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Oa nokTopcka uceprammja je paheHa y HMHcturyry 3a xemujcke Hayke [IpupomHo-

MareMaTHIKor (akynrera, Y HuBepsurera y Kparyjebiry.

Temy 3a oBaj pan mpemiokuia je ap 3opuna JI. TlerpoBuh penoBan npodecop [Ipupommo-
MareMaTiikor (akynrera y Kparyjesiry, Koja je 1 pyKOBOAMIIA FeTOBOM M3paioM. OBOM MPUITKOM jOj Ce

3axBaJbyje€M Ha BEJIMKOM pa3yMeBamby, MOJPILIIM U TIOMOhM TOKOM H3paJie U MHCamha JUcepTalyje.

Takohe, 3axBasbyjem ce mpodecopy ap Ceertanm Mapkosuh ca IlpupoaHo-MareMaTHuKor
¢akynrera y KparyjeBily Ha Benukoj moMohu ipy mpuMeHH Teoprje (yHKIMOHATIA TYCTUHE U KOPUCHUM

CaBeTHMa TOKOM M3PaJIe TUCEepTallHje.

ITpodecopuma ap Jbusbanu Yomuh u ap 3opany MapkoBuhy, kao ¥ JOLEHTY Ap Musany

JokcoBuhy ce 3axBajbyjeM 3a KOPUCHE CYrecTHje M CaBeTe TOKOM IHCama AUCepTaIyje.

3axBaspyjeM ce U Koseru Jp Brnagumupy IlerpoBuhy Ha 5enoj m ycmemHoj capalmbu

TOKOM H3paJie OBE JOKTOPCKE AMCEpTAaIHje.
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Ta6ena 11. Meljyatomcka pacrojama (y A) nsmely xatjona u anjona (H1-O1), ka0 U BOJOHHYHE
Bese y IL 7.

Tab6ena 12. Meljyaromcka pactojama (y A) usmehy katjona u anjona (H1-O1), ka0 u BOJOHHYHE
Bese y IL 8.

Tab6ena 13. Meljyaromcka pactojama (y A) u3mehy katjona u anjona (H1-O1), ka0 u BOJOHHYHE
Bese y IL 9.

TaGenal4d. 'acHa ¢a3a - Be3uBHE eHTaNNHUje 3a ucnutuBane ILs.

Tabema 15. ManuxoBa peakifja KaTajJu30BaHa Pa3IMUATAM €TAHOJAMUHCKHM XJIOPAIIETAaHHM
JOHCKHM TE€YHOCTHUMA.

Tab6ema 16. Kpucranorpadcku nmogamu jenumema 12.



Ta6ena 17. ExcrepuMeHTanna u u3padynata meljyaTomcka pactojama (A) y jemumemy 12.
ExcniepuMeHTaIHA ¥ M3pavyHATH TIOJAIH OJTHOCE CE Ha YBPCTY U TaCOBHUTY (pa3y, pECIIEKTUBHO.

Tabena 18. [Tanagnjym-kaTann3oBaHa XeKoBa peakiidja y pa3InuuTUM JOHCKHUM TEYHOCTHMA.

TabGena 19. Ilanmagujym-karanu3oBaHa XeKoBa peakldja Yy PpazIUuUTHM PEAKIIMOHHM
MEINjyMHUMa.

Ta6ena 20. Osnauena melyaromcka pacrojama (A) ucnurupanux spera 3a Gpopmupame Pd(11)-
KOMILJIEKCA.

Tabena 21. BpemHoctu 3a yKymHY €HEpPrujy, CHTAINH]y W CIOOOIHY €EHEPrujy 3a CBe
UCTpakuBaHe BpcTe y mexanmsmy (opmupama Pd-N,N u Pd-N,O-kommtekca. Ctpykrype 8 +
PdCl,, 24a, 24b, Pd-N,Na u Pd-N,Oa cy nate Ha ciuiu 43 ucroz tadere.

Ta6ena 22. Heka meljyatomcka pacrojama (A) 3a mcrimtuBane BpcTe y MexaHu3My QopMuparba
Pd(0)-komruiekca.

TaGena 23. BpenHocTu 3a YKYIHY €HEprujy, CHTaINHjy, U CIOOOAHY EHEprujy 3a CBe
UCTpaKMBaHe BpCTe y MexaHu3My ¢popmupama Pd(0)-komruiekca.

TabGena 24. Anrtubaktepujcka aktuBHocT [TEA][HOACc], [HDEA][CI] u oxrosapajyhux
kommuiekca  (Hg/mL).

Tabena 25. Awntudynramna axtuBHoct [TEA][HOAc], [HDEA][CI] u oxarosapajuhinx
komrutekca (ug/mL).

Ta6ena 26. Heka wMehyaTomcka pactojama (A) y KpyuujanHuM WHTepMenujepuMma u
MIPOU3BOIUMA.

TaGena 27. Crincak TeCTUpaHUX MUKPOOpPTraHu3ama.



N3Bo

[Tocnenwsux roxuHa jOHCKE TEYHOCTH NPUBJIAYEe BEIHMKY MaXkhy, KAKO HAyKE Tako M
unaycrpuje. Iloyerak BUXOBE MpUMEHE HEKU Ha3HMBajy “‘3eI€HOM™ XEMHjCKOM PEBOIYLHjOM. Y
MIPUJIOT TOME CBEIOYHM HEMPEKUIaH MmopacT Opoja 1o caia 00jaBJbeHUX pajioBa U IMaTeHaTa u3 OBE
ob6nactu (Bume o 10000 pamosa u Bumie ox 2000 marenara). OBa HOBa Tpymna jeIUHEHA MOXKE
YTULATH Ha CMameme ynorpede TOKCHMYHMX M 3aral)yjyhmx opraHckux pactBapaya 300r
HbUXOBUX JEAMHCTBEHHUX (PU3UYKO-XEMH)CKUX KapaKTePHUCTHKAa U MOT'YRHOCTH Ja ce MpUMEHE y
Pa3IMUUTHM CHHTE3aMa. | epMHHHU Kao IITO Cy CTOIJBEHE COJIM, HEBOJCHE JOHCKE TEYHOCTH U
TEYHE OPTraHCKe COJIU Ce, Takohe, KOpHUCTe Ja Ou ce omucaia OBa JOHM30BaHA jeINCHha Koja Cy
TE€YHAa Ha COOHOj TeMIepaTypH, CYHNPOTHO HEOPTraHCKUM COJMMa KOje C€ TONe Ha HM3Y3E€THO
BHUCOKHMM TeMmmepaTypaMa. 300r CBHX OBHX OCOOMHA KOje IMOKa3zyje OBa MHTEpPECaHTHa rpyma
JenMbEema, Yy OKBUPY OBE AMCEpPTAallMje U3BPIICHA j€ CHHTE3a M KapaKTepu3allija HEKUX HOBUX

JOHCKHMX TEUYHOCTH Ha 0a3W JiepuBaTa eTaHOJIaMHIHA.

3a BehuHy OpraHckux peakiMja Koje Cy TPaJAWLMOHAIHO KaTalW30BaHE YOOWYajeHUM
KucenmuHamMa W 0Oazama, MOTY c€ Kao Karaau3aTropud ymnorpeoutu M onaroBapajyhe joHCke
TEUHOCTH. AJojHa KOHAeH3anuja, KueBenaremnosa, MajkimoBa, ManunxoBa, XeHnpujesa, Jluic-

Anpneposa nu @punen-Kpadrcosa peaknuja cy caMo HEKE O] FbHX.

VY OKBHpY OBE AMCEpTalje UCIUTAHA je KaTaJTUTHUYKa yJIora HEKMX eTaHOJAMHHCKHX
JOHCKHMX TE€YHOCTH Y MaHMXOBOj peaklMju, Ka0 U HUXOB YTHUIA] HA CTEPEOXEMH]Y TOOUjeHUX

npon3Boja. Metonama (hyHKIIMOHAA TYCTHHE UCIIMTAH j€ MEXaHU3aM OJIBHjama OBE peaKilyje.

Jeman on HajBehux mM3a30Ba opraHcke xemuje je cBakako ctBapame C—C Bese. Mehyrum,
VIJbEHUK je cTa0WiaH U aTOMHU YIJbeHHKAa HE pearyjy Jako jemaH ca JapyruM. CuHresa
JEIHOCTaBHUX OPIaHCKUX jelUICHha BHILIE HHUje NpoOJeMaTH4Ha, ald IpH CHHTE3aMa
CIIOKEHWJUX MOJIeKyJa Joja3u JO0 CTBapama BeIUKOr Opoja HycnpousBoja. Paspojem
najajnjyM-KaTaTu30BaHUX peakifja pelieH je Taj mpobieM. Y OBHM peakiidjama aTOMH
yIJb€HUKA CE Be3yjy 3a NalaJujyM, HAKOH uera Joja3u /0 TOKpeTama XEMH)CKE pEeKIIHje.
XekoBa, Herummujesa, Cy3ykujeBa, CtuioBa u CoHOrammpuHa peakiifja cy HapouuTO MO3HATE

najajnjyM-KaTaIu30BaHe peakiiije Koje ce M3BOJAC Y JOHCKMM TeuHocThMa. [lokazarno ce ma cy



OBaKBE peakiuje BpJO ePUKACHE W Ja HE J0ja3u JI0 TaJOXKeHka CIEMEHTapHOI Majaaujyma,

OJIHOCHO TYOHWTKa KaTajau3aTopa.

VY cBeTNly OBUX UYHIbEHHIIA, Y OKBHPY OBE JHCEpTallMje TECTUpaH je YTHIA] HEKHX
€TAaHOJAMHHCKUX JOHCKHX T€YHOCTH Ha TOK peakiyja XeKOBOT THIA W UCIHUTHBAH MEXaHU3aM
dbopmupama mpekaranutuuku akTuBHe Pd(II)-BpcTe, HeomxojaHe 3a HHXOBO OJIBHjambe.
[Tokazano ce ma cy ymoTrpeO/beHe JOHCKE TEYHOCTH OJTMYaH PEaKIMOHU MEIUjyM, U Ja Cy

edukacuu juranau 3a popmupame PA(I1), onrocHo Pd(0), komruiekca kao karanuszaropa.

Ha ocHOBy nmTepaTypHUX IOJaTaka MOTJIO c€ 3aKJbyduTd 1a cy ce Heku on Pd(l)-
KOMIUIEKCAa TOKa3aJid Kao J0O0pW aHTHMHUKPOOHM AareHCH, ajl Ja HHXOBa aHTUTYMOpPCKA
aKTUBHOCT HHj€ HApouuTO M3pakeHa. Takohe, moszHaro je ma komrwiekcu mnamanujyma(ll)
KaTaJIn3yjy CEICKTUBHY XHJIPOJIM3Y aMUHE B3¢ y MENTHANMA U TPOTCHHUMA, ITPH BPJIO OJiarum
peakoHuM ycioBuMa. [Ipema Tome, oHM ce MOry cmarpatu W obehaBajyhum arencuma 3a
CENIEKTUBHY XHJPOJHM3Yy TMENTHIHE Be3e, OIHOCHO MOTYy C€ KOPHUCTHUTH Kao e(uKacHe
MetanonenTtuaase. Mimajyhu oBo y Buay, TeCTHpaHa je KaTaTUTHYKA YJI0Ta AUCTAaHOJIAMOHHU]yM-
terpaxsopuao-nananar(ll)-kommiekca ([HDEA],[PACly]) y xuaponutrukum peakiujama ca N-
alleTWIoOBaHUM JepuBaTuma L-xuctumwi-raunmaa  (AcHIS-Gly) u  L-meTHOHMI-TIMIMHA
(AcMet-Gly). Takohe, ucnutuBaHa je 1 aHTUMHKPOOHA aKTUBHOCT HEKHX jJOHCKHX TEYHOCTH U

Pd(II)-xomriekca 100ujeHUX U3 HUX.



Summary

For last two decades ionic liquids attract great attention from both science and industry.
The beginning of their application is marked as new “green” chemical revolution. This is
demonstrated by the continually growing number of publications and patents (currently > 10000
and > 2000, respectively). This new class of compounds can reduce the usage of toxic and
polluting organic solvents, due to their unique physico-chemical properties, and their ability to
be applied in different synthesis. Terms such as molten salts, non-aqueous ionic liquids and
liquid organic salts are used to describe these ionized compounds which are liquid at room
temperature, opposite to inorganic salts which melts at extremely high temperature, aslo. Due to
all these properties of which poseses this interesting group of compounds, synthesis and
characterization of some new ionic liquids derivatives of ethanolamine was performed in this

thesis.

Many organic reactions, which are traditionally catalyzed by conventional acids and
bases, can be catalyzed by corresponding ionic liquids, also. Reactions such as Aldol
condensation, Knoevenagel, Michael, Mannich, Henry, Diels-Ader, Friedel-Crafts reaction, are

just some of them.

In this dissertation, catalytic role of some ethanolamine ionic liquids is investigated, as
well as their impact on the stereoselectivity of the Mannich reaction products. The mechanism of
the Mannich reaction was examined using Density Functional Theory (DFT).

One of the biggest challenges in organic chemistry is certainly formation of C—-C bonds.
Carbon atoms are stable, and do not react easily with one another. The synthesis of simple
organic compounds has not been problematic, but the synthesis of more complex molecules leads
to the formation of a large number of by-products. The development of palladium-catalyzed
reactions solved this problem. In these reactions, carbon atoms meet on palladium, after which
the chemical reaction begins. Heck, Negishi, Suzuki, Stille and Sonogashira reactions are well
known palladium-catalyzed reactions, which are carried out in the presence of ionic liquids. It
has been shown that these reactions are very efficient, and appearance of precipitated elemental

palladium was not observed, i.e. there was not loss in catalyst activity.
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In light of this, the effect of some ethanolamine ionic liquids on the Heck type reactions
was tested. Also, the mechanism of formation of Pd(Il) species necessary for performing these
reactions was elucidated. Used ionic liquids were excellent reaction medium and efficient

ligands for formation of Pd(Il), as well as Pd(0), complexes as catalyst.

On the basis of literature data it could be concluded that some Pd(Il) complexes act as
good antimicrobial agents, but their antitumor activity is not particularly pronounced. Also, it is
known that palladium(I1) complexes catalyze selective hydrolysis of the amide bonds in peptides
and proteins, under very mild conditions. Therefore, they can be considered as promising agents
for the selective hydrolysis of peptide bond, and can be used as effective metallopeptidases.
Bearing this in mind, catalytic role of diethanolammonium-tetrachloridopalladate(Il) complex
([HDEA],[PdCl,]) was tested in the hydrolytic reaction with N-acetylated derivatives of L-
histidil-glycine (AcHis-Gly) and L-metionil-glycine (AcMet-Gly). The antimicrobial activity of

some ionic liquids and Pd(l1)-complexes, obtained from them, was examined, also.
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1. OIUITH JEO
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11 JoHCKe TEYHOCTH M ’bUX0BA MPUMeEHA

[Tomro ce BehmHa XeMHUjCKMX peakildja OJBHja Y PacTBOPY, pacTBapad uUrpa KJbY4HY
yIOTy Yy HMXOBOM OJIBHjalby, OJHOCHO TpaHC(HOpPMHCAY IIOJNAa3HOT CYINCTpara, Kako Yy
nabopatopuju Tako M y HHAycTpuju. Kako je dYoBewaHCTBO naHac omnrtepeheHO MHOTUM
€KOJIONITKUM TPOoOJIeMHMa CBE BUIIIEC TEXKH HHUXOBOM PElIaBamy, Ia U 3aMEHHU JIAKO MCIIAPJbUBUX
OpPTraHCKMX pacTBapaya alTepHATHBHHUM, OJHOCHO 3a JYXHBOTHY CpPEAMHY Mambe IITETHHM
pactBapauuma. M3 oBor paszmora Beh Ayku HU3 TOAMHA TIOCTOjU BEIIMKO HMHTEPECOBAE 32

HCTPaXMBama y 00JIACTH OpraHCKe XeMHje Koja ce 0a3upajy Ha IPUMEHH JOHCKHX TEYHOCTH.
1.2. Hcropujcku pa3Boj jOHCKHUX TEYHOCTH

[IpBa joncka Teunoct gobujena je jour 1914. ronune oz crpane [lona Bonnena. bro je To
erunamonujym-autpat [EtNH3]NO3 [1]. OBa oprancka co je TeuHa Ha COOHOj TeMIIEpaTypH, ajiu
HUje H3a3Bajia 3HAYajHHje HUHTEpPECOBamE€ y TO BpeMe. Tek MHOro rojauHa KacHHje Ce
HCIIOCTAaBUJIO JIa j€ OBO HEOYCKHMBAHO OTKpuhe JO0BENO ycTBapW JO OTKpuMha HOBE Kjace
pactBapava. J[Bagecer roguna kacuuje (1934. rogune) 00jaB/be€H je TPBH IMATEHT Y KOME je
IpeJCTaBJbeHa JOHCKA TeUHOCT N-eTHII-IIMPUANHU]YM-XJIOPHI, 33 KOjy j€ IMOKa3aHo J1a pacTBapa
LeNnyJa03y U yTW4e Ha TPOMEHY HeHe peakTuBHOCTH [2]. Mmak, HM oBa myOiukaimja HuUje
M3a3Bajla MHTEPECOBAEkE¢ BPEAHO MAXIE Yy HAaydHHM KpyroBuMma. HemTo kacHuje, Kpajem
4eTpAECeTHX TouHa, N-aIKII-MUPUANHT]YM XJIOpATyMUHATH CY UCITMTHBAHHU Ka0 CICKTPOIUTH
[3]. JoHcke TeuHOCTH OBOT THIIA Cy OWIIE IpEIMET UCTpaKKBamwa 1 HayuHuka Ocrepjanra [4,5] u
Buunkeca [6] kpajem cemamnecerux, u Xaceja u Cenona [7,8] moueTkom ocamaeceTHx roauHa.
MelhytuM, OCHOBHA TIpenpeKa 3a HUXOBY NMPUMEHY y OaTepwjama je Owmia Jiaka penyKiuja
MUPUIMHUJYM KaTjoHAa. 3aTo ce€ Bpjao Op30 TMOdYeslo ca MPUMEHOM JaJeKO CTaOMITHHjer
UMHUa30/IMjyM KaTjoHa. [IpBe mnpuMepe jJOHCKMX TEYHOCTH ca JUATKWI-UMHUAA30JIH]jyM
KaTjoHUMa U xyoparymMmuHatHuM aHjoHuma (AICly mmm Al,Cly) mpukaszanu cy Buskec u merosu
CapaJHHIM TIOYETKOM OCAMAECETHX TOJHMHA, M YCIIEIIHO MX NPUMEHWINM Kao pacTBapaie |
Karanusarope y peakiju Opunen-Kpadrcosor ammnosama [9]. O30uspHa mpenpeka 3a IMupoKy
IPUMEHY OBUX JOHCKHX TEYHOCTH je OMJIa BHCOKAa PEAKTHBHOCT XJIOPAIYMHMHATHHX aHjOHA ca
BosoM. IloueTkoM neBepeceTHx roauHa Buikec je CHMHTETH30BaO E€THIIMETHII-MMHIA30JIHjyM-

tetpadryopodopar ([emim][BF,]), koju u maHac MpHBIAYM MaXby Ka0 MEIUjyM 3a XOMOTEHE

13



karanmmze [10]. 3a pasnmuky o XJIOpalyMHHAaTHHX —CONH, TerpadiayopobopaTHe w
xekcaduryopodocharHe conu aepuBaTa UMHIa30J1a MMOTOIHE CYy 3a XUAPOIUTHYKE peakmuje. Y
MehyBpeMeHy CHHTETH30BaH je BEJIMKM Opoj HOBHX JOHCKHX TEYHOCTH KOMOWHAIIM]OM
pa3NMYUTHX KaTjOHAa M aHjOHA, KOje Cy Halule NPUMEHY Yy pa3IHMuuTHM peakuujama. Tako cy
Kpajem neseaecetux roguHa Xayea3 [11], Cemon [12], Bacepmaen [13] u muX0BH CapaHHUIIN,
MOYeNId Ca CHMHTE30M M MPUMEHOM XHPATHUX JOHCKMX TEYHOCTH KOj€ Cy cajaprkaje KaTjoHe
MMHIa30J1a U aHjoHe oAroBapajyhux ammuuHokucenuHa. On Kajxa je yOUCHO Ja XHpAJIHE JOHCKe
TEYHOCTH JIOBOJE 0 OAroBapajyhe XMpalHOCTH M PEaKLUMOHUX NpPOHM3BOJA, MHTEpPEC 3a OBa
jenumema je jom Buiie moBehaH, a WBUXOBAa MpUMEHa (HAPOYUTO HWHIYCTPUjCKA) IOCTaja
unTensuBHuja [14]. CaxkeT pemocien HajBaKHUjUX OTKpUha y MOTIEAY OBUX jeIUIbCHA AT j& Y

Tabenu 1.

[Tocnenmwux neceTak TOAMHA BEIUKU JI€0 MCTPAKUBAUKOT paja YCMEpPEH je Ka pas3Bojy
JOHCKHX TEYHOCTH HHCKE TOKCHYHOCTH U BHCOKe OmonerpamalbmiHocTH. Pesynratu cy u nasee
CKPOMHH, jep HajBUIIC MNPUMEHUBAHE CONM CAAPKEe HWMHUAA30 W TMUPHUAMH — TOKCHYHE
CYIICTaHLIe HUCKE OmoaerpanadbuiaHocTy. McrpaxkuBama Cy MOTBPAMIIA J]a JOHCKE TEYHOCTH KOje
y CBOM CacTaBy caJip>K€ KaTjOH KOjU je CIMYaH XOJMHY (Ha MpUMEp €TaHOJIAMUH WM HEKU
IETOB JIEPUBAT), a Kao aHjOH JIAKTaT, IIO0Ka3yjJy MHHUMAaJIHy TOKCHYHOCT UM BHUCOKY
ouomerpamadbuHoct [15-17]. OBo ce objamimbaBa Ha Taj HAYMH IITO CY OBE CYIICTAHIIC YIECHUIIH
OMOJIOIIKUX U MeTaOONMYKHX Ipoleca, Ma CaMUM THM Cy M TOTOAHE 3a pa3rpaimy IOA

7Ie]CTBOM MUKPOOpraHHU3aMa.

Tabena 1. 'maBHM KOpanm y KCTOPH]CKOM Pa3BOjy jOHCKHX TEYHOCTH.

lNoguna Otkpuhe

1914 [IpBo cioMumbabe JOHCKUX TEUHOCTH

1934 [IpBu maTeHT O jOHCKUM TEYHOCTHMA

1948 OTKpHBEHE Cy XJIOPAIyMHUHATHE JOHCKE TCYHOCTH

1972 XuapohopMUIIoBame €TeHa Y JOHCKMM TEYHOCTHMA

1982 [Toueno ce ca mMpUMEHOM MUMHUIA30JIM]YM KaTjOHA Y JOHCKUM TEYHOCTHMA

1990/92 [IpBe XOMOreHe peakiyje y jOHCKUM TeUHOCTHMA
1997/99 VYBoljeme pyHKIMOHATN30BaHMUX U XUPAJTHUX JOHCKMX TEUHOCTH
2007 VYBoljeme BUCOKO OHomerpagaduiIHUX Malbe TOKCHYHUX JOHCKMX T€UHOCTH

2012-... VcappiaBame nocTojehux U MpoHaIakKeme 00/bUX JOHCKMX TEUHOCTH

14



1.3. OcHoBHe 0COOHMHE JOHCKMX TEYHOCTH

Cymncranie Koje caapke camMoO TO3UTHBHE M HETaTUBHE JOHE W TE€YHE Cy Ha COOHO]
TemrepaTrypu u temmneparypama HkuM oa 100 ‘C, mpuraaajy HOBOj KJIacH jOHCKHX jEeIHEbCHA
KOja ce 30BY jOHCKe TeuHOcTH. PaHuje cy ce moJ jOHCKMM TE€YHOCTHMA IOJpa3syMeBalie CaMo
CTOIUEHE COJIM, KOje c€ J00Hjajy CTalameM KPUCTATHUX COJIM YHje TeMIlepaType TOIJbEHa

yecto npenaze u 800 °C.

JoHCKe TEeYHOCTH TMOCenyjy HU3 KapaKTEpPUCTHKA KOje UX YMHE MPUBJIAYHUM M EKOJIOIIKU
NPUXBATJLUBUM XeMHUKaiujama. Hucy eKcIio3uBHE, HUTH 3allajbUBE U KOPHCTE ce Kao 1o0pa
3aMeHa 3a TOKCHYHE W JIAKO HMCHapJhbHBE OpPraHCKe pacTBapade, 300T dera ce joul MOITyJIapHO
30BY W ,,3€JICHUM" pacTBapaunMa. Mory ce MpUMEHUTH y peakildjaMa Koje Cy KaTalu30BaHe
npejasHUM MeTaluMa TJie CIyXKe Kao PeaklUuOHHW MeIWjyMH, KOOpAuHyjyhu nuranau u Oase.
OBaKo jeAHOCTaBHU KaTAJUTHUKU CHCTEMH IPY)Kajy jOII jeHY U3Yy3€THY IMOTOJAHOCT — MOTY Ce

ynoTpeOuTH BHIIIE ITyTa 0€3 3HaYajHUjeT CMamkEeha KaTAIUTHYKE aKTHBHOCTH.

JoHcke TeuHocTH mMMajy cneaehe ocoOMHE Koje UX jaCHO OfBajajy OJ1 BOJE U KIIACHYHUX

OpPraHCKUX pacBapaua, i 300T KOjUX c€ M cMaTpajy NoceOHUM (YaKk ¥ MarnyHUM) XeMUKalIujaMa:

Omne yriaBHOM HEMajy HallOH Hape J0 OJu3y TemIeparype pasjarama, OJHOCHO
HE UCIapaBajy M JIaKo UX j€ 3aJpKaTh y TEYHOM CTamy, MHOT€ O] BHX Cy Y

TeuyHOM cTamy u npeko 300 °C;
- [Tocenyjy mpuMeTHY TEPMHUUKY CTaOMITHOCT;

- One Mory pacTtBapaTH IIHPOK CIEKTAp OPraHCKUX, HEOPraHCKUX W

OpraHOMETATHHX JeIUCHA;

- PactBapajy racose, kao ITO Cy BOJOHHK, YTJb€H-MOHOKCH U KHCEOHHK, 1A MOTY
outu [0o0pu pacTBapaud M 32 KaTAJUTUYKE XHUJAPOTCHU3AIUje, peakluje

KapOOHMIIOBama, XUAPO(HOPMUIIOBakha U aepoOHE OKCHAALIH]E;
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- JOHCKEe TEYHOCTH Cce He MelIajy ca HEKMM OpPraHCKHM pacTBapadyuma, HIIp. ca
3acMheHrM M apOMaTUYHHM YTJbOBOJOHUIIMMA, U TIPEICTaBIbajy 100ap MoJIapHu
HEBOJCHH MEIHjyM 3a OudasHe KaTaquTHUKe cucteme, 06e30ehyjyhu npu tome

Jla KaTajamu3aTop ocTaje y jeaHoj ¢has3u a mpousBo peakuuje y apyroj [18-20];

- [TorogauM KOMOMHOBamEM KaTjoOHa W aHjOHA Yy JOHCKMM TEYHOCTHMA MOTY CE
JTU3aJHUPATH TIOJIECHU KaTalu3aTopu ToMohy Kojux ce Mory mnosehatu

AKTUBHOCTH MOJICKYJIA U OCTBAPUTH BUCOKE CCIICKTUBHOCTH,

- JOHCKe TEeYHOCTH Cy MOTOJTHU MEJIUjyMH 3a U3BOlermhe YUCTUX Peaklinja, OJHOCHO

peakiuja ca MUHUMAJTHUM OTIIaJIOM.

1.4. CrpyKTypa jOHCKHX TeHYHOCTH

JoHCKe TeYHOCTH HacTajy KOMOWHAIIMjOM BEJIMKOr Opoja pa3MUUMTHX KaTjoHA M aHjoHa.
[TorogauM u300pOM joHA MOTY C€ JOOUTH JOHCKE TEYHOCTH ca TadyHO ojapeheHuM (Hu3ndKo-
xeMHujckuM ocobmHnama. Hajuenthe kopunthenu katjonu cy: 1-ankui-3-MeTHI-UMUAIA3011jyM, N-
ATKUI-TIAPUIUHU]YM, TETPAAIKHI-aMOHHjYM, TeTpaankui-¢pochonujym, N-amkmn-N-merun-
NUPOJIMANHUJYM, 1,2-THankuia-nmupa3onujym, N-alKuia-TuazonujyMm u TPUAIKUI-CYI(OHU]YM, a
a"jouu: xekcaduyopodochar, Ouc[(tpudyopomeTri)cyndoHuI]aMu, TETpaaaKuiIoopar,
terpadayopobopar, TpudiyopoMeTun cyidar, IUIHjaHOAMHI, aIeTar, TPUQPIYOpOMETHI

areraT, HUTpaT U xJoparyMmuHaTi. CTpyKType OBUX KaTjOHA U aHjOHA J]aTe€ Cy Ha ciuuu 1.
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Cruka 1. CTpyKType HEKHX KaTjoHa U aHjOHa JOHCKUX TEYHOCTH.

VY Haj3HavajHUje HU3NIKO-XEMH]CKE OCOOMHE JOHCKMX TEYHOCTH CMaajy Tauyka TOIJbEHha
u TepMudka ctabmiHocT. OBe KapaKTepUCTUYHE OCOOMHE Cy Yy KOpeJalHuju ca CTPYKTYpOM H
CacTaBOM JOHCKUX TEYHOCTH. M300poM HeCUMETpUYHOI KaTjoHa J00Hja ce jOHCKa TEYHOCT ca
HIDKOM TauykoOM TOIUbeHa. Ha Tauky Tombema jom yrude W mpupoaa aHjoHa [21]. Hekm
MpPUMEPH JTUANKHIIMMHIA30JIMjyM COJIM M YTUIAj aHjOHA M CYNCTHTYCHATa Ha TayKe TOIJHEHha
NpuKa3aHu cy y Tabenu 2. MHOTe JOHCKE TEUHOCTH Cy CTAaOWIHE U 0 Temreparype npeko 400
°C. Ha Tepmuuky cTaOMIHOCT BHIIE YTHYE MPUPOJA aHjoHA Hero KatjoHa [22]. YTBpheHo je na

ce TepMHUYKa cTa0MITHOCT moBehaBa ca moBehameM XUAPOPMIHOCTH aHjOHA.
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Tab6ena 2. Tauke TOTUbEHa HEKUX ATKIIIMMHUAIA30JIH]YM JOHCKHX TSIHOCTH.

Me/ N NG N ~ "
R X t.t./°C
Me Cl 125
Et Cl 87
n-Bu Cl 65
Et NO; 38
Et AlCl, 7
Et BF, 6
Et CF3S0; -9
Et (CF3S03);N -3
Et CF;CO, -14
n-Bu CF3S0; 16

15. Kucese u 6a3He joHCKe TEYHOCTH

[TomTo kucenocT U Ga3HOCT PEakIMOHOT MeaujyMa uMa OUTaH yTUIAj Ha e(UKACHOCT
MHOTHX PEaKIIMOHUX MpOIeca, MOCTOJH 3HAYajHO MHTEPECOBAE 32 Pa3BOj YCKO CHEHUGUIHUX
JOHCKHMX TEYHOCTH, a 4Hja je crnenuduuHOCT Oa3upaHa Ha OAroBapajyhem KaTjoHy W/HWIIW aH]OHY.
Tako je W KHCENOCT, OAHOCHO 0a3HOCT jOHCKHUX TEYHOCTH OJjpeleHa MPUCYTHUM KaTjoHUMA,
aHjOHUMa MM KOMOHMHAILIMjOM KaTjoHa W aHjoHa. Moxke ce pehu Ja cy A0 caja Kucele JOHCKe

TEYHOCTH HajBHUIIIEe KOopHITheHe.

Ha ocHOBY kucenmux ocoOMHa aKTUBHOT MECTa OHE Cy TOJieJbeHe y Tpu rpyme. [IpBy
rpyny uuHe JlyncoBe Kucene jOHCKE TEYHOCTH, YMje aKTUBHO MeCTO mMma ocoOuHe Jlyncose
KHCETTMHE M MOXe Ja mpey3Mme eleKTpoHcku map u3 Jlymcose 6aze. Jlpyre cy bpenmtenose
KHCeJIe WIM MPOTHYHE JOHCKE TEYHOCTH KOj€ MMajy aKTHBHO MECTO Cca MPOTHYHUM KHCEIHM
KapaKTepOM M CIOCOOHOCT TpeHoca MpPOTOHA ca KHucelnHe Ha 0Oasy. Tpehy rpyny umHe
koMOmHOBaHe bpenimTen-JIyncoBe joHCKE TEYHOCTH, KOje TIOCEIyjy UCTOBpeMeHO bpeHmirenose
u Jlyncose kapaktepuctuke. HajjenHocTaBHUjU MPUMEpH C1a00 KUCEIUX JOHCKHX TEYHOCTH Cy
OHE ca TPOTUYHUM aMOHH]JyM, THPOJIHIAUHU]YM U HUMHUAA30JIMjyM KaTjOHUMA W

XJIOpaIyMHHATHUM aHjoHuMa [23,24].
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VY nopehemy ca KHCeTUM JOHCKMM T€YHOCTUMA, 0a3HE JOHCKE TEYHOCTH Cy TOYeNie J1a ce
M0jaBJbyjy M TPHUMEHY]y HEITO KacHHje. Y CKIaay ca TPaaullMOHATHOM Je(OUHHIIN]jOM
KHcenuHa U 0a3a, 0a3HE JOHCKE TEYHOCTH MOTY Ja ce mojenie y ABe rpymne: Ha Jlyncome u
BpenmtenoBe 6a3zne joncke teunoctu. Ilo mpBoj neguHMULIMjU OHE Cy cOCOOHE Aa Najy jenaH
VI BHIIE CIIOO0O0HUX €JIEKTPOHCKUX TapoBa, a IO JPYroj, OHE Cy aKIENTOPH jeTHOT WIIM BHIIE
npotoHa. bpojHe joOHCKE TEYHOCTH HAcTajleé M3 aHjOHAa Kao INTO Cy AWIMjaHOaMU], JIaKTarT,
dbopMujar, aneTat u Apyru KapOOKCUIATH, Cy KiIacu(puKoBaHe Kao Oa3zHe. basHOCT oBUX aHjoHA
je pa3nuuuTa u gaieko Beha ox 6a3HOCTH BoJie, 300T Yera ce o4eKyje Jia ce MOHaIlajy Kao jauu

aKIENTOPH POTOHA 011 Boje [25].
15.1. Amgpomepnu anjonu

[TocTtoju mManu Opoj aHjOHA JOHCKMX TEYHOCTH KOJU IPHIAJajy MHTEPECAHTHO] KIIach
amdorepHux aHjoHa. OBH aHjOHH MMajy CIIOCOOHOCT J1a y3UMajy U J1ajy IPOTOHE 3aBUCHO Of
APYTUX TPHUCYTHHUX CYICTaHLM. JEIHOCTAaBHM NMPUMEPH TaKBUX aHjOHA Cy XHIpOTeHcynadar u

muxuaporerdocdar [25].
1.5.2. Heympanuu anjonu

Tunuyau HEyTpalHU aHjOHU Cy y KHCEN0-0a3HOM CMHCIY OIMCaHM Kao BpJo ciabo
0a3HU W KOJU TOKa3yjy camo ciabe eJeKTPOCTaTUYKEe MHTEPAKIIMje ca KaTJOHOM M CaMUM THM
MMajy HUCKY TauKy TOIJb€Hha U BUCKO3HOCT. Y OBY IpyIy aHjoHa cnaaajy xekcadmayopodocdar,
ouc(tpudnyopomerancynponun)amu, TpudayopodbopaT, p-TonyeHcylndoHAT U TUOLMjaHAT
[26,27].

1.6. OpraHcke cuHTe3e — HOBE CYIICTAHIIE M HOBE MeTo/1e

Jom o HajpaHMjUX NaHa, OJ1 ATXEMHU]JCKOT TIepro/ia, XEeMUYapH Cy HACcTOjaIu Ja JOCETHY
NPUPOJY U HAllpaBe MOJIEKyJe M CTPYKTYpe 3a KOoje ce CMaTpajo Jja UX CaMo IpUpoJa MOXKe
CTBOpPHUTH. 3aT0 je JaHac HajBehu M3a30B 32 XeMU4Yape He caMo Ja JOCerHy mpupoxay Beh u na je
npeBazulyy. buxoB 3amarak je ga pa3BHjajy HOBE METOAC M XEMH]CKE peakiHje Koje he
oMOTyhHUTH CHHTE3€ CBUX BaXXHUJUX MOJICKYJIA, 2 HAPOYUTO OHHMX KOj€ MPUPOJa HE CUHTETH3Y]¢E,
aJli U J1a OCTBape CUHTE3€ OHUX BAXHUX MPUPOIHUX jEAMIbEHA YMjH je IOCTYIAK M30JI0Baka U

npeunmrhaBama CI0XKEH U CKYIL. 3a J100ujame OBAKBUX MPOM3BOJA, KOjU HHUCY BaXHU CaMO 3a
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xemujy, Beh u 3a MmeauIuHy, OMOJIOTH]Yy, arPOHOMH]Y M IPYTre 00JIACTH, BAXKHO j€ TIPOHATIAKCHE
n00pux W e(UKAcCHUX TPOM3BOJHHX IPOIEca, MPUXBATIPUBUX 32 OKOJIMHY, Ca INTO Mambe
HEXEJbEHUX CIOPETHHX MPOM3BOJA, U y3 MAIM yTPOUIAK eHepruje. OpraHoOMETaaHO] XeMUjH,
CBaKako, MpHIMaaa 3aciyra 3a MHOre oBakBe Tpancopmammje. [logarak ga cBaka 4eTBpTa
cuHTe3a y dapmareyTckoj HMHAYCTPHUjH TOApa3yMeBa MPUMEHY Makap jeaHe OJ MeTal-
KaTaJIM30BaHUX PeaKiirja y HeKoj o1 (aza (mpema HobemoBoM KOMHUTETY), TOBOPH O 3HA4Yajy OBE

rpaHe xemuje.

MHore TakBe peakilije ce KOPUCTe U y CHHTe3aMa jeINkhEeha Koja 1ajy JOMPUHOC Pa3BOjy
EJIEKTPOHUKE W HANPEIHUX TEXHOJIOMIKMX MaTepHjalia, a OpraHOMETATHU PEarcHCH Ce CBE BUIIIC

KOPHUCTE M Ka0 Ba)KHU KaTaIN3aTOPH.
1.6.1. Ilpumena jonckux meunocmu y op2ancKum cunmesama

JoHCKe TEeYHOCTH TpyXajy jeAUHCTBEHO OKPYKEHE 3a OpPraHCKe M MeTal-OpraHcke
peaknuje mpu COOHMM M BHIIMM TeMmmeparypama. IbHXoBO TepMOAMHAMHUYKO M KHHETHYKO
MOHAIIAkEe j€ Pa3IMYUTO, M YeCTO JAOBOAW 10 noBehama Op3uHE peakiuje W CEIeKTUBHOCTH.
Ynorpeba jJOHCKMX TEYHOCTH Moryha je y pasIHuuTHM MOJApYYjUMa Kao IITO je MPOHM3BOIHA
dapMarieyTcKux — Ipou3BOJa, (UHUX  XEeMHUKanuja, Yy OHOTEXHOJIOTHjH, MEAMLUHH,

HaHOTEXHOJIOTHU]H, U MHOTHM JIPYTUM MOAPYYjUMa.

[Ipernenom nuTepaType Koja ce OAHOCH Ha NMPHMEHY jOHCKHX TEYHOCTH y OPTaHCKUM
CHHTE3aMa, MOXKE C€ BHJICTH Ja yJora OBHX jeIUICHA Yy OPraHCKHM peaklyjaMa MOKe OUTH
pa3nuuuTa. JOHCKE TEUHOCTH C€ MOT'Y YCIEIIHO KOPUCTUTH:

- Kao0 KaTaJu3aTopH U pacTBapauu;

Kao KO-KaTaJIM3aTOpH WJIN KaTAJIUTUYKHU aKTHUBATOPH,
- Kao JIMr'aHIHW 3a KaTAJIUTUYIKEC MCTAJIHC LICHTPC,

- caMo Kao pacTBapayd y oArorapajyhum peakuujama.
1.6.2. Joncke meunocmu Kao Kamaaiu3zamopu HeKux Op2anCcKux peaxKyuja

VY nocnenme BpeMe CHHTETH30BaH j€ BEJTMKH OpOj YCKO CreU(PUIHUX JOHCKUX TEUHOCTH
ca moceOHOM (PYHKITHjOM, a y CKJIaAy ca 3axTeBUMa onrosapajyhe peakuuje. [lomro kucenoct u

0a3HOCT pPEaKUMOHOT MeaujyMa KMMajy OWTaH yTUIA] HAa €()UKACHOCT MHOTHUX pPEaKLHUOHUX
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mporieca, CTyAuja KHCeno/0a3HUX JOHCKHMX TEYHOCTH j€ J0o0miIa BEIMKYy BaXHOCT. Tako, 3a
BehrHy OpraHckux peakiiyja Koje cy TpaJIuIMOHATHO KaTaTN30BaHe yOOUYajeHUM KUCeTrnHaMa 1

6a3ama, MOTy ce Kao KaTaJlu3aTopu yrnoTpeOuTH oAropapajyhe joHCKe TEUHOCTH.
1.6.3. Anodonna konoeunzauuja

[Tox anpgomHUM peakiMjamMa MOApa3yMeBajy ce, y IIMPEeM CMHUCIY, CBE OHE peakluje y
kojuma ce ctBapa HoBa C—C Be3a, a 00yxBarajy MHTEpaKIM]y KapOaHjOHCKOT YIJbEHHKA, W3
aKTUBHMX METHMJICHCKHX jeAMIbeHa, ca KapOOHWIHOM rpymnoM. Mehytum, y yxkem cmuciy,
aJIJIONHE KOHJEH3aIlMje 03HauyaBajy OHEe KOHJCH3allMje aliZieXuaa U KeTOHa MPH KOjuMa HACTajy
B-xuapokcu-anaexuan (angoan) Wi B-XuApoKCU-KEeTOHH (KETOJIM), Ka0 M Peakiihje Koje BOoJe

cTBapamy o,p-He3acuheHnux anamexuaa u kerona (cxema 1).

O 0 0 R_g o R3
H + )J\ KaTa/JIH3aTop OH KaTajJH3iaTop /
R, - Ry R, R, R, -H,O R, Ry
R
R; z H R,

Cxema 1. CxemaTcku IpUKa3 peaxiyje aagoiiHe KOHACH3alHje.

Ha wuHIycTpujckOM HHBOY anJojHE KOHAEH3AIMje Cy KAaTalIN30BaHE aIKATHUM
xuapokcuanma (KOH, NaOH) [28,29]. Melyytum, ymoTpeOy oBUX Karanau3aropa IpaTte OpojHH
HEIOCTaly Kao ILITO Cy, Ha IpUMeEp, I'YOUTaK Katainu3aropa 300r Temkohe o/1Bajamba, KOPO3ZUOHH
poOJIeMH Ha OIIPEMHU M 00pa30Bambe BEJIMKE KOJIMYMHE UCTIApJPUBUX OCTaTakKa KOju MOpajy OUTH
HAKHAJHO TPETUPAHHU HE O JIM ce CMamHO BHUXOB YTHIA] HA )KUBOTHY CpeanHy. 300T TOra cy
pa3BHjeHa HOBA TEXHOJIOIIKA PelIeha y MJbY CTBapama HOBUX, U 32 KUBOTHY CPEINHY JAJIeKO
NPUXBATJBUBUjUX, Tpoueca. OBa TEXHOJOIIKA peliemha OJHOCE Ce Ipe CBera Ha IMPHUMEHY
JOHCKHMX TEYHOCTH Kao Karanu3aropa u pactBapaya. Ol JOHCKMX TEYHOCTH KOje c€ KOpHCTE y
QIJIONTHUM KOHJICH3aIlMjaMa M J1ajy 3a70BoJbaBajyhe pe3ynrare, MOTY CE€ HW3JIBOJUTH HEKH
KapOOKCHIIaTH €TaHOJIAMHHA, AreTaHoJaMuHa U Tpuetanonamuna [30,31]. V uusmy oapehusama
KaTaJIWTHYKEe aKTUBHOCTU OBHMX jJOHCKHX TEYHOCTH, ypal)eHe cy TpH MOAEN peakluje: peakuuja
KOHJIGH3allMje LUTpala M aleToHa, KOHJeH3amuja u3Mmel)y OeHzannexuga M aleTroHa H
oenzannexuaa u xenranana [30]. Hajoossu pesynratu qo0HjeHH Cy 3a peakiiujy OeH3aaaexuaa u

areToHa Kaja cy kopuirhene cienehe joHCKe TEUHOCTH: 2-XUAPOKCHETHIIAMOHHU]yM-TIEHTAHOAT,
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2-XUIPOKCUETUIIAMOHU] YM-aIleTaT U 2-XHApOKCUeTUIaMOHU]yM-popmujat. Hika KoHBep3Hja 3a
WCIIUTUBAHE peakiyje no0ujeHa je Kajga Cy ymoTpeOJbeHEe IHU- W TPHUCYIICTUTYHCAHE JOHCKE
TEYHOCTHU (2-XHUIAPOKCUIUETHIAMOHU]yM-0yTaHoat, 2-XuIpOKCUTPUETUIIAMOHH]yM-0yTaHoar, 2-
XUJIPOKCUANETHIAMOHNjyM-U300yTaHOAT,  2-XUJAPOKCUTPUETHWIAMOHUjyM-u300yTanoar,  2-
XUJPOKCHINETHIIAMOHHjyM-TICHTAaHOAT U 2-XUPOKCUTPUETUIIaMOHHjyM-TIeHTaHoaT). OBa HHCKa
KaTaJIUTHYKa aKTUBHOCT MOXe c€ 00jaCHUTH HENPHUCTYNAYHUM aKTHBHIUM MECTOM KaTaJlu3aTopa

300T CTEpHUX CMETH-H KOj€ CTBapa pa3rpaHaTocT KaTjoHa.

Ha ocnoBy nopehema ca eguxacHocHOIIhy HEOPraHCKUX 0a3HUX KaTaln3aTopa, MOXKe ce
3aKJbYYHTH J1a OBE jJOHCKE TEYHOCTH HHCY OOJbHM KaTaJIM3aTOpPHU 3a OBE peakiuje, amu 300r
IBUXOBOT 3€JICHOT KapakTepa W JIaKOT OJiBajaba W3 PEAKIMOHOT MEIHujyMa TpEeCTaBIbajy
NOTOHY, M 32 JXHMBOTHY CpEIMHY IPUXBATJbUBY, 3aMEHY 3a TPAJAULUOHATIHE XOMOTECHE

KaTaJlu3aTope.

1.6.4 Knesenazenosa peakuuja

ba3Ho kaTtanmu3oBaHa KOHACH3aIMja aleXH]a W KETOHA Ca jeIUbEeHhUMa Koja CaapiKe
aKTHUBUpPAHy METWJICEHCKY TpyIly, y3 HacTajame o,3-He3acMheHHX jeumerma, je mocebaH THI
aJJI0THE KOHJEH3allHje U TTo3HaTa je kao KHeBeHarenosa peakuuja. OBa peakimja ce KOPUCTH 3a
CHUHTE3y HWHTepMeaujepa (UHUX XEMHKajduja W TPEACTaB/ba BPJIO KOPHUCHY METONY 3a
¢dopmupame C—-C Bese y opranckoj cuHTe3H. [1omTO akTMBHA METHUJICHCKA jeUIbCHA UMajy
3HAaTHO aKTHUBHHjE€ BOJOHHMKOBE aToMe O] ajlJexuia M KETOHa, TO CE 3a OBY pEaKlHujy Kao
KaTaJlu3aTopu ymoTpeOspaBajy ciabuje 0a3e oJ OHUX KOje c€ KOpPHUCTE NpH yoOWuajeHHM
AJIOTHUM KOHIeH3ajama. OOWYHO ce peakIifje H3BOoJIe Y IPUCYCTBY KaTaTUTHYKUX KOJTHIUHA
aMOHHjaKa, aMOHH]jyM-alleTaTa Wid MPUMApPHUX U CEKYHIAPHUX aMHUHA (MMUMEPUANHA U JUCTUII-
amuHa). Ilopen oBux 0a3HMX aMOHHjyMOBHX KaTaJH3aTOpa MOTY C€ YIOTPEOMTH M KUCEIIMHE,
najuerthe JlyucoBe kucenuue (60p-Tpudayopua, aayMUHHjyM-Tpuxiopun u apyre) [32-35].
AKTHUBHa METUJICHCKA JeIMIbEHha Koja ce Hajuenthe kopucte y KHeBeHaremoBuM peakiujama cy
MaJIOHCKa, [MjaHcupheTHa W auneTcupheTHa  KHUCeIMHA W HUXOBU  JIEPUBATH,

(beHUITAeTOHUTPUITH, OCH3UI-KETOHU U HUTPO-jeINHEHA.
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3a u3Boheme OBe peakimje y MOCIEIBbUX JIeCeT roJAruHa KOPUCTE C€ y BEIUKO] MEpHU U
pa3IMuuTe jJOHCKE TEYHOCTH KOj€ CIy)Ke Kao pacTBapadd W Karaaumszatopu. Y mnopehemy ca
CTaHJApAHMM METOJaMa OBa METOAOJIOTHja je YIJAaBHOM IIPUXBATJbUBAa 32 BEIMKU OpoOj
cyncrpata M omoryhaBa BpJO JlaKy peakuujy anu@aTHuHUX alexuaa ca aKTHBHUM
METHJICHCKHM jeTUCEHhUMA, KOja ce, MHaYe, TeIIKO TOCTIDKE APYTHUM MeTojama. Y TPUCYCTBY
JOHCKHMX TEYHOCTH OBa peakija c€ yrIaBHOM OJHWIpaBa Ha COOHO] TEMIEpaTypH W 3a BPJIO
KpaTKO BpeMe, a MPHHOC H30JI0BAaHOT TMpOM3BOJa je Takohe 3amoBosbaBajyhu. Ilopen
MHOTOOpPOJHHX jOHCKHX TEYHOCTH KoOje ce Kopucre y KHeBeHareiaoBoj peakiuju, HapOUYHUTO
I00pH pe3yiTaTd Cy MOCTHTHYTH ca 2-XHIPOKCHETHIaMOHH]jyM-TaktatoM [16]. ¥V ommrem

o0nmuky KHeBeHarenoBa peakiyja ce MOYKe IpeICTaBUTH Ha cienehu HauuH (cxema 2):

Rl El Rl

KaTajHiaTop E 1
=0 + > =

R, E, R; E,

R, R, = aakuu, apua, H

E, E, = CN, COMe, COOMe, COOEt, COOH

Cxema 2. Ommta npuka3 KHeBeHaremoBe peakiyje.
1.6.5. Xenpujeea peaxuuja

XeHpujeBa peakiyja MpeacTaBiba MOTOJHY peakuujy 3a ¢opmupame C—C Beze M nMma
MIUPOKY CHHTETHYKY IPUMEHY 3a T0OHjame 2-HUTPOATKOX0Ja Yy 0a3HO KaTaTM30BaHO] PEaKIINju
HUTpOAJIKaHa U KapOOHWIHUX jeanberba (cxema 3). HUTpoankoxosu cy BaKHH MHTEPMEIH]epPH
3a n1o0Hjame HUTPOAJIKEHA, O-HUTPOKETOHA U JIepUBaTa [3-aMUHOATIKOX0JIa Kao MTO Cy edeapuH
u HopedenpuH. XeHpHUjeBa peakiyja MOXXE OUTH KaTallM30BaHA OPTaHCKUM W HEOPTaHCKUM
06azama. Tako cy, Ha mpuMep, T'YaHHIMH MU HHETOBa jeAMIbEHA YCIEITHO KOpUIIheHH Kao
KaTaJlu3aToOpd OBE peakiuje, MoJ OJlaKMM ycioBuMa M 3a Kpahe BpeMe y mopehemy ca
KOHBEHIITMOHAIHUM KaTanu3aropuma. Kama je kopumrhena mpoTtwdHa joHcka TewHoct, 1,1,3,3-
TeTpaMEeTUITYaHUJMHH] YM-JIaKTaT, pe3yaTaT Cy MOKa3aJd Jia je peakMoOHH NpuHOC O0JbH 3a
apoMaTU4HE anaexujae Hero 3a anudarnyHe. OBe JOHCKE TEYHOCTH Cy MOTJIE Jla ce ynorpede u

10 15 myra 6e3 cMamerba KaTaIuTHIKe aKTUBHOCTH [36].
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KaTaJHu3aTop
/\ + > R;

Rl NO; Rl
RZ R3

Cxema 3. Peakrija m3mely HuTpoankana u KapOOHMITHUX jeIHbCHha — XCHPHjeBa peaKIyja.
1.6.6. Majknosa peakuuja

Hykneodunna agunuja kapObaHjoHa WM HEKOT JAPYTOT aHjOHA Ha OJe(HUHCKY BE3y Koja je
y KOIbYTalliju ca HEKOM EJIEKTPOH NPHBJIAYHOM TPYIIOM, Kao IITO je KapOOHWIIHA, HUTPUIIHA,
KapOOKCUJTHA WJIM €CTapcKa, Mo3HaTa je kao MajkioBa peaknuja (cxema 4). OBOM peakiifjoMm
MOTy ce I0OUTH pa3INuUTH €CTPHU, KUCEIHHE, AeXUAN, KeTOHHU, N-CylICTUTYHCaH! UMH1a30J1H,
THA30JIM, MHUPA30JIM, MUPUMUINHUA, TYPUHH U HUXOBU JIEPUBATH, KOJU Cy OOHYHO
(apMaKoJIOIIKKA aKTUBHU M MOTY OUTH MPUMEHEHH Kao MOTEHIIMjaTHH TepareyTCKH areHcu. 3a
aKTHBAIM]y HykJIeodunaa wid MajKIIOBUX akIenTopa y OBHM peakludjama cy, Hajuemihe,
Kopuniherne jake 6a3e wim JlyrcoBe KucenmHe, Koje Cy JOBOJUIIE U JI0 HEXKEJbEHUX CIOPETHUX
NPOM3BO/Ia M NPOM3BOJA IUTETHUX 3a )KUBOTHY cpeauHy. [la Ou ce u30eriv OBM HEIOCTAIH
MIPOY3POKOBAaHU YMOTPEOOM TAKBHX KaTaaU3aTOPa, Y MOCIEABUX HEKOJIUKO TOJMHA Pa3BHUjEH je
BEJIMKK OpoOj anTepHAaTHBHUX cTparervja kopumhemem Oasnux riauHa, KF/Al,O3z, ryanuauna,
MHUKpPOTAQJIAaCHOT 3pauekha U eH3uMa. Ha jxamocT, MHOre oJl OBHX Ipolelypa 3aXTeBajy Ayro
PEAKIMOHO BpeMe (HEKOJIMKO JaHa), JIpAacTUYHE PEaKLHMOHE YCIOBE M NPUMEHY IUTETHUX
XeMHUKajija, Mpe cBera pacTtBapada, kao mto cy DMSO wmm DMF. Tlopen Tora, oBu
KaTaJM3aTopu Ce, YIJIaBHOM, HE MOTY pelMKJIMpaTd. 300T CBera Tora, OTKpUBame OpKUX H
JaKmux Metoja 3a MajkinoBy aauiujy N-xereponwkia Ha o,3-He3acuheHa jeumbema, Koje Cy
PUMEUBE U Ha COOHO] TeMIIepaTypH, MOCTAJIO je moceban u3a30B 3a cuHTeTnuape [37].

R, R, R;

KATAJIN3aTop
—_—
Nu-H + —_—

R; = CN, COMe, CO,Me

Cxewma 4. Ommra cxema MajKiIoBe peakiiyje.
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bp3a u ,,3enena” mpomenypa 3a MajkiIoBy peakiinjy Ha COOHO] TEMIIEpaTypH pa3BUjeHA je&
KopunihemeM 0a3HEe JOHCKE TEYHOCTH, 1-MeTHI-3-OyTUIMMHUIA30JIUjyM  XHUJIPOKCHUIA,
[bmim]OH, xao kartamuzaTopa W peakiMOHOr Meaujyma. Peakiuja je u3BeneHa Ha COOHO]
TeMIepaTypu, 3a KpaTko peakiuoHo Bpeme (0.5-3 waca) m Moria ce MPUMEHHTH HA IIUPOK
cnekrap N-xereponukia, ykpydyjyhu merowiane N-xeTepouukie, MUPUMHUINHE U ITypUHE.
YnorpebsbeHa, OAHOCHO H30JI0BaHa, JOHCKA TEYHOCT MOIJIa C€ YIOTPEOWTH Yy HEKOJIHKO

pEaKIMOHUX IMKIyca, 0e3 3Ha4ajHe mpoMeHe akTiuBHOCTH [38,39].

ITopen Tora mro cinyxu 3a ycnocrasibambe HoBe C—C Bese, MajkiioBa peakiuja ce Moxe
BpJIO YCIICIIHO MPUMEHHUTH U 3a cTBapame HoBe C—N um C-S Bese. OBakBa, xerepo-MajkioBa
peakmuja, ce JeliaBa auIldjoM a30THUX M CYMIOpHHX HykjJeodmna Ha o,p-He3acuheHa
KapOOHUIIHA jenumbema W HUTpuie. Kao mpou3Boam oBe peaknuje ao0ujajy ce [-aMuHO
KapOOHMIIHA jeNIbErha, Kao MTO Cy -aMUHO KHUCEIMHE M HUXOBH JEPUBATH KOJU Cy BaXKHH
WHTEPMEIUjEepH Y CUHTE3M MHOTHX JIEKOBA WJIM aHTUOMOTHKA, B-TaKTaMa M aHTUKaHIIEPOTeHUX
arenaca [40-44]. Tlomto ce mpou3Bou XeTepo-MajKIIOBE peaKiiyje MMPOKO IPUMEBY]Y, YMECTO
yoOHuajeHNX METAJHHX KaTalli3aTopa MHOTO je TMOTOAHMja YINOoTpeda JOHCKUX TEYHOCTH Kao
pactBapaua u Kataiuzaropa. Konx n3bopa joHCKHX TEUHOCTH, Takohe je BaKHO BOAMTH payyHa O
IICHU KaTjoHAa W aHjOHA KOjU yJa3e y cacTaB THX JOHCKHUX TedHocTH. Hajuemhe kopumrheHu
KaTjOHH, aJIKWJIMETHJI-UMUIA30JIUjyM U JTUATKUAI-UMHUIA30JIM]yM, U aHjoHH, TeTpadiyopodbopaT
u xekcadiyopodocdar, cy q0cTa CKynu J1a 01 ce MOIJIM YIOTPEeOUTH Y MHAYCTPHjCKE CBpXE.
YMecTo OBHUX jOHCKUX TEYHOCTH MOXKE C€ YIMOTPEOUTH 2-XMIPOKCHETUIAMOHH]yM-(popmujar,
KOjU CE€ MOJKE JJAKO CHHTETHCATH U3 KOMEPIIHjaTHO JOCTYIMHUX K jepTuHHX XeMukaiuja [45]. Ha
OCHOBY pe3yJiTaTa KOju Ccy J0OHMjeHH Kaaa je KopuilheHa OBa €TaHOJAaMHMHCKA jJOHCKA TEYHOCT
[46], moxxe ce BumeTH 12 je peakMOHO BpeMe Janieko Kpahe Hero kKaja ce KOpUCTH MMHUA30JI0Ba
joHCKa TeuHOCT [47], M Ja Cy W H30JI0Bake MPOM3BOAA M PEIMKIaKa KaTalu3aropa BeoMa

JETHOCTaBHH.
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1.6.7. Manuxoea peakyuja

CuHTe3a OHWOJIOMIKM aKTHBHUX MPUPOJHMX W (apManeyTCKu 3Ha4ajHUX a30THHUX
jenumema je BeoMa BakKHa rpaHa opraHckux cuHresa [48-50]. ManuxoBa peakimja je jemHa of
OCHOBHHX peEaKIifja 3a CHHTE3Yy OBAKBHX jelUI-CHA. Y OBOj PEAKLMjU aMHMH U J1Ba KapOOHMIIHA
jenvmema (JeTHO €HOMM3a0uITHO U JPYTro KOje He Tpajy €HOJI) pearyjy, y MPUCYCTBY KUCEIMHA

wn 0a3a Kao KaTaau3aTopa, M 1ajy B-aMrHO KapOOHUIIHA jenberba (cxema b).

KaTaJIn3aTop
RCHO + RyNH, + R,

CxeMma 5. MaHHXOBa peakilyja MpruKa3aHa y OIIITeM OOJIHUKY.

MaHnuxoBy peakiyjy Hajuenthe mory aa karanusyjy Jlyucose u bpenmrenose kucenuse,
Jlyucose 0a3e, a pele 1 HeKe MeTaJIHE COJIM U OPraHCKH KaTalu3aTopu. MHOre o]l OBUX METOJa
CyouaBajy ce ca O30W/BbHHM CMETHhaMma, Kao IITO Cy KOpHIINeme BEIHKE KOJUYHUHE
KaTaJn3aropa, CKyId pearcHCH WM KaTalu3aTopd, APACTHYHH PEAKIUOHH YCIIOBH, TEIIKO
W30JI0Bakbe IPOU3BOJA, IyTO PEaKIMOHO BpEME W HH33aK NPUHOC. 3aTO TIOCTOJH BEIUKO
MHTEPECOBAE 32 Pa3BOjeM U NMPUMEHOM HOBUX M MOTOJHHUJUX KATATHUTUYKUX CHUCTEMa. Y TOM
cmuciy, kucene [51-53] u Oaszne [54] joHcke TeuHocTH nenyjy oOchaBajyhe. 3a Tectupame
KaTAIUTUYKE YIIOT€ OBUX JEIUICHa Kao MOJEN peakidja Hajuemhe ce KOPUCTH peakiuja

n3melyy OeH3anaexuia, aHuiInHa U [IUKJI0XEKCAaHOHA, OJTHOCHO aleToeHOHa Kao KETOHa.

HajsepoBarHuje je ma Mexanuzam MaHuX0Be peakiije ooyxBara dyetupu dase (cxema 6).
VY npBoj (azu peakuuje Koja ce 0/BHja y MPUCYCTBY KHCEIHHE, alIICXU pearyje ca aMuHOM H
HacTaje MIMUHUJYM JOH KOjH, 3aTUM, €IMMHUHAIM]JOM BOJE /1ajeé IMUHUjYM-CO. Y OBOj UIMHHU]jyM
COJIM je TIO3MTHBHA IIapka JEIOKAIM30BaHa Ha aTOMHMa a30Ta W yribeHunka. Kao enekrpodu,
YIJbEHUKOB aTOM MOXe J1ajbe, y Tpehoj ¢a3u peakuuje, na HaragHe €HOJHU OOJMK KETOHA KOJU
je Hactao y npyroj (as3u peakuuje, mpu ueMy aojia3u 10 crBapama HoBe C—C Be3e u oOpa3oBama
aMOHHUjyMOBE COJH. Y 4eTBpTOj (ha3su peakuuje ce aMOHHjyMOBa €O, HOJ JejcTBOM Oase,

MPEBOAM y f-aMHUHO KapOOHWITHO jeuibemhe. V3 mpeacTaB/beHOT MeXaHU3Ma Ce MOXKE BUJICTH J1a
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j€ 3a 1o0Hjame Kpajiher Mpou3Bo/ia, B-aMHHO KapOOHWITHOT jeU-EHha, HEOTIXOJHO MPUCYCTBO U
KucenuHe u 6Oaze. M3 Tor pasmora cy jOHCKE TEUYHOCTH 3aXBajJHM W 3HATHO e(UKACHUjU
KaTaJlM3aToOpH, HETO Kajia ce ymoTpeOr caMo KUCEIHHA HiIH caMo 0a3a, Kao Katanuzarop. Kucene
JOHCKE TEYHOCTH KOj€ Cy J0 caja NMPUMEHHBAHE Y OBOj PEAKIMjH W Ka0 KaTaIM3aTOPH U Kao
pacTBapaud Cy, YIJIaBHOM, COJM WMHIa30lla, Kao IMTO Cy, Ha mpumep 1-Oyrwi-3-
METHIMMUIA30IH]) yM-auxuaporeHpocdar  [bmim][H.PO,], 1-Oyrmn-3-mernnumunazonujym-
xuaporercyiadar  [bmim][HSO4], 1-meTmnumupazonujym-p-roayeHcyn(pOHCKAa  KUCEITHHA
[Hmim][Tsa] u 1-metmnmumumazonujym-tpudayopocupherna xucenmuna [Hmim][Tfa] [52].
HcnutuBane peaknuje cy u3BeaeHe Ha cOOHO] Temneparypu. [IpuHoc ce kpetao y omcery ox 67-
83%, ocuMm y ciydajy XuaporeHcyndara riae 300T BeTHMKE KHUCEIOCTH HHUje 10 peakije HU
nouuto. Kao 6a3ne joncke TeuHoctu kopuuthere cy 1-0yTuii-3-MeTUIMMUIA30IM)jYM XHIPOKCU
[obmim][OH],  l-etmn-3-mermnuMuaazonujym xuapokcun [emim][OH], kao wu areratu
€TaHOJIAMHHa, JIMETAHOJIAMUHA u TpHETaHOJAMHUHA, [HsNCH,CH,0OH][CH3COO0],
[H3sN(CH,CH20H),][CH3COO0], [H3N(CH,CH,OH);][CH3COO] [54]. VYV oBoM ciyuajy
KopuinheHa je caMO KaTaluTHYKa KOJIMYHMHA JOHCKE TEYHOCTH, a Kao pacTBapay BOJA MJIH HEKO
opraicko jemumeme. Hajoossum mpuHoc (85%) mocturayr je ca [bmim][OH] na coGHOj

TEMIIEpPAaTypy U y €TaHOJy Kao pacTBapauy.
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Cxewma 6. [IpermiocTaB/beHN MeXaHW3aM MaHHXOBE peaxiyje.

1.6.8. @puoen-Kpagpmcosa peaxyuja

@punen-KpadprcoBa peakumja je jeqHa Off Haj3acTyNIBbEHUJUX METOJA CHHTE3E Y
opranckoj xemuju. OBa peakxija 1noapasyMmeBa yBoheme ajaKuiI- WK alii- Fpyne y apoMaTHYHO
jenumeme (cxema 7). Hajuerrhe xopumrhenn karanusarop je AlCls, mama cy u apyre Jlyncose
Kucenune, kao Ha npumep BF3, ZnCly, TiCly, FeCls, SbFs u SnCl, , jako mpucyrrae. Hajsehu
npobJIeMH KOjH Ce jaBJbajy KOJ| OBHX peakiifja Cy Jiolla pacTBOPJHMBOCT JIyHCOBUX KHCENHHA Y

OpraHCKuUM pacTBapayruMa, BHUCOKA TOKCHUYHOCT H CTBApalbC BCJIMKE KOJWMYHMHC HCKCIbCHUX
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cropeHux npou3Boga. OBH MPOOJIEMHU C€ Y BEIIMKO] MEPH MOTY PEIIUTH YIMOTPeOOM JOHCKHX

TCYHOCTH.

R
(O]
B
(0] + HCI
I
C
Al

Cxema 7. Peaknuje @punen-KpadrcoBor alkuiopama 1 alijioBama.

Bpio epuxacuu cuctemu 3a @punen-KpadTcoBo ankuioBame U aliiioBame, KOjU UMajy
yJIOTy W pacTBapaua M Kataiusaropa, cy Jlyncose kucene joHcke TeuHoctu. OHe ce, Hajuenihe,
no6ujajy MemrameM con umuaasona [55,56] u mupuauna [57,58] ca HEKUM MeTaTHUM colMMa
Koje ce monarrajy kao Jlyncose kucenune (AICl3, FeCly wmu ZnCl,). Karanutnuku cucremu

KopuuiheH y OBUM peakiifjamMa IpruKa3aHu Cy Ha CIULU 2.

v [bmim][Cl]-FeCl,
[\ . w©
NN, AICI,
Me” N \Bu )—"’IbmimIIClI-AlClg,
vﬁoj
bmim][C]
(bmimICI} [bmim][Cl]-ZnCl,
oS
N CRiCoo QAIC]
———» [EtPy][CF;COO]-AIC;
N &g
7
[EtPy][CF;COO] |EtPy]|CF;COO]-ZnCl,
| N (o [EPYIIBE-FeCl
P -
NG BRy TAICL | EPy][BF,J-AICH
NI
Vi
EtPy|[BF,|-ZnCl
[EPy][BF,] [EtPy][BF,] R

Cruka 2. KatanuTtuuky cucTteMu KopuiihieHu y peakijama @punen-Kpadrcosor ankunopama u
aInIIOBamba.
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VY cBUM ciydajeBUMa jOHCKE TEYHOCTH Jajy OoJbe pesynrare, Mpe cBera y MoTrjieay
Op3uHe peakiyje, Hero Kajaa ce ynorpedspbaBajy KJIaCHYHM OPraHCKH pacTBapaud. Pasnosu 3a To
cy cienehu: joHCKe TEUHOCTH Cy J1I0CTa MOJIapHU pacTBapayu, OHE cy U came JlyncoBe KucenmHe,
xunapogobHe cy, AlCl; u FeCls ce pacBapajy y muMa u TeuHe cy Ha coOHOj Temmieparypu. U3
pesyiaTaTa Koju Cy J00HjeHH MPUMEHOM MMHIAa30JI0BUX KAaTAIUTHYKHX CHCTEMa C€ BHJHM JIa je
[bmim][CI]-ZnCl, Haj6osbu y peakuuju aakuiaoBama. Moke ce yrmoTpeOUTH YaK ocaM IyTa, Oe3
3HAYajHUjEr CMambeha KAaTAIUTUYKEe aKTHBHOCTU. Y pPeakldju aluioBama Hajehu MpHHOC je
nocturayr npu ynorpebu [bmim][Cl]-FeCl;. V Hexkum cnyuajeBuma, y OBHM peakiidjama
KOpUIIThEeHE Cy JBE Pa3IMYHMTE COJIM MUpHAUHA, Tpudayoparnerar u terpadiayopodopar. Ha
OCHOBY JTOOHMjEHUX pE3yJiTaTa ce MOTJIO BUIETH Jia Cy MIPUHOCH y CBUM CllydajeBUMa 00JbU ca
[EtPYy][CF3COO] nero ca [EtPy][BF4], rae je npecynan yrtuiaj umana Bpcra aHjona. Kama cy
OBE€ JOHCKE TEYHOCTH KOMOWHOBAaHE Ca METATHUM COJIMMA HAjOOJbU PE3YJITATH U 32 aJKUIIOBAHE
u 3a amwioBame mocturaytn cy ca [EtPy][CF3COOQO]-FeCls. Peakimje y OBHUM jOHCKHM
TEUYHOCTHMA Ha 0a3u MUPHUIMHA Cy BpIICHE U HAa Pa3IUYUTHM TeMIlepaTypaMa (Ha coOHoj, Ha 50
°C uHa 75 °C). Haj6ospu pesynraru cy mocTuraytu Ha temmneparypu on 50 “C. U3 cBera oBora
ce MO’KE€ 3aKJbYUUTH Jla Cy JOHCKE TEUHOCTHU BpJIO morojHe 3a usBohemwe Ppuaen-KpadprcoBux
peakimuja, Ha YMEPEHO] TEMIIEPAaTypH, 32 PEIaTUBHO KPATKO BpeMe, y3 MOTYNHOCT peruKiInpama
KatanmzaTopa u 6e3 ynorpedbe TokcuyHor AlCls, mTo je oa M3y3eTHOT 3Hadaja jep OHE UMajy
BEIMKY MHAYCTPHJCKY TpPUMEHY Yy TpOU3BOAKBH (papmaneyTckux mpousBoja, (GuHux

XEMHUKaJIHja, TOJIMMepa U IPYTUX KOPUCHUX jeTUHCHA.
1.6.9. Munc-Anoeposa peaxuuja

Jlunc-AnaepoBa peakija je peakiuja IUKIoamuiidje u3Mely KomyroBaHuUX TueHa
aJIKeHA Ca eJEKTPOH-TIPUBJIAYHUM rpynama (aueHodmna). Kao HajjeqHOCTaBHUjU TpUMEpP OBE

peakiuje MoXKe ce HaBeCTH MpuMep rpahera CyInCTUTYHCAHOT IIMKIIOXeKceHa (cxema 8).

7 X X
(- —

X =CN, CHO, COOCH;

Cxema 8. [lunc-AngepoBa peakiiyja MpuKa3aHa y HajOMIITHjeM OOJIHKY.
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[uknoamuiiMja MUKIONEHTAAUEHA HAa METHII-aKpuJiaT (cxeMa 9) je HajBHIlIe MCIIUTUBAHA
Junc-AnnepoBa peakiyja. Pa3nmuuuTu peakiimoHu MeAHju Cy KOpuITheHH mpu u3Bohemy OBe

peakuuje: oprancku pactBapauu [59-62], Bona [63,64] u Hu3 joHckux Teynoctu [65-70].

t (0]
@+h}_../ hhﬁb",
0] —0 0
-0 /

(_’H{fﬂ—llpi]llillill,’ll[ egzo-TMpoH3IB0IH

Cxema 9. Peakrtija IuKI0aqnIivje MUKIONCHTAANCHA Ha METHI-aKpHJIaT.

VY 0B0j peaknuju ce 1o0Mja cMela u3oMepa, Ipu 4YeMy BpcTa yroTpeOJpeHOT pacTBapava
J0CTa yTHYEC Ha BHXOB OJHOC. YecTo Cy peakioHa Op3uHa W CEJICKTUBHOCT endo:egzo
npou3Bosa Behe y momapHMM pacTBapauuMma Hero y HemojapHuM. OBO ce MpHUMHCyje
yCcrocTaBJbay Beher Opoja BOJIOHMYHUX Be3a M3Mel)y pacTBapaya M MPENIa3HOT CTama, Kao U
CTBapamy NPUHYIHUX XUAPO(POOHMX MHTEpaKIHja, HEOMXOAHUX 3a (opMUpame XUapopoOHOT

jena, KOjH OJIaKIlIaBa Peakifjy ca CyrncTpaToM.

Erunamonujym-uutpar [EtNH3][NOs] je 6uo mpBa joHCcka TeYHOCT npuMemeHa y Jniic-
AnepoBoj peakiuju OyragueHa U MeTuaMmerakpuiata [65]. ITokasamo ce ma je CeICKTHBHOCT
peakiuje CIMYHA CEJIEKTHBHOCTH pPEaKIMje W3BEACHO] Yy BOIH, JOK je Op3uHa peaknuje Ouia
HemTo Mama. [loOospliame y MOrjaeay peakTUBHOCTH M CEIEKTHMBHOCTH IOCTUTHYTO je
IPUMEHOM Pa3IMYUTHX MMHUIA30J0BUX jOHCKMX TeuHocTu [71]. Kama je peakuuja usBeneHa y
[bmim][PF¢], ocTBapena je 3HaTHO Beha CeEKTHMBHOCT HETO Kaja je Kao pacTBapad KopuinheHa
Boja. Hemro perasbHHMja MCIHTHBamba Be3aHA 33 MPUMEHY JOHCKMX TEYHOCTH HM3BPIIWINA CY
Benton u merou capauuiy [72]. OHu cy JONLIH 10 3aKJbydKa Jia je MmoOOoJbIIame OHOCA
endo:egzo mpousBona, 3ajenHo ca moBehameM Op3uWHE HUXOBOr (opMHpama, y CIydajy
[UKOJITIEHTAIEeHa M METHJI-aKpUJiaTa, KOHTPOJIMCAHO CIOCOOHOIIhY KaTjoHa JOHCKE TEYHOCTH
Ja TpaJu BOJOHHYHY BE3y Ca METWJI-aKPHJIATOM Y aKTHBHpPAHOM KoMIuliekcy Jlmic-Annepose

peaknuje (ciauka 3).
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Crauka 3. Ycnocrasibame BOJOHHNYHEC BE€3C I/ISMCI')y KaTj OHajOHCKe TCYHOCTH U MCTUWJI-aKpwJjiaTa y
aKTHBHPAHOM KOMIUIEKCY J[nic-AnaepoBe peakiiyje.
Jla Ou ce mokasajio Ja je yrnpaBo Moj0Xkaj ABa OArOBOPaH 3a MOO0JBIIAKE CENEKTHBHOCTH
OBE peakiuje, KopuimheHe Cy jJOHCKE TEYHOCTH ca 1-O0yTuii-3-MeTHIMMHIA30JUjyM KaTjOHOM
([omim]") u 1-6yTnn-2,3-muMernmmuasonnjym katjoroM ([om.im]") npu gemy cy mobujenu
cienehu pe3ynraTu 3a celleKTUBHOCT mpou3Bona: [bmim][BF,] (endo:exo = 4.6) u [bmoim][BF,]
(endo:exo = 3.3). ¥ apyrom ciydajy Kaja je moJiokaj Ba OJOKHpaH J0Ja3H 10 YCIOCTaBJbamba
HEITO clabujux BOAOHMYHMX Be3a mpeko C-4 m C-5 monoxkaja, MTO ce oApakaBa Ha JaJbH

HCXOJT peaKIuje.

1.7. JoHCKe T€YHOCTH Yy yJ103M pacTBapaya U JUIraHaJa 3a KaTAIMTHYKH AaKTHBHE

KOMILIeKce y peaknujama ¢gopmupama C-C Bese

Tokom apyre MOJOBUHE IBAJIECETOT BEKa, PETa3HU METAIN Cy IOYEIH JIa UTPajy BaXKHY
yJIOTY y OpraHckoj xemuju. To je J0BesNo 10 pa3Boja BETUKOT Opoja CHHTETUYKHX OPTaHCKUX
peakiija KaTalu30BaHUX KOMIUIEKCHMMa OBUX MeTana. [IpenmasHu meranu uMmajy jeIUHCTBEHY
CIOCOOHOCT Ja aKTUBUPAJy pa3iM4yMTa OpraHCKa jeHmeha M Ja, Ha Ta] HauuH, yOp3ajy
dbopmupame HOBE Be3e. JemaH oJ Mpena3HuX MeTana KOjU je PaHO IMOYeo Ja ce KOPHUCTH 3a

KaTAIUTUYKE OPTaHCKe TpaHCchopMalnje OUo je mananjyM.

®opmupame HoBHUX C—C Be3a BepOBaTHO MPE/ICTaBba HajBAXKHUJU KOPAK Y CHHTETUYKO]
opranckoj xemuju. [Tocnenmux tpungecer roguna C—C KymioBame MMa OTpOMaH 3Hayaj, TaKo Ja
J€ pa3BHjeH BEJIIMKU OpOj METO/a 3a CUHTE3Y CIIOKCHUX MoJieKyna. BehuHa oBux meToa 3axTeBa

MIPUCYCTBO KOMIUIEKCA Mpesla3HUX MeTalla, Hajuenrhe majgaanjyma, Kao KaTau3aTopa.
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Melhytum, TOKOM mporieca oJurpaBama MalaIdjyM-KaTalu30BaHUX peakiuja J10ia3u 1
0 HEKMX HeXeJbeHuX mojaBa. Hajuemhu mpobiemu koju ce cpehy y oBuM peakijama cCy:
pacmaiame CKyNuX KaTaTUTHYKUX CHCTEMa, TeIIKO M30JIOBAE MPOU3BO/IA, HICKA aKTUBHOCT U
CEJIEKTHBHOCT, JIOIIA PACTBOPJHUBOCT KaTalnu3aTopa y KIACHYHUM OPTaHCKHM pacTBapadyuMma u
HeMOryhHOCT pernukiaxe karaauzaropa. OBO je TIpUMOpaio XeMu4ape Ja HUCIHTY]y H

MIPUMERY]y pacTBapaye Kao IITO Cy JOHCKE TEYHOCTH.

[IpBe peakiyje KaTaJW30BaHE MPEJIA3HUM METaluMa M U3BEJCHE Y MPUCYCTBY jOHCKHUX
TEYHOCTH Ouje cy OHe ca |-OyTWINMMPUAMHUjYM-XJIOPUIOM U TeTpadyTuidochoHujyMm-
XJIOPHAOM. Y TOYETKYy Cy KOpHIINeHM KOMIUIEKCH HHUKJIA a 3aTHM M KOMIUIEKCH JPYIHX
npena3Hux Mertana. Behwna HemocTaTaka CIOMEHYTHX rope je eIMMUHHCAaHA MPHMEHOM OBHX

JOHCKHUX TEYHOCTH.

[TomTo jOHCKE TEYHOCTH Y CBOM CACTaBy, YIJIaBHOM, CaJIpKe U TakBe (DYHKIHMOHAIIHE
rpyme Koje ce MOTy JJako KOOPJAMHOBATH ca Mpea3HUM METalnMa, OHE MPEACTaBbajy U A00pe
JIMraHjIe 3a KOMILICKCE KOju ce IN Situ ¢popmupajy y peakuuju. KoopauHatuBHEe 0COOMHE jJOHCKHX

TEYHOCTHU Cy y CYHIITHHU oapeleHe npupooM BUX0oBUX aHjoHa [73].

TaGena 3. Kucenoct u KoopAnHaTHBHE OCOOMHE HEKHX aHjOHA.

Kucenoct/koopanHatuBHa criocoOHOCT

basuwu/jako koopaunyjyhu  Heyrpanuun/cnabo koopaunyjyhn — Kucenn/ Hekoopanyjyhu

CI AlCl, ALCI;
Ac CuCly AlClyy
NOs BF, Cu,Cly
S0~ PFe CusCly

VY mocneame BpeMe HANpaBbeHH Cy OpOjHH MOKYHIaju MYITH(QYHKIHOHAIH30BabA
JOHCKMX TEUYHOCTH, OJHOCHO yBOhema momaTHHX (YHKIMOHAIHUX Tpyma Yy KaTjOHCKH |

aHjOHCKH JIe0 KaKo OM ce OJIaKIIaI0 lbUXOBO KOOPAMHOBAKE Ca MPEJIa3HUM MeTalliMa.

Heke o WcTakHYyTHX NajaaujyM-KaTaIW30BaHUX peakliija Koje ce M3BOJAE y JOHCKUM
TeuHocTHMa cy XekoBa, Cy3ykujeBa, CtuinoBa, HernmmjeBa u CoHorammpuHa peakiuja (cxema
10).
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\ — R, Y Ry
R / / R/ /
R —
1 = R,
Cul
Couoraglmpuua XeKkoBa peakumja
peakuuja
X
B
a
R4
Pd(0)
N s
\ Ry \ R
M= B(OH), Cy3ykujeBa peakuuja Hernmmujesa peaxkuuja

M=SnBu; Cruiosa peakumja

Cxema 10. Heke ncrakHyTe nanaanjyM-KaTaan30BaHEe PEaKITHje KOje ce U3BOC Y JOHCKUM TEIHOCTHMA.
1.7.1. Xexosa peakuuja

XekoBa peakiija je BpJIo BaKHa METO[a 38 CHHTE3Y PA3IUYUTUX OJIC(PUHCKHX jeIUHCHA.
Ona yrmaBHOM 00yXBaTa peaklMjy apuj- WM BUHWI-XaJIOT€HUZA M aKTHBHpPAHHUX oJjieduHa,
TUMeHa W JIPYruX HE3aCMNEeHHMX jeUeha ca JBOCTPYKOM Be30M — MajKIOBUX akKIEnTopa y
npucyctBy opranonanaaujym(Il)-kommaekca [76]. IIpu ToMe, ka0 MPOU3BOAN HACTA]Y jeAUECHHA
ca CYNCTUTYHUCAHOM JIBOCTPYKOM Be3oM (cxema 11). MHoru mpousBoau ITOOMjEHU MPUMEHOM
XeKoBe peaklMje CBPCTaHM Cy Yy Ipyny (HHHX XeMHKalija, Kao Ha NMpUMEp HEKH JIEKOBH,
XepOMIIUAM U KO3METHUYKH TpenapaTt [75]. 3a oxBHjame peakiiyje HEOMXOAHO j€ U MPUCYCTBO

0a3e (TpUeTHIIaMUH, KaJIUjyM-KapOOHAT W HaTpHjyM-alleTaT Cy paHHuje J0CTa KOPUITNeHH).

Pd(1l) komnaekc
» Ar
— + _—
Ar—X /\ R 6a3a, pacteapay \/\ R
Cxema 11. Onmtr 001K XeKoBe peakiyje.

Karanutuukn nukiayc oBe peakiuje oOyxBara detupu (asze: MpeakTHUBAIH]Y,

OKCHUJIATUBHY aJHLIHUjy, MUTPAaTOPHO HMHCEPOBAKE U PEAYKTHBHY CIMMHUHAIM]Y (CIUKa 4).
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Pd(IT)
NnpekaTanniaTop

Ocaodahame .
NPOH3BOIA H IlpeakTuBanuja

pereHepauuja Ar

KaTajiu3aTopa — OxcupaTneHA

aauuuja

— Pd(0)— \§Arx
Ar
/=/ Ar

| I
— Pd —H X— Pd —

PenykTusna
eJTMMHHAAIHja

X—Pd— —X—P

=

Murparopao
HHCEPTOBAIbE

Crnuka 4. KatanuTuiky UKITyc XeKOBe peakiiyje.

IMpeaxkTuBammja noxpasymea penykuujy Pd(l1)-jora no katamuTuyku akTUBHE BPCTE,
Pd(0). 3a oBy a3y peakiuje, ykonuko cy nuranau Pd(l1)-kommiaekca Gochurm, HEONXOMHO je
MPUCYCTBO jake 0ase, Kao MITO CYy aJTKOKCHIM WM XUIPOKCUIHN, KOJU aCUCTUPA]y TIPH PEIYKIIH]H
Pd(Il) y Pd(0). Kana cy y nutamy HeocpUHCKN KOMILIEKCH MajaaijymMa 3a peakiujy ce MOry
KOPHUCTHUTHU U cnabuje 6a3e ammuHcKor tumna. dasza npeakTuBaiyje mpeacTaBma Hajcropujy dasy

peakiuje, ¥ OHa je CaMUM TUM OATOBOpHA 3a Op3UHY peakIiyje.

OxkcuaaTuBHa aguuMja je ¢asza peakiyje y Ko0joj c€ aampa MOJEKyl HezacumheHor
xanoreanga Ha Pd(0)-komrmiekc, mpu uemy Jojla3d 10 packujama koBajieHTHE Bese (C—X),
okcupamje Pd(0) y Pd(Il) u popmupamwa Pd—C u Pd-X Beze. Ha oBaj Haumu ce dpopmupa o-
opranonananujym(Il) xamoreHuAHM HWHTEpMEnUjep, KOJU HMa BpJO BaXHY YIOTY Y OBOJj

pEeaKIuju ¥ OPraHOMETAITHO] XEMHjH, YOTIIIITE.

MurpaTopHo MHCepPTOBame je KOpak Koju je oaroopaH 3a (gopmupame C-C Beze u
peruo- u crepeoceneKTUBHOCT nporeca. OBa (asza, kKao M ITO caM HAa3UB Kaxe, o0yxBaTa JIBa

CTYIHa, HHCEpTOBame U Murpauujy. [IpBo nomnasu 1o nHcepToBama, KOOPAUHOBaka ojle(uHa ca
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Pd(Il) w3 komIiekca HacTajlor Yy OKCHAATHBHO] aJWIIUjH, a 3aTUM, IOMITO Cy JBa
KOOpJMHAIIOHA MECTa KBaJpaTHO-TUIAHAPHOT KOMIUIEKCA 3ay3eTa OJC(PUHOM H apHiI-TPyIIoM,

apwiI-Tpyria MUTpUpa Ha T-CHCTEM.

PexykTHBHaA enruMuHAaNuUja je mocnenama (aza XekoBe peakiyje. Y OBOM KOPaKy ce
ocrnobaha mpon3BOA peakiuje a majgaJujyM c€ MOHOBO PEAyKyje 0 KATAIUTHYKH aKTHBHOT
Pd(0)-komrutekca. [IpBo, peIyKTHBHOM €IMMHHAIIAjOM I0JIa3U 10 SiN-eJMMUHAIM]e U HACTaHKa
L,PdH (L,PdHX) 3a koju u Jgajbe MOXE OWTH KOOPJMHOBAH WPOHM3BOM. 3aTUM Ce
XHIponananjyMcka BpcTa momohy 0a3e MpeBOaM y akMBaH OOJHMK KOjH YYECTBYje Y HOBOM

PEaKIMOHOM ITUKITYCY.

Kana je peu o uctopujary XekoBe peakiyje, Moxke ce pehu fa cy y oBoj peakiuju mpBo
kopuinhenu Qocuncku nmranan. OHU Cy Wrpajd BaXHY YIOTY y caTOWiIM3auuju u in Situ
obpazoBamy Pd(0)-Bpcra u3 Pd(I)-kommiekca. 300r BHCOKE II€HE, TOKCHUYHOCTH U TEPMUYKE
HecTtabuiaHOCTH GochUHCKUX JmraHanga [76], pa3BHjeHH Cy 3aTuM MHOTH HEhOCHUHCKH
KatauTuuku cucremu [77-82]. Mehyrum, BehmHa mux mokasyje Jomry e(puUKacHOCT |
PELMKIIAOMITHOCT Y Majia/injyM-KaTaln30BaHUM XEKOBUM peakiijama [83]. 3aTo ce yMecTo oBUX
MOMEHYTHX KaTaIUTHYKUX cHcTeMa cBe demhe y XeKOBOj peakiuju ynorpebibaBajy jOHCKE
teqHocTd. OHE y OBOj PEeaKIMju MOTY HMaTH HE caMo YJIOTy pacTBapadya, Beh u ymory nurannga
3a in situ o6paszoBame Pd(I1)-xkommekca. Heke o1 jOHCKHX TEYHOCTH Koje ce Hajuerrhe KopucTe
y XEeKOBO] peaklMju Cy KBaTE€pHEpPHE aMOHHjyMOBE, MHPUAMHUjYMOBE, MMHUAA30JIMjyMOBE H

T'YaHHJIMHUjYMOBE COJIH.

VY managujym-KaTaan3oBaHO] XEKOBOj pPEaKIMjH JOHCKE TEYHOCTH Cy TPBU YT
npuMemeHne 1996 rogune [84]. buio je To nobujame trans-imHaMara y peakiuju OpoMmOeH3eHa 1
OyTui-akpuiata y TeTpaaJKWIaMOHHjyM M TeTpaankuipochoHujymM-OpoMuay Kao jOHCKHM
teunoctuMa U [PACly(PPhs);] xao u3Bopy nanamujyma. AHanu3za pesynTara je mokasaia jaa cy
ynoTpeOJbeHE JOHCKE TEUYHOCTH MMaie cTabmian3nupajyhu edexar Ha manaanjyMoB KaTtaau3aTop,
TaKo Jla HUJe J0JIa3WJIO J0 TaJOKeHa eJIeMeHTapHOT najaaujyma. CaMuM TUM j€ U KOHBEp3Hja
apwiI-xajoreHujga Ouiia roToBo KomIuieTHa. OBaj paja je NPUBYKAO Maxmby BEIHKOr Opoja
UCTPAXUBAYKUX Tpyla LIMPOM CBETa, IITO je Mpoy3pokoBaio nosehame Opoja pagoBa y 0BOj

o0OJacTu.
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Hpyru npumMepu u3Bolhema XEKOBE peakiiije y JOHCKMM TEUYHOCTHUMA JIaTh Cy OJ CTpaHe
Cenonose rpyre [85]. Onu ce 0HOCE Ha IPUMEHY MMH/IA30JI0BHX U MUPHIAHI]YMOBHX jOHCKHX
TEYHOCTU. AYTOPH CYy YOUMJIM OUTHY Pa3UKy Y PEAKTUBHOCTH OBE JIBE BPCTE JOHCKHX TEUHOCTH
y XeKOBOj peakiuju. 3aK/bYUHIIH Cy J1a UMHJIa30JI0BE JOHCKE TEYHOCTH UMajy Behy KaTalIuTHUKY
aKTUBHOCT y Tmiopehemy ca mnupuauHujyMOBUM. MMHIa3070Ba jOHCKAa TEYHOCT CaApPKU Yy
MOJIOXKAjJy JBa Kucenu H-aToMm Koju y mpucycTBY 0a3e Moke OUTH JEMPOTOHOBAH TAaKO JIa CE
¢dopmupa kapOeH. 3a 0Be UMUAA30JIMjYMOBE KapOeHe je TI03HATO J]a ce TIOHAIAjy Kao JIMTaHIH 3a
MeTaje, Tako Ja Huje u3HeHahyjyhe mro je mounuto 10 gopmupama KaTaaUTHYKHA AKTUBHOT

najaanjyM-KapOeHCKOT KOMILJIEKCa Y OBOj JOHCKO] TEUHOCTH.

Jlasba MCITUTHBAA APYTHX HcTpakuBaua [86] cy Takohe moTepamia in Situ o6pazoBambe

nasainjyM-KkapOeHCKOT KOMITIeKca y ycioBuMa XekoBe peakiuje (cxema 12).

"Bu —_—
/ e
N N N
- ~
\ Me Y nBu
L Br
. ~ i Br
Pd(OAc), XeKoBa peakuuja -~ Me P(I/ . Pd/
JoHCKa TedHoCT Me ~ N Br//K
N Br
: "Bu Me
~
Q/N N v
N \—/
IlBu

Cxema 12. KapbGeHckr KOMIUIEKC TaaadjyMa oopa3oBad in Situ y ycioBuma XeKoBe peakifuje.

[IpeameTr oBUX HWCHUTHBaWma Cy OWIE JABE MMHAA30JI0BE jJOHCKE TEUYHOCTH KOj€ CY Ce
pas3MKoBaje camMo IO BPCTU aHjoHa, 1-OyTui-3-MeTHIUMHIA30J1jyM-0pomuy [bmim][Br] n 1-
OyTmin-3-MeTmmmMuIa30auj yM-Terpadayopodopar [bmim][BF,]. Ucrakayro je nma nomasu o
3Ha4ajHOT moBehama y peakTHBHOCTH XEKOBE peakiije y mpucyctBy [bmim][Br] y nopehemy ca
ucToMm peakiujoMm y [omim][BF4]. ¥V oBom ciydajy mpecyman 3Hauaj Cy uMaje KHCEI0-OasHe
0COOMHE aHjoHa KOje Cy YTHIlale Ha KOOPAWHATHBHY CIOCOOHOCT OBHX JOHCKHUX TEYHOCTHU
(tabena 3), mTo je u A0Beno 10 hopMupama KapOCHCKOT KoMIuiekca y npucyctBy [bmim][Br],

anu "He u 'y mpucyctBy [bmim][BF,].
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JoHcke TeuHocTn Ha Oa3u ryanuamHujymoBe coim (GILS) [87] cy, Takohe, edukacan
PEaKIMOHN MEIUjyM 3a MajlajujyM-KaTaln3oBaHy XekoBy peaknujy. Ha cmenehoj cnmmm cy

npukaszane GILs 1-3, nobujene y peakuuju ryanuauaa ca cuphernom kucenrnaom uiu HPFs.

R
GIL1: R=H,B=0Ac

Nt oo-
NH B
| GIL2: R = n-6yrii, B=0Ac
N N \[/ GIL3: R = n-6yrua, B = PFg

Cmuka 5. CTpyKTypa ryaHHUJIHHA] YMOBUX JOHCKUX TCYHOCTH.

I'yanuauH Kao jaka opraHcka 6a3a moxe fa Gopmupa komruieke ca Pd(Il)-comuma (cauka
6). To je jemaH o HajjeIHOCTABHUjUX KATATUTHUKHUX CHCTEMa KOjH C€ MOKE KOPHUCTHTH Kao

pactBapau, JTUrasja u 6asa.

N/
N
N\ | Cl
N—C
/ \\_V—Pd——N
=%
Cl | N
N
/ '\

Cnuxka 6. Komruiexe nananujyma(ll) u ryannanaa
1.7.2. Cysykujesa peaxuuja

Peaknuja apun- wim BUHMI-OOpaHa ca apwil- WIM BUHWI-XaJIOT€HUAMMA y MPHUCYCTBY
onroapajyhe 6aze m kataims3aTopa Ha 0a3u managujyma mosHara je kao Cy3ykujeBa peaxiuja
(cxema 13). OBa peakiija C¢ WHTEH3MBHO KOPHUCTH y CHHTE3M MOJHOJchHUHA, CTHPEHA MU

cyncruryrcanux oudennia [88-92].
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kat. Pd(0)
RI'BYZ + Rz—x —_— RI'RZ
0a3a, qMraHj

R = ankua, aaui, aIKeHH, aTKHHIJI, apHJIl

R,= ankui, ajikeHuni, apu
Y=ankua, O-ankuni, OH

X=Cl, Br, J

basa- Na,CO; Ba(OH), K;PO, CsCO; K,CO3; NaOH, BuyF, M*('OR)
Cxema 13. Cy3ykujeBa peakiiyja IpruKa3aHa y OIIITEM OOJIHKY.

[Tocroju Bumie npeaHoctn y npuMeHH Cy3yKH-YKPIITEHOT KYIUIOBama y OJHOCY Ha
apyre, ®\0oj ciaudHe, peaknuje dopmupama C—C Beze. To cy Onarm peaxkiMoHU YCIIOBH,
KOMepIIfjajiHa TIOCTYITHOCT BEIMKOT Opoja MpeKypcopa, JTaKo 0/1Bajambe HEOPTaHCKUX CIIOPEIHUX
NPOU3BO/Ia PEaKlMje, 3HATHO HWXKU CTENEeH TOKCMYHOCTH OpraHo0opaHa y OJHOCY Ha Jpyre
MPEeKypcope YKPUITEHUX KYMOBama, HEOCET/HMBOCT MOJA3HUX MaTepHjalia Ha MPUCYCTBO BOJIE,
Kao M BEJIMKOT Opoja ¢pyHKIMOHAaHUX rpyna. CBe 0Be MPEIHOCTH OTBapajy MOTYNHOCT IpUMEHE

MIOMEHYTE peakiyje Ha UHIyCTPHjCKOM HHUBOY.

Mexanmzam Cy3ykdjeBe peakluje, KOjU j€ BpJIO CIMYaH JAPYTUM [ajajujyM-

KaTaJn30BaHUM peaklidjaMa, MpUKa3aH je peakKllMOHUM KaTaTMTUYKUM LIMKJIYyCOM Ha cxeMu 14.

Karamutnukn nuknyc uywne dwetupu ¢ase: (1) okcumatuBHa aauIyja OPraHCKOT
xanmoreanga Ha Pd(0)-xkomruiekc u Qopmupame OpraHOMETATHOT jeIumbema, (2) 3ameHa
XaloreHuHor a"joHa BezaHor 3a Pd(0) anjonom 0aze, (3) TpaHcMeTanoBame WHTEpPMEIUjepa
Pd(Il) u ankunboparHor KOMITIeKca (KOjU HAacTaje akTHBHPAEM opraHobopaHa JejcTBOM 0ase)

u (4) penyktuBHa enuMuHaIja y3 hopmupame C—C Bese u perenepucame Pd(0)-komriekca.
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PexykTnBHa R;-X
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Cxema 14. Katanutnuku nuknyc Cy3ykujeBe peakiyje.

Cy3ykujeBa peakifja KaTalu30BaHA jeIUbCHhMMA TalafijyMa MOXKE YCIEIIHO Ja Ce

M3BOJIM U Y JOHCKUM TeuHocTHMa (cxema 15).

X B(OH),
Pd(PPhs),

+ L Sy,
[bmim][BF ]
R Na,CO, <

R= H, Cl, CH;, COCH; OCH,
X=Cl, Br, I

Cxema 15. Cy3ykujeBa peakiija KaTaTn30oBaHa jeAumhechbMa TalaijyMa U3BeIeHa Y jJOHCKO]
TEYHOCTH.

Peaknmja ¢ennnbopre kucenmuHe W apwi-xanorenuaa y mnpucyctBy Pd(PPhs)s kao
Katanuzaropa u y 1-Oyrwi-3-mermnmmunazonujym-terpadiayopodopaty [bmim][BFs] kao
pacTBapauy Jaje oJUTM4aH MPUHOC, YaK U Ha coOHoj Temmepatypu [93]. YV oBom cuctemy HaljeHO
je Ja je ONTUMaJHa KaTaIUTHYKa aKTHBHOCT IIOCTHTHYTa IIPETXOJHHM 3arpeBambeM
Karanuzaropa u apwi-xamoreHuaa y [bmim][BF;] ma 110 °C. Ilocie oBora peakmmja ce
HacTaBjba nomatkoM ¢eHwibopHe kucenmmHe U NapyCO; Ha coOHOj TemmepaTypu. OBako

¢dopmupaH crabuiiaH ¥ epUKacaH KaTAIMTUYKH CUCTEM JI0BOIM /10 NoBehama MpUHOCA peaKiiyje
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ca 88% Ha 93% wu ckpahyje BpeMe Tpajama peakuuje ca 6 yacoBa Ha 10 MuHyTa, WITO CY
3HaYajHe MPEAHOCTH Yy OJHOCY Ha KilacuuHe ycioBe u3Bohema Cy3ykujeBe peakmuje. Jodujenn
MIPOU3BOJI CE JIAKO M30JIyj€ €KCTPAKLMjOM ca AMETHUI-€TPOM, a CIIOPEIHH MPOU3BOAM YKIIAajy
ucHIHpameM ca BUIIKOM Boje. [locne 3aBpIieHe peakiiyje MCTH KaTaIUTUYKH CUCTEM (jOHCKa
TEYHOCT/KAaTaju3aTop) j€ MOTao Ja C€ yHoTpeOW y peakuuju joul Tpu NyTa Oe3 3HaudajHH]e

MIPOMEHE Y PEaKTUBHOCTH.

Cy3ykujeBa peakiyja uaMel)y pa3inuuTux apui-xajJoreHuaa u GpeHundopHe KuceluHe y
NPUCYCTBY  TaaaujyM-0uc(kapOeHCKUX) KOMILUIEKCAa  pacTBOPEHUX Y 1,3-nu-n-
OyTumumuaazondjym-terpadiyopodopary [bbim][BFs] y ymarpasByunum ycrioBuma, naje
’KeJbeHH IMPOU3BOJA YaK W Ha coOHoj Temmeparypu [94,95]. Ilomro je mom OBMM ycCIIOBHMa
peaknuje GpeHnndopHa KUCETMHA HEPACTBOPHA Y JOHCKO] TEYHOCTH, PEaKLija Ce BPIIH Y JOHCKO]
TEYHOCTH, Y METAaHONy Kao KO-pacTBapady, NMpH yeMy ce Jo0Hja XOMOTEHH pacTBOP U BPILIHU
KOMIUIETHa KOHBEp3Wja peakTaHata. [JIaBHM HEJOCTaTaKk OBE pEKIHje je INTO Yy HEKUM
CiydajeBUMa JIOJa3M JI0 TaJloXKeHa EJIEMEHTAPHOT MaylaiijyMa, KOJU CIpeyaBa pPElUKIHPAbE
CKYIIOT TMaJiainjyMOBOT KOMIUIeKca. Penukimpame karanusaropa je moryhe ako ce ymotpeOu
nanaujyM-0nc-kapOeHCKH KOMILIEKC MprKa3aH Ha ciuiy 7 [96]. OBaj penukimpaHi KOMILUIEKC
MOXe Ja ce yrnotpebu jour Tpu nyra y Cy3ykujeBoj peakuuju ca 4-MeTOKCUOpOMOCH3EHOM, TIPH

yemy ce 106uja 4-merokcubudenun y npuHocy oxa 82%, 80% u 75%.

Bu Bu
/ \
N N
[ >7Pd—< j .- 2Y
N N
\
Bu Bll/
Y = BF,

Cnuka 7. [lanannjym-Ouc-kapOeHCKH KOMILIEKC.

Joncke Teunoctu ca N-O6yruponurpunmupuauaujym katjonuma [C3CNpy]™ (cnuka 8) cy,

takohe, ucnuruBane y Cy3ykujeBoj 1 CtuinoBoj peakuuju [96].
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[CsCNPy" A= PFg BF, Tf;N(NSO,CF3),
Cnuka 8. Joncke Teunoctr ca N-GyTuponuTpuinupuanaujym katjonuma [C;CNpy]”.

VY 3aBHCHOCTH Of IPUPOJE aHjOHA, OBE COJM pearyjy ca MalaiujyM-XJIOpUIOM H Jajy
kommuieke  popmyne [C3CNpy]o[PdCl;] wnum xommiuekc dopmyne [PACl,(CsCNpy)2][Al2.
Karaimutnuka akTHBHOCT OBHX TMalaJdjyMOBHUX KOMIUIEKca wWcnuTHBaHa je y N-
OYTUITIUPUANHHI]YM ¥ HUTPIII-()YHKIIMOHAIM30BAaHUM JOHCKUM TeuHOocTUMa. CBH Taainj yMOBH
KOMIUIEKCH TOKa3yjy A00py KaTaJUTHYKy aKTUBHOCT, ajld jé MOTyhHOCT pelMKiiaxke 3HaTHO

Beha y HUTpUI-(h)yHKIIMOHATU30BAHUM jJOHCKUM TEYHOCTHMA.
1.7.3. Cmunosa peaxuuja

Mel)y peakinujama  KyIjloBamka  OpraHOKajJajHUX  JeIWBEHa Ca  OPraHCKUM
enextpopmirMa (0OMYHO XaJOrCHUIMMA WK Ticeyaoxajiorenuauma - tpuduiatuma CF3SO3) y

NPUCYCTBY MajaJujymMa Kao Karaiu3aTopa, moceOHo mecto 3ay3uMa CtuioBa peakimja (cxema

16).

o [Pd’ ~
R-X + R—Snz — R-R; + —Sn—Cl

Cxema 16. Ot 06k CTHIIOBE peakimje.

[IpBu mpuMepu OBe peaklyje MPe3eHTOBaHu ¢y TokoM 1976. u 1977. rogune of cTtpaHe
uctpaxupaukux rpyna Moopna um Kosynmja. Mebhytum, obuMHa HCTpakuBama Koja Cy ce
OTHOCWJIa HA CHHTE3y M MEXaHHM3aM OBE peakiuje crpoBeiu cy CTHI U HBErOBH CapaIHUIH
1978. rogune [97], kako OM oBa peakiifja Mmocrana CTaHAapAHA METO/Aa y OPraHCKOj XEMHJH 3a
CHHTE3Y CIIOKEHHX MoJeKyia. 300r CBOje BHCOKE CEJCKTHBHOCTH M TOJEpAHIMje Ha BEIHUKH
Opoj GYHKIIMOHATHUX Tpyma, MOXE Ce MPUMEHHUTH 3a CHHTE3y IUKIWYHHX CHUCTEMa ca BPJO
peakTHBHUM (YHKIIMOHATHUM TrpynamMa. OCHOBHM HEIOCTaTaK OBE pEakiyje je MpUMeHa
TOKCHYHUX OPraHOKaJajHUX jeIUEHha y KOpPaKy TpaHcMeTanoBama. OBO MOXE OTpaHUYHUTH

IBEHY MPUMEHY, TOCeOHO KaJla ce paju O CUHTE3H (papMareyTCKUX MPOU3BO/IA.
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Peakimonn mexanuzam CtuiioBe peakimje je Bpio ciandad Cy3yKujeBoj peakiuju (cxema
17). On ob6yxBara cienche ¢asze: oKCHIATHBHY aJUIINjy OPraHCKOT XaJlIOTCHHUIA Ha MPETXOTHO
¢dopmupan karanutuuku aktuBad Pd(0)-xomriekc, y3 GopMupame OpraHoMETaTHOT jeUbEHha,
3aTUM CJeId TpaHcMeTanoBame nHTepMennjepa Pd(1l) u opranokanajHor jeaumema, IPH 4eMy
ce dopmupa UHTEpMETHjep KOjU, 3aTUM PEIyKTUBHOM EJIUMHUHAIIM]OM, JIaje KOHAaYaH MPOU3BOJI

peaknuje u perenepucanu Pd(0)-xkomriekc.

R |-Rz l l'{['x
pPa'L,
R,—Pd"L,—R, R,—Pd"L,—X
XSnBujy R;SnBuj;

Cxema 17. Peakiimonn mexanuzam CTHIIOBE peakiiyje.

Beh je cnomenyTo n1a ce oBa peakiiyja BpJIO yCHEeIIHO oaurpasa y N-OyTUIUPUINHT] M
1 HUTPWI-()YHKIIMOHATM30BAaHUM JOHCKUM TeuHoctuMa [96]. Takohe, ncruTrBaHa je U cepuja
HUTPUI-PYHKITMOHAIM30BAHUX COJIM MMHJIa30JIa, KOj€ CE TOHAIIa)y W Kao pacTBapayd W Kao
JTUTaHIU 32 00pa30Bame KATATUTHYKH aKTHBHOI KOMIUIEKca mamanujyma. Hamme, oBe comm
pearyjy ca HaylajujyM-XJOPUIOM, MPH YeMy JoJia3u 10 (opMHUpama TeTpaxjoponalagaTHOT
JMaHjoOHa y KOME Ce MajaJdjyM KOOpAHWHYje ca HUTPpUIHUM cynctutyentoMm [98]. Benuku 6poj
CTtuiioBUX peakiidja KyIJIOBamka HM3BEACH j6 M Y JOHCKMM TEUYHOCTHMAa KOje Cy JIepUBATH
uMmmuaazona, kao mto je Ha npumep [bmim][BF,] [99]. Kox npumeHe oBe joHCKE TEYHOCTH
70J1a3u J0 M3pakaja CEJIEKTUBHOCT 3a apui-OpoMHIe U joAuJe, Kao U MOTYhHOCT permkiaxe

pacTBapaua M Katanusaropa 0e3 3Ha4ajHOT CMambeHha KaTATUTHIKE aKTHBHOCTH.
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1.7.4. Hezuwujesa peaxkuuja

Peakmuja n3mel)y opraHOIMHKOBUX jeAW-EHAa W OPTaHCKUX XAJOTCHHJA Y MPHUCYCTBY
KaTaju3aropa najagijyMa Wik HUKIA, Y K0joj noja3u 1o ¢popmupama HoBe C—C Bese, mo3HaTa
je xao Hernmmjesa peakuyja. ¥ MOYETKy Cy ¢€ OBOM PEaKIijoM J00Wjalnnu y BUCOKOM IPUHOCY
acumetpuuan oudennan [100-102]. Mehyrum, Beh myxu BpeMEHCKH MEPHO, OBa pPeakiihja ce
KOPHUCTH 32 KYIUIOBAa-€ OPTAHOIIMHKOBUX jEAMIGEHA €A PA3IMUUTHM XaJOTEHUANMA Kao IITO CY
apwi-, BUHWI-, OCH3WI- WIM alWwi- M 3aTO je He Tpeba OrpaHM4YaBaTh CaMO HA CHUHTE3Y
OuapuIOBaHUX jequmbema (cxema 18).

Ni nau Pd kar.
R|X + Rzznx o Rl RZ

R = apna, ankeHnn, aJIKHHII, AU
R,= apu.1, aJIKeHI1, aJIHJ1, OeH3HI
X=Cl, Br, 1

Cxema 18. Hernmujesa peakiyja npuMemkeHa Y CHHTE3U OHapUIIOBAHUX jEANHCHA.

Mexanuctnuky, HerummjeBa peakuuja je Bpiao ciuyHa CysykujeBoj U CTHIIOBO]
peakumju, W oOyxBara TpHU KJby4dHE (pa3e: OKCHIATHUBHY aIHILH]y, TPAHCMETAIOBAmE H
penykTuBHY enuMuHannjy. Paznuka nsmely oBux peakiuja je y $ha3u TpaHcMeTaIoBama, IIe ce

puMeRYje oarorapajyhe opraHoIMHKOBO jeTUCHE.

Peaknja uzmel)y apmii- min OSH3WILMHK-XAJTOT€HUAA U PA3IMYUTUX apUiI-XaJOTeHHU A
JAaKO Cce M3BOAM Yy OH(a3sHOM CHCTEeMy jJOHCKa TEYHOCT/TOJyeH Kopuithemem Ouc-
IuOeH3MIHACHaIeTOH-TTadaaujymoBor komiiekca (Pd(dba),) kao kartamusatopa (cxema 19)

[103].

ZnBr X
N RN Pd(dba), / \ P f
| | : X V4
/’/ // [bdmim][BF]/roayen R, —
R; R,

R,= CH;0, CI, CN
R,= CO,Et, NO, OAc
X=1, Br, OTf

Cxema 19. Herumwujepa peakiiyja n3BeaeHa y 0Ouda3sHoM CHCTEMY JOHCKA TEUHOCT/TOIyeH Kopulihemem
(Pd(dba),) xao karanuzaropa.
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VY oBOM ci1yuajy ce, Kao JOHCKa TEYHOCT, KOPUCTH JOHCKH (OoChHHH MpUKa3aH Ha CIUIH 9,

nooujen y peakuuju PPh,Cl u [bmim][PFg].

N N
Me” \f SBu [PFgl”

PPh,
Cruka 9. JoHCKa TEYHOCT IpUMemheHa Yy HernimjeBoj peakiyju.

[Ipunoc oe peakuuje kpehe ce ox 70-92%. Ilpumeheno je na ce HajOooOBU pe3ynTaTu
MOCTHKY KaJla Ce Kao XaJOreHHU ] KOPUCTH joIOCH3€EH, jep Tajia ce peakiuja Op30 JIemaBa 4aK 1
Ha coOHOj Temmeparypu. Apwi-Opomuan u Tpudiaatu cy Takole MOAECHHM CYICTpaTH, Maja
3axTeBajy ay’ke peaknuoHo Bpeme (3-5 wacosa). Karanmuzarop Moxke MOHOBO Jla ce yHnoTpeou y
peaknuju Toclie JeKaHTOBama opraHcke dase. [[o 3HauajHOT cMamema aAKTUBHOCTH JI0JIa3H

nocie Tpeher myra, mpu 4emy ce HNpHUHOC peakuuje cMmamyje 10 20%, a peaklMoHO Bpeme

yTpocTpyuyje.
1.7.5. Conozawupuna peaxuyuja

CoHoramupuHa peakigja je managujym-Oakap-KaTaliu30oBaHA peakiyja, apui-
XaJIOTEHHU/IA ¥ TEPMUHATHUX AJIKHJI- WIH apuiI-alleTHIICHA, TIPU YeMy ce 1001jajy Kao MPOU3BOAH

ANTKWIT-, apWJI- WITH JUapWI-CYNICTUTYUCaHu aueTrieHu (cxema 20) [104].

Pd(0)/Cu(I)
—_—

R-X + H—C=C—R, -

R—C=C—R,

R= apuJ1, BUHHII
R = ajkui, apui, BHHHJ

Cxema 20. Cxemarcku npuka3 CoHOTaIIMpUHE PEaKITHje.

[Ipou3Boau oBe peakije Cy MHTEPECAHTHU MHTEPMEIU]EPHU 3a N0OHjame MPUPOTHUX U
bapMarieyTCKuX Mpou3Bojaa u opraickux mMatepujana [105,106] koju ce KoprcTe y MPOU3BOIH

ONTHYKUX M eleKTpoHckux ypehaja [107,108].
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Yobuuajeno je ga ce CoHorammpuHa peakiivja U3BOAM Y OPraHCKUM pacTBapavyrma Kao
mrro ¢y toiryen, THF u DMF, y3 ymotpedy Cu(l)-comu kao Ko-karanu3aropa H CTEXHOMETPH]CKE

KoJIMunHe Oase.

Mexanuzam CoOHOTamMpHHE peakiHje je CIMYaH JPYTUM NallajyM-KaTaJu30BaHUM
peaknujama U o0yxBaTa OKCHJIATUBHY aJUIN]y, TPAHCMETAJIOBAKkE U PEIYKTUBHY EIMMHUHAIIN]Y
(cxema 21). Conm Gakpa y OBOj peakiiju UMajy yJIOry Ja rpajae Oakap-aleTHINIHNA KOMIUIEKC,
Kao umHTepMmenujep y ¢asu TpaHcMeTaloBama. Komiuiekcupame Oakpa ca alKHMHMMa 3HATHO
noBehaBa KHCEJIOCT alleTWIMIHOT MPOTOHA, IITO OJIAKIIaBa JIEIPOTOHOBAE AIKMHA O] CTpaHe
0a3e, Kao U HEroBY PEaKIMjy ca OpraHOMAIaIi]yMOBUM J€UH-EHEM HACTAJIOM y OKCHUIATHBHO]
aguiuju. Kao 6a3e ce Hajuenthe KopucTe HEKM aMUHU WM KapOOHATH, KOJH MMajy YJIOTY M J1a

Be3yjy xanoreHo-BojoHn4Hy kucenuHy (HX) koja Hacraje xao cHopeiHH HpPOHM3BOJ TOKOM

peaxiyje.
R'——R?
?/ pd’L, \§ R-X
L L
[ P
R'-Pd———R? R —Pld—x
I
L L
Cu'X” Cu—=—R?
/—\» J— 2 R
H—=t g ~H—=VW R;NH X

Cxema 21. Mexanuzam CoHorammpyse peakuuje usBeneHe y npucycry Cu(l)-comu kao ko-
KaTaau3aTropa.

[TocToju cBe BuIE MOKyIIaja a ce 00jaCHM MEXaHW3aM OJIBHjama OBE peakuuje 0e3
npucycta Cu(l)-conu kao ko-karanuzaropa. Jenan o wUX je nmpuka3aH Ha cxemu 22. [1o oBom
MEXaHHU3My G-OpraHolNajgaJnjyMOB KOMIUIEKC, HACTAa0 Yy OKCHUJATHBHO] aJWIMjH, CE€ OIMax
KOMIUIEKCHpA ca aJKMHOM, Y3 3aMEHY jeTHOT mocTojeher nmuranaa u3 koMmruiekca. OBako Be3aHU
aJIKMH JIaKIe MOJUIeke JIENPOTOHOBAY O/ CTpaHe Oasze, MpH ueMy ce A00Mja HOBH KOMILIEKC

KOjU PEAYKTUBHOM €TMMHHALIMJOM Jaje KOHauaH MPOU3BOJ peaKiiyje.
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R'——R?

— >/ Pd'L, \§ R'-X
L L

.

| I
R!—pd——nr? R'-Pd—X

I I
L L
+ I.‘ H———R?
R;NH X~ R'—Pd—X
H —_I- R2 L
R

ANHL

Cxema 22. Mexanuzam CoHorammpuse peakuuje 6e3 npucycrsa Cu(l)-comu kao xo-
KaTaau3aTropa.
Kao exonomku mpuxsatibuBHje U jepTuHHUje pemiermhe 3a COHAaralmpuHy peakiujy cy
KaTAINTUYKH CHUCTEMH KOJU Y CBOM CacTaBy CaJlp)K€ JOHCKE T€YHOCTH. Bemuku Opoj joHCKHX
TEUYHOCTH c€ MoOke ynoTpeOuth y COHOrammMpuHO] pPEaKIdjd, Kao Ha TPUMEP HEKE COIH

MMHM/1a30J1a, TUPUIUHA Kao U HeKe (OoCHOHU]YMOBE COJTM aMUHOKHUCEITNHA.

JoHCKe TeYHOCTH KOje y CBOM cacTaBy caJpKe MMHIa30J cy Mel)y mpBUM mouese Ja ce
npuMenyjy y ConarammpuHoj peakuuju. /locta 1o0pu pe3ynraTH Cy MOCTUTHYTH Y PEKIUjH
nu3mMelyy jonbensena u penmnaneruiacua y [omim][PFs] u kopumrhemem [PACI,(PPhs),]. Peakuja
j€ W3BElIeHa y MPUCYCTBY AUU3ONPONIIAMIHA WM TUIEpUANHA Kao 0aze, 6e3 ymorpebe conm
0akpa Kao Ko-katanuzaropa u Ha temneparypu ox 60 °C. IlpuHoc, Ha O0Baj HaYMH JOOUjEHOT
mudennanetuieHa, 6uo je 95% [109]. [log uctumM OBUM YCIIOBHMA Cy CE€ U JOHCKE TEYHOCTH
[obmim][BF4] u [emim][BF,4] mokasane mocta 100po, anu je IpUHOC peakiirje OO HEIITO HUXKH,
83 u 80%. Kao Bpno edukacan kartamuzarop 3a CoHOrammpuHy peakifjy ce Mokazao u 1-

TIUII-3-MeTHIT-uMuIa3onujym xstopo-nanaaujym(Il)-kommaexe [Gmim]CI-Pd(I1) (cnuka 10).

H, Lo\
0 N N N
NG e NN

Cl
\N/\_\I N/' \O o
\—7 H.

Cnuka 10. Bpio edpukacan karaauzatop 3a COHOTaIMPUHY peakiujy 1-riaumuia-3-MeTui-
UMUIA301H) yM Xytopo-tianannjym(1l)-komrurexc.
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OBaj koMIIeKC J0OWjeH je Yy peakIuju JOHCKE TEYHOCTH |-TiIuIui-3-MeTHII-
MMHJIa30JIM]yM-XJIOpHIa U TajagujyM-xjopuaa. Peaknuja OpomOeH3eHa U (peHMIAeTUICHa Y
MIPUCYCTBY OBOT' KOMIUIEKCa ce HajOoJbe BPILIM Yy MPHUCYCTBY 0a3ze TpUeTUIaMuHa, 0e3 ynmorpede
pacTBapaua U Ha COOHOj TemnepaTypu. Bpeme koje je moTpeGHO /1a ce peakifja KOMILIETHpPA je

1-2 yaca, a IpPUHOC KOjU ce MpH TOME MOCTHKE je Yak 97% [110].

Comn mmpummHa kao mTo ¢y  N-Oyrunmupuawaujym-xekcadiayopodocdar,
terpadayopodopat u Hutpat (C4PyX (PFs, BF4, NO3)) cy, Takohe, ncnuruBane kao pactBapauu
M CacTaBHU [0 KartanuTudkor cucrema 3a CoHorammpuny peaknujy [111]. Pesynraru
UCIHUTHBama Cy Mokazanu ga je karanutuuku cucrem PA(OAC),/PhsP/C4PYNOs; u y oxcyctBy

Cu(l)-conu edrkacan KaTaaIu3aTOpP 3a OBY PEAKIIU]Y.

[Ipumena ¢ochoHMjyM CONM aMUHOKHCEIMHAa KAao JOHCKMX TEYHOCTH IpyKa HOBY
mMoryhHocT Bpiiemha COHOTAIIMPUHE peakiffje, a To 0e3 mpuMeHe conu Oakpa u ammHa [112].
Kao wmomen oBe peakiyje HWCIUTHBaHA je peaknuwja OpomOeH3eHa U ¢eHuIaIeTUICHa
KOpUITNEHEM Pa3NUIUTHX TeTpadyTuidocHoHUjyM aMHUHOKHUCETHMHCKUX JOHCKHX TEYHOCTH.
[Ipema Tome, Kaja je peakimja u3BeaeHa y npucyctBy karanmutuuke konuunHe [PACly(PPhs)y] y
[TBP][Gly] xao pactBapauy na 90 °C, xymioBaHu npou3Boj AudeHHIaneTHiaeH GopMupaH je
camo y npuHocy o1 39% 3a 7 yacoBa. CanuHa cuTyalyja, y morjieay npuHoca, Ousia je u Kkajua cy
ynotpebssenn [TBP][Ala] u [TBP][Val] kao pactBapaun, a 3HauyajHO MoOOJbIIAME MPUHOCA
nocturayro je mnpumenom [TBP][Met], [TBP][Pha] u [TBP][lle]. Ja Ou ce xomruiekc
najajymMa 1 jOHCKa T€YHOCT MOTJIM ITOHOBO YHNOTPEOUTH y PEaKIlMjH, HEOXOIHO j€ YKIOHUTH
ocnoboheny HX u3 pactBapaua momohy BojgeHOr pacTBopa Heoprancke Oasze. Mehyrtum, oe
JOHCKE TEYHOCTH Cy J0OpO pacTBOPHE y BOJM U OJ[Bajab€ j& TEIIKO M3BOJJbUBO. 3aTO je OMIIO
HEMXOJHO MOIU(HUKOBATH CTPYKTYPY JOHCKMX TEYHOCTH, Kako Ou ce mnosehao mHXOB
xunpopoOHN KapakTep. OBO je MOCTUTHYTO YBOheHmeM Iyrux ajkuil HU30Ba Ha aTroMmy (ocdopa
M aszora. JoHCKa TEYHOCT ca 3a7oBoJhbaBajyhuM ocobOmHama jgoOujeHa je U3

tpubytuaermiapochonujym conn u N-xenrundpennnananuna (cauka 11).
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Cnuka 11. Joncka Teunoct TpudyTunaeimidhoconujym-N-xentun-2-aMuHo-3-(heHUIIPOIIHOHAT.

N3 cBera oBora ce BUIM J1a je, 3axBajbyjyhu peakiiijaMa y KOjuMa YYeCTBY]Y jeIUbCHA
najajrjymMa CHHTETHU30BaH BEJIHMKH OpOj CTPYKTYPHO CIIOKCHHX JEeIUI-EHha Ha PEIaTUBHO
jemHOCTaBHE HauyWHE, a Moyiazehu of MPUIMYHO JOCTYIMHHX MpEKypcopa. 3a Te peakiuje cy
KapaKTepUCTPUUHU HOBU MEXAHHCTUYKH IPOIECH, KaKBH HUCY OWJIM TO3HATH Y KJIACHYHO]
OpraHckoj xeMuju. Benuku 6poj pyHKIIMOHATHUX T'PyIia, KOj€ C€ U3y4aBajy Y OpraHCKoO] XeMH]H,
MOXE C€ KOOPJMHOBATH 3a MaJagdjyM, INTO JTOBOAM JO 3HAYaJHUX IMPOMEHA Y HHHXOBO]
peaktuBHOCTH. CBE OBO j€ JOBEIO /IO TOTa Ja je MPUMEHa OPraHCKUX KOMIUIEKCca Majaaanjyma, y
CHUHTE3U CIIO’)KEHUX MOJIEKYJIa, JaHAC BEOMa ydecTalla y XeMH]jH, 300T dera ce U cMaTpa jeJHOM

0J1 HaJIIEPCIIEKTUBHUJUX U HAjaTPAaKTUBHHUJUX 00JIACTH CUHTETHYKE OPTaHCKE XeMHU]e.
1.8.  Bwuosomka akruBHocT magaaujym(ll)-kommniexca

VY mocneame BpeMe, BEIMKO MHTEPECOBAE je€ YCMEPEHO Ha CHHTE3Y KOMILIeKca ca
MOTEHIIMjaTHOM MEAMIMHCKOM rpuMeHoM [113,114]. [IoGpo je mo3HaTO Ja pa3IuYuTH OPraHCKU
JUTaHAd TOCeAyjy jaKy aKTHBHOCT Ipema OakTepujama, MHCeKTMMa M (pyHruma. Mehyrtum,
MOKa3aHO je Ja Ce aKTUBHOCT Omoymranja Bpio 4ecTo moBehaBa rpahemem KoMmImiekca ca
paznmuuuTUM Metainuma. [locnenmsux roauHa myOJuKoBaH je BETUMKHA Opoj pajoBa KOjU Ce OJJHOCH

Ha aHTHKAHIIEPOTeHY ¥ aHTHMUKPOOHY aKTHMBHOCT KOMILIEKCa npena3Hux meraina [115].

JleralbHa HCTpaKMBama, Koja Tpajy Beh AyXu HU3 ToJMHA, TOKa3aia Cy Ja KOMILIEKCH
nanaaujyma(ll) karanusyjy cenekTUBHY XUAPOIH3Yy MENTUIHE Be3€ Y MENTHIMMA U TPOTEUHUMA
IpHU BpJIO OJIaTUM PEaKIMOHMM ycioBuMa. [IpemMa TOMe, OBM KOMIUIEKCH C€ MOTY CMaTpaTH
obOehaBajyhum areHcuma 3a CEJICKTUBHY XHJIPOJIU3Y NENTHIHE Be3e, OJHOCHO Kao epuKacHe

METAJIOIICIITHAA3C.
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1.8.1. Aumumymopcka u anmumuxpoona akmuenocm nanaoujym(l1)-xkomniexca

Bop6a nmpoTuB Tymopa HENPEKUIHO TPaje U UCTPAKUBAYHM IIIMPOM CBETA pasie Ha CUHTE3U
jenumema koja he OMTH Mame MITeTHA IO 3/IpaBO TKUBO, a YCIEIIHO YHUINTAaBaTH henuje paka.
Hakon otkpuha na Heku kxommiekcu twiatuHe(ll) m mmatune(IV) mokasyjy aHTUTYMOPCKY
aKTUBHOCT, HHTEpEC 3a IN VItro u in Vivo mcTpakuBama 0COOMHA KOMILIEKCA OBHX MeTalla M
IPYrUX MeTajla IUIATUHCKE Tpyrme, je Harjo mopacrao. llucmiaTuHa je IUTOCTATHUK KOJU je
OTKPUBEH TOKOM WIE3/IECETHX TOJAMHA JBAJECETOr BEKa M I0Ka3a0 je BEIUKY aKTUBHOCT Yy
JeYeHy TyMOpa, alld MCTO TakO TMOKa3yje M U3BECHY TOKCHYHOCT (Hedpo-, HEypo-, Kapauo-

TOKCHYHOCT) I1a M3a31Ba M HEKa He)KesbeHa jaejcTra [116].

Kommekcn mamamujyma(ll) cy 3a xemuyape moctanw HOAaTHO HMHTEPECAHTHU 300T
YUILEHUIIE J1a C€ MOTY KOPUCTHTH Ka0 MOJEI-CUCTEMHU IPEKO KOjUX ce o0jallmaBa MeXaHH3aM
AHTUTYMOPCKOT JIeJIoBama IuciaTue. Pasnor 3a npumeny komriekca nanagujyma(ll) nexu y
YMELEHUIM J1a OHM MMajy BPJIO CIMYHY KOOpAWHAIMOHy xemHjy ca muiatuHa(ll)-komruiekcnma.
O06a meranna jona, mamamujym(ll) u mmatuna(ll), cy meke JlywcoBe KucenmmHe W MOry a
dbopMupajy jade Be3e ca a30THUM W CYMIIOPHHUM JOHOp-aToMuMa (MeKuM 0Oa3zama) HEro ca
KHCceoHHKOM (TBpaoM 6azom). Kommnekcu nmamagujyma(ll) cy 3HaTHO peakTUBHHjH y JIMTaH[I-
CYNCTHUTYIIMOHUM peaknujama. bp3uHa peakiyja y Kojuma J0Ja3H 10 CYNCTUTYIIH]jE JUTaHaa y
komruiekcuma nanaaujyma(ll) je oxo 10%-10° nyta Beha y ogHocy Ha oxaromapajyhe peaxiuje
koMmruiekca matuHe(Il). OHu u3y3eTHO JIaKo XHIPOIU3Y]y y BOIACHOM PAacTBOPY M Z1ajy BPIIO

pEaKkTUBHE BPCTE KOje Cy y CTamy Ja pearyjy ca bHXoBUM (hapMakoiomkuM mertama [117].

Ca npyre crpase, 0J] JaBHHHA j& MO3HATO JIa Cy MUKPOOPTaHW3MHU Y3POUYHHIIN 3apa3HUX
0OJIECTH KOje C€ MacCOBHO ]aBJhajy KOJ JbyAW M JKUBOTHHA. CHHTETUYKH AHTHOMOTHIIH,
MEHUIWINH, CTPENTOMHUIIMH W OCTalIH, Cy OJ CBOT OTKpuha y JBaJeceToM BEKY, 3Ha4ajHO
VTHIIAU Ha CMakhEeHhe PU3HKA O] HACTaHKa 3apa3Hux OonecTu. MelhyTum, mocieamsux roauHa ¢y
OakTepujcke nHpeKnuje (MHPEKIH]e pecIUpaTOPHOT TpaKTa, MEHHHTUTHC, TIOJIHE 0O0JIECTH JIp.)
CBE YyYecTaHHW]je, a y3pPOKOBaHE Cy, NpE CBera, pe3ucTeHTHomhy OakTepuja Ha CHHTETUYKE
antuouotuke [118]. Crora je HeonmxoaHO pa3BHjaTH Oe30CIHHUjC HAUMHE KOHTPOJIC M 3AIITHUTE
JbyIl ¥ SKHBOTHHA O]l OakTepujckux HH(]eknuja. MHOTra HUCTpakuBama Cy yCMepeHa Ka

TU3ajHUpaky W J100Wjakby HOBHUX OPraHCKUX JENIUbCHAa W HUXOBUX KOMIUIEKCAa Cca HEKHM
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Mpena3HuM MeTalnMa, Koja ce Hu3Mel)y OCTajor, HWCIUTY]y 3a CIpedaBame pPa3InduTHX
MHUKPOOHOJIOIIKKX 000JbCHha. Y J0CaJallllbiM HCTpakuBamuMa Komruiekcu magaaujyma(ll)

MOKa3aJIu Cy 3aBUIHY aHTUMHKPOOHY aKTUBHOCT.

On nmanamujym(11)-komriekca Koju UCIOJbaBajy aHTUTYMOPCKO U aHTUMHKPOOHO JI€jCTBO
mocta dYecto ce cpehy KoMIulekcn ca JHMraHmggMa Kao IOTO Cy THOCEMHKapOa30HH.
Tuocemukap0a3oHCKM JIMTaHIW M CaMH UCIOJbaBajy aHTUBHUPYCHY, AaHTHUMAaJapH]jCKy,
AHTUMUKPOOHY M aHTUTYMOPCKY aKTUBHOCT. KoopiHOBameM OBHX JIMTaHa a ca JOHMMa MeTana
7071434 J10 TIopacTa JMMO(GUITHOCTH MOJIEKYIa, YuMe ce ToBehaBa BUXOBa OMOPACIIONOKUBOCT Y
opraHuszMy. 3aTO Ce aKTHBHOCT OBHX KOMIUIEKCA Y OIHOCY Ha aKTHBHOCT CaMOT JIUTaH7a
3Ha4ajHO ToBehaBa M OHM MPEICTaBIba]y J0OpE MOTCHIMjATHE aHTUTYMOPCKE U aHTUMUKPOOHE
arence [115,119]. V mnanamujym(ll)-kommiiekcimMa THUCEeMUKapOa30HH C€ MOHAINAjy Kao
OMJOEHTATHU JIMTaHIW, TJI€ CE€ KOOpAMHAllMja ca aTOMOM MeTajla BpPUIM HPEKO CyMmIiopa H
a30METHHCKOT atoMa a3oTa. Kao mpumep Moke ga ce HaBeae OeH3mI-Ouc-(TuoceMuxkap0a3oH)

(cmuka 12, koju ca mamamujymoMm naaje oxarosapajyhm komruiekc ca NS, KOOpAMHAIMOHOM

cdepom.

\
HN—N N—NH
H1N—< )—NHa
S S

Cruka 12. bensuin-6uc-TroceMukap0Oa3oH.
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Takohe, noOpu aHTHOAKTEPH]jCKM areHCH Cy KOMIUIECH TMallaJdjyMa ca CTEPOMIHHUM

THocemukapbaszonnma (ciauka 13).

-

N
NH

O—2

=

‘ \Pd/N
DN
S

SR
Cnuka 13. Tamaaujym(l1)-komIuIeke ca CTEpOMIHAM THOCEMHKAPOa30HNMA.

In vitro anTHbakTepHjcKa aKTUBHOCT HEKHUX HOBHMX CTCPOMIHHX THOCEMHKapOa3oHa U
wuxoBux  manaadjym(ll)-koMriekca, mpema  IpaM-MO3UTHBHMM WM TI'paM-HEraTHBHUM
OakTepHjamMa, je UCIIUTaHa y OJIHOCY Ha aMOKCHIIMJIMH Kao CTaHJapAHHU Jek. Pe3ynraTu nmokasyjy

J1a Cy METaJTHU KOMIUIEKCH 00JbM aHTUMHUKPOOHHU areHCH Hero camu juranau [119].

AxTuBHe, 1 100po nu3ajuupane [lIudose 6a3e, 1oOMjeHEe KOHACH3AIIU]OM aJIIEXUAa UITH
KeTOHa ca aMWHHMMa, C€ CMarpajy NPUBWICTOBAHUM JIUTaHAMMA, jep Cy CIOCOOHEe a
CTa0WIIN3Y]y pPa3IMUYUTe MeTale y pa3IMuuTHM OKCHJAIMOHUM cTamuMma. Takolhe, xemmuja
udoux 06a3a 3ay3umMa H3Y3€THO 3HAYajHO MECTO 300T HHHUXOBUX J00pO 00jalImeHux
ounonomkux ocobuna [120]. ITokasano ce ma Illudose 6a3e wcrnobaBajy CHaKHY aKTHBHOCT
nmpeMa HeKMM TaTOTeHUM OakTepujamMa. AKTHUBHOCT OBHUX jeUIbCHA je Beha 01 aKTHBHOCTH
CTaHJApPJHUX AHTUOAKTEPHUJCKUX W AHTH(YHTATHUX JIEKOBA, CTPENTOMUIIMHA W HUCTATHHA.
Mebhyrum, oaroBapajyhu manamujym(ll)-koMIuiekcu He HCIOJbaBajy aKTHBHOCT MpeMa OBUM
opranusmuma. [IpoBepa murorokcuune akTuBHOCTH, [lIndoBux 6a3za m BUXOBUX OJroBapajyhux
namaaujym(1l)-kommaekca, mokasana je ma cy came IlludoBe 6aze MHAKTHBHE WK BPJO c1abo
aKTHBHE, 10K cy muxoBu Pd(I1)-komriekcu BpiIo akTUBHH IpeMa KaHIEpOreHnM hemrjaMa 4ak
CY U aKTHUBHHjH OJ] CTaHJApJHOT aHTHKAaHLIEPOTeHOr Jieka TamMokcudena. Hanme, moxxe ce pehu
na cy came Illudose 6a3e m00pu aHTHMUKpOOHH areHcH, a muxoBu Pd(I1)-koMiutekcn mo0pu

aHTUTyMOpCKH areHcu [121].
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Mamagujym(ll)-comn Mory jga rpaae KOMIUIEKCE W Ca HEKHM aHTHOMOTHIIMMA W3
(dbaMuije TeTpalUuKINHA (TETPAMKIMH, JOKCHIIMKINH W XJIOPTETPAUKIuH). VcnuTuBaHo je
JIeJCTBO OBUX  KOMIUIEKCAa Ha pa3BOj OAaKTEPHjCKHUX BPCTAa OCETJHMBUX M OTIIOPHUX Ha
terpauukinH. [Tokaszano ce na nanaaujym(ll)-komIieke ca TeTpauuKIMHOM e(pUKACHO Jeyje Ha
pomoBe OakTepHja KOje Cy OCETJbMBE Ha caM TETPAlMKIMH, JOK jeé W JIO IIECHAeCT IyTa
aKTUBHH]H IIPpeMa pojay OakTepHja Koje cy oTnopHe Ha Terpanukind [122]. Cianuna cutyaryja je

1 Ca OCTaJIMM UCIIMTHUBaAHUM KOMIIJIEKCHUMA.
1.8.2. Komnnekcu nanaoujyma(ll) kao éemumauke memanonenmuoaze

MHoru Ba)XHH OHOJIONIKH MPOIECH YKJbYUY]y XHIPOIHU3Y MPOTEHHA U TENTHIa MoMohy
MPOTEOIMTHYKKIX €H3UMa — MPOTeasa, ajld Ce MaJlo 3Ha O MEXaHU3MY OJIBHjaka THX PEaKIvja.
UumeHnna 1a cy oapel)eHr MpOoTeONTMTUYKY €H3UMH aKTUBHU CaMO Y MIPHUCYCTBY ojroBapajyher
METAJHOT jOHA, MOJICTAKJIA j& HayYHUKE J]a IPETIOoCTaBe Aa OU jeTHOCTaBHU KOMILUIEKCH MeTaja
MOrJId OUTH WCKOpHIIhEHW 3a MOJCIIOBAEkbE METAIOCH3MMa KOJH KaTalu3y]y XHAPOJIUTHUKE
peaknuje M J1a CHHTETU3Y]y KOMIUIEKCEe MeTana KOju OM MMalid CTPYKTYPY CIMYHY aKTHBHOM
MecTy oxarosapajyher ensuma. Ilokaszano ce 1a HEKM KOMIUIEKCH TpENa3HUX MeTaja, MoceOHO
KOMIUICKCH TManaavdjyma, Jaenyjy nocra obOehaBajyhe kaga je ped O BEIITAYKUM

METaJIoIICITHAA3aMa.

Kommiekcn mnmatune(ll) n mamanujyma(ll) mokasanu cy ce kao moceOHO MHTEpPECAaHTHHU
MOJICJI-CHCTEMH 3a CENEeKTUBHY XUIPONU3y NeNnTuaa, 300r dera Cy U HUXOBE peakiyje
CYICTUTYLIMj€ JTUTraHaaa 1o0po mpoyuyeHe. M3ydyaBama HHTEpaKIMja KOMIUIEKCA OBHUX METasla ca
MeNTHIMMa W TPOTEMHUMA KOJU y OOYHOM HH3Yy caapxe cymmnop (Hajuenihe MHMUCTEHH WIIH
METHOHHWH) WU XUCTUIWH, HAPOUUTO Cy JOOMIA Ha 3HA4Yajy IMOCJIe OTKpuha Ja HUXOBH aKBa-

KOMIUIEKCH MOTy Outu oOchaBajyhu areHcH 3a CENeKTHBHY XHMIpPOJHU3y TenTuaHe Bese [123-

127].

[lpBa mcnuTHBama XWAPOJUTHYKHX peaklyja MENTHAAa M IMpOTeMHa BpIICHA Cy ca
komrutekcuma tutatuae(ll), amum ce yOp30 mpenuto Ha Kopuiinherme TaOMIHMjUX KOMILICKCA
nananujyma(ll). Mexanuzam peakuuje XuApoau3e MENTHIHE B3¢ y MPUCYCTBY OBUX KOMILICKCA
je Beoma cioxeH. Jla Ou OBM KOMIUIEKCH OMJIM XUAPOTUTUYKM aKTMBHU OHU MOPAjy UMaTH, O]

YKYITHO YETHPH, HajMamke JIBa KOOPAMHAIIMOHA MECTa CII000/IHA, JeTHO 3a KOOPIUHAIIN]Y OOYHOT
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HH3a aMHUHOKHCEIIMHE, a APYro 3a HMHTEPAKIMjy ca HajOJMKOM MENTHIHOM BE30M Koja ce
packuma. I[lpema TomMe, KOMIUIEKC MOpa MMaTH HajMame JBa JIaOWHA JIMTaHIa, Kao INTO je
MOJIEKYJ BOJE, TaKO Ja ce Op30 MOry CYNCTHTYHCAaTH Y peakiuju ca nentuauma. Heku
komiuieken nanaaujyma(ll) xoju cy mokaszamu oapeheHy XUAPOIUTUYKY aKTUBHOCT MPHKAa3aHU

cy Ha ciuuu 14.

H,0 oH, | cl al” N, OHJH
N/ N S \ /
/Pd\ Pd /Pd\
HO OH, CI/ \CI N OH,
[PA(H,0),2* [PACI > cis-[Pd(en)(H,0),]%*

A S 0H2—| * Py Oﬂz_l ”
N/ N /

4 s oH, | *
\\Pd/ HO \ Pd Pd
~s/ \OHZ ~s/ \OHz /7 N\

cis-|Pd(dtco)(H,0),|** cis-[Pd(dtco-OH)(H,0),]  trans-[Pd(py),(H,0),]**

OH
o Ph

NHz oy, |* Sol s sol |
\ NN 1
Pd_ /Pd\ /Pd\

s/ OH, Sol s Sol

N
CH, Ph

cis-|Pd(L-HMet-S,N)(H,0),|2*  [Pd,(u-SPh),(sol),|>*

Cnuka 14. Kommmnekcen manaaujyma(ll) koju cy kopuirhenn Kao KaTaau3aTopH 3a XHAPOJIN3Y MENTHIA
U MPOTEUHA.

Beh je mo3naro na merannu jonu kao mro cy miaruHa(ll) u nanaaujym(ll) umajy Bemuku
aUHUTET 32 CYMIIOp M a30T BE3WBHE JIUTAH/IE, I1a C€ OTYy/Ia MOTY JIAKO KOOPAMHOBATH U 32 O0UHE
HU30Be L-MeTmoHWHa, omHOCHO L-xuctuawHa, oaromapajyhmx mnentuma. CmaTpa ce ga ce
peakmuja XUapoau3e MENnTHIHE Be3e MENTHIa ca METHOHWHOM, MOXE BPINUTH Ha JBa HAYMHA

(cxema 23).
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Cxema 23. Moryhu HaYmHN XUIPOIN3E aMUIHE BE3€ MENTHAA KOJU Y O0YHOM HH3Y CaIp>KH CYMIIOP.

[IpernoctaBiba ce ga je mpBa (a3a OBe peakiMjeé MOHOACHTaTHa KOOpPIWHAIIH]a
mwiatuaa(ll) u namagujym(ll) jona 3a 6ounu HU3 nmentuga. OBaKo HACTAIM KOMIUIEKC MOXE J1aJbe
Ja ce KOOpAHMHYje 3a NENMPOTOHOBAHU MENTUIHH a30T, NMPU YeMy HacTaje CTaOWiIaH XeJIaTHH
KOMIUIEKC, M XUAPOJIH3a MENTHIHE Be3e Tajna Huje Moryha. JIpyra MoryhHOCT je Ja KOMILIEKC
MeTajla MHTeparyje ca KapOOHHJIHHM aTOMOM KHCEOHWKA W3 TMENTHIHE Be3e, IITO JOBOIU JI0
noJyiapu3aiyje KapOOHUIHE TPYyIEe U OJaKIIaHe XUApoim3e oBe Bese. Jlomazehw monekyn Boxe

KOJU BpILIM XHJPOJIMU3Y MOXE Ja MOTHYE M3 pacTBapaya (Taaa ce paau O €KCTEPHOM HAYHHY
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packujama MENTUAHE Be3e) WIM W3 METAJTHOI KOMIUIeKca (MHTEPHM MEXaHM3aM pacKuiama

nentuaHe Bese). KomOunanuja oBa 1Ba Mexanu3Mma je Takohe moryha.

Kana je ped o mentuauMa Koju Caap)Ke aMUHOKHCEIHHY XHCTHIWH, MOKa3ajo ce /1a ce
NaJaZijyM CIIOHTaHO KoopAuHyje 3a N-3 aToM XUCTUIMHA M J1a IPH TOME HAacTaje KaTaIUTUYKH

axtuBaH nanxaaujym(Il)-komriekc (ciuka 15).

0
I u |
HgC—C—HN—TH—C—N—TH—C—OH
CH, R
7 Q—P‘JJ'—

_

HN ‘

Crnuxka 15. Karanutnuku aktuBad koMinieke nanaanjyma(ll) koju ce hopMupa TokoM peakiimje ca
NEernTuaoM y ‘{I/IjI/I cacCTaB yJa3u XUCTUAWH.

AKko 3atum jaohe 10 IeMpOTOHOBaKka a30Ta JEBO O/ MENTHIHE Be3€ KOoja Ce XHAPOJIH3Y]je,

naJaijyM ce KOOpJAMHYje ca HHM M TajJa HacTaje CTa0WJIaH XeJaTHU KOMIUJIEKC KOjU HHje

XUJIPOJIUTUYKH aKTHUBaH (ciuka 16).

(0] 0
|l w Il
H3C—C—N—(|:H—C—N—CH—C—0H
/ CH R
\Pd2+ 2
“\e
NN

\\—NH

Cnuka 16. Xenatau namaaujym(l1)-kommiekc ca N-areTrioBanuM aepuBaToM L-XucTumam-
TJIMIIHA.

YoueHo je na ce ca cMamwewmeM pH BpeqHOCTH peakunoHe CpeauHe KOHCTaHTa Op3uHe
xuaponu3e nmoehaBa m ga moBehame KUCENOCTH CPEIWHE ClpedyaBa HACTajarbe KaTAIUTHYKH
HEAKTHBHUX KOMIUIEKCA, Ka0 U HacTajame MUHYyKIeapHuX xuapokco-nananujym(Il)-komrekca,
KOjH Cy Takohe KaTaTUTHYKK HEeaKTUBHU. V3 OBUX pasiiora ce oBe peakiiyje u3Boje Ha Huxkoj pH

BpenHoctH (decto usmely 1,5 u 3) [128].
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2. HAIIIH PA/IOBH
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2.1. ¥YBox

Etanomamuaun, kao mTo cy wmonHoeraHonmamuH (MEA), nueranonmamun (DEA),
tpuetanonamuH (TEA) 1 HEKM BUXOBU ACPUBATH, YUHE TPYITy OM()YHKIIMOHAIHUX PUPOTHUX U
CUHTCTHYKHUX OPTaHCKUX jenumbema. [1omro oBa jequmema IpeacTaBbajy CTPYKTYpHE JEI0Be
JeNHUTHHA, KedallnHa, KOCH3MMa A W JPYrMX BEOMa BaXHHX W BPJIO PACIPOCTPACHHUX

OMOMOJIEKYITa, OHA CY CTAJIHO MPUCYTHA Uy 6rochepu [129-133].

3axBasbyjyhu mpucycTBY M aMHHO M aJIKOXOJIHE (DYHKIIMOHAIHE TpyIle OBa jeAMCHA
MMajy BeOMa MHTEpPECaHTHE XeMHjCcKe U (PU3NUKO-XEMHjCKE OCOOMHE, 300T yera 1 Haja3e BeJTUKY
MPpUMEHY Y HHAYCTpUjH — (apMaIeyTckoj, KO3METHYKO], IOJbONMPHUBPEN0], XEMH]CKO],

TEKCTHITHO], IeTpoxemujckoj [134,135].

[use OoBe MOKTOpCKe nucepranuje OMo je Ja ce HEKH Of JepuBaTa eTaHOJIaMUHA
yrnotpebe 3a CHHTE3y OAroBapajyhux jOHCKUX TEYHOCTU. JOHCKE TEYHOCTH, KOj€ MHOTH HAa3UBajy
jomr ® ,.3eleHUM pacTBapaynMma 300T HKHUXOBE HETOKCHYHOCTH W, CAMHM THM, E€KOJIOIIKE
MPUXBATJBUBOCTH, NPUMEHYjy C€ TOCICIHBUX TOJMHA WHTCH3MBHO Yy OPraHCKOj XEMHjH.
Hapounto je wuHTepecaHTHa WHUXOBa MpPUMEHA Yy peakiyjamMa OpraHCKe Karaausze W
OpraHoMeTallHe XeMuje. Y NalaJnjyM-KaTalu30BaHUM peakifjaMa jOHCKE TEYHOCTH C€ MOTY
yHOoTpeOUTH M Kao KaTajau3aTtop, U Kao pacTBapad, M kKao 0a3a, U Kao JuraHja moTpedaH 3a
dbopmupame npekatanutudku aktuBHe Pd(II)-Bpcre. Takohe, 360or cBoje cmocoOHOCTH aa
pacTBapajy KOMIUIEKCE NalajujymMa, OHE TOKOM peakiuje oxapxkasajy Pd(Il)-xommiexc
pacTBOPHUM, OJHOCHO MMajy yJory MoOwiHe mojapiike 3a Pd-karanuzarop. YV cBetny oBora, y
OKBHPY OBE€ JIMCEpTAIlM]je UCIUTUBAH € KaTaTUTHYKU yTHIIA] HEKUX €TAaHOJAMaWHCKUX JOHCKHUX
TEYHOCTH M WuXxoBux oxarosapajyhux Pd(Il)-kommiekca Ha Tok MaHuxoBe 1 XEKOBE peakImje.
[Topen KaTaJUTHYKE yJIOTe OBUX JOHCKMX TEYHOCTH, MCIHMTHBAHA j€ U CTEPEOCEICKTUBHOCT
noOujeHnx mpou3Boja ManuxoBe peakinuje. I[IpumeHoM wmerona (¢yHKIMOHala TyCTHHE

00jalIkbeH je MeXaHnu3aM OJIBHjama OBE peaKIlyje.

PacBetiben je m Mexanuszam (Qopmupama Pd(Il)-mpekaranmzaropa W KaTaIMTHYKH
aktuBHe Pd(0)-Bpcte y XekoBoj peakUuju KaTaJU30BaHO] HCTUM JOHCKMM TEYHOCTUMA H

o0jalmeHa lUX0Ba CTPYKTypa MPUMEHOM MeTo1a (PyHKIIMOHAIA TYCTHHE.
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[Tormro ce moka3asno na mo0ujeHe JOHCKE TEYHOCTH MOTY Jla UMajy YJIOTy KOOpauHyjyhux

JuTraHaaa, HeKe o]l lbUX Cy ynorpedsbene u 3a cuare3y Pd(Il)-kommiiekca.

W3 nureparypHHX mojaraka ce Moxe Buaetd naa cy ce Heku on Pd(ll)-xomruiekca
MoKa3aJid Kao 100pu aHTUMHKpOOHU areHcu. Mimajyhu oBo y Buay, UCIUTaHA j€ aHTUMUKpPOOHA
1 aHTH(YHragHa aKTHBHOCT HOBOCHMHTETH30BAaHMX JOHCKHX TEUYHOCTH M oarosapajyhux Pd(II)-

KOMIIJICKCaA.

300r uumenune Aa Komiuiekcn nanaaujyma(ll) xatanuzyjy CeNeKTUBHY XHIPOJIH3Y
aMHJIHE Be3€ y MENTUAMMA U MPOTEMHUMA IpPU BpJO OJaruM peaklUHOHHM YCIOBHMA, OHU CE
MOTy cMmatpatu obehaBajyhum areHcuma 3a CeleKTUBHY XHUIPOJIU3Yy OBE BE3e€, 3a KOjy ce, HHaye,
3HA J1a TEUIKO MOJUICKE XUAPOIM3H IOJ HOPMAJIHHM YCIOBHMa. Y OKBHPY OBE IHCEpTalHje
UCIUTaHa je MOryhHOCT Ja ce KOMIUIEKC JHeTaHOJIaMOHH]jyM-TeTpaxiopo-mananar-(11)

([HDEA],[PdCl,]) yroTpebu kao Bemtauka MeTaIONENTHIa3a.

59



2.2. ETaHoJaMHHCKe jOHCKe TeYHOCTH, CHHTEe3a U KapaKkTepu3aiuja

MemameM E€KBUMOJAPHUX KOJMYWHA OAroBapajyher aMWHO ajkoxojia M KHCEJIWHE
(cxema 24), cuHTeTM30BaHa je cepuja ox jaeBer joHckux teynoctu (ILS) [136], u To:
areTaHoJaMoHujyM-auetar (1), nueranonaMoHujyM-1akTar (2), TMeTaHoIaMOHHU) yM-XJlopaleraT
(3), nmueranomamonujym-xaopua  (4), N,N-muermneranomamonujym-amerat  (5), N,N-
JTUETUIICTAaHOJIAMOHH] yM-JIaKTaT (6), N,N-mueTuneTanoIaMOHN] yM-XJIOPH/T ),

TpHeTaHOJaMOHH]jyM-atieTat (8) u TpueTaHOIaMOHH]jyM-XJioparerar (9).

R
RN Ny A —> R‘I\'J]’Rz
o

R,

: R=-H, R,=-CH,CH,OH, R,=-CH,CH,OH, A=CH;COO"

: R=-H, R,=-CH,CH,OH, R,=-CH,CH,0H, A=CH,CH(OH)COO"

: R=-H, R,=-CH,CH,OH, R,=-CH,CH,OH, A=CICH,COO"

: R=-H, R,=-CH,CH,OH, R,=-CH,CH,OH, A=CI

: R =-CH,CHs, R,=-CH,CH,, R,=-CH,CH,0H, A=CH,CO0;

R =-CH,CH,, R,=-CH,CH;, R,=-CH,CH,OH, A=CH;CH(OH)COO"
: R =-CH,CHs, R;=-CH,CHj, Ry=-CH,CH,OH, A=CI

: R =-CH,CH,0H, R,=-CH,CH,OH, R,=-CH,CH,0H, A=CH;COO"

: R =-CH,CH,0H, R,=-CH,CH,OH, R,=-CH,CH,OH, A=CICH,COO"

I R R Y T

Cxema 24. CuHTe3a cepHje eTaHOIAMUHCKUX JOHCKUX TEUHOCTH.

JloOujeHe jOHCKE TEYHOCTH Cy OKapakTepucaHe mnpuMmeHoM IR wu 'H NMR
CIIEKTPOCKONHje M JOJAaTHO HCNUTaHe KopuihemeMm merona ¢yHknuoHana ryctuHe (Density

Functional Theory — DFT).

VY OKBUPY TEOpHJCKHX HCIHTHBamba O0jallkbeHe Cy HHTEepakije u3Mely kartjoHa u
aHjoHa, oapeheHe cy BpeaHOCTH EHTAIMja W COJBAaTAllMOHUX CHEprvja y pacTBapaynma ca
Pa3NIUYUTUM JUENEeKTPUYHUM KOHCTaHTaMa, Kao U mbexoBe oAroBapajyhe 3aBucHoctu. Takohe je
ypahena u BUOpalmoHa aHajan3a OBUX JOHCKHX TeyHOCTH. Ha oBaj HaunH cy 100MjeHU TEOpH)CKU
IR criekTpu Koju cy ynoTpeOsbeHH 3a mopeheme ca ekcnepuMeHTaHo 1ooujennM IR ciektpuma.

CBe 0BO je 3HaTHO OJIAKIIAJI0 PACBET/haBakE CTPYKTYpPE UCIIUTHUBAHUX jEAUCHA.
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V IR cHekTpuMa OBHX jelHI-CHa youeHe Cy BajeHIMoHe Bubpammje NH,' rpyme Ha

2500-2250 cm™*kox jenumsema 1-4, oxrocHo NH' rpyne kox jemumersa 5-9 a 2535-1950 cm™, u

OHE JIeKe y 00JacTHMa KoOje Cy KapaKTepHCTH4YHE 3a OBe (pYHKIMOHaiIHE rpyne (tabena 4).

Taxohe, y npensuhenoj odmacru (1622-1582 cm™) ce Hamase u nedopmaruone Budparuje NH,"

rpyne. [locrojame kapOOKCHUIATHOT aHjoOHA Y JOHCKUM TeuHocTtuma 1-3, 5, 6, 8, 9 je morBpheno

MPUCYCTBOM acCHMETpUUYHE BUOparuje 3a oBaj TN (YHKIMOHAJIHE Tpyne y obmactu ox 1637-

1570 cm™, kao u cumerpuune BuGparmje ox 1411-1336 cm™,

Tabena 4. CiekTpaiHa KapakTepHu3anyja jOHCKIX TEYHOCTH.

ExcnepumenTanne
IL IRcm? 'H NMR
Wzpauynate
3415 (-NH, -OH s0), 2525 (-NH," st), 1637 (-COO as),
. 1619 (-NH," def), 1411 (COO's), 1070 (-C-O- st) 651 (-NH 1 1.96 (3H, CH3-CO, s), 3.10 (4H, -CH,-NH,,
def) t), 3.87 (4H, -CH,-OH, t)
3234, 2290, 1612, 1556, 1360, 1063, 712
3290 (-NH, -OH st), 2450 (-NH," st), 1582 (-COO
) as), 1582 (-NH2+ def), 1450 (-NH def), 1411 (COO_ 84 1.25 (3H, CHs-, S), 2.92 (4H, -CH,-NH,, t),
s), 1040 (-C-N- st), 853 (-C-O- st) 3.67 (1H, -CH, q), 3.79 (4H, -CH,-OH, 1)
3274, 2222, 1605, 1556, 1457, 1414, 1051, 1069
3242 (-NH, -OH st), 2545 (-NH," st), 1594 (-COO
as), 1594 (-NH," def), 1448 (-NH def), 1385 (COO 81 3.22 (4H, -CH,-NH,, 1), 3.87 (4H, -CH,-OH,
3 _s), 1248 (-C-N-st), 1066 (-C-O- st) ), 4.12 (2H, CI-CHy-, 5)
3241, 2461, 1639, 1566, 1384, 1344, 1139, 1064
3344 (-NH, -OH st), 2250 (-NH," st), 1622 (-NH,"
A d(;f), 1448 (-NH def), 1063 (-C-N- st), 939 (-C-O- 5,327 (4H, -CH,-NH,, 1), 3.89 (4H, -CH,-
St OH, t
3344, 2116, 1622, 1448, 1063, 939 )
3243 (-OH_S'[), 2126 (-NH" st), 1570 (-COO" as), 8 1.28 (6H, CH3-CH,-, t), 1.99 (3H, CH4-CO,
5 _1395(COOQ s), 1264 (-C-N- st), 1050(-C-O- st) s), 3.03 (4H, -CH,-NH, @), 3.11 (2H, -NH-
3727, 1957, 1611, 1357, 1113, 1051 CH,, t), 3.87 (2H, -CH,-OH, t)
3307 (-OH _St), 2490 (-NH+ st), 1594 (-COO" as), 8141.23 (3H, CHg-, s), 1.34 (6H, CH3-CHy-, 1),
6 1398 (COO's), 1084 (-C-N- st), 924(-C-O- st) 3.09 (4H, -CH,-NH, g), 3.16 (2H, -NH-CHy, 1),
3728, 2385, 1633, 1365, 1038, 952 3.65 (1H, -CH, q), 3.88 (2H, -CH,-OH, 1)
3361 (-OH st), 1950 (-NH" st), 1076 (-C-N- st), 928 Su 1.45 (6H, CHa-CHo-, 1), 3.22 (4H, -CH,-
7 _(C-O-s) NH, g), 3.31 (2H, -NH-CHj, t), 3.77 (2H, -
3728, 1648, 1412, 1052 CH,-OH, 1)
3213 (-OH st), 2350 (-NH" st), 1567 (-COQO" as),
g 1336 (COO’s), 1063 (-C-N-st), 916 (-C-O- st) 812.03 (3H, CH3-CO, ), 2.90 (6H, -CHo-NH,
3385, 2056, 1603, 1330, 1036, 899 1), 3.76 (6H, -CH,-OH, 1)
3272 (-OH st), 2535 (-NH" st), 1602 (-COO" as),
9 1384 (COO's), 1240(-C-N- st), 1050(-C-N- st) 843.05 (6H, -CH,-NH, 1), 3.81 (6H, -CH,-OH,

3383, 2553, 1641, 1330, 1101, 1058

t), 4.15 (2H, CI-CH,-, 5)
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[TomTo cBe MCNMUTHBAHE JOHCKE TEYHOCTH CaJpKe E€TAaHOJIAMOHH]YM KaTjOH, OHE CYy
CTPYKTYpHO BpJio ciimuHe. Mimajyhu y Buy OBy 4ME-EHUILY, TTOCTOj€ ABAa MOoryha Be3WBHA MecTa
3a aHjoHEe y CBUM KaTjoHuMa: BojoHuK u3 N-H wim O-H rpyne (ciuka 17). Ha ocHoBy 'H NMR

u IR cnekrapa (Tabena 4), yrBpheHo je n1a je BesuBame ocTBapeHo nmpeko N-H unrepaximje.

Cauka 17. OnTUMH30BaHe CTPYKTYPE €TAHOJIAMUHCKUX jOHCKUX TEYHOCTH.

JloOujenu criektpaiaHu nogamy (tadena 4), mokasyjy /a Cy HCIIUTUBAHE JOHCKE TEYHOCTH
usrpaheHe oI o0ABOjeHMX KaTjoHa M aHjoHa. OBO je mnoTBpheHo KopHuImhemeM MeToaa
¢ynkunonana rycruHe, nopehemem IR cnektapa JOOMjeHMX ~payyHCKHM IyTeM H

EKCIIEpUMEHTAITHO. Y TIPBOM TPEHYTKY je y TeopujckuM IR cnextpuma youeHo, ga y ciydajy
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areraTHUX joHckux TeuHoctH (ILS 1, 2, 5, 6 u 8) onTuMH30BaHE CTPYKTYpE OBUX jeIUEHCHA HE
MoCTOje y 00NHKY joHa, Beh y 00JMKY HeyTpaJIHUX MOJIEKYa, oaroBapajyher amuna u cupheTHe
kucenune. Haume, kana je ontuMuzanyja u3BeaeHa 0e3 MKAKBUX OrpaHUYCHa, aTOM BOJIOHHMKA
IPBOOMTHO CMelTeH u3Mel)y a3ora eTaHOJIAMOHMjYM KaTjoHa M KHCEOHHKA alleTaTHOI aHjoHa
O0MoO je MPUBYYECH OJ CTpaHE alleTaTHOT aHjOHa, IITO JOBOAHM A0 (OpMHUpama HEYTPATHHX
Mosiekyna. Ilomro cy y ekcnepuMeHTamHO J001jeHIM 'H NMR u IR CIEeKTpUMa CUTHAIH 3a
alleTaTHU aHjOH W aMOHMjyM jOH OWJIM MPUCYTHH, MOPAJH CMO Jla KOPUCTUMO OTrpaHHYCH-C
3acHOBaHO Ha ¢ukcupary N-H Beze. Ha oBaj HauumH je moTBpheHa M TEOPHjCKH, jOHCKA
CTpyKTypa ameratHux ILs, mpu deMmy je TMOCTUTHYTO M J00po cnarame wu3Mely

CKCIIEpUMEHTATHNX 1 u3pauyHatux IR crekrapa (tabena 4).
2.2.1. Ilonawarse ucnumuganux jOHCKUX me4HOCMuU y paziudumum pacmeapasuma

Benuku 6poj XeMujCKuX peakiigja ce oJurpaBa y pacTBOpY, I/ie pacTBapad UMa KJbYyUHY
yJIory y BUXOBOM cripoBohemy. [locneamux romuHa je KOpuiiheme JOHCKHMX TEYHOCTH, KakKo
caMHX Tako UM y KOMOMHAIIM]HU ca IpYrMM pacTBapayrma, J10cTa 4ecTo. VcnuTuBame noHamama
ILs y pacTBapaunMma pa3jiMyUTE MOJAPHOCTH je OJl BEJIMKOT 3Hauaja. Y Ty CBPXY MOTy ce
IPUMEHUTH MeToJe (PyHKIMOHANa rycTHHe. Y oBoM ciyyajy, DFT pauyHu cy mokasanu na ce
pactojambe m3Mel)y joHa Mema ca TPOMEHOM IIOJIAPHOCTH pacTBapaua, ycien GopMupama
BOJIOHMYHMX Be€3a ca MOJIEKyJauMa pactBapada. Haume, ca moBehamem aueneKTpuuHe KOHCTAHTE
pacTBapaua, pacrojame u3mely jona ucnutuBanux ILs Takohe ce moehasa (H1-O1 wim H1-Cl,
ciuka 17), (trabene 5-13, Excriepumentannu neo). Y katjonuma N-H1 Be3a mocraje jaua ca
noBehameM MOJIApHOCTH pacTBapada (M3y3eB y CiydajeBHMa Kaja Cy JYKHHE Be3a IMOCTaBJhEHE
Ha Ta4HO ojipeheny BpenHocT). BaxkHO je HarnacuTu aa ¢y y CBUM UcnuTHBAaHUM ILs npucyTHe
BOJIOHMYHE Be3e, (Tabene 5-13, ExcriepumenTtannu aeo). OBe BOAOHHYHE Be3e Ccy (opMHpaHe
u3Mel)y aHjoHa M aJTKOKCH MJTM aJIKUJI OCTaTKa KaTjoHa. IHTeH3uTeT BOJOHMYHUX Be3a je 3HATHO
M3pKEHU]H KOJ| JOHCKMX TEYHOCTH KOje Kao aHjOHE MMajy arerart, xjoparerat u jakrat (ILs 1,
2,3,5,6,8,9), a cnabuju kox oHUX ca xjaopunHuM aHjoHoM (ILS 4, 7). Bomonnune Besze nzmely

JOHa MOCTajy ciabuje ca MopacTOM MOJAPHOCTH YHOTPEOJLEHOT pacTBapaya.

Bpennoctu BesuBHHX eHepruja (AEpg) JOHCKMX TEYHOCTH CY M3padyHaTe KopumrhemeM

jennauune (1), Kako 3a TaCOBUTY TaKO M 3a COJIBaTUCaHy (a3y.
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AEBE = EIL - Ekamjou_ EaHjou (1)

JloOujern pe3yaTaTd Cy TpeAcTaBbeHn y Tabenmu 14 m Ha cinunm 18, Y cBuMm
UCIHUTHUBAaHUM cllyyajeBuMa, AEge BpeaHoctu 3a TeuyHy a3y, HE3aBHCHO O MOJAPHOCTH
pacTBapaua, Cy 3HaTHO BHIIIEe Hero oaroBapajyhe AEge BpeqHOCTH H3padyHaTe 3a TacoBUTY (azy.
Taxohe, ca mopacToM IMOJIAPHOCTH YIMOTPeOJHEHOr pacTBap4a pacte u BpeaHocT AEge (cimka
18). Ha ocHOBy OBHX MMojaTaka MOXe€ CE 3aKJbydWTH Ja MOHAIllarbe¢ KaTjoH-aHjoH mapa ILS
3aBUCH O]l TNPHPOJE pacTBapava. Y cCiydajy TAe Cy KOpuITheHH pacTBapayd ca HUKHM
TUETCKTPUYHAM KOHCTaHTama (YrJbeH-TETPaxJIOpUA, IUETHI-eTap, XJIOpopopM) KaTjOHH H
aHJOHU OCTa)y y OOJHMKY KOHTAaKTHHX JOHCKHMX TmapoBa. Mehyrtum, kaga cy ynorpeObeHH
pacTBpaum ca BehuMm nuenekTpuyHUM KOHCTaHTaMa (BojAa, TUMETUII-CYI(OKCHI, alleTOHUTPIII)
ILs mocroje y OOJHMKY OJBOjEHHMX jOHCKMX mapoBa. OBH pe3yiTaTu Cy y CarjlaCHOCTH ca

JaUTepaTypHuM nojaanuma [137].

Ta0ena 14. 'acHa da3a - Be3uBHE SHTAJIIH]e 3a ucuThuBaHe ILS.

AEge AEge AEge
IL (kd/mol) IL (kd/mol) IL (kd/mol)
1 -495.79 4 -463.91 7 -489.41
2 -458.82 5 -509.81 8 -461.01
3 -455.67 6 -438.43 9 -424.02
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Cnuxka 18. Besusne enepruje ILs y pacTBapaurMa ca pa3aIdudTHM IUCICKTPUYHUM KOHCTaHTaMa.
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ConBaranuone enepruje (AGgpy) JOHCKHMX TEYHOCTH H3padyHaTe Ccy KopuirhemeM

jenHadvHe (2) U BUXOBE 3aBHCHOCTH O] AMENEKTPUUYHUX KOHCTAaHTH pacTBapaua MpeicTaBbeHe

cy Ha ciuuu 19.

AGsolv = Gsolv— Ggas (2)
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Cnuka 19. ConBaranuone enepruje ILs y pactBapaunma ca pa3InduTHM JUCICKTPUYHUM KOHCTAaHTaMa.
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N3 oBora ce Moke 3aKJby4HTH Ja C€ COJIBAaTAIlMOHE €HEPruje cMmamyjy ca noehamem
MOJAPHOCTHU pacTBapada. [Iporec conBararyje HICOUTUBAHUX BPCTA j€ €r30TepMaH MpOIieC, TaKO
na cy joHckd mapoBu ILs Buimie cTabmin3oBaHM Yy pacTBapaynMa ca BehMM IUENeKTpUYHHM
KoHcTaHTama. OBO je y CKJIaay ca JaTOM IPETIIOCTaBKOM O JOHCKO] CTPYKTYpH HCIUTHBAHUX

MOJIEKYIa.

Takohe, Tpeba ucrtahu nma NBO HaenekTpucame KOje C€ Haja3M Ha a30Ty KaTjOHCKE
JEIVHHULIE ¥ KUCEOHUKY MJIH XJIOPY aHjOHCKE jeIMHUIIE CE MAJ0 MEHa ca IPOMEHOM MOJapHOCTH
pactBapaua. Mnak, y ckiaay ca NMOHAIIalkeM JOHCKHX BpCTa, IOCMAaTpaHW aTOMH IOCTajy CBe
BUIIC W BHIIE HETaTUBHH Ca MOBehameM JHMEICKTpUYHE KOHCTaHTe pacTBapadya. OBO Hac je
MOACTAKJIO Ja ucnurtamo moryhy Besy u3melyy BeswBHe eHTanmuje joHa u pasnuke y NBO
HaeNeKTPUCahy CKOHIICHTPHCAHOM Ha a30Ty, KUCEOHUKY U XJiopy. MIcTo Tako, ucnuTaHa je Be3a
u3Mely conBaranuone eHepruje u pasnuke y NBO HaenekTpucamy. Y CBUM cllydajeBUMa
pasnuka y NBO naenexrpucamy u AEge ce moBehaBajy ca moBehameM mojgapHOCTH pacTBapayva.
Ha oBaj Haunn noOujeHa je TMHEeapHa 3aBUCHOCT W3Mel)y OBe J1Be BETUYHHE ca KOS(DHIIjEHTOM

kopenanuje Behum oz 0.95 (ciuka 20).
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Cruxka 20. 3aBucHocT AEge ox paznuke y NBO HaenexTpucamy.
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3aBucHOCT AGsoly 01 pazauke y NBO Haenekrpucamy je Takohe auHeapHa (cnmka 21).
Tpeba HarmacuTH 12 je y OBOM Ciydajy KOe(HUIIM]jEHT KOpeJalyje 3a CBE MCIUTHBAHE JOHCKE

Teu”Hocty Behu o 0.99.
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Cruka 21. 3aBucHocT AGgy 011 pasiuke y NBO HaenekTpucamy.

2.3. IlpumMeHa HeKHX €TAHOJAMMHCKHX jOHCKHX TeYHOCTH Yy MaHHXO0BOj

peakuuju

Y MaHHuX0BOj peakIHju apoOMaTHYHUX aJjIeXula, aHWINHA | IMKJIOXEKCAaHOHA,
yrnoTpeOJbeHE Cy YETUPH XJIOpAlleTaTHE €TAHOJIAMHUHCKE JOHCKE TEYHOCTH: JHETAaHOJIAMOHH]YM-
xJyopauerar (3), Tpueranonamonujym-xnopanetar (9), N,N-auernieranonaMoHmjyM-XJiopaneTar
(10) u eranomamonujm-xmoparerar (11). Jla O6u ce TecTupaiga BUXOBA KaTaIMTHYKA YJIOTa, BE
TpOKOMITIOHEHTHE MaHMX0Be peakije cy ogadpane kao moaen-peakiuje [138]. [Ipenumunapua

peakija je wuW3BeAeHa Ha CcOOHOj TeMmreparypu ca O€H3alJAeXuIOM, AaHWIUHOM U
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[IUKJIOXEKCAHOHOM U y TPHUCYCTBY MOMEHYTHX jOHCKHX TEYHOCTH KOje Cy MMalie ABOCTPYKY
yIIoTy — yJIOTYy pacTBapayda W yjory kKaraiau3artopa. [la Ou ce oxpenuina crepeoxeMuja U MPHUHOC
NoOujeHuX MPOU3BOJIA, peakiuja je nmpaheHa '"H NMR cnekTpockonujom. JloOujeHu pesyararu
Cy THoKa3alu Ja cy NpuHOC MaHMXOBHX NPOM3BOJA, KA0 M JAUACTEPEOCEIIEKTUBHOCT, OWIIH
ymepenu (tabena 15). I[Mopehemem Hammx pesynrara ca quTeparypHuM mogaiuma [139], moxke
ce 3aKJbYUYHMTH Ja Cy anti u Syn u3omepu OWIM MPUCYTHH Y CMEIIH, ajlk J1a je anti n3omepa Ouiio
srmre. OjHoc anti/syn mpomssoza je oxehern "H NMR CIIEKTPOCKONHjoM, Ha OCHOBY XEMHjCKHX
noMepama curnaia koju oaronapajy —CH—-N nportony. Carnacho ca pedepeniiom [139], rnaBau
JracTepeon3oMep I00HjeH y OBOj peakmuju je o3HadeH kao anti. Kapakrepucrtwuan my0ser
MeTuHCKOT npotoHa CH—-N, ce jaBjba Ha HIDKUM BPETHOCTUMA XEMH]JCKOT TToMeparma 1 umMa Behy
KOHCTaHTy KymuioBamwa (d, 0 = 4.62, J = 7.2 Hz), y onHocy Ha Syn u3omep uuju ce nporon CH-N
HaJla3y Ha BeheM XeMHjCKOM MoMepamy M HMa Mamby KOHCTaHTy KymioBama (d, 6 = 4.80, J = 4.4
Hz).

Tabema 15.MannxoBa peaxiija KaTaIH30BaHa PA3IMIATHM €TaHOJIAMHHCKUM XJIOpAIleTaHIM
JOHCKHM TEYHOCTHMA.

CHO NHy O

Jomeka Teumoey i !
. . - NH O NH (3]
Cp MO, rai. +
R, :

R;

R,=-H,-OCH, R,
R,=-H.-OH ayn
Pennu Anpexun Karanuzatop  PactBapau  M3onoBaHu anti:syn
6poj R1 R, npunoc (%)
1 H H 9 9 63 67:33
2 H H 3 3 61 64:36
3 H H 10 10 57 75:25
4 H H 11 11 56 65:35
5 H H 9 C,HsOH 94 100:0
6 H H 3 C,HsOH 90 100:0
7 H H 10 C,HsOH 86 100:0
8 H H 11 C,HsOH 83 100:0
9 -OH -OCHj, 9 C,HsOH 93 100:0
10 -OH -OCHg; 3 C,HsOH 89 100:0
11 -OH -OCHg; 10 C,HsOH 86 100:0
12 -OH -OCHj,4 11 C,HsOH 84 100:0

Peaknyionn yclioBW: anmexwa: aMuH:KeToH, 1:1:1.5 (Moncku omHoC); Temmeparypa = coOHa (r.t.)
JoHcke TeuHOCTH Kao katanuzaropH (15 mol%), pexnu 6pojeBu S - 12.
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VY by onTHMH3AIMje PEaKIIMOHNUX YCIIOBa, U TIpe cBera noBehama MprHOCa POU3BO/IA, Y
peaknuju OeH3aIexXu1a, aHUJINHA U IUKOXEKCAaHOHA €TaHOJI je YHOTpeOJbeH Kao pacTBapad, JOK
Cy ynotpeOJbeHe JOHCKE TeUHOCTH Cajia MMaJie caMo yJIOry KaTajlu3aTopa, U TO y KOJUYHUHU O
15 mol%. Ilog oBUM peaklIMOHMM YyCIIOBMMa NPUHOC MPOU3BOJA peakuuje Ouo je OoJbu, a
CTEPOCETIEKTUBHOCT 00MjeHnX MaHUXOBHX MPOU3BoJa oainyHa. Haume, y '"H NMR CIIEKTPY, Y
obmnactu 4.62 — 4.80 ppm nojaBuo ce camo jeaaH nyoner Ha 0 = 4.62 ppm. OBaj mojaTak HaMm je
yKa3a0 Ha OJJIMYHY CTEPEOCENIEKTUBHOCT, OJJHOCHO HAa YUHHCHHUILY J1a C€ OBOM METOJO0JIOTH]OM
nobuja camo anti muacrepeomsomep, U 10 2-[1-(N-beHnnamuno)-1-heHuT |METHIIMKOXEKCAHOH
(tTabena 15, pegau OpojeBu 5-8). Ilpumemyjyhu ucty mnpouemypy, H3BEACHaA je peaxiuja
BaHWJIMHA, aHWJIMHA W IIMKJIOXEeKcaHOHa. Ha OCHOBY OOMjeHUX pe3yiraTta ce MOXE 3aKJbyYHTH
Ja je OI CBHX YHNOTPEOJbEHMX JOHCKMX TEYHOCTH, TPHETaHOJIAMOHHjyM-XJOpaleTar
HajeUKaCHU]M KaTaJIM3aToOp 3a OBE KOHBep3Huje. Takohe, U y peakiuju ca BaHUIMHOM C€ jaBJba
camo jemaH myormer Ha 4.54 ppm, ca BpenHomthy KoHCTaHTe KymuioBama oa J = 7.40 Hz, koju
nokasyje aa je n1ooujen camo anti quacrepeonsomep [140], (tabena 15, penau 6pojesu 9-12). Ha
Kpajy, Tpeba HariacuTH Ja je peaklyja ca BaHWIMHOM Onia moceOHO MHTEpECaHTHA, jep je Y
OBOj peakIMju H30J0BaHO 0e300jHO, KpucTanHo jemumbeme 2-[1-(N-penmmamuno)-1-(4-
XMIPOKCH-3-MeTOKCH(EHM ) [METHIIMKIIOXeKCaHOH (12), Koje je OHMII0 MOroJHO 3a PEHATCHCKY
CTpYKTypHY aHanu3y (cimka 22). U3 oapehene kpucramHe cTpyKType BUaeio ce aa MaHUXOB

npou3BoA 12 rpaay cynmpamoieKyJICKy CTPYKTYPY ca CBOjUM eHaHTHOMepoM (ciuka 23).
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Cruka 22. MosiekyJicka CTpYKTypa jeiumbemba 12, mpecTaB/beHa ca HUBOM BEpOBaTHONE 011
40%. O3Hake aToMa ca CIHMKE 0CTajy HEIPOMEHCHE Y LIEIOM pay.

Yo%
9]

Cinka 23. Meljyco6Ha opujeHTaluja MoJIeKyia yHyTap xuMepa hopmupator npexo N1-H...03'
BOJOHMYHUX Be3a [Cumerpujcku kox: (i) —X+2,—y+1,-z+1], ca HuBom BepoBatHohe ox 30%.
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2.3.1. Onuc kpucmanne cmpykmype jeoursera 12

Kparak mpernen kpucraigorpadCckux mojaraka 3a jenumeme 12 mat je y tabenu 16.
Jemumeme 12 caapxu Tpu mecTowraHa npcreHa. Juemapcku yrao msmel)y cpeauInmux paBHH
nBa ¢enun npcrera, C1-C6 u C9—C14, uznocu 81.50(5)°. OBu (eHMI MPCTEHOBU Cy CKOPO
OPTOTOHAJTHO OpHjEHTHCAaHM jedaH y omaHocy Ha Apyru. IIpcrem C15-C20 3ay3uma rotoBo
uaeanHy croanyacty koHpopmanujy. YribeaunkoBu aromu C15, C16, C18 u C19 xoju o6pa3yjy
OCHOBY OBOT MPCTEHA Cy MOTIYHO KOIUIaHApHH (KOPEH KBajJpaTa CpPelmer OJCTyIama aToMa
KOjH yiIa3e y cacTaB mpcTeHa 3 oxroBapajyhe cpemme pasuu je camo 0.0053 A). Atomn C17 un
C20 cy 3a —0.651(3) ommocno 0.593(3) A mnomepennm u3 cpemme paBHH KOjy YMHE
C15/C16/C18/C19 atomu.

Tabena 16.Kpucranorpadcku nopanu jenumema 12.

Emnupujcka gpopmyna Cy Hys N O

Morekyncka maca 325.39

boja, 06mmk kpucrTana Gesbojuu,
PU3MAaTHYHN

Bemiunna kpuctana (mm®) 0.48x0.33x0.23

Temneparypa (K) 293(2)

Tanacua nyxuna (A) 1.5418

Kpucrannu cucrem MOHOKJIMHUYaH

IIpoctopHa rpyma P2:/n

[Mapametpu jeaunuune henuje

a(A) 9.0772(3)

b (A) 17.1013(7)

c(A) 11.2214(4)

a () 90

B(°) 101.355(3)

Y ) 9

V (A?) 1707.82(11)

4 4

Deac (Mg/m®) 1.266

u (mm™) 0.679

0 moMmeT 3a cKyIubame nojaraxa (°) 4.78 o 72.38

Cakyrubene pediekcuje 6482

HesaBucue peduekcuje, Rin 3295, 0.0143

[Mormyroct (%) to 6 = 67° 99.9
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LlenTpanmHO MecTo y MoJiekyny 3ay3uma atom C8 koju obpasyje Hajayxxy C-C Besy y
jemumemy 12, C8-C15 = 1.553(2) A (taGena 17, ExcriepumenTanuu neo). Besa C4-C8 u cBe
octasie C—C Be3e y C15-C20 nmpcteny cy jemHoctpyke, unje ce ayxune kpehy ox 1.490(2) mo
1.527(3) A. Metun rpyna C7 je npuGmmxHo KomtaHapHa y ogsocy Ha C1-C6 denun npcren 6e3
063upa Ha moryhy porarujy oko C2—02 Bese [C3—-C2-02—-C7 top3uonu yrao je —3.6(3)°].

JIBa eHaHTHOMEpHA MOJIEKYJIa jeubema 12 cy MelhycoOHO moBe3aHa 1BeMa BOAOHUYHUM
Besama N1-H...O3'[N1-H, 0.93(2) A; N1...03, 2.987(2) A; H...03', 2.07(2) A; N1-H...03,
169(2)°; cumerpujcku xon: (i) —Xx+2,-y+1-z+1], npu yemy o00Opa3yjy UEHTPOCHMETPHYHH
pamemcku gumep (cmuka 23). Xwuapokcmnna rpyma Ol-H He oOpasyje HH jenHy Kiacudy
BOJIOHMYHY BE3y alli WIpa 3HAYajHy yiory y uHTpamoiekyickoj O-H...m wHTepakumju ca
H...C10 na pacrojamy on 2.70 A (cimka 24). ®ennn nperenosn C9-C14 o6pasyjy m...m

VHTEPAKIM]y Ca HOPMATHHM HHTEpILIAHAPHUM pacTojameM ox 3.49 A (ciuka 25).

Cruka 24. Xuapokcunna rpyna O1-H ydectByje y uarepmonekynckoj O-H...n uarepakunju. Metun
rpyna C7 Takole yuecTByje y HHTepMOIIeKyIcKkuM nHTepakiujama (C—H...w). TaukacTe nase
nuHHje o3Hauasajy C...H Bese ca pacrojamem kpahnm ox 3.0 A.
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Cnuka 25. Unycrpanyja «t...w uaTepakiuje Genmi-npcrenoBa C9—Cl4 y kpuCTalHOj CTPYKTYPH
jenumema 12. Unyctpanyja je gata y 1Be OPTOrOHAIHE MPOjeKLHje.
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Kpucranna ctpykrypa numepa jeaumemna 12 (cnuka 23) Hac je mojacTakia Ja HCIUTaMo
moryhu myt ¢opMupama jaBa eHaHTHOMEpHa anti mpousBona. [la Ou pacBeTIWIM MEXaHH3aM

OJIBH]jamba OBE PEaKIrje yImOTPeOIN cMO METOAy (DYHKIIMOHAJIA TYCTHHE.
2.3.2. Mexanucmuuko pazmampare Manuxoee peakyuje

[IpernocraBibeHH MexaHHM3aM 3a MaHUXOBY peaklujy u3Mel)y BaHWIMHA, aHWJIUHA U
[IUKJIOXEKCAHOHA KaTallM30BaHe jenumbemeM 9 je mpenctaBbeH Ha cxemu 25. Peakiuja nmounme
HYKJICO(DUITHUM HamaJoM a30TOBOI aTOMa aHWJIMHA Ha KapOOHWJIHY Tpyny BaHwiuHa. [locroje
nBa Moryha myra 3a oBaj Haman, U najbe dpopmupame R u S ammunHo anmkoxona. Ha oBaj HaunH
dbopMHUpaH 0-aMHHO ajJKoXxoJl 15 mojjiokaH je MPOTOHOBaWmY O CTPAHE TPHUETAHOIAMOHH]YM
jona. Ilocne mexuaparainuje MpOTOHOBAHOT aMUHO aJKOXoja, 1o0uja ce MUHMjyM joH 16. 3a
JaJbU TOK peakiyje u popMupame KoHauHUX npousBoza, RS n SR monoBo moctoje nBa moryha
nyta. llukimoxekcaHoH ce Tayromepu3yje y eHoiaHy ¢opmy u Hamaga C8 yrijbeHHMKOB aToM
MMHUHH]YM joHa, hopmupajyhu npoTtoHoBany ManuxoBy 6a3y 21. BogonukoB atom Be3zad 3a O3
aTOM KHCEOHHMKa W3 MHTepMeaujepa 21 ce coHTaHO MpeMellTa Ha XJIOpaleTaTHU aHjoH JOHCKe
TeuHocTH, Aajyhu xonadaH mpousBoxa peakuuje 12 (RS u SR). Tpeba narmacutu na ce oba
npekypcopa joucke teunoctr 9 (TEA u CIACH) ocnobahajy y Toky peakiuje, mro obe3dehyje
oOHaBJpame KatanmzaTopa. OBaj MpoHana3ak Cy MOTBPJAWIM W HaIIM €KCIIEPUMEHTH, KOJU CYy

MoKa3aJu /1a je Kopuiheme 0OHOBJFEHOT KaTanu3aTopa OUiIo yCHemHo.
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Cxema 25. TIpeTniocTaB/beHH MeXaHU3aM 32 MaHUXOBY peakiivjy u3Mel)y BaHUIINHA, aHUJIMHA U
IIUKJI0XCKCAaHOHA, KaTaJIM30BaHe jeAnmbembeM 9.

OnTuMu30BaHEe CTPYKTYpe MpelasHuX crama 3a R m RS myreBe cy mpeacraBibeHe Ha

ciunu 26, a mpeNa3Ha cTama Koja ce mojaBibyjy y S u SR myTeBuMa Ha cauim 27.
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14-R

Cnuka 26. OnTuMH30BaHe CTPYKTYpe Npelia3HuX cTama y R u RS myreBuMa ca HazHaueHUM
kpyLujanauM Mel)yaToMckuM pacTojamuma y (A).
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Cnuka 27. [Ipenasna crama Koja ce 1ojaBibyjy y S 1 SR myTeBnMa ca Ha3HaYeHUM KPYIIUjaTHUM
melyyatomckum pacTojamuma y (A).

HNutepMenujepu koju GUTrypHIry y 1e10] peakiuju 1aTh ¢y Ha ciaukama 28 u 29. [lopen

Tora, pe3yararu oaroapajyhux IRC npopauyna natu cy Ha ciaunu 30.
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Crnuka 28. UaTepMenujepu koju Gurypuity y R u S myTeBuMa ca Ha3HaAYSHUM KPYIIHjATHUM
melyyatomckum pacTojamuma y (A).
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Cruka 29. Untepmenujepu koju purypumty y RS u SR myreBuma ca Ha3HAYeHUM KPYITUjaTHUM
mehyatomcknm pactojamuma (A).
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e Vi Coondns

Cmuka 30. Pesynratu IRC npopadyHa 3a HeKa Ipejia3Ha CTamba.

Hamu KOHTpOJIHM €KCIepUMEHTH Cy TOoKaszalu na (GopmMupame o-aMHHO aykoxona 15
HUje Karanu3oBaHa peakiuja. HamMe, kama ce eKBUMOJIapHE KOJMYMHE aHWIMHA M BaHWINHA
MOMEIIajy 3ajeJHO, POU3BOJ peakiuje je Oouna camo Illudosa 0aza (cxema 26). Ilopen Tora,
KaJla ce KaTallM3aTop M LUKIIOXEKCAHOH J0/ajy peakiuonoj cmemu Gopmupame [lludose 6aze
ce Bumie He nemraBa. Ca apyre cTpaHe, Kaja Cce€ aHWIWH, BaHWIWH, IUKIOXEKCAHOH W

KaTaJim3aTop moMeniajy 3ajeano, hopmupame [lludose 6aze Huje mpumeheno.
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Cxema 26. VY cirydajy KaJa KaTaau3aTop HUje MPUCYTaH HeKaTaJIu30BaHa JexXuaparalyja HHTepMeanjepa
15 ce nemaa. Utepmenujepu 15-S u 15-R mponase kpo3 oaroeapajyha npenasna crama S u R u najy
ucty ludosy Oazy.

OBu ekcriepuMeHTaIHU TO/IalM YKa3yjy Ha To n1a je HykieodunHnu Haman N1 u3 anmimaa
Ha C8 u3 annmexuagHe rpyne BaHWIMHA, MpBa ¢asza peakiyje. OBy MPETIOCTaBKY Cy MOTBPAUIIE
BpenHoctd NBO naenextpucama 3a N1 (-0.824) u C8 (0.449). Ilopen tora, HOMO wmana
anmiuHa nokasyje na je HOMO nenmokanusoBana ca 3Hauajuum yaenoMm N1, noxk LUMO mama
BaHWJIMHA HECYMIbMBO TOKa3yje /a je eJIeKTPOH-HajaedummuTaparija 00JacT y OBOM MOJICKUTY
C8 (cnmka 31). ITyreBu R u S HacTaBibajy ce mpeko mpenasHux crama 14-R u 14-S, u Bozxe ka
dopmupamy R u S u3omepa 15 (15-R u 15-S). ¥V oba nmpenasHa crama 10ja34 10 CUMYJITaHOT
dbopmupama HoBe N1-C8 Bese, packunama N1-H Bese, u npenacka nporona Ha O4 kapOOHUITHY
Tpyny BaHWJWHA. AKTHBalMoHe Oapujepe mnpenazHux crama 14-R u 14-S cy mebhycoOHO
uaeHTH4He, u u3Hoce 146.9 ki/mol, wro ykasyje Ha To na je popmupame narepmennjepa 15-R u
15-S nopjennako ¢asopuzoano. Hose Bese, N1-C8 u O4-H y 15 (R u S) cy mormyHO

dhopmupane.
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Cnuka 31. HOMO-Marna anununa (rope sieBo) 1 LUMO-Mana Banununa (rope necuo). LUMO-Marna
UMHUHHU]yM joHa (noe jeBo) 1 HOMO-mana eHona (1omne AecHo).

Hama teopujcka ucnuTuBama Cy IMOKaszala jJa 3a oba m3oMmepHa HHTepMeaujepa 15
MIOCTOj€ [IBAa PEaKLMOHA IyTa. Y clyyajy KaJa KaTajlu3aTop HHje NMPHCYTaH HEKaTaJln30BaHa
nexuapatanvja uHTepMenujepa 15 ce memraBa. Mutepmemujepm 15-S m 15-R mponaze kpo3
oaroeapajyha npenasna crama S u R u aajy ucty lludosy 6a3y (cxema 26). Y oBUM npenazHuM
cramuMa, HoBa O4—-H Besa ce popmupa, nok ce ucroBpemeno C8-04 u N1-H Besze packunajy.
O06a mpena3Ha crama R u S 3axTeBajy penaTMBHO BHCOKe akTuBanuone Oapujepe ox 207.5 u
198.6 kJ/mol.

Jpyru peakiimoHu myT UHTepMeaujepa 15 ce memasa y mpuUCyCTBY JOHCKE TEYHOCTH Kao
Karanusaropa. [IpeTxojHa NCIUTHBaKka €TAHOJAMHHCKHX jJOHCKUX TEYHOCTH CYy ITOKa3aja Jja OHe
y MOJIApHUM pacTBapayuma Mmocroje y ooymky oaBojeHux jona [136]. Mmajyhu y Buay na cy ce
Hallle peakluje OBHjaJiec Y €TaHONy Kao pPEakIMOHOM MEIHjyMy, PEaJHO je OuYeKHMBaTH [1a
TPUETAHOJIAMOHHM]YM KaTjOH W XJIOpalleTaTHW aHjoH Oyay MPUCYTHU Y PEaKIMOHO] CMEIIIH.

Hamu npopauysn mnokasyjy ma [HTEA]®, xaTjockm neo joncke TeunoctH 9, dopmmpa
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BOJIOHMYHY Be3y ca mHTepMmeanjepom 15, majyhu matepmenujepue ctpykrype 16 (R u S, cxema
25, cmuka 28). YV o6a m3omepa 16 moctoje aBe Bomonmune Beze, OH..O u NH...O. Ose
BOJIOHMYHE Be3e cy ocTBapeHe npeko OH rpymne kaTjoHa 1 peHOIHOT KHCEOHUKA HHTEPMEIHjepa
15, u npexo N2-H Bese Tpueranonamonujym jona u O4 unrepmenujepa 15. YcmocraBibame
BojmoHMYHMX Be3a motBphyje m NBO ananusa oBor mHTepMenujepa. [Ipema oBOj aHanmu3w,
J0J7a3u 0 AETOKaU3alje eIEKTPOHCKE T'yCTHHE CIOOOIHOT EJIEKTPOHCKOT Tapa ca aroma
kuceonnka O4 y o*-antuBe3uBHy N2-H opOutany, kao U cioOOJHOT EJIEKTPOHCKOI IMapa ca
¢deHONMHOT KHCEOHHMKa y o*-anTuBe3uBHy O-H opOurtamy Tpueranonamonujym jona. TpeOa
HaroMeHyTH 1a je OH...O BogoHMYHA Be3a He3HATHO ciiabuja y n3omepy R (2.168 A) mero y S
momepy (1.983 A), 1ok je jaurna NH...O BogonnuHe Bese y 06a H30Mepa CKOPO UCTA U H3HOCH

oko0 1.85 A.

[Tocne ¢opmupama BOJOHHYHO Be3aHUX HHTepMmenujepa 16-R u 16-S, peakumja ce
HacTaBjba y3 TpaHcdep nporona ca N2 ma O4. [Ipenoc nmporona nparu packugame C8—04 Bese
u hopMHUpame UMUHHU]YM JOHA U MoJieKysa Bojae. OBU CUMYJITaHH MPOIECH JICIIABA]y C€ MPEKO
npenasHux ctama 17-R u 17-S y3 Hacrajame nnrepmeanjepa 18. O6a npenasHa crama 3aXTeBajy
mehycoOHO Bpno ciamyHe aktuBanmone Oapujepe on 69.2 m 69.9 ki/mol. OBe aktuBanmone
€HepTuje, Kao M OHE 3a Mpeja3Ho cTame 14, mokasdyjy aa hopmupame nHTepMenujepa 18 jennaxo
daBopuzoBano y oba myra (R u S). M3 mperxoaHO HM3II0KEHOr ce BHIAHM Ja JeXHaparaldja
uHTepMmenujepa 15, omgHocHo Qopmupame IlludoBe 0Oa3ze 3axTeBa BUCOKY aKTHUBAIMOHY
Oapujepy. AKO ce OBOME joII MPHJIOJA U UYMICHHIIA J1a CE peakiyja JaeniaBa Ha COOHOj
TEeMIIepaTypH, JaCHO je Ja je o0pa3oBame MMUHHUJYM joHA 18 y MpUCYCTBY JOHCKE TEYHOCTH 9 Kao
KaTaJiu3aTopa JIOMHHAHTHU PEAKIMOHW TyT TpaHchopmanuje uHTepmenujepa 15. Ha ocHoBy
OBHUX YHILCHHMIIA MOXE C€ 3aKJbYUMTH Ja C€ OBaj Jeo MaHMXOBe peakluje JAeliaBa IPeKo

KaTaJIn3€¢ BOOAOHHNYHHUM BE€3aMa.

3a ajbu TOK peakiifje, MPETIIOCTaBIhaMo Jia C€ IIMKOXEKCAHOH TayTOMEpHU3Yyje y CHOIHY
dbopmy, u Hamaga yribeHukoB arom C8 mMunMjyM joHa. OBY mpernocTtaBky cy notepamia NBO
HaenekTpucama Ha C8 mMunujym jona (0.287) u C15 u3 eHoaHOr 00JMKA IUKIOXEKCaHOHA (-
0.310). Iopen Tora, va LUMO manu uMuHHjyM jOoHa ce MOXE BHJICTH Ja je €ICKTPOHHMA
Hajneummrapanju arom C8, a Ha HOMO manu eHonata je enekTpoHHMa Hajcy(QHUIUTapHHU]U

arom C15 (ciamka 31). Hama uctpakuBama Cy MoKasajiga Ja €HOJ U MMHHHUjyM jOH MPBO Ipaje
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peakmnuone komruiekce (cxema 25): uarepmenujep 19-RS y RS myry u uarepmenujep 19-SR y SR
nyty (cnmuka 29). ¥V oBum peaknmonnM komiutekcuma O3 W3 eHojia ydecTByje y rpaljemy
BosloHMYHe Be3e ca H Bezanum 3a N1 umunujym jona. Bogonuuna Be3za y 19-SR je He3HaTHO
jaua (2.666 A) mero y 19-RS (2.875 A). Ilpemasna crama 20-RS u 20-SR 3axteBajy
aktuBanuone eHepruje ox 53.0 u 52.4 kJ/mol, mwto ykasyje Ha To 1a je popMHpame CTPYKTYpe
o0a mpena3Ha crama mojjenHako ¢aBopuzoBaHo. Mehyrum, kama je ped O CTEpeOXEeMH]H,
MI0CTOj€ 3HauUajHe pasiuke u3Mel)y oBa qBa mpenasHa crama, nomro C8 u C15 mocrajy xupamHu
y oBoj ¢a3u peaknmje. Hamme, y mpenaznom cramy 20-RS C8 mompuma S a C15 R
KoHpurypamnujy, nok y mnpenasHom cramy 20-SR C8 cruue R, a C15 S kondurypamujy. YV
nzomepuma unrepmenujepa 21 (RS u SR) HoBa 6 C8-C15 Be3a je moTnyHo dopmupaHa, 10K Cy
n-Be3e N1-C8 u C15-C20 nornyHno packunyte. bpojHu mokymaju ga ce Hal)e mpena3Ho CTambe
3a ancrpakuujy npotona u3 O3-H Besze untepmenujepa 22 nomohy XJI0palaTHOT aHjoHA JOHCKE
TeyHocTH Omnm cy Heycrnemnu. Ca apyre crpaHe, MOKYIIaj Jla ce ONTHMHU3Yjy 00a m3omepa
uHTepMenujepa 21 3ajemHO ca XJIOpalleTaTHUM aHJOHOM JOBEO j€ JI0 CIIOHTaHOT Ipejiacka
nporoHa ca O3 Ha xjopaneraTHd aHjoH. Ha oBaj HauMH ce JONIIJIO 10 HMHTEPMEIIN]EPHUX
cTpykrypa 22-RS u 22-SR. Y oBuM mHTepMenujepuMa MpoTOH XJIOpcupheTHe KUCETUHE Ipaau
BOJIOHMYHE Be3e ca KoHauHuM mpom3Boguma (12-RS u 12-SR) ose anti-cenextuBHe MaHUXOBE

peakmuje.

24. TIlpumena Hekux gueTaHoJaMUHCKMX HW N, ,N-auermjieraHoJaMHUHCKHX

JOHCKHMX TeYHOCTH Y XeKOBOj peaKkuuju

[Ipenmer naseer UcUTUBama Ouia je MOryhHOCT MpUMEHE paHHje CIIOMEHYTHUX JOHCKHX
TEYHOCTH  JUeTaHoNaMoHujyMm-anierata (1), nueranonamonujym-xmopuaa  (4), N,N-
nuetuietaHonamonujym-amnerata (5) u N,N-gueruneranonamonujym-xiaopuaa (7) y XekoBoj
peakmuju [141]. ¥V Tom mmiby, moTpeOHO je OMIIO YTBPAUTH Ja JIH C€ OBE JOHCKE TEYHOCTH MOTY
KOMILJIEKCUPATH ca majaaujymoM. Tako je u3BeneHa peakuuja usmely PACl, u joncke Teunocu 1
Ha 55 °C, npu uemy je 100MjeH HapaHIACT pacTBOP M3 KOT je HAKOH JBa JaHa MCKpUCTaaucana
KyTO-HapaHiacTa cyrncranna. Ha ocHoBy 'H NMR u IR CHEKTPOCKOIIH]ja, KA0 U Ha OCHOBY
eJIEeMEHTAIHE aHaJIu3€e, 3aKJbYUCHO j€ Jla CTPYKTYypa JTOOHMjEHOT KOMILJIEKCa OJIroBapa CTPYKTYpH
trans-auxnopoouc(naueranonamut-N)nanaaujym(1l)-kommaekca (trans-[PdCI,(DEA);]), xoju ce

Beh mokaszao kao edukacaH karanmzarop Xekose peaknuje [142,143]. Kana je Ha ucTH Ha4WMH
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u3BeaeHa peaknuja ca PACl, um joHckom Tteunoctn 4, mo0OujeH je AMETaHOJAMOHH]yM-
terpaxiopo-nanagar-(IDkommiexc  ([HDEA][PACl]). Ha ocoy ‘H NMR u IR
CIIEKTPOCKONHja, Ka0 U Ha OCHOBY €JIEeMEHTAJIHE aHalu3e, NOoTBpheHa je cTpykrypa Jo0HjeHor

KOMIIJICKCA.

Crpykrypa [HDEA],[PdCl,;] xommutekca je momaTHO MCIUTaHAa M KOPHUITHEHmEM METoaa
¢byukunonana rycrune [144]. OntuMu30BaHa CTPYKTypa KOMILIEKCA IIPEACTaBIbeHa j& Ha CIUIIH

32.

Cnuka 32. OnrumusoBana crpykrypa [HDEA]L[PACI,] xommekca ca omucanom LUMO marmom.

Ha ocHoBy oBora ce moxe pehn ma amjon [PACl]® mocenyje kBampaTHO-IIaHApHY
KOOpJAMHAIN]Y, P YeMy YEeTHPH XJIOpPHUJHA aHjOHA JIeXKe Yy €KBAaTOPHjaHO] paBHM, JOK JBa
POTOHOBAaHA JHETAHOJAMUHCKA KaTjoHa (opMUpajy BOJOHUYHE Be3€ Ca XJIOPUIO JUTaHANMA.
Cis-xmopuo auranan odpasyjy ca manaadjymoMm yrao Bese o 90° a trans-xjopuao JUraHiu
yrao ox 180°. Iyxuna Pd-Cl Bese uznocu 2.40 A, ok pacrojame nzmeljy xnopumo auranana u
Iy)KMHE BOJIOHMYHMX Be3a ca a3oToM cy y obmactu ox 2.10-2.15 A. NBO amammsa osor
KOMILIEKCa TOKasyje ga cy koaiente Pd-Cl Bese ca xuGpmmnmm cacraBom 0.41(sp?d)pqg+
0.91(sp>*%)¢). Cumxena nonymenoct o Pd-Cl opburana (1.90) je mocneauua aenoxanusaryje
€JIEKTPOHCKE TYCTHHE U3 CBAaKE G-BE3WBHE OpOUTANE Y trans-c~ Pd-Cl AHTHUBE3WBHY OpOHUTATY,

IITO je y CKJIany ca yoOn4ajeHOM XeMH]jCKOM CIMKOM JIeTOKATTM30BaHUX XEMH]CKHX CHCTEMA.
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Ycenemro komrmiekcupamwe PACl, ca oBUM jOHCKMM TEUHOCTHMa, HaBEIO HAc je Ja
HCMIUTaMO €(UKACHOCT THX KaTaJUTUIKUX CHCTEMA Y ,,3eJIeH0] XeKoBoj peaknuju. Peakiuja je
u3BeneHa Oe3 ymorpebe aamtuBa (Hajuermthe 6a3za momyr CH3zONa, CH3;COONa, NaHCOs,
K;CO;, Et3N, mmm HEKMX aMOHHjJYMOBHX COJHM), KOjU C€ J0Aajy Kako OW CTa0MIM30Baliu
katauTuuky aktuBHy Pd(0)-Bpcty. ¥V Hamem ciydajy, ynmotpedsbeHe JOHCKE TEYHOCTH CY, CaMe
mo cebu, Omsie cBe — U 0a3e U aMOHU]JYMOBE COJIM M areHCH KOJU MMOOWJIN3Y]y M CTAOMIH3Y]y
karanutruku akTuBaH Pd(0)-kommuiekc. [Tonasehu o unmeHuIe aa cy HeKe JOHCKE TEYHOCTH ca
TeluMjapHUM aTu(PaTHYHUM aMUHOM Y KaTjOHCKOM Jely IMpHUMemeHe y XEKOBO] peakUuju
[146,147], npermocraBuau cMo jga he oBa peaknuja Outh ycrmemHo u3BeaeHa u y N,N-

TUETUIICTAaHOJIAMOHHU]YM XJIOPHIHO] JOHCKO] TEYHOCTH.

[Tokazaino ce ga ynorpeba 1,5 mmol%-nor pactBopa PdCl, y joHckum Teunoctuma 1, 4,
5 u 7 u temriepatypa oz 100 °C, mpeacTaBsbajy onTUMaIHE PEaKIIMOHE YCIOBE. Y UCITUTHBAHUM
peakijaMa, Kao apuii-XaJOreHWAU YIoTpeOsbeHU cy joadeH3eH u OpomOeHseH. HbuxoBa
KOHBep3Wja Ouiia je MOTIyHa a CEeJIeKTUBHOCT oanuyHa — 99% y kopuct trans-mpowusBoja.
JloOujeHn MpOM3BOJM pEaKIHje Cy H30JI0BaHU MPUMEHOM CTyOHe Xpomatorpadwuje. [IpuHoc
NOOMjeHUX MPOM3BOJIA Yy alleTaTHUM JOHCKUM TeuyHocTuMa 1 m 5 Omo je Bpyio nobap — mpeko
94%, ok je mpuHOC JOOHMjeHUX MPOU3BOAA Y XJIOPUIAHUM JOHCKUM TeuHOCTUMA 4 1 7 OMO HEITo
Hwkn (tabena 18). IlpermoctaBibamMo Ja je pasiior 3a TO TEKa KOHBEp3Hja IpeKaTain3aropa
[HDEA]2[PdCl4], moGujenor in situ, y KaTaluTHYKH aKTHBHY BPCTY, MOMITO j€ MalaaujyM

KOOPAWHATUBHO 3acuhiel XJIOpU IO JIMTraHaAnuMa.
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Tabemna 18. [1anaaujyM-KaTaan3oBaHa XeKOBa peaklyja y pa3InuuTHM jJOHCKMM T€YHOCTHMA.

IL, PdCl,, 100 9C

CsH:X + CH,=CHR » C . H;CHO=CHR
Ge3 pacTRapava
0e3 Jiurania

0e3 baze
p-6. CeHsX R Joncka Bpeme [punoc
TEYHOCT (h) (%)?
1 CeHsl COOCHj; 1 12 96
2 CesHsBr COOCH; 1 16 94
3 CeHsl COOC;Hs 1 12 95
4 CesHsBr COOC;Hs 1 16 93
5 CeHsl COOC4Hy 1 12 96
6 CeHsBr COOC,Hy 1 17 91
7 CeHsl COOCH; 5 13 95
8 CesHsBr COOCHj; 5 17 92
9 CeHsl COOC;Hs 5 13 95
10 CesHsBr COOC;Hs 5 17 91
11 CeHsl COOC,Hy 5 13 95
12 CesHsBr COOC4Hy 5 18 90
13 CeHsl COOCHj; 4 12 90
14 CeHsBr COOCHj; 4 16 88
15 CeHsl COOC;Hs 4 12 90
16 CeHsBr COOC;Hs 4 16 87
17 CeHsl COOC4Hy 4 12 90
18 CesHsBr COOC4Hy 4 17 86
19 CeHsl COOCHj; 7 13 89
20 CesHsBr COOCH; 7 17 85
21 CeHsl COOC;Hs 7 13 88
22 CesHsBr COOC;Hs 7 17 87
23 CeHsl COOC4Hy 7 13 88
24 CeHsBr COOC,Hy 7 18 86

*M3omnoBanu npuHoc; Camo je trans-mponssos aetextoad "H-NMR-criektpockonujom.

Ha ocHOBy noOujeHux pesynaTaTa ce MOXKE 3aKJbyUWUTH Jla je OBAaKO H3BeIcHa XEKOBa
peakiMja yclemiHa W Ja TNpejacTaBba yHamnpelheme XeKoBOI MPOTOKOJa, TJIEAAHO Ca BHIIE
acriekara: a) ynotpebsbeHa jOHCKa Te4HOCT yop3aBa pactBapame PACl, u oarosapajyher Pd(ID)-
npeKaranu3aTopa, 0) KaTaTuTHYKA CUCTEM OCTaje HEMPOMEHEH TOKOM peakiuje (He J0Ja3u 10
10jaBe TaJOXKeHa I[PHOT MajaanjyMa), B) ynoreda joHcke TedyHocTn noehaBa crabumnoct Pd-
KaTajn3aropa, YuMe My ce MpojJyXaBa >KUBOTHH BEK TOKOM peakiuje, r) IL-Pd karanutuuxu

CHCTEM C€ MOXE JEeJHOCTaBHO pereHepucaTtd, a TMPOU3BOAM JIAKO OJBOJUTH IPOCTOM
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EKCTPaKIMjoM (IMeTUI-eTap/N-XeKcaH) M JICKaHTOBAamkEeM W3 peakimoHe cmemre. Ha cmunm 33
npeacTtaB/beHa je OudazHa cmema [L-Pd karamurmukor cucrema (IOHmH CIIOj) U OpPraHCKOT
ropmer cioja (auerui-erap/ N-XeKcaH), IPH YeMy je pacTBOPJHUBOCT KyTO-HapaHyactor Pd-

KaTaJn3aTopa y JOHCKO] TEYHOCTH OYHTJIeTHA.

Cnuka 33. budasna cMeria joHCKa TEYHOCT — TANIAJIAjyM KaTaJTUTHYKH CUCTEM (JOFHH CII0j) U
JTUETUII-eTap/XeKcaH (TOPLH CII0j).
Hakon ekcrpakiyje MTpoW3BOJa U3 pEaKIMOHE CMEIle, KAaTAIUTUYKA CHCTEM e
pereHepucan MU ymnoTpeO/beH y HOBO] XekoBoj peakuuju. IL-Pd xaramutuuku cucrem je
pereHeprucan TpU MyTa 0e3 3HaudajHHjer TyOMTKa y aKTUBHOCTH (IPUHOC MPOU3BOAA PEaKIIH]e

KYIUIOBama 610 je 10 5% Huxu).

2.5. TpueraHo1aMOHMjyM-aneTaT Kao MYJTH(PYHKIHUOHAIHA jOHCKA TEYHOCT Yy

NaJaJMjyM-KaTaJIu30BaH0j 3eJIeHOj XeKOBOj peaKuuju

[IperxoaHa WCIHUTHUBAma YTHIAja HEKUX CTAHOJAMUHCKHX JOHCKMX TEYHOCTH Ha TOK
XeKoBe peakiiuje, Koja Cy BpIIeHa y HaIlllo] HCTPaKMBAUKO] JIAOOPATOPHjH, TOKa3ana Cy Jia ce
OBa jelumbema, W muMa oarosapajyhu Pd(Il)-xommiekcu, moHamiajy kKao Bpio ehHKACHH
karanutuakn cucremu [141]. Wmajyhm oBO y BHIy TpPETIOCTaB/EHO j€ Ja W
tpueraHojamonujym-anerar [TEA][HOAC] (8) moxe Outu mo0ap peakiMoHd MEIujyM, a Jia
trans-auxnopoouc(rpueranonamun-N)nanaaujym(Il)-kommiaeke  (trans-[PACI(TEA),])  moxe
OMTH TPEKypCcOp KaTaJIUTUYKU AaKTUBHE BPCTE y XEKOBO] peakiuju. Y IHJbY TECTHpama
eUKaCHOCTH KaTamuTU4kor cucrema joHcka TedHocT/Pd(Il)-kommuiekc, XekoBa peakinuja je
M3BEJICHA Ca apWiI-XaJOTEHUIUMa joJ0CH3eHOM U OpOMOEH3EHOM U Pa3IMYUTUM aKTUBUPAHUM
oneunuma (MeTHiI-, eTi- u Oytuia-akpuiar) y [TEA][HOAC] na 110 °C u ca 2 mol% PdCl,

[148]. Toxom peakuuje nocturayra je 100% xkoHBep3uja akpwiata y trans-mpousBoa u
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cenekTuBHOCT 071 99%. [IpuHoc no0ujeHnx npousBoaa je 6uo Bpio nodap (90-93%, Tabena 19).
Takohe, XekoBa peakiyja je W3BEJACHA M Yy OJICYCTBY JOHCKE Te4HOCTH, mpu udemy je TEA

KopuiheH Kao peakIMOHU MEIUjyM.

TabGena 19. IlanagmjyMm-kataau3oBaHa Xe€KOBa peakUdja y Ppa3IddUTHM
PEaKIMOHUM MEIHjyMHUMA.

2 mol% PdCl,, 110 °C

ArX + CH,=CHR »  ArCH=CHR
- [TEA][HOACc] unu TEA
p.0. ArX R PactBapaa  Bpewme (h)  Ipunoc (%)
1 CeHsl COOCH; 8 12 93
2 CgHsBr COOCH; 8 14 90
3 CeHsl COOC;Hs 8 12 93
4 CgHsBr COOC;Hs 8 14 91
5 CeHsl COOC4Hq 8 12 93
6 CeHsBr COOC4Hq 8 14 90
7 CsHsl COOCH; TEA 12 81
8 CsHsBr COOCH; TEA 14 77
9 CsHsl COOC;H;s TEA 12 80
10 CsHsBr COO C,Hs TEA 14 75
11 CsHsl COOC4Hq TEA 12 80
12 CsHsBr COOC,Hq TEA 14 75

® MI30110BaHH IPHHOC; caMo trans-mpoussos je nerekrosan "H NMR crieKTpockomujom

Ha ocHOBy noOujeHHx pe3ystaTa MOXKE Ce 3aKJbY4MTH Ja je y npucyctBy TEA mpunOoC
OMO HIDKH, IITO C€ MPHUIHKCYje KOHKYPEHTHO] peakiija MoJuMepu3alyje, U aa je yrnorpeoom
JOHCKE TEYHOCTHM 3HA4ajHO YHarpeheH NpoTokon XeEKOBe peakmuje. YHoTpeO/beHa jJOHCKa
TEYHOCT oJjakmaBa pactBopsbuBocT PdACly a, Takohe m pactBopspMBOCT M crabuiHOoCcT Pd-
KaTaln3aropa, YMMe My ce MpoAy)kaBa >XKMBOTHH BeK TOkoM peakiuje. IL-Pd xaranmutuuku
CHUCTEM MOJE C€ JE€JHOCTaBHO pEereHepucaTt, a MPOU3BOAM JIAKO OJBOJUTH IPOCTOM

EKCTPaKIIMjOM | JICKAaHTOBAEM U3 PEAKIIMOHE CMEIIIC.

Hakon ekcTpakiuje MpoOW3BOJa U3 PEAKIHMOHE CMEIIe, KAaTaJTUTHUYKA CHCTEM je

pereHeprucan u ynorpebsbeH y HOBOj XEKOBOj peakiuju. JoHcka TeuyHocT — Pd kaTanmuTudku
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CHUCTEM j€ pereHepHcaH TpU IyTa Oe3 3Ha4yajHOT T'yOWTKA y aKTUBHOCTH (IIPUHOC TPOU3BOJA

peaxiyje KymioBama je 0uo 10 5% mamn).

Y uusby ofjammema MEXaHM3Ma OJMTpaBaka OBE XEMHUJCKE peaklidje MpUMEHEHa je
Metoaa (yHkiuoHana ryctuHe. CTpyKTypa jOHCKe TEYHOCTH 8 Koja je kopuinheHa y OBOj

peakIuju je IpUMEHOM OBE MeToie Beh o0jalimeHa y MPeTX0IHOM eIy paja.
2.5.1. Mexanuzam ¢popmupara Pd(Il)-komnnexca

VY musby pacBeTJbaBama CTPYKTypa U MexanusMa ¢popmupama Pd(Il)-npexaranuzaropa u
karanutuuku aktuBHe Pd(0)-Bpcre in situ, momohy metozne GpyHKIIMOHANA TYCTHHE aHAIM3HpaHa
je peaknuja usmehy jenumema 8 u PdCl,. McemocrtaBuio ce na je y oBoj peakuuju Moryhe

dbopmupame a8a komruiekca, 1 To Pd-N,N u Pd-N,O-kommiekca (cnuka 34, cxema 27).

trans-[PACL(TEA),] O3 trans-[PdCL(TEA),]
(Pd-N,N-koMILekc) (Pd-N, O-koMmnekc)

Cnuka 34. OntumusoBane reomerpuje trans-[PdCl,(TEA),] kommiekca (Pd-N,N u Pd-N,O-kommnekca).

O3HaueHa MeljyaToMCKa pacTojama y Mpella3HUM CTakbhMa U MHTEPMEAHjepuMa, Kao H
YKYIIHA €HEepTHuja, CHTAINK]ja U cI000/IHA EHEpPTrja CBUX PEJICBaHTHUX BPCTa JaTe Cy y Tabenama

20 u 21 (ExcriepuMeHTaIHH J€0).
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[TEA|[HOAc] + PdCl; ——

AcOH

AcOH AcOH
trans-[PdC1(TEA),] trans-[PdCL(TEA),]
(Pd-N,N-koMIIeKc) (Pd-N, O-kommnekc)

Cxema 27. TlpernoctaBibenn Mexanuszam popmuparma Pd-N,N u Pd-N,O-komruiekca.

NBO ananuza PdCl, moka3syje aa je atrom Pd enektpoH nedwunmrapan, jep ce y d-
opOuTanama Haja3e caMo YeTHpHU ellekTpoHcka mapa. Ca npyre crpane, Ha HOMO manu (ciauka
35) je mpencTaBibeH EIEKTPOHMMA HajcyPUIUTApHUjU 1e0 Mojiekyna 8, Tj. atoM a3ota (N1).
[Topen oBux unmenuiia, NBO naenexkrpucama Ha Pd (0.750) 1 na N1 y 8 (-0.582) uny y npusor

npeTrnocCTaBlu O CJ'IGKTpO(I)I/IJ'IHOM Harany l'IaJ'IaI[I/ij'Ma Ha a30T jOHCKe TCYHOCTH.

Crnuka 35. HOMO wmara joHcke Te4HOCTH 8.
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OBa mpeTnocTaBka je moTBpheHa ONTHUMHU3AIIHjOM CTPYKTYpE Ipea3Hor crama 23 (cxema
27), Koje 3axTeBa eHeprujy aktuBanuje ox 127.0 kJ/mol (tabena 21, EkciepumenTantu aeo). Y
oBOM TipenazHoMm ctamy Pd-N1 Besa ce dopmupa, nok ce Beza N1-HI y mormyHocTH packuma
(rabena 20, Excniepumenrtanuau neo). Besa O1-H1 ce mornyno ¢opmupa, mro ykasyje Ha TO Ja
MOJICKYJT CHpheTHe KHCETMHE HAIyIITa PEeaKIMOHW CUCTEM Kao MOJIEKYN pacTBapava. Hakon
OBOTI'a TPU-KOOPAWHOBAaHU HHTepMenujep 24 ce popmupa (cxema 27). MlHaue TpU-KOOPIHHOBAHH
KOMIUICKCH Talajujyma Cy JO0CTa WCIHTUBAaHW W TO3HaTH y Juteparypu [149-153]. NBO
aHaAJIM30M OBOT MHTEpMeujepa yTBpHEeHO je Aa JOHOPCKH aTOMU JIMTaHaja, TAYHHUje CI000IHU
€JIEKTPOHCKM TMapoBH Yy p-opOuTanama a3zoTa, ydecTByjy ca mnpexko 80% y Be3ama ca
nanaaujymoM. [IprucyTHa je CHakHaA JelToKalu3airja eleKTpoHCKe rycTuHe u3 cBake Pd—Cl Bese
y cycenny o*-antuBesuBHy Pd—Cl opOurany, kao u u3 Pd—N1 y ob6e c*-antuBesuBue Pd—Cl
opbOutane. Ilocnenuia nenokanuzanuje jé CMambeHa MOMYHBEHOCT OpOHTala OKO MallagujyMma.
ATOM mayiamyjyma joml yBEK ,,[Toceayje’ YeTHpH eJEKTPOHCKa Tapa, Ia je cTora eJIeKTpOH-
nepunurapan. LUMO wmamna wHTepMenujepa 24 mpeacTtaB/beHa Ha ciaui 36, kao u NBO

aHanmu3a, uctuay atoM Pd kao moryhu enextpoduir.

Cnuka 36. LUMO mana uarepmenujepa 24.

Kao mto je Beh momeHyTo Hamla UCTpakMBama OTKPUBAjy J1Ba MyTa 3a €NEKTPOPHIHU

Hanax Pd Ha untepmenujep 24 u 1pyru Mosiexysn 8.

ITpBu myt, roe Pd mamama a3or, AemiaBa ce MpeKo Mpera3Hor crama 25 (cxema 27).
Enepruja morpebHa 3a (opmupame oBor mpenasHor crama je 139.7 klJ/mol (rabema 21,
Excnepumenrannu aeo). Beza Pd-N2 ce popmupa Ha cruaH HaYMH Kao y MPENIa3HoOM cTamy 23,
JOK ce BojgoHu4Ha Be3a N2—-H2 mormyHo packuaa (cxema 27, tabema 20, ExcriepuMeHTamHu

7Ie0), IITO 3HA4YM Ja cupheTHa KHCelIMHA MOHOBO HAIyITa PEAKIMOHU CHUCTEM Kao MOJIEKYII
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pactBapaua. Ha oBaj HaumH je Pd-N,N-kommiaekc obpasoBan (ciuka 34, cxema 27). Muaue, Hamu
eKcriepuMeHTH cy U notBpauin dopmupame Pd-N,N-komruiekca 3a Bpeme Tpajama XEKOBE
peaknmje. Mnentudukanuja osor komiiekca je mnorBphena mopehemem NMR crnektpa
peakmmone cmemnre ca NMR cnektpom moce6Ho nobujeHor Pd-N,N-xomrmiekca y peakuuju
PdCI, u joncke Teunoctu 8, momemnianux y MoiapHoM oaHocy 1:2 u 3arpeBanux Ha 100 °C. Pd-
N,N-komruiekc moceayje KBaapaTHo-TiaHapHy reometpHjy. [Ipema NBO ananusu nanaaujym je
szd-XI/I6pI/I,Z[I/I30BaH, U Tpajy KOBAJIEHTHE Be3e ca 00a a30TOBa M XJIOPOBA aroMma. Sp3-Op6HTaJ1a
aToMa XJopa U CKOpO 4YucTa P-opOuTana a30TOBOT aToMa Yy4ecTBYjy ca oko 85% y Be3ama ca
nanaaujymoM. [IprcyTHa je CHa)kHa JesToKalu3alyja eIeKTpOHCKe TycTuHe n3 cBake Pd—N Bese
y cycenHy o*-antuBesuBHy Pd-N opOurtany. Ilociexawma penmokanusaiuje je cMmameHa
nonymweHoctT Pd—N opOutana (1,86).

Jlpyru myT ce JemiaBa IMpeKo mpenasHor crama 26 (cxema 27) y kome Pd wu3
WHTEepMeaujepa 24 Hamana KUCEOHUK MOJieKyna 8, 3a miTa je moTpeOHa eHepruja aKTUBAIH]e O]
85.8 kJ/mol (tabema 21, ExcriepumenTanuu aeo0). Y oBoMm mpenasHom cramy Pd—O3 Besa ce
dopmupa, a0k ce BojgoHW4HAa Be3a N2-H2 mormyno packuma (cxema 27, Tabema 20,
Excniepumenrtannu neo). Ha oaj maunn Pd-N,O kommnekc je ¢popmupan (cxema 27). OBaj Hamn
3aKJbYYaK j€ y CarjlaCHOCTH ca paHuje o0jaBibeHUM paaoM [154] koju mokasyje ma ce Mmporecu
JEPOTOHOBAA AIKOXOJIHE TPYIIE U KOOpAMHAIM]ja KuceoHuka 3a manaaujym(Il) mory onsujatu
yak 1 y cinabo kucenoj cpeaunu. Takohe, BaxHO je wcrahm aa je Tokom peaknuje pH Gmiio

npuOIMKHO 6, ITO yKa3yje U Ha popmupame anetatHor nydepa (AcOH/[TEA][HOACc]).
2.5.2. Mexanuszam gpopmupara Pd(0)-komnnekca

[TomTo ce, Ha OCHOBY aHaNMKM3€ CTAOMIIHOCTH JTIOOMjEHUX KOMIUIEKca, Moka3ano aa je Pd-
N,O-xommnekc 3a 31.4 kJ/mol mame crabuman on Pd-N,N-kommuiekca (mro je BEpoBaTHO U
pasJior 3amTo HUje UACHTU(PHUKOBAH y PEaKIIMOHO] CMEIIN), IPETHOCTABHIN CMO Jia OH MOJIeKe
1aJboj TpanchopManuju u 1a aaje Katanutiuuku aktuBad Pd(0)-komiutekc (cxema 28). Omabpana
MelyaTroMcka pacrojama y NMpeja3HUM CTalkbhMa M WHTepMEIujepruMa jaTta cy y Ttabdenu 22 'y
ExcnepumeHTanHOM Jelly, a YKyIHa €Hepruja, eHTalnuja u ciro0oJHa eHepruja CBUX

peneBaHTHUX BpcTa y Tabenu 23 (EkcriepuMeHTalIHu J1€0).
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AcOH/[TEA][HOAC]

Pd-N,O-goMnnekc

Cxewma 28. TIpetniocraBibern MexauuzaM opmupama Pd(0)-komruekca.

NBO anammza Pd-N,O-xommiekca mokasyje na Pd oOpasyje xoBajeHTHe Be3e ca o0a
aTroma xjiopa u a3otoMm (ciuka 34). V Beszama ca majiagnjyMmoM P-opOHTaie JOHOPCKHX aroma
nmuranana y4dectByjy ca oko 80%. Koopaunartuaa Pd—-O3 Besa ce popmupa nenokanmzaiyjom
enekTpona u3 opGurame O3-H3 Bese M cI06OIOr eIEKTPOHCKOr mapa Kuceonnka (O3, sp-
opburana) y ¢opmanHo mpa3Hy pP-opOurtany (ca mMaauMm S W O MemameM) Ha MajgagdjyMmy.
Taxolje, OCTOjH AEIOKATH3AIM]a SINEKTPOHCKE TYCTHHE U3 SP -opOuTane O3 y 6*-aHTHBE3HBHY
Pd-N1 op6urany. [Ipumeheno je na ce Pd-N1 Be3a nenokanusyje y ooe c*-antusesusue Pd—Cl
opOutazne. 3aTo je TMOMyHEHOCT CBUX Be3a oko mamaaujyma cmamwena (1.90). NBO anamuza
takohe moka3zyje nma je O3—-H3 Besza mocra momapua (NBO naenextpucama O3 u H3 usnoce -
0.697 u 0.517). Umajyhu y Buay na je O3 xoopamHatuBHO Be3aH 3a Pd, u ga je H3 kuceo,
cMarpamo Ja aneTratHu nydep Moke mpey3eTd oBaj mpoToH. OBa Halia MpPETHocTaBKa je
MoTBphjeHa yCrenHoM onTuMu3aiujomM uarepmeanjepa 27 (cxema 28). Ha ocaoBy NBO ananmse
WHTEepMeaujepa 27 MOXKe Ce BHJETH Ja P-OopOuTalie JOHOPCKHX aTroMma JIMraHaJa y4ecTBYjy ca
npexo 80% y Be3zama oko manmaaujyma. Csaka Pd—Cl Besa nenokanusyje ce y cyceiHy o*-

antuBe3uBHy Pd—Cl opOurany, nok ce Pd—O3 Be3a nenokanusyje y ooe 6*-antuBesuBne Pd—Cl
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opourtane. Croboman enekTpoHCkH map ca N1 genokanusyje ce y o*-antuBesuBHy Pd—O3

opOuTay.

[MperxoaHa wWcTpakMBama mporeca mnpeaktuBaruje kommiekca trans-[PdCIly(DEA)]
[143,155] cy mokazama na B-Bomonwk (y omaHocy Ha Pd) mma aduHUTET KOOpIMHOBama 3a
nanagujym. Ilomro H4 uma HajmOBOJBHMjM TOJNOXA] 3a TO, MPETIOCTABMIIA CMO Ja je
HykieopwtHn Hanaa H4 Ha mamamujym cienehu xopak oBe peakiuje. Hamra mpermocraBka je
NMOTBph)eHa ONMTHMHU3AIMjOM CTPYKType mpeia3Hor crama 28 (cxema 28). Pesynratr IRC

MpopavyyHa 3a Ipeia3Ho cTame 28 MpuKa3aH je Ha ciauiy 37.
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Ciuxka 37. Pesynrar IRC npopauyHa 3a npesasHo cTame 28.

3a Gopmupame mpenazHor crama 28 HEOMXOoHO je JOCTUhY aKTHUBAIMOHY Oapujepy of
141.9 kJ/mol, (tabemna 23, ExcriepumenTantu a¢0). Y oBoM mpeiasHoMm cramy Pd—03 u C1-H4
Be3e ce y MOTIYHOCTH packuaajy, 1ok Pd—H4 Besa nacraje (Tabena 22, ExciepuMeHTannu 1eo).
Baxno je mcrahm ma ce BOJOHHWK MpEeMeEINTa Ca YIJbEHUKOBOT Ha MAaNagdjyMOB aToM Kao
xuapuaHu aHjoH. OBaj TpaHcdep JAOBOIU 10 HACTAHKA WHTEPMEIUjepHE CTPYKType 29a (ciuka

38).
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Cnuka 38. OnTuMuzoBane cTpykType 29a u 31a — crpykType go0ujeHe onTuMHu3anyjoM KOHAYHOT
npou3Boja peakuyje npeaktusanrje 31 u HCI 3ajexso.

CarnenaBajyhu cTpykrypy 29a, MOXe ce 3aKJbyYUTH Ja OHA CaJp>KU MOTIIYHO OJBOjEH
Mosiekys N,N-Ouc(2-XuapoKcueTnin)aMruHo-aleTaaAeX I KOju ce, BEpOBATHO, /1aJbe TIOHAIIA KA0
MOJICKYJI pacTBapaya. 300r Tora CMo U3 Jajber pa3MaTparma HCKIbyurin Taj Mojekyi (CgHisNO;3
ca cxeme 28). NBO ananmza unrepmenujepa 29 OTKpuBa Ja HHTEPMEIUjEpPHU KOMILIEKC
nocezlyje KBaJpaTHO-IJIaHApHY KoopauHauujy. Ilpu Tome, mamaamjym Qopmupa KOBaJCHTHE
Be3e ca 00a xjopa u BogoHukoM. LlITo ce THye a3zora, CKOpoO YMCTa P-OpOHMTaNa ca OBOT aroMa
JOHUpPA CIEKTPOHCKY TYCTHHY y (opMaiiHO Tpas3Hy pP-opOutany (ca mano S u d memama) Ha
nananujymy. Pd—H4 Besa ce nenokamusyje y obe o*-antuBesuBHe Pd—Cl opOurane. Taxobe,

npucytHa je nenokanusanuja u Pd—Cl Be3a y 6*-antuse3uBny opourany Pd—H4 Bese.

VY nmasmeM TOKy peakmmje, nHTepMmeanjep 29 momiexe peaykTuBHOj eauMuHaruju HCI.
Hama ncrpakuBama cy mokasaja Ja ce 0Baj KOpaK peakiifje oJBHja MPeKo npesa3Hor crama 30
(cxema 28), 3a koje je morpeOHa eHepruja aktuBammje /8.9 kJ/mol, Ttabema 23
(ExcriepumenTtanuu neo). Pesynrat IRC npopauyna 3a npenasno cramwe 30 mpeacTaBibeH je Ha
ciui 39. Y 0BOM TIpeta3HOM CTamy JoJ1a3u 10 packugama Pd—H4 u Pd-Cl1 Be3a, npu uemy ce
ucroBpemeno (opmupa Beza Cl1-H4. Hacramm HCI 3atum mamymra cucrem. OBaj mporiec
noBojau 10 popmupama Kataautua aktuBHOr Pd(0)-koMIiekca, KOHAUHOT TIPOM3BO/IA PEaKIHUje

npeaktuBanyje (31 Ha cxemu 28).

97



a2
e 3
7 2
Plats - x
R P.

Total Energy along IRC
-1565.740 ' ' D

"“"-—\_._‘___‘__‘ L=
1565742 / ewa 37, } ‘f ?
1565744 + ¢
1565 746 i il
N 4

4

-1565.748 - -3\ )
~1565.750 - JJ(.
o

o

-1565.752 -

mﬂ \ /"

-1565. 756

T B T T T S P eet
40 -30 -20 -10 0.0 10 20 30 40
Intrinsic Reaction Coordinate

Total Energy {(Hartree)

Cauka 39. Pesynrar IRC npopauyna 3a npenasHo crame 30.

Ha ocnoBy NBO ananmm3e Moke ce 3aKJbYYHTH Jla C€ Ha MajagujymMy Hala3d TeT
cJI000THUX EJICKTPOHCKHX TapoBa y d-opOuTanaMa U Ja je ’eroB OKCHIAIIMOHU Opoj cajia HyJa.
JloHOpckHM aToMHM JMraHana (XJiopa W a3oTa) mompuHoce ca mpexo 90% y rpahemy Besa ca
nanaaujymoM, npu demy ce Pd—Cl Besa nemokanusyje y o*-antuBesuBHy Pd—NlopGutany, u

00OpHYTO.

2.6. AHTMMHMKPOOHA AKTHBHOCT jOHCKHX TEYHOCTH TPUETAHOJIAMOHHjyM-alleTaTa
U JMeTAHOJAMOHHjyM-XJopuaa #  mbuxoBux oarosapajyhux Pd(11)-

KOMILIJIEKCA

In  vitro antuOakTepujcka © aHTU(QYHTaJdHAa aKTHBHOCT JOHCKHX TEYHOCTH
tpueranojgamonujym-arerara [ TEA][HOAC] u aueranonamonujym-xiaopuaa [HDEA][CI], kao u
oarosapajyhux Pd(Il)-kommuekca (trans-[PdCl,(TEA),u [HDEA],[PdACl4]) cy Tectupane [156].
VY uuspy ONuIMpHUje MPOIeHe HUXOBE aHTUMUKPOOHE aKTUBHOCTH, TECTUPAIHE j€ U3BPILEHO Ha
BeheM Opojy MUKpoopranmsama, ykibydyjyhu marorene Oakrepuje, uzasupaue WHQpEKIHja KOA
JbyIH, TPOOMOTHKE, KBacle 1 miecHH. [lokazano ce na MCIMTHBAHA jeU-EHA TIOKA3Y]y HUCKY

aHTHOAKTEPH]CKY U 00JbY aHTU(YHTATHY aKTHBHOCT (Tabene 24 u 25).
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Tabena 24. Aurubakrepujcka aktuBHocT [TEA][HOAC], [HDEA][CI] u oarosapajyhux xommiekca (Ug/mL).

trans-[PdCL,(TEA),]  [TEA][HOAc] [HDEA],[PACI,] [HDEA][CI] JOKCHIHKTHE
Bper

e MUK MBK MUK MBK MUK MBK MUK MBK MUK MBK
sarcina lutea ATCC 9341 >1000  >1000 1000  >1000 500 1000 500 1000 <0448 781
Sarcina lutea >1000  >1000 1000  >1000 500 1000 500  >1000 <0.448  3.75
Enterococcus faecalis ATCC 29212 > 1000 > 1000 1000 > 1000 250 1000 250 > 1000 7.81 62.5
Enterococcus faecalis >1000  >1000 >1000 >1000 1000 1000  >1000 >1000  7.81 62.5
Bacillus subtilis ATCC 6633 1000 >1000 >1000 >1000 625 125 125 500 1.953 3125
Bacillus subtilis 1000 >1000 >1000 >1000 250 1000 1000 > 1000 0.112 1.95
Staphy|ococcus aureus ATCC 25923 > 1000 > 1000 > 1000 > 1000 62.5 > 1000 250 > 1000 0.224 3.75
Staphy|ococcus aureus > 1000 > 1000 > 1000 > 1000 1000 1000 > 1000 > 1000 0.448 7.81
Escherichia coli ATCC 25922 > 1000 >1000 >1000 >1000 1000 1000 >1000 >1000  15.625 31.25
Escherichia coli >1000  >1000 >1000 >1000 1000 1000  >1000 >1000  7.81 15.63
Pseudomonas aeruginosa ATCC 27853 1000 > 1000 > 1000 > 1000 500 1000 > 1000 > 1000 62.5 125
Pseudomonas aeruginosa 500 > 1000 > 1000 > 1000 1000 1000 > 1000 > 1000 250 > 250
Proteus mirabilis ATCC 12453 >1000  >1000 >1000 >1000 500 1000  >1000 >1000 15625 625
Proteus mirabilis >1000  >1000 >1000 >1000 1000 1000  >1000 >1000 250 > 250
Salmonella enterica > 1000 > 1000 > 1000 > 1000 1000 1000 > 1000 > 1000 15.625 31.25
Salmonella typhimurium >1000  >1000 >1000 >1000 1000 1000  >1000 >1000 15625 125
Lactobacillus rhamnosus 1000 > 1000 500 > 1000 N.T. N.T. N.T. N.T. 7.81 31.25
Lactobacillus p|antarum > 1000 > 1000 > 1000 > 1000 500 > 1000 1000 > 1000 0.448 7.81
Bifidobacteriumanimalis subsp. lactis > 1000 >1000 >1000 >1000 N.T. N.T. N.T. N.T. 31.25 62.5
Bacillus subtilis 1P 5832 125 >1000 >1000 >1000 250  >1000 500  >1000  1.95 15.63

N.T. — Huje TecTupano
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Tabemna 25. Aurudynranaa aktusaoct [TEA][HOAC], [HDEA][CI] u oarosapajuhinx xomrurekca (Ug/mL).

trans-[PdCI,(TEA),] [TEA][HOAC] [HDEA],[PACI,] [HDEA][CI] D1yKOHA30J1

Bpcr
e MUK MOK MUK M®K MUK M®K MUK M®K MUK M®K
Candida albicans ATCC10231 > 1000 > 1000 > 1000 > 1000 >1000 > 1000 1000 > 1000 31.25 1000
Candida albicans > 1000 > 1000 > 1000 > 1000 >1000 > 1000 1000 > 1000 62.5 1000
Rhodotorula sp. 1000 1000 1000 1000 >1000 > 1000 500 1000 62.5 1000
Saccharomyces boulardii 1000 > 1000 > 1000 > 1000 >1000 > 1000 1000 > 1000 31.25 1000
Aspergillus niger ATCC 16404 1000 > 1000 500 > 1000 125 250 >1000 > 1000 62.5 62.5
Aspergillus niger 1000 > 1000 250 500 125 250 >1000 > 1000 500 1000
Aspergillus restrictus > 1000 > 1000 1000 1000 62.5 125 >1000 >1000 500 1000
Aspergillus fumigatus > 1000 > 1000 500 1000 15.6 15.6 >1000 > 1000 500 1000
1000 > 1000 500 500 1000 1000 >1000 > 1000 1000 1000

Aspergillus flavus
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Takohe, HaleHO je ma He TMOCTOjU 3HayajHa pas3duKa Yy aKTHBHOCTH wu3Mehy
oAaroapajyhux KomIUiekca ¥ HUXOBHX Ipekypcopa. OnaxkeHe BPEeIHOCTH, MHUHHUMATHE
uaxubutopHe koumeHnrpaiuje (MUK) kperane cy ce om 15.6 pg/ml mo 1000 pg/ml, a
MUHUMaTHe MukpoOunuaHe koumentpauuje (MMK) ox 125 pg/ml no 1000 pg/mi.
HajocetpuBuja Oaktepuja Owmima je npoobumoruk B. subtilis IP 5832 y cmyuajy trans-
[PACI,(TEA),], a Bacillus subtilis ATCC 6633 u Staphylococcus aureus ATCC 25923 y ciryuajy
[HDEA],[PdCl4] xommekca. JoOpo je mo3Hato na OakTepuje MOT'Yy KOPHUCTUTH €TaHOJIaMUHE
Kao M3BOpe yrjbeHMKa u/mim a3ora. OBaj mporec kopuiihema eTaHONaMUHA j€ TEHETCKH
KOAMpaH y XpPOMO30MHMa W KapaKTEepHCTHYaH je 3a Bpcre kao mrTo cy. Salmonella,
Enterococcus, Klebsiella, Mycobacterium, Pseudomonas u Escherichia [157]. OBum ce moxe u
00jaCHUTH HHUCKa aHTHOAKTEpHjCKa AaKTUBHOCT TECTHPAHUX jeIUbemha. AKO ce IMocMarpa
aHTU(yHraJlHa AKTUBHOCT MCIUTHBAHMX JOHCKMX TEYHOCTH, OHa je Omima OoJjba mpema
(GUIaMEHTO3HUM TJbHMBaMa M3 TpyIe IUIECHH HEro mpema kBacuuma. Tako Cy, KIUHHYKH U
crangapaan usonat Bpere C. albicans, ownam ormopHuju, 10K je 00/ba OCETJHMBOCT IpeMa
TECTHpaHUM jeaumberbuMa youeHa 3a Aspergillus Bpcre. Bbbuxose MUK BpeaHOCTH KpeTalie Cy ce
y oncery o 15.6 — 1000 pg/ml. Haheno je na [TEA][HOAc] ucnospaBa 60Jby aKTUBHOCT HETO
oarosapajyhu xomruiekc ca MUK Bpeanoctoma ox 250 pg/ml mo 1000 pg/ml. OcersbuBoct
Aspergillus Bpcra 6una je mocebno m3paxena Ha [HDEA],[PACl,] xomruiekc. AKTHBHOCT OBOT
komruiekca [HDEA],[PACI,] mpema A. restrictus u A. fumigates Ouma je 1o geceT myra BHIIA

HEro aKTUBHOCT CTaHjap/a, (IyKoHa301a.

U3 oBora ce Moxe 3akibyunT aa joncka teunoct [TEA][HOAC], a moceOHO KOMILIEKC
[HDEA]2[PdCl4], ca cBojom Hajsehom aktuBHOmhy mpema Aspergillus Bpcrama, mory ce
CMaTpaTy areHcuMa ca MOTEHIUjaTHOM aHTU(YHTaTHOM aKTUBHOIINY, ITO yrnyhyje Ha HBUXOBE

Oynyhe in vitro u/wmm in vVivo mposepe.
2.7. [HDEA];[PdCl,] kommieke y yj1031 BelITauKe MeTAJIONENTHAA3E

Xunponnsa MENTUAHE Be3e y MENTHAMMA M NPOTEHHHMMA je jeJaH OJ BeOMa BAaKHUX
ouosomkux mponeca. OBy peakiyjy y >KUBUM CHCTEMHUMa 00aBJbajy MPOTEOJUTHUKHA CH3UMH —
nentugase. Mehytum, npu Xuapoausu, nporeaze 0ONYHO Aajy peIaTUBHO KpaTKe MENTH/E, IITO

MOJKe OMTH MPoOJIeM, HAPOYUTO KaJla CE KOPHUCTE MOJICPHE METO/IC CCKBEHIIMOHE aHAJIN3¢ 3a ITa
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cy 6osbu myxu nentuau. OcuM Tora, NPHWIIMYHA BEIWYHMHA TPOTEa3a NpUYMbaBa Tenkohe npu
peraBamy HEKHX MpobiieMa y OMOXeMHjU U CTPYKTYpHO] Onosoruju. 300T cBera oBOTa, ykaszaia
ce moTpeba 3a HOBOM KJIaCOM peareHaca Koju OM OWIM TOJECHU 3a CEJIEKTHBHE XHJPOJH3e

IMpOTCHUHA 110 Oarum ycCjioBUMa.

HcnutuBama peakiyja KOMIUIEKCAa HEKUX MeTalla ca NeNTUAMMa Cy IOoKa3ajia Jja ce OBU
KOMIUIEKCH MOTY Ca YCIIEXOM YHNOTPEOUTH Kao KaTAJIUTUYKH areHCH CEJIEKTUBHOI pacKuaama
NEeNTHIHE Be3e y OBUM Mojekynuma. [locnenme Tpu nereHuje, nocedHa naxma rnocsehena je
UCIHUTHBAky peaklldja KBaJapaTHO-TUIaHapHUX Komruiekca nanagujyma(ll) m mmarune(Il) ca

HENTHIMMA KOjH Y CTPYKTYPH CajpiKe aMHHOKHCETMHE L-MeTHOHUH Witk L-XHCTHTHH.
2.7.1. Peaxuuja [HDEA],[PdCl,;] komnnexca ca N-auemun-L-xucmuoun-znuyunom

IIpumenoMm 'H NMR CIEKTPOCKOIHUj€, BEOMa KOPUCHE METOJEe 3a H3Yy4aBame
XHIPOJUTUYKHUX peaknuja, uzydaBana je peaknuja [HDEA]o[PACls;] xommiekca ca N-
anermioBanuM L-xuctuaun-riuinuaoMm (AcHis-Gly) [144]. Peaknuja je uW3BeaeHa MelIameM
KOMILUIEKCA W JHUIENTHAa y MojapHoM omHocy 1:2 mHa pH 2 y neyrepujym-okcuay (D20) u
TepMmocTaTupameM Ha 60 °C. V HameM eKkcliepuMEHTY O] IOMEHYTHM YCIOBHMMA, mocie 15
YacoBa YOUEHHU Cy CUTHAIM KOjH Cy YKa3MBaJHM Ha CEJIEKTUBHO PACKUIAmE INENTHIHE Be3e.
Haunwme, y 'H NMR CHEKTPY JIONUIO je 10 CMamemha cuHriieTa Ha 4.00 ppm (curHana Koju moTuye
0Jl METUJIEHCKHMX IPOTOHA INIMIUHA U3 HEXHMJPOJIHU30BAHOT CYIICTpaTa), Kao U IM0jaBe CHUHIJIETA
Ha 3.77 ppm. Jla oBaj CHUHIVIET MOTWYE OJf UCTHX IPOTOHA, AIW Y CIOOOAHOM TIHUIMHY,
MOTBPAMIM CMO JOJATKOM IJIMIIMHA PEaKIIMOHO] CMEIIH, LITO j€ JIOBEJO /10 HEeroBor rnosehama.
[Tocne 43-gacoBHOT 3arpeBama peaknuone cMemnie Ha 60°C MHTEH3UTET CUHTJIEeTa Ha 3.77 ppm
ce Bume HHUje Mewmao (ciamka 40). ITox OBHM peakIMOHMM YyCIOBHMa CiobomHa cupheTHa
kucenuHa Huje nerexroBana y 'H NMR crextpy, unMe ce motBphyje aa je ymoTpeGsbenn

Pd(l1)-xoMIutekc cenekTUBaH peareHc 3a XUIAPOoau3y MEeNTHIHE Be3e.
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Cimka 40. Jleo *H NMR criekrpa peaxumje xugpommse AcHis-Gly kommiexcom [HDEA]L[PACL,] y
¢ynkuuju ox Bpemena npu PH 2, va remneparypu og 60°C u y D,0 kao pactBapauy. Xemujcka
noMepama cy aara 'y ppm. O3HaueHU CUTHAJIH Ce OJJHOCE Ha: (2) METHJICHCKH IPOTOHY TJIUIIMHA U3
mosnasHor aunentuaa; (b) nporonosana aueranonamuncka jenuanna [HDEA],[PACI,] kommekca; u (C)
METHJICHCKU TIPOTOHU CJIO000THOT TIIHIMHA.

2.7.2. Peaxyuja [HDEA];[PdCls] komnnaexca ca N-auemun-L-memuonun-znuyunom

[Tomro ce mokaszano aa [HDEA],[PACl;] xomriuiekc BpIIu CEIEKTUBHY XHIPOJIH3Y
nentuaHe Bese y ACHIis-Gly, npernoctaBmiii ¢cMO JJa OH MOXKE Jla C€ TOHAIla Kao BEIlTavyka
METAJIONENTHIa3a U y PEaKIUju ca MEeNTHIOM KOjU CaApXKW METHOHWH. /la OM MOTBpAMIN OBY
MPETIOCTaBKY, M3BeeHa je peakiuja ca N-amermnoBanum L-metnonun-riauiuaom (AcMet-Gly)
[158]. Peakinja je u3BeacHa MellambeM KOMIUIEKCA U TUICITHA Y MOJICKOM onHocy 1:1, Ha pH
2 u Ha Temneparypu ox 60 °C. U oBa peaknuja je npahena npumenom "H NMR crekrpockomnuje,
IIPH YeMy Cy PEaKIIMOHH IMPOU3BOAN OKapaKTePHCAHN Ha OCHOBY XEMH]jCKHX TTOMEPamkha S-METHIT
MPOTOHA METHOHWHA, METHJICHCKHX IPOTOHA TIHUIMHA (M3 HEXUIPOJM30BAHOT IHICTITHAA H

CII00O0HOT TIUIKHA), ¥ TPOTOHA METHJICHCKUX IpyIia IUETaHOJaMUHCKHX jenuHuna (ciuka 41).
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AHaM30M CHEKTapa MOTIJI0 C€ YOYHMTH Ja OAMax IIOClie MelIama peakTaHara JoJla3d [0
cniontane koopauHaije Pd(Il) 3a aTom cyMmmopa METHOHHHA, IITO TOKa3yje CHMYJITaHO
cMameme curraia Ha 2.11 ppm (koju oxrosapa S-MeTHJI IPOTOHMMA CIIOOOIHOT IUNENTHA) U
noBehame curHana Ha 2.50 ppm (koju oaroBapa S-MeTHII MPOTOHUMA HOBOHACTAIOT KOMILIEKCA

A (cnuka 42) [159].

AcMet-Gly + Pd(II)-komnaexe nocae 45 h aa pH=2
CH,;N(DEA, co D)

CH,(Gly, co D)

F
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| A P \ . )‘ f I
| || Pd-Gly-kommaexe | | \ \ | I
-—z—-Jl'\-—m_-_w/ .'\._,.._;J.I I'-\w'; I"-/-—JA‘\._M\_,-.—:\,-A__,} Mmoo ,.j N \) \\_.._h__,...—r\.—m”_,\/-' \.
AcMet-Gly + Pd(II)-komnaexc ogMax nocie memama na pH= 2
CH;N(DEA)
g |\ CH,0(DEA)

. | ‘ vln\ | Pd-S-xommaexe _
WJMW/ | J ukwwﬂ_. i M.\M/J '\ .I"

\
L Py it e,

Monasan AcMet-Gly ra pH=2 CH,

-8
CH,CO
CH(AcMet-Gly)

| i i ]

. 4 . L LA RN RN L L R R L

4.0 3.8 3.6 34 32 3.028 2.6 2.4 22 2.0

Ciuka 41. Jleo *H NMR criektpa xuaposuriuake peaxuuje AcMet-Gly n [HDEA]L[PACI,]
KoMIUIeKca y pyHKIUju o BpeMeHa, y D,O kao pactBapauy. XeMujcka IoMepama aara cy y ppm y
onHocy Ha TSP.
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Cnuka 42. OnTuMu30BaHe CTPYKTYPC IOJIAa3HOI AUIICTITUAA, I/IHTepMCI[I/Ij €pa 1 Mpoun3BoJa.

[TojaBa HOBOT cuHTIIETA Y 'H NMR criekTpy Ha 3.62 ppm, nocie 3 yaca, ykazajia HaMm je
Ha YMHEHUITY J1a Ce XUAPOIUTHYKA peakirja aenasa. Haume, 3a Bpeme peakmuje curaan Ha 4.00
ppM, KOju TOTHYE OJf METHJICHCKHX NPOTOHA TIWIMHA HEXUIPOIM30BAHOT MHUIEIITHAA Ce
cMamyje, JIOK ce CHHIJIET Ha 3.62 ppm, ox ocnobohenor rnumnuHa, noBehasa. Ilocne 45 gacoBa
3arpeBama peakipone cmeire Ha 60 “C MHTEH3UTET CHHIJIETa Ha 3.62 ppm ce He Mema (CiuKa
41). Tlopen Tora, y NMR criekTpy ce 1mojaBuo HOBH CHHIJIET Ha 3.68 ppm u mysarurier Ha 3.86
ppm. IpernocraBuiyu cMo aa oBH curHanyu notuuy of conu [CeHi704N2]" (D na cnumum 42) koja
ce oOpaszyje y peakumju u3mel)y ocinoOoheHOr riuIuHA W JUETaHOJTAMHHCKOT JmraHaa. Jla
OMCMO TIOTBPJIWJIM OBY IPETIOCTABKY, HM3BEICHA j€ OJBOjeHA pEakildja ca EKBUMOJIAPHUM
KOJIMYMHAMa JMeTaHOJIaMUHA U TIUIMHA, IT0]] UCTUM PEAKIIMOHUM YCIIOBUMA. 'H NMR CIieKTap
HACTAJIOT jeIMIEha je YIpaBO caapikao CHHTIET Ha 3.68 ppm (koju mpumaaa METHICHCKHM
OpOTOHUMA TAMIMHA) W Tpumier Ha 3.86 ppm (koju mnpumaga mnpotoHuma —CHy-N
TUeTaHoJIaMOHUjyMcKe jenunuIe). Hacrajame conu D Huje HeoueknBaHO 300T YMILCHHUIIC 1A je&
0JT OBUM peakinoHuM yciaoBuma (PH=2) ammuuo rpyma riuiuHa (pKa ~ 9.6) mporonoBaHa a
kapOokcuiHa rpyna (pKa ~ 2.3) mapuujanHo aenporoHoBaHa. IIpema Tome, KapOOKCHIATHU
KHCEOHHUK jé MHOTO JIOCTYITHHJH 3a peakiyjy ca aueraHoramuuom [160,161]. Tpeba ucrahu u to
14, jeaH 1e0 0CI00oheHor TIHIMHA pearyje ca KaTtaln3aTopoM H o0pasyje Many KojauduHy Pd-
Gly-xomriekca, KOju je JeTEeKTOBaH 'H NMR CIIEKTPOCKOIIMjOM Ha OCHOBY CHTHajia Ha 3.52
ppm [162]. [Tox oBUM peakIMOHKM yCIOBHUMa CI000HA cupheTHa KucelnHa HUje JCTEKTOBaHA

y 'H NMR criektpy, umme je motBpljeHo 1a je peaKiiija perHoceIeKTHBHA.
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KBanTutatnBae nH(OpMaIMje 0 UCTUTUBAHO] XUAPOIUTHYKO] PEaKIHju JoOHjeHE Cy Ha
OCHOBY BpEIHOCTH TIIOBPIIMHA WMHTErpajla PE30HAHIM METHJICHCKHX MPOTOHA CIOOO0IHOT
TJIMIMHA U TJIMIIHA HeU3pearoBaHor JUMenTtuaa. Tako je y oBoM ciiyuajy mocie 45 gacoBa, OKO

90% nosazHOr JUIENTHIA XUIPOIU30BAHO.

Jla 6u ce 60oJbe 00jacHHO MEXaHWU3aM OBE XUJPOJUTHUYKE peakiuje U Aao 00JbU YBUI Y
KOOPJAMHAIIMOHY XEMHU]Y TENTHAa KOJH Caap’ke METHOHUH KopulTheHe ¢y MeTojie PyHKIIMoHama
rycriue. Y3umajyhn y 063up 4MmeHHIy 1a je Kao mokperad oBe pekuuje kopumhen [PACl,]%,
32 KOjH je IO3HATO Ja y XHAPOJIUTUYKHM peakldjamMa ca METHOHMHOM M3 MenTHIA [aje
MoHoHykieapuu Pd(II)-S-xomminekc kao axkTtuBHY ¢opMy, a ¥ Ha OCHOBY HaIlIUX
CKCIIEPUMEHTAIHAX PEe3yJITaTa, IPETIOCTaB/beHa je Moryha cTpykTypa uHTepMeanjepa A (cimka
42). 3pauyHaTo XeMHjCKO mmoMepame 3a cunrier S-CHjz nmporona mznocu 2.93 ppm, 1ok je 3a
METHJICHCKEe TpoTOHe TiuimHa oBa BpenHocT 4.34 ppm. Ilentumuu Pd(I1)-S-kommieke A,
CaZp>Xy Kao JIMTaHj MOJICKYJ BoAe Koju je moOpo omnazeha rpyma. Opmja3zak OBOT JUTaHIa
omoryhasa Pd(Il) jony ma mpulje Ommke aMHIHO] BE3M M Ja C€ KOOPAHWHYje Ca KHCCOHHUKOM
rpagehn XUApPOIUTHYKU aKTHBaH uHTepMmenujep B. Ha oBaj HaumH, kapOoHWIHA Trpyna
METHOHMHA TMocTaje MHoOro Buine nonapuzoBana (NBO HaenekTpucama Ha KHCCOHHKY U
yribeHuKy oBe rpymne cy -0.63 u 0.74) u momnoXHHja 3a €KCTEPHH HYKICO(DHIHH Haras
MOJIEKyJia BOJie M3 pacTBapada. Kao pe3ynrar XuIpOJMTHUKE peakiuje Komruiekca B, mopen
rnuiaa, Hactaje U Pd(I1)-xkomrieke C. M3pauynaro xemujcko nmomepame 3a S-CHj mpoToHe
HOBOHACTAJIOT KOMILJIEKCA U3HOCH 2.55 ppm, mTO je y CKIaay ca eKCIePUMEHTATHO JOOUjeHOM
BpenHomhy ox 2.49 ppm. TakBo mo0Opo cnarame u3Mel)y €KCIEpUMEHTAITHO W TEOPH]JCKH
no0ujeHNX 'H NMR CIeKTapa MokKa3yje J1la ONTUMH30BaHa CTPYKTypa komriuiekca C oarosapa
CTpyKTypu peakiuoHor mpousBoga. NBO-Anammsza npomsBoma C mokaszyje na Pd oOpasyje
KOBQJICHTHE BE3€ Ca CyMIIOPOM U XJIOPUIHHM JOHOM, JOK CIOOOJHU ENIEKTPOHCKHU MapoBU P-
opOuTana aroma JuraHaaa ydectByjy ca Bume on /0% y Bezama ca mamagujymom. CrobomaH
EJIEKTPOHCKH TIap aToMa KUCEOHHKA M3 JIMTaHIHOT MOJIEKYJIa BOJIE CE JENIOKAIN3Yje Y (GOopMaTHO
npasHy, CKOpo 4ucty p-opOurtany Pd, omoryhyjyhu koopaunatiBHe nHTepakiuje. O3HaueHa
MehyaroMmcka pactojama y MOJa3HOM JMIENTHAY, UHTepMeanjepy B, kao u 3a mpoussojg C cy

nara y Tabenu 26 (ExcriepuMeHTaIHH J€0).
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3. EKCHHEPHUMEHTA/IHU J[EO
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3.1. ®usnuka Mepema

EnemenTapna ananmza jequmemna ypahena je momohy crangapaux merona y LleHTpy 3a
WHCTPYMEHTAJIHE aHaau3e Xemujckor dakynrera y beorpany. MHpanpBenn ciekTpu CHUMaH!
cy Ha Perkin Elmer Spectrum FT-IR crekrpodoromerpy. Ceu "H NMR CIIeKTpi CHUMAHH Cy Ha
Varian Gemini 200 MHz cnekrpomerpy. XemHjcka moMmepama Jnata cy y ogHocy Ha TMS
(TerpameTmicuian). Tauke Tombema cy oapehene va Mel-Temp amapary momen 1001. Csa pH
Mepema cy pahena Ha 25 °C. 3a oBy cBpxy ynorpebsbeH je pH-metap Iskra MA 5704, koju je
kamuOpucan y onnocy Ha ®umepose (Fischer) mydepcke pactBope 3a pH = 4,0 u pH = 7,0.

N3mepene pH BpeHOCTH HUCY KOPUTOBAHE Yy OJHOCY Ha JCYTepHjyMCKH e(eKarT.

3.2. IIpoTokoJi 3a CHHTE3Y €TAHOJAMHHCKHUX jOHCKUX TeuHocTH (1-11)

Cee ucniutuBane joHcke TedyHOoCcTH (1-11) moOujeHe Cy yKamaBameM CTEXMOMETPH]CKE
KOJIMYMHE oJroBapajyhe KapOOKCHIHE KHceauHe (cupheTHe, MIIeUHe, XJIOpCUpheTHE KUCETUHE)
WIM XJOPOBOJOHMYHE KHCEIUMHE Yy JUXJIOPMETaH-ETaHOJICKM pacTBOp ojarosapajyher
amuHoanikoxojia (eranonmamuHa — MEA, mueranonamuna — DEA, N,N-mueruneranoamuna —
DEAE wmu tpueranonmamuna — TEA). Peaknmona cmeca je Memana JBa 4aca Ha COOHO]
TeMriepatypu. HakoH KoMIUIeTHpama peakiije, U3 J0O0HjEHOT pacTBOpa OPTaHCKU pacTBapadyu
Cy YKJIOHEHHU yIapaBeHeM I0J CHIKEHUM NpuUTHUCKOM. OcTarak je CyIIeH IMOJA BaKyyMOM Y

TOKY ueTupu 4aca. JloOujeHe joHCKe TEYHOCTH ¢y 06e300jHe, BUCKO3HE TEUHOCTH.

CrexTpanHa KapakTepu3aluja joHCKUX TeuHoctd 1-9 je nara y Tabenu 4 (Hamwu pagosn).
3a joncke Tteunoctn N,N-muermneranonamonujym-xiaopamerat (10) u  eTaHOIaMOHHjM-

xmoparierat (11) criekTpaiHa KapakTepu3aliija je gata OBJe:

10 — 'H NMR (200 MHz, CDCls): & = 1.42 (6H, 1) ppm; 3.19 (4H, q) ppm; 3.23 (2H, t) ppm;
4.01 (2H, t) ppm; 4.13 (2H, s) ppm.

IR (pumm, cm b): v = 3244, 2984, 1607, 1380, 1243, 1082, 766.

11 — *H NMR (200 MHz, CDCls): § = 3.21 (2H, t) ppm; 3.86 (2H, t) ppm; 4.14 (2H, s) ppm.

IR (pumm, cm 5): v = 2953, 1585, 1393, 1064, 776;
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3.3. IIporokos ManuxoBe peakiuje 6eH3a/1exu1a, aHWJIMHA U HHKJIOXEKCAHOHA
u3BeleHe y joHckuM TeyHoctuMma 3, 9, 10 m 11 kao pacrBapaunma u

KaTajam3aTopumMa

Y 6anon ox 50 cm® koju je cHaGIEBEH MArHETHOM MEIIAIMIIOM, oMemasu ¢y 1 mmol
(0.1060 g) 6enzanaexumaa, 1 mmol (0.0931 g) anwmnuna, 1.5 mmol (0.0981 Q) mukaoxekcaHoHa U
3cm® onrorapajyhe joHcke TedHOCTH. Peakiimona cMmera je Memana Ha cOOHOj TeMriepaTypu 48
gacosa. HakoH 3aBpIieHe peakimje, AUXIopMeHTaH (5 cm’) ce 0/1aje peakiMOHO] CMEIIIH, T1a Ce
OpraHcKu cjoj ucmepe Bogom (3 x 2 cm®). OpraHck# cl10j ce 3aTUM CYIIM aHXUAPOBAHUM
Na SO, u koHueHTpyje. BoaeHu cioj ce ymapaBa mojJi CH)KEHUM MPUTUCKOM Ha TeMIlepaTypu
on 70 ‘C, deTupu Yaca y uJby OJBajama M PEreHEpUcama jOHCKE TEYHOCTH, KOja Ce€ MOHOBO
KOPUCTH Kao KaTanu3aTop M pactBapad. [lomohy 'H NMR CIIEKTPOCKONHje [OKa3aHO je

nocrojame anti u Syn uomepa peakMmoOHOT POU3BO/IA.

2-[1-(N-dbennnamuno)-1-pennameTraimkoxekcanon (anti + syn, rabena 15, peauu 6pojesu 1-
4): npunoc 3a peakuuje 1-4: 1 (176 mg, 63%), 2 (170 mg, 61%), 3 (160 mg, 57%), 4 (156 mg,
56%);

'H NMR (200 MHz, CDCls): 1.65 (2H, m), 1.81-1.91 (4H, m), 2.32-2.44 (2H, m), 2.74-2.76
(1H, m), 4.62 (1Han, d, J = 7.2 Hz), 4.80 (1Hgy, d, J = 4.4 Hz), 6.53 (2H, d, J = 6.4 Hz), 6.55—
6.65 (1H, m), 7.02-7.10 (2H, m), 7.20-7.24 (1H, m), 7.30~7.34 (2H, m), 7.38-7.40 (2H, m);

3.4. IIporokos MaHuXOBe peakluje U3BeJeHe Y NPUCYCTBY jOHCKHX TE€YHOCTH 3,
9, 10 m 11 kao karanu3aTopa M eTAHOJY Kao pacTBapady (peaHH OpojeBH

peakuuja 5-12 y tadean 15)

VYV 06anoH ox 50 cm?® KOjHU je cHaOIeBEH MarHETHOM MeEIIAIUI[OM IoMerranu ¢y 1 mmol
apomaruunor amaexuna ((0.1061 g), 6ensangexuaa (pennu OpojeBu 5-8, Tabena 15), omHOCHO
(0.1521) Banununa (peanu OpojeBu 8-12, Tabena 15), 1 mmol (0.0931 g) anununa, 1.5 mmol
(0.0981 @) umkioxekcanona, 15 mol% oxrosapajylie joHCKe TeYHOCTH M 3 cm’ eTaHOiA.
Peakmnnona cmerma je Memana Ha coOHOj TemmiepaTypu 48 dacoBa. HakoH 3aBpieHe peakimje,

YBPCT MPOU3BOJA C€ OJBaja (DUATPUpAEM W HCIUpPAa €TAHOJOM. JOHCKAa TEYHOCT OCTaje

pacTBOpeHa y €TaHOJly W KOPUCTH c€ Yy HOBUM peaknujama. IIpekpucranmszanuja aobujeHor
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MPOM3BOJIa j€ W3BPIICHA W3 CMeIIe auxjuiopMmeraHa u mpomanona (2:1). ITomohy 'H NMR

CIIEKTPOCKOITHjE JOKAa3aHo je MocTojame camo anti msomepa.

2-[1-(N-dbenunamuno)-1-pennnMeTrnimkoxekcadoH (anti mpoussox, Tabena 15, peaau 6pojeBu
5-8): be36ojuu kpucranu - Tauka Torbewa — 137-138 °C (mureparypre BpenHoctu [163] 138-
139 °C); mpunoc 3a peakuuje 5-8: 5 (263 mg, 94%), 6 (251 mg, 90%), 7 (240 mg, 86%), 8 (232
mg, 83%);

'H NMR (200 MHz, CDCls): 1.65 (2H, m), 1.81-1.91 (4H, m), 2.32-2.44 (2H, m), 2.74-2.76
(1H, m), 4.62 (1H, d, J = 7.2 Hz), 6.53 (2H, d, J = 6.4 Hz), 6.55-6.65 (1H, m), 7.02-7.10 (2H,
m), 7.20~7.24 (1H, m), 7.30~7.34 (2H, m), 7.38-7.40 (2H, m);

IR (KBr, cm Y): 3329, 3026, 2934, 2866, 1702, 1601, 1497, 1306, 1279, 1093, 850, 754, 520;
C1sH2:NO (279.38 g/mol): Uspauynaro: C, 81.68; N, 5.01; H, 7.58%; Haheno: C, 81.39; N,
4.95; H, 7.53%.

2-[1-(N-dbenunamuno)-1-(4-xuapokcu-3-MeTOKCUPCHIIT ) [METHITITUKIIOX EKCAHOH 12 (anti
npou3Bo, peanu Opojeu 9-12, Tabena 15): be30ojuu kpucranu — Tauka Tormbema — 164-165 °C
(mureparypua BpeaHocT [164]); mpuroc 3a peakmmje 9-12: 9 (303 mg, 93%), 10 (290 mg, 89%),
11 (280 mg, 86%), 12 (273 mg, 84%);

'H NMR (200 MHz, CDCls): 1.67 (2H, m), 1.83-1.89 (4H, m), 2.37-2.41 (2H, m), 2.64-2.74
(1H, m), 3.84 (3H, s), 4.54 (1H, d, J = 7.40 Hz), 5.53 (1H, s) 6.53 (1H, d, J = 8.5 Hz), 6.56-6.59
(1H, m), 6.63-6.67 (4H, m), 6.85-6.89 (1H, m), 7.02-7.10 (2H, m);

IR (KBr, cm™): 3474, 3353, 3052, 2936, 2866, 1700, 1604, 1500, 1325, 1265, 1234, 1033, 865,
746, 504;

C20H23NO3 (325.40 g/mol): Uspauynaro: C, 73.82; N, 4.30; H, 7.12%; Haheno: C, 73.54; N,
4.29; H, 7.13%.
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3.5. Penarencka cTpyKTypHa aHAJIu3a

be30ojuu mpuzmatnuHu Kpuctanu jenumema 12, nmumensuja 0.48 X 0.33 X 0.23 mm
noOMjeHN Cy TPEKpPUCTATMCaBalkbeM M3 CMENIe pacTBapada AUXJIOpMETaH — mpomaHon (2:1).
Pennrencka cTpykTypHa HCIUTHBama jeAnmbema 12 cy BplieHa Ha 0a3u Mepema WHTEH3UTETa
peduexcuja momohy Oxford Diffraction Xcalibur Sapphire3 Gemini qudpakromerpa nmpumeHOM
Cu Ka panujanmje (A = 1.5418 A) na co6uoj Temmneparypu. Ilogauu cy o6paljenn npuMeHoM
CrysAlis codtBepa [165] ca BHIECTPYKHM CKEHHpAameM M KOPUTOBambEeM HWHTEH3HMTETA
kopumithesem SCALE3 ABSPACK [165]. KpucranHa crpykrypa je peineHa Kopuihemem
nporpama SHELXS [166], u npeunuthena npumenom nporpama SHELXL [166].

CBU aTOMHM pa3IMYUTH OJf BOJOHUKA Cy TIPCOPUJEHTUCAHU aAHH30TPOIHO Jia Ce
npuOmkaBajy. Atomn Bogonnka Bezanu 3a Ol m N1 cy cMmemTenn y pa3iuyuTuM Marama |
papuHHCAHN TIpEMEIITakheM HW30TONCKUX IapaMeTapa. BOJOHWKOBM aToMH Be3aHH 3a
YIJbEHUKOBE aTOME Cy CMEIITEHU Ha T€OMETPHjCKH m3pauyHate nosunuje ca C—H pacrojamuma
duxcupanmm Ha 0.93 A u3 C(sp?); 0.96, 0.97 u 0.98 A u3 merwn, mernnencke u meruacke C(sp°)
rpyre, pecnekTuBHO. [lo3uIyje OBMX BOJOHMKOBHUX aTOMa Cy I'€OMETPUjCKH HICaTH30BaHE H
JONMYIITEHO je HalaXemhe Ha MHUXOBMM MaTtmuHMM atoMuMa ca Ujp(H) = 1.2 Ug(C).
BononukoBu atomu MeTHI rpyne cy jokanuzoBanu u3 ®ypuepose (Fourier) mame A F, no

reoMETPHjCKH Hjeanu3oBane u papunucane kpyre rpyme ca Uiso(H) = 1.5 Ueg(C).

Llprexxu cy mpunpemibern Kopuinhemem mnporpama ORTEP-3 [167] 1 MERCURY,
Bep3uja 2.4 [168]. CodrBep kopuriheH 3a mpurnpemy marepujaia 3a myonukaiyjy je: WinGX,
PLATON, PARST [169-171].

Kpucranorpadcku momamu 3a CTpYKTYpHY aHalu3y jelumbema 12 cy nenoHOBaHU Yy
kpucraiorpapckom neHtpy y KemOpuiry, CCDC No. 935220. OBu nomauu mory ce J0OUTH

OecrutaTHO IIPeKo JInHKa WWW.ccdc.cam.ac.uk/data_request/cif.

3.6. IIporokoa 3a cunre3y trans-[PdCIl,(DEA);] kommiekca

Kommekc trans-[PdCI,(DEA),] je cuntetnzoBan monasehu ox PACl, u joHCKe TeuHOCTH
1, y Mosckom ogHocy 1:2. Peaxumja 1 mmol PACly u 2 mmol 1y 10 cm® Boze, Ha Temmepatypu

50-60 °C, y Toxy Tpu 4aca, aaia je >KyTo-HapaHIIacTu pacTBop. HakoH crajama of 1Ba JaHa HA
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coOHOj] TeMmIiepaTypH, TMOjaBUIIU Cy C€ JKyTO-HapaHUacTh Kpucranu. J[oOMjeHW KpucTamum cy
bunTpupaHu, UCTIPaHU €TAHOJOM W CYIICHH Ha Ba3ayxy. EnemeHTapHa aHanmm3a u 'H NMR
CIIEKTPOCKOMNHja TOOU)jEHOT jeIMbEeHha IOTBPIMIN CY Ja BeroBa CTPYKTypa OJroBapa CTPYKTYpH
komiuiekca trans-[PdCl,(DEA),] [142]. [Ipahewem XekoBe peakiuje y jOHCKO] TEYHOCTH 1,
YOUGHO j€ Ja Ce TOCJIe HEKOJMKO MHUHYyTa 3arpeBama peakImoHe cMmerie obpasyje HCTH
KOMILIIEKC.

CgH22CI;N,0O4Pd (387,58 g/mol): Uspauynaro: C, 24,77; N, 7,22; H, 5,68%; Haheno: C, 24,83;
N, 7,30; H, 5,75%.

3.7. IIporokou 3a cunte3y [HDEA];[PACl,] kommniiexca

Kommiexke [HDEA],[PACls] je cunTeTM30BaH Ha ClIMYaH HAYMH KAa0 W TPETXOIHHU
komruiekc, nmonazehu ox PACl, u 4 y monckom oxuocy 1:2. Peakrja 1 mmol PACl, u 2 mmol 4 y
15 cm® Boze, Ha Temmeparypu 50-60 °C, y TOKy TpH uYaca, Jaia je HapaHAcTo-GPaoH PacTBOP.
Hakon crajama o 4eTupu JaHa Ha COOHO] TeMIEpaTypH, IMOjaBUIU Cy ce€ OpaoH KpPHCTaJH.

JlobujeHn KpucTainu ¢y GUITpUpPaHU, UCIIPAHU €TAHOJIOM U CYLICHH Ha Ba3AyXy, lbUXOBA Tauka

Torbema je 115 — 116 'C. Ipuroc 0.446 g (97%).

CrextpanHa kapakTepusaiuja komruiekca [HDEA]L[PACly]:
IH NMR (200 MHz, D,0): & = 3.24 (4H, -CH,-NH, 1), 3.86 (4H, -CH,-OH, t) ppm;
IR (KBr, cm™): v = 323, 698, 958, 1065, 1088, 1405, 1574, 2874, 3299, 3343.

CsH2204N,Cl4Pd (460.42 g/mol): Uspauynaro: C, 20.95; N, 6.09; H, 5.21%; Halero: C, 21.01;
N, 6.13; H, 5.18%.

3.8. IIporokoJ XekoBe peakiiuje u3BeJleHe y NPUCYCTBY JOHCKUX TeuHocTH 1, 4, 5
u 7 kao 6a3za, pacTrBapaya M JuraHaaa (peiHu OpojeBu peakumja 1-24 y

Tadean 18)

Onrosapajyhu apwmi-xanorenun (1 mmol), onepun (1 mmol), oarosapajyha joncka
teanoct (1,5 cm®) u PACl, memanu cy y3 3arpeBame Ha Temmeparypu ox 100 °C Toxom 12-18
yacoBa. Hakon ximahema peakiimoHe cMece 0 COOHE Temmeparype, IPOU3BOAM peakiuja Cy
U3JIBOJEHW U3 PpEaKIMOHE CMece EKCTPaKIMjoM ca cMecoM auerui-erap/N-xekcan (5:1).

OpraHcku cI10j je UcIpaH BOJIOM, CYIIEH IPEeKO aHXHUIPOBAHOT HATpUjyM-cyidara, npoueheH a
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3aTHUM pacTBapay MCHapeH MO0Ji CHWKEHWM NMpUTHUCKOM. Peakiuje cy mpahene momohy racHo-
MaceHor xpomarporpada u 'H NMR CIIEKTPOCKOIM]je, a MPOU3BOAM NpeunuIneHn
xpomarorpadujom Ha KoimoHu (cuiuka-ren, Silica gel 60, 3a xpomaTtorpadujy Ha KOJOHH; €THII-
anerat/auxyopmeran = 1:1). HakoH Tora, mpou3BOAM Cy CIEKTPOCKOICKM aHAJIU3UpPAHU, a

no0ujeHu mojany mopeheHu ca CeKTpaTHIM To1alliMa KOMEPIIHjJTHO JOCTYITHUX jeIHHCHha.

CrexTpanHa KapakTepu3alyja jeHberba MPOoU3Boa XEKOBE peaKiiyje:
trans-Metun-uunamar, peakuuje: 1 u 2; 7u 8; 13 u 14; 19 n 20 y Tabenu 18 u peakuuje 1 u 2; 7
u 8 y Tabenu 19:

'H NMR (200 MHz, CDCl5): & = 3.81 (3H, s), 6.44 (1H, d), 7.38 (3H, m), 7.52 (2H, m), 7.70
(1H, d).

trans-Etun-nmaamar, peaknuje: 3 u4; 9 u 10; 15 u 16; 21 u 22 y tabenu 18 u peakmuje 3 u 4; 9
u 10 y Tabenu 19:

'H NMR (200 MHz, CDCls): & = 1.34 (3H, 1), 4.27 (2H, q), 6.43 (1H, d), 7.38 (3H, m), 7.52 (2H,
m), 7.68 (1H, d).

trans-n-byrun-uunamar, peakumje: S u 6; 11 u 12; 17 u 18; 23 u 24 y TaGenu 18 u peakuuje 5 u
6; 11 u 12 y Tabenu 19:

'"H NMR (200 MHz, CDCl3): & = 0.97 (3H, t), 1.47 (2H, m), 1.70 (2H, m), 4.21 (2H, 1), 6.44
(1H, d), 7.39 (3H, m), 7.52 (2H, m), 7.68 (1H, d).

3.9. Peuukiaxa karaauruukor cucrema IL-Pd

Hakon excTpakiuje mpor3Boaa peakiyje, paCTBOPEHH 0CTaTaK XEKOoBe peakirje (joOHCKa
teyHocT + Pd-katanusarop) ucnpaH je eranonom (3 cm®) u TueTHI-eTpoM (3%3 cm®). Hakon
UCTHpama, CMeca je yrapaBaHa IOJ| CHWXEHUM HputuckoM. IL-Pd karamutuuku cuctem ce,
HaKOH OBAaKBOI' TPETMaHa, MOTao IUPEKTHO KOPHUCTH Yy HapemaHo] XEKOBOj peakuuju, 0e3

JOJIAaTHUX TIpeunIinaBama.
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3.10. IIpotoxkou 3a cuHTe3y trans-[PdCl,(TEA);] kommiekca y jonckoj TeaHocTu 8

Kommieke trans-[PdCl,(TEA),] je cunternsosan nonasehu ox PACl, u joHCKe TeuHOCTH
8 y monickom oxnocy 1:2. Peakumja 1 mmol PdCl; u 2 mmol 8, na remneparypu ox 100 °C y
Toky 10 wacoBa jgaje ’KyTO-HapaHIIaCTH pacTBOp. PactBop je mcmpan auxiopmeTanoMm (3 X 3
Cm3). OcraTak pacTBOpa je pacTBOPEH Y BOJM M OCTABJbEH MET JaHa Ha COOHO] TeMIlepaTypH.
HcTanoxeHu HapaHJaCTH KPUCTANU Cy GUITPUpPAHH, UCIIPAHU €TAHOJIOM M CYIICHHU Ha Ba3ayXy.
IpurOC KoGHjeHor Kommekca 6uo je 70%. Enementapra anammsa 1 "H NMR crextpockornja
TOOMjCHOT jeMUbelha MOTBPIMIIM Cy Ja FHEroBa CTPYKTypa OATOBapa CTPYKTYPH KOMITIEKCA

trans-[PdCI,(TEA),].

CnextpanHa kapakTepusaiuja komiuiekca trans-[PdCly(TEA),]:
'H NMR (200 MHz, D;0): & = 3.48 (12H, -CH2-NH, t), 3.95 (12H, -CH2-OH, t) ppm;

IR (KBr, cmY): v = 323, 698, 958, 1065, 1088, 1405, 1574, 2874, 3299, 3343. C1,H30Cl,N,06Pd
(475.42 gimol): Uspauymaro: C, 30.29; N, 5.89; H, 6.31%; Hafjero: C, 30.25; N, 5.83; H, 6.29%.

3.11. TlIportokoJ XekoBe peakiuje u3BeaeHe Y NPUCYCTBY jOHCKe T€YHOCTH 8 WiIH
TEA kao 0a3e, pacTBapauya u JuraHaa (peanu OpojeBu peakmnuja 1-12 y

Tadean 19)

Onrosapajyhu apun-xamoreaua (1.05 mmol), onebun (I mmol), joHcka TedHocT 8,
oxrocro TEA (1 cm®) u PdCl, (2 mol.%) memanu cy y3 3arpesatme Ha Temmeparypu ox 110 °C
TokoM 12-14 wyacoBa, y 3aBHCHOCTH O] yHMOTpeOJbeHOr apmi-xajoreHuaa (3a jogdenzen 12
4yacoBa, a 3a OpomOen3eH 14 yacoBa). Hakon xmahema peaknnone cMece 10 cCOOHE TeMrmeparype,
npou3Boau peaknuja (trans-metwn-mmHamMar, trans-eTui-iHaMaT u trans-OyTHII-IHHAMAT) Cy
U3JIBOJEHW M3 PEaKLUMOHE CMelle EKCTPaKIMjOM ca cMecoM JueTui-erap/N-xekcan (5:1).
OpraHcku cI10j je UclpaH BOJOM, CYIIEH IPEeKO aHXUIPOBAHOT HATpUjyM-cyidara, npoueheH a
3aTHM pacTBapay MCHapeH MOoJi CHWKEHWM NpUTHUCKOM. Peakiuje cy mpahene momohy racHo-
MaceHor xpomarporpada u 'H NMR CIIEKTPOCKOIM]je, a TMPOU3BOAM NpeunuIneHn

XpomarorpadujoM Ha KOJOHU (CHUJIMKA-TeN, quxjiopmerad = 1:1).
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3.12. Mukpo6uoI01IKA HCTUTHBAKBA
3.12.1. Tecmupanu muxpoopzanusmu

AHTUMUKpOOHAa aKTHBHOCT KOMIUIEKCa M FHHXOBUX TpeKypcopa je oxapeheHa
TeacTupameM Ha 29 Mukpoopranuzama. ExcriepumenTH cy m3BoheHn Ha 16 BpcTa maToreHHX
Oakrepuja, ykibyudyjyhu 7 cranmapaHux BpcTta U 9 KIMHUYKHUX H30J1aTa; 4 BpCTe MPOOHMOTCKUX
OakTepuja U 9 BpcTa IJbMBA YKJbYUyjyhu 5 BpcTa rjbuBa M3 rpylie MIeCHH M 4 BPCTE KBacalla.
CBM TecTHpaHM MHUKPOOPTaHW3MH MpuKazaHu cy y Tabenu 27. CBH KIMHWYKH H30JIATH
naToreHux OakTepHja A0OMjeHH cy Ha MOKJIOH of MHcTHTyTa 3a jaBHO 31paBibe, Kparyjesail.
Ocrane BpcTe MHKpoOOpraHuszama cy W3 KOJEKIHje MHKpoopranusama Jlaboparopuje 3a

Mukpoouonorujy, [lpuponno-marematudkor gakynrera, Y HuBep3uteta y Kparyjesiy.

BakTrepujcke cycrneH3rje U cycneH3uje KBacala cy MpUInpeMJbeHe TaKo IITO Cy KOJOHH]E
y3UMaHe JUPEKTHO ca MOAJIOore M CyclieHaoBaHe y 5 ML crepuiHor ¢usmonomkor pactopa.
I'yctuHa moueTHe cycneHsuje je mozaemanana ca 0.5 Mc Farland crangapmom [172]. Tloyerna
cycrensuja 6akrepuja capxu oko 10° (CFU)/mL, CFU — jeauunue koje GopMUpajy KONOHH]Y,
a CyCIIeH3HWja KBacala CaJpxu 10° CFU/mL. Touerne CcycrneH3uje OakTepuja W KBacama Cy
nonaTHo pazonaxene y ogHocy 1:100 crepunaum 0.85% ¢uznonomkum pactsopom. CycrieH3nje
CIopa IjbUBa Cy MPHUIPEMIbEHE MAXJBUBUM CKHJIAeM cIriopa ca Mulnenuje. Taka cycrneHsuja je

paz6naxena y ognocy 1:1000 crepminum 0.85% QHU30JI0MKIM pacTBOPOM.
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Tabena 27. Criucak TeCTUpaHUX MHUKPOOpPraHu3aMa.

Baxrepuje I'muBe

I'pam-no3uTHBHE 0aKTEpHje KBacuu

Sarcina lutea ATCC 9341 Candida albicans ATCC 10231
Sarcina lutea Candida albicans
Enterococcus faecalis ATCC 29212 Rhodotorula sp.

Enterococcus faecalis Saccharomyces boulardii
Bacillus subtilis ATCC 6633 I'sbuBe u3azuBauu 6yhu
Bacillus subtilis Aspergillus niger ATCC 16404
Staphylococcus aureus ATCC 25923 Aspergillus niger
Staphylococcus aureus Aspergillus restrictus
I'pam-HeraTuBHE GaKTepHje Aspergillus fumigatus
Escherichia coli ATCC 25922 Aspergillus flavus

Escherichia coli
Pseudomonas aeruginosa ATCC 27853

Pseudomonas aeruginosa

Proteus mirabilis ATCC 12453
Proteus mirabilis

Salmonella enteric

Salmonella typhymurium
Mpo6noTunu

Lactobacillus rhamnosus
Lactobacillus plantarum
Bifidobacterium animalis subsp. lactis
Bacillus subtilis IP 5832

3.12.2. Mukpoounyyuona memooa

OBa Meroma omoryhaBa HCIUTHBamEe AaHTUMUKPOOHE AaKTHUBHOCTH oaehuBameM
MUHUMaJHe HWHXUOUTOpHE KOHUeHTpauuje (MUK) wu MuHMManHe MHKpOOHOIMIHE
koHueHrpanuje (MMK) kopunthemeM MUKPOTHTPAaMOHKX IUI04a y3 moMoh pecasypuna [173].
MuHuMmanHa WHXHOUTOpPHA KOHIIGHTpaldja ce AcUHUINE Kao HajHWKa KOHIICHTpaIHja
TECTUPAHOT jEeIUIbCHha Ha KO0jo] je HMHXMOWpaH pacT MHUKPOOpraHM3amMa, a MHHUMAaIHa
MHUKpPOOHOIM/IHA KOHILIEHTpAaIMja Kao HajHWKa KOHLEHTpAIMja TECTHPAHOI jeHIbEeha Koja
J0OBOIM 0 CMPTH MHUKpoopranuzama. CepujoM IBOCTPYKOT pazOiakMBama HalpaBJbEHE CY
kourenrpanyje og 1000 pg/ml mo 7.81 pg/ml y 96 Gynapuha xoju caapxe Mueller—Hinton
Oyjon 3a Gaktepuje u Sabouraud mekctpo3nu OyjoH 3a ripuBe. Hakon Tora, 10 pl pasomaxene
cycrneHsuje OakTepuja, KBacala M cropa IjbUBa J0ja ce y cBaku OyHapuh na 6u ce noOumia

KOHAYHA KOHIeHTpamuja ox 5 X 10° CFU/ ml 3a Gaxrepuje n 5 x 10° CFU/mI 3a ribuse.
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Konauno, 10 pl pactBopa pecasypuHa, Ka0 MHIMKAaTOpa MHUKPOOHOI pacTa, J0Ja CE Y CBaKH
OyHnapuh mHOKyNIMcaH OakTeprjama U ribuBama. PecazypuH je muraBe HeduryopecieHTHe 060je Koja
mocraje pkuyacta W (IyopecreHTHa Kaja ce peaykyje A0 pe3opypuHa ox cTpaHe
oKcuaopenykrase yHyrap xuse henuje. Mnokynupane miode ce uHKyoupajy Ha 37 °C 24 yaca 3a
Oakrepuje, Ha 28 °C 48 yacoBa 3a kBacue u 28 °C 72 yaca 3a mecau. MUK ce nedunumie kao
HajHIKa KOHIIEHTpaIlja TeCTHpaHEe CYICTaHIIe KOja clpedyaBa MpoOMEHy 0oje pecasypuHa U3
wiase y posy. 3a mnecan, MUK BpeaHoCTH TecTupaHe CyIcTaHle ¢y AepHUHUCAHEe Kao HajHUKA

KOHIICHTpALlKja KOja BUAJbUBO MHXHOUPA TIOPACT MUILIEIH]yMa.

JlokcutukIMH U (hJIyKOHA30JI, PACTBOPEHH Y XPAaHJbUBO] TEUHO] MOJIO3H, CY KOpUIITNEH!
Kao MO3WTHBHA KOHTpousia. Takole, mpaheH je yTuiaj pacTBapada Ha pacT MUKpOOpraHHU3ama
ucnutuBameM nejctBa 10% DMSO. IIpumeheno je ma 10% DMSO He umHxuOupa mnopact
MHUKpoopranuzama. Takole, y ekcriepuMeHTy, KoHueHTpanuja DMSO ce HakHanHO cMamuBaia
300T cepuje MBOCTPYKOT pasz0iaxkema, IITO je€ PEe3yJNTOBaJO Ja pagHa KoHieHTpauja DMSO
oyne 5% wunu Huxka. CBakM TecT YKJbydyje KOHTPOJY pacta M KOHTpONy crepumiHocTH. CBa

TecTHpama Cy BpiieHa y aymiankaty 1 MUK BpenHocTH cy Ouie KOHCTaHTHE.

Munumanna Oakrepunuana u GyHrumuana konnentpanuja (MBLY/M®LI) cy oxpehene
npenomembeM 10 pl y3opka w3 Oynmapuwha m3umanm MUK BpemHocTH y KojuMa HHUje yodeHa
nmpoMeHa 0o0je WMHIMKATOpa, Ha XpaHJBPUBY arap mnoiiory. Ha kpajy mepuoma wuHKyOamwuje
HajHIDKAa KOHIEHTpanuja ©Oe3 pacra (0e3 KojoHHje) aeduHuCaHa je Kao MHMHHUMAJIHA

MHUKPOOHOIU/IHA.

3.13. AuerusjoBame TePMUHAJHE aMUHO rpyne y L-xucruaua-rauuuny u L-

METHOHUJI-TJIUIIUHY

3a aneTwioBambe TEPMHHATHE aMHHO-TPYNE Yy MenTuauMma L-XUCTHIWI-TAunuHy u L-
METHOHWI-TJIMLUHY YIOTpeOJbeHa je MeToIa Koja je paHuje onucana y aureparypu [174,175]. Y
IITO Mamk0]j 3alPEMHUHH TJIallhjaJiHe CHpheTHE KUCEIIMHE PacTBOPH Ce 5,0x10™* mola nentuza, na
y oBaj pacteop gozxa 7,5x10™ mola (70,9 ul) anxunpuzna cupherse xucenune. Pactop ce mera
Ha COOHOj TeMIepaTypu TPU cara, a 3aTHMM OCTaBH Ja MCIapH 10 cyBa. Y BehwHHU ciydajeBa
nobuja ce yJbacTa CYICTaHIa Koja TpecTaBiba alleTWIOBAHW MeNnTHUI. UYHCT aleTHIOBaHH

METITHT MOXKE C€ JOOUTH NPEKPUCTAIHMCABAKHEM M3 CMEIE BOJA-alleTOH, WJIM HEKOT JPYror
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OpPraHCKOT pacTBapada. AIETWIOBAHM MENTHZ y KPUCTATHOM OOJIMKY MOXE ce JOOWTH U
pacTBapameM yJhacTOI OCTaTKa y BOJAM, a 3aTHM HCIIApaBambeM pacTBopa Ha COOHO]
Temneparypu a0 cyBa. [lo moTpebu oBaj moCTymak ce MOKe MOHOBUTH BHIIe myta. Yucroha

AlleTHITOBAHOT IIeNTH A poBepena je momohy H NMR criektpockorje.

3.14. Xwuapoaurnuke peakiuje ACHis-Gly u AcMet-Gly nunenTuaa Kkarajan3oBaHe
[HDEA],[PdCI4] kommiexcom

Peakiuje [HDEA],[PACl,] xommnekca ca N-anerunoBanum punentuauma, ACHIS-Gly u
AcMet-Gly, npahene cy momohy 'H NMR cmexrpockommje. IMamamujym(Il)-kommexe
METITUIA MENIaHu ¢y y MosickoMm oaHocy 1 : 1 y NMR kuBetn. Konnenrpanuja pactBopa HaKoH
Memama Omna je 20 mM y omHocy Ha peakTtanTe. HaBeneHe peakiuje cy u3BOheHE Ha

temneparypu ox 60 °C, a pH BpenHocT peakimone cmerte 6una je 2,0.

3.15. PauyHapcke meToe

CBa m3pauyHaBama H3BeleHa Cy nmomohy mporpama Gaussian 03 [176] u Gaussian 09
[177]. ¥V oxBupy Teopuje ¢ynknuonana ryctune (DFT, Density Functional Theory)
yrnotpebsbern cy ¢ynkuuoHamu B3LYP [178-180], M06 [181] u MO052X [182]. baszuchu
ckymoBu 6-31G(d), 6-311G(d,p), 6-311+G(d,p) u 6-311++G(d,p) xopurrhenu cy 3a atome C, H,
O, N, Cl u S, nok je 3a arom Pd ymorpebssen LANL2DZ+ECP u def2-TZVPD [183].
['eomeTpuje cBHX CTalMOHApPHMX Tadaka y TacoBHTO] (a3u m pactBapaumma ojapehene cy
ONTUMU3AIN]OM 0€3 MKAaKBHX OTpaHHYCHAa, U3Y3€B Yy Clydajy jenumema 1, 2, 5, 6 u 8. 3a oe
Mmonekyne, nyxkuHa N-H Bese je mocraBibeHa Ha onpeheny BpemHocT. OBO OorpaHudeHE j€
yBelleHO Jla Ou ce 0oJbe cUMyNupaia jJOHCKa MPHpOJa OBUX JEIHIbEHA, U TAKO MOCTUTIIO 00Jbe
cnarame u3Mel)y ekcrepuMeHTaTHo JoOHWjeHNX M U3padyHaTuX crekrapa. [Ipu ontumuzanuju y
pactBapauy kopumnihen je CPCM wmopmen [184,185]. [leBer pasznmuuuTux pacTBapaya je
kopuriheno: Boga (€ =80.1), mumerun-cynpokcun (¢ = 46.7), aneronutpuia (¢ =37.5), MmeTaHo
(e =32.7), eranon (e =24.5), terpaxuapodypan (¢ =7.58), xnopodopm (g =4.81), nuetun-erap (e
=4.33) u yrsen-terpaxyopun (¢ =2.44). M3pauyHaBameM (peKBeHIMja TOTBpHEHO je 3a cBe
M3padyHaTe CTPYKTYpe Jla Cy WM DPABHOTS)KHE TreoMeTpuje (CBEe peanaHe BUOpamuje), WIu
npenasHa crama (jeaHa mmarmHapHa uOpanwmja). M3semenu cy IRC (ewe. Intrinsic Reaction

Coordinates) pauyHu 3a mponaljeHa mpenaszHa ctamba. OBH padyHH Cy HNOTBPAWIM Ja CBAaKO
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npea3sHo crame MoBesyje oaroBapajyhe peaktante u mpomsBoge. NBO (eng. Natural Bond

Orbital) ananu3za je u3BeneHa 3a CBE CTPYKTYpPE YK peakimoHe koopauHare [186].
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3.16. Tabesie ca onadpanum mel)yaroMckum pacrojambuMa U 01adpaHUM YIJIOBHUMA,

Kao0 U Tadejie ca eHePreTCKUM CaJp:KajuMa CTPyKTypa

Ta6ena 5.MehyaTomcka pactojama (y A) m3mely katjona u anjona (H1-O1), kao 1 BOZOHUYHE

Bese y IL 1.
PactBapau/H-Be3a N-H1 H1-O01 H2-02 H3-01
I'ac 1.09 152872 2.22519 1.90363
VYIIbeH-TeTpaxIopu I 1.09 1.57205 2.43659 1.87958
Juerun-erap 1.09 1.59515 2.53547 1.86608
Xnopodopm 1.09 1.59799 2.54572 1.86466
Terpaxumpodypan 1.09 1.60788 2.58089 1.85957
Etanon 1.09 1.62142 2.63199 1.85286
Meranon 1.09 1.62291 2.63845 1.85214
ALETOHUTPUT 1.09 1.62358 2.63912 1.85183
JumeTun-cynpokcua 1.09 1.62049 2.64338 1.85201
Bona 1.09 1.62149 2.65233 1.85098
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Ta6ena 6. Melyyatomcka pacTojama (y A) m3melyy xatjona u anjona (H1-O1), kao u BojgoHmuHe Bese y IL 2.

PactBapau/H-Be3a N-H1  H1-O01 H2-02 H3-01
lac 1.09 155748 2.37295 1.91232
VYIIbeH-TETpaxIopu I 1.09 161167 25187 1.90615
Juerwi-erap 1.09 163896 2.58697 1.90185
Xnopodopm 1.09 164197 2.60054 1.90076
Terpaxunpodypan 1.09 165149 2.66283 1.89479
ETanon 1.09 166445 2.71301 1.89053
Meranon 1.09 1.66546 2.71763 1.89084
ALETOHUTPUT 1.09 166585 2.71853 1.89065
JumeTtun-cynpokcua 1.09 166606 2.72211 1.89172
Bona 1.09 1.66786 2.72482 1.89031

Ta6ena 7. MeljyaTomcka pactojama (y A) m3melhy xatjona u anjona (H1-O1), kao u BogoHmuHe Bese y IL 3.

PactBapau/H-Be3a N-H1  H1-O1 H2-02 H3-01
lac 1.07797 159102 2.21292 1.92528
Vrmwen-terpaximopua 1.06319 1.67168 2.33757 1.90681
Juerwi-erap 1.05881 1.69998 2.4702 1.89194
Xnopodopm 1.05855 1.70127 2.50592 1.88872
Terpaxumpodypan  1.05701 1.71265 2.55429 1.88416
Etanon 1.05689 1.71439 2.74905 1.86995
Meranon 1.05664 1.71637 2.75507 1.86923
ALETOHUTPUT 1.05657 1.71689 2.75674 1.86901
Humernn-cynpokenn 1.05639 1.71828 2.76096 1.86847
Bona 1.05617 1.71998 2.76666 1.86777
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Ta6ena 8. MeljyaTomcka pactojama (y A) m3melyy xatjona u anjona (H1-O1), kao u BojgoHmdHe Bese y IL 4.

PactBapau/H-Be3a N-H1 H1-ClI H3-Cl
lac 1.10095 1.82328 2.22178
Vrmen-terpaximopua  1.06813 1.95865 2.2421

Juerun-erap 1.05796 2.02862 2.253
Xnopodopm 1.05712 2.03531 2.03531
Terpaxumpodypan  1.05319 2.07163 2.25793
Eranon 1.04857 2.12376 2.2663
Meranon 1.04819 2.12831 2.26723
ALETOHUTPUT 1.04799 2.13051 2.26825
Humernn-cynpokeun 1.04774 2.13354 2.26906
Bona 1.04748 2.13675 2.13675

Tabena 9. Mehyatomcka pactojama (y A) usmely katjona u anjona (H1-O1), kao u Bogonuuse Bese y IL 5.

PactBapau/H-Be3a N-H1  H1-O1 H4-02 H5-02 H6-02
I'ac 1.09 144159 240208 2.6187  2.8588
VYTIIbeH-TETPaxIOpUa 1.09 148879 2.45804 2.63111 2.98852
Juetnin-erap 1.09 151157 249119 2.65512 2.98625
Xnopodopm 1.09 151419 2.49641 2.66083 2.98501
Terpaxunpodypan 1.09 152325 251548 2.679  2.98016
Etanon 1.09 153507 2.53487 2.71175 2.97692
Meranon 1.09 153597 2.53625 2.71461 2.9775
ALETOHUTPUI 1.09 153615 2.5367 2.71385 2.97799
Jumetnn-cyadhokcu 1.09 1.5363 2.53821 2.71583 2.97772
Bona 1.09 153726 2.70633 2.75091 2.9578
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Tabena 10. Melyyatomcka pactojama (y A) m3mely katjona u arjona (H1-O1), kao 1 BomoHnuHe Bese y IL 6.

PactBapau/H-Be3a N-H1 H1-O1 H4-02 H5-02 H6-02
lac 1.09 150512 237117 251699 2.87836
Vrmwen-terpaxmopun  1.09 154957 24366 2.67881 2.85673
Juerwi-erap 1.09 157177 2.48706 2.69848 2.88273
Xnopodopm 1.09 157449 249256 2.69938 2.88608
Terpaxunpodypan 1.09 158398 252341 2.62652 2.90784
Eranon 1.09 159463 254399 2.65016 2.91561
Meranon 1.09 159617 254622 2.65164 2.91734
ANETOHUTPHIT 1.09 159646 2.54683 2.65208 2.91786
Humernn-cynpokeny 1.09  1.59758 2.54838 2.65529 2.91611
Bona 1.09 159865 2.55004 2.65492 2.91998

Ta6ena 11. Melyyatomcka pactojama (y A) m3mely katjona u anjona (H1-O1), kao 1 BomoHnuHe Bese y IL 7.

PacTtBapau/H-Be3a N-H1 H1-Cl H5-CI H6-ClI
lac 1.12537 1.74806  2.83326 2.91997
VYIIbeH-TETpaxIopu I 1.07891 1.88599 2.89394 2.99657
Juerwi-erap 1.06697 1.9466  2.93473  3.02501
Xnopodopm 1.06569 1.95466 2.94139 3.0265
Terpaxumpodypan 1.06175 1.98058 2.96027 3.03796
Etanon 1.05773 2.00901 2.97454  3.05904
Meranon 1.05734 2.01185 297579  3.06183
ALETOHUTPUT 1.05726 2.01265 2.97618 3.06276
JumeTtun-cynpokcua 1.05703 2.01472  2.9775 3.06464
Bona 1.05674 2.01755 297921  3.06736
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Tabena 12. Meljyyatomcka pactojama (y A) m3melyy katjona u anjona (H1-O1), kao 1 BomoHnuHe Bese y IL 8.

PactBapau/H-Be3a N-H1 H1-01 H3-01 H7-02 H8-02
lac 1.09 15217 1.78031 2.20408 2.35486
Vrmwen-terpaxmopun  1.09 156864 1.78585 2.30791 2.36647
Juerwi-erap 1.09 159094 1.78799 2.3494  2.39183
Xnopodopm 1.09 159363 1.7881 2.35412 2.39571
Terpaxunpodypan 1.09 1.60285 1.78526 2.37395 2.40803
Eranon 1.09 1.61569 1.78642 2.3975 2.43176
Meranon 1.09 1.61669 1.78656 2.40096 2.43506
ANETOHUTPHIT 1.09 1.61702 1.78661 2.40175 2.43641
Humernn-cynpokeny 1.09 1.61789 1.78669 2.4039  2.44024
Bona 1.09 1.61894 1.78687 2.40711 2.44495

Tabena 13. Meljyyatomcka pactojama (y A) m3mely katjona u anjona (H1-O1), kao 1 BomonnuHe Bese y IL 9.

PactBapau/H-Be3a N-H1 H1-01 H3-01 H7-02 HB8-02
lac 1.07577 1.65151 1.77713 2.18903 2.33006
Yrmwen-terpaxiopun  1.06413 1.71665 1.78608 2.27454 2.35116
Juerun-erap 1.0599 1.74366 1.79036 2.31887 2.38159
Xnopodopm 1.05943 1.74689 1.7908 2.32461 2.3865
Terpaxunpodypan 1.0578 1.75807 1.7908 2.34348 2.40619
Etanon 1.05564 1.77517 1.79112 2.36551 3.41512
MeTtanon 1.05533 1.77729 1.78975 2.36685 2.46785
ATETOHUTPHIT 1.05527 1.77779 1.78979 2.36732 2.46964
Humernn-cynpokeny 1.05516 1.77885 1.79027 2.36892 2.47221
Bona 1.05491 1.78075 1.7905 2.37038 2.47852
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Tabena 17. ExcriepiuMeHTanna u nspadyHnara Meljyaromcka pacrojama (A) y jemumemy 12.
ExkcriepuMeHTanHN U 3padyHaTH MOAAIH OJHOCE CE Ha YBPCTY U TaCOBUTY (a3y, PECIICKTHBHO.

Besa Excm. U3spau.
N1-C9 1.383(2) 1.384
N1-C8 1.447(2) 1.446
01-C1 1.374(2) 1.357
02-C2 1.364(2) 1.366
02-C7 1.416(2) 1421
03-C20 1.214(2) 1.210
C1-Co6 1.368(3) 1.380
C1-C2 1.398(2) 1.403
C2-C3 1.380(2) 1.383
C3-C4 1.395(2) 1.397
C4-C5 1.383(2) 1.386
C4-C8 1.521(2) 1.519
C5-C6 1.397(2) 1.394
C8-C15 1.553(2) 1.548
C15-C20 1.510(2) 1.519
C15-C16 1.526(2) 1.536
Cl6-C17 1.511(3) 1.530
C17-C18 1.519(3) 1.528
C18-C19 1.527(3) 1.536
C19-C20 1.490(2) 1.507

Kao 1m1To je u ouekuBaHO, TEOMETPHje UBPCTE U racoBute ¢ase jeanmemna 12 HUCy HACHTHYHE, 300T

WHTPaMOJICKYJICKUX UHTEPAKIIKja Y UBPCTOM CTAIbY.
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Ta6ena 20. O3HaueHa melyyaTomcka pactojama (A) ncnuTnBanuX BpcTa 3a popmupame Pd(Il)-
KOMITJICKCA.

Joncka reunocr + PdCl,

N1-H1 1.05
0O1-H1 1.61
Pd-ClI 2.31,2.35
23
N1-H1 211
0O1-H1 0.98
Pd-N1 2.89
24
Pd-N1 2.08
Pd-ClI 2.32,2.35
25
Pd-N1 2.15
Pd-ClI 2.36, 2.38
N2-H2 3.40
02-H2 0.98
Pd-N2 2.88
26
Pd-N1 2.17
Pd-ClI 2.36, 2.38
N2-H2 4.42
02-H2 0.98
Pd-N2 5.75
Pd-0O3 2.59
Pd-N,N-kommiexc
Pd-N1 2.17
Pd-ClI 2.38,2.42
Pd-N2 2.17
Pd-N,O-kommiexc
Pd-N1 2.13
Pd-N2 5.08
Pd-ClI 2.36, 2.40
Pd-0O3 2.12
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Tab6ema 21. Bpegnoctn 3a yKynHy €HEpIH]jy, EHTAIIH]Y, ¥ CIIO00HY SHEPTH]jy 32 CBE HCTPAKUBAHE BPCTE
y Mexanusmy popmupamma Pd-N,N u Pd-N,O-kommiekca. Ctpykrype 8 + PdCl,, 24a, 24b, Pd-N,Na u
Pd-N,Oa cy nare na ciuum 43 ucnop Tabere.

AE (kJ/mol)  AH?*® (kJ/mol) AG**® (kJ/mol)

Crynam 1
8 + PdCl, 0.0 0.0 0.0
23 127.5 129.6 127.0
24a 145 155 10.8
Crynam 2
24b 0.0 0.0 0.0
25 156.5 163.3 139.7
26 102.4 108.3 85.8
Pd-N,Na 37.4 43.6 19.1
Pd-N,Oa 43.3 47.0 33.0
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Pd-N,Oa-xomniexc

Cmuxka 43. Ctpykrype nooujere ontumu3saijom 8 u PACI, 3ajenno, 24 u ACOH (24a), 24 u 8 (24b),
Pd-N,N u Pd-N,O-kommiekca ca ACOH (Pd-N,Na u Pd-N,Oa).
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Ta6ena 22. Heka melyyatomcka pactojama (A) 3a ncrmrusase Bpere y Mexannsmy dopmuparsa Pd(0)-
KOMILIEKCA.

27
Pd-N1 2.25
Pd-N2 4.87
Pd-Cl1 2.40
Pd-CI2 2.43
Pd-O3 1.99
C1-H4 1.10
Pd-H4 3.15
28
Pd-N1 2.15
Pd-Cl1 2.38
Pd-CI2 2.37
Pd-03 2.42
Cl-H4 1.15
Pd-H4 211
29
Pd-N1 2.42
Pd-Cl1 2.39
Pd-CI2 2.42
Pd-H4 1.52
30
Pd-N1 2.55
Pd-Cl1 2.81
Pd-CI2 2.39
Pd-H4 1.56
Cl1-H4 1.71
31
Pd-N1 2.28
Pd-CI2 2.38
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Tabema 23. BpenmHoctu 3a yKynmHY €HEpPrujy, CHTAINH]y, W CIOOOJIHY €HEPrHUjy 3a CBE
UCTpakMBaHe BPCTE y MexaHu3My Gpopmupama Pd(0)-komriekca.

AE (kJ/mol)  AH?® (kJ/mol) AG*® (kJ/mol)

Crynam 1
Pd-N,O-kommiekc 0.0 0.0 0.0
27+H" 1311.0 1309.4 1315.3
Crynam 2
27 0.0 0.0 0.0
28 144.6 143.5 141.9
29a 1.0 4.9 -11.4
Crynam 3
29 0.0 0.0 0.0
30 85.9 87.6 78.9
3la 39.6 41.1 321
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Ta6ena 26. Heka MeljyaTomcka pactojama (A) y kpylujanauM HHTepMe mjepiMa 1 IpOH3BONMA.

Junentug
C-0O (menTuaHa Be3a) 1.22
C-N (menTuaHa Be3a) 1.35
B
Pd-S 2.35
Pd—ClI 2.32
Pd—ClI 2.36
Pd-O (kxapOonm) 2.12
C-0O (xapOonmn) 1.24
C-N (nmentuaHa Besa) 1.33
C
Pd-S 2.31
Pd—ClI 2.30
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4. 3AKIbYUAK
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VY okBHpY OBe JHcepTalrje HEKH O/ JepuBaTa eTaHOJIaMUHA YIIOTPEOJbEHH CYy 32 CHHTE3Y
onroapajyhux joHckux TedHocTH. J[0OMjeHE JOHCKE TEUYHOCTH Cy OKapakTepucaHe MPUMEHOM
IR u 'H NMR crekTpockonuje # MOJATHO HCIHTaHe KopuinhemeM MeTona (yHKIHOHANA
I'YCTHHE. AHalM3a OBHX jeUbCHA je MoKa3asa J1a OHa M0CToje y O0IMKY OJJBOjEeHUX KaTjOHA U
aHjoOHA Yy TIOJIADHUM pacTBapadyrma, JOK Yy HEIMOJApHUM pacTBapadynMa I0CTOje y OOJUKY
KOHTAKTHUX JOHCKMX TmapoBa. Hawmme, pactojame u3Mehy joHa Mema ce ca NPOMEHOM
MOJIAPHOCTU pacTBapaua, ycien ¢opMmupama BOJOHMYHHMX Be3a ca MOJIEKyJUMa pacTBapadya.
Takohe, BpeIHOCTH COJIBATAIlMOHUX EHEpPrHja Cce€ CMamyjy ca TIoBehameM IONapHOCTH
pacTBapaua ma cy, CaMUM THM, JOHCKH TTApOBH OBHX jEHIHCHA BHIIEC CTAOMIM30BaHU Y TAKBUM

pacTBapaunma.

VcnutrBame KAaTaIMTUYKOT yTUIAja ETAaHOJAMUHCKUX XJIOPALETaTHUX JOHCKHX
TEYHOCTH Ha TOK MaHHMXOBE peakiidje je Mmokas3aio Ja cy joncke teqnoctd 3, 9, 10 u 11 Beoma
noOpu Katanu3aTopu oOBe peaknuje. Kama cy peaknmje HW3BEACHE y €TAHOJIY, HMPUHOCH
PEaKIMOHNX TMPOW3BOAA Cy OWJIM BpJIO JAOOpH, a JAMACTEPEOCEIIEKTUBHOCT OJIMYHA. Y CBUM
peakuujamMa je MCKJbYYMBO Hacrajao anti nuactepeomsomep. Tako je y peakiuju BaHWIMHA,
aHWINHA W IUKIOXEKCAaHOHA W30JIOBAaHO 0€300jHO KPUCTATHO jeaumeme 12, koje je Ouio
MOTOJTHO 32 PEHITCHCKY CTPYKTYpHY aHanmu3y. [lokaszano ce na ce paaud O JBa €EHaHTHOMEpHA
MOJICKYyJIa jemumbema 12, koja cy MelycoOHO ToBe3aHa JBeMa BOJOHMYHUM Be3ama, U Koja
00pa3yjy LEHTPOCUMETPUYHH palleMCKHu numep. Meronama (QyHKIMOHAIA T'yCTUHE HCIUTAH je
moryhu myt ¢opmupama aBa eHaHTHOMEpHa anti mpousBoja jenumema 12 (RS u SR obiuka).
[Tocne pacBeTshbaBama peakIMOHOT MEXaHW3Ma OWJIO je jJaCHO Jla je jelaHa o1 KJbydyHux (daza
peaknuje GopMupame UMHUHHJYM joHa 16, KaTanu3oBaHa BOJOHWYHUM Be3ama. VIMUHHjyM jOH
noJyuiexe nasbe TpaHcpopmanujama npeko RS u SR myresa. IlyreBn R u S, xao u RS u SR
3aXTeBajy CKOPO MACHTUYHE aKTHBAllMOHE Oapujepe, WITO 3Hauu 1a je popmupame 12-RS u 12-

SR enantnomMepa jeaHako GpaBOpH30BaHO y 0BOj anti-cenekTuBHO] MaHMX0BOj peakIuju.

Takohe, wnaheno je ma ce y peakuuju PdCl, ca pameranomamuuckum, N,N-
JTUETHIICTAHOJAMUHCKUM JOHCKUM TeuHocTMma 1, 4, 5 m 7, ka0 M ca TpUETaHOJAMHUHCKOM
joHckoM TeuHomihy 8, mobuja edukacan joHcka TeuHoct/Pd(Il) — kaTamuThuku cuctem 3a

,»3eleHy" XeKoBy peaknujy. YNmoTpeO/beHE JOHCKE TEYHOCTH Cy HMalie YJIOTy PEaKIIMOHOT
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Menujyma, 0asze, mpeKypcopa mpekaraan3aropa, KOOpaAuHyjyher nuranga u MOOWUITHE TOJIPIIKE
3a Pd-akTHBHY BpCTY, C O03MpOM Ha YMEHCHHUILY Ja Cy 3HATHO OJIAKIIABaJle PAaCTBOPJHUBOCT
Pd(Il)-mmpekaranuszaropa u Pd(0)-karanuruuke Bpcte. OCUM TOTa, OBAKO OCMHUIILJbEHA MPOLIEAYpPa
XekoBe peakiyje Ouia je MHOTO jeJHOCTaBHM]ja, PeakinoHu mpuHoc Bpio no06ap (90-93%), a
CEJICKTUBHOCT OJUIMYHA (IO0OHjeH je WMCKJBY4YHMBO trans-mpomssoxa). KonauHo, ymorpebsbeHa
JOHCKa TEYHOCT C€ MOrJja YIMOTpeOWUTH jour map myTa, 0e3 3HavyajHHjer CMamermha aKTHUBHOCTH.
300r cBera HaBEJIEHOT, MOXKE C€ CMaTpaTd Ja jé OBaKO KOHIUIHUPAH XEKOB MPOTOKOI BPIIO
edukacaH, E€KOHOMHYAH U CKOJOIIKH TPUXBAT/BUB. Y 1UJbY pacBET/hbaBamkba MEXaHHU3Ma
OJIBMjalba OBE PpEaKIMjeé Yy TNPHCYCTBY JOHCKE TEUYHOCTH TpPHETAHOJAMOHH]yM-amerara
([TEA][HOAC], 8), ynmotpebibere cy merone (QyHKIMOHANA IycTHHE. McmocTaBuiio ce aa je y
0B0j peakuuju Moryhe ¢popmupame nBa trans-[PdCly(TEA),] kommnekca, u To Pd-N,N u Pd-N,O-
KOMIUIeKca. AHanu3a cTabuiIHOCTH A00HMjeHNX KoMmIuiekca mokasyje aa je Pd-N,O-kommiekc 3a
31.4 kJ/mol mame crabunan ox Pd-N,N-xkommiekca, 300r yera cMO W MPETIOCTaBUIM Ja OH

nojyIekKe Aajkoj Tpanchopmanuju, najyhu katamutuaku aktuBad Pd(0)-kommiekc.

Jla 6ucMo ucnuTand OUOJOUIKY aKTUBHOCT HOBOCHHTETH30BAHMX JOHCKHX TEYHOCTH U
oarosapajyhux Pd(ll)-komruiekca, in Vitro cy tectupaHe aHTHOAaKTEpHjCKa W aHTH(YHrasHa
aKTUBHOCT jenumberba 8 u 4, u komruiekca trans-[PdCIly(TEA),] u [HDEA],[PdCl,]. Toka3zano ce
Ja KOMIUIGKCH W HbUXOBH MPEKYpPCOPH UCIOJbaBajy HUCKY AHTUMHUKPOOHY aKTHBHOCT.
AuTn6akTepujcka akTMBHOCT je Ouia m3paxeHa npema HekuM G' Gaxrtepujama (S. lutea, Enter.
faecalis, B. subtilis), mpo6uoruruma (L. rhamnosus, B. subtilis IP 5832) u Bpcrama Ps.
aeruginosa. AatudyHraiHa akTHBHOCT je Omia 6oJba IpeMa IUICCHHMa HEro MpeMa KBacIuma.
Tectupana jenumema cy aenoBana Ha Aspergillus Bpcre, mokx cy C. albicans, kmuHuuke u
CTaHJapAHe BpcTe, Omie oTnopHe. JoHcka TeuHocT 8, a mocedHo komrieke [HDEA],[PACly], ca
cBOjoM m3pakeHoM aktuBHomthy mpema Aspergillus Bpcrama, Mory ce cmarpartu areHcuma ca
MOTEHIMjaTHOM aHTH()YHTaIHOM aKTHBHOIINY, OJHOCHO MOTy OMTH KaHAumaTH 3a Oymyha in

Vitro u/wm in Vivo ucrimtuBama.

Takohe, npumerom "H NMR criektpockonje u3ydasane cy peakumje [HDEA]L[PACI,]
komruiekca ca N-anerunoBanum L-xuctumwi-raunuaoMm (AcHis-Gly) u N-anerwnoBanum- L-
metroHuI-TaunuHoM (AcMet-Gly). ¥V o06a ciydaja oBaj KOMIUIEKC IIOKa3yje CEIEKTHBHY

XUAPOJIUTUYKY aKTUBHOCT.
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Jla 6u ce 60sbe 00jacHHO MEXaHU3aM XUAPOIUTHYKE peakiuje ca ACMet-Gly u nao 6061
YBHJ y KOOPIMHALMOHY XEMHjy TENTHIa KOjU cajpKe METHOHMH, KopumtheHe cy Mmeroxe
¢ynkunonana ryctuHe. OBa cTyadja JONPUHOCH OOJbEM pa3yMeBamy HHTEpakiyje
nanagujyma(ll) ca —SH nwnm —SR rpynama u ykasyje Ha npaBar] pa3soja HoBux nanaaujym(ll)-

KOMIUIEKCa KOjU OM MOTJIH OUTH TPUMEHEHU Y OMOOPTaHCKO] XEMUJH U CTPYKTYPHO] OMOJIOTH]H.
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6.1. Buocpagpuja

Hymmna CumujonoBuh je pohena 18.03.1982. romune y Jaroamuu. OCHOBHY IIKOIY
3agpmmia je 1997. romuae y Konapy, a rumuasmjy ,,Csero3ap Mapkouh y Jaroguau 2001.
ronune. Ha TlpupomHo-maremarnuku (akynrer, CTyAWjcka Tpyma Xemuja, YHHBEp3UTETa Yy
KparyjeBiy ynucana ce mkosicke 2001/02. roqune, a aurutomupaia 2007. ToanHe ca MPOCeYHOM
oleHOM y ToKy crtyamja 9,14. JlokTopcke akamemcke cryauje (cmep OpraHcka xemuja) Ha

[Tpuponno-maremaTuukom dakynrety y Kparyjeriy ynucana je mkosicke 2007/08. rogune.

On 2008. romuHe Omia je aHTa)KOBaHA Ha MPOjeKTy MUHHCTApCTBAa HAYKE U 3AIITHTE
KHUBOTHEe cpenuHe PemyOnmke CpOuje moj HasuBoM ,, buoaxkmuenu xomniexcu P- u d-jona
Memana ca Jaueanouma ¢papmaxkomepanujckoe 3uauaja’ (142013B), kao crumeHamcra
MuHucTapcTBa HayKe W 3aIllITUTE XKUBOTHE cpeauHe, a o7 HoBemOpa 2009. romuHe Ha UCTOM
MPOJEKTy Kao MCTPaXUBad-TIpUNpaBHUK. Y mepuoay ox 2011. roguHe ma 10 AaHac paaud Kao
UCTPaXMBaY-CapaJHUK Ha TMpojekTy MuHHcTapcTBa mnpocBere W Hayke Pemybmmke CpOwuje
»Cunmesa, mooenosare, husuuko-xemujcke u OUOIOWIKE OCOOUHE OP2AHCKUX jeOurberba U

oozosapajyhux komniexca memana’” (O 172016).

TpenyTHO ce 6aBH UCTPa)KUBAUYKUM PAJIOM y 00IaCTH OpPTaHCKE U OMOOPTaHCKE XeMHje y
OKBHpY UCTpakuBauke rpyne npodecopa 3opuie [lerposuh. Hayuna ucrpakuBama Ha KOjuMa
j€ aHra)xoBaHa Cy CMHTE3a JOHCKMX T€YHOCTHU — JIepUBATa €TaHOJIAMUHA, U F/bUXOBA IIPUMEHA Kao
KaTaJn3aropa, JIMTaHaJa W pacTBapada y OPraHCKAM W METAJIOPTaHCKAM peakiHjaMa, Kao |
WCIHWTHBama peakifja XUAPOJH3C MeNnTHAHE Be3e momohy kommiekca mamagujyma(ll) wu

wiatuHe(ll) y nentuauma Koju caapke aMUHOKUCEITMHE XUCTHIUH U METHOHHH.

Hymmia CumujoHoBuh 10 cajja ©Ma 4YeTpHAECT 00jaB/beHUX HAYUYHUX PaJloBa Y HAYUHUM
yaconucuMa Mel)yHapoaHOT 3Hadaja, U BUILE CAOMIITEHa Ha HAYYHUM CKYIIOBUMA HAIlHOHATHOT
u MehyHaponHor kapakrepa. CtpydHo Behe 3a mpupomHO-MaTeMaTHUKe HayKe YHHUBEP3UTETA Y
KparyjeBuy je jyna 2011. roauHe [IOHENO OJIyKYy O CarjlaCHOCTH Ha TeMy JOKTOPCKe
acepTanyje ToJ HaciaoBoM ‘‘/lepuBaTH €TaHOJAMHMHA Ka0 JOHCKE TEYHOCTH M IMPEKYpPCOpH
ouosomky U KataauTuuku aktuBHEUX Pd(ll)—kommiekca” kojy je ycBojuimo HacraBHO-HaydHO

Behe [pupoano-maremarnukor dakynarera y Kparyjesuny (Omnyka 6poj 340/1X-1).
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6.2. Cnucaxk nyoiuKoeanux HayuHux paooea
Hymmia CumujoHoBuh 10 cajia je o6jaBuiia YeTpHAeCT HAYYHUX pasioBa:

Petrovi¢ Z.D., Markovi¢ S., Simijonovi¢ D., Petrovi¢ V., Mechanistic insight into

preactivation of a modern palladium catalyst precursor in phosphine-free Heck reactions,
Monatsh. Chem., (2009) 140: 371-374 (M22) IF 1.312 ISSN (printed): 0026-9247.ISSN
(electronic): 1434-4475.

Petrovic Z.D., Hadjipavlou-Litina D., Pontiki E., Simijonovic D., Petrovic V.P.,

Diethanolamine Pd(Il) complexes in bioorganic modeling as model systems of
metallopeptidases and soybean lipoxygenase inhibitors, Bioorg. Chem., (2009) 37: 162-166.
(M23) IF 1.588 ISSN — 0045-2068.

Petrovi¢ Z.D., Simijonovi¢ D., Petrovi¢ V.P., Markovi¢ S., Diethanolamine and N,N-

diethylethanolamine ionic liquids as precatalyst-precursors and reaction media in green Heck
reaction protocol J. Mol. Cat. A. (2010) 327: 45-50 (M22) IF 2.872 ISSN:1381-1169.

Petrovic Z.D, Petrovic V.P., Simijonovic D., Markovic S., Mechanistic pathways for

oxidative addition of aryl iodides to the low-ligated diethanolamine palladium(0) complex in
phosphine-free Heck reactions, J. Organomet. Chem, (2009) 694: 3852-3858 (M22) IF
2.347 ISSN: 0022-328X.

Petrovi¢ Z.D., Markovi¢ S., Petrovi¢ V.P., Simijonovi¢ D., Triethanolammonium acetate as a

multifunctional ionic liquid in the palladium-catalyzed green Heck reaction, J. Mol. Modl.
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NMR and DFT study of the hydrolytic reaction, Dalton Trans. (2011) 40: 9284-9288,
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The series of ethanolamine derived ionic liquids (ILs) 1-9, was synthesized, characterized by IR and 'H NMR
spectroscopy and investigated by DFT study, to explore their properties in solvents with different dielectric
constants. The investigation of the anion-cation and ion-solvent interactions of ILs in solvents with different
polarity was performed. The obtained results showed that solvation has significant influence on anion-cation

interaction. The binding energies of the anion-cation interaction obtained in different solvents showed that
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polarity.

in polar solvents ILs exist as separated solvated ions, while in solvents with lower polarity as the contacted
ion pair. Density functional studies showed that solvation energies decrease with the increase of solvent

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Ethanolamines (monoethanolamine — MEA, diethanolamine — DEA,
and triethanolamine — TEA) and their derivatives are bifunctional nat-
ural and synthetic organic compounds. As structural parts of cephalin
and lecithin, phospholipids of eukaryotic membranes, they are ubiqui-
tous in the biosphere [1-5]. Owing to amine and alcoholic groups
these compounds show relevant biological and pharmacological activi-
ties, making them useful in a broad variety of industrial applications,
such as pharmaceutical, agricultural, chemical, and petrochemical
[6-12].

Taking into account considerable participation of ethanolamines
in different industrial products, which are finally found and stored
in the environment, some authors tested their antimicrobial activity
[13,14]. Studies of few different ethanolamines showed their antimi-
crobial effect to be enhanced at high pH (12, 13). The antimicrobial
activity of some ionic liquids derived from ethanolamines has been
also studied [15,16].

Ionic liquids (ILs) are a class of novel compounds composed exclu-
sively of organic cations and inorganic or organic anions [17-20]. Room
temperature ionic liquid (RTIL), molten salt, liquid organic salt, and
fused salt — all these terms have been used to describe this class of
chemicals accepted from the chemical industry and academia [21].
Most of ILs are liquid up to 200 °C. In recent years, the number of possi-
ble cation and anion combinations has increased significantly. Their

* Corresponding author.
E-mail addresses: dusicachem@kg.ac.rs (D. Simijonovi¢), zorica@kg.ac.rs (Z.D. Petrovic),
vladachem@kg.ac.rs (V.P. Petrovic).

0167-7322/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.molliq.2012.12.020

careful choice provides designing and developing ILs with desirable
properties [22-26].

Ionic liquids are non-flammable and less toxic than conventional
solvents due to their low vapor pressure. Moreover, the low volatility
of ILs results in an increase in process safety. They have the potential
to increase chemical reactivity and thus lead to more efficient pro-
cesses [27-29]. ILs attract much interest in the context of green chem-
istry as environment-friendly media as highly biodegradable and
exceptionally harmless materials [30]. Due to these facts, ILs related
research has become one of the most exciting topics nowadays.

In recent years, the methods for investigation of IL properties have
been developed to a great extent. The anion-cation and ion-solvent
interactions of ILs have been examined by experimental methods
(such as X-ray [31], neutron diffraction [32], NMR [33], infrared or
Raman spectroscopy [34,35], dielectric spectroscopy [36], and theo-
retical methods such as molecular dynamics simulations [37,38] and
quantum chemical calculations) [39-42]. Computational methods
are particularly useful in the investigations of ILs, due to their ability
to provide electronic structure, anion-cation binding energy and or-
bital properties.

Considering the fact that ILs are often used in the presence of dif-
ferent molecular solvents, it is necessary to understand their micro-
structure and anion-cation interactions in solution. Recent detailed
study of ILs has shown that the interactions between cations and an-
ions depend on the type of solvent, particularly on its polarity [43,44].
Namely, ILs behave as contacted ion pair in the solvents of low polar-
ity, and as solvated ion pairs in the solvents of high polarity.

Recently, we investigated the antimicrobial activity of some green
ethanolamine ILs and their Pd(II) complexes [16]. In the present study,
a series of nine ethanolamine ILs was synthesized, and characterized
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by IR and 'H NMR spectroscopy. To explore their properties in solvents
with different dielectric constants density functional theory (DFT) was
employed. It is worth pointing out that this type of data for the investi-
gated ILs cannot be found in literature.

2. Experimental

The compounds lactic, acetic, chloroacetic, and hydrochloric acids
were obtained from Aldrich Chemical Co. All common chemicals were
of reagent grade. DEA, TEA, and N,N diethylethanolamine (DEAE)
were purchased from Fluka. The IR spectra were recorded on a
Perkin-Elmer Spectrum One FT-IR spectrometer using the thin film
technique. The 'H NMR spectra were run in CDCl; on a Varian Gemini
200 MHz spectrometer.

2.1. Preparation of ionic liquids

All investigated ILs (1-9 in Scheme 1) were prepared by dropping the
stoichiometric amount of corresponding carboxylic acid (acetic, lactic or
chloroacetic acid) or hydrochloric acid to the dichlorometane-ethanole
solution of corresponding amino alcohol (DEA, DEAE or TEA). The reac-
tion mixture was stirred during 2 h at room temperature. After comple-
tion of the reaction, the resulting solution was washed with ethyl acetate
(2x5 cm?) and ethyl ether (2x 5 cm?). The organic solvents were evap-
orated under the reduced pressure. The residue was dried in vacuo at
50 °C for 4 h to generate the corresponding product. The prepared
ILs are colorless viscous liquids. Spectral characterizations of ILs are
presented in Table 1.

2.2. Computational details

The geometrical parameters of all stationary points were optimized
with Gaussian 09 [45]. The structures of all ILs, as well as of the corre-
sponding separated ions, were optimized using the MO06 functional
[46] and 6-3114G(d,p) basis set. This triple split valence basis set
adds p functions to hydrogen atoms in addition to the d and diffuse
functions on heavy atoms. The calculations were performed for vacuum
and condensed phase, using the CPCM model. This Conductor-like
Polarized Continuum Model defines the cavity as the union of a series
of joint atomic spheres, whereas solvent is represented as a continuum
of a given dielectric constant. The gas phase geometry for each IL was
used as the starting structure for optimizations in different solvents.
The optimizations were performed without any constrains, except for
the cases of 1, 2, 5, 6, and 8. For these molecules, the N—H bond length
was set to the fixed value. This restriction was applied to better simulate
ionic nature of these compounds, and thus, agreement between the
experimental and calculated spectra. Nine different solvents were
used: water (¢=280.1), dimethyl sulfoxide (¢=46.7), acetonitryle
(¢=37.5), methanol (¢=232.7), ethanol (¢=24.5), tetrahydrofuran
(€=7.58), chloroform (¢ =4.81), diethyl ether (¢ =4.33), and carbon
tetrachloride (€ =2.44). All calculated structures, in both phases, were

R
N '+ HA —= R‘irl’Rz
| ﬁ@%

R,

: R=-H, R,=-CH,CH,0OH, R,=-CH,CH,0H, A=CH,CO0"

: R=-H, R,=-CH,CH,0H, R,=-CH,CH,0H, A=CH,CH(OH)COO"
R=-H, R,=-CH,CH,0H, R,=-CH,CH,0H, A=CICH,COO"

: R=-H, R;=-CH,CH,0H, R,=-CH,CH,0H, A=CI

R =-CH,CHs, R,=-CH,CH;, R,=-CH,CH,0H, A=CH,CO0’;

R =-CH2CH3, RI:'CHchJ, R2='CH2CH20H, A=CH3CH(OH)COO_
R =-CH,CH3, R;=-CH,CHs, R;=-CH,CH,0H, A=CI

: R =-CH,CH,0H, R,=-CH,CH,0H, R,=-CH,CH,OH, A=CH,C00"

: R =-CH,CH,0H, R,=-CH,CH,OH, Ry=-CH,CH,0H, A=CICH,CO0"

Scheme 1. Synthesis of investigated ILs.

confirmed to be minima on the potential energy surface (all real vibra-
tional frequencies) by frequency calculations. The experimental and
simulated IR spectra of the investigated compounds were compared.
As expected, the computed vibrational frequencies were overestimated.
Due to the lack of the scaling factor for the applied theoretical model,
the calculated frequencies were decreased by 5%, and agreement with
the experimental values was achieved. The natural bond orbital analysis
(Gaussian NBO version) was performed for all structures.
The solvation energies were calculated using the equation:

AGsolv = Gsolv _GgGS' (1 )

Table 1
Spectral characterization of the ionic liquids.

IL IR Experimental 'H NMR

-1
am Calculated

1 3415 (—NH, - OH st),
2525 (- NH3' st),

(- 61 1.96 (3H, CH3—CO, s), 3.10 (4H, — CHy— NHy, t),
(,
1637 (- COO™ as),
(_
(

3.87 (4H, - CH,-OH, t)

NH3" def),
1411 (COO~ s), 1070
(~C-0- st) 651
(=NH def)

3234, 2290, 1612,
1556, 1360, 1063,

712
2 3290 (-NH, —OHst), &y 1.25 (3H, CH;—, s), 2.92 (4H, — CH,— NH,, t), 3.67
2450 (- NHJ st), (1H, —CH, q), 3.79 (4H, — CH,—OH, t)
1582 (-COO~ as),
1582 (—NH3 def),
1450 (- NH def),
1411 (COO~ s), 1040
(-C—N- st), 853
(-C-0- st)

3274, 2222, 1605,
1556, 1457, 1414,

1051, 1069
3 3242 (-NH, -OHst), & 3.22 (4H, —CH,~NH,, t), 3.87 (4H, —CH,~-OH, t),
2545 (~NHJ' st), 4.12 (2H, CI-CH; -, 5)
1594 (-COO0™ as),
1594 (-NH3 def),
1448 (- NH def),
(

1385 (COO0™ s), 1248
(-C—N- st), 1066
(-C-0- st)

3241, 2461, 1639,
1566, 1384, 1344,

1139, 1064
4 3344 (-NH, -OHst), &y 3.27 (4H, —CHp—NH,, t), 3.89 (4H, — CH,— OH, t)
2250 (- NH7 st),
1622 (- NH5 def),
1448 (- NH def),
1063 (- C—N- st),
939 (-C-0- st)

3344, 2116, 1622,
1448, 1063, 939

5 3243 (-OH st), 2126
(=NHT st), 1570
(-CO0™ as), 1395
(CO0~ s), 1264
(-C—N- st),
1050(-C-0- st)
3727,1957, 1611,
1357, 1113, 1051

6 3307 (—OH st), 2490
(=NH* st), 1594
(-CO0~ as), 1398
(CO0~ s), 1084
(-C—N- st),
924(-C-0- st)
3728, 2385, 1633,
1365, 1038, 952

6 1.28 (6H, CH3— CH,—, £), 1.99 (3H, CH3—CO, s),
3.03 (4H, - CH,—NH, q), 3.11 (2H, - NH- CH,, t), 3.87
(2H, - CH,-OH, t)

6y 1.23 (3H, CHs—, 5), 1.34 (6H, CH3— CH,—, t), 3.09
(4H, - CH,—NH, q), 3.16 (2H, —NH-CH,, t), 3.65
(1H, —CH, q), 3.88 (2H, —CH,—OH, t)
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Table 1 (continued)
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IL IR Experimental 'H NMR
cm™!
Calculated
7 3361 (~OHst), 1950 oy 1.45 (6H, CHs—CHa—, t), 3.22 (4H, — CHo—NH, q),

(=NH* st), 1076
(-=C-N- st), 928
(-C-0-st)
3728, 1648, 1412,
1052

3213 (- OH st), 2350
(~NH™ st), 1567
(-CO0~ as), 1336
(COO~ s), 1063
(-C-N- st),916
(-C-0-st)
3385, 2056, 1603,
1330, 1036, 899
3272 (-OH st), 2535
(=NH™ st), 1602
(-CO0~ as), 1384
(CO0™ s),
1240(-C-N- st),
1050( - C~N- st)
3383, 2553, 1641,
1330, 1101, 1058

3.31 (2H, ~NH-CHj, t), 3.77 (2H, — CH,—-OH, t)

611 2.03 (3H, CH3 - CO, s), 2.90 (6H, — CH, - NH, t), 3.76
(6H, —CH,—OH, t)

611 3.05 (6H, — CHy—NH, t), 3.81 (6H, — CH,— OH, t),
415 (2H, Cl-CH, -, s)

The anion-cation interaction binding energies were determined

by the formula:

AEBE = EIL_Ecation_Eanion‘

g,
s

| -

0.22 0.225

ANBO

where Ejj, Ecation, and Egpion represent the calculated enthalpies of the
ionic liquid, cation, and anion, respectively, in different solvents.

3. Results and discussion

The series of nine ionic liquids: diethanolammonium acetate (1),
diethanolammonium lactate (2), diethanolammonium chloroacetate
(3), diethanolammonium chloride (4), N,N diethylethanolammonium
acetate (5), N,N diethylethanolammonium lactate (6), N,N die-
thylethanolammonium chloride (7), triethanolammonium acetate
(8), and triethanolammonium chloroacetate (9) was synthesized,
starting from the corresponding ethanolamine derivative and acid
(Scheme 1). Obtained ILs were investigated by IR and 'H NMR spectros-
copy, as well as by density functional theory. We explored the cation-
anion interaction enthalpy and the influence of solvents with different
dielectric constants on solvation energies.

On the basis of IR spectra it can be observed that stretching vibra-
tions from NH5™ (for ILs 1-4 2500-2250 cm ') to NH ™ (for ILs 5-9
2535-1950 cm ™~ !) lie in the area characteristic for these groups
(Table 1). Deformation vibrations from NH; are in anticipated area
(1622-1582 cm ') for this vibration, also. Existence of carboxylate
anions in ILs 1-3, 5, 6, 8, and 9 is confirmed by the presence of
the asymmetric stretching vibrations for this type of functional
group (1637-1570 cm~ '), as well as of symmetric vibrations
(1411-1336 cm™ ).

Since all examined ILs contain ethanolamine cation, these com-
pounds are structurally very similar. Bearing in this fact mind, there
are two possible binding sites for anions in all cations: hydrogen

(2)  from N—H or O—H group (Fig. 1). On the basis of the 'H NMR and
‘e 2 ;.
’ ? *‘10
B m‘_. » 0 J*‘: 2 0.00 > g, ?
L3 0 g0 g 03494 ' 3
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Fig. 1. The optimized structures of ILs and dependence of AEg; from the difference in NBO charges. The squared correlation coefficient in all cases was higher than 0.95.
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IR spectra (Table 1), we concluded that the preferred binding pattern
in the corresponding ammonium ion is via the N—H interaction.

The IR and 'H NMR spectra showed that investigated ILs are built
of separated cations and anions. This was confirmed by performing
density functional theory calculation, followed by comparison of the
IR spectra obtained from the frequency calculation to those obtained
by experiment. It was observed that, when acetate was employed as
an anion (ILs 1, 2, 5, 6 and 8), the optimized structures of these ILs
did not correspond to ionic, but neutral molecules consisting of corre-
sponding amine and acetic acid. Namely, when the optimization was
performed without any restrictions, the hydrogen atom originally
placed between nitrogen of cation and oxygen of acetate anion was
attracted by the acetate anion, resulting in neutral molecules. Since
in the experimentally obtained IR and 'H NMR spectra the signals
for the acetic anion and ammonium cation were present, we had to
utilize a restriction based on the N-H bond fixation. In this way the
ionic structures were achieved, and thus, good agreement between
the experimental and calculated IR spectra (Table 1).

3.1. Behavior of ILs in different solvents

Our DFT calculations showed that distances between ions change
with solvent polarity. It can be concluded that this is a consequence
of the formation of hydrogen bonds with the molecules of solvents.
Namely, as the dielectric constants of solvents increase, the distance
between the ions of an investigated ILs also increases (H1-01 or
H1-Cl distances in Tables S1-S9). As a consequence, the N-H1
bond in the cations becomes stronger as solvent polarity increases
(except for cases where the bond length is set to the fixed value). It
is important to emphasize that in all investigated ILs, hydrogen bonds
are present (Tables S1-S9). These hydrogen bonds are created between
an anion and alcoxy or alkyl residue of a cation. The intensity of hydro-
gen bonding is noticeably strong when acetate, chloroacetate, and lac-
tate are used as anions (ILs 1, 2, 3, 5, 6, 8, 9), but they are weaker
when it comes to chloride anion (ILs 4, 7). With the employment of sol-
vents, hydrogen bonds between ions become weaker with increase of
solvent polarity.

The binding enthalpies (AEgr) were calculated for both gas and
liquid phases using Eq. (2). The obtained results are presented in
Table 2 and Fig. 2. In all investigated cases, the AEgg values for liquid
phases, independently of solvent polarity, are substantially higher
than the corresponding AEgg values calculated for gas. In addition,
AEgg increases with the increasing dielectric constant of applied sol-
vents (Fig. 2). On the basis of these data it can be concluded that
behavior of the cation-anion pairs of ILs depends on solvent nature.
In cases where lower dielectric constant solvents are used (carbon
tetrachloride, diethyl ether, chloroform) cation-anion interaction is
kept to contact ion pair. When solvents with higher dielectric con-
stants are employed (water, dimethyl sulfoxide, acetonitrile) the
behavior of ILs approaches to that of solvent-separated ion-pair struc-
tures. These results are in agreement with the literature data [33].

The solvation energies (AGso) Of ILs were calculated using Eq. (1),
and are presented in Fig. 3. It can be seen that solvation energies
decrease with the increase of solvent polarity. It should be noted
that solvation process of investigated species is exothermic. On the
basis of this, the ionic pairs of ILs are more stabilized in solvents
with higher dielectric constant. This is in accordance with our former
statement related to the ionic structure of investigated molecules.

Table 2
Gas phase binding enthalpies for investigated ILs.

IL AEgg (kJ/mol) IL AEgg (kJ/mol) IL AEgg (kJ/mol)
1 —495.79 4 —463.91 7 —489.41
2 —458.82 5 —509.81 8 —461.01
3 —455.67 6 —438.43 9 —424.02

18
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Fig. 2. The binding energies of ILs in solvents with different dielectric constants.

Also, it should be emphasized that the NBO charges carried by nitro-
gen of the cationic moiety and oxygen or chlorine of the anionic moi-
ety slightly change with the solvent polarity. Namely, in accord with
the behavior of ionic species, the mentioned atoms become more
and more negative as the dielectric constant of solvents increases
(Fig. S1). This provoked us to investigate possible connections
between binding enthalpy of ions, as well as solvation energy, and
the difference in NBO charges carried by nitrogen, oxygen, and chlo-
rine. In all cases, both the difference in NBO charges and AEgg
increases with the increase of solvents polarity. In this way, linear
dependence between these two quantities is provided (Fig. 1).
Dependence of AGs,, on the difference in NBO charges is also linear
(Fig. 4). It is worth pointing out that the correlation coefficient for
all investigated ILs is higher than 0.99.

4. Conclusion

The structure of ethanolamine derived ILs 1-9 has been elucidated
on the basis of IR and 'H NMR spectroscopy. These ILs were fully
optimized using density functional theory in gas phase, as well as in
series of solvents with different dielectric constants. Good agreement
between the experimental and calculated IR spectra was achieved. It
was established, on the basis of the BDE values and strength of hydro-
gen bonds, that cation-anion interactions in ILs are kept to contact
ion pair in solvents with lower dielectric constants, whereas in sol-
vents with higher dielectric constants the behavior of ILs approaches
to that of solvent-separated ion-pair structures. Density functional
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Abstract An efficient green Heck reaction protocol was
performed using a triethanolammonium acetate ionic
liquid—palladium(II) catalytic system. The ionic liquid used
acts as a reaction medium, base, precatalyst-precursor, and
mobile support for the active Pd species. Our experimental
investigation indicates that performing the Heck reaction in
ionic liquid is superior to the same procedure carried out in
triethanolamine. The mechanism of the reaction of trietha-
nolammonium acetate with PdCl, was examined using
density functional theory (M06 method). It was found that
two Pd(I) complexes are formed, one of which acts further
as a precatalyst yielding catalytically active Pd(0) complex.
The calculated activation energies are in agreement with
our experimental findings.

Keywords Triethanolamine ionic liquid - Green Heck
reaction - Reaction mechanism - Pd(II) precatalyst - Pd(0)
catalytically active complex

Introduction

The palladium-catalyzed arylation of olefins, known as the
Heck reaction, is one of the most important methods of
carbon—carbon bond formation in organic synthesis [1-4].
Due to its synthetic versatility, the Heck reaction attracts the

Electronic supplementary material The online version of this article
(doi:10.1007/s00894-011-1052-1) contains supplementary material,
which is available to authorized users.
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attention of both experimental [5-9] and theoretical
chemists [10-22]. Much effort has been devoted to
elucidation of the Heck reaction mechanism [10-12],
including catalyst preactivation [13, 14], oxidative addition
[15-21], and reductive elimination [22, 23].

In the last decade, phosphine-free Pd complexes have
been introduced as a less complicated and environmentally
more desirable alternative to the original Pd-phosphine
catalysts [1]. In addition, the application of ionic liquids has
been put forward as a very useful substitute for hazardous
and volatile polluting organic solvents [24-27]. One of the
predominant applications of ionic liquids focuses on
homogeneous catalysis [24, 28]. Nowadays, multifunction-
al ionic liquids that can serve as good coordinating ligands,
green solvents, as well as recyclable and mobile supports
for palladium catalyst systems, are used. Functional groups
that can complex palladium, such as amine, amide, nitrile,
ether, alcohol, urea or thiourea [29, 30] have been
introduced into the cationic and/or anionic moiety of ionic
liquids.

Here, we report the use of triethanolammonium acetate
[TEA][HOAC] as a multifunctional ionic liquid in a green
Heck reaction. The investigated ionic liquid acts as a
green solvent, base, precatalyst-precursor, and mobile
support for the active Pd species. Our work focused on
testing the efficiency of the obtained ionic liquid—
palladium catalytic system in the Heck reaction, and on
a density functional theory (DFT) investigation of the
possible mechanism of in situ formation of the Pd(II)
precatalyst. Since very little is known about the mech-
anism of formation and molecular structure of Pd(0)
complexes [13, 14], which are generally accepted as the
catalytically active forms, our additional goal was to
elucidate the mechanism of reduction of the Pd(II)
precatalyst to the catalytically active Pd(0) form.
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Computational methods

The geometrical parameters of all stationary points and
transition states were optimized in vacuum, using Gauss-
ian09 [31]. All calculations were performed using the M06
functional [32]. This hybrid meta functional is a functional
with good accuracy ‘“across-the-board” for transition met-
als, main group thermochemistry, medium-range correlation
energy, and barrier heights [32]. The triple split valence
basis set 6-311 G(d,p) was used for C, H, O, N, and Cl,
whereas LANL2DZ+ECP [33] was employed for the Pd
center. All calculated structures were confirmed to be local
minima (all positive vibrational frequencies) for ground
state structures, or first-order saddle points (one negative
vibrational frequency) for transition state structures, by
frequency calculations. The intrinsic reaction coordinates
(IRCs), from the transition states down to the two lower
energy structures, were traced using the IRC routine in
Gaussian in order to verify that each saddle point is linked
with two putative minima. Natural bond orbital analysis
(Gaussian NBO version) was performed for all structures.

Results and discussion

The structure of ionic liquid triethanolammonium acetate
([TEA]J[HOAc]) was examined using DFT (Fig. 1). Our
investigation revealed that there are no distinguishing
cations and anions in [TEA][HOAc]. Bond distances reveal

Fig. 1 Optimized geometries of
tricthanolammonium acetate
([TEA][HOACc]), and
trans-[PdC1,(TEA),] (Pd-N,N
and Pd-N,O) complexes)

strong hydrogen bonding in the ionic liquid. The NBO
analysis was in accord with this finding, namely there is
strong donation of density from the p orbital on N to the o*
antibonding O—H orbital of acetic acid. Owing to hydrogen
bonding, it is obvious that molecular association is present.
In addition, the molecule is polar (nitrogen and oxygen bear
partial negative charge, whereas H1 is partially positively
charged). These properties are characteristic of molecular
liquids, and generally for ionic liquids. The role of the ionic
liquid used and its triethanolamine Pd(II) complexes
(Fig. 1) in a green Heck reaction protocol was investigated
in this work.

Bearing in mind that the trans-[PdC1,(DEA),] complex
acts as a precatalyst in the Heck reaction in [DEA][HOACc]
as reaction medium [34], we assumed that [TEA][HOACc]
would be good reaction medium, and that the triethanol-
amine Pd(IT) complex would also yield a catalytically active
species in the Heck reaction. Thus, we decided to
investigate the efficiency of the ionic liquid—palladium
([TEA][HOACc)/ Pd(Il) complex) catalytic system. Above
all we were interested in the mechanisms of in situ
formation of the Pd(Il) precatalyst and the catalytically
active Pd(0) complex.

The Heck reaction was performed with the corresponding
aryl halide (iodobenzene and bromobenzene) and activated
olefine (methyl, ethyl, and butyl acrylate) in the investigated
ionic liquid at 110°C, and with 2 mol% PdCl,. A 100%
conversion of acrylates to the trans cross-coupling products
was achieved, with 99% selectivity. The yield of products

N2

trans-[PAC1(TEA),] O3
(Pd-N,N complex)
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trans-[PACl,(TEA),]
(Pd-N, O complex)
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obtained in this reaction was very good (90-93%, Table 1).
Next, we wished to compare the experimental procedure and
yield of the ionic liquid-Pd(Il) catalyzed reaction with the
same reaction performed in the absence of ionic liquid,
where TEA was used as a reaction medium (Table 1).
When the Heck reaction was performed in TEA, the
yield was lower (75-81%). The lower yield of these
reactions can be attributed to a competitive polymerization
reaction. Our results indicate that the Heck reaction
performed in the ionic liquid is superior compared to the
procedure carried out in TEA. The ionic liquid used
facilitates solubility of PdCl, and the appropriate Pd(II)
catalyst precursor. It seems that the nature of the ionic
liquid used increases the stability of the palladium catalyst,
extending its lifetime. In addition, this catalytic system
remains unchanged during the reaction. The reaction
products can be separated via simple extraction, and ionic
liquid—palladium catalytic system can be recycled easily.
After extraction of the products from the reaction mixture,
the ionic liquid—palladium catalytic system was recovered and
fresh reactants were charged. The ionic liquid-Pd catalytic
system was recycled three times without significant loss in
activity (yields of coupling products were up to 5% lower).

Mechanism of formation of Pd(IT) complexes

In order to elucidate the mechanism of formation and
structure of the Pd(II) precatalyst and catalytically active Pd
(0) species, we investigated the possible mechanism of
reaction of [TEA][HOAc] with PdCl,. It turned out that two
complexes can be formed in this reaction: Pd-N,N and Pd-N,

O complexes (Figs. 1, 2). The selected bond distances of
transition states and intermediates are given in Table 2,
whereas the relative total energies, enthalpies, and free
energies of all relevant species are provided in Table S1 in
the Electronic Supplementary Material.

NBO analysis of PdCl, reveals that palladium is electron
deficient, as it bears only four lone pairs in the d orbitals.
On the other hand, the HOMO map of [TEA][HOAc] (Fig.
S3) delineates the area in the molecule that is most electron
sufficient (N1). In addition, the NBO charges of Pd (0.750),
and N1 in [TEA][HOAc] (—0.582) indicate that palladium
will perform an electrophilic attack on the nitrogen of the
ionic liquid.

Our assumption was confirmed by revealing transition
state TS1 (Fig. 2), which requires an activation energy of
127.0 kJ mol™ (Table S1). In TSI, the Pd-N1 bond is
being formed, whereas the hydrogen N1-H1 bond is being
broken (Table 2). The O1-H1 bond is completely formed,
implying that the acetic acid molecule leaves the reaction
system as a solvent molecule. In this way, the tricoordinated
intermediate I1 is formed (Fig. 2). Tricoordinated Pd
complexes are known from the literature [12, 18-21].
NBO analysis of the intermediate shows that the p orbitals
of the ligating atoms participate with over 80% in the bonds
around palladium. Each Pd—Cl bond delocalizes into the
adjacent o* antibonding Pd—Cl orbital, whereas the Pd-N1
bond delocalizes into both o* antibonding Pd—CI orbitals.
Palladium still bears only four lone electron pairs and, thus,
it is electron deficient. The LUMO map of the intermediate
(Fig. S4) is in accord with NBO analysis, and indicates Pd
as a possible electrophilic site.

Table 1 Palladium-catalyzed Heck reaction in different reaction media. /[TEA][HOAc] Triethanolammonium acetate, 7EA triethanolamine

2 mol.% PdCl,, 110°C

» ArCH=CHR

ArX + CH,=CHR

[TEA][HOACc] or TEA

Entry ArX R f:gf;‘;‘ Time (h) 23?
1 CeHil COOCH;  [TEA|[HOAc] 12 93
2 CeHsBr COOCH; [TEA][HOAc] 14 90
3 CeHsl COOC,H; [TEA][HOAc] 12 93
4  CeHsBr COOC,H; [TEA][HOAc] 14 91
5 CeHsl COOC,H, [TEA][HOAc] 12 93
6  CeHsBr COOC,H, [TEA][HOAc] 14 90
7 CeHsl COOCH; TEA 12 81
8  CeHsBr COOCH; TEA 14 77
9 CeHsl COOC,Hs TEA 12 80
10 CeHsBr COO C,Hs TEA 14 75
11 CeHsl COOC,H, TEA 12 30
12 CeHsBr COOC,H, TEA 14 75

* Isolated yield; only the trans product was detected by 'H NMR
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[TEA][HOAc] + PdC. ——>

AcOH

trans-[PdCI,(TEA),]
(Pd-N,N complex)

AcOH

trans-[PdCI1,(TEA),]
(Pd-N,0 complex)

Fig. 2 Proposed mechanism for the formation of Pd-N,N and Pd-N,O complexes

Our investigations revealed two pathways for the
electrophilic attack of Pd of I1 on another molecule of
[TEA][HOACc]. The first pathway, in which Pd attacks
nitrogen, occurs via transition state TS2-N (Fig. 2). An
energy barrier of 139.7 kJ mol ' is required for the
formation of this transition state (Table S1). Similarly to
the case of transition state TS1, the Pd—N2 bond is being
formed, whereas the hydrogen N2—H2 bond is complete-
ly broken (Fig. 2, Table 2), again implying that acetic
acid leaves the reaction system as a solvent molecule. In
this way, a Pd-N,N complex is yielded (Figs. 1, 2). Our
experiments confirm that the Pd-N,N complex is formed
during the course of the Heck reaction, as it was
identified in the reaction mixture by means of NMR
spectroscopy. This identification was achieved by com-
paring the NMR spectrum of the reaction mixture to the
NMR spectrum of the separately prepared Pd-N,N
complex. Indeed, this complex was formed upon mixing
of PACI, with [TEA][HOACc] in molar ratio 1:2, at 100°C.
The Pd-N,N complex exhibits a square planar coordina-
tion. According to NBO analysis, palladium is sp*d

@ Springer

hybridized, and builds covalent bonds with both nitro-
gens and both chlorines. The sp® orbitals of the Cl atoms
and almost pure p orbitals of the N atoms participate with
about 85% in the bonds around palladium. There is
strong donation of density from each Pd—N bond to the
adjacent o* antibonding Pd—N orbital. As a consequence,
the occupancies in the Pd-N orbitals are noticeable low
(1.86).

The second pathway, in which Pd of Il attacks the
oxygen of [TEA][HOAc], proceeds via transition state TS2-
O (Fig. 2), which has an activation barrier of 85.8 kJ mol !
(Table S1). In TS2-O the Pd—O3 bond is being formed,
whereas the hydrogen bond between N2 and H2 is
completely broken (Fig. 2, Table 2). In this way the Pd—
N,O complex is formed (Fig. 1). Our finding is supported
by previously reported experimental results [35] that
showed that oxygen coordination to Pd(Il) and proton
abstraction from the alcoholic group is possible, even in
weak acidic medium. It is worth pointing out that acetate
buffer is formed during our Heck reaction (AcOH/[TEA]
[HOAc], measured pH=6).
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Table 2 Seclected bond

distances (A) in the investigated ~ Ionic liquid + PdCl,

species for the mechanism of NI-H1 1.05
formation of Pd(II) complexes 0O1-H1 1.61
Pd-Cl 2.31, 2.35
TS1
N1-H1 2.11
O1-H1 0.98
Pd-N1 2.89
I
Pd-N1 2.08
Pd-Cl 232,235
TS2-N
Pd-N1 2.15
Pd-Cl 2.36, 2.38
N2-H2 3.40
02-H2 0.98
Pd-N2 2.88
TS2-0
Pd-N1 2.17
Pd-Cl 2.36, 2.38
N2-H2 442
02-H2 0.98
Pd-N2 5.75
Pd-03 2.59
Pd-N,N complex
Pd-N1 2.17
Pd-Cl 2.38,2.42
Pd-N2 2.17
Pd-N,0 complex
Pd-N1 2.13
Pd-N2 5.08
Pd-Cl 2.36, 2.40
Pd-03 2.12

It should be emphasized that, in the Heck reaction with
TEA, instead of [TEA][HOAc], a competitive polymeriza-
tion reaction occurred, and formation of the Pd-N,N
complex was not observed during the course of the
reaction. In agreement with this experimental finding, our
attempts to reveal a transition state for an electrophilic
attack of Pd on the nitrogen or oxygen of TEA were
unsuccessful.

Mechanism of formation of the Pd(0) complex

Analysis of the stability of the complexes obtained showed
that the Pd-N,O complex is less stable than the Pd—N,N
complex by 31.4 kJ mol'. This instability is a probable
reason why it has not been identified in the reaction
mixture. Thus we assume that it undergoes further
transformation, yielding catalytically active Pd(0) complex.

The proposed mechanism is presented in Fig. 3. All
relevant bond distances in transition states and intermedi-
ates are given in Table 3, whereas the relative total energies,
enthalpies, and free energies of all relevant species are
provided in Table S2.

NBO analysis of the Pd-N,O complex shows that Pd
forms covalent bonds with both chlorines and nitrogen
(Fig. 1). The p orbitals of the ligating atoms participate with
over 80% in the bonds around palladium. The O3-H3
orbital and lone pair on O3 (sp® orbital) delocalize into
formally empty p orbital (with little s and d mixing) on Pd,
thus forming a coordinative Pd—O3 bond. Density is also
donated from the sp” orbital of O3 to the o* antibonding
Pd-N1 orbital. The Pd-N1 bond delocalizes into both o*
antibonding Pd—Cl orbitals. Due to this, the occupancies of
all palladium bonds are low (about 1.90). NBO analysis
also reveals that the O3-H3 bond is particularly polar
(NBO charges of O3 and H3 amount —0.697 and 0.517).
Taking into account that O3 is engaged in the coordina-
tive bond with Pd, and that H3 is acidic, we supposed
that this H3 can be abstracted by the acetate buffer. Our
assumption was confirmed by successful optimization of
the intermediate 12 (Fig. 3). NBO analysis of 12 shows
that p orbitals of the ligating atoms participate with over
80% in the bonds around palladium. Each Pd—Cl bond
delocalizes into the adjacent o* antibonding Pd-Cl orbital,
whereas the Pd—O3 bond delocalizes into both o*
antibonding Pd—Cl orbitals. The lone pair on N1 deloc-
alizes into o* antibonding Pd-0O3.

Our experience with the preactivation process of trans-
[PACI,(DEA),] [13, 14] shows that (3 hydrogens (with
respect to Pd) have affinity to coordinate to Pd. As H4 has
the most favorable position, we supposed a nucleophilic
attack of H4 to palladium(II) to be a plausible next step of
the reaction. Our assumption was confirmed by revealing
transition state TS3 (Fig. 3). The results of the IRC
calculation for TS3 are presented in Fig. S5. The formation
of TS3 has an energy barrier of 141.9 kJ mol™' (Table S2).
In TS3, Pd—03 and C1-H4 bonds are being broken, while a
Pd-H4 bond is being formed (Table 3). It is worth pointing
out that hydrogen is transferred from carbon to palladium as
a hydride ion. This transfer leads to the formation of the
intermediate 13a (Fig. S2). The structure of I3a shows that it
contains a completely separated molecule [N,N-bis(2-
hydroxyethyl)amino-acetaldehyde] that probably acts fur-
ther as a solvent molecule. For this reason we excluded the
N,N-bis(2-hydroxyethyl)amino-acetaldehyde molecule
(CeH3NO3) from further consideration (I3 in Fig. 3).
NBO analysis of I3 reveals that the intermediate complex
exhibits a square planar coordination, where Pd forms
covalent bonds with both chlorines and hydrogen. As for
nitrogen, its almost pure p orbital donates density to the
formally empty p orbital (with little s and d mixing) on Pd.
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Pd-N, O complex

Fig. 3 Proposed mechanism for the formation of the Pd(0) complex

Table 3 Selected bond
distances (A) in the investigated 12

species for the mechanism of Pd-N1 2.25
formation of Pd(0) complex Pd-N2 4.87
Pd-Cll 2.40
Pd-C12 2.43
Pd-03 1.99
C1-H4 1.10
Pd-H4 3.15
TS3
Pd-N1 2.15
Pd-Cl1 2.38
Pd-CI2 2.37
Pd-03 2.42
C1-H4 1.15
Pd-H4 2.11
13
Pd-N1 2.42
Pd-Cl1 2.39
Pd-C12 2.42
Pd-H4 1.52
TS4
Pd-N1 2.55
Pd-Cl1 2.81
Pd-CI2 2.39
Pd-H4 1.56
Cl1-H4 1.71
14
Pd-N1 2.28
Pd-C12 2.38
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The Pd-H4 orbital delocalizes into both o* antibonding
Pd-CI orbitals, and vice versa.

In the further course of the reaction, 13 undergoes
reductive elimination of HCI. Our investigation shows
that this step of the reaction proceeds via transition
state TS4, which requires an activation energy of
78.9 kJ mol ' (Table S2). The results of the IRC
calculation for TS4 are presented in Fig. S6. In TS4,
the Pd—H4 and Pd-Cl1 bonds are being cleaved, whereas
the Cl1-H4 bond is being formed, implying that HCI
leaves the reaction system. This process leads to the
formation of the catalytically active Pd(0) complex, the
final product of preactivation reaction (I4 in Fig. 3). NBO
analysis reveals that palladium bears five lone pairs in the
d orbitals, implying that the oxidative number of Pd is 0.
Ligating atoms (chlorine and nitrogen) participate in
bonds around palladium with more than 90%. The Pd—Cl
bond delocalizes into the o* antibonding Pd-N1 orbital,
and vice versa.

Summary

The structure of the ionic liquid [TEA]J[HOAc] was
examined using DFT. It was shown that [TEA]J[HOAc]
acts as multifunctional ionic liquid providing a good
reaction medium, base, precatalyst-precursor, and mobile
support for the active Pd species in a phosphine-free Heck
reaction. The mechanism of the reaction of [TEA][HOAc]
with PdCl, was examined using DFT. It was found that two
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Pd(IT) complexes, Pd-N,N and Pd—N,O, are formed where
the Pd—N,O complex further acts as a precatalyst, yielding
the catalytically active Pd(0) species. The calculated
activation energies are in agreement with our experimental
findings.

The reaction of PdCl, with [TEA][HOAc] provides an
effective ionic liquid—palladium catalytic system for the
Heck reaction. The catalytic system used is ecologically
friendly and can be recovered and recycled.

Acknowledgment This work is supported by the Ministry of
Science and Environment of Serbia, project N° 172016.
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The antimicrobial activity of the ionic liquids triethanolamine acetate [TEA][HOAc] and diethanolamine chlo-
ride [HDEA][CI], as well as of their Pd(Il) complexes trans-dichlorobis(triethanolamine-N)palladium(II)
(trans-[PdCl,(TEA),]) and diethanolammonium-tetrachloridopalladate(Il) ([HDEA][PdCly]), is presented.
The investigated compounds showed low antibacterial activity. Better results were for antifungal activity.

[TEA][HOAC] exhibited better activity than corresponding complex. Aspergillus species were especially sensi-
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tive to [HDEA],[PdCls]. The activity of this complex against A. restrictus, A. fumigatus was up to ten times higher
than the activity of positive control, fluconazole.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The term ionic liquids (ILs) refer to the compounds composed
only of ions, and are liquid below 200 °C [1-4]. This relatively new
class of substances is composed of an organic cation and an organic
or inorganic anion, whose careful choice, provides their unique
properties: i) good solvents for a wide range of organic, inorganic
and organometallic compounds, ii) polar substances, iii) immiscible
with a number of organic solvents, iv) ILs are thermally stable (are
not explosive and flammable), and do not evaporate since they have
very low vapor pressures. All these features significantly distinguish
ILs from classical volatile and toxic organic solvents, and due to that
are considered as environmentally friendly and more attractive and
ecologically acceptable green solvents [5-12]. lonic liquids attract
much interest in the context of green chemistry, and they are one of
the most exciting topics nowadays [13-15].

Recent studies have investigated the effects of ionic liquids on
enzyme activity [16], mammalian cell lines [17], survivorship of the
marine bacterium Vibrio fischeri [17], acute and chronic toxicity
on Daphnia magna [18,19] and survivorship and life history of the
freshwater snail, Physa acuta [20]. The effect of ionic liquids on micro-
organisms has been also studied. Scientists noted that antimicrobial
activity is greatly affected by the alkyl chain length. Pernak et al
[21,22] and Roslonkiewicz et al. [23] have reported a trend of increasing
toxicity towards a range of bacteria and fungi with increasing chain

* Corresponding author. Tel.: +381 34 336 223, + 381 34 335 039.
E-mail address: zorica@kg.ac.rs (Z.D. Petrovic).

0167-7322/% - see front matter © 2012 Elsevier B.V. All rights reserved.
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length of alkyl substituents in pyridinium, imidazolium and quaternary
ammonium salts. The antimicrobial activities of five new groups of
choline-like quaternary ammonium chloride ionic liquids were evalu-
ated gainst a range of Gram positive and Gram negative bacteria
[24]. The ionic liquids tested all showed good antimicrobial activity,
and confirmed that lipophicity was the main factor in determining an-
timicrobial activity. Recently, the antimicrobial activity of six common
ionic liquids with halogen anion was tested and the results indicate
that the growth of Escherichia coli, Staphylococcus aureus and Bacillus
subtilis was inhibited in the presence of ionic liquids [25]. Carson
et al. [26] reported for the first time the in vitro antibiofilm activity
of a 1-alkyl-3-methylimidazolium chloride ionic liquids while Busetti
et al. [27] described the antimicrobial and antibiofilm activities of a
range of 1-alkylquinolinium bromide ionic liquids. These ionic liquids
exhibited potent antibiofilm activity which was also dependent on
alkyl chain length.

The subject of numerous scientific papers relating to the palladium
and its complexes is the examination of their biological activity. Some
of these studies relate to the examination of their cytotoxicity [28-32]
and cardiotoxicity [33-35]. Published data on effects of palladium
on heart showed that palladium(Il) complexes and palladium in the
form of organic compounds, do not contribute significantly to cardio-
toxicity, while inorganic compounds of palladium are more toxic to
myocardium. The main reason for studying palladium(Il) complexes
as potential antitumor drugs is the significant similarity of the coordina-
tion chemistry between palladium(Il) and platinum(Il) compounds.
It was shown that palladium complexes are not promising as anti-
cancer drugs, but they are good models for the mechanistic study of
the activity of the analogous Pt(II) complexes.
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Antimicrobial activity of the Pd(Il) complexes [36-38] and the
ability to hydrolyse peptide bond in peptides and proteins, as well
as their behavior as artificial metallopeptidases [39-42] are studied,
also. Many investigations of the antimicrobial activity of Pd(Il) com-
plexes and their ligands showed that the complexes are more active
than the ligands, that they could possibly be used as broad spectrum
antibiotics in the near future.

The aim of this study was to investigate in vitro antibacterial and
antifungal activity of the ionic liquids triethanolamine acetate [TEA]
[HOACc] and diethanolamine chloride [HDEA][CI], and their Pd(II) com-
plexes trans-[PdCl,(TEA),] and [HDEA],[PdCly], recently synthesized
[43,44].

2. Experimental

Nutrient liquid medium, a Mueller-Hinton broth was from
Liofilchem, Italy, while a Sabouraud dextrose broth was from Torlak,
Belgrade. An antibiotic, doxycycline, was purchased from Galenika
A.D., Belgrade, and antimycotic, fluconazole, was from Pfizer Inc., USA.

2.1. DFT studies

The geometrical parameters of all stationary points were optimized
with Gaussian09 [45], using the CPCM model, and dimethyl sulfoxide
as solvent (¢ =46.83). All calculations were performed using the M06
functional [46]. The triple split valence basis set 6-311+ G(d,p) was
used for C, H, O, N, and Cl, whereas LANL2DZ + ECP [47] was employed
for the Pd center. All calculated structures were confirmed to be local
minima (all positive vibrational frequencies) for ground state structures
by frequency calculations. The natural bond orbital analysis (Gaussian
NBO version) was performed for all structures.

2.2. Microbiological assays

2.2.1. Test microorganisms

Antimicrobial activity of the complex and its precursors was tested
against 29 microorganisms. The experiment involved 16 strains of
pathogenic bacteria, including 7 standard strains (E. coli ATCC 25922,
Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC
27853, S. aureus ATCC 25923, Sarcina lutea ATCC 9341, Bacillus subtilis
ATCC 6633, Proteus mirabilis ATCC12453) and 9 clinical isolates (E. coli,
E. faecalis, P. aeruginosa, S. aureus, S. lutea, B. subtilis, P. mirabilis, Salmo-
nella enterica, Salmonella typhymurium). Also, five species of pathogenic
fungi (Aspergillus fumigatus PMFKG-F23; Aspergillus flavus PMFKG-F24;
Aspergillus restrictus PMFKG-F25; Aspergillus niger PMFKG-F26 and
standard strain A. niger ATCC 16404); three yeast species (Candida
albicans (clinical isolate), C. albicans ATCC 10231 and Rhodotorula sp.
PMFKG-F27) and five species of probiotics (Lactobacillus plantarium
PMFKG-P31, B. subtilis IP 5832 PMFKG-P32, Bifidobacterium animalis
subsp. lactis PMFKG-P33, Lactobacillus rhamnosus PMFKG-P35 and
Saccharomyces boulardii PMFKG-P34) were tested. All clinical isolates
were generous gift from the Institute of Public Health, Kragujevac.
The other microorganisms were provided from a collection held
by the Microbiology Laboratory Faculty of Science, University of
Kragujevac.

2.2.2. Suspension preparation

Bacterial and yeast suspensions were prepared by the direct colony
method. The turbidity of initial suspension was adjusted by comparing
with 0.5 McFarland's standard [48]. Initial bacterial suspension con-
tains about 108 colony forming unites (CFU)/mL and suspension of
yeast contains 10® CFU/mL. 1:100 dilutions of initial suspension were
additionally prepared into sterile 0.85% saline. The suspensions of
fungal spores were prepared by gentle stripping of spore from slopes
with growing aspergilli. The resulting suspensions were 1:1000 diluted
in sterile 0.85% saline.

2.2.3. Microdilution method

In vitro antimicrobial activity was tested by determining the
minimum inhibitory concentration (MIC) and minimum microbicidal
concentration (MMC) using microdilution method with resazurin
[49]. Serial twofold dilutions of tested compounds were made in
a concentration range from 1000 pg/mL to 7.81 pg/mL in sterile
96-well plates containing Mueller-Hinton broth for bacteria, and
Sabouraud dextrose broth for fungi and yeasts. After that, 10 pL of
diluted bacterial, yeast suspension and suspension of spores was
added to each well to give a final concentration of 5x10° CFU/mL
for bacteria, and 5x 103 CFU/mL for fungi and yeast. Finally, 10 uL
resazurin solution, as an indicator of microbial growth, was added
to each well inoculated with bacteria and yeast. Resazurin is a
blue non-fluorescent dye that becomes pink and fluorescent when
reduced to resorufin by oxidoreductases within viable cells. The
inoculated plates were incubated at 37 °C for 24 h for bacteria, 28 °C
for 48 h for the yeast and 28 °C for 72 h for molds. MIC was defined as
the lowest concentration of tested substance that prevented resazurin
color change from blue to pink. For molds, MIC values of the tested
substance were determined as the lowest concentration that visibly
inhibited mycelia growth.

Doxycycline and fluconazole, dissolved in nutrient liquid medium,
were used as a positive control. The tested compounds were dissolved
in DMSO and then diluted into nutrient liquid medium to achieve a
concentration of 10% DMSO. Solvent control test was performed to
study an effect of 10% DMSO on the growth of microorganism. It was
observed that 10% DMSO did not inhibit the growth of microorganism.
Also, in the experiment, the concentration of DMSO was additionally
decreased because of the twofold serial dilution assay (the working
concentration was 5% and lower). Each test included growth control
and sterility control. All tests were performed in duplicate and MICs
were constant.

Minimum bactericidal and fungicidal concentration (MBC/MFC)
was determined by plating 10 uL of samples from wells, where
no indicator color change was recorded, on nutrient agar medium.
At the end of the incubation period the lowest concentration
with no growth (no colony) was defined as minimum microbicidal
concentration.

3. Results and discussion

The ionic liquids [TEA][HOAc] and [HDEA][CI] were prepared
by dropping the stoichiometric amount of acetic acid or hydrochlo-
ric acid to the dichlorometane solution of corresponding amino
alcohol (TEA or DEA) [43,44]. The reactions of PdCl, with these
ionic liquids, in molar radio 1:2, afford the complexes trans-
dichlorobis( triethanolamine-N)palladium(Il) (trans-[PdCl,(TEA),]) and
diethanolammonium-tetrachloridopalladate(ll) ([HDEA],[PdCly]), re-
spectively [43,44].

The structures of ionic liquids [TEA][HOAc] and [HDEA][CI], and of
complexes trans-[PdCl,(TEA),] and [HDEA],[PdCl,] were examined
using DFT method. Since the biological evaluation was performed in
DMSO as solvent, the optimization of the investigated compounds
was done in DMSO as solvent, Fig. 1. The NBO analysis reveals N-H
bonds in both ionic liquids, implying that they consist of acetate and
chloride anion, and triethanolammonium and diethanolammonium
cations, respectively. Bond distances reveal strong hydrogen bonding
in all ILs, Table S1 of Supplementary data. The NBO analysis is in
accordance with this finding. Namely, there is strong donation of
density from the p orbitals on O to the o* antibonding N—H orbital
of [TEA][HOACc]. Similarly, the p orbitals on Cl delocalize into the o*
antibonding N-H orbital of [HDEA][Cl]. Owing to hydrogen bonding,
it is obvious that molecular association is present. In addition, the
molecules are polar (nitrogen, oxygen and chlorine bear partial nega-
tive charge, whereas H is partially positively charged). These proper-
ties are characteristic for molecular liquids.
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[TEA][HOAc]

trans-[PACl,(TEA),]

[HDEAL,[PdCI,]

Fig. 1. The optimized structures of [TEA][HOAc] and [HDEA][CI] ionic liquids, and of trans-[PdCl,(TEA),] and [HDEA],[PdCl,] complexes.

The trans-[PdCl,(TEA),] complex exhibits a square planar coordi-
nation. According to the NBO analysis, palladium is sp?d hybridized,
and builds covalent bonds with both nitrogens and both chlorines.
The sp® orbitals of the Cl atoms and almost pure p orbitals of the
N atoms participate with about 88% in the bonds around palladium.
There is strong donation of density from each Pd—N bond to the
adjacent 0* antibonding Pd—N orbital. As a consequence, the occu-
pancies in the Pd— N orbitals are noticeable low (1.83).

The optimized structure of [HDEA],[PdCl4] complex is presented
in Fig. 1. [PdCl4]?>~ anion exhibits a square planar coordination,
where the four chlorine anions lie in the equatorial plane, whereas
the two protonated diethanolamine cations form hydrogen bonding
with chlorido ligands. Cis- and trans-chlorido ligands form with palla-
dium bond angles of 90° and 180°, respectively. The Pd-Cl bond
length is equal to 2.38 A, whereas the distances between chlorido
ligands and hydrogens bonded to nitrogen lie in the range of 2.33-
2.48 A. The NBO analysis of the complex reveals covalent Pd-Cl

bonds, with hybrid compositions of 0.41(sp2d)Pd+0.91(sp>)Cl.
Lower occupancy in all o Pd-Cl orbitals (1.90) is due to donation
of density from each o bonding orbital to the trans-o* Pd-Cl anti-
bonding orbital, in accord with the usual chemical picture of deloca-
lized chemical systems.

In vitro antibacterial and antifungal activity of the ionic liquids,
[TEA][HOACc] and [HDEA][CI], and their corresponding Pd(Il) com-
plexes, trans-|PdCl,(TEA), and [HDEA],[PdCly], were tested in rela-
tion to considerable number of microorganisms, including human
pathogenic bacteria, probiotics, yeasts, molds, in order to evaluate
broad-spectrum antimicrobial activity. The tested compounds
showed low antimicrobial activity or no activity at tested concentra-
tions (Tables 1 and 2). There was no significant difference in activity
between corresponding complexes and its precursors. Detectable
MIC values were in range from 15.6 pug/ml to 1000 pg/ml, while MMC
were at 125 pg/ml and 1000 pg/ml. The most sensitive bacterium
was probiotic B. subtilis IP 5832 in case of trans-[PdCl,(TEA),] and

Table 1

Antibacterial activity of [TEA][HOAc], [HDEA][CI] and corresponding complex (pg/mL).
Species trans-[PdCl,(TEA),] [TEA][HOAC] [HDEA],[PdCl,] [HDEA][CI] Doxycicline

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Sarcina lutea ATCC 9341 >1000 >1000 1000 >1000 500 1000 500 1000 <0.448 7.81
Sarcina lutea >1000 >1000 1000 >1000 500 1000 500 >1000 <0.448 3.75
Enterococcus faecalis ATCC 29212 >1000 >1000 1000 >1000 250 1000 250 >1000 7.81 62.5
Enterococcus faecalis >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 7.81 62.5
Bacillus subtilis ATCC 6633 1000 >1000 >1000 >1000 62.5 125 125 500 1.953 31.25
Bacillus subtilis 1000 >1000 >1000 >1000 250 1000 1000 >1000 0.112 1.95
Staphylococcus aureus ATCC 25923 >1000 >1000 >1000 >1000 62.5 >1000 250 >1000 0.224 3.75
Staphylococcus aureus >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 0.448 7.81
Escherichia coli ATCC 25922 >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 15.625 31.25
Escherichia coli >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 7.81 15.63
Pseudomonas aeruginosa ATCC 27853 1000 >1000 >1000 >1000 500 1000 >1000 >1000 62.5 125
Pseudomonas aeruginosa 500 >1000 >1000 >1000 1000 1000 >1000 >1000 250 >250
Proteus mirabilis ATCC 12453 >1000 >1000 >1000 >1000 500 1000 >1000 >1000 15.625 62.5
Proteus mirabilis >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 250 >250
Salmonella enterica >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 15.625 31.25
Salmonella typhymurium >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 15.625 125
Lactobacillus rhamnosus 1000 >1000 500 >1000 N.T. N.T. N.T. N.T. 7.81 31.25
Lactobacillus plantarum >1000 >1000 >1000 >1000 500 >1000 1000 >1000 0.448 7.81
Bifidobacterium animalis subsp. lactis >1000 >1000 >1000 >1000 N.T. N.T. N.T. N.T. 31.25 62.5
Bacillus subtilis IP 5832 125 >1000 >1000 >1000 250 >1000 500 >1000 1.95 15.63

N.T. — not tested.
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Table 2

Antifungal activity of [TEA][HOAc], [HDEA][CI] and corresponding complex (ug/mL).
Species trans-[PdCl,(TEA)-] [TEA][HOAC] [HDEA],[PdCl4] [HDEA][CI] Fluconazole

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC

Candida albicans ATCC 10231 >1000 >1000 >1000 >1000 >1000 >1000 1000 >1000 31.25 1000
Candida albicans >1000 >1000 >1000 >1000 >1000 >1000 1000 >1000 62.5 1000
Rhodotorula sp. 1000 1000 1000 1000 >1000 >1000 500 1000 62.5 1000
Saccharomyces boulardii 1000 >1000 >1000 >1000 >1000 >1000 1000 >1000 31.25 1000
Aspergillus niger ATCC 16404 1000 >1000 500 >1000 125 250 >1000 >1000 62.5 62.5
Aspergillus niger 1000 >1000 250 500 125 250 >1000 >1000 500 1000
Aspergillus restrictus >1000 >1000 1000 1000 62.5 125 >1000 >1000 500 1000
Aspergillus fumigatus >1000 >1000 500 1000 15.6 15.6 >1000 >1000 500 1000
Aspergillus flavus 1000 >1000 500 500 1000 1000 >1000 >1000 1000 1000

B. subtilis ATCC 6633, S. aureus ATCC 25923 in case of [PdCl4(DEAH),].
It is known that certain bacteria can utilize ethanolamines as source
of carbon and/or nitrogen. This process, encoded by genes located
together on the chromosome in the ethanolamine utilization operon
(eut), is characteristic for species of Salmonella, Enterococcus, Klebsiella,
Mycobacterium, Pseudomonas, Escherichia [50]. This could be explaining
the low antibacterial activity of tested compounds. Antifungal activity
was better against molds than yeasts. C. albicans, clinical and standard
strain, was resistant. Better results were for Aspergillus species, MIC
values were between 15.6 and 1000 pg/ml. [TEAJ[HOAc] exhibited
better activity than corresponding complex with MIC values from
250 pg/ml to 1000 pg/ml. Sensitivity of Aspergillus species were in-
creased especially to [HDEA],[PdCly]. The activity of [HDEA],[PdCl4]
against A. restrictus, A. fumigatus was up to ten times higher than the
activity of positive control, fluconazole.

4. Conclusion

The structures of ionic liquids [TEA][HOAc] and [HDEA][CI], and of
complexes trans-[PdCl,(TEA),| and [HDEA][PdCl4] are investigated
using DFT method. These compounds were tested for their in vitro
antibacterial and antifungal activity. It was shown that complexes
and their precursors showed low antimicrobial activity. Antibacterial
activity was recorded against certain G bacteria (S. lutea, E. faecalis,
B. subtilis), probiotics (L. rhamnosus, B. subtilis IP 5832) and strains
of P. aeruginosa. Antifungal activity was better against molds than
yeasts. Aspergillus species were affected by tested compounds while
C. albicans, clinical and standard strain, was resistant. The ionic liquid
[TEA][HOAC], and especially complex [HDEA][PdCl,], with their high
activity against Aspergillus species, can be considered as agents with
potential antifungal activity, and therefore candidates for further
stages of screening in vitro and/or in vivo.
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The reaction of PdCl, with diethanolammonium chloride (DEAXHCI), in the molar ratio 1:2, affords the
[HDEA],[PdCl4] complex (1). The hydrolytic activity of the novel Pd(Il) complex 1 was tested in reaction
with N-acetylated L-histidylglycine dipeptide (AcHis-Gly). Complex 1, as well as earlier prepared trans-
[PdCI,(DEA),] complex (2), and DEA, as their precursor, were tested for their in vitro free radical scaveng-
ing activity. UV absorbance-based enzyme assays were done in order to evaluate their inhibitory activity
of soybean lipoxygenase (LOX). Also, assays with superoxide anion radical were done. The scavenging
activities of the complexes were measured and compared with those of their precursors and caffeic acid.
Complex 2 exhibits the highest antioxidant activity and the highest inhibitory effect against the soybean

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

It was shown that some of palladium(Il) complexes, as model
systems in bioorganic chemistry, can be interesting as artificial
metallopeptidases, inhibitors of enzymes, and free radical
scavengers.

Interest in the study of interactions of platinum(Il) and palla-
dium(II) complexes with sulfur- and histidine-containing peptides
and proteins became of capital importance after the discovery that
their aqua complexes can be promising reagents for the selective
hydrolytic cleavage of the above mentioned peptides [1-12]. Fur-
thermore, it was found that some of palladium complexes can be
enzyme inhibitors. These compounds inhibit various enzymes such
are RNA polymerase [13], topoisomerase III, reverse transcriptase
(by free radical generation) [14], leukemia virus reverse transcrip-
tase [15], cellobiohydrolase [16], and soybean LOX [11]. Some pal-
ladium complexes have been evaluated for their anti-inflammatory
and antioxidant activities in vitro, whereby palladium complexes
exhibited higher activity compared to the activity of the ligand
[12,17,18].

The lipoxygenases are non-heme iron containing enzymes
which catalyze the oxidative metabolism of fatty acids, and are
useful target for the design and development of new drugs that
substantially inhibit the generation of the final inflammatory

* Corresponding authors.
E-mail addresses: zorica@kg.ac.rs (Z.D. Petrovi¢), hadjipav@pharm.auth.gr
(D.Hadjipavlou-Litina).

0045-2068/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.bioorg.2009.07.003

products and the propagation of inflammation [19,20]. Linoleic
acid is the primary substrate in the reaction of dioxigenation of
polyunsaturated fatty acids catalyzed by plant LOX, while the
mammalian isozymes mainly catalyze the metabolism of arachi-
donic acid [21]. In mammalian cells, LOXs play an essential role
in the biosynthesis of many bioregulatory molecules such as leu-
kotrienes, lipoxins and hepoxylines. These compounds are media-
tors in the pathophysiology of variety of diseases, for example
bronchial asthma, psoriasis and inflammation [22]. The fatty acid
hydroperoxides, generated in the reaction of dioxigenation of
polyunsaturated fatty acids catalyzed by LOX, significantly con-
tribute to the creation of atherosclerotic lesions [23]. These com-
pounds have critical influence on the development of several
human cancers [24]. For these reasons, extensive research was
done to find efficient inhibitors of LOX activity [21,25-33]. Most
of these studies have used readily obtainable soybean lipoxyge-
nase, which is a homologue of mammalian lipoxygenase and well
examined [34,35]. Most of the lipoxygenases inhibitors are anti-
oxidants or free radical scavengers, since lipoxygenation occurs
via a carbon-centered radical.

In the present study, a new diethanolammonium-tetrachlorido-
palladate(Il) complex (1) ([HDEA],[PdCl,], where DEA is diethanol-
amine), was synthesized and employed to study its hydrolytic
activity in the reaction with N-acetylated L-histidylglycine dipep-
tide (AcHis-Gly). New complex 1 and earlier prepared diethanola-
mine complex trans-[PdCl,(DEA),] complex (2), as well as
diethanolamine, precursor of these compounds, were tested for
their LOX inhibitory activity and free radical scavenging activity.
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2. Materials and methods

The compounds D,0, DNOs, and PdCl, were obtained from Al-
drich Chemical Co. All common chemicals were of reagent grade.
Dipeptide L-histidylglycine (His-Gly), soybean lipoxygenase, lino-
leic acid sodium salt, NADH, and nitrotetrazolium blue (NBT) were
obtained from Sigma Chemical Co. N-methylphenazonium-methyl
sulfate and diethanolamine (DEA; NH(CH,CH,OH),) were pur-
chased from Fluka. The terminal amino group in His-Gly was acet-
ylated by standard method to obtain AcHis-Gly [1].

All pH measurements were made at 25 °C. The pH meter (Iskra
MA 5704) was calibrated with Fischer certified buffer solutions of
pH 4.00 and 7.00. The results were not corrected for the deuterium
isotope effect. Reactions of AcHis-Gly with palladium(Il) complex
in D,0 solutions were followed by 'H NMR spectroscopy using a
Varian 200 MHz spectrometer. The palladium(Il) complex 1 and
peptide were mixed in an NMR tube in molar ratio 1:2. The pH
was 2.0. The internal reference was TSP (sodium trimethylsilylpro-
pane-3-sulfonate). The IR spectra were recorded on a Perkin-Elmer
Spectrum One FT-IR spectrometer using the KBr pellet technique.
Elemental microanalyses for carbon, hydrogen, and nitrogen were
performed at the Faculty of Chemistry, Belgrade University.

2.1. Computational method

All calculations were conducted using Gaussian03 [36] with the
B3LYP hybrid functional [37-39]. The triple split valence basis set
6-311G(d,p) was used for C, H, O, N, and CI [40], whereas LANL2D-
Z + ECP [41] was employed for the Pd center. Geometrical parame-
ters of all investigated species were optimized in vacuum.
Vibrational analysis was performed for all structures. All calculated
structures were verified to be local minima (all positive eigen-
values) for ground state structures by frequency calculations. The
natural bond orbital analysis [42,43] (Gaussian NBO version) was
performed for all structures.

3. Synthesis of the diethanolammonium-tetrachloridopalladate
(II) complex, [HDEA],[PdCl,]

3.1. Synthesis of the diethanolammonium chloride, [HDEA]CI

Diethanolamine hydrochloride was prepared by slowly dropping
hydrochloric acid to diethanolamine dichlormetane solution.
Hydrochloric acid was added excessively to 5% of the stoichiometric
amount. Resulting solution was mixed during 2 h at room tempera-
ture. Finally, volatile component was evaporated in vacuo. Prepared
ionic liquid is colourless viscous liquid whose boiling pointis 112 °C.

Spectral characterization of the jonic liquid [HDEA]CI: '"H NMR
spectrum (200 MHz, D,0): é = 3.266 (4H, -CH,-NH,, t, ] = 5.0 Hz)
ppm; 3.891(4H, -CH,-OH, t, J=5.0Hz) ppm. IR (film): v=325,
631, 949, 1039, 1064, 1408, 2852, 3336, 3384 cm ™.

3.2. Synthesis of the [HDEA],[PdCl,] complex

The [HDEA],[PdCl;] complex was synthesized starting from
PdCl, and two equivalents of diethanolamine hydrochloride,
according to the procedure published earlier [11]. In the course
of 3 h, the reaction of 0.1774 g (0.001 mol) of PdCl, dissolved in
15 mL of water with 0.283 g (0.002 mol) of diethanolamine hydro-
chloride, at 50-60 °C, afforded an orange-brown solution which
was left at room temperature for 2 days. The precipitated brown
crystals were filtered off, washed with ethanol, air-dried and
showed a melting point of 115-116 °C. Yield 0.446 g (97%). Calcu-
lated for [HDEA]zlpdCl4] = C8H2204N2C14Pd (FW= 46042) C,
20.95; N, 6.09; H, 5.21%; found: C, 21.01; N, 6.13; H, 5.18%.

Spectral characterization of the complex [HDEA][PdCly]: 'H
NMR spectrum (200 MHz, D,0): 6=, t, 3.24 (4H, -CH,-NH
J=5.2Hz), 3.86 (4H, -CH,-OH, t, J=52Hz) ppm; IR (KBr):
v=323, 698, 958, 1065, 1088, 1405, 1574, 2874, 3299, 3343 cm™ ..

3.3. Soybean lipoxygenase inhibition study in vitro

In vitro study was evaluated as reported previously [44]. The
tested compounds dissolved in ethanol were incubated at room
temperature with sodium linoleate (0.1 mM) and 0.2 cm? of en-
zyme solution (1/9 x 10~ w/v in saline). The conversion of sodium
linoleate to 13-hydroperoxylinoleic acid at 234 nm was recorded
and compared with the appropriate standard inhibitor.

3.4. Assay of superoxide anion radical scavenging activity [44,45]

The superoxide-producing system was set up by mixing phenazine
methylsulfate (PMS), NADH and air-oxygen. The production of super-
oxide was estimated by the nitroblue tetrazolium method. The
reaction mixture containing investigated compound, 3 uM PMS,
78 UM NADH, and 25 uM NBT in 19 uM phosphate buffer pH 7.4
was incubated for 2 min at room temperature and the absorption
measured at 560 nm against a blank containing PMS. The tested com-
pounds were preincubated for a blank containing PMS. The tested
compounds were preincubated for 2 min before adding NADH.

4. Results and discussion
4.1. Structure examination of [HDEA],[PdCl,] complex (1)

The structure of complex [HDEA],[PdCl,] was examined using
DFT method. The optimized structure of complex is presented in
Fig. 1. [PdCl4]*~ anion exhibits square planar coordination, where
the four chlorine anions lie in the equatorial plane, whereas the
two protonated diethanolamine cations form hydrogen bonding
with chlorido ligands. Cis- and trans-chlorido ligands form with pal-
ladium bond angles of 90° and 180°, respectively. The Pd-Cl bond
length is equal to 2.40 A, whereas the distances between chlorido li-
gands and hydrogens bonded to nitrogen lie in the range of 2.10-
2.15A. The NBO analysis of the complex reveals covalent Pd-Cl
bonds, with hybrid compositions of 0.41(sp?d)pq + 0.91(sp>%%)q.

Fig. 1. Optimized geometry of complex 1 with delineated LUMO map.
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Lower occupancy in all ¢ Pd-Cl orbitals (1.90) is due to donation of
density from each o bonding orbital to the trans- ¢* Pd-Cl antibond-
ing orbital, in accord with the usual chemical picture of delocalized
chemical systems.

The vibrational analysis of complex 1 was performed. There are
characteristic vibrations at 3740 cm™~! (stretching vibrations of OH
groups of protonated diethanolamine), 3128 and 3042 cm™!
(stretching vibrations of NHj ions), 1623 cm™! (deformational
vibrations of NHj ions), 3011 cm ™' (stretching vibrations of CH,
groups), and 1505 (deformational vibrations of CH, groups). These
values are significantly different from the experimental values of
3343,3051, 2874, 1574, 2912, and 1455 cm ™. It is well known that
the computed values of vibrational frequencies contain systematic
error due to neglect of electron correlation. There is also a contri-
bution to the error due to the fact that the calculated frequencies
come from treating the potential energy surface near the station-
ary point as a harmonic oscillator. In reality, the potential energy
surface near the stationary point is generally anharmonic. This re-
sults in overestimating the vibrational frequencies values, on aver-
age, by anywhere between 0% and 20%, implying that they need to
be scaled to provide satisfactory approximation of experimental
vibrational frequencies. By applying a scaling factor for B3LYP/6-
311G(d,p) of 0.967 £ 0.021 [46] to the computed values of vibra-
tional frequencies for complex 1, the agreement with experimental
data is improved. The only exception is the stretching vibration of
OH groups of protonated diethanolamine, which can be attributed
to association of complex via hydrogen bonds crosswise OH
groups. Such agreement between experimental and computational

results confirms the predicted structure of complex 1. These results
were used in order to describe the structure-activity relationship
(SAR) of complex compound 1.

4.2. Hydrolytic reaction of [HDEA]>[PdCl,] complex with AcHis-Gly

The Pd(Il)-diethanolamine complex trans-[PdCly(DEA),] [11]
showed selective hydrolytic activity in the reaction with N-acetylated
L-histidylglycine dipeptide (AcHis-Gly). We supposed that novel
Pd(II)-diethanolamine complex 1 can be artificial metallopeptidase,
also. To confirm our presumption, we performed the reaction of this
complex and dipeptide AcHis-Gly (molar ratio 1:2) at pH 2.0 and
60 °CinD,0, and studied by 'H NMR spectroscopy. In our experiment,
under the above mentioned conditions, only one complex and selec-
tive cleavage of peptide bond were observed after 15 h. The NMR
spectra showed decreasing of the singlet at 4.00 (due to mehylene gly-
cine protons of the non-hydrolyzed substrate) and increasing of the
singletat 3.77 ppm for these protons in free glycine. After 43 h of heat-
ing the reaction mixture at 60 °C, the intensity of singlet at 3.77 ppm
was not changed, Graphic 1. Addition of amino-acid glycine to the
reaction mixture caused an increase of the signal at 3.77 ppm. Under
these reaction conditions free acetic acid was not detected by NMR
spectroscopy during investigated reaction time.

4.3. Soybean lipoxygenase inhibition study in vitro [44]

In continuation of our study on biological significant derivatives
of histidine, this part of our work is devoted to the study of in vitro

b AcHis-Gly + Pd(ll) complex 1 after 1 h

b

Starting AcHis-Gly at pH=2

j esPAtsileip

. _MMJLL&A«..

II]HHIHII[III!'Ililill!lll'l_l—l—lilli[iIHIHI{I!HHHTF[

4.0 3.8 3.6

3.4 3.2PPN 3.0

Graphic 1. Parts of '"H NMR spectra for the hydrolytic reaction of AcHis-Gly with [HDEA],[PdCl,] complex as function of time at pH =2 and 60 °C in D0 as solvent. The
chemical shifts are in ppm relative to TSP. Resonance are indicated as follows: (a) methylene glycine protons of the starting dipeptide; (b) protons of the protonated
diethanolamine units of the [HDEA],[PdCl4] complex (1); and (c) methylene protons of the free glycine.
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inhibition of soybean lipooxygenase (LOX), as a histidine-contain-
ing enzyme. Availability and stability of mammalian lipoxygenases
is limited, and therefore research on lipoxygenases was done with
readily obtainable enzyme from soybean seeds. The active site in
soybean LOX is non-heme Fe(Ill) atom coordinated by three histi-
dines, isoleucine, asparagine and a hydroxide group [47], Fig. 2.
Inhibition of this enzyme was investigated by using complexes 1
and 2, and DEA.

Considering the radical mechanism of inhibition of LOX and the
fact that palladium(ll) ion is “soft” Lewis acid, we assumed that
complexes 1 and 2 can act as free radical scavengers in LOX-cata-
lyzed reaction of dioxigenation of fatty acids.

The generally accepted mechanism of action of LOX is radical
mechanism which involves hydrogen abstraction from the fatty
acid by the iron(Ill)-hydroxide group, accompanied with the reduc-
tion of LOX to Fe(Il) form (Scheme 1) The obtained pentadienyl
radical is then trapped by dioxigen to yield a peroxyl radical of
fatty acid as a catalytic intermediate. Reduction of the peroxyl rad-
ical by the Fe(II) ion yields the hydroperoxide product and regen-
erates the Fe(III) ion (active LOX form) [48].

Studies on inhibitors of soybean LOX show several possible
mechanisms, e.g., by binding inhibitor to sites around the active

Ile
(0)
N F

,OH
\\\\\\\‘ ° K

) s KN /\N
L
Asn  NH3

Fig. 2. The active site in soybean LOX.

site of the enzyme molecule [49], by preventing the formation of
the activated Fe(Ill) form of LOX [50] or by trapping the free radi-
cals formed during the lipoxygenase-catalyzed oxygenation of
polyunsaturated fatty acids [51]. In our cases it is reasonable to ex-
pect that palladium(Il)-chlorido complexes, as electrophiles, react
as free radical scavengers by trapping radical intermediate(s) and
blocking the catalytic cycle.

UV absorbance-based enzyme assays with diethanolamine pal-
ladium(II) complexes 1 and 2, and DEA were done in order to eval-
uate their inhibitory activity of soybean LOX. Perusal of% inhibition
values, or ICsq values, shows that DEA as a complex precursor has
lower ICso than complexes. Significant higher inhibitor activity of
complex 1, and especially 2, relative to DEA (Table 1) clearly shows
that palladium(Il)-chlorido moiety of these complexes is meritori-
ous for higher inhibitor activity. Complex 2 is very active and more
potent than the reference compound caffeic acid. These results are
supported by our DFT calculations and structure-activity relation-
ship (SAR) investigation. In Fig. 1 the LUMO map of complex 1 is
depicted. It is shown that the most electron-deficient area of
complex 1 is delocalizated over palladium (II) ion and four chlorido
ligands, namely over the [PdCl4]?~ ion. Therefore, the [PdCl,]*~
moiety of the complex acts as weak Lewis acid capable for
accepting electrons from other species, such as radicals. In case
of complex 2, LUMO orbital is delocalizated over palladium (II)
ion, two chlorido ligands and two nitrogen atoms of diethanola-
mine ligands, Fig. 3. For this reason, one can suppose that com-
plexes 1 and 2 can be used as successful radical scavengers.

In order to prove free radical scavenger properties of complexes
1 and 2, and DEA, assays in vitro with superoxide anion radical
were done. The superoxide-producing system was set up by mix-
ing phenazine methosulfate (PMS), nicotinamide-adenine-dinukle-

Table 1
% Superoxide radical scavenging activity (O,"); in vitro inhibition of soybean
lipoxygenase (LOX) (ICsp).

Compound (037) (%) 0.01 mM (037) (%) 0.1 Mm LOX ICsp (LM)
Complex 1 78 100 210
Complex 2 64 100 76
DEA 83 92 500
CA 45 600

CA caffeic acid; DEA diethanolamine.
Each value represents the mean of two independent experiments.

radical

R=-(CH,),CH;
R= -(CH,),COOH

Lox-Fe** <€

(active)

0,

—_—

R /_R’

Lox-1 gt
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Lox-Fe

IN_S"

HOO

Lox-Fe*

N

00
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Scheme 1. Radical mechanism for lipoxygenase-catalyzed oxidation of polyunsaturated fatty acids under aerobic conditions.
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Fig. 3. Optimized geometry of complex 2 with delineated LUMO map [52,53].

otide (NADH) and air-oxygen. Generation of the superoxide radical
anion is a first step of the spectrophotometric method that has
been applied to the measurement of the antioxidant activity of
investigated complexes. The complexes showed very high scaveng-
ing activity which was concentration dependent. Diethanolamine,
as precursor of the investigated complexes, exhibited lower activ-
ity, Table 1. The complexes 1 and 2, as well as DEA, are very active
and more potent than the reference compound caffeic acid.

5. Concluding remarks

The reaction between PdCl, and diethanolammonium chloride
in a molar ratio of 1:2, leads to the easy formation of the
[HDEA],[PdCl4] complex (1), whose structure was optimized by
DFT methods. In order to prove hydrolytic activity, the reaction be-
tween the [HDEA],[PdCl4] complex with MeCOHis-Gly dipeptide at
pH =2.0 and 60 °C was done. Selective cleavage of peptide bond
was observed under these experimental conditions during the
course of 43 h. Also, complexes 1 and 2, and DEA, as their precur-
sor, were tested for their in vitro soybean LOX inhibitory and free
radical scavenging activities. UV absorbance-based enzyme assay
and assay with superoxide anion radical were done. The scaveng-
ing activities of the complexes were measured and compared with
those of their precursor and vitamin C. Complex 2 with high anti-
oxidant ability and low ICsq value is considered as agent with po-
tential antioxidant activity, and can therefore be candidate for
further stages of screening in vitro and/or in vivo.
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GRAPHICAL ABSTRACT

Hydrolytic activity of the diethanolamine palladium(II) complex was tested in the reaction with AcMet-
Gly at pH = 2.0 and 60 °C. DFT study was applied in order to explore the mechanism of this hydrolytic
reaction.
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ABSTRACT

Hydrolytic activity of diethanolammonium-tetrachloridopalladate(Il) complex was tested in the reaction
with AcMet-Gly at pH = 2.0 and 60 °C. The reaction was monitored using 'H NMR spectroscopy, during
the course of 45 h. It was shown that regioselective cleavage of amide bond involving the carboxylic
group of methionine is achieved under these experimental conditions. DFT study was performed, in order
to explore the mechanism of this hydrolytic reaction. This study contributes to a better understanding of
the mechanism of the peptide bond hydrolysis of the methionine-containing peptides, and generally
interaction of Pd(Il) with —SR groups of biological relevant molecules.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

cesses, such as control of the cell cycle, transcription, antigen pro-
cessing, and apoptosis. However, it is worth pointing out that the

Hydrolytic cleavage of peptides and proteins plays important
functional and regulatory role in many physiological processes.
Proteolysis is responsible for many fundamental biological pro-
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peptide bond is exceptionally unreactive, and that the half-life
for its hydrolysis in solution with pH 4-8 is several hundred years
at room temperature [1,2].

Selective hydrolysis of peptide bond can be achieved with en-
zymes and synthetic reagents, such as acids, bases, and metal com-
plexes. Several proteolytic enzymes are used for the cleavage, but
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among them only trypsin is highly regioselective [3]. The enzymes
application is limited due to their special requirements related to
the temperature and pH. Also, they are sometimes inapplicable be-
cause they cleave peptide bond indiscriminately, in several sites,
giving unwanted short fragments. Today, the selective hydrolysis
of this bond can be achieved by several methods. Among them,
transition-metal complexes have been used as artificial metallo-
proteases, whereby Pd(II) and Pt(Il) complexes deserve special
attention [4-12]. Both of the mentioned types of the complexes
posses similar properties, but due to much faster ligand substitu-
tion (10°), palladium(Il) complexes are more suitable for reaction
monitoring and mechanism elucidation [13]. A key requirement
for the complex to act as an artificial metallopeptidase is to have
at least two coordination sites available for the substitution.
Namely, during hydrolytic reaction one site is used for anchoring
to the side chain of the amino acid in the peptide, and second for
interaction with the proximate scissile peptide bond. Therefore,
these coordination places should be occupied by weak ligands
which can be easily substituted in a given time [ 14-16]. It has been
shown that peptides containing methionine [4,6,14,16,17-19] or
histidine [7,20-27] in the side chain, can be good model molecules
for the study of their interactions with different Pd(II) and Pt(II)
complexes, due to the fact that these complexes are able to bind
to the sulfur or nitrogen, and promote hydrolysis of peptide bond.
However, the mechanism of these hydrolytic reactions has not
been completely elucidated. Elucidation of the mechanism of the
peptide bond hydrolysis is also important for better understanding
of some side effects which cause Pt and Pd complexes, such as
nephrotoxicity, since both of these biological processes are associ-
ated with interaction with -SR or -SH groups.

In this paper we report the study of the hydrolytic reaction of
earlier prepared diethanolammonium-tetrachloridopalladate(II)
complex ([HDEA],[PdCl,]) [28] with N-acetylated L-methionylgly-
cine dipeptide (AcMet-Gly). To examine the structures of the pro-
posed reaction participants, this hydrolytic reaction was studied by
using 'H NMR spectroscopy and density functional theory.

2. Experimental
2.1. Reagents

The compounds D,0, DNO3 and PdCl,, were obtained from Al-
drich Chemical Co. All common chemicals were of reagent grade.
Diethanolamine, dipeptide L-methyonylglycine (Met-Gly), were
obtained from Sigma Chemical Co. The terminal amino group in
Met-Gly was acetylated by a standard method to obtain AcMet-
Gly [5].

2.2. Measurements

Reactions of AcMet-Gly with Pd(II) complexes were followed by
'H NMR spectroscopy, using a Varian Gemini 200 MHz spectrome-
ter, in D50 solutions containing TSP (sodium trimethylsilylpropio-
nate) as the internal reference. All pH measurements were made at
25 °C. The pH meter (Iskra MA 5704) was calibrated with Fischer
certified buffer solutions of pH 4.00. The results were not corrected
for the deuterium isotope effect.

2.3. Computational method

All calculations were conducted using Gaussian09 [29] with the
MO6 hybrid meta functional [30]. The 6-311+G(d,p) basis set was
used for C, H, O, N, and Cl, whereas def2-TZVPD [31] was employed
for the Pd center. This triple-zeta-valence basis set contains polar-
ization and diffuse functions, as well as effective core potential.

Geometrical parameters of all investigated species in water were
optimized using the CPCM solvation model (Polarizable Conductor
Calculation Model, e = 78.36). All calculated structures were veri-
fied to be local minima (all positive eigenvalues) for ground state
structures by frequency calculations. The natural bond orbital anal-
ysis [32] (Gaussian NBO version) was performed for all structures.
The 'H NMR properties of the crucial reaction product were pre-
dicted, and the chemical shifts for all hydrogen atoms relative to
TMS were calculated. For the simulation of the "THNMR spectrum,
the model mentioned above, which involves different basis sets
for nonmetals and the Pd center, was not suitable. For this reason,
the M06/LANL2DZ method was used for the prediction of the 'H
NMR properties.

3. Results and discussion

In our previous study we reported that [HDEA],[PdCl4] complex
[28] shows selective hydrolytic activity in the reaction with N-
acetylated L-histidylglycine dipeptide (AcHis-Gly). Bearing this in
mind, we assumed that this complex can also act as artificial
metallopeptidase in the reaction with methionine-containing
dipeptide. To confirm our presumption, the reaction with AcMet-
Gly dipeptide was performed. The Pd(II) complex and dipeptide
were mixed in equimolar amounts, 20 mM in D,0, at pH =2 and
60 °C. The reaction was monitored by 'H NMR spectroscopy, which
proved to be a very useful tool for studying complex hydrolytic
reactions. The reaction products were distinguished on the basis
of the chemical shifts of the S-methyl protons of methionine,
methylene glycine protons (from non-hydrolyzed dipeptide sub-
strate and free glycine), and protons of the methylene groups from
the diethanolamine units (Fig. 1). Immediately after mixing the
reactants, spontaneous coordination of the Pd(II) to the sulfur atom
of methionine occurs, yielding the intermediate Pd(II) complex A
(Fig. 2). This is documented with the simultaneous decline of the
resonance at 2.11 ppm (S-methyl protons of the free dipeptide)
and the growth of the resonance at 2.50 ppm (corresponding to
the S-methyl protons of the complex A, Fig. 1) [13].

The appearance of a new singlet in the 'H NMR spectrum at
3.62 ppm was an indication that the hydrolytic reaction occurs.
Namely, during the reaction the resonance at 4.00 ppm of methy-
lene glycine protons from the non-hydrolyzed dipeptide decreased,
while the singlet at 3.62 ppm for methylene protons of the free gly-
cine increased. After 45 h of heating of the reaction mixture at
60 °C, the intensity of the singlet at 3.62 ppm was not changed,
Fig. 1. In addition, a new singlet at 3.68 ppm and a multiplet at
3.86 ppm appeared in the NMR spectrum. We assumed that these
signals can be assigned to the salt [CgH;704N>]" (D in Fig. 2) which
is formed in the reaction of outgoing glycine with diethanolamine
ligand (Fig. 2). Indeed, the same compound was formed in a sepa-
rate reaction, where equimolar amounts of diethanolamine and
glycine were mixed, confirming that the new singlet at 3.68 ppm
belongs to the methylene protons of glycine, while the triplet at
3.86 ppm belongs to the protons of ~-CH,-N of diethanolammoni-
um moiety. The formation of the salt D is not unexpected due to
the fact that under our reaction conditions (pH = 2) glycine amino
group (pK, ~ 9.6) is protonated and the carboxyl group (pK, ~ 2.3)
is partially deprotonated. Therefore, carboxylate oxygen is more
available for the reaction with diethanolamine [9,33]. It is worth
pointing out that some of the liberated glycine reacts with the cat-
alyst to form a small amount of the Pd-Gly complex, which was de-
tected by 'H NMR spectroscopy at 3.52 ppm [27]. Under these
reaction conditions, free acetic acid was not detected by NMR spec-
troscopy, confirming that the reaction is regioselective.

Success of the hydrolytic process is determined on the basis of
the integrated resonance of methylene protons from free glycine
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AcMet-Gly + Pd(II) complex after 45 h at pH=2
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Fig. 1. Parts of "H NMR spectra for the hydrolytic reaction of AcMet-Gly with [HDEA],[PdCl4] complex as a function of time, in D0 as solvent. The chemical shifts are given in

ppm relative to TSP.
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Fig. 2. Optimized structures of the starting dipeptide, intermediates and products.

and glycine from unreacted dipeptide. After 45 h, about 90% of the ates and reaction products, and propose possible mechanism of
starting dipeptide was hydrolyzed. this reaction. Taking into account the fact that we used [PdCl4]?>~

Bearing in mind the results from reference [17] we applied den- as promoter of the hydrolytic process, known to give mononuclear
sity functional theory to examine the structures of the intermedi- palladium(Il)-sulfur complex as active form in the hydrolytic
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Table 1
Selected bond distances (A) in the crucial intermediate
and products.

Dipeptide

C-0 (from peptide bond) 1.22
C-N (from peptide bond) 135
B

Pd-S 235
Pd-Cl 232
Pd-Cl 2.36
Pd-0 (O from peptide bond) 2.12
C-0 (from peptide bond) 1.24
C-N (peptide bond) 1.33
C

Pd-S 231
Pd-Cl 2.30
Pd-O(H,0) (both) 2.14

reactions of methionine-containing peptides [17], as well as our
experimental findings, we assumed possible structure of the inter-
mediate A (Fig. 2). The calculated chemical shift for the S-methyl
protons singlet amounts 2.93 ppm, while for the methylene glycine
protons this value is 4.34 ppm. The Pd(Il)-S peptide complex A,
contains water molecule as a ligand, which is a good leaving group.
Departure of this ligand enables the Pd(II) ion to come close to the
unreactive amide bond. In this way the amide oxygen coordinates
to the Pd(Il), forming the hydrolytically active intermediate B. The
carbonyl group of methionine moiety becomes more polarized (the
NBO charges on the oxygen and carbon of this group are —0.63, and
0.74), which facilitates the external nucleophilic attack of the mol-
ecule of solvent water. Regioselective cleavage of the amide bond,
involving the carboxylic group of methionine is achieved, and gly-
cine is liberated. As a result of the hydrolytic reaction of Pd(II)-an-
chored complex B (regioselective cleavage of the amide bond and
substitution of the chlorido ligand with water molecule) the com-
plex C is formed. The calculated chemical shift for the S-methyl
protons amounts 2.55 ppm, which is in accord with the signal at
2.49 ppm from the experimental '"H NMR spectrum. Such good
agreement between the experimental and calculated 'H NMR spec-
tra indicates that the optimized geometry of C corresponds to the
structure of the reaction product. The NBO analysis of the product
C shows that Pd forms covalent bonds with sulfur and chlorido ion,
whereas the lone electron pairs from the p orbitals of ligating
atoms participate with more than 70% in the bonds around palla-
dium. The lone pairs on the oxygen atoms of the ligating water
molecules delocalize into the formally empty almost pure palla-
dium p orbital, enabling coordinative interactions. The selected
bond distances in the starting dipeptide, intermediate B, as well
as for the product C are given in Table 1.

4. Conclusion

Hydrolytic activity of the diethanolammonium-tetrachlorido-
palladate(Il) complex with methionine-containing dipeptides was
tested in the reaction with AcMet-Gly at pH = 2.0 and 60 °C. Based
on the '"H NMR spectroscopy monitoring, it is shown that regiose-
lective cleavage of peptide bond involving the carboxylic group of
methionine is achieved under these experimental conditions, dur-
ing the course of 45 h. Under these reaction conditions, free acetic
acid was not detected by NMR spectroscopy, confirming that the
reaction is regioselective. DFT method was applied for better
explanation of the mechanism of this hydrolytic reaction, and pro-

vides a better insight into the coordination chemistry of methio-
nine-containing peptides. Good agreement between the
experimental and calculated '"H NMR spectra for the proposed
intermediates A and B and the reaction product C confirms the pro-
posed mechanism. This study contributes to the better under-
standing of the mechanism of the peptide bond hydrolysis of the
methionine-containing peptides, and generally interaction of Pd(II)
with -SH or -SR groups, as well as indicates a direction for the
development of new palladium(ll) complexes for their future
application in bioorganic chemistry and structural biology.
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