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BBenenue

OcoO0Blii KJIacC COeTUHEHHM, BO BCEM Pa3HOOOpa3uu XUMHUH 00pa, MpeaCTaBISIIOT
coboit OopoBomopoabl. KitoueBoe 3BeHO 3TOM OOJACTM HAYKH - KJIACC BBICIIHUX
MOJUDIPUYECKUX  OOpOBOMOPOAHBIX  COCAUHEHHH,  HMMEIOMIMX  YHUKAIbHYIO
MOJICKYJISIPHYIO apXUTEKTYpy M cBoMcTBa. KiacTtepHbie aHHOHBI O0pa [Ban]z' (n=6—12)
U UX TeTepoaHalIory — KapOopaHbl, a3ab0paHbl, OOIIMPHBIN KJIACC METAUIO00PAHOB, a
Takke (QyJUIepeHsl, SBISIOTCA NPUMEpPaMH «HEMETATMYECKHX» KiacTepoB. DakT
CYIIIECTBOBAHMS YKa3aHHBIX CHCTEM M MX (PU3UKO-XUMHUYECKHUE CBOWCTBA BO MHOTOM
OINpEENSIeTCs] MPOCTPAHCTBEHHO-aPOMATHUYECKUM XapaKTEPOM XHMHYECKOW CBS3U B
NoJ00HBIX coenuHeHusx [1]. st OONBIIMHCTBA COSAMHEHUH 3TOTO Kilacca XapaKTEPHBI
TaKU€ CBOMCTBA, KaK BBICOKas TEPMOCTOMKOCTh M KHHETHYECKas CTaOMJIbHOCTh
OCTOBHOM OOpHOM CHCTEMBI, IOHMXEHHAs TOKCHYHOCTh M SIPKO BBIPaXKECHHAS
TEHACHLIUA K pEaKklUUsM 3aMEUICHMs], OTIMYAIOIIUE UX OT OOJBIIMHCTBA TUAPUTHBIX
coeanHeHuit bopa [2-3].

[IpumeHeHne OOPOBOIOPOJHBIX AHMOHOB M MX MPOU3BOJHBIX B HACTOAILEE BpeMs
HE OTPaHUYMBACTCS MONyYCHHEM TepMO- [4] M HEWTPOHO3AIIMTHBIX MOKPBITHH [5] U
'°B-neiirponosaxsarHoii Tepamueii (BH3T, BNCT) 3mokauectBeHHBIX omyxouneil [2].
BypHoe pa3BuTue B ob6iacTé XMMHM OOpOBOJOPOAOB IMO3BOJWIO CO3/AaBaTh Ha MX
OCHOBE (DOTOJIOMUHECLEHTHBIE CHUCTEMBI, B KOTOPBIX JIIOMHUHECIICHTHBIE CBOMICTBa
MOXHO H3MEHATh B 3aBHCUMOCTH OT THUIA 3aMECTUTENII M HX B3aUMHOIO
pacronoxenns. Conu aunoHoB [ByH,]° ¢ opraHHuecknMn KaTHOHAMH HCIIONB3YIOTCS
JUISL CO3JaHMsT MEMOpaH sl TMOJIMMEPHBIX 3JEKTPOJIOB M HMOHHBIX KUAKOCTEe. B
MEJMIMHE TPOM3BOAHBIC aHHOHOB [ByH,]° Hammm cBoe mpuMmeHeHne s
OMOJIOTMYECKOT0 TpPAHCIOpPTa M30TOMNOB TMpPH MPOBEIECHUU PpaguoTEepanuu, Ajs
JUTIOCOMHOM JTOCTaBKHM, a HE TakK JaBHO OOHApy>KEHHAasl CIOCOOHOCTh MPOU3BOHBIX
K1030-00paToB K WHrMOMpoBaHWio Tmporeassl BUY mocmyxuina TONMYKOM K
KOHCTPYMPOBAHUIO BEIIECTB C AaKTUBHOCTHIO MPOTHUB BHUpPyca HMMYyHOAehUIIUTA
yenmoBeka [6].

B mocrnenHee BpeMs ucCieIOBaHUS B XHMHU KIJIACTEPHBIX COEIMHEHUI Oopa

HaIpaBJIeHbl Ha pa3padOTKy METOJ0B KOHCTPYHPOBAHUS MPOU3BOAHBIX C PA3THMUYHBIMU
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OpPraHWYECKUMHU M MeTautopranudeckumu (pparmenramu [7]. Hambospmme ycnexu B
ATOM 00JIACTH CBSI3aHBI C UCIIOJIH30BAHNEM B KAYECTBE MOJICKYJIAPHBIX IJIATHOPM TaKUX
) YHKIMOHATBHBIX TPOM3BOIHBIX, KaK K1030-IeKabopartHeiil [BioHio]® [8] u xroso-
noxexaGopatusiii [Bi,H1,]* [9] anmoHSL

[Ipu otoM aHmoH [BigHi]” HMeeT psii CYIICCTBEHHBIX OTIMYMIl OT aHHOHA
[BioHip]* Tak Kak y Hero MMeercs aBa THIIA aTOMOB 060pa C KOOPAHHALHOHBIME
yuciaamMu S (amvKaJIbHBIE BEPIIMHBI) W 6 (aToMbl OOpa 3KBATOPHAIBHOTO IOSCA).
bnarogapss sTomy o00pa3oBaHWE MO3WUIIMOHHBIX HM30MEPOB B PEAKIUAX 3aMCIICHHS
HaOIFOMaeTCs YKE HA TIEPBBIX CTAIUAX PEAKITHH.

3a gecATuIeTUus U3y4eHusl K1030-1ekabopatHoro anmona [BioH 10]° ¢ MoMeHTa ero
OTKPBITUSI ObUIM TIOJy4YE€HBl PAa3HOOOpa3HbIE MPOU3BOJHBIE C 3K30-TIOJIMUAIPUUESCKIMU
GbyHKIIMOHATBHBIMU Tpymmamu, Takumu kak -OH, -OCOR, -OR;, -Hal, -N3;, -COOH,
—NO,, —NHs, u apyrumu [8]. Ilpu s3TOM cepocoaepsKalie MPOU3BOIHBIC KI1030-
GopatHbIx aHnoHOB [ByHa]* (N = 6 — 12), a B 4acTHOCTH K1030-1eKaboOPaTHOTo, BCEraa
UMeIU JJIsl ucclieoBaTeneld B TaHHOW obsiactu ocoboe 3HaueHue. [Ipexae Bcero 3to
CBSA3aHO C TEM, 4YTO HATpueBas COJIb CYJb(PaHUI-K1030-10/1eKab0paTHOTO aHHUOHA
Nay[B1,H11SH] (BSH) ycmemno wucnosb3yeTcss B KIMHHUYECKOH IMPAKTUKE JICUCHUS
3JI0KaYECTBEHHBIX OMyXO0Jiei rojoBHoro mo3ra [10-11].

B Toxe BpeMs omnucaHHbIE paHEe B JIUTEpAType METOAbl TOJIYYCHHS
CepOCOoAepKAIINX TMPOU3BOIHBIX K1030-ACKa0OPATHOTO aHWOHA OTIWYAIOTCS MaJlOi
CEJICKTUBHOCTBIO M HE TIO3BOJISIOT TMOJydaTh C XOPOIIMMH BBIXOJAMHU CYJIb(haHUII-
K11030-71IeKabOpaTHBI aHUOH [BlngSH]Z'. Takum 00pa3zoM, HeJbI0 JaHHOI PadoThI
cTaja pa3paboTKa METOJI0OB CHUHTE3a CEPOCOICPKAIIUX K1030-1eKabopaToB: CyabhaHuiI-
Kk1030-nekabopatHoro  anmoHa  [BiHeSH]® ¥  ero  THOQIKMIMPOBAaHHBIX H
THOAITMIMPOBAHHBIX MTPOU3BOIHBIX.

JIi1st moCTHKEHUST OCHOBHOM T1EJTM padOTHI OBIJI0O HEOOXOAMMO PEIIUTH Pl 3a1aY:

-p3yueHHe B3amMOACHCTBHS aHHOHOB [BioHi]” u [BipHu] ¢ pasmudmbiMm
KJIacCaMH  CEpOCOJepXkaIllMX  COCAWHEHWH, B  YaCTHOCTH, C  THOd(]Hpamu,
THOMOYCBUHAMH M THOAMHJIAMHU;

-pa3paboTKa METOJI0B MOJTYUYEHUS CYIb()aHUI-K1030-1€Ka00PaTHOTO aHUOHA;
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-M3y4CeHUE PEaKIMOHHON CIIOCOOHOCTH aHWOHA [BlOHQSH]Z', B YaCTHOCTH,
peaKkIuii ¢ aHTUAPUIAMU KapOOHOBBIX KHUCIOT U AJTKUJITAIOTCHUIAMHU.

-MCCJICIOBAaHNE CTAOMIBLHOCTH CYJIb()OHUEBBIX MPOU3BOIHBIX U THOI(HUPOB KI1030-
JIeKabOpaTHOTO AaHUOHA;

-OlpeieJIeHe COCTaBa, CTPOEHUS U  (PUBMKO-XMMHUYECKHX (CIEKTPaTbHBIX)
CBOMCTB MOJYYCHHBIX COSTUHCHHMI.

Hayunas HoBu3Ha pa6oThl. B pe3ynsraTte paboThl ObuTH pa3paboTaHBI METOBI
MOJYYEHUs] TPOU3BOJHBIX K1030-JI€Ka0OpPaTHOTO aHHOHA C 9K30-TIOJIMDIPUUYECKOU
CBA3BIO OOp-cepa.

Y cTaHOBIEHO, YTO B3auMoaeicTBIEe aHHOHOB [B1gH 1] u [B1oH 10]2' B IIPUCYTCTBUU
KHCJIOT ¢ THOA(pUpaMu, THOMOYEBHHAMH M THOAMHUJIAMH TIPUBOJIAT K 3aMEIIICHUIO aTOMa
BOJIOPOJIa B 9KBATOPHUATHLHOM TIOJIOKCHHH.

Co3naHbl HOBBIE METOJBI TMOJYYECHHUS CYJIb(PaHUIBHOIO IPOM3BOIHOIO KI030-
JIeKaOOpaTHOTO aHHWOHA, TMO3BOJISIONIME C BHICOKMUMH BBIXOJAMHU IOJydYaTh IIEJICBOEC
COCMHECHUE: OJHOCTAJUWHBIM METOJl Ha OCHOBE PEAKIMd AHUOHA [BloHlo]Z' c 2-
UMHIa30JIMIMHTHOHOM M JBYXCTaIUHWHBIA METOJI, OCHOBAHHBIM Ha B3aMMOJCHCTBHUH
anvoHa [BjoHi1] ¢ TeTpaMeTHITHOMOYEBHMHON WU THOAUMETHI()OPMAMUIOM U
MOCJICAYIOIUM BOCCTAHOBJICHUEM THAPAZUHOM.

IIpu H3y4eHNH PEaKHOHHOMN criocobHoCcTH annona [BigHeSH]* ycramoBzeHo, uTo
B Ciy4ac B3aWMOJCHCTBUS C TEPBUYHBIMH QJIKWITAJOTEHUIAMH TIPOUCXOIUT
obpaszoBaHKe AH-S,S-3aMEIIEHHBIX CYIb(OHUEBBIX MPOU3BOAHBIX cocTaBa [BigHoSR,],
B TO BpeMs Kak TIpH B3aUMOACHCTBUHM C BTOPUYHBIMH W  TPETHYHBIMHU
ATKWITAJIOTCHUIAaMA ~ 00pa3yroTCs ~ MOHO-S-3aMEIIeHHBIC  THOX(PHUPBHI  COCTaBa
[B1oHeSR]?.

be110 00HApPY)XKEHO, YTO TIPU B3aUMOJICHCTBUU CYNIb(PaHUI-K1030-1eKab0paTHOTO
aHMOHA C HOJallKaHaMH BO BpeMs pPEaKIMU TPOUCXOIUT YACTHUYHOC HOAUPOBAHHUE
KJIACTEPHOT'O OCTOBA, HE MMEIOIIEE SIPKO BBIPAKEHHOI'O CEJICKTUBHOI'O XapakTepa, B TO
BpeMsl KakK MOJ00HbIE MOOOYHBIE MPOIECCHl HE HAOMIOJAIOTCSA B cliydae C XJIOp- H

OpoMaJIKaHaMH.



CynbdoHueBble TPOW3BOJHBIC  K1030-AekabopatHoro aHuoHa [BioHoSRy]
00J1a1af0T BHICOKOW XUMHUYECKOW CTaOWUIIBHOCTHIO, YTO, BUIUMO, CBS3aHO C CHIIbHBIMU
AJIEKTPOHOJAOHOPHBIMU CBOMCTBAMH  K71030-11€Ka0OpAaTHOTO aHUWOHA. bBOJIBIIMHCTBO
MIPOU3BOJIHBIX JAHHOTO THIIA YCTOMYHMBHI K IIETOYHOMY M KHCIOTHOMY THIPOJIU3Y IO
cBsa3saMm B-S u C-S.

[Ipu B3aUMOAECHCTBUM aHUOHA [B10H98H]2' C aHTUAPUIAMHU U XJIOPAHTUIPUIAMU
KapOOHOBBIX  KHCJIOT  OOpa3yloTcs  CJOXHBIE  THOA(DUPHI  CYIb(PaHUI-KI030-
JIekabopaTHOTO aHHOHA COOTBETCTBYIOLIEH KucnoTs! [B1gHeSC(O)R]?. YeroitunBocts K
MICJIOYHOMY M KUCJIOTHOMY THIPOJIU3Y JAHHOTO THIIA COCTWHEHHWHA CHUIBLHO 3aBUCHUT OT
3aMecTuTeNss R: mpu yBeNMWYEeHWH €ro aKIENTOPHBIX CBOWCTB YCTOWYMBOCTH JAHHBIX
COCJIMHEHUI 3HAYUTEIILHO Ta/IaeT.

IIpakTHyeckass 3HAYUMOCTBL. Pa3paboTaHbl METONBI CHHTE3a Pa3IMYHBIX
CUHTOHOB, KOTOPbIE€ B JaJbHEUIIIEM MOKHO HCIIOJIb30BATh JJISl MOJYYCHUS Pa3TUYHBIX
TUIIOB HEOPTaHUYECKUX U OMOHEOPTaHUYECKUX CUCTEM, B TOM YKCIIE HOBBIE TIOJIXOJIBI K
MIOJTYICHHUIO TIPOU3BOIHBIX K1030-1eKa00pPaTHOTO aHWOHA CO CBsI3bi0 B-S, B wacTHOCTH
METO/Ibl TOJYYEHHUs CYJIb()OHUEBOrO MPOU3BOJHOIO KI030-IA€KA0OPATHOTO AHHMOHA,
TTO3BOJISIONINE C BEHICOKUMH BBIXOJaMU TIOJTy4aTh 1EeJIEBON POIYKT.

Co3anbl  METONBI CHUHTE3a XENaTUPYIOIIUX JIMTAHAOB JUIS  TOJYYCHUS
KOOPJIMHAIIMOHHBIX COCIMHEHUA C Pa3IMYHBIMHU KJacCaMH IIEHTPaJIbHBIX aTOMOB Ha
OCHOBE pEaKIUi TIOJYYCHHHS CYIb(POHUEBBIX MPOU3BOJHBIX K1030-ACKa0OPATHOTO
aHUOHA C PpA3JIMYHBIMU (PYHKIIMOHAIIBHBIMU TPYIIAaMH, TaKUMH KakK aJTHIbHAS,
aMuHas, THIPOKCUIIbHAS, KapOOKCHIIbHAS, KapOOHWIbHAS | JIP.

Co3aHbl KOMITOHEHTHI KaTHOHOOOMEHHBIX MEMOpPAaH Ha WOHBI JINTHS U YPAaHUIIA,
HAa OCHOBE CYIh()OHUEBBIX MPOU3BOIAHBIX KJI030-1€KA0OPATHOTO AaHMOHA COCTaBa
Cs[B1gHsSR;] ¢ nimuHHBIME HETTONSIpHBIME Opranndeckumu paaukanamu (R= -CioHys, -
C1Ha3, -CigHa7).

Ha 3amuTty BbIHOCATCS CJIeYI0IIHe MOT0KEHUs:

- METO/BI TIOJYYCHHS TTPOU3BOAHBIX K1030-71eKa0OPaTHOrO aHWOHA ¢ MOYCBUHAMH

N THOaAMHIOaMH,



-pa3paboTKa HOBBIX MOJIXOJOB K MOJYUYEHHUIO CYyNb()haHUI-K1030-1eKab0OPaTHOTO
aHHOHA,;

-pa3paboTka METOIOB TOJY4YEHHUS CYJIb(POHUEBHIX MPOW3BOJHBIX U THOIPHUPOB
KJ11030-11eKa00OpPaTHOTO aHUOHA,

-U3y4eHUe CTaOMIBHOCTH CYIb()OHUEBBIX MPOU3BOJHBIX M THOA(UPOB KI1030-
JIeKabopaTHOTO aHUOHA;

-pa3paboTKa METOJIOB MOJYyUYCHHUS] KOMITOHEHTOB I KATHOHOOOMEHHBIX MEMOpaH

Ha MOHBI JIMTHUA U YpaHHJIIA.



I'nasa 1. JIutepatypHbliii 0630p

B nanHOW TmaBe OymyT pacCMOTPEHBI CYIIECTBYIONIME TOIXOMbI TOTYYCHUS
MPOU3BOIHBIX BBHICHIMX OOpPOBOJOPONOB €O CBiA3bl0 B-S, a Tak ’xe moaxonsl K HX

MOCJIeyOIIeH MoTuduKaIuy.
1.1 Ctpoenne K1030-00pOBOAOPOIHBIX AHHOHOB

K mnonusapuueckum OOpPOBOJOPOJHBIM aHUOHAM OTHOCATCS JABYX3apsIHbIE
annonbl [ByH,]°, roe n msmensercst or 6 go 12. Bce oHu MPEJCTABIAIOT COO0O0M
3aMKHYTbIC («K71030») TPAaBUIbHBIE MHOTOTPAHHUKU (MOJMAJIPHI) C TPEYroJbHBIMU
TPaHsIMHU U KOJIMYECTBOM BEPIIMH, PaBHBIM YHCIy aTOMOB Oopa B MouiekyJse. [Ipu atom
KKIBIA OCTOBHBIM aTOM Oopa CBsI3aH JABYXIEHTPOBOHW JIBYXAJICKTPOHHOW (2C2€)
KOBAJICHTHOM CBSA3BIO C OJHUM 39K30-TIOJIMAJIPUYECKUM aTOMOM BOJIOPOJIa, a TaKkKe C
YEThIPbMSI WJIM TMATHIO COCEIHMMH aToMaMu Oopa (B 3TOM cCiydae peaau3yercs
MHOTOIIEHTPOBAasi MHOTOXJIEKTPOHHAsI JICJIOKAIM30BaHHAs CBs3b). MjeanusupoBaHHbIE
r€OMETPHUH KJIACTEPOB C YUCIOM aTOMOB O6opa oT 6 1o 12 mpencraBiieHbl Ha puc. 1.

C TunoMm CBS3M B K1030-00paTHBIX aHMOHAX, a WMEHHO TPEXMEPHOU
apOMaTHYHOCTBIO aHHOHOB [ByH,]*> (N = 6 — 12), cBsi3aHbI Takie QU3UKO-XMMHUYCCKHE
CBOMCTBA KJIACTEPOB, KaK KWHETUYECKas CTAOMIBHOCTh, TEPMHUYECKAs YCTOHYMBOCTH
COCJIMHEHUI, MHOTO0Opa3ue peakiuil 3aMeIleHrs C COXpaHEHHEeM OOpPHOT0 OCTOBA,

TIOBBIIIICHHAs] YCTOMYMBOCTh K OKUCIICHHIO 1 Ap. [3, 12-15].
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[B1oH10]* [By1Hi11* [B1,H 5]

O - rpynnsl B-H
Puc. 1. Hoeanuzuposannas ceomempus noausoOpuyeckux 0O0poeo0OpoOOHbIX

anuonos [BsH]? (n = 6 — 12).
1.2 IIpoueccol 3aMellIeHUS B K1030-1€KA00PATHOM AHHOHE

TIpOCTPaHCTBEHHO-apOMATHICCKHH XapaKTep KIACTEPHBIX aHHOHOB Gopa [ByHn]*
(n = 10, 12) ompenenseT OCHOBHBIC acIIeKThl CBOMCTBEHHBIX UM peakiiuii. B ocHOBHOM
3TO MPOIIECCHI 3aMEIIEHUS 9K30-TIOJIMIAPUIECKIX aTOMOB BOAOPOJA, MPOTEKAIOIINE C
coxpaHeHueM OopHoro ocroBa. CreneHb 3aMeUIeHMs] W HampaBleHHE Ipolecca
3aMELICHUs] 3aBUCUT OT YCIOBUM peakiuu (TUIa peareHTa, BpPEMEHHU Ipoliecca,
temnepaTrypel). B aHuone [BioHio]® uMmerorcs mgBa THmA AaTOMOB obopa: ¢
KOOPJIMHAIIMOHHBIMU YHUCIaMH 5 u 6 (puc. 2), TO3TOMY BO3MOXKHOCTH OOpa30BaHUS
MO3UIIMOHHBIX HW30MEPOB BO3HHMKACT YK€ TMPU BBEJIECHUM B KIACTEp IEPBOTO

3amectutest [16].
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2-
Puc. 2. Cmpoenue knozo-oexabopamnozo anuona [BioHio]”.
2-
B cBoro ouepenp B anmone [BioHip]™ (pue. 3) Bce nBeHaamath aToMoB Oopa
OKBUBAJICHTHBI, M OOpa30BaHME WU30MEPOB BO3MOXKHO IIPU BBEJCHUE BTOPOTO

3aMCCTHUTCIIA.

Puc. 3. Cmpoenue knozo-0ooexabopamnozo anuona [BigHig] z,

[Topsimok BBeIEHUS 3aMECTUTEICH B aHMOHAX [BloHlo]z‘ u [B12H12]2' HE SIBJISIETCS
CIIy4ailHbIM, a OTPa)KaeT MPOCTPAHCTBEHHO-aPOMATHUECKYIO MPUPOIY ITUX CTPYKTYD,
HOCUT SIPKO BBIPA)KEHHBIM PETMOCENEKTUBHBIN XapakTep. EcTecTBEHHO, 4TO KUY K
PELIEHUIO 3THUX BOIIPOCOB KPOETCS B MEXaHU3MaX PEaKUUid W 3aBUCUT OT BIMUSHUSA
3aMECTHUTENIA Ha pacipe/ieJIeHue BHYTPUKIACTEPHOMN 3JIEKTPOHHOM IITIOTHOCTH.

Tak, saexTpoduIbHBIE M paJWKaIbHbIE MNPOLECCHl 3aMEUICHHUsS MPOTEKAIOT C
HU3KOM CENEeKTUBHOCTHIO: 00pa3yloTcs, KaK MPaBUIIO, CMECH MPOIYKTOB C pa3HOMU
CTETNIEHBIO 3aMEIICHUS, a MEPBbIA 3aMECTUTEIIb Yallle BCEro PacloJIOKeH Y allMKaJIbHOTO
atoMa Oopa. Peakuuu Hykineo(uIbHOrO 3aMeIEHUs], MPOTEKAIINE MPU CONEHCTBUU
HYKJICOQWIbHBIX HHIYKTOPOB, 0o0Jee CeIeKTUBHbI M 00JIalal0T BBIPAXKEHHOU

CTYIICHYATOCTBIO.
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C ¢dopmanpHOM TOYKH 3pEeHMs], MPOLECCHl HYKICOPHIBHOTO 3aMEIICHHS B
KJIACTepHBIX aHUOHAaxX Oopa TMPOTEKAIT C OTHICIJICHWeM TUApPUI-MOHA W,
COOTBETCTBEHHO, MOTYT OBITh KJIAaCCU(HUITUPOBAHBI 110 THUIIAM PEareHTOB, CBS3BIBAIOIINX
H.

Cnegyer BBIJACIUTh HECKOJIBKO THUIIOB HYKJICOPWIBHBIX MPOLECCOB IK30-
MOJIUDIPUIECKOTO 3aMEIICHUSI.

K mepBoMy Tumy OTHOCAT HYKJICO(DHIBHOE 3aMEUICHHE 9K30-TIOMUIIPUIECCKIX
aTOMOB BOJOPOJA B MpUcyTcTBUU H'-KMCI0T, KOTOpoe CONpOBOXKAAETCS BBLIEICHHEM
BojiopoAa. Peakmum 3TOro THMa, B KOTOPBIX B KA4e€CTBE HCXOJHOTO COEAMHEHUS
durypupyer aunon BigHyo®, Kak H3BECTHO, MPOTEKAIOT Yepe3 0Opa3oBaHiIe AKTHBHOTO
UHTEepMeIuaTa — yHaeKkaruapoaekadoparHoro anuoHa BiogHii™ (puc. 4) [17]. danHbrit
aHMOH OB BBIJICJICH M HWCIIOJIB30BAaH IS MOJMYyYEHHUS MPOAYKTOB HYKICO(UIHLHOTO

3aMCIICHM:.

Puc. 4. Cmpoenue anuona [BigHy] Y 1o oanneim PCA.

Bropoit Tun — peakuuu HYKJICODHIBHOTO 3aMEIIEHUs, MPOTEKAIOIINE B
npucyTcTBuM KUcioT Jlbtonca, Hanpumep, BF;, mpuBoasiiee k oOpa3oBaHHi0 aHHOHA
BHF;. [laHHblii THUI peakuuii Tak K€, KaKk W OPEeAbIIyUIUd MNPeArnooKUTEIbHO
mpoTexkaeT uepe3 oOpasoBaHme mHTepMenuata [BigHioMXs]® ¢ COOTBETCTBYIOLIEH

kucinotoi JIetouca (puc. 5) [18]:
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Puc. 5 Anuon [BioH10E]" (E=BFs, AICI; u op.).

TpeTbil THN peakiuii — 3TO B3aUMOJIEHCTBUE K1030-00paTHBIX auHOHOB ¢ C-H u N-
H xucnoramu (BblAeneHUE BOJIOPOJIa B OTCYTCTBUM MPOTOHHBIX KHUCJIOT), a TaKXKe C
JPYTUMH TTOXO0XXUMH HYKJICOPUIaMHU.

Jpyroit BuJ aKIENTOPOB THAPUI-MOHA - KapOOKATHOHBI, TaKuWe Kak
TpU(DEHUIMETUIILHBINA KaTHOH, aITaMaHTUII-KaTHUOH U JIp.

[Ipotiecc HyKICOPUIBHOTO 3aMEIICHUS TIPU YYaCTUH HEUTPATbHBIX HYKICO(DUIOB
4acTO NPHUBOAUT K OOpPA30BAHMUIO 3apsA-KOMICHCHPOBAHHBIX CHCTEM, MpPH 3TOM

oOpazyroniuics 3aMeIeHHbIA MPOAYKT UMEET CTPOEHUE OUTIOISIPHOTO MOHA!
2_ —_ -

[TonoxuTenbHO  3apsDKCHHBIA ~ (parMEHT  aHMOHA  MPEACTaBIsIET  coOOoM
HYKJICOPMIbHYIO TPYNIUPOBKY, MPUCOCIMHCHHYIO K KIAcTepy IyTeM o0Opa3oBaHMS
cBs3u B-NU ©, COOTBETCTBEHHO, COJEpPKAIYyI0 OHHEBBIM aTOM KHCIOpoaa JIMOO

THOHHUEBBIN aTOM Cephl, THOO aMMOHHEBBIN aTOM a30Ta.
1.3 MeToabl noJjiyuenusi 60poBoI0POA0B €O CBsi3bI0 B-S

Cepocogeprkaiiie MpOU3BOAHBIC K1030-A0JIeKa0OPAaTHOTO aHMOHA W OCOOEHHO
K1030-1€Kad0paTHOTO TOpa30 MeEHee pa3HOOOpas3Hbl, YeM WX KHCIOPOJ- W a30T-

3aMeIeHHbIE aHalord. bombimas dYacth pabOT B JaHHOM 0O0JAcTH IIOCBEIICHA

13



MOJIyYEHHUIO CEPOCOJEPKAlINX MPOU3BOAHBIX KapOOpaHOB, KOTOpbIE Takxke OyayT

PacCMOTPEHBI B TAHHOM TJIABE.
1.3.1 B3aumopeiicTBue ¢ cepoii, H,S u THo3pupamu

BriepBrie THOTIPOM3BOIHOE K1030-A0/IeKa0OPATHOTO aHMOHA OBUIO TOJIYYCHO NP
B3anmoeiicteun (H30);[B12H12] nH,0 ¢ ruppocyasdumsom Hatpus B 1960 rogax (puc
6) [19]. Kak mno3ke OBUIO IOKa3aHO, B peakUUHd o0OpasyeTcss CMeCh MOHO- H
JTUMEPKANTONPOU3BOIHBIX, a TaKXke THAPOKCUNPOU3BOAHEIE. [Ipwm 3TOM BBIXOX

2-
MOHOMepKanTonpousBoguoro [BipHy;1SH]™ mocine BbimeacHMsT ©W  OYMCTKHA — HE

npeBsImaet 25%.

2-
Puc. 6. Cmpoenue anuonos [2-B1gH1oSH]* no oannvim PCA.
B nuteparype omnucaH crnoco0 TOJY4YEHHS AUCYIb()OHUEBBIX TMPOU3BOIHBIX
kapbopanoB C,BioH;», ocHOBaHHBINI Ha B3aMMONEWUCTBUHM KapOOpPAaHOB C CEPOU MpHU

crutasiennu ¢ AlCI; [20]:

C2B10H12 + S + A1C13 JHL> CZBlOHlO(SH)Z

60°C/8h
Kak coobmatot aBTOpbI paboThl, B3aMMOJICHCTBHE 0-KapOOpaHa C CEPOi B JAHHBIX
YCJIOBUSIX MPUBOJUT TJIAaBHBIM 00pa3oM K oOpazoBaHuI0 9,12-3aMEIIEHHHOTO JUTHOJA
9,12(HS),-1,2-C,BjgH19, a B peakmmu ¢ .m-kapOopaHoMm oOpasyeTcsi B OCHOBHOM

9,10(HS),-1,2-C,ByH1¢ aucynbbhaHuIbHOE MPOM3BOIHOEC M HEOONBIIOE KOJUYECTBO
5,9(HS),-1,2-C,BgH1 nzomepa.

14



B3aumoseiicTBie K71030-00paTHBIX aHUOHOB C THOA(UPAMH TaK XK€, KaK U C HX
KHCJIOPOJICOICP)KANTUMHI  aHAJIOTAMH, IPOTEKAeT B MPHUCYTCTBUU SJICKTPODHUIHLHOTO
uaaykropa (H,SO,; CFCOOH, AIClI; u nap.) u mnpuBoauT K 00Opa3oBaHHUIO
COOTBETCTBYIOIINX CYIb(OHUEBBIX MPOU3BOAHBIX [18, 21].

MepkanTobopaTsl ObLTH TaKKe IOy YCHBI B3aMMO/ICHCTBHEM
tpumetumetwiaucyinbdpuma ¢ (Hz0),[BioHip]. HMuTepecho, ogHako, 4To B AaHHOM
peakiuu  00pa3oBBIBAJIaCh CMECh MOHO- MW JU3aMEIICHHBIX METHJICYIb(UTHBIX
IPOAYKTOB: [BlenSCHg]Z' u [Blelo(SCHg)g]Z', KOTOpbIe OOBIYHO IOJIYYaroT
JICATKUITHPOBAHUEM CYJIb(HaOHUEBBIX IPOM3BOIHBIX [19].

OOpazoBanue TUMETHIICYIbOUIHBIX MPou3BOAHBIX [1,7 1 1,12- B1oH1o(S(CHa3))).]
ObUIO OOHAPY)KEHO IPH B3aUMOJCHCTBHH aHHOHA [Blelz]z_ ¢ [PdCIy(SMe,),] B
CTEXECOMETPUIECCXOM COOTHOIIECHUH [22].

Peaxuuu ByoHy™ ¢ THO>bUpaMu B mpUCYTCTBUM KHCIOT JIBIOMCA MMEIOT SPKO
BBIPKCHHBI CEJICKTUBHBIA XapakTep W MPOTEKAIT C 3aMEMIEHUEM II0 BTOPOMY
noJjioskeHuto (puc 7). I[Ipu MOBBINIEHUH KOHIIEHTPAMK KUCIOTHI JIbforca oOpasyercs

JIU3aMelieHHoe pou3BoaHoe [18].

—>
AICI3

Puc. 7. Bzaumooeiicmeue anuona BloHloz' c mempazuopomuopeHom 8
npucymceuu 08yx sxeusaienmos AlCls.

Peakinu HyKJI€0(DHUILHOTO 3aMEIICHUs B KJIACTEPHOM OCTOBE TaK)Ke XapaKTEePHBI
u g kapOoopanoB. Tak, B3ammopeiictBue  [1-Ph-closo-1-CByHy ] ¢
TUMETHICYIb(OUIOM B TMPUCYTCTBUHM CEPHOW KHCJIOTHI TPHBOIUT K OOpa30BaHHIO
HelTpaabHoro npoaykra [1-Ph-closo-1-CB1Hp-12-(SMe,)] ¢ 47% BbIx0/10M 1 aHHOHA
[1-Ph-closo-1-CBy1Hy-7-SMe] [23]:
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AN
m SMe; / HyS0,
2\

1.3.2 Peakuuu 60poB0I0POI0B ¢ THOKAPOOHMIbHBIMH CO€IMHEHUSIMH

Peakuuy KiacTepHbIX aHHOHOB Oopa € THOKapOOHWJIBHBIMU COEAMHEHUSIMHU,
NOJIOOHO peakuusM C HX KHUCIOPOACOAEPX AIIMMU aHAJIOTaM{, IHPOTEKAIOT B
IPUCYTCTBUH JIEKTPOPUIBHBIX HHAYKTOPOB U MPUBOJAT K MPUCOECTUHEHUIO MOJIEKYJIbI

K KJIACTEPHOMY OCTOBY € 0Opa3zoBaHueM cBs3u B-S [24-25]:

Peakiuu kapbopaHOB ¢ THOMOYEBMHAMHM U THO(dapMaMuIaMu HE HOCAT

PETHOCETICKTUBHOIO XapaKTepa U MPUBOIAT K 00pa30BaHUIO CMeCH H30MepoB [26]:
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o 2-
Kak u B cimydae ¢ tuondupamu, B3ammojericteue annoHa BigHiyp™ ¢ manHBIM
KJIACCOM COEJMHEHUN HOCUT PETUOCEIEKTUBHBIN XapakTep U NPUBOIUT K 3aMEIICHUIO

aTOMOB BOAOpOAa B OKBATOPHAJIIBHOM IIOJIOKCHHH C O6p&30BaHI/IeM THUOITPOUB30HBIX

[27]:
-

= /lﬁ/i\

S=C(NMey);
.
H"

A

O (J/ |

4 !
)

X

B swuTepaType cOOOIIAIOCh TaKKe, YTO aAlCTUICYIb(PAHUIOBOE IMPOU3BOTHOE

[B1,H1:SC(O)Me]* 6bu10 momydeHo HarpeBanmeMm ammoHa [BiHi]” B THOYKCYCHOl

kuciore [28].

1.3.3 Iosyyenue TMMeTHICYIb(POHUEBBIX MPOU3BOIHBIX IIyTEM

B3aMMOJACHCTBHUSA C JUMETUIICYIb(POKCUHIOM

bonpmioe  KOAMYECTBO  MCCIENOBAaHWW,  CBA3AHHBIX  C  IOJYyYEHUEM
CEpOCOAEPKAIIMX IPOU3BOAHBIX CBA3aHO C METOJOM CHHTE3a, OCHOBAaHHBIM Ha
B3aUMOJIEUCTBUM OOPOBOJOPOIHBIX AHUOHOB C TUMETUIICYIb()OKCUAOM B MPUCYTCTBUU
MPOTOHHOM KUCIIOTHI WIM aHTUJIPUIA YKCYCHOM KHCIIOThI. BriepBbie JaHHBII METOT ObLT
omucan Knoth, Hertler u Muetterties u B gajdpHEHIIEM TOJYYHII [IAPOKOE
pacnpoctpaneHue [29-34].

Tak, mpu o00paboOTKe H0JeKa0OpPaTHOTO aHUOHA JAUMETWICYIH(OKCUIIOM B
IPUCYTCTBUM YKCYCHOTO aHTHJpHAA CHadajia oOpa3yeTcs OTPULIATENIbHO 3apsiKEeHHOE

JTUMETUIICYITH()OHNEBOE TIPOU3BOIHOE, a 3aT€M HEHUTPAJIbHBINA AU3aMEUIEHHBIA MTPOIYKT

[29]:

) Me,SO Me,SO
[BioH1o]" ———— [B1oH11SMe)]————  [ByoH10(SMey),]
Ac,0 Ac,0

17



CooOmaercs, 9To MPU MPABUILHO MOJOOPAaHHBIX TEMIIEpaType W KOHIICHTPAIUIX
pEareHTOB BBIXOJ| KEIAEMOro MPOoJayKTa MOXKeT ObITh 10 90%. Iloxoxum crocodom
GBLIO MOJTYYCHO AUMPOIIICYIb(GOHIEBOE Tpon3BoaHoe [B1,H11SPr,] [29].

Peakmus Cs,BioH19 ¢ mumernncynbpokcuaoM B YKCYCHOH KHCIIOTE MPUBOIUT K
obpazoBanuio cmecu 1,10-, 1,6-, u 2,7(8)-(Me,S),B1gHg n3omepoB, KoTophie yaanoch
pasznenuTh XpoMaTorpaduueck Ha KOJIOHKE C XUPaJIbHBIM COPOECHTOM. ABTOpaM TakXe
YAQJIOCh BBIJACAUTh W3 PEAKIMOHHOM CMECHM MOHO3aMENIEHHbIH mnpoAykT [1-
(MeyS)BigHg]. Tlpu  moBbllICHMHM TeMIIEPATypbl peakIMH YAAaeTCs IOJYyYHUTh

Tpex3aMmenmeHHbId mpoAykT - 1,10 - (Me,S),-2-(MeS)B1oH; [35]:

—|_

SMe, SMe,

AHaNOTUYHBIM 00pa30M JIaHHBI THUMN pEaKIUil MpOTEeKaeT U C JIPYyTUMU

. 2- 2-
IPEICTaBUTEIIIMA OOpPOBOI0pOI0B. B3anmopeiictBue annoHoB [BgHg]™ m[B1iHi1]™ ¢
JAMCO B KHUCIIOTHOM cpejie TPUBOJIUT K 00pa30BaHUIO CMECE MOHO- U TU3aMEIEHHBIX

npou3BoHbIX (puc 8) [36-37].

Puc. 8. Cmpoenue [1,5-BgH7(S(CHa)»),] u /B11H10S(CHs),] no oannwim PCA.
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Peakmms annona [Cl0s0-1-PhCB;1Hi,] ¢ IMCO B Tex ke yCIOBHUSX MPUBOIUT K

00pa30BaHMIO HEUTpabHOTO Tpon3BoHOrO [Cl0s0-1-PhCB;1H;1-12-(SMe,)] u annona

[CI050-1-(C6H5)CBllH11-7-SCH3]_(pI/IC 9) [21]

[ / "\ J’
T IZI'1".\||’ L PE(13)
w7 A ]
¢ “l l.'_” lf‘l'1".|] | f|1..-’||
NN "o
o1}
) ' , E|E| [
u!:‘\ Ci1)

Puc. 9.  Cmpoenue  [closo-1-(CgHs)CB1H11-12-S(CH3),] u anuona
[closo-1-(CeHs)CB11H11-7-SCH3] 1o oanuwim PCA.

1.3.4 B3aumojeiicTBue C cy/jib(peHUIXJI0pHIaMu

BsaumoneiicTBie  Cyab(GEHUIXIOPHUIOB ¢  OOpPOBOIOPOJAMH  MPHUBOIUT K
00pa30BaHUIO 3aMEIICHHBIX MTPOJTYKTOB CO CBsI3bI0 OOp-cepa. B peakiusix ¢ peareHTamu
JAHHOTO THMAa He TpeOyeTcs BBEACHUEC AONOIHHMTEIBHBIX  DICKTPOMHIBHBIX
UHIYKTOPOB, TaK KaK €ro pojib BBINOJHIET aTOM XJjopa. [IpuMepoM Takux peakiiuii
MOXKET  CIYKATh  B3aMMOJACHCTBHE  ameTwicyibdeHunxmopumga u  2,4-
IMHUTPOOCH3MICY Mb(GEHIIXIOpHAa ¢ aHHoHOM [BioHi]® (puc. 10) [38], a Tamxke
B3aUMO/ICHCTBHE 2,4- TUHATPOOCH3WICYIb(PCHUIXIOPH 1A C POU3BOIHBIM

[B12H10(SMe);] [39].
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cIscH, (o) ' 2=
2 EEHHSCEHJ{:NDE)E

CISCOCH, e-
ByH . fSC0C HJ}N

N= |2

o 2-
Puc. 10. Bszaumooeticmeue anuona [BioHip]|” ¢ auemuncynvgpenunxnopuoom u

2,4-0urHumpooeH3unCcyibeHUIXI0pUOoOM.
1.3.5 Peaknnu paankajabHOT0 3aMelleHHsI

Kak u B peaknusx ¢ rajoreHamu, B3aUMOJICHCTBUE KJIACTEPHBIX aHMOHOB Oopa C
IICEBJOTAIOTCHAMH IIPHBOJUT K OOpPa30BaHHIO CMECH IPOAYKTOB W3-3a HHU3KOH
CCJICKTMBHOCTH JTaHHOTO Tuma peaknuid. CieayeT OTMETHUTh, OJHAKO, YTO B CIIydae
anmona [BigHy0]” HaGmromaeTcs SAPKO BBIPAKEHHOE MPEUMYIIIECTBEHHOE 3aMEIICHUE T10
alMKaJIbHBIM BEpIIMHAM, W 00pa3oBaHUE HEOOJBIIOr0 KOJIMYSCTBA IPOIAYKTOB
3aMeIICHHS 110 YKBATOPUAIBHOMY IOSICY.

Peakumst [BigHio]® u (SCN), B auxiiopMeTaHe MPHBOANT K CMECH H30MEPOB
THonHaHaToruapo6opatos: 1-(SCN)BigHe™, 2-(SCN)ByoHs™ 1 1,10-(SCN),B1gHe> (pric
11) [40], xoTopble aBTOpaM yAalOCh PA3ACIUTh XpOMATOTpapHUUECKHd Ha KOJIOHKE C

copoentom DEAE-nem01030i1 1 BBIIETUTh KaK WHAWBUAYaJbHbIC COCAMHEHUS (pHUC

12).
BigH ;o> +n(SCN), —= (SCN),BjoH;o,°" + HSCN

Bj,H ;> + (SCN), —= (SCN),B;,H;;> + HSCN
Puc. 11. Bzaumooeiicmesue anuonos [BioHis] “uc [B1oH10] z OUpoOamoM.
AJbTEepHATUBHBIN METOJ BBEJICHHS W30THOIIMOHATHOI'O 3aMECTUTENIS 3aKIII0UaeTCs
B peakuuu aHmoHa [BppHpp]Y ¢ M30THOLMOHATHEIM HOHOM B YCIOBHSIX
JICKTPOXUMHUYCCKOTO  OKHCIeHHs. [Ipm  3THX  yCIOBHSX Takke 00pa3yroTcs
npomssogubie [1,7- u 1,12-By,H10(SCN),]*". THONMOHAHBIE IPYIIIEI OYCHb TAOHIBHEL U

JIETKO THIPOJIM3YIOTCS B IIEJIOYHBIX PACTBOpAX MpU HarpeBaHuu win YD oOayueHuu

[41].
20



. 2- 2-
Biaumoneiicteue anmonoB [BsHe]™ u [BioHi2]” ¢ mupomanom B ameronumtpuiie

2-
OPUBOAUT K 0Opa3oBaHWIO MOHO3aMeIIeHHbIX Mpou3BOAHBIX (SCN)BgHs u

(SCN)B1,H1;* [40, 42].

Puc. 12. Cmpoenue anuonos [2-B1oHeSCN]*, [1,7-B1oH10(SCN),]* u /BHsSCN]*
no oannvim PCA.

Tak e B YCIOBHUSX 3JEKTPOXUMHYECKOTO OKHUCJIEHHS ObLIO TOJYy4YE€HO
IMPONU3BOAHOC THOMOYCBHHEI, KOTOPOC B I[EUIBHGﬁHIGM MOKET 6I>ITI> IuapOJIN30BaAHO 0

CyIb(haHUIBHOTO TIPou3BoAHOTO [43]:

,. SC(NHp), _
[Bi2H12] 2—> [B12H11SC(NH>),]
-2 e

1.3.6 3amenienne 1Ma30rpynnbl B KJIACTEPHBIX aHUOHAX Oopa
Vao6ueIM  MerogoM mnonyueHus [1-RBioHg]" monosamemenneix u  [1,10-
R,BigHg]" nm3aMemeHHBIX NPOM3BOAHBIX K71030-1€KA0OPATHOIO AHWOHA SIBIISETCS
samenienne aua3o-rpymmel annoHoB [1-N=NByoHe]“u [1,10-(N=N),BioHs]*[27, 44,
45].

H,S
[1,10-B1oClg(N5),]*” —— [1,10-B;(Clg(SH),]*
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[Imrocom JaHHOI'O ME€TOAa ABJIACTCA TO, YTO C MCIIOJIB30BAHUEM JAHHOI'O ME€TOAa MOZKHO
MoJIydaTb IHPOU3BOJHLIC PA3JIMYHOIO COCTaBa, IHPOU3BOJAA 3aMCHICHHC B HCCKOJIBKO

craauii [46]:

2- 2~ NMe,CHS 2-
CeHoBraNo* _+ _| 110°C ' + _|
H H ——— N=N H—m— NMe,CHS —H —
CH3;COONa
CsHysCH(CoH.Br), . = \_ - 1 ;:JOQ 2
—O e S G T e 5D —he=n
NMe,OH+5H,0, \__/ Y \ / >

MeCN

4-RO-C5HgN (10)
120 °C

2~

 S— =z e
CeHyy—< s K| D—N /\>—OR
\

— \Z\/\@ \\_//
JIaHHBI METOJ MO3BOJISET MOMYYaTh TaK K€ CepoCoIeprKallre MPOU3BOAHbIC IS
KapOOpaHOB, B TOM YHMCIIE COAepKAuX (HyHKIIMOHAIBHBIC TPYIIIBI [47]:

S
HJ.LI’;J
M

+ _| 2 © - —I o
N=N — Me,NCHS
OH OH

1.3.7 ITupon3 HU3MUX OOPOBOIOPOIOB

_Me

[Tuponn3oM KOMIUIEKCOB THANKHICYIb(OHUIOB ¢ OOpaHOM W HX peakuuend c
JIeKabOpaHOM MOJKHO TOJYYHTh JHAIKUICYJIb(OOHHEBBIC MPOU3BOAHbBIE (pUc 25) [48-
51]:

Me,S*BH; —  [BoH1SMes]” + 1,2-,1,7-u 1,12-[B1oH 9(SMey),]

Me,S*BH3+B1gH1s — [B12H11SMey]” +  [BioH10(SMep),]
BO BCEX OIIHMCAHHBIX CJIy‘-IaﬂX T'JIaBHBIM HpOHYKTOM PCaKinmn ABJISACTCA 1,7-H30Mep.

Bnepgeie 1,2-uzomep, oOpasyromieiicss B HEOOJbIINX KOJIMYECTBAX, YAAJIOCh BBIICIUTH

aBTopam [51].
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1.4 MeTtoabl MoANGUKALMHT CEPOCOEPKALIUX POU3BOAHBIX K11030-00paTOB

Metonpl  MoaudUKAIMKA  CEPOCOAEPKAIMMX MPOU3BOAHBIX  OOPOBOIOPOJIOB,
ONMKMCAaHHBbIE B JIMTEpaType, JAOBOJBHO pa3HooOpa3Hbl. B 3TOoM pazgene OynyT

PacCMOTPEHBI OCHOBHBIE U3 HUX.
1.4.1 MeTtoapl noiyuyeHus cyabGpaHnjado0paTon

B nHactosiiiee Bpemsi B JIUTepaType MPECTaBICHO JIMIIb HEOOIBIIOE KOJIUYECTBO
METOJIOB, TO3BOJIIOIINX IMOTy4YaTh THOJOBBIC MPOU3BOJIHBIE OOPOBOIOPOJOB B OJHY
CTa/INI0, MpUYEM OOJBIIMHCTBO M3 HUX OTIMYAIOTCS HEOOIBIIMMH BBIXOJIAMHU HU3-3a
oOpa30oBaHMsS M30MEPOB WM JAPYTHX KJIACCOB MPOU3BOMHBIX, HANPHUMEP, THAPOKCO-
MIPOU3BOIHBIX, WM MIPUTOIHBI JIUIIb IS OTACIBHBIX MPEACTABUTEICH OOPOBOIOPOIOB.
B Toxke Bpems cynb(doHHEBBIE NPOU3BOJHBIE MPEACTABISIOT HEMOCPEICTBEHHBIN
WHTEpeC s OOp-HEHTPOHO3aXBAaTHOM Tepamud W, KPOME TOTrO, BBICTYMAIOT Kak
ynobHass 1uiatgopMa IS JajgbHEHIier MoauduKaluu M NPUCOSAMHEHUS K
KJIACTEPHOMY OCTOBY (DYHKIIMOHANBHON rpymnmbl. Tak, OHM CIOCOOHBI BCTyHaTh B
peakIny aTKWINPOBAHUS, HATIPUMED, TAIOTCHAIKAHAMY U allMJIMPOBAHUS aHTHUAPUIAMU
KapOOHOBBIX KUCJIOT.

Haunbonee ynoOHbIN METOJI CUHTE3a CYJIb(POHUEBBIX MPOU3BOAHBIX 3aKIIOYACTCS B
HICJIOYHOM THUIPOIN3E THOKAPOOHUIIBHBIX MPOU3BOIHBIX OOPOBOJAOPOIOB, HAIIPUMED —
THOMOYEBUHBI [43]:

OH-
[B1oH1aSC(NHy)] —— [ByoHuSHI”

Ho mnpousBomnsie N,N'-He3amelnieHHONW THOMOUYEBHHBI WM aHAJOTHMYHBIX U
COCIMHEHUW, COJEpXKaIllUX JiBa W 0oyiee JOCTYIHBIX HYKJICOPWIbHBIX LIEHTPA,
JIOCTAaTOYHO TPYJIHO MOJYYUTh W BBIICIUTH B YHCTOM BHJIC C XOPOIIMMHU BBIXOJAMH,
MO3TOMY Topa3fo yAoOHee WCIOJb30BaTh THOKAPOOHWIBHBIE  TPOW3BOJIHEIE,

COZICpIKaIIFe OJIHY JOCTYIHYIO HyKIeowIbHY0 rpynmy [25]:
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N-mMeTundenso- \N
TpHa30JI-2-THOH 4

H* S
2

N-Mmetui-
MUPOTUINH-2-THOH

N

Omnucannbiii Komypa [27] meTon mnonydeHHs CyiIb(GOHUIBHBIX IPOU3BOIHBIX

K1030-1€Ka00paTHOTO aHWUOHA [1-BloH98H]2' u [Z-BlongsH]Z' , OCHOBaHHBIM Ha
MOJTYYEHUH MPOU3BOAHBIX TETPAMETHJITHOMOUYEBUHBI M THOAMMETHI(OpPMaMUIa U UX
MIOCJICTYIOITIEM ITIEIIOYHOM THPOJIU3E, 1aeT HEBBICOKHE BBIXO/BI IIEJIEBBIX MPOTYKTOB —
7% u 22%, COOTBETCTBEHHO, IO OTHOIICHUIO K UCXOJHOM conn [B1gH 10]2':

H Me

~N &7
C=N
. b S/ \Mo
2- S_c,/;,NMez
7~ '&Q'N " 2~

Hpyroif pacrnpocTpaH€HHBIN METOJl TOJY4YeHHS CYyJIb()aHWI-K1030-00paTHBIX U
METHIICYJIb(UTHBIX IIPOU3BOIHBIX OCHOBaH Ha JEANKUIUPOBAHUH
JTUMETUIICYIb()OHUEBBIX TPOU3BOJIHBIX K71030-00pOBOAOPOIHBIX aHUOHOB. [IpuHUUMI
METO/Ia 3aKJIF0YAETCs] B JIEWCTBUM LIEJIOYHBIX METAJUIOB WM CUJIBHBIX OCHOBAaHUU B
BOCCTAHOBUTEIBHON WJIM IIEJIIOYHOM Cpelle Ha UCXOAHbIE coequHeHus. lIpu stom B
3aBUCUMOCTH OT TOJOOpaHHBIX YCJIOBUH M3 MoHO3amerneHHbIX (puc. 13, 15) [52] u

JN3aMCIICHHBIX Cy.TIB(I)OHI/IeBBIX COGI[I/IHGHI/Iﬁ MOHO TIOJIYHYHUTDb PA3JIAYHBIC IMPOJAYKThI

(puc. 14) [53].

24



kanusa Gramavuy/JIMOA [B1,H10SMe]*
nmu EtSNa/EtOH 0
Li /MeNH,, -15°C

wm Na /NHj, -40°C \

[B1oH10SMe,] [B1oH10SHI”

Li /MeNH,, -15°C

Puc. 13. Jleankunuposanue MoHO3aMeWEHHbBIX NPOU3BOOHLIX HA NpUMepe

[B12H1:S(CH3).]".

[1,2-,1,7-u 1,12-MeSB,H,(SMe,]” xanus ¢prammuy/JIMOA

kanus pramamun/JIMOA i EtSNa/EtOH

win EtSNa/EtOH
i BuLi/Et,O

Na mwm K /NHj3, -40°C

[172'7 177' u 1)12_B12H10(SM62)2 > [1’2_’ 1a7_ " 1712_B12H10(SM6)2]2_

]
Li /MeNH,, -15°C
[1,2-, 1,7-u 1,12-B,H,o(SH), >

Puc. 14. Memoowvl Oeanxunuposanus Ou3amMeujeHHbIX NPOUBOOHLIX HA Npumepe

[B12H11(S(CHs)2)].

Puc. 15. Cmpoenue anuornos [BisH1iSCHs]? u [1,7-B1oHio(S(CHs),)SCH3] no
oannwvim PCA.
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1.4.2 Peakumu ¢ aJKWJI- 1 ApUJIrajoreHniamMmu

3a cYeT CWIBHBIX HYKJICOQUIHHBIX CBOHCTB aroMa cepbl CYJIb()OHUHHBIC
NPOM3BOJIHBIC OOPOBOJOPOJIOB B JIOCTATOYHO MSTKHX YCJIOBUSIX IIOJBEPraroTCs
peaKkIusaM  aJKWJIUPOBAHWSA, YTO  IO3BOJISICT  MOJAM(DHIIMPOBATH  ITOJYYCHHBIC
IPOM3BOJIHBIC, BBOJIS Pa3JIMYHbIC ()YHKIIMOHAIBHBIC TPYIIIIHL.

AJNKWIIMPOBaHUE  CYJb(MONPOU3BOAHBIX  MEPBUYHBIMH  AJKHJITAJIOTCHHIAMH
IPUBOJUT, KaK MPaBUJIO, K CMECH COOTBETCTBYIOIIHUX CYJIb(PHUIHBIX U CYIb(OHHEBHIX
NPOM3BOJIHBIX TIPU COOTHOIICHWUM pEarcHTOB MeEHbIE JABYX. B ciydae wu30bITKA
AIKWJIMPYIOMIETO areHTa MPOUCXOJUT 00pa30BaHUE YCTOMYMBBIX CYJIb(OHHUEBBIX
POU3BOIAHBIX [54]:

RX
[BIZHIISH]Z- > [BlelosR]z- + [BlelosMez]-
NaOH/MeCN

CH,=CHCH,-, NCCH,-, NCCH,CH,-, NC(CH,),CH,-, CH,=CHOCH,CH,-,
(CH,),0,CH(CH,),CH,-, (C,H50),CH(CH,),CH,-, 4-NCC(H,CH,-

BTopruHbIE aNKUITAIOTEHUIBI, TAKHE KAK 2-HOANPOIIAH, IIPU ITUX K€ YCIOBUIX
00pa3yIoT MPOYKTHl MOHO-AIKINpOBaHus [54].
[uknnueckue cyab(pOHUEBbIE MPOU3BOIHBIE MOTYT OBITh MOMy4YeHbl U3 1,4- u 1,5-

rajgorcHuaoB:

] 2- ] 2-
Br(CH,),Br

NaOH, MeCN
AJIKHTEPOBAHHE AUMEpPKAnTo mpom3Bomubx [1,2-, 1,7-, u 1,12-BoHio(SH)*

JaeT He3apshKeHHbBIE OuccynbdonueBbie mpous3BoaHbIe (puc. 16) [53]:

PhCH,CI
[1,2-, 1,7- u 1,12-B,H,o(SH),] 2 [1,2-, 1,7- u 1,12-B,,H,o(S(CH,Ph)),]
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Puc. 16. Monexynspuas cmpyxkmypa 1,2-(Bn,S),B12H 0.
Metuncynbhuaabie MIPOU3BOTHBIC K1030-11eKad0paTHOTO U K1030-
J0JICKa0OpaTHOTO ~ aHWOHOB  MOTYT  OBITh  YCICIIHO  IPOAJIKWIMPOBAHBI 0

HECHMETPUYHBIX CYJIb(OHUEBBIX MPou3BoaHbIX (puc. 17) [30, 55]:

Puc. 17. CmpoeHue [BlzHlo-l-(S(CHg)C2H4OOCCH(CH3)2-7-S(CH3)2] u [812H10'
1-S(CH3)CH,C¢H4CH,CH5-7-S(CH,),)] no oannvim PCA.
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ABTOpBI paboThl [54] cOOOIIAIOT, YTO MMAHOATHIILHAS TPYIIIIA MOXKET OBITh JIETKO
CHSTa C CYJIb(OHHUEBOrO aTomMa Cepbl MpH 00pabOTKE AU3aMEIIEHHOTO MPOM3BOIHOTO
[B1oH1:S(CH,CH,CN),]" 1mienousto. JIaHHBIN THI peakiuii MOYKET ObITh HCIOJIb30BaH
KaKk yaOOHBIH CIIOCOO TIONyYEHHS MOHOAJIKHI- KW HECUMMETPUYHBIX JIHAIKHII-

MIPOM3BOJIHBIX aHUOHA [B12H118H]2':

BrCH,CH,CN ~ NH,OH
[B1,H11;S(CH,CH,CN),]

[B1,H;,SHT [B1,H13SCH,CH,CN]*

RX NH,OH ,  RX
[B12H1:1S(R)CH,CHLCN] [B12H11SR]

[812H118RRI]_

Croutr mOpu HTOM 3aMETUThb, UYTO aBTOPHl HEKOTOPHIX pPaboT coolmarT 00

YCIICIITHOM CHHTE3€ MOHO3aMEIICHHBIX MPOU3BOIHBIX B YMCTOM BHe [56-57]:

BrCH,COOEt
[BlZHllSH]Z- [B]_2H118CH2COOEt]2-
NaH/DMF
BrCH,CH,COOEt
[ByoHy SHI” -~ [By,H;;SCH,CH,COOE]?
KOH/DMSO
O,N

IS
BrCH,CH,-N
>¢N O,N 2
O,N \

2.
[B12H11SH] PSR B1,H11SCH,CH,-N

—N

NS

O,N

AHANOTUYHO AJIKWI- U apUIITHOJAM, CYyJb(paHUIbHBIE MPOU3BOJIHBIE CIOCOOHBI
BCTYIIaTb B pPEAKIUU 3aMELICHHUS C AaKTUBUPOBAHHBIMHU TaJIOTCHAPEHAMHU U -

reTePOLMKINYCCKUMU coequHeHusIMH [58]:

Cl [ 2 13-
[812H11]
~_ NO; Nay,[B,,H,,SH] S .
) ARG
S I
N Cl L 2—-
E,, S-[B12H1]
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s monyyeHus MPOU3BOAHBIX C TETEPOLMKINYECKUM (parMEHTOM B KadyecTBe

YXOJISAIICH MOXKET CIYKHUTh AJKHICYIb(QOHMIBbHAS Tpymma [59-60]:

B paGore [61] Tper-OyTHiIbHAS TpyIilia UCIOJB3YETCS B KA4€CTBE 3AIMTHOMN IS
CyJlb(paHUIbHONW TPYIIBI OpTO-KapOopaHa. 3amuTa HaKJIaJbIBaeTCs B PEAKIUU TpPET-
OyraHona ¢ cynbhaHUI-K1030-1€Ka00paTHHIM aHUOHOM B  JUXJOPMETaHE B
MPUCYTCTBUM TPUPTOPYKCYCHOM KUCIOTHI U CHUMAETCS alleTaTOM PTYTHU B YKCYCHOM
KHCJIOTE C TIOCJIeyIoIIe 00paboTKOM MEpKaNTOATaHOIOM. JJaHHBIN 101X0 TTO3BOJISET

BBOJIUThH B KapOOPAHOBBII OCTOB ApYyrue (PyHKIMOHAIbHBIE TPYIIIbI:

1.4.3 Peakuuu anuidpoBaHus

Crnosxxnbie THOADUPHI CYITb(aHUIBHBIX TPOU3BOJIHBIX OOPOBOIOPOIOB MOTYT OBITh
MOJIYYCHBI C BBICOKMMH BBIXOJAMH PEAKIIUEH aHTHAPUIOB M TaJOTCHAHTHUIAPHJIIOB C

JTAHHBIMH COCTMHEHUSAMU B alleTOHUTPUJIE B IPUCYTCTBUU OCcHOBaHus [53, 54]:
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RCOCI
[BoHy;SHI” - [ByHyuSCO)R]”

R=Me, Ph
ABTopamu paboTel [54] OblTa MccaemoBaHa THIPOIUTHUSCKAS CTAOMIBHOCTD IS
HaTpUeBOH conn moiyueHoro Tnoddupa Nay[Bi,H:;SCOMe] o neproay monypacmnaga
aHWOHA B BOJIHBIX PacTBOpax B 3aBHUCHUMOCTH OT PH. CoriacHo mMoiydeHHBIM JTaHHBIM,

HauOOoJIbIIIee BPEMS TOJTypacmaaa COCTaBUIO OAuH Mecsil pu pH=5.

1 Month
1 Week

1 Day

Apparent halif life

1 Hour

pH
Puc. 18. Bpems noaypacnada anuona [B1o;H11:SCOMe]” 6 6odmvix pacmeopax 6

3asucumocmu om PH cpeowi.
1.4.4 OKUCAUTEIbHO-BOCCTAHOBUTEIbHbIE PeaAKIIUN

B pabGorax [38, 62, 63] coobmaercs, 4To Cylb(paHWIBHOS MPOU3BOIAHOE KI030-
2_

nojaexkabopatHoro annoHa [BioH13:SH]™ Memmenno okwucisercss B BOAHBIX pacTBOPax,
PacTBOPEHHBIM B HUX KHCJIOPOJIOM, C 0Opa30BaHHWEM IUCYJIb(GUIHOTO MPOU3BOIHOTO

4-

[B12H11SS BioHui] ™

4-

[Moaxucnenne pactBopoB aucyinbhuma [BioHi1SSBioH1i] B HEKOTOPBIX
OpPTaHUYECKUX PACTBOPHUTENAX (AIETOH, 3TAHOJ, AllCTOHUTPWI, JUMETHIIPOPMaMU/I,

JTUMETUIICYTB(OKCHUIT) MPUBOIUT K 00pa30BaHUI0 MHTEHCHUBHO TOJyOOr0 CTaOMIBHOTO
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pagukana. CKOpPOCTh pEAKIUU CHUJIBHO 3aBUCUT OT KOHIEHTpauuu Kuciopoma u pH
pactBopa. JlamHas peakuuss MOXKET OBITh HWCIOJIh30BaHA KaK KadyeCTBEHHas Ha
mucynb@uanblii  aHuoH. OOpatumoe (QopmupoBaHHe paguKaga Takxke ObUIO
0OHApy>KEHO B IOAKHMCIEHHBIX BOIHBIX pacTBopax mpu 90°C [64].

HucynbduaHoe MNPOU3BOAHOE MOXKET OBITh TaK K€ TOJYyYeHO MpPU MITKOM

oxuciennn [ByoH1:SH]? ¢ momomisio ifomo306en30ata Hatpus [38, 64], min mepokcnga

Hukens [63, 65]:

OIC¢H,COONa
NiO,

[B1oH,SHI” [B1,H11SSB,Hy 1"

JlanpHeiee OKUCICHUE TUCYIb(OHUIHOTO TPOU3BOJHOTO KHCIOPOJOM BO3IyXa
4
JIaeT cHavana cyiabpua-cyabdokcuanoe npoussoanoe [B1oH11SS(O)BoH1]™, a 3aTtem

cyabhokcua-cynbhoroBoe Bi,H11S(0)SO,BH 11" (puc. 19) [62]:

O
~[]] - [0] I
[B1,H11SHIY ——— [By,H1;SSB,H;]* [B1oH11S-SByoH 1"
[O]
o0
[812Hllﬁ—8812H11]4_

O

2-
Puc. 19. Cmpoenue anuona [B1,H1:SO,CH3]™ no oannsim PCA.
Cynbdua-cynbHOKCHIHOE TMPOU3BOJHOE TAaKXKE MOXKET OBITh  IMOJYYEHO
OKHUCJICHHEM TUCYITb()HITHOTO IIPOU3BOTHOTO OJTHAM AKBUBAJICHTOM

3-XJ10pIIepOSH30MHON KHUCIIOTHI WM MIEPEOKCHIOM BOJIOopoa. JlanpHelinee oKucaeHe
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U30BITKOM 3-XJIOpHEepOEH30MHON KHUCIOTHl MPUBOAUT K CYIb(HOKCUA-CYIHPOHUEBOMY
npousBogHomy  [38], [63]. OkxwucieHHble POU3BOJHBIC  CYIb(AHUI-KI030-
1071eKabopaTHOIO aHMOHA MOXKHO BOCCTAHOBHTB JI0 JAUCYIB(UIAHOTO MPOU3BOIHOTO C

IIOMOIIBIO TPUXJIOPH/IA TUTaHA B Boje [63]:

(@]e] ]
IRl .. TiCl s
[812H11ﬁ—8812H11] [B12H11SSB1H14]
O
BoccranoBnenue CyabQHUI-CYIBPOKCHIHOTO IIPOM3BOIHOTO

[BlgHﬂSS(O)Blngl]‘F METaJUTMYECKUM IIMHKOM WJIU OJIOBOM B COJISTHOM MJIM YKCYCHOM
KHCJI0TE IPUBOIUT K CYIb(GUIHOMY IPOU3BOAHOMY [66].

OxkucieHue METHICYIb(OHUIHOTO ITPOU3BOIHOIO [B12H118Me]2* MIEPOKCUIOM
BOZOPOAA MPHBOANT K oOpasoBaHmio MeTmicyibdora [BiH1:SO,Me]*, koTopsrii
MOXXET OBITh BOCCTAHOBJICH JI0 MEPKANTOIPOU3BOJHOTO JINTHEM B METHUIAMHUHE
upu -15°C [53] (puc. 20):

H,0, Li/MeNH,

2- 2. )
[B1,H11SMe] [B1,H11SO,Me] [By,Hy,SH]?

-15°C

Puc. 20. Cmpoenue anuona [B1,H1:SO,CHs]* no dannvim PCA.
1.4.5 Peakunu ¢ oopazoBanuem cBsizu C-rerepoatom

ATOM cephl, CBS3aHHBIA C KJIACTEPHBIM aTOMOM 00pa, CocoOeH 00pa3oBHIBATH
yCTOWUYUBBIC THOPOCHUHUTHI C BBICOKMM BBIXOJIOM. ABTOpbI [67] momyunau

nudeHnnTnopocHUHUTHOE TPOUB30JIHOE oOpmo-KapOopaHa TIpU B3aUMOJCHUCTBUM
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9-cynbphanun-opro-kapbopana ¢ audenmwixioppochunom npu -30°C B mpuUCyTCTBUH

TpudTHIAMUHA (puc. 21):

HC———CH Etyn HC——CH
-+ PhgPCl ——*

S R
ByuliEH BinHeS P Phy.

Puc. 21. Cmpyxmypa 9-Ph,PS-(0-C,B1oH11)

[Ipu M3ydeHun CBOWCTB JAaHHOTO TMPOW3BOJHOTO OBUIO YCTAaHOBJICHO, YTO OHO HE
OKHCIIICTCS KUCIIOPOJOM BO3AyXa INMPH XPaHCHWH, B OTIUYHMHA OT QJIKWI- M apwi-S-
bochUHUTOB, UYTO MOXKET OBITh CBS3aHO C BBICOKUMH DJIEKTPOH-TOHOPHBIMHU
cBoiicTBamu OopHoro ocroBa. Kpome Toro, B3ammozeicteue 9-Ph,PS-(0-C,BigH1) ¢
CEpOol M CEJICHOM MPOTEKAeT MPU KUIISTYCHUU B OCH30JI€ ¥ MPHUBOJUT K 0Opa30BaHUIO
JTUTHO- U ceneHoTnodochunaro [67]:

HC——CH x HO—CHX

N — N I
Bml‘!'s PP]]-; B1;:[!SPPII,.

X = 5(2), Be(d).

BzaumopeiictBue ¢ wmeTwrmiioguaoM B O€H30Jie TMPUBOAUT K 0Opa30BAHHIO

KBa3u(POCHOHUEBBIX MPOU3BOIHBIX [67]:

HC——CH Mel HCeee—CH Ph
—_— -r"{‘

S s
H1I:IHQS FPI'J: HmH‘S-—- I=.
I,
Me Ph
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1.5 Peaknum KoMIJIeKCO00pa30BaHUA

Ha pgaHHBIi MOMEHT ONKHCAaHO CPaBHUTEIBHO HEOOJBIIOE  KOJUYECTBO
KOMIUJIEKCHBIX COEJUHEHUN C y4aCTUEM CEpPOCOACPKAIIMX IPOU3BOJHBIX BBICIINX

OOpPOBOJIOPOIOB.

HpI/IMCpOM HO,Z[O6HI)IX COGI[I/IHCHI/Iﬁ MOJKCT CIIYXKUTb TEMHO-CHHHUH KOMILICKC

[(B12H1:S)RU(NH3)5]-2H,O, monydeHHBI @pu  B3aUMOJCHCTBUU IIE3UEBOH  COJIU

CSz[BlnglsH] C [RUCI(NH3)5]C|2 (pI/IC 22) [68]

Puc. 22. Monexynspnas cmpykmypa coeounenusi [(B1oH11S)RU(NHS)s/ (amomur

8000p00a U MOJIEKY/Ibl B00bl HE NOKA3AHDL).

ABTOpBI paboTHI [69] cO00IIAIOT O MOMYyUYEHUH KOOPIUHAIIMOHHBIX COeTuHeHUI Pt
¢ cynbhoHmI MeTa-kapbopana ¢ npuButon rpymmoir CH,CH,PPh,. B 3aBucumocTn ot
MOJIBHBIX COOTHOIIICHHUH PEarcHTOB M YCJIOBHHM MOTYT OBITH IOJIyYCHBI Pa3IMYHbIC

THUIIBI KOMITJICKCHBIX COeuHeHu# (puc. 23):
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7 Tor . Tor

. PR S o) S—
Pt(cod)Cl,, 1 eq. f 1a, 1eq. pf J /
1a Wﬂ- PhyR_ { =) P — VAN v P —— Ph,F, Cl Q
,Cly, . o JJ CD,Cly, rt. PR CI NS a
N X Pt 1
o’ a \ﬂs T&  Ne_ L
{ =) Ph,R S { D]

BArP Toar 2+

P _‘25&,—
pnp Ph,R S
: %\ié [ on il /—/@ 2\/ ¥
2

Fl'l2 NaBArF, 1eq. | AgBF, 2eq. Pt e
\ CD,Cl, r.t. CD,Cly, rt. /
@ th : o o PR @;7

Puc. 23. Cmpoenue KOOPOUHAYUOHHBLX coeouHeHUll Pt c
[C>B1oH13:SCH,CH,PPh,].

ABTOpBI COOOMIAIOT, YTO 3aMEIICHHBIM Yepe3 aToM Oopa kapbopaH oOmamaer
CWJIBHBIM  3JICKTPOHO-IOHOPHBIM ~ 3(PQPEKTOM, YTO 3HAYMTEITHHO  yBEIMIHBACT
3JIEKTPOHHYIO TUIOTHOCTh Ha aToMe cepbl [69].

ABTOpHI psiia pabOT MOYYUITH HEOOBIYHBIE KOOPINHAIMOHHBIE COCTUHEHUS -
TpUCyIb(paHWI-KapOOpaHaMU € MeTaJylaMH TMOATPYIIbl koOanbTa. MMu omucaHbl
pa3IUYHbIE THIBI KOMIUIEKCHBIX COCAMHEHH, OT TOMOSIEPHBIX 10 MOJHUSICPHBIX

KOMILIEKCOB CO CBSI3IMH MeTajui-meTain (puc. 24-26) [70-72].
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Puc. 24. [lpumepvi MONEKYIAPHBLIX CMPYKMYP KOMHIEKCHBIX —COeOUHEeHUlL

cynvanun-kapoopanos ¢ Kooarbmom.

Rh(PPh;)Cl

NH4PF6, r.t.
88 %

Puc. 25. Cxema nonyuenuss oupoouegvlx Komanexcog opmo-kapoopana-9,12-

oumuoama.

Puc. 26. Monexynapnas cmpykmypa mema-kapoopana-10,11-oumuoama c
upuouem.

ABTopel  pabotel  [73] o0OHapyXuaM, 4YTO KOMIUIGKC JIUTHOKapOopaHa
NEeHIaIUEHIIKOOANbTa CIIOCOOEH BCTYMaTh B PEAKIUH C aJKUHAMU, COJAEPKAIIMMHU

Pa3INYHBIC (1)}’HKHI/IOHEU'H>HBI€ I'PYIIIbI:
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_SH

= 7

Co
EtN, 25°C &7 s Alkynes g
[Cp*Co(CO)l,]
90 %

toluene
90 %

ABTOpBI TIPEANOJNATalOT CIEAYIOMHMA MEXaHW3M O00pa30BaHUS COCTUHEHUN

JaHHOT'O THUIIA:
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3akJIroueHue

Knacrepusie coemuHeHmsi 0opa CcO CBS3bI0 OOp-cepa SBIAIOTCS JTOBOJBHO
WHTEPECHBIMU OOBEKTaMM JJISi UCCIEOBaHMS, TaK KaK Ha OCHOBE ATUX COCAMHEHHI
BO3MOXXHO CO3/1aBaTh Pa3HOOOpPA3HBINA KPYr MPOU3BOJHBIX C Pa3IMYHBIMU KjlacCcaMu
3amectuTeneld. Taxxke (QyHKIIMOHAIBHBIE TPOU3BOJHBIE K1030-00paTOB CIIOCOOHBI
MOJBEPraThCsa JaNbHEUIIUM MoAudUKaIMsAM Ojarogapsi BBICOKOW yCTOWYHUBOCTHU
KJIACTEPHBIX aHMOHOB. Bce BbImenepedncieHHble (HakThl TO3BOJISIIOT CO3/1aBaTh Ha
OCHOBE OIMCAHHBIX BELIECTB OWOHEOPTraHWYECKHUE CHUCTEMbl C Pa3HOOOpPA3HBIMU
(GU3UKO-XUMHYECKUMH W OWOJOTHYCCKUMH CBOMCTBAMH, KOTOPBIE MOTYT HaWTH
MPUMEHEHUE B MEIUITMHE U TEXHHUKE.

OpHako peakIuMOHHasi CIOCOOHOCTh CEPOCOACPKAIIMX TMPOUBOIHBIX KI030-
JIeKaOOpaTHOTO aHWOHA Majou3ydYeHa M Ha OCHOBE IIPOIIECCOB C HX YYacCTHUEM
CYIIIECTBYET CPaBHUTEIHHO HEOOJNBIIOE KOJIMYECTBO METOJOB CHUHTE3a 3aMEIICHHBIX
K1030-1ekabopatoB. MiMeHHO >THUM U OOYyCIIOBJIEH BBIOOp II€Jie M 3aja4 HACTOSLIEH
paboThl, TIOCBSIIEHHOW CO3/IaHUI0 HOBBIX METOJOB HAMPABICHHOIO CHHTE3a
GYHKIMOHATIBHBIX ~ MPOM3BOAHBIX  K1030-JA€KA0OPATHOTO  aHMOHA C  9K30-

TTOJIMDIPUICCKUMU CBsI3sIMU B-S.
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I'JTABA II. DOxkcniepuMeHTANIbHAS YaCTh
2.1 ®u3uKo-XMMHYeCKHe MeTO/AbI HCCJIeJOBAHUS

DuiemeHTHbIN aHanau3. CojaepkaHue yriepoja, BOJIOpoja M a30oTa B oOpasiax
onpenemsuim Ha dnemeHTHOM CHNS-anammzatope Eurovector «EuroEA  3000».
Omnpenenenue conepxanusi 60pa BBIIIOJHEHO HA aTOMHO-IMUCCUOHHOM CHEKTPOMETPE C
MHIYKTHBHO CBsi3aHHOM ma3zmoii iCAP 6300 Duo (Thermo Scientific)'.

UK cnekrpbl coequHenuit 3anuckiBann Ha UK ®Dypre — cmektpodoromerpe
Undpantom OT-08 (HIID AIT «JTromekcy) B obmacti 4000—-600 cM ' ¢ pasperieHieM
lcm . OGpasubl TOTOBWIM B BHAE CYCICH3HH HCCICAYEMOrO BEIIECTBA B
TETpaxJIOpMETaHE.

SIMP ‘H, !B, 13C, = CIEKTPbI pacTBOpPOB Huccieayembix BemectB B CD;CN
w B (CD3),SO 3anuceiBamy Ha uMIysibCcHOM (ypbe-criekrpomerpe Bruker MSL-300
(OPT') ma yacrorax 300.3, 96.32 u 75.49 MI'1I COOTBETCTBEHHO, C BHYTpPEHHEMU
crabunuzanueil mo naeiteputo. B KkadecTBe BHENIHUX CTAHIAPTOB HCIOJIb30BAIH
TeTpaMeTHICHIIaH Win dpupat Tpexdropucroro 6opa.

s u3ydeHue CTA0WIBLHOCTH aAlJIMPOBAHHBIX NMPOU3BOTHBIX
[B1oHsSCOR]?* cooTBETCTBYIOMINE HATPHEBBIE COTH PacTBOPSUIH B 50 MM (ochaTHOM
oydepe (pH=2, 3.5, 5, 6,5, 8 9,5, 11, u 12,5). 3a nporeccoMm TUAPOIN3A CIASTUIN T10
CPaBHEHUIO CHUTHAJIOB OT 4NCO-aTOMOB 0OOpa HMCXOJHOTO M KOHEUYHOTO MPOJaYyKTa B
crektpe AMP Ha sanpax UB. Curnans JUISl aHaIM3a ObUIM TOJIYYEHBI B mepBeie 1, 2, 3,
5,8,12, 17, 24 4 u 3arem Kaxaple ocieaytomue 24 Jaca.

ESl-macc-cnekTpsl pacTBopoB uccienyembix BemecTs B CH3CN ¢ 3anuceiBanm
Ha cnektpoMerpe Bruker MicrOTOF-Q (Bruker Daltonics, Germany). ¥YciaoBus
nonunzaiuu: Apollo II electrospray ionization source, Ion spray voltage +(-)4500 V,

temneparypa 200°C , motok 3 MEKJT/MHH’,

! jeMeHTHBI aHAIN3 BBIIOIHEH B IIKIT MOHX PAH
2 ESI-macc-cniextps! custol B B LIKIT «Mcenenosarensckoro Hayuno-ananurnaeckoro nentpa ®IYIT «MTPEAy
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H3rorosienne MmeMOpaHbI

HoncenexkTuBHble  MeMOpaHbl  U3TOTOBIMBAIMCH  CICAYIONIMM  0Opa3oM:
paccuutanHbie konmyectBa 10%-Horo pactBopa I[IBX B muknorekcanone (L)
CMEIIIUBAIOTCS C KUIKAM HOHUTOM (pacTtBop moHodopa - CS B1oHeS(CigH37)2 B TpHC(2-
stmirekcuin)docdare). Cmech MEPEHOCUTCS B CTEKISIHHOE KOJIbLIO, HaXojsIeecs Ha
IJIOCKOM CTEKJITHHOM IJIACTUHKE, KOTOpas TMOMEIIAeTCs B UUCTBIA OOKC, Mpu
KOMHATHOHM Temreparype u B atMocdepe Bozayxa. [locie ncnapenus nuKIoreKcaHoHa
oOpazyeTcsi nmonuMmepHas 1uieHka TonmuHoi 0,3 — 0,5 MM, U3 KOTOpOW BBIPE3aIOTCS
JUCKH TUAMETPOM 5 — 7 MM, UCIIOJIb3yEMbIE B JJAIbHEMIIEM B KAYECTBE MEMOpaH.

JInst uccnenoBaHus 3NEKTPOAHATUTUYECKUX CBOMCTB MEMOpPaHbl MCIOJIb30BAJICS
crangaptHeii kopnyc ISE (Fluka 45137), a B kadecTBe 3JCKTpOJa CpPaBHCHHS -
xjaopcepeopsubiii  anektpon OP — 0820P («Pamenkuc», Benrpus). N3mepenus
MPOBOJMIHNCH ¢ oMoIIbio pH — non-anamzaropa OP-300 («Panenkucy, Benrpus).

B mnpornecce uccnenoBaHus 3IEKTPOAHATUTUYECKUX CBOMCTB pa3pabOTaHHBIX

MCM6paH HUCITOJIb30BaJIaCh IraJIbBaAHNYECKAA L CIIb:
Ag, AgCl | 3M KCI Uccnenyembrit MemOpana 0.1M KClI AgCl, Ag
AgCI pacTBop X

(HacpI.)

rre X — 10° M UO,(CH;COO), mmm 102 M Li,SO,.

KoadduumeHTsl ceneKTUBHOCTH OBLIA OMPENENICHBl COTJIACHO PEKOMEHIAIIUSIM
IUPAC, nmo meToay CMENIaHHBIX PAacTBOPOB Ha (OHE TOCTOSHHOW KOHIICHTPAIUH
Memaronmx kommonentoB 107 M. 3naueHus pacCUMTaHHBIX KOA(DPHUIIUEHTOB
CCJICKTHBHOCTH IIPUBEICHBI B TaOIMIIe 1 711 SIEKTpoaa Ha YPaHWI-KaTHOH U B TaOJIUIIe
2 Ha KaTUOH JIUTHUA JJI1 MeMOpaHbl 00J1a/Iatolel HauydllIuMHu TapaMeTpaMu ¢ TOYKU
3peHus Tipenena OOHAapYKEHHWsI M CTa0WIbHOCTH TOTeHIMama. Kak mokazanu
uccneaoBanusi, uaMeHenue pH B npenenax 5 — 8 He BAMSAIO HA BEJIUYUHY JIEKTPOIHOTO

IIOTCHIIMAaJia.
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Onpenesenue  Ko3I(pPpuuMEeHTOB CEJICKTUBHOCTH  HMOHOCEJIeKTHBHBIX
3JICKTPO/10B
W3 nutepaTypbl M3BECTHO HECKOJBKO CIOCOOOB ompeneieHus: KodGQuimeHTon
CEJIEKTUBHOCTHU:
1. Eciiu B pacTBOpe MMEETCsl TOJIbKO OJIUH MOTEHIUATIONPEACISIONINI HOH, T.€.

AKTUBHOCTh MCHIAKOIIMUX HNOHOB aj =0, TO B J2TOM ClIydac IOTCHIHAJI J3JICKTPOAAd
OIIMCBIBACTCA YPABHCHUCM!
E,=E°+RTZhna, (I)

Ecnu pPacTBOp COACPIKHUT TOJIBKO MCHIaIOHIHﬁ HOH, TO IIOTCHHOHAJI JJICKTPOAAd

MO>KET OBITh ONPEAEIICH U3 YPaBHEHUSA:

E,=E°+RTZInK/5"a, (1)

)]

[Ipu ycnoBuu a, =a,, IOJIy4aeMm:
E,-E
I K_m_)m ——2 =1 I”
gK" =5y 1)

(25°C, E, u E; B MB)

2. Ecnu KOHIEHTpaIMu pacTBoOpa, COJEPIKAINETro UOH |, M pacTBOPa, COAEPIKAIIETO
WOH |, BBIOpaHbI Tak, 4to E;=E,, T0 ypaBuenus | u Il nator:

Ki}f(j)m =a1/a2 (IV)

DTOT METOJT TPUMEHSIICS JOBOJILHO PEIKO.

3. Cornacuo Ilynropy u ToT [74] uaMepeHus ¢ UCMOIBb30BaHUEM TOJIBKO PacTBOpa
1 u 2, Kak MPUHATO B MEPBOM U BTOPOM METOJaX, HE JAIOT MCTMHHOTO 3HAYCHUS
KO3 GUITMEHTa CEJICKTUBHOCTH, IMOCKOJIBKY YCIOBHS M3MEPEHHUS 3aJaHbl IIOXO (eCTh

BEPOSATHOCTbh, UTO HA TOBEPXHOCTH AJIEKTPOAA OCTAIOTCS MOHBI U3 pacTBopa | Bo Bpems

nom

u3MepeHus pactBopa 2). IlooTomMy aBTOpBl pPEKOMEHAYIOT ompenaensarts K" wus3

3aBUCUMOCTH 3JICKTPOJIHOTO MOTEHIMAIa HOHOCEICKTUBHON MEeMOpaHbl OT Jiorapudma
koHeHTpanuu C; MoHa | B MPUCYTCTBUHM MOHA |, KOHIIEHTPAIUS KOTOPOTO MOCTOSHHA
(mpsimoii MeTon), nubo mpu moctosiHHOM C; u u3MeHeHHu Cj (KOCBEHHBIH METOT).

KpuBast B koopaunarax E—IgCi wimm 1gCj mmeer nBa nMHEHHBIX ydYacTKa, TOYKA
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nepecedeHus: KoTopbix gaer 3HadeHue Cy/mnu Cy/. B atoit Touke otHomenue Ci/Cj naet

K" (puc. 27).

/)

£ MB
20
& i 18/zo MB = AF
|
- KaB=aa/B i
|
| | I | | |
7 6 5 4 3 2
paa

Puc. 27. [Ipaguueckas  urniocmpayus  onpeoenenuss  Kodphuyuenma
CEeNeKMUBHOCU NPU 3aKPenieHHHOU Konyenmpayuu eausiroweco uona: D E = (59,16/2)
lg2=18/z [75].

B Hacrosimeit pabotre ObUT MCHOJB30BaH MPSMOM METOJ  ONpEeTIeHUs
kod(ddurmenTa cenekTuBHOCTU. C 3TON 1EIBI0 TOTOBWIUCH PACTBOPBI C PA3TMUYHBIM
COOTHOIICHHEM HOHOB | U | , IpH 3TOM KoHIeHTpanus C;j moajepkuBanach MOCTOSHHON
(Cj= const). Konuentpanus i- noHa MEHANACh B UHTEpBAJe 102m — 107 m. TTo maHHBIM
U3MEHEHHUS] TIOTEHIIMAJIa HCCIAEAYEMOTO JJIEKTPOJia CTPOWIICA TpapuK 3aBUCHMOCTH

E —lg a, (puc. 27) u orcrofa HaXoAWIH K03 dHIMEHT CeNeKTUBHOCTH dIeKTpoaa K",

Onpenesenue npejaesia 00HAPYKeHUsSI HOHOB

OpnHoll M3 BaXKHEWIIIMX XapaKTEPUCTUK HMOHOCEIEKTHUBHOTO 3JIEKTPOJA SIBIISIETCS
npenen oOHapYy)KEHUs aHaJu3upyeMoro uoHa B pactBope. [Ipemen oOHapykeHUS
KUIKOTO MOHOCENEKTHUBHOIO 3JIEKTPOJAA 3aBUCUT OT KOd(PUIMEHTa pachpeneiaeHUs
MOHA MEXIy BOJHBIM pPAacTBOPOM H (pa30ii MeMOpaHbl, a TaKKe€ OT KOHIICHTPAIluU
noHOOOMEeHHUKa B MeMOpane. Kpome Toro, Ha mpenen OOHapy>KeHHSI MOHA MOTYT
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OKa3bIBaTh BITUSTHUC YHCTOTA peareHToB, HAJINYUe B pacTBope
KOMITJIEKCOOOpazoBarenei u T.1.

Paznmu4aroT CTaTUCTUYECKUI M HECTATUCTUYECKUH Tpenenbl oOHapykeHus. B
HacToAlel paboTre Tmipenen OOHApY)KEHHMs HMOHA ObUT  OMpeleseH  COTJIACHO
pexomenganusMm |UPAC (HecTatucTrueckuil mnpenen oOHapykeHus). COrjlacCHO 3TUM
pEKOMEHIaNUsAM, TIpeie] OOHApPYKEHUsT MOHOCEICKTHBHOTO AJIEKTPOAAa HAaXOIUTCS W3
3aBHCHMOCTH €ro MOTEHIMajla OT JiorapupmMa KOHLEHTPALHMH aHAIW3UPYEeMOTro HOHa
(puc. 28). Jluneinbiii yuacrok 3aBucumoctn E=F(IgC;) »skcrpamoaupyercs 10
nepeceueHust ¢ npsmor DJIC anexktpoma B yuctom pactBope. Touka mnepecedeHus c'

JaeT Mpejiel O0HapyKeHHS HOHA JTAHHBIM AJIeKTpoaoM (puc. 28).

100 = E.vB

150

200

250 g (s HHCTOM pacreope

e I i i 1 o i j [
T B R BER L {1 10°° o v 107

Puc. 28. I'paguueckuii cnocob onpedenenus ¢ornogoil KoHyeHmpayuu 31eKmpooa

[76]
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PeHTreHOCTPYKTYPHBIN aHAIU3

PentreHomnpakiiMOHHBIA ~ SKCIIEPUMEHT  BBIMIOJHEH COBMECTHO C  K.X.H.
[Tonskooit M.H., HaGop audpakiMOHHBIX OTPaKECHUW JJIs KPHUCTAUIOB IOJYy4YEeH B
[lentpe komiektuBHOro monb3oBanuss HMOHX PAH nHa  aBTOMaTmueckom
nudpaxromerpe Bruker SMART APEX2 mpu 150 K (Avo=0.71073A, rpacdurossrii
MOHOXpOMaTop, m-ckanupoBauue) [77]. Ilpu cOope u 00paboTKe MaccuBa OTpaXKCHUI
ucnonb3oBanuck mnporpammel  APEX2, SAINT u SADABS [77]. Crpykrypsl
pacimugpoBaHbl ¥ YTOYHEHBI C TIOMOIIBIO TiporpamMm komiuiekca SHELX [78].

B snemenTtaphoii saetike (N-BuyN),6 comepkarcs Tpu He3aBHCUMBIX KaTHOHA N-
Bu,N* u MOJITOpPa HE3aBUCHUMBIX aHUOHA [BloHQSH]Z'. AHHOH C 3aCeJICHHOCTBIO
no3uuuu q = 0.5 pazynops104eH BOKpYT IOBOPOTHOM OCH BTOPOTO nopsiika. KoHiesele
aTOMBI HEKOTOPBIX OYTHJIBHBIX IPYII KATHOHOB Pa3yNoOPsI0YEHBI 110 ABYM MO3ULUSM C
pPa3HOM 3aCeNeHHOCTBIO. Bce pasynopsaoyeHHblE aTOMBl YTOYHEHBI B H30TPOITHOM
NPUOJIMKEHUU C HAJTOKEHHUEM OTrpaHUYEHUN Ha TE€OMETPHUI0 (PparMEeHTOB, B KOTOpHIE
onu BxonaT. Kpome toro, mpunsito, uro atromel C(4) u C(4A), C(8) u C(8A) nmonapHo
UMEIOT OJUHAKOBBIE U .

Kpucrann 2, mo-Bugumomy, coiepskai HeOOIbIIONW TBOMHONW KOMIIOHEHT, KOTOPBIN
TIPOSIBHIICS B OTHOCHTEIbHO BhicokoM rmke (1.15 /A% na myneBom cuntese dypbe u
CHCTEMATHYECKOM cooTHoOmeHu: Fo® > F¢® [u1s GONBIIMHCTBA HEMPUHATHIX OTPAKCHHIL.

Kpuctamnn 17 6pu1 yrounen kak apoiHuk (BASF = 0.22118). Heckonbko MUKOB Ha
HyleBoM cuHTe3e Dypbe 17 MOXKHO ObUTO ObI MPUCBOUTH HOJHBIM 3aMECTUTEISIM Ha
GoproM mommoape. JIBa cambix crbHBIX 3 HuX (0.95 u 0.71 e/A®) pacmonoxensr Ha
paccrosHuu ~ 2.06 A ot aromoB 6opa B monoxeHHSAX 7 U 8 IBYX K1030-60pATHBIX
noymdapoB. OHU OBLTM BKJIIOYEHBI B yTOouHeHUE ¢ ¢ukcupoBaHHbIM Ui,,=0.04 A2
3acenenust aromoB oga okazanuck 0.015(1) u 0.013(1). OguH U3 >THUX aTOMOB OBLI
CTEpUYECKH HECOBMECTUM C HEYNOpSAJOYEHHOW OyTUIBHOM TpYIIONl KaTHOHA.
[Tockonpky OBLJIO HEBO3MOXKHO KOPEKTHO JIOKAJIM30BaTh aTOMbl yriiepoia B OYEHb
c1a00 3aceJIeHHBIX MO3UIUAX, BKJIAJOM aTOMOB H0/1a TpeHeOperau.

B kpucramie 11 umerorcs 1Ba HE3aBUCUMbBIX KaTUOHA U aHWOHA. OJIMH U3 aHUOHOB
YHOPSAOYEH, a APYrod pasymnopsiioueH B TPeX MNEePEeKpPhIBAIOIIMXCA TOJOXKEHHUSIX B
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orHomiennu 0.35:0.30:0.35 (cMm. mpusoxxkenue). B oqHOM M3 KaTMOHOB TOJBKO OJIHA
KOHIIEBAsi METWJIbHAsl TPYMIa pa3ynopsaoyeHa, Torga Kak B JIPYroM KaTHOHE TpH
OyTUJIbHBIC TPYIIIBI HEYNOPSIA0YEHHBI.

B 11 u npyrux pasynopsaOYEHHBIX CTPYKTypax OTHOLIEHHUS 3aCElIeHHOCTU
NO3ULKMKA ObUIM ONpeleNieHbl YTOYHEHHWEM TMPU PABHBIX TEIUIOBBIX MapameTrpax
KOMITOHEHTOB COOTBETCTBYIOIIUX AaTOMOB, a 3aT€M OKPYTJEHBI M 3apuKcUpOBaHbl. B
CTPYKTYpE 2((PhP),23)0.25CH3CN0.5H,0 7Ba HE3aBUCHUMBIX aHHOHA
Pa3ymnopsiIoYeHbl 0 TPEM MEPEKPHIBAIOIIUMCS MO3UIUSAM KaXK/bli, B COOTHOIIIEHUHU
0.60:0.30:0.10 u 0.50:0.35:0.15 (cm. npunoxenue). OCHOBHas MO3UIUS BTOPOIO
anroHa corpopoxaaercs 60 0.25(CH3;CN + O1w) wmm 0.25(02w).

B ctpykrype 25 nBa u3 Tpex He3aBUCHMBIX KaTuoHa BUyN pasymopsmoudensi. B
ctpykrype (N-BusN)Css24 npe OyrunbHble rpynmnbl katioHa NBU,", CFs-rpynmsl
3aMECTUTENIEH TpeX HEe3aBUCUMBIX OOPrUApPUIHBIX AaHMOHOB M MOJIEKYJa 3TaHOJa
pa3ynopsA04YEHbI.

B crpykrypax 1, 2, 4, (PhP),6 CH3;CN, 13, 16, 20, (PhP),22, Bce HEBOIOPOIHBIC
aTOMBbl YTOYHEHBI B aHU30TPOITHOM IpuOimxkenuu. B crpykrypax (n-BusN),6, 16, 17,
2((PhP),23)0.25CH3;CN0.5H,0, (n-BusN)Css24, 25 aToMbl  ymnops04YeHHBIX
AJIEMEHTOB CTPYKTYpbl ObUIM YTOYHEHBI B aAHU30TPOMHOM MPHUOIMKEHUH, a UX
pa3ynopsii0YeHHbIE 3JIEMEHThl OBLIM YTOYHEHbI B CMEIIEHHOM aHW30-HU30TPOITHOM
NpUOJIEKEHUU C UCTIOJIB30BAHNEM (PUKCALIMIA U OTPAHUYEHU .

[Mo3unuu atomoB H B cTpykTypax 1, 2, 4, 11, 20, 2((PhP),23)0.25CH3;CN0.5H,0,
(n-BusN)Css24 u B xatuonax (n-BuyN),6, (PhP),6 CH;CN, 13, 16, 17, (PhP),22 u 25
Obutn pacuntanbl. OcTandbHBIE aTOMBI BOJOPOJAA B MOCHEIHUX 7 COCIWHEHUSX OBLIN
JIOKaJIN30BaHbl Ha Pa3HOCTHBIX CUHTE3aX Dyphe.

Atomer H aByx SH rpynm (n-BuyN),6 nokanu3oBaHbl Ha pa3HOCTHBIX CHHTE3axX
Ha pacctosuusx 1.15 u 1.31 A ot atomos S. U3-3a cnaboii oTpaxaromeii cioco6HOCTH
KpHUCTaJlJIa YTOYHUTH TOJIO’KEHUE aTOMOB BOJIOpOAa HEBO3MOkKHO. Hanpasnenue cBsizeit
S-H coxpaneno, a JymHbI ckoppekTuposansl 10 1.30 A. B ctpykrype (PhP),6'CH;CN
aToOMbl BoJIOpojAa S-H rpynmbl pa3ynopsiiodeHbl Ha JABE MO3MIMHU B COOTHOIICHUU
0.70:0.30. Inuna cBsizu S-H rpynmsl Obl1a yTOUHEHA Kak CBOOOAHAs. ATOMBI BOJIOPOJIa
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S-H rpymmst B (PhP),6 CH3CN, kapbokcmibHbIx Tpymnm B 25, a Takke B B-H rpymmax
13, 16 O6b1IM yTOYHEHBI B M30TPOITHOM MpUOIMKeHNH. Bee ocTanbHbIe aTOMBI BOJOPO/Ia
YTOYHEHBI [0 MOJIEJIM Hae3/IHHWKa C TerioBbIMU mapaMmerpaMu U, MPeBbIIIAIONUMU
U, wm Uy, COOTBETCTBYIOIIETO HEeBoAopoAaHoro atoma B 1.2 wmu 1.5 (mna CHjz-
IPYIII) pasa.

NutencuBHOCTH NU(PAKIMOHHBIX OTpakeHUH KpuctawioB 11 m 16 OpicTpo
yracamT C YBEJIMUYCHHEM yIiia TeTa, NMaBast Oma, = 20.02° m 23.63°, COOTBETCTBEHHO.
Hannapie amsg 11 JOMONHUATENBHO YCYTYOJISIOTCS TBOWHUKOBAaHUEM, KaK CIEIyeT W3
cootHomenust Fo° > F.® 1 GOMBIIMHCTBA HEMPHSTHBIX OTPAKEHMI. XOTS KadecTBO
KpUCTaIJIa 3aTPYJHSUIO ONMpPENEICHNE U YTOYHEHHE CTPYKTYPBI, CTPYKTYpHAsE MOJIENb,
HECOMHEHHO, NMpaBuiibHa. B anleHTpruyeckux ctpykrypax 1 u 2 mapameTpbl aOCOIIOTHON
cTpykTypbl cocTaBistoT 0.07(5) u 0.05(3) COOTBETCTBEHHO.

K coxaneHuio, TOJyYUTh MOJHOIEHHBIA JKCHEPUMEHT ¢ KpuctamwioB (N-
BusN)Css24 u 25, mpeactaBinsBIIMX cOOOM OYeHb TOHKHE IJIACTUHKH, HE YAAIOCh.
VYroin Omax cocTaBisgetr mpumepHo 21°. JITuHBI CBSI3€l U BaJICHTHBIC YIJIbI OMPEICIICHBI C

HU3KOM TOYHOCTBIO, OJHAKO MPABHIIBHOCTh MOJICNIM HE BbI3bIBACT COMHECHUI.
2.2 CHHTE3 ¥ OYHCTKA UCXOAHBIX BEIIEeCTB

JMustunoBelii 3¢up BcrpsxuBanu ¢ 10% pactBopom cynbdata sxenesa (II),
KOHTPOJIUPYS COJIEpKAHUE TEPOKCUIOB, COTJIACHO MPUHATHIM METOJUKAM, a 3aTeM
HEPETOHSIM HaJl ATFOMOTHAPUIOM JUTHUS (t,,= 34 °C).

IIpouune pacrBoputeaun Mapku XY u OCY ucnonp3oBainy 6€3 AOMOJTHUTEIBHON
OUYHUCTKH.

Mexadopan-14. Hcxomuelii  TonmyonbHbIl  20%-pacTBOp  nekabopana-14
yIapHUBalH, a IPOAYKT CyOsmmMupoBany B BakyyMme (t.ys = 80°C, p = 1,3 I1a).

Jlekaruapo-kio03o-nexkadopar(2-) TPUITHUIAMMOHUS (EtsNH),[B1oH10]
nosrydanu rmo meroauke [48] u3 aexabopana-14 mo cxeme:

BioH1s + 2EtsN —* (Et3NH),[B1oH10] + 2H>
K pactBopy, coxepxamemy 60 r (0.49 moinp) nexabopana-14 B Tomyosie mpu

NOCTOSIHHOM TiepemernBanuu npudasmsin 140 mu (102 r, 1.00 Moiib) TpUATUIIAMUHA.
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Temnepatypy pactBopa nosbimanu A0 100°C u peakiilnoHHYIO CMECH NMPU MTOCTOSTHHOM
NIEPEeMEITMBAHUN BBIICPKUBAIA B TEUCHHE TPEX YacOB, a 3aTeM KHUIIATHIHN €IlIe
HECKOJIbKO 4acoB 10 oOpa3oBaHMs ocaaka. [lomydeHHBIH OcCaloK OTQHIBTPOBHIBAIH,
IPOMBIBIA TUATHIIOBBIM 3(UPOM H BBICYIIMBAIN IO IMOCTOSHHON Macchl. [lomydueHo
73 1 (0.226 moib) ((CaHs)3sNH),[B1oH10] (80% ot Teop.)

Jexaruapo-kio3o-nexkaoopar(2-) Tterpadyrmiaammonust (BuyN), [BioHio]
nonaydanu mo oomennoit peakiuu (EtsNH),[BioHio] ¢ (BusN)Br. Koneunsiit mpoaykr
nepekpucraummzoBbiBayin U3 CH,Cl,. M3 30.00 T (0.092 moms) (EtzNH),[BioH10] u
59.41 r (0.184 momn) (BusN)Br moaydueno 54.52 r (0.090 moms) (BusN)2[BioH10] (98%
OT TEOp.)

Yuaekaruapoaekaoopar(l-)  terpadyrmaammonust  (BusN)[BioHyi]. K
pactBopy 40.00 r (0.066 wmomnb) (BusN);[BigHyp] B 150 mMa HCOOH mpu
nepemermmBanuu  no6aBsum 50 M CF3COOH. OGpasyromuiics mpu 3ToM OenbIit
0CaJIOK OT/E/SUTM BaKyyMHBIM (WIBTPOBAHUEM, 3aTeM IPOMBIBAIM Ha (UIBTPE
TUATUIIOBBIM dhupoM (2x40 mi). [TorydeHHbIe MeTTKHe OelTbie KPUCTAIUTBI BRICYIITUBAIH
B skcukatope Hag KOH B teuenme 3—4 ngneit. [lomyueno 19.67 r (0.054 wmoip)
(BusN)[B1oH11] (81.5% ot Teop.).

YHaekaruapoaekaoopar terpadpenniadochonusi, (PhyP)[BioH1i] momayuanu mo
u3BecTHOH Mmeronuke [79]. Knozo-nmexabopar terpadeHHIPpocHOHUS PacTBOPSIH B
AIlCTOHUTPUJIC M K PAcTBOPY MPHUOABISLIN TPUDTOPYKCYCHYIO KUCIIOTY. BbImamaromuii
yepe3 HEKOTOpPOe BpeMsi 0CalloK (DHIIbTPOBANIA, MPOMBIBAIM JUATUIOBBIM 3(UPOM H

BBICYHIMBAJIN 11O BAKYYMOM.

2.3 B3aumopeiicrBue annoHoB [BygH ;] m [BloHlo]Z‘ ¢ THOKAPOOJIbLHHBIMHA

coeIMHEeHUSIMHU

2-[(0uc(nMMeTHIAMMHO)METWIHAEH)CY/Ib(OHUO0 | HOHATHAPO-K1030-1eKadopaT
terpadyrunammonns (BusN)[2-B1gHsSC(N(CHy),),] (1)

(BusN)[BioH11] (1 1, 2.8 MMOIB) CMEmIUMBAIA C TETPAMETHITHOMOUYEBUHON
(TMTU) (0.42 1, 3.2 MMOJIb) U pacTHpaJId B CTYIKE 10 OAHOPOJAHOCTH U MEPEHOCHIIH B

KpPYTIJIOJOHHYI0 K0JIOY Ha 25 mi. HarpeBanu cmech B TedeHue 3-X 4acoB B aTMoc(epe
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CyxXoro aprona (mo mnpekpamieHus BbimeneHus raza) npu 90 °C. K momydenHoi
OpaHXEBOM Macce T00aBISUIM MOCe OXJaXACHUS 15 Mil ropsyell TUCTUIUTMPOBAHHON
BOABI U 00OpabaThiBajM Ha YJIBTPA3BYKOBOM BaHHE /10 OOpa3oBaHUs XJIONBEBUIHOTO
ocajika, KOTOPbIN 3aTeM OT(PUIBTPOBBIBAIM U MPOMBIBAIIA 2X30 MJT TUCTUILTUPOBAHHOM
BoJbI, 2X30 mut atmnanerata u 2X30 austunoBoro s¢upa. Beixon 1.24 1 (2.5 mmonb,
90.1%). CHNS-ananu3 BeruanciaeHo s CpHszN3B1oS (%): C, 51.28; H, 11.68; N, 8.55;
S, 6.52. naiineno (%): C, 51.85; H, 11.87; N, 8.55; S, 6.54. "H-NMR (CDsCN, &, ppm):
3.26 (s, 12H, NCHa), 3.17 (m, 8H, n-Bus;N"), 1.67 (m, 8H, n-BuyN™), 1.43 (m, 8H, n-
BusN), 1.02 (t, 12H, n-Bu,N*), 0.60-2.10 (m, 9H, BioHs). *C-NMR(CDsCN, 3,
ppm):183.1 (SC), 58.3 (n-BuyN™), 43.3 (N(CHs),), 23.3 (n-BuyN™), 19.3 (n-BuyN™), 12.8
(n-BusN*). *B-{"H} NMR (CDsCN, &, ppm): 1.6 (d, 1B), -1.5 (d, 1B), -14.4 (s, 1B), -
23.5 (d, 4B), -26.8 (d, 3B). IR (CCly): 2961, 2874, 2465, 2363, 1569, 1497, 1472, 1387,
1261, 1206, 1160, 1113, 1055, 993, 941, 875, 668 cm™.
2-[(AuMeTHIAMHHO)METHIINIEH )CYJIb()OHHO |HOHATHIPO-K1030-1eKadopaT

terpadyruinammonns, (BuyN)[2-B;oHsSCH(N(CH5),)] (2)

Meton 1. B kpyrimomonnoit kosnbe Ha 25 ma pactBopsiin 1 r (2.8 mMmoiib)
(BusN)[B1oH11] B 500 mrn mumeruntuodapmamuaa, podasmsum 210 mxia CF;COOH
(2.8 mmonp). HarpeBanu cmech B TedueHue 3-X 4acoB B aTMocepe CyXoro aproHa mnpu
90 °C. K mnonydyeHHOMY pacTBOpY MNpWIMBAIM 15 M AUCTHITUPOBAHHOW BOJBI U
oOpabaThIBalii Ha YJIbTPA3BYKOBOW BaHHE J10 00pa30BaHUs XJOMBEBUIHOTO OCAJIKa,
KOTOPBIN 3aTeM OTQWIBTPOBBIBATIN U MPOMbIBAIA 2X30 MJI TUCTUIUIMPOBAHHOMN BOJBI,
2x30 M stunanerata U 2X30 mu gudTHiioBoro 3¢wupa. Berxox 1.09 t (2.4 Mmodb,
88.2%).

Meton 2. B kpyrnomonHoit konbe Ha 25 mu pactBopsuit 1 1 (1.66 MMOIIB)
(BusN),[B1oH10] B 500 Mxi numeruntrodapmamuaa u godasistiiua 800 mxn CF;COOH
(10.7 mmonp). HarpeBanu cmech B TeU€HHE 3-X 4aCOB B aTMOc(epe Cyxoro aproHa mnpu
90 °C. K monmydeHHOMY pacTBOpY MNpWIMBaIM 15 M AUCTHILTUPOBAHHOW BOJABI H
oOpabaThIBalii Ha YJIBTPA3BYKOBOW BaHHE /10 00pa30BaHUs XJOMBEBUIHOTO OCAJIKa,

KOTOPBIN 3aTeM OT(PWIBTPOBBIBATIN U MPOMBIBAIN 2X30 MJI TUCTUIUTMPOBAHHON BOJBI,
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2x30 ™ stunanerarta U 2X30 mia pustrioBoro s¢gupa. Beixox 0.41 t (0.91 mMmons,
55.1%).

CHNS-ananmu3 Beruucieno aust CigHspNoB1oS (%): C, 50.85; H, 11.68; N, 11.68; S,
7.14. Haiineno (%): C, 50.65; H, 11.63; N, 11.4; S, 7.25. '"H-NMR(CD4CN, &, ppm):
9.19 (s, 1H, SCH), 3.32, (s, 6H N(CHs),), 3.17 (m, 8H, n-Bus;N"), 1.67 (m, 8H, n-
Bu,N"), 1.43 (m, 8H, n-Bu;N), 1.02 (t, 12H, n-BusN"), 0.60-2.10 (m, 9H, ByoHo). *C-
NMR(CD4CN, &, ppm): 189.1 (SCH), 58.3 (n-Bu,N™), 45.2 (N(CHs),), 23.3 (n-BusN"),
19.3 (n-BuyN*), 12.8 (n-BuyN*). *B-{*H} NMR (CDsCN, &, ppm): 2.1 (d, 1B), -1.6 (d,
1B), -16.2 (s, 1B), -23.5 (d, 4B), -26.9 (d, 3B).

2-[(onc(penniaMuHO)MeTHINIEH)CYIb(DOHNO | HOHATHAPO-K1030-1eKadopaT
Terpadyruinammonus, (N-BuyN)[2-B1oHeSC(NH(C¢Hs)),] (3)

PactBopsiiu 1 1 (2.8 mmoms) (BugN)[BioHii] m 2.1 © (5.4 mmons) N,N’-
mudennnruomodeBrHbl (SC(NH(CgHs),) B 20 mn auxiopMerana B kojioe Ha 50 M
HarpeBaJii ¢ OOpaTHBIM XOJIOAWJIIBHMKOM B arMmocdepe aproHa mnpu KHUISYCHUH B
TeueHne 12 gacoB. K momydeHHOMY pacTBOpY HNPUIMBAIXA 15 MII ITUCTHUIUIMPOBAHHOU
BOJBI U 00pabaThiBajM HA YJIBTPA3BYKOBOW BaHHE 0 OOpa30BaHUS XJIOMbEBUIHOTO
0caJiKka, KOTOPbIN 3aTeM OT(PUIHTPOBBIBAIM U MPOMBIBAJIA 2X30 MJT TUCTUILTUPOBAHHOM
BoJ b, 2X30 mut stmmanerata u 2X30 mi auatriioBoro sdupa. Ilomydgeno 1.02 r (1.26
MMoJIb) (N-BuyN)[2-B1gHeSC(NH(CeHs))2] (46.0%).

CHNS-ananu3 Beruncieno mist CozHs N3B4oS,%: C 59.38, N 7.28, H 9.57, S 5.31.
Haiineno, %: C 59.24, N 7.15, H 9.77, S 5.45. IMP "B-{*H} (CD3CN-d3, m.z1.): 1.7 (d,
1B), -1.9 (d, 1B), -14.7 (s, 1B), -24.7 (d, 4B), -28.8 (d, 3B); SIMP 'H (CDsCN-d3, m.1.):
9.42 (s,1H, NH), 7.87, 7.76, 7.64 (m, 10H, Ph.), 3.19 (t, 8H, n-BuyN), 1.65 (m, 8H, n-
BusN), 1.42 (m, 8H, n-Bu;,N), 1.00 (t, 12H, n-BusN); SIMP *C (CDsCN-ds, m.1.):
185.4(SC), 131.2(Ph), 112.5(Ph), 120.3(Ph), 115.2(Ph), 58.1(BusN), 23.2(BusN),
19.1(BuysN), 12.8(BusN). ESI/MS m/e, a.e.m, Haitneno 346.24, BerurciacHo 346.24.
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2.4 BzanmopeiictBue aHnoHOB [BoH 1] 1 [B10H10]2' ¢ Tuodupamu

2-[(1-(TeTparuapoTHodoHuii)) |HOHATHAPO-K1030-TeKadOPaT
terpadyruinammonns, (BusN)[2-BoHySC4Hg] (4)

Meton 1. Cycniensuro 1 1 (2.71 mmons) (BugN)[BioH11] B 5 Mt C4HgS HarpeBanm
10 75 °C ¢ 0OpaTHBIM XOJIOJWILHUKOM B aTMOC(epe CyXOro aproHa mpH IOCTOSHHOM
NepeMeNTMBaHuN B TedeHHe 2 4acoB. OXJTaXICHHBIA O KOMHATHOH TeMIepaTyphl
pacTBOp KOHIICHTPUPOBAIM Ha POTOPHOM HCIIAPUTENEC M BBICYNIMBAIN J0CyXa Ha
rTy0OKOM BakyyMe. 3aTeM MOJIYYSHHBIH TBEPBI OCTATOK MEPEKPUCTATIN30BBIBAIH W3
strioBoro crmpTa. [Tomydeno 1.17 r (2.58 mmous) (BusN)[2-B1oHoSC4Hg] (95.1%).

Metona 2. Cycnensuto 1 1 (1.66 mmoib) (BugN),[BioHio] B 5 Mt C4HgS m 0.4 mu
TpUPTOPYKCYCHOM KHUCJIOTHI KHUMSATWIM C OOpAaTHBIM XOJIOJWIBHHUKOM B atMmocdepe
CyXOr0 aproHa npy MOCTOSHHOM MEPEMENIMBAHUM B T€UeHUE 4-X 4acoB. OXJIaKICHHBIN
JI0 KOMHATHOM TeMIlepaTyphbl pacTBOp KOHIEHTPUPOBAIU HAa POTOPHOM HCIAPUTEIEC U
BBICYIIIMBAJIA JOCyXa Ha TIIyOOKOM Bakyyme. 3aTeM IOJY4YEHHBIN TBEpJbI OCTaTOK
MEePEKPUCTALIN30BBIBATN U3 ATUioBoro cnupta. llomydeno 0.54 r (1.19 mmoub)
(BusN)[2-B1oHSC4Hg] (70.2%).

CHNS-anamu3 Beruuciero s CooHssNB1 S (%): C, 53.64; H, 11.93; N, 3.13; S,
7.16. Haiineno (%): C, 53.48; H, 11.71; N, 3.10; S, 7.34. IMP 'H (CD;CN), &: 0.60-
2.10 (m, 9H, BigHs), 2.35 (m, 4H, CH, (B)), 4.15 (m, 4H, CH, (a)). °C {‘H} SIMP
(CD5CN), 8: 36.44 (CH, (B)), 54.64 (CH, (). 'B SIMP(CD3CN), &: 3.0 (z, B(10)), -3.6
(1, B(1)), -15.8 (c, B(2)), -25.2, -26.1 (B(3.5,6,9)), -29.3 (z, B(4,7,8)). K, cm™": 2686,
2458, 1420, 1102, 698, 680.

[2,7-6uc(1-(TeTparuapoTHodonnii))|oKTarNAPO-KI1030-1€KAGOpAT, [2,7-
B1oHs(SC4Hg).] (5)

Cycnensuio 1 1 (2.23 mmonb) (BugN)[2-B1gHoSC4Hg] B 5 M C4HgS m 0.3 mn
TpUPTOPYKCYCHOM KUCIOTBI HarpeBand n0 75 °C ¢ 0OpaTHBIM XOIOIUILHUKOM B
aTMoc(epe Cyxoro aproHa MpH TOCTOSHHOM TMEpEeMEIINBAaHUU B TeUeHHE 6 YacoB.
OXJTaXICHHBIA 10 KOMHATHOW TEMITepaTyphbl pacTBOP KOHIICHTPHUPOBAIM Ha POTOPHOM
UCIIapUTeNIe U BBICYIIIMBAIU JIOCyXa Ha IIyOOKOM Bakyyme. BermiecTBo pacTBOpsiv B

JTUXJIOPMETaHE, MPOIYCKAJIM Yepe3 CIOM CUIIMKaress, U BbICYIIMBAIA HAa POTOPHOM
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ucnapurere. 3areM TOJIYYCHHBIH TBEpABIA OCTATOK IEPEKPHCTAUIM30BBIBATA U3
striioBoro crmpTa. [Tomydeno 0.6 T (2.06 mmonb) [2,7-B1oHg(SCsHs),] (92,1%).

CHNS-anamu3, Berumcieno mis CgHB10S, (%): C, 32.85; H, 8.27; S, 21.92;
Haiineno, %: C, 32.94; H, 8.18; S, 22.10. SIMP 'H (CDsCN), &: 0.60-2.10 (m, 9H,
ByoHy), 2.06 (M., 8H, CH, (B)), 3.88 (m, 8H, CH, (a)). °C {'H} SIMP (CD5CN), 5: 32.4
(CH, (B)), 53.1 (CH, (a)). *'B SIMP (CDsCN,) &: 0.22 (d, 2B, (10,1)), -13.0 (s, 2B, B(2,
7)), -22.2 (d, 2B, B (3, 6)), -26.5 (d, 4B, B (4, 5, 8, 9)). UK(CCly), cm™': 2682, 2455,
1423, 1102, 698, 676.

2.5 MeTtoabl noJIiyuyeHusi CyJab(aHuI-K1030-1eKaA00PaATHOT0 AHUOHA

CyabdaHuia-kio030-nekadopar Tterpadyruiaammonust, (N-BuyN),[2-BioHSH]
(n-BuyN©b)

Meton 1. Cmech 0.5 1 (0.83 mmoib) (BugN),[B1gH1o], 0.67 r (1.66 Mmmoins), N,N’-
sruneaTnomoueBuHbl SC((NH),(CyH,4)) 1 200 Mk TpuTOPYKCYCHON KHUCIOTHI B 25 MIT
JTUXJIOpMETaHa MJI KHITSTHIIN C OOpaTHBIM XOJIOAWILHUKOM B KoJioe Ha 50 B TeueHue 12
yacoB. llocme oxnaxnaeHus pacTtBopa  OTQWIBTPOBBIBAIM  M30BITOK  N,N’-
STWJICHTUOMOYEBUHBI, PACTBOpP IMEPEHOCHIM B KPYTJIOAOHHYIO Koi0y Ha 50 M u
OTTOHSUIM  AUXJIODMETaH Ha  POTOPHOM  Hcnapurene.  TBepaslid  OCaJoK
MEePEKPUCTAIUTM30BBIBAIM U3 CMECH  H3OMpOMNaHo-aleToHuTpui.  [lomydeHHbie
OeclBETHBIE KPUCTAIUIBI B ()OpME TOHKUX UTOJOK OThUIbTpoBbiBaiu. [lomyueno 3.24 ¢
(5.1 mmoutb) (nN-BugN),[2-B1gHoSH] (91.1%).

Metox 2. 1 r 1 (2.0 MMonp) mOMEIIaIX B KPYIJIOJOHHYIO KOJIOYy Ha 25 M
00aBISUTA 5 MJT ATUIIOBOTO CIUPTAa M S MJT KOHIIEHTPUPOBAHHOTO PacTBOpa THpa3nuHa.
Kunsitunmm ¢ oOpaTHBIM XOJIOAMJIBHUKOM B T€UEHHE 2-X 4acoB, 3aTeM M00aBisumm 1.32
i (2.0 mmonb) 40% Bomnoro pactBopa (N-BusN)OH u kumsatwnm emie oauMH bac.
[Toce oxmaxkaeHWs pacTBOpa OTTOHSIM MPUMEPHO Y4 PACTBOPHUTENSI HA POTOPHOM
ucrapuTese u 100aBisui 15 M quctuiumpoBaHHOM BoAbl. Ocagok oTHUIBTPOBHIBATIU

U mpoMmbiBanu 2X10 mu1 gucTwiMpoBaHHOW BoAsl W 2X10 Mi mudTumoBoro 3dupa.

Brixon 1.17 r (1.85 mMoib, 91.0%).
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Meton 3. 1 r 2 (2.0 mmonp) moMemianu B KPYTJIOJOHHYIO KOOy Ha 25 wmi
N00aBIJISIA 5 MJT 3TUJIOBOTO CIMPTA U 5 MJI KOHLIEHTPUPOBAHHOI'O PacTBOpa rMApa3nuHa.
Kunstunm ¢ o6paTHbIM XOJIOAWJIBHUKOM B T€UEHHUE 2-X 4acoB, 3aTeM Jo0aBisum 1.32
i (2.0 mmonb) 40% BomuHOoro pactBopa (N-Buy;N)OH u kumsTwiv eme OauH dYac.
[locne oxnaxaeHus pacTBOpa OTTOHSIM MPUMEPHO Y4 PACTBOPUTENSE HA POTOPHOM
ucrnapurene u 1o0aBisiy 15 Mi quctusuiipoBaHHOM BoAbl. Ocagok OTHUIBTPOBBIBATIU
u npombiBamu 2X10 mMia gucTwiMpoBaHHOW Boabl U 2X10 mu1 ausTHioBOoro sdgupa.
Boixon 1.17 r (1.85 mmomns, 91.0%).

CHNS-anamu3, Beramciieno st CapHgoNo2B1oS (%): C, 60.51; H, 13.01; N, 4.41; S,
5.05. Haiineno (%): C, 60.51; H, 13.01; N, 4.41; S, 5.05. ‘H-NMR(CD4CN, &, ppm):
3.15 (m, 8H, n-Bu,N"), 2.29 (s, 1H, SH), 1.66 (m, 8H, n-Bu,;N"), 1.43 (m, 8H, n-
BusN*), 1.03 (t, 12H, n-BusN*), 0.60-2.10 (m, 9H, B1oH,). *C-NMR (CD;CN, 8, ppm):
58.3 (n-BusN"), 23.2 (n-Bu,N"), 19.3 (n-BusN"), 12.8 (n-Bu:N*). "B-{1IH} NMR
(CDsCN, 8, ppm): 0.8 (d, 2B), -17.3 (s, 1B), -22.9 (d, 4B), -24.4 (d, 2B), -27.0 (d, 1B).
K (CCly): 2957, 2872, 2438, 1475, 1380, 1143, 955, 880 cm'™.

Cyabdannia-krozo-nekadopar terpadpenmiadochonusi, (PhyP),[2-BioHeSH]
((Ph4P)26).

1 r (n-BugN),6 (1.57 Mmmois) pacTBopsuii B 20 MJI MEeTaHOIA U IPUIUBAIN K 20 MIT
pactBopa TeTpadenmwipochonuss xmopuaa (1 x 2.1) (2.36 r, 3.3 mmonb) mnpu
MMOCTOSSHHOM TepeMelnBannu. JlaBamm OTCTOAThCA ocaAky B TedueHue 10 MHUHYT u
orduibTpoBbIBaM. [IpombiBanu 3X15 M metanona u 3X15 mi gusTmioBoro sdupa u
BBICYIIIMBAJIA Ha TI1y0OKoM Bakkyme. Boixon 1.25 1 (1.51 mmons, 96.2%).

CHNS-anamu3, Beruncieno mias CygHsoP2B1oS (%): C, 69.54; H, 6.08, S, 3.87.
Haiineno (%): C, 70.96; H, 6.12; S, 3.85. "H-NMR(CD4CN, &, ppm): 7.98 (m, 8H,
Ph,P"), 7.78 (m, 8H, Ph,P"), 7.74 (m, 8H, Ph,P"), 2.29 (s, SH), 0.60-2.10 (m, 9H,
B1oHg). *C-NMR (CD4CN, 8, ppm): 136.1 (Ph,P*), 134.8 (Ph,P*"), 131.0 (Ph,P*). !'B-
{1H} NMR (CD;CN, 3, ppm): 0.8 (d, 2B), -17.4 (s, 1B), -22.9 (d, 4B), -24.3 (d, 2B), -
27.0 (d, 1B). UK (CCly): 3416, 3363, 3054, 2430, 2360, 1584, 1482, 1436, 1316, 1106,
997, 725, 694, 527 cm™.
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Cyabdanuia-krozo-nexadopar uesns, (Cs),[2-B;oHySH] (Cs6).

1 r n-BuyNG6 (1.57 mmons) pactBopsiii B 20 M1 MeTaHOJa ¥ TpuiuBany k 20 mit
pactBopa tpudtopamnerara ne3us (1 k 2.1) (0.81 r, 3.3 MMOJb) NPHU MOCTOSHHOM
nepememmuBanuu. JlaBanm  OTCTOSTBCS ocamky B Tedyenne 10 MHHYT U
orunbTpoBbBaU. [IpomMeiBamm 3X15 M Meranona u 3X15 mu guatunoBoro 3¢upa u
BBICYIIIMBAJIA Ha Ti1yookoM Bakkyme. Boixon 0.64 1 (1.53 mmons, 97.4%).

CHNS-anamu3, Beruucieno mig HigB1oSCs, (%): H, 2,42, S, 7,71. Haiineno (%):
H, 2.35; S, 7.65. '"H-NMR(DMSO-Dg, &, ppm): 2.35 (s, 1H, SH), 0.60-2.10 (m, 9H,
BioHg). NMR (DMSO-Dg, 8, ppm): 0.8 (d, 2B), -17.4 (s, 1B), -22.9 (d, 4B), -24.3 (d,
2B), -27.0 (d, 1B). UK (CCl, 2456, 1012, 955, 854, 678 cm™.

2.6 Peakuuu aakuinpoBanusi anuona [2-ByHeSH]*

2-(muoyTH)CybhOHNO0-K1030-1eKadopaT TeTpadyruiaammonusi N-BuyN[2-
B1oHsS(n-Bu),] (7)

TerpaOyTtmnammonueByto coiib N-BuyNG6 (1 r, 1.6 MMoib) u kapOonat Hatpus (167
Mmr, 1.6 MMoOb) TOMENIaau B KPYIJIOJOHHYIO KoyiOy Ha 50 mu u npuiuBaiu 18 mu
alleTOHUTPUIIA, 2 MJI TUCTUJUTMPOBAHHOM BOJbI 1 850 MK 1-OyTunOpomua (8 MmMoIib).
PactBop marpesaim mnpu 50 °C B armocdepe aproHa B Te€YeHHE 2-X YACOB, 3aTEM
OTTOHSUTM ~ PACTBOPHUTENIb Ha POTOPHOM  ucmaputene, gobapmsi 15 M
JTUCTUUIMPOBAHHOW BOJBI W oOpabaThiBasii Ha Y3 BaHHE JO 0Opa3oBaHUs
XJIOMTBEBUIHOTO ocanka. OO0pa30BaBIIMKCA OCANOK OTPUIBTPOBHIBATN U TPOMBIBATU
2X10 mi1 guctTuumpoBaHHOM Bojbl M 2X10 M nuatriioBoro 3¢upa. Beixox 0.75 1 (1.5
MMOJTb, 94%).

CHNS-anamu3, Beruncieno mius CosHgsNB1oS (%): C, 56.97; H, 12.55; N, 2.77; S,
6.34. Haiineno (%): C, 56.86; H, 12.87; N, 2.79, S, 6.37. *H-NMR (CDsCN, &, ppm):
3.14 (m, 8H, n-BuyN"), 2.72 (dt, 4H J;=7.89, J,=2.02, SCHaHg), 1.65 (m, 12H,
SCH,CH,, n-BusN"), 1.41 (m, 12H, CH,CH,CH,, n-Bus,N¥), 1.01 (m, 12H, n-BusN™),
0.95 (t, 6H, J=7.15, CH,CHs), 0.60-2.10 (m, 9H, ByHg). *C-NMR(CDsCN, &, ppm):
58.9 (n-BuyN), 41.5 (SCH,), 28.3 (SCH,CH,) 23.9 (n-BusN™), 21.7 (CH,CHs), 19.7 (n-
Bus,N®), 13.5 (n-BusN*), 13.1 (CH,CH3). "'B-{1H} NMR (CDsCN, &, ppm): 3.5 (d, 1B),
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-2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -25.2 (d, 3B), -28.2 (d, 2B). UK (CCl,): 2960,
2875, 2474, 1472, 1420, 1381, 1363, 1164, 1107, 1065, 993, 883 cm™

2-(MHOKTH)CYIb(hOHUO-K1030-IeKabopaT Terpadyruiammonus N-BuyN[2-
B1oHsS((CH2)-CHz),] (n-Bu,N8)

TerpabytmiammonueByro coyib N-BuyNG6 (1 1, 1.6 MMob) 1 kapOonat Hatpus (167
Mr, 1.6 MMOJb) TTOMENIaau B KPYIJIOJOHHYIO KOOy Ha 50 mur u nmpuivBanu 18 mu
aleTOHUTpUIA, 2 MJI JUCTUJUTMPOBAHHOM Bosbl U 1.36 M 1-oxkTunOpomuaa (8 MMoJIb).
PactBop kumstiinm B aTrmMocdepe aproHa B TEYEHUE 2-X 4YacoB, 3aTE€M OTIOHSIU
pacTBOpPUTEIb HA POTOPHOM HcHapuTene, 100aBisuii 30 M AUCTUIUTMPOBAHHOMN BOABI U
u 10 M rekcana oOpabaThiBaiu Ha Y3 BaHHE /10 00pa30BaHUS XJIOMBEBUIHOTO OCAKA.
OOpazoBaBiuiicss  0caJoK  OTQUIBTPOBBIBAIM M HpoMmbiBaM  2X10 M
JUCTUWIIUPOBAHHOM BOJbI U 2X10 mu1 nustuiioBoro 3¢upa. Beixox 0.93 r (1.5 MMob,
95.%).

CHNS-ananu3, BeranciacHo aiast CaH7oNB1oS (%): C, 62.18; H, 12.88; N, 2.27; S,
5.19. Haiineno (%): C, 62.33; H, 12.62; N, 2.13, S, 5.11. *H-NMR (CDsCN, &, ppm):
3.14 (m, 8H, n-Bu;N"), 2.72 (dt, 4H J,=7.89, J,=2.02, SCHHg), 2.29 (n-Bu;N") 1.65
(m, 12H, SCH,CH,, n-BuyN™), 1.43 (m, 12H, C3H,, n-Buy,N"), 1.28 (m, 16H, C4H,-
C7H,), 0.95 (t, 6H, J=7.15, CHs), 0.60-2.10 (m, 9H, BjoHs). *C-NMR(CD4CN, 8,
ppm): 58.9 (n-BuyN), 41.5 (SCH,), 28.4 (C2) 23.9 (n-Bu,N"), 21.7 (C3), 20.6 (C4), 20.2
(C5), 19.7 (n-BusN™), 19.1 (C6), 18.8 (C7), 13.5 (n-Bu,N"), 13.1 (CH5). "'B-{1H} NMR
(CDsCN, 8, ppm): 3.5 (d, 1B), -2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -25.2 (d, 3B), -
28.2 (d, 2B). UK (CCl,): 2973, 2871, 2475, 1471, 1431, 1379, 1357, 1258, 1161, 1101,
1072, 985, 878 cm™

2-(muoKTHA)CYab(oHUO-K1030-neKkabopaT ue3ns Cs[2-B;oHyS((CH,);CHy3),]
(Cs8)

[e3uesoro comp Cs6 (1 1, 2,4 Mmons) u kapbonat Harpus (240 mr, 2.4 MMOJB)
MOMEIIAJIA B KPYTJIOJOHHYIO KOOy Ha 50 Myt u npuimBaiu 20 M auMeTmigapmMamMuia,
n 2.07 ma l-okrun6pomuaa (12 mmons). PactBop nHarpesamu mpu 60 C B atMochepe
aproHa B T€UeHHUE 2-X YaCOB, 3aT€M OTTOHSUIM PACTBOPUTENH HA POTOPHOM HCIIApUTEIE,
no6aBmsiu 30 Mi1 TUCTHILTMPOBAHHOM BoJibI M 10 Mu1 rekcaHa u oOpabarpiBasi Ha Y3
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BaHHe B TeueHue 10 munyT. OOpa3oBaBIIMiiCS 0CaJ0K OTPHIBTPOBBIBAIHN U TPOMBIBAIN
2x10 M1 nucTUITUpOBaHHOM Bobl, 2X10 M1 n3onponanona, 2X10 mi meranona u 2x10
M1 quaTrIIoBoro agupa. Beixoq 1.11 1 (2.2 mmois, 91.2%).

CHNS-anamu3, Beruncieno mast CigHisNB1oSCs (%): C, 37.78; H, 8.52; S, 6.30.
Haiineno (%): C, 37.68; H, 8.31; S, 6.23. 'H-NMR (DMSO-Dg, &, ppm): 2.72 (dt, 4H
J;=7.89, J,=2.02, SCHaHg), 1.62 (m, 4H, SCH,CH,), 1.45 (m, 4H, C3H,,), 1.25 (m,
16H, C4H,-C7H,), 0.91 (t, 6H, J=7.15, CHj), 0.60-2.10 (m, 9H, BiHg). “C-
NMR(DMSO-Dg, 8, ppm): 41.5 (SCH,), 28.4 (C2), 21.7 (C3), 20.6 (C4), 20.2 (C5),
19.1 (C6), 18.8 (C7), 13.1 (CH5). "'B-{1H} NMR (DMSO-Dg, &, ppm): 3.5 (d, 1B), -2.3
(d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -25.2 (d, 3B), -28.2 (d, 2B). UK (CCl,): 2931, 2855,
2492, 1444, 1010, 878 cm™

2-(mumomen i) cyab(hoHN0-K1030-1eKadopaT TerpadyrwiaammMonus N-BuyN[2-
B1oHsS((CH.)1:CH3).] (n-Bu;N9)

TerpaOyTtmnammonueByto coiib N-BuyNG6 (1 r, 1.6 MMoib) u kapOonat Hatpus (167
Mmr, 1.6 MMoOb) TOMENIaau B KPYIJIOJOHHYIO KoyiOy Ha 50 mu u npuiuBaiu 18 mu
aleTOHUTPpUIA, 2 MJI JAUCTHUIMPOBaHHOW Boabl M 2.88 mi 1-momemmnbpomuna (8
MMOJIb). PacTBop kumsaTuian B atMocepe aproHa B Te€YCHHE 2-X 4aCOB, 3aTEM OTTOHSIIH
pPacTBOPUTEIL HA POTOPHOM HcTIapuTese, 100aBisuii 30 M1 TUCTUIUTMPOBAHHON BOBI U
10 M rekcana u obpabaTeiBaiv Ha Y3 BaHHE 10 00pa30BaHUs XJIOMbEBUIHOTO OCAJIKA.
OOpaszoBaBmIMiicss  OCaJOK  OTQUIBTPOBBIBAIM M HOpombiBayid  2X10  Mx
JTUCTUIUTUPOBAaHHOM BOABI U 2X10 mut auaTunoBoro 3¢upa. Beixox 1.07 r (1.47 mmornb,
93.5%).

CHNS-anamu3, Beruncieno mias CyoHgsNB1oS (%): C, 65.78; H, 13.11; N, 1.92; S,
4.39. Haiineno (%): C, 65.62; H, 12.95; N, 1.81, S, 4.25. 'H-NMR (CD4CN, &, ppm):
3.14 (m, 8H, n-Bu;N"), 2.72 (dt, 4H J,=7.89, J,=2.02, SCHHg), 2.29 (n-Bu;N") 1.66
(m, 12H, SCH,CH,, n-BuyN™), 1.41 (m, 12H, C3H,, n-BuyN™), 1.29 (m, 32H, C4H,-
C11H,), 0.94 (t, 6H, J=7.15, CH3), 0.60-2.10 (m, 9H, BioH,). *C-NMR(CD;CN, 3,
ppm): 58.9 (n-BusN), 41.5 (SCH,), 28.4 (C2) 23.9 (n-BuyN™), 21.7 (C3), 20.6 (C4),
20.2-19.7 (C5-C9, n-BuN*"), 19.1 (C10), 18.8 (C11), 13.5 (n-BusN"), 13.1 (CH5). "'B-
{1H} NMR (CD;CN, 6, ppm): 3.5 (d, 1B), -2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -
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25.2 (d, 3B), -28.2 (d, 2B). UK (CCl,): 2969, 2921, 2855, 2488, 1633, 14172, 1415,
1380, 1341, 1272, 1111, 1065, 992, 935, 891, 833, 795, 537, 611, 540 cm™

2-(muaomenuii)cyab(onno-kiozo-nexkadopar nesmns Cs[2-B1gHyS((CHy)1:CH3),]
(Cs9)

Ile3ueByto coap Cs6 (1 1, 2.4 mMoab) u kapoonat Hatpus (240 mr, 2.4 MMOJIb)
MOMEIIAJIA B KPYTJI0JAOHHYIO K0JIOy Ha 50 mut u npunuBanu 20 M ntuMetuiihapMaMuia
n 1.73 ma 1-nomenmnGpomuna (12 Mmmois). PactBop Harpesau mpu 60 C B aTMochepe
aproHa B Te€4€HHUE 2-X YaCOB, 3aT€M OTTOHSUIM PACTBOPUTENh HA POTOPHOM HCIIApUTEIE,
no0apisii 30 M AMCTHIITIMPOBAHHOW BOJBI U 00pabaThiBaii Ha Y3 BaHHE B TEUCHUE
10 munyt. OOpa3oBaBIIMICSA OCATOK OTQWIBTPOBBIBAIM U MpoMbiBamu 2X10 M
JTACTUUITMPOBAHHOW BoAbI, 2X10 M m3omnpomnanosa, 2X10 mn meranona u 2X10 mu
nuaTHIIoBOTO 3dupa. Berxoa 1.35 1 (2.18 mmoutb, 90.5%).

CHNS-ananmu3, Beruucieno st Co4HsoB1oSCs (%): C, 45.43; H, 9.58; S, 5.16.
Haiineno (%): C, 45.33; H, 6.56; S, 5.05. 'H-NMR (DMSO-Dg, &, ppm): 2.72 (dt, 4H
J;=7.89, J,=2.02, SCHaHg), 1.62 (m, 4H, SCH,CH,), 1.45 (m, 4H, C3H,,), 1.25 (m,
32H, C4H,-C11H,), 0.91 (t, 6H, J=7.15, CH,;), 0.60-2.10 (m, 9H, BjoHy). Bc-
NMR(DMSO-Dg, 6, ppm): 41.5 (SCH,), 28.4 (C2), 21.7 (C3), 20.6 (C4), 20.2-19.7 (C5-
C9), 19.1 (C10), 18.8 (C11), 13.1 (CHs). "B-{1H} NMR (DMSO-D, 5, ppm): 3.5 (d,
1B), -2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -25.2 (d, 3B), -28.2 (d, 2B). K (CCl,):
2926, 2851, 2488, 1438, 1002, 881 cm™

2-(mmoxTagenuia)cynbpoHNO-K1030-1eKaAG0paT  TeTPadyTHIAMMOHUS n-
BusN[2-B1oHS((CH2)17CHs3),] (n-BuyN10)

TerpabyTmrammonneByro coiib N-BuyNG6 (1 T, 1.6 MMoib) u kapOonHat Hatpus (167
Mr, 1.6 MMOJb) MOMENIaNu B KPYTJoJOHHYIO KojOy Ha 50 mu u mpuwiuBanu 18 i
aleTOHUTpUiIa, 2 MJI JUCTWUIMPOBAHHOW Bojabl W jgoGaBmsumm  2.62 1 1-
okTaaemmiopomuia (8 Mmoms). PacTBop kumsTiim B atMocepe aprona B TEUCHHE 2-X
4acoB, 3aT€M OTTOHSUIM PACTBOPUTETh HAa POTOPHOM Hcmaputene, maodaBmsum 30 mi
TUCTWITUPOBAaHHONW BoAbl W 10 My rekcaHa u oOpabarpiBaii Ha Y3 BaHHE [0

o0Opa3oBaHUs XJIOMbEBUIHOTO ocanka. OOpa3oBaBIIUICS OCaJAOK OTHUIHLTPOBHIBAIU H

56



npoMbiBasin 2X10 M AuCTUILITMPOBaHHOM BOABI M 2X10 M auaTunoBoro s¢upa. Beixoa
1.33 r (1.48 mmoutb, 94.2%).

CHNS-ananmu3, Berancieno 1 CsHi19NB1oS (%): C, 69.50; H, 13.35; N, 1.56; S,
3.57. Haiizeno (%): C, 69.71; H, 13.07; N, 1.41, S, 3.42. '"H-NMR (CDsCN, &, ppm):
3.14 (m, 8H, n-Bu;N"), 2.72 (dt, 4H J,=7.89, J,=2.02, SCHHg), 2.29 (n-Bu;N") 1.66
(m, 12H, SCH,CH,, n-BuyN™), 1.41 (m, 12H, C3H,, n-BusN™), 1.29 (m, 56H, C4H,-
C17H,), 0.94 (t, 6H, J=7.15, CH3), 0.60-2.10 (m, 9H, BioH,). "*C-NMR(CDsCN, §,
ppm): 58.9 (n-BusN), 41.5 (SCH,), 28.4 (C2) 23.9 (n-BuyN"), 21.7 (C3), 20.6 (C4),
20.2-19.7 (C5-C15, n-BusN*), 19.1 (C16), 18.8 (C17), 13.5 (n-Bu;N"*), 13.1 (CH5). 'B-
{1H} NMR (CDsCN, 3, ppm): 3.5 (d, 1B), -2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -
25.2 (d, 3B), -28.2 (d, 2B). UK: 2962, 2918, 2850, 2484, 1635, 1470, 1419, 1381, 1329,
1268, 1152, 1108, 1065, 1031, 994, 947, 883, 829, 801, 535, 613, 541 cm™

2-(muoKTamenu)cyab(poHno-Ki1030-1exadopar ne3ust n-Cs[2-
B1oHeS((CH2)17CH3),] (Cs10)

[e3ueBoro conp Cs6 (1 1, 2.4 mmonb) u kapOonat Hatpus (240 mr, 2.4 MMOIIB)
NOMEIIAIH B KPYIJIOJAOHHYIO KoJI0y Ha 50 mi1, npunuBanu 20 Ma auMetuiadapMaMuia u
noGasnsmy 4.0 T 1-okramenmnépomuaa (12 mmons). Pactsop Harpesamu mpu 60 C B
aTMoc(epe aproHa B Te€U€HHE 2-X 4acOB, 3aTEM OTIOHSJIM PACTBOPUTENb HA POTOPHOM
ucnapurene, 106asisui 30 M1 JUCTHUILIMPOBAHHON BO/IBI M 00pabaThiBaiy Ha Y3 BaHHE
B Teuenne 10 muayT. OOpazoBaBmIuiicss 0cagoK OTHUIBTPOBBIBAIN U TpoMbIBaiu 2X10
MJI TUCTUJUTMPOBAHHOM BOJbI, 2X10 M1 m3onpomnanona, 2X10 mi1 metadosna u 2X10 mu
nuaTHIIoBOTO 3dupa. Beixoa 1.35 r (2.18 mmouts, 90.5%).

CHNS-anamu3, Beruucieno mist CasHgaB1oSCs (%): C, 54.79; H, 10.60; S, 4.06.
Haiineno (%): C, 54.63; H, 10.42; S, 3.84. 'H-NMR (DMSO-Dg, §, ppm): 2.72 (dt, 4H
J;=7.89, J,=2.02, SCHaHg), 1.62 (m, 4H, SCH,CH,), 1.45 (m, 4H, C3H,,), 1.25 (m,
56H, C4H,-C17H,), 0.91 (t, 6H, J=7.15, CHj), 0.60-2.10 (m, 9H, ByHe). “*C-
NMR(DMSO-Dg, 8, ppm): 41.5 (SCH,), 28.4 (C2), 21.7 (C3), 20.6 (C4), 20.2-19.7 (C5-
C15), 19.1 (C16), 18.8 (C17), 13.1 (CHa). "B-{1H} NMR (DMSO-Ds, &, ppm): 3.5 (d,
1B), -2.3 (d, 1B), -15.5 (s, 1B), -24.5 (d, 2B), -25.2 (d, 3B), -28.2 (d, 2B). UK (CCl,):
2925, 2854, 2487, 1442, 1007, 880 cm™
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2-(nunpo-2-en-1-wi)cyibpoHno-xi1o3o-1ekadopar TeTpadyTHWIAMMOHUA N-
BusN[2-B1gHS(CH,CHCH,),] (11)

TerpabytuinammonueByto coyib N-BUyNG (1 r, 1.6 Mmmoib) u kapooHaT HaTpus (167
Mmr, 1.6 MMOJb) MOMelanu B KPYIJIOJOHHYIO KOO0y Ha 50 mu, mpunuBanu 18 wmu
aleTOHUTPHUIA, 2 MJI JUCTWIMPOBAaHHON BOJbI U 680 MK ammuiadpomuia (8 MMOJIb).
PactBop Harpesamu npu 50 °C B aTtMmocepe aproHa B TE€YE€HHE 2-X YacOB, 3aTeEM
OTTOHSUIM ~ PAacTBOPHUTENIb Ha POTOPHOM  ucnaputene, Jgobasmsum 15 Ma
JUCTUIIMPOBAHHOM BOABI W oOpabaThiBaii Ha Y3 BaHHE J0 0Opa3oBaHUs
XJIONIbEBUAHOTO ocajika. OOpa3oBaBLIMKCA OCANOK OT(PUIBTPOBBIBAIM U MPOMBIBAIU
2x10 mur mucTrIMpOoBaHHOM BOABI U 2X10 M quatuiioBoro sdupa. Beixon 0.68 r (1.44
MMOJIb, 91.5%).

CHNS-anamu3, Beruuciaeno mast CoHssB1oS (%): C, 55.76; H, 11.7; N, 2.96, S,
6.77. Haiineno (%): C, 56.1, H, 11.63;N, 2.98; S, 6.64. 'H-NMR (CD;CN, &, ppm): 5.92
(m, 2H, CHCHcHp), 5.36 (m, 2H, CHCHcHp), 5.32 (m, 2H, CHCHcHp), 3.43 (m, 4H,
SCHaHg), 3.14 (m, 8H, n-Bu;N"), 1.65 (m, 8H, n-Bu,;N"), 1.41 (m, 8H, n-BuyN™), 1.01
(t, 12H, n-Bus,N*), 0.60-2.10 (m, 9H, BigHs). *C-NMR(CDsCN, &, ppm): 129.7
(CHCH,), 122.4 (CHCH,), 58.9 (n-Bus;N"), 43.5 (SCH,), 24.0 (n-Bu;N"), 19.9 (n-
Bus,N"), 13.4 (n-BusN*). 'B-{1H} NMR (CD4CN, &, ppm): 4.4 (d, 1B), -2.4 (d, 1B), -
16.0 (s, 1B), -24.7 (d, 5B), -28.1 (d, 2B). UK (CCly): 3085, 2961, 2876, 2472, 1636,
1473, 1424, 1398, 1381, 1363, 1319, 1250, 1169, 1108, 1064, 1032, 996, 927, 886, 667,
600, 416 cm™.

2-(munpo-2-un-1-mi)cyab(hoHUO-K1030-1eKaAbopaT TeTpadyTWIAMMOHHS N-
BusN[2-B1oHS(CH,CCH),] (12)

TerpabyTtmnammonueByto coiib N-BuyNG (1 1, 1.6 mmons) u kapobonat Hatpus (167
Mmr, 1.6 MMOJb) TOMeIIadd B KPYIJIOJOHHYIO KO0y Ha 50 mi, mpunuBamu 18 mu
alleTOHUTPHUIA, 2 MJ JUCTHILIMPOBAHHONW Boabl M 880 Mk mpomaprmidopomuaa (8
mMmoutb). PactBop HarpeBamm npu 50 °C B arMocdepe aproHa B TE€UYE€HHE 2-X 4acoB,
3aTeM OTIOHSJM pAacTBOPUTENb Ha POTOPHOM ucHapurtene, AoOaBmsaum 15 wi
JTUCTUUIMPOBAHHOW BOABI W oOpabaTeiBam Ha Y3 BaHHE JO0 o0Opa3oBaHUs
XJIONbEBUAHOTO ocajika. OOpa3oBaBLIMKCA OCANOK OT(PUIBTPOBBIBAIUM U MPOMBIBAIU
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2Xx10 mut mucTuMpoBaHHOM BoABI U 2X10 M guatunoBoro sdupa. Beixox 0.65 r (1.44
MMOJTb, 88.4%).

CHNS-ananmu3, BeranciaeHo maust CypHsiNBoS (%): C, 56.24; H, 10.94; N, 2.98, S,
6.82. Haiineno (%): C, 56.32, H, 11.07;N, 2.81; S, 6.72. 'H-NMR (CD3CN, 6, ppm):
3.38 (m, 4H, SCHaHg), 3.14 (m, 8H, n-Bu,N"), 2.61 (dd, 2H, CCH), 1.65 (m, 8H, n-
Bu,N"), 1.41 (m, 8H, n-Bu;N*), 1.01 (t, 12H, n-BusN*), 0.60-2.10 (m, 9H, ByoHs). **C-
NMR(CDsCN, §, ppm): 81.8 (CCH), 76.1 (CCH), 58.9 (n-Bus;N"), 42.6 (SCH,), 24.0
(n-BusN"), 19.9 (n-BusN*), 13.4 (n-BuyN*). "'B-{1H} NMR (CD;CN, &, ppm): 4.4 (d,
1B), -2.4 (d, 1B), -16.0 (s, 1B), -24.7 (d, 5B), -28.1 (d, 2B). UK (CCl,): 3284, 2971,
2865, 2478, 2232, 2174, 1725, 1608, 1461, 1426, 1291, 1211,1054, 956, 755 cm™.

2-(mudeH3mn)cyab(poOHUO-K1030-1eKabopaT TeTpadyruiaammMonusi N-BuyN[2-
B10HS(CH:Ph),] (13)

TerpabyTtmnammonueByto coiib N-BuyNG6 (1 r, 1.6 MMoib) u kapOonat Hatpus (167
Mr, 1.6 MMOJb) TOMeIIadd B KPYIJIOJAOHHYIO KoJOy Ha 50 mu, mpwimBaiud 18 mi
aleTOHUTPUIA, 2 MJI AUCTUUIMPOBaHHOU BoAbl U 1170 Mk OeH3uindOpomuia (8 MMOJIb).
Pacteop Harpesamu npu 50 °C B atmocepe aproHa B T€YeHHE 2-X YaCOB, 3aTEM
OTTOHSJIM  pPAacTBOPUTENb HA POTOPHOM  HCHapuTene, no0aBmsamum 15  wma
JTUCTUUIMPOBAHHOW BOJBI W oOpabaThiBasii Ha Y3 BaHHE JO 0Opa3oBaHUs
XJIONBEBUJIHOTO ocanka. OOpa3oBaBIIUICS OCATOK OT(OUIBTPOBBIBATM W MPOMBIBAIH
2X10 Mt mucTruMpoBaHHOM BOoABI U 2X10 M guatusioBoro s¢upa. Berxox 0.80 T (1.45
MMOJIb, 92.3%).

CHNS-anamu3, Berancieno mias CyoHsgNB1oS (%): C, 61.15; H, 10.36; N, 2.44; S,
5.59. Found (%): C, 62.28; H, 10.59; N, 2.43: S, 5.46. 'H-NMR (CDsCN, 8, ppm): 7.29
(m, 6H, Ph Hz45), 7.14 (m, 4H, Ph H,;), 4.12 (d, 2H, J=13.57, SCHAH3), 3.87 (d, 2H,
J=13.57, SCHaHg), 3.14 (m, 8H, n-Bu;N"), 1.65 (m, 8H, n-Buy;N™), 1.42 (m, 8H, n-
Bu,N"), 1.01(t, 12H, n-Bu,N"), 0.60-2.10 (m, 9H, B1oH,). **C-NMR(CD;CN, &, ppm):
133.7, 130.2, 129.3, 128.8 (Ph), 58.9 (n-Bu,N"), 47.8 (SCH,), 24.0 (n-BusN"), 19.9 (n-
BusN"), 13.5 (n-Bu:N"). *'B-{1H} NMR (CD;CN, &, ppm): 4.6 (d, 1B), -2.5 (d, 1B), -
14.6 (s, 1B), -24.6 (d, 5B), -28.1 (d, 2B). UK (CCl,): 3065, 3030, 2961, 2876, 2460,
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1603, 1496, 1469, 1419, 1380, 1363, 1319, 1239, 1167, 1076, 1029, 993, 943, 925, 894,
707, 667, 560, 481 cm™.

2-(mu-4-HUTPOOEH3W)CYIb(POHNO0-K1030-1eKadopaT TeTPpadyTHJIIAMMOHHUS
BusN[2-B1gHsS(CH,(4-PhNOy)),] (14)

TerpabytrmiiammonueByto cosib N-BuyNG6 (1 1, 1.6 MMois) u kapooHaT HaTpus (167
Mr, 1.6 MMOJb) TOMEIIAdd B KPYIJIOJOHHYIO KO0y Ha 50 mu, mpunuBamud 18 mu
alleTOHUTpUIa, 2 M JUCTWUIMPOBAHHOM BoAbl M jgobGaBmsmum 2.13 1 4-
HUTpOOeH3MIOpoMuia (8 Mmoits). Pacteop Harpesamu mpu 50 °C B atmocdepe aprosa B
TEUCHHE 2-X YacoB, 3aTeM OTTOHSUIM pPAaCTBOPUTEIh HAa POTOPHOM HCIApHUTEIE,
n00aBIsIM 15 M1 JUCTUIIMPOBAaHHOM BOABI M oOpabaThiBaiM Ha Y3 BaHHE 0
o0pa3oBaHMsl XJIOMBEBUAHOTO ocaaka. OOpa30BaBIIMICSA OCAZOK OTQUIBTPOBBIBATIN U
npomMbIBaiy 2X10 M1 TUCTUIIMPOBAHHOM BOAbI U 2X10 M quaTHIIOBOTO 3(hHpa. Berxos
0.96 r (1.49 Mmmomb, 94.7%).

CHNS-ananm3, Beraucieno st CogHsgN3O4B10S (%): C, 52.38; H, 9.26; N, 6.55;
S, 4.99. Found (%): C, 52.21; H, 9.11; N, 6.38; S, 4.86. 'H-NMR (CDsCN, &, ppm):
8.20 (d, 4H, Ph H35s), 7.47 (d, 4H, Ph H,¢), 4.43 (d, 2H, J=14.1, SCHAHg), 4.01 (d, 2H,
J=14.1, SCHpHg), 3.24 (m, 8H, n-Bu;N"), 1.74 (m, 8H, n-Bu;N"), 1.58 (m, 8H, n-
Bus,N"), 1.14 (t, 12H, n-BusN*), 0.60-2.10 (m, 9H, B1gHs). *C-NMR(CD4CN, &, ppm):
148.6, 140.2, 131.4, 124.6 (Ph), 59.7 (n-Bu,N"), 47.5 (SCH,), 24.7 (n-BusN™), 20.5 (n-
Bus,N"), 14.2 (n-BusN*). "'B-{1H} NMR (CD4CN, &, ppm): 4.6 (d, 1B), -2.5 (d, 1B), -
14.6 (s, 1B), -24.6 (d, 5B), -28.1 (d, 2B). MK 3059, 2966, 5875, 2512, 1608, 1528,
1514, 1428, 1468, 1382, 1346, 1183, 1107, 1017, 1014, 871, 858, 721, 487 (CCl,): cm™.

2-[ouc(2-ruapoxcudTHI) | CyIb(hOHNO0-K1030-1eKadopaT TeTPadyTHIAMMOHUS
n-BuyN[2-B1,HsS(CH,CH,0H),] (15)

TerpaOyTtunammonueByto coiib N-BuyNG6 (1 1, 1.6 Mmmonb) u kapbonart Hatpus (167
mr, 1.6 MMOJb) MOMENIaNu B KPYTJoJOHHYI0 KojOy Ha 50 mu u mpwiuBamu 18 i
alleTOHUTPHUIA, 2 MJ JUCTHILIMPOBaHHONW Boabl M 880 Mk mpomaprmidpomuna (8
MMoIts). PactBop Harpesamu npu 50 °C B armMoc(epe aproHa B T€YeHHE 2-X 9acoB,
3aTéM OTIOHSJIM pacTBOPUTENb HAa POTOPHOM HUcHapurene, Ao0aBmsud 15 ma
JTUCTWITMPOBAHHOM BOJIBI W oOpabaTeiBalii Ha Y3 Ba"HHe 10 0Opa3oBaHUS
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XJIOMTbEBUIAHOTO ocanka. OO0pa30oBaBMIMKCA OCANOK OTPUIBTPOBHIBATN U MPOMBIBAIN
2Xx10 mu1 mucTrUIIMpOoBaHHOM BOABI U 2X10 M guatusoBoro sdupa. Beixon 0.65 r (1.44
MMOJIb, 88.4%).

CHNS-anamu3, Beruncieno s CooHssNB1oS (%): C, 49.85; H, 11.51; N, 2.91, S,
6.65. Haiineno (%): C, 49.71, H, 11.42; N, 2.79; S, 6.52. 'H-NMR (CDsCN, &, ppm):
3.81 (m,4H, SCH,), 3.01 (m, 4H , SCH,CH,), 3.14 (m, 8H, n-BuyN™), 2.95 (s, 2H, OH),
1.66 (m, 8H, n-BuyN™), 1.43 (m, 8H, n-Bu,N"), 1.03 (t, 12H, n-Bus,N"), 0.60-2.10 (m,
9H, ByHg). *C-NMR (CDsCN, 8§, ppm): 61.7 (SCH.CH,), 58.3 (n-Bu;N*), 44.7
(SCH,), 23.2 (n-BusN"), 19.3 (n-Bu,N"), 12.8 (n-Bu,N"). *B-{1H} NMR (CD;CN, 5,
ppm): 4.6 (d, 1B), -2.8 (d, 1B), -15.2 (s, 1B), -24.8 (d, 5B), -28.4 (d, 2B). K (CCly):
3501, 3062, 2996, 2484, 1484, 1440, 1405, 1339, 1218, 1109, 1071, 998, 527, cm ™.

2-[6mc(2-3TOKCH-2-0KC0ITHI) |y Ib(OHHO-K1030-AeKAG0paT
Terpadyruinammonusi N-BuyN[2-B1oHyS(CH,COOE),] (16)

TerpaOyTtunammonueByto coiib N-BuyNG (1 1, 1.6 mmonb) u kapbonart Hatpus (167
Mmr, 1.6 MMoOb) TOMENIaau B KPYIJIOJOHHYIO KoyiOy Ha 50 mu u npuiuBaiu 18 mu
alleTOHUTpUJIA, 2 MJI JUCTWUIMPOBAHHOW Boabl W 870 MK 3TUIOBOTO 3dupa
OpoMyKcycHOM KHCIOTH (8 MMmoib). PactBop Harpesamu mpu 50 °C B atmocdepe
aproHa B T€UeHHUE 2-X YacOB, 3aT€M OTTOHSUIM PaCTBOPUTEh HA POTOPHOM HCIIapUTEIE,
n00aBIsAM 15 M IUCTWIUIMPOBAaHHOM BOJABI M oOpabaThiBaii Ha Y3 BaHHE 0
00pa3oBaHMsI XJIOMBEBUAHOTO ocaaka. OOpa30BaBIIMNCSA OCAIOK OT(QHMIBTPOBHIBAIH U
npomMbiBanu 2X10 M1 TUCTUIUTMPOBAHHOM BOABI U 2X10 M1 quaTHIIOBOTO A(upa. Berxos
0.88 r (1.46 Mmmosb, 89.5%).

CHNS-anamu3, Beruuciero mist CosHs9gO4NB 1S (%): C, 50.94; H, 10.51; N, 2.48;
S, 5.67. Haiizeno (%): C, 49.94; H, 10.29: N, 2.48: S, 5.62. "H-NMR (CD,CN, &, ppm):
4.23 (dg, 4H, J;=7.15, J,=1.28, OCH,), 3.80(d, 2H, J=15.96, SCHAHg), 3.66 (d, 2H,
J=15.96, SCHHg), 3.17 (m, 8H, n-Bu,;N"), 1.67 (m, 8H, n-Buy,N"), 1.43 (m, 8H, n-
Bu,N"), 1.30 (t, 6H, J=7.15, OCH,CH,) 1.03 (t, 12H, n-Bu,N"), 0.60-2.10 (m, 9H,
B1oHs). *C-NMR(CD5CN, 8, ppm): 165.9 (COO), 62.8 (OCH2), 58.9 (n-Bu,N"), 44.9
(SCH,), 23.9 (n-Bu;N"), 19.9 (n-Bu;N"), 13.9 (CH,CHs), 13.4 (n-Bu,N"). "'B-{1H}
NMR (CD3;CN, 6, ppm): 4.7 (d, 1B), -3.0 (d, 1B), -15.3 (s, 1B), -24.3 (d, 5B), -28.5 (d,
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2B). UK (CCly): 2962, 2906, 2876, 2463, 2430, 1739, 1483, 1464, 1382, 1299, 1181,
1144, 1097, 1023, 944, 921, 882, 859 cm ™.

2-[6muc(2-aMuHO-2-0Kc03THI) |CyJIbGOHHO-K1030-AeKab0opaT
TerpadyTuammonus N-BuyN[2-B;oHS(CH,CONH,),] (17)

TerpabyrunammonueByto coyib N-BUyNG (1 1, 1.6 Mmmoib) u kapooHaT HaTpus (167
Mr, 1.6 MMOJb) TOMEIIATd B KPYIJIOJOHHYIO KO0y Ha 50 mi, mpunuBamud 18 wmu
alleTOHUTPUIIA, 2 MJI TUCTUUTMPOBAHHOMN BoMbI M moOaBmsm 1.08 T 2-Opomarieramua
(8 mmoub). PactBop Harpesamu mpu 50 °C B armMocdepe aproHa B TE€YEHHE 2-X YaCOB,
3aTeM OTIrOHSJIM pAacTBOPUTENh HAa POTOPHOM HcCHapurene, Ao0aBmsum 15 ma
JUCTWITMPOBAHHOM BOJBI U oOpabaThiBaiu Ha Y3 BaHHe J0 0Opa3oBaHUSA
XJIONBEBUJIHOTO ocanka. OOpa3oBaBIIUICS OCATOK OT(HUIBTPOBBIBAIM W MPOMBIBAIH
2Xx10 mur mucTrIMpoBaHHOM BOABI U 2X10 M guaTusioBoro sdupa. Beixon 0.74 r (1.46
MMOJIb, 92.4%).

CHNS-anamm3, Beraucieno mist CooHssO,N3B1oS (%): C, 47.3; H, 10.52; N, 8.28;
S, 6.31. Haiineno (%): C, 46.46; H, 10.38; N, 8.36; S, 6.27. *"H-NMR (CDsCN, &, ppm):
6.61(s, 2H, NH,), 5.99 (s, 2H, NH,), 3.70 (d, J=15.22 Hz, SCHaHg), 3.60 (d, J=15.22
Hz, SCHaHg), 3.14 (m, 8H, n-Bus;N"), 1.66 (m, 8H, n-Bu;N"), 1.43 (m, 8H, n-Bu;N"),
1.03 (t, 12H, n-BusN"), 0.60-2.10 (m, 9H, ByHg). *C-NMR (CDsCN, &, ppm): 166.2
(CO), 58.3 (n-BuyN™), 46.1 (SCH,), 23.2 (n-Bu;N"), 19.3 (n-BuyN™), 12.8 (n-Bu,N").
"B-{1H} NMR (CDsCN, 8, ppm): 4.6 (d, 1B), -2.8 (d, 1B), -15.2 (s, 1B), -24.8 (d, 5B),
-28.4 (d, 2B). UK (CCl,): 3393, 3179, 2961, 2875, 2478, 1701, 1613, 1466, 1419, 1383,
1180, 999, 568, 513 cm™.

2-[ouc(mmanomeTn)]cyabGoOHHO-K1030-1eKAG0pPAT TEeTPadyTHIAMMOHMS N-
BuyN[2-B1oHS(CH,CN),] (18)

TerpaOyTtunammonueByto coiib N-BuyNG6 (1 1, 1.6 Mmmonb) u kapbonart Hatpus (167
mr, 1.6 MMoOJb) moMmemiaau B KPYIVIOAOHHYIO K00y Ha 50 mul, mpuiuBaiu 18 mi
alleTOHUTPUIIA, 2 MJI TUCTUJUTHPOBAHHON BOABI U 100aBisiu 0.6 T XJIOpaneTOHUTpUiIa
(8 mmoub). PactBop Harpesamu mpu 50 °C B atmMocdepe aproHa B TE€YEHHE 2-X YaCOB,
3aTeM OTTOHSJIM pAacTBOPUTENh Ha POTOPHOM UCHapuTene, Ao00aBmsmun 15 wi
JTUCTWITMPOBAHHOM BOJBI U oOpabaThiBaii Ha Y3 BaHHe J0 0Opa3oBaHUS
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XJIOMTbEBUIAHOTO ocanka. OO0pa30oBaBMIMKCA OCANOK OTPUIBTPOBHIBATN U MPOMBIBAIN
2X10 Mt muctTupoBaHHOM BoabI U 2X10 M nuaTrnoBoro 3¢upa. Beixox 0.66 r (1.39
MMOJ1b, 88.5%).

CHNS-anamu3, Beruuciero mist CyoHigN3B1oS (%): C, 50.91; H, 8.91; N, 8.91; S,
6.80. Haiinero (%): C, 50.78; H, 8.79; N, 8.88; S, 6.71. "H-NMR (CDsCN, &, ppm):
3.82 (d, J=15.18 Hz, SCHaHg), 3.72 (d, J=15.18 Hz, SCHaHg), 3.14 (m, 8H, n-BusN™),
1.66 (m, 8H, n-BuyN™), 1.43 (m, 8H, n-Bu,N"), 1.03 (t, 12H, n-Bus,N*), 0.60-2.10 (m,
9H, BigHs). *C-NMR (CDsCN, &, ppm): 133.2 (CN), 58.3 (n-BusN*), 44.7 (SCH,),
23.2 (n-BusN"), 19.3 (n-BusN*), 12.8 (n-BuyN*). 'B-{1H} NMR (CD;CN, &, ppm): 4.6
(d, 1B), -2.8 (d, 1B), -15.2 (s, 1B), -24.8 (d, 5B), -28.4 (d, 2B). UK (CCl,): 3082, 2962,
2478, 2207, 1481, 1382, 1152, 1049, 943, 881, 738 cm™.

2-[omuc(2-mranodTH) |cyab(hOHNO-K1030-1eKaA00OpAT TeTPadyTHIAMMOHHA N-
BusN[2-B1oHsS(CH,CH,CN),] (19)

TerpaOyTtunammonueByto coiib N-BuyNG (1 1, 1.6 mmonb) u kapbonart Hatpus (167
Mmr, 1.6 MMOJb) MOMeIIadd B KPYIJIOJOHHYIO KO0y Ha 50 M, mpunuBanu 18 mu
alleTOHUTPpUIA, 2 MJI JUCTHWIIMPOBAHHOW BOJBI W no0aBisiiu 1.06 r© HuTpmia 3-
OpOMIIPOITMOHOBOM KUCIOTHI (8 MMOJb). PactBop HarpeBanu mpu 50 °C B atMocdepe
aproHa B Te€UeHHUE 2-X YaCOB, 3aT€M OTTOHSUIM PaCTBOPUTENH HA POTOPHOM HCIIapUTEIe,
n00aBIsAM 15 M IUCTWIUIMPOBAaHHOM BOJABI M oOpabaThiBaii Ha Y3 BaHHE 0
00pa3oBaHMsI XJIOMBEBUAHOTO ocaaka. OOpa30BaBIIMNCSA OCAIOK OT(QHMIBTPOBHIBAIH U
npomMbiBanu 2X10 M1 nuCTUIIMPOBaHHOM BOABI U 2X10 M1 quaTHIIOBOTO A(upa. Berxos
0.71 r (1.42 Mmmorb, 90.2%).

CHNS-anamu3, Berurciieno g CooHssNsB1oS (%): C, 52.86; H, 10.69; N, 8.41; S,
6.41. Haiineno (%): C, 52.75; H, 10.81; N, 8.52; S, 6.35. 'H-NMR (CDsCN, &, ppm):
3.91 (m,4H, SCH,), 3.05 (m, 4H , SCH,CH,), 3.14 (m, 8H, n-BusN"), 1.66 (m, 8H, n-
BusN"), 1.43 (m, 8H, n-BusN*), 1.03 (t, 12H, n-Bu;N"), 0.60-2.10 (m, 9H, ByoHs). *C-
NMR (CDsCN, §, ppm): 123.2 (CN), 58.3 (n-BusN"), 44.7 (SCH,), 23.2 (n-Bu,N"),
21.7 (SCH,CH,), 19.3 (n-Bu,N"), 12.8 (n-BusN*). *B-{1H} NMR (CDsCN, &, ppm):
4.6 (d, 1B), -2.8 (d, 1B), -15.2 (s, 1B), -24.8 (d, 5B), -28.4 (d, 2B). K (CCl,): 3082,
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2962, 2927, 2462, 2256, 1725, 1439, 1415, 1328, 1274, 1226, 1206, 1150, 1024,968,
894, 679, 579, 642 cm™.

1,4-(1,4-nurnaneauuym)-ouc(kozo-nexkadopar) Tterpayoyrmiaiammonust (N-
BusN),[2-B1oHeS(CH,CH),S-2-B1gHo] (20)

TerpabyrunammonueByto coyib N-BUyNG (1 1, 1.6 Mmmoib) u kapooHaT HaTpus (167
Mr, 1.6 MMOJb) TTOMEIIaan B KPYIJIOJOHHYIO KOOy Ha 50 mur u mpuivBanu 18 mu
aleToOHUTpuiIa, 2 Mia auctwiupoBaHHoM Boasl U 300 mkn 1,2-gubpomstana (3.5
MMoIts). PactBop Harpesamu npu 50 °C B arMoc(epe aproHa B T€YEHHE 2-X 9acoB,
3aTeéM OTIOHSJIM pacTBOPUTENb Ha POTOPHOM HcCHapurene, A00aBmsaum 15 wi
JUCTUWITMPOBAHHOM BOJBI W oOpabaTeiBaii Ha Y3 Ba"HHe 10 0Opa3oBaHUS
XJIONBEBUJIHOTO ocanka. OOpa3oBaBIIUICS OCATOK OT(HUIBTPOBBIBAIM W MPOMBIBAIH
2X10 mur mucTuMpoBaHHOM BoAbI M 2X10 M1 nuaTrmoBoro a¢upa. Beixox 0.62 r (1.48
MMOJIb, 94.2%).

CHNS-anamm3, Berarcieno mas CzsHogN2B2oS, (%): C, 51.50; H, 11.77; N, 3.34; S,
7.64. Haiineno (%): C, 51.46; H, 11.83; N, 3.75; S, 7.51. 'H-NMR (CDsCN, &, ppm):
3.53, 3,49, 3.26, 2.91, 2.87 (m, 8H, SCH,), 3.14 (m, 8H, n-Bu,N"), 1.66 (m, 8H, n-
BusN*), 1.43 (m, 8H, n-BusN*), 1.03 (t, 12H, n-Bu;N*), 0.60-2.10 (m, 9H, B;oHs). *C-
NMR (CDsCN, &, ppm): 58.3 (n-Bu;N"), 34,2, 34,1 (SCH,), 23.2 (n-BusN"), 19.3 (n-
Bus,N"), 12.8 (n-BusN*). 'B-{1H} NMR (CD4CN, &, ppm): 4.6 (d, 1B), -2.8 (d, 1B), -
15.2 (s, 1B), -24.8 (d, 5B), -28.4 (d, 2B). K (CCl,): 2961, 2932, 2875, 2472, 1484,
1413, 1382, 1309, 1298, 1154, 1066, 1025, 1006, 993, 943, 898 cm™.

2-(n3omponuiicyiab(anni)-Kio30-1exkadopar TeTpadyTHIAMMOHMS (n-
BusN)2[2-B1oHeS(CH(CHa)2)] ((n-BusN),21)

TerpabyTtmnammonueByto coiib N-BuyNG (1 1, 1.6 mmons) u kapobonat Hatpus (167
Mr, 1.6 MMOJb) TIOMEIIadu B KPYIJIOJOHHYIO K00y Ha 50 ma u npuiuBanu 18 mi
alleTOHUTpUIIA, 2 MJI JUCTWIUIMPOBaHHOW Boabl M 300 Mkn m3ompomanOpommuaa (3,2
mMmoutb). PactBop HarpeBamm npu 50 °C B arMocdepe aproHa B TE€UYE€HHE 2-X 4acoB,
3aTeM OTIOHSJM pAacTBOPUTENb Ha POTOPHOM ucHapurtene, AoOaBmsaum 15 wi
JTUCTUJUIMPOBAHHOW BOABI W oOpabaTeiBayii Ha Y3 BaHHE JO 0Opa3oBaHUs
XJIONbEBUAHOTO ocajika. OOpa3oBaBLIMKCA OCANOK OT(PUIBTPOBBIBAIUM U MPOMBIBAIU
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2X10 mit qucTuMpoBaHHOM BoABI U 2X10 M guaTunoBoro sdupa. Beixoq 0.95 r (1.41
MMOJTb, 89.5%).

CHNS-ananu3, Beruncieno st CzsHgeNoB1oS (%): C, 62.25; H, 12.84; N, 4.15; S,
4.75. Haiineno (%): C, 62.32; H, 12.75; N, 4.25; S, 4.61. *H-NMR (CDsCN, &, ppm):,
3.14 (m, 16H, n-BusN™), 2.98 (g, 1H, SCH), 1.66 (m, 16H, n-Bu,N"), 1.43 (m, 16H, n-
Bu,N"), 1.31 (d, 6H, CHs), 1.03 (t, 24H, n-BusN*), 0.60-2.10 (m, 9H, ByoHs). *C-NMR
(CD4CN, 8§, ppm): 58.3 (n-BuyN™), 28.2 (SCH,), 26.3 (SCH,), 23.2 (n-Bu,N"), 19.3 (n-
Bus,N"), 12.8 (n-BusN*). *B-{1H} NMR (CDsCN, &, ppm): -1.2 (d, 1B), -2.9 (d, 1B), -
15.5 (s, 1B), -24.8 (d, 2B), -25.6 (d, 2B), 27.7 (d, 2B), -29.2 (d, 1B). UK (CCl,): 3082,
2962, 2927, 2462, 2256, 1725, 1439, 1415, 1328, 1274, 1226, 1206, 1150, 1024,968,
894, 679, 579, 642 cm™.

2-(n3onmponuiicyab(anni)-Kio30-1ekadopar Terpadenungocdonus
(Ph4P)2[2-B10HsS(CH(CH3).)] ((PhsP),21)

Coub (N-BugN),21 (1 1, 1.48 mmonb) pactBoprir B 20 MJI MEeTaHOJ A M TIPUITABAIIH
K 20 M pactBopa tetpadenundochonus (1 k 2.1) (2.22 r, 3.1 MmmMoIib) pU MOCTOSHHOM
nepeMenBaHuu. J[aBanu OTCTOSAThCSA Ocanky B TeueHue 10 MUHYT U OTHUIBTPOBAIIH.
[Tpombuin 3x15 ma Meranona u 3x15 mu audTWIOBOrO »Upa U BHICYNIMBAIM Ha
rIIyOOKOM BakKyMe.

CHNS-anamu3, BeunciaeHo miast CsHggPoB1oS (%): C, 70.32; H, 6.48; S, 3.68.
Haiineno (%): C, 70.32; H, 6.55; S, 3.55. '"H-NMR(CD4CN, &, ppm): 7.98 (m, 8H,
Ph,P"), 7.78 (m, 8H, Ph,P"), 7.74 (m, 8H, Ph,P"), 2.98 (g, 1H, SCH), 1.31 (d, 6H, CH,),
0.60-2.10 (m, 9H, ByoHg). *C-NMR (CDsCN, &, ppm): 136.1 (Ph,P*), 134.8 (Ph,P"),
131.0 (Ph,P*), 28.2 (SCH,), 26.3 (SCH,),. "'B-{1H} NMR (CD4CN, &, ppm): ): -1.2 (d,
1B), -2.9 (d, 1B), -24.4 (d, 4B), -26.0 (d, 3B). UK (CCl,): 3416, 3363, 3054, 2460,
2360, 1646, 1615, 1584, 1482, 1436, 1380, 1316, 1106, 1150, 997, 725, 694, 527 cm™.
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2.7 Peakuuu alMIMPOBAHUSI AHMOHA [2-BlOHgSH]2'

2-(anerniacyabdannn)-kiozo-n1ekadopar terpadyrmwiaammonus (N-BuyN),[2-
B1oHoSC(O)CHjs] ((n-BusN)222)

TerpabyrmnammonueByio coib N-BuysN6 (1 1, 1.6 mmoins) pactBopstiu B 10 mur
aneronuTpuia, nooasasm 1.65 ma tpustrinamuna (12 mmois), oxmaauau g0 0 °C Ha
JeAsHOM 0aHe M MO KalulsiM MpU MepeMemrBaHuu npuiauBaiun 570 Mkia (8 MMOIb)
aneTuiaxyopuaa (Wi 755 MKI aHTUApHUAA YKCYCHOW KHUCHOTHI (8 MMouh)). [Tocne 30
MUH [epeMEeNIMBaHusl TMPU KOMHATHOM TeMIlepaType OTTOHSJIM pPAcTBOPUTEIh Ha
POTOPHOM HcHnaputene, 100asiaun 20 M TUCTUIUIMPOBAHHOW BOABI U 00pabaThIBaIM
Ha Y3 BaHHe J0 00pa3oBaHHA XJOMBEBUAHOTO OCAAKa, KOTOPBIM 3areM
OTQWIBTPOBBIBAIM M MNPOMBIBATM 2X10 M AUCTHITUPOBAHHOW BOABI M 2X10 M
nuaTUI0BOrO 3dupa. Beixon 0.99 r (1.5 mmoins, 93.3%).

CHNS-ananu3, BeranciacHo s CasHgsN,OB1oS (%): C, 59.58; H, 12.73; N, 4.21,
S, 4.82. Haiineno (%): C, 60.8; H, 12.64; N, 4.21; S, 4.72. *H-NMR (CDsCN, 3, ppm):
3.14 (m, 8H, n-BusN"), 2.34 (s, 3H, CHs) 1.65 (m, 8H, n-Bus;N"), 1.41 (m, 8H, n-
Bus,N®), 1.01 (t, 12H, n-BusN*), 0.60-2.10 (m, 9H, B1gHo). >*C-NMR (CD5CN, &, ppm):
188.1 (SCO), 58.6 (n-BusN™), 32.1 (CHs), 23.7 (n-Bu,N"), 19.7 (n-BusN"), 13.2 (n-
Bus,N"). B-{1H} NMR (CDsCN, 8, ppm): 1.4 (d, 1B), 0.3 (d, 1B), -17.9 (s, 1B), -24.4
(d, 4B), -26.0 (d, 3B). UK (CCly): 2958, 2872, 2451, 1646, 1615, 1531, 1480, 1418,
1381, 1150, 1107, 1027, 994, 942, 883, 651.

2-(ameTmicyiabdannn)-xi03o0-n1ekadopatr rterpadenuniadochonns (PhyP),[2-
B1o0HeSC(O)CH;] ((Ph4P),22).

Counb (N-BugN),22 (1 1, 1.50 mmons) pactBopsuii B 20 M1 METaHOJIA U PUITHBAIIN
k 20 mun pactBopa Tterpadenundochonus (1 x 2.1) (2.25 r, 3.16 Mmons) mpu
MIOCTOSTHHOM TIepeMelIuBaHny. JlaBamu ocaiKy OTCTOSThCS B TedeHue 10 MHHYT U
orduibTpoBanu. IIpomeiBanu 3X15 mi meranona u 3X15 mu nudTHIOBOTO 3dUpa U
BBICYIIIMBAJIA Ha TIIyOokoM Bakkyme. Beixon: 1.43 1 (1.51 mmoub, 95.3%).

CHNS-ananmu3, Berumcieno mist CyHsP,0OB1S (%): C, 68.51; H, 6.1;S, 3.73.
Haiineno (%): C, 70.12; H, 6.19; S, 3.72. 'H-NMR(CD4CN, &, ppm): 7.98 (m, 8H,

Ph,P*), 7.78 (m, 8H, Ph,P"), 7.74 (m, 8H, Ph,P*), 2.34 (s, 3H, CHs), 0.60-2.10 (m, 9H,
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BioHg). *C-NMR (CD;CN, &, ppm):188.1 (SCO), 136.1 (Ph,P*), 134.8 (Ph,P"), 131.0
(PhsP"), 32.1 (CH5). *B-{1H} NMR (CDsCN, &, ppm): ): 1.4 (d, 1B), 0.3 (d, 1B), -17.9
(s, 1B), -24.4 (d, 4B), -26.0 (d, 3B). IR (CCly): 3416, 3363, 3054, 2460, 2360, 1646,
1615, 1584, 1482, 1436, 1380, 1316, 1106, 1150, 997, 725, 694, 527 cm™.

2-(ameTmicyabdanmn)-kio3o-nekadopar Hatpusa (Na),[2-B;oHSC(O)CH;]
(Na22).

500 mr (0.75 mmomb) commm (N-BuygN),22 pacteopsiiu B 20 M1 3TaHONa u
npuiauBaiy kK 20 MJT1 3TaHOJIBLHOTO pacTBopa TeTpadeHmioopara HaTpus (1.5 mmorb, 514
Mr). CycneH3us THIATEeJbHO MEPEMENIMBAIM U OTCTaMBad B TedeHue yaca. Ocajok
(BusN)(BPhy) ordunbTpoBbIBAIM M OTOpachiBaJid, PacTBOPHUTENIb OTTFOHSUIA Ha
POTOPHOM HCTIapUTENIe U 00Pa3yIONINIICS 0CaI0K BBICYIICH Ha TTyOOKOM BaKyyMe.

Na,[2-B1oHsSC(O)CHs]: *H-NMR (D,0, 8, ppm): 2.34 (s, 3H, CHjs), 0.60-2.10
(m, 9H, ByoHo).

2-((pennaxapoonni)cyabphaHui)-K1030-1ekadopar Terpadyrwiammonus (N-
BusN),[2-B1oHeSC(O)Ph] ((n-BuyN),23)

TerpabytunammonneByto coib N-BuyN6 (1 r, 1.6 mmons) pactBopuiu B 10 mi
arleToHUTpHIa U 100aBysid 1,65 vt tpusTriaamuHa (12 Mmons), oxaagunu o 0 °C Ha
JeAsHOM OaHe W MO KaIulsiM Mpu nepeMemurBanuu npuiauBain 910 mxin (8 MMoIib)
oenzomnxiopuaa. I[locne 30 MuH mnepememmMBaHUS TpPU KOMHATHOM TeMIleparype
OTTOHSUIM ~ pPAacTBOPHUTENIb Ha POTOPHOM  ucnaputene, jgobasmsum 20 Mo
JTUCTUUIMPOBAHHOW BOJBI W oOpabaThiBayii Ha Y3 BaHHE JO 0Opa3oBaHUs
XJIOMIbEBUIHOTO OCAaJIKa, KOTOPBIM 3aTeM OT(OUILTPOBBIBAIM M MpOMbIBaIM 2X10 mi
JTUCTWILTUPOBAHHOM BOABI U 2X10 M1 auaTrioBoro 3¢upa. Beixog 1.06 r (1.46 mMmob,
91.5%).

CHNS-ananmu3, BbrumciaeHo miasi CagHgsN,OB1 S (%): C, 62.75; H, 11.92; N,
3.85;S, 4.41. Haiizeno (%): C, 61.70; H, 11.77; N, 3.90; S, 4.52. *H-NMR (CDsCN, 5,
ppm): 7.96, 7.94, 7.46, 7.37 (m, 5H, Ph), 3.14 (m, 8H, n-Bu,N"), 1.65 (m, 8H, n-
Bu,N"), 1.41 (m, 8H, n-Bu,N"), 1.01 (t, 12H, n-Bu,N"), 0.60—-2.10 (m, 9H, B;oHs). **C-
NMR (CDs;CN, 8, ppm): 195.5 (SCO), 131.1(Ph), 128.0(Ph), 127.3 (Ph), 58.6 (n-
BusN"), 23.7 (n-BusN"), 19.7 (n-BusN*), 13.2 (n-BusN*). *B-{1H} NMR (CD4CN, 3,
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ppm): 1.5 (d, 1B), 0.1 (d, 1B), -17.9 (s, 1B), -24.4 (d, 4B), -26.0 (d, 3B). IR (CCl,):
2959, 2873, 2457, 1635, 1577, 1478, 1382, 1364, 1199, 1167, 1152, 1026, 992, 917,
884, 699, 648 cm™.

2-((pennaxapoonna)cyabphanui)-kio3o-nekadopar  terpadenunadochoHus
(Phs4P)2[2-B1oHsSC(O)Ph] ((Ph4P),23)

Coub (N-BuyN),23 (1r, 1.38 MMouib) pacTBopsiiid B 20 MJI METaHOJIA U MPUIIABAIIH
kK 20 mu pactBopa Tterpadenundochonus (1 x 2.1) (2.06 r, 2.89 Mmons) mpu
MIOCTOSTHHOM TIepeMelInBaHuu. JlaBalu OTCTOSIThCS OCaaKy B TedeHwe 10 MUHYT H
or@uibTpoBbIBaIM. [IpombiBanu 3X15 M metanona u 3X15 mi quaTmioBoro 3¢gupa u
BBICYIIIMBAJIA Ha T1y0okoM Bakkyme. Boixon 1.20 1 (1.30 mmons, 94.5%).

CHNS-ananmu3, BeruanciaeHo aiast CgHssP,0B1oS (%): C, 70.41; H, 5.91; S, 3.48.
Found (%): C, 71.63; H, 5.85; S, 3.51. 'B-{1H} NMR (CDsCN, &, ppm): 1.48 (d, 1B),
0.13 (d, 1B), -17.88 (s, 1B), -24.35 (d, 4B), -25.99 (d, 3B). 'H-NMR(CD;CN, &, ppm):
0.60-2.10 (m, 9H, ByoHo), 7.97, 7.82, 7.70, 7.65, 7.63 (m, 40H, Cat), 7.31, 7.19 (m, 5H,
Ph), *C-NMR (CDsCN, &, ppm):195.5 (SCO), 136.1, 136.0, 134.8, 134.7, 131.0, 130.9
(Cat), 130.6, 127.64, 127.60, 118.4, 117.2 (Ph). IR (CCl,): 3382, 3080, 3059, 2460,
1636, 1585, 1483, 1436, 1316, 1198,1167, 1108, 996, 914, 724, 691, 527.

2-((pennaxapoonmni)cyabphaHui)-K1030-1eKadopar HATpus Na,[2-
B10HySC(O)Ph] (Na,23)

500 mr (0.69 mmomb) comu (N-BuyN),23 pactBopsiiu B 20 M1 3TaHONa M
npwmBaid K 20 MJI 3TaHOJIBLHOTO pacTBopa TeTpadenmndopara HaTpus (1.38 MMob,
470 wr). CycneH3uio TIIATEIbHO MEpPEeMEIIMBad U OTCTauBajd B TEUCHHE Yaca.
Ocamox (BusN)(BPhy) ordunbrpoBanu u oTOpachiBaJiv, pacTBOPUTENb OTTOHSUIA Ha
POTOPHOM HCTIapUTEIIEe M 00Pa3yIOLIUIICS 0CaJOK BBICYIIMBAIIN Ha TITyOOKOM BaKyyMe.

Na,[2-B1oHsSC(O)Ph]: *H-NMR (D,0, 8, ppm): 7.95, 7.93, 7.45, 7.35 (m, 5H,
Ph), 0.60-2.10 (m, 9H, BoHo).

2-(TpudropaneruicynbpaHui)-Kro30-nekadopar Terpadyruiammonusi (N-
BuyN),[2-B1oHSC(O)CF;] ((n-BuyN)24)

TerpaOytmnammonueByo coib (6) (1 1, 1.6 MMonw) pactBopsuim B 10 mi
alleTOHUTpHIA U 100aBisiy 1,65 ma Tpustunamuna (12 MMois), oxmiaxmanu 1o -10 °C
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Ha JIeASHOM OaHe W MO KaruiaM Ipy nepeMerunBaHuy npuimBain 450 Mk (3,2 MMOJIb)
aHTHIpUAA TPUPTOPYKCYCHOM KUCIOTHI, HE IOMYCKas MOBHIIIICHHUS TEMITEPaTyPhl BBIIIIE
0 °C. ITocie 30 MUH TepeMEIIMBAHUS IPH KOMHATHOM TeMIeparype, M00aBisum 1 Mo
JUCT BOJIBI M OTTOHSUIM PAacTBOPUTEIh Ha POTOPHOM HCHapurene, Ao0aBmsum 20 mi
JTUCTUIIMPOBAHHOM BOABI W oOpabaThiBaii Ha Y3 BaHHE /0 0O0pa3oBaHUs
XJIONBEBUJIHOTO 0OCaJKa, KOTOPBINA 3aTeM OT(UIBTPOBBIBAIIA M MpoOMbIBaIKA 2X10 M
JTUCTUIUTUPOBAHHOUW BOJbI 1 2X10 mur quaTmiioBoro s¢upa. Bexoa: 0.95 r (1.3 mmorb,
81.3%).

CHNS-anamu3, Beranciaeno ais CayHgiN,OB1(SF3 (%):C, 55.11; H, 11.35; N, 3.90;
S, 4.46. Haiinero (%): C, 55.31; H, 11.26; N, 3.79; S,4.35. '"H-NMR (CDsCN, &, ppm):
3.14 (m, 8H, n-Bu,N"), 1.65 (m, 8H, n-BuyN™), 1.41 (m, 8H, n-BusN™), 1.01 (t, 12H, n-
BusN*), 0.60-2.10 (m, 9H, ByoHg). *C-NMR (DMSO-ds, 8, ppm): 185.3 (C=0), 118.7
(CF3). "'B-{1H} NMR (CDsCN, &, ppm): 1.7 (d, 1B), -0.4 (d, 1B), -18.5 (s, 1B), -24.5
(d, 4B), -26.3 (d, 3B). *F-NMR (DMSO-ds, 8, ppm): -75.21 (CF5). Uk (CCl,): 2963,
2875, 2462, 162,8 1480, 1382, 1266, 1192, 1142, 934, 880 cm™.

2-(TpudropanernicysibpaHni)-k1030-1eKa00paT TETPAOYTHIAMMOHMS IE3Usl
Css(BusN)[2-B1oHeSC(O)CF;3]; 0.5EtOH (n-BuyNCss24). TetpaOyTHaiaMMOHHEBYIO
coib (N-BuyN),[2-B1oHsSC(O)CF;] (500 mr, 0.68 mmois) pactBopsiiiu B 20 M1 3TaHOA,
KOTOPBI 3aTeM NpWIMBaIU K pactBopy TpudToparerata 1e3us (CSCF;COQO) 370 mr
(1.5 mmonp) B 10 M1 9TaHONa W TINATENBHO IIEpeMelaid. BhINaBIIHe KPUCTAJLIBI
oT(UIBTPOBBIBAIM M TMpoMbiBamK 2X10 strioBbeiM crimproMm. Beixom: 331 mr (0.20
MMOJIb, 89.7%).

CHNS-anamu3, Berurciieno miast CooHggN1O35B30S3FoCss (%):C, 14.71; H, 4.07; N,
0.86; S, 5.89. Found (%): C, 56.01; H, 11.22; N, 3.79; S,4.30.. UK (CCl,): 3591, 2961,
2924, 2455, 1674, 1605, 1473, 1272, 1196, 1141, 1013, 940 cm™.

2-(TpudropanernicyabaHui)-Kio30-1exkadopar HATpHA (Na),[2-
B1oHySC(O)CF;] (Nay24).

500 mr (0.68 mmomb) comu (N-BuygN),24 pactBopsiiu B 20 M1 3TaHOona u
npwmBad K 20 MJI 3TaHOJIBHOTO pacTBopa TeTpadenmndopara Hatpus (1.37 MMob,
468 wmr). CycneH3ulo TIIATEIbHO MMEPEeMEIIMBad U OTCTaWBajd B TEUYCHHE daca.
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Ocanok (BusN)(BPh,) orduisTpoBbIBaK 1 0TOpackiBaIy, pacCTBOPUTENb OTTOHSITA HA

POTOPHOM HcTIapuTese, 00pas3yIoMics 0caoK BICYIIMBAIN HA TTTyOOKOM BakyyMe.

Na[2-B1oHsSC(O)CF:]: *H-NMR (D0, &, ppm): 0.60-2.10 (m, 9H, B1oHo).

2.8 I/I3yqune CTA0MJIILHOCTH AMWINPOBAHHBIX H AJIKHJINPOBAHHBIX

NPOM3BOIHBIX aHHOHA [2-B1oHoSH]*
2.8.1 M3yueHue cTAOMIBHOCTH AJIKMJIMPOBAHHBIX MPOU3BOIHBIX

Cunres 2-[ouc(kapookcumeT)]cyab(OHUO-K1030-1eKabopaTa
terpadyruiammonnsi  (N-BuyN);[2-B1oHyS(CH,COOH),][2-B1oHyS(CH,COO0),H]
(25)

1 v (1.8 mmomn) 2 pactBopsuir B 40 mit 50% stanona, nobasmsim 1 r KOH (18
MMOJIb) U KHUISITWIN ¢ OOpaTHBIM XOJOJIWIBHUKOM B TeueHue 2.5 yacoB. [locie Toro
KaK pacTBOp OCTBIHET JIO KOMHATHOW TeMmIieparypbl AoOaBmsui 2.3 M
KOHIIGHTPUPOBAHHOM COJITHOM KHUCIOTHl U  TINATEIhHO mepeMemanu. JlaBanu
oTCcTOsAThCA B TeueHue 30 MUHYT, OTraHsUIM PaCTBOPUTENL HA POTOPHOM HCHApUTENie, K
ocaaky aobapisui 20 M1 TUCTUJUIMPOBAHHOM BOJIbI M 0OpabaThiBaiv Ha Y3 BaHHE /10
o0pa30BaHUsI XJIONBEBUITHOTO OCAIKA, KOTOPBIM OTGUIHTPOBLIBATIN U MpoMbIBaiIn 2X10
MJI TUCTUJUTMPOBAHHON BoAbl U 2X10 mu nustunoBoro 3¢gupa. [lomydeHHbI MOpOLIoK
NepeKPUCTATN30BbIBaIM 13 dTaHoa. Beixo: 0.69 r (0.54 mmois, 60.4%).

CHNS-anamm3, BeranciaeHo mist CsgHsgO4NB1oS (%): C, 50.94; H, 10.88; N, 3.34;
S, 5.09. Found (%): C, 51.51; H, 10.902 N, 3.41; S, 5.21. 'H-NMR (CD;CN, &, m.1.):
7.87 (s, 2H, COOH), 3.68(d, 2H, J=15.96, SCHAHg), 3.60 (d, 2H, J=15.96, SCHAHp),
3.17 (m, 8H, n-BuyN"), 1.67 (m, 8H, n-Buy,N™), 1.43 (m, 8H, n-Bus,N"), 1.03 (t, 12H, n-
BusN*), 0.60-2.10 (m, 9H, ByoHs). *C-NMR(CD;CN, 8, m.1.): 167.1 (COO), 58.9 (n-
Bu,N"), 46.0 (SCH,), 23.7 (n-BuyN"), 19.7 (n-Bu,N™), 13.1 (CH,CH,), 13.4 (n-Bu,N").
"B-{1H} NMR (CD4CN, &, m.11.): 4.6 (d, 1B), -3.1 (d, 1B), -15.4 (s, 1B), -24.4 (d, 5B),
-28.5 (d, 2B). UK (CCly): 2962, 2926, 2876, 2874, 2478, 1734, 1559, 1464, 1472, 1400,
1375, 1330, 1208, 1196, 1175, 993, 939, 896 cm™.
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2.8.2 N3yyeHue cTAOWIHLHOCTH AIWJIMPOBAHHBIX MPOU3BOIHBIX AHHOHA [2-
B1oHoSH]*
Tabmmma 1. Bpems  momypacmama — amoHoB  [2-B1gHeSC(O)CFs]*,
[2-B1gHoSC(O)Ph]* u [2-B1oHeSC(O)CHs]* B BoHBIX pacTBOpax B 3aBHCHMOCTH OT
pH.

H Bpemst mosypacnaga anuoHa, 4
PP 112 B 1;HeSCOCF,J? | [2-B1oHoSCOPKZ | [2-B1sH,SCOME]?
2 8 100 240
3.5 12 150 480
5 17 168 600
6.5 12 150 480
8 8 110 360
9.5 5 48 168
11 3 18 72
125 0 0.5 1
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2.9 JlaHHbIe PEHTT€HOCTPYKTYPHOI0 aHAIH3a

Tabnuma 2. OcHoBHBIE KpUcTaIorpapuiecke JaHHble, TapaMeTphbl SKCIIEPUMEHTa U YTOYHEHHS CTPYKTYP MOHOKPHUCTAIIIIOB.

HapaMeTp 1 2 4 (Ph4P)26'CH3CN (n-Bu4N)26'CH3CN 11
Bpyrro-hopmyia C21Hs7B1oN3S | Ci1oHs2B1oN2S C20Hs53B10NS CsoHs3B10P2S Cs2Hg2B10N2S C22Hs5B10NS
M 491.85 448.78 447.79 870.03 635.16 473.83

T, K 174(2) 150(2) 150(2) 150(2) 173(2) 150(2)
CuHroHus Monoclinic Orthorhombic Triclinic Monoclinic Monoclinic Triclinic
Ip. rp. Cc Pna2; PI1 P2:/n C2/c P1

a, A 12.7220(15) 22.0384(9) 13.180(7) 10.3707(6) 46.130(7) 14.134(4)

b, A 17.276(2) 14.2325(6) 14.907(7) 13.5900(8) 15.259(2) 14.775(4)

c, A 15.474(2) 9.2152(4) 17.639(9) 33.7320(19) 18.459(3) 17.932(5)

o, Tpajy 90 90 89.263(8) 90 90 85.332(4)

B, rpan 113.345(3) 90 128.307(2) 94.2060(10) 106.618(3) 68.403(4)

Y, Tpaj 90 90 65.693(7) 90 90 64.585(4)
Vv, A3 3122.6(7) 2890.5(2) 2957(3) 4741.3(5) 12450(3) 3131.9(14)
Z 4 4 4 4 12 4

Dy, T/cM® 1.046 1.031 1.006 1.219 1.017 1.005
LMo, MM 0.120 0.123 0.119 0.173 0.102 0.116
F(000) 1080 984 984 1824 4248 1040
Pa3m. kp., MM 0.36x0.08x0.04 | 0.50x0.20x0.16 | 0.36 x0.16 x 0.02 | 0.40x0.30x0.04 | 0.44 x 0.16 x 0.04 | 0.40x0.26x0.04
0 unTepBan, rpan 2.358-24.986 2.337-28.719 1.233 - 24.362 2.355-27.478 2.303 - 21.959 2.398-20.016
YHucno oTpakeHUM:

M3MEPEHHBIX 10677 25201 22072 46394 36824 14211
nesasucuMbix (N) [Ring] | 4870, 0.0413 7462, 0.0387 9524 [0.0754] 10858, 0.0570 7498 [0.0680] 5774, 0.1040
¢ 1>20(1) (No) 5093 4646

3aBepIICHHOCTh 99.3 99.9 100 99.9 99 98.4
0=24.986°, %

Tminy Tmax 0.7451, 0.6497 | 0.7458, 0.6649 0.5764, 0.7450 0.7455, 0.6619 0.6431, 0.7447 0.7444, 0.5430
GOOF 1.025 1.044 1.050 1.019 1.024 1.052

R1, wR2 o N, 0.0421, 0.0870 | 0.0804, 0.2173 0.1202, 0.3646 0.0496, 0.1130 0.0686, 0.1760 0.1023, 0.2606
R1, wR2 mo N 0.0587, 0.0941 | 0.0994,0.2366 | 0.1895, 0.4096 0.0870, 0.1290 0.1176, 0.2107 0.1838, 0.3046

Apmax /Apmin, 3/A3

0.195/-0.145

1.153/-0.495

1.231/-0.471

0.419/-0.498

0.553/-0.404

0.829/-0.342
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Tabnuna 2. (mpoaomKeHue)

[TapameTp 13 16 17 20 (Ph4P),22 CH3CN 2((Ph4P)223)
'0.25CH3CN'0.5H,0

Bpyrro-hopmyna C3oHs9B10NS C24Hs59B10NO4S | C2oHs53B10N302S | CagHogBoo N2S; Cs2Hs5B10NOP,S | C110.50H109.75B20
No.2502.50P4S>

M 573.94 565.88 507.81 839.48 912.07 1885.43

T, K 150(2) 150(2) 150(2) 150(2) 150(2) 150(2)

CuHroHus Triclinic Orthorhombic | Triclinic Monoclinic Triclinic Triclinic

Ip. rp. P1 Pbca P1 P 2i/n P1 P1

a, A 11.6863(12) | 16.5199(16) | 11.221(3) 8.6884(3) 11.1863(7) 13.2216(9)

b, A 12.0033(12) | 19.8223(19) | 14.953(4) 15.2070(13) 11.3817(8) 19.5610(13)

¢, A 14.2749(15) | 20.985(2) 10.828(6) 20.3047(18) 10.9286(13) 21.8834(15)

o, Ipad 76.742(2) 90 74.320(4) 90 90.2220(10) 114.4040(10)

B, rpaz 74.296(2) 90 89.393(4) 98.453(2) 97.2010(10) 91.4870(10)

v, Ipa 69.483(2) 90 88.890(5) 90 100.5620(10) 92.7880(10)

V, A3 1785.2(3) 6871.7(12) 3202.5(16) 2653.6(4) 2473.7(3) 5141.3(6)

Z 2 8 4 2 2 2

Dy, rlem® 1.068 1.094 1.053 1.051 1.225 1.218

LMos MM 0.112 0.123 0.123 0.129 0.170 0.166

F(000) 624 2464 1104 920 956 1973

Pasmeps! kpucranna, mm | 0.46x0.30x0.04 | 0.40x0.30x0.02 | 0.50x0.30x0.26 | 0.500 x 0.160 x 0.020 | 0.44x0.24x0.04 0.50x0.16x0.08

Wurepan yrnos 0, rpag | 2.198-28.123 2.273-23.631 2.134-26.515 2.430, 27.822 2.067-29.449 2.292-26.095

YHucno oTpakeHUM:

WU3MEPEHHBIX 18522 39142 27813 25107 28284 46133

nesaBucuMbix (N) [Rin] | 8663, 0.0404 5161, 0.1009 12933, 0.0721 6293, 0.0760 13594, 0.0391 20329, 0.0548

¢ 1>2(1) (No)

3aBepIICHHOCTh 99.9 99.8 99.9 99.9 99.9 99.9

0=24.986°, %

Trmin, Tmax 0.7457,0.6081 | 0.7449, 0.5874 | 0.7454, 0.5203 0.7456, 0.6440 0.7459, 0.6545 0.7453, 0.6440

GOOF 1.014 1.035 1.022 1.003 1.026 1.028

R1, wR2 mo N, 0.0515, 0.1153 | 0.0530, 0.1222 | 0.0898, 0.2346 0.0545, 0.1176 0.0567, 0.1447 0.0732, 0.1894

R1, wR2 mo N 0.0941, 0.1324 | 0.1037,0.1479 | 0.1597, 0.2870 0.1023, 0.1375 0.0976, 0.1657 0.1472, 0.2284

Apmax /Apmin, 3/A3

0.270/-0.352

0.507/-0.255

0.948/-0.583

0.417,-0.277

0.546/-0.673

0.679, -0.883
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T'JIABA 111. O6cy:xnenne pe3yjibTaToB

['maBHOYW 3a7a4eil MCCIENOBaHMS SBISJIACH pa3padOTKa METOOB HAMPaBICHHOMN
GyHKUIHOHAIM3AIMN K1030-1€Ka00paTHOTO aHMOHA C IIEJIbI0 MOJYYEHUS COCAMHEHUH,
colepKalmmx CBs3b Oop-cepa. Jlms sTOoro OBUIO HEOOXOAMMO ONTHUMH3UPOBATH
U3BECTHBIE TOJXOJBI K TIOJYYCHHIO CEPOCOJEPKAIIUX MPOU3BOIAHBIX  KI030-
NekabOpaTHOrO aHWOHA, a TakXke pa3padoTaThb HOBBIE CIOCOOBI WX CHHTE3a B
npenapaTUBHBIX KoJduuecTBax. [ MOJydYeHHBIX COeTMHEHUI ObLTN M3Y4YEeHBI pEeaKluu
HYKJICOQWIBHOTO 3aMEIIEHHUS B TMPUCYTCTBUU MPOTOHHBIX KUCIOT WIH C
UCTIOJIb30BaHUEM YHIEKaruapo-K1030-AeKadopaTHOTO aHMOHA C
mumeruntTuopapmamuaoM, N,N’-1upeHUITHOMOYEBUHON, 2-UMUJA30IUAUHTHOH U
TEeTPaMETUITHOMOUYEBUHOM. Pa3paboTaHbl HOBBIE METOJbI MOJIYYEHHUS CYyJb(aHui-
K1030-11€Ka00OpaTHOTO  aHWOHA. M3ydeHBbl peakiuy  B3aWMOJCWUCTBUS  aHHUOHA
[B1oHeSH]* ¢ pasnuuHbIME KIaccamMu aiKkii- M aneTHIrasoreHnoB. McciemoBaHa

TUJIPOJIUTHYECKAs CTAOMIIBHOCTD MTOJIYYE€HHBIX TPOU3BOHBIX.
3.1 MeToabl noJiy4yeHusi IPOU3BOAHBIX €O CBA3bIO B-S

OmauMm w3 Hambojee  yIOOHBIX  METOAOB  (PYHKIMOHAIM3AIUU  KI030-
JIeKabopaTHOTO aHWOHA SABJISICTCS peakius cojieit anroHa [BioHi1] ¢ HykieobuibHbIMU
pearentamu. Panee nmaHHBIA TUN peakuuid ObUT TPEMIOKEH IS  TOJIYYCHUS
NPOM3BOJHBIX CO CBSI3bI0 OOp-kuciopon u Oop-aszor [80-82]. [Ins mnomyueHwus
MIPOU3BOJIHBIX K1030-/1€KA0OPAaTHOTO aHHWOHA CO CBA3BIO OOp-cepa Mbl UCIOIb30BAIH
ATOT TOAXOJ B PEAKIMUSAX C MPEACTABUTEISIMU KJIACCOB IHUKIMYECKUX THOA(DHUPOB,
THUOMOYEBHUH U TUOAMUJIOB.

JIlaHHBI METOJ OTJINYAETCSI BHICOKMMU BBIXOAAMU, OJU3KUMH K KOJIUYECTBEHHBIM,
BBICOKOM CKOPOCTBIO PEaKIMh M OTHOCUTEIHLHO TIPOCTHIM CIIOCOOOM BBIJEICHUS
KOHEUYHOrO0 TMPOAYKTa, HO HE TMPUMEHUM JJISI COCAUHEHHM C HECKOJbKUMU
HYKJICOPWIHbHBIMA IIEHTpPAMU M BBICOKOW TeMmmepaTypoil maBieHus. [lpu sTom
HaumOoJiee yAOOHO TMOJy4YaTh COEAUHEHUS C TeTpaOyTWIAMMOHHMEBBIM WIH, TPHU
CPaBHUTEIILHO HEBBICOKHUX TeMreparypax TIJIABJICHUSA HyKJeoduia, c
terpadeHnahochOHNEBBIM KATHOHOM.
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Bropoii Meron moO3BOJISET MONYy4aTh COCAUHEHHS] HEMOCPEACTBEHHO W3 COJeH
K1030-1€Kad0paTHOTO aHUOHA 0e3 IPEIBAPUTEIHLHOTO MOJIyYEeHUS
yHOJEKaruapojaekabopatHoro aHuoHa (Beixox ~80%), W mOpu 3TOM C CaMbIM
pa3HOOOpa3HBIM KAaTHOHHBIM COCTaBOM, BKJIIOYAas B HEKOTOPBIX CIIy4asX U KaTHOHBI
MIETIOYHBIX MeTauioB. K HemocTaTkaM MOXHO OTHecTH OoJiblliee BpeMs peakluu, IO
CPaBHEHHIO C MepBBIM MeTOJ0M (~10 1), 1 B OOJBIIMHCTBE CITy4aeB MEHBIINE BBIXOIbI

IICJIEBOTO MPOYKTA.
3.1.1 Bzaumopeiicreue annonos [BioH 10]2' u [BioH11] ¢ Terparuapornogenom

B3aumopeiicTBue  k1030-A€Ka0OpAaTHOTO  aHWOHA B  NPHUCYTCTBHUHM  JIBYX
SKBUBAJICHTOB KHUCIOTHI JIploMca M yHJEKaruJapo-xk1030-1eKabopaTHOTO aHUOHA C
THO3(pMpaMu TNPUBOAUT K 3aMEIICHUI0 THUIPHUA-HOHA HKBATOPUAJIBHOTO THoOsica U
MPUCOETMHEHUIO THOA(Hpa K KIIACTEPHOMY OCTOBY ¢ 0OpazoBaHueM cBszu B-S. Jlannas
peakuus, Kak U B ciyyae ¢ IpOCThIMU 3(pupamMu, NpOTEKaeT JaJIbLIe U IPU YBEIUUYECHUU
KOJIMYECTBAa KHUCJIOTHl JIplonca mNpUBOAUT K oOpa3oBaHuio 2,7(8) 3aMeleHHOro

IIPOU3BOJHOTO:

C,HgS, H* C,HgS, H*

11
Ha "B SIMP cnektpe oOpa3syromerocsi CyJib(OHHEBOTO MPOU3BOJHOTO, IIO

CPaBHEHHUIO C 1B gmMmp CIIEKTPOM aHUOHA [B10H10]2', CUTHaJIbl OT aTOMOB Oopa
anMKaIbHBIX BEPIIMH pacxoisaTcs mpuMmepHo Ha 6 m.a. (4.1 (Bl) u -2.5 (B10) m.x.,
MOSIBIIIETCS. CHUTHAJI OT wunco-aroMma Oopa (B2) mpu -14.7 M.n., KOTOpHIH He
pacierigiercss B CHEKTpax ©0e3 TMOJaBJICHUs] CIUH-CIIMHOBOTO B3aWMOJEHCTBUS,

OCTaJIbHBIC aTOMBI 60pa pacCiAOTCA Ha TpU CUTHaJla ¢ HHTCI'PAJIbHBIM OTHOIICHUCM

2(B6, B9):3(B3, B4, B5):2(B7, B8) (puc. 29.).
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B(4,5,8,9)

5 0 -5 -10 -15 -20 -25 -30 m.A4.
Puc. 29. “B sgmp cnexkmp BigHg(SC4Hg), ¢ nooaenenue cnun-cnunosozo
83aUMOO0ellCmaus
[Ipn BBeneHMM BTOpPOro 3aMmecTuTens mo aromy B7 B "B SgMP CIIEKTpe
HaO0JII01aeM YEThIpE CUTHAJIa C MHTErpajbHbIM OTHOIIEHHEM 2:2:2:4: 0.2 M.J. — CUTHAI
OT SKBHMBAJICHTHBIX anmuKanbHbIX BepinuH (B1, B10), -12,9 m.x1. — ot unco-atoMoB 60pa
(B2, B7), -22.2 m.a. — ot atomoB B4 u B9 u curnan ¢ xum. caBurom -26.5 m.ja. oT

OCTaJIbHBIX 4-X aTOMOB.

o 2- -
3.1.2 B3zanmoneiicrBue annoHoB [BioHo]” u [BioH11] ¢ THOKapOoHMIABLHBIMEU

COCIMHCHUSAMMU N METOABI MOJTYYCHUSA CyJIl)(l)aHI/I.]I'lUl030'l[eK360paTHOFO AaHHOHAa

B oTnmume ot mpemokeHHoro B padore [27] MeTona moydeHUs TPOU3BOIHOTO
kno3o0-nekadbopatHoro  anmoHa [2-BigHeSC(NMe,),]” B3ammonelictBue  aHHMOHA
(BusN)[BigH11] ¢  TeTpaMeTHITHOMOUYEBHMHOW  mpoTekaeT 0e3  MPUMCHEHHs
AMEKTPOPUIBHBIX HWHAYKTOPOB TIPM HArpeBaHWM 3a JIBa 4Yaca MPAKTHYECKU
KOJIMYECTBEHHO. B Toke  Bpems  B3amMmojeilictBue aHwoHa [BijgHp] ¢
THOAUMETIIIPOPMAMUIOM B TEX K€ YCJIOBHSX MpoTekaeT mpumepHo Ha 70% u B
KadyecTBE MOOOYHOTO MPOyKTa 00pa3yeTcsi aHuOH [BloHlo]z'. BepositHO, 3TO CBsI3aHO C
TEM, YTO PEaKIUs C y9acTHEM TETPAMETHJITHOMOYCBHHA MTPOTEKACT P CIIEKAHUH, YTO
UCKJII0YaeT BO3MOXKHOCTh MPOTOHUPOBaHUsS Hykieoduina. [Ipu aTom B3anmoielicTBre C

JTUMETUITHO(PApMaMUIOM MPOXOAUT B KHUAKOW (paze M COMPOBONKIAETCS YACTUUHBIM
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IPOTOHMUPOBAHUEM PEareHTa, YTo MPUBOIMT K MpeBpamieHnto anuona [BigHi1] B k1030-
nexkabopatHbli aHMOH. [[oOaBieHHE K PEaKIMOHHOW CMECH JOMOJHUTENBHO JBYX
HKBUBAJICHTOB 0€3BOJIHON TPUDTOPYKCYCHOM KHCIOTHI MO3BOJIIET MPOBECTH PEAKIIMIO
710 KOHITa ¢ oOpazoBanueM aHuoHa [2-B1oHsSCH(NMe,)] .

[Ipu npoBeleHUN TaKKUX PEaKIU B 1B-MP CIIEKTpax MpONajgacT XapaKTePHbIN
st anuoHa [BygHy1] curnan aroma 6opa oHOM M3 alMKaJIbHBIX BEPIUIMH P 26.5 M.,
(puc. 30). B cmekTpe mpHUCYTCTBYIOT TPH CHUTHajda OT AalWKaJbHBIX BEPINUH (OIWH
CHTHAJI OT 2-X aTOMOB Gopa anHoHa [BioH10]” npy 0.5 M1 1 71Ba OT HEIKBUBATEHTHBIX
BepimH aHnoHa [2-BjoHeSCH(NMey)] mpu 1.5 m.a. u -1.6 M.JI. COOTBETCTBEHHO).
CurHan oT wunco-atroma Oopa HaxoauTcs npu —16.2 M.a., a CUTHaJIBl OT
HKBATOPUAJIBHBIX aTOMOB OOpa 3aMEIIEHHOTO IPOU3BOJAHOIO U K1030-1€KabOpaTHOrO

AHHOHA YaCTHYHO CIIMBAKOTC.

[B1oH10]% [BioH11]~ [2-B1oHoSC(NMe,) ]~

1R

M N
113—{1H}

ol
N I O

5 0 -5-10-15-20-25m.a4. 30 20 10 O -10 -20m.a.5 O -5-10-15-20-25 m.aA.

Puc. 30. "'B AMP cnexmpuor anuonos [BigHig]”, [BioH11] u /2-B1oHeSC(NMey),]
be3 nooasneHus (ceepxy) u ¢ nooasienuem (CHU3y) CHUH-CHUHOB020 83AUMOOCUCBUS

amomoe B-H.

Heckonbko HMHaue MpOTEKAIOT PEaKLUM K1030-AekabopaTtHoro aHumoHa ¢ N,N’-

AN3aMCIIICHHBIMHM THOMOYCBHMHAMU:. TaK, B KOHCYHOM CUHCTC OHH IIPUBOAAT HC K
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OKHJIAEMOMY TPOAYKTY, B KOTOPOM B KadecTBE 3aMmecTuTens BbicTymaeT N,N’-
3aMEIIIEeHHAs THOMOYCBHHA, a K CyIIb(paHIIBHOMY IpoH3BogHOMY [2-B1oHeSH]?.

B peakiun N,N’-3THICHTHOMOYEBHHBI ¢ OAHUM dKBHBasieHTOM (N-BusN)BigHi1 B
quxTopMerane obpasyercs ammon [2-BigHeSH]* mpumepro ¢ 50%  BBIXOZOM.
[IpubaBnenue 2-X 3KBUBAJICHTOB TPUPTOPYKCYCHOM KHUCIOTHI MPUBOAUT K TMOJHOMY
npeBpalieHuio B cylbdaHwibHOe mnpou3BojgHoe. [lo-BuanMMOMy, H3HAYaAIbHO
obopasyromeecss  mpousBogHoe  [BigHeSC(NH),C,H;]”  Opictpo  moaBepraercs
JanbHEHIIIM MpeBpalieHusaM B IIPUCYTCTBMH KaTHOHOB H', B kauecTBe KoTOpOro
MOJKET BBICTYNATh Kak cam aHuoH [BigHii], Tak m kucmora bpencrema. JloHupys
MPOTOH, YHICKArWJIPO-K1030-AeKa0OpaTHBIN aHWOH TMIpeBpamiaeTcs B KI030-
NeKaOOpaTHBIA aHMOH M YaCTUYHO BBIBOAUTCS U3 cdepbl OCHOBHOM peaklvu.
Bo3M0HO MMEHHO MO3TOMY BBIXOJ peakuuu He mnpebimaer 50%. JloOaBieHue B
CUCTEMY MPOTOHHOM KHCIIOTHI, TaKOM Kak TpU(PTOPYKCYCHas, IMO3BOJSET H30EXKATh

Y4aCTHuA aHhOHAa [BIOHll]- B pCaKIUU T'UAPOJIN3a U 3HAYUTCIILHO ITIOBBIIIACT BBIXO/I.

Peakiuu  kno30-gexabopatHoro  anuoHa ¢ N,N’-n1udeHUITHOMOYEBHUHON
MPOTEKAIOT B PACTBOpAX IO TOMY XK€ IyTH, HO, BEPOSITHO, NPOU3BOAHOE C
3aMeCTUTENIeM JaHHOW THOMOYEBHMHBI OO0Ji€e YCTOMYMBO, YE€M B BBIIICONUCAHHOM
ciydae U ero ynaercs BeienuTh. B SIMP-criekTpax HaOmiomaercs cioHas KapTHHA:
MMOMHUMO CHUTHAJIOB OT TPOW3BOJHOTO THOMOYEBUHBI (puc.30) MPUCYTCTBYIOT CUTHAIIBI
XapakTepHbIe IS Cylb(paHuiIbHOrO mpousBoanoro (puc.3l) B obmactu 0,8 m.a. ans
atomoB B(1) m B(10) u -16.7 m.a. nna 3amemieHHoro aroma B(2). ITlpoaykr
B3aUMOJICUCTBUSL  K11030-IeKabopatHOoro aHuoHa ¢ N,N’-audeHmITHOMOYEBUHOM,
BEpOATHO, MeHee anuao¢o0eH yeM mpou3BogHoe N,N’-3THICHTUOMOYEBUHBI, TaK KaK
OH HE pas3pyliaercs B NMpUcyTcTBUM aHuoHa [BigHi1]” 1 MOXeT ObITH BBIACIICH B BHUJIEC
cosid. Pa3peIB cBsizu S-C mpOUCXOIUT MPU BO3AEHCTBUM CUIIBHBIX IPOTOHHBIX KUCIIOT U

TaK e IPUBOIUT K 00pa30BaHMIO Pon3BoaHOro [BigHeSH]?.
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Puc. 31. “B AMP cnexmpuoi anuona [2-BioHeSH]? 6e3 nodasnenusn (cnesa) u c
no2noweHuem (cnpasa) CRUH-CRUH0B020 83AUMOOEUCMBUS.

[Ipn ananm3e nanHbIX ESI Macc-cnekTpoMeTpuM HEOUMIIEHHOM PEAKIMOHHOU
cMmecH, noaydeHHou npu B3aunmoaericteun (BusN)[BigH11] ¢ nudennnrromoueBrHOil B
quxJiopMeTaHe Obuld OOHapyXeHbl curHanbl 345.24 aem. u 15213 a.ewMm.,
cootBeTcTBYtomue annoHaMm [B1gHeSC(NH(CeHs)),] u [B1oHgSH2]', uto moareepxmaet

OIMCAHHBIC BBIIIIE peakiuu (puc. 32).

Intens. -MS, 0.1-0.5min #(1-26),
x1047

1.24 263.0456

0.8

0.6+ 345.2441

26k 0432 3440436
: 344 pHo9
0.4
34 2404
343.p3a
3422411

0-21 379.2092

245.1899 ’ \ 312.2639 358.2523 | \
m ] |.l i 1

I.ll““lhu il_ ‘ll |L272-.|.2I1|95 ?8353.:.3?5:“ sk |”““l| N . Jl hh\- lll“llh i

240 260 280 300 320 340 380 380 m/z

0.

o

Puc. 32. ESI-MS cnexmp (ompuyamenvuuiti pesicum) npouzsoonoco (N-
BusN)[2-B1oHo(SC(NHPhN),)/.  Tlux ¢ mlz=345.2 coomeéemcmsyem  anuomy
[B1oHa(SC(NHPh))T
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Ho 0onee ynoOHbINH METOA MOTy4YEHHS CyIb(haHUI-K1030-1eKab0paTHOTO aHUOHA
npeacTaBiIsieT cobol  MoauuKanuio OmucaHHoro B [27] MeToga TUApOIH3a
IIPOU3BOIHBIX [2-B1oHsSC(NMey),] U [2-B1gHsSCH(NMe,)| BOJIHO-
aIlle TOHUTPUIILHBIMH/AIIE TOHOBBIMU/CITUPTOBBIMU  PACTBOpPAMU IIIEJIOYEH, B YACTHOCTH
(BusN)OH. Kak u ommcano B paboTe, HpH 3TOM TaK e 00pa3yloTcs MOOOYHBIC
IPOAYKTHI. 3aMeHa IIEJIOYHOTO PacTBOpPa HAa BOAHO-CIIUPTOBOM PACTBOP THApa3WHA C
MOCIEAYIONUM JO0OaBJICHHEM BOJHOTO pacTBOpa THIPOKCHIA TeTpaOyTHIaMMOHHUS
M03BOJIMJIA HAM TIOBBICUTH BBIXOJ MPOAYKTa B BHJE TeTPaOyTHIAMMOHHEBOW COJIU

(BusgN),[B1oHsSH] o ~90% 6e3 00pa3oBaHus HeXeNaTeIbHBIX TOOOYHBIX MTPOTYKTOB:

SH

B UK cnektpe 1e3meBoil coiu 3amenieHHoro mpowusBogHoro Cs,BigHgSH
HaOJII01aeTCs OJHA YIIMpEeHHass WHTeHCHBHAs mosioca v (BH) mpu 2458 cmt BMecTO
MOJIOCHI C JBYMSI MaKCMMYMaMH, COOTBETCTBYIOIIMMH KOJICOAHHMSIM alUKaJIbHBIX Vg
(BH) 1 5KkBaTOpHAIBHEIX Vaq(BH) BH-cBsiseit mpu 2529 u 2461 cm™ , uro orpakaer
M3MEHCHHE COCTOSIHHS DJICKTPOHHOM IUIOTHOCTH K7030-1AeKabOpaTHOTO OCTOBa B

pe3yabTaTe NOJSIPU3YIONICTO BIMSHUS 3aMecTuTens (puc. 33).

81



100~
095-
0907
085
080
075
070-
065
060

055 -

%T

050 -
045 -

040 -

035-

030
025
020
015

0.10-

005
2000 1000
Wavenumbers (cm-1)

Puc. 33. UK-cnexmput: a) Cs;B1gH1g (ceepxy), 6) Cs,B1oHoSH (crusy).

B cmekTpe 3aMemieHHOro IPOM3BOJHOIO aHUOHA IPOIHMCHIBAIOTCS TaKKe [IBE
JIOTIOJTHUTEJIBHBIE MOJIOCH Mpu 956 u 679 cM OTCYTCTBYIOIIIME B CIEKTPE MUCXOIHOU
COJIM aHHWOHa BloHloZ', KOTOpbIE MOXHO OTHECTH K MOPEUMYLIECTBEHHO
nepopmanmonnomy kosnebanuto O(BSH) wu  BamentHOMy konebanuio v (BS),

COOTBETCTBEHHO (pHcC. 34).

%T

1200 1000 800 600

Wavenumbers (cm-1)

Puc. 34. UK-cnexmpor. a) Cs,B1oH10 (ceepxy). 6) Cs,B10HoSH (crusy) pazsepmra 6
o6nacmu om 400 0o 1300 cu™.
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3.1.3 Peaknium aJJKMJIMPOBAHNSI AHHOHA [2-BloH98H]2'

Peakiium  ankunupoBaHus ~ aHUMOHA [B1oHeSH]* NEePBUYHBIMA ~ OpOM- |
XJIOpaJIKaHaMU B COOTHOIIEHUU 1:1 MpUBOAAT K OOpa3oBaHUIO CMECH S-MOHO- U S-
JTM3aMEIICHHBIX TPOU3BOAHBIX K1030-1ekabopaTHOro anuoHa. [lomobpate ycnoBus nist
CEJICKTUBHOT'O TMOJYYEHHUsI MOHO-S-3aMEIIEHHOTO MPOU3BOHOTO K1030-1€Ka00paTHOTO
aHUOHA HE yJanoch. B Toxe BpeMsi B MPUCYTCTBUU OoJiee 4eM 2-X KpaTHOTO M30BbITKa
NEPBUYHOTO TAJIOTCHAJIKAHA PEaKIUsl MPOTEKaeT ¢ oOpa30BaHHEM JIH3aMEUIEHHOIO

IIPOHU3BOJHOTO C BBICOKMMHU BBIXOJAMMU:

SH HalR SR2
MGCN, Hzo, N32C03
Bu,N > Bu,N
(BuaN); 90 °C, 2 4

Hal = Br, CI
R =-CH,COOEt, -CH,CHCH,, -Bu, CH,CH,Br, -CH,Ph, u gp.

HNHTEepecHOM 0COOEHHOCTBIO B PEaKIMsl JAHHOTO THIIA SBIISICTCS B3aUMOJICHCTBUE
2-
annoHa [B1oHgSH]™ ¢ 1,2-nmu6pomaTanoM. B 3TOM citydae MpoMCXOIUT «CIIUBKA» JIBYX
KJIACTEPHBIX aHUOHOB C 00pa30BaHUEM JTUTHOKCAHUEBOTO MTPOU3BOIHOTO:

B 7 2- B 2-

SH
BrCH,CH,Br

>

[lepBuuHas uHpOpMAILMS O X0JI€ TPOIECCOB AIKWIMPOBAHUS Oblja MOITydYeHa W3
CIIEKTPOB "B IMP CUHTE3UPOBAHHBIX COCAUHEHUIN, KOTOPHIE UMEIOT CXOKUHN BUJ, TaK
KaK npupoga 3amMecturesis R B MOJYyYEHHBIX MPOU3BOAHBIX [2-B1oHeSR,]* u [2-
BloHQSRz]Z' JIMIIb HE3HAYMTEIHLHO BIMSET HA XMUMHUYECKHe caBurd B B SIMP
CIeKkTpax, B mpenenax =1 m.ja. bosbliee oTkiIOHeHHE HAOMIOMAETCS JIMIb B CIIy4ae
nponsBogHOoro [BioHeS(CH,CH,),SB1oHs]” (-17.2 ML), 9TO BEpOSITHO CBSI3aHO CO

CTEpUUYECKUMH HAIPSHKEHUSIMA HAa aTOMax cepbl B CBSI3U ¢ oOpa3oBaHMeM Iukia. B
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CIIEKTpe MOHO-S-3aMerneHHOro mpoxykta [BiHeSR]® curmam ot unco-atoma Gopa
CMENIAeTCs B CHJILHOE I0JI€ OTHOCUTEJIBbHO CUTHajla B aHHUOHE [BloHQSH]Z' MIPUMEPHO
Ha 2 M. (19.2 m.a.). CurHan ot unco-atoma 6opa B annoHe [B1gHgSR;]" cMmermaercs
IpPUMEPHO Ha TOXe 3HaueHue B cinaboe monie (15.0-15.6 m.1.), 4TO CBUAETEILCTBYET 00
YMEHBIIEHUU JJIEKTPOHHOM IUIOTHOCTH Ha unco-atome ©Oopa. CurHaiasl OT
HEIKBUBAJICHTHBIX anmuKaibHbIX BepiiiH Bl u B10 B S-au3amMenieHHbIX MPOU3BOIHBIX
K11030-71eKa0OpPAaTHOTO aHMOHA pacXoAsTcs Ha 6-8 M.JA. U HaxoAsTcsa B oOnactu 3.5-5
M.1. # (-2.5)-(-4) m.1. coorBeTcTBeHHO (pHC. 35). CUrHAT OT TeX K€ aTOMOB B aHHOHE
[B1oHoSH]* Haxomutes mpu 0.5 m.x. [Ipu 9ToM puposa 3amMecTuTes R B MOMyYeHHBIX
npon3BoaHBIX [2-B1oHeSR,]” b He3sHAYMTENBHO BIHSET HA XMMHYCCKHE CIABHTH B

"B IMP CIIEKTpax.

[2-B1oHoSH] 2" [2-B1oHsSR, ]~

J\J\M\J\kﬁ

5 0 -5 -10-15-20-25M.A. 5 ( -5-10-15-20-25 m.A.

Puc. 35. “'B sAmp CNeKmpbl  AHUOHO8 [2-BlngSH]2' u [2-BigHoSRy]" 6e3
nooasieHusi CHUH-CNUHOB020 83AUMOOEUCTBUSL.

B 'H SIMP criektpax Cyib(OHHEBBIX POH3BOLHBIX-KI030-1eKaGOPATHOTO aHHOHA
HAOIOJAIOTCS CIISAYIONIe ocobeHHocTH (Ha mpumepe H SIMP criektpa coeauHeHus
[(n-BusN)2-B1oHeS(CH,COOEL),]*): B crekTpe OT ABYX MPOTOHOB 0-METHICHOBOIA
IPYIIbI IPUCYTCTBYIOT ABa ayosiera npu 3.80 Mg u 3.66 M.A. C KOHCTAaHTOW CIHH-
CIIMHOBOrO B3aumojierictBus J=15.96 I'n. Btopas MeruneHoBas rpymnma oOpasyer
KBapTeT AyOsneroB mpu 4.23 M.JI. ¢ KOHCTAaHTAaMH CIHH-CIMHOBOTO B3aUMOJICUCTBUS
J1=7.15 Ty u J,=1.28 T'u. MetunbHas rpynmna o0pa3yeT TPUILUIET C XUMHUYECKUM

casuroM 1.30 M.Z. ¥ KOHCTAaHTOM CIIMH-CIIMHOBOI'O B3auMoaeiicteusa J=7.15 I'w.
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Puc. 36. 1H-1H COSY AMP cnexmp anuona [2-BlngS(CH2COOEt)2]2'

JlBa ngybnmera ¢ OoybIIMM ~ 3HAaUYE€HHWEM  KOHCTAHTHI  CIMH-CIIMHOBOTO
B3auMojeiicTBus  MereiaeHoBod rpymmbl - S(CHAHBR) HaOmomaercs s Beex
TMOTYYeHHBIX CYIb()OHMEBBIX Mpon3BoaHbIX [2-B1ogHeS(CH,R),]*. B 1H SIMP crektpe
coequnenus (N-BusN),[B1gHS(CH,CHS,),SB1oHg] HabIr0Har0TCS 1B THITA CUTHAIOB OT
aHWOHHOM dYacTu: ABa ayOnera mpu 3.53 u 2.91 m.a. ¢ koHcrantou J=12.15 T'n u
mynbTumier npu 3.26 m.a. (puc. 37), a B 13C SAIMP cnekrpe npucyTrcTBYIOT ABa
CUTHaja ¢ OYCHb HEOOJBIITUM OTIMUHMEM 110 XUMHudeckomy casury (34.2 u 34.1 m.z.)
(puc. 38), YTO BEpPOSTHO CBSA3aHO C TPUCYTCTBHEM B pPacTBOPE pa3IMUHBIX

KOH(OpPMAITMOHHBIX U30MEPOB:

H 2- 2-
H H
H+ +s SH S—d
SH H §\—?—PH
H H \
H H H
L _ L H H i



16.00 15.93 24.65
| Il | | |

T
3.5 3.0 2.5 2.0 15 1.0
Chemical Shift (ppm)

Puc. 37. 1H SIMP CIICKTP (n'BU4N)2[BlngS(CH2CH2)28810H9].

60 55 50 45 40 35 30 25 20 15 10
Chemical Shift (ppm)

Puc. 38. °C AMP cnexmp (n-BusN);[B1oHeS(CH,CH,),SB1oHs].

Peakiuu ankwimpoBaHUsS aHUOHA [BlngsH]Z' HomaneraMuaoM HAYT B Oojee
MSTKUX YCIIOBHSX (KOMHATHAs TEMIIEpaTypa), HO IPHU STOM MPOTEKAIOT HE)KEIaTeIIbHBIC
100OYHBIC PEeaKIMK HOIUPOBaHUsA OOPHOro KiacTepa, YTO MOATBEPIKIACTCS CUTHATIAMU

B B SAMP-cniekTpax MOJyYEHHBIX CMECE. DTH PEaKluu, MO-BUAUMOMY, IMPOTEKAIOT
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10 PaIUMKAIbHOMY MEXaHM3MY, UYTO CBA3aHO C JIETKOCTBIO T'OMOJIMTHYECKOIO pa3pbiBa
cBs3u |-C. Ilpu 3TOM gaHHBIE U3MEHEHUsI HUKAK He oTpaxarorcs B IMP-crekTpax Ha
sapax "H m °C. TlonHas CBETOM30NALMS PEAKIHOHHON CHCTEMBI HE IO3BONISET
MOJHOCTBhIO M30eXaTh JaHHBIX mporeccoB. OpHAaKo, BBEACHHE B CHCTEMY
AHTHUOKCHUJAHTOB, TAKMX KaK TUIPOXMHOH WM acCKOpPOMHOBAs KHCIOTA, IO3BOJIMIN

CYIICCTBCHHO CHU3UTHb KOJIUYICCTBO ITOOOYHBIX IMPOOYKTOB!

SH | ICH,C(O)NH,
MeCN, Hzo, K2C03

BuyN »Bu,N
(Bua) rt,12h
0.5 eq. 14-(CGH4)(OH)2

Beenenue B KauecTBe 9K30-TIOTUDIPUIECKOTO 3aMECTHUTES
AJIEKTPOOTPHUIIATEIIFHON  aIKWJIAMUAHOW TPYMIBl  BIWAET KaK HAa  COCTOSHUE
OOpPOBOJIOPOJTHOTO aHWOHA, Tak M opraHudeckoro 3amectutens. B UK cnekrpe
HCXOJHOTO 2-OpoMujarieTaMua MPOSBISIOTCS JBE TOJOCHI BAJCHTHBIX KOJICOAHUH
NH,-rpym: vas(NH) mpu 3394 em™ i vs(NH) mpr 3173 cm™. B criekTpe 3aMereHHOro
MIPOU3BOJIHOTO TOJIOCHI YKA3aHHBIX KOJIEOAHUM paCIICIUICHbl M MPOSIBIISIIOTCA B OoJee
BBICOKOYAacTOTHOM HHTepBane, mpu vas(NH) 3415, 3393 cm™, vs(NH) 3226, 3179 cm™
(Av ~ 20 — 50 cm™). B cmektpe 3aMeIieHHOTo Mpom3BogHOro moioca v (C=0)
KoJIeGaHHiT TaKKe HAXOAUTCS B O0JIee BRICOKOYACTOTHOM HHTepBase mpu 1702 ™, 4to
Ha ~ 60 cm™ BBIIIIE, YEM B CIEKTPE HCXOJHOro 2-OpoMujaneramujia. YKazaHHBIC
U3MEHEHHUS] B CIEKTpax CBUACTEIBCTBYET O HAJIUYUU BOJOPOJHBIX CBS3EH MEXIY
aMUIHOM W  KapOOHWJIBHOW  TpyINIIaMH B  HUCXOJHOM  OpOMHIE, KOTOpPHIC
MEePECTPAnBAIOTCA TP TIPUCOSAMHEHUW QIKWIAMUIHOW TPYNIUPOBKU K  KI030-
00poBOIOPOIHOMY aHHOHY. HabmogaeTess co3aHnue KOHTAKTOB (BOJIOPOIHBIX CBSI3CH)
C y4acTHEM K1030-O0pOBOJIOPOJHOTO aHUOHA, O YEM CBHJICTCILCTBYET pACIICIICHUE

MOJIOCHI BaJIeHTHBIX KosieOanuit v(BH) u mosiBienne makcumymoB mpu 2535, 2509,

2481 cm™. (puc. 39).
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Puc. 39. UK cnexkmp 2-BrCH,CONH, (csepxy) u (n-BusN)[BioHoS(CH,COOEY),]
(cHu3y).

B3aumoneiicTBue CyJib(haHUII-K1030-1€Ka00PaTHOTO aHHUOHA c

U30IPOMIIIOPOMHUJIOM TPUBOJIUT K 00Pa30BaHUIO MOHO-S-3aMEIEHHOTO MPOU3BOIHOTO

[B1oHsSCHMe,]*:

BrCHMe,

MeCN, Hzo, K2C03

HeBO3MOXHOCTh BBEJICHHSI BTOPOrO 3aMECTUTENE B HTOM CJIydae MOXKHO
OOBSICHUTh CTepudYecKUMHU d(dexTamMu, B BHAY OOJIbIIETO O0BEMa BTOPUYHBIX
AJKAJIbHBIX TPYIIIL.

CynbdonueBbie  mpousBogHbie  [BjgHoSR,] oOmagaror  odeHb  BBICOKOM
YCTOMYMBOCTBIO K JCUCTBUIO KHUCJIOT U OCHOBaHMM. Tak, WIEJTOYHOM U KHUCIOTHBIU
rugponn3 annoHa [BigHoS(CH,COOEL),] mpu O0osbIioM H30BITKE KHCIOTHI KM

OCHOBAaHMSI MPUBOJUT JHIIb K THAPOJM3Y IO TPyHIe CIOXKHOTO 3dupa 10 aHUOHA
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3-
[B1o0HoS(CH,COO),]™, coBeprienHo He 3arparuBasi Cylnb(pOHHEBYIO TPYIITy, YTO
TOBOPUT 00 OYEHb BBICOKOW YCTOWYMBOCTH TIPOM3BOJHBIX KI030-1€Ka00PATHOTO
aHHMOHA JAHHOT'O THUIIA.
11
B "B SMP cnektpax NpOW3BOAHBIX C MEHAAHTHBIMH CJIOXHOI(DUPHBIMU H
KapOOKCWIBHBIMU ~ TPYIIIIAaMH  HE  HAOMIOJAeTCs  CYIIECTBEHHBIX  W3MEHEHUH,
1
MO3BOJISIIOIIMX CIEAUTh 3a XxoaoM peakuud. B "H SAMP cnektpe KOHEYHOro mpojyKra
MCUYE3al0T CUTHAJbl OT JSTWIBHOW TPYNIIBI U TOSIBISAECTCA YIIUPEHHBIM CHUTHAI OT

KapOOKCHILHOTO aToMa Bojopoa (puc. 40).

OH

| N

5

b1
1. KOH,EtOH/H,0
= BN o

2. HCI, H20

o
\
H
b2
a2 bl
II'I b2 H | I
M T —
5.0 4.0 3.5 3.0 2.

5 2.0 1.5 1.0 ppm 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 ppm

Puc. 40 Cxema euoponusza anuona [B1yHeS(CH,COOEL),] (@) u 'H amp cnekmp
coeouneHull (n-BusN)[B1oHeS(CH,COOEL),] (b) u (n-
BusN)3[B1oHoS(CH,COOH),][B1oHsS(CH,COO),H] (c).

Takum 00pa3oMm, HCTHOJB30BAaHHE PEAKIUN JAHHOTO THITA TO3BOJIAET IMOIYy4aTh
MPOU3BOJIHBIE C PA3IUYHBIMU (YHKIIMOHAIBHBIMU TPYIIAaMH M TMPOBOJIUTH HX
JnanpHelmue MoaudukKaluu, He 3aTparuBas KiacTepHbld aHuoH. Ilpu »ToM B
3aBUCUMOCTH OT THIIA 3aMECTUTEIISI CBOMCTBA AaHMOHA MOTYT KapAWHAJIBHO MEHSTHCS,
HAIIPUMEP, Mbl MOXKEM II0JIy4aTb HPOU3BOJHBIE, CYIIECTBEHHO OTJIMYAIOLIUECS II0

ruapodobHocTH (prc. 41).
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Puc. 41. Cxema nonyuenuss npousB00HbIX K1030-0eKAOOPAMHO20 AHUOHA C

PA3UYHBIMU 2UOPOPUILHO-2UOPOPOOHBIMU CEOUCNBAMU.
3.1.4 Peakuum anuJIMpoOBaHMsI AaHUOHA [2-BlOHgSH]2'

2-
Peakiun anmnupoBanust annoHa [BioHeSH] mporekaror kak ¢ anruapumamu, Tak

U C XJIOPAHTHIPUAAMU KapOOHOBBIX KUCIIOT B MIPUCYTCTBUU OCHOBaHUs (MUPUIMHA WIH
TPUITUIIAMUHA):

— - R

SH S’<
RCOCI
(BugN), > (BugN),

Py, MeCN,0°C

R= -Me, -Ph, -CF;

90



B "B sJIMP CIEKTpax TOJYYEHHBIX COCAMHEHMH HaOIIomaeTcs Cleayrouas
KapTHHA: CUTHAJI OT unco-aroma Oopa IMPakTUYECKHM HE CMENIAeTCsl OTHOCHUTEIIBHO
CUTHAJIa B UCXOJAHOM COEIMHEHHH, & CUTHAJIBI OT ABYX HEOKBHBAJICHTHBIX AlMKAJIbHBIX
BEPILIMH Pa3pelIalOTCs JIyYllle, YeM B MCXOJHOM COCIWHEHUHU W Pa3HMIA COCTABISAET
npumepHo 1 M.a. CurHamel OT 3KBaTOPHAJIBHBIX aTOMOB IIPOSBIIAKOTCA B BHJE

MaKCHMYMOB C HHTETPaIbHBIM cOOTHOIIeHHEeM 4.3 (puc. 42).

_

I ! I T I T 1 T T T T T T T T
5 0 -5 -10 -15 -20 -25 Mm.4.

Puc. 42. "'B AIMP cnexmp anuona [B1ogHeSCOCH3]*

Hamu Oblna mccnempoBaHa THAPOIUTHYECKAs CTAOWMIBHOCTh HATPUEBBIX COJIEH
CIOXKHBIX THOd(hupoB annoHa [BioHeSH]* ykcycHOi, Gen30itHoil n Tpr(TOPYKCYCHOIM
kuciot [B1oHeSCOCH;]”, [B1oHeSCOCF5]* 1 [B1oHsSCOCsHs]* B BomHbIX pacTBOpax
npu pH = 2, 3.5, 5, 6.5, 8, 9.5, 11 u 12.5. 3a nporueccoM ruaposin3a CACIUIN 1O
nauueM B SIMP, KOHTPOIHpYS BpeMs monypacnana tuodbupa 1o aHagoru ¢ [54].

Bce tHORGUpHI MOKa3aiv HauOOJIBIIYI0 YCTOMYMBOCTH npu pH=5, co BpemeHeM
nonaypacnaaa 17 4 s [BlngSCOCFg]Z', 168 uyacoB mwis [B10H98C0C6H5]2' u 600
qacoB s [BioHeSCOCH:])* (puc. 43-puc. 45, Tabm. 1 ), 9TO XOPOLIO COTIACYETCS C

JTaHHBIMH, MOJy4YeHHBIMU ["abenem B [54] mist annoHa [BlnglSCOCHg]Z'.

91



[B,,H,SCOCF,]*
18
16
14
12

10

Bpems, u

0 2 4 6 8 10 12 14
pH 6ydepHoro pacteopa

Puc. 43. 3asucumocmv 6pemenu nonypacnada aHuoHa [BlngsCOCF3]2' 8

sasucumocmu om PH 6ygeprozo pacmeopa

[B,,H,SCOMe]*
700
600

500

N
o
o

Bpems, u
w
o
o

200

100

0 2 4 6 8 10 12 14
pH 6ydepHoro pacteopa

Puc. 44. 3asucumocmv epemenu noaypacnada awuona [BigHeSCOPh]* &

3asucumocmu om PH 6ygheproco pacmeopa
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[B,,H,SCOPh]*

180
160
140
120

100

Bpems, u

80
60
40

20

0 2 4 6 8 10 12 14
pH 6ydepHoro pactsopa

Puc. 45. 3asucumocmv epemenu noaypacnaoa aHuoHa [BlngSCOCH3]2' 8

sasucumocmu om PH 6ygeprozo pacmeopa

3.2 JlaHHbIe PEHTT€HOCTPYKTYPHOI0 aHAJIN3a

Crpyktypbl annoHOB coeaunenuin 1, 2, 4, (PhyP),6, 11, 16, 17, 20, (Ph4P),22,
(Ph4P),23, (n-BusN)Css24, u 25 npuBenens Ha puc.46-puc. 57.

H@KOTOpBIe JAJIMHBI CBsI3EH I ITOJIYYCHHBIX COGI[I/IHGHI/Iﬁ IIPUBCACHLI B Ta6n1/1ue

JlmuHa cBszeit B-S mosydeHHBIX coeMHEHM NexuT B Auanasone 1.867-1.910 A.
OTH 3HAYCHWS OYCHb ONM3KM K JUIMHAM CBs3edl B-S B pa3nmuuHBIX 3aMENIEHHBIX
NPOM3BOIHEIX  K1030-1ekabopatHoro  anmuona  (1.828-1.913 A) wu  xnoso-
nonexaboparHoro axmona (1.872-1.924 A), onyOnuKoBaHHBIX B JHUTEpaType

coelMHeHul (Tuou. 4).
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Tabnuna 3. HexkoTtopble AMUHBI CBA3EH B MOIYYEHHBIX CTPYKTYpaX.

Conenuenue JmuHa cBssu, A
SH
B-S
(Ph.P)s6 1.39(3)
18810 | 1a00n
1.846(5)
(n-BuaN)6 | 5 516(7)
CN N-CHa
B-S s-C
1 1.328(4) | 1.458(5)
1.903(4) | 1.750(48) | 133404) | 1.468(5)
2 B-S S-C N-C 1N4-7C4|?63)
1888(5) | 17085) | 129B(6) | y'yracc
B-S S-C(1) s-C(d)
a* 187(1) | 1.8199) | 1.785(10)
1.885(10) | 1.795(9) 1.80(1)
S-CH,
B-S
13 1.8182(18)
1875() | 1'g3a9(18)
s SCH, | CH=CH,
11%% Laroe | 17960 | 1303
: 1816(7) | 1.300(11)
s S-CH, C=0 co CH,-0
16 Lot | LEOLE) | L197(8) | 133) | 1475)
: 1.809(3) | 1.199(4) | 1.331(4) | 1.474(4)
B-S S-CH, C=0 C-NH,
17 1.886(5) | 1.803(6) | 1.221(6) | 1.304(7)
1.886(5) | 1.831(6) | 1.238(6) | 1.325(7)
5-C
B-S
20 1.814(2)
1896Q) | Tg100
B-S 5-C C=0
(PhaP)o22 |1 gg73) | 1750(3) | 1.231(3)
. | BS s-C C=0
(Ph.P),23 1.867(5) | 1.707(5) | 1.266(6)
B-S s-C C=0 cC
(n-BusN)Css24 | 1.856(14) | 1.704(14) | 1.207(14) | 1.612(15)
e 1875(14) | 1.712(13) | 1.207(14) | 1.585(14)
1.896(14) | 1.724(13) | 1.210(14) | 1.579(15)
S-C cC C-0 C=0
B-S 1.808(6) | 1516(8) | 1.241(7) | 1.196(7)
25 1898(7) | 1.795(6) | 1.505(8) | 1.255(7) | 1.309(7)
1881(7) | 1813(6) | 1.497(8) | 1.208(7) | 1.194(8)
1797(6) | 1519(9) | 1.316(8) | 1.315(8)

* JlaHHBIC JUTS IBYX KpUCTAILIOTpadUUECKA He3aBUCUMBIX aHHOHOB
** JlaHHBIE IJI YIOPSIOYCHHOTO aHHOHA
*** MaHHBIE U1 aHHOHA C OOJIBIIIEN 3aCETIEHHOCTRIO

kasck JlanHbIE 1UT TPEX KpUCTAIIOrpaduyecK He3aBUCUMBIX aHHOHOB
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Tabnuna 4. Hekotopsle pauHbl cBsized B-S  mns  coemunenuit  xkno3o-

NekabopaTHOTO aHWOHA, OMMyOJIMKOBaHHBIX B CSD

3aMECTUTEIIb B-S, A

2-SH[83] 1.892(5)

1-SMe,[84] 1.85(2), 1.83(3)
1,6-SMe[35] 1.864(3), 1.871(3)
1,10-SMe[35], 1.860(4), 1.862(4)
1-SMe-10-SMe,[35 1.860(4), 1.860(4)
1,10-(SMe;,),[35] 1.864(3), 1.867(3)
1,6-(SMe,),[35] 1.862(5), 1.886(5)
2,8-(SMe,),[35] 1.885(5), 1.885(5)
2-SMe-1,10-(SMe,),[35] | 1.854(5), 1.866(5), 1.866(5)
1,2,10-(SMe,)3[35] 1.861(2), 1.877(2), 1.862(2)
1-SCN[85] 1.882(5)

2-SCN[86] 1.913(6)

1,10-(SCN),[85] 1.887(7), 1.897(7)

AHanu3 uMH CcBs3eil B-S B MONMYYeHHBIX COCAWHEHHUAX U COCIUHEHUSX,
OIMyOJIMKOBAaHHBIX B JIUTEpAType, ITOKa3bIBACT, YTO HET YETKOW Tpagalliid MEXITy
JUITMHAMHU CBSI3ed B CyITh(OHHEBBIX U CYIb(QUIHBIX Tpymmax. CpaBHEHHE Ke MEXKITY
MPOM3BOJHBIMU AHUOHOB [BlOHlo]z‘ u [Blelg]z' MMOKAa3bIBAET, YTO B LIEJIOM CBsi3u B-S B
K1030-1€Ka0OpaTHBIX aHMOHAX KOpoYe, YeM B K1030-10/IeKa0OpaTHBIX aHMOHAX, YTO
XOPOILO COTIACYeTCs ¢ JAHHBIMH O TOM, 49T0 aHHOH [BioHio]” o6namaer Gonbummu
3JIEKTPOHOJOHOPHBIMH CBOiicTBaMH, deM annoH [Bi,Hi,]* [93].

B crpykrypax 1 u 2 (puc.46-47, tabn. 3) mimHa cBs3u S-C Oau3ka K THIMTAYHOU
cesi3u C(sp?)-S B cucremax C=C-S-C (1.751 A) n apomatideckoM THODEHOBOM KOJIBIIE
(1.712 A)[94]. Beicora N-mupamus cocrapaser 0.100 u 0.057 A8 11 0.019 A 8 2. C-N
CBSI3U CYIIECTBEHHO Kopoue, ueM turmunsie C(Sp?)-N cessu B C=C-N-C, cucremax
(1.355 A [94]). DTu naHHBIE TOBOPAT O ToM, uTo cBszu S-C u C-N B coequnennsx 1 u 2
comnpspkeHbl. AHanornyHo comnpsokeHbl S-C u C=0 cBszu B coeaunenusix (PhyP),22,
(Ph4P),23 u (n-BusN)Css24 (puc. 54-56, tabm. 3): cs3b S-C oueHb OiM3Ka K TAKOBBIM
B COCAMHECHUAX 1 1 2, KapOOHUJIbHBIC CBSI3U YIJIUHSIOTCS 110 OTHOIICHHUIO K THITHYHBIM

C(sp?)=0 cassim B C,-C=0 u C,-C=0 cucremax (1.210 u 1.221 A, cooTBeTCBTEHHO

[94]).
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Tabmuma 5. Hekotopble IIHHBI

710/1IekabopaTHOTO aHMOHA, OMyOIMKOoBaHHBIX B CSD

cszeit B-S s

S-H[87] 1.90(2)
SMe[52] 1.872(2)
SMe,[50] 1.894(4)
1-SMe-7-SMe,[52] 1.911(6),
1.870(6)
1,2-(SMe,),[51] 1.906 (4),
1.907(4)
1,7-(SMe,),[50] 1.893(3),
1.903(3),
1.897(3)
1,12-(SMe,),[50] 1.907(3),
1.907(3)
S(Me)Bn-CH=CH,[88] 1.905
S(Me)CH,CH[P(0)(0O-Et),],[34] 1.905
R(1)*[60] 1.900(6)
S-S(O)Et[59] 1.898(8)
R(2)**[89] 1.892(4),
1.902(4)
7-SMe,-1-S(Me)(i-Pr) [34] 1.907, 1.900
7-SMe,-1-S(Me)Bn[34] 1.894, 1.894
7-SMe,-1-S(Me)CH,CH,0C(0)-C(Me)=CH,[88] | 1.905, 1.898
7-SMe,-1-S(Me)Bn-CH=CH,[88] 1.898, 1.898,
1.891, 1.889
1,7-(SMe,),-9-Ph(NO,),[39] 1.896, 1.904,
1.903
1,12-[S(Me)NH,],[34] 1.885, 1.885
1,7-[S(Me)Bn],[34] 1.904, 1.900
1,2-[S(Me)CH,C=CH],[34] 1.895, 1.904
1,2-(SBn,),[53] 1.906(3),
1.906(3)
SCN[90] 1.92(1)
SCN[91] 1.894(5)
1,7-(SCN),[92] 1.906, 1.886

Br OH

*% R(2) =

COEIMHEHUU KI030-

S N\
\N
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Puc. 46. Cmpyxkmypa anuona 6 coedunenuu u N-BugN[2-B1gHsSC(NMe,),]

O
() BU)
~ i
. g, T
T L) = o "y >
& = <"‘/ j&, Z\\\h
\ i~ B(2) 1) =
PR )
b A ) NI NI
& @‘ S
ot W a e @
2\ &
Q) A
O

Puc. 47. Cmpyxkmypa anuona 6 coedunenuu N-BugN[2-B1oHeSCHNMe;]
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Puc. 48. Cmpyxkmypwr anuonos 6 coeounenuu N-BuyN[2-B1oHoS(CH3)4]

(cnesa), u (PhyP),[2-B1oHoSH]. Amom H(S) pasynopsoouen na ose nozuyuu.
C(3)

Puc. 49. Cmpyxmypul anuonos 6 coeounenuu N-BugN[2-B1gHeS(CH,CHCH,),].
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Puc. 50. Cmpyxkmypa anuona 6 coedunenuu N-BuyN[2-B1oHoS(CH,Ph),].
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Puc. 51. Cmpyxkmypuol anuona 6 coeounenuu N-BugN[2-B1oHyS(CH,COOEL),].
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Puc. 53. Cmpyxmypuol anuona 6 coeounenuu (N-BuyN),[2-B1gHeS(CH,CH3),-2-S BigHg].
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Puc. 55. Cmpyxmypul anuona 6 coeounenuu (Phy)P,[2-B1gHeSCOPh].
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Puc. 56. Cmpyxkmypol anuona 6 coeounenuu (Phy)P,[2-B1oHiSCOCF;].

o
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Z B(2) y
p= O T /c(3)  Cl4)
\! '//;‘( O O -
t&\\é, ® 0(4)
N\

O
Puc. 57. Cmpyxkmypor anuona 6 coeounenuu N-BugN[2-B1oHeS(CH,COOH),].
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B anmonax coegunenuii 4, 11, 13, 16, 17, 20 u 25 (puc. 48-53, puc. 57, tadi. 3)
nnuHbI cBsseit S-C nexxat B auanasone 1.785-1.835 A, uro cormacyercs ¢ ananazoHaMu
tunmaasx C(sp®)-S cBsi3eil, 3aBucsmux ot cocenunx rpymm (1.789-1.856 A [94]). B
3THUX aHWOHax cyinb(anunpHeix (parment BC,S wumMeer mnupamunaIbHYyIO
KOH(QUTyparuio ¢ BeicoToi S-mupamuasl 0.719-0.825 A. Ilukianueckue 3aMecTHTENH
S(1)-C(4) u S(2)-C(8) y sxBaTopuanbHbix aroMoB B(2) u B(12) B coeauHennu 4 uMeroT
koH(popmaruto kouBeprta ¢ atroMamu C(3) u C(7) B «yronke». PazBopor 3amecturencit
OTHOCUTEIBHO OOpHBIX MOJMUAPOB MPUOIU3UTEIHHO OJMHAKOB: TOPCHOHHBIC YTJIbI
B(1)-B(2)-S(1)-C(1) u B(11)-B(12)-S(2)-C(8) cocraBnstor 53.6° m -56.6°. B
coequHeHnn 20 00pa3yrOMUICS MUKIMYECKUNA 3aMECTHTENb CBSI3bIBACT JBa OOPHBIX
OCTOBa M UMEET KOH(OPMAITUIO Kpeciia, B KOTOPOM 00a KJIACTEPHBIX aHUOHA HAXOIATCS

B SKBaTOPUAJILHOM IOJIOKEHNUH, HE 00pa3ysl IPU 3TOM CTEPUUECKUX 3aTPYIHEHUM.

B crpykrype 17 ymakoBka ompeneisieTcss aMHAHBIMUA TpynmnamMu aHuoHa. [[Ba
atoma H w3 deteipex or aByx He3aBucuMmblx NH,-rpynm o6paszyer N-H...O
BOJIOPOJIHBIC CBSI3b C aTOMOM KHCJIOpoja cocemHero aHuoHa (tabn. 6). Ilaper
BOJIOPOIHBIX CBS3EH MEXAy ABYMS KpHUCTaIOTpadUuecKu HE3aBHUCUMBIMH aHHOHAMU
oOpasyioT BochbMuwieHHble H-tiukibl (puc. 58). Cuctema BOJOPOJHBIX CBS3EH
COEUHSET aHUMOHBI B 3UI3arooOpasHble LIEeNH, HAYIIHE BAOJIL OCH a. BTopoil aTtom
BojiopoJa kaxaoit NH,-rpynmner oOpasyer cinadsie N-H...H-B B3aumoneiicteus (H...H,
2.15-2.31 A) ¢ x1030-1eKabOPaTHBIM OCTOBOM COCEJEH Lemu. DTH BOJOPOIHBIE CBSA3U
COENIMHAIOT cocelHre enu B aHuoHHble ciou (011), comepkaiue MONOKUTEIBHO

3apsHKEHHBIC aTOMBI S.
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Puc. 58. Booopoonwie cesasu ¢ cmpykmype 17.
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Tabnuna 6. Bomopomnsie cBs3u u B-H...S B3aummozaeilcTBusi B HM3yUeHHBIX

CTPYKTYpax.
D-H...A IIpeobpazosanue | D-H, A |H...A,A |D..A A Vron
CUMMETPUHU I (DHA), °
A
(Ph4P)26'CH3CN
C(6)-H(6A)...N(1) | 1-x, 1-y, -z 1 0.95 | 2.44 13.195(3) | 136
7
B(4)-H(4)...S(2B) X, Y, Z 1.12 2.84 3.771(11) 141
B(20B)-H(202)...S(1) 1+x,y,z 1.12 2.57 3.60(2) 152
17
C(7)-H(7A)...0(2) 1.5-x, -0.5+y, z 0.99 2.53 3.478(5) 159
C(9)-H(9A)...0(3) X, Y, Z 0.99 2.48 3.270(4) 137
C(12)-H(12A)...0(2) 1-x, 0.5+y, 0.5-z | 0.98 2.56 3.428(5) 147
B(8)-H(8)...S(1) 0.5+x,y, 0.5-z 1.10(3) | 2.93(3) 3.853(3) 142(2)
(Ph4P),22
N(1)-H(12N)...O(4) x-1,y,2 0.88 2.08 2.898(6) 154
N(2)-H(22N)...0(3) X, Y, Z 0.88 2.07 2.950(6) 174
N(3)-H(32N)...0(2) X, Y, Z 0.88 1.99 2.863(6) 170
N(4)-H(42N)...O0(1) x+1l,y,z 0.88 2.10 2.973(6) 171
(Ph4P),23
C(52)-H(52A)...0(1) -1+x, -1+y, z 0.98 2.30 3.272(4) 174
C(42)-H(42A)...N(1) X, Y, Z 0.95 2.54 3.431(4) 157
25
0(4)-H(40)...0(2) | -x+2,-y+1,-z+1 0.83(8) | 1.85(8) 2.655(6) 166(7)
0(6)-H(60)...0(1) | x,V, 2 1.21(12) | 1.32(12) 2.523(6) 173(9)
0O(8)-H(80)...0(2) | -x+2,-y+1,-z+1 1.18(9) | 1.37(9) 2.533(6) 168(7)

HeszaBucumas stuciika ctpyktypsl (N-BuyN)Css24 comepxuT msITh KATHOHOB 1IE3HS,
OJIUH KaTUOH TEeTPaOyTHJIAMMOHUS, TPU 3aMEIIEHHBIX K1030-00paTHBIX aHuoHa [BigHg-
SC(O)CF3]* u monMomeKyimbl 5TaHONd. AHHOHBI HMMEIOT OMMHAKOBOE CTPOCHHE,
MOKa3aHHOE I OJHOTO W3 HUX Ha pHUC. 56. 3aMecTuTellb OPUCHTHPOBAH MPAHC
OTHOCHTENbHO anukanbHOU cBsi3u B(1)-B(2) u yuc — otHocuTenbHo cBsizu B(2)-S(1):
topcuonnbie yribl B(1)-B(2)-S(1)-C(1) u B(2)-S(1)-C(1)-O(1) cocrapmstor -178.5°
u -0.4°. bim3kue 3HaYCHUS UMEIOT COOTBETCTBYIOIIUE YIJIBI U B BYX JPYIMX aHHOHAX:
179.7° m -2.4° 179.2° u 2.6°. B kpucramiax (PhsP),22 u (Ph4P),23 opuenrarus
3aMECTHTENs] OTHOCUTEIHLHO OOPTHUAPUIHOTO IOJIMDJIpA WHAS — MPAHC-MPAHC U YUC-
yuc, COOTBETCTBEHHO.

ATOMBI KHCIIOpPOJa BCEX TPEX HE3aBHCHMBIX aHMOHOB CBsi3aHbl ¢ aTomoM CS(3)

(Cs(3)-0 2.963(10), 2.968(10) u 2.993(9) A). B oxpyxenne Cs(3) BxoasT Takke BH-
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TPYIIBl  aUKAIBHBIX TPaHEH K1030-1eKad0paTHBIX MONHAIPOB. TakuMm 00pazom,
arnonbl [B1oHe-SC(O)CF3]* «xematupyror» atom Cs(3) (puc. 59). OkpykeHHe MOUYTH
BCEX OCTaJbHBIX aTOMOB II€3Usl B CTPYKType oOpazytor BH-rpynmsl monmsapuyaeckux
aHMOHOB — NATH aHWOHOB B cirydae CS(1) m werbipex — miist CS(2), Cs(4) u Cs(5). pwu
nopore Bianmojeiicteus Cs-H, paBaom 3.50 A, B okpyxenue atoma Cs(1) BxomsT
necats BH-rpynm (3.03-3.42 A), Cs(3) — Bocems (3.06-3.50A), u no nepsars BH-rpynm
OKPY’KAaIOT OCTalIbHBIE aToMbl 1e3us (2.96-3.29, 2.95-3.42 u 2.94-3.34 A nna Cs(2),
Cs(4) wu Cs(5) coorBerctBeHHO). OIHOTUIIHOCTH  OKPYKEHHUS  HapylIiaeT
pasymnopsiioueHHas MOJIeKyJja 3TaHoJia, KoTopas B 00eux opueHTtanusx (atombl O(4) u

O(5)) BXOIUT B OKpYKEHHE MOJIOBUHBI aTOMOB CS(5) CTPYKTYPBHI.

Puc. 59. «Xenamuposanue» amoma Cs(3) mpems anuonamu [B1oHg-SC(O)CF3]* 6

cmpykmype (N-BuyN)Css24.
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B3anMOACHCTBISL MEXLY KATHOHAMH Ie3usi u aHnoHamu [BioHg-SC(O)CF5]*
(GOpMUPYIOT B KPUCTAJUIC CABOCHHBIC aHWOHHBIC CIIOM, NapajulejbHBIC TUIOCKOCTH ab
(puc. 60). I'panuns ciaos odpaszoBanbl CFs-rpymmamu. Atomer Cs(1), Cs(2), Cs(4) u
Cs(5), a Takke MOJEKYJBI 3TaHOJA, PACMoIOkKeHbI BHYTpH ciiosi. Atom CS(3), kak u
SC(O)CF; 3amecTuTead aHHOHOB, PACIOJOXKCH C HAPY)KHOW CTOPOHBI CIIOS, YTO

OoIIpCaACIACT €TI0 ocoboe OKPYKCHHC. KatuoHnsr TCTpa6YTHJ'IaMMOHI/ISI PaCIIOJIOKCHBI

MexTy ciosimu (puc. 58.).

Puc. 60. @paemenm ynaxosku 6 kpucmanne (N-BuyN)Css24. TIpoexyus 60oab ocu
b. Amomwbr 600opoda ne nokazamvi. Pazynopsodouennvie snemeHmsl HOKA3aubl 8 0OHOU
U3 opueHmayui.

HezaBucumas  sueiika  coemuHeHHss 25  COACPXKUT  TPU  KaTHUOHA
TeTpaOdyTUIaMMOHMSI M JIBA 3aMEIICHHBIX K1030-00paTHBIX aHWOHA. B ogHOM aHHMOHE
00e KapOOKCHIIbHBIE TPYMIbl MPOTOHUPOBAHBI, B TO BpeMs KaK B APYroM aHUOHE (pHC.
61) ogHa U3 rpynn IenpoOTOHUPOBAHA.

Jmuaa C-O cBs3u B 4eThlpeX KapOOKCWIBHBIX TpyNmax corjlacyercs ¢
MOJIOKEHHEM TpeX KUCIOTHBIX aToMoB H y atomoB O(4), O(6) u O(8): cBsI3u ¢ 3TUMHU
atomamu camble umHHBIE (1.309-1.316 A), Bropas C-O cBa3p B 5THX

MIPOTOHUPOBAHHBIX KAPOOKCHIIHHBIX TPYMIaX OTYETIMBO COOTBETCTBYET IBOMHOM CBS3U
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(1.194-1.208 A), a cBA3p B JAENPOTOHMPOBAHHON KApOOKCHIBHOH TpyIIie
nenoxanmsosana (1.241 and 1.255 A).

Bonopoansie cBs3u, cHopMHpPOBaHHBIE KHCIOTHBIMH MPOTOHAMH, OOBEIUHSIOT
AHUOHBI B IIEHTPOCHMMETPHUYHBIC IMIECTU3APSIHBIC OTPHUIIATEIBHBIC TETpaMephl (pHC.
61-62). CormacHo OOIIENPUHATON KIacCU(UKAIMK BOJOPOAHBIX cBsizeit  [95],
npeiokenHon  Jhxehdepu [96], cBs3u O(6)-H(60)...0(1) u O(8)-H(80)...0(2)
cuibHble, a cBsi3zb O(4)-H(40)...0(2) — cBsa3b cpenneid cuwibl. Bece Tpu BomopoiHbIe
cBsi3u oyt JuHeiHbl. CBszu O(6)-H(60) u O(8)-H(80O) ymiuHst0TCSA, HO OCTaIOTC
KOopoue, 4eM cooTBeTcTByrommue paccrtosuuss H...O. OpgHako acCuMeETpusi CUIIBHBIX
CBsI3€Hl HE MOKET OBITh OICHEHA dTHMH PACCTOSHHSIMHU H3-3a2 OOJBIION MOTPEITHOCTH
OTpeJIeNIeHHs] aTOMOB BoJiopoa. bosee HafexxHOe yKa3aHUEe aCCUMETPUH STUX CHIIBHBIX

BOJOPOJHBIX CBA3€H MOKa3bIBaeTCs JUIMHHOU cBsizell C—O B KapOOKCHUIIBHBIX IPYIIax

(tabu. 5).

014} B

® N

Puc. 61. Ilenmpocummempuunviii mempamepuvlii. aHUOH 8 cmpykmype 25.
Cunvuvie 6000pOOHbIe C65A3U  NOKA3AHLL  NYHKMUPHLIMU — JHCUPDHBIMU  JTUHUAMU,

GOaOpOaHble C6A3U cpedﬁed CUJIbl NOKA3AHblL MOKRKUMU NYHKMUPDHBIMU TUHUAIAMU.
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CTpyKTypHBIE 3JEMEHTHI YIIAKOBAHbI B TOJICTHIE CJIOU, NAPALJIENbHBIE TNIOCTOKCTH
ac. Ciion TeTpaMEeHbIX aHHOHOB M OJIHOTO U3 KaTHOHOB TeTpaOyTuiaaMMoHus (puc. 62)

Hoxoxstcs ipu Y ~ 0 u 0.5. JIpyrue ciou, chopMUpOBaHHBIE OCTAIBHBIMUA KaTHOHAMH,

noxkanu3oBanbl npu Y ~ 0.25 u 0.75.

Puc. 62. ®Dpaemenm ynaxosku 6 kpucmanne 25. Cnoi, 00pazosaHHbli
mempamepHuIMU AHUOHAMU U HEYNOPAOOYEHHBIMU KAHUOHAMU MempadymuiamMmonUs,

NOKA3AHHLIMU 8 OOHOU U3 opueHmauub?.
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3.3 CynpamoJieKyJIsipHble CHCTEMbI ¢ HOHHOI MPOBOAUMOCTHIO HA OCHOBE

CsB1oHyS(CisH37)2

CuHTE3UpOBAHHBIE COCINHCHHUS cocTaBa CsB1oHoS(ChHan+1)2 HaIILTH
MPAKTUYECKOE TMPUMEHEHHWE TpU pa3padOTKH HOBBIX MEMOpPAHHBIX CHUCTEM IS
MOHOCEJICKTHBHBIX CEHCOPOB (MOHOCENEKTHBHBIX JJIEKTpoa0oB). Hamuume B cocTtaBe
TaKUX MOJICKYJ TOJSIPHOTO (parMeHTa (Kiactep Oopa) U JITUHHOLCITHOTO aTKUIBHOTO
3aMECTHUTEIS MPU aTOME Cephl, 00ECIICUNBAIOIIETO XOPOIIYI0 CMENTMBAEMOCTh TaKHX
NPOU3BOJAHBIX C TIOJUMEPHON OCHOBOH C OJHOBPEMCHHBIM BBEACHHEM TPYIIIL,
OTBEYAIOIIMX 3a MOHHYIO IIPOBOJMMOCTBH, IIO3BOJMJIO HAM CO3/1aTh HOBBHIE
CYNPaMOJICKYJIIPHBIE CHCTEMBl C HWOHHOW W30MPATEIBbHOCTHIO 110 OTHOIICHHIO K
YpaHWI-MOHY U HWOHY JHTHS. BBUIO clenaHo MpenarnoioXkeHue, 4To MO aHaJOTUU C
KaTUOHOOOMEHHBIMM MeMOpaHaMH Ha OCHOBE coJieil TeTpadeHmndopaTa U X aHAJIOrOB
CUHTE3UPOBAHHBIE COETUHEHUs OynyT oOjagaTh KaTHOHOOOMEHHBIMH CBOMCTBAMHU 3a
cuer auccormanuu cojeit  CsBigHeS(C,Hon+1)2 B OpraHm4ecKkux pacTBOPHTEISAX
KOTOPBIE HE CMEIINBAIOTCS C BOJOW. Ha OCHOBE MONyYEHHBIX TaKUM 00pa3OM KHUIKUX
MOHUTOB OBUIM HM3rOTOBJICHBI TOJUMEpPHBIE MeMOpaHbl. B KkadecTBe pacTBOpUTENS
mactuukaropa  UCHodb3oBaM  Tpuc(2-atuirekcuin)dpocdar.  M3roropiieHHBIC
MOHOCENIEKTUBHBIE DJIEKTPOJIbI ObUIM HCCIEAOBaHBl C TOYKH 3PEHUST MX OCHOBHBIX
AIIEKTPOAHATTUTUIECKUX XaPAKTEPUCTHUK.

Ha puc. 63 npecTaBieHa 3aBUCHMOCTb NoTeHnuana Li'-cenexrusHoro anexrpoaa
B pactBopax cyibbara nutus. Pa3paGortaHHbIl 35ekTpoa oOnagan JMHEHHOMN
3aBUCUMOCTBIO MOTEHIMANa B quanasone PLi* = 2 — 4, npu »Tom npesien oOHapyKeHuUs
voHoB smtHs coctaBin Cpis = 2.1*10° M (0.147 wmr/n). Mi3Mepenubie K03(bHIHEHTHI
CCJICKTUBHOCTH TpUBENEeHbI B Tabmuie 7/ u puc 64. Kak crmegyer w3 3HadeHUU
KO2((PHUIIMEHTOB CEJICKTUBHOCTH, pa3paOOTaHHBIA 3JIEKTPOJ IOKa3aJl OTHOCHUTEIHHO
BBICOKYIO M30UPATEIHbHOCTh IO OTHOIIECHUIO K MIOHAM JIUTHUS B MPUCYTCTBUU IICIIOYHBIX
U OCHOBHBIX IIEJIIOYHO3EMENbHBIX KAaTHOHOB W MOXET OBITh PEKOMEHIOBaH K

IIPUMEHEHHIO JUIs aHAJIN3a BOAHBIX PACTBOPOB Ha conepxkanue Li'.
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Tabmuuma 7. Wsmepenusle kod(duuuenTsl cenektuBHocTH Li*-cenexktusHoro

AIIEKTPO/A.

AHMOH Cs* Rb* K* Na* ca® Mg**

Keen 2560102 | 4.74¢102 | 2.58.102 | 9.78+102 | 2.86102 | 9.55¢10°

E(mV)
150

100 \
50

-100 \\ﬁ )

-150 :
-Ig[Li*]
Puc. 63. Membpana uonocenexkmusrnozo snekmpooa 01s onpeodeneHusi KamuoHa
JUMus
KoadppuumeHTsl CeJIeKTUBHOCTH I
Li+- ceJIeKTHBHOTO 3JIEKTPO/A
2.5
2
T15
<
S
05 I
0 T T T T T
Cs+ Rb+ K+ Na+ Ca2+ Mg2+

Puc. 64. Hdecamuunviii noeapugm uzmepenuvix Koduyuenmos cenexmueHocmu

-+
Li" - cenrekmusroeo snekmpooa.
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Ha puc. 65 mpexncraBiena 3aBucuMocth moreHrmana UQ,” -CeqeKTHBHOrO
JJIEKTpOJIa B pAcTBOpax aierata ypaHwina. Pa3paOoTaHHblii anekTpon obnagan
JIMHEHHOMN 3aBUCHMOCTBIO MOTeHIMaa B auarasone pUO,” = 2 — 6, mpu 9ToM mpexen
OOHApY)KeHWsT HOHOB JuTHs cocTaBui Cuor = 1.6x107 M. H3mepeHHsie
KO3(phUIIMEHTHI CEIEKTUBHOCTH TpHBEACHB B Tabin. 8 u puc 65. Kak crmenyer u3
3HauYeHUH KOA((UIIMEHTOB CEJICKTHBHOCTH, Pa3pabOTaHHBIN AIEKTPO MOKa3al OYeHb
BBICOKYIO HM30MpPATEebHOCTh IO OTHONICHUI0O K WOHAM YypaHWjIa B MPUCYTCTBUHU

mMCJIO0OYHBIX 1 OCHOBHBIX IICIOYHO3CMCIIbHBIX KAaTHOHOB.

E(mV)

180

160

140 \

120 \

100 \

80 \

60 \

40 \

20 \\

-lg[UO,*]

Puc. 65. Membpana uonocenekmugno2o snekmpooa Ons onpeoeneHust YPaHui-
KamuoHa

2
Ta6muma 8. Msmepennsie kodddunuents cenektuBHoctH UQO, -CeneKTHBHOTO

BJIEKTPOA.
AHMOH Cs' Rb* K* Na* Li* Ca’* Mg**
Keex 810° 8,2:10° 94107 1,1-10™ 1,0010% | 1,05-10* | 2,2¢107
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Ko PpuumeHTsI CeJIeKTUBHOCTH IJIsI
UO,?*- ceJIeKTMBHOTO 3J1eKTPoaa

5
4.5
4
3.5
’%‘ 3
¥ 25
3 2
15
1
0.5
0

Cs+ Rb+ K+ Na+ Li+ Ca2+ Mg2+

Puc. 66. Jlecamuunviii noecapugm uzmeperHvix KOIDhuyuenmos ceieKmusHocmu
UO,*" - cenexmugrozo snexkmpooa.

W3 aHanwW3a JaHHBIX TI0 CEJICKTHBHOCTH, CIIEAyeT OTMETHUTh aHOMaJbHOE
MOBEACHUEC TIPEIJIOKCHHOW  CYyNpaMOJICKYJISIPHOW CHCTEMBI, HapyleHUE psaa
Iopmetictepa [97]. Crnemyst 3TOMy psiy, CEICKTUBHOCTH 1O OTHOIICHHIO K YpaHWJI-
KaTHOHY JIOJDKHA OBITh 3HAYMTENBHO HIDKE, YeM K INEJOYHBIM MeTaJlllaM, TaKHM Kak
Cs" wmm Rb". OqHako u3 3HaueHwmii KO2()(PHUIMEHTOB CEICKTUBHOCTH CIICTYET, UTO JTaKE
10" — kpaTHBIE H30BITKH OCHOBHBIX HOHOB IIETOYHBIX U IIEI0YHO3EMEIbHBIX METAIIIOB
HE OKa3bIBAIOT CYIICCTBEHHOT'O BIUSHUS Ha TIOTEHITMAI MEMOpPaHbI. Pt cenekTuBHOCTH
B HaIem clryJae BBITJIS AT CJICTYFOIIIAM obpa3om:
UO,**>Li*>Na">Rb*>K">Cs*>Ca’*>Mg*".

PazpaboTaHHbIi 3JIEKTPOJ MOCHE JOMOJTHUTCIBHBIX HCCIACIOBAHMH MOXET OBITh
PEKOMEHJIOBAH I aHalW3a BOJHBIX PACTBOPOB CIIOKHOTO COJICBOTO COCTaBa,

COZIEPIKAINX YPAHUI-KATUOHBI.
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1)

2)

3)

BuiBOABI

[IpensioxeHsl U peannu30BaHbl HOBBIE MOAXOMbI K MOJYYEHUI) COCAUHEHUN K1030-
JIeKa0OpaTHOTO aHHWOHA C JK30-TIOJMAAPUUECKUMU CBs3sIMU Oop-cepa. B ocHoBe
METOJIOB JIEKAT PEAKIUU HYKJICODUIHLHOTO 3aMEIICHUS B aHHWOHAaX [BloHlo]Z',
IpOTEKAIONIMe MpHU coicicTBuM KuciaoT bpencrema, u [BioHii]. HM3ydensr
O0COOEHHOCTH B3aMMOJICUCTBHS COJIEH ITUX AHMOHOB C THOY(PUPAMH, THOAMUJIAMU U
THOMOYeBHHaMU. [loka3zaHO, YTO peakluuu C JaHHBIMU KJIacCaMU OPTaHUYECKUX
COCIMHEHUM, KaK MpaBUJIO, MPUBOIAT K 3aMELICHHI0  aToMa BOJOpOJa Ha
cepocosiepxkanuii Hykiaeopun. [lo gaHHBIM METOAMKAM TOJIyYEHBI 3aMEIICHHBIC
IIPOU3BOHBIC K1030-IekabopaTtHoro anwoHa: [2-BigHeSC4Hs], [2,7-B1gHeSC4Hs],

[2-B1oHoSC(N(CHs)z)z]', [2-B1oHeSC(NH(CsHs))o]', [2-B1oHeSCH(N(CH),)T "

PazpaboTranpl ABa HOBBIX MOAXOJA K MOJYYEHUIO CYIb()aHUI-K1030-1eKa00paTHOTO
AHWOHA: TEPBBIA OCHOBAH HA B3aWUMOJCHCTBMUA AHHOHA [BloHlo]Z' ¢ N,N’-
TUJICHTUOMOYCBUHONW B MPHUCYTCTBUU TPUPTOPYKCYCHOM KHCIIOTHI, BTOPOH — Ha
BOCCTaHOBJICHHH MPou3BOAHBIX [2-B1gHgSC(N(CHz),),] u [2-B1ogHeSCH(N(CH3),)]
TUAPA3MHOM B BOJIHO-CIIUPTOBOM pacTBope. JlaHHBIE METOAbl XapaKTEPU3YIOTCS

BBICOKMMH BBIXOJaMH, CYIIICCTBCHHO IMPCBLIINAIOIMMHA OIMMCAHHBIC B IUTCPATYPC.

[Toka3aHo, YTO B PEAKIHSX MEPBUUYHBIX FAOrCHAIKAHOB ¢ aHHOHOM [2-BioHoSH]*
o0pa3yloTcs  CyJb(OHUEBBIE COJIU  KJ1030-1€Ka0OpAaTHOIO AaHUWOHA COCTaBa
[2-B1oHoSR,] (R=-n-C4Hg, -n-CgH;7, -n-C1,Hys, -n-CygH37, -CH,CHCH,, -CH,CCH,
-CH,Ph, -CH,(4-PhNQO,), -CH,CH,0OH, -CH,CN, -CH,CH,CN, -CH,COOQE), B TO
BpeMs KaK TPHU CTBUU C HM3OMPONMUIOPOMHUAOM 00pazyercs MOHO3aMEIICHHOE
npomsBogHoe [2-BioHeSCHMe,]”. TomydeHHbIe Cynb(pOHHEBbIC MPOH3BOIHBIC
YCTOWYMBBI K JEHCTBHUIO Pa3UYHBIX HYKJICOPHUIOB, a TakKe IIECJIOYHOMY U
KHCIIOTHOMY THIPOJU3Y B OYCHHb IIMPOKOM JHMAMa30HE KOHIIEHTPAIUW KHUCJIOT H
ocHoBaHMM. JlaHHBINA (HaKT TMO3BOJISIET MPOBOAUTH MATBHEHIITYIO MOIUDUKAIUIO
OpPraHUYEeCKOro 3amecTuTelnsa. Tak, ruaponnzoM anuoHa [2-BioHgS(CH,COOEL),]

ObLTO MONTyYeHO Tipou3BoIHOE [2-B1oHyS(CH,COOH),]".
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4)

5)

B3anmopeiictBue aHmoHa [2-BlngSH]2' C XJIOpaHTHAPHUAAMUA W aAHTUAPUIAAMHU
KapOOHOBBIX  KHCIIOT NPHUBOAMT K  00pa3oBaHHIO THOI()UPOB  COCTaBa
[2-B1gH,SCOR]* (rme R=Me, Ph, CF;). Bbuta m3ydeHa YCTOMYMBOCTH JAHHBIX
AHMOHOB K IIEJIOYHOMY M KHCIIOTHOMY THAPOJH3Yy B BOIHBIX pacTBopax. Bce
THOA(HPHI TIOKa3aa¥ HaWOOJBIIYI0 YCTOHUHMBOCTH Impu pH=5, co BpemeHeM
nonypacnana 17 u pis [BlngsCOCF3]2', 168 yacoB mis [B]_OHQSCOCGHS]Z- u 600
4acoB 1A [BlngsCOCH3]2'.

PaspaGotamsl u mportectupoBanbl Li* m UO,” - celeKTHBHBIE >7IEKTPOIBI C
MOJUMEPHBIMH ~ MEMOpaHaMH Ha  OCHOBE  CYNPaMOJICKYJISIPHBIX  CHCTEM,
IaCTU(UUUPOBAHHBIX TpUC(2-3THirekcuin)docdarom, coaepxkalve B KadyecTBeE
aKTUBHOTO KoMIoHeHTa coitb CS[2-B1gHeS(CigH37)2]. Jnana3onsl muHEHHOCTH IS
JINTHI U ypaHHII - CEIEKTHBHBIX 2IeKTpoIoB coctasisior 1072 — 107 1 102 — 10° M,

BBIYCCIICHHBIE Tpeielsl o6Hapyxenus 2.1x10™ i 1.6x107, cooTBeTcTBEHHO.
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