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PE3IOME

Em3umbT ackopbar okcumaza (AOX) — mpefcTaBUTe Ha CEMEUCTBOTO Ha
MIONU-MEIHUTE OKCHIA3H, € XEMHCOPOUpPAH BBPXY 3JaTHH HAHOYACTHUIIU, OT-
JIOXKEHH Upe3 eIEeKTPOXIMIYHA PEIyKINS Ha XEKCaxJIopoaypaTHu HOHH BBP-
Xy TIOBBPXHOCTTa Ha CTBKIOBBINIEPOACH elekTpoA. [lomydeHusT eH3uMeH
ENIEKTPOA € U3CIICABAH C BONTAMIIEPHHU U XPOHOAMIIEPOMETPUIHH METOIH.

[MomyueHnAT €H3NMEH ENEKTPOA € M3IOI3BAH 32 ENEKTPOAHATUTHIHO
ompenensiHe Ha BuTaMuH C, KaTo 3a IIeNTa € ONMPEAEICHO ONTHMAIHOTO
pH Ha paboTHaTa cpena 1 o0acTTa OT MOTCHINAIH, B KOATO OHOCEH30PBT
MOKa3Ba HUCKU HHBAa Ha IlyMa M BHCOKA YYBCTBHTENIHOCT. KaTo onTuMmar-
HU YCIIOBHS 32 paboTa Ha eNeKTPOXUMUYHUS OMOCEH30p ca ONpeAeiIeHH
pH = 7,0 u morernmanu 150 u 200 mV (vs. Ag / AgCl), kato enekrpomHa-
Ta YyBCTBHUTEJHOCT, ONpelesieHa MPU Te3H YCIOBHS, € ChbOTBETHO 2,56 U
4,03 pA mM™ mm=, a orkpuBaemusT MuHEMYM ¢ 1,5 uM. C monyyenus
€JIEKTPOXUMHYEH OMOCEH30p 3a aCKOPOMHOBA KHCEJIMHA € OMPEIENIeHO Ch-
IbprkaHueTo Ha BuTaMuH C B peanHu 00eKTH: aMmIynu ¢ BUT. C, TMMOHOB
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M. Kauaxosa, H. [lumuesa

COK ¥ XpaHHUTeNIHa fo0aBKa. PesynraruTe oT aHamM3MuTe ca ChIIOCTAaBEHH C
TapajenHo oNpeseliiHe KOHIEHTpaluiaTa Ha acKopOMHOBa KHCEIIIHA Ype3
HOIOMETPUYHO TUTPYBaHE Ha MPOOH OT chIuTe peanHu odektH. Ilomyde-
HHTE pe3yNTaTH rnokassar Haj 90% chBIajeHne MEX]TY J1BaTa METO/a.

Knrouoeu oymu: o6uocensop, snamuu Hamovacmuyu, uMOOUIUIUPAHA
ackopbam oxkcuoasa, buoenexmpokamanusa, gumamur C

BbBBEJJEHHUE

Ackop0Oar okcuas3aTta € €H3UM OT Ipymara Ha MOJIH-MEIHUTE OKCHIA3H
(MCOs), koiiTo Karajau3upa OKHUCICHHETO Ha L-ackopOMHOBATa KHCEIHHA
(L-AA, Buramus C) 1o aexuapoackopbunosa kucenuna (DHA) B mpucber-
BHETO Ha MOJIEKYISIPEH KHCIOPOJ TP €IHOBPEMECHHATA My PEXYKIHS JI0
BOJIa, CHIIACHO ypaBHEHHETO [1]:

4L—AA +20, — 4DHA+2H_. (1)

EH3uMBT € Oy M3MOM3BaH B Pa3IddHU BUIOBE OMOCEH30PH OT IIBPBO
MTOKOJICHHUE 3a eJIEKTPOaHANUTHYHO onpeensHe Ha L-ackopbar [2 — 5], mpu
KOETO OCHOBEH MPWHIMI HAa aHalu3a € aMIepOMETPHUYHOTO MpOCIesBa-
HE Ha KHCIOPOJHATa KOHCYMalus ¢ KuciopojaeH enekrpon (Kiapkos tuim).
Amnanornuno Ha npyru MCOs obade, ackopbar okcumasara € crocoOHa Ha
0OMEH Ha eJIeKTPOHH C MMOBBPXHOCTTA Ha ejekrpona [6 — 11]. [IspBaTa my6-
JIMKAIKUs, OTHMCBAIA TUPEKTeH OOMEH Ha eNeKTpoHU Mexny AOX U enek-
TpOIHATA MOBBPXHOCT, 1aTupa oT 1996 . [9]. BonrameTpruynu uscieaBanus
Ha AOX BBPXY 37aTE€H €NCKTPOI, MOAUGHIUPAH C PA3IUYHH MPOMOTOPH,
pasKpuBaT peoKC MPOLEeCH, KOUTO aBTOPUTE OTHACAT KbM OKHCIUTEIHO-
PEOYyKIIMOHHOTO peBphInane Ha T1 MemHus HEeHTHp Ha eH3uMa. Borpekn
MPUCHCTBUETO HA TPH THIA MenHH penoke HeHTbpa (T1, T2 u T3) B cTpyk-
Typara Ha TO3U €H3UM, B IO-KbCHUTC HAYyYHU Hy6HI/IKaLII/II/I nMa JaHHHu caMO
3a eIMH PeOKC Mpoliec, CBbp3aH ¢ T1 MenHus KIbCTep, HAOMOIaBaH Mpu
KaTOJIHUTE W aHOJHUTE TTOTCHIMOAMHAMUYHH KpuBH Ha AOX [7, 10].

EnBa HacKopo MPUCHCTBUETO HA TPHUTE SICHO ONPEIETICHH TBOMKU Ha
AQHOTHH M KaTOJHU IHKOBE, CBHp3aHU ¢ T1 W TpUsiIpeHus MeIeH IEHTBD
(T2, T3) na AOX, ca Ounu HaOMrOMaBaHK OT VIBHUTCKY [6] Ipy BoATaMITEp-
HU U3CJICIBaHUS BHPXY BBIVIEPOJICH €JICKTPO B apOOHU U aHAEPOOHH yC-
noBus. MeToqbT Ha €H3UMHOTO 3aKPEeBaHe € OT U3KIIFOUYMTENTHA BaXKHOCT
MpU Ch3JaBaHETO Ha 3-TO MOKOJIEHHMEe OMOCEH30pHU yCTpoWCTBa. B To3m
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Enexmpoxumuyen 6uocensop 3a onpedensne Ha...

KOHTEKCT €()eKTHBHA KOMYHMKAIlUS MEX]Iy €H3MMa M eJleKTpona e Oumia
MOCTUTHATa TP BKIIOYBaHETO Ha AOX B Pa3ziIWYHN BUAOBE ITOJMMEPHH
cJloeBe, OKPHUBALIM MOBFPXHOCTTAa HA OCHOBHUSA enekTpon [7, 10, 12] unu
MY 3aXBalllaHETO HAa €H3WMa BHPXY MOBBPXHOCTTA HA TUIATHHEH JIUCKOB
€IIEKTPOJI B TMTOJTMMEPEH KOMIIO3HUT, ChIbPIKAIll BEIIEPOJHA HAHOTPHOWIKH
(MWCNTs) [13], xakTo u cBbp3Bane Ha AOX ¢ 6u(yHKIIMOHATIEH peareHT
KBM ITOBBPXHOCTTA Ha BEINIEPOICH Screen-printed enexrpon [7].

JlutepaTypHusT mpersien BbPXY ENEKTPOXMMUYHUTE H3CIEIBAHUS C
MMOOHMIIN3UpPaHa acKopOaT OKCH1a3a MOKa3Ba, Y€ KaTo MPaBHIIO SEKTPOXH-
MUYHHATE OMOCEH30pH 32 OIpe/eIsIHE Ha aCKOPOMHOBA KHCEIINHA C€ OCHO-
BaBaT HAa U3MEPBaHE KOHCYMalUsATa Ha KUCIOPOJ (OMOIOruyHa MOTpeOHOCT
OT KHUCJIOPOM) MPH €H3WMHO-KAaTaJIUTHYHOTO OKHCIEHHE Ha cyOcTparta. B
peIKUTE Cilyyau, B KOUTO € HaOJIroJaBaHa eJIeKTPOXUMUYHA aKTUBHOCT Ha
€H3MMa, TS HE € MOCIY)KWJIa KaTo OCHOBA 3a pa3paboTBaHE Ha ENEKTPOXH-
MHUYEH OHOCEH30p 3a aCKOPOMHOBA KUCEIHMHA, Thil KaTO KaTro MPaBUIIO CH-
3UMHUTE OT CEMEWCTBOTO Ha MOJH-MEIHUTE OKCUIA3H MPOSIBSIBAT MHOTO CH-
JeH aUHUTET KbM KHCIOPOIa U KaTaIN3Upar HETOBaTa eIeKTPOPEIyKIIHs
JI0 BOJIa, KOETO MOTUCKA aKTUBHOCTTA Ha Apyrus kartanutuueH HeHTsp (T1),
OTTOBOPEH 3a OKHCIEHHETo Ha L-ackopOara.

B cBeminHara Ha ropeka3aHOTO HacTosllara padoTa € MocBeTeHa Ha
U3CIICABAHE SIIEKTPOXUMHATA Ha XeMucopoupanara AOX 1 oXapaKTepusu-
paHeTo Ha OMOCIEKTPUIHO-KaTATUTHIHOTO OKHCIIeHHe Ha L-ackopOar xato
OCHOBa 3a pa3paboTBaHe Ha TPETO MOKOJIeHUe Ouocen3opu 3a BuTamMuH C,
YHETO MPAKTHIECKO MIPUIIOKEHHUE Oellie ITIOCTPUPAHO C aHAIIN3a Ha ChIBP-
*aHueTo Ha L-ackopbaT BbB (hapMalleBTUUHU MPOAYKTH U JIUMOHOB COK.
B nacrosimara pabota € mpeuioKeH MPUHIMITHO HOB TOJXOJ 32 UMOOH-
JM3UPaHETO Ha acKopOaT oKchaaszaTa, Oe3 aHaJor B JOCTBITHATA CIICIHA-
AM3MpaHa nauTeparypa: eH3suMbT AOX Oelre XeMHUCOpPOUPaH BBPXY 3JIaTHH
HAHOYACTHIM, OTIOKCHN Upe3 CNEKTPOXUMHUIHA PEAYKIHSI Ha XEKCaXJo-
poaypaTHH HOHM BBPXY HOBBPXHOCTTa Ha CTHKIIOBBIVIEPONEH EIEKTPOJ.
[Ipu pazpaboTBaHETO HA CH3UMHUTE CICKTPOAN OSXa BapHUPAHU B IIMPOKH
IpaHULM eKCIIEPUMEHTAIHUTE YCIIOBHS KAaKTO 3a OTJIAaraHeTo Ha 3JIaTHUTE
HAHOCTPYKTYpH, TaKa U 3a 3aKPErBaHETO HA €H3MMa, KaTo 3a €/IMH Onpesie-
JICH TUII TIPUTOTBSIHE Ha CH3UMHUS eJIeKTpox Oerne HaOromaBaHa TUPEKT-
Ha eJeKTpOoXMMUs Ha eH3uMa. Karo crienctBue ot ToBa Oeme pa3paboTeH
SNIEKTPOAHATIUTHYCH METO] 32 OIIpeseNsiHe Ha BUTaMuH C, KOWTO € MHOTO
MO-CEJICKTUBEH OT TPAAULIMOHHU METO/ 32 aHAJII3a My — HOTOMETPHIHOTO
TUTpPYyBaHe.



M. Kauaxosa, H. [lumuesa

EKCHHEPUMEHTAJIHA YACT

Marepuaju

[pu pazpaboTBaHe Ha HacTosmIara padoTa ca W3MON3BAaHU CICTHUTE
PEaKTHBU U MaTepHaIH:

Ackopbar okcuaaza (AOx) (E.C. 1.10.3.3) or Cucurbita Sp. (Sigma-
Aldrich) ¢ xomorenna akrtuBaocT 215,66 U mg™! (1 U okucnssa 1,0 pmol ot
L-ackop6ara jo nexuapoackop6ar 3a 1 munyTta nipu pH 5,6 u 25°C).

L-ackopOunosa kucemuna (Fluka), Na,HPO, m NaH,PO, (Sigma-
Aldrich); HAuCl,.H,O (Acros) cbe cnenudukanum ,,u3a‘.

Konnenrpanusra Ha L-ackopOWHOBa KHCENWHA CE OMpeeNs ¢ eH3UMHH
eNEeKTPOMH B peaHu 00ekTH: ammyu ButaMuH C, cpabpxkamy 100 mg mL™!
L-ackopb6ar, npoussenenun ot Harypdapma, brirapust; xpaHutenna nooaBka
Resveratrol C, npousBenena ot ,,l'onn Taiimc OO/I, 1 COK OT JIUMOH.

PaboTHHAT eNneKTpo] € AUCK OT CTHKIOBbIIepoa (anamersp = 1,0 mm,
Metrohm, Bbiarapust, BuaiMa moBbPXHOCT OT OK. 0,8 mm?).

Bydepuute pasropu (0,1 M) Osixa HanpaBeHH OT HaTpueBH Qocdartu
(eZHOOCHOBEH ¥ ABYOCHOBEH), pa3TBOPEHH B JBOMHO IECTHIIMpPaHA BOAA C
pH 5,6 u 7,0, xoutponupanu ¢ pH metsp pH 211 (Hanna Instruments, USA).

Ocrananure peakTuBH 0sxa ¢ unctora Haj 98% wiun cbe cnenuduka-
U ,,CIIEKTPATHO YUCTH* ¥ He 0s1Xa MoJJIaraHy Ha IOITbJIHUTENIHA 00padoT-
Ka Tpe/in ynorpeoa.

Metonu

Bceuukn m3MepBaHus 0sXa MPOBEKAAHU B CTaHAAPTHA, TPHEIEKTPO-
Ha CTHKJICHA KJIETKa C Hepa3leliCHN eJIEKTPOAHY MPOCTPAHCTBA U paboTeH
o6em 10 — 20 cm® , cpaBuurenen enexkrpon — Ag / AgCl, 3M KCl, uzmons-
BaH KaTo CPaBHHTEICH ENIEKTPOJ, CTHKIOBBIVIEPONCH PabOTEH EIEKTPOX
U IJIATHHEHA JKUIA, M3M0JI3BaHa KaTO CIIOMArarelieH eNeKTPOH, CBbP3aHH
KBbM CJICKTPOXMMHUYHA paboTHa craHuus Palm Sens ¢ kKOMIIOTBpeH KOH-
tpoxt u PS Trace 2.13 codryep (Palm Instruments, Hunepmanams).

B cepust or mpeaBapuTENHH EKCIIEPUMEHTH BBPXY MMOBBPXHOCTTA Ha
CTBKJIOBBITICPOIHUS EIEKTPOH Os1Xa OTIIOKECHH 3JIaTHH HAHOYACTHIIH C pa3-
Mepu Ha Au-cTpykTypu 10 200 nm upe3 eneKTpOXUMHYHH (MTOTEHIIHOCTAa-
THYHM WM HOTEHIIMOJUMHAMUYHHU) METOMH, IOCIEABAHO OT aAcopOuus Ha
€H3WMMa B IPOABIDKEHHE HA €FH Yac IPH CTaiHa TeMIeparypa.

[Ipenn ynorpeba paGOTHUAT €NEKTPOA C€ MOYNCTBA MEXaHHMYHO Upe3
HOJIUPaHe BBPXY aJTyMHMHHEBA IacTa, MOCIEIBAHO OT TPHKPATHO MPOMH-
BaHE B JICCTWIIMpPAHA BOJa ¢ yATpas3Byk. [Ipean eH3uMHaTa UMOOHIH3ALIUS
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Enexmpoxumuyen 6uocensop 3a onpedensne Ha...

Au MomuGUIUPAHUAT €IEKTPO] ce€ MOYUCTBA €IEKTPOXHUMUYHO B 0,5 M
H,SO, ¢ metona mukmmuna Bonramnepomerpus (CV, CKOPOCT Ha CKaHUpa-
ue 0,1 Vs™') B uarepsaina ot noreniuanu ot 0 go 1,7 V (cipsimo Ag / AgCl,
3 M kanueB XJOpH[) 3a Haii-Manko 20 MUKBIIA, CIIA TOBA BHUMATEIHO CE€
W3IUIAKBA C IBOMHO JecTuiupaHa Bona. Ancoponusta Ha AOX ce U3BbpII-
Ba NPU CTaTMYHH YCIIOBHS Ype3 MOTarsHe Ha MOAM(UIUpPaHH €IeKTPOAU
B pa3TBOpH, Chabpskamy 2 wid 5 mg mL~' AOx pasteop B 0,1 M Gydep
Ha HarpueB ¢ocdar, ¢ pH = 5,6. Crnen npukiroYBaHe HA XeMUCOPOIIHsI-
Ta HECBBP3AHUAT CH3UM C€ OTJENA OT MOBBPXHOCTTA Ype3 HAKMCBaHE Ha
enekrposa B oydep ¢ pH 5,6 B mpoabinkeHne Ha OKOJIO Y2 vac, mpu craiiHa
TeMIlepaTypa | CIe]] TOBa Ce M3IUIaKBa ¢ Boma. Taka IMOMydIeHHsT eHI3HMEeH
enektpon ce chxpanssa B 0,1 M HarpueB docdaren Oydep ¢ pH = 5,6 B
XJIAAUIHUK IIpu TeMneparypa 4°C 1o cnensamure u3MepBaHusl.

PE3VJITATH U JTUCKYCHUS

EnexkTpoxuMnyHa aKTUBHOCT HA UMOOMJIM3MPAHUSA €H3UM
EH3uMHHTE €NeKTpony, MOMY4YeHH NpH MMOOMIM3MpAaHE HAa €H3UMa
AOx BBbpPXY 3JIaTHU HAHOYACTUILH, OTJIOKCHH IO CJICKTPOXUMUYCH IIBT BbP-
Xy CTBHKJIOBBIVIEPOJ, OsiXa M3CIeBaHH 33 EICKTPOXUMHYHA aKTUBHOCT Ha
€H3UMa C IMOMOINTa Ha METoJla KBaJpaTHO BHIHOBA BOJTAMIICPOMETpUS,
KaTo caMoO €IMH TUII eJIEKTPO]] II0Ka3a TakaBa — TO3H, IPU KOWTO Au HaHO-
gacTHIH OsiXa OTJIaraHy IPH MOTCHINA, U3MEHSII Ce JIMHEHHO ¢ BPEeMETO
B nuana3ona ot —0,6 mo 0 V. Upe3 mpomsiHara Ha MPOABIHKUTEIHOCTTA HA
nporieca aacopOIys U IOHW)KaBaHe Ha Temneparypara o 4°C 6sxa ycra-
HOBCHH ONTUMAJIHUTC YCJIOBUA 3a CH3UMHA I/IMO6I/IJ'II/I3aHI/IH.
HaGJ'I}OIIaBaXMG TI0sIBa Ha KaTaJIMTUYHA BbJIHA B IIPUCHCTBUETO HA CH3U-
MEH cyOcTpar BbpPXY UKIMIHATE BOJITAMIIEPHH KPHBH, KOETO ITOKa3Ba, Ue
UMOOMITU3UPAHIAT €H3UM € EIEKTPOXUMUYHO M OMOKAaTaTNTHYHO aKTHBEH.
TakoBa KOCBEHO JOKa3aTeJICTBO 32 HATHIUETO HA OMOEIEKTPOKATAIN3aTa €
nokazana Ha @wur. 1, n300pa3siBala IMKIMYHA BOJITAMIIEPOrpaMa Ha €H3UM-
HUS €JIEKTPOI B OTCHCTBHETO M B PUCHCTBHETO Ha L-ackopOnHOBa KHCEH-
Ha, Ipy aHaepoOHu yciaous (dur. 1a) u aepoduu (dur. 16) ycnopus.
KakTto Moke /1a ce BUIM OT IIMKJIMYHATA BOJITAMIIEpOrpaMa Ha OUOJIeK-
TPOKATAIUTHIHOTO OKHCIIeHHe Ha L-ackopOar 3anmousa Hax 0 V u mocrura
CBOSI MAaKCUMYM IIpH noTeHiuan 240 mV. [Ipu cpims noTeHman ce Habro-
JlaBa MUK Ha OKUCIUTEIHO MpeBpblIane Ha T1 MenHUs IEeHThp HA eH3UMa
B OTCHCTBUETO HAa HEroBHA cyOcTpat. TOKBT TOCTUTHAT MPHU MOCOYEHUS T10-
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TEHIIMaJT B OTCHCTBHE HA KHCIOPOI, € 3,5 MbTH MO-BUCOK B CPABHEHHE C He-
roBaTa CTOMHOCT B IMIPUCHCTBUETO HA KUCIOPOJ, HO € CHIIPOBOJICH C MHOTO
royisiM tryM. [Topaau Ta3u npuyrHa 32 aHAJTUTUYHY LeJI OU CIIe/IBaIOo 1a ce
TIPEIIOYUTAT aepOOHUTE YCIIOBUS 3a ompesensae Ha L-ackopOar, He3aBu-
CUMO OT MO-HUCKHUS EIEKTPOJIEH CUTHAL.

a 2.0

10+

1mM AA

1mMAA 1.54

84
1.0

64
< < o054
41 0.0
2 0.54
04 1.0

04 02 00 02 04 0.2 00 02 04 06
E/V (vs. Ag/AgCl) E/V (vs. Ag/AgCl)

®urypa 1. Juxnuuna sonmamnepoepama na AOx/Au/GC enexmpooa
6 0,1 M ¢pocchamen 6yghep pH = 5,6 (nynxkmupana aunus) u 8 npucvcmeue
na 1 mM L-ackopbam (niemua nunus): a) 6 oeaepupar ¢ Ar 6ygep;
6) npu aepobnu ycnosus, 25°C; v =5 mVs™; cpasnumenen enexmpoo
Ag/AgCl, 3M KCI

AMnepomeTpuuen 6uocensop 3a L-ackop6ar

EH3uMHUAT enekTpon Oelie TeCTBaH MpPU KOJHMUYECTBEHO OIperesisHe
Ha L-ackopbuHoBa kucennHa (Butamut C). Cpen pakTopuTe, KOUTO BIHSISIT
Ha €H3UMa, KaTo Hal-CBIECTBEHHU CJIE/IBA J1a CE OTOENIeXaT: TeMIeparypa,
pH Ha cpenara u paGOTHUAT ITOTEHIIHAIT.

AMIIEpOMETPUIHUTE U3MEPBAHUS C CH3UMHHUS €IIEKTPOJT Os1Xa TIPOBEK-
JAHW TIPU TOCTOSIHEH MOTEHUHMAN MpH J00aBsiHEe HAa aJUKBOTHH YacTH OT
M3XOMHMsI pa3TBop Ha L-ackopOar. Beme ycranoseHo, ue pH Ha enekTpo-
muta (0,1 M docdaren Oydepen pa3TBop), B KOUTO ca U3BBPLICHU amIle-
POMETPUYIHUTE U3MEPBaHUS, 3HAYUTEITHO BIIMSC HA CICKTPOTHUS OTKIIUK.
HezaBucumo ot Qakra, ye OKHCIUTEIHO-PEAYKIIMOHHUTE MTUKOBE Ha UMO-
omnmmsupanata AOX ca mo-scHO u3pazeHu npu pH = 5,6, ammepomerpmd-
HUTE U3MEPBAHUS CBUICTEIICTBAT, Y€ CICKTPOJHUAT OTKIIMK, PETHCTPUPAH
B Oydep ¢ pH = 7,0, e = 1,7 mbTH MO-BUCOK OT TO3H, MOJYYEH B Oydep ¢
onTuMaiHo 3a easuma pH (Our. 2.).

Bnusgnuero Ha paOoTHHA MOTEHIMAN HAa €H3UMHHMS eNeKTpon Oele u3-
cnensan nipu pH = 7,0. [Ipu yBenuuaBaHe Ha PaOOTHUS MOTCHIMAJ, TOKBT
P €/IHAa IOCTOSIHHA KOHLIEHTPALUsI Ha cyOcTpaTa ce yBeJIrnyaBa 3HAYHTEIHO
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(®wr. 3). [Tpu BCHUKH U3CiIeABAHH OTEHIMAIN KaTHOPOBYHUTE KPUBU UMAT
HEJIMHEEH X0/l C HaJallHa JIMHEeHa 00nacT 1o KOHLeHTpanus Ha L-ackopOara
4,8 mM. AHanu3bT Ha EKCIIEPUMEHTAHUTE JaHHH MOKa3Ba, 4e Te Morar Ja
ObIaT OMUCAaHU OT XUMEpOOIMYHA KPUBA, KOETO IMOJACKa3Ba, Ye €H3MMHATa
KMHETHKa ce MOJUMHABA Ha MeXaHn3Ma Ha Muxaenuc-MenteH. Enexrpoana-
Ta YyBCTBUTEIHOCT 3HAUUTEIHO CE ITOBHIIABA C YBeJIHYaBaHe Ha pabOTHHSA
MOTEeHIMAJ, JOKaTo KOHCTaHTaTa Ha Muxaenuc ocTaBa HEIPOMEHEHA B H3Y-
YaBaHWs UHTEpBaN OT padoTHu noreHnmamn (Taomn. 1). [Ipu npunaranero Ha
noteHnuan Hax 250 mV obade HMBOTO Ha IIyMa CHITHO CE YBENUYaBa, KaTo
TOBA TIPEYN HA MPEIU3HOTO ONPEICIITHE Ha NCKTPOIHUS OTKITHK.

161 o pH=56
14] e pH=70

Is — lo/uA
©

Cpa/mM

@urypa 2. OmKIuK Ha eH3UMHUSM eLeKmpPoO0 Kamo QYHKYUst Om KOHYeH-
mpayuama Ha ackopouHosa Kucenuna npu npunodcer nomenyuan 200 my
(cnpsimo Ag / AgCI, 3M KCl), 0,1 M nampues gpocghamen 6yghep, pH 7,0
(npasnu kpveuema) u pH = 5,6 (nvanu kpveuema);, memnepamypa 25°C;
460 obopoma 6 munyma

70

60 1 250 mV
50 1
S 404 200 mV
T 30 1
4 150 mv

20 A1

02 4 6 8 1012 14 16 18
Con/ MM
®@urypa 3. Cucnan Ha eH3UMHUSL eLEeKMPOO KAMo yHKYUs Om KOHYEHmpayu-
Ama Ha ackopourosa Kucerura npu pabomuu nomenyuanu 150, 200 u 250 mV,
ckopocm Ha pasdvpkeane: 460 obopoma ¢ muryma, erexmponum. 0,1 M nam-
pues pocpamen oypep, pH = 7,0; memnepamypa 25°C; RSD 3,9%
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Taoauua 1. Onepayuonnu napamempu Ha ackopoamoKcuoaseH
eH3UMEH eleKmpoo, OUanason Ha pabomuus nomeuyuan 150 — 250 mV
(cnpsimo Ag / AgCl); ponos enexkmponum 0,1 M pocgpamen oyghep,
pH = 7,0; memnepamypa 25°C

[orennman, |YyBcTBUTENHOCT™, 2 JIuneitna quaamuuna| K ap, }z
mV pA mM!' mm obact, mM mM
150 2,56 0,993 4.8 22,39+ 3,7
200 4,03 0,989 4.8 22,59+ 4.6
250 6,35 0,978 4.8 23,39+9,1

* Enekmpoonama 4yecmeumentHocm ce onpeoens Kamo HakAoHa Ha JUHeUHAma 4acm
Ha KanubposvuHama paghuka, pasoenena Ha 2eoMempuyHama niowy Ha elekmpood.

[Tpu napenurte excnepumentansu yciaosus (pH = 7,0; 200 mV) Gewre
HarpaBeHa OlleHKa Ha Bh3IPOU3BOJMMOCTTA Ha curHajia — npu 10 mocneno-
BaTeJIHU U3MEpBaHus B MpuchcTBUHETO HA 100 UM mm 2,8 mM ackopOrHOBa
KHCETMHA eNeKTPOoaHUT OTKIMK naae RSD ot 3,9%. ['panunara Ha oTKpH-
BaHe (OTKpPUBAEM MUHHMYM) 32 IMOCOYCHHUTE EKCIIEPUMEHTATIHU YCIIOBHSI
Oemnie yctaHoBeHa Ha 1,5 UM (mpu cboTHOIIEHUE cUrHau / mym 3 : 1).

B cpaBHeHHE ¢ OpyrH aMIepoMeTpUIHE OMOCEH30pU 3a aCKOpOMHOBA
KHCEIIHA OTMCAHUAT B HacTOsMIaTa paboTa mpeajiara penuna mpeauMcTBa.
AHanUTHYHATA CHCTEMa CE XapaKTepU3HPa ¢ OTHOCUTEIHO OBP30 U JIECHO
NPUTOTBSIHE, HACHK pabOTeH MOTeHIHal, Obp3a peakiwys, IHUPOKa IIHA-
MHYHa 00JTaCT ¥ HUCHK OTKpUBaeM MHHUMYM. UyBCTBUTEITHOCTTA Ha OMIpe-
nensiaeto (2,56 pA mM™!' mm™? npu 150 mV) e 3HAYUTETHO MPETUMCTRO,
TBH KaTo TA € noBeue oT 10 IbTH MO-BHCOKA OT Ta3H, MOCTUrHATa OT Liu
U Jp. C TIOMOIIITA Ha JIBa BUJIA CJEKTPOIHU C KOMIUIEKCHA apXUTEKTypa ChC
CaH/BUYEB TUI CTpykTypa [13, 14], nokasanu 4yBcTBUTENHOCT OT 23,95
mA M'em™? u 28,5 mA M cm™ ¢hOTBETHO, IIOCTUTHATA [TPU MHOTO TI0-
BucOK pabdoreH moreHman (400 mV copsamo HKE).

3a 712 moKa)keM MPHIIOKUMOCTTA Ha pa3paboTeHus] OMOCEH30PEH METOJ
3a aHaM3 Ha L-ackop0ar, ¢ eH3UMHHSA eNeKTpo] Oelre onpeaeIsiHa KOHIEH-
TpanusTa Ha L-ackopOuHOBa KucenHa BbB (hapMareBTHUYECH MPOAYKT (aM-
mynu BUT. C), XpaHUTeHa 100aBKa U COK OT MPACHO u3LeAeH JuMOoH. KakTo
MOXe J1a ce Buau oT Tabnuua 2, chabpKaHueTo Ha BUTaMuH C, onpenensHo
C CH3UMHHSA €NIEKTPOJ, TI0Ka3Ba MHOTO N00Bp aHAJUTHUYEH NOOHB: CTOM-
HOCTTa My ce u3MeHs Mexxay 95 u 102%. C yBennuaBaHe o6ema Ha mpobara
OTKJIOHEHHETO Ha KOHIEHTpauusaTa Ha BUT. C OT ompeneneHara upe3 Homo-

12
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METPUYHO THUTPyBaHE HamansBa oT +2% no —5%, Hali-BepoSTHO Mopaau
HaTpyIBaHEe HA oOeMHa rpemka. [1o-3HaunTenHO OTKIIOHEHNE MEKTy U3Me-
peHara ¢ OmoceH30pa KoHIeHTparys Ha BuTamuH C U onpeneneHara iogo-
METPUYHO ce HaOlroiaBa MpH OTPEAESIITHETO MY B TT0-CIIOXKHH PEallH! 00eK-
TH — COK OT JJUMOH M XpaHHUTEIHa J00aBKa, KOETO Hal-BEPOSTHO C€ IBIKH
Ha TIPedenio BIUSHIE Ha HAKOH OT KOMIIOHEHTHTE Ha PeaHUTEe POOH.

Taéauua 2. Pezyimamu om anaiuzupanomo cvovpoicanue na sumamut C 6
peantu 0bexmu ¢ enzumer enekmpood,; nomernyuan 200 mV (cnpsmo Ag / AgCl,
3M KClI),; enexmponum 0,1 M o6yghep, pH = 7,0, memnepamypa 25°C

O6en Ha KonmenTtpanus Ha Konmnenrpamus J—
L-AA B npobara Ha L-AA, onpenenena
npobara, pl no6uB*, %
(cnen paspexmane) ¢ buoceHzopa

Ammyan Butamun C

20 1,25 mM 1,27 mM 102

40 2,49 mM 2,43 mM 98

60 3.73 mM 3.55 mM 95

JINMOHOB cOK

100 37.00 uM 3332 uyM 90

200 60,21 uM 54,20 uM 90
XpaHuTeaHa 100aBKa

50 199.56 uM 187,70 uM 94

100 351,15 uM 333.61 uM 95

* Ananumuynuam 0obus (8 %) ce onpedena om CbOMHOUWEHUEMO HA KOHYEeHMPayUuAmda
Ha L-ackopburosama KUCenuHda, aHalusupana ¢ GUOCeH30pa u upes to0OMempuyHo
mumpysare (Npeusduciena cieo paspexrcoanemo Ha npooama,.

CTABMJIHOCT HA EH3UMHUS EJIEKTPO/

CrabuIHOCTTa IPHU ChbXpaHEHHE Ha €H3UMHUS eJeKTpo] (ChXpaHsIBaH
moseye oT § Mecela npu ontumaito pH = 5,6 B xnagunuuk npu 4°C) Oerie
MpOCIeZeHa Ype3 PeJOBHU M3MEPBaHUS Ha akTUBHOCTTA My mpu 200 mV
B MPUCHCTBHETO Ha 2,8 mM ackopOMHOBA KUCeTUHA. TOKOBHAT CUTHAN Ha
MPSICHO MPHUTOTBEH €H3UMEH €JIEKTPOJ OCTaBa MPaKTUUYECKU HEMPOMEHEH
B TeueHHE Ha 8§ yaca pabota. OcTaTbyHaTa aKTUBHOCT Ha YETBBPTHA JCH
OT HETOBOTO MPUTOTBSAHE € 95% OT MbpBOHAYAIHUAT OTKIHUK. Clien ToBa TS
MOCTENIEHHO HaMaJIsiBa U Clie 35-AHEBHO ChXpaHEHHE JOCTUTHA 0 OKOJIO
63% OT MbPBOHAYATIHO PErUCTPUPAHATa AKTUBHOCT, KATO OCTaBa Ha ChIO-
TO HUBO TIpe3 ClIe/IBAIIUTE 7 Mecela.
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3AK/IIOYEHUE

OmucaHyAT B HacTOsIIATa PaboTa aMIIepoOMEeTpHIeH OHMOCEH30p 3a ac-
KOpOWMHOBa KUCENMHA MPUTEkKaBa peuia MPeAUMCTBa: aHATUTUYHATA CUC-
TEMa Ce XapaKTepu3upa ¢ OTHOCHTEITHO OBP30 U JIECHO MIPUTOTBSHE, HUCHK
paboTeH moreHnuan, Obp3a peakuus, IUPoKa JUHEHHA AMHAMUYHA 00JIacT
¥ HUCHK OTKpHUBaeM MHUHUMYM. UyBCTBHUTETHOCTTA Ha ONpeNeNnsHeTo (2,56
A mM™ mm™ npu 150 mV) ¢ 3HAYUTENHO MPEAUMCTBO, Thil Kato T ¢
noBede oT 10 MbTH MO-BHCOKA OT Ta3M, MOCTUTHATA OT Liu u ap. ¢ momMorira
Ha J1Ba BUJIa €JIEKTPOAU C KOMIUIEKCHA apXUTEKTypa, TUI caHaBuY [13, 14],
¢ ayBcTBHTETHOCT 23,95 mAM 'em™ u 28,5 mA M cm™ choTBETHO, 110-
CTHTHATa MPH MHOTO MMO-BUCOK padoTeH noteniman (400 mV cnpsmo HKE).

EH3UMBT MOKa3Ba aKTUBHOCT MpH OMOETIEKTPOKATATUTHYHA PEAYKITHSI
Ha KHUCIIOPOI WM OKHCIIsABaHe Ha L-ackop0Oar, KaTo mociueqHoTo € mo-edex-
TUBHO TIPU aHAepOOHH YCIOBHUSI.

BB3MOXKHOCTTA 32 MPOIBIDKUTEITHO CHXpaHEHHE Ha pa3paboTeHus Ono-
CEH30p € TeCTBaHa B IPOIbJLKEHUE Ha 8 Mecela, KaTo Mpe3 MbpBUTE 35 THU
ce HalIonaBa NMOCTENEHHOTO Cla/laHe Ha aKTUBHOCTTA J10 63% OT BpBO-
HayaJlHaTa, cjie]] KOeTO TOBa HUBO Ce€ 3aAbpiKa Ipe3 cieaBalluTe 7 Mecella.
[MonoOpenara cTabWIIHOCT U TOOPUTE aHATTUTUYHU MTOKA3aHUs HA OMOCEH-
30pa IpeAyaraT HOBU MEPCIEKTUBH 32 MPIIATraHEeTO My IIPH MOHUTOPUHT B
peaiHo BpeMe Ha ChIbpKaHUEeTO Ha BUTaMUH C (HEOKHCIIEH) B pa3INyHH
(hapMalleBTUYHU MPOAYKTH U XPaHHU.

Aemopume uskazeam onazooapuocm na ¢ono ,,Hayunu uscneosa-
Hua* kem MOH (mema /I/IBY-02/38) 3a ¢punancosama nookpena npu
Hacmoawume u3C1e08anusl.
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ABSTRACT

Sucrose esters are nontoxic and biodegradable compounds with a large
scale application in food industry as emulsifiers and solubilisator in cosmet-
ics, agriculture and pharmaceuticals. Sucrose esters composed of C6 — C12
fatty acids have desirable insecticidal properties against many soft-bodied
arthropod pests. Sucrose esters with saturated fatty acids (C10 to C18) and
10-unsaturated undecylenic acid have been synthesized. The obtained su-
crose esters were characterized by FT-IR spectroscopy. The antimicrobial
activity of some esters of sucrose has been investigated. Sucrolaurate was
characterized with well-pronounced antimicrobial activity against fungi
Aspergillus and Penicillium, Gram-positive bacteria: Bacillus subtilis and
Staphylococcus aureus. Unsaturated undecylenic ester of sucrose showed
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also very well antimicrobial activity against Candida albicans, exhibited
inhibition activity against Gram-positive bacteria: Bacillus subtilis and Ba-
cillus cereus, and Gram-negative E. coli, as also inhibited growth of Pseu-
domonas aeruginose, against which undecylenic acid was inactive. On the
base of this investigation sucroundecylenic and sucrolaurate ester could be
used as potential antimicrobial agent for protecting plants and foods against
some microorganisms.

Key words: sucroesters, FT-IR, antimicrobial activity

INTRODUCTION

Sugar esters synthesized from renewable sources such as fatty acids
and sucrose constitute an interesting group of nonionic surfactants. They
have broad application in food industry, in cosmetics as detergents, oral-
care products, and medical supplies, and also in agriculture as insecticides
[1,7, 14]. Sucrose esters have very wide HLB, excellent physical properties
and surface activity. Sucroesters were investigated to possessed emulsion
stabilization activity, as sucrose laurate and sucrose palmitate have the ca-
pacity to stabilized O/W emulsions [10].

Apart from their emulsifing properties, they are completely biodegrad-
able, harmless to the environment, non-toxic, skin-compatible, odorless and
tasteless [1,7]. When they are ingested, they are hydrolyzed to form normal
food products [12]. The use of these compounds in medicine and food may
also due also to their antimicrobial and antitumor activity. In general Gram-
positive were more susceptible than Gram-negative bacteria. These esters
reorganize the cellular membrane altering its permeability [2, 6].

The preparation of esters of sucrose and saturated or slightly unsatu-
rated fatty acids or mixtures of higher polyenolic acids has been published.
It is known that with an increase in the degree of unsaturation of the hydro-
carbon moiety the solubility of esters of sucrose rises, which is important
for medicinal purpose. These compounds are more active because of the
high biological activity of the free polyunsaturated fatty acid [3]. For the
undecylenoyl sugar esters (1°-O-(10-undecylenoyl) sucrose) obtained by
enzyme catalyzed reactions have been reported to possess superior surface
tension activity and biodegradability, and can be utilized as anti-fungal,
anti-bacterial and anti-viral activities in cosmetic, medicine and food [13].
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Sucrose esters are naturally produced in the glandular secretions of leaf
hairs of Nicotiana plants [7, 14]. For industrial scale needs they can be syn-
thesized using either chemical or biological catalysts [2, 7, 8]. The chemical
synthesis is usually base-catalyzed with alkali metals (sodium or potassi-
um) hydroxides, carbonates and alkoxies at high temperature. Esterification
of sucrose can be performed by reacting with acyl chlorides or anhydrides
but more promising are chemical or biochemical methods based on ester in-
terchange of methyl, cyanomethyl or ethyl esters of higher fatty acid esters
with sucrose or their acetates under atmospheric, reduced pressure or in an
inert gas atmosphere (nitrogen). Usually esterification process is carried out
in solvent DMF and DMSO as reaction media. [6, 8, 15].

Enzyme-catalyzed processes for esterification of sucrose are more se-
lective than chemical and conducted in mild conditions [2], but the purified
enzymes is needed.

The aims of our current research are chemical synthesis and charac-
terization of sucrose esters with different length of fatty acid chain (C10 to
C16) and their application as antimicrobial agents. One of the main tasks of
our study is to investigate the effect of obtained sucroesters on the growth
of several microorganisms involved in food spoilage and poisoning (Bacil-
lus sp.) and in a diversity of disease (E. coli, St. aureus, Candida albicans).

MATERIAL AND METHODS

Esterification process of sucrose with fatty acid methyl esters (C10 to
C18) was conducted in molar ratio 2:1, in a dry two-neck round bottom
flask with a thermometer and a reflux on a heating magnetic stirrer. The es-
terification process was carried out with 0.3 eq. NaOMe used as catalyst for
3 hours at 70°C under nitrogen atmosphere. The reaction mixture was neu-
tralized and then crystalized with water. For synthesis of sucroundecylenic
ester the reaction mixture were dissolved in 10% NaCl and washed twice
with n-BuOH to obtained the ester. The solvent was removed by vacuum
evaporation yielded as yellow-colored oil, which was recrystallized with
ethanol-water (1:1/v/v).

The resulting sucrose esters were characterized by melting point and
FT-IR spectroscopy. Melting point of sucrose esters were measured on a
melting point apparatus BUCHI 510 in capillary glass tube. The FT-IR was
recorded in KBr pellets on a Nicolet FT-IR Avatar Nicolet Termo Science
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spectrometer in the range 4.000 — 400 cm™! and absorption was reported in
wavenumbers (cm™).

The antimicrobial effect of the synthesized sucrose laurate against bac-
teria Bacillus subtilis, Staphylococcus aureus, Listeria monocytogenes,
E.coli and fungi Aspergillus and Penicillium was evaluated by agar dif-
fusion method. The number of mold spores in 1 ml spore suspension was
determined by counting in a chamber of Thoma [10].

For determination of antibacterial and antifungal activities of other su-
croesters micro dilution method was employed as recommended by Na-
tional Committee for Clinical Laboratory Standards [11] with some modi-
fications. Microorganisms strains tested in this study were bacteria, namely
Escherichia coli NBIMCC 858, Bacillus subtilis NBIMCC 1711, Bacillus
cereus NBIMCC 1085, Pseudomonas aeruginosa NBIMCC 3590, Pseu-
domanas fluorescens NBIMCC 1442 and strain of fungus Candida albicans
NBIMCC 72. The analysis of antimicrobial activity of tested substances
were performed using different liquid media according of the microorgan-
ism: for E. coli — Luria Bertani Broth Miller (Himedia), for Candia albi-
cans — GPM (Merck), and for Ps. aeruginosa, Ps. fluorescens, B. subtilis, B.
cereus, Nutrient broth (Merck). Tested esters and 10-undecylenic acid were
dissolved in 2% DMSO. The inoculated plates were incubated for 24 hours
at 35°C and at 25°C for bacterial and fungi, respectively. After incubation
the absorbance was read at 620 nm against controls (2% DMSO). The per-
cent inhibition was calculated by equation (1). Each test was performed in
triplicate and the results were presented as mean+SD.

Ay, (control) — Ag,, (sample)
Ay, (kontrol)

Inhibtion (%) = x100 (1

RESULTS

A variety of fatty acid esters of sucrose were synthesized by transes-
terification reaction in absence of solvent only with presence of catalyst
NaOMe (Figure 1). All of the obtained sucrose esters-caprinate, laurate,
palmitate and stearate present white powder without smell with mealting
points 98 — 102 °C, 85 — 87°C, 75°C, 62°C respectively. Sucroundecylenate
was in liquid state at room temperature and a yellow-solid at 7°C.
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Figure 1. Esterification of sucrose with fatty acid methyl esters (FAME)

The obtained IR spectrum of sucrose esters indicated the decrease in width
of the characteristic band for free hydroxyl group (O — H stretch of free hy-
droxyl in sucrose) at 3330 cm™'. The new band around 1742 cm™! characteristic
of carbonyl ester functions, and the intensification on the CH, signals around
2920 cm™' pointed out the presence of alkyl group was observed. The stretch
at around 1745 cm™ (C — O stretch of ester) meant that the esterification of
sucrose has been successful. Apparently, 1728 and 995 cm™! (glycoside bond
stretch of sucrose) showed that the products were sucrose esters.

In FT-IR spectrum of sucroundecylenate can be observed that the
bands at 3300cm ™' diminished, because of esterification of OH groups and
new stretch vibrations at 3080 cm™, due to end C = C bonds and carbony]
ester stretch vibration at 1745 cm™! appeared (Figure 2).

124 — NP6-1

3080 cm™ 1745 cm™

Transmittance

0,1+

T T T T T T T
3500 3000 2500 2000 1500 1000 500 0

Wavenumbers [1/cm)]

Figure 2. FT-IR spectrum of the synthetic undecylenic acid sugar ester
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Sucrolaurate with concentration 0,1% inhibited the growth of bacteria
Listeria monocytogenes, B. subtilis and St. aureus, and fungi Penicillium
sp. Aspergillus sp., but was inactive to Gram-negative E. coli. Our results
for inactivity of sucrose laurate against E.coli were in accordance with the
reports of Kabara and Hatchcox [4, 5]. The concentration was used to test
the ester, but for further studies, the high concentration could be applied for
better results of its antimicrobial activity.

Table 1. Antimicrobial activity of sucrolaurinate (0.1% water solution)

Microorganisms
B.. N E colilst. aureus Listeria Penicillium | Aspergillus
Cfu, ml subtilis monocytogenes sp. sp.
1,3.10° {1,8.10%| 1,2.10" 9,2.10"° 2.10° 1.10°
D,mm| 15% - 11 17 8** Ok*

Diameter of zone with inhibition growth, mm, *after 24 h for bactiria,
** after 48 h for fungi

Tested sucrose, sucropalmitate and sucrostearate in concentration 1 mg/mL
were inactive against Candida albicans and Gram-negative bacteria. However,
in this concentration sucroundecylenic ester showed very good antimicrobial
properties. Sucroundecylenic fatty acid ester inhibited not only the growth of
Gram-possitive bacteria (B. cereus and B. subtilis), but also act as antimicro-
bial agent against Gram-negative (E. coli and Ps. aerogenosa). This sucroester
possesses well-pronounced antifungal activity. Sucroundecylenic ester shows
stronger inhibition activity against Candida albicans than undecylenic acid
(Table 2).

Table 2. Screening of antimicrobial properties of sucroundecylenate
and undecylenic acid.

Inhibition*, %
Compound/
Microorganism Bacillus  Bacillus Ps. Ps. coli Candida
cereus  subtilis  fluorescences aeruginosa albicans
Sucroundecylenate 75,1 +£0,3 59,2+ 0,9 - 12,5+49 17+4,9 86,6+1,9
Undecylenic acid 62,8 £ 3,1 58,9+3,6 - - 15+2,7 68,1 £3.9

*Concentration of all tested compounds was 1 mg/mL
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We observed that undecylenic acid at concentration 1 mg/mL not in-
hibited growth of Gram negative Ps. aeruginosa. This fact was in the ac-
cordance with statement of Kabara [5]. The highest antimicrobial activity
sucroundecylenate showed against Candida albicans 86%. The chemically
synthesized by us sucroundecylenic ester is new alternative as active agent
with well-pronounced biological activity. It could be applied as new antimi-
crobial agent in food, cosmetics or medicine.

CONCLUSION

Sucrose esters with saturated fatty acids (C10 to C18) and 10-unsatu-
rated undecylenic acid C11 were synthesized and characterized by FT-IR.
Antimicrobial activity of sucrolaurinate and sucroundecylenate ester were
investigated. The antimicrobial activity of sucrolaurinate is impressive, as
this sucroester inhibited growth of Gram-positive, bacteria (B. subtilis), St.
aureus, Listeria monocytogenes and fungi Aspergillus and Penicillum. The
chemically synthesized sucroundecylenic ester is more active than unde-
cylenic acid. In comparison between them this unsaturated sucrose ester
exhibited better antimicrobial activity against Gram-positive bacteria, inhi-
bition activity against yeast Candida albicans and Gram-negative E. coli,
even it also inhibits growth of Pseudomonas aeruginosa, against which
undecylenic acid is inactive. Sucroundecylenic ester is a proper candidate
as a novel antimicrobial agent for future application in plants prevention,
cosmetics and medicine for curing disease.
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ABSTRACT

Polysaccharide inulin has been isolated from the dry taproots of com-
mon chicory Cichorium intybus L. by hot water extraction procedure un-
der high-pressure conditions and further precipitation with acetone at low
temperature. The obtained inulin was characterized by the measurement of
melting point and angle of optical rotation. The total fructose content was
determined by resorcinol spectrophotometric method. The purity of isolated
polysaccharide was defined by HPLC-RID method for analysis of inulin.
The reducing groups were evaluated by PAHBAH. The protein content was
analyzed by Bradford protein assay. IR-FT spectrum was recorded in KBr
pellets and the absorption was reported in wavenumbers (cm™).

The isolated substance from chicory roots presented a white powder,
without taste. It characterized with the melting point 165°C, the angle of op-
tical rotation [a ] =-22(c = 0.5; H,0) and gave positive Selivanoff reac-
tion, an indication for the presence of ketose groups. This carbohydrate was
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characterized with the fructose content 96%, purity 97%, reducing groups
3.6%, degree of polymerization (DP) 27 and the molecular weigh 4.3 kDa.
The protein content in the polysaccharide fraction was below 0.2%. The IR-
FT spectrum were characterized by absorption brands at 3330 cm™' v(OH);
strong complex absorption at 1170 cm™', 1087 cm™!, 1030 cm™' related to
valent stretching vibrations of (C — C), (C — O), (C — O —C) groups and ring
vibrational modes in furanoside structure. The bands at 827, 860 and 938
cm™! belonged to B 2—1 glycosidic bond. These data suggest that the iso-
lated polysaccharide substance is inulin-type fructan.

Key words: chicory, inulin, HPLC analysis, IR-FT spectrum

INTRODUCTION

Chicory (Cichorium intybus L.) is a biennial plant belongs to the Aster-
aceae family with many applications in the food industry. Its roots are rich
source of inulin [13]. It is a reserve polydisperse plant polysaccharide,
member of the fructan family, consisting mainly of f-(2—1) fructofura-
nosyl units (Fm), and a terminal a-glycopyranose unit (1—2) (GFn). The
degree of polymerization (DP) of inulin varies from 2 to 70 [17].

Because of its healthy effect inulin are recommended for treating and
curing diabetes mellitus, alimentary corpulence, atherosclerosis, and dys-
bacteriosis. It also improves mineral absorption, possessed prebiotic and
immunomodulating properties [2, 3]. Inulin is used as soluble dietary fiber
and texture modifier in food production and as a substrate for the production
of high fructose content syrups (HFCS) used in beverage industry [9, 22].

Due to their wide distribution in nature and significant role in industry,
the extraction, isolation and characterization of inulin-type fructans are still
gaining attention in recent years [24]. The main sources for inulin industrial
production are chicory witloof, Jerusalem artichoke and dahlia [9].

Many investigations were developed to set optimum extraction condi-
tions in order to improve inulin extraction from plants, temperature, ex-
traction time, and solvent/solid ratio were identified as the most important
factors influencing the yield [1, 23]. The main procedures for production
of inulin powder include extraction, filtration, refrigeration/freezing, cen-
trifugation, precipitation and drying [23]. Because of its water solubility,
all inulin extraction methods described in the literature used hot water as a
solvent, with only small differences in temperature and extraction time. For
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industrial production of inulin hot water diffusion process has been applied
followed by refining with ion exchanger, concentration and spray draying
[9]. Inulin isolation from chicory roots could be done also by batch extrac-
tion at 70°C with continuous stirring and clarification by filtration trough
silica-chitosan bed [8]. Laboratory investigations include extraction proce-
dures from dry chicory roots by hot water diffusion at an average tempera-
ture of 80 & 2°C for 1 h with continuous stirring [23], from globe artichoke
by distilled water (80°C) at pH 6.8 (by NaOH) to avoid inulin hydrolysis
at pH < 6 [22] and from H. tuberosus L by hot deionized water at 85°C for
2 -3 min [7].

Clearing procedure by active carbon pretreatment of the extract was
reported for inulin from Jerusalem artichoke tubers [1, 7]. Other widespread
technique for clarification is carbonation. For many years this method is
applied for refining inulin, because of its advantages as effectiveness and
low-cost price [16]. For precipitation of inulin solvents as ethanol, acetone
or 2-propanol were applied [7, 12].

The aim of the current study was isolation and physicochemical char-
acterization of inulin obtained from taproots of medicinal plant Cichorium
intybus L.

MATERIALS AND METHOD

Inulin has been isolated from common chicory (Chicorium intubus L.)
grown on the territory of Bulgaria (Chehlare village). The roots were col-
lected in October 2010, and then they were washed with tap water and dried
at 40°C in the vacuum oven. The ground taproots were extracted with hot
water (~90°C) under pressure 1.5 MPa for 2 — 3 min. The extraction was
repeated twice, the filtrates were mixed and pH was adjusted to 8.0 by add-
ing Ca(OH), The mixture was left at room temperature for 1 h. After that,
the sludge was filtrated. The filtrate was neutralized to pH 7 at temperature
60 — 65°C by oxalic acid. An activated carbon was added and then filtration
procedure was done again. The concentrated filtrate was precipitated by ad-
dition of acetone and left to settle down at 2 — 5°C. The resulting amorphous
substance was filtrated, washed twice with ethanol, once with acetone and
finally dried at 40°C (Figure 1)
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Figure 1. Schematic procedure of inulin extraction from common chicory

Melting point of inulin was measured on a melting point apparatus
BUCHI 510 in capillary glass tube. Optical rotation of 5% water solutions
of inulin samples was determined on automated polarimeter Polamat A
(Carl Zeiss, Jena, Germany) in a tube 1 dm long with volume 10 ml using
sodium lamp as light source.

Protein content was assessed by Bradford’s method with bovine serum
albumin as a standard [6].The reducing groups were assayed by PAHBAH,
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as measuring the absorbance at 410 nm [14]. The calibration curve was built
by use of D-fructose (Mw = 180.16, Fluka) as a reference.

The fructose content was analyzed by resorcinol assay with measuring
absorbance of the color complex at 480 nm [20].

Inulin content in the isolated substance from roots of common chico-
ry was analyzed by HPLC-RID method. The inulin solution was filtered
through a 0.45 pum filter prior to analysis. Chromatographic separations
were performed on HPLC Shimadzu, coupled with LC-20AD pump, refrac-
tive index detector Shimadzu RID-10A. The control of the system, data ac-
quisition, and data analysis were under the control of the software program
LC solution version 1.24 SP1 (Shimadzu Corporation, Kyoto, Japan). The
chromatographic separations were performed on a Shodex® Sugar SP0810
with Pb*"a guard column (50 x 9.2 mm i.d.) and an analytical column (300
mm x 8.0 mm i.d.). The mobile phase used for separation was distilled wa-
ter with flow rate 1.0 ml/min. The concentration of the sample was 8 mg/ml
and the injection volume 20 pL.

To evaluate the average degree of polymerization (DP) of isolated inu-
lin the equation (1) were applied [15]. Molecular weight was calculated on
the base of the obtained value of DP.

DP=C /C +1, where C — concentration,% (1)

fructose’ " glucose

Fourier transformation infrared spectroscopy (FT-IR) was used to elu-
cidate and characterize the structure of isolated substance from common
chicory. The analysis was recorded in KBr pellets on a Nicolet FT-IR Ava-
tar Nicolet Termo Science spectrometer in the range 4.000 — 400 cm ™' and
absorption was reported in wavenumbers (cm™). The sample (2 mg) was
pressed into pellets of KBr (200 mg).

For the characterization and identification of isolated inulin, compara-
tive study were made with commercially available inulin Frutafit® TEX
(DP = 22) from Cichorium intybus (Sensus, Rosendaal, the Netherlands).

Statistical analysis was performed using MS Excel 2010.

RESULTS AND DISCUSSION

The procedure for extraction and purification of inulin form medici-
nal plant common chicory were easy to perform. The following data were
characteristics for isolated inulin: yield 12%; odorless and tasteless white
powder; soluble in water, with melting point 164 — 165°C and [e ], =—22
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(c = 0.5; H,0). The negative optical rotation could be explained with the
presence of B-configuration of the glycoside bonds between the fructofura-
nosyl units. The negative values of optical rotation of inulin isolated from
dahlia, topinambour and burdock were also reported in the literature [5, 7,
10, 18].

The reducing groups in inulin isolated from roots of common chicory
were established to be 3.6% dw. Similar values to our results were reported
for the purified samples of inulin obtained from different plant sources:
elecampane, dahlia, Jerusalem artichoke and chicory have glucose content
0f 2.2 - 2.6% [19], 4.3% [2], 4.9 — 5.2% [1] and 6% [4], respectively.

The studied powder material contained average 96.1 £ 0.7% fructose
defined by ketose specific method with resorcinol. The calculated degree
of polymerization of isolated inulin was 27. This value is close to the DP
23 reported by Praznik & Beck for chicory inulin [21] and 25 for high
performance inulin isolated from chicory witloof [9]. The molecular weight
of isolated inulin on the base of its DP was established to be 4.3 kDa.
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Figure 2. HPLC chromatogram of isolated inulin

The purity of inulin was tested by HPLC-RID. The obtained
chromatogram showed the presence of only one peak without any
interfering compounds (Figure 2). The retention time of the investigated
substance (t; = 5.85 min) is the same with that of pure inulin (DP = 22)
used as a reference. The amount of inulin present in the isolated substance
from common chicory was 97%. The high purity of inulin showed the
effectiveness of the applied method for extraction and purification. Above
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95 — 96% purity of inulin from Helianthus tuberosus L. applying near
procedure for isolated was reported by Denev et al. and Zhang et al. [7, 25].
The protein content in the isolated inulin was 0,3%.

The IR-FT spectra of the investigated substance contained band typical
for inulin-type fructans (Figure 3).
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Figure 3. IR-FT spectra of isolated inulin from chicory

The detail information about the IR-FT spectra of inulin isolated from
common chicory was presented in Table 1. The bands at 1170 cm™, 1087 cm™,
1030 cm™ are characteristic for (C — C), (C — 0), (C — O — C) stretching
vibrations in furanose ring. 2-ketose in furanose form contain band at 874 cm™!
u 817cm™!, which are evidence for presence of p-(2—1) glycosidic bonds.

Table 1. General assignment of IR-F'T spectra of inulin

Wavenumber, | Experimental IR .
0 O Assignment
cm bands, cm
3200 — 3400 3361 Vo (OH); intermolecular H-bonds
2933 - 2981 2931 Ve y“(CH)
2850 — 2904 2880 Ve 4 (CH)
1664 — 1634 1635 Absorption of water
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1416 — 1430 1430 d. J(CH)
1335-1336 1335 B, ,(OH)

1225 - 1235 1220 B,_y (OH)

1125 -1162 1135 Ve 6. (C-0-0)
1015 -1060 1031 V., (C-0)

985 —996 987 Ve (C-0)

930 935 a-D-Glcp residue in chain
892 — 895 ’73 Anomeric bendings d(C1-H),
874 ring vibration (2-ketofuranose)
817 817 2-ketose

Our observation is similar to the reported bands for inulin by Grube &
Olennikov [11, 18]. The obtained results from IR spectrum prove that the
isolated substance from roots of common chicory is inulin-type fructan.

CONCLUSION

The proposed procedure for extraction and purification of inulin from
common chicory gave final product with high yield and purity. Inulin was
characterized with DP 27, which will define its functional properties and
its future application in healthy nutrition as a potential prebiotic and as
texture modifier in food. The roots of medicinal plant common chicory as
well as inulin isolated from them are a potential source of soluble dietary
fibers, which could be used in preparation of functional food and nutritional
formula with well-pronounced healthy effect.

The proposed analytical methods for inulin analysis could be applied
for determination of its purity, content in food products and additives, for
food labeling purpose or for revealing adulteration.
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ABSTRACT

Polyfunctional sulfones are imteresting object to study because they proved
extensive synthetic and practice possibilities. A series of nitrosulfones were
obtained by the nucleophilic addition reaction. The structure of the sulfones
thus obtained were confirmed by microanalytical and spectral methods.

Key words: heteroconjugated alkenes, nucleophilic addition, sulfones

BbBEJIEHUE

[pe3 mocinenHUTE TOAWHU B TUTEpaTypaTa € OTACICHO TOISIMO BHIMA-
HUE Ha BUIMHAJIHUTE ¥ T€MUHAIHUTE MOHOXaJloreHoHuTpoereHu [1]. Pa3-
paboTeHH ca METO/IM 3a TSXHOTO MoydaBaHe [2, 3], u3ydeHa e reoMeTpusTa
Ha MOJIEKYIuTe Ha o,B-au0pomo-B-HuTpoctuped u 1-6pomo-1-HUTpO-(p-
XJI0po(EHHUIT)eTeH Bb3 OCHOBA HA KBAHTOBOXMMWYHHU M3YHCICHUS U PEHT-
TeHOCTPYKTYpPEH aHaNu3, U3CIIeBaHa € CTPYKTYpPa UM C MAarHUTHU METOIH.
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ToBa € CBBP3aHO C TOJEMUTE CHHTETUYHU BH3MOXKHOCTH, & Taka ChIIO U C
MPAaKTHYECKOTO MM TIPUIIOKEHHE KaTo (DYHIMIWIN, aKapHIIUJIHU ChCTaBKH
W JIp. BUAOBE OMOJIIOTHYHA aKTUBHOCT [4, 5]. Oco0eHO BHUMaHUE C€ OTIeIs
Ha XUMUATA HA apwii3aMecTeHu |-xanoreHo-1-autpoerenu [6, 7] — 1-0Opo-
MO-1-HUTPO-2-(P-XJTOPOPEHMIT)eTEHBT aKTHBHO B3aUMOJICHCTBA C pa3iiHy-
Hu CH-kucenuum, B pe3yirar Ha KOETO c€ MOJTy4YaBaT HUTPOIUKIIOAIKAHH,
IUXUIpodypaHu, TeTpaxuapokymapanu. [lociennure ca akTHBHH aHTUKOA-
T'YJIaHTH Ha KPHBTA, IPOSIBIBAT CIIA3MOJIMTHYHO U aTPOITUHOIIONO00HO JICHCT-
BUE, 2 HUITPOIIMKJIONPONIAHUTE MOTaT Jla y4acTBaT B CHHTE3a HAa aHTHONOTH-
LY U UHCEKTHULUIH.

Hacrosimiara paboTa € TOTHYHO MPOABIKEHNE Ha N3CICIBAHUATA HA BHPXY
XUMHATA ¥ 00JTaCTUTE HA IPUIIOKEHHE Ha 2-HUTPO-2-XaJIOTeHOETeHUIIAPEHH.

JUCKYCHSI

BzaumozeiictBreTo MeXIy apeHCYJI(QUHOBH KHCEIMHU W 4-Opomo-f-
XJIOPO-P-HUTPOCTHPEH € MOKa3aHO Ha CJIeHaTa CXeMma:

Cl
o o 32

R= H, Me, MeO, Cl, BT, Y, NOQ, C10H7, AcN.

Hurpocyndonure ca momy4eHn ype3 cMeCBaHEe HA €KBIMOIHH KOJIHAIE-
CTBA OT U3XOIHUTE PEAreHTHU MPH CTalHA TEMIIEparypa U MPOXBDKUTEITHOCT
12 4. Yucrorara Ha BemiecTBara € MOTBBPICHA YpPe3 THHKOCIOWHA XpOMa-
Torpadus, CbCTaBBT U CTPYKTyparTa — ¢ HHCTpyMeHTaH! MeToau. CToifHO-
CTUTE Ha KOHCTAHTHUTE 3a CIHH-CIIMHOBO B3aMMOJEHCTBUE 3a CH—NO2 (13.0
—13.1 Hz) noxasBar TpaHCCTPYKTypa Ha U3XOIHHS HUTpoxaioaikeH.CuHTe-
3upanuTe CylI(hOHHU ca ¢ IBa XUPAIHHU IeHThpa U Aanaute ot PC-SIMP cre-
KTPOCKOITHS TIOKa3BaT, 4e Ce MOoIy4yaBa CMEC OT JIBa CTepeon3oMepa (EpUTpo-
U Tpeo-).

MATEPUAJIM U METOU

W3zxoxnute cynuHOBH KUCETHHU U 4-0poMo-B-XJ10po-B-HUTPOCTHPEH
ca CHHTE3UPaHU 110 ONUCAHU METOaUKH [1].
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NY- , 'H-SIMP u BC-SIMP u criekrpuTe ca CHEeTH choTBeHTO Ha Perkin-
Elmer FT IR-1750 (tabnerku or KBr) u Bruker 350 MHz (cranmapt TMC
U pa3TBOPUTEIN ACYTEPHPaH XIOPO(HopM).

Cunres Ha 1-apui-1-apuncyapoHun-2-HUTpo-2-XJI0pOeTaH!

KbM 4-6pomo-B-xi0po-p-autpoctuper (0.1 mol), pasteopen B 50 ml
95% eranomn, ce npudass cynduHoBa kucenuHa (0.1 mol). Peaknmnonnara
cMmec mpecrosBa 12 4. mpu craiina Temneparypa. [lonydyenure kpucranu ce
GuATpYyBaT M MPEKPUCTANU3NPAT OT XeKcaH/OeH3eH. CHHTE3UpaHHUTE Che-
IWHEHNS ca KPUCTAJIHU BEUIECTBA C KpEMaB OTTEHBK, YCTOWYHBH IIPHU TIPO-
IBIDKUTEIHO ChXPaHsSBaHE, MHOTO JOOpe pa3TBOPUMHM B alleTOH, JAWUKCaH,
xJs0podopM. JIoOUBBT Ha MOTY4YEHUTE ChETUHEHUS € B UHTepBal 95 —97%.

W36pann 1aHHY 32 TOMYyYCHUTE ChEIMHCHHS

2-numpo-1-gpenuncyngponun- 1-(4-opomoghenun)-2-xnopoeman

T, 181°C; MUC (v, ecm™): 1550, 1360 (NO,); 1305, 1130 (SO,);
"H-AMP (8, ppm): 7.25 —7.70 (m, 9H, ArH); 5.20 (d, 1H, CH); 6.18 (d, 1H,
CH). Hamepeno: %C 41.55, %H 2.70, %N 3.45, %S 7.90. W3uucneno 3a
C H, CIBrNO,S (404.5): %C 41.53, %H 2.72, %N 3.46, %S 7.91.

2-uumpo-1-(4-monuncyngponun)-1-(4-opomogenun)-2-xnopoeman

T 176°C; MUC (v, cm):1560,1360 (NO,);1310,1130(SO,); 'H-5IMP
(3, ppm): 7.20 — 7.70 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.20 (d, 1H, CH);
2.40 (s, CH,). Hamepeno: %C 43.04, %H 3.10, %N 3.32, %S 7.66. U3uuc-
neno 3a C H ,CIBINO,S (418.5): %C 43.04, %H 3.10, %N 3.32, %S 7.66.

157713
2-numpo- 1-(4-memoxcughernuncynghonun)- 1-(4-6pomoghenun)-
2-xnopoemanu
T 172°C; MUC (v, cm): 1560, 1365 (NO,); 1310, 1135 (SO,);
"H-SIMP (3, ppm): 7.23 —7.68 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.19 (d, 1H,
CH). Hamepeno: %C 41.40, %H 2.97, %N 3.20, %S 7.36. M3uucneno 3a
C,,H ,CIBINO.S (434.5): %C 41.43, %H 2.99, %N 3.22, %S 7.37.

157713
2-numpo- 1-(4-xnopoghenuncynrghonun)-1-(4-6pomoghenun)-
2-xnopoeman
T, 169°C; UUYC (v, cm™): 1565,1365(NO,); 1310, 1130 (SO,);
"H-SIMP (8, ppm): 7.22 — 7.69 (m, 8H, ArH);5.20 (d,1H,CH); 6.19 (d, 1H,
CH). Hamepeno: %C 41.26, %H 2.45, %N 3.34, %S 7.86. N3uucieHo 3a
C,H,CLBINO,S (407): %C 41.28, %H 2.46, %N 3.34, %S 7.86.

147710
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2-uumpo- 1-(4-opomoenuncyngonun)- I1-(4-opomoghenun)-

2-xn10poeman

T, 181°C; MUYC (v, cm™): 1560, 1360 (NO,); 1310, 1130 (SO,);
"H-AMP (8, ppm): 7.26 —7.71 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.20 (d, 1H,
CH). Hamepeno: %C 34.67, %H 2.05, %N 2.90, %S 6.62. U3uucieHo 3a
C, H,CIBr,NO,S (483.5): %C 34.75, %H 2.07, %N 2.90, %S 6.62.

2-numpo-1-(4-iodopenuncynponun)-1-(4-opomogpenun)-

2-xnopoemau

T,193°C; UUC (v, cm™): 1565, 1360 (NO,); 1305, 1135 (SO,);
"H-SIMP (8, ppm): 7.23 — 7.69 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.20 (d, 1H,
CH). Hamepeno: %C 31.66, %H 1.88, %N 2.63, %C 6.03. MU3uucneno 3a
C,H,,CIBrINO,S (530.5): %C 31.67, %H 1.89, %N 2.04, %S 6.03.

147710
2-numpo- 1-(4-numpogenuncynponun)-1-(4-opomopenun)-
2-xnopoeman
T,174°C; UUC (v, ecm™): 1560, 1355 (NO,); 1300, 1140 (SO,);
"H-SIMP (8, ppm): 7.22 —7.68 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.20 (d, 1H,
CH). Hamepeno: %C 37.37, %H 2.20, %N 6.23, %S 7.12. Uzuucneno 3a:
C,H, CIBtN,O,S (449.5): %C 37.37, %H 2.22, %N 6.23, %S 7.12.

147710
2-uumpo-1-(1(2)-napmuncyrghonun)-1-(4-6pomogherun)-
2-xnopoemam
T 196°C; MUYC (v, cm™): 1560, 1360 (NO,); 1300, 1135(SO,);
"H-AMP (8, ppm): 7.23 — 7.76 (m, 11H, ArH); 5.21 (d, 1H, CH); 6.21 (d,
1H, CH). Hamepeno: %C 47.51, %H 2.85, %N 3.08, %S 7.04. 13uucieHo
3a C H CIBrNO,S (454.5): %C 47.52, %H 2.86, %N 3.08, %S 7.04.

187713
2-numpo-1-(4-ayemamunogpenuncyngonun)-I1-(4-6pomogenun)-
2-xnopoemamu
T, 178°C; TUC (v, cm™): 1565, 1360 (NO,); 1300, 1135 (SO,); "H-

SMP (8,ppm): 7.20 — 7.67 (m, 8H, ArH); 5.20 (d, 1H, CH); 6.19 (d, 1H,
CH). Hamepeno: %C 41.60, %H 3.02, %N 6.06, %S 6.93. N3uucneHo 3a
C,H,,CIBrN,O,S (461.5): %C 41.60, %H 3.03, %N 6.07, %S 6.93.

167714
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ABSTRACT

This paper discusses a reaction of phosphorylated a-hydroxyallenes
with protected or unprotected hydroxy groups involving 5-endo-trig
cyclizations. Various electrophilic reagents such as sulfuryl chloride,
bromine, benzenesulfenyl and benzeneselenenyl chlorides have been
applied. Electrophilic reactions of the prepared allenephosphonates and
allenyl phosphine oxides with protected and unprotected hydroxylmethyl
group in a-position were investigated and it became obvious that the
reactions proceeded with formation of various heterocyclic or unsaturated
compounds.

Key words: Phosphorylated a-hydroxyallenes, electrophilic cyclization,
neighbouring group participation, 2,5-dihydro-1,2-oxaphospholes, (1E)-
2,3-adducts

BbBBEJIEHHUE

[Ipe3 nocnenanure 35 — 40 ToqUHYN €HA OT HAW-UHTEH3UBHO U3CIIE/Ba-
HUTE O0JIAaCTH HAa OpraHMYHATA XUMHUS € Ta3u Ha aJICHOBUTE ChEAMHCHUSI.
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W3cnenpanusita B Ta3n 00NacT CTUMYJIUPAT KaKTO Pa3BUTHETO Ha Teope-
THYHATA OPTaHUYHA XUMHs, TAKa U OPraHUYHUSI CHHTE3 Ype3 MOIydaBaHe
Ha Pa3HOOOpa3HM MPOAYKTH, HHTEPECHN OT MPHJIOKHA IVIeAHa Touka [1].
Enuu oT Hail-xapakTepHUTE peaki[My Ha alCHUTE Ca PEaKIMUTE Ha elleK-
TPOMUIHO NMpUCHEUHABAaHE, IIPH KOUTO CE MOJIydaBaT OOMKHOBEHO IIPO-
IYKTH Ha TPUCHEIUHSABAHE HA pearcHTra Mo e[HaTa WM [pyrara JBOHHA
Bpb3Ka Ha ajieHoBara cucrema [2].

Cpb3naBaHeTo Ha yJI00OHHU U CENEKTHBHH METO/IH 3a MOJIy4aBaHe Ha (yHK-
[IMOHAJIM3UPaHU AJIEHU € 0COOEHO aKTyallHa U HHTEpecHa 3a/1a4a. BaanmHo-
TO BIMSIHKE Ha JBata ()parMeHTa — aleHOBaTa CUCTEMA OT ABOMHH BPB3KU U
(yHKIMOHATHATA IPyTia — PaBAT AJICHUTE HHTEPECHH CyOCTPaTH 3a U3CIIe-
BaHEe Ha TEXHUTE eNeKTPOQIIHU PEakMU C OIIel MPOy4BaHEe Ha Bh3MOXK-
HOCTHUTE U OIpaHMYeHUsiTa UM. B uTeparypara ca onncaHu peanna MeToau
3a onmy4aBaHe Ha aneHdocdonaru [3] u aermi pochun okenau [4].

Karo yact oT HalaTa JbJIroroiMiiHa Iporpama 3a u3cie/jBaHe Ha peak-
[MUTEe HA [UKIK3alUs Ha QYHKIMOHAIM3UPAHU aJIeHH, HHE Ce HACOYMXME
KbM H3CJICIBAHE HA PEaKIMUTe Ha OL-XHPOKCHAIIKMII-aJieH(pochOHATH U ajle-
HiT GochrH OKCUIM ChC 3allUTEHA U HEe3alIMTeHa XHIPOKCHIHA rpyna 1 — 4
(Cxema 1) ¢ paznuuHM eneKTpo(UIHN PEareHTH C OIIeN MPOyYBAHE HA Bb3-
MOYXHOCTHUTE U OrPAaHHYEHHUSITA HA [IPOTHUYAIIATA ENEKTPO(UIHA [IUKITH3ALHSL.

R._ % =2 1,Z=THP, Y=MeO
R . 2,Z=H, Y=MeO
v.p —4\R3 3,Z =THP, Y=Ph
o 4,Z=H, Y=Ph
1-4

Cxema 1. U3xo0nu ghocpopunupanu o-xuopoxcuanenu 1 — 4

[Mpennoxuxme ynobeH u epukaceH meroxn [5] 3a cuHTe3 Ha (ocdo-
puiupanu o-xunpokcuanenu (1 — 4), cbCTofAll ce OT YETHPH eTama, a
WMEHHO: 1) 3ammTa Ha XHIPOKCWIIHATA TPYyIia Ha IPOMApTUIOBH AJIKOXO-
71, 2) MOCNeABallo B3auMoAEUCTBIE ¢ [ pUHAPOB peakTHB A0 MOJTyyYaBa-
HE Ha CHOTBETHHUTE AIKWHONM ChC 3alIUTCHA XUIPOKCHIIIHA TpyTia; 3) B3a-
umozencTeie ¢ Gochopchabpikall XJIOpUI B MPUCHCTBUETO Ha 0aza u
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4) [2,3]-curmarponHa nperpyniupoBKa Ha MEXIUHHO MOIyYeHUTE Ipomap-
run pocdut wiu GocHUHUTH ChC 3aIMUTEHA XUAPOKCHIIHA TPyTIa.

N3JIO’KEHUE

1. Enexmpogpunna yuxnuzayus Ha I-xuopoxcuanxun-anengocghona-
mume CvC 3auumena u nezawjumena xuopoxcunna epyna 1 u 2

W3ygaBaneto Ha peakmuuTe Ha (HOCHOPMIHPAHUTE XUIPOKCHAICHH
ChC 3aIMTEHA W HE3aIIUTEeHa XUIPOKCcHIHA Tpyma 1 u 2 ¢ enexrpodui-
HU pEareHTH 3all0YHa C W3CJICBAHE BIMSHUETO HA BU/IA HAa PA3TBOPUTE,
peaKknMOHHATa TEMIIEPaTypa, PEaKIMOHHOTO BpeMe M CKBHBAJCHTHOCTTA
Ha eIEeKTPO(UIHUS peareHT BbPXY TEXHHS XOA, T. €. C ONTUMM3HpPaHEe Ha
PEaKIMOHHHUTE YCIOBHS. 3a LeNTa ITbPBOHAYAIHO H3CIeABaxXMe Opomu-
paHeTO Ha MOJAENHOTO CheAMHEHHE 3-MeTmiI-1-(TeTpaxuapo-2H-nupas-
2-WIOKCUMETHN)-TIeHTa-1,2-tuendocdonara 1a npyu pa3nudHu peakuoH-
HHu ycnosus (Tabmuma 1). EkciepuMeHTanHUTE JaHHHU TOKa3BaT, Y€ BbB
BCHUKH CJIyyad peaklusaTa MIPoTHYa C IUKIM3ALUS C yUacTHE KaTo ChCEAHA
rpymna Ha gochonaTHaTa GyHKIMS U BOIU A0 TOIydaBaHeTo Ha 2-[(4-0po-
MO-5-€THII-2-METOKCH-5-MeTHII-2-0KC0-2,5-uxuapo-1,2-okcadocdon-
3-mn)MeTokcH |-reTpaxuapo-2H-nupana Sab (Cxema 2).

OTHP OTHP
Me Bry Br
] _— —
M
(MeO)R Et  PasTBOpUTEN O\:P\ e
O MeO O Et
la 5ab

Cxema 2. Onmumusupane Ha peaKyuoHHume yciogus 3a elekmpo-
Qunna yuxnuzayus va oumemun 3-memun-1-(mempaxuopo-2H-nupan-
2-unokcumemun)-nenma-1,2-ouengpocgponama la c opom.

JlanHuTe OT TabNMIaTa MOKA3BaT, Ye PEakKIMATa MPOTHYa KaKTO B HEMO-
JApHM, TaKa ¥ B HOJSIPHH pa3TBOpUTENH. [IpoBexkIaHeTo Ha peakuusTa B He-
HOJISIPHU PAa3TBOPHUTEINH (KaTO TETPAXJIOPOMETaH U OCH3EH) TIpH CTaliHa TeM-
neparypa BOAU A0 MOJNY4YaBaHETO Ha MpoAykTa Sab ¢ Hucku no6uBu ot 45%
u 34% (Tabmuua 1, Ne 1 u Ne 2). B nonsipau pazrBopurenu (Tabmuma 1, Ne 3
— Ne 13) peakuuara npoTuya B paMkute Ha 2.5 — 5.5 yaca u 1oOMBHUTE ca 3Ha-
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YUTETHO MO-BUCOKH (57 — 81%). [To-HuCKM 10OMBH ce moTyyaBar npu craiiHa
temmneparypa u kunene (Tabmuma 1, Ne 1 — Ne 3, Ne 8). Koraro peakuusita
MPOTHYA TIPU OTPHIATEIIHN TEMIIEPATypH B paMKuTe Ha 2,5 — 6 yaca (Tabnuna
1, No4 —Ne 7, Ne 10 — Ne 13), noObuBbT HapacTBa 3HAYUTENHO — 10 81% (mpu
—20°C — 3a 3 gaca). [Ipu n3non3BaHeTo Ha PA3TBOPUTENH Kato 1,2-AnuXiopo-
eTaH, aueToHuTpun u HuTpometad (Tabmumna 1, Ne 4 — Ne 7) ce nomyuasar mo-
HHCKH JOOHMBH, JOPH U IPH MO-TIPOABIDKUTENHO BpeMETpacHe Ha peaknusta
(4 —4.5 gaca). Bucok 1o0uB ce monmy4aBa MpH U3M0JI3BaHe Ha 1.2 eKB. eNeKTPo-
¢unen pearent. Ot Tabnuiara e BUAHO, Ye HAKW-TIOAXOAAIIATA TEMIIEpaTypa €
—20°C. Korato ce MOBHIIN WX IOHIKK TeMIlepaTypara, J00UBbT HaMAaJIABa.
Ot npoBeieHUTE U3CICABAHIS HAIIPABUXME M3BOJIa, U€ ONTHMAIHHUTE YCIOBHUS
3a TIPOBEXKJIAHE Ha PEaKIUATA Ca CICAHUTE: Pa3TBOPUTEN AUXJIOPOMETAH MIPH
temmneparypa —20°C 3a 3 gaca ¢ 1.2 exs. 6pom (Tabmuma 1, Ne 10).
Tabauua 1. Onmumusupane na peakyuonHume ycio8us

3a enekmpoghuina yukauzayus Ha oumemun 3-memui-1-(mempaxuopo-
2H-nupan-2-unoxcumemun)-nenma-1,2-ouengpocghponama la c 6pom

o Bbpom PastBopuTen’ Peaknmonna  PeaknmoHHO Jobus

(exB.) temr. (°C) Bpeme (h) (%)
1 1.0 ccl, rt 6 45
2 1.0 PhH rt 8 34
3 1.0 CHCI, rt 5.5 58
4 1.2 CICH,CH,CI -20 4 78
5 1.2 CICH,CH,CI =30 4 75
6 1.2 MeCN -20 4.5 68
7 1.2 MeNO, -20 4 72
8 1.0 CH,C], rt 5 62
9 1.0 CH,CI, KHUIICHE 4 57
10 1.2 CH,CI, -20 3 81
11 1.5 CHCI, -20 2.5 76
12 2.0 CH,CI, -20 2.5 73
13 1.2 CH,CI -78 5 77

* Peakyuume ca npogedenu 6 coomeéemuus pazmeopumen (10 mL + 10 mL)

HpOBepI/IXMe ONTUMHU3HUPAHUTEC YCJIOBHUA W INPHU PCAKIUA Ha MOACI-
HO CBbCAMHCHUC C HE3AIINTCHA XUAPOKCUIIHA I'pyla — O-XUAPOKCHU-AJICH-
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¢ocdonara 2a c 6poM. YcTaHOBUXME, Y€ MPOTUYA IIUKIIN3AIHS C aHXUMED-
HOTO y4dacTue Ha ¢pochoHaTHATa Ipyma ¢ morydaBane Ha (4-6poMo-5-eTui-
2-METOKCH-5-MeTHII-2-0KCcO0-2,5-muxupo-1,2-okcadocdon-3-nui)-MeTano-
1a 6ab ¢ mo6us 80% (Cxema 3).

OH
g: :< Br2 o
(MeO) 2P\ Et  CH,Cly, -20°C Ox % Me
MeO” Yo~ TEt
2a 6ab

Cxema 3. Onmumusupare Ha peakyuoHHUme yCio8us 3d
eNeKmpoQUIHA YUKIU3AYUA HA Oumemui 3-memui-1 -xuopoxcumemu-
nenma-1,2-ouengocponam 2a c 6pom

Wznon3eaxMe ONTUMH3MPAHHUTE PEAKIIMOHHHM YCJIOBHS 32 H3y4aBaHE
peaknuuTe Ha eNeKTpO(HIHA IMKIU3AlMd Ha |-XUIPOKCHAIKWI-aJeH-
¢dochoHaTHTE CHC 3alIMTEHA U HE3aNIUTeHA XUIPOKCHITHA Ipyna 1 u 2 mpu
B3aUMOJICHCTBHETO UM C €IEKTPOIUTHI PEareHTH KaTo CyA(ypr XJIOPH,
OpomM, OeH3eHCynhaHu XJIOPHU U OCH3CHCENAaHWI XJIOPHI. YCTaHOBUXME,
ye B3auMoneicTBUeTO Ha |-¢yHKkumoHanusupanute aneHdochonaru 1 u
2 ¢ eneKkTpOo(HUITHU peareHTd MpoTHuYa ¢ S-endo-trig IAKIN3AHs He3aBU-
CHMO OT 3aMECTHTENHTE B AJCHOBAaTa CHUCTEMa M XHIPOKCIIIHATA TPyIa
(Cxema 4), c aHXUMEpHO ChJIEHCTBUE KaTo BhTPEIICH HyKIeo(uI caMo Ha
¢docdonarHara rpymna u ¢ noilydyaBaHe Ha 2-METOKCH-2,5-AUXHUIPO-1,2-0K-
cadocdon-2-okcunute 5 u 6 (Tabnuma 2).

R POZ ,
) R E-Nu
R . _—
(MeO)2R R3
o
1,Z=THP
2,Z=H

Cxema 4. Enexmpounna yukauzayusi Ha 1-xuopoxkcuaikui-anreHpocgona-
mume CvC 3auumena u Heawumena xuopoxcuina epyna 1 u 2
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Taonuua 2. Ilonyyasane na 2-memokcu-2-okco-2, 5-0uxuopo-
1,2-oxcaghocgponu 5 u 6

Ne Aren R R!' R* R* E Nu Ipoaykr Bpeme,h [lo6us’, %

1 1a H H Me Et Br Br 5ab 3 81
2 1b H H Me Bu Br Br 5bb 3 80
3 le H H CH)- C Sca 3 83
4 1c¢ H H ~CH)- Br Br 5ch 3.5 84
5 1d H Me -CH)- PhSe Cl 5fd 4 74
6 1le Me Me Me Bu PhSe ClI 5hd 45 73
7 22 H H Me Et Br Br 6ab 3 80
8 2» H H Me Bu PhS ClI 6bc 6 75
9 2 H H L(CH)- PhSe ClI 6cd 45 74
10 2f H Me -CH)- ClI I 6fa 35 82
11 2h Me Me Me Bu Br Br  6hb 4 81

* Hzonupanu upes KOLOHHA XpoMamozpagpust

2. Peaxyuu nHa 1-xuopokcuanxkun-aieHun gocghun oxcuoume
CbC 3aUWUMEHA U He3aWUMeHa XUOPOKCUIHA 2pyna 3
u 4 ¢ enekmpogpunnu peacenmu

B nporieca Ha pabora HaydHUST HH MHTEpeC O¢ HACOYCH KbM TOBA Ja
pasbepeM Kak Ie MPOTEKaT EICKTPOPHIHUTE PEaKIUH, ako MPOMEHHUM
BH/Ia HA 3aMECTHTENNTE BbB (pochopuiaHaTa Tpymna. 3a menTa n3cienBax-
Me B3aUMOJICUCTBUETO Ha |-XHIpOKCHANKII-aeHUI (HOCHUH OKCHUAN ChC
3aIIMTEHA W HE3alUTEHa XUIPOKCHIHA Tpyna 3 U 4 ¢ eNeKTpoIIHUTE
pearenTu cyndypui xjaopun, 6pom, OeHzeHcyndanun XJI0pua 1 GeH3eHce-
nmaHw xnopui. M3non3BaHu Osxa ONTUMH3MPAHHUTE YCIOBHS 33 BUAA HA
Pa3TBOPHUTEIIS, CKBUBAJICHTA €ICKTPO(III CIPSIMO ajeHa W PeaKIMOHHATA
temneparypa (Tabmuma 1, Ne 10). YcranoBuxme, ue peakiuuTe Ha aqeHII
¢dochun okcuaute 3 U 4 ¢ eNSKTPOQUITHA peareHTH BOIAT 10 00pa3yBaHe-
TO Ha cMec OT mpoaykTu. KoHKypeHTHO ce momydaBar 2,5-muxuapo-1,2-
okcaocdon-2-onneBute xanoreHuan 7 u 9 u ank-(1E)-en-1-un Gochun
okcuaure 8 u 10 B pasznuyHo cpoTHOIIeHME. [lomyyaBaHeTo Ha cMmec OT
MPOIYKTH c€ 00SICHSBA C KOHKYPEHTHOTO yJYacTHe Ha JBaTa HykKIeopuia —
BbTpeIIHUs U BhHIIHUA. [Ipu yuactue Ha hochuHOKCHIHATA TPyIa KAaToO
BbTpElleH Hykiieodui ce nmonmyyasar 1,2-okcadocdon-2-oHueBure xanore-
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HuAK 7 1 9, a Ipu peakuusTa ¢ BRHIIHUS HyKi1eo(ua (OpOMUIEH HITH XJI0-
puzieH aHnoH) ce oopasysar 2,3-anykrute 8 u 10 (Cxema 4 u Tabmura 3).

R, O—Z o R. O0—Z ] R. O—Z ]
E-N
R1>§:-:< —u> R1 — + R1 R2
3 Ph.@ R? Ph,P
PRRS R o R o Jw
o) Nu” Ph™ Yo~ TR3 0 W/
3,Z=THP 7,Z=THP 8,Z=THP
4,Z=H 9,Z=H 10,Z=H

Cxema 4. Peakyuu na 1-xuopoxcuankun-aneHun Gocgun okcuoume cve 3auu-
meHa u HezawumeHna xuopoxkcunna epyna 3 u 4 ¢ enekmpoghunnu peazenmu

Taoauna 3. Cunmes na 2,5-0uxudpo-1,2-oxcagocgon-2-onuesume
xanoeenuou 7 u 9 u anx-(1E)-en-1-un gpocgpun oxcuoume 8 u 10

Ne Anen R R' R* R* E Nu OPEMe  TIpomyerm o Coorwo-

(no6uB’, %) IeHue
1 3 H H Me Et Br Br 3 7ab (50) 8ab (23) 2.17:1
2 3 H H Me Bu Br Br 4 7bb(48) 8bb(22) 2.18:1
3 3¢ H H (CH)-PhSe Cl 55 7ed(50) 8cd(24) 2.08:1
4 3¢ H H -(CH)- Br Br 3.5 7cb(49) 8cb(24) 2.04:1
5 3f H Me (CH),- Br Br 4 7tb(49) 8fb(25) 1.96:1
6 3f H Me -(CH,).- PhSe CI 5  7fd(48) 8fd(24) 2.00:1
7 3h MeMe Me Bu Cl Cl 4 7ha(54) 8ha(25) 2.16:1
8 4a H H Me Et Br Br 25 9ab(52) 10ab(23) 2.20:1
9 4b H H Me Bu PhSe CI 5  9bd (46) 10bd (26) 1.78:1
10 4¢ H H -(CH)- CI CI 3  9ca(54) 10ca(26) 2.11:1
11 4f H Me -(CH)- PhS CI 8  9fc(45) 10fc(25) 1.84:1

12 4h Me Me Me Bu PhSe Cl 6.5 9hd (46) 10hd (24) 1.90:1

* Uzonupanu upe3 KONOHHA XpoMamozpagus

3AK/IIOYEHUE

W3cnenBanu ca peaknuute Ha GOCHOPUINPAHH O-XUIPOKCHATICHHU ChC
3alMTEHa U He3allUTeHa XUAPOKCHIHA IPyMa ¢ CNEKTPOQUIHN PEarcHTH,
KaTo Cya(ypuil XIopuz, 6pom, 6eH3eHCYI(aHNI XITOPUI U OEH3CHCENIaHUT
xiopua. ONTHMH3HPAHH ca YCIOBUATA Ha PEaKLUHUUTE 110 OTHOIICHUE Ha
pa3TBOpHUTEJI, peaKlMOHHA TeMIlepaTypa U BpeMe M MOJIHO ChOTHOILEHHE
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Ha eniekTpoduiia. YCTaHOBEHO €, 4e peaKIMHUTe MPOTUYAaT eIHOTUITHO, He3a-
BHCHUMO OT TOBa JIajI¥ XUAPOKCUIIHATA IPYTIa € 3alUTEeHa, WK He3alllUTeHa.
[TonyyaBat ce XeTepOoLMKIEH! U HEHACUTEHU allUKJIEHU CheAMHEHHS B 3a-
BHCHMOCT OT BHJIa HA 3aMECTHUTEIHTE MpH (OoCHOpIIIHATA TPYTIa.
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ABSTRACT

The paper describes a convenient and efficient method for regioselective
synthesis of phosphorylated a-hydroxyallenes using an atom economical
[2,3]-sigmatropic rearrangement of intermediate propargyl phosphites
or phosphinites. These can be readily prepared via reaction of protected
alkynols with dimethyl chlorophosphite or chlorodiphenyl phosphine
respectively in the presence of a base. Cycloisomerization reactions of
o-hydroxy-substituted allenephosphonates and allenyl phosphine oxides
with the so called coin metals ions such as Ag®, Au*, Pd*", Cu” etc. leads to
formation of the 3-phosphorylated-2,5-dihydrofuranes.

Key words: Synthesis, hydroxy group protection, phosphorylated
o-hydroxyallenes, cycloisomerization reactions, 2,5-dihydrofuranes

BbBEJEHUE

XUMHUATa HA aJICHOBHUTE CHEJUHEHHS € ¢JHA OT Hal-HHTCH3UBHO H3-
clieIBAHUTE 00JIaCTH Ipe3 MOCIEAHNTE TOAUHU B OpraHn4HaTta xumus [1].
[IpaBu BrieuaTieHue roJEMUAT OpoOil MOMYYEHU KapOO- M XEeTEPOLUKICHH
ChEJMHEHMsI IPU M3MOJI3BAHETO HA PAa3NIMUHU AJICHOBU MPOM3BOAHU KaTo

51



HUcem. Uemaunos, Hs. Hsanos, B. Xpucmos

u3xoAHU Marepuaiu. OT Ipyra CTpaHa, peakIUUTE Ha IIUKIIOU30MEPH3aLHs
CBCTABISIBAT TOJIIMA U OBP30 pasIIMpsBaIIa ce 00JIacT B OpraHUYHATa XH-
MUSI, CHHTETHYHUTE BH3MOXHOCTH M TEOPETUYHOTO 3HAYECHHUE Ha KOWUTO Ca
HaITBITHO OCH3HATH B TMOCNenHO Bpeme. OpranodochopHUTE CheANHEHUS
TOIMHU Haped MPOIBIDKABAT Ja ca OOCKT HAa HENPEKBCHATH W3CIICIBAHUS
KaKTO MOpajd MHOTOOOpa3sHUTE UM UM Ba)KHHU NPUJIOKEHUs, Taka U IHopa-
Ju Ooratus (QyHIaMEHTalIeH IPHHOC KbM OpTaHUYHATA XMMHUS, CBBP3aH C
y4acTHETO UM B Hall-pa3inyHu npeBpsblianus [2]. Henacurenure opraso-
(hochopHU CheMHEHHSI ca 0COOCHO MHTEPECHH KaTo OOCKTH 3a U3ydyaBaHe
Ha BIHSHUETO Ha GocdopHara GyHKIN Ha peaKIIOHHATa UM CITIOCOOHOCT
U HaNpaBIECHUETO Ha peaklMsATa Ha CIIOXKHUTE BPb3KU. B mureparypara
ca OMHUCAHU peaulia METOAM 3a MOoTydaBaHe Ha (POCHOPUIHPAHUTE AJICHU
(pocthonaru [3] u bochun okcuam [4]). Karo wacT oT Hamara mporpama
3a M3CJIeABaHE Ha PEaKIMHUTE Ha IUKIH3alis Ha (yHKINOHATH3HPAHH aje-
HU, HUE CH TIOCTaBUXME CIICTHUTE [IEJIM M 3a[a9M B HacTosmara padora, a
uMeHHO: 1) Cp3naBaHe Ha yIOOHH ¥ BUCOKOCEIECKTHBHU METOIH 33 CHHTE3
Ha OL-XUAPOKCHaNKWI-aneHpocPoHatn U aneHu1 HOCHUH OKCHIU C Bb3-
MOXKHOCTH 32 BapUpaHe Ha 3aMECTUTEINTE KaKTO B aJ€HOBAaTa CHCTEMA,
Taka U BbB (ocopuiaHara GyHKOus; u 2) M3cnenBaHe Ha peakiuTe Ha
UKJION30MEpHU3annsl Ha MOIYyYCHUTE HA O-XHAPOKCHAIKMII-aneH(ocho-
HaTH U aneHw1 GocUH OKCHIM MpU B3aMMOICHUCTBUE ¢ HOHH Ha T. Hap.
MOHETHU METaJH.

N3JIOKEHUE

CrenBaiikyl IOCTaBEHUTE 1T, HUE CH3JIJI0XME M M3IIOJI3BaXMe CIHH
HOB PETHOCEIICKTUBEH METOJ 3a ITOTyJaBaHe Ha Ol-XHIPOKCHAIKIII-3aMeC-
TeHH aneHpocdoHaty u aneHw GochuH okcuau. Tol ce ChbCTOU BbB B3au-
MOJICHCTBUE Ha eTUJIMarHe3ueB OpOMUJ, MOJYUEH in Situ OT eTHII OPOMUJ U
MarHe3ui, ¢ IpOIapruioBUTe anKoxoiu 1, Ha KOUTO MpeaBapuTesHo Oere
3alUMTeHa XUApOKcHiIHara rpyna ¢ nomouira Ha DHP. Peaknusita npotnua
¢ MSXAWHHO 00pa3yBaHe HAa €THHWI MarHe3neBH Opomuau 3a — ¢, KOUTO
MIPU peaknus Ha HyKIeo(QUITHO IpUChEeINHIBaHE KbM KapOOHMITHATA TPyTIa
Ha CHOTBETHHTE KETOHU 4a — ¢ naBar (TeTpaxuapo-2H-nupaH-2-uIoKCH)-
3aMecTeHHuTe ankuHou Sa — h ¢ 1o6pu nobusu (Cxema 1).
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Mg
EtBr [EtMgBr
THF,
2 h, reflux THPO
THF, HMgBr -
HQ, DHP, PPTS THPO, 2 h, reflux
T CHyCl
RR! la-c a-c
J’L
R R THPO R?
4a-c > — /
— R3
THF, R R1 OH
24 h, reflux
5a-h

8 npumepa, nodus 53-61%
R =H, Me; R' = H, Me; R? = Me; R® = Et, Bu; R? + R® = -(CH,)s-

Cxema 1. Ilonyuasane na (mempaxuopo-2H-nupan-2-unoxcu)-
anxunonume 5a — h

BsaumoneiictBuero Ha ankoxonurte Sa-h ¢ gumerun xmopodocdur,
HOJy4eH in Situ 0T GochOpeH TPUXIOPUA M METAHOJI B MPUCHCTBUE HA
opranu4Ha 6a3a, IpoTHYa ¢ 00pa3yBaHETO Ha MpoHapruyoBute dochuTtu
6a — h, xouto necHo THpmAT [2,3]-curmarpornHa nperpynupoBka. [lomy-
YaBaT Cc€ ChOTBETHHUTE JUMETHI 1-(TeTpaxuapo-2H-nupaH-2-UI0KCH )-aj-
ka-1,2-nmueHdocdonaru 7a — h (Cxema 2).

THPO> _ <R2 ;: Zl\casbit,s gC5H5N THPO_ /N R®
R Rt HO R® etep, -70°C k ( |\R3
(MeO 2P
5a-h 6a-h
RPOTHP
[2.3}c R R
etep, rt, 10h (MeO)zP\\ RS
O 7a-h

8 npumepa, nodus 70-78%
R =H, Me; R' = H, Me; R? = Me; R® = Et, Bu; R? + R® = -(CH,)s5-

Cxema 2. Cunmes na oumemun 1-(mempaxuopo-2H-nupan-2-unoxcu)-
anka-1,2-ouengpocgponamume 7a — h
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Peakiusita Ha ankoxonute Sa — h ¢ nudenun xaopodocduH mpose-
JIOXME B JUCTUIOB €Tep B MPUCHCTBHE HA TPHETHIAMHUH IpPH TEMIIEpa-
Typa —70°C. YcranoBuxme, 4e ce obpaszysar 4-(Terpaxuapo-2H-nmupaH-
2-nnokcu)-nponaprun pochunuture 8a — h, KouTo NecHo mpu craiiHa
TeMIeparypa ThprAT [2,3]-curMarpomnHa nperpyniupoBKa C MOTy4aBaHETO
Ha choTBeTHUTE 2-(2-gudenmndochuHonn-anka-2,3-1MeHUIOKCH )-TeTpa-

xunpo-2H-mupanu 9a — h ¢ Muoro noopu noousu (Cxema 3).
OTHP

THPO, R? PhyPCl | THPO, N R 2310 R1>/g R?
— R _4\
/1 Nr3 EtN [N=3 | erep, rt, 8h ’
RRt Ho R eTep, 70°C k( R PhoR\ R®
PhoP” 0
5a-h 8a-h 9a-h

8 nprmepa, nobus 78-86%
R =H, Me; R' = H, Me; RZ = Me; R® = Et, Bu; RZ + R® = -(CHy)s-

Cxema 3. Cunmes na 2-(2-ougpenunghocpunoun-anxa-2, 3-oueHunoxcu)-me-
mpaxuopo-2H-nupanume 9a — h

C men moxyyaBaHe Ha O-XuApOKcHaNKWI-aneHdoconarn 10a —h u a-
xuapokcuankui-aneHmn ¢pochun okcuau 11a — h Hue cBanuxme 3ammrara
Ha XUAPOKCHIIHATA TPYIIa Ha ChOTBETHUTE (DOCPOPHIMPAHH OL-XUIPOKCHA-
JIEHH ChC 3alUTEeHAa XUIPOKCHIIHA Tpyna. Peaknusara ochlieCTBUXME B €Ta-
HOJI TIPY CTalHa TeMmIeparypa B MPUCHhCTBUE HA KaTAJIUTHYHU KOJHMUYCCTBA
PPTS c monyuyaBane Ha ouakBaHHTE |-XUApOKCHANKUI-anKa-1,2-nueHgoc-
¢donatu 10a — h, 3-mudennndochunonn-anka-2,3-aueH-1-omu u 3-gude-
HwIhochuHomn-anka-3,4-nueH-2-omu 11a — h (Cxema 4).

OTHP
><F RZ  PPTS PPTS (01 o) >/g
sz\ EtOH rt, 6h sz\
7a—h, Y = MeO 10a-h, Y = MeO (77-80%)
9a-h, Y = Ph 11a-h, Y = Ph (81-86%)

16 nprmepa
R =H, Me; R" = H, Me; RZ = Me; R® = Et, Bu; R? + R3 = -(CH,)s-

Cxema 4. [lonyuasane na 1-xuopoxcuanxkun-anxa-1,2-ouengoconamume
10a — h, 3-oupenunrgpocpunoun-anxa-2,3-ouen-1-onume u 3-ougenungocgu-
Houn-anka-3,4-ouen-2-onume 11a — h
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Taka momydeHuTe o-xuapokcHankuia-aneHpoconarn 10a — h u o-
XHAPOKCHATKIIT-aneHm Gochun okcuau 11a — h H1 mocmyxuxa karo cyocT-
paTH 3a Mo-HaTaTBIIHOTO HU3CNIeIBAaHE HA PEAKIMHUTE Ha [IUKION30MEePH3aLIHs.

C uen onTUMHU3UpaHe Ha PEAKIMOHHUTE YCJOBHS, KaTo BIUSHHE Ha
Pa3TBOPHUTEIS, PEaKIIMOHHATA TEMIIEpaTypa W MOJHOTO CHOTHOIICHHE Ha
KaTaJu3aTopa BbPXy peaklusTa Ha [UKIOM30MEpH3alls Ha O.-XUAPOKCH-
ankui-aneHdocoHaTuTe, HIC HHUIIMAPAXME H3CICABAHMUATA C U3yIaBaHe
Ha peakLMATa Ha MOJENHOTO cheaunenue 10a ¢ AgNO,, kaTo ycTaHOBHX-
Me, 4e peaKknusATa IpoTHYa ¢ MOoTy9YaBaHe caMo Ha AUMETH (2,5-1uXuapo-
¢bypan-3-un)docdonara 12a (Cxema 5).

OH (@) Me
Me AgNO3

._4\ _— — Et
(MeO)zPQO (MeO)2P§\o
10a 12a

Cxema 5. Ilonyuasane na oumemun (2,5-ouxuopogypan-3-un)
goconama 12a

B Tabmuma 1 ca mpeacraBeHH eKCIEPUMEHTATHHTE PE3YATaTd OT IPo-
BEJICHUTE N3CIICIBAHNS 32 ONTUMHU3NPAHE HAa PEAKIOHHHUTE YCIOBHUS Ha ITH-
KJIIOM30MepH3aIiATa Ha MOJeTHOTO cheauHenue 10a. [IspBonaganno mpose-
JIOXME peakLusita B pa3rBopurel auxaopoeran mpu —20°C ¢ 5 mon % karta-
nu3atop (Tadmuma 1, Ne 1). Ipu Te3un yclioBus peakiusaTa MpoTuda ¢ J0OHuB
41%. Cbc chIIus KaTaiu3arop, HO MpU CTaliHa TeMIepaTypa B TUXJIOpOeTaH
JOOUBBT 3HAYMTENTHO ce yBenn4ana (Tadmmma 1, Ne 2). [To-Hucek 10o6mB ce
noJlyyaBa Ipu KurieHe B chiuus pasrBopuren (Tadmuua 1, Ne 3). Ot rope-
U3JIOKCHOTO € BUIHO, Y€ CTaifHaTa TeMIepaTypa € ONTHMAlHA 32 PeaKIHITa
Ha OUKJIOM30MEpH3aIlisl Ha MOIETHOTO cheauHenne 10a. M3momsBaneTo Ha
TOJISIPHU Pa3TBOPUTENH KaTO XJI0podOpM, ETaHOI, AllETOHUTPIIT U TETPaXH-
apodypan mpu craiina temneparypa ¢ 5 moi % AgNO, (Tabmina 1, Ne 4 —7)
BOJIM JI0 TIOJTy4aBaHe Ha MPOIYKTa CbC CPABHUTEIHO 100pu 1oouBH. C momo-
OcH T0OMB MPOTHYA U B3aUMOJCUCTBHETO B TomyeH (Tabmuia 1, Ne 8). [pu
W3MON3BaHE HA PAa3TBOPHUTEHA CUCTEMA, ChCTOAIIA CE OT CMEC OT alleTOH U
H,O npu craiina Temneparypa u 5 MOl % Karanusarop, 100uBbT € 77%, a
npu u3non3Bade Ha 10 mon % karanu3arop NpH ChLIUTE OCTAHAIN YCIOBUS
no6uBbT Hamansiea (Tabmuua 1, Ne 10 — Ne 11).
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Taéauua 1. Onmumusupane na peakyuoHHUme ycioeus
3a yuxknouzomepuzayus Ha 1-xuopoxcumemun-3-memunnenma-
1,2-ouengpocponama 10a ¢ kamanusamop AgNO,

Ne Pa3sTBopurten® Pf:;:::.ﬂgfg;a & %1;(0)/(3)’) Joous (%)
1 CICH,CH,CI -20 5 41
2 CICH,CH,CI rt 5 53
3 CICH,CH,CI reflux 5 45
4 CHCI, rt 5 78
5 EtOH rt 5 76
6 MeCN rt 5 65
7 THF rt 5 70
8 TONyEeH 1t 5 68
9 aIleToH rt 5 71
10 areToH/ HZO t 5 77
11 aneron/H,0 1t 10 75
12 CHCL, =20 5 72
13 CH,C], rt 5 84
14 CH,C], rt 10 80

* Peakyuume ca nposederu 6 coomeemuus pazmeopumen (10 mL + 10 mL)

ExcriepuMeHTanHUTE JaHHM MOKA3BaT, Y¢ ONTUMAJIHUTE YCIOBHS 32
UKJIOU30MepHU3aIis Ha MoIeTHOTO cheinHeHne 10a (Tabmuma 1, Ne 13) ca
Pa3TBOPUTEI TUXJIOPOMETaH U 5 MO % KaTaiu3arop IpH CTaliHa TeMIepa-
typa. OT apyra cTpaHa, yCTaHOBHXME, Y€ MPH MPOBEXKIAHE HA PEaKI[HUTE
B MCTUJICHXJIOPpU TIPU INOHUKABAHEC WUJIK IOBUINIABAHC HA PCAKIIMOHHATa
TeMIIepaTypa, pa3JinuHa OT ONTUMAJIHaTa, T00uBLT HamaisiBa. HamansBane
Ha 100uBa ce HaOmronaBa U mpu 10 Mo % KaTaiaM3aTop IpH cTaiHa TeMIle-
parypa (Tabmuma 1, Ne 12 u Ne 14).

Wnrepec 3a HAC mpeACTaBIsIBAIIE BIMSHIETO HA BUA HA KaTAIH3aTopa
BbpXy A00KBa Ha MOJNyYEHHs MPOIYKT MPH LUKIOW30Mepu3anus Ha poc-
bopwmpanus xunpokcuanen 10a. 3a menrta npoBeoXMe cepust OT SKCIie-
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PUMEHTH 3a ONITUMH3MPAHE HA PEAKIIMOHHUTE YCIOBHSA HA MOJICITHOTO Che-
nunenre 10a cbe cnennure karamsaropu: AgNO,, AgClO,, AuCl, AuCl,,
ZnCl,, NiCl,, PtCl,, SnCl,, AICl,, PdCl,, Pd(PPh,),, CuCl,, CuCl, CuBr u
Cul (Cxema 6). ExciepuMeHTaTHUTE JaHHM TOKA3BaT, Y€ OTJIMYHH Kara-
JTU3aTOPHU B Ta3W HAcOKa ca 3JIATHUTE U CPeOBPHUTE, MHOTO JOOpH ca Ia-
nanueBute, Cu(Il), mIaTHHEHUTE U IIMHKOBHUTE KaTalU3aTOpPH, CPABHUTEI-
HO JOOpY ca HUKEJIOBUTE, KaJJACHUTE M allyMUHHEBUTE TaKHBa, a JIOIIN Ca
Cu(I) xaranmzaropu. XapakTepUCTUKUTE HA YIACTUETO HA BCUYKH ITO-TOPE
OTIMCAaHN KaTaJIN3aTOPU B PEAKIUATA Ha [UKIOW3oMepw3anus Ha |-Xxuj-
pokcumeTmi-tieHTa-1,2-nuenundocdonara 10a ca onucanu B Tabmuma 2.

OH 0. Me
Me KaTanusartop
| :Et CH,Cl, rt =/ E
2vli2, L
(MeO)zF’%O 5 mol % (MeO)gP\\O
10a 12a

Cxema 6. [[uxnouzomepusayus Ha oumemun
1-xuopoxcumemun-3-wemunnenma-1,2-ouenungpocgponama 10a

Taoauuna 2. Meman-kamanusupana yukiousomepuzayus Ha
Oumemun 1-xudpoxcumemun-3-memurnenma-1,2-ouenungocponama 10a

Ne  Karaauzarop PeakuuonHo Bpeme (MuH.) Jlo6us (%)
1 AuCl 20 97
2 AuCl, 30 94
3 AgCIO, 30 83
4 AgNO, 50 80
5 PdCl, 100 73
6 Pd(PPh3)4 105 74
7 CuCl12 115 77
8 PtCI12 135 66
9 ZnCI2 160 50
10 NiCl2 225 53
11 SnCl12 310 38
12 AICI3 345 34
13 CuCl 530 27
14 CuBr 545 29
15 Cul 600 24

57



HUcem. Uemaunos, Hs. Hsanos, B. Xpucmos

Wmaliky npeaBua BUCOKUTE LIEHU HA 3JaTHUTE KaTalau3aTropu, 3a pas-
[IMPsIBAHE HA HAIUTE W3CJICABAHHUS PEIIUXME Jla M3MOI3BaMe KaTo OCHO-
BEH KaTaIu3arop B peakuuuTe Ha muknonsomepusanus AgClO,.

CHCTEMHO U3CNeBaXME PEaKIMUTE Ha [IMKJIOM30MEPH3allis Ha CHHTE-
3MPAHUTE OT HAC OL-XUApOKCHANKMI-aneHpochonarn 10 1 o-XHapOKCHAN-
kui-ajgeHmt Gochun okcuaure 11. Peaknuute 0sxa MpoBeIEHH B ONITUMHU-
3MpAHUTE YCIIOBUS 32 PEAKIIMOHHA TEMITePaTypa, BUIa Ha Pa3TBOPHUTEIIS U
MOJTHO ChOTHOIIICHHE Ha KaTallu3aropa CIpsSMO pearcHTa ¢ U3Mo3BaHe Ha
AgClO, karo karanusarop. PesynraruTe ca e1HO3HAYHH — IPOTHYA KaTaJlH-
THUYHA 5-endo-trig TNKION30MEpU3aIUs C YIaCTHE KaTo BETPELICH HYKJIeO-
(1)1/1.]'[ Ha XI/I}IpOKCI/IJ'IHaTa rpyna u nonyanaHe Ha NCTYJIICHHUTC XeTepOL{I/IK—
nenu ceeauaenus 12 u 13 (Cxema 7).

R R? AgCIO R <K
R1>§:.:< A U WY A&
Y2P\\ R3 C5H2C|26 rt Y2P\
0 mol % \O
10, Y = MeO 12, Y = MeO (73-83%)
11,Y = Ph 13,Y = Ph (82-85%)
10 nprmepa

R =H, Me; R" = H, Me; RZ = Me; R® = Et, Bu; RZ + R3 = -(CHy)s-

Cxema 7. Cunmes na 3-ghocgpopun-2,5-ouxuopogpyparu 12 u 13

3AK/IIOYEHUE

Cp3majieH € METO/I 32 CHHTE3 Ha Ol-XUIpOKCHAIKWI-aneHdochoHaTn
U aJeHWIT (POCHUH OKCHUIH, KOHTO € BHCOKO PErHOCENEeKTHBEH, N3KITIOUH-
TEJTHO yINOOCH U 1aBa BH3MOXXHOCTH 32 BapHpaHe Ha 3aMECTUTENNTE KaKTO
B aJICHOBaTa CHCTeMa, Taka W BbB (ocdopumHara ¢pyukius. Usciaensann
ca peaknuuTe Ha NUKIOM30Mepu3anus Ha (GocopuimpaHuTe o-XUAPOK-
CHAJICHH ¢ KaTAIMTUYHOTO Y4acTHe Ha HOHHU Ha T. HAP. MOHETHU METAJIH.
OnTHMHU3MPAHU Ca YCIOBHATA HA IUKIOU30MEPU3AIUATA 110 OTHOIICHHE
Ha Pa3TBOPUTEIl, PEAKIIMOHHO BpEeME U TeMIlepaTypa, BUA U MOJHO ChOT-
HOIICHHE Ha KaTaJu3aTopa. YCTaHOBEHO €, 4e I[HMKJIOU30MEpH3aLUsITa Ha
(dbochopunrpanuTe o-XUIPOKCHAJICHU NPOTHUYA KaTo S-endo-trig mpouec ¢
nony4aBaHe Ha 3-pocdopui-2,5-muxuapodypanu.
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KOHKYPEHTHHU PEAKIIUU HA
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ABSTRACT

The present article discusses a reaction of 4-sulfinylated and 4-sul-
fonylated allenecarboxylates with different electrophilic reagents such
as sulfuryl chloride, bromine, benzenesulfanyl and benzeneselanyl chlo-
rides. Treatment of 4-(benzenesulfinyl)-allenoates with electrophiles
gives 5-(benzenesulfinyl)-furan-2(5H)-ones as a result of the neighbour-
ing carboxylate group participation in the cyclization. On the other hand,
4-(methansulfonyl)alk-(3E)-enoates were prepared by chemo-, regio-, and
stereoselective electrophilic addition to the C2-C3*-double bond in the al-
lenoate moiety of 4-(methanesulfonyl)-allenecarboxylates. When R! = Me,
the treatment with electrophiles gives mixtures of 4-(methanesulfonyl)alk-
(3E)-enoates and 4-(methanesulfonyl)-2-methylene-alk-(3E)-enoates as a
result of addition and elimination reactions.

Key words: Bifunctionalized allenes, electrophilic cyclization, furan-
2(5H)-ones, (3E)-3,2-adducts
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BbBEJEHUE

ATeHnTe ca M3KIIIOYUTENHO PEeaKTUBOCIIOCOOHN ChEAMHEHHMS, KaTo mpe3
nocneauute 10 — 15 ronquHy ca u3ydeHn ronsM Opoil HOBH PEaKIUH C TIXHOTO
y4dacTie. MHOTO OT Te3H peaklny ca HaMEpIIH MPIJIOKEHHE KaTo eTalu OT
MHOTOCTa/IMHHN NPOLIECH 33 CHHTE3H Ha NMPHPOHH BetecTsa [1].

CHHTETHYHUAT [TOTEHIMA Ha (PyHKINOHAIM3UPAHHUTE aJlcHH TPEIU3BUK-
Ba BHIMaHHETO Ha BCE MTOBEYE YUCHH, KOCTO TOBEXKIA 10 Ch3AaBaHETO HA HOBH
METO/IM 3a MOJTyYaBaHe Ha Pa3IMYHK XeTepo- ¥ KapOOLMKIEHN CHCTEMH [2].

Karo wact oT Hamara JIbJITOTOAMIIHA IPOrpamMa 3a CHHTE3 W H3yyaBa-
HE Ha eNeKTPOUIHATE peakiui Ha OM(YHKIMOHAIN3UPAaHH alleHu [3], Hue
HACOYMXME CBOUTE H3CIIEJBAaHMS BHPXY PEaKUMHTE HA CHHTE3MPAHH OT Hac
4-cynuanupand Wi 4-cya(QOoHUTMpaHN aJeHKapOOKCUIIATH C TIOpeauIa
eNeKTPO(UITHH peareHTH.

HN3JIO’KEHUE

B mpeanmna paspaboTka HHue TOKIaBaxXMe yIOOCH U CEEKTUBEH Me-
TO/ 3a cuHTe3 Ha 1,3-0ndyHkumonanu3upanu anenu [4]. To3u meTon ce che-
tou (Cxema 1) BbB B3aUMOAEUCTBHE Ha CUHTE3UPAHU OT HAC 2-XUJIPOKCH-
ank-3-uHoatu 1 ¢be CyndaHuI- WK CyapHUHUI-XJIOPHIH B IPUCHCTBHUE HA
opranuyHa 0asa ¢ MeXJIWHHO 00pa3yBaHe Ha MPOMapruiI cyiiaHaty 2 Uiu
cynuHat 4, KOUTO CIIOHTAHHO (TIpH CyI(aHATUTE) WK IIPU KUIIEHE B TO-
ayeH (mpu cynpuHATHTE) THPIAT [2,3]-cUrMaTponHa MperpynupoBKa 10
o4yakBaHUTE 1,3-OM(PYHKIIMOHATU3UPAHH aJICHU.

Rl COR
R R'
PhSCI [2.3]-c
——— —_— ———X
2 <\C|) ether, rt, 7h Ph— CO R2
~_:SPh S\\o 2
CO,R2 R
Rl 2
2a-c,f 3a-c,f
./ OH
R . CO,R? 1
la-f MeS(O)Cl c 12,30 R R
—_— o) .=
// (\(Ij toluene \\S\ COzRZ
R N/iﬁ—Me reflux, 8h  pe”” \O
Ac-f (0] 5c-f

Cxema 1. Ilonyuasane na 4-cyngpununupanu uiu 4-cyngonunupanu
aneuxapooxcuramu 3 u §
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B Hacrosara cratus mpeAcTaBsiMe TOMY4YeHNTE Pe3ylITaTh OT U3yda-
BAHETO Ha PEaKLHUTE HA CHHTE3UPAaHUTE OT HAac 4-CyNn)UHWIHPaHH HIN
4-cyndoHuTMpaHu aNeHKAPOOKCHIATH 3 WIH 5 C eNeKTPOPHIHN pearcH-
ti. Hammire u3cieaBaHus 3all04HAXMe C ONTUMU3UPAHE HA PEAKIIMOHHH-
Te ycIoBus. 3a IeNTa NpoBeoXMe OpOMUpaHe Ha MOJICTHOTO CheJUHEHHUE
etun 4-(6ensencyndunmn)-2,4-nupennn-oyra-2,3-nuenoar 3f B paznuunu
Pa3TBOPHUTENHU C MPOMSHA Ha PeaKIMOHHATA TEeMIIepaTypa, peakMOHHOTO
BpeMe 1 eKBHBAJICHTHOCTTA Ha EIEKTPOPUITHHS PEarcHT.

Br. Ph
:& BI‘2 Ph —
Ph—
S\\ paaTBopMTen Ph—S\\ o) O
6]
3f 6fb

Cxema 2. Onmumuszupane Ha peakyuoHHUme yCiogus 3a eNeKmpoQuiHa Yuru-
3ayus Ha emun 4-(benzencyngunun)-2,4-oupenunoyma-2,3-ouenoama 3f

YcraHOBHXME, Y€ BEB BCHUKH CITy4dau pU OpoMupaHe npotuya S-endo-
trig UMKIM3alUs C aHXUMEPHO ChICHCTBUE KAaTO ChCEHA Ipyla Ha e€TOK-
cukapOoHmITHaTa (QyHKIMS ¥ Tody4aBaHe Ha S-(OeH3zeHCynduHmN)-4-0po-
Mo-3,5-mudennndypan-2(5H)-ona 6fb (Cxema 2).

B Tabnuma 1 ca mpeacTaBeHN eKCIEPUMEHTAIHUTE PE3YITATH OT MPO-
BEJICHUTE M3CICABAHUS 32 ONTHMI3HPAHE Ha PEAKIMOHHHUTE YCIOBHS HA
eJlekTpoduiiHa NUKIM3anus Ha eTun 4-(0enzeHcyndunun)-2,4-audenun-
Oyrta-2,3-nuenoara 3f ¢ 6pom. [IspBOHAYAITHO M3CIIEABAXME PEAKIIUATA B
pa3TBOpHTEN IUXJIOPOETaH Mpu craiiHa Temneparypa (Tabmmma 1, Ne 1).
[pu Te3u ycnoBust Gpomupanero npotuya ¢ n1oous 44%. [lpu xumeHe B
IuxiopoeraH 100uBbT HamausiBa (Tabmuua 1, Ne 2). [To-Bucoku 100uBm ce
MOJTy4YaBaT Py MPOBEXKIAHE HA PEaKIUATA [TPU OTPUIIATEIIHU TEMIIEPaTypH
B pa3TBOp Ha AuXJIopoeTaH uim ximopodopm c 1.5 exs. 6pom (Tabmuma 1, Ne
3 — Ne 5). Mzmon3BaHeTo Ha MOJSPHU Pa3TBOPUTENH, KaTO TeTpaxuapody-
paH, eTaHoI, alleTOHUTPIT 1 HuTpoMetaH (Tabmuma 1, Ne 6 — Ne 9), Boau 1o
MOJIy4aBaHETO Ha MPOAYKTa ¢ HUCKU 1o0uBH. C monoOeH J0OMB MpoTHYa
U B3auMogeiicTBuero B 6enseH (Tabmuma 1, Ne 10). Ot apyra crpana, npu
MPOBEKAAHETO HA PEaKIUITa B TUXJIOPOMETaH JOOMBBT JocTura o 73%
(Tabmuma 1, Ne 11 — Ne 14). Hamute u3clieiBaHus TTOKa3axa, ue Hall-BHCOK
JOOMB OT MPOAYKTa Ce NOoIy4aBa B IUXJIOPOMETaH npu Temieparypa —20°C
u 1.5 exB. enexrpoduien pearent (Tabmuua 1, Ne 13).
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Taéauua 1. Onmumusupare Ha peakyuonHume YCI08UA 34 e1EKMPODUIHA YUKTU-
3ayus Ha emun 4-(6enzencyngunun)-2,4-oughenunoyma-2,3-ouenoama 3f c opom

Bpom Peakuuonna Peaxkumonno  Jlodup**

Ne (exB.) PastBopuren Temi. (°C) Bpeme (h) (%)
1 1.0 CICH,CH,CI1 rt 10 44
2 1.5 CICH,CH,CI1 KHUIICHE 6 31
3 1.5 CICH,CH,CI -78 7 51
4 1.5 CICH,CH,CI -20 7 60
5 1.5 CHCI, -20 6 52
6 1.5 THF -20 8 51
7 1.5 EtOH =30 6 28
8 1.5 MeCN -20 8 49
9 1.5 MeNO, -20 7 57
10 1.5 PhH rt 8 35
11 1.0 CHCI, rt 8 56
12 12 CH,CI, -20 7 66
13 15 CH,C], =20 7 73
14 20 CH,Cl, -20 9 65

* Peaxyuume ca npoeedenu 6 coomeemnusi pazmeopumen (10 mL + 10 mL)
** Jlobueu cred uzonupame ¢ KOIOHHA Xpomamozpaghusi

3a ma u3cieaBaMe Bb3MOXHOCTUTE 3a €NEeKTpO(UIHA MUKIN3ANUS Ha
CHHTE3HpaHUTE OT HAac CyA(UHIINpaHU ajleHkapOokcunatu 3a — c,f, Hue
U3CIIeBaXMe B3aUMOAEHCTBUETO UM C MIOPEIHLA ENEeKTPO(UIHN PEarcHTH.
ExcriepuMeHTamHUTE pe3ynTaTH MOKa3BaT, 4e¢ BbB BCHUUKH CIydau C€ OCh-
IIECTBSIBA METWICHHA XCTCPOLUKIN3AUS C AaHXUMEPHO ChAEHCTBHE KaTo
BBTPEIIHA TPyIa caMO Ha aTKOKCHKapOOHMWIHATA (DYHKIIHS C OTy4aBAHETO
Ha y-JIaKTOHHUTE 6 ¢ 100uB 66 — 73%.

E R
1 S R>Z:L
Ph— CH Cl
S\\ 2Vi2 Ph—S\\ o) O
0
3a-c,f 6

Cxema 3. Enexmpogunna yukauzayus Ha 4-cyrgunurupanume
anenxapboxcunamu 3
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Taoauua 2. [lonyuasane na 5-(benzencyngunun)-gypan-2(5SH)-onume 6

Ne  Aunen R R! R? E Bpeme, h 6, loous*, %

1 3a Pr Me Et Cl 4 6aa, 70
2 3a Pr Me Et SePh 6 6ad, 68
3 3b Pr Ph Me Br 6.5 6bb, 72
4 3c Bu Me Et Br 5 6¢b, 71
5 3¢ Bu Me Et SePh 6 6cd, 67
6 3f Ph Ph Et Cl 6 6fa, 71
7 3f Ph Ph Et Br 7 6fb, 73
8 3f Ph Ph Et SPh 11 6fc, 68
9 3f Ph Ph Et SePh 9 6fd, 66

* U3onupanu upe3z KonoHHa xpomamozpaghus

CunTesnpanute oT Hac 4-cynoHUIUpaHu aleHKapOokcunatu Sc¢ — f
M3M0JI3BaXMe KaTto cyOCTpaTH 3a pasiiupsBaHE HAa H3CICIBAHUITA HU BHPXY
peakKMUTe Ha CAPaAChIbPIKAIIM aJIEHHU C eJIeKTPOQIIHN PeareHTH.

R E
>: ENu — Ph
\\ :> O\\S>_$<
RN\
Me/S\\ CH2C|2 Me” g W Neor?
5d,f E-7

Cxema 4. Enexmpoguinu peaxyuu na 4-cynghonunupanume
2-gpenun-anenxapooxcuramu Sd,f

Peaxiuure Ha 4-cyndonunnupanute 2-peHun-aaeHkapookennat Sd,f ¢
XaJIOTeHHU 1 OeH3eHcenaHm Xaopua (Cxema 4) mpoTHIAT pezt0CETIEKTHBHO
C IPHCHEANHSABAHE Ha peareHra 1o 2,3-1BoiHaTa Bpb3ka Ha ajeHoaTHaTa
cucteMa M 00pasyBaHETO Ha arukiIeHUTE 4-(MeTaHCyapoHMT)-2-peHn-
ank-(3E)-eHoaru 7 ¢ no6pu nobusu (Tadbmuma 3).

Tabauna 3. [lonyuasane na 4-(memancyngonun)-anx-(3E)-enoamume 7

Ne Anen R R? E Nu Bpeme,h 7, Io6us*, %

1 5d Bu Me Br Br 7 7db, 68
2 5d Bu Me  SePh Cl 9 7dd, 64
3 5f Ph Et Cl Cl 6 7fa, 67
4 5f Ph Et Br Br 9.5 7fb, 70
5 5f Ph Et SePh Cl 13 71d, 64
Hzonupanu upes kononna xpomamozpagus
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Koraro B Mosiekynara Ha aJeHOBHTE CyOCTpaTH Sc,e ce Chabpka METH-
708 3amecturen npu C*-aroma Ha aneHoarHara cucteMa (R'= Me), xonsT
Ha PEaKIUsITa ce TMPOMEHs, KaTo Pe3y/ITaTUTe MOKAa3BaT MOJTy4aBaAHETO Ha
cMec OT anukieHuTe 4-(MerancyndoHwn)-2-metwi-ank-(3E)-eHoatn 7 u
2-metuneH-4-(merancyndonun)-ank-(3E£)-eHoatH 8 B CHOTHOILIEHHE MPH-
omusurenno 1.6 : 1 (Tabmuma 4).

R E R E
/E o >= M —
> § CH,Cly \\S>_$< o Me_502>_<F
AR\
Me” S\\ 22 Me” o [/ coskt Et0,C
E-7 E-8

Cxema 5. Enexmpogunnu peakyuu Ha 4-cyngonunupanume
2-memun-anenxkapbokcunamu 5c,e

Taoauua 4. [onyuasane na 4-(memancyngonun)-anx-(3E)-enoamume
7 u 2-memunen-4-(memancyngonun)-anx-(3E)-enoamume 8

* * -
N Asen R E Nu Bpeme, 7, loous*, 8, JoouB*, CboTHO

h % % meHune
1 5S¢ Bu Br Br 6 7cb, 43 8cb, 27 1.55:1
2 5¢ Bu SePh (I 8 7cd, 41 8cd, 25 1.63:1
3 Se Ph Br Br 8 7eb, 44 8eb, 27 1.61:1
4 Se Ph SePh Cl 10.5 7ed, 41 8ed, 24 1.72: 1

* U3onupanu upe3 KoloHHA Xpomamozpaghus

HaGmonaBaHuAT X0/ Ha peaknusATa BEPOSTHO C€ IHIDKU Ha IIPOTHIAHE-
TO Ha Peakiysd Ha JEXUIPOXaJOoTreHUupaHe Ha 2-MeTulI-ajk-(3E)-eHoatute
7. ToBa Hamie MpeATIONIOKeHUE Oelre MOTBBPACHO CIie] KUIEHe B OEH3eH
Ha u301upaHus etuia 2,3-1ubpomo-4-(MeTancynpoHun)-2-MeTuIoKT-(3E)-
eHoar 7cb B MpHUChCTBHE HA TPUETIIIAMHH, KOHTO eTMMHAHUpPA OPOMOBOJIO-
poa ¢ monyyaBaHe Ha eTuia 3-0poMo-4-(MeTaHcynoHMT)-2-MEeTUIIeH-OKT-
(3E)-enoara 8cbh.

Bu Br Bu Br
O\\s ——< Me EtsN, PhH y so>:§:
P\ - €e—o02
Me™ Yo o/ coet  HE EtO,C
E-7cb E-8cb

Cxema 6. Peaxyus na enumunupane na 2-memunoxm-(3E)-enoama 7cb
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B excriepMMEHTaIHO OTHOLIEHHE XOIbT HA BCUYKH PEAKLMU € Ipo-
CJIesiBaH ThHKOCIONWHO XpoMarorpadcku 1 MU-criektpainno. [lomyuenure
IPOJYKTH Ca U30JIMPAHU U MPEUUCTEHU Upe3 KOJIOHHA XpomaTorpadus, a
CTPYKTYpaTa Ha CHHTE3UPaHHUTE ChelMHeHus ¢ ycraHoBeHa upe3 Y-, 'H-,
1 BC-SIMP-CEKTPOCKONUSI U €IIEMEHTEH aHAIH3.

3AKVIIOYEHHUE

W3cnenBanu ca B3auMoaeicTBUsATa Ha 4-Cya(DUHUITUPAHE WU 4-Cyil-
(hoHMIHMPaHU aNeHKapOOKCUIIATU C eNEKTPOPUIHN PEareHTH Kato cyndy-
pwt xyopua, 6poM, OeH3eHCYIDaHUIT XJIOpUIT B OCH3CHCETaHWT XJIOPH/L.
OnTuMH3MpaHy ca YCIOBHATA HA PEAKIIMUTE IO OTHOIICHHE HA Pa3TBOPU-
TeJI, peaKklHOHHA TeMIIeparypa U BpeMe U MOJIHO ChOTHOIICHHE Ha elleK-
Tpodrmita. YCTaHOBEHO €, Ue Ce IMOIyvaBaT XeTePOIMKICHH HITH HEHACUTCHH
AlMKJIICHU CbCANHECHNA B 3aBUCUMOCT OT BU/Jla Ha CApHATa (byHKHI/IH.
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KOHKYPEHTHA EJIEKTPO®UJIHA
HUKJ/IM3ALIUA U TIPUCBEIUHUTEJIHHU
PEAKIIUHA HA 4-©OCPOPU/IMPAHHN
AJIEHKAPBOKCHJIATU

Heaiino Iapywes, Heaiino Heanos, Banepuit Xpucmoe

LlIymencku ynueepcumem ,, Enucxon Koncmanmun Ilpecnascku*,
Dakynmem no npupooHu HAyKu,
Kameopa no opzanuuna xumusa u mexunonozus,
9712 Illymen, yn. ,, Ynusepcumemcka* 115, e-mail: parushev.chem@abv.bg

ABSTRACT

The paper discusses a reaction of 4-phosphorylated allenecarboxy-
lates with different electrophilic reagents such as sulfuryl chloride, bro-
mine, benzenesulfanyl and benzeneselanyl chlorides. Treatment of the
4-(dimethoxyphosphopyl)-allenoates with electrophiles gives mixtures of
2,5-dihydro-1,2-oxaphospholes and furan-2(5H)-ones as a result of the neigh-
bouring group participation of phosphonate and carboxylate groups in the cy-
clization. On the other hand, 4-(diphenylphosphoryl)-alk-(3E)-enoates were
prepared, in moderate yields, by chemo-, regio-, and stereoselective electro-
philic addition to the C?-C3-double bond in the allenoate moiety.

Key words: Phosphorylated allenes, allenecarboxylates, electrophilic
cyclization, furan-2(5H)-ones, (3E)-3,2-adducts

69



Us. Ilapywes, Hs. Hsanos, B. Xpucmos

BBBEJEHUE

Ipe3 mocnequuTe romquHn (HYHKIMOHATH3UPAHUTE aJICHU HMPUBIHYAT
BHUMAaHHETO Ha BCE TIOBEUE H3CIICIOBATEIH, KOSTO ' IIPEBPHIIA B OCHOBEH
IpajiBeH €JICMEHT Ha OPTraHUYHHS CHHTE3.

B muteparypara ca ommcaHu peaniia METOAW 3a MONydaBaHe Ha (yH-
KIMOHAIM3UPaHU ¢ KapOokcuiHa [1] u dochopunna rpyna (dbocdonaru
[2] u dochun okcuam [3]) anenn. 3a pa3iuKa OT aJICHOBUTE BHIJIEBOJOPO-
IM HaJIMYMeTO Ha (PyHKIMOHAJHA TPyTa, CBbP3aHa C aJCHOBaTa CHCTEMa,
CBHIIECTBEHO IIPOMEHS X0/Ia Ha PEaKIUKTE C eIeKTPO(IIHU peareHTH, Karo
JUTEpaTypHUTE JAHHU COYAT, Y€ B 3aBHCHUMOCT OT BHJA Ha PEarcHTUTE U
YCIIOBUSITA Ha PEAKIUUTE CE TONyYaBaT XeTEPOUUKICHH W/IIH alluKICHU
IPOLYKTHU WM CMEC OT Takusa [4, 5].

Karo gact ot Hamara IbJITOTOJUIITHA IPOTpaMa 3a 3CIICABAHE Ha eIeK-
TPOQUIHNTE peaky Ha OM(YHKIIMOHAIH3NPAHH aJeHH, HIE Ch3aJ0XMe
ynoOeH U CeNeKTHBEH METO]] 3a CHHTe3 Ha 4-hochoprinpanuTe ajneHKap-
6okcunaru 1 u 2 (Cxema 1).

Y = MeO (1)

YP\ Y =Ph (2)

Cxemal. H3x00Hu 4-pocghopunupanu anenxapooxcunamu 1 u 2

B nacrosiara pabora npeacraBiMe NOTy4eHUTE Pe3ysITaTy OT U3yya-
BaHETO Ha peaknuute Ha 4-pochoprmpanute aneHkapobokcunara 1 u 2 ¢
SNEKTPODUITHY pearcHTH.

HN3JI0’KEHUE

UzyuaBaneto Ha peakuuute Ha 4-pocdopunupanure aneHKapOOKCHIa-
TH 1 11 2 ¢ enekTpouITHN peareHTH 3aIoyHaxMe ¢ H3CIIe/IBaHe Ha BIHsSHHC-
TO, KOETO OKa3BaT BbPXY TEXHHUS XOI BHIBT Ha Pa3TBOPUTEIS, PEaKIIMOH-
Hara TeMIlepaTypa, PeakIMOHHOTO BpeME W €KBUBAJCHTHOCTTA Ha EIIeK-
TpoWIHUS peareHt. 3a 1enTa IbPBOHAYAIHO M3ClieIBaXMe OpOMHUPAHETO
Ha MOJICITHOTO CheluHeHue et 4-(aumetokcudocdopuin)-2,4-mudeHn-
Oyrta-2,3-nuenoar 1f mpu pasnuuHu peakiuoHHH ycioBusi (Tabmuma 1).
ExcriepuMeHTaNHNTE JaHHHU MOKA3BaT, Y€ BHB BCHUKU CIYYad PEaKkIusiTa
MpOoTHYA C JBA TUIA IUKJIU3ALUS, C €IHOBPEMEHHOTO y4acTHe KaTo ChCe-
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HU rpynu Ha pocdoHaTHaTa U eToKcHKapOOHMITHATa (DYHKIUS 1 00pa3yBa-
HETO Ha CMeC OT eTW 4-OpoMo-2-MeTOKCH-3,5-nudeHn-2-0kco-2,5-1u-
xunpo-1,2-okcapocdon-5-xkapookcunara 3fb u mumernn (3-6pomo-5-0k-
co-2,4-mudennn-2,5-nuxuapodypan-2-un) pochonara 4fb (Cxema 2).

Ph Ph Ph Br Br Ph

> . Br, Ph —
Ox/  \_Ph +
(MeO),P. iOEt X
2 \\O g paaTtBopuTen M PO (MeO)ZP\\O o O

e0” N0~ COo,Et
1f 3fb 4fb

Cxema 2. Onmumusupane Ha peaxyuoHHume yCro8Us 3a eNeKmpopuiHa yuxiu-
3ayus Ha emun 4-(Oumemoxcugocpopun)-2,4-ougenun-oyma-2,3-ouenoama If

B Tabnuma 1 ca mpencTaBeHH eKCIIEpUMEHTAHUTE JAHHU OT OITH-
MH3HPAHETO HAa PEAKIMOHHHUTE YCIOBHUS 3a eNeKTPOQUITHA IIUKIN3AIHS Ha
etun 4-(qumerokcudocdopmn)-2,4-nudennn-oyra-2,3-quenoara 1£.

Taonuya 1. Onmumuszupane Ha peakyuoHHUmMe YCi08Usl 3a e1eKmpopuina
yukauzayus Ha emun 4-(oumemoxcughocgpopun)-2,4-ougenun-
oyma-2,3-ouenoama If

Bpom  Pasteopu- Peak- Peak-  Jloous** (%) CnoTHO-
o . HHOHHA  [HOHHO HieHue
(exs.)  Ten remm. (°C) mpeme (h) 30 4 34, 4q
1 1.0 CICH,CHCI rt 4 31 19 1.63:1
2 15 CICH,CH,Cl kunene 3 24 15 1.60:1
3 15 CICH,CH/CI 78 5 21 12 1.75:1
4 15 CICH,CH/CI =20 5 20 11 1.81:1
5 1.5 CHCI, -20 4 22 13 1.69:1
6 12 EtOH =30 6 18 10 1.80:1
7 12 MeCN =20 8 19 11 1.73:1
8 12 MeNO, =20 7 17 10 1.70:1
9 12 PhH rt 8 15 9 1.67:1
10 1.0 CH,CI, rt 8 46 25 1.84:1
1 1.2 CH,CI, -20 5 50 28 1.79:1
12 15 CH,CI, -20 6 45 24 1.88:1
13 2.0 CH,CI, -20 7 39 22 1.77:1

* Peaxyuume ca npgedenu 6 coomeemuus pasmeopumen (10 mL + 10 mL)

** Jlobusu cned usonupare ¢ KOIOHHA XpoMamocpagusi
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[poBexaaneTo HA peakiyaTa B JUXJIOPOCTAH MPH CTaiiHa TeMIeparypa
BOJIH 10 MOJIy4aBaHeTo Ha cyMapeH noouB oT 50% (Tabmuua 1, Ne 1). ITpu
KHIICHE U TIPH OTPHILIATEITHU TEMIIEPATYPH B CHIINS Pa3TBOPHUTEI TOOMBUTE
ca no-aucku (Tabmuna 1, Ne 2 — Ne 4). [IpoBekaaHeTo Ha peakuusiTa B 1o-
JSIPHH Pa3TBOPHUTEINH, KaTO €TAHOM, allETOHUTPIUI U HUTPOMETAaH, BOAU J0
MOJTyYaBaHETO HA MPOMYKTUTE ¢ HUCKH ToOUBH (110 35%). [TogoOen mo0uB
(24%) ce momy4aBa 1 P NPOBEKAAHETO HA B3aUMOJICHCTBHETO B OCH3EH.
Ort npyra cTpana, Py U3MOI3BAHETO HA TUXJIOPOMETAH KaTO Pa3TBOPHUTEI
IIpU CTalfHa W OTPHILATEIHH TeMIIepaTypH 3a 5 — § Jaca TOOMBBT OCTHTa
10 78% (Tabmuma 1, Ne 10 — Ne 13). Oka3za ce, ue Hal-MmoaAXoAsIIa TEMIIC-
parypa e —20°C. KoraTo ce moBHIIM WM MOHIKH PEaKIMOHHATA TeMIIepa-
Typa, JOOWBHT HaMaJIsIBa.

Ot npoBezeHUTE U3CIICABAHNUS HAIPaBUXMe U3BOJIA, Y€ Hail-100bp /10-
OWB ce ToJTy4yaBa MpH IPOBEKIAHE HA peakiusTa ¢ 1.2 ekB. OpoM B TUXJIO-
pomeTaH nipu Temneparypa —20°C 3a 5 gaca (Tabmuma 1, Ne 11).

EMHOBPEMEHHOTO MPUCHCTBHE B CHHTE3UPAHUTE OT HAC AJIKAI
4-(aumetokcudochopuin)-anka-2,3-quenoaru 1a — ¢,f kato QyHKIMOHATHA
rpynu (M MOTCHIIMATHA BBTPEITHH HYKICO(MIN) Ha aJKOKCHKapOOHMITHA
u (ocdoHaTHA IpyIa MPaBU TE3U ChEAUHECHHS M3KIIIOUHTEIHO HHTEPECHH
cyOcTpary 3a n3yvaBaHe Ha peakMUTe Ha eneKTpoduiIHa UKIm3anus. 3a
LeNTa HAC U3CIEeIBAXME B3aUMOICHCTBHETO UM C €ICKTPOQHIHUTE pearcH-
TH Cyndypui XJIopua, OpoM, OeH3SHCYI(DaHUT XJIOpUI U OCH3CHCETaHUIT
XJIOPHU.

YcraHOBHXME, Y€ B3aUMOICHUCTBHETO Ha aNKmwi 4-(auMmerokcudoc-
(dopun)-anka-2,3-mueHoarute 1a — ¢,f ¢ enexkTpodriIHN peareHTH BbB BCUY-
KM CIy4Jau MpoTuda ¢ S-endo-trig nuknuzamusa (Cxema 3). Ilomydasar ce
cMmecH ot 2,5-nuxunpo-1,2-okcadocdomure 3 u 2,5-guxuapodypanure 4,
T.€. B IIPOIleca Ha [IUKIIM3aLNI aHXUMEPHO ChIICHCTBHE KaTo ChCeIHA IpyIia
OKa3Bar KakTo ¢ochoHaTHATA, TAKA M ANKOKCHKAPOOHIITHATA TPYIIH.

1
R R R E E R
/E. E-Nu R T
—_— - 1 +
(MeO),Py, OR*  chycl, O>\P\ R (MeO),RL YO
0 o) MeO” o~ “CO,R? 2 \\o
la-cf 3 4

Cxema 3. Enexmpogpunna yukauzayusi Ha aikul 4-(oumemoxcugpocgopun)-
anxa-2,3-ouenoamume la — ¢,f
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Taonuua 2. [lonyyasane Ha aikun 2-memokcu-2-oKco-2,5-0uxudpo-
1,2-oxcaghocgpon-5-kapboxcunamume 3 u oumemun (5-okco-2,5-ouxudpoghy-

pan-2-un)-gpocponamume 4

oouB*, CbHOTHO-

%
Ne Azen R R' R® E PPV 3, Il?,/f““ ’ ‘Wl% boTHo
1 la Pr Me Et Cl 3 3aa, 50 4aa, 28 1.79: 1
2 1la Pr Me Et SePh 5 3ad, 46 4ad, 28 1.64:1
3 1b Pr Ph Me Br 6 3bb, 45 4bb, 28 1.61:1
4 1b Pr Ph Me SePh 4 3bd, 48 4bd, 29 1.66: 1
5 1c¢ Bu Me Et Br 3.5 3cb, 51 4cb, 28 1.82:1
6 1c Bu Me Et SePh 5 3cd, 46 4cd, 29 1.59:1
7 1f Ph Ph Et CI 4 3fa, 49 4fa, 27 1.81:1
8 1f Ph Ph Et Br 5 3fb, 50 4fb, 28 1.79 : 1
9 1f Ph Ph Et SPh 9 3fc, 45 4fc, 28 1.61:1
10 1f Ph Ph Et SePh 7.5 3fd, 47 4fd, 27 1.74 : 1

* Wsonupanu upes kononna xpomamozpagus

HnrepecHo 3a Hac Oe Kak mIe IPOTEKAT eNEKTPODUITHATE PEAKIIUH, aKO
MIPOMEHHM BHJIa HA 3aMECTHTEIUTE BEB (hocopuitHaTa rpymia Ha arleHoBaTa
cucrema. 3a LeiTa U3cieaBaxMe B3aUMOJICHCTBUETO Ha CUHTE3UPAHUTE OT
Hac ankun 4-(mudenmndochunonn)-anka-2,3-queHoatu 2¢ — f ¢ enekrpo-
¢umHUTE peareHTH cylIdypua xjaopui, 6poM, OCH3EHCYA(DAHUT XIOPHT U
OeHzeHcenaHwi xJjJopuj. ExcriepiMeHTaIHUTe pe3ylaTaTy TI0Ka3Bart, 4e¢ BbB
BCUYKH CJTyYa B3aMMOJICHCTBUETO Ha anmkui 4-(nudenmndochunonn)-a-
ka-2,3-nueHoatute 2¢ — f ¢ eneKTpoQITHE peareHTH B JUXJIOPOMETaH Ipo-
THYa CEJICKTUBHO C 00pa3yBaHETO Ha AlIMKICHUTE IPOAYKTH 5 ¢ 10OuB 63 —
73%. CriekTpajHUTe U3CIIEABaHUS [T0Ka3Bar, Ye ce Moaydanar 3,2-aayKTH ¢
(E)-xoH(UTYpaIHs, T.€. pEaKIUUTE Ca XeMOo-, pecuo- U CImepeoCeIeKTHBHU.

Ph,P

>:.

N
Yo

Rl

O

§OR2

E-Nu
—_—
CH,CI,

Ph,

E

=X
ONu

Cxema 4. Enexmpogunnu peaxyuu Ha ankun 4-(Qupenunrgocgunoun)-
anxa-2,3-ouenoamume 2c — f

CO,R?
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Taonuua 3. Ilonyuasane Ha 4-(ougenungpocgunoun)-anx-(3E)-enoamume 5

Ne Amen R R' R? E Nu Bpeme,h 5, lo6uB*, %

1 2¢ Bu Me Et Br Br 4 5c¢cb, 70
2 2¢ Bu Me Et SePh Cl 6 5cd, 64
3 2d Bu Ph Me Br Br 5 5db, 73
4 2d Bu Ph Me SePh Cl 7 5dd, 65
5 2e Ph Me Et Br Br 6 5eb, 72
6 2e Ph Me Et SePh CI 6.5 5ed, 64
7 2f Ph  Ph Et Cl Cl 5.5 5fa, 69
8 2f Ph  Ph Et Br Br 7 5fb, 71
9 2f Ph Ph Et SPh Cl 7.5 5fc, 66
10 2f Ph Ph Et SePh Cl 8 5fd, 63

* Wzonupanu upes kononna xpomamozpagus

B ekcrieppMeHTaNHO OTHOIIEHHE XOIBT HAa BCHYKH PEaKUUU € Mpo-
CJIe/ISIBaH THHKOCIOWHO XpoMarorpadcku u MU-cnekrpanno. [Toaydennre
MIPOAYKTH Ca U30JIMPAHU M MPEYUCTEHH Ype3 KOJIOHHA Xpomarorpadus, a
CTPYKTypaTa Ha CHHTE3UPaHHUTE CheAMHEHMS € ycTaHoBeHa upe3 Y-, 'H-,
BC- u 3P — SIMP-CIeKTPOCKOMHS 1 CIICMEHTEH aHAIIN3.

3AK/IIOYEHUE

UscnenBanu ca B3aumoseiicTBuara Ha 4-pochopunupanu ajaeHkap-
OOKCHIIATH C eIEKTPO(HUITHY peareHTH KaTo CyapypHi XJIopua, 6pom, OeH-
3eHCYN(paHWI XJIOpUA ¥ OeH3eHceTanmI xiopua. ONTHMU3ZHPAHH ca yCiIo-
BHATA Ha PEAKIMUTE MO OTHOIIEHUE Ha PA3TBOPUTEIN, PEAKIIMOHHA TEMIIe-
parypa u BpeMe M MOJIHO CHOTHOIIEHHE Ha eIEeKTpo(uiIa. YCTaHOBEHO ¢,
9e ce MMOMYYaBaT XETSPOLMKIICHH WIIH HEHACUTCHU allMKICHU ChEIHHEHHSI
B 3aBUCHMOCT OT BHJIa Ha 3aMECTHUTEIIS IpH (hochopriTHaTa rpyma.

BJIAT'OJAPHOCT
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pOOHUTE, TEXHUUYECKUTE U MaTreMarudeckure Hayku“. IIpoekTsT ce och-
mecTBABa ¢ (puHAaHCOBaTa NMoxKkpena Ha OnepaTuBHa porpama ,,Passurue
Ha YOBEIIKUTE pecypcH”, chpuHaHCHpaHa oT EBpomelckus coumaneH
¢ouxa Ha EBporeiickus chio3.
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PE3IOME

CykpoecTtepute mpencTaBiasiBaT HEHOHOT€HHH MOBBPXHOCTHOAKTHBHU
BEIIECTBA C Ba)KHO 3HAYCHUE B PACTHTENHATA 3aIIMTA, MEOUIMHATA, KO3-
METHKaTa U XpaHUTeIHATa MPOMUIUIEHOCT. OCBEH perllaMeHTHPAaHOTO UM
MpUIIOKEHNE KaTo H00aBKHU B XpaHHUTE (EMYJIraropH), Te ce yTBbpAHXa U
KaTo BEIEeCTBA C IOTCHIMAIHA AaHTUMHKPOOHA aKTHBHOCT. HacrosmmsT
Mperiesl Ma 3a [T 1a pas3riea HOBUTE MOAXOIM, IPIIaraHi IPH CHHTE3a
Ha €CTepU Ha 3axapo3aTa, XapaKTepU3UpaIld Ce C MOBHIIEHa OMONOrHy-
Ha aKTUBHOCT. XUMHYHUAT CHHTE3 Ha CyKpoecTepH (KalpuiaTH, Jayparq,
MUPHUCTATU U MAaJIMUTATH) OOMKHOBEHO ce ocbliecTBiBa B DMSO upe3
npeectepuduKaysg Ha BUHUIOBH WIHM €TUIOBH €CTEpU HAa CHOTBETHHUTE
MaCTHH KHCEITMHU B IPHCHCTBUE HA AJTKATHH KaTaau3aTopu B HacTOSIIMS
0030p € HalpaBeHa CPaBHUTEIHA XapAKTEPHCTUKA HA HOBHTE XUMHYHH U
E€H3UMHH METO/MW 3a ecrtepudukanus Ha 3axaposa. [lompobHo ca pasrie-
JaHU YCKOPCHUAT YATPA3BYKOB XMMUYEH CHHTE3 HA CYKPOCCTEPH, KaKTO
€H3UMHa MOAU(DUKAIMS, OChIIECTBEHA B IPUCHCTBUE HA JIMIIA3a, IPOBEE-
Ha I0J] MUKPOBBITHOBO, YJITPAa3BYKOBO BB3J/ICHCTBHE U peaKIIMOHHATA Cpeia
CBC CYNEPKPUTHICH BBIVIEPONCH MTUOKCHI. [IpeacTaBeHuTe HOBU MOAXOIH
3a Mojly4aBaHe Ha OMOJIOTHYHO aKTUBHU CYKpOECTepH UMaT 3a KpaiiHa el
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MPEUMYIIECTBEHOTO HATPYNBaHEe HA MOHOECTEPH, OTIHYABAIIM CE C Haii-
BHCOKa aHTUMHKPOOHA akTUBHOCT. OIEHEH € MOTEHIHAIbT Ha MPUIIOKE-
HHUETO Ha YATPa3ByKOBOTO BB3ICHCTBUE IPU HHTCH3U(DUIIMPAHE HA ECTEPU-
(uKaIMOHHHUS TIpoIIEC.

Knwuoeu oymu: cykpoecmepu, ynmpaszeykog cunmes, MUKPOGBIHOS
cuHmes, eH3UMeH Kamanus, AHmuMUKpoOHa akmueHocm

BbBBEJEHHE

HapacTBamust uHTEpeC KbM CyKpOECTEPHTE M HIMPOKOTO MM MPHUIIO-
KEHHE O0yCNaBsIT HEOOXOAUMOCTTa OT HOBH, MOJOOpEHH, Obp3u U edek-
THBHU METOJIM 3a TAXHOTO IoJdy4yaBaHe. B Hacrosmms 0030p ca mpejcra-
BEHM KJIACHIECKH W HOBH TTOIXOIM IPH CHHTE3a Ha OHMOJIOTHYHO aKTHBHH
cykpoectepu. EcTepure Ha 3axapo3ara ¢ BUCIIM MAaCTHH KHUCETHHU HAMU-
par MHUPOKO NPHIOKEHAE B XPAHUTETHO-BKyCOBaTa MPOMHUILIEHOCT [31,
43], B KO3METHYHATa WHIYCTPHUS, B CTOMATONOTHIHUTE W MEIUIUHCKHTE
koHcymatuBH (@ur. 1). BeB papmanmsaTa cykpocTeapaTsT H CyKpOIIaIMU-
TaThT C€ W3IOJ3BAT KATO IBJIHUTENH 3a JIEKapCTBEHUTE (OpMYIH, 3a Ja
ce KOHTPOJIHpa CKOPOCTTa Ha pa3TBapsHE U OCBOOOXK/IaBaHEe HAa aKTUBHATA
cyocrannms [32]. Uscaensano e AeHCTBHETO UM KaTO aHTUOMOTUYHU TIpe-
napard [27] u cmocoOHOCTTa MM Ja HPOSBSIBAT aHTHUTYMOpPHH [33, 41] u
WHCEKTHUITUIHU CBOMCTRBA [6].

CykpoecTtepuTe ca JIeTaTH3UupaHH 3a yoTpeda B xpaHure npe3 1959 1. B
Anonwust [35]. B eBponeickoTo XpaHUTETHO 3aKOHOIATEICTBO ca Kiacupu-
UpaHy KaTo nobaBka B xpanure — E 473. [lopaan HUCKaTa IM TOKCHIHOCT
€ MPUETO Te Ja Ce BJaraT Karo eMyJAraTopH ¢ KOHIICHTPAIKs, He ITO-BHCOKA
ot 10 mg/mL. MakCUMaJHUAT IOMYCTHM THEBEH IIPHEM Ha CYKPOECTEPUTE
€ cpaBHUTENHO BUCOK — 110 20 mg/kg TenecHa maca [12].

AHTHMHMKPOOHA aKTHBHOCT

Ko3meruka Meaununa

XpaHnTeJma NPOMUMILJICHOCT PactuTenna 3amura

®@urypa 1. [Ipunooicenue na cykpoecmepume
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KonnuecTBOTO Ha OCTaThIMTE OT MACTHU KUCEITMHUA OT MOHO- JI0 OKTa-
3aMeCTBaHHS B 3axXapo3ara, IhIDKMHATA Ha alIHATAa BEpHUra W HEHHAaTa
HEHACHTEHOCT W CTETIEHTa Ha 3amecTBaHe [16] ompenensat XuapopuiHo-
muno¢unnus 6ananc HLB Ha mponykTa.

METOIMU 3A ITIOJIYHABAHE HA CYKPOECTEPHU

1. KoHBeHIIMOHAJIEH XUMUY€H CHHTE3

XWMUYHHUAT CHHTE3 Ha €CTEPH Ha 3aXapo3ara € OChIIECTBEH 3a MIbPBU
T oT Xepudenn [18]. I[Ipu Hero peakuuuTe Ha ecTepupUKALNA U TIpe-
ecTepuUKays IPOTHYAT IIPU BHCOKA TeMIleparypa B MPUCHCTBHETO Ha
ankajieH karanuzarop [13]. ANKokcuau Ha ajKajJHUTE METaJd YEeCTO Ce
U3II0JI3BAT 32 Katamusaropy — Harpue metuiar (CH,ONa), u naBar MHOTO
BHCOKH n06mBHU (>98%) 3a Kkparko peakunoHHO Bpeme (30 MuH.), TopH
IpU HUCKU MojiapHH KoHIeHTparmu (0.5 mol %). Xuapokcuaure Ha aj-
kanaute Metanu (KOH n NaOH) ca mo-Manko akTHBHH OT METAJTHUTE aJi-
KOKCHJTH, HO ca JoOpa aJiTepHaTHBA TIOPaJld BUCOKUTE JOOMBH 4pe3 yBe-
JIM4aBaHe Ha KOHILIEHTpaLusATa Ha katanuzaropa ¢ 1 win 2 mol %. Cobiro
Taka TpsAOBa Ja ce MMa MIPENBHUJ, Y€ B CHCTEMAara IIe c€ OTICIH MajKoO
BOJIa, KOATO Il XUAPOIU3UPA YaCT OT MIPOU3BEACHHUS €CTEP C TOCIEeNBAIIO
o0pasyBaHe Ha CaIyH.

W3nomsBaneTo Ha KanueB KapOOHAT B KOHIIEHTpanus oT 2 wiu 3 mol %
HamassiBa 00pa3yBaHETO Ha CallyH W JaBa Bb3MOXHOCT 3a MOBHIIECHHU JI0-
OuBH. B meficTBuTETHOCT NOOABsIHETO My JJaBa BE3MOXKHOCT 32 00pa3yBaHe
Ha XHJPOTEHKapOOHATH BMECTO BOJA M €CTEpPUTE He ce Xuapoimuzupar. [1o
BpeMe Ha MpeecTepu(HKaLis Ha 3aXapo3a ¢ METHJIOBU €CTEpH HAa MACTHUTE
KHCEJIMHH ce 00pa3yBa METaHOJI, KOMTO MOXe J1a Ob/Ie OTCTpaHeH upes3 Jec-
TUJIAIMA WK BAKyYyM IO BpeMe Ha peakiusaTa. ToBa mpoMeHs paBHOBECHETO
B I0JI32 HA MOJYYEHUS CYKpoecTep H Imomo0psiBa T0OWBa Ha JKEJIAHUS TPO-
nykT. Cruces et al. [10] ceobmiaBar 3a 72% a06uB ot 2-O-naypui 3axapo3sa,
Karo usnonssar 3a karamuszarop Na,HPO, npu 40°C B npoabipkenue Ha 5
yaca B DMF ¢ BUHWIITaypHHAT KaTO JOHOP.

Peaknusta Ha TpaHcecTepudUKalus HE MO3BOJSIBA PETUOCEIEKTHB-
HOCT M KOHTPOJ OTHOCHO CTEIIEHTAa Ha 3aMECTBAaHE HA XUJIPOKCHIHUTE
rpynu Ha 3axaposara [34, 38, 39]. Benpeku ToBa peakmusTa MOXE 112
ObZie HacOYECHA KbM KOHKpETHa (popMa Ha 3aMeCTBaHE Upe3 BHUMATENICH
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n300p Ha KaTaJIn3aTop U yciIoBus Ha peakuusta. [loBedyeTo nscneaBaHus
ca TOKa3aiy, 4e TOOMBBT Ha 3aXapHH MOHO- M AUECTECPH CE YBEINYaBa B
3aBUCHMOCT OT MOJIAPHOTO CHOTHOIIEHHE 3aXapo3a : MAacTHA KHCEIMHA.
ToBa ce IBKU Ha OBUINIEHATA PEAKIIMOHHA CIIOCOOHOCT Ha ITbPBUYHUTE
XUIPOKCUIIHU TPYIH B 3aXapo3ara, KOsATO ce MPOMEHS B CIeHAaTa Ioce-
nposarenHoct: 6-OH > 6'-OH > 1'-OH> Bropuunu -OH (®ur. 2) [1, 30].

6 1~
CHZOH

HZOH
@ CHZOH

6
durypa 2. PeakyuoHnu epynu  3axapo3Hama Monexyid

2. CuHTe3 Ype3 MUKPOBBJIHOBO Bh3elHCTBHE

MUKpOBBIHOBHAT CHHTE3 C€ M3IOJ3Ba B TIOYTH BCHYKH OOJACTH Ha
XUMHUYHaTa HayKa, BKIIOYUTEIHO U BbB BhIVIEXHApaTHATA XuMHus [8, 26].
To3n MeTox MO3BOJISIBA 3HAYUTEITHO HAMAIIIBAHE HA BPEMETO 3 PEAKIUs 1
MOTy4aBaHe Ha JKCIAHUTE 3aXapHU MIPOM3BOAHHU B CPaBHEHHE C KIacHde-
ckute Metoau 3a cunres [11, 30].

KirouoBuSAT MOMEHT 32 YCTICIIHUS CHHTE3 P MUKPOBBIHOBO O0IBY-
BaHE € CIICIMAIHO NMPOSKTHPAHOTO 32 XUMHUYECKH JTa0opaTopuu obopy-
BaHe. To pasmnosara ¢ MHOTO MPELM3EH KOHTPOJI BbPXY YCIOBUATA — TEM-
meparypa U HaJsiraHe, B CPaBHEHHE C TOMAITHATE MUKPOBBITHOBHU (BYypHH.
CodTyepbT ocurypsiBa ONPOCTEH MpOIleC Ha HAONMIOACHUE U KOHTPOI,
KOETO BOJM JI0 MO-TOYHHU M MO-HAAEKIHU YCIOBUS 3a peakuus. [lpu mu-
KPOBBITHOBOTO OOTBYBaHE IIPSHOCHT HA EHEPTHs € HEBEepOoATHO Obp3. Upes
KOHTPOJI Ha TeMIIepaTypara ce u30srBa pasrpakIaHeTo Ha CyOCTpaTHTe U
ce MoJlyyaBaT CPaBHUTEIIHO BUCOKU TOOUBH 33 KPaTKO PEaKLIMOHHO BpeMe.
[Ipu To31 MeTox, Koraro TeMIeparypara TOCTUTHE CTOMHOCTTa Ha BXOIa,
MOIITHOCTTA C€ HaMaJIsBa, Taka 4e PEeaklMOHHATa CMEC He HaJBHIIIABA 3a-
naneHara Touka. Cieq ToBa OCTaBa Ha MO-HUCKO HUBO, 3a J1a C€ MOIIbpKa
3aJja/IeHaTa TeMIeparypa rpes3 msaTa peakiusl.
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OH

o OH F'n;F’ CBry, pyr NaN;, DMF
HO
HO oGH OH MW 90°C (400W), HOS"[ {‘\ Br MW 145°C (400W),

OHg 10 min, 76% f"" - 10 min, 84%

OH
N3
(CH3CO)20 o o OAc
; |7 MW 90 °C (400W),  ACO ™~ o N,
5 min, 98%

OAc
@urypa 3. Muxposwinoso v30elicmsue npu cuHmes Ha CyKpoecmepu

3. CuHrte3 upe3 yJITPa3ByKOBO Bb3jeiicTBHE

VYnTpa3ByKOBOTO OOIBYBAHE € MOJE3EH METOA 3a eMyJrHpaHe Ha He-
CMECBaIlld Ce TEYHOCTH. TO3U METOJ Npennu3BUKBA 0Opa3yBaHE HA KaBH-
TaIlMOHHU MeXypdeTa, KOUTO HaMaJsiBaT (pa3oBaTa rpaHUIa, TPUUUHIBAT
eMYJITMpaHe U MOJIEKYJIUTE [ONafHaT OT €1Ha TeYHoCT B aApyra [29]. Ipe-
ecTepuduKanmaTa Ha 3aXapo3a C eCTepH Ha MACTHH KHCEIMHH MOXeE Ia
OBlIe yCKOpeHa upe3 yATpa3ByKoBO oOipuBaHe. IlomydeHa € XOMOIOXKHA
cepus 3aXapo3Hu MOHOecTepH ¢ N-aliiiHu Bepuru ot 8, 12, 14 u 16 Boruie-
pOIHM aToMa upe3 yITpa3ByKOBO 0OdbuBaHe ¢ 00OBp moouB (73%) u BU-
COK IIPOIIEHT Ha MoHoecTepH (92%). EkcriepiMeHTaTHUTE YCIOBHSI, KOUTO
BIIMSIAT Ha TOOMBA, Ca BUIBT M KOHIICHTPALUATA HA KAaTaJIH3aTopa, BPEMETO
3a peakuus U cucremara 3a Haysirane [19].

R'OQ OH
0. OEt O ofH
+ diester
KzCO3, DMSO HO OH\y
OH US.,70°C, 11Kpa - HO OR?

a:R!=RCO-, RZ=H

R: CH5(CH,),CH;— 1n=5,9,11,13 bR RARCD-

®urypa 4. Peakyuonna cxema Ha cunmes Ha CyKpoecmepu npu yimpaseyko-
60 6v3oeticmaue [19]

Oco0eHo BaXKHA € poJIATa M HA KaTalnu3aropa Ipu CHHTE3a Ha CyKpoe-
ctepu (Tabm. 1).
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Tadmuua 1. Bpwska mesicdy kamanuzamop u kpaiinus ooous [19]

Karaauzarop | Mol (%) | Hansarane (kPa) | Bpeme (h) | Jo6us (%)
Bes 0 11 5 0
NaH,PO, 200 100 4 0
NaH,PO, 200 11 3 2
K,CO, 10 100 2 10.5
K,CO, 8 11 2 63.6
K,CO, 10 11 2 67.7
K,CO, 13 11 2 74.8
K,CO, 16 11 2 68.1
K,CO, 20 11 2 60.4
K,CO,+PEG-400 10 100 3 0
K,CO,+PEG-400 10 11 2.5 10.1

4. EH3uMeH cHHTe3

Ensumute ca YCHICHIHO NpHIaraHu 3a peruoCCJICKTUBHU CUHTE3U Ha
MOHO- U OJIMT03aXapH I, BKIIOUNTEITHO alluJIMpaHe, AealluInpaHe i OKUC-
nutenHu peakuud. CHHTE3BT Ha CyKPOECTEPH IIOCPEICTBOM €H3UMHA Kara-
JTU3a OCUTYPsIBA PETHO- U CTepeoceNeKTHBHU npoaykTH (Taom. 2).

Tabumua 2. Ayurupane na 3axapo3a 6 opeanuyeH pazmeopumer
upes en3umen kamanuzamop [5, 35, 37]

Enzum Pa3zTBopuTen Anuiupany areHT Msicto na
P [wpan anuJIHpaHe
[Iporeaza N DMF Bunwunos ecrep (Cq) r
Iporeasa N DMF Mertunos ectep (C4-C,,) r
CyOTtunicun DMF 2,2,2-TpuXJI0poeTii OyTHpar I
Cy6THHP{CHH Mupuana Bunwunos ecrep (C,-C,,) 1,6
BPN
CyOTtunicun )
Carlsberg [upuaun Bununos ecrep(C,-C,,) 1,6
CyOGrumicun MMupumua Bunminos ectep(C,,-C,5) N
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Tepmonmzun DMSO Bunun naypear (C,,) 2
Anxanna po- | DMF:DMSO
reasa AL 89 (1:1 v/v) Bununos ectep (C,-C,y) 2
Jlunaza B om .
C. antarctica t-OyTaHOI ETunos 6yupar (C,) 6,6
Junasa B om | 'TCHTAHOI-

; NAPUIUH Bunmnn creapar (Cq) 6,6
C. antarctica

(11:9v/v)

YcnoBusTa, Ipy KOUTO MPOTHYA CUHTE3BT, Ca MO-MEKH B CPaBHEHHE C
XUMHUYHUS, KOETO OTpaHNuaBa HEXEJIAHWTEe CTpaHW4YHHU peakuuu [3, 15].
Obaue 3a ONTUMHU3UPAHETO HA PEaKIMATA Ha CH3MMHA KaTaju3a ¢ HeoOxo-
JIIMO J1a ce ChoOpassT royisiM Opol mapametpu [9, 23]:

1.

2.

Bonna akTuBHOCT: MUHUMAITHOTO ChIIbp)KaHUE HA BOjIA € HeoOXo-
JIUMO 3a MOJUTbPKaHe Ha eH3UMa B akTHBHA (opma [2, 14, 25].

Ilpuponara Ha oprannyHus pasTeoputen: Tpsdsa na ce B3eMe
NpeBHUI KaK OPTaHWYHMAT Pa3TBOPUTEIN BIWSAE Ha €H3MMa H CyO-
CTpaTa, €(eKTUBHOCTTA, PEHTAOMIHOCTTa HAa PEAKIHATA, Cla3Ba-
HETO Ha 3aKOHOJATEICTBOTO OTHOCHO OONAcTTa Ha MPUIIOKEHHUE Ha
Pa3TBOPHUTENIUTE U TAXHATA TOKCHYHOCT B XpaHUTE.

YenoBusi Ha peaknusiTa: Temneparypa, pH, Bpeme 3a peakius u
MOITHO CHOTHOIIIEHHE, TOJSIPHOCT Ha cpexaara [4, 9]. PazrBopurenn
KaTo MHPUAMH, AUMETHIhopMaMua U t-OyTuios anmkoxon [24, 34,
44] pa3TBapAT 3axapo3aTa U MAaCTHUTE KUCEIUHH, HO CaMO HAKOJIKO
€H3MMa 3aI1a3Bar CBOsTA aKTUBHOCT B Te3U pazTBoputent [3]. OcBen
TOBA U3IMOJI3BAHETO HA PA3TBOPUTEIH, KOUTO Ca ChbBMECTUMHU C IPH-
JIaraHeTo Ha 3aXapHH €CTePU KaTo XPaHUTEIHHN JOOABKH, Ce OTPaHu-
gaBa oT JJupexrusa 96/77/EO. YcTaHOBEHO €, Ue CyNepKPHUTHUHHAT
BbIiepoaeH auokcun (SCCO,) Moxke aa ce u3Ioj3Ba Karo ajJTepHa-
THUBEH pa3TBopuTel. Toil e He3amannM, HeTOKCHYEH U 10 BpeMe Ha
€H3HMEH CHHTE3 He 00pa3yBa CTpaHUYHH NPOAYKTH [28,42].

AHTUMHMKPOOHA aKTMBHOCT Ha CyKpoecTepu

IMopamu noOpute cH MOBBPXHOCTHOAKTUBHM CBOMCTBA €CTEpU Ha
MacTHHUTE KUCEJIMHHU ChC 3axapo3a ce u3non3sar karo ITAB. Tesu ectrepu
MPENCTaBISIBAT BH30OHOBSIEM PECypC M MMarT HIMPOK CIIEKTHP Ha TPHIIOXKE-
nue B XBII [12]. bakrepuupnanara UM akTUBHOCT 3aBHUCH OT TSIXHATa MIPUPO-
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Jla — TbJDKWHA Ha aIKMJTHATa BEPUra, KakTo M OT IiaMa MUKpoopranu3mi. [1o
TIPUHITATL TPaM-TIOJIOKHUTETHUTE OaKTEPHH ca ITO-IyBCTBUTEIHH OT TPaM-OT-
punarennure. ToBa sBIeHHE MOXKe OU Ce ABJDKH Ha pa3jdKara B CTPOekKa Ha
BBHIIIHATa MeMOpaHa Ha KJIeThUHaTa cTeHa Ha OakTepuute [40]. Bee ore He
€ HaIThJIHO M3SICHEH MEXaHU3MbT, Upe3 KOUTO CYKpOECTEepUTE YHHUILOKABAT
MHUKpPOOpraHu3MuTe. ENeKTPOHHOMUKPOCKOIICKM W3CIIE/IBAHUS TIOKA3BaT, 4e
JHITHTHATE MOJICKYJH UMAaT CIIOCOOHOCTTA 1a pa3pyIiaBaT KICThUHUTE MEM-
Opanu [20]. CykpoecTepute MposIBIBAT TSHCHITHS 32 TOHW)KABAHE HA aHTHU-
MUKPOOHHS e(peKT Ha aJCHIS eCTep C MOBHUIIABaHe JHDKUHATA Ha BEpUrarTa
[7]. CykpoectepuTe ca HEaKTUBHU KbM Pa3BUTUETO HA TPAaM-OTPHILATETHU
OakTepun, obade MpOSBIBAT AKTHBHOCT KBbM TpaM-TIOJIOKHUTETHH. [lo-Toms-
Mara MOJIEKyJIHa CTPYKTypa BOJH 10 XUMUYHH 1 CTPYKTYPHH IPOMEHH, KOH-
TO TIOBJIMSIBAT ITOHIDKABAHETO HA MHXUOMpaIlaTa akTUBHOCT HA aKTHBHATA
cyOCTaHIUsl CIPSIMO TECTBAHUS MUKPOOPTaHW3bM. YCTAHOBEHO €, Y€ Cpel-
HOBEPIKHUTE MACTHH KHCEIMHH HA 3aXapo3HHUTE €CTEPU Ca Hal-aKTHBHH
[21]. Jopu cykponaypHHaThT MMa I0-BUCOKa aKTHBHOCT cpeuty E. coli ot
camara JlaypuHOBa KWCENHHA [7], KaTo MHXMOMpaIiaTa KOHIeHTpanms e 1
mg/mL [22]. C BUCOKa aKTHBHOCT C€ OTINYABAT M 3aXapO3HU MOHOECTEPH
¢ 10-yHaenuieHOBaTa KUCEIMHA, KOCTO MOKa3Ba MOTCHIIMAIHOTO UM TIPH-
JIO’KEHHE KaTo aHTHI'bONYHH, aHTHOAKTEPUATHA ¥ aHTUBHPYCHH TIPErapaTi
B KO3METHKaTa, MeUIIMHATa U XpanuTte [36]. TeproBckute cykpoecTepu ce
BIIArar KaTo aHTUMHUKPOOHU areHTH B KOHCEPBUPAHH XPaHH M HAIIUTKY IJIaB-
HO B SIMoHUS ¢ 1en cTabuu3upane Ha eMYJICHUTE 110 BpeMe Ha CTepHIIn3a-
IIUOHHUS MPOIIEeC ¥ 32 HHXUOUpPaHe pa3BUTHETO Ha CIIOpH Ha Oaktepu [17].

3AKIIOYEHUE

IMony4aBaHeTo Ha CYKpOECTEpH MOXKE JIa [IPOTeUe 110 XUMUYSH UITH 10
eH3nMeH HauuH. [Ipu eH3uMHMS MOIX0 MOXKE JIa € M3ION3BaT Karo O1o-
JIOTUYHH KaTaJIn3aTopu pa3IMdIHu BUAOBEC JIMTIaA3U. OCHOBHOTO npeanuMcCcTBO
Ha CH3MMHUS CHHTE3 € BHCOKaTa My PETHOCEICKTUBHOCT, KOETO MOXKE 1
JIOBe/Ie 0 TI0JlyYaBaHe Ha BUCOKOS()EKTUBEH OMOJIOTMYHO aKTUBEH ecTep.
OcBeH TOBa SH3UMHUSAT METO/] MOXKE JIa C€ U3BBPILBA IIPH MEKH PEAKIIHOH-
HU ycioBus. Taka JeHaTypUpaHeTo Ha CyOCTpara v/Wid MPOIYyKTUTE MOXKE
na ObJie n30ernaro. Bbrpeku ue XUMHYECKHUT CHHTE3 Ce XapaKTepH3Hpa ¢
HHCKa CEJIEKTUBHOCT ¥ BOJM JI0 CMEC OT 3aXapHH €CTEpH C pa3iIM4yHa CTe-
TIeH Ha eCTepu(HKAIUs, TOH OCHTYpsIBa BUCOKH JOOMBH M HICKA Ce0eCTOM-
HocT. Toll Bce omie € MPeIIOYUTaHUAT METO]] 38 MPOLYKTH C ONPEACICHH
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(yHKIMOHANHU cBOMCTBAa. CHIBTCTBALIUTE MPOOIEMH — TOKCUYHU Opra-
HUYHY Pa3TBOPHUTENU U BUCOKH TEMIIEPaTypH, KOETO BOJAM JO OIIBETsIBa-
HE Ha KpallHUTE NMPOLYKTU U KapaMeIU3HpaHe Ha 3aXapo3ara, Morar ja ce
n30erHar rnpy U3MOJI3BAHETO HA HOBU TEXHOJIOTHYHH HOAXOIU: CYNEPKPH-
THYCH BBINICPOACH AUOKCHUI, YIITPA3BYKOBO ITOJIE H BHCOKOYECTOTHO O0IBY-
BaHe. [lony4yeHusaT KpaeH NpoAyKT OT MOHOECTEPU WIIM CMEC OT MOHO-, AU
- ¥ TIOJTUECTEPH CE XapaKTepHU3upa ¢ MMOBUIIEHAa OHOIOTHYHA aKTHBHOCT C
IIMPOKO NMPWIOKEHUE B PA3IMIHN 00JTACTH Ha XpaHUTETHATa U (papMmares-
THYHATA UHIYCTPHSL.
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ABSTRACT

Two ZnO powder-form photocatalytic materials have been prepared
by two different methods: precipitation and hydrothermal activation. The
powders have been characterized by the following methods: X-ray diffrac-
tion (XRD), Infrared spectroscopy (IRS) and BET analysis for determina-
tion of specific surface area and pore size distribution. According to the
XRD results the powders represent well crystallized wurtzite phase with-
out any other impurities. This result has been proved also by IR spectro-
scopic data. BET analyses revealed that the samples have micropores as
well as mesopores in the range 2+22 nm.
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The photocatalytic activity tests were carried out in the reaction of oxi-
dative discoloration of aqueous solution of the model azo dye contaminant
(Reactive Black 5 (RBS5), concentration 20 ppm), applied in the textile in-
dustry. The discoloration of the dye was estimated under UV light illumi-
nation in view of the wide band gap of ZnO semiconductors. The discolor-
ation degree after 2 hours of illumination over the hydrothermally obtained
samples is 65% with rate constant of 8.5 x 10~ min'. The obtained results
show that the application of hydrothermal activation of the precipitate is a
promising method for preparation of well-crystallized ZnO nanopowders,
possessing activity for azo dye discoloration under UV light.

Key words: photocatalysis, ZnO, azo dye, mesopores

INTRODUCTION

Zinc oxide (wurtzite crystalline structure) is a wide band gap semi-
conductor (3.37 eV), possessing excellent electronical, optical, sensoring,
catalytic and other properties, which favour its numerous potential applica-
tions in various electronic, optoelectronic, sensoring, energy storage and
other devices [1]. Another aspect of zinc oxide applications includes major
uses of ZnO, particularly in powder form, as pigments [2], photocatalysts
[3], and UV absorbers. Many expensive ZnO synthesis methods, such as
metallic zinc vaporization [4] or decomposition of zinc-containing salts
[5], have also been applied. Among the ZnO powders preparation tech-
niques, the hydrothermal method is a low cost and fast synthesis method,
offering potential applicability to obtain non-aggregated ZnO structures
with different morphologies and narrow range of crystallite size distribu-
tions [6].

Synthetic dyes, which are harmful even at low concentration to the
environment, are continuously being discharged into the environment in
the form of effluents, originating from the textile, leather and printing in-
dustries. Photocatalytic oxidation, based on UV-irradiated semiconductor
metal oxides is a potentially applicable process for discoloration of waste-
waters, since the chromophoric groups can be disrupted leading to their
degradation and mineralization. The researchers have developed many
materials and tested them as photocatalysts: ZnO, TiO,, WO,, Fe O, etc.
Among them, ZnO is an outstanding material for photocatalytic detoxifica-
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tion of organic pollutants, due to its excellent properties (inexpensiveness,
non-toxic nature, high photosensitivity and at the same resistant to photo-
corrosion) [7].

The aim of this work was the application of hydrothermal activation to
the ZnO precipitates to obtain powders, observing the effect on the photo-
catalytic efficiency for azo dye discoloration.

EXPERIMENTAL DETAILS

1. Materials synthesis

All chemicals were commercial analytical grade of purity reagents
without any further purification. In a typical experiment, the Zn?* precursor
(Zn(CH,COO0), H,0) solution was prepared by dissolving of 2 g Zn acetate
in 200 ml deionized water. Sodium hydroxide (2,4 g) was dissolved into 15
ml water. The precipitant sodium solution was added slowly into zinc acetate
solution until reaching pH = 13. The pH of the solution was checked by
means of color-fixed indicator strips (Machery-Nagel, Germany). The result-
ing suspension was magnetically stirred for 2h and then transferred into a
Teflon-lined autoclave. The autoclave was heated at 140°C for 12 h, after that
the autoclave was cooled down naturally. The white powder was collected
and washed with distilled water and ethanol several times. Then the resulting
powder was dried at 80°C for 10 hours. The so prepared ZnO material was
denoted by (B).

In order to estimate the activities of these materials additional photocata-
lytic experiment with ZnO referent samples was conducted. Activated ZnO
powder (A) was obtained by procedures, described in Bulgarian Patent [8].
The preparation procedure includes dissolution of commercial ZnO in nitric
acid, followed by the addition of NH,OH solution leading to precipitation of
Zn(OH)CO, in the course of CO, bubbling (barbotage) and finally thermal
decomposition at 450°C 2 h.

2 Characterization

X-ray diffraction (XRD) patterns were recorded on a Bruker D2 Phaser
diffractometer in the range of 20 values between 25° and 75° using Cu K
radiation (A = 0.154056 nm) at 40 kV and 35 mA. The samples were scanned
at a step of 0.05° and signal collection time 1 second per step. The observed
patterns were cross-matched with those available in the JCPDS database.
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The IRS investigations were carried out on a Bruker FT-IR Tensor-37
spectrometer in the 400 — 4000 cm™! spectral region using a KBr technique.
The measurements were performed at 2 cm™ resolution, accumulating 32
scans.

The express BET method has been applied to measure the specific sur-
face area, based on low-temperature adsorption of nitrogen — i.e. at the boil-
ing temperature of liquid nitrogen 77K. The relative error of the method
amounts to about 8%. The specific surface area measurement and the pore
size distribution were accomplished on an automated apparatus NOVA Win/
Nova Win — CFR Quantachrom — Gas Sorption System. The calculation of
the specific surface area was done using the BET equation, whereupon the
pore size distribution, as well as the average pore diameter were evaluated by
Density Functional Theory (DFT) assuming a cylindrical model of the pores.
The total pore volume was estimated in accordance with the rule of Gurvich
at relative pressure P/P = 0.96.

The UV-Vis absorption spectra were recorded by a spectrophotometer
UV-1600PC using wavelength range from 200 to 800 nm.

3 Photocatalytic activity tests

The model azo dye Reactive Black 5 (RB5) aqueous solution with con-
centration of 20 ppm was used for the tests. The suspensions were prepared
by addition of 150 mg ZnO into the solution in a magnetically stirred glass
beaker. Prior to switching on the illumination, the suspension had been kept
in the dark for half an hour to achieve adsorption-desorption equilibrium.
Then the solution was illuminated with polychromatic UV-A lamp illumina-
tion (18 W giving 0.66 mW/cm? illumination intensity) with maximum emis-
sion at wavelength 365 nm under continuous stirring at room temperature.
The absorbance of RB5 solution is measured at 599 nm, corresponding to the
azo bond. The course of the photocatalytic oxidation reaction was followed
by taking aliquot samples of the solution at regular time intervals and calcu-
lating the residual concentration, based on calibration, using spectrophotom-
eter UV-1600PC in the wavelength range from 200 to 800 nm.

RESULTS AND DISCUSSION

Figure 1 shows an XRD spectrum of a ZnO activated (a) and hydro-
thermal (b) powders. The results show that all the ZnO samples possess a
wurtzite structure (space group P63mc), and the diffraction peaks can be
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indexed to hexagonal ZnO (JCPDS no. 36 — 1451) [9]. The samples pos-
sses high degree of crystallization, which is obvious from the narrow width
of the peaks. No other crystallographic phases were registered.
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Figure 1-a. XRD pattern of activated ZnO powders (sample A)
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Figure 1-b. XRD pattern of hydrothermally
obtained ZnO powders (sample B)
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Figure 2 represents the IR spectrum of hydrothermally activated ZnO
powders with characteristic bands at 422, 471 and 575 with a shoulder at
534 cm™.
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Figure 2. IR spectrum of hydrothermally obtained ZnO sample

The ZnO powders IRS spectra show characteristic bands at 422, 471
and 575 with a shoulder at 534 cm™'. These bands of ZnO are somewhat
different from the ones, observed at 487 and 517 cm ™! by Hariharan [10]. In
several other works the respective bans are observed at 539 cm™, close to
the shoulder, observed also at 539 cm™ in the present work [11] and the one
at 419 cm™' [12]. All the bands were assigned to the Zn-O bonding without
specifying the type of vibrations at 422 cm™! indicative of Zn-O bonding
[11], the 539 cm™ and 419 cm™' bands were also ascribed to Zn-O bonding,
for ZnO flowers-like crystals [12].

The desorption isotherm of hydrothermally treated precipitate B be-
longs to the type IV of isotherms probably with a hysteresis loop H3,
following the nomenclature of [UPAC, representative of the presence of
cylindrical pores. Similar BET behavior was displayed by the ZnO parti-
cles [13]. The adsorption-desorption isotherm of the sample A is similar.
Taking into account the pore size distribution it can be concluded that the
hydrothermally obtained powders contain both micropores (2 — 10 nm)
and mesopores in the range 10 — 22 nm. The average pore diameters for B
sample is 8.4 nm and total pore volume is 2.1x102cm?®/g. The surface area
of the sample A (19 m?/g) is larger than that of the sample B (10 m?/g).
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Figure 3 represents the results from the testing of the photocatalytic
activity of the sample B, compared with referent ZnO sample A, prepared
by activation.
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Figure 3. Conversion degree as a function of the time of illumination
of hydrothermally prepared sample B and referent sample A

The conversion degree of the dye degradation was evaluated using the
following equation:

D, %= (Co-C/Co) x100 (1)

Where Co is the initial absorbance of the dye solution, C is the absorb-
ance of the decolorized solution after 120 minutes. The presented values
of the degradation were measured with 150 mg of photocatalyst in 150 ml
of the solution.

The sample A is more active (30% adsorptive discoloration in the dark)
due to its higher specific surface area, respectively larger adsorption ca-
pacity. However the advantage of mesoporous hydrothermally obtained
sample becomes obvious after the 40" minute of UV illumination, which
is understandable in view of the large size of the dye molecule of Reactive
Black 5 and probable diffusion retardation effect. It is well-known that
the photocatalytic activities are strongly dependent on the specific surface
areas of the photocatalyst samples as the reactant molecules are adsorbed
on their surfaces. The presence of mesopores in sample B porous structure
provides a larger number of active sites for the photocatalytic reactions. In
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addition to this, the mesoporous channels also facilitated the diffusion of
reactant molecules thereby increasing the quantum efficiency of photocata-
lytic material [14].

CONCLUSIONS

Two types of ZnO photocatalyst samples have been prepared by: 1) pre-
cipitation method (sample A), 2) hydrothermal treatment (sample B). The
photocatalytic activity test revealed that sample B is more active than A,
due to the prevailing mesopores in the porous structure. The photocatalytic
activity is a counterplay between two factors: adsorption capacity, which is
higher at greater specific surface area (sample A), on one side. The second
factor is the facilitated diffusion in mesopores (sample B), whose advantage
is revealed only after longer time intervals of irradiation making the entire
internal surface area available to the adsorbate molecules. The low-cost hy-
drothermal synthesis procedure enables obtaining well crystallized wurtzite
phase ZnO powders, having great potential for photocatalytic applications.
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ABSTRACT

The paper describes a convenient and efficient method for regioselective
synthesis of 4-hydroxy-1,3,4-triphenylallenyl phosphonate and phosphine
oxide using an atom economical [2,3]-sigmatropic rearrangement of
intermediate propargyl phosphites or phosphinites. These can be readily
prepared via reaction of protected alkynol with dimethyl chlorophosphite or
chlorodiphenyl phosphine respectively in the presence of a base. Reactions
of the prepared 3-hydroxymethyl-substituted allenephosphonate and
allenyl phosphine oxide with protected and unprotected hydroxyl group
with different electrophilic reagents such as sulfuryl chloride, bromine,
benzenesulfanyl and benzeneselanyl chlorides takes place with 5-endo-trig
cyclization or 2,3-addition reaction depending on the kind of the substituents
in phosphoryl group. Cycloisomerization reactions of 3-hydroxymethyl-
substituted allenephosphonate and allenyl phosphine oxide with the so
called coin metals ions such as Ag", Au’, Cu* etc. leads to formation of the
2-phosphorylated-2,5-dihydrofuranes.
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Key words: Synthesis, hydroxy group protection, phosphorylated
4-hydroxyallenes, electrophilic cyclization, 2,5-dihydro-1,2-oxaphospholes,
2,5-dihydrofuranes.

BbBBEJEHHE

[pe3 mocnenHUTE NECETHICTUS M3CICABAHUITA B 00IacTTa Ha opra-
HUYHATA XUMHUS CE XapaKTepusupar ¢ ObpP30TO pa3BUTHE HA XMMHUITA HA
aneHoBute cbeauHeHus [1]. OcobeHo nHTepecHH cyOCTpaTh 3a U3CieaABaHe
Ha peakIuTe Ha eJICKTPOPIIHO IPUCHEIUHABAHE ca (DYHKIMOHATH3Npa-
HUTE aneHu. B nureparypara ca onmucaHu pefuiia METOIH 3a TOTyJIaBaHe Ha
tdbocopunupanure anenu (pocdonaru [2] u pochun okcuau [3]). 3a paz-
JIMKa OT aJICHOBUTE BBIVICBOIOPOIH, HAMUUUETO Ha (ocdopHa (yHKIHO-
HaJlHa TPyTa, CBbp3aHa ¢ aJeHOBaTa CHCTEMa, ChIIECTBEHO MIPOMEHS XOIa
Ha PEAKIUUTE C CIEKTPOPUITHA PEarcHTH, KaTo JIUTEPATypPHUTE NaHHU [4]
MIOKAa3BaT, Ye B OBEYETO CIIyYau MPOTHYA METWICHHA XeTePOIUKIN3AIIHS.

B npoasikeHre Ha HAIIUTE M3CICBAHIS BbPXY PEAKIIUHUTE HA [TUKIIU-
3anus Ha QYHKIMOHAIM3UPAHH aJeHU HUE CU MIOCTABUXME CIICAHUTE IICTH
W 3a[1a9M B HacTosIIaTa paboTa, a mMenHo: 1) Cp3naBaHe Ha YIOOHU U BU-
COKOCEJIEKTHBHH METOJIM 32 CHHTE3 Ha 3-XUAPOKCHMETHI-aleHpochoHaTH
1 ajeHw! GOChUH OKCHIH C BE3MOKHOCTH 32 BapHpaHe Ha 3aMECTUTEIINTE
KaKTO B aJIEHOBATa CUCTeMa, Taka 1 BbB pochopHaTa M XUAPOKCUMETHUIIHATA
¢byukuwms; u 2) M3cnenBane Ha peakIUKUTe HA NEKTPODIUTHA HUKITA3AIHS 1
UKJION30MEpHU3aNns Ha TOIYYECHHUTE 3-XHIPOKCHMETHI-aIeHPoCHOHATH
1 aneHw1 GoCHUH OKCHIU TPU B3aUMOJICHCTBHE C SNIEKTPOPIITHHE pearcH-
TH ¥ WOHM Ha T. Hap. MOHeTHU MeTanu (Ag, Au u Cu) ¢ omien mpoydsa-
HE Ha BB3MOXKHOCTHUTE W OTPAHUYCHHUATA HA MPOTHYAIIATA [UKIU3AIMS C
KOHKYPEHTHOTO yJYacTHE Ha eIHaTa W/WIH Ipyrara (GyHKIHs, CBbP3aHHU C
aJIeHOBATa CHCTEMA.

N3JI0KEHUE

Hue cp3mamoxMe M M3ION3BAXME €AWH HOB pecuOCENeKTUBEH METON
(Cxema 1) 3a monyuaBane Ha Qochopunupanu 3-XUIPOKCHATICHU, KOUTO
Ce ChCTOW BBB B3aMMOJCHCTBHEC HA CTHIMAarHe3MeB OpOMHUI, IIOIy9eH in
Situ OT eTun OpOMUJ U MarHesui, ¢ peHunaneTunex 1 ¢ MexxAUHHO 0Opa-
3yBaHE Ha CHOTBETHHUS CTHUHIII MarHe3ueB Opomun A. [locmemnmar cien
HYKIICO(HITHO IPUChENMHABAHE KbM KapOOHWIHATA Ipyra Ha OeH30MHa 2,
Ha KOMTO MpeBapuTeIIHO OellIe 3alUTeHa XUAPOKCHIHATA TPyIia ¢ TOMOIII-
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ta Ha DHP (3,4-nuxunpo-2H-nupan), Boau A0 MoTydaBaHe Ha 1-(TeTpaxu-
npo-2H-nupaH-2-uIoKcH )-3aMeCTeHUS 3-0yTHH-2-01 4.

Ph——
Mg
EtBr —— [EtMgBr] ’Ph — MgBr]—
THF, THF,
2 h, reflux 2 h, reflux A
0O (e} >
Ph DHP, PPTS Ph
Ph —_ > Ph
OH CH.Cl, OTHP
2 3
Ph
Ph——
THF, ' H Ph
6 h, reflux 4 OTHP
Cxema 1

Taxka CUHTE3UPaHUAT OT HAC AJIKUHON 4 M3ION3BAXME KaTo U3XOICH
cyOcTpar 3a noiy4yaBaHeTo Ha GoCcHOpInpaHy 3-XHIPOKCHATICHU ChC 3a-
IIMTCHA U HE3AIIUTECHA XUIPOKCHIIHA TPyIIa.

BsaumopeiictBuero Ha ankoxoia 4 ¢ AMMETHIXIOPO(GOCHHUT B MpH-
CHCTBHE HA TPHUETWIAMHH IIPOTHYA C MEKINHHO 00pa3yBaHEe HA CHOTBET-
Hust mponaprut pocdur B, koiiTo THpnU [2,3]-cUrMaTponHa NperpynupoB-
Ka W Toiy4aBaHe Ha 4-(terpaxunapo-2H-nupaH-2-uiokcu)-0yra-1,2-amen-
¢docdonara 5 (Cxema 2):

Ph (MeO),PCl, Et;N Wl
Ph—— >  |Ph—— —
Ph ether ‘\/( Ph
OHlp  -70°C.t6h 30 Ot
(MeO),P
4 B
2,3-a Ph Ph
—_—— o
; Ph
Y
O THPO

Cxema 2
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Ot npyra ctpaHa, B3auMOACHCTBHETO Ha IUeHUIXIopodochuH cbe
3aMECTeHHS aJIKOXO0J 4 B MPUCHCTBHE Ha 0a3a MpOTHYA ¢ MEXIMHHO 00pa-
3yBaHE Ha CHOTBETHHA mponapri Gochunaut C, KOUTO JIECHO NIPH CTalHA
TeMIeparypa ThpIH [2,3]-cHrMaTponHa MperpyniupoBKa U BOAH JIO TOTY-
yaBaHe Ha 2-(4-audpenunndocdunomn-Oyra-2,3-IUCHUIOKCH)-TETPAXU-
npo-2H-mpana 6 (Cxema 3):

Ph Ph,PCI, Et,N Ph
Ph——= - : ph—==Y —
Ph ’\rPh
OH sther, o
OTHP —70°C, 1. 9 h ph,p”  OTHP
4
C
2,3-a Ph Ph
—_— ()
Ph
Ph P
* 70 THPO
6
Cxema 3

Taka nonyyenute Gochopriupanu aneHu 5 v 6 Mo IPETIOKESHHUS Me-
TOJI M3MO3BaXMe KaTo CyOCTpaTy 3a Mo-HaTaThIIHO U3CICIBAHE HA Peak-
[IUUTE Ha eNIEKTPODUITHA IIUKITH3AIHSL.

Hammre u3cnenBanus nokasaxa, 4ye OpomupaneTo Ha ajeH(ocgoHa-
Ta 5 npotuya ¢ S-endo-trig UNKIU3ALHS C AaHXUMEPHOTO ChJICHCTBUE KATO
BBTPELICH HyKIeopmI caMo Ha GocdoHaTHATa Tpyla U C MOTyYaBaHE HA
2,5-muxuapo-1,2-okcadocdona 7 (Cxema 4):

Ph Ph PhSeCl Ph SePh
) Ph CH.CI Ph
thp%o z2 thp%o Ph
THPO Cl
6 8 OTHP
Cxema 4

BsaumoneiictBuero Ha aneHun GocuH okcuma 6 ¢ OeH3CHCETaHUT
XJIOPHU] TIPOTHYA PecUOCETICKTHBHO C MPUCHEMHIBAHE Ha PeareHTra Io
2,3-mBolHATA BPBh3Ka HA aJleHOBAaTa CHCTEMA C IOJIyYaBaHETO Ha alluKIIe-
Hus — OyT-(1E)-eH-1-un dpochun okcun 8 (Cxema 5):
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Ph Ph PhSeCl Ph SePh
) Ph CH,CI Ph
thpqbo 27l F>h2F>q>O Ph
THPO cl
5 8 OTHP
Cxema 5

CnepBamara 3aada, KOSTO CH ITOCTaBUXMe, O¢ J1a M3CIeaBaMe peak-
LUUTE Ha eNeKTpodriIHa HuKIn3anus Ha aneHdocdoHara S u pocdun ok-
cuma 6 cies CBaJSIHETO Ha 3allWTara Ha XUIPOKCUIIHATA rpyma. Peaknmsara
OCBIIECTBUXME B €TaHOJ B MPUCHCTBUE HA KaTaJIUTUYHU KOJIMYECTBA Ha
PPTS (mupuouaueB p-tonyeH cylndoHAT) C IMOTyYaBaHE HAa OYAKBAHHTE
3-XUIpOKCUMETHII-3aMecTeHH aneHpocoHar 9 u aneHun GpochuH oKCHI
10 (Cxema 6):

Ph Ph PPTS Ph Ph
o —_— 0
72 :S*Ph ethanol /E :Sfph
YZF’%o YZPQO
THPO HO
5,6 5,9Y =MeO 9,10
6,10Y =Ph
Cxema 6

TpsiOBa na orOenexum, ye peakIyaTa Ha MOIy4eHHTE 3-XUAPOKCHME-
TWII 3aMecTeHH aneHdocdonar 9 u anenun pochun oxcung 10 ¢ enexrpo-
(GUITHM peareHTH MpoTHYA 10 MOJ00EH Ha B3aUMOJICHCTBUETO Ha ChOTBET-
HuTe UM Qochonar 5 u dpochuH okcuau 6 Chc 3alIUTEHA XUIPOKCHUIHA
rpyna. C 5-endo-trig nMkiIM3anys W MOJy4aBaHE Ha S5-XUIPOKCUMETHII-
3aMecTeHus 2,5-muxuapo-1,2-okcadochon 11, npu B3auMoaelcTBHE Ha
aneHpocdonara 9 ¢ 6enzencenanmi xaopun (Cxema 7):

Ph SePh
Ph
) Ph N
(MeO),Pxy, d CH.Cl, Meo O Ph
HO
9 11

Cxema7
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Peaxmusara Ha aneHun gpochun okcuna 10 ¢ OeH3eHCYNaHUT XIOPHT
BOJIM JI0 TIoiTy4aBaHe Ha 4-(nudenundocpunonn)-3-06yren-1-oma 12 (Cxe-
Mma 8):

Ph SPh
Ph Ph PhSCI
/ ':S—Ph CH,CI Ph,P g Ph
Ph,Px 2+l "X
O HO Cl
10 12 OH

W3cnenBaxme U peakluUTe Ha 3-XHUAPOKCHMETHII-3aMECTCHHUTE aJieH-
¢docdonar 9 u anennn Gochun okcu 10 ¢ HOHM HA T. HAP. MOHETHH MeTa-
JIM, KaTO YCTAaHOBHUXME, Y€ CE M3BbPIIBA PEAKIHS HA METYICHHA [IUKIOH30-
MepH3allys ¢ yY4aCTHETO Ha XUIPOKCHIIHATA IPYyTIa U Moy4aBaHe Ha 2-(poc-
¢dopun-zamecrenure 2,5-auxunpo-pypanu 13 u 14 (Cxema 9):

Ph
Ph Ph m® Ph, [—
; Ph M = Ag (1), Au (1) - Ph
YPX ﬁ/* g () 1 o]
S0 wo Au (1ll), Cu (1) YZF)\\O
9,10 9, 13Y = MeO 13,14
10, 14Y = Ph

B eKclepiMEHTAIHO OTHOIIEHHE XOIBT Ha BCHYKH PEAKIHU € Tpo-
CIeABaH THHKOCIOWHO XpoMarorpadeku u MU-crekTpanHo, moryYeHnTe
MPOIYKTH Ca M30JHUPAHU U TIPEUNCTEHN Upe3 KOJOHHA XpoMarorpadus, a
CTPYKTypaTa Ha CHHTE3HUPaHUTE CheIMHEHNS € yecTaHoBeHa upe3 Y-, 'H-,
BC- u 3'P-SIMP-ciekTpocKonusi.

3AK/IIOYEHUE

Cp3maneH e MeTon 3a CUHTE3 Ha 4-xuapokcu-1,3,4-TpudeHunanenun
¢dochonar u pochuH OKCHI, KOHUTO € BUCOKO pecuoCENCKTUBEH U 1aBa Bb3-
MOXKHOCT 32 BapUpaHe Ha 3aMECTUTENIUTE KaKTO B aleHOBaTa CHCTeMa, TaKa
U BbB (YHKIIMOHAIHATA Tpyma. M3cinenBaHu ca peakiuuTe Ha MOJTYyUCHHUTE
aneHdochonat 1 aneHmw1 GocHUH OKCHIN ChC 3alIUTCHA U HA3aIUTCHA
XHIPOKCHIIHA TPyIa C eJICKTPOQHIHN PEareHTH, KaTo € yCTAaHOBEHO, 4e
MPOTHYAT C TOJNy4yaBaHe Ha Pa3sHOOOpPA3HU XETEPOLMKICHH U HEHACUTEHU
ChbeJMHEHHs. YCTAaHOBEHO €, e PeaKIMUTe Ha HUKIOU30MEpU3alisl IPOTH-
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4aT ¢ y4aCTUCTO Ha XUJAPOKCUIIHATA I'pylia B IUKINU3allUA € MOJy4aBaHC Ha
2-bocdopun-zamectenu 2,5-1uxuapo-pypasu.
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