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CTtepeocenekTtuBHe cernieHoeTepudunkaumje

He3acuheHux ankoxona

YBop

Pa3Boj opraHoceneHcke xemuje je 3anodYeo HakoH objaBrbMBaka MPBUX
pagoBsa Sharpless-a1 n Reich-a% o o-ceneHmsaunju KapboHUHUX jeankersa.
OBa meToga je Beoma ycnewHo kopuwheHa 3a CcuHTE3y a,f-He3acuheHux
KapOOHUNHNX jeanteHsa HAaKOH OKCUMAATMBHE enuMuHauuvje opraHocereHoBe
rpyne un3 ogrosapajyhmx a-ceneHoBaHnx kapboHUNHuX jeantera. OBa peakuuja
je npefgctaBrbana npBy NPUMEHY OpraHOCeneHoBUX aepuBaTa Yy OpraHCKUM
CVYHTe3aMa, LITO je Jarbe A0BEerio A0 Harnor pa3soja Kako ApyrMx Metofa Tako u
HOBMX CENEeHCKUX peareHaca, KOju ce [JaHac Kpajhbe PYTUHCKM Kopucte Y
npenapaTuUBHOj OPraHCKOoj XeMUju.

WNako cy npBuM pagoBu O aguumju enekTpoUiHUX OpraHOCENEeHCKUX
peareHaca objaBrbeHn jow aaBHe 1958. roguHe® oBaj TMN peakuwja je Umao
BPJ10 OrpaHnYeHy NpMMeHy cBe A0 NnojaBe peBonyuMoHapHux pagosa Sharpless-
a n Reich-a, HakoH 4era je aguumja ceneH(ll)-xanoreHnga Ha ankeHe nocrana
jedAHa o KOpUCHUjUX peakuuja TpaHcdopmauumja HeaKTUBMpaHUX oreduHa.
JegaH o Gorbux npumepa Sharpless-oBux TpaHcopmauuja je jegHocTaBHa
CMHTE3a anuriHMX arnkoxosfia MeTogoM arnkoKcuceneHoBaha ankeHa, HakoH yera
Cce OKCUOaTUMBHOM enuMuHaumjom B6eH3eHCeneHcke KucenvHe fobuja XerbeHu
npoussog.*

[anac, 4yeTupu geueHuje HakoH nojaese NPBUX, MMOHUPCKUX paZoBa Y OBOj
obnacTtu, peakumje ceneHouuknusauuje BepoOBaTHO MpeacTaBrbajy Heke oA
HajKOPUCHUjUX MNpUMEHa OBOr Tuna peareHaca. [lpBu 3abenexeHn npumep
peakuMja ceneHouuknusauuja je objaBrbeH 1960. roguHe,’ npu yemy je

nonasehn opg HesacuheHe kapbokcunHe kucenuHe pobujeH oparosapajyhu
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ceneHonaktoH. TokoMm 70-Mx roguHa npoLusior Beka, objaBrbeH je BENUKU 6poj
pagoBa O CeneHouuknusaumjamMa Ha LUMPOKOM CMEKTPY pasnuMyunuTux cyncrparta
osora Tuna.®’

Hajuyewhe, opraHoceneHoBa jeAnkeHa Ce KOPUCTE Kao BPJiIO MOroAaHu
peareHcu 3a yBohewe pasnuuuTux yHKUMOHANHUX rpyna Ha asocTtpyky C-C
Be3y® UNM 3a CUHTE3y XeTepOLMKIMYHWMX CKeneTa Kpo3 MHTPaMOMEKYICKy
L|,|/||<J'||/|3au,1/|jy.9

Op kapga je kpajem 50-ux roguMHa npoLUNOr Beka YCTaHOBIbEHO Aa je
peakuvja aguumje enekTpoduIHMX CceneHoBux peareHaca Tuna RSeX Ha

oneduHe crepeocneumgpuyHa,’

OBaj TWN peareHaca je nocrao BpJsi0 MOhHO
OpYyXje y pykama xemu4dapa Koju cy caga 6unu y ctawy Aa Kpajibe jeqHOCTaBHO U
6p30 u3BpLle ceneHoyHKUMoHanu3auunje oneduHa nNpu 4emy ce y MOMeKyn
yBOAE HOBE BUUMHaNHe YHKUMOHANHe rpyne Ha npeaxo4HO HeaKTUBMpaHe
oneduHe, WTO je 4Yecto npaheHo dopMmupawkeM nMpCcTeHa UM HOBUX

cTepeoLieHTapa.'

'eHepanHo, oBe TpaHcdopMauuvje npeacTaerbajy aavuujy
ceneH(ll)-enekTpopuna wn norogHor Hykrneodwura Ha W3oNoBaHy OBOCTPYKY
Be3y.12 Ha oBaj HauvH, NaxrbuBuM 0OabMpoOM pasnNUUUTUX eNeKTPOUITHUX
CeneHoBMX peareHaca M Hykneoduna Moxe ce gobutm wupok cnekrap 1,2-
AV YHKLMOHANHUX npounssoga. '’

CeneH moxe 6UTK yBedeH y MOSEKyNn Kao enekTpodun, Hykneodun nnm
Kao crnoboaHu pagukan npyv 4Yemy OBe peakuuje ucrnorbaBajy BUCOKY XeMO-,
perno- n cTepeoceneKkTUBHOCT Mpu Bpro 6rarum ekcnepumMeHTanHuM ycrnosmma.
HakoH yBohewa y Monekyrn, opraHocefnieHoBa rpyrna ce Kpajbe jeAHOCTaBHO
MOX€E YKMOHWUTM U3 MONeKyna unv npeTBOpUTU Yy Heke apyre (pyHKUMOHanHe
rpyne. Ha npumep, C-Se Besa Moxe fda cTabunuayje a-kapGaHjoHe,'® na
MOCIYyXW Kao paaukarncku npekypcop,'® wnu ga ce nyTtem Syn-okcuaaTUBHE
ernvMnHaumje Npeko cerieHooKcuaa yKNoHW n3 Mornekyna, npu 4emy ce popmupa

HesacuheHa Be3a.?’
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XeTepouuknmsaumje HezacuheHnx arnkoxomna, aMmHa, KucenvHa n amuga
WHOYKOBaHE eNnekTpoUHUM OpraHoOCEeneHOBMM peareHcuma npeacTtasibajy
Heke of d4ewhux nNpMMeHa OBWX peareHaca, nNpuM Yemy ce Mory pobutu
oAaroBapajynv UUKNMYHW €eTpu, aMUHU, NaKTOHWM W fakTaMu Koju cagpxe
OpraHoOCEeNeHoBY rpyny y 604HOM naHLy.?’

HepnasHa ncTtpaxumBana cy ce (pokycmpana Ha CUHTE3Y ONTUYKN aKTUBHUX
OpPraHOCENEHOBUX jedutbera 3a W3Bohere acUMeTpUyHMX —CcuHTeda.??>®
CeneHoBa jeaourerna Koja Ce KOpPUCTE Yy OBY CBPXY YrfaBHOM Cy CTabumHu
ONTUYKN aKTUBHWU OAUCENEHUOM U MOry ce ynotpebuTtn Kao enekTpousiHi mnm
HYKNEO(UIHN peareHcu 3a CeneHusaumjy cynctpaTa,®?>® kao u xupanHu
nUraHau 3a Katanutuyke acUMeTpPUYHE CUHTEe3e ca NperiasHuM MeTanMma Kao
LeHTpanHUM joHom.>*

Benvkn 6poj oBUX peareHaca ce KOpUCTE W Yy aCUMETPUYHUM
UMKNM3aumjama HeaacuheHnx cyncTpara,26aP27ac28a.29ac

Tema oBoOr paga cy CTepeocenekTuBHe cereHusaumnje HesacuheHux
ankoxona ca uwbem paobujarba UMKNUYHMX eTapa TeTpaxmapodypaHcKor wu
TeTpaxugponMpaHcKor Tuna y3 nomoh XxupanHux HepaueMCKUX enekTpouHmnx

OopraHocesfnieHoBux peareHaca.
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EnekTpodunHn xmpanHm opraHoceneHoOBU peareHcu y
CTepeoCeneKTMBHUM CUMHTe3aMa LUKITIMYHUX eTapa U3

He3acuheHux ankoxona

EnektpodunHu ceneHopeareHCcU BpJSIO Jlako pearyjy ca [OBOCTPYKOM
BE30M, rge ce HaKoH Hanaga Hykneoduna mory gobuTtn ogrosapajyhu aguumonu
npounssoaun. YKONMKO Hykneodun npeacraBrba cactaBHM Aeo cynctparta (Kao Ha
npumep Koa HesacuheHux ankoxona, amuHa, KucenuvHa, amuga...) gonaswu o
dopmupara  xetepouuknuyHor npomssoga. OBe peakuuje cy anti-
cTepeocenekTuBHe, rae Hykneodwun yrrnaBHOM Hanaga Bule CYncTUTYUCaHu
yrrbeHnkoB aTtoM (MapKOBHUKOBIbEBA PErMOCENIEKTUBHOCT) OCUM Y Cry4dajeBuma
Kaga ca Ha TOM YITbeHWKY Hanase BOMYMUHO3He rpyne kao WwTo cy terc-6ytun-
UK Lmknoxekemn. >

Y unrby noborbliawa CTepPeocenekTUBHOCTM OBMX peakuuja gaHac ce
KOpUCTE XuparnHu opraHocerneHoBwu peareHcu. [lopen wux, 6orba KOHTpona
CTEPEOCENEKTMBHOCTM MOXE Ce M3BPWUTM U KopuwheweM  XuparnHux
Hykneodwuna, maga je notspheHo fa je cTepeoxemuja Npom3Boga npeBacxoHo
ogpeheHa Hanagom peareHca Ha jeqHy oA ABejy Mmoryhux ctpaHa monekyna (Si,
Re), a He HakHagHMM HanagoM Hykneodwuna Ha BUCOKO PEaKTUBHWN CENEHOHUjyM
kaTjoH.%

HdvceneHnan npencrasrbajy HeKe o Haj3HavajHUjUX N Hajpa3HOBPCHUUX
npekypcopa Yy CUHTE3N enekTpouIiHuX ceneHopeareHaca. [lopen anti-
cTepeocenekTMBHOCTM 1N MapKOBHUKOBIbEBE  PErMOCENEKTUBHOCTH,  Koje
ncnosbaBajy OBe peakuuje, enekTpounHn Hanag Ha ABOCTPYKY Be3y Moxe butu
aBOpM30OBOH ca jegHe on pnABe Moryhe cTpaHe Tr-cuctema. OBa BpcTa
CEeNneKTMBHOCTM Hajyewhe 3aBuCW o0 came CTPyKType cyncTpaTta, rae
ceneHoenekTpodun paguje Hanaga CcTepHo HesawTuhenujy —cTpany.>®
MpumeheHo je Ooa ce oBa CenekTMBHOCT jaBrba W KOA CyncTparta Koju nocenyjy
CMNNYHe CTepHe KapakTepucTuke obejy cTpaHa Monekyna.

Mehy npBvM nokylajuma acuMeTPUYHUX CefleHoaoUUNOHNX peakumja

6una je cuvHTe3a GuHaTUNHOr ceneHopeareHca, jep je GuHadTUNHM cucTem
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O[aBHO NO3HAT Kao jegaH o MOhHUjUX MHUUMjaTOpa acUMETPUYHUX peaKLu/lja.39
MpBe npumeHe oOBOr peareHca Ccy Oune MeTokcuceneHaumje jeaHOCTaBHUjUX

onedguHa, npu yYemy cy gobujaHn ymepeHu aujactepeoMepHu BULIKOBU (54%

24440 3h3uajHO noBorbluare Yy cenekTMBHoCT (80% [.B.) MOCTUMHYTO je

8,24¢,37

A.B.).
yBohewem jow jeQHOr M3BOpa XUPanHOCTU WU Yy peareHcy nnn y
Hykneocuny.?*® Cnnuyan npuHuMn je cnpoBeo u Fukuzawa koju je yBeo
depoueHun-rpyny y 604Hn H13 GuHadTUNHOM cuctema.’*® OBum peareHcom oH
je noctmnsao Bpno BUcoky A.B. (98%), maga cy npuvHocu npoussoga 6unu Bpno

Huckn. Kpajem geBefeceTux roguMHa MpoLUnior Beka HEKOSMKO MCTPaXkMBauKMX

rpyna cmHtTeTunioBasie Cy HOBY Knacy XupaliHuX OpraHocesieHOBUX peareHaca
26b,26d,27d,29d

KOjU Cy HaLUnM OANUYHY MPUMEHY Y OBOM TUNy peakuuja (crnvka 1).
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Cnuka 1.

[(MaBHa KapaKkTepuCTMKa CBUX CENleHOBUX eneKTPoPUIHUX peareHca Koju
Ce KOpuUCTe Yy aCUMETPUYHMM CuHTe3ama, jecTe Ta Ja Ce CeneH Hanasu y
HenocpeaHoj 6rM3nHN HeKor xeTepoaToma Koju nocegyje cnobogaH enekTpoHCKN
nap (Hajyewhe KuMceoHwK, cymnop wunu asot). Ha 6asm NMR ucTpaxusama,
TEOPUjCKMUX NpopayvyHa MU KpUcTarHUX CTPYKTypa OBUX peareHaca, yTBpheHo je
Aa pgonasuM 00 uMHTepakumja opbutana cnobogHOr enekTpoHCKOr napa

xeTepoaToMa U HeBe3nBHe opbuTane ceneHa us Se-Y Bese!' wrto goBoau mo



Llokmopcka ducepmauuja Onwmu deo

nojaee kKoHdoOpMaLuMoHe PUrMOHOCTU Y Mornekyny (cnuka 2). OBa nHTepakumja
npeactaesrba jefaH o Haj3HadajHUjUX M3BOpa CTEPEOCENEeKTUBHOCTU Y OBUM
peakumjama, jep mpuMMopaBa XuparnHu ueHTap Aa npuhe 6nuvxke peakumoHOM
LUeHTpy, wWwTo gosoan [o 6orber TpaHcdepa  xvpanHux wuHdpopmaumja“ Ha
npovsBsoa.

R R

X=0H, OR, NR;,, SMe
Y=Br, OTf, OSO3H...

Cnuka 2.

Ha ocHoBy NMR 1 peHAreHoCTpyKTypHe aHanu3e rnokasaHo je Aa jadunHa
WMHTepakuuje ceneHa n xetepoatoma (y OBOM Criyyajy asoTa) peareHca ca Cnuke
3, 3aBUCK of enekTpodunHocT cenena.*®®*? Y cnyuajy cenenun-6pommaa ca
cnvke 3, Ta MHTepakumja je npurvMyHoO jaka u u3Hocu Buwe of 18,8 kcal, wTo
3Hauyu ga je ucyBuwe jaka ga 6m 6una packmHyTa Ha COBHOj TemnepaTtypw.
CTpykTypa peareHca ca Crvke je yrnaBHoM nnaHapHa.**® AzoToB aTom haje cBoj
erleKTPOHCKN Mnap CerieHy ca CyrnpoTHe cTpaHe o opfrasehe rpyre, y OBOM
cny4ajy 6poMmaHor aHjoHa.

R1
N

/

Se

Br/

Cnuka 3.
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Jake Se—N mHTepakunje Tpebano 6u ga omoryhe nak npunas xmpanHux LieHTapa
ca R" /mnn R? 0o peakuyoHOr LieHTpa, LUITO KOHAYHO [JOBOAM A0 acCUMETPUYHE
nuaykumnje. 36or noctojaka MOryhHOCTM WHBEP3Mje Ha a30TOBOM artomy, Y
acMMeTpUYHMM CUHTe3aMa [aHac ce paavje KoOpucTe UUMKIMYHU amuHn Co
cMMeTpuje Kao W3BOp XupanHOCTWM Yy peareHcy (Ha npumep, trans-2,5-
ANCYNCTUTYNCaAHU NUPONNANHN).

Hekn op Hepauemckux guceneHuga Koju ce KOpucTe Yy peakuujama
uuknusauunje, npu 4Yemy cy pAobujeHn npouM3BoauM BUCOKE EHAHTUOMEpPHE

LIVICTOhe,24‘26’27’28b’29a’d’30b’32’33’41 a,43-47

npukasaHn cy Ha cnuum 1. XupanHu
HepaueMCKM enekTpoUIHN OpraHoOCEeNeHjyMOBN peareHcn Mory ce Jobutu in
situ n3 ogrosapajyher guceneHuga y peakumju ca 6pomMom, TUOHUN-XITOPUOOM,
6pom un cpebpo-TpudpTanatom unM ca amoHujym-nepcyndgartom. Y cniyyajy
cenenun-tTpucnata*® n cyndata*® aHjoHu cy nsysetHo cnabu Hykneounu WTo
je npegHoCT npu MNoCTM3aky BUCOKE perMo- U CTepeocerieKTUBHOCTW.
EnekTpodunHocT ceneHopeareHca noBehaHa je MNPUCYCTBOM jake eneKTpOH-
npusnayHe TpugnaTHe rpyne Kao KOHTpa joHa. TpudnaTHM aHjoH He noceayje
HM 6a3Ha HM HykneodunHa CBOjCTBA, Te je Ha Taj HaA4YMH cnpeveHa nojasa
cnopefHux peakumja, Kao LTO je HyKNeoUNHM Hanag KOHTpa joHa Ha
CEeNneHoHujyM-KaTjoH U1 opmupare aauvuMoHOr Mpom3Boda peareHca Ha
OBOCTPYKY Be3y.

Y 3aBUCHOCTWM o[ norioXxaja Hykneodwuna y ogHOCY Ha OBOCTPYKY Beay,
OBaj TUN peakuuja ce MOXe KOPUCTUTU 3a CUHTE3Y O YeTBOpOYnaHux Ao
ceMouSiaHNX XeTepoLMKINUYHUX NpCcTeHoBa nyTem 4-exo-trig, 5-endo-trig, 5-exo-
trig, 6-endo-trig nnu 7-endo-trig unknusauuje. Peakunje ceneHouuknusaumje ce
yrnaBHOM OMUCYjy Kao jeQHOCTaBHM NPOLIECU LUTO je NpMKa3aHo Ha cxemu 1, rae

je Hykneodwun yje4Ho 1 cacTaBHU eo cyncTpara.
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Cxema 1.

MexaHu3am came aguvuuvje Tede y OBa CTynkwa. Y NpBOM Aonasn Oo
enekTpoMunHOr Hanaga opraHoOCeNeHOBOr peareHca Ha ABOCTPYKY Besy, npwu
yemy ce opmumpa CeneHoHWjyM-KaTjoH, a 3aTtum Jonasu [0 HyKneodunHor
Hanaga XuapoKCUnHe rpyne npu 4yemy ce gobuja koHayHn npomseog. Koju og osa
ABa cTynkwa ogpehyje 6panHy peakumje 3aBucu Hajuewhe o CcynctutyeHaTa Ha
oneduHCKOM Leny Mofnekyna Kao U Ha peareHcy u Hykneodguny. Takohe, Benuku
yTvuaj npeacTtaBrbajy peakuuoHW YCroBW, Kao LWTO Cy pacTtBapad MU
TemnepaTypa.50 Hajuewhe, npBu cTynaw je peBep3vbunaH, Tako Aa [pyru
CcTynaw peakuuje ogpelhyje ctepeoxemujy nponssoaa.

LTo ce TMye pernocenekTMBHOCTU OBUX peakuuja, YCTaHOBIbEHO je Oa
E€NeKTPOHCKN (hakTopy a He CTepHW, [OUKTUpajy opujeHTauwnjy Hanaga
Hykneodguna Ha CeneHoHWjyM-KaTjoH, Te Ce Ha HWXMM TemnepaTtypama gobuja
npounssog MapkoBHUKOBIbeBe aavumje (KMHeTUYKa KOHTposa peaKu,l/lje).51 Maga,
Ha BUWWM Temnepatypama, Mory ce pobutm oba wusomepa, 3axBarbyjyhu
peBnpP3NOMNHOj NpMpoanN oBe pa|<|_|,v|je.52

[detarbHujy MexaHn3am OBUX peakuuja Huje [OOBOSbHO MNPOYYEH U
npeacTaBfba MHOIO CrOXEHUjU nNpouec oA OHOr npukasaHor Ha cxemun 1. Cam
MexaHn3aM OBMX peakuuja OofaTHO Ce KOMIMIWKYyje ca3HaweM [Ja aguuuja

doeHunceneHun-xanoreHmaa Ha oneduHe moxe wmhu npeko cdopmupawa aBa
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moryha nHTepmeamjepa; ceneHoHunjym-joHa 1 nnu ennceneHypaHa 2 (cxema 2).
lMoTBpheHo je nocTojawe 0ba MHTepmeamjepa Koja cy yjeaHo 1 okapakTepucaHa
oa ctpaHe Garratt-a n Schmid-a.>® Peakunjom eTtuneHa ca p-tonyeHceneHun-
xnopugom notepheHo je ga ce pobuja enuceneHypaH 3 (cnvka 4), AOK KaTjoHn 4
n 5 npegcrtaBrbajy Heke of peTkux 3abenexeHux npumepa CTaburnHux
cerieHOHUjyM-joHa. BaxkHo je HanoMeHyTW fOa je ceneHOHUjyM-joH 5 130510BaH U

[a je eroBa CTpyKkTypa noTepheHa peHAreHCKoM CTPYKTYpHOM aHanuaom.>

Ph

/Q‘E/R2 episelenuran
R :

2
a4 Phsex

/Gg;e );2 selenonijum jon
R1/\E/
1
Cxema 2.

S)

AICl,

©)
Se
Me Me Me Me

. %

Se Se
/N e
SbFg

Cnuka 4.
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Takohe, Houk n Wirth cy Teopujckum npopayvyyHOM NOTBpAUNW Aa je npu
acCUMeTPUYHO] arikoKcucerneHauuju xupasHAM CeNneHOBUM  enekTpodunuma,
dopmmpare CeneHoHNjyM-joHa N3y3eTHO ersoTepMHa u 6p3a peakumja yKoONMKo
je Kao KOHTpa jOH Yy peareHcy npucytaH TpudnaTHu unm xekcadgryopdocdatHu
joH.>®

MexaHn3am OBOr TuMa peakuuwje ca HeKMM of peareHaca ca cnuke 1
neTarsHo je nenutan.?***° MpucycTeo XMpanHoCTH y peareHcy A0BOAM [0 MojaBe
CENeKTUBHOCTW, [Ae peareHc Hanaga CTepHO Make 3awTuheHy cTpaHy
onedumHckor gena cyncrtpaTta. Hanagom enektpodwuna Ha Si- UNu re-ctpaHy
cynctpaTa MOry HacTtaTu ABa gujacTepeon3oMepHa CerlieHOHUjyM KaTuoHa 6 n 7
(cxema 3.). C gpyre cTpaHe, HanagoMm peareHca Ha CUMeTpUYHe (Z)-ankeHe
Aobvjajy ce MHOETUYHWN CeNEeHOHWjYM-jOHN, Te je CTepeocenekTUBHOCT oapefeHa

HanaZgoM Hykneodwuna. 257

I|3h
1 2
R, / S 5¢ R, K
N\ GDS Ph - R1/////,, D\ oW R? + 7, S

3 4 e R \®/ 4

R R R3 4 \ ) R
R Sle
\/ Ph
6 7

Cxema 3.

CmaTpa ce Oa je 3a BUCOKY CTEPEOCENEKTMBHOCT KOjy MOCTUXY OBW
peareHCU oAroBopHa crabunusauunja npenasHux cTawa npu  Hanagy
HyKneodgwuna Ha cefleHOHUjyM-KaTjoH. [1o3nTuBHa Wwapxa y MOJSiekysnly ce Moxe
cTtabunusoBaTu M yTuuajem pacTtBapava, Maga je Nno3HaTo ga Cy MHTepakuuje
navmehy ceneHa W pacTBapaya penaTtuBHO cnabe M 4ecTo pesepaubunHe.>®
Cynctpatn Koju noceayjy apomMatuyHe CynCTUTYeHTe Ha [OBOCTPYKOj Be3u
cyncTparta, Mory AogaTHO ctabunusoBaTu NpenasHo cTake TI-TT MHTepakuvjama

apomMaTu4HOr CynCTtuTtyeHTa n apuiHor gera peareHca.

-10 -
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HopoatHn npobnem y oBUM peakuunjama npeacTaBiba YnMkeHULa da je
npumMeheHo da je cTBapahe CeneHoHnjym-KaTjoHa peBep3nbunaH npouec, Te ce
KOO HEKUX jeAHOCTaBHWjUX OPraHOCEfIeHOBUX jeautbersa rybu CcenekTMBHOCT,

npenackom jeaHor KaTjoHa y apyru (cxema 4).

R}/// \\\\RZ
R3 R4
1 2
I v, &
Se 0 B
R1///,/,, //('D\\ ‘\\\\\RZ R3 \\\\G’)//, R4
Sle
3 4
R R Ph
Cxema 4.

NMR-UcTpaxuBawnma xanoceneHaumje CTupeHa jow jegHoOM je
notepheHa Garrat-oBa®®*® Tesa 0 W3y3eTHO KOMNNMKOBAHO] PaBHOTEXM
WHTepmMegujepa, peakraHata M nNpousBoga y OBOM Tuny peakuuja. Kao KoHTpa
jOHM Yy peareHcy KopuwheHn cy xnopug n 6pomua. NHuumjanHo dopmuparse
agykta MapKOBHMKOBIbEBE OpuvjeHTaumje u3dy3eTHo je 6p3o, mMehyTum, Kao u
dopmMupare paBHOTEXHE cMece ca anti- MapKOBHMKOBILEBUM PEMMON3OMEPOM

(cxema 5).%°

-11 -
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f Ph \C 1
Cl Ph | \
H N @ SePh Se @ cl
- H ¢ brzo /@‘\ WH _sporo i,
- 1 W ! : "‘\
A H Ph
Ph SePh
+
PhSeCl
JROH
Ph SePh
RO
Cxema 5.

CTBapu ce JofaTHO KOMMMMKYjy HakoH objaBrbuBara paga Denmark-a®°
O TpaHcepy CceneHoHWjyM-KaTjoHa ca jegHor oneduHa Ha  gpyru.
lMpeTnoctaBba ce Aa je oBaj Bprno 6pan TpaHcdep ceneHoHwnjym-kaTjoHa
o4roBopaH 3a rybuTak CenekTMBHOCTM Yy OBUM peakunjama. Ha cxemn 6

npukasaH je npumep ,,oneduH-Ha-oneduH" TpaHcdep dpeHunceneHo-rpyne.

Cxema 6.

-12 -



Llokmopcka ducepmauuja Onwmu deo

Hanac, 3axBarbyjyhn HewTo BGorbeM Mo3HaBakwy MexaHuama n Moryhux
orpaHuvyena OBMX peakuuja, CUHTEe30M ofroBapajyhux peareHaca v nNaxrbMBuUM
nojeluasakemM peakumjoHux ycriosa, moryhe je n3BpLINTU BUCOKO CENEKTUBHE

CMHTE3€ UMKITMYHNX €Tapa BUCOKE EHaHTUOMEpPHE yuctohe.

1. Enektpoc¢mnHu opraHoceneHoBM peareHn ca KNCEOHUKOM Yy 6OYHOM

naduy
1. 1. 2-CyncmumyucaHu cenieHobeH3un-oepusamu

Wirth je cuHTeTnsoBao aucenenus 8% koju je, HakoH npeTBapama Y
ogrosapajyhun xvpanHu ceneHoB enektpocgpun 9, ynotpebuo y peakuujama
uuKnusaumnje Hekux oneduHa (cxema 7). lNpenumMuHapHa wcTpaxuBawa Ccy
BpLIEHa NOA4 MWCTUM peakuMOHMM YCIoOBUMMa Kao W peakumje acumMeTpuyHe
MeToKcuceneHaunje oneguHa Ha Kojuma je oBaj peareHC NpBO U MPUMEHEH.
Anu, 3a pasnuky of peakuuja WHTEepMOnekyricke ceneHauuvje onedguHa,
UUKNNYHM NPOM3BOAN Cy OOOMjeHM y BPfi0 HUCKMM NPUHOCMMAa ca Bpfo folle
N3paxxeHoOM cTepeocenekTMBHowhy. HakoH wucnutMBaka ca pasnuuuTUM
aguTMBMMa, YCTAHOBIbLEHO je [da je nNpuUCYyCTBO MeTaHora Kao aauTtuBa
eceHuujanHo 3a nocTu3ake BUCOKUX MPUHOCA LUUKIUYHMX NPOU3BOAa, Kao M 3a
ycrneLaH nNpeHoc XmMparnHoCTK ca peareHca Ha dopmupanu npounssod. OHO WTO
je jow 3HayajHuje, jecTe uYuMweHUUa Oa Huje npumeheHa KOHKYPEHTHOCT
MeTaHoMa kao Hykneoduna y oBuM peakumjama.?®>?%®2 Cuatpa ce ga metaHon
yyecTByje y cTabunmsaumju ceneHoHnjym-joHa, LWTOo je o4 NpecyaHor 3Havaja 3a

OCTBapuBak€ CTePEOCENEKTMBHOCTM OBUX peakuuja.

-13 -
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W
~—
ullllm

= o)
1.Bry /\/\/OH
OH 5 AgOTf OH R y
2. AgOTT .
® o 10-13 R .
Se)2 Se OTf SeAr
8 9 18-21
Cxema 7.

Y T1abenn 1 cy npukasaHu pesyntatm OBOr UCTpaxmBawa Ha cepuju
xomoanunHux ankoxona (10-13) koa Kojux je Aowno 4o 3aTtBapaka npcreHa 5-
endo- npouecomM. Cam CTepeoxemMujCku NyT peakuuje uuknmsaumje ca peareHcom
9 je NOTNYHO MCTWN Kao M Yy peakuuju MHTEPMONEKyriCKe MeTOKcMceneHauuje ca
nomeHyTMM peareHcom.’® Y npowssogy 18 je ycTaHOBIbEHO Aa je KOHW-
rypauuwja HoBoHacTtanor xuvpanHor ueHTtpa Ha C(2)-atomy, (R)-koHdwurypauuje,
LWITO oroBapa Hanagy enekTtpodwuna ca re-CtpaHe OBOCTPyKe Be3e cyncrpara.
HacynpoTt wemy, HaheHo je ga ctepeoxemunja npoussoga 19 ogrosapa Hanagy
peareHca ca Si-cTpaHe. [lpopayyHuma je YCTaHOBIbEHO [a WHTepMeaujepHu
CeneHoHWjyM-joH Npou3Boga 18 BepoBaTHO MMa cTpykTypy 26°% (cnuka 5), roe
HakoH anti-Hanaga Hykneoduna Ha oOBakaB joH [onasv [o gopmMuparsa

npoussoga (R,R)-ctepeoxemuje.

-14 -



Llokmopcka ducepmauuja Onwmu deo

Tab6ena 1. Liuknusauunja cepuje xomoanumnHMX ankoxona ca

peareHcom 9.

AnkeHon "maBHW nponsBog MpuHoc (%) A.B. (%)
(0]
o XS 10 y 18 87 84
PH
SeAr*

19 68 46
t-Bu

64 49

(0]
I L T /Q 21 60 0
Et

SeAr*

(6]
MOH 14 Phu,, 22 45 78

SeAr*

OH
Me,Phsi” N~ 15 MezphSi)\(\/OH 23 20 78
OMe
o)
Me,PhSi OH
*ArSe
o]
MePhsi” N-""on 17  Me,PhSi 25 34 82
SeAr*

[1Ba OunjactepeomsomMepHa CerieHOHUjyM-KaTjoHa Koja MoOory HactaTu

Hanagom peareHca 9 Ha ankeHon 11 npukasaHa cy Ha crnvum 5. Kop

-15 -
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UHTepMeaujepa 27a, Koju nNpeacTBIba NPOU3BOA Hanaja peareHca ca re-CTpaHe
cyncTparta, MOXe Ce YOouUTU MOCTOjake CTEPHUX CMEeTHU M3MmeRy terc-6yTtun-
rpyne cynctpata W peareHca, Te Ce Hanaj peareHca NpBEHCTBEHO BpLUM ca
CYyrnpoTHe (Si-CTpaHe) CcTpaHe TrOe Cy CMakbeHe CTepHe WHTepakumje

BONyMeHOo3He terc-6ytun-rpyne un cynctparta (27b).

T
WQ WQ e 2Ly
/ \ e
Ph//// // \\ \\\H /////, ’ @ \ \\\\ H//// ///G_)\\\ \\\\\\
D
HO
26 27a 27b

Cniuka 5.

BonymMnHosHuju 604HM naHum ko CynctpaTta, Kao LTO je LMKIIOXEKCUI
Kog cynctpaTta 12, umknuayjy ca ocTBapeHuUM AnjacTepeoMEpPHUM BULLIKOM Of
49%, OOK NPUCYCTBO Make rpyne (Ha npumep, eTun-rpyne, y cnyyajy cyncrpaTta
13), He nokasyje ceneKkTMBHOCT. Y peakunju peareHca 9 ca (Z)-4-eHun-3-6yTeH-
1-onoM Huje gowrno Ao dpopMupara UUKIIMYHUX Npou3Boda, LTO roBOpPU O
NOLLIMjOj PeakTMBHOCTU OBMX peareHaca ka ankeHuma (Z)-reometpuje. Hak je u
uMKNu3aumja oBor cynctpata ca @eHunceneHunTpudgnaTtom paana HUcke
npuHoce (20%), pok weroB (E)-nsomep uumknu3dyje ca 3agosorbasajyhum
npuHocom opf 73%. OHO WTO je 3aHMMIbLMBO, jecTe Aa je npoussog 29
nocrneguua kpajie HeyobumuyajeHe 3a OBaj TUN peakunje, Syn-aguuumje, AOOK

npounssog 30 npeacrtasrba TMNMYaH Nnpumep anti-aguunje (cxema 8).

-16 -
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O
PhSeOTf
K/\/OH .
Ph

SePh

28 29
0]
/\/\/OH PhSeOTf
Ph 2

SePh

10 30
Cxema 8.

Linknuaaumjom o,a-OUCyNncTUMTyMcaHMxX ankeHa, kao WTo je cynctpart 14,
pobvjajy ce 2,2-guMCyncTutymcaHn TeTpaxmapodypaHcku gepuBaTtu ca 3ad0Bo-
reaBajyhom amjactepeocenektusHowhy. Cama unknuasaumja ce ogsuja no 5-exo-
peakuMoHOM MyTy LWTO je nocneguvua crabunusauuvje nNo3vTUBHE LIapXe Ha
GeH3unHoM nonoxajy. Hanap peareHca ce gelwaBa ca Si-CTpaHe arnkeHa, LTo
HakoH Hanaga Hykneodwuna anti-agnunjom posoan p[o dopmupawa (R)
KoHurypaumje 6eHsunHor C-atoma.

BpweHe cy wu peakuvje uuknusauuwje BuHWUN-cunaHa 15, 16 un 17
peareHcOM 9 y3 npuUCYyCTBO MeTaHona Kao agutuea. BwuHun-cunaHu
npeacTaBrbajy BeOMa 3aHUMIbMBE W Mako [AOCTynHe cyncTpate,®  koju
peakuujom ca peareHcomMm 9 Mory aa gajy npomssoge ca CyceiHUM CUINMKOHCKUM
N CeneHCKUM (PyHKUMOHanNHMMm rpynamMa, LTO AOAATHO OoTBapa moryhHocTu 3a
Benukn 6poj garbux Tpacopmaumja y OKBMpYy Kojux 6n OBU TUMOBM jeantberba
oMM oanNUYHM Npekypcopu y ToTanHUM CUHTEe3ama. Y peakuumjy ca cyncrpaTom
15 Huje powrno Ao nojaBe UMKNUYHMX Npou3BoAa, Beh je MeTaHon M3BpLUMO
HyKNeoMunHn Hanag Ha CeneHoHWjyM-joH dopMupajyhm WHTEPMOIEKyrcku
aauumMoHn npouseoa 23. 36or noctojarba B-cunmkoHckor edekta® ussplueHa je
aguumja meTtaHona, jep je HykrneounHu Hanag XuOpoKCUMHe rpyne cyncrparta

AedaBopu3oBaH HENoBOSbHOM 4-exo-umknusauujomM. BuHun-cunanm 16 un 17

-17 -
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Aann cy UMKNU4YHe npomnsBoae S-exo-UMKNu3auunjomM LITO je y carnacHocTu ca B-
CUNIMKOHCKMM edekToM. Borbu MNpMHOCKM N CENEKTUBHOCT CYy WU3paKeHU KoA
cynctpaTta 17.

Kanaj cynctutyucaHu ankeHu nog WMCTUM peakuuoHUM YCrioBuMa He
UMKNun3yjy, Beh Koa HMUX Jorasv A0 CYncTUTyuuje opraHokanajese rpyne ca

apun-ceneHo rpynom (cxema 9).

OH 9 OH
Bu38n~>~“‘\/\/ —2 . AN

ArSe

31 32

Cxema 9.

1.2. 2,6- JucyncmumyucaHu cerieHobeH3urn-0epusamu

Xvpanuun gucenennan C, cumeTpuje ca gogatHuM GOYHMM NaHUeM Ha
Apyrom orto-nonioxajy nokasanu cy ce Kao edukacHU peareHcu y peakuujama
cenekTuBHe ceneHauuje. N3BplieHa je moandumkaumja Beh nosHator peareHca,
nvcenennpa 8 (crnvka 6; R' =H) Tako wTo cy y orfo-nonoxaj yeeneHe apyre
dyHKLMOHarHe rpyne. YBohetre MeTun- n TpudnoypmeTun-rpyne (cnuka 6; R' =
Me, CF3) Huje AoBeno [0 noGorbluaka CEnekTWBHOCTM OBMX peareHaca.’
MehyTtum, yKkonuko ce Yy orto-nonoxajy Hamasum Heka rpyna Koja cagpxmu
xeTepoartoMm, Jorasu Ao nosehaHe CeneKkTMBHOCTM OBUX peareHaca. [loactakHyT
oBuM oTkpuhuma, Wirth je nsspLimo cuHTesy guceneHuga 33 U NpUMEHUO UX Ha

BEnuKoM Bpojy pasnuunTux Hesacuhernx cynctparta.’®

Ovcenennan 33a n 336
cy 6bpomoBakeM TpaHcdopMmncaHu in situ, y ogroapajyhe ceneHotpudgnarte 34a
n 346, na 3atum cynctutyumjom 6poma ca AgOTf. PeHAreHOCTpyKTypHOM

aHann3om NoTBpheHO je Aa je y peareHcy 34 MeToOKcu-rpyna Ta Koja cTyna y

-18 -
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HEBE3NBHY VIHTepaKLWij ca ceJieHOM, a He KNWCEeOHUK Wn3 XupanHor pena

MOJieKyna, LWTO je Cry4aj ca peareHcrMMa U3 NPeTXO4HOr Nnornaesba.

R2
8 R'=H R2= Et
OH
33a R'=OMe R?=Me
Se)
2 33b R'=OMe R2=Et
R’I
R2 R2
1. Br2
2. AgOTf OH 34a R?=Me
—
®o 34b R2=
Se), Se OTf R4 =Et
OMe OMe

33

Cnvka 6.

YKonuko ce ynopeau cenektuBHOCT cenernvaa 9 v 34a (cxema 10) npwm
unknmsaumjn (E)-xekc-3-eHona, umajyhm y Buay ga uuknuMsaumja cyncrpata ca
MakUM  CYNCTUTYEeHTMMa Ha [OBOCTPYKOj Be3n He [JOBOAN [0 >KerbeHe
CENEKTUBHOCTM, MOXe Ce BMOeTM Oa je y cnyyajy ceneHmga 34a gowno Ao
nojaBe HewWTO MOBULIEHE CENEeKTUBHOCTM, AOK ce ca peareHcoM 9 pobuja

NpoM3BOA Kao paLemcka cmeca.>??

-19 -
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R2
OH
® O
Se OTf o
1
/\/\/\ R
Z OH
*ArSe
34a 1.5:1(42%)
9 1:1(60%)
Cxema 10.

Wirth je cuHTeTM3oBao wn paucerneHnz 35 Kao pPuUrMaHW)y BapujaHTy
ancenenunga 33 (cnvka 7). MNpenMMmuHapHUM McnnTuBawmnMa Ha jeaHOCTaBHUjUM
oneduHMMa npuMmeheHo je Oa, nako je CENneKTUBHOCT Yy peakuujama ca OBUM
peareHcuma 6una Bpro BMCOKa, MNPUHOCW aguuUMOHMX Mnpou3Boda bunu cy
ylvlepeHM.65 OBO ce MOXe npunucaTn BpIo jakoj UHTepakumju XMAPOKCUHe rpyne
peareHca W ceneHa, WTO AOBOAW A0 CMakeHOr aduHUTeTa peareHca ka
ABOCTPYKOj Be3u cyncTparta. N3 paHujux pagosa yTBpheHO je Aa CynTUTYEeHTU Ha
KNCEOHUKY peareHca Mory 3HauajHo yTuuaty Ha peakuujy,*® a na meTokcumeTnn-
3awTtunheHa xmapokcunHa rpyna (MOM) noBoav 0O BMCOKMX NMPUHOCA, @ Y HEKUM
crydyajeBMMa M [0 MOBULIEHE CenekTMBHOCTM came peakumje.®® [a 6u ce
nucnutao ytuuaj 6nokMparwa XMOpOoKCUITHE rpyne Ha CenekTUBHOCT M MpUHOCe
OBMX peakuunja, U3BPLUEHO je YNnopeaHO UCnNUTMBawe TPUMNaATHUX CEeNeHCKUX
peareHaca (35-OTf, 35a-OTf, 8-OTf n 8a-OTf) koju cy nobujeHn oa guceneHnga
35, 35a, 8 n 8a (cnuka 7). Y Tabenn 2 u3gBojeHM Cy camo pes3yntaTtu

NCTpaXxnBawa Ha He3acMheHnM ankoxosimma Kao cyncrtpatmma.
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OH

Se),
OMe

35

OMOM

Se)2

OMe

35a

Cnuka 7.

Et

OH

Se)z

Et

OMOM

Se)2

8a

N3 pesyntaTta y Tabenu 2 moxe ce Bngetu ga npucyctso MOM-rpyne Ha

KMCEOHMKY peareHca goBoan Ao noBehawa nNpuHoca UMKIMYHUX Npou3BoAa Yy

OQHOCY Ha He3awTuheHy xnapokcurHy rpyny y peareHcuma 35-OTf n 8-OTH. Mpwu

unknusauyujm ankeHona 10 gowno je o 6naror CHUWXKaBawa CeNnekTMBHOCTU Npu

kopuwhewy MOM 3sawTtnheHor peareHca 35a-OTf n 8a-OTf.

Ta6ena 2. Liuknusauuja ca peareHcuma 8, 8a, 35, 35a.

AnkeHon Mpownseoa Pearenc [MpuHoc (%) a.o.

0 8-OTf 87 92:8
Ph/\/\/OH 10 8a-OTf 88 85,5:14,5
Ph 2 35-OTf 48 97,5:2,5
SeAr* 35a-OTf 67 91,5:8,5

14 o) 8-OTf 45 89: 11

OH Ph//,,,,
Ph *ArSe g 8a-OTf 92 93:7
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Se), O

OEt Se), OEt

36 37 38

Cniuka 8.

HeBepecetnx roguHa npownor Beka Deziel je cuHTeTM30Bao guceneHua
36 (cnuka 8) C, cumeTpuje, U NPUMEHNO ra y peakumjama MeToKcucerneHauumje
ankeHa.”® OxpabpeH oBUM pesyntatuma, Deziel je u3BpwMO npenMMmuHapHa
ncnuTMBaKa CENEKTMBHOCTU OBOI peareHca Ha peakuunjama 3aTtBapara npcreHa
trans-6,6-gumetnn-4-xenten-1-ona (39; cxema 11). Hesacuhenn ankoxon 39
ponart je y pactBop peareHca 36 y meTuneH-xnopuay Ha —78 °C 1 UuKIIMYHU
npounssoamn 40 n 41 cy ce coopmmpanu roToBo TPEHYTHO y ogHocy 2:1 (cxema 11).
Mog aHanorHuM peakuMoHMM YCNoBMMAa Yy peakumjama cerleHoMeToKcunaumje

onedvHa ocTBap1BaHa je OANnYHa cenekTMBHoCT.?®

t'BU/\/\/\OH L *A"S'e////,,,,HjO> + *ArSe\X\\\\\\\\Q

t-Bu t-Bu
39 40 41

Cxema 11.

Harmem unctpaxmBaweM yTBphHeHO je ga godaBawe Mame KOnndnHe
MeTaHona Yy peakuMoHy CMmecy [oBoaM [0 ApamatuyHor nosehawa
CEenekTMBHOCTM OBe peakuuje (Tabena 3). N3 pesyntata y Tabenu 3 Moxe ce
BMOETM [fda Ccy Hajborbu pe3yntatv MNOCTUTHYTU Y METUMEH-Xiopuay Kao
pactBapayy y3 gogatak 2,5% meTtaHona u peakumoHoj Temnepatypu og —90 °C.

YMecTo MeTaHona, kao NoMOhHM pacTBapad, MOXe ce ynoTpebutn un 2-
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nponaHon. lNoBuwerwe peakunoHe TemnepaType, Kao U MpoMeHa pacTBapava,
AOBOAM [O CMakeHe CenekTMBHOCTM OBe peakumje. 3aHuMibuBO je fda
NPUCYCTBO MeTaHomna Kao MoTeHuujanHor Hykneodgwuna He pgosoau [Ao
KOMMeTuLMje ca yHYTpaLliUM Hykneodunom,®’ Maaa nosulere KoHLeHTpaLmje
MeTaHorna AOBOAM OO0 CMakeHe cenekTuBHocTn. CmaTpa ce fa je y npucyctBy
MeTaHona, peaktMBHa BpcTa ceneHoectap ArSeOMe koju, u3 jow yBeK
Henos3HaTor pasnoram, unosrbaea 6orby haumjanHy CENEKTUBHOCT Ka CyncTpaTty

on ogroeapajyher TpudnyopmetaHcyndgoHata.®®

Tab6ena 3. YTuuaj pactesapaya n temnepatype Ha

unknusauuje ankeHorna 39 ca peareHcom 36.

MNomohHu OpHoc
T (°C MpuHoc

PactBapau

pacTBapay® 40:41 (%)
CH,Cl, THF 78 2:1 85
CH,Cl, MeOH 78 9:1 89
CH,Cl, MeOH 90  114:1 86
CH,Cl, MeOH 0 4:1
PhCH, THF -78 2:1
PhCH; MeOH -78 3:1
Et,O THF -78 1:1
Et,0 MeOH 78 4:1 88

a-pactBapay kopuwwheH 3a npasrbewe 2M pactBopa AgOTf
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Tabena 4. Luknusaunje cepuje ankeHona ca peareHcom 36 Ha —90 °C ys3
MeTaHOM Kao NOMOhHKU pacTBapav.

Onwmu deo
OpHoc
AnkeHon MaBHM Nnpon3Bog MpwuHoc (%)
nsomepa
)
OH
o NN 10 ' 92 12 11
PH 2
SeAr*
)
OH
e NNy . 77 12: 1
t-Bu®
SeAr*
)
g N g3 73 2:1
Et
SeAr*
)
XN .
t-Bu N OH 39 *ArSeu,, 89 9:1
t-Bu
*AI'SG//,///'
P NN Ny 42 95 29 : 1
Ph (@]
t_Bu/\/\/\/OH 43 *A'SG/////,,, o 77 8 1
t-Bu
O
\/\/\OH 44 rse 96 2,3:1
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HakoH onTumusauuje ycrnoBa OBe peakuuvje, M3BpLUEHe Ccy peakuuje
umMknmaaLumje Ha cepuju A%, A*- n A’- HesacuheHUx ankoxona, a pe3ynTaTii OBOr
UCTpaxuBaka npukasaHu cy y tabenu 4. YodeHo je aa peareHc 36 ucnorbaBa
BP0 BUCOKY (paumjanHy CeneKkTMBHOCT KOO arikeHa Koju Ha [ABOCTPYKOj Be3u
nmajy beHun-rpyny unm HeKy BONMYMUHO3HY rpyny, Kao WTo cy terc-6ytun- wnu
LUMKNOXEKCUn, OOK je MPUCYCTBO HEKUX MawUuX rpyna JOBOAWUNO OO0 CMaeHe
CenekTMBHOCTK peareHca (Tabena 4, ankeHon 13). CxogHO TOMe, M LMKNM3aumja
TepMuHanHmx osneduHa ucnosbaBa nowunjy CenekTUBHOCT Hero y cnydyajy
HeTepMunHanHux oneduHa (tabena 4, ankeHon 44). 3aHNMIBLMBO j€ A4a 3aMEHOM
terc-6ytun-rpyne denun-rpynom (tabena 4, ankeHon 11 Hacynpot 10) gonasu
[0 nojaBe 0OOpHyTe hauujaniHe CENEKTUBHOCTM peareHca Koja jow yBEK Huje
objawreHa. Liuknusaumnom ankeHona 13 ca oBMM peareHCOM MOCTUTHYT je Mamu
nopacT CEeneKTUBHOCTW Y OAHOCY Ha LuKknu3auuje ca peareHcuma 9 n 34a (cxema
10).

PeareHc 37 (cnuka 8) je cMHTeTM30BaH Kao MOKylWlaj Oa ce Hanpaswu
CTPYKTYPHO puUrMgHuja BapujaHta peareHca 36, a 3aTum cy U3BpLUeHa yrnopeaHa
ncnuTUBawa ca oBa [Ba peareHca He O6u nu ce yTBpaAMO edyekaT noBuLleHa
PUrMOHOCTU Yy peareHcy Ha CernekTUBHOCT came peakumje. Oucenennan 36 n 37
cy in situ npeTBopeHn y oaroBapajyhe TpudnyopmeTtaHcyndoHaTt gepusarte 1 ca
HbUMa Cy W3BPLUEHe peakuuje uUMKnu3auuwje Ha TemnepaTtypu og —78 °C vy
METUNEH-XIToOpMAY Kao pacTBapayy M y NpucycTBy MeTaHona. Y CBUM criyya-
jeBUMa peareHc 37 je nokasao 60orby CENeKTUBHOCT Y OAHOCY Ha peareHc 36.%%°
PesyntaTtn oBor nctpaxunama Ha cyncrpatuma 39 n 44 npukasaHu cy y Tabenu
5.
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Tab6ena 5. Liuknusaunja ankeHona 39 n 44 ca peareHcuma 36 n 37.

OpaHoc 1 npuHoc

AnkeHon "aBHW NponsBoa PeareHc
nsomepa

0]
Q 36 9:1(89%)

t-Bu/\/\/\OH 39 *ArSe \\\\\\\\,
37 15:1(61%)

t-Bu
0 36 2:1(96%)

NN Ny M4
*ArSe

37 10:1(84%)

PeareHc 38 (crnvka 8) CMHTETM30BaH je Kao MOKyllaj Aa ce gokaxe aa je
npucyctBo Cp, cumeTpuje y MOMeEKyny npecygHo 3a ocTBapuvBake BUCOKE
haumjanHe cenekTMBHOCTM peareHca 37. Y peakumju ankeHona 44 ca
TpudpnyopmeTaHcyndoHaTHUM gepuBaToM auceneHnga 38 nOCTUTHYT je o4HOC
Aunjactepeounsomepa 2:1, ook je ca peareHcom 37 oH nsHocuo 10:1.

Ha cnvum 9 npukasaH je jow jegaH npyuMep Kako purngHocT 6OYHOr H13a Yy

NPCTEHy peareHca yTW4Ye Ha CeneKTUBHOCT came peakuuje,’*®

Ha Kojoj cy
npukasaHn opgHocu AobujeHnx wu3omepa Yy peakumju MeToKcuceneHaumje
CcTupeHa. M3 pesdyntata ce MOXe NpMMeTUTU Aa pedykoBaHa KOHopMaumoHa
dnekcmbnnHoCcT y xupanHOM fdeny cyncTpata pgosoan o nojaBe 6orbe

CenekTMBHOCTU (peareHcu 46 n 48, HacynpoT 45 u 47).

IIIIII/OH ""’///OH

® o ® o
Se OTf Se OTf
45 46 47 48
1:8 1:30 1:14 1:28

Cnuka 9.
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1.3 NonnumepHO 8e3aHuU cerleHopeazeHcU Ha 48pcmoj nodrosu

Wirth je cMHTeTM30BaO XxMparnHu CerieHCKM peareHC Ha YBPCTOj MoAasio3uv
49 (cnuka 10) n ynotpebuo ra y CTepeocenekTMBHUM UMKNu3aumjama Hekux
ankeHona.®® Kao noanory je kopuctmo nonuctmpeH, TentaGel unm me3onoposHn
cunuka-ren. Pe3yntat oBOr UCTpakuBawa npukasanum cy y tabenu 6. MNpegHoct
OBe MeToZe ce ornejay ToOMe LUTO Ce HaKOH ofBajaka npoussoga ca noanore,
LerioKynHo npeyunwhasame nNpov3sBoga 3acHMBA Ha jeAHOCTaBHOj ounTpaumjn n

ncnmpawy ca cMorse.

“OMOM

.

SeBr
49

Cnivka 10.

Ta6ena 6. Linknusaunja ankeHona 10 n 14 ca peareHcom 49.

OpHoc
AnkeHon [maBHKW NponsBoA MpuHoC
eHaHTuomepa
0 - 9:1(80% e.B.)®
/\/\/OH
Ph AN 10
PH 58% 6:1(71%e.B.)°
O - 4:1(60% e.B.)?

Phy,
)L/\/OH 1 4 /, ’y
Ph

a-Me30MOopOo3HN CUnunKa ren Kao 4BpcCta nogsnora 6-HOJ'IVICTVIpeH Kao 4BpCTa nognora

54% 3:1(53% e.B.)°
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2. EnexktpodunHu opraHocenieHOBU peareHn ca a3oTomMm y 604HOM naHLuy

2.1. 2-CyncmumyucaHu ceneHobeH3un-0epusamu

Nako je Wirth jow 1995. mehy npBMMa CMHTETM30OBAO peareHc OBOr Tuna
50 (cnuka 11) 36or noctojakba MOryhHOCTU MHBEpP3Mje Ha a30TOBOM aToMy, Yy
acMMeTpUYHMM CuHTe3aMa Cce JaHac paguvje Kopucte UUMKIMYHU amuHn Co

CVIMeTpVIje Kao aMMUHCKM OeO0 peareHca.

NMe2  50a R=H ’T
Me
se), 50b R = OMe se),
R R
50 51
Cnuka 11.
Tiecco je cuHTeTn3oBao aucenenuna 517° (crmka 11) koju npeacTaBmba

Mogudukaumjy peareHca 50, roe je jegHa on meTun-rpyna CcynctutymcaHa
BOJNTYMUHO3HUjOM  1-CbeHnneTun-rpyrnomMm, LTO je [JOoBerio [O ycrnopaBawa
npoLeca vHBep3unje Ha a3oToBOM aTtoMy. HakoH npeTBapawa guceneHuga 51 y
ogroBapajyhm cyndgart ca amoHujym-nepcyndgarom, TecTupao je HEeroBsy
CENEeKTUBHOCT Yy uuknusaumju ankeHona 10 m 52 (cxema 12). Peakuuje cy
n3soheHe Ha cobHOj TemnepaTypu y ANETUN-eTPY Kao pacTBapayy M MeTaHony

Kao NOMONHOM pacTBapadyy, y ogHocy 3:1.
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Ph ©
ArSeOSO3H
Ph/\/\/OH ELOMeOH 80% (d.o. 95 : 5)
10 sobna temperatura ArSE
0)
P N\ OH  arseosoH =~ P
> 75% (d.0. 90 : 10)
Et,0/MeOH
52 sobna temperatura
*ArSe
Cxema 12.

S. Tomoda je cuHTETMCAO XMparnHe ceneHo peareHce 54-57 (cxema 13)."
CekyHaapHn amuHun C, cumetpuje A-D kopuwheHu cy Kao n3Bopu XMpanHocTn y
peareHcnma 54-57. Ha cxemn 13 npukasaHa je cMHTe3a OBMX peareHaca. AMUH
A vma GuHapTMNHM ckeneT Kao cacTaBHM Oe0 MUPONMUAUMHCKOr NpCTeHa, AOK
amuHm B n C nmajy ose pnekcubunHe ,pyke” ca etapckmm KMceoHnkom. AmuH D,
KOju ce NaKo CHHTeTW3yje M3 npupogHor lehepa D-maHuTona,’”> Mma [aBa
AnokcaHoBa npcteHa Yy 604yHOM Hu3y peareHca. [ducenenHngn 54-57 ce

30a

CUHTETU3Yjy 13 2,2'- anceneHo-bis(beHsnn-xnopuaa)™ - n ogrosapajyher ammHa y

yMepeHUM npuHocuma.
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Cl A-D, NaHCO, Y OO
DMF, 80°C
Se)2 Se)2 A HN
54 Y=A 48%
OBn
B BnO H
56 Y=C 62%
57 Y=D 89% /O _OMe
c N
MeO H
Ph\(o ,\\\\OYPh
D (o) N wiQ
H
Cxema 13.

Mehy nomeHyTUM peareHcuma, peareHc 57 nma npegHoCT Hag ocTanuma
jep ce pobuja y HajsuweM MnpuHOCY, rae ce, y3 Many moaudukauumjy metoae
(mopatkom Kl y peakunoHy cmecy) pobwujajy npuHocn n go 99%. Takohe,
aMWHCKM Oe0 ce jeAHOCTaBHO MOXe JobuTu n3 jepTnHor, NpMpoaHor npomssoaa
D-MaHuUTOMa, WTO Leny OBy MeTody YMHM Bpno jeBTMHOM. [lopepn Tora wTo ce
CUHTe3a peareHca 57 moxe BpwNTK y BEhUM KONnM4nMHama, OH ce nokasao 1 Kao
HajborbN peareHc y acCMMETPUYHUM CUHTEe3aMa OBOr Tuna y OAHOCY Ha ocTana
Tpu, 36or nosehaHe purnaHOCTU kerosBor H6OYHOr naHua, ycnen 4era je npu
ctabvnunsaumju ceneHoHMjyM-KaTjoHa oTexaHa nsomepmsaumja NnoMeHyTor.

EdumkacHoCT oBuX peareHaca TecTMpaHa je Ha peakuuwjyu acuMeTpuydHe
meTokcuceneHunaumje (E)-benmnnponena. Npe ynotpebe 6uno je notpebHo aa
ce ca 6pomom pauceneHuagu npeTBope Yy ofrosapajyhe BUCOKO peakTUBHe
ceneHnn-6pomnge. Peakumja peareHca, oneguHa n meTtaHona mssoheHa je Ha
cobHoj TemnepaTtypu, jep je npeTxogHO yTBPHEHO Aa CHMXaBakwe peakuuoHe
TemnepaType 4OBOAM 00 UHXMbuunje peareHca. o oBum ycnosuma godujeH je

camMo jelaH pernousomep, O-METOKCU-B-CeneHenun npoussod, Y3 Hajoorby
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OCTBapeHy CEeNeKTMBHOCT ca peareHcoM 57 of A.B. 52%. Y uurby nosehamwa
AnjactepeocenekTUBHOCTU, acCMMETPUYHE peakumje je buno HeonxogHO BPLUUTK
Ha WTO HMXOj Temnepatypu. MehyTum, cHWXaBarwe peakumoHe Temnepartype
AOBOAM OO CMakbeHsa PeakTMBHOCTM XuparHor ceneHo-peareHca. [a 6u ce
pewmno oBaj npobrnem, CUHTETM3OBaHa je cepuja peareHaca Tuna 57 ca
pasnMyunMTMM KOHTpa joHMMa, peakunom cenenun-opomuga 57 ca ogrosapajyhum
connma cpebpa (AgClO4, AGOSO,CF3;, AgBF4, AgPF4, AgSbFy).

OBa HoOBOHacTana opraHocernieHoBa jeduHeHa Mokasana Ccy ce Kao
peakTuBHMjM peareHcn of opgroeapajyhux ©pomuaa, wTto je omoryhaeano
n3sBohewe peakumja Ha HWKMM Temnepatypama. Kaga ce kaoO KOHTpa jOH
KOpUCTNO nepxriopaT, 6uno je npumeheHo ga anjactepeocenekTMBHOCT pacTe ca
52% 3a 6pomua, Ha 80%. Haj6orbm pesyntaTt cy NOCTUTHYTU Kaga je KOHTpa joH
xekcadnyopgocdaTtHn joH. Ha oCcHOBY OBMX pesynTaTa MOXeMO 3aKibyyuTu ga
CHMXaBareM HYKNeoUNHOCTM KOHTpa joHa [Jornasv [0 nopacTa enekTpo-
PUNHOCTN peareHca, camuM TUM U 0O HeroBe CeneKTMBHOCTH.

S. Tomoda je 3atMm nNpUMEHMO OBaj peareHC Ha peakuynjama
acMMeTpuyHe WHTPaMOIIEKYrNCKe OKCUcerneHusauuje HesacuheHux ankoxona wu
kucenuHa.”> Kao peareHc je kopuwheH opgrosapajyhu xekcadnyopdocgaTHu
ceneHung koju je pobujeH n3 guceneHupga 57 (cxema 14). Y Tabenu 7 cy
npukasaHn camo pes3ynTatM acuMeTpuvHuUX cerneHoeTepudukaumja cepuje
MOHOCYNCTUTYUCAHMUX, Kao U An- U Tpu-cynctutyncanux A, A% n A°-ankeHona,
ca oBMM peareHcoMm. Peakumje cy roToBo TpeHyTHe Yak u Ha —100 °C npu yemy

ce OCTBapyjy yMepeHun npuHocu.

1. Brz ¥
N 2. AgPFg N
Se)2 O S

% -78°C e O%
o®

Cxema 14.
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Tabena 7. LUuknusaumje ankeHona ca xekcadgnyopdochaTHUM

ceneHngom guceneduga 57.

AnkeHon "maBHW Nponssoa MpuHoc (%) A.B. (%)
N
= OH 58 80 59
*ArSe 0
OH
0
X
100 22
86 >08
71 56
88 94
62 13

3aHMMIbMBO je fa ce umknusaumjom neHteHona 44 p[obuja netodnaHu

UMKNUYHW eTap Kao jeauHu npowussod. Lnknusaumjom MOHOCYNCTUTYMCaHUX
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ankeHona 58, 59 un 44 (tabena 7) OoBOM MeTO4OM, HMje OOWMO A0 MojaBe
3Ha4vajHuje oujacTepeOoCcenekTUBHOCTH, jep je peareHCy Ko oBe BPCTe arkeHosna
Texe ga "'npenosHa’ OBe pa3nuuuTe CTpaHe Morekyna (gujactepeodpaunjanHa
cenektuBHOCT). MHoro 6orbm pesyntatM Cy MOCTUrHYTUM ca OUCYNCTUTYMCAHUM
akneHonuma 13, 60 n 10 (Tabena 7).

Y1BpheHo je ga ce Beha CenekTMBHOCT MOCTUXE YKOMUKO je oneduHCKn
aeo monekyna (E)-, a He (Z)-reomeTpuje, rae je acMMmeTpudHa MHTpaMoreKyicka
ceneHoetepudukaumja (E)-xekc-3-eH-1-ona gana MHoro Gorbe pesynrtate no
nuTawy AnjactepeocenekTUBHOCTM Hero opgroapajyhm (Z)-usomep (98% 13;
56% 60, Tabena 7). OBa pasnuka y CenekTMBHOCTM je y carnacHocTn ca Beh
npumeheHom cenektuBHowhy y cnyyajy MeTokcucenenusaumje (E)- (Z2)-p-

mMeTuncTpena.>’®

Kao jeouMHu npencrtaBHUK TPUCYNCTUTYMCAHUX arkeHona
KopuwheH je ankeHon 61 Koju cagpxu UuKrnoxekceHoB npcTteH. Luknunsaumjom
OBOr CyncTparta OCTBapeHu Cy yMepeHu NPUHOCKU, ann BPo foLla CENEKTUBHOCT.

Ouncenenva 57 (cxema 14) vma xupanHu nvponuanHoB npcteH Cp

cuMepuje y opmo-nonoxajy y oaHocy Ha cenen,”’®d

3a KOju ce npeTtnocTaBsiba
Aa je oaroBopaH 3a MCMOrbeHy CenekTUBHOCT OBOr peareHca. CmaTtpa ce ga ce
XMpPanHocT ca NMPONNMOOHOBOr NPCTEHa peareHca MOXe MPeHeTU Ha peakLMOoHM
ueHTap cynctpata nytem Bpno jake Se—N HeBe3vBHe WHTepakuumje y camom

peareHcy.27b’d’40’74

2.2. PeaceHcu Ha 6a3u kamghopa

Ouncenenng 62a (cxema 15), Bpno jegHoctaBHO ce gobuja y jeaHoMm
kopaky peakumoMm uameRy (R)-(+)-kamdopa u enemeHTapHor cerneHa.’® Keto-
rpyna y nonoxajy 2 omoryhasa Bpno naky pgarby TpaHcdopmaunjy peareHca,
npu 4yemy ce Kpajwbe jeAHOCTaBHO MOry yBECTU pasnuuuTe rpyne y HenocpegHy
6nu3nHy ceneHa. Ha npumep, yBohewe Heke BONyMUHO3HE rpyne AoBOAM A0
NpOMeHe CTEepPHUX KapaKTepuUCTUKa peareHca U HeroBor aouHuTeTa Ka CTepHO
npuUCTynavyHnjum genosmma cyrncrparta, WTo pe3yntyje Behom cenektnsHowhy

peareHca. Takohe, yBohewe cyncTtuTyeHaTa Koju MOry fa ce KoopauHyjy ca
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CernneHoM MHTPaMOJIEKYJICKMM BOOAOHUYHUM BE€3aMa, UJn MHTeparyjy HEBE3NBHUM

ceneH-xeTepoaToM MHTepakuujama, Mory AOBecTu Ao noehaHe cTtabunHocTM

UHTepMeaujepHor ceneHoHunjym-joHa. NcTto Tako, yBohewe rpyne koja Moxe

CTYNUTU Y NHTEPaKLMjy ca HyKrneodurnom Moxe nomohu gosohere Hykneoduna

y ogpeheH nonoxaj npe no4veTka HyKNeoUiHOr Hanaja, WTo je 4YecTo o[

npecyfHor 3Havaja 3a CTBapuBa€e CENEKTUBHOCTU OBUX peakuuja.

LDA, Se
—_—
zatim O,

3%

(R)-(+)- kamfor

1.MCPBA
<2 NHoNHy

3%2

1.MCPBA
<2 NHoNHy

I

R'=0OH R?=H
1. NaBH,4 H . H R'=H R2=0H
2 NF LiAIH, R
Se/\/ S(—)/\/
o) R?
1.Ac,0, Py
2.MCPBA
1. TMSCN, ZnCl,
3. NH,NH,
2. LiAIH, 4 NaOH
NHAc
Aczo H
Py H R'
( OH Se),
\ 2
Se/\/ R
NH
2 62 d.R'=OH R2=H
s 62 e.R'=H R?=0H
Cxema 15.

Peakuuje uuknusaumje unsBoheHe cy ca ceneHun-xnopuguma 63a-e

(cxema 16) koju cy nobujeHn n3 oagroeapajyhmnx gucenennga 62a-e y peakumju ca
cyndgoHun-xnopugom (SO,Clp). Jobujanse ogroeapajyher tpudnara Huje 6uno

HEOMNXOAHO, jep Ce 1 XIIopuA NoKa3ao Kao BPpSio peakTUBaH peareHc.

Ar*SeSeAr* —.SOZC|2

62a-62e

OH
/\/44\/ 0
Ar*SeCl >
SeAr*
63a-63e
Cxema 16.

-34 -



Lokmopcka ducepmauuja Onwmu deo

Y T1abenn 8 npukasaHu cy pesyntatu uuknusauuje neHTt-4-eH-1-ona ca
ceneHun-xnopuaoma y metunex-xnopuay Ha —78 °C. WHTepecaHTHO je ga je
peareHC 63a, KOju cagpXu 2-keTo-rpyny, nokasao Bpro nowy Aaujactepeo-
CENeKTUBHOCT MNpu UuKnu3aumju neHTeHona (ogHoc usomepa 58:42), ook npwu
peakumju MeTOKCcuceneHauuvje pasnuyantux ofieprHa nokasyje oafnyHe
peaynTaTte.”” HberoB cnvpooKcasunUaMHOH aHanor 63c ocTBapuo je Haj6orbe
pesyntaTe y CefleKkTMBHOCTU y3 OCTBapeHe 3aJoBosbaBajyhe npuHoce. [logatHu
eKCrnepuMeHTU OTKpUIM Cy [a NoBULLEH-E peakunoHe TemnepaType LOBOAWU A0
CMaheHa amjacTepeocenekTMBHOCTH, LOK CHMWKaBawe Temnepartype go —95 °C
y HEKMM criyvajeBuma gosoam Ao nosehawwa ucte. Ynortpeba gpyrux pacteapavda
Kao WTO cy eTap, TONyeH M MeTaHOoNn fana je nowwuje pesyntate, OOK je
ynotpeba TpuetnnamuHa pesyntmpana nojaBoM CIOXeHWje peakuMoHe CMeLLe.
3axBarbyjyhn oBUM uCTpaxmBawMma yTBphHEHO je ga cy ce kao Hajborbu
peakuMoHM YCnoBW nokasanu Temnepatypa o —-95 °C, meTuneH-xnopug kao
pactBapady W peareHC 63c Koju oOcTBapyje HajbOrby CEnekTUBHOCT.
WckopucTtmBlumn oBe uynweeHuue Back n capagHvum u3BpLuvnuv cy UMKNnsauujy

cepwije ankeHona v pe3yntaTu OBOr UCTpaXuBaka npukasaHu cy y Tabenm 9.

Tabena 8. Linknusauuja ankeHona

44 ca peareHcuma 63a-e.

Pearenc T[lpuHocn (%) 4. o.

63a 57 58 :42
63b 66 71:29
63c 89 90:10
63d 99 52:48
63e 82 65:35

N3 pesyntaTta y Tabenn 9 moxe ce BUOETU [a Cy HA LUMPOKOM CMEKTPY

pasnMUYNTUX cyncTpaTa OCTBapeHM YMeEPEeHN A0 oaNnYHKU pe3ynTaTtu. 'eHeparHo,
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HewTo Oorbu pesyntaTu MNOCTUTHYTM Cy ca MOHO- M 1,2-AnCYnCTUTyMcaHuMm
ankeHonuma. [lpu umknusaumjn (E)-xekc-4-eH-1-ona nog OBUM peakUMOHUM
ycrioBMMma pgonasu o dopMuparka CcMece MNeToudflaHuX W LWeCTouSIaHux
LMKNUYHUX NpOM3BOLa KOoju Cy nocneauua exo- u endo-uuknusaunje osor A*-
ankeHona. TpeTupawe peakunoHe cMmece ca KaTalMTUYKOM KOMUYMHOM p-
TONYEHCYN(OHCKe KUCEeNnMHe OOBOAM A0 NOTNyHe TpaHcdopmauuje cyncrparta y

ogrosapajyhun exo-uuknmyHm etap.

Tabena 9. Linknusaunje ankeHona ca peareHcom 63c.

AnkeHon 'maBHu npoussos MpuHoc (%) A.o. (%)

NN
= OH 58 96 87:13
*ArSe o
\ o
I S NN 44 87 84:16
OH *ArSe
(o)
NN 0H 64 agse 92 85:15
W ]
65 *ArS 80 95:5
~ OH ©
O
OH .
W 66 .o 93 71:29
O
67 61 84:16
\/\/k
OH *ArSe
OH geAr*
[::::I//\\\// 61 7 73 57:43
(6]
OH o
\
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Ctepeoxemuja OBMX peakumja npeBacxodHo je oapeheHa no4YeTHOM
drasom, Tj. enekTpodUNHUM HanagoM peareHca Ha ABOCTPYKY Be3y ankeHona,
npy 4emy mMory Hactatm oba, wunu noxerbHuje, jegaH of pAea moryha
Avjactepeom3omepHa  cerneHoHujym-kaTjoHa. Pagum  ocTtBapuBakba 6Gorbe
CENeKTMBHOCTK, OBaj CTynaw 3axTeBa HUCKY Temnepartypy. Lpyrm cTynamw
peakuuje je ctepeocneunduyHn anti-Hanag Hykneodgurna Ha ceneHoHWjyM-KaTjoH
W NpeactaBrba nospaTaH rnpouec. Y 3aBUCHOCTU Of YCrioBa peakumje n CTepHUX
KapakTepuctuka cynctpaTta dopmupahe ce pasnnymtn ogHocu exo-, endo- n
agnumnoHux npoussoga. OBaj cTynaw peakuuje je noa TepMOAUHaAMUYKOM

KOHTPOSIOM peakuuje (cxema 17).

Ar*
R! R? Ar*
_ | X
R3 RS ,Se\ R?
ArSeX . D adicija 5
_— i/ili ( )n ——— R n-Nu
Nu R2 R! R’
n Nu SeAr*
endo exo
Nu n Nu A
“ArSe *ArSe
Cxema 17.

AnconyTHa KOHdurypaumja UMKIMYHOr eTpa HacTanor uuknusauujom
neHTeHona ogpeheHa je geceneHusauujom, rge je yrBpheHo aa gecerneHoBaHu
npousBog noceayje S-KOHUrypauuvjy XxvpanHor LueHTpa, LWTo [OoBOAU [0
3aKkrbyyka ga ogrosapajyhmn ceneHoetap nocegyje R-koHdpurypauujy (cxema 18).
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0] n-BuzSnH 0]
AIBN
CeDs, A
R S
e.0. 91:9
Cxema 18.

Beck je HakoH ycnewHMX NOYETHUX NCTPaXKMBara arikokcuceneHauuja ca
Kamgop ceneHnanma 63a-e M3BPLUNO CUHTE3Y HOBUX CENEHCKUX peareHaca Ha
6a3n kamdopa 68 (a,b) n 69 (a,b,c) (cnuka 12).”° CeneHopeareHc 68, koju
cagpxun cnobogHy XMOPOKCUIHY rpyny, CUMHTETM30BaH je ca wuaejom ga he
yrpaBo OHa Yy4yecTBOBaTU Yy KOOpAWHAUMM ca MNO3UTUBHO HaeNeKTpucaHum
CefleHOM W Ha Taj HayvMH YYMHUTU UHTepMeaujepHU CceneHOHWjyM-joH

cTabunHmjum, LWTO je yjegHo W npedycrnoB 3a OCTBapuBake >KerbeHe

CEeneKTUBHOCTM.
H H

\ SeX \ SeX

N—~oH N\O—Cli—Ph
68a X=Br 69a X=Br 0
68b X=OTf 69b X=OTf

69c X=ClI
Cnivka 12.

Cenenun-6pomuam 68a n 69a nokasanu cy ce kao foLWM peareHcu 3a
UMKNu3aunjy HesacuheHux ankeHona, npu 4yemy, UnNu HuWje yonwTe Jowrno Ao
dopmupara LMKIIMYHUX NPOU3BOAA, UM Cy HUXOBU NPUHOCK BUNN U3Yy3eTHO
HUCKKN, OOK je peareHC 69b paBao cmecy npousBoga Kojy je Guno Tewko

pa3aBojutn. Hajborbem NpuHOCK LUMKNUYHMX eTapa NOCTUrHYTK Cy Ca peareHcmma
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68b 1 69c, a pe3yntatm oBUX UCTpaKmBaka npukasaHu cy y tabenm 10. Uako
Cy Ce OBW peareHcu nokasanu kKao Bprio euKacHM npu MeTOKCMCerneHaumjm
ankeHa,’® y peakuujama LMKNM3aLmMje MUCMOMbUMK Cy BPIIO JIOLY CEMeKTUBHOCT.
OBa pasnuka cernekTMBHOCTW Yy [Bema BpPro CAVYHUM peakumjama, camo joul

jeoHoM noTephyje YnkeHuly Aa ce 0 caMOM MexXaHU3My OBUX peakuuja Bpro

Mano 3Ha.

Ta6ena 10. Linknusauynja ankeHona ca peareHcuma 68b 1 69c.

AnkeHon maBHW npounssog Pearenc [lpuHoc (%) A.0. (%)

68b
/\/\/\OH 58

*ArSe 0 69c
g o 68b

\/\/\OH 44 .
‘ArSe 690
0 68b

NN oy 84 arse
69c
OH o 68b
59 ©i>/\86 Ar

AN 69c

54

61

55

63

99

74

72

57:43

60:40

60:40

67:33

71:29

53:47

66:34

2.2.1 Ocmarnu peazeHcu Ha ba3u meprieHa ca xemepoamomMom y 6OYHOM faHuy

Mopen oepmBata kamdopa, Kao XupasiHu CeSieHCKU enekTpodunm mory
Ce KOpUCTUTU U OepuBaTh HEKMX OPYrMX TepreHa, Kao LUTO Cy KapaH W NUHaH.
PeareHcn cuHTETM30BaHM Ha 0as3n kapaHa W MNWHAHA, MaKoO CTPYKTYPHO He
npunagajy osae, jep y 604HOM naHuy cagpke KMCEOHWUK, CYMMOp M CeneH, unak

he oBae 6Gutu npeacrtaBib€HN Kao norn4aH HacTaBakK Mnpuye O TeprneHCKUM

peareHcuma.
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OPh OCgH4NO, OCgH4OMe SPh SePh

e

"N

e v

WSeoTf WSeoTf WSeOTf WSeoTf WSeOTf

W

i, Iy, hmy,,,, N, Iy,

70 m 72 73 74

Cnivka 13.

Ha cnuum 13 npukasaHu Cy XupanHu CeneHoBW peareHcu, gepuBaTtiu
nuHaHa, Kkoju cy pobujeHn w3 opgrosapajyhux pguceneHvga Beh no3HaTOM
MEeTOZOM MnpukasaHoj Ha cxemu 19.”7 OBM peareHcn ynoTpebrberu cy y peakumju
uMKnu3aumje orto-anundeHosna un pesynraTtn OBOr UCTPaXKmMBaka NpuKasaHu cy y
Tabenu 11. Hajborbu pesyntaTm no nuTawy CEMNEKTUBHOCTU OBUX peakuuja
NOCTUrHYTK Cy ca peareHcuma 78 (koju y 6ovyHom naHuy noceayje OCgFs-rpyny)
n 80 (ca SePh rpynom y 6o4yHOM naHuy). Wako cy nokasann paobpy

CenekTnBHOCT, NPUHOCKU OBUX peaKu,Mja Cy ymepeHu, o HUCKN.

> Ter*SeOTf
CHQC'Z -78°C 70-80 CH20|2 -78°C

OH
1. 1M Br,, CCl, ©1/\
QO
2. AgOTf, MeOH \ /MeOH ©£>/\SeTer*

Ter*Se),

Cxema 19.
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Tab6ena 11. Liuknusaumja ankeHona 59 ca peareHcnma 70-80.

AnkeHon Mpounseoa PeareHc [puHoc (%) a.o.

70 23 63:37

71 28 63:37

72 34 61:39

73 60 61:39

OH o 74 57 56:44

©i/\ ©1>/\SeTer* 75 : :

o 76 60 57:43

77 57 52:48

78 49 77:23

79 62 52:48

80 23 72:28

Ha cnvum 14 npukasaHum cy peareHcu 81 u 82 koju npepcrasrbajy
npounssoge yHKLMOHANU3oBaHoOr TeprieHa kapaHa. [pu peakuunju umknmnsauyuje
orto-anundeHona ca 0BUM peareHcrma NoCTUrHyTU Cy YMepeHn NpuHocK, oK je

OCTBapeHa CeneKTUBHOCT peakLuje roToBo He3HaTHa (Tabena 12).

SePh SePh

WSeOoTf SeOTf

81 82

Cnivka 14.
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Tabena 12. Liuknmsaumja ankeHona 59 ca peareHcnma 81 n 82.

AnkeHon Mpounseoa PeareHc TlpuHoc (%) a.o.
OH o 81 51 54:46
N 82 64 54:46

2.2.2 Ocmarnu peazeHcu Ha ba3u meprieHa 6e3 xemepoamoma y 604HOM flaHuy

Y nokywajy ga Ha BpJio jeBTUH HauvH gobuje xupanHe auceneHunge
Kopuctehn npupogHe XxupanHe TepneHcke npomsBode, Scianowski je
cuHTeTM3oBao auceneHvae 83-89 (cnuka 15) Ha 6Gasnm meHTOna, KapaHa W
nMHaHa.’® HakoH npenMMUHapHUX WCMUTMBaa pagy ONTMMM3aLMje Ycrosa
peakumje yCTaHOBIbEHO je Aa ce Hajborbu pesyntaTtn y norrneay CenekTMBHOCTU
NoCTUXY Kada ce guceneHuau npetsope in Situ y ogroBapajyhe Tpudnate u

peakuuja Bpum y npucyctsy 2,5% meTtaHona.

é S e)2 Q\\\\\\\S e)2
7 se), " Vse),
/\ /\
83 84 85 86
=/Se)2
Se), wSe) g
87 88 89
Crnivka 15.
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Pesyntatm uuknusaumje 2-anundgeHona ca ogrosapajyhum Tpudnat
ceneHnanma amcenennpa 83-89 (tabena 13) nokasanu cy ga je peareHc 83
HajCeneKkTUBHUjU, Te je NpPUMeEH Ha cepuju ankeHona (Z)- n (E)-reomeTpuje
(tabena 14).

Tab6ena 13. Liuknusaumja ankeHona 59 ca peareHcnma 83-89.

ArnkeHon Mpownseoa PeareHc [pwuHoc (%) 4.o.
83 57 70:30
84 92 63:37
OH o 85 55 52:48
Oi/\ ©i>/\SeTer* 86 64 52:48
N 87 87 52:48
88 59 65:35
89 83 52:48

Ha ocHoBy aobujeHux pesyntata MoXe Ce youuTu Aa M y OBOM Cry4ajy
ankeHonn (Z)-reomeTpuje ocTBapyjy nowwunje pesyntate y obnactu
cenektuBHoctu. Takohe, y cnydvajy (Z)-ankeHona 60, pagu [ospliaBama
peakumje 6uNO je Hy)XHO NOBUCUTU peakumoHy TemnepaTtypy Ha 30 °C wu
NPoOaYXUTU peakunoHo BpemMe Ha 24 vaca. LUnknusaumja ankeHona 44 n 13 gana
je 3apoBorbaBajyhy CenekTMBHOCT Y3 MoLLMje OCTBApeHe npuHoce y cryyajy A

ankeHona 13.
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Tab6ena 14. Liuknnsaunje ankeHona ca peareHcom 83.

Bpeme
AnkeHon "aBHW Npounssoa T (°C) MpuHoc (%) A.o. (%)

(h)

O
\/\/\O H 44 \/‘:> -78 7 72 68:32
*ArSe

° 78 7 - -
— OH o 3 - -

/T e
£t 30 3 - -

SeAr* 30 24 12 56:44

e NG & _ 787 29 77:23

Et

W T:>
65 *ArSe & -78 7 50 56:44
\ OH N

2.3. ©®epoueHcKU peaceHcu

OnTuykm akTmBHM hepouernnceneHun-6pommua 91 (cxema 20), koju ce
cuHTEeTM3yje in situ n3 gndepouerHnn-gucenennga 90 n 6poma, nokasyje Bpfo
BUCOKY /J,VljaCTepeOCGJ'IeKTVIBHOCT.32 Mpupoga koHTpa joHa peareHca BeoMa jako
yTMYe Ha OCTBApeHy CENEKTMBHOCT peareHca. Tako, Ha npuMep, YKONUKO je
KOHTpa joH 6pOMUOHN aHjOH U HAaKOH Mellaka peakunmoHe cmece y Toky 1 yaca
Ha —78 °C, na 3atum 20 yacoBa Ha cobHOj TemnepaTypu, HKje OO 4O nojaBse
UMKNU4YHMX npou3soja. [logaBaweM TpueTunaMmmHa y peakumoHy cMmecy A0BOAU
A0 nojaBe UMKIIMYHUX eTapa Y YMEpPEHUM NPUHOCMMA U Y3 OCTBApeHy OASINYHY
AnjactepeocenekTMBHocT (Tabena 15).
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Tabena 15. Liuknusaumnje ankeHona ca peareHcom 91 y3 npucycteo EtsN.

AnkeHon MaBHW Npoun3soa Agutmns TpuHoc (%) A.B. (%)
OH o
> Ci%sm:c* EtN 20 >95
X
N Q
\/\/\
OH 44 “EcSe Et;N 29 76
N @)
OH
W 2 .. Et,N 55 75

Harenm uctpaxusawmuma nokasaHo je ga cy PFg n BF4 HajnorogHujm

KOHTpa joHM Yy peakuujama umknusauuje HesacuMheHux KucenuHa, ankoxona u

ankeHun-ypetana.’”

Me2N

(R, S; R, S)-(Fc*Se),

90

NMe,

91

Cxema 20.
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MHTpamonekyrncke uuknuaaumje ankeHona ud tabene 16 BpueHe cy ca
(R,S)-Fc*SePFs, npu yemy cy pobujeHn ogrosapajyhu uuknudHmn etpu (R,S)-
KOH(purypaumje xvpanHux ueHtapa y oanuyHumM npuHocuma. AnkeHonu 58, 44 n
92 nako cy MOHOCYNCTUTYMUCaHU Nokasyjy Oa4NnYHy CenekTUBHOCT Y peakunju ca
OBMM peareHCoM LWTO YecTo npeacTaB/ba npobnem y npuMeHn aOpyrux
peareHaca. AcumeTpuyHa ceneHouuknusaumja frans-xekc-3-eH-1-ona (13), kao
WTO je W oYekmBaHO, Nokasana je Behy cenektmBHocT (95% p4.B.), Hero

UMKNu3auuja HeroBor n3omepa cis-xekc-3-eH-1-ona (60) (34% 4.8.).

Tabena 16. Linknusauuje ankeHona ca peareHcom (R,S)-Fc*SePFs.

AnkeHon "maBHW npoussop MpuHoc (%) A.B. (%)

N
= OH 58 96 66
*FcSe e
O
N N 97 98

\ O
\/><\O H 92 \/‘:>< 95 89
*FcSe

OH o
AN
(0)
I N e N _ ):\> 89 95

o]
— OH
TN/ e0 83 34
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3. EnexktpodunHm opraHocerieHOBMU peareHCU ca CyMNopoMm y

6o4yHOM naHuy

NcTtpaxmnBayka rpyna Tiecco-a CUMHTeTM3OBana je XupanHu HepaueMCKu
ancenenung 93 (cxema 21), Koju cagpXxum Cymnop Kao xetepoatom y 60YHOM
naHuy peareHca. HbunxoBa wuaeja 6una je ga ynopeaun CENEKTUBHOCT OBOr
peareHca y OAHOCY Ha peareHce OBOI TuMa KOjU Kao XeTepoaToM cagpxe
KnceoHuk n asot. OuceneHng 93 npeTtBopeH je y ogrosapajyhu TpudpnatHu
ceneHopeareHc 94 no Beh no3HaToM NOCTYNKy (cxema 21), a 3aTUM NPUMEHEH Y
peakumjama UMKM3auuje Hekux arnkeHona. PesynTtaTu OBOr UCTpaxuBara Cy

npukasanu y Tabenm 17.%°

1. Br2
SMe 5 AgoTf SMe
—_—
@ O
Se), Se OTf
93 94
Cxewma 21.

Lnknusaumjom ankeHona wmn3 Ttabene 17 MoXe ce 3akibyyuTy ga je
peareHCc 94 nNokasao OANNYHY CENEKTUBHOCT NPU CUHTE3N LUKIUYHUX eTapa, Yak
n Behy Hero Ccnu4yHM peareHcm ca KUCEOHMKOM W a30TOM Kao XeTepo-

atomuma. 98

Kao wto je npumeheHO W KOA4 NPEeTXOOHUX peareHaca, Kof
TEPMUHANHNX ankeHa je ocTBapeHa follnja CenekTUBHOCT, Kao U KOA4 OHUX ca

MarsUM ankun-rpynama Ha oneduHCKoOM Aeny cyncrpaTa.
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Tabena 17. Liuknusaumja ankeHona ca peareHcom 94.

AnkeHon "maBHW npoussog MpuHoc (%) A.o
(0]
OH .
o XS 10 89 93:7
Ph
SeAr*
\/\k 52 ji? 88 93:7
Ph :
Z OH
Ph
SeAr*
SeAr*
95 79 94.:6
Ph/\/\)(OH ﬁ
O Ph
o)
g N g3 56 4:1
Et
SeAr*
Ph 10
\H/\/\OH 14 Ph 73 92:8
*ArSe
(@)
\/\/\OH 44 \/Q 89 3:1
*ArSe
o]
SeAr* 60 7:3

OH
©i/\ ”
AN
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SMe Br, SMe | SMe
- —2>
SeBr Se), Sel
95 93 97
cl,
SMe
SeCl
96
Cxewma 22.
Y opgojerum ucTpaxuamwuma Wirth?**® 1 Tomoda® nokasann cy

NnocTojake HeBEe3MBHUX WHTepakumja wuamMehy enektpogunHor ceneHa w
xeTepoatoMa (KMCEOHWKa M as3oTa) yHyTap peareHca. Y uurby [JokasnBaha
noctojaka OBMX WHTepakuuja cerieHa M ca atoMoM cymnopa, Tiecco je wu3
ancenennga 93 cuHTeTnsoBao ogrosapajyhu 6pomug 95, xnopug 96 m joang 97
(cxema 22).2* PeareHcu 95 1 96 cy nobujeHn kao KpuUCTanHa jeautbena, Te je
N3BpLUEHA aHanu3a KpUCTanHUX CTPyKTypa OBMX cyncTtparta. PeareHc 97 je
N30M0BaH Kao yrbacta TevyHocT. AHanuM3oM OBUX nogaTaka noTepheHo je
nocTtojake Se—S MHTepakumja Koje Cy HELWTO jaye nspaxeHe y peareHcy 96 Hero
y 95. OBe uHTepakuuje cy Takohe notepheHe n NMR ncnutnBawuma pacrtsopa
oBux peareHaca y CDCl3, rae je npoHaheHo aa jaumHa Se—S uHTepakumja onaga
y Hn3y RSeCl > RSeBr > RSel.

98 X=Br

99 X=ClI
SeX

Cnivka 16.
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Kao koHayaH fokas v noTBpAa NocTojakba OBUX MHTEpakuuja, Koje cy of
npecygHor 3Havaja 3a nocTu3ake BUCOKE CEenekTUBHOCTU OBWUX peakuuja,
CUHTETU30BaHW Cy ceneHo-peareHcu 98 u 99 (cnmuka 16) koju He cagpxe
xeTepoatoM y 604HOM HM3Y peareHca. Pesyntatm umknusaumje ankeHona 10 ca
peareHcuma 95, 96, 97, 98 n 99 npukasaHu cy y Tabenu 18. Y peakuuju
ankeHona ca peareHcuma 98 n 99 Huje gowno OO NojaBe CENEeKTUBHOCTU OBUX
peareHaca, WTO joW jeAHOM [OKa3dyje HeonxogHOCT MOoCTojarka Gnarmx
WHTEpakumja ceneHa v xeTepoaTtoma pagu crabunusauuvje mMHTepMeamjepHor
CefleHOHUjyM-joHa Kao KIby4yHOr YycnoBa 3a crpedyaBake Wu3omepusaumje

HacTarnor KaTjoHa.

Tab6ena 18. Liuknusaumja ankeHona 10 ca peareHcnma 95-99.

AnkeHon "maBHM Nnpon3Beog PeareHc [lpuHoc (%) a.o.
o 95 70 93:7
96 97 91:9
H
o XS 10 97 76 92:8
PR 98 - -
SeAr* 99 - -

Jow paHuje je ycTaHOBSbEHO Aa NOCTOjakbe CYNnCTUTYEHTa y Apyrom orto-
rnonoxajy Moxe pgosectu OO nosehaHe purMaHoOCTM cucTema, LITO OrneT, 3a
nocneguuy mMma 6orbn TpaHcdep XupanHocTU ca peareHca Ha npoussBoA. Y Ty
CBpXy CUHTEeTM30BaH je auceneHua 100 ca MeTOKCU-Tpynom Yy orto-nonoxajy.
Oucenenung 100 je in situ npeTBopeH y ogrosapajyhu cenenun-cyndat 101 ca

aMoHujym-nepcyndgaTtom (cxema 23).
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(NH,4)2S,0¢ SMe

Se) SeOSO,H
OMe OMe

100 101
Cxewma 23.

lMpenMuHapHa UcTpaxmnBaka, aguumnjoM peareHca Ha CTUpeH, nokasana
Cy Oa Ha cobHOj TemnepaTypu OBaj peareHc nokasyje fowy CeneKkTMBHOCT, AOK
cnywTawe peakunoHe Temnepatype Ha —30 °C goBoau 00 XerbeHux pesynraTta.
Y nopehemwy ca peareHcom 94, peareHc 101 nokasyje 6orby CENEKTUBHOCT Yy
CBUM CryyajeBMMa aauumja, kao 1 xeTepoumknusaumja.®® Y tabenu 19 npukasaH
je oOHOC CenekTMBHOCTM W MpMHOCA OBa [ABa peareHca npu UMKIM3auumju
ankeHona 52. Uuknusaumjom ankeHona 52 ca peareHcom 101 nocturHyta je
HewTo Beha CeneKkTMBHOCT, Y3 OCTBApEHE HMXE NPUHOCE peakuuje y ogHOCY Ha

peareHc 94.

Ta6ena 19. Liuknnsaumja ankeHona 52 ca peareHcnma 94 n 101 Ha -30 °C.

AnkeHon ["MaBHKW NponsBog PeareHc TMpuHoc (%) A.o.
o 94 88 93:7
Ph __~ oH 52
Ph 101 69 96:4
SeAr*
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Y T1abenn 20 cy npukasaHu ynopeaHu pesynTtaTu UuKnuMsaumja Hekux
ankeHona ca peareHcuma Koju umajy kmceoHuk (9) m cymnop (94 n 101) y

BGo4YHOM naHuy.

Ta6ena 20. Linknusaumje ankeHona ca peareHcuma 9 (Ha —100 °C), 94 (Ha —78
°C) n 101 (Ha -30 °C).

AnkeHon "MaBHK Nponssog PeareHc T[lpuHoc (%) 4.o.
o 9 87 84:16
o XS 10 94 88 93.7
Ph
SeAr* 101 -
9 -
(0]
Ph =~ 52 94 88 93:7
OH
ph 101 69 96:4
SeAr*
SeAr* 9 - -
95 94 79 94:6
/\/\)( >Eji
Ph OH
O Ph 101 - -
0 9 60 50:50
A N 94 56 80:2
Et
SeAr* 101 : -
9 45 80:20
i OH Ph ?
14 94 73 91:9
\ﬂ//\V/A\ s
101 - -

-52-



Lokmopcka ducepmauuja Onwmu deo

KaTtanntunyke eHaHTMOCENeKTUBHe ceneHoeTepudmnkaymje ca

HeXunpamaHuUM CefieHCKUM peareHCoM

Jow npe no4vetka ynotpebe xupanHuUX Hepauemckux aucerneHumga Kao
peareHaca y CTepeoCenekTMBHUM LMKNodyHKUMoHanm3aumjama 6mno je nosHato
Aa rnojeauHuU HexvparnHu opraHoOCEeNeHCKM peareHcM Mory oCTBapuTu BUCOK HUBO
CENeKTUBHOCTU. Tako, Ha MpuMMep, Ha CENEeKTUBHOCT OBUX peakumja ytude u
BenM4YMHa camor peareHca. Ha cxemu 24 npukasaH je jegaH og npuMmepa ytuuaja
BENIMYMHE peareHca Ha [OujacTepeocerneKTMBHOCT Yy peakuumju uuknusauguje
ankeHona 102. Kopuwherwem deHunceneHunn-xnopuaa kao peareHca gobujajy
ce umknuyHn etpm 103 n 104 y ogHocy 4:1, mehytum, ynotpebom CTepHO

rroMasHujer peareHca, LunuyHu etap 103 ce jaBrba y Berimkom BuLLky.®

5 2 SeAr
oH N ~ OH ArSeX N y N
6113 _78°C
CeH1s
(@)
102 103 104

SeCl, CH5CN 4:1(90%)
i-Pr
i-Pr SeBr , CH,CI, >49 : 1 (85%)
i-Pr
Cxema 24.
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Takohe, merwarbeM ycrnoBa peakuumje: (i) 4oAaTKOM pasnuUunTuX agutmea
ca kucenum n 6asHnm ocobmnHama, (i) MerabeM peakumoHe TemnepaTtype paam
(haBOpM3OBaHa NPOU3BOLa TEPMOLMHAMUYKE UMW KMHETUYKE KOHTpone, (iii) kao
N CMarMBakeM HYKNeOoMUIHOCTU KOHTpa joHa y peareHcy, 6uno je moryhe
OCTBapUTM W3BECTaH CTeMeH CenekTMBHOCTM Yy oOBuM  peakumjama.?’>®
lMocneaowunx nap roguHa ce cBe BULLE MaXHe nocsenyje pasBojy KaTanuTUYKuUX
cTepeocenekTUBHIX ceneHoeTepudmkaumja.®®

[o paHac, cuHTEe3a eHaHTMOMEPHO YUCTUX Npou3Boda peakuujama
ceneHoyHKLMOHanNu3aunje 3aBsmcuna je og npucycTsa CTepeoreHor LueHTpa Ha
oneduHckom cynctpaty®® unn  on  ynotpebe xupanmHor ceneHo pea-
renca.?02%81%0 I1aro ce gaHac oBMM MeTogama NocTiky BpRo 3a40BorbaBajyhu
NPUHOCU Y3 OCTBapuBake BUCOKE CTEepeoCerieKTUBHOCTWU, HeJocTaTtak OBMX
MeToda je HeMOryhHOCT HMXoBe OnwTe MPpUMEHEe Ha HEKMM 3axTeBHUUM
cyncTpatuma, Kao M cama LeHa CKynux XuparnHux peareHaca Koju ce mopajy
ynotpebrbaBaTtu y CTEXMOMETPUJCKUM KONMYMHAMA.

Denmark je 2010. rogMHe 06jaBMO pad y KOjem je onucao npBYy YCNeLHOo
U3BedeHy KaTanuTuyky ceneHoetepudukaunjy HesacuheHux  ankoxona
HeX1panHUM, KoMepLUmMjanHo AOCTYMHUM ceneHo peareHcom.®® MasHu npo6nem
npu OCTBapuBaky BWCOKE CTEPEOCENEKTUBHOCTU peakumnja opraHoCeneHoBUX
peareHaca ca HesacuheHum cyncTpatuma Huje gobujake camo jegHor oA
AnjacTepeomsoOMepHUX  CeneHOoHWjyM-jOHOBa, Hero crpevaBawe Hero.se
nsomepusaumje. Hamme, nocroje gsa moryha nyta usomepusaumje HacTanor
CeneHoHujyM-joHa. YKONUKo je adpuHUTET Hykneoduna Behun ka ceneHy Hero ka
YyrTbEeHNKOBOM aToMy MOXe Aohu go ctBapawa axupanHor agykta 106 (nyT a,
cxema 25). OBo je peBep3vbunaH npouec ycnen 4yera NOHOBO MOXe HacTatu
ogroBapajyhmn ceneHoHujym-kaTjoH 105, anm oBaj nyt y3 rybrbewe
CENeKTUBHOCTMU ycrnea HeaocTaTka XMpanHor OKpyXXeh,a, Te HacTanu npovsBoA
107 npeacTaBrba pauemMcKy CMecy LUMKINYHUX NPou3Boaa. YKOSUKO je adpuHUTeT
Hykneoguna Behn Ka YITbEHUMKOBOM aToMy Jonasn [0  3ajpxasara
KOH(purypaumoHe ,4mnctohe” (nyt b, cxema 25). Oaj npobnem ce Moxe ycnewHo

pewnTn CUHTETM30BakeM peareHca koju he mmaTtm cTtepHO 3awTuheH cened,
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wrto he y [OOBOSBLHO] Mepu oOTexaTn npunas Hykneoduna ceneHy w

daBopusoBaTu Hanag Ha YribEHNKOB aTOM.

Ph
Ar Ph ArSe Nu
_ M, —
,S‘? e Nu .
sx®\ Arse™
Ph\\\\\ 106 107
recemat
N PNy
——
105
enantiomerno o
obogacen ArSe
107
enantiomerno
obogacen
Cxewma 25.

Opyrn npobrnem pauemusaumje CeneHoHWjymM-joHa je HeAaBHO AOKa3aHu
TaKo3BaHU ,ankeH-Ha-ankeH* TpaHcdep ceneHoHnjym-joHa.®®®° MocTtoje apa
Mmoryha m™exaHu3ama no kojuma Moxe pJohm po ose peakuyuwje. [lpBu je
ancoumjatmeHM (cxema 26, a) rge nNpBO apuneceneHnn-joH HanywTta onedguH, na
3aTMMm gonasv A0 Hanaga Ha gpyru oneduvH. Odpyru moryhu mexaHusam je
acoumjaTMBHW, rae je AecerneHauumja nNpBOr ankeHa NOTNOMOrHyTa npuiasom
apyror ankeHa (cxema 26, b). 3axBarbyjyhu wu3padyHaBawy eHTanmnujcke
Gapujepe 3a jemaH u Opyrm cuctem® M nocneawuM  ekcnepuMeHTanHUM
nogauMma Be3aHuM 3a oBy npobrnematuky,” cmaTtpa ce ga oBa peakuuja

BEPOBAaTHO MAe NPeko acouunjaTMBHOI MexaH13Ma.
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Disocijativhi mehanizam

R? R4
¥ — ~ I
Se x* R 3 Se
4O) R @
L ArSeX =—— Pl (a)
R! R? R® R?

Asocijativni mehanizam

Ar - R3 4 Ar
o / \ﬁ“‘\\\\R | o R2

Se 3 L Se

Py X N Py

D R= Ar /Se\®xe —_— /(’B\ X + /—/ (b)
Rf R s \R2 R3 e R

Cxema 26.

Mpobnem npemewTawa apwunceneHun-rpyne namehy gsa onedwuHa ce
MOXe pewnTn wunu nocTeneHnm [oAaBakeM HesdacuheHor cynctpata vy
peakumoHy cmecy unu ybpsaBakeM peakuuje 3aTBapawa MnpcTeHa
nosehaBawem enekTpopmnnHoOCcT ceneHa. To ce Hajnakwe nocTmxke ysoherwem
eneKkTpoH-AednunTapHux rpyna y apomMaTtudHu npcteH peareHca. [loBehamwe
ernekTpounHOCTn ceneHa posoau [0 nosBehawa MNO3NTUBHE LIApPXKe Ha
YITbEHUKOBOM aTOMy TPOYNaHoOr npcrTeHa ceneHoHWjyM-KaTjoHa, WTo ybp3asa
caMm npouec Hanaga Hykneodwna.

Naeja oBe uctpaxmeadke rpyne je 6una ga ontummayjy ycnose 3a 6asHo
KaTanu3oBaHy peakuujy ceneHoetepudukaumje HesacuheHnx ankoxona, rae 6um
Kao peareHce KOpPUCTUMU jeBTMHE, HexuparnHe, KoMmepuujanHo JOCTyrnHe ceneHo
peareHce, Aok 6u 6Gasa, koja 6u OGuna 3agyxeHa 3a MPEHOLWIEHE XUparHux
nHpopmauuja Ha npomssoA, buna gogaBaHa y KaTanUMTUYKMM KOMYMHaAMa 1 no
3aBpLUETKY peakuuje pereHepucaHa. [paduyku npukas Toka oOBe peakuuje

npukasaH je Ha cnvum 17.
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O
Ph 0
HX +
ArSe—N
ArSe
O
[ Lewis-ova baza ]
Ar
aNe)

O
Se
112 N X
Sl e—N 110
Ph\\\ 7 Ar

HO Ar = 2-nitrofenil O

Ph HX
\ (@)-s2 2 =" o

Cnuka 17.

o
I
> >
O
T
~ 7

HakoH geTarbHOr ucnutuBawa ca BeSfiIMKUM BpojeM HexmpanHux cerneHo
peareHaca, KOHTpa joHoBa M Lewis-oBnx 6asa n KOHa4HO onTumMu3saumje ycrnosa
came peakumje, kao Hajborbm cuctem cy ce nokaszanu N-(2-HuTpodpbeHun-
ceneHun)cykumHmmMmua kao peareHc 108 (1,1 eks.), Lewis-oBa 6a3a 109 (0,1 exs.;
cxema 27), meTaHcyndgoHcka kucenvHa (1 ekB.) kao Brgnsted-oBa kucenvHa m
xnopodopm kao pactBapad Ha 25 °C.

PeareHc 108, kao cnabuju enektpocun, pearyje ca Lewis-oBom 6a3om
109 npu dyemy ce pobuja xunepBaneHTHn komnnekc 110 nosehaHe
ernekTpPoMUNHOCTN, KOju MpeacTaBiba KIbyYHU YCMNOB 3a MNPEHOC XuparnHux
nHpopmauuja Ha npoussog (cxema 27). MNMpucycteo Brgnsted-ose kucenuHe y

eKBMMOpPanHOM OAHOCY je HYXHO 3a (bopMunpaH-e OBOI KOMMIeKca.
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(0]
O,N Se—N N/ /S eor /Me \S .
n >Ki s N ° “oms
N N \ o] /P\
0 \ N\ N
Me k/ HN OO Me k/
(o]
o (0]
109

108

Cxema 27.

Kao wto je npukasaHo Ha cnuuu 17, cama peakuumja 3anoudnkbe
Be3anBaweM Lewis-oBe Gase 3a peareHc npu 4Yemy ce ¢opmupa agykt 110.
3atum, y peakumju ca Brgnsted-oBoMm KucenuHom dopmupa ce akTUBMpaHu
nHtepmeamjep 111 koju crTyna y peakuujy ca onedwuHom rpagehu
ceneHupaHujym-joH 112 un KoHa4yHO, HanagoMm Hykneodwuna Jornasu Ao
dhopmmpara KOHa4YyHOT Npou3Boaa Y3 pereHepucane 6ase.

Y tabenu 21 npukasaHu cy pesyntat OBOr UCTpaXkuBara Ha cepujm A* 1
A*-ankeHona. LIMKnnuyHu eTpy [NOBMjEHM Cy y BUCOKOM MPUHOCY Y3 OCTBapeHy
Aobpy CenekTMBHOCT, M3y3eB Yy Cny4vajy ankeHona ca (Z)-reomeTpujom 306o0r
nowwvije daumjanHe cenekTMBHOCTM OBe BpcCTe cynctparta. Ko cynctparta kof
KOjux OBOCTpYyKa Be3a Huje KowyroBaHa ca GeH3eHOBMM NPCTEHOM [onasu Ao
dopmupawa npomssoga THP- u THF-tuna. Cama eHaHTMOCeneKkTUBHOCT
NPBEHCTBEHO 3aBWCU O CTPYKType cynctpata u MOryhHoCTM peareHca pda
n3BpwKn paumjanHy cenektMBHOCT. Takohe, HyXHO je paga cama 6p3unHa
HykrneodunHor Hanaga xugpokcunHe rpyne 6yae Beha of noTeHumjanHe
n3omepusaumje CeneHoHujyM-joHa kKoja goBoan A0 rybutka eHaHTUoMepHe

ynctohe npounseoaa.
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Tabena 21. Liuknmsaumje ankeHona ca peareHcom 110 Ha 25 °C.

AnkeHon "maBHM NponsBsoa MpwuHoc (%) e.o.
Ph
Ph 10 97 68,9 : 31,1
ArSe‘\\\\\
Ph o
o NN N, 42 ) 86  74,9:251
Arse"’

78,8:21,2

P N0 143 942

Ph o
\/(j 85,1:14,9
Arse™

i\oj 826 17.4
ArS
\ OH roe
114 86°
o)
83,8:16,2
AI’Se\\\\\\\

Ph Ph o
K/\/OH 115 j:> 80  50,9:49,1

a) exo:endo = 1,4:1 b) exo:endo = 4,5:1
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YBop

LinknnyHn eTpn npeactaerbajy Bpro GUTHE KOHCTUTYUMOHE doparMeHTe y
MHOIMM MPUPOOHMM U hapMaueyTCKUm jepuxl|-|>e|-b|/||v|a.93 OHn 4nHe cacTtaBHe
AenoBe MHOMMX MOHO- M MOSMUMKIIMYHUX jeautberba, Y KojumMa 4ecTto OuBajy
BE3aHM 3a [Apyre xeTepouukne unu dopmupajy cnupo-cucteme.® Ope BpcTe
MOMneKyrna WcnosbaBajy M BaHy OMOMOLWIKY akTMBHOCT. Tako, Ha npumep,
KMCEOHWYHU XeTepoumknu yTudy Ha TpaHcnopt Na*, K* u Ca®**-katjoHa kpo3

2 aHTMBMpYCHO, %

nMnugHy Mem6pay,”® ycnen uyera mokasyjy aHTu6moTtcko,*
HeypoTokcuuHo®' 1 uuToTokcMuHO®® pfejcTBo. Mory ce KOpUCTUTM M Kao
perynaTopu pacta HuBoa xonectepona y kpeu.**% Takohe, eTpn npeactaBmajy
KOHCTUTYLMOHe PparMeHTe HEeKUX MONMeTapckuX aHTMBMOTMKA Kao LITO Cy

MOHE3VWH U Hapa3auH.’®

Peakunje HacTajaba neTousiaHnMx W LWEeCTOYNaHuX
UMKNUYHMX eTapa Hawne Cy LWUMPOKY npenapaTtuBHy NpUMEHY y MHOMMM rpaHama
XEMUjCKE WHOYCTpUje M Yy CuHTe3aMa BeNUuKor Opoja (OU3NOMOLWKM BaXKHUX
OpraHCKuX jeauHera 1 NpMpoaHuX npomnssoaa.

LinknogyHkunoHannsaumnje MHOykoBaHe enekTpounHuM peareHcuma cy
BPMo Jo6po npoyyeHe peakuuje v NpeacTasrbajy norogaH CUHTETUYKM MyT Npu
no6vjatby NPUPOAHUX U HbMa CPOAHUX jeauntbersa. ' EnekTpohunHu ceneHoBm
peareHcu BpIi0 Nako pearyjy ca [ABOCTPYKOM Be30OM CyncTpaTta rnpu 4emy,
YKOJIUKO MOCTOjM HyKIrieodun Koju je yje4HO M cacTaBHW [eO0 cyrncTparta, MoXe
pohn [o 3aTBapawa npcTeHa y3 opmupare XeTepouuKITMYHOr MpOu3BOAA.
Cam mexaHu3am OBUX peakuuja Teve y [iBa CTyMNHa, Y KOjeM Ce CeNeHOHWUjyM-joH
jaBrba Kao MHTepMeauvjepHa Yyectvua, rage HakoH Hanaga Hykrneodwvna gonasu go
dopmupara KoOHa4yHor npoussoda. Hanag Hykneoduna ce Bpwu ca anti-ctpaHe
npyv Yemy Hykneodun yrnaBHOM Hanaga BuLle CYNncCTUTYUCAHU YITbEHUKOB aTOM
(MapkoBHMKOBIbEBA CTEPEOCENEKTUBHOCT).

AnkeHonn kao OWMYHKUMOHANHa jeaukbera NpeacTaBrbajy Heke of
Haj3Ha4ajHNjUX peareHaca 3a MHTPaMOJIEKYSICKe LMKNu3auuvje, npyu 4emy ce Kao

npouM3BOaM jaBrbajy UMKNMYHM eTpu. [loBosbaH MNosioXxaj ABOCTPyKe Bese W
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XNOPOKCUNHe rpyne 4OBOAM OO penaTMBHO Nakor 3aTBapaka NpCcTeHa, npu yemy
ce poOuvjajy UMKIMYHM NpPOM3BOAW, Hajdewhe TeTpaxmaponupaHcKor n TeTpa-
xuapodypaHckor tvna. Mehy Benvkum 6pojem peareHaca Kkoju ce Mory

KOPUCTUTK Y peakumjaMa UHTPaMONEKYNCKUX Lknusaumja ankeHona, '’

deHun-
cenenun-xanoreHngn (PhSeX; X = CI, Br) uageajajy ce kao Bpno norogHu
peareHcu, jep yBohewe xeTepoaTtomMa y MOSeKyrs, Kao 1 garba TpaHchopmMaumja
HacTanor npomussBoga 3axTeBa Bpno Onare peakuMoHe YCrioBe Y3 4ecTo
NCNOIbEHY BUCOKY PETMO- 1 CTEPEOCENeKTUBHOCT OBUX peakLiuja. '0%8087be.90a

Y 3aBUCHOCTM Of AYXWHE YITbEeHWYHOr raHua M CyncTtuTyeHaTa Ha
onedUHCKOM [Jenly Moriekyna cam Mnpouec 3aTBapawa MpCTeHa MOXe ce
CNpoBeCTU MO €exo- wunuM endo-peakumoHoM NyTy nNpu 4Yemy ce [Jobwujajy

npowussoau | n/vnu Il (cxema 1).
SeFh

)
7,
7
z
~
<z

Fl’h

,S e e(\(\o Nu
///I/,,“ - “‘\\\\\\ = hSe+ /'I @ \\\

Q
o %o
HNu Nu _) \ PhSe
\\\\‘\‘\ >
A Nu

//// , ///

Cxema 1.

CTpyKTypHa pas3HOBPCHOCT arikeHorna Koju ce Mory ynotpebutn y oBoj
peakumjn, oBy METOAY YMHN HE3a00UMa3HOM Y CUHTE3N LIMKINYHUX eTapa.

Beh ayxu HM3 roguHa nctpaxmeadka rpyna npod. 3opuue byrapuvh 6asum
ce (beHunceneHoeTepudmrkalmjama HeKnx A*- 1 A%-ankeHona. Peakumnje deHun-
cerneHoetepudukaumje cy Beoma Op3e U nokasyjy BUCOKY pervo- Mu
CTEPEOoCEeNeKTUBHOCT. Y LUnUIby UCnMTMBamba OBUX peakunja ypaheHe cy peakuuje
Ca HW30M amnkeHona Ha pasnuunTUM TemnepaTypama ca PhSeCl u PhSeBr.'®
YTBpheHo je ga HecyncTUTyucaHu A3-ankeHonu He 0ajy UMKIn4He eTapcke

npoussoge, [Ao0K 4-meTun-neHT-3-eH-1-on1 uMknNu3yje y 3agoBorbaBajyhem
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npuHocy 3a oBaj Tvn ankoxona. A’- u AB-AnkeHonu He 0ajy UMKInYHe eTpe Yak
HW y TparoBMma, [OK 3a AP-ankeHone MoxeMo pehu [a NPaKkTUYHO He LUKIN3Yjy,
jep Aajy UuMKnu4He eTpe y BeoMa HWCKOM, FOTOBO 3aHEMapsrbMBOM MpuHOCY (5-
10% y 3aBUCHOCTM of ynoTpebrbeHor ankeHona). Hajdéorsn NpMHOCKU LIMKIMYHNX
eTapa HacTajy y peakuunjama A* v A’-ankeHona. Ycren CTEPHUX CMETHsM Koje
MOry noTuuaTtu of CyncTuTyeHaTa Ha ABOCTPYKOj Be3W, Kao U Ha KapOUHOITHOM
YITbEHUKOBOM aTtoMy, MOXe Aohu 0O CMarMBaka rNpuHoca LMKITMYHUX eTapa, a
Yy HEKUM crny4vajeBuMa 1 Ao NoTnyHe MHXubuuuje peakumje unknmusaumje y Kopuct
peakunje aguunje peareHca Ha 4BOCTPYKY Be3y cyncrpaTta.

CenekTMBHOCT 1 NPMHOCK OMajajy ca NopacToM peakunoHe Temnepartype,
a beHunceneHun-xropua nokasao ce Kao eduKacHWjU peareHC y OAHOCY Ha
deHuncenenun-6pomng. Mehytum, ako ce uuknusauuvje 1M3BoAde Yy NPUCYCTBY
Heknx agmtmBa kKao wTto cy Ag,0, CH3COOAg, FeCl; n ZnCl,, npuHocu
UMKIIMYHUX eTapa Cy BUCOKM ca oba peareHca Ha cBMM TemnepaTypama.'®
[MpucycTBO agMTMBa HAPOYMTO MMa 3Havaja Npu LMKnM3aumjama cyncTuTyncaHmx
CEeKyHAapHUX N TepumjapHUX ankeHona, Koju 360r CTEPHUX CMETHMU LNKIN3YjY Y
HWXXeM CTeneHy Hero CTEpHO Make 3aXTEBHU CyNnCcTpaTu.

Linre oBor paga je 6uo ga ce getarbHO Npoyve KMHETUKa U MexaHu3am
uuKknuMsaumje gBa msomepHa ankeHona, (Z)- un (E)-xekc-4-eH-1-ona, ca Komep-
unjanHo poctynHum deHuncenexnun-xnopugom (PhSeCl) n deHuncenenun-
opomuagom (PhSeBr). Peakuuje deHunceneHoetepmudmkaumje BpLUEHE CYy Y
npucycTtey Hekux Lewis-oBux kucenuHa (SnCl,, CoCly, AICI3) n 6a3sa (EtzN, Bipy,
Py, xuHOnuH), npu 4Yemy je npaheH HWXOB YyTWUA] Ha Xemo-, pervo- u
CTEpPEeOCEeneKTMBHOCT, Ka0 W Ha MNpPUHOCE UMKINYHUX npousBoda. PaHnjum
ncTpaxmnsawunma yTepheHo je nocTojarbe 3aBUCHOCTU U3Mel)y CyncTuTyncaHoctm
ABOCTpyKe Be3e W KapOMHOMHOr YribeHMKOBOr atoma ca cenektmsHowhy u
npuHOCUMa OBMX peakuuja, rae je yCTaHoBSbeHO Aa je nocTojakwe Beher 6poja
ankun-rpyna Ha kapbuHonHom C-aTomy 3HavajHuje 3a UHXubuumjy peakuuje
UuKnNu3auuje, Tako Aa, Ha npumep, Ko TepuujapHUX ankeHona yornwTe He
aonasu [0 nojaBe UMKNMYHMX npousBoga. CyncTUTyMCaHOCT OBOCTPyKe Bese

nma Behu yTuuaj Ha opujeHTaumjy Hanaga Hykneodwuna, Maga Bprio YeCTo MOXe
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[OBEeCTU 00 CHWxXaBawa npuHoca xeTepouukana. Pagnm ytephuBawa yTuuaja
CYNCTUTYMCaAHOCTWN OBOCTPYyKe Be3e CyncTpaTa Ha npouec Luknu3sauuje 6uno je
HeonxogHo ogabpaTu npumapHe ankoxone He 6w nu ce aHynupanu CTepHU
edekatn koju 6 mornu noTnuaTn ca KapOUHONHOr YrIbEHMKOBOI atoMa.

(£)- n (E)-XekceHonu Kao [Ba reoOMETPUjCKM WN3OMepHa, MpuMapHa
ankoxona, Koja ce pasrkyjy no rnonoxajy MeTun-rpyne Ha ABOCTPYKOj Beau
cyncTtpara, npeacTaBrbajy Bprio 3aHMMIbMBE CyncTpaTte 3a npoyyaBawe yTuuaja
CTEPHUX U ENEeKTPOHCKMUX KapaKTepucTuka MeTun-rpyrne Ha cam npouec
dopmmpara LUMKNNMYHOr NPOmU3BOAa Y CMUCHY Perno- u CTepeocenekTUBHOCTY,
Kao 1 Ha MexaHu3am 1 Bp3nHy peakuuje 3aTBapara npcreHa. KoHcTaHTe 6p3nHa
OBUX peakuuja, Kao U caMm MexaHu3am, ogpeheHn cy cnekTpodPOTOMETPUjCKN,
Tako LTO Cy peakumje nocMaTpaHe Kao peakuuje riceydo-npeor peaa.

Pagn 6orber pasymeBawa OBMX peakuuja Ha MOJSIEKYNICKOM HUBOY,
ypaheHun cy KBaHTHO-XEMU|CKN NpopadvyHn y capagku ca npodecopom Pandgom

MyxTtom (Ralph Puchta) ca yHnsepauteta y EpnaHreHy (Hemauka).
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1. ®eHunnceneHoetepudukaumje (2)- n (E)-xekc-4-eH-1-ona y

npucycTBy Hekux Lewis-oBux kncenuHa u 6asa kao aguTmea

(Z)- n (E)-XekceHorm cy A*-ankeHonu, LWTO 3HauM [a TEOPUjcKH,
peakLmnjoM MHTPaMOIeKyncke uuknusaumje, Mory gaTn npovssoe TeTpaxvuapo-
dypaHckor (THF) n tetpaxmagponupaHckor tuna (THP). Ykonuko ce peakuuje
uuknusaumje Bpwe ca HpSO4, Hg(OAc),, Pb(OAc)s, NBS, nepkucenuHama,
BF3-OEt,, AICI;, SnCly uta. kao peareHcuma, gobuja ce cmeca oba uuknuyHa
npov3Boda y pasnMuuTum ofgHoCuMa M YMepeHuM Ao 3agoBosbaBayhum
npuHocuma.’®’ MeRyTum, beHunceneHUn-xanoreHnay Ha OBMM CyncTpaTMMa
nucnosbaBajy u3pasuty pernocenekTUBHOCT Tako Aa (Z)-xekceHon 5-exo-trig
npouecom aaje camo umknudHm npounssog THF-Tuna, ok (E)-xekceHon 6-endo-
trig-npouecom paje camo npoussog THP-tuna, y3 3agosBorbaBajyhe npuHoce.
TeTpaxngpodypaHcku NpCTEHOBU NpeacTaBrbajy CMecy eritro- n treo-usomepa,
AOK TeTpaxuaponpaHcku cis- u trans-naomepa (cxema 2). Moxe ce pehu ga je
pernocenekTUBHOCT dernHunceneHoeTepudukaumje xekc-4-eH-1-ona ogpeheHa

CTepHUM edbekTMa MeTUN-rpyne Ha oneduHCKoM geny cyncrpaTa.

W PhSeX @Q(Seph H) Phsea_: H

“x=C B
CH-

Z)-heks-4-en-1-¢
eritro- treo-

(E)-heks-4-en-1-¢ HC trans- cis-
2 2a 2b
Cxema 2.
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Kao wTo je Beh HanomeHyTo, MexaHM3aM OBe peakuuje oaBuja ce y ABa
CTynwa. Y NpBOM CTyNky Aonasn OO0 enekTpodunHOr Hanaga peareHca Ha
ABOCTPYKY Be3y cyncrpaTa npu 4yemy ce popmupajy ceneHoHnjym-joHn S1n Sy. Y
APYrom CTynNkbYy peakuuvje aonasu 0o HyKneounHor Hanaga XvapoKCunHe rpyne
cyncTparta npu 4yemy gornasm 0o obpasoBara LMKINYHMX OKCOHMjyM-joHa O n
O,. KoHayHO, AenpoToHOBak-eM OKCOHWMjyM-joHa ¢opmupajy ce oarosapajyhm
UMKNu4HM npoussoam (cxema 3). MNpucycTBO xanoreHngHMX aHjoHa Kao KOHTpa-
joHOBa peareHca, Bpsio YeCTO MOXe AOBECTU [0 HEeXerbeHUX peakuuja, Kao LWTo
j€ HMXO0B HYKNEeOMUITHM Hanag Ha CeneHoHUjYM-joH (S1 1 Sy; cxema 3), Npu Yemy
ponaswn 0o hopmupara aguumoHuX NpousBoda peareHca Ha ABOCTPYKY Besy

arnkeHona (A4 n Ag; cxema 3).

I—0

1 eritro-/treo-

SePh
oH T OH
XA SePh A,
k4
SePh SePh
PhSeX -H
—_— D —
(X =Cl, Br) + .
T 2
H
0, cis/trans-
Cxewma 3.

[MpucyctBO xanoreHMAHWX aHjoHa, nopen Tora LWTO [JOBOAW [0
CHMWXaBaka MpUHOCaA UMKINYHUX eTapa, MOXe yTuuatm U Ha CMahuBame

CENEKTUBHOCTM OBUX peakuuja, WTO je HapouumTo cry4vaj ca OGpomMuaom Kao
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KOHTpa-joHoM. bpomngHu joH kao Gorba ognaseha rpyna of XnopwuaHor, nakiie
oaflasn ca cefieHa, a MnowTo je yjedHO W jayu Hykneodwusn v Hanasum ce y
HenocpeaHoj 6nmM3nHM NO3NTUBHO HAaeNeKTPUCaHOr YIIbEHNKOBOr aToMa, TEXM Aa
HanagHe Taj Yr'beHWKOB aTOM W Harpagu aguumoHn npousBog. Ha oBaj HauuH
OpoMUAHM jOH NOCTaje KOHKypeHTaH Hykneodun XmapokcunHoj rpynu. Moxe ce
pehn ga OpoMuaHM jOH, 3a pas3nuKy of XIOPWUAOHOr, Yy WHTepMeaujepHOM
ceneHoHWjyM-joHy nma Behy TeHaeHumjy rpahera joHCKor napa ca yribeHUKOBUM
aToOMOM, [OK XIOpUOHW TO 4YMHM ca ceneHom (cxema 4). Kao nocneguua
rpahena joHckor napa ca C-aToOMOM Ha KojeM fonasu 0O Hanaga XMapoKCumHe
rpyne, MPMHOCK UMKIMYHUX eTapa Cy HWXKW, a 4YecTo M caMa opwujeHTauuja
HYKIreounHor Hanaga XuapoKCcunHe rpyne, ycrnea CTepHUX CMeTHW Koje npasu
penaTMBHO BOMYMMHO3HWN aHjoH 6poma (joHcku nonynpedHunk 6poma je 0,195 nm,

a xropa 0,181 nm'%).

T %
S
§e\ §e\ CI
//I @ \:“ OH // @ \: OH
\\\\\\\\‘@/‘\\// \\\\\\\“ \\\\\\ \_/
\ \)
Cxewma 4.

[arbn ToK ncnutmMeBaka OBUX peakuuja uUwwao je y cMepy npoHanaxera
ycrnoBa ca uurbem nobosbliaBaka NpUMHOCA U CENEeKTUBHOCTU OBMX pekauuja
pofaBaweM ofpeheHux aguTmea Yy peakumoHy cmecy. [lpenuMmunHapHa
ncnutuBamwa BpweHa cy ca SnCl; kaga je co gogaBaHa y KaTtanuTUYKUM U
ekBMMonapHuM konuunHama.'® Kanaj(ll)-xnopua je opgabpaH ca naejom ga kao
Lewis-oBa KkucenuHa Bexe XarioreHuWAHe joHe peareHca M Ha Taj HauvH uX
YKIIOHN M3 peakuMoHe cMmece crnpeyaBajynn HUXOB HyKNeounHM Hanag Ha
ceneHoHnjyM-joH. Takohe, yknawawe KOHTpa-joHa peareHca nosehaBa H-eroBy
€eneKTPOMUNHOCT N NO3UTUBHO YTUYE Ha TOK U CENEKTUBHOCT OBUX peakuuja. Y

Tabenu 1 npukasaHum cy pesyntatm uumknusdaumja (Z)- un (E)-xekceHona y
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NPUCYCTBY KaTanUTUYKUX W ekBuMonapHux konunumHa SnCl,, ca PhSeCl un
PhSeBr kao peareHcMma n mMeTuneH-xnopuay kKao pactBapadvy. Peakumje cy
n3soheHe Ha CcobBHOj TemnepaTypu, a TOK W Kpaj peakumja npaheHn cy
XpomaTorpadumjom Ha TaHKOM Cojy, Kao 1 BU3yernHo, NpoMeHOM 6oje peakumoHe
cmece. Y peakuunjama ca PhSeCl npaheHa je npomeHa 60je M3 HapaHyacTe y
cBeTnoxyTty, a y cnyyajy PhSeBr, n3 TamHoupBeHe y xyTy. Peakuuje ca
€BKMMOSIapHUM  KonuuMHama agutueBa Owune cy roToBO TPeEHyTHe, a ca
KaTanuTUyYkuM Cy Ce 3aBpluaBarie HakoH AeceTak MuHyTa, n 10 ca PhSeCl, a
HewTo ayxe ca PhSeBr, nok 6e3 npucyctBa agntmea u Mellawa peakumoHe
CMeC TOKOM YeTMpWU 4Yaca peakumja Huje y notnyHoctn 6buna 3sasplieHa. U3

pesyntata npukasaHux y Tabemm 1'%

MOXe ce BuaeTu [Ja je peakuuja
UuKnNu3auuje cynctpata ¢baBopusoBaHa y NpUCycTBy aauTMBa, OOK Ce MPUHOCU

agmumnoHux npomnssoga kpehy ncnog 1% y sehunHu cnyyajeBa.

Tabena 1. PeHunceneHoetepudukaunje (2)- n (E)-xekc-4-eH-1-ona y npucycrBy

KaTannTUYKnUX N eKBUMosnapHux konuymHa SncCl,

Cynctpatu [poayktu MpuHocn n ogHocw (a:b) umknuyHnx npoussuaa / %
PhSeCl PhSeBr
A B Cc A B Cc
1 1a, 1b 72 (30:70) 99 (13:87) 100 (3:97) 75(70:30) 98 (18:82) 99 (16:84)
2 2a, 2b 81(31:69) 98 (4:96) 96 (3:97) 65 (35:65) 99 (4:96) 100 (3:97)

A- 6e3 aguTuBa; B- katanutuyke konuunHe; C- €KBMMOJ1apHe KoJin4nHe

MpuHOCK UMKNN4YHMX eTapa 6e3 npucycTBa aguTmea cy ymepeHu (Tabena
1, yHoc A), a y np1cycTBY aguTMBa Cy roTOBO KBaHUTaTuBHU (Tabena 1, yHoc B n
C). MNopen ytuuaja Ha npuvHOCE LMKINUYHUX eTapa, NPUCYCTBO aauTuea yTude u
Ha CTepeoCeneKkTMBHOCT OBMX peakumja. Liuknusaumjom (Z)-nsomepa (1) 6e3s
npucyctea agntmea, ca PhSeCl kao peareHcom, ogHoc eritro- u treo-nsomepa
6o je 30:70 y kKopuct ftreo-nsomepa, OOK je y peakumju ca PhSeBr kao

peareHcoMm, oBaj ogHOC 61O OBPHYT, Tj. Y KOPUCT eritro-naomepa. Pasnor oBakeux
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pesyntata MOXeMo NnpoHahu y NpeTxo4Ho objallieHoj TeHAeHUMju BpomMuaHor
jOHa fa paguje rpagm joOHCKM nap ca yribeHUKOBUM aTOMOM Y CESTEHOHWN)YyM-jOHY,
HEero ca ceneHoMm, LTO OTeXxaBa Hanag XuAapokcurHe rpyne. Yknawakwem
GpomMmaHoOr joHa u3 peakumoHe cmece Lewis-OBOM KMCENWHOM, OBaj OOQHOC Ce
MeHa W freo-n3omep ce jaBfba Yy BULLKY Yy MPUCYCTBY W KaTanUTUYKUX W
eKBMMOMNapHux KonuunHa agutmBa ca oba peareHca. Uuknusauujom (E)-
XekceHona (2) trans-n3omep ce y CBUM CriydajeBuMa jaBrba Y BULLKY Y OAHOCY Ha
Cis-usomep, OOK NPUCYCTBO aguMTmea nosehaBa CenekTUBHOCT OBe peakuuvje rae
ce npegoMmHaHTHO p[obwvja trans-usomep (cis/trans=35:65, yHoc A-PhSeBr;
cis/trans = 3:97, yHoc C-PhSeBr). Kopuwhene ekBMMONapHUX KonuvymHa
agnTMBa HacynpoT KaTanuTUYKMX OOBENO je OO He3HaTHOr nosullewa fnpuHoca
peakuuvja, anu je 3Ha4yajHO yTuuano Ha nosBehahe CeniekTMBHOCTU Yy peakunju
ankeHona 1 ca PhSeCl kao peareHcom, rge je ogHoc eritro/treo-nsomepa ca
13:87 nopactao Ha 3:97.

HakoH oBux ycrnewHux pesyntata ca SnCl; kao agutusom, parba
ncTpaxusawa CMO npowmnpunn Ha cepujy Lewis-osux kncenuHa: CdCl,, CoCl; u
AICl5. Mpema Teopuju TBpAO-MEKUX 0cOBUHA kucenuHa u 6a3a’”’ jaunHa Lewis-
OBVX KucenuHa onaga y Husy AICl; > CoCl, > CdCly, roe je AP* tBpaa, Co?
npenasHa (kao 1 Sn?*), a Cd** meka kucenuHa. BpomMuaHM anjoH cnaga y rpyny
npenasHux, a xnopugHu y rpyny TBpaux'®® 6asa. Mo oBoj Teopujn, Behy
TeHAeHuujy ka mefhycobHoM Be3mBawy UMajy KncenmHe n 6ase n3 UCTux rpyna
(Ha npumep, TBpae 6Gase ca TBpaMM kmucenmHama). [lMpucyctBo CdCl, kao
aguTMBa Huje OOBENo A0 3HayajHor nobosbluaka NPUHOCA U CEeNEKTUBHOCTM
OBMX peakumja, koje nHavye m 6e3 NpucycTBa aguMTvMBa LMKIM3YjYy Y YMEPEHUM
npuHocMma. HewTo 3HavajHMjU yTuuaj OBOr peareHca npumeneH je npu
UMKIM3aUnjMu HEKMX TepuujapHUX arnkeHona Koju, mHade, 6e3 npucycteBa OBOr
aauTMBa, He Aajy umknnyHe npownssoge.'® Y tabenun 2 npukasaHu cy pesyntaty
unknusaumnje ankeHona 1 n 2 ca oba peareHca y NpUCYCTBY E€KBUMONAPHUX

konvumHa AlCls, CoCl, 1 SnCl, kao Lewis-oBux kucenuna. '
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Tabena 2. deHunceneHoeTepudukaumje (Z)- n (E)-xekc-4-eH-1-ona y npucycrey

€KBMMOJSTapHMX KONMMYMHaA Lewis-0BUX KNCENNHA.

Cynctpatu [Mpoayktu MpuHocu n ogHocw (a:b) uuknuyHKx npounssuaa / %
PhSeCl PhSeBr
SnCl, CoCl, AICl, SnCl, CoCl, AICl,
1 1a, 1b 100 (3:97) 98,5 (10:90) 91,7 (20:80) 99 (16:84) 95 (16:84) 83,7 (21:79)
2 2a, 2b 96 (3:97) 97 (3:97) 73(16:84) 100 (3:97) 98 (3:97) 79,6 (11:89)

HewTo nowwju pesyntatn nocturHytn cy ca AICl; kao agutmsom. AICI;
Kao jaka Lewis-oBa kucenuHa uma jaky TegeHuujy a M3BpLUN eneKkTpounHu
Hanag Ha OBOCTPYKY Be3y CyrncTpaTa W Ha Taj HauyMH, HAKOH HakHagHor Hanaja
XMOPOKCUNHe rpyne, gosede A0 opMupara UMKNUMYHOr Npou3Boda, LWTOo je

npukasaHo Ha cxemu 5.

. R o
akenc 1- R'=Me R%=H AC,
kenc 2. R'=H Ri=M Re or
2 KENC £- = = NMe RZ % OAC

Cxema 5.

Y peakumnjama deHunceneHoeTepudukalmje HesacuheHmx ankoxona kao
Hycnpoun3sog oopmupa ce xanoreHosogoHn4Ha kncenuuHa (HCI, HBr), koja moxe
Aa W3BpWM MPOTOHOBAHKE HACTanor UWKIMYHOr eTpa W MOHOBO CTBOpU
OKCOHUjyM-joH (04, O2), LUTO KOHAYHO MOXe [a [OoBede A0 OTBapaka NpCTeHa

(cxema 6). OBaj HexerbeHu Npouec MoXxe fa noBefe [0 MnojaBe n3omepusauuje
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(CHWKaBarwe CTepeocenekTMBHOCTU), a Takohe Moxe [AoBecTu U o daBopu-
30Baka KOHKYPEHTHEe peakuuje U CHUXaBawa NpUHOCa UMKIMYHMX npounssoja
(cHwkaBawe xemocenektnsHocTtn). Cam npouec msomepusaumje je OOKYMEH-
TOBaH pasHUM nNuTepaTypHUM nogaumma Koju nokasyjy Aa crajakbem, NpBoOBUTHO
HacTanu, KMHeTU4YKN paBopmnsoBaHu Npon3soaun, Mory npehun y TepMoanHamMuyku

ctabunnuje.'?

C]
X x®
0 0O (|) H
| “SePh /
SePh H H pp
04 Sy
€]
X
SePh SePh
_HxX_ - .
®
(@) (|3J
i H
(o ) SZ
Cxema 6.

Mpobnem Be3aH 3a HEXeSbEHE peakuuje, Koju MoXe n3asBaTtu NpUCyCcTBO
XanoreHOBOAOHUYHE KUCEenuHe, npodanm CcmMO Qa pew Mo Ao4aBarem
nupuavHa kao 6asHor agnTuea, ca uaejom ga 6u 6asa yknawarem NpoToHa ca
OKCOHMjyM-jOHa oOnakwarna pfobujake KOHayHor npou3Boga, kao u ga 6w
cnpeyMna HEroBO MOHOBHO CTBapake MNPOTOHOBAHEM XETEPOLMKITUYHOT
npcteHa. OBa Lewis-oBa 6a3a je gogaBaHa y KaTanUTUYKUM M €KBUMOMAPHUM

KONMuYMHAMa ¥ pe3ynTaTi OBOr UCTPaXMBatba Cy npukasaHu y Tabenm 3.1
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Tab6ena 3. ®eHnnceneHoetepudukaumje (2)- n (E)-xekc-4-eH-1-ona y npucycrsy

KaTalIMTU4YKNX N eKBUMOJTapHUX KOJNMMYNHaA nnpungnHa.

Cynctpatn [poayktu MpuHocn n ogHocwm (a:b) umknuyHnx nponssuaa / %
PhSeCl PhSeBr
A B C A B C
1 1a, 1b 72 (30:70) 88 (54:46) 97.5(99:1) 75(70:30) 80 (69:31) 95.8(98:2)
2 2a, 2b 81(31:69) 92 (43:57) 96 (80:20) 65 (35:65) 78 (40:60) 99.5(82:18)

A- 6e3 agutuBa; B- katanuTtnike konunynHe; C- ekBUMOonapHe KonmimHe

Ha ocHoBy pesyntata n3 Tabene 3 MOXe ce 3aKibyuuMTW Oa MpuUCyCTBO
KaTanuTUYKMX KonmyMHa nupuguHa gosoau 0o nosBehana npuHoca UUKITUYHUX
npoussona, a u3Bohewe peakuuje ca eKBUMOMAPHUM KonmvyMHama nupuavHa
M3BpLlaBa roToBO KBAHTUTATMBHY TpaHcopmauujy cynctpata y UUKIIUYHU
npoussoa. lNpucycTBo agnTBa HWje OOBENo OO NMPOMEHE pernoceriekTMBHOCTH
OBUX peakuuja, Te u garbe ankeHon 1 nckrby4nso gaje npomnssoge THF-tuna, a
ankeHon 2, THP-tuna. Wako je nupuguH popat ca mgejom ga yknoHn HX wu
crnpeun oTBapakwe NpcTeHa, U3 pesynrtata npukasaHux y tabenn 3 MOXemo
BUOETW Ja OH UMa yTuuaja U Ha CTepeoCceneKkTUBHOCT 0BUX peakuuja. Npumera
nupuavHa npu gpeHunceneHoetTepudukaumjn ankeHona 1 gpaBopusyje ctBapame
eritro-nsomepa, npu 4Yemy noOTNyHa TpaHcopmauumja cynctpaTta Yy eritro-
UUKNUYHM MPOM3BOL 3axTeBa MNPUCYCTBO EKBUMONApPHUX KOMMYMHA aguTusa.
Linknusaumjom cyncrpata 2 gornasu 0o aBopu3oBaka Make OYEKUBAHOr Cis-
n3omepa, 4mju ogHoc Takohe OUPEKTHO 3aBUCKM OA KOMUYUHE ynoTpebrbeHor
agutmBa. 3Hajyhm pa je ctepeoxemuja UMKNUYHOr npoussoda Beh opgpeheHa
dopMMpakbeEM OKCOHUjyM-jOHa, MOXEMO 3aKibyyuTu [a nMpuavH BepoBaTHO
y3auma yyewhe y peakumju npe dpopmupara UuknmyHor mehynpounssoga, Tj. npu
camMoM npouecy 3aTBapaka npcteHa. [a ©ucmo jacHuje yTBpAMnM ynory
nMpUAMHa y OBUM peakumjama, U3BpLUMIN CMO peakuumje umknuaaumje (£)- n (E)-
XekceHona ca oba peareHca y NpUcycTBy KBUMOJSIapHUX KONMYMHA HEeKnX Lewis-
oBux ©Oasa koje 6wu ce pasnukoBane Mo CBOjUM CTEPHUM U BasHUM

KapakTepucTukama. Y Ty CBpPXy YnoTpeGrbeHWn cy TepumjapHuM aMUHU: XUHOJMWH,
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2,2'-0MnMpnanH n TpueTunamud. Pesyntatn oBOr UCTpaxuBaka npukasaHu cy y

Tabenu 4.1°

Ta6ena 4. PeHnnceneHoetepudukaumje (Z)- n (E)-xekc-4-eH-1-ona y npucyctsy
eKBMMOnapHuxkonuinHa Lewis-osux 6asa

Cynctpatu [Npoayktu MpuHocu n ogHocw (a:b) umknuyHKx npoussunaa / %
PhSeCl PhSeBr
Et;N BiPy Py Qui Et;N BiPy Py Qui
1 1a, 1b 100 (100:0) 97,9 (99:1) 97,5 (99:1) 97,4 (98:2) 100 (100:0) 98,3 (99:1) 95,8 (98:2) 98 (96:4)
2 2a, 2b 100 (81:19) 99,3 (80:20) 96 (80:20) 98,4 (79:21) 100 (85:15) 99,7 (85:15) 99,5 (82:18) 99,6 (80:20)

MMpMAnH, XNHONWH 1 2,2'-6unupuanH cy apomatnyHe Lewis-oBe 6ase koje
ce BPJI0 Mano pasnukyjy no csojoj 6asHOCTM, JOK CE€ Yy MHOroMe pasnukyjy no
CBOJUM CTEPHUM KapakTepucTukama. TpuetunamumH je anudaTtuyHn amuH
3HayajHo BGasHMju of NOMEHYTUX apoMaTUYHMX amMuHa U  CTEepHO
HajBONyMWHO3HMjK. V3 pesynTaTa npukasaHux y Tabenu 4 moxe ce BuaeTu ga cy
cee yeTupu Lewis-oBe 6a3e nmane no3mMTmMBaH yTuLUaj, Kako MO NUTaky NpuHoca
UUKNUYHUX eTapa, Tako 1 No nNuTakwy CenekTMBHOCTU. nak, Hajborbun pesyntatu
NOCTUTHYTU Ce ca TPUeTUaMmHOM Kao aanTMBOM ca oba ankeHomna u peareHca.
Linknuasaumjom (Z)-xekceHona ca cBuMm Lewis-oBum 6asama npeaoMUHaHTHO ce
nobwuja eritro-nsomep, OOK ce y NpUCYyCTBY Lewis-0BUX KncenMHa LOMWHAHTHO
pobuja treo-nsomep. Luknusaumnjom (E)-xekceHona ca Lewis-oBum Gasama y
BULLKY, AobBuja ce cis-nsomep, a kopuwherwem NnomeHyTux Lewis-oBux kucenunHa
pobwuja ce trans-nsomep y roToBO KBAHTUTATUBHUM MPUHOCKMA.

N3 pesyntata npukasaHum y Tabenama 1-4 MOXEMO 3akibyunTn fa
npasunHMM ogabupom cynctpaTta (1 unm 2) n agutmea (Lewis-oBa kncenvHa unm
0asza) peakumjom deHunceneHoeTepudmuKaLmje MOXeMo UUbaHO [obutn
XerbeHn CTepeonsomMep Yy CKOpo KBaHTUTATUBHOM MPUHOCY, LUTO OBE peakuuje
YMHM TOTOBO CTepeocneumpuiHnM, ca U3y3eTKOM CUHTE3e Cis-u3oMepa 2a Koju
Ce jaBrba y BULIKY Y OAHOCY Ha trans-nsomep (85:15). Hajborbn pesyntaty no
nuTawy CEneKTUBHOCTM W npuHoca ocTtBapeHn cy ca SnCl, u EtsN kao

agnTMBMMA, LWITO je N30BOjEHO U NPUKa3aHo Ha cxemu 7.
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Cxema 7.

Ha ocHoBy pfocajawmwux pesynrata Mo nuTaky  UCNOSbeHe
CENEKTUBHOCTM Yy OBUM peakumjama y npucyctBy Lewis-oBux 6Gasa, norotoBy
pobvjakemM  Heo4yekMBaHOr, Mawe CcTabunHor  cis-usomepa,  MOXEMO
npeTnocTaBuTn criegeny ynory OBUX agutMBa Yy npouecy dopmupara
UMKNUYHMX npomusBoga. PeHunceneHoetepudpukaunjom ankeHona 2 6e3
npucycTea aguTuea 1 y NpucycTBy Lewis-oBUX KncenvHa OMUHAHTHO ce aobuja

npoun3BofA frans-reoMmeTpuje Koju je nocneauua anti-Hanaga XvapoKCUrHe rpyne

(cxema 8).
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Cxema 8.

Y cniyyajy npucycTtea 6a3Hux agutnea gobuja ce NpomnsBOA Koju ce jaBrba
Kao nocneguua Syn-Hanaga Hykneodgwuna. Pasnor oBakBOM UCXOQy MOXEMO
npoHahu y Tome ga BepoBaTHO Lewis-oBe 6a3se rpagehn BOAOHUYHY BE3y MPEKO
BOAOHWKa XMAPOKCUMHE rpyne cyncTpaTa cTBapajy AOAaTHE CTepHe CMeTHe Y
npouecy 3aTBapara NpCTeHa M Ha Taj Ha4uvMH OTexaBajy npunas XuapoKcurHe
rpyne peakumoHoM UuUeHTpy (cnuka 1). Ycnen noBehaHWx CTEPHUX CMETHW,
NpuCycTBOM BONYMUHO3He 6ase, Hanag XWOpoOKCuIHe rpyne fewasa ce ca
CynpoTHe CTpaHe o OYeKMBaHe, LWTO A0BOAU A0 hopMupara Cis-u3oMepa a He
frans-nsomepa, Koju OOMMHAHTHO HacTaje Yy peakunjama Kaga aguTuMB Huje
npucyTtaH (ankeHon 2, tabena 1 n 3, yHoc A). Takohe, nopen ose ynore, 6asa
OnaroTBOPHO yTMYEe Ha CaM TOK peakuuje MOBULLIEHEM MNPUHOCA LUMKINYHUX
npounssoda. BesmBawkemM BOAOHMKOBOI atoMa XMOPOKCUITHE rpyne BOAOHWYHOM
Be3oM nosehaBa ce HykneogUIHOCT KMCEOHMKa M Ha Taj HaumH ce ybp3aBa
peakuuja 3aTBapara MNpPCTeHa, WTO CMawyje yTuuaj NocTojaka KOHKYPEHTHOr

HyKneodgwuna y peakunoHoj cMecH.
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Cnuka 1.

N3paxeHy cTepeocenekTUBHOCT Npu LMKIM3auumju ankeHona 1 n ogHoc
pacnogene eritro- n treo-nsomepa y NpuUCyCTBY pasnuuntux agutmea 6uno je
HewTo Texe objacHuTn. Mnak, npumeheHo je aa ykonuko ce uuknusaumja (Z)-
XekceHona Bpwu 6e3 npucycTBa aguMTMBa M peakuMoHa cmeca OcTaBu [Aa
HEKONMKO faHa cToju HeobpaheHa, Taga ce ogHocC eritro- u treo-nsomepa mMemwa,
Tj. gonasu OO0 nojaBe npoueca usomepusauuwje (OO koje He gonasv kaga je
npucytaH 6asHn agutue). PeHunceneHoetepudukaunjom ankeHona 1 kao

nocneguua anti-Hanaga xmapokcunHe rpyne nobuja ce eritro-naomep (cxema 9).
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Cxema 9.
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MpucyctBom Lewis-oBux 6a3a y ekBUMONapHUM KONUYnMHama, Koje pearyjy
ca Hactanum xanoreHsogoHukom (HCI, HBr), yknawa ce mMoryhHOCT oTBapama
npcTteHa n msomepusaumja NpBobUTHO HacTanor eritro-npon3soga. Cee oBO 3a
nocnegvuy uma fa ce y peakuumjama y Kojuma cy npucyTHu 6asHu aguTuBm Kao
rmaBHu npoussof Aobwuja eritro-nsomep (Tabena 4). Y peakuvjama uuknusaumje
ankeHona 1 y kojuma Hucy npucyTHuM 6asHu aguTuBW, OOMWHAHTaH je treo-
n3oMep, KOju BepoBaTHO HacTaje Kao nocneavua nsomepusauuje.

[da 6ucmo noTBpaAuNM oBe NPeTnocTaBKe, U3BPLUMIIM CMO UCTPaKuUBaH-e
1H-NMR-crleKTpOCKOHCKOM MeTogoOM rnomohy Koje cMO npatunm npouec
KOHBEp3unje (Z)-xekceHona y LUMKNMYHe eTapcke npowssoge.''® Peakuuje y
npucycTBy aauTtmnea, kao n ca PhSeCl kao peareHcom, 6une cy ncysuwe 6p3se ga
6u ce npatune oBom wmeTogoM. Peakuuje umknusaumja ca PhSeBr 6e3
npucycTea agntmea bune cy jeamMHe OOBOSbHO CroOpe 3a OBY MeTony, OOK Cy Y
CBMM oOCTanMMm cnyyajeBuma, Beh npu CHUMaky MpPBOr CrnekTpa peakumje
n3omepusaumje, Unu yBenuko nodene, unu je seh Guna ycnocraBrbeHa KOHa4vHa
paBHOTEXa HacTanux npoussopa. KopucHu curHanu 3a npahewe peakuuje
unknusaumje (Z)-xekceHona 'H-NMR-CNeKkTpOCKONCKOM MeTogoM 6unn  cy
aybneTun koju NnoTuyy og MeTun-rpyna etapckux nponssoga obenexernnx ca l n ll
(cnuka 2). EkBumonapHe konnuvHe ankeHona 1 n PhSeBr nomewane cy y NMR
KMBETW U NPBU CMeKTap je CHUMIbeH HakoH 15 muHyTa. Ca cnektpa A cnuke 2
MOXe ce BMaeTu camo nojaea Aybneta Ha nomepawy 06=1,41 ppm Koju notu4e
oa metun-rpyne | eritro-nsomepa. Jpyrn cnekrap je CHAMIbEH HaKOH jedHor caTa
o4 noyeTtka peakuuje (cnektap B, cnuka 2) roe ce nopen aybneta eritro-
n3omepa MOXe NpMMeTUTM M nojaesa gybneta Ha nomepawy 6=1,33 ppm Koju
notude og metun-rpyne Il freo-nsomepa, WTO ykasyje Ha TO Aa je AOLWNO OO0
npoueca wnsomepusaumje. WHTeH3uTeT aybneta npBOOWUTHO HacTanor eritro-
n3omepa ce cmambyje, y3 nojasy agybneta treo-nsomepa, Kao0 M HEKMX MUKoBa
agumumMoHux npoussopa. Ha Tpehem cnekTpy, koju je cHUMIbeH 24 4yaca of
noyeTtka peakuuje (cnektap C, cnvka 2), MOXe ce BUOeTu Aa je MHTEH3UTET nuka
freo-n3somepa OOMWHAHTAH Yy OAHOCY Ha eritro-u3omep, y3 nopacTt curHana Koju

noTudy of KOHKYpeHTHe peakuunje. Ha cnektpy C Buam ce pga je npouec
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n3omMmepmusaumje 3aBpLUeH U aa ce freo-u3omep jasrba Yy BULLKY. Ha ocHoBY oBor
eKcnepuMeHTa MOXeMO 3aKIby4uTu Aa je eritro-n3oMmep KMHETUYKN KOHTPOIMUCaH,
a treo-nsomep TepMOANHAMUYKM NPON3BOA.

NcTn exkcnepuMeHT je NOHOBIbEH W Ca arkeHonom 2, Kaga je M HakoH
Tpajaka ekcnepumeHta o 24 4aca wuHuMUMjanHoO dOpMUpPaHM  OLHOC

LLIECTOYNaHMX LUMKINNYHMX eTapa ocTao HernpoMeweH (cis/trans = 30:70).

SePh SePh
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2. KnHetnyka ucnutuBamwa UV-vis cnekTpocpoToMeTpUujcKom

MeToAOoM

[Mpunukom cuHTe3e UMKNUYHNX eTapa 13 ankeHona 1 n 2 npumeheHo je ga
cy peakumje ca PhSeCl 3HavajHo Gpxe Hero ca PhSeBr. Takohe, ynotpebom
Lewis-0Bux kucenvHa v 6asa kao aguMTvBa, YaK 1 y KaTanuTUYKMM KonnymMHama,
Aonasuwno je [o [gpacTuyHor ybps3aBaka peakuuja Koje cy y nojeavHnM
crnyyajeBMma, YMeCTO HEeKONnuKO 4acoBa, Oune 3aBpluaBaHe 3a cBera nap
MuHyTa. Ja 6ucmo nogpobHuje ogopeounu Mepy yTuuaja agutmBa Ha OpP3uHy
peakumja M eBeHTyanHoO YTBPOMNU MNOCTOjake KaTanuTuykor edyekta OBUX
aguTMBa Ha caM Mpouec uuKnuMsauuvje, M3BpLUMAM CMO [JeTarbHa KUHeTu4ka
ncnuTMBarba deHunceneHoeTepudukaumja ankerHona 1 n 2"

Mopean oppehumBawa KOHCTAHTU Gp3vHa OBUX peakumja, unb je 6rmo u
yTBphMBake MexaHuM3Ma Mo KojeM ce ofBuja npouec popmupara npovssoja.
Kao wTo je Beh HanomMeHyTo y NPeTxXo4HOM MOorfiaBriby, MexaHusam LmKknusauuja
arnkeHona MHAyKoBaH (heHunceneHun-xanoreHamma oasuvja ce y Asa CTynkba,
o[ KOjUX, ApYru CTynaw, HyKNneomunHu Hanag XmapoKCUnHe rpyne Ha yribeHUKoB
aTOM TpouNnaHor NpCcTeHa CerneHoHWjyM-joHa, npeacTaBrba Cropujyu npouec Koju
n ogpehyje 6p3nHy came peakumje (cxema 3). YTBphuBaw-eM aKTUBaALMOHMUX
napameTtapa 3a oBaj cuctem 6uno 6u moryhe yTBpauTM da NU ce peakuuja
oTBapawa TPOYSiaHOr NPCTEHa CerieHOHWjyM-KaTjoHa W Hanag Hykneodwna,

oasuja no Sy1 nnm Sy2 mexaHmsmy (cxema 10).
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Cxema 10.

Peakuunje unamehy PhSeX (X=Cl, Br) n (2)- un (E)-xekc-4-en-1-ona y
NPUCYCTBY W OACYCTBY pasnMuuTUX aguTuBa npoyyaBaHe Cy Kao peakumje
pseudo-npsor pega y THF-y n CCls kao pactBapayuma y3 nomoh UV-vis
cnektpodpoTomeTpuje. PagHa TanacHa gyxuHa 3a CBaku CyncTUTYLMOHU npolec
ogpefhunBaHa je noHaBrbakeM cHMMawa y oricery namehy 200 n 600 nm (cnuka
3).

A
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0.6 4 izmereno

izracunato

04 ] 0.8

0.2 1
0.6

0 ‘ ‘ ‘ 0 1500 3000 4500 6000 t(s)

230 270 310 350 A(nm)

(@) (b)

Cnuka 3. (a) UV-Vis-CnekTap, 3aBMCHOCT ancopbaHue of TanacHe OyXuHe 3a
(£)-xekc-4-eH-1-on (c=1,5 mM) n PhSeCl (c=0,1 mM) u THF-y kao pacTteapauy;
(b) 3aBucHocT ancopbaHue oa BpemeHa 3a peakumjy (Z)-xekc-4-en-1-on (C=1,5
mM) n PhSeCl (C=0,1 mM) u THF-y kao pactBapayy Ha 288K, A = 250 nm.

-79 -



Llokmopcka ducepmauuja Hawu padosu

KoHcTaHTa 6p3uHe peakuunje pseudo-npeor peda (Kops) oapeheHa je
npahewem npomeHe ancopbaHue Yy 3aBUCHOCTW Of BPEMEHA Ha MNPEeTXOLHO
oapeheHoj TanacHoj AyXWHW, WTO je npukasaHo Ha cnuum 4 (b). KoHcTaHTa Kops
ce 3atum ogpenyje rpadpumykn n3 3asncHoctn Ln(A-A.) ca BpemeHoMm t, rae je

Be3a namehy oBux napametapa gata jegHadnHom (1):

A= Agt+ (Ao - Aw)exp(-kobs_t) (1)

roe je At — ancopbaHua y BpeMeHy t, Ap — ancopbaHua Ha noyeTky peakuuje, a
A. ancopbaHua no 3aBpLIeTKy peakuuje.

BpeaHocTn KoHCTaHTK 6p3nHa pseudo-npBor peaa (kobs) Pacty NiMHeapHoO
ca NopacToM KOHLUeHTpauuvje ynotTpebrbeHor ankeHona, Kao LWTo je U NpuKasaHo
Ha cnvkama 5 u 6 (nogaum cy gatu y Tabenama, n.1-n.4. y npunory). 3aBUCHOCT
KOHCTaHTe 6p3nHe peakumje Kops O4 KOHLIEHTpaLMje ankoxona ce MOXe nu3pasutim

jeaHauynHom (2):

Kobs. = k1 + ko[ankoxon] (2)

roe ke npencraBiba KOHCTAHTY OMPEKTHE peakuumje, umMknu3aunje, a k4 KOHCTaHTy
KOHKYpPEeHTHe peakuuvje aguuumje peareHca Ha OBOCTPYKY Be3y CyrncTpaTa U eHa

BPEOHOCT je He3aBUCHA Of KOHLeHTpaumje ankeHona''®

(cxema 3). KoHcTaHTe
6p3vHe (k1 i k) oppehyjy ce OMPEKTHO u3 rpadumka 3aBUCHOCTU Kops. OA
KOHUEeHTpauuje ankeHona, rge Harb npaBe npeacTaBiba BpegHOCT 3a
KOHCTaHTy Op3uHe peakuvje umknusauumje (k2), AOK Ce KOHCTaHTa Op3uHe
KOHKYpeHTHe peakuuje (ki) ogpelyje n3 ogceyka npase Ha y ocu. Ha cnvkama 5
n 6 npukasaHe Cy 3aBUCHOCTU Kgps. Of, KOHUEHTpauuje arnkeHona 3a oba
arnkoxorsia u peareHca Ha Tpu pasnuuute Temnepatype y THF-y kao pactBapavy
Ny NpUCYCTBY U OACYCTBY NMpMAMHA Kao kaTanu3aTtopa (cnvka 4 3a ankeHon 1,
cnuka 5 3a ankeHon 2). i3pavyHaTe Bpe4HOCTU KOHCTaHTM Bp3anHa peakumja, Kao
N aKTMBaLWOHW NapaMeTpu 3a NOMeHyTe peakuuje, NnpeactaBibeHun cy y Tabenu

5.
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-
Z-xekc-4-eH-1-on + PhSeCl Z-xekc-4-eH-1-on + PhSeBr
6 25
10% Kops/s™ 10°% Kops/s™
5 *308 K 2
4 =298 K 15 308K
s 4288 K . " 298 K
1 A288K
2
1 0.5
0 10%[ankeHon)/M o 10%[ankeHon]/M
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
N S S
4
Z-xekc-d-en-1-on + PhSeCl + Py Z-xekc-4-eH-1-on + PhSeBr + Py
107 10° kgl 3570 1
S .
. obs v 308K 3 |10 Kons/s
= 298 K 25 ¢ 308K
6 2288 K 5 =298 K
4288 K
4 1.5
1
2 0.5
0 10%[ankeHori]/M o 10%[ankeHon]/M
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
N S S

Cnuka 4. KoHcTaHTe 6p3vHa peakumja pseudo-npBor peaa, Kops, Ka0 (pyHKUMje
o4 KOoHUeHTpauwuje ankeHona Ha 288, 298 n 308K 3a peakunje namehy PhSeX
(X=Cl, Br) n (Z)-xekc-4-eH-1-ona y THF kao pactsapa4y u oacycTBy 1 NpucycTBy
nMpuanHa.

d ) ™\
E-xekc-4-eH-1-on + PhSeCl E-xekc-4-eH-1-on + PhSeBr
10 5
10% Kops/s™ 10° Kobs/s™
8 *309 K 1.6 1 *308K
6 = 298 K 12 = 298 K
*
4288 K 4288K

2
0 10°[ankeHon]/M o 10°[ankeHon]/M
0 05 1 1.5 2 25 3 0 05 1 1.5 2 25 3
N\ J . J
d ) ™\
E-xekc-4-eH-1-on + PhSeCl + Py E-xekc-4-eH-1-on + PhSeBr + Py
10 2
10° Kops/s™ 10° Kops/s™
8 *308K 15 *308K
6 " 298K 298 K
4 288K 1 4288K
4
2 0.5
0 10°[ankeHon]/M o 10°[ankeHon]/M
0 05 1 1.5 2 25 3 0 05 1 1.5 2 25 3
N\ J . J

Cnuka 5. KoHcTaHTe 6p3vHa peakumja pseudo-npBor peaa, Kops, Ka0 (PyHKUMje
O KOHLUeHTpaumje ankeHona Ha 288, 298 n 308K 3a peakunje namehy PhSeX
(X=ClI, Br) i (E)-xekc-4-eH-1-ona y THF kao pactBapayy u oacycTBy U NpUcycTBy
nupuanHa.
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Tabena 5. KoHcTaHTe 6p3nHa 1 akTMBaumoHn napameTpu 3a peakuuje namehy PhSeX u (Z2)- n (E)-xekc-4-eH-1-ona y
NPUCYCTBY U OOCYCTBY KaTanuTU4YKMUX KonuvymHa nupugmHa THF-y kao pactBapayy Ha Temnepatypama of 288, 298 n 308
K.

PhSeCl PhSeBr
T(K) Anm) k, (M's”) ki (sT) AH(KIM) AS*UKMT)  Anm) Kk, (M'sT) ki (s AH(KIM') AS*UK'M™)
288 093+0,03 (3,1+0,6)x 10™ 0,236 + 0,008 (2,2+0,1)x 10
(Z)-xexc-4-en-1-on 298 245 1,31:0,03 (34+0,5)x10* 229+05 -181+2 250 0,404 +0,009 (2,9+0,2)x10* 355+03 -149%1
308 1,85+0,03 (56+0,6)x 10* 0,66+0,03 (4,4 +0,4)x10™
. hont 288 1,9+0,1 - 0,47 + 0,03 -
(Z)xexc-d-end- o0 046 2244005 - 18+5 19020 251 0,68+ 0,04 - 30+4  -162+13
on v nMpuauH
308 3,3+0,2 (4 +3)x 10* 1,14 £ 0,05 -
288 0,79+0,05 (2,2+0,8) x 10" 0,153 £0,007 (2,5+0,1)x 10
(E )-xekc-4-eH-1-on 298 245 1,3+0,1 (9+2)x 10" 24+ 6 -180 £ 20 250 0,248 +£0,007 (3,0+0,1)x 10 39+4 -141 £ 14
308 16+0,3 (44 £ 4)x 10 047005 (5109 x 10"
c oy, 258 1,64 + 0,08 - 0,254 + 0,008 -
(Eyxexc-d-eit- oq3 245 20£0.2 2 +3)x 10* 185  -190£20 251 0,392+ 0,002 - 32+2 1607
on v nMpuauH
308 3,0+0,1 (9 +3)x 10" 0,65 + 0,01 -
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BpeaHocTu 3a eHTannujy (AH”) n eHTponujy (AS”) akTmBMpara oapeheHe
Cy rpaduydkn, KOHCTpyKumjom Eyring-oBor rpadwmka, 3asucHocTt In(k/T) og 1/T
(npumep je pgaT Ha cnvumn 6), roe ce m3 Harmba [obujeHe npase ofpehyje
BPEL4HOCT NPOMEHe eHTannuje akTuBMpawa, a M3 ofacedvka npaBe Ha y ocu

n3padyHaBa ce BPe4HOCT NPOMEHE EHTPOMNMje aKTUBMpaksa.

~
0.0032  0.00325 0.0033  0.00335 0.0034  0.00345 0.0035
'6 T

T/ K

-6.2 4

6.4 -

-6.6

-6.8

-7 4

In(k »/T)

7.2
N S

Cnuka 6. Eyring-oB rpacduk 3a peakunjy namehy (Z)-xekc-4-eH-1-ona n PhSeBry
THF-y kao pactBapauy.

Ha ocHoBy pesyntata npukasaHux y Tabenu 5 moxemo BMAeTV ga cy y
CBMM CIy4YajeBMMa BpeaHOCTU 3a eHTponujy akTueBupara (AS™) HeraTuBHe, LUTO
ykasyje Ha unkbeHuuy aa ce peakuuvje unamehy PhSeX u (Z)- un (E)-xekc-4-en-1-
ona y npucycTBy U OACYCTBY NUpuAMHa oABMjajy Mo MexaHu3My Gumornekyricke
HykneodwunHe cynctutyumje (Sy2). 3aHMMIBbMBO je ja ce U OTBapame Tpo4naHor
€MOKCUAHOr NPCTeHa NpoLecoM HykneodusniHe CyncTtuTyumje ogsuja no UCTOM,
SN2 MexaHu3My, Te oBAe MOXeMO npoHahu napaneny Hawwux peakuunja ca Beh

3abenexeHnM CMYHUM CryyajeBuMa y nutepaTypu.
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Pesyntatm 3a BpegHOCTM KOHCTaHTM ©Op3uvHa peakumnja noTtephyjy
NPeTnoCTaBKy O KaTanuTUYKOj yNo3n NupuanHa y oBUM peakuunjama, rae ce Moxe
younTn fa Cy CBe peakuuje y NpucycTsy nNupuauHa y npoceky oko 2 nyta bpxe
on oaroeapajyhmnx peakuuwje 6e3 nupmamHa. Takohe, peakumje ca PhSeCl kao
peareHcoM cy U Oo 4 nyta 6pxe of peakuuja ca PhSeBr. KoHcTaHTe Op3uHa
peakuuvja 3aTBapaka neTouvnaHor npcreHa kon (Z)-ankeHona Behe cy Hero
KOHCTaHTe 6p3nHa peakuuja dopmupara LectouynaHor npcreHa (E)-nsomepa,
WTO ce MOXe 06jaCHUTU CMaHheHMM CTepHUM CMeTH-amMa Koje ce jaBrbajy Y
npenasHoM ctamwy Npu UMKnusauuju ankeHona 1.

BpegHoCTn KOHCTaHTWN KOHKYpeHTHe peakuuje (ki) y NpucycTBy nupuavHa
cBefeHe Cy Ha MMHMMYM Ha LWTa yKa3syjy huxoBe BpegHOCTM n3 Tabene 1, kao u
YMbEeHULA da Ha crvkama 5 1 6 cBe npaee y NpuUCYyCTBY OBOI KaTanusatopa
roToBO nosiase u3 koopavHaTHor noyeTtka. OBakBM pe3ynTtaTu Cy y carnacHocTu
ca npenapaTuBHUM pes3ynTaTuma U3 NpeTxoaHor nornaesba. Kao WTo je n paHuvje
HaBedeHO, MNOBULLEHE peakunoHe TemrnepaTtype HemnoBOSbHO YyTude Ha
XEeMOCESIEKTUBHOCT OBUX peakuuja WTO pes3ynTyje nojaBoM BpeaHOCTU 3a
KOHCTaHTy k1 Ha 308K.

Y tabenu 6 npeacraBrbeHe Cy BPEAHOCTU KOHCTAHTU Bp3nHa peakumja ka
3a peakumje uuknusaumje msmehy PhSeCl u (Z)- n (E)-xekc-4-en-1-ona y
npucyctey Lewis-oBux 6asa (TpueTunamvH, nNUPUOUH, XWUHOMMH un 2,2'-
OmMnNUpuamnH), Koje cy NPUCYTHE Y KaTanuTUYkuM KonMynHama Ha TemnepaTypu o
288K.2 Y Tabenu 6, pagu nopehera, npvkasaHu Cy U pe3ynTaTi 3a BpeaHOCTY
k, cexyHaapHor ankeHona 6-meTun-xent-5-eH-2-ona." '® BpegHocTh 3a KOHCTaHTe

KOHKypeHTHe peakuyje (ki), peaa BennunHe =10™°, usoctaBrbeHe cy u3 Tabene 6.
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Tabena 6. KoHcTaHTe 6p3nHa peakunja dpeHunceneHoetTepudunkaumje (2)- n (E)-
Xekc-4-eH-1-ona n 6-metun-xent-5-eH-2-ona ca PhSeCl y THF-y Ha 288K y

npucycTBy Lewis-oBux 6a3a.

(Z)-xekc-4-en-1-on (E)-xekc-4-eH-1-on 6-Me-xenT-5-eH-2-0n

AguTtus pKa 1 1. 1.-1
k, M's™) k, (M's™) k, (M's™)
TpuetTunamuH 10,64 2,56 + 0,05 2,20 £ 0,05 0,77 £ 0,03
MupunaunH 5,23 1,9+0,1 1,64 £ 0,08 0,55 +0,02
XWHOMWH 4,94 1,57 £ 0,06 1,43 £ 0,05 0,49 £ 0,01
2, 2'-bunnpngnH 4,3 1,4+01 1,32 £ 0,09 0,48 £ 0,02
Bbes agutnea 0,93 £0,03 0,79 £ 0,05 0,63 £0,02

Lewis-oBe 6a3e Koje cy ynoTpebrbeHe y OBOM €KCNEPUMEHTY pasnukyjy ce
no CBOjUM CTEPHUM 1 Bas3HMM KapakTepucTukama, Te je buno saHMMIbLMBO Aa ce
nucnuTa ytumuaj oBux dpaktopa Ha 6p3nHy peakuuja umknusauuja. YTepheHo je ga
BPeAHOCTUN 3a KOHCTaHTe 6a3Ho-kaTann3oBaHMX peakuuja k; y MHOrome 3aBuce
of npupoge ynoTpebrbeHor katanuaaTtopa, rae kKombuHauunja oba daktopa nma
yTuuaj Ha Mepy KatanuTtuykor edekra. Haume, nupngmH n XMHONUH nMajy Bpno
cnunydHe pK, BpeagHocTu (5,23 1 4,94) n BpegHocTn aoHopcknx 6pojesa (OB) (33,1
n 32,0), ann NpUNNUYHO PasnNUUUTy KatanuTuyiky aktmsHocT. OBa nojaBa joLu
BULLE je M3paxeHa npu kopuwherwy TpueTunammHa kao agntmea. Ovekmsano 6u
ce ga nopact 6a3HOCTU U crnocobHOCTH rpaherwa BOOOHUYHUX Be3a aauTvea y
NCTOj MepU nNpaTtu 1 NopacT Yy BPeAHOCTU KOHCTaHTK B6panHa peakumja. MehyTtum,
3a Tako Benuke BpeaHocTn pK, n goHopckor 6poja 3a Tpuetunamun (pK,=10,64;
[16=61,0) 3abenexeH je nopacT KOHCTaHTe k, 3a camo 35% Yy OAHOCYy Ha
NMMPUONHOM KaTanu3oBaHy peakuunjy. Pasnor oBakBOM MOHallawy MOXEMO
npoHahn y pasnuyunutum CTepHUMM edekTMMa OBMX KaTanmsaTopa Koju umajy
yTnuaj y npenasHoMm cTawy, npu gasu 3aTBapawa npcreHa n dopmupama
UMKNU4YHOr npmssoga. Havme, TpuetTMnamMmmnH Kao HajBonymMuHoO3HWja 6asa, npasu

AofaTHe CTepHe CMeTHe U OTexaBa npunas Hykneoduna peakuMoHOM LEHTPY,
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LUTO pe3ynTyje Y HMWKMM BPedHOCTUMA 3a KOHCTaHTY K» HEro LITO je OYeKMBaHO.
OBaj (beHOMEH joL BULLE je u3paxeH y criyvajy 6asHo-kaTannsoBaHnx peakuuja
6-meTun-xenT-5-eH-2-ona, rae cy 36or nocTojaka AoAaTHUX CTEPHUX CMETHM Ha
kapbuHonHom C-atomy M [BOCTPYKOj Be3u cyncTpata, 6asHo-kaTanv3oBaHe
peakumje ca Py, Bipy n Qui cnopuvje Hero HekaTanusoBaHe peakuuje (cnvka 7,

Tabena 6).'1

Se

/N

. s
R //III’I, / ® \ ‘\‘\\\\\\

(2)-heks-4-en-1-ol  R'= Me: R? = H: R® =

(E)-heks-4-en-1-ol R'=H: R? = Me: R® =
6-Me-hepi-5-en-2-ol R'= Me; R? = Me; R® = Me

Crnvka 7.

MpumeheHa je nuHeapHa 3aBuCHOCT u3Mmely BpegHocTn logk, un pKj
ynotpebrbeHor katanusatopa (Brgnsted-oBa jegHayvHa), WTO roBopu y npusor
ToMe fa Lewis-oBe 6ase yTmyy Ha nosehakwe BpegHOCTU KOHCTaHTM Op3uHa
peakumja no MUCTOM peakuMoHOM MexaHu3my (cnuka 8). BpegHoctn Harmba
npasux () 3a oba n3oMepHa ankeHona Bpfio Mano ce pasnukyjy, u nsHoce S =
0,04 3a (£)-u3omep n g = 0,032 3a (E)-nsomep. Beha BpegHocT f 3a (Z)-nsomep
roeopy O BehOj OCeT/bMBOCTM KOHCTaHTM Op3nHa peakuynja Ha 6asHe

katanuaaTope.'"’
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4 )
0.8 -
logk »

SePh

0.7 - €
AN OH PhSeX (X=Cl, Br) o)
katalizator
0.6 1 SePh
05 - WOH _PhSeX (X=Cl, Br)
: katalizator
O

0.4 -

0.3 1 Et;N

0.2 & (2)-izomer
m (E)-izomer
0.1 - (E)
pKa
0 T T T T T 1
0 2 4 6 8 10 12
N J

Cnuka 8. 3aBucHocT logks, oa pK, ynotpebrbeHor 6asHor katanusatopa y
peakumju deHunceneHoetepudukaunje (E)- n (Z2)-xekc-4-eH-1-ona sa PhSeCl y
THF-y kao pactBapauy

3axBarbyjyhm umweHnum pga je jeguHo Moryhe BpLWWTM  KMHETUYKA
ncnutueawa npasmx pacTtBopa UV-vis cnekTpooTOMETPUjCKOM METOLO0M,
n3BpLUEHa Cy UCNUTUBAHAa peakuuja uuknuaauuja ankeHona 1 n 2 y npucyctey
CoCl, kao kaTtanusaTtopa, jep je OH jeOuHuM Yy ogHocy Ha ocTtane Lewis-oBe
KncennHe 6uo pacteopaH y THF-y. Pe3dyntatn oBux ucTpaxumBarwa AaTtu cy y
Tabenn 7.""® OBUM ekcnepumeHToM NOTBphHEHO je kaTanuTuuko AejctBo CoCly
kKao Lewis-oBe kucenuHe, kaga cy peakumje y npucyctsy oBe coniv nmarne sehe
BPEeAHOCTN KOHCTaHTKM Op3uHa peakumja Hero 6e3 weHor npucycrtea. Peakuuja
MHTepMonekyrncke uuknusaumje (Z)-xekceHona 6pxa je Hero uuknu3aumja

n3omepHor (E)-xekceHona, kao 1y npeTxogHum cnydajesnma (tabene 5 un 6).
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Tabena 7. KoHcTtaHTe Op3uvHe peakuuja
deHunceneHoetepudukaumje (2)- wn (E)-
xekc-4-eH-1-ona ca PhSeCl y THF-y Ha
288K y npucyctey CoCl, kao kaTanu-

3artopa.

A(m)  k, (M's™)

(Z)-xekc-4-eH-1-on 257 2,1+01

(E)-xekc-4-en-1-on 278 1,49 + 0,09

OpaBHO je nosHato ga 6p3vHa peakuunja HykneoUIHUX CyncTuTyuuja
MOX€e y MHOroOMe 3aBUCUTU 0, yNnoTpebrbeHor peakumoHor megujyma. Ha 6p3vHy
M TOK peakumja CynctuTyumja pacTsBapaym MOry yTuuatM MNpeko cTBapama
BOAOHWYHUX Be3a, conBartauMjom W AWNoN-Avnon  WHTepakuujama ca
peakTaHTMMa, NpouM3BOAMMA, UMM MOry umatu jegHy of OGuTHujux ynora vy
ctabvnusaumju nNpenasHMx CcTakwa. Y 3aBUCHOCTUM 0O HaenekTpucawa
peakTaHaTa y OCHOBHOM M MNpenasHOM CTaky, NOMapHOCT pacTBapada MOxe
BeOMa MoBOSbHO [a yTuYe Ha ToK peakuuje. NpomeHa nonapHoOCT1 pactBapaya y
HEeKUM criydyajeBnMa Moxe A0BECTU U 0 NPOMeHe MexaHn3ma peakuuje. N3 oBux
pasnora 6uno je Hy)kHO Aa ce NpPoBepu yTuLaj NPOMEHE NONapHOCTM pacTBapadva
Ha peakuuje umknuaaumje ankeHona 1 n 2. NMonapHocT pacTBapada geduHncaHa
je HeroBom amMenekTpuyHomMm KoHctaHToM. THF je ymepeHO nonapaH anpoTuyaH
pacTtBapay ca BpeaHowhy AnenekTpuyHe KoHcTaHTe og € = 7,6 u b = 20. Y
AarbMM UCTpaxunBawnma ynoTpebunm cMo yribeH-TeTpaxmnopui, Kao HenonapHu
pactBapady (¢ = 2,2 u b = 0) n peayntatn oBUX UCTPaxKmBak.a NpuKasaHu cy y

Tabenn 8.1
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Tabena 8. KoHcTaHTe 6p3nHa peakuunja peHunceneHoetepudukaumje (2)- n (E)-
xekc-4-eH-1-ona ca PhSeX y CCly Ha 288K

PhSeCl PhSeBr

T=288K Am)  k, (M7sT) ki (s7) Aom) ko (M7ST) ki (s7)
(Z)-xexc-4-en-1-on 280  0,64+0,03 (0,6 0,09) x 10* 262  0,1780,004 (1,63 +0,08) x 10
7 )-xeKc-4-eH-1-
(Z)-xekc-4-en-1-on 280 1,74 +0,08 - 262 0,40 £ 0,01 -

1 NnMpnavH
(E)-xekc-4-eH-1-on 261  0,58+0,01 (8,2+0,2)x 10™ 261 01080008 (28+0,1)x 10"
(E )-xekc-4-eH-1-on 261 1,10 £ 0,06 . 261 0,22 + 0,01 -

1 NnMpnaviH

Peakuunje cy wusBoheHe ca oba peareHca y npuUCYyCTBY M 0OACYCTBY
nMpuanHa Ha TemnepaTypu of 288K. N3 pesyntaTta npukasaHux y tabenn 8
mMoxe ce Buaetn aa ce CCly nokasao kao nowmju meavjym 3a oBe peakuuje, WTo
je [[oBeno [0 rnojaBe HWXKUX BPegHOCTUM 3a KOHCTaHTe 6pauHa peakuuja
uuknusaumja. Ha ocHoBy OBMX pesynTtata MOXeMO 3aKibyuyuTu [a pacTBapaydv
Behe nonapHoctTn un 6asHor kapaktepa mory 6orbe ga usBplie crabunusaunjy
npenasHor ctawa W fa Ha Taj HauuH yTudy Ha nopact 6p3vHe peakumje. Mopen
cBoje nonapHoctn, THF moxe ga popmmnpa n BOOOHNYHY Be3y ca XMAPOKCUITHOM
rpynom cynctpata (0b=20) n ga Ha Taj Ha4yMH MO3UTUBHO YTU4YE Ha OP3UHY
peakuuje. [Oa ™MoryhHOCT cTBapawa BOAOHWYHE Be3e pacTBapaya ca
XMOPOKCUTHOM TpPynoOM CyncTpata MMa 3HayajaH yTuuaj y OBMM peakuujama,
MOXe ce BUAETU N0 U3PaXKeHUjeM KaTanuMTUYKOM AejCcTBY NMpUAnMHA Kaga ce Kao
pactBapay ynotpebsbaBa CCls ymecto THF (tTabena 9). Ha npumep, npucycTtso
nupuavHa npu peakuunjy uuknusaumje (Z)-xekceHona y THF-y kao pactBapady
ybp3aBa peakuujy ABa nyta y O4HOCY Ha HekaTanm3oBaHy peakuujy, OK ce ucta

peakumja y CCls kao pacTtBapauyy je 6pxa 3 nyTa.
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Tabena 9. KoHcTaHTe 6p3nHa peakunja doeHunceneHoeTepugurkalmje
(2)- n (E)-xekc-4-eH-1-ona ca PhSeCl y npucyctsy u oacyctsy
nupuanHa y THF-y n CCls kao pacteapavy Ha 288K.

PhSeCl k, (M's™)

PhSeBr k, (M"'s™)

T=288K
THF CCly THF CCly
(Z)-xekc-4-eH-1-on 0,93 0,64 0,236 0,178
(Z)-xexc-4-eH-1-on
1,9 1,74 0,47 0,4
1 NUPUAWH
(E )-xekc-4-eH-1-on 0,79 0,58 0,153 0,108
(E)xerc-d-en-l-on 4oy 1,1 0,254 0,22

n nupunanH

Y [ogaTtHUM UCTpaXKuBakbMa U3BPLUUIIM CMO ogpefuBarkbe akTUBaLMOHNX
napameTapa (AH”, AS”) 3a peakuuje UMKnM3aLUmje ob6a XxekceHona u peareHca y
CCls kao pactBapa4vy kagja je noTBpheHo ga ce M y OBOM cCriyyvajy npouec

3aTBapaksa NpcTeHa BpLuM No Sy2 mexaHmsmy (Tabena n.6.; npunor).
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3. KBaHTHO-XeMMNjCKu npopayyH

UnweHnua pga (Z)-xekceHon [aje UCKIbYYMBO MPOU3BOAE TeTpaxuapo-
dypaHckor a (E)-xekceHon TeTpaxvaponupaHCKor Tuna, octana je jow yBek
HepasjawreHa. ®akTopn Kao LTO Cy KOHdopMauuja Moriekyna y OCHOBHOM U
npenasHoMm CcTawy, CTEepHe CMeTwe Y HuMa wusassaHe pJedopmauujama
BaneHUMOHNX YrroBa, NPOCTOpPHE CMeTHEe MPOUCTEeKNe Ha nyTy npunasa
Hanagajyhux yectuua, Uta., y MHOTMM CriyyajeBuMa jaBrbajy ce Kao NpecydHu 3a
MexaHu3am u 6p3unHy peakumje. Takohe, No3HaTa je YneHnua ga ce npenasHo
CTake Yy peakuujama Sn2 Tuna OANWKyje BEeriMKUM CTEPHUM CMeTH-ama Koje
HacTajy 36or 5 atoma koju cy pacnopeheHun OKo LeHTpanHor atoMa yribeHuka Ha
KojeM ce BpwK cynctutyumja. 360r CBUX OBUX YnHeHULa, aa bucmo wto 6orbe
pasymernu Bprio MU3paxeHy pervocneumuyHOCT peakunja doeHunceneHoeTepu-
dukaumje (Z)- n (E)-xekc-4-eH-1-ona, ncnutanm CMo peakuuje Ha MOJSIEKYFICKOM
HUBOY. /3BpLUEH je KBAaHTHO-XEMWjCKN NPOopaYvyH 3a OBe peakumje y capaghu ca

npodecopom Pandgom Myxtom ca yHuBepauteTa y Epnaxreny.’''

HeTtarbHujn
onuc MeTode Koja je KopuwheHa y OBMM MpopayyHMMa M HeHa eBeHTyarnHa
orpaHuYera faTtun cy y eKcnepumMmeHTanHom geny.

lNMonasehu op ankeHona 1 1 2, KBAHTHO-XEMU]CKUM NpopavyHOM UCMUTaHU
Cy peakuuoHn nyTeBn npu opMuparwy U MEeTOYNaHUX U LWEeCTOYNaHmX
LUMKIMYHMX npon3Boaa (3a oba ankeHona) rae je TOKOM Lenor peakunoHor nyTta
KMCEOHUK M3 XMOPOKCUMHE rpyne cynctpata 6uo Be3aH BOAOHWYHOM BE30OM 3a
6asy. 36or nojegHoCTaBibEHA NpopayvyHa kao 6asa ynoTpebrbeH je amoHujak
(NH).

M3pauyHaBakeM eHeprvja 3a peakumoHn nyT dpopmupara LUKIUYHUX
eTapa un3 (Z)-ankeHona, Ta4yHuje HEroBor cerieHOHNjyM-joHa, YCTaHOBSbEHO je Aa
ce pobuvjajy npou3BOAM CRUYHUX €Hepruja, npu 4Yemy je dopMupame
LLIECTOMYSIaHOr LMKNUYHOT Nnpoun3soga ctabunHuje 3a camo 0,6 kcal/mol no MP2(f)-
SP npopayyHy. MehyTtnm, oHO WTO u3rnega na je o4 NpecyaHor 3Hadaja 3a

uuKnuMsauujy ankeHona 1, jecte 4YnweHuua ga ce npu oopMmmuparsy rnetoynaHor
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npcTeHa npenasu eHepretcka bapujepa oa 7,5 kcal/mol, wro je 3a 1,2 kcal/mol

HMXXe Hero 3a opMupare LLEeCTOYNaHor UMKNNYHOr eTpa (cnuka 9).

E /Ph
= TS-Z2 8,7
g C\j?/ /,—\
= -y . prelazno stanje
© , \
(x_) ? // II_\‘ \\\
= " TS-21 A\
I:-i h /’I 7,5 \\\\\
NH5 v ‘
0,0 SePh
SePh\ 0
[I ‘\\\ lll
? \ NHj -9,9
N Hy -10,5
Tok reakcije

Cnuka 9. PeakumoHu nyT umknusaumje (£)-xekc-4-eH-1-ona nspadyHat ca
MP2(f)-SP

Texwa fa ce NpPBEHCTBEHO popMmupa METOYNAHW LMKIIMYHM NPOM3BOA
MOXe ce younTtu Beh u y KoHdopMauuju NHTepMeanjepHor CeneHoHUjyM-joHa
(B3LYP meTopa). YpoarbeHoCT kuceoHuka n C4-atoma y CeneHoHUjyM-joHy je
camo 2,71 A, nok pactojare O—C5 usHocu 3,31 A (npunor). Y npenasHom crarby
npu dopmuparwy netodnaHor npcrteHa (cnmka 10, TS-Z1) powno je fAo
ckpahusarwa O—C4 Bese koja caga usHocm 2,12 A (O—C5: 2,89 A; cnmka 10 TS-
Z1), OOK y npenasHoM cTawy 3a (bopMupare LWEeCTOYNIaHor npcreHa OyXuHa
Bese O—C5 usHocu 2,19 A (O-C4: 2,64 A; cnuka 10 TS-Z2). MNpenasHo cTare
TS-Z2 vima CTpPyKTYypy CNUYHWjy Npom3Body, Te ce 3a pasnuKy o4 npenasHor
ctawa TS-Z1, moxe pehun ga weroso opmupare 3axteBa Behe CTPyKTypHe
TpaHcdopMauuje, WTO pesynTyje MOBULLEHOM €HeprujomMm aktuBauuje y ogHocy
Ha dypaHckn unsomep. dopmupawem ypaHcKor npoussoga pAonasv ao

ocnobahewa eHepruje og 17,4 kcal/mol no MP2(f)-SP npopayyHy, LITO je HewTo
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Mak-€ Hero npu dopmMmmparby nupaHckor npounssoga (19,2 kcal/mol). Hamehe ce
3akbyyak ga je dopmupawe THF-npousBoga w3 (Z)-ankeHorna KUHETUYKU

KOHTpOSMcaHa peakuuja.

TS-Z1 TS-22

Cnuka 10. CTpyKkType npenasHux ctakwa npu uuknudaumjy (£)-xekc-4-eH-1-ona
napadyHate ca B3LYP/6-311+G**

KBaHTHO-XxeM1jCKMM NpopadvyHOM UCTOM MeToaoM 3a (E)-ankeHon oo
ce [0 nojaTtaka Koju cy npukasaHu Ha cnukama 11 mn 12. 1 y oBom cny4ajy
dopmupare dypaHcKor npou3Boda uae Npeko OocCTBapvBawa HUXe
aKTuBaLMOHe eHepruje, kKoja y OBOM cnydyajy usHocu 6,9 kcal/mol, ook 3a
nupaHckn npomnssog oHa msHocu 12,4 kcal/mol no MP2(f)-SP npopauyHy (crnuka
11).
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k-
L

[kcal/mol] m

TS-E2 12,4

[}
\
\

\

prelazno stanje

SePh

O+

-12,5

Z---=

Hs

-

Tok reakcije -
Cnuka 11. PeakuunoHu nyT unknuaaumje (E)-xekc-4-eH-1-ona nspadvyHat ca
MP2(f)-SP

MpopavyHn B3LYP wmeTtogom

nokasyjy HaMm pJga KoHdpopmauuja
CeneHoHWjyM-joHa, HacTanor Hanagom PhSe™ rpyne Ha cynctpart 2, (paBopusyje

cTBapahe nupaHckor npomussoga. Pactojakbe namehy KnMceoHuKa XMOPOKCUIMHE
rpyne n C4 atoma je 3a 0,11 A Behe Hero wTo je yoarseHoct O—-C5 (O-C4: 2,91
A; 0-C5: 2,80 A, npunor). Y npenasHum ctakuma TS-E1 n TS-E2 gonasu go
CcKkpahuBama pacTtojarta nameny kmceoHuka n C4- n C5-atoma, rge 3a npenasHo
ctawe TS-E1 pactojanrse O—C4 nsHocm 2,08 A (O-C5: 2,86 A; crivka 12), a 3a
npenasHo ctawe TS-E2, ygarseHoct O—C5 nsHocm 2,15 A (0-C4: 2,72 A; cruka

12). Hewrto kpaha O-C4 Be3a y npenasHom ctawy TS-E1 BepoBaTHO je
0OOroBOpHa 3a OCTBapuBahe

HWKEe aKTMBauuoHe eHepruje W JopaTHe
ctabunusaumnje oBor npenasHor ctawa. lNpn popmmparwy npounssoga THP-tuna

aonasu go ocnobahawa eHeprunje oa 24,9 kcal/mol, gok 3a npoussog THF-Tuna

oHa mn3Hocu 15,4 kcal/mol. HajsHauajHMje 3a TOK OBe peakuuje jecte 4mweHuua
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Aa je nupaHcku npoussof 3a 50% ctabunHmju og dyparckor, npema MP2(f)-SP
npopadyHuma (THP= —-12,5 kcal/mol; THF= —-8,5 kcal/mol; cnuka 12). Ha ocHoBy

OBUX pes3yntata MOXeMO 3aKkibyuyuTu fga je uuknusaumja (E)-xekceHona

TEPMOANHAMUYKN KOHTPOIIMCaHa peaKLu/lja.

TS-E1 TS-E2

Cnuka 12. CTpyKkType npenasHux ctakwa npu umknudaumjy (E)-xekc-4-eH-1-ona
napadyHate ca B3LYP/6-311+G**
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Lokmopcka ducepmauuja EkcnepumeHmarnHu deo

OnwTe HanomeHe

3a peakumje cy kopuwheHu komepunjanHu peareHcn PhSeCl n PhSeBr.
(2)- n (E)-Xekc-4-eH-1-0nn Cy CUHTETU3OBAHM MO MOCTYMNKY OMUCaHOM Y
nutepatypu. Pacteapaun (CCly, THF n CH,Cl,) cy npeunwhasaHun n cylieHn no
yobuyajeHum npoueaypama. Peakumnje CuHTE3a UMKIMYHUX eTapa cy n3BoheHe

Ha coBGHOj TemnepaTypu.

KBanutatmBHe wn KBaHTUTaATMBHE aHanu3e BpleHe cy nomohy
xpomartorpadumje Ha Agilent Tehnologies aHannMTU4YkOM racHoO mMaceHoM (MoAen
6890 N; G1530N). KopuwheHe cy cemunonapHe KornoHe nyweHe ca 5%
deHunmeTun-nonudgunokcaHom (HP-5NS). TemnepaTypa KOMnoHe, oCeTIbMBOCT
aetekTopa n 6p3anHa Hoceher raca npunarofaBaHu Cy (OU3NYKUM U XEMUjCKUM

ocobuHama ncnuTuBaHux cynctaHum. Kao Hocehu rac ynotpebrbeH je xenujym.

'H- u 3C-NMR-Cnektpu cy chumanu y CDCls (y3 TpUMETUNCUNaH Kao

ctaHgapa) Ha Varian Gemini 200 MHz NMR cnektpomeTpy.

IR-Crnektp ¢y cHumanHun Ha Perkin-Elmerov-oBom (Mopgen 197)

cnektpodpoTomeTpy. CyncraHue cy CHUMaHe Kao ounm.

3a xpomaTtporpadumjy Ha TaHkom cnojy (TLC) kopuwheHe cy cunuka-ren
nnoye (60F-254), a 3a cTy6Hy xpomatorpadwujy je kopuwheH E. Merck cunuka-
ren 60 (senuunHa 3pHa 0,063-0,200).

KuHeTunyka mepemnsa cy BpLueHa crnektpodoTtomeTpujcku kopuctehun UV-vis
Perkin Elmer Lambda 35 cnektpodotomeTap onpemsbeH ca henujom 3a
TepmocTaTupane. KuHeTnyka mepera Ccy BpLueHa Ha 3 pasnuunte Temnepartype
(288, 298 n 308K). TemnepaTypa peakuMOHe CMece je KOHTponuicaHa ca

TayHowhy 0,1 °C.
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1. CuHTe3a UMKNU4YHUX eTapa heHunceneHoetTepmudpukaymjom

(2)- v (E)-xekc-4-eH-1-ona

1.1 ®eHunceneHoeTepudmnkaumje 6e3 npucycrea agutTmaa

Peakuuje cy nssoheHe ca 1 mmol ankeHona 1 1 2 (0,1 g) pactBopeHor y 5
cm?® cyBor auxnopmetaHa y 6anoHy og 50 cm® koju je cHag6eBeH MarHeTHOM
MewanuuoM. Y peakuuoHun 6anoH gogat 1,1 mmol yBpctor PhSeX (PhSeCl:
0,212 g; PhSeBr: 0,260 g) u peakuMoHa cmeca MelaHa je Ha COBHOj
TemnepaTypn [0 3aBplieTka peakuyuje. ToK W Kpaj peakuuja npaheH je
XpomaTorpadumjom Ha TaHKOM Crojy, Kao U BU3yernHo, NpoMeHOM Boje peakumoHe
cmece. Y peakumjama ca PhSeCl npaheHa je npomeHa 60je u3 HapaHyacte y

CBETNO XyTy, a y cny4vajy PhSeBr 13 tTamHo upBeHe y XyTy.

Mo 3aBpLUETKY peakuuje peakuynoHa cMmeca je npeyvwhaBaHa ncnvpawem
ca Bogowm, 3acuheHmm pactesopom NaHCO3, na 3aTMum noHoBo BogoM. OpraHcku
cnoj je cyweH ca aHxugpoBaHum NapSO4, HakoH 4era je npousBOA
KOHUeHTpoBaH. [Npeunwhasake 1 n3onoBawe NPON3BOAaA je BPLUEHO Ha KOJTIOHU
NMyHEHOj Ca CUIMKa refioM, a Kao eyrneHT je kopuwheHn xekcaH (pagn yknamwara
AndpeHnngnceneHmaa), na 3atmm metuneH-xnopua. poussBogn cy okapakTe-

pUcaHn N nOeHTUUKOBAHN HA OCHOBY CreKTpanHUxX nogaTaka.
1.2 ®PeHunceneHoeTepudukaumje y npucycrtesy Lewis-oBux kucenmHa

Peakuuje cy nssoheHe ca 1 mmol ankeHona 1 n 2 (0,1 g) pactBopeHor y 5
cm?® cyBor guxnopmetaHa y 6anoHy og 50 cm® koju je cHag6eBeH MarHeTHOM
mMewanuuoM. 3atnm ce y peakunonn 6anoH gogaje 1,1 mmol yuspctor PhSeX
(PhSeCl: 0,212 g; PhSeBr: 0,260 g). Oamax 3atMm y peakumoHn 6anoH
ponasaHe cy katanutmdke 0,1 mmol (SnCly: 0,019 g) wnu ekBumonapHe
konuuunHe, 1 mmol, Lewis-oBux kucenuna (SnCly: 0,19 g; AlCIs: 0,133 g; CoCly:

0,065 g) n peakumoHa cmeca je oCTaB/beHa fa ce mella Ha coBHOj TemnepaTypum
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0O 3aBpweTka peakumje. [llocTynak npeyvwhaBawa peakumoHe cMmece U

N30M0BaHa LNKIIMYHNX NPOon3Boaa MOEHTUYaH je ca noctynkom 1.1.
1.3 ®eHnnceneHoeTepudukauymje y npucyctBy Lewis-oBux 6asa

Peakuuje cy nssoheHe ca 1 mmol ankeHona 1 n 2 (0,1 g) pactBopeHor y 5
cm?® cyBor auxnopmetaHa y 6anoHy og 50 cm® koju je cHag6eBeH MarHeTHOM
mMewanuuoM. 3atum ce y peakunoHun 6anoH gogaje ce 1,1 mmol uBpctor PhSeX
(PhSeCl: 0,212 g; PhSeBr: 0,260 g). Oamax 3atMm y peakumoHn 6anoH
ponasaHe cy katanutudke 0,1 mmol (Py: 0,0079 g) nnun ekBumMonapHe KOSiMyunHe,
1 mmol, Lewis-oBux 6a3a (Py: 0,079 g; EtsN: 0,101 g; Qui: 0,129 g BiPy: 0,156
d) U peakumoHa cMmeca je OCTaBibeHa Aa ce Melwa Ha cobHoj TemnepaTypu Ao
3aBpLUeTKa peakumje.

Mo 3aBpLUETKY peaKkunje peakunoHa cmeca je npednwhasaHa ncnuparwem
ca oko 5 cm® 1 M HCI (pagu yknarata goaate 6ase), 3acheHM pacTBOpoM
NaHCOg3, na 3atum noHoBO BOAOM. [larbu MOCTynak wn3onoBara LMKINYHUX

npou3Boga MAeHTUYaH je ca NOCTYMNKOM OnNncaHoM y rnornassby 1.1.

2. KuHeTn4yka mepema

3a ogpehvBare BpeaHOCTN KOHCTaHTM Bp3nHa peakumja U akTUBaLMOHUX
napameTapa y peakumjama uumknusaumja (Z2)- u (E)-xekc-4-eH-1-ona, y3 nomoh
komepuujanHo goctynHux PhSeCl n PhSeBr, kopuwheHa je koHBeHUMOHanHa
KMHeTMYKa mMeToda, rge Cy peakuumje nocmartpaHe kao peakuumje rceydo-npeor
pega.'™® Peakunje cy nocmaTtpaHe Kao peakuuje HykneogurHe cynctutyuuje
XMApPOKcurHe rpyne Ha C-aTtomy TpoudnaHor npcTeHa y CeneHoHujym-joHy. 3a
ogpehuBarbe akTBaUMOHMX NapameTapa U peakuMoHOr MexaHu3Ma peakuuje cy
npaheHe Ha Temnepatypama of 288, 298 wn 309K, gok cy wucnutuBawa

KaTalIMTUYKNX aKTUBHOCTU pPa3NMUYNTUX agnTtmBa paheHa Ha Temnepatypu on
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288K. PactBopu peakTaHaTta cy npvpemMaHu MepereM NpeTxogHO napadvyyHaTux
KOMMYMHA CynCTaHUM U HUXOBUM pacTBapaweMm y oaroapajyhem pacrtsapady
(CClg nn THF). Y kBapuHy KMBeTYy NpBO je goAaBaHa oapeheHa 3anpeMuHa
pactBopa akroxosa (ankeHon 1 unu 2), na 3atum pacTteop katanusatopa (EtsN,
Py, Bipy, Qui nnn CoCly) 1, Ha Kpajy, peakuuwja je vHuUMpaHa AofaBar-eM
pactBopa peareHca PhSeX (X = CI, Br). Tokom cBux ekcnepuMmeHaTa KOHLEH-
Tpaumja PhSeX je 6una koHctaHTHa (1x10™* M), nok cy kopuiiheHe KOHLEH-
Tpaumja ankoxona og 2,5x107%, 2,0x107°, 1,5x10™ un 1,0x10° M. Kapa je
KOHUEeHTpaumja ankoxona dévna 5x10* M pa 6u ce oApXKanu ycrosu 3a peakuuje
rnceydo-npBor pega (KoOHUeHTpaunja ankoxona je ysek mopana ga 6yae 6ap 10
nyTta sBeha of koHueHTpauunje PhSeX), koHueHTpaumja PhSeX je cHuxeHa Ha 1%
107 M. Y peakuujama y kojuma je aanTve 610 NPUCYTaH, HEroBa KOHLeHTpaLyja

je buna jegHaka KoHueHTpaumju PhSeX.

HakoH npetxogHo ofpeheHe pagHe TanacHe [AyXUHE, CHUMarbeM
cnekTapa npomeHe ancopbaHue peakuMoHe cMece Yy 3aBMCHOCTU Oof, TarnacHe
AyxuHe (600-200 nm) pagun npoHanaxexa MOroAHUX CrekTparnHux npoMeHa u
nocTojakba €BEeHTYanHux M306eCTUYKMX Tadaka, KMHeTMKa OBMX peakuuja je
npaheHa npomeHoM ancopbaHue y 3aBUCHOCTU o BpeMeHa. KoHcTaHTe 6p3nHa
peakunja pseudo-npeor peaa (kops) U3pavyHaTe cy npema jegHaumHn 1 (Hawwm
pagoBwu), AOK Cy KOHCTaHTe Bp3nHe ANPEKTHE M KOHKYPEHTHE peakumje ogpeheHe
M3 nuHeapHe 3aBUHCOCTU Kgps OO KOHUEHTpauuje ankeHona. WapauyHate
KOHCTaHTe 6p3nHe pseudo-npBor peda npeacrasrbajy cpearwy BpeaHoCT o4 2 Ao
5 He3aBUCHUX KMHETUMYKMX Meperba. 3a obpagy ekcnepuvMmeHTanHux nopartaka

kopuwheHu cy nporpamn Microsoft Excel n Origin 7.1.

BpegHocT eHeprunje aktusuparwa E, ogpehyje ce nomohy Arrhenius-ose

jeoHaumHe.

k =k,exp(-E,/RT) (1)
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Yy KOjoj je k koHCTaHTa Gp3vHe xemujcke peakumje, Ko daktop yyectaHoctu, R
racHa KoHcTtaHTa n T TemnepaTtypa Ha Kojoj je ogpeheHa BpeAHOCT KOHCTaHTe

6p3uHe. JloraputmoBareM jegHaudnHe 1 pobwuja ce nspas 2:
Ink =Ink, —E,/RT (2)

y KOMe NocToju nnHeapHa 3aBucHocT Ink og 1/T. OBa 3aBUCHOCT je niMHeapHa y
yxem TemnepatypHom uHTepBany of 30—40 °C. To 3Hauu ga ce no3HaBaweM
BPEAHOCTUN KOHCTaHTe Bp3nHe XxeMnjcke peakumje 3a HajMarwe Tpu Temnepartype,
rpadnyknm nNyTemMm Moxe oapeauTy BpeaHocT unaHa —E /R, ogHocHo, BpegHocCT

eHepruje akTueaumje 3a nsyvasaHy peakuujy.

MNpomMeHa eHTannuje aktuBmpara AH” ogpehyje ce us jegHaunHe 3.
AH" = E, + RT (3)

BpeaHocT AS” oapehyje ce Ha ocHoBY Eyring-oBe jeaHauvHe 4:

RT [ AG®
k= ﬁexr{_ RT J
(4)

C 0631pom Ha To aa ce npoMeHa crobogHe eHeprje AG™ Moxe 1M3pasnTu
Npeko MPOMEHE eHTannuje akTMBupawa U NPOMEHE EHTPOMuje aKTUBMpaHAa,

jeAHa4nHa 5:

AG* = AH* - TAS® (5)
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3aMeHoM Yy u3pasy nobuja ce jegHa4vmHa 6:

RT AS” AH”
k=— - 6
e e @

JloraputmoBaneM jegHaumHe 6 gobuja ce nspas 7:

Nh) R RT

5
VY
N =
N———

I

ln( R j+ AS® AH” @

Ha ocHoBy n3pasa 7 BMAMMO Aa nocTtoju nmHeapHa 3asucHocT In(k/T) og 1/T, Tj.
rpacmykn Ha OCHOBY OBe jeaHauynHe u3 Harmba [obujeHe npaee oapehyje ce
BPEOHOCT NpoMeHe eHTannuje akTueupawa (AH”), a u3 oacevka npase

nspadyHaBa ce BPeQHOCT NPOMeHe eHTponuje akTuempama (AS™).

3. KBaHTHO-XeMMjCKM npopayvyHu

CBe CTpykType cy KOMMNeTHo onTummsoBaHe nporpamom B3LYP/6-
311+G**,""® 1 okapakTepucaHe Kao CTPYKType ca MUHUMYMOM eHepruje W
eHeprunje npenasHor ctakba NnoMmohy nspadvyHaBsara BUOpaumnmoHnx eHeprmja. Kako
DFT npopayyHu nMajy Heka orpaHuuera, 2’ eHepruje cy 4oAaTHO mapadyHaTe
kopuctehn MP2(fc)/6-311+G** npopavyHe (MP2(f c)/ 6-311+ G** //B3 LYP/6 -31
1+G** + ZPE-(B3LYP/6-311+G**).'*' MakeT nporpama Gaussian 03'?? kopuwuheH
je 3a npopadyHe.
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Tabena N.1.

KoHcTaHTe 6p3nHa peakuuwja pseudo-npeBor pena, Kops, Kao yHKUMje of
KOHLUeHTpauuje ankeHona Ha 288, 298 un 308K 3a peakuuje nsmehy PhSeCl u (2)-
xekc-4-eH-1-ona y THF kao pacTtBapayy 1 oACyCTBY M NPUCYCTBY NUpUAMHA.
(Cehsect = 1 x 107 M)

(Z2)-xekc-4-eH-1-on (2)-xekc-4-eH-1-on n nupuavH

A =245 nm A =246 nm

T(K) 107 Cu/M 107 Kopsa /5™ T(K) 107 Co/M 107 Kopsg /5™

288 05 0,72(2) 288 0,5 0,80(2)
1,0 1,28(3) 1,0 2,16(5)
1,5 1,74(4) 1,5 2,80(4)
2,0 1,28(3) 2,0 3,85(3)
2,5 2,58(2) 2,5 4,74(4)

298 05 1,00(4) 298 0,5 1,10(5)
1,0 1,69(3) 1,0 2,26(4)
1,5 2,24(4) 1,5 3,50(3)
2,0 2,96(2) 2,0 4,46(4)
2,5 3,64(3) 2,5 5,61(4)

308 0,5 1,54(4) 308 0,5 2,05(4)
1,0 2,35(3) 1,0 4,00(3)
1,5 3,32(3) 1,5 5,00(3)
2,0 4,30(3) 2,0 7,00(4)
2,5 5,20(2) 2,5 8,81(4)
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Tabena N.2.

KoHcTaHTe 6p3nHa peakuuwja pseudo-npeBor pena, Kops, Kao yHKUMje of
KOHUeHTpaumje ankeHona Ha 288, 298 n 308K 3a peakuuje nameny PhSeBr un
(2)-xekc-4-eH-1-ona y THF kao pacTtBapa4y u o4cycTBy WU NpUCyCTBY NUpUAnHA.
(Cehsesr = 1 x 107 M)

(Z2)-xekc-4-eH-1-on (2)-xekc-4-eH-1-on n nupuavH
A =250 nm A =251 nm
T(K) 107 Cu/M 107 Kopsa /5™ T(K) 107 Co/M 107 Kopsg /5™
288 0,5 0,35(3) 288 0,5 0,28(5)
1,0 0,44(4) 1,0 0,49(3)
1,5 0,57(4) 1,5 0,64(3)
2,0 0,68(3) 2,0 0,96(3)
2,5 0,82(3) 2,5 1,21(4)
298 0,5 0,49(4) 298 0,5 0,37(4)
1,0 0,70(3) 1,0 0,74(3)
1,5 0,87(3) 1,5 1,00(3)
2,0 1,10(4) 2,0 1,30(4)
2,5 1,30(4) 2,5 1,80(3)
308 0,5 0,78(4) 308 0,5 0,6(5)
1,0 1,10(3) 1,0 1,1(4)
1,5 1,37(3) 1,5 1,7(3)
2,0 1,80(4) 2,0 2,4(4)
2,5 2,08(3) 2,5 2,8(4)
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Tabena N.3.

KoHcTaHTe 6p3nHa peakuuwja pseudo-npeBor pena, Kops, Kao yHKUMje of
KOHUEeHTpaumje ankeHona Ha 288, 298 n 308K 3a peakunje namehy PhSeCl un
(E)-xekc-4-eH-1-ona y THF kao pactBapayy 1 0acycTBY 1 NPUCYCTBY NUPUOUHA.
(Cehseci = 1107 M)

(E)-xekc-4-eH-1-on (E)-xekc-4-eH-1-0n  NnUpuAnH
A =245 nm A =245 nm
T(K) 107 C./M 10 Kopsq /™ T(K) 10 C,/M 10 Kopsg /S
288 0,5 0,57(5) 288 0,5 0,84(4)
1,0 1,02(4) 1,0 1,84(4)
1,5 1,46(4) 1,5 2,47(4)
2,0 1,88(3) 2.0 3,49(5)
25 2,12(3) 25 4,11(4)
298 0,5 1,58(4) 298 0,5 1,2(5)
1,0 2,01(4) 1,0 2,5(5)
1,5 3,00(3) 1,5 2,9(4)
2,0 3,70(4) 2,0 4,3(4)
2,5 4,00(5) 25 5,3(4)
308 0,5 5,4(4) 308 1,0 4,0(5)
1,0 5,7(5) 1,5 5,2(4)
1,5 6,7(5) 2,0 6,8(4)
2,0 7,8(5) 25 8,4(4)
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Tabena N.4.

KoHcTaHTe 6p3nHa peakuuwja pseudo-npeBor pena, Kops, Kao yHKUMje of
KOHUeHTpaumje ankeHona Ha 288, 298 n 308K 3a peakuuje nameny PhSeBr un
(E)-xekc-4-eH-1-ona y THF kao pactBapayy 1 oacycTBY 1 NPUCYCTBY NUPUOUHA.
(Cehsesr = 110 M)

(E)-xekc-4-eH-1-on (E)-xekc-4-eH-1-0n  NnUpuAnH

A =250 nm A =251 nm

T(K) 107 C./M 107 Kopsa /8™ T(K) 102 C./IM 107 Kopsa /8

288 0,5 0,33(5) 288 0,5 0,14(5)
1,0 0,40(5) 1,0 0,28(4)
1,5 0,46(5) 1,5 0,38(4)
2,0 0,57(4) 2,0 0,53(4)
2,5 0,63(4) 2,5 0,65(5)

298 0,5 0,42(4) 298 0,5 0,20(5)
1,0 0,55(4) 1,0 0,39(4)
1,5 0,67(4) 1,5 0,59(4)
2,0 0,81(4) 2,0 0,79(4)
2,5 0,91(5) 2,5 0,98(4)

308 0,5 0,68(5) 308 0,5 0,41(5)
1,0 1,1(4) 1,0 0,75(5)
1,5 1,2(5) 1,5 1,10(4)
2,0 1,4(4) 2,0 1,10(4)
2,5 1,7(4) 2,5 1,72(5)
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Ta6Gena I.5.

KoHcTaHTe 6p3nHa peakuuja peHnncenerHoetepudukaumje (2)- n (E)-xexkc-4-en-
1-ona ca PhSeCl y THF-y Ha 288 K y npucyctBy Lewis-oBux 6a3a n CoCl; kao
Lewis-oBe kucenuHe.

(Cehseci = 110" M)

(Z2)-xekc-4-eH-1-on (E)-xekc-4-eH-1-on

6asa 10° C./M 107 Kopsq /S 6asa 10° Ca/M  10° Kopsq /s

EtsN 0,5 1,35(2) EtsN 0,5 1,05(5)
1,0 2,57(5) 1,0 2,30(4)
1,5 3,80(2) 1,5 3,40(4)
2,0 5,07(4) 2,0 4,40(4)
2,5 6,50(4) 2,5 5,50(3)

Qui 0,5 0,76(4) Qui 0,5 0,65(5)
1,0 1,51(4) 1,0 1,42(3)
1,5 2,50(4) 1,5 2,20(4)
2,0 3,10(4) 2,0 2,91(4)
2,5 3,90(3) 2,5 3,48(4)

Bipy 0,5 0,56(3) Bipy 0,5 0,7(2)
1,0 1,45(4) 1,0 1,2(5)
1,5 2,40(4) 1,5 2,2(4)
2,0 2,80(4) 2,0 2,6(4)
2,5 3,50(4) 2,5 3,3(5)

CoCl, 0,5 1,3(3) CoCl, 05 0,68(3)
1,0 2,0(2) 1,0 1,6(2)
1,5 3,3(2) 1,5 2,3(2)
2,0 4,1(2) 2,0 2,8(2)
2,5 5,5(2) 2,5 3,8(2)
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Ta6ena I1.6. KoHcTaHTe Gp3mHa 1 akTMBaUMOHN napameTpu 3a peakuuje nameny PhSeX un (2)- n (E)-xekc-4-eH-1-ona y
NPUCYCTBY N OACYCTBY KaTanuMTuykux KonuuunHa nupmaunHa y CCly kao pactBapady Ha Temnepartypama og 288, 298 n 308

K.
PhSeCl PhSeBr
T(K) Anm) Kk, (M's™ ki (s AH? (kM) AS* (JK'MT)  A(m)  k, (MTsT) ki (s AH (kIM™") ASF (JK'MT)
288 0,93+0,03 (0,6 +0,09) x 10* 0,236 £ 0,008 (1,63 +0,08) x 10™
(Z)-xekc-4-en-1-on 298 245 1,31+0,03 (3,1+0,4)x 10™ 22,9 -166 250 0,404 +0,009 (1,76 +0,02) x 10 35,5 -134
308 1,85 0,03 (5+£2)x 10™ 0,66 £0,03 (1,84 +0,05)x 10
. ot 288 1,9+0,1 - 0,47 + 0,03 -
( )an“‘;pMZZH ©ON 208 246 2241005 (0,9+0,6)x 10 17,8 -178 251 068+0,04  (0,3+0,2)x 10* 30,1 147
308 33%0,2 (1,0£0,6)x 10™ 1,14 £0,05 (0,6 +0,3) x 10
288 0,79 0,05 (8,2+0,2)x 10 0,153+ 0,007 (2,8 +0,1)x 10
(E)-xekc-4-en-1-on 298 245  1,3+0,1 (9,0 0,4) x 10* 23,7 -164 250 0,248+0,007 (2,9+0,1)x 10* 38,8 -126
308 1,6+0,3 (9,4+0,9)x 10 0,47 £0,05 (3,10 + 0,05) x 10
c pot 288 1,64 + 0,08 - 0,254 + 0,008 -
( )_);e.:;;w.ﬁ;;. 7 208 245 2002  (04:02)x10° 19,7 -172 251 0,392+0,002 (0,4 +0,1)x 10 32,1 -145
308 3,0+0,1 (0,9+0,7) x 10" 0,65 + 0,01 (0,7+0,2) x 10™
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PesyntaTtn uctpaxusama ca nporpamom Gaussian 03 : eHepruje: MP2(fc)/6-
311+G**, monekyrncke ctpyktype B3LYP/6-311+G**

Cyclization of (E)-hex-4-en-1ol:

T\1\FAU-RRZE-W0713\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\18-Jun-
2011\

O\W#P guess=read geom=checkpoint MP2(fc)/6-311+G** Name=Puchta\\PhSe-Addukt an E
-hex-4-en-1-ol...NH3 Konformer Il \\1,1\C,0,0.2721248846,0.0121828244,-0.025257
3366\C,0,-0.1328859702,0.013928649,-1.4932569383\C,0,-0.1701911456,1.4179581697,
-2.1490476459\C,0,-1.3787193459,2.2006448584,-1.7130773858\C,0,-1.3974330043,3.1
353823361,-0.6120344445\C,0,-2.5945959302,3.3148418911,0.2734192671\0,0,-0.64614
62925,0.7936774902,0.7301671776\H,0,1.2926121031,0.4102868418,0.0770047205\H,0,0
.2866912123,-1.023696401,0.3343989048\H,0,-1.1047048312,-0.4771549995,-1.6067738
975\H,0,0.5911602556,-0.5858616923,-2.0530210453\H,0,-0.2091619158,1.2883585703,
-3.2338512428\H,0,0.7479996281,1.9616755702,-1.9136596934\H,0,-2.3390861318,1.75
83076328,-1.9700588628\H,0,-0.432048721,3.3836380089,-0.18528276\H,0,-2.53182610
17,2.5339984318,1.037195608\H,0,-3.5356738067,3.1857925338,-0.2651217272\H,0,-2.
5922160426,4.2890654603,0.7627844688\H,0,-0.5918340793,0.5246571443,1.6793653113
\Se,0,-1.5490163951,4.1966483598,-2.4309451525\C,0,0.2907689383,4.6610349073,-2.
8040159957\C,0,0.8291145058,4.2927768026,-4.0395090852\C,0,2.1186029203,4.709712
2249,-4.3641526968\C,0,2.850925647,5.4851698536,-3.4666756934\C,0,1.0081119617,5
.4523811832,-1.9036289019\C,0,2.2974414069,5.8564268823,-2.2412193088\H,0,0.2567
339923,3.6984777028,-4.7415082106\H,0,2.546031519,4.4307465148,-5.319757427\H,0,
3.851994529,5.8086190319,-3.7257058088\H,0,0.5720397836,5.7608269625,-0.96117746
59\H,0,2.863533539,6.4700888133,-1.5507824667\N,0,-0.523220835,-0.051348826,3.43
80335675\H,0,-0.7426002416,0.6946174007,4.0935314843\H,0,-1.199557584,-0.7926480
516,3.60415586\H,0,0.3847369883,-0.4185575624,3.7122373532\\Version=EM64L-G09Rev
A.02\State=1-A\HF=-2995.0923291\MP2=-2997.3463084\RMSD=3.388e-09\PG=C01 [X(C12H2
ON101Se1)N\@

NT\N\FAU-RRZE-W0101\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se 1(1+)\PUCHTA\20-Jun-
2011\

O0\W#P Name=puchta RMp2(fc)/6-311+G** guess=read geom=checkpoint\PhSe-Addukt an
E-hex-4-en-1-ol...NH3 ts? 5-Ring Freq: RB3LYP/6-311+G**\\1,1\C,0,-1.7058541128, -
1.9810273298,0.1833666811\C,0,-0.5736262797,-1.9183297939,-0.8283193233\C,0,-0.0
339519276,-0.4749688381,-0.8225652459\C,0,-1.1613288998,0.4894999975,-1.00372973
42\C,0,-1.2732890444,1.7636943477,-0.3063191413\C,0,-2.6450987888,2.4122582253, -
0.2357759092\0,0,-2.4931153742,-0.8073524094,-0.0682660454\H,0,-1.3224179405,-1.
9659354421,1.2096103173\H,0,-2.3238138435,-2.8725961737,0.0456604613\H,0,-0.9489
480668,-2.1723038403,-1.8236002443\H,0,0.2219585119,-2.6246037845,-0.5849083283\
H,0,0.6740015081,-0.3541585458,-1.647810624\H,0,0.5051730502,-0.2600866887,0.103
360269\H,0,-1.7680165946,0.379756157,-1.8956667663\H,0,-0.7220856871,1.799788532
5,0.6310095479\H,0,-3.2849351762,1.8416002149,0.4417043059\H,0,-3.1329539248,2.4
389605754,-1.2132078566\H,0,-2.5681926298,3.4334894876,0.1386669477\Se,0,-0.1502
725657,2.7690847088,-1.6946002767\C,0,1.6495854479,2.4679189661,-1.0629920917\C,
0,2.5628125501,1.8468912765,-1.9207667743\C,0,3.8910546613,1.7032404124,-1.52061
01545\C,0,4.2988902942,2.1660826967,-0.2714735234\C,0,2.0595197319,2.9546546717,
0.1827802019\C,0,3.3839548687,2.7896317921,0.5785878608\H,0,2.247108165,1.492831
3979,-2.8951806566\H,0,4.6035442801,1.2314885273,-2.1869338618\H,0,5.331352094,2
.0524259676,0.0369798857\H,0,1.3615175361,3.473804973,0.8289877644\H,0,3.7062378
982,3.1658615395,1.5424042706\N,0,-4.2634573714,-0.4370801456,1.9840355257\H,0,-
5.1480570372,-0.1021118656,1.607751695\H,0,-4.456177481,-1.3510172372,2.38903418
48\H,0,-4.024717562,0.1756727251,2.7604632317\H,0,-3.1049513199,-0.5988119079,0.
7064459473\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.0831942\MP2=-2997.335263
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5\RMSD=5.988e-09\PG=C01 [X(C12H20N101Se1)\@

T\N\FAU-RRZE-W0101\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se 1(1+)\PUCHTA\18-Jun-
2011\

O\W#P RMP2(fc)/6-311+G** Name=Puchta guess=read geom=checkpoint\PhSe-Addukt an
E-hex-4-en-1-0l...NH3 5-Ring Freq:B3LYP/6-311+G**\\1,1\C,0,-2.9298200347,0.33060
69592,-1.1868122926\C,0,-2.469620655,-0.9339348911,-0.4786345173\C,0,-0.95356334
1,-0.7203245792,-0.3810395927\C,0,-0.5746913393,-0.0333810881,-1.6970417601\C,0,
0.5475013594,0.9966793175,-1.6327387\C,0,0.722600491,1.7958361492,-2.9244712418\
0,0,-1.8495968729,0.6382313262,-2.1252931063\H,0,-3.0347957975,1.1768619432,-0.5
040282784\H,0,-3.8521333982,0.2175606224,-1.7606411587\H,0,-2.7045583771,-1.8176
804956,-1.0785037596\H,0,-2.9420795949,-1.0531259884,0.4970488592\H,0,-0.4029062
072,-1.6498596934,-0.2471799048\H,0,-0.7116599414,-0.0706770428,0.4632912261\H,0
,-0.3550089338,-0.770902694,-2.4760560214\H,0,0.3820409409,1.6728577068,-0.79243
89135\H,0,-0.1781521423,2.3790897543,-3.1414679688\H,0,0.9443752096,1.1412424706
,-3.7757915144\H,0,1.5514811604,2.4984708661,-2.8344850774\H,0,-2.1485916935,0.8
049363197,-3.497223725\Se,0,2.2937942187,0.0648285745,-1.2668204467\C,0,2.267276
5182,-0.036928677,0.6722840643\C,0,2.303983376,-1.2903886694,1.2878742664\C,0,2.
3596930461,-1.3774675468,2.6791973147\C,0,2.364639804,-0.2198074929,3.4542842048
\C,0,2.3002922669,1.1262872752,1.4470479427\C,0,2.3331059565,1.0306959123,2.8369
410744\H,0,2.2964633772,-2.1920537525,0.6869429446\H,0,2.397614969,-2.3511244844
,3.1541278921\H,0,2.4051818806,-0.2901035202,4.5349060873\H,0,2.3205268027,2.100
253669,0.9720701677\H,0,2.3572791874,1.9338012374,3.4359865617\N,0,-2.3766647166
,0.9889211399,-4.5968233558\H,0,-1.50578208,1.1490665477,-5.105256402\H,0,-2.857
0811736,0.1916654894,-5.015693225\H,0,-2.9653425554,1.816661985,-4.7014391836\\V
ersion=EM64L-G09RevA.02\State=1-A\HF=-2995.1022873\MP2=-2997.3622219\RMSD=2.289%¢
-09\PG=C01 [X(C12H20N101Se1)N\@

T\1\FAU-RRZE-W0221\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\20-Jun-
2011\

O\W#P RMP2(fc)/6-311+G** Name=Puchta guess=read geom=checkpoint\PhSe-Addukt an
E-hex-4-en-1-0l...NH3 6-Ring ts Freq: RB3LYP/6-311+G**\\1,1\C,0,1.2869203504,-0.
2368364621,0.3134352196\C,0,-0.1456960583,0.1055314642,-0.0964007043\C,0,-0.3848
927509,1.6173213354,-0.3482446094\C,0,0.5265340631,2.4857056064,0.502826917\C,0,
1.9035912685,2.6340654144,0.0603107449\C,0,3.0638057625,2.865731703,0.9716989502
\0,0,2.2043488799,0.5634036288,-0.449046969\Se,0,0.2474998943,4.5146973177,0.354
8819047\C,0,-0.3138987372,4.7206872784,-1.4834005571\C,0,-1.6645789361,4.5557731
888,-1.8078550282\C,0,-2.0869402924,4.7928167006,-3.1141425676\C,0,-1.1710810005
,5.197795565,-4.0842736108\C,0,0.6059467502,5.1431154845,-2.4487112307\C,0,0.171
495205,5.3755576457,-3.7517213329\H,0,1.4927826827,-1.2951412797,0.1311827405\H,
0,1.4429788862,-0.0522901254,1.384001236\H,0,-0.8137029157,-0.2558815737,0.69052
6729\H,0,-0.4102023962,-0.4345040134,-1.0082567962\H,0,-1.4281493513,1.860027754
6,-0.1386116678\H,0,-0.2078043974,1.8489436032,-1.3997371291\H,0,0.4287112547,2.
3091540553,1.5742696593\H,0,2.0490042547,2.7972065352,-1.0001232213\H,0,-2.37988
63409,4.260563277,-1.0502385807\H,0,-3.1327336434,4.6697917668,-3.3695137599\H,0
,-1.5055795404,5.385965882,-5.0975866189\H,0,1.6441645253,5.3046483855,-2.185125
3882\H,0,0.8797568775,5.7052467522,-4.5025912289\H,0,3.957864313,2.4016056717,0.
553878176\H,0,3.2751356957,3.9350690837,1.0521247107\H,0,2.8812921108,2.47422605
07,1.9734790003\N,0,4.6892646636,-0.6293249965,-0.4758137544\H,0,5.3512796803,-0
.120213566,-1.0573993412\H,0,5.1519756181,-0.795289602,0.4151143052\H,0,4.571053
4518,-1.5406418101,-0.9136031329\H,0,3.1288719123,0.1729482279,-0.4054897938\\Ve
rsion=EM64L-G09RevA.02\State=1-A\HF=-2995.0739869\MP2=-2997.3266175\RMSD=5.450e-
09\PG=C01 [X(C12H20N101Se1)N\@

NT\FAU-RRZE-W0125\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\18-Jun-
2011\
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O\WP RMP2(fc)/6-311+G** Name=Puchta guess=read geom=checkpoint\\PhSe-Addukt an
E-hex-4-en-1-ol...NH3 6-Ring Freq:RB3LYP/6-311+G**\\1,1\C,0,1.6279744571,0.05093
35813,0.4932053246\C,0,0.2499055367,0.1911606247,1.1565693328\C,0,-0.4800690176,
1.4239316097,0.602592694\C,0,0.3120264014,2.6865440286,0.9586608119\C,0,1.832493
913,2.5144234047,0.6954550328\C,0,2.6794768821,2.5232379156,1.9622929769\0,0,2.0
699534368,1.3066313657,-0.0945131609\Se,0,-0.4440404532,4.3671957252,0.163571283
1\C,0,-0.0400953185,4.0938326592,-1.7190330346\C,0,-0.8857606927,3.3309975763,-2
.5353474236\C,0,-0.6296616599,3.2135664355,-3.9030761804\C,0,0.4624636188,3.8710
706594,-4.4729716397\C,0,1.051148967,4.7586078948,-2.2954863113\C,0,1.3014181323
,4.6468128875,-3.6678642146\H,0,1.5934643678,-0.6464698804,-0.3468829649\H,0,2.3
934155885,-0.2997862406,1.188789361\H,0,0.3551849767,0.2867577709,2.2410805949\H
,0,-0.3325988762,-0.7159547283,0.9803391766\H,0,-1.4864971769,1.495434604,1.0170
763588\H,0,-0.5883696375,1.3304732957,-0.4822190943\H,0,0.1641144035,2.900486145
6,2.0205024463\H,0,2.189883058,3.3056780401,0.035405415\H,0,2.2714443742,1.46221
34338,-1.6013937117\H,0,-1.7618833777,2.8582497192,-2.1088550414\H,0,-1.30387035
95,2.6385891083,-4.5278697323\H,0,0.6396341851,3.8082117874,-5.5406379418\H,0,1.
6829139137,5.3892898695,-1.6809583272\H,0,2.1255913954,5.1961394673,-4.110066863
9\H,0,3.7343342091,2.3711552407,1.7244280847\H,0,2.577779452,3.4937111913,2.4542
163098\H,0,2.365834407,1.7576192577,2.6756585067\N,0,2.4387156697,1.6111638856,,-
2.667859163\H,0,2.104645788,2.5463161647,-2.9464963156\H,0,3.4334684073,1.533223
3759,-2.8824462956\H,0,1.9275912987,0.9146134732,-3.2103970229\\Version=EM64L-G0
9RevA.02\State=1-A\HF=-2995.1068608\MP2=-2997.3710927\RMSD=2.131e-09\PG=CO01 [X(C
12H20N101Se1)N\@

Cyclization of (Z)-hex-4-en-10l:

T\N\FAU-RRZE-W0207\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se 1(1+)\PUCHTA\19-Jun-
2011\

O\W#P RMP2(fc)/6-311+G™** Name=Puchta guess=read geom=checkpoint\PhSe-Addukt an
Z-hex-4-en-1-ol...NH3 Konformer Freq: RB3LYP/6-311+G**\\1,1\C,0,-1.1137145411,2.
4013941845,-0.7677218029\C,0,-1.2248450692,0.8875688445,-0.6590499141\C,0,0.0463
037821,0.1801152797,-0.1144595133\C,0,0.4574293393,0.7148901404,1.2298119019\C,0
,-0.1672268757,0.3750401608,2.4920154335\C,0,-1.3464020757,-0.5387591059,2.64304
19254\0,0,-0.922686847,2.9365568435,0.535206668\H,0,-2.0338035226,2.7910014628,-
1.2204825678\H,0,-0.2794048354,2.6743148225,-1.4311627618\H,0,-1.4246534145,0.46
71971517,-1.6492573094\H,0,-2.0841194461,0.6421135143,-0.028866779\H,0,0.8710152
962,0.331054749,-0.8160997445\H,0,-0.1515775051,-0.8923099754,-0.067167849\H,0,0
.9750309328,1.6658691632,1.2193066504\H,0,-0.0728873379,1.1311312387,3.266120543
2\H,0,-1.401778526,-0.9491122314,3.6519531439\H,0,-1.3583734197,-1.3545686852,1.
9217060988\H,0,-2.2451981588,0.0688974529,2.4877941577\Se,0,1.7653553521,-0.4824
493451,2.4462617092\C,0,1.4447018878,-2.2973681585,1.8710596031\C,0,1.9405601264
,-2.7183582554,0.6331481078\C,0,1.8225572895,-4.0606016157,0.2800369902\C,0,1.22
64028303,-4.9665046472,1.1566688581\C,0,0.8620987421,-3.2007673089,2.7648734182\
C,0,0.75079367,-4.5391409289,2.3960013321\H,0,2.4208626734,-2.0193934557,-0.0404
898613\H,0,2.2054317847,-4.3977146647,-0.675741256\H,0,1.1430417322,-6.010257502
2,0.8781902956\H,0,0.5123396436,-2.8741933674,3.7362981835\H,0,0.3023563211,-5.2
477085444,3.0819523235\H,0,-1.0872831912,3.91162219,0.5249411044\N,0,-1.44588303
54,5.7185703701,0.5425556709\H,0,-1.3621748087,6.0718978792,1.4925422209\H,0,-0.
8151172289,6.2726104297,-0.0312464006\H,0,-2.3902145644,5.9366219145,0.234426419
2\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.0871885\MP2=-2997.3424226\RMSD=3.
603e-09\PG=C01 [X(C12H20N101Se1)\@

T\\FAU-RRZE-WO0608\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\20-Jun-

2011\
O\W#P RMP2(fc)/6-311+G** Name=Puchta guess=read geom=checkpoint\PhSe-Addukt an
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Z-hex-4-en-1-ol...NH3 5-Ring ts? Freq: RB3LYP/6-311+G**\1,1\C,0,1.3573447215,0.
6578668932,0.5393765941\C,0,-0.0523898232,0.3881250201,0.032673118\C,0,-1.010226
2098,1.3800488832,0.741401603\C,0,-0.4609945543,2.7768325736,0.7277193274\C,0,-0
.656560225,3.7366487167,-0.3516714879\C,0,-0.8213138727,3.2862092647,-1.78598688
96\0,0,1.5307059575,2.082266521,0.5629911356\H,0,2.1156652115,0.198117059,-0.099
8905164\H,0,1.4923706519,0.2873796753,1.5587680255\H,0,-0.3680713554,-0.63685335
9,0.2404410962\H,0,-0.0968231166,0.5330626508,-1.0493947299\H,0,-1.1586391117, 1.
0663652163,1.7767281603\H,0,-1.9809225752,1.3540605841,0.2411131397\H,0,-0.12169
8133,3.1941466618,1.6646135213\H,0,0.0122577585,4.5908875159,-0.2548322848\H,0,-
1.0877547153,4.1318820166,-2.4210078177\H,0,-1.5840643774,2.5161104051,-1.902592
1899\H,0,0.1294585086,2.8833692748,-2.1484122892\Se, 0,-2.3467883771,4.4986295297
,0.5643501416\C,0,-3.7845337764,3.3968238644,-0.1010501232\C,0,-4.425365585,2.51
71623443,0.7798678763\C,0,-5.5429809486,1.806097509,0.3476917528\C,0,-6.01718075
27,1.9715736407,-0.9527768505\C,0,-4.2705118269,3.5804766576,-1.4011812438\C,0,-
5.3831257457,2.8575549818,-1.8240675307\H,0,-4.0655636982,2.4019920021,1.7951512
003\H,0,-6.0463270146,1.1312666627,1.0298893176\H,0,-6.8894508605,1.4205775182, -
1.2839791036\H,0,-3.8010029805,4.2928556759,-2.0678962378\H,0,-5.7644431493,2.99
98689169,-2.8283101219\H,0,2.1829034346,2.3907368111,-0.1397613706\N,0,3.4760917
609,2.8778466509,-1.1840120674\H,0,3.5217128629,3.8896382831,-1.2831293737\H,0,4
:346580004,2.5971152621,-0.7368722468\H,0,3.4970579132,2.4926481159,-2.125457534
5\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.0760689\MP2=-2997.3309231\RMSD=2.
820e-09\PG=C01 [X(C12H20N101Se )\@

T\N\FAU-RRZE-W0111\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\23-Jun-
2011\

O\WHP MP2(fc)/6-311+G** Name=Puchta guess=read geom=checkpoint\PhSe-Addukt an Z
-hex-4-en-1-ol...NH3 5-Ring Freq:RB3LYP/6-311+G**\\1,1\C,0,-3.4121991164,0.35945
79065,-1.302111573\C,0,-2.262399922,0.3079126732,-2.295349057 1\C,0,-1.090526529,
0.9027419131,-1.495823082\C,0,-1.3298345332,0.466992526,-0.0396375307\C,0,-0.524
4312951,-0.7186368819,0.4985492077\C,0,-0.4863302347,-1.9542204108,-0.3936691568
\0,0,-2.781631348,0.0965577556,-0.009845052\Se,0,1.2867720874,-0.1110023488,1.13
73194568\C,0,2.2863054829,0.124851416,-0.5114867501\C,0,2.5042063163,1.413329695
4,-1.0099821448\C,0,3.2924251945,1.5948205252,-2.145729579\C,0,3.8611260388,0.49
49694724,-2.786178649\C,0,2.8772562834,-0.9763494843,-1.1395756349\C,0,3.6539715
408,-0.788266971,-2.2822040808\N,0,-4.1112390572,0.1813554131,2.1732743999\H,0,-
4.1743549208,-0.4050215354,-1.4569820196\H,0,-3.8811000949,1.3486813317,-1.27277
82597\H,0,-2.4811078649,0.8772251494,-3.199456534\H,0,-2.0585682946,-0.723932345
7,-2.5862044904\H,0,-1.1058305878,1.9930470581,-1.5586691601\H,0,-0.1215841372,0
.5701993355,-1.8631573556\H,0,-0.9586666476,-0.9925993941,1.4671932474\H,0,0.026
0787449,-2.7722618249,0.1139620806\H,0,0.0392609521,-1.7655683968,-1.3314702309\
H,0,2.0704442651,2.2689729703,-0.5064285038\H,0,3.466969642,2.5955417655,-2.5240
677576\H,0,4.4760021933,0.6385612422,-3.6669796198\H,0,2.7472458046,-1.970469913
2,-0.7301848766\H,0,4.11047054,-1.6435287281,-2.7670008976\H,0,-3.5204484149,0.4
96721256,2.9442773768\H,0,-4.9137122412,0.8089857081,2.1054402306\H,0,-4.4500918
843,-0.7575490648,2.3890654816\H,0,-3.5236280984,0.1687732013,1.200934782\H,0,-1
.5010210256,-2.2893639011,-0.6315418016\H,0,-1.218416468,1.3092804066,0.64553439
42\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.0998467\MP2=-2997.3604916\RMSD=3
.308e-09\PG=C01 [X(C12H20N101Se1)N\@

T\1\FAU-RRZE-W0212\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\18-Jun-
2011\

O\W#P RMP2(fc)/6-311+G** guess=read geom=checkpoint Name=Puchta\\PhSe-Addukt an
Z-hex-4-en-1-ol...NH3 ts (6-Ring)? RB3LYP/6-311+G**\\1,1\C,0,2.3103832873,-1.924
6295852,1.0915280435\C,0,1.8578681695,-2.2724896628,-0.3221359887\C,0,0.42928545
67,-1.8006133888,-0.668579206\C,0,-0.5705327032,-2.4051045404,0.3012835727\C,0,-
0.6531051381,-1.9034926416,1.6614313933\C,0,-0.543140698,-0.4806431859,2.0863220
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166\0,0,1.4137635534,-2.5258783046,2.0410797139\H,0,2.3406124969,-0.8367254315,1
.2366418462\H,0,3.3193868712,-2.3120113199,1.2635695584\H,0,1.9259555802,-3.3565
824444,-0.457248161\H,0,2.5575202013,-1.8203946096,-1.0310550451\H,0,0.183153385
3,-2.1278912405,-1.6811918882\H,0,0.3740953598,-0.709804354,-0.6633103482\H,0,-0
.532858214,-3.4940101518,0.2883605805\H,0,-1.0095927437,-2.605011399,2.406621019
5\H,0,-1.5410105545,-0.0679782469,2.2635003348\H,0,-0.0425719147,0.1522304879,1.
3566555767\H,0,-0.0152236577,-0.4313103259,3.0399745165\Se,0,-2.5801314596,-2.11
62448341,0.0189861456\C,0,-2.7525349621,-0.2595334458,-0.4819682913\C,0,-2.28178
62215,0.1939920998,-1.7190962321\C,0,-2.5141886167,1.5144153657,-2.0948951641\C,
0,-3.2297290602,2.368641238,-1.2549984246\C,0,-3.4817092555,0.5893406793,0.35830
73771\C,0,-3.7190052234,1.9051191086,-0.0351752922\H,0,-1.7604210809,-0.47728294
11,-2.3894748207\H,0,-2.1532925554,1.8701779939,-3.0526873285\H,0,-3.4185019671,
3.3912876864,-1.5593211865\H,0,-3.8771742008,0.2230516858,1.2985261001\H,0,-4.29
13382741,2.5625733909,0.6084765757\H,0,1.8057262554,-2.4929098299,2.9642781514\N
,0,2.5661675634,-2.5866432605,4.5475402744\H,0,3.1858217589,-3.3940448391,4.5572
132188\H,0,3.1328290385,-1.78342117,4.8102373857\H,0,1.8988512133,-2.7298125132,
5.3022059757\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.0756512\MP2=-2997.3286
51\RMSD=8.142e-09\PG=C01 [X(C12H20N101Se1)N\@

T\1\FAU-RRZE-W0820\SP\RMP2-FC\6-311+G(d,p)\C12H20N101Se1(1+)\PUCHTA\19-Jun-
2011\

O\WP RMP2(fc)/6-311+G** geom=checkpoint guess=read Name=Puchta\\PhSe-Addukt an
Z-hex-4-en-1-ol... NH3 als 6-Ring Freq:RB3LYP/6-311+G**\\1,1\C,0,2.6319917086,-0.
7299018848,-0.0182713579\C,0,1.5112118774,0.282719626,0.1575593299\C,0,0.1729675
329,-0.2643773908,-0.3734027182\C,0,0.3452440141,-0.7569841377,-1.8113018382\C,0
,1.4651466012,-1.7984830687,-1.9390836575\C,0,1.2394854862,-3.1578436738,-1.2936
681067\0,0,2.7077154074,-1.1779664682,-1.4025824851\H,0,2.494075319,-1.603873536
4,0.6240697389\H,0,3.609193776,-0.2950806416,0.2029605002\H,0,1.7707652895,1.204
9324935,-0.3729572915\H,0,1.4296745667,0.5349213305,1.2190405227\H,0,-0.58382249
8,0.5214593498,-0.3448663454\H,0,-0.1865345502,-1.0716649064,0.270582985\H,0,0.6
343274061,0.0956044645,-2.4344719814\H,0,1.6946633461,-1.9363715928,-2.998450192
6\H,0,0.4523977167,-3.685883367,-1.8302792764\H,0,0.9334733731,-3.0910156488,-0.
249350682\H,0,2.1502665,-3.7592905023,-1.3509989706\Se,0,-1.3386114509,-1.299803
4394,-2.7566581436\C,0,-2.2696953883,-2.4179502868,-1.4676540018\C,0,-2.96023759
95,-1.8390766934,-0.3979201056\C,0,-3.6973330009,-2.6433050679,0.4698614289\C,0,
-3.7717009174,-4.019463226,0.2589246232\C,0,-2.3568024813,-3.7961329188,-1.68713
93784\C,0,-3.1089636882,-4.5928517199,-0.8245313678\H,0,-2.9427137988,-0.7658346
926,-0.2553125471\H,0,-4.2306451125,-2.1902645022,1.2977382807\H,0,-4.3573580067
,-4.6397783734,0.9272645511\H,0,-1.8561538585,-4.2438500967,-2.5374565998\H,0,-3
.1809748116,-5.6593060797,-1.0048458871\H,0,3.9434782102,-1.2496682542,-2.108965
2508\N,0,4.9132311157,-1.2773799261,-2.6872298775\H,0,4.7963861855,-1.8097934558
,-3.5508306593\H,0,5.2089758549,-0.3304752536,-2.9296099688\H,0,5.649193378,-1.7
190175386,-2.1340851594\\Version=EM64L-G09RevA.02\State=1-A\HF=-2995.1019832\MP2
=-2997.3622594\RMSD=2.398e-09\PG=C01 [X(C12H20N101Se1)\@
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N3Boa

Y oKBMpY OBe AucepTauuje n3BpLUeHa Cy AeTarbHa UCNUTUBara KUHETUKE
N MexaHu3Ma WHTpaMmorekyrickux uuknusauuja (Z)- n (E)-xekc-4-eH-1-ona ca
deHuncenennnxanoreHngmma (PhSeCl n PhSeBr) y npucyctBy mn opgcyctsy
Heknx Jlyncoux kucenuHa (SnCly, CoCly, AICl;, CdCl;) n Jlyucosux 6a3sa

(TpmeTmnamuH, 2,2'-6unnupuanH, NUPUONH, XMHOSMH).

Peakumje uuknusaumje oBux cyncTtpata u3BoheHe cy Ha COBGHO]
Temnepatypu y MeTurneH Xxnopuay Kao pactBapadvy npu yemy cy aobujeHu
YMEpPEeHN MNPUHOCU LMKIIMYHUX eTapa Y3 MnojaBy aguuMoHUX MpousBoja.
HopaTtkom JlyncoBux kucenvHa u 6asa kao agutmBa y KaTanUTUYKUM U
€KBUMOSIapHUM KonMyMHama npumeheHo je Oa je peakuuja uumknusauuje
cyncrtpata daBopu3oBaHa y NpuUCycTBY aguTuea Aajyhn rotoBo KBaHTUTaTUBHE
NPUHOCE LMKITMYHNX eTapa, AOK ce NPUHOCKU aguumMoHuX npoussoga kpehy ncnoa
1% y BehuHu cnydajeBa. [lopen yTuuaja Ha NPUHOC LUMKNUYHUX eTapa,
npuCycTBO aguTMBa YTWUY4E W Ha CTEepeOoCeneKkTUBHOCT OBUX peakuuja.
LUnknusaumjom (Z)-xekceHona ca ceBum Jlyncosum 6aszama [OOMUMHAHTHO ce
pobuvja TeTpaxugpodypaHCku eritro-usomep, OOK ce Yy npucyctBy Jlyncosux
KMCcenuHa Kao jeavHu npou3Bod pobuja treo-usomep. Uuknusaumjom (E)-
XekceHona ca Jlyncosum 6asama y BULWIKY ce gobuja TeTpaxmaponupaHCcKn cis-
nsomep, a kopuwhewem nomeyTtux Jlyncosmux kmucenuHa gobuja ce trans-nsomep
y rOTOBO KBaHTUTATUBHUM NpuHocuMa. 3 oBMx pesynTtaTa MoXe ce 3aKiby4uTu
Aa npasunHum ogabupom cynctpata ((£)- wnm (E)-xekceHona) n agutmea
(NMyncosa kucenuHa wnu 6asa) peakunjom deHunceneHoeTepudmrkauymje
MOXEMO UWUbaHO AOOUTN XerbeHW CTepeouM3oMep y CKOPO KBaHTUTATUBHUM
NpMHOCUMA, LITO OBE peakuuje YMHU roTOBO cTepeocneumduyHnM, ca n3y3eTkoM
CUHTE3e TeTpaxuaponupaHCKor cis-u3omepa Koju ce jaBrba y BUWIKY 85:15 y
ofgHocy Ha trans-usomep. Hajborbe pesyntate no nuTawy CENEeKTUBHOCTU WU

npuHoca nokasanu cy SnCl, n EtsN kao agutusu.
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3a oppehuBare BpeOHOCTU KOHCTaAHTM Op3uHa peakumja (k) wn
aKkTUBaLMOHMX NapameTapa npu uvknusaumjy (Z)- n (E)-xekc-4-eH-1-ona, ca
PhSeCl n PhSeBr kao peareHcom, y mpucycTBy W OACYCTBY pPasnuymTumx
aguTMBa, peakuuvje uuMknusauuje npoyvaBaHe Cy Kao peakuuje ricey0o-npBor

penay THF-y n CCl4 kao pacteapaunma y3 nomoh UV-vis cnektpodoTtomeTpuje.

3a ogpehuBakbe akTMBAUMOHMX MapameTapa U peakumoHOr MexaHusma
peakumnje cy npaheHe Ha Temnepatypama of 288, 298 wn 309K, gok cy
UCNUTUBawa KaTanUTUYKUX aKTUBHOCTM pas3nuMunTux agutuea pafeHa Ha
TemnepaTypu of 288K. [lobujeHe BpeaHOCTM 3a eHTpONujy aktmempama (AS”) y
peakumjama namehy PhSeX n (2)- n (E)-xekc-4-eH-1-ona y npucycTsy u oacycTBy
nupuauHa ykasyjy Ha 4YukeHuuy fa ce peakuuje oasujajy no MexaHusmy
Bumonekyncke HykneodunHe cynctutyumnje (Sn2). Pesyntatm 3a BpegHoCTM
KOHCTaHTM Op3nHa peakumja noTBphyjy NpeTnocTtaBky O KaTanMTU4YKOj Yro3u
nMpuanHa, rae ce MOXe youumTu ga Cy CBe peakuuvje y npucycTsy nMpuauHa y
npoceky oko 2 nyTta 6pxe, Hero oarosapajyhe peakuuje 6e3 nupuguHa. Takohe,
peakumje ca PhSeCl kao peareHcom cy u oo 4 nyta 6pxe Hero peakuuje ca
PhSeBr. KoHcTaHTe Gp3nHa peakumja 3aTBapaka netouynaHor npcreHa kog (Z)-
ankeHona Behe cy Hero KOHCTaHTe 6p3vHa peakunja hopmupara LecTouIaHor
npcreHa (E)-n3omepa. McnutmBawa KaTanMTUYKMX aKTUBHOCTM MOMEHYTUX
Nyncosux 6a3a Ha npouec umknusaumje (2)- n (E)-xekc-4-eH-1-ona ykasana cy
Ha YMHeHWUY Aa BPEAHOCTU 3a KOHCTaHTe GasHo-KaTanm3oBaHMX peakuuja y
MHOroMe 3aBuce o npupoe ynoTpebrbeHor katanusartopa, rge kombuHauuja
CTEPHUX N eNeKTPOHCKMX hbakTopa ynoTpebrbeHe Jlyncose 6ase uma ytuuaj Ha

Mepy KaTanutuykor edekra.

NMpumeheHa je nuHeapHa 3aBuMCHOCT u3amelly BpeaHocTu logky 1 pKj
ynotpebrbeHor katanusatopa (Brensted-oBa jegHayvHa), WTO roBopu y npusor
ToMe pga Jlyucose 6Gase ytuyy Ha nosehawe BpeoHOCTM KOHCTaHTM Op3unHa
peakuuja No UCTOM peakuMOHOM MexaHu3my. Beha BpegHocT Harmba npasux f
3a (Z)-usomep rosopu o Behoj oceTrbMBoCcTM 6p3vMHa peakumja Ha 6GasHe

KaTanusaTtope.
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OppehuBakbeM KOHCTaHTM Op3vHa peakuuja UMKnua3auuje y npucycTBy
katanutnyknx konnymHa CoCl, noTBpheHo je katanutnyko aejcteo ose Jlyncose
KMUcenuHe, roe cy peakumje y npucyctsy oBe conu umane Behe BpegHOCTU ki

Hero 6e3 HeHor npucycTaa.

N3Bohewe peakumja umknusaumja y CCls kao meamjymy cy goserne no
nojaBe HWXUX BPEAHOCTM KOHCTaHTU Op3nHa peakuuja umknusaumja. Ha ocHoBy
OBMX pe3ynTata MoOXe Ce 3aKkibyunmTu [a pacTtBapaym Behe MnonapHocTn u
GasHujer kapaktepa mory 6orbe M3BpWUTM CcTabunmsaumjy npenasHor crakwa u
Ha Taj Ha4YMH yTMuaTKM Ha nopacTt 6p3uHe peakuuje. Npu NPOMEHN peakuNoHOr
Meaujyma o nonapHor 4o HenosflapHor Huje OOWNOo A0 NPOMEHE peakunjoHor
MexaHu3Ma O Yemy CBeJouYM HeratMBHa BpeaHOCT [MPOMEHe eHTponuje

akTuBMpara (AS”) npu umknmsaumju osux cynctparta y CCl, kao pacTteapauy.

Pagn ©Oorber pasymeBaka BpJio U3paxeHe pernocneumpunyHocTm
peakumja deHnnceneHoetepudukaumje (£2)- n (E)-xekc-4-eH-1-ona, peakuuje cy
NCNUTaHe Ha MONEKYIICKOM HUBOY. M3BpLUEH je KBAHTHO-XEMMWjCKM MpopayyH 3a
peakumoHe nyTeBe Npu hopMmuparby U NEeToYNaHMX M LWECTOYNaHUX LUMKINYHMX
npounssona (3a oba ankeHona) rae je TOKOM Lernior peakunoHor nyta KUCEOHUK 13
XMOPOKCUNHe rpyne cyncrtpata 6mo BesaH BOAOHUYHOM Be30M 3a 6a3y. M3 oBux
pesyntata MOXe Ce 3aKibyuuTM da je uuknu3aumja (E)-xekceHona
TepMoaMHAMUYKN KOHTpoOsiMcaHa peakuuja, Aok  je dopmupame
TeTpaxugpodypaHckor npoussoga M3 (Z)-ankeHona KUHEeTUYKM KOHTporiMcaHa

peakuuja.
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Summary

In this thesis the detailed study of kinetic and mechanism of intramolecular
cyclization of (Z2)- and (E)-hex-4-en-1-ols with phenylselenyl halides (PhSeCl and
PhSeBr) in the presence and absence of some Lewis acids (SnCl,, CoCl,, AlCIs,
CdCly) and some Lewis bases (triethylamine, 2,2’-bipyridine, pyridine, quinoline)

are done.

Cyclization reactions of these substrates were performed at room
temperature in methylene chloride as a solvent, where the moderate yields of
cyclic ether products were obtained with the occurrence of products of addition.
With the addition of Lewis acids and bases as additives, in the catalytic and the
equimolar amount, it is noticed that the cyclization reaction of the substrates is
favored in the presence of the additives giving the quantitative yields of cyclic
ethers, while the yields of products of addition are below 1% in most cases.
Besides the impact on yields of cyclic ethers, the presence of additives also
influences the stereoselectivity of these reactions. By the cyclization of the (Z)-
hexenol in the presence of all Lewis bases, the tetrahydrofuran type of erythro-
isomer is dominantly formed, while in the presence of Lewis acids the threo-
isomer is obtained as unique product. By the cyclization of (E)-hexenol in the
presence of Lewis bases, the tetrahydropyran type of cis-isomer is gained in
exces, while by the usage of mentioned Lewis acids the trans-isomer is formed in
almost quantitative yields. From these results it can be concluded that the proper
selection of substrate ((£)- or (E)-hexenol) and additive (Lewis acid or base) by
the reaction of phenylselenoetherification we can get the desired stereoisomer in
almost quantitative yields, which these reactions makes almost stereospecific,
with the exception of synthesis of the THP-type of cis-isomer which is formed in
exces with ratio 85:15 in regard to frans-isomer. The best results in terms of

stereoselectivity and yields gave SnCl; and Et3;N as additives.
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To determine the rate constants (k) and activation parameters for the
cyclization reaction of (Z)- and (E)-hex-4-en-1-ols, with PhSeCl and PhSeBr as a
reagents, in the presence and absence of various additives, cyclization reactions
were studied as pseudo-first order reactions in THF and CCl, as solvents by UV-

vis spectrophotometry.

To determine the activation parameters and reaction mechanism the
reactions were followed at temperatures of 288, 298 and 308 K, while the studies
of catalytic activity of the various additives were performed at the temperature of
288K. Observed values for the entropy of activation (AS”) in the reactions
between PhSeX and (Z)- and (E)-hex-4-en-1-ols in the presence and absence of
pyridine indicate that the reactions follow the mechanism of bimolecular
nucleophilic substitution (Sn2). The results for the rate constants confirm the
assumption of the catalytic role of pyridine, where it can be seen that all the
reactions in the presence of pyridine are on the average 2 times faster than the
corresponding reaction without pyridine. Also, the reactions with PhSeCl as
reagent are up to 4 times faster then reactions with PhSeBr. The rate constants
for the five-membered ring closing reactions from the (Z)-alkenol are higher then
rate constants for the formation of six-membered ring system of (E)-isomer. The
studies of the catalytic activity of Lewis bases on cyclization process of the (Z)-
and (E)-hex-4-en-1-ols have shown that the values for the rate constants for the
base-catalyzed reactions depend on the nature of the used catalyst, where the
combination of steric and electronic factors of Lewis bases have the influence on
the strength of catalytic effect.

The linear relationship between values of logk, and pK, of used catalyst is
notised (Bragnsted equation), which indicates that the Lewis bases are increasing
the value of the rate constants of the reaction by the same reaction mechanism.
The higher value of slope g for the (Z)-isomer reflects the higher sensitivity of the

reaction rate to the base catalyst.
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By determining the rate constants for the cyclization reactionc in the
presence of catalytic amounts of CoCl, the catalytic activity of this Lewis acid is
confirmed, where the reactions carried out in the presence of this salt had higher
values of k, then without its presence.

Performing the cyclization reactions in CCl; as a solvent led to lower
values for the rate constants. Based on these results, it can be concluded that
more polar solvents with more basic character can perform better stabilization of
the transition state and thus affect the increase of the reaction rate. The change
of the reaction medium from polar to non-polar hasn’'t affected the reaction
mechanism, which is confirmed by the negative value of the activation entropy

(AS”) for the cyclization of these substrates in CCl, as a solvent.

For a better understanding of the very pronounced reaction regiospecificity
of the phenylselenoetherification of the (Z)- and (E)-hex-4-en-1-ols, these
reactions were examined on the molecular level. The quantum chemical
calculations for the reaction pathways for formation of five-membered and six-
membered cyclic products are performed, where during the all reaction pathways
oxygen from hydroxyl group of the substrate was tied with the hydrogen bond to
the base. From these results it can be concluded that the cyclization of the (E)-
hexenol is thermodynamically controlled reaction, while the formation od THF-

type of product from (Z)-alkenol is kinetically controlled reaction.
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Abstract

An innovative route for intramolecular cyclization of alkenols has been delineated through a ring closing reaction of suitably alkenols func-
tionalized cyclic ethers tetrahydropyran or tetrahydrofuran type by reaction with phenylselenyl halides, in good yield. Proper choice of some A*-
and A’-alkenols and pyridine as catalyst enables fast and facile cyclization. Catalytic amount of pyridine increased the yield, but in the presence
of equimolar amount of pyridine, formation of corresponding cyclic ethers were quantitative and reaction were achieved instantaneously under
extremely mild experimental conditions. It is possible that aromatic—aromatic ring stacking provides such role of pyridine. The effect of the steric
hindrance in the starting alkenols, and halide ion of the selenenylating reagent is not significant, all halides generally giving equal results, and
primary, secondary, tertiary and more substituted alkenols also giving quantitative yields.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Alcohol; Cyclization; Phenylselenoetherification; Pyridine

1. Introduction

The tetrahydrofuran and tetrahydropyran are not uncommon
among biologically active and natural compounds. Cyclofunc-
tionalization of unsaturated alcohols is a very popular reaction
providing easy access to tetrahydrofuran and tetrahydropyran
cyclic ether products [1-6]. In many respects selenocyclofunc-
tionalization has the advantage that the introduction of the
heteroatom, the manipulation of the obtained product and the
removal of the function are facilitated by simple and mild con-
dition required [5—7]. This methodology has been extended to
more complex systems having alcohol and double bond func-
tions.

Cyclization of unsaturated alcohols leading to cyclic ethers is
well documented in the literature as convenient pathways in the
synthesis of natural products and related compounds [8]. During
the last years, cyclic ethers have attracted considerable attention
due to their occurrence in several groups of natural compounds
exhibiting important biological activities [9]. These units can be

* Corresponding author. Tel.: +381 34 300262; fax: +381 34 335040.
E-mail addresses: Zoricab@knez.uis.kg.ac.yu, zoricab@kg.ac.yu
(Z.M. Bugarcié).

1381-1169/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2007.03.058

found in monocyclic or polycyclic compounds, fused with other
cyclic ethers or forming spiro systems [10]. The presence of
molecules with oxygenated heterocycles in nature is receiving
considerable attention considering their capacity of modifica-
tion of the transport of the Na*, K*, and Ca>* cations through
lipid membranes [11-14]. This activity is responsible for their
antibiotic [11], neurotoxic [15,16], antiviral [17], and cytotoxic
action [18,19] and as growth regulators [11,20,21] or inhibitors
of the level of cholesterol in blood [22].

In continuation of our studies on the electrophile-assisted
intramolecular cyclization of alkenols [3,23-26] we have
investigated the regioselectivity of this cyclofunctionalization
reaction by means of PhSeCl and PhSeBr as a function of alkyl
substitution at the unsaturated carbon atoms and at the carbinol
carbon atom [23]. Intramolecular heterocyclization is the main
reaction in the case of all investigated primary and secondary
A*-alkenols. PhSeCl has being more efficient than PhSeBr in
terms of yield and regioselectivity. Also, the influence of the
reaction temperature and structure of the substrate is more sig-
nificant in the reaction with PhSeBr. Substituents at the olefinic
double bond decreases the yield of the cyclic ether products, but
substituents at the carbinol carbon atom show a stronger influ-
ence on the decreasing of the yields. Thus, secondary alkenols
cyclize to a considerably lower extent, while tertiary alkenols
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are not converted into cyclic products at all by PhSeBr and in a
small extent with PhSeCl. The steric influence of substituents is
clearly demonstrated in that case.

In the past few years attention has been focused on the synthe-
sis of the substituted tetrahydropyranes and tetrahydrofuranes
as key starting materials for the preparation of numerous hete-
rocyclic compounds including physiologically active products.
Hence, of particular importance is discovering of the appropriate
experimental conditions under which phenylselenocyclization
of tertiary alkenols would readily be accomplished in synthet-
ically useful yields, regardless of the reagent used. For some
time we have been involved in the development and exploration
of new methods for cyclofuncionalization of substituted unsat-
urated alcohols [23-26]. Thus we found that in the presence of
pyridine tertiary alkenols cyclized in quantitative yields [24].
Now we explored this method on the primary and secondary
alcohols and found the same effect.

2. Experimental
2.1. General methods

GLC analysis were obtained with a Deni instrument, model
2000 with capillary apolar columns. 'H and '*C NMR spectra
were run in CDCI3 on Varian Gemini 200 MHz NMR spec-
trometer. IR spectra were obtained with Perkin-Elmer Model
137B and Nicolet 7000 FT spectrophotometers. Microanalyses
were performed by Dornis and Colbe. Thin layer chromatog-
raphy (TLC) was carried out on 0.25 mm E. Merck precoated
silica gel plates (60F-254) using UV light for visualization. For
column chromatography E. Merck silica gel (60, particle size
0.063-0.200 mm) was used.

2.2. Materials

All the olefinic alcohols used as substrates are known com-
pounds, some of which are commercially available, while the
other ones were synthesized according to the known proce-
dure. Reagents (PhSeCl and PhSeBr) were used as supplied by
Aldrich. Dichloromethane was distilled from calcium hydride.

2.3. General procedure

All reactions were carried out on 1 mmol scale. To a magneti-
cally stirred solution of alkenol (1 mmol) and pyridine (0.0087 g,
0.1 mmol or 0.087 g, 1.1 mmol) in dry dichlomethane (5 cm?)
was added solid PhSeCl1(0.212 g, 1.1 mmol) or PhSeBr (0.260 g,
1.1 mmol) at room temperature until the solid dissolved. The
reaction went to completion virtually instantaneously. Pale yel-
low solution was washed with 1 M HCl aqueous solution (5 mL),
saturated NaHCOj3 aqueous solution and brine. Organic layer
was dried over NaySOy, concentrated and chromatographed.
TLC and GLC analysis as well as NMR spectra showed com-
plete conversion of starting alkenol to cyclic ether product. The
product was obtained after the eluation of the traces of diphenyl
diselenide on a silica gel-dichloromethane column. All the prod-
ucts were characterized and identified on the basis of their

spectral data. Cyclic ether products were known compounds and
their spectral data were given previously [23].

3. Results and discussion

In connection to expanding the generality of catalytic ring-
closing reactions, a number of alkenols were subjected by means
of phenylselenyl halides (PhSeX, X =Cl, Br) under variety of
conditions, including the altering of reaction temperature (from
—78 °C to room temperature), solvents, reaction time and con-
centration of the reactants, but all the attempts to improve yield
of the cyclized products were in vain. We were interested in
exploring how PhSeX behave in the presence of some additive
and have therefore undertaken a study of the reaction of alkenols
with PhSeX (X =Cl, Br) in the presence of base. As it seemed
essential to remove HX (Fig. 1), the reactions were performed
in the presence of NaHCOj3 and triethylamine, but there was not
any significant effect on the yield. By adding pyridine in catalytic
amount yields of cyclic ethers products increase rapidlly. Finaly,
when the reactions were carried out in the presence of equimo-
lar amount of pyridine an instantaneous cyclization occurred
and quantitative yields of cyclic ether products were obtained.
This seems to be due to the participation of pyridine, which can
stabilize episelenonium ion intermediate, but the details are not
yet clear.

We describe herein the details of this new procedure. The
procedure employs phenylselenyl chloride and bromide, some
A*- and A’-alkenols and catalytic or equimolar amount of pyri-
dine to generate an episelenonium ion intermediate from which
the cyclic ether product tetrahydropyran or tetrahydrofuran type
arise by internal nucleophilic displacement (Fig. 1). The results
of our investigation are shown in Tables 1 and 2 and in Figs. 1-4.

As it can be seen from the results obtained the presence of
pyridine plays an important role in chemoselection of the reac-
tion and in regio- and stereoselection of the produced oxacyclic
compounds. Therefore, the reaction seems to proceed as follows:
PhSeX approaches the double bond moiety of the alkenols (1)
(Fig. 1). Intramolecular capture of the selenonium species (2)
by an internal hydroxyl nucleophile, which is facilitated by the
presence of pyridine, results in the formation of a ring (3) and/or
(4) depending on the structure of starting alkenol.

Primary (5a, 5b) and secondary (5¢) A*-alkenols with ter-
minal double bond as well as A“*-alkenol with terminally

>O?Ph
O
4
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Phenylselenoetherification of some A*-alkenols in the presence of catalytic and equimolar amount of pyridine, A. - -PhSeCl, B- - -PhSeBr

Substrate Products Yields of cyclic ethers products (%*)
A Alpy kat. Alpy eq. B B/py kat. B/py eq.
5a 6a 69 85 100 63 76 100
5b 6b 92 97 100 64 78 100
5c 6¢c 86 94 100 47 55 100
5d 6d 72 88 100 75 80 100
Se Te 81 92 100 65 78 100
5f of 83 95 100 62 75 100
5g 7g 61 82 100 55 68 100
Sh 7h 58 71 100 46 52 100
5i 6i 7i 37 64 100(88:12)° 0 37 100(87:13)°
5j 6j 7j 31 61 100 (78:22)° 0 35 100 (70:30)°
5k 6k 7k 46 68 100 (86:14)° 0 39 100 (84:16)°
8 9 10 34 63 100 (3:97)° 30 100(5:95)°

2 Isolated yields.

b Relative distribution of the THF- and THP-type phenylseleno ether products (given in parentheses) was evaluated by capillary GLC and 'H NMR analysis.

Table 2

Phenylselenoetherification of some A’-alkenols in the presence of catalytic and equimolar amount of pyridine, A- - -PhSeCl, B- - -PhSeBr

Substrate Products Yields of cyclic ethers products (%*)

A Alpy kat. Alpy eq. B B/py kat. B/py eq.
11a 12a 81 90 100 75 79 100
11b 12b 80 86 100 26 63 100
11c 12¢ 31 54 100 0 36 100
11d 12d 33 56 100 0 38 100
11e 12e 30 51 93 0 35 85

2 Isolated yields.

monosubstituted double bond (5d, Sf) afford regioselectively
five-membered cyclic ethers (6a, 6b, 6¢ and 6d, 6f, respec-
tively). A*-Alkenol 5e with E-configuration in contrast to 5d
(Z-configuration) affords six-membered cyclic ether 7e as an
unique product (Table 1, Fig. 2).

In the case of primary and secondary A*-alkenols with ter-
minally disubstituted double bond (5g, Sh), PhSe-group adds at
the less substituted carbon affording the more stable carbenium
ion producing only tetrahydropyran derivatives (7g, 7h; Fig. 2).

R' R?
R{W OH
R4 R5
5

5a R1=R2=R3=R¢=R6=H

5b R'=R2=R3=R5=H, R¢=CH,

5c R'=R3=R4=R5=H, R2=CH,

5d R2=R3=R¢=RSs=H, R!=CH,(2)

5¢ R2=R®=R*=RS=H, R!=CH, (E)

5f R2=R®=RS5=H, R = CH, R" = CH,CH,
59 R2=R¢=R6=H, R' =R3=CH,

5h Ré¢=RS=H, R' =R2=R3=CH,

5i R¢=H, R'=R?=R3=R5 = CH,

5 Rs=H,R'=R2=R3=R¢=CH,

5k R*=H, R'=R2=R3=CH,, Rs= CH=CH,

Fig. 2.

Tertiary alkenol (S5i) with the same substitution at the double
bond affords the mixture of six- and five-membered cyclic ethers
where five-membered dominate, although the Markovnikoff rule
requires that PhSe-group be added at the less substituted car-
bon to afford the more stable carbenium ion, the reaction is
mostly dominated by stereic effects that favours attack of the
oxygen at the less substituted carbon, producing as the major
products tetrahydrofuran derivative (6i, 7i; 88:12, Fig. 2 and
Table 1). Other tertiary alkenols (5j, 5k) also give mixture of

R4
) SePh
+ R R3
R' SePh RE O ‘R

2 R4
PhSeX (X = Cl, Br)) R3
- T R o}

6 7
6a 7a
6b 7b
6¢c 7c
6d 7d
6e 7e
6f 7f
69 79

6h 7h
6i 7i
6j 7j
6k 7k
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SePh O
%\ 3
OH

8 9 10

PhSeX,

SePh

Fig. 3.

five-membered and six-membered ethers but five-membered
are the major products. This fact might play an important role
in preparation of substituted tetrahydrofurans because of the
widespread occurrence among natural products of structures
with five-membered ring incorporated oxygen.

Constitutionally similar to the above mentioned A*-alkenols,
but cyclic, a-terpineol (8) gives mixture of five-membered (9)
and six-membered ether (10) but ether 10 predominate presum-
ably because of electronic and conformational factors (Fig. 3).
In the presence of pyridine six-membered product (10) is unique
product.

As we can see from the Fig. 2 and Table 1 alcohols Sk and 8
(linalol and a-terpineol) give the products, which can be easily
transformed in the natural products karahaneone [27] and cineol
[28] in excelent yields.

In this paper, we also present the extension of the method-
ology to some primary, secondary and tertiary A>-alkenols.
These alkenols have given tetrahydropyrans, which are com-
monly encountered substructures in many natural products
showing interesting biological properties, the most prominent
of these being polyether antibiotics such as monensin, narasin,
and tetronomycin [3]. Hence, of particular importance is the
discovery of the appropriate experimental conditions under
which phenylselenocyclization of A’-alkenols would readily
be accomplished in synthetically useful yields, regardless of
the reagent used. The results of our investigation are shown in
Table 2 and Fig. 4.

All reactions proceeded to form six-membered oxygen het-
erocycles bearing the phenylselenomoiety. It is in accordance
with the ionic mechanism of this reaction and may be ascribed
to the thermodynamic stability of the cyclized product. Cycliza-
tion is facilitated by the presence of pyridine. Yields of products
are higher and reaction time is shorter. Catalytic amounts of
additives influence higher yields, but an equimolar amount gives
almost quantitative yields. As we can see from Tables 1 and 2,

Rd
2 1
PhSeX R R
R o SePh

1 12
11a R,=R,=R,=R,=H 12a
11b R,=R,=CH,, R, = R, =H 12b
11¢ R,=R,=R,;=CH,, R,=H 12¢
11d R, =H, R, =CH(CH,),, R, =R, = CH, 12d

11e R, =R,=H, R,=CH,C=CH,, R,=CH, 12

Fig. 4.

pyridine shows the best results in the case of an equimolar
amount. In the case of alkenols with larger substituents as in
11d and 11e (Fig. 4, Table 2) the product yields are also high
regardless of the effects of steric hindrance. Only alkenol 11e
with two double bonds reacts a little bit worse than other alkenols
probably because of presence of another double bond to which
reagent can add and give a small amount of addition product.
Depending on the mechanism, this can indeed be expected.

4. Conclusion

In conclusion, above results clearly indicate that there is no
difference in reactivity between PhSeCl and PhSeBr in the pres-
ence of equimolar amount of pyridine (Tables 1 and 2). As far
as we know it is the first example where these two reagents
have the same behavior. PhSeBr is known to be superior reagent
only for effecting intramolecular amidoselenenylations of N-
alkenylamides [29]. Previous results obtained in the reactions
of alkenols with PhSeX indicate that PhSeCl is more efficient
reagent for cyclization than PhSeBr [23]. This observation may
be ascribed to the role of the pyridine. It appears that the pres-
ence of pyridine is beneficial to the cyclization process and more
likely due to its basic properties. In addition, pyridine could
enhance the nucleophilicity of the hydroxyl group of the alkenol
and also mediate the stabilization of oxonium ion intermediates
by abstracting the hydrogen (Fig. 1). It seems that pyridine could
play several roles. One of the possible explanation may be for
the case of - - -m interactions. It is possible that such role of
pyridine can be explains by aromatic-aromatic ring stacking.
Ring stacking provides the stabilising interaction in the inter-
mediate and in transition state by ctacking of aromatic ring of
reagent (PhSeX) on aromatic ring of pyridine which is well doc-
umented in the literature [30-33]. On the whole, its presence
serves to increase the efficiency of the cyclization process. This
reaction not only has enormous potential for the regioselective
synthesis of unsubstituted and substituted tetrahydrofuran and
tetrahydropyran derivatives, but also opens a new area involving
the use of pyridine as catalyst in cyclization reactions.
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Abstract A fast and efficient method for intramolec-
ular heterocyclization of (Z)- and (E)-hex-4-en-1-ols
was developed. The method does not cause side reac-
tions of the substrates and provides the cyclic phenyl-
selenoethers in high yields after only few minutes. A
catalytic amount of SnCl, increased the yield, but in
the presence of an equimolar amount of SnCl,, for-
mation of corresponding cyclic ethers were almost
quantitative and reaction occurred instantaneously un-
der extremely mild experimental conditions.

Keywords Alcohol; Cyclization; Phenylselenoetherification;
SnCl,.

Introduction

Practical syntheses of cyclic ethers have attracted
considerable attention in organic, pharmaceutical, or
medical chemistry, since this basic skeleton occurs
broadly in natural products and biologically active
substances. Cyclofunctionalization of unsaturated
alcohols is a very popular reaction providing easy
access to cyclic ethers [1-6]. These cyclizations
are well documented in literature as convenient path-
ways in the synthesis of natural products and related
compounds [7]. During the last years, cyclic ether
synthesis has become of common use because a cy-
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clization reaction can directly build complicated
molecules from readily accessible starting materials
under mild conditions. Cyclic ethers are present in
the skeletons of several groups of natural compounds
exhibiting important biological activities [8]. These
units can be found in monocyclic or polycyclic
compounds, fused with other cyclic ethers or form-
ing spiro systems [9]. The presence of molecules
with oxygenated heterocycles in nature is receiving
considerable attention considering their capacity of
modification of the transport of the Nat, K", and
Ca®* cations through lipid membranes [10-13].
This activity is responsible for their antibiotic [10],
neurotoxic [14, 15], antiviral [16], and cytotoxic ac-
tion [17, 18] and as growth regulators [10, 19, 20] or
inhibitors of the level of cholesterol in blood [21].

In many respects selenocyclofunctionalization of
unsaturated alcohols has the advantage that the in-
troduction of the heteroatom, the manipulation of the
obtained product, and the removal of the function are
facilitated by simple and mild condition required [5,
6, 22]. This methodology has been extended to more
complex systems having alcohol and double bond
functions.

For some time we have been involved in the
development and exploration of new methods for
cyclofuncionalization of substituted unsaturated al-
cohols [23-26]. We have investigated the regiose-
lectivity of this cyclofunctionalization reaction by
means of PhSeCl and PhSeBr as a function of alkyl
substitution at the unsaturated carbon atoms and at
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the carbinol carbon atom [23]. In the past few years
attention has been focused on the synthesis of the
substituted tetrahydropyranes and tetrahydrofuranes
as key starting materials for the preparation of
numerous heterocyclic compounds including physi-
ologically active products. Substituents at the olefin-
ic double bond decreases the yield of the cyclic ether
products, but substituents at the carbinol carbon
atom show a stronger influence on the decreasing
of the yields. Thus, secondary alkenols cyclize to a
considerably lower extent, while tertiary alkenols are
not converted into cyclic products at all by PhSeBr
and in a small extent with PASeCl. The steric influ-
ence of substituents is clearly demonstrated in that
case. Hence, of particular importance is discovering
of the appropriate experimental conditions under
which phenylselenocyclization of tertiary alkenols
would readily be accomplished in synthetically use-
ful yields, regardless of the reagent used. Thus we
found that in the presence of pyridine tertiary al-
kenols cyclized in quantitative yields [24]. We ex-
plored this method on the primary and secondary
alcohols and found the same effect [27].

Next, we turned our attention to the other catalyst.
The present study considers the phenylselenocycli-
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zation of (Z)- and (E)-hex-4-en-1-ols in the presence
of SnCl,.

Results and discussion

In connection to expanding the generality of catalyt-
ic ring-closing reactions, (Z)- and (E)-hex-4-en-1-ols
(1 and 2, Schemes 1 and 2) in the presence of SnCl,
were subjected to phenylselenyl halides (PhSeX,
X=Cl, Br). In the presence of a catalytic amount
of SnCl, yields of cyclic ethers products increase rap-
idly. When the reactions were carried out in the pres-
ence of equimolar amount of SnCl, an instantaneous
cyclization occurred and almost quantitative yields
of cyclic ether products were obtained (Scheme 1
and Table 1). This seems to be due to the participa-
tion of SnCl,, which can stabilize the episelenonium
ion intermediate (1c¢ and 2¢, Scheme 2), but the de-
tails are not yet clear.

We describe herein the details of this new proce-
dure. The procedure employs phenylselenyl chloride
and bromide, and a catalytic or equimolar amount of
SnCl, to generate an episelenonium ion intermediate
(1c, 2¢, Scheme 2) from which the cyclic ether prod-
uct tetrahydropyran (1a, 1b) or tetrahydrofuran (2a,

AN PHSEX A\%/
OH v o (X=Cl. Br) O SePh + SePh
(E)-hex-4-en-1-ol trans- cis-
1 1a 1b
W _PhSex @i(SePh . @i(cm
X=ciBn
0" sepn
(2)-hex-4-en-1-ol threo- erythro-
2 2a 2b
Scheme 1

Table 1 SnCl, catalyzed phenylselenoetherification of (Z)- and (E)-hex-4-en-1-ols

Substrates Products Yields and ratio (a:b) of cyclic products/%
PhSeCl PhSeBr
A B C A B C
1 1a, 1b 81 (69:31) 98 (96:4) 96 (97:3) 65 (65:35) 99 (96:4) 100 (97:3)
2 2a, 2b 72 (70:30) 99 (87:13) 100 (97:3) 75 (30:70) 98 (82:18) 99 (84:16)

A — without addtitive; B — with catalytic amount of SnCl,; C — with equimolar amount of SnCl,
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SePh SePh
’ PhSeX y®
_— B — —_—
(X = CI,Br) ®
! ! °
H H
1 1a, 1b
X@ /Ph
~S€ SePh ®
C\\/ PhSeX G o -H SePh
(|) (X =Cl,Br) 0 ) o)
H L H
2 2c 2a, 2b
Scheme 2

2b) type arise by internal nucleophilic displacement.
The results of our investigation are shown in Table 1
and in the Schemes 1 and 2.

As it can be seen from the results obtained the
presence of SnCl, plays an important role in chemo-
selection of the reaction and in regio- and stereo-
selection of the produced oxacyclic compounds.
Therefore, the reaction seems to proceed as follows:
PhSeX approaches the double bond moiety of the
alkenols (1 and 2, Scheme 2). Intramolecular capture
of the selenonium species (1¢ and 2¢) by an internal
hydroxyl nucleophile, which is facilitated by the
presence of SnCl,, results in the formation of a rings
1a and 1b or 2a and 2b depending on the structure of
starting alkenol.

A*-Alkenol (hex-4-en-1-ol) 1 with (E)-configura-
tion in contrast to 2 ((Z)-configuration) affords six-
membered cyclic ethers 1a and 1b as unique pro-
ducts (Table 1, Scheme 1). (Z)-Hex-4-en-1-ol (2)
affords only five-membered cyclic ethers 2a and
2b. The ratio of trans-/cis-tetrahydropyranyl ethers
1a and 1b depends on experimental conditions. In all
reactions the trans product predominates, especially
in the case of an equimolar amount of SnCl,.

Tetrahydrofuranyl ethers 2a and 2b are the only
products in the reactions with (Z)-hex-4-1-ol. Ratio
of threo- (2a) and erythro- (2b) isomers in the reac-
tion without additive depends of the reagent used. In
the reaction with PhSeCl erythro-isomer predomi-
nates (70:30) but with PhSeBr threo-isomer is the
main product. Presence of SnCl, changes the distri-
bution of threo-/erythro-isomers. In all cases threo-
isomer generates in higher yields. This is due to the
presence of SnCl,.

The possible role of SnCl, as an additive is to re-
move halide ions from reagent (PhSeCl and PhSeBr).
In this way the electrophilicity of the reagent is
increased and the halide ions are removed from re-
action, so the side products of halide attack as a nu-
cleophile on an episelenonium ion (which results as
addition reaction on the double bond) are minimal.

Experimental

GM analysis were obtained with a Agilent Technologies in-
strument, model 6890 N with HP-5NS columns (5% phenyl
95% methylpolysyloxane). 'H and '*C NMR spectra were run
in CDCI; on Varian Gemini 200 MHz NMR spectrometer. IR
spectra were obtained with Perkin-Elmer Model 137B and
Nicolet 7000 FT spectrophotometers. Microanalyses were
performed by “Dornis and Colbe” and found to be in good
agreement with the calculated values. Thin layer chromatog-
raphy (TLC) was carried out on 0.25 mm E. Merck precoated
silica gel plates (60F-254) using UV light for visualization.
For column chromatography E. Merck silica gel (60, par-
ticle size 0.063—-0.200mm) was used. Olefinic alcohols
used as substrates are commercially available. Reagents
(PhSeCl and PhSeBr) were used as supplied by Aldrich.
Dichloromethane was distilled from calcium hydride.

General procedure

All reactions were carried out on a 1 mmol scale. To a mag-
netically stirred solution of 0.1 g alkenol (1 mmol) and 0.019 g
or 0.19g SnCl, (0,1 mmol or 1 mmol) in 5cm’ dry dichlo-
methane was added 0.212g solid PhSeCl (1.1 mmol) or
0.260 g PhSeBr (1.1 mmol) at room temperature until the solid
dissolved. The reaction went to completion virtually instan-
taneously. Pale yellow solution was washed with saturated
NaHCOj; aqueous solution and brine. Organic layer was dried
(NayS0O,), concentrated, and chromatographed. TLC and GM
analysis as well as NMR spectra showed complete conversion
of starting alkenol to cyclic ether product. The product was
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obtained after the eluation of the traces of diphenyl diselenide
on a silica gel-dichloromethane column. All the products were
characterized and identified on the basis of their spectral data.
Cyclic ether products were known compounds and their spec-
tral data have been presented previously [23].
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Abstract: A*-Primary alkenols (Z)- and (E)-hex-4-en-1-ols under-
went facile cyclization to the corresponding phenyl selenoethers us-
ing PhSeX (X =ClI, Br) in high yields and in good to excellent
selectivities in the presence of some catalysts (Lewis acids and
bases). The reaction succeeded in complete control of stereo- and
regioselectivity. The best results were obtained with triethylamine
and tin(II) chloride. Triethylamine as an additive in the reaction
with (Z)-hex-4-en-1-ol gives only erythro-2-[1-(phenylseleno)eth-
yl]tetrahydrofuran, while the E-isomer gives cis-2-methyl-3-(phe-
nylseleno)tetrahydropyran in large excess. Tin(II) chloride as an
additive in the reaction with (Z)-hex-4-en-1-ol gives threo-2-[1-
(phenylseleno)ethyl]tetrahydrofuran and with the E-isomer gives
trans-2-methyl-3-(phenylseleno)tetrahydropyran. The reactions
were performed under very mild experimental conditions, and the
obtained yields were almost quantitative.

Key words: alcohol, cyclization, heterocycles, regioselectivity,
Lewis acids

Cyclization of unsaturated alcohols leading to cyclic
ethers, are well documented in the literature as convenient
pathways in the synthesis of natural products and related
compounds.' Organoselenium-induced cyclization of un-
saturated alcohols has been widely explored in organic
synthesis over the last decade and depending on the nature
of the substrate, a variety of five- and six-membered ring
heterocycles can be prepared.>® It must be emphasized
that different regio- and stereoisomers can be produced in
some cases by simply choosing conditions favorable to ki-
netic or thermodynamic control. Selenium-induced cy-
clization has the advantage that the introduction of the
heteroatom, the manipulation of the obtained product, and
the removal of the function are facilitated by the simple
and mild conditions required, such as oxidation—syn-sele-
noxide elimination, hydrogenolytic removal, or nucleo-
philic substitution of the corresponding selenones.>™ In
past years we have investigated the influence of different
types of additives on yields and selectivity of phenylsele-
nium-induced cyclization of alkenols bearing a hydroxy
group as an internal nucleophile.!®!* In this work we re-
port the regio- and stereocontrolled cyclization of two A*-
geometric isomers, (Z)- and (E)-hex-4-en-1-ols [(Z)- and
(E)-1].

In cyclization reaction of A*-alkenols, two regioisomeric
products can be obtained. If ring-closure reaction is by 5-
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exo-trig attack of the hydroxy group (Scheme 1), the tet-
rahydrofuran-type of ring will be produced. On the other
hand, if ring-closure is by 6-endo-trig attack then the tet-
rahydropyran-type of ring will be retrieved (Scheme 1).

L

%\
Scheme 1

By using various reagents in the cyclization reaction of
A*-alkenols, such as H,SO,, Hg(OAc),, Pb(OAc),, NBS,
peracid, BF;-OEt,, AlCl;, SnCl,, etc., a mixture of tetrahy-
drofuran- and tetrahydropyran-type ring products are pro-
duced in various ratios.! Benzeneselenenyl halides are
very good electrophilic reagents in organic synthesis and
in reactions with olefin bonds they often produce regiose-
lective products, which is also the case for (Z2)- and (E)-
hex-4-en-1-ols [(Z)-1 and (E)-1] (Scheme 2). Reaction of
benzeneselenenyl halides and (Z)-1 and (E)-1 affords a
seleniranium intermediate A and C, respectively
(Scheme 2), which can be trapped by an external (halide
ion from reagent) or internal nucleophile (hydroxy group
from alcohol) to give two diastereoisomeric addition
products 4 and 5 or cyclization products 2 or 3, respective-
ly.

However, the presence of the nucleophilic halide anions is
sometimes responsible for some undesirable processes
such as addition of the halide ion to give 4 or 5§ (which
gives a low yield of the cyclic ether product) and decrease
in stereoselectivity especially in the case of bromide as the
anion (Table 3, without additive). In order to decrease the
side reaction and to increase the yields of cyclic products,
we performed experiments with two different sets of addi-
tives: Lewis acids (SnCl,, CoCl,, AlCl;) and Lewis bases
(Et;N, pyridine, quinoline, 2,2’-bipyridine). Results of
these investigations are given in the Tables 1 and 2 and
shows that all reactions proceed with good yields and with
good to excellent stereoselectivites. From data in Table 1
(with Lewis acids as additives) it can be seen that (Z)-1
gives threo-2 as the main product, and in the case of (E)-
1 the predominate product is trans-3. Best results with
both (Z)-1 and (E)-1 and both reagents (PhSeCl and
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PhSeBr) were obtained by using tin(II) chloride as an ad-
ditive (Table 1); cyclic ethers were obtained as the prod-
uct in almost quantitative yields and (Z)-1 gave threo-2 in
large excess, while (E)-1 gave trans-3 as the main prod-
uct. Cobalt(IT) chloride as the additive (Table 1) also gave
cyclic ether products in high yields, but in the reaction
with (Z)-1 the stereoselectivity was lower than with tin(II)
chloride as an additive. Not so good results were obtained
in the reactions with aluminum(III) chloride, which is a
strong Lewis acid (Table 1). This could be explained by
the high affinity of the additive for attack at the double
bond of hex-4-en-1-ol when it forms a mixture of various
products that are difficult to separate. From data in
Table 2 (with Lewis bases as additives), the opposite re-
sults were noted. The main product of the cyclization of
(Z2)-1 was erythro-2 and (E)-1 gives cis-3 in excess. The

best results were obtained in the presence of triethyl-
amine. If the reaction of (Z)-1 is performed in the presence
of triethylamine a single erythro-stereoisomer, erythro-2,
is obtained (Table 2), while in the case of other bases
erythro-2 is obtained in excess (Table 2). With (E)-1 the
unexpected product, cis-3, was indeed obtained in good
yield, but this was accompanied by considerable amounts
of trans-3.

In the Table 3 and Scheme 3 the results with additives that
gave the best stereoselectivity in the reactions of (Z)-1 and
(E)-1 are given and compared with reactions where no ad-
ditive was present.

The role of Lewis acids in these reactions is to increase the
electrophilicity of the reagent (PhSeX) and to decrease the
possibility of the addition of halides by removing the an-
ion from the reagent and, in this way, to improve yields of

Table 1 Phenylselenoetherification of (Z)- and (E)-Hex-4-en-1-ols in the Presence of Lewis Acids

Substrate  Product Yield (%) [ratio erythrolthreo or cis/trans)
PhSeClI* PhSeBr*
SnCl, CoCl, AlCl, SnCl, CoCl, AlCl,
21 erythrolthreo-2 100 [3:97] 98.5 [10:90] 91.7 [20:80] 99 [16:84] 95 [16:84] 83.7 [21:79]
(E)-1 cis/trans-3 96 [3:97] 97 [3:97] 73 [16:84] 100 [3:97] 98 [3:97] 79.6 [11:89]
* Additive as indicated.
Table 2 Phenylselenoetherification of (Z)- and (E)-Hex-4-en-1-ols in the Presence of Lewis Bases
Substrate Product Yield (%) [ratio erythrolthreo or cis/trans]
PhSeCI? PhSeBr*
Et;N Bipy Py Quinoline  E3N Bipy Py Quinoline
(21 erythrolthreo-2 100 [100:0] 97.9[99:1] 97.5[99:1] 97.4[98:2] 100[100:0] 98.3[99:1] 95.8[98:2] 98 [96:4]
(E)-1 cis/trans-3 100 [81:19] 99.3 [80:20] 96 [80:20] 98.4 [79:21] 100 [85:15] 99.7 [85:15] 99.5 [82:18] 99.6 [80:20]

2 Additive as indicated.

Synthesis 2009, No. 21, 3684-3688 © Thieme Stuttgart - New York
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Table 3 Phenylselenoetherification of (Z)- and (E)-Hex-4-en-1-ols in the Presence of Et;N and SnCl,
Substrate  Product Yield (%) [ratio erythrol/threo or cis/trans)

PhSeCI1* PhSeBr*

without SnCl, Et;N without SnCl, Et;N
)1 erythrolthreo2 72 [30:70] 100 [3:97] 100 [100:0] 75 [70:30] 99 [16:84] 100 [100:0]
(E)-1 cis/trans-3 81 [31:69] 96 [3:97] 100 [81:19] 65 [35:65] 100 [3:97] 100 [85:15]
* Additive as indicated.
the desired products. The possible role of Lewis bases is 7\
to remove a proton from the oxonium ions B and D .
(Scheme 1) and alleviate the formation of the final cyclic »
product. That the specific distribution of cyclic ethers “ 5:‘*
erythrolthreo-2 and cis/trans-3 depends of the additive = RZ/\/ g
used can be explained by the nature of the additive itself. “ |N g\)
trans-Isomer trans-3 is formed in excess in the reactions 5 1
of (E)-hex-4-en-1-ol [(E)-1] with PhSeX in the presence (91 R'=Me;R?=H

(B-1 R'=H;R2=Me

of Lewis acids due to the greater stability of the trans-iso-
mer over the cis-isomer (thermodynamically controlled
product). Unexpected formation of cis-3 in the reactions
with Lewis bases present (Table 2) can be explained by
steric hindrance during the ring-closure process by these
additives in the cyclization step. Since, the base forms a
hydrogen bond with the proton from the hydroxy group,
in this way they are bonded together, hence, they make the
approach of oxygen in the ring-closure reaction difficult
and the attack of the hydroxy group occurs from the oppo-
site side from that expected (Figure 1).

That the stereoselectivity for erythro- or threo-isomers 2
from (Z)-1 depends on the additive present was harder to
explain. Nevertheless, it was noticed that, if the reaction
mixture (when reactions were performed without addi-
tive) was left without purification for a few days, the ratio
of isomers erythro/threo-2 changed, that is, isomerization
occurred (which did not happen with additive present).
This observation may be ascribed to the role of the addi-
tives. It appears that the presence of some additives is ben-

SePh
: ,Me

‘5“0 s
W threo—2
OH+ PhSeX

(2)-hex-4-en-1-ol

-1 %i

erythro-2

Ows:eph
500\% Me
trans-3
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Figure 1

eficial to the isomerization process and this is most likely
due to their elimination of the possibility of forming an
acidic medium which is responsible for ring opening and
isomerization.

Reactions with benzeneselenenyl chloride as a reagent
were faster than with benzeneselenenyl bromide. All reac-
tions were faster with an additive than without, but there
were some differences with different reagents. When ben-
zeneselenenyl chloride was used as a reagent, in the pres-
ence of additives, the reaction went to completion in only
a few minutes, while when benzeneselenenyl bromide
was used the reaction could took up to 30 minutes.

"H NMR spectroscopy was used to investigate the process
of conversion of (E)-1 and (Z)-1 to cyclic ether products 2
and 3. Due to the high rate of these reactions only the re-
actions with benzeneselenenyl bromide and no additive
present were of experimental relevance in the NMR study
i.e. they were slow enough for this method. In all other
cases by the time when the first spectrum was taken
isomerization reaction was already in progress or at the
end. The useful signals were the doublets from methyl
groups in ether products marked as I and II in Figure 2.
The equimolar concentrations of (Z)-1 and benzenesele-
nenyl bromide were mixed in an NMR tube and first spec-
trum was taken after 15 minutes. Only the doublet at
0 =1.41 from the methyl group of erythro-2 appeared
(Figure 2, spectrum A). The second spectrum was taken
after one hour and pairs of two doublets at 5 = 1.41 and
0 = 1.33 showed that the isomerization process had oc-
curred. The doublet from erythro-2 decrease in size while
the doublet from threo-2 began to appear. During this pro-
cess of isomerization some peaks from the addition prod-
ucts begin to appear (Figure 2, spectrum B). The third
spectrum, which was taken after 24 hour from the start of
the reaction, showed that the isomerization process was
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finished and threo-2 was present in excess (Figure 2,
spectrum C). From this experiment it can be concluded
that erythro-2 is the kinetically controlled product, and
threo-2 is the thermodynamically controlled product. The
same experiment was repeated with (£)-1 and the tetrahy-
dropyran products 3 were formed in a ratio trans/cis of
70:30; during the 24 hour experiment no isomerization
was noticed.

In this work we have demonstrated a practical, fast, inex-
pensive, and efficient process for the preparation of cyclic
ethers under mild reaction condition. The additives used
not only provide selectivity, they also increase the yields
to almost quantitative. The correct choice of alkenol 1 and
catalysts (Lewis acid or base) enables formation of the de-
sired regio- or stereocontrolled product. The process can
be extended to other compounds with a hydroxy group
and double bond. The methodology should be easily ap-
plicable to the synthesis of a large number of biologically
active compounds containing an oxacyclic moiety. These
units can be found in monocyclic or polycyclic com-
pounds, fused with other cyclic ethers or forming spiro
systems.'> The presence of molecules with oxygenated
heterocycles in nature receives considerable attention due
to their capacity to modify of the transport of Na*, K*, and
Ca** cations through lipid membranes.'®'° This activity is
responsible for their antibiotic,'® neurotoxic,?>?! antivi-
ral,”> and cytotoxic action** and as growth
regulators'®2>2¢ or inhibitors of the level of cholesterol in
blood.?”

GM analysis were obtained with an Agilent Technologies instru-
ment, model 6890 N with HP-5NS columns (5% phenyl-, 95%
methyl-polysiloxane). 'H and '3C NMR spectra were run in CDCI,
on Varian Gemini 200 MHz and Bruker WH 400 MHz NMR spec-
trometers. IR spectra were obtained with Perkin-Elmer Model 137B
and Nicolet 7000 FT spectrophotometers. Microanalyses were per-
formed by Dornis and Colbe and found to be in good agreement

with the calculated values. TLC was carried out on 0.25 mm E.
Merck precoated silica gel plates (60F-254) using UV light for vi-
sualization. Column chromatography used E. Merck silica gel (60,
particle size 0.063—0.200 mm). Olefinic alcohols used as substrates
are commercially available. Reagents (PhSeCl and PhSeBr) were
used as supplied by Aldrich. CH,Cl, was distilled from CaH,.

Phenylselenoetherification of (E)- and (Z)-Hex-4-enols; General
Procedure

All reactions were carried out on a 1-mmol scale. To a magnetically
stirred soln of alkenol 1 (0.1 g, 1 mmol) and Et;N (0.101 g, 1 mmol)
[or SnCl, (0.19 g, 1 mmol), 2,2’-bipyridine (0.156 g, 1 mmol), py-
ridine (0.079 g, 1 mmol), quinoline (0.129 g, 1 mmol), AlCl; (0.133
g, 1 mmol), or CoCl, (0.065 g, 0.5 mmol)] in anhyd CH,Cl, (5 mL)
was added solid PhSeCl (0.212 g, 1.1 mmol) or PhSeBr (0.260 g,
1.1 mmol) at r.t. until the solid dissolved. The reaction went to com-
pletion virtually instantaneously. The pale yellow soln was washed
with 2 M HCI (only when the additive was a base), then sat. aq
NaHCO; soln, and brine. The organic layer was dried (Na,SO,),
concentrated, and chromatographed. TLC and GM analysis as well
as NMR spectra showed complete conversion of starting alkenol
into cyclic ether products. The products were obtained after the elu-
tion of the traces of (PhSe), on a column (silica gel, CH,Cl,). All
products were characterized and identified on the basis of their
spectral data. Cyclic ether products were known compounds and
their spectral data have been presented previously.'?

NMR Measurements

All reactions were carried out in NMR tubes and CDCl; was used
as the solvent. "H NMR chemical shifts, 8, were calibrated to TMS
as standard. The 'H NMR spectra were recorded every 15 min, at
the beginning of the reactions, and later every 30 min, 1 h, 2 h, and
4 h. The reaction began with mixing alkenol (1.50 mg) with PhSeBr
(3.54 mg, 1 equiv) in CDCl; (3 mL). The real concentration of the
reagents was 5 X 107 M.

threo-2-[1-(Phenylseleno)ethyl]tetrahydrofuran (threo-2)
'HNMR (360 MHz, CDCL,): § = 1.33 (d, J = 7 Hz, 3 H, CH,), 2.00—
2.20 (m, 4 H, H3, H4), 3.37 (m, J =7 Hz, 1 H, H2), 3.51 (dt, J = 3,
12 Hz, 1 H, H5_;, to H2), 3.66 (dq, /=7, 1.5 Hz, 1 H, CHSe), 4.00
(brd,J=12Hz, 1 H, H5,,,,,, to H2), 7.22-7.30 (m, 3 H, Hy,), 7.52—
7.60 (m, 2 H, Hy,).

trans
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13C NMR (50.32 MHz, CDCl,): § = 18.6, 26.0, 30.1, 44.0, 68.2,
82.6,127.2,128.7, 130.7, 134.9.

erythro-2-[1-(Phenylseleno)ethyl]tetrahydrofuran (erythro-2)
'HNMR (360 MHz, CDCl,): 6 = 1.41(d,J = 7 Hz, 3 H, CH;), 1.68—
2.07 (m, 4 H, H3, H4), 3.41 (quint, /=7 Hz, 1 H, CHSe), 3.77 (q,
J=7Hz,1H, H5,,to H2),3.90 and 3.95 (2q,J=7Hz,2 H, HS,,,,,
to H2 and H2), 7.22-7.30 (m, 3 H, Hy,), 7.55-7.62 (m, 2 H, Hy,).

BC NMR (50.32 MHz, CDCly): § = 18.3, 26.1, 29.0, 43.9, 68.5,
82.2,127.2,128.7, 129.1, 134.6.

trans-2-Methyl-3-(phenylseleno)tetrahydropyran (trans-3)

'H NMR (200 MHz, CDCly): § =1.35 (d, J = 6.1 Hz, 3 H, CH,),
1.65-2.20 (m, 4 H, H4, H5), 2.95 (sym. m, 1 H, CHSe), 3.30-3.50
(m, 2 H, H2 and H,, of CH,0), 3.92 (d, /=11.3 Hz, 1 H, H,, of
CH,0), 7.27 (m, 3 H, Hp,), 7.56 (m, 2 H, Hp,).

13C NMR (50.32 MHz, CDCl,): § =21.0, 27.9, 32.2, 46.9, 67.9,
78.1,127.6, 127.9, 128.8, 135.3.

cis-2-Methyl-3-(phenylseleno)tetrahydropyran (cis-3)

'H NMR (200 MHz, CDCl,): § = 1.43 (d, J=6.9 Hz, 3 H, CH,),
1.65-2.20 (m, 4 H, H4, 5-H5), 3.32 (quint, J = 6.9 Hz, 1 H, H2),
3.60-4.05 (m, 3 H, H3, H6), 7.27 (m, 3 H, Hp,), 7.56 (m, 2 H, Hp,).

BC NMR (50.32 MHz, CDCly): § =21.0, 22.2, 30.8, 50.5, 68.2,
76.0, 126.9, 128.9, 130.5, 133.8.
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ABSTRACT: The mechanism of phenylselenoetherification of (Z)- and (E)-hex- **] gt

4-en-1-ols using some bases (triethylamine, pyridine, quinoline, 2,2’-bipyridine) as o7 | W SePh

catalysts and some solvents [tetrahydrofuran (THF) and CCL,] as reaction media o6 | ~ o -PuSsRfeaL B, o

was examined through studies of kinetics of the cyclization by UV-—vis SePh

spectrophotometry. It was demonstrated that the intramolecular cyclization is 05 /WOH%&“[I
o

facilitated in the presence of bases as a result of the hydrogen bond between the
base and the alkenol's OH group. The rate constants in the base-catalyzed
reactions are remarkably influenced by the bulkiness and basicity of the base used
and the nature of the considered nitrogen donors. The obtained values for rate o2
constants show that the reaction with triethylamine is the fastest one. THF with
higher polarity and higher basic character is better as a solvent than CCl,
Quantum-chemical calculations [MP2(fc)/6-311+G**//B3LYP/6-311+G** + o
ZPE(B3LYP/6-311+G**] show that the cyclization of (Z)-hex-4-en-1-ol to a
tetrahydrofuranoid five-membered ring is kinetically controlled, while the
cyclization of (E)-hex-4-en-1-ol to the tetrahydropyranoid six-membered ring is thermodynamically controlled. This is in
accordance with previous experimental findings.

0.4

0.3

® (2)-isomer

E)-isomer
011 =)

B INTRODUCTION II, respectively. As shown in Scheme 1, the cyclization reactions
are stereospecific anti additions.

Cycloetherifications induced by electrophilic reagents are ] ] '
In the past few years, we have investigated the influence of

important tools in the synthesis of complex organic molecules."
Selenium electrophiles are quite powerful and able to react with
double bonds to generate, after an addition of nucleophile, the

steric hindrance on the yields and regio- and stereoselectivities
of phenylselenoetherification reactions of unsaturated A*- and

i iti 2 is i A’-alcohols.’ For that purpose, we performed cyclization
corresponding addition products.” This is a two-step purpose, p cy
mechanism that involves the formation of a seleniranium reactions of some alkenols with mono-, di-, and trialkyl-
intermediate followed by nucleophilic attack to yield the final substituted double bonds and/or carbinol carbon atoms.
product. These reactions exhibit anti stereoselectivity, with the
nucleophile attacking usually at the more highly substituted Scheme 1. Cycloetherification of Unsaturated Alcohols
carbon atom (Markownikoff stereoselectivity). The products of
these selenenylations are very useful because wide ranges of oh
alkenes and nucleophiles can be employed in these trans- S|e o

2

formations and many different subsequent reactions are i, o phset ,
possible.” The presence of internal nucleophiles leads to = Wy 1 |
cyclization reactions, which have been employed in various >

4 S HN e °
syntheses for a long time.” Cyclofunctionalizations of alkenols Nu \ PhSe. <
promoted by PhSeX (X = Cl, Br) reagents are advantageous in \\\\\\>—<>
the preparation of tetrahydrofuran (THF)- and tetrahydropyr- Nu

an-type rings because of the mild conditions and low
temperatures required for these reactions, which usually allow

high stereoselectivity.” Depending on the chain length and the Received: May 4, 2012
substitution pattern on the alkenol, the reaction can occur by Revised:  July 10, 2012
an endo or an exo pathway, leading to cyclic products I and/or Published: July 11, 2012
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Scheme 2. Cycloetherifications of (Z)- and (E)-Hex-4-en-1-ol

x~ Ph
/
(X =Cl, Br) g‘ o
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1 1a 1b 1c
X SePh
OH + OH
SePh
1d 2d
SePh SePh
| PhSeX H
(X =Cl, Br) +
(0] (o)
,L H cis- / trans-
2 2b 2¢
X SePh
OH + OH
SePh X
1d 2d

Intramolecular heterocyclization is the main reaction in the
case of all of the investigated primary and secondary alkenols,
while tertiary alkenols, under the same experimental conditions,
are converted into cyclic products not at all by PhSeBr and in
only small amounts by PhSeCl. On the other hand, in the
presence of some Lewis bases (triethylamine, pyridine,
quinoline, 2,2-bipyridine) and Lewis acids (SnCl,, CoCl,,
Ag,0, AlCl;, FeCly) all of the alkenols (primary, secondary, and
tertiary) cyclized in excellent yields with both reagents.”

Two geometric isomeric alcohols, (Z)-hex-4-en-1-ol (1) and
(E)-hex-4-en-1-ol (2) are very interesting substrates in terms of
stereo- and regioselectivity. In our previous work, we examined
the regio- and stereoselectivities in cyclization reactions of these
two alkenols with PhSeX (X = Cl, Br) in the presence of
various additives.”* Very high regioselectivity was determined
by steric effects of the methyl group in these two geometric
isomers, and the careful selection of the additive (Lewis acid or
base) was found to lead to the appearance of high
stereoselectivity in these reactions. In the presence of a Lewis
base, the main product of the cyclization of alkenol 1 was the
erythro isomer, and the alkenol 2 gave the cis isomer in excess.
The best results were obtained in the presence of Et;N. When
the reaction of alkenol 1 was performed in the presence of
Et;N, a single erythro stereoisomer was obtained, while in the
case of other bases it was formed in excess. With alkenol 2, the
unexpected product (cis isomer) was indeed obtained in good
yield, but this was accompanied by considerable amounts of the
trans product. With Lewis acids as additives, alkenol 1 gave the
threo isomer as the main product, and in the case of alkenol 2,
the trans isomer predominated. The best results with both
alkenols (1 and 2) and both reagents (PhSeCl and PhSeBr)
were obtained when SnCl, was used as an additive. The cyclic
ether product was obtained in almost quantitative yield; in the
case of alkenol 1, the threo isomer was formed in large excess,
while alkenol 2 gave the trans isomer as the main product.
CoCl, as an additive also gave cyclic ether products in high
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yields, but in the reaction with alkenol 1, stereoselectivity was
lower than with SnCl, as the additive.

The scope of this work is to determine the kinetics and
mechanism of these reactions and the catalytic role of the
additive. For detailed discussion and confirmation of the
mechanism of these reactions, we used a conventional kinetic
method to determine the values of the rate constants. To
investigate the single steps from the seleniranium ion to the
cyclic isomers we applied quantum-chemical methods. It was
also of interest in the present work to compare the influences of
two different solvents (THF and CCl,) on the values of the rate
constants. Also, we examined the roles of the bulkiness and
basicity of the additive on the catalytic activity in these
reactions.

B EXPERIMENTAL SECTION

UV-Vis Spectrophotometric Study. A conventional
kinetic method for determination of the values of the rate
constants and thermodynamic parameters was used, regarding
the reaction as a nucleophilic displacement of the hydroxyl
group on the C atom in the seleniranium intermediate (1a or
2a; see Scheme 2).° Kinetic measurements were performed on
a PerkinElmer Lambda 35 UV-vis spectrophotometer
equipped with a water-thermostatted cell. For the determi-
nation of the activation parameters and the reaction
mechanism, reactions were followed at 308, 298, and 288 K,
and for investigation of the catalytic activity of Lewis bases, the
reaction temperature was thermostatted at 288 K. The
solutions of reactants were prepared by measuring calculated
amounts of substances in THF and CCl, as solvents. In a quartz
cuvette, a certain volume of alcohol solution and then the
additive were added, and the reaction was initiated by adding
phenylselenenyl halide (PhSeX, X = Cl, Br). The concentration
of PhSeX was kept constant (1 X 107 M), and the alcohol
concentrations of 2.5 X 1073, 2 x 1073, 1.5 X 1073, and 1 X
1073 M were used. When the concentration of alcohol was 5 X

dx.doi.org/10.1021/jp304314j | J. Phys. Chem. A 2012, 116, 7783—7790
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107* M, to maintain pseudo-first-order kinetic conditions, the
concentration of PhSeX was lowered to 5§ X 107> M. In the
reactions with additives present, their concentrations were
equal to the PhSeX concentration.

After preliminary repetitive scan experiments in the 600—220
nm range to search for isosbestic points and spectral changes,
the kinetics was studied by measuring the changing absorbance
at a suitable wavelength as a function of time.

The pseudo-first-order rate constants (k) were determined
according to eq 1 (see below) by fitting each of the kinetic runs
to a single-exponential function. Second-order rate constants
(k,) were determined by linear regression of the k, values
versus the alkenol concentration. The observed pseudo-first-
order rate constants were calculated as averages of two to five
independent kinetic runs using the computer programs
Microsoft Excel and Origin 6.1. The obtained experimental
data are reported in Tables 1-3.

Quantum-Chemical Calculations. All of the structures
were fully optimized at the B3LYP/6-311+G** level’ and
characterized as minima or transition-state structures by
computation of vibrational frequencies [for minima, all
frequencies are positive, and the number of imaginary
frequencies (Nimag) is equal to zero; for transition-state
structures, exactly one imaginary frequency is present (Ni,,
= 1)]. Being well aware of the limitations of DFT calculations,’
we evaluated the energies using MP2(fc)/6-311+G** calcu-
lations [MP2(fc)/6-311+G**//B3LYP/6-311+G** + ZPE-
(B3LYP/6-311+G**), further denoted as MP2(f)-SP]."" The
Gaussian 03 suite of programs'> was used throughout.

B RESULTS AND DISCUSSION

The reaction between alcohol 1 or 2 and the phenylselenenyl
halide starts with electrophilic attack of the phenylselenenyl
group on the double bond of the alkenol, which results in the
formation of a seleniranium cation (1a or 2a; Scheme 2). In the
next phase of the reaction, this seleniranium intermediate can
be trapped by an internal nucleophile (the hydroxyl group of
the alcohol) to give the cyclizated oxonium ion (1b or 2b) or
by an external nucleophile (the halide ion of PhSeX) to give the
addition product (1d or 2d). Finally, the generation of the five-
or six-membered cyclic phenylseleno ether (lc or 2c,
respectively) ensues upon elimination of the proton from the
oxonium ion. The attack on the seleniranium cation by the
internal or external nucleophile is the rate-determining
step.''* The Z isomer produces only THE- type rings, while
the E isomer gives only tetrahydropyran-type ones.

The reactions between PhSeX (X = Cl, Br) and (Z)-hex-4-
en-1-ol (1) and (E)-hex-4-en-1-ol (2) in the presence or
absence of various additives were studied under pseudo-first-
order conditions in CCl, or THF as the solvent by UV—vis
spectrophotometry. The wavelengths at which the kinetic
measurements were performed were predetermined spectro-
photometrically by recording the UV—vis spectral changes of
the alkenol and reagent solutions over the 600—220 nm range.
Pseudo-first-order rate constants (k) were obtained from
analysis of the single-exponential kinetic traces (Figure 1) by
online nonlinear least-squares fits of the experimental data to eq
1:

At = AO + (AO - Aoo) exp(_kobst) (1)

where Ay, A, and A, represent the absorbance of the reaction
mixture initially, at time t, and at the end of the reaction,
respectively.
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Figure 1. Kinetic traces for the reaction between (Z)-hex-4-en-1-ol (C
= 1.5 mM) and PhSeBr (C = 0.1 mM) in THF as a solvent at 288 K, 1
= 250 nm.

The values of k, increased linearly with increasing alkenol
concentration, as shown typically in Figures 2 and 3 (the data
are given in Tables S.1-S.4 in the Supporting Information).
The kg, values as a function of total alkenol concentration can

be described by eq 2:

k.ps = k; + k,[alkenol] (2)

where k, is the second-order rate constant for the forward
reaction, whose rate depends on the alkenol concentration, and
k, is rate constant for the parallel substitution reaction (Scheme
2), whose rate is independent of the alkenol concentration.®
The values of k, and k, determined from the intercepts and
slopes, respectively, of the plots of k., versus [alkenol]
obtained for reactions at different temperatures in the presence
or absence of pyridine (Figure 2 for 1 and Figure 3 for 2) are
summarized in Table 1. These values were used to construct
Eyring plots (e.g., Figure 4), from which values of the enthalpy
(AH*) and entropy (AS¥) of activation were determined (see
Table 1). The negative values of AS¥ indicate that the reactions
of PhSeX (X = Cl, Br) with (Z)- and (E)-hex-4-en-1-ol in the
presence or absence of pyridine follow the mechanism of
bimolecular nucleophilic substitution (Sy2 pathway). The
results in Table 1 confirm the catalytic role of pyridine in
these reactions. All of the reactions performed in the presence
of pyridine were on average 2 times faster than those without
pyridiine. Also, reactions with PhSeCl as a reagent were 4 times
faster than those with PhSeBr. It was observed in previous
work”® that compared with reactions performed with PhSeCl,
the use of PhSeBr as a reagent affords lower yields of cyclic
ether products, while the yields of the side reaction increase.
The reason for this behavior can be explained by the higher
nucleophility of the bromide ion, which preferentially forms an
ion pair with the carbon atom of the seleniranium intermediate
and then with selenium, interfering with the approach of the
oxygen of the hydroxyl group. Therefore, the lower values of k,
in reactions with PhSeBr are another validation of the synthetic
results.

As described in our previous work,”* the role of the Lewis
base (e.g, pyridine) in this reaction is to increase the
nucleophilicity of the oxygen atom of the hydroxyl group by
creating a hydrogen bond with its proton. In this way, the
concurrent influence of the halide ion nucleophile is
diminished, which is reflected in a decrease in k;, the rate
constant for the parallel reaction (Tables 1 and 3 and Figures 2
and 3).

dx.doi.org/10.1021/jp304314j | J. Phys. Chem. A 2012, 116, 7783—7790
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Figure 2. Pseudo-first-order rate constant kg, as a function of the alkenol concentration and the temperature for the reactions between PhSeX (X =
Cl, Br) and (Z)-hex-4-en-1-0l in THF as the solvent in the presence or absence of pyridine.
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Figure 3. Pseudo-first-order rate constant k, as a function of the alkenol concentration and the temperature for the reaction between PhSeX (X =
Cl, Br) and (E)-hex-4-en-1-ol in THF as the solvent in the presence or absence of pyridine.
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Figure 4. Eyring plot for the PhSeBr-induced cyclization of (Z)-hex-4-
en-1-ol in THF.
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Table 2 presents the values of k, in the presence of various
base catalysts in THF as the solvent. The values of k; in these
reactions were insignificantly small and therefore are not
presented in Table 2. The k, values in base-catalyzed reactions
are remarkably influenced by the nature of the nitrogen donor.
Pyridine and quinoline have very similar pK, values (5.23 and
4.94, respectively) and donor numbers (DN) (33.1 and 32.0,
respectively) but quite different catalytic activities. This
behavior is even more noticeable in the case of triethylamine.
For such a high pK, value (pK, = 10.64, DN = 61.0), k, is
increased by only 35% relative to that for the pyridine-catalyzed
reaction. These results can be ascribed to the different steric
effects of these bases in the transition state. Hydrogen bonding
of the base to the hydroxyl group makes the approach of
oxygen in the ring-closing phase more difficult, which results in
a lower rate constant (Figure S). This phenomenon is even
more distinct in the base-catalyzed intramolecular cyclization of
6-methylhept-5-en-2-ol (3).'* Without additive present, the
phenylselenoetherification of this secondary alkenol with the

dx.doi.org/10.1021/jp304314j | J. Phys. Chem. A 2012, 116, 7783—7790
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Table 2. Rate Constants for Phenylselenoetherification of
(Z)-Hex-4-en-1-ol (1), (E)-Hex-4-en-1-ol (2), and 6-
Methylhept-5-en-2-ol (3) with PhSeCl in THF at 288 K in
the Presence of Various Lewis Bases

ky (M7 s7)
additive pK, 1 2 34
triethylamine 10.64 2.56 £ 0.0S 2.20 £ 0.0S 0.77 £ 0.03
pytidine 523 19 £ 0.1 1.64 +£ 008  0.55 + 0.02
quinoline 4.94 1.57 + 0.06 1.43 £ 0.05 049 £ 0.01
2,2-bipyridine 4.3 14 + 0.1 1.32 £ 0.09 0.48 + 0.02
no additive 0.93 + 0.03 0.79 + 0.05 0.63 + 0.02
“Data taken from ref 14.
Se
1 Il \\
y,,, / AN _“\\\\\\
R? H
O
B ’,H" d ,
bB.' R

(2)-hex-4-en-1-ol
(E)-hex-4-en-1-ol
6-Me-hept-5-en-2-ol

R'=Me; R?=H; R®=H
R'= H; R?= Me; R®= H
R'= Me; R? = Me; R® = Me

Figure S. Steric hindrance in ring-closing phase.

trisubstituted double bond exclusively gives a five-membered
ring (anti-Markownikoff's rule). In the presence of a Lewis
base, because of the greater steric hindrance in the transition
state, the creation of the six-membered ring can occur. Besides
the effects on the regioselectivity, the Lewis base also influences
the reaction by decreasing the reaction rate (except for Et;N;
Table 2). Compared to (Z)- and (E)-hex-4-en-1-ol, 6-
methylhept-5-en-2-ol as a more substituted alkenol is more
sensitive to steric bulkiness in the rate-determining cyclization
step and therefore exhibits lower rate constants with or without
base present.

As presented in Figure 6, a linear relationship between log k,
and pK, exists; therefore, the base additive increases the rate
and yield of reaction with the same reaction mechanism. The

0.5 -
logk o EtoN
0.4
0.3
o (Z)-isomer
0.2 4 :
u (E)-isomer
0.1 4
0 : : : : LG
0 2 4 6 8 10 12

Figure 6. Plots of log k, vs pK, of the base catalyst used in the
phenylselenoetherification of (Z)- and (E)-hex-4-en-1-ol with PhSeCl
in THF as the solvent.
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Table 3. Rate Constants for Phenylselenoetherification of (Z)- and (E)-Hex-4-en-1-ol with PhSeX with or without Pyridine in

CCl, at 288 K

PhSeCl PhSeBr
4 (nm) ky (M 57 k (s7) 4 (nm) ky (M) ki (s7)
(Z)-hex-4-en-1-0l 280 0.64 + 0.03 6 + 0.09) x 107 262 0.178 + 0.004 (1.63 + 0.08) X 107
(Z)-hex-4-en-1-ol + pyridine 280 1.74 + 0.08 - 262 0.40 + 0.01 -
(E)-hex-4-en-1-0l 261 0.58 + 0.01 (82 + 02) x 107 261 0.108 + 0.008 (2.8 + 0.1) x 107
(E)-hex-4-en-1-ol + pyridine 261 1.10 + 0.06 - 261 022 + 0.01 -

TS-Z1

TS-Z22

Figure 7. B3LYP/6-311+G**-calculated transition-state structures for the cyclization of (Z)-hex-4-en-1-ol.

slopes () obtained from the linear fits for the two isomeric
alkenols are slightly different: # = 0.04 + 0.01 for the Z isomer
and f# = 0.032 + 0.007 for the E isomer. The higher f value for
the Z isomer reflects the higher sensitivity of the reaction rate
to the base catalyst."

Table 3 presents the rate constants for phenylseleno-induced
cyclization of (Z)- and (E)-hex-4-en-1-ol in the presence or
absence of pyridine in CCl, at 288 K. Tetrachlorometane (& =
22, DN = 0) as a nonpolar solvent proved to be a worse
reaction medium than THF (e = 7.6, DN = 20), resulting in
lower reaction rates. Therefore, these results illustrate that
solvents with higher polarity and higher basicity (THF vs CCl,)
can better stabilize the charged transition state and increase the
reaction rate. Besides its polarity, the possibility that THF can
form a hydrogen bond with the hydroxyl group’s proton seems
to be quite significant for its positive influence on the reaction
rate.

To learn more about the reactions on a molecular level, we
performed quantum-chemical calculations on the reaction
pathways leading to the five- and six-membered-ring species.
Therefore, we calculated results for (Z)- and (E)-hex-4-en-1-ol
with NH; as the base.

Inspection of all of the possible cyclization products, still
hydrogen-bonded to NH," and attached to the PhSe fragment,
already gives first mechanistic ideas. Cyclization of (E)-hex-4-
en-1-ol (2) results experimentally in the six-membered-ring
tetrahydropyranoid structure, which at the MP2(f)-SP level is
favored by 4 kcal mol™' relative to the alternative five-
membered heterocycle. In contrast, (Z)-hex-4-en-1-ol (1)
reacts to give the five-membered tetrahydrofuranoid ring. The
two possible reaction products are nearly energetically
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equivalent, favoring the tetrahydropyranoid form by a hardly
significant 0.6 kcal mol™" at the MP2(f)-SP level.

Starting the mechanistic investigation of 1 at the
seleniranium 1la leads to two transition states, one forming
the five-membered ring and one forming the six-membered
oxane. While the formation of the tetrahydrofuranoid ring
passes an energy barrier of 7.5 kcal mol™!, the barrier for the
molecular rearrangement to the six-membered ring is 8.7 kcal
mol™! at the MP2(f)-SP level. The preference for the five-
membered ring is already present in the structure of the
seleniranium intermediate 1a. The distance between the O and
C4 atoms is only 2.71 A, while the O—CS5 distance is 3.31 A.
The distances of the forming O—C bonds in the transition state
are consequently reduced, while the second O—C distance is
elongated. Therefore, the O—C4 distance in the transition state
for the formation of the furanoid form is 2.12 A (O—C5: 2.89
A; Figure 7, TS-Z1), and the corresponding transition state for
the developing pyranoid form has an O—CS5 distance of 2.19 A
(O—C4: 2.64 A; Figure 7, TS-Z2). One can conclude that the
transition state for the oxane-like structure is closer to the
product and affords more structural rearrangement than the
furan-like transition state. Therefore, the furan-like transition
state is a bit earlier and a bit more stable. The final formation of
the furan structure liberates 17.4 kcal mol™" at the MP2(f)-SP
level, which is slightly less than for the formation of the oxane
structure (19.2 kcal mol™") (Figure 8). Therefore we conclude
that the cyclization of 1 is kinetically controlled by the
activation energy.

A different control mechanism has to be assumed for the
construction of the heterocycle starting from 2, or, to be more
precise, the seleniranium intermediate 2a. Again, two transition
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Figure 8. MP2(f)-SP-calculated reaction pathway for the cyclization of
(Z)-hex-4-en-1-ol.

states could be passed, one leading to the tetrahydrofuranoid
structure and the other to the tetrahydropyranoid structure.
The transition state leading to the five-membered ring is
associated with an activation barrier of 6.9 kcal mol™ at the
MP2(f)-SP level, while the alternative transition state linked to
the pyranoid form has a barrier of 12.4 kcal mol™". The distance
between the hydroxyl oxygen atom and the C4 carbon is 0.1 A
longer (2.91 A) than the distance to the CS carbon (2.80 A).
This structurally favors the six-membered ring. In the transition
states, these distances are shortened to 2.08 A for the formation
of the five-membered-ring product (O—CS: 2.86 A; Figure 9,
TS-E1) and 2.15 A for the six-membered-ring species (O—C4:
2.72 A; Figure 9, TS-E2). The relatively short distance between
the hydroxyl O atom and C4 in TS-E1 may cause some extra
stabilization of the transition state. In addition, this transition
state, associated with the product that is not experimentally
observed, is more productlike than the transition state that is
most probably passed.

The succeeding exothermic steps assemble the O—C bonds
(Figure 10). Overall, the six-membered-ring system has over
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E
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= Jse-Ph .
4 / ts \
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12.5
i
HaN
R

Figure 10. MP2(f)-SP-calculated reaction pathway for the cyclization
of (E)-hex-4-en-1-ol.

50% more stability (—12.5 kcal mol™") than the five-membered-
ring isomer (—8.5 kcal mol™) relative to the starting enol 2 at
the MP2(f)-SP level. As the only product observed in the
experiment is also the more stable pyranoid form, for which the
reaction pathway has the higher activation energy, we conclude
that in the case of 2 the reaction is thermodynamically
controlled.

B CONCLUSION

Two geometric isomeric alcohols, (Z)-hex-4-en-1-ol (1) and
(E)-hex-4-en-1-ol (2), demonstrated very interesting behavior
in terms of stereo- and regioselectivity, influenced by the

TS-E1

TS-E2

Figure 9. B3LYP/6-311+G**-calculated transition state structures for the cyclization of (E)-hex-4-en-1-ol.
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different orientations of the methyl group in these two isomers.
Careful selection of an appropriate additive (Lewis acid or
base) leads to the appearance of high stereo- and
regioselectivity in these reactions. It has been demonstrated
that the intramolecular cyclization is facilitated in the presence
of a base as a result of the formation of a hydrogen bond
between the base and alkenol’s OH group. The rate constants
in the base-catalyzed reactions are remarkably influenced by the
bulkiness and basicity of the base used and the nature of the
considered nitrogen donor. The values obtained for the rate
constants have shown that the reaction with triethylamine is the
fastest one. THF, with higher polarity and higher basic
character, is a better solvent than CCl, The quantum-chemical
calculations have shown that the cyclization of 1 is kinetically
controlled by the activation energy, while the ring-closing
reaction of 2 is thermodynamically controlled. These results are
in agreement with our previous work.”* When the THF-type
ether is formed from alkenol 1, it can rather easily undergo an
isomerization process to give the more stable product, while,
once formed, the six-membered cyclic ether derived from
alkenol 2 does not undergo isomerization because of its
stability.
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