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Osa ooxmopcka Oucepmayuja je pahena y Hucmumymy 3za xemujy Ilpupooro-
mamemamuyxoe gpaxyrimema Yuusepsumema y Kpaeyjesyy.

Temy 3a o6aj pao npeonoscuo je op Pacmxo J]. Byxuhesuh, pedosnu npochecop
IIpupoono-wamemamuuxoe ¢paxynmema y Kpazyjesyy, koju je pykogoouo mwe2o80m uspaoom
U cee epeme MU HeceOUUHO NoMa2ao y ceum ¢pazama uspaoe, HA HeMmy My CPOAUHO
3axeabyjem.

3axeannocm oyeyjem u Op Huxy Paoynoeuhy, eampeonom npoghecopy I[lpupoomno-
mamemamuuxoe gaxyrmema y Huwy, op Ueany ammwanosuhy, HayuHOM capaouuxy u op
3opany Pamxkosuhiy, odoyeumy Ilpupoono-mamemamuuxoe ¢haxyimema y Kpaeyjesyy Ha
KOPUCHUM CABemumMa u cy2ecmujama moKom paod Ha 080j oucepmayuju.

Tlocebno ce 3axsamyjem ceojum Konezama uz rabopamopuje, op Mupjanu Byxuhesuh,
sanpeorom npogecopy @axyimema meduyunckux nayxka y Kpaeyjesyy, op Hanujenu Unuh-
Komamunu, ooyenmy @axynmema mexuuukux Hayka y Kocosckoj Mumpoeuyu, Axku
Ilejosuh, ucmpascueau-capaonuxy u Anexcanopu Munuh, ucmpaxicueau-npunpasHuKy
IIpupoono-wamemamuuxoe ¢haxynmema y Kpaeujesyy. 3axsamyjem ce céum konecama u3s
Hncmumyma 3a xemujy Ilpupoono-mamemamuukoe ¢gpaxynmema y Kpazyjesyy xoju cy na
OUN0 KOju HAYUH OONPUHENU U3PAOU 08e dUcepmayje u cojum npujamebuma Ha NOOPULYLUL.

HUcmpaoicusara ypahena moxom u3zpade o6e O0KMOpCKe oucepmayuje 0eo cy
npojekma ,,Hose enexmpoxemujcke u xemujcke memooe y CUHmMesU OPeancKux jeourserba 00
unmepeca 3a MeOUYuHy u xemujy mamepujana‘ opoj OH172034 (pyxoeoounay npogh. op
Pacmxo Jl. Bykuhesuh), xoju ce ¢punancupa cpeocmsuma Munucmapcmea npoceeme, HayKe
u mexnonouwiko2 pazeoja Bnaoe Penyonuxe CpbOuje na uyemy ce cpoauno 3axeamyjem
Munucmapcmsy.

Hajeehy s3axeannocm Oyeyjem ceojum podumesmuma u Opamy HA paA3yMesary,
CMpN/bersy U NOOPULYU MOKOM paoa u nucara oucepmayuje. Xeana um wimo cy ounu y3 memne

U nomMo2nu Mu 0a ucmpajem y c6om paoy.
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1 YBox

Axum pon Apuum (Achim von Arnim), HeMauku NECHUK (y MIIQJOCTH MPHUPOJIHAK),
npumetno je 1801. roamue, mokymaBajyhun nma moOosplaBa KBamUTET (QpPAHIyCKUX BUHA
€JIEKTPOJIM30M, JIa C€ HAaKOH eJIEKTPOJIM3e BMHA M mmBa oceha kucenm mmpuc cuphera [1].
Tpunecerak romuHa kacHuje, Majkn ®apanej (Michael Faraday) je mobuo etan
SJICKTPOJIM30M PAcTBOpA alleTaTa, ajlu ra Ta 110jaBa HUje 3aUHTepecoBala, 11a HUje HaCTaBHO
Ja je uctpaxyje. MehyTum, Ta TojaBa je 3aMHTEpecoBaia YyBEHOT HEMauyKOT OPTraHCKOT
xemmnuapa Xepmana Konbea (Hermann Kolbe), xoju je 1849. netasbHO mpoydHo U Omucao
€JIEKTPOJIN3Y KapOOKCHIHMX KHCEIMHA M BUXOBUX COJIH, A Ty peakiujy AaHac 3HaMO I0J]
wmeropuM uMeHoM [2]. Ilpema Tome, moveTak NpUMEHE EICKTPOXEMHJCKHX peakiuja y
OpPraHCKOj XEMHjH TaJla y BpeMe JIOK joII YBEK ,,BaXKH'* BUTATMCTUYKA TEOPHja, IITO 3HAUU Ja
j€ eJeKTpoOpraHcKka XeMHja cTapa KOJIMKO M MOJAEpHa opraHcka xemuja. Otyma Ou ce MOrio
3aKJBYYHTH J]a CE€ EJIEKTPOXEMHjCKE TEXHHKE Yy CaBPEeMEHUM OpTaHCKUM Jaboparopujama
KOPHUCTE PYyTHHCKU. MelyyTuM, To je morpeiian 3akjbydax.

IIpe tpunmecer romuna Manyen M. bejzep (Manuel M. Baizer), jenan ox Boaehux
»CIIeKTpoOpraHuyapa’ JBaZeceTor BeKa, Yy YBOAYy H3BaHpeJHOI wiaHKa ,Recent
developments in organic synthesis by electrolysis® (6ap 3a To Bpeme) mpaBja T0jaBy ,,jOIII
JETHOT PEBHjCKOT 4JIaHKa W3 eNEeKTPOOpraHcke xemuje oBako: ,,Ilo0OpHHUIM mpuMeHe
OpraHCKe eNEKTPOXEMHje y CHHTEe3M HacTaBuhe Na TeBajy CBOjy IECMHIy CBE TOK CBaKH
XeMUYap-eKCIIEPUMEHTATOp HE TPUXBATH, KA0 MPHUPOIHO, KOpUIINEHE EICKTPOXEMH]jCKUX
TEXHUKa y CUHTE3H (0ap) Kao IMTO MpPUXBATa KATATUTUYKY XHIPOTEHAIIH]Y, 030HOJIN3Y HIH
kopuihewe er3oTHYHUX (CKynux) peareHaca. IlocToju u3BecHa cymma J1a je, Ipe Hero IITo
ceé TO y MOTHYHOCTH OCTBapH, HEOMXOAHO JOJaTHO mpeacTtaBibame.” [3]. Haxanocr,
UPOHUYHA TBPJIHA U3 MOCIEIHE PEUCHUIIE U JaHAC CTOjH, HAKO je €JICKTPOOpPraHCcKa XeMHja
pa3BHjeHa 10 T€ Mepe, N1a ce KOPUCTH 3a CHHTE3y OPTraHCKHUX jeAHIbEHha y MHIYCTPH)jCKUM
pa3mepama. Behnna opranmdapa mpaBaa ce 3a OBO CKYIIOM H CIIOKEHOM OIPEMOM Koja je
HEOMNXO/IHA 33 EJIEKTPOOPTaHCKY CHHTE3y W yTUM BPEMEHOM HEOIXOIHHM 3a JIo0ujame
OPTraHCKUX jeN-EHha OBOM TEXHHUKOM y KOJTMYMHaMa BehuM o1 MUIIMMOJICKUX. AKO je IpYyTH
pasJior y u3BeCHOj MEpH U ONpaB/aH - IPBU BUIIIE HE CTOJH, jep je MOJIEpHA eIeKTPOXEMH]jCcKa
OllpeMa JlaHac PEeIaTUBHO jeTHHA U JIAKO AOCTYIHA, a HBOME C€ PYKYje OHOJIMKO JaKo (WiIH

TEIKO) KOoMuKo M KyhHum pauynapuma. C apyre cTpaHe, €JIeKTPOOPraHCKAa CHHTE3a MOXKE



umatu OpojHe mpemaHocTd (y OTHOCY Ha KJIACHYHE IOCTYNKE), Kao MTO Cy €HEepPreHTCKa
e(pUKaCHOCT, CEJICKTHBHOCT, OJIaXKH PEaKIMOHU YCIIOBH UTI. JemaH oJ1 HajBaKHUJUX pasjiora
3a ,,(aBopu30OBamE” EIEKTPOXEMHUj€ Yy OpPraHCKOj CHHTE3M THYE C€ 3allTUTE >KUBOTHE
cpeauHe. Haume, 3a okcuaanujy OpraHCKHX jeAMIbEHA TPAAULMOHAIHO CE€ KOPUCTE
peareHacu INTETHH MO XHMBOTHY CpeAMHY (KakBU Cy, HIp., TEIIKM METAIH y BHUIIUM
OKCHJAIIMOHUM CTambuMa), IOK €JIEKTPOXEMHUjCKE METOJIe Kao ,,0KCHIAIMOHO U PEAYyKIIHOHO
cpencTBo“ kopucte ojrosapajyhe enekrpone (aHOAy, OMHOCHO Karopy). IlorpemHo je
BEpOBamkhE BEIMKOT Opoja OPraHCKHX XEeMHYapa Ja C€ EJIEKTPOXEMH]CKE TEXHHKE MOTY
KOPUCTUTH caMO 3a (AUPEKTHE) OKCHJIAIMje W pEAyKIHje OPTraHCKHX jeAumbemha Ha
esekTposaMa. Mely enekTpoopraHnyapuMa cy 3HAaTHO IIOMYJIApHUJ€ T3B. UHOUPEKMHe
efleKkmpoopzancke memode, KOjUMa Ce€ PEJOKC MpOLEC Ha eJeKTpojama KOpUCTH Aa Ou ce
reHepucao HekH (i) peazenc, (i) meoujamop wim (iii) kamaauzamop, MWTO TIOPE] OKCUAIH]a
omoryhaBa U pa3nu4uTe Jpyre peakiiyje, a Koje ce y KIaCHUHO] OPraHCKOj XeMHUJU TPETUPAjy
Kao CYIICTUTYIIUje, CTUMHHAIN]jE, aIUIIH]je UTI.

Konrnemnmuja mpBor THIIAa WHAMPEKTHUX EJIEKTPOOPTAHCKHUX METoNA (2eHepucarbe
peacenca) BeOMa je jeTHOCTaBHA: HEKa KOMIIOHEHTa pEaKIMOHE cpenuHe (pacTBapad,
€JIEKTPOJIUT WM XOTHMHUIE J0JaTa CYyICTaHIA) pa3Memyje €JIEKTPOHE ca jeJHOM Of
€JIEKTPO/A U IPpaJy yecTuly (paauKal, joH, JOH-paauKal UM HEyTPaTHU MOJIEKYJT) CIOCOOHY
Jla pearyje ca oAroBapajyhum cymncrparom.

Meoujamop je cyncraHma Koja pa3Memyje eJekTpoHe ca (oxrosapajyhom)
€JIEKTPOJIOM W TIpeNna3u y ,,aKTUBHU OOJMK®, KOjH MOXE Jla pearyje ca CymncTparoMm (IITo
Hajuemrhe 3HaYM Ja pa3Memyje eIeKTpoHe ca miM). [locie peaknmje ca CyrncTpaToM MOHOBO
CTymna y pa3MeHy eJeKTPOHa ca eJIEeKTPOJOM U J1aje ,,aKTHBHU OOJHUK", TIa CE 3aTO KOPHUCTH Y
KaTAIUTHYKAM KOJIMYMHaMma (300r dYera HEKM HEe TpaBe pa3nuky m3mely Mmeaujatopa u
katanu3atopa). [loHekan cy y mpoluec ykjbyueHa JBa, WM BUIIE, MEANjaTOpa, IIPU YEMY OHAj
KOjH pa3Memyje eJIEKTPOHE ca €JIEKTPOIOM HEMa KOHTAaKTa ca CyNCTpaToM, a IIOHEKaJ ce Ha
EJIEKTPOIM TEHEPHIIIE MEIUjaTop KOjUM ce TEHEpHUIe peareHC 3a JAUPEKTHY pPEakiujy ca
CYIICTPaTOM.

Kamanuszamop, xan ce jenHOM Harpajd Ha HEKOj OJ €IEKTPOia, ca KUMa BHUIIE HE
CTymna y KOHTAKT, Beh BpIIM CBOjy KaTATUTHYKY yJIOTY Ha OMIITEIIO3HATH HAYWH.

Tema oBe JOKTOpPCKE mucepTanuje craaa y oO0NacT eIeKTPOOPraHCKe XeMHuje H
nocBehena je pa3Bojy HOBHX ENEKTPOXEMHjCKHMX MeToJa y opraHckoj cuHTedu. Crenehn

UCKYCTBa KOja Cy y OBOj Hay4dHOj oOmactu ctunana y Wuctutyty 3a xemujy Ilpupomno-



MaTeMaTHYKOT (haKyJITeTa TOKOM TPH JEIEeHHje, INJbEBU OBOT paja onabpaHH Cy Ha TaKaB

Ha4yMH J1a je 32 BUXOBY pealn3alyjy noTpeOdHa NpuMeHa NpUHINIA c8ad MpU OCHOBHA MUNA

UHOUPEKMHUX eNleKMmpoop2ancKux memooda. Hamme, OCHOBHM LUJBEBH Te3€ Cy JETaJbHO

HU3ydaBameC U OHTI/IMI/I3aI_II/Ija YycCiioBa CJ'IG,Z[ChI/IX CHUHTCTUYKHUX IIOAYXBaTa:

1.

[MpenapaTtBHO XJIOpOBame (UCIIMOHA XJIOPOM TEHEPUCAHMM Ha aHOIU U3
XJIOpHJA.

CuHTe3a KypKYMEHCKOr eTpa W3 oaroBapajyhux (TproBauku HEIOCTYIHHX)
He3acnNeHHMX alkoXoJIa Y K0jOj je eeKTpoXeMUujcKa QeHmIceneHoeTepudrKanmja

KJby4Ha (aza.

[TpumeHa eNeKTPOXeMHUjCKH IeHEepPHUCAHOT KaTalk3aTropa ca pacTBOPHE aHOAE OJ
UpKOHUjyMa 3a cuHTe3y (i) 2-He3acuheHMX MepaleTHIOBaHUX TIJIMKO3HMIa U3
onropapajyhux riukana (®epujeoBo (Ferrier) nmpememirame) u (i) 3-aza- u 3-
THAaKeTOHa W3 KOHjJYTOBaHMX KapOOHWIHUX jequmema (XxeTepo-MajkiioBa

(Michael) agummja).

3a ocTBapuBame OBHUX (OCHOBHMX) LMJbEBA HEOIMXOAHO je OMJIO a ce CHpPOBELY

cneneha ucTpaxuBama:

Enexrpoananutuyka MCHUTHBama (LUKIOBOJITAMETpPHUja) €JIEKTPOAHUX Ipoleca

npu okcujanuju uuctor Tterpadyrunamonujym-xiopuna ((C4Ho)sNCl) wmm y

MPUCYCTBY ¢ucnuona, y cucremuma  (C4Hy)4sNCIO4/CH;COOH 5

(C4Hy)4sNCIO4/CH,Cl,.

Enextponuza ¢ucumona u (C4sHg)4sNCl y cupheTHoj KucennHu u quxiopMeTaHy

M30JI0BaE IIPON3BOJIA PEAKIIH]e.

- HcnutuBame yTHL@ja pacTBapaya Ha PErHOCEIEKTHMBHOCT XJIOpOBaWma U
NPUHOC TIPOU3BO/IA.

- HcnutuBame yTuIlaja MOTPOIIKBE ENEKTPULUTETa HAa PETHOCENIEKTUBHOCT
XJIOpPOBama M MPUHOC TIPOHU3BO/IA.

[Tnanupame cuHTE3€e KypKYMEHCKOT €Tpa (PETPOCHHTETUYKH IPUCTYIT).

Opmabup mosa3HUX CyICTpaTa 3a CHHTE3y He3acMheHHX aikoxojla — KJbYYHHX

WHTEpMEUjepa CHUHTE3€ - KOjU HWMajy TakaB II0JIOKa] oyieuHCKe Be3e u

cyncrutyeHata (ykipydyjyhu XuIpOKCHIIHY Tpymy) Aa je Moryha wusrpaima

CKeJleTa KypKYMEHCKOTI' €Tpa HHTPAMOJIEKYJICKOM LIUKIIU3aL1jOM eJIeKTpopuiInMa.



Enextpoxemujcko reHepucame (eHuiceneHWI-katjoHa (momohy Opomuma kao
MeaujaTopa) 3a MHTPAMOJIEKYJICKY LMKIM3alHMj)y CHUHTETHCAHUX aJKeHoJa 0
B-benunceneHoTeTpaxuApPONIMpaHa  KOje  cajpKe  YIJbeHUYHH  KOCTYp
KYPKyMEHCKOT eTpa (KJby4Ha peakiidja CHHTE3E).

PenyktuBHO ynasbaBame (hEeHWICENEHWI-TPyIle U3 HMHTEpMEAUjapHOr JepuBara
TeTpaxuaponupana (qo0ujame KypKyMEHCKOT eTpa).

AHOJHO pacTBapame METATHOT IIMPKOHUjyMa Y pacTBOPY JIUTYjyM-Tiepxiiopara y
alleTOHUTPUITY, Y TIPUCYCTBY

- TepaleTUIOBaHUX IIMKaia

- SH-nyxkneodwuna (Trona u THodeHona) u

- NH-nykneodwua (apunamMuna)

[ToTBpma CTPYKType CBUX CHHTETH30BAHUX jeAHIbEHa oapehuBameM (Gu3mIKux
KOHCTaHTH U CIIeKTpocKonckoM kapakrtepusammjom (IR, 'H u °C NMR).

PenarenoctpykrypHa aHanm3a oJabpaHuX KPUCTATHUAX MTPOU3BO/A.

WNako mpenBubena wucrpaxuBama ,JOKPHUBAjy”“ CBa TpPH TUNA HHIUPEKTHE

eNIeKTPOOpTraHcke cuHTe3e — y OmmreM Jieny oBe AucepTanuje Owhe mpencTaBbeHe, Kao

TEOpHUjCKa OCHOBA, CaMO peaxyuje ca Meoujamopuma 3a eneKmpOoXeMujcky OKcuoayujy

OP2aHCKUX jeOurberba, jep TPUKa3 KOMIUIETHUX WHAMPEKTHUX METOoJa JalieKo MpeBa3wiIa3u

0o0uM oBora paja.



Onuiru xeo



2 MeaujaTopu 3a eJIEKTPOOKCHIANM]Y OPTaHCKHX jeTUIbEHA

[IpumMena pemokc MenujaTopa JOHENA je OPTaHCKO] CHHTE3W HHU3 HOBUX, CPUKACHUX
METO/a, KOje Y OIJHOCY Ha ,,KIIaCHYHE peaKiHje” OpraHcKe XeMHje MMajy HHU3 MPETHOCTH.
EnexTpookcuaanuoHu MponecH KOju YKIbYIY]y PeIoKC MearjaTope omoryhaBajy okcuaalyje
OPraHCKHUX jeNbEHha Ha HWKUM OKCHIAIMOHUM TIOTSHIIMjaJIMMa, IPU OJIaruM peakIMOHIM
yCIOBMMA U Yy NMPHUCYCTBY KaTAIUTUUKUX KOJIMYMHA MEAMjaToOpa KOjU Ce PEreHepHIle y TOKY
nporeca. Pegoke menujaTopu mMory jaa mosehajy MOJIEKYJICKY €(UKACHOCT U CENEKTUBHOCT
peaxiyje y3 HCTOBpPEMEHY yIiTeny eHepruje. [I[puHiun npuMene Meaujatopa y OKCHIAIUjU
OpPTraHCKHUX je[MbEeHha BPIJIO j€ jeJHOCTaBaH: MEIUjaTop Ce OKCHIyje Ha aHOIH, pearyje ca
cyncrparoM (OKCHIyje ra), 1Ma ce HEroB pPelyKOBaHM OOJIMK IOHOBO OKCHAYjEe Ha aHOIH.
[Ipema Tome, MenujaToOp CITy>KM caMmo 3a TO Ja MIPEeHece eIEKTPOHE ca CYICTpaTa Ha aHOy, Ta
je jacHO 3amTO Cy 3a YCHEIHY OKCHAAlHUjy OpraHCKHX jeIHbeha JOBOJBHE CaMo
KaTaJIMTHYKE KOJMYMHE.

Oxcupanyja yomnure, na 1 oKCHJanuja aHoJAHO I'eHEpUCAaHUM MeAnjaTopuMa, O/IBHja
Ce Ha JiBa HAuUHA — cCHObauwrbe-chepHum W yHympaurbe-cepuum mexanusmom. Kan
penykoBanu o0Onuk Mmenaujatopa (Mreg) Mpey3uMa eleKTpOHE ITUPEKTHO Ca OPraHCKOT
cyncrpara (RH), 6e3 dopmupama HEKOr HHTepMeAMjepa, M MPEHOCH HX Ha aHOMIY,
OKCH/IallMja je W3BpIIeHA MO CoJballlbe-cepHoM MeXxaHu3My (peaokc katanuza). C apyre
CTpaHe, KaJi MeJUjaTop ca CYICTPAaTOM MPBO I'pajld HMHTEpMeaujep u3 kora ce y cueaehoj
(asm wm3MBaja HEKW JUTaH] KOjU ca coOOM OJHOCH elneKTpoH(e) (Hmp., amncTpakiuja
BOJIOHHKOBUX aToMa ca CyICTpara eIeKTPOTEHEPHCAHWM paJuKalinMa), Kaxe ce Ja je
OKCHJAllMja W3BpIICHa TIO0 YHYTpallkbe-CHEepHOM MeXaHH3My (XeMHjCKa KaTaiu3a).
Oxkcupanyja OpraHCKMX jeiHMbelha MHOro uemhe ce ofBHja MO YHYTpallmbe-chepHUM
MEXaHU3MY.

OnmTy MexaHu3aM aHOJHE OKCHJAALMje OpraHCKUX jeubelma MoMohy MmenujaTopa
onBuja ce y uetnpu (aze u mpukasan je Ha Cxemu 2.1. [IpBa u nmocienma ¢daza oba Tuma
OKCHJAIIM]je - aHOIHA OKcuaaiija peaykoBaHor (Mreq) y akTuBHU, OKcHI0BaHU 00IHK (Mox)
u TpaHnchopmalja paaukada KOJH HacTaje Kao pe3yiTar pa3MeHe eleKTpoHa usMmehy
CYIICTpaTa U akTUBHOT 00JIMKa Meaujaropa - ucte cy. Jpyra u tpeha ¢a3a nBa Mmexanusma ce
pasnukyjy. Kon cnosmamme-cepHe okcuaanuje y Apyroj (asm Bpim ce MpeHOC jeaHOT

€JIEKTPOHA ca CYIICTpaTa Ha OKCUAO0BAaHM OOJIMK MeaujaTopa (pHU 4YeMy ce Ipaju peayKoBaHH



00NMK MeaujaTopa W KaTjoH-pagukan), a y Tpehoj ce IenpoToHyje KaTjoH-panukan, aajyhu
onroBapajyhu panmmkan. Ilpum ynyTpamme-chepHo] OKcHmanuju y Apyroj (asu rpamu ce
untepmeanjep (Mox'RH), xoju ce pasnaxe Ha oarosapajyhu paaukal W HpPOTOHOBAaHH,

penykosann o6muk Memujatopa (MregH'), a y Tpehoj ce memporonyje pemykosanm o6mmK

MenjaTopa.
Cnorbaluke-cdepHa okcrgauuja YHyTpalre-cdepHa okcmaaumja
I Mred — IVlox'*'e Mred — Mox"’e
.+ .
I Moy + RH Meq + RH Mox + RH [ Mox RHI —> MgH" +R
o+ .
I RH +B —> R +BH" MegH* + B ——> Mg + HB*
\V} R —» npoussog(n) okcmaauunje R —> npovsBoa(un) okcnaaumvje

Cxema 2.1. Oty MexaHu3aM aHOJHE OKCUAIIH]Ee OPTaHCKUX jeUbemha MoMony
MenjaTopa

JoHu mnpenazHux MeTajna y BHMIIMM OKCHAALMOHUM CTamkuMa OOMYHO pearyjy ca
cyncrparuMa (apeHHMa W allKWJIapeHuMa) TI0 CIoJballlibe-CHEPHOM MeXaHW3My. AHjoHU
XaJIOTEHOBOJIOHMYHUX, a30THE W TIEPjOJIHE KHCEIHMHE, KA0 W OpTraHcKa jeAumerma (Hmp. N-
XUIPOKCUPTATMMH) ¥ aMHHOKCHJI-paaukaimd (HIp. 2,2,6,6-TeTpaMeTHImUnepuInHmI-1-
okcun (TEMPO)), cy Tumu4HM mpeACTaBHUIM MeIujaropa moMohy Kojux ce OKCHIaruja
OJIBHja 10 YHYTpaIlIke-cPepHOM MEXaHU3MY.

[TocebHo mecTo Mel)y menujaTopuma WHAMPEKTHUX EIEKTPOOKCHUIAIM]a 3ay3UMajy
cucTeMH Ha 0a3u BOJOHUK-NIEPOKCHAA, KOjU C€ TEHEpUIIy Ha KaTOAM, M3 MOJEKYJICKOT
KHCEOHWKA W jJOHA Mpena3HuX Merana (HIp., joHa Oakapa, BaHaJWjyMa HWTIH.), KOjU UMajy
yiory mpaBux Meaujatopa. Ilomro ce y BehuHu ciaydajeBa U ITUPEKTHUX M MHIAMPEKTHHUX
AQHOJHMX OKCHIAIMja Ha KAaTOAW TPOTOHH PEIYKYjy A0 MOJIEKYJICKOT BOJOHWKA, HEKH
UCTPOKMBAYM TIPOLIEC KATOMHOT TEeHEpHCama BOJOHHUK-TIEPOKCHIA HA3WBAjy ,,KaTOTHA
okcyaanyja“. MexaHn3aM OBaKBUX peakiMja mpukaszad je Ha Cxemu 2.2, a 00yxBaTa 4eTupu
(daze. Y nipBoj ¢haszu ce Ha KaTOJM peAyKyje KUCEOHUK, KOjU ca MPOTOHUMA I'paau BOJOHUK-
nepokcu. Y apyroj gasu OBO jeAMIEHE MOJ JSjCTBOM jOHA MpENIa3HUX MeTana y HIKeM
OKCHUJIAIIMOHOM CTamy (IIPH YeMy HACTaje jOH TOT MeTayla y BUIIEM OKCHJIAIIMOHOM CTamby)
MOJIJIEKE XOMOJU3H, Najyhu XHIpPOKCH-paiKal, Koju, y TpeheMm Kopaky, WiH Ipey3uma
NPOTOH O CyICTpara W Jaje OAroBapajyhm pamukai, Wiu ce amupa Ha mera (y ciiydajy
apoMaTHYHUX jeubema) rpajehu onroeapajyhu uHTepMenInjepHn KOMIUIEKCHH paaukain. Y

mocieikoj (ha3su peakidje joHW Tpela3HHuX MeTaja y BHIIEM OKCHIAIMOHOM CTamby



(mobujern y mperxonHO] ¢asu) pearyjy ca paaukamuma jaajyhu mpou3Boje OKCHIAIH]je
cyrcTpaTta (TIpu 4eMy ce CaMH PEIyKY]y).
I 0,+2e —> 022'2—H+> H20;
I HyOp+M™ —— HO + HO + M™D*
Il RH+HO —> R+H,0
nnm
ArH + HO — HOArH
IV R (nm HOArH) + MM+ — - npoussoau okcnagaumje + M™

Cxema 2.2. , Katonna oxcumanmja“

WHpupekTHa eNeKTPOOKCHIAIMja OpPraHCKUX CYICTpara W eJIeKTPOrCHEpHCAhe
MenujaTopa MOXKE J1a C€ OJIBUja U Y XOMOTEHHM M XETEPOTCHHM YCIOBHMA (y TMOCIEIHEM
Clly4ajy MeJujaTop ce MMOOWIIMIIE Ha MOBPIIMHY aHOJIE WM HA YBPCTUM HOcaunma). Y 06a
cily4aja, ynorpeda MeaujaTopa cMamyje HaJHAIOH eJeKTPOXEMH]CKOT Mpolieca ¥ MOBUILaBa
e(pUKaCHOCT M CENEKTUBHOCT camor mpoueca. Y CYUITHHH, MEIWjaTop je OKCHOAHC KOjU
MOXeE Ja Ce PETeHEpHIIE eIEKTPOXEMH)CKH, 300T Yera ce KOPHCTH y KAaTAIUTHYKAM, a HE
CTEXHOMETPH]CKIM KOJIMIMHAMA.

ITocToje nBe BpCTE €IEKTPONU3E Ca MEIUjaTOpOM - T3B. YHymapauire-henujcku u
cnomawre-henujcku  npoyecu. Y ~ TpBOM  Cllyyajy ~— OKCHJAAIMja  CyICTpaTa
€JIEKTPOT€HEPUCAHNM AaKTHBHUM OOJIMKOM MEIHjaTopa BPLIM C€ Yy jenHOj (a3u, TUPEKTHO y
henuju (jegHoCTENeHH TIPOIIEC), JOK CE Y APYTOM CIydajy, OKCHAIMja OJIBUja ¥ BA KOpaKa,
y OJIBOjEHHM peakTopuma (JIBocTerneHu mnpoiec) [4-13].

OCHOBHHM yCIIOBH KOje TpeOa J1a NCITyHhaBajy MEIHjaTOpH U MEANjaTOPCKH CUCTEMH J1a
0u ce mocturia ehukacHa eIeKTPOXEMHU)jCKa OKCHIAIN]a CY:

1. OxcunoBaHu 00JMK MEIUjaTOpa MO YCIOBUMA EIEKTPOIN3e MOpa 1a OyIe XeMHU]jCKI
cTtabmiiaH, jep ako ce (ycjiea CIOpeIHUX peakiuja) 4YaKk M HE3HATHE KOJIMYMHE My
TpanchopMmuIly y jelMibemha Koja HE MOTY Ja ce enexTpopereHepumy (Y Mex) -
MeaujaTop Op30 ryOH CBOjy KATAIMTUYKY aKTUBHOCT.

2. Tpancdep enekTpoHa ca MeAMjaToOpa Ha EIEKTPOay Tpeba na je Op3 u HpeBep3nOHITHI
(xax ronx je moryhe), ka0 M peakiyja aKTHBHOT OOJIMKa MEAWjaTOpa ca CyICTPaToOM
(nHave, HEONMXOJHE Cy enekTpoie Behe moBpmmHe, mTo moBehaBa BepoBaTHOhy

CIIOPETHUX PEaKITHja).



3. JloOpa pacTBOPJEUBOCT MeIUjaTopa y PEaKIMOHO] CPEIMHU, Y CIy4ajy eJIEKTPOIU3e y

XOMOTEHOM CHUCTEMY.

Heopranckun meamjatopu y BEIHKO] MEPH HCIYHaBajy OBE YCIOBE, MOK AKTUBHH
OOJMIIM OpPraHCKMX MEAWjaTopa, paguKald WIM KaTjOH-PaJAWKaId, YeCTO MOMIJICKY
UPEBEP3UOMITHUM CIIOPEIHUM peaknrjama. HajopojHujy TpyIy HEOPraHCKHUX MeaujaTopa 3a
€JIEKTPOOKCHIAIIN]y OPTaHCKUX jeINIbEHha YHHE JeUIbEha MpeJasHuX MeTalla U KOMIUIEKCH
KOjU CaJIpXKH joHE Ce*', Mn**, Co™, Cr*', VO, R, PP, TIP, Ag2+, 0s*", Ru*" u Ru®", KOjU
Ce MOry pereHepucatu ejekTpoxemujcku. OJ ocTanux HEOPraHCKHX MeAMjaTopa,
XaJIOTeHU/IN U XUTIOXAJIOTEHUTH Cy HajpacipoCTpambEeHH]jH.

Tpuapunamunu, 2,2,6,6-TeTpaMeTWINUANEPUINHII-1-0KCHUIT paguKaid U OEH30XH-
HOHM (HIIp. 2,3-muxiiop-5,6-qurujano-1,4-6er3oxunon (DDQ)) mokasanu cy ce kao g00pu

OPraHCKH MEJHjaToOpH.

2.1 EJuekTpookcuaanmje ca joHMMa MeTaJIa Kao MeIujaTopuMa

2.1.1 Okcuganuja 004HOT HU32 AJTKHJIAPEHA U XeTepoapeHa

JoHM TpenmazHUX MeTalla KOPHCTE€ C€ Kao MEAHMjaTOpH y HWHIUPEKTHO] aHOIHO]
OKCHJALMjU aJIKWJIapeHa 3a CUHTE3y ajjiexuja, KeToHa W KapOOoKCcwiIHuX KucenuHa. Kao
Hajedukacuuje Tpeba msasojutn cucreme Ce'/Ce’™ [14-24], Mn*"/Mn?" [25-34], Co*"/Co*"
[34-36], cr/er’t [37], amu xopucte ce u Jnpyru [38-41]. Ilpomecu kaTanu3oBaHU
memujatopcknm mapom Ce''/Ce™™ omBmjajy ce y BomeHMM pacTBOpEMA CyMIIOpHE W
MeTaHCYI(POHCKE KHCEIMHE yMepeHuX KoHIeHTpaiuja (1-2 mol/L), nok ce 3a npyre mapose
KOPHUCTE KUCENUjU pacTBopHu (> 4 mol/L). 300r orpaHnyeHe pacTBOPJHUBOCTH apOMaTHUYHUX
jenumema Yy BOJCHMM pacTBOpPHMAa KHCENWHA, YHyTapamlme-henujcka (jerHocTerneHa)
MHJIMPEKTHA OKCHJAIMja CIIPOBOAU C€ Y ABO(A3HOM cCUCTeMY (BOJa-OpraHCKU pacTBapad),
Py YeMy Ce peakilyja y Malioj MepH oJurpana y Asema ¢azama, Beh yriaBHOM Ha JIOJUPHO]
MOBPINTUHY BO(MAa3HOT cucTeMa, a Mehydasnu karanuzatopu (Kao MmTO je, HIp., XeKCaaeIuI-
TpuMeTHIaMOHHjyM-Opomun [33]) Beoma gonpruHoce epuKacHOCTH.

PacTBOpsEHBOCT apeHa y BoAM yTHUYE Ha HCKopuirheme cTpyje (MMPUHOC y OJHOCY Ha
YTPOILICHN EJIEKTPHUIIUTET) Ka0 M Ha CEJCKTHBHOCT IpeTBapama IOJIA3HUX CyIcTpara y
KEJbeHE MPOM3BOJIE (XEMHJCKH TPHUHOC), jep Ce aHoJa MacCHBH3Mpa OJUTOMEPH3AIMjOM M
MOJIMMEPHU3AIMjOM apeHa Ha HhEeHOj MOBPUIIMHHU. 3aTo Cy pasBHjeHe OpojHe MeTojae 3a
Cy30Mjame CIHOPEJHUX peakildja WHIUPEKTHE OKCHJAllMje apeHa, KOjeé Cy 4YecTe W KOJ

cnoJpamme-henujckux mpoueca. OBe merone omoryhaBajy HHKY KOHIIEHTpALUjy, WIM YaK



OJICYCTBO apeHa y BoJeHO] ¢a3u. Y jeaHo(ha3HUM CHCTEMHMa yHOTpebJbaBajy ce
JUXJIOpMETaH, JUXJIopeTan, OeHseH u apyru [17, 18, 27] ka0 oprancku pacTBapauu, JIOK ce
KOJ NBO(a3sHHUX MpoIleca M0Jaje aKTHBHU yraJb WM CE€ apeHH eKCTpaxyjy W3 BojeHe (aze
XEKCaHOM, AMXJIOPMETAHOM WIJIM HEKUM JIPYTMM OpPTraHCKUM pactBapadeMm [27]. Ha mpumep,
TaKkBa eKCTpakiuja mnoBehaBa e(pHKACHOCT eIeKTporeHepucama Mn’  y crosbamirbe-
henujckoM nobujamy 4-xnopOeHsanaexuna u3 4-xmaopronyera ox 45% no 93-100% [32].
Hajcriopuja ¢aza enekTpoxeMHUjCcKOT Tpolieca je OKCHAallMja aJKWIapeHa ca aKTUBHUM
00JTMKOM MeIljaTopa, a YUTaB MpoIlec ce MOXKe yOp3aTH 3arpeBambeM W KOPHUITNEeHhEeM BHITUX
KOHIICHTpAIlMja KHCeIHHA y BOJACHUM pacTBopuMa. Mel)y ankunapeHnMa (Koju MMajy camo
QJIKHUJI CYTICTUTYCHTE) TOIYeH CE HajaKIIe U CEJIEKTHBHO OKCHIYje, a OJI CYICTUTYHUCAHUX —
QIKOKCUTOYEHH, 3aTUM KCHJICHH, QJIKHITOIYeHH HWTA., JOK Cy XIJIOp- M HHUTPO-
CYNCTUTYHMCAaHU alKWIapeHU HajMame peakTUBHU [15]. Oxcupanuja amkunToidyeHa Koju
caJip’ke HOPMaJIHE M CEKyHJapHEe aJKWJI Ipylle NPeTeKHO ce BPILM Ha ajKWi rpynaMa mnpu

yemy ce GopMupajy apoMaTHYHU KeToHu [16, 24].

2.1.2 Oxcupanmja apoMaTHYHUX NPCTEHOBA

WnpupekTHa aHOAHA W KaTOMHA OKCHAAIMja apOMaTHYHUX MPCTEHOBA apeHa H
XeTepoapeHa ca METAIHUM JOHUMa, Ka0 MeAnjaTopuMa, HajehrKacHU]ja je Y CHHTE3H XUHOHA
[42-55]. Hajoosem pesynrtatu mel)y cyndarnma d-mertana (MaHTaH, epyjyM, cpedpo, Kodair,
rBokhe um Oakap) y cuHTe3un |,4-OeH30XxMHOHa W3 OCH3EHAa MOCTUXKY ce KOopHIhemeM
cpebpo(I)-cyndara kao meaujaropa: uckopuiheme crpyje je 67%, Wi Tpu MmyTa BHUILIE HETO
Ko npyrux cyndara [44]. Jom Gospe uckopumheme crpyje (83-86%) mocturuyro je ca
cpe6po(I)-riepxoparom y 2—4 M HCIO,, y3 anoxny ryctuny crpyje ox 1,3 mA/cm®. Takohe,
Ha e(pukacHOCT mporeca ONTHO yTHUYE aHOJHU MOTeHIWjal (onTHMaiHa BpeaHocT je 1,18 Vy
omHOCy Ha 3acuheny kamomenoBy enektpony (3KE)). Ha BumuM moTeHujannma, Hario ce
noBehaBa MOTPOIIHa CTPYje 3a EISKTPOIN3Y BOJE MPH YEMY CE CMarbyjy MPUHOCH KEJbEHUX
POM3BO/IA.

Hapouuto TpebGa HarnmacuTu epuKacHOCT T3B. ,,IyeT €JIEKTPOCHHTE3e”, y KO0joj ce
IpolecH Ha 00€ eNeKTPojie KOPUCTE UCTOBPEMEHO, A Cy MPUHOCHU (Y OJHOCY Ha YTOLIEHU
enektpuuuTer) aBoctpyko Bumu (~ 160%). Ha Cxemum 2.3 mnpukazaHa je CcHHTE3a

OCH30XWHOHA OBUM ITOCTYIIKOM, Ka0 U JieTaJbaH MEXaHNW3aM KaToaHe peakiuje [44].
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Ag?* Cu*
< X I X
Ag* ¢ Cu?*
O

KaTtogHa henvja

aHopa
KaTopaa

Katopa

2 Cu®* 2 Cut- 2 H,0, 20,+4H"
2 HO™

. OH (0]
2 HO
E 2 Cu?t .
+2H
2 Cu*
OH (e

Cxema 2.3. , Jlyet enekTpocuHTe3a’ OEH30XMHOHA M MEXaHU3aM KaTOIHOT IpoLeca

2.1.3 EjexkTporeHepucaHy jOHH MAHTaHA U LEPHjyMa Kao MeIMjaTOPH y

OKCHIATUBHOM KymioBawy CH-kucelnHa u ajikeHa

AJKeHH, TUKIOAIKEHHU, apUIIAJIKeHU M JUEHH MOTY Ja ce KYIUTyjy OKCHIATHBHO ca
CUphEeTHOM KHCEIMHOM, €THJI-alleTOAlEeTaTOM, AMETHII-MaJOHATOM, €THJI-IIMjaHOALETaTOM,
1,3-auKapOOHUITHIM jeIMbelhUMa U O-HUTPOKETOHMMA enekTporeHepucannM manra(I1l)-
aneratroM [56-66]. TpaauunonamHa MeToAa 3a TO KYIUIOBam€ 3axTeBa JABa WJIM BUIIE
ekBuBasieHTa Mn(OAC)3, a y €IEeKTPOXEMHJCKOM TIOCTYIIKY OBa CO C€ PEereHepHINe in situ,
aHomHoMm oxcumanujoM Mn(OAc); y cupheTHO] KHCETMHHM KOja CaJpKd HATPUjyM WIH
Kanujym-anerar (Ha aHomHoMm moteHuujany ~ 1 V y omnocy Ha 3KE). To cy ycnosu npu
KojuMa BehHMHa OpraHCKUX je/umberma (M3y3eB (eHOoNa M aHWIMHA) HE TOJEKE JUPEKTHO]
OKCHJAIlMjU HAa aHONIW, ald CE€ MOTY OKCHIOBaTH HHIUPEKTHO, Y XOMOTE€HO] CpEIuHH,
xopumhemem MeaujaTopckor mapa Mn’/Mn”*". Tlpomec ce 3acHHBa Ha TIeHepHCamby
pammkana I u3 cupheTHe KiCenMHe WM aKTHBHEX METHJICHCKHX jefnmemsa (momohy Mn®;
Cxema 2.4), KOju TOTOM MOMJIEXKY pEaKUUju ca He3acuheHuM jenumemuma. [Ipomec je
epukacaH camMo ako je Op3MHa OBOI' JIPyror CTylma OJucka Op3MHU eJeKTpOoreHepucama

3+ .
Mn”", mto ce moctmwke rpejameM (60-110 °C) Tokom enexkTpocuHTe3e. UnmeHUIa aa ce
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MPOIIEC YCIENTHO OJ[BUja U y TIOJIEJheHUM U y HEeNoJie/beHNM henrjamMa yka3yje a He J10JIa3H

Jo karoane penyknuje Mn(OAc)s.

X =H, CO,Et, CN, Ac; R = OH, Me, OMe, OEt

Cxema 2.4. ['enepucame paaukana | 3 akTHBHHX METHIICHCKHX jeTUHCHHA

Papukamu 1 ce, y ofcycTBy ankeHa, Kymutyjy y 3acuheHe quMepe, KOjiu OKCHIaTHBHOM

. 4+ . .
JIEXHIporeHn3aIjoM enekrporeHepucannM Ce’ joHMMa 1ajy Hesacuhene maumepe (Cxema

2.5) [66].
. X 0 X 0
X R R Ce* o
2 — R —> X-R
0
| o X 0O X

Cxema 2.5. KymnoBame paaukana I

2.1.4 EaexkTpoxemMmjcKa OKCHIALMja AJK0X0/1a, YIJbeHUX XWAPATa U aJKeHAa /10

KapOOHM/IHUX jeMbeha U KAPOOKCHIHNX KHCeJTUHA

[IpuMeHa MeqMjaTOPCKUX CHCTEMa 3aCHOBAaHMX Ha jOHMMa pPyTEHHjyMa, MaHTaHa,
nepujyma, XxpoMa u 0akpa JIoHeNa je 3HadyajaH Hanpeaak y CHHTE3W KapOOHWIHHX jeIHbCHa
¥ KapOOKCHITHMX KHCEJIHMHA U3 CYICTpaTa Kao ILUTO Cy alKOXOJIU, TJIMKOJIU, YIJbEHH XUAPATH
¥ ankeHH. Y TOM MOTJIeny, 3Hadajua je n npumena uuki(I11)-okcn-xuapokcrma, Ni' (O)OH,
Koju ce popmupa U pereHepuilie Ha MOBPIIUHU Ni-aHOJIe Y alkallHOj CpeArHH (U JIenyje Kao
(ukcupanu Meaujatop) [67-85].

JBodasuu cucrem, koju ce cactoju ox pacrBopa NaCl y dpocharaom mydepy (pH 4) u
OpraHCKOT pacTBapaya ca kojuM ce He Mmema (Hmp., CCly) y omHocy 2:1, edukacan je 3a
UHIIMPEKTHY €JIEKTPOOKCHIAIN]Y alKOX0Ja, YIJbeHHX XHUApara W HHHUXOBHX JepuBaTa y
HenoJieJbeHo] henuju ca nBa Meaujatopa - Ru""™/Ru" u [CI')/CI” (Cxema 2.6) [67, 71].
l'enepucame okcupaHca W OKCHIAIMja OPTraHCKOT CYIICTpaTa OJ[BUjajy C€ y Pa3IuuyUuTHM
(azama, na ce u30eraBa KOHTAKT CyICTpaTa M IPOU3BOJIAa OKCHUAAIM]E ca eJIeKTpoaama, LITO
cMamyje MOTyhHOCT HEeXKeJbeHHX peakidja. YmoTpeda caMo KaTaIUTHYKHX KOJHMYMHA

menujatopa (1o 3 mol%) omoryhasa Bucoke mpuHOCE keJbeHUX nmpousBoaa (83 — 94%).
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BogeHa dasa OpraHcka asa
4 H*
S[ 2CI- RuO4 —> RuO, Ankoxon
(@)
X
4 e;/ @© 2[CI"] RuO, <=— RuO, KapBoHunHo jeautserse
2 H,0

Cxema 2.6. lHIupeKkTHa eJIeKTPOOKCHIallr]ja aIKoX0Ja

Ocranmu wmemmjatopu  pyterujyma, RuCl3x(H,0),, Ru3(CO);2, RuCly(PhsP); wu
[Ru3;0(0OACc)¢(H20)3]OAcC katanusyjy eIeKTPOOKCHIAIM]Y aJIKOX0JIa Ha CIMYaH Ha4MH [67].

Bpenno je momeHyTH Ja Moa OBUM YCJIOBUMa METWI- U (EHUII-KETOHM, HACTAIH U3
ankaH-2-oja u 6eH3unHuX ankoxoiyia y CCly, He moJuIexKy HaKHAJHUM TpaHc(hopMIIrjama Kao
mTO Cy XajgogopMcKa peakildja WM XJOopoBame OeH3eHoBor mpcreHa. [log onmTumanHuM
ycnoBuma (pH 7 m 6-7 F enexrpunurera) mpuMapHU anudaTHYHA ANKOXOJH, OEH3UI
QJIKOXOJI U aJIJIeXU/IH MOAJIEKY OKCUIALUJU A0 oJroBapajyhux kapOOKCHIIHUX KucenuHa [67,
75]. C ppyre crpaHe, NpUMapHUd M CEKYHJapHHM alKOXOJIU Jajy aIJeXuJe U KETOHE
eNIeKTPOOKCH/IAIINIOM y K0joj ce mpumemsyje Memmjatopekn map [RuO,4]” / [RuO;]* (Cxema

2.7) y 6a3H0j cpeanHu (BO/Ia/alleTOHUTPUIL/ TETPa0y THIIAMOHH]yM-XUApoKkcun) [72, 73].

[Ru""'O,]" [RuVO51*~

R1YR2 \ A R1WR2

>

OH O

R4, Ro = H, Ankun

Cxema 2.7. Enekrpookcunalyja npuMapHuX U CEKyHIapHUX aIKOXO0JIa

Jeman oJ HOBHjUX, TEPCINEKTUBHUX TPEHAOBA Yy OPraHCKO] EJIEKTPOCHHTE3U
MPeJICTaB/ba MPUMEHA MOJIU(PHUKOBAHUX €ICKTPOJIa ca UMOOMIIMCAHUM PEIOKC MEHjaToprMa
Ha TOBPIIHWHU, KOJ MOTY HEMPECTAHO JIa CE PEreHEPHINy y TOKY eleKkTpoiu3e. Ha npumep,
rpaduTHE EIEKTPOJIE MOTYy Ja ce MOAU(UKY]y TMONHIHPOICKAM (QriMoBHMa ca
UMOOWJIMCAHUM KAaTjOHCKMM TpymaMa M JUCIEProBaHUM MHKpOYECTHUI]aMa PYTEHUjyM-
JUOKCHIa Kao epUKACHUM MeaujaTopuMa 3a Onary eJeKTPOOKCHIAIUjy NPUMapHUX

ankoxona jo angexuaa (Cxema 2.8) [86-89].
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2 [Ru''(bipy)]** RuVO, RCHO + 2 BH*

Y
/\ RCH,OH +2 B

-

nonumep pactsop

pos’ 2 [Ru'(bipy)]** Ru"l0,*

-

Cxema 2.8. Enexrpookcuanuja npuMapHUX aJIKOXoJia Ha MOJU(HUKOBAaHO] TpadUTHO]
CJIEKTPOIH

Mmobumicann katjorn [Ru(bipy)s]*" cmyxe y oBom mporecy 3a remeprcame RuOy>
jOHa, KOjHU JIaKIIe OKCUYje OpraHcKa jeinibemba. [10] ONTUMATHAM yCIIOBUMA, MOJIATAPOTHH
¢unmoBu m3npxkasajy a0 10000 mmknyca 0e3 TyOWTKa KaTalUTHUKE aKTHMBHOCTH, a BEK
Tpajara MOAU(HUKOBAHKX eleKTpoa oapeljeH je 6p3uHoM ryoutka RuO4” joHa.

XUIIPOKCH-HUKIIOBE aHojAe Takohe MpeicTaBibajy eNeKTpoJe ca HMOOMIMCAaHHM
pelOKC MenujaTopuMa KOjHU C€ PEreHEepHily y TOKY eJIEKTPOJHM3€ U KaTaJUTHYKe
eNIeKTPOOKCH/IAINje OPTaHCKHX jemmmera [76-82]. Ni''(O)OH ce crBapa Ha MOBpIIMHK
aHoze Kao IpHU (GuiaM y 0a3HOj CpeIMHH TOKOM EJEKTPOJHM3€ MPH KOHCTAHTHO] CTPYjH Y
nernonesbeno] hemuju. Hacramn Ni' (O)OH genyje Kao eneKTPOTGHEPHCAHH OKCHIAHT
OpPraHCKUX CyICcTpaTa TpeTBapajyhu mpuMapHe ajkoxojie M ajuexuae y KapOOKCHITHE
KHCEIIMHE, CeKyHIapHE aJIKOXO0JIe Y KETOHE, Y-CYIICTUTYHCAaHE JTJAKTOHE Yy oJroBapajyhe okco-
KapOOKCHJIHE KHCEJIWHE, XHJPOKCHU-CYIICTUTYHCAaHE CTEPOUJE Yy CTEpOHMIHE KETOHEe WU
KapOOKCHITHE KUCEIINHE.

WNHnupekTHa okcHaalyja ajikoxoljia Ha HUKIIOBO] aHOJW BPIIM CE Ha KOHCTAHTHO]
cTpyju, y HemoaesbeHoj hemmju, npu pH 10-14. I'eHepucame paankana HaKOH Mpey3uMarmba
BOJIOHHKOBOT aTOMa Ca afcopOOBAaHOT aJKOXOJa Ha HHUKIIOBO] aHOIU jeCTe CTyHam KOjH
onpehyje ykynHy Op3vuHy WHAMPEKTHE aHOAHE OKCHJIAIMjEC OBHX jeluberha. OKCHIAIUjoM

111

paaukana Ha aHonu wiu moa AejctBoM Nio (O)OH noOujajy ce KOHauHM MPOU3BOIU -

aJIeXUIu, KeTOHU B KapOokcmiHe kucennHe (Cxema 2.9).

Ni(OH), —— Ni(O)OH +H"

R;4CH(OH)R, + Ni(O)OH INi(O)OH : R1CH(OH)R2]

anc.
[Ni©©)oH - RyCHOH)R,) ——[R(C(OH)R,| * Ni(OH),

aac
. -e” (Rx=H)

[RICOH)R,| ——— RC(OR, 2> RCOM
_H* [

Cxema 2.9. lanupeKkTHa OKCUAIMja aJK0X0Jia Ha HUKIIOBO] aHOIN
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Ca noBehameM yrjbOBOJOHMYHOT HU3a AJKOXO0JIa CMambyje Ce KamaluTeT aJCOpIIIH]je
Ha aHOJIM, IITO 3HAYajHO yCIopaBa IMpoIlec, Nla ce eNeKTPOOKCHIANN]ja alkoXoJla ca IMIeCT U
BUIIIC YTJbEHUKOBHX aTOMa BPIIY Ha MOBUILIEHO] TeMnepaTypu. CtepHu GaxTopu (HapOdInuTO
CTETIeH CYIICTHUTYHCAaHOCTH KapOMHOJIHOT YIJheHUKOBOT aToma) Takohe cy Baxan dakrop. Ha
npuMep, MPUMApPHH AITKOXOJIHM OKCHIYjy C€ JIaKIIe Hero CEeKyHIapHH, a HECYNCTUTYHUCAHH
MUKIUYHN QTKOXOJHU OKCHJTY]Y Ce JIaKIe HeTO lUXOBU 2-aJIKWII aHano3u [76].

BeH3unaHM M anMIHM aJKOXOJHM CEJIeKTHBHO CE€ OKCHAYj]y IOJ YCIOBHMAa aHOJHE
OKCHJalMje Ha HUKJIOBO] aHoau y aBogaszHoM cucremy K,COs(aq)/merpon erap. ¥V ciyuajy
NpUMapHUX aJKOXOJa, MPOIEeC MOXKe OUTH yCMepeH Ka Jo0Hjamy alexuia eKCTPaKINjoM
TOKOM E€JICKTPOJIM3€ y HETOJIapHy OPTaHCKy a3y 4uMMe ce CIpedaBa Jlajba OKCHIAIHja 10
KapOOKCHITHUX KucenunHa [81].

EdukacHocT cuHTe3e KapOOKCHMITHUX KMCENMHA M3 oJiroBapajyhux aiakoxona nomohy
XUJPOKCH-HUKIIOBE aHO/E€ MOXe ce 3HadajHo noBucHUTH (ca 80 Ha 166%), ako ce y mpoliec

YKJbY4H F€HEpHCah-e BOJOHHUK-TIEPOKCHIA U3 KUCeoHHKa Ha karoau (Cxema 2.10) [82].

Ni®
2 HO™
o ©
g  0,+2H,0 2 Ni(OH), N
2 (+2e -2e7) ©
ag
(] 2 Ni(O ©
X H,0,+2 HO‘
2 H,0

Cxema 2.10. EnexrpocunTre3a KapOOKCHIHUX KHCETUHA

Penokc cucrtemu y 4mjoj OCHOBH Cy jOHH MaHraHa, IepHjyMa, XxpoMa U 0akpa, Kao
JOHU MmajagujymMa y KOMOMHAIMju ca OCH30XWHOHOM, Takohe ce YCIemTHO KOPHCTE Kao

MeAMjaToOpH y peakiidjaMma elIeKTPOOKCHAAIIN]€ alTKOX0Ja U lheroBuX AepuBarta [83, 84].

2.1.5 EuaexkTpookcuaaTuBHe TpaHchopManuje aJIKeHA U AJIKUHA

WNHoupekTHa eNeKTpOoOKCHaalldja alKeHa W allkWHA YCIENIHO j€ KaTallu30BaHa
MeAMjaTopuMa Koju ce 0asupajy Ha jenumemrma manaaujyma [90-99], pyrenujyma [100-
104], cpedpa [105, 106], ocmujyma [107-110], xpoma [111], ka0 ¥ HEKHX APYTUX MeTalia
[112-118]. OBu menmjatopu karanmsyjy BakepoBy (Wacker) emekTpoxeMujcKy peaximjy,
eTMOKCUAALN]Y, ATWIHY OKCUAALHN]Yy, AIWIHY ¥ BHHWIHY CYNCTUTYLH]Y, O,p-IAXHAIPOKCHIA-
1My, XUAPOMETOKCH-KapOOHWIANN]Y U OKCHIATHBHO IEMae ABOCTPYKE BE3€ KOJ alKeHa U

aJIKhHa.
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Pa3Bujena je cepuja HOBHUX TIpENapaTHMBHUX METOJAa 3a EIEKTPOKATATTUTHUKY
OKCHJAIM]jy aJKeHa M aJKHHA KOje MPE/ICTaBibhajy alTepHATUBY TPAAUINOHATHAM METOJama
WIN HeMajy oAroBapajyhe KilacHuHe XeMHjCKe aHayiore. JemHa oJ BHX je eIeKTPOXEMH]jcKa
Bep3nja yBohewma BHHWI Tpyle KOJ apeHa peakmujoM XEKOBOT THMA Y MPUCYCTBY

nBoctpykor Meaujatopekor cucrema (Pd"/Pd’)/(6ersoxunon/mxunpokcudensen) [90].

Me
H
Me N Me
Me
TOLT weon S Moy o
\H / / \ /7 —
Pd(OAc), » HN Pd Pd NH
AxtuBupare C-H —O" \O:C_O/
HO OH~_1 Bese |
g \ _ Me Me
of2e AcO
T\-2H*
o / /\R Me
) /e
C-Managauvja
o . [Pdol
Kcupauvja
AcOH PenykTuBHa Y
y enMMuHaumja

Me O
H—Pd—OAc \f
K Me NH
B-H-Enumunauvja
.
N

Me

\n/'\"e R” “Pd-OAc

0]

R

Cxema 2.11. Enextpoxemujcka Bep3uja XeKOBe peakiyje

Haj6osbu pesynraru ce mocTuxyce yrnoTpeOoM apeHa ca CYNCTUTYEHTHMA KOjU MOTY
. m - .
na koopaunyjy Pd” jone. 3ampaBo, yciea HMHTpaMoOJIEKYJICKE WHTEPAKLUje, aKTHBHPAaHE

opmo- C—H Be3e daBopusyjy yBoleme BUHWI IpyTe y oBaj monaxaj (Cxema 2.11).

® 2 ArzN Pd' R X
=}
o|-2¢€ H,O
T - ')
© 2 Ar3N Pd° )]\
R
Ar = 4—BrC6H4

Cxema 2.12. Enextpoxemujcka Bep3uja Bakeposor mporeca
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Enextpoxemujcka Bep3uja BakepoBor mpomeca (Cxema 2.12) omoryhaBa nma ce
n30eTHy HEMO)KeJbHE peakiyje Kao INTO Cy XJIOPOBame MOJAa3HHX ajkeHa M JOOMjeHUX
KEeTOHA, 3aTHM rpaljea eKCIUIO3MBHUX TAaCOBHTHX CMeca ajJKeHa ca KHCEOHHKOM H
Harpu3ame ONpeMe yCiiel KOPO3UBHOT JIejCTBa peaKInoHe cpeaune [98].

WupupekTHa eNeKTpOOKCHIaNMja ajKkeHa MO)XKe JaTh eloKCHAe YIoTpeOoM
memujaTopckux cuctema [Ru(O)(H20);Cly]"/[Ru(H,0)4Cl]" [102] n xommnekca cpebpa ca
nupuauHoMm [105, 106]. EnekTpookcHIaTUBHUM IeMameM JBOCTPYKHX Be€3a KOJ allkeHa
nocpeacBoM jeaumema xpoma [111], nBoctpykux wmenujatopckux cucrema RuO4/1047,
([O=RuSiW 1,030 /[(H,0)RuSiW ;03] )10, [101, 103], K,0sO,(OH)y/HIO, [110] m

eJleKTporeHeprcanor o3oHa [ 104] Hacrajy angexuan, KeTOHH U KapOOKCHITHE KUCETTHE.

(AfSe), + Br, —> 2 ArSeBr

Nu
R ArSeBr R1/\/\R2
Mpowuseop, V MonasHo jeaurerse
u
R1 (\_ R2 R1/\/\R2
ArSe /\ _Br
2 Br —> Bry : ~
SeAr Br

Cxema 2.13. EHaHTHOCENEKTUBHA aIWIHA CYTICTUTYIIH]A alKeHa

Juapwii-IuceneHul KaTajiu3yje EHAHTHOCEJICKTUBHY OKCHIATUBHY CYICTUTYLH)Y
BOJIOHHKOBOT aTOMa y AJMJIHOM IIOJIOkKAjy aJIkeHa HyKIeo(pHIHIUM rpyrnama. CeleHnjyMCKH
eIEeKTPOPMIT KOjU YYECTBYjeé y TOM KATaIUTHYKOM IMKIYCy TEHEpHUIIe C€ M3 XHUPATHOT

nuapwiI-guceneHnaa enekrpoxemujcku (Cxema 2.13) [116].

2.1.6 HuaupekTHe eJIeKTPOOKCHAALM]je APYTUX KJIAcCa jeHbemha

U npyre kinace OpraHCKUX jeMbCHA MOTY J1a Ce MOJBPIHY MHAMPEKTHOj OKCUIALU]H
U 1a ce J00Mjy CUHTETHYKH 3aHUMJBbHBY pe3ynTaTu. Ha nmpumep, pa3BujeHe cy npenapaTuBHe
METOJIE 32 YKJIamhamke aIWIHE IPyIe KOJ alliiI-ecTapa JI¢jCTBOM €JIeKTPOreHepHCaHOT HHUKIIA
[112], Tparchopmanmjy anpexuna u KeToHa y peakuuju ca 1,4-mubpom-2-(6pommeTiin)0OyT-

2-eHOM Yy JiepuBaTe U30TMpPeHa Y MPUCYCTBY eJIeKTporeHeprcanor uuuka [114], iumepuszanujy
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TpUMETHJICHpheTHE KHCEIMHE JI0 TeTPaMEeTHJIAJWNUHCKE KUCEIMHE TIOJ] JIejCTBOM
ynTpasByka (enekrpoxemujcka Bepsuja dentoHosor (Fenton) mpomeca momohy ro3nmeHe
aHoZle Kao W3BOpa Fe** jona) [117], xoHBep3Wjy (apUIATHOMETWII)TPUMETHICHIAHA JIO
ANTKOKCUMETUIapuiI-cyinduua TOCPEeICTBOM MAaKpOIMKIMYHUX KOMIUIEKCAa HHUKIA ca

noymmamuauMa [113] uta.

2.2 Eaexrtpookcuaanuje y NpucyCTBY XaJOreHHIA Kao MeaujaTopa

XayioreHuIM Ccy BeoMa ,,IIOMyJapHU HEOPTaHCKH MEIMjaTOpHu W MPHMEHY]y Ce Y
€JIEKTPOKATATUTHYKO] OKCHJAINjU OPTaHCKHUX jeIUIEHha, Ka0 M Y EICKTPOKATATUTHYKHM
KacKaJHUM Iporiecuma (,,JoMuHo  npuHuun). [IpeqHocTy oBUX MenujaTopa ¢y AOCTYIHOCT,
HHCKa 1IeHa U YHICHULM J]a ce BehnHa mpolieca KaTalau30BaHa OBUM MEHMjaTopuMa BpPIIH Yy
HerozesbeHo] henmuju. OBO 3HAYajHO IOjeHOCTaBJbYje€ EKCIIEPUMEHTATHH pajl, MOTPeOHY
ompemy M onabup obuma cuHTe3e, ma je Moryha mpumeHa W y 1a00OpaTOpHjCKUM U Y
UHIyCTPHjCKUM pa3mepama. Ha mpumep, kao hemmja mMoxe na ce KOPHCTH CTaHAApIHO
crakieHo nocyhe, y Koje ce CMelITajy enekTpo/e, a 00M4aH ,,MCIpaBibad’ MOXKe Ja MOCITYKH
Ka0 U3BOP JETHOCMEPHE CTPYje.

I /I, u Br /Br, meaujaropcku napoBu kopucte ce 3HatHo uemthe mero Cl /Clp y
UHJUPEKTHUM €JIEKTPOOKCHalKjaMa, IOIUTO TNPUMEHY eJIeKTPOXEMHU]CKH T€HEepUCaHOT
xJiopa (M3 XJIOpHIA) I0CTa YeCTO MpaTe CIOpeAHe peakiuje (HIp. PaguKalICKO XJIOPOBAHE
OpPraHCKHX CYTICTpaTa).

Enextpoxemujcka OKcHIamyja y3 XaJOT€HHIE Kao MEAHMjaTOpe BeoMa YEeCTO Ce
OCTBapyje ca BHCOKMM MPHHOCOM H CeJEeKTHBHOIINY, Ma ce IIHUPOKO MpUMEmYje Y
CHUHTETHYKAM peakldjaMa Kao IITO Cy OKCHIalHja NUKIMYHUX eTapa, IuMepu3aluja u
nexuapoauMepusannja C-H  kucenuHa, okcujganMja ajakoxoja U YIJb€HMX XMJparta,
xaoopMCKa  peakija, eNoKCHJalWja aJKeHa, [UKIoeTepruduKalyja  aiKeHoa,

JIAKTOHM3AIIH]ja aJTKEHCKUX KUCEIINHA UT/I.

2.2.1 AHoaHa okcHAanuja KApOOHMJIHMX jeIMH-eHha KATAJIM30BAHA AHjOHHMA
XaJioreHa

AJNKWI-apUII-KETOHW HMHIUPEKTHOM EJIEKTPOKCUAAIMjOM Y TPHUCYCTBY CHUCTEMa
Nal/NaOH y wmeraHoiy najy o-XuApOKCHKeTasle y BHCOKOM mpuHocy (75-85%) [119].

EnexTpoaHu mporiecu ¢y OKCHIAIMja joauaa J0 joja Ha aHOAM M PEAyKIUja MpPOTOHA JI0
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BOJIOHMKA y3 TeHEpUCamhe METOKCUIHOT jJOHA Ha KaTOH, a TeHepHucaHe yectule nokpehy Hus

peaximja, Kao mTo je mpukazaHo Ha Cxemu 2.14.

<M60H> Ar 26( I|> Ar |
Y \O(KR

1/2 Hy
3 OH

R _ Ar Ar:
— }8\ L, >W/ MeO™_ %R MeOH_ %R
MeO O MeO OMe -MeO” MeO OMe

Cxema 2.14. UnanpekTHa elIeKTPOOKCHIAIN]a aJKUI-apHII-KeTOHA

Pernoxemuja okcumanuje KETOHA 3aBUCH O]l BbUXOBE CTpykType [119], ma je, Hmp.,
KOJl aJIKWJI-OCH3UI-KETOHA OHa ojipeheHa mpucycTBOM OEH3MIHOI BOJOHUKOBOT aroMma. OBH
KETOHM  NOuIexy  mnpememitaky 1o  daBopckoMm, mnpu  uyeMy  Hactajy  [-
apunankankapOokcmiata [120]. M auankun-keToHW, MOJ CIWYHHM YCIOBUMA, TOJJICKY
CIIEKTPOKATAIUTHYKNA ~ WHAYKOBAaHOM  TpememTamy 1o ®DaBopckom (y3  BHCOKO
UCKOpHIIThE’eoM CTPYje U XeMHjCKU PUHOC), Aajyhu a,B-He3acuhene kapookcumare (Cxema

2.15)[121, 122].

e 2e
MeO~ MeOH X5 2 X~ a qa
R/ﬁ(\R R/\/\R \_ _“_ R R .
o) \: /‘ o)
1/2 Hy X
X
X X R
= X _
R/\H\R 5 R/\H)<R MeO \Y<
OH e o) -MeOH, - X~ 4
X X <
1) MeO™ RW)\ MeO" RW_)\ \/“R
> R ———» R —>
2) MeOH, - MeO™ - MeOH -X CO,Me
CO,Me CO,Me

Cxema 2.15. UnaupekTHA eIEKTPOOKCHIAIN]a THATKHII-KETOHA

[uxioankaHoHu ca 5—12-wiaHMM NPCTEHOBMMA, IOJ| YCIOBUMA EIEKTPOXEMH]CKE
OKCcHJanmje, Takohe, pearyjy Ha pasnmuuure Haumae [123, 124]. LluknoneHTaHOH ce

TpaHchopmuiie y 2,2-TMMETOKCUIIUKIONSHTAHO, IIUKJIOXEKCAHOH y KeTall 0-XUIPOKCUITIK-
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JIOXEKCAHOHA, JOK 8- M 12-uiaHd IMKJIOANIKAHOHU TMPETEXKHO 1ajy METHI-IUKIOANKeH- 1 -
KapOOKCHIIaTe ca jeqHUM yTIbEHUKOM Mame y mukinycy. C apyre cTpaHe, U3 HUKIOXENTaHOHA
(koju je cpedme peakTHBaH) JOOMjajy ce KETal O-XHIPOKCHIIMKIOXENTAHOHA WJIM METHII-
HUKJIOXEKCeH-1-kapOoKkcunar, y 3aBUCHOCTH O]l PEAKIHOHUX YCJIOBa EJIEKTPOXEMH]CKE
OoKcHaIHje.

1,3-/lnapounnponanu MUKIK3Yjy A0 1,2-1uapoumIuKiIonponada y BUCOKOM MPUHOCY

(76-89%) enekTpoOOKCHIAIN]OM Y IPUCYCTBY joauaa Kao meaujatopa [125].

-2e”
VRN
R> Ry I+ I- R,
Ry _B xR Ri R
R: 3 — R 3 %4> | 3 —
ol o - ol
(R1=Ry=H _
Rg=A) _ CN Ar
—> NC ——> (NC),CHC(O)Ar
e ¥ —
R, Rs
Rs
o >S<R3_’ >W< MeOH_ 1>§O7<|¢NH

Cxema 2.16. nnupextHa enekTpookcuaanuja kerona y cucremy KI/NaCN

ITopen cucrema MHal/MeOH (Hal = Br, I; M = Na, K), xanorenunu ce Kopucrte Kao
KaTaJIN3aTOPH 32 MHANPEKTHY OKCHIAIN]y KETOHA ' Y KOMOMHAIIU]HU ca HATPH])yM-II1jaHHIOM

u amoHHujakoM. CTpyKTypa peakIMoHUX Mpou3Boa Koju ce Gpopmupajy y cucremy KI/NaCN

O NC O _ Ar
Ar CN"_ Ar - NC \n/
Ar Ar g Ar
o) o)
nyT
—> ArCO,Me
-2e”
Ar N " H_ A
6, >—o‘_> ArCHO >—<> >< — » ACOMe
-CN- ol
NC MeOH+I-  Hr MO

Cxema 2.17. UnnupekTHa eIeKTPOOKCHAAINja apOMaTUYHU |,2-TUKeTOHa y CUCTEMY
KI/NaCN
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ompeheHa je cCTpPyKTypoM TONa3HUX KeToHa. Ha mnpumMep, ankaHOHM TIPBO Jajy
OKCHpaHKapOOHHUTPHI 1, a OHAA peaknuja ASTMMUYHO UIe U 10 OKCHpPaHKapOOKcMUMuaarTa 2
(Cxema 2.16). Ilom wHaBeneHMM yCIIOBUMa, aneTopeHOHHM ce TpaHchopmumry 0
OeH30MIMaIOHCKUX HUTpHa [126].

[Mon cnuuHUM ycnoBHMa, apoMaTWyHu 1,2-AMKETOHM najy onroBapajyhe merwi-
KapOokcunaTe XeMHjCKuM (MyT a) U enekTpoxeMujckuM (myT 6) mpouecom (Cxema 2.17).
WHoupekTHa eNeKTpooKcHalyja OBUX JWKETOHA OJBHja c€ YIOTpeOOM joauaa Kao
MPEHOCHOIIA EJIEKTPOHA Y MPUCYCTBY KATATUTUYKUX KOJIMYUHA HATPHUjyM-Tijanuaa [127].

Ipomasom 0,6-1,0 F-mol” enextpururera y npucycrBy amMonunjaka n KI ankasoHu ce

npeTBapajy y 2,2-auankui-2,5-muxunpo- 1 H-umuaaszone 3. Peaknyja Tede mpeko KeTUMUHA U

-2e”
VRN
I+ - | HTHD
0 HO. NH, NH N~ /
)k/R +NFs === R ™ )k/RZ )l\/R
R R1 R1 R1 2
H+
ONl* + R H R1
*N: RZ_\FN_ I 1IN R2 e~ INX\RZ
NN RZ b + ; =~
R1 R1 +H R2 \N R1 R2 N R»]
2H*
I 3 4

Cxema 2.18. EnexTpooKcHIaTUBHO IIUKIIOKYIUIOBamke ankaHoHa y cuctemy KI/NH3

o0yxBaTa eJIeKTPOOKCHIATHBHO IUKIOKYyIUIOBame nHTepmenujepa Il (Cxema 2.18). Yikomuko
ce emekTponm3a mpoxyxu (Ha 3,444 F-mol') - nomasu no dopmmpama oxrosapajyhnx
2H-umupnaszona 4 u3 auxuaponmuaaszoina 3 [128].

W nepuBatm KeTOHAa TOMIEKY WHAMPEKTHO] EIEKTPOXEMHJCKOj OKCHIAIMH Y
npucycTBy joauzaa. Ha mpumep, LUMKIMYHM €HAMMHU OBOM PEaKLUjoM Jajy OHULMKINYHE

xemuamuHan erpe (Cxema 2.19) [129].

-2e‘

Ry ; 5 |v| on
R, L R2

Cxema 2.19. EnextpoxeMujcka OKCUaIMja IMTUKINIHIX CHAMIHA
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DCHWIXUPA30HN ANJIEXUIA U KETOHA EIIEKTPOOKCHIAIN]OM J1ajy METOKCH((heHHIa30)-

aykaHe, a JMXUIPA30HU TUapowIOeH3eHa oroBapajyhe mukerane [ 130, 131].

2.2.2 EJeKTpocHHTE3a ecTapa MOJUKAPOOKCUIHUX KHCEJIUHA U CYNICTUTYHCAHHUX

HUKJIONMPONAHA

[lopen xapOOHWIHUX jenumbea W BHUXOBUX nepuBata, CH-kucenune (auerui-
MaJIOHAT, eTWI-alleToaneTar, UjaHOCUPNETHH eCTpPH, MAIOHOHHTPHJI, FHHXOBH JEPUBATH
UTH.) Cy TOAECHU CYICTPATH 3a EJIEKTPOKATATUTHYKY OKCHIAIHM]y Y3 XaJOreHHIe Kao
menujatope. Ha  mpumep,  AMeTHI-MaIOHaT W ©TWI-LWjaHOALETaT  MOMAJIEKY
€JIEKTPOOKCHJAMjU Yy TMPHUCYCTBY XajoreHuyaa Jajyhm nepuBaTe anudarudyHux U
ANMHUIUKINIHUX TOJUKapOOKCUITHUX KHCETHHA Y3 BUCOKY cenekTuBHOCT [132-141]. Taxobe,
yTBpHEHO je a eNeKTPOIN30M OBHX €CTapa y MPHUCYCTBY KapOOHWIHUX jeumbemna [142-146]
W aKkTuBUpaHux ankeHa [147-157] nmonmasu gm0 rpahema monmuQyHKIMOHAIN30BAHUX

Kap6OI_[I/IKJ'II/I‘IHI/IX cHUCTEMaA.

2e” -2e”
5T N RN
2RO 2 ROH I, 21
2 CH,(CO4R), ., CH(CO.R), e — . ICH(CO4R),
1l - v
,_/1« N
(RO,C),CHCH(CO4R),

RO, |2% ROH + |- ROH+I-
RO~

(ROzC)z?CH(COsz‘?‘ (ROZC)Z?CH(COZR)Z RO (RO2C),C=C(COzR),
I

OR -
¢|||
FOR ROH _ §OR
R = Me, Et (RO,C)HC—CG—CH(COR), -~ (RO,C),C—C—CH(COR),
CO,R RO CO,R

Cxema 2.20. MexaHn3aMm eJIeKTPOXEeMHUjCKe OKCUAIN]jE JTHATKII-MaOHATa

Enextpoxemujcka Tpancopmanuja CH-kucennHa y TpUCYCTBY —XaloreHUaa
AIKAJTHAX MeTala IMOYWEe FHHXOBOM HMHTEPAKIMjOM WIH Ca AJIKOKCHAHAM aHjoHHUMa (Y

aJIKOXOJIMMa Kao pacTBapauyrMa) WM ca aIKaIHUM Mertanuma (y  ampOTHYHHM
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pacTBapaumma), KOjU C€ TeHEpHIIly Ha KaToau. VMCcToBpeMeHO, Ha aHOAW C€ TeHEepHIlIe
XEMHJCKH OKCHJAHC - MOJIGKYJICKM XaJloreH, Koju y cienehoj ¢asum mporeca OKCHIyje
aktuBupany CH-kxucenuny (y pactBopy). Ilocne Tora, 3aBHCHO Of yciioBa €IEKTPOJIM3E,
JEXUIPOANMEPU3ALNjOM,  JEXUAPOTEHU3AIUjOM, KOHJE3alUjoM MM  LUKIW3alUjoM
WHTepMejepa HacTajy Kpajibu npousBoau. Ha cxemama 2.20 u 2.21 matu cy MexXaHU3MH
eJIEKTPOXEMHUjCKE OKcHuaanuje auankuia-manonara [133] u Terpamerun-npomnas-1,1,3,3-

TeTpakapOokcuiata [137] y ankoxoiny, y IpUCYCTBY jOAHA.

CO,Me e CO,Me 26"
MeO,C R, 112 H, MeO,C R ’/\7
MeO~ MeOH 1 I [
MeO,C R, MeO,c— Re ¥>
COzMe COZMe I~
.
COzMe -1/2 H2 COzMe
MeO,C Ry MeO~ MeOH MeO,C—= R, Ri Re
S o Q Meozc>K<c:02Me
—
MeO,C Ro MeO,C Ra MeO,C CO,Me
I” CO,Me 1D COsMe I-

\"

Cxema 2.21. MexaHu3aM elIeKTPOXEeMHUjCKe OKCUIAIM]je J0 TeTpaMeTui-nponan-1,1,3,3-
TeTpakapOoKcuiara

O06a mpotieca MOYNbY €IEKTPOTCHEPHCAHEM ATKOKCH aHjOHAa M MOJIEKYJICKOT joa, a
OBHM PEaKTaHTH CYKIICCHMBHO JICTIPOTOHYjY W jOAYjy TOJIa3HA jeiumbera. [Ipu Tome Hactajy
onrosapajyhu matepmenujepu Il — V, koju ce masbe TpaHCHOPMHILY Y 3aBHCHOCTH O]
CTPYKTYpE: y TIPBOM CIIy4ajy KJbY4YHa pPeakifja je KyIUIOBame, a y JPyroM HHTPAMOJIEKyJICKa
CYNCTUTYIIH]ja JOAUA KapOaHjOHOM, Y3 CTBapame JepruBaTa IUKIONPOIaHa.

HenaBHO je pa3BujeH HOBM NMPUCTYN CHHTE3W IMKIOMPONAHCKHUX JIEpUBaTa, KOjU je
3acHoBaH Ha enekTponausu CH-kucenuHa ca KapOOHMJIHHMM jeIUE-CHUMA U aKTUBUPAHUM
ankenuma [142-156]. Onucane cy edukacHe MeToze 3a €NEKTPOCHHTE3y HUTPUJIA U ecTapa
HECYNCTUTYMCAHUX, 3-MOHO- U 3,3-IUCYNCTUTYHCAaHUX IMKJIonponaH-1,1,2-Tpukap-
OOKCHIIHUX, DUKJIONpornaH-1,1,2,2-reTpakapOOKCHITHAX, Ka0 U HECYNCTUTYHCAaHUX, 3-MOHO-
U 3,3-IUCYTICTUTYHCAaHUX IMKIJIONpPOMaH-1,2-TMKapOOKCHITHAX KHCENHWHA, KOje€ Y CBOjOj
CTPYKTYpH cajpke (parMeHTe NMUpOoIMHA W muponuaoHa. Vckopumheme CTpyje y OBOj
CHHTE3H (jeIHOCTaBHA EJIEKTPOJIN3a AUAJIKUI-MaJOHATa U alIKIJI-AIKHIIUICHIIMjaHOalleTaTa y
ajgKoxoiy, y mpucycty NaBr) Beoma je BHCOKO, Mpu 4eMy ce J00Hjajy 3-CyNCTHUTYHCAHH

anKuiI-2-1nyjanonukionponan-1,1,2-rpukapbokcunat  oapehene koHdurypammje (Cxema
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2.22) [149, 154]. Bepyje ce Jna je XallOTGHOBamkE KOpaK KOjU je OJrOBOpPaH 3a OBY

crepeocenekTuBHOCT [149].

e e~
-1/2 H, R ¥ N\
R07 ROH Co R Br2 2 Br-
_FOR RpeH=c(cN)CO,R  ROLC __CN
CHy(COR), —> 7, HE - %_4,
COzR CO,R CO5R
m Br-
o
R LI R ’
RO,C N RO RO,C__ CN R\
_— Br ;.4» Br RO,C, CN
CO2R CO2R CO2R CO2R B; B ROZC\\\ IllcozR

Cxema 2.22. EnexTpoxeMujcka CHHTE3a [UKJIONPONAHCKUX JepUBaTa

[Ipou3Bonn €NEKTPOXEMHjCKE peakiuje OeH3aIAexuna ca MaJOHOHHTPUIOM H
QUAJIKWI-MaJlOHaTa ca apWwIWACH- WM  alIKWINACHMAJIOHOHUTPUIOM, KaTalu30BaHE
HaTpujyM-OpomuoM uinu cuctemMoM NaBr/NaOAc, moaniexy amkoxoyin3u (KaTalu30BaHO]
EJIeKTPOTCHEPUCAHUM aJKOKCHJIHMM aHjoHWuMa), najyhu mo jeman ox nBa moryha
cTepeon3oMepa Kpajiux npousBoja (Cxema 2.23) [143, 146, 153].

WaTepmenujepu 5 u 6 nako ce TpaHchopMIny y OWIUKIMYHA jeaumbema 7 u §;
JIOBOJBHO je na npohe 0,05-0,2 F-mol’ SIIEKTPUITUTETA J1a OM ce U3BPIIHMO OBaj mporiec [156,
157].

Ar Ar
RO™
NC CN NC CN
CHy(CN), + ArCHO EfeKTpOmMsa_ ROH , RO Y
NaBr NC CN < /:
RO™ N\ NH,
5 7
1 Rl
R RO
E ROH  NCa/\_.COR
CHA(CO,R), + RCH=C(CN),= =\ Do ROZC>A<CN —ROY %
RO,C CN RO>:\N A0
H
6 8

Cxema 2.23. Enektpoxemujcke peakije OeH3aI1exu1a ca MaTOHOHUTPUIIOM U THAJTKHUII-
ManoHaToM y cuctemy NaBr/ROH

Hampenak y pa3Bojy OpraHCKHX ENEKTPOCHHTE3a KaTaIM30BaHMX XaJIOTCHUANMA
VITIaBHOM j€ CKOMMYaH ca pa3BOjeM BHUIIICKOMIIOHEHTHHX, KaCcKaJHUX peakiuja rpalhema

IIUKJIOTIPOTIAHCKOT TIPCTEHAa W3 TpH CyrncTpata (OeH3anmexuna, MUANKWI MajloHaTa H
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MaJIOHOHUTpHJIA), KOje C€ HM3BOJE Yy jJeAHOM cyay (eHri. one-pot reactions) [155]. OBu
»JIOMHHO mpomecn mounmy kouzaesamujom ArCHO ca CH(CN), (kxatamm3oBaHoM
HATPHjyM-alleTaToOM), a HaCTaBJhajy Ce Kao €IEKTPOXEMHjCKa peaKiyja AUeTHII-MaJoHaTa ca

apwmeHManoHoHuTpriIoM (Cxema 2.24) [151].

e -2e” e
-1/2 H, TN -1/2 H,
MeO~ MeOH Br, 2Br MeO~ MeOH
CH2(002M9)2 ;4 6H(COzMe)2 %—4 BI'CH(COzMe)Z M Br(_)(COZMe)g
Br-
CH,(CN) NaOAc, ArCHO ArCH=C(CN
_— =
AN 755 r (CN)2 \
Y
Ar_ H A H
NC CO,Me NC\%*C%MQ
? Br
NC COMe o CN CO,Me

Cxema 2.24. EnexTpoxemMujcke KackaaHe peaknyje rpahema MUKIONPONaHCKOT TPCTeHa

Cymupajyhu nutepaTypHe TNoOJaTKe, YHMHHM C€ JIa j€ Haj3aHMMJbUBHjE TOCTUTHYyhe
IPUMEHE XaJOTeHHJa y eNeKTPOOPraHCKOj CHHTE3HM pa3Boj ,,0ne-pot MeToja 3a CHHTE3Y
Pa3sHOBPCHUX U 3HAYajHUX JeAUI-EHa U3 JaKO AOCTYIHHMX peakTaHaTa M €IEeKTPHYHE CTpyje
Kao je@THHOT, e(UKACHOT, TEXHOJOIIKA TPUIATOJJBHBOT M EKOJIONIKH IMPUXBATIEUBOT

OKCHJIaHCa, KOJH Y HEKUM CIIyuajeBUMa 1 HeMa aHaJloTa y KJIIACUYHOj OPTaHCKOj XEMU]jH.

2.3 ExaexTpookcuaanujay npucyCcTBY APYTrMX HEOPraHCKHX peareHaca
2.3.1 EjeKTpoOKCHIATHBHO LeNambe aJK0X0J1a NepjoaaTumMa

OKCUIaTUBHO NETalke BUIMHATHHUX JHO0JIA, XUJAPOKCUKETOHA M aMHHOAIKOXOJIa IO/
JIeJCTBOM €JIEKTPOI€HEPUCAHUX IE€pPjOJaTHUX JOHA Yy BOJEHO] CPEIMHH M CMECH BOJa—

OpraHcKHM pacTBapau e(duKacHa je, y HajMamy PYKy, Ka0 XE€MHjCKa Bep3uja OBE PEaKIuje

H H
o _ /N
Na+/(C4Hg)4N+|O3 ‘—‘—(C4Hg)4N+|03 n'CSH17_C\\ + //C_(CH2)7COOH

OO0

aHopga

H H
Na"/(C4Hg)aN"104™ === (C4Hg)N'10,~ 7 M-Cetlir =G0 (CH,),CO0H
BopeHa dhasa : OpraHcka dasa OHOH

Cxema 2.25. OKCHIaTHBHO 1ieNakh¢ BULIMHAIHUX JU0JIa
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[158-160]. Ha Cxemu 2.25 npuka3zana je peakiuja okcuaandje 9,10-1uxuapokcucTeapuHCKe

KHCEIIMHE JI0 TeNlaproHaexuaa u 9-okcononancke kucenune [160].

2.3.2 Oxcupanuja eJIeKTPOreHeprMCcaHUM PaJuKaJIuMa HUTPATa

AJKaHH, eTpH, ANAEXUAM U AKEHH OKCHAY]Y CE€ EJIeKTPOTeHEPHCAHUM HUTPATHUM
paavikaiuMa, TIpyd 4eMy c€ OJIBMja WJIM allCTpakiifja BOJOHWKOBOT aToMa WM aJWIHja Ha
C=C Be3e, Tako na Hacrajy pagukanu tuna VI, VII u VIII (Cxema 2.26).

[Iponiec ce 0OMYHO WM3BOAM Y CMECH BOJC M mepy-OyTaHONA WU aleTOHUTPHIA, Y
WHEepPTHO] aTtMocdepu (OCHMM 3a JIMHeapHE allkaHe, KOJI KOjUX Ce€ peakija OJBHja Yy
atmochepu kuceonuka [161]). [log oBum ycnosuma, paaukanu VI u VIII okcuayjy ce game
Ha aHO/M, a HACTAIM WHTepMEAMjepHU KapOoKaTjoHU pearyjy ca Hykineopmnnma (NuH) u

rpaje npousBoje tuna 9 u 10 (Cxema 2.27).

-e
¥ N\
NO;  NOj
R1/\R2 %» R1 R2
HNO, V!
-e” R2=H
PN > 1/\/ON02
NO; NO3~
R, (\)i 3 Vil
R1/§ , R,
ReZH_ L _ono,

1
Vil

Cxema 2.26. Okcuanyja eIeKTpOreHeprCcaHuM paiuKaiiMa HUTpaTa

Nu
. + NuH
R™ R, g R OR, T R R
Vi 9

R, Ry R1 Re R1 Re
MeCN \(/\ \(/\
. ONOy, ——> ONOy, ————>
R1)\/ 2 = R1)4\/ 2 N\+ON02_> NYO
Vil j
Me

M
0

o

1
Cxema 2.27. Tpancdopmaryje pagukaia HaCTAINX PEAKLINjOM EIEKTPOXEMHU)CKU
TeHEePHUCAHOT HUTPATHOT-PaJIHKalIa ca alkaHuMa
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ATICTpaKkIjoM BOJOHUKOBUX aTtoMa W3 mpoToH-moHopa XH pamukamm VII rpane
HEeCTaOWJIHE ANKWI-HUTpaTe. AJIKWI-HUTPATH, HAaKOH TpPETMaHa ca BOJEHUM pPacTBOPOM
KHCEJIOT HAaTpHjyM-Cyl(uaa WIH HATPHjyM-jOAHMIa, TpaHCPOPMHIILY ce y oaronapajyhe

ankoxoJe win ankmwi-joguzae (Cxema 2.28) [162].

XH
- ONO ONO
R1/\/ 2 T R1/\/ 2

vii [ Nal | !

Cxema 2.28. Peaknumje paguxana VII

Atn-pagukany, 100UjeHH eIeKTPOXEMHU)CKH TeHEPHCAaHNM HHUTPATHUM-PaJUKaIoM,
ca aKTUBUPAHUM €HHMa, Kao IITO Cy €CTPH aKPHIHE, METaKPUIIHE, MAIEHHCKE U UTAaKOHCKE

KHCEIIMHE 1ajy oaroBapajyhe nuanui-aepuBare (11, Cxema 2.29) [163, 164].

X O X cO,Me
+ Y\)\ R
2 RCHO = CO,Me —_— R)%(
Y O
1

X = H: Y = H, CO,Me; Y = H: X = Me, CH,CO,Me

Cxema 2.29. JlnanunoBame aKTUBUPAHUX oJie(HA EIEKTPOXEMH)CKU TeHEPUCAHUM
HUTPATHUM-PaIUKAIOM

2.3.3 Oxcuganmja eJIeKTPOreHeprUCAHUM BOJOHMK-TIEPOKCHIOM

BopoHuKk-miepokcua je, mpe cBera, €KOJIOIIKM MPHUXBATJBUB peareHc, a HWkKa IeHa
CJIIEKTPUYHE EHEpruje OJf XEMHUjCKUX OKCHIaHaca W MOTYhHOCT jeQHOCTaBHOT in Situ
eJIeKTpoxeMujckor reneprucama H,O, M3 MOJIEKYJICKOT KHCEOHUKA CaMO Cy HEKH O pasjiora
3a Kopulnheme MeIUjaTOPCKUX CHUCTeMa 3aCHOBaHWX Ha OBOM jedumemy [165].
Haj3nauajuuja je mpumeHa xuapopoOHUX racHO—AU(Y3HUX ENEeKTPojia HalpaBJbEHUX O]
TEXHUYKOT YIJbCHUKa (€JIeKTpoKaTanu3aTop) u mnonuterpadmayoperunena [166]. One
omoryhaBajy BeJNMKY OAWPHY MOBPIIMHY U3Mehy Tpu ¢aze (eIeKTpoKaTalin3aTopa, BOACHOT
SJIIEKTPOJINTA W TAaCHOT peareHca) m omoryhaBajy mo0Oap KOHTAakT wm3mely peareHca u
€JIeKTpOJINTa, KOju TToBehaBajy Op3uHy enekrporeHepucama H,O,, mpu uckopumihemy cTpyje
ox 95%-99% [167]. Pa3Bujere cy edukacHe MeTONe 3a EIEKTPOCHHTE3y MpaBibe [168],
jabyune [169] wu 2,5-muxuapobenzoeBe [170] kwucenmHe (KaTOAHOM OKCHAAIIAjOM
¢dopmanaexuia, MaleMHCKE M CAJIUIMIHE KHCEIMHE), Ka0 U COJIM XYMHHCKHX H

MOJIMKapOOKCUITHUX KrcenuHa [168] U3 yribeHncaHor opraHcKor MaTepujaia, momohy in situ
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enekrporenepucanor H,O, u3 kuceonmka. Ilopex Tora, mapanenHa KaToAHAa M aHOJHA
OKCHJAIlMja OPTaHCKUX jeIWbEHha YCIEIIHO C€ KOPHCTH 3a CHUHTE3y OeH3almexuaa u3
TonyeHa [27], aHTpaxuHOHA W3 aHTpaueHa [45], OyrepHe kucemuHe u3 n-OyraHona [82],
HUTPOHA W3 CeKyHmapHux ammHa [171], cynadona u3 cyndokcuna [172] u cyndokcuma uz
cyndpuma [173]. OBa Mmerona ce Takohe KOPUCTH 3a €ICKTPOXEMHJCKH TPETMaH OTIIaIHUX
BO/a Koje cajpxke opraHcke 3arahmsaue [165, 168, 174]. Ha Cxemn 2.30 mpukazana je
eJIeKTPOCHHTE3a OCH3alZieXuaa W3 TOJMYyEeHa Koja ce OJIBMja MapajellHO W Y aHOJHOM U Y

KaTOJHOM JIeNy nojesbeHe henuje, na je uckopuutheme ctpyje 171% [27].

KatogHn geo AHOOHW Oeo
2 FeOH*<
2H"
+2e”
(0]
2H,0 PhCHO PhMe
S 2+
2 Fe
o H,0 4 Mn3* ©
- \ \ =
@®© , -4e o
x 02, Fe“* 2+ I
PhMe 4 H+ 4 Mn ©
02 +2 H*
Ph CH2 PhCHO
H,O

Cxema 2.30. Enextpocunresa OeHzanaexusia

Cnnuan yunHak (uckopuitheme ctpyje 182%) moctike ce W Mpu CUHTE3W HUTPOHA

u3 cekynaapaux amuHa (Cxema 2.31) [171].

nBU\\ //\\
02 +2 HQO Pr Br2

n
2 H,0, 0.2 Bu~ 4\ 2Br

Cxema 2.31. Enekrpocunresza HUTpOHa

KaToqa
aHopa
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2.4 EnexTpookcuaanuje y npucycTBy OPraHCKHX MeIHjaTopa

Oprancku MeaMjaTopu 3a €JIeKTPOOKCHAAIM]y CY HMHTEPECaHTHH 300T NpUCTyHay-

HOCTH U jJeIHOCTaBHE CTPYKTYpPHE MOJU(UKALIN]je BUXOBUX MOJIEKYJIa.

2.4.1 TpuapnjaMHHH KAa0 MeIMjaTOPH Y HHAMPEKTHUM €JICKTPOOKCHAAIIHjaMa

Enextpookcuaanyje KaTtaau30BaHE OPraHCKAM MEIMjaTOpUMa HHCY TPHUBIIAYMIE
3HAYajHUJy MaXmbYy eIeKTpoXxeMudapa cBe 10 panux 80-ux roxuHa mpouuior Beka. Cmarpaio
ce J1a OBH MEIWjaTOpH MMajy cialdy KaTATUTHYKY aKTHBHOCT 3aTO IITO CY HHUXOBH aKTHBHH
o6y, Tj. oaroBapajyhm pamukan-katjoHH, OOMYHO HECTaOWIHM M JaKO pearyjy ca
HyKJIeo(uiIuMa, ma Tako ,,0exe’ U3 HUKIyca eleKTpopereHepucama. TeKk HaKOH J00ujama
napa- 1 opmo-CynCTUTYUCAaHUX paJUKal-KaTjoHa TpUapujlaMHHA KOjU Cy BeoMa CTaOMIHU
npeMa HyKJIeoQuInMa, OpraHCKH MeAujaTopu (HIp. jeaumema 12 u 13) Hanum cy npumMeHy
Yy UHJIMPEKTHO] eJIEKTpOOKCcHaamuju [8].

Oxcunaronu noreHnyjan (E°y) ¥ CTaOMIHOCT MenujaTopa TpuapuilaMuHa OWTHO
3aBHCE O] MPUPOJIE CYNICTUTYEHATa y napa- u opmo-noiaxajuma; E°;yx MOXe Ja Bapupa oj

0,76 mo 1,96 V (Tabema 2.1) [8, 175].

Ta6ena 2.1. OkcuaalMOHN MOTEHLIUjAJIM HEKUX TPHAPHIAMHHA

Br
Z Br
Y,
3 X
12a-h 13a,6 Br
Jenumeme X Y V4 E°ox (V)*
12a MeO H H 0,76
120 Br H H 1,30
128 Br Br H 1,74
12r Me NO, H 1,80
121 NO, H H 1,80
125 Br Br Br 1,96
13a H - - 1,42
130 Br - - 1,56

*E°x j€ 1aT y OHOCY Ha CTaHIAap/AHY BOJAOHHUKOBY €JIEKTPOLY
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3a pa3nuKy o]l MeaujaTopa 3aCHOBAaHMX Ha JOHMMa MeTajla y BHIIUM OKCHIAIIMOHUM
CTalkbuMa, EIIEKTPOTCHEPUCAaHH TPUAPWIAMUHO PpAJWKAI-KATjOHH 3HATHO CYy MOJIOKHU]H
rpalemy MeTacTaOMITHUX KOMIUIEKca ca cyrncrparuma. OBO OJakiaBa OKCHIAIMOHE TIPOLece
u omoryhaBa OKCHIAIMjy CyICTpaTa ca OKCHIAIIMOHMM MOTEHIIMjaJlOM BHIIMM OJl PEIOKC
noteHnujaga Meaujatopa (1o 1 V), mox 61axum ycioBUMa U ca BUCOKOM celleKTuBHomhy [8].

WNHnupekTHa eneKTpoOoKcuaaluja y3 TpUapUIaMHUHE Kao MeIujaTope MOXe Jia ce
KOPHUCTH 32 CEJIEKTUBHO OKCHUIATHBHO YKJIamame 3alITUTHUX Tpyna. Ha npumep, 1,3-autn-
aHu 1 1,3-IUTHONAaHU TIPEBOJIE Ce y KETOHE, YKIbYUYjyhn U CTepouIHe XUAPOKCUKeToHE [8].

MexaHmn3aM OBOT Ipolieca npeacTaBbeH je Ha Cxemu 2.32.

-e -e~
Y\ YN\
Ar3N ArsN +' Ar3N ArgN R
] R1>< ] j e IR
), HO S—), O
~—* ?— sz

n=1,2
Cxema 2.32. UanupekTHa enekTpookcuaanuja 1,3-nurrana u 1,3-gutronana

[Ton enexTpoxXeMHjCKMM YCJIOBMMa, 3alITUTHA Ipyna (aHU3WIMETHI) MOXE Ja ce
VKJIOHU Ca XUAPOKCHIHE Tpyne 4-peHnnoyr-3-eH-1-oa, nako ce BpeIHOCTH OKCHIAIMOHOT

NoTeHIMjana aBe enekrpodope jenumema 14 pasznukyjy camo 3a 100 mV (Cxema 2.33) [8].

@CH=CH—(CH2)2—OCH2@OMe — @CH=CH-(CH2)2—OH
| | | |

E,=195V 14 Eoy=1,85V

Cxema 2.33. EneKTpoXeMHjCKO YKIIamkamkhe 3allITUTHE aHU3WIMETHII-TPYyTIe

OBa Merona ce Takohe KOPHCTH 3a CEJIEKTUBHO YKJIambamke S-3alUTUTHUX Tpyna U3
IIUCTEMHCKHUX OCTaTaka, pu yemy ce popmupajy aucyaduanu MocToBu [8].

TpuapunaMuHu Kao MeIUjaTOpU IOKa3zyjy BHCOKY KaTaJUTHYKy aKTHUBHOCT Y
€JIEKTPOOKCHATUBHUM TIPOLIECMMa Kao INTO Cy MpEeMElTama KOJI OpPraHOCYMIIOPHUX
jenumema (Cxema 2.34) u cuHTE3a CI1ab0 NOCTYIHUX MPAHC-IAKIONEHTaHO-y-TakToHa (15)

u3 S-peHun-mpanc-2-xuapokcuiukionenruitnoarnerara (16) (Cxema 2.35) [8].

o 0
s o+ 3 o+ s
@: j ArsN/ArsN, HyO ArsN/ArsN j
- > g —
-e -e
s S

Cxema 2.34. EnexTpooKcHIaTHBHO MPEMEIITamhe OPraHOCYMIIOPHUX jEANHEHa
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0] ® O
S N+
“Ph
o+
O,CHZC(O)SPh ArsN/ATN .
—_— e —_
-8 " - . 1y -H* "
ll,,OH e /,OH Phs IIOH H IIO

16 15
Cxema 2.35. EnextpocunTte3a mpauc-IMKIONEHTaHO-Y-JIAKTOHA
Tpeba, Takohe, monemyTH Aa TpuapuiamuH 126 3ajeHO ca ManagujyMOM KaTaauzyje
EJIEKTPOOKCHJIATUBHY  0O,B-IEXUIPOTCHU3ANN]y  ITUKJIONEHTAHOHA,  O-XHJIPOKCHIIAIHU]Y
IUKJIOXEKCAHOHA, Ka0 M aJUIHjy KNCEOHHKa Ha ankeHe [98, 176].
Peakmmjom S-rimkosuma (17) ca O-rnukosumnma (18) y Hemopesbenoj hemuju y
MPUCYCTBY TpuapuiamMuHa (QopMmupajy ce oaroBapajyhwm aucaxapuiu ca [-IIIHKO3UTHOM

Be3oM (19) (Cxema 2.36) [177].

OBn OBn OBn OBn
o+
BnO Q  sph, HO 0] Ar3N/Ar3N_, MeCN= - 0 o
BnO BnO -e BnO BOO
BnO BnO OMe BnO n BnG
OMe
17 18 19 (54%)

Ar = (4-BrCGH4)3N

Cxema 2.36. Enekrpoxemujcko rpaheme B-ruko3uHe Be3e

Nma jom mnpumepa eNEKTPOXEMHUjCKE OKCHIAIMje OpPTraHCKHX jeIumbema Y3
TpUapWIaMHHE Kao MeAWjaTope y HemojesbeHo] henmuju, Kao MTO je Ao0Hujame METHII-
Oen3oaTa u TpuMeTHI-opToOeH30ata [178]).

TpuapunamMuHu Kao MeAMjaTOpU Cy TPUMEHEHH Wy  €JICKTPOCHHTE3H
XETEPOLUKINYHUX jeINbCHha. AKTUBHH OOJNHMK TpHAPHIAMHUHA Tpajd Ha XETepOaToMy

paauKan-KaTjoH, KOju 3aTHUM nojyiexe nukinnzanuju (Cxema 2.37) [179].

— o+ —
(Z H ArsN/ArN CZ H CT
—_» —_—ceeee —_—

-e +e
Y—H Y—H Y

Cxema 2.37. EnexTpocuHTe3a XETEPOUUKINYHIX jEANHCHA

OBaj mpHCTyn KOPUCTH ce 3a cuHTe3y (inaBoHOMAa 22 W3 XUApPOKcuxaimkoHa 20
(Cxema 2.38) 1 XeTepOLMKINYHHUX jeUBECHA Ca a30TOM M3 oaroBapajyhux azomernHa 23 -

26 (Cxema 2.39) [179, 180].
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R (0] R O R O
R OH Ar R (@) Ar R (@) Ar
20 21 22

Cxema 2.38. Enexrpocunresa pnaBoHouga

N
BnO CH=NNHC(O)NH, BnO 7
—_—
el 0™ “NH,
e 23 MeO
_ NHN=CHAr NN
| —_— N
24 Ar
Ph Ph
= NNHPh = N
| — | N
25 Ph
N=NPh Nef
O,N —>  O,N \ lll
NNHPh NNy
26 clo,

Cxema 2.39. EnextpocuHTe3a XETEPOIMKINIHUX JeIUBCHA Ca a30TOM

3HavyajHa je TpHMEHa TpHapWjlaMHHA Kao MenujaTtopa y eJIeKTPOCHHTE3H

(myopoBanux [-makrama (Cxema 2.40), KOju TpeACTaB/bajy CHHTETUYKE OJIOKOBE 3a

no0ujambe YIIbeHUX XUIpaTa 1 aMUHOKUCEIHHA. 32 (UIyOpOBamke OBUX CYICTpaTa KOPUCTH CE

co Ttpuetunamuaa (EtN3HF). Enektpooxcumanujom p-denwmncyndennn-f-nakrama y

npucyctBy 10 mol% (2,4-Br,CsH3);N (12B) no6uja ce xejbeHM HNPOHM3BOJ Y MPUHOCY O

F

F
+o .
—( ArsN/ArzN —( F- —( ArsN/ArsN, F~ —(
—_— —_— _— + PhSF
,—N\ -e ,—N\ —N\ - —N
O Ar O Ar O Ar O

Cxema 2.40. Enextpocunresa hayopoBaHux -makrama

\Ar
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83%. TloTpolImba eNeKTPHIMTETa Y OAHOCY Ha monmasHu jaktam je 2,9 F-mol™ [181]. V
OJICYCTBY Menujatopa mpumeheHa je jaka macMBU3aIMja aHOAE, NMPH YEeMY j€ TOTPOIIHa
enekTpunuTera 3HaTHO Beha (6,9 F'mol'l), y3 mpuHOC JlakTama of camo 37%. Mexanuzam
OBOT IIpoIIeca, KOju YKJbyUyje MeaujaTop 12B, mpencraBibeH je Ha Cxemu 2.40.
Enextpoxemujcko ykiamame cyiaduma U3 S-apui-THOOCH30aTa M IUTHOAIIETaNa
KaTaJIn30BaHO TPHAPHJIAMMHCKUM MeJIujaTopuMa OJIBHja C€ Ha CIMYaH HAa4MH, Y NPUCYCTBY
Et;N3HF [182, 183]. V mpucycTBy MeTaHoisa, O UCTUM YCJIOBHUMa, S-apuil THOOEH30aTH

(27) najy onroBapajyhe metun-6enzoare (Cxema 2.41) [184].

P-YCeHa S\ ArsN
\n/ CeHaY-p + MeOH %» OCOZMe
') -e

27

Cxema 2.41. EnekTpoxeMujcKo yKiIamame cyiaduua

VYBohewe aroma ¢uryopa y OpraHCKM MOJIEKYJI CTaHAApIHUM XEMHjCKAM METOoJama
00MYHO 3axTeBa ynoTpeOy BpJIO TOKCHYHHMX peareHaca, 300T 4era eIeKTpoXeMHjCKa CHHTE3a
(GiyopoBaHUX TIPOM3BOJA WMa 3HAYajHy NPETHOCT. MHIMpEKTHA eNeKTPOOKCHIATHBHA
mudnyopusanyja/necyndypusanyja JUTHOANeTata Takohe ce BPIIU Y MPHUCYCTBY 4-METOK-
cu(peHWI-joIuaa, TBOCTPYKOT MEIUjaTOPCKOT cHucTeMa 4-METOKCHU(EHWII-jOIUI/XTOPUIH H
napa Br'/Br [185-187].

HenaBHo je pa3BHjeHa eeKTpOKaTAIUTHYKA Bep3Hja Ienamba ajJKeHa CyTIICTUTYUCAHUX
CJIIEKTPOH-TIPUBJIAYHUM TpylamMa ¥ TJUKOJa y3 JIaKo JOCTYIHHU TpUC(2-HUTPO-4-
MeTWI(EeHnT)aMUH Kao MeJIWjaTop, IITO ce MO JEjCTBOM XEMHjCKHUX OKCHJaHaca TEIIKO

u3Boau (Cxema 2.42) [188].

OH

Ar.
\:\ —_— Ar\)\Ar —> 2 Ar—CHO
Ar

OH

Cxema 2.42. EnekTpoKaTaIMTHUKO LENambe ajJKeHa U TIMKOoJa

[MomuenexkTponuTu ca yrpaleHUM TpUApHWIIAMUHCKUM (parMeHTUMa, KOjU Cy JT00po
pacTBOpPHM y CTaHJapAHUM OpPraHCKMM pacTBapauuma, JONPUHENH Cy pPa3BoOjy
€JIEKTPOOKCHIAIMOHUX TIpoIleca KaTalu30BaHWX TpUApHIAMHUHCKUM Menujatopuma [189].
OBu momumepu ce noOujajy  KomonmMmepusauujoM  auapui-4-(1-tpudmayopmerni-

BUHWI)apWiiaMUHa ca 4-BUHWINHMPHIWHOM, 3aTHUM TPETHPAmEM KOIMOIMMEpa ca METHII-
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jonunom u amoHujyMm-xekcapiayopgocharom (Cxema 2.43). Meaujatopu 28 cy TecTupanu y
cirydajy uaaupektre enekrpookcuaanuje PhACH,OH no PhCHO.

VYcren xoMoreHe pacrmojielie y pacTBOpy, MOJUMEpHH Menujatopu 28 Qasopusyjy
eukacan TpaHcep eleKTpoHa W3Mel)y HEroBOr OKCHAOBAHOT OONHMKAa M CYICTpaTa |
enMMHUHUITY nudy3Ha orpaHuYerma Koja Cy TUIHMYHA 3a eleKkTpoxemujcke mporece. [lopen
TOra, IMPETHOCT OBOI PEJOKC KaTalu3aTropa jecTe HEroBO BeOMa JIAaKO M30JI0Bambe U3
peakumone cMece ynTpaduUIATPpUpAmEM WIH CEAMMCEHTAIMjoM, a, Takole, ClIyXe M Kao
enekTponutT. OBe MPEAHOCTH 3HAYAjHO TOjeAHOCTaBIbY]y NpedHmIhaBamke M pEereHepanujy
menujatopa. Ilpe cuHTe3e monmeneKkTponura 28, TMOMMMEpHH TpUAPWIAMUHH  CY
NPUMEHUBAHN UCKJBYYHBO Ka0 PEIOKC IMPEeMas3Hu JETOHOBAaHM HA MOBPIIMHY E€JIEKTPOIE.
MehyTtum, ycnen mMaie cTaOMIHOCTH, OTPaHUYEHE MPOIYCT/BHBOCTH M YCIOPEHOT MpeHoca

HaeJIeKTpUcamba Kpo3 MOJUMEpPHH (HUIIM, OBaj MPeMa3 HHje MOroAaH 3a eNeKTPOKATATUTHUKY

CHUHTC3Y.
=
FaC Y,
X 1) Mel
N X + | e e
7 2) NH,4PFg
2

28a-B

X=Br:Y =H (a), Br(6); X=Y =NO, (B); Py je 4-nupungun;

z= ON@X ; Q=—<\://\ﬁMe PFs.
Y 2

Cxema 2.43. CuHTe32a MOTMMEPHUX MEIUjaTopa

2.4.2 Craduianu 2,2,6,6-TeTpaMeTHIINUIIEPUAUHIII-1-0KCHI-PaTUKAIN
(TEMPO) kao meaujaropu
Karamutinukn edekar 2,2,6,6-TeTpaMeTHINHUIICPUINHIAI- | -OKCHII-paguKana 29a-B y
MHIIMPEKTHO] eJIEKTPOOKCHIAIM]H OPTAHCKUX CYIICTpaTa 3aCHHBA C€ HA jeHO-EIEKTPOHCKO]
OKCHJAIIMJA OBHX 4YEeCTUIla J0 OKcoamMoHHMjyM-KaTjoHa 30a-B. OBHU KaTjoHH Cy BpJIO

PEaKTUBHU peareHcH W u3a3uBajy Op3y GopMmaiHy amncTpakiujy XUJIPHIHOT jOHA U3
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jeIumbema Koje ce OKCUAYje, HApOYUTO M3 MPUMApHUX aJKOXO0JIa, Y pUcycTBy 0aza (Cxema
2.44) [8, 190, 191]. Ilpumena TEMPO u meroBux nepuBara Kao Meamjaropa omoryhasa
CUHTE3y alieXujJa Ha 3HATHO HIbkeM aHojgHoMm mnoteHnujany (0,4 V) Hero mTo je
OKCHJAIIMOHH TOTEHIHMjal ankoxona (> 2 V). Enexkrponmsa ankoxona y ameTOHUTPUILY Y
HemoaesheHOo] henuju crpedaBa ajby OKCHIAIU]y MOOMjEHUX aljexujia 10 KapOOKCHITHUX
KHCEJIMHA U TMpelcTaB/ba epUKACHYy M CEIEKTHBHY METONy 3a CHHTE3y ojroBapajyhumx

ajjexuaa u3 npumMapHux aiakoxona [190].

Me Me
+
X N=O
- M€ Me
- 30a-B
@© RCH,OH
o
o Me Me B:
T
® 4 o RCHO
g Me Me BH"
30a-B
29a-8 RCO,H
Me Me
X N—OH
M€ Me
31a-B

X = H (a), PhCO, (6), AcNH (B).

Cxema 2.44. Kartanutnuku edekar 2,2,6,6-TeTpaMeTUINUNIEPUINHII- | -OKCHIT-paiuKana

VY cnyuajy eNneKTpOOKCHIAIMje alKoXoJia Y BOJCHHM pPAacTBOPUMAa M CMECH BOJa—
OpPraHCKH pacTBapad y HemojesbeHoj henmuju, Xxuaparanuja GOpMHUpPAHUX ATAEXHIA BOIH IO
Op3e TpaHchopmanuje (okcuaanmje) y ojaromapajyhe kucemuHe. Tako ce, IMOJ OBHM
yciaoBuMma, MoHO- (32) m nmucaxapunu (33, 34) okcuayjy 10 ypoHCkuX kucenwHa 35-37
(Cxema 2.45) [191-193].

Ounuro- ¥ nonucaxapuay (HIp., CKpoO U3 KpoMIHpa), Kao M aJIKWI-TIIUKO3UIU U B-D-

TIIMKONMPAHO3MIT-a31/] TPAHC(HOPMHUIITY C€ Ha CIIMYaH HAYWH TMOJT 1aTHM ycioBuMa [193, 194].
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HO Rs
HO,C
) R 2
HO HO
R, Ry

32 (45% - 96%)
R1, R2 = R3, R4 =H wunun OH, R5 = H,
Rg = Me(CH,),0 (n = 0, 7, 11); Rs = OH, Rg = H.

OH
HO,C
0] - 0]
HO HO
HO OH o HO OH o
2 2

(61%)

HO,C o COH
HO HO OH ""C02
o

~
N
~
S

HO OH
37 (61%)

Cxema 2.45. EnexTpookcuaanyja MOHO- U IMCaxapu/a 10 YPOHCKUX KHACEINHA
Kucenuna 38 nacraje m3 manrose, a 39 (Cnuka 2.1) u3 nenobuose, y IMojaesbeHO]
henuju (eneKTpONUT je BOJECHHW PAcCTBOp allCTOHUTPHUIIA), Y3 BHUCOKO UCKopuliheme cTpyje

(95%) [192].

HO,G

%HOzC
/&VCOQH
OH

38, 39
Usomepu: a (38), B (39)

Cauka 2.1. [Ipon3Boan elIeKTpOOKCHIANN]E MATITO3€ M IEIT00n03¢e

WnpupekTHa aHomHa okcupanuja HadTona, (QEeHaHTpoNa, alKWI-apHi-eTapa,
METWIXMHOJWHA, W (eHaHTpeHa maje oaroBapajyhe mumepe y mpucyctsy TEMPO kao
menujatopa. Ha mnpumep, 1-HadTON HIM HErOoB METHI-€Tap Jajy CMecy H30MEpHUX
MPOU3BOJIa, KOjU CaJpiKe XUIPOKCUITHE WM METOKCH rpyme y monoxajuma 2,2', 2.4' u 4,4,
JIOK ce 2,2'-MUXuIPOKCH- U 2,2'-TUMETOKCU-CYTICTUTYUCAHH JUMeEpH 100ujajy u3 2-HadTomna
u meroor metui-erpa (Cxema 2.46) [195]. 2,2'-luxunpokcu-1,1'-6udenantpen ce nobuja
u3 2-penantpona, a 2,2'(4,4")-mumernn-4,4'(2,2")ouxunonuHn ce (GopMmHpajy Kaaa ce Kao

MOJIA3HU cymncTparu Kopucrte 2(4)-metunxuHonauau [195-197].
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RO
~__ O X
(L U
OR

R=H, Me

Cxema 2.46. IlnnupekTHa aHOIHA OKCHIAIja 2-HadTONa U BbETOBOT METHII-ETpa

Jaspa ucTpakuBama HHANPEKTHUX EIEKTPOOKCHIAIN]a OPTAaHCKHX jenbemha moMohy
TEMPO wmeanjaropa ycMmepena cy Ha noBehame edukacHocTH (MopacT Opoja KaTaTUTHIKUX
HUKIyca MeAujaTopa) U NmoOoJbllake eKCIHEPUMEHTAIHOT TOCTYIKa, Kao M Ha Jo0ujame
XUpaJTHUX jequberna. Kao pesynrar pa3BujeHe Cy ABE Ipyle eleKTPOXEMHU)CKUX mpoleca. Y
NPBY TPYITy Cliajajy mporecu y ABo(a3zHOM CHCTEMY BOAAa-OpraHCKH pacTBapad, ymoTpeooM
JIBOCTPYKOT MEJMjaTOPCKOT cucTemMa Koju ykibyuyje TEMPO kao kibyuHy KOMIIOHEHTY [198-
203]. Apyroj rpynu npunanajy npouecu momohy TEMPO menmjatopa cMemTeHOr Ha aHOI!
(obmuHO on TpaduTHOr ¢wInma) Koja je OOJIOKEHa IoNMMEpUMa TIONUIUPOIIOM HIIH
MTOJIMAKPIITHOM KucenuHom, [203-212, 213-215] u y npucyctBy xupamHux 6aza [207-210],
a HacTajy XUpPaJHM HPOM3BOAM Kao pe3ysTaT Op3e CeJIeKTUBHE OKCHAALMje JEeIHOT
€HaHTHOMEDA.

Ha ocHoBy nuTeparypHux mnojparaka, kao nmoceOHa AocTUrHyha Ha 1MOJby MHIMPEKTHE
enekTpookcunanyje nomohe N-oxcuin-meaujaropa tuna TEMPO mory ce u3aBojutu cienehn
IPOIIECH:

1. EnekrpookcumaTWBHa JEXUIPOTCHU3AIMja aJKOXoja TIOJA J€jCTBOM JIBOCTPYKOT
Memujatopckor cucreMa TEMPO/NaBr y neodasznoj cpennan. OBa peakiiyja KOPUCTH Ce
3a go0ujame pasHOBPCHUX ajJiexuJa W KeToHa, Ha mpuMmep 4-xyopOyTaHaia,
dbopmunnmkionponana, 3-penokcudenzangexuaa [202], Cip angexugHUX KOMIIOHEHTH
JYBEHWJI-XOPMOHa (XOPMOHH WHCEKAaTa, allMKIMYHU CECKBHTEPIICHOWIM) METONpeHa U
xunporpena [200], kao u 3a celeKkTUBHE TpaHchopManuje 6p-meTni-3,50-TuXuIpoKcu-
160, 17a-umknoxekcanonperHan-20-ona (40) y 6B-metui-So-xunpoxcu-16a,170-mukimo-
xekcaHomnpernad-3,20-quon (41). Jegumeme 41 3HauajaH je MHTEPMEAUjEpP Y CHUHTE3U
nporectrHa (42), KOju ce KOpPHCTH 3a Jeueme XxopMoHckor nopemehaja (Cxema 2.47)

[203].



37

[O]

40 M 42

Cxema 2.47. EnekTpooKkcHIaTUBHA JSXUAPOTeHN3annja 6-meTui-3 3,5 0- THXUAPOKCH-
160,17a-mmukmoxexcanonpersan-20-ona (40)

2. AcuMeTpuyHa JIaKTOHM3alldja JUOJIa 3aCHOBaHA HAa HHUXOBO] WHIUPEKTHO] aHOIHO]
okcuaanuju nomohy N-oKcuil MeaujaTopa MMOOMIM30BAHOT Ha rpaHUTHOj aHOIH, KOja
je obnoxkena nmonuakpuiaHuM ¢punmoM. Kao MenujaTopu Mory Ja ce KOpHCTe U XUPaJIHU
pagukamu (ka0 INTO je mumepuauHoKcHa 43), ka0 W KOMOWHAIMja aXHpaaTHU

TEMPO/xupanna 6a3za (anp., ankanous cnapteu, 44; Cnuka 2.2) [207, 208, 211, 212].

Cuamuka 2.2. Xupaau Meaujatop 43 u xupanHa 6a3a 44

3. Enexrtpookcuianuja ankoxosa 10 KapOOHUIHHX jeAUEHha Y JUCIIEP3HOM CUCTEMY KOJU

ce cacToju o1 N-OKCHI-UMOOHMJIMCAHUX IOJUETUICHCKUX 3pHAa M BOJECHOT pPacTBOpa

NaHCO3 u NaBr [209].

OH

o

(S)-45 - Br- H Q
—_—

Ar Me Ar Me Ar Me

—_

R)
Ar = Ph, 4-XCgH, (X = Me, CI, MeO)

Me
Me

N—O

Me
Me

(S)-45

Cxema 2.48. Kunetnuko pas/iBajame eHaHTHOMEPA CEKYHIapHUX aJTKOXO0JIa
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4. KuHeTHYKO pa3/iBajamb¢ €HAHTHOMEpa CEKYHIapHUX alKoXoyia yclien Opke aHoJHE
OKCHJAIMje jeAHOT eHaHTHoMepa mnomohy xwupamHor wmenujatropa. Ha mpumep,
WHIUPEKTHOM €JIEKTPOOKCHIAIN]OM PAlleMCKHX |-apuieTaHona y MpUCYCTBY /N-OKCHII-
pamgukana (S5)-45, S-eHaHTHOMEPH TpaHC(HOPMUIITY CE y KETOHE, OK C€ R-€HAaHTHOMEPH
He okcuyjy (Cxema 2.48) [210].

5. EnextpookcumatuBHe TpaHchopmanuje rimieposia A0 KETO-MallOHCKE KHCelInHe (Ha
KOHTpoJIMcaHoM ToteHnujany ox 1,1 V) wmu go 1,3-muxunpokcurnpornan-2-oHa [216,

217].

2.4.3 Eaexkrtpoxemujcke Tpancdopmanmje mnomohy Ipyrux THIOBa MeaujaTopa

Onmcan je 3HauajaH Opoj pPa3HOBPCHUX OPTAaHCKUX MeEAMjaTOpa, Kao IITO Cy
N-xuapoxcudramumup [218, 219], xunonu [220], depouenunermnamun [221], apomaTuuHu
cynduan u nucyndumu [222, 223] uta. Tpudenun-cranan nokasyje BUCOKY e(hUKaCHOCT Kao
MEAMjaTop 3a EJEKTPOOKCHJIATUBHO WHUIMPAKHE PAAUKAICKOT HH3a peaknuja [224].
Melhytum, oBu Meaujatopu UMajy mManu Opoj nukiyca (oOuuHo He mpenazu 10), ma um je
KaTaJIMTHYKa aKTUBHOCT 3HATHO HMXKA OJ1 aKTMBHOCTU TPHApWIIaMUHA U N-OKCHII-paJuKaa.
WnpupexTHa eneKkTpooKCcHaanuja ce OOMYHO BPIIM y HEBOJCHO] CpeIuHH 300T HHTEpaKIUje
OKCH/IOBAaHOT O0OJMKAa OPraHCKOT Mexujaropa ca BOAOM M 300 HEroBe OrpaHHYEHE
pPacTBOPJFUBOCTH Y BOJACHUM pacTBOpHUMA.

Mely peakiujama koje ce oiBHjajy OCPEICTBOM XETePOIMKINYHUX XUHOHA (QQ) Kao
MeAnjaTopa, MOCeOHO Cy Ba)KHE peakivje eNeKTPOOKCHIAIUje PEeayKOBaHOT O0JIMKa
HUKOTHHAMu-TuHyK1eotnaa (NADH). Opaj maumn perenepucama NAD' je 3Hauajan 3a

Pa3Boj ENEKTPOCH3UMCKE METO/IC 3a OKcuaanujy aikoxoia (Cxema 2.49) [220, 221].

C(O)NH,
Q @/ RCHO + H*

© \

oL x  NADH

O (-2e~

IS

© = C(O)NH,

QH, - | RCH,OH

)
X NAD*

Cxema 2.49. Enexrpoperenepucame NAD"
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HeouekuBano, nogarkom 2,2,2-tpudiyoperaHosia pacTBapaqyy KOjU C€ KOPUCTH Y
EJIEKTPOXEMHUJCKO] OKCHAANUjU CEKYHJApHUX alIkoXoja JI0 KETOHAa ca THOAHHM30JI0M Kao

MeIMjaTopoM 3HATHO ce moBehara edukacHOCT oBor Meaujatopa (Cxema 2.50) [222].
2+ 26
[Ph—S—Me] <—2€— PhSMe

Ph_+ O
R \. R M IB.crachon | 87 Q<
)—OH )—o—s ] Ry [— ):0+PhSMe
\ CH, H
R, R, Me BH* —u Ry

Cxema 2.50. EnexTpookcuaanuja CeKyHIapHAX aTKOX0JIa y TPUCYCTBY THOAHU30JIa

4-Apuntuoterpaxuaponupann 46 1o0ujajy ce eNeKTPOXEMHjCKUM TIeHEpHCaheM
apuWITHO-KaTjOHA U3 JUApWI-AUCYIPHIAa U HUXOBOM peakuujoM ca O-ajKeHWI-S-
apunmnonytuoarneraaoM u ArSSAr [223]. Ha ocHOBY OBe peakiiyje, IpeUI0KEH j€ U pa3BHjeH
HOBM KOHIIENT KATJOHCKOI IUKIyca HUKIM3anuje O-xoMoanui-S-apuimnonyTroanerana 47.
OBa peakuyja NpeacTaBba aNTEPHATUBY CIOOOIHO-PATUKAIICKO] IUKIN3ALUJH OPraHCKUX

jenumema (Cxema 2.51).

Pl < RO>

ArS— SArT> ArS ArS—SAr
R SAr
46

Cxema 2.51. Enextpoxemujcke nukianzanyje O-XoMOTHI-S-aprinoTy THOAIeTana

Mebhy HajBaXHHjUM TIpOLIECMMa KOjU CYy KaTalIW30BaHH jEeAHIbCHUMA Kalaja,
W3Bajajy Cce€ I[HMKIM3aIdje  2-Tponapruii(aiui)-XaJoreHIIUKIOXeKCHuI-eTapa 10  3-
METUIUACH- WIH 3-METHI-CYIICTUTYHCAaHUX OKTaxuapoOeHzodypana (Cxema 2.52), kao u

KOHBep3Hja aepuBata J-nakrama [224].
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X Ph3;SnH O\
X=Br, | \

Ph3SnH ————> Ph3Sn
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Cxema 2.52. EnexTpoxeMujcke HUKIU3aIHje 2-Mponaprii( i )-XaloT eHIUKIOX EKCHII-
eTapa
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3 IIpumeHa aHoaHE OKCUAALIU]E XJI0PUIA, OpoMuaa U
HUPKOHHMjyMA Yy OPraHCKO] CUHTE3H

Pa3Boj oprancke CHHTE3€ 3armodyeo je y HacTojamy Jaa ce cuHTeTHhme (0ap) OHO IITO
CHHTETHIIE MPHUPOJIA, MTO je YIIIABHOM MOTHBHCAHO MCKOHCKOM TOTPEOOM J1a ce CIo3aHa CBET
KOjH Hac OKPYXyje W Ja ce INpubaBe MaTepHjayiHa M0o0pa y KoJuduHU Behoj o1 OHE KOjy
npupoza npyxa. Mlako cMo jomr yBek JajneKko o Tora Jja MOXKEeMO CBE LITO MOXKe NpUpoAa — 10
JlaHaC je CMHTETHCAaH OrpoMaH Opoj mpupoAHUX Mpou3Boza. Cro3HABIIN OBE3aHOCT CTPYKTYpE
NPUPOAHUX TPOU3BOAA M HUXOBUX OCOOMHA, CHHTETHYApU Cy KpO3 HCTOPH]y HENPEecTaHO
TPaXWJIU HA4YWHE Ja TPUPOAY WMHUTHPAjy y JTa0opaTtopuju W na je ,MCupaBibajy™, Tj. Ja y
BEIITAYKUM YCIIOBHMa OHE TPOU3BOJAE KOje MpHpOJa Jaje y M300Miby Ipepane y OHE KOjH Cy
3HATHO Mambe JIOCTYIHH. Y BEJIMKOj MEpU y TOME CE YCIeBa, a HalPaBJbEHU CY M MPOU3BOIN
KOje TpUpo/ia HHje CTBOPHUJIA, KOjU Cy OMTHO MPOMEHUIIH KUBOT Ha 3€MJbH.

Jenan neo ucTtpakuBama CIPOBEJCHMX TOKOM H3pajie OBE JHcCepTalyje Cleau JBa
MOMEHYTa MPUCTYIa CHHTE3U NMPHPOJHHUX MPOU3BOJA: ,,IPEMPaBKy  MmocTojehrx W KOMIUIETHY
CHHTE3y U3 TProBayKH JOCTYNMHHX peareHaca. Hamme, 1Ba ox Tpu HeHa OCHOBHA 33/aTka Cy,
Kao MTO je y YBOIY pedeHo, (i) XxiopoBame (HUCIHOHA (AaHTpaXWHOHA KOJH j€ Y IPUPOH 3HATHO
3aCTYIUBCHHUJU O]l FherOBUX XJIOPOBAHMX JICPHBATA) CJIEKTPOXEMH]CKH T€HEPUCAHUM XJIOPOM U
(i) cuHTE3a KYpKyMEHCKOT eTpa (IPUPOTHOT MTPOU3BOAa, METabOIUTa HEKNX OMJBPHUX BPCTA) U3
TProBayky JOCTYIHHMX peareHaca, kopucrehu enekrpoxeMujcky ¢eHuscereHoerepudukanujy
Kao KJbY4Hy peakuujy. Pesynratu Tux ucrpakuBama Ouhe onucanu y cieneha isa ojespka 0BOT
nornassba (3.1 u 3.2).

Oprancka cuHTE3a c€ JaHac pa3BUja y MHOIO TIpaBala, a jeAaH O] HEHHX
HQJIIOMyJTApHUjUX HM3a30Ba jecTe Pa3BOj HOBHX, €PUKACHUX KATATUTHIKUX CHUCTEMa, Kako 3a
HOBe, Tako M 3a Beh mo3Hare cuHTeTHUKe peakiuje. Tpehu meo mcrpakmBama Koja oOyxBara
u3pajga oBe AMcepTalrje mocBeheH je ONTUMH3AIMjH yCIOBa 33 EIEKTPOXEMHUJCKO TeHEPUCAHEe
LIUPKOHM]YMOBHUX jJ€JIME-EHa Ca aHOJIE OJ] OBOI MeTajla U BUXOBO Kopullheme Kao KaTaau3aTopa
y JIBeMa MO3HATUM M CHUHTETHUYKHM BEOMa BaKHUM pekiujama — depujeoBoM mpememTamy U
xXeTepo-MajKIIoBO] aauiuju (aauiidju aMWHAa W THOJa Ha KOHjyroBaHe KeToHe). PesynraTtu

J0OMjeHN TOKOM THX HCTpaKMBama Ouhe mpuka3anu y moriasjbuma 3.3.
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3.1 EjaexkrpoxeMHujcko xJopoBame (pucunona (48)

HuTtepecoBame HCTpakMBaya 3a CEKyHAapHE MeTaboauTe OMibaka pacTe 300r UHTE3UBHE
[OTpare 3a HOBMM JIEKOBHMa OuspHOr mopekia. OmcexHa HCTpakuBama Koja Cy BpIlEHa Ha
MOJbY CEKYHIAPHUX METabOIHMTa TOTBPIWIIA CY JIa OMJbHE BPCTE M IPYTH OPraHu3MHU (JIMIAjeBH,
IJbUBE, MOPCKH OPraHU3MH WTJ.) TPEACTaBJba]y BakaH W3BOpP OMOAKTHUBHUX jeAumema. Ha
npuMmep, JAepuBaTH aHTpaxuHOHa (aHTpaneH-9,10-guona), kao mTo cy ¢ucuuon (1,8-
TUXUAPOKCH-3-METOKCH-6-MeTHIaHTpareHn-9,10-1uoH, 48; mo3HaT W Kao MapUeTHH), €MOJIHH,
(ananuHaan, xpu3opaHoy, KCAHTOPUH U JPYTH, IPUCYTHH CY y JIUIIAjeBUMA U HEKUM OMJHbHUM
BpcTama [225], U3 KOjuX ce MOTy Mame WM BHIIE JIAKO HM30JI0BATU. 3a MHOTa O] BHX je€
JIOKa3aHO Jla y YUCTOM CTamy IOceqyjy OMOJIOIIKY aKTHMBHOCT, a HEPETKO j€ aKTHBaH M LEO
OwbHM ekcTpakT [226-233]. Mehy cekyHaapHUM MeTa0OIUTHMAa HEKWX JIHINAja jaBJhajy ce H
XJIODOBAaHW  AHTPAaXWHOHHW, TomyT (QparmmHa  (2-x70p-1,8-TUXUAPOKCH-3-METOKCH-6-
MetunanTpanes-9,10-auon; 49a), 2-xJI0p-eMOMHA WT., Majga Cy 3HATHO Mame 3aCTyIUhEHHU
[234, 235].

KoHTtponucane ,AHTEpBEHIMje” HA, Tj. MPOMEHE y CTPYKTYpH CIIOKEHHUX MPHUPOIHHUX
npou3BoJa Hajuelhy cy Ha4MH 3a CUHTE3Y JPYyTuX, Mambe JOCTYNHUX jeHbemna, 0e3 003upa Ha
TO Ja JU Cy NPHUPOJHM Mpou3BoAM WM He. Tako cy, na Ou noOWiIM MPUPOJHE XJIOpOBaHE
anTpaxuHoHe (parunva (49a) u 2-xnopemoauH (2-xaop-1,3,8-TpuxXuapoKcu-6-MeTHIIaHTpaIICH-
9,10-nmnon), Capuent (Sargent) m capamuuum ¢ucunoH (48; HajpacpoCTpamEHHjH JIEepPHUBAT
aHTpaxuHOHa y JmmiajeBuma [228]), m3zomoBaH u3 Bpcre Xanthoria parietina (L.) Beltram,
MOJBPIVIM  XJIOPOBAaKYy BHUIIKOM TacOBUTOT XJIOpa, a 3aTUM JOOWjeHH TPHUXJIOpP-ACpPHBAT
CeJeKTUBHO JexyiopoBam [236]. Ocmamajyhu ce Ha HCKYCTBO CTEYEHO Y HaIIUM
nabopartopujama H3y4aBameM aHOJHOI TEeHepHcama XaJloreHa U HbHUXOBa INPUMEHa Y
XaJIOTEHOBAkY NMPUPOJTHUX MPOU3BOIA W/WIN HUXOBUX AepuBata [237-240], ojydeHo je aa ce
UCTHUTAa MOTYNHOCT €JEeKTPOXEeMHjCKOr XjopoBama ¢ucunona (48). OcmuuubeHa je Beoma
JeAHOCTaBHA METOAOJIOTHja, TIO0 KO0joj OM ce pacTBOp (HCIMOHA W HEKOr XJopuaa (Koju Om
HCTOBPEMEHO CIIy’)KHO M Kao HM3BOP XJOpHAAa M KAao EIEKTPOJIUT) y TOAECHOM pacTBapady
€JIIEKTPOJIM3UPA0 TPU KOHCTAHTHO] ja4WHU CTpYje, y3 KOHTPOJHMCAHH YTpPOIIAK KOJIHYHHE
enexkTpuiuTeTa (Tj. BpeMeHa enektpoiuse). Okcupanuja xjopuaa O, Tako, Jana CIo00IHH
XJIOp, KOju OM ca mpuCyTHUM (UCIHOHOM Tpebaysio Ja pearyje CIUYHO Kao Yy OIHCAaHOM
XJIOpOBamky TacoBUTHM XJopoM [236]. OBako 3aMHUIIUBEHO XJIOpOBame MMano Oum Oap jaBe

3Ha4yajHe NPEJHOCTH y OJHOCY Ha ,,KIacu4HO™: (i) paa ca xjopuanma (U3 KOjuX ce IeHepHulle
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cinobonuu Cl,) MHOTOCTPYKO j€ jeJHOCTaBHUjU M Oe30eIHUjU HEro paj ca arpecUBHHM,
racoButuM Cl,, kKoju ce HabaBsba U YyBa y Oollama Imoji BUCOKUM TPUTHUCKOM U (i) eleKTpoxe-
MHJCKO TeHEpHCamke MOXe /1a 00e30eIu MPeu3Ho A03upame (,TAYHO OJMEPEHHX KOJIMYHMHA )
Cl,. Pazyme ce na ce paau 0 3HaYajHUM IPEAHOCTHMA, a OBA JIPyra je HApOYMTO BaKHA KaJl ce
paau ca Majau KoJWyuMHamMa (CKynHuX) CYICTpaTra, IITO je YecTo Ciydaj Kajga ce paigu ca
npUpoAHKM mponsBomuMa.’ TIpPEeH3HO Mepere MaliX KOJHYMHA TacOBHTOT XJIOpa HHje
JETHOCTAaBHO, a TMpaBJbCHE€ pAcCTBOpAa OBOT XajloreHa y HMHEPTHOM pacTBapady 3axTeBa
onpehuBame KOHIEHTpaIMje KIACHYHUM aHATMTUIKUM Mertonama. C Jpyre crpaHe, XJOp ce
CIIEKTPOXEMHUJCKH MOXKE€ y CHCTeM [0JaBaTH MNPAaKTUYHO ,,aTOM IO aTOM", jeIHOCTAaBHOM

KOHTPOJIOM jadyMHE CTPYj€ U BpEMEHA EIIEKTPOIIH3E.

3.1.1 IuKJ0BOJTAMETPHjCKA MEpeHha

CHHTE3M OPraHCKUX jeIUbEHha eJIEKTPOXEMHUJCKUM MOCTYNIMMa BEOMA YECTO MPETXOe
€JIEKTPOAHAJIMTHYKA MEpema Ha OCHOBY KOJUX ce MpuOaBipajy NOJald KOPUCHU 3a
ONTHMHU3AIN]y YCJIOBa M3BOlema peakiuje y mpemnapatuBHe cBpxe. Kao mrTo hemo kacHwuje
BUJIETH Ha KOHKPETHHM TpUMEpPHMa, TO HHUje YBEK 00aBE3HO, &M Y OBOM CJIy4ajy IOCTOje
U3BECHE HENOyMHIIe KakaB he OMTH HMCXOJ €NEeKTPOJIM3e pacTBOpa KOjU CAAPKU XIJIOpUAE U
¢uctmon. Pazyme ce, ncxoa aHOHE OKCHIAIN]E XJIOPHU/IA j& TIPSIBUINB, aJTd IIPe NpenapaTHBHE
eJIEKTpONIN3e Tpebaso OM MPOBEPHUTH 1A JIM CE€ Ha MOTCHIUjaly OKCHIANWje XJIOPUAa, WIA Ha
NOTEHLMjanuMa OJIMCKUM OBOME, OZIBMja M OKcuaauuja (PUCIMOHA, MOIUTO OCHUM XHHOHCKOT
cuctema (KOjU je MOAJOXKAaH PEAYKIHMjH JO XHJIPOXMHOHCKOT CHCTeMa), CaJp>KH jOIl JBe
(heHoNTHE XUIPOKCUITHE TpyTie. AKO OM TO OMO cITydaj, XJIOpOBamkha aHOHO TEHEPUCAHUM XIJIOPOM
Ouna Ou WM HEW3BOAJbMBA WM OW JJaBajio CMECy NMPOW3BO/A aHOIHE OKCHJAIN]jE U XJIOPOBamba
¢uctmona.

[luknuyHa BONTaMETpPHja je TEXHHMKA HM3y4aBama eJIEKTPOIAHMUX TIpoleca Koja [aje
HAjKOPHCHHUjE TOJAaTKe 3a EJEKTPOOPTraHCKYy CHHTE3y, Ma je OHa NpPUMEHEeHAa W y OBHM
UCTpKUBAKBMMA. Y jeJIMHOM Pajy O XJOpOBamy (DUCIMOHA KOjU ce MOoke Hahu y nmTeparypu
CAOIILTEHO j€ J1a Cy Kao pacTBapayd 3a XJIOpoBame (uciuoHa kopumthenu cupheTHa KuceianHa
u xyopodpopMm [236]. 3a wucCTpaxkuBama Yy OKBHUPY OBOT paja oJa0bpaHu Cy CHUCTEMH
Et4NCI/BusNCIO4/CH3;COOH u Et4sNCI/BusNCIO4/CH,Cl,. (XnopodopM HuUje TOrojiaH Kao
pacTBapauy 3a wu3BOhEmE ENEKTPOXEMHCKUX EKCIIEPUMEHTHMA, jep Ce y HHheMy He MOTry

HANPaBHUTH PACTBOPH KOJU TIPOBOJIC SIICKTPUIHY CTPY]Y).

"Ha npumep, orpaHnYeHe KonnumHe GUCLMOHA HyAM KoMmnaHuja Sigma-Aldrich no ueHn og 495 espa 3a 100 mg.
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Cauka 3.1. Huxnmnuna Bontamerpuja EtyNCl u ¢pucrmona y 0,1 M pactBopy BusNCIO4 y
CH;COOH. Pagna enextpoaa: MmiIaTHHCKH JUCK (& 2 mm); momohHa enexTpoja:
mwiatnHeka xuna; v = 0,1 Vs’ a) enekrponut BuyNClOy4, 6) ducnuon,

B) 5 mM Et;NCl, r) 5 mM Et4;NCI1/2,5 mM ¢ucumon

Ha ocHOBy mnpenmmMUHApHHX Mepema, 3a [HKIOBONTAMETpHjcKa oapehuBama y
cupheTHO] KUCeNnHH n3adpanHa je o0aacT moTeHnwuja (,,moTeHnujancku mpo3op*) 0,500-1,650 V,
a moOujeHu pesyntatu npukazanu cy Ha Coumu 3.1. Hajupe je yrpheno nma ce y Toj obmactu
(ducIoH He TOHAIIa Kao enekTpodopa, jep Huje npuMeheHo Ja OH pa3Memyje CICKTPOHEe ca
pajHOM enekTposioM. HanMe, iukiioBoiaTaMorpam jao0ujen npomenoM norexnyjana ox 0,500 mo
1,650 V u Hazam y pacTBOpy enekTpoiuta koju caapxku ¢ucuuoH (Cnuka 3.1, kxpuBa 6) He
pasiuKyje ce oJ] IUKJIOBOJATaMorpama camor ocHOBHOr enektposmta (Ciumka 3.1, kpuBa a).
LMKTOBONTAMETPHJCKM EKCHEPUMEHT MOJ MCTUM YCIOBHMA ca XJOpHUIMMAa [aje JApyradujy
ciuky. Kao mro ce moxe Bumern Ha Cnmmm 3.1 (kpuBa B), Ha IOOHjEHOM BOJITaMOTpamy
mocToje jeman okcumanuonu (Ha 1,416 V) u jenan pexykuuonu tanac (Ha 0,893 V). OuurnegHo,
Mo JaTHM YCJIOBHMa XJIOPHIU CE€ OKCHUAYjy mo xjopa Ha 1,416 V, a Ha 0,893 V xuop ce
penykyje 10 xjopuaa. Y IUKIOBOJITaMOrpaMy A0OHjEHOM CKEHUpPAmEeM MOTEHLMjajla Ha UCTH
HAYMH, y PacTBOPY KOjU CaApXH M XJopuae U (ucumoH (KpuBa r) mojaBibyjy ce, Takole, 1Ba
Tajaca Ha UCTOM MECTy Kao W y cily4ajy xjopuaa. MeljyTum, 70K je cTpyja aHOJHOT THKa UCTa
Ka0 ¥ KOJI pacTBOpa KOjU CaJpKHU caMO XJIOPHJIE, CTPYyja KATOHOT MHKa BUIJEUBO j€ Mamba, IIITO
ce o0jamrmaBa CMalk-EHOM KOHIIEHTPAIN]OM XJIopa Ha TMOBPIIMHM PaIHE €IEKTPOIe Y OJHOCY Ha
EKCIIEPUMEHT y O/ICYCTBY (uciinoHa. To cMameme MPHUIHCYje ce YTPOIIKY XJIopa Y peakiuju ca

¢dbucHuoHoOM.
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Cuamka 3.2. [Huknnyna Bonramerpuja Et4NCI u puctmona y 0,1 M pactBopy BusNClO4 y
CH,Cl,. Pagna enextpona: mmaTuHCKY AUCK (& 2 mm); moMohHa eneKTpoa: IaTHHCKa
xuna; v =02V s’ a) enektponut BusNClOy, 6) dpucmuon, B) 5 mM E4NCI, r) 5 mM
Et4NCl1/2,5 mM ¢ucruon

Beoma cnmuHu pesyntat JOOMjEHH Cy W [UKIOBOJITAMETPUjCKUM MeEpEemUMa Y
IUXJIOpMETaHy Kao pactBapady (morenujancku mposop: 0.000 — 1.600 V), a mpukazanu cy Ha
Cmumu 3.2, MehyTuM, okcuaanmuoHu U peaykmuoHu tanacu (Ha 1,200, ogHocHo 0,780 V) y
OBOM pacTBapady Cy OIITPUjU M pPa3iMKa CTpyja KaTOJHUX MHUKOBA y EKCIEpUMEHTHMA ca
XJIOpUAMMA U ca CMecoM XJtopur/puciuoH jour je Beha (vMako je Op3uHa CKeHUpama JBOCTPYKO
Beha). To Oum ™Mormo na ce mpunumie Behoj Op3WMHM peaknuje Xjopa W (QUCIHOHA Y

JIUXIJIOPMETAaHy HETO Y CUphepTHO] KUCETUHHU.

3.1.2 IIpemapaTuBHO XJIOpOBame (pucuuona

EnexTpoananuTuika Mepema ONKcaHa y MPETXOTHOM OJIeJbKy TOKasaia cy Ja y Jaroj
00J1aCcTH MOTEHITH]jajla pajgHa eJIEKTPoaa pa3Memyje eIeKTpoHe caMo ca peaokc mapom Cl/Cl u
Ja y JaTHM yCIIOBHMa aHOJHO T€HEpHUCaHHW XJIOp pearyje ca ¢ducrmoHoM. Mako o mpupoan
NPOU3BOJIA TE€ PEaKIMje Ha OCHOBY IMKJIOBOJTAMETPU)CKUX UCIUTHBAKba HE MOKE HHIITA Ja Ce
3aKJbyud (0ap MoJl OBUM €KCIIEPUMEHTATHUM YCIIOBHMA), JACHO j€ Jia je Y MUTamy apoMaThuyHa
eNeKTpOoUIIHA CYTICTUTYIINja; OBA Ca3Hama Ouja Cy J0BOJbHA JIa C€ MPUCTYIH IMPernapaTUBHO]
EIIEKTPOITH3H.

[Tpu n360py yciaoBa 3a mpenapaTHBHY €JIEKTPOJIN3Y pa3MaTpajy ce CBHU IMapaMeTpu Kao

KOJ KJIacH4HE CHHTe3¢ (IIPUHOC W CEJICKTHBHOT peakidje, JOCTYIMHOCT MaTepujaiia, Bpeme,
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CJIOKEHOCT H3BOlema, JOCTYIMHOCT W CIIOKEHOCT ONPEME HWTA.), alld MOCTOje HEKH KOjU CY
cnenn(UIHU 32 eNeKTpoxeMujcke ekcriepumente. O n300py pacTBapada JeTajbHHja AUCKYCHja
ouhie nara xacuuje (onespak 3.3), a oBae he OuTH pasMoTpeH camo M300p BpCTa CICKTPONIH3E
(TIpY KOHCTAHTHO] CTPYjU WJIM MPH KOHCTAHTHOM TOTEHIMjally) U eJIeKTpoInuTHuIKe henuje.

Enexrponusa mpu KOHCTaHTHO] jauWHH CTpPYyje j€é BeOMa jETHOCTaBHA W 3aXTE€Ba O]
,»CJIEKTPOXEMHjCKE™ olpemMe caMo CTaObuiiaH M3BOP jeIHOCMEPHE CTPYje, KOjH je jeTHH | JaKo
JIOCTyTIaH cBakoj Jaboparopuju. EnexTponn3a Ha KOHCTAHTHOM TIOTEHIUjaly je, ¢ Apyre CTpaHe,
3HATHO CJIOKEHWja W 3axTeBa 3HAYAJHO CKYyIUbY ONpEMy, KOjy TOCEIyjy yTIIaBHOM CaMo
cnenujanuzoBae Jjabopartopuje. OHa ce KOpPHCTH Yy CIydajeBUMa KaJl C€ W3BOJIU
SJIEKTPOXEMHjCKA peaKlrja ca peakTaHTUMa KOjU MMajy BHIIE eleKTpodopa, Koje ca pagHoM
€JICKTPOJIOM pPa3MEmyjy C€IeKTpOHE Ha OJIMCKUM TOTCHIMjaiuMa. 300r Tora ce IIpe
€JIEKTPOOPTraHCKEe CUHTE3€, KaJ IoJ| MOCTOJU TaKBa CyMiba, CIIPOBOJIE LUMKIOBOJTaMETpHjCKa
Mepema, Koja J1ajy jeAHO3HauaH OArOBOpP Ha OBO MuTame. Kao IMITo je onucaHo y mpeTxoJHOM
0JIeJbKY, Y ITUPOKO]j 00JIACTH OKO TIOTEHITMjana Ha KOME CE XJIOPHIA OKCHUYjY JIO XJIOpa HUjeaHa
KOMIIOHEHTa CpPEIMHE HE Pa3Merbyje €IEKTPOHE ca PaJHOM eNEKTPOJIOM, Ia €JIeKTpOoJHu3a Ha
KOHTPOJIHMCAHOM TIOTEHIIMj ATy HUj€ HEOITXOTHA.

[IpenapaTiBHA €JNEKTPOIM3a MOXE Jla CE€ CIPOBENEC y IOACIHEHO] M Y HEIMOJEIHEHO]
€JICKTPOJIMTHYKO] henmrju, aau ce 300r 3HATHO jeTHOCTaBHUjEr M3BOlhema mpuberaBa pamy ca
HernoaesbeHOM henmujom kan ron je To moryhe. Kag ce pagyu o MHANPEKTHO] €JIEKTPOOPTaHCKO]
CUHTE3H, MpHu n30opy henuje omiyuyjyhy ynory urpa Op3vHa peakiuje eIeKTPOTeHEPHCAHOT
peareHca M cyncrpara. AKO Ta peakuuja HHje JOBOJbHO Op3a, peareHc I'eHepucaH Ha jellHOj
€JIEKTPOAM MMa JOBOJHHO BPEMEHA Jla MUIPUpPA A0 EJIEKTPOJIe CYNpPOTHOTI HaeleKTpHUcama U J1a
HOJUIETHE CYNPOTHO] peaknuju. Mako ce KMHETMYKMM HCIHMTUBAmbMMa E€JIEKTPOAHUX Ipoleca
(pa3nMYUTHM EJEKTPOXEMHUjCKUM TEXHHKaMa) MOXke Johu 10 mogaraka Koju MOTy Ja YKaxy Ha
noTpeby u3BOleIba EEKTPONM3E Y TI0esbeHO] henmju” - 0/UTyKa 0 H360py yIITABHOM Ce JOHOCH
Ha OCHOBY EMIMPHjCKHX Ca3Hama. Tako je MpernapaTUBHO XJIOpOBame (HCIHOHA y OBHUM
UCTPKUBABMMa 3aII09€TO EJIEKTPOJIM30M PAacTBOpa OBOT CYIICTpaTa M TETPACTUIIAMOHH]jYM-
XJI0pHa (CIIy’KH UCTOBPEMEHO U Kao eNEKTPOJIUT U Ka0 U3BOP XJIOPUAA) Y CUPNETHO] KUCETUHH,
pu KOHCTAaHTHO] jaunHu cTpyje (30 mA), y HenoJiesbeHoj enekTpoluTiikoj henuju (3a gerasbe
BuneTr ExcnepumenTannu nieo, ofesbli 4.1 u 4.2.1). IlomTo je pacTBOpJbUBOCT PriciroHA Y

OBOM pacTBapady HHCKa (IOBOJbHA j€ 3a IMKIOBOJITAMETPHjCKa Mepema) — hennja je ypomeHa y

*Taksa Meperba OPraHCKM XemMu4yapW, a HapouyuTO CUHTETMYApPM, HEpPaZo CMpOBOAE, jep 3axTeBajy nocebHy
onpemy, Kao M 3Hatba M BelwTMHe M3BOohera eKcrnepMmeHaTa Kojuma Bnagajy camo cneuujanuctu. OHa ce
3aCHMBAjy HAa Mepekby Pas/IMKe jaunHe CTpyje Ha MaKCMMyMy Tanaca peakluje CynpoTHe OHOj KOjoM ce reHepuLue
peareHc y npucyctay uaun 6e3 npucycTsa cyncrpata, Npy pasnnmunMTum 6p3vHama npomeHe noteHumjana.
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kynatuio o 50 °C. 3a nmpBu ekcriepuMeHT oabpaHa je peakuuja (pucIuoHa 1 xjiopa y MOJICKOM
omuocy 1:1, Tj. peaknuja koja Ou Tpebano na Aa jemad (TOJ YCIOBOM Ja c€ eICKTpOoQHITHA
CYIICTHTYIIH]ja OJIBHja PETHOCEIEKTUBHO, Tj. CaMO y jeIHOM o]l Moryha 4eTupu Mmojioxaja) Win
Bulle (n0 uetupu) MoHoxJopducuuona. 300r Tora je peaxiyja HM3BeAeHA ca YTPOIIKOM
enextpurmrera ox 2 Frmol” (momrro Mo xIopa HacTaje OKCHIALMOM [Ba MOJA XJIOPUIA Y3
yTpomak aBa dapazaeja,’ Tj. JBa MoOIa eneKTpoHa). AHanm3oM nobujerne peakiuone cmece (‘H
NMR y xom6unammju ca GC/MS) ytBpheHo je na cy Hacrama JBa NMPOU3BOAA Y YKYIHOM
npurocy o1 33%," amn na Hajsehu neo ducimona Huje m3pearosao (67%). Ha ocHoBy anammse
crniekTapa u nopehemeM pesynraTa Te aHaIHu3e ca JUTeparypHuM noxamuma [235, 236] yrepheno
je ma cy nBa mpomsBoaa (pparmnmn (49a; 2-xnopductmon; 4%) [235] u 4-xmopoucunon (496;
29%) [236] (Cxema 3.1 u Tabema 3.1, ornmex 1). OBaj pesynrar mokasyje Aa ce Behu neo

IeHepUCaHOI XJIOpa WIM TPOUIM Yy HEKO] CIIOPEAHO] peaklUju WM MUTpHUpa 10 KaToJe Iie ce

XI (5-Cl)
XIl (7-Cl)
OH O OH
wege
MeO
Cl (0]
49a (cpparunuH) 496
OH O OH OH O OH
R Cl
Cl, Cl,
49a n/unn 496 ——
MeO MeO
R" O R? ch o0 <
50aR=R'=Cl, R?=H 51

506 R=H,R'=R2=Cl
50BR=R%2=CI,R'=H

Cxema 3.1. EnextpoxeMujcko XJiopoBame pucirona (48)

3<1>apa,cn,ej (F) je KonnMumHa enekTpuumTeTa o4 NpubankHo 96500 C.
MpuHoc y ogHocy Ha ynoTpeb/beHn GUCLIMOH.
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peaykyje 10 xnopuaa (MPUHOC MpeMa YTPOIIKY eIeKTPHIHTETa’ je cBera 33%).

Haxon ananmuse, peakiuoHa cMeca (Koja HUje pas[BajaHa) TIOHOBO je €JIEKTPOJIM3HpaHa
MOJ WCTHM YCIOBMMA Ca yTPOIIKOM mojatHux 4 F-mol' enexrpurmrera. Amammsa Tako
JOOMjeHOT TIPOM3BO/Ia MOKa3aia je J1a ce MoJl OBHM ycJoBHMa J0o0Hja cMeca MOHOXJIOPOBAaHUX
nepuBata (Qucimona, mehy kojuma nainexko mnpeBiagaBa 496 (49a/496 = 14,1:85,9) (Bumern
Tabeny 3.1, ornen 2). 3aHUMIBHBO je Ja ce Takohe A00Hjajy 1 Mayie KOIHMYWHE JAUXJIIOPOBAHUX
¢ucmona, 50a u 506 (Cxema 3.1), a 1a u3BecHa KOJIMYMHA HEW3PEaroBaHOT (PUCITMOHA HIIAK

ocraje Hem3pearoana (Tabena 3.1, oruen 2).

Ta6ena 3.1. Enexrpoxemujcko xmopoBame pucuuona (48) y cupheTnoj xucenmau

bpoj  Peakuuonu yciosu Pacnozena npoussona (%)”

oriena (pacrBapay/hesnj a/F-mol™) 48 492 496 50a 506 51 mm®

1 AcOH/nenonemena/2 67,0 4,0 29,0 - - - -
2 AcOH/uenoaeibena/6o 3,7 12,7 77,2 1,5 4,1 - 0,8
3 AcOH/nonemena/2 4,0 12,5 79,5 - 4,0 - -
4 AcOH/monersena/4 - 36 335 11,0 19,5 18,7 13,7
5 AcOH/monessena/6 - - 43 142 393 214 20,8
6 AcOH/nonemena/10 - - 3,7 13,3 21,6 22,8 38,6

“Onpelena na ocrosy amanmmse 'H NMR crexrapa’.
YHenneHTH)UKOBAHN TIPOM3BOIH

[TomTo cy mMKIOBOJITAMETPHjCKAa MEpema ToKaszajia J1a y MHUpoj 00JIaCTH MOTEHIIH]jaa
OKO MOTEHIMjajla OKCHJAlK]je XJIOPUAA JI0 XJI0pa He MOCTOjH JIpyra eJIeKTpOXeMHjcKa peakiuja,
0BaKO HUCKO HcKopumherme cTpyje’ MOXKe Ce MPUIHCATH PEAyKLUjH XJIopa HA KATOIHM, KOjH
TaMo MHUTpapa 3axBajbyjyhu penatuBHO Malio] Op3WMHM peakifje OBOT XajoreHa ca (UCITHOHOM
(xnmopoBame cupheTHe KHCEIMHE BEPOBATHO CE€ MOXE OJ0AIUTH, TOIITO je 3a Ty Peakiujy
notpebaH Heku KaTanu3aTop). OBaj pe3yaTar ykas3ao je Ha moTpely J1a ce eIeKTPOIH3a U3BEIe Y
nojesbeHoj hemmju (o nmerasemma Buaetn ExcnepumanrtanHu neo, omespak 4.1 m 4.2.2), mon
HUCTUM OCTaMM yclioBuMa. Hajrpe je u3BeneHa peaknuja y3 yTpoIax 2 F-mol’! CIIEKTPUIIUTETA,

IITO j€ JaJI0 CIIMYHY PEaKIMOHY CMeCy Kao M IpeTxoaHu orien (Buaeru Tabeny 3.1, ornen 3).

5 . . .

MpuHOC Npema yTPOWKY enektTpuuuteta (Mckopuwhere cTpyje, eHr. current efficiency) npeacrtas/ba ogHOC
[obujeHe 1 Teopujcku npegsuheHe KoMumMHe NpomsBoaa.

6 .
3a oBy aHanu3y ofdabpaHu Cy CUrHaAW NPOTOHA XMAPOKCWIHWX Fpyna - BEOMa OLTPW CUHI/IETU, KAao WTO je
npukasaHo Ha Cnankama 3.3 n 3.4,

7 .

AKO (MpOU3BO/LHO) Y3MEMO A3 CY HEUAEHTUOMKOBAHM NPOU3BOAM ,ANXN0POBAHN", UCKopuwhere CTpyje 3HocH
npnbaAnXKHO 34%.
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Peaknmja je memTo ,umctHja‘ (cMeca He caapku jaepuBaT 50a HUTH HEHWJEHTHU(PUKOBAHE
npousBoje), uckopuntheme crpyje je 100% (mobujeHo je TauHo OHONMKO nuXxiop-aepuBara 500,
KOJIMKO je OCTaJl0 HEW3pearoBaHOr (HCIMOHA), a OJHOC [BA MOHOXJIOPOBAaHA JepUBaTa je
49a/496 = 13,6:86,4. Iloka3ano ce Ja oBa peakildja MOXE Ja C€ H3BeAe M Ha COOHOj
Temreparypu, 0e3 o03upa Ha TO INTO KOJMYMHA YNOTPeOJheHOT (UCIIMOHA HE MOXE Ja Ce
pacTBOpH y /aToj 3anpeMunu cuphetHe kucenute (Bunety Excnepumanransu ieo, onesbak 4.2).
HanmMme, kako Bpeme eNeKkTposin3a OJMH4Ye — CYCIIeH3HWja ce OWCTpH, ITO je IOocieauna
penatuBHO Op3or Hectajama QucnuoHa W Behe pPacTBOPJHBMBOCTH HHETOBUX XJIOPOBAHMX
nepusara 49a 1 496 y oBoMm pacTBapauy.

Bucoko uckopumheme cTpyje W 3Ha4ajHO TpeBiagaBame 4-xmoppuctmona (496) y
OIMCAHOM OTJIe/ly YHHE OBY PEaKIMjy CHHTETUYKH 3aHUMJBMBOM W HABOJE Ha 3aKJbydak Ja Ou
nojesbeHa henuja Morsia OUTH IMOJECHA 3a KOHTPOJIMCAHO AM- W TpuxjopoBame. To ce
JEAHOCTABHO IOCTHXKE KOHTPOJIOM BpeMeHa enekTposinze. MelhyTum, orieau ca yTpOLIKOM
enexTpummTera ox 4 (muxiopoBamse), 6 (TpuxmopoBame) m 10 Frmol” (Bemukum Bumak
TeHEPHUCAHOT XJIOpa) JajH Cy PeaklHMOHE CMece KOje caapke MpaKkTHYHO cBe Moryhe m3omepe
(yxspyuyjyhu u 2,4,5-tpuxnopoducimon, 51), kao ¥ 3HaUajHE KOJMYUHE HEUICHTH(PHKOBAHUX
npousBoga (13,7 y ycnoBuma amxmopoBama, 20,8 mpu TpuxiopoBawy U udak 38,6% mpu
XJIOpOBamy BHUINKOM xjopa) (Bumetu Tabemy 3.1, ormenu 4, 5 u 6). Kako ce Te cMece TEmKo
paszBajajy - peaxiiyja Hije 3aHUMJbHBA Ca TaYKe TIICAHUINTA OPTaHCKE CHHTE3E.

EnexTpoxeMujcko MOHOXJIOpOBame ¢uciuoHa (2 F-mol'l) y JUXJOpMETaHy Kao
pacTBapady, y KOME Ce€ OBaj aHTPaXWHOH MHOI'0 00Jb€ pPacTBOpa HEro y CHUpheTHOj KHUCENINHH,
HEOYEKHMBAHO CE OJ[BHja y3 HM)KE UCKOopulIhewme CTpyje U y3 3HATHO HUXKY PEeruoCeIeKTHUBHOCT.
Ha mnpumep, enexrponu3om 48 y AuxjiopMeTraHy TNpd KOHCTAHTHO] jauyWHU CTpyje, y
HETI0/IeJbEHO] eNeKTponnTHIKoj hemuju camo 4% ¢uctmona nojexe xjaopoBamwy (majyhu 4-
xynoppucuuon, 496, Tabena 3.2, ormex 1), JOK ce ocTaTak MOXE W30JIOBATH U3 PEAKIMOHE
CMelle HEempoMemeH. EJekTponmsa mox MCTHM yCIOBHMa y3 yTpomak ox 6 F-mol”
EJICKTPUITUTETA Jaje cMecy Impou3Boa ca BehuMm campxkajeM muxiiopoBaHux ¢ucimona (50a u
500) u HempeHTH(UKOBaHMX MPOW3BOJA OJ OHE J0OMjeHe ca CHPNEeTHOM KHCEIWHOM Kao
pacTBapayem, Ipy 4eMy je 0JIHOC MOHOXJIOpOBaHMX JepuBara 49a/496 = 22,5:77,5 (Tabena 3.2,
ornex 2). C apyre crpaHe, €JIEKTpOiH3a y TMOAEJbEHO] EJNEKTPONUTHYKO) henuju ca ucTum
yrpomkoM enekrpuimtera (2 Frmol™) maje cmecy xoja cagpxu wak 30,5% Hem3pearoBaHor
cynctpara (TabGema 3.2, ormen 3). Emektponm3e wu3BeAeHE MOA YCIOBMMa 3a IU- U

TpUXaJIOTeHOBamke y mojeibeHoj hemmju (Tabenma 3.2, ormeam 4 m S5) majy ciloXKeHE cMece
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1 . .
Cauka 3.3. @parmentu H NMR cnekrapa peakiponux cMmece (1o6ujeHux y cupheTHoj
KUCEJIMHH) y 00JIAaCTH CUTHAJIA XHPOKCHIHUX IPOTOHA

POM3BOMA, Kao U y ciydajy cuphere kucemuue. MeljyTim, enekrpoinsa y3 yrpomax 10 F-mol
enektpuiuteta (Tabema 3.2, ornen 6) naje cMecy koja caapxu 63,5% 2,4,5-tpuxnopducnmona
(51), xoja ce, 3a pa3nuKy oj oxarosapajyher ormema y cupheTHOj KHCENWHH Kao pacTBapaudy,
MO>KE Pa3IBOJUTH CTYOHOM XPOMAaTOTrpadmjoM.

VY peaknuoHHM cMecama MOHOXJIOPOBaWa M3BEICHHX TOKOM OBUX HCTPaXKHBaka HUCY
HaljeHH HM TparoBu Apyra aBa mMoryha permonsomepa - 5- u 7-xnaopduciuona. © [IpernocTasiba
ce Ja je TakBa CEJEKTHBHOCT IIOCIEANIA pa3IMInTe CTAaOWIHOCTH oJroBapajyhux
WHTEPMEIMjEpHUX apeHUjyM-joHa (yclies] JelOKanu3alyje MO3UTHBHOT HAaelIeKTPUCAamha) KOjU
HACTajy HAKOH HalaJa 4ecTHIA ,,TO3UTUBHOT XJIOpa“ Ha T-€JIEKTPOHCKU obnak ¢ucimona. Obda

,CTIOJhAIIha" OCH3eHOBa MPCTEHA Y MOJEKYyJdy (HUCIHMOHA TMOJjeIHAKO Cy AaKTHBHpaHa

®Kao wro je npukasaHo Ha Cavkama 3.3 M 3.4, CUTHAaNM 33 XMAPOKCUHE BOZOHWKOBE atoMe W GUCLMOHA W
FbErOBUX XaN0reHOBaHUX AEPUBATa OLITPU Cy CUHINETH, KOju 61 ce curypHo npumeTuan y “H NMR cnekTpy aa cy
oBa jeautberba HBuna npucyTHa. YBoherbe aToma X/opa y mMonekyn GpucLumoHa Mam y monekyne rerosux seh
X/JI0POBaHMX AepuBaTa He yTUYe 3HaYajHO Ha XeMMjCKa NomMepatrba 3a0CTasIvX NPOTOHA, anu je pPasNunKa 40BO/bHA
[la ce jacHO NPeno3Hajy CUrHasM NPOTOHA HECYNCTUTYUCAHOT, MOHOXN0P- U AuxnopducumoHa (Camke 3.3 1 3.4).
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XUJIPOKCWIIHUM rpynama u aeaktuBupana C=0 rpymnama 3a eneKkTpoQHuIHy CYNCTHUTYLH]Y, alH
OEH3EHOB MPCTEH KOjU HOCH METOKCH-TPYITy HEIITO BHIIE jeé aKTUBUPAH HETr0 NMPCTEH KOjU HOCH
MeTwiI-Tpyny. Kao mTo ce moxke Bujpetd Ha Commu 3.5, joHM KOjU HACTajy BE3MBAHEM
enekrpoduia y nonoxaje 2 u 4 (IXa-g, 0o1HOCHO Xa-y) UMajy 10 jeIHY PE30HAHIMOHY CTPYKTYpY
Buiie (IXy u Xjy) ox oarosapajyhux joHa HacTaJor Be3UBAWkEM elNeKTpoduia y nojaoxaje S u 7
(XTI, ogaocHO X1 1) (MpeoBnanaBame npousBojia 496 y ognocy Ha 49a nMa pasnore cTepHe
npupone). Kon nuxmopoBama yBek je 2,4- (50a) mame 3actyrubeH ofi 4,5-muxnopducnnona
(5006), anmu 506 He mpernal)yje y Mepu y kojoj MoHOXJIopductimon 496 npesnaljyje y ogHOCY Ha
mMoHoxsopduciron 49a. To HaBoaW Ha 3akibydak aa S0a Hacraje u3 49a u 496 (Bugern Cxemy
3.1), nox 506 Hactaje camo u3 496 (TOMITO IPYTrH MOHOXJIOP(MUCIIMOH KOjU OM MOrao Jia ra ja -
S-xnopductmod (umju je npexypcop joH XI) u He Hacraje). Konmku je nonmpuHOC METOKCH-TPYIIE
crabunu3anuju oAroBapajyhnx apeHujyM-joHa Haj0OJbe CBEIOYM YHICHHIA J1a Ce MpH
JMXTIOpoBamby (eTekTponnsa y3 yrpomak 4 F-mol™ enexrpuumtera) He 1061ja 1uXT0phUCIIHOH
50B. Hanme, yak 1 KaJ HOCH aTOM XJIOpa y TOJIOXKAjy 2 — MPCTEH KOjU HOCH METOKCH-TPYILY
paavje mojasiexxe Hanagy cieneher enekrpoduiia HEro OHaj KOjU HOCH MeTHI-TpyIry. Kako 500
HacTtaje (1) u3 490, jacHO je 1a XJIOop y NMoJ0Xkajy 4 JeakTUBUpA MOJI0XkKaj 2 3a mpucTyn creaeher
eJlekTpoduia y J0BOJGHO] MEPH Jla OH HCTOBPEMEHO Hala/ia | MOJIokKaj 5, a J1a XJIOp y MOJI0XKa]y

2 He eaKTHBHUpA MMOJI0ka] 4 TOMUKO Aa OU ce mapalielTHO Oj[BHjajia CYIICTUTYIIH]ja y TIOJI0XKa]jy 5.

Ta6ena 3.2. EnextpoxeMujcko xjopoBame prucunona (48) y auxiopmerany

Bpoj  Peakuuonu yc/i0Bu Pacnioena npomseona (%)

oraena (pacrBapau/heamja/F ‘mol™") 48 49a 496 50a 506 51 e

1 CH,Cly/nenonemena/2 96,0 - 4,0 - - - -

2 CH,Cl,y/nenonemena/6 - 174 59,8 2,0 158 - 5,0
3 CH,Cly/nonespena/2 30,5 9,1 564 35 <1 - <1
4 CH,Cly/nonessena/4 - 14,5 39,0 154 165 74 7,2
5 CH,Cly/nonessena/6 - 59 94 10,8 15,5 23,3 35,1
6 CH,Cly/monemena/10 - - - - - 63,5 15,8

2 Onpelena ua ocuoBy anammse 'H NMR criekrapa (Bugetn GpycHOTY 7, Ha cTpaHu 9).
% HemaeHTH(UKOBAHH IPOM3BOIH.
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1
Cuamnka 3.4. ' H NMR 3a npoToHe XUAPOKCUITHE TPYIIE PEAKIIMOHE CMECE HAKOH €JIEKTPOIHU3E Y
JTUXJIOpPMETaHY

Ha ocHoOBYy nuTepaTypHHX NoJaTaka peruoceleKTUBHOCT AUXJIOPOBama (PUCIIMOHA MOXKeE
Ja ce o0jacHM M KWMHETHYKMM mapameTpuma. Hamme, HaheHo je na je koHcCTaHTa Op3uHE
XJIopoBama 4-xj10pdeHona y HEyTpaJHUM M KHCEIMM CpeAnHama 3HaTHO Beha ox KoHcTaHTe
Op3uHe xyopoBama camor ¢enona [241]. OBo cienu U3 MeXaHH3Ma XJIOpOBama (eHona y
HEYTPaJIHO] CpeAWMHHM TIpeMa KoMe Hykieohmn Koju 3amcra CTylma Yy peakuujy ca
(enexTpodmITHUM) XJIOPOM HHje HEYTpaTHU MoJiekya Beh onrorapajyhu denonaram adjon. Kako
Cy XJIOpoBaHHM (EHOJIM jade KHUCeNImHE OJ] (DeHOIa, KOHIICHTpamuja ¢eHoyiiaTa Koju HacTaje
JIUCOLIMjallijOM XHUJPOKCUIIHE Tpyme ca Beh XJIOpOBaHOT NpCTEHa je BWINA, ITO ojpehyje
peruocenektuBHOCT. Ha npumep, monuxyiopoBanu (peHONIN HACcTajy U Kaj ce Ha (eHou aenyje ca

Mame O] jeTHOT eKBHBaJIeHTa xjopa [241].



C

OH O OH
(e}
X,

OH O OH

Cl (6]
Xa

OH O OH
(6] Cl
Xin

OH O OH
O
Xil,

Cl

OH O OH
(6]
IXg

OH O OH

Cl (e}
Xs

OH O OH
(e} Cl
Xlg

OH O OH
(e}
Xilg

C

OH O OH
O
Xg
OH O OH
Cl O
Xs
OH O OH
O Cl
Xlg
OH O OH
(e}
Xil

OH O OH OH O OH
ci c
o o
®
o) o)
X, IXg
®
OH O OH OH O OH
o e
a0 ® & 0
X X
OH O OH
o <
XIr
®
OH O OH
o
o)
Xilp

Camuka 3.5. Pe3oHaHTHE CTPYKTYpe o/roBapajyhux apeHyjym KaTjoHa HACTAINX HAKOH €JIEKTPO(HMITHOT HaIasa ,,I03UTHBHUX XJIOPHUIHUX

BpCTa Ha MoJieKyJ ¢uciona (48)
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Pesynraru n00MjeHH TOKOM OBHX HUCTpaKHMBamba 3HATHO C€ PA3NIMKY]y Y TOTIEAY
PETHOCENEeKTUBHOCTH OJ] OHUX Koju cy CapieHT W capagHUIM 00jaBWIM 3a XJIOPOBAHE
¢uctmona kiacMuHUM TOCTynkoM [236]. Ilpema BHUXOBOM paay, TpeTHpameM (UCIHOHA
pactBopoM xJiopa y xsuopodopmy y moisckom ogHocy 48/ Cly=1:1 nobuja ce 496 kao
jenrHU TIpon3BoA y npuHocy oa 88%. Mako cy peaknuoHH yCIIOBH 33 MOHOXJIOPOBAKE KOje
Cy ayTOpH OIMCAJIM HEILTO APYrayuju o]l OHUX I0Jl KOJUMa j&é MOHOXJIOPOBAKE CHPOBEIECHO
TOKOM OBHMX HCTPaKHBamba, OBOJHMKA pa3iMKa y PErHOCEIeKTMBHOCTH MOHOXJIOPOBaa
npencraBba u3HeHaheme. Tpeba HarmacuTu Ja je y TIOMEHYTOM pajy jenumeme 490
M30JI0BAHO PEKpHCTAIM3AMjoM (M3 CMece pacTBapada MeTaHojd/xiopodopm) [236], ma je
HemTo ¢parunuHa (49a) MOKIa 320CTaI0 y MAaTHYHOM PacTBOPY, IITO j€ ayTOPHMa MOTJIO Ja
npomakHe. Ho, n mopen Tora, mopa ce pehu na je ,,KIIacHYHO MOHOXJIOPOBamE™ HELITO
edukacHuje ofl (OB/ie OMUCAHOT) EIEKTPOXEMHU]JCKOT Y TIOTJIely IPUHOCA jeubemha 490.

MebhyTum, NperHOCTH eNeKTPOXEMHJCKOI XaloreHoBama orienajy ce y kpahem
BpEMeHy peakiyje (KJIaCHYHO XJIOPOBame OKO Tojia rpaMa cylcTpara Tpaje 18 vacosa),
3HaTHO Oe30e/HMjeM U jeTHOCTaBHHUjeM H3Bohemy (3a KIaCHYHO XallOpOBAkE HEOMXOAHO je
NpaBJbEHE PACTBOpPA TO3HATE KOHIIEHTpAIMj€ TAaCOBUTOT XJiopa y XJIOpohopMy HWIH
Kopumrheme xyopa u3 0oma Mmoja MPUTUCKOM) U CTOIIOCTOTHOM ,,aTOMCKOM HCKOpHIIhemy
XJIOpa y peakuuju (Ko KJIaCHYHOT XJIOPOBakha caMo jeJjaH O]l ABa aTOMa U3 MOJIEKyJIa XJIopa
yJla3u y cacTaB KOHAYHOT MPOM3BOA, a KOJ €IeKTPOXEMHjCKOT HACTAIN XJIOPHJ C€ TIOHOBO

OKCHJTyj€ JI0 XJIOpa).

3.2 CuHre3a (£)-KypKyMeHCKOr eTpa (52)

Kypkymencku etap (52) je uzonoBan u3 OusbHe Bpcete Thuja orientalis [242, 243] xao
(R)-(+)-enanTHOMED U JIO caja je 00jaBJbeHa CaMO jeIHa KerOBa CHHTE3a Y ONTHYKHU YUCTOM
CTamy: y MOAyXBary oOJf TpUHaecT Kopaka (ykJpydyjyhu pasznarame parneMmMcke cmece
UHTEpMEIjapHe KapOOKCHITHE KUCEITMHE) OCTBAPEH j€ YKyIaH MpuHOC o1 cBera 3% [244]. C
JpyTe CTpaHe, MOCTOje YETHPH CAOIIITEeHa O CHHTE3U parieMcke cmece (£)-52 [245-248], mpu
yeMy mpBy [245] aytopu npyre HHUCY MOriu jaa moHoBe [246]. Y naBe cienmehe cuHTE3e
KJbYYHH HHTEpMeaujepu Omnu cy 2-metun-6-(4-metundennn)xentan-2,6-quon [246] u 3-
(dhennntuo-2-metun-6-(4-merundenun)xent-6-eH-2-on  [247], koju cy mOA J€jCTBOM
HCOOH, ognocno CF3;COOH pmanu >xesbeHu erapcku ckener. HajHoBuja cunTesa (+)-52
OCTBapeHa je y JeBeT CTyIheBa y3 YKylHaH IpuHoc of 7%, a y KJbydHOM Kopaky oOyxBaTa

uHTpamouekyicky XekoBy (Heck) peakuujy [248].
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JlepuBaty TerpaxuaponupaHa (Kao IITo je erap 52), u Kaja ce u3y3my (MUPaHO3HU)
YyIJbEHH XUAPATH, BEOMa Cy 3acTyIUbeHH y mpuponau. [loctoju cramHo mMHTEpecoBame 3a
CHHTE3y OBHX jeHIbEHa, U3Mely OCTalor W 3aTo MTO OpOjHH MPUPOIHHU MPOU3BOIU UHja
CTPYKTypa o0yXBaTa OBaj NHMKJIMYHH €Tap IIOKa3yjy aHTHOAKTepHjCKy, aHTU(YTaIHY,
AHTUBUPYCHY, HEYPOTOKCHYHY M ILHUTOTOKCUYHY aKTUBHOCT [249-252]. ¥V TOoM uuiby,
pa3BHjeHO je MHOTO CHHTETHYKHX IOCTyNakKa, a Mel)y mHMa 3Ha4ajHO MECTO 3ay3UMajy
WHTPaMOJICKYJICKE IHMKJIM3anuje onaroBapajyhux HezacmheHHMX ankoxona ca IOJCCHUM
pacrojameM n3Mely aBejy ¢pyHKIMOHATHUX Tpymna. OBa MMKIN3aIHja OCTBApyje ce €jCTBOM
pa3IMYUTUX ENEKTPOPIITHUX peareHaca, KakBU Cy €JIeKTPO(HIHHM CEIeHCKH peareHcH, Ipe
cera (enmicenenmwi-xanorenuan. Opx  npBe  QeHmncenenoerepupukanyje momohy
hermncenenmwi-xnopuaa (u3Benene 1977.) [253] mo kpaja mpommior Beka 00jaBJBEHO je
MHOIITBO pajioBa O NPUMEHM T€ pPEaKLuje y CHUHTE3H, HAPOUUTO y CHUHTE3U MPUPOJHUX
MPOM3BO/IA, IITO j€ CUCTEMATU30BaHO Y HEKOJIMKO U3BAHPETHUX PEBUjATHUX WiaHaka [254-257].

Vnora eHunceneHuI-XaloreHu1a y OBUM IMKJIM3alljaMa 3aCHUBA Ce Ha pEeaKIHju
(heHMIICETIEHUII-KATjOHA ca JBOTYOOM BE30M, KoOja Jlaje emHMCeIeHOHU]yM-KaTjoH TOJUI0XKaH
MHTPAMOJIEKYJICKOM HYKJICO(QIIHOM Hamagy XHIPOKCHIIHOT KHCEOHHKAa, Kao IITO je
npukazano Ha Cxemu 3.2. U mopex Tora mTo TOKCHYHOCT (DEHMIICEIEHUII-XAJIOTEHUIa HE
cMe aa ce 3a0opaBH, OBa peakiMja je CTEKJIa BEJIWKY MOMyJapHOCT 300T BeoMa Oyarux
PEaKIIMOHMX YCJIOBa IMOJI KOjUMa Ce M3BOJIH, 300T BHCOKE XEMO- H PErHOCEICKTHBHOCTH, Kao
1 300T TOTa IITO CEJICH MOKE JIAKO Ja C€ YKJIOHH U3 T0OWjeHOT MOJIEKyJa HAaKOH 3aBpIICHE
nukau3anyje (peayKnujoM (XuaporeHonuzoMm) momohy Ra-Ni WM OKCHIATUBHUM ITyTEM,

nomohy H,O,, mpu uemy ce rpagu C=C Be3a) [254-257].
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6-endo R
> N
No” R
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R R _OH PhSe Se |
BN WoX
R R
PhSe_ R ( \
lNeHT-4-eH-1-0nm EnuceneHoHujym- — NN e
KaTjoH 5-6x0 0

Cxema 3.2. [luxnoerepudukainmja mpeko CeleHUI-KaTjoHa
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JlBa Tuma He3acuheHuX ajKoxojla MOTy Ja Ce€ KOpPHCTE 3a CHHTE3e JepuBara
TeTpaxuaponupana - S-ankes-1-onu u 4-anken-1-omu (Cxema 3.2). IlpBu mory na rpane
caMoO TETPaxHIPONHPAHCKE eTpe, a APYTH, y 3aBHCHOCTH O onpeheHuX CTPyKTYpHHX
YUHHUOLIA, MOTY Jia Tpaje W TeTpaxuAponupaHe u terpaxuapodypane. Ilomro ce peakuuja
oBHja mpeMa MapKOBHHUKOBJHEBOM MPABHITY, MPHWIMKOM IUIaHWpamha CHUHTE3€ [UKIMYHUX
erapa Tpeba MMaTH y BUJY €JIEKTPOHCKY M CTEpHY HpPUPOAY OJIe(UHCKOI CHUCTEMA, Kao U

MPHUPOTy KapOWHOIHOT YTIJLEHHKOBOT atoma [254-260].

OH OH
NS 7
54a 56a
ﬂPtha PhS((eJa ﬂ
PhSe SePh
O S O
£ NN
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53a o) 55a
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PhSe SePh
O O

(£)-KypkymeHckn eTtap (52)

cis-/trans-53 55
UPtha Ptha M

OH OH
54 56

Ptha — Ph28e2/Bre/aHona I

Cxema 3.3. CunTteTnuku nyT (£)-KypKyMeHcKor erpa (52)
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Crnenehn mocraBibeHE LMJBEBE OBE JUCEpTallMje, CHHTE3a KypKyMEHCKOI eTpa 52
CMHIIUBCHA je TaKO Ja C€ MPBO HAMpPaBH jelaH WM BUIIE He3aCHNEHHWX alKOXOJia KOjH
caJpXe jelaH O] OBa JBa AaJlKCHOJICKA CHCTEMa, INTO OW, y KJbydHO] (pa3u CHHTE3E,
oMOTryhHIIO HHTPAMOJIEKYJICKY IUKIIM3AIH]y 0T ISjCTBOM (peHMIICeIeHWI-KaTjoHa. Kao mTo
je Beh moMeHyTo, OBaj KaTjoH ce OOMYHO TeHepuIle u3 (EeHUIICSICHII-XJIOTCHI A, ajli j© 3a
OBa MCTpakuBama oJabpaHo (Mely cHHTeTHYapHMa Mame IOIYJIapHO) ENEKTPOXEMH]CKO
reHepucame U3 Mamke arpecuBHOT, jepTHHHjET W peareHca KOjUM ce 3HATHO JIAKIIE PyKyje —
mudpenmn-guceneauaa (CsHsSeSeCeHs; Ph,ySe,) [258-260].

PerpocunTernuka anammza (Cxema 3.3) mokasana je Ja MOCTOje YeTHpW He3acuheHa
ankoxona (54, 54a, 56 u 56a) Koju MHTPAMOJIEKYJICKOM IMKJIA3ALUjOM IO JEjCTBOM
(heHMIICETICHMII-KaTjoHa MOTY (T€OpHjCKH) Jla najy oxarosapajyhe B-denumncenenunerpe (53,
53a, 55 u 55a), unja 6u xugporeHonmza Aana (+)-52. Ankenonu 54 u 56 caapxe anka-5-eH-
l-oncke cucreme, ma MOry JAa Ipaje camMo TETpaxHIpONHMpaHCKe eTpe U, peKio Ou ce,
noJijeTHaK0 Cy JA00pHM Kao KIJbYYHHM HMHTEepMeaujepu 3a oBy cuHTedy. C npyre crpase,
ankeHonu 54a u 56a canpke ank-4-eH-1-oJicke cucTeMe, a paHHja UCKYCTBa, CTEUEHa y OBOj
obmactn 'y HamumMm Jaboparopujama, TOKa3ajla Cy Ja C€ HHTPaMOJEKyJcKa
(enmnceneHoeTepupuKanrja TEPUUjapHUX aJKOXO0Ja Ca OBUM CHCTEMOM HE ojaBHja (U3
CTepHHX pazjora) mo MapKOBHHKOBOM IpaBHIIY, Ma Jaje CMece TETPaXHUIPONUPAHCKUX H
teTpaxunapodypanckux erapa [260]. 3aTo cy 3a najbe IUTaHWpame CuHTe3e (+)-52 omabpanHu

AJIKOX0JI 54 u 56.

3.2.1 Cwunre3a (£)-52 u3 6-meTunji-2-(4-metuwindenunn)xent-6-eu-2-o1a (54)

CunTesy anmkoxonia 54 HHUje TEIIKO HCIUIAHUPATH, TOMITO CE€ OH MOXe J0OHUTH
I'pumapoBom (Grignard) peakmujom Ha ABa jeJHOCTaBHA HAa4yMHA, TMonazehw o1 jeaumema

KOja Cy WJIM TPTOBAYKH JOCTYIIHA WM CE€ JIaKO MOTy cuHTeTucatu: u3 (i) 4-mermnanerode-

OH

\

58 59 54

Cxema 3.4. Cunresa ankoxoia 54
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HOHA U (4-MEeTWIIIIEHT-4-eHIT)MarHe3njyM-xajaoreauia u (if) 6-merunxent-6-eH-2-oHa (57) u
Pp-TONWIMAarHe3njyM-xajoreauaa. Jpyru HauuH je, OYHIIIEHO, MPHUBIAYHUjH, TIOMITO Cy U
KEeTOH 57 W p-JOATONyeH TProBaukd JOCTYNAaHHW, Ma je Taj myT u omabpaH. Peakuwmja je
W3BeJIeHa MpeMa OMUCaHo] mpoueaypu [261], Tako mwTo je y pactBop ['pumapoBor peareHca,
JNOOMjeHOr W3 MarHe3ujymMa W p-jOATONyeHa Y CYBOM €TpY, NMaXXKJbMBO YKamaH KeToH 57
(Cxema 3.4). 6-Metun-2-p-tonuixent-6-eH-2-o1-1 (54) je nobujen y npunocy ox 75%.

Kibyuna dasza cunTe3e (£)-kypkymenckor etpa (52), oaHocHO QopMmupama
XETEPOIMKINYHOT CKelleTa OBOT jeNbCHha, U3BEICHA je TaKO IITO je pacTBOp amkoxosa 54,
mudenmt-gucenenuna u LiBr y MeCN (54/Ph,Se; = 1:0,5) moaBprHyT enexkTposm3u mpu
KOHCTaHTHO] jaunHU cTpyje (100 mA) (Cxema 3.5). Peakuuja je m3BeneHa y HENOIEIbEHO]
eleKTpoauTHIKo] henuju, kopucrtehu rpadut kao aHogy W Oakap Kao KaToIy, a HAKOH
yoOuuajeHe oOpage W Xpomatorpad)CKor ofjBajamba HEIITO HEW3pearoBaHor AvQeHHII-
mucenenuaa (Ha cryoy  SiO,; xekcan/CH,Cl, 1:1 (v/v)) nmobujena je cmeca
nuactepeon3oMeHux B-denmicenenunerapa cis-53 u trans-53, y ykynaom npunocy ox 61%
U y NpUOIMKHO WCTUM KONWYMHAMA (TauHuje, cis-53/trans-53 =1:1,9, mro je onmpeheHo
anamsoM 'H-NMR CIIEKTpa cMece).

o Ph,Se; ‘PhSe Ra-Ni

rpacdouTHa aHop,a' O O

54 cis-/trans-53 (£)-52

Cxema 3.5. CunTesa (+)-KypKyMeHCKOT eTpa (52) u3 ankoxosna 54

JlBa eTtpa cy pasasojeHa ctyOHOM Xxpomarorpadujom (SiO,; xekcan/CH,Cl, =2:1
(v/v)) 3a motpebe CIEKTPOCKOIICKE KapaKTepu3alldje, ajdd JUacTePEOCEICKTHBHOCT OBE
peakuyje Hema yTHIlaja Ha KOHAaYHM CTEPEOXEMMJCKM HCXOJ CHHTe3e eTpa 52, MoumTo ce
XUPATHOCT  YIJbEHUKOBOI aToMa Koju Hocu ((eHusceneHWn)MeTHI-Tpyny Tyou
XUJIPOT€HOJN30M, Ma o0a IuacTpeou3oMepa 1ajy HCTH NMPOU3BOA. 3aTO je cMeca HaKOH
U3/Bajarba HEU3pEearoBaHOr  AM(EHWI-AuCeNeHHIa MOJIBPTHYTAa  XHAPOTEHOJIH3H Y
NPOTOYHOM peakTopy (y KOMe ce BOAOHHK T€HEpHIIe eIeKTpoin3oM Boae; ThalesNano H-

cube™) y3 Ra-Ni kao xarammsarop (enr. Ra-Ni cartridge). (+)-Kypkymencku erap (52)
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no0HjeH je y nmpuHocy o1 95%, uian y yKyImHOM IPUHOCY Y OJHOCY Ha HajCKYIUUbH PEaKTaHT -

Heszacuhenn xetoH 57 - ox 43%.

3.2.2 Cwunre3a (£)-52 u3 2-meTnji-6-(4-metuienunn)xent-6-en-2-oJ1a (56)

Kao mTo je perpocuHTeTHUKA aHAM3a (+)-KypKyMeHCKor eTpa (52) moka3zana (Cxema
3.3), 2-merun-6-(4-metundenun)xent-6-eH-2-on (56) je, Takohe, moaecaH 3a CHHTE3Y
onroBapajyher [-deHumnceneHuieTpa KOjU XHAPOTEHOIU3OM Jiaje  IMJBHH  MOJICKYJI.
MeljyTum, cHTE3a OBOT' AJIKEHOJA HUje TaKO jeJHOCTaBHA Ka0 CHHTE3a ajKeHoJa 54, Mmoo
onropapajyhu keToHM W/unm XallOTeHUIW TMOTpeOHW 3a nobujame ['pumapoBor peareHca
HHUCY JIaKO JOCTYIHH: TPrOBAaYKH Cy HEJOCTYIHH O-p-TONMIXENT-6-eH-2-0H (Koju Om
pEeaKknmjoM ca METWIMAarHe3ujyM-jonuaoM mao S56) u 4-p-tommnmeH-4-eHwiopomMun (Wiu
KakaB JPYrd XaJIOTCHHI, M3 KOjux Om ce no0uo oaroBapajyhm I'pumapoB peareHc 3a
peakuujy ca alueToHoM U cuHTe3y 56). Ilocne nperpare nurepaTypHHUX nojaTaka ypahena je
PETPOCHHTETHYKA aHAIM3a alkeHona 56, koja je mpukazana Ha Cxemu 3.4 u BoaM 0 S5-p-
TOJINJI-5-0KCconeHTancke kucenuHe (61), jennmema Koje Huje KOMEPIMjaTHO JOCTYITHO, alu

je omucaHo y nuteparypu [262, 263]. Kibyuna (aza oBe cuHTE3e je yBOhCHE METHIICHCKE

OEt ) OR
OH O O
MeMgX Ph3P=CH
56 60

61R=H
62 R= Et

Cxema 3.6. PeTpocuHTeTHYKA aHATM3a amKeHOIa 56

rpyne Buturosom (Wittig) peakuujom eTui-ecTpa OBE€ KETOKHCEIMHE M METHIIHJICH-
tpuderundpochopana, Tako 1a ce T00Hja ETUI-eCTap S-p-TONMITXEKC-S-eHCKe kucenune (60),
Koju ['pumbapoBOM peakirjoM ca JiBa MOJ-€KBHUBAJICHTA METHIMArHe3WjyM-joAua MOXKe Ja
Harpaam ankeHon 56 (Cxema 3.6).

Cunresa je 3amouera Ppunen-Kpadrcosum (Friedel-Crafts) anmnoBamem Tomyena
(63) ca axuapuaoM nirytapHe kucennHe (64; Cxema 3.7) [262, 263], Tako na je go0ujeHa

kerokucenmnHa 61 (80%), koja je ecrepupuroBaHa eTaHOIOM (y TMPUCYCTBY KaTaTUTHUKUX
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HO 0]
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63 64 61
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> —_—
rpacputHa aHoga (@) (@)
55 (x)-52

Cxema 3.7. CunTesa (+)-KypKyMEHCKOT eTpa 3aCHOBaHa Ha aJKeHOIy 56

KOJIMYWHA p-TyJIyeHCYIPOoHCKe Kucenune [264]), najyhn keroectap 62 (98%). M3 xeroectpa
62 noOujeH je ButuroBom peakiujoMm [265] eTwi-ectap S5-p-TONMIXEKC-5-CHCKE KHUCEITMHE
(60) y mpunocy ox 93%, u3 kora je, y cienehem xopaky, [ pumapeBoM peaknujoM 100ujeH
ankoxos 56 (y mpunocy ox 89%). lLluknoerepudukanuja oBor ainkeHoda (MOA HCTUM
yCJIOBMMA Kao | Yy clly4dajy cyncrpata 54) nobuja ce B-denuncenenunerap 55 y npuHocy oj
59%. Ha kpajy, penykmnujoM 55 Ha Raney-Ni nobuja ce MUIBHO jeUbBCHE, ()-KypKYMEHCKH
etap (52), y npunocy ox 92%. IIpema Tome, ykynan npuHoc (+)-52 y ogHOCY Ha aHXUAPU

rirytapae kucenuse je 35%.

3.2.3 MexaHu3aMm ejleKTpoXeMHjcKe (peHuJIce/ieHoeTepuuKanuje

Beh ayro je mo3nato ma 6pom j1ako pearyje ca qud)eHUNI-auceneHuoMm [266] najyhu
(beHunceneHUI-0poOMIT — U3BAHPEIHO EIEKTPO(UIIHN peareHc Koju BeoMa JIaKo pearyje ca
onedunnma. Anuiuja GpeHuIceIeHII-XaJoreHn1a Ha oJieuHe 3aCHUBA C€ Ha WHTEPAKIIHjH
(heHMIICETICHUII-KaTjOHa (PhSe®) ca T-eJeKTPOHCKUM 00JIaKOM JABOTYOE Be3€ U Ka0 MPOU3BOJ

naje 2-penwmicenenunankui-xanorenunae (Cxema 3.8). Melhytum, kam ce y peakiMOHO]
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Cxema 3.8. Peakuuja eHniceneHmi-xajaorenyaa ca onepuHuma

CpPEeIIMHU HaJla3u W HEKH HYKJICO(pWI, OHJ]a CE YMECTO XalloreHa Be3yje Taj HyKICO(HII, T
peaKnujy YMHH CHHTETUYKH BEOMa KOPHUCHOM, HAapOUYMTO 3aTO INTO j€ MPUCYCTBO MHOTHX
(YyHKIMOHATHUX Tpyma He omeTa. TeopHjckH, OBa peakndja KOJ HECHMETPHYHO
CYIICTHTYHCAaHUX oOJeHHAa MOXE JaTh IBa peruonzomepa (MPEKO JBa EHHCEICHOHH]jyM-
kaTjoHa Cxema 3.8), anm peakuuja ctporo ciead MapKOBHHKOBJ/BEBO INPAaBUIIO, A CE Ha
OCHOBY TIPHpOJAE CYICTUTyeHaTa M KOHQHrypauuje oyiepuHa J1aKO MOXKE MNpPEeABUACTH

CTEPEOXEMU]CKH UCXOJ peakiuje [254-257].

aHoga

R1
2 PhSe
54 unu 56 Sle
Ph

X1
53 1 54: R' = Me; R? = p-Me-CgHj; 55 1 56: R' = p-Me-CgHy; R? = Me M“M

Cxema 3.9. MexaHn3aM eeKTpoxeMujcke GpeHmIceneHoeTepuduKanmje amkenoaa 54 u 56
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OdenunceneHoeTepuprkanyja ankeHona 54 u 56 omuwcaHa y OBOM paay MOXe ce
CBPCTaTH y KJAcCHYHE EJEKTPOOPraHCKE CHHTE3E€ ca MEAMjaTOpOM, a KIbYYHH
eIIEKTPOXEMUjCKH foral)aj oJBHja ce Ha aHOAHW, TZe ce OpoMHIu OKCcHIyjy mo Opoma. Kao
HITO je TOpe OMUCAaHO, OPOM M MPHUCYTHU AU(DEHIII-TUCETICHHUT Tpajie (PEeHUIICEIeHI-OpOMUI,
Koju ca ankeHoimMa 54 m 56 maje oxromsapajyhe enuceneHonujym-jone XIII u 6pomugHN
a”jon (Cxema 3.9). bpoMuiHM aHjoOH ce Ha aHOJIM TTOHOBO OKCHJYje 10 OpoMa U Tako 00aBiba
yiory menujaropa. XuapokcuiaHu kuceoHuk karjoHa XIII koHpopManuoHO je J0BOJEHO
O65u3y 1a U3BPLIM HYKJICO(UIHN HamaJl Ha MO3UTHBHU IIEHTAp, MPEKO ONMKET yIJbeHHKOBOT
atoma, najyhm oxconujyMm-jon XIV, umje nenpoToHOBame aje Kpajibl IMPOU3BOJI OBE

muKim3anyje — B-penmicenenmnerap (53 wm 55).

3.3 AHOJHO reHepucame HMPKOHHjYMOBHX KaTaju3aropa 3a ®epujeoBo

npeMemTame U XeTepo-MajKJI0BY peakiujy

Kan ce cmunupa (M mpeiaxe) HEKM HOBH KaTaIMTHYKH CHCTEM, IPBH KOpaK jecTe
NpOIeHA FHETOBHX IPEIHOCTH M HEJOCTaTKa y OJHOcy Ha moctojehe, y3mmajyhm kao
napaMeTpe 3a Ty NMPOIeHy NMPUHOCE MPOU3BO/A, PEAKIIMOHO BPEME, jeIHOCTABHOCT M3BOhema
peakiyje, IieHy ¥ Jakohy Impunpeme Karaausaropa, 3araljeme KHUBOTHE cpefuHe, MoryhHocTt
pereHepanuje karanuzatopa utra. Heoprancka nupkoHujymoBa jeaumema (ZrQ,, ZrCly,
ZrOCl, u npyra), Koja cy YIJIaBHOM KOMEPLHMjaJIHO JOCTYIHAa WM Cy A00OpO OMHCaHa y
JHUTEpPATypPH, KOPUCTE CE Ka0 KaTaln3aTopu OPOJHUX OPraHCKMX CHHTETHYKHX peakiiyja, Kao
mro cy @punen-KpadrcoBo ammmoBame [267], Dpucoo (Fries) mpememrame [268],
penykiyje HaTpyjyM-0opxuapuaom [269-272], BUIIIEKOMIOHEHTHE KOH/E3alHj€ 3a J0OHjamke
quxuaponupuMuauHona [273] wu  B-apun-fB-mepkantokerona [274], ecrtepudukamnmja
anudaTuyHUX KapOOKCHIIHUX KHCENMHA Jyror maHma ankoxonmma [275], ITlexmaHoBa
(Pechmann) peakumja [276] u utn. [277-279]. Tako muMpoKy NMPUMEHY OBa jeIUCHA CY
Hamuta 300r OJ/UIMKa Kao INTO Cy BUCOKA KATAIWTHYKAa AaKTUBHOCT, BHCOKA CTAOMIIHOCT,
Jakoha KOjoM ce luMa pyKyje U HUCKa TOKCHYHOCT. Mimajyhu oBo y BHIy, Ka0 M HCKYCTBO y
€JICKTPOXEMHU]CKOM TeHepHUcamy enekTpodmaux pearenaca [240, 260] u katanusaropa [280,
281] credeno y HammM JjaboparopHjama, OJIy4€HO je Ja ce M3yde MOryhHocTH in situ
reHeprcama [IMPKOHHjYMOBHX jeIUbEHba Ca aHOJIe O OBOT MeTala, Koja O MOCIyKuiIa Kao
KaTaJM3aTOPHU 32 HEKYy CHHTETHYKY peakiujy. OmabpaHe cy IBE BeoMa I03HATE M BaKHE
CUHTETHUKE peakiuje - DeprjeoBo MpeMelTame 1 KOHjyroBaHa a/iulldja aMHHA U THOJIA Ha

eHOHe (XeTepo-MajkiioBa amuimja), 3aTO MTO Cy IMPKOHUjyMOBA jeAUI-EHha MHTEH3UBHO
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KopuitheHa Kao KaTalu3aToOpH U OBUX pekaruja [282-292]. Yemex Ha 0BOM MOJbYy, MehyTum,
He OuM OWO BakaH camo y Torieny NoOoJblllaka CHHTE3E¢ TPH TPYIE jeAWBCHa Koje ce
no0ujajy oBuM peaknujama (3amrtuhenn 2-He3acnheHu TIUKO3UIN, OJHOCHO B-KeTocynduam
n [-keroamuHu), Beh Ou wmmana 3HaTHO wWUpH 3Haudaj. Hawmme, kan rox je moTpeOHO
MOCTETICHO J03UPamke HEKOT YBPCTOT PearcHca y peakiMoHy cMecy (ColM HeKOr MeTana, Ha
npumep), MojaBJbyjy c€ TEXHUYKU MPOOJIEeMHU Kao HITO Cy paBHOMEPHOCT J0/aBama, NoTpeda
Jla Ce peaKkIMOHM CyJ OTBapa y TOKY peaknuje (M Tako peakIoHa cMeca H3Jaxke
atmocepu), uznarame arMocdepu came CYICTaHIle Koja ce Jojaje WUTA. 3aTo je pa3Boj
METO/Ia 3a TOCTENEHO JI0/IaBalbeé METAHUX COJH y PEaKIHOHY CMECy BeOoMa KOPHCTaH 3a
OpraHcKy cuHTe3y. | eHepucame coln ca aHO/Ie HEKOT MeTajla MPeCTaBJba UaealaH HaduH 3a
MOCTETICHO J03Upamhe THUX [CIUBCHA, jep ¢ y TOTIYHOCTH H30eraBajy CBH IIPOOIeMH
HaBeJIeHH rope: HeMa noTpede Ja ce peaklMoHu CyJl oTBapa (1a ce HM peakloHa cMeca HU
Jofiata co He u3iaxy armochopu), a Op3uHa J10/1aBamba M KOJMYUHA COJIM KOHTPOJIMLILY ce
jETHOCTaBHO KOHTPOJIOM jauMHE CTpPYje M MPOTEKIIOT BPEMEHa eJIeKTpoiin3e (Tj. KOTHUYUHOM
YTPOIIICHOT EJIEKTPUITUTETA).

OepujeoBo mpememrame [293] mpencTaBiba  HAjIAKIIA  HAYMH 32 CHHTE3Y
2-ne3zacuhennx nepuBara mehepa (mceymorimkana), XHpalHUX jeHBbEHa Koja cy, 300T
MoryhHOCTH fda TIO[JIeTHY OpojHMM peakiujamMa (Kao IITO Cy XHAPOKCHIaIyja,
XHIPOTEHU3aIMja, E€MOKCHAAlNja, aMUHOXHIPOKCUIIAIMja, O30HOJHM3a M Jpyre), Beoma
[IEHCHU UHTEPMEIUjepH Y opranckoj cuaTe3n. C mpyre crpaHe XxeTepo-MajkiioBa aguiyja je
MUPOKO KopuiiheHa peakiyja y OPraHCKOj CHHTE3HW, jep TMpeAcTaBiba jellaH O]
HajeMKacCHUjUX HauWHa 3a Tpahjeme HOBe Be3e yribeHUK-xeTepoaToM [294]. 36or Tora cy,
nopes Beh HaBe/leHe YMLEHUIIE A j& KaTATUTHYKA aKTUBHOCT IIUPKOHK]YMOBUX jE/TULEHA Y
OdepujeoBoM TpeMemTamy M XeTepo-MajkiIoBOj peakiHju TO3HaTa, Te [BE PEaKIHjH
n3abpaHe 3a 0Ba UCTPAKMBAKHA.

[IpuMeHH eNeKTPOXEMHjCKUX TEXHHKA y CHHTE3H, IITO CE HAPOYUTO OJHOCH Ha OHE
KOje YKJbydyjy OHWJIO KakBa €JICKTpOAHAIMTHYKA MEpPEHa, OPraHCKH XeMUYaph HUCY
HApOYUTO CKJIOHM. JelaH o] pa3iora KOjUM ce MpaBjaajy jecTe UMECHUIA Ja OpraHcke
naboparopuje He MOCeAyjy ONpeMy HEONMXOAHY 3a To. 3aTo je MNpH IUIaHUpamky OBUX
UCTpaXUBamka YJIO0XKEH MPUINYaH HAIIOP Ja ce Pa3BHje jeTHOCTaBaH MOCTYIAK, KOju Ou Morao
Ja ce m3Bene y Omino Kojoj JabopaTtopuju, Kao IMTO je HIKE OMUCAHO U JIa, IPH TOME, Oy/ie
JIOBOJBHO epuKacaH.

HajjenqHocTaBHUjU  €NMEKTPOXEMHJCKHM EKCHEPUMEHTH KOjU C€ MpUMEBY]y Y

€JIEKTPOOPTaHCKO] CUHTE3U MPECTaBIbajy €JIEKTPOIU3€ MIPU KOHCTAHTHO] JaUUHU CTpYje, Ha
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coOHOj TeMIlepaTypy W y HEMOACJbCHO] EIEKTPOIMTHYKO] henrju. 3a oBa HCTpakKWBamba
omabpana je Oam TakBa henmja — cTakiieHa TOCyJa ca OKPYIJIMM JHOM CHa0lIeBeHa
UPKOHMjYMOBUM INTanmuheM WM CHHPAJIOM Kao aHOIOM W IUIATHHCKOM CITUPAJIOM Kao
karogoM (Cnuka 3.6). [Ipu u300py peakiimoHe CpeAWHE 3a HEKY CJIEKTPOOPTaHCKY CHHTE3Y
(pacTBapad M €IEKTPOJIUT) MOTPEOHO j& pa3sMOTPUTH YUTAB HU3 YMHHUOIIA, Y 3aBUCHOCTH OJ]

9 .
INpUupoaAcC mpoueca, a 3a rcHepucCambe KaTajan3aTopa €a paCTBOPHC HHUPKOHHWJYMOBE aHOIC,

Cnuka 3.6. Enexrponutuuka henmja 3a aHoIHO pacTBapame IUPKOHUjyMa

TO je NIe0 TUTAaHMPAaHWX HCTpPaKMBamka, HEOMXOHO je Ja ce HWcmyHe cienachm 3axteBu: (i)
pacTBOp Mopa Ja IPOBOJHU EICKTPUIHY CTPY]y, (i) peakTanTu Tpeba ma Oymy pacTBOpHHU Y
pactBapauy u (iii) UMPKOHHjYM Mopa Ja Oylne MOAJOKHUjU OKCHUAANMjU Off OWII0 KOje
KOMIIOHEHTE CHCTeMa (COJIM eNEKTPOJIWTa, OJHOCHO, MpelH3HHje, HEroBOr aHjoHA H
pactBapaya). Mako HHje TEmIKO TPHOABUTH EKCIEpUMEHTAIHE TOJaTKe Koju Ou
HEIBOCMHUCIIEHO OJITOBOPMIIN HA Tpehu 3axTeB (jeMHOCTABHUM BOJITAMETPH)jCKUM MEPEHUMA),
n300p je U3BPILIEH Ha OCHOBY OIIITENO3HATE YNHH-CHHUIIE /1A j€ TIEPXJIOPATHH aHjOH OTIIOPHHjH
Ha OKCHAAlHWjy Hero Owino koju metan. C apyre cTpaHe, alleTOHUTPWI Crafa y TPYyIy
OpraHCKHX pacTBapaya HajOTIIOPHHUjUX HA OKcUJAIU]y (Keropa aHOIHA rpaHHIa je oapeheHa
NPUPOJIOM aHjOHA €JEKTPOJIUTA); TO je ampoTHYaH pacTBapady BHCOKE IHEIEKTPUYHE
koHcTaHTe (¢ = 38), koja omoryhaBa na ce o0e30eam eNeKTPONPOBOAJBHBOCT PAacTBOpA
SNICKTPOJIUTA Y HEeMy (HEKOJMKO EJIEKTPOJIMTA pacTBapa Ce W JAUCOCYje Y alleTOHHTPUILY,
meh)y xojuma "yak m Heke Heoprancke comu). Kako je oBaj pactBapau Beh kopumheH 3a

n3Boheme DepujeoBor npememrama 1 a3a-MajkiIoBe aauirje y3 MUPKOHUjYMOBA jeIUHEHA

9, . .
Y NuTepaTypu Ha Halem je3snKy 3a OBO Ce KOPUCTM M M3pa3 “KpTeyjyha aHoAa“, Kao GyKBa/HM NpeBOA
eHrneckor uspasa “sacrificial anode”.
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kao katanmzarope [289, 291, 292], pacTBop nUTHjyM-TIepXxJiopara y aneTOHUTPUITYy n3adpaH
j€ Kao peakimoHa Cpe/InHa.

Ha ocHoBy unmeHmIe 1a ce n3abpaHe peakinje y KIaCHIHUM ITOCTYIIIMMA yTIIaBHOM
M3BOJIC Ha COOHOj Temmeparypu, kopumrhemem 10 mol% xkarammzatopa [286, 287, 292],
ONJTyYEHO je Ja ce Y OKBUPY OBHX HCTpakMBama H3BOJIE EKCIepUMEHTH ca | mmol
CyICTpata, y3 yTpolak HaenekTpucama of 0,4 F-mol”, oamocHo 1a ce reaepuinre 0,1 mmol

HEKOT jeJINhCha YeTBOPOBAICHTHOT IUpKoHUjyMa (Zr(IV)).

3.3.1 ®epujeoBa peaxkuuja

VYTIibeHU XHIpAaTH Cy HAj3aCTYIUBCHHjA jelUIbCHha Yy NPUPOAM M UMAjy IIHPOKY
NpUMEHy y MHOTHM obiacTuma xemuje u omoxemuje [295-297]. OHa cy mako JOCTyIHA Y
BEJIMKUM KOJMYMHAMA, Ta TMPEICTaBJbajy jeAHY OJ Haj3HAYajHHjUX Kjaca CHaHTHOMEPHO
YUCTHX IMOJa3HUX MaTepujaja y OpraHcKoj CHHTE3M. YTJb€HM XUApaTH, M0ceOHO
MOHOCaxapHuau, KOPUCTE c€ Kao M3BOP AaCUMETPUUYHMX LEHTapa (XUpaTHUX YIJbeHHKOBUX
aToMa KOju ce TUPEKTHO yrpal)yjy y CTPYKTypy JKeJbEHOT MPOW3BOJA) M 32 aCHUMETPHUYHY
CHHTe3y (Kao XHUpaJHM TIOMONHM pEareHCH, CTEPEOCENCKTUBHM pEareHCH, XUPaJHH
€HAHTUOCEJIEKTUBHY KaTalu3aTopu U opraHokaranmu3atopu) [298-303]. Hezacuhenn mehepu
Cy, Kao IITO je TOpe MOMEHYTO, BeoMa IICHEeHI HHTEPMEANjePH Y OPTaHCKO] CHHTE3H, IOIITO
Cy TIOJUIOXHU BEIMKOM Opojy TpancdopMmanuja [298, 299, 304-308]. 2-Hezacuhenn mehepu
(Tmceyornukanu) TpecTaBiba)y BayKHE XHWpaJHE CHHTETHUYKE OJOKOBE KOjU ce J00ujajy
QIWIHAM IIpEMEIITamkeM IJIMKalla, KaTaTu30BaHUM KHMCEIMHaMa, y MPHUCYCTBY Hykieoduia
(depujeoBo mpemernrame uian depujeosa peaknuja). Mako je peakuuja 3,4,6-tpu-O-aneTui-
D-rirykana ca 4-HutpodenonoM (mpu uemy ce noduja oxrosapajyhu mceyaorimykain) mo3HaTa
jom ox 1962. romune [309], peaknmja koja je maHac mo3Hara kao depujeoBo mpeMerTame
onucana je 1969. romunae [310]. Ilpema oBOj mporieaypu, TIUKaIU C€ JAKO TPETBapajy y
onrosapajyhe 2-nesacuhene ramko3uae y mpucyctBy Ooprpuduyopun-erepata (BFs-Et,0O)
Kao KaTaiauzaropa. MHTepecoBame 3a OBY peakuujy OJ Taaa CTalIHO pacTe, Ma ce y
JUTEpaTypy MO>Ke Hahu MHOIUTBO pajoBa KOjU OMHUCY]y Pa3HOBPCHE METAIHE U HEMETallHe
karanuzatope [293, 306, 311-313] u peakunoHe ycloBe KOjU CY YCIEHIHO MPUMEHEHH 3a
meHo m3Boheme. Kama ce 3a oBy peaknujy kopucte Jlyucose kucenune (Lewis acids, LA),
peakiyja ce oJ[BMja TaKo IITO Y MPBOM CTYMY HACTaje alllJIHA OKCOKapOeHUjyM-joH (XV,
Cruka 3.7), koju je cTabuin3oBaH ydermheM CII000HOT eJIEKTPOHCKOT Tapa SHIONUKINIHOT

KHCEOHHMKOBOT aTOMa Y PE30HAHIIH]H, TPEKO MEe30MEPHUX CTPYKTYpa XV, — XVp.
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Cauxka 3.7. depujeoBo npeMeniTame

3a wu3ydaBame IPUMEHE KaTalu3aTopa TEeHEpHCAHUX in Sifu ca PacTBOPHE
UPKOHUjyMOBe aHojie 3a depujeoBy peaknujy onabpaHa cy JBa 3amTuhena riukana - 3,4,6-
Tpu-O-aneTmii-D-raykan (65) u 6-geokcu-3,4-mu-O-anetwi-L-roykan (6-geoxcu-3,4-nu-0-
areTuiI-L-pamHan, 66) — n yerpHaecT S-Hykieodwia (THoau ¥ tTHodeHOaH 67a-ib, Cxema
3.10). HcrpaxkuBama Cy 3amodera eJIEKTPOJIM30M pacTBoOpa JUTHjyM-TIepxyiopaTa y
AlETOHUTPUITY Yy MPHUCYCTBY Thukana (65) u tnoma 67a (65/67a = 1:2), npu KOHCTAHTHO]
jaunam cTtpyje (20 mA), y HemozaesbeHoj enekTponutuykoj henuju (Crnuka 3.6). MehyTtuwm,
KpPaTKoO BpeMe HAaKOH MOYeTKa eJEeKTPOJIM3€ MOYeNH Cy Harjo Ja pacTy YKyHaH eJeKTPUYHH
HAallOH Ha eJEeKTpoJaMa M TeMIlepaTypa peakIHoHe cMmece (CKOpo A0 Kibydama), Ta
eNIeKTPOJIN3a HHUje MOorja Jia ce CHpoBeAe 10 moTpeOdHor yrpomka onx 0,4 F-mol! '
enextpuruteTa. [Ipumeheno je, Takohe, ma ce 6ucrap pacTBOp mperBapa y CyCHeH3H]y, IITO
OYUTJICTHO 3HAYM JIa CE OKCHJAIIMjOM METAJIHOT IIUPKOHUjyMa JI00Wja HEKO jeTUCHE OBOT
MeTaja HEPacTBOPHO Yy alleTOHUTPWIY, KOje TalOKEeHheM Ha aHOAM NacCHBH3Hpa OBY
eJIEKTpOoAy. 3aTO €JEeKTPUYHU OTIOp pacTe, a MOCIeAMLa Tora je MopacT YKYIHOT
eJIEKTPUYHOT HAIMOHAa M TeMmIieparype peakunoHe cmece. la 6u ce oBo uzberino, henuja je
CMEIITeHa y YyNTPa3By4yHO KyNaTWIO, Y OYEKHBamy Ja he ce Ha Taj HaYMH HMCTAIOKEHO
jenumbeme ,,0TpecaTu ca TOBPIIMHE aHOJIE U IOMEPUTH y TyOHHY pacTBOpa, rie Ou Tpedalo

Jla OIUTpa CBOjy KaTaluTHUKy yiory. Ilokasano ce ma je oBaj ,,MaHeBap‘ AEJIOTBOpaH, 1a je

Nowro je 3a peakumjy kopmwheH 1 mmol cynctpaTa 65, noTpebHo je 6uno aa ce Kpo3s pacteop nponyctn 38,3 C
enekTpuunTeTa, ga 6u ce reHepucao 0,1 mmol Zr(IV), 7j. 10 mol%.
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€JIEKTPOJIN3a YCIEIHO OKOHYaHa (XxpomaTorpadujoM Ha TaHKOM CIIOjy YTBPHEH je TOTIyHH
yTpomak cymncrpara 65). Peakmmona cmeca je jomr Heko Bpeme (30 min) 3aapxkaHa y
yITPa3By4HOM KymaTuiy, a TaHkociojHa xpomartorpaduja (TLC, ox enrneckor Thin-layer
chromatography) u '"H-NMR crekTap CHpOBE pEeakiMOHE CMece MOKa3all Cy Aa OBAKO
HacTaje cMeca Mpom3BoAa y K0joj aBa 3HayajHO mpesialyjy. XpomartorpadujoM Ha CTyOy
(Si0, — n-xekcan/etmn-anerar 9:1) m3nBojeHa je ¢pakmnuja Koja cagpkKd caMo Ta JBa
npousBoga Koju HMajy Bpio Ommcke Ry Bpeanoctu, y ymepeHoM mpuHOcy (63%).
HcnocraBuio ce na ce paau 0 CMECH JBa aHOMEpHA Iceylnorivkaia, o- u B-67a (Cxema
3.10), u na ce onu nobujajy y omHocy 0-68a/B-68a=75:25 (omnocHo 3,000). OBo je
yTBpl)EHO Ha OCHOBY JIeTaJbHE aHAIIN3E 'H-NMR CIIEKTapa CMece U 'H- u "C-NMR CIIEKTapa
(paknuja 100MjeHUX TaXKJBUBOM XpomaTtorpadujoM Ha cTyOy, Koje Cy caapKajle YUCT O-

aHoMep, OJTHOCHO CMECY y K0jOj je f-aHOMep y BEIMKOM BHUIIKY.

o O._ SR O_ SR
N - Wt / N /
AcO' - AcO' AcO'

OAc
65 67a-ro a-68a-ro [-68a-mb
///," o /I,": O SR ///," O ‘\\\SR
| Zr-kaTanusartop
+RSH - _ + _
AcO Y )) ) AcO AcO
OAc
66 67a-r 0-69a-1rb B-69a-m

a) CH2(CH2)20H3, 6) CH2COQCH3, B) CH20H20020H3, r) CSH5, .D.) CSH4-CH3-O,
) CeHs-CH3-m, e) CgHy-CH3-p, %) CgH4C(CH3)z-p, 3) CeHy-F-0, M) CeHg-F-m,
j) CGH4-F-p, K) CGH4'C|-O, 11) CGH4—CI-m, J'b) CGH4-Cl-p

Cxema 3.10. CunTesa niceygornukaia 68 u 69

OBakaB pe3ynTar MOJCTaKao je MPOIINPEHhe UCTPAKUBAaKka HAa peaklyje riiuKana 65
ca HOBUX TpUHaecT S-HykJeoduna - anudarnyauM ectpuma 676 u 678 u Tnodenonuma 68r-b
— ca IIMJbEM Jla Ce WCIUTA Jla JIW OBa peaklyja MMa OMIITH Kapakrep. Tako je HaheHo na
ectpu 670 u 678 u THOQeHONMM 68r-e 1ajy MOJ WCTUM YCIOBHMAa OjAroBapajyhe cmerie
aHOMEpHHUX Mceyaornukana 686-e vak u y BummM npuHocuMa (1 10 89%), a y ciyuajy
THO(EHOTa M THOKpPE30Jia W y3 BHIIY CEIEeKTUBHOCT (o a-68/B-68 =4,555, 1j. 82:18).
Wznenaheme je npencrasibao, mehytum, pesynrar peakuuja 4-terc-0yrunruodenona (67:x) u
2-pnyoptrodenona (673) ca OBUM INIMKAJIOM, jep Cy OHH AU CJIOXKEHE PEaKIMOHE CMeECe,

Koje ce cactoje u3 Hekonuko nmpoussoaa (TLC). Ananuzom 'H-NMR CIIEKTapa peakuOHUX
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cMeca YTBph)EHO je, Ha OCHOBY Mayie BPEJHOCTH WHTErpalia CUTHajIa OJe(UHCKUX MPOTOHA,
Jla OHE cajpe yriiaBHOM 3acuheHa jenumerma (M He ca/pke HU TOJIAa3HU TIUKal 65 Hu
OUYeKMBaHe mceynornukane 68:xk u 683). Ounrnenno, ymecro PepujeoBor mpememTama,
JIOroIWIIa ce aMija THO(EHOA, KOja TEOPHJCKH MOJXKE J1a /1a HEKOJIHMKO PEerHo-, OJHOCHO
crepeonzomepa. JleTaJbHO MpeTpakuBambe JUTEpaType MOKa3ajo je Ja je CIMYHa peakuuja
Beh ommcaHa: TNIMKalW MOAJNEXY aJWIMjU HEKUX Hykieodwuna (arkoxomna) y MPHCYCTBY
[MUPKOHHjYMOBHX jeIMbEelha Kao Kartanusaropa (o-1upkoHujyM-cyndodennndochonar-
MeTtaHdochonar y npucycrBy LiBr), npu yemy Hacrajy omrosapajyhu 2-IeOKCUTITHMKO3UIH
[289]. Mehytum, melhy mpomsBoanMa peakimje Koja je OBIe omnrcaHa HUCY HaljeHa TakBa
jemumema. GC-MS ananmsa (racHa xpomarorpaduja ca MaceHOM JETEKIHjOM) T0Ka3aja je
Jla C€ OBE CMECE CacToje YTIaBHOM O] YETUPHU JeIUbEHha KOja Y CBOjOj CTPYKTYPH CalipKe Mo
JIBE apuJI-TpyIe, LITO 3HAUM J1a Ce aJuliMja BPIIM TeK HAaKOH ITO ce PepujeoBo MpeMelITame
onurpaino (70:xk, Cxema 3.11). Mako xpomarorpadujom Ha cTyOy W3 pEakIMOHUX cCMeca
HUCMO YCHENd Ja W3/IBOjUMO YHCTa jeIUCHha OBOT THIA, MaXJbMBOM aHanmm3oMm NMR
cnekrapa (1D u 2D) peaknnonnx cMeca u ¢pakipja 100ujeHnx xpomarorpadujoM Ha cTyOy,
OHa Cy YCHENIHO WACHTH(HKOBaHA Kao MPOW3BOMM CEJIEKTHBHE aJumuje THO(hEeHOoTIa
(HyKIIeodu ce Be3yje HCKIbYUHBO 3a MOJI0kKaj 3) Ha ABOTYOY Be3y mceynoriukana. Kao Bpio
MaJlo 3aCTYIUbCHHU MTPOU3BOIU OBE PEaKIIMje Ha UCTH HAYUH CYy HICHTU(PUKOBAHA U YETUPH
(cTepeon3oMepHa) jenumbeBa Ca EHON-THOETPACKOM CTpyKTypoMm (71:K) u faBa anmwiHa
tnoketana (72:xk). Unentudukanmja (1 HUCKA 3aCTYyIUBEHOCT) OBUX jenumema (71 u 72)
HArOBECTHJIA je 00jallhehe CENeKTUBHOCTH HacTajama jequmbema 703k, Hanme, ona Hactajy
OTBapameM ITiceyorInKana (I00ujeHor y mpBoj ¢a3u peakimje) AejCTBOM ITUPKOHH]yMOBOT
KaTajau3aTopa, MPeKo allMIHOT KapOoKaTjoHa MOJUIOKHOT Hala y Hykieopuia y mojoxkaj 1 u
3 (majyhm jemumema 71 u 72). CauyHO OTBapame U 3aTBaparme MPCTEHA MCeyAO0TITHKaNIA MTPH
ycmoBuma @DepujeoBe peaknuje (Takohe y3 Bumak THodeHONa), KOje Mdaje TpPOHM3BOJIE
aHajorHe jenumemuma 70, omucaHo je y nuteparypu [314], a cmaTpa ce mga cy maie
KOJTMYHMHE BOJIC Y PEAKITMOHO] CPEMHY HEOITXOIHE 32 aJIUIIN]y THOEHOIIA.

Ocnamajyhu ce Ha oBa pa3marpama, UCTpaKUBamba Cy HACTABJbEHA Ca MIPOMEHEHOM
CTEXHOMETPH)jOM pEaKIiivje, a OHa Cy MoKa3alia Jia je HeyclieX Y CHHTE3H ICeyAorinKaia 68k u
683, y crBapm, mociequia NpUMEHEHUX peakIMOHMX yclioBa. Kam ce peakiuja usBene y
MOJICKOM OJHOCY peakrtanara 65/67 =1:1 (y3 Bumak Hykimeodmna om 5%) m kama ce
peakImoHa cMeca W3JIOKH JIGJCTBY YNTpa3BydyHuX Tamaca camo 10 MuHyTa HaKOH

€JICKTPOJIN3e, OATOBapajyhu rmceyorinKaiy 1001jajy ce y BucokuM npunocuma (Tabemna 3.3,



Tabesa 3.3. Cunresa nceynorinukania 68a-m»
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Bpoj [Ipunoc  OnHoc
ornena Hyxneodun [Iceynornukan (%)* o /Bﬁ
IECNGEN 67a o-, B-68a 70 4,000
Ao N
(0]
(0]
2 ns 676 AcoA[OijQko/ a-, B-6806 85 3,000
Ao N
o o O. S O\
3 _ 6w " Ow U pess 81 3,000
Hs 0 RN 0
AcO © S
4 Hs© 67r U @ a-, B-68r 89 3,762
AcO"
AcO © s
5 Hs@ 67n A?@D o, B-681 85 4882
AcO 0 S
6 HS@ 67h U U o, B-68) 70 3762
AcO
AcO 0 S
7w )~ 6T U Q o-, B-68e 70 4556
AcO™
O S
AcO
8 Hs@—é 67x A?()/ ©W< a-, B-68:K 73 3,167
R AcO 0 s
9 HS@ 673 U D o-, B-683 77 5250
AcO' F
F Aco O .S F
10 HS@ 67n Am 7@( o-, B-68m 70 4,882
AcO 0 S
1 HS@F 67j U Q o-, B-68] 72 3,545
AcO™ F
Cl Ao o S
12 HS@ 67k U :@ o-, p-68k 80 4882
AcO' Cl
Cl Ao O S cl
13 HS@ 67 U \©/ o, B-681 T8 4556
AcO'
AcO © S
14 ”SOC' 67 U @\ o, p-681 80 4556
AcO™ cl

¥ TIpunoc ozipeljeH y 0HOCY Ha MOIA3HHU TITyKa 65.
% Onpehen Ha ocroBy 'H NMR criexTapa.
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ormequ 8 u 9). "' Ounrnemmo je Ja Iyke u3Nnarame yJITPa3By4YHHM TajacMMa M BUIIAK
HyKJIeo(prina y HEKHUM CIlydajeBHMa Y3pOKYjy aIHIHjy OBOT Ha JBOTYOy Be3y IOOHjeHHX

ICCyAOTIMKalla npeMa Mpe€aIoKCHOM MEXAaHU3MY.

o)

AcO ( > é Zr kaTanusartop_
Ac o““

/\E(r OAc QAc

AcO P~ SR
co™

RS I/

70x 7 X 72x

Cxema 3.11. Anunuja Tnodenona 67:k Ha TICeyIoTIInKane o- U B-68xk

Hahenn peakumonu ycnoBu (MOJCKHM OJHOC peaktanara 65/67=1:1 u gejctBo
yATpa3BydyHHX Tanaca o 10 min) mpuMemeHH Cy, IOTOM, 32 peakuujy cBuX Thona (67a-B) u
tuoeHona (67r-/p) ca rimykanom 65. Jlobujenu pesynratu npukaszanu cy y Tabemm 3.3 u
MOKa3yjy /ia oBaj MOCTymak oMoryhaBa cuHTe3y Iceyaorivkaina 68a-b y BUCOKOM NPUHOCY,
y3 3HAaTHY JJOMHUHAIU]y o-aHOMepa (pocedaH oiHOC aHoMmepa je o/ff = 4,129).

ITon wucTMM peakUMOHUM yCIOBMMA, cHpoBeleHa je peakuuja DepujeoBor
npeMennTama ca 6-1eokcu-3,4-nu-0-anetun-L-rirykainoMm (3,4-nu-0-anerun-L-paMmHaiom, 66,
Cxema 3.10). lobujenu pesynraTu npukaszanu cy y TabGenu 3.4 u moka3syjy na je @epujeoBo
NpeMeITake OBOT TJIMKalda TIO0A JIEJCTBOM aHOJHO T'E€HEPHUCAHOT LHUPKOHUjYMOBOT
KaTajau3aTopa 4aK HEIITO YyCIelIHHje Hero y ciiydajy riykana 65. Haume, oaromapajyhu
nceyaorukand 69a-/b 100vjeHr Cy y HEIITO BHIIMM MPUHOCHMMA, a Peakinja jeé OCETHO
ceNieKTHBHH]ja (IIpocedaH oHoC aHoMmepa je o/f = 8,740).

Konauno, ®epujeoBa peakiyja je u3BeaeHa U y npucycry jeanor C-nHykneoduna —
amuitpuMermwicwiada 67m (Cxema 3.12). O6a riykana (65 um 66) majy oxarosapajyhe
JiepuBaTe TUXUAPONUpPaHa T3B. ,,C-TIyKo3uae™, y BHCOKUM MPUHOCKMA. VIHTepecaHTHO je na
o0a rIMKaza OBOM pPEaKIMjOM [ajy camo IO jelaH AuacTepeou3oMmep, Tj. oaroBapajyhe
,,0-aHoMmepe* (2R,3S,6R)-6-anmi-2-aneTOKCUMETHII-3,6- InXuIpo-2 H-ntupan-3-mi-anerat

(68m) u (25,3R,65)-6-anun-2-metun-3,6-auxuapo-2 H-nupan-3-un-amerat (69m).

11I'IpBM eKcnepumeHT 6unmn cy nocseheHn aHoAHOM reHepucary Zr(IV) 3a asa-Majknosy peakumjy (wTo he
6uTK onucaHo KacHuje). OBa peakumja je ycrnewHa (NOTNYHM yTPOLIAK NOMa3HOI KOHjyroBaHOr eHOHa) camo
Kafla Cy peakTaHW y OoAHOCY eHOH/amuH = 1:2 U u3narakbem peakuMoHe CMece yATPasByYHUM Tajnacuma
HaKoH enekTponnse 6ap jow 30 muHyTa. Mo MHEPUUjK, Taj NPUCTYN je NPpUMEHEeH Ha TMa-Majknosy aauumnjy
1, 0O4MrnegHo norpewHo, Ha PepnjeoBy peakumjy.
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Taoena 3.4. Cunresa riceyaoriukaina 69a-yn

Bpoj [Ipunoc  OpgnHoC
ortena Hyxneodun [ceynormukan (%) o /Bﬁ
n,, O Sao~
1 NN 67a Q a-, B-69a 77 6,692
AcO
(0]
o 1,
2w M 676 ﬁjﬁs&k o o, B-696 88 6,692
(o]
3 A em ﬁ W o, p-698 85 9,000
4 Hs@ 67r ﬁ @ a-, B-69r 78 11,50
5 HS@ 671 ﬁ;@ o-, B-691 82 1320
6 HS@ 67} U U a-, B-69h 83 15,67
7 Hs@— 67e a-, B-69e 91 6,692
8 m@—é 67k ﬁ Qﬁ a-, B-692k 79 11,50
R ’/u,
9 HS@ 673 Q ]@ o-, p-693 85 7333
AcO F
F “,, O 8 F
10 ”SO 67u ACOQ fj o, B-69u 85 4,556
,, O oS
oo ) 6] /[j Q o, B-69j 9% 5667
AcO F
Cl “,, O S
12 HS@ 67x Q D a-, B-69K 87 11,50
AcO Cl
£l n, O o8 cl
13 ”SO 67a ACOQ Tij a-, B-691 96 5,667
,,,,, 08
14w )-o r @\ o, B-69% 95 6692
AcO Cl

¥ [Ipunoc oapeljeH y 0OHOCY Ha MOJA3HH IIIyKai 66.
% Onpehen ua ocnoy 'H-NMR criekrapa.
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AcO o
' + \\Si/\/ Zr-kaTanusaTop, AcO I\
AcO™ )
| AcO' =
OAc
> o7 68Mm (83%)
//,," O ] P
Q + \\Si/\/ Zr-katanusatop,
AcO Y |
: AcO
OAc
* o7 69M (86%)

Cxema 3.12. Cunresa ,,C-rayko3uma‘

XeMmHjcka CTPYKTypa Karaju3aTopa, OJHOCHO jelHiemha (aKko je y MHUTamy camo
jeTHO jenumembe) Koje ce T'eHepullle ca IMPKOHWjyMBE aHojAe HHuje, 0 caja, yTBpheHa.
[Tomro ce y OBUM eKCHEpUMEHTMMa HE KOHTPOJIMIIE aHOJHHM MOTEHLHMjall, OKCHIAIMja
[MUPKOHWjyMa ce HajBEpOBaTHUjE OJIBHja HA HAYWH KOju 00e30el)yje HacTajame pon3Boa ca
[IUPKOHHUjYMOM Y HajCTaOMIIHU]jeM OKCHIAIMOHOM CTamy, Tj. HEKa CO Ca YeTBOPOBAJICHTHUM
nupkonrjymoM. Koja rox na je co y nuramy, a HajBepoBaTHHjE C€ Paay O UPKOHU]jYM- WIH
mpkoHmI-riepxyiopaty (Zr(ClO4)s, omaocHo ZrO(ClOs),) - peu je o JlyncoBoj KucenuHH.
3HATHO je BEpOBATHHjE Ja CE Pajd O IUPKOHWI-TIEPXJIOpaTy, jep ce peakifja WU3BOAH Y
orBopeHoM cyay (henuju), a alETOHUTPHUII ce€ He CYIIW 3a eKcliepuMeHTe (mpeuninhasa ce
camo JecTuianujoM; BuaeTH ExcrnepuMenTanHu aeo, onesbak 4.1). Ilo3naro je, Haume, na
MUPKOHUjyM-conu moasiexxy xuaponusu, a na Zr(ClO4)s eHepruyHO pearyjy ca BOJOM
rpagehu ZrO(ClOs4), [315, 316], ma ce MOXe IPETIIOCTABUTH JIa PEaKI[MOHA CPeIUHA CAAPKHI
JIOBOJHHO BOjie (BNara) 3a XUIpPOJIM3Y TaKO MajuX KOJWUYHWHA [UPKOHH]yM-Tiepxiyiopara (0,4
mmol) no uupkoHWI-mepixopara. MehyTtum, ca Tauke TiemuInTa CHHTETHYapa M HUjE
HajBOXHHjE KOja CO je y NMUTamy; HajBAKHHU]jE j& /1a je TCHEPHUCAHO jeIUHEHHe KaTATUTHIKH
JIOBOJPHO aKTHBHO U J1a oMoryhaBa yCreniHy CHHTe3Y.

AKO TIpUXBATHMO J1a je TEHEpUCAHO jeAMICH:E jeJHa O]l JBejy CONHM (IUPKOHHU]jyM-
WIM LUUPKOHWI-NEPXJOpar), HHUje TEHIKO MPEeTIOCTaBUTH MEXaHM3aM  JleloBamba
KATaIM3aTopa, Tj. MEXaHH3aM 1eie peakuuje. MMajyhu y Bumy ckimoroct jona Zr'™ u ZrO*"
Jla Tpajie MEIIOBUTE KOMIUIEKCE Ca Pa3INYUTUM KHCEOHWYHHUM JIMTAaHIUMA (XUAPOKCUIHU U
QIKOKCHIHU JOHH, BoJa, KapOokcwnatu uta.) [316, 317], kaTanuTuika aKTUBHOCT y OBHM
peaknyjamMa HajBEpOBAaTHHjE C€ OJ[BHja TaKO INTO KaTjoH (KOjU T0J) OJaKIIa HAMyIITamke

anerara (,,IOKYyH" aneTOKCU-TUTaH]) W3 aJWIHOT TOJIOKaja IiyKala MmoMaxkyhu, Tako,
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ClO4
Zr-aopa —> 4e + OsClIO—Zr—

-
o o O SR

- 67a-
J—rfe) = oL T

65 nnn 66 XVI unn XVII 68a-rm nnun 69a-r

05CIO—Zf—

O3CIO—Z|r— = Zr(ClOy4)4 nnn ZrO(ClO4),

R =H, CH,0Ac, OAc, CHg; R' = ankun, ankokcmkapboHunankun, apun; (Bugetu cxemy 3.10)

Cxema 3.14. IIperriocTaB/beHE MEXaHU3aM PEaKITHje

HacTajame oaroBapajyhux okcokapbennjym-jona XVI wim XVII kao mro mro je onucano Ha
Cxemu 3.14. Kan ce oBu joHM Harpajie — HHXOBa peakiidja ca Hykileoduimuma ojBuja ce
JaKo.

Heraspna anammza NMR (1D (lH u B C) u 2D NMR excnepuMeHTH) cleKTapa
nceyAoriaykaiga je omoryhmia KOMIUIETHY acCHTHAIMjy XEMHjCKAX TIOMepama 3a CBe
BOJIOHUKOBE U yIJbeHUKOBE aToMe (BuIeTH ExcnernManTanau neo, ofesbak 4.4.1). OxnHoc a-
u B-aHomepa je ompehen m3 'H-NMR cmekrapa peakumoHnx cmeca. CHTHAIM O- H f-
aHomepHux H-1 BomonukoBux atoma (68a-» um 69a-/b) jaBibajy ce Ha Pa3IUIUTHM
XEeMHjCKUM ToMepamuma (Ha 5,48 — 5,88 u 5,32 — 5,76 ppm) kao ayOierd TpuruieTa U
ny6usietn ntyOnera nyonera. Ha ocHOBY BpeaHoOCTH KOHCTaHTH cnipe3ama Jio ~ 3,2 Hzu Jys ~
9,5 Hz (apyra je moryha camo ako cy H-4 m H-5 y mceymo-akcujamHOM IONIOXKajy) je
3aKJBYYEHO JIa Ce 0-aHOMEpH Hajla3e y KOH(OPMAIMOHO] PaBHOTEXKH Y KOjOj j& 3aCTyIUbEHUJ!
°H; koHpopmep (Cxema 3.13). OgHOCHO, KOH(pOPMAIIHje Y paCTBOPY Cy HCTE Kao OHE KOje Cy
youeHe y KpHCTaIHHM CTpyKTypama o-68r, a-68a u o-68m (Cnuka 3.10). YV cnyuajy fB-
aHoMepa, BPEJHOCTU KOHCTAHTH clipe3ama Jis ¢y y mpoceky 7,5 Hz mto omer rosopu o
Behoj 3acTymbeHoct CHs koHMOpMepa y paBHOTGKH. XEMHjCKa MOMepama ICeyIo-
€KBaTOPHjaJTHUX aHOMEPHUX MPOTOHA KOJ| 0-aHOMEpa Cy IMOMEpPEHa Ka BUIINM BpPEIHOCTUMA
3a~ 0,1 ppm y omHOCY Ha Icey10-aKCHjaiHe J-aHOMEpHE IPOTOHE.

Hpyraunju obmuk (myaruruietHocT dt m ddd) oBux curHama motwde o pa3IUIUTHX
BPETHOCTH BHIMHAIHUX, QIWIHUX M XOMOAIMIHMX KOHCTAHTH CIIpe3ama aHOMEPHHUX
npotoHa ca H-2-4. BpenHOCTH BUIMHAIHUX KOHCTAHTH clipe3ama Ji, 32 0-aHOMEpPE Cy OKO

3,2 Hz, 1ok cy BpeIHOCTH alMJIHUX U XOMOAJIWITHUX KOHCTAHTH cripe3ama (J) 3 u J| 4) HUXKe U
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Cimka 3.8. '"H NMR CIIEKTpH TICeyIoTIHKaia 0-68/b 1 B-68/b



75

AcO
95HZ Ji2~32Hz

HHP ¢ |
HT — N9 H SAr
SAr OAc 9

OH, SHo
AcO

SAr
! é _/SAr . HH
AcO HT — N3SHH
5 | d oac O H

~1,8Hz

Ju5~75 H

OH5 5HO

Cxema 3.13. Paguotexa mmelyy °Hs u °Ho xordomepa 0-68 1 B-68 nceymornukana

o) W -
o () Lo
C-5 &:@/S\@/F
| | \Z AcO =
a-69u
Wl e
[al] [Ty o
— o3 O
L1 ] - o
o, O S F
o5 ORI
J AcO” F
|
| Ll lI l B-69m
84 80 76 72 68

f1 (ppm)
Canka 3.9. ®parmentr "C NMR criekrapa nceygoriukana o-69u u p-69u

Beoma ciuune (~ 1,7 Hz). C mpyre crpane, f-aHoMepu MoKa3yjy HELITO BUIINY BPEIHOCT 3a
XOMOAIWJIHE W alllJIHe KOHCTaHTe cipe3ama (Ji13 ~ 2,5 Hz u J14 ~ 2,0 Hz) y nopehemwy ca

BUIIMHAJIHUM KOHCTaHTaMa KyroBama (Ji» ~ 1,8 Hz). Yenen penatuBHo Manux pasnuka y
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BpPEIHOCTHMA TIOMEHYTHUX KOHCTAaHTH cIpe3ama nporoHa H-1 3a o- u [(-anomepe,
3aKJbYYHBAHE O CTEPEOXEMUjH MPOU3BO/IA CE CUTYPHHUje MOKE BPIIM HA OCHOBY BPEIHOCTH

XEMH]jCKUX MoMepama oBux atoMa (Cruka 3.8).

[

a-68/b
Cauxka 3.10. OPTEII npuka3 MOeKyJICKUX CTPYKTypa a-68r, 0-681 1 0-68/5

[MaxosuBoM — amanmmsoM  ypahema  je  acurmammja C-NMR  moxaraka
(ExciepumenTanuu aeo; Tabene 4.5 u 4.6) Ha OCHOBY KOj€ je yOUeHA MPABWJIHOCT OJHOCA
xeMmHjcka nmomepama C-5 aroma uzmel)y anomepa. YoueHo je Jia ¢y Xemujcka nomepama C-5
aToMa KoJ a-68a-7b ceprje yBek momMepeHa Ka HWXKHM BpeHocTUMa (3a ~ 7,4 ppm) Y OAHOCY

Ha BPEHOCTH OBUX cHTHana koxa B-68a-ib cepuje. Mcra npaBuinoct 3a curnane C-5 atom je
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npumeheHa u kox a-69a-1b cepuje y ogHocy Ha $-69a-1b cepujy nceyaornukana (~ 7,8 ppm)
(Cauka 3.9). Ha ocHOBY nocTynmHHMX MoJaTaka, youeHa pasiuka y noMmepamuma C-5 atoma
(Beha ox 7 ppm) ce Moke cMaTpaTH Kao nobap mokaszaresb crepeoxemuje Ha C-1 aTtomy.
IIpema TOME, OBa HpPaBUIOCT C€ MOXKE AOAATHO HCKOPHCTUTH 3a DPA3IMKOBame o- U [-
HceyAOrIMKaa.

Hekn on pobujeHux ImceyJoriMKana cy KpUCTajlHEe CYICTaHIE, IOJeCHe 3a
PEHAreHOCTPYKTYpHY aHanu3y, a Ha Ciouuu 3.10 natu cy OPTEII npukasu MojieKkyJICKUX

CTPYKTypa jenmbemna o-68r, 0-681 1 0-68:b, kKoju HemBOCMUCIIEHO MTOTBPY)Y]jy HUXOBY.

3.3.2 Xerepo-MajkiioBa peaknuja

MajkiioBa peaknuja je jeHa oJ] Hajllo3HAaTHjuX MeTona 3a cTBapame HoBe C-C Bese,
KOja ce OCTBapyje aauiujoM KapOaHjoHa Ha €HOHCKM KOHjyroBaHu cucteMm. KoHjyroBaHoj
aJMIMjH TIOJUIeKY W HYKIeo(UIM KOJ KOjUX Cy XEeTepoaTOMH (CyMIIOp, a30T U KHUCEOHUK)
HOCHOIIM HYKJICO(MIHOCTH, IIa Ce OBa peaklyja, Mo3HaTa Kao XeTepo-MajkiioBa anuiyja,
IIMPOKO KOPHCTH 3a CTBapame HOBE Be3€ yIIbeHUK-XeTepoaroM. Ha npumep, B-THakeToHH ce
MOTY JJOOUTH Pa3HUM CYNCTUTYIIMOHUM peakifjama, ajlv je aJuiihja jeIUbEeha Koja capiKe
SH-rpymy Ha KOHjyroBaHe €HOHE, T3B. THa-MajKiIoBa aaulMja, JaJIeKo HajIloJecHHja 3a To.
Hajno3naTtuju HaumH 3a cuHTE3y -aMHHOKEeTOHA jecTe MaHuxoBa (Manich) peakmuja (otyaa
ume ,,MaHnxoBe 0a3e” 3a OBa jeMIEHA), AT OHA MMa HEKOJHMKO 030MJbHUX HEIlOCTaTaKa,
O]l KOjUX c€ W3/Bajajy IPAacTUYHH PEaKIUOHU YCIOBH (INTO HMCKIbYydyje CYICTpaTe ca
OCETJbUBUM (PYHKIIMOHAIHUM rpynama) u HeMoryhHocT 1o0ujamba CeKyHAapHUX KEeTOAMHHA.
W3BanpenHa 3aMeHa 3a OBy peakiivjy jecte aza-MajkioBa ajuipja koja omoryhasa CHHTE3y U
CeKYHJApHUX M TEpUHUjapHUX KETOAMHHA TOJ BpJO OJaruM peakmHOHHM YCIOBUMA, jep
ajuja aMuHa (M MPUMapHUX U CEKyHJapHUX) Ha OJe(UHCKY IBOTYOy Be3y KOHjyrOBaHUX

CHOHA NAC U3BAHPCIHO JIAKO.

3.3.2.1 Tua-MajkJioBa peakuuja

3a Ta-MajKIIoBY aluIUjy KOpUCTe ce OpojHM Katanu3atopu [294], anum o cana HUje
OIMCaHa MPUMEHA jeANbEha IUPKOHUjyMa Y TOM TOTJeny. Y HCTpaXHBambUMa Y OKBHPY OBE
JHcepTalyje KaTalu3aTop j€ TEHEpHUCaH eJNEeKTPOXEMHUjCKH, Ca pacTBOPHE aHOAE Off
MUPKOHUjyMa, Kao IITO je y MPeTX0oAHOM roriiaBiby (3.3.1) onmcano 3a depujeoBy peakiujy.

[TocTynim ce pa3nuKyjy camo MO OJIHOCY peakTaHara (BuaeTu HamoMmeHy 11 Ha ctpanu 70)
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O Enektponusa o
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)v Zr-aHona s~ R

73 67a-r,e, H 74a-r, e, H

67un74 | R

CH5(CH,),CH3
CH,COOCH;
CH,CH,COOCH3
CeHs

CGH4-CH3-p
CH,CH,COOCH,CHj

IO0O= WO

Cxema 3.15. Tua-MajkiioBa aguiyja

U TyKUHH TpPETHpama pPEaKIUOHE CMece HAKOH 3aBPIICHE EJIEKTPOJIM3E YITPa3BydYHHM
TajacuMa. 3a IUTaHUpaHE eKCIIepUMEHTe ofabpaHu cy MeTwi-BUHWI-KeToH (73) (kao
MajkioB akmentop'’) u miect S-Hykineodmma (67a-r, e, m) (Cxema 3.14). Tako je
enexkTponnsoM 73 u Oytantuona (67a) (y MosnckoM ogHocy 73/67a = 1:2) moj TuM ycioBuUMa
(enrexmponum - 0,1 mol/L pactBop nuTHjyM-TIepXJiopaTa y aneTOHUTPUIY; KOHCMAHMHA
Jjauuna cmpyje - 20 mA; erexkmpoarumuyka heauja (Cnuka 3.6) — HeNmoJeJ/beHa, CMEIITEHA Y
YITPa3By4HO KYTMATHIO; @HOOa@ — ITanuh WM chHpaia oJf IHUPKOHUjyMa; Kamooa —
IUIATUHCKA CIIUPAJIA; 03pauusarse y yimpaseyunom Kynamuiy Hakown erexkmponuse — 30 min)

nobmjeHa peaklMoHAa cMeca M3 Koje je HakoH oOpane (BuaeTu EKcrieTMMaHTaHU €0,

Ta6ena 3.5. Tua-MajkonoBa aguiyja Tnona 67a-B, H u TuodeHona 67r, e Ha eHOH 73

bpoj ornena Hyxneodun MajKII0B Ipou3BOA [Mpunoc (%)*

o

1 67a )J\/\S PN 74a 75

o]

2 676 )k/\sﬁl/o\ 740 96
0

3 678 j\/\s/\j\o/ 748 99
[0}
4 67 )@ 74 97
r )J\/\s r

0]
5 67 0 74 100
e )k/\s e
6 67n PGNP T4n 95

*TIpuHOC pauyHaT y OJHOCY Ha €HOH 73

12
MeTun-BMHUN-KETOH (73) Ce KOPUCTU rOoTOBO Kao CTaHAapA Yy UCTPpaXneartbma OBOr Tuna.
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onespak 4.4 u 4.4.2) u npeunmhaBama xpomartorpadujom Ha cTyOy (SiO; — n-xekcan/eTui-
anerar, 9:1) usonosan 4-tuanonan-2-oH (74a) y npunocy o 75% (Cxema 3.15, Ta6ena 3.5).
OnimTy KapakTep OBe peakifje MOTBphHeH je MpOIUpeHheM HCTPAKIBakha HA PEaKIije CHOHA
26 ca ectpuma 670, B, H 1 peHosmMa 67T, e (Cxema 3.15). Iloka3ano ce ma oBa jenumermha
noJJIexXy  KOHjyroBaHoj amgunmju Ha 73, najyhm  oxrosapajyhe  B-Tmakerone
(746, B, H u 741, €) y 3HATHO BUIIUM IpuHOCcHMa Hero Thoi 20a (ox 95-100%), kao mTo ce
BUJU U3 TIoJlaTaka natux y Tademu 3.5.

JepuBatu QepolieHa, jeumbema Koje HUje Hal)eHO y TPUPOIH, Hajlaze CBE MIUPY
NpUMEHY Y pa3HUM 00JlacTHMa HayKe W TexHHUKe. Y naboparopujama MHCTUTYTa 32 XeMuUjy
[Ipupogno-maremarndkor (akynrera y Kparyjesiyy ayke oa METHAeCT TOAWHA CIPOBOJE CE
OTCeXHA UCTPaKWBama y TOj o0iacy, Ma je pa3BHjeHO HEKOJMKO MOCTYIaKa 3a CHHTE3y H
cuHTeTHcaH Behu Opoj OBUX MHTEpECaHTHUX apomara. Mel)y mwuma BUAHO MECTO 3ay3UMajy
JIEpUBATH KOjU Y OOYHOM HH3Y CaJipKe jeJlaH WM BUIIIE XeTepoaTroMa, o] Kojux je Oap jenan
cymriop [318-322]. ¥V HacTaBKy THX HCTpPaXMBama OJJIy4eHO je Ja ce ThHa-MajKiIoBoM
peaKkirjoM CUHTETHINE cepHja P-THakeToHa KOju calpike (EepOICHCKO je3rpo, MPUMEHOM
€JIEKTPOXEMH)CKH TEeHEPHCAHOT MUPKOHUjYMOBOT KaTalM3aTopa ca aHoNe O OBOT MeTaja.
Nmajyhu y Buy mo3HaTy peakTHBHOCT KapOOHIITHE TpyTie, Koja oMoryhasa Ja ce yMecTo me
y MOJIEKYJI YBeJIe TPAKTUIHO OMIIO Koja Apyra (GyHKIIMOHATHA Ipyma (MpolecuMa Kao ITo ¢y
HYKJICO(pHITHE CYTICTUTYIIHj¢ HAKOH PEAYKIIMje W aaullije KapOaHjoHa KOje /1ajy aJIKOXOoJIe,
aJIMIMje pa3InYUTUX JIepUBaTa aMOHHjaKa U MOTOWka TpaHC(hopMalrja HaCTATUX MPOU3BOIA
UT].), OBA je[MIbEHha Cy BeOMa MHTEPECAHTHA, HAPOUUTO HCTpaXKMBauyuMa y 00JIaCTH XeMHUje
teponena. IlocebHO je 3aHUMIBMBA MOTYRHOCT HMXOBE MPHUMEHE 32 CUHTE3Y OWJICHTaTHUX
JUTaHajza Koju caapxke (peporeHcko je3rpo.

3a oBa HCTpaxuBama ogadpaHa Cy Tpu eHoHa — akpuiowidepoueH (75), 3-penwmn-1-
¢deponenmnmpon-2-es-1-on (76) u 1-penwmn-3-pepouenmimpon-2-eH-1-on (77) — u ocam
trodeHona (67r-ik, k-ib) (Cxema 3.16). Jenumema 75-77 HUCY TProBavku JAOCTYITHA, 1A CY
CHHTETHCaHa y HaIllUM J1abopaTropujama, mpeMa MOCTYIIIMAa KOjU Cy OIMCaHH Y JIUTEPaTypH
[323, 324]. Peaknujom axpunomndepoueHa (75) ca tnodeHonaoM (67r) moj peakoHUM
yCJIOBUMA KOjU Cy ONHCAHH Y TPETXOAHUM O/JIebIIuMa JOoOHjeHa je cupoBa cMeca U3 Koja je,
HaKoH yoOuuajeHe oOpaze M mpeunmthaBama xpomartorpagpujom Ha cryly (SiO; — n-xex-
can/etmi-aneraTr 9:1) mzonoBan 1-¢pepouenwmn-3-(penmnruo)nponan-1-on (78r), y npuHocy

ox 82%.
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r) R=H, a) R=0-CH3, )) R=m-CHj3, e) R =p-CHj, %) R = p-C(CH3)3, k) 0-Cl, n) m-Cl, 5) p-Cl

Cxema 3.16. Cunresa (epolieHCKUX nepuBaTa 3-(apuiaTHo)nponan-1-oHa

Ta6ena 3.6. Cunresa 3-(apuitno)- 1 -peponenunmnpomnan- 1 -ona
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Ta6ena 3.7. Cuntesa 3-(apuitno)-3-penun- 1 -peponenunnponan- 1 -ona

Bpoj 0/)a
orena Tuodenon 67 IIpounsson 79 [Tpunoc (%)
2 SQ0

F
| HS@ 67t — © O 79r 86
() S
2 HS@ 671 é )\ 791 50
© S\©/
F
3 HS@ 67 < © O 79K 72
27 O
F
4 Hs@— 67¢ < O O 79¢ 80
- S
5 67k < © \©\‘< 79:x 88

67k 79 93

cl
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\©/ 790 98

\©\o| 795 97
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67n

Cl 671

0
T
w
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“TIpuHOC padyHaT y OJHOCY Ha CHOH 76

Enon 75 je, 3aTuM, NOABPTHYT peakiiyju ca jour ceaam Tuodenona (67a-xk, K-jb) Ha
UCTH HA4MH, IITO je Jxano oaromapajyhe depoueHcke B-TmakeroHe y mpuHocy 76-91%
(Tabena 3.6.).

JBa npyra ¢epouencka eHoHa (76 u 77) y peakumju ca UCTOM TPYIIOM THO(EHOIA
nana cy nuipHe f-tmakerone y Hajehem Opojy ciydajeBa y cimyauM npuHocuma (Tabena
3.7 u Tabena 3.8), anu cy y HEKOJHMKO CJy4ajeBa OCTBAPEHW 3HATHO HIDKH MPUHOCH
aUITMOHMX Mpou3Boja. Tako ce y peakuuju eHoHa 76 u TnodeHona 671 3acuhern keToH 791

nobuja y npuHocy oxa ceera 50% (ornen 2, TaGena 3.7). Jom HuXu mpuHOCH B-THaKeTOHa
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801-e ocTBapenu cy y peakuuju eHona 77 u Tnopenona (67r-e) (38-58%; Tabena 3.8, orneau
1-4). 3a 0BO HE TOCTOjH pAIMOHATHO OO0jallkEeHhe, HAPOYUTO aKo ce y3Me y 003Hp Ja
THO(EHON 67:K, KOjH CaapXu BOIYMHHO3HY ferc-OyTWi TpyIy, Naje MpH OBUM YCIOBHUMA

oarosapajyhu mpoussox 80:x y 3HaTHO BHieM mpuHocy (91%) Hero p-trokpesod (58%).

Ta6ena 3.8. Cunresa 3-(apuitno)- 1 -peponenunmnponan- 1 -ona

Bpoj ornena  Tuwodenon 67 IIpounsBon 80 Ipunoc (%)*
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*TIpuHOC payyHaT y OJHOCY Ha €HOH 77
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CTpyKkType CHHTETHCAaHUX (DEpOLEHCKUX JepuBaTa 3-(apuiTHO)IponaH-l-oHa cy
norephene anammsom IR, 'H- u *C-NMR criekrpima, a 3a pecTaBHIKe ceprja ypalena je
U peHAreHcka CTpykrypHa aHamm3a (78b, 796 u 80sb). ¥V IR cnextpuma Ouie cy yodene
KapaKTepUCTUYHE TPaKe 3a KapOoHUIHY Tpymny Ha 1660-1666 (78r-#xk, k-ib), 1656-1663 (79r-
K, K-/b) 1 1668-1683 cm™ (80r-ik, K-1b).

5

11 3_S
Fe

60

78r-X, K-lb 79r-X, K-lb 80r-Xx, K-l
r) R=H, a) R=0-CHj;, ) R =m-CHj, ) R =p-CH3, k) R = p-C(CHj3)s, k) 0-Cl, n) m-Cl, m) p-Cl

Cauka 3.11. CtpykType (heporeHCKuX qepuBaT 3-(apuiITHO JIporaH- 1 -oHa

YV '"H-NMR crekrpiuma youaajy ce TpW Tpyne CHTHaua 3a CBE TPH cepuje -
(apuntro)nponanoHa. [IpBoj rpynu curHaia npunanajy npoToHu aau(aTunyHuX JeI0Ba OBUX
MOJIEKyJIa, JpyTy TPYIy YMHE MPOTOHU (EPOICHCKUX jeIUHMIA, TOK Tpeha rpyma curHaiza
KapakTepHile NpoToHe apui rpyna. MehyTum, xemujcka noMepama U OOJUIM CUTHajla 3a
oJrosapajyhe nporoHe oBe Tpu cepuje ce pa3iukyjy. Tako, CUTHaIM cBa YeTHPU METHIICHCKA
npoToHa jenumema 78r-k, K-b (-COCH,- u —CH,S-) jaBibajy ce Ha CIMYHUM XEMH]jCKUM
nomepamuma (Ha 2,98 — 3,07 u 3,25 — 3,32 ppm) kao mupoku Tpuruietd (78r u 78:xk) wnn
AA'BB' mynrurutetn (781-e,0b-m). Curnanu metunenckux mnpotoHa (-COCHy-) jenumema
79r-x, K-b 1 80r-:k, K-’b Cy Ha CIMYHUM XEMHjCKUM TOMEpamHMa Kao ¥ OAroBapajyhu
HPOTOHU KON 78r-iK, K-/b, IOK ce OOJMK CHUTHala pa3iuKyje. Yciea TeMHHAIHOT Clpe3ama,
OBM MIPOTOHU cy ayOneru nybrnera (79r-mxk, k-ib, 801, 1, K-Jb) U nceyno-nyonern (80h-x).
[IpoTonu u3 meruHckux rpyna y ouM jeaumemuma (-CHPh-S- u -CHFc-S-, rae je Fc =
(eporneHnn) Cy 3Ha4yajHO Ipyrauuju. HbuxoBu curHamm ce jaBibajy Kao ayoOnetu ayOnera
(79r-k, K-, 80r,a,k-b) U mnceyno-tpuruietd (80h-x) Ha 4,76-5,15 ppm. MelhyTum,
METHHCKM TIPOTOHH Topeln (EeHHJ Tpyne KOJ jequmema 79r-iK, K-Jb MUMajy XeMHjcKa
noMepama Koje Cy oMepeHa Ka BHIINM BPEIHOCTHMA 33 PEJIaTUBHO KOHCTAaHTHY BPEIHOCT
on 0,14 — 0,18 ppm yogHocy Ha oAroBapajyhe nporoHe jenumemna 80r-:k, kK-mb. OBO ce MOXe
TYMa4MTH Kao pe3yiTaT pasInuUuTOr aHU30TPOIHOI edeKTa (peHn1 U (HepoleHnI Tpymna HITo
ce y TOTIIYHOCTH CJIa)Ke Ca Pa3IMKOM y XeMHUJCKHUM MOMEepamuMa METHUJI IpyTie KO ToITyeHa

u metungepornena (~ 0,3 ppm y CHCls).



791

80
Cumuka 3.12. OPTEII npuka3 Monekyiackux crpykrypa 78:/b, 7956 u 80/



85

CurHaiau nmpoToHa HECYNCTHUTYHCAHOT TPCTEeHa (epoleHa 3a jeaumbema 78r-ik, K-b,
79r-k, K-/b U 80r-:K, K-Jb jaBibajy ce Kao cuHrieTn Ha 3,92 — 4,17 ppm, Kao mTO ce MOTJIO
OueKHMBaTH 3a anuideporcHe. Mehytum, XxemMujcka momepama, a moceOHO OOJHIM CUTHANA,
NPOTOHA CYNCTUTYHCAHOT TpCTeHa (epoleHa ce pasiuKyjy 3a cBaky cepujy. CurnHamm
MpoToHA 00€ BPCTE CYINCTUTYyHCAHOT (DEPOIICHCKOT MPCTeHa jeaumbema 78r-K, k-ib (kox C-
3"/C-4" u C-2"/C-5", Cnuka 3.11) ce jaBipajy kao mceyno-tpumiietd Ha 4,44 — 4,50 u
4,70 — 4,75 ppm. IIpoToHu cynctutryucanor (eporeHCKOr MPCTeHA jeInbemha 7Ir-mK, K-b
UMajy XeMHjCKa ToMepama BeoMa CIIMYHA Kao U OHU Ko 78r-ikK, K-Jb, anu npotonu C-2'/C-5'
Cy C€ jaBHJIM Kao CIOXeHH MynTuruieTdn. CUTHaIM OBHX MPOTOHA jeanmbema 80r-ik, k-/b (C-
3"/C-4"u C-2"/C-5", Cnuka 3.11) cy , rakohe, myntumnern Ha 3,91 — 4,23 ppm.

CHrHaIM IPOTOHA apuiI Ipyla ce Hamase y ouekuBaHoj oGmactn 'H-NMR criektpa.
Jennno ce m3aBaja OONMK CHUTHANAa KOJ jeAumberma 78xk. 3ampaBo, jaBjba ce camo jenaH
CUHTJIET 32 apOMaTHUYHE MPOTOHE OBOT jeINbEeHkha y oaroBapajyhoj odnactu, ounrneaHo 360r
TOra IITO Cy OBM HPOTOHHM CIY4YajHO H30XPOHHU. Y PC-NMR CIEKTpUMa CBE TPU cepuje
jenumbema, 0roBapajyhn yrrbeHUKOBU aTOMH jaBibajy C€ Y OUEKHMBAaHUM 00JacTHMA.

Behuna jemumema cBe Tpu cepHje CHHTETHCAHUX 3-(apMIITHO)IpOIaH-1-oHa KOju
caznpke (epoleH KPUCTAJIHE Cy CYICTaHIle, IMOJECHE 3a PEeHATeHOCTPYKTYpHY aHanmu3y. Ha
Crnumm 3.12 gatu cy OPTEII npuka3u Mosiekyscke CTpyKType O jJeTHOT jeUbCHha U3 CBAKE

rpyne (78/b, 795 u 80/b), 10OHMjeHN TOM aHAITHU30M.

3.3.2.2 A3za-MajkJioBa peakumja

O nmpuMeHH IHMPKOHUjYMOBHUX jeHbEHha Kao KaTamu3aTopa a3a-MajkiioBe peakuuje
moctoje Opojuu nutTeparypHu momamm [284, 286-288, 290] u oHM Cy, Ha HEKM HaA4WH,
MOJCTAaKIM HMCTPaKUBamka IpelBUl)eHa OBOM aMcepTaljoM (Tj., HHXOB 3HAuYajaH N0 -

€JIEKTPOXEMH)CKO F'E€HEPUCAhE KaTaln3aTopa ca pacCTBOPHE LIUPKOHU]YMOBE aHOJIE).

O O

Enektponusa
=~ *+ H,N—R B N/R
Zr-aHopa H

73 81a-a 82a-n
811 82| R

CeHs

CGH4-CH3-O

CGH4-CH3-m

CGH4—CH3—p

C6H4-C|-p

h~omoow

Cxema 3.17. Aza-MajkoioBa aauiiyja
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3a uzyyaBame aJuIUje aMHHO-]eIHCHha Ha KOHjYrOBaHE €HOHCKE CUCTEME, Y OBUM
UCTpOKUBAmBHMa, Oa0paHu Cy MeTWI-BUHWI-KeTOH (73), Kao TOTOBO CTaHIapIHH
KOHjJYrOBaHH cyncTpar — MajKIIoB aknentop, ¥ mer apoMaTnyHux amuHa (8la-n, Cxema
3.17), kao MajkiioBu noHopu. Peaknuje je m3BeneHa Ha MOTIYHO WUCTH HAYMH Kao W THa-

MajknoBa amunuja, omucaHa y oaesbky 3.3.2.1, a moOujeHHM pe3yaTaTd NMpUKa3aHU Cy Y

Ta6ena 3.9. Aza-MajkonoBa aunuja N-Hykieopuia Ha eHOH 73

bpoj ornena Hyxneodun MajkJioB mpou3BoA [Tpunoc® (%)

(o}
1 81a S, @ 82a 86
H
(0]
2 816 S, 826 63
H
o
3 818 S, 828 61
H
o
4 81r S, 82r 99
H

Cl
(0]
5 81n ., Q 821 67
H

*TIpuHOC pauyHaT y OJHOCY Ha €HOH 73

tabenmu 3.6. OHM ToKa3yjy Aa ce ojarosapajyhu cekyHIapHU [-apuUIaMUHOKETOHU 82a-1
n00Mjajy y BUCOKUM TIPHHOCHMA.

be3 003upa Ha TO IITO je TOKOM OBHX MCTpaKMBama a3a-MajKiioBa peaxiyja u3yaeHa
Ha OrpaHWYCHOM Opojy AoHOpa (IeT apOMaTHYHWUX aMHHA), YUHU CE€ Ja EJIECKTPOXEMHU]jCKO
TreHepucamke KaTanu3aTopa ca IUPKOHUjYMOBE aHOJIC MPEJICTaB/ha HOB OMIITH MOCTYMAK 3a
nobujame cekyHmapHuXx MaHuxoBux 0Oa3a. Kako ce peakunmja oaBHWja I1MOJ BeoMa OJiarum
yCJIOBMMA, U KaKO 32 HKEHO (BeoMa jeJHOCTAaBHO) HM3BOleHme HHUje HEONMXOJHA CIOXKEeHA U

CKyTIIa OIlpeMa, NMOCTyMHaKk 01 Morao aa Hal)e pyTHHCKY NPUMEHY Y CUHTETHUYKO] ITPAKCH.

3.3.2.3 Mexanu3am xetepo-MajkiioBe peakumje

Oxo MexaHu3Mma xeTepo-MajkiioBe peakuuje kartaiausoBaHe JlyncoBuM KucenmHama
YIIaBHOM TIOCTOju carjacHocT [325]. 300r M3pa3uTor eNneKTPOH-NPUBIAYHOT KapakTepa
KapOoHWIHE Tpyne (M MHIYKTUBHU W PE30HAHIMOHW edekar OBe rpyre Cy HEraTWBHH),

oneuHCcKka aBOry0a Be3a je M3ryOmiia HyKICO(PHIHOCT, a TEPMUHAIHU YTJHCHHKOB aTOM
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eHOoHCKor cucrteMa (y-C-aToM) 4ak je MompuMHO eneKkTpodwiHu kKapaktep. llpucytHa
JlyncoBa kucemmHa (LA) Ty ocoOuHy TmojadaBa, ojaBiadehm €JIEKTPOHCKHM TMap ca
KapOOHMJTHOT KMCEOHHKA (Tj. OJ] eHOHCKOT CHCTEMa), TaKO IITO Ca €HOHOM T'pajJi KOMIUIEKC
(me3zomepu XVIIIL u XVIIIg, Cxema 3.18.). To 3HaTHO oJjakiaBa Haraj Hykieodmia Ha
TEPMHUHAIIHU OJIE(UHCKH YTJbEHUKOB aTOM, KOJUM ce, MPEeKo oaroBapajyher cyndoHH]jyM-
ui aMoHHMjyM-joHa (uHTepMeaujep XIX), ycmocTaBjba HOBa Be3a YTJbEHHUK-XETEPOATOM.
JlenpoTtonoBame naTepMenujep XIX u xuaponusa komruiekca XX Jajy KOHAYHH ITPOU3BOJ] —
B-Tha- nnm B-a3zakeToH.

Xerepo-MajkiioBa peakifja Koja je OBJE OMNMCcaHa Mopa OWTH Beoma ciimyHa. Kao
mro je pedeno y Onespky 3.3.1, aHOmHA OKCcHIanMja IUPKOHUjyMA Jaje WiIN IUPKOHH]jyM-
nepxyiopat (Zr(ClO4)s) nmm muprormit-iepxiopar (ZrO(ClOy),). O6e ose conu cy Jlyucose
KHCEJIMHE CKIIOHE Tpaljerby KOMIUIEKca ca KUCEOHWYHUM JuranaumMa [316, 317], ma je jacHa

NpupoJa lbUXOBOI' KATAJIUTUYIKOI ACJIOBAKbA HA OBY peaKquy.

© A TA TA TA
O/—\ O/ O/ O/ O/
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R R
73 XV, XVillg XIX XX
TA
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®
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X X X
R R R
XX 74 1 82

LA = Zr(ClOg4)4 i ZrO(ClOy),; X = S nrmn NH, R = ankun nnv apun

Cxema 3.18. Mexanuzam xeTepo-MajKIioBe peakiuje
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4 ExcnepuMeHTaJIHU €0

4.1 Omnurre HaIOMeEHe

Cse ynotpebJbeHE XeMHKallMje Cy TproBauku nocrymnHe (Sigma-Aldrich, Fluka, Acros
Organics, Merck) n xopumiheHe cy Kao TakBe, M3y3€B LITO Cy pacTBapayd MpeduinrhaBaHu
JIECTUJIALIMjOM WU CYIIEHH KaJia je TO OMI0 HEOIIXO/IHO.

Tauke Torsbema oapelhuBane cy Ha anapaty MelTemp, moaen 1001 u HUCYy KOpUTOBaHE.

Tankocnojaa xpomatorpaduja n3BoleHa je Ha aTyMUHUjyMCKUM TUIOYaMa MPEBYUYEHUM
cwmka-reiom neospuHe 0,2 mm (Silika gel 60, Merck). Tlpu aHanu3u peakiMOHHX CMeca
nceyAorinKaia ¢ anupaTHYyHUM S-arJMKOHOM MpJb€ Cy U3a3WBaHE KOHIIEHTPOBAHOM
CYMITIOPHOM KHCEJTMHOM Y3 Tpejame, a ca apOMaTUYHUM BHU3yalu3alldja je BpIIeHa rmomohy
ynrpaseyondacre cemioctu (UV handheld lamp, Benda, 2 x 4 W 254 nm/366nm). 3a
npenapaTuBHy Xpomarorpadujy Ha ctyOy cunmka-rena kopuihed je Silika gel 60, mesh ASTM,
Merck, a 3a MPLC (teuna xpomarorpaduja mpu cpenmum nputucimuma; nymna C-601 ca
KoHTposopom C-610, Work-21, Biichi, llIBajuapcka), pabpuuku makoBane konone (10 x 75 mm;
Si0; 60, BenuunHa yectuna 40-63 um; Biichi).

IR criektpu (vy cm™) cy cunmibenn Ha Perkin-Elmer FT-IR 31725-X ciektpodoToMeTpy.

NMR cnektpu caumanu cy Ha ypehajuma Varian Gemini 200 (lH: 200 u °C: 50 MHz),
Bruker AC 250 E (*H: 250 u °C: 62,9 MHz), Bruker Avance II+ 600 (‘H: 600,13 u *C: 150,92
MHz) wiu Bruker Avance III 400 (‘"H: 400 u C: 100 MHz) y3 kopuuiheme aeyTeprcaHor
xnopodopma (CDCl3) kao pactBapaua. XeMujcka oMepama u3paxeHa ¢y y ppm (8) y ogHocy
Ha terpametuicuian (TMS), a koHcTaHTe cnipe3ama jate cy y xepuuma (Hz).

GC-MS (racma xpomarorpaduja ca MaceHOM JAETEKLHjOM) aHaJu3a BpIICHA je Ha
amapary Hewlett-Packard 6890N, onpeMibeHUM KanmmiapHOM KosoHoM DB-5MS (5% denun-
Metmiicuiokcan, 30 m x 0,25 mm, ne6spune ¢mwima 0,25 um, Agilent Technologies, USA).
l'acau xpomarorpad je OMo AUPEKTHO CIOjeH ca MAaCeHUM JAETEKTOpoM S975B ncre KOMIaHuje.
Xenunjym je kopuihen kao Hocehu rac (1 mL/min). EI-MS: jonusanuja je BpiieHa eJIeKTpoHuMa
enepruje 70 eV, a MaceHH CIIeKTpH cy OenexxkeHu 3a oncer m/z ox 35 1o 500 (Bpeme ckeHUpama
0,32 s).

MukpoaHnanu3sa yribeHUKa, BOJIOHHKA 1 cymmiopa ypahena je ua Carlo Erba 1106 moneny
MHUKpPOAHAIH3aTOpPa.

HuxnmaHa BonaTaMeTpuja u3BoleHa je y atmochepu aprona y TpoeiaekTpoaHoj hemuju y3

kopumthewe noreHmmocrata Autolab PGSTAT302N xomanackor mpousBohaua Eco Chemie.
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Kopumhena je opurunanana Metrohm henuja onpemibeHa TUIATHHCKOM JHCK €NEeKTpoaoM (I 2
mm, pagHa eJIeKTPoJa), IUIATHHCKOM XHUIIOM (rmoMohHa eNeKTpoja), a CBH IMOTEHIHjalld CY
Mepenu y ogaocy Ha Ag/AgCl pedepenTtHy enekTpoay ca gymiaum 3ugom (Metrohm).

3a mpemapaTHBHY €NEKTpONu3y KopuinheHa je henmja KOHCTpyHWcaHa Yy Halloj
nabopaTopuju Koja MpeAcTaB/ba CTaKJIEHY IMOCYyAy ca OKpyrIMM aHOM ayxuHe 100 mm u
npeunuka 25 mm. Enexrponurnuka henuja je onpeMibeHa MarHETHOM MEIIAIHIIOM (XJIOpOBamkE
(ucimona u ceneHoeTepuUKalMja AIKEHONA) WM CMEIITEHAa Yy YITPa3ByYHO KyIMaTHIIO
(reHepucame KaTamu3aTopa ca pacTBOpPHE aHOAe) M oaroBapajyhum emexkrpomama. KopumtheHno
je yntpasBy4yHo kymatuio Elmasonic S 10 Hemaukor npowmsBohaua Elma ca epeKTHBHOM
yntpa3BydHoM cHaroM on 30 W u ¢pexsenumju ox 37 kHz. Kox xmopoBama ¢ucnuona y
nojiesbeHoj henuju, 3a ojiBajamke aHOJHOT M KaTOJHOT Jiefia KopuiheHa je kepaMmuika MmeMOpaHa
nyxune 150 mm, npeynuka 10 mm u nebspune 3uga 0,5 mm.

Kao aHoma 3a eJeKTpoXeMHjCKO TeHepHcame Xjopa KopulnheH je IMIUHAAp Ol
mIaTuHCeKor uMa (& 25 mm; nedsprna muma 0,5 mm), a Kao KaTtoja miaTuHcka crupania (& 10
mm ox xwuue & 1 mm). 3a aHoAHY OKcunauujy Opomuaa rpadutHu wranuh (J 5 mm) u
OakapHa crmpana (& 10 mm) kopumheHn cy kKao aHOJa, OJHOCHO Karona. LlmpkoHmjymoB
KaTaJM3aToOp FeHEPUCAH je€ aHOJHHUM pPacTBapameM LIUPKOHUjyMOBe enekTpoje (crupana & 20
mm ox xuie & 2 mm) win mranuha (5 x 5 X 80 mm) y enekrponautnikoj hemmju koja je xao
KOHTpa-eJIeKTPOLy caJapiaia IaTHHCKy cnmpany (& 10 mm ox xuue (& 1 mm).

CBe npenapaTHBHE €JIEKTPOJIN3E BPIIEHE Cy IPU KOHCTAHTHO] JAUMHU CTpYje NP yemy
je Kao W3BOp jeIHOCMEpHE elleKTpu4yHe cTpyje Kopumthen amapat Uniwatt, Beha Labor-

Netzgerdt (NG 394).

4.2 EJeKTpoXeMHjCKO XJOpoBame puciuoHa (48)

4.2.1 Xunoposame y Hemoae/beHOj heanju

VY HenozemeHy enekrponutruky henwjy craBu ce 30 mg (0,1056 mmol) ducnuona
(48)"* u 30 mL 0,1 M pacrBopa Et;NCl y CH;COOH (ua 50 °C; yubano xymaruio) wm CH,Cly
(Ha coOHOj TemmepaTypH). Y pacTBOp ce ypOHE eNeKTPOJe U MPOITyCTH OAroBapajyha KonuuuHa
enexktpuiutera (2, 4, 6 wiun 10 F-mol'l) (20,4, 40.8, 61,2 umu 102,0 C), kopumhemeM cTpyje

. -1
jaumre 30 mA, y3 HenpecTtaHo Memame pactBopa. (Kopg enekrponuse ca yrpomkom 2 F-mol

13 . . . . . .
Mako je ¢p1cuMoH Tproeaykm goctynaH (Sigma-Aldrich), 3a oBa ucTpaxkuBara M30/10BaH je U3 anwaja Xanthoria
parietina, onucaHom metogom [236].
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TeHEpHCaH je XJIop y BUIIKY 07 5%). HakoH enexTponuse, peakinoHa cMeca ce mpeHece y 0ajnoH
W pacTBapau ymnapu 1noj, CHKeHUM nputuckoM. OctaTtky y 6anony nozaa ce 20 mL Boxe u cmeca
ekcTpaxyje Tpu myta ca mo 30 mL nmumermn-erpa. IloTomM ce OpraHcKH CJOjeBH HCIEpY
3acuhenum pactBopoMm NaHCO; wm HakoH cymiema mnpeko Hohm (amxuapoBaHu NapSQOg)
pacTtBapad ce ymapu. PeaknmoHa cMeca je aHaJIM3WpaHa TAHKOCJIOJHOM M TacHO-MaceHOM
xpomatorpadujom u 'H-NMR CHeKTpOCKONMjoM, a pasiBajaHa Ha CTyOy CHIMKAa Treia
(pactBapau: cmeca nerpoin-erap/oense, 1:1). [IpousBoau cy uaeHTn(HUKOBaHN KOMOWHOBAHEM
'H-NMR n GC-MS mnoznaraka. Pesynrati cy npukaszanam y Tabenama 3.1 (emekTponmmsa y

CH;COOH) 1 3.2 (CH,Cly).

4.2.2 XunopoBame y nojaebeHoj heauju

VY aHomHU neo enekTponuTHuke henwje (M3BaH kepamuuke mMemOpaHe) craBu ce 30 mg
(0,1056 mmol) ¢ucumona (48) u 30 mL 0,1 M pactBopa TetpaetunamonnjyM-xiopuaa (EtsNCI)
y CH3COOH wumu CH,Cl,. Uctn pactBop cuma ce y KaTOJHH TpocTop (YHyTap KepaMHuuKe
MeMOpaHe) BoJichn padyHa J1a HHBOM TEUHOCTH y 00a nena Oyae uctu (oko 5 mL). Enexrponmza
je BpIIeHa Ha cOOHOj TeMIepaTypH NIPH KOHCTAHTHO] jaunHu cTpyje (20 mA), 1o yrpomika 2, 4,
6 wm 10 F-mol” enextpurutera (20,4, 40,8, 61,2 u 102,0 C). Peaknmona cmemia (camo
anoynt!) oOpal)eHa je Ha UCTH HAYWH Kao y MpeTXoaHoM orieny (4.2.1), a pe3ynrata ¢y naTa y
taGemama 3.1 u 3.2. Jemmmera 49a, 496, 506 u 51 (Cxema 3.1) cy nosnara u muxosn 'H-NMR

MOJIaly OJIrOBapajy OHMMa JaTUM y TuTepatypu [235, 236].
OH O OH 2.4-Inxaopucuuon  (1,8-muxmapoxcu-2,4-1uxaop-6-mern-3-
Cl MeTokcuantpamen-9,10-muon; 50a): IR (KBr, v, cm'l): 3415,
O‘O 3139, 2954, 2925, 2854, 1732, 1682, 1635, 1602, 1542, 1486,
MeO 1457, 1393, 1370, 1348, 1306, 1266, 1245, 1213, 1144, 1116,
1034, 974, 913, 864, 822, 812, 793, 765, 756, 707, 624, 588, 560,
541, 478; "H NMR (200MHz, CDCl3) & 13,53 (s, OH), 11,68 (s, OH), 7,63 (s, H-5), 7,11 (s, H-

7), 4.04 (s, MeO), 2.48 (s, Me); EI-MS: 354 (63,5), 352 (100,0, M), 335 (2,6, [M-OH]"), 317
(12,5, [M-CI]"), 245 (2,9), 162 (9,5).

Cl O
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4.3 CuHre3a (¥)-KypKyMeHcKOr eTpa (52)
4.3.1 Cunre3a (+)-52 u3 6-meTnii-2-(4-metusndenns)xent-6-en-2-o1a (54)

4.3.1.1 CunTe3a 6-MeTHI-2-(4-MeTHIA(PeHUIT)XeNT-6-eH-2-01a (54) [261]

VY nBorpiu GajioH OMPEMIbEH KyIJacTUM KOHIE3aTOpoM M Kamainuiom crasu ce 0,37 g
(15,4 mmol) marnesnjymoBux onuibaka u 50 mL ancomyTHOr amernn-erpa. 4-Jonronyen (58;
3,05 g, 14 mmol) ce ykana y Toky 0,5 h Tako na cmeca Giaro peduykrtyje (peakiyja je n3a3pana
ca HEKOJIMKO MalluX KpucTaia jona). Hakon 3aBplieHor ykaraBama, cMeca ce peduiykryje 1 h
OXJIaZM 10 cOOHE TemIieparype. Y pacTBOp p-TOIMIMAarHesujyM-joauaa (59) naxxjpuBo ce ykara
6-metmnxent-6-eH-2-oH (57; 0,88 g, 7 mmol) y Toky 0,5 h u cmeca mema jomr 2 h y3 kipydame.
Peaknrona cmeca ce mnsnuje y 3acuhenn Bojxenu pacteop NH4Cl (20 mL) u npenece y neBak 3a
onBajame. OJIBOje C€ CIIOjeBM W BOJICHU CJI0j eKcTpaxyje ca mumerwi-etpoM (3 x 30 mlL).
Oprancku cnojeBu ce cmoje, cyme npeko Hohu (amxuapoBaHn MgSOs) W KOHUEHTPY]Y
nectunanujoM. Jlobujeno xyto yibe ce npeunmhasa dry flash xpomarorpadujom (xexcan/Et,O

95:5 — 85:15 (v/v)). Hobuja ce 6e300jH0 yive 54 (1,14 g, 75%).

6-Metui-2-(4-meTmndennia)xent-6-en-2-oa (54): IR (umcr, v,

em™): 3411, 3025, 2970, 2941, 1649, 1513, 1452, 1373, 1102,

886, 816, 724; '"H NMR (200 MHz, CDCls) & 7,36 — 7,25 (m,

AA'BB', 2H, Ar), 7,19 — 7,08 (m, AA'BB', 2H, Ar)4,70 — 4,63
(m, 1H, =CH»), 4,63 — 4,57 (m, 1H, =CHa), 2,33 (s, 3H, MeAr), 1,95 (brt, J = 7,4 Hz, 2H,
=CCH,CH,), 1,81 — 1,67 (m, 3H, ArC(Me)(OH)CH,), 1,63 (s, 3H, MeC=), 1,54 (s, 3H,
ArC(OH)Me), 150 — 121 (m, CH,CH,CH,); >C NMR (50 MHz, CDCls) & 145,5, 144,9
(C=CHa, Ar), 136,0 (Ar), 128,8 (Ar), 124,6 (Ar), 110,0 (C=CH,), 74,5 (C(OH)), 43,7, 37,8
(CH,CH,CH), 30,2, 22,2, 21,8 (C(OH)(Me)CH,CH,CH,C(=CH;)Me), 20,9 (MeAr); EI-MS
(70 eV) 218 (1,3, M"), 200 (3,1, [M — H,01"), 185 (1,9), 172 (1), 147 (1,6), 145 (7,2), 135 (100),
132 (15,5), 119 (19,5), 105 (4,6), 91 (11,2), 77 (2,9), 69 (4,2), 55 (4,2), 43 (52). U3pauyHaro 3a
CisH2,0 (218,33): C 82,52, H 10,16%, naheno: C 82,49, H 10,15%.

OH

4.3.1.2 Enextpoxemujcka ¢enuniiceseHoerepupukanmja aakenona 54 [260]

PactBop ankenona 54 (218 mg, 1 mmol), PhySe; (156 mg, 0,5 mmol) u LiBr (210 mg, 1
mmol) y anerorutpuiny (10 mL) cuna ce y enerponutudky henmujy cMEImITeHy y KyNMaTHIIO 3a

xnaheme (Jien-ameron-NaCl; -10 go -5 °C) u enekTposmsupa cTpyjoM KoHcTaHTHE jauuHe (100
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mA) 110 yrpomka 2 F-mol” naenexrpucama. Peakimona cMeca ce nperece y GanoH 1 pacTapad
yIaJbul JECTHIAIMjOM, a OCTaTKy ce monaa Boxa. Cmeca ce ekcrpaxyje Tpu myTta ca mo 30 mL
JIMETUII-ETPa U CIIOJeHU €TapCKu cJIojeBH cyie mpeko Hohu (anxuapoBanr Na,SO,). PacTBapau
ce ymapwu, a ocrarak npedunrhaBa ctyoroM xpomatorpadujom (SiO,; xekcan/CH,Cl, 1:1 (v/v)).
Hobujena je cmeca cis- u trans-2,6-mumeTnn-2-(4-metundenunn)-6-[ metmi-(heHuncenenmn) |-
TeTpaxuapo-2H-nupana (cis-53/trans-53; 228 mg, 0,61 mmol, 61 %), kao 651e10XKyTO yibe KOje
ce KopucTH y cienehem Kopaky 3a cuHTe3dy (£)-52. Uuctu y3o0piu cis- u trans-53 nobujenu cy
u3 100 mg (0,268 mmol) oBe cmece ctyOHOM xpomarorpadujom (SiO,; xexcan/CH,Cl, 2:1
(v/v)). TlpBa ¢paknuja je caapxana 45 mg yucror trans-33 (6meaoxyro yibe), apyra 30 mg
cMece JiBa M3oMepa, oK je Tpeha ¢paknuja gana 23 mg guctor cis-53 m3omepa (0Je10KyTO
yIbe).
Cis-53: IR (anmcr, v, cm™): 3436, 3056, 2972, 2934, 1637, 1579, 1512,
1478, 1372, 1203, 1073, 1041, 1023, 974, 817, 735, 691; 'H NMR
PhSe (250 MHz, CDCl3) 6 7,59 — 7,38 (m, 2H, PhSe), 7,36 — 7,14 (m, 3H,
PhSe), 7,12 — 7,04 (m, 4H, Ar), 2,87 (d, 2J (H,H) = 11,6 Hz, °J (Se,H)
=7,7 Hz, 1H, SeCH,), 2,79 (d, 7 (H,H) = 11,6 Hz, *J (Se,H) = 7,0 Hz,
1H, SeCH»), 2,37 (s, MeAr), 2,09 — 2,04 (m, 1 H), 1,97 — 1,51 (m, 5H), 1,47 (s, Me), 1,40 (s,
Me); *C NMR (62,9 MHz, CDCl;) & 145,8 (Ar), 135,9 (Ar), 132,0 (PhSe), 131,6 (PhSe), 128,8,
128,6, 126,1, 125,3 (Ar, PhSe), 77,1, 74,5 (COC), 40,7, 34,5, 33,7, 32,9, 28,9 (Me,
CCH,CH,CH,CCH,Se), 21,0 (MeAr), 16,8 (Me); EI-MS (70 eV) 374 (0,1, M"), 313 (0,1), 288
(0,1), 273 (0,1), 248 (0,1), 232 (0,1), 216 (0,3), 203 (100), 185 (30), 171 (0,7), 157 (4,6), 145
(19,2), 129 (5,9), 119 (45.,4), 105 (13,4), 91 (22,9), 77 (5,8), 69 (35,7), 55 (5,5), 41 (11,8).
Wzpauaynato 3a C,Hy60Se (373,39): C 67,55, H 7,02%, naheno: C 67,59, H 6,98%.

Trans-53: IR (umct, v, cm’) 3436, 3055, 2972, 2936, 1616, 1579,
1512, 1478, 1223, 1074, 1006, 817, 735, 691; "H NMR (200 MHz,
CDCls) & 7,61 — 7,49 (m, 2H, Ar), 7,41 — 7,31 (m, 3H, Ar), 7,21 — 7,07
(m, 4H, Ar), 3,19 (d, %J (H,H) = 11,6 Hz, *J (Se,H) = 8,0 Hz, 1H,
SeCH,), 3,07 (d, 2/ (H,H) = 11,6 Hz, *J (Se,H) = 7,2 Hz, 1H, SeCH.,),
2,45 — 2,34 (m, 1H), 2,32 (s, MeAr), 1,90 — 1,36 (m, 5H), 1,34 (s, Me), 0,84 (s, Me); °C NMR
(50 MHz, CDCl;) & 144,5 (Ar), 135,8 (Ar), 132,2 (PhSe), 131,5 (PhSe), 128,8, 128.4, 126,2,
125,9 (Ar, PhSe), 77,2, 74,5 (COC), 44,1, 35,4, 34,4, 33,3, 26,0 (Me, CCH,CH,CH,CCH,Se),
21,0 (MeAr), 17,0 (Me); MS: unentruan kao kof cis-53. U3pauynaro 3a CpHcOSe (373,39): C
67,55, H 7,02%, naljeno: C 67,58, H 7,05%.
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4.3.1.3 Penykuuja cis-/trans-53 (cunrte3a (£)-52)

Penyxuyja cis- v trans-53 je u3BesieHa XUAPOTCHOIN30M y TIPOTOYHOM PeakTopy (y KoMe
ce BOJOHMK TEHEpHUIIe eneKkTposnusoM Boxe; ThalesNano H-cube™) ca Ra-Ni (enr. Ra-Ni
cartridge) xao karamuzatropoM. CHCTEM je PUNIPEMIbEH KOHTUHYHUPAHUM HUCIIHPAHEM JICKHIITA
karanuzatopa ca rerpaxuapodypanom (THF; 10 mL) ca npotokom ox 1 mL/min. [Iputucax je
noJienieH Ha myHoMm H, pexxumy, a TemmepaTypa je mocraBibeHa Ha 25 °C. CMmeca n3zomepa cis-
53/trans-53 (200 mg, 0,536 mmol) je pactBopena y THF-y (30 mL) u nocraBibeHa aa Teue Kpo3
peaxTop ca mpotokoMm 1 mL/min. Hakon aectunamnuje pactBapaya 1moja CHHKEHHUM NPUTHCKOM

nobuja ce 6e300jHO yJbe KypKyMeHCKOr eTpa (£)-52 (111 mg, 95%).

(£)-Kypkymenckn erap  (3,4,5,6-terpaxuapo-2,2,6-tpumMeTnia-6-(4-
Metwiadgennn)-2H-nupan; (£)-52). IR (uucr, v, cm'l): 2956, 2924, 2853,
1462, 1378, 1365, 1273, 1224, 1119, 1078, 987, 820: 'H NMR (200 MHz,
CDCh) 6 7,41 — 7,30 (m, AA'BB', 2H, Ar), 7,15 — 7,06 (m, AA'BB', 2H,
Ar), 2,32 (s, MeAr), 2,31 — 2,20 (m, 1H), 1,33 — 1,84 (m, 5H), 1,39 (s, Me),
1,25 (s, Me), 0,78 (s, Me), (‘"H NMR mozxauu cy y ckiagy ca oHEM o6jaBibeHnM y [244]); °C
NMR (50 MHz, CDCl3) 6 145,5 (Ar), 135,6 (Ar), 128,4 (Ar), 125,7 (Ar), 73,9, 72,5 (COC),
36,8, 34,8, 34,1, 32,0, 28,3 (MeCCH,CH,CH,CMe), 21,0 (MeAr), 17,1 (Me); EI-MS (70 eV)
203 (100, [M — Me]"), 185 (22.5), 170 (0,1), 157 (1,6), 145 (44,8), 135 (48,1), 119 (72,3), 105
(13,1), 91 (22,6), 77 (4,2), 69 (22,5), 56 (4,9), 43 (22,4). Uzpauynato 3a C;sH»O (218,33): C
82,52, H 10,16, naheno: C 82,55, H 10,14%.

4.3.2 Cunre3a (£)-52 u3 2-meTnji-6-(4-metusigeHun)xenr-6-en-2-omaa (56)
4.3.2.1 Cunre3a 5-(4-meTniidgeHnI)-5-0kconeHTancka kuceauna (61)

Jenumemwe 61 je cunTeTncaHo y npuHocy on 80% mpema JUTEpaTypHUM MPONUCHUMA
[262, 263]. Hobujena je Gena, uBpcTa cyncranma yuja je Tt = 145 — 147 °C (146 -148 °C, [262,
263]). IR (KBr, v, cm™): 3447, 3100, 2967, 1698, 1676, 1607, 1451, 1409, 1287, 1233, 1193,

1185, 1074, 909, 819, 749, 676; 'H- u "C-NMR CIIEKTpH Cy carjlaCHU ca MOoJaluMa JaThM y
[262, 263].

4.3.2.2 CunTe3a eTuia-ecTpa 5-(4-MeTtuindeHnn)-5-okconeHTaHcKe kKuceauHe (62) [264]

VY jemHorpnu 0anoH ca OKPYIJMM JHOM ONPEMJbEH MAarHeTHOM MemanuunoMm, JluH-

HITapkoBum (Dean-Stark) HacTaBKOM (HaIymEHUM CYBHM TOJYEHOM) M KOHJIE3aTOPOM, CTaBU
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ce kucenuHa 61 (412 mg, 2 mmol), cyBu Tonyen (30 mL), ancomytau eranHon (30 mL) wu
TsOH-H,O (150 mg) u cmeca 3arpeBa na kjbyda 8§ h. PacTBapaum ce yKIIOHE JECTHIIAIHjOM,
ocrarak Tpetupa pactBopom NaOH (20 mL, 2 mol-dm™), cmeca npeGaru y neBak 3a oxBajame 1
ekcrpaxyje ametmwi-etpoM (3 x 30 mL). Oprancku CJ0jeBH ce€ CIIOje, UCIEepy BOJOM H
3acuhenum pactBopoM NaCl u cyme npeko Hohu (anxumposaH Na,SO,). PacTBop ce mpoueny,
pacTBapay ymapyd Ha BaKyyMy, a OCTaTak MOJABprHe cTyOHOj xpomartorpaduju (SiO; (5 g);

xekcan/AcOEt 9:1 (v/v)). [loOujajy ce 6e360juu kpuctanu 62 (459 mg, 98%).

EtO o Ernn-5-(4-mernadenni)-5-okconenranoar (62). Tr = 39 — 40 °C
([326]: 39 — 40 °C). IR monmanu onaropapajy mogannma aatuM y [245].
'H NMR (600 MHz, CDCl3) & 7,90 — 7,84 (m, 2H, H-2’, H-6"), 7,29 —
7,23 (m, 2H, H-3’, H-5"), 4,14 (q, J = 7,2 Hz, 2H, MeCH;0), 3,3 (t, J =
7,3 Hz, 2H, ArCOCH»), 2,43 (t, J = 7,3 Hz, 2H, CH,COOE}Y), 2,41 (s,
3H, MeAr), 2,06 (quint., J = 7,3 Hz, 2H, CH,CH,CH,), 1,26 (t, J = 7,2 Hz, 3H, MeCH,0); *C
NMR (151 MHz, CDCls) 6 199,1 (ArCO), 173,3 (COOEt), 143,8 (C-4"), 134,3 (C-17), 129,2 (C-
3’, C-5°), 128,1 (C-2’, C-6°), 60,3 (MeCH;0), 37,3 (ArCOCH,), 33,4 (CH,COOEt), 21,6
(MeAr), 19,4 (CH,CH,CH,), 14,2 (MeCH0).

4.3.2.3 Cunre3a eTuia-5-(4-meTmiipeHmin)xekc-5-enoara (60) [265]

Onmepenoj konmnunaun MePPhsBr (2,00 g, 5.72 mmol) nona ce cyB tonyen (35 mL) u
dopmupana cycnensuja oxnaau Ha 0 °C. Y oxnaheny cycnensujy noaa ce ‘BuOK (0,60 g, 5,34
mmol) u Hactana cmeca Mmema 20 min Ha oBoj Temmneparypu. PactBop ectpa 62 (1,00 g, 4,27
mmol) y cyBoM Tonyeny (15 mL) nona ce omjeqHoM, HaKOH yera ce cmeca mema 1,5 h Ha coOHoj
Temneparypu. PeaknuHoj cMmecu gona ce BojeHm pactBop NH4Cl, mpenece ce y leBak 3a
olBajabe M ekcrpaxyje auermin-erpoM (3 x 30 mL). Oprancku ciojeBu ce croje, UCIepy
3acuhenum pactBopom NaCl u cyme npeko Hohu (axunpoBan Na,SO,). PactBapaun ce yxiione
JIECTUJIAIjOM, a CHPOB MPOu3BOJ NpeunnihaBa ctyoHoM xpomarorpadujom (SiO, (70 g); 1.
nerpon-erap u 2. merpon-erap/MeO'Bu 10:1 (v/v)) mpu yemy ce nobuja O61em0kyTo yibe 60

(0,85 g, 86%).

EtO Etun-5-(4-mernndenna)xekc-5-enoar (60). 'H NMR (600 MHz,
CDCl) 6 7,32 — 7,28 (m, 2H, H-2’, H-6"), 7,15 — 7,11 (m, 2H, H-3’, H-
5%), 5,27 (brd, J = 1,3 Hz, 1H, C=CH,Hs, cis y omHocy Ha Ar), 5,02 (brd,
J = 1,3 Hz, 1H, C=CH,H,, trans y onnocy Ha Ar), 4,11 (q, J = 7,1 Hz,
2H, MeCH;0), 2,56 — 2,51 (m, 2H, ArC(=CH,)CH,), 2,43 (s, 3H,
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MeAr), 2,33 — 2,28 (m, 2H, CH,COOE), 1,81 — 1,75 (m, 2H, CH,CH,CH,), 1,25 (t,J= 7,1 Hz,
3H, MeCH,0); °C NMR (151 MHz, CDCl3) & 173,6 (COOEY), 147,2 (C=CH,), 137,8 (C-1"),
137,2 (C-4%), 129,0 (C-3°, C-5°), 125,9 (C-2’, C-6"), 112,1 (C=CH,), 60,2 (MeCH,0), 34,5
(ArC(=CH,)CHb), 33,6 (CH,COOEY), 23,4 (MeAr), 21,1 (CH,CH,CH,), 14,2 (MeCH,0); CI-
MS: 233 (13, [M + 179, 203 (16, [M — Et]"), 189 (100, [M — Et — Me]"). M3pauynato 3a
C15sH0; (232,32): C 77,55, H 8,68%, naheno: C 77,50, H 8,73%.

4.3.2.4 CunTe3a 2-MeTHI-6-(4-MeTHII(PeHIIT)XeNT-6-eH-2-011a (56)

PactBop MeMgCl y Terpaxuapodypany (4,59 ml; 3 mol-dm™, 13,77 mmol) moxa ce
pactBopy jenumema 60 (0,80 g, 3,44 mmol) y cyBom TeTpaxunpodypany Ha 0 °C, cMeca Mmemia
1 h, ma jomr 2 h Ha co6HOj Temneparypu. Oxnahenn Bogenu pactsop NH4Cl (0 °C) nona ce y
peakIMoHy cMecy, Koja ce MpeHece y JIEBaK 3a 0/iBajarhe M OPraHCKH CJI0j 0ABOjU. BoaeHu ciioj
ce excrpaxyje etpom (3 x 50 mL), ma ce opraHckH CII0jeBH CIIOje, UCTIEPY BOJAOM U CYIIIE MPEKO
Hohm (anxuapoBanu Na,SOy). PacTBapau ce ymapu qecTuinanujoM, a CHpOB IMPOU3BOJI MTPEYNCTH
xpomarorpadujom Ha crydy (SiO; (70 g); 1. merpon-erap/MeO'Bu 10:1 u 2. merpon-
erap/MeO'Bu 4:1 (v/v)). {obuja ce 61e10%xyTo yibe 56 (0,67 g, 89%).

2-Merui-6-(4-mernadenna)xent-6-en-2-o1 (56). IR (amer, v, cm™):

3365, 3083, 3025, 2968, 2942, 2869, 1626, 1513, 1465, 1377, 1365, 1189,

1148, 1132, 941, 890, 823, 890, 734; '"H NMR (600 MHz, CDCl3) & 7,32 —

7,28 (m, 2H, H-2’, H-6), 7,15 — 7,11 (m, 2H, H-3’, H-5), 5,25 (brd, J =

1,5 Hz, 1H, C=CH,Hy, cis y omnocy Ha Ar), 5,02 (brq, J = 1,3 Hz, 1H,
C=CH,Hy, trans y ognocy Ha Ar), 2,52 — 2,46 (m, 2H, C(=CH,)CH,), 2,34 (s, 3H, MeAr), 1,55—
1,48 (m, 4H, CH,CH,C(Me),0H), 1,17 (s, 6H, 2Me); °C NMR (151 MHz, CDCl;) & 148,1
(C=CHy), 138,2 (C-17), 137,0 (C-4’), 129,0 (C-3’, C5°), 125,9 (C-2’, C-6’), 111.6 (C=CH,),
70,9 (C(Me),OH), 43,4 (CH,C(Me),OH), 35,7 (C(=CH»)CH,), 29,2 (C(Me),OH), 23,0
(CH,CH,CH>), 21,1 (MeAr); ESI-MS: 241 (100, [M+Na]"). U3pauynato 3a C;sH2,0 (218,33):
C 82,52, H 10,16%, naheno: C 82,46, H 10,20%.

OH

4.3.2.5 Enexrpoxemujcka (peHuiicesieHoeTepuukanmja ajaxkernoaa 56 [260]

Enextpoxemujcka (eHmiIceneHoeTepruduKalija ajkeHojda 56 je BpiieHa Kao IMITO je
omucaHo 3a ankeHon 54 (oxespak 4.3.1.2). ¥V peaknuju 0,218 g (1 mmol) ankeHona 56 noduja ce
0,220 g (0,59 mmol, 69%) GnenoxyTor yiba 2,2-aumeTuin-6-(4-metundenmn)-6-[(dhennncena-

HWJI)METHI |-TeTpaxuapo-2H-nupana (55).
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SePh 2,2- TumeTu1-6-(4-metunpennn)-6-[(peHwicesanuir)-meTui|-rerpa-

xuapo-2H-nupan (55). IR (uucr, v, cm‘l): 3055, 3023, 2970, 2937, 2869,

1579, 1510, 1459, 1380, 1364, 1226, 1073, 1032, 1022, 980, 816, 733,

690; '"H NMR (200 MHz, CDCl3) & 7,43 — 7,33 (m, 4H, Ar), 7,18 — 7,05

(m, 5H, Ar), 3,37 (d, *J(H,H) = 11,6 Hz, “J(Se,H) = 8,7 Hz, 1H, SeCH,),

3,06 (dd, *J(H,H) = 11,6 Hz, *J(Se,H) = 7,5 Hz, 1H, SeCHy,), 2,43 (br dt, J = 13,6, 4,1 Hz, 1H),

2,32 (s, 3H, MeAr), 2,10 — 1,89 (m, 1H), 1,79 — 1,60 (m, 2H), 1,53 — 1,35 (m, 2H), 1,24 (s, 3H,

Me), 0,73 (s, 3H, Me); °C NMR (151 MHz, CDCls) & 142.,4 (Ar), 136,5 (Ar), 132,3 (PhSe),

132,0 (PhSe), 128,6, 128,5, 126,6 (Ar, PhSe), 126,2 (PhSe), 76,1, 73,3 (COC), 46,2, 36,6, 32,0,

30,4, 27,6 (MeCCH,CH,CH,CCH,Se), 21,0 (MeAr), 16.9 (Me). Uspauynato 3a C, HpcOSe
(373,39): C 67,55, H 7,02%, naheno: C 67,50, H, 7,01%.

4.4 AHoaHO reHepucame Karajaudaropa 3a dDepujeoBo mnpememiTame MU
xerepo-MajKiI0By peakumjy

4.4.1 OnumTH mocTynak

VYV enektponutnuky henujy (Crmuka 3.6) cTaBH ce OJMEpEHa KOJMYWHA peaKkTaHata U
10 mL 0,1 M pactBopa LiClO4 y aneronutpuny. Enekrponutnuka henuja ce cmectu y
YITPa3By4YHO KyHaTHUJIO U PACTBOP EJIEKTPOIU3UPa, HA COOHOj TeMIepaTypH, MPU KOHCTAHTHO]
jaumnn crpyje (20 mA; 0,4 F-mol”' ma 6u ce o6es6emmno 10 mol% Zr(IV)-karanusatopa).
Hakon 3aBpiieHe enekTpolin3e, peakiimoHa cMeca ce OCTaBH ojjpe)eHO BpeMe y YJITpPa3ByqIHOM
Kynatuiry (y 3aBUCHOCTH OJ1 PeaKIrje), 3aTUM ce npedarm y 0ajoH, enexTpose u henumja ucrepy
AIleTOHUTPUIIOM U pacTBapad yImapu IoJ CHIKEHUM IpuTHckoM. OctaTKy y 6anony mpoxa ce 20
mL Boxe, noOujeHa cMeca Tpedany y JIeBaK 3a O/IBajae M eKCTpaxyje eTui-aneraroMm (3 x 20
mL). Oprancku ciiojeBu ce croje u cymre npeko Hohu (amxuapoBanm Na,SQO4). PacTBapau ce
VKJIOHU JECTUJIAIMjOM TIOJ] CHIDKEHUM TPUTHUCKOM M CHUPOBU MPOW3BOJM aHAIM3UPAjy Ce

TaHKOCJIOjHOM Xpomarorpadujom, a npeuninhasajy u pas3jiBajajy xpomarorpadpujom Ha cTyOy.

4.4.2 CuHre3a nceyaorjamnkana 68a-m n 69a-m

[Ipema Ommrem noctynky (4.4.1; 10 min u3narama ynTpa3ByKy HaKOH €JIEKTPOJIN3E) U3
roykana (65 wim 66, 1 mmol) u onrorapajyhux nykneodmna (67a-m; 1,05 mmol), u HakoH
obpane noOujeHa je cupoBa peakimoHa cMeca Koja caapxu nBa jenumema (TLC) omuckux Ry
Bpennoctn. CtyOHOM xpomarorpadujom (SiO, — n-xekcan/etun-anerat, 9:1) u3aBojeHU Cy

nceygornukany 68a-m u 69a-m (nobujenn pesynratd gatu cy y Tabenama 3.3 u 3.4), a
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HaKHaJHOM XpomarorpadujoM y CBHM Ciy4yajeBUMa H30JI0BaH je o-aHOMep, camMo y TeT
ciydajeBa u30JioBaH je u  uuct [-anomep (B-68xk, [(-683, [-68j, p-68m wu
B-69.). lerasrom anammzom 'H- i *C-NMR criexrapa n3Bpiiena je naeHTH(HUKAIja OCTATHX
B-anomepa.

ChexkTpaqHM TMOJalM IO3HATHX IICEYAOTNIMKANA Yy TMOTIYHOCTH Ce€ Claxy ca
TuTepaTypHUM caommTtemuma (68a [327, 328], 68r [327, 329], 68e [327, 329], 68m [328], 69r

[330] u 69m [331]), a criekTpaJIvH TOJAIM 32 HOBA je/IMbEHha JaTh Cy Y HACTaBKY.

o 2'-MeTokcH-2'-0KkcoeTu - 4,6-n1u-0-aneTun-2,3-1uaeokcu-1-

ACO o) “‘\S\)J\O _~ THo-0-D-eputpo-xekc-2-ennupano3uy (0-686). IR (uuct, v,

/U cm’™): 2955, 1734, 1436, 1370, 1223, 1131, 1078, 1043, 785;

'H NMR (200 MHz, CDCls) § 5,96 (ddd, J = 10,1, 2,9, 1,7

Hz, 1H, H-2), 5,85 (dt, J= 10,1, 1,5 Hz, 1H, H-3), 5,74 (dt, J= 3,2, 1,7 Hz, 1H, H-1), 5,45-5,36

(m, 1H, H-4), 4,35 — 4,11 (m, 3H, H-5, H-6a, H-6b), 3,75 (s, 3H, COOCH3), 3,53 (d, J = 15,3

Hz, 1H, SCHaHbCO), 3,29 (d, J = 15,3 Hz, 1H, SCHaHbCO), 2,11 (s, 3H, CH3COO), 2,10 (s,

3H, CH;COO0); ’C NMR (50 MHz, CDCl3) § 170,6 (COO), 170,5 (CO0), 170,1 (COO0), 128,0

(C-3), 127,9 (C-2), 79,8 (C-1), 67,1 (C-6"), 65,0 (C-4), 62,7 (C-5), 52,5 (COOCHj3), 32,5
(SCH,CO0), 20,9 (CH;C0O0), 20,7 (CH3COO).*-aCI/IFHaHI/IjC Cy IPOMEHJbUBE.

AcO™

0o 2'-MeTokcu-2'-okcoeTna - 4,6-1u-0O-anernin-2,3-quaeoxcu-1-

ACO ) S\)J\O _~ THo-B-D-eputpo-xexc-2-eHnupano3us (f-686). IR (uucr, v, cm’

U ": 2954, 1733, 1436, 1369, 1222, 1142, 1043, 974, 787; 'H

NMR (200 MHz, CDCls) 6 6,00 — 5,86 (m, 2H, H-2, H-3), 5,55

—-5,51 (m, 1H, H-1), 5,32 — 5,24 (m, 1H, H-4), 4,23 (br d, J = 4,8 Hz, 2H, H-6a, H-6b), 3,87 (dt,

J=1,9, 4,6 Hz, 1H, H-5), 3,74 (s, 3H, COOCH3), 3,48 (d, J= 15,3 Hz, 1H, SHaHbCO), 3,30 (d,

J =153 Hz, 1H, SHaHbCO), 2,10 (s, 3H, CH;COO), 2,09 (s, 3H, CH;COO); *C NMR (50

MHz, CDCl;) § 170,7 (COO), 170,6 (COO), 170,1 (COO), 129,3, 128,0 (C-2, C-3), 78,2, 75,0,

64,6, 63,2 (C-1, C- 4, C-5, C-6), 52,4 (COOCH;3), 30,5 (SCH,CO), 20,9 (CH3COO), 20,7
(CH3COO0).

AcO™

- /\[oj"‘\s \/\n/o\ 3'-Metokcu-3'-okconponuii-4,6-1u-0-aneTunii-2,3-nume-
okcH-1-THo-0-D-epuTpo-xekc-2-ennupano3ua (a-68s). IR

AcO™ N ° (amer, v, cm™): 2954, 1733, 1436, 1368, 1221, 1075, 1043,
974, 788; 'H NMR (200 MHz, CDCls) § 5,93 (ddd, J = 10,1, 3,0, 1,8 Hz, 1H, H-2), 5,79 (dt, J =
10,1, 1,6 Hz, 1H, H-3), 5,62 — 5,57 (m, 1H, H-1), 5,35 (ddd, J = 8,8, 3,6, 1,8 Hz, 1H, H-4), 4,36
— 4.19 (m, 3H, H-5, H-6a, H-6b), 3,70 (s, 3H, COOCH3;), 3,02 — 2,68 (A;B,, m, 4H,
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SCH,CH,CO), 2,12 (s, 3H, CH3COO0), 2,09 (s, 3H, CH;CO0); *C NMR (50 MHz, CDCls) &
172,2 (COO), 170,7 (COO), 170,2 (COO), 128,7, 127,2 (C-2, C-3), 81,0, 66,9, 65,1, 63,0 (C-1,
C-4, C-5, C-6), 51,7 (COOCHs3), 35,2 (SCH,CH,CO), 27,3 (SCH,CH,CO), 20,9 (CH;COO),
20,7 (CH5COO).

O o S \/\n/o\ 3'-Mertoxkcu-3'-okconponui-4,6-nu-0-anerus-2,3-nuae-
U I okcu-1-Tuo-p-D-epurpo-xekc-2-eanupano3un (f-68s). IR
AcO' (amer, v, em’): 2954, 1733, 1436, 1368, 1221, 1075, 1043,

974, 788; '"H NMR (200 MHz, CDCl3) & 5,91 (pseudo s, 2H, H-2, H-3), 5,45 — 5,39 (m, 1H, H-1),

5,35-5,26 (m, 1H), 4,31 — 4,15 (m, 2H, H-6a, H-6b), 3,84 (ddd, J = 8,5, 5,0, 3,8 Hz, 1H, H-5),

3,70 (s, 3H, COOCH3), 2,97 — 2,64 (A;B>, m, 4H, SCH,CH,CO), 2,10 (s, 3H, CH3COO), 2,09

(s, 3H, CH3;CO0); *C NMR (50 MHz, CDCl3) & 172,2 (COO), 170,7 (COO), 170,1 (COO),

130,1, 127,7 (C-2, C-3), 79,3, 74,9, 64,6, 63,2 (C-1, C-4, C-5, C-6), 51,7 (COOCH3), 35,4

(SCH,CH,CO), 24,4 (SCH,CH,CO), 20,9 (CH3COO), 20,7 (CH3COO).

ACO O S o-Toaun - 4,6-nu-0-anernia-2,3-nuaeokcu-1-Tuo-o-D-epuTpo-

/U j@ xeKc-2-ennupanosun (0-68x). Tt = 51 °C. IR (KBr, v, cm’™):

AcO 2952, 2927, 1737, 1378, 1238, 1070, 1059, 1038, 786; 'H NMR
(400 MHz, CDCl3) 6 7,66 — 7,59 (m, 1H, H-6), 7,22 — 7,13 (m, 3H, H-3", 4°, 5”), 6,08 (ddd, J =
10,1, 3,2, 1,9 Hz, 1H, H-2), 5,87 (dt, /= 10,1, 1,8 Hz, 1H, H-3), 5,73 (dt, /= 3,3, 1,7 Hz, 1H, H-
1), 5,38 (dq, J = 9.4, 2,0 Hz, 1H, H-4), 4,45 (ddd, J = 9.4, 5,8, 2,5 Hz, 1H, H-5), 4,29 (dd, J =
12,1, 5,8 Hz, 1H, C-6HaHb), 4,18 (dd, /= 12,1, 2,5 Hz, 1H, C-6HaHb), 2,44 (s, 3H, -CHs), 2,11
(s, 3H, CH3-CO-0-), 2.04 (s, 3H, CH3-CO-OCH>-); *C NMR (101 MHz, CDCl;) & 170,7 (CH3-
CO-OCH3-), 170,3 (CH3-CO-0O-), 139,3 (C-2’), 134,2 (C-1’), 132,3 (C-6"), 130,3 (C-3°), 128,9
(C-2), 127,7 (C-4"), 127,5 (C-3), 126,7 (C-5"), 83,3 (C-1), 67,6 (C-5), 65,2 (C-4), 63,1 (C-6),
21,0 (CH3-CO-0-), 20,8 (-CH3), 20,7 (CH3-CO-OCH;-). U3pauynato 3a Ci7H,00s5S: C, 60,70;
H, 5,99; O, 23,78; S, 9,53%. Haheno: C, 60,65; H, 6,11; S, 9,48%.

') S o-Tommx - 4,6-1m-0-auneTunii-2,3-nuaeoxkcu-1-ruo-f-D-eputpo-
ACOU j@ xekc-2-ennmpanosus (B-681). 'H NMR (400 MHz, CDCl3) & 7,65
AcO" ~7,60 (m, 1H, H-6"), 7,20 — 7,11 (m, 3H, H-3, 4, 5°), 5,98 (dt, J
=10,2, 1,8 Hz, 1H, H-2), 5,83 (dt, J = 10,2, 2,4 Hz, 1H, H-3), 5,63 (ddd, J = 2,4, 2,0, 1,8 Hz,
1H, H-1), 5,21 (dddd, J = 7,5, 2,4, 2,0, 1,8 Hz, 1H, H-4), 4,29 (dd, J = 12,0, 5,6 Hz, 1H, C-
6HaHb), 4,25 (dd, J = 12,0, 4,1 Hz, 1H, C-6HaHb), 3,90 (ddd, J = 7.5, 5,6, 4,1 Hz, 1H, H-5),
2,42 (s, 3H, -CHs), 2,07 (s, 3H, CH3-CO-OCH>-), 2,06 (s, 3H, CH3-CO-O-); >C NMR (101
MHz, CDCls) 6 170,7 (CH3-CO-OCH>-), 170,1 (CH3-CO-0O-), 140,0 (C-2"), 132,9 (C-6"), 131,5
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(C-17), 130,3 (C-3"), 129,9 (C-2), 127,9 (C-4"), 127,2 (C-3), 126.4 (C-5"), 81,4 (C-1), 74,9 (C-
5), 64,7 (C-4), 63,3 (C-6), 21,0 (-CHs), 20,9 (CH3-CO-0-), 20,7 (CH3-CO-OCH,-).

O .S m-Tonnn-4,6-11-0-aneTni-2,3-1uaeoxkcu-1-Tmo-a-D-epuTpo-
ACO/U‘ \©/ xekc-2-enmupanosun (a-68h). IR (umcr, v, cm'): 3054, 3014,

AcO" 2954, 1739, 1592, 1475, 1369, 1222, 1078, 1047, 789; "H NMR
(200 MHz, CDCls) 6 7,39 — 7,31 (m, 2H, H-2’, 6°), 7,20 (pseudo t, J = 7,8 Hz, 1H, H-5"), 7,09
(pseudo dsextet, J= 7,5, 0,7 Hz, 1H, H-4"), 6,06 (ddd, J= 10,1, 3,2, 1,9 Hz, 1H, H-2), 5,85 (dt, J
=10,1, 1,7 Hz, 1H, H-3), 5,76 (dt, J= 3,2, 1,6 Hz, 1H, H-1), 5,38 (dq, J = 9,4, 2,0 Hz, 1H, H-4),
4,46 (ddd, J=94,5,5, 2,7 Hz, 1H, H-5), 4,31 (dd, J = 12,1, 5,5 Hz, 1H, C-6HaHb), 4,21 (dd, J
=12,0, 2,7 Hz, 1H, C-6HaHb), 2,34 (s, 3H, -CH3), 2,11 (s, 3H, CH3-CO-0O-), 2,07 (s, 3H, CH3-
CO-OCH>-); °C NMR (50 MHz, CDCl3) & 170,7 (CH3-CO-OCH,-), 170,2 (CH;-CO-0-), 138,7
(C-3°), 134,5 (C-17), 132,2, 128,7, 128,7, 128,6, 128,4, 127,5 (C-2°, 4, 5°, 6’u C-2, 3), 83,7 (C-
1), 67,3 (C-5), 65,1 (C-4), 63,0 (C-6), 21,3 (-CHj3), 20,9 (CH3-CO-0O-), 20,7 (CH3-CO-OCH,-).
Wspauaynato 3a C17H»00s5S: C, 60,70; H, 5,99; O, 23,78; S, 9,53%. Haheno: C, 60,74; H, 5,91; S,
9,58%.

o) s m-Tomnn-4,6-nu-0-aunerni-2,3-nuaeoxcu-1-ruo-p-D-eputpo-
ACO/\KJ/ \©/ xeKc-2-ennupano3ua ($-68h). 'H NMR (200 MHz, CDCl3) o
AcO™ Z 7,39 — 7,31 (m, 2H, H-2’, 6°), 7,18 (pseudo t, J = 7,2 Hz, 1H,
H-5), 7,09 (pseudo dsextet, J= 17,5, 0,7 Hz, 1H, H-4"), 5,97 (dt, J= 10,2, 1,7 Hz, 1H, H-2), 5,82
(dt,/=10,2, 2,4 Hz, 1H, H-3), 5,64 (ddd, J=2,4, 2,0, 1,7 Hz, 1H, H-1), 5,21 (dddd, /= 7,4, 2,4,
2,0, 1,7 Hz, 1H, H-4), 4,32 (dd, J = 12,0, 5,2 Hz, 1H, C-6HaHb), 4,24 (dd, /= 12,0, 4,5 Hz, 1H,
C-6HaHb), 3,92 (ddd, J = 7.4, 5,2, 4,5 Hz, 1H, H-5), 2,34 (s, 3H, -CH3), 2,09 (s, 3H, CH3-CO-
OCH>-), 2,07 (s, 3H, CH3-CO-O-).

O .S p-terc-byrnngenni-4,6-nu-0-anernin-2,3-nuaeoxcu-1-tuo-
AcO/\[J“ a-D-epuTpo-xeKc-2-ennupanosu (a-68:x). Tt = 51 °C. IR
AcO™ Z \Q\ﬁ (KBr, v, cm™): 2961, 2905, 2870, 1740, 1592, 1368, 1223,
1078, 1048, 830, 788; '"H NMR (400 MHz, CDCl3) § 7,51 —

7,45 (m, AA’MM’, 2H, H-2"), 7,36 — 7,30 (m, AA’MM’, 2H, H-3"), 6,05 (ddd, /= 10,1, 3,2, 1,9
Hz, 1H, H-2), 5,84 (dt, J= 10,1, 1,8 Hz, 1H, H-3), 5,71 (dt, /= 3,2, 1,7 Hz, 1H, H-1), 5,38 (dq, J
=9,5,2,0 Hz, 1H, H-4), 4,48 (ddd, J=9.5, 5,7, 2,6 Hz, 1H, H-5), 4,29 (dd, /= 12,1, 5,7 Hz, 1H,
C-6HaHb), 4,22 (dd, J = 12,1, 2,6 Hz, 1H, C-6HaHb), 2,10 (s, 3H, CH3-CO-0O-), 2,07 (s, 3H,

CH;-CO-OCH>-), 1,31 (s, 9H, 3 x CHs, -C(CH3)3); °C NMR (101 MHz, CDCls) & 170,7 (CHs-
CO-OCH,-), 170,3 (CH3-CO-0-), 151,1 (C-4"), 132,0 (C-2°), 131,2 (C-1"), 128.8 (C-2), 127,5
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(C-3), 126,0 (C-3"), 84,0 (C-1), 67,4 (C-5), 65,3 (C-4), 63,2 (C-6), 34,6 (-C(CHs)3), 31,3 (-
C(CHs)3), 21,0 (CH3-CO-0-), 20,8 (CH3-CO-OCH,-). Uspauynaro 3a CaoHz0sS: C, 63,47; H,
6,92; 0, 21,14; S, 8,47%. Habeno: C, 63,37; H, 6,97; S, 8,49%.

o s p-terc-bByrunpenni-4,6-nu-0-anerus-2,3-nuaeoxcu-1-
ACO/\(J/ THO-P-D-epuTpO-XeKc-2-eHnupano3ua (B-68:x). 'H NMR
AcO™™ = (400 MHz, CDCl3) & 7,50 — 7,43 (m, AA’MM’, 2H, H-2’),
7,35 — 7,30 (m, AA’MM’, 2H, H-3"), 5,97 (dt, J = 10,2,
1,8 Hz, 1H, H-2), 5,81 (dt, /= 10,2, 2,5 Hz, 1H, H-3), 5,59 (ddd, J = 2,5, 2,0, 1,8 Hz, 1H, H-1),
5,18 (dddd, J =74, 2,5, 2,0, 1,8 Hz, 1H, H-4), 4,30 (dd, /= 11,9, 5,7 Hz, 1H, C-6HaHb), 4,26
(dd, J = 11,9, 4,1 Hz, 1H, C-6HaHb), 3,90 (ddd, J = 7.4, 5,7, 4,1 Hz, 1H, H-5), 2,08 (s, 3H,
CH;3-CO-OCH,-), 2,05 (s, 3H, CH3-CO-0-), 1,31 (s, 9H, 3 x CHj, -C(CH3);); >C NMR (101
MHz, CDCls) 6 170,7 (CH3-CO-OCH,-), 170,1 (CH3-CO-0O-), 151,4 (C-4’), 132,8 (C-2"), 130,0
(C-2), 129,3 (C-1"), 127,1 (C-3), 125,8 (C-3°), 81,8 (C-1), 74,9 (C-5), 64,7 (C-4), 63,4 (C-6),
31,3 (-C(CHs)3), 29,7 (-C(CH3)3), 21,0 (CH3-CO-0-), 20,8 (CH3-CO-OCH,-).

O .S o-®ayoppenni-4,6-nu-0-anerusi-2,3-1uaeoxkcu-1-Tuo-ao-D-
ACO/\QJ\‘ j@ epurtpo-xekc-2-eanupano3uy (0-683). Tr = 82 °C. IR (KBr, v,
A0 N E em’'): 2977, 2952, 2920, 2851, 1745, 1645, 1475, 1383, 1242,
1224, 1068, 1043, 783, 764; '"H NMR (200 MHz, CDCl3) § 7,61 (td, Juu = 7.9, 1,8 Hz, 1H, H-5"),
7,31 (dddd, Jux = 8,9, 7,9, 1,8 Hz, Jur = 5,1 Hz, 1H, H-4"), 7,17 — 7,03 (m, 2H, H-3, 6’), 6,09
(ddd, J = 10,1, 3,1, 1,9 Hz, 1H, H-2), 5,90 (dt, J = 10,1, 1,7 Hz, 1H, H-3), 5,78 (dt, J = 3,1, 1,6
Hz, 1H, H-1), 5,40 (dq, /= 9,5, 1,9 Hz, 1H, H-4), 4,49 (ddd, J=9,5, 5,3, 2,5 Hz, 1H, H-5), 4,29
(dd, J = 12,2, 5,3 Hz, 1H, C-6HaHb), 4,16 (dd, J = 12,2, 2,5 Hz, 1H, C-6HaHb), 2,12 (s, 3H,
CH;3-CO-0-), 2,05 (s, 3H, CH3-CO-OCH>-); >C NMR (50 MHz, CDCl;) & 170,6 (CH3-CO-
OCH>-), 170,2 (CH3-CO-0-), 162,0 (d, 'Ji.r = 246,1 Hz, C-2), 135,1 (d, “Jir = 0,8 Hz, C-5"),
130,1 (d, *Jur = 8,0 Hz, C-6"), 128,2, 128,1 (C-2, 3), 124,6 (d, *Jur = 3,9 Hz, C-4"), 121,0 (d,
2Jir = 18,2 Hz, C-1°), 115,8 (d, “Jir = 23,0 Hz, C-3°), 82,9 (d, “Ji.r = 1,7 Hz, C-1), 67,4 (C-5),
65,0 (C-4), 62,8 (C-6), 20,9 (CH3-CO-0-), 20,6 (CH3-CO-OCH,-). U3pauynato 3a C1sH;7FOsS:
C, 56,46; H, 5,03; F, 5,58; 0, 23,50; S, 9,42%. Haleno: C, 56,37; H, 4,92; S, 9,37%.

/o) s o0-Dayopdenni-4,6-mu-0-anetnii-2,3-nuneoxkcu-1-Tuo-f-D-

AcO
U epuTpo-xeKc-2-enmupano3uy (B-683). 'H NMR (400 MHz,
AcO" F CDCl3) § 7,63 (td, J = 7,6, 1,8 Hz, 1H, H-5"), 7,32 (dddd, Juy =

8,1, 7,6, 1,8 Hz, Jur = 5,1 Hz,1H, H-4"), 7,14 — 7,05 (m, 2H, H-3’, 6°), 6,00 (dt, J = 10,2, 1,8
Hz, 1H, H-2), 5,82 (dt, /= 10,2, 2,4 Hz, 1H, H-3), 5,65 (ddd, /=24, 2,0, 1,8 Hz, 1H, H-1), 5,11
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(dddd, J = 7.4, 2,4, 2,0, 1,8 Hz, 1H, H-4), 4,34 — 4,25 (m, ABX, 2H, C-6HaHb), 3,89 (pseudo
dt, J=17.4, 4,8 Hz, 1H, H-5), 2,09 (s, 3H, CH3-CO-OCH,-), 2,06 (s, 3H, CH3-CO-0-); *C NMR
(101 MHz, CDCls) § 170,7 (CH;-CO-OCH,-), 170,1 (CH3-CO-0-), 162,1 (d, 'Jur =246,7 Hz,
C-2), 135,9 (d, “Jiv.r = 0,5 Hz, C-5°), 130,5 (d, *Jur = 8,0 Hz, C-4), 129,5 (C-2), 1282 (d, “Jur
= 10,5 Hz, C-1°), 127,6 (C-3), 124,3 (d, *Jir = 3,8 Hz, C-6), 1158 (d, s = 23,1 Hz, C-3"),
80,8 (d, “Jier = 1,7 Hz, C-1), 74,8 (C-5), 64,3 (C-4), 63,2 (C-6), 21,0 (CH;-CO-0O-), 20,8 (CHs-
CO-OCH,-).

O S F m-®uayoppenni-4,6-nu-0-aneTni-2,3-nuaeokcu-1-tuo-o-D-
ACO/U‘ \©/ epuTpo-xekc-2-ennupano3us (o-68u). Tt =58 °C. IR (KBr, v,

AcO" em™): 3071, 2995, 2927, 1742, 1597, 1580, 1475, 1371, 1255,
1238, 1219, 1085, 1071, 1034, 881, 786; "H NMR (200 MHz, CDCls) § 7,39 — 7,21 (m, 3H, Ar),
7,06 — 6,91 (m, 1H, Ar), 6,05 (ddd, J = 10,1, 3,1, 1,8 Hz, 1H, H-2), 5,89 (dt, J = 10,1, 1,7 Hz,
1H, H-3), 5,78 (dt, J = 3,1, 1,8 Hz, 1H, H-1), 5,37 (dq, /= 9.4, 1,9 Hz, 1H, H-4), 4,46 (ddd, J =
9.4, 5,8, 3,3 Hz, 1H, H-5), 4,29 (dd, J= 12,0, 5,8 Hz, 1H, C-6HaHb), 4,20 (dd, J = 12,0, 3,3 Hz,
1H, C-6HaHb), 2,12 (s, 3H, CH3-CO-0-), 2,09 (s, 3H, CH3-CO-OCH,-); °C NMR (50 MHz,
CDCl3) & 170,7 (CH3-CO-OCH>-), 170,1 (CH3-CO-0-), 162,5 (d, 'Jiv.r = 248,6 Hz, C-3"), 136,9
(d, *Jip = 8,0 Hz, C-1°), 130,0 (d, *Jir = 8,5 Hz, C-5"), 128,1 (C-2), 128,0 (C-3), 126,9 (d, “Jiv.r
= 3,1 Hz, C-6"), 118,4 (d, *Jur = 22,6 Hz, C-2°), 114,5 (d, *Ju.r = 21,2 Hz, C-4"), 83,3 (C-1),
67,4 (C-5), 65,1 (C-4), 63,0 (C-6), 20,9 (CH3-CO-0O-), 20,6 (CH3-CO-OCH;-). U3pauyHaro 3a
CicH17FOsS: C, 56,46; H, 5,03; F, 5,58; O, 23,50; S, 9,42%. Haheno: C, 56,45; H, 5,03; S,
9,44%.

0 S F  m-®ayopdenni-4,6-1u-0-aunerunii-2,3-quaeoxkcu-1-ruo-f-b-
ACO/U \©/ epuTpo-xeKc-2-enmupanosug (B-68u). 'H NMR (400 MHz,
AcO" CDCl3) § 7,36 — 7,30 (m, 1H, H-2"), 7,30 — 7,21 (m, 2H, H-5",
6’), 7,03 — 6,93 (m, 1H, H-4"), 5,96 (dt, J = 10,2, 1,7 Hz, 1H, H-2), 5,86 (dt, J = 10,2, 2,4 Hz,
1H, H-3), 5,67 (ddd, J = 2,4, 2,0, 1,7 Hz, 1H, H-1), 5,22 (dddd, J = 7,6, 2,4, 2,0, 1,7 Hz, 1H, H-
4), 4,34 — 4,28 (m, ABX, 2H, C-6HaHb), 3,95 (pseudo dt, J = 7,6, 4,8 Hz, 1H, H-5), 2,11 (s,
3H, CH3-CO-OCH>-), 2,08 (s, 3H, CH3-CO-0-); °C NMR (101 MHz, CDCl3) & 170,8 (CH;-
CO-OCH,-), 170,1 (CH3-CO-0-), 162,5 (d, "Jir = 247,9 Hz, C-3"), 135,4 (d, *Jur = 8,0 Hz, C-
1°) 129,9 (d, *Jur = 8,3 Hz, C-57), 129,4 (C-2), 127,7 (C-3), 127,5 (d, *Jur = 3,1 Hz, C-6"),
118,8 (d, *Jir = 22,8 Hz, C-2°), 114,8 (d, *Jir = 21,2 Hz, C-4’), 81,2 (C-1), 74,9 (C-5), 64,4 (C-
4), 63,1 (C-6), 21,0 (CH3-CO-0O-), 20,7 (CH3-CO-OCH>-).
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O S p-Oayopdpennn-4,6-nu-0-anerni-2,3-nuaeoxcu-1-Tuo-o-D-
ACOD‘ \©\ epuTpo-xeKkc-2-eHnupano3uy (0-68j). IR (aucr, v, cm'l): 3096,
AcO" F 3068, 2955, 1738, 1589, 1490, 1369, 1219, 1077, 1046, 1014,
831; '"H NMR (200 MHz, CDCls) & 7,62 — 7,47 (m, AA’MM’, 2H, H-2"), 7,12 — 6,91 (m,
AA’MM’, 2H, H-3"), 6,05 (ddd, J = 10,1, 3,1, 1,9 Hz, 1H, H-2), 5,87 (dt, /= 10,1, 1,7 Hz, 1H,
H-3), 5,66 (dt, J=3,1, 1,6 Hz, 1H, H-1), 5,38 (dq, /= 9,5, 1,9 Hz, 1H, H-4), 4,47 (ddd, J = 9,5,
4.4,3,7 Hz, 1H, H-5), 4,28 (dd, J= 12,2, 4,4 Hz, 1H, C-6HaHDb), 4,23 (dd, J = 12,2, 3,7 Hz, 1H,
C-6HaHb), 2,12 (s, 3H, CH3-CO-0O-), 2,10 (s, 3H, CH3-CO-OCH,-); *C NMR (50 MHz,
CDCl3) 6 170,6 (CH3-CO-OCHx-), 170,2 (CH3-CO-0O-), 162,7 (d, J = 248,2 Hz, C-4’), 134,5 (d,
J=282Hz C-2°),129,7 (d,J=3,4 Hz, C-1’), 128,3 (C-2), 127,8 (C-3),116,0 (d, /= 21,9 Hz, C-
3%), 84,1 (C-1), 67,3 (C-5), 65,1 (C-4), 63,2 (C-6), 20,9 (CH3-CO-0O-), 20,7 (CH3-CO-OCH,-).
Uzpauynato 3a CisH17FOsS: C, 56,46; H, 5,03; F, 5,58; O, 23,50; S, 9,42%. Haheno: C, 56,42;
H, 5,05; S, 9,44%.
ACO o) S p-Oayopdennn-4,6-1u-0-anerunn-2,3-quaeoxcu-1-ruo-f-D-
U \©\ epuTpo-xeKc-2-enmupanosua (B-68j). 'H NMR (200 MHz,
AcO F CDCl3) 6 7,59 — 7,46 (m, AA’MM’, 2H, H-2’), 7,08 — 6,93
(m, AA’MM’, 2H, H-3"), 5,93 (dt, J = 10,1, 1,7 Hz, 1H, H-2), 5,79 (dt, J= 10,1, 2,2 Hz, 1H, H-
3), 5,55 (ddd, J=2,2, 2,1, 1,7 Hz, 1H, H-1), 5,13 (dddd, J = 7,6, 2,3, 2,2, 1,7 Hz, 1H, H-4), 4,27
—4,23 (m, ABX, 2H, C-6HaHb), 3,88 (pseudo dt, J = 7,6, 4,6 Hz, 1H, H-5), 2,10 (s, 3H, CH3-
CO-OCHz-), 2,06 (s, 3H, CH3-CO-O-).

O S o-Xnop¢pennn-4,6-mu-0-aneTnii-2,3-1uaeoKcu- 1-ruo-o-D-epuTpo-
ACO/I) xeKc-2-enmupanosun (a-68k). Tr = 63 °C. IR (KBr, v, cm™): 2953,
AcO' cl 2927, 2852, 1735, 1455, 1384, 1252, 1238, 1222, 1069, 1035, 787,
757; '"H NMR (200 MHz, CDCls) & 7,75 — 7,64 (m, ABMX, 1H, H-3"), 7,46 — 7,35 (m, ABMX,
1H, H-6"), 7,31 — 7,15 (m, ABMX, 2H, H-4", 5°), 6,10 (ddd, /=9,9, 3,3, 1,9 Hz, 1H, H-2), 5,91
(dt, /=99, 1,7 Hz, 1H, H-3), 5,87 (dt, J = 3,3, 1,6 Hz, 1H, H-1), 5,41 (dq, /= 9,4, 1,9 Hz, 1H,
H-4), 4,45 (ddd, /= 9,4, 5,4, 2,4 Hz, 1H, H-5), 4,31 (dd, J = 12,1, 5,4 Hz, 1H, C-6HaHb), 4,16
(dd, J = 12,1, 2,4 Hz, 1H, C-6HaHb), 2,12 (s, 3H, CH3-CO-0O-), 2,03 (s, 3H, CH3-CO-OCH;-);
C NMR (50 MHz, CDCls) § 170,6 (CH3-CO-OCH,-), 170,2 (CH3-CO-0-), 135,3 (C-2°), 133,9
(C-17), 132,5 (C-37), 129,7 (C-67), 128,4 (C-2), 128,3 (C-3), 128,1 (C-5°), 127,3 (C-4’), 82,3 (C-
1), 67,7 (C-5), 64,9 (C-4), 62,8 (C-6), 20,9 (CH3-CO-0O-), 20,7 (CH3-CO-OCH;-). U3pauynato
3a C16H17CIOsS: C, 53,86; H, 4,80; Cl, 9,94; O, 22,42; S, 8,99%. Haheno: C, 53,91; H, 4,76; S,
9,07%.
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o S o-Xnopgennn-4,6-nu-0-auerna-2,3-quneoxcu-1-ruo-p-D-eputpo-
ACOU D xekc-2-ennupanosua (B-68k). '"H NMR (400 MHz, CDCls) & 7,75
AcO' cl ~ 7,69 (m, ABMX, 1H, H-3"), 7,46 — 7,36 (m, ABMX, 1H, H-6"),
7,24 — 7,15 (m, ABMX, 2H, H-4’, 5°), 6,05 (dt, J = 10,2, 1,8 Hz, 1H, H-2), 5,90 (dt, J = 10,2,
2,5 Hz, 1H, H-3), 5,76 (ddd, J = 2,5, 2,2, 1,8 Hz, 1H, H-1), 5,23 (dddd, /= 17,1, 2,5, 2,2, 1,8 Hz,
1H, H-4), 4,34 — 4,29 (m, ABX, 2H, C-6HaHb), 3,97 (pseudo dt, /= 7,1, 5,2 Hz, 1H, H-5), 2,08
(s, 3H, CH3-CO-OCH,-), 2,07 (s, 3H, CH3-CO-0-); °C NMR (101 MHz, CDCl;) & 170,7 (CH3-
CO-OCH3-), 170,2 (CH3-CO-0O-), 135,2 (C-2’), 132,9 (C-17), 132,6 (C-3’), 129,7 (C-6), 129,3
(C-2), 128,5 (C-57), 127,5 (C-3), 127,1 (C-4’), 80,3 (C-1), 74,7 (C-5), 64,4 (C-4), 63,2 (C-06),
21,0 (CH3-CO-0-), 20,8 (CH3-CO-OCH,-).

0. .8 cl m-Xgnopdenni-4,6-1u-0-anerunn-2,3-nuaeoxkcu-1-Tuo-a-D-
ACO/\KJ“\ \©/ eputpo-xekc-2-eamupano3us (a-681). Tt = 69 °C. IR (KBr,
Ao N v, cm™): 2991, 2954, 2929, 1742, 1729, 1578, 1403, 1384,
1377, 1228, 1207, 1068, 1048, 1015, 784, 773; "H NMR (200 MHz, CDCl;) & 7,58 (pseudo td, J
=1,7, 0,6 Hz, 1H, H-2"), 7,48 — 7,36 (m, 1H, Ar), 7,30 — 7,21 (m, 2H, Ar), 6,05 (ddd, J = 10,1,
3,1, 1,8 Hz, 1H, H-2), 5,88 (dt, J = 10,1, 1,7 Hz, 1H, H-3), 5,77 (dt, J = 3,1, 1,9 Hz, 1H, H-1),
5,36 (dq, J=9.4, 1,9 Hz, 1H, H-4), 4,44 (ddd, J=9,4, 5,5, 3,4 Hz, 1H, H-5), 4,29 (dd, J = 12,1,
5,5 Hz, 1H, C-6HaHDb), 4,23 (dd, J = 12,1, 3,4 Hz, 1H, C-6HaHb), 2,12 (s, 3H, CH3-CO-0O-),
2,09 (s, 3H, CH3-CO-OCH,-); >C NMR (50 MHz, CDCls) & 170,6 (CH3-CO-OCH>-), 170,1
(CH;3-CO-0-), 136,8 (C-3°), 134,5 (C-17), 131,2, 129,9, 129,5, 128,1, 128,0, 127,7 (C-2°, 4, 5°,
6’ u C-2, 3), 83,4 (C-1), 67,5 (C-5), 65,0 (C-4), 63,0 (C-6), 20,9 (CH3-CO-0O-), 20,7 (CH3-CO-
OCH;-). U3pauynato 3a C;sH;7ClOsS: C, 53,86; H, 4,80; CI, 9,94; O, 22,42; S, 8,99%. HaheHo:
C, 53,79; H, 4,84; S, 8,95%.

o s cl m-Xnopdeawi-4,6-1u-0-anernii-2,3-1uneokcu-1-ruo-f-n-
ACO/\KJ/ \©/ epuTpo-xeKc-2-eHnupano3ua ([3-68.1). 'H NMR (200 MHz,
AcO™ 7 CDCl) 6 7,60 — 7,56 (m, 1H, Ar), 7,40 — 7,36 (m, 1H, Ar),
7,25 - 7,18 (m, 2H, Ar), 5,95 (dt, J = 10,2, 1,6 Hz, 1H, H-2), 5,82 (dt, J = 10,2, 2,2 Hz, 1H, H-
3), 5,67 (ddd, J=2,2,2,0, 1,6 Hz, 1H, H-1), 5,22 (dddd, /= 7.5, 2,2, 2,0, 1,6 Hz, 1H, H-4), 4,31
—4,26 (m, ABX, 2H, C-6HaHb), 3,95 (pseudo dt, J = 7.5, 4,8 Hz, 1H, H-5), 2,12 (s, 3H, CH3s-
CO-OCHz3-), 2,07 (s, 3H, CH3-CO-0O-).

p-Xaoppennia-4,6-nu-0-anerunn-2,3-1uaeoxcu-1-Tuo-o-D-epuTpo-xekc-2-eHnupano3ua  (o-
68:b). Tt = 71 °C. IR (KBr, v, cm™): 2960, 2927, 2903, 1746, 1731, 1478, 1374, 1060, 1043,
1014, 830, 818, 785; "H NMR (400 MHz, CDCl3) & 7,51 — 7,46 (m, AA’MM’, 2H, H-2"), 7,31 —
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oL .8 7,26 (m, AA’MM”, 2H, H-3"), 6,04 (ddd, J = 10,1, 3,2, 1,9
ACO/\KJ“ \©\ Hz, 1H, H-2), 5,88 (dt, J= 10,1, 1,8 Hz, 1H, H-3), 5,71 (dt, J

A0 N Cl =32, 1,7 Hz, 1H, H-1), 5,38 (dq, J = 9,5, 2,0 Hz, 1H, H-4),
4,44 (ddd, J=9,5, 5,6, 2,9 Hz, 1H, H-5), 4,27 (dd, J = 12,1, 5,6 Hz, 1H, C-6HaHDb), 4,22 (dd, J
= 12,1, 2,9 Hz, 1H, C-6HaHb), 2,11 (s, 3H, CH3-CO-0-), 2,08 (s, 3H, CH3-CO-OCH,-); "*C
NMR (101 MHz, CDCl3) § 170,7 (CH;-CO-OCH,-), 170,3 (CH3-CO-0-), 134,0 (C-4"), 133,3
(C-1°), 133,1 (C-2°), 129,1 (C-3"), 128,2 (C-2), 128,0 (C-3), 83,7 (C-1), 67,4 (C-5), 65,1 (C-4),
63,1 (C-6), 21,0 (CH3-CO-0-), 20,8 (CH3-CO-OCH),-). M3pauynaro 3a C;sH;7ClOsS: C, 53,86;
H, 4,80; C1, 9,94; 0, 22,42; S, 8,99%. Haheno: C, 53,84; H, 4,78; S, 9,04%.

0 s p-Xnopdenni-4,6-1u-0-anetnii-2,3-1uneoxkcu-1-ruo-f-n-
ACO/U \©\ epuTpo-xeKkc-2-enmupano3ua (B-68:). 'H NMR (400 MHz,

AcO" Cl ¢cDCL) § 7,50 — 7,45 (m, AA’MM’, 2H, H-2"), 7,30 — 7,25
(m, AA’MM’, 2H, H-3), 5,93 (dt, /= 10,2, 1,8 Hz, 1H, H-2), 5,83 (dt, /= 10,2, 2,4 Hz, 1H, H-
3), 5,60 (ddd, J=2,4, 2,0, 1,8 Hz, 1H, H-1), 5,18 (dddd, /= 17,5, 2,4, 2,0, 1,7 Hz, 1H, H-4), 4,31
— 4,28 (m, ABX, 2H, C-6HaHb), 3,91 (ddd, J = 7.5, 5,1, 4,4 Hz, 1H, H-5), 2,10 (s, 3H, CH3-
CO-OCH>-), 2,07 (s, 3H, CH3-CO-0-); >C NMR (101 MHz, CDCl3) & 170,7 (CH3-CO-OCH)-),
170,1 (CH3-CO-0O-), 134,3 (C-4’), 134,1 (C-2’), 131,1 (C-17), 129,5 (C-2), 128,9 (C-3’), 127,6
(C-3), 81,3(C-1), 74,9 (C-5), 64,4 (C-4), 63,2 (C-6), 21,0 (CH3-CO-0O-), 20,8 (CH3-CO-OCH,-).

", O Se o~ Byrnn-4-0O-anerni-1-tno-2,4,6-rpuanaeokcu-a-L-epuTpo-XeKc-

U 2-enmupano3un (0-69a). IR (umer, v, cm™): 2958, 2931, 2874,
AcO Z 1741, 1372, 1231, 1091, 1060, 1039, 916, 792; 'H NMR (200
MHz, CDCls) 8 5,91 (ddd, J = 10,1, 3,0, 1,8 Hz, 1H, H-2), 5,73 (dt, J = 10,1, 1,7 Hz, 1H, H-3),
5,48 (dt, J= 3,0, 1,8 Hz, 1H, H-1), 5,11 (dq, J = 9,0, 1,9 Hz, 1H, H-4), 4,15 (dq, /= 9,0, 6,3 Hz,
1H, H-5), 2,81 — 2,55 (m, 2H, SCH>), 2,09 (s, 3H, OCOCH3), 1,71 — 1,52 (m, 2H, CHy), 1,52 —
1,31 (m, 2H, CH,), 1,23 (d, J = 6,3 Hz, 3H, CH3), 0,92 (t, J = 7,2 Hz, 3H, CHz); *C NMR (50
MHz, CDCl;) 6 170,5 (CH3-CO-0O-), 129,2, 127,1 (C-2, 3), 80,2 (C-1), 70,8 (C-4), 64,9 (C-5),
32,2 (CHy), 31,8 (CHy), 21,9 (CH,CHj3), 21,0 (CH3-CO-O-), 17,9 (CHs), 13,6 (CH,CHa).
Uzpauynato 3a C,H,005S: C, 58,98; H, 8,25; O, 19,64; S, 13,12%. Haheno: C, 59,07; H, 8,31; S,
13,07%.

2'-MeTtokcu-2'-okcoeTnia-4-0-anetmii-1-tuo-2,4,6-rpuanae-oKcu-o-L-epuTpo-xeKc-2-

ennupano3uja (0-696). IR (uucr, v, cm'l): 2981, 2953, 2936, 1734, 1436, 1372, 1280, 1231,
1090, 1064, 1039, 917, 782; "H NMR (200 MHz, CDCl3) & 5,92 (ddd, J= 10,1, 2,9, 1,7 Hz, 1H,
H-2), 5,80 (dt, J= 10,1, 1,6 Hz, 1H, H-3), 5,66 (ddd, J=2,9, 2,1, 1,6 Hz, 1H, H-1), 5,12 (dq, J =
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0 9,0, 1,8 Hz, 1H, H-4), 4,11 (dq, J = 9,0, 6,2 Hz, 1H, H-5), 3,75
w, O sQJ\O _ (s, 3H, COOCH3), 3,50 (d, J = 15,1 Hz, 1H, SCHaHbCO), 3,29
L)/ (d, J = 15,1 Hz, 1H, SCHaHbCO), 2,10 (s, 3H, OCOCHj3), 1,23

AcO (d, J= 6,2 Hz, 3H, CH3); *C NMR (50 MHz, CDCl;) & 170,8 (-

CO-0-CHj3), 170,3 (CH3-CO-0-), 128,3, 127,9 (C-2, 3), 79,8 (C-1), 70,6 (C-4), 65,2 (C-5), 52,4

(-CO-0O-CHj3), 32,7 (CH,), 20,9 (CH;3-CO-0-), 17,8 (CH;). Uspauynaro 3a C;H605S: C, 50,75;

H, 6,20; 0, 30,73; S, 12,32%. Haleno: C, 50,67; H, 6,11; S, 12,38%.

w, O S \/\n/o\ 3'-Mertokcn-3'-oxkconponui-4-0O-anerni-1-tuo-2,4,6-Tpu-
/[)/ o JTUIE0KCH-0-L-epUTpO-XeKc-2-ennupano3ua  (0-698). IR
AcO (amer, v, cm’): 2979, 2953, 2935, 1734, 1436, 1372, 1231,
1148, 1090, 1061, 1039, 916, 785; 'H NMR (200 MHz, CDCls) & 5,89 (ddd, J = 10,1, 2,9, 1,8
Hz, 1H, H-2), 5,75 (dt, /= 10,2, 1,7 Hz, 1H, H-3), 5,51 (dt, /=29, 2,1 Hz, 1H, H-1), 5,11 (dq, J
=9,0, 1,9 Hz, 1H, H-4), 4,12 (dq, J = 9,0, 6,3 Hz, 1H, H-5), 3,71 (s, 3H, COCH3), 3,04 — 2,60
(m, A,B,, 4H, SCH,CH,CO), 2,09 (s, 3H, OCOCH3), 1,24 (d, J = 6,3 Hz, 3H, CH3); °C NMR
(50 MHz, CDCls) 6 172,2 (-CO-O-CH3), 170,4 (CH3-CO-0O-), 128,7, 127,6 (C-2, 3), 80,6 (C-1),
70,7 (C-4), 65,0 (C-5), 51,7 (-CO-O-CH3), 35,3 (SCH,CH,CO), 27,2 (SCH,CH,CO), 21,0 (O-
CO-CHs3), 17,8 (CHs). Uspauynato 3a Ci,H;30sS: C, 52,54; H, 6,61; O, 29,16; S, 11,69%.
Haheno: C, 52,48; H, 6,70; S, 11,73%.

4, O S o-Tom-4-0-anerni-1-tuo-2,4,6-Tpuane0KCH-0-L-epUTPO-XeKC-
/'0/ ;@ 2-eanupano3un (a-69m). Tt =46 °C. IR (KBr, v, cm'l): 3017, 2978,
AcO 2932, 2898, 1738, 1469, 1454, 1375, 1241, 1091, 1057, 1042, 781,
'H NMR (200 MHz, CDCl3) 8 7,66 — 7,55 (m, 1H, H-6"), 7,22 — 7,12 (m, 3H, H-3’, 4°, 5°), 6,05
(ddd, J=10,1, 3,1, 1,9 Hz, 1H, H-2), 5,83 (dt, J = 10,1, 1,7 Hz, 1H, H-3), 5,69 (dt, J= 3,2, 1,6
Hz, 1H, H-1), 5,15 (dq, J = 9,0, 1,9 Hz, 1H, H-4), 4,27 (dq, J = 9,0, 6,2 Hz, 1H, H-5), 2,42 (s,
3H, CH3), 2,11 (s, 3H, OCOCHa), 1,26 (d, J = 6,2 Hz, 3H, CH3); >C NMR (50 MHz, CDCl3) &
170,4 (CH3-CO-0O-), 139,0 (C-27), 134,7 (C-1"), 131,7, 130,1, 128,8, 127,9, 127,3, 126,6 (C-3°,
4,5,6>uC-2,3), 83,1 (C-1), 70,7 (C-4), 65,6 (C-5), 21,0 (OCOCH3), 20,7 (CHs), 18,0 (CHz).
Wzpauynato 3a CsH;303S: C, 64,72; H, 6,52; O, 17,24; S, 11,52%. Haheno: C, 64,66; H, 6,61;
S, 11,47%.

t, O S o-Tomunin-4-0-auern-1-tuo-2,4,6-rpuauaeokcu-p-L-epuTpo-xeKc-
Ji) 2-eammpanosu (B-691). 'H NMR (200 MHz, CDCl3) § 7,67 — 7,55
AcO (m, 1H, H-6"), 7,24 — 7,12 (m, 3H, H-3’, 4°, 5°), 5,95 (dt, J = 10,2,
1,7 Hz, 1H, H-2), 5,80 (dt, J = 10,2, 2,2 Hz, 1H, H-3), 5,61 (ddd, J = 2,5, 2,2, 1,7 Hz, 1H, H-1),
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5,04 (dddd, J = 7.4, 2,5, 2,2, 1,7 Hz, 1H, H-4), 3,78 (dq, J = 7.4, 6,3 Hz, 1H, H-5), 2,42 (s, 3H,
CH3), 2,07 (s, 3H, OCOCH3), 1,33 (d, J = 6.3 Hz, 3H, CH3).

u,, O S m-Tonun-4-0-aunerni-1-tno-2,4,6-rpuanaeoxcu-o-L-epuTpo-
/E)/ \©/ xeKkc-2-eHnupano3un (0-69%). IR (uuct, v, cm'l): 3052, 2979,
AcO 2932, 1743, 1592, 1475, 1372, 1235, 1092, 1063, 1041, 787; 'H
NMR (200 MHz, CDCl3) 6 7,36 — 7,29 (m, 2H, H-2’, 6°), 7,20 (pseudo t, J = 7,8 Hz, 1H, H-5"),
7,07 (pseudo dsextet, J = 7,5, 0,7 Hz, 1H, 4°), 6,02 (ddd, J = 10,1, 3,1, 1,9 Hz, 1H, H-2), 5,82
(dt,J=10,1, 1,7 Hz, 1H, H-3), 5,71 (dt, J = 3,1, 1,6 Hz, 1H, H-1), 5,15 (dq, /=9,1, 1,9 Hz, 1H,
H-4), 4,27 (dq, J= 9,1, 6,2 Hz, 1H, H-5), 2,34 (s, 3H, CH3), 2,11 (s, 3H, OCOCH3), 1,28 (d, J =
6,2 Hz, 3H, CH3); °C NMR (50 MHz, CDCl3) & 170,4 (CH3-CO-O-), 138,7 (C-3"), 135,1 (C-
1), 132,0, 128,7, 128,6, 128,3, 128,2, 128,0 (C-2’, 4°, 5°, 6’ u C-2, 3), 83,6 (C-1), 70,7 (C-4),
65,4 (C-5), 21,3 (CHy), 21,1 (OCOCHs), 18,0 (CH3). U3pauynaro 3a Ci5Hi303S: C, 64,72; H,
6,52; 0, 17,24; S, 11,52%. Haheno: C, 64,74; H, 6,50; S, 11,51%.

Ol oS m-Toann-4-0-auerni-1-tuo-2,4,6-rpuanaeokcu-B-L-epuTpo-

Q \©/ xekc-2-enmupanozun (B-69h). 'H NMR (200 MHz, CDCl3) &

AcO 7 7.36 — 7.29 (m, 2H, H-2’, 6”), 7.20 (pseudo t, J = 7.8 Hz, 1H, H-

5%), 7.07 (pseudo dsextet, J = 7.5, 0.7 Hz, 1H, H-4"), 5.93 (dt, /= 10.2, 1.7 Hz, 1H, H-2), 5.77 (dt,

J=10.2,2.4 Hz, 1H, H-3), 5.60 (ddd, J =24, 2.0, 1.7 Hz, 1H, H-1), 5.02 (dddd, J=7.9, 2.4, 2.0,

1.7 Hz, 1H, H-4), 3.78 (dq, J = 7.9, 6.4 Hz, 1H, H-5), 2.34 (s, 3H, CH3), 2.06 (s, 3H, OCOCH3),
1.34 (d, J= 6.4 Hz, 3H, CH3).

‘s, O S p-Tomun-4-0-anerwii-1-tuo-2,4,6-Tpuauae0KCH-0-L-epUTPO-
/[)/ \©\ xekc-2-ennupano3ua (0-69¢). Tr = 77 °C. IR (KBr, v, cm™):
AcO 2982, 2970, 2929, 2874, 1728, 1494, 1396, 1373, 1237, 1096,
1071, 1042, 805, 779; 'H NMR (200 MHz, CDCl3) § 7,45 — 7,37 (m, AA’MM’, 2H, H-2"), 7,12
(m, AA’MM’, 2H, H-3’), 6,02 (ddd, /= 10,1, 3,1, 1,9 Hz, 1H, H-2), 5,81 (dt, /= 10,1, 1,7 Hz, 1H,
H-3), 5,64 (dt, J=3,1, 1,7 Hz, 1H, H-1), 5,14 (dq, /= 9,1, 1,9 Hz, 1H, H-4), 4,28 (dq, /= 9,1, 6,3
Hz, 1H, H-5), 2,33 (s, 3H, CH3), 2,11 (s, 3H, OCOCH3), 1,27 (d, J = 6,3 Hz, 3H, CH3); "°C
NMR (50 MHz, CDCls) é 170,4 (CH3-CO-O-), 137,5 (C-4’), 132,0 (C-2’), 131,6 (C-1"), 129,7
(C-3"), 128,60, 127,9 (C-2, 3), 84,0 (C-1), 70,7 (C-4), 65,3 (C-5), 21,1 (2C, CH3, OCOCH3), 18,0
(CHs). U3paaynato 3a CsH;305S: C, 64,72; H, 6,52; O, 17,24; S, 11,52%. Haheno: C, 64,81; H,
6,50; S, 11,57%.
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t, O S p-Tommn-4-0-anerni-1-ruo-2,4,6-rpuaugeoxcu-p-L-epurpo-

Q xexc-2-enmupanosun (B-69e). 'H NMR (200 MHz, CDCls) &

AcO 7,45 — 7,37 (m, AA’MM’, 2H, H-2"), 7,16 — 7,08 (m, AA’MM’,

2H, H-3’), 5,90 (dt, /= 10,2, 1,7 Hz, 1H, H-2), 5,74 (dt, J= 10,2, 2,2 Hz, 1H, H-3), 5,53 (ddd, J =

2,5,2,2,1,7 Hz, 1H, H-1), 4,99 (dddd, J = 7,7, 2.5, 2,2, 1,7 Hz, 1H, H-4), 3,73 (dq, J = 7,7, 6,3
Hz, 1H, H-5), 2,33 (s, 3H, CH3), 2,05 (s, 3H, OCOCH3), 1,32 (d, J= 6,3 Hz, 3H, CHs).

m, O S p-terc-Byrnnpenni-4-0-aneruni-1-tno-2,4,6-rpuanae-oxcu-
U 0-L-epHTpo-XeKc-2-eHnmupano3ua (0-69:x). IR (neat, v, cm™):
AcO 2963, 2904, 2870, 1741, 1489, 1372, 1231, 1090, 1061, 1039,
916, 783; '"H NMR (200 MHz, CDCl;) § 7,49 — 7,42 (m,
AA’MM’, 2H, H-2), 7,37 — 7,29 (m, AA’MM’, 2H, H-3"), 6,02 (ddd, J = 10,1, 3,1, 1,9 Hz, 1H,
H-2), 5,81 (dt, /= 10,1, 1,7 Hz, 1H, H-3), 5,67 (dt, /= 3,1, 1,6 Hz, 1H, H-1), 5,15 (dq, J=9,1, 1,9
Hz, 1H, H-4), 4,29 (dq, J = 9,1, 6,3 Hz, 1H, H-5), 2.11 (s, 3H, OCOCH3), 1.31 (s, 9H, 3 x CHj3,
C(CHs)3), 1.28 (d, J = 6.3 Hz, 3H, CH3); >C NMR (50 MHz, CDCl3) & 170,4 (CH;-CO-O-), 150,6
(C-4), 131,8 (C-17), 131,5 (C-27), 128,7, 127,9 (C-2, 3), 126,0 (C-3’), 83,9 (C-1), 70,7 (C-4),
65,4 (C-5), 34,5 (C(CHas)3), 31,2 (C(CHj3)3), 21,1 (OCOCH3s), 18,0 (CH3). U3pauynaro 3a
Ci13H24038S: C, 67,47; H, 7,55; O, 14,98; S, 10,01%. Haheno: C, 67,41; H, 7,48; S, 9,93%.

m, Ol WS p-terc-Byrnnpenni-4-0O-anernin-1-tno-2,4,6-rpuanae-oxcu-
Q B-L-eputpo-xeKc-2-enmupano3nx  (P-69:x). 'H NMR (200
AcO

MHz, CDCl;) & 7,49 — 7,42 (m, AA’MM, 2H, H-2"), 7,39 —

7,29 m, AA'MM, 2H, H-3"), 5,93 (dt, J = 10,2, 1,7 Hz, 1H,
H-2), 5,77 (dt, J = 10,2, 2,3 Hz, 1H, H-3), 5,56 (ddd, J = 2.5, 2,3, 1,7 Hz, 1H, H-1), 5,02 (dddd,
J=1.6,25,23, 1,7 Hz, 1H, H-4), 3,75 (dq, J = 7.6, 6,4 Hz, 1H, H-5), 2,06 (s, 3H, OCOCHs),
1,34 (d, J= 6,4 Hz, 3H, CH;), 1,28 (s, 9H, 3 x CHs, C(CH)3).

e S o-Dayoppennn-4-0 -anernia-1-tno-2,4,6-Tpuanieokcu-a-L-epu-
/'[)/ D Tpo-XeKc-2-enmupano3un (0-693). Tt = 74 °C. IR (KBr, v, cm™):

AcO F 2978, 2933, 2893, 1734, 1571, 1474, 1383, 1238, 1093, 1042, 919,
779. 751; '"H NMR (200 MHz, CDCl3) § 7,59 (td, J = 7.8, 2,0 Hz, 1H, H-5"), 7,36 — 7,23 (m, 1H,
H-4%), 7,16 — 7,03 (m, 2H, H-3’, H-6’), 6,05 (ddd, J = 10,1, 3,0, 1,9 Hz, 1H, H-2), 5,86 (dt, J =
10,1, 1,6 Hz, 1H, H-3), 5,72 (dt, J = 3,0, 1,6 Hz, 1H, H-1), 5,15 (dq, /= 9,1, 1,9 Hz, 1H, H-4),
431 (dg, J= 9,1, 6,2 Hz, 1H, H-5), 2,12 (s, 3H, OCOCH3), 1,24 (d, J = 6,2 Hz, 3H, CH3); °C
NMR (50 MHz, CDCl3) & 170,4 (CH3-CO-0-), 161,9 (d, 'Ji.r = 245,9 Hz, C-2°), 134,7 (d, *Jir
= 1,1 Hz, C-5"), 129,8 (d, *Ji.r = 8,0 Hz, C-6"), 128,, 128,2 (C-2, 3), 124.,6 (d, *Ju.r = 3,8 Hz, C-
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4),121,7 (d, *Jir = 18,1 Hz, C-17), 115,7 (d, *Jir = 23,0 Hz, C-3"), 82,9 (d, *Jir = 1,6 Hz, C-
1), 70,6 (C-4), 65,6 (C-5), 21,0 (OCOCH3), 17,8 (CH3). Uspauynaro 3a C14H;sFO;S: C, 59,56;
H, 5,36; F, 6,73; 0, 17,00; S, 11,36%. Hahero: C, 59,48; H, 5,43; S, 11,41%.

t, O S o-Dayoppennn-4-0-aueruni-1-tuo-2,4,6-rpuguaeoxcu-p-L-epu-

L)‘ j@ Tpo-xeKc-2-enmupanosua (B-693). 'H NMR (200 MHz, CDCL3) &

AcO F 7,67 — 7,57 (m, 1H, H-5"), 7,36 — 7,27 (m, 1H, H-4"), 7,16 — 7,02

(m, 2H, H-3’, 6°), 5,97 (dt, J = 10,2, 1,7 Hz, 1H, H-2), 5,78 (dt, J = 10,2, 2,3 Hz, 1H, H-3), 5,62

(ddd, J=2,3,2,0, 1,7 Hz, 1H, H-1), 4,92 (dddd, J= 7,4, 2,3, 2,0, 1,7 Hz, 1H, H-4), 3,76 (dq, J =
7,4, 6,4 Hz, 1H, H-5), 2,06 (s, 3H, OCOCH3), 1,32 (d, /= 6,4 Hz, 3H, CHj3).

4, O S F m-Dayopdenwi-4-0-anern-1-tuo-2,4,6-Tpuauaeokcu-o-L-
/'[)/ \©/ epHuTpo-xeKc-2-enmupano3na (0-69u). IR (umcr, v, cm™): 3069,
AcO 2980, 2935, 2891, 1740, 1599, 1578, 1474, 1372, 1230, 1091,
1059, 1039, 879, 781; 'H NMR (200 MHz, CDCl3) & 7,34 — 7,19 (m, 3H, Ar), 7,03 — 6,88 (m,
1H, Ar), 6,01 (ddd, J= 10,0, 2,9, 1,7 Hz, 1H, H-2), 5,85 (dt, /= 10,1, 1,7 Hz, 1H, H-3), 5,75 (dt,
J=3,1,2,1 Hz, 1H, H-1), 5,16 (dq, J = 9,1, 1,9 Hz, 1H, H-4), 4,23 (dq, /= 9,1, 6,2 Hz, 1H, H-
5), 2,11 (s, 3H, OCOCH3), 1,28 (d, J = 6,2 Hz, 3H, CH3); *C NMR (50 MHz, CDCl;) & 170,4
(CH;3-CO-0-), 162,7 (d, 'Jur = 248,4 Hz, C-3"), 137,9 (d, *Jir = 7,9 Hz, C-1°), 130,1 (d, *Jiw.r =
8,5 Hz, C-5), 128,6, 128,1 (C-2, 3), 126,3 (d, *Jir = 3,0 Hz, C-6"), 117,6 (d, *Juv.r = 22,8 Hz, C-
2%), 114,1 (d, “Juwr = 21,2 Hz, C-4°), 83,3 (C-1), 70,6 (C-4), 65,7 (C-5), 21,0 (OCOCH3), 18,0
(CHs). Uzpaaynaro 3a C4H;sFOsS: C, 59,56; H, 5,36; F, 6,73; O, 17,00; S, 11,36%. Haheno: C,
59,64; H, 5,32; S, 11,43%.

t, O F m-Dayopdenni-4-0-aneTni-1-tuno-2,4,6-tpuanneoxcu-f-L-
Q‘ epuTpo-xeKc-2-enmupanosua (B-69u). 'H NMR (400 MHz,
AcO CDCly) & 7,30 — 7,24 (m, 3H, Ar), 7,01 — 6,94 (m, 1H, H-4"),
5,92 (dt, J=10,2, 1,7 Hz, 1H, H-2), 5,83 (dt, J = 10,2, 2,3 Hz, 1H, H-3), 5,65 (ddd, J = 2,5, 2,3,
1,7 Hz, 1H, H-1), 5,04 (dddd, J = 7,4, 2,5, 2,3, 1,7 Hz, 1H, H-4), 3,80 (dq, J = 7,4, 6,4 Hz, 1H,
H-5), 2,08 (s, 3H, OCOCH3), 1,35 (d, J = 6,4 Hz, 3H, CH3); °C NMR (101 MHz, CDCl;) &
170,4 (CH3-CO-0-), 162,5 (d, 'Jip = 248,4 Hz, C-3"), 135,7 (d, *Jur = 8,0 Hz, C-17), 130,0 (d,
3 Jir = 8,4 Hz, C-5%), 129,4 (C-2), 128,3 (C-3), 127,4 (d, “Ju.r = 3,0 Hz, C-6"), 118,6 (d, “Jiv.r =
22,7 Hz, C-2), 114,6 (d, *Jur = 21,2 Hz, C-4"), 81,3 (C-1), 73,5 (C-5), 69,6 (C-4), 21,1
(OCOCH3), 18,5 (CH3).
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v, O s p-DPayoppennii-4-0O-anernn-1-ruo-2,4,6-rpuauaeoxkcu-o-L-
U \©\ epuTpo-xeKc-2-enmupano3nn (0-69j). IR (ancr, v, cm™): 3052,
AcO = F 2979, 2934, 2893, 1739, 1589, 1489, 1371, 1228, 1087, 1062,
1039, 830, 780; "H NMR (200 MHz, CDCl3) § 7,57 — 7,43 (m, AA’MM’, 2H, H-2"), 7,10 — 6,94
(m, AA’MM’, 2H, H-3"), 6,01 (ddd, J = 10,1, 3,0, 1,9 Hz, 1H, H-2), 5,83 (dt, J = 10,1, 1,6 Hz,
1H, H-3), 5,61 (dt, J = 3,0, 2,1 Hz, 1H, H-1), 5,15 (dq, J = 9,1, 1,9 Hz, 1H, H-4), 4,27 (dq, J =
9,1, 6,3 Hz, 1H, H-5), 2,12 (s, 3H, OCOCHs3), 1,28 (d, J = 6,3 Hz, 3H, CH3); °C NMR (50
MHz, CDCls) & 170,4 (CH3-CO-0-), 162,6 (d, 'Jur = 247,7 Hz, C-4’), 134,2 (d, *Jiv.r = 8,2 Hz,
C-2%), 130,3 (d, “Jur = 3,4 Hz, C-1°), 128,3, 128,2 (C-2, 3), 116,0 (d, “Jur = 21,9 Hz, C-3°),
84,2 (C-1), 70,6 (C-4), 65,4 (C-5), 21,1 (OCOCH3;), 18,0 (CH3). U3pauynaro 3a Ci4H;sFOsS: C,
59,56; H, 5,36; F, 6,73; O, 17,00; S, 11,36%. Haheno: C, 59,50; H, 5,33; S, 11,34%.

t,, O S p-Oayopdpennn-4-0-aueruii-1-tuo-2,4,6-rpuauaeoxcu-f-L-

Q‘ \©\ epuTpo-xekc-2-enmupanozun (B-69j). 'H NMR (200 MHz,

AcO FCDCLy) § 7,56 — 7,44 (m, 2H), 7,08 — 6,94 (m, 2H), 5,88 (dt, J

= 10,2, 1,7 Hz, 1H, H-2), 5,75 (dt, J = 10,2, 2,2 Hz, 1H, H-3), 5,51 (ddd, J = 2,3, 2,2, 1,7 Hz,

1H, H-1), 4,95 (dddd, J = 7.8, 2,3, 2,2, 1,7 Hz, 1H, H-4), 3,73 (dq, J = 7.8, 6,3 Hz, 1H, H-5),
2,06 (s, 3H, OCOCH3), 1,31 (d, J = 6,3 Hz, 3H, CH3).

w, O S o-Xnoppenni-4-O-aneruii-1-tno-2,4,6-TpuINICOKCH-0-L-epATPO-
/[)/ xeKc-2-eanupano3uy (0-69x). Tt = 64 °C. IR (KBr, v, cm'l): 2978,
AcO Cl

2962, 2931, 2851, 1738, 1454, 1375, 1237, 1090, 1035, 916, 786,
745; "H NMR (200 MHz, CDCls) § 7,71 — 7,65 (m, ABMX, 1H, H-3"), 7,43 — 7,37 (m, ABMX,
1H, H-6’), 7,30 — 7,14 (m, ABMX, 2H, H-4’, 5°), 6,06 (ddd, J = 10,0, 3,1, 1,8 Hz, 1H, H-2),
5,88 (dt, J=10,0, 1,7 Hz, 1H, H-3), 5,82 (dt, /= 3,1, 1,8 Hz, 1H, H-1), 5,16 (dq, J=9,0, 1,9 Hz,
1H, H-4), 4,27 (dq, J = 9,0, 6,2 Hz, 1H, H-5), 2,12 (s, 3H, OCOCH3), 1,25 (d, J = 6,2 Hz, 3H,
CH3); C NMR (50 MHz, CDCl3) & 170,4 (CH3-CO-0-), 135,1 (C-2°), 134,7 (C-1°), 132,1 (C-
6%), 132,0, 129,7, 128,8, 128,1, 127,3 (C-3°,4’, 5°, 6’ u C-2, 3), 82,4 (C-1), 70,6 (C-4), 65,9 (C-
5), 21,0 (OCOCHj3), 18,0 (CH3). U3pauynaro 3a C;4H;5CIOsS: C, 56,28; H, 5,06; Cl, 11,87; O,
16,06; S, 10,73%. Haheno: C, 56,19; H, 4,96; S, 10,63%.

W, O s cl m-Xnopdenni-4-0-anerni-1-tno-2,4,6-TpuanaeoKcu-o-L-
U \©/ epuTpo-xeKkc-2-enmupano3us (0-69:1). IR (umcr, v, cm™): 3057,

AcO 2980, 2934, 2891, 1740, 1576, 1462, 1372, 1230, 1090, 1062,
1038, 772; '"H NMR (200 MHz, CDCl3) & 7,53 — 7.,50 (m, 1H, H-2"), 7,44 — 7,34 (m, 1H, Ar),
7,28 — 7,21 (m, 2H, Ar), 6,01 (ddd, J = 10,1, 3,0, 1,8 Hz, 1H, H-2), 5,85 (dt, /= 10,1, 1,6 Hz,
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1H, H-3), 5,74 (dt, J = 3,0, 1,7 Hz, 1H, H-1), 5,16 (dq, /= 9,1, 1,9 Hz, 1H, H-4), 4,23 (dq, J =
9,1, 6,2 Hz, 1H, H-5), 2,12 (s, 3H, OCOCH3), 1,29 (d, J = 6,2 Hz, 3H, CH3); >C NMR (50
MHz, CDCl;) 6 170,4 (CH;3-CO-O-), 137,5 (C-3°), 134,6 (C-1°), 130,7, 129,9, 129,0, 128,6,
128,1, 127,4 (C-2°,4°, 5, 6’ u C-2, 3), 83,4 (C-1), 70,6 (C-4), 65,7 (C-5), 21,0 (OCOCHj3), 18,0
(CHs). Uzpaaynato 3a C14H;5CIlO3S: C, 56,28; H, 5,06; Cl, 11,87; O, 16,06; S, 10,73%. Haheno:
C, 56,27; H, 5,13; S, 10,79%.

tm,, O S cl m-Xgnopdenni-4-0-anernii-1-tno-2,4,6-rpuanaeoxcu-f-L-
L)' \©/ epuTpo-xekc-2-enmupanosua (B-69:1). '"H NMR (400 MHz,
AcO CDCly) & 7,56 — 7,51 (m, 1H, H-2"), 7,43 — 7,37 (m, 1H, Ar),
7,28 — 7,20 (m, 2H, Ar), 5,92 (dt, J = 10,2, 1,7 Hz, 1H, H-2), 5,83 (dt, J= 10,2, 2,3 Hz, 1H, H-
3), 5,63 (ddd, J=2.,4,2,3, 1,7 Hz, 1H, H-1), 5,02 (dddd, J = 7,4, 2,4, 2,3, 1,7 Hz, 1H, H-4), 3,80
(dq, J= 7.4, 6,4 Hz, 1H, H-5), 2,08 (s, 3H, OCOCHj3), 1,35 (d, J = 6,4 Hz, 3H, CH3); °C NMR
(101 MHz, CDCl;) & 170,3 (CH3-CO-0-), 135,1 (C-3°), 133,5 (C-1°), 131,6 (C-2°), 130,0 (C-
Ar), 129,8 (C-Ar), 129,4 (C-2), 128,2 (C-3), 127,8 (C-Ar), 81,3 (C-1), 73,5 (C-5), 69,5 (C-4),
21,1 (OCOCH3), 18,5 (CHs).

,, O S p-Xnopdenunn-4-0-anerusi-1-ruo-2,4,6-rpuauaeokcu-o-L-
/[)/ \©\ epuTpo-xekc-2-eanupano3usa (0-69m). Ty = 78 °C. IR (KBr,
AcO Cl ), em™): 2982, 2969, 2931, 2874, 1732, 1479, 1371, 1230,
1092, 1072, 1043, 815, 782; '"H NMR (400 MHz, CDCl3) § 7,47 — 7,42 (m, AA’MM’, 2H, H-2"),
7,30 — 7,26 (m, AA’MM", 2H, H-3"), 6,00 (ddd, J = 10,1, 3,1, 1,9 Hz, 1H, H-2), 5,84 (dt, J =
10,1, 1,7 Hz, 1H, H-3), 5,67 (dt, J = 3,1, 1,7 Hz, 1H, H-1), 5,15 (dq, J = 9,1, 2,0 Hz, 1H, H-4),
4,24 (dq, J = 9.1, 6,3 Hz, 1H, H-5), 2,11 (s, 3H, OCOCH3), 1,27 (d, J = 6,3 Hz, 3H, CH3); °C
NMR (101 MHz, CDCl3) § 170,5 (CH3-CO-0-), 133,9 (C-4"), 133,6 (C-1), 132,7 (C-27), 129,1
(C-3%), 128,4 (C-3), 128,2 (C-2), 83,7 (C-1), 70,6 (C-4), 65,6 (C-5), 21,1 (OCOCH3), 18,0
(CHj3). Uspauynaro 3a C14H;5CI1O05S: C, 56,28; H, 5,06; Cl, 11,87; O, 16,06; S, 10,73%. Haheno:
C,56,21; H,5,11; S, 10,68%.

tn,, O S p-Xaoppenumi-4-0O-anerni-1-ruo-2,4,6-rpuauneoxkcu-p-L-

L)\ \©\ epuTpo-xeKc-2-ennupanosua (B-695b). 'H NMR (400 MHz,

AcO Cl'cDCly) 8 7,49 — 7,40 (m, AA’MM’, 2H, H-2"), 7,32 — 7,23

(m, AA’MM’, 2H, H-3"), 5,89 (dt, J = 10,2, 1,7 Hz, 1H, H-2), 5,79 (dt, J = 10,2, 2,3 Hz, 1H, H-

3), 5,56 (ddd, J= 2,5, 2,3, 1,7 Hz, 1H, H-1), 4,99 (dddd, /= 7,6, 2,5, 2,3, 1,7 Hz, 1H, H-4), 3,75
(dq,J=1,6, 6,3 Hz, 1H, H-5), 2,06 (s, 3H, OCOCHj3), 1,32 (d, J= 6,3 Hz, 3H, CH3).
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4.4.3 Cunre3a f-tnakerona 74a-r, e, H

[Ipema Onmtem noctynky (4.4.1; 30 min u3narama ynTpa3ByKy HaAKOH €JIEKTPOJIN3E)
u3 MeTuiI-BuHUI-KeTOH (73, 1 mmol) u oxarosapajyhux S-nykieoduna (67a-r, e, H; 2 mmol),
noOujeHa je cupoBa cMeca Koja je mpeuminhaBana xpomarorpadujom Ha crydy (SiO; — n-
xeKkcan/etun-anerar, 9:1). Jlooujenu pesynraru cy natu y Tabemn 3.5. Heka on nobujeHnx
jenMmema Cy IO3HaTa W HbUXOBH CHEKTPAIHM IOJAM C€ Yy TOTIYHOCTH CIaxy ca
muTeparypHuM caomnmremuMma (74a [332, 333], 74r [332] u 74e [334]), a oBOe cy natu

nogany caMo 3a HOB&jG)II/IH,CH)a.

o) Metuia-2-(3-oxkcodyrunruo)anerar (746). IR (KBr, v, cm'l):

)J\/\S/ﬁ(o\ 2954, 1732, 1713, 1435, 1412, 1362, 1278, 1157, 1131, 1007,

o 707; '"H NMR (200 MHz, CDCl3) & 3,74 (s, 3H, COOCH3), 3,26

(s, 2H, COCH,S), 2,92 — 2,73 (A;B,, m, 4H, SCH,CH,CO), 2,18 (s, 3H, CH;COCH,); "°C

NMR (50 MHz, CDCls) 6 206,2 (CH3COCH,), 170,6 (COOCH3), 52,2 (COOCH3;), 43,0,
33,6 (SCH,CH,CO, SCH,COOCH3), 29,8 (CH3COCH»), 26,3 (SCH,CH,CO).

Metuni-3-(3-oxcodoyruaruo)nmponanoar (74B). IR (KBr, v,

)(L/\ A)Oj\ o) 2953, 1733, 1713, 1436, 1360, 1247, 1158, 1017, 979,

S O $23; 'H NMR (200 MHz, CDCly) & 3,70 (s, 3H, COOCH3),

2,85 — 2,56 (m, 8H, COCH,CH,SCH,CH,COOCH3), 2,18 (s, 3H, CH;COCH,); *C NMR

(50 MHz, CDCL) 8 206,6 (CH;COCH,), 172,2 (COOCH;), 51,8 (COOCH;), 43,5

(COCH,CH,S), 34,5 (SCH,CH,COOCH;), 30,0 (CH;COCH,), 27,2 (COCH,CH,S), 25,7
(SCH,CH,COOCH3).

Etni-3-(3-oxkcodyrunruo)nponanoar (74u). IR (KBr, v,
)J\/\ /\)J\ A~ em™): 2982, 2931, 1729, 1714, 1416, 1368, 1346, 1244,

1179, 1157, 1033, 1016, 864; 'H NMR (200 MHz, CDCl3) &
416 (¢, J = 7,1 Hz, 2H, COOCH,CHs), 285 - 253 (m, 8H,
COCH,CH,SCH,CH,COOCH,CHj3), 2,18 (s, 3H, CH3COCH»), 1,27 (t, J = 7,1 Hz, 3H,
COOCH,CH3); ”C NMR (50 MHz, CDCl;) & 206,4 (CH;COCH,), 171,6 (COOCH,CH3),
60,5 (COOCH,CH3), 43,4 (COCH,CH,S), 34,6 (SCH,CH,COOCH,CHs), 29,9
(CH3COCHy), 27,1 (COCH,CH»S), 25,6 (SCH,CH,COOCH3), 14,0 (COOCH,CH3).
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4.4.4 Cunre3a f-TnakeToHa 78r-xK, K-/b, 79 r-K, K-/b, 80r-iK, K-b

ITo Onmrem moctynky (4.4.1; 30 min u3narama yITPa3ByKy HaKOH €JIEKTPOJIN3E) U3
erona 75-77" (1 mmol) u 2 mmol oxrosapajyhux tHodenoma (67r-k, K-b) Ko0HjeHa je
cuUpoBa cMeca Koja je mpeuninhaBana xpomartorpadujom Ha ctyOy (SiO, — n-xekcaH/eTui-
anerar, 9:1). JloOujenu pesynraru natu cy y tadenama 3.6, 3.7 u 3.8). Heka ox nmoOujenux
jenumema Cy TMO3HaTa W FHbUXOBH CHEKTPAIHM IOJAM C€ Yy TOTIYHOCTH CIaxy ca
nmuteparypauM caommreruma (78r [335], 78h [336], 78e [336], 78x [336], 78 [336], 79r

[337], 79 [337] u 80r [337]), a oBzE Cy JaTH MOAAIM CaMO 32 HOBA je/IUCHA.

3-(0-Toanatuo)-1-peponennanponan-1-on (78x). Tt = 62
°C. IR (KBr, v, cm™): 3098, 2923, 1666; 'H NMR (200
é O MHz, CDCls) 6 7,35 — 7,29 (m, 1H, Ar), 7,24 — 7,03 (m, 3H,
Ar), 4,73 (pseudo t, J = 2,0 Hz, 2H, 2 x CH, Cp), 4,47 (pseudo t, J = 2,0 Hz, 2H, 2 x CH,
Cp), 4,14 (s, 5H, 5 x CH, Cp), 3,17 (A3B,, 4H, 2 x CH,), 2,37 (s, 3H, CH3); >C NMR (50
MHz, CDCls) & 201,7, 137,4, 135,2, 130,1, 127,4, 126,4, 125,6, 78,4, 72,2, 69,7, 69,1, 38,7,
26,7, 20,2.

3-[(4-terc-bytuigennn)tnol-1-gpepoueHuamponan-1-
Fe oH (78:xk). IR (uucr, v, cm'l): 3095, 2961, 2903, 2867,
1664; "H NMR (200 MHz, CDCl3) & 7,33 (s, 4H, Ar),
4,71 (pseudo t, J = 1,9 Hz, 2H, 2 x CH, Cp), 4,45 (pseudo t, J = 2,0 Hz, 2H, 2 x CH, Cp),
4,11 (s, SH, 5 x CH, Cp), 3,26 (brt, J= 7,3 Hz, 2H, CH>), 3,01 (brt, J/=7,1 Hz, 2H, CH>), 1,28
(s, 9H, 3 x CH;); >C NMR (50 MHz, CDCls) & 201,7, 149,3, 132,1, 129,4, 125.8, 78,4, 72,1,
69,6, 69,0, 39,0, 34,2, 31,1, 28,1.

g

Cl 3-[(2-Xnoppennin)Tnol-1-pepouenunnponan-1-on  (78k).
©\Y(v8\© Tr = 96 °C. IR (KBr, v, cm™): 3101, 2926, 1663; 'H NMR
é 4 (200 MHz, CDCl3) 8 7,41 — 7,03 (m, 4H, Ar), 4,74 (pseudo t,

J=2,2Hz 2H, 2 x CH, Cp), 4,15 (pseudo t, J = 2,0 Hz, 2H,

2 x CH, Cp), 4,15 (s, 5H, 5 x CH, Cp), 3,20 (A:B,, 4H, 2 x CH,); *C NMR (50 MHz,
CDCls) 6 201,3, 135,5, 133,1, 129,6, 127,8, 127,0, 126,3, 78,2, 72,3, 69,7, 69,0, 38.2, 26,2.

1 depoLeHCKM eHOHU 75-77 CUHTETMCAHM Cy Npema NoCTynuuMa Koju cy onucaHu y antepaTypm [323, 324].
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3-(o-Toanarno)-3-pennii-1-peponennnamnponan-1-on (79x).

() S Tr =91 °C. IR (KBr, v, cm™): 3112, 2923, 2852, 1659; 'H

é 8 NMR (200 MHz, CDCls) ¢ 7,53 — 7,04 (m, 9H, Ar), 4,95

O (dd, J = 8,8, 5,2 Hz, 1H, CH), 4,74 — 4,68 (m, 2H, 2 x CH,

Cp), 4,46 — 4,43 (m, 2H, 2 x CH, Cp), 3,96 (s, SH, 5 x CH,

Cp), 3,42 (dd, J= 17,3, 8,8 Hz, 1H, CHaHb), 3,25 (dd, J = 17,3, 5,2 Hz, 1H, CHaHb), 2,37

(s, 3H, CH3); °C NMR (50 MHz, CDCls) & 200,5, 141,6, 139,8, 133,9, 132,3, 130,2, 128,4,
1279, 127,4,127,2, 126,3, 78,6, 72,3, 72,2, 69,7, 69,2, 69,0, 46,9, 46,1, 20,6.

D\ S 3-(m-Toauarno)-3-penni-1-gpepouennimponan-1-ou (795).
Fe Tr=72°C. IR (KBr, v, cm’™"): 3114, 2922, 2852, 1658; 'H

= ©
O NMR (200 MHz, CDCls) 6 7,45 — 6,97 (m, 9H, Ar), 4,99

(dd, J=9,0, 5,0 Hz, 1H, CH), 4,69 (brd, J = 6,4 Hz, 2H, 2
x CH, Cp), 4,44 (pseudo t, J = 1,8 Hz, 2H, 2 x CH, Cp), 3,94 (s, SH, 5 x CH, Cp), 3,40 (dd, J
= 17,3, 9,0 Hz, 1H, CHaHb), 3,22 (dd, J = 17,3, 5,0 Hz, 1H, CHaHb), 2,26 (s, 3H, CHs); 1°C
NMR (50 MHz, CDCly) & 200,6, 141,6, 1385, 134,4, 132,7, 129,0, 128,6, 128,4, 1281,
128,0, 127,4, 78,7, 72,3, 72,2, 69,6, 69,2, 69,0, 47,5, 46,2, 212.

=) S 3-(p-Tommntno)-3-penn-1-gpepouenumponan-1-ox (79e).

Fe \©\ Tr=80 °C. IR (KBr, v, cm™): 3110, 2921, 1660; '"H NMR
< ©

O (200 MHz, CDCl3) § 7,44 — 7,39 (m, 2H, Ar), 7,33 — 7,13

(m, 5H, Ar), 7,06 — 7,02 (m, 2H, Ar), 4,92 (dd, J=9,0, 5,1

Hz, 1H, CH), 4,73 — 4,65 (m, 2H, 2 x CH, Cp), 4,44 (pseudo t, J = 1,8 Hz, 2H, 2 x CH, Cp),

3,94 (s, 5H, 5 x CH, Cp), 3,39 (dd, J=17.2, 9,0 Hz, 1H, CHaHb), 3,20 (dd, J=17.2, 5,1 Hz,

1H, CHaHb), 2,27 (s, 3H, CH3); °C NMR (50 MHz, CDCl3) & 200,6, 141,7, 137,5, 132.8,
130,9, 129,6, 128,4, 128,0, 127,4, 78,7, 72,3, 72.2, 69,6, 69,2, 69,0, 48,1, 46,1, 21,0.

=) S 3-[(4-terc-bytuiagennn)tnol-3-pennn-1-gepoueHni-
Fe nponan-1-on (79x). Tr = 173 °C. IR (KBr, v, cm™):
= © O 3111, 2955, 1657; '"H NMR (200 MHz, CDCl3) & 7,47 —
7,41 (m, 2H, Ar), 7,37 — 7,19 (m, 7H, Ar), 4,95 (dd, J =
9,2,4,9 Hz, 1H, CH), 4,73— 4,64 (m, 2H, 2 x CH, Cp), 4,44 (pseudo t, J = 1,9 Hz, 2H, 2 x CH,
Cp), 3,92 (s, 5H, 5 x CH, Cp), 3,40 (dd, J = 17,3, 9,2 Hz, 1H, CHaHb), 3,22 (dd, J = 17,3,
4,9 Hz, 1H, CHaHb), 1,26 (s, 9H, 3 x CH;); ’C NMR (50 MHz, CDCl;) & 200,7, 150,6,
141,6, 132,2, 131,2, 128,5, 128,0, 127,4, 125,9, 78,7, 72,3, 72,2, 69,7, 69,2, 69,1, 47,9, 46,3,
34,5,31,2.
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cl 3-[(2-Xnopdennn)Tnol-3-pennn-1-peponennanponan-1-on

) S (79%). Tt = 133 °C. IR (KBr, v, cm™): 3119, 2923, 1659; 'H
F:e i NMR (200 MHz, CDCl;) & 7,57 — 7,45 (m, 2H, Ar), 7,40 —
O 7,03 (m, 7H, Ar), 5,15 (dd, J = 9,3, 4,6 Hz, 1H, CH), 4,73 —

4,68 (m, 2H, 2 x CH, Cp), 4,46 (pseudo t, J = 1,8 Hz, 2H, 2
x CH, Cp), 3,94 (s, SH, 5 x CH, Cp), 3,47 (dd, J = 17,3, 9,3 Hz, 1H, CHaHDb), 3,24 (dd, J =
17,3, 4,6 Hz, 1H, CHaHb); C NMR (50 MHz, CDCl3) & 200,2, 140,8, 135,2, 134,3, 131,6,
129,7, 128,6, 128,0, 127,7, 127,6, 127,1, 78,5, 72,4, 72,3, 69,7, 69,2, 69,0, 46,2, 46,0.

3-[(3-Xnopdenna)Tuo]-3-genun-1-dpepouennanponan-

() s “
Fo \©/ 1-om (79:1). Tt = 108 °C. IR (KBr, v, cm™): 3115, 2923,
= © O 1656; "H NMR (200 MHz, CDCl;) & 7,46 — 7,43 (m, 2H,
Ar), 7,34 — 7,14 (m, 7H, Ar), 5,03 (dd, J = 8,6, 5,4 Hz,
1H, CH), 4,74 — 4,71 (m, 2H, 2 x CH, Cp), 4,48 (pseudo t, J = 1,8 Hz, 2H, 2 x CH, Cp), 3,98
(s, 5H, 5 x CH, Cp), 3,41 (dd, J= 17,2, 8,6 Hz, 1H, CHaHb), 3,26 (dd, J= 17,2, 5,4 Hz, 1H,

CHaHb); °C NMR (50 MHz, CDCl;) § 200,2, 141,1, 136,8, 134,4, 131,4, 1298, 129,6,
128,6, 128,0, 127,6, 127,2, 78,5, 72,4, 72,3, 69,7, 69,2, 69,0, 47,5, 46,1.

0o 3-(o-Toauaruno)-1-pennii-3-pepouenninponan-1-on  (80x).

Tr =83 °C. IR (KBr, v, cm™): 3087, 3058, 2919, 2898, 1682;

A 'H NMR (200 MHz, CDCl3) 8,02 — 7,79 (m, 2H, Ar), 7,61
D — 7,32 (m, 4H, Ar), 7,22 — 6,99 (m, 3H, Ar), 4,77 (dd, J =
6,9, 5,8 Hz, 1H, CH), 4,20 — 3,98 (m, 8H, 8 x CH, Cp), 3,96
—3,88 (m, 1H, 1 x CH, Cp), 3,61 (dd, J= 17,1, 5,8 Hz, 1H, CHaHb), 3,51 (dd, J= 17,1, 6,9
Hz, 1H, CHaHb), 2,29 (s, 3H, CH3); °C NMR (50 MHz, CDCl3) & 1974, 141,0, 136,9,

134,1, 133,7, 133,1, 130,2, 128,5, 128,0, 127,7, 126,2, 90,0, 68,7, 67,8, 67,7, 67,6, 66,6, 44,6,
43,4, 20,8.

(=(

3-(m-Toanarno)-1-pennii-3-pepouennamponan-1-on (805).
Tr =93 °C. IR (KBr, v, cm™"): 3086, 3056, 2920, 2895, 1682;
'H NMR (200 MHz, CDCls) & 7,96 — 7,88 (m, 2H, Ar), 7,62
—17,38 (m, 3H, Ar), 7,22 — 6,97 (m, 4H, Ar), 4,82 (pseudo t, J
= 6,5 Hz, 1H, CH), 4,18 — 4,06 (m, 9H, 9 x CH, Cp), 3,54
(pseudo d, J = 6,5 Hz, 2H, CH,), 2,24 (s, 3H, CH;); >C NMR (50 MHz, CDCl3) & 197,6,
138,4, 136,9, 134,1, 133,8, 133,1, 130,3, 128,6, 128,5, 128,3, 128,1, 90,0, 68,7, 67,8, 67,7,
67,6, 66,9, 44,5. 43,8, 21,1.

W

(:(
-0 ¢



116

3-(p-Toanarno)-1-pennii-3-pepouenmnponan-1-on  (80e).
Tr = 139 °C. IR (KBr, v, cm™): 3089, 2917, 2855, 1673; 'H
NMR (200 MHz, CDCl3) 6 7,97 — 7,88 (m, 2H, Ar), 7,60 —
7,38 (m, 3H, Ar), 7,27 — 7,16 (m, 2H, Ar), 7,04 — 7,00 (m,
2H, Ar), 4,76 (pseudo t, J = 6,5 Hz, 1H, CH), 4,17 — 4,02 (m,
9H, 9 x CH, Cp), 3,53 (pseudo d, J = 6,5 Hz, 2H, CH,), 2,28 (s, 3H, CH3); °C NMR (50
MHz, CDCl3) 8 197,6, 137,6, 136,9, 134,0, 133,1, 130,3, 129.4, 128,5, 128,1, 90,0, 68,7,
67,8, 67,7, 67,5, 66,8, 44,3,44,2, 21,1.

o4
o

0 3-[(4-terc-byrnndennin)ruo]-1-pennn-3-peponeHnanponan-
1-om (80s). Tr = 118 °C. IR (KBr, v, cm™): 3081, 2965,
2884, 1683; '"H NMR (200 MHz, CDCls) & 7,94 — 7,85 (m,
2H, Ar), 7,56 — 7,15 (m, 7H, Ar), 4,81 (pseudo t, J = 6,5 Hz,
1H, CH), 4,17 — 4,03 (m, 9H, 9 x CH, Cp), 3,55 (pseudo d, J
= 6,5 Hz, 2H, CH,), 1,26 (s, 3H, 3 x CH3); *C NMR (50 MHz, CDCl3) & 197,5, 150,6,
136,9, 133,2, 133,0, 130,6, 128,4, 128,0, 125,6, 89,9, 68,7, 67,7, 67,6, 67,5, 66,9, 44,6, 43,9,
34,4,31,1.

@2*@
&

o) 3-[(2-Xnopdenna)Tuol-1-gpenni-3-pepouennnponan-1-on
(80K). Tt =94 °C. IR (KBr, v, cm™): 3087, 3059, 2898, 1682;
'H NMR (200 MHz, CDCl3) 6 7,95 — 7,87 (m, 2H, Ar), 7,60
— 7,30 (m, 5H, Ar), 7,17 — 7,08 (m, 2H, Ar), 4,99 (dd, J =
6,5, 6,2 Hz, 1H, CH), 4,23 — 4,06 (m, 9H, 9 x CH, Cp), 3,69
(dd, J=17,2, 6,5 Hz, 1H, CHaHb), 3,51 (dd, J = 17.2, 6,2 Hz, 1H, CHaHb); °*C NMR (50
MHz, CDCl3) & 197,3, 136,7, 136,6, 134,0, 133,6, 133,2, 129,8, 128,6, 128,2, 128,0, 127,0,
89,1, 68,8, 67,9, 67,8, 67,6, 67,3, 45,2, 42,6.

(:(
O
.

C

0 3-[(3-Xnopdenna)tuol-1-penni-3-pepouennanponan-1-on

(80u1). IR (umcrt, v, cm™): 3087, 3059, 2896, 1682; '"H NMR

O (200 MHz, CDCl3) & 7,98 — 7,88 (m, 2H, Ar), 7,61 — 7,04 (m,

7H, Ar), 4,85 (dd, J = 7,2, 5,8 Hz, 1H, CH), 4,18 — 4,02 (m,

4 9H, 9 x CH, Cp), 3,61 (dd, J = 17,1, 5,8 Hz, 1H, CHaHb),

3,21 (dd, J= 17,1, 7.2 Hz, 1H, CHaHb); *C NMR (50 MHz, CDCl;) § 197,1, 136,7, 136.2,

134,0, 133,1, 132,6, 130,9, 129,6, 128,5, 127,9, 127,4, 89,4, 68,7, 67,9, 67,7, 67,6, 66,7, 44,2,
43.9.

(:(
)
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o 3-[(4-Xnopdennna)Tnol-1-pennn-3-peponennanponan-1-on
() (80m). Tr = 137 °C. IR (KBr, v, cm™): 3152, 2924, 2852,
Fe O 1668; '"H NMR (200 MHz, CDCl;) & 8,00 — 7,89 (m, 2H,

< °S
A1), 7,64 — 7,41 (m, 3H, Ar), 7,26 — 7,13 (m, 4H, Ar), 4,79

c (dd, J=17.3, 5,7 Hz, 1H, CH), 4,13 — 4,09 (m, 7H, 7 x CH,
Cp), 4,07 — 4,02 (m, 2H, 2 x CH, Cp), 3,60 (dd, J = 17,3, 5,7 Hz, 1H, CHaHb), 3,51 (dd, J =
17,3, 7,3 Hz, 1H, CHaHb); *C NMR (50 MHz, CDCL3) § 197,3, 136,8, 135,0, 133,8, 133,2,
132,5, 128,8, 128,6, 128,0, 89,7, 68,8, 68,0, 67,9, 67,8, 66,7, 44,2, 44,1,

4.4.5 Cunre3a f-azakerona 82a-1

[Ipema Onmrem noctynky (4.4.1; 30 min u3narama yaTpa3ByKy HaKOH €IEKTPOIIU3E)
u3 eHoHa 73 (1 mmol) u 2 mmol apomarnuaux amuHa 81a-1 1O0OHjeHE Cy CHPOBE CMece Koje
cy mnpeunmihaBane xpomarorpadujom Ha ctydy (SiO, — n-xekcan/etun-amerat, 9:1).
JoOujenu pesynratu gatu cy y Tabenu 3.9. CBa nobujeHa jenumema cy Mo3HaTa U HUXOBU
CIIEKTPAJTHU TOJANN CE y MOTIYHOCTH CIAXy ca JIMTepaTypHUM caomnmremuMa (82a [288,

332, 338], 826 [338], 828 [338], 82r [332, 338], 821 [288, 338]).



HN3Boa

VY 0BOM pajly HCIIMTaHU Cy PEAKLMOHHU YCIOBHU I0JI KOjUMa aHOJHA OKCHAALMja MOXKE
Jla ce MPUMEHH Kao CPEACTBO 3a MOCTHU3abEe o/Ipel)eHNX CHMHTETHUKUX LUJbEBa, IPH YEMY Ce
cama CHHTETHYKa peakifja He OBHja Ha eJeKTpogama. ToKoM MCTpaknBama 00yxBaheHHX
U3pagoM OBE Te3e NeTaJbHO cy paspahenm moctymum ymorpebe aHoze kao opyha 3a
U3BPILCHE TPU KOHKPETHA CHHTETHYKA 33/1aTKa:

- CHHTE3a XJIOPOBAaHUX CEKyHIapHUX METa0ONUTa HEKMX JIHMIIAjeBa XJIOPOBAmHEM
¢ucnuona (48), mpupoHoOT, NOMUPYHKIMOHAITHOT aHTPAXUHOHA,;

- CHHTe3a NPUPOJHOT MPOU3BO/IA KyPKYMEHCKOT eTpa ((£)-52);

- CcHHTe3a 2-He3acuheHuX MepaleTUIOBaHUX TJIMKO3MJa U3 oAroBapajyhux rimkana
(depujeoBo TpeMeniTame), ka0 W 3-TMa- W 3-a3akeToHa W3 oJrosapajyhux
KOHjyTOBaHUX KapOOHWIHHX jeIUbCHha NMPUMEHOM IHPKOHHjYMOBUX jETUIHCHA
Kao Karanmsaropa (xerepo-MajkiioBa aauinmja).

VYiora aHoze y OCTBapuBamy OBa TPH KJbA j& pa3IMyUTa: KO XJIOpOBama (HUCIIHOHA

(48) anoma ciryxu 1a OM ce Ha HOj TEHEPUCAIO CPEACTBO 3a XJIOPOBamkEe (CI000HH XJIOp) U3
HEKOT XJIOpHJA, Y CUHTE3H KypKyMeHCKor eTpa ((£)-52) Ha ’o0j ce TeHepHllle MeAnjaTop 3a
cnpoBoheme KipyuHe peakinuje (deHwnceneHoetepudukanuja), a konx DepujeoBor
npeMeIlTamba U XeTepo-MajKIIoBe peakiirje Ha aHOAM Ce TeHEPHILE KaTaau3aTop peakiuje.

XnopoBame ¢uctuona (1,8-muxuapokcu-6-MeTHiI-3-MeToKCH-anTpaieH-9,10-amoHa;

48) aHOTHO TeHEPHCAHNM XJIOPOM 3aMHIIJBEHO j€ Kao eIEKTPOJIN3a PacTBOpa HEKOT XJIOpuaa
y TOJISCHOM pacTBapady, y MpHcycTBy ¢uciuona. J[a Ou ce ToMe MpHUCTYNuIiIo, CpoBeIeHa
Cy oOMMHa NWKJIOBOJITAMETPHjCKa Mepema y JBa pacTBapaya — CHpPhETHO] KUCEIWHH H
JUXJIOpMEeTaHy (OCHOBHHU €JIEKTPOJIUT - TeTpadyTHIIaMOHUjyM-Tiepxiopar). buxos b 61o
je la ce YTBpJU Jia JIU ce NPH OKCUAALUJU XJIOpUIa OJAUrpaBa HEKU CIOPEIHH IpoLEeC, HIp.,
Ja M ¥ (PUCIMOH Ha TOTEHIWjauMa OIMCKUM PEJOKC MOTEHIHjally XJIOPHJA TOJJIeHKE
okcupanvju. Ha ocHoBY 1ukioBositamorpama ¢uciiyiona (48), TerpaeTuiiaMOH:]yM-XJI0pUaa
U OBE JIB€ CYICTaHIIC 33aj€HO, YTBP)EHO je a y MHUPOKO] 00NAaCTH MOTEHIIMjajla ca paJHOM
€JICKTPOJIOM EJISKTPOHE pasMemyjy camo xyopuau (majyhu xmop) um (Tako moOWjeHH) XJIOp
(majyhm mazag xmopuae). Tu pesynratu oMoryhwinm cy NMpUCTYINamkbe aHOIHOM TeHEepHUCamy
XJIOpa y CpeiuHu Koja caapxku ¢ucinoH (48) (mpenapaTuBHO] enekTponusn) 6e3 00jazHu o1

CIIOPCAHUX CICKTPOAHUX peaKqua OBOI' aHTpaxWHOHA.
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[IpenapaTuBHa enekTposin3a XJIOpuja y MpUCcycTBy ¢ucnuoHa (48) crposeneHa je y
cUpheTHO] KHCEIMHM W JUXJIOpPMETaHy, Yy3 yHnorpe0y IUIaTHHCKE aHOAE W
TETPACTHIIAMOHH]yM-XJIOpPH/Ia U Kao €JEKTPOJHMTa W Kao m3Bopa xmopuaa. [lokasamo ce ma
BapUpameM pPEaKIMHUX YyCaoBa (CJIEKTpoiN3a y TMOAC/hEHO] W Heoje/beHo] hemuju u
yTpomak exektpurmrera ox 2, 4, 6 u 10 F'mol™) ua oBaj maumu mory ma ce m06Hjy
XJIOPOBaHU CEKyHIApHH METa0OJWTH HEKUX JIMINaja, KOju OM MOTIW OUTH MHTEPECAHTHU
300r mHOTEHIMjadHE OHMOJOIIKE AaKTUBHOCTH. 3a pa3NUKy O MPEAXOoJHO 00jaB/bEHUX
pe3ynrara 3a ,,KIacu4HO XJjopoBame Quciuona (48) koje omoryhasa poOujame 4-
xynopducurona (496), 4,5-nuxnopducuuona (506) u 2,4,5-tpuxiopducnmona (51) [236],
CIIEKTPOXEMHUJCKO XJIOPOBAE TOpEe] TOMEHYTHX jedumbema naaje u  ¢GparwmH (2-
xnoppuctuuon; 49a) u 2.4-muxnoppucumon (50a). Ca oBa jenumema, u3y3eB 49a,
W30JI0BaHa Cy XpomarorpadujoMm Ha cTyOy M TeUyHOM XpomarorpadujoM NpU CPEAHUM
nputucuuma (MPLC) n onucana ciekTpockonckuM nopanuma. I[IpenaparuBHa enekTpoiusa
y moxesbeHoj hemujy y3 yrpomak 2 F-mol” emexrpurmrera y cuphersoj xucemunan u 10
F-mol” enexTpurmrera y AMXIOpPMETaHy MOTYy HMATH MPAKTHYHY CHHTETHUKY MPHMEHY,
MOIITO CE€ HA OBaj HAUYMH J00Mjajy cMece MpOon3Bo/a U3 KOjUX XpoMaTtorpadujoM Ha cTyOy
MOTY Jla C€ U30JIyjy YKCTa jenumbema 496 u 51. PernocenekTHBHOCT peakimje je o0jantmeHa
pasauunuToM cTabuiHouhy oAroBapajyhnx MHTEpMEIUjapHUX KaTjoHa (apeHHUjyM-jOHA) KOjH
HAaCTajy HamaJoM ejaekTpoduia (,,[TO3UTUBHOT XJI0pa“) Ha M-eJIEKTPOHCKH 00J1aK (prcIroHa.

[IpeqHOCT MpUMEHE OMUCAHOT MOCTYIKA y OJHOCY Ha KJIACUYHY METOMAY (XJIOpOBamke
racoBUTUM XJIOPOM) CAacTOjU C€ YIJaBHOM Yy TOME IUTO j€ PYKOBame XJIOPHUIMMA 3HATHO
JaKIe off PyKOBama IaCOBUTUM XJOPOM U IITO C€ MHOTO JAKIIE KOHTPOJIUIIE KOJUYMHA
ynotpebibeHOr Xjopa (OBO je BaXKHO yBEK Kaj c€ pajyd ca MalluM KOJWUYMHAMa CKYIHUX
CYIICTpaTa, KakaB je MPUPOTHU aHTPAaXUHOH 48).

[Ipumena anomHe okcHaanmje 3a 1o0ujame KypKyMeHCKor eTpa ((£)-52) y oBoM paxy
OCTBapeHa je y KJbY4HO] a3y CHHTE3E OBOT MPHPOTHOT MPOHM3BOJA — MHTPAMOJIEKYJICKOM
3aTBapamy TETPAXUAPONHPAHCKOT TPCTeHa (QeHmIceNIeHoeTpuduKanrujoM oaropapajyhux
anupaTUYHUX CyNCTpaTa — aJKEHOJa ca MOJECHUM pacTojameM u3Mmely nBorybe Bese U
XWJIPOKCUIIHE TpyIlie | pacrmopenoMm oxarorapajyhux cyncrutyenara. Ta mukimm3anuja
ocTBapeHa je ToMohy (QEeHHIICENICeHNI-KaTjoHa HACTaJOT JIEJIOBAEM EJIEKTPOXEMU]CKH
TEHEPUCAHOT MEIUjaToOpCKOr cucteMa Br /Br, MOCTYNKOM KOjU MPENCTaB/ba j€IHOCTABHY
CIIEKTPONIM3Y  PacTBOpa  ajKeHoNa, Au(eHWI-AuCceNieHHna W JUTHjyM-Opomuma y
AIlCTOHUTPWITY, TIPU KOHCTAHTHO] jayrHU cTpyje. [Ipou3Boau oBe peakiyje — oaroapajyhu

B-dbenuncenenunerpu cis/trans-53 u 55 — necenenoBanu cy 1o (+)-52 peaykiujoM momohy
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Penu-uukia (Raney-Ni) y xontunyamnom peaktopy (ThalesNano H-cube™). Usyuena cy
JBa TIPHUCTyNa y TMOTrjiexy u300pa TONAa3HHX CyICTpaTa — CHHTe3a U3 6-mermi-2-(4-
MeTHI(QEeHT)XenT-6-eH-2-0ma (54) u u3 2-meTmi-6-(4-metmindeHun)xent-6-eH-2-omna (56).

VY npBOM MPUCTYIy CHHTE3a KJbYYHOT MHTEpMeanjepa 54 ocTBapeHa je MPaKTHIHO Y
jemHOM Kopaky — ['pHmapoBOM pEaKIHjoM p-TOJNWI-MarHe3WjyM-joJuia U TPrOBaYKH
JIOCTYITHOT 6-MeTu-6-xenteH-2-oua (57). Ha Taj HauuH, cuHTe3a eTpa (£)-52 ocTBapeHa je y
TP KOpaka y YKYIHOM MPUHOCY Yy OJHOCY Ha KeTOH 57 (HajcKyIba MoJjia3Ha KOMIIOHEHTA)
o1 43%, mTo JaneKo HaaMallyje HajooJbu TUTepaTypHu pe3ynTar (1o 7%) [248].

Hpyru omaOpanu cyncrpar, 56, CHHTETHCAH je W3 BpJIO jeIHOCTABHUX M JIAKO
JOCTYITHUX TOJAa3HUX CYICTpara — TOJNyeHa W aHXWAPHIA TIyTapHE KUCEIWHEe, ald je Ta
CHHTE3a OCcTBapeHa y yetupu kopaka (Ppunen-KpadrcoBo anmnoBame ToryeHa aHXUAPHIOM
rIyTapHe KuceluHe, ectepudukanuja nobujene kerokucenuHe 61, Buturoa peakiuja
HacTajor keroectpa 62 ca MerunuaeH-Tpudenumndochopanom u I'pumapoBa peakiuja
nobujenor HezacuheHor ectpa 60 1o muspHOT Mosekya 56). [Ipema Tome, cuHTe3a erapa (+)-
52 ocTBapeHa je y YKyIHO IIECT KOpaka, a yKynaH NprHOC (y OJHOCY Ha aHXUIPUJ TIIyTapHe
KucenuHe) 6mo je 35%.

[IpeqHOCTH OBOT TOCTYIIKA Y OJHOCY Ha MOCTOjehe jecy MHOTOCTPYKO BHUIIU IPHHOC
IIMJBHOT MOJIEKyJIa M ynoTpe0a IudeHmI-IuceIeHn1a Kao U3Bopa (EHMUICEICHUI-KAaTjoHa
yMeCTO (PEHWIICEICHWI-XaJIOTeHHIa, KOjU Cy 3HATHO CKYIUBbH, arpeCUBHHjU U OCETIHUBHjU
peareHcu.

Tpehu neo oBe aucepranuje mocBeheH je M3ydyaBamy EIEKTPOXEMHjCKOT in Situ
reHepucama KaTajau3aTopa 3a JBe CHUHTETHUYKU IO3HAaTe U BakHe peakuuje — depujeoBo
npeMenTame U Xerepo-MajkioBy aaunujy. Paspaljen je jemHocTraBaH MocTymak mo Kome ce
cMeca oaroBapajyhux peakraHara moABpraBa eJIEKTPOIHM3H MPH KOHCTAHTHO] jaYMHH CTpYje
y3 ymnoTpeOy aHojie OJi IHUPKOHHjyMa. TOKOM €JEeKTPOJIM3e OBaj MeTal C€ OKCHIYje,
reHepunryhn y pacTBOp HEKO jEIUIbCHE KOje Ce MOoKa3ajlo Kao OJUITMYaH KaTallu3aTop
NOMEHyTHX peakiuja. Kako je (Ha OCHOBY JIHMTEpaTypHUX TOAaTaka O ,,KIACHYHUM
peaknyjama KaTaJu30BaHUM LIUPKOHUJYMOBHUM j€AMIEHUMA) OJUTyueHO Aa ce reHepume 10
mol% Kkaranu3aropa — eIeKTPOJIN3€e Cy U3BEJICHE Ca YTPOLIKOM enekrpuuutera ox 0,4 F-mol.

Tako je ycCHemHO OCTBapeHO AJIMIHO MpEeMEIlTame MEepaleTHIOBAHUX TJHKada -
3,4,5-tpu-O-anetun-D-rmykana  (65) u 3,4-mu-O-auetun-L-pamuana  (66) (DepujeoBo
NpEMEIITakEe) Y MPUCYCTBY PasIHUUTHX S-HykKiIeopwmna (67a-b), Koje je mano oaronapajyhe
2-He3acuheHe mepareTwIoBane S-rauko3ue (rceyaoriukane 68a-mb u 69a-b) y npuHocuma

o1 70-96%. ¥V cmecu nBa moryha anHomepHa npou3Boja y o0a cilydaja u3pasuro mnpesnalyjy
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0-aHOMEPH, aJii je Ta CEJIEKTUBHOCT y Ciydajy rmkana 66 sumia (ogHoc o/ u3nocu 4,129 y
ciydajy ramkana 65, oqHocHo 8,740 y ciydajy rmkana 66). O6a rimkana moaBprayTa Cy
OBOj peakluju M y MpHUCycTBY jenHor C-Hykieowia, aluiTpuMeTiicuiana (67m), mro je
JIajio IepuBare TUXUApONUpanHa, 13B. ,,C-rauko3uae’ 68mM u 69M y BUCOKUM mpuHOCHMa (83,
OJHOCHO 86%). 3aHUMJBHBO, Y OBUM peakifjamMa JOOHWjeHH CY HCKJbYYHBO ,,0l-aHOMEPH .
CBa HOBa jeINkHEHA JIETAJHHO CY OMKCaHa CIEKTPocKonckuM noganuma (IR, 'Hu °C NMR),
a CTPYKType mceyaorivkana o-68r, a-68a u a-68/b cy morBpheHe peHAreHOCTPYKTYPHOM
aHAJIN30M HBUXOBHX MOHOKPHCTAIA.

AHOJHO TeHepHuCame KaTaan3aropa MPUMEHEHO je U Ha XeTepo-MajKIIoBy peakimjy,
Tj. Ha KOHjyTrOoBaHy aauujy S- u N-Hykieopwmia Ha o,-He3acuheHa KapOOHWITHA jeIUHEbHa,
koja omoryhasa rpaheme HoBe C-S, ogHocHO 1 C-N Besze. Kako ce meTun-BuHmiI-keToH (73)
y OBAaKBHM EKCIIEPUMEHTHMa CMaTpa IOTOBO CTaHIApJHHM CYICTPATOM, TO JEAUIEHE je
onabpaHo U 3a oBa u3yuaBamwa. C apyre crpaHe, ogadpaHa cy 4eTupu THoja (67a-B, H) 1 1Ba
tuoeHona (67r, e,) kao S-, a et anuwnuHa (81a-1) kao N-nyxneodunu. Haheno je na je 3a
BHCOKE MpUHOCE J-THakeToHa 74a-T, e, H U f-aMHHOKETOHE 82a-1 y OBUM peakijama (U J0
100%) HeomnxoHa MpUMEHA ABOCTPYKO Behe KOMMYnHE HyKIeo(ua.

[IpenapaTtuBHa BpPEAHOCT OMKCAHE peakiyje MOTBpheHa je CHHTE30M TpH cepuje
3-(apuntHo)nporaH-1-oHa koju caapxke (eporeH, nonazehu ox oarosapajyhux dhepomneHcKux
KOHjyroBaHuX eHoHa (akpwiomideporieH (75), 3-dpenun-1-depouenunmnpomn-2-eH-1-ox (76) u
1-pennn-3-depouenmnmnpon-2-ed-1-on (77)) u ocam troderona (67r-k, k-ib). Ox yKymHO
24 nobujeHux jenumema 16 Cy cuUHTeTHCaHAa MpPBU IMyT, Na Cy JAeTajbHO ONKcaHa
CHEKTPOCKOIICKUM W (U3MUKHM mojanuma, a CcTpykrype 3-[(4-xnopdenun)ruo]-1-
(heponenmnmnpomnan-1-on (78m), 3-[(4-xnopdenun)Tro]-3-penu- 1 -peponenmnmnponan- 1 -ona
(79b) u 3-[(4-xn0pdhenmn)Tro]- 1 -penun-3-pepouenmnmpomnan-1-ona (80/6) morBphene cy u

PEHArEHOCTPYKTYPHOM aHAIU30M.



Summary

In this work, the reaction conditions of the application of anodic oxidation as a means
to achieving certain synthetic tasks were studied, whereby the primary synthetic reaction does
not take place at the electrodes. Throughout these investigations, the protocols of the use of
the anode as a tool in the realization of three specific goals were optimized in detail:

- The synthesis of chlorinated secondary metabolites of some lichens by chlorination

of physcion (48), a natural, polyfunctionalized anthraquinone;

- The synthesis of a natural product curcumene ether ((£)-52);

- The synthesis of 2-unsaturated peracetylated glycosides from the corresponding
glycals (Ferrier rearrangement), as well as 3-thia- and 3-azaketones from the
corresponding conjugated carbonyl compounds by using zirconium compounds as
the catalyst (hetero Michael reaction).

The role of the anode in these three tasks differed: in the chlorination of physcion (48)
it served to generate a chlorinating agent (free chlorine) from chloride, in the synthesis of
curcumene ether ((£)-52) a mediator was generated at the anode in order to promote the key
reaction (phenylselenoetherification), and a catalyst was generated at the anode that could
promote Ferrier rearrangement and hetero Michael addition.

The chlorination of physcion (1,8-dihydroxy-3-methoxy-6-methylanthracene-9,10-
dione; 48) by chlorine generated at the anode was conceptualized as the electrolysis of a
solution of a chloride in an appropriate solvent, in the presence of physcion. In order to do
this, comprehensive cyclovoltammetric measurements in two solvents — acetic acid and
dichloromethane (tetrabutylammonium perchlorate as the supporting electrolyte) - were
carried out, aimed to establish whether any side processes take place during the oxidation of
chlorides, e.g., whether also physcion undergoes oxidation at the potentials near to the
chloride redox potential. On the basis of the obtained cyclovoltammograms of physcion (48),
tetracthyammonium chloride and these substances together, it was found that, in a broad
potential window, chlorides were the only species exchanging electrons with the working
electrode (giving chlorine), as well as the thus obtained chlorine (giving back chloride).
These results have enabled access to the anodic generation of chlorine in the media
containing physcion (48) (a preparative electrolysis) without the risk of electrode side

reactions occurring with this anthraquinone.



124

The preparative electrolysis of physcion (48) was conducted in acetic acid and
dichloromethane, using a platinum anode and tetraethyammonium chloride as both the
electrolyte and chloride source. It turned out that by varying reaction conditions (electrolysis
in a divide or undivided cell and 2, 4, 6 or 10 F-mol™ charge consumption), it was possible to
obtain potentially biologically active chlorinated metabolites of some lichen taxa. Unlike the
previously reported results of the “classic” chlorination of physcion (48) that allowed the
synthesis of 4-chlorophyscion (496), 4,5-dichlorophyscion (506) and 2,4,5-trichlorophyscion
(51) [236], the electrochemical chlorination under the mentioned conditions yielded also
fragilin (2-chlorophyscion, 49a) and 2,4-dichlorophyscion (50a). All these compounds,
except 49a, were isolated by column chromatography or MPLC and characterized by spectral
data. The preparative electrolysis in a divided cell in acetic acid (2 F-mol' charge
consumption) and in dichloromethane (10 F-mol™) resulted in mixtures of products that could
be separated by column chromatography and, therefore, could be applied as preparative
methods in the synthesis of 496 and 51. The regiochemistry of this reaction could be
rationalized by considering the different stability of the corresponding intermediary cations
(arenium cations) obtained upon the attack of the electrophile (“positive chlorine’) on the 7-
electronic system of physcion.

The advantages of the use of this protocol compared to the classic one (the
chlorination by gaseous chlorine) are mainly due to the much easier handling of chlorides
than gaseous chlorine and the much better chlorine dosage control (important generally when
using small amounts of expensive substrates, such as the anthraquinone 48).

The anodic oxidation used in the synthesis of curcumene ether ((+)-52) was the key
step of the synthetic plan — an intramolecular closing of the tetrahydropyran ring by
phenylselenoetherification of the corresponding alkenols having the appropriate distance
between the hydroxyl group and the double bond, and bearing the corresponding substituents.
This cyclization was achieved by means of phenylselenyl cation derived by action of the
electrochemically generated mediator system Br /Br,, using the simple electrolysis of a
solution of the alkenol, diphenyldiselenide and lithium perchlorate in acetonitrile at constant
current. The products of this reaction — the corresponding B-phenylselenocthers cis/trans-53
and 55 — have been deselenated to (£)-52 by Raney-Ni reduction in a continual reactor
(ThalesNano H-cube™). Two approaches to the synthesis, in regard to the choice of the
starting substrates, have been studied — the synthesis starting from 6-methyl-2-(4-
methylphenyl)hept-6-en-2-ol (54) and from 2-methyl-6-(4-methylphenyl)hept-6-en-2-ol (56).
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The synthesis of the key intermediate 54 in the first approach was practically achieved
in only one step - by the Grignard reaction of p-tolylmagnesium iodide and 6-methylhept-6-
en-2-one (57). In this way, ether (£)-52 had been synthesized in three steps in an overall yield
of 43% based on the ketone 57 (the most expensive starting material), which is much better
than the best literature report (7%) [248].

The second chosen substrate, 56, was synthesized starting from very simple and
readily available substrates — toluene and glutaric anhydride, but this synthesis was achieved
in four steps: Friedel-Crafts acylation of toluene by glutaric anhydride, esterification of the
obtained ketoacid 61, Wittig olefination of the obtained ketoester 62, by methylidene
triphenylphosphorane and the Grignard reaction of the obtained unsaturated ester 60 to give
the target molecule 56). Therefore, the synthesis of the ether (+)-52 was achieved in total six
steps, in the overall yield of 35% (based on glutaric anhydride).

The advantages of this protocol over the existing ones are the much higher yields of
the target molecule and the use of diphenyldiselenide as the source of the phenylselenyl
cation instead of phenylselenyl halides, which are much more expensive, aggressive and
sensitive reagents.

The third part of this dissertation was devoted to the study of the electrochemical in
situ generation of a catalyst for two known and important synthetic reactions — Ferrier
rearrangement and hetero Michael addition. A simple protocol was optimized, in which a
mixture of the corresponding reactants was submitted to a constant current electrolysis using
a zirconium anode. In this way this metal underwent oxidation, generating a compound that
was released into the solution from the anode that was shown to be an excellent catalyst for
the mentioned reactions. Since it was decided to generate 10 mol% of the catalyst (based on
literature data concerning the “classic” reactions catalyzed by zirconium compounds) — a 0,4
F-mol™ charge consumption electrolysis was performed.

In this way a successful allylic rearrangement of peracetylated glycals - 3,4,5-tri-O-
acetyl-D-glucal (65) and 3,4-di-O-acetyl-L-thamnal (66) (Ferrier rearrangement) in the
presence of different S-nucleophiles (67a-m) was achieved giving the corresponding
(pseudoglycals 68a-» and 69a-/b) in 70-96% yield.

Among the two possible diastereoisomers, in the obtained reaction mixtures both
starting glycals gave predominantly the a-anomer, however this selectivity was higher in the
case of 66 (the ratio of o/} was 4,129 in the case of glycal 65, whereas 8,740 in the case of
66). Both glycals were submitted to this reaction in the presence of one C-nucleophile,

allyltrimethylsilane (67m), what resulted in the formation of dihydropyran derivatives, so
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called “C-glycosides” 68m and 69m in high yields (83 and 86%, respectively). Interestingly,
in these reactions exclusively “a-anomers” formed. All the mentioned synthesized
compounds were characterized by spectral data (IR, 'H- and "C-NMR), whereas the
structures of pseudoglycals a-68r, a-68a and a-68/6 were confirmed by single crystal X-ray
analysis.

The anodic generation of the catalyst was also applied to the hetero Michael reaction,
i.e., to the conjugate addition of S- and N-nucleophiles to a,B-unsaturated carbonyls, leading
to the formation of new C-S and C-N bonds. Since methyl vinyl ketone is regarded as a
standard substrate for such experiments, this compound was chosen for this studies, as well.
On the other hand, four thiols (67a-B, i) and two thiophenols (67, e,) as S-, and five anilines
(81a-1) as N-donors nucleophiles were chosen. It was found that the use of double
stoichiometric amount of the nucleophiles was necessary in order to achieve high yields of
the corresponding B-thiaketones 74a-r, e, H and -aminoketones 82a-x.

The preparative value of the described reaction was confirmed by the synthesis of
three series of 3-(arylthio)propan-1-ones containing the ferrocene nucleus, starting from the
corresponding conjugated enones (acryloylferrocene (75), 1-ferrocenyl-3-phenylprop-2-en-1-
one (76) and 3-ferrocenyl-1-phenylprop-2-en-1-one (77)) and eight thiophenols (67r-x, k-
Jb). Among the obtained 24 compounds, 16 were new, and all of them have been
characterized by physical and spectral data, whereas the structures of 3[(4-
chlorophenyl)thio]-1-ferrocenylpropan-1-one (78:b), 3[(4-chlorophenyl)thio]-1-ferrocenyl-3-
phenylpropan-1-one (795s) and 3[(4-chlorophenyl)thio]-3-ferrocenyl-3-phenylpropan-1-one

(80s5) were confirmed by single crystal X-ray analysis.
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buorpagmuja

Hparana JI. CreBanoBuh je pohena 09.01.1984. rommne y Kparyjesny, rme je
3aBpIIWIa OCHOBHY Iikony W IIpBy kparyjeBauky rumHasujy. Ha [lpupomHo-mareMaTuiku
¢dakynrer y KparyjeBny, rpyna Xemuja, cmep McrpaxkuBame U pa3Boj, ymucana ce 2003.
TOJMHE U qurioMupaia HoBemOpa 2008. ca mpoceuyHom oreHOM 9,03.

Jokropcke akamemcke cryamje Ha [IpupomHo-maremaTwmykoMm —(akynrery |y
KparyjeBuy (rpynma Xemmja, cmep Oprancka xemuja) ymucana je mk. 2008/09. Hakon
IUTIOMHpaka 3alocinia Ce Kao HCTpakUBad-TIPUIIPABHHUK, MOTOM of (ebOpyapa 2011.
rofIMHE Kao HCTpakuBad-capaJHuK, a of ¢edpyapa 2014. ronuHe Kao acUCTEHT 3a YKy
Hay4Hy oOnact Opeancka xemuja Ha IlpuponHo-marematnukoM ¢axyntery y Kparyjesiy.
Jlo cana je Bommna BexOe u3 IlpakTrune dapmarieyrcke xemuje (3a crygenre dakynrera
MenuIMHCKUX Hayka y KparyjeBiy, oxcexk ®apmarmja), Oprancke cunrese 1, OpraHcke
cuarese 2 u Oprancka xemuja 3 (y Wuctutyty 32 Xemujy IlpumpomHo-mMaTemMaTHUKOT
¢akynrera y Kparyjesiy).

VYyectBoBana je (WM joIl YBEK y4ecTBYje) y M3paaul TpH MpojekTa MuHHUCTapcTBa
MpocBeTe, HayKe M TEXHOJOmKOr pa3Boja Pemybmuke CpOuje: (i) “Pa3Boj HoBuX
EJIEKTPOXEMHUJCKUX W XEMHUjCKMX MeToJa opraHcke cuHTe3e”, Op. 142042, 2009-2010,
pyxoBomwnan npod. ap Pacrko [I. Bykuhesuh; (i7) “HoBe enexTpoxeMujcke M XeMH]jCKe
METOJIE Y CUHTE3W OPraHCKUX jeIMECHha O] MHTEpeca 3a MEIUIIMHY U XEeMHUjy Marepujana’,
Op. 172034, 2011-, pykoBommman npod. np Pactko JI. Byxuhesuh; (iii) “KomOunaropHe
OMOIMOTEKEe XETEePOTeHUX KaTalM3aTopa, MPHPOJHHX TPOM3BOAA, MOTUPUKOBAHUX
NPUPOJHUX MMPOU3BOJIA M BBUXOBUX aHAJIOTa: IyT Ka HOBUM OMOJIOIIKH aKTUBHUM areHcuma’”,
op 172061, 2011-, pykoBoamnan BaHp. mnpod., aAp Huko Pamymosuh. Takohe je Oumma
UCTpaXXMBa4 Ha jeAHOM Mel)yHapoqHOM TIPOjeKTy Koju je (UHAHCHpaH CpeACTBHUMA
[IBajiapcke HaumoHanue ¢onmanuje 3a Hayky: (,,Chiral Cations and Ligands with Tunable
Properties for Asymmetric Synthesis and Catalysis”, 01.11.2009 - 28.02.2013; mBajuapcku
KoopauHatop mpojekra: Prof. Jerome Lacour, Department of Organic Chemistry, University
of Geneve; pykoBoawmnarn cprckor tuma npod. ap Pactko /. Bykuhesuh). ¥ okBupy oBor
NpOjeKTa MMajia je HEKOJHMKO JIBOHEJCJbHHMX OopaBaka Kao MCTpaxkuBad y MHCTUTYTY 3a
OpraHcKy XeMHujy ca IeHTpoM 3a ¢utoxemujy byrapcke akamemuje Hayka, Codwuja,

Peny6nuka byrapcka, y rpynu npodecopa Bragumupa umurposa.



140

Enektpoxemujcka W XeMHjcKa CHHTE3a OpPraHCKHMX MOJeKysia (Kao W HHhHXOBa
CIIEKTPOCKOTICKA M €JIEKTPOXEMHjCKa KapaKTepu3alrja) o1 HHTEpeca 3a MEJUIUHY U XeMHjy
MaTepHjaja IpeaMeT Cy UCTpakuBama kojuMa ce 6aBu Jparana J[. CreBanosuh. Jlo cana je
o0jaBmIIa J1BajieceT HayYHUX PajoBa y MO3HATHM YacONMCUMa MelyHapoaHOT 3Hauaja, IIecT
caomTema Ha MehyHapoIHMM HaydYHUM KOH(EepeHIMjama IITamIiaHa y W3BOLY M celaM

CaonmTCHha Ha HAHMOHAJITHUM HayYHUM KOH(l)epeHI_II/IjaMa mTaMIIaHUM Y U3BOAY.
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Cnucaxk pagoBa u caonmema /Iparane Cresanosuh

1 Cnmcak Hay4YHHX pajoBa

“PaoBu moj opojem 1.4, 1.8, 1.14, 1.18, 1.20, 2.2.3 u 2.2.5 cy y OKBHPY TeMe TOKTOpPCKe
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Electrochemical Chlorination of Physcion — An Approach to Naturally
Occurring Chlorinated Secondary Metabolites of Lichens
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The electrochemical chlorination of physcion (=1,8-dihydroxy-3-methoxy-6-methylanthracene-
9,10-dione; 1) in AcOH and CH,Cl, was investigated by cyclic voltammetry and prep.-scale electrolysis.
This approach provided access to a number of diverse biologically and pharmacologically interesting
chlorinated secondary metabolites of lichen. Unlike the only previous literature report on the ‘classical’
chlorination of physcion (1), which allowed the preparation of 4-chlorophyscion (2b), 4,5-dichlorophy-
scion (3b), and 2,4,5-trichlorophyscion (4), the present procedure also gave fragilin (=2-chlorophyscion;
2a) and 2,4-dichlorophyscion (3a), alongside the previously obtained 2b, 3b, and 4. All of these
compounds, except for 2a, were isolated by column chromatography and medium-pressure liquid
chromatography (MPLC) and characterized by spectral data. The preparative electrolysis with a 2 F-
mol~! charge consumption in AcOH and 10 F-mol~! in CH,Cl, may have a practical synthetic utility,
since the thus obtained product mixtures can be readily fractioned by column chromatography to afford
pure 2b and 4, respectively. The regioselectivity of the reaction is explained by the resonance stabilization
of the corresponding arenium cations - potential products of an electrophilic attack of a ‘positive’ Cl
species on the physcion molecule.

Introduction. — The scientific interest in secondary metabolites produced by plants
has, nowadays, increased due to an intense search for new drugs of plant origin. The
extensive research performed in this field made secondary metabolites an important
source of bioactive compounds. For example, miscellaneous antraquinone
(=anthracene-9,10-dione) derivatives, such as physcion (often called parietin),
emodin, fallacinal, teloschistin, chrysophanol, xanthorin, efc., abound in lichens and
some plants [1], from which they can be easily isolated. In many cases, isolated single
compounds of this kind, as well as the whole plant extract possess bioactivity, so that a
plethora of research reports devoted to this problem can be found in the literature [2 -
9]. Halogenated antraquinones, like fragilin, 2-chloroemodin, efc., also appear among
secondary metabolites of some lichens, although as minor components [10][11].

A partial, selective transformation of a naturally occurring compound is very often
the best way to synthesize another one with a similar structure, that is, however, present
in less quantity or absent from the corresponding natural source. Even more, in some
cases, this is the only economically feasible way to synthesize compounds that could be

© 2011 Verlag Helvetica Chimica Acta AG, Ziirich
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interesting for certain purposes. Thus, to obtain two of the above mentioned natural
chlorinated antraquinones, fragilin (=2-chloro-1,8-dihydroxy-3-methoxy-6-methylan-
thracene-9,10-dione; 2a) and 2-chloroemodin (=2-chloro-1,3,8-trihydroxy-6-methyl-
anthracene-9,10-dione), Sargent and co-worker [12] chlorinated physcion (=1,8-
dihydroxy-3-methoxy-6-methylanthracene-9,10-dione; 1) isolated from Xanthoria
parietina (L.) BELTRAM, and then selectively dechlorinated the obtained trichloro
derivative. In continuation of our permanent interest in the electrochemical halogen-
ation of natural products or their derivatives [13-16], we decided to examine the
possibility of an electrochemical chlorination of physcion (1), the most widespread
anthraquinone derivative in lichens [4]. At least, two advantages of an electrochemical
approach compared with the classic one exist: i) it is much more appropriate to handle
a chloride (from which free Cl, will be liberated through this process) than harmful
gaseous Cl, stored in bottles under pressure and ii) the electrochemical method can
provide a much more precise Cl,-dosage control. The latter problem is not an
insignificant one, particularly when working with small amounts of (expensive)
substrates, and this is very often the case when studying certain natural products
(including those described in the present work). The preparation of a solution of Cl, in
the corresponding solvent and determination of the exact concentration of ‘active’ Cl,
by classical analytical methods is the usual way to overcome this problem. An
electrochemical method, however, allows for the addition (liberation) of free Cl, into
the reaction mixture practically molecule by molecule. We now wish to report on our
first results obtained through both the cyclovoltametric measurements and the
preparative scale electrolysis of physcion (1) isolated from a lichen species of the
genus Xanthoria by a known method [12].

Results and Discussion. — The electrochemical chlorination of physcion (1) was
conceptualized as the electrolysis of a chloride in the presence of substrate 1 and the
appropriate system of solvent and electrolyte. Since the classical chlorination of 1
described in [12] has been performed in AcOH and CHCI, as the solvents, we chose
Et,NCl in AcOH and CH,Cl, as the electrolysis media (the use of CHCl; as the solvent
in preparative-scale electrochemical experiments is not suitable because its salt
solutions do not provide reasonable electrical conductivity). However, we performed
several cyclovoltammetric experiments before the preparative electrolysis to examine
the electrochemical behavior of the chloride and physcion in these solvents with
Bu,N(CIO,) (TBAP) as the electrolyte. The substrate 1 and the chloride ions were first
analyzed separately, and then the reactivity of the species generated by the oxidation of
the chloride was evaluated by cyclovoltammetry of these ions in the presence of 1.

On the basis of preliminary measurements, we chose the 0.50-1.65 V potential
window for cyclovoltammetry in AcOH. As it can be seen (Fig. 1,b), physcion (1) is not
electroactive in this potential window at a Pt electrode in a 0.1m solution of Bu,N(ClO,)
in this solvent. The chloride ions of 5-10-3 M Et,NCI, on the other hand, exhibit one
oxidation wave on the forward potential sweep (1.416 V) and one reduction wave
(0.893 V) on the back potential sweep under the same conditions ( Fig. 1,c¢). This redox
couple is due to the oxidation of the Cl~ ion to elemental Cl, by the forward potential
sweep, and the reduction of Cl, to Cl- at the back potential sweep. The cyclic
voltammetry of the chloride Et,NCI in the presence of 1 (2.5-1073 M) results in a
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Fig. 1. Cyclic voltammetry of Et,NCl and physcion (1) in 0.Im Bu,N(CIO,) in AcOH by using a platinum-
disc electrode (2 mm diameter), at v=0.1 V s7!: a) electrolyte Bu,N(ClO,), b) physcion (1), ¢) 5 mm
Ey,NCl, d) 5 mm Et,NCI/2.5 mm physcion (1)

change of the voltammogram shape of these ions, decreasing remarkably the reduction
peak current (Fig. 1,d). We assume that this decrease is the consequence of the Cl,-
concentration decrease at the electrode surface and its vicinity due to its reaction with 1
(Scheme), compared with the experiments without the substrate.

The cyclic voltammetry of the chloride Et,NCl and 1 in 0.Im Bu,N(ClO,) in CH,Cl,
was similar to that performed in AcOH, but it was ‘cleaner’, i.e., the oxidation and
reduction peaks were sharper (at 1.200 and 0.780 V, resp., Fig. 2). Therefore, exactly
the same conclusions as in the previous case can be made by analyzing these results.

Having in mind the above-established facts, we decided to conduct the preparative
electrolysis of physcion (1) in solutions of Et,NCl in AcOH and CH,Cl,. First we
performed a constant-current electrolysis (30 mA ) with a 2 F-mol~! charge consump-
tion (the theoretically necessary amount for 1mol-equiv. of Cl,, ie., for the
monochlorination) in AcOH, using an undivided electrolytic cell supplied with a
cylindrical Pt foil (as the anode) and a spiral Cu wire (as the cathode). Because of the
low solubility of 1 in AcOH, this electrolysis was performed at 50°. This resulted in a
mixture containing mainly the unconsumed substrate 1, followed by two products
(Table, Entry 1). The 'H-NMR spectra of this mixture in combination with the GC/MS
analysis allowed us to identify these products as fragilin (=2-chlorophyscion; 2a) [11]
and 4-chlorophyscion (2b) [12] (Scheme). Apparently, a great part of the liberated Cl,
migrates during the electrolysis to the cathode undergoing the reduction there, causing
such a low current efficiency (33%). The mixture containing 1/2a/2b was submitted
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Scheme. Electrochemical Chlorination of Physcion (1)
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again to electrolysis under the same conditions consuming an additional 4 F mol™!
charge, which resulted in a mixture containing the monochlorinated 2a and 2b as the

main products (Entry 2).

Table 1. Electrochemical Chlorination of Physcion (1)

Entry Reaction conditions (solvent/cell/F - mol™) Product distribution [%]?)

1 22 2b 3a 3b 4 unidentified

AcOH/undivided/2
AcOH/undivided/6
AcOH/divided/2
AcOH/divided/4
AcOH/divided/6
AcOH/divided/10
CH,Cly/undivided/2
CH,Cl,/undivided/6
CH,Cl,/divided/2
CH,Cl,/divided/4
CH,Cl,/divided/6
CH,Cl,/divided/10

O o NN W~

~ O~ N
N~ D

67.0 4.0 290 - - - -
37 127 712 15 41 - 0.8
40 125 795 - 40 - -
- 3.6 335 11.0 195 187 137
- - 43 142 393 214 208
- - 37 133 216 228 386

96 - 40 - - - -
- 174 598 20 158 - 5.0

305 91 564 35 <1 - <1
- 145 390 154 165 74 7.2
- 59 94 108 155 233 351
- - - - - 635 158

2) On the basis of 'H-NMR spectra.
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Fig. 2. Cyclic voltammetry of Et,NCI and physcion (1) in 0.Im Bu,N(CIO,) in CH,Cl, by using a
platinum-disc electrode (2 mm diameter), at v=0.2 'V s7!: a) electrolyte Bu,N(CIO,), b) physcion (1),
¢) 5 mm Et,NCI, d) 5 mm Et,NCI/2.5 mM physcion (1)

However, the starting substrate 1 was not consumed completely although two
dichloro derivatives, 2,4- and 4,5-dichlorophyscion (3a and 3b, resp.), appeared as
additional reaction products ( Entry 2). This prompted us to perform a constant-current
electrolysis of 1 in the same solvent/electrolyte system but in a divided electrolytic cell
(by a ceramic membrane; 20 mA). Thus, the reaction performed at 50°, passing 2 F -
mol~! of charge, gave the monochlorinated derivatives 2a/2b in the ratio 13.6:86.4,
followed by a much smaller amount of unchanged 1 and 4,5-dichlorophyscion (3b)
(Entry 3); therefore, the current efficiency of this reaction is 100%, regardless of the
fact that 1 was not completely consumed. We also found that, despite the low solubility
of 1 in AcOH, this reaction could be run at room temperature. Indeed, as the
electrolysis progressed, the starting suspension of 1in AcOH became a clear solution,
apparently due to a higher solubility of the products (chlorinated physcions) in this
solvent than that of 1.

Electrolysis with a 4 F - mol~! charge consumption in a divided electrolytic cell was
also conducted to examine the possibility of a direct dichlorination of physcion (1).
However, although the two dichlorophyscions 3a and 3b, and even 2,4,5-trichlorophy-
scion (4) appeared as the products of this reaction, 2b was still the most abundant
component of the resulting mixture (Entry 4). A prolonged time of the electrolysis
caused a decrease in the 2b abundance and an increase of the relative amounts of the
dichloro and trichloro derivatives 3a, 3b, and 4. For example, the electrolysis
accompanied by a passage of 6 F-mol-! charge through the solution gave a mixture
containing traces (less than 0.05% ) of 2a, 4.3% of 2b, 14.2% of 3a, 39.3% of 3b,21.4%
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of 4, and some unidentified products (Entry 5). However, even electrolysis with a
10 F-mol~' charge consumption did not give the pure trichloro derivative 4 (Entry 6).
The reaction mixtures always contained considerable amounts of the dichloro
derivatives 3a and 3b. We were able to isolate four of the mentioned products as
pure compounds, i.e., 2b, 3a, 3b, and 4, by combining gravity column chromatography
and prep. MPLC. This and the fact that the 'H-NMR spectra of 2a, 2b, 3b, and 4 are
known [11][12] enabled us to perform more detailed analyses of the reaction mixtures.

Surprisingly, the electrochemical monochlorination in CH,CIl, as the solvent, in
which physcion (1) is much more soluble than in AcOH, proceeded with a slightly lower
current efficiency and selectivity. Thus, the constant-current electrolysis of 1 in CH,Cl,
in an undivided cell (r.t.; 2F-mol™' charge consumption) resulted in a mixture
containing ca. 96% of the unchanged 1 and only ca. 4% of 4-chlorophyscion (2b)
(Entry 7). On the other hand, the electrolysis in a divided cell under the conditions for
monochlorination (2 F-mol~! charge consumption) gave a mixture containing up to
30.5% of unchanged 1 (Entry 9). Similarly to the reaction conducted in AcOH, a
prolonged electrolysis led to mixtures containing several products. In addition, some
new products appeared, but neither the isolation of the pure compounds nor the
complete identification through a careful analysis of the "H-NMR spectra was possible.
The electrolysis with a 10 F - mol~! charge consumption, however, resulted in a mixture
containing 63.5% of the trichloro derivative 4, which was isolated by column
chromatography for the measurement of its spectral data. This is an additional
noteworthy difference between the chlorination in CH,Cl, and AcOH.

Our results considerably differ from those of the only previous report on the
chlorination of physcion (1) [12], which deserves a short discussion. According to [12],
the monochlorination of 1 by Cl, itself (1:1 molar ratio of the reactants) gave
compound 2b as the sole product. However, despite the fact that the reaction
conditions for monochlorination in our experiments differed, one could assume that the
regioselectivity of the monochlorination in both cases would be the same. Since 2b was
isolated by recrystallization in [12], the presence of the unchanged substrate 1 and of
fragilin (2a) might have been missed because these substances should have remained in
the mother liquor. On the other hand, under the conditions of monochlorination
(Table, Entries 3 and 9), the other two possible monochloro derivatives, 5- and 7-
chlorophyscion, did not form. We made sure that these latter monochloro derivatives
were absent by a careful analysis of the monosubstitution pattern in the 'H-NMR
spectra. The introduction of a Cl-atom into the physcion molecule or already
chlorinated physicon molecules does not change the chemical shifts of the remaining
protons to any significant extent but causes only small differences which, however,
allow to distinguish different di-, mono-, and nonchlorinated physcion (compare the
data of 3ain the Exper. Part and the literature data of 1, 2a, 2b, 3b, and 4 [4][11][12]).
We assume that the observed regioselectivity of the monochlorination of 1 is the
consequence of a somewhat different stabilization of the corresponding intermediary
ions (by the positive-charge delocalization) obtained after the initial attack of a
‘positive chlorine’ species on physcion. Indeed, both of the ‘outer’ benzene rings of 1
are equally activated by the OH groups and deactivated by the C=O groups for an
electrophilic substitution, but the MeO-substituted benzene ring is rather more
activated than the Me-substituted one (the predomination of 2b over 2a, on the other
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hand, is steric in nature). As depicted in Fig. 3, the corresponding arenium ions
obtained on attack of 1 at the positions 2 and 4 (see Ay and B,y) possess one
important contributing resonance structure more (see Ay and By/) than those obtained
by the attack at the positions 5 and 7 (see C;y and D,_y).

In our experiments the regioselectivity of dichlorination is surely different from that
reported for the classical method [12]. Under all conditions permitting dichlorination
(electrolysis with 4 or more F - mol~! charge consumption), we found both 2,4- (3a) and
4.5-dichlorophyscion (3b) in the reaction mixtures. The formation of 3a rather than 3c
illustrates in the best way how much the MeO-substituted benzene ring is more
susceptible to electrophilic attack than the Me-substituted one. Namely, even though
the MeO-substituted ring bearing the newly introduced Cl-atom at position 2 (see 2a)
should be deactivated to some extent for further electrophilic substitution on
dichlorination by another electrophilic attack, the second Cl-atom is bonded to this
ring and not to the unchlorinated one.

Yet, another explanation for the observed regioselectivity of chlorination may be
operational. In the case of phenol and 4-chlorophenol in neutral to acidic media, the
rate constant for chlorination is up to an order of magnitude higher for the already
chlorinated compound [17]. This is explained by the mechanistic consideration that the
chlorination of phenol and chlorophenols proceeds in neutral and alkaline media by the
reaction of hypochlorous acid with the phenolate or chlorophenolate [17]. Since
chlorinated phenols are more acidic than the parent phenols (and this is even more true
in the case of the unchlorinated Me-substituted ring of physcion), the concentration of
the true nucleophile in this reaction, the phenolate, is greater for the monochlorinated
phenols and hence this makes them more reactive in electrophilic aromatic
substitutions (a well known example [17] of this is the polyhalogenation of phenol
itself with less than 1 equiv. of a halogen available for reaction).

Conclusions. — Electrochemical chlorination of physcion (1) in AcOH and CH,Cl,
allowed access by avoiding ring synthesis to fragilin (2a), 4-chlorophyscion (2b), 2,4-
and 4,5-dichlorophyscions (3a and 3b, resp.), and trichlorophyscion 4. The electrolysis
with a 2 F-mol~! charge consumption in AcOH and 10 F-mol~! in CH,Cl, may have a
practical synthetic utility, since the reaction mixtures obtained under these conditions
could readily be separated by column chromatography to afford pure 2b and 4,
respectively. The pure dichloro derivatives 3a and 3b were isolated by prep. MPLC.
Electrochemical chlorination of physcion (1) presents a good alternative to the classical
chlorination of this natural product with free Cl, because it avoids the disadvantageous
use of gaseous Cl, stored in the high-pressure cylinders. To the best of our knowledge,
there is no other rich source of chlorinated physcions, thus turning our electrochemical-
chlorination procedure into a useful access to these compounds, which will allow to
study their properties including their promising biological and pharmacological
activities.

This work was supported by the Ministry of Education and Science of the Republic of Serbia (grant
172034). We are grateful to Vida Duri¢i¢ (Technician School ‘Nikola Tesla’, Leposavi¢, Serbia) for
supplying us with generous amounts of the lichen Xanthoria elegans.
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Experimental Part

General. The physcion (1) used in this study was isolated from a lichen species of the genus Xanthoria

by a known method [12]. All other chemicals were commercially available and used as received, except
for the solvents, which were purified by distillation. Bu,N(ClO,) was used as the supporting electrolyte in
the cyclic voltammetry experiments. Prep.-scale electrolyses: divided (by a ceramic membrane) or
undivided cell in an Autolab apparatus; cylindrical Pt foil (2.5 cm diameter) and Pt spiral (1 cm diameter)
as the anode and the cathode, resp. Column chromatographic (CC): silica gel 60 (SiO,; 230-400 mesh
ASTM; Merck). Prep. medium-pressure liquid chromatography (MPLC): pump module C-60! and
pump controller C-610, Work-21 pump (Biichi, Switzerland); pre-packed column cartridges (40 x
75 mm; SiO, 60, particle size distribution 40—63 pum; Biichi). TLC: SiO, 60 F,5, (Merck) on Al plates,
layer thickness 0.2 mm. Cyclic voltammetry: at r.t. under Ar in a three-electrode cell; Autolab
potentiostat (PGSTAT 302N); working electrode Pt disk (2-mm diameter), counter electrode Pt wire,
and reference electrode. Ag wire. IR Spectra: Perkin—FElmer FT-IR 31725-X spectrophotometer; ¥ in
cm~!. NMR Spectra: Varian-Gemini (200 MHz) spectrometer; in CDCl;; 6 in ppm rel. to Me,Si as the
internal standard, J in Hz. EI-MS: mass selective detector Hewlett—Packard (5975B) part of a GC/MS
system (70 eV); in m/z (rel. % ). GC/MS: Hewlett-Packard 6890N gas chromatograph; fused-silica cap.
column DB-5MS (5% phenylmethylsiloxane, 30 m x 0.25 mm, film thickness 0.25 um; Agilent Tech-
nologies, USA) and 5975B mass selective detector (from the same company); carrier gas He at 1.0 ml
min~".
Prep. Electrolyses. The electrochemical cells (divided and undivided) were filled with AcOH or
CH,Cl, (30 ml) containing Et,NCI (0.1m). Physcion (1; ca. 30 mg, ca. 0.1056 mmol) was then added (in
the anodic compartment if the divided cell was used). Electrolyses were performed at a constant current
(30 mA in the undivided cell and 20 mA in the divided one). Reactions were run until a charge of 2, 4, 6,
or 10 F (ca. 20.4, ca. 40.8, ca. 61.2, or ca. 101.9 C, resp.) was passed through the solns. (see Table). The
solvent was distilled off under reduced pressure from the crude reaction mixture obtained after the end of
the electrolysis, the residue extracted with Et,O, the Et,O phase washed with the sat. NaHCO; soln.,
dried overnight (Na,SO,), and concentrated, and the residue separated by CC and MPLC and analyzed
by TLC, GC/MS, and NMR. The identification of the products was performed by combining the
'H-NMR and GC/MS data. Compounds 2a, 2b, 3b, and 4 (Scheme) are known, and their 'H-NMR data
were identical to those given in [11][12].

2,4-Dichlorophyscion (=2,4-Dichloro-1,8-dihydroxy-3-methoxy-6-methylanthracene-9,10-dione;
3a). IR (KBr): 3414.8, 3138.7, 2953.75, 2924.6, 2853.8, 1731.8, 1681.9, 1635.2, 1602.2, 1542.2, 1485.6,
1456.9, 1392.8, 1369.9, 1348.0, 1305.5, 1266.0, 1244.9, 1212.9, 1144.0, 1115.9, 1034.0, 974.4, 912.6, 864.0,
822.2,812.5,792.8,765.0,756.4,707.3, 624.2, 588.36, 560.5, 540.6, 478.5. 'H-NMR (200 MHz, CDCl;): 2.48
(s, Me); 4.04 (s, MeO); 711 (s, H-C(7)); 7.63 (s, H-C(5)); 11.68 (s, OH); 13.53 (s, OH). EI-MS: 354
(63.5), 352 (100.0, M™), 335 (2.6, [M — OH]"), 317 (12.5, [M — CI]*"), 245 (2.9), 162 (9.5).
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An efficient catalyst for Ferrier rearrangement and hetero-Michael addition was successfully generated
from a sacrificial zirconium anode into media containing reactants for these reactions. Thus, the catalyst
generated, successfully promoted the allylic rearrangement of peracetylated p-glucal in the presence of a
suitable S-nucleophile, giving the corresponding 2,3-unsaturated p-glucopyranose (pseudoglycal) in good
to high yields. This catalyst was also shown to be capable of promoting hetero-Michael conjugate addi-
tion of S- and N-nucleophiles to the carbon-carbon double bond of methyl vinyl ketone, resulting in new
carbon-sulfur and carbon-nitrogen bond formation.

© 2012 Elsevier Ltd. All rights reserved.

The development of new efficient catalysts for organic reactions
is one of the most attractive research areas in modern organic
chemistry. Several aspects that determine advantages and limita-
tions have to be considered every time when suggesting a new
catalytic system, such as the yields of products, the reaction times,
the simplicity of the procedure (including easy work-up), catalyst
costs, and the ease of catalyst preparation. Zirconium compounds
which are commercially available (or well described in the litera-
ture), easily handled, of low toxicity and with high catalytic activ-
ity in many reactions have been widely used in organic synthesis.
Thus, zirconium compounds have been used as catalysts in
Friedel-Crafts acylations,! Fries rearrangements,? sodium borohy-
dride reductions,® multicomponent condensations affording dihy-
dropyrimidinones® and p-aryl-p-mercaptoketones,’ esterifications
of long chain aliphatic carboxylic acids and alcohols,® Pechmann
reactions,” etc.® Continuing our investigations into anodic
generation of electrophilic reagents and their reactions with func-
tionalized and non-functionalized olefins,® as well as the genera-
tion of catalysts for the acylation of olefins and ferrocene (so
called C-acylation),!® we decided to examine whether a sacrificial
zirconium anode might be used for the generation of some species

* Corresponding author. Tel.: +381 34 300 268; fax: +381 34 335 040.
E-mail address: vuk@kg.ac.rs (R.D. Vukicevic).

0040-4039/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tetlet.2012.09.023

of this metal that could catalyze two synthetically important reac-
tions—the acid catalyzed allylic rearrangement of glycals in the
presence of nucleophiles (known as the Ferrier rearrangement)
and N- and S-nucleophilic additions to conjugated carbonyls
(known as hetero-Michael reactions). Ferrier reactions'! present
a convenient way to synthesize 2,3-unsaturated sugar derivatives,
chiral compounds capable of undergoing different transformations,
such as hydroxylation, hydrogenation, epoxidation, aminohydr-
oxylation, ozonolysis, etc. Two recent reports on the utilization of
zirconium(IV) chloride as a catalyst for this reaction'? prompted
us to choose the Ferrier rearrangement as the subject of our re-
search. The hetero-Michael addition, on the other hand, has been
widely explored in organic synthesis as one of the most efficient
reactions for the formation of new carbon-heteroatom bonds.!?
Many research groups have paid attention to applications of zirco-
nium compounds as catalysts for this reaction,' and we decided to
examine the possible utilization of the anodic generation of zirco-
nium species for this purpose.

The electrochemical generation of a zirconium species capable
of catalyzing the chosen organic reactions had to be simple so as
not to arouse disfavor by synthetic organic chemists. Our intention
was to develop a method useful for organic synthetics, but the
method could not include electroanalytical measurements of any
kind. This requirement was motivated by two facts: most organic
laboratories do not possess the necessary equipment and most
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Scheme 1. Ferrier rearrangement of 1 promoted by an anodically generated
zirconium catalyst.

organic chemists are not experienced in this field of chemistry.
With this in mind, we designed the reaction as a simple electrolysis
of a solution of reactants using a sacrificial zirconium anode.'”
The choice of the reaction medium had to be made to
harmonize the next three requirements: (i) the solution must be
electroconductive, (ii) the reactants should be soluble in the sol-
vent, and (iii) zirconium must be more susceptible to oxidation
than the conducting salt (or, more precisely, its anion). Although
it is not difficult to get experimental data on the third limitation
(by means of very simple voltammetric measurements), we opted
for a choice based on a well known fact—perchlorate anions are
more resistant to oxidation than any metal. Consequently, we
chose an acetonitrile solution of lithium perchlorate as the reaction
medium for our investigation since this solution is suitable for
electrochemical experiments and acetonitrile has already been
used as the solvent in conventional variants of Ferrier rearrange-
ments and aza-Michael reactions catalyzed by zirconium com-
pounds.’?*»14d Having in mind that these reactions mainly
proceed at room temperature and using 10 mol %'2>'4>4-f of the
catalyst, we decided to perform 1 mmol scale experiments with

Table 1

Ferrier rearrangement of peracetylated glucal (1) in the presence of nucleophiles 2a-f promoted by anodically generated zirconium catalys

0.4 F/mol charge consumption (in order to generate 0.1 mmol of
zirconium(IV) species). Thus, choosing 3,4,6-tri-O-acetyl-p-glucal
(1, Scheme 1) as the representative substrate, we started the study
of the Ferrier rearrangement by constant current electrolysis
(20 mA) of this compound and butane-1-thiol (2, Scheme 1) at
room temperature (in a 1:2 molar ratio). Our first observation
was the appearance of an insoluble solid product and an increase
in the electrode voltage, causing an uncontrolled heating of the
reaction mixture. Apparently, the increased electrical resistance ar-
ose as a consequence of coating the product of zirconium oxidation
at the anode. In order to avoid this, we performed the electrolysis
by placing the electrolytic cell into an ultrasound bath, expecting
an instantaneous removal of the coated species from the electrode
surface, so moving the suspension into the bulk solution. After
passing the necessary electricity, the mixture was left in the bath
for 30 min. TLC analysis of the reaction mixture showed that the
substrate 1 had been completely consumed. Separation of the mix-
ture by column chromatography and spectral data of the fractions
(*H and '3C NMR) showed that the corresponding pseudoglycal
(compound 3a) had been successfully synthesized (63%). On the
basis of 'TH NMR spectrum of the unseparated reaction mixture,
the ratio of the two anomers was found to be a-3a/B-3a =75:25.
In order to examine the generality of this reaction, additionally
four nucleophiles containing a mercapto group were submitted
to the same reaction conditions and results obtained are listed in
Table 1. As can be seen, the corresponding pseudoglycals (3b-e)
were obtained in high yields with anomeric ratios similar to those
observed in the case of 1a (Table 1, entries 2-5). For one of these
compounds (3b) we isolated single crystals permitting its X-ray
analysis and its ORTEP representation is given in Figure 1.!°
Employing this procedure and using allyltrimethylsilane as the
nucleophile, we were also able to synthesize one C-glycoside—
pseudoglycal 3f—in good yield. In this case, however, essentially
only the a-anomer was obtained.

For the study of hetero-Michael additions we chose several S-
and N-nucleophiles (2a-e, 2g-1, Scheme 2) and methyl vinyl ke-
tone (4) as the representative receptor. Thus, under the conditions

t15

Entry Nucleophile Pseudoglycal

Yield? (%) Ratio of anomers (o-3/B-3)°

HS (e} S
~N AcO NN
1 2a P 3a 63 75:25
AcO™

HS (0]
AcO
2 2b _
AcO™
HS o)
\©\ AcO
3 2c
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AcO

(e}
HS\/LLO/

HS. O O S
\/W ~ AcO
5 o 2e L
AcO'

. = O
(HsC)sSi 7~ AcO
6 2f P
AcO™

S
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S
\©\ 3¢ 70 82:18

Y S\)k e
2d AcO O 3d 84 75:25
NP
AcO

3e 81 75:25

3f 85 100:T¢

¢ Isolated yields based on the starting glycal 1.
b Estimated by 'H NMR spectral data.
¢ Traces.
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Figure 1. The molecular structure of 3b. Displacement ellipsoids are drawn at the
50% probability level.

described, this Michael receptor reacted with butane-1-thiol (2a)
giving 4-thianonan-2-one (5a) in high yield (Table 2, entry 1).
The validity of this method was examined using five additional
S-nucleophiles-thiophenols 2b and 2c¢ and esters 2d, 2e, and 2g.
As can be seen from Table 2 (entries 2-6), the corresponding
sulfur-containing ketones (5b and 5c¢) and ketoesters (5d, 5e,
and 5g.) were obtained in high to very high yields (up to
quantitative).

Finally, the anodically generated zirconium catalyst was
employed to promote the conjugate addition of several amines
(2h-1, Scheme 2) to the enone 4 (the aza-Michael reaction). The
results obtained are listed in Table 2 (entries 7-11) and show
that this procedure is suitable for the synthesis of valuable
synthetic intermediates, Mannich bases 5h-1, under very mild
conditions.

In conclusion, we describe herein a new method for the gener-
ation of a catalyst from a metal zirconium anode capable of
promoting Ferrier rearrangements and hetero-Michael additions.
Although this new procedure needs additional studies (further
optimization of the two reactions, on application to other reactions
that can be catalyzed by zirconium compounds, examination of the
catalyst composition and the possibility of the multiple use, etc.),
we recommend it to organic chemists, since it is simple but
efficient. It does not require complex and expensive equipment
and could be realized in any organic laboratory.

0 . o
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Scheme 2. Hetero-Michael addition of S- and N-nucleophiles to the enone 4
promoted by an anodically generated zirconium catalyst.

Table 2
Hetero-Michael addition of nucleophiles 2a-e, 2g-1 to enone 4 promoted by an
anodically generated zirconium catalyst'®

Entry Nucleophile Michael adduct Yield® (%)
(e}
1 2a 5a 75
)J\/\S/\/\
O
2 2b 5b 97
S
O /@/
3 2c 5c 100
)J\/\S
)CJ)\/\
O.
4 2d S/\"/ ~ 5d 96
(e}
[0} (e}
5 2e Se 99
)J\/\S/\)J\o/
(e} o}
6 2 PPN /\)LO/\ 52 95
S
o
7 2h )l\/\N 5h 86
H
O
8 2i )l\/\N 5i 63
H
9 2 0 /@ 5§ 61
J )
)l\/\N
H
O
10 2k )I\/\N 5k 99
H
Cl
(e}
11 21 )J\/\ /©/ 51 67
N
H

2 Isolated yields based on enone 4.
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Typical procedure: Electrolytic cell— a glass vessel provided with a spiral Zr-
anode (¢ =15 mm, made from a ¢ =2 mm wire) and a spiral Pt-cathode (¢
=8 mm, made from a ¢ = 1 mm wire) was filled with 10 mL of an acetonitrile
solution of LiClO4 (0.1 M), 1 mmol of glycal 1 or enone 4 and 2 mmol of the
corresponding nucleophile 2. The cell was placed in an Elmasonic S30 (Elma,
Germany) ultrasound bath (at a frequency of 37 kHz, with an effective
ultrasonic power of 30 W and a peak of 240 W) and the constant current
electrolysis (20 mA) was run 32 min (0.4 F mol~') at room temperature, using a
Uniwatt Beha Labor-Netzgerdt (NG 394) as the power supply. After the
electrolysis was finished, the reaction mixture was left 30 min in the same bath
and the solvent evaporated. The residue was diluted with 20 mL of water, the
obtained mixture extracted with three 20 mL portions of ethyl acetate and
collected organic layers dried overnight (anhydrous sodium sulfate). After
evaporation of the solvent the crude reaction product was purified by column
chromatography to give the products of the reaction. The spectral data of
known compounds were in complete agreement with those published
elsewhere (33717 3b,17'18 3c‘]7,186 3f'18b,d,19 53‘20 5b'20a 5C,21 sh‘14g,203,22 5i,22
5,22 5k,20422 5]'4¢22) \hereas the data confirming structures of newly
synthesized ones follow.

Compound a-3d. IR (KBr, v, cm~'): 2955, 1734, 1436, 1370, 1223, 1131, 1078,
1043, 785. '"H NMR (200 MHz, CDCl; 8, ppm): 5.96 (ddd, J=10.1, 2.9, 1.7 Hz,
1H, H-2), 5.85 (dt, J=10.1, 1.5 Hz, 1H, H-3), 5.74 (dt, J = 3.2, 1.7 Hz, 1H, H-1),
5.45-5.36 (m, 1H, H-4), 4.35-4.11 (overlapping m, 3H, H-5, H6a, H-6b), 3.75 (s,
3H, COOCH3), 3.53 (d, J=15.3 Hz, 1H, SCHaHbCO), 3.29 (d, J=15.3 Hz, 1H,
SCHaHbCO), 2.11 (s, 3H, CH5COO), 2.10 (s, 3H, CH5CO0). '*C NMR (50 MHz,
CDCl;5 6, ppm): 170.6 (CO0), 170.5 (CO0), 170.1 (CO0), 128.0 (C-3), 127.9 (C-2),
79.8 (C-1), 67.1 (C-6%), 65.0 (C-4), 62.7 (C-5%), 52.5 (COOCH3), 32.5 (SCH,CO),
20.9 (CH3C00), 20.7 (CH3CO0).*-assignations are interchangeable.

Compound B-3d. IR (KBr, v, cm~'): 2954, 1733, 1436, 1369, 1222, 1142, 1043,
974, 787. '"H NMR (200 MHz, CDCl5 6, ppm): 6.00-5.86 (overlapping m, 2H, H-
2, H-3), 5.55-5.51 (m, 1H, H-1), 5.32-5.24 (m, 1H, H-4), 4.23 (br d, ] = 4.8 Hz,
2H, Ha-6, Hb-6), 3.87 (dt, ] = 7.9, 4.6 Hz, 1H, H-5), 3.74 (s, 3H, COOCH3), 3.48 (d,

16.

17.

18.

19.

. (a) Fetterly, B. M.; Jana, N. K.; Verkade, ]J. G. Tetrahedron 2006, 62, 440-456;

21.
22.

D. Stevanovi¢ et al. / Tetrahedron Letters 53 (2012) 6257-6260

J=15.3 Hz, 1H, SHaHbCO), 3.30 (d, J=15.3 Hz, 1H, SHaHbCO), 2.10 (s, 3H,
CH53C00), 2.09 (s, 3H, CH3C00). '*C NMR (50 MHz, CDCl3 8, ppm): 170.7 (COO),
170.6 (CO0), 170.1 (CO0), 129.3, 128.0 (C-2, C-3), 78.2, 75.0, 64.6, 63.2 (C-1, C-
4, C-5, C-6), 52.4 (COOCH3), 30.5 (SCH,CO), 20.9 (CH3C00), 20.7 (CH3COO0).
Compound o-3e. IR (KBr, v, cm~'): 2954, 1733, 1436, 1368, 1223, 1078, 1047,
976, 787. '"H NMR (200 MHz, CDCl; 6, ppm): 5.93 (ddd, J = 10.1, 3.0, 1.8 Hz, 1H,
H-2), 5.79 (dt, J=10.1, 1.6 Hz, 1H, H-3), 5.62-5.57 (m, 1H, H-1), 5.35 (ddd,
J=8.8, 3.6, 1.8 Hz, 1H, H-4), 4.36-4.19 (overlapping m, 3H, H-5, H6a, H-6b),
3.70 (s, 3H, COOCH3), 3.02-2.68 (A,B,, m, 4H, SCH,CH,CO), 2.12 (s, 3H,
CH5C00), 2.09 (s, 3H, CH5C00). '3C NMR (50 MHz, CDCl; 6, ppm): 172.2 (CO0),
170.7 (CO0), 170.2 (CO0), 128.7, 127.2 (C-2, C-3), 81.0, 66.9, 65.1, 63.0 (C-1, C-
4, C-5, C-6), 51.7 (COOCHj3), 35.2 (SCH,CH,CO), 27.3 (SCH,CH,CO), 20.9
(CH5C00), 20.7 (CH3COO0).

Compound p-3e. IR (KBr, v, cm™"): 2954, 1733, 1436, 1368, 1221, 1075, 1043,
974, 788. 'H NMR (200 MHz, CDCl3 4, ppm): 5.91 (pseudo singlet, 2H, H-2, H-
3), 5.45-5.39 (m, 1H, H-1), 5.35-5.26 (m, 1H), 4.31-4.15 (overlapping m, 2H,
Ha-6, Hb-6), 3.84 (ddd, J = 8.5, 5.0, 3.8 Hz, 1H, H-5), 3.70 (s, 3H, COOCH3), 2.97-
2.64 (A;B,, m, 4H, SCH,CH,C0), 2.10 (s, 3H, CH5C00), 2.09 (s, 3H, CH3C00). '3C
NMR (50 MHz, CDCl; ¢, ppm): 172.2 (CO0), 170.7 (C00), 170.1 (C0O0), 130.1,
127.7 (C-2, C-3), 79.3, 74.9, 64.6, 63.2 (C-1, C-4, C-5, C-6), 51.7 (COOCH3), 35.4
(SCH,CH,CO), 24.4 (SCH,CH,CO), 20.9 (CH3C0O0), 20.7 (CH5COO0).

Compound 5d. IR (KBr, v, cm™'): 2954, 1732, 1713, 1435, 1412, 1362, 1278,
1157,1131, 1007, 707. 'H NMR (200 MHz, CDCl; 6, ppm): 3.74 (s, 3H, COOCH3),
3.26 (s, 2H, COCH,S), 2.92-2.73 (A;B,, m, 4H, SCH,CH,CO), 2.18 (s, 3H,
CH5COCH,). '>C NMR (50 MHz, CDCl; 6, ppm): 206.2 (CH3;COCH,), 170.6
(COOCH3), 52.2 (COOCH;), 43.0, 33.6 (SCH,CH,CO, SCH,COOCHs3), 29.8
(CH3COCH,), 26.3 (SCH,CH,CO).

Compound 5e. IR (KBr, v, cm~'): 2953, 1733, 1713, 1436, 1360, 1247, 1158,
1017, 979, 823. 'H NMR (200 MHz, CDCls 6, ppm): 3.70 (s, 3H, COOCH3), 2.85-
2.56 (overlapping m, 8H, COCH,CH,SCH,CH,COOCH3), 2.18 (s, 3H, CH3COCH,).
13C NMR (50 MHz, CDCl3 8, ppm): 206.6 (CH3COCH,), 172.2 (COOCH3), 51.8
(COOCH3), 43.5 (COCH,CH,S), 34.5 (SCH,CH,COOCH3), 30.0 (CH3COCH,), 27.2
(COCH,(CH,S), 25.7 (SCH,CH,COOCH3).

Compound 5g. IR (KBr, v, cm~!): 2982, 2931, 1729, 1714, 1416, 1368, 1346,
1244, 1179, 1157, 1033, 1016, 864. 'TH NMR (200 MHz, CDCl; 6, ppm) 4.16 (q,
J=71Hz, 2H, COOCH,CH;), 2.85-2.53 (overlapping m, 8H,
COCH,CH,SCH,CH,COOCH,CH3), 2.18 (s, 3H, CH3COCH,), 1.27 (t, J=7.1 Hz,
3H, COOCH,CH3). *C NMR (50 MHz, CDCl; 6, ppm): 206.4 (CH3COCH,), 171.6
(COOCH,CH3), 60.5 (COOCH,CH3), 43.4 (COCH,CH,S), 34.6 (SCH,CH,COOCH3),
29.9 (CH3COCH), 27.1 (COCH,CH,S), 25.6 (SCH,CH,COOCH3), 14.0
(COOCH,CHs3).

CCDC 885168 contains the supplementary crystallographic data for this Letter.
These data can be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Electrochemical Phenylselenoetherification as a Key Step in the Synthesis of
(+)-Curcumene Ether
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Two variants of a new pathway for the synthesis of (£)-curcumene ether are described. The key steps
in these procedures are intramolecular cyclizations of 6-methyl-2-(4-methylphenyl)hept-6-en-2-ol and 2-
methyl-6-(4-methylphenyl )hept-6-en-2-ol by means of an electrochemically generated phenylselenyl
cation. This synthetic approach provides significantly better yields than the previously reported
protocols.

Introduction. — Tetrahydropyrans widely occur in nature, often as the core
structural fragment of numerous natural products with antibacterial, antifungal,
antiviral, neurotoxic, cytotoxic activities, etc. [1]. Many reactions have been applied in
the synthesis of these compounds, among which intramolecular cyclizations of the
corresponding unsaturated alcohols, by means of diverse electrophilic reagents, are of
special importance. Over several decades, electrophilic Se reagents, particularly
phenylselenyl halides, have been proven to be quite useful for this purpose [2].
Important advantages of the use of electrophilic Se reagents in these syntheses over
other related ones are mild reaction conditions and an easy removal of the Se unit from
organic molecules. This removal can be performed in an oxidative manner (by means of
H,0,), introducing, thus, a C=C bond or by hydrogenolysis (effected by Ra-Ni) [2].

As depicted in Scheme 1, two types of unsaturated alcohols, i.e., those containing
hex-5-en-1-ol and pent-4-en-1-o0l systems, can serve as substrates in the synthesis of
tetrahydropyran derivatives by the reaction with phenylselenyl halides. Alkenols of the
first type undergo the cyclization to give only tetrahydropyrans, whereas the second
ones might also afford tetrahydrofurans. Since the reaction obeys Markovnikov’s rule,
when planning this synthesis, the electronic and steric nature of olefinic C-atoms (or to
be more exact those of the intermediary Se cation) must be taken into account.
However, the (steric) nature of the carbinol C-atom of the substrate also plays a certain
role and must be considered too [2][3].

In continuation of our work on the functionalization of unsaturated compounds by
means of electrochemically generated phenylselenyl cation from diphenyl diselenide

© 2013 Verlag Helvetica Chimica Acta AG, Ziirich
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Scheme 1. Cyclo-etherification via a Phenylselenyl Cation
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[3], we decided to utilize phenylselenoetherification in the synthesis of a naturally
occurring tetrahydropyran, curcumene ether (1), isolated from a plant species Thuja
orientalis [4]. To the best of our knowledge, to date four reports on the synthesis of (+)-
1 appeared in the literature [5][6], among which the first one [5a] could not be
reproduced in other laboratories [7]. Key steps of two of the three further syntheses of
this compound were the cyclizations of 2-methyl-6-(4-methylphenyl)heptane-2,6-diol
[5b] and 2-methyl-6-(4-methylphenyl)-3-phenylthiohept-6-en-2-0l [Sc] by treatment
with HCOOH and CF;COOH, respectively, leading to (+)-1. The most recently
reported synthesis of (+)-1 was achieved in nine steps (7% overall yield) utilizing an
intramolecular Heck reaction to generate the stereogenic quaternary center [5d]. A 13-
step synthesis of (+)-1 (involving a resolution of cinenic acid) in an overall yield of 3%
was also recently reported [6].

Results and Discussion. — A retrosynthetic analysis of (4)-1 (Scheme 2), with
Markovnikov’s rule in mind, points to four unsaturated alcohols as the possible starting
materials, two of which, i.e., 3 and §, possess a hex-5-en-1-ol system, whereas the other
two, i.e., 3a and Sa, contain a pent-4-en-1-ol scaffold. They are expected to undergo
cyclization by means of an electrochemically generated phenylselenyl cation to give [5-
(phenylseleno)tetrahydropyrans 2, 4, 2a, and 4a, respectively, which could be reduced
by Raney-Ni to furnish the target molecule. However, we have previously shown that
phenylselenoetherification of tertiary pent-4-en-1-ols with a terminally disubstituted
C=C bond does not obey Markovnikov’s rule and gives derivatives of tetrahydrofuran,
or their mixtures with tetrahydropyran derivatives [3c]. Therefore, we abandoned
alcohols 3a and 5a as possible substrates for the construction of the skeleton of (£)-1,
and focused our attention on the optimization of synthetic protocols using alkenols 3
and §.

It is apparent that alcohol 6-methyl-2-(4-methylphenyl)hept-6-en-2-0l (3) can be
easily obtained from the reaction of 6-methylhept-6-en-2-one (6), a commercially
available material, and the Grignard reagent obtained from p-halogenotoluenes
(Scheme 3). Thus, we started with the reaction of Mg mesh with p-iodotoluene (7) in
anhydrous ether, and adding dropwise 6 to the formed p-tolylmagnesium iodide (8)
solution [8]. Alcohol 3 was obtained in a yield of 75%.

The key step of the present synthesis of (+)-1, ie., the construction of the
curcumene ether skeleton, was performed by electrolysis of alcohol 3 in an MeCN
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Scheme 2. Retrosynthetic Analysis of (£)-1
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Scheme 3. Synthesis of (£)-1 Based on Alcohol 3
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solution of LiBr containing Ph,Se, (in a 3/Ph,Se, ratio of 1:0.5). As it is known, in this
process bromides serve as mediators [3]. The easy oxidation of bromides at the anode
provides in situ generation of PhSeBr or PhSe* cation (in the subsequent homogenous
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reaction of liberated Br, with Ph,Se,) capable of reacting with the z-electronic system
of 3. Two diastereoisomeric ethers, cis-2 and trans-2 (i.e., (R*,5*) and (R*,R*), resp.),
were obtained in the overall yield of 61%, and in the cis-2/trans-2 ratio of 1:1.9 (as
estimated by 'H-NMR spectroscopy). The stereoselectivity of this step does not affect
the final outcome of the synthesis, since the stereogenic center carrying the Se
substituent will be lost during the hydrogenolysis. However, we were able to isolate
pure samples of these compounds by column chromatography (SiO,; hexane/CH,Cl,
2:1 (v/v)), and their structures were confirmed by spectral analysis. A crucial
information which enabled the assignment of the selenoethers’ configurations came
from a conformational analysis of the two compounds and 1. Molecular modeling at
semiempirical level revealed that, in all three cases, the chair conformer with an axial p-
tolyl group was by far prevailing in the conformational equilibria. The Me group
geminal to p-tolyl moiety orients the aromatic core in such a way so that it exerts a
shielding magnetic anisotropy effect on the other axial substituent. This is quite clear
from the upfield shift of the 'H-NMR signals of the axial Me group in trans-2 or axial
CH, group of PhSeCH, in cis-2, when compared with the those of the respective
counterpart or with the corresponding chemical shifts of 1. These assignments were also
confirmed by a careful inspection of the cross-peaks in the NOESY spectra of trans-2.

Reduction of the mixture cis-2/trans-2, using a flow reactor (ThalesNano H-cube™)
with the Raney-Ni catalyst cartridge, afforded the target molecule (+)-1 in 95% yield.
Thus, the overall yield of this synthesis, based on the most expensive starting material 6,
was 43%.

The alternative route to (+)-1 that makes use of the electrochemically generated
PhSe™ cation starts with 2-methyl-6-(4-methylphenyl )hept-6-en-2-ol (5). However, this
alcohol could not be synthesized in such a short way as alcohol 3, since the
corresponding ketone or another substrate suitable for this purpose is not commercially
available. A possible retrosynthesis of 5 is depicted in Scheme 4, and leads to 5-(4-
methylphenyl)-5-oxopentanoic acid (10), a compound not available commercially, but
well described in the literature [9]. A Wittig olefination of the corresponding ethyl ester
11 and a subsequent MeMgCl addition to the obtained ethyl 5-(4-methylphenyl ))hex-5-
enoate (9) should yield alcohol 5.

Scheme 4. Retrosynthetic Analysis of Alcohol §
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We started the synthesis by a Friedel-Crafts acylation of toluene (12) with glutaric
anhydride (13; Scheme 5) [9]. The obtained keto acid 10 (80%) was esterified with
EtOH in the presence of p-toluenesulfonic acid as the catalyst [10] to give the keto ester
11 (98% ). Wittig olefination [11] of 11 gave ethyl 5-(4-methylphenyl)hex-5-enoate (9)
in ayield of 93%, which, in a subsequent Grignard reaction, was transformed to alcohol
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5 (89%). Cyclo-etherification of this alcohol was performed under the same conditions
as for alcohol 3 and gave 3-phenylseleno ether 4 in a yield of 59%. Finally, reduction of
4 using the flow reactor with a Raney-Ni catalyst cartridge gave the target (&+)-
curcumene ether ((£)-1) in a yield of 92%. Thus, the overall yield of (£)-1 achieved in
this synthesis was 35%.

Scheme 5. Synthesis of (£)-1 Based on Alcohol 5
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Conclusions. — In conclusion, we optimized two new multistep approaches for the
synthesis of (4)-curcumene ether ((+)-1) leading to 43 and 35% overall yields,
respectively. The key step of these protocols, i.e., the construction of the heterocyclic
skeleton from aliphatic substrates, involved the cyclization of 6-methyl-2-(4-methyl-
phenyl)hept-6-en-2-ol (3) and 2-methyl-6-(4-methylphenyl )hept-6-en-2-ol (5) by the
electrochemically generated PhSet cation (electrochemical phenylselenoetherifica-
tion).

Financial support from the Ministry of Education, Science and Technological Development of the
Republic of Serbia (Grant No. 172034) is gratefully acknowledged.

Experimental Part

General. All the reagents and solvents were obtained from commercial sources (Aldrich, USA;
Merck, Germany; Fluka, Germany) and used as received, except that the solvents were purified by
distillation or dried when necessary. The electrolysis experiments were performed with a Uniwatt, Beha
Labor-Netzgerit (NG 394) power supply, and an undivided electrolytic cell (a cylindrical glass vessel)
equipped with a magnetic stirrer, a graphite stick (& 5 mm) as an anode, and a Cu spiral (& 10 mm) as a
cathode. Column chromatography (CC): Merck silica gel (SiO,; 70—230 mesh). TLC: silica gel 60 on Al
plates; layer thickness, 0.2 mm (Merck, Germany). M.p. (uncorrected): Mel-Temp cap. melting-points
apparatus, model 1001. IR Spectra: Perkin-Elmer Spectrum One FT-IR spectrometer using KBr disks. 'H-
and PC-NMR spectra: in CDCly; Varian Gemini 2000 (‘*H: 200 and *C: 50 MHz), Bruker AC 250 E (‘"H:
250 and BC: 62.9 MHz), or Bruker Avance I+ 600 (‘*H: 600.13 and C: 150.92 MHz) spectrometers;
chemical shifts in 0 [ppm], relative to TMS and/or residual solvent H-atoms as internal standards (0 7.26
(*H) and 77 for (**C)). GC/MS: Hewlett-Packard 6890N gas chromatograph equipped with a fused silica
cap. column DB-5 (5% phenylmethylsiloxane, 30 m x 0.25 mm, film thickness 0.25 um, Agilent
Technologies, USA) and coupled with a 5975B mass-selective detector from the same company. The
injector and interface were operated at 250° and 300°, resp. Oven temp. was raised from 70-290° at a
heating rate of 5°/min and then isothermally held for 10 min. As a carrier gas, He at 1.0 ml/min was used.
The samples, as solns. in Et,O (1 mg/ml), were injected in a pulsed split mode (the flow was 1.5 ml/min for
the first 0.5 min, and then, it was set to 1.0 ml/min throughout the remainder of the analysis; split ratio,
40:1). MS conditions: ionization voltage, 70 eV; acquisition mass range, 35-500; scan time, 0.32s.
Elemental analyses: Carlo Erba 1106 microanalyser; results in agreement with the calculated values.
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Preparation of 6-Methyl-2-(4-methylphenyl)hept-6-en-2-ol (3) [8]. 4-Iodotoluene (7; 3.05 g,
14 mmol) was added dropwise with stirring during 0.5h to a refluxing slurry of Mg mesh (0.37 g,
15.4 mmol) and anh. Et,O (50 ml), activated with a few small crystals of I,. The mixture (which became
slightly cloudy after a few min) was stirred for an additional h at reflux, cooled to r.t., and 6-methylhept-6-
en-2-one (6; 0.88 g, 7 mmol) was added dropwise during 0.5 h. After stirring for additional 2 h under
reflux, sat. aq. NH,CI (20 ml) was added, and the resulting mixture was extracted with Et,O (3 x 30 ml).
The org. layers were combined, dried (MgSO,), and concentrated under reduced pressure. The resulting
yellow oil was purified by ‘dry flash’ CC (hexane/Et,O 95 :5 — 85:15 (v/v)) toyield 3 (1.14 g,75%). Clear
colorless oil. IR (KBr): 3411, 3025, 2970, 2941, 1649, 1513, 1452, 1373, 1102, 886, 816, 724. '"H-NMR
(200 MHz, CDCl;): 7.36-7.25 (AA’ of AA'BB’,2 arom. H);7.19-7.08 (BB’ of AA'BB’,2 arom. H);4.70-
4.63 (m, 1 H of =CH,); 4.63-4.57 (m, 1 H of =CH,); 2.33 (s, MeAr); 1.95 (br. t, /=74, =CCH,CH,);
1.81-1.67 (m, ArC(Me)(OH)CH,)); 1.63 (s, MeC=); 1.54 (s, ArC(OH)Me); 1.50-1.21 (m,
CH,CH,CH,). BC-NMR (50 MHz, CDCl;): 145.5, 144.9 (C=CH,, 1 arom. C); 136.0 (1 arom. C);
128.8 (2 arom. CH); 124.6 (2 arom. CH); 110.0 (C=CH,); 74.5 (C(OH)); 43.7, 37.8 (CH,CH,CH,); 30.2,
22.2,21.8 (C(OH)(Me)CH,CH,CH,C(=CH,)Me); 20.9 (MeAr). EI-MS (70 eV): 218 (1.3, M+), 200 (3.1,
[M—-H,0]"), 185 (1.9), 172 (1), 147 (1.6), 145 (7.2), 135 (100), 132 (15.5), 119 (19.5), 105 (4.6), 91
(11.2), 77 (2.9), 69 (4.2), 55 (4.2), 43 (52). Anal. calc. for C;sH»,O (218.33): C 82.52, H 10.16; found: C
82.49, H 10.15.

Electrochemical Phenylselenoetherification of 3[3c]. A soln. of 3 (0.218 g, 1 mmol), Ph,Se, (156 mg,
0.5 mmol), and LiBr (210 mg, 1 mmol) in MeCN (10 ml) was placed in a cell supplied with an ice-
acetone-salt bath (— 10 to —5°) and electrolyzed at constant current (100 mA, 2 F/mol). The solvent was
distilled off, the residue was extracted several times with Et,O, and the obtained soln. was dried
(Na,S0O,). The solvent was evaporated, and the residue was purified by CC (SiO,; hexane/CH,Cl, 1:1 (v/
v)) to afford a mixture of cis- and trans-tetrahydro-2,6-dimethyl-2-(4-methylphenyl)-6-[ (phenylselanyl)-
methyl]-2H-pyran (cis-2/trans-2; 0.228 g, 0.61 mmol, 61%), a pale yellow oil, which was used in the next
step of the synthesis. The anal. samples of cis- and trans-2 were obtained from 100 mg (0.268 mmol) of
this mixture by CC (silica gel (10 g); hexane/CH,Cl, 2:1 (v/v)). The first fraction gave 45 mg of pure
trans-2 (a pale yellow oil), the second one gave 30 mg of the mixture of two isomers, whereas the third
fraction gave 23 mg of pure cis-2 (a pale yellow oil).

Data of cis-2: IR (KBr): 3436, 3056, 2972, 2934, 1637, 1579, 1512, 1478, 1372, 1203, 1073, 1041, 1023,
974, 817,735, 691. 'H-NMR (250 MHz, CDCl,): 7.59-7.38 (overlapped m, 2 arom. H of PhSe); 7.36-7.14
(overlapped m, 3 arom. H of PhSe); 7.12-7.04 (overlapped m, 4 arom. H of Ar);2.87 (d,2J(H,H) =11.6,
2J(Se,H)=77,1H, SeCH,); 2.79 (d, 2J(HH) =11.6, 2J(Se,H) = 7.0, 1 H, SeCH,); 2.37 (s, MeAr); 2.09—
2.04 (m,1 H); 1.97-1.51 (overlapped m, 5 H); 1.47 (s, Me); 1.40 (s, Me). “C-NMR (62.9 MHz, CDCl,):
145.8 (arom. C); 135.9 (arom. C); 132.0 (arom. C of PhSe); 131.6 (2 arom. CH of PhSe); 128.8, 128.6,
126.1, 125.3 (4 arom. CH of Ar; 3 arom. CH of PhSe); 77.1, 74.5 (COC); 40.7, 34.5, 33.7, 32.9, 28.9 (Me,
CCH,CH,CH,CCH,Se);21.0 (MeAr);16.8 (Me). EI-MS (70 eV): 374 (0.1, M*), 313 (0.1), 288 (0.1), 273
(0.1), 248 (0.1), 232 (0.1), 216 (0.3), 203 (100), 185 (30), 171 (0.7), 157 (4.6), 145 (19.2), 129 (5.9), 119
(45.4),105 (13.4),91 (22.9),77 (5.8), 69 (35.7), 55 (5.5), 41 (11.8). Anal. calc. for C,;H,,OSe (373.39): C
67.55, H 7.02; found: C 67.59, H 6.98.

Data of trans-2: IR (KBr): 3436, 3055, 2972, 2936, 1616, 1579, 1512, 1478, 1223, 1074, 1006, 817, 735,
691. 'H-NMR (200 MHz, CDCl,): 7.61-7.49 (overlapped m, 2 arom. H); 7.41-7.31 (overlapped m, 3
arom. H); 7.21-7.07 (overlapped m, 4 arom. H); 3.19 (d, 2/(H,H) =11.6, 2/(Se,H) =8.0, 1 H, SeCH,);
3.07 (d, J(HH) =116, 2J(Se,H) =72, 1 H, SeCH,); 2.45-2.34 (m, 1 H); 2.32 (s, MeAr); 1.90-1.36
(overlapped m, 5 H); 1.34 (s, Me); 0.84 (s, Me). B*C-NMR (50 MHz, CDCl;): 144.5 (arom. C); 135.8
(arom. C);132.2 (2 arom. CH of PhSe); 131.5 (arom. C of PhSe); 128.8,128.4,126.2,125.9 (4 arom. CH of
Ar; 3 arom. CH of PhSe); 77.2, 74.5 (COC); 44.1, 35.4,34.4,33.3, 26.0 (Me, CCH,CH,CH,CCH,Se); 21.0
(MeAr); 17.0 (Me). MS: identical to that of cis-2. Anal. calc. for C,;H,OSe (373.39): C 67.55, H 7.02;
found: C 67.58, H 7.05.

Preparation of (+)-Curcumene Ether (= 3,4,5,6-Tetrahydro-2,2,6-trimethyl-6-(4-methylphenyl)-2H-
pyran; (£)-1): Reduction of cis- and trans-2. The reaction was carried out using an H-cube hydrogenation
reactor (Thalesnano) in continuous-flow mode, and Raney-Ni (CarCart™ cartridge) was used as a
catalyst. To prime the system, the catalyst bed was washed continuously with THF (10 ml) at a flow rate
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of 1 ml/min. The pressure was adjusted to full H, mode, and the temp. was set at 25°. The mixture cis-2/
trans-2 (200 mg, 0.536 mmol) was dissolved in THF (30 ml) and allowed to flow through the H-cube at
1 ml/min. The collected soln. was concentrated under reduced pressure to afford 1 (111 mg, 95%).
Colorless oil. IR (KBr): 2956, 2924, 2853, 1462, 1378, 1365, 1273, 1224, 1119, 1078, 987, 820. 'H-NMR
(200 MHz, CDCl;): 7.41-7.30 (AA’ of AA'BB’, 2 arom. H); 7.15-7.06 (BB’ of AA’BB’, 2 arom. H); 2.32
(s, MeAr); 2.31-2.20 (m, 1 H); 1.33-1.84 (overlapped m, 5 H); 1.39 (s, Me); 1.25 (s, Me); 0.78 (s, Me);
'H-NMR data are consistent with those reported in [6]. *C-NMR (50 MHz, CDCl;): 145.5 (arom. C);
135.6 (arom. C); 128.4 (2 arom. CH); 125.7 (2 arom. CH); 73.9, 72.5 (COC); 36.8, 34.8, 34.1, 32.0, 28.3
(MeCCH,CH,CH,CMe);21.0 (MeAr);17.1 (Me). EI-MS (70 ¢V): 203 (100, [M — Me]"), 185 (22.5), 170
(0.1), 157 (1.6), 145 (44.8), 135 (48.1), 119 (72.3), 105 (13.1), 91 (22.6), 77 (4.2), 69 (22.5), 56 (4.9), 43
(22.4). Anal. calc. for C;sH»,O (218.33): C 82.52, H 10.16; found: C 82.55, H 10.14.

Preparation of 5-(4-Methylphenyl)-5-oxopentanoic Acid (10). Compound 10 was synthesized
according to the procedure described in [9] in 80% yield. White solid. M.p. 145-147° (146-148° [9]). IR
(KBr): 3447, 3100, 2967, 1698, 1676, 1607, 1451, 1409, 1287, 1233, 1193, 1185, 1074, 909, 819, 749, 676. The
'H- and BC-NMR: identical to those reported in [9].

Preparation of Ethyl 5-(4-Methylphenyl)-5-oxopentanoate (11). Ester 11 was synthesized from 10 by
a modified literature procedure [10] as follows: a 100-ml, single-necked, round-bottomed flask equipped
with a magnetic stirring bar, a Dean—Stark trap filled with dry toluene, and a H,O-cooled condenser is
charged with 10 (412 mg, 2 mmol), dry toluene (30 ml), abs. EtOH (30 ml), and TsOH - H,O (150 mg).
The mixture was refluxed for 8 h. The solvents were distilled off, and the residue was treated with a
NaOH soln. (20 ml, 2 mol/dm?). The mixture was extracted with Et,O, org. layers were washed with H,O
and brine, dried (Na,SO,), and filtered off. The solvent was evaporated in vacuo, and the residue was
subjected to CC (SiO, (5 g); hexane/AcOEt 9:1 (v/v)) to give 11 (459 mg, 98% ). Colorless crystals. M.p.
39-40° ([12]: 39-40°). IR: identical to that reported in [5a]. '"H-NMR (600 MHz, CDCl,): 7.90-7.84 (m,
H-C(2"), H—(6')); 729-723 (m, H-C(3"), H-C(5')); 4.14 (¢, J =72, MeCH,0); 3.03 (t, J =173,
ArCOCH,); 2.43 (¢, J = 7.3, CH,COOEt); 2.41 (s, MeAr), 2.06 (quint., J = 7.3, CH,CH,CH,), 1.26 (¢,
J =172, MeCH,0). BC-NMR (151 MHz, CDCL;): 199.1 (ArCO); 173.3 (COOEt); 143.8 (C(4)); 134.3
(C(11));129.2 (C(3"), C(5')); 128.1 (C(2), C(6)); 60.3 (MeCH,0); 37.3 (ArCOCH,);; 33.4 (CH,COOEt);
21.6 (MeAr); 19.4 (CH,CH,CH,); 14.2 (MeCH,0).

Preparation of Ethyl 5-(4-Methylphenyl)hex-5-enoate (9). Wittig olefination of 11 was performed as
described in [11]: solid ‘BuOK (0.60 g, 5.34 mmol) was added to a suspension of MePPh;Br (2.00 g,
5.72 mmol) in dry toluene (35 ml) at 0°, and the mixture was stirred for 20 min at this temp. The soln. of
11 (1.00 g, 4.27 mmol) in dry toluene (15 ml) was added at once. The mixture was stirred for 1.5 h at r.t.
Workup: aq. NH,Cl at r.t., extraction with Et,O. The org. phase was washed with brine and dried
(Na,SO,). After evaporation, the crude product was purified by CC (SiO, (70 g); 1. petroleum ether
(PE), and 2. PE/MeOBu 10:1 (v/v)) to yield 9 (0.85 g, 86%). Pale-yellow oil. '"H-NMR (600 MHz,
CDClLy): 7.32-728 (m, H-C(2'), H-C(6')); 715-711 (m, H-C(3"), H-C(5)); 5.27 (br. d, J =13,
C=CH,Hg, cisto Ar);5.02 (br. d,J = 1.3, C=CH,Hp, trans to Ar);4.11 (¢q,J = 7.1, MeCH,0);2.56-2.51
(m, ArC(=CH,)CH,); 2.43 (s, MeAr); 2.33-2.28 (m, CH,COOE); 1.81 - 1.75 (m, CH,CH,CH,); 1.25 (t,
J =171, MeCH,0). *C-NMR (151 MHz, CDCl;): 173.6 (COOEt); 1472 (C=CH,); 137.8 (C(1")); 1372
(C(@)); 129.0 (C(3), C(5)); 1259 (C(2), C(6)); 112.1 (C=CH,); 60.2 (MeCH,0); 34.5
(ArC(=CH,)CH,); 33.6 (CH,COOEt); 23.4 (MeAr); 21.1 (CH,CH,CH,); 14.2 (MeCH,0O). CI-MS:
233 (13,[M + 1]7),203 (16, [M — Et]*), 189 (100, [M — Et — Me]*). Anal. calc. for C;sH,,0, (232.32): C
77.55, H 8.68; found: C 77.50, H 8.73.

Preparation of 2-Methyl-6-(4-methylphenyl)hept-6-en-2-ol (5). MeMgCl in THF (4.59 ml of 3 mol/
dm? soln., 13.77 mmol) was added to a soln. of 9 (0.80 g, 3.44 mmol) in dry THF at 0°, and the mixture
was stirred for 1 h at 0°, and additional 2 h at r.t. Workup: aq. NH,Cl at 0°, extraction with 3 x 50 ml Et,O.
The org. phase was washed with H,O and dried (Na,SO,). After evaporation, the crude product was
purified by CC (SiO, (70 g); 1. PE/MeOBu 10:1 and 2. PE/MeOBu 4:1 (each v/v)) to yield pure 5
(0.67 g,89%). Pale-yellow oil. IR (KBr): 3365, 3083, 3025, 2968, 2942, 2869, 1626, 1513, 1465, 1377, 1365,
1189, 1148, 1132, 941, 890, 823, 890, 734. 'H-NMR (600 MHz, CDCl,): 7.32-7.28 (m, H-C(2'), H-C(6));
715-711 (m, H-C(3'), H-C(5")); 5.25 (br. d, J = 1.5, C=CHHp, cis to Ar); 5.02 (br. ¢, J =13,
C=CH,Hg, trans to Ar); 2.52-2.46 (m, C(=CH,)CH,); 2.34 (s, MeAr); 1.48-1.55 (m,
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CH,CH,C(Me),0H); 1.17 (s, 2 Me). *C-NMR (151 MHz, CDCl,): 148.1 (C=CH,); 138.2 (C(1)); 137.0
(C4)); 129.0 (C(3), C(5)); 1259 (C(2), C(6')); 111.6 (C=CH,); 70.9 (C(Me),OH); 43.4
(CH,C(Me),0H); 35.7 (C(=CH,)CH,); 29.2 (C(Me),OH); 23.0 (CH,CH,CH,); 21.1 (MeAr). ESI-
MS: 241 (100, [M +Na]*). Anal. calc. for C;sH,,0 (218.33): C 82.52, H 10.16; found: C 82.46, H 10.20.

Electrochemical Phenylselenoetherification of 5 to Yield 3,4,5,6-Tetrahydro-2,2-dimethyl-6-(4-
methylphenyl)-6-[ (phenylselanyl)methyl]-2H-pyran (4) [3c]. The electrochemical phenylselenoetherifi-
cation of 5 was performed as described for 3. From 0.218 g (1 mmol) of 5, 0.220 g (0.59 mmol) of 4 (a
pale-yellow oil) was obtained (59% ). IR (KBr): 3055, 3023, 2970, 2937, 2869, 1579, 1510, 1459, 1380, 1364,
1226, 1073, 1032, 1022, 980, 816, 733, 690. '"H-NMR (200 MHz, CDCl;): 7.43 - 7.33 (overlapped m, 4 arom.
H); 7.18-7.05 (overlapped m, 5 arom. H); 3.37 (d, 2J(H,H) = 11.6, 2J(Se,H) = 8.7, 1 H, SeCH,); 3.06 (dd,
2J(HH) =116, 2J(Se,H) =75, 1 H, SeCH,); 2.43 (br. dr, J=13.6, 4.1, 1 H); 2.32 (s, MeAr); 2.10-1.89
(m, 1H); 1.79-1.60 (overlapped m, 2 H); 1.53-1.35 (overlapped m, 2 H); 1.24 (s, Me); 0.73 (s, Me).
BC-NMR (50 MHz, CDCl;): 142.4 (arom. C); 136.5 (arom. C); 132.3 (2 arom. CH of PhSe); 132.0 (arom.
Cof PhSe); 128.6,128.5,126.6 (4 arom. CH of Tol; 2 arom. CH of PhSe); 126.2 (arom. CH of PhSe); 76.1,
73.3 (COC); 46.2,36.6, 32.0, 30.4, 27.6 (MeCCH,CH,CH,CCH,Se); 21.0 (MeAr); 16.9 (Me). Anal. calc.
for CpH,,0Se (373.39): C 67.55, H 7.02; found: C 67.50, H, 7.01.
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Three series of ferrocene containing 3-(arylthio)propan-1-ones (each of eight examples) have been syn-
thesized by thia-Michael addition of the corresponding thiophenols to acryloylferrocene, 1-ferrocenyl-3-
phenylprop-2-en-1-one and 3-ferrocenyl-1-phenylprop-2-en-1-one promoted by the catalyst generated
from a sacrificial zirconium anode. All the newly synthesized compounds (16 in total) were characterized
by spectral data, whereas single crystal X-ray structure analysis was performed for 3-[(4-chloro-
phenyl)thio]-1-ferrocenylpropan-1-one (1h), 3-[(4-chlorophenyl)thio]-1-ferrocenyl-3-phenylpropan-1-
one (2h) and 3-[(4-chlorophenyl)thio]-3-ferrocenyl-1-phenylpropan-1-one (3h). Molecular geometry
and structural characteristics of three thiaketones (1h, 2h and 3h) were analysed and compared in detail.
It was found that all three molecules do not form classical H-bonds and = - -7 interactions (regardless of
the presence of 3 or 4 aromatic rings per a molecule). However, all three crystal structures abound in
intermolecular C-H- - -mt interactions while 2h and 3h in addition form intramolecular C-H- - -7 as only
evident interaction within the molecules.

Zirconium catalyst
Anodic dissolution

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Several important properties of zirconium compounds caused
their widespread use as catalysts of many synthetic important
reactions [1-3]. First of all, metal zirconium and both classes of zir-
conium compounds, Zr(IV) and ZrO(II), as well as zirconium oxide,
are commercially available and relatively inexpensive chemicals.
Zirconium compounds are relatively insensitive to moisture, easily
handled, of low toxicity and with high catalytic activity in many
reactions, such as Friedel-Crafts acylations [4], Fries rearrange-
ments [5], sodium borohydride reductions [6,7], multicomponent
condensations affording dihydropyrimidinones [8] and B-aryl-B-
mercaptoketones [9], esterifications of long chain aliphatic carbox-
ylic acids and alcohols [10], Pechmann reactions [11], etc. [1-3].
The particular attention synthetics paid to application of zirconium
compounds as catalysts of Michael reaction [12-18]. Recently, we
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0277-5387/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.poly.2013.12.012

reported on the suitable and simple application of anodic dissolu-
tion of a zirconium electrode for the generation of a catalyst pro-
moting successful Ferrier rearrangement, as well as thia- and
aza-Michael reactions (addition of amines and thiols to conjugated
carbonyls, respectively) [19]. In continuation of our permanent
interest in synthetic applications of sacrificial anode [19,20], as
well as in synthesis of sulfur containing ferrocene derivatives
[21-25], in this paper we describe the synthesis and spectral char-
acterisation of three classes of ferrocene containing B-(aryl-
thio)propan-1-ones 1-3 (Fig. 1) utilising electrochemical
generated zirconium catalyst to promote addition of thiophenols
to the corresponding conjugated enones.

The synthesized compounds are surely of interest to the broad
auditorium of synthetics working in ferrocene chemistry, particu-
larly to those occupied with the synthesis of derivatives of this met-
alocene bearing two electron-donating groups (bidentate ligands).
Since B-(arylthio)propan-1-ones already contain a sulfur atom, the
additional electron-donating group can be designed by diverse
transformations of the carbonyl group, utilising the classical
synthetic methods, such as reduction to the corresponding alcohol
and successive substation of the hydroxyl group with nucleophiles,
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Fig. 1. Synthesized B-(arylthio)propan-1-ones with the assignation of C atoms for '"H NMR and '3C NMR spectra description.

condensations with amines, hydroxylamine(s), hydrazine(s), etc.,
and further transformations of such obtained products.

2. Experimental
2.1. Materials and instruments

All chemicals were commercially available and used as re-
ceived, except that the solvents were purified by distillation. The
starting enones were prepared as described elsewhere in the liter-
ature [26,27]. Electrolyses were carried out in an udivided cell
using an Autolab potentiostat and a Uniwatt, Beha Labor-Netzgerat
(NG 394). A glass vessel provided with a spiral Zr-anode (¢
=15 mm, made from a ¢ =2 mm wire) and a spiral Pt-cathode
(¢ = 8 mm, made from a ¢ =1 mm wire) was used as the electro-
lytic cell. A cylindrical platinum foil (2.5 cm diameter) and a plat-
inum spiral (1 cm diameter) were used as the working and the
counter electrode, respectively. Ultrasonic cleaner Elmasonic S
10, 30 W was used for the ultrasonically supported electrolysis.
Chromatographic separations were carried out using silica gel 60
(Merck, 230-400 mesh ASTM), whereas silica gel 60 on Al plates,
layer thickness 0.2 mm (Merck) was used for TLC. Melting points
(uncorrected) were determined on a Mel-Temp capillary melting
points apparatus, model 1001. The 'H and 3C NMR spectra of the
samples in CDCl; were recorded on a Varian Gemini (200 MHz)
spectrometer. Chemical shifts are expressed in § (ppm), relative to
the residual solvent protons or '*CDCl; as internal standards (CHCls:
7.26 ppm for 'H and 77 ppm for '3C). IR measurements were carried
out with a Perkin-Elmer FTIR 31725-X spectrophotometer.

2.2. Synthetic procedure

The electrolytic cell was filled with 10 mL of an acetonitrile
solution of LiClO4 (0.1 M), 1 mmol of enone 4-6 and 2 mmol of
the corresponding nuclephile 7a-h. The cell was placed in the
ultrasound bath (at a frequency of 37 kHz, with an effective ultra-
sonic power of 30 W and a peak of 240 W) and the constant current
electrolysis (20 mA) was run 32 min (0.4 F mol~!) at room temper-
ature. After the electrolysis was finished, the reaction mixture was
left 30 min in the same bath and the solvent evaporated. The resi-
due was diluted with 20 mL of water, the obtained mixture ex-
tracted with three 20 mL portions of ethyl acetate and collected
organic layers dried overnight (anhydrous sodium sulfate). After
evaporation of the solvent the crude reaction product was purified
by column chromatography to give the products of the reaction.
The spectral data of known compounds were in complete agree-
ment with those published elsewhere (1a [28], 1c [29], 1d [29],
1g [29], 1h [29], 2a [30], 2h [30], and 3a [30]), whereas the data
confirming structures of newly synthesized ones follow.

2.2.1. 1-Ferrocenyl-3-(o-tolylthio )propan-1-one (1b)
m.p. 62 °C; '"H NMR (200 MHz, CDCls): 6 = 7.35-7.29 (m, 1H, Ar),
7.24-7.03 (m, 3H, Ar), 4.73 (pseudo t, ] =2.0 Hz, 2H, 2 x CH, Cp),

447 (pseudo t, J=2.0Hz, 2H, 2 x CH, Cp), 4.14 (s, 5H, 5 x CH,
Cp), 3.17 (A3B;, 4H, 2 x CHy), 237 (s, 3H, CHs3); >C NMR
(50 MHz, CDCl5): 6=201.7, 137.4, 1352, 130.1, 127.4, 126.4,
125.6, 78.4, 72.2, 69.7, 69.1, 38.7, 26.7, 20.2; IR: 3098, 2923, 1666.

2.2.2. 1-Ferrocenyl-3-[(4-tert-butylphenyl)thio[propan-1-one (1e)
m.p. 96 °C; "H NMR (200 MHz, CDCl3): 6 = 7.41-7.03 (m, 4H, Ar),
4,74 (pseudo t, ] = 2.2 Hz, 2H, 2 x CH, Cp), 4.15 (pseudo t, ] = 2.0 Hz,
2H, 2 x CH, Cp), 4.15 (s, 5H, 5 x CH, Cp), 3.20 (A;B,, 4H, 2 x CH,);
13C NMR (50 MHz, CDCls): 6=201.3, 135.5, 133.1, 129.6, 127.8,
127.0,126.3,78.2,72.3,69.7, 69.0, 38.2, 26.2; IR: 3101, 2926, 1663.

2.2.3. 3-[(2-Chlorophenyl)thio]-1-ferrocenylpropan-1-one (1f)

m.p. 96 °C; "H NMR (200 MHz, CDCls): § = 7.41-7.03 (m, 4H, Ar),
4.74 (pseudo t, ] = 2.2 Hz, 2H, 2 x CH, Cp), 4.15 (pseudo t, ] = 2.0 Hz,
2H, 2 x CH, Cp), 4.15 (s, 5H, 5 x CH, Cp), 3.20 (A2B,, 4H, 2 x CH>);
13C NMR (50 MHz, CDCl5): 6 =201.3, 135.5, 133.1, 129.6, 127.8,
127.0,126.3,78.2,72.3,69.7,69.0, 38.2, 26.2; IR: 3101, 2926, 1663.

2.2.4. 1-Ferrocenyl-3-phenyl-3-(o-tolylthio )propan-1-one (2b)

m.p. 91 °C; 'H NMR (200 MHz, CDCl5): 6 = 7.53-7.04 (m, 9H, Ar),
495 (dd, J=8.8, 52 Hz, 1H, CH), 4.74-4.68 (m, 2H, 2 x CH, Cp),
4.46-4.43 (m, 2H, 2 x CH, Cp), 3.96 (s, 5H, 5 x CH, Cp), 3.42 (dd,
J=17.3, 88 Hz, 1H, CH.Hy), 3.25 (dd, J=17.3, 5.2 Hz, 1H, CH,H,),
2.37 (s, 3H, CH;); 13C NMR (50 MHz, CDCl5): & = 200.5, 141.6, 139.8,
133.9, 132.3, 130.2, 128.4, 127.9, 127.4, 127.2, 126.3, 78.6, 72.3,
72.2,69.7,69.2,69.0, 46.9, 46.1, 20.6; IR: 3112, 2923, 2852, 1659.

2.2.5. 1-Ferrocenyl-3-phenyl-3-(m-tolylthio )propan-1-one (2c)

m.p. 72 °C; "H NMR (200 MHz, CDCls): 6 = 7.45-6.97 (m, 9H, Ar),
499 (dd, J=9.0, 5.0 Hz, 1H, CH), 4.69 (brd, = 6.4 Hz, 2H, 2 x CH,
Cp), 4.44 (pseudo t, J=1.8Hz, 2H, 2 x CH, Cp), 3.94 (s, 5H,
5 x CH, Cp), 3.40 (dd, J=17.3, 9.0Hz, 1H, CHH,), 3.22 (dd,
J=17.3, 5.0 Hz, 1H, CH.H,), 2.26 (s, 3H, CH;); '3C NMR (50 MHz,
CDCl3): 6 =200.6, 141.6, 138.5, 134.4, 132.7, 129.0, 128.6, 128.4,
128.1, 128.0, 127.4, 78.7, 72.3, 72.2, 69.6, 69.2, 69.0, 47.5, 46.2,
21.2; IR: 3114, 2922, 2852, 1658.

2.2.6. 1-Ferrocenyl-3-phenyl-3-(p-tolylthio )propan-1-one (2d)

m.p. 80 °C; "H NMR (200 MHz, CDCl5): & = 7.44-7.39 (m, 2H, Ar),
7.33-7.13 (m, 5H, Ar), 7.06-7.02 (m, 2H, Ar), 4.92 (dd, J=9.0,
5.1 Hz, 1H, CH), 4.73-4.65 (m, 2H, 2 x CH, Cp), 4.44 (pseudo t,
J=1.8Hz, 2H, 2 x CH, Cp), 3.94 (s, 5H, 5 x CH, Cp), 3.39 (dd,
J=17.2, 9.0 Hz, 1H, CH.Hy), 3.20 (dd, J = 17.2, 5.1 Hz, 1H, CH,H,),
2.27 (s, 3H, CH3); 13C NMR (50 MHz, CDCl3): 6 =200.6, 141.7,
137.5, 132.8, 130.9, 129.6, 128.4, 128.0, 127.4, 78.7, 72.3, 72.2,
69.6, 69.2, 69.0, 48.1, 46.1, 21.0; IR: 3110, 2921, 1660.

2.2.7. 3-[(4-tert-Butylphenyl)thio]-1-ferrocenyl-3-phenylpropan-1-
one (2e)

m.p. 143 °C; '"H NMR (200 MHz, CDCl;): 6 = 7.47-7.41 (m, 2H,
Ar), 7.37-7.19 (m, 7H, Ar), 4.95 (dd, J=9.2, 4.9 Hz, 1H, CH), 4.73-
4.64 (m, 2H, 2 x CH, Cp), 4.44 (pseudo t, J=1.9Hz, 2H, 2 x CH,
Cp), 3.92 (s, 5H, 5 x CH, Cp), 3.40 (dd, J = 17.3, 9.2 Hz, 1H, CH,Hy),

~— —
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3.22(dd, ] = 17.3, 4.9 Hz, 1H, CH,H}), 1.26 (s, 9H, 3 x CHs); 13C NMR
(50 MHz, CDCl3): 6 = 200.7, 150.6, 141.6, 132.2, 131.2, 128.5, 128.0,
127.4,125.9,78.7,72.3,72.2, 69.7, 69.2, 69.1, 47.9, 46.3, 34.5, 31.2;
IR: 3111, 2955, 1657.

2.2.8. 3-[(2-Chlorophenyl)thio]-1-ferrocenyl-3-phenylpropan-1-one
(2f)

m.p. 133 °C; '"H NMR (200 MHz, CDCls): = 7.57-7.45 (m, 2H,
Ar), 7.40-7.03 (m, 7H, Ar), 5.15 (dd, J=9.3, 4.6 Hz, 1H, CH), 4.73-
4.68 (m, 2H, 2 x CH, Cp), 4.46 (pseudo t, J=1.8 Hz, 2H, 2 x CH,
Cp), 3.94 (s, 5H, 5 x CH, Cp), 3.47 (dd, J=17.3, 9.3 Hz, 1H, CH,H}),
3.24 (dd, J=17.3, 4.6 Hz, 1H, CH_H,); 3C NMR (50 MHz, CDCls):
6=200.2, 140.8, 135.2, 134.3, 131.6, 129.7, 128.6, 128.0, 127.7,
127.6, 127.1, 78.5, 72.4, 72.3, 69.7, 69.2, 69.0, 46.2, 46.0; IR:
3119, 2923, 1659.

2.2.9. 3-[(3-Chlorophenyl)thio]-1-ferrocenyl-3-phenylpropan-1-one
(2g)

m.p. 108 °C; '"H NMR (200 MHz, CDCls): § = 7.46-7.43 (m, 2H,
Ar), 7.34-7.14 (m, 7H, Ar), 5.03 (dd, J = 8.6, 5.4 Hz, 1H, CH), 4.74-
471 (m, 2H, 2 x CH, Cp), 4.48 (pseudo t, J=1.8 Hz, 2H, 2 x CH,
Cp), 3.98 (s, 5H, 5 x CH, Cp), 3.41 (dd, J=17.2, 8.6 Hz, 1H, CH,H},),
3.26 (dd, J=17.2, 5.4 Hz, 1H, CH,H,); '3C NMR (50 MHz, CDCl5):
6=200.2, 141.1, 136.8, 134.4, 131.4, 129.8, 129.6, 128.6, 128.0,
127.6, 127.2, 78.5, 72.4, 72.3, 69.7, 69.2, 69.0, 47.5, 46.1; IR:
3115, 2923, 1656.

2.2.10. 3-Ferrocenyl-1-phenyl-3-(o-tolylthio)propan-1-one (3b)

m.p. 83 °C; 'H NMR (200 MHz, CDCls): 6 = 8.02-7.79 (m, 2H, Ar),
7.61-7.32 (m, 4H, Ar), 7.22-6.99 (m, 3H, Ar), 4.77 (dd, J=6.9,
5.8 Hz, 1H, CH), 4.20-3.98 (m, 8H, 8 x CH, Cp), 3.96-3.88 (m, 1H,
1 x CH, Cp), 3.61 (dd, J=17.1, 5.8 Hz, 1H, CH.H,), 3.51 (dd,
J=17.1, 6.9 Hz, 1H, CH,H,), 2.29 (s, 3H, CH3); '*C NMR (50 MHz,
CDCl3): 6=197.4, 141.0, 136.9, 134.1, 133.7, 133.1, 130.2, 128.5,
128.0, 127.7, 126.2, 90.0, 68.7, 67.8, 67.7, 67.6, 66.6, 44.6, 43.4,
20.8; IR: 3087, 3058, 2919, 2898, 1682.

2.2.11. 3-Ferrocenyl-1-phenyl-3-(m-tolylthio)propan-1-one (3c)

m.p. 93 °C; 'H NMR (200 MHz, CDCls): 6 = 7.96-7.88 (m, 2H, Ar),
7.62-7.38 (m, 3H, Ar), 7.22-6.97 (m, 4H, Ar), 4.82 (pseudo t,
J=6.5Hz, 1H, CH), 4.18-4.06 (m, 9H, 9 x CH, Cp), 3.54 (pseudo d,
J=6.5Hz, 2H, CH,), 2.24 (s, 3H, CH5); '*C NMR (50 MHz, CDCl5):
6=197.6, 138.4, 136.9, 134.1, 133.8, 133.1, 130.3, 128.6, 128.5,
128.3, 128.1, 90.0, 68.7, 67.8, 67.7, 67.6, 66.9, 44.5. 43.8, 21.1; IR:
3086, 3056, 2920, 2895, 1682.

2.2.12. 3-Ferrocenyl-1-phenyl-3-(p-tolylthio )propan-1-one (3d)

m.p. 139 °C; '"H NMR (200 MHz, CDCls): § =7.97-7.88 (m, 2H,
Ar), 7.60-7.38 (m, 3H, Ar), 7.27-7.16 (m, 2H, Ar), 7.04-7.00 (m,
2H, Ar), 4.76 (pseudo t, J=6.5Hz, 1H, CH), 4.17-4.02 (m, 9H,
9 x CH, Cp), 3.53 (pseudo d, J=6.5Hz, 2H, CH,), 2.28 (s, 3H,
CHs); ®C NMR (50 MHz, CDCl3): §=197.6, 137.6, 136.9, 134.0,
133.1, 130.3, 129.4, 128.5, 128.1, 90.0, 68.7, 67.8, 67.7, 67.5, 66.8,
44.3,44.2, 21.1; IR: 3089, 2917, 2855, 1673.

2.2.13. 3-[(4-tert-Butylphenyl)thio]-3-ferrocenyl-1-phenylpropan-1-
one (3e)

m.p. 118 °C; '"H NMR (200 MHz, CDCls): & = 7.94-7.85 (m, 2H,
Ar), 7.56-7.15 (m, 7H, Ar), 4.81 (pseudo t, J=6.5Hz, 1H, CH),
417-4.03 (m, 9H, 9 x CH, Cp), 3.55 (pseudo d, J=6.5Hz, 2H,
CH,), 1.26 (s, 3H, 3 x CH3); '3C NMR (50 MHz, CDCl5): 6 =197.5,
150.6, 136.9, 133.2, 133.0, 130.6, 128.4, 128.0, 125.6, 89.9, 68.7,
67.7, 67.6, 67.5, 66.9, 44.6, 43.9, 34.4, 31.1; IR: 3081, 2965, 2884,
1683.

2.2.14. 3-[(2-Chlorophenyl)thio]-3-ferrocenyl-1-phenylpropan-1-one
(3f)

m.p. 94 °C; "H NMR (200 MHz, CDCls): & = 7.95-7.87 (m, 2H, Ar),
7.60-7.30 (m, 5H, Ar), 7.17-7.08 (m, 2H, Ar), 4.99 (dd, J=6.5,
6.2 Hz, 1H, CH), 4.23-4.06 (m, 9H, 9 x CH, Cp), 3.69 (dd, J=17.2,
6.5Hz, 1H, CHH,), 3.51 (dd, J=17.2, 6.2Hz, 1H, CH,H,); '3C
NMR (50 MHz, CDCl3): 6=197.3, 136.7, 136.6, 134.0, 133.6,
133.2, 129.8, 128.6, 128.2, 128.0, 127.0, 89.1, 68.8, 67.9, 67.8,
67.6, 67.3, 45.2, 42.6; IR: 3087, 3059, 2898, 1682.

2.2.15. 3-[(3-Chlorophenyl)thio]-3-ferrocenyl-1-phenylpropan-1-one
(3g)

Viscous oil; '"H NMR (200 MHz, CDCl;): 6 =7.98-7.88 (m, 2H,
Ar), 7.61-7.04 (m, 7H, Ar), 4.85 (dd, J = 7.2, 5.8 Hz, 1H, CH), 4.18-
4.02 (m, 9H, 9 x CH, Cp), 3.61 (dd, J=17.1, 5.8 Hz, 1H, CH.Hy),
3.21 (dd, J=17.1, 7.2 Hz, 1H, CH.H,); *C NMR (50 MHz, CDCl5):
0=197.1, 136.7, 136.2, 134.0, 133.1, 132.6, 130.9, 129.6, 128.5,
127.9, 127.4, 89.4, 68.7, 67.9, 67.7, 67.6, 66.7, 44.2, 43.9; IR:
3087, 3059, 2896, 1682.

2.2.16. 3-[(4-chlorophenyl)thio]-3-ferrocenyl-1-phenylpropan-1-one
(3h)

m.p. 137 °C; 'H NMR (200 MHz, CDCl5): & = 8.00-7.89 (m, 2H,
Ar), 7.64-7.41 (m, 3H, Ar), 7.26-7.13 (m, 4H, Ar), 4.79 (dd, J=7.3,
5.7 Hz, 1H, CH), 4.13-4.09 (m, 7H, 7 x CH, Cp), 4.07-4.02 (m, 2H,
2 x CH, Cp), 3.60 (dd, J=17.3, 5.7Hz, 1H, CH.Hy), 3.51 (dd,
J=17.3, 7.3 Hz, 1H, CH,H,); '3C NMR (50 MHz, CDCl5): ¢ = 197.3,
136.8, 135.0, 133.8, 133.2, 132.5, 128.8, 128.6, 128.0, 89.7, 68.8,
68.0, 67.9, 67.8, 66.7, 44.2, 44.1; IR: 3152, 2924, 2852, 1668.

2.3. X-ray data collection and structure refinement for compounds 1h,
2h and 3h

Crystal data and experimental details for all three compounds
are summarized in Table 1. Single-crystal diffraction data were col-
lected at room temperature on an Agilent Gemini S diffractometer.
Data collection for 2 and 3 h was performed using Mo Ko
(0.71073 A) radiation while the diffraction data for 1Th were col-
lected using Cu Ka radiation (4 =1.5418 A). Data integration and
scaling of the reflections were performed with the crysaLis software
[31]. Numerical absorption correction based on Gaussian integra-
tion over a multifaceted crystal model was performed. The crystal
structures of 1h, 2h and 3h were solved by direct methods, using
sikR2002 [32] and refined using sHELxL97 [33] program both incorpo-
rated in wincx [34] program package.

All non-H atoms were refined anisotropically to convergence.
All H atoms were placed at geometrically calculated positions with
the C-H distances fixed to 0.93 from Csp? and 0.97 and 0.98 A from
methylene and methine Csp?, respectively. The corresponding iso-
tropic displacement parameters of the hydrogen atoms were equal
to 1.2 Ueq and 1.5 U of the parent Csp? and Csp?, respectively. Fig-
ures were produced using orter-3 [35] and MErcury, Version 2.4
[36]. The software used for the preparation of the materials for
publication: wingx [34], pLaToN [37], PARsT [38].

3. Results and discussion
3.1. Synthesis

Three series of ferrocene containing 3-(arylthio)propan-1-ones
were synthesized by thia-Michael addition of eight thiophenols
(7a-h) to the conjugated enones acryloylferrocene (4), 1-ferrocenyl-
3-phenylprop-2-en-1-one (5) and 3-ferrocenyl-1-phenylprop-2-en-
1-one (6) in the presence electrochemically generation zirconium
catalyst (Scheme 1).
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Table 1
Crystallographic data for the crystal structures of 1h, 2h and 3h.
1h 2h 3h
Empirical formula Cy9H;7CIFe0S Cy5H31CIFeOS Cy5H31CIFeOS
Formula weight 384.69 460.78 460.78

Color, crystal shape orange, prism
Crystal size (mm?) 0.27 x 0.18 x 0.06
T (K) 293(2)

Wavelength (A) 1.5418
Crystal system triclinic
Space group P1

Unit cell dimensions

a(A) 7.3519(5)

b (A) 10.7781(10)
c(A) 11.9790(8)

o (°) 101.690(7)
B(°) 104.013(6)

7 (°) 107.115(7)
V (A3) 840.91(11)
V4 2

Dcae (Mg/m3) 1.519

u (mm~1) 9.807

0 Range for data collection (°) 3.98 to 72.42
Reflections collected 5180
Independent reflections, Ry 3222, 0.0279
Data/restraints/parameters 3222/0/209

Goodness-of-fit (GOF) on F? 1.019

Final R;/wR, indices (I > 2a) 0.0355/0.0881
Final Ry/wR; indices (all data) 0.0442/0.0924
Largest diff. peak and hole (e A—3) 0.414/-0.244

orange, prism
0.50 x 0.36 x 0.31

orange, prism
0.36 x 0.19 x 0.03

293(2) 293(2)
0.71073 0.71073
monoclinic monoclinic
P2¢/n P2¢/n
13.9615(5) 5.92510(10)
5.7503(2) 12.0161(2)
26.3696(12) 28.9044(5)
90 90

96.526(4) 91.7450(10)
90 90
2103.31(14) 2056.94(6)

4 4

1.455 1.488

0.957 0.979

3.16 to 28.95 3.29 to 29.04
16259 28507

4984, 0.0289 5071, 0.0213
4984/0/262 5071/0/262
1.034 1.029
0.0401/0.0793 0.0268/0.0660
0.0628/0.0877 0.0326/0.0689
0.250/-0.216 0.250/-0.270

The reaction was performed by simple constant current elec-
trolysis (20 mA) of an acetonitrile solution of lithium perchlorate
containing substrates — the corresponding enones and thiophenols
(in a ratio 1:2), using a zirconium and platinum spirals as the an-
ode and cathode, respectively [20]. Since zirconium is the most
oxidizable component of the system, after establishing of an elec-
trical circuit the oxidative dissolution of the Zr-anode took place
and the formation of insoluble species was observed. Most proba-
bly these are the acting catalyst of the addition of thiophenols to
the m-electronic system of the conjugated enones. The isolation
and characterization of the catalyst is in progress and the results
will be reported elsewhere. Reactions were performed in a 1 mmol
scale and the electrolyses were carried out with 0.4 F/mol charge
consumption in order to generate 0.1 mmol of zirconium(IV) spe-
cies into the solution (since zirconium exchanges four electrons
with the anode), i.e. to provide 10 mol% of some Zr(IV) or ZrO(II)
species. In order to avoid coating of the insoluble catalyst at the an-
ode, the electrolysis was performed placing the electrolytic cell
into an ultrasound bath, providing, thus, an instantaneous removal
of the coated species from the electrode surface.

Acryloylferrocene (4) was the first substrate we submitted to
the described reaction conditions and results obtained are summa-
rised in Table 2. As data listed therein show, the desired 3-(aryl-
thio)-1-ferrocenylpropan-1-ones (1a-h) were obtained in high
yields (76-91%).

o}

4-6 7a-h

4

1and 4:Ar= Fe ,R'=H; 2and5:Ar=

Ar. X _R' R Ar
\HA/ + HS@ Zr-anode \n/\r | A
_ 0O R

4

The addition of thiophenols 7a-h to 1-ferrocenyl-3-phenyl-
prop-2-en-1-one (5) proceeded in a similar manner (see Table 3).
The only remarkable discrepancy was occurred in the case of
o-thiocresol (7b), which gave the corresponding saturated ketone
2b in lower yield (50%).

However, the addition of thiophenols 7a-h to 3-ferrocenyl-1-
phenylprop-2-en-1-one (6) was considerably different regarding
the yields of the saturated ketones 3a-h (see Table 4). Although
the addition of three chlorothiophenols (7f-h) was as successful
as in the case of enones 4 and 5, yields obtained by reacting 6 with
thiophenol (7a) and three thiocresols (7b-d) were remarkable
lower (38-58%). It is not easy to rationale this phenomenon. Steric
effects should be rejected, since thiophenol 7e (containing a
voluminous tert-buthyl group) gave under the same conditions
the corresponding product 3e in the considerable higher yield
(91%) than p-thiocresol (58%).

3.2. Spectral characterisation

All synthesized ferrocene-containing p-(arylthio)propanones
were characterized by IR, 'H and '>C NMR spectral data. In IR spec-
tra of the synthesized compounds the most recognizable band
appears in the carbonyl group region 1660-1666, 1656-1663 and
1668-1683 cm™! (for 1a-h, 2a-h and 3a-h, respectively).

S

X
R

4

,R'=Ph; 3and6:Ar=Ph,R'= Fe

1a-h, 2a-h, 3a-h

1,2,3and 7:a) R = H, b) R = 0-CHg, ¢) R = m-CHj, d) R = p-CHj,
e) R = p-C(CHa)s, f) R = 0-Cl, g) m-Cl, h) p-Cl

Scheme 1. Synthesis ferrocene containing 3-(arylthio)propan-1-ones.
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Table 2
Synthesis of 3-(arylthio)-1-ferrocenylpropan-1-ones 1a-h.

R S
< © — < © /\’R

1a-h

Product 1

Yield® (%)

4 7a-h
Entry Thiophenol 7
! HS@ 72
: O "
Cl

S :

Cl
7 7g

HS

s HSOQ 7

%S\Q 1a 82
N —

%\/S\ﬁj b 78
WS\Q\ 1d 90
N

& 1e 86
Fe

©YVS 1f 76
Fe
0

1g 91

?ﬂ/\/‘s\@ 1h 78
-

Cl

2 Isolated yields based on the starting enone 4.

Three sets of signals could be recognized in 'H NMR spectra of
each of three series of B-(arylthio)propanones: the first belonging
to protons of aliphatic parts of these molecules, the second to pro-
tons of ferrocene units and the third one to aromatic protons. The
chemical shifts and shapes of signals corresponding to the given pro-
tons in spectra of three series are, however, different. Thus, signals of
all four methylene protons of compounds 1a-h (-COCH,- and -
CH,S-) appear at similar chemical shifts (at 2.98-3.07 and 3.25-
3.32 ppm) as broad triplets (1a and 1e) or A,B, multiplets (1b-d
and 1f-h). Signals of -COCH,- protons of compounds 2a-h and
3a-hare of the similar chemical shift as those of 1a-h, whereas their
shapes are different. Due to germinal couplings, these protons exhi-
bit doublets of doublets (2a-h, 3a,b,f-h) and pseudo-doublets (3c-
e)in their spectra. Protons from methine groups in these compounds
(-CHPh-S- and -CHFc-S-, where Fc = ferrocenyl) differ dramati-
cally. Their signals appear as doublets of doublets (2a-h, 3a,b,f-h)
and pseudo-triplets (3c-e) at 4.76-5.15 ppm. However, the methine
protons next to phenyl groups in the series 2a-h had values of their
chemical shifts shifted downfield by a relatively constant value of
0.14-0.18 ppm when compared to the corresponding protons in
compounds 3a-h. This could be interpreted as the result of the dif-
fering diamagnetic ring currents of the phenyl and ferrocenyl
groups. Such a trend is in general agreement with the difference in
chemical shifts of the methyl groups in toluene and methylferrocene
(ca. 0.3 ppm in CDCl3).

Signals of the unsubstituted ring’s protons from the ferrocene
unit of compounds 1a-h, 2a-h (C6'-10, Fig. 1) and 3a-h

(C6”-10", Fig. 1) appear as singlets at 3.92-4.17, as it could be
expected for acylferrocenes. However, chemical shifts, and partic-
ularly the shape of signals, of substituted ring’s protons are differ-
ent from each other. Signals of both kinds of the substituted ring’s
protons of compounds 1a-h (at C3”/C4” and C2”/C5", respectively,
Fig. 1) appear as pseudo-triplets, at 4.44-4.50 and 4.70-4.75 ppm.
The substituted ring’s protons of compound 2a-h have chemical
shifts very similar to those of 1a-h, but protons of C2’/C5’ (Fig. 1)
have the signals in the shape of multiplets. The signals of both
kinds of protons of compounds 3a-h (C3”/C4” and C2"/C5”,
Fig. 1) represent complex multiplets at 3.91-4.23 ppm.

Signals of the aromatic ring’s protons are located in expected
region of '"H NMR spectra, and the only fact worth of comment is
the shape of the signal of these protons in 1e. Namely, only one
singlet for aromatic protons of this compound appears in the
corresponding region, apparently due to these protons are acciden-
tally isochronous.

Signals belonging to the corresponding carbon atoms of the
synthesized compounds appear in the expected regions of their
13C NMR spectra.

3.3. Crystal structure discussion of 1h, 2h and 3h

Three compounds are characterized by single-crystal X-ray
structure analysis. Two of them, 2h and 3h, crystallize in the same
P21/n space group while 1h crystallizes in triclinic crystal system
(P1). All three molecules contain as a common structural part the
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Table 3
Synthesis of 3-(arylthio)-1-ferrocenyl-3-phenylpropan-1-ones 2a-h.

Rz =
et § s / X Zr-anode Fe —:—R
= ° — 0 C X
5 Ta-h 2a-h
Entry Thiophenol 7 Product 2 Yield® (%)
1 HS 7a S S 2a 86
Fe
Q
@ S
2 HS 7b Fa 2b 50
Q
@ S
3 7 Fe 2c 72
HS ¢ < © l \©/
4 HS 7d _— = 2d 80
Fe
QO
S
5 HS 7e
O < .
Q
Cl Cl
@ S
6 HS 7f Fo 2f 93
Q
cl - s cl
Fe
’ “SO & = 4 U 2" i
8 HS al 7h — S 2h 97
Fe
Q

@ Isolated yields based on the starting enone 5.

01-C11-C12-C13-S1 aliphatic fragment and the C14-C19 phenyl
ring with CI1 chlorine atom substituted in para position. In Fig. 2
the molecules of 1h, 2h and 3h are placed approximately in the
same projection regarding the above common fragment (the posi-
tion of 01-C11-C12 is used as a primary criterion for the orienta-
tion of molecules).

The 01-C11-C12-C13-S1 chain adopts different conformation
in crystal structure of 1h, 2h and 3h. Thus in 1h all non-hydrogen
atoms in this aliphatic fragment are practically coplanar (root-
mean-square deviation from a mean plane of fitted atoms is only
0.044 A). For 2h and 3h rms deviation is 0.128 and 0.299 A respec-
tively. However the difference in the conformation of the 01-C11-
C12-C13-S1 fragment could be illustrated in the best way by com-
parison of the 01-C11-C12-C13 torsion angle [3.4(4), 22.5(3) and

37.8(2)° in 1h, 2h and 3h respectively]. The C11-C12-C13-S1 tor-
sion angle also displays the largest deviation from coplanar posi-
tion for 3h structure [172.9(2), —171.8(2) and —146.1(1)° in 1h,
2h and 3h respectively]. Obviously the 01-C11-C12-C13-S1 chain
is the most puckered in the crystal structure of 3h. Bond lengths in
the chain are very similar (Table 5) with an exception for the value
of C13-S1 bond which is for about 0.04 A shorter in 1h than in 2h
and 3h. Of course an explanation for this structural difference
could be found in the fact that the C13 bind different number of
hydrogen atoms in 1h versus 2h and 3h. Another structural differ-
ence can be found for the C13-S1-C14 angle which is for about 4°
smaller in 2h than in 1h and 3h (Table 5). The S1-C14-C15 and
S1-C14-C15 bond angles are very similar in 2h but significantly
different in 1h and 3h (Table 5). Geometrical parameters within
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Table 4

Synthesis of 3-(arylthio)-3-ferrocenyl-1-phenylpropan-1-ones 3a-h.

Fe R 5.
©\(\/@7 * Hs@ . ©\’m/©
§ _
(o] (0] S

6

7a-h
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>
Fe
i =

3a-h \QT_

Entry Thiophenol 6 Product 3 Yield® (%)
: Hs© 7a < % 50
Fe
] S\©
Fe
2 HS@ 7b 3b 38
o S
3 HSO 7c fe 3¢ 45
o S\©/
Fe
ERGN
5 HS 7e @ 3e 91
Fe
(e] S
i <
Fe
Cl
[¢] S
g <
7 HSO 78 ke 3g 97
o s\©/0|
8 HS@—@ 7h @ 3h 98

2 Isolated yields based on the starting enone 6.
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C15

Fig. 2. Crystal structure and atom-numbering scheme of compounds 1h (a), 2h (b)
and 3h (c). Displacement ellipsoids are drawn at the 40% probability level. H atoms
have been omitted for clarity.

the C14-C19 phenyl ring as well as the C11-C17 and S1-C14 bond
lengths are very similar for all three crystal structures.

The structures of 1h, 2h and 3h comprise a ferrocenyl group
substituted on one cyclopentadiene (Cp) ring. In 1h and 2h the
Cp rings adopt nearly eclipsed geometry. The C1-Cg1-Cg2-C10
torsion angle is —6.19° and 6.09° in 1h and 2h respectively (Cg1
and Cg2 are centroids of the corresponding Cp rings). In 3h the
Cp rings are somewhat less eclipsed with the C1-Cg1-Cg2-C10
torsion angle of —17.19°. As expected, in all three structures the
Cp rings are almost ideally parallel with a dihedral angle of
0.73(16)°, 1.17(10)° and 3.30(9)° for 1h, 2h and 3h respectively.
Also a distance of the Fel atom from a mean plane of the substi-
tuted Cp ring is somewhat shorter than a distance to the unsubsti-
tuted ring (1.645/1.652, 1.649/1.655 and 1.648/1.656 A for 1h, 2h
and 3h respectively). In 1h and 2h the ferrocene unit (Fc) is con-
nected to the 01-C11-C12-C13-S1 aliphatic fragment via the
same C1-C11 bond but spatial directionality of the Fc and the
C14-C19 phenyl ring relating to the fragment is completely differ-
ent (Fig. 2). In molecule 3h the Fc unit is connected to the 01-S1
fragment via the C1-C13 bond with bond distance [1.5033(18) A]

Table 5
Selected bond lengths (A) and bond angles (°) in crystal structures of 1h, 2h and 3h.
1h 2h 3h

cl1-c17 1.743(3) 1.737(2) 1.7467(15)
S1-Cl14 1.766(3) 1.770(2) 1.7668(15)
S1-C13 1.801(2) 1.842(2) 1.8369(13)
01-C11 1.214(3) 1.214(2) 1.2152(18)
C11-C12 1.513(3) 1.518(3) 1.515(2)
C12-C13 1.515(4) 1.523(3) 1.5336(19)
C14-C15 1.384(3) 1.387(3) 1.396(2)
C14-C19 1.392(4) 1.382(3) 1.387(2)
C15-C16 1.380(4) 1.377(3) 1.377(2)
C16-C17 1.375(4) 1.376(3) 1.375(2)
C17-C18 1.369(4) 1.372(4) 1.374(2)
C18-C19 1.381(4) 1.378(3) 1.385(2)
C14-S1-C13 104.2(1) 100.76(9) 104.75(7)
01-C11-C1 121.9(2) 121.76(18) 120.09(13)
01-C11-C12 122.0(2) 121.62(18) 119.96(13)
C15-C14-S1 124.9(2) 121.69(17) 116.41(11)
C19-C14-S1 116.3(2) 119.77(18) 125.10(11)
C18-C17-Cl1 118.9(2) 119.45(19) 119.41(13)
C16-C17-Cl1 120.2(2) 119.6(2) 119.62(12)

slightly longer than for corresponding C1-C11 bond in 1h
[1.471(4) A] and 2h [1.465(3) A].

There is no any classical H-bond in all three crystal structures.
Reason could be found in the fact that the molecules of 1h, 2h
and 3h do not possess any significant H-bond donor as O-H, N-H
or similar donor group. The C11-01 carbonyl group may be ac-
cepted as the best H-bond acceptor in all three compounds but
in 1Th the O1 atom does not form any C-H- - -O weak hydrogen bond
with H. - -0 distance shorter than 2.60 A. However, there are three
C-H---01 interactions in 1Th with H---O distances between 2.63
and 2.70 A and the C-H---O1 angles larger than 150° (Table 6).
Although weak, these intermolecular C-H- - -O interactions proba-
bly stabilize the crystal packing of 1h. Using the C25-H---01 weak
H-bond (Table 6) the molecules in crystal structure of 2h form a
chain along the b unit cell axis (for illustration see Supplementary
material file, Fig. S1) while the molecules of 3h form a chain along
the a axis (Fig. S2) but using the C2-H...01 hydrogen bond
(Table 6).

The ClI1 atom in all there crystal structures does not form any C-
H---Cl interaction with H-:--Cl distance shorter than 2.90 A. In 1h
and 2h there are two intermolecular contacts with H- - -Cl distances
of 2.95 and 2.94 A but could not be taken as important since that
corresponding bond angles [C5-H5- --CI1' and C23-H23.-.CI1" for
1h and 2h respectively; symmetry codes: (i) x —1,y,z — 1, (ii)
x+1,y,z] are rather small (105° and 128°). It is known from the
charge density studies [39,40] that sulfur atom is able to act as a
good acceptor of C-H groups even at the H---S distance of 3.10 A.
In 1h and 3h there are two C-H---S intermolecular interactions,
the C16-H---S1 and C10-H.--S1 in 1h and 3h respectively
(Table 6).

Regardless of the lack of classical H-bonds the present crystal
structures form numerous C-H-- - interactions where all 7 sys-
tems, Cp and phenyl rings, act as  acceptors. In 1h the molecules
form a chain along the a unit cell axis using the C12-H- - -& inter-
molecular interaction (Table 6) with © system from unsubstituted
Cp ring. Formation of this chain is supplemented by above men-
tioned the C16-H.- - -S1 interaction (Fig. S3). In 2h the C14-C19 phe-
nyl ring participates in C4-H-.--m interactions (Table 6, Fig. S4)
while in crystal structures of 3h both Cp rings and both phenyl
rings act as m acceptors in the C9-H...w, C12-H--.m, C16-H.- &
and C23-H...m intermolecular interactions (Table 6, Fig. S5). The
most interesting is that the C-H- - -7 interactions form only evident
intramolecular interactions in crystal structures of 2h and 3h
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Table 6

Geometrical parameters for intra- and intermolecular C—H---0, C—H---S and C—H. - -w interactions in crystal structures of 1h, 2h and 3h. (Cg1, Cg2, Cg3 and Cg4 are midpoints of
the C6-C10, C14—C19, C20—C25 and C1—C5 rings respectively). Criteria for C—H. - -O interactions: the H. - -O distance shorter than 2.65 A and the C—H- - -0 angle larger than 130°.
Criteria for C—H- - -m interactions: perpendicular distance of H atom on the corresponding ring shorter than 3.0 A and the C—H---Cg angle larger than 130°.

D-H---A D-H (A) H---A(A) D---A(A) D-H---A(°) Symmetry codes:

1h

C15-H15---01 0.93 2.63 3.574(4) 167.3 —x+1,y—-2,-z+1
C16-H16---S1 0.93 3.08 3.859(7) 157.6 x—1yz
C12-H12b.--Cgl 0.97 2.85 3.594(3) 133.7 x—1yz

2h

C25-H25.-.01 0.93 255 3.478(3) 172.0 xy+1z

C4-H4---Cg2 0.93 3.09 3.994(2) 165.4 —Xx,—-y,—z+1

C6-H6. - -Cg3 0.93 3.04 3.890(3) 1526 XY,z

3h

C2-H2.--.01 0.93 2.50 3.428(2) 173.9 x—1yz

C10-H10---S1 0.93 2.99 3.804(2) 146.6 —-x+15,y+05,-z+1.5
C7-H7-- Cg3 0.93 3.03 3.819(2) 1435 X,z

C9-H9.--Cga 0.93 292 3.591(2) 1306 ~X+05,y+05,-z+15
C12-H12a.--Cg3 0.97 3.07 4.150(7) 1393 x+1,-y,—z+1
C23-H23.- .Cg2 093 2.85 3.635(2) 143.2 “x+1,-y,-z+1

(Fig. S6) and in that way it play certain influence to the present
conformation of the molecules. Namely in both molecules the
unsubstituted Cp ring act as C-H donor while the C20-C25 phenyl
ring participate as 7 acceptor (Table 6, C6-H- - -7 and C7-H. - -1t for
2h and 3h respectively). Moreover these two rings (Cp and phenyl)
form almost ideally the most favorable orthogonal orientation
(dihedral angle between mean planes of the C6-C10 and C20-
C25 rings is 86.86(9)° and 82.79(5)° for 2h and 3h respectively).
It is worth mentioning that regardless of this conformational
similarity in two molecules, the C20-C25 ring has very different
orientation relating to other C14-C19 phenyl ring (dihedral angle
between two phenyl rings is 5.47 (11) and 69.10(4)° for 2h and
3h respectively).

4. Conclusion

In conclusion, we described herein the thia-Michael reaction of
thiophenols with ferrocene containing conjugated enones in the
presence of an electrochemically generated zirconium catalyst. It
was shown that this procedure represent a versatile method for
the synthesis of ferrocene containing 3-arylthiopropan-1-ones,
compounds that can serve as good precursors for the synthesis of
bidentate ligands, since their carbonyl groups can be transformed
in a plethora of other functionalities. 24 ferrocene derivatives were
synthesised (16 being new ones) and described by spectral data.
Single crystal X-ray analysis revealed that three compounds (1h,
2h and 3h) although similar in composition exhibit different con-
formational characteristics. Thus: (i) the 01-C11-C12-C13-S1 ali-
phatic fragment is the most puckered in the crystal structure of 3h;
(ii) the C13-S1-C14 angle is for about 4° smaller in 2h than in 1h
and 3h; (iii) the C13-S1 bond is for about 0.04 A shorter in 1h than
in 2h and 3h,; (iv) spatial directionality of the Fc unit and the C14-
C19 phenyl ring relating to the aliphatic fragment in 1h and 2h is
opposite; (v) crystal structures of 2h and 3h, dislike to 1h, form
intramolecular C-H- - -7 interactions; (vi) dihedral angle between
two phenyl rings in 2h and 3h is very different (5.5° and 69.1°
respectively). However, regardless of quoted structural differences
all three compounds form numerous intermolecular C-H- - -7 inter-
actions and weak C-H---O interactions while none of them form
Tt - -1 interactions.
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CCDC 970342, 970343 and 970344 contain the supplementary
crystallographic data for compounds 1h, 2h and 3h respectively.
These data can be obtained free of charge via http://www.ccdc.ca-
m.ac.uk/conts/retrieving.html, or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: +44 1223 336 033; or e-mail: deposit@ccdc.cam.ac.uk. Addi-
tional data concerning single crystal X-ray structural analysis
(Figs. S1-S6) are available in the Supplementary material file.
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.poly.2013.12.012.
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In situ generated zirconium catalyst from a sacrificial zirconium anode was successfully applied to
promote Ferrier rearrangement of 3,4,5-tri-O-acetyl-p-glucal and 6-deoxy-3,4-di-O-acetyl-L-glucal (3,4-
di-O-acetyl-L.-rhamnal) in the presence of three thiols and eleven thiophenols as nucleophiles. A sim-
ple constant current electrolysis (20 mA, 0.4 F mol~') of an acetonitrile solution of lithium perchlorate
(0.1 M) containing the corresponding glycal and S-nucleophiles, using a zirconium anode and a platinum
cathode resulted in the successful synthesis of the corresponding 2,3-unsaturated peracetylated thio-
glycosides (with an average anomer ratio ¢,/=4.129 in the case of peracetylated p-glucal and 8.740 in the
case of r-rhamnal). The same procedure proved to be appropriate in synthesizing dihydropyran de-
rivatives (‘C-glycosides’) using allyltrimethylsilane as the nucleophile (only ‘c-anomers’ were obtained).
All new compounds were fully characterized by spectral data, whereas single-crystal X-ray analysis was
performed for two thioglycosides.
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1. Introduction

Carbohydrates, as the most abundant natural compounds, have
a vast number of applications in many fields of chemistry and
biochemistry.! > Due to their low costs, availability in large quan-
tities and operational versatility they represent one of the most
important classes of enantiomerically pure starting materials in
organic synthesis. Consequently, carbohydrates, particularly
monosaccharides, have been intensively employed as both the
direct source of chiral carbon atoms to be embedded into the target
product structure and as powerful tools for stereoselective syn-
thesis (as chiral auxiliaries, as stereoselective reagents, as chiral
ligands of enantioselective catalysts and as organo-catalysts).*°
Among many carbohydrate derivatives, unsaturated sugars are
particularly valuable intermediates in organic synthesis since they
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tel.: +381 34 300268; fax: +381 34 335040 (RD.V.).
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are capable of undergoing different transformations, such as hy-
droxylation, hydrogenation, epoxidation, aminohydroxylation,
ozonolysis, etc.*>1971* 2 3.Unsaturated sugars (pseudoglycals)
represent such a type of chiral synthetic building blocks and an
excellent way to synthesize these compounds is an acid catalyzed
allylic rearrangement of glycals in the presence of nucleophiles
(Ferrier rearrangement or Ferrier I reaction). Although the reaction
of 3,4,6-tri-O-acetyl-p-glucal with 4-nitrophenol, giving the corre-
sponding pseudoglucal, was known since 1962,"° the reaction
currently known as Ferrier rearrangement has been described in
1969.!° According to this procedure, transformation of glycals into
the corresponding 2,3-unsaturated glycosides can be smoothly
performed using BF3-Et,0 as a catalyst. Since then a plethora of
reports on this reaction has appeared, describing Ferrier rear-
rangements successfully catalyzed by diverse metallic and non-
metallic catalysts, under different reaction conditions; these con-
tributions are well summarized in several excellent review
articles.'>!”2° The reaction proceeds via an allylic oxocarbenium
ion (A, Fig. 1), the formation of which is initiated by the catalytic
action of a Lewis acid (LA), and which undergoes nucleophilic
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Fig. 1. Ferrier rearrangement.

attack of the suitable reagent. The main driving force of this reac-
tion is the relatively high stability of the formed cation, achieved
through the resonance participation of the lone pair electrons of
the endocyclic oxygen atom, as depicted in Fig. 1.

The catalytic activity of inorganic zirconium compounds (mainly
Zr0,, ZrCly, and ZrOCly) in many organic reactions has been well
recognized by synthetic chemists. As the consequence, an array of
publications describing synthetic applications of zirconium cata-
lysts appeared in the literature, which have recently been exten-
sively reviewed.?! 24 In continuation of our investigations into the
electrochemical generation of electrophilic reagents capable of
reacting with functionalized olefins®>>?® (including glycals®’—3?),
and the electrochemical generation of catalysts for so-called C-ac-
ylations (from a sacrificial aluminum anode®'??), we recently
decided to examine whether zirconium species, capable of cata-
lyzing certain reactions, can be generated from a sacrificial zirco-
nium anode. Any success in this regard might overcome the
apparent contribution to the improvement of a particular synthetic
procedure (Ferrier rearrangement, e.g.), but could be interesting for
a wide audience of readers. Namely, anodic dissolution of some
metals represents an excellent alternative to gradual dosage of its
solid salt to the reaction media (when/where it is necessary), since
the rate of electrochemical generation can be perfectly controlled
by the simple control of the applied current. Our preliminary re-
sults attained through the undertaken investigations have already
been reported, and it has been shown that the utilization of this
technique allows for the successful synthesis of B-aza- and B-
thiaketones (by hetero-Michael addition of the corresponding
conjugated carbonyl compounds and N- and S-nucleophiles), as
well as 2,3-unsaturated S-glycosides (by Ferrier rearrangement
from the corresponding glycals).>> In the present paper we wish to
report on our detailed investigations of the anode generated zir-
conium catalyst promoted Ferrier rearrangement of two peracety-
lated glycals—3,4,6-tri-O-acetyl-p-glucal (1) and 6-deoxy-3,4-di-O-
acetyl-L-glucal (3,4-di-O-acetyl-L.-rhamnal, 2) using fourteen S-nu-
cleophiles (3a—n) (Scheme 1).

2. Results and discussion
2.1. Synthesis

At the time we decided to examine the possibility of an anodic
generation of zirconium species (of any kind) capable of catalyzing
certain organic reactions,> there were only two reports on a suc-
cessful application of ZrCly in Ferrier rearrangement>*>> (the third
one appeared in 2013°6). These reports prompted us to include this
reaction into our studies. Knowing that most synthetic organic
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a) CH,(CH,),CHa, b) CH,CO,CHj, €) CHyCH,CO,CHa, d) CgHs, €) CgHg-CHa-0,
f) CgHys-CHy-m, @) CgHa-CHa-p, h) CgH4C(CHz)3-p, i) CgHa-F-0, j) CoHa-F-m,
k) CgHy-F-p, 1) CgH,-Cl-0, m) CgH,-Cl-m, n) CgHy-Cl-p

Scheme 1. Synthesis of 2,3-unsaturated alkylthio- and arylthioglycosides from glycals
1and 2.

chemists dislike electrochemical techniques (particularly if the
electrochemical method has any alternative among ‘classical’ pro-
cedures), we made efforts to invent straightforward experimental
protocols, primarily those requiring only readily available and ease
to handle equipment. Thus, the reaction of glycals 1 and 2 with
thiophenols 3a—n, catalyzed by the electrochemically generated
zirconium species, was designed as a simple constant current
electrolysis (20 mA) of an acetonitrile solution of lithium perchlo-
rate containing these reactants, using an undivided electrolytic cell
(a simple round bottom glass tube; see Fig. 2), supplied with a
zirconium anode and a platinum cathode, at room temperature.
Therefore, the only ‘electrochemical’ apparatus necessary for these
experiments is a simple, inexpensive direct current supply.

When planning experiments for successful generation of a salt
from a sacrificial metal anode (to be used as a catalyst in a certain
reaction) the following should be carefully considered: (i) the sol-
vent used should be suitable for the envisaged reaction, (ii) the
solvent must be able to dissolve an electrolyte in order to provide
electroconductivity, (iii) electrolyte ions should be inert to re-
actants and (iv) both the solvent and the electrolyte (conducting
salt) must be less susceptible to oxidation than the given (metal)
anode. Very simple electroanalytical measurements can undoubt-
edly answer the questions concerning the conductivity of the so-
lution and susceptibility of components to oxidation, but the choice
of all reaction media components might be done on the basis of a
very general chemical knowledge.

Fig. 2. Electrochemical cell for the generation of a zirconium species catalyst from a
sacrificial zirconium anode.
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Thus, several organic solvents capable of forming electro-
conductive solutions are available, and we opted for acetonitrile
due to the fact that this solvent has already been used for carrying
out Ferrier rearrangement>*>> and its dielectric constant (¢=38) is
high enough to enable the preparation of electroconductive solu-
tions (several electrolytes are soluble and undergo electrolytic
dissociation in it, even a number of inorganic ones). Acetonitrile is
an aprotic solvent, very resistant to oxidation; the anodic limit in
acetonitrile is dependent on the nature of the electrolyte anion. The
perchlorate anion, in its turn, is surely more resistant to oxidation
than any metal, therefore it was the anion of choice (slightly better
performances are exerted only by the tetrafluoroborate and hexa-
fluorophosphate anions, but they are considerably more expen-
sive). Since reactions catalyzed by zirconium salts mainly proceed
at a 10 mol % load of the catalyst,>® we decided to perform one
mmol scale experiments with a 0.4 F mol~! charge consumption (in
order to generate 0.1 mmol of zirconium(IV) species). As already
reported, our first attempt to perform ‘an electrochemical Ferrier
rearrangement’ (using peracetylated glycal 1 and thiol 3a as re-
actants, Scheme 1) failed.>®> Namely, an insoluble solid appeared
and the electrode voltage increased rapidly, causing an uncon-
trolled increase of the solution temperature (up to boiling). This
phenomenon can be attributed to the so-called anodic passivation,
arising from a coating of the zirconium oxidation product(s) at this
electrode. To overcome this, the electrolytic cell was placed into an
ultrasound bath thus providing an instantaneous removal of the
coated species from the electrode surface and moving the sus-
pension into the bulk solution. After the necessary electricity was
passed through the solution, the mixture was irradiated for addi-
tional 30 min in the same ultrasonic bath, which resulted in the
complete consumption of the starting substrate 1. TLC analysis and
TH NMR spectra of the mixture indicated the presence of several
minor and two dominant products. Separation of the mixture by
column chromatography gave anomeric pseudoglycals o- and -4a
(Scheme 1) in a moderate yield (63%). As estimated by 'H NMR
spectroscopy, the crude mixture and fractions containing 4a were
found to contain the two anomers in the ratio «-4a/p-4a=75:25
(=3.000).%3

We extended the preliminary research, which showed that the
aliphatic esters 3b and 3c, thiophenol 3d and thiocresol 3g also
reacted in a similar way (even giving higher yields of the corre-
sponding pseudoglycals 4b—d, g),>> by subjecting additional nine S-
nucleophiles to the above described reaction conditions. Thus,
thiocresols 3e and 3f underwent the same transformations, but,
surprisingly, 4-tert-butylthiophenol (3h) and 2-fluorothiophenol
(3i) under the same conditions yielded complex mixtures consist-
ing of several products (TLC), mainly those lacking olefinic protons
in their 'H NMR spectra. Apparently, addition processes took place
in the two cases. It is known that a zirconium catalyst (a-zirconium
sulfophenylphosphonate-methanephosphonate in the presence of
LiBr) promotes addition of some nucleophiles (several alcohols) to
the double bond of glycals, giving the corresponding 2-
deoxyglycosides.>® However, in our case, the reaction mixtures
were predominantly composed of four different bis-thiophenylated

AcO © SR Zr catalyst heo
N~
AcO RS SR
4h 3h 6h

Scheme 2. Addition of thiophenol 3h to pseudoglycals a- and -4h (mass spectrum of
the most abundant stereoisomer of 6h: EIMS, 70 eV, m/z (%): 544(0.8) [M]*, 379(17)
[M-SR]*, 213(100) [M-2SR-H]*, 319(47) [M-SR-AcOH], 165(15) [SR]", 153(78) [M-2SR-
AcOH-HJ*, 111(95) [M-2SR-2AcO-H] ", 57(37) [C4Ho], 43(61) [Ac]*).

products 6, as inferred from GC—MS analyses of the mixtures. The
molecular ions of 6 (all four isomers, Scheme 2) suggested that an
addition of the thiophenols took place following the Ferrier rear-
rangement. Although we were not able to isolate pure compounds
of this type by column chromatography of the reaction mixtures,
such bis-thiophenylated products were previously reported to form
under the Ferrier reaction.’’ It is thought that minute amounts of
water in the media are necessary for this reaction to proceed as the
addition of thiophenols is considered to occur via their conjugated
(Michael) addition to acyclic unsaturated aldehydes formed by
hydrolysis of pseudoglycals. These by-products are largely avoided
at 1:1 molar ratios of glycal and thiol.>’

Based on these considerations, we continued our investigations
with a changed reaction stoichiometry. Further investigations
showed that this failure in the synthesis of pseudoglycals 4h and 4i
was in fact a consequence of the applied reaction conditions.
Namely, our first attempts in the electrochemical generation of
zirconium catalyst species’> were aimed to promote hetero-
Michael addition. It turned out that this reaction could be per-
formed successfully only when using reactants in a molar ratio
enone/nucleophile=1:2 and irradiating the mixture after electrol-
ysis for 30 min in an ultrasonic bath. By inertia (and obviously
wrongly), Ferrier rearrangement has been conducted under the
same conditions and the reaction worked well in several cases.*>
However, the results obtained with 3h and 3i forced us to search
for reaction conditions, which allowed avoiding the addition of the
nucleophile to the initial product. Thus, when glycal 1 reacted with
thiophenols 3h and 3i in the molar ratio 1/3=1:1 (with a 5% excess
of the nucleophile) and by irradiating the mixture after electrolysis
in an ultrasonic bath for only 10 min (instead of 30 min), the cor-
responding pseudoglycals were obtained in high yields (Table 1,
entries 8, and 9). Apparently, the prolonged ultrasonic irradiation
and the excess of the nucleophile in some cases lead to the addition
of the latter to the double bond of obtained pseudoglycals via the
above proposed mechanism. It also prompted us to apply the above
conditions (1/3=1:1, 10 min ultrasound irradiation) to the reaction
of all thiols and thiophenols (3a—n). The obtained results are listed
in Table 1 and show that this procedure allowed for the synthesis of
pseudoglycals 4a—n in high yields with the marked predomination
of a-anomers (average anomer ratio o/f=4.129).

Our investigations were continued by submitting 6-deoxy-3,4-
di-O-acetyl-L-glucal (3,4-di-O-acetyl-L.-rhamnal, 2) to the same re-
action conditions (Scheme 1). As the data listed in Table 2 show, this
glycal readily reacted in the almost same manner as 1, allowing for
the successful synthesis of the corresponding pseudoglycals 5a—n.
However, this substrate underwent Ferrier rearrangement with a
distinct higher selectivity (the average anomer ratio o/=8.740).

Finally, one C-nucleophile—allyltrimethylsilane (30)—was also
employed in this reaction. As depicted in Scheme 3, both 1 and 2
gave the corresponding dihydropyran derivatives (so-called ‘C-
glycosides’) in high yields, but, surprisingly, as the sole di-
astereoisomers (‘a-anomers’: (2R,3S,6R)-2-acetoxymethyl-6-allyl-
3,6-dihydro-2H-pyran-3-yl acetate (40) and (2S,3R,6S)-6-allyl-2-
methyl-3,6-dihydro-2H-pyran-3-yl acetate (50), respectively).

We do not yet know the exact chemical composition of the
catalyst, i.e., the species generated at the anode. Since in these
experiments the anode potential is not controlled, oxidation of
zirconium should take place in a way to give the product containing
zirconium in the most stable oxidation state, i.e. the species with
tetravalent zirconium. Such species must certainly represent Lewis
acids, which, in our opinion, should be either zirconium- or zirconyl
perchlorate (Zr(ClO4)4 or ZrO(ClO4);, respectively). Zirconyl
perchlorate is more likely, since the used acetonitrile was not
anhydrous (see Experimental), and it is well known that Zr(IV) salts
vigorously react with water giving ZrO** salts.>®>° Therefore,
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Table 1 Table 2
Synthesis of pseudoglycals 4a—n Synthesis of pseudoglycals 5a—n
Entry  Nucleophile Pseudoglycal Yield %*  Ratio o:f” Entry Nucleophile Pseudoglycal Yield %* Ratio a:p”
1 3a o /\Oﬁs\/\/ 70 4.000 1 3a ﬁsw 77 6.692
AcO™ NF Ac0” NF
o-, B-4a o-, B-5a
2 3b o 85 3.000 2 3b ] 88 6.692
AcoACjS\)LOMe ,,:C.jﬁstOMe
AcO™ NF A0” NF
a-, B-4b a-, B-5b
3 3c ACO/\US\/\WOME 81 3.000 3 3c “,, O, SWOMe 85 9.000
N~ ¢ g o
AcO' AcO
a-, B-4e a-, B-5¢
4 3d O S 89 3.762 4 3d ., _OL_8 78 11.50
geege 0
AcO™ NF N
o-, B-4d o-, B-5d
> 3e Aco/\[o;[ﬁjg 85 4882 5 3e ﬁi@ 82 13.20
AcO™ NF Aco” NF
o-, B-de a-, B-Se
6 3f o /\[o;[ﬂs\©/ 70 3.762 6 3f QS\Q/ 83 15.67
AcO™ N A0” NF
o-, p-4f a-, B-5f
7 3g o Oﬁ3\©\ 70 4556 7 3g O s\©\ 91 6.692
o-, B-4g a-, B-5g
8 3h Aco/\[OJf’S 73 3.167 8 3h ﬁs 79 11.50
Ao NF A0” NF
o-, B-4h o-, B-5h
9 3i ACOA(OJMSD 77 5.250 9 3i w, O Sj© 85 7.333
Ao N E ACQQ F
o-, B-4i o-, B-5i
10 3j Aco/\Cj’s\@F 70 4.882 10 3j ,, O S F 85 4.556
Ao NF ACO/[;H [ j
o-, B-4j o-, B-5j
1 3k ACOAOF'S\@\ 72 3.545 11 3k n, _O_S 96 5.667
Ao NF F Aco/[)ﬂ \©\F
a-, B-4k a-, B-5k
12 31 AcoAK‘ij:@ 80 4.882 12 31 i, O S 87 11.50
A" N g Aco/[;:n:@
o-, B-41 a-, p-51
13 3m ACQAOWS\Q/C' 78 4.556 13 3m O S cl 96 5.667
AcO™ N ACo/OJ \©/
o-, p-4m o, B-5m
14 3n ACQ/\[OJJS\Q\ 80 4.556 14 3n v, O S 95 6.692
A" N cl Aco/(;ﬂ \©\0\
o-, B-4n o-, B-5n

2 Isolated yield, based on the starting glycal 1.
b Estimated by 'H NMR spectroscopy.

2 Isolated yield, based on the starting glycal 2.
b Estimated by 'H NMR spectroscopy.
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Scheme 3. Synthesis of ‘C-glycosides’ 40 and 50.

additional investigations (the kind and the scope of which exceeds
the scope of this article) are necessary to answer this question
exactly. (Electroanalytical measurements aimed to elucidate the
electrode processes, as well as examinations of the nature of the
catalyst are in progress, and the results will be published elsewhere
as a separate communication.)

However, from the synthetics' point of view, the most important
characteristic of these species is their catalytic activity, whatever
the species are. Having in mind the tendency of both Zr(IV) and
ZrO** ions to form mixed complexes containing different oxygen
ligands (hydroxide and alkoxy ions, water, carboxylates), > the
catalyst action in this reaction most likely effected through its
capture of an acetate ligand from the allylic position of the glycal,
assisting the formation of oxocarbenium ions 1A or 2A (from glycals
1 and 2, respectively), as depicted in Scheme 4.

The configurations at the anomeric centers of 2,3-unsaturated
glycosyl products formed by the reaction under consideration
were previously found to depend upon many factors such as the
substrate, the leaving group, the nucleophile, the catalyst and the
reaction conditions.'® Since C-glycosides are chemically more sta-
ble than S-linked analogs, they are less likely to rearrange under the
conditions of their synthesis, and the observed products are
therefore more likely to be those formed under kinetic control.
Thus, in the case of C-glycosides, the observed diastereoselectivity
in favor of the a-anomers can be ascribed to a kinetic effect, which
favors axial attack at the anomeric center. Because of the revers-
ibility of the reactions with thiol/thiophenols under the conditions
used, the anomeric o,f ratios for S-glycosides are more likely to
represent equilibrium values. Thus, we believe that the a-anomers
form faster and also represent the thermodynamic products.

2.2. Structure assignments of the new compounds

Structural assignment of the synthesized pseudoglycals was
based on 1D ('H and '3C) and 2D NMR experiments. Detailed an-
alyses of NMR spectra allowed a complete assignation of the
chemical shifts for all hydrogen and carbon atoms (experimental

coy o |
Zr-anode T 4e + O3CIO—Z|r—
o 0]
| R
OsCIOQZ|r‘——@ — R@
OAc

1o0r2 1A or 2A

|
O3CIO—Z|r— = Zr(ClOy), or ZrO(ClOy),:

R = H, CH,OAc, OAc, CHj; (see Scheme 1)

Scheme 4. Plausible reaction mechanism.

section). The ratio of ¢- and p-anomers was determined from the 'H
NMR spectra of the reaction mixtures. The signals of a- and B-
anomeric H-1 hydrogens (4a—n and 5a—n) appeared at different
chemical shifts (at 5.48—5.88 and 5.32—5.76 ppm) as doublets of
triplets and doublets of doublets of doublets, respectively. The
preferred conformation of the a-anomers was indicative from the
J12 value of ca. 3.2 Hz and J4 5 of ca. 9.5 Hz (the latter being possible
only if H-4 and H-5 were both pseudo-axial) to be an equilibrating
mixture of the predominant oHs conformation with a small
contribution of the alternate >Hg conformation (Scheme 5), or the
solution conformation could be the same as that observed in the
crystal structures of o-4m and ¢-4n (section 2.3). In the case of f§-
anomers, the value of J45 of, on average, 7.5 Hz suggests that there
is a larger contribution of *Hp in the conformational equilibrium.
The chemical shifts for pseudo-equatorial anomeric protons in the
a-anomers were found to be downfield by ca. 0.1 ppm compared to
that of pseudo-axial B-anomeric protons (Scheme 5).

Different appearances (as dt and ddd) of these signals originate
from the differing values of vicinal, allylic and homoallylic coupling
constants of the anomeric protons with H-2-4. The values of vicinal
coupling constants J; ; for the a-anomers were around 3.2 Hz, while
the values of allylic and homoallylic coupling constants (J13 and J1.4)
were lower and mutually similar (~1.7 Hz). On the other hand, -
anomers displayed slightly higher values of both homoallylic and
allylic coupling constants (J13~2.5 Hz and J;4~2.0 Hz) compared to
the vicinal one (J12~1.8 Hz). Due to a relatively small difference in
the values of the mentioned coupling constants of H-1 for a- and f-
anomers, the assignment should be primarily relied on chemical
shift comparison rather than Jq,.

A careful analysis of the assigned 13C NMR data (for a systematic
comparison of these values see Table 1 in Supplementary data)
revealed a general pattern concerning the chemical shifts of C-5 for
the corresponding anomers. The shifts of C-5 of the a-4a—n series
were found to be invariably shifted upfield by ca. 7.4 ppm compared
to the values of this shift in the pseudoglycals of the f-4a—n series.
Similarly, C-5 of a-5a—n resonated at ca. 7.8 ppm higher field in
comparison to C-5 in f-5a—n. At this point, it appears that the
difference in the shift of C-5 (of more than 7 ppm) could be
considered as highly indicative of the stereochemistry at C-1. We
would like to propose this to be used as an additional argument for
the discernment between the a- and B-pseudoglycals.

2.3. X-ray crystallographic analysis of 4m and 4n

The structures of 4m and 4n were confirmed by single crystal X-
ray diffraction analysis and a perspective ORTEP*! plot is shown in

AcO
J12~3.2Hz
= /O; .Clj H HH H
cO rH—~—"—Hj N\_J H SAr
o SAr “* OAc O
H
OH5 5 HO
AcO
H /O SA by H SAr
__Z é _OAr N
AcO rH ——=—p+ N %HH
o HJ p4 OAc O
%\)C H Jip~1.8Hz
e o 5
Hs Ho

Scheme 5. Equilibrium between °Hs and °Ho conformers of -4 and pB-4
pseudoglycals.
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(b)

Fig. 3. Molecular structures of «-4m (a) and o-4n (b).

Fig. 3. Both molecules crystallize in non-centrosymmetric space
groups and the X-ray data allowed determination of the absolute
configuration of both structures [the Flack parameters** for 4m and
4n are —0.09(7) and 0.08(10), respectively]. Both molecules have
very similar conformations except for the —02—C7(=03)—C8
fragment and the C11—C16 phenyl ring, which have significantly
different orientation in regard to the O1 six-membered ring (see
Fig. 3). The shortest and the longest C—C bonds in both crystal
structures are located within the O1-ring [the C2—C3/C4—C5 bond
lengths in 4m and 4n are 1.306(4)/1.510(4) and 1.305(5)/1.534(5) A,
respectively].

3. Conclusion

In conclusion, we described herein a new, proper and successful
method for Ferrier rearrangement of two peracetylated glycals
(3,4,5-tri-O-acetyl-p-glucal, 1 and 6-deoxy-3,4-di-O-acetyl-L-glucal,
2), i.e., a new method for the preparation of the corresponding 2,3-
unsaturated thioglucosides, extremely valuable intermediates in
the synthesis of both sugar and non-sugar compounds. The syn-
thesis proceeds with moderate stereoselectivity, providing mainly
the corresponding «-anomeric 2,3-unsaturated glycals (of
=3.00—15.67). The described protocol, which includes the elec-
trochemical generation of the catalyst from a sacrificial zirconium
anode, is easily performable in any organic laboratory since it does
not require complex and expensive equipment.

4. Experimental
4.1. General remarks

All chemicals were of best commercial quality available and
used as received, except that the solvents were purified by distil-
lation. NMR spectra were recorded on a Varian Gemini 200 appa-
ratus (200 MHz) and a Bruker Avance III 400 spectrometer
(400 MHz for 'H, 100 MHz for 3C), using CDCl3 as the solvent and
TMS as the internal standard. Chemical shifts are expressed in
6 (ppm). 2D experiments (‘H—'H COSY, NOESY, HSQC and HMBC)

and selective homodecoupling experiments were run on the Bruker
Avance Il 400 spectrometer with the usual pulse sequences. Mi-
croanalyses of carbon, hydrogen and sulfur were carried out with a
Carlo Erba 1106 model microanalyzer. The GC/MS analyses were
performed on a Hewlett—Packard 6890N gas chromatograph
equipped with fused silica capillary column DB-5MS (5% phenyl-
methylsiloxane, 30 mx0.25 mm, film thickness 0.25 um, Agilent
Technologies, USA) and coupled with a 5975B mass selective de-
tector from the same company. Silica gel 60 on Al plates, layer
thickness 0.2 mm (Merck) was used for TLC, whereas column
chromatography was performed on silica gel (0.063—20 mm,
Fluka). A bottom round glass tube (¢=30 mm), supplied with a
zirconium anode (a spiral ¢=20 mm, made from a ¢=2 mm wire or
a cuboid zirconium stick 5x5x80 mm) and a platinum cathode (a
spiral ¢=10 mm, made from a ¢=1 mm wire) was used as the
electrolytic cell (see Fig. 2). A Uniwatt, Beha Labor-Netzgerat (NG
394) was used as the direct current supply. As the ultrasound bath
an Elmasonic S30 (Elma, Germany) apparatus was used (at a fre-
quency of 37 kHz, with an effective ultrasonic power of 30 W and a
peak of 240 W).

4.2. General procedure

The electrolytic cell was filled with 10 mL of an acetonitrile
solution of LiClO4 (0.1 M), 1 mmol of glycal 1 or 2 and 1.05 mmol of
the corresponding nucleophile 3a—o0. The cell was placed in the
ultrasound bath and constant current electrolysis (20 mA) was run
32 min (0.4 F mol~1), at room temperature. After the electrolysis
was finished, the reaction mixture was left 10 min in the same bath
and the solvent subsequently evaporated. The residue was diluted
with 20 mL of water, the obtained mixture extracted with three
20 mL portions of ethyl acetate and the collected organic layers
dried overnight (anhydrous sodium sulfate). After evaporation of
the solvent the crude reaction product was purified by column
chromatography to give the corresponding pseudoglycals 4a—o and
5a—o, respectively. All predominant diastereoisomers (o-anomers)
were isolated as pure compounds. B-Anomers were isolated in pure
form in only five cases ($-4h, B-4i, f-4k, f-4n, and f-5m). The NMR
spectral data for the other B-anomers were estimated from the
spectra of anomer mixtures.

4.3. Structure assignments of the new compounds

Spectral data of the known compounds were in complete
agreement with those published previously (4a,>>#3%* 4d,>3434>
4g 33434 402244 5d%° and 50%7), whereas the data confirming
the structures of the new ones follow.

4.3.1. o-Tolyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-a-p-erythro-hex-
2-enopyranoside (a-4e)

Transparent colorless crystals; mp. 51 °C; IR (KBr, », cm~!): 2952,
2927, 1737, 1378, 1238, 1070, 1059, 1038, 786; 'H NMR (400 MHz,
CDCl3) 6 7.66—7.59 (m, 1H, H-6), 7.22—7.13 (m, 3H, H-3/, 4, 5'), 6.08
(ddd, J=101, 3.2, 1.9 Hz, 1H, H-2), 5.87 (dt, J=10.1, 1.8 Hz, 1H, H-3),
5.73 (dt, J=3.3, 1.7 Hz, 1H, H-1), 5.38 (dq, J=9.4, 2.0 Hz, 1H, H-4),
4.45(ddd,J=9.4, 5.8, 2.5 Hz, 1H, H-5), 4.29 (dd, J=12.1, 5.8 Hz, 1H, C-
6HaHb), 4.18 (dd, J=12.1, 2.5 Hz, 1H, C-6HaHb), 2.44 (s, 3H, —CH3),
2.11 (s, 3H, CH3—CO—0-), 2.04 (s, 3H, CH3—CO—OCH,—); 13C NMR
(101 MHz, CDCl3) ¢ 170.7 (CH3—CO—OCH,—), 170.3 (CH3—C0—0—),
139.3 (C-2'),134.2 (C-1"),132.3 (C-6'), 130.3 (C-3), 128.9 (C-2), 127.7
(C-4'),127.5 (C-3),126.7 (C-5'), 83.3 (C-1), 67.6 (C-5), 65.2 (C-4), 63.1
(C-6), 21.0 (CH3—CO—0—), 20.8 (—CH3), 20.7 (CH3—CO—OCH,—);
Anal. Calcd for Ci7H500s5S: C, 60.70; H, 5.99; O, 23.78; S, 9.53%.
Found: C, 60.65; H, 6.11; S, 9.48%.
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4.3.2. o-Tolyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-(-p-erythro-hex-
2-enopyranoside (3-4e)

TH NMR (400 MHz, CDCls) ¢ 7.65—7.60 (m, 1H, H-6'), 7.20—7.11
(m, 3H, H-3', 4, 5'), 5.98 (dt, J=10.2, 1.8 Hz, 1H, H-2), 5.83 (dt,
J=10.2, 2.4 Hz, 1H, H-3), 5.63 (ddd, J=2.4, 2.0, 1.8 Hz, 1H, H-1), 5.21
(dddd, J=7.5, 2.4, 2.0, 1.8 Hz, 1H, H-4), 4.29 (dd, J=12.0, 5.6 Hz, 1H, C-
6HaHb), 4.25 (dd, J=12.0, 4.1 Hz, 1H, C-6HaHb), 3.90 (ddd, J=7.5,
5.6, 41 Hz, 1H, H-5), 242 (s, 3H, —CHs), 2.07 (s, 3H,
CH3—CO—0CH,—), 2.06 (s, 3H, CH3—CO—0—-); '>C NMR (101 MHz,
CDCl3) 6 170.7 (CH3—CO—OCH,—), 170.1 (CH3—CO—0—), 140.0 (C-
2'),132.9 (C-6'), 131.5 (C-1'), 130.3 (C-3'), 129.9 (C-2), 127.9 (C-4'),
127.2(C-3),126.4 (C-5'), 81.4 (C-1), 74.9 (C-5), 64.7 (C-4), 63.3 (C-6),
21.0 (—CHj3), 20.9 (CH3—CO—0-), 20.7 (CH3—CO—OCH,—).

4.3.3. m-Tolyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-a-p-erythro-hex-
2-enopyranoside (a-4f)

Colorless oil; IR (neat, », cm™!): 3054, 3014, 2954, 1739, 1592,
1475, 1369, 1222, 1078, 1047, 789; 'H NMR (200 MHz, CDCl3)
07.39-7.31 (m, 2H, H-2/, 6'), 7.20 (pseudo t, ]=7.8 Hz, 1H, H-5"), 7.09
(pseudo dsexset, J=7.5, 0.7 Hz, 1H, H-4'), 6.06 (ddd, J=10.1, 3.2,
1.9 Hz, 1H, H-2), 5.85 (dt, J=10.1, 1.7 Hz, 1H, H-3), 5.76 (dt, J=3.2,
1.6 Hz, 1H, H-1), 5.38 (dq, J=9.4, 2.0 Hz, 1H, H-4), 4.46 (ddd, J=9.4,
5.5,2.7 Hz, 1H, H-5), 4.31 (dd, J=12.1, 5.5 Hz, 1H, C-6HaHb), 4.21 (dd,
J=12.0, 2.7 Hz, 1H, C-6HaHb), 2.34 (s, 3H, —CHj3), 2.11 (s, 3H,
CH3—CO—0-), 2.07 (s, 3H, CH3—CO—OCH,—); *C NMR (50 MHz,
CDCl3) 6 170.7 (CH3—CO—OCH,—), 170.2 (CH3—CO—0—), 138.7 (C-
3’),134.5(C-1"),132.2,128.7,128.7,128.6,128.4,127.5 (C-2', 4,5/, 6
and C-2, 3), 83.7 (C-1), 67.3 (C-5), 65.1 (C-4), 63.0 (C-6), 21.3 (—CH3),
20.9 (CH3—CO—-0-), 20.7 (CH3—CO—OCH,—); Anal. Calcd for
C17H2005S: C, 60.70; H, 5.99; 0, 23.78; S, 9.53%. Found: C, 60.74; H,
5.91; S, 9.58%.

4.3.4. m-Tolyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-{3-p-erythro-hex-
2-enopyranoside (3-4f)

TH NMR (200 MHz, CDCls) é 7.39—7.31 (m, 2H, H-2, 6'), 7.18
(pseudo t, J=7.2 Hz, 1H, H-5"), 7.09 (pseudo dsextet, J=7.5, 0.7 Hz,
1H, H-4’), 5.97 (dt, J=10.2, 1.7 Hz, 1H, H-2), 5.82 (dt, J=10.2, 2.4 Hz,
1H, H-3), 5.64 (ddd, J=2.4, 2.0, 1.7 Hz, 1H, H-1), 5.21 (dddd, =74,
2.4,2.0,1.7 Hz, 1H, H-4),4.32 (dd, J=12.0, 5.2 Hz, 1H, C-6HaHb), 4.24
(dd, J=12.0, 4.5 Hz, 1H, C-6HaHb), 3.92 (ddd, J=74, 5.2, 4.5 Hz, 1H,
H-5), 2.34 (s, 3H, —CH3), 2.09 (s, 3H, CH3—CO—0CH,—), 2.07 (s, 3H,
CH3—CO—-0-).

4.3.5. p-tert-Butylphenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-«-p-
erythro-hex-2-enopyranoside («-4h)

Colorless crystals; mp. 51 °C. IR (KBr, », cm™"): 2961, 2905, 2870,
1740, 1592, 1368, 1223, 1078, 1048, 830, 788; TH NMR (400 MHz,
CDCls) 6 7.51—7.45 (m, AA'MM’, 2H, H-2'), 7.36—7.30 (m, AA'MM/,
2H, H-3’), 6.05 (ddd, J=10.1, 3.2, 1.9 Hz, 1H, H-2), 5.84 (dt, J=10.1,
1.8 Hz, 1H, H-3), 5.71 (dt, J=3.2, 1.7 Hz, 1H, H-1), 5.38 (dq, J=9.5,
2.0 Hz, 1H, H-4), 4.48 (ddd, J=9.5, 5.7, 2.6 Hz, 1H, H-5), 4.29 (dd,
J=12.1,5.7 Hz, 1H, C-6HaHb), 4.22 (dd, J=12.1, 2.6 Hz, 1H, C-6HaHb),
2.10 (s, 3H, CH3—CO—0—), 2.07 (s, 3H, CH3—CO—OCH,—), 1.31 (s, 9H,
3xCH3, —C(CHs)3); C NMR (101 MHz, CDCl3) 6 170.7
(CH3—CO—OCH,—), 170.3 (CH3—C0—0—), 151.1 (C-4'), 132.0 (C-2'),
131.2 (C-1'),128.8 (C-2), 127.5 (C-3), 126.0 (C-3'), 84.0 (C-1), 67.4 (C-
5), 65.3 (C-4), 63.2 (C-6), 34.6 (—C(CH3)3), 31.3 (—C(CH3)3), 21.0
(CH3—CO—0-), 20.8 (CH3—CO—0CH,—); Anal. Calcd for C2gH2605S:
C, 63.47; H, 6.92; O, 21.14; S, 8.47%. Found: C, 63.37; H, 6.97; S,
8.49%.

4.3.6. p-tert-Butylphenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-(-p-
erythro-hex-2-enopyranoside (3-4h)

"H NMR (400 MHz, CDCl3) § 7.50—7.43 (m, AA'MM, 2H, H-2"),
7.35—7.30 (m, AA’MM', 2H, H-3'), 5.97 (dt, J=10.2, 1.8 Hz, 1H, H-2),

5.81(dt, J=10.2, 2.5 Hz, 1H, H-3), 5.59 (ddd, J=2.5, 2.0, 1.8 Hz, 1H, H-
1), 5.18 (dddd, J=7.4, 2.5, 2.0, 1.8 Hz, 1H, H-4), 4.30 (dd, J=11.9,
5.7 Hz, 1H, C-6HaHb), 4.26 (dd, J=11.9, 4.1 Hz, 1H, C-6HaHb), 3.90
(ddd, J=7.4, 5.7, 4.1 Hz, 1H, H-5), 2.08 (s, 3H, CH3—CO—OCH,—), 2.05
(s, 3H, CH3—CO—0—), 1.31 (s, 9H, 3xCHs, —C(CH3)3); 3C NMR
(101 MHz, CDCl3) 6 170.7 (CH3—CO—0CH,—), 170.1 (CH3—CO—0—),
151.4 (C-4'), 132.8 (C-2'), 130.0 (C-2), 129.3 (C-1'), 127.1 (C-3), 125.8
(C-3'), 81.8 (C-1), 74.9 (C-5), 64.7 (C-4), 63.4 (C-6), 31.3 (—C(CH3)3),
29.7 (—C(CH3)3), 21.0 (CH3—CO—0—), 20.8 (CH3—CO—OCH,—).

4.3.7. o-Fluorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-«-p-
erythro-hex-2-enopyranoside (a-4i)

Microcrystalline whitish solid; mp. 82 °C; IR (KBr, v, cm™~1): 2977,
2952, 2920, 2851, 1745, 1645, 1475, 1383, 1242, 1224, 1068, 1043,
783, 764; "H NMR (200 MHz, CDCl3) 6 7.61 (td, Jy.u=7.9, 1.8 Hz, 1H,
H-5"), 731 (dddd, J;.u=8.9, 7.9, 1.8 Hz, Jyr=5.1 Hz, 1H, H-4),
7.17—7.03 (m, 2H, H-3', 6'), 6.09 (ddd, J=10.1, 3.1, 1.9 Hz, 1H, H-2),
5.90 (dt, J=10.1,1.7 Hz, 1H, H-3), 5.78 (dt, J=3.1, 1.6 Hz, 1H, H-1), 5.40
(dq, J=9.5, 1.9 Hz, 1H, H-4), 4.49 (ddd, J=9.5, 5.3, 2.5 Hz, 1H, H-5),
429 (dd, J=12.2, 5.3 Hz, 1H, C-6HaHb), 4.16 (dd, J=12.2, 2.5 Hz, 1H,
C-6HaHb), 212 (s, 3H, CH3-CO-0-), 205 (s, 3H,
CH3—CO—-OCH,—); 3C NMR (50 MHz, CDCls) & 170.6
(CH3—CO—0CH,—), 170.2 (CH3—CO—0—), 162.0 (d, 'J;=246.1 Hz,
C-2/),135.1 (d, *J4.r=0.8 Hz, C-5'),130.1 (d, *J11.r=8.0 Hz, C-6), 128.2,
128.1(C-2,3),124.6 (d, }J4.,=3.9 Hz, C-4'),121.0 (d, ?Jy_r=18.2 Hz, C-
1),115.8 (d, 2Juy.p=23.0 Hz, C-3'), 82.9 (d, ¥J.r,=1.7 Hz, C-1), 67.4 (C-
5), 650 (C-4), 62.8 (C-6), 209 (CH;—CO—0—), 20.6
(CH3—CO—0OCH3—); Anal. Calcd for C1gH17FO5S: C, 56.46; H, 5.03; F,
5.58; 0, 23.50; S, 9.42%. Found: C, 56.37; H, 4.92; S, 9.37%.

4.3.8. o-Fluorophenyl 4,6-di-0-acetyl-2,3-dideoxy-1-thio-(-p-
erythro-hex-2-enopyranoside ((-4i)

'H NMR (400 MHz, CDCl3) 6 7.63 (td, J=7.6, 1.8 Hz, 1H, H-5'), 7.32
(dddd, Ju-u=8.1, 7.6, 1.8 Hz, Ju.r=5.1 Hz,1H, H-4'), 7.14—7.05 (m, 2H,
H-3', 6'), 6.00 (dt, J=10.2, 1.8 Hz, 1H, H-2), 5.82 (dt, J=10.2, 2.4 Hz,
1H, H-3), 5.65 (ddd, J=2.4, 2.0, 1.8 Hz, 1H, H-1), 5.11 (dddd, J=7.4,
24, 2.0, 1.8 Hz, 1H, H-4), 4.34—4.25 (m, ABX, 2H, C-6HaHb), 3.89
(pseudo dt, J=7.4, 4.8 Hz, 1H, H-5), 2.09 (s, 3H, CH3—CO—OCH;,—),
2.06 (s, 3H, CH3—CO—0—-); '3C NMR (101 MHz, CDCl3) ¢ 170.7
(CH3—CO—0CH,—), 170.1 (CH3—CO—0—), 162.1 (d, YJyp=246.7 Hz,
C-2/),135.9 (d, 4J11.,=0.5 Hz, C-5'),130.5 (d, 3Jy_r=8.0 Hz, C-4'),129.5
(C-2), 1282 (d, ¥ur=10.5 Hz, C-1"), 127.6 (C-3), 124.3 (d, 3Ju.
F=3.8 Hz, C-6'), 115.8 (d, ?Jyp=23.1 Hz, C-3'), 80.8 (d, 4J4r=1.7 Hz,
C-1), 74.8 (C-5), 64.3 (C-4), 63.2 (C-6), 21.0 (CH3—CO—0—), 20.8
(CH3—CO—OCH,—).

4.3.9. m-Fluorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-a-p-
erythro-hex-2-enopyranoside (a-4j)

Microcrystalline whitish solid; mp. 58 °C; IR (KBr, v, cm! ): 3071,
2995, 2927, 1742, 1597, 1580, 1475, 1371, 1255, 1238, 1219, 1085,
1071,1034, 881, 786; TH NMR (200 MHz, CDCl3) 6 7.39—7.21 (m, 3H,
Ar), 7.06—6.91 (m, 1H, Ar), 6.05 (ddd, J=10.1, 3.1, 1.8 Hz, 1H, H-2),
5.89(dt,J=10.1,1.7 Hz, 1H, H-3), 5.78 (dt, J=3.1,1.8 Hz, 1H, H-1), 5.37
(dq, J=9.4, 1.9 Hz, 1H, H-4), 4.46 (ddd, J=9.4, 5.8, 3.3 Hz, 1H, H-5),
4.29 (dd, J=12.0, 5.8 Hz, 1H, C-6HaHb), 4.20 (dd, J=12.0, 3.3 Hz, 1H,
C-6HaHb), 2.12 (s, 3H, CH3—C0—0-), 2.09 (s, 3H, CH3—CO—OCH,—).
13C NMR (50 MHz, CDCl3) ¢ 170.7 (CH3—CO—OCH,—), 170.1
(CH3—CO—0-), 162.5 (d, Yyr=248.6Hz, C-3'), 1369 (d, Ju.
F=8.0 Hz, C-17),130.0 (d, 3J.r=8.5 Hz, C-5'),128.1 (C-2), 128.0 (C-3),
126.9 (d, }Jy.F=3.1 Hz, C-6'), 118.4 (d, ¥Jy.F=22.6 Hz, C-2'), 114.5 (d,
2J4F=21.2 Hz, C-4'), 83.3 (C-1), 67.4 (C-5), 65.1 (C-4), 63.0 (C-6),
20.9 (CH3—CO—0-), 20.6 (CH3—CO—OCH;—); Anal. Calcd for
C16H17FOsS: C, 56.46; H, 5.03; F, 5.58; O, 23.50; S, 9.42%. Found: C,
56.45; H, 5.03; S, 9.44%.
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4.3.10. m-Fluoropheny! 4,6-di-O-acetyl-2,3-dideoxy-1-thio-f-p-
erythro-hex-2-enopyranoside ((3-4j)

TH NMR (400 MHz, CDCl3) é 7.36—7.30 (m, 1H, H-2), 7.30—7.21
(m, 2H, H-5',6'), 7.03—6.93 (m, 1H, H-4'), 5.96 (dt,J=10.2,1.7 Hz, 1H,
H-2), 5.86 (dt, J=10.2, 2.4 Hz, 1H, H-3), 5.67 (ddd, J=2.4, 2.0, 1.7 Hz,
1H, H-1), 5.22 (dddd, J=7.6, 2.4, 2.0, 1.7 Hz, 1H, H-4), 4.34—4.28 (m,
ABX, 2H, C-6HaHb), 3.95 (pseudo dt, J=7.6, 4.8 Hz, 1H, H-5), 2.11 (s,
3H, CH3—CO—OCH;—), 2.08 (s, 3H, CH3—CO—0-); 3C NMR
(101 MHz, CDCl3) ¢ 170.8 (CH3—CO—0OCH,—), 170.1 (CH3—CO—0-),
162.5 (d, Ji.p=247.9 Hz, C-3'),135.4 (d, *Jy;.;=8.0 Hz, C-1’) 129.9 (d,
3J1.p=8.3 Hz, C-5'),129.4 (C-2), 127.7 (C-3),127.5 (d, }Jy.;=3.1 Hz, C-
6'),118.8 (d, ?Jyr=22.8 Hz, C-2'), 114.8 (d, %J.,=21.2 Hz, C-4'), 81.2
(C-1), 749 (C-5), 64.4 (C-4), 63.1 (C-6), 21.0 (CH3—CO—0—), 20.7
(CH3—CO—OCH;,—).

4.3.11. p-Fluorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-a-p-
erythro-hex-2-enopyranoside («-4k)

Yellowish oil; IR (neat, », cm~1): 3096, 3068, 2955, 1738, 1589,
1490, 1369, 1219, 1077, 1046, 1014, 831; 'H NMR (200 MHz, CDCl3)
0 7.62—7.47 (m, AA’MM’, 2H, H-2’), 712—6.91 (m, AA'MM/, 2H, H-
3’),6.05(ddd,J=10.1,3.1,1.9 Hz, 1H, H-2), 5.87 (dt,J=10.1,1.7 Hz, 1H,
H-3), 5.66 (dt, J=3.1, 1.6 Hz, 1H, H-1), 5.38 (dq, J=9.5, 1.9 Hz, 1H, H-
4), 447 (ddd, J=9.5, 4.4, 3.7 Hz, 1H, H-5), 4.28 (dd, J=12.2, 4.4 Hz,
1H, C-6HaHb), 4.23 (dd, J=12.2, 3.7 Hz, 1H, C-6HaHb), 2.12 (s, 3H,
CH3—C0—0-), 2.10 (s, 3H, CH3—CO—0OCH,—); 3C NMR (50 MHz,
CDCl3) ¢ 170.6 (CH3—CO—OCH,—), 170.2 (CH3—CO—0-), 162.7 (d,
J=248.2 Hz, C-4'),134.5 (d, J=8.2 Hz, C-2/),129.7 (d, J=3.4 Hz, C-1'),
128.3 (C-2),127.8 (C-3),116.0 (d, J=21.9 Hz, C-3'), 84.1 (C-1), 67.3 (C-
5), 651 (C-4), 632 (C6), 209 (CH3—CO—0-), 20.7
(CH3—CO—0CH>—); Anal. Calcd for C1gH17FO5S: C, 56.46; H, 5.03; F,
5.58; 0, 23.50; S, 9.42%. Found: C, 56.42; H, 5.05; S, 9.44%.

4.3.12. p-Fluorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-{-p-
erythro-hex-2-enopyranoside (3-4k)

'H NMR (200 MHz, CDCl3) 6 7.59—7.46 (m, AA'MM’, 2H, H-2'),
7.08—6.93 (m, AA’'MM/, 2H, H-3'), 5.93 (dt, J=10.1, 1.7 Hz, 1H, H-2),
5.79 (dt,J=10.1, 2.2 Hz, 1H, H-3), 5.55 (ddd, J=2.2, 2.1, 1.7 Hz, 1H, H-
1), 513 (dddd, J=7.6, 2.3, 2.2, 1.7 Hz, 1H, H-4), 4.27—4.23 (m, ABX,
2H, C-6HaHb), 3.88 (pseudo dt, J=7.6, 4.6 Hz, 1H, H-5), 2.10 (s, 3H,
CH3—CO—0CH,—), 2.06 (s, 3H, CH3—CO—0—).

4.3.13. o-Chlorophenyl 4,6-di-0-acetyl-2,3-dideoxy-1-thio-a-p-
erythro-hex-2-enopyranoside («-4l)

Microcrystalline whitish solid; mp. 63 °C. IR (KBr, »,cm ™) 2953,
2927,2852,1735,1455,1384,1252,1238,1222,1069, 1035, 787, 757,
'H NMR (200 MHz, CDCl3) 6 7.75—7.64 (m, ABMX, 1H, H-3'),
7.46—7.35 (m, ABMX, 1H, H-6'), 7.31-7.15 (m, ABMX, 2H, H-4/, 5'),
6.10 (ddd, J=9.9, 3.3, 1.9 Hz, 1H, H-2), 5.91 (dt, J=9.9, 1.7 Hz, 1H, H-
3),5.87 (dt, J=3.3,1.6 Hz, 1H, H-1), 5.41 (dq, J=9.4, 1.9 Hz, 1H, H-4),
445 (ddd, J=9.4,5.4, 2.4 Hz,1H, H-5),4.31 (dd, J=12.1,5.4 Hz, 1H, C-
6HaHb), 4.16 (dd, J=12.1, 2.4 Hz, 1H, C-6HaHb), 2.12 (s, 3H,
CH3—CO—0-), 2.03 (s, 3H, CH3—CO—OCH>—); *C NMR (50 MHz,
CDCl3) 6 170.6 (CH3—CO—0OCH,—), 170.2 (CH3—C0O—0-), 135.3 (C-
2'),133.9 (C-1'), 132.5 (C-3’), 129.7 (C-6'), 128.4 (C-2), 128.3 (C-3),
128.1 (C-5'), 127.3 (C-4'), 82.3 (C-1), 67.7 (C-5), 64.9 (C-4), 62.8 (C-
6), 20.9 (CH3—CO—0-), 20.7 (CH3—CO—0OCH,—); Anal. Calcd for
C16H17Cl0s5S: C, 53.86; H, 4.80; C1, 9.94; O, 22.42; S, 8.99%. Found: C,
53.91; H, 4.76; S, 9.07%.

4.3.14. o-Chlorophenyl 4,6-di-0O-acetyl-2,3-dideoxy-1-thio-(-p-
erythro-hex-2-enopyranoside ((3-41)

TH NMR (400 MHz, CDCl3) 6 7.75—7.69 (m, ABMX, 1H, H-3’),
7.46—7.36 (m, ABMX, 1H, H-6'), 7.24—7.15 (m, ABMX, 2H, H-4/, 5'),
6.05 (dt, J=10.2, 1.8 Hz, 1H, H-2), 5.90 (dt, J=10.2, 2.5 Hz, 1H, H-3),
5.76 (ddd, J=2.5, 2.2, 1.8 Hz, 1H, H-1), 5.23 (dddd, J=71, 2.5, 2.2,

1.8 Hz, 1H, H-4), 4.34—4.29 (m, ABX, 2H, C-6HaHb), 3.97 (pseudo dt,
J=71, 5.2 Hz, 1H, H-5), 2.08 (s, 3H, CH3—CO—OCH>—), 2.07 (s, 3H,
CH3—CO—0-); 3C NMR (101 MHz CDCl) & 1707
(CH3—CO—O0CH,—), 170.2(CH3—CO—0—), 135.2 (C-2), 132.9 (C-1'),
132.6 (C-3'), 129.7 (C-6'), 129.3 (C-2), 128.5 (C-5'), 127.5 (C-3), 127.1
(C-4'), 803 (C-1), 74.7 (C-5), 644 (C-4), 632 (C-6), 210
(CH3—CO—0—), 20.8 (CH3—CO—OCH,—).

4.3.15. m-Chlorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-a-p-
erythro-hex-2-enopyranoside («-4m)

Colorless crystals; mp. 69 °C; IR (KBr, », cm~1): 2991, 2954, 2929,
1742,1729,1578, 1403, 1384, 1377,1228, 1207, 1068, 1048, 1015, 784,
773; TH NMR (200 MHz, CDCl3) 6 7.58 (pseudo td, J=1.7, 0.6 Hz, 1H,
H-2'), 748-736 (m, 1H, Ar), 7.30—7.21 (m, 2H, Ar), 6.05 (ddd,
J=10.1,3.1,1.8 Hz, 1H, H-2), 5.88 (dt, J=10.1,1.7 Hz, 1H, H-3), 5.77 (dt,
J=3.1,1.9 Hz, 1H, H-1), 5.36 (dq, J=9.4, 1.9 Hz, 1H, H-4), 4.44 (ddd,
J=94, 5.5, 3.4 Hz, 1H, H-5), 4.29 (dd, J=12.1, 5.5 Hz, 1H, C-6HaHDb),
423 (dd, J=12.1, 3.4 Hz, 1H, C-6HaHb), 2.12 (s, 3H, CH3—CO—0—),
2.09 (s, 3H, CH3—CO—0CH,—); '3C NMR (50 MHz, CDCl3) 6 170.6
(CH3—CO—0CH;,—), 170.1 (CH3—CO—0-), 136.8 (C-3’), 134.5 (C-1"),
131.2,129.9,129.5,128.1,128.0,127.7 (C-2/,4’, 5, 6’ and C-2, 3), 83.4
(C-1), 67.5 (C-5), 65.0 (C-4), 63.0 (C-6), 20.9 (CH3—CO—0—), 20.7
(CH3—CO—0CH,—); Anal. Calcd for C4gH17ClOsS: C, 53.86; H, 4.80;
Cl, 9.94; 0, 22.42; S, 8.99%. Found: C, 53.79; H, 4.84; S, 8.95%.

4.3.16. m-Chlorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-(-p-
erythro-hex-2-enopyranoside (3-4m)

TH NMR (200 MHz, CDCl3) 6 7.60—7.56 (m, 1H, Ar), 7.40—7.36 (m,
1H, Ar), 7.25—7.18 (m, 2H, Ar), 5.95 (dt, J=10.2, 1.6 Hz, 1H, H-2), 5.82
(dt, J=10.2, 2.2 Hz, 1H, H-3), 5.67 (ddd, J=2.2, 2.0, 1.6 Hz, 1H, H-1),
5.22 (dddd, J=7.5, 2.2, 2.0, 1.6 Hz, 1H, H-4), 4.31—4.26 (m, ABX, 2H,
C-6HaHb), 3.95 (pseudo dt, J=7.5, 4.8 Hz, 1H, H-5), 2.12 (s, 3H,
CH3—CO—0CH,—), 2.07 (s, 3H, CH3—CO—0-).

4.3.17. p-Chlorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-«-p-
erythro-hex-2-enopyranoside («-4n)

Colorless crystals; mp. 71 °C; IR (KBr, », cm~1): 2960, 2927, 2903,
1746, 1731, 1478, 1374, 1060, 1043, 1014, 830, 818, 785; 'H NMR
(400 MHz, CDCl3) 6 7.51-7.46 (m, AA'MM’, 2H, H-2'), 7.31-7.26 (m,
AA'MM, 2H, H-3'), 6.04 (ddd, J=10.1, 3.2, 1.9 Hz, 1H, H-2), 5.88 (dt,
J=10.1, 1.8 Hz, 1H, H-3), 5.71 (dt, J=3.2, 1.7 Hz, 1H, H-1), 5.38 (dq,
J=9.5, 2.0 Hz, 1H, H-4), 4.44 (ddd, J=9.5, 5.6, 2.9 Hz, 1H, H-5), 4.27
(dd, J=121, 5.6 Hz, 1H, C-6HaHb), 4.22 (dd, J=12.1, 2.9 Hz, 1H, C-
6HaHb), 2.11 (s, 3H, CH3—CO—0-), 2.08 (s, 3H, CH3—CO—OCH,—);
13C NMR (101 MHz, CDCl3) 6 170.7 (CH3—CO—OCH,—), 170.3
(CH3—C0O—0-), 134.0 (C-4'), 133.3 (C-1'), 133.1 (C-2'), 129.1 (C-3'),
128.2 (C-2),128.0 (C-3), 83.7 (C-1), 67.4 (C-5), 65.1 (C-4), 63.1 (C-6),
21.0 (CH3—CO—0O-—), 20.8 (CH3—CO—OCH,—); Anal. Calcd for
C16H17Cl0sS: C, 53.86; H, 4.80; C1,9.94; 0, 22.42; S, 8.99%. Found: C,
53.84; H, 4.78; S, 9.04%.

4.3.18. p-Chlorophenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-(-p-
erythro-hex-2-enopyranoside ((-4n)

'H NMR (400 MHz, CDCl3) 6 7.50—7.45 (m, AA'MM’, 2H, H-2'),
7.30—7.25 (m, AA’MM/, 2H, H-3’), 5.93 (dt, J=10.2, 1.8 Hz, 1H, H-2),
5.83(dt,J=10.2, 2.4 Hz, 1H, H-3), 5.60 (ddd, J=2.4, 2.0, 1.8 Hz, 1H, H-
1), 518 (dddd, J=7.5, 2.4, 2.0, 1.7 Hz, 1H, H-4), 4.31—4.28 (m, ABX,
2H, C-6HaHb), 3.91 (ddd, J=7.5, 5.1, 4.4 Hz, 1H, H-5), 2.10 (s, 3H,
CH3—CO—OCH,—), 2.07 (s, 3H, CH3—CO—0—); 3C NMR (101 MHz,
CDCl3) ¢ 170.7 (CH3—CO—OCH;—), 170.1 (CH3—CO—0—), 134.3 (C-
4'),134.1 (C-2), 131.1 (C-1"), 129.5 (C-2), 128.9 (C-3'), 127.6 (C-3),
81.3(C-1),74.9 (C-5),64.4 (C-4),63.2 (C-6), 21.0 (CH3—CO—0—), 20.8
(CH3—CO—OCH,—).



D. Stevanovic et al. / Carbohydrate Research 407 (2015) 111—121 119

4.3.19. Butyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-a-1-erythro-hex-2-
enopyranoside («-5a)

Colorless oil; IR (neat, », cm™): 2958, 2931, 2874, 1741, 1372,
1231, 1091, 1060, 1039, 916, 792; 'H NMR (200 MHz, CDCl3) 6 5.91
(ddd, =101, 3.0, 1.8 Hz, 1H, H-2), 5.73 (dt, J=10.1, 1.7 Hz, 1H, H-3),
5.48 (dt, J=3.0, 1.8 Hz, 1H, H-1), 5.1 (dq, J=9.0, 1.9 Hz, 1H, H-4), 4.15
(dq, J=9.0, 6.3 Hz, 1H, H-5), 2.81—2.55 (m, 2H, SCH>), 2.09 (s, 3H,
OCOCH3), 1.71-1.52 (m, 2H, CH,), 1.52—1.31 (m, 2H, CHy), 1.23 (d,
J=6.3 Hz, 3H, CH3), 0.92 (t, J=7.2 Hz, 3H, CH3); '>C NMR (50 MHz,
CDCl3) 6 170.5 (CH3—CO—0—-), 129.2, 127.1 (C-2, 3), 80.2 (C-1), 70.8
(C-4), 64.9 (C-5), 32.2 (CHy), 31.8 (CHy), 21.9 (CHCH3), 21.0
(CH3—CO—0—), 179 (CH3), 13.6 (CH,CHs3); Anal. Calcd for
C12H200s3S: C, 58.98; H, 8.25; 0, 19.64; S, 13.12%. Found: C, 59.07; H,
8.31; S, 13.07%.

4.3.20. Methyl glycolyl (2'-methoxy-2'-oxoethyl) 4-O-acetyl-1-
thio-2,4,6-tridideoxy-«-L-erythro-hex-2-enopyranoside («-5b)

Colorless oil; IR (neat, », cm™1!): 2981, 2953, 2936, 1734, 1436,
1372, 1280, 1231, 1090, 1064, 1039, 917, 782; 'H NMR (200 MHz,
CDCl3) 6 5.92 (ddd, J=10.1, 2.9, 1.7 Hz, 1H, H-2), 5.80 (dt, J=10.1,
1.6 Hz, 1H, H-3), 5.66 (ddd, J=2.9, 2.1, 1.6 Hz, 1H, H-1), 512 (dq,
J=9.0, 1.8 Hz, 1H, H-4), 4.1 (dq, J=9.0, 6.2 Hz, 1H, H-5), 3.75 (s, 3H,
COOCH3), 3.50 (d, J=15.1 Hz, 1H, SCHaHbCO), 3.29 (d, J=15.1 Hz, 1H,
SCHaHbCO), 2.10 (s, 3H, OCOCH3), 1.23 (d, J=6.2 Hz, 3H, CH3); °C
NMR (50 MHz, CDCl3) é 170.8 (—CO—0—CHj3), 170.3 (CH3—CO—0—),
128.3, 1279 (C-2, 3), 79.8 (C-1), 70.6 (C-4), 65.2 (C-5), 52.4
(—=CO—0—CH3), 32.7 (CHa), 20.9 (CH3—CO—0—), 17.8 (CH3); Anal.
Calcd for C11H1605S: C, 50.75; H, 6.20; 0, 30.73; S, 12.32%. Found: C,
50.67; H, 6.11; S, 12.38%.

4.3.21. 3'-Methoxy-3'-oxopropyl 4-O-acetyl-1-thio-2,4,6-
tridideoxy-a-L-erythro-hex-2-enopyranoside («-5c)

Yellow viscous oil; IR (neat, », cm~1): 2979, 2953, 2935, 1734,
1436, 1372, 1231, 1148, 1090, 1061, 1039, 916, 785; 'H NMR
(200 MHz, CDCl3) 6 5.89 (ddd, J=10.1, 2.9, 1.8 Hz, 1H, H-2), 5.75 (dt,
J=10.2, 1.7 Hz, 1H, H-3), 5.51 (dt, J=2.9, 2.1 Hz, 1H, H-1), 5.11 (dq,
J=9.0, 1.9 Hz, 1H, H-4), 412 (dq, J=9.0, 6.3 Hz, 1H, H-5), 3.71 (s, 3H,
COCH3), 3.04—2.60 (m, A2B,, 4H, SCH,CH,CO0), 2.09 (s, 3H, OCOCH3),
1.24 (d, J=6.3 Hz, 3H, CH3); 13C NMR (50 MHz, CDCl3) ¢ 172.2
(—CO—0—CH3), 170.4 (CH3—CO—0—-), 128.7, 127.6 (C-2, 3), 80.6 (C-
1), 70.7 (C-4), 65.0 (C-5), 51.7 (—CO—0—CH3), 35.3 (SCH,CH,CO),
27.2 (SCH,CH,CO), 21.0 (0O—CO—CH3), 17.8 (CH3); Anal. Calcd for
C12H1805S: C, 52.54; H, 6.61; O, 29.16; S, 11.69%. Found: C, 52.48; H,
6.70; S, 11.73%.

4.3.22. o-Tolyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-a-L-erythro-hex-
2-enopyranoside («-5e)

Microcrystalline colorless solid; mp. 46 °C; IR (KBr, », cm™):
3017, 2978, 2932, 2898, 1738, 1469, 1454, 1375, 1241, 1091, 1057,
1042, 781; 'H NMR (200 MHz, CDCl3) 6 7.66—7.55 (m, 1H, H-6'),
7.22—7.12 (m, 3H, H-3/, 4/, 5'), 6.05 (ddd, J=10.1, 3.1, 1.9 Hz, 1H, H-2),
5.83 (dt,J=10.1,1.7 Hz, 1H, H-3), 5.69 (dt, J=3.2,1.6 Hz, 1H, H-1), 5.15
(dq,J=9.0,1.9 Hz, 1H, H-4), 4.27 (dq, J=9.0, 6.2 Hz, 1H, H-5), 2.42 (s,
3H, CH3), 2.11 (s, 3H, OCOCH3), 1.26 (d, J=6.2 Hz, 3H, CH3); 13C NMR
(50 MHz, CDCl3) ¢ 170.4 (CH3—CO—0—), 139.0 (C-2’), 134.7 (C-1),
131.7,130.1,128.8, 127.9,127.3,126.6 (C-3/, 4, 5, 6’ and C-2, 3), 83.1
(C-1), 70.7 (C-4), 65.6 (C-5), 21.0 (OCOCH3), 20.7 (CH3), 18.0 (CH3);
Anal. Caled for Cy5H1g03S: C, 64.72; H, 6.52; O, 17.24; S, 11.52%.
Found: C, 64.66; H, 6.61; S, 11.47%.

4.3.23. o-Tolyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-(-1-erythro-hex-
2-enopyranoside (3-5e)

'H NMR (200 MHz, CDCl3) 6 7.67—7.55 (m, 1H, H-6'), 7.24—7.12
(m, 3H, H-3/, 4, 5’), 5.95 (dt, J=10.2, 1.7 Hz, 1H, H-2), 5.80 (dt,
J=10.2, 2.2 Hz, 1H, H-3), 5.61 (ddd, J=2.5, 2.2, 1.7 Hz, 1H, H-1), 5.04

(dddd, J=7.4, 2.5, 2.2,1.7 Hz, 1H, H-4), 3.78 (dq, J=7.4, 6.3 Hz, 1H, H-
5), 2.42 (s, 3H, CHs), 2.07 (s, 3H, OCOCH3), 1.33 (d, J=6.3 Hz, 3H,
CHs).

4.3.24. m-Tolyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-a-L-erythro-
hex-2-enopyranoside («-5f)

Colorless oil; IR (neat, », cm™"): 3052, 2979, 2932, 1743, 1592,
1475, 1372, 1235, 1092, 1063, 1041, 787, TH NMR (200 MHz, CDCl3)
07.36—7.29 (m, 2H, H-2/, 6'), 7.20 (pseudo t, J=7.8 Hz, 1H, H-5'), 7.07
(pseudo dsextet, J=7.5, 0.7 Hz, 1H, 4'), 6.02 (ddd, J=10.1, 3.1, 1.9 Hz,
1H, H-2), 5.82 (dt, J=10.1,1.7 Hz, 1H, H-3), 5.71 (dt, J=3.1, 1.6 Hz, 1H,
H-1), 515 (dq, J=9.1, 1.9 Hz, 1H, H-4), 4.27 (dq, J=9.1, 6.2 Hz, 1H, H-
5), 2.34 (s, 3H, CHs), 2.11 (s, 3H, OCOCH3), 1.28 (d, J=6.2 Hz, 3H,
CH3); '3C NMR (50 MHz, CDCl3) 6 170.4 (CH3—C0—0—-), 138.7 (C-3'),
135.1(C-1'),132.0,128.7,128.6,128.3,128.2,128.0 (C-2',4', 5/, 6’ and
C-2, 3),83.6 (C-1), 70.7 (C-4), 65.4 (C-5), 21.3 (CH3), 21.1 (OCOCH3s),
18.0 (CH3); Anal. Calcd for Ci5H1g03S: C, 64.72; H, 6.52; 0, 17.24; S,
11.52%. Found: C, 64.74; H, 6.50; S, 11.51%.

4.3.25. m-Tolyl 4-0-acetyl-1-thio-2,4,6-tridideoxy-(-L-erythro-
hex-2-enopyranoside (6-5f)

TH NMR (200 MHz, CDCl3) 6 7.36—7.29 (m, 2H, H-2/, 6'), 7.20
(pseudo t, J=7.8 Hz, 1H, H-5'), 7.07 (pseudo dsextet, J=7.5, 0.7 Hz,
1H, H-4), 5.93 (dt, J=10.2, 1.7 Hz, 1H, H-2), 5.77 (dt, J=10.2, 2.4 Hz,
1H, H-3), 5.60 (ddd, J=2.4, 2.0, 1.7 Hz, 1H, H-1), 5.02 (dddd, J=7.9,
24,2.0,1.7 Hz, 1H, H-4), 3.78 (dq,J=7.9, 6.4 Hz, 1H, H-5), 2.34 (s, 3H,
CH3), 2.06 (s, 3H, OCOCH3), 1.34 (d, J=6.4 Hz, 3H, CH3).

4.3.26. p-Tolyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-a-1-erythro-hex-
2-enopyranoside («-5g)

Whitish microcrystalline solid; mp. 77 °C; IR (KBr, », cm™!):
2982, 2970, 2929, 2874, 1728, 1494, 1396, 1373, 1237, 1096, 1071,
1042, 805, 779; 'H NMR (200 MHz, CDCl3) 6 7.45—7.37 (m, AA'MM/,
2H, H-2'), 712 (m, AA'MM’, 2H, H-3'), 6.02 (ddd, J=10.1, 3.1, 1.9 Hz,
1H, H-2), 5.81 (dt,J=10.1, 1.7 Hz, 1H, H-3), 5.64 (dt,J=3.1,1.7 Hz, 1H,
H-1), 5.14 (dq, J=9.1, 1.9 Hz, 1H, H-4), 4.28 (dq, J=9.1, 6.3 Hz, 1H, H-
5), 2.33 (s, 3H, CH3), 2.11 (s, 3H, OCOCH3), 1.27 (d, J=6.3 Hz, 3H,
CH3); 3C NMR (50 MHz, CDCl3) 6 170.4 (CH3—CO—0-), 137.5 (C-4'),
132.0 (C-2'),131.6 (C-1"), 129.7 (C-3'), 128.6, 127.9 (C-2, 3), 84.0 (C-
1), 70.7 (C-4), 65.3 (C-5), 21.1 (2C, CH3, OCOCH3), 18.0 (CHs3); Anal.
Calcd for C15H1g03S: C, 64.72; H, 6.52; O, 17.24; S, 11.52%. Found: C,
64.81; H, 6.50; S, 11.57%.

4.3.27. p-Tolyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-(-L-erythro-hex-
2-enopyranoside (($-5g)

1H NMR (200 MHz, CDCl3) 6 7.45—7.37 (m, AA'MM’, 2H, H-2/),
7.16—7.08 (m, AA'MM’, 2H, H-3'), 5.90 (dt, J=10.2, 1.7 Hz, 1H, H-2),
5.74 (dt,J=10.2, 2.2 Hz, 1H, H-3), 5.53 (ddd, J=2.5, 2.2, 1.7 Hz, 1H, H-
1),4.99(dddd, J=7.7, 2.5, 2.2,1.7 Hz, 1H, H-4), 3.73 (dq, J=7.7, 6.3 Hz,
1H, H-5), 2.33 (s, 3H, CH3), 2.05 (s, 3H, OCOCH3), 1.32 (d, J=6.3 Hz,
3H, CHs).

4.3.28. p-tert-Butylphenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-a-L-
erythro-hex-2-enopyranoside («-5h)

Colorless oil; IR (neat, », cm™1): 2963, 2904, 2870, 1741, 1489,
1372, 1231, 1090, 1061, 1039, 916, 783; 'H NMR (200 MHz, CDCls)
0 749—-7.42 (m, AA'MM’, 2H, H-2'), 7.37—7.29 (m, AA’MM/, 2H, H-
3’),6.02 (ddd,j=10.1,3.1,1.9 Hz, 1H, H-2), 5.81 (dt, J=10.1,1.7 Hz, 1H,
H-3),5.67 (dt,J=3.1,1.6 Hz, 1H, H-1), 5.15 (dq, J=9.1, 1.9 Hz, 1H, H-4),
4.29 (dq, J=9.1, 6.3 Hz, 1H, H-5), 2.11 (s, 3H, OCOCH3), 1.31 (s, 9H,
3xCHs, C(CH3)3), 1.28 (d, J=6.3 Hz, 3H, CH3); *C NMR (50 MHz,
CDCl3) 6 170.4 (CH3—CO—0-), 150.6 (C-4’),131.8 (C-1'), 131.5 (C-2’),
128.7,127.9 (C-2, 3), 126.0 (C-3'), 83.9 (C-1), 70.7 (C-4), 65.4 (C-5),
34.5 (C(CHs3)3), 31.2 (C(CH3)3), 21.1 (OCOCH3), 18.0 (CH3); Anal.
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Calcd for C1gH2403S: C, 67.47; H, 7.55; 0, 14.98; S, 10.01%. Found: C,
67.41; H, 7.48; S, 9.93%.

4.3.29. p-tert-Butylphenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-3-1-
erythro-hex-2-enopyranoside (6-5h)

'H NMR (200 MHz, CDCl3) 6 7.49—7.42 (m, AA'MM’, 2H, H-2),
7.39-7.29 m, AAAMM’, 2H, H-3"), 5.93 (dt, J=10.2, 1.7 Hz, 1H, H-2),
5.77 (dt,J=10.2, 2.3 Hz, 1H, H-3), 5.56 (ddd, J=2.5, 2.3, 1.7 Hz, 1H, H-
1),5.02 (dddd, J=7.6, 2.5, 2.3,1.7 Hz, 1H, H-4), 3.75 (dq, J=7.6, 6.4 Hz,
1H, H-5), 2.06 (s, 3H, OCOCH3), 1.34 (d, J=6.4 Hz, 3H, CH3), 1.28 (s,
9H, 3xCHs, C(CHs3)3).

4.3.30. o-Fluorophenyl 4-0-acetyl-1-thio-2,4,6-tridideoxy-o-L-
erythro-hex-2-enopyranoside («-5i)

Whitish microcrystalline solid; mp. 74 °C; IR (KBr, », cm™!):
2978, 2933, 2893, 1734, 1571, 1474, 1383, 1238, 1093, 1042, 919, 779,
751; "H NMR (200 MHz, CDCl3) 6 7.59 (td, J=7.8, 2.0 Hz, 1H, H-5'),
7.36—7.23 (m, 1H, H-4'), 7.16—7.03 (m, 2H, H-3’, H-6'), 6.05 (ddd,
J=101, 3.0, 1.9 Hz, 1H, H-2), 5.86 (dt, J=10.1, 1.6 Hz, 1H, H-3), 5.72
(dt,J=3.0,1.6 Hz, 1H, H-1), 5.15 (dq, J=9.1, 1.9 Hz, 1H, H-4), 4.31 (dq,
J=91, 6.2 Hz, 1H, H-5), 2.12 (s, 3H, OCOCH3), 1.24 (d, J=6.2 Hz, 3H,
CH3); >C NMR (50 MHz, CDCl3) 6 170.4 (CH3—CO—0—-), 161.9 (d, [
F=2459Hz, C-2'), 134.7 (d, ¥ur=11 Hz, C-5'), 129.8 (d, 3Ju.
F=8.0 Hz, C-6'), 128.6, 128.2 (C-2, 3), 124.6 (d, >Jyr=3.8 Hz, C-4'),
121.7 (d, 2Jy.p=18.1 Hz, C-1), 115.7 (d, J-r=23.0 Hz, C-3'), 82.9 (d,
4J4.,=1.6 Hz, C-1), 70.6 (C-4), 65.6 (C-5), 21.0 (OCOCH3), 17.8 (CH3);
Anal. Calcd for Ci4H15FO3S: C, 59.56; H, 5.36; F, 6.73; O, 17.00; S,
11.36%. Found: C, 59.48; H, 5.43; S, 11.41%.

4.3.31. o-Fluorophenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-(-L-
erythro-hex-2-enopyranoside ((3-5i)

TH NMR (200 MHz, CDCl3) 6 7.67—7.57 (m, 1H, H-5'), 7.36—7.27
(m, 1H, H-4"), 7.16—7.02 (m, 2H, H-3', 6'), 5.97 (dt, ]=10.2, 1.7 Hz, 1H,
H-2), 5.78 (dt, J=10.2, 2.3 Hz, 1H, H-3), 5.62 (ddd, J=2.3, 2.0, 1.7 Hz,
1H, H-1), 4.92 (dddd, J=7.4, 2.3, 2.0, 1.7 Hz, 1H, H-4), 3.76 (dq, J=7.4,
6.4 Hz, 1H, H-5), 2.06 (s, 3H, OCOCH3), 1.32 (d, J=6.4 Hz, 3H, CH3).

4.3.32. m-Fluorophenyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-a-1-
erythro-hex-2-enopyranoside («-5j)

Yellowish oil; IR (neat, », cm™'): 3069, 2980, 2935, 2891, 1740,
1599, 1578, 1474, 1372, 1230, 1091, 1059, 1039, 879, 781; 'H NMR
(200 MHz, CDCl3) 6 7.34—7.19 (m, 3H, Ar), 7.03—6.88 (m, 1H, Ar),
6.01 (ddd, J=10.0, 2.9, 1.7 Hz, 1H, H-2), 5.85 (dt,j=10.1, 1.7 Hz, 1H, H-
3), 5.75 (dt, J=3.1, 2.1 Hz, 1H, H-1), 5.16 (dq, J=9.1, 1.9 Hz, 1H, H-4),
423 (dq, J=9.1, 6.2 Hz, 1H, H-5), 2.11 (s, 3H, OCOCH3), 1.28 (d,
J=62 Hz, 3H, CH3); >C NMR (50 MHz, CDCl3) 6 1704
(CH3—CO0—0-), 162.7 (d, Yu.r=248.4Hz, C-3'), 1379 (d, 3Ju.
F=7.9 Hz, C-1"), 130.1 (d, 3J;1./=8.5 Hz, C-5'), 128.6, 128.1 (C-2, 3),
126.3 (d, ¥Jy-F=3.0 Hz, C-6'), 117.6 (d, 2J;;.p=22.8 Hz, C-2'), 114.1 (d,
2 F=212 Hz, C-4'), 833 (C-1), 70.6 (C-4), 65.7 (C-5), 21.0
(OCOCH3), 18.0 (CH3); Anal. Calcd for C14H15F05S: C, 59.56; H, 5.36;
F, 6.73; 0, 17.00; S, 11.36%. Found: C, 59.64; H, 5.32; S, 11.43%.

4.3.33. m-Fluorophenyl 4-0-acetyl-1-thio-2,4,6-tridideoxy-(-L-
erythro-hex-2-enopyranoside ((3-5j)

'H NMR (400 MHz, CDCl3) 6 7.30—7.24 (m, 3H, Ar), 7.01-6.94 (m,
1H, H-4'), 5.92 (dt, J=10.2, 1.7 Hz, 1H, H-2), 5.83 (dt, J=10.2, 2.3 Hz,
1H, H-3), 5.65 (ddd, J=2.5, 2.3, 1.7 Hz, 1H, H-1), 5.04 (dddd, J=74,
2.5,2.3,1.7 Hz, 1H, H-4), 3.80 (dq, J=7.4, 6.4 Hz, 1H, H-5), 2.08 (s, 3H,
OCOCH3), 1.35 (d, J=6.4 Hz, 3H, CH3); 13C NMR (101 MHz, CDCls3)
61704 (CH3—C0—0-), 162.5 (d, 'Ji1.p=248.4 Hz, C-3'),135.7 (d, *Ju-
F=8.0 Hz, C-1/),130.0 (d, 3J}1.,=8.4 Hz, C-5'),129.4 (C-2), 128.3 (C-3),
127.4 (d, ¥1F=3.0 Hz, C-6'), 118.6 (d, }J1.F=22.7 Hz, C-2'), 114.6 (d,
2J1.p=21.2 Hz, C-4'), 81.3 (C-1), 73.5 (C-5), 69.6 (C-4), 21.1 (OCOCH3),
18.5 (CH3).

4.3.34. p-Fluorophenyl 4-0-acetyl-1-thio-2,4,6-tridideoxy-o-L-
erythro-hex-2-enopyranoside («-5k)

Colorless oil; IR (neat, », cm™!): 3052, 2979, 2934, 2893, 1739,
1589, 1489, 1371, 1228, 1087, 1062, 1039, 830, 780; 'H NMR
(200 MHz, CDCl3) 6 7.57—7.43 (m, AA’'MM’, 2H, H-2’), 7.10—6.94 (m,
AA'MM/, 2H, H-3'), 6.01 (ddd, J=10.1, 3.0, 1.9 Hz, 1H, H-2), 5.83 (dt,
J=101, 1.6 Hz, 1H, H-3), 5.61 (dt, J=3.0, 2.1 Hz, 1H, H-1), 5.15 (dq,
J=9.1,1.9 Hz, 1H, H-4), 4.27 (dq, J=9.1, 6.3 Hz, 1H, H-5), 2.12 (s, 3H,
OCOCH3), 1.28 (d, J=6.3 Hz, 3H, CHs); °C NMR (50 MHz, CDCl3)
6 170.4 (CH3—C0—0-), 162.6 (d, 'Ju.r=247.7 Hz, C-4'), 134.2 (d, *Jux-
F=8.2 Hz, C-2'), 130.3 (d, 4Jy_r=3.4 Hz, C-1'), 128.3, 128.2 (C-2, 3),
116.0 (d, ?Jy.F=21.9 Hz, C-3'), 84.2 (C-1), 70.6 (C-4), 65.4 (C-5), 21.1
(OCOCH3), 18.0 (CH3); Anal. Calcd for C14H15FO3S: C, 59.56; H, 5.36;
F, 6.73; 0, 17.00; S, 11.36%. Found: C, 59.50; H, 5.33; S, 11.34%.

4.3.35. p-Fluorophenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-{-L-
erythro-hex-2-enopyranoside (3-5k)

'H NMR (200 MHz, CDCl3) 6 7.56—7.44 (m, 2H), 7.08—6.94 (m,
2H), 5.88 (dt,j=10.2,1.7 Hz, 1H, H-2), 5.75 (dt, J=10.2, 2.2 Hz, 1H, H-
3),5.51 (ddd, J=2.3, 2.2,1.7 Hz, 1H, H-1), 4.95 (dddd, J=7.8, 2.3, 2.2,
1.7 Hz, 1H, H-4), 3.73 (dq, J=7.8, 6.3 Hz, 1H, H-5), 2.06 (s, 3H,
0OCOCH3), 1.31 (d, J=6.3 Hz, 3H, CH3).

4.3.36. o-Chlorophenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-a-L-
erythro-hex-2-enopyranoside («-51)

White microcrystalline solid; mp. 64 °C; IR (KBr, v, cm™~!): 2978,
2962, 2931, 2851, 1738, 1454, 1375, 1237, 1090, 1035, 916, 786, 745.
H NMR (200 MHz, CDCl3) & 7.71-7.65 (m, ABMX, 1H, H-3),
7.43—7.37 (m, ABMX, 1H, H-6'), 7.30—7.14 (m, ABMX, 2H, H-4', 5'),
6.06 (ddd, J=10.0, 3.1,1.8 Hz, 1H, H-2), 5.88 (dt, J=10.0,1.7 Hz, 1H, H-
3), 5.82 (dt, J=3.1, 1.8 Hz, 1H, H-1), 5.16 (dq, J=9.0, 1.9 Hz, 1H, H-4),
4.27 (dq, J=9.0, 6.2 Hz, 1H, H-5), 2.12 (s, 3H, OCOCH3), 1.25 (d,
J=6.2 Hz, 3H, CH3); 3C NMR (50 MHz, CDCl3) & 1704
(CH3—C0—0—-), 135.1 (C-2"), 134.7 (C-1"), 132.1 (C-6'), 132.0, 129.7,
128.8,128.1,127.3 (C-3/, 4/, 5/, 6’ and C-2, 3), 82.4 (C-1), 70.6 (C-4),
65.9 (C-5), 21.0 (OCOCH3), 18.0 (CH3); Anal. Calcd for C14H15ClO3S:
C, 56.28; H, 5.06; Cl, 11.87; 0, 16.06; S, 10.73%. Found: C, 56.19; H,
4.96; S, 10.63%.

4.3.37. m-Chlorophenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-a-L-
erythro-hex-2-enopyranoside («-5m)

Colorless viscous oil; IR (neat, », cm™!): 3057, 2980, 2934, 2891,
1740, 1576, 1462, 1372, 1230, 1090, 1062, 1038, 772; 'H NMR
(200 MHz, CDCl3) 6 7.53—7.50 (m, 1H, H-2'), 7.44—7.34 (m, 1H, Ar),
7.28—7.21 (m, 2H, Ar), 6.01 (ddd, J=10.1, 3.0, 1.8 Hz, 1H, H-2), 5.85
(dt,J=10.1,1.6 Hz, 1H, H-3), 5.74 (dt, J=3.0, 1.7 Hz, 1H, H-1), 5.16 (dq,
J=9.1,1.9 Hz, 1H, H-4), 4.23 (dq, J=9.1, 6.2 Hz, 1H, H-5), 2.12 (s, 3H,
OCOCH3), 1.29 (d, J=6.2 Hz, 3H, CH3); '>C NMR (50 MHz, CDCl3)
6 170.4 (CH3—C0O—0—-), 137.5 (C-3'),134.6 (C-1"), 130.7, 129.9, 129.0,
128.6,128.1,127.4 (C-2/, 4, 5, 6’ and C-2, 3), 83.4 (C-1), 70.6 (C-4),
65.7 (C-5), 21.0 (OCOCH3), 18.0 (CH3); Anal. Calcd for Ci4H15ClO3S:
C, 56.28; H, 5.06; (I, 11.87; 0O, 16.06; S, 10.73%. Found: C, 56.27; H,
5.13; S, 10.79%.

4.3.38. m-Chlorophenyl 4-O-acetyl-1-thio-2,4,6-tridideoxy-(-L-
erythro-hex-2-enopyranoside (3-5m)

TH NMR (400 MHz, CDCls) 6 7.56—7.51 (m, 1H, H-2'), 7.43—7.37
(m, 1H, Ar), 7.28—7.20 (m, 2H, Ar), 5.92 (dt, J=10.2, 1.7 Hz, 1H, H-2),
5.83(dt,J=10.2, 2.3 Hz, 1H, H-3), 5.63 (ddd, J=2.4, 2.3,1.7 Hz, 1H, H-
1),5.02 (dddd, J=74,2.4,2.3,1.7 Hz, 1H, H-4), 3.80 (dq, J=7.4, 6.4 Hz,
1H, H-5), 2.08 (s, 3H, 0COCH3), 1.35 (d, J=6.4 Hz, 3H, CH3); >*C NMR
(101 MHz, CDCl3) 6 170.3 (CH3—C0O—0—), 135.1 (C-3'), 133.5 (C-1),
131.6 (C-2'), 130.0 (C—Ar), 129.8 (C—Ar), 1294 (C-2), 128.2 (C-3),
127.8 (C—Ar), 81.3 (C-1), 73.5 (C-5), 69.5 (C-4), 21.1 (OCOCH3), 18.5
(CHs).
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4.3.39. p-Chlorophenyl 4-0-acetyl-1-thio-2,4,6-tridideoxy-o-1-
erythro-hex-2-enopyranoside («-5n)

White microcrystalline solid; mp. 78 °C; IR (KBr, », cm™): 2982,
2969, 2931, 2874, 1732, 1479, 1371,1230, 1092, 1072, 1043, 815, 782.
'H NMR (400 MHz, CDCl3) ¢ 7.47—7.42 (m, AA’MM’, 2H, H-2'),
7.30—7.26 (m, AA'MM’, 2H, H-3’), 6.00 (ddd, J=10.1, 3.1, 1.9 Hz, 1H,
H-2), 5.84 (dt, J=10.1, 1.7 Hz, 1H, H-3), 5.67 (dt, J=3.1, 1.7 Hz, 1H, H-
1), 5.15 (dq, J=9.1, 2.0 Hz, 1H, H-4), 4.24 (dq, J=9.1, 6.3 Hz, 1H, H-5),
2.11 (s, 3H, OCOCH3), 1.27 (d, J=6.3 Hz, 3H, CH3); >*C NMR (101 MHz,
CDCl3) 6 170.5 (CH3—C0—0—),133.9(C-4'),133.6 (C-1"),132.7 (C-2),
129.1 (C-3'),128.4 (C-3),128.2 (C-2), 83.7 (C-1), 70.6 (C-4), 65.6 (C-
5), 21.1 (OCOCH3), 18.0 (CH3); Anal. Calcd for C14H15Cl03S: C, 56.28;
H, 5.06; Cl, 11.87; O, 16.06; S, 10.73%. Found: C, 56.21; H, 5.11; S,
10.68%.

4.3.40. p-Chlorophenyl 4-0O-acetyl-1-thio-2,4,6-tridideoxy-(-L-
erythro-hex-2-enopyranoside ($-5n)

'H NMR (400 MHz, CDCl3) § 7.49—7.40 (m, AA'MM', 2H, H-2"),
7.32—7.23 (m, AA’MM/, 2H, H-3’), 5.89 (dt, J=10.2, 1.7 Hz, 1H, H-2),
5.79 (dt,J=10.2, 2.3 Hz, 1H, H-3), 5.56 (ddd, J=2.5, 2.3, 1.7 Hz, 1H, H-
1),4.99 (dddd, J=7.6, 2.5, 2.3,1.7 Hz, 1H, H-4), 3.75 (dq, J=7.6, 6.3 Hz,
1H, H-5), 2.06 (s, 3H, OCOCH3), 1.32 (d, J=6.3 Hz, 3H, CH3s).

4.4. X-ray crystallographic analysis of 4m and 4n

Single-crystal X-ray diffraction data for 4m and 4n were
collected at room temperature on an Agilent Gemini S diffractom-
eter equipped with Mo Ka radiation (1=0.71073 A). Data reduction
and empirical absorption corrections were performed with Cry-
sAlisPro.*® Crystal structure was solved by direct methods, using
SIR2002*° and refined using SHELXL-97 program®° by full-matrix
least-squares on F2.

In both crystal structures all H-atoms bound with aromatic C-
atoms as well as H-atoms attached to the C2 and C3 were placed
geometrically and refined using a riding model with C—H=0.93 A
and Ujso(H)=1.2 Ugg(C). The hydrogen atoms from methine, meth-
ylene and methyl groups were placed at geometrically idealized
positions with C—H distances fixed to 0.98, 0.97 and 0.96 A
respectively. Their isotropic displacement parameters were set
equal to 1.2Ueq and 1.5Ueq of the parent C atoms.

Selected crystallographic data for 4m: CigH7ClOgS, M=356.81,
colorless prismatic crystals, Dcajca=1.387 Mg m~3, triclinic crystal
system, space group P1, Z=1, final R indicates Ri/wRy (I>2a))=
0.0456/0.1027 (210 parameters and 3810 independent reflections),
GOF=1.055. Selected crystallographic data for 4n: C;gH;7ClOgS,
M=356.81, colorless prismatic crystals, D¢acg=1.360 Mg m3,
monoclinic crystal system, space group P24, Z=2, final R indicates
R1/WRy (I>207)=0.0492/0.0943 (210 parameters and 3046 inde-
pendent reflections), GOF=1.049.
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Mizjasa o ayropcrBy

MoTnucanu-a ﬂpér&ﬂé C:"E%Q\"’O%Ui\
6poj ynuca T 46//0(?

Mzjasmyjem

aa ;e AOKTOPCKA avceprauuja noj Hac/l0BOM

ﬂnuu@\a awon e OkCunawuie XNopuaa 6/130Muﬂ9 u
L,\upmuu‘\uua v Opfdabw-r CUHTER

e pe3yNTaT COMCTBEHOr UCTPAXUBAYKOr pasa,

s 2 npeanoxeHa auceprauuja y UenuHKW HKU Yy AenoBuMa Huje Buna npennoxeHa 3a
nobujarbe 6uno  Koje  aunnoMe  npema  CTyAUjCKUM  nporpamuMma  [Apyrux
BUCOKOLUKGNCKNX YCTaHOBa,

¢« [a Cy pe3ynTtaTuh KOPeKTHO HaBeAeHW n

e /la HUCaM KpLKWOo/na ayTopcka rnpasa M KOPUCTUO MHTEeNeKTyaslHy CBOJUHY APYrux
nuya.

Mornwuc ayropa

aryjesuy, 0 . . ).
y kparyjessy, 03.03. 9015 opatano Cwebaucbu?




OBPA3AL 2.

MzjaBa 0 MCTOBETHOCTM WTAMIaHe U eNEKTPOHCKE Bep3nje AOKTOPCKOr paja

WMe U npesnMe ayTopa _D{Dér&"\é C’J'Eb&ﬂoibuﬁ

Bpoj ynuca G/o¥ . .

CTyavjcku nporpam WmﬂQKIOqD%E_&K&.DLN_% waw_; . IKICQ"] "
Hacnos pana [IpAMENS AHONYE OKEUIY !\QE.XL IopuA VKOHYMA Y opio

MeHTOop .ll}p 3CTKO rD"' @\(}Jibu‘ﬁabu y

MoTnucaHu ﬂ;&ﬂ@ﬂ@ CTEWOfbu‘J;

u3jas/byjeM [a je wTaMnaHa Bep3uja MOr LOKTOPCKOr paAa WCTOBETHa eNeKTPOHCKO]
Bep3ujM  Kojy cam npepao/na  3a  objas/buparbe  Ha o noprany  Aururandor
pernosuropujyma Yuusepaurera y Kparyjesuy.

[ossorbaBam na ce ofjasBe Moju NUUYHKM nogaun sesaHn 3a fobujarbe akalNemMCcKor 3Barba
[NOKTOpa HayKa, Kao WTOo Cy uMe W npesuMe, roanHa u mecto poherba u patym osnbpaxe
paaa.

OBM NUYKK NoAaLUM MOry ce 06jaBuTh Ha MPEXHWM CTpaHuuama aurutanHe dubnuorexe, y
eNeKTPOHCKOM KaTanory vy nybnukaunjama Yuusepsurera y Kparyjesuy.

Movnwuc ayropa

//)CM’&(W\ &Eeé&//ogcxz
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Y Kparyjesuy, 0.3)0?] 20 ,5 .




OBPA3ALL 3.

Wzjasa o kopuwhery

Osnawhyjem YHuBepanTeTcky 6ubnnoteky Aa y [urntanHu penosutopujym YHusepsnterta
y Kparyjesuy yHece MOjy AOKTOPCKY Auceprauunjy nofd HacnosBomM:

Dpumieks  dHOIHE OKUUNQUUNE XNOPUNG, BROMUNG U YUOROHTYMI

Y OPraHtkoy” CUMTEDU

koja je Moje ayTopcke“nend.

[lucepTauujy ca CBWM NpUo3uMMa npenao/na cam y eneKkTpoHCKOM dopMaTy NOroAHOM 3a
TPajHO apxusuparse.

Mojy AOKTOPCKY AMcepTaunjy noxparseHy y [LUruTanHu penosntopujym YHupep3uTeTa vy
Kparyjesuy MOry Aa KOpUCTE CBW KOju NowTyjy oapeabe cappxawe y opabpaHom tuny
nuueHue KpeaTusHe 3ajeaHnue (Creative Commons) 3a Kojy caM ce oany4uno/na.

1. AyTOopCcTBO
AYTOPCTBO -~ HEKOMepLWjanHo
. AyTOpCTBO — HekoMepumjanHo — be3 npepane
4. AYyTOPCTBO — HEKOMEepUWjanHo - AeNMUTH Nod MCTUM yCnosuma
5. AyTtopcTeo — bes npepaje
6. AYTOpPCTBO ~ A@NUTY Mo UCTUM YCNoBUMa

i

(MOAUMO Aa 3a0KpYXWUTE CaMo jeaHy o4 WeCT NoHyHeHnx nuueHun, Yujn je kpartak onwuc
aar je Ha obpacuy 6poj 4.).

Mornwuc aytopa

Y Kparyjesuy, 0506 OZOI':; .
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