& ( N+, ! -

++4+0"' 1+ & 2+ &+

! *)*)



Coneprxanue

Benenue
[lepeuern UCTIONB3YEMBIX COKpAIICHUH
JIMTEPATYPHbIN OB30P
1. O6mas knaccudukarus mophUPUHOUIOB
1.1. U3omepsl moppuprHOB
1.2. AzoTconepxamue moppupUHONIH HE H30OMEPHBIE TOpPHUPUHY
2. CTpoeHHe U CHHTE3 KOPPOJIOB. MeTaliIkoppoIbl
2.1. Oco0eHHOCTH CTPOCHUST KOPPOJIOB
2.2. Metoasl cMHTE3a f-3aMEIICHHBIX KOPPOJIOB
2.3. MeToasl CHHTE3a Me30-3aMEeIIEHHBIX KOPPOJIOB
2.3.1. CunTe3 KOpPpOJIOB KOHJCHCAIIMEH MUPPOJIOB M albJCTHIO0B
(CMHTE3 KOPPOJIOB A3-THTIA)
2.3.2. MeTonpl CHHTE3a KOPPOJIOB M3 TUMTAPPOTHIMETAHOB (METOIBI
cuaTe3a koppona A,B u ABC-tumos)
2.3.2.1. KonaeHcarysa Me30-3aMEIIEHHBIX JUIHPPOIUIIMETAHOB
C aJIbICTHAAMH
2.3.2.2. CuHTe3 KOpPpOJIOB U3 AWAPOMI3AMEIIECHHBIX 3J,5°-
JTUTTUPPOJTHIMETAHOB
2.4, CuHTE3 KOPPOJIOB B MPUCYTCTBUM COJIEH METAILJIOB
2.5. CuHTE3 METAIIOKOMILIEKCOB M3 CBOOOAHBIX OCHOBAHUI KOPPOJIOB
2.6. JlemeTanaMpoBaHUE METAIUIOKOMILIEKCOB KOPPOJIOB
2.6.1. JlemeTaiMpoBaHUE METHBIX KOMIIJIEKCOB
2.6.2. JlemeTamaupoBaHKe MapraHIIEBbIX KOMIUIEKCOB
2.6.3. JlemeTamupoBaHue cepeOpIHbIX KOMITJIEKCOB
3. Ctpoenue u cuHTe3 nopduieHoB. MeramionopuiicHs!
3.1. OcobennocTr cTpoeHUs TOPHUIICHOB
3.2. OcobeHHoCcTH cHHTE3a TOPPUIICHOB
3.3. CuHTE3 METAJUIOKOMITIEKCOB MOPPHUTICHOB
OKCITEPUMEHTAJIbHASA YACTb
4. CuHTE3 KOPPOJIOB M UX MIPEIIISCTBEHHUKOB
5. CunTe3 Mop(UIIEHOB W WX MPEITIECTBEHHUKOB
OBCYXJEHUE PE3VJIbTATOB
6. CuHTE3 [-alKHII-3aMENISHHBIX KOPPOJIOB
7. CUHTE3 Me30-apIiI3aMeNICHHBIX KOPPOJIOB
7.1. CuHTE3 KOppOoaoB As-THNa
7.2. Cunres kopponoB A,B u ABC-tumnos
7.2.1. Cunte3 koppojioB A,B-Thma, KOHIEHcalMWed  Me30-
apWI3aMEIICHABIX TUITHPPOITHIMETAHOB
7.2.2. Cunres koppono ABC-tuna u3 5,5 -muapounizaMenieHHbIX
JTUTTUPPOJTHIMETAHOB
7.3. CHHTE3 METAJUIOKOMILIEKCOB KOPPOJIOB

19

24

25

36
39
42
49
50
50
51
51
52
53
61
65
68
91
100
100
105
105
106

107

111
115



7.3.1. TlomeiTkm  meMmerayjumpoBanwss W cmHTE3a  5,10,15-Tpmc(4-
aMuHO(EHUIT )KOppoJIa
8. Cunres 2,7,12,17-rerpadenunmnopduiieHa
9. CunTe3 BO3MOXHBIX mpeamecTBeHHnkoB 2,7,12,17-rerpaapu-3,6,13,16-
TETPAMETHILIIOP(PUIICHOB
10. Cunres metammokomiuiekcos 2,7,12,17-retpaapunmopduiieHoB
11. UccnenoBanne pu3NKO-XUMHUIECKHAX CBOMCTB KOPPOJIOB U TTOP(HUIICHOB
11.1. UccnenoBanme GU3NKO-XUMUIECKAX CBOMCTB KOPPOJIOB
11.1.1. YcToauBOCTh KOPPOIOB K (POTOOKHMCIIMTEIIPHOM ISCTPYKITHH
11.1.2. OnexkTpoXuMHYECKOE N3YUEHHUE KOPPOJIOB
11.1.3. HccnenoBanue TayTOMepHBIX mpesparienuin 2,3,7,13,17,18-

rekcameTun-8,12-nu-1-0yTuiikopposna 151 7,13-numetun-8,12-nu-n-
OyTHIIKOppOJIa
11.2. UccnenoBanue (prU3MKO-XUMHUYECKAX CBOUCTB TOP(UIICHOB
11.2.1. Nzyuenue CIIEKTPaIbHbBIX CBOMCTB 2,7,12,17-

terpadeHUNMOpPUIICHa U KWHETHUKH JUCCOIHAITIH €TO METALNTOKOMIUICKCOB
11.2.2. TepmoyctoiunBocTs 2,7,12,17-rerpadpermnmopduiicHa u ero
METAJUTIOKOMITIIEKCOB B HHEPTHOM Ccpe/ie

11.2.3. DNEKTPOXUMHUUECKOE H3yUCHHUE 2,7,12,17-
terpadeHmIMOpdHIICHA U €r0 METAJUIOKOMILIECKCOB
3aKImoUYeHHE

Cnucok HUTUpPyEMO TUTEPATYpPhI

117
118

120
123
123
124
124
127

132

138

139

144

145

148
150



4

BBenenue

AKTyaJabHOCTH padoTbl. B mociennue roasl MOSBHICSA OOJBIION HMHTEPEC K
apoOMaTHYECKAM TETPANMPPOIBHBIM aHaioraM Top(pupHHOB, Wi TOPpPUPUHOUIAM.
CymecTByeT MHOTO pabOT MOCBSIICHHBIX UX CUHTE3Y, aHAIIN3Y CTPYKTYPhl U CBOMCTB, a
TaK K€ MPUMEHEHUIO B PA3IMUHBIX cepax HAYKA W TEXHUKH. DTO CBSA3aHO B TIEPBYIO
ouepenb C TEM UTO, MO PAAY (PUINKO-XUMHUUYECKHX XaPAKTEPUCTHK, TaKUX Kak
KaTaJUTHIYCCKas aKTHBHOCTh U (POTOAMHAMHUYECKUE CBOMCTBA, MOPGUPHHOUIBI MHOT 1A
npeBocxoasaT nopdupuabl. OgHUM W3 TaKWX MOPPUPHUHOUIOB, SBJSIOTCS KOPPOJIBI -
UMEIOIINE WCKAXKEHHOE, TPANCHMEBUIHOE CTPOCHUE PEAKIMOHHOTO LIEHTPA, B BUIY
OTCYTCTBHUS OJHOTO METHUJICHOBOTO MOCTHKA W MOP(HUIIEHB — HW30MEPHl MOP(UPHUHOB,
UMEIOIIUE MPSAMOYTOJBHOE CTPOCHUE PEAKIIMOHHOTO IIEHTPA 32 CUET MPUCYTCBUS ABYX
OMCTIMPPOSBLHBIX (DPArMEHTOB CBSA3AHHBIX JIPYT C JAPYTOM JBYMS STHIMACHOBBHIMHA
MOCTUKaMU. BBUAY CBOEH HCKaXXEHHOW CTPYKTYPbI, JNaHHBIC COEIUHEHHS OO0JIaaroT
PAIOM HEOOBIUHBIX U MEPCHIEKTUBHBIX C MPAKTUYECKOW TOUKHU 3PECHUS CBOMCTB, TaKUX
KaK, HanNpuUMEpP CKIOHHOCTh K CTAaOWJIM3alMUA PA3JIUUYHBIX CTENEHEH OKHUCIICHUA
META/VIOB B COCTaBE KOMIUIEKCOB W HaJIMUMAA HECKOJIBKAX TayTOMEPHBIX (opM,
00pa3oBaHuA MPOYHBIX BHYTPUMOJICKYJISIPHBIX BOJOPOJHBIX CBsA3ell. B nmanHOM pabote
OyayT pacCMOTPEHBI CHHTE3 H (DHU3MKO-XMMHUECKHE CBOWCTBA KaK CBOOOJHBIX
OCHOBAaHHH KOPPOJIOB ¥ OP(MHUIICHOB, TaK U UX METATTIOKOMIUICKCOB.

Crenenb paspadoraHHocTH. He cMOTps Ha 3HAQUMTEIbLHOE YHCIIO Pador,
MOCBSAIIEHHBIX CHHTE3Y W (PHU3UKO-XMMHUYECCKAM CBOWCTBAM MOPPUPHHOUIOB, U3YUCHUE
KOPPOJIOB W TOP(UIICHOB HAUAJOCh CPABHUTEIBHO HeAaBHO. B Hacrosmee Bpems
CYILIECTBYET MPOOEN B CPABHUTEIBHOM aHAJIN3€ CBOMCTB CBOOOJHBIX OCHOBAaHHUHA U
METAJUIOKOMITIEKCOB KOPposioB ® mopdurieHoB. He 10 koHIMA HM3yueHO BIIMSHUE
3aMecTruTeNel Ha eprud)eprr MaKPOIUKIIA Ha OCOOCHHOCTH CHHTE3a STHX COSTMHEHUH.

Heas ucciaenopanus. M3yuenue, BoiOOp U pa3padoOTKa ONTUMAJIbHBIX METOJIOB
CHHTE3a M OYUCTKH PA3IMUHBIX BUJA0B KOpposios u 2,7,12,17-rerpadennnmopduriena, a
TaK X€ UX METALTOKOMIUIEKCOB. AHAJIN3 U CPAaBHEHWE CBOWCTB [-alIKWII M Me30-apwil

3aMCIICHHBIX KOPPOJOB U UX MCTAJLIOKOMILIICKCOB.



OcHoOBHbBIE 331241 HUCCJAET0BAHUS 3aKITIOUYAIUCH B CICTYIOIIEM

1. PaznmunapiMu MeToaamMu, TMOAOMpPAs ONTUMAJbHBIC YCIOBHSA, OCYIICCTBUTH
CHHTE3 KOPPOJIOB, MMEIONIMX PA3JTUYHBIE 3aMECTHTEIH. [-aJKWI3aMeIICHHbBIE, Me30-
Tpuapwinzamemennbie (A;, A;B, ABC-tuna), m cuHTE3 TeTpaapwizaMeneHHBIX
OP(HUIICHOB.

2. H3ydeHuwe CHEKTPaIbHBIX CBOWCTB CBOOOAHBIX OCHOBAHUW TOTYUEHHBIX
makpouukiaos (DCIL, H'SIMP, macc-criektpomerpus).

3. CuHTE3 METALTOKOMIUIEKCOB [-alIKWII- U Me30-apAIKOPPOJIOB C PA3TMUIHBIMA
MeTtayuiaMu. CHHTE3 METAUIOKOMITIIEKCOB MOPPHUIICHOB.

4. W3ydeHue 5AEKTPOXMMHUECKUX CBOWCTB M KaTAIUTHUYCCKOW aKTHBHOCTH
KOPPOJIOB U METAJLI-KOPPOJIOB B PEAKIMU 3JEKTPOBOCCTAHOBIICHUS MOJIEKYJISPHOTO
KHCIIOpOJa B BOJHO-TICIIOYHBIX CpPENaX, YCTOWYMBOCTh K (POTOOKHUCIUTEITBHON
JECTPYKIIMHA ¥ TAyTOMEPHBIC TPEBPAITICHUST CBOOOHBIX OCHOBAHHH f-aTKAIKOPPOJIOB B
pacTBopax. M3yueHue cneKkTpagbHbIX CBOMCTB, TEPMHAUYECKON YCTOMUYMBOCTH B TBEPIAOU
(dhaze mopduneHa u MeTALI-IOPPHUIICHOB, H3YUCHUE MX AICKTPOXUMHUUYCCKHX CBOMCTB U
KATAIUTUUYECKON AKTUBHOCTA B PEAKIHUMU SJICKTPOBOCCTAHOBJICHUA MOJIEKYJIAPHOTO
KHUCJIOPOJIA B BOAHO-IETOYHBIX CPENAX.

Hayunas  wnoBusHa. [lomyuensr ®  oXapakTepu3OBaHBI  HOBBIE  f-
ANKWJI3aMENIEHHBIE KOPPOJIbI, COAEpKAIIUE H-OyTHUIbHBIE 3aMECTUTENH, OCYIIECTBIICH
CUHTE3 HOBBIX PAHEE HE M3YUYEHHBIX Me30-3aMeNIeHHbIX KopposioB AB- u ABC-tuma,
coepXKaluX pa3udHble (PYHKIIMOHAIbHBIE TPYMIbel. Pa3paboTaH HOBBIH METOJ
CHMHTE3a [-alKWI3aMEIMICHHBIX KOPPOJIOB B TPHUCYTCTBUH JTHOKCHJA CBWHIA W3
COOTBETCTBYIOIIUX JUMHAPPOJIUIMETAHOB WM OWJIAAMEHOB d,C-IuruapoOpomMusios. B
X0JIle CHHTe3a TOP(UIICHOB W KOPPOJIOB OBUT TONYYEH PAX HOBBIX ITHPPOJIOB,
OMCIIUPPOJIOB U AUMUPPOIUIMETAHOB. BriepBble M3yUueHbl TayTOMEPHbBIC MPEBPALLICHUS
CBOOOJTHBIX OCHOBAHWH [-aJIKWJIIKOPPOJIOB B  PACTBOpPAx, TMPOBEACH aHAIHN3
ANMEKTPOXUMHUUYECCKAX  CBOWCTB  TOPQHUIIEHOB W  KOPPOJOB, YCTOMYMBOCTH K
(hOTOOKHUCTUTETPHOW ~ NMECTPYKIIUH  METAJUIOKOMIUIEKCOB  f-aJlKWiI W Me30-

apUJI3aMEILIeHHBIX KOPPOJIOB.



Teopernyeckass W mNpaKTHYeCKasi 3HAYMMOCTH PadoTwl. PazpaboTtanHbie
METO/BI CHHTE3a MOPGUIIEHOB W KOPPOJOB PA3HBIX THIIOB TMO3BOJISIOT MOJIydYaTh STH
COCIMHCHUS B ONTHMAJIBHBIX YCIOBUAX. J[aHHBIC O KaTaIUTHYECKOW AKTHBHOCTH B
pEakMd BOCCTAHOBJICHUS MOJICKYJSIPHOTO KHCJIOpPoJa W (POTOOKUCIUTEITBHON
JECTPYKIIMA ~ METAJONPON3BOIHBIX  KOPPOJIOB W TOPQHUIICHOB MOTYT  OBITh
MIEPCTICKTUBHBI TIPH CO3/IAHANA XUMUYECKAX UCTOUYHUKOB TOKA.

MeTtogosiorusi W MeTOABI JAHUCCEPTALMOHHOTO  HccjaenoBanms. J[is
UACHTU(UKAIMN ~ TIOJTyYCHHBIX COCIWHCHWA W M3YYCHHWS WX CBOWCTB OBLIH
WCTIOB30BAHBI CIIEKTPOCKOMIUeckre Metoasl uccneposanns (OCIL, UK n 'H SIMP).
Uucrota W HWHAUBUAYAJbHOCTh coOeAuHEeHUM mgokazaHbl MetoaoM TCX. Metoas
IMUKITAYECKON BOJTBTAMITIEPOMETPHUN MCTIOB30BAHBI TIPYA U3YUCHUH AIICKTPOXUMUUICCKHAX
CBOWCTB TIOJYyYCHHBIX COCAMHEHWH W WX METAUIOKOMIUIEKCOB B  PEaKIMH
BOCCTaHOBJICHHS MOJIEKYJIsipHOTO Kuciaopoaa (LIBA).

Ilono:keHus1, BHIHOCHMBbI€ Ha 3amuTy. Pa3pa0oTka METOJOB CHHTE3a f-
ANKWI3aMENIEHHBIX KOPPOJIOB U Me30-apui3aMelleHHbIX KopposioB Az, A,B u ABC-
THMA, CoJZIepIKaIme (byHKITHOHATBHBIC TPYTIIIHI. Cunres 2,7,12,17-
tetpadeHunmopduileHa, CHHTE3  MPEAINICCTBEHHUKOB  [-TeTpaapwiI-TETPAMETHII-
nopdunieHo. M3yuenne TayTOMEpPHBIX TPEBPAIICHUNA CBOOOMHBIX OCHOBAHHWH [3-
ATKWJIKOPPOJIOB B pacTBopax. CHHTE3 METAIOKOMIUIEKCOB KOPPOJIOB U MOPQHUIICHOB,
WU3YUCHUE WX DJICKTPOXHMHUYCCKUX CBOHCTB. M3yueHwme yCTOWUMBOCTH CBOOOIHBIX
OCHOBAaHHH KOPPOJIOB U METALTOKOMIUIEKCOB K (POTOOKUCTUTEIIBHON JECTPYKITHH.

CreneHb [0CTOBEpPHOCTH U anpoOauusi padoTbl. OCHOBHBIC PE3YJIbTAThI
paboter ObLTH TIpeacTaBieHsl Ha X X X] Poccuiickom ceMuHape 1mo XuMun nophupruHOB
u ux a"anoros (Meanoso - 2014), na XXVI MenaeneeBckoit KOHGEPSHITUH MOJIOIBIX
yuénbix (Camapa - 2016 1), ma VII MexnaynapogHoit HaydHOW KOH(DEpEHIINN
«COBpEMEHHBIC METOJBI B TEOPETUUYECKOH W HSKCTICPUMEHTAJIBHON AIICKTPOXUMHUN
(UBanoro - 2015), XI MexayHapoaHOH MIKOJIe-KOH(GEPSHITUH MOJIOABIX YUCHBIX IO
xuMuu nmophupuHOoB W mx aHamoroB (200 jer oTkpwiTHiO xnopodmia) (MBanoBo -
2017), ma XIX m XX BcepoccHACKHX KOH(PEPEHIMAX MOJIOABIX YUEHBIX-XHUMHUKOB

(Hwxanit Hosropon - 2016), (Hwxkuuit Hosropom - 2017), ma MexayHapoaHoM



cummnosuyme «Ywmusie wmatepuanb» (Cysmans 2018), ma XIII wmexmyHapomHoi
koH(pepenmn «CuHTE3 M MpuMeHenne nop¢upuaoB u ux aHaorosy (XII International
Conference «Synthesis and Application of Porphyrins and Their Analogues™.
Koctpomckas o6m. — 2019), na XII Beepoccniickoii mkose - KOHPEPEHIIMA MO0 IBIX
yueHblx  "TeoperWueckas W OSKCIECPUMEHTAIBHAS XUMHS SKUAKO(PA3HBIX CHCTEM"
(KpectoBckue utenust) (MBanoso - 2019), na MexaynapoaHo#t HayaHOH KOH(MEPEHITHH
YerpipHaamaroro cbe3aa bemopycckoro obmectBeHHOT0 00beaAnHEHUS (POTOOHOTIOTOB
u onodusukoB (Munck - 2020), a Tak k€ Ha PETHOHAIBHBIX CTYJACHUYCCKAX HAYUHBIX
koHpepenmax JHWU HAYKM - 2013, 2015, 2016, 2017 w=m 2019 rr.
«DyHIaMEHTABHBIC HAYKH — CIIEIUaNUCTy HOBOTO Beka» (MBanoso - 2013), (MBanoso
- 2015), (MBanoso - 2016), (UBanoso - 2017) u (UBanoso - 2019).

Jlmunblii BKJIaa aBTOpa. 3aKIOUacTCsd B M3YUCHWW W aHAIM3E JIMTEPATYPHBIX
JAHHBIX, TTOCTAHOBKE 3a/a4 MCCIICIOBAHUS, CHHTE3€ BCEX TMOIYUCHHBIX COSAMHEHUN W
WX METAJUIOKOMILUICKCOB, BBITIOJTHCHHH SJIEKTPOXUMHUECKUX SKCIICPUMEHTOB, aHAJIM3E
MOJTYYCHHBIX PE3YJIbTaTOB, (HOPMYITUPOBKE BHIBOJIOB.

Iyommkanuu. Marepuanbl TUCCEPTAIMOHHON PadOThl OTpakeHBl B 4 CTAThAX,
pexomennoBanHbix BAK, a tarke 17 Tesmcax moknanoB KOH(MEPEHIWH Pa3TIAYHOTO
YPOBHH.

CtpykTypa u 00beM auccepTaluOHHON padoThl. [luccepranmonHas padota
COCTOUT W3 BBEACHUS, MEPEUHS HMCIIOIB3YEMbBIX COKPAICHHM, JIMTEPATypPHOTO 0030pa,
00CYXJICHAS PE3yJIbTaTOB, SKCIECPUMEHTAIBHOW YaCTH, 3aKIIOUCHHUS M CIHCKa
utTupyemoi murepatypsl (305 ucrounnkos). O0mmii 06beM padoTsl coctaBisier 183

CTpaHHUIlbl, B TOM uucie 47 cxem, 29 tadmui, 21 pucyHok.
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JUTEPATYPHBII OB30P

1. O6mas knaccupuxkanusa nopGupUHOUIOB

[Mopdupunsl, npom3sogabic mnopduHa CroHi4Ny 1, sSBNAOTCA CaMBIMH
PAcIpPOCTPAHEHHBIMA W BAXKHBIMH CpeAW MPHUPOAHBIX MAaKpPOIUKIOB. B kadecTse
MIPUMEPOB MOYKHO TPUBECTH T€M — KpacsIlee BEIEeCTBO KPOBH 2, TPAHCIIOPTUPYIOIIEE
B cocTaBe Oejaka reMorioOMHA KHCIOPOJ K TKaHSAM OpraHm3Ma W XJIOpOoHiI —
3€JICHBIN MUTMEHT PACTEHUM 3, ¢ MOMOIIBIO KOTOPOIO PACTEHMS YJIAaBIMBAIOT CBETOBYIO

SHEPTHIO U OCYIMIECTBIIAIOT (POTOCHUHTES [6].

H,C-CH Me H,C-CH R
Me H Me Et
Me M Me Me
H
an  cm MO |
CH, CH, { o
COOH COOH O/N(\)/ijzc
1 2 3 (a: R=CHj3; b: R=CHO)
OCHOBHBIM MPU3HAKOM TOPGUPHHOB SABISCTCS HAJIWYHE B MOJICKYJIC

KoopAWHAUMOHHOTO 1eHTpa NjH,, derbipex w™etuHOBBIX MocTukoB (-CH=) (B
HEKOTOPBIX ciay4asx asa- (-N=)), KOTopble CBS3BIBAIOT TETECPOLUKINUECKHUE
apomaThueckue (pparmMeTbl MUPPOJBHOTO, MHUPPOJICHUHOBOTO, U30-UHIOJIBHOTO WIIH
U30-UHAONMMHOBOTO cTpoeHuA. COeqNMHEHUS, KOTOPBIE HE YIOBJIETBOPSIOT OJHOMY HIIA
HECKOJIbKMM W3 3THUX TPHU3HAKOB MPHUHATO CUMTATh aHAJIOTaMyd TOPGUPHUHOB, WIH
nopduprHougamu [6-8].

B Hacrosiee BpemMsi CHHTE3UPOBAHO OOJIBIIIOE KOJTMYECTBO CTPYKTYP PA3IMYHOTO
CTPOCHHA AHAJIOTMUYHBIX MOPPUPHHAM. YCIOBHO WX MOXXHO pa3JeinTh HAa JIBE
NOATPYNNbl: TMOPPUPUHOUABI H30MEPHbIE MOPPUPHHY, W aHAJTIOTH HMEKOIIUE HE
u30MepHOe TOpGUPHHY CTpoeHWe. B mocneaHero Trpymnmy MOXKHO  OTHECTH
OP(UPHHOUIBI ¢ PACIIHPESHHBIM HITA CXKATHIM IAKIOM [9-13]. DT0 MOXKET JOCTHTAThCA

IyTCM YMCHBIICHHA HWJIM YBCJIMYCHHUA YHCJIa ITHPPOJIbHBIX (I)paFMeHTOB Wik 3a CUcT
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W3MEHEHUS JUIMHBI I1IeMH OJHOTO WM Oonee me3o-moctukoB [9,10]. Tak xke K
MOCJIEIHEH TPYIINE MOKHO OTHECTH aHAJIOTH, B KOTOPBIX OJIMH WJIM 00Jiee aTOMOB a30Ta
B MaKpOILMKIMYECKOM KoOJblle 3aMeHeHsl Ha artombl S, O, Se, Te [9,13].
KoopauHalinoHHOE AApO JAaHHBIX COCAMHEHHH MOYKET UMETh CTPOCHHME aHAIOTHUYHOE

mopUPHHY, 2 MOKET OBITh U NCKAXKECHHBIM .

1.1. U3omepnl noppupuHoB

OmHuM HM3 caMbIX TIEPBHIX WU3BECTHBIX M30MEPHBIX aHAJOTOB MOPGUPHHOB CTaJ
cuHTe3upoBanubiii Borenem mopdunen 4 [12,13]. JlaHHOe coeauHEHWE SBISCTCA
apOMaTHUYECKUM W JIEMOHCTPUPYET CHEKTPOCKOMHUECKHE MW  KOOPAMHALMOHHbBIC
CBOWMCTBA, BeChbMa OTIWYAIOMUECS OT cBoWcTB mopdupuuosB. HcecnenoBanue
MOP(HUIICHOB KAaK IMOTECHIHAIBHBIX (DOTOCCHCHOMIN3ATOPOB i (DOTOTHMHAMUYCCKOM
TEpaANUU CIYKUIU «UCXOAHOM TOUKOWY» JUIsi MOCIAEAYIOIIErO0 CHHTE3a HECKOJbKUX
IPYTHX HW30MEPOB MOpGUPHHA, WUMEIONUX BHYTPHITMKINYECKAE aTOMBI a30Ta. OTH
COCIMHCHUS BKJIIOUAIOT KopdumeH S, momyueHHsiii HezaBucumo Cecciepom [14] u
Borenem [15], remunopdunien 6, monyuennsiii Kamio [16], a Takke n3omopdutieH 7,
cuHTe3nupoBaHHbiii Borenem [17]. KpoMe mpuBeIEHHBIX M30MEPOB CYIIECTBYET TAKKE
OMUCAHUE CUHTE3A ANKUJI-MTPOU3BOIHOTO AuMeTHHA 8 [18]. DT coequHeHus ABISIOTCS,
C OJHOH CTOpPOHBI H30MEpaMH TOPGUPUHOB, C APYrol CTOPOHBI WX AHAIOTAMH,
UMEIOIMMHU UCKAKEHHOE CTPOEHHUE BHYTPEHHETO PEAKIIMOHHOTO IIEHTPA, B OTJIUYHUE OT
nop(pUPHUHOB, PEAKITMOHHBIH IEHTP KOTOPBIX KBAAPATHBIH.

JlanHbIE W30MEpHI, PAaBHO KaK W TOPQHUICH SBIIAIOTCA apOMATHUYCCKUMH, YTO
JIOKa3bIBaeTCA HajqmuueM mnojockl Cope u mojioc Q-TUma B BUIMMBIX CIEKTpax
noryomenua. Kpome Toro, 'H AMP-criekTpel 3TUX MNPOU3BOIHBIX MMOKA3BIBAKOT
CUTHAJIbl, XapaKTEePHbIC JJI1 BHYTPEHHHUX MNPOTOHOB, KOTOPbIE CMEIIEHbI B CHJILHOE

MOJIe, YTO JAOKA3bIBACT HAJTUUUE KOJIBIIEBOI'O TOKA B CUCTEME, U UX apOMaTU4YHOCTH [10,

19, 20, 25].
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8 9 10 11

K nmnpuBeneHHsiM w#30MepaM, MOXXHO TaK JK€ OTHECTH IPOW3BOIHBIC
«A3BEPHYTHIX» TOPPUPHUHOB, B KOTOPHIX OJWH W3 aTOMOB a30Ta HAXOJUTCS CHAPYKH
makpommkiaa 9 [21, 22]. O6obménnas dopmyna CyHij4N4 MoxkeT BKIOUath B cebs
takue mopdupuHouaHbIe CTPYKTypsl kak 10 [18], ¢ 3amenoit oanoro (parmenra
NUppoJia HAa TUPUAMH, a TaKXKe, COCAUHEHHUs, COJACpKalllue JABa Wiau OoJiee

«A3BEPHYTHIX» MUPPOILHBIX (pparmenTa 11 [23, 24].

1.2. A3oTcoaep:xaiue noppuPHHONABI HE H30MEPHbIe MOPPUPUHY

Amnajorn nop¢puprUHOB HE W30MEPHOTO WM CTPOCHHS BKIIFOYAIOT, KaK MPaBHIIO,
CTPYKTYPBI, KOTOPBIE COACpKaT TPW WIH 0Ojee MUPPONBHBIX KOJIE M HEKOTOPYIO
CTETICHb COTIPSDKEHUA CBsi3eh. JlaHHBIC COSAMHEHUS MOTYT UMETh KaK apOMaTHUYCCKHUH,
TaKk W HE apoOMaTWYECKHWid Xapakrep. [Ipw 3TOM KOOPAWMHAITMOHHBIA IEHTP JAaHHBIX
COCTMHEHUM JTMOO0 3ayKeH, TNOO0 pacIupeH OTHOCUTENIHHO TopdupuHa.

K 3aykeHHBIM cHCTEMaM OTHOCHTCS apoMaTWdeckhe Koppossl 12, BHEpBBIC
cuHTe3upoBaHHbie JIxxoHcoHOM [26, 27], Tak € COEAWHEHMS, HMMCIOIIHUE B CBOEM
COCTaBe TPHU A30TCOMACPKAIMMX MAKPONHWKIIA, HanpuMep cyomnopdupun 13 [28,29] nnm

[14]rpuduppun(2.1.1) 14 [30, 31, 32].



B kauecTBe paclIMPEHHBIX CHUCTEM MOXKHO MPUBECTH TAKUE MAKPOTECTEPOLUKIIBI
kak: [1,3,1,3]mmarupun 15, cuntesupoannsiii Berger u LeGoff m oGmanatormmii 22-m-
AEKTPOHHOMN CUCTEMOM compspkeHus [9, 33], meHTamuppOIbHBIN MAaKPOITUKI candupuH
16, nostyueHue KOTOpOro Brepsbie ObUI0 onucano Byasopaowm [9, 11, 34, 35], a Tak xe
TaKWe COCIWHCHUA Kak romomnopdupun 17, uMmeromuii OJUH TOTIOJTHUTEIIBHBIA aTOM
a30Ta MEXIY Me30-MOCTHKOM U ¢-TojokeHreM muppoda [9, 11], 6enzoduppun 18 ue

apOMaTHYCCKUM MAaKPOIIMKI B KOTOPOM OJMH IHPPOJIBHBIM (PparMeHT 3aMEHCH Ha
oenzonbHOE Koblo [11, 35], u ap.

8o &

15 16 17 18
Takum  oOpa3zoM, pasHoOOpasWe  MOAOOHBIX  CTPYKTYp  O€3rpaHUuHO.

[IpuBenenHbic COCMMHEHHMSI OTHOCATCS K Hambosjee W3BECTHHIM. Bce anamoru
noppuprHOB, KaK U COOCTBEHHO MOP(GUH, MOTYT OBITh f- UIH Me30-3aMEIICHHBIMU, W
o0nanare CBOWMH aHaJIOTaMH, HNCKAKCHHBIMH, WHBEPTUPOBAHHBIMH,
rerepo3aMeIeHHsIMA U 11p. [IpencTaBuTenu Kaxkaoro Kiacca XapaKTepU3yIOTCA PAIOM
WHIUBUYAITbHBIX OCOOCHHOCTEH, OHAKO B JTAaHHOUM paboTe OyayT pacCMOTPEHBI JTUIITH

HEKOTOPHIE TIPEICTABUTENN TOPPUPUHOUIOB, 2 UMEHHO TTOPQUIICHBI 1 KOPPOJIHI.



13

2. Oco0eHHOCTH CTPOEHUSI 1 CUHTE3a KOPPoJioB. MeTasIkoppoJibl

B nanHOM pazgene OyayT paccMOTPEHBI OCOOEHHOCTHM CTPOEHUS W CHHTE3a
KOPPOJIOB M WX METATIOKOMIUIEKCOB. B 3aBUCHMOCTH OT mpupoabl TepuhepHitHBIX
3aMECTUTENIEd METOJAMKM CUHTE3a 3TUX COCIWHEHHWH CYIIECTBEHHO pasziuyarorcs. B
JAHHOM 0030pe OyAyT pPacCMOTPEHBI METObl MOJYUYEHHUA JIMIIb HEKOTOPBIX THIIOB
KOPPOJIOB: f-aJIKMII-3aMEITICHHBIX W TPU-Me30-3aMEIIECHHBIX KOPPOJIoB Az, mpanc-A,B,

ABC - tunos.

2.1 Oco0eHHOCTH CHHTE3a KOPPOJIOB

Kopponsl -  TeTpanupposibHBIE  MAKPOTETEPOLMKINYECKUE  COCAMHCHUA,
SBJISIONIHACCS aHAJIOraMu MOP(HPHHOB HO OTIMYAIOIMIHECS OT HUX OTCYTCTBHEM OJIHOTO
METHHOBOT'O MOCTHKA ¥ UMEIOIINE NCKAXKCHHBIN PEAKIIMOHHBIN [IEHTP MPH COXPAHECHUHN

T-compsiKeHHOM cuctemsl [1, 36].

19 1 2,3,7,8,12,13,17,18 — f-nionosxeHust
18 12 5,10,15 — me30-mioN0KEHHS

Pucynox 1. CtpykTypa Koppoja

He cmotps na Onmskoe k mopdupwHAM CTPOCHHE, KOPPOJBI 00JaAar0T PSAOM
ocoOeHHOCTEeH. B BUIYy OTCYTCTBHA OJHOTO METHHOBOTO MOCTHKA, B MAaKpOIIMKIIC
nmeercas oaHa 1,19 C-C cBsA3b, YTO TPUBOAUT K MCKAXKECHUIO M  CXKATHIO
KOOPAWHAIMOHHON TMOJoCTH Makpouukia. Kak pe3ynabrar, KOppodabl 0O0JagaroT
KOOPJAMHAIMOHHBIM IICHTPOM TpaIlelHeBUIHON (OPMBI W 3HAYMTEIIPHO MEHBITHAM
pasMepoM IO CpaBHCHHIO ¢ TmopdupuHaMH. TaKk yYCPEHHCHHBIH JTHAMETP
KOOPJAMHAIMOHHOTO IeHTpa mopduprHa cocTtasiaser 2,91 A, Torma Kak Kpardaiuimee
paccTOsIHUE MEXAY aToOMaMHu a30Ta B MOJIEKYyJie koppona cocTaBiser 2,53 A [36].

[TonoOHOE ckaThe KOOPAMHALIMOHHOTO LIEHTPA CYIIECTBEHHO U3MEHAET CBOMCTBA ATUX



14

COCAMHEHUMN: M3-32 TMOHWKEHHOW CHUMMETPUU MAKPOLMKIA 7-3JEKTPOHHAs MJIOTHOCTH
KOPPOJIOB pacrlpeie/icHa HE PaBHOMEPHO, YTO BEAET K MOHUKEHUIO UX APOMATUUYHOCTH
o cpaBHeHWIo ¢ nopdupunamu [36]. Koppoasl mMEIOT BO BHYTPEHHEH TOJIOCTH TPH
MPOTOHA M, COOTBETCTBEHHO, SIBJISIOTCA TPUAHMOHHBIMKU Juradgamu [1, 36].
COnuxkeHre B MPOCTPAHCTBE BHYTPULIMKIMYECKUX a3a- U MMHHO-LIICHTPOB MOJICKYJIbI
KoppoJsia MPUBOIAT K CyliecTBeHHOMY oOJerdennio N-NH-TayToMepHBIX MPOIIECCOB,
Mo cpaBHeHUIO ¢ nopdupuHamu. N-NH-tayroMepbl KOppOJIOB MPEACTaBISIFOT COOOM
cMech (hOpM, COOTHOIIIEHWE KOTOPBIX MEHSAETCS B IMIMPOKOM WHTEpBasie Temmeparyp [1,
37-41].

Buaumbie ciekTpbl KOPPOJIOB UMEIOT UHTEHCUBHYIO TIOJIOCY MOTJIOIICHUST OKOJIO
400 am (momoca Cope) m 6osnee cimaboie mojockl B obmactu 500-600 HM, KOTOpBIE
ananornaabl B w Q-momocam mopdupunoB. [Ipm 3TOM CHEKTPH Me30-3aMEIMIECHHBIX
KOPPOJIOB 3HAUUATEIIFHO OTJIMYAIOTCS OT WX S-3aMEIICHHBIX aHAJIOTOB, KaK B Pa3MbBITHH
MOJIOC TIOTJIOMICHUS B BHAMMON OOJACTH CHEKTpa f-3aMEIICHHBIX KOPPOJIOB, TaK H
TUTICOXPOMHOM KX CJIBUTE MO OTHOIIECHUIO K Me30-3aMEeIIEHHbIM KoppoJiaMm [1, 36].

KsanToBBIl BBIXOA (ayopecteHun koppoiioB cocrtapimger 0,13 — 0,22, On
MPAKTUUYECKA HE 3aBUCUT OT JIJIMHBI BOJIHBI BO30YXKIeHUA. Bpems XKuU3HU 3TOro
COCTOSIHMAA TIPEBBIMIACT TAKOBOE Uil TMOPGUPUHOB, YTO TaK JKE€ JENaeT WX
MEPCTICKTUBHBIMU 00beKTaMU U3yueHwus 1is pororeparnuu [36].

B cnekrpax 'H gIMP KOPPOJIOB, MOA0OHO mopdupruHAM, HAOMIOMACTCS CIABUT
CHUTHAJIOB BHYTPHITUKINYeCKHX NH-TpOTOHOB B CHIbHOE TIOJIE, @ CHTHAJIOB S-TIPOTOHOB
MaKpoOLMKIa B cjaboe TMoje, YTO CBUIAETEIbCTBYET O HAJWYUU JAUAMArHUTHOTO
KOJIBLIEBOTO TOKA U AQpOMATUYHOCTHU JAHHBIX COeIUHEHUH [306].

HUctopusa wusyueHuss KopposioB HauuHaetrcs ¢ 1960-x romoB, kak pe3ysbTaT
uccienoBanns Johnson, MOCBAMIEHHOTO PA3BUTHIO CHHTETHUCCKUX METOIOB TTOJTYyUCHUS
ButamMmuHa Bi, 19. D10 cBfizaHo ¢ TeM, YTO B COCTAaBE BWUTAMHHA MPHUCYTCTBYET
KOOaJIbTOBOE MPOU3BOIHOE KOppuHA 20, CTaOMIbHBIM OKTAJETUAPO aHAJIOTOM KOTOPOTO
asigercst koppon 21. Unes Johnson coctosiia B ToM, 9TOOBI HCTIOIB30BaTh KOPPOJ Kak
MPEIIECTBEHHUK KOPPUHOBOIO IUKIa [26, 27], HO 3TOT moaXoa OblT HEyAaueH, U B

TCUCHUC JIMTCIBHOIO BPCMCHH KOPPOJIBL IIPAKTHYCCKHM HC H3YYAJIUCh. Tonpko ¢
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2.2. MeToapl cuHTE3a f-3aMeIlleHHbIX KOPPOJ10B

OmHUM W3 OCHOBHBIX METOJOB CHHTE3a f-3aMEIIeHHBIX KOppojoB 31, sBisercs
CBOOOJHOpAMKAJIbHASA LUKIU3AMUS TUHEHHBIX TETPANTUPPOJIbHBIX MPEAIIECTBCHHUKOB
- ounanueHos-a, ¢ 30 nmoa neldcTBrEM paauKalbHbIX okucauTenei [60].

OCHOBHOM HEIOCTAaTOK 3TUX METOJIOB — MHOTOCTAQJUMHBIA CUHTE3 HCXOAHBIX
OWJIaINCHOB-A,C, KOTOPbIE HE JIOCTAaTOYHO YCTOWUMBBI, MOATOMY WX, KaK MPaBUIIO,
BEIJICIIAIOT B BUJE COJIeH, vare Bcero auruapoopomuios 31 (cxema 1).

Cxema 1

Rl
R? R?
30
O cunHTe3e KOppOoiaoB M3 AuruaApoOpomMuaoB 1,19-HezamerieHHBIX OMITaAUEHOB-

a,c (31 X = H), 6s110 coobmeno B paborax Johnson [27, 61]. MUcxoansie OmmaaneHbt
31 Obum mosyueHbl KoHAcHcanmed 3,3°4.4°-terpaankwi-5,5’ -nudopMUITIHITHPOIUII-
metaHoB 32 ¢ 3 4-mmankunnupponamu 33 (cxema 2) wnaM KOHAeHcamued 5,57-
auKapOoKcuANMUPOTHIMEeTaHOB 34 ¢ 2-hopmun 3,4-mmankunmuppoiaamu 35 (cxema 3).

Cxema 2

Cxema 3
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[{uknu3amnms Jarie BCEro MPOBOAUTCS B IPUCYTCTBHH OCHOBHBIX PEAreHTOB, UTO
MO3BOJIACT OCYIIECTBHTh Tepexo] OWiaaueHa-d,¢ AWTHAPOOpOMHIA W3 CONH B
cBo0OOAHOE ocHOBaHue (Tabm. 1).

Ta6ma 1. CuHTe3 f-3aMeIeHABIX KOPPOJIoB u3 1,19-He3aMeneHHbIX OMTaIHeHOB-d, C

JUTUAPOOPOMUIOB
R R
R R
[O]
—
R! R'
R2 X R2
Crtpoenue YcnoBus cunTe3a Oxkucnurenn Bexong | Ccbuika
3aMeCTUTeNen
OunaarieHa u Kopposia
R=R'=Me, R*=R” =Et, MeOH, NH;p-p, 0, 58% 27
X=H Obny4eHnue cBeToM
BOJIb(ppaMoBoit mamrer 200
Bt, 10 mun.
MeOH, NH;p-p, Txoun. K[Fe(CN)¢] 44%, 60, 62
84%
FeCl; 69% 62
Cez(SO4)3 69%
H,0, 68%
t-OyTu 69%
IEPOKCH]T
bensoun 56%
IEPOKCH]T
R=R'=Me, MeOH, NH;p-p, 0, 22% 27
R*=R*=CH,CH,CO,M OObnydeHue cBETOM
e, X=H BOJIbGpaMoBoOi tamribl 200
Bt, 10 mun.
MeOH, tkoMmH. n-XA 51% 63
R=R*=R”=Et, R'=Me, MeOH, NH;p-p, 0, 21% 27
X=H Obny4eHnue cBeToM
BOJIb(ppaMoBoit mammer 200
Bt, 10 mun.
MeOH, Tyoun. n-XA 58% 63
R'=Me, R*=R” =Et, MeOH, NaHCO;, n-XA 61% 64
R=X=H Troun.
R=R'=R*=R*=Me, MeOH, T, n-XA 65% 63
X=Ph
R=R'=R’=Me, MeOH, T, n-XA 38% 63
R*=X=H
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B pabore Licoccia u corp. [65] ommcan MeTod IOJIyYEeHHS KOPPOJIOB M3
OWJIaINCHOB-A,C AUTUAPOOPOMUAOB B MPUCYTCTBUM BMECTO OCHOBHBIX, KHCJIOTHBIX
pPEareHToB, HAIMPUMEDP, M-TONYOJCYIb(OKUCIOTH, B KHMsAIMIEM 3TaHone. [lpm sTom
OKHUCJIUTEJIEM BBICTYIAET KUCIOPOJ BO3/1yXa.

Paolesse [63] B cBoell paboTe MPEmIONKHI OTHOCTATUHHBIN «OJTHOKOIOOBBIMY
CHUHTE3 KOPPOJIOB U3 TUMTUPOMETAH-5,5 - TUKapOOHOBEIX KUCIIOT B (POPMUIITTUPPOIIOB, C
MOCJCAYIONIMM OKUCJIEHUEM, MUHYA CTaJUI0 BblACNCHUS OwujaaueHa. Peaknud
MPOBOAWJIACH B METaHOJie B mpucyTcTBUM TADY, mocie oOpa3zoBaHus OujaaueHa
(korTpONh peakmuu mo TCX), B PEakIMOHHYIO CMeCh J00aBisICS W30BITOK 7-
xJiopaHuja. B 1aHHOM cllyyae OCHOBAHKE B PEAKIIMOHHYIO CMECh HE 100aBIIAIOCH.

Jlpyro#i MeToa cuHTE3a KOpPpoJioB u3 1,19-3amelieHHBIX OWIIAANEHOB-A,C
muruapoopomuaos (31, X = Br) Obut npemioxken B cratbsix Pandey [66, 67]. B stom
clyyae CHHTE3 f-3aMEIICHHBIX KOPPOJIOB OB ocymecTBieH w3 1,19-
IOpOMOUIIaIMEHOB-d, C-TUTHAPOOPOMUIOB. FcxoaHble 3aMellleHHbIE OWIaAUEHBI
ObLTM TOJIYYEHBl KOHAEHCAUUeH 5,5 -nukapOokcuaunupomeraHoB 32 ¢ 2-Opom-5-
dhopmunmpponamu 36 B TPUCYTCTBUH 1-TOYOJICYIb(POKUCIOTH, B CMECH METaHOJ A 1
XJIOPUCTOTO METHWJICHA, TPW KOMHATHOW Temmeparype (cxema 4). f-3amernicHHbIC
KOppOJibl  ObUIM  CHUHTE3UpoBaHbl HarpeBanuem g0 100°C  pactBopo 1,19-
TMOpOMOMITaTueHOB-a, ¢ TuruApoOopomuos B JIM®DA (cxema 5).

Cxema 4

Cxema 5
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OCHOBHBIM TIPOJYKTOM peakuuu spjiserca OwnuBepauH 37, koppoa 30
oOpazyeTrcss B MEHbIIMX KojinuecTBax. OJHAKO, NPOBEACHUE PEAKIMH B KHUIMSAIIEM
METAHOJIE TIO3BOJIAICT HE TOJBKO TMOBBICUTH BBIXOJ KOppona, HO W u30exkKarhb

o0Opa3oBaHua OuiMBepauHa [66].
2.3. MeToabl cMHTE3a Me30-3aMelIeHHBIX KOPPOJIOB

Ha nansplii MOMEHT CYHIECTBYIOT METOJBI CHHTE3a ME30-MOHO- U Me30-
JTM3aMEIICHHBIX KOPPOJIOB, OJHAKO Ham0oJiee pPacpOCTPAHCHHBIMU W W3yYEHHBIMH
SABJIAFOTCS METOJIBI CHHTE3a Me30-TPU3aMEIIEHHBIX KOPPOJIOB.

B 3aBUCHMOCTH OT CTPOEHUS W TIOJIOKEHHUS 3aMECTUTENEH Me30-TPU3aMEITICHHBIC
KOPPOJIBI MOXKHO Pa3/ICUTh Ha:

o A3-THI - BCE Me30-3aMECTUTENH UMEIOT OJIMHAKOBOE CTPOCHHE,

o A)B-Tmm — oaMH W3 3aMECTHTENICH OTIWYAeTCs OT JABYX JAPYTHX.
CymiecTBylOT Kak 1Wc-, Tak #W TpaHc-A,B  kopponst (B ganHOM  o030pe
paccMaTpUBAIOTCA TOJIBKO METOJIBI CHHTE3a TPaHC-A,;B Kopposios)

° ABC-THII - BC€ 3aMECTUTENN B Me30-TIOJIOKEHUAX Pa3HBIE.

2.3.1. CunTe3 KOPPOJIOB KOHACHCAIMEH MUPPOJIOB M AJTbICTHUIAOB (CHHTE3

KOPPOJIOB Aj3-THTIA)

OCHOBHBIM METOJIOM CHHTE3a KOPPOJIOoB 38 MMEIOINX OJTMHAKOBBIC 3aMECTUTEIIN
B Me30-TIOJIOKCHUAX, SBJIACTCA  OKHCIMTENbHAs  KOHJACHCAIMSA MHUPPOJIOB €
apOMaTHUYECKUMU aJibAeTHAaMH (cxema 6).

Cxema 6

38
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OaHUM W3 TEPBBIX KOPPOJIOB CHUHTE3UPOBAHHBIX TAKUM METOJOM ABJISIETCS
5,10,15-tpucdpennnkoppon, momydeHusiii Paolesse w cotp. [52]. Merton cuHTe3a
TPUAPWI3AMEIIICHHBIX KOPPOJIOB, MPEAJIOKEHHBIA 3TUMU YUYCHBIMH, MPEACTABIACT
MoAUUITUPOBAHHBIA MeTOT POTMYHIA T CMHTE3a aHAJIOTHYHBIX TOpuprHOB. b0
YCTAQHOBJIEHO, UYTO KOHEYHBbIM MPOAYKT JAHHOW pEaKIMU 3aBUCHAT OT MOJIBHOTO
COOTHOIIEHHS UCXOJHBIX PEAreHTOB: MPU COOTHOIIEHUH MUPPoJa U Oen3anbaeruaa 1:1
MPOUCXOUT OO0pa30BaHUE TMPEUMYIICCTBEHHO TOpduprHA, TpU H30OBITKE MHPPOJIA
oOpazyercs koppoa. ONTUMAIbHBIM MOJIBHBIM COOTHOIIEHHUEM MUPPOJT | OCH3AIbACTU
JUIS CHHTE3a Koppoia siBfigeTca cooTHornenue 3:1 [42, 64, 68], omHako gaxe B 3TOM
CJlydae B KaueCTBE MOOOYHOTO MPOAYKTa 00pa3ylOTCs COOTBETCTBYIONMIHMM MOPQGUPHH.
YBenuueHne n30bITKa MUPPOJIA HEXKENATENIbHO, TaK KaK 3TO MPUBOAUT K YBEJIUUCHUIO
KOJIMYECTBA MPOYKTOB MOJUMEPU3AIMHI, YTO YCI0XKHIAET OUMCTKY Makpolmkia. Tak xe
aBTopaMu ObUIO YCTAQHOBJICHO, YTO JYy4lllM€ BBIXOJA KOPPOJIOB AT PEaKIUU
KOHJICHCAIIMU C aJbJAETUAaAMHU, UMECIOIIUMHU 3JIEKTPOHOAKIIENTOPHBIE 3aMECTUTENN. DTO
ABJICHUE OOBACHSETCS BBICOKOU PEAKIIMOHHON CMOCOOHOCTBHIO TAaKMX allbJACTHAOB, OHU
ObICTpEE BCTYMAIOT BO B3aUMOJEHCTBUE C THUPPOJIOM, BCJEJICTBUE HTOr0, B
PEAKIMOHHON CMECU HE C03/aéTcs U30bITKA aJib/IeTH/A, TPUBOAAIIETO K 00OPAa30BAHUIO
nopdupuna [64, 69, 70]. B xauecTBe pacTBOPHUTEN MCTOIB3YETCA YKCYCHAsA KHUCIIOTA,
CUHTE3 MPOBOJMTCS MPU TEMMEPAType KUMEHUS PACTBOPUTENA B T€UEHHMH 2-4 4acoB
[69]. TlombITkM TPOBECTH PEAKIMIO B JAPYroM PpPAacTBOPUTENE, HAMpuUMep, B
MMPOMUOHOBOM KHUCIIOTE, MPUBOAT K CYIIECTBEHHOMY YMEHBIIIEHUIO Bbixoa [42].

Jlpyrum MOAXOJOM K TIOJYUYCHHIO KOPPOJIOB W3 MUPPOJIOB U aJIbACTHUJIOB,
aprgercs meton Lee m Gryko [71], koTopsrii siBisieTcss MOAU(PUITMPOBAHHBIM METOIOM
Lindsey amga monmydeHWs aHaJOTHYHBIX TOPOUPHHOB B  MSTKHUX  YCIIOBHSIX.
PactBopurenem Ciy:)kuT XJOpHUCTBIM MeTWieH, TXDY, B KaueCcTBE KHUCIOTHOTO
KaTaJIn3aTopa, MHUIMUPYIOIIETO PEAKIMI0 KOHJICH Al 10 OujlaHa 39 — JMuHEHHOro
MPEAIIECTBEHHUKA Koppona, 1 DDQ B kauecTBe IUKIM3YIOIIETO U OKUCIUTEIBHOTO
areHta i oOpaszoBaHus koppoja 38 wu3 Ownana 39. TOY Obuia mnpuzHaHa
ONTUMAJbHBIM KaTaJIM3aTOPOM Il CHHTE3a KOppoJia MPH 3THUX YCIOBHUAX, TaK Kak

IIOIBITKK IIPOBCCTH DJOTY PCAKMKO ¢ JPYIrHMH KHCJIOTHBIMH KAaTaJIM3daTOpaMH
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(BF3+Et,0), ne ysenuanmuck ycrexom [71]. Tak ke ObUTIO BBIACHEHO, YTO KOHIICHTPAIIHS
TOY nomxHa ObITh MUHUMAJIBHOW, TaK KaK HMMEHHO MUHHMMAJIbHBIE KOJIMYECTBA
KHUCJIOThl MPUBOJMT K MOBBIIICHUIO BhIXOJa OWJIaHA, B TO BPEMS KaK M30BITOK KUCIOTHI
NpUBOAAT K (opMupoBaHUIO TMOPGUPUHOTEHA - TPEAINICCTBEHHUKA TopdUpHHa.
HaunbGonee onTuMajbHBIM KOJMYECTBEHHBIM OTHOIICHUEM MEXAY KHUCJIOTOH H
anmpaerugoMm spisercs oTtHomenue 0,012 [71]. He wamoBaxkubiM ¢dakTopowm,
OMPECIIAIONIMM BbIXO/ MPOAYKTA, SABJISETCA BPEeMsS MPOBEACHUS PEAKIMU HA MEPBOM
srane (mo mobGamnenws DDQ). Kak mnpaswio, mis crepudeckd 3aTPyAHEHHBIX
alnbACTUAOB OHO OOJbIlIE, B TO BpeMA KaK Uil PEAKIUOHHO-AaKTUBHBIX MOKET
coctapiaTh 10 munyt [70, 71].

Eme omaHOW pa3HOBUAHOCTHIO MAHHOTO METOJA, MPEJIOKCHHOW B CTaThAX
Koszarna u Gryko [72], sBasercs HCHOJIB30BAaHHE BOJHO-METAHOJBHOHM CMECH B
KQueCTBE PACTBOPUTENSA, W HEOOJNBIIMX KOJMYECTB COJISHONW KHUCIOTHL B KAdye€CTBE
KaTaJiu3aropa MNpH CHUHTE3€ MPOMEKYTOUHOro OwiaHa. J[aHHBIM CUHTE3 ABIsAETCA
JBYXCTaAUNHBIM, MTOCKOJIbKY TPOMEXKYTOUHBIN MPOAYKT — OuiaH 39, sKCcTparupyoT u3
cMecH XJIOPO(OpMOM, U TIOCIICIYIONTYIO CTAIUI0 OKUCIICHHS N-XJIOPAHWJIOM TPOBOAST
yKe B 3TOM pacTBopurene [72].

Meton Gross, OTIMYAETCsA OT APYTUX METOJOB, OTCYTCTBUEM pactBoputenid [43,
73]. V3meHeHnne NpUBBIUHBIX YCJIOBAM pPeakimu 00pa30OBaHUS TETPaapumophupruHOB
YaCcTO MPUBOJUT K 00PAa30BAHUIO UX PA3JIMUHBIX U30MEpOB. Mcxond u3 3Toro, yueHbIMH
OblJla M3yuYe€HA peakiyd KOHACHCAIMM NUPpOja C apOMAaTUUECKUMHU albAeruaamMu
(6enzanpaerua u nepPropOeH3aNBACTH) B OTCYTCTBHHA PACTBOPHUTEIA. APOMATHUCCKUE
aNbACTUAbBl CMEIIMBAIUCH ¢ MUPPOJAMH B SKBUBAJICHTHOM COOTHOIIEHUU HA TBEPAOH
MOJJIOKKE, B KAUeCTBE KOTOPOH HCIOIb30BAIMCH TBEPJbie aOCOPOCHTHI, TAKHE Kak
(biopacun, cuaMKare b, OCHOBHBIM M HEWTpaNbHBIM OKCHI amfoMuHuA. [lomyduenHas
cMech peareHToB Harpesanack A0 100°C B teuenuu 4 uacos. [locne yero abcopOeHT
MTPOMBIBAJICSI XJIOPUCTHIM METUJICHOM W mpoBoawioch okucienue DDQ. Ilpu sTom Bce
CTaJIMM JTAaHHOTO CHHTE3a MPOBOJATCA B aTMocdepe BO3Ayxa, aBTOPHI YKA3hIBAIOT, UTO

MIPY TIPOBEICHUH TIEPBOM CTaAWK B MHEPTHOW atMocdepe HU TOPPUPHHBI, HA KOPPOJIBI
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He oOpasytotca [43]. B tabnuiie 2 mpeacraBieHbl HEKOTOPHIE JIUTEPATypPHbIC AaHHBIC
MO0 CHHTE3Y KOPPOJIOB.

Taoauua 2. CuaTes A3;-KOppoJioB

R
/! \ + rcuo H, R
N [0]
H
R Karanusarop-pacts. Oxucnurenn Brixon % Jlurep
1 2 3 4 5
T®Y-CH,Cly, Troun DDQ 13,0 71
CN
O HCI-H,0-MeOH n-XA-CHCI; 21,0 72
CN Tq)y'CHZCIZJ TKOMH. DDQ 1570 71
@ HCI-H,0-MeOH n-XA-CHCls 23 72
@ Tq)y'CHZCIZJ TKOMH. DDQ 1470 71
CO,Me
HCI-H,0-MeOH n-XA-CHCls 17,0 75
@ Tq)y'CHZCIZJ TKOMH. DDQ 970 71
Me
T®Y-CH,Cly, Troun n-XA 15,0 70
AcOH, Ty, Bozaoyx 6,0 69
HCI-H,0-MeOH n-XA-CHCls 25,0 72
Me T®Y-CH,Cl, Teoun DDQ 7,0 71
@Me AcOH, Ty, Bosayx 0,0 69
Mg
0N AcOH, Ty Bosayx 8-10 74
O o
NO, T®Y-CH,Cly, Troun DDQ 14,0 71
@ T®Y-CH.Ch, Teomn nXA 9.0 70
AcOH, T, Bosayx 15,0 69
TOY-CH,Cl, Troun DDQ 19,0 71
@Noz T®Y-CH,Cly, Troum, n-XA 19,0 69
HCI-H,0-MeOH n-XA-CHCls 10 72
AcOH, T, Bosayx 13,5 76
1,4 77
22,0 69
F T®Y-CH,Cly, Troun. DDQ 8,0 69
@ ALO5 100°C DDQ 6,0 43
F
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[Iponomkenue Tadauisl 2

2 3 4 5
T®Y-CH>Cla, Tromn DDQ 21,0 71
Q DropocH DDQ 4.0 43
Cunukarenb Cnenpl
A1203 HefITp. 1 1,0
AlLO; ocH. 100°C 11,0
Al O3 ocu. 70°C DDQ 6-10 73
T®Y-CH>Cla, Tromn n-XA 4.0 70
AcOH, Ty Bosayx 4,0 69
T®Y-CH>Cla, Tromn DDQ 15.0 71
T®Y-CH>Cla, Tromn DDQ 17.0 71
QSCHZCOZtBu
T®Y-CH>Cla, Tromn DDQ 19.0 71
@ HCI-H,0-MeOH 7-XA-CHCI; 16,0 72
Al O3 ocu. 70°C DDQ 7-19 73
T®Y-CH>Cla, Tromn DDQ 17.0 71
T®Y-CH>Cla, Tromn DDQ 9.0 71
HCI-H,O-MeOH n-XA-CHCl3 7.8 72
@ AlL,O; och. 100°C DDQ 1,0 43
T®Y-CH>Cla, Tromn 7-XA 6,0 70
AcOH, Tiun. Bosnyx 0,0 69
Ph T®Y-CH>Cla, Tromn n-XA 4.0 70
HCI-H,O-MeOH n-XA-CHCl3 27,0 72
AcOH, Tiun. Bosnyx 6,0 36
6.0 69
Al O3 ocu. 70°C DDQ 6-7 73
T®Y-CH,Cly, Tyou. n-XA 8,0 70
@ ACOH, Ty Bosnyx 7.0 69
HCI-H,O-MeOH n-XA-CHCl3 22.0 75
Al O3 ocu. 70°C DDQ 2-5% 73
T®Y-CH,Cly, Tyoum. n-XA 10,0 70
@Br AcOH, Ty Bosayx 5.0 69
HCI-H,O-MeOH n-XA-CHCl3 22.0 72
Br AcOH, Tiun. Bosnyx 9,0 69
AcOH, Tiun. Bosnyx 9,0 69
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[Iponomkenue Tadauisl 2
1 2 3 4 5
OMe AcOH, Ty, Bozayx 5,0 69
MeO
7 AcOH, Ty, Bozaoyx 9.0 69
N
_ 2,6 76
/@ AcOH, Tyun. Bozaoyx Crnenpr 69
MeO AcOH, Ty, Bozayx 0 69
MeO
Br, T®Y-CH,Cly, Tyoum. DDQ, Txous. 5,0 78
Bg
@ HCI-H,O-MeOH n-XA-CHCl; 25,0 72
F
Q HCI-H,O-MeOH n-XA-CHCl; 17,0 72
OCH2C02MC
OCH2C02MC
OMe HCI1-H,O-MeOH n-XA-CHCl; 14,0 72
@OMe
OMe
HCI-H,O-MeOH n-XA-CHCl; 5,0 72
0
S
/ 1‘i AcOH, T Bozaoyx 1,8 75

2.3.2. Metoasl cHHTE3a KOPPOJIOB M3 TUMTHPPOTHIIMETAHOB (METOIBI CHHTE3a KOPPOJIOB

A;B u ABC-tunos)

[TpenmecTBeHHUKaMu i1 cuHTe3a kKoppoioB A,B- u ABC-tunos sasnstorcs
Me30-apuiI3aMeNIeHHbIE  JUMMPPOJUIMETAHbl, OJTHAKO METOAbl MOJYUYCHUS KOPPOJIOB

JIBYX THIIOB U3 3TUX COCAUHEHUN KapAWHAIBLHO Pa3AYarOTCA APYT OT ApyTa.
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2.3.2.1. Konoencayusi Me30-3ameujeHHbiX OUNUPPOJIUIMEMAHO8 C AlbOecUOdMU

MeToa ~ KOHIACHCAIIUM  Me30-3aMEIIEHHBIX  aunupponunMmeTraHoB 40 ¢
apoOMaTHYCCKUMH W aTA(aTHUYSCKUMHU alIpJICTHIAMH B TPHCYTCTBHU KHCJIOTHBIX
KaTaJu3aTOPOB C MOCIEAYIOMUMH ITUKIHU3aluel M OKUCIICHHUEM TOJyUSHHBIX OMJIaHOB,

ABJISIETCA BEChbMA PACHPOCTPAHCHHBIM METOJOM MOJydeHus TpaHc-A,B-kopponos 41

(cxema 7).
Cxema 7
R
R
ZM+ R-CHO _>1'H+ 1
\ NH HN / ) 2. [0] R
40 41

Kak u B mpeapiayiiemM ciydae, CyIIECTBYET HECKOJbKO METOJIOB HCIOIHEHUA
ATOTO CHUHTE3a, PA3JIMUAIOIIUXCS MEXIY CO00M YCIOBUAMH MPOBEICHUS PEAKIUH
(tabmuma 3).

HaubGonee pacnpoctpanenubiMm [72, 79, 80, 87, 88, 93] meromoMm nonyueHus
KopposioB A,B-tuna, sBnsercs cunTe3 B yonoBumsax Lee m Gryko, (TOVY B kadecTse
Katalinzaropa, Ha nepBod craauu, 1 DDQ wunum n-XA B KauecTBE OKUCIUTENA, HA
BTOpoOit). [loGOoUHBIM TIPOAYKTOM mJisi OOJBITUHCTBA KOPPOJIOB, Kak W B Ciydae
KOHJICHCAIIMM MUPPOJOB C apPOMATHYECKUMM aJIbJACTHIAMH MPU STUX YCJIOBUSX,
ABIIACTCS COOTBETCTRYIOMMI mopdupun [79, 88]. Kak mpasmio, B kauecTBe KUCIOTHOTO
KaTajguzaTopa ucnonb3ytoT TDdY, omnako B crarbsax [88, 89, 95, 109] ommcanb
METOJMKHA CHHTE3a KOppoJioB ¢ wucnois3oBanneM BF;*OEt,. TpuxmopykcycHas
KHCJIOTA, TaK K€ MOXET MCHOJIb30BaThCA B KAUECTBE KaTaaM3aTopa, OJHAKO
3HAYUTEIBbHO pexke [38].

Tadommua 3. CuHTE3 KOPPOJIOB KOHACHCALMEH TUMUPPOIMIIMETAHOB C abJAErUAaAMU

R R’ Karanusarop- Oxucnurens | Brixon | Jlurep
pacTs. %
1 2 3 4 5 6
Ph TOY-CH,Cl,, DDQ 7,0 79
HCI-H,0-MeOH | n-XA-CHCl; 56,0 72
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IIponomkenue Tadmuis 3

2 3 4 5 6
TOY-CH,Cl,, DDQ 26.0 71
o
e KOMH.
T®OY-CH,Cl,, DDQ 19.0 79
TKOMH.
CCL,CO,H- | n-XA-CHCL; | 18,0 88
CH,Cl,
OH TOY-CH,Cl,, DDQ 3.0 79
@ TKOMH.
OMe T®OY-CH,Cl,, DDQ 16,0 79
@ TKOMH.
< % TOY-CH,Cl,, DDQ 13.0 87
\ / TKOMH.
OMe
.CH;NBn, | T®Y-CH,Cl, DDQ 10,0 87
TKOMH.
TOY-CH,Cl,, DDQ 19.0 79
@ Txoms.
OMe TOY-CH,Cl,, DDQ 16,0 79
OMe TKOMH.
Q T®Y-CH,CL, DDQ 23.0 71
OMe TKOMH.
T®OY-CH,Cl,, DDQ 21,0 79
@SOMe TKOMH.
F TOY-CH,Cl,, DDQ 25.0 79
@ Teomn. 19.0 81
F
F TOY-CH,Cl,, DDQ 20,0 79
@F Tuoun
F TOY-CH,Cl,, DDQ 19.0 79
@ TKOMH.
F
F TOY-CH,Cl,, DDQ 19.0 79
Txcomn. 10 81
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IIponomkenue Tadmuis 3

1 2 3 4 5 6
Me F_F TOY-CH,CL, DDQ 22.0 79
Me QF TKOMH. 32,0 71
V—( 8.0 81
Me¢
F_F T®Y-CH,CL, DDQ 25.0 71
QSAC TKOMH.
=L T®Y-CH,CL, DDQ 19.0 79
TKOMH.
/A TO®Y-CH,CL, DDQ 28.0 87
N TKOMH.
7\ TOY-CH,CL, DDQ 14.0 87
TKOMH.
=N
/7 T®Y-CH,CL, DDQ 25 87
TKOMH.
N=
/N T®Y-CH,CL, DDQ 24.0 87
_ N TKOMH.
N T®Y-CH,CL, DDQ 7.0 87
% TKOMH.
W=
C1 N BF;+Et,0- n-XA- 35,0 89,90
4<j > CHZCIZ, TKOMH. CHZCIZ, TKHH.~
/
\ N
Cl
a_ . BF+-Et,0- n-XA- 22.0 | 89.90
{ >_© CHZCIZ, TKOMH. CHZCIZ, TKHH.
/
\ N
Cl
a_ . BF+-Et,0- n-XA- 140 | 89,90
o >—®0Me CHZCIZ, T xoum. CHZCIZ, T o,
/
\ N
Cl
a_ BF+-Et,0- n-XA- 27.0 | 89.90
4<j SMe CHZCIZ, TKOMH. CHZCIZ, TKHH.
/
\ N
Cl
Ph Ph TO®Y-CH,CL, DDQ 6.5 o1
@Ph @Ph Trows,
PH Ph
Ph HCI-H,0O-MeOH | n-XA-CHCl, 470 72
OCN /A TOY-CH,CL, DDQ 6,0 87
N

TKOMH.
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IIponomkenue Tadmuis 3

1 2 3 4 5 6
@ TOV-CH,Cl, DDQ 1,0 | 77
@ TOV-CH,Ch, DDQ 7,0 79
OMe TKOMH.
TOV-CH,Ch, DDQ 9,5 92
@ N(CHy), Txom.
TOV-CH,Cl, DDQ 108 | 92
Iy TOV-CH,Cl, DDQ 6,5 92
S TKOMH.
TOY-CH,Cl, DDQ 7,0 92
oS
@ F_F TOY-CH,CL,, DDQ 7,0 79
OMe T
F KOMH.
Q HCI-H,0-MeOH | n-XA-CHCL; | 13,0 | 72
F F
/N TOY-CH,Ch, DDQ 7,0 87
- TKOMH.
@ O HCI-H;0-MeOH | n-XA-CHCL; | 420 | 72
SMe CN
/N TOY-CH,Cl, DDQ 4,0 87
- TKOMH.
F_F Pr BF:*Et,0- FDKKT | DDQ 53,0 | 80
. Ph BF:*Et,0- FDKKT | DDQ 51,0 80
CH=CH, T®Y- CH,Cl DDQ- 102 | 93
F F @ T onm. Tonyon
@ BF+Et,0- IDKKT | DDQ 200 | 80
CHO
T®Y- CH,Cl DDQ 6,0 79
OCN TKOMH.
HCI-H,0-MeOH | DDQ-CHCL, | 20,0 | 72
HCI-H,0-MeOH | DDQ- 300 | 94
@N(’z CH,Cl
HO 1 BF+Et,0- IDKKT | DDQ 390 | 80

o
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IIponomkenue Tadmuis 3

1 2 3 4 5 6
F F BF3+Et,0- IDKKT DDQ 45,0 80
B
Ly [ S
F _F @I BF3+Et,O- IDKKT DDQ 42.0 80
/A BF3+Et,O0- IDKKT DDQ >1,0 80
N
HCI-H,O-MeOH n-XA- 12,0 86
@Me CH,Cl,
T®Y- CH,(Cl, DDQ 13,0 71
OCN TKOMH.
HCI-H,O-MeOH | n-XA- CHCIl; | 27,0 71
CCl3CO,H- n-XA- 23.0 88
@COZMC CH,Cl, CH,Cl,
CCl3;CO,H- n-XA- 17,0 88
@N(’z CH,Cl, CH,Cl,
T®Y- CH,(Cl, n-XA- 10,0 88
@OH TKOMH. CH2C12
tBu T®Y- CH,Cl, n-XA- 30,0 88
QOH TKOMH. CH2C12
tBu
tBu T®Y- CH,(Cl, n-XA- 88
QOMe TKOMH. CH2C12
tBu
Cl BF3+Et,0- DDQ- EtCN- 48,0 95
@ CH,Cl, Tromn NHCL | (22.0)
Cl
F F BF3+Et,0- n-XA-EtCN- 22.0 88
F CH,Cl, NH,4C1
BF3+Et,0- DDQ- EtCN- 18,0 95
F F CH,Cly, Tyoun. NH,4C1
HO T®Y- CH,(Cl, DDQ 10,0 96
@ TKOMH.
F
HO T®Y- CH,Cl, DDQ 8,1 96
@ TKOMH.
cl
HO T®Y- CH,(Cl, DDQ 8.5 96

0

-

TKOMH.
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[Iponomxenue Taduis 3

1 2 3 4 5 6
F F HO T®Y- CH,(Cl, DDQ 8,1 96
F F I

/A T®Y- CH,Cl, DDQ 20,0 87
N TKOMH.
— HCI-H,0-MeOH | DDQ-CHCl; | 16,0 72
o BF;+Et,0- n-XA- 20,0 89
a > CHZCIZ, TKOMH. CHZCIZ, TKHH.
\ ¥ BF;+Et,0- n-XA-EtCN- | 25,0 95
cl CH:Cla, Toun NH.CI
O @ HCI-H,0-MeOH DDQ 21,0 97
— N
HCI-H,0-MeOH DDQ 18,0 97
Me HCI-H,0-MeOH DDQ 17,0 o8
7 N\ N\
mmcm T®Y- CH,Cl, DDQ 15,0 99
— TKOMH.
0 (0]
OCH;
oI T®Y- CH,Cl, DDQ 6,0 99
~
(0}
N COCH3 T®Y- CH,Cl, DDQ 3,0 99
Hi ~ o TKOMH.
3
C T®Y- CH,Cl, DDQ 24,0 99
——TMS Tronm
@O\COO% HCI-H,0-MeOH DDQ 54,0 100
J| HCI-H,0-MeOH DDQ 23,0 101
=
C Br HCI-H,0-MeOH DDQ 18,0 101
E_T T®Y- CH,Cl, DDQ 15,0 102
5| A
F
T®Y- CH,Cl, DDQ 6,0 79

CO,Me

»

TKOMH.
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IIponomkenue Tadmuis 3

1 2 3 4 5 6
@ /A T®Y- CH,Cl, DDQ 9,0 87
I N TKOMH.
Br, Ph T®Y- CH,Cl, DDQ 20,0 103
TKOMH.
@ T®V- CH,Cl, DDQ 21,0 103
@ T®Y- CH,Cl, DDQ 25,0 103
NO, T
@ T®Y- CH,Cl, DDQ 18,0 103
Me TKOMH
MeO T®Y- CH,Cl, DDQ 22,0 | 103,78
@OMe TKOMH.
MeO
F ‘<N_ T®Y- CH,CL, DDQ 5,0 104
T
\ KOMH.
<) W
F
cl N BF;+Et,0- DDQ 6,0 105
see
/
Cl N
CN T®Y- CH,Cl, DDQ 34,0 105
N/
T®Y- CH,Cl, DDQ 20,0 105
‘ TKOMH.
L
N/
Br F_F T®Y- CH,Cl, DDQ 20,0 106
F QF TKOMH.
B F F
Br BF;+Et,0- DDQ <12 106
Q CH,Cl,
Bi
Br BF;+Et,0- DDQ <12 106
QF CH,Cl,
B
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IIponomkenue Tadmuis 3

1 2 3 4 5 6
AR O T®Y- CH,Cl, DDQ 11,0 87
COMe TKOMH.
N—
F F T®V-CH,Cl, | DDQ-CH,Cl, | 22,0 107
QF TKOMH.
F F
AR\ T®V-CH,Cl, | DDQ-CH,CL, | 24,0 107
N— TKOMH.
T®Y- CH,Cl, DDQ 2.0 87
7\ @CN A
—N KOMH.
AR F T®Y- CH,Cl, DDQ 6,0 87
N
- @ TKOMH.
F
F F EtCO,H, Tyoun. Boznoyx 8,0 108
QF BF3+Et,O-FDKKT DDQ >1 80
F F
/N EtCO2H, Txomm. Boznyx 6,0 108
N
N— F T®Y- CH,Cl, DDQ 8,0 104
TKOMH.
2O
F
. Ph BFsEt,0- n-XA- 14,0 109
\_ ) CH,Cl CH,Cl,,
a_ @NO BF;°Et,0- n-XA- 14,0 109
{D{}sn@ 2 CH,Cl, CHCl
cl BF;°Et,0- n-XA- 9-28 109
@CN CH,Cl CH,Cl,,
TKI/IH.
Ph BF3Et,0- n-XA- 9-28 109
CH,Cl CH,Cl,,
TKHH.
BF;°Et,0- n-XA- 9-28 109
@OMe CH,Cl CH,Cly,
TKI/IH.
BF;°Et,0- n-XA- 9-28 109
OC‘ CH,Cl, CH,Cl,,
TKI/IH.
0 H T®Y- CH,CL DDQ 2.0 110

EtO\(/

TKOMH.
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IIponomkenue Tadmuis 3
1 2 3 4 5 6
Eto\(/O Ci2H>s TdVY- CH,Cl, DDQ 3,0 110
TKOMH.
CisHy, TdVY- CH,Cl, DDQ 7,0 110
TKOMH.
CisHzo T®V- CH,Cl, DDQ 7.0 110
TKOMH.
CisHs, TdVY- CH,Cl, DDQ 6,0 110
TKOMH.
CiHs; T®dV- CH,Cl, DDQ 6,0 110
TKOMH.
-COOEt T®Y- CH,(Cl, DDQ 2,0 110
TKOMH.
T®Y- CH,Cl, DDQ 7.0 110
@OMe TKOMH.
@ TdVY- CH,Cl, DDQ 4.0 110
N02 TKOMH
K F T®V- CH,Cl, DDQ 5.0 110
QF TKOMH.
F F
T®V- CH,Cl, DDQ 5.0 110
@cone T
@ T®Y- CH,Cl, DDQ 8,0 110
Me T
tBu T®Y- CH,Cl, DDQ 6,0 110
tBu
@ T®Y- CH,CL DDQ 3,0 110
OH
TKOMH.
tBu T®Y- CH,Cl DDQ 6,0 110
Q TKOMH.
tBu

Meron Lee m Gryko mo3BomsieT monydaTh KOPPOJIBI COAEPIKAIIUAE CIIOKHBIC
pasBeTBiicHHBIE 3aMmecTuTenn. Tak Gryko m cotp. [102, 111-114] ynmamocs mpoBectr
2,6-nuxopdenmnn)

(mepdropdennn, 3aMEIICHHBIX

munupomeranoB ¢ 4°-[9-(1-rexcunrentuin)-1,3,7,10-tetpaokco-3,8,9,10-rerpaparuapo-

peaKIuio  rajoreH(eHMI
IH-antpa-[2,1,9-def;6,5,10-d'e’f’ | tunzoxunonuu-2-unme-tun | ondernn-4-
kapOanpaerugom 42, a Ttak xe 4’-[9-(1-rexcunrentmn)-1,3,7,10-reTpaokco-3,8,9,10-

terparuapo- 1 H-aatpa-[2,1,9-def;6,5,10-d'e’f’] JUU30XUHOJIUH-2-
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unMetmi|oenzanpaeruaom 43. CTOMT OTMETHTh, 4YTO BBIXOJ COOTBETCTBYIOIIHUX

KOPPOJIOB 1ocTaTouHO BHICOK (11-15%).

Ananornunsie cuHTe3bl Gryko mpoBogut um ¢ N-(4-popmunbenszun)nadra-
mumugom 44, N-(3-popmundennn)-1,8-madTunamuaom 45 u ux Tpon3BOAHBIMA [86,
114-116], anpmermmamu coaepkammMmu KpayH-d>¢upHbie 3amectutenn [114, 117],

deppouen [114, 118], u BODIPY [119].

COH
COH
(0] (0]
AN o 0
AN
44 45

Jlinst monmydyenus nByx m3omMepoB koppona Lewandowska m cotp. [120] mposenu
koHaeHcaruio 2,3,5,6-rarpadrop-4-(4-bopmundenmnokcn ))oen3anpaeruaom 46 u mnep-
dbropdpenmnaunupomeranom 47. B utore apropamu ObIITH TTOJTYUESHBI 1Ba n3oMmepa: 48 u
49, ¢ Beixogamu 28% u 11% coorBercTBeHHO (cxema 8). CymiecTBeHHas pa3HUIA B
BBIXO/IaX B IAHHOM CJTy4ae CBsA3aHa C MPOCTPAHCTBEHHBIMH 3aTPYIHEHUSIMH.

Cxema 8

28% 11%
46 47 48 49
MeTOI[ KOHJACHCAIIUN I[I/IHI/IpOJ'H/IJ'IMeTaHOB C aJlbJACrugaMmmu MOXET 6I>ITI>

UCIONIb30BaH A cuHTe3a ABC-KOpPpOIOB, OHAKO MPU 3TOM MOJIY4YaeTcsd CMECh TPeX
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BO3MOXHBIX KopposnoB 350-52 (cxema 9), koropas dYacTto TpyAHOpa3aenuma
xpoMaTorpadpuuecku, 9YTO 3HAYUTEIHPHO OTPAHUYMBACT TMPAKTHUCCKOE TPUMEHEHUE
naHHOrO Metona. CHUHTE3 KOPPOJIOB, UMEIONMINX Pa3HbIE 3aMECTUTEIH BO BCEX TPEX
Me30-TIoNIOKeHuIX, ObuT mpemioxkeH B padore Paolesse [70] mms momydenus 5-(4-
meTokcudenmn)-15-(4-metundennn)-10-(4-aurpodennn)kopposa. CHHTE3 TTPOBOIUIICS
B ycnoBusax Lee u Gryko. Kpome ocHOBHOTO mpoaykTa OBIIM Tak K€ TOJYYCHBI JBA
koppona A;B-tuma: 5,15-mu(4-meroxcudennn)-10-(4-autpodennn)koppon u 5,15-

mu(4-metmndennn)-10-(4-autpodheHrT)KOpPoIT.

Cxema 9
R! R! R! R?
~ =
+ R-CHO —__» R + R + R
NH HN 2. [0]
SeN:
= NN
2
R R? e
50 51 52

.3.2.2. Cun K 1 30M HHBIX 5,5 - UM H
2.3.2.2. Cunmes koppoJi08 u3 ouauuizameilie x 5,5 -ounuporuimemanosg

Peakmus koHACHCAMM, TIOJYYCHHBIX W3 JAANAIAUIUPPOIAIMETAHOB 33,
TUKapOMHOJIOB 54 ¢ MAPPOJIOM, C TIOCIEAYIOMMM OKHCIeHueM Owmrana 55 (cxema 10),
MOJKET HCIOIB30BAThCs MU CHHTe3a Kak A,B-kxoppomos (R'=R?) 56 tak u ABC-

xopponos (R'£R?) 56.

Cxema 10
R
R R
AN = ~ =
- \_NH BN /RJ@E“ o \ NH H , "
o) 0 OH HO
53 54 56

TexHUueCKn AaHHBIM CHUHTE3, BKJIIOUAET B ce0S TPW CTAaWU: MepBas CTaaus
BOCCTAHOBJICHUE AUALWIAMNIUPPOMETaHa 53 OOPruApuTOM HATpUs A0 JTUNMUPPOMETAHA
nukapOuHoia 54; BTopas CTaAusl KOHICHCAIMS MOJYUYEHHOT0 AUKApOMHOIIA C U30BITKOM
MUppoJia B MPHUCYTCTBMU KHUCJIOTHOIO KarajuM3aTopa, ¢ oOpa3oBaHuem OunaHa SS.

ITocnemneit cragueii CHHTE3a SIBIISCTCSA OKUCICHHUE 55, 0¢3 ero BBIACICHHS B UHCTOM



37

Busie, DDQ unu n-xnopanuiiom [68, 121]. [IpeumyiiecTBOM AaHHOTO METOAA ABJISAETCA
CTAaOMITEHOCTh MCXOHBIX JAUAIMITATTAPPOTHIMETAHOB, B TO BPpEMs KaK OOJBITUHCTBO
JUATMPPOIUIMETAHOB, KpaWHe MaJlo CTa0WiabHBI M OBICTPO  pa3pyllaloTcsia B
MPUCYTCTBUU KUCIOPOJA BO3AYXa.

JIist mosiydeHus MOHOAUWJTTUTAPPOJIUIIMETAHOB 57 0OBIUHO HCHOJIB3YETCS METO
B3aMMOJICUCTBUSA N-MarHMeBOr0 MPOU3BOAHOTO TUMUPPONMIMETaHa S8 (monmydeHHOTO
B3aMMOICHCTBHEM AKBUMOJTAPHBIX KOJTMYECTB ATHUJIMArHuHOpOMH 1A C
JTUTTUPPOSTAIIMETAHOM) ¢ XJIOPAHTHAPUIAMU OeH30HHBIX KUCTOT [122-124] (cxema 11),
i Tuodupos [123].

Bropuunoe aUWJIMPOBAHUE JANUPPOTIAIIMETAHOB 57 OCYILLIECTBIIAETCA
B3aUMOJICHCTBUEM C aaykramMu N-OeH30MaIMOpPQOIHMHOB ¢ XJIOPOKHUChIO docdopa, B

ycnoBuax peakimu Bunmbemaiiepa (Cxema 12) [122,124].

Cxema 11
Ry
R X = c1/g0
\ /) - NH N N
H [
MgBr
58 57
Cxema 12

2 0

R\{/
N

R
/ , \ N BN_7 )
pocl R R

rt POC; o d

59
B KadyCCTBC KHCJIOTHOT'O KaTaJipu3aTopa Ha CcTaauu KOHACHCAIIUHN

TUTMPPOIUIMETaH-IuKapOuHoina 5S4 ¢ 1mUApposioM [0  TETPanuppoSIbHOTO
MPEAIIECTBEHHUKA U €ro OKHUCJCHUS A0 KOppoJia OOBIYHO HMCHOJIB3YETCA COUYETAHUE
TOVY ¢ mocnenyrommm nodasnennem DDQ [122, 124]. Oanako B kKauecTBE KUCIOTHOTO
KaTaJiu3aTropa Takxke MOxkeT ObiThb ucnojib3oBaH BF;*OEt, [123]. Kpome storo, B
KaueCcTBE MATKHUX KHCJIOT, Ha cTaguu KoHacHcammu, Geler u cotp. [125] mpemnoxumm
TpudTAIATH TUCIPO3HS, HTTCPOUS U CKaHIUA WIH TPUXIOPHA HHaHS. D(PDEKTUBHOCTH
WCIIOJIb30BAHMUS JTAHHBIX KaTaJM3aTOPOB OICHUBAJIACh TIO BHIXOAY TPU(PEHHIKOPPOIA

MPpU Pa3HOW KOHLEHTPAUHUHW TMHPPOJAa B PEAKUHMOHHONW CMECH, W CPABHUBAIUCH C
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pesynpratamu it T®Y. Haumbonee BhICOKME BBIXOAA TPUGDEHUIKOPPOIA OBLTH

3ahuKkCHpOBaHBI I TPU(QIIATOB JUCTIPO3US M UTTEPOUSA, B HEKOTOPHIX CIydasX OHH

HEMHOTO OINEPEKAIOT PE3yIbTAThI, MOJYyYeHHbIE 1A TOY.

B tabnuiie 4 mpencraBiieHbl BhIXOAA M YCJIOBHS mojiyueHus kopponoB ABC u

A,B-THrma nonydeHHbIe CHHTE30M M3 TUAAIIATTUPPOTHIMETAHOB.

Taommua 4. Cunre3 kopposioB ABC-Tuna U3 AnanuiagunuppoIniMETaHOB

R
R
~ =
1. NaBH [0]
RL ) NHH { R 2. I[l/[ppo.:l R ' R
(0} at
R R’ R’ Karanuzarop- | Oxkucnautens | Boeixon Jlutep
pacTs. %
1 2 3 4 5 6 7
H TOY-CH,Cl, DDQ- 0 123
OtBu OtBu CH,Cl,
Ph Ph Ph TOY-CH,Cl, DDQ- 25,0 123
CH,Cl,
TOY-CH,Cl, DDQ- 22.0 122
CHCl,
Du(OT%)3- n-XA- 49.0 125
CH2C12 CH2C12
Du(OT%)3- n-XA- 50,0 125
@Me CH,Cl CH,Cl
Du(OT%)3- n-XA- 80,0 125
@Me @Me CH,Cl CH,Cl
TOY-CH,Cl, DDQ- 16,0 123
OtBu OtBu CH2C12
NO, NO, TOY-CH,Cl, DDQ- 3,0 122
Me BF;-Et,0 DDQ- 41,0 123
M M
NH4Cl
Mé T®Y-CH,Cl, DDQ- 17,0 123
OtBu OtBu CH2C12
Ph Ph TOY-CH,Cl, DDQ- 21,0 122
@CN CH,Cl,
Ph Du(OTf);- n-XA- 59,0 125
@‘Me @Me CH,Cl, CH,Cl,
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[Iponomkenue Taduip 4

1 2 3 4 5 6 7
T®Y-CH,Cl, | DDOQ- 31,0 122
D | O] O [ B8
F F T®Y-CH,Cl, | DDQ- 30,0 123
RESTES:
T®Y-CH,Cl, | DDQ- 40,0 122
F F CHzClz
BF;+Et,0 DDQ- 36,0 123
NH,4Cl
T®Y-CH,Cl, | DDQ- 51,0 123
OtBu CHzClz
F T®Y-CH,Cl, | DDQ- 31,0 | 122, 114
F
F F T®Y-CH,Cl, | DDQ- 54.0 122
DD =
F F
F_F F_F Du(OTH);- DDQ- 1824 125
QF QF CH,Cl, CH,Cl,
F F F F
TdVY-CH,Cl, DDQ- 10 124
@Br /@ CH2C12
S
cl T®Y-CH,Cl, | DDOQ- 33,0 122
Cl

2.4. CuHTEe3 KOpPPOJI0B B MIPUCYTCTBUM COJIEii METAJLII0B

Kak npasuno, terpamepusanuss NUPPOJIOB B NPUCYTCTBUU COJEH METAJUIOB
NPUBOJAT K OOpPa30BAHHMIO METAINTIOKOMILJIEKCOB KOPPOJIOB, BMECTO CBOOOIHBIX
ocHoBaHui. HauOonee wu3ydeHHOW sABHAeTca TeTpamepusanusa 3.4-aumerwn-2-
(THAPOKCUOCH3WN )-TUPPOI-5-kKapOoHOBOH  kucimoTel 60 10 meszo-Tpudenun-f-
OKTaMETHII3aMeIIEHHOTO Koppoja 62 [126, 127] (cxema 19). Peakiua Tetpamepuzarnu
MPOTEKAET B JBa JTala. HA MNEPBOM cTaguu mon AchctBuem TOY B MeTaHome

MIPOMCXOUT oOpasoBanue mnopdupmHOreHa 61, Ha BTOPOH CTaAWH IO JCHCTBHEM
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areTaTa HaTpPUs W SKBHUMOJISIPHOM CMecH aretara koOojbra u TpudeHuidochrHa,
MPOUCXOANT KOOPAUHAIMS KOOaIbhTa M apoOMaTH3aIksd OPGUPHHOTCHOBON CTPYKTYPBI
0 Koppojia 62 C TOTepeld OJHOTO METHHOBOTO MocThka (cxema 13). beuto
YCTAaHOBJICHO, 4YTO aTOoM KoOajbTa TPOSABIAET CIOCOOHOCTh K apoMaTH3aIluu
NOp(QUPHHOTCHOB C CYXXCHHEM KOOPJIWHAIIMOHHOTO IIEHTpa. Takue METaulhl Kak
JKEJIe30, MapraHell, PyTeHHI, CHOCOOCTBYIOT 00pa3oBaHHWIO MOPGHUPHHOB, MPUTOM B
HEKOTOPBIX CITydasx, KOOPJAWHAIMK METAJIJIOB HE MPOMCXOJUT, M MPOAYKTOM PEaKIIHH

ABIIAETCSI CBOOOAHOE OCHOBaHHUE TIopduprHa.

Cxema 13
MeH Ph Me
N
Me  Me Me Me  co0ac)y, V¢ Me
Ph H PPh, J
HOOC '\~ CH(OH)Ph Eeol Mo ot
o CF;,cOOH H Ph N
Me Me Me Me
mM&h TH ye
60 61

JlaHHBIN METOJ TOAXOAUT JJid CHUHTE3a KOPPOJIOB HMEIOIIUX PA3JIMYHbIE
3aMmecTuTeNn B (peHMIbHBIX Kosibiax. B ctathe Adamian u cotp. [128] omuceiBaeTcs
CHHTE3 W CBOWCTBA f-OKTaMETHUJIIKOPPOJIOB COAECPKAIIUX B ME30-TIOJIOKEHHUIX
OJIMHAKOBBIC APUJIbHBIE 3aMECTUTEH.

Eme ogauM MeToa0oM TOJIYyUYEeHHS [-3aMEIEHHBIX KOPPOJIoB U3 3,4-muMeTw-2-
(THAPOKCUOCH3WIT )TUPPOJI-5-KapOOHOBOM  KHCIIOTH 60 B mpuCyTCTBUM  areTaTa
KoOabTa, SIBJISICTCA KOHICHCALIMA 3TOro nuppoJia C 3,3°.4.4°-
TETPaAMETWIIUIUPPOJIUIIMETAH-5,5” - AnKkapOoOHOBOM kuciaoTo 63. B nmaHHOM ciydae
MOJIY9aeTCsl CMECh JBYX HM3OMEPHBIX Me30-TA(EHUI-f-OKTaMETHII-3aMEIEHHBIX
KOOAJIBTOBBIX KOMILIEKCOB KOPPOJioB 64, 65 [126] (cxema 14). Ilpu s3TOM cooTHOITICHHE
5,15-mudenmnzameniennoro 64 x 5,10-gudermnBaMemieHHOMY 65 KOppoJy COCTaBIISAET
2:1.

JlaHHbIE METOMbI TMO3BOJISIIOT TOJIy4aTh CMEIIAHHO-3aMEIIEHHbBIE KOPPOJIbL,
Pa3JIMYHOTO  CTPOCHUS, OJIHAKO MX  CYIICCTBEHHBIM  HEIOCTATKOM  ABJISETCA

HEBO3MOXXHOCTh  MOJy4eHUsi  Oe3MeTalUIbHOro  Makpouukia. OO0  ycnemHoMm
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JEMETALIUPOBAHUMA  KOOQJIBTOBBIX MPOU3BOAHBIX KOPPOJIOB, 0€3 pa3pylieHUd

apOMaTHYECKOM CUCTEMbI MAKPOIMKJIA, MMOKA HUYETro He u3BecTHO [120].

Cxema 14
N Me
Me
PPhy N-ph
CH(OH)Ph Co**
\ Me

64 65
[ukmmzanus OWIanueHoB-a,¢ W OWJIAHOB B TIPUCYTCTBUM COJiCH MeETayuioB (B

OCHOBHOM COJIEW KOOa/ibTa) SBIIAIOTCSA OJHUM M3 OCHOBHBIX METOJOB TOJYyYCHUS
METAJUTIOKOMITJIEKCOB KoppoJioB [128]. OmHako 3TO HE E€AWHCTBEHHBI METOJ HX
MOJIYYEHUS U3 TETPANUPPOJIbHBIX MPEAlecTBeHHUKOB. B padorax bpopunra u cotp.
[129, 130] onwuchiBaeTCA METOA MOJYYEHHUS MAPraHIEBOro KOMIUIEKCAa KoppoJsa 67
OKHUCJIEHHEM 2,2’ -0ucaunuppuHa 66 B puCyTCTBUM alleTata MapraHiia MOJEKYJIAPHbIM

kuciopoaom B kutsiieM [IM®A ¢ seixomom 18% (cxema 15).

Cxema 15
Ph
Mn(OAc),
Me o, DMF
Ph
67
Cxema 16

Rey(COqg)
e —

F;C CF;
PhCN F5C

CF;
68 69

Kpome HemocpencTBEHHON KOHACHCALMM MOHO- JU- W TETPANUPPOIBHBIX
MPEIIECTBEHHUKOB KOPPOJa B MPUCYTCTBUU COJIEH META/UIOB, U3BECTHBI padOThI, B
koTopbiX Re(V) koppon OB MONy4eH HEMOCPEICTBEHHO W3 CBOOOTHOTO OCHOBAHUS

5,10,15,20-rpucpropmerunmoppupraa 68, CuHTE3 NPOXOAWST TPHA KHISTYCHUH
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cBobogHOTrO OocHOBaHus mopdupuna ¢ Re(CO),y B Oenzonmtpuie, mpu 3toM Re(V)

Koppost 69 6611 moyueH ¢ BeixoaoM 9% [131] (Cxema 16).

2.5. CuHTEe3 META/LTI0KOMILIEKCOB 13 CBOOOAHBIX OCHOBAHUIT KOPPOJI0B

Kpome koHaeHcaruu TUPPONBHBIX TPEANISCTBEHHUKOB, B OCOOCHHOCTH
OWJTaIUEHOB-d,C B TIPUCYTCTBHM CcOjied (OOBIYHO ameTraToB WIH XJIOPHUIIOB), TAKHUX
metaiioB kak Mn, Fe, Co, Ni, Cu, Rh, Sn, Ge, In, Co, npuBoadmux K IOIyYCHHIO
METALIOKOMITIEKCOB  KopposioB [13, 132-138], ux MOKHO MOJY4YUTh peaKIUECH
CBOOOJTHBIX OCHOBAHWH KOppOJa C COJSAMH METAIOB. AHAJIOTHYHO TOppUpHHAM,
KOPPOJIBI MOTYT 00Pa30BBIBATh KOMIUIEKCHI ¢ MHOTHMH MeTajutaMu. Kpyr XuMudecKkux
AJIEMEHTOB, C KOTOPBIMH 00Pa3ylOT KOMILJIEKCH KOPPOJIBI, TAKKE JOCTATOYHO IHPOK U
BKJTIOUAET B CeOS TJIABHBIM 00pa3oM d-MeTajuTbl M HEKOTOphie HemeTauibl (ochop,
MBIITBSIK) [1]. M3BECTHBI Takke KOMILIEKCH KOPPOJIOB C p-3leMEHTaMH (TFOMUHUWHN,
rajyiui, repMmaHuii, oyoBo). UckmodeHweM A 3THX TPHAHWOHHBIX JIMTAHIIOB
ABJIAIOTCS IIENIOYHO-3eMENTbHBIC MeTaIbl. Ha pucyHke 4 TipencTaBieHBl 3JIEMEHTHI
(3akparteHsl cuHeM 1BeTOoM) [leproamieckoit cucTemsbl, crmocoOHbIE 00pPa30OBBHIBATH C
KOppoJjiaMu KoMIuieKcsl [139].

Omanm n3 HamboJiee BaXKHBIX CBOWCTB KOPPOJIOB KaK JIUTAH/OB, SBJISETCS HX
CIOCOOHOCTh CTAOMJIM3UPOBATh BBHICOKHE CTENICHW OKHCICHHWA META/NIOB B COCTaBe
koMmiiekcoB [1, 140, 141]. B tabnuiie 6 coOpaHbl TaHHBIE O HEKOTOPHIX MOJYUCHHbBIX U
M3YUYCHHBIX KOMILUTIEKCaX KOPPOJIOB C META/VIAMH M HEMETAJUTAMHM, a TaK YK€ YCIOBHUS UX
nosiyucHus. B manHOW Tabnwie HE paccMaTpPUBAIOTCS MOJMMAKPOTETEPOITMKINICCKUE

MCTAJINIOKOMILJICKCHEI.
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IIponomkenue Tadnub 5

1 2 3 4
(Meso-Ar;Cor) Hj CrCl, IMupunun, T, (Meso-Ar;Cor)CrO [147]
Ar = (Ph, CF;Ph4-

CH3Ph, 4-OCH3Ph)
(Me3o-(CsFs);Cor)H; Cr(CO)s Tonyon, Ty (Me30-(CsF5);Cor)CrO
[140,148, 149]
(Me30-(CsF5)3Cor)Cr(py)2
(Me30-(C6Fs5);Cor)Cr(OPPh3),
(Meso-Ar;Cor)H; Mo(CO)s HexanuH, (Mes0-Ph;Cor)MoQ [147]
Ar = (Ph, CF;Ph4- 175°C
CH;Ph, 4-OCH;Ph)
(Me30-(CeFs);Cor)H; (Me30-(CsFs);Cor)MoO [150]
1.(Me30-Ar;Cor)H3 MoCly(THF), NEt(-Pr),, 1.(Me30-Ar;Cor)MoO [151-
Ar =Ph, (2,5- CH,Cl,, 40°C 153]
(CF3),Ph), 4-CF3-Phs,
C6F5
2. (5,15-Mes;-10- Ar 2.(5,15-Mes;-10-Ar-
Cor)H3 Cor)MoO[152]
Ar = 4-CN-Ph, 3,4,5-
OMe);Ph
(f-Me4-f-Et4Cor)Hs; MoCls JexanuH, (f-Me4-f-Et4Cor)MoQO [154]
Na(Oac), 170-
180°C.
(f-Me4-f-Et4Cor)Hs; Mo(CO)1o HexanuH, T, (f-Me4-f-Et4Cor)MoQO [154]
(IB -Me4-/3 -Et4C0r)2M002
(Me3o-(CsFs);Cor)H; WCls Hexanun, 170- | (Me30-(CgFs);Cor),WO;5 [155]
180°C
1.(Me30-Ar;Cor) H; W(CO)s NaNj, 1.(Me30-Ar;Cor), W [156]
Ar = Ph, 4-CF;-Ph IUSTHIIEH
2.(Me3o-(4-CHs- [JIMKOJIb 2.(Me30-(4-CH3-Ph);Cor), W
Ph);Cor)H; METMJIOBBIH [131]
5¢up, Tiun,
1.(Me30-Ar;Cor)H3 Mn(OAc), JIM®A, T, 1.(Me30-Ar;Cor)Mn[157, 158]
Ar = C6F5, O-Py, 3,5- *4H,0
Cl,-Ph, 3,5-F,-Ph
2.(Me30-5,15-(0-Py),- 2.(Me30-5,15-(0-Py),-10-
10-(C6F5)COT)H3 (C6F5)COT)H3 [159]
3. WQS’O-S, 1 5-(C6F5)2_ 3. WQS’O-S, 1 5-(C6F5)2_10-(4-
10-(4-OMe-Ph)Cor)H3 OMe-Ph)Cor)H; [158]
4.(Me30-5,15-(3,5-Br»- 4.(Me30-5,15-(3,5-Br,-Ph),.10-
Ph)2_10-(C6F5)Cor)H3 (C6F5)COT)MII [158]
(Me30-5,15-(3-NO;- MnCl, JIM®A, 120°C | (Me30-5,15-(3-NO,-Ph),-10-Ar-
Ph),-10-Ar-Cor)H3 Cor)Mn [160]
Ar=3 , 5-(CF3)2Ph, 4-
OCH3;-Ph, 4-N(CHs),-
Ph
(Me30-(4-NO,- Mn(OAc), IMupuaus, (Me30-(4-NO2-Ph);Cor)Mn(Py)
Ph);Cor) H; *4H,0 100°C [77]
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IIponomkenue Tadnub 5

1 2 3 4
1.(Me30-Ar;Cor) H; Mn(OAc), Mertanosn, Tiun | 1. (Me30-(CsFs);Cor)Mn [161,
Ar= Ph, C6F5 °4H20 162]
2.(Me30-(CsFs)s-p- 2.(Me30-(CgFs)3-p-FsCor)Mn
FgCOT)H3 [161]
3. WQS’O-S, 1 5-(C6F5)2- 3. WQS’O-S, 1 5-(C6F5)2- 10-Ph-
10-Ph-Cor)H3 Cor)Mn [162]
4.(Me30-5,15-Ph,-10- 4.(Me30-5,15-Ph;-10-CgFs-
C6F5-COT)H3 Cor)Mn [ 1 62]
1.(p-EtsCor)H3 Mny(CO)1o Tonyon, Ty 1.(f-EtsCor)Mn [163]
2.(f-8,12-Me,-7,13- 2.(f-8,12-Me,-7,13-Et;-
Et;-2,3,17,18- 2,3,17,18-PhyCor)Mn [164]
PhsCor)H3 3.(p-7,8,12,13Mes-2,3,10,17,18-
3.(p-7,8,12,13-Mey- PhsCor)Mn [164]
2,3,10,17,18-
PhsCOT)H3
(Me30-5,15-Mes,-10- Mn(OAc), AX25/MeOH Me3z0-5,15-Mes;-10-
Ph-Cor)H3 *4H,0 (75/25) 85°C Ph-Cor)Mn [164]
(Meso-Ar;Cor)H; Rez(CO)qo HexamuH, T, (Meso-Ar;Cor)ReO [165]
Ar = Ph, 4-CF3-Ph, 4-
CHj3-Ph, 4-OCHj3-Ph,
4-F-Ph
(Me3o-(CgFs);Cor)H; FeBr, 1. TT®/MeOH (Me3o-(CsFs);Cor)FeCl [166]
(4:1),
Na(OAc), O,
2. HCI, CH,Cl,
(Meso-Ar;Cor)H; FeCl,x4H,O [Mupunna/Me (Meso-Ar;Cor)FeNO [167]
Ar = Ph, 4-CH3-Ph, 4- OH (1:2),
NOz-Ph TKHH.NaNOZ
1.(Me30-Ar;Cor)H3 Fex(CO)s 1. Tonyoun, 1.[(Me3o-Ar;Cor)Fe],0 (1)
Ar = Ph, 4-CF3-Ph, 4- T O2 [168]
CH;s-Ph 2. HCI, CH,Cl, | (Me3so-Ar;Cor)FeCl (2) [168]
3. PhMgBr
2 (p-EtsCor)H3 2 [(p-EtsCor)Fe],O (1)[169]
(B-EtsCor)FeCl (2)
(f-EtsCor)FePh (3)
3.(p-7,13- 3.(f-7,13-MeEtsCor)FeCl [170]
Me;EtsCor)H; (B-7,13-Me,EtsCor)FePh (3)
(Me30-(CeFs);Cor)H; FeCl, MDA, Ty, (Mesz0-(CeFs);Cor)FeCl [171]
(Me30-(4-NO»- FeCl, MupunvH, T | (Me30-(4-NO,-Ph);Cor)Fe(Py),
Ph)3Cor)H3 [172]
(Meso-Ar;Cor)H; FeCl, JIM®A, Meso-Ar;Cor)FeNO [173]
Ar = Ph, 4-CH;3-Ph, 4- T NaNO;

OCH;-Ph, CgFs, 2,6-
Cl,-Ph
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IIponomkenue Tadnub 5

1 2 3 4
1.(f-7,13- ((Cod)RuCly), 1. 2-meToKCH- 1. (f-7,13-Me,EtsCor),Ru,
Me;EtsCor)H; stanoj, NEt;, [174]
2.(Me3zo-Ar;Cor)H; j - 2.(Me3zo-Ar;Cor),Ru, [176]
Ar = CgFs, 2,6-Cl,-Ph) 2. NO (ra3) (Me3z0-Ar;Cor)RuNO(2)
(Meso-Ar;Cor)H; 0s3(CO)12 2-(2-MeToKCH- 1.(Me30-Ar;Cor)OsN [175]
Ar = Ph, 4-CH3-Ph, 4- STOKCH )3TaHOJI
OCH3;-Ph, 4-CF5-Ph / C,Hz(OH),
(l 12), NaN3
1.(me30-(2- Co(OACc)2*4H,O | MupunuH, Tiun 1.(Me30-(2-
tuenmn);Cor) Hz tuennn)3;Cor)Co(Py), [177]
2.(me30-(3- 2.(Me3zo-(3-
tuenmn);Cor) H; tuenmn);Cor)Co(Py), [177]
1.(Me30-Ar;Cor)H3 Co(OAc)*4H,O | PPhs, MeOH, | [.(Me3o-Ar;Cor)Co(PPhs) [178]
Ar = Ph, 4-CH3-Ph, 4- Tun.
OCH3;-Ph, 4-Cl-Ph, 4-
F-Ph
2.(Me30-(CsFs)3Cor)Hs 2.(Me30-(CsFs)3;Cor)Co(PPhs)
[180]
(Me30-(C6Fs)3-p-Brs- | Co(OAc),*4H,O EtOH (Me3o-(CsFs)3-p-Brs-Cor)Co
Cor)H3 [179]
(5,15-Mes,-10-(2,4,6- | Co(OAc),*4H,O | CHCl;/ MeOH (5,15-Mes,-10-(2,4,6-
OMePh)Cor)H; (7:3), T OMePh)Cor)Co [181]
(B-EtgCor)H; Co(OAc);"4H,O | IM®A, 80 °C (B-EtgCor)Co [163]
(Meso-Ar;Cor)H; [Rh(cod),Cl]» NEt;, CH,Cl;, (Meso-Ar;Cor)Rh(NHE;),
Ar = C6F5, 2,6-C12-Ph, [182]
2,6-F,-Ph
(Meso-Ar;Cor)H; Rh,(CO4)Cl, 1. K,COs3, (Meso-Ar;Cor)Rh(PPH;)(1)
Ar = CgFs, 2,6-Cl,-Ph PPh;, Bensou, (Meso-Ar;Cor)Rh(PPH3)(Py)
Tun. (2)[183]
2. Ilupunun
TKHH.
1.(Me30-(C¢Fs)3Cor)Hs [Ir(cod)Cl]2 1. K,CO;3, 1.(Me30-(C¢Fs)3Cor)Ir(NMe; ),
TTo, [184, 185]
2.(5,15(4-CN-Ph),-10- 2 MesNO 2.(5,15(4-CN-Ph),-
Mes)CorHj3 3. IMupunun 10Mes)Cor)Ir(Py), (3)[186]
4 buc-4,4- (5,15(4-CN-Ph),-10-
MUPUINUH Mes)Cor)Ir(6uc-4,4-Py), (4)

3.(Me30-(4-CN-Ph)s-

[186]
3.(Me30-(4-CN-Ph)s3- Cor)
Ir(6uc-4,4-Py), [186]

COT)H3
(Me30-(CsFs)3-f-Brg- Ni(OAc),4H,O | Iupuaus, Ty, (Me30-(CsF5)3-B-Brg-Cor)Ni
Cor)H3 [187]
(p-8,7,12,13-Ets- Ni(OAc), MDA, 60°C (p-8,7,12,13-Et4-2,3,17,18-
2.3,17,18-Me4Cor)H3 Me4Cor)Ni [188]
(f-8,12-Me;- NiCl, NH4OH, (p-8,12-Me,-2,3,7,13,17,18-
2,3,7,13,17,18- CHCl3/MeOH EtsCor)Ni [26]
EtsCor)H3 (2:1), T
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IIponomkenue Tadnub 5

1 2 3 4
(Meso-Ar;Cor)H; [Pt(OAc):]4*2Ac | benzonutpu, 1.(Me30-Ar;Cor)Pt(m-
Ar = Ph, 4-CH3-Ph, 4- OH 140-150 °C, CsH4CN)(p-CsH4CN)[189]
OCHj3;-Ph, 4-CF5-Ph MUKPOBOJTHOBO
€ U3JIy4eHUe
(p-8,7,12,13-Ets- Cu(OAc), MDA, 60°C (p-8,7,12,13-Et4-2,3,17,18-
2,3,17,18-Me4Cor)H3 Me4Cor)Cu [188]
1.(p-8,12-Me;- Cu(OAc), Mupunve, T | 1.(f-8,12-Me»-2,3,7,13,17,18-
2,3,7,13,17,18- EtsCor)Cu [26]
EtsCor)H3
2.(Me30-5,15-(4-CH3- 2.(Me30-5,15-(4-CH3-Ph);-10-
Ph),-10-(4-NH,- (4-NH,-Ph)Cor)Cu [190]
Ph)Cor)H3
3. (Me30-Ar;Cor)H3 3.(Me30-Ar;Cor)Cu [191]
Ar = 2,4-Cl,-Ph, 4-CI-Ph
(Me30-(CeFs);Cor)H; Cu(OAc),*4H,0 TI'®, Ty, (Me30-(CeFs);Cor)Cu [192]
(Meso-Ar;Cor)H; Cu(OAc),*H,O | Metanoun, Ty, 1.(Me30-Ar;Cor)Cu [193]
Ar = Ph, 4-PO(OE)-
Ph, 4-CO,CH;Ph
(Me30-(4-NO»- Cu(acac), O, EtsN, (Me30-(4-NO»-Ph);Cor)Cu
Ph)3Cor)H3 CH2C12 [194]
(Meso-(2-tuennn);Cor) | Cu(OAc),*H,O | ITupunuH, Ty | (Me3o-(2-tuennn);Cor)Cu [177]
Hj
(Me3zo-(3-tuenmnn);Cor) (Me3zo-(3-tuennn);Cor)Cu [177]
Hs
1.(Me3o-Ar;Cor)H3 Cu(OAc)*4H,0 | IIupumuH, Tiun, 1.(Me3o-Ar;Cor)Cu [73]
Ar= C6F5, 4-CH3-Ph,
4-CF5-Ph
2.(Me3zo-Ar;Cor)H; 2.(Me3o-Ar;Cor)Cu [191]
Ar = 2.4-Cl,-Ph, 4-ClI-
Ph
(5,15-Mes;,-10- Cu(OAc), Mertanos, Tiun | (5,15-Mes;-10-(NH,Ph)Cor)Cu
(NH,Ph)Cor)H; [195]
1. (Me30-Ar;Cor)H; Cu(OAc),*H,O | IupunuH, Ty 1.(Me30-Ar;Cor)Cu [196]
Ar= C6F5, 2,4-C12-Ph WQS’O-AI‘3COT)2CU2 [196]
2.(Me30-(CsFs)3-f-Brg- 2.(Me30-(CgFs)3-p-Brs-Cor)Cu
Cor)H3 [187]
(5,15-(3-NO,-Ph);-10- Cu(OAc), CHCI3/MeOH 1.(5,15-(3-NO,-Ph),-10-Ar-
Ar-Cor)H3 Cor)Cu [197]
Ar =Ph, 4-F-Ph, 2.6-
F,Ph, C¢Fs
1.(Me30-Ph;Cor) H; Au(OAc); MMupunve, Ty | 1. (Me30-Ph;Cor)Au [198,199]

2.(5,15-Ph,-10-Ar-
COT)H3
Ar = C6F5, 4-CF3-Ph
3. (Me30-Ar;Cor)H3
Ar = 4-COOH-Ph,
3-COOH-Ph

2.(5,15-Phy-10-Ar-Cor)Au [198,
199]

3.(Me30-Ar;Cor)Au [200]
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IIponomkenue Tadnub 5

1 2 3 4
(Me3so-Ars-f-Brg- (H;0+AuCly) NEt;, CH,Cl, (Me3so-Ars-p-Brg-Cor)Au [201]
COT)H3
Ar = Ph, 4-CH3-Ph, 4-
OCHj3-Ph, 4-u-Bu-Ph,
4-CF;-Ph
1.(Me30-Arz-f-Brg- AgOAc IMupuaus, 1.(Me3o-Arz-f-Brg-Cor)Ag
Cor)H; Tonm. [202, 203]
Ar = Ph, 4-CH3-Ph, 4- [202]
OCHj3-Ph, 4-CF3-Ph Wik Ty, [203,
201]
2. (Me3o-Ar;Cor)H3 2.(Me3zo-Ar;Cor)Ag [201]
Ar = Ph, 4-OCHj3-Ph,
4-NO,-Ph, 4-CH3-Ph
3.(Me30-(4-CN- 3.(Me30-(4-CN-Ph3Cor)Ag
Ph3Cor) H3 [205]
4. (5,15-(3-CN-Ph),- 4.(5,15-(3-CN-Ph),-10-Ar-
10-Ar-Cor)H;3 Cor)Ag[205]
Ar =4-Br-Ph, 2,4,5-
OCHj3-Ph
(Me3z0-(4-PO(OE)- AgOAc*H,0 CHCI3/MeOH, | (Me30-(4-PO(OEt)-Ph);Cor)Ag
Ph);Cor)H; T xonm. [193]
(B-Meg-Cor)H; ZnOAc Tupumus, T, Zn(B-Me8)Cor (PyH) [1]
(Meso-Ar;Cor)H; BF;Et,0 CH,Cl,, NEt(u- 1.(Me30-Ph3Cor)(B,OF;)
Ar = Ph, 4-CH3-Ph, 4- Pr), (HNEt(#-Pr3)) [206]
CF3-Ph 4-F-Ph
1.(Me30-(C¢Fs)3;Cor)Hs Al(CHz3)3 Mupumun/tony | (Me3so-(CeFs)3;Cor)Al(py) [207]
o1 0°C
1.(Me30-(C¢Fs)3Cor)Hs GaCls Mupunun, T, 1.(Me30-(C¢Fs)3Cor)Ga(py)
[208, 209]
2.(Me30-(CsF7);Cor)H3 2.(Me30-(C3F7);Cor)(py) [210]
3. (5, 1 5-(C6F5)2- 10- 3(5, 1 5-(C6F5)2- 1 O-Ph)Cor)
Ph)Cor)H3 Ga(py) [209]
4.(5,15-(4-COOH-Ph),- 4.(5,15-(4-COOH-Ph),-10-(3,5-
10-(3,5-CF3-Ph). CF;-Ph).Cor)Ga(py) [211]
COT)H3
1.(Me30-Ph;Cor)H3 GeCly JIM®A, Ty, 1.(Me30-Ph;Cor)GeCl [212]
(Me30-Ph;Cor)GeOCH; [212]
(Meso-Ar;Cor)H; SnCl, Mupunus, T, (Meso-Ar;Cor)SnCl [213]
Ar = Ph, 4-CH3-Ph
1.(Me30-(4-CN- SnCl, JIMODA, Tyun 1.(Me30-(4-CN-Ph3;Cor)SnCl
Ph3Cor) H3 [214]
2. (5,15-(3-CN-Ph),- 2.(5,15-(3-CN-Ph),-10-Ar-
10-Ar-Cor)H3 Cor)SnCl [214]
Ar =4-Br-Ph, 2,4,5-
OCH;3-Ph
(Meso-Ph;Cor)H; Pb(NOs3), W(C4H9)4° (Meso-Ph;Cor)H; [215]
(BF4),

EtOH, 45 °C
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IIponomkenue Tadnub 5
1 2 3 4
1.(5,15-(4-COOH-Ph);- POCl; Mupunve, T | 1.(5,15-(4-COOH-Ph),-10-(3,5-
10-(3,5-(CF3),-Ph)- CF3-Ph)-Cor)P(OH), [211]
Cor)H; 2.(Me30-(CsAr3Cor)P(OH),
2. (Me3o-Ar;Cor)H3 [216]
Ar= C6F5, 2,6-F2-Ph)
(p-Ets-Cor)H3 AsCls Mupunun, T, (p-Ets-Cor)As [139]
(Me30-(CgFs);Cor)H; SbCl; Mupunve, T | (Me3o-(CsFs);Cor)Sb(py) [150,
217]
(Meso-Ph;Cor)H; Bi(OAc); wiun JIMODA unu (Meso-Ph;Cor)Bi [218]
BiCl; MAPUINH,
Na(OAc), T
(5, 10-(C6F5)2-10- BI(N(SIM63)2)3 TFCI), TKOMH_ (5, 10-(C6F5)2-10-Ph)COT)Bi
Ph)Cor)H3 [219]
(Me30-(CeFs);Cor)H; (Mes0-(CeF5);Cor)Bi [220]

B nmanHoit Tabnmie s MapraHE-KOppoJioB mpuBeaeHb komrtuiekch Mn(I1l),
OJIHAKO CYIIECTBYET PAJ PadOT, MOCBAIICHHBIX CHHTE3y MapraHileBbIX KOMILIEKCOB
Mn(V) [130, 149, 158, 159, 221-224]. Awnanoruunas cwuryarus OOCTOUT H C
komruiekcamu cypbMbl Sb(II1)-Sb(V) [217, 225].

CnoxHee cutyaiust 0OCTOUT C IMHKOBBIMU KOMILUIEKCAMHU KOPPOJIOB, U €CJIH IS
[-OKTaaJIKUIIKOPPOJIOB H3BECTHBI CIIYUaH MOJyUYSHHS KOMILJICKCOB C ITMHKOM [1], TO mys
Me30-3aMEIIECHHBIX TaKUE CJIy4au B JTUTEPATypPEe HE OMUCAHbI, UCKITFOUCHUE COCTABJISIFOT
KOMIUICKChl N-3aMEIIICHHBIX KOPPoioB ¢ Zn [225], a Tak »xe pabOThl MOCBAIICHHBIC

METAJLIUPOBAHUIO KOPPOIbHBIX aumepos [150].

2.6. /lemeTammpoBaHue MeTaJLLIOKOMILJIEKCOB KOPPOJIOB

B omnmmumyn 0T METaUIOKOMIUIEKCOB TMOP(GUPHUHOB, KOTOPHIE C JIETKOCTBHIO
MPETEPIEBAOT MPOLIECChl  ACMETAUIMPOBAHUS 0€3 paspylieHua Makpoimkina [1],
BBIJICJICHHAE JIMTAH/IOB U3 METAJZIOKOPPOJIOB OCTAETCH A0 KOHLIA HEPELICHHOW 3aauen.
OpHako cCymecTByeT psaa  padoT TNOCBAIIEHHBIX MpoLieccaM JAEMETAIIMPOBAHUS

KOMILIEKCOB KopposioB ¢ Cu, Mn, Ag.
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2.6.1. lemeTaiMipoBaHUE METHBIX KOMIIJIEKCOB

Bnepsrie 0 BO3MOKHOCTH BBIACIICHHS CBOOOJHOTO OCHOBAHHS KOppOJia U3
MEIHBIX KOMITJIEKCOB Me30-apuil U [-aIKWI3aMEeIIeHHBIX KOPPOJIOB, OBIJIO COOOIICHO
Paolesse u cotp [226]. beutn onpoOoBaHbl HECKOJIBKO METOAWK JEMETA/UTMPOBAHUS. B
MIEPBOM CITy4ae JIEeMETA/UTMPOBAHUE MPOBOAWIA B CMECH XJiopodopM/cepHas KUCIIOTa,
BO BTOPOM, HCIOJI30BAJIACh KOHIICHTPUPOBAHHAS CEPHAs KUCJIOTA, M B TPETHEM, CMECh
OpOMOBOJOPOAHON M YKCYCHOM KkucioT. CBoOOAHOE OCHOBaHHE KOppoja ObLIo
BBIJICJICHO TOJIBKO B JIBYX MEPBBIX CIIydasx, MPH 3TOM B CIydae C KOHIICHTPUPOBAHHOMN
CEPHON KHCJIOTOM, KpOME OCHOBHOTO KOPPOJIa, B KAUECTBE MOOOUYHBIX MPOAYKTOB OBLITH
BBIICIICHBI U30KOPPOJTHI.

[Tozmuee rpymmo#i Dehaen w coTp. OBUTO OCYIIECTBIEHO BOCCTAHOBUTEIBHOE
JEMETAUTAPOBAHNE METHBIX KOMIUIEKCOB KOPPOJIOB ACHCTBHEM XJIOPHAA OJiOBA W
consHOM KucaoThl [227]. MeTtoa BOCCTAHOBHUTEIBHOTO AEMETAJUTMPOBAHUS SBISCTCS
HanbOonee H>(P@OEKTUBHBIM M JAaeT CPABHHUTCIHPHO BBICOKHE BBIXOJABI CBOOOIHBIX
ocHoBaHuii. Kpome xmopuaa oioBa B KaueCTBE BOCCTAHOBHUTEIS MOXKET OBITh
ucronib3oBan  xyiopua  kenesa(ll). Ghosh wm  corp. [228] Owsuto  mpoBemeHO
JEMETAIUTAPOBAHUE METHBIX KOMITJIEKCOM Me30-3aMEIEHHBIX KOPPOJIOB, a TaK ke uX f-
OKTaOpOMUPOBAHHBIX MPOW3BOAHBIX xyopuaoMm xene3a(ll) B koHIEHTpHpOBAHHOMN

CEPHOM KUCIIOTE, C BBICOKUMHM BBIXOJIaMH CBOOOJIHBIX OCHOBaHUH KoppoJia [228].

2.6.2. JlemeTaqIupoBaHUE MAPTAHIIEBBIX KOMIIJIEKCOB

JUta  neMeTayiMpoBaHWs MapraHUEBbIX KOMIUIEKCOB KOpPPOJOB Haubolee
3 PEKTUBHBIM SIBISETCS BOCCTAHOBHUTEIBHOE JCMETATUPOBAHUE C HCIOJIB30BAHUEM
XJIOPUJIA OJIOBA U COJISIHOW KUCIOTHL. [Ipu 3TOM, Kak moKa3aiu UCCIICIOBAHUS HA Me30-
3aMEIICHHBIX KOPpoaX, MpoBeIeHHbIe rpymmoi Liu u cotp. [145], BeIx0oa cBOGOIHOTO
OCHOBAHUA 3aBUCUT OT MPUPOJbI 3aMECTUTENICH. B pany apuiazaMenieHHbIX KOPPOJIOB:
5,10,15-tpudpenunkoppon, 10-nenradropdenmn-5,15-mudenunkoppon, 10-penun-

5,15-munenTtadropdenmnkoppodt, Tpuc(neHTadhTOpPEHMT)KOPPOT BBHIXO CBOOOIHOTO
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OCHOBaHMS KOppoJia TOCJe TMpolecca JACMETAUIMPOBAHWA  YMEHbINAICS — OT
Tpudenmnkoppona 46,6% x tpuc(menradropdhennn)koppon 10,7% CcoOTBETCTBEHHO
[145]. TlonmbiTkKM AEMETAUIMPOBAHUSA METAUIOKOMIUIEKCOB 3THX KOPPOJIOB CMECHIO

YKCYCHOM U COJISTHOM KHMCJIOTHI K ycIieXy He npuBenu [145].

2.6.3. JlemeTamupoBaHue CEpeOPAHBIX KOMITJIEKCOB

B pabore Paolesse u cotp. [229] 6bputr onpoOOBaHBI YETHIPE PANTHUHBIX METOAA
JIeMETATAPOBaHus  me30-Tpuc(4-mpem-oytandenwn)koppoia. B mepBom ciydae,
JEMETAIUTIPOBAHUE TPOBOJMIOCH B CMecH xyiopodopm-cepHas kuciora. CBoOomHOE
OCHOBaHHME Koppona OblJIO ToaydeHO ¢ BbixoaoM 18%. Ilpu aeMmeTamnupoBaHWH
MEJ0UYbI0 B KHIAIIEH 3TaHOJIBHO-TOIYOJIbHOW cMecu Obuio moaydeHo 38%
O0e3MeTaibHOro kopposia. Haunbosnee mNepCrneKTUBHBIM OKA3aJIOCh BOCCTAHOBJIEHUE
oopruapuaoMm Hatpus B npucytcTBur B DBU B TI'®, BBIX0A CBOOOJHOTO OCHOBAHMS

kopposa npeBbicki 50% (54% u 62% cooTBeTcTBEHHO) [229].

3. Ctpoenue u cuHTe3 noppuieHo. MeraaionopPuiieHbl

Mertoapl cuHTE3a TOPGHUIICHOB HE TaK Pa3HOOOpPAa3HBI, KaK METOJbI CHHTE3Q
KOPPOJIOB, OOJIBIIIMHCTBO M3 HHUX omnupaercs Ha peakuuto MakMyppu. OCHOBHbIE
pa3auums B METOJAX 3aKIIOYACTCA B CICM(PUKE CHHTE3a MCXOMHBIX OUCTTUPPOIHBHBIX
COCMHEHUMN, UTO UMEET CBOU CJIOKHOCTH, TaK KaK YHUBEPCAJIbHBIX METOJUK CHUHTE3a
nopdunieHoB He cymecTByeT. Ha maHHBIT MOMEHT BCE METOAB HMMEIOT CBOH
OTPaHUYCHHS M TIOJXOMAT JUISi CHHTE3a TMOP(PHUIICHOB CO CBOUM OIPEACIICHHBIM THIIOM
3amectuteneh. B nanHom o030pe OyAyT pacCMOTPEHBI JIUIIb CaMble OOILIME U OCHOBHbBIC

METOJUKH CHHTE3a MOPQHIICHOB.
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3.1. OcobeHHOCTH CTPOEeHHS MOP(PHIIEHOB

[Topdunien (puc. 3) ObuT BriepBhie cuHTE3WpoBaH Boremem B 1986 romy [12, 13,
230, 231]. B coctaBe 3TOro MakporeTepolMKiIa MPUCYTCTBYIOT ABAa OMCIHUPPOJIBHBIX
(¢parMeHTa CBSI3aHHBIE APYr C APYrOM JBYMS JTHJICHOBHIMH MOCTHKamu. JlaHHOE
coeMHEHrue o0JafaeT IIOCKOM  18-7-37€KTPOHHOW  CHUCTEMOW  COMpSIKEHUS,

YAOBJIETBOPSIOLIEH npasmty Xrokkens [230].

2,3,6,7,12,13,16,17 — f-nionosxeHust
9,10,20,19 - MOJIOKEHUS
STHUJIEICHOBBIX MOCTHKOB

Pucynok 3. Ctpykrypa nopduieHa

BryTtpennee sapo mopduiieHa WMEET MPSMOYTOJIBHOE CTPOSHHUE, BCIICICTBHE
yero paccrosanue Mexay aromamu N u NH HamMHOro MeHbllie, 4eM B MOJICKYJIE
nopuprHa, UYTO CMOCOOCTBYET OOpPA30BAaHUIO TPOYHBIX BHYTPUMOJICKYIISPHBIX
BOJOPOJHBIX CBA3EH. ITOT (haKT MOKA3HIBACTCS 'H SIMP CIIEKTPAMHU, B KOTOPBIX MOYKHO
OOHApPYX UTh CYIIECTBEHHbIA CABUT CUTHAJ0B NH-NpOTOHOB KOOPJAWHAIMOHHOTO
LIEHTPA MOJIEKYJIbI B CJIa0OE MOJIE, 32 CUET HAJTUUUS BOJOPOJHBIX cBszet [12, 230, 231].

ONEKTPOHHBIC CIEKTPHl TOP(PHUIICHOB NEMOHCTPUPYIOT WHTCHCHBHYIO TOJIOCY
Cope B obnactu 350-370 HM, a TakKe MHTCHCUBHbBIC MOJIOCHI MOTJIOIICHUS B KPAaCHOM
obmactu Q-monocel 620-760 uM. JlaHHBIH OaTOXpOMHBIN CABUT (Q-MOJIOC CBsI3aH C
HUCKAKEHUEM PEAKIMOHHOTO LIEHTpAa W TMAJACHUEM CHMMETPUM MAaKpOLHUKIA IO
cpaBHeHHIO ¢ mopdupuHamMu. boiee Toro mopduiieHs 001a1aI0T YMEPEHHON KpacHOM
dbayopecuenmeit (Oy ~ 0.10-0.38). JlanHbie CHEKTpasbHBIC CBOWCTBA, BMECTE CO
CIOCOOHOCTHIO TTOP(UIICHOB MPOAYIIUPOBATh CHHTJIETHBINA Kuciopoa (O, ~ 0.2-0.7),
JENA0T UX MEPCHEKTUBHBIM OOBEKTOM M3YUYEHHUS i OMOMEIUIIMHBI, B TOM YHUCJIE B
kauecTBe (poroceHCHOMMM3aTOPpOB I  (HOTOMMHAMHYECKOH TEpamuu  PaKOBBIX
ommyxojieii 1 (POTOMHAKTUBAIIMN TaTOTeHHON MuKpodopsr [19, 25].

He cMoTpst Ha TO, 4TO JAHHBIE COCIUHECHUS OBLIM CUHTE3UPOBAHBI JOCTATOUHO

JaBHO, W ABJIAKOTCA BCCbMa ICPCIICKTHBHBIMH, pa60T MMOCBAIICHHBIX CHHTC3Y H
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W3YUYCHUIO CBOWCTB TOP(PHUIICHOB 3HAUWUTEIHLHO MEHBINE IO CPAaBHEHUIO C JAPYTHMH
nopduprHOIaMU. B mepByI0 odepesb 3TO CBSA3aHO CO CIIOKHOCTSIMH CHHTE3a JTaHHBIX
COCTMHCHUM, a TaK K€ MaJIBIMH BBIXOJIaMH TOJTYIaeMBbIX TTOP(HUIICHOB.

OnHako, K HACTOSIIEMY BPEMEHH, W3BECTHBI PA3IMUHBIC BUIBI M MOIuA(pUKAIAN
nopuneHoBIX CTPYKTYp. OCHOBHBIMHU SIBJIIOTCS: -, 3aMEIICHUE TIO0 ATHIIAICHOBBIM
moctukam 70 [25, 231, 232], 6enzo-zamemmenne 71 [10, 25, 232-233], N-3amelieHue
72[9, 235], cxkarue 73 [10, 30-32] wnum paciimpenue 74 BHYTPEHHEH MOJIOCTH
nopdunena [9, 25, 232, 236], a Tak ke MONydeHHE TeTepoaHaoroB mopduimena 75

coJepKalmue BMECTO MHPPOIBHBIX (pparmMeHTOB (ypaHOBbie W THOGEHOBBIE [9, 25,

232].

Rg R;

RS Y3 Y4 l{4
70 71 72

73 74 75
Bce maHHBIE Pa3sHOBHIHOCTH TOP(QPHIICHOBBHIX CTPYKTYP HMMEIOT  CBOH

0COOCHHOCTH CHHTE3a, B JAaHHOM 0030pe OyayT paccMaTpuUBaThCs JIMIINL Haubosee

oOI1I1e METO/Ibl CHHTE3a MOP(PULIEHOB.

3.2. OcobeHHOCTH CUHTE3a MOP(PULIEHOB

B HacTtosiiee Bpems HauOoJiee pacpoCTPAHEHHBIM M MCMHOJb3YEMbIM METOAO0M
CHHTE3a TOP(PHIICHOB, W WX TETEPO3aMEIIECHHBIX aHAJIOTOB, SIBJISETCS peakius Mak
Myppu - BOCCTaHOBHTEIbHAA AUMepu3anuu 5,5 -mudopmunducnupposios-2,2° 76 B
MPUCYTCTBUHA HHU3KO-BAJICHTHOTO TUTAHA, aKTUBHUPOBAHHOTO MEJBIO, C MOCIEAYIOIIUM

CaMOTIPOM3BOJILHBIM OKHCJICHHEM aTtMochepHbiM kuciopogaoMm (cxema 17). Cnemyer
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OTMETHTD, YTO 3TA PEAKIUSA TaK XK€ MPUMEHUMA W IS CHHTE3a MOPQHUIICHOOT00HBIX
CTPYKTYp B KOTOpHIX aTOMbI a30Ta 3aMelleHbl Ha JPYrue TreTepoaToMbl U €
paclIMpEeHHbIMU MOCTUKaAMU [9, 25, 232].

Jlonroe Bpems 3TO ObIT €AMHCTBEHHBIN METO CHHTE3a MOP(HUIICHOB B TOM YHCIIE
u g 2,7,12,17-3amemieHubix nop¢uueHoB 77, Haubonee M3YYEHHBIX H
pacnpocTpaHeHHBIX. McXoas w3 3TOro, OCHOBHOM CTpaTerWel CHWHTe3a MOP(HUIICHOB
OCHOBaHHOW  Ha  peakuun  Mak  Myppu,  sABageTcs  nojiydyeHue  5,5°-

muopMuiOucIppoa 76 He0OXOIUMOTO CTPOSHUA.

Cxema 17
R R R R
AN CHO OHC =
\
NH . HN_/ Zn [0]
) NH HN \ Ticl, -
Z~CHO OHC X
R R R [2 [2
76 76 77

B nuTepatype CylIeCTBYET HECKOIBKO CTpaTerwii CHUHTE3a. OJTU METOMIbI
OTJUYAIOTCS CHHTE3aMH UCXOHBIX TTUPPOJIOB, a TaK e MOIU(PHUKAITUAMA OUCTTPPOIIOB
Ha MyTH NojydeHus audopmudoncnupposa 76 Heodxomaumoro crpoenms. OaHaKo BCe
3TU METOJIbI, TAaK WM UHAYE, CBA3AHHBI MEKY COOOH.

Meroa cunTe3a mop¢uIleHOB, BIIEPBHIE MPUBEAEHHKIN B padotax Borens [12, 13,
15], mo3BosiAn mony4arh HE TOJBKO caM He 3amerieHHbii nopduuen (77, R = H), Ho u
TeTpa3aMeIIeHHbIC TOP(QUIICHBI, COoMepKaIIe B KAaUeCTBE 3aMECTUTENICH METHIIbHBIC,
STUIIbHBIE, Mpem-0yTHITbHBIE, H-TIPOMMIBHBIC U f-METOKCUATHIIbHBIE Tpynmbl [12, 13,
15,17, 230].

HcxomHpIMU COSAMHEHUSMU ISl ’TOTO CHHTE3a ABJIAIOTCA KeTodpups 78, 79. U3
HUX 10 peakuuu KHOppa NpPOBOAMTCS CHHTE3 2-METWJINMUPPOJAa COOTBETCTBYIOLIETO
ctpoeHrs 80, OKHCIEHHE KOTOPOTO, MO3BOJISET MOJIy4MTh 2-KapOokcumuppona 81.
JlanbHeHIeH cTaaueii CHHTE3a ABISICTCS PEAKIUS AICKTPOPHIIBHOTO UACO-3aMETIICHAS
KapOOKCHUIIbHOM rpynmbl nuppona 81 Ha woA, ¢ moiaydeHueMm 2-uoamnuppona 82.
Konnencanueit Hoanuppoa 82 o Ynbmany MOJTy4aroT 3,3°,5,5-
TETPA3TOKCUKAPOOHUIT-OMcUpposl 83, KOTOPHIM Aanee, dYepe3 CTaAud OMBUICHHUS 0

TEeTPaKkapOOHOBOW KHCIIOTH 85 u ee nexkapOOKCHIMpoBaHWA W (HOPMHIITUPOBAHUS
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nojiyyeHHoro  Oucnuppona 85 no  Buabscmaitepy — mpuBoaur  k 5.57-
mudopMmioucuppory 76 HyxkHO#W CTpykTyphl (cxema 18). Jumepmzanma mo Mak

Myppu nmaér pasnudHble BBIXOAA MOP(GHUIICHOB 77, B 3aBUCHMOCTH OT 3aMEIAOIIAX

CPYIIL.
Cxema 18
COzEt CO,Et R CO,Et R CO,Et
NaNO2 SOZCIZ I,
A OH / \ - > / \
EtO, Eto2 NH 0 CH3 EtOz CH; AcOH g0, N ~COH ELO,CN (A1
ﬁ ﬁ
78 79
CO,Et COH
R COEt  p40,C : HOZC : \
E(0;C"\~~1 DM NH NH DMF
u EtO,C HO,C /
CO,Et ZSC0,H / CHO
KOH
(CH,0H),
82 83 84 85 76

Meton cuHTe3a, pa3paboTaHHbii Boremem, Takxke UCHOIB3yeTCs W TPHU
MOJIYYCHUH TOP(PHUIICHOB, WMEIONMX apomartuueckue 3amectutenu (77, R = Ph).
Pazpabotkoit cunteza 2,7,12,17-terpadpenmnmmopduiicHa, 3aHHEMaNKNCh, HE 3aBHCHMO
JPYT OT JApyra, ABe rpyimnbl yuéHbiX - Borens [231] u Honenn [237]. MeToasl cunTe3a,
MPUMEHSEMbBIE STUMH YUYEHBIMH, WMEIOT HEKOTOphle pasnuuus. B cBoéM Metone
Honemnn 3 6ucrmpponterpardupa (84, R = Ph), cpasy nmonyqaer 2,2’°-6ucnmppo:n (85,
R = Ph) Mmunys mpoMeXyTOUHYIO CTaAMIO TeTpakapOoHOBOW kucioThl 84 (cxema 18)
00paboTko# TaTparhupa MENTOUBIO B ITHICHTIIUKOJIE, YTO MO3BOJIACT W30€KaATh CTAIHN
JNeKapOOKCUIIMPOBAHUS, KOTOPask HEU30€kKHA B CUHTE3¢ 1Mo MeToy Borens, u ynpoinaer
CUHTE3.

B nocneacteuu Hownenn u ap. [239] paspaboTanu HOBYIO CTPATETHIO MOJTYUSHUS
3aMerneHabx oucupposios (92, R = Ph). [lepsoii cragueli cmATE3a SBISETCS pEaKITUs
trodeHuanbaeruaa 86 ¢ n30bpITKOM azuaoarnerara u nonydenuem 87. Kunsuennem 87
B KCWJIOJie monyuaroT Ttuoducnuppon 88. Jlagee wucxomHsii THOOMCTHppon 88
UMCIOITHH OJIOKHPOBaHHBIC 3,3°-TIOJIOKEHUS JIETKO SJICKTPOPHILHO OPOMHpPYETCS 0
89 u, mocne 3amuTel TpuMeTWICHIWIbHBIMU rpynnamMu (TMS) aromos azota g0 (90, R

= Ph), BcTrynmaer B karanmsumpyemyro mayuiaameMm peakimio Cymasyku. JlampHeHrnas
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necynbdypusanus 91 Hukenem Penes m mecummmupoBaHUE TeTpa-H-OyTHIAMMOHHM-
¢bropunom (TBAF) mpuBoauT C BRICOKHM BEIXOJOM K TpeOyemomy OGucnmppoiy (92, R
= Ph) (cxema 19).

Cxema 19
CO,Et CO, Kt CO,Et CO,Et CO,Et
= Br = Br R > R
EtOZC HC NH NH = \NTMS NTMS |~ 'NH
= N3CH2C02Et = Br, =/ TMscl /X( RBOH), =/ LN o=
wenwnonn — > S > S o S
_\ ‘AcOH Pd 2. TBAF
— — = —
EtOzC H A L NTMS NS NH
Br Br X R R
CO,Et CO, Kt CO,Et CO,Et CO,Et
86 87 88 89 90 91 92

Honemny u ero coTpyaHuKaM TPUHAMIECKHUT TaK Ke METOJ CHHTE3a OPPUIICHOB
B kotopom Ouctuppon (92, R = Ph) oOpabareiBacTcsi CIHUPTOBBIM PACTBOPOM
rUApasvHa Ha TepBOd cTtamuu 10 93 u xymopuaom n-tonyoncyiabdokucmoTsl (TsCl) Ha
BTOpOii, 10 94 [240], 3aTeM C MOJIYYEHHBIM COEAUHEHHUEM MPOBOAAT peakiuio Mac
Fayden-Stivens mo monyuenus Heooxoaumoro mudopmunmmppona (76, R = Ph) (cxema
20). Dror wMeTom TO3BOJIAET W30EkKATh TMOTEPHh, KOTOPHIE BO3MOXHBI TIPH
dhopmunpoBanuu Ouctupposia 85 B J0BOIBHO KECTKUX yCIOBHIX Buibcmaepa (cxema
18).
Cxema 20

CO,Et CONHNH, CONHNHTSs CHO

\
\
\
\

NH NH NH NH
NH, T TsCl = Na,CO;
P O(CH,CH,0H
EtOH Yo (CH,CH,0H), __-
NH NH H NH
N Sy

/
/

R
CO,Et CONHNH, CONHNHTSs CHO

92 93 94 76
I'pynme corpymamkoB BO TnaBe Sanchez—Garcia mnpuHamIESKUT METO,

COKpaImaromuid myTh nojayuenns oucnupposos (85, R = Ph) no asyx cragmit [241].
HexomHpMy BeTIeCTBAMU JJIL 3TOTO CHHTE3a CIIy>KaT KOpUUHBIE 3PUpsl 95, KoTOpHIC
npu ob6pabotke n-tonyoncyibdonunmermuzonuanatom (TsMIC) B mpucyrcTBum
OyTWIUIMTAA W, Jaliee, TPUMETWIONOBO XJIOPUAOM o00OpasyeT B  KadecTBe
MIPOMEKYTOUHOTO TPOAYKTA 2-TPUMETHIOJIOBOMUPPONBI 96, KOTOPHIE B MPUCYTCTBUA
autpara wmeau(ll)  oxucnsiores g0 Oumcrmppono  97.  Jlamee  ciemyer

NeKkapOOKCHIIMpOBaHWE mojaydeHHOro Ouctuppona a0 (85, R = Ph) u ero
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dhopmunmposanue o Bunbcmaepy. Takum oOpazom, Bmecte ¢ peakiueii MakMyppw,

CHHTC3 HOp(bI/II_[eHa C HUCIIOJB30BAHUCM JAHHOI'O MCTOAA COKPAIIACTCsa A0 IIATH cTaguu

(cxema 21).
Cxema 21
R R
=
CO,Et R — NH ~ ONH
TsMIC = Cu(NO3), NaOH %
J( BS i CI; o 3 E%& (CH,0H),
R uli S = =
Me;SnCl EtO: NH H
SnMe; R > R ~_
95 96 97 85

JlpyriM ~ METOIOM  YMPOIICHHWS  CHUHTE3a  MOPQPHUICHOB  MOXKET  OBITh
UCIOIb30BAaHNE  AJbTEPHATUBHBIX  KjaccHueckoMy cuHTe3y KHoppa, MeTon0B
MOJIyUeHHs HMCXOAHBIX THppoiioB. Tak Sanchez-Garcia m Cecciep [232] ympoctuim
KITACCUYECKANW CHUHTE3 TOPQUIICHOB 77, WCIONB30BAHUEM JUIsl CHHTE3a TMHPPOJIOB
peakumun baprona-3apaa (cxema 22). Croco0 monmydeHus: o-He3aMEIEHHBIX MHPPOJIOB
98 ¢ BHICOKMMU BBIXOJIAMH, KOH/ICHCAIINCH aKTHBUPOBAHHBIX AJICKTPOHOAKIICITOPHBIMH
rpynmnamMu ajkeHOB ¢ W30IMAHAINETaTaMH B MPUCYTCTBUN CHIIBHBIX HEHYKICO(DUITHHBIX
ocHoBanuii [242, 243], nanpumep DBU. OtoT MeToa Hanbojee MHUPOKO MPUMEHAETCS
JUISl CUHTE3a (-HE3aMEIIEHHBIX MUPPOJIOB, MUMEIOIIUX KAaK AJIKUJIbHBIE 3aMECTUTENU:
METHJIBHBIC, STHUJIBHBIC, a TaKXKe KapOITOKCHMETHJIBHBIE TPYMIBI, TaK, W ApUJIbHBIE
3aMECTHTENIA TaKWe KaK. METOKCU(DECHWJ, TpUMETHI(GEHWI, MEeTWI(HECHUI, MOHO- H
muxjopdenn, a Takxke HapTWIBHBIC 3amecTuTenu [244-247] ¢ XOpOIMMH BBIXOAaMHA
(50-71%). B nmanpHelIeM o-HE3aMEIEHHBIA TUPPON AIIEKTPOOUILHO HOIAAPOBAIIC
JaBasi HOAMUPPOa HeoOxoaumoro ctpoeHus 83. HoBbiii MeTOA MO3BOJISIET COKPATHTH
KOJIMYECTBO CTAJUWA, W 3HAUMUTEJIBHO YIPOCTUTh MPOLEAYPY MNOJYUYEHUS MNUPPOJia
HEOOXOJUMOIr0 CTPOSHHUS, MO CPAaBHEHHUIO C KIACCUUECKUM METOJOM, M JaeT
BO3MOYXHOCTh TOTYUYEHUA TOPQHUIICHOB MMEIONTUX PA3TUIHBIC KaK AIKWIbHBIC, TaK U
apWJIbHBIC 3aMECTUTENH. B MOATBEPKACHUE STOTO, PA3IMYHBIMU TPYIIIAMH YUCHBIX,
OBLIM CHHTE3MPOBAHBI HOBBIC MOP(MHIICHBI, UMEIOIMUE B mo3uimax 2,7,12,17 camblie

pasHooOpa3Hbie (peHuIbHBIC 3aMecTuTENH [25, 232, 248, 249].
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Eme onanm cmocoboM OOOWTH peakiiyio YJIbMaHa, KOTOpas JaeT HE BBICOKHE
BbIX0/Ia  OWUCMHPPOJIOB, ABJISIETCA  HUCIMOJb30BAHWUE  PEAKIHUM  BOCCTAHOBJICHUA
HOMHAPPOJIOB, UMEIONTUX 0-DOPMIITBHYIO TPYIIY, TTO NSHCTBAEM MMaJUIaaus Ha YTIIE, U
IIUHKOBOW TN B ToNyose (cxema 24) [251]. Ucnonk30BaHne AaHHOTO METO/Ia MOXKET
CYIIIECTBEHHO YMPOCTUTh W COKPATUTh KOJMYECTBO CTAUN CHHTE3a HEOOXOAMMBIX
TuOpMIITIAPPOIOB. MICXOMHBIM IS CHMHTE3a HOAMHUPPOJIA COSTUHEHUEM SIBIISIETCS
nuppoil mojyudaembii mo peakuuu Kuoppa 104, o-meTunbHas rpymma KOTOPOTo
CTEPEOCETICKTUBHO OKHCIIACTCS A0 (DOPMHUIBHOW TPYNIBI TOM JCHCTBHEM IEPHit
ammonmii Hutpata [(NH;),Ce(NOs)s] 10S. CnoxunordupHas rpymnma B O-TIOJOXKCHUH
nUpposia TMOJABEpraeTca THAPOIU3y 10 KapOokcwiasHoM 106, ¢ mocnmemyromum
noaupoBanueM g0 107. OpHako pgaxke B 9STOM Cllyda€ BBIXOJ OHCIIHPPONIOB,

coJiepKalluX Pa3IMYHbIe 3aMeCTUTEHN B f-niooxkennn 108 ve mpessimaet 54% [251].

Cxema 24
(NH4),Ce(NO3)s,
Ri, R, Ry R, R R, R R R,
= AcOH ) \ LiOH, THF 1, R /KL, NaHCO, 1/ { 2 Pd-C, Zn, R, N / R,
FtO,C Me THWILO  EtOC H02C cHo GHCL 1 cro CHL(CHIHO - \
N H N B CHO
H
104 105 106 107 108

Jlns cuHTe3a NOP(PUIIEHOB 3aMElIeHHbIX MO MOJ0KEHUSIM ITHJIHAEHOBOT 0
MOCTHKA B HACTOSIIEE BPEMA H3BECTHO JBA METOJA, HO BBIXOJA MPOJAYKTOB Ha
KOHEUHOM CTaJIuM HE BHICOK M OOBIYHO HE MpeBhIiaeT 5% [25, 252].

[lepBpIii MeTOA Tak € OCHOBAH Ha peakumn Mak Myppu HO ¢ HEKOTOPBIMH
CYIIECTBEHHbIMU H3MEHEHeHuaMu [233, 252, 253]. ChHauana o-HE3aMEIICHHBIN
oucrtmppon (85, R = C¢Hy3) nonsepraercs popmunmposannio o Buimscmaepy-Xaaky
10 109 ¢ ucnons3zoBanuem Bmecto JJM®DA 3aMeilleHHOTO aMHUia ¢ COOTBETCTBYIOIIUMH
3aMecTHTeNIsAMH. Hampumep, /i CHHTE3a [S-TETPareKCHI-3THITUACH-TCTPAMETHI
samenernoro nopdunena (110, R = C¢Hy3) fAmana w cotp. [252] mcmomb3oBanu
MeCONMe,  Takum o0Opazom, Tmoclie mpoBeaeHus peakuuu  MakMyppu
cootsercTBytomuii mopdunieH (110, R = C¢Hy3) 6611 monyuen ¢ Beixogom 2,3% (cxema

25).



60

Cxema 25
R R
R
R R M
MeCONMez \ N 4 ) TiCl, / Zn/Cu Me ¢
[ ——
" poc, | Me M BTN Me T Tro Me Me
o} 0
R R

85 109 110
Btopo#i Meton OblT OCHOBAaH Ha MOMbITKE 000WTH peakuuto Mak Myppu. B

MEPBBIC, O BO3MOXKHOCTH CHHTE3a STHIHMACH-3aMEIIeHHBIX mopduiienoB 112 u3 5,6-
apwiI3aMenIeHHBIX Aunuponu3TanoB 111 6b110 co00IeHo HaydHOH TPyIoi Srinivasan
u corp. [254] B 2008 romy. CuHTe3 OCYIIECTBIISUICSA B JBE CTaauud, u3 3J,6-
apwi3aMeNnIeHAbIH aunmuponmdTana 111 B MPUCYTCTBUU 1-TOMYOJICYIb(OKUCIOTH B

KauecTBe KaTanmzaTopa, u okuciieanem DDQ (cxema 26).

Cxema 26
| N
R N R R
H 1.p-TsA
R H 200Q g R
|/
111 112a. R=Ph;

1126. R=4-MePh
B mocnenyromeM »TOT MeTox OBLI yCHEImHO Hcmoiab3oBaH Ravikanth m cotp.

[253, 255] kOTOpBIM YJAJa0Ch MOJYYUTh IMUPOKUH PsiA 2muiudeH-apui3aMelieHHbIX
TOP(HUIICHOB.

OTAenbHO CTOWT YIMOMSHYTH O CHHTE3¢ TOP(QUIICHOBBIX CTPYKTYP, YCIOBHO-
HasbiBaeMbIx  guOeHzomopdunenamu 113 [232] w®  aHAJIOTMYHBIX UM
muHadronopduiienos [256, 257] (cxema 27). B menom cHHTE3 TaHHBIX COCTUHCHUN HE
UMEET CYIIECTBEHHBIX OTIWYMH OT CHHTE3a aJKWj WIA apwi-f-3aMEemeHHBIX
noppumeHoB, 3a HUCKIIOYECHHWEM CHHTE3a COOTBETCTBYIOMIMX  CHEIU(UUECKIX
oucriupponiop 114 [256, 257]. AmnanoruuHas CHUTyarus CKJIAJbIBACTCA U C CHHTE30M
terpabenzonopduneHoB 115 (cxema 28) [233, 234]. OcHOBO#M I WX CHHTE3a TaK K
CITY>KAT KOHJICHCAIMsl COOTBETCTBYIOIIMX 3aMEIICHHBIX OucnupposioB 116 B ycnoBusax

peakunn MakMyppu.



Cxema 27

t-Bu 6 t-Bu

t-Bu t-Bu 1. TiCly, Zn/Cu
2. DDQ
OH N N~ ~COH
H H
t-Bu Q t-Bu
114 113

Cxema 28

o SO @

TiCly, Zn/Cu R R 180.220°c R
e — ——
R R R

s S

Takum 06pazom, abCOMIOTHO YHUBEPCAITBHBIX METOIOB CHHTE3a MOPQHUIIEHOB HE

QL

116

cymecTByeT. B mepByio ouepenap 3TO CBS3aHO C TEM, YTO BBEJACHHUE B KOHCUHBIN
nopduileH  Kakoro-mubo  3aMecTUTENnss  HEoO0XOAMMO HauyuHATh C  MHAPpPOJa
COOTBETCTBYIOMIETO CTpoeHusa. Ho masbie BBIXOMA MPOAYKTOB HA HEKOTOPBIX CTATUIX
(HampuMep peakiusa YiabMmaHa s OucrimpponioB maet He Oonee 40% Bhixoma), He
CTaOMITEHOCTh HEKOTOPHIX TTPOIYKTOB PEAKIIMH B YCIIOBHSIX CHHTE3a, U COOTBETCTBEHHO
Majbie BBIXOJIAa CaMHX TOP(QHIICHOB, MPUBOJAT K TOMY, YTO K CHHTE3Y KaKIOTO

ONpeIeIICHHOT0 MOp(PHIICHA TPHXOIUTCI UCKATh CBOM METOBI M TTOIXOIHI.

3.3. CuHTe3 METAJIOKOMILIEKCOB Mop¢HIIeHoB

[Topduniensr 06a7aI0T KOOPAUHAIMOHHOW TOJIOCTHIO, B CPEIHEM MEHBIIETO
pasmepa ¢ paccrosHuaMu N-N 2.53-292 A u 2.73-3.26 A no cpasHeHuo c
HenocpeacTeeHHo nopdunoM (2,919 A), m3-3a yero OHM CKJIOHHBI K OOPa30BaHMIO
KOMILUICKCOB C METaJUIaMHA MEHBIIEr0 HMOHHOTO paauyca [258], kpome TOro, OHH
pearupyrOT C TEPEeXOJHBIMH METajllaMM HA MHOTO MEIJICHHEE, YeM IIJIOCKO-

kBaapaTHeie mOp¢upwHBI. CrnOCOOHOCTH PA3IMUYHBIX JIMTAHJAOB TMOPQHUIEHA K
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KOMITJIEKCOOOpa3oBaHui0  ompeaensiercs  ¢GopMod  KOOPAWHAIIMOHHOTO  IIEHTpa

HCKAKCHUHN

TaK OHUKJIa IB-SaMeH_[eHHBIX

MaKpPOIIHMKJIA, pH PSMOYTOJIBHOTO
MOPGHUIICHOB K ATUIHACH-3aMEIICHHBIM TOP(HUIICHAM CHIDKACTCS BO3MOXKHOCTHh K
00pa30BaHUIO IIMHKOBBIX KOMILUIEKCOB [258].

K Hacrosmemy BpeMEHH HOJIyYeHBI KOMIUICKCH OTACIbHBIX mopduiieHoB ¢ Cu,
Zn, Co, Mg, N1, Pd, Mn, Fe, Al, Sn, Re, Ru, Mo. B tabnune cobpana uadopmanus o

MOJYUCHHBIX W U3YUCHHBIX KOMINICKCAX HOp(bI/II_[eHOB C MCTAaJJIaMH, a TaK JKC YCJIOBHA

HX IMOJIYUCHHUS.

Ta6auma 6. CuHTE3 METAIIIOKOMIUIEKCOB TTOPQHUIICHOB

cmonia, MeOH

Jlurann HcTounuk metasia YcnoBus Kommnnekc
1 2 3 4
2,7,12,17-Terpa(n- Ni(OAc),*3H,0 HOACc, Ty, Na(OAc) | Ni(TPrPc) [231, 259-
npoN) noppuLeH 262]
Cu(OAc);*H,O HOAC, Ty, Na(OAc) | Cu(TPrPc) [259, 260,
263]
Rez(CO)qo HexanuH, T, (TPrPc)[Re(CO);]2
uHepTHast atMocepa [264]
[RuCp*(NCMe);]PFs CH;Cly/MeCN, Ty (TPrPc)RuCp* PFs
[260]
Co(OAC),*4H,0 HOAC, Tiun Co(TPrPc) [262, 265]
2,3,6,7,12,13,16,17- MgBr,*O(C;Hs), CH;Cl,, HN(Me),, T Mg(OEPc) [19]
Oxrastunmopduuen Zn (OAc)*2H,0 MeOH, Tyun Zn(OEPc¢) [19, 258,
263]
MoCls, CH3COONa | 1.Cyxoii nexkanvt, Ty [Mo(OEPc)(O)Cl]
2. UoHooOMeHHast [266]

SnCl,*2H,0 IMupunun, Tgn [Sn(OEP)Cl,] [267,
168]
Ni(OAc),*3H,0 HOAC, Tyun, Na(OAc) | Ni(OEPc) [19, 260]
Cu(OAc),*H,0 HOACc, Tyun, Na(OAc) Cu(OEPc) [260]
[RuCp*(NCMe)g]PF6 CH2C12/MeCN, Tmn (OEPC)RuCp*PF6
[260]
Co(OAC),+4H,0 HOACc, Tiun Co(OEPc) [19, 235]
(OEPc)CoCl[235]
(OEPc)CoCHj; [235]
CoCl*6H,0 1. Na(Ac), metun (N-CH30EPc)CoCl
WO [235]
2.CHCl3, Tyun
Re(CO)sCl Tonyoun, Tyun (HOEPc)Re(CO);

[269]




IIponomkenue Tabauis! 6
1 2 3 4
OruonopduiieH [RuCp*(NCMe);]PFs CH;Cly/MeCN, Tyun (EtioPc)RuCp*PFs
(2,7,12,17-reTpasti- [260]
3,6,13,16-TerpameTun Al(CHs;); benzoun, Tyoun (EtioPc)AI(CH3) [270]
nop¢ureH) (EtioPc)AI(CI) [270]
(EtioPc)AI(OH) [270]
Ni(OAc),*3H,0 HOACc, Tyun, Na(OAc) Ni(EtioPc) [260]
Cu(OAc),*H,O HOAC, Ty, Na(OAc) Cu(EtioPc¢) [260]
9,10,19,20- Ni(OAcAc),*3H,0 HOAC, Tyun Ni(msTPhPc) [254]
TeTpadeHuanoppuIeH Pd(OAc),*3H,0 HOAC, Ty Pd(msTPhPc) [254]
Jtno-repadpTopMeTHII- FeClz nwnu 1.®enon, 110°C 1.[FePc(EtioCF3)],0
nopdunen 117 Fe(AcAc)Cl 2. CHCL, T®Y [271]
2. [FePc(EtioCF3)]Cl
[271]
TerpabenzonopdurieH Ni(OAc),*3H,0 HOACc, Tyun, Na(OAc) Ni(BPc)[234]
3,6,13,16-TeTpameru- Mn(OAc),*4H,0 ®deHoJ1, UHepTHAas Mn(PcEtio(2-
2. 7-muatun-12,17-au- atmocdepa, Tum COOCHa)) [272, 273]
MeTUInponuoHar 118 FeCl; HOACc, Ty, Na(OAc) Fe(PcEtio(2-
COOCHa3)) [274, 275]
CF; F3C CH; H;C
HsC, C,Hs H5C, GHs
CH
H;5Cy —_ 2Hs H; CH;
0" onnd ©
117 118
H3BecTHO, 410 OP(HUIICHBI CITOCOOHBI BCTYNATh B peakuu

KOMIUTEKCOOOpa30BaHUsl ¢ HEKOTOPHIMH HE MeTajilaMu Hampumep ¢ ¢ocdopom. B
pabore Hisaeda n corpymaamnkoB [276] onmuchIBae€TCA METOJ MOJIYUCHUAS KOMILIEKCA f-
dhochopom(V).

o0Onamaer

oKTasTUNOpduUIIeHA C Kommekc

[P(OEPc)(OMe),] PFy,

uMeeT CTPOCHHE

ABYM:1 MCTOKCHUI'PYIIIIaMHA B Ka4uCCTBC

AKCTpaJuranjoB. JlaHHOE€ coeauHEHHWe ObUI0 TMOJYYEHO peakuueit CcBOOOJHOrO
OCHOBaHUA OKTarTHinopduiieHa ¢ 6ompmum u30siTkoM POBr; B 2,6-myTHauHe, 3aTeM
PacTBOPUTENb YAAIANICS W TOJYYEHHBIH OCTAaTOK KHWIATHJICS B METaHOJE, JaBas

YKeIaeMbIi KoMInuTeke opduiieHa ¢ ¢pochopom.
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Taxum obpazom, paccmompernuvie 8 OaHHOM 0030pe OCHOBHbBIE MEMOObl CUHME3d
CB0OOOHBIX OCHOBAHUTI NOPPUYEHO8 U KOPPOTIO8 PASHBIX MUNOE, U MEMALIOKOMNICKCO8
SMUX coeOuHeHUuti, OvblIU UCNOTIBL30BAHBI HAMU 68 HACmOosiel pabome, ¢ 6HeceHuem (8

HEKOMOPLIX CIYUASX) CYULECMBEHHBIX UZMEHEHUI].
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IOKCIIEPUMEHTAJIBHASA YACTD

OnextpoHHble crekTpsl mornomeHus (DCII) 3anuchiBanM Ha CKaHMPYIOIIEM
cnektpomerpe CIIEK CCII-715, cnekTpbl MPOTOHHOI'O MAarHUTHOTO PE30HAHCA (1H
SAMP) — na cnekrpodotomerpe Bruker 500 B meHTpe KONJIEKTHBHOTO TMOJIB30BAHUS
HaydHBIM  obOopymoBaHneM «BepxXHEBOKCKHI pEerHOHANBHBIA IMEHTP  (PU3MKO-
xumuueckux uccienopanuiny ®I'bBYH Uuctutryt xumun pactsopoB um. I'. A. Kpectosa
PAH. Macc-CcriekTpel PETHCTPUPOBANI HA BPEMSA-TIPOJICTHOM MAaCC-CIIEKTPOMETPE
Shimadzu Axima Confidence (MALDI-TOF) menTpa KOMJIEKTHBHOTO TOJI30BAHUS
UI'XTY. Touxkocnoiinyro xpomatorpaduto (TCX) mpoBommiam Ha TUIaCTHHAX
cunydoia.

Bo Bpems craxxupoBku B YHUBepcuTeTe Xaccenrta (cuate3 koppojos ABC-tuma
M MX MPEeIIIeCTBEHHUKOB) crektpsl 'H SIMP Gbuti monmywensr Ha mpubopax (Bruker
Avance 300 MIn wmm Bruker AMX). Macc-ciekTpel ObITH  BBIMOJHEHBI €
ucnosibzoBanuem: ammapat HP5989A (CI u El, sneprus nonnzarmuu 70 5B) ¢ cucremoit
naaaeix  Apollo 300, Kratos; mpubop MSS0TC nmnas TOUHBIX HW3MEPEHHH MacChl
(seimomtHsieTCs B pexkmme El ¢ paspemennem 10000), ammapat Micromass Quattro 11
(anextpopacnbumrTenbaas nonn3arusa (ESI), oOeanas cmecs pacteopureneii: CH,Cl,-
MeOH + NH4OAc) c¢ cucremoii mepenaun gaHHbix MASSLYNX wim anmapatom
Thermo Finnigan LCQ Advantage (APCI / ESI, pactsoputens CH;OH mmn CH;CN).
YO-suaumbie ciekTpel cHuMann Ha Perkin-Elmer Lambda 20 cnekrpomerpe.

Meroanka wu3MepeHH (POTOOKUCIUTEPHOW JMECTPYKIIMH  3aKII0vaiach B
crienyromeM. BecoBbIM METOIOM TOTOBWJIM PAcTBOP HCCIEAYEMOTO COEAWHEHHUS B
6ersone (C ~ 2107 mons/1) u 3amucsBam ero DCIT. KBapieByro KIOBETY ¢ pacTBOPOM
nepeHocun B TepMmoctarupyembrii (298.15 K) otcex ocBerurtens, CcHaOKCHHBIH
ceeropmnbTpom Carl Zeiss JENA ¢ mpomyckanmem 365 um. [lmomans cBeToBOTO
motoka cocrasisuia 2.02 cM’ NPH YAETbHOM MOLIHOCTH OCBEIEHHS Wigs = 1.47
MBr/cM® B Touke ycraHosku kiosethl (UV  m3mepmrens wmommoctH LH-106).
CriekTpajbHbie I3MEHECHHS B PACTBOPE MCCIICAYEMOTO BEITIECTBA PETUCTPUPOBATIH YePe3

paBHBIC TTPOMEXKYTKH BpemeHu (1-15 mun) B Teuenne 30-300 MHHYT, YTO TTO3BOIUIIO
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OIICHUTh KHHETHKY €ro (POTOOKHUCIUTENbHON necTpykimu (puc. 6). Ha ocHoBanmm
3aBUCUMOCTH MU3MEHEHHUA TEKYIEH OMTHYECKOM MJIOTHOCTH (A{) OT BPEMEHHU OCBEIIICHUS
(#) m n3BeCTHOM HaUANBbHOH (4,) ONTHYECKON TUIOTHOCTH, PACCUYMTHIBAIIN HAOIIOAAEMYIO
(kobs) KOHCTAHTY CKOPOCTH (DOTOOKHUCITUTENBHOW MECTPYKIMH Xpomodopa: Kops
In(4,/A)/t. Tlepmon momypacmaga KOMIUIEKCOB OMNPEACISIA KaK BPEMs, B TCUCHHUE
KoToporo xpomodop paspymaercs Ha 50% (tadmn. 22).

DNEKTPOXUMHUYECKHE U3MEPCHUS BBITIOJTHCHBI B TPEXAICKTPOTHOM
anekTpoxumMudeckor sueiike ACO-2. DAeKTpOJOM CPAaBHEHUA CIIY>KWAJT HACBIIICHHBIH
XJIOPCEPEOPSHBIA AIICKTPOJ, B KAUECTBE MOJSPHUIYIOMIETO 3JICKTPOAA HCIIOIH30BaIN
IJIATHHOBBIN 3jekTpoa. Paboumii snekrpon — yriaerpaduToBBIH CTep)KEeHb, OOKOBas
MOBEPXHOCTh KOTOPOTO H30JMpoBaHa ¢roporuiacToBoii obonoukoi. Ha pabouyio,
TOPIIEBYIO TIOBEPXHOCTH AnekTpona (5=0.64 CMZ) HAHOCWJIM aKTHBHYIO MaccCy
tommuuor 0.2-0.3 MM, TPUTOTOBIICHHYIO B CIHMPTOBOM PACTBOPE, BKIIOUAIOIIEM:
yraepoausiii Hocutenb (YTD - yraepon texuwdeckuit snementHoiii [1-514 (IT'OCT
7885-86 ¢ 3ompHOCTBIO 0.45%), cycniensuto ¢propormiacta (6% dI1-4)1) u uccnexyembrit
KOPPOJI, B MacCOBOM cooTHoleHur 7:2:1. OxoHYaTEIbHbIA NTPOrPEB aKTUBHOW MACCHI,
HAHECEHHOM Ha 3JEKTPOJ, OCYHIeCTRIsIM npu Temneparype 573 K B Teuenue oaHow
MUHYThI. M3mepeHus mpoBoAWIM Ha 0a3e NOTEeHIMOcTaTa-rajibBaHoctata P-30] wu
MIEPCOHAJILHOTO KOMITHIOTEPA C aNmapaTHO-MPOTrPaMMHBIM KoMITIekcoM. [1pu n3yuenun
OKHCJIUTEIIEHO-BOCCTAHOBUTEIIBHBIX ~ MIPOIIECCOB, MPOTEKAIOMMUX HAa TOBEPXHOCTH
HUCXOJTHOTO W MOJA(DUIIMPOBAHHBIX KOPPOJIOM AIICKTPOJOB, BHAYAJIEC OCYIIECTBIISIN
neaspammto djekrponuta aproHoM (99.99%) mytem OGapOOTHpPOBaHUS CO CKOPOCTHIO
0.14 ma/c B Teuenune 40 munyT. /lanee B 3MEKTPOAT MOTPYKAIN pabOUUil SIEKTPOI, U
MTPOBOIMIIA PETUCTPAIMIO ITUKITMYECKUX BOJIBTAMIIEPOTPAMM B HHTEPBAJIC TIOTCHITNAIOB
0.5-1.5 B. Ilocrne 3aBeprieHuns u3MepeHuit B aTMocepe aproHa B SJICKTPOIUT BBOIUITH
ra3oo0pa3HbIii kucmopoa. Oukcanuio MOTeHIUAI0B KaToaHbIX (Ey,y) 1 aHOTHBIX (Fqay)
MaKCUMYMOB I 3JICKTPOJHBIX TPOIECCOB C YYACTHEM HCCICAYEMBIX COCTMHEHUH
oCyIecTBIIsM ¢ TouHoCcThio £0.01 B.

Nzyuenne  cnekTpanbHbix  cBOMCTB  2,3,7,13,17,18-rexcameTnn-8,12-au-#-

oytunkoppoda u 7,13-numetun-8,12-nu-#-0yTuiikopposia npoBoAUIOCh B bemopycckom
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TOCYJapCTBEHHOM TEXHOJIOTHYECKOM yHUBepcutere. COCOMHECHUS PpACTBOPSIN B
AUXJIOPMETaHe, MO0 B CMECH IuxJiopMeTaH-aenTepupoanHbiii 3taHon (C,HsOD) B
obobemMHOM cootHomeHnn 3:1 (06a - Aldrich, spectroscopic grade). DnexTpoHHBIE
CTIIEKTPHl TOTJIOMICHUST W CHEKTPHl  (DIYOPECICHIIMK PACTBOPOB  HMCCJICIYEMBIX

COCMHCHUN perucTpupoBaii Ha crekrpodmyopomerpe CM2203 (BAO «Conapy,

benapycp). KonmenTtpamust KOpponoB B pacTBOpax COCTaBisja ~1-10° M wu
OTpeneNsuiach CHeKTPOPOTOMETPHUECKAM CHOCOOOM C HWCIOJIB30BAHUECM BETHUMH
pacCUMTaHHBIX paHee KOodXDPUIMEHTOB HKCTUHKIWMHM. PacTBOpPH HAaXOIWIUCh B
CTaHJAPTHBIX KBApLEBbIX KiOBETax |xlcMm, KOTOpble MOMEIIANN B TEPMOCTATHPYEMOE
KIOBETHOE OTAeNeHne crnekrpoduryopumeTpa. KBaHTOBBIH BBIXOA (PIyopeciieHITnn
M3MEPSJIM OTHOCHUTEJIbHBIM crocodoM [243]. B kauecTBe 3TajOHHOTO COCAUHCHHSA
ucrnoyib3oBaym  ¢cBoOoaHOEe ocHoBanue 5,10,15,20-terpadenunmnoppupuna (H,TDII),
AJIs1 KOTOPOTO BEIMYMHA KBAaHTOBOrO Bbixoaa ¢uryopecueHuuu Og, = 0.09 [244].
OnTuMH3aLKI0 MOJIEKYJISIpHOM reomeTpun AByX NH TayTomMepoB HcCieayeMbIxX
COCJMHEHUN B OCHOBHOM 3JIEKTPOHHOM S) COCTOSIHUM M PACcUeT CHEKTPAa HOPMAJIbHBIX
KoJieOaHuil MPOBOAWIIN C MCTOIb30BaHUEM MeToaa ¢dyHkimonana miotTHocta (DFT) ¢
00MEHHO-KOppEIAIHOHHHBIM (hyHKITHOHAIOM PBE 1 TpexskcnoneHnnambHpIM 6a3ucoM
3z ¢ MOMOIIBIO MAKETa MporpamMMm Ajis KBAHTOBO-XUMHUYECKUX pacueToB «lIpupoman
[245]. Tlocne onTUMU3AMKM T[EOMETPUU PACCUMTHIBAJICS CIEKTP HOPMAJbHBIX
Kojie0anuii. OTCYyTCTBHE MHHMMBIX YAaCTOT KOJEO0ATEIbHBIX MOJ CIYyXKWJIO KPUTEPUEM
JOCTHKEHUSI CTAllMOHAPHOW TOUKHW. [locyie 3TOro pacCuMThIBAIM SHEPIUI0 OCHOBHOTO
COCTOSIHUS IBYX TayTOMEPOB U SHEPTUU MOJIEKYJIAPHBIX OpOUTANICH.
TepMorpaBuMeTpUUECKHEe MCCIICIOBAHNAA TPOBOAWINCH Ha audhepeHITnaTbHOM
ckaaupyromem kajgopumerpe DSC 204 F1, caabxennom tepmoecamu TG 209 F1 Iris
(NETZSCH, T'epmanms). HaBecka kpuCTaTHYeCKOTO oOpasiia Maccoil OKOJo SMr
MOMETIAJIach B TUIATHHOBBIN THUTENIb W HArpeBajach B CTaTWYECKOH atMocdepe aproHa
co ckopocteio 10 K /mMuu B mHTepBaje temmeparyp 298-1223 K. Ilepen mauaigom
AKCIEPUMEHTA UCCEyeMbie 00pasilbl BHICYIIUBAIUCh B TEUYEHUE HECKOJIBKUX YacOB B

BakyymMme (<1 MM.pT.CT.) Mpu KOMHATHOM TeMIIepaType.
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Kunetuky peakiuu JIUCCOLIMALINHT METAJJIOKOMILJIEKCOB 2,7,12,17-
terpadpeHIIMOpHUIICHA PETUCTPUPOBATH  CIEKTPOPOTOMETPHUCCKAM METOJOM B
cpenax HOAc-H,SO, u C¢He-HOAcC. OnunakoBbie 00BEMBI 3apaHee MTPUTOTOBJICHHOTO
pacTBOpa KOMIUIEKCOB C WM3BECTHOM KOHIICHTpAIMEHd MOMEIlaii B MOPOOUPKH,
pactBopuTeab ucnapsiad. Cyxol OCTaTOK METAJUIKOPPIOB IOJHOCTHIO PACTBOPSUIH B
pacuetHoM konmuectBe HOAc, 3arem mobGapmsim kucinyro cmech HOAc-H,SO4 ¢
M3BECTHOM KOHIICHTpAIMel KOMIOHEHTOB. CMeCh MOMEIAd B KIOBETHOE OTJICIICHHE
cnektpopoTroMeTpa W TOCIE TEPMOCTATHPOBAHMS PETUCTPUPOBAIN  H3MCHCHHC

ONTUYECKOMN MJIOTHOCTH HA pabouel jyinHe BOJIHbI [238].

4. CuHTEe3 KOPPOJIOB U MX MpeAIeCTBEeHHUKOB

2,4-numeTn1-3-3TUI-S-kaposTokcunuppoda (121, R = Et)

[Tpu nepeMenIMBaHUM NPUKAMBIBAJIA MPU OXJIAXKACHUHU JIbJOM K pacTBopy 223 M
(1.75 momnp) anteroykcycaoro 3¢gupa B 400 Myt ykcycHoOM kucimoTsl pactsop 121.4 1 (1.76
Monb) HuTputa Hatpus B 180 wmum Bomel (Ttemmepatypa Huxke 30°C), 3atem
nepeMenBany 4 dyaca v npuOaBJIAId MOJIYUYSHHBIH PacTBOP HUTPO30AIETOYKCYCHOTO
apupa omHoBpemMeHHo ¢ 460 r (7 MOJB) IMHKOBOW THUIA TIPU TEPEMENTUBAHUUA K
oxyaxknaeMomy Boaon pactsopy (1.75 monp) 3-stmnmentanauona-2,4 120 (R = Et) B
700 ma ykcycHo# kucaoThl (Temmeparypa He Bboiie 95°C). [lonyduennyio cmech
nepememmBaii npu 95°C 1 uyac u BeumBaau B 10 ;1 BOABI, OCaAOK NUpPpoOJa
OT(UIBTPOBBIBAIM, TIPOMBIBAJIM BOJOW, pACTBOPSUIM B XJIOPHCTOM METHIICHE,
OT(UIBTPOBBIBAIM OT M30BITKA IMHUHKOBOW TBIJIN, OTTOHSIM XJIOPUCTHI METHJICH H
BBICYIIMBAJIM HA BO3AYXE MNpH KOMHATHOHW  Temmeparype. Jid  O4YMCTKH
MEPEKPUCTALTN30BBIBATIN W3 cnupTa. Brixoa 252.5 r (74%). TemnepaTypa miaBiacHUS
95-96°C. Crextp 'H SIMP (8u. cr. CHCLy) 8, m.i.: 9.37 6¢ (1H, NH); 4.36 x (2H, J =
7.1 I'm, OCH,-Et); 2.43 x (2H, 'J = 7.6 'y, CH,-3-Et); 2.33 ¢ (3H, 4-CHs); 2.43 ¢ (3H,
2-CH;); 1.40 T (3H, J = 7.1 'y, CH5-Et); 1.10 T (3H, 'J = 7.6 ', CH;-3-Et) (CDCl5).
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2,4-numeTn1-3-H-0yTii-S-kapo3ToxkcunuppoJ (121, R = #-Bu)

K cmecn 264 mn (2.085 momns) ameroykcycHoro s¢upa u 450 Ma ykCycHOH
KHACJIOTHI TIPY TEPEMEIINBAHUN M OXJIAKIACHUH TIOCTENIEHHO npubasisiin pactsop 145 ©
(2.101 monp) autpura Hatpusa B 200 M Bomer (Temmeparypa Huxe 30°C). PactBop
NepeMemmrBaIM  TIPH  KOMHATHOM Temmeparype 3 dYaca W TPWIMBAIM  TIPH
nepeMelnBaHNM TP OAHOBPEMEHHOM nocTeneHHoM mpubasienun 520 r (7.955 monb)
IMUHKOBOW ThITH K pacTBopy 325 1 (2.080 Momb) 3-#-Oytunmentanauona-2,4 120 (R =
H-Bu) B 800 M ykcycHO# kucimoTsl (Temmeparypa okojio 90°C), 3areM JOTONTHATETEHO
nepememBanu 1 yac npu 98°C u BbIMBaiIu B 12 11 BOABI, a OCTAaTOK MMHKOBOM TIBLIX
NPOMBIBAJIM YKCYCHOM KucioToi. Ocamok muppoiia OT(QHUIBTPOBBIBAIM, MPOMBIBAIH
BOJAOW W PpACTBOPSUTM B XJIOPUCTOM MeTHIIeHe. PacTBop OTOWIBTPOBBHIBAIA OT
HEOPraHWYECKUX COJIEH, OTIESAIN BOAY, OTTOHSUIM XJIOPUCTBIA METHIIEH W MHPPOIT
BeicymmBaiin. Beixox 363 r (78.1%). Temmneparypa mnasnenus 88-90°C (nmepekpuct. u3
stanoma). Cektp 'H SIMP (su. cr. CHCLs) 8, m.x.: 8.62 6¢ (1H, NH); 4.23 x 2H, J =
7.2 Tu, OCH,-Et); 2.28 T (2H, 'J = 7.5 ', CH,-Bu); 2.20 ¢ (3H, CH;); 2.13 ¢ (3H,
CHs;); 1.44 x8 (2H, J=75Tn, CH,-Bu); 1.28 T (3H, J = 7.2 I'n, CH3-Et); 1.25-1.30 m
(2H, CH,-Bu); 0.95 1 (3H, 'J = 7.5 ', CH3-Bu) (CDCl5).

5,5'-qm3Tokcuxapoonuni-4,4'-qumerni-3,3'-nmyTuaaunuppoauameras - (123,
R = Et)

K cycnensum 102.2 t (0.52 momp) 2.4-muMeTwii-3-3TriI-5-kapO3TOKCUTTUPPOIIA
121 (R = Et) u 86.0 r (1.05 monpb) Ge3Bonnoro amerara Harpuss B 500 My yKCyCHOM
KHCITOTHl TIPU TIEPEMEIIMBAHUN W OXJIAKJACHUU XOJOJHOH BOJOW TOCTEIICHHO
npubasmsma 27 mu (0.52 monp) O6poma. Cycnensuio nepememmBaim 30 MUHYT W
BBUTMBAJIH B 4 JT XOJIOHOM BOJIBI, OCATOK OT(HIIHTPOBBIBAIH, POMBIBAJIA BOJOW U B 1 J1
kojidoe kunaTwin 3 yaca ¢ 0.5 1 meranona u 10 mMa KOHIEHTPHPOBAHHOMN COJISTHOM
KucIoThl. [lociie OXakaeHus W BBHIACPKUBAHUS HOYBb OCAMOK OT(UILTPOBHIBAIIH,
MTPOMBIBAJTH METAHOJIOM, TIEPEKPUCTAILTN30BBIBAIIN 13 450 MJT MeTaHOIA W BBICYIITUBAITH
Mpy KOMHATHOW Temriepatype Ha Bo3ayxe. Beixom 56.1 r (57.6%). Temmepartypa
mrasnennst 129-130°C. Coextp 'H SIMP (su. cr. CHCL) 8, m.a.: 9.77 6¢ (2H, NH);
4.27 x (4H, J = 7.1 Ty, OCH,-Et); 3.94 ¢ (2H, me30-CH,); 2.47 x (4H, 'J = 7.6 'y, CH,-
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3,3°-Et); 2.31 ¢ (6H, 4,4’-CHz); 1.31 1 (6H, J = 7.1 T, CHs-Et); 1.07 1 (6H, 'J = 7.6
Hz, CHs-3,3°-Et) (CDCls).

5,5’-qmyToxkcukapoonmna-4,4’-qumeTna-3,3’ - AM-H-0y THIIAUITHP POJTHIMETAH
(123, R = u-Bu)
Pactopsamu  50.0 1 (0224 w™omb) 2-3TOKCHKApOOHMI-3,5-TUMETHI-4-H-

oyrummpposna 121 (R = #-Bu) u 40.0 r (0.488 monp) mutaBimeHHOTO arieTaTa HaTpUs B
250 MJ1 yKCYCHOM KUCJIOTBI, 3aT€M MPHU MEPEMENTUBAHUU TTOCTENEHHO mpubassium 11.5
mia (0.223 wmomp) Opoma, mepememuBaan cMmech 0.5 4 W BbUTMBAIA B 2 J1 BOJIBI,
BEIICpKUBAIM | dac, 0ocagoK OTQUIBTPOBHIBAIM W TPOMBIBAJIA BOJOW. BraskHbIi
ocaaok cMmemmBaiu ¢ 400 My MeTaHoJIa, HArPEeBAIM A0 KuneHus, npudasysum 5.0 miu
KOHII. COJITHOM KHMCJIOThI, KHIIATWIX 3 Yaca, OXJIAKJIAIU U BbIICPKUBAIA HOUb. Ocaiok
OT(UIBTPOBBIBAIIM, TPOMBIBAJIA CMEChI0 MeTaHO-Boaa (3:1) u BeicymuBamu. Beixon
27.0 T (56.2%). Temneparypa mwiasnenns 124-5°C (mepekpucrt. u3 sranona). Crextp 'H
AMP ((u. ct. CHCL)) 0, m.a.: 10.09 6¢ (2H, NH); 4.15 x (4H, J = 7.1 I'm, OCH,-Et);
3.84 ¢ (2H, me30-CH,); 2.34 T (4H, 'J = 7.0 ', CH,-Bu); 2.18 ¢ (6H, CH;); 1.29-1.37 M
(8H, CH,-Bu); 1.26 t (6H, J = 7.1 I'n, CH;3-Et); 0,91 1t (6H, J =170 Tu, CH;-Bu)
(CCly). MALDI-TOF-MS m/z: naiinerno: 429.389 [M-H]" Bbruncneno: 429.58.
4,4'-numeTn-3,3' - i Tismagunuppoauniameran (124, R = Et)

Kunarunu 1 ywac B konbe ¢ oOpaTHBIM XOJIOJWJIBHUKOM W KianaHoMm byH3eHa
cvech 1.0 T (2.67 mmomns) 5,5’ -mudTokcukapOonmi-4,4°-nuMeTni-3,3” - TS THI TATIAD-
pomunmetana, 1.0 r (17,82 MMomb) ruapoKcHAa Kaiwsl W HEOONBIIOTO KOJMYECTBA
rUApasuHCYIb(dara aId TPEeAOTBPAIICHHUS OKHWCICHWA aunuppoimaMerada B 30 miu
stuneHrnukons. [locne oxnaxaeHus pacteop BbutuBau B 150 M1 Boasl ¢ nob6aBkoit 5.0
I anerara HATpua IS Jydmied kpuctammusammn. Ocamok  OT(UIBTPOBBIBAIIH,
MIPOMBIBAJIM BOJIOM M BBICYIIMBAJIN HA BO3AYyXE MPU KOMHATHOW TemmepaTtype. Boixon
0.6 T (98%). Jlarmee MONYUYEHHBIN AUMUPPOIAIMETAH HUCTIONB30BAICS 03 majabHeHeH
OUKCTKHU.

4,4'-numern-3,3'-qu-n-oyrunaunupposmameran (124, R=n-Bu) nonyuanu

anajormano w3 3.0 T (6.97 mmons) 5,5 -sToxcukapOonmin-4,4’-nqumeTn-3,3’ - au-H-
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oyruaunmuppoamwiMetana (23), 3.0 v (53.47 mmons) ruapokcuaa kaaus. Berxom: 1.95 ¢
(97.7%).

3,4-mumeTnmuppoJ (128)

B 1.0 1 xpyrinoaoHHOW Tpexropiiol Koja0e, CHaOKEHHOW ABYMS JEIUTEIbLHBIMU
BOPOHKAMH, OOpaTHBIM XOJOJWIBHUKOM W MEMIAJIKOW, TPH TEePEMEIMMBAHUNA K
pactBopy 392 r (0.44 wmonb) yperana 58 B 220 ™ ocymeHHOTO O€H30J1a
onHoBpeMeHHo npukanbeiBan 72.0 mi (0.89 monb) ocymenHoro nupuanHa u 32.0 mi
(0.45 wmomnp) CBEXETMEPETHAHHOTO THOHWIIXJIOPUAA TPH OXJIAKIACHUH PEAKIHOHHOU
cMmecu Bosol (Temmieparypa Hrmke 45°C). Cmech mepeMenmmBalivi OMOJHATEIRHO | gac
u aobasmsmm 50.0 mu, 36.4 v (0.44 monp) 2,3-mumernnOyraaueHa-1,3 59, 3arem
HarpeBaJid Tpu C1aboM KHUTICHUH W TMIEPEMEIUBAHUK | 9ac M BBIICPKUBAIM HOUYb TIPH
KOMHaTHOH Temmeparype. OTQUIbTPOBBIBAIM OCAJOK THAPOXJIOPUAA MHPUAMHA U
IPOMBIBAJIM €ro OEH30JI0M, 3aTeM OTIOHSIM W3 (uiabTpara OSH307 MOJA BAKyyMOM
BOJOCTPYHHOTO HAcoca M OCTaTOK TMPWIMBAIN TOPUUAMH TPU OXJAXKICHUU U
nepeMemuBaHud K pactBopy 198 r (3.53 monp) ruapokcuaa kanus B 440 My sTadona.
[TonmyueHHyr0 cMeCh KHISITHIA 2 4Yaca W OTTOHSUTM C BOJSHBIM TapoMm. JIUCTHLIAT
JBAXBl SKCTPArHPOBATA XJIOPUCTHIM METHJICHOM, SKCTPAKT BHICYITUBAIIN CYIb(haTOM
HATpUs, PACTBOPHUTENb OTTOHSUIM M OCTATOK TMEPETOHSJIM B BaKyyMe€ BOAOCTPYHHOTO
Hacoca, codupas dpakmuto ¢ Temneparypoit kunenus ~140°C. Beixoa ¢ aAByX mopiimid
34.6 r (0.36 momp) (41,3%). Temmeparypa mrasnenus 33-34°C. Crextp 'H SIMP (BH.
ct. CHCl3) 6, m. 1.: 7.17 ¢ (1H, NH); 6.18 ¢ (2H, 2,5-H); 1.88 ¢ (6H, 3,4-CH3) (CDCl,).

2-popmuii-3,4-mumetusmuppo (129)

K pactopy 28.5 1 (0.3 momnp) 3,4-mumerrnnuppona 128 8 200 mu ocym. IMDA
npu Temneparype meHee 15°C m mepememmBanmm aoGasasim 36.6 mu (0.4 momb)
xsopokucu docdopa. Cmech nepeMeninBaIn Mpu KOMHATHOW Temneparype 1.5 vaca u
BeumBam B 900 M1 Boawl, 3aTeM momamienaunBanu 20%-ueiM pactBopom KOH (oxomo
2.4 Monb), BBHITIABIIHNA OCATOK OTHHUIHTPOBBIBAIHN, TPOMBIBAIH BOJAOW M BHICYIITUBAJIH.
Bsixox 28.9 r (78.2%). Temneparypa mrasiaenns 142-143°C. Crexrp 'H SIMP (BH. cr.
CHCI3) 6, M. 1.: 9.63 6¢ (1H, NH); 9.40 ¢ (1H, CHO); 6.75 ¢ (1H, 5-H); 2.18 ¢ (3H, 3-
CHs;); 1.93 ¢ (3H, 4-CH;) (CDCl3).
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2,3,7,13,17,18-rexcamerni-8,12-qu-#-0yTuionnaagueHa-a,c  AUrHapoopoOMu
(132, R =Me)

K pactBopy 1.3 r (4.64 mmomnb) 3,3”-au-#-O0yTun-4,4’ - TUMETHITATTAPPOITUII-
metaHa 124 u 1.14 r (9.26 mmonp) 2-popmun-3,4 numerunmuppona (130, R = Me) B 50
MJT MeTaHoj1a puoassin 2.0 MJI KOHIIEHTPUPOBAHHON OPOMHUCTOBOIOPOAHON KUCTOTHI
W TepeMelmmMBagd 2 Yaca TMpu KoOMHaTHOW Temmeparype. Ocamok OujaaueHa
OT(UIETPOBBIBAIIH, TIPOMBIBAI METAHOJIOM, 3(PUPOM W BBHICYIIMBAIM TIPU KOMHATHOMN
TeMIeparype Ha Bo3ayxe. Boxox 2.32 T (75.9%). DCII Amax, HM (e:107): 522 (170.4);
457 (25.4); 370 (16.8) (xopodopm). Criexrp 'H SIMP (8H. ct. CHCls) §, m.z1.: 13.68 6,
13.43 6¢ (2x2H, NH); 7.66 1 2H, J =32 I'm, 1.19-H); 7.26 ¢ (2H, 5,15-H); 5.28 ¢ (2H,
20-CH;); 2.56-2.62 m (4H, 8,12-CH,-Bu); 2.33 ¢, 2.29 ¢, 2.11 ¢ (3x6H, CHj3); 1.52-1.73
M (4H, CH,-Bu); 1.18 ¢k (4H, 'J = 7.4 'y, CH,-Bu); 0.69 T (6H, 'J = 7.4 'y, CH;-Bu),
(CDCl3). MALDI-TOF-MS (m/z) naiineno: 497.36 [M-2HBr+H]"; Beruncieno: 497.77

7,13-numeTii-8,12-mu-H-0yruaoniaaauena-a,c auruapoopomua (132, R = H),
OBLT TIOJTyYeH aHaJOTH4YHO, ¢ ucnojibzoBanueM 0.9 r (9.46 mmons) 2-popmunmuppona
(130, R = H). Boixox: 2.2 1 (80.4%). DCII Amax, BM (£:107): 509 (104.4); 445 (41.5);
411 (60.2) (xmopodopm). Criextp 'H SIMP (. cr. CHCl;) 8, m.a.: 14.28 6¢, 13.91 6¢
(2x2H, NH); 7.86 ¢, 7.34 ¢, 7.23 ¢ (3x2H, 1,2,3,17,18,19-H); 6.61 c (2H, 5,15-H); 5.36
c (2H, 20-CH,); 2.63 1 (4H, J =7.2 T'i, CH,-Bu); 2.30 ¢ (6H, CH3); 1.19 k8 (4H,J=7.2
I'u, CH,-Bu); 0.86-0.94 m (4H, CH,-Bu); 0.68 1t (6H, J = 7.2 I'u, CH;-Bu) (CDCl3).
MALDI-TOFF-MS (m/z) naiineno: 441.58 [M-2HBr+H]"; serancneno: 441.64.

7,13-numeTnn-8,12-1u3 THNOMIaAAMEeHA-A,¢  AUTHAPOOpoMua  ObIJT  TIOJYyUYeH
anayoruaao u3 0.9 r (3.91 mmons) 3,3’ -auaTHn-4,4’ - muMe T ANIUPPOSIAIMETaHa-2,2”
1 0.75 r (7.8 Mmop) 2-bopmunmapporna. Beixon: 1.4 T (66.7 %). DCIT Amax, HM (£:107):
508 (102.1); 404 (37.6); 410 (57.9) (xnopodopm). Criexrp 'H SIMP (n. cr. CHCI;) §,
m.a.. 14.17 6¢, 13.82 6¢ (2x2H, NH); 7.86 ¢, 7.36 ¢, 7.25 ¢ (3x2H, 2,3,4,17,18,19-H);
6.62 ¢ (2H, 5,15-H); 5.38 ¢ (2H, 10-CH,); 2.62 x (4H, J = 7.5 I'n, CH,-Et); 2.31 ¢ (6H,
7,13-CH3); 0.74 v (6H, J = 7.5 I'm, CH;-Et), (CDCl;). MALDI-TOFF-MS (m/z)
HaiineHo: 385.27 [M-2HBr+H]"; Berancneno: 385.53.
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2,3,7,13,17,18-rexcamerni-8,12-qu-#-0ytusxoppoa (131, R = Me)

(om. 4) 0.3 r (0.46 mmonb) Ounanuena (132, R = Me) u 0.2 r (0.84 mmonp)
mnokenga cBuHOA(IV) mepememmBanu B Mertanosne 30 MUHYT TpW KOMHATHOM
temneparype. [[poxoxkaeHue peakuuu KOHTPOJIMPOBAIMA € MOMOIIBI) TOHKOCIOWHOM
xpomarorpadun. Ilociae mpoxokmeHus peakiuu m00aBisiid B cMech 20 M BOJBIL.
Ocanok oTgunbTpoBbIBaia Ha BOpoHKe broxHepa, mpoMbIBaia BOJOW W BBICYIIMBAINA Ha
BO3JyXe. BBICyIIeHHBI  OCagOoK  pacTBOPAIM B XJIODUCTOM  METHJICHE,
xpomarorpaduposanu Ha okcuae amromuuus (II cremenwn aktwBHOCTH IO bpokmany).
30HY KOppoja yHapuBajd, BBICAKWBAIM METAHOJIOM, OCaJOK OT(HIBTPOBHIBAIA H
BeICYIIMBAIA Ha Bo3ayxe. Beixom 126 mr (55.5 %) Ry 0.60 (6enzom). OCIL, Apax, HM
(e:107): 620 (6.8); 567 (8.1); 533 (11.6); 498 (15.2); 399 (181.4) (x0podopm). Criektp
'H SIMP (8n. ct. CHCl3) §, m..: 9.82 ¢ (2H, 5,15-H); 9.71 ¢ (1H, 10-H); 3.88-3.99 m
(4H, 7,13-CH,-Bu); 3.56 ¢, 3.50 c, 3.43 ¢ (3x6H, CHs); 2.09-2.19 m (4H, CH,-Bu);
1.67-1.78 m (4H, CH,-Bu); 1.07-1.16 m (6H, CH3-Bu); -2.07 6¢, -3.12 6¢ (2+1H, NH),
(CDCls). MALDI-TOF-MS (m/z) naineno: 494.40 [M]"; Berancneno: 494.73.

(om. 3) 0.3 r (0.46 mmonp) Ounanuena (132, R = Me) u 55 mr (0.23 monb) n-
xjopaHuia pacteopsyii B 50 M xjopuctoro MetwieHa, goOapmsim 0.2 wi
TPUSTWUIIAMMHA, TEPEMEIINBAIN TpPH KOMHATHOW Temmeparype 15 wmuH. Cwmech
ymapuBaiu, xpomarorpadgupoBanu Ha okucu amromMuHusA (I creneHn akTUBHOCTH MO
Bpoxmany), snonpys XJIOpUCTBIM METHIICHOM. 30HY KOPpOJIa YIapHUBaJiv, BEICAXKUBAIN
NPOAYKT METAHOJIOM, OT(PUIBTPOBBIBAIM M BRICYIIMBAIXA Ha Bo3ayxe. Beixom: 105 mr
(46.5%).

(on. 1) K pactBopy 0.3 r (0.46 mmons) O6unaauena (132, R = Me) B 50 mn
metanona, mpudasmsi pactop 0.23 t (0.69 mmoms) Ks[Fe(CN)s] B 3x M koHII
pacTBOpa aMMHaKa, CMECh MEPEMEIINBATIN 5 MUH Ha KUMAIIEH BoJAsHOW Oane. CMmech
OXJIAKAAIIM U 0CAIOK KOPpOoJia OTPUIBTPOBBIBAIIM, POMBIBAIIN BOJOW M BHICYIIMBAJIHN B
cymmibHOM mKady npum Ttemmepatrype 80°C. Ocamok pacTBOPSIIA B XJIOPHCTOM
MeTHIIEHE M XpomaTtorpadupoBain Ha okucu amomMuHus (Il cremeHn akTUBHOCTH MO
Bpokxmany) smioupys XJIOPHCTBIM METWUJICHOM, TOBTOPHAs XpomaTtorpadus Tak xe

MPOBOJAWIACh HA OKHUCH AJIOMHUHUA C XJIOPUCTHIM METHJICHOM. 30HY, COJAEPKaILyIO
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KOppOJ yMapUBajM, BBICAXHBAIA MPOAYKT MeTaHosnoMm. Ocamok OT(HIBTPOBHIBAJIH,
cymuy Ha Bo3ayxe. Berxoa 100mr (43.6%).

(om 2) 0.3 r (0.46 mmonb) Ounaguena (132, R = Me) pacTBopsuid B METaHOJE ¢
u30biTkOM 200 Mmr (2.4 mmonb) NaHCOs. Tlocne storo no6asnsnu 0.1 r (0.41 MmMons) -
xJiopaHujia nepememmBanu 5 muH. [lanee nodasnsim 1.5 mn 15% p-pa ruapasuna
rugpara. Cmech oT(pUIBTPOBBIBAIM HAa BOPOHKE bBroXHepa, BBHICYIIMBAIM HA BO3AYXE,
pPacTBOPSAJIA B XJIOPHCTOM METHIIEHE, XpoMarorpadupoBanu Ha okucu amoMuaus (11
CTETICHW AaKTHUBHOCTHM 1O bpokmaHy), »moupys XJIOPHCTHIM METHICHOM. 30HY,
COJICPIKAIYI0 KOPPOJA YMApUBAIHM, BBICAKMBAIM TNPOAYKT MeTaHoimoMm. Ocanok
OoT(UIETPOBBIBAIIM M BHICYIIMBAIHM HA Bo3ayxe. Berxox 100 mr (43.6%).

[TomeiTKH TIOTYUnTH KOPPOJ o Metoay Licoccia (om.5) [65]

03 r (0.46 mmonp) Ounaamena (132, R = Me) u 03 r (1.74 mmonb) n-
TONYOJICYJIb(OHOBOM  KHUCIOTHI pactBopsiii B 50 M METaHONA, KHISATHIIH
PEAKIIMOHHYKD CMECh, NPOMyCKas BO3AYX, B TEYEHWE S5 YacoB. XOJ pEaKIuu
KOHTPOJIUPOBAIIA C TIOMOIIBIO TOHKOCJIOWHOW XxpoMarorpaduu. 3aTeM K peaknuOHHOMN
cmecu pobassum 0.2 T (3.6 mmons) KOH B 2 mut Boapl. Ocanok oTpuimbTpoBhIBANIA HA
BOpoHKe broxHepa, mpombiBaiud BOJOH W BbICYIIMBaIuM Ha Bo3ayxe. Cyxol ocamaok
pPacTBOPSAJIA B XJIOPUCTOM METHIICHE, XpoMmarorpadupoBain Ha okcuae amomunans (11
CTETeHb AKTHUBHOCTU MO bpokmany). DOmioar ynapuBaiiv, BbICR)KMBAJHA METAHOJIOM.
Ocanox oTuIBTPOBRIBANKM W BHICYyIIMBAIM Ha Bo3ayxe. Berxom: 50 mr (21% cmech
nopdupraos). ICIL, Ama, BM (8:107): 620.0 (6.7); 566.8 (8.0); 533.4 (11.5); 498.3
(15.1); 398.8 (179.7). MALDI-TOF-MS (m/z) naiineno 464.303 [M-C3;Hg]"; 506.361
[M]"; 548.41 [M+C3Hg]"; 590.473 [M+(C3He),]".

7,13-numeTi-8,12-mu-#-6yruaxoppoJ (131, R = H) Obut monydeH aHAIOTHYHO
metoaukam (o 4) u (om 3) u3 0.3 1 (0.5 mmons) 6unaauena (132, R = H). Brixon: 8.7
mr (4.0%) u 15.1 mr (6.9%) coorBercTBeHHO. Rf = 0.83 (6eH301). DCII Ay, HM (€107
%): 584 (10.9); 544 (11.9); 537 (10.7); 404 (57.6); 390 (54.6) (xaopodopm). Crexrp 'H
AMP (8H. ct. CHCI;) o, m.a.: 9.87 ¢ (2H, 5,15-H); 9.61 ¢ (1H, 10-H); 8.73 ¢, 8.67 ¢
(2x2H, 2,3,17,18-H); 3.88 T (4H, J = 7.3 I'ny, 8,12-CH,-Bu); 3.49 ¢ (6H, 7,13-CHj3); 2.11
kB (4H, J=7.3 T'n, CH,-Bu); 1.70 ck (4H, J = 7.3 I'i, CH,-Bu); 1.10 T (6H, J = 7,3 Hz,
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CH;-Bu); -0.02 6c¢, -2.77 6¢ (2+1H, NH) (CDCl;). MALDI-TOFF-MS (m/z) naiiaeHo:
438.429 [M]"; Beruncieno: 438.62

7,13-qumeTni-8,12- 1M3 THIKOPPOJT

JlaHHBIN KOPPOJI MOJTyYaJik MO U3BECTHOM ISl 3TOTO COCTUHEHUS METOAUKE [64].
03 r (0.55 wmmomp) 7,13-mumernn-8,12-aqusrtunOunaanera-a,c  TuruapoodpomMuga
nepememuBau ¢ 200 mr (2.4 mmons) NaHCO; B meranone. [locie storo mobasnsnm
0.1 v (0.4 MMoITb) N-XJIOPAHWIIA U CMECHh TIEPEMEIIUBAIIA B TCUCHHUE 5 MUHYT, 3aTEM K
cmecu pobassm 1.5 mur 15% -Horo pactBopa ruapasunruapara. Cmech GUIBTPOBATH
HA  BOpPOHKe  blOXHepa, BBICYIIMBAJIHA, PacTBOPAJIM B  METHICHXJIOPHUIE,
xpomarorpaduposanu Ha okcuae amomuuus (II cremenwn aktwBHOCTH IO bpokmany).
30HY, COJepJKalllyl0 KOPpOJ, yIapuBajaud, ocaxkaanu MeTtanoidoMm. Ocaaok
OoT(UIBTPOBBIBAIOT W BBICYIIMBAaIM Ha Bo3zayxe. Beixom 12.9 mr (6.1%). Ry 0.79
(6ersom). DCI Amax, HM (e:107): 584 (16.0); 544 (18.1); 403 (107.4); 386 (102.7)
(xopodopm). CriekTp 'H aMmP (8H. ct. CHCI3) 0, m.a1.: 9.88 ¢ (2H, 5,15-H); 9.62 ¢ (1H,
10-H); 8.73 ¢, 8.67 ¢ (2x2H, 2,3,17,18-H); 3.90 x (4H, 'J = 8.0 'y, 8,12-CH,-Et); 3.50 ¢
(6H, 7,13-CHs); 1.77 T (6H, 'J = 8.0 I'u, CHs-Et); -0.02 6c¢, -2.81 6¢ (2+1H, NH),
(CDCl;). MALDI-TOFF-MS (m/z) naiineno: 382.23 [M]"; eraucneno: 382.51

OO0mas MeToAUKa CUHTE3a f-aJIKUI3aMEllleHHbIX KOPPOJIOB 0IHOKOJI00BBIM
MEeTOoA0M
(1.75mMmoms) 4,4'-mumetnn-3,3" - muankuaunupponviamerana u 0.7 T (5.7 MMoib)

2-popmun-3.4-mumetrmuppona pacteopssii B 30 M MeraHona W goOaBmsm 1 mot
HBr, nocne wero nepemMemmBany peakiiMOHHYIO CMECh TPA KOMHATHOM TemmiepaTtype |
gac. Jlamee noGasmsm 0.6 v (2.5 mmons) PbO,, m mepememmBanmu eme 3 daca.
PactBoputens ynapuBaiu, OCTaTOK PacTBOPsUIM B O€H30JIe M XpomaTorpaduposaiv Ha
okcuze amomuaus (11 crenenu aktnBHOCTH 110 bpokmany), amoupys O€H3010M.

2,3,7,13,17,18-rekcamerni-8,12-mu-#-0yruikoppoa (131, R’ = u-Bu). Beixon
110 mr (12.8%).

2,3,7,13,17,18-rexcamerni-8,12-qurrunkoppo (131, R’ = Et). Beixox 100 mr
(10.5%). Ry: 0.46 (6en30m). DCIT hpay, EM (£:107): 593 (20.1); 595 (17.3); 537 (18.1);
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mr; 397 (152.6) (xnopodopm). MALDI-TOFF-MS (m/z) maiineno: 43823 [M]";
BbIunciieHo: 438.62. CnekTpaibHbIE TAaHHBIE COOTBETCTBYIOT JINTEPATYPHbIM [13].
5,10,15-Trpudennaxoppo. (134, R = Ph)

(om. 1) momywamu B artmocdepe aprona corjmacHo wetomuke [70] K
nepememmBaeMoMy pacteopy 5.0 mut (72.2 mmons) muppona u 0.83 mut (8.3 mmonb)
6emzanpaeruaa B 30 mu xjmopuctoro MmetwieHa npudasisumm 0.02 Mt TpugTOpyKCYyCHOM
KHCITOTHI. PeakiMoHHyI0 CMeCh TMepeMemmBaid ABa 4Yaca, modasmsum 1.57 r (6.4
MMOJIb) N-XJIOpaHWiIa U nepememuBany eme 0.5 gaca. 3aTeM pacTBOPUTENH OTTOHSIH
HA POTALMOHHOM HWCIApUTeNe, a M30BITOK MHUPpOja OTTOHSAIA C BOASHBIM TApOM.
CoIpoi#t TPOyKT OTHUIBTPOBBIBAIN M BHICYITUBAIIA HA BO3Myxe. OCTaTOK PacTBOPSIIA B
XJIODUCTOM METHJICHE W OUMINAii KOJOHOYHOH XpomaTtorpadueld Ha cuiUKarene,
ANMIOUPYST  XJIOPUCTBIM ~ METHJICHOM. OJI0AaT yMapuBaIl M MPOAYKT OCAXKAAIU
meTtaHosioM. Beixoa: 146 mr (10%).

(2) Cuntes nposoawu B atMocepe aprora mo u3MeHeHHOW meTtoauke [72] B
cmecu 200 mn meranoma u 200 ma Bomsl pactBopsiin 0.5 mim (5.0 mMmoub)
6em3anpaeruaa u 0.7 mut (10.0 mmos) muppona. 3arem k cmecu npuusaiu 4.3 v HCI
KOHI[. ¥ TIEPEMEIIMBAIA TPH KOMHATHOW Temriepatype 3 daca. Breimapmmii ocajgok
oTUIBTPOBANM, PACTBOPSNIM B XJIOpodopMe M MPOMBIBAIKA BOAOH. PacTBop cyrmmnu
Haj cyhnbdarom Hatpus u otdmibTpoBbBaH. OO0BEM pacTBOpa B xJiopodopme
nosogun a0 300 mn w xumaTwm ¢ 1.23 v (5.0 Mmonb) n-xjopaHWiIa OJWH dYac.
XnopohopM OTTOHSIIH, OCTAaTOK MPOMBIBAIA 5%-HBIM PAaCTBOPOM THAPOKCHIA KajIus,
BOJOM W BhICYIIuBaaM Ha Bo3ayxe mpu 70°C. IIpoayKT pacTBOPSAIM B XJIOPHCTOM
METHJIEHE U XpOMaTorpaupoBaid HAa CHIIMKATENe, SIIOUPYSA XJIOPHCTHIM METHIICHOM.
OnroaT ynapwBaJidi M TOJYYEHHBIH KOpPpPOd ocaxzaaian MeraHosiom. Ocamnok
OT(UIETPOBBIBAIIH, POMBIBAIM METAHOJIOM M BBICYITTMBAJIN Ha BO3ayxe. Borxom 267 mr
(30%). Ry: 0.35 (6er301). DCIT Ay, BM (:107); 647 (11.5); 615 (14.4); 576 (17.6); 415
(132.7) (xnopodopm). Crrextp 'H IMP (8H. cr. CHCL;) &, M. a.: 8.94 ¢, 8.90 ¢, 8.60 c,
8.59 ¢ (4x2H, f-H); 8.38 1 (4H, J = 6.0 I'm, 2.6-H-5,15-Ph); 8.19 1 2H, 'J = 5.0 T'n,
2.6-H-10-Ph); 7.70-7.80 m (9H, 3.4,5-H-Ph); -1.98 6¢ (3H, NH). (CDCl;). UK (KBr) v
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(em™): 3403.3; 2921.0; 2850.3; 2359.7; 1686.6; 1570.6; 1441.7; 1112.0; 959.7; 794.3;
700.8. MALDI-TOF-MS (m/z) naiineno: 526.43 [M]"; eraucieno: 526.64.

5,10,15-Trpuc(4-aurpodenmwn)koppoa (134, R = 4-NO,Ph), Obin nonyuen
aHANOrHIHO 110 MeToy (2). Berxom 490 mr. (22.4%). DCIT Apay, HM (£:107); 625 (20.1);
596 (22.2); 427 (103.8) (xmopodopm). Crektp 'H SIMP (8H. cr. CHCLs) &, m.ai.: 9.11c,
890 ¢, 8.83 ¢, 8.71 ¢ (4x2H, p-H), 8.54 n (4H, J = 8.0 'y, 2,6-NO,Ph), 8.40 n (4H, J =
8.0 I'm, 2,6-NO,Ph), 8.57-8,59 m (6H, 3,5-NO,Ph), -2.82 6¢ (3H, NH), (CDCl;). (KBr) v
(em™): 3388.4; 2920.3; 2849.9; 2352.8; 1590.6; 1514.3; 1411.1; 1340.4; 1108.3; 960.9;
793.7; 704.7; 560.7. MALDI-TOF-MS (m/z) maiineno: 661.420 [M]"; BerumcneHo:
661.63.

5,10,15-Trpuc(nenradproppeni)koppoa (134, R = C¢Fs5) Obu1 monydeH mno
meroauke (1) u3 0.75 r (3.8 mmonb) nepdropdbenzanpaeruaa. Beixox 50 mr (5.0%).
MALDI-TOF-MS (m/z) maiineno: 796.335 [M]"; seraucneno 796.50. B Gomyuen ¢
O4YeHb OOJBIIONW MPUMECHIO HE OTAEHAEMOro MopdupuHa, YTO HE TO3BOJWIIO CHATH
CHIEKTPHI.

5,10,15-Tpuc(4-xkadoxcudenun)koppoa (134, R = 4-HO,CPh) Obin1 nonyueH
no meroauke (2), Berxoxg 110 mr (10%) weounmiennoro mpoaykta. MALDI-TOF-MS
(m/z) Haiineno: 658.773 [M]'; Berumcneno: 658.67. Bpin GoiydeH ¢ odeHb GONBIION
NPUMECHIO HE OTACISIEMOro MopduprHa, YTO HE TMO3BOJIMIIO CHATH CIIEKTPHI.

5,10,15-rpu(nmupua-4-un)koppoa (134, R = 4-CsHyN)

B 250 mn xumsmed ykCyCHYH KHCIIOTHI TpuKambiBamu cmech 4.2 mi (60.5
MMOJTh) iupposia 1 2 mi (20.0 mmos) 4-nupuaunkapOansaeruna. Kunsatunm cMech Tpr
yaca npu OapOoTupoBaHuu Bo3ayxoM. Jlajgee cMech pasdapisiia BOAOW, U J00aBIIAIH
5% pacTBOp aMMmaka A0 BbIafeHus ocaaka. Ocanok oTGUIBTPOBBIBAJIA, BEICYIINBAIA
Ha Bo3ayxe. Ocagok pacTBOpsUIa B XJIOPHUCTOM METWJIEHE M XpomaTorpadupoBaid Ha
okcuae amomuHus (I cremenn akTmBHOCTH 1O bpokMmaHy), SITIOHPYS CMECHIO
xnopucteiii MeTmiieH-metanon (10:1). Berxoa: 247 mr (7%). MALDI-TOF-MS (m/z)
Haizeno: 529.471 [M]" Berumcneno: 529.60. DCIT Ay, uM (87107); 418.1 (25.4); 572.0
(10.7); 651.9 (7.8); 621.3 (8.1) (xmopodopm). beur OGonydeHn ¢ oueHb OONBIION

MIPUMECHIO HE OTACAEMOro MOpPUPHHA, YTO HE TO3BOJTMIIO CHATH CIICKTPHI.
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OO0uue MeTOANKH CHHTE3a Me30-a P INNUPPOJINIMETAHOB

(1) B pactBop 1.5 ma HCI B 100 mim Bomer mobGammsumm 2.8 M (42 mMMoOIib)
nupposna, U 13.5 MMOIp apoOMaTHYECKOTO allbernuaa, NEPEMEIINBAIA PEAKLIMOHHYIO
cMech 5 yacoB. Bemasmuii ocamok OThUIBTPOBBIBAIH.

(2) 10 ma (144.0 mmonp) nuppona u (6.8 MMOJIb) apOMATHYECKOTO AJIbAETHAA
nepeMenuBai B UHEPTHOU atMocdepe, 3areM mpodasisum 300 mr (1.36mmons) InCl; u
nepememuBain 1.5 waca. Ilocne storo moGasmsanmu 1.5 t (37.5 mmons) NaOH, wu
nepeMemmBan eme uac. Ocagok OTHMIBTPOBBIBAIM, MPOMBIBAIM MHHHAMAIbHBIM
o0beMoM muppona. [Iuppon yaaianm Ha POTaLMOHHOM HKCHAPUTENE TMOJA BaKyyMOM,
OCTaTOK pPAcTBOPSUIM B METAHOJIE, MPOAYKT BBICAXKMBAJIM W3 3TOr0 pacTBopa
nobasierneM BoOJbl. [IpoaykT OTGUABTPOBBIBAIIM, MPOMBIBAIM BOJHO-METAHOJIbHON
CMECHIO M BBICYIIIMBAJIN HA BO3/IyXE IPA KOMHATHOW TeMIepaType.

Mezo-mesurnagunupposmameran (135a), Tlomywamm mo metoxy (1), 6w
OUUITCH TIEPEKPUCTALIN3ANNCH W3 BOAHO-METAHONBHOUW cMecH. Bwixox: 2.15 r (61.7
%). MALDI-TOF-MS (m/z) naiizeno: 263.33 [M-H]" Borumcneno: 263.36. Cnextp 'H
SAMP (8H. ct. CHCI;) o, M. 1: 7.98 6¢ (2H, NH); 6.88 ¢ (2H, 3,5-H-Ar); 6.67-6.70 m
(2H, CH-Pyr); 6.19 x (2H, J = 2.8 I'i, CH-Pyr), 6.01-6.04 m (2H, CH-Pyr); 5.94 ¢ (1H,
me30-H); 2.29 ¢ (3H, 4-CH,); 2.08 ¢ (6H, 2,6-CH;) (CDCl5)

Me30-(4-autpopennn)unuppoaunameran (1356), [lonyuamun mo meromy (1),
nepexpucTauImsanms He Tpebyercs. Berxom: 1.84 r (80.5%). Crextp 'H SIMP (8H. cr.
CHCI3) 6, m.a.: 8.16 n (2H, J = 8.7 I'1y, 3,5-H-NO,-Ph); 8.00 6¢ (2H, NH); 7.39 1 (2H, J
= 8.7 I't, 2,6-H-NO,Ph); 6.74-6.78 m (2H, H-Pyr); 6.16-6.20 m (2H, H-Pyr); 5.87-5.90
M (2H, H-Pyr); 5.60 ¢ (1H, mez0-H) (CDCI5).

Mezo-(nearadropdennn)unuppomameran (1358) [loayyganm mo metony (2)
Beixon: 1.64 r (44.7%). Cnextp 'H SIMP (. cr. CHCls) §, m.a.: 8.14 6¢ (2H, NH);
6.74 x 2H, J=2.2 I'u, CH-Pyr); 6.18 x (2H, J = 2.9 ', CH-Pyr); 6.04 ¢ (2H, CH-Pyr);
5.92 ¢ (1H, mez0-H) (CDCl3).

Me3o-pennnaunupposmameras (135r) [lonyyanu no merony (2). Beixog 1.23
r (81.2%). B Buay HEYCTOHUMBOCTH TPOAYKT WCIOIB30BATN 0O€3 OUYHUCTKH U

HICHTA(DUKAINH.
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Ooume mertoauku cudre3a 10-apui-5,15-nu(4-uurpodenma)kopposos (136)

CuHTe3 mpoBoguian B atMocdepe aproHa Imo M3MEHEHHOM meroamke [71]. B
cmecu 200 ma meranona u 200 ma Boawel pactBopsuid 1.0 v (3.7 mMMonb) me3o-(4-
auTpodermn ) munuppormmerana 1 (1.9 MMoabp) apoMaTHYECKOTO aibAeTraa. 3aTeM K
cmecu npunuaid 4.3 mit HCI xoH11. 1 mepeMemmBamy mpu KOMHATHOM TemMmieparype 3
yaca. BeimaBmmii ocagok OT(GUIBTPOBAIN, PACTBOPAIN B XJIOpodopMe M MPOMBIBAIH
Bofoi. PactBop cymmwm Han cyiabdaroMm HaTpus W OTGUIBTPOBBIBATH. OO0BEM
pactBopa B xjopodopme mosoamiu a0 150 ma u xunstwom ¢ 0.92 v (3.7 MmMonb) n-
XJIOpaHWIa OJUH Yac. XJI0podopM OTrOHSIH, OCTATOK MPOMBIBAIH 5%-HBIM PACTBOPOM
THAPOKCH/IA Kallusl, BOJOW W BhICyHIMBaIK Ha Bo3ayxe npu 70°C. TIpoayKT pacTBOpsIH
B XJIOPUCTOM METHJICHE M XpOMaTorpadupoBay Ha CHUIIMKATENe, SIIIOUPYS XJIOPUCTHIM
METUJIEHOM. DJI0AT YNAPUBAIIM U MOJYYEHHBIH KOPPOJa Ocaxaanu MeTaHoiaoM. Ocaaok
OoT(UIBTPOBBIBAIIN, TPOMBIBAJIM METAHOJIOM M BHICYIIMBAJIA HA BO3AYXE.

5,10,15-Tpuc(4-aurpodenun)xkopposa (136, R = R'= 4-NO,Ph) Beixona: 295 mr
(24.2%). CniekTpalibHbIE XapaKTEPUCTHKH CM. PaHee.

5,15-mu(4-aurpodennn)-10-(meroxcupenma)koppo.a (136, R = 4-NO,Ph, R' =
4-MeOPh) Beixon: 200 mr (16.7%). MALDI-TOF-MS (m/z) maiineno: 646.655 [M]';
BbIUMCIICHO: 646.66. CrieKTpajibHbIE XAPAaKTEPUCTUKH ObUIM TMOJIYUYCHBI IJISI MEIHOTO
KOMITJIEKca (CM. Jaree).

5,15-mu(4-vurpodenun)-10-(kapookcuxcupenua)koppoa (136, R = 4-
NO,Ph, R!' = 4-HO,CPh) Obi1 nofiydeH B CIEIOBBIX KOJMYECTBAX MO aHAJIOTUYHOU
METOJMKE, HO C yMeHbITIeHHeM 3arpy3ok B 4 paza. MALDI-TOF-MS (m/z) naiineHo:
660.901[M]"; Beramcieno: 660.65.

10-]4-(1,1,9-H-nepdropHoHUI0KCHKAPOOHIT ) (peHm]-5,15-au(4-auTpode-
a)koppoa (136, R = 4-NO,Ph, R' = 4-( (CF,CF,);CH,0,C)Ph))

300 wmr (0.53 mmomnb) 4-(1,1,9-H-nepdpropHOHUIOKCHKAPOOHN )OCH3ANIbACTHIA U
285 wmr (1.06 mmonb) me30-(4-HuTpodeHn ) IMTUPPOTUIMETaHa pacTBOpAIU B 20 M
xyopuctoro wmetwineHa u goGasmsmm  0.055 ma (0.75 wmmoms) TOY. Cwmech
nepeMelnBaii npu kKomHaTHOW Temmneparype | uac. Ilocne moGasmsyim 0.1 wmn

TpusTUnamMuna, U 300 mr (1.22 MmMons) n-xnopannia B 200 M XJIOPUCTOrO METHIICHA.



























































































































































































































































































































