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D*#*-H$I  ?ll!reactio.s!Cere!co.'ucte'!i.!Dlame8'rie'!:lassCare!u.'er!.itro:e.!usi.:!

a.*y'rous!solEe.ts.! !Folue.e!a.'!tetra*y'roDura.!Cere!'istille'!Drom!so'iumGHe.4o,*e.o.e!

Ietyl! HeDore! usi.:.! ! Jiet*yl! et*er! Cas! use'! aDter! ,assi.:! t*rou:*! a.! actiEate'! alumi.a!

colum..! ! FiKLiMrNO! Cas! use'! aDter! 'istillatio.! oD! t*e! commercially! aEailaHle! rea:e.t.!!

1lFiKLiMrNP!Cas!,urc*ase'!as!a!#M!solutio.!i.!*eQa.es!Drom!?l'ric*R!a.'!Cas!use'!Cit*out!

Durt*er! a.alysis! or! ,uriDicatio..! ! ?ll! ot*er! commercially! aEailaHle! rea:e.ts! Cere! use'! as!

receiEe'.!

#$!SMT!'ata!Cere!recor'e'!at!UVV!M$4!or!OVV!M$4!usi.:!a!BruIer!?M8UVVX!BruIer!

?Ea.ce! JMY8UVV! or! BruIer! ?M8OVV! i.strume.t.! ! #$! SMT! c*emical! s*iDts! are! re,orte'!

relatiEe!to!resi'ual!1$1lP!KZ.>[!,,mN.!#P1!SMT!'ata!Cere!recor'e'!at!#>[!M$4!or!#VV!M$4!

usi.:! a! BruIer! ?M8UVVX! BruIer! ?Ea.ce! JMY8UVV! or! BruIer! ?M8OVV! i.strume.t.! ! #P1!

c*emical!s*iDts!are!re,orte'!relatiEe!to!t*e!ce.tral!li.e!oD!1J1lP!KZZ.VV!,,mN.!!\.Drare'!s,ectra!

Cere! recor'e'! usi.:! a! Mi'ac! S,ectrometer! M8series.! ! (oC! resolutio.! mass! s,ectrometry!

K(TMSN! Cas! ,erDorme'! o.! a! ]aters! MicromassR! ^_FM! i.strume.t! usi.:! electros,ray!

io.i4atio.!K7\N.!!$i:*!resolutio.!mass!s,ectrometry!K$TMSN!Cas!,erDorme'!o.!a!`.OF!BruIer!

_e!aF8\1T! i.strume.t! usi.:!7\.! !L,tical! rotatio.s!Cere!measure'! o.!MerIi.!7lmer!Mo'el!

PO#!,olarimeter!usi.:!a!#!m(!ca,acity!micro!cell!Cit*!a!#V!cm!,at*!le.:t*.!!!!!

1*romato:ra,*ic! ,uriDicatio.s! Cere! ,erDorme'! usi.:! [VbX! PU8ZUcm! ,article! si4e!

silica!:el!Drom!Silicycle.!!?ll!com,ou.'s!,uriDie'!Hy!c*romato:ra,*y!Cere!suDDicie.tly!,ure!

Dor! use! i.! Durt*er! eQ,erime.tsX! u.less! i.'icate'!ot*erCise.! !Semi8,re,aratiEe! a.'! a.alytical!

$M(1! .ormal! ,*ase! se,aratio.s!Cere! ,erDorme'! usi.:! a.!$M(1! system! com,ose'! oD! tCo!

Jy.amaQ!SJ8#!,um,sX!a!T*eo'y.e!i.dector!a.'!a!Jy.amaQ!ef8#!aHsorHa.ce!'etector.!

?ll!alle.es!are!I.oC.!com,ou.'s!,re,are'!accor'i.:!to!t*e!,uHlis*e'!,roce'ures9!
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"$$*#* J.!!Mola.'erX!/.!?.g!1ormierX!7.!M.g!J. Org. Chem.!KLLJX!7X!>[>>!8!>[>[.!

"$$*#* M.!!Jda*a.Hi.iX!J.g!1a4esX!B.g!/oreX!h.!Tetrahedron!:NMOX!43X!POO#8POU>.!

"$$*#* :L.!!YuX!J.g!(uX!^.g!(iX!^.g!MaX!S.g!TetrahedronX!KLL<X!60X!##iZ`8##iiZ.!

"$$*#* :K.!!$ormut*X!S.g!Teissi:X!$.!J. Org. Chem.!:NN<X!59X![Z8ZP.!!!

"$$*#* :<.!!MaX!S.g!hiaoX!S.g!^*aoX!S.g!$ouX!$.!J. Org. Chem.!KLLKX!67X!>iPZ8>iOZ.!!!

 

70#/9*2(2 &6 :,<+,(*#* O H#) A-(*#* KKI  Fo!a!jZi!o1!solutio.!oD!alIy.e!P#!K>[[!m:X!

V.ZU!mmolN! i.!U.V!m(!oD!M*Me!Cas!a''e'!#.UV!m(!oD!1lFiKLiMrNP! K#.VM!i.!*eQa.esX!#.UV!

mmolN! a.'! #.UP!m(! oD! c1U$`M:1l! K#.`[M! i.! 7t>LX! P.VV!mmolN! 'ro,Cise! Eia! a! :as8ti:*t!

syri.:e.! ! F*e! resulti.:! clearX! yelloC! solutio.! tur.e'! 'arI! re''is*! HroC.! C*ile! Carmi.:!

sloCly! to! jPV! o1!oEer! #! *r.! !F*e! reactio.!miQture!Cas! stirre'! at! jPV! o1! Dor! #! *r! a.'! t*e.!

coole'!to!jZi!o1.!!Fo!a!se,arate!jZi!o1!solutio.!oD!alle.e!J!K#VU!m:X!#.UV!mmolN!i.!#.V!m(!

M*Me!Cas! a''e'! [#V!c(! oD!nBu(i! K>.OUM! i.! *eQa.esX! #.UV!mmolN! 'ro,Cise! Eia! :as8ti:*t!

syri.:e.!!F*e!resulti.:!solutio.!Cas!stirre'!Dor!#U!mi.X!remoEe'!Drom!t*e!col'!Hat*!a.'!a''e'!

to!t*e!jZi!o1!tita.ium!solutio.!'ro,Cise!Eia!ca..ula.!!?Dter!Carmi.:!sloCly!to!jPV!o1!oEer!

#.U! *rX! t*e! reactio.! Cas! kue.c*e'! Cit*! U! m(! oD! sat.! S$O1l! solutio..! ! F*e! miQture! Cas!

Carme'! to! room! tem,erature! HeDore! eQtracti.:! Cit*! 7tL?c! KP! Q! #U! m(N.! ! F*e! comHi.e'!

or:a.ic! layer!Cas!Cas*e'!Cit*! sat.!Sa$1LP! solutio.! K#! Q! PV!m(NX! Hri.e! K#! Q! PV!m(N! a.'!

'rie'!oEer!a.*y'rous!Sa>SLO.!!alas*!colum.!c*romato:ra,*y!K#V!l!7tL?cG*eQa.esX!t*e.!UV!
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l!7tL?cG*eQa.esN!oD!t*e!cru'e!material!KO9KK!m!P9#!Hy!#$!SMTN!,roEi'e'!#>i!m:!KOV!lN!oD!

'ie.e!O!a.'!OV!m:!K#PlN!oD!trie.e!KK as!clearX!colorless!oils.!!!

QKR,JST+M+Q<+U*/9&'0V*#W0$&'0T+J+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T&./H+K,J+)(*#+:+

&$, OI  #$!SMT!KUVV!M$4X!1J1lPN!!! Z.>[8Z.>P! KmX!O$NX![.ii8[.i[! KmX!O$NX!U.[O8U8[P! KmX!

>$NX!U.>[!KtX!J!m!Z.P!$4X!#$NX!O.O>!KsX!>$NX!O.O#!KsX!>$NX!O.V`!KHr!sX!>$NX!P.iV!KsX!P$NX!P.iV!KsX!

P$NX!P.OO!KtX!J!m!Z.PX!>$NX!P.O>!KtX!J!m![.`!$4X!>$NX!>.ZU!KHr!sX!>$NX!>.PZ8>.P>!KmX!O$NX!#.>U!KtX!

J!m![.VX!#$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#U`.#X!#P[.>X!#PV.`X!#PV.[X!#PV.UX!#>`.>X!#>`.#X!

#>P.`X!##P.ZX!Z>.OX![`.ZX![i.OX![P.[X!UU.>X!OV.PX!PV.iX!>i.[g!\T!Kt*i.!DilmX!Sa1lN!PO>[X!>`POX!

>iUiX!#[#PX!#U#PX!#O[OX!#P[#X!#>OiX!##ZPX!#V`PX!#VPUX!i>V!cm8#g!(TMS!K7\X!SaN!calc'!Dor!

1>[$POLUSaX!OO`.>O!m/z!KM!n!SaNg!oHserEe'X!OO`.O!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

 

!

QXRT+:+Q<+U*/9&'0V*#W0$&'0T+<+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+J+8(#0$+X,J+

9*'H)(*#*, KKI! ! #$!SMT!KUVV!M$4X!1J1lPN!!!Z.>[8Z.>P! KmX!O$NX![.ii8[.iU! KmX!O$NX![.PZ!

K''X!J!m!#Z.PX!#V.Z!$4X!#$NX!U.U#!KtX!J!m![.`!$4X!#$NX!U.>O!K'X!J!m!#Z.P!$4X!#$NX!U.#V!K'X!J!m!

#V.O!$4X!$NX!U.V[!KsX!#$NX!O.`Z!KsX!#$NX!O.OP!KsX!>$NX!O.P`!KsX!>$NX!P.iV!KsX!P$NX!P.Z`!KsX!P$NX!

P.OZ!KtX!J!m!Z.P!$4X!>$NX!P.O>!KtX!J!m!Z.P!$4X!>$NX!>.Ui!KtX!J!m!Z.P!$4X!>$NX!>.O[!K'tX!J!m!#P.`X!

Z.P!$4X! >$Ng! #P1!SMT! K#>[!M$4X!1J1lPN! !! #U`.V`X! #U`.VUX! #O`.>X! #PZ.iX! #P[.ZX! #PV.[PX!

#PV.UZX!#>`.>X!#>`.#X!#>Z.OX!##[.>X!##O.>X!##P.Z>X!##P.[`X!Z>.UVX!Z>.OiX![`.UX![i.ZX!UU.>X!PV.#X!

>i.`g!\T!Kt*i.!DilmX!Sa1lN!>`PUX!>iUZX!#[#PX!#Ui[X!#U#PX!#O[OX!#P[#X!#PV>X!#>O`X!##ZPX!#V`ZX!

#VPUX!i>#!cm8#g!(TMS!K7\X!SaN!calc'!Dor!1>[$P>LOSaX!OP#.>P!m/z!KM!n!SaNg!oHserEe'X!OP#.P!

KM!n!SaNn!m/z.   
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70#/9*2(2 &6 :,<+,(*#* NI  Fo!a!jZi!o1!solutio.!oD!alIy.e!P!K>VV!m:X!V.U[!mmolN!i.!

P.Z!m(!oD!M*Me!Cas!a''e'!iUV!c(!oD!1lFiKLiMrNP!K#.VM!i.!*eQa.esX!V.iU!mmolN!a.'!i[V!c(!

oD!c1U$`M:1l!K#.`[M!i.!7t>LX!#.[`!mmolN!'ro,Cise!Eia!a!:as8ti:*t!syri.:e.! !F*e!resulti.:!

clearX!yelloC!solutio.!tur.e'!'arI!re''is*!HroC.!C*ile!Carmi.:!sloCly!to!jPV!o1!oEer!#!*r.!!

F*e!reactio.!miQture!Cas!stirre'!at!jPV!o1!Dor!#!*r!a.'!t*e.!coole'!to!jZi!o1.!!Fo!a!se,arate!j

Zi!o1!solutio.!oD!alle.e!M>!K[`!m:X!V.P`!mmolN!i.!#.V!m(!M*Me!Cas!a''e'!#[V!c( oD!nBu(i!

K>.OUM! i.!*eQa.esX!V.P`!mmolN!'ro,Cise!Eia!:as8ti:*t! syri.:e.! !F*e! resulti.:! solutio.!Cas!

stirre'! Dor! #U!mi.X! remoEe'! Drom! t*e! col'! Hat*! a.'! a''e'! to! t*e! jZi! o1! tita.ium! solutio.!

'ro,Cise!Eia!ca..ula.! !?Dter!Carmi.:!sloCly! to!V! o1!oEer!>!*rX! t*e! reactio.!Cas!kue.c*e'!

Cit*! U!m(! oD! sat.! S$O1l! solutio..! ! F*e!miQture!Cas!Carme'! to! room! tem,erature! HeDore!

eQtracti.:! Cit*! 7tL?c! KP! Q! #U! m(N.! ! F*e! comHi.e'! or:a.ic! layer! Cas! Cas*e'! Cit*! sat.!

Sa$1LP!solutio.!K#!Q!PV!m(NX!Hri.e!K#!Q!PV!m(N!a.'!'rie'!oEer!a.*y'rous!Sa>SLO.!!alas*!

colum.! c*romato:ra,*y! oD! t*e! cru'e! material! K>V! l! 7tL?cG*eQa.esX! t*e.! UV! l!

7tL?cG*eQa.esN!,roEi'e'!#>Z!m:!KZO!lN!oD!'ie.e!N!as!a!clearX!colorless!oil.!!?!small!,ortio.!

Cas!Durt*er!,uriDie'!Hy!$M(1!o7tL?cG*eQa.es9!:ra'ie.t! Drom!PU!l!to!UU!l!KV8>V!mi.X!>U!

m(Gmi.N!o.!a!MicrosorH!KSi!iV8#>V81U!$O#V##`N!colum.p!to!oHtai.!a!sam,le!Dor!a.alytical!

c*aracteri4atio..!

QKR,JST+M+Q<+U*/9&'0V*#W0$&'0T+J+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+K+U*/90$&./H+

K,J+)(*#+:+&$, NI  #$!SMT!KOVV!M$4X!1J1lPN!!!Z.>[8Z.>P!KmX!O$NX![.i`8[.iU!KmX!O$NX!U.O>8

U.PZ!KmX!#$NX!U.>O!KtX!J!m!Z.#!$4X!#$NX!O.O>!KsX!>$NX!O.O#!KsX!>$NX!O.VV!K'X!J!m!U.i!$4X!>$NX!
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P.iV!KsX!P$NX!P.iV!KsX!P$NX!P.O[8P.P`!KmX!O$NX!>.ZU!K'X!J!m!Z.P!$4X!>$NX!>.PO!K'tX!J!m!#O.ZX!Z.[!

$4X!>$NX!>.PP!KtX!J!m!Z.P!$4X!>$NX!#.[O!KsX!P$NX!#.PO!KtX!J!m![.#!$4X!#$Ng!#P1!SMT!K#VV!M$4X!

1J1lPN!!!#U`.#X!#P[.[X!#P[.VX!#PV.[X!#PV.UX!#>`.>#X!#>`.#[X!#>P.iX!#>P.#X!##P.ZX!ZZ.>X!Z>.UX!

[`.iX![i.iX![i.[X!UU.>X!PU.ZX!P#.#X!>i.[X!#P.[g! \T! Kt*i.! DilmX!Sa1lN!POPPX!>`VZX!>iUZX!#[#PX!

#U#PX!#O[OX!#P[VX!#PV>X!##ZPX!#V`PX!#VPUX!iV>!cm8#g!(TMS!K7\X!SaN!calc'!Dor!1>Z$P[LUSaX!

O[P.>[!m/z!KM!n!SaNg!oHserEe'X!O[P.P!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

 

!

 

70#/9*2(2 &6 :,<+,(*#* ::I  Fo!a!jZi!o1!solutio.!oD!alIy.e!P!K>VV!m:X!V.U[!mmolN!i.!

P.Z!m(! oD! M*Me!Cas! a''e'! >UV! c(! oD! FiKLiMrNO! KV.iU!mmolN! a.'! i[V! c(! oD! c1U$`M:1l!

K#.`[M! i.!7t>LX! #.[i!mmolN! 'ro,Cise! Eia! a! :as8ti:*t! syri.:e.! ! F*e! resulti.:! clearX! yelloC!

solutio.!tur.e'!'arI!re''is*!HroC.!C*ile!Carmi.:!sloCly!to!jPV!o1!oEer!#!*r.!!F*e!reactio.!

miQture! Cas! stirre'! at! jPV! o1! Dor! #! *r! a.'! t*e.! coole'! to! jZi! o1.! ! Fo! a! se,arate! jZi! o1!

solutio.! oD! alle.e! :L! KPi! m:X! V.P`! mmolN! i.! #.V! m(! M*Me! Cas! a''e'! #[V! c( oD! nBu(i!

K>.OUM! i.!*eQa.esX!V.P`!mmolN!'ro,Cise!Eia!:as8ti:*t! syri.:e.! !F*e! resulti.:! solutio.!Cas!

stirre'! Dor! #U!mi.X! remoEe'! Drom! t*e! col'! Hat*! a.'! a''e'! to! t*e! jZi! o1! tita.ium! solutio.!

'ro,Cise!Eia!ca..ula.! !?Dter!Carmi.:!sloCly! to!V! o1!oEer!>!*rX! t*e! reactio.!Cas!kue.c*e'!

Cit*! U!m(! oD! sat.! S$O1l! solutio..! ! F*e!miQture!Cas!Carme'! to! room! tem,erature! HeDore!
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eQtracti.:! Cit*! 7tL?c! KP! Q! #U! m(N.! ! F*e! comHi.e'! or:a.ic! layer! Cas! Cas*e'! Cit*! sat.!

Sa$1LP!solutio.!K#!Q!PV!m(NX!Hri.e!K#!Q!PV!m(N!a.'!'rie'!oEer!a.*y'rous!Sa>SLO.!!alas*!

colum.! c*romato:ra,*y! K#U! l! 7tL?cG*eQa.esX! t*e.! OV! l! 7tL?cG*eQa.esN! oD! t*e! cru'e!

material!,roEi'e'!##P!m:!K[O!lN!oD!'ie.e!::!as!a!clearX!colorless!oil!i.!a!P9#!K79^N!miQture!oD!

oleDi.!isomers.!!Se,aratio.!oD!t*e!isomers!Hy!$M(1!o7tL?cG*eQa.es9!:ra'ie.t!Drom!PU!l!to!

UV!l!KV8#U!mi.X!>U!m(Gmi.N!o.!a!MicrosorH!KSi!iV8#>V81U!$O#V##`N!colum.p!,roEi'e'!a.!

a.alytically!,ure!sam,le!oD!::I  !

QXR,PST+N+Q<+U*/9&'0V*#W0$&'0T+P+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+X+U*/90$#&#H+

X,P+)(*#+:+&$, ::I  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.>Z8Z.>P!KmX!O$NX![.i`8[.iU!KmX!O$NX!U.>U8

U.>#!KmX!>$NX!O.O>!KsX!>$NX!O.O#!KsX!>$NX!P.iV!KsX!P$NX!P.Z`!KsX!P$NX!P.[U!K'tX!J!m!#>.PX![.P!$4X!

>$NX!P.OO!KtX!J!m!Z.[!$4X!>$NX!P.O#!KtX!J!m![.`!$4X!>$NX!>.ZO!K'X!J!m!Z.P!$4X!>$NX!>.PO!KtX!J!m!Z.[!

$4X!>$NX!>.PP!K'tX!J!m!#U.OX!Z.[!$4X!>$NX!>.>U!KtX!J!m![.V!$4X!>$NX!#.[#!KsX!P$NX!#.PZ!KtX!J!m![.V!

$4X!#$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#U`.#X!#P[.iX!#P>.[X!#PV.[OX!#PV.U[X!#>`.#`X!#>`.#[X!

#>U.ZX!#>P.VX!##P.ZX!Z>.UX![`.iX![i.[X![V.>X!UU.>X!O>.ZX!P[.>X!P#.#X!>i.[X!#U.Zg! \T! Kt*i.! DilmX!

Sa1lN!POP`X!>iUZX!#[#PX!#U#PX!#O[OX!#PV>X!#>OiX!##ZPX!#V`PX!#VP[X!i>V!cm8#g!(TMS!K7\X!

SaN!calc'!Dor!1>i$PiLUSaX!OZZ.>Z!m/z!KM!n!SaNg!oHserEe'X!OZZ.O!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 
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70#/9*2(2 &6 :,<+,(*#* :XI  Fo!a!jZi!o1!solutio.!oD!alIy.e!P!K>VV!m:X!V.U[!mmolN!i.!

P.Z!m(! oD! M*Me!Cas! a''e'! >UV! c(! oD! FiKLiMrNO! KV.iO!mmolN! a.'! i[V! c(! oD! c1U$`M:1l!

K#.`[M! i.!7t>LX! #.[i!mmolN! 'ro,Cise! Eia! a! :as8ti:*t! syri.:e.! ! F*e! resulti.:! clearX! yelloC!

solutio.!tur.e'!'arI!re''is*!HroC.!C*ile!Carmi.:!sloCly!to!jPV!o1!oEer!#!*r.!!F*e!reactio.!

miQture! Cas! stirre'! at! jPV! o1! Dor! #! *r! a.'! t*e.! coole'! to! jZi! o1.! ! Fo! a! se,arate! jZi! o1!

solutio.! oD! alle.e! :K! KPP! m:X! V.P`! mmolN! i.! #.V! m(! M*Me! Cas! a''e'! #[V! c( oD! nBu(i!

K>.OUM! i.!*eQa.esX!V.P`!mmolN!'ro,Cise!Eia!:as8ti:*t! syri.:e.! !F*e! resulti.:! solutio.!Cas!

stirre'! Dor! #U!mi.X! remoEe'! Drom! t*e! col'! Hat*! a.'! a''e'! to! t*e! jZi! o1! tita.ium! solutio.!

'ro,Cise!Eia!ca..ula.!!?Dter!Carmi.:!sloCly!Drom!jZi!o1!to!jPV!o1!oEer!#!*rX!t*e.!Drom!jPV!

o1!to!V!o1!oEer!#!*rX!t*e.!at!V!o1!Dor!#!*rX!t*e!reactio.!Cas!kue.c*e'!Cit*!U!m(!oD!sat.!S$O1l!

solutio..!!F*e!miQture!Cas!Carme'!to!room!tem,erature!HeDore!eQtracti.:!Cit*!7tL?c!KP!Q!#U!

m(N.!!F*e!comHi.e'!or:a.ic!layer!Cas!Cas*e'!Cit*!sat.!Sa$1LP!solutio.!K#!Q!PV!m(NX!Hri.e!

K#! Q! PV! m(N! a.'! 'rie'! oEer! a.*y'rous! Sa>SLO.! ! alas*! colum.! c*romato:ra,*y! K>V! l!

7tL?cG*eQa.esX!t*e.!UV!l!7tL?cG*eQa.esN!oD!t*e!cru'e!material!,roEi'e'!#iV!m:!KiZ!lN!oD!

'ie.e! :X! as! a! clearX! colorless! oil.! ! ?! small! ,ortio.! Cas! Durt*er! ,uriDie'! Hy! $M(1!

o7tL?cG*eQa.es9!:ra'ie.t!Drom!PV!l!to!OU!l!KV8#V!mi.X!>U!m(Gmi.N!o.!a!MicrosorH!KSi!iV8

#>V81U!$O#V##`N!colum.p!to!oHtai.!a!sam,le!Dor!a.alytical!c*aracteri4atio..!

QKS,JST+M+Q<+U*/9&'0V*#W0$&'0T+J+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+K+U*/9&'0+:+

49*#0$&./H+K,J+)(*#+:+&$, :XI  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.O>8Z.OV!KmX!>$NX!Z.PU8Z.P>!

KmX!>$NX!Z.PV8Z.>>!KmX!U$NX![.i`8[.iO!KmX!O$NX!U.>Z!KtX!J!m!Z.P!$4X!#$NX!U.>V!K'X!J!m!O.Z!$4X!

#$NX!O.`P!KtX!J!m!Z.[!$4X!#$NX!O.O>!KsX!>$NX!O.OV!KsX!>$NX!P.iV!KsX!P$NX!P.Z`!KsX!P$NX!P.U#!KsX!

P$NX!P.O[!KtX!J!m!Z.P!$4X!>$NX!P.O#!KtX!J!m![.`!$4X!>$NX!>.iU!K'X!J!m!Z.P!$4X!>$NX!>.Pi8>.P>!KmX!

O$NX!>.>Z!K'X!J!m!O.Z!$4X!#$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#U`.#OX!#U`.#>X!#U[.`X!#O#.UX!
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#P[.iX!#PV.ZX!#PV.[X!#>`.>X!#>`.#X!#>i.PX!#>Z.ZX!#>[.[X!#>P.#X!##P.iX!##P.ZX!###.#X!ZZ.>X!ZO.VX!

Z>.O`X!Z>.O[X![`.iX![i.[X!U`.ZX!UU.PX!PP.VX!P#.>X!>i.[g!\T!Kt*i.!DilmX!Sa1lN!PO>PX!>`P[X!>iOZX!

#[#PX!#U#PX!#OUOX!#P[VX!#PV>X!#>OiX!##ZOX!#V`#X!#VPUX!i>VX!ZVP!cm8#g!$TMS!K7\X!SaN!calc'!

Dor!1PP$OVL[SaX!UUU.>i>U!m/z!KM!n!SaNg!oHserEe'X!UUU.>Z#Z!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

 

 

 

70#/9*2(2 &6 :,<+,(*#* :J H#) A-(*#* KXI  Fo!a!jZi!o1!solutio.!oD!alIy.e!P!K>VV!m:X!

V.U[!mmolN! i.! P.Z!m(!oD! M*Me!Cas! a''e'! iUV!c(! oD!1lFiKLiMrNP! K#.VM! i.! *eQa.esX! V.iU!

mmolN! a.'! i[V! c(! oD! c1U$`M:1l! K#.`[M! i.! 7t>LX! #.[`! mmolN! 'ro,Cise! Eia! a! :as8ti:*t!

syri.:e.! ! F*e! resulti.:! clearX! yelloC! solutio.! tur.e'! 'arI! re''is*! HroC.! C*ile! Carmi.:!

sloCly! to! jPV! o1!oEer! #! *r.! !F*e! reactio.!miQture!Cas! stirre'! at! jPV! o1! Dor! #! *r! a.'! t*e.!

coole'!to!jZi!o1.!!Fo!a!se,arate!jZi!o1!solutio.!oD!alle.e!:<!KP`!m:X!V.P`!mmolN!i.!#.V!m(!

M*Me!Cas! a''e'! #[V!c( oD!nBu(i! K>.OUM! i.! *eQa.esX! V.P`!mmolN! 'ro,Cise! Eia! :as8ti:*t!

syri.:e.!!F*e!resulti.:!solutio.!Cas!stirre'!Dor!#U!mi.X!remoEe'!Drom!t*e!col'!Hat*!a.'!a''e'!

to!t*e!jZi!o1!tita.ium!solutio.!'ro,Cise!Eia!ca..ula.!!?Dter!Carmi.:!sloCly!to!jPV!o1!oEer!#!

*rX! t*e.!at!jPV!o1!Dor!#!*rX! t*e.!Drom!jPV!o1!to!V!o1!!oEer!#!*rX! t*e!reactio.!Cas!kue.c*e'!

Cit*! U!m(! oD! sat.! S$O1l! solutio..! ! F*e!miQture!Cas!Carme'! to! room! tem,erature! HeDore!

eQtracti.:! Cit*! 7tL?c! KP! Q! #U! m(N.! ! F*e! comHi.e'! or:a.ic! layer! Cas! Cas*e'! Cit*! sat.!
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Sa$1LP!solutio.!K#!Q!PV!m(NX!Hri.e!K#!Q!PV!m(N!a.'!'rie'!oEer!a.*y'rous!Sa>SLO.!!alas*!

colum.! c*romato:ra,*y! KU! l! 7tL?cG*eQa.esX! t*e.! #V! l! 7tL?cG*eQa.esX! t*e.! UV! l!

7tL?cG*eQa.esN!oD!t*e!cru'e!material!K:J9KX!m!#.U9#!Hy!#$!SMTN!,roEi'e'!`#!m:!KU#!lN!oD!

'ie.e!:J!a.'!UZ!m:!KPP!lN!oD!trie.e!KX!as!clearX!colorless!oils.!!Frie.e!KX Cas!isolate'!as!a!

P9#!miQture!oD!oleDi.!isomersX!DaEori.:!E8isomer!KX Ks*oC.N oEer!Z8isomer!KXH.!!Se,aratio.!

oD!t*e!trie.e!oleDi.!isomers!usi.:!$M(1!o7tL?cG*eQa.es9!:ra'ie.t!Drom!#V!l!to!#U!l!KV8#V!

mi.X!>`!m(Gmi.Ng!t*e.!#U!l!to!PV!l!K#V8#U!mi.X!>`!m(Gmi.N!o.!a!MicrosorH!KSi!iV8#>V81U!

$O#V##`N!colum.p!,roEi'e'!a.alytically!,ure!sam,les!oD!KK a.'!KKH.!!!

QKR,JRT+M+Q<+U*/9&'0V*#W0$&'0T+J+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+K,<+

)(U*/90$&./H+K,J+)(*#+:+&$, :JI  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.>[8Z.>P!KmX!O$NX![.ii8[.i[!

KmX!O$NX!U.>i!KtX!J!m![.`!$4X!#$NX!U.>#!K'X!J!m!`.U!$4X!#$NX!O.O>!KsX!>$NX!O.OV!KsX!>$NX!P.`U!K'X!

J!m!U.Z!$4X!>$NX!P.iV!KsX!P$NX!P.Z`X!KsX!P$NX!P.O#!K'tX!J!m!#O.iX!Z.P!$4X!O$NX!P.VP!K'kX!J!m!i.iX!

[.`!$4X!#$NX!>.O>8>.>[!KmX!O$NX!#.[O!KsX!P$NX!#.P[!KtX!J!m![.V!$4X!#$NX!V.`U!K'X!J!m![.`!$4X!

P$Ng! #P1! SMT! K#VV! M$4X! 1J1lPN! !! #U`.#X! #O#.#X! #PO.VX! #PV.ZX! #PV.[PX! #PV.UZX! #>`.#iX!

#>`.#UX!#>#.OX!##P.ZX!Z>.OUX!Z>.O#X![`.`X![`.#X![i.iX!UU.>X!Pi.ZX!PV.OX!>i.[X!#`.iX!#P.ig!\T!Kt*i.!

DilmX!Sa1lN!PO>`X!>`UiX!>iU`X!#[#PX!#U#PX!#O[PX!#P[#X!#PV>X!#>OiX!##ZPX!#V`PX!#VPUX!i>V!

cm8#g!(TMS!K7\X!SaN!calc'!Dor!1>i$PiLUSaX!OZZ.>Z!m/z!KM!n!SaNg!oHserEe'X!OZZ.O!KM!n!SaNn!

m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G!

 

 

QXR,JRT+:+Q<+U*/9&'0V*#W0$&'0T+<+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+J+QK+

4-&4*#0$T+X,J+9*4/H)(*#*, KXI!!#$!SMT!KOVV!M$4X!1J1lPN!!!Z.>[8Z.>O!KmX!O$NX![.ii8[.i[!
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KmX!O$NX!U.UP!KtX!J!m![.i!$4X!#$NX!U.U#!KtX!J!m!Z.#!$4X!#$NX!U.#P8U.##!KmX!#$NX!O.[[8O.[U!KmX!

#$NX!O.O>!KsX!>$NX!O.O#!KsX!>$NX!P.iV!KsX!P$NX!P.Z`!KsX!P$NX!P.OO!KtX!J!m!Z.#!$4X!>$NX!P.O>!KtX!J!m!

i.#!$4X!>$NX!>.UZ!KtX!J!m!i.#!$4X!>$NX!>.OP!K'tX!J!m!#O.#X!Z.#!$4X!>$NX!#.Z>!KsX!P$NX!#.[i!K'X!J!m!

[.i!$4X![$Ng!#P1!SMT!K#VV!M$4X!1J1lPN!!!#U`.#X!#U`.VX!#OU.OX!#OP.VX!#P[.UX!#PV.ZX!#PV.[X!

#>`.>X!#>`.#X!#>U.ZX!##`.>X!##U.>X!##P.ZX!ZZ.VX!Z>.OX![`.ZX![`.VX!UU.>X!>`.#X!>i.[X!>>.`X!#O.`g!\T!

Kt*i.!DilmX!Sa1lN!>`PUX!>iUOX!#[#PX!#U#PX!#>UZX!#P[#X!#PV>X!#>OiX!##ZPX!#V`PX!#VP[X!i>V!cm8

#g!(TMS!K7\X!SaN!calc'!Dor!1>i$P[LOSaX!OU`.>[!m/z! KM!n!SaNg!oHserEe'X!OU`.P!KM!n!SaNn!

m/z.!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G!

 

 

QXR,JST+:+Q<+U*/9&'0V*#W0$&'0T+<+QK+Q<+U*/9&'0V*#W0$&'0T*/90$T+J+QK+

4-&4*#0$T+X,J+9*4/H)(*#*, KXHI  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.>[8Z.>#!KmX!O$NX![.ii8[.iO!

KmX!O$NX!U.[U!KkX!J!m![.`!$4X!#$NX!U.>O!KtX!J!m!Z.P!$4X!#$NX!O.i[!KsX!>$NX!O.O#!KsX!>$NX!O.PU!KsX!

>$NX!P.iV!KsX!P$NX!P.Z`!KsX!P$NX!P.O`!KtX!J!m!P.U!$4X!>$NX!P.Pi!KtX!J!m!Z.P!$4X!>$NX!>.O`!K'tX!J!m!

#O.>X! [.`!$4X! >$NX! #.i[! KsX! P$NX! #.[[! K'X!J! m! [.`!$4X! P$Ng! #P1!SMT! K#>[!M$4X!1J1lPN!!!

#U`.##X! #U`.VZX! #OU.>X! #OP.VX! #PU.>X! #PV.ZiX! #PV.ZUX! #>`.>X! #>Z.`X! #>>.PX! ##P.ZUX! ##P.Z#X!

ZZ.>X!Z>.U>X!Z>.O[X![`.`X![i.ZX!UU.PX!P#.PX!>i.iX!>V.ZX!#U.Pg!\T!Kt*i.!DilmX!Sa1lN!>`UOX!>iUOX!

#[#OX! #U#OX! #OUZX! #PV>X! #>OiX! ##ZPX! #V`iX! #VP[X! i>#! cm8#g! (TMS! K7\X! SaN! calc'! Dor!

1>i$P[LOSaX!OU`.>[!m/z!KM!n!SaNg!oHserEe'X!OU`.P!KM!n!SaNn!m/z.!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G!

!
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70#/9*2(2 &6 "$%0#* :PI  Fo!alIy.e!K<!KP>i!m:X!#.Z>!mmolN!i.!#O!m(!oD!F$a!Cas!

a''e'!#.#!m(!oD!nBu(i!K>.OUM!i.!*eQa.esX!>.Ui!mmolN! !'ro,Cise!at!jZi!o1.! !F*e!reactio.!

Cas! stirre'! Dor! PV!mi.! at! jZi! o1X! t*e.! OPU!c(!oD!FMS1l!Cas! a''e'! a.'! t*e! reactio.!Cas!

stirre'! oEer.i:*t!Carmi.:! to! room! tem,erature.! ! F*e! resulti.:!miQture!Cas! kue.c*e'!Cit*!

Cater!a.'!eQtracte'!Cit*!7t>L!KP!Q!U!m(N.!!F*e!comHi.e'!or:a.ic!layer!Cas!Cas*e'!Cit*!sat.!

Sa$1LP! solutio.! K#! Q! #V!m(N! a.'! Hri.e! K#! Q! #V!m(N! a.'! 'rie'! oEer! a.*y'rous! Sa>SLO.!!

MuriDicatio.! oD! t*e! cru'e! material! Hy! Dlas*! colum.! c*romato:ra,*y! KU! l! 7tL?cG*eQa.esN!

,roEi'e'!>ZV!m:!K[V!lN!oD!:P!as!a!clearX!,ale!yelloC!oil.!!!

Q<+Q<+U*/9&'0V*#W0$&'0TV3/+:+0#0$T/-(U*/90$2($H#*, :PI  #$! SMT! KUVV! M$4X!

1J1lPN!!!Z.>i8Z.>[!KmX!>$NX![.i`8[.iZ!KmX!>$NX!O.O`X!KsX!>$NX!P.i#!KsX!>$NX!P.UZ!KtX!J!m!Z.P!

$4X!>$NX!>.UP!KtX!J!m!Z.P!$4X!>$NX!V.#U!KsX!`$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#U`.PX!#PV.PX!

#>`.>X!##P.iX!#VP.iX!iU.ZX!Z>.[X![i.#X!UU.PX!>#.PX!V.#g!\T!Kt*i.!DilmX!Sa1lN!>`UiX!>#ZiX!#[#[X!

#OUZX!#>O`X!##VVX!#VPZX!iO>X!Z[V!cm8#g!(TMS!K7\X!SaN!calc'!Dor!1#U$>>L>SiSaX!>iU.#O!m/z!

KM!n!SaNg!oHserEe'X!>iU.>!KM!n!SaNn!m/z.   !!!

  

 

 

 

70#/9*2(2 &6 :,<+,(*#* :OI  Fo!a!jZi!o1!solutio.!oD!alIy.e!:P!K##[!m:X!V.OO!mmolN!i.!

>.`!m(!oD!M*Me!Cas!a''e'![[V!c(!oD!1lFiKLiMrNP!K#.VM!i.!*eQa.esX!V.iO!mmolN!a.'![iV!c(!
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oD!c1U$`M:1l!K#.`[M!i.!7t>LX!#.[i!mmolN!'ro,Cise!Eia!a!:as8ti:*t!syri.:e.! !F*e!resulti.:!

clearX!yelloC!solutio.!tur.e'!HlacI!C*ile!Carmi.:!sloCly!to!jPV!o1!oEer!#!*r.!!F*e!reactio.!

miQture! Cas! stirre'! at! jPV! o1! Dor! #! *r! a.'! t*e.! coole'! to! jZi! o1.! ! Fo! a! se,arate! jZi! o1!

solutio.! oD! alle.e! :K! KUO! m:X! V.P#! mmolN! i.! #.V! m(! M*Me! Cas! a''e'! #PV! c( oD! nBu(i!

K>.OUM! i.!*eQa.esX!V.P#!mmolN!'ro,Cise!Eia!:as8ti:*t! syri.:e.! !F*e! resulti.:! solutio.!Cas!

stirre'! Dor! #U!mi.X! remoEe'! Drom! t*e! col'! Hat*! a.'! a''e'! to! t*e! jZi! o1! tita.ium! solutio.!

'ro,Cise!Eia!ca..ula.! !?Dter!Carmi.:!sloCly! to!V! o1!oEer!>!*rX! t*e! reactio.!Cas!kue.c*e'!

Cit*! U!m(! oD! sat.! S$O1l! solutio..! ! F*e!miQture!Cas!Carme'! to! room! tem,erature! HeDore!

eQtracti.:! Cit*! 7tL?c! KP! Q! #U! m(N.! ! F*e! comHi.e'! or:a.ic! layer! Cas! Cas*e'! Cit*! sat.!

Sa$1LP!solutio.!K#!Q!PV!m(NX!Hri.e!K#!Q!PV!m(N!a.'!'rie'!oEer!a.*y'rous!Sa>SLO.!!alas*!

colum.! c*romato:ra,*y! oD! t*e! cru'e! material! K#V! l! 7tL?cG*eQa.esX! t*e.! >V! l!

7tL?cG*eQa.esN!,roEi'e'!`V!m:!K[[!lN!oD!'ie.e!:O!as!a!clearX!colorless!oil!i.!a!O9#!miQture!

oD!re:ioisomers.!!?ttem,ts!at!Durt*er!,uriDicatio.!usi.:!$M(1!o7tL?cG*eQa.es9!:ra'ie.t!Drom!

#[!l!to!PU!l!KV8#V!mi.X!>U!m(Gmi.N!o.!a!MicrosorH!KSi!iV8#>V81U!$O#V##`N!colum.p!Cere!

u.successDulg! a.alytical! c*aracteri4atio.! oD! :O! Cas! carrie'! out! o.! a! U9#! miQture! oD!

re:ioisomers.!!!!

QKS,JST+O+Q<+U*/9&'0V*#W0$&'0T+K+U*/9&'0+:+49*#0$+J+

QQ/-(U*/90$2($0$TU*/90$*#*T9*4/+K+*#+:+&$, :OI  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.OO8Z.>>!KmX!

[$NX![.ii8[.iU!KmX!P$NX!U.PP!KsX!#$NX!U.>P!K'X!J!m!U.V!$4X!#$NX!O.`i!KtX!J!m!i.>!$4X!#$NX!O.O>!

KsX!>$NX!P.iV!KsX!P$NX!P.UV!KtX!J!m!Z.[!$4X!>$NX!P.UV!KsX!P$NX!>.`>!K'X!J!m!Z.[!$4X!>$NX!>.OZ!KtX!J!

m!Z.[!$4X!>$NX!>.>>!K'X!J!m!O.Z!$4X!#$NX!V.Vi!KsX!`$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#U`.#X!

#UZ.VX!#UO.PX!#O#.UX!#PV.[X!#>`.>X!#>i.OX!#>Z.iX!#>[.[X!#>[.>X!##P.ZX!##V.iX!ZO.#X!Z>.[X![`.PX!

U`.ZX!UU.PX!P[.[X!PU.#X!V.Pg! \T!Kt*i.! DilmX!Sa1lN!POPPX!>`U>X!>iPUX!#[#[X!#U#PX!#OUZX!#>OiX!
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!S#O!
!

#ViiX! #VP[X! iPi! cm8#g! (TMS! K7\X! SaN! calc'! Dor! 1>[$P[LOSiSaX! O[P.>O! m/z! KM! n! SaNg!

oHserEe'X!O[P.>!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

!

!

 

 

 

70#/9*2(2 &6 "$%0#* :MI  Fo!alIy.e!KJP! KZO!m:X!V.O!mmolN! i.!>.V!m(!oD!F$a!Cas!

a''e'!>OV!c(!oD!nBu(i!K>.UM!i.!*eQa.esX!V.[!mmolN!'ro,Cise!at!jZi!o1.!!F*e!reactio.!Cas!

Carme'!to!V!o1!oEer!>!*rX!t*e.!`#!c(!oD!FMS1l!Cas!a''e'!a.'!t*e!reactio.!Cas!stirre'!at!V!

o1!Dor!#!*r.!!TemoEal!oD!t*e!solEe.t!i.!Eacuo!a.'!,uriDicatio.!oD!t*e!cru'e!material!Hy!Dlas*!

colum.! c*romato:ra,*y! KU! l! 7tL?cG*eQa.esN! ,roEi'e'! ZV! m:! K[`! lN! oD! :M! as! a! clearX!

colorless!oil.!!!

:+QJ+Q/-(U*/90$2($0$T4*#/+<+0#0$T+:Y+(#)&$*, :MI  #$!SMT!KUVV!M$4X!1J1lPN!!!Z.[U!

K'X!J!m!Z.`!$4X!#$NX!Z.O#!K'X!J!m!i.>!$4X!#$NX!Z.>P!KtX!J!m!Z.`!$4X!#$NX!Z.#O8Z.##!KmX!>$NX![.U>!

K'X!J!m!P.>!$4X!#$NX!O.>`!KtX!J!m![.`!$4X!>$NX!>.>>!KtX!J!m![.[!$4X!>$NX!>.VO!K'tX!J!m!#P.[X![.`!

$4X! >$NX! V.>V! KsX! `$Ng! #P1! SMT! K#>[!M$4X! 1J1lPN! !! #PU.`X! #>i.[X! #>Z.`X! #>#.OX! #>V.`X!

##`.PX!#V`.PX!#VU.ZX!#V#.>X!i[.#X!OO.[X!>i.iX!#Z.>X!V.#g!\T!Kt*i.!DilmX!Sa1lN!PVU[X!>`U`X!>#ZUX!

#U#>X! #O[OX! #P#[X! #>O`X! ##[`X! #V>UX! iO>X! Z[#X! ZOVX! [P`! cm8#g! (TMS! K7\X! $N! calc'! Dor!

1#[$>>SSiX!>U[.#O!m/z!KM!n!$Ng!oHserEe'X!>U[.V!KM!n!$Nn!m/z.   !!!

!

!
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!S#U!
!

!

!

!

70#/9*2(2 &6 :,<+,(*#* :NI  Fo!a!solutio.!oD!alIy.e!:M!K[V!m:X!V.>P!mmolN!i.!#.[!m(!

oD!M*Me!Cas!a''e'!#VU!c(!oD!FiKLiMrNO.! !?Dter! cooli.:! to!jZi! o1X!P`V!c(!oD!c1U$`M:1l!

K#.iUM! i.!7t>LX! V.Z>!mmolN! 'ro,Cise! Eia! a! :as8ti:*t! syri.:e.! ! F*e! resulti.:! clearX! yelloC!

solutio.!tur.e'!HlacI!C*ile!Carmi.:!sloCly!to!jOV!o1!oEer!#!*r.! !F*e!reactio.!miQture!Cas!

stirre'!at!jOV!o1!Dor!#!*r!a.'!t*e.!coole'!to!jZi!o1.!!Fo!a!se,arate!jZi!o1!solutio.!oD!alle.e!M!

K#O!m:X! V.#[!mmolN! i.! V.U!m(! M*Me!Cas! a''e'! [i! c( oD! nBu(i! K>.UM! i.! *eQa.esX! V.#Z!

mmolN!'ro,Cise!Eia!:as8ti:*t!syri.:e.!!F*e!resulti.:!solutio.!Cas!stirre'!Dor!#U!mi.X!remoEe'!

Drom! t*e! col'!Hat*! a.'!a''e'! to! t*e!jZi! o1! tita.ium!solutio.!'ro,Cise!Eia! ca..ula.! !?Dter!

Carmi.:! sloCly! to! V! o1! oEer! >! *rX! t*e! reactio.! Cas! kue.c*e'! Cit*! U! m(! oD! sat.! S$O1l!

solutio..!!F*e!miQture!Cas!Carme'!to!room!tem,erature!HeDore!eQtracti.:!Cit*!7tL?c!KP!Q!#V!

m(N.!!F*e!comHi.e'!or:a.ic!layer!Cas!Cas*e'!Cit*!sat.!Sa$1LP!solutio.!K#!Q!>V!m(NX!Hri.e!

K#!Q!>V!m(N!a.'!'rie'!oEer!a.*y'rous!Sa>SLO.!!TemoEal!oD!t*e!solEe.t!i.!Eacuo!:aEe!a!cru'e!

oil! as! a! O9#! miQture! oD! re:ioisomers! Hy! #$! SMT.! ! alas*! colum.! c*romato:ra,*y! K#V! l!

7tL?cG*eQa.esX! t*e.!>V!l!7tL?cG*eQa.esN!,roEi'e'!>[!m:!KOi!lN!oD!'ie.e!:N!as!a!clearX!

colorless!oil.! !aurt*er!,uriDicatio.!oD!a!small!sam,le!usi.:!$M(1!o7tL?cG*eQa.es9!:ra'ie.t!

Drom!#P!l! to! >i!l! KV8#V!mi.X! >U!m(Gmi.NX! >i!l! to! OV!l! K#V8#U!mi.X! >U!m(Gmi.N! o.! a!

MicrosorH! KSi! iV8#>V81U! $O#V##`N! colum.p! ,roEi'e'! a.! a.alytically! ,ure! sam,le! Dor!

c*aracteri4atio..!!!

QKR,JRT+M+Q:Y+(#)&$+:+0$T+K+U*/90$+J+QQ/-(U*/90$2($0$TU*/90$*#*T&./+K+*#+:+&$, :NI  

#$!SMT!KUVV!M$4X!1J1lPN!!!Z.[>!K'X!J!m!Z.`!$4X!#$NX!Z.P>!K'X!J!m!Z.`!$4X!#$NX!Z.>V!K'tX!J!m!
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!S#[!
!

[.`X!#.P!$4X!#$NX!Z.##8Z.Vi!KmX!>$NX![.O`!K''X!J!m!P.>X!V.[!$4X!#$NX!U.PP!KtkX!J!m!Z.PX!#.P!$4X!

#$NX!U.>>!Ka,,!tX!J!m!#.P!$4X!#$NX!O.#P!KtX!J!m![.`!$4X!>$NX!P.`U!K'X!J!m![.`!$4X!>$NX!>.Z[!K'X!J!

m![.`!$4X!>$NX!>.#O8>.##!KmX!>$NX!#.`[8#.`V!KmX!>$NX!#.UU!KsX!#$NX!#.UO!KsX!P$NX!V.V#!KsX!`$Ng!

#P1!SMT!K#>[!M$4X!1J1lPN!!!#UU.iX!#P[.#X!#PU.ZX!#>i.OX!#>Z.OX!#>U.#X!#>P.VX!#>#.>X!#>V.iX!

##`.VX!#V`.VX!#VV.`X![i.UX!O[.>X!PZ.VX!PP.PX!>`.UX!#P.PX!V.Vg!\T!Kt*i.!DilmX!Sa1lN!PPZOX!>`U#X!

#[#>X!#U#>X!#O[OX!#P#[X!#>OZX!##ZOX!#V#OX!iPiX!ZP`!cm8#.!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

!

 

 

 

 

 

70#/9*2(2 &6 :,<+,(*#* K:I  Fo!a!jZi!o1!solutio.!oD!alIy.e!KLO!KOV!m:X!V.>P!mmolN!i.!

#.>!m(!oD!M*Me!Cas!a''e'![O!c(!oD!nBuli!K>.UM!i.!*eQa.esX!V.#[!mmolN.!!?Dter!stirri.:!Dor!

#V!mi.!at!jZi!o1X!ZV!c(!oD!FiKLiMrNO!!a.'!>[V!c(!oD!c1U$`M:1l!K#.iUM!i.!7t>LX!V.Oi!mmolN!

'ro,Cise! Eia! a! :as8ti:*t! syri.:e.! ! F*e! resulti.:! clearX! yelloC! solutio.! tur.e'! HlacI! C*ile!

Carmi.:!sloCly!to!jOV!o1!oEer!#!*r.!!F*e!reactio.!miQture!Cas!stirre'!at!jOV!o1!Dor!#!*r!a.'!

t*e.!coole'!to!jZi!o1.!!Fo!a!se,arate!jZi!o1!solutio.!oD!alle.e!M!K`!m:X!V.##!mmolN!i.!V.U!m(!

M*Me! Cas! a''e'! OO! c( oD! nBu(i! K>.UM! i.! *eQa.esX! V.##! mmolN! 'ro,Cise! Eia! :as8ti:*t!

syri.:e.!!F*e!resulti.:!solutio.!Cas!stirre'!Dor!#U!mi.X!remoEe'!Drom!t*e!col'!Hat*!a.'!a''e'!

to!t*e!jZi!o1!tita.ium!solutio.!'ro,Cise!Eia!ca..ula.!!?Dter!Carmi.:!sloCly!to!V!o1!oEer!>!*rX!

t*e! reactio.!Cas!kue.c*e'!Cit*!U!m(!oD!sat.!S$O1l!solutio..! !F*e!miQture!Cas!Carme'! to!
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!S#Z!
!

room! tem,erature!HeDore!eQtracti.:!Cit*!7tL?c! KP!Q!#V!m(N.! !F*e!comHi.e'!or:a.ic! layer!

Cas! Cas*e'! Cit*! sat.! Sa$1LP! solutio.! K#! Q! >V! m(NX! Hri.e! K#! Q! >V! m(N! a.'! 'rie'! oEer!

a.*y'rous!Sa>SLO.! !alas*!colum.!c*romato:ra,*y! K>V!l!7tL?cG*eQa.esN!,roEi'e'!>P!m:!

K[>!lN!oD!'ie.e!K:!as!a!clearX!colorless!oil.!!?!small!sam,le!Cas!Durt*er!,uriDie'!usi.:!$M(1!

o7tL?cG*eQa.es9!:ra'ie.t!Drom!#[!l!to!PU!l!KV8#V!mi.X!>U!m(Gmi.N!o.!a!MicrosorH!KSi!iV8

#``81U!aP#V#`UN!colum.p!to!oHtai.!a.!a.alytically!,ure!sam,le!Dor!c*aracteri4atio..!!!!

QKR,JR,O7,M@,N7T+:L+QV*#W0$&'0T+K,J,O,N+/*/-HU*/90$)*.H+K,J+)(*#*+:,M+)(&$, K:I  

#$!SMT!KUVV!M$4X!1J1lPN!!!Z.P[8Z.>Z!KmX!U$NX!U.OV!K'tX!J!m!Z.>X!#.P!$4X!#$NX!U.#V!K''X!!J!m!

`.UX!#.P!$4X!#$NX!O.U>!K?!oD!?BX!J!m!#>.V!$4X!#$NX!O.Oi!KB!oD!?BX!J!m!#>.V!$4X!#$NX!O.V>!K'X!J!

m!U.Z!$4X!>$NX!P.[V!K''X!J!m!`.#X!O.O!$4X!#$NX!P.OU!K''X!J!m!`.#X!U.Z!$4X!#$NX!P.PV!K''X!J!m!

##.ZX!U.Z!$4X!#$NX!P.#V!K'X!J!m!U.Z!$4X!#$NX!>.[`!K'X!J!m!Z.P!$4X!>$NX!>.UV8>.OP!KmX!#$NX!#.`P8

#.iU!KmX!#$NX!#.[Z!KsX!P$NX!#.UO!KsX!P$NX!#.>Z!KHr!sX!#$NX!#.V#!K'X!J!m![.`!$4X!P$NX!V.`Z!K'X!J!m!

[.[!$4X!P$Ng!#P1!SMT!K#>[!M$4X!1J1lPN!!!#PZ.iX!#PU.`X!#P>.`X!#>i.[X!#>i.OX!#>Z.iX!#>Z.ZX!

#>O.>X! iV.#X! ZO.OX! ZP.[X! PZ.`X! P[.#X! PU.iX! #[.PX! #U.OX! #O.`X! #P.Zg! \T! Kt*i.! DilmX!Sa1lN! PO#UX!

>`[PX!>`#UX!>i[OX!#[UPX!#OUUX!#PUZX!#VZ[X!#V#PX!ZP[X![`i!cm8#g!(TMS!K7\X!SaN!calc'! Dor!

1>#$P#SLSiSaX!P[O.>>!m/z!KM!n!SaNg!oHserEe'X!P[O.O!KM!n!SaNn!m/z.   !!!

?V2*-8*) #?* *#9H#.*U*#/2 6&- 2/-3./3-* )*/*-U(#H/(&#G 

 

 

 

@*6*-*#.*2G   

#!Tya.X!h.g!Micali4ioX!/.!1.!J. Am. Chem. Soc.!KLLPX!128X!>Z[O8>Z[U.!!!
>!?lle.e!i!Cas!use'!as!a!P9#!miQture!Kmi.or!com,o.e.t9!>8,e.ty.8#8olN.!!Teactio.!yiel'!Cas!!!!!!!!!
Hase'!o.!t*e!calculate'!amou.t!oD!alle.e!i!,rese.t.!!!

P!/rotda*.X!J.!B.g!foll*ar'tX!q.!M.!1.!J. Am. Chem. Soc.!:NMPX!108X!>V`#8>V`P.!
O!Ba*a'oorX!?.!B.g!Micali4ioX!/.!1.!J. Am. Chem. Soc.X!KLLJX!127X!P[`O8P[`U.!! 
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!S#i!
!

!
!

! 

 

!"

!#$%

!#$%

7

PVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!O!K1J1lPN!
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!S#`!
!

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!KK!K1J1lPN!

!#$%

!#$%

22
$&!"

PVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V
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!S>V!
!

 

 

!"

!#$%

!#$%

9
$&

#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.VZ.UZ.U

#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V#ZV#ZV

#$!KOVV!M$4N!a.'!#P1!K#VV!M$4N!oD!com,ou.'!N!K1J1lPN!
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!S>#!
!

#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.VZ.UZ.U

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!::!K1J1lPN!

!#$%

!#$%

11
$&!"

#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V
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!"

!#$%

!#$%

13
!$&

#'

>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!:X!K1J1lPN!
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!

15

!#$%

!#$%

$&$&

!"

#.V#.V#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

#$!KUVV!M$4N!a.'!#P1!K#VV!M$4N!oD!com,ou.'!:J!K1J1lPN!
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#$!KOVV!M$4N!a.'!#P1!K#VV!M$4N!oD!com,ou.'!KX!K1J1lPN!

!#$%

!#$%

$&

$&

23

>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V
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#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!KXH!K1J1lPN!

>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

!#$%

!#$%
$&

$& 23a
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V.UV.U#.V#.V#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.V

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!:P!K1J1lPN!

VV#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

!#$%
($)
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!S>Z

V.UV.U#.V#.V#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.VZ.UZ.U

17

($)
!"

!#$%

#'
!$&

VV#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!:O!K1J1lPN!
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!

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!:M!K1J1lPN!

V.UV.U#.V#.V#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.VZ.UZ.U

*

($)18

VV#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV
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VV#V#V>V>VPVPVOVOVUVUV[V[VZVZViViV`V`V#VV#VV##V##V#>V#>V#PV#PV#OV#OV#UV#UV#[V#[V

19

*

($)

$&

!"

V.VV.VV.UV.U#.V#.V#.U#.U>.V>.V>.U>.UP.VP.VP.UP.UO.VO.VO.UO.UU.VU.VU.UU.U[.V[.V[.U[.UZ.VZ.VZ.UZ.U

#$!KUVV!M$4N!a.'!#P1!K#>[!M$4N!oD!com,ou.'!:N!K1J1lPN!
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