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YBOIJHNK

Tlobponowym y HOBY mKoscky roguny! HagaMm ce fa cte
THOCTIe OIMOPa OPHY 32 HOBe IOC/IoBe Koje heMo, curypaH cawm,
cBe jako fo6po ypaputu. IIper Bama je HOBY 6poj Xemujcxol
iipeinega ca CBeXXVM WIAHIVIMA M IPYTUM cafpxxajuma. [Ipe-
JIMCTajTe Ira, CUTYPHM cMO 1a he Bac HelTo 3anHTepecoBaTH.

* ok %
DMEF je y xemmjckoj mitepatypu ogomaheHa ckpahenmiia 3a je-
mumemse unju je [IUPAC-nasuB N,N-pumetndopmamug,. Y my-
Tamby je TepLMjapHM aMVJ MeTaHCKe (MpaBibe) Kucermae. DMF
HIje caMo jeflaH Off MHOTOOPOjHIX pacTBapaya KOju ce pyTVH-
ckn Kopucrte y xemuju. I[Toxasao ce kao ganeko MohHuju ox
BehuHe BUX U OJABHO je IIOMepUo TPaHiuLie CBOje YIoTpebe of
pacTBapaya 0 BUIIEHAMEHCKOT U MyITU(YHKIVOHAIHOT pea-
reHca. 360T Tora je 1 mpoydaBarbe Xemuje DMF-a moce6Ho ak-
TYeJIHO U JJaHAC, Y CaBPeMEHOM 00y pa3Boja HOBMX peareHaca
¥ KaTa/m3aTopa 3a epyKacHy CUHTe3y KOMIUIEKCHIX MOJIEKYTIA.
Y unmanky «DMF y opianckoj cunitie3u: mMano fo3Haiiu aciieKiiu
godpo tio3Hainiol jegurverva» Mubana burosuha (ITpupopso-
MaTeMatidky pakynreT YHuBepsuteta IlpHe T'ope 1 Xemujcku
dakynrer YHuBepsurera y beorpazy) omicane cy pasnudnte
ynore DMF-a y opranckoj cuHTe3!, OpraHOMETA/THO] XEMMU)H,
KOOP/IMHALIMOHOj XeMuju 1 Kata/msu. OcuM Kao edukaca mo-
napuu pactapad, DMF je npukasan 1 kao BUIlIEeHAMEHCKY pea-
TeHC 1 IIPEKYPCOp Y OPOjHIM CHHTETUYKMM peakiyjama. Pas-
JIOT 3a TaKBE OCOOMHE OBOT jeIMIbErba je BEeroBa jefHOCTaBHa
CTPYKTYPa, KOja y ceby Kp1je KOHCTUTyeHTe MHOTHX (yHKIINO-
HA/IHMX TPYTIA ¥ IPAAMBHIX jeIVHIIIA BAXKHUX U CTIOXKEHUX Op-
TaHCKMX MOTIEKyTIa.

* ok ok

Bonure mu fa unrare Arary Kpucrtu? Muoru samnetn y

KPUMUHA/IMCTMYKIM POMAHMMA Cy HACTa/ OKO TPOBaH-a apce-
HOM, jep ce 70 1836. TOfj1HE HeroBO IPUCYCTBO Y OPTAHU3MY
TEIIKO JJOKa3}BaJIo, a ¥ CUMIITOMM TPOBakba HUCY OMIM TaKo
crenyUYHY 1 JTAKO NIPENIO3HAT/bUBIL. JelVIberba apCeHa, IIpe
ceera apcen(III)-okcnp, cy myru Hus roguHa Ouna oMubeHa
CpefiCTBa 3a TPOBakbe MUIIIEBa 1 /byu. VIako cam apceH Huje 13-
paswnTo oTposaH, apceH(III)-okcu (MuIIIOMOp, apCEHOMNT, KOjI
ce HaJlas) y IpUpPOJM, eyt apceH WM apCeHNK) Kao 1 Cyndup
apceHa, jecy. Apcen(III)-okcnp je yak M3y3eTHO OTpOBaH, MAKO
Ce CMIITOMY TPOBak-a MOTY 3aMEHUTH Ca CUMIITOMIMA JPYTUX
oborpema. UnmeHnIa ja Ckopo fo nonosynHe XIX Beka Huje
II0CTOja/Ia HOY3/laHa METOfIA I0Ka3/Bakba APCEHa, Y OTITYHOCTH
objallmbaBa 13y3eTHY 3aCTYIUbEHOCT IeIOBUX jeIUIberba Y TPO-
BamuMa. Tex je xemuyap Ilejmc Mapi 1836. rofuHe yBeo 1o-
y3[iaHy MeTOfy 3a ofipehyBarbe IpUCycTBa apceHa y pasmiin-
TVIM y30pLIMMa U JIELTHOM Matepyjaiy. 3axBa/byjyhu ToM pamy
ycrieo je ga TpoBarba apcer(11I)-okcuaom Hajipe cMmamb, a 3a-
TVM 1 BeOMa 3HaYajHO PEyKyje, YMMe je CIlacao MHOTe Jby7ICKe
XuBOTe. Y WIaHKY ,,IIpoda Koja je ciiacuna moie xusoitie”, Ko-
nera Illnvon A. Hapmaru (Brcoka 111ko/ta CTpyKOBHIX CTYAMja
beorpajicka monmrTexHyuKa) muile o IO3HATYM y/IOTaMa je-
IMIbEH-a ApCeHa Y MCTPOPHUjI, KAO 1 O TOME KAKO Cy M KaJja OT-
KpVBEHe MeTOJie 3a [I0Y3JaHO yTBph1Bame 1 111 je 611710 TpoBa-
ba jeMIbErb/IMa ApCEHa.

* Ok

Epne E. Kumn (Yuusepsuter y Hosom Capy, TexHomomxku

bakynTer) y 4naHky ,Kaianusa y papmayeyitickoj ungyc-
Wwipuju faje HOBYI IIPUJIOT CepUju WIaHaKa Xemujckol tipeinega o
KaTa/msaTopyuMa. Karanmsa je mpyicyTHa y gpapmMarieyTckoj MH-
TyCTpuju Bulle off jeqHor Beka. [Togero je Tako mTo je Kpajem
19. BeKa pa3paleH ocTynak cuHTe3e acmpyHa ecTepuduka-
LMjOM Ca/TUIIVTHE KVCEIMHE Y IPYUCYCTBY KMCEMUX KaTa/M3aTo-
Pa, a Ha [IOYETKY 20. BeKa M3BPIIIeHA je CUHTe3a peHnToNHa (KO-
PUCTHO Ce 3a JIeuerbe emmIeriCHje ¥ CpUaHe apuTMIje) y IIpu-

cycTBy 6asHor katansatopa. ITorpe6Ho je 6umo Mehyim, foc-
Ta JIyTO BpeMeHa Jia Benynka oTkpuha y o61acty KaTammse Kao
IITO CY XUIPOTEHOBaKe Y IPUCYCTBY MPENTa3HUX MeTaja, CUH-
Te3a OPTAHCKMX jefMber-a y IPUCYCTBY OPTaHOMETA/IHMX KaTa-
NM3aTOpa NOCTaHYy OMIITENPUCYTHA M Y CUHTe3U 7eKoBa. OT-
kpuhe crepeocnenU4HNX KatamsaTopa (oce6Ho Bukua-
COHOBMX KaTa/IM3aTopa) OMOTryh1/Io je CUHTe3Y CIIOXKEHUX je-
IVIberba Ca XVMPATHOM CTPYKTYPOM, LITO je 3Ha4ajHO yOp3aso
IPYMEHY OBMX KaTa/M3aToOpa y CUHTE3M JIEKOBA, /I U y CUHTe-
3V 3aIUTUTHMX CPEJCTaBa y IIO/bONIPYBPENM M CUHTe3Y QYHMX
XeMUKanyja. VI3yseTHO Be/MKM IOTIPMHOC PasBojy papMalieyT-
CKe MHJYCTpUje IIpy>Kaja cy oTkpuha Ha 0Jby acuMeTpuiHe
XujiporeHauyje ¥ OKCujanmje, MeTaTese M yHaKpCHOT KyII/Io-
Bama. Y IIPBOj AelieHnju Tpeher MuieHnjyMa oY JOIIPHMHOCH
pasBojy xemuje cy Harpahern HobenoBoM HarpagoM 2001, 2005
1 2010. rofHe. PasBojy papmarieyTcke MHAYCTpYje SHA9ajHO Cy
TOIPUHENN M OPTAHCKU KaTalnn3aTopy, Kao 1 O1oKaTamm3aTo-
Y, IPUPOJHM U MOTM(DUKOBAHU €H3MMIL
* % %

Y py6putiu Xemuja us/3a wixone, y wiaHky «OtpempeHoCili
OCHOBMUX WIKONA 34 HAclasy xemuje ¥ JIo3Huuu», ayropu Virop
M. Marujamesnh, Jacviaka H. Kopomnja (ca Xemujckor da-
kynrera BY) u ViBana [I. Jepemuh (ocHoBHa 1ikosa y Jagpas-
cKoj JlenHuIy) Cy MICcam o yC/IoBYIMA 33 Pean30Batbe HacTa-
Be XeMMj€e y CeflaM IPaiCKMX M CEOCKMX JIO3HMYKIX OCHOBHUX
mkorna. [Tnp ucTpaxuBama 6ua je aHa/MM3a MaTepyjaaHo-
TEXHIIKIX YC/IOBA 33 Pea3alyjy HacTaBe XeMije y OCHOBHUM
mkosama. OBO je BAXHO UCTPAXKMBabE jep He IOCTOj1 CUCTe-
MaTCKV HauuH npahera olmpeM/beHOCTH IKO/Ia HaCTaBHUM
CpefCcTBMMA U ONPEMOM 3a HacTaBy Xemuje. Hajmasu ayropa no-
Ka3yjy fa cuTyalja y IKo/IaMa Hifje oOpa 1 1a je HeoImxXoHa
u3pajia HOBOT IPaBWIHMKA O HOPMAaTUBIMA HIKOJICKOT IPOCTO-
pa, oIIpeMe 1 HACTaBHUX CPefiCTaBa KOjUM OM ce pery/mcase
HOTpeOe HACTaBe/yuera XeMItje y HapeHOM IIepHOTy.

* % %

W y Bectuma Xemujckor npernena, y pyopurm Beciniu us
CX[l, nahu hete nnTepecanTHe 1 3a6aBHe IOfATKe, IO T
OBJIX: jyHa 2013. TOf¥IHE OCHOBHA IIK0/Ia y Iyun fo6ma je mme
o axkageMuky Munenky Ilymuhy; u on Mapra 2013. roguse
crypenTy XeMujckor Qaky/nTeTa MMajy CBOj 4acOIMC KOjH ce 30-
Be «[losutpon».

Y ycToj pyOpyIm ITaMIIaH je ¥ II03VB 32 KOHKYPHCAHbe 33
Harpage u npyusHamba CX]I y 2013. romyamy (Byy: ITpaBrotHyK o
Harpagama u jaBHuM npusHamuMa http://www.shd.org.rs/Ht-
Docs/SHD/SHD-index.htm Opemax - lokymenTa). Pok 3a
HpHjaB/bUBabe je Kpaj cenreMOpa 2013. roayHe. CBe Bac Koju
MMaTe IpefyIore 3a KaHAM/ATe 3a OYacHe ¥ 3aCTy KHE YWIaHOBe,
II0YacHe 4IaHOBE U3 MHOCTPAHCTBA, IOYACHOT TIPECENHIKA
JpywTBa, MO/mMMO Aa UX (ca IIOTPeOHNM 00pa3/IoKeHIMa, a
Hacyos/beHe Ha Komucnjy 3a jaBaa npusnama CXJI) mocraBure
HajKacHMje JI0 30. CenTeMOpa 2013. 1 y e/IeKTPOHCKOj U Y IVICAHOj
dopmu Ha azpecy [Ipymirsa. ¥3 TO, MO/MMO Bac /ja IIPEjIore 3a
KaHmumpaTe 3a Menaspe [Ipy1iTsa, ca HOTpeOHMM 00pasIoKem -
Ma (HacnoesbeHe Ha YKupu 3a Menabe CX]I) jocraBuTe Hajkac-
HIjje [0 15.0KTOOpa 2013. TOTVIHE 1 Y €lEKTPOHCKOj 1 Y IIVICAHOj
¢opmu Ha appecy IpyiuTsa.

Caaxe ropiiHe cMo y cenrreMbapckoM O6pojy Xemujcxoi tipe-

inega mrammam IIpaBUIHMK O TaKMIYeRsMMa 32 OCHOBHE IIKO-
7e Koje opranusyje Cpricko xeMujcko fpywrso. IIpemior HoBor
HpaBWIHMKA (33 2013/2014) je joIl yBeK Ha pasMarpamy (Tj. Hije
ycBojer Ha IIpencenrmmry CX]] y KoHauHOj HOpMIM), TAKO Jia
herera gobuTu y HapenHoM 6pojy XI1.

Parko M. JankoB
Toguwitnie 54. 6poj 4 (2013) 85
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DMF Y OPTAHCKOJ CMHTE3!: MAJIO IIO3HATH

ACIIEKTU JOBPO ITO3HATOT JEOIUILEIHA

DMF je y xemujcxoj nuitiepaitiypu ogomaherna ckpakie-
Huya 3a jegurverve wuju je IUPAC-nasue N,N-gumeitius-
popmamug. Y duitiary je wepyujapHu amug meiliancke
(mpasmwe) Kucenue, a cam iomeH 0601 jegutberba acouupa
HA epuKACaH PAclieapay y peaxuujama Hykneopure cyil-
ciauitiyyuje gpyioi pega (Snz-peaxuyuje). Y itiexcitiy, Koju
cnujequ, Haciojano ce ga ce DMF tipuxasice ca Hewitio gpy-
lauuje thauxe ineguuitia Heio WO je o yoduuajeHo.

DMF je jegrocitiasan Monexys, y Kome je HeiailiueHo
Haenexmpucarve genoxanusosaro upexo wipu aitioma (O, C
u N), witio gaje 3Hauajan GoupUHOC PeakiueHOCTHL MoTe-
Kyna Kao ujenuHe u uume ce 00jauirbasa Mexanuciiuixka
pasHospcrocit peaxuuja, y koje DMF citiyiia.

OM3NYKE OCOBMHE M TOKCUKOJ/IOIIKIN
E®EKTU

Yucr pymerwipopMaMuy je BUCKO3HA TEUHOCT IIpY-
jaTHOT Mypuca, Koja K/byda Ha 153 °C Ha aTMocdepckom
OpUTHCKY. VIMa penraTBHO BUCOKY [JMENIEKTPUYHY KOH-
craHry (36,71), 4nMe ce objalirbaBa Berosa f1oopa croco6-
HOCT cofBaTanyje MolapHuX MojieKyna. VI3yseTHo je xu-
TPOCKOIIaH U Jje/IIMIYHO XVIPOIM3yje 360r ancopboBaHe
BJIare, a jeNaH Off IPOM3BOJA Pasjlararba je JUMeT/I-aMIH
(xoju MMa KapakTepucTIyaH, Henpujarad Mupuc). Op mwe-
ra U TIoTI4e HelpyjaTaH MVPYC HeleCTWIOBAHOT, B/IAYKHOT
" BUILIE ITyTa Basayxy usnaranor DMF-a. [lumernn-amun
HAacTaje ¥ HAKOH Jiy>KeT 3arpyujaBarba DMF-a Ha Temmiepa-
TYPU KIby4amba, IIPY YeMY Ce Kao JPYTU IPOM3BOJ, Hero-
BOT pasjarara jas/ba yI/beH-MOHOKenp (Ha 350 °C, oBa fie-
KOMITO3M11Mja je noTiyHa). M Ha coOHOj TemmepaTypu, yc-
JIe[ IPUCYCTBA KVMCEMVX VI O6a3HMX KaTalu3aTopa, Ipy-
mujeheHo je pasnarasse DMF-a na CO 1 Me,NH. Ose, Ha
npsu nornep Hefoctatke DMF-a, xeMudapu cy Bjemiro
VICKOPVICTIWINM Y PeaKLiMjaMa y KojuMa ce Kao jeflaH Off pea-
reHaca JIofiaje HeKy Off, IPOM3BOJia FerOBOr Pas/iarama.
Tume ce nsbjeraBa kopuihermbe BICOKO TOKCUYHIX jeu-
Iberba, a Y MICTO BpujeMe Ce IIpeBasiIasy HeOIXOIHOCT
yIoTpebe CKYIMX ¥ CTIOKEHNUX aIlapaTypa, Koje ce mofpa-
3yMujeBajy IIPIWIVKOM M3BoDerba peakiiyja ca jako TOKCHY-
HJM ¥ OTTACHMM FacOBUTMUM Matepujama. Ca ipyre cTpaHe,
Opsa ancopiyja Bjare 13 Basfyxa, Kao ¥ HAOPHO YKIa-
wame DMF-a 13 peakuMoHNX cMjellia 3HaTHO OrpaHM4a-

86 Xemujcku tipeineq

Bajy yIIOTpeOy OBOT jenuiberba Kao pacTBapaya. Vmak, ka-
Ko he To 6UTH ¥ TTOKAa3aHO Y Ja/beM TEKCTY, HEKe peaxiyje
cy moryhe jenuzo y DMF-y.

Waxo 3a cajia He OCTOje IOY3IaHM JOKa3 O KaHIle-
porenoM pejctBy DMEF-a, ipeTriocrasba ce ja By>Ke U3jia-
rambe I1apamMa OBOT jeIVIberba TOBOIM O KapLIVHOMHOT J0-
rabhaja. Takobe, yspokyje nopemehaje y papy cpiia, jerpe,
TpyZ#He >KIMjesfie (TYMYyca) ¥ TaHKpeaca. Y MambUM KOJN-
4yHaMa Huje eMOPMOTOKCHYaH, aym Behe Ko/m4mHe J0Bo-
zie no yruHyha rona. JlerasHa o3a 3a marjosa je 2,25 g/kg.

JOBUJAILE DMEF-A

DMEF je opaBHO 1TO3HATO jenuberse U 10 cafia Cy pa-
3pabeHe 6pojHe MeTolle HeroBOT MHAYCTPUjCKOT 1 /1abo-
paropujckor gobujama. IIpBe cuHTe3e cy U3BpIIIeHe yIIo-
TpeOOM YI/beH-MOHOKCHIIA, aMOHMjaKa J MEeTaHO/Ia, Kao 1
YI/b€H-MOHOKCHJIA U JMMETI/I-aMyHa. YaK 1 aHac, y Bpe-
MeHy CUHTe3e KOMIUIEKCHIX, OMOONIKYX 1 (papMalieyT-
CKUX MOJIEKY/Ia, Ha CTPaHMIIaMa jeJHOT YITIETHOT XeMuj-
CKOT YacoIlyca OCBaHYO je joll jeflaH y HU3Y ITOCTYTIaKa 32
cunTesy DMF-a. Pasor je ITo ce Kao jemaH off IpeKypco-
pa KOPUCTH YI/beH-IMOKCH, KOjH je II03HAT Kao 3arahyBad
JKMBOTHE CpeIHe U rac cTaieHe 6amre [1]. Y npucycTBy
KaTa/IM3aTOPa, Taj Fac Ce eIMMMHMIIE, HA PAYyH Yera ce
mobyja jemvberbe Koje ce KOPUCTH Y MHYCTPUJCKUM pas-
Mjepama; TUMe je OCTBapeHa BUIIIECTPYKa HOOUT.

COJIBATALIMOHA CIIOCOBHOCT

DMF cmiafa y rpyny OIapHMX alpOTUYHMX pacTBa-
pada 1 y BOIY Ce O[VINYHO pacTBapa. Benyky 6poj opra-
CKVIX jenyiberba (a/IKOXO0/I, KapOOHWTHA jeIIberba, COTI
KapOOKCI/IHMX KVCeMHA, HUTPWIN, opraHodocdopHa je-
Iumbera 1 c11.) pactBopuu ¢y y DME-y. Takobe, 6pojun
MaKpOMOJIeKy/ ¥ Oyono/miMepy (ITONMMaKpYWIOHUT UL,
HeNTUAY, O/IMCaXapuam) Jo6po ce pacTBapajy y mbeMy.
Hexe HeopraHcke comy, MHaue TEIIKO PacTBOPHE Y BOTM, Y
DMF-y ce pacTBapajy 607be M IIaK MoTIyHo. MHory ra-
cosy, nonty T x1opa, HCl, HBr, HCN, SO, oo cy pa-
crBopHM Y DMF-y. Tume ce n MaHumynanmja ca muma
CBOIM Ha Janeko 6e36jeHUj) HUBO ¥ IIpeBasuase ce
OpojHa orpaHIyerba Y OJHOCY Ha YIIOTpedy KOMepLIVja/HO
TOCTYIIHVX racoBa.
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Cmmka 1: AnjonHa peakija N-ro3unummHa 6eH3angexuja ca CuIni-eHore-
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Cmuxka 2: DMF xao u3Bop pasnMunTyX peaKIMOHUX BPCTa.

Hexke peaxiiyje cy ganexo 6pxe y DMF-y Hero y iipy-
MM pactBapadnma. IIpumjepa panu, 6psuHa Sy2-peaxuyje
jonmerana ca xopupHuM jonoMm y DMF-y je mpexo mwmm-
oH 1yTa Beha Hero y MeTaHomy. Ca #pyre cTpaHe, Heke pe-
aKIyje Cy MCK/bY41BO Moryhe Kaia ce Kao pacTapad yIio-
tpebu DMF. Tako fio anfone peakiuje n3mehy N-Tosmm-
MuHa OeHsanmexuzia 1 cwmi-eHonerpa y THE-y yommre
He ffonasy, Kok ce y DMF-y nakoH 13 h go6uja opgrosapa-
jyhm N-tosm-ectap y mpusocy of, 91% [2] (cmmka 1).

KOMIUIEKCH CA DMF-OM

Knceonnkos arom DMF-a nocjenyje ciobonHe enex-
TPOHCKeE NapoBe, IITO I'a YMHY €/IEKTPOH-J0oHOpoM. Ha
pauys Tora, DMF Moxe rpagutyt BeTmku 6poj KoopayHa-
LIVIOHVIX jefiyiibeba (KOMIUIEKCa), KaKo ca jOHMMA TIpeyias-
HMX METa/Ia, TAKO 1 Ca HEKMM THUIINYHO KOBAIEHTHNM, He-
MeTa/THVM jeTVIberhIIMa.

Komnexkcn ca conmma npenasHux MeTana Cy pa-
CTBOPHM 11 Y BOIM U y OPTaHCKMM pacTBapadnma. ViMajy
PasHOBPCHE NpMMjeHe KaKO Y XeMIUjI, TAaKO U Y MHLYCTPH-
ju. Ha npumjep, kommtexcn NiBr,-3DMF n CoCl,-2DMF
umajy ipumjeny y karamsu; CrCl,3DMF ce kopuct 3a
HITaB/belhe KOXe U y npolecuMa nosnahusama;
UO,(0OAc),-2DMF je Hamrao mpumMjeHy y opraHoMeTa-
HIMM peaKLijaMa, Koje Hujecy Moryhe y mpyucycTBy OfroBa-
Ppajyhux KpucTatoxugpaTHUX comt. MHOTY off KOMIDIEKCa
Cce KOpUCTe y CaBPEMEHOj OPTAaHCKOj CUHTE3N:

Ga(ClO,));6DME Lnl,8DME, SbCl,DME TiCl, 2DMEF...

Op HeMeTamHMX KoMIUIekca Tpeba momeHyT DMEF-
PCl,, koju ce KOpUCTH y CUHTe3M a/IeXi/Ia, KNCETMHCKIX
xy1opupa, xaorenakana u o1 DMF-Me,SO,, je nobap an-
kwyjyhu pearetic. DosreH, THOHWI-XIOPUT 11 CYPYpHI-
x1opuf, ca DMF-oM rpasie koMIiekce, Ipy 4YeMy HacTajy
no6pu popmmnyjyhu mmm cyndoxnopyjyhm pearencu.
DMF-S0,; je eduracan pearenc 3a Cy/npoHOBakbe 1 jak Jie-
Xupparaiyionu peareHc. EberoBom yriorpe6om nsbjerasa ce
Kopuiuherse YCTOT, KOPO3MBHOT, XUTPOCKOIIHOT U 3a paj,
BeoMa HelpyjaTHor 1 omacHor cymiop(VI)-okcnpa.

%%

Iopen cera nasemenor, DMF je y opranckoj xemuju
HallIao TPUMjeHY Kao M3BOP PasTM4IUTIX PEAKIVIOHMX Bp-
CTa, KOje Cce KOPVICTE 3a OfiBUjarbe peaKiyja Koje HI IO Me-
XaHM3MIMAa HU 110 Camoj IIPMPofy Hujecy cpopHe. Mako ce
y JINTEPATYPU CKOPO CBAKOJHEBHO IIYO/IMKY]y peakiiuje
koje DMF onicyjy Kao 13BOp HEKMX HOBUX BPCTa, Y OBOM
TeKCTy Ouhe HampaB/beH caMo jeraH y)xu usbop, koju he
AvMeTHIOpMaMIT, IPMKa3aT Kao epuKacaH ¥ MyJITH-
¢dyHK1MOHaIaH peareHc. Ha crmum 2 cy mpukasade camo
Heke (yHKIMOHAJIHe IPYIIe WM YeCTHULe, 3 Ullje TeHepy-
came ce Moxe vickopuctuty DMEF.

DMF KAO KATAJIU3ATOP

ITocToju Benvku 6poj peaxiyja y kojuma DME, ocum
COTIBaTALIMOHE, MCIIO/baBa I KaTATUTIUKe yIIore. JemHa off
TAKBMX je XUJPO/M3a ENOKCIU/A, BEOMA PEAKTUBHMX 1 KaH-
IIePOTeHNIX jefIVIberba, KOjI Y IPYCYCTBY HYKITeOMMIHMIX
4YeCcTUIA MOIMjEXXY OTBaparby TPOWIAHOT IIPCTeHa. Y KO-

Toguwittie 54. 6poj 4 (2013) 87



JIMIKO Ce Te peaKliyje U3Bofie y IIPUCYCTBY BOJie, Kao IIPON3-
BOJ, ce {00uja BULIMHAIHY {0/ YO4€eHO je, MebyTum, fia
KaJja ce peakiyja OfurpaBa caMmo y BOIU, IIPUHOC AMO/IA j€
caMo 9%; HAKOH JTofgaTKa CBera 0,5 ekBuBaieHata DME-a,
MPVMHOC OYeKMBAHOT MPOU3BOJiA je KBAHTUTATUBAH [3]
(crmyka 3, cxema A):
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Shema A
Shema B
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Cnuka 3: Katamutuuke ocobune DMF-a

PasmarparbeM MexaHM3Ma ce 3aK/bydyje fia OBJj€ MO-
nekyn DMF (a He Boze) HyKeohWIHO Hallaia eOKCH/IHY
IIPCTEH, TIpY YeMy ra oTBapa u rpagy 138. DMF-eTnnen-
arleTasl, Kojy ce pacKuja, a HaCTaIU ITPOU3BOJ, XMIPO/IN-
3yje y mpucycTBy Boie, rpapehu guon (civika 3, cxema b).

Y cuHTe3V XOMOATV/THYX a/TKOXO7IA, KaTATUTIYKO JI€j-
ctBo DMF-a ce ormena y KOOpAMHALVj|U aTOMa CYJINLN-
jyMa 13 alI-TPUXIOPCWIAHA, KOjI je jeaH Off peaKIyo-
HMX TapTHepa. CUIMIVjyM Tpajii jake Be3e Ca eleKTPOHe-
raTVBHYUM €7IEMEHTIMA Kao IUTO CYy HIIP. KMCEOHMK WIII
¢ryop, ITO ONIaKIIaBa TOK peaKijyje M HaCTaHaK XUIlep-
BAJIEHTHOT CWIMLIVjYMa, KOjU j€ PEAKTMBAH IIPeMa e/eK-
Tpodunmma (pennmo, mpeMa KapOOHIIHOM YI/BEHUKO-
BOM aToMy 13 beH3angexnpa). FbuxoBoM peakijom Ha-
CTaje XOMOINIHY a/lIKOXOJI Y TOTOBO KBaHTUTaTUBHOM
HPVHOCY [4], KaKO je TO IIpyUKa3aHO Ha LN 4.

DMF KAO M3BOP YITbEH-MOHOKCUJIA

YI/beH-MOHOKCH], jé jaK KPBHY OTPOB M Paf ca UM
3axTHjeBa rocebHe Mjepe IPeTOCTPOXKHOCTH, JOOPY BeH-

©*o
4\/5“3'3 DME %\/S‘ims ©)\/\
K 91%

DMF

Pd(OAc),, P(o-tol)s 0

Br it
@/ imidazol . o
OH DMF

MW, 170 °C, 1h

88 Xemujcku tipeineg

45%

TIWIALIUjY U CTIO’KEHe allapaType 3a pasBHjarbe, mpeuntnha-
Bame U Cyllewe raca. Mehyrum, ynorpebom Kpydanor
DMF-a nsbjerapajy ce HaBefieHe HETIOTOJHOCTIA, jep ce Y
MICTOM PEaKIMOHOM CYZY, Y KOMe Ce H/Ias) CYIICTPAT, pas-
Blja yI/beH-MOHOKCHTL. HakoH 3aBpiiieHe peaxiiyje, IIPOBO-
hermeM cTpyje MHepTHOT raca (a30T, aproH) Kpo3 peaxiyo-
Hy CMjellly BUIIAK MOHOKCIIA Ce Y/I/bJi, HAKOH Jera ce Mo-
Ke IPUCTYIUTH 6e30jeHoj 0Opay peaKLoHe CMjele.

YI/beH-MOHOKIUCHU je, n3Mel)y OCTasIor, 1 peareHc 3a
peakuyje kapooHWIOBama (YBobera KapOOHIIHE IpyIIe ¥
OPraHCKM MOJIEKYI) VI Te peaKljyje Cy KaTaIn30BaHe KOM-
wiekcuMa npenasHux Metana (Rh, I, Ru n Pt). Karammsa-
TOpM Ha 6asy MaTayjyMa ce pUjeTKO KOPYICTe 3 OBe pe-
axuyje y mpucyctsy DMF-a, mpBeHCTBeHO 300T TOra 1ITO
YI/beH-MOHOKCU, PeIyKyje HaTafijyM 13 HerOBIX COMU Y
e/leMeHTApHY IATaVjyM (T3B. KOOMAHN HaTaNyjyM), Un-
Me Ce KaTa/IMTIYKY LMKITYC IIPeKIfia 1 peakiiyja 3aycTaB-
/pa. Mebytnm, y HoBuje BpujeMe 1 y3 kopuiiherbe Mmupia-
3071a Kao 0ase, [jjelMMIYHO Cy NpeBasueHa HaBefeHa
orpaHuyerba 11 FoOMjeHy Cy TIPOM3BOIY KapOOHWIOBaa -
VICTMHA, Y CKPOMHMM HpyHOcUMa (crvka 5) [5].

DMF KAO M3BOP IVUIMETN/I-AMMWHA

JuMeTvi-aMyH je Ha COOHOj TeMITepaTypH rac, Ia ce
y cuHTe3y Hajuemnhe KOPYCTY KaO BOIEHU W/IM €TaHOJHN
pactBop. OBIM je meroBa yrorpeda orpaHideHa caMo Ha
peaxuyje Koje TO/IEpUIILY IPUCYCTBO aJIKOXO/Ia UM BOJE.
Mebytum, kao nponspop gerpagaryje DMF-a Ha mopue-
HOj TeMIIepaTypy, JYIMETII-aMIH ce MOXKe e(pMKaCHO
MICKOPVCTHTH Y peaKiiyjama y KOjuMa je oTpebaH 1 1o y
YUCTOM CTamy. Tako, 3arpujaBameM pacTBoOpa X/10puaa
(crvka 6, cxema A) W aHXUAPK/A KapOOKCYTHUX KICe-
nuHa (cnuka 6, cxema B) y DMF-y obujajy ce onrosapa-
jyhm amMum y ommraaym npyHocuma. Hajoorsy pesymraru
Ce MOCTIDKY YKOMMKO Ce JOfajy Majle KOMYMHE jaKIX Heo-
PraHCKUX KVCE/IVHA, YMMe Ce KapOOHWIHU YI/beHVK JI0-
JIATHO aKTVMBMPA 32 HATIaj] HYKIeO(p/THOT aMITHCKOT a30Ta

[6].

DMF KAO VI3BOP
IVIMETUIAMUHOKAPBOHWI-TPYIIE
(Me,NCO)

Ha xpajy, o6a nmponssona pasnarama DMF-a Ha mo-
BIIIIEHOj TeMIIEPATy Py MOTY Ce MICTOBPEMEHO 11 e(MKaCHO
YIIOTPeOWTH Kao CTPYKTYPHE jeIVHMIIE 32 M3TPAJEbY C/I0-
JKeHujux cuctema. Moryhe je, permmo, octBaputy Pd-xa-
TIM30BaHO AMUHOKapOOHWIOBabe apy/I-XaToreH N Ia,
pu YeMy ce nobujajy oprosapajyhu mymervn-amupy [7]

Cnuka 4: CuHTe3a XOMO/Ia/IM/THMX a/IKOXO/Ia U3
amun-Tpuxaopcunana y npucycrsy DMF-a xao
KaTannsaTopa.

Cnuka 5: Pd-KaranuszoBano kapboHUIOBame 2-
O6poM-6eH3NI-aTIKOX0/Ia Y IPUCYCTBY UMNUAA307Ia ¥
yCIOBMMA MUKPOTA/IACHOT 3paveha.



0 o) Cnuka 6: Peaknuje xnmopusa u anxugpuja
KapOOKCUTHUX KVCENMHA Ca JUMETUI-aMI-
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Cnuka 8: CuHTe3a CMMeTPUYHUX eTapa 13 OeHsmn-6pomusa 1 DMF-a 1 cuMeTpUYHMX aHXMAPUA KICENUHA 13

LMKI0XeKcaHoun-xnopuga u DMEF-a.

(cmuxa 7, cxema A). OBe peakuyje ce U3BOJie Y IIPUCYCTBY
MMMAa3ona Kao 6ase 1 y3 MUKPOTAZIaCHO O3pauyiBaibe.
MexaHnsaM peakiyje ce 3aCHMBa Ha JiBa LMKITYCa, KOjU YK-
myayjy u CO u Me,NH, a o uspaxaja sonase u ocobute
KIICeTIOT MMIIa30710Bor a3oTa N-1 (cxema B). Oxcuparus-
HoM amyijoM Pd-koMiiekca 1y apui-XaoreH-Besy Ha-
CTaje PeaKIMOHa BPCTa 2, KOja IIPOL,ECOM, KOjU j€ ITO3HAT
T0f, HasyBOM MurpartopHa uHcepuuja CO, naje apui-Kap-
OOHWI-OpraHoMeTa/IHY XatoreHuy 3. OH pearyje ca IMI-
Ia307IoM, TIpy 4eMy ce opmupa N-alIoBaHy MIMUA307T
4, KOjU Y PeaKuyju ca IUMETU/I-aMIHOM JIaje KPajibyl IIpo-
u3BO 5. PereHepanyja karamsaropa BpLum ce IoMohy Ka-
TMjyM-iliepy-6yToKcuza 6.

DMF KAO 3BOP O

Crapame C-O Bese Ma BE/IMKY 3Ha4aj Y CUHTE3NU
(U3MONOMIKY aKTVBHIX MO/IEKyna 11 ¢papMaley TCKux
nponsBoza. Tako ce CMETPUYHY eTPY MOTY CUHTETHCATH
Y TOTOBO KBAHTUTATUBHUM IPMHOCKMA U3 IVTHNX WIN
6ensmHnx 6pomupa, y mpucycrsy NaH (cmmka 8, cxema
A). Ha aHajioraH HauyH ce 1o0ujajy CUMETPUYHM aHXV-
TPV KUCEVHA, IIPY YeMy Ce Kao IO/Ia3Ha jelMIberba KO-
PYICTe XTOpUAM KUCEIVHA, C TOM Pas/IMKOM IITO Ce yMje-
cro 6ase ynorpebpasa uyHK. OBe peaxijyje ce M3BOfe Ha

HIDKVUM TeMIIepaTypama, 360T HeCTabM/IHOCTY MHTepMe-
mvjepHux BpcTa [9] (crvika 8, cxema B):

DMF KAO M3BOP ®OPMUJI-TPYIIE

©opmun-rpyna (-CHO) npepictasiba jenHy of Haj-
BOKHUjUX (QYHKIVOHATHVX TPyIa Y OPraHCKOj XeMUjH.
OHa MoKe IIOCITY>KUTHM Kao IPeKypcop 3a cuHtesy Behume
OCTIMX IPYIa, a ¥ CaMa je YeCTO jeflaH Off OCHOBHMX
CTPYKTYPHMX MOTVBA OMOJIOIIKY aKTYBHUX MOJIEKYIIa.
Crora cy cBe peakijyje 3a leHO Ho0Mjarbe of oceOHOr
3Haudja, a yrorpeda DMF-a kao nsBopa oBe rpyre je ofas-
HO TIO3HaTa.

JemHa op mpBUX peakuyja, y Kojoj ce DMF kopuctio
3a yBobeme ajexy/jHe Ipyle y apoMaTUyHe CUCTeMe,
IIO3HAaTa je Iof] Ha3suBOM BuicMmajep-XakoBa peakiuja
(Vilsmeier-Haack). 3acHyBa ce Ha reHepycamy eleKTpo-
¢dumHor BuycmajepoBor peareHca (cryka 9, cxema A), y pe-
akuuju DMF-a ca peakTuBHMM XJI0pujyMa KUCEIMHA
(POCl,, COCl,, SOCL,). Taj pearenc cryma y peakiuje
eNeKTpo(dIUIHe apoMaTHyYHe CYICTUTYLMje, IPU 4eMy,
IIPEKO HU3a NpeNasHUX CTakba U MHTepMenyjepa, XUapo-
TIM30M VIMMHVjYM-CO/IM HacTaje anfiexusi. Mexannsam je
IpyKasaH Ha cmmnn 9, cxeMa b. Tako ce, mop, peratnsHO
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Cmuka 9: Tenepucamwe Bucmajeposor pearenca ns DMF-a u ¢pochopuin-xnopuia; MexaHusam peakiuje ca
apOMaTUYHMM je3TPOM U XUIPOIN3a [0 afieXN/ia; PeaKlMja aHTpalleHa ca in situ TeHepucaHuM Buicmajepo-
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Cnuka 10: QopMunIoBame aMUHOKICe- H™ NH N~ ‘%Nl:, R
nuHCKMX ectapa DMF-oM y mpucycTBy R
MMMNZA3071a ¥ MeXaHN3aM
Shema B

6J1arMM peaKIMOHNM YCTIOBUMA 1 Y JOOPOM IIPUHOCY MO-
ke popmmIoBaTy aHTparieH [10] (cmka 9, cxema IT).

AmiHu ce Mory popMIWIOBaTH, IPY YeMY YCIIjeX pe-
aKIyje 3aBUCU KaKo Off CTPYKTYpe CaMOT aMIHA, TaKO 1 OFf
HpVMIjerbeHNX PeaKIMOHMX yCIoBa 1 apyuTyuBa. ITpsu mo-
Kyllaju popMImIoBama cy pa)eHn Ha IpYMapHUM apoMa-
TUYHUM aMVHUMA, Y3 IIPUCYCTBO CTEXUOMETPUjCKe KON~
yyHe 6a3e (MeONa), a moToM cy ypabena popmmioBama
IPYIMapHMX U CeKyHIAPHUX a/IKWI-aMMHa Y aTMocepu
CO,. Pa3Boj HOBUX KaTa/M3aTopa Ha 06asyl alyMVHIjyMa,
CWIMLIMjyMa ¥ OMPKOHUjyMa (KOju ce KOpUCTe Kao Cy-
cnensuje y DMF-y), omoryhno je kopuiheme cBrx xraca
aMyHa y peakipjama popMmwIoBama [11].

Mato couctuipanyje peakuyje, Koje ce 3aCHUBajy
Ha GOPMIVIOBAY aMVHOKVICETIMHCKIIX €CTapa, Y3 peTeH-
Ljy MHULja/iHe KoHpurypauyje, ypaheHe cy mocembux
TOAVHA, Y3 IPUCYCTBO MMupAasona [12], (cmmka 10, cxema
A). Omier je y mpyan umupiason! Pasyor 3a To je jenHa nH-
TepecaHTHA UMIbEHMIIA Y Be3) Ca OBMM jefivber-eM. Han-

90 Xemujcku upeineq

Me, IMIIA3071 TI0CjeNlyje KUCENM a30T (N-1, cmmaHO TIMpo-
JTy, KOjU MIMa KIIceTle 0COOMHe), ay 1 6asHu a3oT (N-3, kao
IVIPUAVH, KOjI je II03HAT Kao 6asHO jemyberbe). [Tomenn-
MO 1 TO Jia je ummpasorn jaka JTyncosa (Lewis) 6a3a u kara-
TIM3ATOP 32 PeaKiyje alIoBarba. YIIPaBo y 0BOj peaKkuuju,
KIICero-6asHe 0cobuHe 06a MMIIA307I0Ba aTOMa a30Ta J0-
Jase 10 M3paxkaja u 3axBabyjyhu Tome ce popmupa Kpaj-
U IPON3BOJ,. Peakuyja sarodnsse HywIeodyUIHIM Harla-
IoM OasHor asora Ha KapboHWTHM yr/beHUK DMF-a, ipu
4eMy HacTaje TeTpaefapcku nHrepMenyjep. OH, enporo-
HOBameM (IIOMORY ipyror MojieKy/a MMUAA30/1a) U e/ -
MMHAIIjOM JUMETIWI-aMUHa, faje N-opMII-uMyIasoL.
JobujeHo jemumerbe ce cMarpa aumI-TpaHcep peareH-
COM (TepMOMHAMIYKY je HecTabWIaH ¥ He MOXXe Ce 130-
JIOBATU YaK HY Y HeHyKIeohuHoj cpemyHn). OH opMax
pearyje ca HyKIeODIWIHIM a30TOM V13 aMVHOKVCE/VHCKOT
ecTpa U Jigje, IIPeKo TeTpaefapCcKor MHTepMenyjepa, Ofiro-
Bapajyhu ¢popMmwioBany nponssox (cnvka 10, cxema B).
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Cnuxa 11: PopMunoBame OpTaHOMUTUjYMOBUX
peareHaca

Ipyma ucrpaxusada mop, pykosoacrsoM Kopyja (Co-
rey) je o6jaBwia 3Ha4ajHe pe3ynTare Ha HO/bY popMmyIo-
Barba OPraHONMTIjyMOBMX peareHaca. JHrepecoBame 3a
Ty XEMUJY aKTYe/IHO je CBe JIO TaHAC
(cnmuka 11, cxema A). Mexanusam
obyxBara afiunyjy kapbaHjoHa u3
AJIKU/I-TUTUjYMOBOT jefuiberba Ar-H
(RLi) Ha KapOOHMIHY YI/bEHUK
DMF-a u Xxunponusy HacTajIorT Te-
TpaefapcKOT MHTepMenujepa o aj-
mexviHe rpyre [13] (cmka 11, cxema B).

Yxomko ce nobe o IpoXupaIHUX peKypcopa (Ha
npuMjep, of, poxupanHor (ochuHcKor 6opaHa, CvKa 11,
cxema L) y npucycrBy xupamaux 6asa ((-)-craprens), Mo-
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Cimmka 12: QopMunioBame 2-MeTUI-CTUPEHA eJIEKTPOXeMUjCKIM Iy TeM

1o 3-eHmnbyraHana.

ryhe je ocTBapuTH BUCOK CTeIleH acyMeTpUYHe MHAYKIIje
y Uwby cuHrese a-popmun-gpochuHcKor 60pana, Koju,
360T CBOje CTPYKTYpe, MMa pasHOBPCHE IIpUMjeHe Kao
IPEKYPCOp Y CUHTe3V CTIGKEHNX KaTamsaropa [14].

13
— > Ar-CH=

PhJ'\)\NMez

Apui-ankeHu ce Mory popMIIOBaTH €leKTpoxe-
MUjCKMM IIyTeM IO ofroBapajyhux sacuhennx anpexnpa.
MexaHnzaM yKbydyje HyKIeoQVIIHY Halaj| pagyKal-
aHjoHa 13 nmoyasHor cyncrpara Ha DME koju jemHoenek-
TPOHCKIM TpaHC(epoM figje AyaHjoH. XUIPOII30M [iua-
HjOHa, Y3 e/IVIMMHALVY JUMETHU/I-aMIHA, HaCTaje Kpajibu
pous3Bof [15] (cnmxa 12).

DMF KAO M3BOP CN-TPYIIE

Apu-HUTpWIN Cy 9ecT CTPYKTYPHU MOTUB Y TIpUP-
OfiHMM, (papMaljey TCKUM U IIO/bONIPYUBPEIHUM IIPOU3BO-
HyMa. Y3 T0, LjfjaHo-TPyTIa Ce 1aKO TpaHcopMuiILIe {0 asl-
IexuyiHe, KabOKCIIHE, aMMHO VI KETO-TPYIIE, LIITO je 4i-
HI jaKO KOPMCHOM Ca CTaHOBMINTA OPraHCKe CHMHTE3E.
360r Tora je 11 pa3BOj HOBUX CMHTETIYKIX METOZIA 32 IbeHO
moOujarbe Of BEMKOT 3HAYaja.

Y panuje nomenyToj Buncmajep-XakoBoj peakumju,
Kao Kpajiby IpousBoy, ce popMupa MMUHIYM-CO, Koja ce
xupponmsyje fo oaroapajyher ammexuga. Mebytum, mon
MAJIO IpYrauyjiM PeaKIVOH!M YCTIOBVMA, CYHOVHA VIMI-
HIjyM-CO/V MOXKe 6urty pyradngja [16] (cnmka 13).

Harme, xazia ce TpeTypa BofieH!M pacTBOPOM aMOHU-
jaka, MUMMHMjyM-CO 1 TIpe/iasyl Y apOMATUYHI IMIH 2, KOjU
ce OKCHJTyje MOJIEKY/ICKMM joIoM y ofrosapajyhm Hecra-
OWIHA N-jonoumun 3. EnvMyHanmjom jomoBofOHMKa U3
Ibera HacTaje HUTpui 4. Ha ocHOBY MexaHusMa je ounr-
JIeIHO, a M30TOIICKIM O0WBeXaBatbeM je ¥ JOKa3aHo, fja
C-aToM y HUTpwWIy IIoTde off KapOoHwHe rpyrie DMF-a,
a N-aTom 13 aMoHMjaKa.

( I
NH, I I
N(CHa)zCl' Ar-CH=NH—> Ar-?;NT Ar-CN

1 Me,NH 2 H

Cnuka 13: Tpancopmanmja MMIHUjyM-COIU KO
apoOMaTUYHOI HUTpUIA

Ca gpyre crpane, CN-rpyma ce y OpraHCK! MOJIEKY/I
MOJKe JVIPEKTHO YBECTI YIIOTPeOOM HeOpraHCKVX COM
(KCN, NaCN, CuCN, K,[Fe(CN)g])
wm opranckux uujanuga (TMSCN
VIV LMjaHOXMAPHUH arieToHa). [Toce6Hy
naxmby 3aBpjehyjy peaxije namanyjy-
MOM-KaTIM30BaHOT YBoDera Ii1jaHo-
l . rpytie. Pasmika y ofHOCy Ha IIpeTXOHO
OIMCaHe MeTOfie je n3bjeraBare Ko-

Oe

o® puihera CKyIIOT ¥ TOKCHMYHOT jofia
ALl
Ph® NMe,

DMF KAO PEIYKIIMIOHO
CPEJICTBO

YI/beH-MOHOKCH, KaO IIPOU3BOJ,

TepMI4KOT pasnarara DMF-a, nma pe-

IyKumoHe ocobyHe. PaHyje je HATOMEHYTO Ja OH penyKyje
Pd**-Bpcre f1o enementapuor namanujyma. Takobe, youeHo
je ma sarpujaBabem Cu>*, Au3* u Ag*-comu y Bogerom
DMF-y nonasu 1o HacTajama HBUXOBUX PefYKOBaHUX 00-
muka: Cu®, Au® u Ag®. 3ampaso ce cmarpa ;a DMF y pe-
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aKUWjIL Ca BOJOM IPafiii MPaB/by KMCEIMHY; KOja MOXKe A
penykyje HaBezieHe Bpcre [18].

DMF Y PEAKITIJAMA IIK/TOATUITUJE

IuveTnipopMaMu MoXke i ce afiyipa Ha TPOCTPYKY
Besy, IITO je uckopuitheHo 3a fobujare GOpMIIOBaHNX
TpuIyopoMeTII-CyndoHa, Kojit, Kao HOMMQYHKIMOHA-
JM30BaHa jenMibeba MOry OUTH McKopuinheHn y fa/buM
TpaHcdopMmanyjama. Peakiiyja je BUCOKO cTepeoce/eKTuB-
Ha - IPYIIe Koje Cy y TIO/Ia3HOM &/IKMHY G1le TTOBe3aHe Tpo-
CTPYKOM B€30M, Y IPOM3BOJY CE€ Ha/la3e Ca MCTe CTpaHe
mBocTpyKe Bese. OBO 3amaXare Cyrepuile /ja ce MeXaHu-
3aM OfIBMja IIPEKO YETBOPOWIAHOT a3€TEHCKOT IIPCTeHa 1,
U3 Kora IIpeMjellTalbeM HacTaje Kpajiby IIpousBoy, 2 [19]

(cmuxa 14).
/E MesN
H Me,N 2
L e 1

802CF3 Ph

—_—

Ph

SO,CF;
1

Cnuka 14: Peakuuja nuknoaaunuje DMF-a Ha TpocTpyKy Besy

TpudIyopoMeTHICYIPOHNI-e TUHMI-OeH3eHa
OMe

OMe
Me

LJOT':LMe

l TBAF

Shema B o

Me OMe NMe, 0

P e

Shema A

Shema C

Cnuxka 15: Peakuyja nuncepuunje apuna y C=0 Besy DMF-a u fame

TpaHcopMalyje HacTalIuX IPOU3BOJA

IToper oBe, Ho3HaTe Cy peaxije MHCepLje apuHa (in
situ IpousBeneHNX Ha pasnnuure Haunte) y C=0 Besy
DMF-a. HakoH [2+2]-1MKI0apyiione peakijyje HacTaje
PeaKTUBHM IVKIOANYKT, KOjI je Y PABHOTEXM Ca T3B. XU-
HOHCKMM MeTuayMa (Crmka 15, cxema A). OBa Bpiio peak-
THUBHa jem/m,erba MOry pearoBaTy Ca aKTMBHUM METWIECH-

1 —

o
M .o
o Ph” O \|<
S
O+ vy
N Me

—_—
toluen, 100 °C

0
Ph)zl\,coza N

83%

OMe

CKVIM jefibersuMa (Kao ILITO CY 1,3-AVKETOHM 1 11 [B-KeToe-
CTpHU 2) Kao HyKIeopwIMMa U JaBaTy iepyBare KyMapyHa
(cnmxa 15, cxema B) mim dpraBoHompe (crvika 15, cxema 1)
[20]. Tako cy fobujeHa jenybersa Koja Cy IIPUPOIHY IIPO-
V3BOMIM M HA OBAj HA4MH HACTajy Y BUCOKMM IIPMHOCUMA,
IITO HHUje CITy4aj Kaja ce JoOVjajy pyraumjuM CUHTeTIY-
KM IpWIasyMa.

DMF Y PEAKIIMJAMA CTOBOJHUX
PAIIVIKAJIA

Y npucycTBy pagyKanCKuX MTHULMjaTOPa JO/asy 10
xoMommtidakor packupama C-H Bese y monnekyry DMF-a,
IIpY YeMy HacTajy BeoMa peaKTUBHE BPCTe - PAVIKAIIN.
JenmHa oy pyMjeHa OBe peaKijyje je aMIHOKapOOHIWIOBaHbe

asorna 1 6eH30TMA307Ia,
KOJ], KOjMX IO7Ia3y JIo pa-

© .
o AviKajicke akrysanuje C-

70% MezN CHO

E— —_—

Ph

H Bese nsmeby xerepoa-
toMa. Kao usBop pagu-
Ka/Ia KOPMCTH ce terc-0y-
TIWI-NIepOEH30aT 1Y KIby-
YaJIoM TO/yeHy [21] (cmu-
Ka16).

SO,CF
SO,CF, s

3AK/bYYAK

0 Y 0BOM TEKCTY Cy OIMCaHe pasINInTe
Ph ynore DMF-a y opranckoj cuHTesu, opraHo-
META/IHOj XEMMj!, KOOPAMHALIOHOj XEMIUjU 11
o Karamsu. OcuM Kao edyKacaH IoIapHA pa-
crBapay, DMF je nipykasaH Kao BUILIEHAM]j€H-
CKU peareHc U IPeKypcop y OpOjHIM CHHTe-
TUYKIM peakuyjaMa. Pasmor 3a TakBe ocobuHe
O  OBOT jelVHbCHHA je HEroBa jeIHOCTAaBHA CTPYK-
TYpa, Koja y cebu Kpije KOHCTUTYeHTe MHOTVIX
N (YHKIVOHA/THVX TPYIIa U TPaJVIBHYIX jeIVHN-
o 12 BaYKHVIX V1 CTIOKEHMX OPTAHCKMX MOJIEKY/IA.
OH Orkpuhe HOBUX KaT&IUTIYKIX CUCTEMa
83% ca mosehaHoM peakTuBHOIINY y OHOCY Ha
Beh noctojehe snavajHO HoxcTIde yIoTpeby
DMF-a kao peareHca. Ca apyre crpane, DMF
je 3ay3eo0 3Ha4YajHO MjeCTO Y CBe IHTEH3VIBHU-
jeM pa3Bojy HOBE XeMMjCKe IPaHe, T3B. ,,3ere-
HOj XeMMju1”, TIOCeOHO 3aTO IITO Ce II0Ka3ao Kao j06pa u
e¢ykacHa 3amMjeHa 3a Behu 6poj peareHaca Kojut 030M/BHO
YTPOXaBajy KBUIUTET )KMBOTHE CPEIMHE KO VM YOBjEKOBO
3paB/be.
Ha ocHoBy cBera peueHor nocraje jacHo fa DMF Hujje
CaMo jefjaH off MHOrOOPOjHIIX pacTBapada Koji ce pyTUH-

Me,
s, N-

o | — L
.Q Me N (¢}

75%

Cnuka 16: DMF y c10608HO-pafKancKoj peakiyjyu aMyHOKapOOHIIOBatba GeH3THasona
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CKU KOPJICTe Y XeMUjI - IIOKa3a0 ce Kao JaleKo MOhHMju
or, BehyHe BUX U OFABHO je IIOMjepUo TPaHMLIe CBOje YIIo-
Tpebe off pacTBapaya [0 BUIIEHAMjeHCKOT X MYITU(YH-
KLMIOHATHOT peareHca. 360T Tora je 1 poy4aBarbe xemuje
DMEF-a noce6HO aKTye/HO 1 JjaHaC, Y CaBpeMeHOM 100y
pa3Boja HOBMX peareHaca I Kartajysaropa 3a epyUKacHy
CHHTe3y KOMIIEKCHMX 1 CTEPEOXeMUJCKY iepVHICAHNX
Moriexya, riaje DME 1mako ofaBHO TO3HATO jeyberbe, I0-
JIAKO, &/IM CUTYPHO Ha/Ia3y CBoje (3Ha4ajHO) MjecTo!
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Abstract

DMF IN ORGANIC SYNTHESIS: LESS-KNOWN
ASPECTS OF WELL-KNOWN COMPOUND

Miljan BIGOVIC, Faculty of Science, University of Mon-
tenegro, DZordza Vasingtona bb, Podgorica; Faculty of
Chemistry, University of Belgrade, Studentski trg 12-16, Bel-
grade, mbigovic@chem.bg.ac.rs

It is generally accepted that N,N-dimethylformamide
(or DME, what is its common abbreviation in chemical li-
terature) is excellent polar aprotic solvent for various cla-
sses of compounds in many organic reactions. However,
there is a number of reactions which are possible only in
DMEF. In this text we tried to present DMF from a diffe-
rent perspective comparing to common one in organic
chemistry. DMF can be an effective ligand and coordina-
tive reagent, because its O-atom acting as electron-donor.
Its metal and non-metal complexes having various uses in
chemistry, industry and catalysis.

It is less-known that DMF can be used as effective re-
agent, due to its structure. In many reactions serves as a
multipurpose building block of various moieties, such as
0, CO, NMe2, CONMe2, CHO, CN in important organic
reactions formylation, amination, aminocarbonylation,
amidation and cyanation Also, DMF can be utilized in
cycloadition and free-radical reactions, as well as a source
of reducing agents. With the development of Green Che-
mistry, it can be expected that utilization of DMF as a
precursor will continue to rise in organic synthesis. The
development of new catalytic systems with better reacti-
vity will have important implications for the practical use
of DMF as a reagent. Therefore, studying chemistry of
DMEF is especially important in the modern age for the ef-
ficient synthesis of complex and stereochemically defined
molecules where DME, although for a long time well-
known compound, is slowly but surely finding its (impor-
tant) place!
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Jegurerva apcena, tpe ceeia apcen(Il)-oxcug, cy gyiu
Hu3 ToguHa Suna OMubeHa cpegcitioa 3a THposarbe MULLesa
u pygu. Vlaxko cam apcem, Koju je cusu meuianoug Huje
uspazuitio oitiposan, apcer(IIl)-okcug, (muwiomop, apceHo-
T, KOjU ce Hanasu y upupogu, 6enu apceH Unu apceHux)
KAo U Cynpug apcena, any y Marum KOMUHUHama, jeciie.
Apcen(IIl)-oxcug je uax usyseiliHo olipoBaH, UAKO ce CUm-
ditiomu Posarea Moty 3amMeHUtiU ca CUMATHOMUMA HEKUX
odomerva. urernuya ga cxopo go tionosure XIX eexa Huje
ilocitiojana tioy3gana meitioga gokasusarea apcenad, y ioii-
ayHociliu 00jauireasa usyseiliny 3acitiyibeHOCT oelosux
jegurerva y wmiposarwuma. Tex je xemuuap Ilejmc Mapu,
1836. logune, ysogehu tioy3gany meitiogy 3a ogpehusarve
tpucycitiea apceHa y pasnuMuiium y30puuma u 1euHom
matiepujany, yciieo ga wposarwa apcer(III)-oxcugom Haj-
ipe cmarbu, a 3aUUM U 6e0MA 3HAYAJHO pegyKyje, Yume je
Ccilacao MHoie 7ygeKe JHusoitie.

ITPUMEHA JEOUILEIbA APCEHA Y
ITPOIIVIOCTU

Erunhanu cy faBHO YIIO3HA/IN jefuibeba apceHa.
YKpacu Ha yHyTpallllb}M 3UfJ0BMMa IpobHMIIA 60jeHy Cy
aypururmentoM (apeer(I1D)-cyndun - As,S,). Onn cy je-
IUIbeHba apCeHa YIIOTpeO/baBaIy M 32 KOH3EPBUPAbEe MY-
MIja moce6HO 3a BpeMe UeTBpTe ermmaTcke AMHACTHje
Ipesuor Erunra (2613. mHe.—2498. m1He.)

Cyndwiy 1 okcypy apceHa cy 6wy Io3Hati 1 'y AH-
TuKoj Ipuxoj. Tako Apucroren (384. IHe.—322. TIHE.) Y
CBOM Jierty 1iofi HacnoBoM Hcitiopuja scusoiniurwa (Histo-
ria animalum) onvcyje LpBeHn apceHCynduz (peanrap —
aAs,S,) Koju oH HasuBa sandarace. Y 0CMOj KibU3u
HUcinopuje scusoimiurva Hanasu ce cnepiehe: ,,JIex nosHat
TIOJ] IMEHOM CaHfapalle VIV peaIrap je M3y3eTHO LITeTaH
3a KOHbe U OCTa/Ie 'perpyToBaHe’ KuBoTuibe. OHa je X1BO-
THbaMa JjaBaHa Kao BOJEHU pacTBop mporiehen momohy
besbupa.“ Moxe ce mpeTnocTaBUTH ia CYy SKUBOTHESE [Ipe
Owie yMOpHe Hero 60/IecHe, a JaBarbeM apceHa je 3alpaBo
HOKYILIAHO /Ja Ce TIOIVTHE BUXO0BA USIPHUBUBOCT.

Ipuy cy ce ca peanrapoM yIIO3HA/IM 3a BpeMe paToBa
npoTuB Anekcanfipa Benykor, Kafia cy ra ieTa/bHO OTica-
7, @ HEerOBO TOKCUYHO [IejCTBO Cy KOoOpO HosHaBaiyu Beh
OKO 340 FOHa IIpe Hallle epe.

Teodpacr (327.11He.~28;7. mHe.) rpuku ¢uozod u 60-
TaHUYAP, HAC/ITHNK APUCTOTeNA IOMUEbE VM XKYTY Bapy-
jaHTy cynduna apceHa 1 HasuBa ra apceHukon. Iberoso
JIejCTBO U3jefiHaYaBa ca JiejcTBOM sandaraced, a ClioMybe
V1 BbeTOBO KOPO3UBHO CBOjCTBO.

Kamyryna Iaj Lesap (12—41) pumcku nap (37-41) Kome
ce TIPUIINCY]je [a je TOBOPMO Jja YK/l IITO PUMCKI HapOp,
HeMa caMo jefjHy I7IaBy Kako Oy MOTao OfjjefHOM fa je
oxpy6u, ce Takohe 6aBIIO aypUIUTMEHTOM 13 KOTa je JKe-
Teo fia fobuje 37mato. Y TY CBPXY ce 3arpeBao IpMPORHIM
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ITPOBA KOJA JE CIIACUITA MHOTE  XUBOTE

MJHepaJI ay pUITUTMEHT MO3HAT U Kao OpIMMeHT. Moxe ce
BEPOBATH JIa je Off IIpaxa OKCHIA apceHa KOji je TOM Ipu-
JIMKOM JIOCIICO Y BasfyX pajiHe IIPOCTOpMje, CMPTHO OTPO-
BaHO Ha CTOTHHe pobosa. Kamuryra je cBoje excriepumente
00yCTaBMO TeK Tajja Kajia je M caM TEIKO OTPOBaH.

ITuuje Crapuju (23—79), aHTUYKM HVCAL Y YITIETHN
HayYHVK TOBOPY O eKCIUIOATALIjY IIPYPOJHOT OPIIMMEHTa
Ha ocTpBy Tomasuoc y IlpBeHoM MOpy, ZaHac IIO3HATOT
Kao 3abaprana.

Iviockopup, (OKO 40-90), TPUKY JIeKap ¥ 6oTaHudap,
HaBoxM HoOVjarbe OKCHJIA apCeHa U3 ay PUIIUIMEHTa J Ha-
HIOMUIbE 1A Ce MCTY KOPYICTH 32 YKIambarbe yIaKa (emura-
jy).

Ca jenumbersyMa apceHa Cy ce M Apamyt MHOTO 6aBl-
. Tako je aparicky xemudap, anxemmdap, actporor [ebep
(Abu Misa Jabir ibn Hayyan, 721-815) Takobe sarpesao ap-
CeHOB cynduf a ;OOUjeHy OKCUJL TI09€0 KOPYCTUTH Kao
nek. ITomerran ca Marhy kopuinhet je 3a uninherse paHa,
a7 ce 00O II0Ka3ao ¥ Kao CPEACTBO IPOTHUB BALLIL I JTe-
yeme 1yre. [Tomenran ca MupoM (M3MMpHaA, CMUpPHA) Beo-
Ma FOPKOM, BeOMa MUPJCABOM U JIEKOBUTOM CMOJIOM JIO-
OujeHoM 13 Buile BpcTa ipBeta popa Commiphora, yro-
TpeO/paBaH je y o6muky Tabmera 3a nedyerbe actme. OBaj
TpeTMaH je HajBepoBaTHIje 3a IIOC/eANIly MMao OpojHe
CMpTHe C/Ty4ajeBe ¢ 003VpOM Ha TO Jja je CMPTOHOCHa Jj03a
apcen(IlI)-oxcuna y To Bpeme, 110 cBeMy cyznehu, 6wta He-
TIO3HAHNIIA.

Y Upaky oxcup, apceHa onvcyje V6u an-banrap (Ibn
al-Baytar al-Malagqi, Diya' Al-Din Abii Muhammad 'Ab-
dllah Ibn Ahmad, 1197-1248) HasuBajyhu ra samm el-far.
OH 0By MaTepujy HaIa3y BeoMa IIOTOZHOM 32 YHMILTaBa-
e Mutiea u marjosa. ApceH(I1I)-oxcup cBoje momymapHo
MMe MMIIIOMOP je yIIpaBo 1 fobuo of bautapa. Apancku
Ha3uUB 32 OBO jenyiberbe shakk je HerosHaTor 3HaYEHA.

Y XIV Beky je ycraHoB/beHO ja je apcen(I1T)-okenp
HIOTOJIaH 32 OICTparbMBalbe U3YMPIINX Y TPY/IMX JeTI0Ba
TKVBa KaKO KO JBYI1 TaKO 1 KOJ, >KMBOTMIbA, K0 U TO Ja
0Baj OKcuf, y Koym4mHy He Behoj of 3pHa rpaiika MoXke
CMPTHO OTPOBATY YOBeKa. Y TO BpeMe Cy JbY/IVI IIPWINYHO
JIAKO [JOTIa3WIN Y TIOCET, jemiberba apceHa, oynyhu fa ce
KOPMCTHO 3a YHUILTABAke MUILIEBA, ¥ C 003MPOM Ha TO Ja
je HajBehy HUXOB [1e0 MOTIYHO 6e3 YKyca, IIOKPeHyTa je
JIaBVHA TPOBaHba.

OcobuHa jenyberba apceHa fia He IIOCEYjy YKyC Ipo-
MOBJCA/IA VX je y BeoMa IIOTOfjHA CPENICTBA Y 3a 3TI0UMHAY-
Ka TpOBamba. JefaH off Ha4MHa TPOBarba OMO je JofaBarbe
OBUX OTpoOBa Y jena u mha. Mebhyrnm, 360r Te MoryhHo-
CTU TPOBamba, JBYAU CY HOCTAjayt 00a3pUBYjU Te je KO
IPUITAJHVKA BUAIIVX CTAIEXa yBefleHa IIpakca npobarma
jera IITO je y BE/MKOj Mepy CMambyIo O6pOj CMPTHYX OTPO-
Bama. To je yjemHo 3Ha4WIO fa Cy TpOBa4M MOp/IN Jja Ha-
by HoBe HaumHe TpoBama. Tako cy omry4mu fa Behe Ko-



NUMMHE IIpaxa OKCUJA apceHa YIIV)Y y YHYTPAIbOCT Ka-
L/Ta ¥ pyKaBMILIA. Y CTIef 3HOjeba JOMasuIo je 0o AeIn-
MIYHOT pacTBaparba OTPOBA KOjI j€ JOCIIEBA0 Y OpTraHM-
3aM IPeKo KoXKe UCII0/baBajyhu oTpoBHO fiejctBo. 3abere-
JKEHM Cy U C/Ty4ajeBM KaJia je IPpax OKCUJA apCEHa IMOCy T
VICIIO}, KPeBETHOT YaplllaBa Te je KOPUCHUK KpeBeTa I10cyie
U3BECHOT BpPeMeHa I0XKIB/baBao TPOBaba PasINIuTOr
CTermeHa. 3a TpoBabe je McKopyiheHa 1 VICIap/bUBOCT je-
IVberba apceHa. Tako je OKCHL apceHa JofjaBaH y MaTepu-
jas 3a IpaB/berbe Oaby U cBeha Te Cy racoBM jefymberba
apceHa 0c71060heH ! caropeBareM TPOBAI OHE KOjJ Cy ce
KpeTa/IM HEeMOCPEHO 13a HOCWIAla HaBeleHNX CBETIIO-
CHJX M3BOPAa, OJHOCHO YAMCA/Ia OTPOBHA Mcnapera. Tako
cy Ha Ipumep, Jleonornpa I (1640-1705) aycTpujckor 1 He-
MadKor 1japa (1685-1705) OTpOBIY OTPOBHUM IacOBUMA
Koju cy ce ocrobabanu caropeBarbeM cBeha ca cafpkajeM
apceHa. Y ocTanmMa UCTOIUbeHOT BocKa HabeHe cy Behe
kormyrante apceH(11D)-oxenpma.

Y cpefrbeM BeKy Cy ce jemyiberba apceHa Beh Haasiia
Uy arioTeKaMa ¥ KOPUCTIIA Ce 32 JIeYetbe TYyOepKy/Iose 13-
Meby ocrarnor (mymua-iipax). [Ipema uckycTBUMa T3B. 3€-
JIEHV MyMMa-TIpax je ¥IMao BUILIe M3PKEHO JIEKOBUTO JIej-
CTBO, KaKO Cy TO KacHMja MCTPKVBakba [I0Ka3a/Ia, 3aXBa-
pyjyhu campokajy jennmersa apceHa y mwemy. Mebytum, ¢
00631pOM Ha TO J1a je Y TO BpeMe BJXOBO TOKCUYHO JIejCTBO
610 OIILIITE ITO3HATO, AIIOTEKAPYMA je CTPOro 3a0parbi-
BaHO [Ia OBe JIEKOBe IIPOofiajy 6e3 oarosapajyhe nossorne.
OHaj KO je apceHOB OKCUT M3MaBa0 6e3 J03BoIe, 6110 je Be-
OMa CTPOro KaXKibaBaH. YIIPKOC CTPOroj 3abpaHu, TpoBa-
YU Cy MIAK JOMIasWIN Y IIOCET] OBOT OTPOBA, aKO Cy 61
CIIpeMHI Jia Ta IJIaTe OroBapajynoM KOMM4MHOM 371aTa.

Y peHecaHcHOj VITanyju cy kao OTpoBU Ha 6asu apce-
Ha Hajuile yioinipedvasanu Acqua Tofana, Mana cee-
ol Huxone, iipawax 3a nacnehusarve 1 T0 IPETEKHO Off
cTpaHe >KeHa. TaKBy BUXOBa IeTaTHOCT HUje MOITIA fia
cy361je HU TaKO MacOBHO Belllatbe TPOBAYMIla KaKBe je
npupebusao mama Anexcanpap VII (1599-1667).

Jemvrberba apceHa Cy {yryl HU3 TOfiVIHA CadyBaJIU CBOje
3Ha4ajHO MecTo Meby OTpoBUMa, @ HAPOUUTO OMIbEHN
apceH(III)-okcup 610 je IMaBHU OTPOB MHOTMX YyBEHMX
TPOBAYMIIA.

Apcen(IlI)-oxcnp je HajBayKHMje APCEHOBO jeVIbEEbE
VI 9€CTO Ce HasyBa 6e/y apceH, apCeHNK ™ VI MULLIOMOP.
To je 6eo amopdan npax wm mposuaHa aMopgHa Maca
CTAK/IACTOT U3IVIeNa, 6e3 Mypuca 1 CIadoT CIafyEbaBor Me-
TAJIHOT yKyca. AMOp¢Ha Maca CTaKIaCTOr U3IJIea CTaja-
IbeM Meba M3IJIe]] YC/Iell CTBaparma KpucTtana. Takas ap-
ceH(III)-oKkcyp rocTaje HEIPOBMIAH M JIVYY HA TIOPLETIaH.
PacTBOp/BMBOCT Y BOIM 3aBUCHK OFF, 0O/IMKA Y KOMe Ce Hajla-
3u. Y oO/miKy npoBuzHe, aMopdHe, cTakIacte Mace ce 60-
Jbe pacTBapa Hero y KPUCTAIHOM OOJIVKY. Y MUHEPATHIM,
IKaJIHMM BOJAMa ce pacTBapa 6orbe 11 TO je BeoMa 3Hadaj-
HO Ca acleKTa MOIyNHOCTY 3/I04MHAYKMX TpoBama. [Ipax
HOCYT I10 XMBOTHUM HaMMPHMIJaMa VIV TeYHOCTUMA
TEIIIKO Ce PacTBapa M IIMBA IO IOBPLIMHY TEIHOCTH jep
ce 3pHa apceH(III)-oxcmpa Beoma Tenko Braxe. Tek moce

a)
ce 360r berte 6oje HasmBa 1 Ge/mt apceH.

Iy>Ker 3arpeBarba [O/Iasy JI0 IIOTIIYHOT BerOBOT pacTBapa-
ma. TemkoM pacTBop/puBoIINY ce YjenHO objalimbaba 1
YMEbEHNIIA [1A Ce Y JKeTyIJIMa OTPOBAHMX YeCTO Hajlaze
3pHI}a OBOT OTPOBA.

Op Xunokpata (460. mHe.—380.7 [IHE.) 1O HE TaKO
TABHO, JIEKapJ Cy KOPYCTIWIN apCEHVIK 32 JIeYerbe KOXKHIX
6onecty, peyMaTyusMa, apTpUTICa, aCTMe, MajIapyje, Ty-
6epkynose u urehepre 6onecty. [Tayn Epnuxos (Paul Ehr-
lich, 1854-1915.) mpenapar 6poj 606, KacHMje Ha3BaH casl-
Bap3aH, 0110 je n3y3eTHO edyKacaH 1 6e3oracaH yIpKoc
3HA4YajHOM cafipXKajy apceHa ~. IIpBu TecT U3BefieH y po-
nehe 1909., mokasao je nsHenahyjyhu ycrex y tapanujy Hu-
3a 6orecty, a y ciy4ajy ¢ppambesuje, Tporcke 6onecTu
CpopiHe CUWINCY, CaMo jelHa MEeKIMja ca/BapsaHa (ap-
chenamnH) 6uia je TOBOJbHA 3a O37paB/berbe. To je cTBap-
HO TMYIWIO HAa MAiu4HOo 3pHo Kako je Epiix Bomeo fa Ka-
Xe, 1 6110 je 3ajeHO ca Takobe apceHCKMM HperapaToM
HEOCA/IBAP3AHOM YBEIEHVM Y Tepanjy 1912. TOIVHE, Haje-
buKacHMj1 ek 3a Jiedere cudwica cBe Ko oTKkpuha aH-
THOMOTYIKA [IEHNIVIIVHA 1928. TORVHE Off CTpaHe AJIeK-
canpiepa @remmnra (Alexander Fleming, 1881-1955).

TOKCUKOJIOITUJA APCEHA

VHpuBuayamHa oceT/bMBOCT Ha TPOBabhe apCeHOM
3Ha4ajHO BapMpa, TAKO Jja HeKe 0cobe MOTy PasBUTH TOTIe-
paHILMjy Ha OHe [j03e Off Kojux 6u fpyre ympre. Tako je
TMO3HAT TIPMMep LITAjePCKIX VM TMPOJICKVX IVTaHVHALA KO-
jU Y IWbY IOCTHU3amba Behe M3Np>XBIBOCTY Y3UMAIY T10-
creneHo cse Behe nose apcena y o6rmiky apcer(II)-oken-
ma. OHU cy ITOC/Ie M3BECHOT BpeMeHa MOITIN ia 6e3 IVpeK-
THVIX TIOCTIEAVIIA IO )KMBOT U 3[jpaB/be, Y OpTraHy3aM YHeCy
HEKOJIMKO JIeCeTaK JIe/ioBa IpaMa apceHa THEBHO, Y3 Harlo-
MeHy [ja CMPTHa /{032 32 O0VYHOT YOBeKa M3HOCH TeK Helll-
To Bue 0,1 rpaM apceH(III)-okcnpa. OBa nojaBa MuTpa-
HaTu3Ma KOf| HaBefieHNX apceHodaia, objalirbasa ce cMa-
IbJBambeM pecopIyje IIPeKO 1IpeBa, jep YHOILIEHhe OTpoBa
IMpPEeKTHO Y KPB, IIpaTe MCTY CYMIITOMM TPOBarba Kao I
KOJI, OCT/INX JbYJIML.

W vy nexum penosuma Vuawje, Hapouuto y IleHiia6y,
paHyje je CKOpPO MacOBHO NPAKTMKOBAaHO KOH3YMMpPambe
apceHa KOMe Cy NIPUIMCUBaHe 0cobyHe adpoxysujaka.
Kapa ce 3aro4ne ca mpakcoM ysyMara apceHa, OHa ce Mo-
Ke TIPeKMHYTH CaMO MOCTETIeHNM CMarb/BalbeM JHEBHE
Io3e, C 0063MpOM Ha TO Jja HAITIO IIPeKIatbe y3POKyje 060-
TbEHbE, XKAPEH-e Y CTOMAKY I JIpyre CMMIITOME TPOBarba I
Ia CMpT HacTyma Beoma 6p3o. IIpema HekuM ayTopyma
KOH3YMEHTH apceHa Cy 10 paBITy YTOT BeKa, Y HAPOUI-
TO CY OTHOPHM Ha MHpEKTUBHE 00/IeCTI, TPO3HMITY, UTH.
MebhyTnm, aKo Har/Io IpecTaHy ca YHOLIEHheM apceHa y op-
raHyusaM, 001YHO YMIPY HAIIPacHo.

Y Ileniiaby je 6uao mpaBwio fja ce rpo6iba, Kajia ce
HaIIyHe, 3aTBapajy 3a IIepMOf], Off OKO ABaHAECT TOAMHA, a ia
ce IOcTIe OBOT IIepyofa CBY IPOOOBY KOji HUCY IIPYUBATHO
BJIACHMIIITBO OTBAPajy, Kako OV ce KOCT OyIaXKIWIe Y T10-
ce6HO 32 TO HaMerbeHe KOCTYPHILIE, @ 3eM/BMLLITE IPUIIpe-
MIJIO 3 HOBA CaxpambMBama. [Ipmikom oByx nocTymaka,

Kapa xemuyapy Kaky apceHMK OHJ MICTIe Ha YVCT apCeH, a KaJla TO KaXKy TOKCMKOJIO3M WIN [TaToy1o3y ouy Mucrie Ha apceH(IIT)-oxenp koju

Y nmpoHasaxkerby caBap3aHa y4ecTBOBAO je ¥ HeroB acCTeHT janaHcku 6akrepuornor C. Xara (Sahachiro Hata, 1873-1938).
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Te/la KOH3YMEHaTa apCceHa HaIaKeHa Cy CKOPO HelTpoMe-
heHa,” Tako Ja Cy UX pobauy u mpyjare/bu MOIIN TIpe-
o3HaTy. MHOTIY NpeTNnocTaBbajy fa YIpaBo IIpOHaIa-
Kb IVIXOBYIX I00PO OYYBAHNX TejIa IIPefICTaB/ba U3BOP
Ipyda 0 BAMIMPYMA.

CwmprtHa fo3a 3a apceH(I1I)-oxcnp, OffHOCHO KOmau-
Ha KOja CMPT Y3POKYje y POKY Off 24 4aca je OKO 120 mg. 3a-
GemexeHo je 1 yOrcTBO oMoy fiBe 103e Off IO 100 Mg fia-
Te y pasMaKy of HeKOIMKO fana. Kommanna 200-250 mg
rapaHTOBaHO yOuja CBaKOT.

TpoBamwe Moxe 6UTH aKyTHO, CyOaKyTHO MU XPO-
HIYHO.

CuMITOMM aKyTHOT TPOBakba IIPY IIEPOPATHOM YHO-
LIEHbY ApCEHMKA YK/bYTYjy METa/IHU YKYC, JaX MUPJYICA Ha
6enmy 1yK, MyKYy, oBpahare, 3anaberbe CITy3HIUIe OpraHa
3a Bapeme, XKapere yCTa I Ipia, jaky xel, jake 6omose y
xenyuy npahete ocehajem Bpere, jesy, jaky aujapejy u
mexurpataiyjy. OTpOBaHM Ce jako Mekba y JIMITY, MalaKca-
Ba 1 c71abu My cpuie. CMpT MOXke HacTYIUTU Bp/Io 6p30,
vak u 3a Beh 20 MUHYTa, /111 OOMYHO 33 HEKO/IUKO CaTu
360r IMpKyIapHOT Konarica. CMpT 00MYHO HacTyma y po-
Ky Off 36 caTyl, Majia Cy HEKM jaHVUIIV V3TPXKaIi U 110 96
CaTyl CTPAIHMX MyKa.

CymriTomy CyOaKkyTHOT TPOBakba Cy CINYHM, CaMo je
€BOMyLVja CIIOpYja TAKO [ja CMPT MOXXE Y 3aBYCHOCTH O
yHeTe [jo3e HaCTYIIUTH TeK Hocie Bure gana. Kop cyba-
KYTHVX TPOBaHba 3allaKajy Ce JeCTO M3BeCHa MI000JbIIAbA,
/IH TIOCTIE OBYIX IIOHOBO MOTY HACTaTy 0301JBbHM 1 CBE Te-
KV CMITTOMM U CMPT.

Kon xpoHnyHe excriosutije yobrdajun epekr cy
OIILITH I'yOUTAK CHAre, MUTMEHTALja KOKe KOja MOXKe
VIMAaTV Y Ma/ITHU KapaKTep, IIapa/insa, JereHepanyja Ma-
CHOT TKMBa, aHEMMja 1 IIPYTe Ha HOKTUMA, T3B. ANgpux-
Mucose nunuje Koje ce 1ojas/byjy I1OC/IE LIECT HENETbA, a
HacTajy 300T Be3VBara apceHa 3a KepaTyH. Y IPUHIMITY
TaMIbelbe KOKe (MeTaHo3a) je Hajuerthy OMITY CUMIITOM
- KOju ce Hajuelnhe McrobaBa Ha [UTaHOBMMA. TaMHe Mp/be
jaB/bajy ce Ha rpyamMa, nehuma, yooBUMa WM TeCHUMA.
Enem (oTok pyky u cronana) ce Takohe decto npumehyje.
O30WBbHMjY CMIITOM je KepaTosa, MM OPOyKaBatbe KOKe
y uBopMhiMa, 4ecTo Ha JyTaHOBMMA 1 IeTama. OHM ce ca-
CcToje op, Oyjarma KOKHUX CTPYKTYpa ca pasBujarmeM Opoj-
HUX OpafaBuiia, 3aned/parbliMa Ha HOKTVMA Y TPyOOM KO-
com. ITopep Tora 3amaajy ce raCTpOMHTECTHATHA [T0pe-
mehaju (Myka, moBpahatbe, KOMKe, alTepHaLja fyjapeje
u KoHCTHmanyje). CMarpa ce ja XpOHIYHO TPOBambe 13a-
3MBa IHEBHM YHOC OfJ, 0,0003 Mg apceHa I10 KI' Te/IeCHE Te-
JKVHe.

MexaHu3aM TpoOBarba apceHOM (TOKCUKOfVIHAMMKA)
3aCHMBA Ce Ha CHAXXHOM Be3VBalby apceHa 3a CynpXu-
ApwiHe Tpyre. MHOIM IPOTEVHM CafpsKe jefHy W/IV BUILe
CYNXUAPUIHUX IPyHa Y MOTIEKYNY, a eH3uMu (Takobe
HPOTENH) Cy U3Y3ETHO BXKHU jep PEry/INIIy XeMIjy Op-
raHy3Ma. EHsuM unja je cyndxunpnisa rpyna 61okupasa
apceHoM Hije y cTamy fa pyHkuyonure. Koca je nHrepe-
CAHTHA jep NPOTENH KEPATHH, KOjI je theH CaCTaBHU JI€0,
Cafp>K11 aToMe CyMIIopa. AKO ce apceH YHece MHIeCTHjoM

u3BecHa Ko/dyHa he ce Besaru 3a aToMe CyMIIopa y Kocy,
a MTO3HATO je Ja Y30paK Koce JYTO OCTaje HEIPOMEHEH.
Moo Koca cTanmHo pacTe, OHa YaK MOXKE TIOKa3aT! KaKo
Ce CafipyKaj apceHa y HedrjeM TeTy Mebao y TOKY BpeMeHa.
Taxo je, y cmydajy TpoBama 13 1958. TOIVHE, JOKa3aHO Ja je
usBecHU BopgHMK Bojcke CAJ] Mapujmont (Marcus Mari-
mont, 1921-?) y6uo y Berkoj bpurannju cBojy >xeny Me-
P Koja je oTKpwIa ia uMa jbybaBHuIly. Hanme, MopiepHa
AHA/IMTIYKA VCIIUTHBArba YCTAaHOBIWIA CY JIMHIAjY apCeHa y
KOCH Fb€TOBE YKeHe, KOja je OfroBapaia BpeMeHy Kajia je OH
6uo xop kyhe Ha morycty. Mapkyc MapujMOHT je cBaku
CBOj OIa3aK VICKOpUCTHO Ha noseha 03y apceHa cBe JOK
KOHAYHO Hljje CMPTHO OTPOBAO0 CBOjy >keHy. CBa Heropa
3/I04YMHAYKA aKTUBHOCT 01014 je 3a0eIexeHa y KOCU KPTBe.

Envmunanuja apcena ce yriiaBHOM BPILY yPUHOM.
buononiko nomryspeme yHeceHOr HEOPTaHCKOT apceHa je
OKO 10 YacoBa, a 50-80% je e/IMMyHMIIIe 32 OKO 3 laHa. Ap-
CeH MMa IpeBaIeHIIMjy IIpeMa KOXXM U eTVIMUHMIIE Ce
IPEKO e 3HOjeM, HAPOUUTO Y MepUOAMMA OOVITHOT 3HOje-
1a. AKO je YHOC MHIeCTHjoM OP)Ki1 Hero IITO je enyMyHa-
11ja, apceH ce KyMyryje y Kocu 1 HoKTMa. Bpeme excrio-
3UILMje ce MOYKe OffpEITI MeperbeM YIabeHOCTH Beh cIio-
MeHyTUX Angpux-Mucosux nuHMja OF KOPEHA HOKATa aKoO
ce 3Ha Jla OHM IIPOCEYHO PACTY 0,3 CIM MECEYHO U/
0,1 mm JHEBHO. ApPceH Y KOCH Takobe Moyke ofipaKaBaTi
CIIOJbHY €KCIIO3ULINjY, /I YHYTPALIbI VI CUCTEMATCKI
YHOLIEH apCeH ce Yy KOCM MOpa Pa3/IMKOBATy Off OHOT KOj1
HOTIYE U3 CIIO/bAILEbET MI3BOPA.

TpoBame apcernkoM omcyje u Bimjam lexcrimp
(William Shakespeare, 1564-1616) y MCTOPUjCKO]j Apamu
Kpasp Ilon.

Omiposar cam — 3710 je — MPilIA8 cam, HAyuiitieH

A HUKO 0g 8ac ga Kajice 3umu ga mu

Citiasu c80j negeru Upcill y scenygau,

Hu ga sycitiu pexe kpamescitiéa ga tioitiexHy

Kpos spene mu ipygu, unu ga samonu cesep

Ja mu owitipu eeitipu tiorvyde cyse ycHe,

Onarwajy xnagrohiom. Ja He tpascum mHoio.

Camo iliy xnagmy yiiexy; a su citie

T8pgu Hesaxsantu, He gaitie Mu o.

Y menu je iiaxao; osaj oitipos,
Ko haso saitisoper, myu mu céy kps
Heoiiosuso namervery cmpisiu.

Yacag, jegpa cpua cy uckugana;

Og ceeia witio wipeda #usoitiy ga iinosu

Ocitiao mu camo KoHay, Mana eac.

Tanax konuuh gpycu cpye jous,

W usgpacahe gox He Kasceus My 8eciiiiL.

(ITetu umH, crieHa cegMa)

IMoTBpaa fia je Kpam IloH oTpoBaH MM IIOMOPOM Ha-
nasu ce u3Mehy ocTaor u Ha jeHOM cyhemy 3/1ourHay-
KOM yIpyxemy 13 XonMeseBalllapxe/ba, MecTa y O/IUsV1HA
Cerenyua, a koje je y cMmpajy XIX Beka TPOBIO OCUTypa-
HJIKe BUIIIe OCUTypaBajyhux apyrurasa. ITpiwmkoM ceemo-
JaHCTBA O jeTHOM Of] 3/I04/HA Y OKBUPY OBe Be/uKe adepe

9 Kama Cy OKTO6pa 2000. TOAMHE eKCXyMMPAHV TIOCMPTHI OCTAIY BEVMKOT TIeCHMKA 1 Mucmiona Joana Jyunha (1874-1943) kaxo 6u ce 13
CA]JI npeHenu y xeplierosauky Ipauanmity kpaj Tpe6urbsa Ha Be4HN MOYMHAK, IPUCYTHM CY 3aITasu/Ii M3y3eTHY O4yBaHOCT fiema. Vimajyhu y
Bupy Aa je Jyumh 610 I03HaT Kao M3y3eTHO yCIlelaH Jby6aBHMK, Hije MCK/bYYeHO fia Cy Te CIOCOOHOCTH Be3aHe YIIPaBo 3a y3/Matbe apCeHa,

1ITO 6 APYTUM pedriMa 3HaYIIO f1a je OH 610 apceHodar.
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TPOBamba HaBEMEHO je: ,,IIocre TpoBama, XeHa je CTalIHo
nospahaia, a a 6y cMamWIa )Kap Y CTOMaKy U LipeBUMa,
jera je camo ey v CHer, jep je 610 25. janyap.

3nounHayka ynorpeba 6e360jHor, 6e3yKycHOT, ap-
cen(III)-oxcupa 6wa je yecta v yobyudajeHa cBe o pas-
BUTKA OfrOBapajyhyx XeMMjCKIX METOfa 3a JOKa3VBambe
apceHa. A To Hije 6110 HY J1ako HM jeHOCcTaBHO. O jen-
HOM IIOKYIIIajy yTBphUBarba TpOBara apCeHIKOM CBelode
u cnefehy pepos.

»Iyn Muxarm u3 lebpernta (Mabapcka) je Beoma Bo-
7Ie0 KyBaHU KyKYpY3, a7/l MY T'a >KeHa HUKaJla Hifje KyBaia
TaKo JIa je TO CaM MOPAo YMHUTH. [lecuyIo ce Tako jeftHoM
INPWIVKOM J1a je Muxasb 3a Bedepy CKyBao HEKO/IMKO KJIM-
noBa KyKypysa. MebyTum, kapia je ceo na Bedepa IpUMeTHO
je a je Bofia y K0joj ce KyBao KyKypy3 MyTHa. CyMipa je
IIPOpafIyIa 114 je LIO/bY T BOKE OfHEO KOMILVY TOCITONM-
Hy Yano Joxedy menukycy u ¢pusukycy” na je ersamu-
HMpa.

Yarno Joxed je pesynrare ncnuTuBama mpeao 7. ja-
Hyapa 1760. roguHe. Y 13BelITajy CIOMUIbE J1a je CBOoja
UCTpaxuBarma 06aBuo y anoreny Kasan Camyerna y capan-
w1 ca fokrop Becripemu MimrBanom. Omnicao je fa cy Bo-
Ly Y K0joj ce KyBao KyKypys3 CUIIaIA y 4ucTe Oere arue. Y
jemHy Cy Jofam aIKaIHY TeYHOCT Kao 1uTo je Oleum tarta-
ri per deliquim” 1py 4emy je cIajambeM OBOT PacTBOP ca
BOZIOM JOLWIO 110 edepBectenumje”’ u 1o nojase xyhka-
cTo-3e71eHe 60je U y TOKY Male MUHYTe JIO TIOXKeHba 6eytor
TIpallKa.

Jlarbe ucTpakmBarbe ce CacTojajIo Y TOMe LITO Cy TI071a
yaliie Bofie Y K0joj ce KYKypy3 KyBao CUITa/IM Ha Ipell KOju
je crap/beHa y mposop. Ilocie 4yeTBpT cara je cBaka MyBa
KOja je Ha bera cIeTerta yIyHysa. buio nx je tadno 130. ¥
JIOHLIY Y KOMe ce KyKypy3 KyBao 3a 4eTBpT cara je u3opoja-
HO 658 YyIMHY/IIX MyBa.

3aTyM Cy OKO IO71a K/IMITa CKyBaHOT KyKypy3a Jau

TycKaMa Koje Cy Iacyte y 6/suHu arnoreke. [ycke cy opMax
Tojene KyKypys 1 Ioc/ie Mo MUHYTa MICTH IIOBpaTwwie 1
HEIIPCTaHo Cy IWIe BOIY V3 BalIoBa Tpecyhy Ipu ToMe He-
IpeKnIHO I71aBe. IIpax Koju ce MCTaNOKIMO Ha 3UT0OBMMA 1
[IHY TIOCYTe VCTPKIBAYY CY OALYIIN Y BaTpy KOjOM IIpY-
JIMKOM je JOIIIO [0 TIojaBe Geor Ma Mupyca Ha 6emm
myw®.
Taj Mypuc Ha 6emy JIyK je 3alipaBo MUPKC apCyHa.
Haunn merosor HacTajama yTBPAMO je IeT TOfiVHA IIpe
OBOT ,,eKCIlepuMeHTa” y JleOperyHy, 4yBeHn XxeMudap 1
anorexap Kapn Bruxenwm llene (Carl Wilhelm Scheele,
1742-1786) Tpetupajyhu apcen(III)-okcun HUTpaTHOM K-
CETIMHOM Y NIPYCYCTBY LIMHKA.

As,0;+6 Zn +12 HNO, > 2 AsH, + 6 Zn(NO,), + 3 H,0

Osa peaxiyja 61Ia je 3ampaBo IIPBU KOPAK y OTKPY-
Bakby TPOBakba apCEHOM. 3aTVM CY YCIEAVIN U APYTUL.

T'opune 1787, Joxan Meurep (Johann Metzger, 1739
1805) OTKpMO je fa 3arpeareM apceH(IIT)-oxenp y mpucy-
CTBY aKkTUBHOT yI7ba (charcoal) fonasu o popmupara

b) KoH1ieHTpOBaHM PacTBOP Ka/ijyM TapTapara y 6asi.
9 Kumpeme.
9 Mupuc apcuna.

CjajHOT LipHOT Ipaxa (apceHoBo omenao). To je 3anpaso
penykupgja As,O, YI/beHIKOM KOja Ce OiBIja 110 peaKiiyjiL:

2As,0;+3C>3C0O,+4As

Hemauku papmakornor Basentun Poce (1762-1807) je
1806. ToIVHE Ipey3e0 XKeyHaL] >KpPTBe 3a Kora ce CyMIbalo
ZIa je OTPOBaH apCeHOM 1 TPETHUPAO I'a Ka/I[jyM-KapOoHa-
toM, KanujyM(II)-oKcuaoM 1 HUTPaTHOM KVICETHOM.
Caa ko/m4MHa apceHa ce npertsopyia y apceH(I1T)-oxcun
KOjM je Kao TaKap MOTao OMTY HOIBPIHYT MeLrepoBOM Te-
CTY.

Kpaj 3mounHaykyM TpoBamyMa apceHOM, WIN [ipa-
CTUYHO CMambVBakbe OBUX CTy4ajeBa HACTAO je 3aXBa/by-
jyhu 6puranckom xemrrdapy Ilemc Mapury (James Marsh,
1794-1846). Koju je y nepmony of 1829. 10 1846. ronyte
6110 acKCTEHT YyBeHOT ¢usydapa 1 xemudapa Majira Oa-
paneja (Michael Faraday, 1791-1867) Ha Kpa/beBckoj BojHOj
axapiemuju Byysird (Royal Military Academy, Woolwich).

MAPIIOBA ITPOBA

PagoBy Mapiira Ha IpoHa@Xemwy MOy3/laHe METOfIe
IOKa3UBarba apceHa IMOACTAKHYTH CY 3aIIpaBo jefHUM He-
roBuM HeycrexoM. Hanme, kafa je 1832. ronuse y Enrie-
ckoj, usBecuu Ilon Bom (John Bodle) nsBenen Ha cyg 1o,
ONTY>X00M [ia je OTPOBAO Y TAKO IITO MY je CUIIA0 ap-
CeH y Kady, UCTIeTHWUIIN Cy 03B/ yIpaso Ilemca Map-
ma. OH je NpuMMeHNO 3a TO BpeMe CTaH/lJapIHY TECT He-
Maukor yiekapa Camjyena XejHemana (Christian Friedrich
Samuel Hahnemann, 1755-1843) kpearopa cuctema anrep-
HaTMBHe MeULIVHe IT03HaTe Kao XoMeomnaruja. OBaj Tect
Ce 3aCHMBAO0 Ha IPoBoberY BOJOHMK-CYIduaa Kpo3 Cy-
CIIEKTHM PacTBOP. YKOJIMKO je apceH 0110 IPUCYTaH jaB-
7620 61 ce >xyn Tanor apceH(III)-cyndupa.

Haxxanocr, nako je Ilemc Mapiu jokasao apceH, XKyTu
TAJIOT Hyje 6110 CUrypaH 3HAK, ¥ BpPeMEHOM je Cyamjama
IIPEIOYEHO J1a OH HUje TOy3/laH JioKas 3a apceH. Cyn Huje
6u10 3a0Bo/paH MapiioBum jokasoM u LIon Bomre je 61o
ocmoboheH.

ITemc Mapit je 610 /byT, HOrOTOBY OHZia Kafa je Ilon
Bomye, xacHuje nocte cBera MpMsHA0 Jja je UIIaK OTPOBAO
meny. U Tako je Mapuu ceo fja cMuC/Iu HOBY, 6O/bY TECT.
Pesynrart je 6via Mapwiosa iipoda, Koja ce M3BORY JJOfa-
BarbeM METAJIHOT LIVIHKA U Cy/(aTHe KUCeIVHE Y Y30paK
KOji ce UCTINTYje. AKO je apceH ITPUCYTaH, XeMUjCKOM pe-
aKLujoM oH ce mpesopy y apcut (AsH,) koju je Beoma
otpoBaH rac. OBaj rac ce MpoOBOAM KpPO3 3arpejaHy Lies, Y
K0jOj JO/asy IO pacafiala apCyHa, IIPY Y€MY Ce METaTHN
apceH TWIOKY Y BULY cpeOpeHacTo LpHOT (yIMa Ha 31-
mosyuMa Liepdniie. LleBuniia ce MOKe cadyBaTy U TaKO I10-
CITY>KUTY KaO CYZICKO-MENMIIMHCKM TOKa3.

Peaxayije koje ce onurpasa je creneha:

As,0;+6Zn+6H,50,~>2 AsH, + 6 ZnSO, +3 H,0

OBoM 1Ipo6oM He camo fia Cy ce Mor/ie O30 JJoKasary
MaJle Kom4rHe apceHa Beh je TecT Beoma crierpmguyas,

3 Jlexap Kora IIoCTaBjba JIp>KaBHA BIACT 3 HAJI3OPHOT jIeKapa (y Tpapy, Cpesy Ui OKpyTy).

Toguwiitie 54. 85poj 4 (2013) 97



Cnuka 1. OpurnHanHa MapmoBa amaparypa 3a
TeTeKLMjy apceHa

jep ce HM jellaH SPYTY €7IEMEHT He ITOHAIIA Ha VICTY Ha4VH.
JedyHnTIBAH JOKa3 TPOBaba APCEHOM je HberoB IIO3UTH-
BaH Ha/Ia3 Y YPMHY, KOCU M HOKTVMA.

Ca 0BaKO CUI'ypHMM T€CTOM BpeMe TPOBaya apCEHOM
je mepUHITHBHO IIPOLUTO. JenyHy IPOO/IeM je y TOMe IITO
Ce OpUIMHA/IHM Y30paK YHUIITaBa TOKOM MUCTIUTUBAbA, Tj.
TECT je JeCTPYKTMBAH.

Taxobe Tpeba Harmacuryt ja Mapriosa mpo6a Hije 0-
BOJBHO OCET/bMBA 3a JJETEKTOBAaIbE€ apCEHa Y Y30pLyMa KO-
ce. Y XX Beky, TeXHJKe Kao IITO je dryopecieHmja X-
3paxa (X-Ray Fluorescence) 3amenme cy Mapuiosy npo-
6y. OBa HefeCTPYKTVBHA TEXHMKA je HEBEPOBATHO OCET-
TbUBA, ¥ MOXKE JIeTEKTOBATY MYHMMAJIHE KOJIMYMHE apce-
Ha.

ekiss@tf.uns.ac.rs

Kamanusa je apucytna y papmaueyimickoj ungy-
citipuju 8uuie og jegroi eexa. Kpajem 19. sexa paspahen je
HOCIlyiaK cunitiese ACUUPUHA eciliepuduxanyujom canu-
UUnHe Kucenure y Upucyciisy Kucenux katianusaiiopa, a
HA TI0MelliKY 20.6eKa U3BPUIEHA je CUHTTE3a PeHUTHOUHA, 30
Tleverve efiuselicuje U cpuare apuiimuje, y upucyciiey das-
Hol kathianuaiiopa. Iloitipedto je Suno mehyimium, gocitia
gyio epemena ga eenuxa otikpuha y o0naciiu kamianuse
Kao wilio ¢y xugpoieHosatve, y UpUcyciiigy upenasHux me-
iana, CUHille3a OPIaHCKUX jequrberba y upucyciney opiaro-
MeLAnHUX Kalanu3aiopa tocttiane ouuiiienpucyivito u y
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Summary
METHOD THAT SAVED MANY LIVES

Simon A. Parmati, College of Professional Studies - Bel-
grade Polytechnics,, simondjar@yahoo.com

Arsenic compounds, and especially arsenic trioxide,
were for many years favorite means of poisoning mice and
human. Although arsenic itself, being a gray metalloid, is
not particularly harmful, arsenic trioxide (arsenolite, a.k.a.
white arsenic that can be found in nature), as well as arsenic
sulfide, in smaller (zar neces da kazes u vecim kolicinama a
ne u manjim) amounts are toxic. Arsenic trioxide is even
extremely toxic. However, the symptoms of intoxication by
arsenic trioxide can be mistaken with symptoms of other
conditions. The fact that almost until the middle of the 19th
century there was no reliable method for detecting arsenic,
completely explains why the arsenic compounds were so
frequently used in murders by poisoning. Only in 1836, a
British chemist, James Marsh, by introducing a reliable met-
hod for showing the presence of arsenic in different samples
and postmortem tissues (known as Marsh test), managed to
at first slightly and afterwards considerably reduce poiso-
nings by arsenic trioxide, and to thus save many human li-
ves.
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KATAIIN3A'Y ®PAPMALEYTCKOJ MHOYCTPUJU

cunttiesu nexoea. Otlikpuhe citiepeoctieyuupuunux Karmanu-
3aitiopa, a fiocedHo BunKkuHcoHo6UX KAManu3aiopa omoiy-
huno je cunitiesy conenux jeguroerba ca XupanHoMm Ciapyx-
HypOM, WITTHO je 3HAUAJHO YOP3ano TpumMeHy 06UX KATHAU-
3aiiopa y CuHitlesu 71eK06a, UCIHO TAKo U Y CUHIEe3U 3aui-
WUTIHUX CPegciiiasa y tomoiipuspequ U CUHIesu PUHUX
xemuxanuja. V3yseitiHo eenuxu goipuroc paseojy papma-
ueyiticke uHgyciipuje pysxcanu cy omikpuha na oy acu-
MmettpuyHe Xugpolenauuje u okcugavuje, Meiiaiiiese u yHa-
KpcHoT Kyinosared. Y ipeoj geueruju itipehei munenujyma
08u goipuHocu paseojy xemuje cy Haipahenu Hobenosom



Haipagom 2001, 2005 U 2010. iogune. Paseojy papmaueyii-
CKe UHGYCIipuje 3HAUAHO Cy OUpuHenu u opiancKu Kaiia-
JUBATOPY, KA0 U SUOKATANUSATHOPY, TPUPOGHU U MOGU-
PUKOBAHU eH3UMU.

YBO[

ITpBu y1exoBM 6V CYy IPUPOIHOT MIOPEKIa, a fo0uje-
HY CY 13 6baKa, SKMBOTIIbA, ¥ I/byBa. VI6H CrHa/AButte-
Ha, (A6y A ent Xycey n6H CrHa, ~ 980-1037) OIICAO je
OKO 700 JIEKOBUTYX IIpeIlapara, mhIX0Be 0CO0He, HadyH
IJXOBOT JIeJIOBamba Kao U uHAuKaunje. OTKpuBame 1
uaeHTUMKALYja TEKOBUTMX jeMEbetba Y IPOLIOCTIL, Y
HEKOM CTelleHy ¥ JaHac, Ce 3aCHMBa Ha ,,ioroTuyma’. ITo-
CTYIIaK [IOfpa3yMeBa TeCTUparbe BETIMKOT Opoja jenyiberba
Y LWbY IIPOHATXKEHa CYIICTAHIIE Ca >Ke/beHIM OO0
KuM edpexTymMa. HakoH OTKpuBarba aKTUBHOT CacTOjKa BP-
I Ce ONTUMYBAIja OVOMOLIKIX U PUSMIKO-XEMIUJCKIX
ceojcraBa (LADMER, Liberation, Absorption, Distribu-
tion, Metabolism, Elimination, Response), moguduxa-
L/jOM OCHOBHOT jefubersa' . Onroapajyhe xemujcke Mo-
muduKaLyje MOTy A HOOO/BLIAjY CTPYKTYPY, FEOMETPHjy 1
eHeprjy Be3uBama MOJIEKy/la Ha MaKpOMOJIEKY/ICKUM
LIeHTpUMa XXMBOT OpraHyaMa. MopudykanmjoM ce yrude
Ha apMHNUTeT MOJIEKY/Ia IIpeMa aKMBHOM LIeHTPY XXUBOT
OpraHy3Ma, 3aTUM Ce YTIYe Ha CTabJIHOCT HACTAIOT KOM-
wiekca (Merabo/mdKa pasrpajia), 1to oppehyje papma-
KOKVHETVIKY 6uoronior mmpoleca. PassojeM kommjyrepcke
texHuke paspabenn cy QSAR mopenu (QSAR, Quantita-
tive Structure — Activity Relationships), ogHocHo Mope-
JIV KOjU1 HepMHMIITY KBaHTUTATVMBHO Besy usMely cTpykTy-
pe 11 6KOIoIIKe aKTUBHOCTU Monekyria 3. Haume, jaHac
je omoryheHo IpoHa/IaKebe IOTeHTHUX jeVIbeba 3a Jle-
Jerbe Heke 607ecTH, ca oOpuM GapMaKoIOLIKIM 0COOU-
Hama, 1 KoMjyrepckum Metogama. PAMPA Tectosy omo-
ryhyjy nmomohy Bemraukux Membpana 6p3o onpehusame
HPOIYCT/BUBOCTY Pa3INIUTUX TKUBA IIpeMa JTeKOBUMa
(PAMPA, Parallel Artificial Membrane Permea-
bility Assay) (4], 2 Benrrauke HeypoHcke Mpexxe ANN (Ar-
tificial Neural Network) Takobe cy mpucyTHe y dpapmaxo-
KVHETNYKIM UCTpOKMBarbuMa . 3axsabyjyhu nosHasa-
by aKTVBHIIX JI€/I0BA IT0j€MVHIX MOJIEKYTIa 32 JIeYetbe HeKe
6071ecTy BMXOBa CHHTe3a Ce OCTBapyje CHelNPUIHIM 1
BPJIO CENIEKTUBHMM KaTa/IM3aTopyMa Kojyu OCTBapyjy IIpo-
M3BOJ, 3aLipTaHyx ocobyHa. OBaKBY KaTAIU3aTOPH Ce Ha-
3uBajy ~ckpojernm” (tailored) xaramsaropuma. Karanmsa-
TOpY Ha 6asy KOMIUIEKCa IPeNasHIX MeTaIa, Kao U IIpup-
OffHM MY MOAV(UKOBAHY OMOKATAIN3aTOPH, IOKA3Yjy
oBakBse ocobyHe. [TpaBrHIM 1300poM IIpeasHor MeTa-
JIa Vi IMTaHaJia OCTBAPajy Ce KOMIUIEKCHU KOjU YCMEPaBajy
CUHTe3Y IpeMa Xe/beHOM MOJIEKYJICKOM €HTUTETY, KOju
cajip>Ke IVIaHMpaHe aKTUBHe (bapMaLECYTCKe cacTojke
(API, Active Pharmaceutical Ingredient) 691 Cunresa API
y IIPOCEKY Ce CacTOjU Off LeCHACCT PAs/IMIUTIX paftbu/
Masunmyaujat ). BpojHY 1 CI0KEHY 3aXTeBU YUMHWIN
CY CMHTe3y HOBMX M Pa3BOj [IO3HATUX JIEKOBA U3y3€THO
cnoerm v ckymavlY, Y oy mo6ujarsa eduikacHmx ie-
KOBa 10 €eKOHOMCKU JOCTYIHUM IleHaMa IIPYMeYjy ce
YeCTO KaTTUTUYKM IIOCTYIILIV KOjJ MCTOBPEMEHO JIOIpH-

HOCE 11 O1yBatby 3[IpaBe JXMBOTHE CpENHE 12

Pa3sBoj KaTamMTUYKIX MOCTYIIaKa Ha MHAYCTPUjCKOj
CKa/I1 TIOApasyMeBa Capajiiby XeMIdapa 3a XeMIjy JIeKOBa,
OpraHoxeMydapa, aHUINTIYapa, OoXeMIrdapa, eKkcriepara
3a CMPOBVHY JIEKOBA, XEMUJCKE MHXXEH-EPE U CTPYdIbaKe 3a
6e36eHOCT MPON3BO/Ibe JIeKOBA. JloOpY KaTamuTU4Km
nporiecu Tpeba fia Oyzy 6e3beHm, 1a MpyMersyjy 1o MO-
ryhcTBy jedpTuHe Karammsarope, Koji1 MOKa3yjy BE/VKY aK-
TUBOCT U y Ma/IuM KoymauHama. [lopen Brcoke akTuBHO-
CTM KaTaymsaropy dapMarieyTcKe MHIYCTpuje MOpajy fia
Oymy usysetHo cenexTuBHI. HajMara KO/M4IMHA CIIOpei-
HMX IPOM3BOJA ¥ HeuncToha y TeKOBMMa MOXKe JIa MMa
¢aranHe mocneaye Ha 6onmecHuke. [la/ba BayKHA OIIMKa
KaTa/1y3aTopa Koju ce IpUMerbYjy y dhapMalieyTCKOj MHY-
CTpUjU je HUXOBa BUCOKA CTAOVIHOCT. AKTUBHOCT U Ce-
JIEKTUBHOCT OBMX KaTaIM3aTopa Tpeba [ja ce onpskapa
TPajHO U y CIIy4ajy [ja Ce IPOUSBO/EbA JIEKOBA BPIIN Y Ma-
JIMM LIAP>KHMM PEAKTOPUMA, Y KOjMa JIAKIIe I0/1a3K JIO
MOTyhHOCTY ITpOMeHe CTPOTO 3aIaTVX IPOLIeCHNX I1apa-
Merapa''®

PA3BOJ KATA/IM3EY ®APMAIIEYTCKOJ
MHOYCTPUIN

Karanmsa faBHO je pycyTHA y CHHTeSM JIEKOBA. JenaH
Off HajiosHatujer yeka acnypul (Bayer AG, Felix Hof-
fmann, 1897), koju ce KopucTu 3a yonaxabare 60710Ba,
CHIDKEHbe TeTIeCHe TeMIIepaType U IIpeBeHLIje Off CPYaHOT
TpoMOa, CUHTeTHIIIE Ce ecTepU(UKAIjOM CATALIVIIHE Ki-
CeTVHe aHXUAPUIOM crpheTHe KIUCeNVHe, Y IPUCYCTBY
Kucenor Karanmsaropa (¢pochopHa mim cyMIopHa Kce-
mma) 3], Kiacuana 6assa karamisa HpUMemyje ce Takobhe
Off JaBHMHA Y CHHTe3U /iekoBa. Kao mpumep Moxke ga 1mo-
CITy>KU cuHTe3a peHuronHa (5,5-mupeHmxuganTont, Di-
lantin) aHTMKOHBY/3MBAa 3a JIeYelbe eMWIETICHje U CPYaHe
aputMuje. CuHTe3a OBOT JIeKa Ce BPLIY PeaKLijoM beHsy-
na (1,2-mudeHwIeTan-1,2-[YO0H) U ypeje y l'IpI/ICYCTBY 6as-
Hor karamsaropa KOH (Heinrich Biltz, 1908) [14] . XpoHo-
nouku 1 GopManTHoO ITIefaHo KaTaInu3a je IpUsHaTa 3a
npasBoM HaykoM popenoM Hobenose Harpage OcBangy
(Friedrich Wilhelm Ostwald) 1909. roguse, ca o6pasmo-
XKEEEM: ,. .. Y 3HaK IIPV3HAKba pajia y 00/IacTy KaTaiuse...”.
Camo Tpu romyre kacHuje Hobenosa Harpana je jonebeHa
XeMM4apuMa 9uji je pax 6110 Takohe BesaH HEIIOCPENHO
W nocpeyHo 3a Karamusy (Paul Sabatier n Francois Aug-
uste Victor Grignard, 1912). CabarujeoBa Harpaga 6w1a je
Be3aHa 32 peakijifje XVApPOreHOBamba y IPICYCTBY MeTajl-
HUX KaTa1M3aTopa, fOK IpumbapoBa Harpana 3a CHHTe3y
MeTIOpraHcKa jenumerba. O 3HaUajy peakiuje Xugpore-
HOBaba, II0CEOHO acCUMeTPIUYHOT, 6uhe mucaHo KacHyje,
JIOK je Ha OBOM MECTY ITpYIKa3aH jefiaH Off OpraHOMeTa/IHIX
KaTa/I13aTopa 3a CUHTe3y JIeKOBa Ha 6a3M CYKIVHUMMAA
(Zarontin, Celontin). JTekoBu Ha 6asy CYKUHUMMU/A CITy-
Ke 3 1ederbe Tpemopa i ITapkumsconose 6omectu™), cmm-
Kal
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Co,(CO),

1
CH,=CH—C—NHR + CO N—R

0

Cnuka 1. Cunresa N-apuni- u N-ankuicyKumHuMmaa
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U3 aMUja aKpUIHe KUCeIUHe U YI/beH-MOHOKCULIA Y
npucycrsy Co,(CO)g kao kaTanmsaropa.

OAPMAIIEYTCKU ITPOU3BOAM JOBMJEHU
ITIOMORY KATAJIM3ATOPA HA BA3!
ITPETASHUX METAJIA

CuHTe3a eHaHTHOCETeKTUBHIX JIEKOBA ITPeiCTaB/ba
HajByIIY 13a30B (papmanieyTcke uHycTpyje. Hamve, pas-
JIVIWTY €HAHTVOMEPH VICTe CYIICTAHIIe MOTY A MIMajy pas-
nyauTo apMarieyTcKo AejcTBO. [IoK jemaH of cTepeonso-
Mepa IIocMaTpaHe CYIICTaHIe [TOKasyje 1eKOBUTO CBOjCTBO
3a onpebeny 6orect, foTIe Apyry 0OMMK eHAHTHOMepa
MOKe JIa ITOKaXKe Matbe M/ HUKAKBO JIEKOBUTO CBOjCTBO.
Y HajronmjeM cydajy HEKM eHaHTMOMEP MOYKE YaK Jia T10-
Kasyje ILITEeTHO JIejcTBO Ha opranusam 6onecHuka. OTkpu-
Balby €HAHTMOCENIEKTVBHMX KaTa/M3aTopa IPETXONWIO je
OTKpMBarbe KaTaIu3aropa Koju c?/ HOKasaI ofroBapajyhy
X€MO- U Perno- ceneKTHBHOCT! Bpno sHauajan Kopak y
PasBojy KaTanuse OUIO je OTKPUBabe CTePeO-CeeKTUB-
Hux Karamsaropa. Lnmep n Hara (Karl Ziegler n Giulio
Natta) no6umu cy HobenoBy Harpapy 1963. ronuHe 3a Jio-
IIPMHOC Pa3Bojy XeMije y 00671acTy CHHTe3e IoIMMepa.
IbyxoB pay; ce OTHOCY Ha CUHTesY Io/Mepa U3 a-omedu-
Ha Y IPUCYCTBY TUTaHMjyM-XJIOPUIHOT KaTaIu3aTopa u
OpraHOMETATHOT KOKaTATN3aTOpa, TPUETWIATyMHMjyMa
W CTTVYHUX jenmbeﬂaa[lﬂ. 3a ¢hapmariey TCKy MHLYCTPIY OF,
CTepeoM3OMepHUX KaTanmsaropa Pd-karamsaropu cy 6u-
ym op, HajBeher sHavaja. Y peaxipjama xupporeHaruje Pd-
KaTa/IM3aTOPY YCMEPaBajy PeaKiyje IpeMa HEKOM CTEPEO-
msomepy. Ha npymep xupiporeHanujoM tuMorna (BofeHa
cpenuHa) Ha 383 K vt nputucky op 6 6apa nobuja ce mpo-
M3BOJL M30Mepa MeHTOHa (60% MeHTOHA 1 40% M30MEHTO-
Ha). [la/boM XVIporeHaryjoM y che)m] P ;T/IHM mobuja ce
HEOMEHTOT, a Y 6a3HOj cpenyHm merron®), Cruka .

Crepehy 3HavyajaH JONPMHOC PasBojy KaTanuse, ca
U3y3eTHVUM JIOIIPMHOCOM Pa3Bojy papMarieyTcKe MHY-
CTpyje, OO je OTKpYBaEbe OPraHOMETA/IHIX CeHABIY je-
mumberba (Ernst Otto Fischer n Geoffrey Wilkinson, Hobe-
JI0Ba Harpapa, 1973). Of 0BUX jenubermba HOCeOHO Cy ce
UCTULLany BUAKMHCOHOBM KaTalu3aToOpy THUIA
RhCI(PPh,),. Cunresa OnmmyKy aKTMBHIX OPraHCKMX je-
IVIbErbA U3 HEXVPA/THMX TTOJIA3HMX MaTepyjaa je Hajere-

Pq
2H L McO cooll MO
on Q [Rh (R.R)-DiPAMP COD" BF{™ o SiA
NHAc h c
AcO

Menton AcO

me.uro 1 OMe
X~
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g;«r%

Hsomenron

MenTon

Cnuka 2. XujporeHaliujomM TuMomnaa y
MPUCYCTBY IanajyjyMOBOT KaTalIn3aTopa
3aBucHoO oy pH-cpenune no6ujajy ce cre-
peousoMepy HEOMEHTON ¥ MEHTOJL.
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TaHTHMja MOryNHOCT IIpUMeHe XOMOTeHe KaTamuse He ca-
Mo y papmanieytckoj nHByCTpUju, Beh 11 y obmacty cumre-
3€ CpeficTaBa 3a 3alUTUTY 6wba (xepOuiym) 1 GUHMX Xe-
MyKa/vja. MoHCaHTO je 6101a IpBa KOMITaHMja Koja je Ko-
MepLja30Ba/Ia BIKIMHCOHOBE KaTanm3aTope 3a CYHTe-
3y L-DOPA, neka Koju ce KOpUCTH 3a ederbe [TapkmHco-
Hose Gomectn2°). Cunresa L-DOPA npukasana je Ha
Crvp 31!

Komepnyjamna cunresa L-DOPA sanouera je 1974.
rofyHe. YcremHa ucrpaxysama B. Hoynca (William S.
Knowles) je Harpabena Tex 2001. ropyHe, Kaga je ca P. Ho-
jopujem (Ryoji Noyori) u ca K.b. lllapmrecom (K. Barry
Sharpless) mopenno HobenoBy Harpapy 3a xupaiHe Kara-
TIM30BaHe peakliyje XUAporeHalyje 1 XupasaHe KaTainso-
BaHe peakuyje okcupaumje (Ilaprvrec). Trmmyan nprvep
acyMeTp4He OKCHUJALje je eNOKCUALja IPUMAPHUX U
CEeKyHIAPHIX aJIWJI A/IKOXO/IA Y 2,3-€TIOKCUANIKOXOTIE.

AcymeTpydHa XuporeHalyja M3BobYBa je He CaMo
Ha aMyyMa Beh U Ha KeTOHMMa Kao U Ha paHyje IOMeHY-
TVM aJIKeHVMa. Pd-KaTa/msaTopy acuMeTpIIHOM XMPO-
renanujoM asocTpykux Besa C=C, C=0 u C=N nocnenry-
jy o6pasoBame >Ke/beH)X €HaHTIOMepa I IacTepeo3o-
Mepal?>%3]. AkruBHoCT 1 cTepeo-cenexTuBHOCT pasmiran-
X Pd-kxaranmsaropa 3aByicu of CuHTe3e ¥ HOCaya IIpe-
nasor Metana 24,y CaBpEMEHMM KaTa/I13aTOpyMa Ofro-
Bapajyhu npenasHu MeTa/u Cy Be3aHU ca BPJIO pas/indu-
TVM JIVTaHaMa, ¥ pOPMIPajy KOMITIEKCe II03HATUX Kao
“ceHpBUY jenyirberba. HajBakHmju TUIIOBY, Kao U OIILITEe
nprxaaheHy HasVBY HAJIIO3HATUjVIX JTaHaIa KOjU ce KO-
PJCTe 3a CMHTE3Y KaTalu3aTopa Cy npukasaHyu Ha Crvmm
4.

HajBakxumja KapakTepucTKa XUPaIHNIX KaTalIn3a-
TOpAa je IJXOBa €HAHTUO-CETIeKTUBHOCT, TO jecT Jobujarbe
ofiroBapajyher onTuukor o6/mika usomepa. Y XeMIjcKoj
Ppeaxiyji HEKO IPOXMPAJIHO jelMIberbe Ce IIpeTBapa y Xu-
PaJTHV IIPOV3BOY, a I0OMjeH N eHAHTVIOMEPH HIICY Y OFHOCY
1:1, Beh ce ke/beHN OOMVK Ha/Ta3y y BULIKY. Y CTPAHO] /M-
TepaTypy eHaHTUMEPHU BUIIAK (€B) je Ha3HaUeH Kao
enantometric excess (ee). OBaj uspas je ormirre npuxsahe,
MelyTum OBaj HasUB je AUCKyTaOWIaH, jep ce pajy O OTHO-
CY ’e7beHOT eHaHTHOMEPa Y CBYX XMPATHMX jeUberba KO-
ju ce popmupajy y peakuuju, mro 6u 61mia eHaHTH1O-Ce-

coon

100% (95% e.v.)

Iyu_@

@ 1o 2 coon
COD = | S-unknookramien U i Nils
s o
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Cnuxka 3. Cunresa L-DOPA 3acHuBa ce Ha acheTpquo[i Xupgpore-
HM3aIMju eHaMNla Y IPUCYCTBY KaTaamsaTopa
DiPAMPCOD]" BF,

Rh (R,R)
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Cinka 4. XupasiHe IMranjie KaTaamsaTopa 3a acume-

TPUYHY XUIPOT€HALIN)Y
JNIEKTMBHOCT XMPa/IHe KaTamriike peakuyje. CmaHO ce
kopucty u TepmuH diastereometric excess (de), To ject Ha
CPIICKOM je3MKy AMacTepoM3OMepH BULIAK (1B), pajiu ce
MebhyTuM o AuacTepeo-ceneKTMBHOCTY KaTalusaropa.
Kputidkut ocBpT Ha TEpMUHOJIOTH}Y AT je y pagy [26],

ACUMeTpIHOM XUPOTeHALjOM JOOWjajy ce M Apyrut
BpJIO BaXHM JIEKOBY, Ha IpuMep 3a nederse HIV/AIDS,
xenaTMTMca, npobapHux nopemahaja, GakTepyjcke MHPeK-
1ujel*728] TaGena 1.

Mertaresa onedyma urpa Takobe Bp/Io 3Ha4ajHy Y/I0Ty
y dbapmaneyrckoj uapyctpuji. ITox meraresoM onedyHa
HofIpa3yMeBa ce IIpepacIiofieria OfroBapajyhux genosa aj-
KeHa (oredpyHa) pacKuyjarbeM U pereHeparjoM ABOCTPyKe
Be3e YI/beHMK-YITbeHUK. Y OBaKBMM peaKiiyjaMa y Oficy-
CTBY KaTa/IM3aTopa YeCTO Ce CTBAPAjy HEMOXKe/bHY HY-
criponsopiut. CeNeKTUBHUM KaTalIu3aTopyMa peakiuja
MOXKe JIa Ce yCMepH IIpeMa >Ke/beHVM ITPOM3BoayMa. 3a
YCIEIHO TyMadele MeXaH!3Ma peakliyje Kao 1 3a yCIIel-
Hy CUHTe3Y pas3/IMYUTUX BP/IO e(hVKACHNX U CETIeKTUBHIX
KaTtaymsaropa peakuuje Metarese lllosen, Ipy6c u IlIpox
(Yves Chauvin, Robert H. Grubbs, Richard R. Schrock) cy
mobwin HobemoBy Harpany 3a xemujy 2005. rofute. Tpa-
IVILIVIOHAJIHY KaTa/3aTOPY Ce IPUIIPEMA]y PEaKLIMjOM al-
KIWIOBamba MeTalHUX Xa/loreHnsa, Ha npumep VClg-
EtOH-EtAICL,. CaBpemenn KaraimsaTopy IIpeTCTaB/bajy
Bp7I0 £06po feduHICcaHa OpraHOMeTaHa jen/iberba I

Cnuxka 5. Pasau tunosu llpoxk
KaTanmMsaTopa Ha 6a3u Mon6-
IeHa 3a MeTaTe3y oneuHa

CBPCTaBajy e y iBe OCHOBHE IpyIle, ITo3Hatu Kao IIpok u
kao Ipy6c¢ karanmmsaropu.

[MIpok karanmuzaropu ce uspabyjy Ha 6a3u MormOneHa
(IV) - u Bondppama(IV), Bumu Cruky 5[29],

Ipy6c karanmsaropy 3a Meratesy o/1epyHa IpyIIanajy
pyrernjymoBom (II) komrnexcy kapbeHonma. OBu Kata-
JIU3ATOPU YECTO CY MOIU(VKOBAHY JITAaHAMa TIUITA Xeyla-
Ta VI30MpPOIOKcKcTUpeHa. OBakBe MopuduKaryje HasyBa-
jy ce Xosenpna-Ipybcosum (Hoveyda-Grubbs) karanmsa-
topuma. Cunresa API (BILN 2061) 3a siedetbe xemarurica
1T Bpum ce Ha MHAYCTPUCKOj CKAIM HAa PYTEHNjYMOBOM
KOMIUIEKCY IIyTeM peakijje MeTaTese ca 3aTBapambeM IIp-
crea (RCV, Ring Closing Methatesis) 1°), TaGera 1.

3a (papMariey TCKy MHIYCTpUjy 3Ha4ajHe Cy ¥ peakuiyje
amyje. Peakuyje agyuiyje cy Takse peakuyje y Kojuma ce
KOMOVIHYjY /iBa WM BHUILIe MOJIEKY/Ia Y jenaH Behu More-
Ky Peakuyje aguiyje cy orpaHmyeHe Ha XeMMjCKa jeln-
Ibetba Koja MIMajy BULIECTPYKO BesaHe atoMe. [Tocroje iBa
OCHOBHa THIIa ONIAPHMX PeaKiiyja KaTaIMTIIKe afuiiyje:
enekTpoduIHa 1 HykIeopuHa agunuja. Vcro tako mo-
CTOje M [jBa TUIIA HEITOJIAPHMX peaKLja afyiyje: aqyiija
CTIOOOIHYX pafyKana U LUKIoamuija. 3a dpapMariey TcKy
MHIYCTPYjY IIOCeOHO Cy 3HaYajHe OHe afjULIVIOHe peaKljyje
y KOjMa ce BpILIM afjyipame HeKor xupanHor APl wm y
KOj/Ma Ce a[/IIMjOHOM PeaKIjoM CTBapajy ofroBapajyha
xupasHa jenmmerba. Antupenpecant (R)-Rolipram gobuja
Ce acCHMETPUYHOM 1,4 afIVIVjOM apiIOOpHe KICe/THe Ha
JilepuBaTe 4-aMIHOOYT-2,3-€HOMKOBE KVICeJIVIHE Y IPUCY-
crBy Rh-BINAP karamasaropal®l. ¥ pany!'®! nasenena je
jenHa mpyra KaTa/MTNYKa peakiyja 3a cuHte3y (R)-Roli-
prama. OBa peakijija ce 3aCHMBa Ha aflLMj/1 KETOECTPa Ha
oxroBapajyhu HurpooneduH. Y rpymny aguioHNx Kara-
JUTUYKVIX peakuyja crafa u cunresa Eribulin-a. Cunresa
Eribulin-a criapa y HajcnokeHuje cuHTese y dapmarieyT-
ckoj mugycrpuju(®l. Eribulin ima anrukarmeporeso aej-
CTBO, a Y alloTeKaMa MOXKe ia ce HabaB/ba IO, KOMepLy-
jarmym HasyBoM Halaven, Tabera 1.

Y nocien 0j Y4eTBPTUHMY 20. BeKa YHAKPCHUM KyTUIO-
BameM J0OMjeHM Cy BaXKHU HECTEPOUIHY aHTUMH(IA-
topHu niekoBu (Naproxen, Ketoprofen, Flurbiprofen, Ibu-
profen, Fenaprofen, Indoprofen, Carprofen). OBy anTimH-
(rraTopHY 1EKOBU OWIV CY TIPOUSBORY PAsTUINTIUX TIPO-
n3Bobaya. OnTirdky wicrohy MMao je jenyHo ek S-Napro-
xen. CHHTe3a OBOT JIeKa je 3arodera 1976. TOIVHe alyIIa-
L1MjoM 2-MeTokcuHa(TateHa y npucyctsy Opupen-Kpag-
tcosor (Friedel-Crafts) karanmsaropa AlCL,. Y napentoj
¢asu xopumthenu cy Ipumaposu (Grignard) pearencn/ka-
Ta/V3aTOpy. V1 1pBa Kao 1 Apyra TeXHOMOruja je 6yia mo-
IPWINYHO HEYNCTa, HayMe OWIO je jako ITyHO OTMafaka,
HOCeOHO ATYMVHIjyMX/IOPUAA V1 LITHKXUAPOKCHA 3y
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Pa3Bojy KaTINTUYKMX peaKliyja TUIa YHaKPCHOT KYIUIO-
Bakba BETIMKM JOIIPMHOC Cy ganu HobenoBim Xex, Hervm
u Cysyku (Richard F. Heck, Ei-ichi Negishi, Akira Suzuki).
Osu HayuHmiy HobeoBy Harpapy 3a XeMifjy ¢y IpYMIUIN
2010. ToiMHe. Y 00pasioxerby HoOujeHe Harpajie eKCIu-

LIITHO je CTajayio “3a peaKiiyje CUHTe3e OPraHCKIX jeibe-
1 YHAKPCHUM KYIUIOBAEbEM PeaKTaHaTa y IPUCYCTBY I1a-
JTafIjyMOBUX-KaTa/v3aTopa”. 3axBa/byjyhu OBMM KaTayy-
3aropyMa faHac Merck ycrelHo npousBopy ek IpoTyB
actMe Singulair, y Bp/1o BeNMKIM Ko/mdyHaMa, Tabera 1.

Ta6ena 1. ®apmaneyTcky IpousBoaM foOUjeHN MOMONy KaTanusaropa Ha 6asy IpeasHuX MeTana

Bonect Hazus nexa Xemujcka OCHOBHH THII Jlur.
(hopmyna sieka peakuuje/Tun
KaTaM3aTopa
[apxunconosa | L-DOPA, e Acumetpuuna 21
. HO .
Gonect Sinemet, Parcopa, OH | XHOpoTeHauja/
Atamet, itd. Ho NH; [Rh(R,R)DiPAMP
COD]'BF,
IIpo6aBHu Menthol, AcumerpudHa 10
nopemehaju, Peppermint, itd. xuaporenarja/RhI {(S)-
Cpana < oy BINAP}(THF)2
Heypo3a, :
HECaHUIa, UTI. -
HIV-AIDS, Tipranavir, AcumeTrpuyHa 10
OcnabspeHn Saquinavir, xunporenannja/[Rh(R,R)
HMYHOCHCTEM Ritonavir, -MeDuPhosCOD] BF,
Indinavir, itd.
Bakrepujcke Carbapenem, AcumeTrpuyHa 10
HH}pEKIHje Imipenem, . , xunporeHanyuja/[Ru(R)-
Meropenem, itd. Ny BIPHEMP]
COH
AnuxenmepoBa | Rolipram ~o Komyrosana anummja/
" D\O [Rh-BINAP] 10,
[MapkuHCOHOBA £ 30
Gonect &
HY
Pak nojke Eribulin, Halaven o Aunuja/Huknxmopu+ 10
o Xpomxnopusa bumeTanHu
by 9 ?.‘"(nn
("Cf. Fo@{) KOMIUIEKC
Coo
P
Xenarutuc L] BILN 2061 o I B Mertaresa ca 3atBapameM | 10,
Ciluprevir TLIE npcrena/ Ru 27,
oL karammsaropu Grubbs- | 28
0 Hoveyda-Grela
o~
\ ©
L
Actma Montelukast, — Kymnosame/Pd(OaAc), 10
Singulair, B s A S
Monteflo, itd o

OAPMAIIEYTCKU ITPON3BOAM JOBMJEHU
ITIOMORY OPTAHOKATAJIM3ATOPA

CaBpeMeH) OpraHOKATa/IM3aTOPY Cy CTaOV/IHY Ha
Ba3[yXy YakK U y IPUCYCTBY BJIare, a Makbe Cy TOKCUYHM OFf
Karammsaropa Ha 6asu mpenasHux MeTana. 3axsasbyjyhm
HabpojaHnM 0coOMHAMA Ca FhYMa Ce JIAKO PYKYje 1 Y MHAY-
cTpujckuM ycmoByuMa. OpraHoKaTaM3aTopy Cy IIO3HATH
pexo 40 ropuna. Xajour (Zoltan. G. Hajds) capagHuk
xommarmje Hoffmann - La Roche y ceom pay?! pedpep-
ucao je na S-(-)-pormmH (CIP- npaswno / Cahn-Ingold-
Prelog), To ject L-I- npormra (CORN nipaBwio), karamiiie
acCUMeTPUYHY MHTPaMOJIEKylTapHY aJfONHY peaKLujy
TpukeroHa. Hactam crepoup je mobujen ca 84% es. Ka-
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CHIUje ce TTOKa3ao fia S-(-)-Ipo/InH MoXe Jia MHYKYje
acYMeTpMYHY XM pOreHaljy He3acuheHX MOJIeKyna y
npucyctBy Pd-karanusaropa, 1 y MHOTMM peakiyjaMa
MOXKe Ia Ce KOPUCTY Kao YCIIelIaH CUHTOH ®3 . AMMHO-Ka-
Ta/IM3a je MpyMerbeHa 1 3a cuHTe3y Warfarin-a, aHTIKOa-
rymadra. S-Warfarin je et mmyta edmxacuuju op, R-Warfa-
rina. Warfarin ce L[o61/[ja XUPAJIHO AMAMMHO KaTalNn30-
BaHOM aCUMETPUYIHOM KOIYTOBaHOM afIVLIVjOM XUIPOK-
CUKyMapJHa 1 GeH3a/IalleToHa, y IPUHOCY Off 99% ¥ ca
92% en 134, AJIKWIaLyjoM MHIAHOHA U CTIOKEHOM acuMe-
Tpr4HOM (pasHOM TpaHCPOPMALMjOM y IPYCYCTBY KaTa-
nm3aTopa eeIPUHIjYM Xamnjia (M307I0BaH 13 TPYTIe ajKa-
noupa Cinchona) gobujen je guyperux (+)-Indocrinon



Tabena 2. PapmarieyTcKy MpousBoay KobyjeHn momMohy opraHokaranusaropa

Bonect nnu Hasus nexa Xemujcka popmyna | OCHOBHHU THIT Jlur.
JICjCTBO JIeKa neKa peakuuje/Tum
KaTalln3aTopa
AHTH- Warfarin, o] XupanHo AMaMuHO 34
KOaryJaHT Coumadin, OH KaTaJln30BaHa
Jantoven, acHMETpUYHA auIija/
Marevan, O = O
; RaNH
itd. o0 \[ d
R™ NH,
Juyperuk Indacrinone ol B Aunkunanyja ca 10
cl ACUMETPUYHOM (ha3HOM
e “iph Tpanchopmanujom/Edenp
WHUJYM XaIuj
Wudrnamamyja, | Oxaprozinum, O o Ecrepuduxanmja/mumernn | 35
Peyma Daypro, ‘ O>_/_§O AMUHOIMPUIHH
Duraprox, itd. o i

(Merck-0197)"*"). O cunresn OkcanposnHa HeCTEPOUHOT
MH(IaMaTOPHOT areHca KOju ce KOPMCTY 3 CUMIITOMAT-
CKO Nederbe MHPIamaryje, 6071a 1 peyMaTouaHIX 0007be-
1 JIETA/BHO je pedbeprican y pajy Havix aytopa'®’, TaGe-
na2.

DPAPMALIEYTCKH ITPOU3BOIUN
JOBHUJEHU IIOMORY
BUOKATAJIN3ATOPA / EH3UMA

EHsumu Koju Cy IpUCYTHM Y JbY[ICKOM OPTaHU3MY
[PeNCTaB/bajy U ITOTEHI[Vja/IHe OMOKATATM3ATOPeE 3a CUH-
Te3y pasIM4UTHX JIEKOBA. XeMIYapy HEIPECTAHO TpaXKe
MoryhHOCT 3aMeHe KaTa/m3aTopa ca 610KaTaI3aTopyMa,
jep Cy eHsVMII aKTVIBHjI, CEJIEKTVIBHM)I, A CA CTAHOBUILITA
3aIUTUTE >XMBOTHE CPENVIHE ITOTONHMjY Off KITaCUYHMX Ka-
Tanusaropa (61ozierpaiubIHM, HajyclelHuje paje
yIpaBo y aMmbMjeHTa/THUM ycmoBuMa). ITpe ensumarcke
CUHTe3e JIeKoBa Tpeba 1uctahu fja cy fanac paspabenu eH-

3MMATCKM TIPOLIECH 32 CUHTE3Y ONTMYKY aKTVBHIX aMIHA,
AIKOXO/Ia U KaPOOKCU/THUX KVCEVHA KOjI Ce YCIIELHO
NpUMersYjy Kao opraokaramsatopu©),

Merck y capamsu ca Codex-oM je paspamyo eHsyMar-
CKYy CVHTe3y II03HATOT JIeKa 3a Jiederbe Aujabereca, Sitaglip-
tin. VHTepecaHTHO je cTahy fja 3a CMHTE3y OBOT IIpertapa-
Ta Hyje kopyinheHa IpUPOfHa TpaHCaMIHa3a, Beh TpaHca-
MJHa3a Koja je BobujeHa BeITauKyM IIyTeM, MYTaLjoM
HPUPOLHOT eH3nMa. MyTupaHy o0k eHsuMa je 61o de-
THPM ITyTa aKTUBHUY OF, IIPUPOIHOT €H3VIMA, a I00ujeH je
npomssoz; ca 99% esl3°). Pfizer y capamu ca Codex-oM je
paspazyo MY/ITUEeH3VIMATCKY TIPOLIeC 3a CUHTe3Y K/by4HOT
IUOJIa Ca CTEPEeOLIEHTPOM, Koja oMoryhasa CHTe3y aTpo-
BacTaTlHa, aKTMBHOT cacTojaka Lipitor-a, 7iexa koju ce ko-
PVCTI 3a CHIDKaBaFbe XorecTepora y kpsi3/). O MY/ITHEH-
3MMCKOM IIOCTYTIKY CHHTe3€ JIeKa 3a 7ederbe Xenaruruca 1]
(Faldaprevir, kacHyja ¢asa K/IVMHMYKMX UCIUTYBAbA) MMa
Taxobe noparaxa y mureparypu'©3%3), Tagena 3.

Tabena 3. Gapmaneyrcku npousBoau fobujeHn momohy 6uoxaramsaropa / eHsuMa

Bonecr mnmm | HasuB neka | Xemujcka popmyna nteka | EHzum Jlut

JIEjCTBO JIeKa

Jlnaberec Sitagliptin, 5 Arthrobacter 36

| ) F@\/w\ TpaHCaMHMHa3a
anuvia NN,
F K’?Nr.g{N
CF3
Xosnecrepon | Atorvastatin, [Mpouec 37
OH OH .
.. A GO | YKIBYHY)E
Lipitor HEKOJIKO

eH3UMa!
KETOpeLyKTa3a,
JeXUIPOTreHasa,
UT]

XemnaTutuc BI 201335, BI201355 Bumie en3znuma, 10,

10 Faldaprevir . 38,
Kacuuja daza 39
KIIMHUYKHX
UCIIUTUBAbA

Bl 207127
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3ABPIIIHA PASMATPAIbA

Ha ocHOBY rope nsjioKeHOT MOXKe ce 3aK/bYINUTH O
BE/IVIKOM JOIPUHOCY KaTaIu3e pasBojy papMaliey TCKe NH-
IyCTpuje, Kao U O 3Ha4Yajy pasBoja BUCOKOCENEKTVBHIX,
HOCeOHO eHAHTO-CEIeKTUBHIUX KataimsaTropa. CaBpeMe-
Ha VIHIYCTPUjcKa KaTa/usa II0cebHO y (papMalieyTckoj MH-
IYCTPUj¥ TEXKM JoOMjarby eHaHTIMepa ca 100% eB. YKomu-
KO OBaj 3aXTeB Ha CafjalllibeM CTelleHy pa3Boja Hije VCITy-
beH TaJla Ce YUCTY eHAHTMOMEpPY IIPUIpeMajy MeTofaMma:
i) XupaJHe cerapanuje, Tj. pasjiBajarbeM 130Mepa u3 pa-
LieMCKe CMellle, HIIP. KPUCTAIU3AL1jOM; i) eHaHTHO-KOH-
BEpPreHTHOM CHMHTEe30M, METOTOM Koja Ce 3aCHVBA Ha KO-
puihery palleMCKIX CMeIlIa, Kao II0/Ia3HIX PeaKTaHaTa,
U3 KOjUX Ce 3aTUM Y TOKY CMHTe3e J00Mja >Ke/beHN 001K
€HaHTVOMepa Y BEJIMKOM BUIIKY; U iii) aCUMETPUYHOM
CUHTe30M, ILTO MOJpasyMeBa CHHTe3Y >Ke/beHOT M30Mepa
Koju1 he ce HUIa3UTH y BETVKOM BUIIKY Y OTHOCY Ha HeXe-
JbeHe O0/IVIKe eHaHTVoMepa. ACHMeTpIYHA CUHTe3a MOKe
HIa ce ocTBapu: i) monmasehu o ogrosapajyher obmika xu-
panHor peakranra (chiral pool synthesis); #i) mpumeHOM
noMohHMX XMpa/HUX peakTaHaTa (HIp. S-IPONINH, Kao
XVMpaIHV CMHTOH 32 aCUMETPUYHY XUIpOTeHalujy); iii)
IPMMEHOM aCUMeTPUYHe MHAYKIIMje U iV) IPUMEHOM XV-
P/THIX KaTaIu3aTopa U OMOKaTami3aTopa.

OBaj pyKas je MycaH ca >KeJboM Jja ce YKaKe Ha MO-
ryhHOCTHM 1 Ha M3a30Be caBpeMeHe XeMuje U KaTanuse y
MHAYCTPUjY TIeKoBa. Y IIPBOj Aekany Tpeher MiwteHnjyMa
nozerbeHe ¢y Tpu Hobenose Harpapie 13 obnacTy Xemuje
Ynjy Cy JOOMTHUIIM 3HaYajHO JJOTIPUHEM PasBojy dapMa-
LieyTCKe MHAYCTpyje: i) XMpaHe KaTaI30BaHe peakuyje
XUIpOreHOBamba 11 OKcHianyje (2001), if) peaxiiyje MeTare-
3€ Y OPTraHCKO]j XeMumju oMohy CeeKTUBHMX KaTali3a-
Topa (2005), 1 iii) TATaIMjyMOM KaTaIM30BaHe YHAKPCHO-
KYIUIOBaHe XeMujcke peakuyje (2010). HapasHo oBa oT-
kpuha cy omoryhena 3axBabyjyhu paHujuM pagoBuma y
00671aCTV BUCOKOCETIEKTVBHIX OPTaHOMET/IHVIX KaTaly3a-
TOpa ca ceHnBuY crpykrypoM (Hobenosa Harpapa, 1973) u
KaTa/IM3aTopa KOjy Cy YHAIIPENWIN PA3BOj CTEPEO-U30-
MepHUX jenyrberva (HobemoBa Harpasa, 1963). buio 6u Bp-
JIO TIPUCTPACHO TaKO HEIITO TBPAUTH Ja Cy oBa OTKpuha
611a ycMepeHa UCK/BYUMBO IIpeMa pasBojy dapMarieyTcke
unpycrpuje. OBa otkpuha cy nozjeHaKo IpUCYTHA U Y
MHAYCTPYjJ IPOV3BOMIEbE 3ALITUTHIX CPENiCTaBa y MOJbO-
npuBpeny (Ha npumep xepbuip Metolachlor, u gpyrn) u
Y MHAYCTPYjU PUHIX XeMMUKA/INja, KA0 M Y BUCOKOTOHAX-
HVIM MHIYCTpyjaMa XeMUjCKMX IIPOM3BOJA, Kao IIITO je VH-
mycrpuja nomumepa. ITorpenHo 6u 6w10, UCTO Tako, He
yKa3aTy Ha 3Ha4aj KOMIjYTePCKMX TEXHVIKA, KOje ITpyMe-
HOM Pas/ManTyX Mofienia u codrBepa, Kao mro cy QSAR,
PAMPA, ANN u ciamyHo, IOMOITIM XeMu4apuma ga
”CKpoje” BUCOKOAKTVBHE U BUCOKOCETIEKTVBHE KaTa/n3a-
Tope. OBe KOMITjyTepcke MEeTOfie ICTOBPEMEHO Cy 3HATHO
monpuHey 1 ckpahuBamy ITyTa 11 BpeMeHa y dapMarieyT-
CKMM MCTpaKuBamyMa. Tpeba 61ty cBecTaH Takohe 3a He
Mamb! TOIPMHOC CABPEeMEHOT OMOVMHKehepIHIa 3a
“CKpajibe” eH3MMa >Ke/beHIX OMOKATAIUTIIKIX CBOjCTa-
Ba.

VcrpaxuBara y hapMariey TCKoj MHEYCTPUjH CY U3Y-
3eTHO ckymu. Ilena orkpuha 1 pasBoj HOBOT MOTIEKY/ICKOT
enturera (NMEs, new molecular entities), kao akTuBHOT
CacTojKa HEKOT JIeKa, IIPOLerbeHa je Ha 1,778 MIWIMapan
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US$. Y 0By 1ieHy HUCY ypadyHAT! PEKUJCKM TPOLIKOBY,
Kao HY IUIaTe 3aIIOCTIeHeVX Y UCTPXMBAYKOM M PasBoj-
HOM HeHTpy Kopraparyje. OBY JOZATHM TPOLIKOBY HaBe-
IieHy LieHy /eka 61 moeham jom 3a 0ko 20-30% ™. Yro-
pebusarma pagu cnobopnan cam HaBect GDP Perry6muke
Cpb6uje. I[Tpema nopanyma fobujeHnx ca Beb cajra oBa
BPEIHOCT 3a HPOLTy FoAyHy OwIa je IaHupaHa Ha 48,56
Miwmapu US$H40).

3AXBATHUIIA

AyTop ce 3axBabyje 3a cBecppny nomoh IIpod. ap
Amnrany TyHrnepy, HaydHoM caBeTHMKY LleHTpa 3a eHep-
reTcKa McTpaxuBara Mabapcke akaemuje Hayka, Bypym-
nierrra, Mabapcka.
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Abstract
CATALYSIS IN PHARMACEUTICAL INDUSTRY

Ernd E. KISS, University of Novi Sad, Faculty of Techno-
logy, Novi Sad, R. Serbia

Catalysis is present in the pharmaceutical industry for
more than a century. With the development of catalysis
more and more complex catalysts have been applied in the
pharmaceutical industry, ranging from the classic acid-base
catalysts to the most complex catalysts used today for the
synthesis of different drugs with chiral structure. The aut-
hor emphasizes the importance of the synthesis of these
drugs, used for treatment of very serious diseases, as Parkin-
son’s disease, breast cancer, AIDS, etc. The paper highlights
the complexity of the synthesis of the appropriate enantio-
mers, effective for the treatment of the patients. The work is
exposed in the light of achievements in the field of chemi-
stry and catalysis concerning the Nobel prizes awarded in
the first decade of the third millennium (years 2001, 2005
and 2010). The paper consists of three main chapters. The
first chapter presents the catalysts based on transition me-
tals (rhodium, palladium and ruthenium catalysts with san-
dwich structure) used in asymmetric hydrogenation,
addition, metathesis and cross-coupling reactions. In the
second part the paper a brief overview of organic catalysts
and their importance in the pharmaceutical industry is pro-
vided, while the third chapter gives several examples of the
application of enzymes and modified enzymes. The most
important/basic chemical reactions, type of the used catal-
yst and the commercial name of the synthesized drugs obta-
ined in these reactions are presented in three tables, as well
as the consulted literature, which provide more details re-
garding the problems described in the tables.
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OITPEM/BEHOCT OCHOBHUX IIIKOJIA 3A HACTABY XEMUJE

Yy TIO3HUIIU

VBO]I

Pesynraru y pafy Ipousalim Cy U3 UCTPKMBArba
YMji je Wb carviefaBarbe MaTepyja/THO-TEXHMYKIX YC/IOBa
3a peanMsaljy HacTaBe XeMyje Y OCHOBHUM IIKO/IaMa.
VcTpaxkuBarbe je off 3HaYaja c 0031pOM Ha TO Jja He IIOCTO-
ju jemaH cucTeMaTcKy HauyH npahema y K0joj Mepu cy
LIKOJIE OIIPEM/bEHE HACTABHMM CPE[CTBMMA M OIIPEMOM
3a OBaj HACTaBHM IIpEIMET. Y OBOM Dajy je aT Iperes,

3aTe4eHOT CTalba y HEKO/IMKO OCHOBHMX IIIKO/IA Ha Tepy-
Topuju ontyHe JlosHua.

ITPETJIE[] TIUTEPATYPE

360r CIOKEHOCTH IIPUPONHMX HayKa, CafpsKajy Ha-
CTaBHMX ITpefiMeTa KojiMa Cy oHe obyxBaheHe, ydeHMIM-
Ma Cy TeIlIKM 32 yuere 1 pasyMeBambe. JeaH off OMTHMX
YC/I0Ba 32 YCTIEIIHY peay3alijy HacTaBe IPYPOJHIX Hay-
Ka je ouMIIeqHOCT HacTaBe. OcTBapyBarbe OUNITIEHOCTH
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y HaCTaBJ XeMMje 3aXTeBa Pa3HOBPCHA HACTABHA CPECTBa
Kao 1 1moce6HO onpembeH npoctop (kabuxer). HacraBHa
CPeJCTBa Cy CBa MaTepyja/Ha CPEICTBA 32 OCTBAPMBAIbE
HaCTaBHUX 3aXTeBa, KOja HACTABHUKY CTy>Ke 32 YCIICLIHO
o0/KoBame 11 13Boherme 06pasOBHOT Y BACIIUTHOT IIPO-
neca [1]. Ca no3uiyje faHallbe MeJaroliKe Teopyje roBo-
P ce 0 1Ba CXBaTama Iefaromike QyHKIVje HaCTaBHUX
cpericrasa [2]: (1) mpeMa IIpBOM CXBaTaby I7IaBHA yJIOra
HACTaBHUX CpeJICTaBa je OTpaHM4YeHa Ha IIPBY eTally IIpo-
Ileca casHaBama (y4yera) — Ha Yy/IHOM OI&Kamy; (2) Ipe-
Ma JIPyTOM CXBaTalby HaCTaBHA CPefiCTBA MOpajy Outy us-
BOP CasHamba U OC/IOHAL] 32 MVCAOHY ITpepajy Yy/IHNX HO-
JaTaka I pasBMjarbe MULUbERA. VI3 yI/Ia HacTaBe XeMuje
3HavajeHe Cy 06e QyHKIMje, TOCeOHO Ha OYETKY yUerba
XeMyjje Y ceiMOM paspeqy jep ce Beh Taza cyTicTaHLie U ie-
He IIPOMeHe pa3MaTpajy Ha Makpo, CyOMUKPO U cMO0-
JINYKOM HUBOY [3,4].

ITperpaxuBamwe fomahe muTeparype Jalo je yBUL y

paj y KojeM ce TOBOPM ¥ O OIIPEM/BEHOCTY OCHOBHMX
mkona [5]. Ocrojuh u capaHUIY Cy UCIIUTUBAIN CTatbe
OIPeM/bEHOCTI OCHOBHYIX IIKO/Ia Y HuIraBckoM OKpyry.
HbxoB saby4ak je gacy :
«..IIKo7Te Y HYIIIaBcKOM OKpYTY 3a peamysariyjy mpemmMera
OIITEKY/ITYPHOL, JPYLITBEHO-eKOHOMCKOL, IIPUPOIHO-
MaTeMaTI4KOT ¥ M300PHOT TOApyYja pafia OIpeM/beHe Y
IPOCEKy 35-70% IpeMa BakehuMM HOpMaTuBUMa» (CTP.
254).

AyTOpU Cy ja/be HaBe/M [a «OTPOMHO LITAPEHITIO» TI0-
CTOjJ U Y OIIPEM/bEHOCTY KaOVHETa, I1a je TaKo OIpeM/be-
HOCT KaOyHeTa 3a Xemjy 6101a usMeby 20 1 90 %. Y papy
HIICY [Ty TIOlalJl O TOMEe C€a YMM CY LIKOJIe OIIpeM/beHe
Kao HJ METORO/IOTYja KaKo Cy yTBpheHM M3HeTH ITOfaLN.
CBeyKyIIHO IVIeaHo, TI0CTOj1 OATAK, Off IIpe feceT TOfu-
Ha, J1a OKO 55% OCHOBHMX IIIKOJIA HUje MMAIO KabyHeTe U
A OKO 40% IIIKOJIa HYje MIMAJIO HYKaKBa HacTaBHa Cpefl-
cTBa [6].

Y HacTaBM Xemuje HeKa YeCTO MPUMEbMBAHA HACTaB-
Ha CpeficTBa 00yXBaTajy y30pKe CYIICTaHLIM, MOJie/Ie aTo-
Ma, MOJIEKYIa, KPUCTA/THIX PeLIeTKY, MaKeTe, LeMe, Ivja-
rpame, rpaVKoHe, TaO/uIle, IOpTpeTe HayYHNKa, BUEO
3anuce, aHUManyje, cuMynamuje uth. Mehytnm, sa oBaj
HACTaBHY IIPeIMET Off HAPOYMUTOT CY 3Ha4Yaja XeMUKINjE,
JTabopaToOpMjCcKO II0Cyhe ¥ MHCTPYMEHTH KOjI Cy HEOITXOfI-
HM 3a y4etbe Y3 moMoh orefa.

Onpem/beHOCT KabMHeTa OIIPeMOM 11 HaCTaBHUM
cpencTBuMa peduHcana je ITpasunnuxom o Hopmaiu-
BUMA WKOTICKOT UPOCiiopa, otipeme U HACTAABHUX CPegCilia-
84 Y 0OCHOBHOM 00pazosarvy u saciiuitiarey (y a7beM TEKCTY
IIpasunnux; [7]). HopmaryBuma ce yTude Ha u3jeHava-
Barbe IIPOCTOPHO-MaTepyja/IHNX YCIOBa Y IIKOJIaMa U Ha
BIIXOBO PAlMOHATHO HobosbpLIatke. [Tponmcann HopMma-
TVBY ofipehyjy MUHMMYM cpeficTaBa Koje IKo/Ie Tpeda [ia
o6es6ene. Y mocrojehem IIpasunHuky HaBe[eHO je a ce
HacTaBa XeMMje U3BOIM Y CIELVjaTN30BaHOj YINOHUIIN
Koja Tpeba Jja MMa pajHy ¥ IIPUIIpeMHY IIpocTopyjy. [lo-
KYMEHTOM Cy npensubeHa pasmdura olpeMa 1 HaCTaBHa
cpepncTBa Koja ¢y KimacugukosaHa y cnenehe rpyme: Busy-
eHa (YKYIIHO 44 CTaBKe), allapaTil 1 MHCTPYMeHTH (10),
naboparopujcky mpuoop (34), 1abOpaTOpMjCKO CTAKIO
(54), xeMykamje (100) U cTpy4Ha IUTEpaTypa (5).
HajIoTpeOHUjUX CPefiCTaBa U HBIXOBE AUAAKTIYKE VM-

106 Xemujcku upeineg

Vicnywaame 3axTeBa npensubenvx IIpasuntuxom
HofjpasyMeBa 3HaYajHa (pUHAHCHjCKa CpeficTBa. Mebytnm,
cafanmbe pyHaHCHpame obpasoara y Cpbuju omoryha-
Ba CaMO IIYKO OfIpyKaBabe CHUCTeMa M He ITOCToji Moryh-
HOCT 6110 KaKBOT 030V/BHOT pasBoja [8]. CMarberbe yuen-
ha gpx«aBe y punaHcHpamy o6pasoBama TOBETIO je o JIo-
IIIeT CTamba IIKOJICKe MHPPacTpyKType 1 HeMoryhHocTH
aIeKBAaTHOT OIIpeMarba IIKO/IA AVIAKTIIKO-METONMYUKIM
CpefCTBIMA ¥ OIIpeMOM 3a pag, [9]. VI3 Tor pasjora Heomn-
XOJIHO je YCTAHOBUTH Ca KOjYIM HACTAaBHUM CPeCTBYIMA
PacIIonaxy UIKOTIE.

METOJO/TOINJA

McTpaxuBarbe je M3BENEHO Y IWbY CaKyIUbarba MH-
¢dopmanja 0 OIpeM/bEHOCTY IO3HIIKIX OCHOBHIX IIKO-
7a 3a HacTaBy xemuje. JIosHMIIa MMa 14 OCHOBHMX LIKOI3;
OfI TOra, 4eTUpM Cy IPajcKe, a JeceT je CEOCKUX IIKO/a
[10]. MehyTum, Tpeba HarmacuTy ia je 6poj IIKOJICKMX 00-
jexara 3Ha4ajHO Behu jep MHoOre LIKOJIEe MMajy MCTYpeHa
ofie/berba Koja HUCY O11a Jieo MCTpaKuBarba. bpoj ocHOB-
HVIX IIIKOJIa Ha TEPUTOPMjY Tpajia unHM 1.2% Gpoja IKoma y
Perty6mmiyt Cpbuju, a MCTH IIPOLIEHAT OFHOCH ce 1 Ha 6poj
ofieTberba, Opoj yueHnKa 1 6poj yUeHNMKa KOjit Cy 3aBpIL-
1M OCHOBHY 1iKony [11]. Victpaxuasbe je ypabeHo y ce-
ZlaM TPaJCKIIX ¥ CEOCKVX IIKO/IA. Y30paK HIKO/IA je ITPUTO-
maH. Paju 3amryre upeHTUTeTa, HasyBM 1Ko/a Hehe 6utn
nomMumaHu. VicTpaxusame je U3BeIeHO y alpwIy U Majy
2012. rofyHe. JJMpeKTopy MIKO/Ia M HACTaBHUIIY XeMUje
Jamu Cy CBOjy CaIJIaCHOCT 33 MCTPaKMBAKb€, HAKOH IITO
uM je ynyhena monba. Vicrpaxusame je ypabheHo Ha Ha-
YJH JIa je HaIlpaB/beH Crycak BehyHe cpeficTaBa Koja ¢y
3aTeyeHa y paJjHoj 1/Wy IpUIIpeMHo]j mpoctopuju. Ham-
Me y HeKMM IIIKOJIaMa, 360T HeOpure y oipyKaBakby PafHOT
¥ IPUITPEMHOT IPOCTOpa Huje 6110 Moryhe mornvicaTy cas
npubop, nmocybe n xemyxammje. Hexn acriexryt 3aredeHor
craba cy ororpaducanm.

PE3YJITATU N1 JUCKYCHUJA

Y ToKy nocnembux fBajieceT rofVHA, YeTUPU TIyTa je
MEmaH HAaCTaBHU IIPOrPaM 32 OCHOBHE IIKOJIE, JOK CBE
BpeMe BaKu [Ipasunmux 13 1990. TofyHe. 3aTo je MUTambe
KOja HaCTaBHA CPeCTBa U3 Tor [Ipasunnuka Tpeba faHac
ma 6yny obesbehena y mxonama. OcuM TOra, TEXHIIKN
Hallpeflak y4MHNo je fa ogpehene craske y IIpaBumHuky
IoCTaHy usymiHe. Ha npumep, npaBuIHUKOM je ITpenBu-
ben rpadockon. HarpetkoMm MHOPMaTHUKMX TEXHOMO-
TMja, IOCTOjarbe Ipa)OCKOIIa IOCTAIO je MSMIIHO I1a Ce Ha
OBOM M C/IMYHVIM IPYMEPUMA MOXKE BUJETH JJa HOPMaTH -
BYI HVCY CaBPEMeHI U Ia VX je IIOTPeOHO IPIIArOfyTH Ca-
JallbyM HoTpebama HacTaBe. To ce moce6HO OgHOCU Ha
pauyHape u o6pasoBHe mporpame. [TogyuaBarse xemuje je
3HAYajHO OTEKAHO KaJja He IIOCTOjU MOTyhHOCT Ja ce Kpo3
aHuManyje, CUMyIaluuje u Gpyre MyaTUMeIyjaIHe Mpu-
CTYIIe yYerby, y9eHMIIVMa YKKe Ha penatyje usmeby cyo-
MMKPOCKOIICKOT, MaKPOCKOIICKOT ¥ CUMOO/IIYKOT acIeK-
Ta xemuje [4]. 360r Tora, y oBoM pany HeheMo ce 6aBuTH
yropebyBarmeM pealHOT CTamba ca MPOIVCAHVIM, MaKo he-
Mo ce nosuBaTy Ha IIpasunnux. VIsHoweme pesynrara u
mucKycuja 6uhe ycMepeHn Ha aHAIU3Y 3aCTYIUBEHOCTH
IVIVKaLyje.



Ipema IIpasuntuxy, mKoe 61 Tpebaro fa uMajy
CTIELVjaTN30BaHy YYVMOHMITY 3a PeaM3allijy HacTaBe Xe-
Mjje Koja 00yXBarta pafiHy 1 IpUIIpeMHy IpocTtopujy. Ox
ceflaM OCHOBHYIX IIKOJIA, IIET IIKO/IA MICITYH-aBajy YCIOB
TOK JIB€ LIKOJIE HE UCITYIbaBajy M y IbJIMa CE HaCTaBa OfIBY-
ja'y yunoHMIIaMa oImuTe HaMmeHe. [luMeHsje IpocTopyja
pajiHe 1 NpuIipeMHe, naxo cy Ilpasunnuxom oppebene,
HICY U3MepeHe, I1a y TOM CMICITY He MoXKe ce pehu ia i je
nocrojehe cTame y carmacHocTy ca nponvcanum. Meby-
TUM, ¥ LIIKOJIE KOje TIOCERYjy pajiHe IIpOCTopuje, He 3a50-
BO/baBajy YC/IOBE Y MOITIENY onpeMe nporicane IIpasusn-
Huxom. Ha mpumep, HijeqiHa 1IKO/Ia HEMa JIUTeCTOp, ala-
par 3a raieme Io)kapa, IpUpy4Hy arloTeKy 3a IIPBY I10-
moh.

JenaH o OCHOBHMX 3aK/by4daka je fia He IIO0CTOj 3Ha-
YajHa Pas/Ka, y OITIENy OIPEM/bEHOCTH 3a HACTaBY Xe-
M1je, n3Mehy rpaJicKux 1 ceocKux ILIKoja Koje cy Ouie
obyxBaheHe MCTpaKBarbeM. YKOIVKO IOCTOje Pas/yKe ¥
OIIPEM/bEHOCTH, OHE BEPOBATHO HUCY IIOC/IENNIIA HEMO-
CTaTKa MaTepyjaTHIX CpefcTaBa, Beh HauyHa pykoBohera
mkosnoM. Ha nipumep, y jeHOj ceoCcKoj LIKO/IN, 3a pasiuKy
OfI IPeoCTaJIe JIBe, TIPUMETHO je /ia e HabaB/bajy HOBe Xe-
vuxayje. C ipyre cTpaHe, jefHa Of YeTUpH IPafICKe IIKO-
JIe He pacroyiaxke HY HajOCHOBHMjYM XeMUKIIjaMa, 1abo-
paropujckumM nocyhem u nprubopom. Vimajyhn y Buny na je
y30pakK IIPUrOfiaH, 0Baj 3aK/by4aK Ce He MOXKE Ca CUTYP-
HolNy reHepaM30BaTy Ha CBE OCHOBHE IIKOTIe y JI03HM-
L.

Crepehy 3ax/py4dax je ja IIOCTOjM BeIVKa Pasnnyu-
TOCT Y OIIPeM/bEHOCTY KabJHeTa XeMyjje HaCTaBHVIM Cpef-
CTBMMA. 3a roTpebe NpYKasuBarba y 0BOM Pajly, HaCTaBHA

cpeficTBa Cy rpymucaHa y creiehe rpyme: BusyenHa ydmia,
artapaTyl ¥ MHCTYMEHTH, XeMVIKa/Ivje, Tab0paTopUjCKO II0-
cyhe®) u pubop.

3acTyIUbeHOCT BU3Ye/HUX yumia (Tabena 1) Huje 3a-
moBosbaBajyha, mocebHO ca acmekTa MOCTOjarba MOJeNa
aToMa, MOJIEKY/Ia, KPYUCTA/IHUX peleTKy 1 ¢pororpaduja
Hay4HMKa. 33 MOJieJie Cy HeOIIXOJHa 3Ha4yajHa HOBYaHa
CPefICTBa, 1a 1 He M3HeHabyje IITO Cy 3aCTYIUbEHU Y CaMO
nABe 1ikore. Mehyrtum, sauybyje na camo y jenHoj nxonn
HIOCTOje C/IVIKe HayYHMKa. Y4Uerbe XeMuje IofpasyMeBa I
yderbe 0 HayYHVIVMa KOjU CY JOIPYHEN 1eHOM PasBojy,
crora ¢ororpaduje HayIHNKA MMajy BEUKI 0OPasOBHU
3Ha4aj. Y jefHOj NIKO/IM He IIOCTOj€ HY HajOCHOBHM]ja Ha-
CTaBHa CpefiCTBa Koja cy HabpojaHa y Tabenn 1. Taksa
CPEefCTBA, MAKO Ce MOTY KYIIUTH, MOTY Ce HaIIpaBUTH 1/
WIM CaKyINTY. 3alIpaBo, aKTUBHOCTH Y KOjiMa 611 Y4eH-
1M IIPaBIIM HaCTaBHa CPefiCTBA HaBelleHa y Taberm 1. bute
6u1 BUJ ,,KpeaTBHOI yuerba.

3acTYIUbEHOCT alapara 1 MHCTpyMeHarta (Taberna 2)
takobe Huje 3agoBorbaBajyha. [IpumMeraH je HeocTaTak
Bara 11 TepMomMeTapa. Camo jegHa IIKoa je cHaOleBeHa ca
BaroM (e/IeKTpIYHOM U MEXaHIMIKOM) Kao U ca TepMOMe-
TpoM. 3actapenocT [IpaBuHNKa BUmy ce ¥ Ha OBOM IIpH-
Mepy, jep je 3a OueKuBaTH Jia Y JaHAIIbe BpeMe HIKoTIe 6y-
Ty OIIpEM/bEHE €/IEKTPMYHOM BaroM, a He CaMO MEXaHWY-
KOM TEXHITYKOM BaroM, IpMMapHO U3 Pa3/iora ymreye
BpeMeHa IIpU BIX0BOj IpuMeHn. MebyTuM, MexaHI4Ka
Bara ¥Ma Be/MKM IUJAKTIYKY 3Ha4aj ca acIieKTa yIo3Ha-
Barba M/IQJIVIX Ca MICTOPUjCKMM aCIIEKTMMa pa3Boja MHCTY-
Menara. 36o0r Tora 61 BepoBaTHO, 6ygyhuM mpaBumHu-
KOM, Tpebano mpeasupetyt o6a Tuma Baru. IlIto ce Tiue

Tabena 1. Yopehusame 3acTyn/beHOCTY HEKOMMKO BU3YETHNX yUMIA Y CeflaM OCHOBHUX IIIKOJIa

OcHoBHe 1IKO0J€e
Busyeana yunia
1 II 111 v \% VI VII
[lepuonHu cucrem enemeHara + + + + + + _
leme n/vnu rpadMKOHN /UK TaOIHILIS + + + + + + R
30upke y3opaka MeTaia u/ui pya u/uin MUHepaia - + + + - + -
Mogenu - + - + - - -
Cryke Hay4YHUKa + - - - - - -

Tabemna 2. Ynopebusame 3acTyI/beHOCTH amapara ¥ MEpHMX UHCTPyMeHATa y ceflaM OCHOBHUX IIKO/IA

OcHOBHe IKO0J1e
AnapaTi ¥ HHCTPYMEHTH

I 11 11 v \% VI VII
[nupurycHa nammna - + + + + - _
Enexrpuuna Bara - - - + - - -
MexaHn4Ka TEXHUUKA Bara ca FapHUTYpOM TEroBa - - - + - - -
[Ipubop 3a nokazuBame HpOBO):[JLI/IBOCTPI* - - - + - - -
Kunos anapar - - + - - - -
Xo(hmaHOB amapar 3a eJIeKTPOIIH3Y - + - - - -
Tepmomerap - - - + - - -

Wspagumm yuennum

9y IIpasunnuxky ce rOBOpK O TabOPATOPMjCKOM CTaKITy, A/ y OBOM pajy koprctuhe ce TepmuH nmaboparopujcko mocyhe xako 6u ce, moper

HpefiMeTa Off CTaK/Ia, 06YXBaTV/IN 1 TIPEAMETH Off IOPIfy/IaHa.
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TEpMOMETApa, Y JaHalllibe BpEME je HEPUXBAT/bJBO ONpe-
MarTy IIKOJIe Ca >KVBVHIM TepMoMeTpyMa [12]. Kao m3Bop
TOIVIOTE Y IIKOJICKOj IIPAKCH, IIIMPUTYCHE JIAMIIE CY BEO-
Ma noropHe ¥ Tpebano 6u nx 06e36enuTi. Y 0BOM MOMeH-
Ty Y4eTHpHU IIKOJIe UX 1ocenyjy. Jobpo je u mro y Tpu
HIKO7Te HocTojy1 Behyt 6poj MINMMPUTYCHMX JTaMITH. YTIOTpe-
6a OBOT IpejHOT Teyla y BENMUKOj MepU 3a[l0BO/baBa HACTABY
XeMMje Y OCHOBHO]j LIKO/N. Y OfJHOCY Ha Jipyra IpejHa Teja
y xemujckum naboparopujama (byH3eHOB mameHuK),
IIIMPUTYCHE /IaMIIe Cy IIOTOfjHIje 32 CAMOCTa/IHU pafl yde-
HyKa. Of IpyTyX anapara Yy jegHoj LKo/y noctoju Kumos
amapar 3a jobujare racoBa, a y ;pyroj XodmaHoB amapar
3a €7IeKTPOTIN3Y.

Y mkonama je ueHTU(UKOBAHO 128 CYICTAHIN.
ITpaBMITHOCT y OLIpeMalby XeMMKa/IujaMa He IocToju (Ta-
6erna 3). EBupieHTHO je fia je Mamwy 6poj cynicranim (13) 3a-
jemHMuky cBUM Hikomama. OBe CyICTaHIle Cy OasyudHe 3a
HacTaBy Xemuje. MebyTum, 1 MHOTe ipyre XeMyKamje cy
norpebHe, I1a je HETOMYCTHBO Aa X Hema. Ha mpumep,
CYMIIOp, HaTpUjyM-XUIPOreHKapOOHaT, Ka/IjyM-Kapbo-
Hat 11 cupheTHY KICEe/VMHY HeMajy JiBe LIKOJIe; jOf] ¥ O/10BO
HEMajy TP LIKOJIe; Ka/ILVj yM-OKCIJ, M T/TYKO3y HEMajy Je-
TVPM LIKO/IE; PPYKTO3Y, METAHOI 1 ALIeTOH HeMa IIeT KO-

71a; eTaHOJ M IJIMIEPO/ HeMa HiecT 1Korna. [TpumeTHo je
Jia TIeT IIKOJIa TTocenyje xuBy. MehyTum, omacHocT koja
IIPOM3IIA3Y Of HEMPABUIHOT YyBarba M PyKOBarba OBOM
XEMVIKTIjOM je BETIVKa, 11 Ce HeHa YIIoTpeda He Ipero-
pyduje y mkonama [12]. [Tperenom mMarepujaHIX ycmoBa
3a pealM3anyjy HacTaBe XeMlje YCTaHOB/bEHO je Jla y CBa-
KOj LIIKOJIV TIOCTOje CYIICTaHIIe Koje ce He MOTy MeHT(u-
KOBaTIL. Y HEKMM IIKOJIaMa IbJIXOB IIPOLIeHAT ce Kpehe n
10 20% (y jemHoj UKoy npeHTU(UKOBaHE CY 54 CYIICTaH-
1ie, JOK 10 HUje, a Y IPYTOj Cy UaeHTH(dNKOBaHe 83 CyII-
CTaHIle 10K 18 Huje). OBe uMIbeHMIe YKa3yjy Ha HeKyp-
HOCT HacTaBHMKA. YMHM ce [ja HACTAaBHUILIM He BOTiE €BU-
JIeHIIMjy O BpeMeHY Kajla Cy HabaB/beHe HOBE XeMUKaje,
Kafia Cy IIaKOBarba OTBOPEHA, Y K0jOj KOMMYMHY MX jOIII
MIMa ¥ C/IMYHO. 3a1paBo, Y BehMHY LIKOTIA je 3araeHo Aa
ce XeMUKa/Inje, Taboparopujcko nocyhe u mpubop He oxp-
KaBajy IIpeMa IpormcymMa (CmKa 1).

3a maboparopujcko nocybe n npubop npuKasuBame
pesynTara 1 JUCKycuja Cy HEMMHOBHO Apyraumjiu, jep je
Beh1Ha HabpOjaHVIX IpYMepaKa PasIMIUTVX ,,JUMEeH3Mja ‘.
Ha npumep, maboparopujcke 4aiie Mory 6uTy of 5 io
1000 ml 1 Bymre. 3a HaCTaBy HOTPeOHE CY M Jallle Ma/IX
3arpemuHa (07 5, 10 wn 100 ml), TocebHO Kaja ce MHAN-

Taberna 3. Ynopebusame 6poja 3ajemTHIYKIX XeMUKa/INja y LIeCT OCHOBHUX IIKOIA
(Hamomena: Cegma IIKO/Ia HUje MMaTa XeMUKanuje)

bpoj
HIKO0J1a

bpoj
XeMHKaTHja

IIpumepn xemukaiuja

Jenna

41

aHTHMOH, aMOHHjyM-KapOoHaT, aMOHHjyM-Cyindar, amoHujyMm-xmnopart, apceH (III) — okcun,
aTponuH-cyadar, OGapujym-kapOoHat, Oopakc, OpoMoBojoHMYHA KucenwHa, reoxhe (III)-
okxcun, reoxbhe (II)-cyndma, rmmkon, muermnerap, eraHon, ermi-amerar, xwusa (II)-oxcun
(kytn), xuBa (II)-xmopua, KanaujyMm-XuaporeHKapOOHAT, KalujyM-OpoMaT, KajujyM-cyidar,
Kanujym-xpomat, kanaj(Il)-xmopua —auxumpar, KailyjyM-HHTPaT-TeTPaxuApaT, KajlujyM-
XJIOpUA- AWUXUAPAT, JHMYHCKAa KHCEIMHA-MOHOXHJIpAT, MpaBjba KHCEIHWHA, HATPHjyM,
HaTpHjyM-KapOOHAT-AeKaxuapaT, HaTPHUjyM-OKcalaT, HATPH]yM-CyA(H], OKCalHa KHUCEIHHA-
muxunpar, onoBo (II)-oxcmm (kyTH), mnerpoierap, CalWLMIHA KHCENIMHA, CTEApHHCKA
KHCEJIMHA, CTPOHIN]YM-XJIOpHI-XeKcaxuapar, yribeHuk(IV)-cyndun, yribeHTeTpaxiopum,
LeTy103a, IUHK-OKCHI, TUHK-XJIOPH] (AHXUIPOBAHHN)

JlBe

24

ATyMHUHUjyM-CylaT-XeKcaleKaXuapar, aMOHH]yM-IUXpOMaT, aMOHHjyM-HHTpPaT, aleToH,
Oaxap (mpax), 6eH30eBa KuceanHa, OpoM, BUHCKa kucenuna, reoxhe (II)-cyndar-xenraxuapar,
JIeCTHJIOBaHA BOJa, KaJIHjyM-THOLIMjaHAT, KaJIHjyM-(eporujaHuA-TPUXUAPAT, KaIIH]jyM-
XUOPOKCHI, KaJIHjyM-XJIOpuA (QaHXHUAPOBAHM), METAHOJN, HATPUjyM-TIEPOKCHI, HATPUjyM-
CHJIMKAT, HaTpHjyM-Ccyiadar-IeKaxuapaT, HaTpHjyM-THOCyiadar-nentaxuapar, oaoso (I)-
anerar-tpuxunpar, crmnujymM(IV)-okcun, pocdopha xucennna, GpykTo3a, IIMHPUATYC

Tpu

20

GopHa KHCENMHA, BOJOHHK-TIEPOKCHJ, IJIMIEPON, IJIyKo3a (aHXHIpOBaHA), TIIyKO3a-
MoHoxupart, reoxhe (I1I)-xmopua-xekcaxuapar, KalimjyM-XJIOpHUI, KaJlijyM-XJIOpaT, KalrujyM-
HUTpPaT, KaJWjyM-HATPUjyM-TapTapar-TeTpaxuapar, KajalujyM-KapOul, KaJiijyM-OKCH]I,
MarHe3ujyM-cyngar-xenTaxuapar, HadraauH, HaTpHjyM-cyndar (aHXUIPOBAaHH), OJIOBO
(ILIV)—okcuna, onoso (II)-autpar, crurnca, GpeHon, THHK-CyIdaT-XxenTaxuapaT

Yerupu

16

aKTUBHH YraJb, a30THA KHCEIWHA, alyMHHHjyM (Tpax), OapHjyM-XHIPOKCHI —OKTaXHapar,
OcH3MH (MEOMIMHCKH), JKHBA, jOJ, KaJHjyM-OUXPOMAT, KaIUjyM-jOIHUI, METHJIOPaHX,
HaTpHjyM-KapOOHAT (aHXUPOBAHM), HATPHjyM-alleTaT (AHXHIPOBAHN), OJIOBO (TpaHyJe), ypea,
¢denondranenn, Gochop (upBeHu)

Ilet

14

0apujyM-XJIOpHI-TUXUAPAT, TBoxkhe (mpax w/mim onwbin), xuBa (11)-okcun (1pBeHn),
KanujyM-kapOoHat, —Kanujym-Opomuz, —KamujyMm-xugpokcun, Manra(IV)-okcun,
MarfHesujym (Tpaka WWiIM Tpax), HaTpHjyM-aleTaT-TPUXHUAPAT, HATPHjyM-
XUOPOTEeHKapOOHAT, HATPHjyM-HUTpaT, cupheTHa KucenwHa, cymmop (mpax),
bopmannexun

Ilect

13

amMoHHjak, amMoHHjyM-xaopun, Oakap (II)-okxcun, Oakap (II)-cyndar-nenraxumpar, Kanujym-
[IepMaHTaHaT, HaTPHUjyM-XHIPOKCHJ, HATPUjyM-XJIOpHJ, caxapos3a, CKpoO, cpeOpo-HUTpaT,
CyMIIOpHA KHCEIHHA, XJIOPOBOJOHIYHA KUCEIMHA, IUHK (TPaHyJie W/UIHU MPax)
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BYJIYaJTHO Pajy, a/I) U Jallle BeJIMKIX 3anpeMyHa (Of HIIp.
600 ml) kajia ce MpuMembyje MeToa II0KasyuBarba. 360r To-
ra HabpojaHo mocyhe 1 3HaK ,,+“ y Tabenu 4 He yKasyje ga
JIV CY IIKOJIe OIIpeM/beHe Ca ONTMMATHIM OpojeM IpyMe-
paka. Ha mpymep, y jerHoj LIKOMV YKYIIHO je M36pojaHo ca-
Mo ocaM erpyseTa. HerojM/p1BO je fia ce 6110 Kakas 03-
OVbaH MHAMBUIYAHN paji MOXKe M3BOTMTH Ca OCaM eIIpy-
BeTa. To a/be 3HaUM 1 yueHNIM u3 Te mKoye Hehe crehn
HJI HajOCHOBHMjY BEIUTMHY KO IITO j€ paj Ca elPYBETOM.
CraHo ce Moyke pehn 11 3a ocTajle cTaBKe IIpUKa3aHe y
Tabenm 4.

3aKby4ax je la 1 y IIKO/IaMa KOje IMajy HeIlTO Of /Ia-
6oparopujckor mocyha 1 nprbopa, irxoB 6poj Hije ZOBO-
JbaH 32 MHAVBUAYATAH Y VHAVBULYUIM3MPAHY OO/IUK pa-
ma.

CBe HaBeJleHO IT0Ka3yje fja y BehuHm 1kona, Koje cy
6ute o6yxBaheHe OBUM UCTpaKUBarEM, He IIOCTOje Y H0-
BOJBHO]j Mepy /TabopaTopyjcKa olpemMa 1 pyra HaCTaBHA
CPeLCTBa, KOja Cy HACTABHVKY HEOIIXOHA 32 OCTBAPVBAIbe
006pa3oBHIMX MCXORA KOjU Cy TpefBr)eHN CTaHmapaymMa.

— 3 — el i il =
Cnuka 1. HeaexBaTHO ofpykaBarbe 1a60paoTOPMjCcKOTr pnbdopa, mocyha u xemmkanuja

0 ERE s
= |

3AK/bYYAK

wb ucTpaxuBarba, 4ujy Cy pe3yaTaTy IPe3eHTo-
BaHM y OBOM pajly, je CTULIAIbe CasHarba O TOME y K0joj Me-
M IIOCTOj1 MaTepyja/Ha ITOTIIOPA 3 PeAT30Batbe HacTa-
Be XeMUje Y celaM IPajICKVX U CEOCKMX JIOSHIYKIX OCHOB-
HMX IIKOJIA Ha IIOYETKy 21. BeKa. [/1aBHM 3aK/bydiy Mory
ce caKeT y clefeNyX ITeT TBpIEbIL:

1) Huje ytBpbeno ma mocToju OutHa pasmuka y
OIIPeM/BEHOCTH OTIPEMOM U HACTaBHUM CPEICTBIMA W3-
Meb)y 4eTHpy rpajicke 1 TPY CEOCKe OCHOBHE IIIKOTIE;

2) Hopmarusu cy sactapeny u Tpebao 61 Harpasu-
TI HOBE;

3) Hemajy cBe mikone pagHy 1 IpuiipeMHy IPOCTO-
PUjy Kao H IOTPeOHY oIpemy;

4) llIkore cy pasmdmTO OIpeMbeHe, IPK YeMy Ce Y
HEKJIM IIKO/IaMa OIpeMa Vi HaCTaBHA CPECTBA He OfipyKa-
Bajy Ha ofroBapajyhyt Haun;

5) VI3BecHa HacTaBHa CpeficTBa C/1abo Cy 3aCTYIUbeHa
y mkonaMa. CpeficTBa Koja IIOCTOje Y IKO/IaMa HUCY 3a-
CTYIUbeHA y Opojy Koju1 611 6110 TOTpedaH.

Ta6ena 4. Ynopebusame 3acTymbeHocTy naboparopujckor nocyba u mpubopa y cejaM OCHOBHUX IIKOJIA.

JlaGopaTopujcko nocyhe u npudop

OcHOBHe IIKO0JIe
111 v \% VI

]
=)

VII

Enpysere (16x160 mm)

CaxarHa cTakia Pa3INYUTUX BEIINYUHA

CTakjeHH JIeBaK

JlaGopatopujcke Jare (pa3IMuUTHX 3alPEeMUHA)

+ |+ [+ |+

[lopuenancku aBaH ca Ty4YKOM

I R R

MeH3zypa (pa3IHuUTHX 3aIPEMHIHA)

CratuB

Yerkuia 3a npame ernpyBera

IItunasska 3a enpysere

| ]|+

+ |+ [+ +

[pcren 3a neBak 3a neheme

Cranax 3a enpysere (pa3IHYNTHX KalaluTeTa)

N R R N R R R

4|+ ]+ |+

Duntep nanup

ol e I B e e N o S

+ |+
+ |+

Myd

Boua ca nummpoBannM 3amyniadeM 3a TeYHOCTH, Oelne

boua ca nmdopaHnM 3aryiayeM 3a TEHHOCTH, MPKe

+ |+
+ |+

Tnpury 6ora

Craknenu mwranuh

[
4+ [
+ |+

ITHeymarcka kaja

N R R N R N R R A R

[+ [+ |+
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Cmnuna 6ygyha ncrpaxusata, Tpedano 6u fa mgo-
IIPUHECY [IPaB/betby HOBOT IIPABIJIHIKA O HOPMATVBMMA
IIIKO/ICKOT IIPOCTOPA, OIIpeMe ¥ HACTABHIX CPEfICTaBa, KO-
juM he ce perynucary norpede HacTase/ydera XxeMije y
Hape/JHOM IIePUOTY.

3axsamHyma: Paji je HacTao Kao pesynrar UCTPaKu-
Barba Ha HAyYHOM IIpOjeKTy Teopuja u Impakca HayKe y
APYIITBY: MyNITHVICLIVIVIHAPHE, 00pasoBHe u Mehyrene-
paumjcke nepcrekxrse (6p. 179048) Koju ¢puHaHcpa Mu-
HMCTAapCTBO IIPOCBETE, HayKe I TEXHO/IOLIKOT pasBoja Pe-
ny6muke Cpougje.
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Abstract

CHEMISTRY INSTRUCTION EQUIPMENT IN ELE-
MENTARY SCHOOLS IN LOZNICA

Igor M. MATIJASEVIC, Faculty of Chemistry - Univer-
sity of Belgrade

Ivana D. JEREMIC, Primary school ,Petar Tasi¢“ in
Lesnica - Loznica

Jasminka N. KOROLIJA, Faculty of Chemistry — Univer-
sity of Belgrade

One of the requirements for quality instruction in che-
mistry is undoubtedly the lab equipment and supplies. This
is the main reason why it is crucial to have an overview of
the fiscal-technical circumstances in which chemistry in-
struction is conducted in elementary and secondary scho-
ols. This research paper presents findings regarding
chemistry equipment in seven elementary schools in the
Loznica district. The data collected show the following: 1)
there is no difference in chemistry equipment regarding
rural and urban schools, 2) the equipment of schools is not
homogeneous; 3) in general, school equipment is inadequa-
te. This kind of research is valid for two reasons. First, there
is no comprehensive and systematic overview of the availa-
bility of teaching resources in schools, and second, it is im-
portant to establish a new Statute to regulate school space,
equipment, and teaching resources, particularly since the
current Statute was enacted in 1990.

BEJIEIIKE

jevic8g@gmail.com)

Opn Mapra oBe rofjyiHe CTYAeHTH XeMujcKor akyrire-
Ta MMajy CBOj CTyfeHTcKM yacomnuc - IIO3MTPOH. IIp-
BEHCTBEHM L[M/b OBOT YaCOIIVCA je 1a CBOjUM CafprKajeM
YIIyTU Ha aKijyje CTyfieHara, paj, CTyIeHTCKOT IIap/laMeHTa
Xemmjckor QaxynreTa, KyITypHa JielllaBaba, Al U CTY-
IeHTcKM XuBoT yomure. Haume, y Ilosutpony ce mory
nponahy paBoBpeMeHe U IpoBepeHe nHpopMalyje Koje
Ce OfJHOCe Ha aKTYe/IHe YC/IOBE CTYRMparba Kao 1 NHPOp-
Malyje 0 pasnMYUTUM CTUTIEHMjaMa, HarpaiaMa, HayyHo-
THOITy/IApHYM IIpefaBamliMa ¥ KoH(pepeHIjaMa Koje ¢y off

110 Xemujcku tipeineg

VBana AHTOHUJEBUR, Xemujcku daxkynrer, Beorpag (EnekTpoHcka momrra: ivana.antoni-

ITIO3NUTPOH- 3ATO HITO CMO IIO3UTVIBHI!

BEJIVIKOT 3Ha43ja 3a JA/bE YCABPIIABAbE jep AOIMPIUHOCE I0-
6orplary obpasoBarba Maiux byau. [lopen nHdpopma-
TUBHMX, CpX [103UTpOHa YMHe 1 MHTEPECAHTHY efjyKa-
TMBHM TEKCTOBY Be3aHU 3a 00/IaCT IIPUPOJHIX HayKa Kao
" YWIaHOM nocsehenn AKTYE/IHVM U IIOITYyJTapHVM T€MaMa,
VICTOPMjY XEMUje ajlil ¥ pasHe Jpyre 3aHVMbUBOCTIL.

Tum ITosuTpoHa YMHM I'PyIIa eHTY3MjacTa OKyIUbe-
HJIX OKO JICTe UJIgje Ca >KEJbOM JJa aKTMBHO YYECTBY]Y Y CTY-
TEHTCKOM >XMBoTy. Yacomnc npumpemajy 41aHOBU pefaK-
nyje: ViBana Auronnjesnh (I'1aBHU 1 onroBOpHU ypeq-



HUK), Munowm Kosuh (3amennx
ypenHuka), Anekcangap Camum,
Tujana Bervrukosuh 1 @yow Cre-
BaHoB1h. ITopey crayHuX wiaHoBa
penaxuyje y ypebusamy gacoryica
Y4ecTBYjy 1 OpOjHY CapagHIM KO-
¥ CBOjVIM MJi€jaMa YIIOTITYEbYjy CBa-
K11 HoBM 6poj. Yacomic nsnasmu me-
puomdHO 1 becruatad je. locty-
IIaH je y eJIeKTPOHCKOM OO/IMKY Ha
cajry Xemujckor akyarera Ha
CTpPaHMIIY O CTYHEHTCKUM OpraHu-
sauujama (chem.bg.ac.rs/studorg/)
Kao ¥ Ha Beb-cTpanuuu http://si-
tes.google.com/site/pozitronhf/ y pdf
¢dbopmary, ofakie ce TaKo MOXe
npeysert. 3axBabyjyhu cTyneHTI-
Ma XeMujckor pakynTeTa Koju cy
IpaBM 3a/byO/bEHUIIN Y HOBUHAP-
CTBO, a/I/ aMaTepy y OBOM IIOCTTY,
Kao M OfTNYHOM IIPOMOBUCAY
JacoIyIca, TOOWIV CMO OpOjHe IIOXBaJIe U YeCTHUTKE.
KoHuenmuja gacomnyica 3acCHOBaHa je Ha CTa/IHUM Py-
6pukama Mehy kojuma cy CrymeHTcky xmnBoT, Exo yrao,

Bpoj: 1 Mecey:

apt [ogwHe

Tema Gpoja: A.W. Menpersejes

UOREK KO JFE

C:IMOXIAO KOOI IKIALLIFE

Ha nu cte sHanu?, Xemuja fjaHac,
Vntepsjy, e nsahmn? (3a xemurya-
pe) u Tema 6poja. HapagHo, y 11a-
HY je u yBoheme HOBUX pyOpuka
Kkoje he oOyxBaraTy pasHOBpCHe Te-
Me 13 00/1acTy Hayke.

Yaconuc [TosutpoH je Hame-
EH CTYIeHTVMA, Ipodecopyma,
CPeAOIIKO/IINMA, AT/ ¥ CBUM
JbyOUTEbIIMA XeMyje KOjMa JKe/v-
MO Jla Ha 3aHMM/BMB Ha4MH IpU6-
JVDKVIMO OBY VIHTEPECAaHTHY HAyKy.
OBMM ITyTeM MO3MBaM CBE OHE KO-
| ju Kerle 1a TOIIPMHECY U3ITIENY U
™ kBanurery vacomuca. Pago hemo
OfIFOBOPUTH Ha CBa IINTaH-a 1 IaTH
MOJATHA TI0jAlI-EHba ITyTEM €TIeK-
TpOHCKe momre (pozitronhf@gma-
il.com). CBaxa IoxBaja, CyrecTuja
WV KpUTHKa je fobpopmorwra. [la-
TbUTE HaM CBOje TIPeJjIore I TeK-
CTOB€ 1 Ha Taj Ha4/H IIOMO3WTE J]a 4aCOMMC 3KVBY, a MU
hemo ce morpyauTyt 1a OH yro Tpaje.

Lena: 2 ECNB

BECTU N3 CX/[]

IOAHA 10. 6. 2013. OCHOBHA IIKOJ/JIA 'Y I'Y4UU JOBWIJIA JE UME
»AKATEMUWK MWIEHKO HIYIIINR.

Munenko Illynmh poben je 1925 y Iy, e je 3aBp-
ILIVO OCHOBHY IIKOJTy. 3aTVM Ce YIMCAo Yy Ya-
YAHCKY IMMHa3Mjy, @ HAKOH Tora Ha XeMuj-
cky rpymy ®unosodcekor axynrera y beo-
rpagy. JJumioMupao je 1950, a JOKTOpUpao
1955. FOAVHE TIpeJ KOMUCHjOM KOjy Cy YMHU-
nu ipodecopu ITasne Casuh, ITanta TyTyH-
buh, Bykuh Muhosuh, Hophe Credanosnh
u Muxanno Mapkosuh. HakoH kpaher paga
Y CBOJCTBY acucTeHTa Ha MaTtudHoM Pakyi-
TeTy, npeao je y Vincruryt “Bopuc Kn-
npuda” y Bumun. Tonue 1956. n3abpaH je 3a
nouenra Ha Karenpu 3a pusmuky xemujy
ITpupopHo-Maremardkor gaxynrera y beo-
rpagy. Y 3aBony, KacHuje VIHcTUTYTY, I1a Ha
Daxyrrery 3a GpU3UKy XeMuUjy OCTA0 je 0 Off-
acka y nensujy. Banpenuu npodecop mocrao je 1962, a y
3Bambe PEIOBHOT IIpodecopa n3abpaH je 1970. TOAVHe.
ITpodecop Ilymnh 6wo je jenan of MHMIIUjaTOPA OCHMBA-
wa VIHcTuTYyTa 32 XeMMjy TEXHONOTUjY U METATypPIujy
(IXTM); Ha gerry One/berba 3a OMUTY U GUSUIKY XeMIjy
OB€ MHCTUTYILMj€ HATA3NO Ce Off T04YETKa, 1961, 10 1978. TO-

muHe. Buo je wian VHunyjaTuBHOT 0f60pa 32 OCHUBamE
Ipywrsa ¢pusukoxemmaapa Cpouje 1 ieros
IIpefICeTHMK Off, OCHMBAa 1989. [0 1995. TO-
JIVIHe, KaJia je n3abpaH 3a II0YaCHOT Ipefice]-
HuKa. buo je yman Cprckor xeMujcKor
npymTBa, MehyHaponHor enekrpoxemu;-
cxor ppymrsa (ISE) u ViHTepHaryonamHor
yrpyxema 3a seormte (IZA).
Buie of Tpusecer roguHa (1974 —
2006.) 6u0 je yrnenHy wian CpIicke akajie-
muje Hayka u ymetHoctu (CAHY), on 1974
Kao JOIVICHIA, a Off 1985 JI0 2006. Ka0 PeNoB-
HI WIAH.
Munenko lymmh je Hacnenuo je mpo-
¢ecopa ITasma Casuha u y MiHcTuryTy Brin-
Ya 1 Ha MecTy YnpasHyKka 3aBopia / Vincryra
3a ¢pusnuxy xemyjy [IpuponHo-MareMarirakor gaxynrera
y Beorpany. Hacrenuo je u meroBy HayuHy IIpo6eMaTnKy
- paj je mo4eo y ob6macTy XeMyje ypaHujymMa 1 IpofgyKara
mwerose puicyje. Kimacuyny xeMujcky aHanmsy saMeHNo je
nonaporpacKuM UCTPKVBabeM KOMIUTIEKAca OBYIX eJle-
MeHara. Hoa MeTozia MOTHBICana je pajj Ha HOBUM CUCTe-
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MIMa: jOHOM3MEmMBAYMHA, 3€0/TUTIMA, PACTOIMMA COTIA.
HoBw cuctemn 3axTeBany cy yBoberbe oI MOfepHIjuX
TEXHMKA: eKCTPaKIyje, KOHYKTOMETpHje, TaCHe XpOMaro-
rpaduje, HyKIeapHe MarHeTeHe pe3oHaHLyje ... OHe ¢y
oMoryhwie MCTpaXIBarbe COPILVIOHNX TIPOLieca, CyIep-
JOHCKVIX TPOBOJHMKE, CTAKIACTHX/aMOP(HIX MaTepyjaia,
TEXHO/IOLIKM BaYKHIX MeTa/Ia M CIelMjaHMX JIeTypa, all-
copbepa BOJIOHNKA, Y IIMPOKOj 00/IaCTy TeMIleparypa u
HpHUTHCAKa.

YBeo je mpakxcy fla ce HayYHU pe3yaTaTy 06jaB/byjy
IPBEHCTBEHO Y BPXYHCKIM CBETCKVM YacOIMCHMA, ajH je
Ha/Ia31o BpeMe U Jia 06jaB/byje WiaHKe y oMahmm cTpyd-
HIM YaconvicuMa. Tako cy meroBa Hay4yHa ocTUrHyha mo-
CTaIa Jleo CBETCKe Hay4He GalllTIHe, a IeroBo 3Hambe je
Ha/Ia3WwIO ITy T U [0 OHVIX KOjV CY TeK IIOYMIbaIN Jia ce 6aBe

HaykoM. O6jaByo je, caM WM ca capaj-
HMIIMMA, OKO 500 pazioBa y MehyHapoxn-
HVM ¥ oMahyM HayqHVM 9acOMMCHMa
1 300pHMLIMIMA HAayYHMX KOH(epeHLyja.
Pesysratn akapemuka Illymmha nyrmpa-
HM Cy HEKO/IVKO CTOTVHA ITyTa Y paZioBU-
Ma JIpyTUX UCTpakuBada. Peructposao
jé HeKO/MKO IIaTeHaTa.

Munenko IIymmh je pykosopuo
HM30M Hay4HUX Npojekata Perry6mmitke
3ajemHuLIe Hayke, IXTM-au CAHY. Be-
VKU 6POj HEroBOX CapaHIKa MOCTIN
CY YCIeIHN UCTPaKUBaYY U YITIeHN
YHUBep3UTeTCKM HacTaBHMIM. OcTBa-
PMO je MHTEH3VBHY Capajiiby Ca YWIAHO-
BI/Ma HM3a HAYYHUX MHCTUTYLIMjA Y 3eM-
TbU ¥ ’HOCTPAHCTBY.

Y nHactaBy ®usndke xemuje yBeo je
HU3 HOBUX, IPBEHCTBEHO e/IeKTPOoXe-
MUjCKIX, Kypcesa. Hammcao je 1 mpeseo
yubeHKe KOjit ce M laHac KOpJCTe Ha
MHOrnM akynrerima beorpasickor 1 Apyrux yHUBepsu-
TeTa. JIMao je peKo 120 AUIVIOMALla, 3Bakbe MaryCTpa Mof,
EbErOBJIM MEHTOPCTBOM CTEKIIO je OKO 20 IIOCTAUIVIOMALIA,
a CTelleH JJOKTOpa HayKa 25 KaHAu/aTa.

Mimtenko Ilymnh je 0OUTHVK HY3a IpU3HAKbA U Ha-
rpaga: Okrobapcke Harpapie rpazia beorpapa (1966), Opne-
Ha pajia ca IpBeHoM 3acTaBoM (1980), Opyiena 3aciyra 3a
Hapoyj ca 37IaTHOM 3Be3fioM (1988), kao u Beher 6poja 1o-
B€/ba, 3aXBAHMIIA U [/IAKETa HAyYHIX OpraHy3anyja, Ha-
Y4HVX IpyluTaBa U (pakymnreta.

buo je Benuky Hay4HIK, a OCTA0 jefHOCTaBaH YOBEK.
Iberos HeNmpPMKOCHOBEHN ayTOPUTET IIOYMBAO j€ Ha TeMe-
TbMIMA 3HaIba, [IE7IA U JbY/ICKMX BP/IVHA.

Mmwrbenko Iepuh

TT
TTO 106 Aivl,

Y cxnany ca IlpaBimHyKoM o Harpapama 1 pusHassuMa (http://www.shd.org.rs Operpak - [JokymeHTa),

CpIICKO XeMIJCKO JIPYIUTBO OBUM ITyTeM 00jaB/byje

KOHKYPC 3A HATPAJJE M TIPMI3HAIBA'Y 2013. TOOVIHIL

IIpemore KaHAWMIaTa 32 TOYACHE U 3aCTy>KHE YWIAHOBE, TIOYacHe WIAHOBE M3 MHOCTPAHCTBA, TI0YAcHOT IpeficeHMKa JIpyiTsa,
ca IOTpe6HIM 00pasIoKemyMa, Tpebda HacmoButy Ha Komuicnjy sa jaBHa mpusHarba CX]I 1 JOCTaBUT HajKacHije IO 30. Cell-
TeMOpa 2013. I. Y e/IeKTPOHCKOj (OpMI 11 Y IUTAMIIAHOM OO/IMKY Ha afpecy Ipyirsa.

ITpemrore kanpupuara 3a Menabe [IpyIursa, ca HOTpeOHIM 00pasnoKerbMa, Tpeda HacmoButy Ha YKupy 3a Megarse CXJI u fio-
CTaBUTY HajKacHje 0 15.0KToOpa 2013. TORMHE Y e/IeKTPOHCKOj (OpMI 11 Y ITaMITaHOM 0O/IMKY Ha afpecy Ipyiursa.

Mommmo Bac fia cBoje Ipefyiore focTaBure y cKaamy ca IIpaBiHINKOM 0 Harpajiama 1 jaBHVM ITPY3HAbMMA Y Y HA3HAYEHOM PO-
KY.

Cxpehemo Bam maxxeby fja rperyrosu kojut He Oyy HopHeT! y cktay ca [IpaBnHIKOM 1 i HaBeieHOT poka, Hehe 6ty pasma-
Tpanu ofi crpae Komucuje u JKupigja.

3a cBe fopaTHe nHpopMaryje, Mommo obparure ce Kannenapuju Jpymrsa.

Cpnauas rosapas,
Bepa Crymwbanua

112 Xemujcku tipeineg
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