax kak HL-60,
TaK 1 K562 neiikemuu 1o cpaBHeHH10 ¢ N-TpONu/I-HOP(HIOKCALHHOM.
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Baaumozeiicteuem N-npomnusi-Hopgiiokcainsa (pr-nf) ¢ xjopunom me-
v (II) u denantposntom B padore [23] noayuen kommieke 4.19 cocrasa
[Cu(pr-ni)(phen)Cl], nsocTpykrypHslit coennnenuio 4.18. ITporecTupoana
ero aHTHGaKTepHa/ibHass aKTUBHOCTb: B OTHOLIEHWM P. aruginosa, oHa
OKa3ajach 3HauMTeJbHO Bbie, uem y Jauranga (MIC=0,25 wmxr/ma,
st pr-norf MIC=4,00 mkr/mi), BiBoe Bbile B OTHOWEHHH E. coli
(MIC=2 wxr/ma, mas pr-norf MIC=4,00 wmkr/ma) u cpaBHHMa
¢ N-nponui-HopIOKCallMHOM B OTHOLIEHUH S. aureus.

M3yuena npotuBoonyxoJeBast akTUBHOCTb KoMIIekca 4.19 B oTHolle-
HUU Jiefikemun HL-60, mokasaHo, uTo CTeleHb MNPOJU(pEpaLHH U KU3-
HECMOCOOHOCTb KJeToK HL-60 cHuxaetcs nocje 06pabOTKH KOMILJIEKCOM.
HcenenoBaHa Hyk/ea3Hast akTHBHOCTb KOMILIEKCA W ClIeJIaH BBIBOJ, YTO 3TO
COefHEHHEe MOXeT OBbITb MepCreKTHBHBIM MHCTPYMEHTOM B XHMHOTEpANuu
OMyXOJIH.

Cunre3npoBanbl pasHosmuranausie kommiekcsl Cu(ll) ¢ oduokcaru-
HOM, JieBoguiokcaunHoM U 1,10-penantponntom 4.20, 4.21 cooTBeTCTBEH-
HO [24]. BbisiB/ieHa MOBBIIEHHAs] aHTHOAKTepHa/bHAs aKTHBHOCTb KOM-
MJIEKCOB B CPAaBHEHWM C JIHTaHIAMH; [0Ka3aHO, Y4TO aKTHBHOCTb B OT-
HOLIEHHH TPaMOTPULATEbHBIX OaKTepuil GoJiblle, YeM B OTHOLIEHHH
rPaMIOJIOKHUTE/bHBIX, PHYEM KoMIIeKc JeBodiiokcaurHa 4.21 Gosee ak-
THBeH. KpoMe TOro, KOMMJIEKCh NPOSIBASIOT BHICOKYIO MTPOTHBOOIYXOJIEBYIO
aKTHBHOCTb B OTHOLIEHHHU JiefikeMuu HL-60. [Ipn KOHUEHTpaLKUK KOMILIeK-
ca 1074107 M/ npouent uuruGuposanus 98-99, u B 3TOM cayuae
Komnieke 4.21 Gosee aKTHBeH.

Hosble mumepHbie kommiekesl Cu(Il) co cnapduokcanntom (sflx) co-
craBa Cu2(sflx)2 4.22 u MoHosiIepHble pa3HOJMTaHIHbIE, BKJOUAKLIMe
2,2'-6unupupun (4.23), denantpoiun (4.24) u 4,5-nuazadayopen-9-on
(4.25), cunresnpoBausl U uccaenoBansl B padore [25]. [lo manusim PCA
B KoMmmjekce 4.22 Kax[blil MeTa/JIOXeJaTHbH y3el HMEeT TeOMEeTPHIO
MOYTH HAeabHON KBaApaTHOH mupamumsl (puc. 4.5).

Ka)K}lbIﬁ aToM MeJau KOOp}lI/IHI/IpOBaH '-leTprbMH aToMaMu KI/ICJ'IOPO}la
IIBYX MOJIEKYJ crap(oKcaluHa B 0a3HCHOHM MJOCKOCTH M aTOMOM a3oTa
AMHHOTPYIIBl CMEXHOH MOJIEKYJ/Ibl JIMraHia B BepluuHe. [[JHHBI CBsi3e
Cu-O ¢ xap6oHUIbHEIMH aToMaMu Kucsopoaa ans Cu(l) pasuer 1,939(3)
u 1,928(3) A, uto HaxomuTCA B COTIACHH CO 3HAYeHWAMH AJIS TMOJOGHBIX
COeIHHEHHI ¢ KBalpaTHO-HPAMUIANBHOA reoMeTprell. AKcuanbHble [1JIH-
Hel cBssell 2,463(4) A u 2,518(4) A ans Cu(l) u Cu(2) cooTBeTcTBEHHO.

JlumepHblil Kommieke 4.22 fBJseTCs NepBbIM NPUMEPOM, B KOTOPOM
BepLIMHY NMHPAMHU[bl 3aHUMaeT aToM a30Ta, B APYTHX CJydasx 3TO ObUIH
aToOMBl KHCJIOpOfia, XJopa Wi ¢ropa. KapbokcuiaTHele KHCJIOPOIB! ABYX
MOJIEKYJl criapdioKcalliHa CBSI3aHbl C aTOMOM MeH B yuC-KOH(OPMALHH,
XOTs1 0OBIYHOE PACIIONOXKEHHE UX B MOJOOHBIX KOMILIEKCAX — MPAHC.

U3 pasHonMraHIHbIX KOMILIEKCOB MoJydeHsl naHusle PCA mist coepu-
nenust 4.24 cocrasa [Cu(phen)(sflx)HoO] (puc. 4.6). B atom cayuae
aToM a30Ta aMHHOTPYIIbl He y4acTBYeT B KOOPAMHALMM MeNH, B BepLIMHE

18*



276 I, 4. Memaarokomniexcol pmopxuroLOHKAPOOHOBbLY KUCAOM

&ous
Beaia
C20B o
¢ €224
yigp R R Qo0
T W\(ahm%

W ©
C13A MA L

\nA (llA SF e F2A Cl6A

“‘“C -
. . Zr CL. 17A
OB s L?E‘.r‘SQ‘B e %r 1:4,% an CITA 5
10D CoBF~LP 8 ANIB Ozﬁﬂéy/cua/m L o
g A 2SN 2% oA
A C6A - caon
AT 030 cocd®
06C /- cue

'-M’ N5C

B > Bose
NIC (110530 CéNMc R0 I8
S

F1C CIZC A
ClJC/‘.'f('lﬁ(v o

17

Conc@ NC A

\m,mmsc

]
NS 200
o1

Puc. 4.5. Crpykrypa kommiekca Cus(silx), 4.22

HaXOAUTCA aTOM KHCJIOPOAA BOMABI, aMHHOTpyIa CBA3aHA C MOJEKYJaMHA
BOJbl BONOPOAHBIMU CBA3AMH.

Puc. 4.6. Crpykrypa kommiekca Cu(phen)(sflx)HoO 4.24
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Asropsl [25] uccsienoBani aHTHIPOTU(EPALUOHHBIH dPQEKT CHHTE3H-
POBaHHBIX KoMMiekcoB 4.22—-4.25 B CpaBHEHHH C HCXOIHBIM criapdJokca-
LIMHOM B OTHOLIEHHH TOPMOH-He3aBUCHMOH JMHUM KJeTok BT20 (pak rpy-
1u). [TokasaHo, 4To cBfi3bIBaHHE capdJIoKcalMHa Meblo B BUIE IHMEpHO-
ro KomIuekca 4.22 NpPUBOIUT K NPUMEPHO JECATHKPaTHOMY yMeHbIIEHHIO
MHTHOMPYIOIEH KOHUEHTPAlUHH, MpH KoTopoH Habmiopaercst 50 %-st ru-
6estb kieTok (ICso, MkM) (puc. 4.7). Ilonmydennble faHHbe OATBEPKAAIOT
THIIOTE3y O TOM, 4YTO GHOJIOrHYeckass akTHBHOCTb XMHOJNOHOB BO MHOTOM
00yCJIOB/IEHA HX CTMOCOGHOCTBIO K MeTaJ1/10XeJaTHPOBAHHUIO.

100 7|
30
=
T4 ||®
O
10
1
0

silx 4,22 423 424 425

Puc. 4.7. AkruHocTb criap@iokcaunsa u ero kommjekcos ¢ Cu(Il) B oTHouwenu#
onyxoJeBbIX KieTok BT20 (pak rpyau)

CunresupoBan  Kommieke Cu(Il) ¢ mokcudiiokcauusom — (mox)
4.26 u ero auuyKTh C asoTcomepXKawMMu Jaurangamu  4.26-4.29
(cxema 4.1) [26].

Cxema 4.1

4.26-4.28

N
N:)I mpuanH  4.26, Gurmipumnn 4.27, denantponnt 4.28
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Bce coemuHenus, BKJOYas W MOKCH(IOKCALHMH, NPOTECTHPOBAHBI Ha
aHTUNPOJH(EPALHOHHYI0 aKTHBHOCTb B OTHOIIEHHH HEKOTODBIX JIHHHIA
KJIeTOK paka rpymu (ropmoH-3aBucumbix MCF-7 w T47D n ropmo-
nesasucuMbix MDA-MB-231 u BT-20). PesynbraThl uccie0BaH#i MOKa-
3aJl{, YTO MCXOAHBIE MOKCH(JIOKCALMH He MPOSIBISET aKTHBHOCTb, a €ro
KOMIUIEKCHl HHTHOMPYIOT POCT KJETOK OMYXOJIH, HO B PA3/MH4HOl CTeNeHH
(tabn. 4.2). Tak, kiaerku BT-20 Gosee 4yBCTBUTEJbHbl K COENUHEHHSM
4.26, 4.27, a xomnsekcsl 4.28, 4.29 0Ka3bBalOT 3HAYMTENbHBII IPPEKT
Ha Bce JuHHH, KpoMe MCF-7. HauGosibliylo akTHBHOCTb MPOSIBHJI KOM-
nnexc 4.29 B orHoweHu: anHu kiaetok 747D u MDA-MB-231. Cnenyer
TaKKe OTMETUTb, YTO JIMFaHJL M KOMILIEKCHl NPAKTHYECKH He OKAa3blBaIOT
BJIMsIHUST Ha HeomyxoJseBble KieTku (MCF-104).

Tabauua 4.2

AxTHBHOCTb MOKCH(JIOKcaunHa u ero kommiekcos ¢ Cu(ll) B oTHowenun
HEKOTOPBIX OMYXOJIEBBIX KJIETOK (pak rpyau) (3nadenns ICso, MKM)

JIMHKUK KJeTOK
CoennHeHue
MCF-10A | MCF-7 T47D | MDA-MB-231| BT-20
MOX — - — — —
4.26 — 242+23|76+03 7,1£0,2 2,0£0,1
4.27 — 184+£19(195+1,2 20+ 1,1 34402
4.28 — 16,7+£22| 74+0,2 58+0,4 40+0,3
4.29 — 181+£26| 1,6+0,1 1,7+0,3 49402

CHHTe31pOBaH MepBbI MeTaslioxesaT GTOPXUHOJIOHA B YCJOBUSX THA-
poTepMa/bHON peakudd B MPHCYTCTBUH L-THCTHAMHA, KOTOPbIH Hrpaer
poJib BoccTaHoBHTeSsT MeTaiia [27]. BaauMopeiictBre munpodiokcaluna,
xqopuna Memu(Il) u rucrunnHa B cooTHowenuu 1:1:1 BeleseH KoMIIeKe
cocrasa [Cu''(cfH)o(Cu'Cly)s], comepammit Cu(Il) u Cu(l). dse momeky-
JIbl Jiuranaa Koopauuupyior uentpasbhblil Cu(Il) v 1Ba moytd niaHapHbIx
arnona [Cu(I)Cly]~. O6a Merasiia cBsi3aHbl AByMst MOCTHKAMH (Uepe3 XJIop
M aToM KHCJIOpofa uumnpodiokcannta). ClefiyeT 0TMETHTb, UTO B OTCYT-
cTBUHM L-ructuanHa Bhigesen kommieke cocraBa [Cu(cf)oCly].

Komnnexcot Fe(III)

Ha ocHoBe Hop¢JioKcanHa nosydeH Kommiekc ¢ xkene3oM(I1I) cocrasa
[Fe(nf)9(H90)o]Cls - 6HsO (4.30) [28]. cxonst u3 nanubix MK-, agek-
tpotHo#, [IMP-criekTpockonun aBTopsl MPEAMTOJIOKHIIN, YTO aTOM MeTaJlla
KOODAMHHPYET HOP(JIOKCALMH TOJBKO Yepe3 aTOMbl KHCJIOPOAA KapGoK-
CHJIBHOH TPYMIbl ¢ 06pa3oBaHHEM OKTasfApudecKoi CTpyKTyphl. K coxa-
JIEHHIO, TpeJIioNaraemMasi aBToOpaMH CTPYKTYpa He TOATBEpXKJEHA peHT-
FeHOCTPYKTYPHBEIM aHalu3oM. OTMeTHM, 4TO PacTBOPUMOCTb KOMILIEKca
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HOP(JIOKCALMHA Bbillie, YeM CBOOOAHOrO (PTOPXMHOJIOHA, KaK B BOJE, TaK
U B 3TaHose. B uccenoBanusx in vitro kommniekc 4.30 nokaszan Gosee
BBICOKYIO aKTHBHOCTb, 4eM HOP(JOKCALHH, N0 OTHOLIEHHI0 K OGaKTepHsiM
E. coli v B. dysenteriae.

B pabore [29] mnst kommiekca Hopduiokcauuna ¢ Fe(Ill) cocrasa
[Fe(nf)o(HyO)o] Oblna mpensioxkena CTpyKTypa ¢ KOOPOMHALMEH JHraHia
KaK uepe3 KapOOKCHJIbHYIO TPynmy, Tak W uepe3 Kerorpymnmy. OpnHako
CTPOroe N0Ka3aTeslbCTBO CTPYKTYPBl H B 3TOM ClIydae OTCYTCTBYET.

BaaumonelicTBie  MeTaHONLHOrO — pacTBOpa  JeNPOTOHHPOBAHHOIO
N-nponunHopduiokcauuna ¢ xaopumom Fe(Ill) npu kunsiuennu B Tedenue
JBYX YacoB NPHBOAMT K [OJMy4eHHI KoMmjekca coctaBa Fe(pr-nf)s
(4.31) [30]. Ha ocHoBanuu cnekrpanbubix gaHHbix (MIK-, anekrponHasi,
SI1P-crieKTpocKomys) M MOJEKYJISIPHOTO MOIEJHPOBAHUS IIPeJIokKeHa
CTPYKTYpa cO c1ab0 HMCKayKeHHOH OKTad[ApHuecKoill reoMeTpuell MeTaslso-
XeJaTHOTO y3/a M BBICOKOCIHHOBBIM COCTOSIHHeM xese3a. JIIP-crekTp
B JM® npu 12 K mnokasbiBaer curHan ¢ g~4,3, XapakTepHbli
1IS BhicoKocmHHOBOro Fe3™ uona. B OTHOWIEHMH Tpex —pasiuuHBIX
MuKpoopraHusmoB (S. aureus, E. coli, P. aeruginosa) xommiexc 4.31
l'[pOﬂBI/IJI CpaBHHMy}O C JIMTaHAOM HJIKM MeHbLYI0 aHTnéaK’repnaany}o
aKTHUBHOCTb.

Agropamu [31] mosyuen cmelaHHO-JMraHAHbIA Kommeke xkesesa(I1l)
¢ UMMPO(IOKCALMHOM M HHTPUJOTpHALleTaToM (nta) B KadyecTBe J0MOJ-
HUTeNbHOTO Juranga cocraa [Fe(cf)(nta)]-3,5H,0 (4.32). Ilo nan-
HBIM PEHTFEHOCTPYKTYPHOrO aHaln3a HOH 3Kese3a KOOPAMHHPYET LHUIpO-
(JIOKCALMHOBBIF JIMTaHJ uyepe3 aToMbl KHMCJOPOAA KapOOKCHJBHOH rpym-
me [Fe(1)-0(2) =1, 97(1) A] n xerorpynnui [Fe(1)-O(1) =1,942(8) A]
¢ 00pa3oBaHHeM IIECTHYJIeHHOro Lukaa. OcraBluecst YeTbipe KOOPIH-
HALMOHHEIX MeCTa 3aHAThl aTOMOM a30Ta M TpeMs aTOMaMH KHCJIOpOZa
uurpunotpuauerara [Fe(1)-0(4)=2,037(9) A, Fe(1)-0(6) =1,969(9) A,
Fe(1)-0(8) =1,983(9) A, Fe(1)-N(4)=2,21(1) A] (puc. 4.8). Tlunepasu-
HOBOE KOJIBLIO LUMPOQJIOKCaliHa TPOTOHHPOBAHO.

HcenenoBana peakuust HopduioKcalMHa W LUIPOdIOKCALMHA C Tep-
xqopatami Fe(Il) u Fe(Ill) [32]. B 3aBMCHMOCTH OT COOTHOLIEHHS Me-
TaJlJl : JIMTaH BbleJeHbl KoMiekesl coctasa 1:1, 1:2, 1:3.

Kounnexcot Co(II)

B paGore [28] cuuresuposan kommiaeke Co(Il) ¢ HopokcanHoM co-
crasa [Co(nf)o(Hg0)2]Cls-6Ho0 (4.33). Ilo nanueim WK-, anexrponHo#,
[IMP-CrieKTPOCKOIUH CHENaHO MPEATIONIOKEHHE, UTO KOGAIbT KOOPLHHHPY-
eT HOP(JIOKCALMH TOJBKO Yepe3 aTOMbl KUCJA0POAa KapOOKCH/IbHOMN IPYMITbl
¢ 00pa30BaHHEM OKTA3[PHUECKOH CTPYKTYPEL.

Awnanoruytoro cocrasa kommieke Co(Il) nmosmyuen u ¢ N-nponus-Hop-
(JI0KCALMHOM, 10 aHTHOAKTepHaIbHOH aKTUBHOCTH OH YCTYMaeT HCXOAHO-
My swmranny [30].

OnucaHo  Heckosbko — KommjekcoB  kKoGambra(Il) ¢ 3HOKcauu-
HoM (ex) [14]. CoenHeHHsi CHHTE3WPOBANH B3aMMOLEHCTBHEM COJH
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(19)

Puc. 4.8. Crpykrypa kommiekca [Fe(cf)(nta)] - 3,5H,0 4.32

Ko0aJibTa ¢ XHHOJOHOM B BOJZHO-MeTaHO/MbHO! cpefe. COCTaB MoJyyaeMbIx
KOMILJIEKCOB ~ 3aBUCHT OT  MOJIBHOTO  COOTHOLUEHHMSI ~ METaJlJ: JIMTaH
¥ TNPUPOAbI aHHOHA COJMH. B ciydae ucmosnb3oBaHusi XJopHaa KoGasbTa
npd cooTHoweHud M:L=1:1 ©Ob1 BblIeJeH KOMIJIEKC COCTaBa
[Co(ex)qo(ex)]Cl-2CH3OH - 12HyO 4.34, a npu cootHouwlennn M:L=
=1:2 — xommiekc cocraBa [Co(ex)s(Cl)s]-HoO 4.35. Ilpu 3rom
JKe COOTHOLIEHMH C TepPXJOpaToM W HHUTPAaTOM KoGajbTa [MOJy4aloTcs
kommiekehl [Co(ex)o(ClOy)q] - 3HoO 4.36 1 [Co(ex)9(NO3)q] - HoO 4.37
cooTBeTcTBeHHO. C THOLHAHATOM KobasbTa Mpu cooTHouleHndn M:L=1:1
soigesied Kommieke [Co(ex)(SNC)]-HyO 4.38, a ¢ aueratom KoGajibra
npu cootHomennd M : L =1:2 monyuen kommiere [Co(ex)s] -4H,0 4.39.

Komnzekcroe coepunenne 4.34 (uccienoBaHWe METOIOM — DEHT-
FEHOCTPYKTYPHOrO ~ aHA/lN3a) COCTOMT W3  MOHOMEPHBIX  KATHOHOB
[Co(ex)a(ex)] T, aHHOHOB XJ10pa, HEKOOPAHHHPOBAHHBIX MOJIEKYJ METaHo/Ia
M BOAbL. B 3TOM KOMILIEKCe JMTaH[ MpeICTaBleH KaK HEHTPaibHOH, Tak
¥ MOHHOH (opMoi. B HelATpanbHOM LBHUTTEDP-HOHHOH (opMe aToM a3oTa My-
epa3uHOBOTO LHMKJ/IA MPOTOHKPOBaH. KoMmieKe mecTHKOOpAHHALMOHHbIH,
€O €/1a00 HCKaXKEHHBIM OKTA9APHUYECKHM OKpPYXKEHHEM HOHAa KoOasbTa.
B KoOpIMHALMK YYACTBYIOT KaK KeTO-, TAK W KapOOKCHJbHAs TPyIMa.
Caszu Co-Oyero MnunHee, yeM cBsi3H Co—Oyapsorens (puC. 4.9).
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Puc. 4.9. Crpykrypa kommiekca [Co(ex)qex]Cl- 2CH;O0H - 12H,0 4.34

L Clla

B crpykrypax coenunennit 4.35-4.37, 4.39 no 3HaueHUSM MarHUTHBIX
momeHToB (o1 4,84 no 5,08 pB) u Hanuuuio B crekTpax AU(Qy3HOro
paccestnust nosoc npu 8200 u 19000 cm~! ycraHosneno mpucyTcTBHe
BeicokocnuHoBoro noHa Co(Il) ¢ oxrasgpuueckoit KoHHUTrypalLHell Koopau-
HALMOHHOTO y3J1a.

Ha GosibLiofi rpymnme MHKPOOPraHH3MOB H3yuyeHa aHTHMHKPOOHas ak-
TUBHOCTb 3HOKCa3kWHa W ero Kommiekcos 4.36 u 4.37 (tadn. 4.3) [14].
Jlnst cpaBHeHMs MPUBeeH KOMIUIeKe LunpodJokcauta ¢ Menbio 4.4. Bee
coeMHeHHs Gojlee aKTHBHBI B OTHOLIEHHH IPaMOTPULATE/bHBIX GaKTepHH.
AKTHBHOCTb METaJJIOKOMILNIEKCOB HJIM CPaBHHMA C TAKOBOH 1J11 HCXOLHOTO
XHHOJIOHA MJIM HECKOJIbKO GoJblile 1/ KOMIUIEKCa Meld, a A/ KOMIIEKCOB
KoGanbTa Huxke. CilelyeT OTMETHTb, YTO B psfie cilyyaeB Kommjekc 4.37
GoJsiee akTHBeH, ueM 4.36, HO B LIeIOM KOMIJIEKChl KOOaJibTa MeHee aKTHB-
Hbl 10 CPaBHEHHIO C KOMILJIEKCOM MeJH.

Ta6anua 4.3

AKTI/IBHOCT]J HeKOTOprX CpTOpXI/IHOJIOHOB U KOMIIJIEKCOB
¢ Cu(ll) 4.4 u Co(Il) 4.36, 4.37 (MIC, mxr/mn)

Mukpoopranuam Hwnnpogaokca- 4.4 OHo- 4.36 | 4.37
LIMHA XJIOPTUApAT KCasuH

S. aureus ATCC25923 1 0,5 1 2 1
S. aureus ATCC29213 0,5 0,5 1 2 1
B. subtilis ATCC1904E 0,12 0,12 025 | 05 | 0,5
B. pumilus 1 0,5 2 4 2
E. coli ATCC25922 0,03 0,03 | 0,12 [0,25(0,25
Aeromonas spp. AE-14 0,008 0,008 | 0,06 | 0,06 | 0,06
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CunresnpoBan  kommiaeke  Co(Il) ¢ odusokcanuHom — cocrasa
[Co(oflo)o(MeOH)y] - 4MeOH 4.40, crpykTypa oOmpefeneHa MeTOLOM
PCA (puc. 4.10) [33]. B omumune ot kommiekca sHokcasuna ¢ Co(Il)
(4.34) B coenunenun 4.40 K00GatbT KOOPAMHHPYET TOJNBKO C JABYMS
MOJIeKYyJIaMH JIMraHga, HaXOoAALMUMHUCHA B 3KBaT0pI/IaJIbHOM TOJIO2KEHHH.
AxcuasbHble moJIOKeHHST (frans) 3aHATH aTOMaMH KHCJIOPOHA MOJEKYI
meraHoJsia, cBsizkh Co-O(ak) naunuee, yem csisan Co-O(3k) (2,113, 2,024
u 2,033 A coorBercrBenno). 3nauenne maruutHoro momenta (5,01 yp)
CBUJIETEJILCTBYET 0 BhicoKocruHoBoM cocrosinuu Co(Il) B okTasape.
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Puc. 4.10. Crpykrypa kommiiekca [Co(oflo)o(MeOH)o] - 4MeOH 4.40

C  uwmnpoguiokcauntom  Co(Il)  obpasyer  kommieke — cocraBa
[Co(cl)2(H0)s] - 9HoO 4.41 [34]. Tlo nanubiM PCA kommjekc umeer
Takyl ke CTpykTypy, uto u 4.40, HO B aKCHaJbHBIX [OJOXKEHUAX
HaXOIATCA MOJIeKY/Ibl BOIBL. V3yueHa akTWBHOCTb Kommjekca 4.41
B OTHOLIEHWH HEKOTOPbIX BHIOB MHKPOOPTaHH3MOB (HaHHble MPHBEIEHbI
B pasziesie 0 Kommiekcax Zn u Cd).

CwmerwanHo-nurannbiii - kommaeke  Co(II) ¢ uunpodiokcatnHom
u 1,3-6ensennukap6okcuiarom (1,3-bdc) 4.42 onucan B [35)]. Boxubiii pac-
TBOp 3KBHUMOJISIPHOE CMeCH IBYX JIMTAHJOB U alleTaTa Koba/bTa HarpeBaju
B aBroknaBe npu 110 °C B Teuenue 96 u. [TosyyeHHBI KOMIIEKC COCTOUT
U3 acuMMeTpuuHbiX (parmentoB coctaBa [Co(cl)(1,3-bdc)]. KoGaasr(II)
HaXOIMTCS B OKTA3APUUYECKOM OKPYKEHHH, KOODAMHHPYeTCS IBYMs
aTOMaMH KHCJIOpPOAa MOJEKY/bl LUMPOQJIOKCALHHA U YETBIPbMs aTOMaMH
Kucnopoga ot Tpex 1,3-GensennukapGokcunatoB (1D-uenu). Kommiekce
4.42 wusoctpykrypen coenvHendto Mn(I) ¢ atumu ke JMraHzamu,
CTPYKTypa KOTOPOro MpeAcTaBieHa Hixke [35].
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Ecu ruppotepMasibHylo peakiuio LMIPO(AOKCALHHA H COMH KoOaslb-
ta nposomuiu npu pH npumepHo 11-12, 61 mosydeH 2D-KoMrieke
[Co(ch)e] 2,5 HoO, Takxke usoctpykrypHbliit Kommiaekcy Mn(II) [35].

Komnnexcor Mn(II)

Cunres kommiekca Mn(II) ¢ N-nponunxopdpaokcaunHom 4.43
npusefied B [30] Hapsimy ¢ Kommiekcamu Japyrux Merauios. Cocras
[Mn(pr-nf)2(H20)2 1 cTpyKTYpy HcC/Ie0BaM CEKTPabHBIME METOLaMH
(UK-, anexrponnas, I1P-crekrpockomnusi). IIP-crektp kommiexca 4.43
cOCTOMT U3 6 JIUHHMII cO 3HaueHHeM g ~ 2,0, THIIMYHBI ISl MOHOSIEPHOTO
Mn*t (S = 5/2). N-Ilponuanopdaokcauun B KoMTeKkce BhiCTymaeT
KaK OMIEHTATHBIHl JAENPOTOHMPOBAHHBIA JHUraHI, KOOPAHHHUPYIOLIHH aToM
MapraHia uepes KapOoHH/IbHBIA H KapOOKCH/IbHBI aToMbl Kucsopona. Ile-
CTHKOODAMHALHOHHBIA Y3eJ HMeeT C/1ab0 HCKaXKeHHYI OKTadApHUecKyio
reoMeTpHIO.

B ycu0BHsIX THApPOTEPMANBHON PeaKLHy M3 IHAPOXJIOPHIA LHIPOJIOK-
cauuHa, auerara Mn(Il) u 1,3-6ensennnkapbokcuiata CHHTE3UPOBAH KOM-
nnexc 4.44, cocrosiuuit U3 ¢pparmentos cocrasa [Mn(cf)(1,3-bdc)] [35].
Jlurauasl ¥ yCJIOBHS M0A0OPaHbl aBTOPAMH TaKMM 00pa3oM, 4ToObI MOJIy-
YUTb METaJJIOKOMIJIEKChI, CMOCOOHBIE C031aBaThb MHOTOMeprIe CprKTypb].

[To panubim PCA kaxnapiii Mn(Il) B kommsiekce 4.44 vmeeT HCKaXeHHO
OKTaa}lle{ecxoe Opr)KeHI/Ie, KOOp}lI/IHI/IpoBaH ABYMs aTOMaMH KI/ICJ'IOPO'
1@ OJIHOH MOJIEKY/Ibl LMMPO(IIOKCALMHA W YETbIPbMsi aTOMaMH KHCJIOPO-
Ja OT TpeX pasiuuHbIX KapOokcuaaTHbX rpymn Tpex 1,3-bde (1D-uemu)
(puc. 4.11). Cpennss anuna csasy Mn-O cocrapaser 2,1991 A.
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Puc. 4.11. Koopauuaumnontoe oxkpyxenne Mn(Il) B komniexce 4.44

1,3-BensenankapGoKCHIaTHBIA JIHTAHA y4acTBYeT B KOMILIEKCE JIHOO0
KaK XeJaTWpymollas rpynna, Ju6o Kak MOCTHKOBAs, KOTOpas CBs3blBaeT
1Ba WoHa Mapranua B aumep (puc. 4.12). Llenn nnmepoB pasnee 3a cuer
BopoponHbix cBsizeit N-H:- - -O u C-H- - -O ynakosbiBalotcst B 3D-cynpamo-
JIEKYJISIPHBIE CTPYKTYPBI [35].
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Puc. 4.12. Crpykrypa 1D goiiHo#i uenu B xommiekce 4.44

[unporepmaibHas peakius uunpogiokcanuna ¢ aneratom Mn(Il) B oc-
HoBHBIX ycsousix (pH 11,5) mpusena k oGpasoBanuio 2D-kommiekca
[Mn(cf)o] - 2,5Ho0 4.45 [35]. B kpucrannuueckoit ctpykrype 4.45 kax-
Jlasi HesaBHCMMas KpHCTasorpapuyeckas ennnuua cogepxutr 0,5 aroma
Mn(Il), 1 nurann uunpogiokcaunta u 1,25 MosiekyJibl Bofibl (M3 peleTky)
(puc. 4.13).

Puc. 4.13. Koopauuauunontoe okpyxense Mn(Il) B kommniekce 4.45
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B oxrasmpuuecko#i koopauHauuu Kaxmoro Mn(Il) yuactsyior
yeTblpe aTOMa KHCJOPOZA OT JBYX PAasHBIX JHTaHL LHUIPO(IOK-
cauMHa B 3KBaTOpHaJbHOM  MoJoXKeHHH  (Mn-Ogero =2,1449(16)
1 Mn-Opsoxena = 2,1562(13) A) u nBa atoma asora muNepasHHOBEIX
(parMeHToB B aKcMaJbHBIX mojoxenusx (Mn-N=2,3465(15) A).
B pesynbrate UMIPO(JIOKCALMH BBHIIOJHSET POJMb MOCTHKA MEXIY
JIByMsi aTOMaMH MeTajla M KPUCTAJIMUYecKas CTPYKTypa MpeicTaBieHa
IByMepHOH peerkoit (puc. 4.14). Asroper [35] oTmevatoT, uTO TaKoi
Cr1oco6 KOOPAMHALMK SIBJSIETCST MEPBBHIM MPUMEPOM B METAJIOKOMILIEKCAX
LUIPOQIIOKCALHHA.

Puc. 4.14. Crpykrypa 2D xomriekca 4.45

Komnanexcot Zn(II), Cd(II), Ni(II)

LMHK MrpaeT BaXKHYIO PO/Ib B Pa3/IMYHbIX GHOJIOrMYECKHX CHCTEMaX,
y4acTByeT B psifie KJETOUHBIX NPOLECCOB, B TOM YHCJe B PEryIHPOBaHHH
MeTa00/n3Ma K/eToK. CHHTe3HPOBaHbl M M3yueHbl KOMIIEKCH LHHKA CO
MHOFMMH JIeKapCTBEHHBIMH TpenapaTaMu, 4acTo OHH HCIOJb3YIOTCS A/
JleyeHHs], HanpuMep Gose3HH AJibLreiiMepa, Kak aHTHKOHBYJIbCAHTbI, aHTH-
NMabeTHKH, IPOTHBOBOCMANUTE/IbHbIE HIH NPOTHBOMHKPOOHEIE MIpenapaThl.
Kpome Toro, KOMMIeKch LMHKa 3a4acTyio 00JMafaioT JIOMHHECLEHTHBIMH
CBOFICTBAMU M MOTYT HCIIOJIb30BATbCSA IS KOHTPOS TMPOXOXKAEHHs JeKap-
CTBEHHOT0 npernapata. [ToHSITHO, YTO MPAKTHYECKHH HHTEpEC NMpeiCTaB/IsIn
1 KOMILJIEKCI LIHHKA ¢ (PTOPXHHOJOHAMH.

Tak, onucanbl kommiekes Zn(Il) ¢ Hopdiokcaunsom [11], 1Ba U3 Hux
cocraBa [Zn(nf)e] - 4HoO 4.46 u [Zn(Hy0)(nf)9](NO3)y 4.47 mosyueHsl
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l'H}lpOTepMa.}'[beIM CUHTE30M. HO JaHHBIM peHTFeHOCprKTypHOFO aHaJm3a
B coeanHeHnd 4.46 1Ba AHHOHHBIX JIMraHAa KOOPAMHHMPOBAHEI aTOMOM
MeTaJl1a uepe3 KapOoHUJIbHEI aToM Kucaopona [Zn(1)-0(3) =2,095(3) A]
¥ OIMH KapGoKcuiaTHbH atom kucaopopa [Zn(1)-0(2)=2,070(3) A]
(puc. 4.15).

JlBa aToma a30Ta NHMEPasHHOBBIX KOJEL 3aHMMAIOT aKCHaJbHbE MOJIO0-
xenns [Zn(1)-N(1A) = 2,253(3) A], B pesyabrare o6pasyercs 2D-miockas
peleTka ¢ HaHOpasMepHOH ruapodoOHOi Tpybuatoil nosoctbio. Takas
CTPYKTypa MOXeT NPEJCTaBIATh HHTEPeC AJs XUMHH COeIMHEHHIl THMa
«TOCTb—XO3SIHH>.

B xomnsiekce 4.47 xenatHoe CBSI3bIBAHHE MOHA LIMHKA KHMCJOPOXHBIMH
aTOMaMH XHHOJIOHA OCYILIECTB/IeTCS OLOGHO CBS3BIBAHUIO, Pealu3yeMoMy
B coenrHeHuH 4.46, HO aKCHAJbHbIE TOJIOXKEHHsI 3aHATHl IByMS MOJIEKYJa-
MU BObl. MccnenoBatesiy nosarakT, 4to B HEHTPaJbHOM MM CJ1a600CHOB-
HOI1 Cpefie aTOM a30Ta MHMEePa3HHOBOrO KOMbLiA MOXKeT MPHHUMATh yuacTHe
B KOODIMHALMM, B TO BpeMs KaK B CJa0OKHMCJIOH cpefie 3TOT aToM a3ora
NIPOTOHUDYETCS U TepsieT CIOCOOHOCTh KOOPAHHHPOBATLCS METa/IIOM.

O6a komnsekca 4.46 v 4.47 nposiB/ISIOT HHTEHCUBHYIO CHHIOK (ayo-
peCLEHLHI0, UTO MOXKeT ObiTb HCIIOJb30BAHO B NPAKTHKe CO3JAHHMs MaTe-
puana 1/isl CBETOIMONOB C CHHHMM cBedeHneM. Kpome Toro, xommiexc 4.46
6naronapst 2D-nosiMepHOH CTPYKType TepMHUUeCKH CTabuJeH W MpaKkTHue-
CKH He paCTBOpHeTCH B O6bl'—IHle paCTBOpMTeJ[ﬂX.

C N-npomua-HopQJIOKCALMHOM CHHTE3UPOBaHbl KOMIIIEKCH COCTaBa
[M(pr-nf)o(H20)2], rne M =Zn (4.48), Cd (4.49), Ni (4.50) [30]. Ctpyk-
Typa HccsefioBaHa crektpanbHeiMi Metopamu (VIK-, anextpounnasi, [IMP-
CIIEKTPOCKOIHSI), TMOKA3aHO, YTO LIeCTHMKOOPAMHALMOHHBIH y3en B 4.48—
4.50 uMeet 1260 UCKaXKEHHYI0 OKTa3[pHUecKyto reomMeTputo. Kommiekcsl
nposIBAAIOT Gosee cnabyio MO CPaBHEHHIO €O CBOGOXHBIM N-TIpOmHi-
HOP(JIOKCALMHOM aHTMMHKPOOHYIO aKTMBHOCTb B OTHOWeHHH E. coli,
P. aeruginosa, S. aureus.

C odanokcauntom mnosmydens Kommiekcsl Ni(II) [18] u Zn(II) [33].
Cocras u cTpykrypa nocnensero [Zn(oflo)o] - 4HpO 4.51 no nanusiM IMP
'H u 13C npakruuecku ne ornmuaercsa ot kommaexca Co(Il) ¢ odnokcaru-
HoM 4.40, niist kotoporo BeimosHeH PCA.

BaanmoneiicteieM BomHbix pactBopoB xjopupos Zn(Il) wu  Cd(Il)
C BOJAHBIM PAacTBOPOM THAPOXJOPHAA LMMPO(JIOKCALMHA MPH KOMHATHOH
TeMHepaType CI/IHTe3l/IpOBaHbI )4 oxapaKTepmsosaHbI KOMIIJIEKChl COCTaBa
[Zn(cf)2(HoO)9] -8HyO  4.562 u  [Cd(Hcl)o(Cl)o] -4H,O 4.53  [34].
Meronom PCA onpenenena ux ctpykrypa. B o6oux ciyuasix merasn nMeer
OKTa3/[PHYECKOe OKPYXKeHHe C KOOPAHHALMOHHEIM Y3ioM [ZnOg] mas 4.52
1 [CdO4Cly] nist 4.53. Ho B KoMIjieKce LMHKA JIMTAH HAXOQUTCS B aHU-
OHHOF (hopMe, @ B KOMIIEKCE KaAMHsI — B LIBUTTEP-HOHHOH (IPOTOHHPOBAH
0 aTOMy a30Ta MHUMepasuHa), akCHalbHble MonoxKeHns B 4.53 3aHMMaOT
voHbl xqopa. JlauHer cBszell B 4.52 Zn-Oyer, = 1,983(16)-2,032(13)
1 Zn=Oyapsorenn = 2,013(17)-2,030(16) A. O6a kommiexca M30CTPYKTYPHBI
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Puc. 4.15. Crpykrypa kommekca [Zn(nf)o]-4H,O 4.46 (a) u ynmakoska B Kpu-
craqne (6)
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kommiekcy Co(ll) ¢ uunpodmokcauutom (4.41), nomydeHHOMY B 3THX ke
YCJIOBHSIX.

BsanmoneiicTBre runpoxsopuaa uunpogiokcaunsa ¢ coasmu Ni(Il)
1 Cu(Il) B mpUCYTCTBHH IIENOUH TPUBEJIO K MOJYYEHHIO KOMIUIEKCOB CO-
craBa [M(cl)] - 2Ho0 rne M =Ni 4.54, Cu 4.55 [34].

U3syyeHa aHTUMHKpPOGHAsi AKTHBHOCTb KOMILIEKCOB LMIPOQIIOKCALMHA
¢ Co (4.41), Zn (4.52), Ni (4.54), Cu (4.55) B OTHOWIEHHH psifa TPaM-
TOJIOXKHUTEJIBHBIX M TPAMOTPHIIATEIbHBIX MHKPOOpPraHuaMoB [34]. BriGopou-
Hble JAHHbIE B CPABHEHWH C LUMPODJIOKCALMHOM MpUBENeHbl B Tadd. 4.4.
B GosbLIMHCTBE CJyYaeB MeETa/JIOKOMIUIEKCH! MPOSBJSIOT aKTHBHOCTB,
CPABHHMYIO C JIMTAHAOM, JHOO Bhille, HAanGOJee aKTHBEH KOMILIEKC Me-
1 4.55.

Tabauua 4.4

AKTHBHOCTb KOMIJIEKCOB LUnpodokcainta 4.52, 4.54, 4.55
u 4.41 (MIC, mkr/ma)

Murpoopranssy Hnnpo- | 4 41 | 4.52 | 4.54 | 4.55
(aioKcaluH

S. aureus ATCC25923 0,25 0,25 1025| 05 | 0,25
S. epidermis ATCC12228 0,12 0,06 | 0,12 | 0,12 | 0,06
B. subtilis ATCC1904E 0,03 0,06 | 0,03 | 0,03 | 0,03
E. coli ATCC25922 0,016 0,004 | 0,004 | 0,12 | 0,004
Salmonella typhim. ATCC13311 0,016 0,008 | 0,016 | 0,016 | 0,008
Aeromonas spp. AE-40 0,016 0,25 | 0,25 | 0,12 | 0,001

Pasnosrannneie KomriekcHble coenrnenusi uunka (II) u kagmus (II)
¢ LUNPOGJIOKCALMHOM U NOMUKAPGOKCHIATHBIM JIUTAHIOM ONMUCaHbl B [35].
C 1,3-GensennukapOoKcHIaToM (BTOPOi JIHTaHA) B YCJIOBHSX THAPOTEp-
MasbHoi peakunn Zn(Il) oGpasyer kommmekc cocrasa [Zn(cf)(1,3-bdc)]
4.56, nzoctpykrypHeiii kommiekcy Mn(1l) 4.44 rakoro ke cocrasa.

C  1,4-GeHseHanuKapOOKCHAATOM W LUMPOQJIOKCALMHOM —KOMILIEKC
Zn(ll), nonmyyeHHBIH B 9THX JKe YCJIOBHSAX, HMeeT [OPYrod cocras
[Zny(ctH)4(1,4-bdc)](1,4-bdc)] - 13HyO 4.57. Io nauusim PCA crpykTypa
4.57 Bkmouaer mapy KatuoHos [Zn(cfH)y]>*, cBasammbix 1,4-GeHseH-
IHKapOoKcHIaToM B GusiiepHbsle (parmenthl (puc. 4.16). Hon wuuHka
HAaXONUTCSL B LEHTPe OKTa’Apa M KOOPAMHMPOBAH YETHIPbMSI aTOMaMH
KHMCJI0POJa ABYX MOJIEKY. LUMPOdIOKCaLlHA | ABYMst aTOMaMH KHCJIOpOa
OIHOH XenaTupyloweil rpynmbl 1,4-GeHseHnukapOokcuaara.  JmuHbI
cpaseit Zn-O nexar B mpenenax 2,014(4)-2,208(4) A, yrn O-Zn-O
meHsiorest ot 58,9(2) mo 176,6(2)°. JlBa TtHma cynpaMoJsieKyAsipHbIX
B3aHUMOJEHCTBHI MMEKT MecTo B CTpyKType 4.57 — BOLOpOAHBIE CBSA3M
¥ apoMaTHYecKHe 7-m CTeKHHTOBble B3aHMOJEHCTBHS.
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Puc. 4.16. Koopauuaunontoe okpyxenne Zn(Il) B xommniexce 4.57

Apxurextypa Kommiekca 4.57 MoxkeT GbITb OMHCaHa Kak CynpaMOseKy-
nsipHast 3D-cetb THOA «roCTb-X035IUH» (puc. 4.17).
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Puc. 4.17. Cynpamosiexy/sipuast CTpyKTypa Kommiaekca 4.57

19 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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Jlast cunresa kommiekca Cd(Il) B kauectBe BTOporo JauraHma Obu1 Hc-
nosb3osal 3,3 ,4,4'-6enszodenonrerpakapbokenar (bpte) [35]. Tloayuen-
bl Kommeke umed coctas [Cdy(cf)o(bpte)(HoO)o] - 8HoO 4.58. Ilo nan-
HeiM PCA Kaxupii aToM KaaMusi B aCHMMETPHUYHOM (hparMeHTe HMeeT
OKTa3[pHYeCcKoe OKPYKeHHe, KOOPIMHHPOBAH TPEMsI aTOMaMH KHCJOPO-
14 IBYX MOJIEKY/ LMMPO(IOKCALMHA, ABYMs aTOMAaMH KHCJOPOXA OXHOrO
bptc-nuranaa U atoMoM Kucsopoaa Mosekyabl Bombl (puc. 4.18). Haunbl
cesizeit Cd-O nexar B mpenenax 2,216(3)-2,398(3) A, yrasl O-Cd-O
meHsitorest ot 75,16(11) no 174,4(2)°.

Owl

Puc. 4.18. Kooprunauronnoe oxkpyxenne Cd(Il) B kommiekce 4.58

DparmenTsl yrnakoBsiBaioTes B ruGpunnbie 1D-nenu (puc. 4.19) u nanee
B 3D cynpaMoJ/IeKy/IsIPHYIO CeTb THIA «TOCTb—XO35HH».

Puc. 4.19. Crpykrypa 1D uenn kommniekca 4.58

[upporepmasbHas peakiuus Lunpodoxkcauuta ¢ aueraroM Zn(Il) wmn
Cd(II) B ocHoBHBbIX yenoBusix (pH 11,5) npusena k oGpasoBanuio 2D-koM-
nnekcoB cocrasa [M(cf)2] -2,5H0 (M =Zn (4.59), Cd (4.60)], koropsie
H30CTPYKTYpHBI KoMmekcy Mn 4.45 (cm. puc. 4.14) [35].
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Komnaekce Zn 4.56, 4.57, 4.59 u Cd 4.60 B TBepIOM COCTOSHUU
MPH KOMHATHOH TeMIeparype MPOSIBISIOT MHTEHCHBHYIO JIIOMHHECLEHLHIO
¢ MaKcHUMyMoM 3MHuccuu B obnacti 420-430 HM U NpencTaB/ISIOT HHTEpeC
JJIs TTOJTyYeHU S CpOTOaKTHBHbIX MaTepMaJIOB, NMOCKOJIbKY TepMI/I'—leCKI/I CcTa-
OUJIBHBI ¥ HEPACTBOPHMbI B OOBIYHBIX pacTBopUTesx [35].

CunresupoBanbl Kommsekebl Zn(II) ¢ sHpodiokcaurHom (erx) cocra-
Ba [Zn(erx)y(H9O)o] 4.61 [36] u pasHosurannHsle co BTOpbIM N-g10-
HOPHBIM JIUTAHAOM — MHPHAMHOM coctaBa [Zn(erx)q(py)e] - 6HoO - MeOH
4.62 [37], qenanrposutom coctaBa [Zn(erx)s(phen)]-4MeOH 4.63 umu
GunupuanHoM [Zn(erx)q (bipy)] - 4.64 [36]. CrpyxTypsl KommekcoB 4.62—
4.64 onpenenensr merogom PCA (puc. 4.20, 4.21).

03
N1 N4
02l Zn
N2
01
N3 F

Puc. 4.20. Crpykrypa xkommJekca 4.62

Puc. 4.21. Crpykrypa xomnsexca 4.63
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Komnnexcel 4.62, 4.63 xapakTepu3yloTcs 0OIMHAKOBOH OKTa3pHUeCcKOH
reoMeTprel KOOpPAHHALMOHHOTO y3/1a, HO PasHBIM MPOCTPAHCTBEHHBIM pac-
nosiokeHueM Juranaos. CTpyKTypsl Kommniekcos 4.63 1 4.64 onHOTHIHBL

CrekrpanbHbiMi MeTogaMu (YO u duyopecieHis) H3ydeHa Croco6-
HocTh KommaekcoB 4.62-4.64 cessbiBathes ¢ [JJHK, paccuntansl KoHcTaH-
THI CBSI3BIBAHHSL.

Komnnexcor Mg(Il), Ca(Il), Ba(II), Sr(1I)

Won Maruus sIBsieTCs OYeHb PACIPOCTPAHEHHBIM B OGHONOTHYECKHX
CHCTEMaX, OH HrpaeT BaXKHYIO POJb U B NEHCTBHH XHHOJNOHOB. Psn paGot
MOCBSILEH CHHTE3y M H3YUYeHHIO OHOJNOTHYECKOr0 IEHCTBHSI KOMILIEKCOB
Mg(Il), Ca(ll) u npyrux mera/oB 3TOH TpyMIbl ¢ HaHGO/Mee U3BECTHBIMH
IPEJICTABUTEAMU (hTOPXHHOJIOHOB.

Tak, rHAPOTEPMAJIBHON PeaKiHell HOP(IOKCALMHA C XJIOPHIAMU MATHHUsI
¥ KaJlbLKst Obln nosydeHs! aBa qumepa [Mgo(HyO)g(ni)s]Cly - 4Hy0 4.65
1 [Cag(Cl)(nf)6]Cls - 10H20 4.66 [9]. CoriacHo HaHHBIM PEHTTEHOCTPYK-
TYPHOTO aHa/u3a, Kommiekc 4.65 MoxerT ObiTb OnucaH Kak gumep 2:2,
B KOTOpOM JABa HWOHA MarHuf CBfI3aHbl C JABYMsS aTOMamu KHCJ'[OPO'
12 KapOOKCHIbHBIX TPYII ABYX MOJIEKYJ JUraHaa ¢ 00pa3oBaHHeM ye-
teipexunentoro uukaa [Mg(1)O(2)Mg(1A)O(2A)] (puc. 4.22). Kax-
neiit won Mg(Il) umeeT okTasmpuueckoe OKpYXKeHHe, peanusyeMoe Ipu
yuactun Kap6ouubHoro [Mg(1)~Ogero = 1,997(2) A] u xap6okcubHoro
[Mg(1)-Oxapsorenn = 2,084(2) A] aromoB kuciopoma ¢ hopmupoBaHHEM
CTaGH/IBHOTO IIECTHUJIEHHOTO HKMKAa. KapOoKcubHast Tpymna B 9TOM CJy-
yae MOXKET ObITb PACCMOTPEHA KAK MOHONEHTATHBIE JIUTAHL MOCTHKOBOIO
tuna. Takas HeOXXHIaHHas CTPYKTYpa OTIIHYAETCS OT MPeIOKEHHBIX paHee
L7151 XHHOMOHOBBIX KommiekcoB Mg(I), xoTs 1 BbicKasblBasHCh MPEATONO-
JKEHHsI 0 HAMUYHH THMEpOB.

@ O4W

@ O5W

Puc. 4.22. Crpykrypa kommiekca [Mgs(H0)g(nf)2]Cly - 4H,0 4.65

Komnnexc kanbuns 4.66 — Toxe auMep, HO MOCTHKOBBIM JHIaH-
JoM siBasieTcst xaopua-voH (puc. 4.23). KoopauHaimonnas reomerpus
Bokpyr kaxporo uoHa Ca(ll) Moxer ObITb ommcaHa Kak HCKaKeHHast
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neHTaroHanbHas OUnupaMuua. TpH MoJeKyabl HOp(JIOKCALMHA, TPOSBISs
cebsl KaK OMIEHTaTHble JHMIaHAbl, KOOPAMHHUPYIOTCS aTOMOM MeTasna ye-
pe3 kucsopon Kap6onuabHOH rpymisl [Ca(l)-Ogero = 2,384(2) A] U OIHH
atoM Kuesopoaa kapookeuiaboit rpynmbl [Ca(1)=Oxapsoxcis = 2,395(3) Al
X/OpHA-HOH 3aBepliaeT LIECTHKOOPAMHUPOBAHHOE OKPYXKEHHE KaJbLHst
[Ca(1)-CI(1) =2,862(9) A].

Puc. 4.23. Crpykrypa komnJekca [Cag(Cl)(nf)g]Cls - 10H20 4.66

Cunresnposanbl  Kommsekcsl Mg(Il) ¢ pamemudeckum  odiokca-
urHoM  [Mg(R-oflo)(S-oflo)(HyO)9] - 2H,O  4.67 u ¢ S-usomepom
[Mg(S-oflo)o(H20)o] - 2HoO 4.68 [38]. O6a coenuHeHHs MOMyYeHbI
THAPOTEPMAJIBHOH peakiuedl OQJIOKCALMHA C XJOPHIOM MArHusi, HO
B caydae Kommaekca 4.67 CHHTe3 OCYILECTBJS/ICS B TMPHCYTCTBHH
L-ructipuna. [lo nanasim PCA B 060MX KOMIUIEKCAX MOJIEKYJIbI XHHOMOHA
HAXOJSITCS B aHUOHHOH (pOopMe W KOODIMHHDYIOTCSI aTOMOM MarHHs yepes
aTOMBI KHMCJIOpOfa KeTo- W KapGokcunbHOH rpynm. Ciabo HcKaXkeHHast
OKTa3[puueckasi KOOPIMHALHMS 3aBEpIIAETCSl IBYMSI MOJIEKYJIAMH BOJbI,
3aHMMAILIMMK  aKCHasbHble mosoxeHus. Ha puc. 4.24 mnpencrasneHa
MoJIeKyJIsipHas  CTpyKTypa kommiaekca 4.68, mmmHa cBsisn Mg—Ogero
nexur B npeenax 2,033(2)-2,029(2) A, a Mg—Oyapsoxenn — B Tpesenax
2,027(2)-2,038(3) A. Kommekcr 4.67 u 4.68 NpaKTHYeCKH HJEHTHUYHBI,
32 HCKJIOYEHHEM OPUEHTALMH OHOM OKCA3UHOBOH METHJIBHOH TPYIIIbI
Y XUpaNbHOrO LEeHTpa coefnHenus 4.68, HaxonslleHcs B 9KBATOPHANLHOM
MOJIOKEHHH, B TO BPeMsl KaK [pyrhe MeTWJ/bHble TPYIIbl B COEIHMHEHHSX
4.67 1 4.68 3aHMMAIOT aKCHAJIbHbIE TOJOKEHHUS.

Arom asora nunepasMHOBOrO LKMKJA He y4aCTBYET B KOOPAHHALHUH, B TO
BpeMsi KaK B caydae HOpUIOKCALMHA a30T MHUMEpPasHHa KOOPAUHHPYETCs
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pas/IMYHbIMM ~ MeTa/JaMH ¢  (DOPMMPOBAHMEM IJIOCKOH  pelueTyaroi
2D-ctpykTypsl Kommaekcos [11, 39] (cM. Hampumep, puc. 4.15).

0
om0

; & A B

A

Puc. 4.24. Crpykrypa kommekca [Mg(S-oflo)s(HpO)2] - 2H,0 4.68

HccneoBanue KoMIIEKCO06pa3oBaHus 0(JIOKCALMHA C MarHHEM MeTo-
namu IMP 'H u 2D 'H-'3C HSQC nokasaso, uto B pacTBope XMHOMOH
KOOPAIMHHPYeTCSl MarHueM TakuM ke 00pas3oM, KaK M B KpHCTaJJax, Ho OT-
HOCHTEJIbHO CTEXHOMETPHH OfHO3HAUHBI BbiBOX He caenad [38]. CrekTpl
KOMILJIEKCOB TI0Ka3blBAIOT OYeHb HEOOJbIIINE CMEIIEH s CHIHAMIOB POTOHOB
10 CPaBHEHHIO CO CIIEKTPOM CBOOOJHOTO XHHOJIOHA, HO MMEeT MeCTO 3Ha-
YHTE/bHOE YIIHPeHHe, 0coGeHHO Aasi auHui npotoHoB H(2) u H(5).

HMsyuena antnHGaKTepuasibHas aKTHBHOCTb KOMIJIEKCOB MarHus 4.67
1 4.68 B cpaBHeHHH O CBOGOAHBIMK quraniamu (tada. 4.5) [38]. Sxauenust
MIC KOMIIEKCOB He3HAUMTEIbHO OTJIMYANTCS OT TAKOBBIX /ISt CBOOOZHBIX
JIATAHI0B. ABTOPBI IPUXONAT K BBIBOLY, UTO KOMIJIEKCHl MarHHsi He MOTYT
paccMaTpUBaThCs KaK MepCreKTHBHbIE Npernaparhl, Ho MPeICTAaBSIOT HHTe-
pec JJI51 BbISICHEHUS] UX pOJIl/l B MeéXaHHU3Me }:[eleCTBI/IH CpTOPXI/IHOJ'IOHOB.

Ta6anna 4.5
AxrtusHocTb Kommiekcos 4.67, 4.68 u smrangos (MIC, mkr/mi)
Mukpoopranusm | oflo 4.67 S-oflo 4.68
S. epidermis 0,75 1 0,3 0,6
B. subtilis 0,5 0,8 0,3 0,5
E. coli 0,26 0,25 0,15 0,15
S. enteriditis 0,75 1 0,5 0,75
E. faecalis 10 15 4 4

CHHTE3MPOBAHbl M [€TANbHO H3YUYeHBl CTPYKTYPBl PA3HONHTAHIHBIX
komnsiekco Ca(Il), Ba(Il), Sr(II) ¢ uunpodiokcauHoM u apomaru-
YeCKHMHU MOJHKApOOHOBBIMU KucjaotTaMu [35]. BsaumopeiictBue xmopu-
1a KajblHsi, THAPOXJOPHAA LHMMPOQJIOKCALHHA M MOHOKAJIHEBOH COMU
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1,2-6ensenankapborosoii kucaotsl (1,2KHbdc) B BogHO# cpene mpu Tem-
neparype 110 °C B Teyenue 96 4 mpUBOAMT K 0OPAa3OBaHHIO KOMILIEK-
ca 4.69, cocrosilero M3 HeHTpaJbHbIX MOHOSLEPHBIX €JMHHLL COCTaBa
[Ca(cfH)o(1,2Hbdc)s]. Mo nanusim PCA arom Ca(ll) koopmunupoBaH ye-
TBIPbMSI aTOMaMH KHCJIOPOAA ABYX JMIAHIOB LMMPO(IOKCALKHA B 3KBa-
TOpHAJIbHOM TOJIOXKEHHH M JABYyMS aToMaMu Kucaopoxa nByx 1,2Hbdc,
HaXOJSIIIUXCS B aKCHANBLHOM TOJIOXKEHHH, B pe3y/bTaTe 4ero GopMUpyeTcs
HCKaXKeHHbIH 0KTasnp (puc. 4.25).

Puc. 4.25. Crpykrypa kommiekca [Ca(cfH)(1,2Hbdc)s] - 2H,0 4.69

Peakuust xnopuna Ba(Il), rugpoxsopuna unnpoduiokcaiysa, 1,4-6eH-
3enuKapOoHoBoit kueaoThl (1,4Hbde) u menoun B Bogwoit cpege mpu
temneparype 120° B TeueHue 89 4 mpuBesa K 00pa30BaHHI0 KOMILIEKca
4.70 [35]. Hanubie PCA r1okasblBaloT, 4TO €ro CTPyKTypa MpencTaBisieT
VHUKaJIbHble JBYMEpHbIE CJIOM, COAepallive ofHoMepHble Leny Ba-O-Ba,
B KOTOPBIX aCHMMETPHYHas efuHMUa comepkuT 1 atom Ba, | awuranp
uunpodiiokcaunna, 0,5 uranga 1,4bde, 1 Bonusiit quraung, 0,5 cBo6oxHOM
MoJIeKyJIbl BOAbl. KOOpAMHALMOHHBIN y3es MMeeT reOMeTPUI0 HCKaXKeHHO-
ro TpeyrosibHoro mopekasgpa (puc. 4.26). Bapuii KoOpIMHHpPOBaH TpeMst
aTOMaMH KHCJIOPOAa M3 [BYX XeNaTHPYIOLIHX/MOCTHKOBBIX GHIEHTATHBIX
auranfios 1,4bdc, yeTbipbMsi aToMaMH KHMCJOpOAA M3 JABYX JIMTAHIOB LH-
npo¢IoKcalliHa U OHOro BOAHOro suranaa. JiuHel cBsizedl Ba-O sexar
B mpefenax 2,637(2)-2,849(3) A, yrae O-Ba-O wmensores ot 45,47(6)
1o 166,39(8)°.

Bapuiiconepkalide [0feKasApbl CBS3aHbl B LEMH, HA OCHOBE KOTOPBIX
(opMUpYyIOTCS cynpaMoseKysipHble 2D- u 3D-CTPYKTYPEL.

Ecau Gapuit 3amewaercs Sr(II) (uiesouHo3eMebHBIM METANIOM MeHb-
1Iero pafMyca), To B aHaJOTHYHBIX YCIOBHSIX OblT MosydeH Komreke 4.71
cocraBa [Srg(cl)g(1,4-bde)3(HyO)g] - 2HoO [35]. B acummerpuunyio enu-
HHILy 3TOr0 KOMIJIEKCA BXOASAT TPH KPHUCTAMIOrPaduuecKy He3aBHCHMbIX
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Puc. 4.26. Koopnuunauuontoe okpysxenue Ba(Il) B kommiekce 4.70

aroma crpouus (puc. 4.27). JlBa U3 HHUX HMEIOT TPEYrOIbHO-I0LEKAIPH-
4ecKoe OKDYXKeHHe, a TPeTHil — IeHTarOHa/lbHO-GHITHPaMHAAIbHYI0 KOH-
¢urypauuto. Jaunbl cszeit Sr—O sexar B npenenax 2,490(3)-2,771(3) A,
yrisl O-Sr-O wmensitorest ot 47,86(9) no 171,78(11)°. MeramioueHTpsl
CBSI3aHBI (1-KHCJOPONHBIMU aTOMaMHU B reKcasiepHble Kaacrepsl 2D u nasee
B CYNPaMOJIEKYJsSpHYIO CTPYKTYpY 3D.

[TpoBenenue ruaporepmasbHoil peakuuu Hutpara Mg(Il) ¢ uunpodok-
CallUHOM B OCHOBHBIX YCJOBMAX NpHBENO K 00pa3oBaHMI0 2D-KoMIlek-
ca cocrasa [Mg(cl)s] - 2,5H,0 4.72, u30cTpyKTYpHOrO paHee OMHCAHHBIM
Kommsiekcam Mn (4.45), Zn (4.59), Cd (4.60), KoTOpble CHHTE3UPOBaHbI
B 9THX K€ YCJIOBHSIX.

Komnnexcot dpyeux memannos

Anromunuit(III) o6pasyer ¢ (TOPXHHONOHAMH KOMIUIEKCH COCTaBa
M:L=1:3, BbicokocTabu/ibHble B BOAHbIX pacTBopax [40]. Takue xommex-
Cbl C HOP(JIOKCALUHOM H LUIPOGIIOKCALMHOM pacTBOpUMbl B Bome [41].
KomnzexkcooGpasyromas  crioco6rocts Al(II) mo orHowennio x wwmpo-
(JIOKCALUHY, JIeBOQJIOKCALUHY U JOMe(IOKCALHHY B BOAHBIX PAcTBOPax
uccnenopana Metofiom 'H u 13C IMP-cnekrpockonuu [42]. Tossaenue
HOBBIX CHTHAJIOB B CMEKTPaX XHHOJOHOB IPH BBeJEHHH B DAaCTBOP HOHOB
aJIIOMUHHUS CBHIETEJbCTBYeT 00 00pa30BaHWM KOMILIEKCA; JUTaHAHBIH 006-
MeH MPOTeKaeT MejJleHHO B Likaje BpeMeHd SIMP. OcHoBbiBasich Ha 3THX
pesyJibTaTax, aBTophl [42] MPHXOAAT K BBIBOAY, UTO BCACHIBAEMOCTb JeKap-
CTBEHHBIX (DTOPXHHOJIOHOBBIX IIPeNapaToB MPH MepopajbHOM MPHMeHeHHH
TOBBIIIAETCS B IPUCYTCTBHM HOHOB amoMuHus. Mccsenoanue (papmakonu-
HaMHUKH in vitro Bogopacteoprmoro kommiekca Al(ci- HCl)3 [43] mokasado,
4TO OH 00JIaaeT NJIUTEbHBIM MOCT-aHTHOHOTHKOBBIM 3(hdektom (ITAD)
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Puc. 4.27. Koopaunauuontoe okpyxenue Sr(II) B komrekce 4.71

B otHomenun E. coli ATCC 25922. 3nauenue ITAD nns komnmexca AlP+-
uunpodiiokcauns (1,75 1) Hemuoro mnpesbiuaer [TA3 nas cBoGomHoro
uunpodiiokcaunsa (1,44 u).

CuHTe3upoBaHbl M H3yueHbl 1Ba Kommiekca sucmyta(IIl) ¢ ¢rop-
xuHosoHaMH  [44, 45]. C nedokcalMHOM KOMIJIEKC HMeeT COCTaB
(C17H99N303F)4[BisClyg] - Cly - 8HoO (4.73) 1 COCTOHT W3 LEHTPOCHM-
METPUUHbIX GHSIEPHBIX aHHOHOB [BiyClyg]*~, -anmoHOB XJI0pa, JUIPOTOHH-
POBAaHHBIX KAaTHOHOB MedIOKCAlMHA M MOJeKya Bofbl. KoopaHHALHOHHBIH
nosmsnp Bil! mpencrasaser coboil McKaeHHBIH OKTasnap, B KOTOPOM
4 KopoTKHe TepMuHasbHbe cBsisn Bi-Cl (2,5037(10)-2,6911(7) A) u nse
6osiee AnuHHEIE MOcTHKOBBIE (2,8834(8) 1 3,0687(9) A). AHHOHBI, KaTHOHBI
¥ MOJIEKYJIbl BOABI CBsi3aHbl BOLopoaHbiMU cBsassimu O-H---O, O-H- - -Cl
1 N-H---Cl B Tpexmepubiii kapkac (puc. 4.28). Hmerorcst takke m-m
CTEKHMHT-B3aUMONEHCTBHS MEX/Y XMHOJNMHOBBIMU chcTeMaMu [44].

C nopduokcaunsom Buemyt(IIl) oGpasyer kommiekc 4.74, KOTopbiH
umeer coctaB (CigHgoN3O3F)o[BisClg] - Cl-2HoO u cocrout u3 aHHOHOB
[BiyClg]®~, aHuOHOB XJI0pa, AUNPOTOHMPOBAHHBIX KATHOHOB HOP(JIOKCa-
UMHA U Mosiekys Boxbl. KoopauHauuonHbii monusnp Bi(Ill) npencrasaser
c000H HCKaXKeHHBIH OKTasfp, B KOTOPDOM TPH KOPOTKHE TepMHHaJbHbIE
ceasn Bi-Cl (2,5471(6)-2,5781(5) A) u Tpu Gonmee AaMHHBIE MOCTH-
xoBble (2,8599(5)-2,9984(6) A). AHHMOHBI, KaTHOMBI W MOJEKYJEl BOJbI
CBS13aHBl BOJIODOJHBIMH CBSI3SIMH C 00pa3oBaHHEM TPeXMEPHOH CTPYKTYPHI
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a 6

Puc. 4.28. Ynakoska ctpykrypHbix exunui B kpuctaste (Ci7HyN3O3F)4[BiaClig] x
x Cly - 8H0 (4.73): a — npoekuus BLOMb 0CH b, 6 — NPOEKLHUS BAOIb OCH C

(puc. 4.29). VmeloTcst TakxKe m—T CTEKHHT-B3aHMONEHCTBHS MEXAY XHHO-
JIMHOBBIMHU cucTeMamu [45].

Kommzeke cepeGpa ¢ meduokcauutom cocrasa [Ag(pf)] -4HyO (4.75)
ObUT TONMy4eH MPH TPOBEIEHHH PEaKUHH B BOIHO-AMMHAYHOM pacTBO-
pe [46]. aHHbIH KOMIJIEKC OTJIMYAETCS MO CTPYKTYpe OT GOJBLIHHCTBA
MeTaJIJIOKOMIUIEKCOB (PTOPXHHOMIOHOB. Tak, medioKcallH KOOpAHHHpYeT-
¢l MOHOM cepeGpa ABYMs KoHuaMu Mousekyisl (puc. 4.30). JlBa aToma
cepeGpa 0ObeIHHEHB B JIMMEpHBIE MApbl 3a CYET KOOPAMHALMH KapGOK-
CHJIBHBIMH TPYINaMH OT JABYX MOJEKYJ medJioKcaluHa, Kaxpaasi KapOok-
CHJIbHAs TPYINNA SIBASETCS MOCTHKOM MEXIy ABYMs aToMaMH cepebpa
[Ag-0(12)=2,329(3) A, Ag-O(13)=2,285(3) A]. Tpetbe koopauHalu-
OHHOE MECTO y KaXKJ0r0 aToMa cepedpa 3aHUMaeT TePMUHAbHBIH aTOM a30-
a N4P nunepasuroBoro uukaa apyroi monexyas [Ag-NyP=2,431(3) A].
YeTBepToe KOOPAHWHALMOHHOE MECTO 3aHMMAeT aToM KHCJIOPOa MOJe-
Ky/bl Bofbl. PaccTosiHMe Mexpy ABYMs CBSI3aHHBIMH aToMaMH cepedpa
2,901(1) A.

Court HOpIOKCALMHA ¢ TAKUMH METAJIIAMH, KaK cepe6po, IHHK, Lepui
MM KOGAJIbT, YaCTO MPUMEHSIOT MPH JIEUEHHH OXKOTOB, 3TO CTUMYJIHPYET
JasbHeHIINe HCCIeNOBaHHs B 9ToM Hampasnennn [47]. B paGore [48]
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a 6

Puc. 4.29. Ynakoska ctpykrypHbix equnul B kpuctagie (CigHaoN3O3F)s[BiaClg] X
x Cl-2H,0 (4.74): a — npoekuus BOJMb 0CH b, 6 — TPOeKLHst BAOJAb OCH €

Puc. 4.30. Crpykrypa xomniexca [Ag(pl)] - 4H,0 4.75

kommireke Ag(l) ¢ HopduiokcauuHom 4.76 monydyand B BOLHO-aMMHAYHOM
cpeme momoGHO 4.75, HO TPH KHISUEHHH B TeueHre 8 4. ITOT KOM-
nieke umeer coctas [Ag(Hni)o]NOs, siBaisieTcss MOHOSIIEPHBIM U COCTOMT
u3 katvona [Ag(Hnf)o]T u cna6o koopaumuposannoro asuona NO3~.
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HopdsoKcalMHOBBIH JIMran BefleT cebsl KaK HeHTpasbHbIH MOHOEHTATHbIH
1 KOOPAMHHPYeT cepebpo TOJbKO aTOMAaMH a30Ta MHMepasHHOBOrO LHKJA.
OxpykeHne Merajia nodtd JuHeiiHoe, yronm N-Ag-N pasen 162,1(2)°
(puc. 4.31).

Puc. 4.31. Crpykrypa komnaekca [Ag(Hnf)o]NO; 4.76

M3syuena pactBopuMocTb KoMmiekca 4.76 B Boje, MOKa3aHo, uTo ceped-
PO JOCTAaTOYHO JIETKO BBICBOOOXKJAETCS M3 KOMIIEKCA, PacCUMTaHbl KOH-
CTaHTbl PaBHOBECHs W CHeJaH BbIBOJ, YTO TaKas CTPYKTypa CIOCOOCTBYeT
JIydieMy aHTHGAaKTepHaibHOMY AeHCTBHIO MpH JleueHHH 0xkoroB. [1ogo6HO
komnsiekcam Zn(Il) ¢ Hopduiokcauutom, coenuHenne 4.76 o6nanaer uH-
TEHCHBHOH (pa1yopeclieHLHel B CHHel 06sacTH.

Cunresuposanbl Komiekest PA(IT) u Pt(IT) ¢ psmom dhropxuHosoHOB:
uunpociokcaluHoM (a), eBoduiokcalntom (6), odokcaluHom (B), crap-
(uokcauusom (r) u ratudaokcaurrom (x) [49, 50]. Peakumio nposoguu
B BOIHOU cpelie ¢ ucnosb3oBanueM coseil Ko[PdCly] uiu Ko [PtCly]. Kom-
nnexkcsl uMesu oguHakoBbli coctaB [MCly(L)], re L — dropxuHomon,
M=Pd (4.77), Pt (4.78), Ho pasnuunyio cTpykTypy. Ha ocHoBauuu nas-
upix MK, 'H u 13C SIMP-criekTpocKkonus, Macc-CreKTpoMeTpHH, TepMorpa-
BHMETPHH U 3JEMEHTHOrO aHa/u3a /st KOMIIEKCOB MaJjlIafusi PeIokeHa
CTPYKTYypa C KOOpAMHALHMeH MeTaja [0 KapOOKCH/IbHOH M KeTorpyre
(4.77), kak 1/1s1 GOJIBLUMHCTBA APYTHX METAJI0B ¢ (ropxrHosoHamu [49].

4.77 4.78
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TNannpie VK-, IMP-cnektpockonun, 'H, 3C u %Pt macc-cnekrpo-
MeTPHH KOMIJEKCOB MIATHHBI C YKA3aHHBIMHU JIMTaHAAMH CBUIETEIbCTBYIOT
0 peanu3aluu A5 HUX CTPYKTYphl 4.78, B KOTOPO# XMHOJIOH KOOPAHHUPYET
MeTasll He KHCJOPOIHBIMH aTOMaMH KapOOKCHJIbHOM M KeTOrpyImi, a aTo-
MaM{ a30Ta IHIIePAa3HHOBOrO LKKJA ¢ 00pa3oBaHHEM KOOPIAHHALMOHHOH
cteper PtCloNy.

HccenenoBana aktuBHOCTb KommiekcoB 4.77 u 4.78 B OTHOLIEHHH
wramma M. tuberculosis HszRv, onpeneneHa MuHMMaJjbHasi HHTHOHPYIO-
masi KoHueHtpauusi (ta6s. 4.6). HanGosee akTHBHBIMH OKa3ajHCh KOM-
nnexcel Pd u Pt co cnapdaokcauusom 4.77r u 4.78r, a TakxKe KOMILIeKC
Pt ¢ raruguokcanntom 4.787a, umeioune 3xauenne MIC 0,31 mxr/mi.
HecMoTps Ha TO 4TO KOMIJIEKCH MPOSIBUJIM MEHbLIYIO TPOTHBOTYOEPKYIe3-
HYI aKTHBHOCTb 10 CPaBHEHHIO C FaTH(IOKCALMHOM, HO, 3@ HCKJIIOUeHH-
em coennHenuil 4.77a u 4.78B, oHu Gosiee aKTUBHBI, ueM pU(PAMIULUH
(taban. 4.6).

Tadauua 4.6

[IpotuBoTYybepKyIe3Has aKTHBHOCTL Kommiekcos 4.77, 4.78

Coenunenne | MIC, mkr/ma | Coenunenne | MIC, mxr/ma
4.77a 1,25 4.78a 0,62
4.776 0,62 4.786 0,62
4.778 0,62 4.788 1,25
4.77r 0,31 4.78r 0,31
4.77x 0,62 4.78x 0,31

Pucdamnuuun 1,0
Tatudaokcauuu 0,1

[Tonyuensl Kommekchl 3omota(IIl) ¢ HekoTOpbIMH (TOPXHHONOHAMH.
Tak, B padore [51] onucan cuHTe3 Kommiekca coctasa [Au(nf)o(Ho0)9]Cls
4.79, roe nf — HopduoKcalUKMH, KOTOPbIH B NAHHOM CJydyae BBICTyIaeT
KaK HeHTpaJsibHbIH MOHOJEHTAaTHBIH JIMTaHA, XeMaTHPYIOLMH HOH 30J0Ta
yepe3 KOHLIEBBIE aTOMbI a30Ta MUIMePa3HHOBOro LKKa. Kommieke obnanaer
YMepeHHOH aKTHBHOCTbIO B OTHOLIEHHH TPAMIIOJIOKHUTENbHBIX U IPaMOTpPH-
LaTebHbIX 6aKTepHil U TPUOKOB.

B npyroit pabote [52] cuHTesnpoBaHbl (B MeTaHoJe [PH KOMHAT-
HOU TeMIepaType) W HCCIEIOBAHbl KaK MOTEHLHaJIbHEIE POTHBOOMyX0JIe-
Bble areHTtbl Kommekchl Au(Ill) Ha ocHoe Hop(nf)- (4.80), neBo(levo)-
(4.81) u cnapguokcauuna (sflx) (4.82). CocraB kommnexkcos 4.80-4.82
[AuCly(fq)]Cl-2H0, dropxutonon (Iq) Bemer ceGs Kak GuAeHTATHbIH
HeHTpasibHBIH JIMraHj, CBS3BIBAIOLIME MOH 30J0Ta ABYMS aToMaMM as3oTa
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MUPHUIIEPa3HHOBOTO LHKJA. ABTOPBI IPHBOLST MpEAONaraeMyio CTPYKTypy
Ha mpuMepe Kommiekca 4.81.
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M3yyeHa uUMTOTOKCHYECKash aKTHBHOCTb KoMlekcos 4.80-4.82 u nu-
raH/0B B OTHOLIEHHH Psiia OMyXOJIEBBIX KJIETOK M NOKA3aHO, UTO KOMILIEK-
cbl GoJlee aKTHBHBI, UeM COOTBETCTBYIOLIHE JIHTaHbI.

[oBbileHHbIl HHTepec K KoMrekcHbiM coefuHenns pyrenusi(III),
MPOSIBJISIIOLINM GHOJIOTHYECKYI0 aKTHBHOCTb, MOGYAUJ aBTopoB [53] mosy-
4UTh MOJOGHBIE KOMILIEKCH ¢ LumpocdiokcanuHom (cf). Harpesanue cyc-
neH3uu (propxuHosona 1 RuCls B Boje npu KUNSYEHHH B TeYeHHe 3 4 NpHU-
BeJI0 K NPOAYKTY, KOTOPbIA Ha OCHOBaHMH NAaHHBIX MacC-CIIEKTPOMETPHH,
HK-, Y®-cnexTpocKonmud M 3/]eMEHTHOTO aHalW3a OTBEYaeT COCTaBy
[Ru(cf)s] - 4HO u cTpykType ¢ KoopauHaLKeH MeTaIa 10 KapOOKCHIBHOH
U KeTorpymnne uunpodioxcanyta 4.83.

JlaHHBIl KOMILJIEKC XOPOLLO PacTBOPUM B BOJe U (DH3HOJIOTHUYECKOM pac-
TBOpe, cTabueH. [I1anupyercs U3yueHHe ero 6HOJOTHUECKOH aKTHBHOCTH.

Brepebie nosyuensl kommiekcsl Banagus(II) ¢ dropxunononamu. Tak,
B3aumMozelicTueM HopduokcauuHa ¢ NH VO3 B ycnoBusix rugporepmalb-
HOU peakiLun cHHTe3upoBaH Kommieke coctaa [V(nf)g] - 2Ho0 4.84 [54].
[To nanubim PCA (puc. 4.32) Banapuii (II) HaXoguTcsi B LEHTpe HCKaXKeH-
HOro OKTasJpa ¥ KOOPAWHHPOBAH YETbIPbMSA aTOMaMM KHUCJI0pOAa M3 ABYX
MOJIEKY/l HOP(JIOKCAlMHA, HAXONIIMXCS B 3KBATOPHANBHOH IJIOCKOCTH.
AxcuanbHble NOJMOXKEHHsl 3aHSTbl aTOMaM{ a30Ta ABYX APYTHX MOJIEKY]
HOP(JIOKCALIHHA.

3a cueT BOJIOPONHBIX CBsI3el ¢ y4acTHeM HEKOOPAMHHPOBAHHBIX KapOOK-
CHJIbHBIX TPYII M MOJIEKYJ BOABI (DOPMHUPYeTCsl YHHKaJbHAsi Cympamolle-
KyJIsipHasi CTPYKTypa ¢ HaHopasMepHbIMH mostocTsmMu (puc. 4.33), kotopast
TPeCTAB/ISETCS NePCeKTHBHON B XUMHH «TOCTb—XO035IHH».

Kommniekcesl 6opa(II) ¢ dTopxHHOJNOHAMH, KaK MPaBUIO, HCIONb3Y-
I0TCSl B KauecTBe WHTEpPMeJMATOB B CHHTe3e (pTOPXMHOJIOHOB. BoparHble
KoMIuTekchl 4.87 OblTH MOMyueHbl U3 CMellaHHbIX aHrnapunos 4.86 (cxe-
Ma 4.2) [55].

H3yueHo cTpoeHHe KoMIekca Gopa ¢ 7-xJ0p-1-LuKjaonponui-6-gprop-
4-0kco-1,4-muruapoxuHoIMH-3-KapGoHoBOH KucaoToi (4.88) [56]. [To nan-
HeiM PCA atom 6opa KOOpIMHHDYeT JIMraHi depe3 yeThbipe aToMa KHCJO-
pora ¥ NMPHHMMAeT CJa0OHCKaXKeHHYIO TeTparoHajbHyl0 (OpMy ¢ yIJIaMH



4.1. Cunmes, cmpykmypa u 6U0A02ULECKAS AKMUBHOCMb 303

“4H,0

4.83

0-B-0, umetoumu 3Hauenre mexay 105,6(3) u 113,1(3)° (puc. 4.34).
Bop cBfi3aH ¢ KapOOKCHIbHON W KapOOHU/IbHOH IPyNNaMi XHHOJIOHA, CBA3b
B-O(11) Heckonbko kopoue [1,458(5) A], uem cessp B-O(1) [1,501(4) A].
KoopauHaumonHas cdepa LOMOHSIETCsS ABYMsT aTOMaMH KHCJI0pOAa aLerar-
upix rpynn [B-O (20)=1,451(5) A, B-0(30) 1,458(5) A].

JludropGopatHbiii Kommeke 1-(1rc-2-(hTopUHKIONPONUII)-3aMelileHHO-
ro (¢ropxuHosoHa 4.89 nosmydeH eHCTBHEM HA COOTBETCTBYIOLIMH 3THJIO-
BBt aup cmecn BF3-TT'® B ykeycuom anrunpune npu 110-120 °C [57].

CHHTe3MpOBaHbl KOMILIEKCH (DeHHNOGOPHOH KHMCIOTHI C PSIOM (TOPXH-
HosoHoB [58]. CoennHeHHs mMpeasaraeTcst UCMOJIb30BaTh AJIS aKTHBALMH
rajoreHa B I0JIOXEeHHH 7 (PTOPXMHOMOH-3-KapOOHOBBIX KHUCJOT H BBEJEHHUS
B GOKOBYIO Liellb BTOPHYHOTO aMHHa.

[TosydyeHBl U CHeKTpaJbHBIMH METOLAMH OXapaKTepPH30BaHBI KOMILIEK-
cbl N-mponuaHop¢IoKcalliHa ¢ TAKMMH KaTHOHAMH, Kak VOt MoOé*,
UOgJr [30]. TlokasaHo, uTO JMraHA CBsi3aH C METAJVIOM aTOMaMH KHC-
JI0pofia KapOOKCH/IbHON M MUPUIOHOBOH rpymmbl. Mayuena antuGakTepu-
aslbHas aKTMBHOCTb KOMIUIEKCOB B OTHoOWeHWH E. coli, P. aeruginosa,
S. aureus. Tonbko xommaeke UOsg(pr-nf)s mokasasn Gosiee BBICOKYH aK-
THBHOCTh npotuB S. aureus (MIC=4 MKr/mj) Mo CpaBHEHHIO C HCXO-
HbIM JiranioM, fst koroporo MIC =16 MKr/mj1. AKTHBHOCTb KOMIIEKCOB
MoOy(pr-nf); u VO(pr-nf)y B oTHOLIEHHH BceX TpPeX MHKPOOPraHH3MOB
HaxoAuTcs Ha ypoBHe N-NPONHIHOP(IOKCALHHA.
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Puc. 4.33. Ctpykrypa 3D xomniekca BaHanus 4.84

Merasokomnaekcs ratuduiokcaunta (gilx) ¢ Y(III), Zr(IV), U(VI)
ObIM CHHTE3MPOBAHbl M OXapaKTepuaoBaHbl AaHHbIMH KK-, MP-
CIIEKTPOCKOMKH, TepMUuecKoro ananuza [59]. B aTux coemuHenmsix gflx
TaKXKe BBICTyNaeT B KaueCTBe GMIEHTAaTHOTO AENPOTOHHPOBAHHOTO JHTaH-
1, KOOPIAMHHPYS METalJ TOJNbKO aTOMaMH KHCJIOPOAa KapOOKCHIAaTHOM
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Cxema 4.2
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Puc. 4.34. Crpykrypa kommekca [C3HgNFCIO3]B(OAc), 4.88
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1 KeTorpynn ¢ o6pasoBaHueM Kommiaekcos coctasa: [Y(gilx)s(H2O)Cl]Cly
4.90, [ZrO(gilx)9(H20)]Cly 4.91, [UOo(gflx)3](NO3)o 4.92. Usyuena ux
aHTMMUKDOGHasl aKTHUBHOCTb B OTHOWeHHH E. coli, P. aeruginosa, S. au-
reus, a TaKkxe (yHruUuiHas B oTHoweHuu P. rotatum v Trichoderma sp.
Pe3sysbTaThl HCMIBITAHKH MOKA3a/1H IOCTATOYHO BHICOKYIO aHTHOAKTepHalb-
HYI0 aKTHUBHOCTb KOMILIEKCOB M0 CPaBHEHHI0 ¢ JurauaoMm (tabsm. 4.7),
(YHTHLUUIHYIO aKTHBHOCTb He MPOSIBH/IM HH JMTaHA, HH KOMILJEKCHI.

20 B.H. Yapywmun, 3.B. Hocosa, I'.H. Jlunynosa, O.H. UYynaxuu
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Tabauua 4.7

Jlnametp 30Hbl MHrHOMpoBaHus (M) mas gilx u kommiekcos 4.90-4.92

CoenuHeHue E. coli P. aeruginosa S. aureus
gflx 20 28 32
4.90 31 37 48.5
4.91 29.5 34 39
4.92 28 33 54

[TosyyeHsl ¥ OXapaKTepH30BaHbl (PH3HKO-XMMHUECKHMH H CIEKTPalb-
HBIMH METOaMH KOMILIEKCHEIe coenrnenus medokcanuna (pf) ¢ Cu(ll),
Zn(11), Pt(Il), Ru(Ill), Fe(Ill) [60]. Cmecb pacTBopa cosiu B MeTaHoJe
M JMraHaa B BOOHOM MeraHose (cootHouwenne M:pi=1:2 nas Cu(ll)
i 1:1 qist Ipyrux MeTasuioB) KMNSITUIM B TeyeHue NHS. Bo Beex caydasx
neQJIOKCAIMH BBICTYNAeT KaK JeNPOTOHHPOBAHHBIA OUIEHTATHBI JUTaH],
obpasysi kommiaekchl coctaa [Cu(pf)e] -4HoO 4.93, [Zn(pi)ClI(H,0)]
4.94, [Pt(pf)CI(H20)]-3H,O 4.95, [Ru(pi)Clo(H20)o]-5H,O 4.96,
[Fe(pf)Cly(H20)s] - 5H,0 4.97. Komniiexcer 4.93-4.97 npotecTHpoBaHb!
Ha aHTl/IﬁaKTepl/la.}'[bHy}O )44 HpOTHBOFpVI6KOBy}O AKTHUBHOCTb H TI0Ka3aJ/u
OTIMYHYI0O AKTHBHOCTb l'[pOTI/IB BCeX HCCAeAYyEMBIX THIIOB 6aKTepl/Iﬁ
¥ rpuKoB (tadu. 4.8).

Ta6nuna 4.8
Juamerp 30Hbl HHrHGHpoBaHus (MM) s pi u Kommekcos 4.93-4.97

Coenu- C. S. E. B. B. Pseudo- S.

HeHue | albicans | cerevisiae | coli | megaterium | cereus | monas sp. | aureus
pf 12 12 12 13 14 22 12
4.93 34 25 38 30 35 24 38
4.94 36 28 35 32 36 30 40
4.95 36 28 38 35 42 32 40
4.96 35 26 34 28 34 26 36
4.97 34 26 36 33 40 28 38

Ha ocuose someduokcaunna (lflx) xak Juranza nosmydyeHsl KOMILIEK-
col ¢ wonamu Cr(IIl), Mn(Il), Fe(Ill), Co(Il), Ni(Il), Cu(Il), Zn(II),
Th(IV), UOy(VI) [61]. CunTe3 OCYLIECTBJSIN KHIISUEHUEM 3TaHOMbHBIX
WJIM BOJHO-3TaHO/MbHBIX PACTBOPOB JIMFAHLA M COJIM METa/ia B COOTHOLIE-
Hud M:lflx = 1:1 a5 Bcex mMertannoB. Ha 0CHOBaHHH J@aHHBIX 3/IEMEHTHOrO
aHau3a, K-, anekTpoHHOH, 'H AAMP-crneKTpocKOnyH, KOHLYKTOMETpHYe-
CKHX W MarHUTHBIX M3MepPeHWH W TepMOaHa/u3a, KOHCTAHT AMCCOLHMALUH
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JoMeIOKCcalliHa M YCTOMUMBOCTH KOMIJIEKCOB aBTOPAMH MpeN/IOKEHBI
CJIeNyIolIMe CTPYKTYPbl [JIsi CHHTE3UPOBAaHHBIX KOMIUIEKCOB, B KOTOPBIX
JgoMe(IOKCAlMH BefeT ce0s Kak HeHTpanbHbIi OWIEHTATHBIH JIMIaHL
¢ O, O-koopivHalLMeld U OKTa3[pUUeCcKUM OKpyxeHHeM Metanna. K co-
XKaJleHHio, B paGote orcyTcTByloT aHHble PCA, moartsepxkpamolide 3TH
CTPYKTYPBI.

HZO\ o H,0 OH
— : \ / :
H,0 M OH, o~uZo
0o 0
-l nH,0 00 oy
F OJr F + ’
(\ l | ©
N N
HN F k (\N T\
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CH, ’
3 CH,
M=Cr(ll), Mn(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll), Zn(ll), Th(IV), m=2-4,
n=0-2

MayueHre akTHBHOCTH KOMIIEKCOB MOKA3al0, YTO MX AHTHOAKTEPH-
aJibHasg aKTHUBHOCTb CpaBHI/IMa C HUCXOAHBIM .)'IOMerJ'[OKCaLLHHOM, a HpO'
THBOrPUOKOBas BbILIe, 4eM y Juranna. McesienoBaHa mpoTHBOOMYXoJeBas
AKTHBHOCTb ﬂOMe(pﬂOKCaLLHHa U HEKOTOPBbIX €ero KOMIIJIEKCOB Ha JHWHHUHU
kaetok MCF7 (pak rpynu) (puc. 4.35). Haiineno, uro lflx u Kommekcsl
Koba/nbTa U LIMHKa I'IPOHBPI.}'[H BBICOKYIO LIUTOTOKCHYECKYI0O aKTHBHOCTH CO
snauenueM ICsp 14, 11,2 u 43,1 cooTBeTCTBEHHO, B TO BpeMsl Kak Ipyrue
KOMIUIEKCHI OB HEaKTHBHBI MIPH KoHLeHTpauuyu Hike 100 mr/ma.

DTOPXHHOMOHE 06PasyioT CTabHIbHbIE KOMILIEKCH W ¢ MoHamu Ln3t
M HCMOJIb3YIOTCS B KauecTBE CeHCHOMIHMBHPYIOLIMX JIHTAHIOB B JIIOMHHEC-
LEHIMH U XeMHJTIOMHHECUEHIMH JaHTaHuAoB. C UCMONb30BAHMEM TaKHX
KOMIUIEKCOB, OOJIaIAIONIMX BBICOKOH UYBCTBHTEJNBHOCTBIO H CEJEKTHBHO-
CTbI0, Pa3paboTaHbl HOBbIE METOJbI ONIPeieJieH!s] (PTOPXUHONOHOB B GHOJIO-
rudeckux oobektax [62-66]. B pabore [67] uccienoBano BiMsiHUE CTPYK-
TYpHl GTOPXMHOMOHA U HoHa Ln®T Ha JioMUHecUeHTHble CBOCTBA Ha MpH-
Mepe KOMIIEKCOB TepOHsi U eBPOIHs ¢ TakuMU dropxunosonamu (fq), kak
sHoKcaluH (ex), Hopgiokcaunt (nf), nomedaokcauus (lflx), daepodiok-
cauut (flero), oguokcauun (oflo), pydaokcauun (ruflx), rarudiokcauun
(gflx) u cnapguokcauns (sflx). CriekTpbl JIOMUHECLEHIHHE PACTBOPOB KOM-
M/IeKCOB B Oy(epHOH cpelie  XeMUJIOMUHECIEHIIHH (MCTOIb30BAHA CHCTe-
Ma Ce”—SO%’ B KHCJIOH cpeJie) NI0Ka3bIBaloT XapakTepHble miky Th3T mpu
490 HM, 545 HM, 585 HM 1 620 HM, P 3TOM KOMIIJIEKCHI Th3*t-ex, Th3*-nf,
Tb3*t-Iflx, Tb3*t-flero 061afaloT OTHOCHTEBHO BBICOKOH WHTEHCHBHOCTBIO
3MHCCHU 110 cpaBHeHHI0 ¢ kommaexcamn Th3t-oflo, Th3*-ruflx, Th*+-gflx,
Th3+-sflx (puc. 4.36).

20*
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Puc. 4.36. Criextpsi xeMuiomuHectentun Th3*-Iq-Ce

JlocratoyHo cnabble nukd npu 590 HM U 617 HM, XapakTepHble AJs
Ewt, nabmonanuch Wb B CHeKTpax MIOMHHECUEHIMH H XeMUTIOMH-

HeCLeHUHHU KOoMILJIeKca EU3+-€X, B JpYyrux cjydasax OHHU He IPOABJISA-
JIUCh. 3HaunTeNbHbIE pasnnynsg B HWHTEHCHBHOCTH 3MHUCCHH KOMIIJIIEKCOB

Tb3*-iq u Eu*-iq aBTopbi CBASLIBAIOT C PasHBIM MO/IOKEHHEM TPUILIETHOrO

YPOBHSI (DTOPXHMHOJIOHA OTHOCHTEJBHO YDOBHSI BO30YXKIEHHOTO COCTOSIHHS

vona Ln3t.
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Hapssy ¢ xesaTHBIMM MeTa/IJIOKOMIJIEKCAaMH (PTOPXHHOMOHBI 00pasyloT
KOMIUIEKCHbIE COEJMHeHHs MOHHOro THma. [lonyueH M oxapakTepH30BaH
nanHeiME PCA agaykt uunpocdiokcaldta ¢ cyibhaToM MarHusi, KOTOpbIH
cocrout u3 [Mg(Hy0)s]%t, SOi’ u (cfH)T [68]. Llunpodiokcauun npo-
TOHHPOBAH 10 ATOMY a30Ta MUIMEPA3UHOBOTO LHUKJIA.

Terpaxnoporiatunar nedyiokcauuta coctasa [(pf)s] [PtCly] - 2Hy0 (mo
nanneiv PCA) omucan B paGote [69]. OkpykeHHe MJIAaTHHBI KBaIpaTHO-
[JIaHAPHOE, JINTAH] TPOTOHUPOBAH IO MHPA3HHOBOMY LHKIY.

BoifesieH W MpoaHATU3HPOBAH CIIEKTPANbHO-JTIOMHHECLEHTHEIM, DEHT-
reHO3JIEKTPOHHBIM MeTogamu 1 PCA TeTpaxsopoaypar LHIpoQIoKcaunHa
cocraBa [(ciHg)AuCly]-HoO 4.98 [70]. Llenrpanbusiii atom Au(Ill) e
MMeeT TpPSIMBIX KOHTAKTOB C MOJIEKY/IoH wuunpogiokcannna. Crpykrypa
o6pasoBana u3 annoHoB [AuCly] ™, UMeoIUX KBagpaTHOe CTPOEHHE, KaTH-
oo (cfHy)™ 1 mosekyn Bomst (puc. 4.37). Tlnockue kommaekcs [AuCly]~
l'[Ol'[apHO Oébeﬂl/IHeHbI B LleHTpOCI/IMMeTpl/I‘{HbIe HCeB}lOHHMepr C MOCTHKO-
oMK cBsizsimu Au—Cl(1) 2,2850(5) u Au-CI(1)? 3,4499(6) A.

Puc. 4.37. ®parment cnos B cTpykrype 4.98
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Harpesanuem cmecu uunpodiokcaursa, RuCls B stanosne B npu-
CYTCTBHH COJITHOM KHCJOTHl MpPH KHUNSYEHHH TMOJyYeH HOHHBIH KOM-
nneke cocrasa [(cfHy)sRuClg]-3HyO (4.99), oxapakrtepu3oBaHHbIH naH-
HbIMU Macc-criekTpoMetpun, UK-, YP-cnekrpockonuu, TepMuueckuM aHa-
nusoM [53].

OGo61iasi faHHbIE 10 MeTaJJIOKOMIIEKCaM (PTOPXHHONOHOB, MOXKHO OT-
METHTb, YTO MPAKTHUECKH BO BCEX CJyyasX KOOPAMHALHS MeTajja ocy-
LECTBJSIETCS Uepe3 aToMbl KHCI0POAa Kak KapOOHMJbHOH, Tak M KapOok-
CHJIBHOU TpPYyNNbl JMraHna. MimerwTes npuMepsl (KOMIJIEKCHl cepebpa, LHH-
Ka, MapraHua, MJaThHbl, 30/10Ta), B KOTOPIX B KOOPAHHALHMH MPUHUMAIOT
yyacTve OIMH MJM 00a aroMa a3oTa MUMepasuHoOBOro LKKJa. [lonyuyeHo
HECKOJIbKO KOMIIEKCOB KaJsbLMsl, MarHusi, cepe0pa, UMEIOLMX CTPYKTY-
Py AMMepOB, JJisi KOMILIEKCOB CTPOHLHS OMpefieieHa CTPYKTypa TpUMepa.
Pasnnuus B CTPOEHHM PaCCMOTPEHHBIX METaJJIOKOMILIEKCOB 00YC/IOB/EHbI
He TOJIbKO MPHPOMOE MeTaslsla-KOMIIeKCo00pa3oBaTess, HO U PasuuHbIMU
YCJIOBHSIMU CHHTE3a KOMIIIEKCOB.

MertaJi0KOMIIEKCHl (PTOPXMHOJIOHOB NPOSIBJISIOT B Psifie CllyyaeB Cpas-
HUMYI0, @ MHOTJA 1 60Jiee BBICOKYI0 aKTHBHOCTb M0 CPABHEHHIO C UCXONHBIM
JINTaH/IOM.

4.2. UccrenosaHue B3auMOAEHCTBUS MeTaJJIOKOMILIEKCOB
¢ JHK

HccenenoBanne B3aMMOCBSI3H MeX1y NPUPOIOH KaTHOHA MeTalla M TH-
nom cBssbiBaHus (ropxuHonoHa ¢ JIHK — akryanbnas 3ajaua Guowme-
IUUKHCKOR xuMud [71-74]. Huke mnpencraBieHbl pesysbTaThl H3ydeHHs
npolecca CBA3bIBAHUS KaTHOHOB MeTannoB ¢ ¢ropxuHononom v JIHK
3a MnocJleJiHHe Ba JeCATUIETHS.

M3yuena cnocobHOCTb cMelaHHo-IHranaHbX Kommaekcos Cu(Il) ¢ Hop-
(aokcauuntom u 1,10-penantponunom 4.11 1 4.12 pacwennsts JHK [16].
[Tpy KoHLeHTpaLusax 3-6 MKMOoJIb/ 1 3TH KoMIIeKch! He pacienasior JHK,
npu KoHueHTpauuu 9 MrMosb/a1 cynepcnupanusosannas JHK rpaucgop-
Mupyercsi B cyxenHyo KosbueBylo JHK, a mpu 12 mrmosb/n moue-
kyna JIHK cranoButcst suHeliHoil. J{MMeTHJICYIb(OKCHA, mpem-OyTaHol,
(opMuaT HaTPUS M HOAMJ KajHsl B 3HAUMTEJbHOH CTeNeHH HWHTUOMPYIOT
pacmenyenre JJHK ykasaHHBIMH KOMIUIEKCAMH M3-33 I€3aKTHBALMHM HMH
TUAPOKCHIBbHON rpynmbl. [Tokasarno, uto kommiaekcs 4.13a—p, cBs3bBaIOT-
ca B JJHK mocpeacTBoM MHTepKassALMH, KOHCTAHTbl CBSI3bIBAHWA HMEIOT
snauenns 0,875-1,446 - 10* mousib/1, HanGosee CHIbHOE MHTepKaIHpyolliee
JIedCTBHEe OTMedeHo /s Kommiekca 4.13x [20].

Yeranossieno, uto B TpoiiHoM kommiekce Mgt -dropxunonon-JIHK
katHon Mg?t urpaer ponb MocTuka Mexay docdatubimu rpynnamu JTHK
M KapOOHHJIbHON M KapGOKCHJIBHOH Tpymmamu (ropxuHomoHa [75, 76].
Jlono/iHUTeIbHAS CTAOU/IM3ALMS MOXKET OCYLIECTBATbCS 32 CUET CTIKHMHI-
B3aHMOJEHCTBHA MeXJy KOHIEHCHPOBAHHBIMH KOJBLAMH (PTOPXMHO/OHA
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u ocHoBanusmMu JIHK. B otsinune or KaTHOHOB Mg2+ katuonbl Cu?t me
YYacTBYIOT B cBf3biBaHUM (hTopxuHOMoHa W JIHK uepes docdarhble rpymn-
Mbl: OMHAPHBIH KOMIJIEKC Cu2+—ch0gXl/IHOJIOH Baanmozeiicteyer ¢ JIHK
10 HHTePKaIAUMOHHOM Mozean, n Cu?™ urpaer posib mocpenHuKa, mpuyem
B [0/1b3y MHTEPKAJSILHOHHOA MOJEJH CBHAETEJbCTBYIOT KaK TeopeTHde-
CKHe, TaK M JKCIepHMeHTa IbHble HCCIenoBanus [77-79].

C uenblo BHIACHEHHA DPOJM KaTHOHOB Mg’ B 06pasoBaHuu Kom-
ninekca Mexay dropxunosoHoM, NHK u depmentom rupasoii merona-
mu [IMP-criekTpockonuu, a Takxe AByMepHOH crektpockonun SMP
ObIO HCCJIENOBAHO CTPOEHHE MAarHHEBOrO KOMILIEKCa ¢ LUMPOQJIOKCalH-
HoM u oauronykaeotuaHbiM aymaekcoM d(CiCyoT3C4G5CeT7CsToCp) X
x d(G1A12G13A14G15C16G17A18G19Ggg) (A — amenwn, G — ryanun,
T — tumun, C — uurosun) [80]. CormacHo MOJyYeHHBIM TaHHBIM, KOM-
nieke Mgt ¢ uunpodiokcauioM hopMUpyeTcst MPenoYTHTebHO [0 Ma-
J0it Gopoaake nymiekca (puc. 4.38)

Puc. 4.38. Ctpykrypa kommexkca Mg®* -ci-onuronykaeotuansiii ayniekc

Merog SIMP O6bl yCHELIHO HCMO/B30BaH TaKXKe B MCCJAEL0BAaHUU
3anmoneiictuii Mg?t-pi-IHK u Ca?t-pi-IHK [81]. Ilpu Huskux



312 Ia. 4. Memaasokomniexkcol pmopxuHoAL0HKapBOHOBbLX KUCAOM

KoHIleHTpauuax negaokcaunsa (1074 momp/n u mmxe) n pH=74
(opMUpYIOTCS KaJblLHeBble M MarHueBble KOMIUIEKCHl COCTaBa (HhTOPXH-
HonmoH :KaTMoH=1:1 n 1:2. [lokasaHo, 4TO CBs3bIBaHHE peasU3yeTcs
no KapOOHU/IbHOM M KapOOKCH/IBHOM rpynmaMm, a TakXke [0 aToMmy
N(4) nunepasuHoBoro QparMeHTa. KoHCTaHTBI CBf3blBaHMSI B Caydae
KaTHOHAa MarHus Bbillle, 4yeM JJis1 KOMIJIEKCa KaJbLH4. HpH YBEJHUYEHUH
KOHIleHTpauMu nedyiokcauna 10 1073 Moab/a cponcTBO (TOpXUHOMOHA
K MarHui BO3pacTaer, 4To aBTOpbl paboTbl [81] oGbsicHsOT pocToM
BKJaa (TOPXMHOJOHA B YNAKOBKY KPUCTaJljla BCJeACTBHE (OPMUPOBAHHS
KOMILJIeKca cocTaBa 2:2.

LlenHyio HH(pOpPMALHMIO O MeXaHM3Me B3aHMOAEHCTBHS MeTalljIo-
KoMIekcoB  (propxuHosoHoB ¢ JIHK naior crexTpsl (ayopecleHTHOH
3MHCCHH. DBIJIO OTMeUeHo, 4TO HHTEHCHBHOCTD (DIyopecleHIIH KOMILIEKCa
[Mg(cf)o] - 2,5H0, Bo3byxaeHHOH uaiyueHnem ¢ A = 330 HM, cHHKaeTCs
npu  tutpoanun  cunternyeckod JHK nomu[d(GC)] - momu[d(GC)].
C yuerom Toro ¢akrta, uyTO NpM TUTPoBaHMM cHHTeTHUeckod JIHK
non[d(AT)] - monu[d(AT)] orTHOcHTesbHAs HHTEHCHBHOCTH (DyOpecLeH-
und Kommsekca [Mg(cf)o] - 2,5HoO He u3MeHsieTcsi, a NpH THTPOBaHHH
HarypanbHo# JIHK TtHMyca MHTEHCHBHOCTb (JIyopecleHIHH CHHXKaeTcs,
Obl/1 Clle1aH BbIBOJ O MOAABJEHHH (DyOPECLEHLHH BCJENCTBHE 3JIEKTPOH-
HOrO MepeHoca C TyaHWHA Ha (OTOBO3GYXKIEHHBIH (TopxuHOMOH [82].
Hcenenoanus Metonom YP-crekTpohoToMeTpUM MOKa3aau, YTO PacTBOpP
[Mg(cf)2] - 2,5H9O Bbi3bIBaeT 3HauUMTEJbHYI TEPMHUECKYIO AecTabHan3a-
o JHK momu[d(GC)] - mom[d(GC)], a Takxke uto mpoiecc B3aumo-
JIeHCTBUS MarHueBoro Kommiexca uunpodokcauuHa ¢ JHK ssasercs
HeoOpaTHMBIM.

Metonamn  aGcopOUMOHHOM W (JIyOpeCLeHTHOH  CIEKTPOCKOMHH
usyyeHo chsisbiBaHHe KatoHos Mg?t u Cd®* co cmapdnokcauunom
(mepBBIM aMHHOIIPOM3BOLHBIM (DTOPXMHOJIOHOB, BBIIEAIIMM Ha PBIHOK
dapmanesTHueckux mpenapatos) u ¢ JHK tumyca [83]. Katuon Cd**
uMeeT cinaboe CPOACTBO K CHap(JOKCalMHy B OUHApHOH CcHCTeMe
Cd**-TopXHHONION, HO CPONCTBO YBeJIWUHBACTCSA TPH Mepexofe K TPO-
Homy kommiexcy —Cd**-cmapgnokcanun-JHK. CpometBo  KaTHOHOB
Mg?t x cnapdJocaluHy BeqHKO, M OHO yBeNMUUBAETCA NPH Mepexofe
K TpoitHoMy Kommiekey Mg?t —cnapgimokcauus—HK npu KoHueHTpauusax
cnapgaokcauua menee 0,01 MMo/ib/;1, OQHAKO NPH  KOHLEHTpaLMAX
Gonee 0,01 wmMmoan/n  HabGmogaetcss  ocJabjeHMe  B3aUMOJEHCTBHS.
CrocoBGHOCTb K CBs3bIBAHMIO crapdiiokcaldHa ¢ (ocdaTHbIMU TpyMIamMu
JIHK npenonpenenser ero KOMOMHALMIO C HYKJIEHHOBOH KHCJOTOH,
KOTOpast JIOMONHUTENbHO CTAGUIN3MpYeTCsl 3a cueT Xenarupoauus Mgt
C a30THCTBIMH OCHOBAHMSIMH, T.€. 3a CYeT CTIKMHI-B3aUMONEHCTBHS.
DayopeclieHTHast CIEKTPOCKONHUs OblJa YCIELIHO MCMOJb30BaHA  AJIs
BLIACHEHHS MEXaHH3Ma CBS3bIBaHMA KoMmiekca Cu’t-ratudnokcaumu
¢ anbOyMUHOM YeJI0BEYeCKOH ChIBOPOTKH [83].
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Tpensioxena cenymomas Bepcust poau karuornos Mgt u Cd** s cea-
3biBaHuy crapdiokcannna u JIHK. Ecan katoH metanna nmpu onpeneseH-
HOH KOHLIEHTpaLUH cBs3biBaeTcs ¢ ocHoBaHuaMK JIHK, To B3aumogeiicTBue
cnapgaokcaunta ¢ JJHK ocnabasercs BeneacTie KOHKYPeHLMH KaTHOHA
MeTajlla ¥ (pTOpxHHO/MOHA. Ec/M 2Ke KaTHOH MeTaslja MpH OMpejieeHHOH
KOHIIEHTPALlMH CBS3bIBAeTCS IMIaBHBIM 006pa3oM ¢ (oc(haTHHIMU IPyIMIaMH
JHK, ero nainuuMe MOXeT YCHJHTDH CBs3bIBAHHE MeXKIY (TOPXHHOIOHOM
1 JTHK, nocko/ibKy KaTHOH MeTaJla UrpaeT posib MOCTHKA B 9TOH CHCTeMe.
Taxkum obpasom, B/IMsHHE MeTajja B CBA3biBaHMM (hTopxuHOMoHa W JIHK
3aBUCUT OT COOTHOLLIEHHS €r0 CPOACTBA K a30THCTHIM OCHOBAHHSM H K (hoc-
¢arupv rpynnam JHK [84].

BsaumogeficTBre KoMIIeKca Lunpodiokcalrta ¢ pyrenueM ¢ ci-JHK
XapaKTepHsyeTcsi KOMCTaHTOH cBsisbiBaHus K, =2,47-10% moan/a [53].
HccenenoBaHne cBA3biBaHMS MeTallJOKOMIIeKcoB neduokcanuna ¢ ci-JJHK
T0Ka3aJlo, YTo Haubo/ee CHJbHOE CBf3blBaHME MMeeT MeCTo /IS MJaTH-
HoBoro Kommiekca [Pt(pf)Cl(Hy0)]-3H,0 4.95 (K, 5,00-10%), snaue-
uust Ky, g kommurekcos [Zn(pf)Cl(Ho0)] 4.94, [Fe(pl)Clo(H0)o] - 5HO
4.97 u [Ru(pf)Cly(Hy0)s] -5Hs0 4.96 cocrassior 6,67 107, 5,00- 107
1 5,00 107 cootBetcTBeHHO [60].

[IpoBeeHHBIH aHAJN3 NOKA3bIBAET, UTO UCCJENOBAHHS B 00JACTH Me-
TaJUIOKOMILNIEKCOB (PTOPXMHONOHKAPOOHOBBIX KHCJIOT HAaIpaBJ/IeHbl Ha BhISB-
JleHHe 3aBHCHMOCTH «CTPYKTYpa—-OHOaKTHBHOCTb» M POJIM KaTHOHA BO B3a-
umopeiicteun dropxutononos ¢ JJHK. Mccenenosanue komniekcoobpasosa-
HUSl (PTOPXMHOJIOHOB MIPaeT pPellalolylo poJb LIS NMOJydeHHs Haubosee
TNOJIHBIX JaHHBIX 10 (hapMaKOKMHETHYECKOMY B3aHMOLEHCTBHIO (PTOPXHHO-
JIOHOB € JpyruMu npenapatamu. PaGoTbl B 00/1aCTH MeTaJlJIOKOMIIEKCOB
(TOPXHHOIOHOB MO3BOMAT PEIIUTh NPoG/eMy CO3AaHUA 3D(EKTHUBHBIX Je-
KapCTBEHHBIX MpenaparoB AJist paﬁox-ios C MOBBILLIEHHBIM YPOBHEM TEXHOTEH-
HOTO BO3/JeHCTBHS.
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