Yuausep3uteT y Kparyjesiy
[IpupoaHo-mMaTeMaTHIKU PaKyITET

Amnka IlejoBuh

CuHTe32 HOBUX OMOJIOIIKHA AKTUBHHUX
XETePONUKJINYHUX jeINECHA KOja cajpixke
(epouen

- JloxkTtopcka nucepranyja -

Kparyjesa, 2015.



Nnentudurkanrona cTpaHuiia J0KTOPCKe IUcepTaluje

I. Ayrop

Nwme u npezume: Auka IlejoBuh
Hatym u mecto pohema: 21.10.1986. roa., BakoBuna
Canamime 3anocieme: ucTpaxkuBad-capaguuk, Ilpupoano-maremarnuku gpakyarer, Kparyjesaiy

II. JdokTopcka qucepranmja

HacnoB: CuHTe3a HOBHX OHOJIOIIKM AKTHUBHUX XeTEPOUMKJIMYHUX jeIMI-eHha KOja caapike
tdepouen

Bpoj crpanuma — 144, 6poj cnuka — 42, 6poj cxema — 15, O6poj Tabena -11, 6poj OubmHorpadckux
jenununa -273.

YcranoBa u Mecto r1e je pan uzpalern: Ilpupoano-maremaTuuku gaxkyarer, Kparyjesan

Hayuna o6nact (YK/I):Xemuja (54), Oprancka xemuja (547)

Mentop: ap Pactko JI. Bykuhesuh

III. Ouena u ogOpana
Harym npujase Teme: 11.06.2014. roa.

Komucwuja 3a oneHy moo0HOCTH TeMe U KaHAHaTa:

1. Jp Pacrko [. Bykuhesuh, penosuu npodecop (menmop)
IIpupoano-matemaTnuku ¢akyarer, Kparyjesan
Yoica nayuna o6nacm: Oprancka xemmja

2. Dr. Matthias D’hooghe, Professor, co-promoter,
(Ip Matnac [Joxe, npodecop, Ko-menmop),
Department of Sustainable Organic Chemistry and Technology,
Faculty of Bioscience Engineering, Ghent University, Belgium
Yorca nayuna o6nacm: Oprancka xemmja

3. Jp Huxko Pagynosuh, Banpeanu npodecop
IIpuponno-maremaTnukm paxkyarer, Hum
Yoica nayuna obnacm: Oprancka xemuja

4. JIp UBan lam/banoBuh, HayYHu capajHuK
I[Ipuponno-maremaTnukm pakyarer, Kparyjesan
Yoica nayuna obracm: Xemuja

Bpoj omutyke u gaTyMm npuxBaTama JOKTOPCKE AUCEpTalHje:

Kommucwuja 3a onieHy U 010paHy JOKTOPCKE AHCEpTaIlHje:
1. Mp Pactko J. BykuheBuh, penoBau npogecop (nernmop)
IIpuponno-maremaTnukm pakyiarer, Kparyjesan
Yoica nayuna oonacm: Oprancka xemuja

2. Dr. Matthias D’hooghe, Professor, co-promoter,
(Ip Matuac [doxe, npodecop, ko-menmop),
Department of Sustainable Organic Chemistry and Technology,
Faculty of Bioscience Engineering, Ghent University, Belgium
Yotca nayuna oonacm: Oprancka xemmja

3. p Huko Paagynosuh, Banpennu npodecop
IIpupoano-matemaTuuku pakyiarer, Hum
Yoica nayuna o6nacm: Oprancka xemmja

4. Jp 3opan PaTtkoBuh, touent
IIpuponno-maremaTnukm pakyarer, Kparyjesan
Yoica nayuna o6nacm: Oprancka xemmja

5. Jp UBan JambanoBuh, Hay4Hu capagHuK
IIpuponno-maremaTnuku pakyarer, Kparyjesan
Yoica nayuna obnacm: Xemuja

Jlatum o1OpaHe TOKTOPCKE AMCEpTaLHje:



Osa ooxmopcka Oucepmayuja je pahena y Hucmumymy 3a xemujy Ilpupoono-
mamemamuuxoe paxyrimema Ynueepzumema y Kpaeyjesyy.

leo ucmpaoicusarva ypahen je na @axynmemy 3a duoundicersepune Yuusepsumema y I'enmy,
beneuja (Faculty of Bioscience Engineering, Gent University, Belgium).

Temy 3a pao npeonodcuo je op Pacmxo J]. Byxuheeuh, pedoenu npogecop Ilpupoono-
mamemamuukoe Gaxyimema y Kpazyjesyy, Koju je u pyKosoouo re20680mM uspadom, a
ucmpaxcusarouma cnpogedenum y beneuju pyxkoeoouo je rko-memnmop, Mamujac /loxe, npogecop
@Dakynmema 3a buoundicervepune Yuueepsumema y I'enmy, Beneuja (Matthias D 'hooghe, Faculty of
Bioscience Engineering, Gent University, Belgium). 3a ykazany necebuuny nomoh u noopuxy kojy cy
MU BPYHCURU Y C8UM hazama uspade 08e oucepmayuje uspaicasam um 8eauKy 3ax8aaHOCH.

Hajsehu 0eo 6Ouonowkux ucnumueara xoja cy ypahena ca jeourbervuma CUHMEMUCAHUM
MoKoM uzpade 0802 pada (Kao u mymauerse 000UjeHUxX pe3yimama) cnpoedeH je noo pykogooCcmeom
op Huxo Paodynosuha, sanpeonoz npoghecopa Ilpupoono-mamemamuyroe ¢axyrmema y Huwy, na my
Ha mome u Ha NomMohu npydiceHoj npu RUCALY 0802 pada CPOAUHO 3AX8AbY EM.

Taxohe ce 3axsamyjem op 3opany Pamxosuly, ooyenmy u op Heany /lammwanosuhy, nayunom
capaonuxy Ilpupoono-mamemamuuroe paxynmema y Kpaeyjesyy 3a xopuchne caseme u cyeecmuje
MOKOM RUCALA 08e ducepmayuje.

3axeamyjem ce op I'opany A. bozoanosuhy, nayunom cagemuuxy Mncmumyma 3a HykieapHe
Hayke ,,Bunua® na ypahenum xpucmanocpagpckum amanuzama u mymadersy RUXOGUX pe3yImama
ONUCAHUM ) 080M PAOy.

Iocebno ce 3axsamyjem xonecama uz nabopamopuje - op Mupjanu Bykuhesuh, eanpeonom
npogecopy Daxyrmema meduyuncrkux nayka y Kpazyjesyy, op Hanujenu Unuh-Komamunu, doyenmy
Daxynmema mexnuuxux nayka y Kocoscxoj Mumposuyu, /lpacanu Cmesanosuh, acucmenmy u mp
Anexcanopu  Munuh, ucmpadicusau-npunpasnuxy Ilpupoono-mamemamuukoe —paxyimema y
Kpaeyjesyy, xao u op Mapmunu Jamzax (Martyna Jatczak), @axyaimem 3a 6uounsicervepune y I 'enmy,
Ha U3BAHPEOHO] capaorwU U c8ecpadnoj nomohu Kojy cy Mu yKazusaiu mokom uspaoe 0802 paod.

Ucmpaocusarwa ypahena moxom uzpade 0oz paoa Oeo cy npojekma 6p. OH 172034,
(pyrosoounay npog. op Pacmxo J]. Bykuhesuh), koju ce ¢unancupa cpedcmeuma Munucmapcmea
npoceeme, HayKke u mexuorouikoe paseoja Penyonuxe Cpouje, na uemy ce Munucmapcmsy cpoauho
3axeasmyjem.

Tocebny 3axeanrnocm oyeyjem c80joj nopoouyu Koja mu je yeex npyicaia o6e3yciogny nomoh

u nodpwiky u buna moj najeehu ocionay.
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1 YBOa

XeTepoluKINYHa jeIuibemhba (XeTepOoUuKIn) cy HajOpojHHja Tpyma OPraHCKHX
jeaMmema M uMajy OrpoMaH 3Hauaj y CBUM Ba)KHUM BHOBHMAa YOBEKOBE JIETATHOCTH.
Behuna nekoBa koju ce KOPUCTE Y XyMaHO] MEAWIIMHA W BETEPUHH, KAO0 U OWOIOIIKH
AaKTHUBHHMX IIperapara KOjU Ce KOPHCTE y arpoxeMuju, WIM Cy Malid XETEpOLMKIN WU
jenMmema wHja CTpyKTypa 0OyxBaTa Heknm xerepormiki. Taxolje, OpOjHM aguTHBH |
MOIU(HUKATOPU KOjU C€ KOPHCTE y MPOM3BOIIBM KO3METHUYKHX TIperapara, y WHAYCTPHjH
MHPOPMALIMOHUX MaTepHjaja, TUIACTHKE UT/., CTIaIajy Y OBY IPYIy jeIUbCHA.

Haxo je ommTeno3HaTro Ja XETEepOLMKIN (ca jeAHUM 1O TpU XeTepoaroma) yiase y
cacTaB OTPOMHOT Opoja jenumema oj (MHIyCTPHjCKOT) MHTEpeca 3a elIeKTPOHHKY, ONTHUKY,
XeMHjy Marepujasia, Ouosiorujy, (hpapmMakosorujy HWTH., IPOU3BOKY JIEKOBa Tpeba moceOHO
u3nBojut. Kako je 00jaBibeHO, OJ JIeceT JIeKOBa (3BAHMYHO MPOIMHUCAHHMX 3a JICUCHC
onropapajyhux Gonectn) xoju cy y nepuoay jyu 2006. — jyn 2007. moHenu ¢apmareyTcKoj
MHIyCTpHju HajBelly JOOHT — CeaM Cy XeTepOIMKINYHA jeumberba.’ 360r Tora Hije dyIHo
Ja Cy XCTepoIMKIM Iy>Ke€ OJ jJeIHOT BeKa Haj3acTyIUbCHHja Tpyla jeAumema Yy
UCTpaXUBamkUMa y obnactu opraHcke xemuje. HaheHo je na Momexynu umje CTpPYKType
00yxBaTajy M HEKH XETepOIMKI U (pepoleHmI-rpyny Takohe 4ecTo MOoKazyjy OHOJOMIKY
AKTHBHOCT,” 114 CE CHHTE30M OBHX jCIHME-CHd M MPOICHOM HHXOBE OHONONIKE AKTHBHOCTH
JaHac 0aBW BENMWKW OpOj MCTPaXXMBAYKHX TIpyna MupoM cBeta. Y MHCTUTYTy 3a XeMujy
[Tpupogno-maTemaruukor Qaxynrera y KparyjeBiy myke on AeleHHje W 1O OIBHjajy ce
WHTEH3WBHA HUCTpaXWBama y olOiiacth xemuje ¢eporena. IloyeTHa wcnuTHBama, Koja Cy
JoBela 710 mo0oJblIamka HajcTapHje METOJIe 3a JepuBaTH3alNjy OBOI MeTajioneHa - dpunen-
Kpadrcosor (Friedel-Crafts) armosarsa,”” mpommpena Cy Ha CHHTE3y JepuBata (eporeHa
pasmuunTte CTpyKType,”® OX KOjUX HEKHM MOKa3yjy 3amaeHy OHOJONMIKY aKTHBHOCT.
HapounTy naxby IPUBIAYM CHHTE3a JepuBaTa (epoLeHa KOji Caapike MHPA30ICKH MPCTCH,

nomTo je HaljeHo a HeKa O THX jeIHmberha MOKa3yjy aHTHMHKpOOHY' " ' u aHTHTYMOpCKY

akruBHOCT. '

Tema oBe IOKTOpCKE HCEpTalije craaa y o0JacT XeMHje XETEPOIMKINIHUX
jenMmema Koja cy HCTOBPEMEHO U jepuBatu QepolieHa. theHna peanuszanmja y BEIHKOj MEpH
ocamalie ce Ha HCKYCTBA CTEUCHA TOKOM MOMEHYTHX HCTPAKHUBAA > U MPEICTABIbA FHHXOB
JIOTUYaH HACTaBaK.

OCHOBHM LMJbEBH JHUCEpTallMje Cy CHHTE3a NeT TIpyna jelumema 3a Koja ce

NpPeTHoCcTaBba Na OW, CIWYHO, oAroBapajyhuM He(pepoIeHCKHM aHallo3MMa, MOTIIM Ja



MOKa3yjy M3BeCHY OMOJIONIKY aKkTHBHOCT, a 4YWja je OCHOBa jedaH oj cienehux nepuBara

deporieHa:

1. 2-deponenwi-1,3-tnazonuauH-4-oH,
2-dheponenmn-2,3-auxuapoxunoina-4(1H)-ox,

2

3. 6-deponenni-1,3-okcazuna,

4. 6-depouenui-1,3-okcaznHaH-2-0H U
5

4-deponenunterpaxuaponupuMuud-2(1H)-ox.

Ha ocHOBY neraspHE IpeTpare AOCTYIIHE JIMTepaType HAIpaBJbEH je IUIaH 110 KoMe Ou
ce mpBa rpymna jeaumema (2-¢pepoueHni-1,3-Tua3onuaua-4-0H1) CHHTETHCANA U3 TPrOBAYKH
JMOCTYITHUX alMKJIMYHUX CYIICTpara, IMOCTYyNIMMa KOjU Cy OIUCaHu 3a Jo0ujame
onroBapajyhux nepuBara koju ymecto (hepolleHWI- caipike HeKy apwi-rpyny. Mehytum, Ha
OCHOBY Te€ IIpeTpare 3a OCTajie YeTHPH TpyIle jeubena Huje Omino Moryhe CMUCIUTH IIaH
CUHTE3€ U3 jeTHOCTABHUX, TPrOBAYKHU JOCTYIHUX peareHaca, Tj. oKa3aio ce Jia je HEOmXoJHa
CHHTE3a 0/Ir0Bapajyhux mpexypcopa Koju OH, ITOAeCHO 0adpaHuM peakifjama, Jaiu UJbHE

JACpUBATC XCTCPOLUKIIA. N3 tora MMpoun3J1a3c¢ 1 HOBU LIUJbCBU:

(i) cuuTesa 1-(2-amuHO(peHwN)-3-heporeHuanpon-2-eH-1-oHa Kao mpeKkypcopa
2-theponennin-2,3-muxuapoxunonut-4(1H)-ona u

(if) cunresa cepuje 1,3-aMHUHOATKOXOJA YHMjU KapOWHOJIHH YIJbEHHKOB aTOM HOCH
(bepoueHmI-TpyIy, Kao NpeKypcopa oAroBapajyhux mecTowiaHuX XeTepoLHKIIa -

1,3-okcazunana, 1,3-okca3suHaH-2-0Ha U TETPaAXUAPOTUPUMHUINHOHA.

W oBnme ce WCIOCTaBWIO Ja je caMO MpBY TpyIly jeAnmema Moryhe nodoutu u3
TProBayKu JOCTYIHHX CYIICTpara, a Ja je CHHTe3a Jpyre rpyle BHIICCTENCHA, jep ce TH
AJIKOXOJIM MOTY JOoOWTH u3 oaroapajyhux ManuxoBux (Manich) 6a3a koje, ca cBoje cTpaHe,
HHUCY ONMCaHe y JuTeparypu. To je mpej Hac MOCTaBWIO JOJATHU 33/aTakK - MUCIUTHBAHE
ycIiioBa 3a cuHTe3y MaHNXoBUX 0a3a Koje cajpike GpeporieH.

Peanuzanyja CHUHTETHUKHMX LUJbEBAa OBE JAMCEpTAlMjeé MOJpa3ymMeBa IOTBPIY
CTPYKTYpa CBHUX TO3HAaTHX W yTBp)UBame CTPYKType CBUX HOBUX jEeIHHCHA CHHTETHCAHUX
TOKOM HCTpPa)kHBama, HoMohy (QU3MUKHX U CHEeKTpocKomnckux moxataka (IR, 'H u °C NMR,
GC-MS), a kan je To Moryhe u peHATEHOCTPYKTYPHOM aHATTU30M.

[Tomro je depoueHcko jesrpo enekTpodopa — Ouhe ommcaHe eIEKTPOXEMH]jCKe
ocobuHe (IMKIOBOITAMETPH]OM) TOTOBO CBUX TPYTa je/IUHCHha.

Konauno, Ha ocHOBY ynopehuBama CTpyKType jeinmbeha ija je CUHTe3a npeaBuheHa

OBUM HCTpOKUBamUMa M 0JiroBapajyhux HepepoleHCKUX JepuBaTa O 4YHjoj OHMOJIONIKO]



AKTUBHOCTH TIOCTOjU OOMJbE JIMTEPATYPHHUX TOJaTaka, OJUTY4YCHO je Ja Ce CBa CHHTETHCaHa
jenumema nomampy oAroapajyhinMm mabopatopujama aa 6u ce obaBwiu cienehu OUOIOMIKH
TECTOBH:
1. wcrnuTUBamE aHKCHONUTHYKUX ocobumHa N-cyncruryucanumx 2-heponenumn-1,3-
THA30JIUAUH-4-0Ha U
2. WCUUTHBaKkE aHTUMHKPOOHE akTHBHOCTH (i) 2-(heporneHni-2,3-TuxXuapOXHHOINH-
4(1H)-ona, (ii) ManuxoBux 0a3za koje caapxe depoues, (iii) 6-pepouenmn-1,3-
okcazuHaHa, (iv) 6-¢epouenun-1,3-okcazuHan-2-oHa, (v) u 4-GepoleHIITETP-
axunponupumuanH-2(1H)-ona
3. ucnuTHUBame€ aHTUKaHIeporeHe axkTHUBHOCTU (1) 6-epouenun-1,3-okcazuHaHa
(i) 6-depouenmi-1,3-okcazuHan-2-oHa u (iii) 4-QepoOrCHUNTETPAXHUIPOITHPHUMH-
nuH-2(1H)-oHa.
Pesynraru Tux ucnutuBama, MeljyTim, Hehe OUTH M3II0KEHU Y OBOM pany, Beh he o
TOME Ha Kpajy morJasika ,,Hamm pagoBu OuTH 1aT camo Kpatak KomeHrap. Mmak, momro ce
pamu O CHHTE3H jeIubClha 3a KOoja Ce MPETIOCTaB/ba Aa he MOoKa3WBaTH HEKY OHMOJIOIIKY
AKTUBHOCT, YUHHJIO C€ MpUKIagHuM na y Ommrem aeiny Oyle M3JI0KEeH IMperie] pe3yirara
UCIHUTUBaba OMOJIOIIKE aKTUBHOCTH (DepolieHa U HEeroBUX JI€pUBaTa, ONMHCAHMUX JI0 JaHAC Y
mutepatypu. Kako je o Tome o0jaBibeH orpoman Opoj pamoBa (YMju MpUKa3 OW JaJeKo
HagWmao oO0MM OBOr pana), Ouhe mpHWKazaHa camMO HajBaKHUja UCIUTHBAbHA

aHTUKaHIEpOTeHe, aHTUMAalapyjcke U aHTH-XVIB akTUBHOCTH OBe Kilace jeumbebha.
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2 DepoleH ¥ ’BerOBH IEPUBATH Y MeTULIMHHU

®deporieH je opraHoMeTaNHO jefumbeme Molekyscke dopmyne Fe(CsHs),, koje cy,
HE3aBHCHO jeJiHa oJ] apyre, mpBH myT 1951. romuHe cuHTETHCANE ABE TPYyIE I/ICTpa)KI/IBa‘Ia.B’ 14
3a Mame 0/ IrOJMHY JlaHa HAaKOH Tora cTpykrypa ¢epouena (Crnuka 2.1) cCKOpo MOTIYHO je

: 15,1
oGjarmmena,' > '

a oBO OTKpuhe TpencTaBba IMOYETAK MOJEPHE OPraHOMETATHE XeMHje:
YBOJI€ C€ TEPMUHH ‘‘CEHJIBUY jSIUCHHE” U “‘METAJIOIEHN , KOjU C€ KOPHUCTE | JIaHac, HE CaMo
3a (epolleH U HKHEroBe JAepuBaTe, Kao IITO je TO OMO cay4aj Ha MOYeTKy, Beh 3a MHOTO mupH

OTICET jeIbEHha, KOJU YKIbYUYjy U APYyre MeTale.

&

Fe

1
Cauka 2.1. Ctpykrypa ¢epoueHa

PenarenctpyktypHoM aHanmm3oM YTBpheHO je nma ce (eporeH y KpHCTaHOM CTamby
Hala3u y “aHTHNPU3MATUYHO]* KOH(bopMauI/IjI/I,17 aly Ce KOJ HErOBUX JepUBaTa 3araa
JENUMAYHO OJCTYyMame Ol OBe KoH(opmaiuje, mpe CBera KoJ OHUX UYHjU Cy MPCTEHOBH
HoBe3aHu ,npemomthuBameM™. VY TacOBUTOM CTamy IIOCTOJU paBHOTEXka u3Mmelhy
npu3MaTHyIHe (EKIUIICHE) U aHTUIPU3MAaTHYHE (CTeleHnYacTe) KoHpopMmaluje, Koje pa3aBaja

eHeprercka Gapujepa oz oko 3,77 kJ/mol (Cxema 2.1)."®

T 377k
a)

—_—

=
S
6)

Cxema 2.1. Kondopmanuje ¢eporeHa: a) aHTUIPU3MATHYHA (CTENEHUYACTa) U
0) npu3MaTH4YHa (SKJIUTICHA)

CucremaTcko uMe Ouc(NS-IMKIONEHTaIUEHIIT)TBOXKE CBE Mambe c€ KOPUCTH, MOIITO
je mpeMa yCBOjEHO] HOMEHKIATYPH JI03BOJBEHO TPUBHjaiHO MMe deporen  (yoOmuajene
ckpahenunie: FeCp,, FcH), xkao u nazuB d¢eponenun (Fc) 3a ocrarak CsHsFeCsHy- n
1,1'-peponennn (fc) 3a ocratak Fe(CsHy-),. JIBa mpcrena Hymepuiry ce y cMepy KpeTama
Ka3ajbke Ha cary OpojeBuma 1-5 (3a CYINCTUTYHCAHUW, WU BUIIE CYINCTUTYHCAHU TMPCTEH),

0HOCHO 1'-5' (3a HECYTICTUTYHUCAHU, OAHOCHO MaH€ CYTICTUTYHUCAHH MPCTEH).



®uznuke ocobuHe (¢epolieHa yKa3yjy Ha TUIWYHO KOBAJICHTHO, HEMOJapHO
jeanmemke, HepaCTBOPHO y BOJM a PACTBOPHO Y aIKOXOIy, €Tpy, OCH3eHy W BEhWHU OpyTrux
OpPTaHCKUX pacTBapaya.

Tpu uumeHHIIE OMHUCY]y TOTOBO CBE XEMHjCKe ocoOmHe eporeHa: (i) aka
okcujaiyja 10 GepoleHnjyM-joHa, ca OKCUIAIMOHUM MoTeHIjanom of -0,225 o -0,367 V
(3aBucHO ox1 pactBapaua; Cxema 2.2),” (ii) apoMaTHYHN KapaKTep KOjH CE OTJIeAa Y BUCOKO]
PCAKTHBHOCTH y peakumjama enektpodunae cymncrutymuje’ . (y ®@punen-Kpadrcosom
(Friedel-Crafts) ammmoBamy n Mepkypoamy pearyje 10° ommocro 10° myrta Gpxke ox
6emsena’') u (iii) MoryliHocT mupekTHe Mertanammje. HapounTo cy BaxkHe OBE IBE TOCTEIHE
ocoOnHe, Ha KOjIMa je 3aCHOBaHA CHMHTE3a BEJMKOT Opoja JIaKIIe WM TEXE JOCTYIHHUX

nepuBata GepoleHa.

)
Fe =— Fe v &
| — N
depoueH bepoLnHIym-

JOH

Cxema 2.2. Oxcunanyja ¢epoueHa

OHoO mTO (hepolleH, OJHOCHO HETOBE JIepUBATE, YAHH BEOMa KOPHUCHUM Yy OPTaHCKO]
CHHTE3H jeCTe HEOYEKMBAHO BEJIMKA CTAOMIHOCT 3a jeJITHO OPraHOMETAITHO jeTHIbEHhE, TAKO Ja
ce MOTy BpUIMTH Hajpa3HOBPCHHjE MpPOMEHE, Kako y OOYHOM HHM3y TakOo M Ha CaMoOM
(epoLICHCKOM je3rpy, a Jia ce IPHU TOM HKEroBa OCHOBHA CTPYKTYpa HE OPEMETH.

I'maBHe merosme 3a cuHTE3y camor (epolleHa TeMelhe ce Ha peakiuju depo-comu
(Fe(Il)-comn) ca mmkIoneHTaaueHmWI-aHjoHoM. Hajbospa mabopaTopmjcka MeTona 3a
nobujame OBOT MeTajloleHa jecte peaknuja dpepo-xiopuna (FeCl,) ca kanujyM-XuapoKCuIoM
¥ IMKJIONEHTAIHEHOM Y CMeln auMermicyndokenaa u 1,2-guMerokcnerana.”” Peakimja
UKJIOTICHTaANeHUII-HATpHjyMa (JI00MjeHOT M3 NUKIIOTICHTaINeHa U HATpUjyMa Y KCUJIEHY) ca
depu-xnopunom (FeCls) u rBoxhem y Terpaxuapodypany™ Takohe je momecHa (Mory ce
Joctrhul IPUHOCH | JIO 90%23).

VY nureparypu cy omucaHu u cienehm moctymmm: (i) JAMpPEKTHA peakiuja
muKionenTagnena u reoxha wa 300 °C,'* (i) peakumja NMKIONEHTAIHEHHI-MArHE3N]yM-
6pomuna ca (epU-XIOPHIOM y cMecH OcH3eHa W erpa (mpBa cuHTesa depouena)’ m
(iii) peakmmja mmKIONEHTagMeHa ca rBoxhe-mentakapbonmioM.”’ MehyTimM, (epoueH je

JlaHaC TProBauykKH JOCTYIHO, PENAaTUBHO jeTHHO jeAWIbEe, YITABHOM 3axBalbyjyhu



YUmbeHUIM Ja je HaljeHa e(duKacHa eIeKTPOXEMHjcKa METO/ia 32 HEroBY KOHTHHYUPaHY
cuHTe3y,” KOja ce W3BOAM HA JBA HAuMHA. IIPBM TOCTYNAK TNPEACTAaBIba IMPEKTHY
€JIEKTPONIN3Y LHUKJIONEHTAINEeHA y pacTBOpY HATpHjyM-Opomuna y mumetrwipopMamuny,

kopumhemeM anoze of reoxkha (Cxema 2.3):

Fe(aHoﬂa) + 2 @ —_—> Fe + H,
2

1

Cxema 2.3. EnektpoxemMujcko gooujame peporeHa

MehyTtum, 300r HEKMX CHOPETHHX peakiyja, Kao IITO Cy NeJMMUYHA JUMEpU3aIija
IMKJIONICHTA/INCHA, HEeroBa PeAyKIHja A0 HUKIONCHTEHAa BOJOHUKOM H3/IBOjJEHUM Ha KaToIu
(koja je karanu3oBaHa MPUCYTHUM (QepolleHOM U JpyruM BpcTama rBoxha), Jwuenc-
Anneposa (Diels-Alder) peaknuja oBOTr jenmbEeHa HA IUKIONEHTAIUEH UTI., TUCKOHTHHYA-

JHA CHHTe3a (Tj., CHHTE3a y JIBa CTyMba) MHOTO je eduracHuja (Cxema 2.4):

Fe(anoma) + 2 CoHsOH ———> Fe(OCyHs), + Hy

CzH5ONa/02H5OH @
Fe(OCyHs), + 2 > Fe + C,HsOH

2 1

Cxema 2.4. J/[uckoHTHHYyanHa CUHTE3a eporieHa

3axBasbyjyhu m3BaHpeHUM QU3NIKO-XEMH]CKUM ocoOnHama, (hepolieH je Bpio Op30
HAKOH OTKpwha MpUBYKao NMakiky HAyYHE jaBHOCTH, T1a je oBa 00JacT XeMHuje Tovesa Harjao
na ce passuja.'®?° Taxo je, 3axBasbyjylist penaTHBHO JIAKO] JePUBATH3AMMIH U CICHADHIHAM
PEIOKC CBOjCTBMMA, OBAj METATONEH HAIIAO MIXPOKY TPHMEHY y OOIaCTH MaTtepujama,” > u
MOJIEKYJICKOT MHIKEE-EPUHTa,” MONEKYJICKHX (hepoMarHeTnka,”” MOAu(UKOBAHKX €IEKTPOAa
32 PEIOKC-KAaTAM30BaHE peaKiuje,’ [ONAMepa > M ICHIPUTCKHMX eIeKTPOXEMHjCKHX
CEH30pa 3a IperIo3HaBambe MoneKya.” C apyre cTpaHe, CTabHITHOCT Ha Ba3AyXy M Y BOJACHO]
CpPEelMHU, Kao M TOBOJHHE EJICKTPOXEMHUjCKe OCOOMHE (epolleHa W HETrOBUX JCpUBaTa,
JIOTIPHHENH CY BEIMKO] TOMYIAPHOCTH OBHX jEIMIbEHA Y OHOTOMIKMM HCTPAKHBABIMA.

Kako ce mokasano na cy HeKu JepuBaTH OBOT jeIU-EHha BeOMa aKTHBHH (Y in Vivo | in Vitro

yCJIOBMMA) TPOTHB HEKOJUKO BpPCTa OOJIECTH, Kao INTO CYy TJPMBHUYHE W OaKTepHjCKe

41,42 39,43-45 3440

uHpeKyje, Manapuja, BUpyC XyMaHe umyHonedummjentmje (HIV),* kao u pak
HE 4YyAM YUICHHIA Ja CE JaHac BeoMa aKTUBHO MCTpaxyje ymoTpeba JepuBaTa OBOT

METajlouCHa y MEIUIIUHH.



W3 roaune y ronuHy Oenesku ce mopact 6poja Jbyiu 000JIeTuX OJ] Pa3IndUTHX BPCTa
paka, ma ¢ Tora UCTPaXKMBAa4YH M3 BHIIE HAYYHHUX OOJACTH HEYMOPHO pajie Ha MPOHAIAKEHY
HOBHX KJIaca jelumema Koja Om, 3a pa3nmky on mocrojehmx, MMana ITO HIMPH CIIEKTap
JIeNIoBakba y3 INTO Mambe HEKEhCHHX edekara. AHTHTyMOpCKa CBOjCTBa (QepoleHa |
HCTOBUX JICpUBaTa MPBH MyT Cy UCITUTUBAHA KpajeM celaMIeceTuX, kaaa je bpajac (Brynes)
ca capagHuiuMa 00jaBHO WiaHaK O [IUTOTOKCHYHO] aKTUBHOCTHU JiepuBaTa ¢eporeHa (Koju y
CBOM CacTaBy CaJ[p)Ke aMHHO- WJIH aMUJO-TpyINe) y ciy4dajy henujcke nuHuje JTUMOOIUTHE
neykemuje P-388.47 Mako ce McmocTaBmio 1a je aHTHTYMOPCKA aKTHBHOCT OBHX jE/MbCH-A
HUCKA, 3Ha4a] OBUX HCTPAXKMBAKA j€ Y TOME IITO Cy TOKa3alia Ja yBoheme GpeporeHmI-rpyme

y HEKH MOJIEKYJI MOKe J1a modosbia Ty akTuBHOCT (Cruka 2.2).47

>
-

3, 4. R = (CH,)4NH(CH,)mNH,, m = 3, ogHocHO m = 4;
5:R= (CH2)4NH(CH2)4NH(CH2)3NH2,
6:R= (CH2)4NH(CH2)3NH(CH2)4NH(CH2)3NH2,

Cauka 2.2. JlepuBaru (hepolieHa TeCTUpaHu MPOTUB uMdoruTHe neykemuje P-3 88"

3axBasbyjyhu TUM HCTpakMBamUMa HArjo je TMOpacio HMHTEPECcOBame 3a OBa
Jjeaumbema, IITO je I0BEJIO 10 CUHTE3€ BEJUKOr Opoja HOBUX JAepuBara (hepolieHa U MpoLEeHe
BbUXOBE aHTUTYMOPCKE aKTHBHOCTH.

Manapuja je 6osiect oJ1 Koje ce cBake ronuHe 3apazu o1 300 no 350 munnoHa Jbyau, a
gak 1,3 munmmona ympe. Hekonnko Bpcra KpBHHX mapasuta poga Plasmodium w3a3uBa oBy
OoIecT, a HEeKe O/ BHX Cy TOCTalle PE3UCTECHTHE HAa KOHBEHIIMOHAIHY Tepamnujy unHehn oBy
Oonect jom 030mbHHMjOM. JlaHac Benmuku Opoj MCTpakMBaya MHTEH3WBHO Pajld Ha CUHTE3U
JepuBarta (pepolieHa 3a Koje ce MpeTIocTaBba 1a Ou MOriau Outu epukacHu y 60pOH MpoOTHB
oBe 00JIeCTH.

Bupyc xymane wumynonedunumjennmje, unum ckpaheno HIV, cnama y rpymy
peTpoBUpyca KOjU M3a3MBa CUHIPOM CTeueHe uMyHonaeduiujeHyje, nosHat kao AIDS wmun
cuoa. Jlanac y cery ox oBe Ooiyectu 6oiyje oko 40 MWIMOHA JbY/IH, a BaKIMHA jOII HHUjE
nponaljena. 11 y oBoj obnacTu Bpllie ce WHTCH3WBHA HCTPaKMBama aKTHBHOCTH JiepUBaTa
(heporieHa; HaljeHO je ma Ha HEKe OJf HUX Tpeba 030MIBPHO TIeJaTH Kao Ha T3B. ,,Bojcha

jemumema  (,lead compounds®, Tj. jenumema 4YHMja Cce CTPyKTypa, 300r oapehene



(dapmakoyomKe MM OHOJIONIKE AaKTHBHOCTH, MOXE Yy3€TH Kao OCHOBA 32 CHHTETHYKE
MouduKanuje KojuMa Ou ce JOOMIN MOJIEKYJIH ca TIOO0JBIIaHUM ITOMEHYTHM OCOOMHAMA).
Y oBoM pamy Omhe mar kpatak mperyieq HajBaKHUJUX HCTPaXKHWBama Koja Cy

CTIpoOBeIeHa y 00JacTh MpUMEHe iepuBata (epolieHa y Jeuemy paka, manapuje u HIV-a.

2.1 [depuBarH (pepoueHa KAa0 UMTOTOKCHYHH/AHTHTYMOPCKH areHcH

Pak mnpexacraBma rpymy OosiecTH Koja YKJbyuyje aOHOpManHu pacT henuja ca
noTeHnujatHoM MoryhHomhy na HamajgHe WM ce NMPOUIMPH Ha OCTajie JeloBe Tena. 3a
Jiedea paka KOPUCTH Ce XeMOTeparvja, Koja ce 3aCHHBa Ha YNMOTpeOH (AHTUTYMOPCKUX, Tj.
IIUTOTOKCUYHUX) JIEKOBA, KOjUMa C€ CHCTEMATCKH JIe4e W KOHTPOJHIIY 3JI0hyTHH TyMOpH.
MelyTum, nako je 0 aHac CHHTETHCAH BEJIMKHA OpOj IUTOTOKCHKA W IIUTOCTATUKA, FbUXOBA
e(UKaCHOCT je CBE Mama, OJJHOCHO OTIOPHOCT TYMOPCKHX henHja Ha HHXOBO JICIOBAE j€
cee Beha. OcuM cMameHe aKTHBHOCTH, MPHUCYTaH je BENMKH Opoj HexeheHuX edexara
(IIMTOTOKCHUIIM HUCY TOKCHYHHM (CENIEKTUBHM) camo mpema TpancopmucanuMm henujama Beh
W TpeMa 3[paBUM) KOje Y3pOKyjy OBa jeumema. Y [UJby TpeBasHIaKema OBUX
HEJOoCTaTaka, CUHTETHCAH je BeNWKU Opoj nepuBara ¢eporieHa, 0] KOjUX Cy C€ HEKH
MOKa3alil Kao JOOpW IMTOTOKCUYHU/AaHTUTYMOPCKH areHCH IOK Cy APYTH TPEHYTHO Ha

KIIMHUYKHUM I/ICl'II/ITI/IBaH)I/IMa.48

2.1.1 ®epouudenn, pepoundenonn u pepoueHodpanun

Mely jenumemrma Koja caspxke peporeHcko je3rpo, 3a GeporudeH je HajaeTabHuje
NPOYyYaBaHO HETOBO aHTUTYMOPCKO AejcTBO. OBa 0OMMHA MCTpaKMBamba Jaja Cy pe3ylraTe
Koju BeoMa oOechapajy y morieay TpeTMaHa paka uojxe.”’ 0y MIPUHITUITY, TYMOPH [I0jKE
MOTY C€ MOJICIIUTH y YETHPH TPyTIC:

(a) MMyHOXMCTOXEMM]CKM TO3UTUBHM Ha pPELENTOpE 3a EHAOKpPHHE (ECTpOreH WIn
nporectepoH; ER(+));
(6) MmyHnoxucroxemujcku mo3utuBHU Ha npotenH HER2 (human epidermal growth
factor receptor 2);
(B) TpocTpyKko HeraTHBHaA €KCIIpecH]ja, Tj. ecTporeH, nporecteporn 1 HER2 HeratuBanm;
(r) TpocTyko MO3UTHBHA EKCIPECH]a, Tj. ecTporeH, nporecrepod 1 HER2 no3utusHmM.
Tymopu koju cy ER (+) mponmudepumry xao oarosop Ha aejcTBo ectporeHa. Oxo /iBe

TpehnHe cBHX ciyuajeBa MpHIMaaa OBOj TPYMU TyMmMOpa, a KOja jeé OCeTJbMBa Ha XOPMOHCKY
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Tepanujy CeJIeKTHBHUM Mojayjaropuma ectporenckor penentopa (SERM). Iloctoje ase
noaspcre perentopa ER(+) — henujckux nuHuja - Kox oBUX Bpcra henmja Tymopa jaBibajy ce
JIBE moABpcTe penentopa - ERo u ER[i.49
[IpuMapHU JICKOBH KOjU Ce YIOTpeOshaBajy Yy TPETUPABY paKa J0jKe Cy TaMOKCI/I(beHSO
7 u xunpokcuramokcuden 8 (Cnuka 2.3).
R

SRS
T

(:(

O(CH2)2N(CHg), O(CH2)aN(CH3),
7: R = H, Tamoxkcudes, n=25,8
8: R = OH, XuapokcutaMoKcu(peH 9

Cauka 2.3. [IpumapHu J€KOBU Y TPETMaHy paka J0jKe U BbUXOBU (PEPOLICHCKU aHAI03U

Tamokcuden ce moHama y in Vvivo ycaOoBUMa Kao IIMTOTOKCHYHU areHc KOju
opranuzam HapouuTo n00po nmoaHocH. I[loctoje aBa aujacrepeomepa, Z u E koHdurypamnmje,
OJl KOjUX je Z W30Mep 3HATHO jaud aHTUECTPOTCHU areHc. AHTUIPOIM(EPATHBHO EIOBAHE
TaMOKCH(eHa MPOU3JIa3h U3 KOHKYPEHTCKOT Be3UBamba (OH j&é KOMICTUTUBHH aHTarOHUCT) 3a
penienitop ERa, unme ce y TymopckoM TkuBy cnpeuaBa Tpanckpuniuja JJHK mocpenctsom
ectpaauona.”’ OCHM MO3HTHBHEX, TAMOKCH(EH HCII0JbaBa M HEKe HekKesbeHe eeKTe: TOKOM
Jlyre Teparndje MOXe Jia ce pa3BHje OTIIOPHOCT Ha OBaj Jiek, moBehaBa pu3uK o] 3rpyliaBama
kpBH y mwiyhnma, a Hee(rkacaH je IPOTHB XOPMOH-HE3aBHCHHX TyMOpa.

XKayen (Jaouen) u capagHHIIM CHHTETHCAIH Cy Xuapokcudeporudene 9 (pazmuxyjy
ce MO AYXXWHU JTUMETHUIaMHUHO-TaHIa, n = 2-5, 8) -mepuBare (epolieHa 4uja je CTPYKTypa
3aCHOBaHA HA CTPYKTypH TamokcupeHa 7 ®  Xugpokcutamokcupena 8.7
AnTunponudepaTuBHa aKTUBHOCT XHJpoKcudepourudeHa HCIOUTHBAHA j€ Ha XOPMOH-
3aBucauM MCF-7 henujama paka gojke (koje ce OAMKYyjy MOBHIIIEHOM ekcipecrjoM ERa
ecTporeHckor perenropa) u Ha MDA-MB-231 henujama koje ce cBpcTaBajy y XOPMOH-
He3aBUCHE henmja paka gojke (momTo WX Kapakrepuiie oncyctBo ERa ectporenckor
peuentopa). Haheno je na je edexar nenoama xuapokcudeporudena 9 na MCF-7 hemuje
ynopeaus ca epekToM Koju MoKasyje xuapokcuramokcudet 8; epexar meroBor aenoBama je

HezHaTHO Behu npu koHuentpauwju ox 0,1 pM, MOk je 3HAYajHO CYNEPHOPHUJU MPH
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koHIeHTpanuju o1 1 pM. Jlok je xuapokcuTaMokcr(eH MOTIYHO HeaKTUBaH IpeMa XOpMOH-
He3aBUCHUM hennjama — xuapoxcudeponuder ucrnosbaBa jak aHTUIPOIU(pEpaTHBHA edeKar
npemMa mruMa y3 u3y3eTHo HHUCKY BpemHocT ICsy (KoHIeHTpanrja moTpeOHa aa ce MOCTUTHE
50% unaxubuMje pacra henuja).

Hexomuko SAR cryamja (om eHTI. structure—activity relationship) yxaszyje Ha
MOBE3aHOCT aKTHBHOCTH XHUApOoKcudeponudena u (a) crepeoxeMuje jenumema, (0) edexra
N,N-a¥MeTUIaMUHO-JIaHI1a, (B) MPUCYCTBA U MOJI0Kaja (eHWI-rpyre, () yJore u Mmojoxaja
depouenni-rpye, (1) KoHjyramuje cucrema, u (h) ,,pyHKiponammsanumje” permr-rpyma.*® >

(a) Hako je anTumponudepaTrBHa aKTUBHOCT (Z)-XuapokcuTtamokcupeHa Beha on
AaKTUBHOCTH HeroBor (E)-mmactepeon3oMepa, MpH TeCTUPAlhy aKTUBHOCTH II0jE€AMHAYHUX
nzomepa ¢eponudeHa Ha KaHueporeHe henuje HUje Owio Moryhe HampaBUTH Pa3iIUKy Y
aKTUBHOCTH OBHX MOJIeKyJa 300r Op3e nzomepusanuje xuapokcudeponuderna y npoTHIHUM
pactBapaumma.’®

(6) Ca mnosehamem nyxune (®-N,N-TUMETHIAMUHO)AIKWI-JAaHIA onaga aGUHUTET
Be3MBama Xuapokcudepormdena 3a ecTporeHcku peuentop. Jlajba ucnuTuBama rnokasana cy
Jla Ay’KWHA JIaHIIa UMa jaK YTHIQj U Ha aHTHECTPOTE€HA CBOjCTBA, JOK je FHETOB YTHUIIA] HA
IITOTOKCHYHOCT KoHTpoBep3an. ">

(B) Cepuja mapa- ¥ METa-CyNCTUTYHCAHUX MOHO- M JAUXUAPOKCHIIHUX (eHOJa, KOjU
HOCE jemHy Wid JBe (epoleHWI-rpyne ynorpedsheHa je Ja ce WCIUTA YTHUIA] TOoJIoXKaja
XMAPOKCHITHHX TPyIa Ha IUTOTOKCHYHOCT mpeMa hemmjama paka mojke.”* ® Mcmocrasmio ce
Ja deporudeHn Koju caIpke caMmo jeHO (epOIeHCKO je3Tpo U JBE XHJPOKCHUIIHE TpyIe y
JIBa Mapa I0J107kaja MoKa3yjy BUCOKY TOKCHYHOCT mpema oBuM hemmjama. ' **%

(r) AxrtuBHoct xuapokcudeponudena ymnopehena je ca aktuBHOmINy JepuBaTa KoJ
KOjHX je (PepOIEHCKO je3rpo 3aMEHEHO KOMIUIEKCMMAa THUTaHA, PEHUjyMa WM PYTEHHjyMa, a
MoKa3ajo ce jJa gpeporudeHu mokasyjy Hajooby IMTOTOKCHYHY aKTUBHOCT O] CBHX aHAJora
TaMOKCH(EHa Ynja CTPYKTYpa je Ha HeKH HadiH MoauduKkoBana Metamma.’

(n) Kako 61 ce ogpeuiio 1a v U Ha KOjU HAYMH KOHjYTOBaHU T-eJIEKTPOHCKH CUCTEM
OBHX MOJIEKYyJIa, KOjU TOBe3yje (epoueHw - u (EeHWI-rpyne, yTU4e Ha aHTUTYMOPCKY
AKTHBHOCT, CHHTETHCAHA je CepHja je[Merha KOja CajapiKe Sp° YIJEHHKOB aTOM yMECTO
BuHWI-TpyTe. [loka3zano ce /a je akTMBHOCT jeIUbelha Koja IMOCEAY]y T-CHUCTEM 3HadajHO
Beha 01 AKTHBHOCTH HEKOHjyroBaHKX aHanora.”

(h) VYrtunaj cyncruryeHara Qenun-rpyna paznuuutux on OH mporemen je

ucnuTHBameM aHajora Qeporudena koju caapxke Cl, Br, CF;, CN, NH;, NHCOMe,
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OCOMe, OMe, SCOMe u SMe (Cruxa 2.4).°"%*% Jok cy depomndpenn xoju caapxe Cl
(10), Br (11), CFs (12), OMe (13), SCOMe (14) u SMe (15) cyncTuTyeHTe HEaKkTHUBHH,
jemumema ca CN (16), NH, (17), NHCOMe (18) 1 OCOMe cyncruryentnma (19) mokasana

Cy 3HauajHy aHTUNpoIr(epaTHBHY aKTUBHOCT MpH KoHUEeHTpauuju o 10 uM (Cnuka 2.4).

H3CH,C @ H3;CH,C @ H;CH,C @
- (&) -
Fe Fe Fe
Cl Br

—
10 11 12

HeaxtnBan HeakxtnBan HeaxtnBan

)

o— s——<< S— CN
@ H3CH2C @ H3CHZC @

HaCH,C <i::j; HaCH,C
- - - -
{oésé

CF;

o— S
13 14 15 16
HeaxtuBan HeaktuBan HeaxtuBan AnTHnpomdepaTHBaHA
edexar mpu 10 uM
0]
NH, O-—<<
H3CH,C :::j H3CH,C, z::: H3CH,C, i::j

fi
J
g@l
.
U

= 2
HNJ< o—/<
17 18 19
AHTHTIpOTU(EepaTHBAHN AHTHUTIIpOTU(pEepaTHBAHN AHTHTIpONH(QEepaTUBaHU
edexat npu 10 uM edexat npu 10 uM e(ekat ciuaH Kao KoJ
TU(EHOTHIX jeTUHCHha
— TIPOJIEK —

Cauka 2.4. CTpyKType HeKHX nepuBata peporudena
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3aHUMJBHMBO j€ Ja jelueHmha Koja CaJpike JIBE alleTOKCHU-TPYIE TMOKa3yjy CIMYHO
NOHAIamke Kao IueHoIckn Gepouudern, mro yKasyje Ha TO Ja Ce eH3MMCKa XHIPOIH3a
noraha yayTap hemnja. Otyna ce jenumemne 19 Moxe cMatpati ,mposexom*.*’

Kpytn Monekynu ce, yKOIMKO WMajy OAroBapajyiy reoMeTpujy 3a Be3uBame 3a
AKTUBHO MECTO, OOMYHO jauye BEXY 32 €CTPOTEHCKE PElenTOpe Ol HBHXOBHUX (PIeKCHOMITHUX
aHajora, Homrto (QJEeKCHOWIHM MOJEKYJIHM MOpajy IpBO Ja YCIOCTaBe Ty TIE€OMETpHjy,
y3pokyjyhn HmKy entpommjy u cmabuje BesmBame.'’ Tako cy JKayeH u capaaHHIH
CHUHTETHCAM HH3 jelHIbelma Koja caapxke nUKIMYHO [3]dhepoueHodaHcko je3rpo
YIOPEIWIN HHXOBY AHTUTYMOPCKY AaKTHBHOCT ca aKTUBHOMINY HEIUKIMYHUX aHaJjora
(Crnka 2.5).5% [3]deponenodanun-1epuBati ¢y KO CBUX je[MCHA Ca CYIICTHTYCHTHMA
Ha (peHWI-rpylaMa y Tapa-1ojioXkajy IMmoka3aiu Behy ITMTOTOKCHYHOCT Of oAroBapajyhux
(eporneHnI-epuBaTa, a jelumbekha ca NPOTUYHUM cynctuTyeHTuMa (Cruka 2.5) mokasana

: 66, 68
HQJBUIITY aKTUBHOCT.

HO OH

Vs Ve
() Y
Fe

-

o $
-
OH

20 21

Canka 2.5. ®opmyne nepuBara pepouenodana 20 u 21, CTpyKTYpHO CIAMYHUX
tamokcupeny. %

Haheno je, Takole, na momosxaj ABOCTpyKe Be3€ y OAHOCY Ha (PepOIeHUI-TPYITy MOXKE
3HAYajHO J]a yTHYE Ha aKTHBHOCT OBHMX MoOJieKysna. Ha mpumep, ynopehuBameM aKTHBHOCTH
jenumema 20, kox kora je jenan Cp npcTeH (PpepoIeHCKOT je3rpa Be3aH JUPEKTHO 3a YTJbEHHUK
nBoryoe Bese, ca akTHUBHOWINY jenumema 21, Kox Kora cy QepoleHuI-rpyna u JBOCTpyKa
BE3a IOBE3aHe MPEKO METUIIEHCKOT MOCTa, YTBPh)EHO je a je HIMTOTOKCHYHOCT KOHjyTrOBaHOT
jenumema 20 Beha 3a jeman pen BennuuHe. Jenumeme 21 mokaszano je W M3y3eTaH
anTunponudeparnBan edekat Ha xopMoH-He3aBucHe MDA-MB-231 u PC-3 henujcke
munnje ca ICso = 0,09 pM. %% %

Omnmcana WcTpaXKMBamka MoKas3aia Cy Ja ce Be3WBambeM (DepoleHHUI-TPpyIe 3a CKeJeT
TaMOKCH(eHa W XUAPOKCHTaMOKcH(eHa M00Hjajy JepHBaTH OBUX jeAMIbEHa KOJU HMajy

56
oz[peljeHe NpeaAHOCTU, Kao HITO Cy nosehana OUTOTOKCUYHOCT W aKTHUBHOCT M IIpEMa
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XOPMOH-3aBHCHAM U XOPMOH-HE3aBHCHHM hemmjama paka mojke.” Cmatpa ce ma je 3a
AQHTUTYMOPCKY AaKTHBHOCT OBE TIpyle jeWbeka OJrOBOPHA peaKlyja HacTajior
(deponeHnjyM-joHa in vivo y3 Tpahere aKTUBHHX KHCEOHHMYHHX pajukaiga (Kao ITO Cy

. . . 70,71
XUAPOKCHIIHA), KOjU N3a3uBajy omreheme hemuja paka.

2.1.2 [lepuBaTtu (peponeHnJIpanokcudena

[MoxcrakHyTH  mOOpUM  pe3yaTatuMa JoOWjeHUM ca  (epoleHII-aHaIo3uMa
tamokcudena, Mapkec (Marques) W capaJHHIOM WCIOUTAIN Ccy MoryhHOCT YyBohema
(heporneHmI-rpyIie U kox pamokcudena (jemumeme 22, Cnuka 2.6), jOII jeTHOT CEICKTUBHOT
MOJIyJIaTopa ectporeHckor peuenropa (SERM).”? Cunrerncana je rpyma jequmbeba CPOIHIX
panokcudeHy Koju caapxe jenHy (epoleHWI-rpyly U oipeheHa HmUXOBa IMUTOTOKCHYHA
AKTUBHOCT TIpeMa HEKOJIMKO JIMHUja TyMopckux henuja. CBa TecTHpaHa jeIumbebha MoKazaia
Cy 3HauajHy IHUTOTOKCHYHY aKTMBHOCT MpeMa helujcKuM JIMHHWjaMa paka jajHuKa, rpauha
Mmatepunle, Iryha, pebemor 1peBa W Jojke. Tpeba wu3nBojutH [3-heponeHmn-6-

MeTokcubenso[b]|tnoden-2-nin|[4-nmunepazun- 1 -un)merundenmwn|meranon (23, Cnuka 2.6),

OCH;

© \_s
& e
. &
\ N
s ()
22 23

Cauka 2.6. Ctpykrypa panokcudena (22) u \eropor (eporeHui-ananora 23

grje cy ICsy BpemqHOCTH BeoMa HHCKE, YaK 3a BHUIIE OJ jeIHOT pelaa HIDKE OJ OHUX 3a
UCIIATHHY.

YTBpheHo je u na jenumeme 23 akTUBUpA Kacnazy-3 y hennjama jajHuKa, OHOCHO Jia
je y3pok cMpti hemmja Tymopa HajBepOBaTHHMje aronTo3a, a He Hekposa.~ Ha OCHOBY

pe3ynrara JOOWjeHNX M3 OBE CTYAMjE JIAKO C€ 3aKJbydyje ja Ou Jajbu pajJl y OBOj 00JIACTH
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MOrao OMTH BeOMa YCIICIIaH, MOIITO Cy HEKa OJf CHHTETHCAaHUX jelUbCHha IoKa3ajaa U
AQHTHECTPOTEHE U IIUTOTOKCHYHE OCOOMHE.

C 003upoM Ha TO Aa je BEMMKH OpOj CHMHTETHUCAHUX JepuBaTa (epoleHa IMOoKazao
3HayYajHy aKTUBHOCT, MPETIIOCTaBHJIO Ce J1a OM M Be3WBame caMe (EepoOIeHCKE jeqUHUIIE 3a
j€3rpo HEKOT OJ1 EHIOKPUHUX METa0OJHTa, IyTeM N3MEHhECHE HHTEPAKIIHje ca pelenTopuma 1
TaKBMX MOXM(DUKOBAHMX GUONMIaHIa, MOIJIO [a JOBee A0 UToTOKCHUHOr edekra.”’ Jla 6u
ce UCIUTaja OBa XUIOTe3a, PEPOLCHWI-TPYIIA je Be3aHa 3a CKEJeT eCTPaHolia, a MOTOM je
UCIIUTaHa aKTHBHOCT JIOOMjCHOT jeiuiberha. MICIoCTaBuIIo ce Jla Cy CHHTETHCAHA jeNbCHha
TMOKa3a1a HIKY aHTHTYMOPCKY aKTHBHOCT Of JepmBata (epormbena u pamokcnpena.””
OBu pe3yaTaté yKasyjy Ha TO Ja aHTHTyMOpPCKa akTHBHOCT ¢epoueHmi-SERM jennmema

. - 74,75
HH]JC IOCJICArLIa CaMOTI IIPUCYCTBA q)CPOIIeHI/IJ'I-prrIC Y YHYTPaAlIkOCTH hCJ'II/I_]e. ’

2.1.3 IMoaugenosicku nepuBatu gepoueHa

[Monmuenoncka jequmemna, Kao MTOo Cy CTHIOSHH, (PIIABOHOU U, TIPOAHTOIN]aHUTUHU
U WHUXOBU JIEpUBATH CHAAajy y TPYIy jelumbema OWBHOT TOpEeKNIa Koja cy HajBUIIe
M3ydaBaHa 300I FSHXOBOT AHTHOKCHIATHBHOT mMOTeHIHjana. o '° JKayeH ® capagHumu
CHUHTETHCAJIN Cy HEKOJHMKO JiepuBaTa MOJU(PEHOJCKUX jeIUbEHha KOja y CBOJO] CTPYKTYpPH
cazpke (EpOICHWI-TPYITy, a MOTOM Cy HWCIHTAIA HUXOBY IHUTOTOKCHYHOCT KopHucTehu
cranmapaHe henmjcke IMHHje paka mgojke. " . PesynTaTH Cy mokasand na AH(MEHONCKO
jemumeme  1,1-0uc(4’-xuapoxcudenu-)-2-peporennn-1-6yren (24) mnokazyje 100po
aHTUnponnepaTuBHO 1ejcTBO U Ha xopMmoH-3aBucHe (MCF7) u xopmon-He3aBucue (MDA-
MB231) hemnje paka mojke (Cmuka 2.7). Wsnenabyjyhe, 1,2-Ouc(4'-xunpoxcudennn-)-2-
¢depouenmn-1-6yren (25) (Cnuka 2.7), peruonsomep jeaumemna 24, mokasyje cnaduje 1ejcTBO

Ha oBe henujcke MHH]E.

OH HO
& 7
L L B

Fe

— é

OH OH
24 25

Cauka 2.7. Ctpykrype pepoueHmI-1epuBara TupeHOIHNX jeaumbemba (24, 25)
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Jenumeme 24 nokasyje 4ak jaue aHTHNPOTU(PEPATUBHO JICjCTBO O 4-XUpOCUTaAMOKCH(EeHa.

CHakHa aHTUNpOJH(epaTHBHA aKTUBHOCT jeIUbEeHa 24 TOCIEANIA je TPUCYCTBA
(eponeHmI-TpyIe, a BEH TO0JI0XKa] y TOME Urpa BakHy ynory. Tpeba HamoMeHYTH H Jia ce
noBehame aKTUBHOCTU jeAbemha 24 He MOXke mpumnucatd camo Behem adunuTeTy mpema
penenTopy, MoITo je, y CTBapu, pelaTuBHU aduHUTET Be3uBama (relative binding affinity,
RBA) jenumema 24 3a ERa Bumm ox oHor xoju uma 25. Tloctoje aBe CYyIITHHCKE pa3ivKe y
CTPYKTYpH OBUX jenumbema: (1) y jennmemny 24 jeqHa on 1Be GeHOJICKE rpylie OpUjeHTUCaHa
je yBeK trans y ogHocy Ha (epoleHWI-TpyIy, ITO HUje Cllydaj ca jenumemeM 25; (ii) y
jenumeny 24 nBe (eHoncke rpyne Aene UCTH YIIBEHUKOB aToOM, JIOK je y perHou3oMepy 25
cBaka (peHWII-TpyIIa Be3aHa je 3a Pa3InIuT OJS(PHHCKU YTIHEHUKOB aTOM.

XKayen je ca capagHMlIIMa CHHTETHCAO0 M CEpHUjy jEAHOCTABHUX HEKOHjyTOBaHHX
nudeHoNckuxX aepuBata deporieHa (opmo, napa; mema, napa; napa, napa- 26, 27 u 28,
Crnuxka 2.8). OBa jequmema nMajy apuHUTET 32 00a THIA eCTPOTEHCKHUX pelenTopa CIu4aH
NPETXOIHO MOMEHYTUM JepuBaTuMa. OHa Moka3yjy 3HauajHy LUTOTOKCUYHOCT Y in Vitro
yCIIOBUMA IpeMa XOpPMOH-He3aBUCHUM henujckum nuHujama paka mpoctare (PC3) u mojke
(MDA-MB231). OBa akTuBHOCT je m3pakeHuja ca PC3, a mo akTUBHOCTH W3[Baja ce opmo,
napa nugeHoncku nepusaT. EnekrpoxeMujcka Mepema Mmokas3aia Cy Ja jé HTATOTOKCHYHOCT
OBUX jeIUEHa Y KOpenanuju ca JakohoM okcuaanuje dhepoueHmwi-rpyne. OBa jenumermha Cy
3HATHO Mame IIUTOTOKCHYHA 01 (PePOIICHCKUX TU(EHOJICKUX AepuBara OyTeHa.

OH
-

Fe

= (¢
X

—/ R
26: R =0-OH, 27: R = m-OH, 28: R = p-OH

Cauka 2.8. Ctpykrype HeKOHjyroBanux audenwmn-aepusara gepouena (26, 27, 28)

XKayen u capamHuny moaBpriM Cy (peporeH peakiuju ca METOKCH-CYTICTHTYHCAaHUM
OeH3WI- 1 OCH3XHUIPUII-ATIKOXO0JIOM Y IIPUCYCTBY TpU(ITyOopcupheTHe KHCEeIUHE, IITO je a0
METOKCHOEH3WI- Wi OeH3XuApui-pepoleHe, Koju Cy JAEeMETHIOBAKEM HarpaIuin
depouernndenorne, ogHocHo Guchenone.”’ Pesynarati cy mokasanu aa nepuBaTH 6GucheHo-
tdepouena 29 (Cnmka 2.9) ucnospaBajy BUCOK adUHUTET 3a 00a THUIA €CTPOTEHCKUX

peuentopa (ERa u ERp).
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OCHs

H,CO
29

Cauka 2.9. Ctpykrypa 6ucdeHnon-gepusara pepoueHa
2.1.4 DepoueHCKM 1ePUBATH AHAPOTreHA U AHTUAHIPOTeHA

Tectoctepon (30) u weroB aktuBHH MeTabonut auxuaporectocrepoH (31) (Cauka
2.10) mory na u3a30By MajqurHu pact npocrare. OTyza ce jieueme paka IpocTaTe 3aCHUBA Ha

yHoTpeOH aHTHAHIPOIreHa, MOJIEKYJa KOjU OJIOKMpPajy XOPMOHAJIHO /I€jCTBO aHIPOTeHa TakKo

OH OH
(0% : { (o5 : {
30 31

Cauka 2.10. Ctpykrype Tectoctepona (30) u quxuaporectocrepoHna (31)

IITO C€ Be3yjy 3a PELEenToOp yMECTO TeCTOCTEpOHA. YKJbyuuBame (pepoleHa y CTpyKTypy

aHTHAHJIpOTeHa MOrJo Ou jga jgoBene 10 Tobehama aHTUTYMOpPCKE AKTHBHOCTH OBHUX

MOJICKYJIa.
_—
aW— Fe i Fe
0] o]

32 33

Camnka 2.11. @eporeHmi-nepuBatu TectoctepoHa (32) n quxuaporecroctepona (33)
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OBum mpobnemom OGaBmiie cy ce aBe rpymne ucrpaxkusada. [Ipso je XKayen ca
capagHUIIMa yBeo ¢epoueHmI-rpyny y C-17 monoxkaj cTeporIHOT CKeleTa TECTOCTEPOHA
JUXUIPOTECTOCTEpOHa ca eTuHmI-cyncturyeHToM (Cnuka 2.11). AHIOporeHa aKTHBHOCT
CHHTETHUCAHUX jeANheha OMIa je MPUINYHO HHCKA, HajBEPOBATHH]E 3aTO IITO PEIEeNTOp HE
TOJIEpHILIE CYNCTUTYEeHT Yy monoxajy 17. Mehyrtum, monekynn 32 u 33 (Cnuka 2.11) cy
MOKA3aJIi jaKy aHTUIIPOIHU(EepaTUBHY aKTUBHOCT MpemMa XopMoH-He3aBucHUM PC-3 henujama
paxa npocrare.*

Manocpon (Manosroi) je ca capagHUIIMMa CIPOBEO CIMYHY CTYAHM]Y, Y KOjOj je
cuHTeTHCao nepuBar TectoctepoHa 34 (Cnmka 2.12), yBohemem ¢depoueHun-rpyne y
nosnoxaj C-2 oBor xopMmoHa. Mako penenTopcka akTUBHOCT OBOT jeHI-EHha jOII YBEK HHjE
WCIHUTaHa, OHO j€ MOKa3aJl0 BUCOKY IHUTOTOKCHYHOCT (y mopehemy ca HOKCOpyOULIMHOM)

npema HeLa henunjama.*

Cauka 2.12. @epoueHun-aepusar rectoctepona (34)

Hymuramun (35, Crnuka 2.13) je HecTepoWIHH aHTHAHIPOTEHU TEPAINEyTCKU areHc,
KOjH ce Jaje MandjeHTHMa Koju Ooidyjy oA paka mpocrare. Y TOKymajy na ce moseha
TepaneyTcka e(pUKaCHOCT OBOI jelUIECHA, CUHTETHUCAHA je cepuja JepuBara (epoLeHHI-

84
HyJIuTaMuyaa.

CN

O CFs
FsC 3\\# FsC 0

NN NNH
gr O>//©

35 36

O,N NC

Cauka 2.13. Ctpykrype nynuramuaa (35) u pepornenni-aHanora oBor jenumema (36)

OuekuBajio ce Ja he AHTUTYMOPCKa aKTUBHOCT OBHX je)lPIH:eH;a HpOI/ICTehI/I U3 BUXOBOT

aHTHUAH/POreHOr e(eKTa, ajli Cy OHa MoKa3ana HeoOnuaH edekar. Jequmeme 36 mokasano je
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3Ha4yajHy LUTOTOKCHYHY akTHBHOCT mpema PC-3 xopmoH-He3aBucHUM henujama paka
npocrate (ICsp BpexnocT 5,4 mM), mITO je TUPEKTHO TMOKA3ajo Jla C€ HEroBa aKTUBHOCT HE
OJIBHja MPEKO aHTHAHIPOTEHCKOT PEIeTTopa.

HeouexunBano TIOHAIIIAkE (eporeHcKnx JepuBaTa TECTOCTEpPOHa,
JTUXUIPOTECTOCTEPOHA W HYJUTaMUAAa — HHCKAa aHIpOTreHa aKTUBHOCT, a BHCOKa
IIUTOTOKCUYHOCT IIpeMa XOPMOH-HE3aBUCHUM henrjama paka mpocTare - joll yBEeK HHUje jaCHO
00jalmeHo, ay JeIMMAYad pasJior je MoXKIa TO MTo (epoleHWI-Tpyna HEKaKo CrpevaBa

BE3UBakC OBUX je/IULEHha 3a OAroBapajyhe perenrope.

2.1.5 ®epoueHnjym-coau

Cuntesa nepuBara (eporeHa KOju TOKaszyjy aHTHTyMOPCKY aKTUBHOCT, a KOjU CY
PACTBOPHM y BOAM 3HAYAjHO je NPUBYKIA MaKEY MEIHIMHCKAX xemmdapa.”  Heku
pe3yiaTaTd ykasyjy Ha TO Jia Cy OBa jeAMibemha €(pUKACHU aHTUTYMOPCKHM areHCH, y HEKUM
clyuajeBuMa eDUKACHU]H OJ AepUBATA HepacTBOPHHX y Bomu.* TTHOHMpPH Y 0BOj 06macTH Cy
Kond-Majep (Kopf-Maier) u capagHull, KOju CYy OTKPHIM AHTUTYMOPCKY aKTHBHOCT
deponennjym-comn.*’ V okBupy THX HMCTpakmBama TeCTHpaHa je aKTMBHOCT (epoleHa u
HEKUX (epoleHjyM-COIM Ha MHUIIEBUMa obonenux o Ehrlich ascites tymopa (EAT). 360r
ciabe pacTBOPJEUBOCTH (pepolleHa y BOAM OH je KMBOTHMH-aMa yOpu3raH Kao pacTBOp y
NPONUJICH-TIUKOIY U puMeheHo je 1a HeMa aHTUTYMOpPCKY akTuBHOCT npema EAT. C npyre
cTpaHe, (hepoLeHHjyM-COJIM CYy pacTBOpPHE Yy BOAM, A Cy JKUBOTHUH-aMa yOpH3raHe y
¢dusmnonomkom pactBopy. Edekar tpetupama deponenujym-rerpaxiopdeparuma, Kao mTo
je [Cp.Fe] [FeCly]” (37a), 6uo je mpexusibaBame U 10 83% KMBOTHHA, a MPOLYKEHE
*uBOTHOT Beka o1 380% y mopehemy ca HeraTuBHUM (HETPETUPAHUM TECT CYICTaHIIAMA)

koHTposnama (Cnuka 2. 14).89

Fe
—

37a: X = [FeCl,J, 376: X = |-
Cauka 2.14. Ctpykrype deporeHujyM-TeTpaxiopdepara 37a u peponernjym-tpujoauaa 376
[TornoBa ¥ capa HUIM Cy PaIUIId HA TECTUPAkY aKTUBHOCTH CHHTCTHCAHUX jCIULCIHA

37a u 3706 npema Bupycy Rauscher neykemuje. tbuxoBu pesynratu cy mnokaszaimu Jia je

deponennjym-tpujonun (376) edukacan npotus ose Gonectu, a na [Cp,Fe] [FeCly] (37a)
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Huje mokasao TakBy aktmBHOcT (Cimka 2.14).°° OBo ykasyje Ha jaky 3aBHCHOCT
AHTUTYMOPCKE aKTHBHOCTH (hEPOIIEHHU]YM-COIH O] BPCTE aHjOHA M paKa.

[IpernocraBsba ce ma 6u (epoleHcKa jenumbemha MOTIa 1a ce OKcHuayjy y hemmjama
NPEeKO HOPMATHUX METa0OJIMYKKX TMpoleca W Ja, OHAA, (EepOUEHHjyM- W HEyTpaHH
depolleHCK  JlepUBATH  3ajeQHO MCMOJbABA]y ~AHTHIPONM(DEPATHBHY AKTHBHOCT. -
Mexanu3zam JenoBama (EpOLEHNjyM-COJIM MOTao OM aa o0yXBaTa M TeHepHcame paauKaia

. . 71,93,94
®enronosuM (Fenton) myTtem mto y3pokyje omreheme JIHK u anonrosy henuja.” > ™

2.1.6 Konjyratu ¢pepouena ca HeKUM OMOJTOIIKH AKTHBHUM MOJIEKYJINMA

Cmweryp (Snegur) m capaJHUII CHUHTETHCAIH Cy CEpHjy JAepHBaTa TpPHA30ia KOjH
cazmpke jesrpo oor meranoneHa (Cnmka 2.15) u ucnurtanm BUXOB yTHIQ] Ha pacT hemuja
TyMOpa M TOKCHYHOCT y in Vvivo ycrnoBuMa. ' MCIOCTAaBMIO Ce a JKHBOTHEE I06PO
IOJHOCE TPETMAaH OBUM jJeIUMIEHHMA, a KOja MOKa3yjy HHMXKY TOKCHYHOCT y OJHOCY
KJIMHUYKY ynotpebsbaBaHe JiekoBe. Ha TpeTupanuM MHIIEBUMa HUje 3ama)xKeHa OMII0 KakBa

95,96
BU/JbMBA IIPOMEHA, Ka0 HU IPOMEHA Ha YHYTpAIlbUM OpraHuMa.

+
N/N\\N a\N/N\\N .
BF,

Fe
— = —
38 39

Cauka 2.15. JIBa npumepa u3 cepuje pepoleHnIanIKkuaTpruasona Koju cy akTUBHU IIpeMa
COJIMJITHUM TyMOpHuMa (KOjH He caJpke LIUCTE WIN TeYHE JeJI0BE)

Haj6osbe pe3ynrtaTe mokasano je jequmbemhe 38 mMpoTUB CONMMIHUX TyMOpa, Mokasyjyhu
uHXuOULMjy pacta Tymopa u of 100%. YcnemHo nenoBame jenumema 38 objammaBa ce
ciienehnm qmbeHHuaMa:95

e xujapoduaHa 6eH30TpHa3oIMI-Ipyna 00e30elyje TpaHCopT y BOJICHO] CPEIMHY, a
munodunHa geporeHun-rpyna oMmoryhasa mpomycTJbHBOCT MeMOpaHe;

e (eponenun-rpyna je crocoOHa fa GopMupa joOHCKE Be3e (HAKOH OKCHIAIHje 0
(heporieHNjyM-jOoHA), JOK TpHa3oiwi-Tpyna npu nenamy JHK moxe ma ¢popmupa
BOJIOHUYHE Be3e ca ¢pochaTHUM Tpynama;

® TUIAHAPHHW XETEPOUMKINYHU MPCTEH M TJIOMaszHa (hEepOIeHMWII-Tpylma MOTy Ja Ce

yMeTHy u3Mel)y paBan xerepounkinnaHux a3otHux 6a3a JJHK (untepkanupajy);
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Ta6ena 2.1. CunTesa koHjyrara ¢epoleHa 1 nojaracnapramuia

e T [o ] o 7T [o N
NH NH ) NH—_ NH-_
7 N N Fe " CooH, HBTU ~ ~
CONH CONH DMF, 2565°C CONH CONH
L R Je L ||?2_ N i Ry | « ’f‘/RZ
ik y *’;‘/ PF CHO
—
N/ /N Fe
HBTU=©:/:N L=~y
N
O3nHaka R R ]
1 2 CAUBCHE
HOCayda
40-C N NMe, NN 40
41-C IS PN 41
42-C " NMe, NN 42
H
43-C 7N N, PN 43
44-C "™ PN 44
45-C /\/\NMez JIMPEKTHO BE3UBAE 45
46-C _~_-OH NN 46
OH H
48-C O R 48

Hojze (Neuse) wu CapaI[HI/IHI/I%-IOS

Cy CHUHTETHCAIM KOHjyrate ¢epolieHa ca
nojuacrnapraMuaoM Kopucrtehu pasmuuure ,JJMHKEpe ga  HOBEXY  XHAPODUIHU
(monmmacmapramun) u nunodunau dparment (deporieH) (40-48, Tabena 2.1) u ucnurtanu
HBUXOBY IIUTOKCHYHOCT mpema henujama paka gebenor npesa. Kao nuHKepu KopuiiheHu cy
amupaTUuHN aMUJHH M €CTapcKu (HparMeHTH, TMOAJIO0KHHU XUAPOJIU3U TOJA (PU3HOIOIIKUM
ycmoBuMa. OBa jenumema a00ujajy ce peakuujoM 4-deporeHmnOyTepHe KHCENHWHE ca
GOYHOM aMHIHOM, ® OJIHOCHO XHIPOKCHIIHOM TPYIIOM IOJIHACTIAPTAMULA.

Takohe je cunrerucano u jeaumeme 49 (Cxema 2.5), nonazehu on monuamuga 49-C.
HcnuTtrBameM GU3MUKUX 0COOMHA OBHX jeIMI-EHba MOKA3allo ce Ja Cy OHa J00pOo pacTBOpHA

y BOJM, a CMaTpa ce Ja Cy 3a TO OArOBOpHE NPUCYTHE (YHKLUMOHAIHE rpyne (TepuujapHe
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aMuHO Tpyne y OOYHOM JaHIy Koj jenumema 40-45, GouHe XHIPOKCUIHE TpyIe KO
jenumema 46-48 W ONUTO-CETMEHTH - ETWICH-OKCHIHM (parMeHTH YHyTap JaHNa KOJ

jenumema 49).

o 49
a) N/OWFC / DMF, 25-26 °C
0
0

Cxema 2.5. Cunresa xoHjyrara deporeHa 49

[Ipouemena je antunponudepaTHBHA aKTUBHOCT CHHTETUCAaHUX KoHjyrara 40-49 Ha
hemmjckoj ymuamju Colo wm pamu mopehema Ha Hela nuauju. YtBpheno je nma BehunHa
KOHjyrata HHXuOupa pact o0e Bpcte henuja, npu uemy cy ce koHjyratu 40-45 u 49 nokazanu
AKTUBHU]UM.

HenaBHo je cuHTeTHCaHa cepuja jeumbemha — JepuBaTa (GepolicHa 4hja CTPYKTypa
oOyxBara TpW KJbydyHe KOMIOHEHTe: (a) (epoueHwI-rpymny, (6) KOHjyroBaHH J1€0 KOjH c€
OKCHJyje Ha HIKEM IMOTEHIHjally ol (epoLeHII-Tpyne, U (B) IepuBaT MEeNTHIA KOjU MOXeE
Jla MHTeparyje ca OMoOMOJIeKyJIMMa MPEKO CEKyHIapHUX MHTEPAKIIN]ja, KA0 IITO Cy BOJAOHHYHE
Bese. "' Cau nobujeHn (HepOIICHII-TICTITUIN TECTUPAHU CY Y in Vitro yCIOBUMa TIPOTHUB

henujcke nuauje H1299 (xymane henuje paka myha). Behuna on mux nokaszana je 3HadajHy
O

H S~
o4

50

Cauka 2.16. Ctpykrypa dheponenmi-nentuaa 50
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aKTUBHOCT, Tj. 3a mux cy oapehene nucke ICsy Bpemnoctu. IloceOno, ermm-ecrap 6-
¢deponenmn-2-napramunodyrepae kucenune (50, Cnuka 2.16) nmokazao Behy akTUBHOCT y in
vitro ycnopuma (Hucka BpearocT 1Csg) on uI/IcnnaTI/IHe.106'109

[ToreHnmjaHe aHTUTYMOPCKE 0COOMHE JIeprBaTa HYKJICO3U/Ia U CaMUX HYKICHHCKUX
0aza koje campke (QeporeHCKO je3rpo Ouiae Ccy TMpeaMeT u3ydaBama HEKOJIHKO
ucrpaxuBadknx rpyma.’ ! Tako cy Cumenen (Simenel) i capaHHI CHHTETHCAIN CEPH]y
(hepolieHWI-IeprBaTa THMHUHA, aJIcHUHA, ITATO3MHA 1 jO,Z[I_II/ITOSI/IHa.”O U3 oBor HH3a u3nBaja
ce 1-N-dpepouennnmernnrumut (51, Cnuka 2.17), uynja je aHTUTyMOpPCKa aKTUBHOCT IpemMa
HEKMM BpCTama TyMopa KOJA >KMBOTHHA (Kao mrTo cy kapuumHoMm Ca755, menanom B16 n

Lewis-oB kapumHoM Tutyha) mpoyuaBana y in vivo ycnoBuma. Ha mpumep, 3HauajHa je

HETOBa aHTUTYMOPCKa aKTUBHOCT npeMa kapuuHomy Ca755 (70% uaxubunuje pacra henuja

"o
ON
—

y nopehemy ca KOHTPOITHOM).

51

Cauxka 2.17. Ctpyktypa depouenuni-aepuara TaMuHa 51

[Ipumehen je, Takohe, cuHeprercku edekar jenumema S1 u A00po MO3HATOT
AHTUTYMOPCKOT JieKa nukiodochamMuaa Ha aHTUTYMOPCKY AaKTUBHOCT IMpEMa KaplUHOMY
Ca755.'"

Unynua M (52, Cnuka 2.18) je NMTOTOKCHH KOjU TIpHIIaga TPYHH CECKBHUTEpIEHA
nponaljeHuX y HeKuM ribHBaMa.' > Maja Cy WiIyIMHH jako aKTHBHH NMPEMa PasHUM BPCTaMa

2 Heku

TyMOpa, eKCTpPeMHA TOKCHYHOCT CIIpedyaBa FbHXOBY KIHHHYKY IMPHMEHY.
CEeMUCHHTETCKHU JIEPUBATH WIyJWHA Ca CMAambEHOM TOKCHYHOIIhy TpeHyTHO cy y ¢aszu 11
KIIMHUYKUX HCIIMTUBAmka NMpeMa HEKMM BpcTama paka, YKJbydyjyhu pak mpocrare, jajHHKa,

. 113, 114
naHkpeaca, 6y6pera, nojke u miyha.''™

VY texmu aa nosehajy TepameyTcku HHAEKC
wiynnuHa M (kao u crermmduyuHocT mpema onpehennm hemmjckum nmaujama), lobept
(Schobert) u capagHuI CHHTETHCAIH Cy BeToBe ecTpe ca (eporeH-1,1'-murkapOOKCHITHOM 1
deporenkapGoKcHIHOM KHcenuHoM. - ITokasamo ce 1a je TOKCHYHOCT 3a HEeMAaluTHe
ubpodmacte ouc(unyuauauia-M)-depornen-1,1'-mukapbokcunar (53, Cnuka 2.18) mameko

Mamba, a CCICKTHBHOCT IMpEMa TyMOpuUMa H CHeHI/I(l)I/I‘lHOCT npemMa TpaHC(l)OpMI/ICHHI/IM

henwjckum nuHWjama 3HaTHO Beha Hero y ciuydajy wmnyamaa M. OBo moOoJblliamke
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JISTMMAYHO TOTHYE OJ1 3aIITUTE EHOHCKOT CUCTeMa miyinHa M o1 Hamaja TIyTaTHOHA, KOjy

o6esbelyje depouercko jesrpo.'

52 53

Cauka 2.18. Crpykrypa unynuna M (52) u deporieHun-jaeprBara oBOr jeumbema 53

Perunonmu oOyxBarajy akTUBHE METa0OIMTE BUTAMUHA A (PETUHOI) U UTPAjy BaXKHY
VJIOTY y pacTy W pa3Bojy KuuMemaka, nomaxyhwm mudepennmjanmjy henuja, passoj
eMOpHOHA, OIrOBOP MMYHOT CHCTeMa M penpoaykumjy.''° Heke frans-peTHHCKe KHCETHHE
TPEHYTHO C€ KOpHCTE y Jieuermy JAepMaToJOMIKUX mopemehaja M Kao XeMoTepaneyTCKH
areHCH TPOTUB pPAa3IMYUTUX Tymopa. IbHXOBO jeloBame 3aCHMBA CE€ Ha BE3UBaBYy H
aKTHBALM]H perierropa peruncke kucennue (RARs) mn X penentopa pernnonaa (RXRs).'”

VY HacTojamy Ja ce no0oJbllla aHTUTYMOPCKAa AaKTUBHOCT OBE TIpyIE jeAUIEHa,
NpUOpPEMIBEHH Cy HEKH naepuBaté ¢epoueHa (jemumeme 54, Cnmka 2.19), a muxosa
a"HTUNponM(epaTUBHA aKTHBHOCT M3y4eHa je Ha henmujckum smHujama A549 (xymane henmja
paxa turyha), BEL7404 (paka jerpe) u Tca (paka je31/n<a).74 Mapa cy pe3yaTaTv OKa3ajn aa

je arTHnponudepaTHBHA aKTHBHOCT (epoleHmI-aHanora Beha ox aktuBHOCTH came 13-cis-

petuncke kucenune, Haljene ICsy BpenHoCTH Cy, nrak, ckpoMue (19-40 uM).74

@)

N Y YN
(] =
Fe

=

Cauxka 2.19. Ctpyktypa depouenunn-aepuBara petuHonia S4

54

2.1.7 ®epouencku aepusatu [JHK-unTepkanaropa

BesuBame ¢epouenmn-rpyne 3a JJHK-unTepkanaTope mpencraBiba HauMH J1a ce OBa
rpyna npubmmxu JJHK u Tako nohe y monoxaj mogecan aa je omretd win na youje hemmjy.
Onr (Ong) u capagHULU CHHTETHUCANH Cy jeaumemne 55 (Cnuka 2.20) Be3uBameM (eporeHa

3a mosiekyn akpuanna (JAHK-unTepkanarop), u nopeauin Bberopy aHTUTYMOPCKY aKTUBHOCT
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ca akTHBHOIINY aHajora (eporeHa Koju He caapKe akpUAuHWI-Tpyny (jenumeme 56, Cnuka
2.20).7°

TecroBu y in vitro ycnoBuMa ToKa3zand Cy Ja (peporeHCKH nepuBaT akpuauHa 55
MCIT0JhaBa BUCOKY TOKCHYHOCT TpeMa 4YeTHUpH heujcke IMHUje KaHIepa, JIOK je JeIumBbeHhe 56
HEaKTHBHO. [ JTaBHU pa3yior Te HEaKTUBHOCTH jecTe HeMoryhHocT ¢eHuI-nepuBara 56 na ce

Bexy 3a JIHK.
HsCQ

N
— { <

=

F©e\/\ o ?\AH©

Cl
55 56

Cimka 2.20. CtpykType (hepolieHIII-jeIuberba Be3aHuX 3a akpuauH (55) u 6ensun-rpymy (56)
2.1.8 Pa3iuuuTv aHTUTYMOPCKH JIepPUBaTH (pepoueHa

Tomouzomepaze (tum | u II) cy ensumu koju omoryhasajy pacmiuTamke U MOHOBHO
yumrame JIHK, xako Ou ce onakmiana BHUXOBa peIUIMKalUja U oMoryhmia KOHTpoia
CHHTE3€ MpOTeHHA. Y HOpMalHUM henMjamMa akTUBHOCT Tomou3omepase Il je cTporo
KOHTPOIIMCAHA, JIOK j€ IeH HHBO IpH 6p30j neo6u Tpanchopmucanux heuja Beoma ucok.' '™
OBa paznuka y KOJMYMHI/aKTHBHOCTH TOTIOM30Mepase u3Mmel)y 31paBux u TpaHc(OpMICaHUX
henuja YMHM OBE €H3MME MOTEHIIMjaJJTHUM MeTaMa aHTUTYMOPCKHX areHaca.

Konmamu (Kondapi) u capamHuim cuHTETHCAlu cy cepHjy AepuBaTta (epoiieHa u
MCTINTATH BUXOBE HHXHOHUTOPCKE 0cobuHe mpema tomomsomepasu 11" '2° Haheno je na cy
(heponieHckn aznaktoH 57 u 2-dpeporeaunmeTii- 1 -mopdonuno-1-erantnon (58) akTHBHHjH
Ol OCTATHX jelHIbeba Koja ¢y cuuTeTHcanu. >’ PesynTatn ykasyjy Ha TO 1a [Ba jeIHbCHA
pearyjy ca Tomonzomepasom Il n nHXHOMpajy HEeHy aKTHBHOCT Y3pOKyjyhu OpojHe TeHeTcKe

. . - 120
IMPOMCHE KOJ€ HAa KpajJy BOJAC 10 YMHUpaAha MAJIUTHE heJ’II/I_]C.

Fe \ N\ Fe N e}
= ) = ¢
(@)

57 58

Cauxka 2.21. J[lepuBatu deporieHa Koju HHXUOUpajy Tornonzomepasy 1
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Hcra rpyna ucrpaxkuBaua Hamuia je na jeaumeme 59 (Cnmka 2.22) moxasyje
aHTUTIpOoNM(epaTUBHY aKTUBHOCT TpeMa HEKOJMKO JIMHUja XyMaHuX henuja paka, moceOHO
npema Colo 205 (ameHokapurHOM Jederor upeBa).119

MexaHn3aM JeNOBalka OBUX jelWI-EHha HUje Oall cacBUM jacaH, IITO CE€ HAPOYHTO
OHOCH Ha YyJory deponeHmwI-rpymne. AyTopy Tpeaiaxy JABa CYIITHHCKH Jpyraduja
MEXaHW3Ma HHXUOUIIM]je aKTUBHOCTH Tononzomepase 11 jenumemnma 57 u 58, cmarpajyhu na
(hepolleHCKM a3NakTOH WHXWOWpa aKTHMBHOCT CH3UMa TMpeKo (QopMHUpama pa3rpajuBor

komrutekca (JJHK + tomo II + nepuBar deporiena), a 1a MOPHOIUHCKH JIEpUBAT KOHKYPHIIIE

rpahemy ATII u Tako HHXHOMpA KaTaTUTHIKE aKTUBHOCTH €H3UMA.

y N—OH
Fe
VR %
HO—N
59

Cauka 2.22. Ctpykrypa okcuma 1,1 -((XuapoKcHuMIHO )METHI ) epoleHIIIANIeX 1 1a

IlITo ce Thue nenoBama jeAnmbemha 59, MpeTnocTaBiba ce Ja Ce €H3UM U jeIubemhe 59
Be3yjy IPEeKo XeTepoaToMa ajlOKCUMCKUX IpyTa.

[Toctoju 3Hauajan Opoj jeaumbema Koja y CBOM cacTaBy cajapxe (epoleHCKO je3rpo 1
(ynkimonanHe rpyne (Tj. XeTepoaToMme) ca eNEeKTPOH-IOHOPCKMM OCOOMHama, Ta
NpeACTaBbajy MOJECHE JMTaHae (YecTo TOJMACHTAaTHE) 32 KOMIUICKCHpPAmkEe ca jOHUMa
NpeTa3HuX MeTala; 3a HeKa O]l HhHX HMCIUTAaHA je aHTUTyMOPCKAa aKTUBHOCT. Tako cy, Ha

npumep, Paymyt (Rajput) m capaz[HI/IuI/I121

MPUIIPEMHIIA  CEPHjy (EPOICHCKUX JepUBaTa
nupuauHa ¥ GEeHWINMpUIMHA W HampaBuiu mwuxoBe komiuiekce tuma [MCI(CO)y(L)],
[M(cod)(L),]CI1O4 u [M'CIy(L);], tne je M = Rh unu Ir, cod = 1,5-nuknookcanuen, M' = Pt

win Pd, a L jenan ox noMeHyTHX JuMraHaza.

clo,

R = (C=N)(CgH,)Fc
60 61

Cauka 2.23. J]Ia npumepa U3 ceprje KOMIUIeKca Koju cajpxe QepoIieH, a Koja ¢y mokasana
3Ha4ajHy IUTOTOKCUYHY aKTUBHOCT
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Hekonnko CHHTETHCAHUX KOMIUIEKCA MMOKA3ajo je 3HauajHy HUTOTOKCHYHY aKTHBHOCT
npema kanuneporennm hemmjama WHCOI, mpu yemy HapounTto Tpeba ucrahm jequmemna 60 u
61 (Cruka 2.23)."!

Kpan (Kraatz) m capamgaunm CHHTETHCANIH Cy (DEPOLICHCKH JepPUBAT MHUpa3oja 62,'*
KOj€ JIaKo MOJKE Jla ce KOOpIWHYje ca jOHMMa pa3IMduTUX TpenasHux merana. OBa rpyna
UCTpa)XKMBaya HampaBWia je M JETaJbHO ONKcala KOMIUIEKCE OBOI JIMIaHAa ca jOHHMa
reoxia, kobanra u HuKNA (63, 64 u 65, Cniuka 2.24). McnuraHa je BUX0Ba IMTOTOKCUYHOCT
W TIoKa3alo ce Ja cy xymane henwje anmeHokapiuHoma (MCF-7) oceribuBe Ha CBEe OBE
KOMIUIEKCe, W Ja j€ HajaKTUBHHMjU KOMIUIEKC KoOaira. 3aHMMJbUB je Hajma3z Ja
IIUTOTOKCHYHOCT OBHX KOMIUIEKCA Omajaa ca mopactoMm pemokc moreHmmjana (Ein) merana

(am3 nuroTokcuyHoctr: Co > Ni > Fe; Hu3 pepokc norennujana: Co < Ni <Fe).

x
NH NH
N~ / \LOZ “NH
\ NZI
M.
NH NH 51,\{//
=
o) \( NH
Fc Fc
62 63: M =Ni
64: M =Co
65: M = Fe
L =MeOH

Ciauka 2.24. @eponeHcKy AepuBaT nupaszosa (62) u KOMIUIEKCH HACTalu HerOBOM
KOOPIMHALMjOM ca joHMMa TBoxkha, kobanrta u Hukia (63, 64 u 65)

Coxap (Sohar) u capaganimn'> cy cuaTerrcamy 3-¢peporeHm- 1 -(p-XuapokcubeH)-
xankoH (66, Crnuka 2.25), a IMOTOM Ta aleTWJIOBAIN U TJIMKO3WIOBAIM TEPalleTUIOBAHUM
TITyKO3WII- U ranakto3uin-opomugom. Oba mobOujeHa nepameruinoBana rimko3uaa (68a u 69a)
MOJIBPTHYTA Cy XUIpoiau3u (10 aepuBaTa 680 u 696), a jenumeme 68 je y peaknuju ca HEKUM
apUIXHpa3uHIMA JaJl0 AepUBATE Ca TUXHIPOMUPA3OICKAM MPCTCHOM (UHjOM OKCHJIAIUjOM
cy nobujenn oxarosapajyhu mupasomn).' >

In vitro anTuTyMOpCcKa akKTUBHOCT NMPOTHUB JMHMjEe XyMaHux hemmja HL-60 ncnmrana
j€ 3a cBa jenumema u Hal)eHo ma jenumema 66, 67, 68, u 69 (Cnuka 2.25) mokasyjy mobdap
AHTUTYMOPCKH edeKar.

Ucnurana je in vitro aHTUTYMOpCKa aKTUBHOCT OBHX jequmema mpotuB KB u Bel-

7402 tymopckux henmja u HahleHo na 66 m 68 mocemyjy TOTEHIMjaJIHY AHTUTYMOPCKY

aktuBHOCT npotuB KB henwuja.
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@:‘? \Lﬁ@m

66: R=H
67: R=Ac
AcO H

68a: R = A%Oflmm
OAc

HO H
OH

AcO OAc

69a: R = ch? o H

OAc

HO OH
+.R= HO
OH

Cauka 2.25. Crpykrypa 3-pepouenui-1-(p-xuapokcudennn)-xankona (66) u meroBux
nepuBara 67, 68a, 680, 69a, 696

Opne he OutM momMeHyTH joml M pesynratu koje cy oOjaBunu Yen (Chen) u

CapaI[HI/ILII/I,124 KOjU Cy MPHUIPEMIIIA OpraHorepmanujymose aepusate 70-72 (Cnuka 2.26).

N 70: X = -CH,-

Fe

©_X 71: X = -CH(CH3)—

\
OGe(CH,CH,)sN 72: X = p-CgH,4CH,

Cauka 2.26. OeporeHu-1epuBaTH OPraHOTEPMaHN]yMOBHX jennmbemna 70-72

2.2 JepuBaTH (pepoueHa Ka0 AHTUMAJIAPUjCKH AT€HCH

Manapuja mpencTaBiba jeHY O HAjIpOOIIEMAaTHYHHjUX TMAPA3UTCKUX MHQEKIHja y
CBeTy, a O0opOa MpOTHB e CBpcTaBa ce Mel)y rilaBHe pa3BojHE M3a30BE ca KOjuMa Ce cyodyaBa
BEJIMKH JIEO CBETa, a HApPOYMUTO HEKEe OJl HajCHPOMAIIHHjUX 3eMajba. OHa TPEeHYTHO
Npe/CTaB/ba MPHOPUTETHY OojecT Mely Tpomckum Oonectuma 3a CBETCKY 3ApaBCTBEHY
opraamzanujy (WHO). IIpema mocneamum mpolieHama, Maiapuja noraha camo HEIITO Mambe
ol Be 1 o munujapae jbyau (oko 40% ceercke nomymnanuje), a ume o 100 3emaspa je y
omacHOoCTH. Fby Ko& JbyJM WM3a3uBajy 4eTUpH BpcTe mapasuta: Plasmodium falciparum, P.
vivax, P. ovale n P. malariae; oBe BpCcTe Cy palivpeHe IO IEJIOM CBETY, a MoceOHO Y
Adpunm.

Haje(MKacHuju JTeKOBH MPOTUB MaNapuje Cy XJIOPOXHH M Me(hIOXHH H KHHHH. > 2
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Haxaioct, HajonacHuju napas3ur, P. falciparum, moctao je OTIOpaH Ha JIejCTBO OBUX JIEKOBA,
Ia je CHHTe3a HOBHX JIepuBaTa, a Mel)y ’uMa U OHHX (epolieHa, aHTUMAIAPHUjCKUX areHaca
MPUBYKJIA MAXKIbY BEIMKOT 6poja ncrpaxnsada.™ ** 12#13% ®epoxnmckn nepusarn 73, 74, 75
u 76 (Cnuka 2.27) cy HOBa aHTHMalapujcKa jelIWEHa, TPEHYTHO y (a3d KIMHUYKUX

HCIINTHBAmkA. 136

= Fe

=
Cl N

73: R=H

74:R=Me

75: R=Et

76: R=t-Bu

Camuka 2.27. Hexonuko pumepa nepusara depoxuna (73-76)

®DepoxuH caapxku GEpoleHCKO je3rpo, a AU3ajHUPaH je Ja ce npeBasule OTIOPHOCT
napasuta Ha xjopoxus. > 1’ Tlokas3ano ce 1a je (epoXHH 3aHCTa AKTUBHU]U O] XTOPOXHHA
y MHXGHUHH pacTa coja P. falciparum 'y in vitro u P. berghei'y in vivo ycnosuma, " 121+ 138
®depoxuH je, Takohe, mokazao 22 myta Behy in vivo aKTHBHOCT KOJ MHIIEBA 3apakeHuX P.

berghei n P. yoelii NS mapa3utuma, ipu 4eMy Huje npuMmeheHa 3HadajHuja TOKCHYHOCT.

&

Fe |
-
HO N._
=z |
NS
: N CF,
CFs

- N
R—*Q 77 R=—N_ 81
R=—N_ 78 R=_N$ 82
R=—N% 79

R= —N% 80

Cauxka 2.28. Hexonuko npumMepa ¢epornenni-ananora medaoxuna v kuauna (77-82)
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Buot (Biot) u capagaumu' cy npunpeMmm cepujy (GepoleHm-ananora MeduoxuHa
U KWHUHA, 4YHMja je CTPYKTypa W CTepeOXeMHja OIOHAIIa CTPYKTYpy M CTEPEOXEeMH]jy
MaTuuHuX JekoBa (Ciuka 2.28).

OsBa jemumema Cy TecTupaHa Ha cojeBe P. falciparum, ocetspuBe (HB3) m ormophe
(Dd2) na xnmopoxuH u MeJIOXHH, alli ce MoKa3alo Ja aepuBatu (epouena (jenumema 77-82,
Cnuka 2.28) ucnospaBajy HIKY aHTUMAIAPHUjCKy aKTHBHOCT 071 Me(hJI0XHMHA M KMHUHA.

CunTeTucan je M wH3BecTaH Opoj JepuBaTa TPHUA3ALMKIOHOHAHA KOJH CaJpiKe
(hepOLICHCKO je3rpo ¥ HCIMTAHA HUXOBA AKTHBHOCT IpeMa mpeMa oBUM cojeBuma. >’ HaljeHo
je nma je HajakTHBHUjU  7-xyop-4-[4-(7-xnop-4-xuHomwmn)-7-pepoueHmnamerni-1,4,7-
TpHa3zauKiIo-HOHAH- | -wi|xuHommH (83, Cnmka 2.29), Koju je TOKa3ao 3HAYajHYy
aHTUMAJIAPU|jCKy aKTUBHOCT y in vitro ycioBuma mpema cojy Dd2, koju je ormopaH Ha

139
ACPUBATC XJIOPOXHUHA.

Ny cl

| =

N

() o

N\/ () =

Vi Fe Fe O

o | \— = NO,
cl N

83 84

Cauka 2.29. ®eponeHmi-aepuBat TpuasanukionoHana (83) u xankoHna (84)

I'o (Go) u Capa,Z[HI/II_[I/I14O’ tl

Cy HNPHUIPEMUIU CepHjy (EepPOIICHUII-XATKOHA U HCITUTAIIN
IBUXOBY AaKTHBHOCT Yy in Vitro ycinoBuma mnpema P. falciparum. 1-®Depouenunn-3-(4-
HUTpoeHmn)npon-2-eu-1-on (84, Cnuxa 2.29) je nmokazao Hajpehy akTHBHOCT, a cMaTpa ce
J1a T0JI05Kaj (hepOLeHMII-TPYIIE U MOJAPHOCT €HOHCKOT CUCTEMa YTy Ha JIaKohy oKcuaanuje
Fe** y deporieHy, mobospiaBajyhu, Tako, aHTUTIIIA3MON]ATHY aKTHBHOCT.

VYBoheme (epoueHun-rpyne y MOJEKyJ XalKoHa MOOOJbIIaBa HETOBY YJIOTY Yy
npolecuMa Koju yKJby4yjy ,,KBEHUOBame U reHepucame cI000aHuX panukana. Ha ocHoBy
Tora Tpebano Ou na (epoleHCKO je3rpo JONMPHHOCH MOOOJbIIAKY aHTUILIA3MOIUjaTHUX
AKTHBHOCTH (DepOLICHHI-XaJIKOHAa yuelmheM y peIOKC MpOIecHMa, ald Ha CTENeH TOr

noOoJbIlIaka yTHYY W JIpyre (PU3NYKO-XEMH]CKE OCOOWHE, Kao INTO Cy JMIMOQUITHOCT,

IIOJIAPHOCT U INIaHAPHOCT MOJICKYJIA.
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Bpokapn (Brocard) u capagmmum'*? ommcamn cy cummTesy 14 depoueHm-
AMHHOXUIPOKCHHA(PTOXMHOHA, Toja3ehn onx XuapokcMHapTOXWHOHA. AKTHBHOCT OBHUX
HOBHX JepuBara (QepoleHa TeCTHpaHa je in Vitro Tpema JaBa MEIUIMHCKHA 3HadajHa
anMKkoMIUIeKkcancka napasura (Toxoplasma gondii m P. falciparum), ka0 1 TIPOTHB COjeBa
KOju cy oTHopHH Ha aroBakuH (7. gondii) m xnopoxun (P. falciparum). Tpu cuHTeTHCaHA
nepuBata (Qepouenun-aroBaknHa 85 (Cnuka 2.30), koju ce cacroje o jesrpa
XUJAPOKCUHAPTOXMHOHA, aMUHO((EPOICHIIIMATIII)-TPYTIie U anu(aTHIHOT JIaHIa ca MIeCT JI0

0caM YIJbeHHKOBHX aTOMa, M0OKa3aia Cy 3Ha4ajHy akKTUBHOCT npema napasuty 7. gondii.

0

N AL
Fe
(0]

R=(CH,),CHs, n=58
85

Camnka 2.30. OeporneHmI-aepuBaTi aToBakruHa (85)

@DepoxuHU, HAKO Cy M3BEJIEHHM M3 XJIOPOXHMHA, MOKa3yjy aKTUBHOCT M IpeMa HEKUM
COjeBUMa KOjH Cy OTIIOPHHU Ha XJIOPOXHH. V3ydyaBame aKTUBHOCTH (pepOXHMHA, KA0 JEAHOT O
HAjaKTUBHUJUX aHTUMAaJapuKa, ToKa3alia Cy Jia je MEeXaHW3aM HHXOBOT JICJOBakba UCTH Kao
MeXaHH3aM JIeTOBakba XJIOPOXHHA. - Taj MeXaHH3aM HejBepoBaTHHje 00yXBaTa XeMaTHH Kao
METy JieKa, Kao ¥ WHXuOHIujy hopmupama xemo3onHa. Melytium, 6a3HoCT 1 TUMTOPHIHOCT
(hepoxrHa 3HAUAJHO CE€ pa3lIMKyje OJ OHHX KOJ XJOopoxwHa. JIMMO(MIHOCT OBE JBE Tpyme
jenumema cimyHa je npu pH BpeaHoctu 5,2, anm ce u3pa3uto pasnukyje mpu pH 7,4.

Ocum Tora, pKa BpeaHocTH (epoXuHa HELITO Cy HUXKE Of BpeAHOCTHU XJIopXuHa. OBO
yKazyje Ha Mamy BakKyoJapHy akyMmynanujy ¢(epoxwHa y OJIHOCY Ha XJIOPOXHH.
PenarenoctpykrypHa aHanm3a (epoxuHa yKaszyje Ha TMPHUCYCTBO jaKe WHTPAMOJICKYJICKE
BOIOHWYHE Be3e m3Mmel)y 4-amuHO-Tpyrne u TepMuUHATHOT N-aroma. OBO, Ka0 W €IEKTPOH-
JIOHOPCKH KapakTep (epoleHuI-rpyne, BEpOBaTHO O0jallmaBa CHWKEHY BPEIHOCT pKa.
3aHUMJBHBO j€ J1a C€ CMameHa aKyMyJallja OBOT jeIUbCHha, KOja MPOM3Ia3u W3 HHEroBe

HUKe 0a3HOCTH, IETUMUYHO HaJO0KHalyje jauoM HHXHOUIIjOM P-XeMaTHHA.
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2.3 epuBatu ¢epouena kao antu-HIVarencu

Kamnpope (Champdore) u capamHuny Cy CHHTETUCATN JIEPUBATE XETEPOIUKIMIHUX
6a3a Koje cajapke (pepoLEeHUIMETUI-TPYIy U MCIUTAIN BUXOBY akTHBHOCT npotuB HIV-1,
HBV (xematutuca B), YFV (xyra rposnuna), BVDV (BupycHa nujapeja roBena) u
HEKONMKO BpcTa Gakrepuja.'** TIpeMa BUXOBHM pe3y/iTaTHMa, CaMo jeUIbEHha Koja CampiKe
tumuH 86-88 (Cnmka 2.31) mokasyjy 3HadajHy IHMTOTOKCHYHY aKTHBHOCT MpOTUB MT-4,
henuja 3apaxennx HIV-om. ®eponenun-gepusat 3'-neokcu-3'-asunorumuannaa, 87 u 88,
jemuHu cy nokasanu aktuBHoOcT npotuB HIV-1, amu 10 go 300 myta mamy on pedepeHTHOT
neka 3'-a-azugorumuauna (AZT).

YTBpheHo je aa je 3a pernukanujy HIV-1 Heonxonna aktuBHOCT Tomounsomepase 11 u

Ja o gochopunoBama eH3UMa J01a34 Y paHoj ¢a3u OBOT Mporieca.

N
OH )\ | )\
TN Xj k=l
- Fe
O =

86 87 88

Cauxka 2.31. [Ipumepu deponennn-aepuBata TumuHa (86-88) xoju cy mokaszanu 3HauajHy
IMUTUTOKCUYHY aKTUBHOCT poTuB MT-4 henuja

KoHnamu M capajHHIy G Cy HEJABHO H3y4aBalM JENOBAmbE TPH HHXHOMTOPA
toron3omepase Il — jenumema 57 u 58 (Cnuxa 2.21) u xommiekca pyreHujyma 89 (Camka

2.32) - na neoOy henmmja m Ha pasznuuute norahaje y mmximycy HIV-1 permmkanmje.

89

Camnka 2.32. Kommiekc ca 3Ha4ajaom antu-HIV aktuBHOmhy (mpotur u3onata HIV-1g31n101
y henujckoj muauju Sup-T1)
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henujcka nuHUja HeypoOsiacToma (ca MPEKOMEPHOM eKcmpecHjoM Tomousomepase I1-f)
OCeTJbHBHja j€ Ha JEJOBalke OBHX jenumema oxa hemujcke mmuuje Sup-T1. Cea Tpu
uHxuouTopa rononsomepase Il mokasyjy 3nauajuy antu-HIV akTuBHOCT Ipy HAHOMOJIAPHUM
KOHIIeHTparjamMa nmpoTuB nu3ojata HIV-1losinigr v hemmjckoj muauju Sup-T1. Pesynratu cy
MOKa3alil U J1a OBU JiepuBaTH (epolicHa y TOTIIYHOCTH WHXMUOMPAjy MPOBUPYCHY CHHTE3Y
JHK u ¢dopmupame mnpe-unterpamuonor komiuviekca. Kopucrehu peakuujy gaHuaHOT
ymHoxaBamwa (PCR) u rexnuky “western blot* mokaszano je ga cy o6a o61uKa Tononzomepase
NPUCYTHA Yy Tpe-UHTErPallMOHUM KOMIUIEKCHMA, IITO yKa3dyje Ha 3Hauaj HBUXOBE YIOTe Y

HIV-1 permukanmju.






Hamu pagosu



3 CuHTe3a OMOIOIIKHA AKTHBHHUX XETCPOLUUKINYHHUX jeIHECHA
Koja caap:ke (pepoueH

[IpBu nokymaju mpumeHne (epoleHa M HEroBUX JepHBaTa y MEAWIMHU OWIH Cy
neycremnn,' > amum To HHje 06ecXpaGpHIO OpraHCKe M MENHMIMHCKE XeMHYape H
OnoxemMuuape Jla HaCTaBe paj] Ha CHHTE3W HOBHX JICpUBATa OBOT jeIUIbCHa KOjU OM MOTIIH
UMaTu U3BECHY OMONomKy akTUBHOCT. [Toka3zaio ce 1a Ta oueknBama HUCY Omiia 0e3 OCHOBA,
jep ce maHac 3Ha Ja OpOjHH JIepUBATH OBOT METAJIOIEHAa HUCIOJbABAjy PAa3IMYUTE OHOJIONIKE
AKTUBHOCTH, a HEKH Cy Ha mpary KkiuHuuke npumene.” HMako ce xemuja depoueHa Huje
pasBujana caMo 300T TOT [UJba, OH je OO jelaH o]l BeOMa BaKHUX IMOJCTUIAja HA CUHTE3Y
MHOTOOPOJHUX jelumbema oBe Kiace. Mmeja-Bomuiba Hajpeher Opoja THMX cHHTE3a jecte
(dopmanHa 3ameHa Heke apui- (WIM KakBe Jpyre) rpyne (WM BUIIE BUX) y MOJEKYIY
jenumema KOje HCIoJbaBa H3BECHE ocoOmHe (HMIp., ToKazyje onpeheHy OnomomKky
aKTHUBHOCT), Y OYEKHBamy Ja T€ 0cOOMHE MOCTaHy joml u3paxeHuje. Y BehwHHU ciydajeBa
HEMa CacBHM MOY3JaHUX MapaMeTapa Ha OCHOBY KOjUX OM MOTJIO J1a ce IpeaBUau Ja Jin he ce
TO ¥ JICCUTH, aJld CE MOXKE JCCUTH U Jia JTOOMjEHO jeIUICHE ToKa3yje HeKe 0COOMHE Koje
»,MaTHYHO* Hema. Mmak, He CBOJE Ce CBa Ta HCIWTHBAaKka HAa HACyMHYHE CHHTE3E U
TecTHpama OUOJIONIKE aKTMBHOCTH TPOU3BOJA, jep YaK M HEKa KBAaJMTAaTHBHA pa3MaTpama
MOTY Jla yCcMepe TpaBall MCTpaKuBama. Ha mpumep, jacHO je Aa QepoleHHN-rpyna 4HHU
CBaKd MOJIEKYJI y YHjO] W3TPaIbH yYeCTBYje JUNO(DWIHHUUM, 3aTUM TOJJIOKHUM JIAKO]
okcumanuju (Bumetn ONIITH 1€0, cTpaHa 6) WTHA., a MOryha Cy 4ak W HeKa TeopHjcKa
U3padyHaBama.

Kao mro je y YBoay peueHo, mpeaMeT UCTpaXHBamba OBE AUCEPTALMje jeCTe CHHTEe3a
XETePOLMKINYHUX jelNbemha Koja calpike (epoleHcko je3rpo Koja O, Mo aHANOTHjH ca
oxrosapajyhum Hedeporenckum aepuBaruma, Tpedano na Oyay Onongomku akTuBHa. 3aTo he
CBa CHHTETHCaHA jeINbeha OUTH JlaTa OAroBapajyhinM crenujain3oBaHuM jtabopaTopujama,

rae he OUTH OIEHEHO Ja TU Cy MHTEPECAHTHA 32 MEAMIIMHCKY XEMU]Y.
3.1 2-®epouenn-1,3-tuazonnauH-4-oHu

Melhy OpojuuM Meronama 3a cuHTe3y 1,3-THazonuauH-4-OHA KOje Cy OIHUCaHE Y

mareparypu, ‘'Y unmnn ce na je peakmmja a-MepKanTOKapOOKCHIHAX KHCEIHHA, KOja je

MO3HATa BUIIE O] IIECT I[CLICHI/Ija,148’ 149 jeIHa O] HajIOJCCHUjUX. 3a OBY peakiujy, 4uje je
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n3BOhemEe BEOMa jEAHOCTaBHO, Y3 KOpHIINEHE JIAKO JOCTYIHUX CYyICTpaTa, MOCTOje TpH

MOCTYIIKa. Y TIPBOM C€ KOPUCTH pEaKiyja O-MEPKaNTOKapOOKCHIHMX KHCETMHAa W MMHUHA

148

KOjH Cy HOOMjeHH Yy OJBOjeHHM €KCIIEpUMEHTHMA; ~ Ha OBaj HAYWH CHHTETHCAHO je

150 I[pyFI/I

Ha4YWH NPEICTaBJha KOHTHHYAJTHHU TIPOIIEC Y KOME ce, y3 oaBoheme Boje, MPBO CHHTETH3Y]Y

HEKOJUKO 2-¢epoueHmi-1,3-tnazonmuaua-4-ona y aHuckoMm npurocy (1,6-10,8%).

UMUHHM KOJU C€ Yy MCTOM pacTBapady IOJBPraBajy peakiuju ca o-MepKanToKapOOKCHUIHUM
149 .

kucenuHama. ~ Tpehu Meronq 3acHMBa ce Ha TPOKOMIIOHEHTHO] (QnIexu], aMuH |

0-MEpKanToOKapOOKCWIIHA KHCEIWHA), one-pot peakiyju, y3 TMpUMeHy oxarosapajyher

JIeXHIPATAIHOHOT pearenca. > 3a 0Ba HCTpakMBarba 01a0paH je Tpehn mpucTy.

3.1.1 Cunre3a u KapakTepHu3aumja

[lonasHu cymncTpaTtd 3a CHUHTE3y UMIBHUX N-cyncTtuTyucaHux 2-depouenun-1,3-
THazonuauH-4-oHa (92a-1, Cxema 3.1) jecy deponenangexun (FcCHO, 90), onrosapajyhu
npuMapHu amuHu (91a-1) W THOIMKONHA KucenuHa, N,N -TUIUKIOXEKCHUIKApOOUUMU

(DCC) y terpaxunpodypany ynotpedsbeH je Kao IeXuApaTalluoOHU peareHc.

(@)
H H S
@g ) 5 HO)HSH g

L Fe -
Fe + R—NH, >
THF DCC, THF
@ @ cC, ’ )))) @

90 91a-n 92a-n
91192 | R-

W o
[ @)
[N
I T
ST ®

2-(4-CH30CgH,)CoHs
CeHsCH,
2-C4H3;0CH,
2-C4H3SCH,

CeHs

3-CH3CgH,
4-CH3CgHy4

99X - S w X 0o Sth A

Cxema 3.1. Cunresa 2-¢pepouenui-1,3-tuazonuaua-4-ona (92a-i)
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. . 151, 1
Y nuTepaTypw je ompcaHa mpEMeHa OBE METOJE 33 aHATOTHA (eHWIT jeaumema, >

Ipy YeMy Cy ayTOpH HAIlUIK Ja c€ HajOOJbH pe3yNTaTh MOCTHKY KaJ C€ PeaKTaHTH yHoTpede
y oJiHOCY aMWuH/anaexuj/Mepkanrtokucenuaa = 1:2:3. [Tox THM ycliOBUMa IHJbHA jESTUHCHA
ce n1o0mjajy y mpuHOCHMMA KOju ce Kpehy ,,011 1oOpUx 10 BP0 BUCOKHMX' Yy OJTHOCY Ha aMUH.
Wnak, To 3Ha4M Aa je MakCHMaJlaH MPUHOC Yy OJHOCY Ha alJICXUJ KOJH OBHM MOCTYIIKOM

. 151,153
Moe e ce ocTBapu — 50%, a y IOMEHYTOM Clly4ajy =

OH je Hajyenrhe OMO 3HATHO HIKH.
[Ipema mpakcu opraHcKux XxeMudapa, IPUHOC Y CHHTETHYKO] PEakIMju padyHa ce y OJHOCY
Ha HajCKYIJby KOMIIOHEHTY (pearcHc), rma ca Tadke TIICUINTa OBUX MCTPAXKUBAKA MMOCTYIIAK
HUje JTOBOJbHO epukacaH, uMmajyhu y Bumy na je cymcrpar 90 y oBOj CHHTE3M HajCKyIuba
CyrncTaHna. 300T Tora je TOKOM OBHX HCTPaXHBamka Peakldja JETajbHO H3y4YeHA y LUJbY
HaJ&KeHha PEaKIMOHUX YCJIOBa KOjuU OM omoryhmiau HajlmoBOJBHHU]Y CHHTE3Y >KEJbEHUX
Molekyna 92a-a (Tj. yciaoBe moj KojuMma ce OCTBapyje HajBHIIU MPHHOC OBUX jeUECHA Y
onHocy Ha amuexua 90). Kao pesynratr Tux ucTpaxkuBawma HaheHo je nma cy cienehu
peaKIMoOHH YCIOBM HajOOJbM 3a CHHTE3y THA30JWAMHOHA 92a-j: H3Jarame CMele
peakranata y oanocy 90/91a-n/Tuornukonna kucenwHa = 1:1:2 yiaTpa3By4YHHM TajiacuMa.
Onroapajyhu N-cynctutyncanu 2-¢epouenun-1,3-tnazomuaua-4-oan (92a-a, Cxema 3.1)
nobujenu cy y npuHocumMa (y ogHocy Ha 90) koju ce kpehy o1l yMepeHHX 10 BpJIO BUCOKHX,
Kao 1To je mpukazano y Tabemn 3.1.

Crexrpockonckn momauu (IR, UV-Vis, MS, 'H u Be NMR) jenumema 92a—a y
TMOTIYHO] Cy CArIACHOCTH ca odekuBaHmM cTpykrypama.” ' Taxko, y IR cnexrpuma ce
youaBajy jacHO H3paKeHe TpaKe Koje MOTHy O KapakTepucTiHannx Bubparmja C=C, Csp’-H
nu C=0 Be3e, Ka0 W CUMETPUYHHX Jedopmalrja THA30IHIUHCKE CHz-rpyHe.155 Tpaxke
cnenduIHe 3a MojenHe (yHKIMOHAITHE TPYIIe HEKUX O] JOOWjCHHUX jeIHbeha Takohe cy
youeHe (apuil, METHUJI, METOKCH HT.).

'H NMR CTIEKTPH CBUX jeIHbEHA CAAPIKE CUTHAJIE TUITUYHE 32 MOHOCYTICTUTYHCAHE
(heporene: ayoner Tpuruiera wiu MyaTuiuieT (dt uiau m) Ha oko 4,4 ppm, MyJITHIUIET Ha OKO
4,3 ppm U CHHTJET Ha OKO 4,2 ppm); MOHEKa]l Ce OBa J[Ba CUTHAJIA Npekiamnajy. Takohe je 3a
OBe cIleKTpe KapaktepuctrnuaH ABX cucreM koju ce mpumucyje MeTHHCKUM (Ha ~5,34-5,90
ppm) ¥ METHJIEHCKMM HpoToHMMa (Ha ~3,60-3,81 ppm) THa30IMINHOHCKOT HpCTeHa.156 Y
NPUHIMITY, IPUCYCTBO (pepOLIEHUI-TpyNa IoMepa CUIHaje OBUX MPOTOHA Ka jayeM IOJbY Y
nopehewy ca 2,3-nuapwi-1,3-tnazomuauH-4-oHuMa W 1-ankui-2-apui-1,3-Tuaszonuaua-4-

ornma.*® " Curnamn xoju ce y *C NMR crektpiMa oBe cepuje jefnmema jaBbajy Ha
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Tao0esa 3.1. Cunresa TMa3oJIuaIuHOHAa 92a-1

bpoj AmuH IIpousBon Hpusoc (%)
o)
/\/\N)Xw
1 91a s 92a 71
Fe
\—
o]
\/\/\N)H
2 916 S 926 78
Fe
\—
o]
PPN
3 918 Z/S 92B 72
Fe
—
o]
/\/\/\/\N%
4 91r 92r 71
Fe
\—
5 911 Z/S 921 90
\—
6 91h 92 62
N»W
7 91e S 92e 82




Tabena 3.1. (Hacrapak)

Bbpoj AMUH [Tpousson [Ipunoc (%)

N)XW
8 913k (jA ?S 92k 80

Gf“?
9 913 \_6 S 923 99

10 91u \_§ Z/S 92u 74
11 91j ?s 92j 61
Fe
-

12 91k 2 S 92k 63
Fe
=<
13 91a Z/s 921 48

85,0, 70,3, 69,7, 68,5 1 67,7 ppm npunvcaHu cy q)epoueHI/m-rpynH,7 JIOK IPYyTH KapaKTepUCTUYHU
curan, Ha 169, 61 u 33 ppm oaromapajy xKapOOHHIHHUM, METHHCKUM H METHJICHCKUM
ATOMIMA YIJbEHHKA THA30JHINHOHCKOT IPCTEHA.

VY MaceHHMM CIeKTpUMa CHUHTETHUCAHMX jeIHibera 92a-J1 jaBibajy ce CHUTHAU KOjU Cy

KapaKTepUCTHYHH 33 MOHOCYNCTHTyucane depomene (m/z 186 ([(CsHs).Fe]’), 121
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([CsHsFe]") u 56 ([Fe]"). Y chexTpuma ckOpo CBUX CHHTETHCAHHX jelHIbEHa je, Takohe,

youeH u naTen3uBan [FcCHNH] - jon.

Cauka 3.1. Ctpykrypa (ORTEP npuka3z) TnazonuanHoHa 92j

JenHo on cuHTeTHCaHMX jeumbema — 3-penun-2-deponeHun-1,3-TnazonuauH-4-oH
(92j) — nobujeHo je y oOJMKY KpUCTalla MOJIECHUX 32 PEHATCHOCTPYKTYPHY aHanu3y, Ma je
HBEroBa CTPYKTypa Ha Taj HAYWH HEJBOCMHUCIICHO TMOTBpheHa, Kao MITO je MpUKa3aHO Ha
Cmumn 3.1, YV KpucTanuMa OBOT jeIUI-EHha IMKJIONEHTAIUCHCKH TPCTEHOBH Cy CKOPO
UJICATHO CKIIMIICHU, a KOH(popMamuja THA30JIMIMHOHCKOT TNpcTeHa mojaceha Ha KoBepar:
a30TOB U TpH yribeHuKoBa aroma (C2, C4 u C5) nexe CKOpo HACaTHO Y jeHO] paBHH, JIOK je
aTOM CyMIIOpa U3BaH H-e.

Pesynrtatu kpucranorpadcke aHaau3e jeiumema 92j y carinacHOCTH Cy ca paHUjuM
NMR wu kpucranorpadckuM usydaBamuma 2,3-muapuil-1,3-tnazonuauH-4-oHa, Koja cy
Mokasaja Ja THA30JIMJUHOHCKH TPCTEH 3amocena KoHgopMalijy KoBepTa (ca aToMoM

CyMITOpa M3BaH PaBHU Y K0jOj ce Hajla3e OcTajia YeTHPH, Kao mTo je mpukazano Crumm 3.2).

Ar'HA Ha
N H B —— " N%
4 S Ar Ar' H B
Hx Hix
A B

Ar"

Canka 3.2. Kondpopmanuje 2,3-nuapui-1,3-tuazonunni-4-ona

OBa reomerpuja omoryhaBa MHHMMYM HaloOHa Yy TMPCTEHY M KOIUIAHAPHOCT

kapOoHmwitHe Tpyme u N-apun cucrema (IITO, ca CBOje CTpaHe, oMoryhaBa MakcHMaiTHO
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npeknaname oaronapajyhux opburana). Panuje je yrBpheno na je kondopmep A (Cruka
3.2), ca cyncrutyeHtoM (Ar') Ha C2 y mceyn0aKkCHjalHOM IIOJIOXKajy, CBOJCTBEH UBPCTOM
cTamy (IITO PEHATEHOCTPYKTYpHA aHANW3a jenumema 92j motephyje), a ga kordopmep b

(nceynoexpatopujanHo Ar', Cruka 3.2) npesnabyje y pactsopy.”” '

Canka 3.3. 3nauajue HMBC unrepakuyje koj jenumemna 92e

Jla Ou ce mpoBepwia oBa Japyra TBpJIma, Tj. Ja OW ce YTBpAwIa KOH(OpMaimja
CHHTETHCAaHUX jeIUbEeha y pacTBopy (y KOjOj OHAa €r3uCTHpajy Kana, HajBepoBaTHHjE, OHA
WCKa3yjy CBOjy OMOJIOIIKY aKTHUBHOCT), JACTaJbHO Cy aHanm3upaHu pesyiartatu 1D/2D NMR
criekTpockonckux excrepumenara (DEPT, HSQC, HMBC (Cmuka 3.3), 'H-'H COSY u

NOESY), koja cy mokazana jga koHdopmanuja ca Hy y TmiceyzoakcHjaHOM TOJIOXKajy

npesnaljyje y pacTBopy.

3.1.2 Penoxc ocodoune

Vmajyhu y BHly rOTOBO OMIITH CTaB ja penokc cucrem Fe’'/Fe’” urpa Baxuy yrory
y OMOJIOIIKO] aKTUBHOCTHU (DepolieHa U HBeroBUX JepuBaTa, Kao 1To je y Oniurem aeiny oBor
pama pedeHo, OBa HCTpakKWBama OOYXBaTHJIA Cy EJIEKTPOXEMH)CKO HCIUTHBAKE PEIIOKC
ocoOnHa  cuHTeTHCaHWX  1,3-Tmazonmuamu-4-oHa (92a-a1). 3ato cy  cmpoBeleHa
[IUKJIOBOJTAMETPUjCKA Mepemha y pPacTBOPY JHTHjyM-TIepXjopara Yy alueTOHUTPHILY
(0,1 mol/L), kopumrhemeM TUIATHHCKOT JUCKA Kao pajHEe W IJIATHHCKE XKWIle Kao ToMohHe
enektpone. Kako cy mpenmMmmHapHa Mepema ca jenumemnma 92a u 92j mokaszana ga y
obnactu morteHnyjana (,,moTeHIUjanckoM mpo3opy ) ox —0,500 V. mo +1,000 V oBa
jenumema nmokasyjy camo mo jenaH okcupammoHu (Ha 0,531, omnocHo 0,537 V) u jeman
peaykimonu tanac (Ha 0,467, omrocHo 0,464 V) (koju npunanajy GepomeHCcKoM je3rpy), 3a

cBa Mepema onabpana je oomact on 0 o +1,000 V. Jlobujenn nonanum natu cy y Tabemn 3.2.,
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1ok cy Ha Ciounu 3.4. 1aTH OUKIOBOJITAMOTPAMU JIBa PENPE3EHTATUBHA Y30pKa - jeIUBCHA

92a 1 92j.

I & I & I ) 1 al I B 1
0.0 0.2 0.4 0.6 08 1.0
EN

Cauka 3.4. [Huknuyau Bonramorpamu 1 mM pactBopa 3-0yTui-2-heponenmi-1,3-Tuazo-
muauH-4-oHa (92a) u 1 mM pactBopa 3-penun-2-deponenun-1,3-tnazonuann-4-ona (92j)
(0,1 M pactsop LiClO, y auerorutpuny Pt muck (& =2 mm), v = 0.1 Vs-'): (a) enexrpomur,
(6) 1 mM pactBop deporera, (B) IpBU CKEH jeanbemna 92a, (T) IpBU CKEH jeAnmbenha 92)

Ta6ena 3.2. EnexrpoxemMujcku nmonam jeaumena 92a-i (yenosu kao Ha Ciunu 3.4.)

J CANEHCHEC onl (V) Ered (V) E1/2 (V)a AE (V)
92a 0,531 0,467 0,499 0,064
920 0,552 0,473 0,5125 0,079
928 0,534 0,470 0,502 0,064
92r 0,549 0,473 0,511 0,076
921 0,540 0,464 0,502 0,076
925 0,522 0,452 0,487 0,070
92e 0,534 0,461 0,4975 0,073
92k 0,543 0,470 0,5065 0,073
923 0,531 0,464 0,4975 0,067
92n 0,540 0,467 0,5035 0,073
92j 0,537 0,458 0,4975 0,079
92k 0,531 0,464 0,4975 0,067
921 0,528 0,449 0,4885 0,079

*E12 = (Eox1T Erea1)/2

OBa mMepema (011 KOjuxX HeKa HHCY IpuKa3zaHa, Kao, HIIp., 3aBHCHOCT jaulHE CTpyje Ha
OKCHJAIIMHUM M PEAYKIMOHMM IMKOBMMA OJf KOpeHa Op3WHE TNpPOMEHE IOTEHIIH]jaja)

IMoKa3ajia Cy J1a C€ CBU CMHTCTUCAHU (l)epOHeHCKI/I TUA30JIMIUHOHU Y 1aTOM HOTeHHI/IjaJ'ICKOM
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Mpo30py TOHAIIA)y Kao eleKTpodope Koje CTymnajy y jeldaH jeAHOEICKTPOHCKH PEIoKC
nporiec BeoMa cimyHux noreHiyjana (Ei, =+0,487 mo +0,512 V). To c¢y HemTO
MO3UTUBHU]H MMOTEHIINj N 011 penokc moreHnujana ¢geporena (0,391 V; sunern Ciuky 3.4.),
IITO j€ TIOCIENIIA YMILEHHUIIE /1A je 3a (epOoIeHCKO je3rpo Be3aH YIJbeHUKOB aTOM KOjH HOCH
IBa xerepoaroma. Kako cy pasinke OKCHAAIMOHUX M PEAYKIMOHUX TOTCHIMjalia Beoma
OJIMCKE TEOpHjCKMM, a jaylHE CTpyje Ha THUM IMOTEHIMjaliiMa MPOMOPIMOHATHE KOPEHY
Op3uHE CKeHMpama U He3aBUCHE O]l T Op3WHE, Ped je O jeJITHOM PEeBep3UOMITHOM, TH(PY3HOHO

KOHTPOJIHMCAHOM PEIOKC MPOIIECY.

3.2 2-®epoueHua-2,3-nuxugApoxuHoauH-4-(1H)-onn

XWHOJIMH W FEroBU JEPHBATH KOPUCTE C€ Y MHOTHM OOJjacTuMa, ajiH je HHXO0Ba
npuMeHa y QapmaneyTckoj MHAYCTPHjH Aajieko HajBaxHHWja. Ha mpumep, aHTMMHKpOOHHU
npenapary Ha 0a3u XMHOJMHA WIPajy IIEHTPaTHY YJIOTY Y JIeUeHY BEMKOT Opoja MHGEKIja, Kao
IITO Cy HMHQEKIWje YpUHApPHOT M PECHMpPaTOpHOr TPAKTa, CEKCYaJHO IPEHOCHBE OONeCTH U
ractponnTecTiHanHe nadekimje ura.'® C apyre crpare, 2-apui-2,3-muxuapoxuaomiH-4( 1 H)-oxn,
OCHM IITO MMajy aHAITeTcka cBojctBa,'® y HOBHje BpeMe 3HAYajHO NPHBIAYE MAXKIY KAO

164-1
AHTUMUTOTCKM AHTUTYMOPCKHU arcHCH. 64-166 Ocum TOra, OHM Cy B€OMa BaXHH

MHTEPME/IMjEPH Y CHHTE3H APYTHX (hapMaKOJIOLIKH i OHOJIOMIKH akTHBHUX cyncranmm. '
Y nutepaTypu MOCTOje TOJAM O CHUHTE3W JeprBaTa XWHOJIWHA YHje CTPYKType

obyxBatajy u depouencko jesrpo, "

amu  2-depouneHunxuHoInH-4(1H)-oau  u
2-pepouennn-2,3-auxuapoxunonui-4(1H)-oun HuUCy Jn0 caja oOmucaHu. Y  OKBHPY
UCTpaXXMBama IJIAHUPAHUX OBOM JIMCEPTAIlMjOM TpeaBUl)eHA je CHHTE3a TPH jeAUbCHha U3
OBE TIOCHENIbE Tpyme - 2-heporeHmn-2,3-muxuapoxuHonud-4-(1H)-on (95a), 2-depouenuni-
6-x110p-2,3-muxuapoxuHonuH-4-(1H)-on (956) u 6-0pom-2-heporneHnn-2,3-TMXuapOXHHO-
muH-4-(1H)-ou (95B), y ouekuBamy Aa he yBoheme ¢epomeHmI- yMecTo (QeHWI-rpymne y

JUXUIPOXHUHOIMHCKE MOJIEKYJIE JIaTH JIEPUBATE Ca M3PAKEHUJUM OHUOJIOIIKUM OCOOMHAaMAa.

3.2.1 CuHre3a H KapaKTepu3alnuja

IToctoju oOuMHA HUTEpaTypa 0 CUHTE3U 2-apui-2,3-auxuapoxunonni-4-(1H)-oHa, a
npeMa HajcTapHjuM TMpoleaypaMa OBH a3a-aHalo3W (IaBoHa 0OWjajy ce M30MEpH3aIfjoM
oaroBapajyhux 2'-aMHMHOXaJIKOHAa KaTaqusoBaHoM Oaszama' "' w xmcemmmama.' '™ Y
HOBHj€ BpEeME Pa3BHjEHO je BUIE KATAIUTHYKAX CHCTEMa 32 OBY HHTPAMOJIEKYJICKY a3a-

MajkioBy aauivjy, Kao MTO CY MOHTMOPHJIOHUT K-10"%17¢ Si0, UMIPETHUPAH HATPHU]YM-
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oucynparom'’’ y3 MukpoTanacHo 3pademse, TaBrs' ' u Yb(OTf);'” Ha SiO,, CeCl; Ha SiO, n
ALO3,"™ ZnCl, y koMOMHAIHMjH ca CENEHHjyMCKHM pearcHcoM Ha IOIuMepy ',
enemenTapan jou,'** mommernnenrmmkon', joncke tewnoctn' ', SbCly,'™® cummka-xmopus
(Si0,—C1),"* ZnCL" ura.

3a oBa HCTpaxXuBama 07abpaH je KOHIIETIT HHTPaMOJISKYJICKE a3a-MajKiIoBe peakiyje,
KOju TMojpa3ymMeBa, Kao INTO je pedeHo Yy YBOJYy, CHHTe3y oxaropapajyher
2'-aMUHOXaJIKOHCKOT IpeKypcopa. Ta cuHTe3a Ipe/cTaB/ba jeJHOCTaBHY MELIOBUTY aJIOJIHY

koHaeH3anmjy depouenanmexuna (90) u oxrosapajyher o-amunoanerodenona (93a-s,

Cxema 3.2).
Fe \O + NaOH Fe \
\— Y — 0
90 93a-8 94a-8
Fo \ a), 6) unu B)
= o
94a-B 95a-B

1,3un4d:a)X=H;6) X=CI; B) X=Br;

Peakuvonu ycnosu (BugeTn Tabeny 3.3.)

a) Metog A: MoHTmopunonuT K-10, MW, 5-15 min
6) Metoa B: AcOH/H3PO4 c.T.,

B) Meton B: ACOH/H3PO, c.T., ((

Cxema 3.2. Cunresa 2-deponenmi-2,3-quxuapoxunonna-4-(1 H)-ona 95a-

Y [OpBOM eKCIIEpUMEHTY, MellaleM Mpeko Hohum pactBopa amaexuna 90,
2-amuHoarnetrodeHoHa (93a) W HaTpPHUjyM-XHIPOKCHJA y €TaHody aooujeH je 1-(2-amuHO-
¢dennn)-3-peponennnnpon-2-eu-1-on (94a) y npunocy ox 90%. Ilog uctum peakmoHUM
ycioBuMa 2-aMHHO-6-xJopaneTohenon (936) u 6-0pom-2-amuHO-3-xmopanerodeHod (93B)
namu cy 1-(2-amuHO-6-Xx70pdennn)-3-pepouenmnmnpon-2-eH-1-o1 (946) u 1-(2-amunO-6-
opomdpenmn)-3-deponennnmnpon-2-eH-1-o1 (94B) y mpuHocy ox 68, omHocHO 60% (Cxema
3.2).
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N360p ycnoBa 3a crnenehn kopak oBe CHHTE3€ 3aCHOBAH je HA HEaBHO 00jaBJHEHUM
pe3yaTaTuMa jeTHOCTaBHE M BPJIO YCIHEIIHEe NUKIM3AIMje PA3TUIUTHX 2 -aMUHOXAJIKOHA 10
onroapajyhux 2-apwmn-2,3-muxuapoxunonud-4(1H)-ona (70-80%), y3 momoh riuHe
(Montmopmiionnta K-10) xao karammzaropa, MPUXBAaT/FMBOI M 300T OYyBama KHBOTHE

“)175

CpeauHe (T3B. ,,23CJICHU KaTaJIn3aTop 1 300T JaKor PYKOBama.

Tabena 3.3. Cunresa TuxuapoXuHOINHOHA 95a-B.

bpoj ornena agﬁfggﬁ;{ [Ipounsson Meron  Ilpunoc (%)*
1 A° 14
2 A® 12
3 A’ 11
93a 95a
4 A* 14
5 b 60
6 B 70
H 6
7 \ O o A 13
8 936 Fe 956 g 41
= >
9 B 73
10 H A° 11
\
N Br
= 938 () O 958 b 36
12 Fe B 74

¢

Merton A: 1 mmol cynctpara, mopTMopunonut K-10, mukporanacHa neh
Merton B: 1 mmol cyncrpara, AcOH/H3POy, c.T.

Merton B: 1 mmol cyncrpara, AcOH/H;POy, c.T.

*[IprHOC M30JI0BaHKX TIPOU3BOA y OAHOCYHA ajmaexu 90.

®100 mg xarammsaropa / 5 min 3pauema.

"300 mg xaramusaropa / 15 min 3pauerba

"300 mg kaTanmuzaTopa / 5 min 3paderna.

“100 mg kaTanuzaropa / 15 min 3pauema.

Mebhytum, Tpetupame eHona 94a (0e3 Hekor mpeuuninhaBama) aacopOOBaHOT Ha
MOBPIIMHYU OBE TNIMHE MHUKpOTajlacuMma Jajo je JUXUAPOXHHOJIOH 95a y mpuHOCY on cBera
14% (Tabena 3.3, ormen 1). Xankonu 946 u 94B najy onrosapajyhe aquxunpoxuHonone (950,
0IHOCHO 95B) y cnimyauM npuHocuMa (Tabena 3.3, ornenu 7 u 10).

IMokymaj na ce moBehameM KOMWYHMHE KaTanuzaropa (orien 2), BpeMeHa 3pauckba

(ornen 3), kao u 00a oBa mapamerpa (oren 4) cuHTe3a MobosbINa (Tj. Ja C€ MOCTUTHY BUIIIH
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NPUHOCH JUXUAPOXHUHOJIOHA 95a) HUCY Janu jKeJbeHe pe3yJiTare, Ia Apyra JiBa €HOHA HUCY
HU [TOJIBPraBaHa TUM PEAKIIMOHUM YCIOBUMA.

300r cnabor ycnexa y MpeTXOAHUM €KCIIEPUMEHTHMa OJUTyYeHO je Ja ce MOKyIIa ca
JOPYyTUM KaTaJUTHYKUM CHCTEMHMa, Ia je ojadpaHa WHTpaMOJEKyJcka a3za-MajkiioBa
peakiyja KaTaqu3oBaHa KoMmOuwHamujomM cuphetHe u opTodochopHEe KHCENTWHE Ha
TeMImepaTypi Kibydama. 't Kako MO OBHM YCIOBHMA LHMJHH MOJIEKYJIH YOIIITE HHUCY
nobujenu, ypahena je peakiuja Ha coOHOj Temmepatypu (merox B). Ilog tum ycnmouma
JUXUJIPOXVHONIOHU 95a-B cy N0OOMjeHH, alli y NPUHOCHMA KOjU HHCY HAPOUYUTO BUCOKH
(36-61%, Tabena 3.3, ornenu 5, 8 u 11).

Konauno, peakmnmja je H3BeAE€HA TaKO Ja Ce€ pEaKIHOHAa CMela, Koja Topen
peakraHaTa caapxu cupheTHy u opTopOoCHOpHY KHUCEITUHY, H3JI0KHU ACjCTBY YJITPa3BYUYHHX
Tanaca Ha coOHOj TemmepaTypu (meton B). OcTBapeH je OCETHO BWIIM MPUHOC IHUIJBHUX
JUXUJPOXMHOJIOHA, KOJU je TOTOBO MCTH y cBa Tpu ciydaja (70, 73 u 74%, Tabena 3.3,

oraenu 6,9 u 12).

Fe \ tH.
= o

94a

Cxema 3.3. MexaHu3aM KJby4HE peakilhje CHHTe3e IUXUAPOXUHOIOHA 95a

MexaHu3aM KJby4yHE peaklyje — MHTPaMOJIEKyJICKe aza-MajkiioBe aauluje — He Ou
Tpebano na Oyje Belrka Hermo3HaHuNa. [IpBU Kopak Te peakiiMje CBaKako je MPOTOHOBAHC
eHoHa 93a-B, mTo naje uarepmeaujep I, kao mTo je mpukazano Ha Cxemu 3.3. 3a XaJKOH
95a. MHTpamMOsIeKyICKIM HYKJIeO(pHIHIM HaragoM aMHUHCKOT a3oTa Hactaje HoBa C-N Besa.
Huje jacHo 3amTo cy mpuHOCH AUXHIPOXUHOJIOHA 95a-B TAKO HUCKH MIPUMEHOM METONa A U
b (unm yak peakumja n3ocTaje Kaja ce mpuMeHn MeTo b Ha TemmepaTypH Kibydama).

IR, '"HNMR, u "“C NMR CreKTpH CBa Tpu xuHOJOHA (95a-B) y ckiamy cy ca
NpeVIOKEHUM CTpyKTypaMa. [J1aBHa KapakTtepucTuka mbHXoBHX IR crekrapa jecte jaka
Tpaka Ha 1651-1657 cm’, KOja ce MPUMHUCYje NMPUCYCTBY KapOOHMIIHE TpyIe, Kao U Tpaka
kapaktepuctrysa 3a N-H Besy (3323-3340 cm™).

IlIto ce trae 'H NMR criekrapa Tpe6a H3BOJUTH KapaKTeprCTHIHE AyOnere Ha 7,82,
OJIHOCHO 7,96 ppm, KOHCTaHTe cripe3ama of 2,5 Hz, koj jenumema 956 u 95B, Koju ce MOXKe

npunucatd nporony ca C-5 ma cnenehm maumn. OHEM ce Hanma3ze Ha HajBeheM XeMHjCKOM
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IOMEpamy Y OJHOCY Ha OCTajle BOJOHHMKE BE3aHE 3a apOMATHYHU IMPCTEH ycJel MarHeTHe
aHm3o0Tponuje KapOoHmia (moMepaj Ka ciabujeM MOJby), a BPEIHOCT KOHCTAHTE CIIpe3arba
yKa3yje Ha meta OJHOC ca HajOmmKuM BoJOHHKOM (“W* crpesame), mTO jacHO MOTBphyje
MIPUCYCTBO aTOMa XJIOpa Wik OpoMa y TOJI0XKajy O.

BC NMR crektpu 95a-B cajpie CHTHANIC y OONACTH YIJbEHHKA M3 apOMATHYHOT H
annpaTUYHOT Aeja MOJIEKyJIa, Kao ¥ U3 kapOooHunaa. CUrHamu Ccy NpUIMCcaHu oAronapajyhum
aTOMHMa Ha OCHOBY OUYEKMBAaHMX XEMH]CKHX IOMepara, MHTEH3UTeTa CHrHaja, edexara
cynctuTyeHata u rnopelemeM ca JIMTEpaTypHHM IMOJAMMA 33 AHANOTHA jeIHmberha.
KapOonninHu yrib€HHKOBH aTOMH OBUX jeIHIbEHa Hajlaze ce y yckoj obmactu (o¢ 192,2-
193,5 ppm) u penaTuBHO Cy HEOCETJPMBH Ha MPHUCYCTBO M TPHUPOIY XaJIOTEHA y CIy4ajy
jenumema 956 u 95B. Melytum, pasznivka y eleKTpoHeraTuBHOCTH aToma xanoreHa (Cl > Br)
U TIPUPO/Ia TELIKOT aTOMa jaCHO e UCKa3yjy BehuM XeMHjCKUM IOMepamkeM aToMa KOju HOce
xanored (C6-123,5 u 110,4 3a 956, ogHOCHO 95B).

Ha ocHoBy ananuze 'H NMR CIieKTapa jennmema 95a-B Mory ce u3Byhn KOpUCHH
3aKJbYHYIIM O BLUXOBOj CTPYKTypHu. Benmka KoHcTaHTa crpes3ama npotoHa H2 ca jennum of
npotoHa Be3aHux 3a C3 (12,4 3a 95a, 13,5 3a 956, u 13,0 Hz 3a 95B) jenuHo ce Moxe
00jaCHUTH NUAKCHjaTHUM, aHTUINEpUIUIaHapHUM pacropenoM H2 u H3ax mporona, mTo
JUPEKTHO YKa3zyje Ha IOJIyCTOJIMYACTy KOH(pOpMalujy MpcTeHa AMXHIPOXUHOIUHOHA, ca
(dheponenmi-rpyriom Ha C2 y ICceyA0€KBaTOpHjaIHOM ToJiokajy. Ilaga y oum m gomaTHO
duHO nename curnana nporona H3ag oBux jenumema y muxosuM 'H NMR crextpuma (1,2
3a 95a, 1,5 3a 956, u 1,5 Hz 3a 95B), koje je mocneauna natepaknuje NH-H3eq (cripe3ame
Kpo3 "eTupu Bese, “W* cripesame). 300r mozHate crepeocnenupuanocT “W* cnpesama 0BO
npencTaBiba Joka3 terpaenapcke reomerpuje N, C2 u C3 atoma, Tj. MOTBpAY MONYCTOIH-
gacte koH(popmarnmje npctera. C mpyre cTpaHe, jeIuHH Pe3yITaT OYeKHBAHOT CIIpe3amba Kpo3
Tpu Bese m3mely NH u H2 jecre mpommpeme mynTumiera mporona H2.

CBa TpH jeaumbema Cy YBPCTE, KPUCTAIHE CYTICTAaHIIE TIOJIECHE 38 PEHATCHOCTPYKTYPHY
aHaJn3y, Koja je HeJBOCMUCIICHO MOTBPAWIA BUX0OBE CTPyKType. OHa je, Takohe, moka3ana
Jla Ccy 3aK/bydld O KOH(POPMALUJU IUXUIAPOXUHOJIOHCKOI IMPCTEHA W3BEIEHH HAa OCHOBY
anammse 'H NMR criektapa ucnpaBHu. Hamme, pa3marpameM OBHX CTpyKTypa (Koje cy
MeljycoOHO Beoma CIIMYHE) u3/Bajajy ce cienche riaBHe kapaktepuctuke: (i) GeporeHcKo
je3rpo MMa TOTOBO WCATHY EKIMICHY KoH(popMmanujy, (i) MUKIONeHTaANEeHCKH MPCTEHOBH
(epoIeHCKOT je3rpa TOTOBO HIEATHO Cy mapaienHu Hu (ill) IUXHIPOXUHOIOHCKH HPCTEH

3ay3uMa MOJyCTOIMYacTy KOH(pOpMaIHjy.
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Ha cmumm 3.5 mpukasaHe cy CTpyKType CBa TpHU jelUICHA, NMPH YeMy Cy JaTe
pa3auunTe TMPOjEeKIHje, TAKO Ja CBaKa OCIMKAaBa jeJHY O]l TOMEHYTHX OCOOCHOCTH: CKIIUIICHY
koH(popMaIrjy deporieHna (95a), nmapajienaH MOI0XkKaj IUKIONEHTAINCHCKUX TIpCcTeHOBA (950)

U MOy CTOJINYACTY KOH(OopMaLujy AMXUAPOXUHOIOHCKOT TpcTeHa (95B).

95a

950

958

Cauxa 3.5. Monekyincka crpykrypa (ORTEP nmpukasu) nuxuapoxuHoiaoHa 95a-B.
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3.2.2 Penoxc ocoOuHe

Penokc ocobuHe MUXHUAPOXUHONIOHA 95a-B MCHMTAHE Cy HUKIWYHOM BOJITAMETPH]OM
OBHX jeMI-EHa T0J UCTUM EKCIIEPUMEHTATHUM yCIOBHMa Kao0 THA30JIHIUHOHH 92a-i1. Ha
OCHOBY TpeJMMUHAPHUX eKCIlepuMeHara onadpana je obxact moreHnujaia (,,IOTSHIIN]jaICKH
mpo3op*) ox 0,000 mo +1,500 V, a nobujenu moaaiy 3a cBa Tpu JIepuBara natv ¢y y Tabemun
3.4. Ha Criutm 3.6. natv cy UKJIOBOJITAMOTPAMH PETIPE3EHTATUBHOT Y30pKa — jenberha 95a.

Bonramorpawm (B) Ha Cnunu 3.6. 1o0ujeH je Kao MpBU CKEH U Ha BeMY Ce I0jaBJbyjy
nBa jacHo nedunucana okcuganuona (O1, Ha 0,458 u 02, na 1,340 V) u jenan peayKuuoHu
tanac (R1, na 0.592 V). Ilomro ce pexyKIMOHHM Tanac IojaBJbyje M KaJ ce He JOCTHTHE
noreruujan O2 (Bonramorpam (1), Cnuka 3.6), 04nIIeHo je Aa ce Ty pelyKyje 4ecTHIa Koja
HacTaje okcuaannonuM npouecoM Ha O1. Kako je paznuka u3mel)y mux Oa1cka TE€OPHjCKOj —
paau ce 0 PeBEp3UOUITHOM TIPOIIECY M NpHUITUCYje ce peporneHun-rpynu. Peqokc moTeHmnujan
TOT TIpoIIeca j& caMO MaJIO MO3UTHBHUJU OJ1 PeIOKC MoTeHIHjana (eporeHa (3a oko 50 mV;
Cika 3.6., BositaMorpam (B)) IITO C€ MPUITHACYje CIabuM eIeKTPOH-TIPUBIAYHUM O0COOMHaMa
YIJbEHUKOBOT aTOMa Y 0-I0J0XKajy y OJHOCY Ha (epOLIEHCKO je3rpo (3a mera je Be3aH aToM

asora).

| ¥ | ¥ I * | ? | i I E I % I
00 02 04 06 08 10 12 14
EN

Cauka 3.6. [uxnmnunu Boramorpamu 1| mM pactBopa 2-deporneHnn-2,3-1uXuapOXuHOITUH-
4-(1H)-ona (95a) (0,1 M pactsop LiClO, y anerorntpuy Pt quck (& =2 mm), v="0,1 Vs"):
(a) enextposur, (6) 1 mM pacTtBOp (eporieHa (B) mpBH cKeH (CKeHUpame 10 1,5 V) u
(r) npyru ckeH (ckeHupame 10 1,5 V) (1) ckerupame g0 0,75 V
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IIponecu wa Ol m RI1 cy audy3noHO-KOHTpOIMCAaHHU, MOINTO Cy CTpyje oba TmHKa
NPOTIOPLIMOHANIHE KOpPEeHy Op3uWHEe CKeHHpama, a HBUXOB OJHOC HE 3aBHUCH O] Te Op3WHE.
Hpyru okcumanmonu tanac (O2 wa 1,340 V) ounrnemHo je OaroBOp pajHe eNeKTpojae Ha
HEKW WPEeBEp3MOUITHN OKCHIAIMOHHU IMPOLEC, MOMWTO OAroBapajyhn penyKUnMoHH Tanac HHje
Haljen. He mocToje nutepaTypHu noaany o HUKIWYHO] BOATAMETPH)H 2,3-IUXUIPOXUHOINH-
4-(1H)-oHa WM WEroBUX JepuBaTa, ajid W3BECHa CIMYHOCT jelumema 95a ca

189-191
N-ajkuIaHUIMHAMA

CBaKako MOCTOjU (30T Be3aH 3a apoMaTH4HO je3rpo). lIpenoc
EJIEKTPOHA Ca apoOMaTUYHOr je3rpa (WM ca aTomMa a30Ta) Ha pPajHy eJIEKTPOLy Ha TOM
MOTEHIIMjaTy CBAKaKO je BepoBaTaH M Tpebasio OW 1a OH Jaje KaTjoH-paJnKai, KOju je BeomMa
pPEaKTHBaH M CUTYPHO OJIMax pearyje ca HEeKOM KOMIIOHEHTOM W3 peakunnoHe cpeamue. Kox
NOMEHYTUX N-aJKWJIaHWJINHA TPOU3BOJA T€ PEKIHje MOXE Ja ce ,,BUAA Ha JPYyroM H
HapeHUM CKEHOBMMA, alldi CE€ TH Tajach Haja3e y o0JlacTH y KO0joj ce TMO0jaBIbyjy

OKCHJALIMOHU U PelyKIMOHH Tajlacu (PEepOLIEHCKOT je3rpa, Ila ce y ciay4dajy jeumema 95 ca

BUM TIpeKIanajy.

Ta6ena 3.4. Enexrpoxemujcku nmojamu jeaumena 95a-B (ycnosu kao Ha Coaunu 3.6.)

Jenumerbe Eox1 (V) Eox2 (V) Ered (V) Eip (V) AE (V)
95a 0,458 1,340 0,360 0,409 0,098
956 0,476 1,373 0,378 0,427 0,098
958 0,473 1,401 0,381 0,427 0,092

aEI/Z = (E0x1+ Eredl)/2

Enextpoxemujcke ocoOMHE (EpOLIEHCKUX AMXHIPOXMHOJOHA (M AMXHUIPOXHUHOIMHA
YOIIIITE) Cy, OYUTJIETHO, BEOMA 3aHMMJbUBE U 3aciIyXyjy IoceOHa n3ydaBama, Koja ca CBOje

CTpaHe, 1 0OMMOM U MPHPOJIOM U3J1a3€ U3 OKBHPA OBOT paja.

3.3 6-®epouenmi-1,3-okcazunanu, 6-pepouenni-1,3-okcazsuHaH-2-0HHU U

4-pepouennarerpaxuaponupumMmuinu-2(1H)-onu

1,3-Okcasunanu, 1,3-0kca3uH-2-OHU U TETPAXUAPONMHUPUMUINH-2-OHU, HIECTOUIAHI
XETEPOLMKINYHNA CHCTEMH Ca JBa XETEPOaToMa, YeCTO Cy JIe0 CIOXKEHUJUX, (PapMaKOIOIIKI
BOXHUX MOJIEKYJIa, Ia Cy BeoMa LEHEHN KAa0 Majlll CHHTETUYKH OJIOKOBHU. Y JHTEPATypH CY
onucaHd OpOjHM TOCTYNIM 32 HUXOBO J00Wjamke, Kao IITO je peakiuja MpUMapHUX
HUTpoOAJIKaHa, QopMalgexuja U MPUMApHUX amuHa (M aMOHMjaka), Koja Aaje S-alKui-5-
HUTPO-1,3-0KcasuHane. ”> OTBapameM MPCTEHA H30KCA3071a MOJ AEjCTBOM m-XIoprepoe-

H30€BE€ KUCENHWHE W PEUUKIN3al[ijOM HHTEPMEUjepHOT HUTpOHA J100Mjajy ce (y BHUCOKHM
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npUHOCHMa) 3-XuapokcH-1,3-okcasunann.'”® HajjeqHocTaBHMje OmmTe METOE 32 I00Hjambe
1,3-okcazuHaHa Cy, YuHHU ce, peakuuje 1,3-aMuHOanKoXo01a ca (HO3reHOM U anmuexumma, %0
Uumennna 1ga moctoje OpojHE m00po ommMcaHW TOCTYMM 3a nodujame 1,3-amMuHO-
ankoxona'’”"” uuHEM Ty MeTomy HApOYMTO TPHBIAYHOM, 1A je oabpaHa M 3a CHHTE3Y
(depoueHckux 1,3-okcazuHaHa y OKBUPY OBUX HCTPAKHUBAbA.

ITocToje OpojHU IUTEPATypHH MOJALM O CUHTE3U 1,3-OKCa3MH-2-OHa - IIECTOUJIaHUX
IIKWYHUX YpeTaHa —a CBE ONKCAHE METOZE y KOjUMa Ce KOpHUCTE aau(aTu4HU CYNCTpaTH
MOTYy c€ CBpPCTaTH Yy [IB€é OCHOBHE TIpyle: HHTEPMOJIEKYJICKE U HWHTPAMOJIEKYJICKE
UKITU3aIHje.

Kao momazHm cyncrpatd KOJI HWHTEPMOJICKYJICKHX [HKIH3alHja KOPUCTE Ce
1,3-0ndyHKIMOHATHA jeIUBCHha KO Kojux Oap jemHa (pyHKIMOHAIHA TPyIa CaIpXu aTOM
KHCEOHUKa WIN aToM a3ota. 1,3-AmMuHOankoxonu cy Hajuemhu u300p, M YIJIAaBHOM CY
MOJBPraBaHM PEAKLMjH ca [epUBaTHMa KapOOKCHIHMX KHCeNHHA (eTuiieH-kapGowar,”

203, 204

201 ¢ 1 202 .
ypea,” 1,1 -kapOOHWIIMUMUIA30T ~ ¥ TPUQPO3TEH ), anu je yrpahjuBame KapOOHWITHE

rpyne u3mel)y aTomMa KMCEOHHMKA M a30Ta KOJ OBHX cyrcrpara moryhe ynorpebom u Apyrux
205, 206 207
JOHOpa OBe Tpyne (HOp. YIJbeH-MOHOKCHIA, OHOCHO  YTJBCH-AHOKCHIA™ ).

TpI/IXJIopaLIeTaTI/I,208 Tplxlq)nyopaL[eTaMI/Im/I,ZO9 i N-OeH3mIoKkcukapOoHuiI-aepuBata 1,3-

1 12

210 21 2
aMHHO-aJIKOX0Na,” Kao U N-mepy-OyTOKCHUKapOOHWI-TO3WIATH U N-apoWI-HUTpaTu
Takohe Mory Outu mnpeBeneHu y oxarosapajyhe 1,3-okcasun-2-oHe. Kao antepHaruBa
1,3-aMuHOQNKOXOJIMMAa Y CHHTE3W NUKIMYHUX ypeTaHa MOTy Jla TOCIyXe 3-XJIOpIpo-

213,214

215,216
MaHoN u 3-Opommponan-1-amun,” >

a HemaBHO je y naboparopujamMa Hamier
(akynTeTa pa3BHjeH TPOKOMIIOHEHTHH MOCTYIMAaK 3a J00Mjame OBUX XETEpOLMKIa rnosazehu
on 1,3-mubpomriporiana (one-pot peakija oBOr JUXaJOreHHIA ca MPUMApPHUM aMHHUMA H
21

onkapGonarom).”!’

Xo¢marnoso (Hofmann) mpememrame 4-xuapokcuamnaa,”® Kyprmycoso (Curtius)

219 . 220 221,222
npeMenTame 4-XUIPOKCUXUAPa3HIa,” XaJTOUUKIN3alMja -, XOMOAJHJI-, WIN
223 . 224
aJleHWI-KapOaMaTa, ™ XaJOUUKIN3alKja aaiiI-aMHHA Y MPUCYCTBY YIJbeH-AMOKCHAA, Kao
- 225

u lapmnecosa (Sharpless) acumeTpruyHa JUXUAPOKMIANNja XOMOATMIIHUX Kapbamarta, ™ cy
WHTPaMOJICKYJICKE IIMKJIN3AIMOHE METO/IE 3a oOujame 1,3-okca3nH-2-0Ha.

3a cunTe3y (eporeHckux 1,3-okca3uH-2-0Ha Y OKBUPY OBHX HCTPaKHWBamba 0J1a0paH
je TpBH MPHUCTYT (MHTEPMOJIEKYJICKE UKIU3aIuje) u oarosapajyhu 1,3-ammuHOaIKOX0IN Ka0
MIOJIa3HH CYTICTPATH.

3a cuHTE3y JepuBaTa XHMJPOTCHH30BAHWX MHPUMHUAMHOHA Takohe mocroje OpojHU

OMHCAaHU MOCTYIIIHU, Kao IITo je, Hip., buhunenujera (Biginelli) peakiuja, koja npeacTaBba
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TPOKOMIIOHEHTHY KHCEJI0-KaTalU30BaHy CUHTE3y AUXUAPONUPUMHUAMHOHA U3 allJexuna,
B-ketoectapa u Kapbammaa.”>**** C npyre crpaHe, IOTHCYNICTHTYHCAHN IEPHBATH TETPAXH-
JIPOTIHPUMHUIMHOHAMOTY C€ CHHTETHCATH, HIIP., One-pot PEaKiijoM METHII-eCTpa MPOITMHCKE
KHCENMHE, APOMATHIHIX aMHHA, APOMATHIHAX AIIeXHIa U Kapbamnaa.”

3a cuHTe3y (PepoleHCKHX IepHBaTa TETPaXUIAPOINUPUMHINHOHA, TPEABUl)EeHy OBUM

UCTpaKUBambHMa, 0a0paH je IpUCTyH ca (PepoLeHCKUM MOHOAIMIOBaHUM |,3-1uaMuHuMa,

KOju Cy A00HujeHn u3 oaroapajyhux Manuxosux 6a3a, nmpeko 1,3-aMuHOaIKOXO0Ja.

3.3.1 3-(ApunammuHo)-1-¢pepouneHunnponan-1-onun

Kako cy 3a pnobujame cBe Tpu LWJbHE TIpyne (EepoleHCKUX IIECTOWIAHUX
XETEePOIMKINYHUX jeIbema - 1,3-0kca3nHana, 1,3-0Kca3uHaH-2-0Ha U TETPaXUAPOITUPUMHU-
JIUH-2-OHAa Kao KJbYYHHW HMHTEpMeaujepu mnpeaBuleHn oarosapajyhu 3-amwuno-1-depore-
HUINpoMaH- 1 -o51, cuHTe3a oAroBapajyhnx ManuxoBux 0a3za, Koje O peayKIHjoM Jjajie OBe
CYIICTpaTe, HAMETHYJIa Ce Kao MPBHU 3aJ1aTaK.

ManuxoBe (Mannich) 6a3ze (B-aMUHOKETOHHM) 3HAYajHH Cy CHHTETUYKH OJIOKOBH W3
KOjUX ce, Tope 1,3-aMHHOANIKOX0Ma, MOTY JOOMTH GPOjHH APYTH IPOM3BOIM, ™" a jeHa Of

. . . . 231-233
Ha)BaAXHUJUX IIPpUMCHA OBHUX JCOAULCHA JCCTC CHUHTE3a Q)apMaHCYTCKI/IX npcnapara.

HajnosHarnju MeTox 3a no0ujarse MaHIXO0BHX 6a3a je, cBakako, MaHHXOBa peakimja, > " >
aJli OHa MMa JIO0CTa HelxocTaraka. Tpu HajBaXHHUja Cy JPACTUYHU PEaKIMOHU YCIIOBH, JIyra
peakiioHa BpeMeHa U HemoryhHoct kopumhema NIpUMapHUX aMUHa Kao aMHHCKE
xomrioneHre. (He Moxxe na ce crnpeuu cTyname CEKyHIapHUX [-aMUHOKETOHA, HACTAJIHX
peaKknmjoM IMpUMapHUX aMUHA, Y OBY peakiyjy, a TO 3Ha4M Ja Ce Ha OBaj HAYMH MOTY
CHHTETHCATH CcaMO TepuujapHu [-amuHOKeToHH.) OjumMyHa © HajBume KopuirheHa
ajlTepHaTuBa MaHUXOBE peakiHje jecTe aza-MajkioBa peaknuja, Tj. aAulldja aMUHA Ha
o,B-Hesacuhena KapOOHMTHA jemumbera.”’ Aza-MajkioBa peakimja HMMa  HEKOIHKO
NPETHOCTH y OTHOCY Ha MaHUXOBY, a HajBaXHU]jE Cy OJIark peaklMOHH yCIOBU M MOTyhHOCT
CUHTE3€ CEeKYHJapHUX [-aMHMHOKeTOHa. Pa3BHjeHO je MHOro KaTaJIMTUYKHUX CHUCTEMa 3a

237-258

U3BONhemE OBE peakiyje 10 JlaHac. Jlok ce agunyja annpaTHIHUX aMHHA Ha MajKiioBe

259,260

aKIenTope OJBHja JaKo, Yak U 0e3 Karaim3aTopa, apOMaTUYHU aMHHH, 300T CMameHe

HYKJICO(DMITHOCTH aMUHCKOT a30Ta, HE MOJIEKY OBOj PEaKIHjH JIAKO, HAPOUHUTO O] Oarum
PEaKIIMOHUM YCJIOBHMAa M KaJ| Ce KOPHUCTE KaTalu3aTOpu KOjU HE YIrpoXKaBajy >KUBOTHY

241, 248, 250, 255, 258
CpeauHYy.
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3a cunTedy 3-(apmiamMuHoO)-1-(heporieHunnponan-1-oHa y OBHM HCTpPaXKHMBambUMa
omabpana je aza-MajkioBa peakija akpuiomigepornera (97) kao MajkioBor akmenropa u
apoMaTHYHUX aMuHa (CymncTUTyncaHux aHwinHa 98a-0) xao gonopa (Cxema 3.4). Y
JIUTEPATYPH TOCTOJH CaMO jEIHO CAOMIITSHE O aJWlMjH aMHWHA Ha HEKU o,p-He3zacuheHu
anundeponen,”’ y KoMe ayTOpPH OICYjy PEaKIijy HEKOTHKO (EpPOLEHCKHX JepHBaTa
XaJKOHCKOI THINA ca alu(aTUYHUM aMHUHMMA, [OJ OJlarMM peakIHOHUM YCJIOBHMA.
Opnrosapajyhu [-aMHHOKETOHHM TOOHjeHH Cy y BHCOKMM IpPHUHOCHMA, alld MOJ OMHCAHUM
pEaKIMOHUM YCJIOBHMa apoOMaTHMYHM aMHHM He MOHamajy ce kao MajkimoBu goHopu. U
MOpeJI TOTa MITO Cy apOMaTHYHH aMUHH HEPEAaKTUBHH Yy OBOj PEAKIHjH KaJl c€ TIIMHA KOPUCTH

> ONydeHO je Ja Ce CHHTE3a LWBHHX (DEPOIEHCKHX [-aMHHOKETOHA

Ka0 KaTaamsarop,”
W3BeAe NMPUMEHOM Oall jeqHe TVIMHE Kao Karaiau3artopa - MoHTMopmioHuta K-10, amm y3

HCTOBPEMEHY IIPUMEHY MUKPOTAJIACHOT 3payema.

3.3.1.1 CuHTe3a U KapaKkTepu3amuja

[Momro akpunomndepouen (97) HHje TProBauykd [OCTYHaH, HWCTPaXHUBamba Cy
3aroyeTa CHHTE30M OBOI' jelUICHA. 33 ONTHMHU3ALM]Y YCJIOBa CHHTE3€ [-aMMHOKETOHA
99a-0 npBu mnpenctaBHUK MajkioBux JoHOpa 98a-0 — HecymnctuTyncanu aHwivH (98a) —
onabpaH je kao TecT-cyrcrpar. Y mpBoM orieay cmema keroHa 97 (1 mmol) u amuna 98a
(1 mmol) wu3znoxeHa je MukpoTamacHoM 3pademy (500 W, 5 min) 06e3 mnpucycrsa
Karanuzatopa U 0Oe3 pacrBapada. HakoH yoOuuajeHe oOpajie peakiuoHe cMmerie W (et
xpomarorpaduje (CHIMKarey/TolyeH, na Xekcan/eTui-aneTar 9:1) nobujeH je -aMHHOKETOH
99a y npunocy on 37% (Tabena 3.5, ornen 1). [Ipomyskerak BpemeHa 3pauema (Ha 10 min)

HUje a0 3Ha4YajHO 6osbH pesynrat (Tabena 3.5, ornen 2).

VY cneneha nBa excriepuMeHTa UCTOj CMEIN peakTaHara jaonaro je 100 mg MOHTMOPHIIOHHUTA
K-10, na je moaBprayta mukpotanacuma (S00W, 5 u 10 min), mTo je npuHOC f-aMHHOKETOHA
99a nosucuio Ha 67% (Tabena 3.5, ornenu 3 u 4). [loBehame KonUUMHE KaTanu3aTopa Ha
500 mg, y cneneheM ekcriepuMeHTy, aio je camo HemTo 0osbu pesyntar (61%, Tabena 3.5,
ornex 5).

[TomTo je y CBUM EKCHEPUMEHTHUMA M3 PEaKIMOHUX CMeIlla M3/BajaHO pEIaTHBHO
MaJjio 3a0CTajor mosazHor keroHa 97 (1o 10%), 3akJbydeHoO je 1a ce OJBHja HeKa CropeaHa
peaxiyja, HajBepoBaTHUje HEKa BPCTa MONMMEPHU3aldje, TOMTo je Mpou3Bo/l (KOju HUje HU

HN30JI0BaH HH I/I,I[CHTI/I(l)I/IKOBaH) BpJIO IOJIapaH (HpaKTI/I‘IHO CC HC IIOMEpa Ca BpXa KOJOHC
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Ta6ena 3.5. Peakuuja akpunoundeporena (97) ca anunuaom (98a)

OnHoc peakraHara Hyxuna TTponssoau
Bpoj Karanuzatop (mg) H3JIarama
(97:99a) (min) 97 (%)  99a (%)
1 bes karanuzaropa 1:1 5 16 37
2 bes xatanuzaropa 1:1 10 8 38
3 100 1:1 5 5 53
4 100 1:1 10 67
5 500 1:1 5 1 61
6 100 1:2 5 85
7 100 1:2 10 &3

MOMEHYTOM CMEIIIOM pacTBapada). Taj mpou3Boj (WM BUILE HBHUX) MOXKE OUTH pe3yiTar
BUIIeCTpyKe MajkoBe amunmje goOujeHor [-aMHMHOKETOHAa Ha BHIIE MOJEKyJa
akpuiomitdeporeHa, MoXKaa 4ak, MPeKo TepUUjapHUX aMUHA, U IO KBATEPHEPHUX aMOHH]yM-
COJIH, 32 KOj€ Ce 0UeKYje TaKBO XpoMaTorpadcko moHamame.

Ja 6u ce To mpenymnpeaio (0ap CTAaTHCTHYKK ) U3BEJIEH j€ OTJIe] ca IBOCTPYKO Behom
kommuuHOM amuHa (97/98a = 1:2; 100 mg kartanuzatopa). LlwbHO jenumeme — B-aMuHO-
KeToH 99a — nobujeHo je y npunocy of 85%, 6e3 063upa Ha TO Aa JIH je BpeMe 3paderma Ouiio
5 niun 10 min (Ta6ena 3.5, orneau 6 u 7).

Peaxmmonn ycmoBu Hahenun Ha oBaj HauuH (1 mmol axpunomndepornena, 2 mmol
apwiamuHa, 100 mg mouT™Mopmionura K-10, 500 W, 5 min) npumemeHn cy Ha peakuujy
nmpeocTtanux cenamHaect amuHa (980-0), a mmpHe ManHuxoBe 0Oaze 996-0 mobOujene cy
YIJIaBHOM y BUCOKUM IpuHOcHMa (1 10 98%; Cxema 3.4., Tabena 3.6.).

Nako ce a3a-MajkioBa peakiyja 1oj OBHM YCJIOBMMAa M3BOJM BEOMa jeHOCTaBHO
(Bunetn ExcnieprMeHTANHU JI€0), OJUTYUYEHO je Jla Ce M3BEJNIe peaKirja y YITPa3By4HO] KajH
YMECTO y MHKpOTaJIacHOj 1ehu, MmomTo je HelaBHO 00jaBJbEHO J1a c€ apOMaTHYHU aMUHH TTO]]
JICjCTBOM y/ITpa3ByKa [OHAINIA]y Ka0 206pH MajKIOBH TOHOPH. ™"

Tako je m3 amuna 98a (peakmmonu ycrmou: 1 mmol akpmmomndeponena, 2 mmol
aamnnHa, 100 mg moaTMopuionuta K-10, 60 min y ynTpa3BydHoj kaan) B-aMHHOKETOH 99a
JIOOWjeH y CIMYHOM MPHUHOCY Kao M Yy peakluju HU3BEIeHO] Yy MuKpoTanacHo] nehu (80%,
Tab6ena 3.6.). [lokazamo ce 1a ¥ OCTaJl aMUHU pearyjy CIMYHO, a TOOWjeHU Pe3yiTaTH JaTh

cy y Tabemnu 3.6. Kao mTo ce u3 te tabene Moxe BHIETH, OCTBApYjy C€ BUCOKU MPHHOCH
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Fe + CICHCHcOCl —2Ls ?\Y(\/ S,
o)

| — S

1 96

H
N R
: = /R g F@\(\/
e S 2 \ / e
97 98a-0 99a-0

98 1 99| R
H

2-CHj
3-CHj
4-CH,
2,4,6-triCH;
2-F

3-F

4-F

2-Cl

3-Cl

4-Cl

2-NO,
3-NO,
4-NO,
2-COCH;
3-COCHj
4-COCH,

oFfFrzfdax—swXo0Sh 0O

Cxema 3.4. Cunresa 3-(apunamuHo)- 1 -¢pepouenmmmponan- 1 -ona: a) AlCl;, CH,Cl,, c.1.,
6) CH3;COOK, eranom, pedaykc, 2,5 h, B) 6e3 pactBapaua, MoHTMOpmIoHHT K-10, 5 min y
mukpoTaitacHoj nmehu (500 W), 60 min y yaTpa3By4YHO] Kaau
B-amuHOKeTOHA 99a-0, ocuM y ciydajy TpW HHTpoaHwiInHa 98i1-m, mWTO ce mpumnucyje
CMambEeHO] HYKJICO(PUIHOCTH aMHHCKOT a30Ta 300T MPUCYCTBA U3PA3UTO €JIEKTPOH-IIPUBIAYHE
HuTpo-rpymne. OBU pe3ynTar, KOju MoKazyjy Aa je aza-MajkioBa peakiidja TOTOBO jeIHAKO
yCIIEIIHA KaJl € U3BOAM Y MUKPOTAIACHO] Mehuu Wiy y yATpa3By4yHO] Kaju, HA HEKH HAUYUH
npenopydyjy CHHTETHYapuMa OBY JIPYTY, 3aTO IITO je yATpa3BydHa Kaja 3HATHO jeTuHH)a,

Ta je UMa TOTOBO CBaka jJaboparopuja.

CTpyKType CBUX CHHTETHCAHWX MaHUXOBHX 0a3za moTBpheHe cy 'H, ®CNMR u IR
cnektpockonujoM. Y IR cmektpuma youaBajy ce WHTEH3MBHE AalCOPIIMOHE Tpake 3a
kap6oumHy (Ha 1660 cm™, omrrpa) u NH rpymy (ma 3340-3390 cm™, omrrpa). Y 'H NMR
CIEKTpHMa Halla3e Ce€ CHTHAJIM KapaKTepPUCTUYHH 33 MOHOCYNCTUTYHCAaHU (epoleH (aBa

nceyaoTpuruiera Ha oko 4,76 u 4,50 u cunrier Ha ~ 4,12 ppm) Kao U JBa MYyJITUIUIETa KOjH
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notudy o mpucycrsa ase merwiencke rpyne O=C-CH,-CH,-N (na 3,25-3,83 u 2,97-3,12
ppm).

Tabena 3.6. Cunareza ManuxoBux 0aza (99a-990)

Pennn IMpunoc® (%)

) Amun [Tponsson
6poj MW »

1 98a F@\(\/ @ 99, 85 80
< ©

2 986 F©\(V @ 995 89 90
<

3 988 F©\(V 99g 80 80
<

4 98r \©\ 99r 95 85

5 981 @\(\/ 991 59 82
Fe
= °
H
N
6 981 Q«\/ ©\/\/ 995 92 93
= ©
7 98¢ F©\(V @ 99¢ 98 90
= °
H
N
8 983k F©\“/\/ Q 995 89 91
=
9 98 S~ @F 993 83 95
= °
10 98u S @ 99 93 93
=
H
N
11 98j F©\(\/ \Q 99j 87 90
-
12 LS 0 @C, 99k 93 89
= °
13 981 @(\/ @ 9951 64 35
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Taobena3.6. (Hacrapak)

Pennn AMUH Ipousson MW )
6poj

H
N
14 981 ?\(\/ \Q 99,1, 87 61
@ © NO,

H
N
15 98m ©\ 99m 64 59
?\KO(\/ | X0,
16 98 Q«\/ﬁ 99n 71 77
H

0 O
N
17 98 S~ 99m, 81 75
= © ]
N
18 980 ©\(O 990 60 70

“TIprHOC IPOM3BO/IA j€ U3pauyHaT y OJHOCY Ha aKpUIOWI-(DEPOLIEH.

3aHUMIBHBO j€ 3alakKarbe J1a Ce Y CHeKTPUMa HEKHX jeIUbeha CIIPEXyY MPOTOH Be3aH
3a atoM azora (NH) m mpoToHH cyceaHe METHJICHCKE TpyIe, NMpH 4eMmy cy y OpojHuUM
CllydajeBUMa CHTHAJIM METHJICHCKHX NPOTOHA OIITPH WJIM HEIITO pPa3ByYEHUjH KBapTETH.
OBakaB 00JMK TUX CHTHAJIA MMOCIEINIA j€ YHIHCHHIIE /1a CY BULIMHAIHE KOHCTAHTE CIpe3ama
N-H u CH,-CH; cnyuajuo ucte (J ca. 6 Hz). N-H npotoH yrinaBHOM ce jaBba y OOIUKY
MIMPOKOT cUTHaNa Ha 3,6-4,8 ppm (u3y3eTak je jenumemne 9941), 70K NPOTOHU METHIICHCKE
rpymne aajy kBapTer (ymecto Tpuiuiera). Jla ce 3amcra paam o TOM crpe3army MOTBPIMIN Cy
eKCIepUMEeHTH ca jgoaatkom D,O kajga ce TOTUYIHO cripe3ame U3ryOouIIo.

Momamm u3 “C NMR CreKTapa cy, Takohe, y CariacHOCTH ca NPUIHCAaHUM
CTPYKTypaMa CHUHTETHCAHHUX jeAumhema. Tako ce curHanu Ha 78,7, 72,4, 69,8 u 69,2 mory
NPUNICATH aTOMHMa YIJbeHHKa (DepOleHMII-TPYyNe JOK IPYTH, KapaKTepUCTHYHH CHUTHAIH
KOju ce jaBJbajy Ha oko 200 ppm u JBa Ha oko 38 ppm Mpunanajy KapOOHHIHO], OAHOCHO
METHUJIEHCKUM Tpynama.

Behuna cunterncannx MaHuxoBux 0a3a KpUCTaJHE Cy CYICTaHIE, MOJECHE 3a
PEHITreHO-CTPYKTYPHY aHAIIN3Y, Koja je ypaheHa 3a Hexomuko on mwux. Ha Cnmru 3.7 matu cy
MOJIEKYJICKH JAHjarpamu jenumema 998 (a), 99j (6),99xk (B), 994 (1), 996 (1) 1 99u () xoju

HEJIBOCMUCJICHO TTOTBPhYjy MPUITHCAHY CTPYKTYPY.



Cauka 3.7. Ctpyxrype (ORTEP npuxa3u) ManuxoBux 6a3a 998 (a), 99j (6), 99k (), 99.1 (1), 9956 (1) u 99 (h)
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Ta ananmza mokasana je na je KoHpopMalija UKIONEHTaIMEHCKUX-TIPCTEHOBA KO/
CBUX jeIHmbema ONMCKa EKIMICHOj, NJa ce KapOOHWJIHA Tpyna Hala3d y paBHU ca
CYTICTUTYHCAaHUM IUKJIONICHTAAUEHCKUM MTPCTEHOM H J]a C€ BPEAHOCTH 3a Iy’KUHE U YIJIOBE
Be3a crnaxy ca ouekuBaHuM. KoHdopmanmja apumamMuHO-pparMeHTa KOJ CBHX MOJIEKYJIa
CIIMYHA je, OCUM y cliyudajy [-amuHOKeToHa 9941 1 99H. Hanme, y cBUM OBUM MoOJIEKyIMMa
IIOCTOJU CaMo jeJlaH IOHOp IIPOTOHA 3a rpaljeme BOAOHNYHE Be3e — BoJoHuK u3 NH rpyme - u
y KpHCTaJIHUM peIIeTKaMa CBUX AaHAIM3MPAHUX jeIUIEHha, OCHM OBa JBa, IOCTOjU
MHTEPMOJIEKYJICKa BOJOHMYHA Be3a wu3Mel)y TOr BOJOHMKAa M3 jEAHOT MOJEKyJa H
KapOOHWJIHOT KHCEOHMKa W3 npyror. OBa BOJOHWYHA Be3a JTOBOJFHO j€ jaka Ja Ce Harpaje
IUMEpH, anu y MoJjekynuma 991 u 99H mocToje W aTOMHU KMCEOHHKa (I0OpH aKIETOpH:
KHCEOHUKOBH aTOMH HHTPO-TPYIE Y MPBOM M KUCEOHHK AlCTWI-TPYIIE Y JPYroM) KOjU MOTY
KOH(OPMAIIMOHO TOJIMKO Aa ce mpubmxke BomoHMKY n3 NH rpyme - na ce Harpaau jaka
MHTPaMOJIEKYJICKa BOJIOHWYHA Be3a (BUIAETH CTpyKType I u ), Ciinka 3.7), a koja ce 3aapxaBa
U y KPUCTAJHOM CTamy. 3aTO je U TOJI0XKa] apuiI-Tpyrne y KOHPOPMALUjU KOJy MOJEKYIH

OBUX jeJIMHCHA UMajy Y UBPCTOM CTamky JAPYTraduju Of OCTAINX.

3.3.1.2 Pexoxc ocooune

[Muknuuna Bonramerpuwja KopuinheHa je ¥ 3a onpehuBame pemokc ocoOuHa
ManuxoBux 0aza (WcruTaHe cy 0cOOMHE aMHHOKETOHa 99a-1, e-M, Tj. TpUHAECT O]l YKYITHO
ocamHaecT cuHTetucaHux). Ha Cnuum 3.8. matu cy BonTtaMorpamu penpe3eHTaTHBHOT
jenumema 99a, a y TabGemn 3.7 moganu O MCIIUTHBAHUM [-aMHHOKeTOHMMA (99a-1, e-M)
N00MjeHn NUKIOBONTaMeTpujckuM mMepernMa y 0,1 mol/L pactBopy nmutujym-mepxiopara y
areronutpuity. Juck ox crakmacror rpadura (=2 mm) kopumiheH je kao paaHa, a
TUIATHHCKA ClHpayia Kao momohHa enekTpona y moTeHnujaickoM mpozopy 0,000-1,500 V
(omabpaHoM Ha OCHOBY IPOOHUX MEpemba).

Kao miro ce u3 nogaraka ca Ciuke 3.8. u u3 Taberne 3.7. Buay, jenumema 99a-1, e-m
mmoKasyjy asa m1oopo aedunrcana okcuaanuona (O1, Ha 0,650-0,693 V u 02, na 0,693-1,373 V)
u jenan penykuuonu tanac (R1, Ha 0,592-0,620 V). Kako ce peaykunoHu Tanac jaBjba U Kaj
ce Mmepeme ozasuja y omcery 0,000-0,750 V (ucnoj moTeHIMjayia APYror OKCHIAIMOHOT
Tayaca), 3akJby4eHo je na tanacu Ol u R1 npunazgajy jemHoM peBep3nOHIHOM peloKC mapy
(pasnuka u3Mel)y MOTeHIMjana HA OBMM Tajacuma OJIMCKa je TEOPHjCKOj BPEAHOCTH) KOjH,

OYUTJIETHO, TOTHYE O (EPOLEHCKOT je3rpa. JaunmHe cTpyja Ha aHOAHOM M KaTOTHOM Tallacy
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MPOMOPITMOHATTHE CY KOpeHY Op3uHe MpoMeHe TMoTeHIWjana (IoJanyd HUCY TpHUKa3aHH) W

HE3aBHCHE OJ1 T¢ Op3WHE, MITO YKa3yje Ha MPOIeC KOHTPOIUCAH JU(PY3HjOM.

A b

a) a)

6)— Q2 &l =

8)

L o}

\

:|:1 OuA E— ]:10;:/\

k - i { :ﬁ

T
S
N
R1
R1

I & I & T ¥ T L I & T . T T T & 1 I . T . T d T . T . T & T & T . 1
00 02 04 06 08 10 12 14 1600 01 02 03 04 05 06 07 08
EN EN
Cauka 3.8. H{uknuunu Botamorpamu | mM pactBopa 3-(denunamuno)- 1-pepoueHunmnpo-
nas-1-ona (99a) (0,1 M pactBop LiClO4 y aneronuTpuiy crakiactu rpadur (& =2 mm),
v=0,1 Vs™): A) 0,000-1,500 V [(a) €JIEKTPOIUT, (0) IPBU CKeH, (B) APYTH CKEH)

r) 1 mM pactBop deporniena] u b) 0,000-0.75 V [(a) npBu ckeH, (0) Apyru cKeH)]

Ta6ena 3.7. Enextpoxemujcku nojamu jenumema 99a-1, e-m(ycnosu kao Ha Cumm 3.8.)

Jenumeme Eoxi (V) Eox (V) Erea (V) Ein (V) AE (V)
99a 0,665 0,851 0,620 0,6425 0,045
996 0,653 0,803 0,598 0,6255 0,055
998 0,653 0,784 0,613 0,633 0,040
99r 0,693 0,693 0,604 0,6485 0,089
991 0,662 0,830 0,604 0,633 0,058
99e 0,647 0,992 0,601 0,624 0,046
99:x 0,644 0,983 0,595 0,6195 0,049
993 0,638 0,861 0,598 0,618 0,040
99u 0,647 1,031 0,595 0,621 0,052
99j 0,647 1,007 0,595 0,621 0,052
99k 0,662 0,952 0,610 0,636 0,052
991 0,659 1,373 0,595 0,627 0,064
99, 0,650 1,166 0,610 0,630 0,04
99m 0,653 1,361 0,592 0,6225 0,061

“E12 = (Eoxit Erea)/2
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Kako ce penyKiponu taiac Koju O oroBapao Ipyrom okcuaannoHom tamacy O2 He
MojaBJjbyje, OYHIVIEAHO je Ja OH MpEeACTaBJba OJrOBOP pagHE eJEeKTpoJe Ha HEKH
MpEeBEp3NOMITHN TIPEHOC €JIEKTPOHA Ca apUIIaMUHO-TPYTIC HA Y.

l'otoBo mcra mojaBa Beh je 3amakeHa W Koj jeaumbema 95a-B (oxerpak 3.2.2) u
o0jamrmeHa Ha OCHOBY Tmopehema pesynrara ca JUTEpaTypHUM TOAaTalyMa 3a

189-191
N-ankunanuinHe.

Ha 6u ce moOunu perneBaHTHU TOJAIM 32 mopeleme, CHHTETHCaH je
4-(penunamuno)oyTan-2-ou (100), jenumeme Koje ce 01 99a pazimKyje 1o ToMe MTO YMECTO

(bepoueHckor je3rpa caapxu Metui-rpymy (Ciuka 3.9).

H
WN
Cuamuka 3.9. 4-(bennnamuno)oyran-2-oH (100)

[{uknuvHa BoATaMeTpHja OBOT jeIniberba Mol ucTuM ycnouma (Crnuka 3.9) mokasyje
y NpPBOM CKeHy jedan okcumanuonu Tanac (Ha 0,815V, Tj. oHaj Koju oaromapa Apyrom
OKCHUIAIIMOHOM Taylacy jemumema 99a; deporieHckH, pa3yMIJbUBO, HENOCTaje) M YaK TPH
pEemyKIMOHa, a y IPYyroM jOII TPH OKCHIAIMOHAa (OArOBapajy OKCHIANWjU TPOH3BOJIA
HACTAIMX HA PeIyKIIMOHUM TaJacuMa MpBoT ckeHa).Kan ce oBoM jemumeny nona GpepoueH —

CBa TPU PEIyKIMOHA M CBa TPU OKCHIAIIMOHA Tajaca W3 JPYror CKeHa He BHIE Ce€, jep CY

MPCKIIOIJbCHU.

A 03 B o7
a)—
6)—

R5

D!D l U.I2 . 0.I4 I 01.6 l 0.I8 l ‘I.IU l ‘I!Z . 1_I4 . ‘I_IS O.IO ' O.IZ . 0.I4 . 0!6 l D'.B l 1.IO I 1?2 ' 1.I4 . 1.IG
EN EN
Cauka 3.10. LHuxnmmaan Botamorpamu 3 mM pactBopa 4-(enmnamuno)0yran-2-oxa (100)
(0,1 M pactBop LiClO, y arerorutpuiy, craknacti rpadut (& =2 mm), v=0,1 Vs'):
A) 6e3 anermideporiena [(a) npBu ckeH, (0) npyru ckeH]; b) ca 3 mM pactBopom
anetwieporieHa (IpBU CKeH)
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3.3.2 Cunre3a n kapakTepu3auuja 3-apumi-6-depouenmi-1,3-okcasunana

Hajno3natuje merone 3a nmobujame 1,3-okcazmHana oOyxBarajy, kao mto je Beh

. 194-196 -

HalOMeHyTo, oarosapajyhe 1,3-amuHOanKoxoie Kao  CymcTpaTe. Peaknynja
KapOOHWJIHUX jeIMI-Eha Ca OBUM CYIICTpaTHMa ITPENCTaB/hba KOHICH3AIM]y KOja ce OJBHja
JIaKo, a CTETNeH CYNCTUTYHUCAHOCTH MPOU3BO/Ia KOHTPOJIHIIE CE CTPYKTYPOM aMHHOAIKOXOJIa.
KapOonmnHo jemumeme onpehyje BpCTy CYNCTHTyeHTa camMo Yy T0JloXajy 2: ca
dbopManmexuoM a00HWja ce OKCcazuHaH KOjU je y TIONOoXkKajy 2 HeCylCTHTyHCaH, ca

196
aaexXuruMa MOHOCYTICTUTYHCaH, a ca KeToHnMa Jucyncruryucat (Cxema 3.5).

Cxema 3.5. Peaknyja kapOOHWITHUX jeIUH-EHA U aMUHO-AIKOXO0JIa

3a  cuHTely  (epoueHCkux  N-apui-1,3-okcazuHaHa ~— mpenBuUl)EHMX ~— OBUM

UCTpaXuBambuMa ojabpaHa je peakuuja oxaroBapajyhux N-apun-1,3-amuHOanmkoxona wu

H H
N LR N AR
@(V \ 5 s NaBH, ©\(V y
Fe g Fe
=, © CHiOH, oT. 150 2 OH

99a-k 101a-k

THF, c.T., 12 h | 1 ekB. HCHO

99,1011 102| R

H 0
o & D=
o N— @;R

4-CH,

2,4,6-triCHj

4-C4H9 102a-k
2-F

3-F

4-F

2-Cl

3-Cl

4-Cl

R—SwXooh m WO

Cxema 3.6. Cunre3sa nepuara 3-(apuiamMuHo)- 1 -gpepouenunnponan-1-ona (101a-k) u
3-apun-6-eponenmi-1,3-okcazunana 102a-k



Ta6ena 3.8. Cunresa 1,3-amuHoankoxona 101a-k 1 okcazunana 102a-k

Eooi M 5 ITpounsson
poj aHuxoBa 0a3a
1,3-AMHHOATKOXOJT [Tpunoc (%)* Okca3uHaH Hpuroc (%)°
¥ N
1 992 S~ @ 101a 90 2&“@ 102a 90
= ™
s ™
2 996 1016 92 < N 1026 92
&L 1>
§ 3
3 995 S ©/ 1015 90 2\(\/“ 1028 90
= o
4 99r S~ 101r 80 = N 102r 80
@ OH
O
5 99 N 91 Fe )
) F©\(\/ 1011 B 1021 91
= o
H @\i:\
6 995 S~ \Q\/\/ 1015 97 < N©W 102 97
= M
" T
7 99¢ N 101e 93 < N@ 102¢ 93




Tabesa 3.8. (Hacrasak)

Bpoj Manuxosa 6a3a 1,3- AMHHOAJIKOXOJ [Tpunoc (%) Okca3unan Ipuroc (%)
poj
N
8 99:x ?.\(V @ 1013 91 - N@F 1023 91
= OH
§ i
9 993 F©\O(H\/ \QF 1013 95 <> NQ 1023 95
F
Cl o)
10 99 “@ 101 90 e jN I 102 90
" " = "
H Cl O\\
N
= o
H @\Q:\
12 995 S~ @C, 101k 85 = A 102x 85

“[IpUHOCH H30JI0BaHHUX jelnm-eba xpoMarorpadekor npeunirhasama Ha ALO;,

*[IpuHOCH H30710BaHKX je/IME-CHa XpoMaTorpadekor npeunmhapama Ha CHTHKaresTy
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dhopmannexuna. Cepuja oBUX aJkoxoja A00HjeHa je penykiujom ManuxoBux 0asa uuja je
CHHTE3a OINHCaHa y NPETXOIHUM ofesbliuMa. Penykmmja ce W3BOOM TpeTHpameM [-
aMHHOKETOHa 99a-Kk BHIIKOM (5 MOJI-€KBHBaJE€HTa) HATPHjyM-00p-XuApUIa Y METaHOY, Ha
cobnoj temmneparypu (Cxema 3.6.). Oxromapajyhu 3-(apunamuno)-1-depoueHumnmnpormnan-1-
o 100a-k, 1o0ujeHu cy y BucokuM npuHocuma (80-98%), kao mTo nokasyjy mojamnu JaTh
y Tabenu 3.8. JloOnjeHr aMHUHOAIKOXOJU MOABPTHYTH Cy y ciefeheM Kopaky KOHIACH3aIHjH
ca ¢opmangexunom (Cxema 3.6). Peaknmja ce M3BOAM TakO LITO C€ PACTBOPY aJIKOXOJa
101a-k(1 mmol) y terpaxuapodypany gonaa BojeHH pacTBop ¢opmangexuna (1 mmol) u
cMmema memnra npeko Hohu. Hakon yoOudajene oOpazne u npeunmrhaBama xpomarorpadujom
Ha cTyOy (SiO./xekcan-eTmi-anerar, 9:1) nM300BaHM Cy LIWJBHH MOJIEKYIH — 3-apui-6-
theponenmi-1,3-okcazuaann 102a-k — yriaBHOM y BHCOKUM TipuHOcHMa (M 10 99%), Kao
ITO MOKa3yjy nojamu y Tabenn 3.8.

N3yserak je jenumeme 1021, koje je nobujeno y npuHocy oa camo 36%. Ilomro Tpu
METWI-Tpynie Mory camo jaa mnobehajy HykneodwimHOCT a3oTa, pas3ino3d 3a OBO HHUCY
eslekTpoHcKke mpupoae. CyncTuTyeHTH y o0a o-ToIo)Kaja CBAaKako OTEXaBajy IPHCTYII

eJIEKTPO(UITHO] YECTUIIM aTOMY a30Ta Ha MPBOM CTyNbY peakiuje (Buneta Cxemy 3.7).

gg_'\;\lﬂ@ = @E\@@ = é OH gN\©
©

H .H H T} v

?\(@\\N ‘_—H—‘ Fe N
(S =

Vi 102a

Cxema 3.7. Mexanu3am HacTajama okcasuHa 102a
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Omnucana KOH/EH3alMja y MPBOM KOpaKy BeoMma je ciudHa MaHuxoBoj peanuju. Kao
mTo je mpukasaHo Ha Cxemu 3.7., HA TOM NPBOM KOpaKy HYKICO(MWIHH aMUHCKH a30T
Hamajga KapOOHWIHM YTJbEHHKOB aToM Qopmanaexuna (duja eleKTpo(HIHOCT 3HadajHO
MOXe Ja ce moBeha TparoBMMa MHHEPAJTHHUX KHCEIIMHA, MpeKo MHTepMmenujepHor jona II),
najyhu xatjon 111, koju empoToHOBaKkEM J1aje HHTEPMEAHjepHO jenumbeme 1V, Peaknmja ce,
Jlajbe, HacTaBjba MPOTOHOBAEKEM XMUJPOKCHIHOI KHCEOHMKA Oaml Ha KapOMHOJIAMHHCKOM
YIIJbEHHKY, IITO J1aje KaTjoH V, Koju ce aexuaratuime 10 katjoHa VI. OBaj katjoH, ca cBoje
CTpaHe, MOJIe)Ke HHTPAMOJIEKYJICKOM HYKJICO(DHIHOM Hanaay XUAPOKCUIIHOT KUCEOHHKA, Tj.,
UKJIA3aIUj U 9ju je mpomusBo] 1,3-okcazuHancku npcreH (katjon VII). Konauan nponsBox
no0uja ce IenpOTOHOBAKEM OBOT KaTjoHa.

CTpyKType CBUX CHHTETHCAaHUX OKCa3MHaHA Cy IMOTBpheHE 'H NMR,13C NMR u IR
cnekrpockonujoM. Y IR cnekTpuma Hamaze ce ancoOpHLUMOHE Tpake 3a METWIEHCKE HU
METHUHCKE TpyIe.

Y 'H NMR CIIEKTPUMA Hajla3e ce€ CUTHAIIM KapaKTEPUCTUYHU 38 MOHOCYIICTUTYUCAHU
(heporen (nBa nceyno dt (nwnm m) Ha oko 4,20 ppm, 0HOCHO Ha OKO 4,17 ppm U CHHTJIET Ha
~ 4,12 ppm) Kao ¥ CHTHAIM KOju moTudy on mpucycrsa ase metmieHcke O-C-CH,-CHa-N
(pseudo ddt (mmm m) xoju ce jaBspa Ha oko 3,91, ddd (wmm m) xoju ce jaBypa Ha oko 3,49,
dddd (mmm m) xoju ce jaBsba Ha oko 2,02 kao u pseudo ddt (v m) Koju ce jaBJhba Ha OKO
1,78), kao u jemne MeruHcke rpyme (dd Ha oko 4,48 ppm). Ocum oBux y 'H NMR criekrpuma
Ce HaJla3e M CUTHAJIM KOjU MOTHYY OJ] METHJICHCKE TPYIe KOoja IMOBe3yje aToMe KHCEOHUKA U
azota O-CH,-N (dd omnocHo d, koju ce jaBibajy Ha oko 5,30 ogHOCHO 4,74).

Homamu u3 “C NMR CrieKTapa cy Takohe y carlacHOCTH ca CTpyKTypama
CUHTETHCAHUX jelubemha. Tako ce curHaiy Ha oko 88,9, 68,6, 68,0, 67,8, 67,3 u 66,0 ppm
MOTY TPHUIUCATH YIJbCHUIMMA (HEepONCHWI-TPYNe AOK APYTd KapaKTePUCTHYHH CUTHAIH
KOju ce jaBibajy Ha oko 1489, 129,1, 120,5 u 118,4 ppm mnpumagajy yr/beHUIHMA W3
apomara. CurHamu Koju ce jaBikajy Ha oko 81,3, 76,0, 49,9 u 29,2 ppm mnpumnanajy

MCTHHCKHM U MCTUJICHCKUM YI'JbCHUIIMMA OKCA3MHAHCKOT ITPCTCHA.

3.3.3 Cunre3a u kapakTepu3anuja 3-apui-6-¢pepouenunii-1,3-okcasnnan-2-ona

1,3-Oxca3uH-2-0HH, WIH [ECTOWIAHN HUKINYHA ypPeTaH!, UCIOJhaBajy Pa3IUUNTE

. 261
OuosomKe, OAHOCHO (hapMaKOJIOIIKE AaKTUBHOCTH, Kao INTO Cy aHTHOAKTepH]jcKa,

262 263
MMpOTUBYIIAJIHA n aHTI/ITpOM6OHI/ITHa. Hekn oo ACpHBATA OBHUX XCTCPOLHKAJIa KOPHUCTC
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. . 264
ce y TpeTMaHy acTMe, alepruja, dmpesa u amjaGereca,’® a Heku ce KopHCTe 3a CHHTE3y

(hapMaKoMoIIKy BaHHX cyrncranm. o 2%
Haxo je mpumena 1,3-okcasnHaH-2-0Ha 3a goOujame 1,3-aMHHOATKOXO0JIa MO3HATA

267, 268 o . .
»CYIPOTHA® CHHTE3a j€ jelaH OJ HajBaXXHMWJUX HauyuHa 3a

CHUHTETHYKa peaKiyja,
noOujame NMKIMYHUX ypeTaHa (BUAETH MmoueTak mornasiba 3.3). OaroBapajyhu ¢eponeHcku
aMUHOATKOX0NH, 3-(apuiamuHO)-1-peponennnnponan-1-omu (101a-k), uuja je cuHTE3a
JeTaJbHO ONKCaHa y TPETXOJHHM OJeJbIIMMAa OBOTra pajaa, oAadpaHu Cy Kao IOJa3HU
cyncrpath 32 cuHTe3y  (epomeHckux  1,3-okcaswHaH-2-0Ha  TpelnBUl)CHY  OBHM
UCTpaXXUBamUMa. Y TOM IMJbY CMHIUbeHA je ,mHcepranuja® C=0 tpyme wusmelhy
XHUJIPOKCUITHOT KUCEOHHKA M AMUHCKOT a30Ta OBUX CYIICTpaTa y J1Ba KOpaKa.

VY npBOoM KOpaky Te CHHTE3¢ NMPUMEHCHA j€ MO3HaTa peakiidja 3a JTo0ujame ecrapa
KapOaMHHCKE  KHCEJIMHE - peaklyja aMuHa ca eTui-xiuopdopmujatom. Tako  cy
amuHoankoxonu 101a-k (1 mmol) TpeTupanu pacTBOpoM HATPHjyM-XuApokcuia (4 ekB.) u

eTui-xyuoppopmujarom (2 exB.), mrTo je aano kapdbamate 103a-k (Cxema 3.8), yrimaBHOM y

BrcoKkuM npuHocuma (Tabena 3.9).

0]

H S

N \ —R 4 ekB. NaOH N \ R
©\(\/ /' 2exs. CICOOEt @\(\/ Y
:Fe OH TonyeH, c.T., 2 h' :Fe OH

101a-k 103a-k

OEt
S

THF, 5°C, 15 s|4 ekB. NaH

101,103 n 104| R

H ©\(i:(
2-CHj
Fe
3-CHs; - N N

4-CHg
2,4,6-triCH3 =
4-C4Hg
2-F
3-F
4-F
2-Cl
3-Cl
4-Cl

X SwXo0ooh WO

Cxema 3.8. Cunresa nepuBara etui-N-apui-N-3-(heporenni-3-xuapokcunponui)kapoa-
Mmata (103a-k) u 3-apun-6-deponenun-1,3-okcaznn-2-ona (104a-r, h-k)
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VY npyrom Kopaky yCIIOCTaBJBEHHM Cy YCJIOBH 33 MHTPAMOJIEKYJICKY HYKICO(UIHY
CYNCTUTYIH]y jeJHE AIKOKCH Tpyle JAPYroM, Tj. YCJIOBH 3a H3TPaAky IECTOYIIAHOT
(OKCa3MHaHOHCKOT) IIPCTEHA.

To je mocturaTo KpatkoTpajHuM (15 s) Tpetupamem pactBopa kapdamara 103a-k y
TeTpaxuapodypaHy 4eTBOPOCTPYKOM KOJIMYMHOM HATpHjyM-xuapuia, Ha xuamHo (5 °C), a
nobujeHu pesynratu gatu cy y Tabenn 3.9. Jlerasban MexaHH3aM OBE peakiivje MPUKa3aH je
y cneachem onespky (Cxema 3.10.).

Hexu ox tmx pesynrara cy, y HajMamy pyKy, HEOOMYHH, KAo IITO j€ TOTIYHH
M30CTaHaK CHHTe3e oAroBapajyher nukiamgHor yperana u3 anudparugdor 103a. To ce moxe
NPUNUCATH CTePHUM (AKTOpPHMA, Tj. MPHUCYCTBY CYINCTUTyeHaTa y o0a o-T0JIokKaja, jep |
ypetaau 1036 u 1033 (ca METHUI-TPYTIOM, OJHOCHO XJIOPOM Y O-TIOJIOXKA]Y) J1ajy 3HATHO HUKE
npuHOce oAroBapajyhux nuknnuHux yperana (1046, omaocHo 1043) y oBoj peakiuju.

To mro xuapokcuyperan 103} naje nuknmyam yperan 104} y BHcOkOM mHpuHOCY

(97%; Tabena 3.9., 6poj 7) HE onOBpraBa OBy TBPIbY, IOWITO j€ aTOM (hIyopa 3HATHO Mambe
BOJIyMHUHO3aH O] METWJI-TPYIIE U aTOMa XJIOpa.
CTpyKType CBUX CHHTETHUCAHHMX OKCa3WHOHa Cy moTBpheHe 'H NMR,”C NMR u IR
cnekrpockonjoM. Y IR cmekrpuma Hamaze ce WHTEH3WBHE AarCOPIIIMOHE Tpake 3a
kapGormIHy (Ha 1685 cm™). Y 'H NMR criektprMa Hanase ce CHrHAIN KapaKTePUCTHYHH 33
MOHOCYTICTUTYHCaHu (epoueH (nBa nceyno dt (mnm m) Ha oko 4,36 ppm OAHOCHO Ha OKO
428 ppm u cunriner Ha ~ 4,24 ppm) Kao W CHUTHAJIM KOjHU TIOTUYY OJ NPUCYCTBa IBE
metmiieHcke rpyne (ddd (unm m) xoju ce jaBiba Ha oko 3,81 ogHocHO 3,70 ppm, xao u dddd
(m m) Koju je jaBiba Ha OKO 2,45 ogHOCHO 2,28 ppm). CUrHAJIM KOjU MOTUYY OJ] IPUCYCTBa
mermrcke rpyme (dd koju ce jaBba Ha oko 5,31 ppm) ce Takohe jamajy y 'HNMR
CHEKTPHMA OBHX jeIUHCHA.

Momamm u3 “C NMR CrmekTapa Ccy Takohe y carlacHOCTH ca CTpyKTypama
CHHTETHUCAaHUX jenibema. Tako ce curaamy Ha 86,3, 69,1, 68,5, 68,4, 67,4 u 66,1 ppm mory
NPUNUCATH YIJbeHUIIUMA (EpOLCHWI-TPYIIE APYTH KapaKTEPUCTHYHH CHTHAIU KOjH Ce
jaBibajy Ha oko 152.8 ppm u Tpu Ha oko 76,2, 47,9 u 28,9 ppm npunaznajy xapOOHHIHO]
OJIHOCHO METHJICHCKUM rpyrnama. CUTrHanm Koju ce jaBibajy Ha oko 143,1, 1294, 126,9 u
126,0 ppm npunanajy yribeHHIIMa apoOMaTHYHOT je3rpa.

3aHuMIBMBO je na je Kkox jenumema 1046 mnpumeheHo mocrojame nBa
auactepeonsomepa. Cropeuena potanuja oko Cap-N Be3e y3poKoBajla je HacTajame JBa
JIMACTEPEOU30OMEPA IITO CE MOXKE BUIIETH U3 'H u C NMR CIIEKTapajIHUX IOJaTaKka OBOT

jemumema (ExcriepuMenTanau 1eo).



Ta6eaa 3.9. Cunresa xuapoxcuyperana 103a-k u okcasunanona 104a-r, h-k
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Ta6esa 3.9. (HacraBak)
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334 Cunre3a u kapakrepusammja 1,3-qucyncruryncanux 4-gepoueHuITeTpaxm-
aponupumuann-2(1H)-ona
On xana je bubmmemu 1893. roguue’ 00jaBMO WIaHaK O CHUHTE3M HEKHX JepuBara
nupuMuauH-2(1H)-0oHa, Hario je Mopaciio HMHTEPECOBAE CHHTETHYApa 32 OBY TIpPYyIy
jenumbema, Ipe cBera 300r MMPOKOT CIIEKTpa OUOJOMIKUX B (DapMaKOJIOIMKUX 0cOOMHA Koje
HeKH oX muX ucrosbasajy.’*?"" 3a cuHresy Terpaxumpormupumimua-2(1H)-0Ha, KojH
CNa/iajy y OBy TpYyIly jeJUbCHha, OMHUCAHU Cy, Kao INTO j€ paHWje HAMOMEHYTO (BUICTH
MOYeTakK morsasika 3.3), OpojHu HOCTynuH.zzé'229 3a cunHTe3y TeTpaxuaponupumuani-2(1H)-ona
KOjH cagpxe (peporeHuI-rpyIy, INIAHUPaHy OBUM HCTPaKMBAIbHMAa, KAo MOJIA3HU CYTICTPATH
omabpanu cy xwuapokcuyperanun 103a-k. OBaj wu300p je JoruyaH, IIOMTO CYy

terpaxuaponupumMuant-2(1 H)-oan aza-nepuBatu mukiInyHUX yperaHa 104. Hauwme,

OEt OEt
O\V\ O\V\
—<
N \ —R N R
,/  4eks. iPrNH,, 1,5 ekB. Et;N
> Fe

= O 1.5 ex@. (CFoCO)0, THF, (=, HN\(
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0 | 4-C4Hg N
el2-F @ R
X | 3-F
3(4-F
m|2-Cl 106a,B,1, B, €, 3, j, K
i|3-Cl
k| 4-Cl

Cxema 3.9. Cunresa nuamuna 105a-k u terpaxugponupumuauia 106a, B, 1, b, e, 3, j, K

! 11a je W CYNCTHTYIHja XWIPOKCHIIHE

o-peporeHIII-KapOOKaTjOHH Cy BeoMa CTaOWIIHH,
rpyIie W3 TOT IMONOXKaja APYTHM HYKIeO(HINMA peaTHBHO naka.” ' VMajyhiu To Ha yMmy,
HaNpaBJbEH je IUIaH 3a ONTUMH3AIHM]y ycloBa MoJ Kojuma Ou xuapokcuyperanu 103a-k

MOJUICTIM CYTICTUTYIHJHU TIOJ JISJCTBOM HM30NpPOIMJIaMUHA M Jalld OAroBapajyhe aepuBare



Tabena 3.10. Cunre3a moHoanunoBanux nuamua 105a-k terpaxuaponupumuani-2-o1a 106a, B, 1, b, e, 3, j, K
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Tabena 3.10. (HacraBak)
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1,3-nponanuamune  105a-k, koju ©Ou, y crueneheM Kopaky, HWHTPaMOJIEKYJICKOM
[UKJIA3AAjoM OMIIM TIpEeBEICHU Yy LWJbHE MosieKyne — xeTepouukie 106a-k. Y mpBom
KOpaky TpetupameM xuapokcuyperana 103a-k (1 mmol) pactBopoM u3ompoONMIaMUHA
(4eq) y Tterpaxuapodypany, y mnpucyctBy tpuermnamuHa (1,5eq) u aHxuapuaa
tpuduyopcupherne kucenune (1,5 eq) mobujena cy jenumema 105a-k (Cxema 3.9.),
yriaBHOM y BHcokuM mnpuHocuMa (Tabenma 3.10). ¥V apyrom Kopaky YCHOCTaBJbEHU CYy
YCIOBH 3a HHTPAMOJEKYJICKY IHMKIN3alHjy, Tj. CKJIalame TEeTPAXUIPONUPUMHINHCKOT
MpCcTeHa, TpeTHpameM pacTBopa uHTepMeanjepa 105a-k (1 mmol) y terpaxuapodypany
JBOCTPYKO BehoM KOJTHMYUHOM OyTHII-THTHjyMa, Ha TeMriepatypu ox -78 °C (Cxema 3.9).
Cunresa xereporukia tuna 106 jomr je oceT/bMBHja Ha CTEPHE CMETHE KOje Cy
3amakeHe KoJi cuHTe3e UukiauuHux ypea 104. Hamme, oBa peakmuja ce mnokaszana
HEYCIEIHOM Yy Ciyd4ajy CBUX Opmo-CYNCTHUTYMCAaHMX AMaMUHCKHX aepuBara 105, ocum

nepuata ¢yopa (105e).

©

§:
H

o [ o-g)
X ﬁ/o ® @\(i‘/i\ o/’

H
Fe N - Fe N
103a/105a Vil

S
C O Vam
X X
< () = ()
104a/106a IX
X=0unu N4<

Cxema 3.10. MexaHu3aM HHTPaMOJIEKYJICKE IUKIM3anuje xuapokcuyperana 103a u
nepusara 1,3-nponanguamurHa 105a

MexannuzaMm  peaknmja I[HKIM3anuje  xuapokcuyperaHa 103  wu  ngepuBara
1,3-mponananamuna 105 je unentuyan u npukasza je Ha Cxemu 3.10. Oxrosapajyha 6a3a

(HaTpUjyM-XUApUA Yy CIy4yajy CHHTE3e IMKIMYHUX ypearaHa 104 u n-OyTWI-IHTHjyM Y
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ciydajy nukinnuHux ypea 106) nernporonyje npotuuny rpyny (OH y ciyudajy 103 u NH y
cirydajy 105), nmajyhm aHjoHCKM HyKIeo(WI KOjH HMHTPAMOJEKYJCKOM CYNCTHTYIIH]jOM
UCTHCKY]je oaiazehy eTOKCH-TPYyIy.

CTpyKType CBUX CHHTETHCAHUX TeTpaxuaponupumuanHona (106a, B, r, b, e, 3, u, j)
cy morephene 'H NMR,”C NMR u IR cnexrpockomujoM. ¥V IR crekTpuMa Hamasu ce
WHTCH3WBHA allCOpPIIMOHA Tpaka 3a KapOoHwnHy rpyny (Ha 1636 cm). ¥V 'HNMR
CIEKTpHMa Halla3e Ce€ CHTHAJIM KapaKTEepPUCTUYHHM 33 MOHOCYICTUTYHCAaHU (epoleH (aBa
nicey o dt (umu m) Ha oko 4,24 ppm, 0JJHOCHO Ha 0KO 4,11 ppm, cunrier Ha ~ 4,16 ppm), Kao
U JIBA CUTHaNA Koje moTudy ox metmieHckux nporona O=C-CH,-CH,-N (ddd (wmu m) xoju
ce jaBspa Ha oko 3,57, dddd (unm m) xoju ce jaBipa Ha oko 3,52, dddd (wm m) xoju ce jaBiba
Ha oko 2,28 xao u dddd (wim m) koju ce jaBiba Ha oko 2,21). Y 'H NMR crexrpuma je,
Takohe, mpuMeheH U CUTHAJ KOju mpunaaa MeTuHCKUM nipoTonnMa (ddd (mnm m) Ha oxko 4,46
ppm) Kao W cUTHajgM mpoToHa u3omnponui-rpyne ((d) koju ce jaBma Ha oko 1,38 ppm
OJIHOCHO Ha oko 1,29 ppm).

Homauu u3 “C NMR CreKTapa cy Takoje y carfacHOCTH ca CTpPYKTypama
CUHTETHCAHUX jeMbema. Tako ce curHamm Ha 91,2, 69,4, 68,9, 68,4, 66,7 u 66,0 ppm Mory
NPUNUCATH YTJbEHUIMMa (DEPOICHMWI-TPYIIE, TOK CHTHAJIM KOjU Ce jaBJbajy Ha oko 144,3,
128,8, 126,0 u 125,2 ppm mnpunagajy YIJbeHHMKOBHUM aToMuMma Qenun-rpyne. [pyru
KapaKTepUCTUYHU CUTHAJIHN KOjH Ce jaBJbajy Ha oko 154,5, 53,0, 45,2 u 31,7 ppm oarosapajy
KapOOHWI-, METUH U METWJICHCKHM YIJb€HWUIIUMa MoK curHamu Ha 50,9, 21,3 u 20,9 ppm

0JIrOBapajy yribeHULMMa U30IPONUII-TPyTIE.

3.4 Ilpersexn pe3yarara TecToBa 0HOJIOIKEe U (PAPMAKOIONIKE AKTUBHOCTH

CHUHTETUCAHMX jeINbeHha

Kao mro je Ha moverky mormaBiba Hamm pamoBu pedeHo, Behuna jenumema

JNoOWjeHuX TOKOM W3pajie OBE JUCEepTaIfje Jara je oAroBapajyhuM crenujamu3oBaHUM
naboparoprjaMa Ha UCTTUTHBAKHEC HUXOBE OMOJIONIKE aKTUBHOCTH. Y Hajkpahem, pe3ynraTu
TUX UCTIUTHBaka MOTY Ce CyMHpaTu Ha cienehu HaumH:

- Ilocme tecthpama y HEKOJHMKO PAa3IHMYUTHX in vivo Mojaeda HaljeHO je na cBH
2-dpepouenun-1,3-tnazonuana-4-onu (92a-1) mokazyjy CHaKHY aHKCHOIMTHYKY
aKTHBHOCT, KOja 3aciyXyje Aajba NCTPAKUBAIbA.

- 2-®eponenmn-2,3-nuxunpoxuHonna-4-(1H)-oan (95a-B) mokasyjy H3pa3uTy WU
HECEJICKTHBHY aHTUMHUKPOOHY aKTHUBHOCT W Mpema ['paM mo3uTuBHUM (TpH coja) U

npema ['pam HeraTuBHUM OakTepujama (TIET cojeBa), Kao W TpeMa jeIIHO]
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TJbUBUYHO] BPCTH Y in Vitro yclioBHUMa. 300T TOra OBa jeIU-EHha Takole 3acoyxyjy
MaXiby MEAUIMHCKIX XeMHU4apa.

MannxoBe 6aze 99, Takohe, moka3yjy U3BECHy aHTHMHUKPOOHY aKTHBHOCT, KOja je
cnabuje M3pakeHa HEro y Ciydajy (EepoleHCKUX TUXUAPOXHHOIUH-4-(1H)-oHa
95a-B, a1 HUje 3aHEMapPJHUBA.

Konauno, ncnurana je OuoJjonika akTUBHOCT U IIECTOWIAHUX XeTepouukia 102a-
K, 104a-r, h-x u 106a, B, 1, ), €, 3, j, k 1 mokazano ce na BehuHa o1 BUX TOKa3yje
cnaly aHTHUMUKpOOHY AaKTHBHOCT, JIOK HEKa HCIOJbaBajy cnaldy Jo ymepeHy

OUTOTOKCHYHOCT.



ExcnepuMmeHTaIHu 1€0



4 ExcnepuMeHTaJIHU €0

4.1 Omnurre HaIOMeEHe

XeMmHKalje W pacTBapayd KOPUINNEHW TOKOM H3paje OBOT pajaa JOCTyIHE Cy
tproBauku (Sigma-Aldrich, Fluka, Merck, Acros Organics) m ynorpeObaBane cy 0e3
JoJlaTHOT IpeunithaBama, OCUM IITO Cy pacTBapayy AECTWIOBAHU U CYLIEHU KaJ je TO OMIIo
HEOIXO/IHO.

Tauke TorIbema onpehuBane cy na amapary MelTemp, monen 1001 xao u Kofler
bench ypehajy tuna WME Heizbank of Wagner & Munz v HACY KOpUTOBaHE.

Tankocnojaa xpomatorpaduja (TLC) u3Bohena je Ha aTyMUHHjyMCKHM IUIOYaMa
MpeByYEHUM ciiojeM cuinka-rena aedseune 0,2 mm (Silica gel 60, Merck u Silica gel 40,
F254, Merck), y3 Busyenmmzanujy UV mamriom (254 nm) wim nM3a3uBameM MpJba BOJACHUM
pactBopoM H,SO4 (50% v/v) mim eraHoiackuM pacTBOpoM (BochoMoIubaeHCKe KHUCeInHE
(12 g y 250 mL pactBapaua. IIpenaparuBaa xpomarorpduja BplieHa je Ha CTyOy CHIIHMKa-
rena (Silica gel 60, 0,063-0,200 mm, Merck). [IpenapaTuBaa TaHKOC/IOjHa XpoMaTorpaduja
n3BOl)eHa je Ha CTaKJICHNM IuToYama MpeBy4eHuM ciojem crumka rena (Silica Gel GF 250um)
qumensuja 10x20cm.

Undpaupsenn crnexktpu cy cHuMibeHu Ha Perkin-Elmer FTIR 31725-X n Spectrum
One FT-IR cuektpoMeTpuMma.

NMR cnekrpu (lH, B¢, 'H-'"H COSY, NOESY, HSQC u HMBC) cy caumanu Ha
ypehajuma Varian Gemini (200 MHz) u Bruker Advance I11-400 (400 MHz), kopucrehu
CDCl; kao pacTtBapay. XeMmujcka TioMepama Jara cy y ppm (0) y OAHOCY Ha
terpamerwicwiad (TMS), koju je ymnorpeG/beH Kao WHTEpHH CTaHAapjA, a KOHCTaHTe
KyIoBamwa y xepunma (Hz). 'H NMR u >C NMR cnektpu cy caumanu Ha 200 u 400 Hz
oxHocHO 50 u 100 Hz.

UV cnextpu cy caumanu Ha UV-1650 PC Shimadzu cniekTpoMeTpy y aleTOHUTPUITY
Kao pacTBapady.

Muxkpoananuze cy uszBeaene Ha Carlo Erba 1106 MukpoaHanuzaTopy; J0OHMjeHH
pe3yJTaTH y CarjacHOCTH Cy ca M3payyHaTHUM BPEJHOCTHMA y IPAHUIM J03BOJbEHE I'PELIKE.
Macenu cnexTpu cy cHumibenu nomohy Agilent 1100 Series (ES, 4000V) ypehaja, a macenu
CIIEKTpH BUCOKE pe3onyiuje ypahenu Ha amaparuma Agilent Technologies 6210 Series Time-

of-Flight u JEOL Mstation JMS 700.
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GC-MS ananusze cy ypahene na Hewlett-Packard 6890N racaom xpomaTorpady Koju
je Oro ompemMIbeH CHIIMKa KanmuiaapHoM koioHoM DB-5MS u crniojen ca 5975B cenekTuBHEM
MacEeHUM JIETEKTOPOM.

[uknuaHa BoaTaMETpHja U3BoleHa je y aTMocdepu aproHa y TpoeleKTpoaHoj hemuju
y3 kopuiihewe mnorteHuuoctata Autolab PGSTAT 302N, xonaniackor mpousBohaua Eco
Chemie. JluckoBu oJ matuHa u ctakiactor rpapura (J =2 mm) xopumheHu cy Kao paaHa
€JIeKTPO/Ia, IJIATHHCKA JKHIIa Kao moMohHa a moTeHnujanu ¢y Mepenu y ogaocy Ha Ag/AgCl
pedepeHTHY eNeKTPOY.

3a peaknyje y MUKPOTaJIaCHOM peakTopy KopuirheH je anapat Microsynth onpeMibeH
KOHTPOJIOpUMA TeMIIepaType M MPUTHCKA, a peakirje O JCjCTBOM YITpa3Byka Elmasonic
S30 (Elma, Hemauka) yntpasByuHo kKynatuio, ¢ppenkseHnuje 37 kHz, caare 30 W.

IMogamm o nmudpakinuju X-3paka Ha MOHOKpHCTAIUMA OJAroBapajyhux jeaumermha
NPUKYIUbEHU Cy Ha coOHOj Temmeparypu, kopucrehu amapar Oxford Diffraction Xcalibur
Sapphire3 Gemini diffractometer, onpeMmsbeH n3Bopom 3pauema Mo Ka (L =0.71073 A). 3a
aHanm3y rogataka kopumhenn cy codrepu Crysdlis software’> u SCALE3 ABSPACK,*"

3a pelaBame CTPYKTypa SHELXS*" w 3a yTaykhaBame SHELXL.*"

4.2 Cunreda N-cyncruryucaHux 2-¢pepounenmi-1,3-tuazonnana-4-ona

92a-1

PactBop oaromapajyher mpumapror amuHa (91a-i, 1 mmol) u deponeHunanaexuga
(214 mg, 1 mmol, 90) y 2 mL Tetpaxuapodypana Tpetrpa ce y yarpazBykoM 5 min Ha 0 °C,
ma My ce Joja THorukoiiHa kucenuHa (184 mg, 2 mmol) U TperMaH HacTaBH jomr 5 min.
Peaknmonoj cmemu ce, 3atum, noaa N, N'-aunukioxekcuinkapooguumun (206 mg, 1 mmol) u
conndukanuja HacraBu Ha 0 °C nacraBu 15 min. Harpahena munmknoxexcuaypea (DCU)
onsoju ce mehemeMm, pacTBapad ymapd W YBPCTH OCTaTaK EKCTpaxyje eTHII-aleTaToM
(3%x10 mL). CniojeHun opraHcKH CJIOj€BU C€ UCTIEPY BOJACHUM PACTBOPOM JIMMYHCKE KUCEIHHE
(5%), Bozmom, pactBopom NaHCO; (5%) u 3acuhiernM pacTBOPOM HATPHjyM-XJIOPHIA U CYIIIE
anxuaposanuM Na,SO4 mpeko Hohu. PacTBop ce mpouenu u pactBapad ynapu, a ocTaTak
npeunmthaBa cryOHOM Xxpomarorpadujom (20g SiO,, xekcan/ermn-aunerat 9 : 1), majyhm
THazounHOHe 92a-1. JloOujenu pesynratu mpukazanm cy y Tabemu 3.1, a cnexTpanHu

NOJIalK Ha OCHOBY KOjHX Cy HICHTU(UKOBAHHU CIIE/IC.
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3-Bymun-2-epoyenun-1,3-muazonuoun-4-on (92a). Ipuroc 71%. IR (KBr, v, cm™): 3095,
2958, 2931, 2871, 1669, 1442, 1410, 1377, 1297, 1106, 820; UV—-Vis

0]

/&'B )&w (CH3CN): Amax (log &) 422 (2,56), 202 (4,51) nm; 'H NMR (200 MHz,
N s CDCl): & 0,83 (t, J = 6,8 Hz, 3H, CH;), 1,11-1,40 (m, 4H,
;é: CH,CH,CHz), 2,82 (ddd, J = 13,8, 8,4, 5,4 Hz, 1H, CHsHgN), 3,36
3,é1,, (ddd, J = 13,8, 8,4, 5,4 Hz, 1H, CHAHgN), 3,61 (AA’, 2H, SCH,CO),
o 4,14-4,31 (npexnaname curnana, 8H, H-C (1°”), H-C (2”’), H-C (3”),
H-C (4”’), H-C (5”’), H-C (2’), H-C (3’), H-C (4°)), 4,41 (m, 1H, H-C (5”)), 5,51 (br. s, 1H,
N-CH-S); *C NMR (50 MHz, CDCL): § 13,7 (CH3), 19,9 (CH,CH3), 29,0 (CH,CH,N), 33,4
(SCH»CO), 42,0 (CH,N), 61,3 (N-CH-S), 67,7, 68,0 (C (3’), (C (4°)), 69,0 (C(1”’), C(2”),
C(37),C @), C(57)), 698, 70,0 (C(2), C(5)), 85,1 (C (1)), 170,2 (CO); MS (EI, 70
eV) m/z(%): 343 [M]" (100), 41 (2,6), 56 (10,1), 77 (2,2), 97 (2,7), 121 (28,4), 148 (7.,9), 166
(8,2), 186 (17,3), 199 (5,1), 213 (7,8), 230 (6), 270 (61,7), 310 (2,4); HRMS (ESI): m/z
uspadynaro 3a Ci7Hy FeNOS + H' [M + H']: 344,07715. Haheno: 344,07709; W3pauyHato
3a C7H2 FeNOS (343,07): C, 59,48, H, 6,17, Fe, 16,27, N, 4,08, S, 9,34%. Haheno: C, 59,14,

H, 6,28, N, 3,73, S, 9,54%.

3-Ilenmun-2-gpepoyenun- 1,3-muazonruoun-4-on (926). lpunoc 78%. T.T. =90 °C; IR (KBr,

o v, em™): 3092, 2953, 2930, 2872, 2856, 1663, 1459, 1402, 1381,

1308, 1104, 1002, 820; UV-Vis (CH3CN): Amax (log €) 422 (2,40),

H3C(H2C)3 N% 315 (2,68), 203 (4,71) nm; 'H NMR (200 MHz, CDCl;): & 0,84 (t,

J=6,8 Hz, 3H, CH3), 1,10-1,48 (m, 6H, (CH>)3), 2,84 (ddd, J = 13,9,

Fe 8,7, 5,2 Hz, 1H, CHaHgN), 3,35 (ddd, J = 13,9, 8,7, 5,2 Hz, 1H,

= CHaHgN), 3,62 (AA’, 2H, SCH,CO), 4,21-4,32 (mpexianame

curnana, 8H, H-C (1”), H-C (2”’), H-C (3”’), H-C (4”’), H-C (5”’), H-C (2’), H-C (3"),

H-C (4°)), 4,43 (m, 1H, H-C (5°)), 5,52 (br. s, 1H, N-CH-S); "*C NMR (50 MHz, CDCl;):

013,9 (CHs), 22,2, 26,6, 28,8 (CH,CH,CH,CHs), 33,4 (SCH,CO), 42,3 (CH:N), 61,4

(N-CH-S), 67,7, 68,4 (C (3’), (C4%)), 69,0 (C (1”°), C (27°), C (3), C(4™), C(57")), 69,8,

70,0 (C (2°), C (5°)),85,1 (C (1)), 170,1 (CO); MS (EL 70 eV) m/z (%): 357 [M]" (100), 43

(3,3), 56 (7,3), 77 (2,0), 97 (2,5), 121 (26,4), 148 (6,6), 166 (8,0), 186 (18,8), 199 (6,5), 213

(10,4), 230 (6,9), 249 (2,6), 264 (1,6), 284 (67), 324 (2,8); HRMS (ESI): m/z uzpauyHnaro 3a

C1sH23FeNOS +H' [M + H']: 358,09280. Haheno: 358,09283; M3pauynato 3a C 3H,3FeNOS

(357,08): C, 60,51, H, 6,49, Fe, 15,63, N, 3,92, S, 8,95%. Haheno: C, 60,83, H, 6,64, N, 3,64,
S, 8,80%.
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2-Depoyenun-3-xexcun-1,3-muazonuoun-4-on (92B). Ilpunoc 72%. T.T. =72 °C; IR (KBr, v,

em™): 3095, 2954, 2927, 2857, 1671, 1441, 1409, 1377, 1298, 1226,

% 1106, 1001, 818; UV-Vis (CH3CN): Amax (log &) 430 (2,33), 203

(4,89) nm; '"H NMR (200 MHz, CDCl;): & 0,85 (t, J = 6,5 Hz, 3H,

CHj3), 1,08-1,46 (m, 8H, (CH»)4sCH3), 2,80 (ddd, J = 13,9, 8,6, 5,3

Fe Hz, 1H, CHAHgN), 3,31 (ddd, J = 13,9, 8,6, 5,3 Hz, 1H, CHAHgN),

N4 3,62 (AA’, 2H, SCH,CO), 4,16-4,33 (npexnaname curxaia, 8H,

H-C (1), H-C (2”’), H—C (3”’), H-C (4”’), H-C (5”*), H-C (2’), H—C (3’), H-C (4°)), 4,43

(m, 1H, H-C (5°)), 5,52 (br. s, 1H, N-CH-S); *C NMR (50 MHz, CDCls): & 13,9 (CH3),

22,4 (CH,CHj3), 26,4, 26,8, 31,3 (CH,CH,CH,CH,CH3), 33,4 (SCH,CO), 42,4 (CH2N), 61,4

(N—CH-S), 67,7, 68,4 (C (3”), (C (4°)), 69,0 (C (17"),C (2”°),C (3),C (4”°), C (57)), 69,8,

70,0 (C (2°), C (57)), 85,1 (C (17)), 170,1 (CO); MS (EI, 70 eV) m/z (%): 371 [M]" (100), 43

(5,5), 56 (8,7), 77 (2,0), 97 (2,6), 121 (28,2), 148 (6,4), 166 (7,8), 186 (18,5), 199 (5,5), 213

(10,6), 240 (2,2), 263 (2,1), 298 (58), 338 (2,4); HRMS (ESI): m/z uzpauyHaro 3a

CoH,sFeNOS + H' M + H+]: 372,10845. Haheno: 372,10840; Uzpauynaro 3a Ci9H,sFeNOS

(371,10): C, 61,46, H, 6,79, Fe, 15,04, N, 3,77, S, 8,64%. Haheno: C, 61,31, H, 6,90, N, 3,65,
S, 8,83%.

HaC(H,C)i~ N

S

3-Oxmun-2-pepoyenun- 1, 3-muazonudun-4-on (92r). lpunoc 71%. T.T. = 62 °C; IR (KBr, v,
em™): 3093, 2954, 2924, 2852, 1662, 1441, 1402, 1379, 1307, 1105,

9 1002, 821; UV-Vis (CH3CN): Anax (log €) 422 (2,61), 329 (2,82), 203

H3C(H2C)¢ N% (4,80) nm; '"H NMR (200 MHz, CDCl3): & 0,87 (t, J = 6,5 Hz, 3H,
CH3), 1,10-1,31 (m, 12H, (CH;)sCH3), 2,84 (ddd, J = 13,9, 8,6, 5,3

Fe Hz, 1H, CHaHgN), 3,33 (ddd, J = 13,9, 8,6, 5,3 Hz, 1H, CHAHgN),

@ 3,62 (AA’, 2H, SCH,CO), 4,19-4,33 (mpexnamame curHaina, SH,

H-C (1), H-C (2”’), H—C (3*’), H-C (4”*), H-C (5’’), H-C (2’), H-C (3’), H-C (4")), 4,43
(m, 1H, H-C (5°)), 5,52 (br. s, 1H, N-CH-S); *C NMR (50 MHz, CDCl;): & 14,0 (CH3),
22,6 (CH,CHs), 26,7, 26,9, 29,0, 29,1, 31,7 (CH,CH,CH,CH,CH,CH,CH3), 33,4 (SCH,CO),
42,4 (CHyN), 61,4 (N-CH-S), 67,7, 68,4, (C (3"), (C4%)), 69,0 (C (1”’), C (2”°), C (37),
C @), C(5)), 69,8, 70,0 (C (2°), C (57)), 85,1 (C (1)), 170,1 (CO); MS (EI, 70 eV) m/z
(%): 399 [M]" (100), 41 (6,5), 56 (7,4), 79 (2,0), 97 (2,5), 121 (27,7), 148 (6,0), 166 (8,4),
186 (20,4), 199 (6,6), 213 (10,2), 230 (10,0), 260 (2,4), 291 (1,9), 326 (56,2), 366 (2,3);
HRMS (ESI): m/z wm3pauynato 3a C, HyFeNOS+H' [M+H']: 400,13975. HaleHo:

S
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400,13968; Uzpauynato 3a CyHx9FeNOS (399,13): C, 63,16, H,7,32, Fe, 13,98, N, 3,51,
S,8,03%. Haheno: C, 63,09, H, 7,15, N, 3,49, S, 8,00%.

3-Jlooeyun-2-gpepoyenun-1,3-muazonuoun-4-on (92n). lpunoc 90%. T.T. =70 °C; IR (KBr,

5 Vv em™): 2960, 2921, 2852, 1664, 1466, 1402, 1385, 1287, 1123;

)H UV-Vis (CH3CN): Amax (log €) 430 (2,61), 324 (2,74), 203 (4,71) nm;

HaC(HC)5™ N '"H NMR (200 MHz, CDCl3): 8 0,87 (t, J = 6,5 Hz, 3H, CHs), 1,04—1,41

(m, 20H, (CH>)10), 2,83 (ddd, J = 14,0, 8,6, 5,4 Hz, 1H, CHAHgN), 3,33

Fe (ddd, J = 14,0, 8,6, 5,4 Hz, 1H, CHAHgN), 3,62 (AA’, 2H, SCH,CO),

= 4,17-4,34 (upexnmamame curnana, SH, H-C (1>*), H-C (2”*), H-C (37),

H-C (4°"), H-C (5”"), H-C (2°), H—C (3°), H-C (4")), 4,44 (m, 1H, H-C (5")), 5,52 (br. s, 1H,

N—CH-S); *C NMR (50 MHz, CDCLs): § 14,1 (CH3), 22,6 (CH,CH3), 26,7, 26,9, 29,1-29,6,

31,8((CH,)oCH,CH3), 33,4 (SCH,CO), 42,4 (CH,N), 61,4 (N-CH-S), 67,7, 68,4 (C (3°),

(C (47), 69,0 (C (1°), C (2°), C (37, C(4”"), C (5”")), 69,8, 70,0 (C (2°), C (57)), 85,2

(C (1)), 170,1 (CO); MS (EL, 70 eV) m/z (%): 455 [M]" (100), 43 (8,5), 55 (4,3), 69 (1,8), 97

(1,8), 121 (17,4), 148 (4,6), 166 (6,6), 186 (13,9), 199 (6,8), 213 (7,1), 230 (10,1), 288 (3,1),

310 (0,7), 347 (0,8), 382 (32,3), 422 (1,1); HRMS (ESI): m/z wu3pauymato 3a

CysH3,FeNOS +H' [M + H']: 456,20235. Haheno: 456,20239; M3pauynato 3a C2sH37FeNOS

(441,18): C, 65,92, H, 8,19, Fe, 12,26, N, 3,08, S 7,04%. Haheno: C, 66,50, H, 7,85, N, 3,54,
S, 7,52%.

S

2-@epoyenun-3-xexcadeyun-1,3-muazonuoun-4-on (92h). Ilpunoc 62%. T.T.=75°C; IR
(KBr, v, cm™): 3091, 2951, 2918, 2871, 2849, 1664, 1465, 1402,

7 1381, 1308, 1105, 1002, 823; UV-Vis (CH3CN): Amax (log €) 441

H3C(H2C)14 N% (2,20), 324 (2,25), 203 (4,72) nm; 'H NMR (200 MHz, CDCl;): &
0,88 (t, J = 6,6 Hz, 3H, CH3), 1,03—1,39 (m, 28H, (CH,):4CH3),

Fe 2,82 (ddd, J = 13,8, 8,4, 5,4 Hz, 1H, CH,HgN), 3,33 (ddd,

= J =138, 8,4, 5,4 Hz, 1H, CHAHgN), 3,62 (AA’, 2H, SCH,CO),

4,18-4,32 (mpexnaname curnana, 8H, H-C (1°”), H-C (2°’), H-C (3”’), H-C (4’*), H-C (5’),
H-C (2°), H-C (3°), H-C (4")), 4,43 (m, 1H, H-C (5")), 5,52 (br. s, IH, N-CH-S); °C NMR
(50 MHz, CDCl3): & 14,1 (CHj3), 22,7 (CH.CHs), 26,7, 269, 29,2-29,7, 319
((CH»)13CH,CH3), 33,5 (SCH,CO), 42,4 (CH:N), 61,4 (N-CH-S), 67,8, 68,5, (C (3"),
(C (4)), 69,0 (C (1), C (27),C (37),C (47), C(57)), 69,8, 70,0 (C (2°), C (5)), 85,2
(C (1)), 170,1 (CO); MS (EI, 70 eV) m/z (%): 511 [M]" (100), 43 (12,3), 57 (5,3), 69 (2,4),

S
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97 (1,6), 121 (12,9), 148 (4,2), 166 (6,3), 186 (11,4), 199 (7,1), 213 (6,2), 230 (11,0), 260
(1,4), 287 (1,6), 324 (0,9), 344 (1,4), 366 (0,5), 397 (0,4), 438 (18,7), 478 (0,6); HRMS
(ESI): m/z m3pauynato 3a CHssFeNOS +H' [M+H']: 512,26495. Haheno: 512,26501.
Mspauynato 3a CyoHssFeNOS (511,26): C, 68,08, H, 8,87, Fe, 10,92, N, 2,77, S, 6,27%.
Haheno: C, 67,83, H, 7,85, N, 2,88, S, 6,26%.

3-(4-Memoxcugenemun)-2-pepoyenun-1,3-muazonuoun-4-on  (92e). IIpunoc 82%.

H5CO o T.T.=130°C; IR (KBr, v, cm’l): 3100,2965, 2924, 2838,

\©\/\ % 1668, 1511, 1458, 1401, 1304, 1241, 1177, 1029, 817;

N ¢ UV-Vis (CH3CN): Amax (log &) 438 (2,18), 431 (2,18), 197

g (5,08) nm; MS (EL, 70 eV) m/z (%):421 [M]" (100), 39 (1,1),

Fe 56 (8,2), 65 (2,0), 77 (6,6), 91 (5,9), 105 (4,3), 121 (36,6),

1 135 (16,5),148 (2,4), 166 (5,4), 186 (9,5), 199 (7,0), 226

(9,0), 255 (1,8), 287 (14,8), 314 (7,1), 348 (12,5),388 (0,2); HRMS (ESI): m/z u3pauyHnaro 3a

CpH,3FeNOS + H' [M + H']: 406,09280. Haleno: 406,09286. M3pauynato 3a C2:H,3FeNOS

(405,08): C, 62,71, H, 5,50, Fe, 13,25, N, 3,32, S, 7,62%. Haheno: C, 62,59, H, 5,31, N, 3,60,
S, 7,58%.

3-benzun-2-gepoyenun-1,3-muazoruoun-4-on (92:x). lpunoc 80%. T.T. =105 °C; IR (KBr,
v, em’'): 3087, 2924, 1670, 1495, 1435, 1399, 1299, 1106, 817, 746,

. )H 698; UV-Vis (CH3CN): Amax (log €) 430 (2,24), 322 (2,38), 202 (4,78)
3'--©1~/\N nm; 'H NMR (200 MHz, CDCL): & 3,61 (d, J = 15,1 Hz, 1H,
N, S CHACHgN), 3,72 (AA’, 2H, SCH,CO), 4,04 (dt, J = 2,2, 1,1, 1,1 Hz,
' Fe ' IH, H-C (2)), 4,15-4,23 (mpexnamame curHana, 6H, H-C (1),
=" H-C(2”), H-C (3"), H-C (4”), H-C (5”"), H-C (3)), 427 (m, 1H,

H-C (4)), 4,41 (m, IH, H-C (5”)), 4,96 (br. d, J = 15,1 Hz, 1H, CHAHgN), 5,34 (br. s, 1H,
N-CH-S), 7,13 (m, 2H, H-C (2°**), H-C (6°"")), 7,30 (mpexnamname curnana, 3H, H-C (3°),
H-C (4°"), H-C (5")); °C NMR (50 MHz, CDCls): § 33,3 (SCH,CO), 45,2 (CH,N), 60,5
(N-CH-S), 67,6, 68,2 (C (3°), C (4°)), 68,9 (C (1”"),C (2’*),C (3”’), C (4), C(57)), 69,8,
70,5 (C (2°), C (57)), 84,6 (C (1)), 127,4 (C (4°*)), 127,8, 128,5 (C (2°*), C (3°”*), C (5",
C (6”)), 135,7 (C (1°’)), 170,5 (CO); MS (EI, 70 eV) m/z (%): 377 [M]" (100), 39 (1,3), 56
(10,0), 65 (4,9), 91 (21,2), 121 (25,3), 146 (6,4), 166 (6,0), 186 (7,9), 213 (26,4), 237 (6,5),
269 (6,8), 304 (16,4), 344 (0,8); HRMS (ESI): m/z uspauynato 3a CaH;oFeNOS + H"
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[M + H']: 378,06150. Haheno: 378,06143. Uzpauynaro 3a Co0H9FeNOS (377,05): C, 63,67,
H, 5,08, Fe, 14,80, N, 3,71, S, 8,50%. Haheno: C, 63,91, H, 4,96, N, 3,89, S, 8,78%.

2-®epoyenun-3-Gyppypun-1,3-muazonudun-4-on (923). Ipunoc 99%. IR (KBr, v, cm™):
0 2924, 1680, 1504, 1400,1301, 1229, 1046, 1009, 821, 739; UV-Vis

T . )H (CH3CN): Amax (log €) 431 (2,28), 422 (2,39), 204 (4,82) nm; 'H NMR

- N s (200 MHz, CDCls): 6 3,65 (AA’, 2H, SCH,CO), 3,70 (d, J = 15,6 Hz,

; 15 1H, CHACHgN), 4,18-4,34 (mpexnaname curnana, SH, H-C (1),

§ él H-C (2”’), H-C (3”’), H-C (4”’), H-C (5”’), H-C (2°), H-C (3"),
a s H-C 4°)), 4,43 (dt, J = 2,4, 1,3, 1,3 Hz, 1H, H-C(5")), 4,81 (br.d,
J=15,6 Hz, 1H, CHsHgN), 5,48 (br.s, 1H, N-CH-S), 6,18 (br. d, J = 3,2 Hz, 1H,
H-C (3°)), 6,30 (dd, J = 3,2, 1,8 Hz, 1H, H-C (4’*’)), 7,37 (dd, J = 1,8, 0,7 Hz, 1H,
H-C (5°”)); °C NMR (50 MHz, CDCl3): & 33,2 (SCH,CO), 38,1 (CH,N), 60,7 (N-CH-S),
67,6, 68,4 (C (3),C (4)), 69,0 (C (1), C(2),C(37),C4),C(57)), 69,8, 70,7 (C (2°),
C (57)), 84,3 (C (17)), 108,06, 110,2 (C (3°"), C (4’’)), 1423 (C (5°”")), 149,5 (C (2°7)),
170,2 (CO); MS (EL, 70 eV) m/z (%): 367 [M]" (100), 39 (1,4), 56 (10,1), 81 (21,3), 94 (2.6),
121 (26,4), 129 (6,5), 146 (2,1), 166 (4,5), 186 (7,8), 213 (28,6), 230 (9,6), 244 (5,1), 259
(3,2), 292 (9,0), 320 (0,3), 334 (0,3); HRMS (ESI): m/z uzpauynaro 3a C;sH;7FeNO,S + H"
[M+H']: 368,04077. Haheno: 368,04075. Mspauymato 3a C;sH;;FeNO,S (367,03):
C, 58,87, H, 4,67, Fe, 15,21, N, 3,81, S 8,73%. Haheno: C, 58,59, H, 4,73, N, 3,68, S, 8,53%.

P

(o]
5

3-Tenun-2-pepoyenun-1,3-muasonuoun-4-on (92m). Hpuroc 74%. IR (KBr, v, cm™): 2924,
o 1676, 1400, 1301, 1232, 1106, 1039, 823, 703; UV-Vis (CH3CN): Amax

T % (log €) 430 (2,32), 322 (2,33), 202 (4,89) nm; '"H NMR (200 MHz,
= N g CDCh): 6 3,64 (AA’, 2H, SCH,CO), 3,87 (d, J=153Hz, 1H,
;' 15 CHACHgN), 4,20-4,32 (npeknaname curHaiza, 8H, H-C (1),
3-é1-- H-C(2”’), H-C(3”’), H-C@#4”’), H-C(5’), H-C(2’), H-C(3’),
a5 H-C (4%)), 4,43 (dt, J = 2,4, 1,2, 1,2 Hz, 1H, H-C (5)), 4,95 (br. d,

J = 15,3 Hz, 1H, CHsHgN), 5,45 (br. s, 1H, N-CH-S), 6,86 (br. d, J = 3,4 Hz, 1H,
H-C (3°")), 6,93 (dd, J = 5,0, 3,4 Hz, H-C (4°"’)), 7,21 (dd, J = 5,0, 1,2 Hz, 1H, H-C (5°""));
BC NMR (50 MHz, CDCls): & 33,2 (SCH,CO), 39,9 (CH,N), 60,2 (N-CH-S), 67,7, 68,4
(C(3%),C4)),690(C((17),C((27),C(3"),C@”),C(57), 699, 70,6 (C(2°), C(5)),
84,3 (C (1)), 125,4, 126,6, 126,8 (C (3°’), C (4’°), C (5°")), 138,1 (C(2°"")), 170,2 (CO);
MS (EL, 70 eV) m/z (%): 383 [M]" (100), 45 (3,4), 56 (10,4), 97 (32,7), 121 (27,8), 166 (4,7),

4

S
5"
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186 (8,3), 213 (26,3), 230 (9,2), 245 (1,6), 275 (6,0), 290 (1,2), 308 (11,4), 334 (0,3); HRMS
(ESI): m/z u3paaynaro 3a C;gH;;FeNOS,+H [M+H']: 383,01010. Haheno: 383,01002.
Uspauynato 3a CisH7FeNOS, (383,01): C, 56,40, H, 4,47, Fe, 14,57, N, 3,65, S,16,73%.
Haheno: C, 56,12, H, 4,28, N, 3,47, S, 16,94%.

3-Denun-2-pepoyenun-1,3-muazonuoun-4-on (92j). lpunoc 61%. T.T. = 146 °C. IR (KBr, v,

o em™): 3099, 2910, 1674, 1592, 1495, 1454, 1402, 1276, 1216, 1026,
(0}
@\ 811, 692; UV-Vis (CHsCN): Amax (log €) 439 (2,19), 431 (2,18), 203
3" 1"
= N (4,92) nm; 'H NMR (200 MHz, CDCls): § 3,70 (dt, J = 2,5, 1,3, 1,3
S

A Hz, 1H, H-C (27)), 3,81 (AA’, 2H, SCH,CO), 3,99 (dt, J = 2,5, 1,3,

- 1,3 Hz, 1H, H-C (3°)), 4,15 (s, 5SH, H-C (1), H-C (2), H-C (3”),

&7  H-C ("), H-C (5*)), 4,20 (tdd, J = 2,5, 1,3, 0,9 Hz, 1H, H-C (4°)),
4,47 (dt, J=2,5, 1,3, 1,3 Hz, 1H, H-C (5")), 5,90 (br. s, 1H, N-CH-S), 6,96 (dd, J = 8,0, 1,7
Hz, 2H, H-C (2°”"), H-C (6°*")), 7,28 (m, 3H, npexnaname curnana, H—C (3°*’), H-C (4*”),
H-C (5°°")); °C NMR (50 MHz, CDCl3): & 33,6 (SCH,CO), 63,9 (N-CH-S), 67,2, 68,3
(C (3), C (4)), 68,8 (C (1), C (2°), C (3”), C (4), C (57)), 69,4, 70,4 (C (2°), C (5")),
85,3 (C (1)), 127,7 (C(2°"), C(6°*)), 127,8 (C (4>)), 129,0 (C (3>), C (5°*")), 137,1
(C (1)), 170,3 (CO); MS (EI, 70 eV) m/z (%): 363 [M]" (100), 39 (1,1), 56 (8,9), 77 (7.,8),
104 (3,5), 121 (20,2), 145 (4,0), 186 (10,4), 224 (15,4), 255 (6,0), 269 (3,0), 290 (34,6), 303
(0,1), 321 (2,3), 345 (0,1); HRMS (ESI): m/z uzpauynaro 3a C1oH;;FeNOS +H' [M + H']:
364,04585. Haheno: 364,04578. NU3pauynaro 3a C9H7FeNOS (363,04): C, 62,82, H, 4,72,
Fe, 15,37, N, 3,86, S 8,83%. Haheno: C, 53,01, H, 4,83, N, 3,55, S, 8,98%.

3-(m-Tonun)-2-pepoyenun-1,3-muazonuoun-4-on (92k). Ilpunoc 63%. T.T.=138°C, IR
o (KBr, v, cm™): 3079, 2920, 1674, 1587, 1491, 1456, 1365, 1300, 1216,
/@\ )H 1106, 1000, 821, 692; UV-Vis (CH3CN): Amax (log &) 431 (2,23), 204
N : (4,96) nm; "H NMR (200 MHz, CDCLs): & 2,27 (s, 3H, CHz), 3,71 (dt,

g J=125,1,3, 1,3 Hz, 1H, H-C (27)), 3,81 (AA’, 2H, SCH,CO), 4,01 (dt,

Fe J=25,25,13 Hz, 1H, H-C (3”)), 4,15 (s, 5H, H-C (1), H-C (2”),

1 =% H-C (3’), H-C (4), H-C (5”)), 4,21 (tdd, J = 2,5, 1,3, 0,5 Hz, 1H,

H-C 4°)), 4,47 (dt, J = 2,5, 1,3, 1,3 Hz, 1H, H-C (5’)), 5,88 (br. s, 1H, N-CH-S), 6,79
(mpexmaname curnana, 2H, H-C (2°°”), H-C (6°”’)), 7,05 (br. d, J= 7,6, IH,H-C (4’")), 7,18
(t, J=17,6 Hz, 1H, H-C (5°”)); °C NMR (50 MHz, CDCls): § 21,2 (CH3), 33,6 (SCH,CO),
64,0 N-CH-S), 67,2, 68,3 (C (3°), C (4)), 68,9 (C (1”"),C (2),C (3),C (4), C(57)),
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69,4, 70,5 (C (2°), C (57)), 85,5 (C (1)), 124,8, 128,4, 128,7, 128,8 (C (2°°), C (4’”),
C(57),C(6°)), 137,1 (C (3°")), 139,0 (C (17°")),170,4 (CO); MS (EI, 70 eV) m/z (%): 377
[M]" (100), 39 (1,9), 56 (10,1), 77 (1,7), 91 (11,1), 121 (25,1), 152 (9,2), 166 (7.,9), 182
(12,3), 214 (8,7), 238 (18,8), 269 (6,9), 283 (3,5),304 (41,3), 319 (0,2), 335 (2,6), 359 (0,2);
HRMS (ESI): m/z wspauynato 3a CyH;oFeNOS +H' [M+H']: 378,06150. HaleHo:
378,06154; Uzpauynaro 3a Cy0H;9FeNOS (377,05): C, 63,67, H, 5,08, Fe, 14,80, N, 3,71,
S, 8,50%. Haheno: C, 63,51, H, 5,22, N, 3,61, S, 8,64%.

3-(p-Toaun)-2-gpepoyenun-1,3-muazonuoun-4-on (92a). Ilpunoc 48%. T.T.=154°C; IR

o (KBr, v, cm™): 3072, 2923, 1672, 1514, 1457, 1385, 1367, 1304, 1007,

\©\ )\w 1026; UV-Vis (CH3CN): Amax (log ) 432 (2,26), 204 (4,85) nm;

N & 'H NMR (200 MHz, CDCls): & 2,29 (s, 3H, CH3), 3,73 (br.s, 1H,

é/ H-C (2°)), 3,81 (AA’, 2H, SCH,CO), 4,03 (br. s, 1H, H-C (3”)), 4,17

Fe (s, SH, H-C (1’), H-C (2”’), H-C (3”*), H-C (4’), H-C (57)), 4,22

= (br.s, 1H, H-C (4’)), 4,49 (br.s, 1H, H-C (5°)), 5,85 (br.s, 1H,

N-CH-S), 6,82 (AA’BB’, J = 8,2 Hz, 2H, H-C (2°”’), H-C (6’”")), 7,09 (AA’BB’, J = 8,2

Hz, 2H, H-C (3°”*), H-C (5°**)); *C NMR (50 MHz, CDCls): & 21,1 (CH3), 33,6 (SCH,CO),

64,0 (N-CH-S), 67,3, 68,4 (C (3’), C (4°)), 689 (C (1), C (2),C (37),C (4), C(5")),

69,4, 70,6 (C (2°), C (57)), 85,5 (C (1)), 127,6 (C (2°°), C (6°*")), 129,7 (C (3°’), C (5°”")),

134,5 (C (4>)), 137,8 (C (1°**)), 170,5 (CO); MS (EL 70 eV) m/z (%): 377 [M]" (100), 39

(1,8), 56 (10,9), 77 (1,9), 91 (9.,4), 121 (25,9), 152 (10,4), 166 (7.,4), 182 (11,9), 214 (9,8),

238 (16,5), 269 (6,5), 283 (2,8), 304 (35), 319 (0,2), 335 (2,4), 359 (0,2); HRMS (ESI): m/z

uspaaynato 3a CaHoFeNOS +H' [M + H']: 378,06150. Haheno: 378,06152. M3pauyHato

3a CyoH19FeNOS (377,05): C, 63,67, H, 5,08, Fe, 14,80, N, 3,71, S, 8,50%. Haheno:C, 63,38,
H, 5,08, N, 3,93, S, 8,62%.

4.3 Cunre3a 2-¢pepouenui-2,3-1uxuapoxunonnn-4(1/H)-ona 95a-

PactBop deponenmnangexuna (214 mg, 1 mmol, 90), onrosapajyher o-amuHoarero-
¢enona (93a-B, 1 mmol) u 100 mg NaOH (2,5 mmol) y 10 mL eranona mema ce Ha coOHO]J
Temreparypu npeko Hohu, ma ce pactBapau ymapu u octatky noxa 10 mL Boxme. Cmeca ce
Heytpanmume pactBopoM 2 M HCl (makmyc manwp) W eKCTpaxyje AMXJIOPMETaHOM
(2x30 mL). CnojeHn opraHcku ciOjeBH ce cyme aHxuapoBanuM Na,SO, mpexo Hohw,

pacTBop Tporenu U pactBapad ynapu. Ocratak ce npeuyunihaBa cTyOHOM XpomaTorpadujom
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(20 g Si0,, xekcan/etun-anerar 9 : 1). JloObujenn xankonu 94a-B ce gajbe TpeTupajy npema
jeHoM of Tpu moctymnka (merone A, b u B).

Memooa A. Y aBaHy ca TydykoM J00pO c€ XOMOTEHH3Yyje cMeca oaroBapajyhe
konuurHe MoHTMOopwioHuTa K-10 (Bumetn Hame pamose, Tabena 3.3.) m oaromapajyher
XaJIKOHA TOOWjEHOT y MPETX0JHOM ekcrepuMeHTy (94a-B, = 1 mmol), npenece y TednoHCKy
KMBETy W 3padd Oe3 pacTBapaya y MuKpoTamacHoM peaktopy (500 W, 5 min). Hakon
oxmalema Ha coOHy Temmepatypy (oxo 10 min), cmeca ce ekcTpaxyje ermi-ameratom (3x20
mL), MPUKYTJbEHN OPraHCKH CJI0jeBHU Cylle W3HaJ aHxuapoBaHor Na,SO4 npeko Hohwm, ma ce
pacTBop mpouean u pactBapad ynapu. Ocrarak ce npeuuinhaBa cTyOHOM Xpomatorpadujom
(20 g Si0,, xekcan/eTmit-atterat = 9 : 1), a mobujeHn pe3yaTaTu Npukazanu ¢y y Tademu 3.3.

Memooa b. PactBop oaromapajyher xankona (94a-B, =1 mmol) y 6 mL cmeme
rnauyjainae cupherne kucenune u 90% oprodocdopne (1:1, v/v) mema se 50 min Ha coOHO]J
TEMIIEpPaTypu W HU3IHje Yy cMecy Boje W Jiena. JloOujeHu pacTtBop ce eKcTpaxyje eTHIl-
aneratroM (3x25 mL), cmojenu oprancku crnojeBu wucrepy pactBopom NaHCO; u cymie
aaxuapoBanuM Na,SO, mpeko Hohu. PacTBOp mpoueam m pacTBapad W ymapw, a OCTaTak
npeunirhaBa ctyoHoM xpomartorpadujom (20 g Si0,, xekcan/eTmn-anerar = 9 : 1). looujern
pesynaTaru natuy ¢y y Tabemu 3.3.

Memooa B. PactBop oarosapajyher xankona (94a-B, 1 mmol) y cmecu cupherHe u
oprodocdopue kucenune (6 mL, 1:1 v/v) cuna ce y enpyBeTy u TpeTHpa y YATPa3ByqYHOM
kynatuny 50 min, a morom obpaljyje kao y mpeTxoJHOM eKCIIepUMEHTY. Pe3ynrtaTtu cy natu y
Tabemn 3.3.

Jenumema 95a-B cy HOBa, a PU3MUYKK M CIEKTPATHU TMOAANM HA OCHOBY KOJHX CYy

UACHTU()UKOBAHU CIIEJIE.

2-@epoyenun-2,3-ouxuopoxunonun-4-(1H)-on (95a). T.T. =150 °C; IR (KBr, v, cm™'): 3323,

3078, 2991, 1651, 1608, 1507, 1480, 1321, 769; '"H NMR (200
® MHz, CDCl): & 2,74 (dd, J = 16,2, 12,4 Hz, 1H, H-C (3ax)),

2,87 (ddd, J = 16,2, 4,6, 1,2 Hz, 1H, H-C (3eq)), 4,19-4,25

(m, 8H, Fc, 5H w3 mnecyncrutryucanor Cp u 3H wu3
cyncrutyucasor Cp), 4,27-4,31 (m, 1H, Fc), 4,45 (dd, J= 12,4, 4,6 Hz, 1H, H-C (2)), 4,65
(br. s, 1H, NH), 6,72 (br. d, J = 7,7 Hz, 1H, H-C (8)), 6,77 (br. t, J ~ 7,4 Hz, 1H, H-C (6)),
7,33 (ddd, J =177, 6,3, 1,4 Hz, 1H, H-C (7)), 7,86 (dd, J = 7,7, 1,4 Hz, H-C (5)); °C NMR
(200 MHz, CDCly): 6 45,9 (C (3)), 52,9 (C (2)), 66,1, 66,7 (C (3°), C (4°)), 68,2, 68,3 (C (2°),
C(5%)),685(C(17),C(27),C(3"),C @), C(57)),893(C (1)), 1157 (C (8)), 118,1
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(C(6)), 1189(C(4a)), 127,6(C(5), 1353(C(7), 151,2(C(8a)), 193,5(C(4H);
Uspauynato 3a CioHisFeNO (331,07): C, 68,90, H, 5,17, N, 4,23%; Haheno: C, 68,87,
H, 5,14, N, 4,25%.

2-@epoyenun-6-xnop-2,3-ouxuopoxunonrun-4-(1H)-on (956). T.T.=144°C; IR (KBr, v,
cm™): 3340, 2924, 1657, 1615, 1501, 1480, 1408, 1294, 816;
HN Q Cl' "H NMR (200 MHz, CDCls): & 2,73 (dd, J= 16,5, 13,5 Hz, 1H,
H-C (3ax)), 2,87 (ddd, J = 16,5, 4,0, 1,5 Hz, 1H, H-C (3eq)),
0 4,20-4,24 (m, 8H, Fc, 5H u3 mecyncruryucanor Cp u 3H uz
cynctutyucanor Cp), 4,28-4,25 (m, 1H, Fc), 4,45 (dd, J = 13,5, 4,0 Hz, IH,
H-C (2)), 4,66 (br. s, 1H, NH), 6,66 (d, J = 8,5 Hz, 1H, H-C (8)), 7,26 (dd, J = 8,5, 2,5 Hz,
1H, H-C (7)), 7,82 (d, J = 2,5 Hz, 1H, H-C (5)); >C NMR (200 MHz, CDCl;): & 45,4
(C(3)), 52,9 (C (2)), 66,1, 66,6 (C (3°), C(4°)), 68,3(C (1), C(2”), C(3), C#4"),
C(57)), 68,4, 68,6 (C(2°),C(5)), 88,9 (C (1)), 117,3 (C (8)), 119,6 (C (4a)), 123,5 (C (6)),
126,9 (C (5)), 135,2 (C (7)), 149,5 (C (8a)), 192,4 (C (5)); Uzpauynaro 3a C;9H;sCIFeNO
(365,03): C, 62,41, H, 4,41, N, 3,83%; Haheno: C, 62,37, H, 4,44, N, 3,79%.

(=(

6-bpom-2-pepoyenun-2,3-ouxuopoxunonrun-4-(1H)-on (958). T.T. =179 °C; IR (KBr, v, cm’
1: 3327, 2924, 1657, 1600, 1494, 1394, 1284, 820; '"H NMR
S HN Q Br (200 MHz, CDClLy): & 2,73 (dd, J = 16,5, 13,0 Hz, 1H,
Fe H-C (3ax)), 2,87 (ddd, J = 16,5, 4,0, 1,5 Hz, 1H, H-C (3eq)),
@ O 4,20-4,24 (m, 8H, Fc, 5SH u3 mecyncruryucanor Cp u 3H u3
cynctutyucanor Cp), 4,25-4,27 (m, 1H, Fc), 4,44 (dd, J = 13,0, 3,5 Hz, 1H,
H-C (2)), 4,66 (br. s, IH, NH), 6,61 (d, J = 8,5 Hz, 1H, H-C (8)), 7,38 (dd, J = 8,5, 2,5 Hz,
1H, H-C (7)), 7,96 (d, J = 2,5 Hz, 1H, H-C (5)); >C NMR (200 MHz, CDCls): & 45,3
(C(3)), 52,7(C(2)), 66,1, 66,6 (C(3’), C(4)), 683(C(1), C(2), C(37), C#4"),
C(57)), 68,4,68,5(C(2°),C(5)), 88,8 (C (1)), 110,4 (C (6)), 117,6 (C (8)), 120,1 (C (4a)),
130,0 (C (5)), 137,8 (C (7)), 149,9 (C (8a)), 192,2 (C (4)); U3pauynaro 3a C;9H;sBrFeNO
(408,9765): C, 55,65, H, 3,93, N, 3,42%; Haheno: C, 55,60, H, 3,97, N, 3,41%.
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4.4 Cunre3a 6-gpepouenmi-1,3-okcazunana (102a-k), 6-gpepouenun-1,3-
okca3u-HaH-2-oHa (104a-1, h-k) u 4-PpepoueHMITETPAXUAPONNPUMH-
auH-2(1H)-ona (106a, B, 1, b, €, 3, j, K)

4.4.1 Cunre3a akpuionigepouena (97)

PactBopy 2,8 g (15 mmol) depouena (1) y cyBom auxnopmerany (100 mL) monma
ce2,0 g (15 mmol) anxuaposanor AlCl;ma ce oxmaam y nempeHoM KymaTwiny. Hacramoj
cycniensuju gona ce 1,9 g (15mmol) 3-xmopnponuoaHUI-XJI0pua, PeakioHa cMeca Melra
5h, m3nuje y 100 mL Boge u mpouenn kpo3 buxuepos (Biichner) neBak. Oprancku cinoj ce
0JIBOjU a BOJICHU EeKCTpaxyje AuxjopMmeranoM (2x30 mL), ma ce crmojeHu OpraHCKH CJI0jeBH
ucnepy 3acuhienum pactsopoM NaHCO; u cymie uzHan anxuapoaHor Na,SO4 nipeko Hohw.
PacTBapau ce ymapu, ocTatak pacTBOpH y TOJIYEHY U IPOITYCTH KPO3 KPAaTKy KOJOHY CHIIMKa-
rena. TosyeH ce yKJIOHM AECTHJIAIM]OM I10Jl CHUKEHUM MPUTHUCKOM, YBPCTOM OCTaTKy A0Aa
1,5 g xamujym-anerar 1 100 mL eranona u Hacrama cmeca peduykryje 2,5 h. Eranon ce
ynapyd IO CHIDKEHMM TpPUTHUCKOM, octatky goga 100mL Boge u  ekcrpaxyje
muxinopmeranoM (3x30mL). CmojeHm opraHcKH CJOjeBH Ce cylle Npeko Hohm H3Haf
anxuaposaHor Na;SOy4, pacTBapad ymapu a ocTtarak npeduithaBa xpomarorpadujoM Ha
ctyoy (20g SiOy/tonmyen). [obuwja ce 2,4lg (~ 10,5Smmol, ~ 67%) wuucror

akpuonmideporeHa.

4.4.2 Cunre3a 3-(pennsiamnuo)-1-¢pepoueHusimponan-1-ona 99a-o

CuHre3a y MukpotajacHoM peakrtopy. Cmeca akpuinoundepouena (97; 240 mg,
1 mmol), oarosapajyher amuna (98a-o, 2 mmol) u 100 mg MOHTMOPHIIOHUTA U3TIOKHU CE
JIEjCTBY MHKpOTajacHOr 3pauema (5 min, 500 W), ma ce cmeca oxiaheHa Ha coOHY
TeMIeparypy ekcrpaxyje muxiaopmeranoM (2x30 mL). CakymybeHH OpPraHCKH CIIOjeBH CYIIe
ce anxuapoBaHuM Na,SO4 mpeko Hohwu, pacTBOp Mpolenu, pacTBapad yrapH, a OCTaTak
npeunnthaBa ¢uem xpomarorpadujom (20 g SiO;; TOTyeHOM ce ca KOJIOHE Cchupa
Heu3pearoBaHu aHWIMH, a OCTaTak CMeIIOM Xekcad/eTwi-anerar = 9:1). JloOujenu
pe3ynraru natu cy y Tabenu 3.6.

Cunre3a y yJarpa3BydyHom kymatuiay. Cmeca axpuiomideponena (97; 240 mg,
1 mmol), oxrosapajyher amuna (2 mmol, 98a-0) u 100 mg mouTmopmnonuTa K-10 m3naxe
CE JeIHOYACOBHOM JI€JCTBY YJTpPa3By4YHUX Tajlaca, [la C€ PEeaKkLHOHa cMmeca o0pagu Kao y

MPETXOHOM eKcriepuMeHTy Pesynratu cy natu y Tabemnu 3.6.
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Cge nobujene ManuxoBe 6aze 99a-0 cy HOBa jequmbema, a GU3NUKU U CHEKTPAIHU

NOJJalM Ha OCHOBY KOjHX Cy HIEeHTH(HUKOBaHA CIee.

3-(@enunamuno)-1-pepoyenunponan-1-on (99a). T.T. = 106 °C; IR (KBr, v, cm™): 3358,

H 3085, 2933, 1655, 1603, 1515, 1498, 1456, 1401, 1274, 1069,

N\© 825, 746, 695; "H NMR (200 MHz, CDCl3): & 3,01 (t, J= 6,1
F©e\(\/ Hz, 2H, CO-CH,), 3,57 (t, J = 6,1 Hz, 2H, N-CH>), 4,11
(s, 5H, Fc), 4,21 (br. s, 1H, NH), 4,49 (t, J= 1,9 Hz, 2H, Fc),
4,76 (t, J = 1,9 Hz, 2H, Fc), 6,58-6,78 (m, 3H, Ar), 7,10-7,30 (m, 2H, Ar); °C NMR
(50 MHz, CDCl): & 38,0 (C—-C), 38,5 (N-C), 69,1 (Fc), 69,7 (Fc), 72,3 (Fc), 78,7 (Fc), 112,9
(Ar), 117,4 (Ar), 129,2 (Ar), 147,6 (Ar), 203,4 (CO); Uzpauynaro 3a C19H9FeNO (333,08):
C, 68,49, H, 5,75, N, 4,20%. Haheno: C, 68,51, H, 5,71, N, 4,23%.

3-(o-Toaunamuno)- 1-gpepoyenunrnponan-1-on (996). T.T. = 112 °C; IR (KBr, v, cm™): 3393,

H 3098, 2918, 1668, 1603, 1503, 1457, 1408, 1260, 1068, 826,

@ 754; 'TH NMR (200 MHz, CDCls): § 2,13 (s, 3H, CH3), 3,04

é X (t, J = 6,0 Hz, 2H, CO-CH>), 3,54-3,69 (m, 2H, N-CH.,),

4,10 (s, SH, Fc), 4,14 (br. s, 1H, NH), 4,49 (t, J= 1,9 Hz, 2H,

Fc), 4,76 (t, J = 1,9 Hz, 2H, Fc), 6,59-6,76 (m, 2H, Ar), 6,98-7.25 (m, 2H, Ar); *C NMR (50

MHz, CDCls): 8 17,4 (CH3), 38,1 (C-C), 38,6 (N-C), 69,1 (Fc), 69,7 (Fc), 72,3 (Fc), 78,7

(Fe), 109,5 (Ar), 117,0 (Ar), 1224 (Ar), 127,0 (Ar), 130,2 (Ar), 145,6 (Ar), 203,5 (CO);

Uzpauynato 3a CyoHzFeNO (347,10): C, 69,18, H, 6,10, N, 4,03%. Haheno: C, 69,19, H,
6,13, N, 3,99%.

3-(m-Tonunamuno)-1-pepoyenurnponan-1-on (998). T.T. = 121 °C; IR (KBr, v, cm™): 3349,
3082, 2934, 1655, 1603, 1457, 1404, 1281, 1265, 1106, 826,

N 773; '"H NMR (200 MHz, CDCls): & 2,27 (s, 3H, CH;), 2,99
?\(\/ (t, J=6,1 Hz, 2H, CO-CH,), 3,55 (t, J = 6,1 Hz, 2H,N-CH,),
= °

4,11 (s, 5H, Fc), 4,13 (br. s, 1H, NH), 4,48 (t, /= 1,9 Hz, 2H,

Fc), 4,75 (t, J= 1,9 Hz, 2H, Fc), 6,48-6,59 (m, 3H, Ar), 6,92—7,18 (m, 1H, Ar); >C NMR (50
MHz, CDCl): 6 21,5 (CH3), 38,1 (C-C), 38,6 (N-C), 69,1 (Fc), 69,7 (Fc), 72,2 (Fc), 78,7
(Fe), 110,1 (Ar), 113,8 (Ar), 118,3 (Ar), 129,1 (Ar), 138,9 (Ar), 147,6 (Ar), 203,4 (CO);
Wspauynato 3a CyoH, FeNO (347,10): C, 69,18, H, 6,10, N, 4,03%; Haheno: C, 69,17, H,
6,07, N, 4,04%.
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3-(p-Tomunamuno)-1-gpepoyenunnponan-1-on (99r). T.T. = 73 °C; IR (KBr, v, cm™): 3351,
¥ 3090, 2918, 1656, 1618, 1521, 1456, 1401, 1273, 1070,

\©\ 824, 807; '"H NMR (200 MHz, CDCls): & 2,22 (s, 3H,

é Y CHs), 2,98 (t, J = 6,1 Hz, 2H, CO-CH>), 3,53 (t, J = 6,1
Hz, 2H, N-CH,), 4,06 (br. s, 1H, NH), 4,10 (s, 5H, Fc),

4,47 (t,J = 1,9 Hz, 2H, Fc), 4,74 (t, J = 1,9 Hz, 2H, Fc), 6,57 (d, J = 8,4 Hz, 2H, Ar), 6,99
(d, J = 8,2 Hz, 2H, Ar); C NMR (50 MHz, CDCl5): & 20,2 (CH3), 38,1 (C—C), 38,9 (N-C),
69,0 (Fc), 69,7 (Fc), 72,2 (Fc), 78,7 (Fc), 113,1 (Ar), 126,5 (Ar), 129,7 (Ar), 145,3 (Ar),

203,4 (CO); Uspauynato 3a CyoH, FeNO (347,10): C, 69,18, H, 6,10, N, 4,03%; Haheno:
C, 69,20, H, 6,10, N, 4,05%.

3-(Mecumunamuno)-1-pepoyenunnponan-1-on (991). T.T. = 86 °C; IR (KBr, v, cm™): 3378,
3094, 2940, 1655, 1485, 1456, 1376, 1310, 1243, 1021,
H 821; '"H NMR (200 MHz, CDCly): & 2,22 (s, 3H,
F©e\(\/ p—CH3), 2,31 (s, 6H, 0—CHs), 2,97 (t, J = 5,7 Hz, 2H,
< ©° CO-CH,), 3,25(t, J = 5,7 Hz, 2H, N-CH,), 3,62 (br. s,
1H, NH), 4,18 (s, 5H, Fc), 4,48 (t, J = 1,8 Hz, 2H, Fc), 4,77 (t, J = 1,8 Hz, 2H, Fc), 6,82
(s, 2H, Ar); °C NMR (50 MHz, CDCL): & 18,1 (0-CH3), 20,5(p-CH3), 39,7 (C-C), 43,1
(N-C), 69,1 (Fc), 69,7 (Fc), 72,2 (Fe), 78,7 (Fc), 129,2 (Ar), 130,0 (Ar), 131,2 (Ar), 143,3
(Ar), 203,9 (CO); Uzpauynato 3a CyHpsFeNO (375,13): C, 70,41, H, 6,71, N, 3,73%;
Haheno: C, 70,40, H, 6,70, N, 3,75%.

3-(4-Bymunghenunamuno)-I-gpepoyenunnponan-1-on (99h). '"H NMR (400 MHz, CDCls) &
H 0.89 (t, J = 7.3 Hz, 3H), 1.25-1.38 (m, 2H), 1.47—
@\\(\/ OBM 1.59 (m, 2H), 2.43-2.54 (m, 2H), 3.01 (t, J = 6.1 Hz,
é A 2H), 3.55 (t, J = 6.1 Hz, 2H), 4.06 (br. s, 1H, OH wm
NH), 4,12 (s, 5SH, Fc), 4.50 (t, J = 1,9 Hz, 2H, Fc),
476 (t, J = 1,9 Hz, 2H, Fc), 6.57-6.63 (m, 2H, Ar), 6.97-7.03 (m, 2H, Ar);
PC NMR (100 MHz, CDCl3) & 14.0, 22.3, 34.0, 34.7, 38.3, 39.1, 69.2, 69.8, 72.4, 78.9,
113.2,129.2, 132.1, 145.6, 203.5;

[-Depoyenun-3-(2-payopdenunamuno)nponan-1-on (99¢). T.T. = 89 °C; IR (KBr, v, cm™):
3383, 3096, 2903, 1665, 1619, 1529, 1402, 1261, 1190, 824, 735; 'H NMR (200 MHz,
CDCl): 6 3,02 (t, J = 6,1 Hz, 2H, CO—CH,), 3,48-3,71(br. q, 2H, N-CH>), 4,12 (s, 5SH, Fc),
4,37 (br. s, 1H, NH),4,50 (t, J = 1,8 Hz, 2H, Fc), 4,77 (t, J = 1,8 Hz, 2H, Fc), 6,50-7,13
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9y (m, 4H, Ar); C NMR (50 MHz, CDCls): & 38,1 (C—C), 38,2

N\Q (N=C), 69,1 (Fc), 69,7 (Fc), 72,4 (Fc), 78,7 (Fc), 111,9 (Jor =

?\(\/ 3,3 Hz, Ar), 114,6 (Jer = 18,5 Hz, Ar), 116,7 (Jo.r= 7,0 Hz,
= °

Ar), 124,5 (Jer = 3,4 Hz, Ar), 136,2 (Jer = 11,5 Hz, Ar),

151,7 (Je.r = 238,8 Hz, Ar), 202,9 (CO); Uzpauaynato 3a C;9H;sFeNO (351,07): C, 64,98, H,
5,17, N, 3,99%; Haheno: C, 64,99, H, 5,20, N, 4,01%.

1-®epoyenun-3-(3-pnyoppenunamuno)nponan-1-on (99x). T.T. = 124 °C; IR (KBr, v, cm™):
3362, 3098, 2945, 1654, 1622, 1499, 1457, 1399, 1261, 1154,
1072, 840, 823, 755, 686; 'H NMR (200 MHz, CDCls): &
Fe 3,01 (t, J=6,0Hz, 2H, CO-CH,), 3,46-3,63 (br.q, 2H,
= ° F N-CH), 4,12 (s, SH, Fc), 439 (br.s, 1H, NH), 451 (1,
= 1,9 Hz, 2H, Fc), 4,77 (t, J = 1,9 Hz, 2H, Fc¢), 6,28-6,48 (m, 3H, Ar), 7,01-7,20 (m, 1H,
Ar); PC NMR (50 MHz, CDCl3): & 37,8 (C—C), 38,4 (N-C), 69,1 (Fc), 69,8 (Fc), 72,4 (Fc),
78,6 (Fc), 99,3 (Jor = 25,3 Hz, Ar), 103,8 (Jor = 21,6 Hz, Ar), 108,9 (Jer = 2,3 Hz, Ar),
130,4 (Jor = 10,2 Hz, Ar), 149,5 (Jor = 10,6 Hz, Ar), 164,2 (Jor = 242,8 Hz, Ar), 203,3
(CO); Mzpauynato 3a CioH;sFFeNO (351,07): C, 64,98, H, 5,17, N, 3,99%; Haheno:
C, 64,95, H, 5,17, N, 4,00%.

[-Depoyenun-3-(4-payopgenunamuno)nponan-1-on (993). T.T.= 127°C; IR (KBr, v, cm™):

H 3399, 3102, 2911, 1664, 1521, 1461, 1400, 1219, 1050,

N\©\ 818, 785; 'H NMR (200 MHz, CDCls): & 3,00 (t, J = 6,0

2‘0(\/ " Hz, 2H, CO-CH»), 3,52 (t, J = 6,0 Hz, 2H, N-CH,), 4,12

(s, 5H, Fc), 4,12 (br. s, 1H, NH), 4,51 (t, /= 1,9 Hz, 2H,

Fc), 4,76 (t, J = 1,9 Hz, 2H, Fc), 6,54-6,66 (m, 2H, Ar), 6,82-6,97 (m, 2H, Ar); °C NMR

(50 MHz, CDCl;): 6 37,9 (C-C), 39,3 (N-C), 69,1 (Fc), 69,8 (Fc), 72,4 (Fc), 78,7 (Fc), 99,3

(Jer = 25,3 Hz, Ar), 103,8 (Jc.r = 21,6 Hz, Ar), 113,9 (Jo.r = 7,4 Hz, Ar), 115,7 (Jor= 22,3

Hz, Ar), 144,1 (Jcr = 1,5 Hz, Ar), 155,9 (Jo.r = 235,1 Hz, Ar), 203,4 (CO); HUzpauynaro 3a
CioHsFFeNO (351,07): C, 64,98, H, 5,17, N, 3,99%; Haheno: C, 65,00, H, 5,21, N, 3,97%.

1-®epoyenun-3-(2-xropdenunamuno)nponan-1-on (99u). T.T. =108 °C; IR (KBr, v, cm™):
3418, 3096,2921, 1675, 1599, 1504, 1456, 1410, 1325, 1256, 1025,823, 750; '"H NMR (200
MHz, CDCl3): 6 3,03 (t, J = 6,2 Hz, 2H, CO-CH,), 3,64 (q, J = 6,1 Hz, 2H,
N-CH»), 4,12 (s, 5H, Fc), 4,50 (t, J = 1,9 Hz, 2H, Fc), 4,77 (br. s, IH, NH), 4,77 (t, J=1,9
Hz, 2H, Fc), 6,55-6,82 (m, 2H, Ar), 7,10-7,33 (m, 2H, Ar); *C NMR (50 MHz, CDCls):
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H 8 38,1 (C-C), 38,1 (N-C), 69,2 (Fc), 69,8 (Fc), 72,4 (Fc),
@\(\/ \Q 78,7 (Fc), 110,9 (A1), 117,3 (Ar), 1194 (Ar), 127,8 (Ar),
é > cl 1293 (Ar), 1435 (Ar), 202,7 (CO); Wspauymato 3a

Ci9HsCIFeNO (367,04): C, 62,07, H, 4,93, N, 3.81%;
Haheno: C, 62,03, H, 4,94, N, 3,78%.

1-@epoyenun-3-(3-xnopghenunamuno)nponan-1-on (99j). T.T. =121 °C; IR (KBr, v, cm™):
H 3353, 3086, 2930, 1654, 1596, 1487, 1456, 1400, 1275,
N\Q 1248, 1073,822, 758; '"H NMR (200 MHz, CDCl3): & 3,00

O L (t, J= 6,0 Hz, 2H, CO-CH,), 3,46-3,61 (br. q, 2H, N-CH),
4,12 (s, 5SH, Fc), 4,36 (br. s, 1H, NH), 4,50 (t, /= 1,9 Hz, 2H,

Fc), 4,76 (t, J = 1,9 Hz, 2H, Fc), 6,45-6,72 (m, 3H, Ar), 7,00-7,14 (m, 1H, Ar); °C NMR
(50 MHz, CDCl): 37,8 (C-C), 38,3 (N-C), 69,1 (Fc), 69,7 (Fc), 72,4 (Fc), 78,6 (Fc), 111,4

(Ar), 112,2 (Ar), 117,2 (Ar), 130,2 (Ar), 135,0 (Ar), 148,8 (Ar), 203,2 (CO); Uzpauynaro 3a
C9H sCIFeNO (367,04): C, 62,07, H, 4,93, N, 3,81%; Haheno:C, 62,05, H, 4,96, N, 3,80%.

ik

1-Depoyenun-3-(4-xnoppenunamuno)nponan-1-on (99x). T.T.=51°C; IR (KBr, v, cm'l):

3344, 3092, 2933, 1658, 1596, 1509, 1493, 1456, 1396,

\©\ 1273, 1088,1066, 824, 799; 'H NMR (200 MHz,

?\(\/ c CDCls): 6 2,98 (t, J = 6,0 Hz, 2H, CO-CH,), 3,52 (t,

\=— ° J = 6,0 Hz, 2H, N-CH,), 4,11 (s, 5H, Fc), 4,24 (br. s,

1H, NH), 4,50 (t, J = 1,9 Hz, 2H, Fc), 4,75 (t, J = 1,9 Hz, 2H, Fc), 6,50-6,65 (m, 2H, Ar),

7,01-7,19 (m, 2H, Ar); >C NMR (50 MHz, CDCls): & 37,8 (C-C), 38,7 (N-C), 69,1 (Fc),

69,7 (Fe), 72,4 (Fc), 78,6 (Fc), 113,9 (Ar), 121,8 (Ar), 129,0 (Ar), 146,2 (Ar), 203,3 (CO);

Wzpauynato 3a Ci9H;sCIFeNO (367,04): C, 62,07, H, 4,93, N, 3,81%; Haheno: C, 62,10,
H, 4,94, N, 3,79%.

ZT

3-(2-Humpogenunamuno)-1-gpepoyenunrnponan-1-on (99a1). T.T. =96 °C; IR (KBr, v, cm'l):

’ 3377, 3116,2935, 1661, 1617, 1568, 1508, 1457, 1399, 1263,

N\Q 1238,1149, 823, 743; '"H NMR (200 MHz, CDCls): & 3,12 (t,

?\(\/ J=6,6 Hz, 2H, CO—CHy), 3,76 (q, J = 6,6 Hz, 2H, N-CH,),
= °

4,17 (s, 5H, Fc¢), 4,53 (t, J= 1,9 Hz, 2H, Fc), 4,80 (t, J=1,9

Hz, 2H, Fc¢), 6,59—-6,75 (m, 1H, Ar), 6,96 (d, J = 8,5 Hz, 1H, Ar), 7,40-7,60 (m, 1H, Ar),

8,11-8,42 (m, 2H, NH u Ar); >C NMR (50 MHz, CDCl3): & 37,6 (C-C), 38,3 (N-C), 69,1
(Fc), 69,7 (Fc), 72,5 (Fe), 78,3 (Fc), 113,4 (Ar), 115,3 (Ar), 126,9 (Ar), 136,1 (Ar), 145,0
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(Ar), 201,5 (CO); Uzpauynato 3a CioH;sFeN,O; (378,07): C, 60,34, H, 4,80, N, 7,41%;
Haheno: C, 60,30, H, 4,81, N, 7,41%.

3-(3-Humpogpenunamuno)- 1-gpepoyerunnponan-1-on (99m). T.T.=91°C; IR (KBr, v, cm™):
3329, 3098, 2956, 1656, 1620, 1526, 1456, 1347, 1265,
1238, 826, 782; '"H NMR (200 MHz, CDCl3): & 3,05 (t,
F©e\(\/ J = 5,9 Hz, 2H, CO-CH,), 3,70-3,54 (br. q, 2H, N-CH,),
< ° NO, 4,13 (s, 5H, Fc), 4,53 (t, J = 1,9 Hz, 2H, Fc), 4,71 (br. s,
1H, NH), 4,78 (t, J = 1,9 Hz, 2H, Fc), 6,85-6,98 (m, 1H, Ar), 7,21-7,36 (m, 1H, Ar),
7,40-7,60 (m, 2H, Ar); "C NMR (50 MHz, CDCl;): & 37,7 (C—C), 38,4 (N-C), 69,2 (Fc),
69,8 (Fc), 72,6 (Fc), 78,4 (Fc), 105,9 (Ar), 111,9 (Ar), 119,2 (Ar), 129,8 (Ar), 147,6 (Ar),
148,6 (Ar), 203,3 (CO); Hspauynaro 3a CjoH;3FeN,Os (378,07): C, 60,34, H, 4,80,
N, 7,41%; Haheno: C, 60,32, H, 4,84, N, 7,43%.

3-(4-Humpogpenunamuno)-1-gpepoyenunnponan-1-on (99m). T.T. = 189-190 °C; IR (KBr, v,
cm™): 3356, 3107, 2907, 1653, 1604, 1501, 1471,

H\©\ 1319, 1115, 832, 754; '"H NMR (200 MHz, CDCls):
?\(\/ NO2 §3,07 (t,J=6,1 Hz, 2H, CO-CH,), 3,66 (t, J = 6,1 Hz,
- © 2H, N-CH,), 3,74 (br. s, 1H, NH), 4,14 (s, 5H, Fc),
4,58 (t, J = 1,9 Hz, 2H, Fc), 4,79 (t, J = 1,9 Hz, 2H, Fc), 6,61 (d, J = 9,2 Hz, 2H, Ar), 8,09
(d, J = 9,2 Hz, 2H, Ar); ’C NMR (50 MHz, CDCl;): & 38,0 (C-C), 38,0 (N-C), 69,5 (Fc),
70,1 (Fe), 73,2 (Fc), 78,3 (Fc), 111,0 (Ar), 126,8 (Ar), 137,5 (Ar), 153,5 (Ar), 204,0 (CO);

Uspauynato 3a CoH sFeN,0; (378,07): C, 60,34, H, 4,80, N, 7,41%; Haheno: C, 60,33,
H, 4,82, N, 7,38%.

3-[(2-Ayemungpenun)amuno]-1-pepoyenunnponan-1-on (99u). T.T.=119°C; IR (KBr, v, cm’
H . 3322, 1667, 1630, 1567, 1515, 1503, 1458, 1250,

N 1228,1205, 1168, 1146, 1107, 949, 752, 609; '"H NMR (200
2\\0(\; MHz, CDCls): § 2,57 (s, CH3), 3,08 (br. t, J = 7,0 Hz, CH;
(2)), 3,68 (dt, J = 6,9, 5,8 Hz, CH; (3)), 4,17 (s, H-C (1”"),

H-C (2”’), H-C (3”’), H-C (4”’), H-C (5”), 4,51 (pseudo t, H-C (3’), H-C (4")), 4,80
(pseudo t, H-C (2°)), 6,61 (ddd, J = 8,1, 7,1, 1,1 Hz, H-C (4**")), 6,83 (br. d, J = 8,6 Hz,
H-C (6’’)), 7,40 (ddd, J = 8,6, 7,1, 1,6 Hz, H-C (5°”")), 7,75 (dd, J = 8,1, 1,6 Hz,
H-C (3°°")), 9,01 (t, J = 5,8 Hz, NH); °C NMR (50 MHz, CDCLs): & 27,9 (CH3), 38,8, 37,4
(C(2), C (3)), 69,3 (C(3%), C(4)), 69,8 (C(17), C(2), C(3), C@4”), C(57)), 72,4
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(C(27), C(57), 78,8 (C (1)), 114,2, 111,5 (C (4°>), C (6>"")), 117,8 (C (2°™)), 135,1, 132,8
(C(3), C(5°), 150,6(C (1), 200,8 (COMe), 202,1(C (1)); Hspauymato 3a
Ca1Ha FeNO; (375,24): C, 67,22, H, 5,64, N, 3,73%; Haheno: C, 67,30, H, 5,67, N, 3,71%.

3-[(3-Ayemunghenun)amuno]-1-gpepoyenunnponan-1-on (99mw). T.T.=106°C; IR (KBr, v,
em™): 3363, 1677, 1652, 1600, 1519, 1473, 1453, 1283,

H

N 1263, 1106, 826, 782, 688; 'H NMR (200 MHz, CDCl;):
F©e\(\/ 82,57 (s, CHs), 3,04 (t, J = 5,9 Hz, CH, (2)), 3,62 (pseudo
< °© q, J = 5,9 Hz, CH, (3)), 4,11 (s, H-C (1”), H-C (2”),

(@]
H-C (3°"), H-C (4°*), H-C (5°")), 4,43 (br. t, J = 5,9 Hz,

NH), 4,51 (pseudo t, J = 2,0 Hz, H-C (3°), H-C (4°)), 4,77 (pseudo t, J = 2,0 Hz, H-C (2°),
H-C (5°), 6,84 (ddd, J=8,2,2,6,1,3Hz, H-C(6’"")), 7,22-7,30 (m, mnpekianame
curnana, H-C (2°”), H-C (4°*"), H-C (5°”")); >C NMR (50 MHz, CDCl;): & 26,7 (CH3),
38,6,37,9 (C (2), C (3)), 69,2 (C(3’),C (4°)), 69,8 (C(1”),C(27),C(37),C(#4”),C(57)),
72,5 (C (2°), C (57)), 78,7 (C (17)), 111,1 (C (2°’)), 118,2, 118,0 (C (4**’), C (6’”")), 129,4
(C (577)), 138,2 (C (3°77)), 147,2 (C (17*?)), 198,7 (COMe), 203,4 (C (1)); N3pauynaro 3a
C,1H21FeNO, (375,24): C, 67,22, H, 5,64, N, 3,73%; Haheno: C, 67,23, H, 5,60, N, 3,72%.

3-[(4-Ayemunghenun)amuno]-1-gpepoyenurnponan-1-on (990). T.T.=182°C; IR (KBr, v,

H em™): 3330, 1665, 1647, 1600, 1584, 1456, 1361,
@\(\/ \©\{O 1283, 1263, 1180, 1042, 959, 825, 584; 'H NMR (200
Fe MHz, CDCly): & 2,49 (s, CHs), 3,04 (t, J = 5,9 Hz,

= °

CH:; (2)), 3,66 (pseudo q, J = 5,9 Hz, CH; (3)), 4,11
(s, H-C (1”’), H-C (2”’), H-C (3*’), H-C (4’), H-C (5"")), 4,53 (pseudo t, J = 2,0 Hz,
H-C (3°), H-C (4°)), 4,78 (pseudo t, J = 2,0 Hz, H-C (2’), H-C (5°)), 4,81(br. t, /= 5,9 Hz,
NH), 6,61 (AA’XX’, J, = 8,9 Hz, J, =2,4 Hz, H-C (2°"), H-C (6’"")), 7,84 (AA’XX,
J, = 8,9 Hz, J,, =2,4 Hz, H-C (3°’), H-C (5°*")); *C NMR (50 MHz, CDCl5): & 26,0 (Me),
38,0, 37,9 (C (2), C (3)), 69,2 (C (37),C (4°)), 69,8 (C(1”"),C (2),C(3),C(4),C(5)),
72,6 (C (27), C (5%)), 78,6 (C (17)), 111,4 (C (2°°), (C (6°"")), 126,8 (C (4**’), 130,9 (C (3°"’),
C(5), 151,6 (C(1’’%)), 196,3 (COMe), 203,0 (C (1)); Uzpauynaro 3a C,Hz FeNO,
(375,24): C, 67,22, H, 5,64, N, 3,73%; Haheno: C, 67,18, H, 5,59, N, 3,70%.
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4.4.3 Cunre3a 3-(¢pennsiaMnHo)-1-pepouennimponan-1-ona 101a-k

VY meranoncku pactBop (30 mL) oarosapajyhe Manuxose 6a3ze (1 mmol, 99a-k) nona
ce HarpujymOopxuapua y Bumky (189 mg, 5 mmol) y nopumjama, cmeca ce memna Ha coOOHO]J
TEMIIEpaTypd W TpaTH TAHKOCIOjHOM XpomatorpadujoM. [lo 3aBprieHoj peakuuju (0Ko
1.5h) ynapu ce pactBapad, a ocratky noja Bojga. CMeca ce eKCTpaxyje AUXIOPMETaHOM
(3%20 mL), criojeHr OpraHcKH CJIOj€BH HCIIEPY BOJOM M 3aCMNEHHM pPacTBOPOM HATPH]jyM-
xjopuaa u cyme anxuapoBaHuMm Na SO, npexo Hohu. PacTBop ce mpouenn u pacTBapady
ymapH, a OCTaTak MpedynucTH cTyoHoM xpomatorpadujom (20 g Al,Os, Xekcan/eTuin-anerar =

9:1).

3-(@enunamuno)-1-pepoyenunrnponan-1-on (101a). Ilpunoc 90%. T.T. =90 °C; IR (KBr, v,
em™): 3296, 2916, 1601, 1507, 1055, 816, 754, 697, 'H

H o
45 N~ 54... NMR (CDCls, 400 MHz): § 1,93 (pseudo ddt, J = 13,9, 8,2,
2
2 2%’ 65 Hyz IH, H-C (2b)), 2,00 (pseudo dtd, J = 13,9, 6.5, 4,2
Fe OH 3
@1" Hz, 1H, H-C (2a)), 2,19 (br.s, 1H, NH wm OH), 3,28
=

(pseudo t, J = 6,5 Hz, 2H, H-C (3a), H-C (3b)), 3,96 (br. s, 1H, NH unmu OH), 4,18 (s, 5H,
Fc), 4,15-4,20 (npeknaname curaana, m, 3H, Fc), 4,23-4,26 (m, 1H, Fc), 4,52 (dd, J = 8,3,
4,2 Hz, 1H, H-C (1)), 6,57-6,65 (m, 2H, H-C (2°*’), H-C (6’”’), Ar), 6,65-6,72 (m, 1H,
H-C (4°*"), Ar), 7,11-7,21 (m, 2H, H-C (3’*"), H-C (5°*"), Ar); >C NMR (CDCl;, 100
MHz): 6 37,3 (C (2)), 41,6 (C (3)), 65,6, 67,0, 68,1, 68,2, 68,5, 68,8 (C (1’*), C (2*), C (3”),
C 4”), C(5), Fe), 93,8 (C (1"), Fe), 113,1 (C (2°’), C (6>), Ar), 117,5 (C (4°”), Ar),
129,3 (C (3°’), C (5°*°), Ar), 148,5(C (1°’), Ar); MS (ES"): m/z = 336,10 (MH"); HRMS
(ESI): m/z uzpauynato 3a Ci9H, FeNO + H' [M + H+]: 336,1051. Haheno: 336,1039.°

3-(o-Toauramuno)- 1-gpepoyenunnponan-1-on (1016). Ipunoc 92%. T.T. = 86 °C; IR (KBr, v,

y cm™): 3314, 3250, 2914, 1504, 824, 750; '"H NMR (CDCl;,

N 400 MHz): & 1,92-2,11 (m, 2H), 2,12 (s, 3H, CH3), 2,23
?\(\/ @ (br. s, 1H, OH nmn NH), 3,31 (pseudo t, J = 6,4 Hz, 2H), 3,94
@ or (br. s, 1H, OH umu NH), 4,18 (s, SH, Fc), 4,14-4,20 (m, 3H,
Fc), 4,23-4,27 (m, 1H, Fc), 4,53(dd, J = 8,2, 4,0 Hz, 1H), 6,57-6,68 (m, 2H, Ar), 7,01-7,07
(m, 1H, Ar), 7,07-7,15 (m, 1H, Ar); °C NMR (CDCls, 100 MHz): § 17,5, 37,1, 41,5, 65,4,

66,9, 68,0, 68,1, 68,3, 69,0, 93,6, 109,6, 116,8, 122,0, 127,1, 130,0, 146,3; HRMS (ESI):
m/z m3padyHato 3a C0H23FeNO + H' [M + H']: 350,1207. Haljero: 350,1200.
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3-(m-Tonunamuno)-1-gpepoyenunnponan-1-on (1018). Ilpunoc 90%. T.T. = 96 °C; IR (KBr,
v, em™): 3303, 2915, 1514, 1278, 1057, 813, 786, 698;

H
@\(\/N '"H NMR (CDClIs, 400 MHz): & 1,88-2,05 (m, 2H), 2,17
Fe - (br. s, 1H, OH wim NH), 2,27 (s, 3H, CH3), 3,27 (pseudo t,
@ J=6,5 Hz, 2H), 3,89 (br. s, 1H, OH unu NH), 4,19 (s, 5H,

Fc), 4,16-4,21 (m, 3H, Fc), 4,25 (m, 1H, Fc), 4,52 (dd, J = 8,3, 4,2 Hz, 1H), 6,40-6,47
(m, 2H, Ar), 6,49-6,55 (m, 1H, Ar), 7,02-7,09 (m, 1H, Ar); >C NMR (CDCls;, 100 MHz):
8 21,6, 37,2, 41,5, 65,5, 66,9, 68,0, 68,1, 68,3, 68,7, 93,7, 110,2, 113,8, 118,3, 129,1, 139,0,
148,4; MS (ES"): m/z = 349,10 (M"). HRMS (ESI): m/z n3pauynato 3a Cy0H23FeNO + H'
[M + H']: 350,1207. Hahero: 350,1206.

3-(p-Tonunramuno)-I1-gpepoyenunnponan-1-on (101r). Ipunoc 80%. T.T. = 122°C; IR (KBr,

’ v, em’): 3298, 2897, 1506, 1256, 813, 750; 'H NMR

N\©\ (CDCls, 400 MHz): 6 1,87-2,05 (m, 2H), 2,23 (s, 3H,

?\(\/ CHs), 3,68 (br.s, 1H, OH wm NH), 3,26 (pseudo t,

= J=6,5 Hz, 2H), 4,19 (s, SH, Fc), 4,15-4.21 (m, 3H, Fo),

4,25 (pseudo dt, J = 2,4, 1,4 Hz, 1H, Fc), 4,53 (dd, J = 8,2, 4,3 Hz, 1H), 6,52-6,58 (m, 2H,

Ar), 6,95-7,01 (m, 2H, Ar); °C NMR (CDCls, 100 MHz): § 20,4, 37,3, 41,9, 65,4, 66,9,

68,0, 68,0, 68,3, 68,8, 93,7, 113,2, 126,6, 129,7, 146,1; MS (ES"): m/z = 349,10 (M"); HRMS
(ESI): m/z m3pauyHato 3a C0H23FeNO + H' [M + H']: 350,1207. Haheno: 350,1197.

3-(Mecumunamuno)- I1-pepoyenunnponan-1-on (101x). lpunoc 91%. T.T. = 74 °C; IR (KBr,
v, em™): 3307, 2910, 1484, 1221, 1026, 993, 827, 809; 'H

§ NMR (CDCl;, 400 MHz): & 1,87-2,02 (m, 2H), 2,23

©\(\/ (br.s, 3H, CHy), 2,28 (br.s, 6H,2CHs), 3,00-3,10
F

@e OH (m, 1H), 3,09-3,17 (m, 1H), 3,20 (br. s, 2H, OH u NH),

4,15 (pseudo t, J = 1,8 Hz, 2H, Fc¢), 4,19 (s, 5H, Fc), 4,18 (pseudo dt, J = 3,1, 1,8 Hz, 1H,
Fc), 4,28 (pseudo dt, J = 3,1, 1,8 Hz, 1H, Fc), 4,63 (dd, J = 8,6, 3,9 Hz, 1H), 6,83 (br. s, 2H,
Ar); °C NMR (CDCl;, 100 MHz): & 18,3, 20,6, 38,5, 47,0, 65,8, 66,5, 67,8, 67,9, 68,4, 69,8,
93,5, 129,5, 130,1, 131,9, 143,1; MS (ES"): m/z = 378,10 (MH"); HRMS (ESI):
m/z n3pauayHato 3a CyHy7;FeNO + H M + H+]: 378,1520. Haheno: 378,1516.

3-(4-Bymunghenunamuno)-1-gpepoyenunnponan-1-on (101h). lpuroc 97%. T.T. =100 °C. IR
(KBr, v, cm™): 3101, 2922, 1515, 1055, 811; "H NMR (CDCls, 400 MHz): 0,90 (t, J = 7,3
Hz, 3H), 1,25-1,40 (m, 2H), 1,48-1,59 (m, 2H), 1,85-2,03 (m, 2H), 2,29 (br. s, 1H, OH unun
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H NH), 2,45-2,52 (m, 2H), 3,25 (pseudo t, J = 6,5 Hz,
N@ 2H), 3,56 (br. s, 1H, OH nm NH), 4,16 (s, 5H, Fc),
F©e\(\/ Bun 4,12-4,18 (m, 3H, Fc), 4,21-4,25 (m, 1H, Fc), 4,51
= °" _
(dd, J = 8,2, 42 Hz, 1H), 6,51-6,57 (m, 2H, Ar),
6,94-6,99 (m, 2H, Ar); °C NMR (CDCl;, 100 MHz): § 13,9, 22,3, 33,9, 34,7, 37,6, 41,9,
65,6, 66,9, 67,9, 68,0, 68,4, 68,8, 93,9, 113,3, 129,1, 132,0, 146,4; MS (ES"): m/z = 391,2
(M"); HRMS (ESI): m/z uspauaynaro 3a Ca3HyFeNO +H' [M+H']: 392,1677. Haheno:
392,1660.

1-@epoyenun-3-(2-gpayoppenunamuno)nponan-1-on (101e). IMpunoc 93%. T.T. = 70 °C; IR
H (KBr, v, em™): 3358, 3093, 1617, 1515, 816, 742; '"H NMR
@\(\/N© (CDCl3, 400 MHz): 6 1.90-2,07 (m, 2H), 2,20 (br. s, 1H, OH
é OH = wmn NH), 3,24-3.37 (m, 2H), 4,18 (s, 5H, Fc), 4,06-4,30
(npeknaname curHana m, SH, 4Fc u OH unu NH), 4,52 (dd,
J=28,4,4,2 Hz, 1H), 6.60 (pseudo tdd, J = 8.0, 5.0, 1.4 Hz, 1H), 6,70 (pseudo td, J =8.0, 1.2
Hz, 1H, Ar), 6,95 (ddd, J=12.0, 8.0, 1.2 Hz, 1H, Ar), 6,98 (br. pseudo t, / ~ 8.0 Hz, 1H, Ar);
PC NMR (CDCls, 100 MHz): & 37,2, 40,9, 65,4, 66,9, 68,0, 68,1, 68,3, 68,4, 93,6, 112,1
(d, Jer=29 Hz), 114,3 (d, Jc.r= 18,3 Hz), 116,4 (d, Jc.r = 7,3 Hz), 124,6 (d, Jc.r = 3,7 Hz),
136,8 (d, *Jep = 11,5 Hz), 151,6 (d, 'Jep = 238.,2 Hz); MS (ES"): m/z = 353,1 (M"); HRMS
(ESI): m/z m3pauynaro 3a C1gH2FFeNO - OH' [M - OH]: 336,0851. Haheno: 336,0845.

1-Depoyenun-3-(3-gpnyopghenunamuno)nponan-1-on (101x). Ipunoc 91%. T.T. = 88 °C; IR
(KBr, v, cm™): 3102, 1620, 1494, 1148, 820, 760; '"H NMR

(CDCls, 400 MHz): 6 1,87-2,05 (m, 2H), 2,09 (br. s, 1H, OH
gg_'\/ ' nm NH), 3,25 (pseudo t, J = 6,5 Hz, 2H), 4,20 (s, 5H, Fc),

4,16-4,22 (m, 3H, Fc), 4,24-4,26 (m, 1H, Fc), 4,51 (dd,
J=38,2,4,1 Hz, 1H), 6,25-6,31 (m, 1H, Ar), 6,33-6,40 (m, 2H, Ar), 7,03-7,12 (m, 1H, Ar);
PC NMR (CDCls, 100 MHz): § 37,0, 41,3, 65,3, 66,9, 68,1, 68,2, 68,3, 68,7, 93,6, 99,3 (d,
Jer =253 Hz), 103,5 (d, Jo.r = 21,6 Hz), 108,7 (d, Je.r = 2,2 Hz), 130,2 (d, Jo.r = 10,3 Hz),

150,2 (d, Je.r = 10,8 Hz), 164.2 (d, Je.p = 242,5 Hz). MS (ES"): m/z = 353,1 (M"). HRMS
(ESI): m/z uzpauynaro 3a C9H,FFeNO - OH" M - OH+]: 336,0851. Haheno: 336,0845.

1-Depoyenun-3-(4-pryoppenunamuno)nponan-1-on (1013). Ipunroc 95%. T.T.=80 °C; IR
(KBr, v, cm™): 3261, 2918, 1512, 1213, 812; '"H NMR (CDCls, 400 MHz): § 1,87-2,04 (m,
2H), 2,19 (br. s, 1H, OH wm NH), 3,24 (pseudo t, J = 6,5 Hz, 2H), 3,87 (br. s, 1H, OH num
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H NH), 4,20 (s, 5H, Fc), 4,17-4,21 (m, 3H, Fc), 4,24-4,26
N
@\(\/ \©\F (m, 1H, Fc), 4,52 (dd, J = 8,2, 4,2 Hz, 1H), 6,51-6,57 (m,
Fe 2H, Ar), 6,84-6,92 (m, 2H, Ar); *C NMR (CDCLs, 100
=
MHz): & 37,1, 42,2, 65,3, 66,9, 68,0, 68,1, 68,3, 68,8,
93,7, 113,8 (d, Je.r = 7,4 Hz), 115,6 (d, Je.r = 22,2 Hz), 144,7 (d, Je.r = 1,8 Hz), 155,8 (d,
Jer=2347Hz); MS (ES"): m/z=353,1 (M"); HRMS (ESI): m/z wu3pauyHato 3a
C19H2FFeNO - OH' [M - OH]: 336,0851. Haljeno: 336,0848.

1-®epoyenun-3-(2-xropdenunamuno)nponan-1-on (101m). Mpunoc 90%. IR (KBr, v, cm™):
3308, 2911, 1482, 1221, 1028, 998, 827, 809; 'H NMR

H
N
@\(\/ \Q (CDCls, 400 MHz): & 1,92-2,09 (m, 2H), 2,10 (br. s, 1H, OH
F:e oy wi NH), 3,32 (pseudo t, J = 5,9 Hz, 2H), 4,19 (s, 5H, Fc),

4,04-4,22 (m, 3H, Fc), 4,23-4,28 (m, 1H, Fc), 4,53 (dd,
J=1.8,3,7 Hz, 1H), 4,67 (br. s, |H, OH umu NH), 6,57-6,69 (m, 2H, Ar), 7,09-7,16 (m, 1H,
Ar), 7,21-7.27 (m, 1H, Ar); °C NMR (CDCl;, 100 MHz): § 37,0, 41,0, 65,4, 66,9, 68,1,
68,1, 68,3, 68,4, 93,6, 111,1, 117,0, 119,1, 127,8, 129,1, 144,2; MS (ES"): m/z = 352,0
(M —OH"); HRMS (ESI): m/z m3pauynaro 3a C1gHyCIFeNO - OH" [M - OH']: 352,0555.
Habheno: 352,0564.

1-@epoyernun-3-(3-xnopgenunamuno)nponan-1-on (101j). Ipunoc 98%. T.T.=94 °C; IR
(KBr, v, cm™): 3098, 1596, 1486, 1050, 819, 764; "H NMR

H
N (CDCl3, 400 MHz): 6 1,85-2,06 (m, 2H), 2,10 (br. s, 1H,
?\(\/ OH wunmu NH), 3,25 (pseudo t, J = 6,5 Hz, 2H), 4,20 (s, 5H,
= " Cl F
c), 4,17-4,22 (m, 3H, Fc), 4,24-4,26 (m, 1H, Fc), 4,51 (dd,

J =283, 4,1 Hz, 1H), 6,44-6,48 (m, 1H, Ar), 6,55-6,58 (m, 1H, Ar), 6,62-6,66 (m, 1H, Ar),
7,02-7,08 (m, 1H, Ar); C NMR (CDCls, 100 MHz): § 36,9, 41,3, 65,3, 67,0, 68,1, 68,2,
68,3, 68,7, 93,6, 111,2, 112,4, 117,0, 130,1, 135,0, 149,5; MS (ES"): m/z = 369,0 (M");
HRMS (ESI): m/z uspauynato 3a Cj9HCIFeNO - OH' [M - OH']: 352,0555. HaljeHo:
352,0553.

1-Depoyenun-3-(4-xnoppenunamuno)-nponan-1-on (101x). llpunoc 85%. T.T. = 104 °C; IR
(KBr, v, cm™): 3253, 2921, 1617, 1513, 815, 742; '"H NMR (CDCls, 400 MHz): & 1,87-2,05
(m, 2H), 2,11 (br. s, 1H, OH wmu NH), 3,24 (pseudo t, J = 6,5 Hz, 2H), 4,04 (br. s, 1H, OH
wm NH), 4,20 (s, SH, Fc¢), 4,13-4,21 (m, 3H, Fc), 4,23-4,25 (m, 1H, Fc), 4,51 (dd, J = 8,2,
4,2 Hz, 1H), 6,49-6,55 (m, 2H, Ar), 7,08-7,13 (m, 2H, Ar); >*C NMR (CDCls;, 100 MHz): §
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H 37,0, 41,6, 65,3, 66,9, 68,1, 68,2, 683, 68,8, 93,7, 113.9,
@\(\/ \©\0| 121,8, 129,0, 147,0; MS (ES"): m/z = 352,0 (M - OH");
é OH HRMS (ESI): m/z uspadaynaro 3a C;oH,0CIFeNO - OH"

[M - OH]: 352,0555. Haljeno: 352,0547.

4.4.4 Cunre3a N-cyncruryucanux 6-¢epouenuni-1,3-okcazunana 102a-k

VYV rterpaxuapodypancku pactBop oxaroBapajyher 1,3-ammHoankoxoma 10la-k
(1 mmol) mona ce 0,082 mL 37%-Hor BogeHor pactBopa dpopmangexuaa (30 mg, 1 mmol) u
cMeca Memia Ha coOHOj Temmeparypu mnpeko Hohu. Ilo 3aBpiieHOj peakuuju ymapu ce
pacTtBapay, ocraTak pa3Oiakm BOJOM M cMeca eKcTpaxyje auxijopmeranom (3x20 mL).
CrojeHn OpraHCKH CJIOjeBH ce cylie anxuapoBanuM Na,SO4 nipeko Hohu, pacTBOp IPOIIe/H,
pacTBapay ymapw, a ocTarak npeuumihaBa Xxpomarorpadujom Ha crtyoy (20 g SiO,,
XeKcan/etun-amnerat = 8 : 2). Jenumema 102a-k cy HOBa, a GU3NYKHA U CHEKTPATHHU MOAAIN

Ha OCHOBY KOjUX Cy HJICHTU(UKOBAHA CIIEe/Ie.

3-Denun-6-gpepoyenun-1,3-oxcasunan (102a). Ipunoc 78%. T.T. = 86 °C; IR (KBr, v, cm'l):
2922, 1689, 1507, 1060, 813; '"H NMR (CDCls, 400 MHz): &
1,78 (pseudo ddt, J =13,1, 2,9, 2,4 Hz, 1H, H-C (5¢q)), 2,02
(dddd, J = 13,1, 12,7, 11,2, 4,3 Hz, 1H, H-C (5ax)), 3,49
(ddd, J=13,5,12,7,2,9 Hz, 1H, H-C (4ax)), 3,91 (pseudo
ddt, J = 13,5, 4,3, 2,3 Hz, 1H, H-C (4eq)), 4,12 (s, 5SH, H-C (1”’), H-C (2’*), H-C (3"),
H-C (4”’), H-C (5”’), Fe¢), 4,07-4,15 (m, 2H, H-C (3*’), H-C (4”’), Fc), 4,17 (pseudo dt,
J=25, 13 Hz, H-C (2”’) umu H-C (5”’), Fc), 4,22 (pseudo dt, J = 2,5, 1,3 Hz, H-C (2”’)
wm H-C (5°), Fc), 4,48 (dd, J = 11,2, 2,4 Hz, 1H, H-C (6ax)), 4,74 (d, J = 10,7 Hz,
H-C (2ax), 1H), 5,30 (dd, J = 10,7, 2,3 Hz, H-C (2eq), 1H), 6,87-6,93 (m, 1H, H-C (4°),
Ar), 7,09-7,13 (m, 2H, H-C (2’), H-C (6°), Ar), 7,27-7,34 (m, 2H, H-C (3”), H-C (5’), Ar);
C NMR (CDCls, 100 MHz): § 29,2 (C (5)), 49,9 (C (4)), 66,0 (C (2°*) umu C (5°"), Fc), 67,3
(C (2’) umu C (57), Fe), 67,8 (C (3””) mmu C (47), Fe), 68,0 (C (3”’) mmm C (4”°), Fc), 68,6
(C((),C(2),C(3),C @), C(5), Fc), 76,0 (C (6)), 81,3 (C (2)), 88,9 (C (1),
Fe), 118,4 (C (2°), C (6°), Ar), 120,5 (C (4°), Ar), 129,1 (C (3°), C (5), Ar), 148,9 (C (1),
Ar); MS (ES"): m/z = 348,1 (MH"); HRMS (ESI): m/z mspaaynato 3a CyH, FeNO +H"
[M + H']: 348,1050. Haheno: 348,1041.
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3-(o-Tonun)-6-gpepoyenun-1,3-oxcazunan (1026). Ilpunoc 99%. T.T.=102 °C; IR (KBr, v,
o em™): 2954, 1491, 1067, 763; '"H NMR (CDCl;, 400 MHz):
F©e\£:\N d 1,71 (pseudo dq, J =13,1, 2,3 Hz, 1H), 2,02 (pseudo dtd,
< ;@ J = 11,7, 4,7 Hz, 1H), 2,30 (br.s, 3H, CHs), 3,37 (pseudo ddt,
J=133,4,7,2,1 Hz, 1H), 3,45 (ddd, J = 13,3, 12,1, 2,8 Hz, 1H),
4,16 (s, 5H, Fc), 4,12-4,18 (npeknaname curnana, 2H, Fc), 4,20-4,23 (m, 1H, Fc), 4,25-4,28
(m, 1H, Fc), 4,45 (dd, J= 11,3, 2,1 Hz, 1H), 4,76 (d, J= 10,5 Hz, 1H), 4,94 (dd, J= 10,5, 1,9
Hz, 1H), 7,00 (br. pseudo t, J = 7.4 Hz, 1H, Ar), 7.14 (br. pseudo t, /= 7.5 Hz, 1H, Ar), 7,17
(br. d, J = 7.0 Hz, 1H, Ar), 7,55 (br. d, J= 7.9 Hz, 1H, Ar); °C NMR (CDCl;, 100 MHz):
0 18,1, 28,9, 50,1, 66,0, 67,4, 67,8, 68,0, 68,6, 75,5, 83,4, 89,2, 122,6, 123,4, 126,3, 131,0,
132,4, 148.8; MS (ESY): m/z=362,10(MH"); HRMS (ESI): m/z wu3padyHato 3a
CyH3FeNO + H' [M + H']: 362,1207. Haheno: 362,1202.

3-(m-Tonun)-6-gpepoyenun-1,3-oxcasunan (102B). Ipunoc 98%. T.T.=112 °C; IR (KBr, v,
o cm’): 2921, 1685, 1591, 1483, 1000, 982, 778; 'H NMR
F©e\QN (CDCls, 400 MHz): 1,73-1,80 (m, 1H), 1,96-2,08 (m, 1H), 2,32
<< (s, 3H, CHs), 3,47 (ddd, J=13,5,12,7,2,8 Hz, IH), 3,89
(pseudo ddt, J = 13,5, 4,3, 2,3 Hz, 1H), 4,10-4,15 (m, 2H, Fc),
4,12 (s, 5H, Fc¢), 4,17 (pseudo dt, J = 2,4, 1,3 Hz, 1H, Fc¢), 4,22
(pseudo dt, J = 2,4, 1,3 Hz, 1H, Fc), 4,47 (dd, J = 11,2, 2,3 Hz, 1H), 4,73 (d, J = 10,7 Hz,
1H), 5,29 (dd, J=10,7, 2,3 Hz, 1H), 6,70-6,74 (m, 1H, Ar), 6,87-6,97 (m, 2H, Ar),
7,12-7,19 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz): § 21,7, 29,2, 50,0, 66,0, 67,3, 67,7,
67,9, 68,6, 75,9, 81,3, 88,9, 115,6, 119.2, 1214, 128.9, 138.8, 148,9; MS (ES"): m/z = 362,10
(MH"); HRMS (ESI): m/z uspauynaro 3a CyHpFeNO +H' [M +H']: 362,1207. Habeno:
362,1194.

3-(p-Tonun)-6-gpepoyernun-1,3-oxcazunan (102r). Ilpunoc 99%. T.T. = 98 °C; IR (KBr, v, cm’
o h: 2863, 1513, 999, 979, 808; 'H NMR (CDCls;, 400 MHz):
F©G\QN & 1,71-1,78 (m, 1H), 1,95-2,08 (m, 1H), 2,27 (s, 3H, CH3),
|- \©\ 3,46 (ddd, J= 13,4, 12,7, 2,8 Hz, 1H), 3,83 (pseudo ddt,
J = 13,4, 43, 2,3 Hz, 1H), 4,10-4,15 (m, 2H, Fc), 4,12

(s, 5H, Fc¢), 4,17 (pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc), 4,22 (pseudo dt, J = 2,5, 1,3 Hz, 1H,

Fe), 4,45 (dd, J = 11,2, 2,4 Hz, 1H), 4,72 (d, J = 10,6 Hz, 1H), 5,24 (dd, J = 10,6, 2,3 Hz,
1H), 6,99-7,05 (m, 2H, Ar), 7,05-7,11 (m, 2H, Ar); *C NMR (CDCls;, 100 MHz): § 20,5,
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29.1, 50,3, 66,0, 67,3, 67,7, 67,9, 68,6, 75,9, 81,6, 89,0, 118,8, 129,6, 130,0, 146,6; MS
(ESM): m/z = 362,10 (MH"); HRMS (ESI): m/z n3pauynaro 3a C,Hy;3FeNO+H' [M +H']:
362,1207. Haheno: 362,1202.

3-(Mecumun)-6-¢ghepoyernun-1,3-oxcasunan (102x). Ipunoc 36%. T.T. = 140 °C; IR (KBr, v,

0 cm'l): 2923, 1684, 1163, 1058, 999, 815; 'H NMR (CDCl3,
Fe \\N 400 MHz): 6 1,91 (pseudo dq, J = 12,6, 2,4 Hz, 1H), 2,11
@ (pseudo qd, J= 12,0, 4,8 Hz, 1H), 2,24 (br. s, 3H, CH3), 2,25

(br. s, 3H, CHs), 2,38 (br. s, 3H, CHs), 3,16 (pseudo ddt,
J=12,1,4,8, 1,7 Hz, 1H), 3,56 (pseudo td, /= 12,0, 2,8 Hz, 1H), 4.12-4.17 (m, 2H, Fc), 4,18
(s, 5H, Fc), 4,26 (pseudo dt, J =2,4, 1,3 Hz, 1H, Fc¢), 4,29 (pseudo dt, J = 2,4, 1,3 Hz, 1H,
Fc), 4,34 (dd, J= 11,3, 2,2 Hz, 1H), 4,56 (dd, J = 8,9, 1,7 Hz, 1H), 4,93 (d, J = 8,9 Hz, 1H),
6,79 (br. s, 1H, Ar), 6,89 (br. s, 1H, Ar); °C NMR (CDCl;, 100 MHz): & 19,3, 19,8, 20,7,
32,3, 49,0, 66,0, 67,6, 67,7, 68,0, 68,6, 75,5, 82,7, 89,2, 129,3, 129,5, 134,6, 136,3, 137,1,
143,9; MS (ES"): m/z = 390,1 (MH"); HRMS (ESI): m/z uspauynaro 3a Cp;Hy;FeNO +H"
[M + H']: 390,1520. Haheno: 390,1507.

3-(4-Bymunghenun)-6-cpepoyenun-1,3-oxcazunan (102L). Tlpunoc 81%. T.T.=70°C; IR
0 (KBr, v, cm™): 2928, 1684, 1514, 1163, 996, 981, 815; 'H
?\QN NMR (CDCl;, 400 MHz): & 091 (t, J=7,3 Hz, 3H),
= \©\ 1,29-1,39 (m, 2H), 1,51-1,61 (m, 2H), 1,69-1,77 (m,
Bu-n 1H), 1,96-2,08 (m, 1H), 2,50-2,56 (m, 2H), 3,43 (ddd,
J=134,12,5, 2,9 Hz, 1H), 3,82 (pseudo ddt, J = 13,4, 4,3, 2,3 Hz, 1H), 4,11 (s, 5SH, Fc),
4,08-4,13 (m, 2H, Fc), 4,16 (pseudo dt, J= 2,5, 1,3 Hz, 1H, Fc), 4,21 (pseudo dt, J=2,5, 1,3
Hz, 1H, Fc), 4,44 (dd, J= 11,2, 2,4 Hz, 1H), 4,70 (d, J= 10,5 Hz, 1H), 5,24 (dd, J = 10,5, 2,3
Hz, 1H), 6,99-7,03 (m, 2H, Ar), 7,04-7,09 (m, 2H, Ar); °C NMR (CDCls, 100 MHz):
613,9,224,29,6,33,7, 34,8, 50,2, 66,1, 67,2, 67,7, 67,8, 68,6, 76,0, 81,8, 89,4, 118,6, 129,0,
135,1, 146,9; MS (ES"): m/z = 4042 (MH"); HRMS (ESI): m/z w3padyyHato 3a
Cy4H20FeNO + H' [M + H']: 404,1677. Haheno: 404,1671.

6-Depoyenun-3-(2-gpnyopgenun)-1,3-oxcasunan (102e). Ilpunoc 84%. T.T.=100°C; IR
(KBr, v, cm™): 2921, 1496, 1002, 808, 755; '"H NMR (CDCls, 400 MHz): & 1,72-1,80 (m,
1H), 1,93-2,06 (m, 1H), 3,49-3,59 (m, 1H), 3,75 (pseudo ddt, J = 13,8, 4,3, 2,2 Hz, 1H), 4,14
(s, 5H, Fc¢), 4,12-4,17 (m, 2H, Fc), 4,18 (pseudo dt, /= 2,5, 1,3 Hz, 1H, Fc¢), 4,24 (pseudo dt,
J=12,5,1,3 Hz, 1H, Fc), 4,49 (dd, J= 11,2, 2,3 Hz, 1H), 4,80 (d, J = 10,8 Hz, 1H), 5,12 (dd,
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J=10,8, 2,2 Hz, 1H), 6,92-7,10 (m, 3H, Ar), 7,40-7,48 (m, 1H,
Ar); ®C NMR (CDCls, 100 MHz): § 29,2, 50,0, 65,9, 67,3, 67,8,
= :@ 68,0, 68,6, 75,8, 82,2, 88,9, 116,1 (d, Jc.r = 20,6 Hz), 122,5 (d,

F Joer=2,5Hz), 123,1 (d, Je.r= 7,9 Hz), 124,3 (d, Jc.r = 3,7 Hz),
137,4 (d, Jo.r = 8,7 Hz), 155,7 (d, Je.r = 245,3 Hz); MS (ES"): m/z = 366,1 (MH"); HRMS
(ESI): m/z uzpauynato 3a CoHFFeNO + H [M + H+]: 366,0957. Haheno: 366,0949.

6-Depoyenun-3-(3-gpnyopgpenun)-1,3-oxcasunan (102:x). Ilpunoc 99%. T.T.=111°C; IR
o (KBr, v, cm™): 3097, 1596, 1487, 1047, 998, 820, 761;
?\QN 'H NMR (CDCls, 400 MHz): & 1,75-1,82 (m, 1H), 1,94-2,06
@ (m, 1H), 3,47 (ddd, J=13,7, 12,6, 2,9 Hz, 1H), 3,88 (pseudo
ddt, /= 13,7, 4,3, 2,4 Hz, 1H), 4,11 (s, 5H, Fc), 4,09-4,15 (m,
F 2H, Fc), 4,16 (pseudo dt, J = 2.4, 1,2 Hz, 1H, Fc), 4,21
(pseudo dt, J = 2,4, 1,2 Hz, 1H, Fc), 4,48 (dd, J = 11,2, 2,4 Hz, 1H), 4,71 (d, J = 10,8 Hz,
1H), 5,28 (dd, J = 10,8, 2,4 Hz, 1H), 6,50-6,63 (m, 1H, Ar), 6,73-6,80 (m, 1H, Ar),
6,80-6,86 (m, 1H, Ar), 7,15-7,23 (m, 1H, Ar); °C NMR (CDCls, 100 MHz): & 29,3, 49,5,
65,9, 67,2, 67,8, 68,0, 68,6, 76,0, 80,8, 88,7, 105,0 (d, Jc.r = 24,6 Hz), 106,8 (d, Jc.r = 21,3
Hz), 113,4 (d, Jcr = 2,5 Hz), 130,2 (d, Je.r = 9,8 Hz), 150,6 (d, Jco.r = 9,8 Hz), 163,8 (d,
Je.r =243,7 Hz); IR (ATR): MS (ES"): m/z =366,1 (MH"); HRMS (ESI): m/z u3padyHato 3a
Cy0H20FFeNO +H' [M + H']: 366,0957. Haleno: 366,0950.

6-Depoyenun-3-(4-gpnyopgenun)-1,3-oxcasunan (1023). Ilpunoc 76 %. T.T.=110°C; IR
o (KBr, v, cm™): 2922, 1515, 1055, 943, 811; 'H NMR
F©e\QN (CDCl3, 400 MHz): & 1,71-1,79 (m, 1H), 1,93-2,06 (m, 1H),
< \©\ 3,50 (ddd, J = 13,6, 12,6, 2,8 Hz, 1H), 3,78 (pseudo ddt,
F J=13,6,44,23Hz, 1H), 4,13 (s, 5H, Fc), 4,11-4,16 (m,
2H, Fc¢), 4,17 (pseudo dt, J =2,5, 1,3 Hz, 1H, Fc), 4,22 (pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc),
4,47 (dd, J = 11,2, 2,4 Hz, 1H), 4,74 (d, J = 10,7 Hz, 1H), 5,18 (dd, J = 10,7, 2.3 Hz, 1H),
6,92-7,00 (m, 2H, Ar), 7,05-7,11 (m, 2H, Ar); °C NMR (CDCls, 100 MHz): § 28,8, 50,9,
65,9, 67,3, 67,8, 68,0, 68,6, 76,0, 81,8, 88,8, 1155 (d, Jor = 22,1 Hz), 120,4 (d,
Jer=1,1Hz), 1454 (d, Jer = 2,4 Hz), 157,6 (d, Je.r = 239,5 Hz); MS (ES"): m/z = 366,10
(MH"); HRMS (ESI): m/z mpadynato 3a CyH20FFeNO +H' [M + H']: 366,0957. HaleHo:
366,0943.
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6-Depoyenun-3-(2-xnopgenun)-1,3-okcasunan (102m). Tpunoc 77%. IR (KBr, v, cm™):
0 2870, 1479, 1050, 1002, 752; '"H NMR (CDCls;, 400 MHz):
?\Q:\N o 1,69-1,77 (m, 1H), 1,90-2,02 (m, 1H), 3,53 (ddd, J = 13,9,
@ :@ 12,7, 2,8 Hz, 1H), 3,77 (pseudo ddt, J = 13,9, 4,3, 2,3 Hz, 1H),
Cl 4,16 (s, 5SH, Fc), 4,13-4,18 (m, 2H, Fc), 4,20 (pseudo dt, /= 2,4,
1,2 Hz, 1H, Fc), 4,26 (pseudo dt, J = 2,4, 1,2 Hz, 1H, Fc), 4,49 (dd, J = 11,3, 2,2 Hz, 1H),
4,86 (d, /= 10,9 Hz, 1H), 5,06 (dd, J= 10,9, 2,3 Hz, 1H), 6,96-7,02 (m, 1H, Ar), 7,16-7,23
(m, 1H, Ar), 7,33-7,38 (m, 1H, Ar), 7,66-7,71 (m, 1H, Ar); >C NMR (CDCls;, 100 MHz):
6 28,9, 50,0, 66,0, 67,3, 67,8, 68,1, 68,6, 75,7, 82,9, 89,1, 124,2, 124,3, 127,4, 128,6, 130,5,
146,9; MS (ES"): m/z = 382,0 (MH"); HRMS (ESI): m/z m3paaynaro 3a C,0HCIFeNO + H"
[M + H"]: 382,0661. Haheno: 382,0647.

6-Depoyenun-3-(3-xnopgenun)-1,3-oxcasunan (102j). lpunoc 85%. T.T. =118 °C; IR (KBr,
0 v, cm™): 2893, 1592, 1481, 1001, 982, 778; '"H NMR (CDCl;,
%N 400 MHz): & 1,76-1,82 (m, 1H), 1,94-2,06 (m, 1H), 3,49
= (ddd, J=13,7, 12,6, 2,9 Hz, 1H), 3,89 (pseudo ddt, J = 13,7,
4,3,2,4 Hz, 1H), 4,12 (s, 5H, Fc), 4,10-4,15 (m, 2H, Fc), 4,17
(pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc), 4,21 (pseudo dt, J = 2,5,
1,3 Hz, 1H, Fc¢), 4,48 (dd, /= 11,2, 2,4 Hz, 1H), 4,72 (d, /= 10,9 Hz, 1H), 5,27 (dd, J = 10,9,
2,4 Hz, 1H), 6,84-6,87 (m, 1H, Ar), 6,94-6,98 (m, 1H, Ar), 7,06-7,09 (m, 1H, Ar),
7,14-7,20 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz): & 29,3, 49,7, 65,9, 67,2, 67,8, 68,0,
68,6, 76,0, 80,8, 88,7, 116,2, 118,2, 120,3, 130,1, 134,9, 150,1; MS (ES"): m/z = 382,0
(MH"); HRMS (ESI): m/z u3pauynaro 3a C,0H,0CIFeNO + H' [M + H']: 382,0661. Haljeno:
382,0650.

Cl

6-Depoyenun-3-(4-xnopgenun)-1,3-oxkcasunan (102x). Ipunoc 77%. T.T. = 162 °C; IR
o (KBr, v, cm'l): 2870, 1479, 999, 813, 752; 'H NMR
F©e\QN (CDCls, 400 MHz): & 1,72-1,80 (m, 1H), 1,92-2,04 (m,
< \©\ 1H), 3,48 (ddd, J = 13,6, 12,7, 2,8 Hz, 1H), 3,83 (pseudo
cl ddt, J=13,6, 4,3, 2,3 Hz, 1H), 4,12 (s, 5H, Fc), 4,10-4,18

(m, 2H, Fc¢), 4,15 (pseudo dt, J = 2,4, 1,3 Hz, 1H, Fc), 4,20 (pseudo dt, J = 2,4, 1,3 Hz, 1H,
Fc), 4,47 (dd, J = 11,2, 2,4 Hz, 1H), 4,72 (d, J = 10,8 Hz, 1H), 5,22 (dd, J = 10,8, 2,3 Hz,

1H), 7,00-7,05 (m, 2H, Ar), 7,18-7,23 (m, 2H, Ar); *C NMR (CDCL, 100 MHz): & 29,1,
50,2, 65,9, 67,2, 67,8, 68,0, 68.6, 76,0, 81,1, 88,7, 119,7, 1254, 129,0, 147,6; MS (ES"):
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m/z = 382,1 (MH"); HRMS (ESI): m/z uspauynato 3a CyHyCIFeNO+H' [M + H']:
382,0661. Haheno: 382,0651.

4.4.5 Cunre3a N-cyncruryucanux 6-¢pepouenui-1,3-oxkcasun-2-ona 104a-r, h-x

4.4.5.1 Cunre3a ernia-apuia(3-pepouenmi-3-xuapoxkcunponui)kapéamara (103a-k)

PactBopy oaroBapajyher amunoankoxona 101a-o (1 mmol) y Tonyeny (10 mL) mona
ce BOJCHHM pacTBOp HaTpujyM-xuapokcuma [160 mg (4 mmol) y 10 mL Boxme], a Hakon
JIBOYACOBHOT MelIama Ha coOHoj Temneparypu u 0,19 mL erun-xnopdpopmujata (217,4 mg,
2 mmol) 1 HacTana cmeca Mela npeko Hohu. PacTtBapau ce ynasbu JeCTHIAIMjOM, OCTaTaKy
ce ngoma 15mL Bome, a cMeca ekcrpaxyje Tpu myrta ca mo 30 mL nuxmopmerana.
OpraHcku cliojeBH ce€ CIoje M UcHepy BOoAoM. PacTBop nuxiopMeraHa ce Jajbe TpeTupa

Kao y orneny 4.4.4.

Emun-gpenun(3-gpepoyenun-3-xuopoxcunponun)kapoamam (103a). Ilpunoc 93%. IR (KBr, v,
cm’'): 3448, 2979, 1677, 1409, 1296, 1277, 1021, 766,

5 696; "H NMR (CDCl;, 400 MHz): & 1,20 (t, J = 7,0 Hz,

~ .. 3H, CH,CHs), 1,85 (dddd, J = 13,6, 9.2, 7,5, 4,7 Hz, 1H,
3@(\/ N@ H-C (2b%)), 1,98 (dtd, J = 13,6, 7,8, 3.8 Hz, IH,
- Ep F H-C (2a), 2,72 (br. s, 1H), 3,72 (ddd, J = 12,9, 7,8, 4,7
Hz, 1H, H-C (1a)), 4,02 (br. ddd, J = 12,9, 7,8, 7,5 Hz,

1H), 4,14 (s, SH), 4,11-4,19 (npeknaname curnana, SH, 3xCH, Fc), 4,22 (pseudo q, J= 1,6
Hz, 1H), 4,43 (dd, J = 9,2, 3,8 Hz, 1H, H-C (3")), 7,17-7,22 (m, 2H, H-C (2°’), H-C (6™"),
Ar), 7,22-7,27 (m, 1H, H-C (4’), Ar), 7,33-7,40 (m, 2H, H-C (3”’), H-C (5”), Ar);
BC NMR (CDCl, 100 MHz): § 14,7 (OCH,CH3), 36,6 (C (27), 47,6 (C (1%), 61,9
(OCH,CH3), 66,8 (C (3°), C (2°°), C (3*), C (4’’), C (5°”), Fc), 67,0, 67,9, 68,0, 68,5
C@ar»),Cc@2),C@3),CH”),C(5), Fc), 93,2 (C(1°), Fc), 126,7 (C (4”), Ar),
127,3(C(2), C(3), C(5), C(6), Ar), 129,1, 142,0 (C (1”°), Ar), 156,2 (CO); MS
(ES"): m/z = 407,10 (M"); HRMS (ESI): m/z n3pauynato 3a C2H,sFeNO; + Na' [M + Na']:
430,1082. Haheno: 430,1070.

Emun-3-pepoyenun-3-xuopoxcunponun(o-moaun)kapoamam (10306). CrexTpaaHu Toganu
JIaty 3a cMmenty auactepeonsomepa (61:39). Ilpunoc 94%. IR (KBr, v, cm'l): 3437, 2973,
1677, 1410, 1301, 1022, 769; "H NMR (CDCls, 400 MHz): & 1,13 (t, J = 6,9 Hz), 1,72-2,07
(m,mpexnaname curaana), 2,22 (s), 2,23 (s), 2,72 (br. s), 3,13-3,23 (m), 3,30-3,41 (m), 3,68—
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3,96 (m), 4,15 (s, Fc), 4,17 (s, Fc), 4,00-4,27 (m), 4,40-4,52

O\V\O (m), 7,00-7,15 (m, Ar), 7,16—7,29 (m, npekiamname CUTHANA,

N Ar); ®C NMR (CDCls;, 100 MHz): § 14,7, 17,6, 17,8, 36,4,

@\(\/ @ 36,6, 46,8, 47,9, 61,6, 61,7, 65,7, 66,0, 66,5, 66,7, 67,3, 67,7,
F

@e OH 67,7, 67,8, 68,3, 68,4, 92.9, 93,3, 126,6, 126,8, 127.4, 127,7,

128,0, 128,5, 130,8, 131,1, 135,7, 135,9, 140,2, 140,6, 156,1, 156,6; MS (ES"): m/z = 421,1
(M+); HRMS (ESI): m/z nzpauynaro 3a C3H,7FeNOs - OH" M - OH+]: 404,1313. Haheno:
404,1335.

Emun-3-pepoyenun-3-xuopoxcunponun(m-monun)kapoamam  (103B).  ITlpunoc  91%.

IR (KBr, v, cm™): 3450, 2928, 1677, 1407, 1299, 1038, 702;

\\o 'H NMR (CDCls, 400 MHz): § 1,21 (t,J = 6,7 Hz, 3H, CH3),

O*{ 1,78-1,91 (m, 1H), 1,92-2,04 (m, 1H), 2,35 (s, 3H, CH3),

@\(\/N 2,79 (br. s, 1H, OH), 3,64-3,75 (m, 1H), 3,93-4,11 (m, 1H),

Fe 4,14 (s, 5H, Fc), 4,11-421 (m, 5H), 4,21-4,26 (m, 1H),
= H

4,38-4,48 (m,1H), 6,94-7,03 (m, 2H, Ar), 7,03-7,09 (m, 1H,

Ar), 7,20-7,28 (m, 1H, Ar); *C NMR (CDCls;, 100 MHz): & 14,6, 21,4, 36,4, 47,5, 61,8,
66,0, 66,6, 66,8, 67,8, 67,9, 68,4, 93,0, 124,2, 127,5, 127,8, 1288, 138.9, 141,7, 156,2; MS
(ES"): m/z = 421,10 (M"); HRMS (ESI): m/z u3pauynaro 3a C,3H,;FeNOs; + Na' [M + Na']:
444,1238. Haheno: 444,1225.

Emun-3-gpepoyenun-3-xuopoxcunponun(p-moaun)kapoamam (103r). Ilpunoc 99%. IR (KBr,

™ v, ecm): 3439, 2925, 1676, 1415, 1294, 1019, 817;

O§(0 'H NMR (CDCls;, 400 MHz): & 1,20 (t, J = 6,7 Hz, 3H,

N CHs), 1,76-1,89 (m, 1H), 1,91-2,02 (m, 1H), 2,34 (s, 3H,
©\(\/ \©\ CH3), 2,89 (br. s, 1H, OH), 3,60-3,73 (m, 1H), 3,90-4,11
é OH (m, 1H), 4,15 (s, 5H, Fc), 4,11-4,20 (m, 5H), 4,22 (pseudo

g, J = 1,6 Hz, 1H), 4,43 (pseudo dt, J = 9,3, 3,3 Hz, 1H), 7,04-7,10 (m, 2H, Ar), 7,13-7,19
(m, 2H, Ar); C NMR (CDCls;, 100 MHz): & 14,6, 21,0, 36,4, 47,5, 61,8, 66,0, 66,6, 66,8,
67,7, 67,9, 68,4, 93,0, 127,0, 129,7, 136,4, 139,1, 156,3; MS (ES"): m/z = 421,10 (M");
HRMS (ESI): m/z uspauynato 3a CpH,7FeNOs; + Na' [M + Na']: 444,1238. Haljeno:
4441222,
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Emun-3-gepoyenun-3-xuopoxcunponun(mecumun)kapoamam  (103x).  Ilpunoc  94%.

T.T.=84°C; IR (KBr, v, cm’™): 3457, 2915, 1671, 1409,

o \\o 1298, 1020, 819; '"H NMR (CDCl;, 400 MHz): § 1,14 (t,

§( J =17,0 Hz, 3H, CHj3), 1,86 (dddd, J = 13,4, 9,0, 8,5, 4,7

©\(\/N Hz, 1H), 1,98 (dddd, J = 13,4, 9,0, 7.4, 3,7 Hz, 1H), 2,17
Fe

— OH (br.s, 3H, CHj3), 2,18 (br.s, 3H, CHj3), 2,23 (br.s, 3H,

CH3), 2,86 (d, J=4,1 Hz, 1H), 3,47 (ddd, J= 13,9, 9,0, 4,7
Hz, 1H), 3,85 (ddd, J = 13,9, 8.5, 7,4 Hz, 1H), 4,17 (s, 5H, Fc), 4,04-4,26 (m, 6H), 4,44
(pseudo dt, J = 9,0, 3,8 Hz, 1H), 6,89 (br.s, 1H, Ar), 6,90 (br. s, 1H, Ar); *C NMR (CDCl,
100 MHz): 5 14,8, 18,1, 18,3, 20,9, 37,0, 47,6, 61,6, 65,7, 66,6, 67,3, 67,7, 67,8, 68,3, 68,4,
93,4, 1292, 129.4, 135,4, 135,6, 137,0, 137,2, 156,5; MS (ES"): m/z = 450,20 (MH"); HRMS
(ESI): m/z m3pauynaro 3a CsH3 FeNOs + Na' [M + Na']: 472,1551. Haljeno: 472,1535.

Emun-4-oymungpenun(3-pepoyenun-3-xuopoxcunponun)kapoamam (103h). Ilpunoc 82%. IR

™ (KBr, v, cm’™): 3438, 2929, 1677, 1514, 1301, 1284,

OQ(O 815; '"H NMR (CDCl;, 400 MHz): & 0,92 (t,

N J=173Hz, 3H), 1,20 (t, J= 7,1 Hz, 3H), 1,41-1,30 (m,
@\(\/ \©\Bu-n 2H), 1,65-1,55 (m, 2H), 1,80-1,91 (m, 1H), 1,93-2,03
é OH (m, 1H), 2,54 (br. s, 1H, OH), 2,56-2,64 (m, 2H), 3,70

(ddd, J = 12,9, 7,8, 4,9 Hz, 1H), 3,904,01 (m, 1H), 4,14 (s, SH, Fc), 4,09—4,17 (m, 5H),
4,20-4,22 (m, 1H), 4,42 (pseudo dt, J = 9,0, 3,8 Hz, 1H), 7,05-7,10 (m, 2H, Ar),
7,12-7,17 (m, 2H, Ar); °C NMR (CDCls, 100 MHz): § 13,9, 14,6, 22.4, 33,5, 35,2, 36,8,
47,7, 61,7, 66,0, 66,7, 67,1, 67,8, 67,9, 68,4, 93,4, 126,9, 129,0, 139,6, 141,3, 156,3; MS
(ES"): m/z=446,2 (M -OH"); HRMS (ESI): m/z wuspauynato 3a CysH33FeNOs;+Na"
[M + Na']: 486,1708. Haheno: 486,1706.

Emun-3-gepoyenun-3-xuopoxcunponun(2-gpryopgpenun)kapoamam (103e). Ilpuroc 49%.

~ T.T. =68 °C; IR (KBr, v, cm™): 3439, 2931, 1682, 1292, 1023,

o §(0 768; 'H NMR (CDCL,, 400 MHz): & 1,05-1,40 (m, 3H),

\ 1,73-1,89 (m, 1H), 1,90-2,01 (m, 1H), 2,80-3,03 (m, 1H),

\Q 3,54-3,70 (m, 1H), 4,15 (s, SH, Fc), 3,95-4,31 (m, 6H),

A F 4,40-4,52 (m, 1H), 7,09-7,19 (m, 2H, Ar), 7,19-7,39 (m, 2H,

Ar); °C NMR (CDCls, 100 MHz): § 14,5, 36,4, 47,3, 62,1, 66,0, 66,6, 67,7, 67,9, 68,4, 92.9,
116,4 (d, Jor = 20,9 Hz), 124,5 (d, Jer = 3,9 Hz), 128,8 (d, Jer = 7,9 Hz), 129,4, 156,1,
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158,4 (d, Jer = 249,7 Hz); MS (ES"): m/z = 408,10 (M - OH"); HRMS (ESI): m/z
m3pauyHato 3a Co,Hp4FFeNO; - OH' [M - OH']: 408,1062. Haheno: 408,1062.

Emun-3-pepoyenun-3-xuoporxcunponun(3-payopgpenun)kapoamam (103:xk). [puroc 99%. IR
(KBr, v, cm™): 3451, 2980, 1682, 1406, 1302, 1171, 769,

o 696; '"H NMR (CDCls, 400 MHz): § 1,22 (t, J = 7,1 Hz, 3H),
@)
# 1,80-1,92 (m, 1H), 1,92-2,03 (m, 1H), 2,50 (br. s, 1H, OH),
N
@\(\/ 3,75 (ddd, J = 13,4, 7.9, 49 Hz, 1H), 3,904,01 (m, 1H),
Fe 51 \ 4,15 (s, SH, Fc), 4,11-4,20 (m, 5H), 4,22 (pseudo q,

J=1,6 Hz, 1H), 4,40 (dt, J= 8,7, 3,7 Hz, 1H), 6,90-6,97 (m,
2H, Ar), 6,98-7,04 (m, 1H, Ar), 7,27-7,34 (m, 1H, Ar); >C NMR(CDCls, 100 MHz): § 14,5,
36,5, 47,4, 62,0, 65,8, 66,7, 67,0, 67,9, 68,0, 68,4, 93,1, 113,4 (d, Jo.r = 21,0 Hz), 114,4 (d,
Je .= 22,6 Hz), 122,5, 129,9 (d, Je.r = 9,2 Hz), 143,4 (d, Jer =9,9 Hz), 155,6, 162,7 (d,
Jer = 246,6 Hz); MS (ES"): m/z =408,10 (M - OH"); HRMS (ESI): m/z uspauyHato 3a
CyH24FFeNOs - OH™ [M - OH ]: 408,1062. Hahjeno: 408,1062.

Emun-3-pepoyenun-3-xuoporxcunponun(4-payopgenun)capoamam (1033). Ipunoc 92%. IR
(KBr, v, cm™): 3439, 2979, 1682, 1592, 1478, 1292,

0P 1023, 768; '"H NMR (CDCL;, 400 MHz): & 1,13 (t,

1 J= 6,8 Hz, 3H), 1,71-1,94 (m, 2H), 2,63 (br. s, 1H, OH),
©\(\/ \©\F 3,56-3,69 (m, 1H), 3,79-3,95 (m, 1H), 4,09 (s, 5H, Fc),
Fe  bn 4,03-4,18 (m, 6H), 4,28-4,40 (m, 1H), 6,93-6,97 (m, 2H,

Ar), 7,04-7,12 (m, 2H, Ar); C NMR (CDCls, 100
MHz): § 13,5, 35,4, 46,7, 60,8, 64,7, 65,7, 65,9, 66,8, 66,9, 67,3, 92,1, 114,8 (d, Je.r = 22,6
Hz), 127,9(d, Je.r = 8,1 Hz), 136,8, 155,0, 160,0 (d, Je.r = 246,4 Hz); MS (ES"): m/z = 425,1
(MH").

Emun-3-gpepoyenun-3-xuopoxcunponun(2-xnopgenun)xapoamam  (103u).  CriektpamHu

roaIy AaTH 3a cMenry auacrepeonsomepa (53:47). Ipunoc

O\\o 36%. IR (KBr, v, cm™): 3450, 2978, 1683, 1481, 1408,

k( 1302, 1021, 816, 762; 'H NMR (CDCls, 400 MHz): § 1,14 (t,
@\(\/ N\/© J = 6,8 Hz, 3H), 1,15 (t, J = 6,8 Hz, 3H),1,34 (br. s, 2H),
Fe cl 1,74-2,05 (m, 4H), 2,85 (d, J = 3,7 Hz, 1H), 2,87 (d, J= 3,7

= H
Hz, 1H), 3,46-3,57 (m, 1H), 3,67-3,76 (m, 1H),
3,91-4,02 (m, 1H), 4,02-4,12 (m, 1H), 4,16 (s, 5H, Fc), 4,17 (s, 5H, Fc), 3,90-4,31 (m, 10H),
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4,41-4,48 (m, 1H), 4,53-4,61 (m, 1H), 7,21-7,34 (m, 6H, Ar), 7,41-7,50 (m, 2H, Ar);"*C
NMR (CDCls, 100 MHz): § 14,5, 36,5, 36,6, 46,9, 47,8, 62,0, 62,0, 65,9, 66,6, 66,7, 66,8,
66,9, 67,7, 67,8, 67,9, 68,4, 93,0, 93,2, 127,4, 127,7, 128,5, 128,7, 129,6, 130,2, 130,3, 133,2,
133,4, 139,1, 1393, 155,9, 156,1; MS (ES"): m/z = 424,1 (M- OH"); HRMS (ESI): m/z
u3pauyHaro 3a C,yHCIFeNO; - OH™ [M - OH']: 441,0767. Haljeno: 441,0774.

Emun-3-gpepoyenun-3-xuopoxcunponun(3-xnopgenun)kapoamam  (103j). Ilpunoc 95%.
IR (KBr, v, cm™): 3437, 2977, 1682, 1592, 1292, 1023, 694;

5 'H NMR (CDCls, 400 MHz): & 1,22 (t, J = 7,1 Hz, 3H),
0
# 1,92-1,81 (m, 1H), 1,97 (dddd, J = 13,5, 8,2, 7,4, 4,1 Hz,
N
@\(\/ 1H), 2,33 (d, J = 3,1 Hz, 1H), 3,75 (ddd, J = 13,5, 8,2, 5,1 Hz,
Fe 1H), 3,87-3,97 (m, 1H), 4,15 (s, 5H, Fc), 4,12-4,20 (m, 5H),
= M el

4,21 (pseudo q, J = 1,6 Hz, 1H), 4,40 (pseudo dt, J = 8,2, 4,0
Hz, 1H), 7,08-7,12 (m, 1H, Ar), 7,19-7,24 (m, 2H, Ar), 7,24-7,29 (m, 1H, Ar); *C NMR
(CDCls, 100 MHz): 8 14,6, 36,7, 47,6, 62,0, 65,9, 66,9, 67,2, 68,0, 68,1, 68,5, 93,4, 125,2,
126,7, 127,4, 129,9, 134,5, 143,4, 155,7; MS (ES"): m/z = 424,1 (M - OH"); HRMS (ESI):
m/z m3padyHato 3a CyHCIFeNO; - OH' [M - OH']: 441,0767. Haljeno: 441,0755.

Emun-3-gpepoyenun-3-xuopoxcunponun(4-xnopgenun)kapoamam (103x). Ilpunoc 85%.
IR (KBr, v, cm™): 3450, 2977, 1681, 1493, 1287, 1091,
1014, 817, 767; "H NMR (CDCls, 400 MHz): & 1,21 (,

Oé( J =170 Hz, 3H), 1,78-1,90 (m, 1H), 1,90-2,01 (m, 1H),
N\©\ 2,53 (br. s, 1H, OH), 3,71 (ddd, J = 13,4, 8,2, 5,0 Hz,
cl
F©e\(\/ 1H), 3,88-3,99 (m, 1H), 4,16 (s, SH, Fc), 4,12-4,20 (m,
=
5H), 4,21 (pseudo q, J = 1,6 Hz, 1H), 4,40 (pseudo dt,

J =182, 4,0 Hz, 1H), 7,09-7,16 (m, 2H, Ar), 7,29-7,35 (m, 2H, Ar); °C NMR (CDCls, 100
MHz): § 14,6, 36,5, 47,5, 61,9, 65,7, 66,7, 67,0, 67,9, 68,0, 68,4, 93,1, 128,4, 129,2, 132,1,
140,5, 155,8; MS (ES"): m/z=424,1 (M-OH"); HRMS (ESI): m/z wuspauyHaTo 3a
CHCIFeNO; - OH' [M - OH']: 441,0767. Haheno: 441,0758.

4.4.5.2 lluxauzanmja xuapoxkcukapdoamara 103a-r, h-xk g0 6-gepouenni-1,3-okcazun-2-
oHa 104a-r, h-x

PactBopy onroeapajyher xuapoxcukapbamara 103a-r, h-k (I mmol) y 10mL

terpaxuapodypana oxnahenom ce Ha 5 °C moaa ce 50 mg NaH (2 mmol), cmeca mema 15 s u
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Op30 CKIIOHHM ca JiefieHoT KynaTtuia. [lotom ce ymapu pactBapad u cyBU ocTatak oopalyje ce

o npornucy 4.4.4.

3-Denun-6-gpepoyenun-1,3-oxcasun-2-on (104a). Ipunoc 64%. T.T. =148 °C; IR (KBr, v,
cm’): 2894, 1685, 1592, 1483, 1001, 982, 778; 'H NMR
(CDCls, 400 MHz): 6 2,28 (dddd, J = 13,8, 10,2, 9,5, 5,5 Hz,
1H, H-C (5ax)), 2,45 (dddd, J = 13,8, 4,9, 4,1, 3,0 Hz, 1H,
H-C (5eq)), 3,70 (ddd, /= 11,7, 5,5, 4,1 Hz, 1H, H-C (4eq)),
3,81 (ddd, J = 11,7, 10,2, 4,9 Hz, 1H, H-C (4ax)), 4,24 (s, SH, H-C (1°”’), H-C (2°”),
H-C (3°’), H-C (4’”’), H-C (5°”’), Fc), 4,19-4,23 (m, 2H, H-C (3*’), H-C (4”"), Fc), 4,28
(pseudo dt, J= 2,5, 1,3 Hz, H-C (2”’) mmmu H-C (5°"), 1H, Fc), 4,36 (pseudo dt, J = 2,5, 1,3
Hz, H-C (2”’) wmu H-C (5”’), 1H, Fc¢), 5,31 (dd, J = 9,5, 3,0 Hz, H-C (6ax), 1H), 7,24-7,29
(m, 1H, H-C (4’), Ar), 7,33-7,37 (m, 2H, H-C (2’), H-C (6’), Ar), 7,38-7,43 (m, 2H,
H-C (3%), H-C (5), Ar); °C NMR (CDCls, 100 MHz): § 28,9 (C (5)), 47,9 (C (4)), 66,1
(C(2’) umu C (57), Fe), 67,4 (C (2’) umu C (57), Fe), 68,4 (C (3”°) nmu C (4”°), Fc), 68,5
(C@)um C (4”), Fc), 69,1 (C(1"°),C(2°),C(3°"),C(4),C(5), Fe), 76,2 (C (6)),
86,3 (C (1), Fc), 126,0 (C (4°), Ar), 126,9 (C (2°), C (6°), Ar), 129,4 (C (3°), C (5°), Ar),
143,1 (C (1), Ar), 152,8 (C (2)); MS (ES"): m/z = 362,1 (MH'); HRMS (ESI): m/z
u3pauyHaro 3a C0H;oFeNO, + H [M + H']: 362,0844. Haheno: 362,0834.

3-(o-Tonun)-6-gpepoyernun-1,3-oxcazun-2-on (1046). CnexTpayHu TOJAId JaTH 3a CMEIITY
o o) nuacrepeonszomepa (52:48). Ilpunoc 47%. T.T.=167 °C; IR
F©e\d (KBr, v, cm™): 2928, 1688, 1506, 1067, 815; '"H NMR (CDCls,
<< D 400 MHz): § 2,20-2,35 (npexamarbe curnana, m), 2,26 (), 2,32
(s), 2,36-2,51 (mpekinaname curHana, m), 3,43 (ddd, J = 11,7,
5,1, 3,4 Hz), 3,53-3,65 (mpeknaname curHana, m), 3,70-3,79 (m), 4,19-4,26 (npeknamname
curHana, m), 4,23 (s), 4,24 (s), 4,27-4,31 (npeknaname curHaia, m), 4,36—4,41 (npexnamame
curHama, m), 5,31 (dd, J = 9,3, 2,8 Hz), 5,34 (dd, J = 10,2, 2,6 Hz), 7,15-7,32 (npexnamname
curnana, m); °C NMR (CDCls, 100 MHz): § 17,5, 17,6, 28,7, 28,8, 47,6, 47,9, 65,8, 65,9,
67,3, 67,5, 68,3, 68,4, 69,0, 69,0, 76,0, 76,3, 86,2, 86,2, 127,2, 127,4, 127,4, 128,1, 128,1,
131,2, 131,4, 135,5, 135,6, 141,4, 152.2, 152,3; MS (ES"): m/z = 376,1 (MH"); HRMS (ESI):
m/z w3paayHato 3a Co;H, FeNO, + H' [M + H']: 376,1000. Haheno: 376,0995.

3-(m-Tonun)-6-gpepoyenun-1,3-oxcasun-2-on (104B). Ipunoc 53%. T.T. =128 °C; IR (KBr,
v, cm): 2894, 1685, 1591, 1483, 1052, 1001, 982, 778; 'H NMR (CDCls, 400 MHz):
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8 2,18-2,35 (m, 1H), 2,36 (s, 3H, CHj), 2,39-2,48 (m, 1H),
F@(e\ﬁ 3,62-3,70 (m, 1H), 3,72-3,82 (m, 1H), 4,23 (s, 5H, Fc), 4,19—
< 4,26 (m, 2H, Fc), 4,26-4,29 (m, 1H, Fc), 4,34—4,37 (m, 1H, Fc),
5,29 (dd, J=9,5, 2,9 Hz, 1H), 7,06-7,10 (m, 1H, Ar), 7,10-7,18
(m, 2H, Ar), 7,26-7,31 (m, 1H, Ar); >C NMR (CDCl;, 100
MHz): & 21,4, 28,8, 47,9, 66,0, 67,3, 68,3, 68,3, 68,9, 76,1, 86,2, 122,9, 126,7, 127,7, 129,1,

139,2, 1429, 152,7; MS (ES"): m/z=376,1 (MH"); HRMS (ESI): m/z uspauynato 3a
Cy1H, FeNO, + H' [M + H']: 376,1000. Haheno: 376,0991.

3-(p-Toaun)-6-pepoyenun-1,3-oxcazun-2-on (104r). Ipunoc 84%. T.T. =180 °C; IR (KBr, v,
em™): 2921, 1685, 1403, 1157, 818; 'H NMR (CDCls, 400
F©e\i:ﬁ MHz): 6 2,26 (dddd, J=13,7, 10,2, 9,6, 5,5 Hz, 1H), 2,35 (s,
< 3H, CHs), 2,43 (dddd, J = 13,7, 5,0, 4,0, 2,9 Hz, 1H), 3,66

\©\ (ddd, J=11,7,5,5, 4,0 Hz, 1H), 3,77 (ddd, J = 11,7, 10,2, 5,0
Hz, 1H), 4,23 (s, 5H, Fc), 4,19-4,25 (m, 2H, Fc), 4,27 (pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc),
4,35 (pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc¢), 5,29 (dd, J = 9,6, 2,9 Hz, 1H), 7,16-7,28 (m, 4H,
Ar); *C NMR (CDCls, 100 MHz): § 21,0, 28,8, 47,9, 66,0, 67,3, 68,3, 68,3, 68,9, 76,0, 86,2,
125,8, 129,9, 136,7, 140,4, 152,8; MS (ES"): m/z=376,1 (MH"); HRMS (ESI): m/z
u3pauyHaro 3a C,1Hy FeNO, + H [M + H']: 376,1000. Hahero: 376,0990.

3-(4-bymunghenun)-6-cpepoyenun-1,3-oxcasun-2-on (104h). Ilpunoc 80%. T.T. =146 °C; IR
o P (KBr, v, cm’): 2925, 1683, 1414, 1161, 815; '"H NMR
% (CDCl3, 400 MHz): § 0,93 (t, J = 7,3 Hz, 3H), 1,30-1,43
=< \©\ (m, 2H), 1,53-1,68 (m, 2H), 2,20-2,32 (m, IH),
Bu-n 2,38-2,48 (m, 1H), 2,56-2,64 (m, 2H), 3,67 (ddd,
J=11,6,5,5, 4,1 Hz, 1H), 3,77 (ddd, J = 11,6, 10,2, 4,9 Hz, 1H), 4,23 (s, 5H, Fc), 4,19-4,25
(m, 2H, Fc), 4,27 (pseudo dt, J = 2,4, 1,2 Hz, 1H, Fc), 4,36 (pseudo dt, J = 2,4, 1,2 Hz, 1H,
Fc), 5,29 (dd, J=9,5, 2,9 Hz, 1H), 7,17-7,21 (m, 2H, Ar), 7,22-7,26 (m, 2H, Ar); °*C NMR
(CDCl3, 100 MHz): & 13,9, 22,4, 28,8, 33,5, 35,2, 47,9, 66,0, 67,3, 68,3, 68,4, 69,0, 76,0,
86,3, 125,7, 129,2, 140,5, 141,6, 152,8; MS (ES"): m/z = 418,1 (MH"); HRMS (ESI): m/z
u3pagyHato 3a CosHo7FeNO, + H' [M + H']: 418,1470. Haheno: 418,1448.

6-Depoyenun-3-(2-gpayoppenun)-1,3-oxcazun-2-on (104e). Tpunoc 97%. T.T. =154 °C; IR
(KBr, v, cm™): 2924, 1697, 1502, 1418, 1166, 754; '"H NMR (CDCls, 400 MHz): § 2,21-2,34
(m, 1H), 2,39-2,48 (m, 1H), 3,56-3,63 (m, 1H), 3,71-3,79 (m, 1H), 4,23 (s, 5H, Fc),
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o P 4,19-4,25 (m, 2H, Fc), 4,26-4,30 (m, 1H, Fc), 4,36-4,39 (m,
@e\d 1H, Fc), 5,32 (dd, J = 9,5, 2,9 Hz, 1H), 7,12-7,21 (m, 2H, Ar),
< j@ 7,25-7,38 (m, 2H, Ar); °C NMR (CDCls;, 100 MHz): & 28,6,

F 47,6, 66,0, 67,3, 68,3, 68,4, 68,9, 76,4, 86,0, 116,8 (d, Je.r =
19,9 Hz), 124,8 (d, Jo.r = 3,8 Hz), 129,2 (d, Je.r = 8,0 Hz), 129,4 (d, Jer = 1,0 Hz), 130,1 (d,

Jer = 12,4 Hz), 152,3, 158,0 (d, Jor = 250,2 Hz); MS (ES"): m/z = 380,1 (MH"); HRMS
(ESI): m/z m3pauynato 3a CooH;sFFeNO, + H' [M + H']: 380,0749. Haheno: 380,0741.

6-Depoyenun-3-(3-gpnyopgpenun)-1,3-oxcasun-2-on (104:x). Ilpunoc 84%. T.T.=144 °C;

IR (KBr, v, cm™): 2894, 1685, 1591, 1483, 1001, 982, 778;

O\( 'H NMR (CDCl;, 400 MHz): & 2,21-2,32 (m, 1H), 2,41-2,50

gﬁ/"‘ (m, 1H), 3,69 (ddd, J = 11,5, 5,4, 4,2 Hz, 1H), 3,80 (ddd,

J=11,5,10,2, 4,9 Hz, 1H), 4,23 (s, 5H, Fc), 4,20-4,25 (m, 2H,

£ Fc), 4,27 (pseudo dt, J= 2,5, 1,3 Hz, 1H, Fc), 4,34 (pseudo dt, J

=2,5, 1,3 Hz, 1H, Fc), 5,30 (dd, J = 9,6, 3,0 Hz, 1H), 6,93-6,99 (m, 1H, Ar), 7,10-7,18 (m,

2H, Ar), 7,31-7,38 (m, 1H, Ar); >C NMR (CDCls, 100 MHz): 28,7, 47,6, 66,0, 67,2, 68,4,

68,5, 69,0, 76,3, 85,9, 113,2 (d, Jc.r = 23,5 Hz), 113,6 (d, Jc.r = 21,0 Hz), 121,1 (d, Je.p = 3,2

Hz), 130,2 (d, Jc.r = 9,2 Hz), 144,4 (d, Jc.r = 9,9 Hz), 152,2, 162,8 (d, Jc.r = 246,6 Hz); MS

(ES"): m/z = 380,1 (MH"); HRMS (ESI): m/z n3pauynaro 3a C,0H;sFFeNO, +H' [M + H']:
380,0749. Haheno: 380,0739.

6-Depoyenun-3-(4-gpnyopgenun)-1,3-oxcasun-2-on (1043). llpunoc 97%. T.T. = 144 °C; IR
(KBr, v, em™): 2921, 1615, 1515, 1055, 943, 811; 'H NMR
@{:{ (CDCl;, 400 MHz): & 2,12-2,25 (m, 1H), 2,32-2,41 (m,
é N\©\ 1H), 3,53-3,61 (m, 1H), 3,65-3,74 (m, 1H), 4,16 (s, 5H,

Fc), 4,12-4,17 (m, 2H, Fc¢), 4,20 (pseudo dt, J = 2,4, 1,2 Hz,
1H, Fc), 4,27 (pseudo dt, J= 2,4, 1,2 Hz, 1H, Fc), 5,23 (dd, J=9,5, 2,8 Hz, 1H), 6,97-7,04
(m, 2H, Ar), 7,20-7,27 (m, 2H, Ar); °C NMR (CDCls;, 100 MHz): & 28,7, 48,1, 66,0, 67,2,
68,4, 68,4, 69,0, 76,2, 86,0, 116,1 (d, Je.r = 22,7 Hz), 127,7 (d, Je.r = 8,5 Hz), 138,9 (d, Jc.r
= 31 Hz), 152,7, 1610 (d, Jer = 2464 Hz); MS (ES"):
m/z =380, (MH"); HRMS (ESI): m/z m3pauynato 3a CyH;sFFeNO,+H [M + H']:
380,0749. Haheno: 380,0737.

6-Depoyenun-3-(2-xnopgenun)-1,3-oxkcasun-2-on  (104m). Tlpuaoc 10%. T.T.=150 °C;
IR (KBr, v, cm™): 2918, 1694, 1484, 1422, 1168, 756; 'H NMR (CDCls, 400 MHz):



112

o §2,20-2,55 (m, 2H), 3,44-3,86 (m, 2H), 4,24 (s, 5H, Fc), 4,20~
?\{:ﬁ 4,26 (m, 2H, Fc), 4,27-4,33 (m, 1H, Fc), 4,36-4,42 (m, 1H, Fo),
< 5,34 (pseudo d, J= 9,4 Hz, 1H), 7,26-7,40 (m, 3H, Ar), 7,46~

CI:@ 7,52 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz): & 28.6, 47,5,
66,0, 67,4, 68,3, 68,9, 76,2, 86,1, 128.1, 129,3, 129,8, 130,5, 132.6, 139,8, 152,2; MS (ES"):

m/z =396,10 (MH"); HRMS (ESI): m/z m3pauynato 3a C,H;sCIFeNO,+H [M+H']:
396,0454. Haheno: 396,0448.

6-Depoyenun-3-(3-xnoppenun)-1,3-oxcazun-2-on  (104j). Ilpunoc 77%. T.T.=128 °C;
IR (KBr, v, cm™): 2916, 1682, 1045; '"H NMR (CDCls, 400

@{:{ MHz): & 2,19-2,30 (m, 1H), 2,38-2,47 (m, 1H), 3,68 (ddd,

é N J=11,5,5,5,4,4 Hz, 1H), 3,77 (ddd, J= 11,5, 9,9, 4,9 Hz, 1H),

4,23 (s, 5SH, Fc), 4,184,24 (m, 2H, Fc), 4,26 (pseudo dt,

¢ J=25,13Hz, 1H, Fc), 4,33 (pseudo dt, J = 2,5, 1,3 Hz, 1H,

Fe), 5,29 (dd, J=9,3, 3,1 Hz, 1H), 7,20-7,24 (m, 1H, Ar), 7,25-7,33 (m, 2H, Ar), 7,36-7,39

(m, 1H, Ar); >C NMR (CDCls;, 100 MHz): & 29,0, 47,6, 66,1, 67,1, 68,4, 68,5, 69,1, 76,3,

86,3, 124,0, 126,1, 126,8, 130,1, 134,7, 144,3, 152,2; MS (ES"): m/z =396,1 (MH"); HRMS
(ESI): m/z m3pauynaro 3a CyoH3CIFeNO, + H' [M + H']: 396,0454. Haheno: 396,0447.

6-Depoyenun-3-(4-xnopghenun)-1,3-oxcazun-2-on (104x). Ilpunoc 89%. T.T.=170 °C;
IR (KBr, v, cm™): 3098, 1596, 1486, 1049, 819, 764;

o P 'H NMR (CDCl;, 400 MHz): & 2,21-2,33 (m, 1H),
?\d 2,41-2,49 (m, 1H), 3,67 (ddd, J = 11,5, 5,4, 42 Hz, 1H),
N \©\ 3,79 (ddd, J = 11,5, 10,2, 4,9 Hz, 1H), 4,23 (s, 5H, Fc),

Cl 420-4,25 (m, 2H, Fc), 4,27 (pseudo dt, J = 2,5, 1,3 Hz, 1H,
Fc), 4,34 (pseudo dt, J = 2,5, 1,3 Hz, 1H, Fc), 5,31 (dd, J = 9,5, 3,0 Hz, 1H), 7,28-7,33 (m,
2H, Ar), 7,34-7,39 (m, 2H, Ar); >C NMR (CDCls;, 100 MHz): § 28,8, 477, 66,0, 67,2, 63,4,
68,4, 69,0, 76,3, 86,0, 127,1, 129,3, 132,2, 141,5, 152,4; MS (ES"): m/z=396,0 (MH");
HRMS (ESI): m/z mpauynato 3a CyH;gCIFeNO,+H'[M + H']: 396,0454. Haleno:
396,0443.
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4.4.6 Cunreza 1,3-gucyncruryucanux 4-gepoueHwITeTpaxuaponupuMHuInH-
2(H)-ona 106a, B, 1, 1, e, ik, 1, j

4.4.6.1 Cunte3a eTuia-apuii|3-peponennsi-3-(M3o0nponuiaMuHo)nIponujijkapéoamara
105a-x

PactBop xuapokcukapbamara 103a-o0 (1 mmol), 0,21 mL tpuerunamuna (152 mg,
1.5 mmol) u 0,21 mL anxugpuna tpudmyopcupherne kucenune (315 mg, 1.5 mmol) y
terpaxuapodypany (10 mL) mema ce y armocdepu azota 16 h ma 0 °C. Peakunonoj cmecu
nona ce 0,327 mL uzomponun-amuHa (236 mg, 4 mmol) 1 HacTaBu ca MemameM jomr 16 h
Ha coOHOj TemmepaTypu. Ilotom ce ymapu pacTBapay W CyBH oOcTarak ce ooOpalyje

no nponucy 4.4.4.

Emun-genun| 3-gpepoyenun-3-(uzonponunamuno)nponuilkapoamam (105a). Ilpuaoc 96%.
IR (KBr, v, cm™): 3093, 2961, 1694, 1276, 729, 696;
'H NMR (CDCls, 400 MHz): & 0,97 (d, J = 6,2 Hz, 3H,
CH(CHaz)(CHbs)), 1,00 (d, J = 62 Hz, 3H,
CH(CHa3)(CHb3)), 1,21 (t, J = 7,0 Hz, 3H, CH,CH3), 1,48
(br. s, 1H, NH), 1,84 (dddd, J = 14,0, 9,2, 7,7, 5,5 Hz, 1H,
e H-C (2b%)), 2,10 (dddd, J = 14,0, 9,5, 6,2, 4,8 Hz, 1H,
H-C (22%)), 2,82 (pseudo septulet, J = 6,2 Hz, 1H, CH(CHj3),), 3,38 (dd, J= 7,7, 4,8 Hz, 1H,
H-C (3%), 3,77 (ddd, J = 14,0, 9,2, 6,2 Hz, 1H, H-C (la’)), 3,84 (ddd,
J=14,0, 9,5, 5,5 Hz, 1H, H-C (1b’)), 4,01-4,03 (m, 1H, Fc), 4,04 (s, SH, Fc), 4,06-4,08
(npeknaname curnana, 2H, Fc), 4,09-4,11 (m, 1H, Fc), 4,15 (q, J = 7,0 Hz, 2H, CH,CHs),
7,18-7,24 (m, 3H, H-C (4”’), H-C (5”’), H-C (6”°), Ar), 7,31-7,37 (m, 2H, H-C (3”),
H-C (57), Ar); >C NMR (CDCls;, 100 MHz): § 14,7 (OCH,CH3), 23,1 (CH(CHas)(CHb)),
23,7 (CH(CHas3)(CHbs)), 35,1 (C(2%)), 45,6 (NHCH(CHj3),, C (1), C(3)), 48,0, 51,6,
61,5 (OCH,CH3), 66,2 (C (2°), C (3°’), C (4>°), C (5”), Fe), 67,0, 67,1, 67,4, 68,4
Ca),Cc@2),C377),C@),C(5),Fc), 93,2 (C(1°), Fc), 126,3 (C (4”°), Ph),
127,0 (C(2”’), C(3), C (5), C (6”), Ph), 1289, 142,2 (C (1”°), Ph), 155,6 (CO); MS
(ES): m/z = 449,3 (MH"); HRMS (ESI): m/z uspauynato 3a C,sH3,FeN,O, +H [M +H']:
449,1892. Haheno: 449,1867.

Emun-3-pepoyenun-3-(uzonponuramuno)nponun(o-moaun)kapbamam (1056). CnexrpamHu
TMOJALM JaTH 3a CMenry auactepeonsomepa (54:46). Ipumoc 91%. IR (KBr, v, cm™): 3092,
2961, 1697, 1298, 725; '"H NMR (CDCl3, 400 MHz): 6 0,90-1,05 (mpeknaname cUrHaa),
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\\ 0,98 (d, J = 6,2 Hz), 1,01 (d, J = 6,2 Hz), 1,12 (t, J = 6,1

o \V\O Hz), 1,31 (br. s), 1,79-2,01 (mpeknamame curuana, m), 2,04—

N 2,19 (mpexknamame curhama, m), 2,22 (s), 2,23 (s), 2,82
©\(\/ @ (pseudo septulet, J = 6,2 Hz), 2,82 (pseudo septulet, J = 6,2
é HN\( Hz), 3,28-3,51 (mpeknaname curHama, m), 3,52-3,98
(npexnaname curnana, m), 4,05 (s), 4,06 (s), 3,98-4,27

(mpeknaname curuana, m), 7,05-7,27 (m); *C NMR (CDCls;, 100 MHz): & 14,7, 17,8, 22,6,
23,0, 23,5, 23,6, 34,6, 34,9, 45,7, 48,1, 51,9, 52,0, 61,4, 61,4, 66,1, 67,0, 67,1, 67,2, 67,3,
67,5, 68,4, 68,4, 93,2, 932, 126,6, 127,3, 127.4, 128,0, 128,3, 130,9, 135,8, 136,0, 140,6,
140,7, 155,7, 155,8; MS (ES"): m/z = 463,2 (MH'); HRMS (ESI): m/z u3padyHato 3a
CasH34FeN,O, + H [M + H']: 463,2048. Haljero: 463,2062.

Emun-3-pepoyenun-3-(uzonponuramuno)nponun(m-moaun)xapoamam (1058). Ilpunoc 81%.

IR (KBr, v, cm™): 3092, 2959, 1697, 1296, 1172, 702; 'H

™\ NMR (CDCls, 400 MHz): & 0,99 (d, J = 6,2 Hz, 3H), 1,01

OQ(O (d, J = 6,2 Hz, 3H), 1,22 (t, J = 7,0 Hz, 3H), 1,80-1,94 (m,

N 1H), 2,06-2,18 (m, 1H), 2,34 (s, 3H), 2,83 (pseudo septulet,
F©e\(\/ J = 6,2 Hz, 1H), 3,40 (dd, J = 7.8, 4,7 Hz, 1H), 3,70-3,87
< HNT/ (m, 2H), 4,01-4,06 (m, 1H), 4,05 (s, 5H, Fc), 4,06-4,10 (m,

2H), 4,10-4,12 (m, 1H), 4,15 (q, J = 7,1 Hz, 2H), 6,98-7,05
(m, 3H, Ar), 7,19-7,25 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz): & 14,6, 21,4, 22,9, 23,5,
35,0, 45,7, 47,9, 51,6, 61,5, 66,2, 67,1, 67,1, 67,4, 68,4, 92,8, 124,0, 127,1, 127,6, 128,7,
138,7, 142,0, 155,8; MS (ES+): m/z = 463,2 (MH"); HRMS (ESI): m/z u3pauynato 3a
C6H34FeN,O, + H [M + H']: 463,2048. Haheno: 463,2033.

Emun-3-pepoyenun-3-(uzonponuramuno)nponun(p-moaun)kapoamam (105r). I[punoc 68%.

IR (KBr, v, em’): 3093, 2959, 1695, 1292, 818; 'H NMR

™\ (CDCls, 400 MHz): 5 0,98 (d, J = 6,2 Hz, 3H), 1,01 (d, J =

Oﬁo 6,2 Hz, 3H), 1,21 (t, J = 6,6 Hz, 3H), 1,77-1,92 (m, 1H),
N\©\ 2,03-2,16 (m, 1H), 2,33 (s, 3H, CHs), 2,83 (pseudo
?\(\/ septulet, J = 6,2 Hz, 1H), 3,39 (dd, J = 7.6, 4,9 Hz, 1H),
Y- HN\( 3,69-3,86 (m, 2H), 4,02-4,06 (m, 1H), 4,05 (s, SH, Fc),

4,07-4,09 (m, 2H), 4,09-4,12 (m, 1H), 4,14 (q, J = 7,0
Hz, 2H), 7,04-7,12 (m, 2H, Ar), 7,12-7,17 (m, 2H, Ar); >C NMR (CDCL;, 100 MHz):
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6 14,7, 21,0, 23,0, 23,6, 35,0, 45,7, 48,0, 51,7, 61,5, 66,2, 67,0, 67,1, 67,4, 68,4, 93,1, 126,8,
129,5, 136,0, 139,5, 155,8; MS (ES"): m/z = 463,3 (MH"); HRMS (ESI): m/z m3padyHato 3a
C26H34FGN202 + H+ [M + H+]I 463,2048 HahCHOI 463,2040

Emun-3-gpepoyenun-3-(uzonponuramuno)nponun(mecumun)kapoamam (1051). Crexrpamau

noJlald  J1aTd 3a cMenry auactepeouszomepa  (77:23).

\\O [Ipunoc 85%. IR (KBr, v, cm'l): 3094, 2958, 1696, 1304,

Ok{ 811; 'H NMR (CDCl;, 400 MHz): & 0,98 (d,

N J=6,2 Hz), 0,99 (d, J = 6,2 Hz), 0,96-1,03 (npeknamname
2\'4{\\(/ curana), 1,12 (t, J = 7,0 Hz), 1,20 (t, J = 7,0 Hz),
1,78-1,92 (m, mnpeknamame cwurHama), 2,03-2,16 (m,

npekianame curtana), 2,17 (s), 2,17 (s), 2,19 (s), 2,19 (s), 2,24 (s), 2,26 (s), 2,76-2,88 (m,
npeKianame curHana), 3,26-3,39 (m, mpexnamame curnana), 3,43-3,63 (m, mpekianame
curnana), 3,67-3,78 (m), 4,06 (s, SH), 4,00-4,14 (m, npexnaname curnania), 6,87 (br. s);
C NMR (CDCl;, 100 MHz): § 14,8, 14,9, 18,2, 18,3, 20,9, 20,9, 23,2, 23,4, 23,6, 23,7, 34,7,
35,4, 45,8, 48,1, 48,2, 52,3, 61,2, 61,3, 66,0, 66,1, 66,8, 67,0, 67,1, 67,2, 67,3, 68,4, 93,4,
93,5, 129,1, 129,1, 129,3, 129,3, 135,5, 135,6, 135,7, 136,7, 136,7, 137,1, 137,7, 155,2,
155,8; MS (ES"): m/z = 491,3 (MH"); HRMS (ESI): m/z n3pauynato 3a CogHigsFeN,O, + H'
[M + H']: 491,2355. Haheno: 491,2350.

Emun-4-6ymungenun| 3-cpepoyernun-3-(uzonponunamuno)nponuilkapoamama (105h). Ilpu-

Hoc 87%. IR (KBr, v, cm™): 3094, 2957, 1695, 1280,

\\ 816; '"H NMR (CDCls, 400 MHz): & 0,90 (t, J=7,3

°~ Hz, 3H), 097 (d, J=62 Hz 3HLI0l (d,

©\(\/N\©\Bu-n J = 6,2 Hz, 3H), 1,21 (t, J = 6,3 Hz, 3H), 1,28-1,41

é HN (m, 2H), 1,51-1,62 (m, 2H), 1,77-1,94 (m, 1H), 2,04-

2,20 (m, 1H), 2,49-2,66 (m, 2H), 2,82 (pseudo

septulet, J = 6,2 Hz, 1H), 3,40 (dd, J= 7,7, 4,7 Hz, 1H), 3,70-3,88 (m, 2H), 4,04 (s, 5H, Fc),

3,99-4,06 (m, 1H), 4,06-4,09 (m, 2H), 4,094,11 (m, 1H), 4,15 (q, J=7,2 Hz, 2H),

7,06-7,12 (m, 2H, Ar), 7,13-7,17 (m, 2H, Ar); °C NMR (CDCls, 100 MHz): § 13,9, 14,7,

22,3, 22,8, 23,5, 33,5, 35,1, 45,7,48,0, 51,6, 61,5, 66,2, 67,1, 67,1, 67,4, 68,4, 92,7, 126,7,

128,8, 139,6, 141,0, 155,8; MS (ES"): m/z = 505,3 (MH"); HRMS (ESI): m/z u3padyHato 3a
CyoH4FeN,0, + H' [M + H']: 505,2518. Haleno: 505,2510.
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Emun-3-pepoyenun-3-(uzonponuramuno)nponun(2-gpayopghenun)xapoamam (105e). Ilpu-

\\ HOC 95%. IR (KBr, v, cm'l): 3084, 2958, 1694, 1503, 1166,

OQ(O 1155, 811; 'H NMR (CDCL, 400 MHz): & 0,95 (d,

N J =62 Hz, 3H), 0,99 (d, J = 6,2 Hz, 3H), 1,05-1,39 (m, 3H),
F©e\(\/ @ 1,75-1,97 (m, 1H), 2,08-2,20 (m, 1H), 2,81 (pseudo septulet,
< HN\( F J=62 Hz, 1H), 3,31-3,47 (m, 1H), 3,67-3,89 (m, 2H), 4,05

(s, 5H, Fc), 3,98-4,06 (m, 1H), 4,06-4,09 (m, 2H), 4,09-4,11
(m, 1H), 4,11-4,20 (m, 2H), 7,08-7,16 (m, 2H, Ar), 7,19-7,27 (m, 2H, Ar); "C NMR
(CDCl;, 100 MHz): § 14,5, 22,6, 23,5, 34,7, 45,6, 48,0, 51,5, 61,8, 66,1, 67,1, 67,2, 67,5,
68,4, 92,8, 116,3 (d, Je.r = 19,8 Hz), 124,5 (d, Je.r = 3,8 Hz), 128,5 (d, Jor = 7,9 Hz), 129,3,
129,7, 155,5, 158,3 (d, Jer= 249.4 Hz); MS (ES"): m/z = 467,2 (MH"); HRMS (ESI):
m/z m3padyHaro 3a CpsH3 FFeN,O, + H' [M + H']: 467,1797. Haheno: 467,1780.

Emun-3-pepoyenun-3-(uzonponunramuno)nponun(3-gpayopghenun)xapoamam (105x). Ilpu-
HoC 95%. IR (KBr, v, cm™): 3084, 2958, 1693, 1168, 1155,

\\O 811; '"H NMR (CDCl3;, 400 MHz): & 1,01 (d, J = 6,2 Hz,

O\V\ 3H), 1,04 (d, J = 6,2 Hz, 3H), 1,22 (t, J = 7,1 Hz, 3H),

N 1,79-1,96 (m, 1H), 2,09-2,22 (m, 1H), 2,85 (pseudo

é HN\{ ! septulet, J = 6,2 Hz, 1H), 3,44 (dd, J = 6,2, 4,5 Hz, 1H),
3,72-3,92 (m, 2H), 4,06 (s, 5H, Fc), 4,02-4,15 (m, 4H),

4,17 (q, J = 7,1 Hz, 2H), 6,89-6,95 (m, 1H, Ar), 6,96-7,05 (m, 2H, Ar), 7,26-7,34 (m, 1H,
Ar); °C NMR (CDCl;, 100 MHz): & 14,6, 23,3, 34,8, 45,8, 47,7, 51,7, 61,9, 66,3, 67,1, 67,3,
67,7, 68,5, 93,1, 1132 (d, Jer = 21,2 Hz), 1142 (d, Jor = 22,8 Hz), 122,2, 129,9 (d,
Jer = 92 Hz), 143,6 (d, Jer = 9,5 Hz), 155,5, 162,7 (d, Jor = 246,4 Hz); MS (ES"):
m/z = 4672 (MH"); HRMS (ESI): m/z m3pauynato 3a C,sH3 FFeN,O,+H' [M+H']:
467,1797. Haheno: 467,1789.

Emun-3-gepoyenun-3-(uzonponuramuno)nponuin(4-gprnyopgenun)xapoamam (1053). Ilpu-soc
\\ 95%. IR (KBr, v, cm™): 3378, 2960, 1693, 1508, 841, 812;
O 'H NMR (CDCl;, 400 MHz): & 0,99 (d, J = 6,2 Hz, 3H),

\ 1,02 (d, J = 6,2 Hz, 3H), 1,22 (t, J = 6,8 Hz, 3H), 1,77-
©\(\/ \©\F 1,92 (m, 1H), 2,02-2,16 (m, 1H), 2,84 (pseudo septulet, J
é HN\( = 6,2 Hz, 1H), 3,41 (dd, J = 7,0, 5,1 Hz, 1H), 3,70-3,81

(m, 2H), 4,06 (s, SH, Fc), 4,02-4,15 (m, 4H), 4,17 (q, J =
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7,1 Hz, 2H), 6,89-6,95 (m, 1H, Ar), 6,96-7,05 (m, 2H, Ar), 7,26-7,34 (m, 1H, Ar); >C NMR
(CDCl;, 100 MHz): § 14,6, 23,0, 23,4, 34,9, 45.8, 48,1, 51,7, 61,7, 66,3, 66,9, 67,2, 67,5,
68,4, 92,7, 115,7 (d, Je.r = 22,6 Hz), 128,7 (d, Je.r = 7,2 Hz), 138,1, 155,7, 1608 (d, Jo.r =
245,7 Hz); MS (ES"): m/z = 467,2 (MH"); HRMS (ESI): m/z m3pauayHato 3a C,sH3;FFeN,0,
+H' [M+ H']: 467,1797. Haheno: 467,1786.

Emun-3-pepoyenun-3-(uzonponunamuno)nponun(2-xnopgenun)xapoamam (105m). Cnexrpa-

JHYU TIOJIalld JIaTH 3a CMelny aumactepeonsomepa (55:45).

\\O [Tpunoc 63%. IR (KBr, v, cm'l): 3094, 2961, 1698, 1199,
O
~ 1150, 732; 'H NMR (CDCl;, 400 MHz): & 0,96 (d,
N
@\(\/ @ J =6,2 Hz), 1,00 (t, J = 6,4 Hz), 1,01 (d, J = 6,2 Hz),
Fe HN\( Cl 1,71-2,13 (m), 2,13-2,27 (m), 2,81 (pseudo septulet, J = 6,2
Hz,), 2,87 (pseudo septulet, J = 6,2 Hz), 3,28-3,59 (m), 4,07

(s), 4,09 (s), 3,96-4,43 (m), 7,17-7,38 (m), 7,41-7,52 (m); >C NMR (CDCl;, 100 MHz):
o 14,6, 14,6, 23,0, 23,1, 23,7, 23,8, 34,8, 34,9, 45,6, 45,7, 48,0, 48,4, 51,8, 51,8, 61,5, 61,7,
66,0, 67,0, 67,1, 67,1, 67,3, 68,4, 68,4, 93,3, 93,4, 127.4, 127,5, 128,3, 128,4, 128,8, 1289,
129,7, 130,1, 133,3, 133,5, 139,4, 139,6, 155,3, 155,4; MS (ES"): m/z = 483,2 (MH"); HRMS
(ESI): m/z m3pauynato 3a C,5H3 CIFeN,O, + H' [M + H']: 483,1502. Haljeno: 483,1481.

Emun-3-gpepoyenun-3-(uzonponunramuno)nponun(3-xnopgenun)kapoamam (105j). Crexrpa-

JHU TIoAaly JaTu 3a cMmemry auacrepeom3omepa (90:10).

o o) [Tpunoc 63%. IR (KBr, v, cm'l): 3084, 2958, 1691, 1167,
1 1156, 811; 'H NMR (CDCl;, 400 MHz): o6 1,01 (d,
©\(\/ J=6,2 Hz), 1,05 (d, /= 6,2 Hz), 1,09 (d, /= 6,2 Hz), 1,11 (d,
Fe _ _
J=6,2Hz), 1,23 (t, J= 7,1 Hz), 1,76-2,00 (m, npekiianame
@ HN\( ol ) ( ) ( p
curHana), 2,05-2,23 (m), 2,23-2,36 (m), 2,85 (pseudo

septulet, J = 6,2 Hz), 2,97 (pseudo septulet, J = 6,2 Hz),3,12-3,27 (m), 3,43 (dd, J = 7,4, 4,5
Hz), 3,62 (dd, J = 7.9, 3,3 Hz), 3,69-3,93 (m), 4,07 (s, Fc), 4,03—4,16 (m), 4,17 (q, J = 7,1
Hz), 6,42-6,47 (m, Ar), 6,52-6,56 (m, Ar), 6,58-6,63 (m, Ar), 7,01-7,08 (m, Ar), 7,11-7,15
(m, Ar), 7,18-7,22 (m, Ar), 7,23-7,31 (m, Ar); °C NMR (CDCls, 100 MHz): § 14,6, 22,7,
23,3, 33,8, 34,8, 44,2, 45,8, 47,8, 51,7,53,6, 61,9, 66,1, 66,4, 67,0, 67,1, 67,3, 67,4, 67,6,
67,8, 68,5, 68,5, 92,2, 111,1, 112,0, 116,5, 124,9, 126,4, 127,1, 129,8, 130,1, 134,3, 1349,
143.3, 150,0, 155,5; MS (ES"): m/z = 483,2 (MH"); HRMS (ESI): m/z u3padyHato 3a
CysH3,CIFeN,0, + H' [M + H']: 483,1502. Haljeno: 483,1481.
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Emun-3-pepoyenun-3-(uzonponuramuno)nponun(4-xnopgenun)xapoamam (105k). Ilpunoc

76%. IR (KBr, v, cm™"): 3094, 2964, 1698, 1493, 1284,

\\O 1092, 818; '"H NMR (CDCls, 400 MHz): § 0,99 (d, J =

Oﬁ/ 6,2 Hz, 3H), 1,02 (d, J = 6,2 Hz, 3H), 1,22 (t, J =7,1 Hz,

@\(\/N\D\CI 3H), 1,74-1,86 (m, 1H), 2,02-2,13 (m, 1H), 2,84 (pseudo

é HN\( septulet, J = 6,2 Hz, 1H), 3,38 (dd, J = 7,4, 4,9 Hz, 1H),

3,68-3,83 (m, 2H), 4,07 (s, 5SH, Fc), 4,05-4,10 (m, 3H),

4,10-4,12 (m, 1H), 4,15 (q, J = 7,0 Hz, 2H), 7,11-7,18 (m, 2H, Ar), 7,27-7,33 (m, 2H, Ar);

3C NMR (CDCls, 100 MHz): 14,6, 23,2, 23,5, 35,1, 45,7, 47,9, 51,7, 61,7, 66,2, 66.8, 67,2,

67,4, 63,4, 93,0, 128,1, 129,0, 131,6, 140,8, 155,4; MS (ES"): m/z = 483,2 (MH"); HRMS
(ESI): m/z m3pauynato 3a C,5H3,CIFeN,O, + H' [M + H']: 483,1502. Haljeno: 483,1480.

4.4.6.2 Huxnauzaumuja nepuBara 1,3-mponanauamuna 105a,B, 1,5, €, 3, j, k mo 1,3-
aucyncruryucanux 4-pepouenmnmupumuanu-2(1H)-ona 106a, B, 1, 1), ¢, 3, j, k
PactBop oaroBapajyher erwn-apui[3-deporieHu-3-(M30npornuIaMiuHO )IPOTIHII |Kap-
Obamara 105a, B, 1, b, e, 3, j, k (1 mmol) u 0,80 mL »-OyTun-murujyma (128 mg, 2 mmol,
2,5 M pacTtBOp y XeKcaHy) y cyBoM Terpaxuapodypany (10 mL) mema ce 1 h y armochepu
azota Ha Temnepatypu o 0 °C, pactBapau ymapu, OCTaTKy [oja Boja. Peakmuona cmeca
ekcrpaxyje ermi-ameratoM (3x10 mL), crojeHn OpraHCKH CJIOjEBH HCIEPY BOJOM H CYyIIe
anxuapoanuM Na SOy mpeko Hohu. PactBop ce mpoueau, pacTBapauy ymapH, a OcCTaTak
npeunnrhaBa npenapaTuBHOM TaHKOCIOjHOM Xpomartorpadujom (Si0,, XxekcaH/eTHiI-anerar =

6:4).

3-Uzonponun-1-ghenun-4-pepoyenurmempaxuoponupumuoun-2-on (106a). ITpunoc 61%. IR
3\(1 (KBr, v, cm™): 2963, 1636, 1482, 1438, 1301, 1195, 747,

— O 694; "H NMR (CDCls, 400 MHz): § 1,29 (d, J = 6,8 Hz, 3H,

& H-C (3°’), wzonponwmn), 1,38 (d, J = 6,8 Hz, 3H, H-C (1”°),

N
0 == \;©5 usonpormn), 2,21 (dddd, J = 13,0, 6,9, 5,5, 3,7 Hz, 1H, H-C

N

4

3 (5eq)), 2,28 (dddd, J = 13,0, 10,5, 5,9, 4,7 Hz, 1H, H-C
(5ax)), 3,52 (dddd, J = 12,0, 6,9, 5,9, 0,8 Hz, 1H, H-C (6eq)), 3,57 (ddd, J = 12,0, 10,5, 5,5
Hz, 1H, H-C (6ax)), 4,11 (pseudo dt, J = 2,4, 1,2 Hz, 1H, H-C (3”’) umu H-C (4°”’), Fc),
4,16 (npexnanamwe curnana, 1H, H-C (2°°), nzonponmi-, nenrap je uzenex uz HSQC), 4,16
(s, mpexmaname curnana, SH, H-C (1°*”), H-C (2°”*”), H-C (3°”*"), H-C (4***"), H-C (5",
Fc), 4,16 (npexnaname curnana, 1H, H-C (2°°*) unmu H-C (3””") unmu H-C (5”’), Fc, uenrap
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je m3eenen u3 HSQC), 4,17 (npexnanamwe curnana, 1H, H-C (2°”*) niu H-C (3°””) unmu H-C
(5’’), Fc, menrap je m3senen u3z HSQC), 4,24 (pseudo dt, J = 2,4, 1,2 Hz, 1H,
H-C (2°’) umu H-C (5°”’), Fc), 4,46 (ddd, J = 4,7, 3,7, 0,8 Hz, 1H, H-C (4eq)), 7,10-7,16
(m, 1H, H-C 4°), Ar), 7,20-7,25 (m, 2H, H-C (2’), H-C (6°), Ar), 7,27-7,33 (m, 2H,
H-C (3°), H-C (5”), Ar); °C NMR (CDCls, 100 MHz): 8 20,9 (C (3’*), u3onpomun), 21,3
(C (1’°), muzonponmi), 31,7 (C (5)), 45,2 (C (6)), 50,9 (C (2°*), mzonponuin), 53,0 (C (4)), 66,0
(Be3an 3a H na 4,24 ppm, C (2°”’) umu C (3°””) wim C (4°”) unm C (5°°”), Fc) 66,7 (Be3an 3a
Hwna 4,16 ppm, C (2°”’) mnu C (3°””) nim C (4>”) wim C (5°”’), Fc), 68,4 (Be3an 3a H na 4,17
ppm, C (2°”’) wmu C (3°”’) mwmu C (4>”’) mmm C (5°), Fe), 68,9 (C (1°”7), C (2°°), C (3°7),
CcC @), C(5), Fc), 69,4 (Bezan 3a H na 4,24 ppm, C (2°’) mm C (5°”°), Fc), 91,2
(C (1’7, Fe), 125,2 (C (4°), Ar), 126,0 (C (2°), C (6°), Ar), 128,8 (C (3°), C (5’), Ar), 144,3
(C (1°), Ar), 154,5 (C (2)); MS (ES"): m/z=403,2 (MH"); HRMS (ESI): m/z uspauyHato 3a
Cy3HasFeN,O + H' [M + H']: 403,1473. Haleno: 403,1475.

3-Uzonponun-1-(m-moaun)-4-cpepoyenunmempaxuoponupumuoun-2-on  (106B).  Ilpunoc
58%. IR (KBr, v, cm™): 2968, 1635, 1484, 1442, 1302, 1196,
0 697; "H NMR (CDCls, 400 MHz): § 1,28 (dd, J = 6,8 Hz, 3H),
o | 1,37 (dd, J = 6,8 Hz, 3H), 2,17-2,31 (m, 2H), 2,32 (s, 3H,
- \©/ CHs), 3,46-3,60 (m, 2H), 4,12 (pseudo dt, J = 2,4, 1,3 Hz, 1H,
Fc), 4,16 (s, 5H, Fc¢), 4,14-4,20 (m, 3H), 4,24 (pseudo dt,
J=24,1,3 Hz, 1H, Fc), 4,45 (pseudo t, J = 3,9 Hz, 1H), 6,92-6,97 (m, 1H, Ar), 6,99-7,03
(m, 1H, Ar), 7,03-7,09 (m, 1H, Ar), 7,15-7,23 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz):
0 20,8, 21,2, 21,4, 31,6, 45,2, 50,8, 52,9, 65,9, 66,6, 68,3, 68,8, 69,3, 91,2, 123,0, 126,1,
126,8, 128,5, 138,4, 1442, 154,5; MS (ES"): m/z = 4172 (MH"); HRMS (ESI): m/z
m3pauyHato 3a CoyHosFeN,O + H' [M + H']: 417,1629. Haheno: 417,1622.

3-Uzonponun-1-(p-moaun)-4-gpepoyenunmempaxuoponupumudun-2-or (106r). Ilpunoc 66%.
IR (KBr, v, cm™): 2927, 1635, 1480, 1440, 1300, 1194,

\( 814; 'H NMR (CDCls, 400 MHz):

N\(O 6 1,27 (dd, J = 6,8 Hz, 3H), 1,36 (dd, J = 6,8 Hz, 3H),
2\&/'“\@\ 2,16-2,29 (m, 2H), 2,29 (s, 3H, CH3), 3,45-3,58 (m, 2H),
4,11 (pseudo dt, J = 2,4, 1,3 Hz, 1H), 4,15 (s, SH, Fc),

4,12-4,20 (m, 3H), 4,23 (pseudo dt, J = 2,4, 1,3 Hz, 1H), 4,44 (pseudo t, J = 3,9 Hz, 1H),
7,10 (br. s, 4H, Ar); >C NMR (CDCls, 100 MHz): & 20,9, 20,9, 21,2, 31,5, 45,2, 50,7, 52,7,
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65,9, 66,5, 68,3, 68,8, 69,3, 91,2, 125,9, 129,3, 134,8, 141,7, 154,6; MS (ES"): m/z= 4172
(MH"); HRMS (ESI): m/z uzpauynato 3a CosHosFeN,O +H' [M +H']: 417,1629. Haheno:
417,1620.

1-(4-Bymunpenun)-3-uzonponun-4-gpepoyenunmempaxuoponupumuoun-2-on  (106h). Ilpu-
Hoc 60%. T.T.=88 °C; IR (KBr, v, cm'l): 2927, 1636,

\N( o) 1479, 1446, 1295, 1194, 816; 'H NMR (CDCls;, 400
?\(\:ﬁ MHz): § 0,90 (t, J = 7,3 Hz, 3H), 1,28 (dd, J = 6,8 Hz,
<< \©\ 3H), 1,38 (dd, J = 6,8 Hz, 3H), 1,24-1,41 (m, 2H),
Bu-n 1,50-1,60 (m, 2H), 2,16-2,31 (m, 2H), 2,52-2,59 (m,

2H), 3,45-3,60 (m, 2H), 4,10-4,13 (m, 1H), 4,15 (s, 5SH, Fc), 4,13-4,19 (m, 3H), 4,24
(pseudo dt, J = 2,4, 1,3 Hz, 1H), 4,45 (pseudo t, J = 3,9 Hz, 1H), 7,11 (br. s, 4H, Ar);
C NMR (CDCls;, 100 MHz): § 13,9, 20,8, 21,3, 22,3, 31,6, 33,6, 35,1, 45,2, 50,9, 52,9, 65,9,
66,5, 68,3, 68,8, 69,3, 91,2, 125,8, 128,7, 139,8, 141,8, 154,6; MS (ES"): m/z = 459,2 (MH");
HRMS (ESI): m/z uspauynato 3a Co7H34FeN,O + H' [M + H']: 459,2099. Halhero: 459,2095.

4-Depoyenun-1-(2-¢pryopgpenun)-3-uzonponurmempaxuoponupumuoun-2-or (106e). Ilpunoc
57%. IR (KBr, v, cm™): 2930, 1636, 1500, 1447, 1313, 1200,
\N( o} 819, 751, 727; '"H NMR (CDCl;, 400 MHz): & 1,25 (d, J = 6,8
% Hz, 3H), 1,39(d, J=6,8Hz 3H), 2,17-2,36 (m, 2H),
- :@ 3,55-3,64 (m, 2H), 4,16 (s, SH, Fc), 4,08-4.22 (m, 4H),
4,25-4,28 (m, 1H), 4,45 (pseudo t, J = 3,6 Hz, 1H), 7,05-7,12
(m, 2H, Ar), 7,15-7,21 (m, 1H, Ar), 7,22-7,27 (m, 1H, Ar); °C NMR (CDCls;, 100 MHz):
o 20,8, 21,2, 31,5, 45,1, 45,1, 51,1, 53,2, 66,0, 66,5, 68,3, 68,8, 69,3, 91,2, 116,4 (d,
Jer=20,3 Hz), 124,3 (d, Jor = 3,7 Hz), 127,8 (d, Jc.r = 8,0 Hz), 129,8 (d, Jcr = 1,7 Hz),
131,6 (d, Je.r = 12,4 Hz), 154,0, 158,5 (d, Je.r = 249,0 Hz); MS (ES"): m/z = 421,1 (MH");
HRMS (ESI): m/z m3pauynato 3a CpH,sFFeN,O+H'[M + H']: 421,1378. Haleno:
421,1366.

3-Uzonponun-4-pepoyenun-1-(4-payopghenun)mempaxuoponupumuoun-2-on  (1063). Ilpu-
HOC 63%. IR (KBr, v, cm™): 2929, 1634, 1480, 1441, 1296, 1193, 818; '"H NMR (CDCl3, 400
MHz): é 1,29 (d, J= 6,8 Hz, 3H), 1,38 (d, /= 6,8 Hz, 3H), 2,16-2,30 (m, 2H), 3,41-3,57 (m,
2H), 4,07-4,11 (m, 1H), 4,16 (s, SH, Fc), 4,11-4,21 (m, 3H), 4,22-4,25 (m, 1H), 4,47
(pseudo t, J = 3,8Hz, 1H), 6,95-7,09 (m, 2H, Ar), 7,13-7,20 (m, 2H, Ar); >*C NMR (CDCl;,
100 MHz): § 20,8, 21,3, 31,5, 45,4, 51,0, 53,0, 65,8, 66,6, 68,4, 68,8, 69,2, 91,0, 115,4 (d, Jc.
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£ = 22,5 Hz), 127.8 (d, Jer = 8,3 Hz), 140,2 (d, Jer = 3,0

N\(O Hz), 154,5, 160.2 (d, Jor = 244,1 Hz); MS (ES"): m/z =

?\(\/N 421,1 (MH): HRMS (ESI): m/ wmspauymato 3a

S \©\ CuHysFFeN;O + H' [M + H]": 421,1378. Haljero:
F 421,1370.

3-Uzonponun-4-pepoyenun-1-(3-xnopogenun)mempaxuoponupumuoun-2-or (106j). Ilpunoc

50%. IR (KBr, v, cm™): 2925, 1639, 1475, 1441, 1196, 819,

688; '"H NMR (CDCls, 400 MHz): & 1,29 (d, J = 6,8 Hz, 3H),

N\( 1,38 (d, J = 6,8 Hz, 3H), 2,19-2,32 (m, 2H), 3,47-3,59 (m,

2\&/"‘ 2H), 4,08-4,10 (m, 1H), 4,16 (s, SH, Fc), 4,11-4,21 (m, 3H),

421-4,23 (m, 1H), 4,46 (pseudo t, J = 4,0 Hz, 1H),

¢ 107-7.11 (m, 1H, Ar), 7,12-7,16 (m, 1H, Ar), 7,19-7,26 (m,

2H, Ar); >C NMR (CDCls, 100 MHz): & 20,7, 21,2, 31,5, 44,9, 51,1, 53,0, 65,8, 66,7, 68,4,

68,8, 69,2, 90,8, 123.8, 125,0, 125,7, 129,5, 133,9, 145,4, 154,1; MS (ES"): m/z = 437,1

(MH"); HRMS (ESI): m/z uspauaynaro 3a Co3H,sCIFeN,O + H' [M + H']: 437,1083. Haheno:
437,1083.

3-Uzonponun-4-ghepoyernun- 1-(4-xnopogpenun)mempaxuoponupumudun-2-on  (106x). Ilpu-
Hoc 53%. T.T.=114°C; IR (KBr, v, cm™): 2964, 1640,
\N( o 1474, 1447, 1301, 1195, 804; "H NMR (CDCl;, 400 MHz):
?\d 6 1,29 (d, J = 6,8 Hz, 3H), 1,37 (d, J = 6,8 Hz, 3H),
- \©\ 2,18-2,31 (m, 2H), 3,44-3,57 (m, 2H), 4,09 (pseudo dt,
cl J=24,1,2 Hz, 1H), 4,16 (s, 5H, Fc), 4,08-4,20 (m, 3H),
4,21 (pseudo dt, J=2,4, 1,2 Hz, 1H), 4,46 (pseudo t, J = 3,9Hz, 1H), 7,14-7,19 (m, 2H, Ar),
7,23-7,28 (m, 2H, Ar); *C NMR (CDCls, 100 MHz): § 20,8, 21,2, 31,5, 45,0, 51,0, 53,0,
65,8, 66,7, 68,4, 68,8, 69,2, 90,8, 126,9, 128,6, 130,3, 142.,8, 154,3; MS (ES"): m/z = 437,1
(MH"); HRMS (ESI): m/z n3pauynato 3a C3H,sCIFeN,O + H' [M + H']: 437,1083. Haljeno:
437,1077.






HN3Boa

Y oBOM pagy omucaHa je CHHTe3a U CIIEKTPOCKOICKa KapaKTepu3aluja
XETEPOIMKINYHUX jeNbEemha Koja caapke (hepoleHWI-TpyIy, a MPeACTaBlbajy JepUBaTe

jemHor of cneaehux meT XeTopoIuKIIa;

1,3-TrazonuauH-4-0H,

2,3-nuxuapoxuHonuH-4(1H)-oH,

1,3-0kca3uHaH,

- 1,3-okca3uHaH-2-0H U

TerpaxuaponupuMuann-2(1 H)-oH.

CuHTe3a npBe rpymne XeTepouuKINIHNUX JeIUbeha - IepruBaTa THA30JUINHOHA KOJU Y
noJyiokajy 2 canapxke ¢epoleHwI-rpyny, 92a-i, ocTBapeHa je mosazehdl OJ] TProBauku
JOCTYITHUX CYTICTpaTa — THOTJIMKOJIHE KucenuHe, GepoueHanaexuna (90) u oxarosapajyhux
amuHa (91a-1). OBa TPOKOMIIOHEHTHA peakiirja o/BHja ce y jemHoj dhazu (one pot peaxiyja),
U3J1arambeM CMECce peakTaHara yJITpa3ByYHHM TajlaCMMa y MpPUCYCTBY N,N'-AULUKIOXEKCHI-
kapoogunmuna (DCC) kao mexunmparanuoHor cpeactsa. Haljeno je ja ce HajBUIIM NPUHOCH
(48-99%) octBapyjy kana je oqHoc peaktana 90/91a-n/Tuornukonnakucenuna = 1:1:2.

Cga jequmemna (Koja cy CHHTETHCaHA IO MPBU IMyT) U30JI0BaHA Cy Y YUCTOM CTamby U
JIeTaJbHO OKapakTepucaHa (HU3UYKUM M CHEKTPOCKOICKUM IMoJanuMa (Tadke TOIUbEHba,
mukpoanammsa, IR, "H u °C NMR, MS u HRMS), a jenso ox mux (92j) GuII0 je mogecHo 3a
PEHITeHOCTPYKTYpPHY KPHCTAIIHY aHAIU3Y, Tla My j€ Ha Taj HAYMH HEJBOCMHCIICHO MOTBpheHa
CTpyKTypa. Peokc ocoOnHe CBUX TpUHAECT THA30JIMINHOHA HCITUTAHE Cy €IEKTPOXEMH]CKH,
TEXHUKOM ITUKIIMYHE BOJITAaMETpHje W HaheHo je ma y orcery moteHijaiza 0,000-1,000 V
jemuHy enekTpodopy y HHXOBOj CTPYKTYpH TNpeicTaBba (epoleHCKo je3rpo. Pemokc
noteHyjanu oBux jeaumema (Ejn = 0,487-0,512V) HemTo cy MO3WTHUBHHUJU OFf PEAOKC
noreHijana geporena (0,391 V), mro ce objanimaa YHHEHUIIOM J1a je PepOIeHCKO je3rpo
BE3aHO 32 YIJbEHUKOB aTOM KOjU HOCH J[Ba XeTepoaToMa.

VYcnemHa cuHTE3a TPU AUXUIPOXHHOIMHA - 2-(PepoueHuI-2,3 - TMXuIpOXUHOIHH-4-
(1H)-ona 1 meroBux 6-xJjop- U 6-OpoM-AepuBaTa (95a-B) - OocTBapeHa je y JBa Kopaka:
aJjoaHa KOHZACH3alrja oaroBapajyher 2-amuHoanerodeHoHa (93a-B) u deporneHanaexuga
(90) y npom naje oarosapajyhe 2'-amuHoxankone 94a-B y npunHocuma 60-90%, a 'y apyrom

TH XaJIKOHU IO/ 7IejCTBOM (i) MUKpPOTAJIacHOT 3pavera y MpUCyCcTBY MOHTMOpmionuTa K-10
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kao karanuzaropa (11-14%), (ii) cmemre cuphetHe u optodochopHe KucearHe Ha COOHO]
temneparypu (36-61%) wm (iii) cmeme cuphetne u oprodochopHEe KHCETHHE Y
ynTpa3ByqHoM Kynatuiy (70-74%) mouiexxy HHTPaMOJIEKYJICKO] IUKIA3ALHU]H.

CBa Tpu jenumema JAeTabHO Cy ONMcaHa (GU3UYKHM U CIIEKTPOCKOIICKAM TOAauMa
(Tauke TOIUBEWA, MHKpoaHanmu3a, IR, 'H u BC NMR), ka0 u peHATreHOCTPYKTYPHOM
aHAM30M, JOK CYy HHUXOBE pPEIOKC OCOOMHE HCIMTAaHE IUKIWYHOM BOJITAMETPHUjOM.
ITokazano ce (y omncery norernujana 0,000-1,500 V) na cTpyKType OBUX jeWIBCHA CAAPKE
JiBe enekTpodope — heporeHCKo je3rpo (peBep3udmiHu penoke nporec Ha E;, = 0,409-0.427
V) u amuHCKH a30T (upeBep3nOmiHa okcunanuja Ha E = 1,349-1.401 V).

CuHTE3a TPH MOCIEA’E TPyNe XeTePOUUKINIHAX jeIubeha Koja canpke (epoIeH,
ONHMCaHUX y OBOj JauWcepTanuju - okcasmHaHa 102a-k, oxcasuHanoHa 104a-r,h-k u
nupumuauHoHa 106a, B, T, 1), €, 3, j, K, OcTBapeHa je y HeKOJIMKO Kopaka. Ha mpBoM cTymmby
CHUHTETHCaHU Cy MPEKYypCOPH OBUX XETPOIMKIA - ofaroBapajyhu 1,3-amunoankoxonu 100a-k
(3-(apunammuno)-1-deporne-uunnpomnan- 1-omm). To je, Takole, jenHa BuIecTennieHa CHHTE3a, a
UCIUTaHUpaHa je Tako xaa ce ankoxonmu 100a-k 100WMjy penykiujoMm ojrosapajyhux
ManunxoBux 6a3a - 3-(apuamMuHO)- 1 -peporennnmpomnan-1-ona (99a-k). AMUHOKETOHH 99a-K
CHHTETHCAaHH Cy a3a-MajkjaoBoM agumujoM  oaroBapajyhmx ammHa 98a-k  Ha
akpunowndeporieH (97), koju ce, ca CBoje cTpaHe, A0OHja JEeXUIApOXaNoreHoBameM (3-
xjnoprpo-nanown)deporieHa (96) - npoussona Opunen-Kpadrcoror anuinorama deporera 3-
XJIOPIPOTTHOHUI-XJIOPUIOM.

[Tomro a3za-MajknoBa aguiyja WMa INUPH CHUHTETHUYKH 3HA4Yaj, OBOj pEaKIUjH
nocseheHna je moceOHa Mmaxma. 3aTo je joll HEeKOJIMKO TProBauKH JAOCTYMHUX amuHa (98.1-0)
YKJbYYEHO y OBa HCIUTHBAaKba, MAKO NMPOU3BOAM HUXOBE aJUIMje HHUCY YHNOTpPEeOJbEHU 3a
cunTe3y xereponukina 102, 104 u 106. 13 Tux uctpakupama npousaiuia cy ABa OpUrMHAIHA
mporuca 3a CHHTE3y (¢epolleHckux MaHuxoBux 0Oaza. Hajmpe je, mocie cucteMarckor
WCIIMTHBamka, Hal)leHO nma ce m3arame cMece eHoHa 97 u apwiamuan 98a-k (y omHOCYy
97/98 = 1:2) mukportanacHoM 3padewy (500 W, 5 min) y mpucyctBy MmonT™MOpuionuta K-10
n00Mjajy aMHHOKETOHH 99a-k y npuHocy 59-98%. Mehytum, naba ucnutuBama okasaia cy
Ja je aza-MajkioBa agunuja amuHa 98a-k Ha eHOH 97 TOTOBO jeHAKO yCHEIHA U Kaja ce
CMec peakTaHaTa M KaTaJlu3aTopa MOJBPTHY J€jCTBY YJATpa3By4yHHX Tanaca. Pazyme ce, oBaj
JOpyTH TpOIEeC je MpuxBaT/bMBHjU BeheM Opojy OpraHckux Jaboparopuja, IMOIITO je 3a
BETOBO M3BOhEHE MOTPEOHO OOMYHO YITPAa3BYYHO KyNaTWiIO, KOje je€ MHOTOCTPYKO

JEBTHHH]jE OJT MUKPOTAIACHOT PEeaKTopa.
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CBu 100MjeHH KETOHH Cy HOBA j€MIbEHa U IETAJbHO CY OMHCAHU CHEKTPOCKOICKUM
nmojanuMa (Tadyke TOIUBEHA, MUKpoaHanmm3a, IR, 'H u C NMR), a Behuna og mux cy
YBpPCTE, KPUCTATHE CYIICTAaHIIE, TIOAECHE 32 PEHATCHOCTPYKTYpHY aHAIM3y, MTO je ypaheHo
3a IIECT peNpe3eHTaTUBHHUX NpuMepa. Pemokc ocoOmHe ketoHa 99a-1, e-M WCIUTaHE Cy
IUKJIOBOJITAMETPHU]CKU M JOOWjEHHU Cy Pe3yiTaTh CIMYHM OHHMMA 3a jedumbema 95a-B: u oBa
jenumema caapike 1Be enekTpodope — pepoiieHcKo je3rpo (peBep3nOUIHN PETOKC MPOolec Ha
Ei»=10,618-0,648 V) u a30T Be3aH 3a GeHUI-Tpyny (upeBep3ubunHa okcuaamnuja Ha 0.693-
1,373 V).

Cuntesa 6-¢epouenmi-1,3-okcasunana 102a-k ocTBapeHa je MeIIamkeM TEeTpPaxuj-
podypanckux pactBopa oaroBapajyhux 1,3-ammHoankoxoma 10la-k ¥ BOAEHOT pacTBopa
hopmanmexuaa mpexo Hohu, Ha cOOHO] TemmepapTypu. Xereporukiau 102a-k 1ooujeHu cy y
npuHocuma 80-98%. CBa jenumewma Ccy HOBa, MNa Cy oOmMcaHa ojronapajyhum
CIEKTPOCKOIICKUM ToJaImMa (Tauke Tombema, IR, 'Hu "CNMR u MS).

Cepuja XeTepOUMKIMYHHUX jeHIbea — AepuBara 6-epoueHun-1,3-okca3un-2-oHa
(104a-1, h-k), cuHTETHCAHA je Y JIBa KOpaka. Y MPBOM KOpaKy Te€ CHHTE3€, aMUHOAITKOXOJIH
101a-k TOABPrHYTH Cy peaknmmju ca eTwi-xjopdopmujaTtom, ma je noOujeHa cepuja
omroBapajyhux kapbamata (103a-k) y mnpuHOocuMa 36-99%. VHTpaMoeKyJICKOM
UUKIU3aUjoM Tako nobujeHnx kapbamara 103a-k moj AejcTBOM HAaTPUjyM-XHUOAPHUIA, Y
cinenehoj dasm, cuHTeTHcaHu cy 1,3-okcazun-2-onu (104a-r, h-k). HaTepecantHo,
xuapokcuypetad 1031 He ToJIeKe 0BOj pPEaKIlvjy, HajBEPOBATHH]E U3 CTEPHUX Pa3Jjiora.

CBa pnobujeHa jeawmema Cy HOBA W JIETAJbHO Cy ONHCaHa (QU3WMYKUM W
CHEKTPOCKOIICKUM ToalmMa (Tauke Tombema, IR, 'Hu "CNMR u MS).

[Mocneamu neo oBe Te3e mocBeheH je n3yuaBamy peakIMOHUX yCIIOBA CHHTE3E cepuje
4-peponermnrerpaxunponupumuana-2(1 H)-ona tama 106. OBa jenumema modujeHa cy y
TPOCTENIEHOM TMOCTYNKY W3 amuHoankoxosna 10la-k, o Kojux mpBH mpencraBiba Beh
onucany cuHTe3y xuapokcuyperana 103a-k. Xunpokcukapbamaru 103a-k mogBpruyTH cy
HYKJICO(DMITHO] CYNCTUTYLHUJU H30NPONHIAMUHOM Yy TIPUCYCTBY TpPUETHJIAMHHA, Ma CY
nobujenn nepuBatu 1,3-npomanauamuHa 105a-k y mpunocuma 63-96%. VYV mnocienmem
KOPaKy CHHTE3E, JICjCTBOM A1-OyTHII-JIUTHjyMa, OCTBApYje C€ HHTPAMOJICKYJICKA CYTICTUTYIIH]a
€TOKCH-TpYTIC ypeTaHCKOT ¢dparmenTa aMUHCKUAM a30TOM, Koja naje
TeTpaxXuAPONMPUMUANHOHE (muKiInyHe KapOammunme) 106. Mehytum, mako cy U3 CBHX
ankoxona 10la-k mobujenn cBu xuapokcuyperanu 103a-k a w3 mux cBu aepusatu 1,3-

NToNaHAnaMuHa 105a-k, Jo0ujeHH cy camo TETPaxuIPONUPUMHUINHOHU
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106a, B, 1, b, e, 3, j, K, y npunocuma 53-63%. OBo je 00jalImbeHO CTEPHOM U €IEKTPOHCKOM
npupogom nuamunaa 1050, 1, #x, u.

CTpykType CBHX OCaM CHHTETHCAaHHX jeIWibema NoTBpheHe cy ¢Gu3mdykum u
CTIEKTPOCKONICKAM MOJAIKMa (Tauke Toruberba, IR, 'H u BC NMR u MS).

Behuna cunTeTHCaHMX jeMIbEeHa Jara Cy OATOBapajyhuM  Crenujain30BaHUM
naboparoprjamMa Ha MCIIUTHBAKE HUXOBE OMOJIOIIKE aKTUBHOCTH, a PE3yJTaTH C€ YKPaTKO
MOT'Y CYMHUPAaTH OBaKoO:

- Ilocne tectupama y HEKOJIHMKO PAa3IMYUTHX in Vvivo Mojena Hal)eHO je na cBH
2-tbeponenni-1,3-tnazonuanH-4-o0u (92a-71) Mokasyjy CHaXHY aHKCHOIUTHUKY
aKTHBHOCT, K0ja 3aCIIyKyje ajba UCTPAKUBAIHA.

- 2-®epoueHmnn-2,3-nuxuapoxuHoianH-4-(1 H)-oun (95a-B) mokasyjy H3pa3uTy M
HECEJIEKTUBHY aHTMMUKPOOHY aKTUBHOCT U IIPeMa I'paM MO3UTUBHUM (TpH COja) U
mpemMa TpaM HeEraTuBHMM OakTepujama (TeT cojeBa), Kao W TpeMa jelIHOj
TJbMBUYHO] BPCTH Y in Vitro yclioBHUMa. 300T TOra OBa jeIN-EHha Takole 3acIyxyjy
NaXiby MEAMLIMHCKUX XeMHUYapa.

- ManuxoBe 6aze 99 takohe mokasyjy W3BECHY aHTHMUKPOOHY aKTHBHOCT, KOja je
cnabuje M3pakeHa HEro y Ciydajy (EepOIeHCKUX AUXUAPOXuHOIUH-4-(1H)-oHa
95a-B, ayii HUje 3aHEMapJHUBA.

- KonawyHo, ucnuraHa je OWOJONIKAa aKTUBHOCT M IISCTOWIAHHX XETEPOIMKIIA
102a-k, 104a-r, h-k u 106a, B, 1, 1), €, 3, j, kK 1 MoKa3ano ce na BehnHa ox HUX
mokasyjy cnaby aHTUMHKpPOOHY aKTHBHOCT, JOK HEKa HCIOJbaBajy cialy [0

YMCPECHY HUTOTOKCUYIHOCT.



Summary

In this work, the synthesis and spectral characterization of a variety of novel ferrocene

derivatives containing one of the following five heterocyclic scaffolds has been described:

- 1,3-thiazolidin-4-one,

- 2,3-dihydroquinolin-4(1H)-one,
- 1,3-oxazinane,

- 1,3-oxazinan-2-one,

- tetrahydropyrimidin-2-one.

The synthesis of the first group of heterocyclic compounds — derivatives of
thiazolidinone bearing a ferrocenyl group at position 2, 92a-i1, — was performed using the
commercially available substrates thioglycolic acid, ferrocenecarboxaldehyde (90) and the
appropriate amines 91a-a. This three-component reaction was carried out in one step (one-
pot reaction) through ultrasonic irradiation of the mixture of reactants and
N,N'-dicyclohexylcarbodiimide (DCC) as the dehydrating agent. It was found that the highest
yields (48-99%) were achieved with a 90/91a-a1/thioglycolic acid = 1:1:2 ratio.

All new products (synthesized for the first time) were isolated in pure form and
characterized in detail by means of their physical and spectral data (melting points,
microanalysis, IR, 'H and >C NMR, MS and HRMS). One of them (92j) was found to be
suitable for single-crystal X-ray diffraction analysis, thus providing unambiguous
confirmation for its molecular structure. Redox properties of all thirteen thiazolidinone
derivatives were assessed by an electrochemical technique (cyclic voltammetry), and it was
found that the ferrocene unit represents the only electrophore present in these structures in the
potential window 0.000-1.000 V. The redox potentials of these compounds (E;, = 0.487-
0.512 V) were slightly more positive than that of ferrocene itself (0.391 V), and this is a
consequence of the fact that the ferrocene unit is connected to a carbon atom bearing two
electronegative heteroatoms.

The successful synthesis of three new ferrocene-containing dihydroquinolinones — 2-
ferrocenyl-2,3-dihydroquinolin-4(1H)-one and its 6-chloro- and 6-bromoderivatives (95a-B) —
was achieved in a two-step manner. The first reaction step yielded 2'-aminochalcones 94a-B
by an aldol condensation of the corresponding 2-aminoacetofenones (93a-B) and

ferrocenecarboxaldehyde (90) (60-90%), whereas in a second phase these chalcones were
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converted into the target dihydroquinolinones 95a-B by subjecting them to one of the
following procedures: (i) microwave irradiation of 95a-B in the presence of montmorillonite
K-10 as the catalyst (11-14%), (ii) treatment with a mixture of CH;COOH and H;PO, at
room temperature (36-61%), and (iii) sonication in the presence of a CH;COOH/H;PO4
mixture (70-74%).

All three new compounds were characterized by physical and spectroscopic data
analysis (melting points, microanalysis, IR, 'H and ?C NMR), as well as by single-crystal X-
ray diffraction, while their redox properties were evaluated using cyclic voltammetry. It
turned out that these compounds comprised two electrophores active within the 0.000-1.500
V potential window: the ferrocene unit (a reversible redox process at Ei, = 0.409-0.427 V)
and the aniline-type nitrogen (an irreversible oxidation at E = 1.349-1.401 V).

The last three groups of ferrocene-containing heterocyclic compounds described in
this dissertation (oxazinanes 102a-k, oxazinanones 104a-r, I)-k and tetrahydropyrimidinones
106a, B, 1, b, ¢, 3, j, k) were synthesized in several steps. The first step involved the synthesis
of 1,3-aminoalcohols 100a-k (3-arylamino-1-ferrocenylpropan-1-ols) as appropriate
precursors for all three groups of heterocycles. The preparation of these aminoalcohols was
realized via a multistage process: alcohols 100a-k were synthesized by reduction of the
corresponding Mannich bases 99a-k (3-arylamino-1-ferrocenylpropan-1-ones) obtained by
aza-Michael addition of the corresponding aromatic amines to acryloylferrocene (97).
Compound 97 was synthesized by dehydrohalogenation of the Friedel-Crafts acylation
product of ferrocene and 3-chloropropanoyl chloride, i.e., 3-chloro-1-ferrocenylpropan-1-one
(96).

Since the aza-Michael addition represents an important reaction in synthetic organic
chemistry, particular attention was devoted to this approach. Thus, several additional
commercially available amines 981-0 were included in the above-described investigations,
although the products of their addition were not employed in the syntheses of heterocycles
102, 104 and 106. This study resulted in the development of two new procedures for the
synthesis of ferrocene-containing Mannich bases. Firstly, after systematic examinations, it
was found that microwave irradiation (500 W, 5 min) of the mixture of enone 97 and
arylamines 98a-k (97/98 = 1:2) in the presence of montmorillonite K-10 provided Mannich
bases 98a-k in 59-98% yield. However, further investigations revealed that the aza-Michael
addition of amines 98a-k to enone 97 could also be successfully accomplished by sonication
instead of microwave irradiation of the same mixture of reactants and catalyst, affording the

corresponding aminoketones in almost the same yields. This second process is, of course,
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much more appealing to synthetic chemists since it requires an ultrasonic bath — a much
simpler and cheaper equipment than a microwave reactor.

All the obtained ketones were characterized as new compounds by means of their
physical/chemical and spectroscopic data (melting points, microanalysis, IR, 'H and
C NMR), while the structure of six representatives was also confirmed by single-crystal X-
ray diffraction. The redox properties of ketones 99a-1,e-m were evaluated by
cyclovoltammetry, and it was found that these compounds, similar to 95a-B, contain two
electrophores: the ferrocene unit (a reversible redox process at E;, =0.618-0.648 V) and the
nitrogen atom bonded to an aryl group (an irreversible oxidation at E = 0.693-1.373 V).

6-Ferrocenyl-1,3-oxazinanes 102a-k were synthesized in one step from the
corresponding aminoalcohols 101a-k by overnight stirring of a tetrahydrofurane solution of
these compounds and an aqueous solution of formaldehyde, at room temperature.
Heterocycles 102a-k were thus obtained in 80-98% yield. All compounds are new and were
fully characterized by physical and spectral data analysis (melting points, IR, 'H and "*C
NMR, and MS).

6-Ferrocenyl-1,3-oxazinan-2-ones 104a-r, j-k were synthesized in two steps. In the
first step of this synthesis, aminoalcohols 101a-k reacted with ethyl chloroformate to yield a
series of corresponding carbamates (103a-k) in 36-99% vyield. 1,3-Oxazinan-2-ones 104a-
r, h-k were subsequently obtained by an intramolecular cyclization of compounds 103a-k
promoted by means of sodium hydride. Surprisingly, the hydroxyurethane 103x did not
undergo this reaction, probably due to steric reasons. All the obtained compounds are new
and were characterized in detail by physical and spectral data analysis (melting points, IR, 'H
and °C NMR, and MS).

The last part of this dissertation was devoted to the search for the best reaction
conditions to provide a synthetic entry into 4-ferrocenyltetrahydropyrimidin-2(1H)-ones 106.
These compounds were obtained from aminoalcohols 101a-k in a three-step protocol,
including the described synthesis of hydroxyurethanes 103a-k. These products were
submitted to nucleophilic substitution with isopropylamine in the presence of triethylamine,
furnishing 1,3-propanediamine derivatives 105a-k in 63-96% yield. In the last step of this
synthesis, an intramolecular displacement of the ethoxy group (in the urethane fragment) by
the amine nitrogen was achieved upon treatment with n-butyllithium, yielding the
corresponding tetrahydropyrimidinones (cyclic ureas) 106. However, even though all
aminoalcohols 101a-k were successfully converted into the corresponding hydroxyurethanes

103a-k, and the latter into the corresponding 1,3-propanediamines 105, only
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tetrahydropyrimidinones 106a, B, 1, Ij, €, 3, j, kK were obtained following this protocol in 53-

63% yield. The failure of the reaction in the case of derivatives 1050, 1, sk, u was attributed

to steric and electronic reasons. The structures of all eight synthesized compounds were

confirmed by analysis of their physical and spectral data (melting points, IR, 'H and Be
NMR, and MS).

Most of the synthesized compounds were sent to appropriate collaborating

laboratories in order to evaluate their biological activity, and the obtained results may be

briefly summarized as follows:

After testing in several different in vivo models, it was found that all
2-ferrocenyl-1,3-thiazolidine-4-ones  (92a-1) showed strong anxiolytic
activity, which certainly deserves further research.
2-Ferrocenyl-2,3-dihydroquinoline-4(1H)-ones (95a-B) exhibited significant
and non-selective antimicrobial activity against Gram-positive (three strains)
and Gram-negative bacteria (five strains), as well as against a single fungal
species (in vitro). Therefore, these compounds also deserve the attention of
medicinal chemists.

Mannich bases 99 exhibited some degree of antimicrobial activity, which was
less than the activity of ferrocene-containing dihydroquinoline-4-(1H)-ones
(95a-B).

Finally, the biological activity of the six-membered heterocycles 102a-k,
104a-r, h-x and 106a, B, 1, b, €, 3, j, K, was also tested, and it turned out that
most of them exhibited no or weak antimicrobial activity, while some of them

showed weak to moderate cytotoxicity.
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buorpagmuja

Anka IlejoBuh je pohena 21.10.1986. rommne y baxounm. OcHoBHy u llpBYy
TeXHWUKY MKony 3aBpmuia je y Kparyjesiy. Ha Ilpupoano-maremarnuku ¢akynrer y
KparyjeBumy, rpyna Xemwmja, ymmcama ce 2005. rogmae m mumutommpana jyma 2010. ca
npoceyHoM oreHoM 9,30, unMme je cTeKina CTPYYHH Ha3WB — JAUIUIOMHPAHH XeMHu4dap. Y TOKY
OCHOBHUX cTynuja, mkosicke 2008/09 rogune, O6una je crunengucta PoHma 3a miazae
tanente Biane Pemyonmuke Cp6Ouje. 2011. roguHe ypydeHo joj je CHEIUjaTHO TPU3HAKBE U
rofummka Harpaga CprcKOr XeMHjCKOT APYIITBAa HaMEHEHa HajO0JbUM  JTUILIOMHPAHUM
CTYACHTHMA.

Jloktopcke axanemcke cryadje Ha [IpupogHo-marematndykoM —(akyiaTery y
KparyjeBy (rpymna Xemuja, cmep Oprancka xemuja) ynucana je mk. 2010/11. Janyapa 2011.
3arnocnuia ce Kao HUCTPaXKUBAY-TIPUNPABHUK, a oxa jgeneMOpa 2012. kao wucTpakupay-
Capa/IHUK 32 YKy HaydHy oOmact Opeancka xemuja Ha IlpupoaHOo-MaTeMaTHIKOM (QaKyITETy
y Kparyjesmy. lo cana je Bommia BexOe u3 npeamera Oparancke cuate3e | m Oparancka
xemuja 3 y Uucturyty 3a xemujy [Ipuponno-matemaruukor axkynrera y Kparyjesiry.

VYuecTtByje y u3paau mnpojekTa MHHHCTapcTBa INMPOCBETE, HAyKe M TEXHOJOLIKOT
pa3Boja PemybOmuke Cpbuje — ,,HoBe enekTpoxeMHujcke M XEMHjCKE METOJEe Y CHHTE3H
OpPraHCKHX jeIUbEeha OJ] MHTEpeca 3a MEeTUIIMHY B XeMHjy Marepujana”, op. 172034, 2011-,
pyxoBonmnar, npod. np Pactko J[. Bykuhesuh. ¥V okBupy Erasmus Mundus Basileus IV
nporpama, OopaBmna je necer mecerm (2013/2014) xao crumenmucra y MHCTHTYTY 3a
OJIP)KUBY OPTaHCKY XEMHJy U TeXHOJOTHjy, Dakynrera OMOTEXHUUKUX HAayKa, Y HUBEP3UTETA
y I'enry, y rpynu npodecopa Matujaca Jloxa (Matthias D'hooghe).

Anka IlejoBuh ce 0aBM Hay4YHO-UCTPaXMBAYKUM paJoM Yy oOOIacTH OpraHcke Hu
eJIEKTpoopraHcke xemuje. [IpenMer WEHOr HCTpakuBama je CHHTe3a HEKUX JepuBaTa
(hepolieHa KOjU Y CBOM CacTaBy Cajpxke pa3lInuuTe CTPYKTypHE (hparMeHTe M PyHKIIMOHATHE
rpyne Kao W peaklyje y KOjuMa C€ peaKTaHaTH W/WIM KaTajiu3aToph TeHEpHIIY
€JIEKTPOXEMHjCKUM MeToaama. J{o cana je oOjaBmiia TpUHAECT HAyYHUX PaZoBa Y TO3HATHM
yacomucuMa MeljyHapoIHOT 3Hayaja, jeAHO CaoNINTeHme Ha MehyHapoIHO] HAYYHO]
KOH(QEpeHHj! WITaMIaHO Yy H3BOAY W IWIECT CAONIITeHa HA HAIMOHATHUM HAyYHHM

KOH(epeHlnjama HITaMIIaHUM Y U3BOJLY.
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Syntheses of fourteen new 3-(arylamino)-1-ferrocenylpropan-1-ones have been achieved in good to
excellent yields by an aza-Michael addition of different arylamines to acryloylferrocene. The reaction was
performed by microwave (MW) irradiation (500 W/5 min) of a mixture of reactants and montmorillonite
K-10, without a solvent. The obtained compounds were spectrally and electrochemically (cyclic vol-
tammetry) fully characterized, whereas single-crystal X-ray analysis has been performed for three of
them. In a microdilution assay, all of the compounds were shown to have a broad-spectrum effect on
Gram-negative and -positive bacteria, although the degree of inhibition varied. A notable activity was
observed for all compounds in inhibiting the growth of an important human pathogen Staphylococcus

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Derivatives of ferrocene are of widespread interest in many
fields of chemistry, such as organic synthesis [1], coordination
chemistry [2], material sciences [1,3,4] and, nowadays, medicinal
chemistry [5—10]. This is the consequence of several unique
features of these compounds, such as the easiness of derivatization,
the outstanding stability in both, aqueous and non-aqueous media,
very interesting redox properties, etc. Multifunctional derivatives
of this metallocene are particularly valuable, and in this regard
Mannich bases (Mannich ketones; f-aminoketones) containing
a ferrocene unit might be very interesting.

In general, Mannich bases are versatile synthetic building
blocks, which can easily be converted into a range of useful deriv-
atives, such as 1,3-aminoalcohols and products of the substitution
of the amino group with some other nucleophile [11,12]. Among

* Corresponding author.
** Corresponding author. Fax: +381 34 33 50 40.

E-mail addresses: nikoradulovic@yahoo.com (N. Radulovi¢), vuk@kg.ac.rs
(R.D. Vukicevic).

0022-328X/$ — see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jorganchem.2011.08.016

many applications of Mannich bases and their derivatives, however,
the most important ones are surely those applied in synthesis of
pharmaceuticals [11,13—15]. The most famous synthetic approach
to Mannich bases is, of course, the Mannich reaction [11,12,16]
which, however, has many disadvantages. Drastic reaction condi-
tions and long reaction times (causing many side reactions) are the
main ones [11,12,16]. Furthermore, the use of primary amines in this
reaction is not suitable, since the obtained products are also good
substrates of the same reaction that continues up to the substitu-
tion of both hydrogen atoms of the amine group giving, thus,
tertiary amines containing two 3-oxo-groups. A very good alter-
native to the Mannich reaction is the aza-Michael addition — the
conjugate addition of amines to the olefinic bond of ¢,-unsatu-
rated carbonyls [17]. There are several advantages of this reaction,
such as the mild reaction conditions and the possibility to
synthesize secondary Mannich bases. A plethora of catalytic
systems have been developed for this reaction up to date [18—39].
While the addition of aliphatic amines to Michael acceptors
proceeds readily (even without a catalyst [40,41]), aromatic ones
did not undergo this reaction easily because of its lower nucleo-
philicity, particularly when mild conditions and environmental
friendly catalysts were used [22,29,31,36,39].
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According to the best of our knowledge, there is only one
previous report on the addition of amines to some a,3-unsaturated
acylferrocenes [31], where the authors described the reaction of
several chalcone-type ferrocenes with aliphatic amines under mild
conditions (ultrasound irradiation and water as the solvent). The
corresponding fB-aminoketones were obtained in high yields.
However, the reaction failed when aromatic amines were used as the
Michael-donors. In continuation of our permanent interest in the
synthesis of ferrocene derivatives containing more than one
heteroatom in the side chain (interesting from the both the synthetic
and medicinal chemistry points of view) [42—48], herewith we wish
to report on a suitable synthesis of a series of 3-(arylamino)-1-
ferrocenylpropan-1-ones by the addition of various aromatic
amines to 1-ferrocenylprop-2-en-1-one (acryloylferrocene).

2. Results and discussion
2.1. Synthesis

The primary goal of our study was to find and optimize
a procedure for the synthesis of 3-(arylamino)-1-ferrocenylpropan-
1-ones with particular attention paid to finding mild enough
conditions for the reaction to proceed with an acceptable yield and
making use of an environmental friendly catalyst. Knowing that the
application of environmentally benign catalysts such as clay [36]
and mild reaction conditions [31,39] does not make possible the
addition of aromatic amines to Michael acceptors (contrary to
aliphatic ones), we expected that the simultaneous use of mont-
morillonite K-10 (as a solid acidic catalyst) and microwave irradi-
ation would improve the outcome of this approach. It turned out
that this idea was quite correct, and that the corresponding Man-
nich bases were obtained in good to almost quantitative yields.

Our investigations began by the preparation of the intended
Michael acceptor — acryloylferrocene (3, Scheme 1). This was
achieved by Friedel—Crafts acylation of ferrocene (1) with 3-
chloropropanoic acid chloride in the presence of AlCl3 as the
Lewis acid catalyst [49], and the subsequent dehydrohalogenation
of the obtained (3-chloropropionyl)ferrocene (2) by means of
potassium acetate [50].

In order to optimize the synthesis of the title compounds (5a—n,
Scheme 1), aniline (4a) was used as the test substrate for the
addition to the conjugated enone — acryloylferrocene (3). Thus,
when ketone 3 (1 mmol) and amine 4a (1 mmol) were irradiated in
a microwave oven (500 W, 5 min) without a catalyst or solvent, and
after the usual work-up and flash chromatography (silica gel/
toluene, then n-hexane—ethyl acetate 9:1), the pure B-amino-
ketone 5a (Scheme 1) was obtained in 37% yield. The same result
was achieved by a prolongation of the reaction time to 10 min. The
next two experiments we performed by irradiating the same

cr
(i) ©\(\/ iy
Fe  + CICHCHCOCl —=  Fe |\
N — =

1 2

N\Ar

3 4a-n 5a-n
Scheme 1. Synthesis of 3-(arylamino)-1-ferrocenylpropan-1-ones: (i) AlCls, CH,Cly, r.t.
(ii) CH3COOK, ethanol, reflux, 2.5 h. (iii) solvent-free, montmorillonite K-10, MW,
500 W, 5 min.

mixture of reagents in the presence of 100 mg of montmorillonite
K-10 (500 W, 5 and 10 min), and this resulted in an increase of the
yield of 5a up to 55%. Experiments with the increased amount of
the catalyst (up to 500 mg) did not affect the yield significantly.
Since only small amounts of the starting ketone 3 have been
recovered (up to 10%) from the above performed experiments, we
concluded that this compound underwent a certain side reaction
(most probably some kind of polymerization, because a very polar
dark product, which was neither isolated nor identified, formed
during the runs). This side product may be the result of multiple
Michael additions of the formed B-aminoketones to more mole-
cules of acryloylferrocene, perhaps even leading through tertiary
amines to quaternary ammonium salts that would be expected to
behave in this way. In order to (statistically) suppress this, the
following experiments were performed using a double amount of
the amine 4a. The target compound — B-aminoketone 5a — was
obtained in 85% yield, regardless the reaction time (5 or 10 min).

Then the same reaction conditions (1 mmol of acryl-
oylferrocene/2 mmol of arylamine/100 mg of montmorillonite K-
10/500 W/5 min) were applied to the reaction of the ketone 3 with
the another thirteen substrates 4b—n. The corresponding Mannich
bases 5b—n were obtained in good to excellent yields (see Table 1)
and were fully spectrally characterized (see below).

As it can be seen from the data listed in Table 1, the lowest yields
of the corresponding Mannich bases were achieved when amines
4e, 41 and 4n were used. In the case of 4e the steric nature (bulk-
iness) of the substrate is the most likely reason for it, whereas the
lowered nucleophilicity of the amino group of the two nitroanilines
causes the decrease in the yields of 41 and 4n. In order to try to
improve the yields in these cases, we performed experiments
having a prolonged time of exposure of the reactants and the
catalyst to MW irradiation. However, not even doubling the reac-
tion time to 10 min did not cause an increase in obtained yields.
Again, the unconsumed amines were recovered almost quantita-
tively and almost no ketone 3, further strengthening the notion of
multiple Michael additions.

2.2. Spectral characterization

Intense absorption bands were present in the IR spectra of the
obtained 3-(N-arylamino)propanones 5 for the C=0 (at around
1660 cm™') and secondary NH groups (3340—3390 cm™!, sharp).
The 'H NMR spectra contained typical signals for a mono-
substituted ferrocene (two triplets at ~4.76 and 4.50 ppm, and a
singlet at ~4.12 ppm) and were also characterized by the presence
of two multiplet signals for the protons of the O=C—CH,—CH,—N
grouping, which were positioned in the region of 3.25—3.83 and
2.97-3.12 ppm (generally in agreement with a previous report
[51]). An interesting feature of the 'H NMR spectra was the occur-
rence of coupling of the NH protons with those of the adjacent CH;
group. The N—CH, signals appeared as either sharp or somewhat
broadened quartets in a number of cases (the ortho- and meta-
substituted anilines with an electron-withdrawing group) from
accidental equivalence of the vicinal HN—CH; and CH—CHa
couplings (J ca. 6 Hz). Such a coupling was not observed for the
benzene analogs where the CH; group bonded to amino showed
little indication of coupling to the NH protons, so NH exchange
must have been rapid on the NMR time scale [52] as also seems to
be the case with compounds 5a—e,h,n in the current study. The
proton of the secondary amino group was a broadened signal at
3.6—4.8 ppm, typical of NH protons of anilines in CDCl3 solution,
with the only exception for compound 51, an o-nitroaniline (ca. 6 8)
that had, as expected, an NH signal downfield of this range. The
broadening has several sources: partially averaged coupling to
neighboring protons, intermolecular exchange with other NH
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Table 1
Structures of the newly prepared 3-(arylamino)-1-ferrocenylpropan-1-ones (5a—n) and corresponding starting amines (4a—n), as well as the yield of the reactions.
Run Amine Product Yield?
H Sa
NH2 4a N
1 = 85%
e
= °
H
4b N Sb
2 NH, F©\(\/ 89%
= °©
H Sc
4c N
3 NH, = 80%
= °
H
y 5d
NH, 4d
4 = 95%
e
= °
Se
4e H
5 NH, ©\(\/ 59%
Fe
= °
F H
af N sf
6 98%
s o
= ° F
H
R 4g N sg
7 - o~ %
2 Fo 89%
= °
F
H
5h
NH,  4h N
8 = E 83%
" = °©
cl 4 N 5i
9 NH ©\(\/ 93%
2 Fe
= ° c
Cl 4j H Si
10 NH, ©\(\/ 87%
Fe
= °
Cl
H 5k
NH, 4k N
11 = cl 93%
e
Cl o)
NO, 51
12 64%

NH,

Q-

4 H
|-

(continued on next page)
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Table 1 (continued )

Run Amine

Product Yield®

O,N

4m
13 O/NHz
NH
14 2 4n
O,N

H
<o " o
Fe 87%

H
©\(vw©\ n
64%
Fe NO,
(0]

@ Isolated yields based on the starting enone.

protons, and partially coalesced coupling to the quadrupolar “N
nucleus (I = 1), which usually has a short T;. The labile NH protons
were identified by shaking the CDCl3 solutions of the compounds
with a drop of D,0, which resulted in the disappearance of the NH
signals and in the transformation of the mentioned quartets
(NH—CHy) to the corresponding triplets, thus corroborating the
existence of such NH—CH;, coupling. It appears that this slow
chemical exchange is more pronounced for the more acidic NH
protons and those involved in intramolecular hydrogen bonding
(the proximity of the electron-withdrawing groups, halogens and
the nitro group, in ortho- and meta-positions).

The aromatic protons in the positions ortho to the amino group
of the aniline fragment afford diagnostic signals from their high
field disposition (at 6.6—6.8 ppm). >C NMR spectra also corrobo-
rate the structure of these ferrocene derivatives. Signals at ca. 78.7,
72.4,69.8 and 69.2 can be attributed to the ferrocene moiety while
the other characteristic signals, one at about 200 ppm and two
about 38 ppm, are those corresponding to the carbonyl- and
methylene carbons, respectively.

2.3. X-ray crystal structure of 5j, 51 and 5m

Most of the synthesized compounds were crystal substances,
suitable for X-ray crystal structure analysis. Herein, we present the
structures of 5j, 51 and 5m compounds (Fig. 1a—c).

The cyclopentadienyl rings (Cp) of the title compounds 5j and
5m are close to an eclipsed geometry. The C1—Cg1—Cg2—C6 torsion
angle is 9.5(5)° in 5j and 11.3(5)° in 5m (Cg1 and Cg2 are centroids
of the corresponding Cp rings). In 51, the Cp rings are more eclipsed
and the C1-Cgl1—Cg2—C6 torsion angle is —4.0(4)°. In all three
compounds the Cp rings within the ferrocenyl units are almost
parallel with interplanar angles 1.1(4), 2.3(4) and 0.7(5)° for 5j, 5m
and 51, respectively. The Cgl1—Cg2 distance (3.295, 3.309 and
3.301 A) and the Cgl—Fe—Cg2 angle (178.5, 177.4 and 178.5°) are
also very similar for all crystal structures.

The C1=01 carbonyl group lies approximately in the plane of
the substituted Cp ring with the 01-C11-C1-C5
angle —4.5(8), —3.2(8) and —6.9(9)° for the three compounds,
respectively. Bond lengths and angles show expected values
(Table 2). The C1-C11—-C12—C13—N1 fragment, although consisted
of single bonds, adopts a similar conformation in all three mole-
cules (Fig. 1a—c). The C1-C11—-C12—C13 and the C11-C12—C13—N1
torsion  angles are —167.5(4)/74.4(6), —164.4(4)/67.4(7)
and —179.2(5)/71.8(7)° for 5j, 5m and 5I, respectively. However,
regardless of this similarity, the directionality of N1—C14 bond and

the resulting orientation of the C14-phenyl ring are quite different
for compound 51. The C12—C13—N1—C14 torsion angle describes
this difference (74.2(6), 68.7(8) and —175.7(6)° for 5j, 5m and 5I,
respectively). The orientation of the phenyl ring with respect to the
ferrocenyl unit is well illustrated in Supplementary material
(Fig. A1). This conformational particularity of the structure 5l
could be explained by the formation of the N1—H...02 intra-
molecular hydrogen bond (Fig. 1c) which does not exist in 5j and
Sm.

The only significant H-bond donor in all three crystal structures
is the N1—H group. In 5j and 5m, adjacent molecules form
centrosymmetric dimers by hydrogen bonding between N1—H and
01. Geometry of these dimers for both crystal structures is very
similar (see Fig. A2 in Supplementary material). In 51, the N1—H
does not participate in any intermolecular H-bonding. Geometrical
parameters for the selected intra- and intermolecular interactions
are given in Table 3.

2.4. Electrochemistry

Cyclic voltammetry in acetonitrile containing 0.1 mol/I lithium
perchlorate as the supporting electrolyte has been used for the
evaluation of electrochemical properties of the compounds 5a—n.
The voltammogram of compound 5a is presented here (Fig. 2) as
a representative example, whereas the data of the other
compounds are listed in Table 4. As it can be seen from the
summarized data, all of the synthesized B-aminoketones exhibited
two well defined oxidation waves on the forward potential sweep
(01, at 0.650—0.693 V and 02, at 0.693—1.373V, respectively) and
one reduction wave on the back potential sweep (R1, at
0.592—0.620 V). As depicted in Fig. 2B for 5a, the reduction peak R1
appeared also when the potential was reversed after O1. Since the
difference between the values of these two potentials is close to the
theoretical one, O1 and R apparently belong to a reversible redox
couple, appearing due to the presence of the ferrocene nucleus.
Their position lays more than 200 mV higher than that of the
unsubstituted ferrocene (see Fig. A3 in the Supplementary
material), as expected for ferrocene derivatives possessing an
electron-withdrawing group conjugated to the cyclopentadienyl
ring(s). Both the anodic (01) and cathodic (R1) peak currents are
proportional to the square root of the scan rate (as depicted for 5a,
Fig. A4 in Supplementary material), and their ratio is independent
of the scan rate, indicating a diffusion-controlled process.

The second oxidation wave (02) is due to an irreversible
oxidation of the aniline unit of these molecules. A study of the
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cyclovoltammetry of N-alkylanilines [53—55] showed that these
compounds undergo irreversible anodic oxidation, producing
a single oxidation wave on the first scan. Upon reversal of the scan
three cathodic waves are obtained (at the potentials between 0.2
and 0.5V). In the subsequent anodic scans three anodic waves
appeared at the corresponding potentials, making up together with
the cathodic ones three reversible couples. It was demonstrated
that they belong to the products obtained from the species formed
by the anodic oxidation of anilines [53—55]. We assumed that the
lack of such type of waves in the cyclovoltammograms of
compounds 5a—n is a consequence of their accidental overlapping
with the waves belonging to the ferrocene unit. In order to confirm

Fig. 1. The molecular structure of 5j (a), 5m (b) and 51 (c; N1-H...02 is labeled by
dashed lines) with the atom numbering scheme. Displacement ellipsoids are drawn at
the 50% probability level.
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Table 2
Selected bond lengths and angles for 5j, 5m and 51.
5j 5m 51
Bond lengths (A)
01-C11 1.223(6) 1.220(6) 1.218(6)
N1-C14 1.380(8) 1.358(7) 1.351(8)
N1-C13 1.440(7) 1.454(7) 1.452(8)
c1-c11 1.462(7) 1.457(8) 1.459(8)
C11-C12 1.497(7) 1.514(8) 1.507(8)
C12-C13 1.519(7) 1.523(8) 1.519(8)
c16—cl 1.731(6)
C-N2 1.470(8) 1.440(9)
N2-02 1.217(7) 1.237(7)
N2-03 1.237(7) 1.223(7)
Bond angles (°)
01-C11-C1 122.3(5) 122.3(6) 121.6(5)
01-C11-C12 120.4(5) 121.4(5) 120.4(6)
C1-C11-C12 117.2(5) 116.3(5) 117.9(5)
C11-C12—C13 113.7(4) 112.7(5) 113.2(5)
N1-C13—C12 113.6(5) 113.8(5) 109.6(5)
C14-N1-C13 122.8(5) 123.3(5) 124.6(6)

it, 4-(phenylamino)butan-2-one (6) was synthesized and its elec-
trochemical properties investigated by cyclic voltammetry subject
to the same conditions. As depicted in Fig. 3, this compound
exhibited only one oxidation wave in the first cycle (Fig. 3A, solid
curve), but three in the second one (curve b). However, when
acetylferrocene was added, these waves overlapped with the
electrode response of acetylferrocene (curve c), and we find this to
be sufficient evidence to back up the above statements.

2.5. Biology

Medicinal chemists are open to the inclusion of ferrocene into
their drug design strategies because of the novelty introduced by its
presence. Previous workers [56—58] have found that certain
Mannich bases possessed in vitro antimicrobial activity. Chatten
et al. [59] have shown that besides the difference in amine moieties,
the substituents in phenyl ketones also exert an influence on

Table 3

Geometrical parameters (A,") of hydrogen bonds and selected C—H...O interactions
for 5j, 5m and 51. The C—H...O interactions are given if H...O distance is shorter than
2.7 A and C—H...0 angle is larger than 100°.

D-H...A D—-H D...A H...A D—-H...A
5j )

C4-H4..N1' 0.93 3.559(7) 2.69 156
N1-HIN...01" 0.91(6) 3.020(7) 2.14(6) 164(4)
C7—H7...cli™ 0.93 3.625(13) 2.87 139
Symmetry codes: (i) x—1, +y + 1, +z; (ii) —x+ 1, =y + 1, —z + 1; (iii) —x + 1,

-y+1,-z+2

5m )

C9—H9...02! 0.93 3.443(10) 2.66 143
C4-H4...03" 0.93 3.272(10) 2.65 125
N1-HIN...01" 0.73(4) 3.142(7) 2.46(5) 156(5)
C19—H19...01" 0.93 3.388(7) 2.64 138

Symmetry codes: (i) —x+1, -y +1, —z+1; (ii) —x+2, -y + 1, -z

51

N1-HIN...01! 0.76(8) 2.984(8) 2.70(8) 105(6)
N1-HIN...02! 0.76(8) 2.625(8) 2.01(7) 139(7)
C6—H6...02! 0.93 3.469(10) 2.63 150
C16—H16...03! 0.93 2.662(11) 234 100
C2—-H2...01% 0.93 3.352(7) 2.57 142
C9—H9...03i 0.93 3.373(9) 2.67 133
C12-H12a...01" 0.97 3.130(8) 2.44 128
Symmetry codes: (i) x,y,z; (ii) x + 1, +y, +z; (iii) —x+ 1, +y +1/2, —z — 1/2; (iv)

x+1/2, -y+1/2+2, -z




3708 L. Damljanovic et al. / Journal of Organometallic Chemistry 696 (2011) 3703—3713

A 02

R1 Evs. Ag*/Ag, V

B O1

E vs. Agt/Ag, V

R1

—T— T
00 02 04 06 08 1.0 1.2 1.4

—T—
00 041 02 03 04 05 06 07

Fig. 2. Cyclic voltammograms of 5a at the glassy carbon electrode (2 mm diameter) by a 0.1 Vs~' scan rate in a 0.1 M acetonitrile solution of LiClO4: A) up to 1.5 V (dashed curve —
the electrolyte, solid curve — first scan, dotted curve — second scan) and B) up to 0.75 V (solid curve — first scan, dotted curve — second scan).

activities. These observations together with the fact that ferrocene
is widely regarded as a substitute for the aromatic benzene ring
prompted the preparation and testing of the antibacterial activity of
Mannich products containing a ferrocene system as a part of the
ketone moiety. The minimum inhibitory concentration (MIC) of the
synthesized compounds 5a—n was measured against growth of six
bacteria (three Gram-positive and three Gram-negative) that were
chosen to represent the major types of bacteria associated with
human disease. The results of these studies and those of minimal
bactericidal activity (MBC) are presented in Table 5 as the averages
of multiple determinations. The tested bacteria were generally
sensitive to these compounds, and as shown in Table 5, the values of
MIC for compounds 5a—n varied between 0.02 and 12.50 mg/ml.
Growth inhibition of the bacteria was observed for all of the
compounds early in the incubation period but the test organism
overgrew the inhibition zones within 48 h as reflected in the high
differences in the obtained MIC and MBC values. The best results
(Table 5) were obtained against a Gram-negative bacterium and an
important human pathogen, Staphylococcus aureus (MIC values
0.02—0.10 mg/ml), but most of the compounds exhibited activity at
least one hundred fold lower than Tetracycline against both Gram-
positive and negative bacteria (although the latter seem to be more
susceptible to the compounds). Infections caused by Pseudomonas
aeruginosa are often difficult to treat chemotherapeutically because
of the unusually high resistance of the organism to most antimi-
crobial drugs [60,61] and because resistance to other drugs may

Table 4

Peak potentials obtained by cyclic voltammetry of the Mannich bases 5a—n at the
glassy carbon electrode (2 mm diameter) by a 0.1 Vs~' scan rate in a 0.1 M aceto-
nitrile solution of LiClO4.

Compound 01 (mV) 02 (mV) R (mV)
5a 665 851 620
5b 653 803 598
5c 653 784 613
5d 693 693 604
5e 662 830 604
5f 647 992 601
5g 644 983 595
5h 638 861 598
5i 647 1031 595
5§ 647 1007 595
5k 662 952 610
51 659 1373 595
5m 650 1166 610
5n 653 1361 592

evolve rapidly [61]. Therefore, it was not surprising that this
organism was the most resistant to nearly all of the compounds
studied. When comparing the activity of the herein synthesized
Mannich bases, in general, compounds having an electron-acceptor
functionality (5f—n) appeared not to be more or less effective in
inhibiting the growth of all bacteria than compounds possessing
a electron-donating substituent or no substituent at all (5a—e). A
similar stands for the sets of three regioisomeric compounds
(differing only in the position of the substituent on the benzene
ring), e.g. 5b—d, since they had a mutually very similar antibacterial
effect as well. It was tempting to assume that the steric effects could
prevent the ortho isomers from interacting with the receptor of the
test organisms, however, the differences in potency usually
ascribed to substituents at the various positions in the benzene ring
have not been found. The other parts of the molecule seem to have
a much more important contribution to the activities observed.
Some Mannich bases derived from the corresponding acetophe-
nones (analogous to the currently prepared ferrocene derivatives)
were found to possess significant antimicrobial activity [62] (e.g. in
a disk diffusion assay [62], 1-phenyl-3-(phenylamino)propan-1-
one, the analog of compound 5a, inhibited the growth of Escher-
ichia coli with a zone of 15 mm in diameter, while at the same dose
per disk the antibiotic ofloxacin had a zone of 22 mm). Since
ferrocene is electron donating (¢para ferrocene —0.18 compared to
Opara phenyl 0.01) and electron donation to the ketone can occur, one
can take this as a possible cause of the decrease in activity in the
case of the metallocene containing compounds.

3. Conclusion

In conclusion, we described herein an easily performable
procedure for the synthesis of N-aryl-3-amino-1-ferrocenylpropan-
1-ones via an aza-Michael addition of the corresponding aromatic
amines to acryloylferrocene in good to excellent yields. We
unambiguously showed that both, the catalyst (montmorillonite
K-10) and the microwave irradiation play an important role in this
synthesis. The procedure requires short reaction times, and
employs an environmentally friendly, as well as cheap catalyst.

A trait worth noting of the 'H NMR spectra of the synthesized p-
aminoketones, possessing electron-withdrawing substituents in
the ortho- and meta-positions of the aniline moiety of the mole-
cules, was the occurrence of coupling of the NH protons with those
of the adjacent CH, group, indicating a slow NH exchange on the
NMR time scale. The N—CH; signals appeared as quartets from
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Fig. 3. Cyclic voltammograms of 3 mM solution of 4-(phenylamino)butan-2-one (6) at the glassy carbon electrode (2 mm diameter) by a 0.1 Vs~ scan rate in a 0.1 M acetonitrile
solution of LiClO4: A) without acetylferrocene (solid curve — first scan, dotted curve — second scan) and B) with 3 mM acetylferrocene (first scan).

accidental equivalence of the vicinal HN—CH, and CH,—CH,
couplings. Such coupling that appears to be in connection with the
acidity and/or intramolecular hydrogen bonding was not observed
for the benzene analogs or for the compounds having electron-
donating or para-electron-withdrawing substituents.

The structure of three compounds was unequivocally corrobo-
rated by single-crystal X-ray analysis. Besides some conformational
similarity in molecular structure of all three compounds, two of
them with NO, substituent at the phenyl ring show different
orientation of the phenyl ring regarding to the rest of molecule. The
ferrocene compound with NO, in the ortho position forms strong
N—H...O intramolecular hydrogen bond while other two
compounds use the same N—H donor group for formation of
geometrically similar centrosymmetric dimers.

All of the compounds appeared to have broad-spectrum effect
on Gram-negative and Gram-positive bacteria, although the degree

Table 5

of inhibition varied. A notable exception to the generally medium-
low activity is shown by the fact that all compounds inhibited best
S. aureus. The introduction of either an electron-donating or
acceptor group in the ortho position to the phenyl resulted in no
alteration in activity.

4. Experimental section
4.1. General remarks

All chemicals were commercially available and used as received,
except that the solvents were purified by distillation. Chromato-
graphic separations were carried out using silica gel 60 (Merck,
230—400 mesh ASTM), whereas silica gel 60 on Al plates, layer
thickness 0.2 mm (Merck) was used for TLC. Melting points
(uncorrected) were determined on a Mel-Temp capillary melting

Minimal inhibitory (MIC) and minimal bactericidal concentrations (MBC) of the synthesized Mannich bases 5a—n.

Compound (mg/ml)

5a 5b 5c 5d 5e 5f 5g 5h 5i 5j 5k 51 5m 5n T
Gram (—) bacterial strains
Escherichia coli ATCC 25922
MIC 0.78 0.39 0.39 0.39 0.78 0.78 0.78 0.20 0.39 0.78 039 0.39 1.56 0.39 1.56

MBC 25.00 25.00 25.00 25.00 25.00 25.00 25.00

Salmonella enterica ATCC 13076
MIC 0.78 6.25 1.56 1.56 0.78 1.56 12.50
MBC 12.50 50.00 25.00 12.50 12.50 12.50 50.00

Pseudomonas aeruginosa ATCC 27853
MIC 1.56 0.78 1.56 3.12 3.12 3.12 3.12
MBC 25.00 25.00 12.50 25.00 12.50 25.00 25.00

Gram (+) bacterial strains

Staphylococcus aureus ATCC 6538

MIC 0.02 0.02 0.10 0.02 0.02 0.05 0.10
MBC 3.12 3.12 6.25 3.12 3.12 3.12 6.25

Bacillus cereus ATCC 10876
MIC 0.39 1.56 3.12 0.10 1.56 0.39 0.39
MBC 25.00 50.00 50.00 12.50 25.00 12.50 12.50

Clostridium perfringens ATCC 19404
MIC 0.39 0.20 0.20 0.20 0.20 0.20 0.39
MBC 12.50 12.50 12.50 12.50 12.50 25.00 6.25

25.00 25.00 25.00 25.00 12.50 25.00 25.00 1.56

0.20 0.78 1.56 0.39 0.39 0.78 0.39 3.12
12.50 12.50 12.50 12.50 12.50 12.50 12.50 3.12

3.12 1.56 3.12 3.12 1.56 1.56 0.78 3.12
25.00 25.00 25.00 25.00 25.00 25.00 25.00 3.12

0.02 0.10 0.10 0.05 0.10 0.10 0.02 0.09
3.12 6.25 6.25 3.12 6.25 6.25 3.12 0.09
0.78 0.78 0.78 0.39 0.39 0.39 0.39 1.56

25.00 25.00 25.00 12.50 25.00 12.50 12.50 1.56

0.39 0.20 0.20 0.20 0.39 0.39 0.20 1.56
6.25 12.50 12.50 12.50 12.50 12.50 12.50 1.56

T, Tetracycline (pug/ml).
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points apparatus, model 1001. The 'H and 3C NMR spectra of the
samples in CDCl; were recorded on a Varian Gemini (200 MHz)
spectrometer. Chemical shifts are expressed in ¢ (ppm), relative to
residual solvent protons as the internal standard (CDCl3: 7.26 ppm
for 'H and 77 ppm for 13C). Cyclic voltammetry experiments were
performed at room temperature under argon in a three-electrode
cell using an Autolab potentiostat (PGSTAT 302N). The working
electrode was a glassy carbon disk (2 mm diameter). The counter
electrode was a platinum wire, and a silver wire was used as the
reference electrode. IR measurements were carried out with a Per-
kin—Elmer FTIR 31725-X spectrophotometer. Microanalysis of
carbon, hydrogen and nitrogen was carried out with a Carlo Erba
1106 microanalyser; their results agreed favorably with the calcu-
lated values. The reactions (microwave assisted syntheses) were
performed by placing the teflon quivet with the reagents without
a solvent in a closed reactor equipped with pressure and temper-
ature control units and irradiating inside the cavity of a MicroSynth
(Milestone) according to the following parameters: power 500 W,
5 min.

4.2. Acryloylferrocene (3)

Anhydrous AlCl3 (2.0 g, 15 mmol) was suspended in a cooled
solution (an ice bath) of 2.8 g (15 mmol) of ferrocene (1) and 1.9 g
(15 mmol) of 3-chloropropionyl chloride in 100 ml of dry
dichloromethane, and the obtained mixture stirred for 5 h. The
mixture was quenched with water (100 ml), filtered off (Buchner
funnel), and the organic layer was separated. The water layer was
extracted with two additional 30 ml portions of dichloromethane,
the combined organic layers were washed with saturated solution
of NaHCOj3 and the solvent distilled off. The crude product was re-
dissolved in toluene, passed through a short column of silica, and
the toluene evaporated. The solid residue was placed in a solution
of 1.5 g of CH3COOK in 100 ml of ethanol and refluxed for 2.5 h.
After that the ethanol was evaporated, the residue extracted with
dichloromethane and the obtained solution dried over anhydrous
NaySO4. Flash chromatography (SiO/toluene) gave 241¢g
(~10.5 mmol; ~67% based on ferrocene) of pure acryloylferrocene
(3). The spectral data of 3 were in agreement with the literature
ones [63].

4.3. General procedure for the synthesis of Mannich bases 5a—n

Acryloylferrocene (3, 1 mmol), the corresponding amine (4a—n,
2 mmol) and 100 mg of montmorillonite K-10 were well mixed and
irradiated in a microwave oven for 5 min at (500 W). The reaction
mixture was extracted with dichloromethane (30 ml), the solvent
evaporated and the crude product purified by flash chromatog-
raphy (SiO,). Amines were eluted with toluene, whereas ketone 3
and the target Mannich bases 5a—n were separated by using of
a mixed solvent (n-hexane/ethyl acetate = 9:1, v/v) as the eluent. In
all cases the complete excess of the amines was recovered. The
spectral data of compounds 5a—n follow.

4.3.1. 1-Ferrocenyl-3-(phenylamino)propan-1-one (5a)

m.p. 106 °C; IR: vmax (KBr)/cm™! 3358, 3085, 2933, 1655, 1603,
1515, 1498, 1456, 1401, 1274, 1069, 825, 746, 695; 'H NMR
(200 MHgz, CDCl3) 6 7.30—7.10 (m, 2H, Ar), 6.78—6.58 (m, 3H, Ar),
4.76 (t, J= 19 Hz, 2H, Fc), 4.49 (t, J= 1.9 Hz, 2H, Fc), 4.21 (brs, 1H,
NH), 411 (s, 5H, Fc), 3.57 (t, J=6.1 Hz, 2H, N—CH;), 3.01 (t,
J=6.1Hz, 2H, CO—CH,); *C NMR (50 MHz, CDCl3) ¢ 203.4 (CO),
147.6 (Ar), 129.2 (Ar), 117.4 (Ar), 112.9 (Ar), 78.7 (Fc), 72.3 (Fc), 69.7
(Fc), 69.1 (Fc), 38.5 (N—C), 38.0 (C—C); Anal. Calcd. (C1gH1gFeNO): C,
68.49; H, 5.75; N, 4.20; Found: C, 68.51; H, 5.71; N, 4.23.

4.3.2. 1-Ferrocenyl-3-(o-tolylamino )propan-1-one (5b)

m.p. 112 °C; IR: »max (KBr)/cm™! 3393, 3098, 2918, 1668, 1603,
1503, 1457, 1408, 1260, 1068, 826, 754; 'H NMR (200 MHz, CDCls)
07.25—6.98 (m, 2H, Ar), 6.76—6.59 (m, 2H, Ar), 4.76 (t, ] = 1.9 Hz, 2H,
Fc), 449 (t, J= 1.9 Hz, 2H, Fc), 4.14 (brs, 1H, NH), 4.10 (s, 5H, Fc),
3.69—3.54 (m, 2H, N—CH5), 3.04 (t, ] = 6.0 Hz, 2H, CO—CHy), 2.13 (s,
3H, CH3); >C NMR (50 MHz, CDCl3) 6 203.5 (CO), 145.6 (Ar), 130.2
(Ar), 127.0 (Ar), 122.4 (Ar), 117.0 (Ar), 109.5 (Ar), 78.7 (Fc), 72.3 (Fc),
69.7 (Fc), 69.1 (Fc), 38.6 (N—C), 38.1 (C—C), 17.4 (CH3); Anal. Calcd.
(CyoH21FeNO): C, 69.18; H, 6.10; N, 4.03; Found: C, 69.19; H, 6.13; N,
3.99.

4.3.3. 1-Ferrocenyl-3-(m-tolylamino )propan-1-one (5c)

m.p. 121 °C; IR: vmax (KBr)/cm~! 3349, 3082, 2934, 1655, 1603,
1457, 1404, 1281, 1265, 1106, 826, 773; 'H NMR (200 MHz, CDCls)
07.18—6.92 (m, 1H, Ar), 6.59—6.48 (m, 3H, Ar), 4.75 (t,] = 1.9 Hz, 2H,
Fc), 4.48 (t,] = 1.9 Hz, 2H, Fc), 4.13 (brs, 1H, NH), 4.11 (s, 5H, Fc), 3.55
(t, J=6.1 Hz, 2H, N—CH>), 2.99 (t, J= 6.1 Hz, 2H, CO—CH)>), 2.27 (s,
3H, CH3); '3C NMR (50 MHz, CDCl3) 2034 (CO), 147.6 (Ar), 138.9
(Ar), 129.1 (Ar), 118.3 (Ar), 113.8 (Ar), 110.1 (Ar), 78.7 (Fc), 72.2 (Fc),
69.7 (Fc), 69.1 (Fc), 38.6 (N—C), 38.1 (C—C), 21.5 (CH3); Anal. Calcd.
(CyoH21FeNO): C, 69.18; H, 6.10; N, 4.03; Found: C, 69.17; H, 6.07; N,
4.04.

4.3.4. 1-Ferrocenyl-3-(p-tolylamino )propan-1-one (5d)

m.p. 73 °C; IR: vmax (KBr)jcm™! 3351, 3090, 2918, 1656, 1618,
1521, 1456, 1401, 1273, 1070, 824, 807; 'H NMR (200 MHz, CDCl3)
0 6.99 (d, J=8.2 Hz, 2H, Ar), 6.57 (d, J=8.4Hz, 2H, Ar), 4.74 (t,
J=19Hz, 2H, Fc), 447 (t, J=19 Hz, 2H, Fc), 4.10 (s, 5H, Fc), 4.06
(brs, 1H, NH), 3.53 (t, ] = 6.1 Hz, 2H, N—CH>), 2.98 (t, ] = 6.1 Hz, 2H,
CO—CH,), 2.22 (s, 3H, CH3); >C NMR (50 MHz, CDCl3) 6 203.4 (CO),
145.3 (Ar), 129.7 (Ar), 126.5 (Ar), 113.1 (Ar), 78.7 (Fc), 72.2 (Fc), 69.7
(Fc), 69.0 (Fc), 38.9 (N-C), 38.1 (C—C), 20.2 (CHs3); Anal. Calcd.
(CyoH21FeNO): C, 69.18; H, 6.10; N, 4.03; Found: C, 69.20; H, 6.10; N,
4.05.

4.3.5. 1-Ferrocenyl-3-(mesitylamino)propan-1-one (5e)

m.p. 86 °C; IR: vmax (I(Br)/cm’] 3378, 3094, 2940, 1655, 1485,
1456, 1376, 1310, 1243, 1021, 821; 'H NMR (200 MHz, CDCl3) 6 6.82
(s, 2H, Ar), 4.77 (t, ] = 1.8 Hz, 2H, Fc), 4.48 (t, ] = 1.8 Hz, 2H, Fc), 4.18
(s, 5H, Fc), 3.62 (brs, 1H, NH), 3.25 (t, ] = 5.7 Hz, 2H, N—CH>), 2.97 (t,
J=5.7 Hz, 2H, CO—CH>), 2.31 (s, 6H, 0-CH3), 2.22 (s, 3H, p-CH3); 13C
NMR (50 MHz, CDCl3) 6 203.9 (CO), 143.3 (Ar), 131.2 (Ar), 130.0 (Ar),
129.2 (Ar), 78.7 (Fc), 72.2 (Fc), 69.7 (Fc), 69.1 (Fc), 43.1 (N—C), 39.7
(C—C), 20.5 (p-CHsz), 18.1 (0-CH3); Anal. Calcd. (CyoHasFeNO): C,
70.41; H, 6.71; N, 3.73; Found: C, 70.40; H, 6.70; N, 3.75.

4.3.6. 1-Ferrocenyl-3-(2-fluorophenylamino)propan-1-one (5f)

m.p. 89°C; IR: ymax (KBr)/cm™! 3383, 3096, 2903, 1665, 1619,
1529, 1402, 1261, 1190, 824, 735; 'H NMR (200 MHz, CDCl3)
0 7.13—6.50 (m, 4H, Ar), 4.77 (t, ] = 1.8 Hz, 2H, Fc), 4.50 (t, ] = 1.8 Hz,
2H, Fc), 4.37 (brs, 1H, NH), 4.12 (s, 5H, Fc), 3.71-3.48 (brg, 2H,
N—CH,), 3.02 (t,J = 6.1 Hz, 2H, CO—CH,); '*C NMR (50 MHz, CDCl5)
6202.9(C0),151.7 (Jcp = 238.8 Hz, Ar), 136.2 (Jcgp = 11.5 Hz, Ar), 124.5
(]c]: =3.4Hz, AI'), 116.7 Uc]: =7.0Hz, AI'), 114.6 Uc]: =18.5Hz, AI'),
111.9 (Jcr = 3.3 Hz, Ar), 78.7 (Fc), 72.4 (Fc), 69.7 (Fc), 69.1 (Fc), 38.2
(N—C), 38.1 (C—C); Anal. Calcd. (C19H1sFFeNO): C, 64.98; H, 5.17; N,
3.99; Found: C, 64.99; H, 5.20; N, 4.01.

4.3.7. 1-Ferrocenyl-3-(3-fluorophenylamino)propan-1-one (58)
m.p. 124 °C; IR: vmax (KBr)/cm™! 3362, 3098, 2945, 1654, 1622,
1499, 1457, 1399, 1261, 1154, 1072, 840, 823, 755, 686; 'H NMR
(200 MHz, CDCl3) ¢ 7.20—7.01 (m, 1H, Ar), 6.48—6.28 (m, 3H, Ar),
4.77 (t, J= 19 Hz, 2H, Fc), 4.51 (t, J= 1.9 Hz, 2H, Fc), 4.39 (brs, 1H,
NH), 4.12 (s, 5H, Fc), 3.63—3.46 (brq, 2H, N—CH3), 3.01 (t, ] = 6.0 Hz,
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2H, CO—CH,); 3C NMR (50 MHz, CDCl3) 6 203.3 (CO), 164.2
(Jcp = 242.8 Hz, Ar), 149.5 (Jor = 10.6 Hz, Ar), 130.4 (Jor=10.2 Hz,
Ar), 108.9 (Je=2.3Hz, Ar), 103.8 (Jcr=21.6Hz, Ar), 99.3
(Jer=25.3 Hz, Ar), 78.6 (Fc), 72.4 (Fc), 69.8 (Fc), 69.1 (Fc), 38.4
(N—C), 37.8 (C—C); Anal. Calcd. (C19HgFFeNO): C, 64.98; H, 5.17; N,
3.99; Found: C, 64.95; H, 5.17; N, 4.00.

4.3.8. 1-Ferrocenyl-3-(4-fluorophenylamino)propan-1-one (5h)

m.p. 127 °C; IR: vmax (KBr)jem~! 3399, 3102, 2911, 1664, 1521,
1461, 1400, 1219, 1050, 818, 785; 'H NMR (200 MHz, CDCl3)
6 6.97—6.82 (m, 2H, Ar), 6.66—6.54 (m, 2H, Ar), 4.76 (t, J= 1.9 Hz,
2H, Fc), 4.51 (t, ] = 1.9 Hz, 2H, Fc), 4.12 (brs, TH, NH), 4.12 (s, 5H, Fc),
3.52 (t, ] = 6.0 Hz, 2H, N—CH3), 3.00 (t, ] = 6.0 Hz, 2H, CO—CH,); 3C
NMR (50 MHz, CDCl3) 6 203.4 (CO), 155.9 (Jcr = 235.1 Hz, Ar), 144.1
(Jer=1.5Hz, Ar), 115.7 (Jcp=22.3 Hz, Ar), 113.9 (Jcg= 7.4 Hz, Ar),
103.8 (Jcr = 21.6 Hz, Ar), 99.3 (Jcr = 25.3 Hz, Ar), 78.7 (Fc), 72.4 (Fc),
69.8 (Fc), 69.1 (Fc), 39.3 (N—C), 37.9 (C—C); Anal. Calcd.
(C19H1gFFeNO): C, 64.98; H, 5.17; N, 3.99; Found: C, 65.00; H, 5.21;
N, 3.97.

4.3.9. 3-(2-Chlorophenylamino)-1-ferrocenylpropan-1-one (5i)

m.p. 108 °C; IR: vmax (KBr)/cm™! 3418, 3096, 2921, 1675, 1599,
1504, 1456, 1410, 1325, 1256, 1025, 823, 750; TH NMR (200 MHz,
CDCl3) 6 7.33—7.10 (m, 2H, Ar), 6.82—6.55 (m, 2H, Ar), 4.77 (t,
J =19 Hz, 2H, Fc), 4.77 (brs, 1H, NH), 4.50 (t, ] = 1.9 Hz, 2H, Fc), 4.12
(s, 5H, Fc), 3.64 (q, J= 6.1 Hz, 2H, N—CHy), 3.03 (t, J= 6.2 Hz, 2H,
CO—CH,); 3C NMR (50 MHz, CDCl3) 6 202.7 (CO), 143.5 (Ar), 129.3
(Ar), 127.8 (Ar), 119.4 (Ar), 117.3 (Ar), 110.9 (Ar), 78.7 (Fc), 72.4 (Fc),
69.8 (Fc), 69.2 (Fc), 381 (N—C), 381 (C—C); Anal. Calcd.
(Ci9H18CIFeNO): C, 62.07; H, 4.93; N, 3.81; Found: C, 62.03; H, 4.94;
N, 3.78.

4.3.10. 3-(3-Chlorophenylamino)-1-ferrocenylpropan-1-one (5j)
m.p. 121 °C; IR: »max (KBr)/cm™' 3353, 3086, 2930, 1654, 1596,

1487, 1456, 1400, 1275, 1248, 1073, 822, 758; TH NMR (200 MHz,

CDCl3) 6 7.14—7.00 (m, 1H, Ar), 6.72—6.45 (m, 3H, Ar), 4.76 (t,

J=1.9 Hz, 2H, Fc), 4.50 (t, ] = 1.9 Hz, 2H, Fc), 4.36 (brs, 1H, NH), 4.12
(s, 5H, Fc), 3.61-3.46 (brg, 2H, N—CH,), 3.00 (t, J=6.0 Hz, 2H,
CO—CHy); 3C NMR (50 MHz, CDCl3) 6 203.2 (CO), 148.8 (Ar), 135.0
(Ar), 130.2 (Ar), 117.2 (Ar), 112.2 (Ar), 1114 (Ar), 78.6 (Fc), 72.4 (Fc),
69.7 (Fc), 69.1 (Fc), 383 (N—C), 37.8 (C—C); Anal. Calcd.
(C19H;5CIFeNO): C, 62.07; H, 4.93; N, 3.81; Found: C, 62.05; H, 4.96;
N, 3.80.

4.3.11. 3-(4-Chlorophenylamino)-1-ferrocenylpropan-1-one (5k)

m.p. 51 °C; IR: vmax (I(Bl‘)/cm’1 3344, 3092, 2933, 1658, 1596,
1509, 1493, 1456, 1396, 1273, 1088, 1066, 824, 799; 'H NMR
(200 MHz, CDCl3) 6 7.19—7.01 (m, 2H, Ar), 6.65—6.50 (m, 3H, Ar),
4.75 (t, J= 1.9 Hz, 2H, Fc), 4.50 (t, J = 1.9 Hz, 2H, Fc), 4.24 (brs, 1H,
NH), 4.11 (s, 5H, Fc), 3.52 (t, J=6.0 Hz, 2H, N—CH,), 2.98 (t,
J=6.0Hz, 2H, CO—CH,); *C NMR (50 MHz, CDCl3) 6 203.3 (CO),
146.2 (Ar), 129.0 (Ar), 121.8 (Ar), 113.9 (Ar), 78.6 (Fc), 72.4 (Fc), 69.7
(Fc), 69.1 (Fc), 38.7 (N—C), 37.8 (C—C); Anal. Calcd. (C19H;3CIFeNO):
C, 62.07; H, 4.93; N, 3.81; Found: C, 62.10; H, 4.94; N, 3.79.

4.3.12. 1-Ferrocenyl-3-(2-nitrophenylamino)propan-1-one (51)

m.p. 96 °C; IR: vmax (KBr)jem™! 3377, 3116, 2935, 1661, 1617,
1568, 1508, 1457, 1399, 1263, 1238, 1149, 823, 743; 'H NMR
(200 MHz, CDCl3) 6 8.42—8.11 (m, 2H, NH and Ar), 7.60—7.40 (m, 1H,
Ar), 6.96 (d, J=8.5Hz, 1H, Ar), 6.75—6.59 (m, 1H, Ar), 4.80 (t,
J =19 Hz, 2H, Fc), 4.53 (t, ] = 1.9 Hz, 2H, Fc), 4.17 (s, 5H, Fc), 3.76 (q,
J=6.6Hz, 2H, N—CH>), 3.12 (t, = 6.6 Hz, 2H, CO—CH3); *C NMR
(50 MHz, CDCl3) 6 201.5 (CO), 145.0 (Ar), 136.1 (Ar), 126.9 (Ar), 115.3
(Ar), 113.4(Ar), 78.3 (Fc), 72.5 (Fc), 69.7 (Fc), 69.1 (Fc), 38.3 (N—C),
37.6 (C—C); Anal. Calcd. (C19H1gFeN,03): C, 60.34; H, 4.80; N, 7.41;
Found: C, 60.30; H, 4.81; N, 7.41.

4.3.13. 1-Ferrocenyl-3-(3-nitrophenylamino )propan-1-one (5m)
m.p. 91 °C; IR: vmax (KBr)/cm™! 3329, 3098, 2956, 1656, 1620,
1526, 1456, 1347, 1265, 1238, 826, 782; 'H NMR (200 MHz, CDCl3)
6 7.60—7.40 (m, 2H, Ar), 7.36—7.21 (m, 1H, Ar), 7.36—7.21 (m, 1H, Ar),
6.98—6.85 (m, 1H, Ar), 4.78 (t,] = 1.9 Hz, 2H, Fc), 4.71 (brs, 1H, NH),

Table 6

Crystallographic data for 5j, 5m and 51
Identification code 5j 5m 51
Empirical formula C19H18ClFeNO C19H13F6N203 C]gH]gFENzOg
Formula weight 367.64 378.20 378.20
Color, crystal shape Dark-orange, prism Dark-orange, plate Dark-orange, prism
Crystal size (mm?) 0.32 x 30 x 25 0.36 x 0.31 x 0.10 028 x 0.25 x 0.23
Temperature (K) 293(2) 293(2) 293(2)
Wavelength (A) 0.71073 0.71073 0.71073
Crystal system Triclinic Triclinic Orthorhombic
Space group P-1 P-1 P212124
Unit cell dimensions
a(A) 7.5449(7) 9.109(3) 5.8295(7)
b (A) 9.7317(8) 9.659(2) 13.6390(18)
c (A) 12.5382(11) 11.242(3) 21.231(4)
a () 88.912(7) 65.53(3) 90
6 () 76.107(8) 72.79(2) 90
v (°) 69.330(12) 84.94(4) 90
Vv (A%) 833.96(13) 859.3(4) 1688.0(4)
z 2 2 4
Dearc (Mg/m?) 1.464 1.462 1.488
u (mm1) 1.067 0.898 0914
f range for data collection (°) 3.03—-28.97 2.98—28.92 3.14-29.03
Reflections collected 6698 5930 5237
Independent reflections, Rin¢ 3803, 0.0458 3877,0.1109 3564, 0.0470
Completeness (%) to § = 26.32° 99.6 99.7 99.8
Refinement method Full-matrix least-squares on F> Full-matrix least-squares on F? Full-matrix least-squares on F?
Data/restraints/parameters 3803/0/212 3877/0/230 3564/0/230
Goodness-of-fit on F? 1.090 0.992 1.052
Final R;/wR; indices [I > 2a(I)] 0.0889/0.1997 0.0853/0.1856 0.0683/0.1349
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4.53 (t, J=1.9Hz, 2H, Fc), 413 (s, 5H, Fc), 3.70—-3.54 (brq, 2H,
N—CH>), 3.05 (t, ] = 5.9 Hz, 2H, CO—CH,); '*C NMR (50 MHz, CDCl3)
6 203.3 (CO), 148.6 (Ar), 147.6 (Ar), 129.8 (Ar), 119.2 (Ar), 111.9 (Ar),
105.9 (Ar), 78.4 (Fc), 72.6 (Fc), 69.8 (Fc), 69.2 (Fc), 38.4 (N-C), 37.7
(C—C); Anal. Calcd. (Ci9HigFeN;03): C, 60.34; H, 4.80; N, 741;
Found: C, 60.32; H, 4.84; N, 7.43.

4.3.14. 1-Ferrocenyl-3-(4-nitrophenylamino )propan-1-one (5n)

m.p. 189—190 °C; IR: vmax (KBr)/cm™! 3356, 3107, 2907, 1653,
1604, 1501, 1471, 1319, 1115, 832, 754; 'H NMR (200 MHz, CDCl3)
6 8.09 (d, J=9.2 Hz, 2H, Ar), 6.61 (d, J=9.2 Hz, 2H, Ar), 4.79 (t,
J=19Hz, 2H, Fc), 4.58 (t, J= 1.9 Hz, 2H, Fc), 4.14 (s, 5H, Fc), 3.74
(brs, 1H, NH), 3.66 (t, ] = 6.1 Hz, 2H, N—CH>), 3.07 (t, J=6.1 Hz, 2H,
CO—CH,). '3C NMR (50 MHz, CDCl3) 6 204.0 (CO), 153.5 (Ar), 137.5
(Ar), 126.8 (Ar), 111.0 (Ar), 78.3 (Fc), 73.2 (Fc), 70.1 (Fc), 69.5 (Fc),
38.0 (N—C), 38.0 (C—C); Anal. Calcd. (C;9H1gFeN;03): C, 60.34; H,
4.80; N, 7.41; Found: C, 60.33; H, 4.82; N, 7.38.

4.4. X-ray crystallography

Single-crystal diffraction data for 5j, 51 and 5m were collected
on a Oxford Diffraction Xcalibur Sapphire3 Gemini diffractometer
equipped with Mo K radiation (1= 0.71073 A) at room tempera-
ture. Data were processed with CrysAlis software [64] with multi-
scan absorption corrections applied using SCALE3 ABSPACK [64].
All three crystal structures were solved with SHELXS [65] and
refined using SHELXL [65].

The H1n atom attached to N1 was located by difference Fourier
synthesis and refined isotropically. All other H atoms were placed at
geometrically calculated positions with the C—H distances fixed to
0.93 from C(sp®); 0.97 and 0.98 A from methylene and methine
C(sp®), respectively. The corresponding isotropic displacement
parameters of the hydrogen atoms were equal to 1.2Ueq and 1.5Ueq
of the parent C(sp®) and C(sp®), respectively.

A summary of crystallographic data is given in Table 6.
Figures were produced using ORTEP-3 [66] and MERCURY, Version
2.4 [67]. The software used for the preparation of the materials for
publication: WinGX [68], PLATON [69], PARST [70].

4.5. Biology

4.5.1. Test microorganisms

The synthesized Mannich bases 5a—n were tested against
a panel of microorganisms (American Type Culture Collection
strains), including Gram-positive S. aureus ATCC 6538, Bacillus
cereus ATCC 10876, Clostridium perfringens ATCC 19404, Gram-
negative Salmonella enterica ATCC 13076, E. coli ATCC 25922 and
P. aeruginosa ATCC 27853. Bacterial strains were maintained on
Nutrient agar at optimal temperature of 37 °C at the Microbiology
Laboratory (Department of Biology, Faculty of Science and Mathe-
matics, University of NiS).

4.5.2. Screening of antimicrobial activity

Antimicrobial activity was evaluated using a broth microdilution
method according to NCCLS (2003) [71]. Minimum inhibitory
concentrations (MIC) determination was performed by a serial
dilution method in 96 well microtitre plates. Bacterial species were
cultured at 37 °C in Mueller Hinton agar. After 18 h of cultivation,
bacterial suspensions were made in Mueller Hinton broth and their
turbidity was standardized to 0.5 McFarland. Absorbance of every
suspension was confirmed on a spectrophotometer (UV—VIS 1650,
Shimadzu, Japan). The final density of bacterial inoculi corre-
sponded to 5 x 10° CFU (colony forming units).

Stock solutions of the compounds 5a—n were prepared in 10%
(v/v) aqueous dimethyl sulfoxide (DMSO) in the concentration

range 0.01-50.00 mg/ml (the diluting factor 2). The bacterial
inoculum was added to all wells containing the compounds in
appropriate concentrations and the plates were incubated at 37 °C
during 24 h. Tetracycline served as a positive control, while the
solvent (10% DMSO(aq)) was used as a negative control. The DMSO
solvent controls did not produce any measurable inhibition of the
test organisms. Replicate tests performed with a specific dilution of
a test compound on any given day were in excellent agreement and
results obtained with a specific dilution of any given compound on
different days were generally in close agreement. One non-
inoculated well, free of the antimicrobial agents, was also
included to ensure medium sterility.

Bacterial growth was visualized by adding 20 ul of 0.5% (w/w)
triphenyltetrazolium chloride (TTC) aqueous solution [72]. Minimal
inhibitory concentration (MIC) was defined as the lowest concen-
tration of the compounds 5a—n that inhibited visible growth (red
colored pellet on the bottom of the wells after the addition of TTC),
while minimal bactericidal concentration (MBC) was defined as the
lowest concentration of the compound that killed 99.9% of bacterial
cells. To determine MBC, broth was taken from each well without
any visible growth and inoculated in Mueller Hinton agar (MHA) for
24 h at 37 °C.

4.5.3. Statistical analysis

All experiments were done in quantiplicate and mean values are
presented. In order to evaluate statistically any significant differ-
ences among mean values, a one-way ANOVA test was used. p
values less than 0.05 (p < 0.05) were used as the significance level.
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Recrystallization of the title compound, [Fe(CsHs)(Ci4H;s-
N,05)], from a mixture of n-hexane and dichloromethane
gave the new polymorph, denoted (I), which crystallizes in the
same space group (P1) as the previously reported structure,
denoted (II). The Fe—C distances in (I) range from 2.015 (3)
t02.048 (2) A and the average value of the C—C bond lengths
in the two cyclopentadienyl (Cp) rings is 1.403 (13) A. As
indicated by the smallest C—Cgl—Cg2—C torsion angle of
1.4° (Cgl and Cg2 are the centroids of the two Cp rings), the
orientation of the Cp rings in (I) is more eclipsed than in the
case of (II), for which the value was 15.3°. Despite the
pronounced conformational similarity between (I) and (II),
the formation of self-complementary N—H.--O hydrogen-
bonded dimers represents the only structural motif common to
the two polymorphs. In the extended structure, molecules of
(I) utilize C—H---O hydrogen bonds and, unlike (II), an
extensive set of intermolecular C—H- - -7 interactions. Finger-
print plots based on Hirshfeld surfaces are used to compare
the packing of the two polymorphs.

Comment

Ferrocene, an unnatural compound, has attracted intense
attention from chemists since its discovery in 1951 (Kealy &
Pauson, 1951; Miller et al., 1952) and particularly after its first
functionalization by Friedel-Crafts acylation (Woodward et
al., 1952). This interest is a consequence of several unique
properties of ferrocene and its derivatives, including
nontoxicity, easy handling, outstanding stability in both
aqueous and non-aqueous media efc. The most attractive
feature of these compounds is their ease of functionalization;
following classical organic protocols one can synthesize a
‘double’ of any known compound in which the aromatic unit is
substituted by ferrocene.

Ferrocene exists in three polymorphic forms, one at room
temperature, which is monoclinic (Seiler & Dunitz, 1979a;
Takusagawa & Koetzle, 1979), and two at low temperature,
viz. triclinic and orthorhombic (Seiler & Dunitz, 19795, 1982).
At the molecular level, the ferrocene molecules within these
forms differ only in the relative orientation of the two cyclo-
pentadienyl (Cp) rings (Braga et al., 1998). The low rotation
barrier of the Cp rings accounts for the considerable flexibility
of the ferrocene (Fc) unit, which can be further related to the
evident structural polymorphism of Fc-containing compounds.
Aliphatic substituents, when present on Fc units, add to the
overall structural flexibility which plays an important role in
the polymorphism of these compounds. A Cambridge Struc-
tural Database (CSD, Version 5.31, August 2010; Allen, 2002)
survey of Fc-containing crystal structures, for which the special
text string ‘polymorphism’ has been registered, retrieved 78
different compounds. Among these structures there are 16
examples in which the polymorphs crystallize in the same
space group.

0

NO,

M
We report here a new polymorph of 1-ferrocenyl-3-(3-
nitroanilino)propan-1-one obtained by recrystallization from
a mixture of n-hexane and dichloromethane. The novel poly-
morph, denoted (I) (Fig. 1), as well as the previously described
polymorph, denoted (II) (Damljanovi¢ et al., 2011), crystal-
lizes in the space group P1, with one molecule in the asym-

Figure 1
The molecular structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 35% probability level.
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metric unit. The unit cells of (I) and (II) display similar
volumes but differ significantly in axis lengths and angles. The
previously reported examples of monosubstituted 3-aryl-
amino-1-ferrocenylpropan-1-ones (Damljanovi¢ et al., 2011)
indicate the existence of two molecular conformations, mostly
dependent on the position of the substituent on the arylamino
group. Molecules (I) and (II) belong to the same conforma-
tional type and exhibit only slight structural dissimilarity, but
they display a significant packing polymorphism. For (I), the
bond distances (Table 1) within the Fc unit are as expected for
monosubstituted derivatives. The C—C bonds in the substi-
tuted cyclopentadienyl ring, Cpl, are slightly longer than those
in the unsubstituted ring, Cp2. One should, however, take into
account that the apparently shorter C—C bonds in the
unsubstituted ring may be a result of the strong libration in
this ring, as demonstrated by the elongated ellipsoids.
Disorder of the Cp rings in ferrocene is a well known
phenomenon which was initially described by Seiler & Dunitz
(1979a). The longest Cp bonds are C1—C2 [1.437 (3) A] and
C1—C5[1.429 (3) A] vicinal to the substituent at C1 (Fig. 1).
As previously observed in similar monosubstituted Fc-based
compounds (Ratkovié et al., 2010), the metal atom could be
considered as positioned slightly closer to the substituted Cpl
ring (Fel —Cgl = 1.64 A and Fel —Cg2 = 1.65 A; Cgl and Cg2
are the centroids of the Cpl and Cp2 rings, respectively). The
Cp1 and Cp2 rings are almost parallel, with a dihedral angle of
1.3 (2)°, similar to the value of 2.3 (4)° in (II). The most
pronounced difference in the Fc units of (I) and (II) concerns
the mutual orientation of Cp rings. The C1—Cgl—Cg2—C6
torsion angles of 1.4° in (I) and 15.3° in (II) indicate a more
significant deviation from an eclipsed conformation in the case
of (IT). Bond lengths and angles within the substituents are
similar in (I) and (II). Torsion angles (Table 2) indicate small

Figure 2

The N1—HI1---O1 hydrogen-bonded dimers of (I) (top) and (II)
(bottom), interconnected by corresponding C—H---7 and C—H---O
interactions, respectively. H atoms not involved in intermolecular
interactions have been excluded for the sake of clarity.

but noticeable differences in the conformation of the C1-C14
chains which are enabled by free rotation around the corre-
sponding single bonds. These differences accompany a slight
variation in the Cp2/Ph dihedral angle, viz. 85.7 (1) and
82.7 (2)° for (I) and (II), respectively. A good gauge of the
conformational differences between (I) and (II) is the relative
displacement of arylamino atom N1 from the Fel/Cg2/C6
plane, which bisects Cp2 and contains the Fel atom [0.55 Ain
(I) and 2.05 A in (II), see Fig. S1 in the Supplementary
materials].

In the packing of the two polymorphs, the strongest inter-
molecular N1—Hl1#n---O1" interactions [symmetry code: (i)
—x + 1, —y + 2, —z + 1], formed between their aliphatic
moieties, link the centrosymmetrically related molecules into
dimers characterized by the same cyclic R3(12) motif (Etter,
1990). The N1—H1n- - -O1" hydrogen bond in (I) is somewhat
shorter [N1---O1' = 3.018 (2) A in (I) and 3.133 (6) A in (1I)]
and displays better directionality than the analogous inter-
action in (II). The N1—Hln---O1 interactions in (II) are
additionally supported by a C6—H6- - -O1' interaction, while
in (I) the relative disposition of the neighbouring molecules
obviates this interaction (see Fig. S2 in the Supplementary
materials). The dimer mediated by N1—H1z- - -O1' is the only
motif common to the two structures. This interaction involves
the strongest donor and acceptor, and represents the best
initial aggregation mode for this compound. Beyond that,
polymorphs (I) and (IT) display pronounced differences. In

d.
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Figure 3

Fingerprint plots of (I) (top) and (II) (bottom).
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(II), the strongest remaining acceptors, the nitro O atoms,
interact with a pair of C—H donors, one from each Cp ring of
the Fc unit. In this manner, the bent configuration of the
molecule is utilized to form a macrocyclic motif centred at
(4,1,3) (Fig. 2, bottom). This motif is not seen for (I); indeed, in
(I), the same pair of C—H donors is involved in a pair of C—
H- - -7 interactions towards the neighbouring benzene ring,
forming an infinite chain parallel to b. Fig. 2 shows the dimers
common to (I) and (II) interconnected by C—H-- -7 [(I);
Fig. 2, top] and C—H---O [(II); Fig. 2, bottom] interactions,
respectively. In (I), the nitro O atoms have a completely
different role from that observed in (II). Atom O2 in (I) is
involved in an acceptor-bifurcated hydrogen bond (both
H---O <26 A), with the C15—HI15 benzene ring and the
aliphatic C13—H13a group as donors. The interaction with
acceptor atom O3 is weaker and involves the cyclopentadienyl
C7—HT7 group as donor. This is the only interaction between
the Fc moiety and NO, in (I), in contrast to (II), where there
are three. While Fc in (I) play an important role in C—H- - -
interactions, both as a C—H donor and as a m acceptor, in (II)
only one intermolecular C—H. . -7 interaction is observed
(Table 3, see Fig. S3 in the Supplementary materials).

The differences in the overall patterns of interactions in the
crystal structures of polymorphs (I) and (II) are best illu-
strated through Hirshfeld surfaces (see Fig. S4 in the
Supplementary materials) and the corresponding fingerprint
plots (Fig. 3) (Wolff et al, 2007; Spackman & McKinnon,
2002). This two-dimensional mapping summarizes the inter-
molecular interactions present in the crystal structures and
reflects the influences of the different crystal environments on
the two polymorphs. The values d. and d; are defined as the
distances from a point on the Hirshfeld surface to the nearest
atoms external and internal to the surface, respectively. For
each (d.d;) pair, the fingerprint plot gives its frequency of
occurrence in the structure, using colour to represent
frequency. As discussed by Spackman & Jayatilaka (2009),
various types of interactions in a molecular structure give rise
to characteristic patterns in the fingerprint plot. The finger-
print plots for (I) and (IT) show distinctly different shapes;
however, the dominant feature with each of them is a pair of
sharp spikes corresponding to the shortest O---H contacts.
Taking into account the d. and d; values, it is clear that poly-
morph (I) exhibits shorter hydrogen-bonding interactions.
Moreover, a systematic shift of the whole pattern to shorter
contacts in (I) suggests a more dense packing in the case of this
polymorph. This accords with the densities D, of 1.475 and
1.462 Mg m ™~ for (I) and (II), respectively. If the density of the
different polymorphs is considered as a measure of their
relative stabilities (Braga et al., 1998), one can conclude that
polymorph (I) is the more stable of the two. An important
feature in the fingerprint plot of (I), which is lacking in (II), is
the wing-like accumulation at the top left and bottom right of
the graph, corresponding to the C—H:- - -7 interactions. The
region between the spikes corresponds to the H- - -H contacts,
which are obviously more numerous for (I). The shortest
intermolecular H---H distance (2.42 A) is found between
atom Hln (attached to N1) and cyclopentadienyl atom H5

(located in the vicinity of the O-atom acceptor interacting with
H1n). The percentage contributions of the H- - -O contacts to
the fingerprint plot is 24.8% for (I) and slightly higher in the
case of (II) (27.1%). On the other hand, the contribution of
H:-.C contacts is higher for polymorph (I) [19.1% in
comparison to 13.1% for (II)], in agreement with the greater
number of observed C—H- - - interactions (see Fig. S3 in the
Supplementary materials).

In summary, the two polymorphs of 1-ferrocenyl-3-(3-
nitroanilino)propan-1-one represent the infrequent case in
which polymorphs of Fc compounds crystallize with the same
space group. Indeed, the molecules in polymorphs (I) and (II)
exhibit almost the same conformation, and form similar
centrosymmetric dimers; nevertheless, they display completely
different three-dimensional packing which is based entirely on
weak noncovalent interactions.

Experimental

Polymorph (I) was synthesized according to the previously reported
procedure of Damljanovi¢ et al. (2011). The solid product obtained
following column chromatography was dissolved in a small amount of
dichloromethane (2-3 ml) and n-hexane was added carefully to this
solution until the first appearance of turbidity. One or two drops of
dichloromethane were then added to obtain a clear solution, which
was allowed to evaporate slowly at room temperature, producing
crystals of (I).

Crystal data

[Fe(CsHs)(C14H13N>03)] y =75.891 (5)°

M, = 37820 V =851.55 (8) A’
Triclinic, PT Z=2

a =7.6075 (3) A Mo Ko radiation
b=10.1342 (7) A w=091 mm~'

¢ =11.9062 (6) A T =293 K

o =73.805 (5)° 0.22 x 0.18 x 0.15 mm

B = 81.350 (4)°

Data collection

Oxford Diffraction Xcalibur
Sapphire3 Gemini diffractometer
Absorption correction: multi-scan
(CrysAlis PRO; Oxtord
Diffraction, 2009)
T'min = 0.933, Tiax = 1.000

6735 measured reflections
3884 independent reflections
3147 reflections with I > 20(1)
Rine = 0.021

Refinement

R[F? > 20(F%)] = 0.042
wR(F?) = 0.091

S =105

3884 reflections

227 parameters

H-atom parameters constrained
APmax =021 e A7?

ApPmin = —034 e A3
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Table 1 .

Selected geometric parameters (A, °).

O1-Cl11 1.219 (2) N2—C16 1.470 (3)

02—N2 1205 (3) Ccl—Cl1 1.463 (3)

03—N2 1.209 (2) Cl1—C12 1509 (3)

N1—Cl13 1.449 (3) Cl12—C13 1.512 (3)

N1—Cl4 1372 (3)

O1-Cl1-C1 121.19 (19) Cl14—N1-C13 122.85 (17)

O1—-C11-C12 120.3 (2) Cl1—-Cl11—-C12 118.54 (18)

N1—-C13—-C12 114.00 (18) Cl11-C12—-C13 112.79 (17)
Stevanovic et al. + [Fe(CsHs)(Ci4H13N,051  M39
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Table 2
Selected torsion angles (°) for (I) and (II).
I 1

C1—Cl1—C12—C13 —167.40 (16) —164.4 (4)
C5—C1—Cl11—C12 169.19 (18) 178.8 (5)
C11—C12—C13—N1 652 (2) 67.4 (7)
C12—CI3—N1—Cl4 744 (3) 68.7 (8)
CI3—N1—Cl4—CI5 117 (3) 13.0 (9)
01-Cl1—C12—Cl13 12.5 (3) 17.6 (7)

Table 3 X
Geometric parameters (A, °) for intermolecular interactions.

Only contacts with H- - -C < 3.0 A were considered as potential intermolecular
C—H- - -7 interactions. H- - -Cg represents the distance between the H atom
and the centroid of the aromatic ring. See Refinement text below for further
details of the data for (II).

D—H---A D-H H-A D--A D—H---A H---Cg
¢9) )

N1—Hln---01' 0.86 218 3.018 (2) 165

C19—H19. - .01 0.93 2.64 3.361 (2) 135
C13—Hl13a---02% 097 255 3411 (3) 147
C15—H15.--02" 0.93 2.51 3.422 (3) 168
C7—H7---03' 0.93 2.62 3.383 (4) 140
C17—H17---.C3" 0.93 2.90 3.824 (3) 173 2.87
C17—H17- - -C4" 0.93 273 3.541 (3) 146 2.87
C12—HI124---C7° 093 2.90 3.724 (4) 143 3.06
CI2—HI124---C8 093 291 3.903 (3) 137 3.06
C4—H4---C14% 0.93 2.94 3.857 (4) 160 3.31
C4—H4- - -C15% 0.93 2.74 3.536 (4) 144 331
C9—HY- - -C17% 0.93 2.87 3.780 (5) 144 3.19
(IT)

N1—Hln---01' 0.86 234 3.133 (6) 154

C6—Hé6- - -0l 0.93 2.70 3.601 (6) 163
C19—H19.--01' 0.93 2.64 3.388 (7) 138

C9—HY- --021 0.93 2.66 3.444 (10) 143

C4—H4- - -.03" 0.93 2.65 3273 (10) 125
C18—H18...C71 0.93 278 3577 (15) 145 3.23

Symmetry codes for (I): (i) —x + 1, =y + 2, —z + 1; (ii) —x + 1, —y + 1, —z + 2; (iii) —x + 2,
—y+1,—z+2;(iv)x+1,y —1,z; (v)x — 1, y, z; (vi) x, y + 1, z. Symmetry codes for (II):
(1) —x+2,—y+1, —z () —x+1,—y+1, —z+1;Gil) —x+2,—y+1, —z+1.

H atoms bonded to C atoms were placed at calculated positions,
with C—H distances fixed at 0.93 A for aromatic Csp” atoms and at
0.97 A for methylene Csp® atoms. The corresponding isotropic
displacement parameters of the H atoms were set equal to 1.2U.4 and
15U, of the parent Csp” and Csp® atoms, respectively. The H atom
attached to N1 was located by difference Fourier synthesis, then the
N—H bond length was idealized to 0.86 A and the H atom
constrained to ride on its parent atom with its isotropic displacement
parameter freely refined.

In order to compare the Hirshfeld fingerprint plots for the two
polymorphs on the same grounds, the corresponding N—H bond in (IT)
was elongated to the identical value of 0.86 A. The refinement of In
was then continued until convergence in the same manner as for (I).
The parameters for (IT) given in Table 3 are slightly altered from the
original publication (Damljanovi¢ et al., 2011) due to this modification.

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s)
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s)
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular
graphics: ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al.,
2006); software used to prepare material for publication: WinGX
(Farrugia, 1999), PLATON (Spek, 2009) and PARST (Nardelli, 1995).

This work was supported financially by the Ministry of
Education and Science of the Republic of Serbia (project Nos.
172014, 172035 and 172034).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA3265). Services for accessing these data are
described at the back of the journal.
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The title ferrocene derivative, [Fe(CsHs)(C4H;3sFNO)], crys-
tallizes in the same space group with similar unit-cell
parameters as the derivatives 3-anilino-1-ferrocenylpropan-
l-one [Leka et al. (2012). Acta Cryst. E68, m229] and 1-
ferrocenyl-3-(4-methylanilino)propan-1-one [Leka et al
(2012). Acta Cryst. E68, m230]. The dihedral angle between
the best planes of the benzene ring and the substituted
cyclopentadienyl ring is 83.4 (1)°. The presence of the
electronegative fluoro substituent in the meta position of the
aniline group does not alter the crystal packing compared to
the other two derivatives. The molecules are connected into
centrosymmetric dimers via N—H---O hydrogen bonds. In
addition, C—H---O and C—H---N contacts stabilize the
crystal packing.

Related literature

For the physico-chemical properties of ferrocene-based
compounds see: Togni & Hayashi (1995). For related crystal
structures and details of the synthesis see: Damljanovi¢ et al.
(2011); Stevanovic et al. (2012); Leka et al. (2012a,b).
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Experimental

Crystal data

[Fe(CsHs)(C14H 3FNO)]
M, =351.19

Triclinic, P1

a=7.6602 (4) A

b =9.6438 (4) A
¢ =12.0626 (6) A
o = 86.548 (4)°
B = 73.590 (4)°

y = 69.138 (4)°
V =797.95 (7) A®
Z=2

Mo Ko« radiation

Data collection

Oxford Diffraction Xcalibur
Sapphire3 Gemini diffractometer
Absorption correction: multi-scan
(CrysAlis PRO; Oxford
Diffraction, 2009)
T'min = 0.892, Tyax = 1.000

Refinement

R[F? > 20(F?)] = 0.049
wR(F?) = 0.102
§=1.06

1

©n=0.96 mm~
T=293K
0.30 x 0.24 x 0.22 mm

6470 measured reflections
3637 independent reflections
2733 reflections with I > 20([)
Rine = 0.039

H atoms treated by a mixture of
independent and constrained
refinement

3637 reflections
212 parameters

APmax =032 A7
ApPmin = —042 ¢ A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HIN---01! 0.83 (3) 224 (3) 3.049 (3) 165 (3)
C19—H19.- <Q1' 0.93 2.57 3.342 (3) 141
C4—H4- - -N1" 0.93 2.66 3.517 (3) 153

Symmetry codes: (i) —x+1, =y +1,—z+1; (i) x -1,y +1,z.

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell
refinement: CrysAlis PRO; data reduction: CrysAlis PRO;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: ORTEP-3 (Farrugia, 1997) and POV-RAY
(Persistence of Vision, 2004); software used to prepare material for
publication: WinGX (Farrugia, 1999), PLATON (Spek, 2009) and
PARST (Nardelli, 1995).

This work was supported by the Ministry of Education and
Science of the Republic of Serbia (project Nos. 172014, 172035
and 172034). We thank Dr Vladimir Divjakovi¢ for help with
the X-ray data collection.

Supplementary data and figures for this paper are available from the
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1-Ferrocenyl-3-(3-fluoroanilino)propan-1-one

Z. Leka, S. B. Novakovic, A. Pejovic, G. A. Bogdanovic and R. D. Vukicevic

Comment

As a continuation of our research related to ferrocene containing Mannich bases, we analyzed the crystal structure of 1-Fer-
rocenyl-3-(3-fluorophenylamino)propan-1-one (I). The present compound (Figure 1) exhibits the pronounced similarity to
the previous ones, either in bond lengths and angles as well as in molecular conformation. The mutual orientation of the
cyclopentadienyl (Cp) rings within the Fc unit, given by the smallest torsion angle C—Cg1—Cg2—C of 4.5° is close to
eclipsed one, with small mutual twisting as in the case of 1-Ferrocenyl-3-(phenylamino)propan-1-one (Leka et al., 2012a)

and 1- Ferrocenyl-3-(p-tolylamino)propan-1-one (Leka ez al., 2012b).

The Cp rings are almost parallel forming the dihedral angle between the Cp ring planes of 1.3 (2)°, while the distances of
Fel to Cgl and Cg2 centroids are 1.64 and 1.65 A, respectively. In accordance with previously observed trend the Fel--Cg
distances toward the substituted Cp ring are 0.01 A shorter than those toward the unsubstituted ring. The torsion angles within
the most flexible, aliphatic part of the molecule (C1—C11—C12—C13—N1) indicate a molecular conformation similar to
the previously reported derivatives. The dihedral angle between the best planes of Cpl and phenyl ring is 83.4 (1)°. It is
worth noticing that the presence of the electronegative fuloro substituent on the phenylamino moiety has no influence on the
molecule arrangement (Fig. 2), in fact F atom do not participate in any interaction. The closest donor, the cyclopentadienyl
C7—H fragment is placed at the distance of 2.69 A. Molecules exhibit arrangement which is very similar to those observed

in phenylamino (Leka et al., 2012a) and tolylamino (Leka et al., 2012b) derivatives.

Experimental

The compound was obtained by an aza-Michael addition of the corresponding arylamine to acryloylferrocene. The reaction
was performed by microwave (MW) irradiation (500 W/5 min) of a mixture of reactants and montmorillonite K-10, without

a solvent as described by Damljanovic et al. (2011).

Refinement

H atoms bonded to C atoms were placed at geometrically calculated positions and refined using a riding model. C—H

distances were fixed to 0.93 and 0.97 A from aromatic and methylene C atoms respectively. The Ujso(H) values were equal

to 1.2 times Ugq of the corresponding parent atom. H atom attached to N atom was isotropically refined.
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Figures

og

Fig. 1. The molecular structure of the title compound, with atom labels and 40% probability
/ displacement ellipsoids for non-H atoms.

g | Fig. 2. The segment of crystal packing showing the interconnection of the dimers into a chain.

1-Ferrocenyl-3-(3-fluoroanilino)propan-1-one

Crystal data

[Fe(CsHs)(C14H13FNO)]
M, =351.19
Triclinic, PT

Hall symbol: -P 1
a=7.6602 (4) A
h=9.6438 (4) A
¢ =12.0626 (6) A
= 86.548 (4)°

B =73.590 (4)°

v =69.138 (4)°
V'=1797.95 (7) A3

Data collection

Oxford Diffraction Xcalibur Sapphire3 Gemini
diffractometer

Radiation source: Enhance (Mo) X-ray Source
graphite

Detector resolution: 16.3280 pixels mm’!

o scans

Absorption correction: multi-scan
(CrysAlis PRO; Oxford Diffraction, 2009)

Tmin = 0.892, Tax = 1.000

6470 measured reflections

zZ=2

F(000) = 364

Dy=1.462 Mgm >

Mo Ko radiation, A = 0.71073 A

Cell parameters from 2586 reflections
0 =3.0-29.0°

n=0.96 mm '
T7=293K

Prismatic, orange

0.30 x 0.24 x 0.22 mm

3637 independent reflections

2733 reflections with 7> 26([)
Rint =0.039

Omax = 29.0°, Oppin = 3.0°
h=-10—10

k=-12—13

[=-16—16
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Refinement

Refinement on 7>

Least-squares matrix: full

R[F? > 20(F%)] = 0.049
WR(F?) =0.102
5=1.06

3637 reflections
212 parameters

0 restraints

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of independent and
constrained refinement

w= 1/[62(Fy?) + (0.0311P)* + 0.0409P]
where P = (F, o>+ 2F, 62)/3

(A/6)max < 0.001

Apmax =032 ¢ A3

Apmin =-042e A73

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X

Fe ~0.00273 (5)
F1 0.7892 (3)
ol 0.2719 (2)
N1 0.4911 (3)
Cl ~0.0198 (3)
C2 ~0.1753 (3)
H2 ~0.1983

c3 ~0.2873 (4)
H3 ~0.3970
C4 ~0.2040 (4)
H4 ~0.2504

cs ~0.0400 (4)
HS 0.0413

c6 0.2666 (5)
H6 0.3657

c7 0.1231 (8)
H7 0.1092

cs 0.0042 (6)
HS ~0.1030

C9 0.0721 (5)
HY 0.0192

C10 0.2342 (4)
H10 0.3074

Cll 0.1432 (3)
C12 0.1427 (3)
HI2A 0.0391
HI2B 0.1158

C13 0.3347 (3)
HI3A 0.3168

y z Uiso*/Ueq
0.82243 (4) 0.71263 (3) 0.04303 (14)
0.3862 (3) 0.90812 (18) 0.0882 (7)
0.5199 (2) 0.48403 (16) 0.0499 (5)
0.2934 (3) 0.6422 (2) 0.0449 (6)
0.6710 (3) 0.6119 (2) 0.0372 (6)
0.7020 (3) 0.7169 (2) 0.0448 (7)
0.6335 0.7714 0.054*
0.8550 (3) 0.7229 (3) 0.0536 (8)
0.9051 0.7823 0.064*
0.9184 (3) 0.6233 (3) 0.0560 (8)
1.0178 0.6057 0.067*
0.8082 (3) 0.5550 (2) 0.0473 (7)
0.8216 0.4850 0.057*
0.7445 (4) 0.7374 (4) 0.0795 (12)
0.6561 0.7055 0.095%*
0.7621 (6) 0.8431 (4) 0.0967 (15)
0.6879 0.8941 0.116*
0.9130 (6) 0.8577 (4) 0.0878 (12)
0.9561 0.9206 0.105*
0.9861 (4) 0.7643 (4) 0.0719 (10)
1.0871 0.7533 0.086*
0.8836 (4) 0.6881 (3) 0.0671 (9)
0.9040 0.6176 0.081*
0.5307 (3) 0.5732 (2) 0.0363 (6)
0.3981 (3) 0.6467 (2) 0.0404 (6)
0.3664 0.6403 0.048*
0.4275 0.7270 0.048*
0.2684 (3) 0.6115 (2) 0.0443 (7)
0.1803 0.6483 0.053*
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H13B
Cl4
Cl15
H15
Cl16
H16
C17
H17
C18
C19
H19
HIN

0.3718
0.5010 (3)
0.3909 (4)
0.2988
0.4193 (4)
0.3464
0.5519 (4)
0.5706
0.6549 (4)
0.6334 (3)
0.7066
0.541 (4)

0.2496
0.2932 (3)
0.2347 (3)
0.2008
0.2273 (4)
0.1870
0.2778 (4)
0.2723
0.3361 (4)
0.3462 (3)
0.3882
0.349 (3)

Atomic displacement parameters (A’Z )

Fe
F1
0Ol
N1
C1
C2
C3
Cc4
C5
c6
C7
C8
C9
C10
Cl1
Cl12
C13
Cl4
Cl5
Cl6
C17
C18
C19

Ull

0.0435 (2)
0.0864 (13)
0.0517 (11)
0.0368 (12)
0.0404 (13)
0.0397 (13)
0.0384 (14)
0.0571 (17)
0.0583 (16)
0.066 (2)
0.143 (4)
0.086 (3)
0.0600 (19)
0.0514 (17)
0.0393 (13)
0.0373 (13)
0.0461 (14)
0.0323 (12)
0.0498 (16)
0.0664 (19)
0.070 (2)
0.0460 (15)
0.0372 (13)

Geometric parameters (4, °)

Fe—Cl1
Fe—C5
Fe—C7
Fe—C8
Fe—Co6
Fe—C2
Fe—C10

U22

0.0423 (2)
0.1340 (19)
0.0520 (11)
0.0494 (14)
0.0377 (13)
0.0473 (16)
0.0529 (18)
0.0424 (16)
0.0459 (15)
0.065 (2)
0.124 (4)
0.131 (4)
0.061 (2)
0.078 (2)
0.0392 (14)
0.0434 (15)
0.0382 (14)
0.0375 (14)
0.066 (2)
0.092 (3)
0.096 (3)
0.069 (2)
0.0527 (17)

2.015(3)
2.021 (3)
2.023 (3)
2.024 (4)
2.031(3)
2.036 (3)
2.042 (3)

0.5285 0.053*

0.7547 (2) 0.0397 (6)

0.8445 (3) 0.0551 (8)

0.8311 0.066*

0.9534 (3) 0.0674 (10)

1.0123 0.081*

0.9769 (3) 0.0672 (9)

1.0502 0.081*

0.8883 (3) 0.0553 (8)

0.7795 (2) 0.0458 (7)

0.7222 0.055*

0.601 (2) 0.044 (8)*
U33 U12 U13 U23
0.0477 (3) ~0.01725 (18)  —0.01646 (18)  0.00022 (17)
0.0769 (15) ~0.0679 (14) ~0.0380 (11) 0.0171 (13)
0.0418 (12) ~0.0225 (9) ~0.0014 (9) 0.0042 (9)
0.0487 (16) ~0.0169 (11) ~0.0119 (11) 0.0105 (12)
0.0416 (16) ~0.0184 (11) ~0.0182 (12) 0.0036 (11)
0.0511 (18) ~0.0210 (13) ~0.0116 (12) 0.0060 (13)
0.065 (2) ~0.0101 (14) ~0.0133 (14) ~0.0049 (15)
0.071 (2) ~0.0112 (15) ~0.0320 (16) 0.0091 (15)
0.0442 (17) ~0.0215 (14) ~0.0224 (14) 0.0122 (13)
0.123 (4) ~0.0124 (19) ~0.061 (2) -0.011 (2)
0.089 (3) -0.090 (3) ~0.087 (3) 0.050 (3)
0.062 (3) ~0.058 (3) -0.013 (2) -0.030 (3)
0.100 (3) ~0.0257 (17) ~0.0199 (19) -0.023 (2)
0.081 (3) ~0.0330 (18) ~0.0153 (17) ~0.0121 (19)
0.0380 (15) ~0.0202 (11) ~0.0145 (12) 0.0032 (11)
0.0432 (16) ~0.0184 (12) ~0.0109 (11) 0.0063 (12)
0.0502 (18) ~0.0169 (12) ~0.0136 (13) 0.0034 (12)
0.0425 (16) ~0.0076 (11) ~0.0070 (11) 0.0054 (11)
0.059 (2) ~0.0323 (15) ~0.0171 (15) 0.0151 (16)
0.050 (2) ~0.0414 (19) ~0.0132 (16) 0.0199 (18)
0.044 (2) ~0.037 (2) ~0.0199 (16) 0.0094 (18)
0.057 (2) ~0.0261 (15) ~0.0169 (14) 0.0030 (16)
0.0475 (18) ~0.0185 (13) ~0.0098 (12) 0.0090 (13)

C6—C7 1.402 (5)

C6—H6 0.9300

C7—C8 1.405 (6)

C7—H7 0.9300

C8—C9 1.368 (5)

C8—H8 0.9300

C9—C10 1.398 (4)
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Fe—C9
Fe—C4
Fe—C3
F1—C18
O1—Cl11
N1—Cl14
N1—C13
NI1—HIN
Cl1—C5
Ccl—C2
Cl—Cl11
C2—C3
C2—H2
C3—C4
C3—H3
C4—C5
C4—H4
C5—H5
C6—C10
Cl—Fe—C5
Cl—Fe—C7
C5—Fe—C7
Cl—Fe—C8
C5—Fe—C8
C7—Fe—C8
Cl—Fe—C6
C5—Fe—C6
C7—Fe—C6
C8—Fe—C6
Cl—Fe—C2
C5—Fe—C2
C7—Fe—C2
C8—Fe—C2
C6—Fe—C2
Cl—Fe—C10
C5—Fe—C10
C7—Fe—C10
C8—Fe—C10
C6—Fe—C10
C2—Fe—C10
Cl—Fe—C9
C5—Fe—C9
C7—Fe—C9
C8—Fe—C9
C6—Fe—C9
C2—Fe—C9
C10—Fe—C9
Cl—Fe—C4
C5—Fe—C4

2.042 (3)
2.048 (3)
2.057 (3)
1.362 (3)
1.217 3)
1.380 (4)
1.448 (3)
0.83 (3)
1.432 (3)
1.432 (3)
1.467 (3)
1.412 (4)
0.9300
1.408 (4)
0.9300
1.399 (4)
0.9300
0.9300
1.401 (5)

41.55 (10)
121.77 (16)
157.2(2)
157.73 (16)
159.81 (17)
40.61 (17)
107.95 (13)
121.21 (15)
40.47 (16)
67.65 (16)
41.40 (10)
69.20 (11)
108.79 (14)
122.24 (15)
126.19 (13)
124.64 (12)
106.96 (13)
67.81 (16)
67.08 (15)
40.25 (13)
162.67 (12)
161.18 (13)
123.84 (14)
67.37 (16)
39.32(15)
67.32 (14)
156.06 (13)
40.02 (13)
68.51 (11)
40.20 (11)

C9—H9
C10—H10
Cl1—C12
C12—C13
CI2—HI12A
C12—H12B
CI3—HI13A
C13—H13B
C14—C19
C14—C15
C15—Cl16
Cl15—H15
Cl16—C17
Cl6—H16
C17—Cl18
C17—H17
C18—Cl19
C19—H19

Fe—C4—H4
C4—C5—C1
C4—C5—Fe
Cl—C5—Fe
C4—C5—H5
Cl1—C5—H5
Fe—C5—HS5
C10—C6—C7
C10—C6—Fe
C7—C6—Fe
C10—C6—H6
C7—C6—He6
Fe—C6—H6
C6—C7—C8
C6—C7—Fe
C8—C7—Fe
C6—C7—H7
C8—C7—H7
Fe—C7—H7
Co—C8—C7
C9—C8—Fe
C7—C8—Fe
C9—C8—HS8
C7—C8—HS8
Fe—C8—HS
C8—C9—C10
C8—C9—Fe
C10—C9—Fe
C8—C9—H9
C10—C9—H9

0.9300
0.9300
1.511 (3)
1.520 (3)
0.9700
0.9700
0.9700
0.9700
1.392 (4)
1.397 (4)
1.385 (4)
0.9300
1.371 (4)
0.9300
1.359 (4)
0.9300
1.362 (4)
0.9300

127.0
107.9 (2)
70.97 (17)
69.04 (15)
126.1
126.1
125.5
108.0 (3)
70.29 (17)
69.46 (19)
126.0
126.0
125.8
107.1 (3)
70.07 (19)
69.7 (2)
126.5
126.5
125.3
108.8 (4)
71.0 (2)
69.6 (2)
125.6
125.6
125.3
108.6 (4)
69.6 (2)
69.97 (19)
125.7
125.7
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C7—Fe—C4
C8—Fe—C4
C6—Fe—C4
C2—Fe—C4
C10—Fe—C4
C9—Fe—C4
Cl—Fe—C3
C5—Fe—C3
C7—Fe—C3
C8—Fe—C3
C6—Fe—C3
C2—Fe—C3
C10—Fe—C3
C9—Fe—C3
C4—Fe—C3
C14—NI—CI3
C14—NI—HIN
C13—NI—HIN
C5—C1—C2
C5—C1—Cl1
C2—Cl1—Cl1
C5—Cl1—Fe
C2—Cl1—Fe
C11—CI1—Fe
C3—C2—Cl
C3—C2—Fe
C1—C2—Fe
C3—C2—H2
C1—C2—H2
Fe—C2—H2
C4—C3—C2
C4—C3—Fe
C2—C3—Fe
C4—C3—H3
C2—C3—H3
Fe—C3—H3
C5—C4—C3
C5—C4—Fe
C3—C4—Fe
C5—C4—H4
C3—C4—H4
C7—Fe—C1—C5
C8—Fe—C1—C5
C6—Fe—C1—C5
C2—Fe—C1—C5
C10—Fe—C1—C5
C9—Fe—C1—C5
C4—Fe—C1—C5
C3—Fe—C1—C5

161.8 (2)
124.67 (16)
155.86 (16)
67.94 (11)
120.74 (14)
107.89 (14)
68.74 (11)
68.21 (12)
125.88 (17)
108.67 (14)
162.91 (15)
40.37 (10)
155.42 (13)
121.22 (12)
40.10 (11)
122.9 (2)
114 (2)
116.5 (18)
107.1 (2)
125.0 (2)
127.6 (2)
69.42 (16)
70.07 (15)
121.02 (16)
107.8 (2)
70.61 (16)
68.53 (14)
126.1

126.1

126.3
108.0 (2)
69.62 (15)
69.02 (14)
126.0
126.0
127.0

109.1 (2)
68.83 (15)
70.28 (15)
125.4
125.4

~159.4 (2)
168.2 (3)
~117.1 2)
118.1 (2)
~75.8 (2)
—44.9 (4)
37.50 (16)
80.70 (16)

Fe—C9—H9
C9—C10—Co
C9—C10—Fe
C6—C10—Fe
C9—C10—HI10
C6—C10—H10
Fe—C10—H10
01—C11—C1
01—C11—C12
C1—C11—C12
Cl11—C12—C13
Cl1—C12—HI2A
C13—CI12—HI12A
C11—C12—HI12B
C13—C12—HI12B
H12A—C12—HI12B
N1—C13—C12
N1—C13—H13A
C12—CI13—H13A
N1—C13—H13B
C12—C13—H13B
H13A—C13—H13B
N1—C14—C19
N1—C14—C15
C19—C14—C15
Cl16—C15—C14
Cl16—C15—HI15
C14—C15—HI15
C17—C16—C15
C17—Cl16—H16
C15—Cl16—HI16
C18—C17—Cl16
C18—C17—H17
Cl16—C17—H17
C17—C18—F1
C17—C18—C19
F1—C18—C19
C18—C19—C14
C18—C19—H19
C14—C19—H19

C9—Fe—C6—C10
C4—Fe—C6—C10
C3—Fe—C6—C10
Cl—Fe—C6—C7
C5—Fe—C6—C7
C8—Fe—C6—C7
C2—Fe—C6—C7
Cl10—Fe—C6—C7

126.3
107.5 3)
70.01 (18)
69.46 (19)
126.2
126.2
125.9
121.5 (2)
121.0 (2)
117.5 (2)
112.7 (2)
109.1
109.1
109.1
109.1
107.8
113.3 (2)
108.9
108.9
108.9
108.9
107.7
119.0 (2)
122.8 (3)
118.1 (3)
119.8 (3)
120.1
120.1
121.9 (3)
119.1
119.1
117.0 (3)
121.5
121.5
118.7 (3)
123.73)
117.5 (3)
119.5 (3)
120.3
120.3

-37.7(2)
45.5 (4)
~161.3 (4)
~1182 (3)
~161.9 (2)
38.5(2)
~76.0 (3)
118.9 (3)
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C5—Fe—C1—C2
C7—Fe—C1—C2
C8—Fe—C1—C2
C6—Fe—C1—C2
Cl10—Fe—C1—C2
C9—Fe—C1—C2
C4—Fe—C1—C2
C3—Fe—C1—C2
C5—Fe—C1—Cl1
C7—Fe—C1—Cl1
C8—Fe—C1—Cl1
C6—Fe—C1—Cl1
C2—Fe—C1—Cl1
Cl10—Fe—C1—C11
C9—Fe—C1—Cl1
C4—Fe—C1—Cl1
C3—Fe—C1—Cl1
C5—C1—C2—C3
Cl11—C1—C2—C3
Fe—C1—C2—C3
C5—C1—C2—Fe
Cl11—C1—C2—Fe
Cl—Fe—C2—C3
C5—Fe—C2—C3
C7—Fe—C2—C3
C8—Fe—C2—C3
C6—Fe—C2—C3
C10—Fe—C2—C3
C9—Fe—C2—C3
C4—Fe—C2—C3
C5—Fe—C2—Cl1
C7—Fe—C2—C1
C8—Fe—C2—Cl1
C6—Fe—C2—C1
Cl10—Fe—C2—C1
C9—Fe—C2—Cl1
C4—Fe—C2—C1
C3—Fe—C2—Cl1
Cl1—C2—C3—C4
Fe—C2—C3—C4
Cl1—C2—C3—Fe
Cl—Fe—C3—C4
C5—Fe—C3—C4
C7—Fe—C3—C4
C8—Fe—C3—C4
C6—Fe—C3—C4
C2—Fe—C3—C4
C10—Fe—C3—C4
C9—Fe—C3—C4

~118.1(2)
82.6 (2)
50.1 (4)
124.83 (19)
166.12 (17)
~163.0 (3)
~80.57 (16)
~37.36 (15)
119.3 (3)
~40.1 (3)
~72.6 (4)
2.1(3)
~122.7 (3)
434 (3)
743 (4)
156.7 (2)
~160.0 (2)
0.1(3)
174.3 (2)
59.91 (19)
-59.81 (18)
114.4 (3)
~119.2 (2)
~80.42 (18)
123.8(2)
80.9 (2)
165.4 (2)
~160.7 (4)
47.4 (4)
-37.11 (17)
38.76 (14)
~117.1 2)
~159.89 (19)
~75.4(2)
~41.5 (5)
166.5 (3)
82.07 (16)
119.2 (2)
0.2 (3)
58.9(2)
~58.60 (18)
~81.48 (19)
~36.66 (18)
164.0 (2)
122.1(2)
~163.4 (5)
~119.8 3)
46.5 (4)
80.7 (2)

C9—Fe—C6—C7
C4—Fe—C6—C7
C3—Fe—C6—C7
C10—C6—C7—C8
Fe—C6—C7—C8
C10—C6—C7—Fe
Cl—Fe—C7—C6
C5—Fe—C7—C6
C8—Fe—C7—C6
C2—Fe—C7—C6
C10—Fe—C7—C6
C9—Fe—C7—C6
C4—Fe—C7—C6
C3—Fe—C7—C6
Cl—Fe—C7—CS8
C5—Fe—C7—CS8
C6—Fe—C7—C8
C2—Fe—C7—C8
C10—Fe—C7—C8
C9—Fe—C7—CS8
C4—Fe—C7—CS8
C3—Fe—C7—CS8
C6—C7T—C8—C9
Fe—C7—C8—C9
C6—C7—C8—Fe
Cl—Fe—C8—C9
C5—Fe—C8—C9
C7—Fe—C8—C9
C6—Fe—C8—C9
C2—Fe—C8—C9
C10—Fe—C8—C9
C4—Fe—C8—C9
C3—Fe—C8—C9
Cl—Fe—C8—C7
C5—Fe—C8—C7
C6—Fe—C8—C7
C2—Fe—C8—C7
C10—Fe—C8—C7
C9—Fe—C8—C7
C4—Fe—C8—C7
C3—Fe—C8—C7
C7—C8—C9—C10
Fe—C8—C9—C10
C7—C8—C9—Fe
Cl—Fe—C9—CS8
C5—Fe—C9—CS8
C7—Fe—C9—CS8
C6—Fe—C9—C8
C2—Fe—C9—CS8

81.2 (3)
164.4 (3)
—42.3 (6)
0.2 (4)
—60.2 (2)
60.0 (2)
80.4 (2)
433 (5)
~117.8 (3)
1242 (2)
-37.6 (2)
-81.1(2)
~159.4 (4)
165.9 (2)
~161.8 (2)
161.1 (3)
117.8 (3)
~118.0 (2)
80.2 (3)
36.7(2)
~41.6 (6)
~76.3 (3)
—0.1(4)
—60.5 (3)
60.4 (2)
163.9 (3)
-39.3 (5)
119.4 (3)
81.0 (2)
~159.27 (18)
37.3(2)
~75.2(3)
~116.8 (2)
445 (5)
~158.7 (4)
-38.4(2)
81.3(3)
-82.1(3)
~119.4 3)
165.4 (2)
123.8 (3)
0.4 (4)
-59.3(2)
59.6 (3)
~160.9 (3)
164.7 (2)
-37.9(2)
-81.9 (3)
47.5 (4)
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Cl—Fe—C3—C2
C5—Fe—C3—C2
C7—Fe—C3—C2
C8—Fe—C3—C2
C6—Fe—C3—C2
Cl10—Fe—C3—C2
C9—Fe—C3—C2
C4—Fe—C3—C2
C2—C3—C4—C5
Fe—C3—C4—C5
C2—C3—C4—Fe
Cl—Fe—C4—C5
C7—Fe—C4—C5
C8—Fe—C4—C5
C6—Fe—C4—C5
C2—Fe—C4—C5
C10—Fe—C4—C5
C9—Fe—C4—C5
C3—Fe—C4—C5
Cl—Fe—C4—C3
C5—Fe—C4—C3
C7—Fe—C4—C3
C8—Fe—C4—C3
C6—Fe—C4—C3
C2—Fe—C4—C3
C10—Fe—C4—C3
C9—Fe—C4—C3
C3—C4—C5—Cl1
Fe—C4—C5—C1
C3—C4—C5—Fe
C2—C1—C5—C4
Cl1—C1—C5—C4
Fe—C1—C5—C4
C2—C1—C5—Fe
Cl11—C1—C5—Fe
Cl—Fe—C5—C4
C7—Fe—C5—C4
C8—Fe—C5—C4
C6—Fe—C5—C4
C2—Fe—C5—C4
C10—Fe—C5—C4
C9—Fe—C5—C4
C3—Fe—C5—C4
C7—Fe—C5—Cl1
C8—Fe—C5—Cl1
C6—Fe—C5—Cl1
C2—Fe—C5—Cl1
C10—Fe—C5—C1
C9—Fe—C5—Cl1

38.28 (16)
83.11 (18)
~76.3 (3)
~1182(2)
~43.6 (5)
166.3 (3)
~159.6 (2)
119.8 (3)
-0.5(3)
58.0 (2)
~58.5(2)
~38.72 (16)
~166.6 (4)
161.7 (2)
473 (4)
~83.46 (18)
79.8 (2)
121.65 (19)
~120.8 (3)
82.09 (18)
120.8 (3)
~45.8 (5)
~77.5(2)
168.2 (3)
37.35(18)
~159.44 (18)
~117.5 (2)
0.6 (3)
59.42 (18)
~58.8(2)
-0.4(3)
~174.8 (2)
~60.6 (2)
60.22 (18)
~114.1 2)
118.7 (2)
169.2 (3)
—48.4 (4)
~159.41 (19)
80.03 (18)
~117.84 (19)
~77.3(2)
36.57 (17)
50.6 (4)
~167.0 (3)
81.9 (2)
-38.62 (14)
123.50 (17)
164.08 (15)

C10—Fe—C9—C8
C4—Fe—C9—CS8
C3—Fe—C9—CS8
Cl—Fe—C9—C10
C5—Fe—C9—C10
C7—Fe—C9—C10
C8—Fe—C9—C10
C6—Fe—C9—C10
C2—Fe—C9—C10
C4—Fe—C9—C10
C3—Fe—C9—C10
C8—C9—C10—C6
Fe—C9—C10—C6
C8—C9—C10—Fe
C7—C6—C10—C9
Fe—C6—C10—C9
C7—C6—C10—Fe
Cl—Fe—C10—C9
C5—Fe—C10—C9
C7—Fe—C10—C9
C8—Fe—C10—C9
C6—Fe—C10—C9
C2—Fe—C10—C9
C4—Fe—C10—C9
C3—Fe—C10—C9
Cl—Fe—C10—C6
C5—Fe—C10—C6
C7—Fe—C10—C6
C8—Fe—C10—C6
C2—Fe—C10—C6
C9—Fe—C10—C6
C4—Fe—C10—C6
C3—Fe—C10—C6
C5—C1—C11—01
C2—C1—C11—01
Fe—C1—C11—O0l1
C5—C1—C11—C12
C2—C1—C11—C12
Fe—C1—C11—C12
01—C11—C12—C13
C1—C11—C12—CI13
Cl14—N1—C13—CI12
C11—C12—C13—N1
CI13—N1—C14—C19
CI3—N1—C14—Cl15
N1—C14—C15—C16
C19—C14—C15—C16
Cl14—C15—C16—C17
C15—C16—C17—C18

~119.9 3)
1233 (2)
81.4 (3)
~41.1 (5)
~75.4 (3)
82.0 (3)
119.9 (3)
37.9(2)
167.4 (3)
~116.8 (2)
~158.7(2)
—0.5(4)
~59.6 (2)
59.1(2)
0.4 (4)
59.9 (2)
~59.5(2)
165.1 (2)
122.8 (2)
-80.8 (3)
-36.6 (2)
~118.6 (3)
~162.7 (4)
81.2 (3)
48.3 (4)
~76.3 (3)
~118.6 (2)
37.8(2)
82.0 (3)
—44.1 (5)
118.6 (3)
~160.2 (2)
166.9 (3)
-3.5(4)
~176.7 (3)
-88.9 (3)
178.2 (2)
5.0 (4)
92.8 (2)
12.5 (4)
~169.1 (2)
72.1 (3)
71.8 (3)
~167.6 (2)
15.9 (4)
174.8 (3)
~1.7(4)
0.8 (5)

0.2 (5)
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C4—Fe—C5—C1

C3—Fe—C5—Cl1

Cl—Fe—C6—C10
C5—Fe—C6—C10
C7—Fe—C6—C10
C8—Fe—C6—C10
C2—Fe—C6—C10

Hydrogen-bond geometry (4, °)
D—H-A

NI—HIN--O1!

C19—H19--01!

C4—H4-N1'

~118.7 (2)
~82.09 (16)
122.8 (2)
79.2 (2)
~118.9 3)
-80.4 (3)
165.10 (19)

D—H
0.83 (3)
0.93
0.93

Symmetry codes: (i) —x+1, —p+1, —z+1; (i) x—1, y+1, z.

C16—C17—C18—F1
C16—C17—C18—C19
C17—C18—C19—C14
F1—C18—C19—C14
N1—C14—C19—C18
C15—C14—C19—C18

Hed DA
2.24 (3) 3.049 (3)
2.57 3342 (3)
2.66 3.517(3)

~179.4 (3)
0.2 (5)
—0.7 (5)
178.5 (3)
~175.0 (2)
1.6 (4)

D—H-A
165 (3)
141

153
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Fig. 1
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Fig. 2
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Key indicators: single-crystal X-ray study; T = 293 K; mean o(C—C) = 0.003 A;
R factor = 0.039; wR factor = 0.097; data-to-parameter ratio = 17.3.

In the ferrocene-containing Mannich base, [Fe(CsHs)-
(CsH,NO)], the dihedral angle between the mean planes
of the benzene ring and the substituted cyclopentadienyl ring
is 84.63 (7)°. The conformation of the title compound
significantly differs from those found in corresponding m-
tolylamino and p-tolylamino derivatives. In the crystal, C—
H- - -O interactions connect the molecules into chains, which
further interact by means of C—H-: .7 interactions. It is
noteworthy that the amino H atom is shielded and is not
involved in hydrogen bonding.

Related literature

For the physico-chemical properties of ferrocene-based
compounds see: Togni & Hayashi (1995). For related struc-
tures and details of the synthesis, see: Damljanovi¢ et al
(2011); Pejovié et al. (2012); Stevanovic et al. (2012); Leka et al.
(2012a,b,c).

ZT

i

Experimental

Crystal data

[Fe(CsHs)(CisHisNO)]
M, = 347.23
Monoclinic, P2, /c
a=121343 (4) A

b =17.8010 (7) A
c=175464 (2) A

B =92.946 (3)°

V =1627.89 (9) A’

Z=4
Mo Ko radiation
w=093mm"!

Data collection

Oxford Diffraction Xcalibur
Sapphire3 Gemini diffractometer

Absorption correction: multi-scan
(CrysAlis PRO; Oxford

T=293K
0.22 x 0.18 x 0.12 mm

7605 measured reflections
3694 independent reflections
2843 reflections with 7 > 20(1)
Rine = 0.029

Diffraction, 2009)’
Tmin = 0.923, Tiax = 1.000

Refinement

R[F? > 20(F%)] = 0.039
wR(F?) = 0.097

S =1.04

3694 reflections

213 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Apmax = 028 ¢ A3

Appin = —0.28 ¢ A3

Table 1 .
Hydrogen-bond geometry (A, °).

Cg is the centroid of the C14-C19 ring.

D—H--A D—H H---A DA D—H---A
CI2—HI24...01' 0.97 238 3182 (3) 139
C19—H19- - -Cgl' 0.93 2.98 3.838 (3) 160

Symmetry code: (i) x, —y +1,z + 1.

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell
refinement: CrysAlis PRO; data reduction: CrysAlis PRO,;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: ORTEP-3 (Farrugia, 1997) and Mercury (Macrae
et al., 2006); software used to prepare material for publication:
WinGX (Farrugia, 1999), PLATON (Spek, 2009) and PARST
(Nardelli, 1995).

This work was supported by the Ministry of Education and
Science of the Republic of Serbia (project Nos. 172014, 172035
and 172034).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT5950).
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1-Ferrocenyl-3-(2-methylanilino)propan-1-one

Zorica Leka, Sladjana B. Novakovi¢, Anka Pejovi¢, Goran A. Bogdanovi¢ and Rastko D.

Vukiéevié

Comment

The title compound 1-Ferrocenyl-3-(o-tolylamino)propan-1-one (I), Fig. 1, shows considerable conformational
differences in comparison to the crystal structures of two closely related derivatives, 1-Ferrocenyl-4-(m-tolylamino)-
propan-1-one (Pejovi¢ ef al., 2012) and 1-Ferrocenyl-3-(p-tolylamino)propan-1-one (Leka ef al., 2012b). The torsion
angles C1—C11—C12—C13, C11—C12—C13—N1 and C12—C13—N1—C4 within the aliphatic fragment have the
values of -161.7 (2), 78.9 (3) and 168.9 (2)°. The latter torsion angle which defines the final orientation of the phenyl ring
significantly differs from the values found in m-tolylamino [69.4 (4)°] and p-tolylamino [70.6 (3)°] derivatives. On the
other hand, the conformation of the title compound is closer to the one found in those 3-(arylamino)-1-
ferrocenylpropan-1-ones which comprise other ortho substituted arylamino fragments, such as previously reported 1-
Ferrocenyl-3-(2-acetylphenylamino)propan-1-one (Stevanovic¢ et al., 2012) and 1-Ferrocenyl-3-(2-nitrophenylamino)-
propan-1-one (Damljanovi¢ et al., 2011), [the torsion angle C12—C13—N1—C4 in these compounds has the value
-176.1 (6) and -175.7 (6)° respectively]. In the molecule of (I) the phenyl ring is nearly orthogonally positioned with
regard to substituted Cp ring. The dihedral angle between the mean planes of the phenyl ring and the substituted Cp ring
is 84.63 (7)°. The Cp rings within the Fc unit display nearly eclipsed conformation with C1—Cgl—Cg2—C6 angle of
9.93° (Cg is centroid of the corresponding Cp ring). The molecules of (I) connect via C12-H124a---O1 interaction into
zigzag chain extended along c axis (Fig. 2). The chains are further related by means of extensive C—H---z interactions,
C19—H19--Cgl’: H--Cg 2.98 A, H-Perp 2.87 A, X—H--Cg 160°, (i=x, -y + 1/2, z - 1/2); C8—HS8--Cgli: H--Cg 3.02
A, H-Perp 2.84 A, X—H--Cg 140° (ii=-x + 1, -y, -z + 1); C13—H13b--Cgl’: H--Cg 3.35 A, H-Perp 2.87 A, X—H--Cg
127°; C16—H16--Cg2': H-+Cg 3.07 A, H-Perp 2.97 A, X—H--Cg 168 ° (iii = -x + 1, -y, -z + 1); C20—H20a--Cg2':
H--Cg 3.38 A, H-Perp 2.95 A, X—H--Cg 140° (Cgl and Cg?2 are centroids of phenyl and unsubstituted Cp ring

respectively).

Experimental
The compound was obtained by an aza-Michael addition of the coresponding arylamine to acryloylferrocene. The
reaction was performed by microwave (MW) irradiation (500 W/5 min) of a mixture of reactants and montmorillonite

K-10, without a solvent as described by Damljanovi¢ et al. (2011).

Refinement

H atoms bonded to C atoms were placed at geometrically calculated positions and refined using a riding model. C—H
distances were fixed to 0.93, 0.97 and 0.96 A from aromatic, methylene and methyl C atoms, respectively. The Ui(H)
values set to 1.2 times U, of the corresponding C atoms (1.5 for methyl groups). The H atom attached to the N atom was

refined isotropically.

Acta Cryst. (2012). E68, m995-m996 sup-1
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Computing details

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell refinement: CrysAlis PRO (Oxford Diffraction, 2009);
data reduction: CrysAlis PRO (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick,
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997)
and Mercury (Macrae et al., 2006); software used to prepare material for publication: WinGX (Farrugia, 1999), PLATON
(Spek, 2009) and PARST (Nardelli, 1995).

Figure 1

The molecular structure of (I), with atom labels and 40% probability displacement ellipsoids for non-H atoms.

Acta Cryst. (2012). E68, m995-m996 sup-2
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Figure 2

Segment of the crystal packing. The C12—H---O1 interactions connecting the molecules into chains are indicated by

black dotted lines. C—H--'x interactions are given in blue doted lines.

1-Ferrocenyl-3-(2-methylanilino)propan-1-one

Crystal data

[FG(CSHs)(C]sHmNO)]
M, =347.23
Monoclinic, P2/c
Hall symbol: -P 2ybc
a=12.1343 (4) A
b=17.8010(7) A
c=17.5464 (2) A

£ =92.946 (3)°
V'=1627.89 (9) A3
Z=4

Data collection

Oxford Diffraction Xcalibur Sapphire3 Gemini
diffractometer
Radiation source: Enhance (Mo) X-ray Source
Graphite monochromator
Detector resolution: 16.3280 pixels mm'!
 scans
Absorption correction: multi-scan
(CrysAlis PRO; Oxford Diffraction, 2009)’
Tinin = 0.923, Tinax = 1.000

F(000) =728

D,=1417Mgm’

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 3389 reflections
6=3.3-28.9°

4=0.93 mm™!

T=293K

Prismatic, orange

0.22 x 0.18 x 0.12 mm

7605 measured reflections
3694 independent reflections
2843 reflections with /> 2a([)
R =0.029

Ormax = 29.0°, Opin = 3.3°

h=-15—16
k=-22—19
/=-10—9
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Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F?)] = 0.039
wR(F?) =0.097

S=1.04

3694 reflections

213 parameters

0 restraints

Primary atom site location: structure-invariant

direct methods

Special details

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F,?) + (0.0396P)* + 0.2313P]
where P = (F 2+ 2F2)/3

(A/G)max < 0.001

Apimax = 0.28 € A7

Apmin=—0.28 ¢ A7

Experimental. Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling
algorithm. 'CrysAlisPro, (Oxford Diffraction, 2009)’

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso®/Ueq

Fe 0.80589 (2) 0.094395 (18) 0.51346 (4) 0.03546 (12)
01 0.61741 (15) 0.26845 (11) 0.5452 (2) 0.0615 (5)
N1 0.41087 (17) 0.15206 (13) 0.4050 (2) 0.0427 (5)
Cl 0.73752 (18) 0.17593 (14) 0.6608 (3) 0.0382 (5)
C2 0.76352 (19) 0.11125 (15) 0.7678 (3) 0.0445 (6)
H2 0.7136 0.0826 0.8284 0.053*

C3 0.8779 (2) 0.09863 (17) 0.7649 (3) 0.0541 (7)
H3 0.9167 0.0604 0.8244 0.065*
Cc4 0.9240 (2) 0.15390 (17) 0.6566 (3) 0.0538 (7)
H4 0.9980 0.1580 0.6319 0.065*

C5 0.83831 (19) 0.20199 (14) 0.5919 (3) 0.0452 (6)
H5 0.8461 0.2432 0.5179 0.054*
C6 0.7064 (2) 0.07479 (17) 0.2926 (3) 0.0570 (7)
H6 0.6430 0.1015 0.2583 0.068*

C7 0.7122 (2) 0.01088 (18) 0.4021 (3) 0.0616 (8)
H7 0.6528 -0.0122 0.4534 0.074*

C8 0.8221 (3) —0.01211 (16) 0.4207 (3) 0.0595 (7)
HS8 0.8489 -0.0531 0.4860 0.071*

c9 0.8845 (2) 0.03759 (17) 0.3236 (3) 0.0565 (7)
H9 0.9605 0.0354 0.3135 0.068*
C10 0.8143 (2) 0.09090 (16) 0.2445 (3) 0.0551 (7)
H10 0.8351 0.1303 0.1724 0.066*
Cl11 0.62784 (18) 0.20805 (14) 0.6183 (3) 0.0395 (5)
Cl12 0.52948 (18) 0.16387 (15) 0.6742 (3) 0.0451 (6)
HI2A 0.5231 0.1704 0.8009 0.054*
HI12B 0.5430 0.1110 0.6531 0.054*
C13 0.42057 (18) 0.18528 (15) 0.5804 (3) 0.0451 (6)
HI13A 0.3602 0.1681 0.6495 0.054*
H13B 0.4157 0.2395 0.5705 0.054*
Cl4 0.31120 (17) 0.15273 (13) 0.3047 (3) 0.0366 (5)
Cl15 0.30246 (19) 0.11137 (14) 0.1457 (3) 0.0422 (6)
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Cl6 0.2019 (2) 0.10971 (17) 0.0517 (3) 0.0562 (7)
H16 0.1951 0.0822 —0.0531 0.067*
C17 0.1113 (2) 0.14773 (18) 0.1089 (3) 0.0621 (8)
H17 0.0443 0.1455 0.0436 0.075*
C18 0.1206 (2) 0.18863 (17) 0.2619 (3) 0.0551 (7)
H18 0.0597 0.2144 0.3007 0.066*
C19 0.22021 (18) 0.19193 (15) 0.3598 (3) 0.0442 (6)
H19 0.2262 0.2206 0.4629 0.053*
C20 0.4006 (2) 0.06922 (17) 0.0836 (3) 0.0593 (7)
H20A 0.3801 0.0429 —0.0241 0.089*
H20B 0.4254 0.0339 0.1731 0.089*
H20C 0.4589 0.1040 0.0622 0.089*
HIN 0.463 (2) 0.1487 (15) 0.361 (3) 0.052 (9)*
Atomic displacement parameters (42)

Ull l]22 L/'33 UIZ U13 l/'23
Fe 0.04343 (19) 0.0331 (2) 0.02940 (16) —0.00300 (14) —0.00236 (12) —0.00362 (14)
0Ol 0.0637 (11) 0.0499 (13) 0.0697 (12) —0.0005 (9) —0.0097 (9) 0.0184 (10)
N1 0.0387 (11) 0.0526 (14) 0.0366 (9) 0.0025 (10) 0.0018 (9) —0.0108 (10)
Cl1 0.0475 (12) 0.0382 (14) 0.0286 (10) —0.0034 (11) —0.0008 (9) —0.0081 (10)
C2 0.0543 (14) 0.0534 (17) 0.0253 (10) 0.0012 (12) —0.0033 (9) —0.0030 (10)
C3 0.0615 (15) 0.0616 (19) 0.0371 (12) 0.0104 (14) —0.0174 (11) —0.0100 (13)
C4 0.0417 (13) 0.066 (2) 0.0525 (14) —0.0044 (13) —0.0062 (11) —0.0228 (14)
C5 0.0523 (13) 0.0360 (14) 0.0470 (12) —0.0104 (11) —0.0011 (11) —0.0123 (11)
C6 0.0605 (16) 0.063 (2) 0.0455 (13) 0.0130 (14) —0.0213 (12) —0.0222 (14)
C7 0.0712 (18) 0.063 (2) 0.0509 (15) —0.0302 (16) 0.0080 (13) —0.0229 (15)
C8 0.092 (2) 0.0336 (15) 0.0512 (14) 0.0059 (15) —0.0086 (14) —0.0064 (12)
C9 0.0569 (15) 0.0592 (19) 0.0537 (14) 0.0019 (14) 0.0053 (12) —0.0216 (14)
C10 0.0856 (19) 0.0499 (17) 0.0303 (11) —0.0067 (15) 0.0063 (12) —0.0028 (12)
C11 0.0498 (13) 0.0404 (14) 0.0276 (10) —0.0020 (11) —0.0043 (9) —0.0072 (10)
C12 0.0511 (13) 0.0520 (16) 0.0317 (10) —0.0039 (12) —0.0020 (10) —0.0023 (11)
C13 0.0446 (12) 0.0535 (16) 0.0372 (11) 0.0015 (12) 0.0017 (10) —0.0112 (11)
Cl14 0.0387 (11) 0.0341 (13) 0.0369 (11) —0.0062 (10) 0.0008 (9) 0.0024 (10)
C15 0.0497 (13) 0.0415 (15) 0.0354 (11) —0.0109 (11) 0.0018 (10) —0.0002 (10)
Cl6 0.0656 (17) 0.0599 (19) 0.0420 (12) —0.0195 (14) —0.0068 (12) —0.0023 (13)
C17 0.0501 (15) 0.078 (2) 0.0561 (15) —0.0146 (15) —0.0152 (12) 0.0190 (15)
C18 0.0456 (14) 0.0583 (19) 0.0612 (15) 0.0025 (13) 0.0007 (12) 0.0160 (14)
C19 0.0446 (13) 0.0440 (15) 0.0437 (12) 0.0000 (11) 0.0008 (10) 0.0024 (11)
C20 0.0690 (17) 0.0640 (19) 0.0454 (13) —0.0064 (15) 0.0067 (12) —0.0200 (14)
Geometric parameters (A, ©)
Fe—C7 2.028 (3) C7—C8 1.395 (4)
Fe—Cl1 2.031 (2) C7—H7 0.9300
Fe—C9 2.031 (2) C8—C9 1.397 (4)
Fe—C8 2.034 (3) C8—HS8 0.9300
Fe—C2 2.034 (2) C9—C10 1.389 (4)
Fe—C5 2.037 (2) C9—H9 0.9300
Fe—C6 2.037 (2) C10—H10 0.9300
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Fe—C10
Fe—C4
Fe—C3
01—Cl11
N1—C14
N1—C13
N1—HIN
C1—C5
Cl1—C2
Cl1—Cl11
C2—C3
C2—H2
C3—C4
C3—H3
C4—C5
C4—H4
C5—HS5
Co—C7
C6—Cl10
C6—H6

C7—Fe—C1
C7—Fe—C9
Cl—Fe—C9
C7—Fe—C8
Cl—Fe—C8
C9—Fe—C8
C7—Fe—C2
Cl—Fe—C2
C9—Fe—C2
C8—Fe—C2
C7—Fe—C5
Cl—Fe—C5
C9—Fe—C5
C8—Fe—C5
C2—Fe—C5
C7—Fe—C6
Cl—Fe—C6
C9—Fe—C6
C8—Fe—Co6
C2—Fe—C6
C5—Fe—C6
C7—Fe—C10
Cl1—Fe—C10
C9—Fe—C10
C8—Fe—C10
C2—Fe—C10
C5—Fe—C10
Co—Fe—C10

2.039 (2)
2.045 (2)
2.049 (2)
1.212 (3)
1.393 (3)
1.449 (3)
0.74 (2)
1.431 (3)
1.432 (3)
1.469 (3)
1.408 (3)
0.9300
1.413 (4)
0.9300
1.414 (3)
0.9300
0.9300
1.406 (4)
1.406 (4)
0.9300

120.96 (11)
67.46 (11)
164.08 (11)
40.19 (11)
154.66 (11)
40.20 (11)
109.60 (10)
41.25 (9)
152.81 (11)
119.71 (11)
154.91 (12)
41.17 (9)
125.61 (11)
162.90 (11)
69.00 (10)
40.47 (11)
109.19 (10)
67.52 (11)
67.82 (11)
128.99 (10)
119.76 (11)
67.72 (11)
127.57 (10)
39.91 (11)
67.56 (11)
166.37 (11)
107.41 (11)
40.37 (11)

Cl1—C12
C12—C13
Cl12—HI2A
Cl12—HI2B
C13—HI3A
CI13—HI13B
C14—C19
C14—C15
C15—Cl16
C15—C20
Cl16—C17
Cl6—HI16
C17—C18
C17—H17
C18—C19
C18—HIS
C19—HI19
C20—H20A
C20—H20B
C20—H20C

Cl—C5—Fe
C4—C5—HS
C1—C5—HS5
Fe—C5—HS5
C7—C6—C10
C7—C6—Fe
C10—C6—Fe
C7—C6—H6
C10—C6—H6
Fe—C6—H6
C8—C7—C6
C8—C7—Fe
C6—C7—Fe
C8—C7—H7
C6—C7—H7
Fe—C7—H7
C7—C8—C9
C7—C8—Fe
C9—C8—Fe
C7—C8—HS8
C9—C8—HS
Fe—C8—HS
C10—C9—C8
C10—C9—Fe
C8—C9—Fe
C10—C9—H9
C8—C9—H9
Fe—C9—H9

1.507 (3)
1.515 (3)
0.9700
0.9700
0.9700
0.9700
1.388 (3)
1.407 (3)
1.380 (3)
1.503 (3)
1.379 (4)
0.9300
1.365 (4)
0.9300
1.385 (3)
0.9300
0.9300
0.9600
0.9600
0.9600

69.19 (13)
126.1
126.1
126.2
107.3 (2)
69.41 (14)
69.88 (14)
126.3
126.3
126.0
108.3 (2)
70.14 (15)
70.12 (15)
125.8
125.8
125.5
107.6 (3)
69.67 (16)
69.81 (15)
126.2
126.2
125.9
108.7 (2)
70.32 (14)
69.99 (15)
125.6
125.6
125.6
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C7—Fe—C4
Cl—Fe—C4
C9—Fe—C4
C8—Fe—C4
C2—Fe—C4
C5—Fe—C4
C6—Fe—C4
C10—Fe—C4
C7—Fe—C3
Cl—Fe—C3
C9—Fe—C3
C8—Fe—C3
C2—Fe—C3
C5—Fe—C3
C6—Fe—C3
C10—Fe—C3
C4—Fe—C3
Cl14—N1—C13
Cl14—NI1—HIN
C13—NI1—HIN
C5—C1—C2
C5—C1—C11
C2—C1—C11
C5—Cl1—Fe
C2—Cl1—Fe
Cl1—Cl—Fe
C3—C2—C1
C3—C2—Fe
C1—C2—Fe
C3—C2—H2
C1—C2—H2
Fe—C2—H2
C2—C3—C4
C2—C3—Fe
C4—C3—Fe
C2—C3—H3
C4—C3—H3
Fe—C3—H3
C3—C4—C5
C3—C4—Fe
C5—C4—Fe
C3—C4—H4
C5—C4—H4
Fe—C4—H4
C4—C5—C1
C4—C5—Fe

164.04 (13)
68.63 (9)
106.77 (10)
125.95 (12)
68.27 (10)
40.53 (10)
152.92 (12)
118.16 (11)
127.89 (12)
68.51 (10)
118.55 (11)
107.98 (11)
40.32 (9)
68.25 (11)
166.04 (12)
151.91 (12)
40.37 (11)
121.34 (19)
120 (2)

115 (2)
107.3 (2)
1252 (2)
127.4 (2)
69.63 (13)
69.49 (13)
123.35 (14)
108.0 (2)
70.41 (13)
69.26 (11)
126.0

126.0

125.9

108.5 (2)
69.26 (12)
69.64 (13)
125.7

125.7

126.9

108.4 (2)
69.99 (14)
69.44 (13)
125.8

125.8

126.4

107.8 (2)
70.03 (14)

C9—C10—C6 108.0 (2)
C9—C10—Fe 69.76 (14)
C6—C10—Fe 69.75 (13)
C9—C10—HI10 126.0
C6—C10—H10 126.0
Fe—C10—HI10 126.0
01—Cl11—Cl 121.1 (2)
01—Cl11—C12 121.6 (2)
Cl—C11—CI2 117.2 (2)
Cl11—C12—C13 115.0 (2)
Cl11—C12—HI2A 108.5
C13—C12—HI2A 108.5
Cl11—C12—HI2B 108.5
C13—Cl12—HI2B 108.5
HI2A—C12—HI12B 107.5
N1—C13—C12 110.61 (18)
N1—C13—HI3A 109.5
Cl2—CI13—HI3A 109.5
N1—C13—HI13B 109.5
C12—C13—HI3B 109.5
HI13A—C13—HI13B 108.1
C19—C14—N1 121.6 (2)
C19—Cl14—Cl5 119.5 (2)
N1—C14—C15 118.9 (2)
Cl6—C15—Cl4 118.4 (2)
C16—C15—C20 121.5 (2)
C14—C15—C20 120.1 (2)
C17—C16—C15 121.8 (2)
C17—Cl16—HI16 119.1
C15—Cl16—HI16 119.1
C18—C17—C16 119.6 (2)
C18—C17—HI17 120.2
Cl16—C17—HI17 120.2
C17—C18—C19 120.4 (3)
C17—C18—HI8 119.8
C19—C18—HI8 119.8
C18—C19—Cl4 120.3 (2)
C18—C19—HI9 119.8
Cl14—C19—H19 119.8
C15—C20—H20A 109.5
C15—C20—H20B 109.5
H20A—C20—H20B 109.5
C15—C20—H20C 109.5
H20A—C20—H20C 109.5
H20B—C20—H20C 109.5
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Hydrogen-bond geometry (4, °)
Cg is the centroid of the C14—C19 ring.

D—H-A D—H H- A DA D—H-A
C12—HI124--01' 0.97 2.38 3.182 (3) 139
C19—H19-Cgl' 0.93 2.98 3.838 (3) 160

Symmetry code: (i) x, —y+1/2, z+1/2.
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Ultrasound-Assisted Synthesis of 3-(Arylamino)-1-ferrocenylpropan-1-ones

by Anka Pejovié?), Dragana Stevanovi¢?), Ivan Damljanovié®), Mirjana Vukiéevié¢®),
Sladjana B. Novakovi¢¢), Goran A. Bogdanovi¢©), Tatjana Mihajilov-Krstev), Niko Radulovié*©), and
Rastko D. Vukicevi¢*?)

) Department of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovica 12, RS-34000
Kragujevac (e-mail: vuk@kg.ac.rs)
) Department of Pharmacy, Faculty of Medicine, University of Kragujevac, S. Markovica 69,
RS-34000 Kragujevac
) Vinca Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed Matter Physics,
University of Belgrade, P.O. Box 522, RS-11001 Belgrade
4) Department of Biology and Ecology, Faculty of Science and Mathematics, University of Nis,
Visegradska 33, RS-18000 Nis
¢) Department of Chemistry, Faculty of Science and Mathematics, University of Nis, Visegradska 33,
RS-18000 Nis (phone: + 381-628049210; fax: + 381-18533014; e-mail: nikoradulovic@yahoo.com)

A successful aza-Michael addition of arylamines to a conjugated enone, acryloylferrocene, has been
achieved by ultrasonic irradiation of the mixture of these reactants and the catalyst, i.e., montmorillonite
K-10. This solvent-free reaction, yielding ferrocene containing Mannich bases, 3-(arylamino)-1-
ferrocenylpropan-1-ones, considered as valuable precursors in organic synthesis, has been performed
by using a simple ultrasonic cleaner. Among 17 synthesized -amino ketones, three were new ones, and
these were fully characterized by spectroscopic means. X-Ray crystallographic analysis of three of these
crystalline products enabled the insight into the conformational details of these compounds. All
compounds were evaluated for their antibacterial activities against six Gram-positive and five Gram-
negative strains in a microdilution assay. The observed promising antibacterial activity (with a MIC value
of 25 pg/ml (ca. 0.07 umol/ml) as the best result for almost all tested compounds against Micrococcus
flavus) seems not only to be compound but also bacterial species-specific.

Introduction. — Ferrocene, an unusually stable metalorganic compound, has
attracted the most widespread attention of chemists among all non-natural compounds.
Since its discovery in 1951 [1][2], a plethora of studies dealing with ferrocene (which is
now commercially available, and a relatively non-expensive compound), and/or its
derivatives were carried out. This unprecedented interest is a consequence of several
unique features of these compounds. By classical methods of organic chemistry,
ferrocene could be easily functionalized to derivatives that possess an outstanding
stability in both aqueous and non-aqueous media. Thus, ferrocenes have applications in
numerous fields, particularly in those such as organic synthesis, catalysis, electronic
absorption, and nonlinear optical materials [3][4]. Since the iron core of these
compounds is able to exist in both Fe?* and Fe3*, they possess very interesting redox
properties and, therefore, offer interesting possibilities for the formation of electro-
chemical actuators or switches [5]. Furthermore, bioconjugates containing ferrocene
represent a new class of biomaterials, with the organometallic unit serving as a
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molecular scaffold, a sensitive probe, a chromophore, a biological marker, a redox-
active site, a catalytic site, etc. [6]. Biological properties of this class of compounds are
particularly interesting. The earliest attempts to apply ferrocenes in medicine were
unsuccessful [7][8], but it did not discourage chemists to search for new possibly
biologically active derivatives of this metallocene. Several new compounds of this kind
have been synthesized and biologically evaluated against certain diseases, and it turned
out that many ferrocenyl compounds display interesting cytotoxic, antitumor,
antimalarial, and antimicrobial activities [9-18]. All these investigations were
prompted by the known fact that a formal substitution of an aromatic group from a
compound possessing a certain property (e.g., biological/pharmacological activity)
might lead to a product with this feature being much more manifested. It was the main
drawing force in many synthetic projects concerning ferrocenes: a plethora of new
molecules were designed to be derivatives or analogs of known compounds (that
already possess desired properties) in which a certain group was replaced with the
ferrocene unit (expecting an improved property). The present study also follows this
strategy. Namely, in the scope of a broader synthetic project, we needed recently some
3-(arylamino)-1-ferrocenylpropan-1-ones. In general, such compounds (f-amino
ketones) have many applications, among which the most important ones are surely
the synthesis of pharmaceuticals [19-22]. The introduction of a ferrocene nucleus into
these molecules could be of a particular interest. The most frequently used general
synthetic approach to these compounds is the Mannich reaction [19][23][24], but
serious disadvantages of this approach exist and mostly encompass the drastic reaction
conditions, long reaction times (causing many side reactions), and an inability of the
use of primary amines in the synthesis of secondary ones (since the latter are also good
substrates of the same reaction giving tertiary amines containing two 3-oxo groups). A
very good alternative to this reaction is the aza-Michael addition, i.e., the conjugate
addition of amines to the olefinic bond of a,f-unsaturated CO groups [25]. The
literature survey revealed that the addition of aliphatic amines to Michael acceptors
proceeds readily (even without a catalyst [26][27]), whereas aromatic ones do not
undergo this reaction easily because of their lower nucleophilicity, particularly when
mild conditions and environmentally friendly catalysts were used [28 —32]. Considering
these literature findings, we developed recently a suitable method for the synthesis of
3-(arylamino)-1-ferrocenylpropan-1-ones by microwave irradiation of acryloyl ferro-
cene and the corresponding arylamines at the surface of montmorillonite K-10, without
a solvent in good-to-excellent yields [33]. In continuation of our permanent interest in
the synthesis of different ferrocene derivatives containing two or more heteroatoms
(interesting from both synthetic and medicinal chemistry points of view) [18][34-36],
herein we wish to report that this synthesis might be accomplished using a simple and
cheap ultrasonic cleaner instead of the microwave oven. Since almost all products are
crystal substances, suitable for X-ray analysis, in addition to the spectral data of newly
synthesized compounds, we will compare here the structural features (molecular
structure and ability to form intermolecular interactions) of some of the obtained
Mannich bases with those of recently reported derivatives [33]. Our previous results on
the antibacterial activity of these compounds encouraged us to screen the synthesized
compounds against a broader panel of bacterial strains (in total eleven different
bacteria) in order to provide a better understanding of the intrinsic features of these
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compounds, responsible for their activity, and to possibly point out to the ones with
higher or improved activity (in this context, the currently obtained minimal inhibitory
concentrations (MIC) data together with those reported in [33] were subjected to an
agglomerative hierarchical clustering analysis).

Results and Discussion. — Synthesis. The main advantages of the method described
in our previous work for the synthesis of the title compounds over the classical ones are
the simplicity, high efficiency, and the use of an environmentally friendly catalyst [33].
Even better results with respect to these parameters have been reported recently for
the catalyst-free addition of aliphatic amines to conjugate systems of ferrocene analogs
of chalcones supported by the ultrasonic irradiation [30]. However, as the authors
reported, this reaction failed when aromatic amines were used as the nucleophiles. In
our hands, on the other hand, the addition of aniline (2a) to acryloylferrocene (1) under
conditions described in [33] gave the corresponding 5-amino ketone (3a; Scheme), but
in a relatively poor yield (<40% ). Since our microwave-assisted synthesis of the same
compound starting from the same reactants was successful only in the presence of the
catalyst (montmorillonite K-10) [33], we assumed that the addition of less nucleophilic
aromatic amines to the conjugate system of enones might be facilitated also by the
simultaneous action of this environmentally benign catalyst and ultrasonic irradiation.
A very recent report, demonstrating once again that ultrasound has a positive effect on
the conjugate addition of amines to Michael acceptors (appeared when the present
manuscript has already been finished), confirms validity of this idea [37]. Thus, when a
mixture of 1 (1 mmol), 2a (2 mmol), and montmorillonite K-10 (100 mg) was
irradiated in an ultrasonic cleaner for 1 h, f-amino ketone 3a was obtained in high
yield (80% ). To check the generality of this reaction, additional 16 arylamines, 2b —2q
(Scheme), have been submitted to the same reaction conditions. The results are
compiled in Table 1, and show that a simple and cheap ultrasonic cleaner can be used to
accomplish the aza-Michael reaction as successfully as a microwave oven.

Scheme. Ultrasound-Assisted Synthesis of 3-(Arylamino)-1-ferrocenylpropan-1-ones

S Montmorillonite H\
©\(\ K-10 Ar
Fe p TOMTA M) ©\\(v
\— Fe
— °
1 2a-2q 3a-3q

An overview of the data collected in Table I reveals that the yields of the
corresponding -amino ketones 3a—3q depend on the structure of the starting amines
2a-2q in an expected manner. Namely, when the starting amines contain an electron-
withdrawing group, the yield of the corresponding Mannich base is lower. Thus, in the
case of amines containing a C=0O group (i.e., 21-2n), the corresponding S-amino
ketones were obtained in slightly lower yields (7able 1, Entries 12— 14) than in the case
of aniline, whereas the presence of a strong electron-withdrawing group, i.e., the NO,
group (amines 20-2q), causes a more considerable decrease of the yields (7Table 1,
Entries 15-17).
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Table 1. Structures of 3-( Arylamino)-1-ferrocenylpropan-1-ones, 3a—3q, and the Corresponding Starting
Amines 2a—2q, Respectively, as Well as the Yields of the Reaction

Entry Amine Product Yield?)
1 @ NH; 2a H@ 3a 80
CCF?\\(V
o)
Y-
2 2b H 3b 90
Fe
o)
-
3 \©/ NH, 2¢ H\Q 3¢ 80
CCFS}\\(\/
o)
Y-
4 NH, 2d n 3d 85
0
\—
2e 3e 82

NH H
2 N

B
!

2f n 3f 90
Fe o)

NH; 2g H 3g 91
N\Q
o}
\—

o o<
ig@

F
8 NH;, 2h H\Q 3h 95
F
F z\g\/
9 Cl 2i H 3i 93
Fe o Cl
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Table I (cont.)
Entry Amine Product Yield?)
10 cl \@ NHz 2j N 3j 90
CCF?\gV ( >
< cl
11 /©/ NH, 2k H\@\ 3k 89
Cl
o ?\{/
12 o 21 n 31 77
NH,
Fe ©)
N _—
13 o 2m H 3m 75
)‘\QN“Z @\(V
= ©
(0]
14 NH; 2n H 3n 70
N
o]
0 o ©\(
Fe o
15 NO, 20 n 30 35
. b
Fe O,N
N— ’
16 O,N NH, 2p ll:: 3p 61
S rad ¢
= NO,
17 Q/ NHz 2q “ \©\ 3q 59
NO,
ON F©e\\o(\/

) Yields of isolated products based on the starting acryloylferrocene.

Spectral Characterization. The three newly synthesized compounds, 31-3n,
described in this work (the rest of the compounds from 7Table 1, 3a—3k and 30-3q,
have been already reported in [33] including their spectral data) have been fully
characterized by standard spectroscopic techniques (IR, and 'H- and *C-NMR), as
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well as elemental analyses. All spectral data were fully consistent with the proposed
structures and with those reported in [33].

In the IR spectra of 31-3n, sharp, medium intensity absorptions of NH stretching
vibrations are observed below 3400 cm~!, indicating that all NH groups are involved in
H-bonding interactions. The CO stretching vibration band of the 1'-ferrocene-carbonyl
group appears in the range 1667 -1677 cm™~!, suggesting the existence of inter- and/or
intramolecular H-bonds to the CO functional group. The C=0O absorptions of the Ac
group show a similar trend and are all at higher frequencies when compared to the
corresponding aminoacetophenones.

The 'H- and *C-NMR spectra of compounds 31-3n display all signals expected for
the proposed composition. With few exceptions (typically, the CH, C-atom signals
having close values of their chemical shifts and overlapped signals), the H- and C-atom
resonances could be assigned on the basis of chemical-shift theory, signal intensities and
multiplicities, substituent effects, and by comparison with literature data [38] for the
corresponding aminoacetophenones.

The 'H-NMR data for the three newly synthesized compounds are typical of
monosubstituted ferrocene (a characteristic intensity pattern of 2:2:5 for the
cyclopentadienyl (Cp) H-atoms of ferrocene). Two slightly deshielded ‘triplets’ (or
better pseudotriplets) are observed for the Cp ring H-atoms at 4.51-4.53 and 4.77 -
4.80 ppm. The low-field pseudotriplet is assigned to the H-atoms at C(2) and C(5),
whereas the high-field pseudotriplet is assigned to the ring H-atoms at C(3) and C(4).
These are downfield of the singlets assigned to the unsubstituted Cp ring at 6(H) 4.11 -
4.17, which is characteristic for ferrocenes with electron-withdrawing substituents (due
to deshielding with the increased delocalization of electron density toward the C=0O
substituent [39]).

The involvement of the NH H-atom in 3l in intramolecular H-bonding may be
inferred from the chemical shift of this H-atom (9.01 ppm) in its 'H-NMR spectrum,
while, in the other two compounds, the NH is more probably involved in intermolecular
H-bonding, and their signals are shifted upfield (6(H) 4.43 and 4.81, for 3m and 3n,
resp.). These slightly acidic H-atoms undergo a slow exchange reaction in CDCl; and
the signal splits by coupling to the H-atoms of the adjacent CH, group (resulting in
broad triplets with a coupling constant of ca. 6 Hz). The slow exchange on the NMR
time scale of these NH H-atoms seems to be a characteristic of these ferrocene
containing compounds rather than of the Ph analogs (compounds obtained when the
ferrocene nucleus is interchanged with a benzene ring), since the latter do not show this
coupling and give broad singlets for the NH H-atoms [33].

The off-resonance H-atom decoupled *C-NMR spectra of 31-3n exhibited the
expected number of peaks in the aliphatic, aromatic, and CO regions. The CO C-atom
signals appear at 6(C) 202.1-203.4 and 196.3 -200.8 (for the FcCO and MeCO group,
resp.). The *C resonances of the —CH,CH,— fragment in all three compounds were
relatively non-sensitive to the position of the acyl substituent on neighboring
phenylamino group and could be found in the following ranges: 6(C) 37.4-379 and
38.0-38.8. The same applies for the chemical shifts of the substituted Cp ring (6(C)
69.2-69.3 (C(3) and C(4)) and 72.4-72.6 (C(2') and C(5'))). The chemical
equivalence of H-C(2',5") and H-C(3',4’) atom pairs evidences a free and fast rotation
around the C—C bond between the Cp rings and their substituents.
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X-Ray Crystal Structure of 3¢, 3k, and 3l. The three 3-(arylamino)-1-ferrocenyl-
propan-1-ones, presented in Fig. I, crystallize in different crystal systems: monoclinic
(space group C2/c), triclinic (P1), and orthorhombic (P2,2,2,) for 3¢, 3k, and 3I,
respectively. The Cp rings within their ferrocene units are nearly parallel (the maximum
dihedral angle of 1.6(2)° is found in 3¢) and exhibit conformations which are close to
the eclipsed ones. The torsion angle C1-Cgl—Cg2—C6, relating the eclipsed C-atoms
through the corresponding Cp centroids, is equal to 13.1(5), 6.4(5), and 1.2(5)° for 3¢,
3k, and 31, respectively. In each of the structures, the Fe --- Cg1 distance (Cgl is centroid

Fig. 1. Molecular structures of 3¢ (a), 3k (b), and 31 (c) with the atom numbering scheme. Displacement
ellipsoids are drawn at the 40% probability level. Dashed lines in 3l indicate N1-H--- O2 and C6—H ---
O2 intramolecular interactions
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of the substituted Cp ring) is, in average, by 0.01 A shorter than the distance toward the
unsubstituted ring (Fe --- Cg2). This is in accordance with the previously observed trend
for similar ferrocene derivatives [33][40].

As defined by the O1-C11-C1—CS5 torsion angle (— 5.8(4), 1.9(5), and —5.3(4)° in
3¢, 3k, and 3l, resp.), the corresponding C1=01 carbonyl fragment is almost co-planar
with the substituted Cp ring. A similar co-planarity between the aromatic ring and the
closely attached atoms can also be observed within the arylamino moiety. The torsion
angle N1-C14—C15—C16 is equal to 176.2(3), 174.9(3), and 179.9(3)° in 3¢, 3k, and 31,
respectively. A number of selected structural parameters ( 7able 2) show values closely
comparable with those recently reported for crystal structures of compounds 3j, 3p, and
30 [33]. It is interesting to notice that, despite the allowed free rotation around the
constituting single bonds, and the variation in type and position of the arylamino
substituents, the C1-C11-C12—C13—N1 fragment within all six crystal structures
displays a rather similar conformation. This is indicated by the similarity of the torsion
angles C1-C11-C12—C13 and C11-C12—C13—N1, whose values of —165.6(2)/76.2(3),
—172.5(3)/76.4(4), and —178.6(2)/71.1(3)° in 3¢, 3k, and 3l, respectively, are
consistent with those reported for 3j, 3p, and 30 [33].

Table 2. Selected Bond Lengths and Angles of 3¢, 3k, and 31

3c 3k 31
Bond lengths [A]
01-Cl1 1.222(3) 1.218(4) 1.227(3)
N1-C14 1.389(4) 1.373(4) 1.355(4)
N1-C13 1.439(4) 1.445(5) 1.448(4)
Cl1-C11 1.477(3) 1.468(4) 1.469(4)
C11-C12 1.506(3) 1.509(4) 1.510(4)
C12-C13 1.524(3) 1.516(5) 1.505(4)
C16-C20 1.510(5) - -
C17-C11 - 1.738(4) -
C15-C20 - - 1.471(4)
C20-02 - - 1.223(3)
Bond angles [°]
01-C11-C1 120.9(2) 121.8(3) 120.4(3)
01-C11-C12 121.1(2) 121.6(3) 121.4(3)
C1-C11-C12 117.9(2) 116.6(3) 118.2(3)
C11-C12-C13 112.9(2) 112.8(3) 113.5(3)
N1-C13-C12 113.6(2) 114.4(3) 111.3(2)
C14-N1-C13 122.2(2) 121.5(3) 124.7(3)

Among the presently discussed compounds, the most significant difference can be
detected by a comparison of the C12—C13—N1-C14 torsion angle, which indicates a
different orientation of the arylamino moiety in 31 (—176.4(3)°) with respect to its
orientation in 3¢ and 3k (69.4(4) and 70.6 (4)°). The corresponding dihedral angle
between the Fel/C1/Cgl plane (dividing the substituted Cp ring) and the best plane of
the Ph ring has the values 85.1(5), 87.4(5), and 32.2(5)° in 3¢, 3k, and 3I, respectively. In
comparison with the previously described structures, one can observe that the
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structural features of 3¢ and 3k closely resemble those of 3j and 3p. Accordingly, it can
be suggested that the conformation observed for these four compounds is favorable in
the cases where the arylamino moiety has the substituent at C(3"") or C(4"'). The
conformation of 3lis, on the other hand, similar to that of 30 and quite different from
those of 3¢, 3k, 3j, and 3p. One possible explanation for the different orientations of the
arylamino moieties in 31 and 3o structures (comparing to 3¢, 3k, 3j, and 3p) could be
found in their ability to form an intramolecular H-bond between the substituent at
C(2"") and the rest of the molecule (see Fig. 1, c¢).

Regardless of the type of substituents present in the arylamino moiety, conforma-
tionally similar derivatives possess a similar way of the intermolecular arrangement. As
previously described for 3j and 3p, the crystal packing of 3¢ and 3k is also characterized
by the formation of discrete H-bonding dimers where centrosymmetrically related
molecules associate through pairs of strong N—H --- O interactions ( 7able 3, Fig. SI1)).
This is not the case with 31 where the corresponding C=0 O-atom is engaged in two
weak C—H-:- O interactions which lead to a more extended, chain-like molecular
arrangement ( Table 3). The crystal packing of 3lis, however, comparable to that of 3o,
which, although containing additional acceptor sites (two O-atoms of the NO,
substituent), involves exactly the same sets of atoms in intermolecular H-bonding
(Fig. $2")). The arylamino N—H donor of 31 (Fig. 1,¢), as well as that of 3o, is engaged
only in the intramolecular H-bonding to the corresponding Ac and NO, substituents,
respectively.

Table 3. Geometrical Parameters of H-Bonds, and Selected C—H --- O Interactions of 3¢, 3k, and 31. The
C—H--- O interactions are given, if H--- O distance is shorter than 2.7 A, and C-H--- O angle is larger

than 100°.
D-H--A d(D-H) [A] d(D -+ A) [A] d(H--A) [A] Z(D-H--A)[]
3c?)
NI1-HIN - Ol 0.77(3) 3.036(3) 2.27(3) 172(3)
C4—H4---N1i 0.93 3.483(4) 2.62 156
3k)
N1-HIN - Ol 0.82(4) 3.054(4) 2.26(4) 162(3)
31%)
NI-HIN - 02 0.75(3) 2.669(4) 2.07(3) 137(3)
C6-H6--- 02 0.93 3.487 (5) 2.60 159
C2-H2---Oli 0.93 3.326 (3) 2.54 143
C12-H2b--- Ol 0.97 3.235(4) 2.57 126

) Symmetry codes: ! —x+1/2, —y+1/2, —z;ix+1/2,y+1/2, z. ) Symmetry codes: ' —x+2, —y+1,
—z+2.°) Symmetry codes: ix—1,y, z;ix—1/2, —y+1/2, —z+2.

Biology. Several ferrocenyl compounds display interesting cytotoxic, antitumor,
antimalarial, antifungal, antibacterial, and DNA-cleaving activities [16]. In our
previous work, we have demostrated that 3-(arylamino)-1-ferrocenylpropan-1-ones
possess a certain degree of antibacterial potential, especially against an important
human pathogen S. aureus [33]. This time we have retested compounds 3a— 3k and 30 -

1) Supplementary Material may be obtained upon request from the authors.
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3q against additional three Gram-positive (Listeria monocytogenes, Micrococcus
flavus, and Sarcina lutea) and two Gram-negative (Klebsiella pneumoniae and Shigella
sonnei) bacteria, while the remaining, newly synthesized compounds 31-3n were
evaluated against the full panel of eleven bacterial strains. The results of the MIC
determination as well as of the minimal bactericidal activity (MBC) are presented in
Tables 4 and 5 as the averages of five repetitions. The compounds have again been
shown to possess inhibitory action on the growth of all bacteria with MIC values in the
range of 0.025 and 25.00 mg/ml. Almost as a rule, MBC values were several folds higher
than those of MIC, suggesting a better inhibitory than bactericidal activity. The only
exception was the case of P. aeruginosa where the MIC against all tested strains was a
cidal one. The most sensitive bacterium turned out to be a Gram-positive M. flavus with
MIC value lower than 25 pg/ml and MBC being 25 pug/ml, but even this best result was
one hundred times lower compared to the effect caused by tetracycline on the same
bacterium. Once more, a Gram-positive strain, Bacillus cereus, was the most resistant
one among the assayed, with the highest MIC values (66.5 pmol/ml) for 31-3n.
Although having the least significant action on the growth of B. cereus, these three
compounds were generally among the most active ones against all other bacteria,
including the pathogenic K. pneumoniae (MIC 2.08 —8.32 pmol/ml), L. monocytogenes
(MIC 8.32-16.6 umol/ml), and S. soneii (MIC 4.16—-8.32 pumol/ml).

Table 4. Minimal Inhibitory (MIC) and Minimal Bactericidal Concentrations (MBC) of the Synthesized
Compounds 3a—3k and 30-3q

Compound MIC/MBC [umol/ml]

Gram (—) bacteria Gram (+) bacteria

Klebsiella Shigella sonnei  Listeria Micrococcus Sarcina lutea

prneumoniae monocytogenes  flavus
3a 9.36/75.0 18.8/37.5 9.36/37.5 < 0.0750/0.0750 0.150/0.150
3b 8.99/36.0 18.0/72.0 8.99/36.0 < 0.0720/0.0720 0.144/0.144
3¢ 2.25/18.0 18.0/72.0 2.25/4.50 < 0.0720/0.0720 0.144/0.144
3d 8.99/36.0 4.50/36.0 1.12/4.50 < 0.0720/0.0720 0.144/0.144
3e 4.16/66.6 16.6/66.6 4.16/66.6 < 0.0666/0.0666 0.133/0.133
3f 8.88/35.5 2.22/35.5 8.88/35.5 <0.0712/0.0712 0.142/0.142
3g 17.8/35.5 17.8/35.5 17.8/35.5 <0.0712/0.0712 0.142/0.142
3h 4.44/35.5 17.8/35.5 4.44/35.5 <0.0712/0.0712 0.142/0.142
3i 2.12/33.9 17.0/33.9 2.12/17.0 < 0.0680/0.0680 0.136/0.136
3j 8.49/136 8.49/67.9 4.24/17.0 < 0.0680/0.0680 0.136/0.136
3k 8.49/33.9 2.12/33.9 2.12/33.9 < 0.0680/0.0680 0.136/0.136
30 2.06/66.0 16.5/66.0 2.06/4.12 < 0.0661/0.0661 0.132/0.132
3p 4.12/33.0 8.25/33.0 4.12/33.0 < 0.0661/0.0661 0.0661/0.132
3q 0.529/16.5 16.5/66.0 0.529/8.25 < 0.0661/0.0661 0.132/0.132
Tetracycline®) 2.2512.25 2.25/2.25 36.0/36.0 0.563/0.563 55.4/55.4

3) MIC/MBC values are given in nmol/ml.

To better interpret the results obtained in antibacterial assays, we have statistically
compared the obtained MIC values of compounds 3a—3q against all eleven bacteria
(results from the current work and those obtained in our previous study [33]). The
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Table 5. Minimal Inhibitory (MIC) and Minimal Bactericidal Concentrations (MBC) of the Synthesized
Compounds 31-3n

Bacterial strains MIC/MBC [pumol/ml]

31 3m 3n Tetracycine?®)
Gram (—) bacteria
Escherichia coli 0.533/0.533 0.533/0.533 0.267/0.533 3.51/3.51
Klebsiella pneumoniae 2.08/16.6 2.08/8.32 8.32/16.6 2.25/2.25
Pseudomonas aeruginosa 0.533/0.533 1.07/1.07 0.533/0.533 7.02/7.02
Salmonella enterica 1.07/1.07 2.08/2.08 0.267/0.533 7.02/7.02
Shigella sonnei 4.16/16.6 4.16/8.32 8.32/8.32 2.25/2.25
Gram (+) bacteria
Bacillus cereus 66.5/66.5 66.5/66.5 66.5/66.5 3.51/3.51
Clostridium perfringens 16.6/33.3 16.6/33.3 66.5/66.5 3.51/3.51
Listeria monocytogenes 8.32/16.6 16.6/16.6 8.32/8.32 36.0/36.0
Micrococcus flavus < 0.0666/0.0666 < 0.0666/0.0666 < 0.0666/0.0666 0.563/0.563
Sarcina lutea 0.267/0.533 0.267/0.533 0.0666/0.0666  55.4/55.4
Staphylococcus aureus 0.267/0.533 0.267/0.533 1.07/1.07 0.202/0.202

2) MIC/MBC values are given in nmol/ml.

results of agglomerative hierarchical clustering (AHC) analyses are presented in Fig. 2.
The dendrogram indicates the existence of six groups of compounds. Compounds 31—
3n were separated from the rest of the compounds, making the two highly related clades
C5 and C6. The presence of an additional CO (AcO) group seems to have
differentiated them from the other compounds, and resulted in the greatest decrease
in activity against B. cereus, while retaining a significant degree of activity towards
other bacteria as mentioned above (this is clearly observable from the centroid
characteristics of these clades). The rest of the groups do not have such a clear-cut
subdivision of the compounds. A number of subclades consist of compounds having
substituents of similar electronic character, e.g., electron-withdrawing ones in 3h, 3q, 3i,
and 3o of class C3 second, and that are regiochemically the same (having substituents in
the same position on the benzene ring), e.g., 3i and 30, C3 class; 3j and 3p, class C4; and
3d and 3k, the same class. This analysis also showed that clade C1 (a single compound,
3b, making up this group) is the most related to, but still statistically different, from,
clade C2 (again only one compound in this class, i.e. 3g). The two compounds appear to
be differentiated by the activity against Salmonella enterica, the latter being less active.
These observations confirm the notion that, in general, compounds having an electron-
acceptor functionality appeared not to be more or less effective in inhibiting the growth
of all bacteria than compounds possessing an electron-donating substituent or no
substituent at all. Although it is reasonable to expect that the ortho-regioisomers could
have a steric impediment towards an interaction with the receptor of the test organisms,
and this is substantiated by the corresponding mentioned grouping of these isomers, the
extent of the activity does not seem to hold out on this hypothesis. The activity seems
not only to be compound but also bacterial species-specific. It seems worthwhile to note
that the activity of the compounds does not follow a trend of decreasing hydrophilic
character (estimated [41] log P,,, values for the Ph analogs of compounds were used for
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this purpose), hence, indicating that the well-known fact that the solubility of
antimicrobials in the bilipid cell membranes may play a significant role in the activity,
here has little if any importance. Thus, further work is necessary to establish the true
mechanism of action of these ferrocenyl derivatives. Overall, these results are highly
promising and suggest that a more detailed study of the antimicrobial (including the
antifungal one) activity of this class of compounds could identify further derivatives
with improved antibacterial properties.
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Fig. 2. Dendrogram (AHC analysis) and its expansion (left) representing antibacterial activity (the MIC

values of compounds 3a-3q against eleven bacterial strains) dissimilarity relationships of the seventeen

compounds 3a-3q obtained by Euclidean distance dissimilarity, using aggregation criterion-Ward’s
method. Six groups of the compounds were found: C1—C6 (from left to right).

Conclusions. — We described, herein, a new, easily performable procedure for the
conjugate addition of arylamines to acryloylferrocene to yield the corresponding N-
aryl-3-amino-1-ferrocenylpropan-1-ones in good to excellent yields. This synthesis was
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performed with montmorillonite K-10 as the catalyst, supported by ultrasonic
irradiation. We unambiguously showed that both the catalyst and the irradiation play
an important role in this synthesis. The procedure requires short reaction times,
employs an environmentally friendly and non-expensive catalyst, as well as an
ultrasonic cleaner, a cheap and simple apparatus, which almost every laboratory
possesses. Among 17 compounds synthesized in this way, three were also characterized
by single-crystal X-ray analysis. The investigation of their crystal structures and the
comparison with recently reported ones suggest two favored conformations for 3-
(arylamino)-1-ferrocenylpropan-1-ones. One of the factors influencing the conforma-
tion could be the position of the substituent in the arylamino moiety. The conforma-
tionally similar derivatives show considerable similarity in their manner of crystal
packing. The results of antibacterial assays are highly promising and urge for a more
mechanistic-oriented study of antimicrobial (both antibacterial and antifungal)
activities of such compounds that could possibly identify further derivatives with
improved activity. The observed antibacterial activity seems not only to be compound-
(position of the substituent on the ring and its electron-donating/accepting properties)
but also bacterial species-specific.

This work was supported by the Ministry of Education and Science of the Republic of Serbia (grant
172034). We thank Prof. Vladimir Divjakovi¢ for the diffraction data of compounds 3k and 3I.

Experimental Part

General Remarks. All chemicals were commercially available and used as received, except that the
solvents were purified by distillation. Column chromatography (CC): silica gel 60 (230—-400 mesh
ASTM; Merck). TLC: silica gel 60 on Al plates, layer thickness 0.2 mm (Merck). M.p. (uncorrected):
Mel-Temp cap. melting-point apparatus, model 1001. IR Spectra: Perkin-Elmer FTIR 31725-X
spectrophotometer. 'H- and C-NMR spectra: in CDCly, Varian Gemini (200 MHz) spectrometer;
chemical shifts in 0(H) [ppm], rel. to the residual solvent H-atoms or *CDCl, as the internal standards
(CDCl;: 7.26 ppm for 'H and 77.0 ppm for 3C). Elemental analysis of C, H, and N: Carlo Erba 1106
microanalyser; results in agreement with the calculated values. The reactions (ultrasonic-assisted
syntheses) were performed by placing the probe with the reactants and the catalyst in an ultrasonic
cleaner. An Elmasonic S30 (Elma, Germany) ultrasound bath was used at a frequency of 37 kHz, with an
effective ultrasonic power of 30 W and a peak of 240 W.

General Procedure for the Synthesis of the Mannich Bases 3a—3q. A test tube containing a well-
homogenized mixture of 240 mg (1 mmol) of acryloylferocene, 2 mmol of the corresponding arylamine,
and 100 mg of montmorillonite K-10 was placed in the ultrasonic cleaner and irradiated for 1 h. Then,
CH,Cl, (10 ml) was added to the mixture, and the contents were filtered off. The solid residue was
washed with CH,Cl,, and the collected org. solns. were dried (Na,SO,) overnight. After the evaporation
of the solvent, the crude mixture was fractioned by flash chromatography on a SiO, column. The amines
eluted with toluene, whereas the Mannich bases 3a—3q were washed from the column by a mixture of
hexane and AcOEt 9:1 (v/v). In all cases, the complete excess of the amines was recovered. The spectral
data of compounds 3a-3k and 30 -3q can be found in [33], whereas the data of the newly synthesized
ones 31-3n are given below.

3-[(2-Acetylphenyl)amino J-1-ferrocenylpropan-1-one (31). M.p. 119°. IR (KBr): 3322, 1667, 1630,
1567,1515, 1503, 1458, 1250, 1228, 1205, 1168, 1146, 1107, 949, 752, 609. '"H-NMR (200 MHz, CDCl;): 9.01
(t,J=5.8,NH);7.75 (dd, ] =8.1,1.6, H-C(3")); 740 (ddd, ] = 8.6, 7.1, 1.6, H-C(5"")); 6.83 (br. d, ] = 8.6,
H-C(6")); 6.61 (ddd, J=8.1, 7.1, 1.1, H-C(4"")); 4.80 (pseudo-t, H-C(2"), H-C(5')); 4.51 (pseudo-t,
H-C(3'), H-C(4)); 4.17 (s, H-C(1"), H-C(2"), H-C(3"), H-C(4"), H-C(5")); 3.68 (dt, ] =6.9, 5.8,
CH,(3)); 3.08 (br. t, J=70, CH,(2)); 2.57 (s, Me). *C-NMR (50 MHz, CDCl;): 202.1 (C(1)); 200.8
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(COMe); 150.6 (C(1)); 135.1, 132.8 (C(3"), C(5)); 117.8 (C(2")); 114.2, 111.5 (C(4™), C(6™)); 78.8
(C(17));72.4 (C(2"), C(5")); 69.8 (C(1"), C(2"), C(3"), C(4"), C(5"));69.3 (C(3"), C(4')); 38.8,37.4 (C(2),
C(3));279 (Me). Anal. calc. for C; H, FeNO, (375.2419): C 67.22, H 5.64, N 3.73; found: C 67.30, H 5.67,
N 3.71.

3-[(3-Acetylphenyl)amino|-1-ferrocenylpropan-1-one (3m). M.p. 106°. IR (KBr): 3363, 1677, 1652,
1600, 1519, 1473, 1453, 1283, 1263, 1106, 826, 782, 688. 'H-NMR (200 MHz, CDCl,): 7.30-7.22 (m,
overlapping peaks, H-C(2""), H-C(4""), H-C(5"")); 6.84 (ddd,J =8.2,2.6, 1.3, H-C(6"")); 4.77 (pseudo-t,
J=2.0, H-C(2"), H-C(5")); 4.51 (pseudo-t, J =2.0, H-C(3'), H-C(4')); 4.43 (br. t, /] =5.9,NH); 4.11 (s,
H-C(1"), H-C(2"), H-C(3"), H-C(4"), H-C(5")); 3.62 (pseudo-q, J=5.9, CHy(3)); 3.04 (¢, J=5.9,
CH,(2)); 2.57 (s, Me)."C-NMR (50 MHz, CDCl,): 203.4 (C(1)); 198.7 (COMe); 1479 (C(1")); 1382
(C(3));129.4 (C(5)); 118.2,118.0 (C(4""),C(6"")); 111.1 (C(2")); 78.7 (C(1')); 72.5 (C(2'), C(5)); 69.8
(C(1"),C(2"),C(3"),C(4"),C(5"));69.2 (C(3),C(4')); 38.6,37.9 (C(2), C(3));26.7 (Me). Anal. calc. for
C, H, FeNO, (375.2419): C 6722, H 5.64, N 3.73; found: C 67.23, H 5.60, N 3.72.

3-[ (4-Acetylphenyl)amino |-1-ferrocenylpropan-1-one (3n): M.p. 182°. IR (KBr): 3330, 1665, 1647,
1600, 1584, 1456, 1361, 1283, 1263, 1180, 1042, 959, 825, 584. 'H-NMR (200 MHz, CDCl;): 7.84 (AA'X X',
J,=89,J,=24,H-C(3"),H-C(5")); 6.61 (AA'XX',J,=8.9,/, =24, H-C(2"), H-C(6")); 4.81 (br. 1,
J=5.9,NH); 4.78 (pseudo-t,J] =2.0, H-C(2'), H-C(5")); 4.53 (pseudo-t,J =2.0,H-C(3), H-C(4')); 4.11
(s, H-C(1”), H—C(2"), H-C(3"), H-C(4"), H-C(5")); 3.66 (pseudo-q,J =5.9, CH,(3)); 3.04 (1, J=5.9,
CH,(2)); 2.49 (s, Me).*C-NMR (50 MHz, CDCL,): 203.0 (C(1)); 196.3 (COMe); 151.6 (C(1"")); 130.9
(C(3"), C(5)); 126.8 (C(4™)); 111.4 (C(2"), C(6™)); 78.6 (C(1)); 72.6 (C(2'), C(5)); 69.8 (C(1"),
C(27), C(3"), C(4"), C(5")); 69.2 (C(3"), C(4)); 38.0, 379 (C(2), C(3)); 26.0 (Me). Anal. calc. for
C, H, FeNO, (375.2419): C 6722, H 5.64, N 3.73; found: C 67.18, H 5.59, N 3.70.

X-Ray Crystallography. Single crystals suitable for X-ray-analysis of 3¢, 3k, and 31 were obtained by
a slow evaporation from a mixture of CH,Cl, and hexane. The diffraction data for 3k and 31 were
collected on Oxford Diffraction Xcalibur Sapphire3 Gemini, while those for 3¢ were collected on Enraf
Nonius CAD4 diffractometer, both equipped with MoK, radiation (1 =0.71073 A). In the case of 3k and
31, data were processed with CrysAlis software [42] with multi-scan absorption corrections applied using
SCALE3 ABSPACK [42]. The data for 3¢ were processed with XCA D4-CAD4 data reduction program
[43]. All three crystal structures were solved with SHELXS [44] and refined using SHELXL [44]. The
refinement of the crystal structure 3k revealed the presence of a disordered solvent molecule which could
not be reliably modeled. The examination of the structure with SQUEEZE/SOLV procedures included
in PLATON [45] indicated the presence of one solvent-accessible void per unit cell with the estimated
volume of 205 A3. The volume of the cavity and the shape of the residual electron density suggest the
incorporation of one toluene molecule. This solvent was used during the synthetic procedure for the
chromatographic elution of the amine. The contribution of the solvent to the scattering factors was
suppressed using the SQUEEZE procedure. A new data set, free of solvent contribution, was then used
in the final refinement.

In all three structures, the H1-atom attached to N1 was located by difference Fourier synthesis and
refined isotropically. All other H-atoms were placed at geometrically calculated positions with the C—H
distances fixed to 0.93 from C(sp?); 0.96 and 0.97 A from Me and CH, C(sp*), resp. The corresponding
isotropic displacement parameters of the H-atoms were equal to 1.2 U, and 1.5 U, of the parent C(sp?)
and C(sp?), resp.

The crystallographic data are compiled in Table 6. Figures were produced using ORTEP-3 [46] and
MERCURY, Version 2.4 [47]. The software used for the preparation of the materials for publication:
WinGX [48], PARST [49], PLATON [45].

Crystallographic data for 3¢, 3k, and 31 have been deposited at the Cambridge Crystallographic Data
Centre (CCDC) with the deposition Nos. CCDC-846998, 846999, and 847000, resp. These data can be
obtained free of charge via http://www.ccde.cam.ac.uk/data_request/cif (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-
mail: deposit@ccdc.cam.ac.uk).

Biology. Test Microorganisms. The synthesized 3-(arylamino)-1-ferrocenylpropan-1-ones, 3a—3q,
were assayed for antibacterial activity against a panel of strains belonging to the American Type Culture
Collection (ATCC). Compounds 3a—3q were tested against three Gram-positive (Listeria monocyto-
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Table 6. Crystallographic Data for 3¢, 3k, and 31

1439

3c 3k 3l

Empirical formula CyH,;FeNO C,,sH,,CIFeNO C,H,,FeNO,
Formula weight 347.23 413.71 375.24
Color Dark-orange Dark-orange Dark-orange
Crystal size [mm?] 0.30 x 0.26 x 0.22 0.22 x 0.19 x 0.12 0.23 x 0.20 x 0.18
Temp. [K] 293(2) 293(2) 293(2)
Wavelength [A] 0.7107 0.71073 0.71073
Crystal system Monoclinic Triclinic Orthorhombic
Space group C2/c Pl P2.2.2,
Unit cell parameters

a[A] 18.365(4) 7.3916(4) 5.8045(2)

b [A] 7.3680(10) 10.2424(5) 14.7344(5)

c[A] 25.355(2) 13.8640(7) 20.2616(9)

a[°] 90 95.634(4) 90

BI°] 97.908(13) 102.539(4) 90

y[°] 90 99.872(4) 90
Vv [A%] 3398.2(9) 999.4(3) 1732.9(1)
V4 8 2 4
D, [Mg/m?] 1.357 1.375 1.438
u [mm™1] 0.891 0.899 0.884
6 Range for data collection [°] 1.62 to 25.97 3.04 to 29.08 3.32 t0 29.03
Reflections collected 3320 7398 5655
Independent reflections, R;, 3320 4497, 0.0235 3447, 0.0284

Refinement method

Full-matrix
least-squares on F?

Full-matrix
least-squares on F?

Full-matrix
least-squares on F?

Data/restraints/parameters 3320/0/212 4497/0/212 3447/0/231
Flack parameter [50] —0.01(2)
Goodness-of-fit on F? 0.995 1.028 1.030

R,/WR, indices [I > 20(1)] 0.0421/0.1076 0.0613/0.1621 0.0429/0.0735
R,/WR, indices (all data) 0.0736/0.1161 0.0829/0.1759 0.0563/0.0792
Largest diff. peak and hole [e A=®]  0.358/ —0.389 0.609/ — 0.254 0.265/—0.272

genes ATCC 7644, Micrococcus flavus ATCC 40240, and Sarcina lutea ATCC 9341) and two Gram-
negative bacteria (Klebsiella pneumoniae ATCC 10031 and Shigella sonnei ATCC 25931). The three
newly synthesized compounds, 31-3n, were additionally tested against three Gram-positive (Bacillus
cereus ATCC 10876, Clostridium perfringens ATCC 19404, and Staphylococcus aureus ATCC 6538) and
three Gram-negative bacteria (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
and Salmonella enterica ATCC 13076). All of these bacterial strains were maintained on nutrient agar at
37°.

Screening of Antibacterial Activity. Antibacterial activity was evaluated using a broth microdilution
method according to NCCLS [51]. Minimum inhibitory concentrations (MICs) and minimal bactericidal
concentrations (MBCs) were determined as described in [52]. Stock solns. of the compounds 3a—3q were
prepared in 10% (v/v) aq. DMSO in the concentration range of 0.025-50.00 mg/ml (the diluting factor
2). Tetracycline served as a positive control, while the solvent (10% DMSO(aq.)) was used as the
negative one.

Statistical Analyses. Agglomerative hierarchical clustering (AHC) was performed using the Excel
program plug-in XLSTAT (version 2011.4.04). The method was applied utilizing the MIC values of
compounds 3a—3q from this work and those reported in [33] against eleven bacterial strains as original
variables without any recalculation. AHC was performed using Pearson dissimilarity (as aggregation
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criteria simple linkage, unweighted pair-group average, and complete linkage were used) and Euclidean
distance (aggregation criterion: weighted pair-group average, unweighted pair-group average and Ward’s
method). The definition of the groups was based on Pearson correlation, using complete linkage and
unweighted pair-group average method.

REFERENCES

[1] T.J. Kealy, P. L. Pauson, Nature 1951, 168, 1039.

[2] S. A. Miller, J. A. Tebboth, J. F. Tremaine, J. Chem. Soc. 1952, 632.

[3] A. Togni, T. Hayashi, ‘Ferrocenes: Homogenous Catalysis, Organic Synthesis, Material Science’,

VCH, Weinheim, Germany, 1995.
[4] A. Togni, R. L. Haltermann, ‘Metallocenes’, Wiley-VCH, Weinheim, Germany, 1998.
[5] K. Wang, S. Mufioz, L. Zhang, R. Castro, A. E. Kaifer, G. W. Gokel, J. Am. Chem. Soc. 1996, 118,
6707.

[6] T. Moriuchi, T. Hirao, Top. Organomet. Chem. 2006, 17, 143.

[7] B. Loev, M. Flores, J. Org. Chem. 1961, 26, 3595.

[8] F. D. Popp, S. Roth, J. Kirby, J. Med. Chem. 1963, 6, 83.

[9] C. Biot, G. Glorian, L. A. Maciejewski, J. S. Brocard, O. Domarle, G. Blampain, P. Millet, A.J.

Georges, H. Abessolo, D. Dive, J. Lebibi, J. Med. Chem. 1997, 40, 3715.

[10] D. Osella, M. Ferrali, P. Zanello, F. Laschi, M. Fontani, C. Nervi, G. Cavigiolio, Inorg. Chim. Acta
2000, 306, 42.

[11] G. Jaouen, S. Top, A. Vessieres, R. Alberto, J. Organomet. Chem. 2000, 600, 23.

[12] D.R. van Staveren, N. Metzler-Nolte, Chem. Rev. 2004, 104, 5931.

[13] E. W. Neuse, J. Inorg. Organomet. Polym. Mater. 2005, 15, 3.

[14] C.S. Allardyce, A. Dorcier, C. Scolaro, P. J. Dyson, Appl. Organomet. Chem. 2005, 19, 1.

[15] G. Jaouen, W. Beck, M. J. McGlinchey, in ‘Bioorganometallics: Biomolecules, Labeling, Medicine’,
Ed. G. Jaouen, Wiley-VCH, Weinheim, 2006.

[16] M. FE R. Fouda, M. M. Abd-Elzaher, R. A. Abdelsamaia, A. A. Labib, Appl. Organomet. Chem.
2007, 21,613.

[17] O. Payen, S. Top, A. Vessieres, E. Brulé, M.-A. Plamont, M. J. McGlinchey, H. Miiller-Bunz, G.
Jaouen, J. Med. Chem. 2008, 51,1791.

[18] I. Damljanovi¢, M. Vukicevi¢, N. Radulovi¢, R. Pali¢, E. Ellmerer, Z. Ratkovi¢, M. D. Joksovic,
R. D. Vukicevi¢, Bioorg. Med. Chem. Lett. 2009, 19, 1093.

[19] M. Tramontini, L. Angiolini, ‘Mannich-Bases, Chemistry and Uses’, CRC, Boca Raton, FL, 1994.

[20] S. Ebel, ‘Synthetische Arzneimittel’, VCH, Weinheim, 1979.

[21] P Traxler, U. Trinks, E. Buchdunger, H. Mett, T. Meyer, M. Miiller, U. Regenass, J. Rosel, N. Lydon,
J. Med. Chem. 1995, 38, 2441.

[22] J. R. Dimmock, K. K. Sidhu, M. Chen, R. S. Reid, T. M. Allen, G. Y. Kao, G. A. Truitt, Eur. J. Med.
Chem. 1993, 28, 313.

[23] M. Tramontini, L. Angiolini, Tetrahedron 1990, 46, 1791.

[24] M. Arend, B. Westermann, N. Risch, Angew. Chem., Int. Ed. 1998, 37, 1044.

[25] P. Perlmutter, ‘Conjugated Addition Reactions in Organic Synthesis’, Pergamon Press, Oxford,
1992.

[26] B.C. Ranu, S. Banerjee, Tetrahedron Lett. 2007, 48, 141.

[27] R. Kumar, P. Chaudhary, S. Nimesh, R. Chandra, Green Chem. 2006, 8, 356.

[28] R. Trivedi, P. Lalitha, S. Roy, Synth. Comm. 2008, 38, 3556.

[29] M. M. Hashemi, B. Eftekhari-Sis, A. Abdollahifar, B. Khalili, Tetrahedron 2006, 62, 672.

[30] J.-M. Yang, S.-J. Ji, D.-G. Gu, Z.-L. Shen, S.-Y. Wang, J. Organomet. Chem. 2005, 690, 2989.

[31] N.S. Shaikh, V. H. Deshpande, A. V. Bedekar, Tetrahedron 2001, 57, 9045.

[32] L.-W. Xu, J.-W. Li, C.-G. Xia, S.-L. Zhou, X.-X. Hu, Synlett 2003, 15, 2425.

[33] I. Damljanovi¢, D. Stevanovi¢, A. Pejovi¢, M. Vukicevi¢, S. B. Novakovi¢, G. A. Bogdanovi¢, T.
Mihajilov-Krstev, N. Radulovi¢, R. D. Vukicevic, J. Organomet. Chem. 2011, 696, 3703.

[34] M. Joksovi¢, Z. Ratkovi¢, M. Vukicevi¢, R. D. Vukicevi¢, D. Rastko, Synlett 2006, 16, 2581.



HeLveTICA CHIMICA ACTA — Vol. 95 (2012) 1441

[35] 1. Damljanovi¢, M. Colovié, M. Vukiéevié, D. Manojlovi¢, N. Radulovi¢, K. Wurst, G. Laus, Z.
Ratkovi¢, M. Joksovi¢, R. D. Vukicevi¢, J. Organomet. Chem. 2009, 694, 1575.

[36] M. Joksovi¢, V. Markovi¢, Z. D. Jurani¢, T. Stanojkovi¢, L. S. Jovanovi¢, 1. S. Damljanovi¢, K.
Mészaros Szécsényi, N. Todorovic, S. Trifunovi¢, R. D. Vukicevic, J. Organomet. Chem. 2009, 694,
3935.

[37] D. Bandyopadhyay, S. Mukherjee, L. C. Turrubiartes, B. K. Banik, Ultrason. Sonochem. 2012, 19,
969.

[38] riodb0l.ibase.aist.go.jp/sdbs/ accessed on December 12th, 2011.

[39] M. I Levenberg, J. H. Richards, J. Am. Chem. Soc. 1964, 86, 2634.

[40] Z. Ratkovié, S. B. Novakovi¢, G. A. Bogdanovi¢, D. gegan, R. D. Vukicevié, Polyhedron 2010, 29,
2311.

[41] R. Wang, Y. Fu, L. Lai, J. Chem. Inf. Comput. Sci. 1997, 37, 615.

[42] Oxford Diffraction, CrysAlis CCD and CrysAlis RED, Versions 1.171.32.24., Oxford Diffraction
Ltd., Abington, England, 2008.

[43] K.Harms, S. Wocadlo, XCAD4 - CAD4 Data Reduction, XCAD-4, Program for Processing CAD-4
Diffractometer Data, University of Marburg, Germany, 1995.

[44] G. M. Sheldrick, Acta Crystallogr., Sect. A 2008, 64, 112.

[45] A.L. Spek, J. Appl. Crystallogr. 2003, 36, 7.

[46] L.J. Farrugia, J. Appl. Crystallogr. 1997, 30, 565.

[47] C.F. Macrae, P.R. Edgington, P. McCabe, E. Pidcock, G.P. Shields, R. Taylor, M.Towler, J.
van de Streek, J. Appl. Crystallogr. 2006, 39, 453.

[48] L.J. Farrugia, J. Appl. Cryst. 1999, 32, 837.

[49] M. Nardelli, J. Appl. Crystallogr. 1995, 28, 659.

[50] H. D. Flack, Acta Crystogr., Sect. A 1983, 39, 876.

[51] NCCLS - National Committee for Clinical Laboratory Standards, Document M100-S11, Perform-
ance standards for antimicrobial susceptibility testing. National committee for clinical laboratory
Standard, Wayne, PA, USA, 2003.

[52] N. Radulovi¢, M. Deki¢, Z. Stojanovi¢-Radic, S. Zorani¢, Chem. Biodiversity 2010, 7, 2783.

Received January 7, 2012






Polyhedron 31 (2012) 789-795

Contents lists available at SciVerse ScienceDirect

Polyhedron

@

POLYTIEDRON

journal homepage: www.elsevier.com/locate/poly =

Antimicrobial ferrocene containing quinolinones: Synthesis, spectral,
electrochemical and structural characterization of 2-ferrocenyl-2,
3-dihydroquinolin-4(1H)-one and its 6-chloro and 6-bromo derivatives

Anka Pejovi¢ ?, Ivan Damljanovié¢ ?, Dragana Stevanovi¢ ?, Mirjana Vukicevi¢®, Sladjana B. Novakovi¢ €,
Goran A. Bogdanovi¢ ¢, Niko Radulovi¢ 9, Rastko D. Vukicevi¢ **

2 Department of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovi¢a 12, 34000 Kragujevac, Serbia
b Department of Pharmacy, Faculty of Medicine, University of Kragujevac, S. Markoviéa 69, 34000 Kragujevac, Serbia
€Vinca Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed Matter Physics, PO Box 522, 11001 Belgrade, Serbia
4 Department of Chemistry, Faculty of Science and Mathematics, University of Nis, ViSegradska 33, 18000 Nis, Serbia

ARTICLE INFO ABSTRACT

Article history:

Received 27 September 2011
Accepted 7 November 2011
Available online 15 November 2011

Keywords:

Ferrocene
2-Aminoacetophenones
2,3-Dihydroquinolin-4(1H)-ones
Cyclic voltammetry

Crystal structure

Antimicrobial activity

Syntheses of three new ferrocene containing heterocycles - 2-ferrocenyl-2,3-dihydroquinolin-4(1H)-one
and its 6-chloro and 6-bromo derivatives - starting from 2-aminoacetophenones and ferrocenecarboxal-
dehyde was achieved in two steps. The aldol condensation of these substrates gave the corresponding 2’'-
aminochalcones in the first stage, whereas a further intramolecular cyclization gives the final products.
This cyclization was performed by either a solvent-free microwave irradiation (500 W/5 min) of a mix-
ture of chalcones and mortmorillonite K-10 or by using an acidic catalyst (the mixture of acetic and
orthophosphoric acid). The latter method, which can be performed by simple stirring at room tempera-
ture or by irradiation in an ultrasonic bath, gave much better results. The obtained compounds were spec-
trally and electrochemically (cyclic voltammetry) fully characterized, as well as by single-crystal X-ray
analysis. A microdilution assay revealed that the three dihydroquinolinones can be regarded as potential
lead compounds in the discovery of new antimicrobial drugs due to their very strong and unselective
activity towards pathogenic bacteria and one yeast with MIC values (0.01-10.0 pg/mL) lower than that

of tetracycline.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Quinoline and its derivatives have many applications, whereas
the use of these compounds as pharmaceutics is surely among
the most important ones. For example, quinolone antimicrobial
agents play the central role in the management of a broad range
of infections, like respiratory and urinary tracts infections, sexually
transmitted diseases, gastrointestinal, abdominal infections, etc.
[1]. 2-Aryl-2,3-dihydroquinolin-4(1H)-ones, in their turn, besides
possessing analgesic activity [2], nowadays attract considerable
attention as antimitotic antitumor agents [3-5]. In addition, they
are interesting as intermediates in the synthesis of other pharma-
ceuticals and active compounds [6,7]. The early procedures for the
synthesis of these aza analogues of flavanones included either base
[8-11] or acid [12,13] catalyzed isomerisation of the corresponding
2’-aminochalcones. However, many new catalytic systems for this
intramolecular aza-Michael-type cyclization have been developed
in the recent years, such as montmorillonite K-10 [14,15] and

* Corresponding author. Tel.: +381 34 30 02 68; fax: +381 34 33 50 40.
E-mail address: vuk@kg.ac.rs (R.D. Vukicevi¢).

0277-5387/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.poly.2011.11.006

SiO, impregnated with NaHSO,4 [16], through the use of microwave
irradiation, SiO, supported TaBrs [17] and Yb(OTf)3 [18], SiO, and
Al,03 supported CeCls [19], ZnCl, combined with a polymer sup-
ported selenium reagent [20], molecular iodine [21], polyethylene
glycol [22], ionic liquids [23], SbCl3 [24], silica chloride [25], ZnCl,
[26], etc. Although ferrocene containing quinoline derivatives have
already been synthesized (see, for example [27,28]), to the best of
our knowledge there are no reports on the synthesis of neither
2-ferrocenyl-2,3-dihydroquinolin-4(1H)-ones nor 2-ferrocenyl-
quinolin-4(1H)-ones. It is well known that the interchange of an
aromatic ring with the ferrocene nucleus in some organic com-
pounds possessing a certain property (such as biological activity,
for example) might lead to a product with this property markedly
more prominent than that of the parent compound.

With this in mind and given our permanent interest in ferro-
cene chemistry [29-31], herein we report on the synthesis and
spectral, electrochemical and structural characterization of three
new ferrocene containing dihydroquinolinones - 2-ferrocenyl-
2,3-dihydroquinolin-4(1H)-one, 6-chloro- and 6-bromo-2-ferroce-
nyl-2,3-dihydroquinolin-4(1H)-ones. Our intention was also to
investigate the biological activity of this class of compounds and,


http://dx.doi.org/10.1016/j.poly.2011.11.006
mailto:vuk@kg.ac.rs
http://dx.doi.org/10.1016/j.poly.2011.11.006
http://www.sciencedirect.com/science/journal/02775387
http://www.elsevier.com/locate/poly

790 A. Pejovic et al./ Polyhedron 31 (2012) 789-795

thus, we decided to screen their antimicrobial activity against sev-
eral bacteria and one fungal strain.

2. Experimental
2.1. Materials and instruments

All chemicals were commercially available and used as re-
ceived, except that the solvents were purified by distillation.
Microwave Labstation for Synthesis, MicroSynth, Milestone appa-
ratus equipped with pressure and temperature control units was
used for the microwave assisted syntheses. Ultrasonic cleaner
Elmasonic S 10, 30 W was used for the ultrasonically supported
synthesis.

Chromatographic separations were carried out using silica gel
60 (Merck, 230-400 mesh ASTM), whereas silica gel 60 on Al
plates, layer thickness 0.2 mm (Merck) was used for TLC. Melting
points (uncorrected) were determined on a Mel-Temp capillary
melting points apparatus, model 1001. Microanalysis of carbon,
hydrogen and nitrogen were carried out with a Carlo Erba 1106
microanalyser; their results agreed favorably with the calculated
values. The 'H and '>C NMR spectra of the samples in CDCl; were
recorded on a Varian Gemini (200 MHz) spectrometer. Chemical
shifts are expressed in § (ppm), relative to the residual solvent pro-
tons or '3CDCl; as internal standards (CHCls: 7.26 ppm for 'H and
77 ppm for '3C). IR measurements were carried out with a Perkin-
Elmer FTIR 31725-X spectrophotometer.

2.2. Preparation of quinolinones 4a-c

The solution of 214 mg (1 mmol) of ferrocenecarboxaldehyde
(1), 1 mmol of the corresponding o-aminoacetophenone (1-(2-ami-
nophenyl)ethanone (2a), 1-(2-amino-5-chlorophenyl)ethanone
(2b) and 1-(2-amino-5-bromophenyl)ethanone (2¢)) and 100 mg
of NaOH in 10 mL of ethanol was stirred overnight at room temper-
ature. The solvent was evaporated and to the residue 10 mL H,0
was added. The solution was neutralized with 2 M HCI (litmus pa-
per), extracted with CH,Cl, (three 20 mL portions) and the com-
bined organic layers dried overnight (anhydrous Na,SO4). The
solvent was evaporated and the residue chromatographed over a
short pad of SiO, (hexane/ethyl acetate 9:1, v/v). After the evapo-
ration of the solvent, the obtained solids (chalcones 3a-c) were
submitted to an intramolecular cyclization reaction by applying
one of the following three methods:

Method A: Chalcones 3a-c (1 mmol) were mixed with 100 mg of
montmorillonite K-10 in a mortar with a pestle, placed into a Tef-
lon cuvette and irradiated for 5 min in a microwave oven at 500 W,
without the presence of a solvent. After 10 min of cooling down to
room temperature, the crude mixture was extracted with ethyl
acetate and the obtained solution dried overnight (anhydrous
Na,S0,). The solvent was evaporated and the residue purified by
column chromatography (SiO,, hexane/ethyl acetate 9:1, v/v).

Method B: Chalcones 3a-c (1 mmol) were dissolved in the mix-
ture of 3 mL glacial acetic acid and 3 mL of 90% orthophosphoric
acid and stirred at room temperature for 50 min. The reaction mix-
ture was poured into ice-water mixture, extracted with ethyl ace-
tate (three 25 mL portions), the obtained solution washed with
NaHCOs, and dried overnight over anhydrous Na,SO,. After the sol-
vent was evaporated, the residue was purified by column chroma-
tography (SiO,, hexane/ethyl acetate 9:1, v/v).

Method C: A round bottom flask containing the solution of chal-
cones 2a—c¢, 1 mmol in the above mentioned mixture of acetic and
phosphoric acids (around 6 mL), was placed in an ultrasonic clea-
ner and irradiated for 50 min. The reaction mixture was worked
up as given in Method B.

2.2.1. 2-Ferrocenyl-2,3-dihydroquinolin-4(1H)-one (4a)

M.p. 150 °C; 'H NMR (200 MHz, CDCls, ppm) é = 7.86 (dd, ] = 7.7,
1.4 Hz, 1H, H5), 7.33 (ddd, J=7.7, 6.3, 1.4 Hz, 1H, H7), 6.77 (brt,
J~7.4Hz, 1H, H6), 6.72 (brd, J=7.7 Hz, 1H, H8), 4.65 (brs, 1H,
NH), 4.45 (dd, J=12.4, 46 Hz, 1H, H2), 427-4.31 (m, 1H, Fc),
4.19-4.25 (m, 8H, Fc, 5H from the unsubstituted Cp and 3H from
the substituted Cp), 2.87 (ddd, J=16.2, 4.6, 1.2 Hz, 1H, H3eq),
2.74 (dd, J=16.2, 12.4 Hz, 1H, H3ax); '3C NMR (200 MHz, CDCls,
ppm): 6=193.5 (C4), 151.2 (8a), 135.3 (C7), 127.6 (C5), 118.9
(C4a), 118.1 (C6), 115.7 (C8), 89.3 (C1’), 68.5 (C1”-C5"), 68.3, 68.2
(€2, C5), 66.7, 66.1 (C3", C4'), 52.9 (C2), 45.9 (C3); IR (KBr):
v=3323, 3078, 2991, 1651, 1608, 1507, 1480, 1321, 769 cm™'.
Anal. Calc. for CigH;7FeNO: C, 68.90; H, 5.17; N, 4.23. Found: C,
68.87; H, 5.14; N, 4.25%.

2.2.2. 6-Chloro-2-ferrocenyl-2,3-dihydroquinolin-4(1H)-one (4b)

M.p. 144°C; 'H NMR (200 MHz, CDCl;, ppm): &=7.82 (d,
J=25Hz, 1H, H5), 7.26 (dd, J=8.5, 2.5Hz, 1H, H7), 6.66 (d,
J=8.5Hz, 1H, H8), 4.66 (brs, 1H, NH), 4.45 (dd, J=13.5, 4.0 Hz,
1H, H2), 4.25-4.28 (m, 1H, Fc), 4.20-4.24 (m, 8H, Fc, 5H from the
unsubstituted Cp and 3H from the substituted Cp), 2.87 (ddd,
J=16.5, 4.0, 1.5Hz, 1H, H3eq), 2.73 (dd, J=16.5, 13.5Hz, 1H,
H3ax); '>C NMR (200 MHz, CDCls, ppm): 6=192.4 (C5), 149.5
(C8a), 135.2 (C7), 126.9 (C5), 123.5 (C6), 119.6 (C4a), 117.3 (C8),
88.9 (C1’), 68.6, 68.4 (C2, C5), 68.3 (C1"-C5"), 66.6, 66.1 (C3/,
C4'), 52.9 (C2), 45.4 (C3); IR (KBr): v =3340, 2924, 1657, 1615,
1501, 1480, 1408, 1294, 816 cm™!. Anal. Calc. for CyoH;5CIFeNO:
C, 62.41; H, 4.41; N, 3.83. Found: C, 62.37; H, 4.44; N, 3.79%.

2.2.3. 6-Bromo-2-ferrocenyl-2,3-dihydroquinolin-4(1H)-one (4c)

M.p. 179°C; 'H NMR (200 MHz, CDCls, ppm): 6=7.96 (d,
J=2.5Hz, 1H, H5), 7.38 (dd, J=8.5, 2.5Hz, 1H, H7), 6.61 (d,
J=8.5Hz, 1H, H8), 4.66 (brs, 1H, NH), 4.44 (dd, J=13.0, 3.5 Hz,
1H, H2), 4.25-4.27 (m, 1H, Fc), 4.20-4.24 (m, 8H, Fc, 5H from the
unsubstituted Cp and 3H from the substituted Cp), 2.87 (ddd,
J=16.5, 4.0, 1.5Hz, 1H, H3eq), 2.73 (dd, J=16.5, 13.0Hz, 1H,
H3ax); *C NMR (200 MHz, CDCls, ppm): §=192.2 (C4), 149.9
(C8a), 137.8 (C7), 130.0 (C5), 120.1 (C4a), 117.6 (C8), 110.4 (C6),
88.8 (C1’), 68.5, 68.4 (C2/, C5'), 68.3 (C1"-C5"), 66.6, 66.1 (C3,
C4'), 52.7 (C2), 45.3 (C3); IR (KBr): v=3327, 2924, 1657, 1600,
1494, 1394, 1284, 820 cm~!. Anal. Calc. for C;gH;¢BrFeNO: C,
55.65; H, 3.93; N, 3.42. Found: C, 55.60; H, 3.97; N, 3.41%.

2.3. X-ray crystallography

Single-crystal X-ray analysis of three ferrocene derivatives:
2-ferrocenyl-2,3-dihydroquinolin-4(1H)-one (4a), 6-chloro-2-ferr-
ocenyl-2,3-dihydroquinolin-4(1H)-one (4b) and 6-bromo-2-ferr-
ocenyl-2,3-dihydroquinolin-4(1H)-one (4c) was performed. X-ray
diffraction data for all three compounds were collected at room
temperature and using two single-crystal diffractometers, Enraf-
Nonius CAD4 (for 4a) and Oxford Diffraction Xcalibur Sapphire3
Gemini (for 4b and 4c). Both diffractometers were equipped with
Mo Ko radiation (1=0.71073 A). X-ray data 4b and 4c were
processed with CrysAlis software [33] with multi-scan absorption
corrections applied using SCALE3 asspack [33].

All three crystal structures were solved with sHeLxs [34] and re-
fined using sHELxL [34]. The H1n atom attached to N1 was located
by difference Fourier synthesis and refined isotropically. All other
H atoms were placed at geometrically calculated positions with
the C-H distances fixed to 0.93 from C(sp?); 0.97 and 0.98 A from
methylene and methine C(sp?), respectively. The corresponding
isotropic displacement parameters of the hydrogen atoms were
equal to 1.2 Ueq and 1.5 U, of the parent C(sp?) and C(sp?),
respectively.
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Table 1
Crystallographic data for 4a, 4b and 4c.
Compound 4a 4b 4c
Empirical formula CioHi7FeNO CigHisClFeNO CigHigBrFeNO
Formula weight 331.19 365.63 410.09
Color, crystal shape orange, prism orange, prism orange, prism
Crystal size (mm?) 0.27 x 0.24 x 0.23 0.25 x 0.22 x 0.19 0.21 x 0.18 x 0.18
T (K) 293(2) 293(2) 293(2)
2 (A) 0.71073 0.71073 0.71073
Crystal system monoclinic monoclinic monoclinic
Space group P2,/c P24/c P24/c
Unit cell dimensions
a(A) 12.991(4) 13.7845(6) 14.1005(7)
b (A) 8.482(2) 8.0608(3) 7.9990(3)
c(A) 13.972(3) 13.9697(4) 14.0146(5)
o (°) 90 90 90
B(°) 98.80(2) 94.997(3) 96.104(4)
y(°) 90 90 90
V(A3 1521.4(7) 1546.33(10) 1571.74(11)
V4 4 4 4
Dearc (mg/m?3) 1.446 1.571 1.733
u (mm~) 0.991 1.151 3.505
F(000) 688 752 824
0 range for data collection (°) 1.59-25.98 2.97-29.11 3.21-29.03
Reflections collected 3109 8320 7835
Independent reflections (Rin) 2977 (0.0210) 3573 (0.0290) 3622 (0.0334)
Data/restraints/parameters 2977/0/203 3573/0/212 3622/0/212
Goodness-of-fit (GOF) on F? 1.094 1.098 1.132
Final R;/wR; indices [I > 2a(I)] 0.0733/0.2334 0.0475/0.0906 0.0562/0.1054

A summary of the crystallographic data is given in Table 1. Fig-
ures were produced using orter-3 [35] and MERCURY, Version 2.4 [36].
The software used for the preparation of the materials for presen-
tation: wincx [37], pLaToN [38], parsT [39].

2.4. Electrochemistry

Cyclic voltammetry experiments were performed at room tem-
perature under an argon atmosphere in a three-electrode cell using
an Autolab potentiostat (PGSTAT 302N). The working electrode
was a platinum disk (2 mm diameter). The counter electrode was
a platinum wire, and an Ag/AgCl electrode was used as the refer-
ence one.

2.5. Biology

2.5.1. Test microorganisms

The synthesized dihydroquinoliones 4a-c were tested against a
panel of microorganisms (American Type Culture Collection
strains), including Gram-positive (Bacillus cereus ATCC 10876,
Staphylococcus aureus ATCC 6538 and Clostridium perfringens ATCC
19404) and Gram-negative bacteria (Escherichia coli ATCC 25922,
Klebsiella pneumoniae ATCC 10031 Proteus vulgaris ATCC 8427,
Pseudomonas aeruginosa ATCC 27853 and Salmonella enterica ATCC
13076), as well as against a yeast Candida albicans ATCC 10231.
Bacterial strains were maintained on Nutrient agar (37 °C), while
the pathogenic yeast was cultured (30 °C) on potato dextrose agar
(PDA).

2.5.2. Screening of antimicrobial activity

Antimicrobial activity was evaluated using a broth microdilu-
tion method according to NCCLS [40]. Minimum inhibitory concen-
trations (MIC) and minimal bactericidal/fungicidal concentrations
(MBC/MFC) were determined as described in full detail in Radul-
ovic et al. [41]. Stock solutions of the compounds 4a-c were pre-
pared in 10% (v/v) aqueous dimethyl sulfoxide (DMSO) in the
concentration range 0.01-10000 pg/mL (the diluting factor 2). Tet-

racycline and nystatin served as positive controls, while the sol-
vent (10% DMSO(aq)) was used as a negative control.

3. Results and discussion
3.1. Synthesis

Synthesis of the title compounds followed the concept of an
intramolecular aza Michael addition, mentioned in the introduc-
tory section. In the first step of this protocol ferrocenecarboxalde-
hyde (1) was subjected to a simple mixed aldol condensation with
three o-aminoacetophenones 2a-c, followed by an isomerisation of
the obtained chalcone analogues 3a-c to quinolines 4a-c during
the second stage (Scheme 1). The preparation of the derivatives
3a-c (60-90%) was accomplished by stirring the ethanol solution
of reactants and NaOH overnight. Prompted by a recent report on
the easy, environmentally benign and efficient synthesis of 2-
aryl-2,3-dihydroquinolin-4(1H)-one from 2’-aminochalcones un-
der mild reaction conditions (70-80%) [14], we adsorbed com-
pounds 3a-c on the montmorillonite K-10 clay surface and

HoN X HoN O X
: N+ NaOH \
Fe o —> Fe
0 = o)
1 2a-c 3a-c

a)X=H; b)X=Cl, ¢)X=Br
K-10,MW

or
ACOH/H3PO,r 1. s
1

or Fe 3 4
ACOH/H3PO, I .t.)) 4"y !" o
3 o

4a-c

3a-c

Scheme 1. Synthesis and numbering scheme of 2-ferrocenyl-2,3-dihydroquinolin-
4(1H)-ones 4a-c.
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Table 2
Yields of the synthesized quinolinones 4a-c.
o- Quinolinone  Yield® (%)
Aminoacetophenone
Method Method Method
AP BP cb
2a 4a 14 60 70
2b 4b 13 41 73
2c 4c 11 36 74

@ Isolated yield based on the starting ferrocenecarboxaldehyde.
b See Section 2.

submitted it to microwave irradiation. However, in our hands, this
procedure gave only very poor yields (11-14%; Table 2, Method A)
of the target 2-ferrocenyl-2,3-dihydroquinolin-4(1H)-ones 4a-c.
Our attempts to improve the yields by varying reaction conditions
(increase of the amount of catalyst and the time of exposure to
MW) did not produce better results.

We decided, then, to perform this synthesis through the use of
orthophosphoric acid as the catalyst [12,13]. Again when the origi-
nal reaction conditions were adopted (heating at reflux) [12], very
poor yields of the quinolinones 4a-c were attained. But when the
reaction was conducted at room temperature, compounds 4a-c
were obtained in much higher yields - up to 60% (Method B, Table
2). The best yields, however, were arrived at if the reaction was
carried out with orthophosphoric acid but also promoted by ultra-
sonic irradiation (70-74%; Table 2, Method C).

3.2. Spectral characterisation

The three synthesized compounds (4a-c) were characterized by
spectral ("H and '*C NMR, IR) and chemical means (elemental anal-
ysis), and the accumulated data agreed favourably with the pro-
posed structures. The IR spectra, as expected, displayed a
carbonyl stretch (1651-1657 cm™') and N-H vibration (3323-
3340 cm™!). The 'H NMR spectra of 4b and 4c¢ showed a character-
istic doublet at 7.82 and 7.96 ppm, respectively, with the coupling
constant of 2.5 Hz, in both 4b and 4c, that can be ascribed to the C5
proton. A proton under the influence of a carbonyl anisotropy and
with a meta interaction in these spectra clearly confirms the pres-
ence of a chlorine or bromine at the sixth position. The '3C NMR
spectra of the dihydroquinolinones 4a-c exhibit signals in the aro-
matic, carbonyl and aliphatic regions. The assignment of '3C reso-
nances was achieved on the basis of chemical shift theory, signal
intensities, substituent effects and by comparison with literature
data [42] for analogues. The carbonyl carbon (C-4) in these com-
pounds resonates in a narrow range, dc 192.2-193.5 ppm, and is
relatively insensitive to the presence and nature of the halogens
in 4b and 4c. However, the difference in electronegativities of the
halogens (Cl > Br) and the nature of the heavy atom is clearly dem-
onstrated by the larger value of chemical shifts of the directly
bonded carbon C6 (123.5 and 110.4 for 4b and 4c, respectively)
and the reversal of the same for the adjacent carbons C5 (130.0
and 133.1 for 4b and 4c, respectively) and C7 (135.2 and 137.8
for 4b and 4c, respectively), when the two halogenated analogues
are mutually compared. If the parent compound 4a is compared to
an azaflavanone analogue (2-phenyl-2,3-dihydroquinolin-4(1H)-
one) [42], the '3C resonances of the A- and C-ring nuclei of 4a illus-
trate their insensitivity towards the interchange of the phenyl
group for the ferrocenyl one (C2-52.9/58.5, C3-45.9/46.6, C4-
193.6/193.2, C4a-118.9/119.1, C5-127.6/127.6, C6-118.1/118.4,
C7-135.3/135.4, C8-115.7/115.9, C8a-151.2/151.5, for 4a/phenyl
analogue [42], respectively). This once again puts out a pro argu-
ment for the general viewpoint of the effect that a benzene-ferro-
cene substitution produces. Perhaps worth mentioning, the
spectral data, and especially the *C NMR shifts in CDCls, for 2-phe-

nyl-2,3-dihydroquinolin-4(1H)-one given in the paper by Lee et al.
[43] show a deviation from all the other published ones (e.g.
[42,44]) and from the ones obtained in this study for the ferrocenyl
analogue 4a.

The conformation of the dihydroquinolinone ring of compounds
4a-c could be inferred from their 'NMR. The large value of the cou-
pling of H2 with one of the C3 protons (12.4, 13.5 and 13.0 Hz, for
4a-c, respectively) is only compatible with a diaxial antiperiplanar
arrangement of H2 and H3ax and this clearly establishes the con-
formation of the dihydroquinolinone ring as a half-chair with the
2-ferrocenyl substituent in pseudoequatorial position. A conspicu-
ous feature of the 'H NMR spectra of 4a-c was an additional small
splitting of the signal of H3eq (1.2, 1.5 and 1.5 Hz, for 4a-c, respec-
tively). This splitting can arise from a four-bond NH-H3eq interac-
tion. Due to the known stereospecificity of the four-bond couplings
this provides additional evidence for the quasi perfect tetrahedral
geometry of N, C2 and C3 atoms, and, hence, for the half-chair con-
formation of the ring. Observation of the NH-H3eq long-range
splitting implies a slow NH-exchange on the NMR time scale
(>1 s, estimated from the magnitude of the residual NH-CH cou-
pling constant). The expected three-bond coupling between NH
and H2, on the other hand, causes only a broadening of the H2 mul-
tiplet lines when measured in CDCl3-solution.

3.3. Structural comparisons of 4a, 4b and 4c

All three compounds have very similar molecular geometry
(Fig. 1 and Fig. S1). The ferrocene unit in 4b and 4c display a con-
formation close to eclipsed (Fig. S1). The C1-Cg1-Cg2-C10 torsion
angle is —7.6° in 4b and —7.9° in 4¢ (Cg1 and Cg2 are centroids of
the corresponding Cp rings). In 1, the cyclopentadienyl (Cp) rings
are somewhat more eclipsed and the C1-Cg1-Cg2-C10 torsion an-
gle is —3.3°. In all three compounds the Cp rings within ferrocenyl
unit are almost parallel with interplanar angles 2.6(6)°, 3.4(2)° and
3.7(4)° for 4a, 4b and 4c, respectively. The Cg1-Cg2 distance
(3.29 A) and the Cgl-Fe-Cg2 angle (178.5°, 177.4° and 178.5°)
are also very similar for all crystal structures.

Bond lengths (Table 3) show that only C-C and C-N pure single
bonds exist in the N1-C11-C12-C13 fragment for all three com-
pounds. Corresponding bond lengths for all molecules are very
similar except to some extent for the C1-C5 bond.

Conformation and geometrical parameters of the N1-C11 six-
membered ring is very similar for all three compounds. This ring
is twisted around the C11-C12 bond. Bond angles within the ring
vary from 108.0(5)° to 121.2(6)° but all corresponding angles for
all three compounds are comparable (Table 4). Comparison of
some torsion angles within the ring are given in Table 4 for the
three compounds.

A closer analysis of the unit cell dimensions reveals some inter-
esting points. Namely, all three compounds crystallize in the
monoclinic system and the same space group, P2;/c. The unit cell
dimensions are similar and, as expected, due to the presence of
bromine, the unit cell volume for 3 is the largest (1521.4(7),
1546.33(10) and 1571.74(11) A® for 4a, 4b and 4c, respectively).
However, surprisingly, the length of the unit cell edge c is almost
equal for all three crystal structures (Table 1). A ready explanation
can be found in the existence of the N1-H.--O1 hydrogen bond.
This H-bond is the only classical hydrogen bond in all three crystal
structures. It forms a chain of molecules exactly along the c axis
keeping the molecules in almost the same orientation and distance
for all three ferrocene derivatives (Fig. S2). The N1---01 distance is
3.144(8), 3.098(3) and 3.104(4) A for 4a, 4b and 4c, respectively
(The N1-H---O1 angle, ranging from 176(5)° to 179(7)°, is very
close to 180° for all crystal structures).

Besides the N1-H.--O1 hydrogen bond there is no other (even
weak) H-bond in the three crystal structures. However, numerous
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Fig. 1. Molecular structures of 4a (a), 4b (b) and 4c (c) with the atom numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level. Additional
projections are shown in the Supplementary material file (Fig. S1).

Table 3
Selected bond lengths (A).
4a 4b 4c

01-C13 1.241(8) 1.218(3) 1.217(5)
N1-C19 1.375(9) 1.366(3) 1.358(5)
N1-C11 1.470(8) 1.455(4) 1.457(6)
C1-c5 1.443(11) 1.413(4) 1.413(7)
€10-C11 1.503(8) 1.499(4) 1.496(6)
C11-C12 1.534(8) 1.499(4) 1.499(5)
C12-C13 1.511(9) 1.507(4) 1.513(6)
C13-C14 1.460(9) 1.474(4) 1.472(6)
C14-C15 1.405(9) 1.394(4) 1.390(6)
C14-C19 1.427(9) 1.408(3) 1.410(5)
C15-C16 1.368(11) 1.361(4) 1.360(6)
C16-C17 1.411(11) 1.391(4) 1.400(6)
C17-C18 1.373(11) 1.365(4) 1.352(6)
C18-C19 1.410(9) 1.410(4) 1.411(6)

intermolecular CH/m interactions exist in the crystal packing of all
three compounds. Some selected CH/r interactions are illustrated
in Fig. S3.

Table 4
Selected bond and torsion angles (°).
4a 4b 4c

C19-N1-C11 119.2(5) 119.4(2) 119.7(3)
N1-C11-C10 108.3(5) 109.1(2) 109.7(3)
N1-C11-C12 108.0(5) 108.7(2) 108.4(4)
C10-C11-C12 114.7(6) 115.8(2) 115.9(4)
C13-C12-C11 112.0(6) 112.4(2) 112.6(4)
01-C13-C14 122.8(6) 123.1(2) 123.1(4)
01-C13-C12 120.6(6) 121.4(2) 121.4(4)
C14-C13-C12 116.5(5) 115.5(2) 115.4(3)
C19-C14-C13 119.3(6) 119.6(2) 119.5(4)
N1-C19-C14 121.2(6) 120.7(2) 121.0(4)
C19-N1-C11-C12 47.8(8) 48.0(3) 47.8(5)
N1-C11-C12-C13 —54.6(8) —54.7(3) —54.3(5)
C11-C12-C13-C14 35.2(9) 34.3(4) 34.5(6)

Table 5

Electrochemical data of compounds 4a-c.
Compound Eoxt (V) Eoxa (V) Erea (V) Eipp (V) AE (mV)
4a 0.458 0.1340 0.360 0.409 98
4b 0.476 0.1373 0.378 0.427 98
4c 0.473 0.1401 0.381 0.427 92

The greatest difference in the packing of molecules for the three
crystal structures is illustrated in Fig. S4. Obviously, two neighbor-
ing molecules are significantly more distant in the case of crystal
structure 4a. (Although the mutual orientation of the two mole-
cules is almost the same for all three crystal structures.) An expla-
nation may be found in the fact that only compounds 4b and 4c
possess halogen substituents (X = Cl and Br for 4b and 4c, respec-
tively) which participate in the C-H---X intermolecular interac-
tions between two molecules. These interactions although very
weak, are stabilizing and keep the van der Waals surfaces of two
molecules close to each other (Fig. S4). The unoccupied space be-
tween molecules in the crystal structure of 4a, gives a “Potential
Solvent Accessible Area” of 37.2 A3,

3.4. Electrochemistry

Cyclic voltammetry experiments in acetonitrile containing
0.1 mol/L of lithium perchlorate as the supporting electrolyte have
been performed to evaluate the electrochemical properties of com-
pounds 4a-c. On the basis of some preliminary investigations we
chose the potential window between 0 and 1.5 V. The voltammo-
grams obtained for compound 4a are presented here (Fig. 2) as a
representative example, whereas the data of the other compounds
are summarised in Table 5.

As it can be seen from Fig. 2, curve a, the ferrocene containing
quinolinone 2a exhibited at the first scan two well defined oxida-
tion waves on the forward potential sweep (01, at 0.458 and 02, at
1.340V, respectively) and one reduction wave on the back poten-
tial sweep (R1, at 0.592 V). The reduction peak R1 appeared also
when the potential was reversed after O1, and, therefore, O1 and
R1 should correspond to interdependent electrochemical events.
Since the difference between the values of these two potentials is
close to the theoretical one, O1 and R apparently belong to a
reversible redox couple, appearing due to the presence of the ferro-
cene nucleus. Their position lays more than 50 mV higher than that
of the unsubstituted ferrocene (Fig. 2, curve c). This might be
attributed to a slightly raised electro-positivity of the carbon atom
connected to the cyclopentadienyl ring (caused by the negative
inductive effect of the nitrogen atom). Both the anodic (01) and
cathodic (R1) peak currents are proportional to the square root of
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Fig. 2. Cyclic voltammograms of 1 mM solution of 2-ferrocenyl-2,3-dihydroquin-
olin-4(1H)-one at the platinum electrode (2 mm diameter) by a 0.1 Vs~! scan rate in

a 0.1 M acetonitrile solution of LiClO4: (a) the first scan, (b) the second scan, (c)
1 mM ferrocene and (d) electrolyte.
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Fig. 3. Anodic and cathodic peak currents obtained at different scan rates of 1 mM
solution of 2-ferrocenyl-2,3-dihydroquinolin-4(1H)-one (4a) at the platinum
electrode (2 mm diameter) in a 0.1 M acetonitrile solution of LiClO4.

the scan rate (as depicted in Fig. 3), and their ratio is independent
of the scan rate, indicating a diffusion-controlled process.

An irreversible electrochemical event is responsible for the
occurrence of the second oxidation wave (02) at 1.340V, since
the corresponding reduction wave interdependent to 02 was not
observed. To the best of our knowledge, there are no literature re-
ports on the cyclic voltammetry of 2,3-dihydroquinolin-4(1H)-one
or its derivatives. One can assume a certain degree of similarity
with the cyclic voltammetry of N-alkyl anilines [45-47], and we
believe that an electron transfer from the nitrogen atom to anode
occurs at this potential. The product of this event should be a rad-
ical cation, which surely undergoes some irreversible transforma-
tions, because of its high reactivity. In the case of the above
mentioned anilines this species gives products that can be detected
by cyclic voltammetry at the second and subsequent scans [45-
47], but here we did not observe any similar behaviour, most prob-
able due to the overlapping with the electrochemical response of
the ferrocene unit. The electrochemical properties of compounds
4a-c are apparently interesting and surely deserve additional
investigations, but both the extent and the type of the future inves-
tigations exceed the scope of this work.

3.5. Biology

To date, the contribution of ferrocene to antibacterial, anti-
fungal and other biological properties of ferrocene-containing
compounds remains uncertain. Some authors believe that ferro-
cene fulfills a structural role, possibly that of a hydrophobic spacer
in place of a phenyl ring [48]. Others proposed a more “active” role
for ferrocene, namely as a source of ferricenium (Fe3*) or reactive
oxygen species that had a direct influence on activity [49]. In addi-
tion to this, dihydroquinoline moiety is found in a wide variety of
natural products and an extensive array of medicinally interesting
compounds [50,51]. Motivated by these ideas and our previous re-
sults [29-32], we decided to screen compounds 4a-c for their
in vitro antimicrobial activity on a group of representative Gram-
positive, Gram-negative bacteria and one human pathogen fungal
strain. The antimicrobial activities of the substances expressed as
MIC and MBC/MFC are reported in Table 6. In particular, 4a and
its halogen derivatives 4b and 4c¢ showed a very strong and unse-
lective activity against all tested microorganisms with MIC values
ranging from 0.01 to 10.0 pg/mL, but with usually one order or
two of magnitude larger MBC/MFC values. Some of the compounds
proved to be more potent in inhibiting the growth of bacteria than
the used positive control (the commercially available tetracycline).
The bromo-compound 4c, that was the most active of all three, had
MIC in all cases lower that that of tetracycline, although its anti-

Table 6
Antimicrobial activity of 4a-c.
Compound 4a 4b 4c Tetracycline Nystatin
(png/mL) MIC MBC MIC MBC MIC MBC MIC = MBC MIC = MFC
Gram-positive bacteria
B. cereus 0.40 20.0 0.31 10.0 0.31 10.0 1.56 nt
S. aureus 0.39 5.00 0.10 5.00 0.07 5.00 0.09 nt
C. perfringens 2.25 20.0 1.25 10.0 0.15 10.0 1.56 nt
Gram-negative bacteria
E. coli 2.25 20.0 0.31 10.00 0.07 10.0 1.56 nt
K. pneumoniae 0.05 5.00 0.01 1.25 0.01 2.50 0.05 nt
P. vulgaris 0.40 10.0 0.40 5.00 0.10 5.00 0.11 nt
P. aeruginosa 10.0 40.0 5.00 20.0 1.25 10.0 3.12 nt
S. enterica 1.25 20.0 0.62 5.00 0.15 20.0 3.12 nt
Yeast
C. albicans 1.25 10.0 0.45 20.0 0.31 20.0 nt 0.04

nt, not tested.
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candidal activity was weaker than that of nystatin (but still close to
it). In general, the activity noted against Gram-negative bacteria
compared to Gram-positive ones was lower as expected from the
structure of their cell walls, with the G(—) bacterium P. aeruginosa
that turn out to be the most resistant strain in this test (this also
stands for tetracycline). However, the most susceptible microor-
ganism was also a G(—) bacterium K. pneumoniae with a MIC value
of 0.01 pg/mL for the halogen-containing compounds and 0.05 pg/
mL for 4a. It seems worthwhile to note that the activity of the
compounds follows a trend of decreasing hydrophilic character
(estimated [52] log P, values for the phenyl analogues of com-
pounds 4a-c are 2.901, 3.564 and 3.740, respectively), hence, indi-
cating that the solubility of the compounds in the bilipid cell
membranes may play a significant role in the observed activity.
However, further work is necessary in establishing the true Modus
operandi. Overall, these results are highly promising and suggest
that a more detailed study of the antimicrobial activity of this class
of compounds could identify further derivatives with improved
antibacterial and antifungal properties.

4. Conclusion

Three new ferrocene containing 2,3-dihydroquinolin-4(1H)-
ones were synthesized and fully characterised by spectral, chemi-
cal and crystallographic data. Electrochemical investigations, per-
formed by cyclic voltammetry, showed that these compounds
exhibit two oxidation waves and a reduction one corresponding
to one reversible redox pair and a certain irreversible event. In a
microdilution assay, the three compounds showed a very strong
and unselective activity against the tested pathogenic bacteria
and a yeast with MIC values ranging from 0.01 to 10.0 pg/mL. In
all cases the bromo-derivative had lower MIC values that those
of tetracycline. The obtained results make these compounds excel-
lent leads for the development of new more potent ferrocene-con-
taining antimicrobial agents.
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Herein, we report on the synthesis, spectral, crystallographic and electrochemical properties of a small
library of N-substituted 2-ferrocenyl-1,3-thiazolidin-4-ones, designed as novel GABAs benzodiazepine-
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most potent compound, 2-ferrocenyl-3-(4-methoxyphenylethyl)-1,3-thiazolidin-4-one, was inferred

from experiments with known GABAa-targeting agents. Ligand docking experiments revealed that the
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high, dose-dependent, anxiolytic activity of the new compounds might be due to their favorable in-
teractions with the benzodiazepine-binding site of the GABAA receptor complex. The incorporation of the
ferrocene core and fine tuning of the distance between the thiazolidinone core and an additional aro-
matic ring were judged to be crucial structural requirements for the observed anxiolytic effect.

© 2014 Elsevier Masson SAS. All rights reserved.

1. Introduction

Since their discovery in the mid-1950s, drugs targeting the y-
aminobutyric acid A receptor (GABA, agonists; e.g., the family of
benzodiazepine, BZD, compounds) have been and still are the first
choice in the treatment of anxiety [ 1—4]. The fully functional GABAa
receptor is a membrane-bound heteropentameric protein consist-
ing of an assembly of different subunits (usually «, 6 and y-sub-
types; different subunit isoforms are possible), together forming a
pore for chloride ion transport [4,5]. A number of GABAa agonists
bind to an allosteric site (BZD-binding pocket) located on the
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(N.S. Radulovi¢), vuk@kg.ac.rs (R.D. Vukicevic).
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GABAj receptor complex and exert a positive cooperative effect
that results in increased frequency of chloride channel opening
(there are other modulatory sites on the GABAa receptor, i.e.
barbiturate, neuroactive steroid etc.) [4,5]. The flow of chloride ions
causes excitation/depolarization, shunting or inhibition/hyperpo-
larization of neurons [6]. The development of novel compounds
that target the GABA, system is driven by the need to improve the
effectiveness and lessen the side effects of existing drugs [2]. In that
sense, the aim of this study was the design and synthesis of a novel
class of GABAx-targeting anxiolytics. In that respect, a small library
of 1,3-thiazolidin-4-one—ferrocene hybrids (N-substituted 2-
ferrocenyl-1,3-thiazolidin-4-ones; 13 compounds in total) was
designed on the following three premises: (i) Therapeutically
speaking, besides as anxiolytics, GABAs agonists are frequently
used as anticonvulsant, sedative-hypnotic, and muscle-relaxant
drugs [4]. In recent years, there is a growing tendency towards
the use of anticonvulsants as an alternative treatment for some
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anxiety disorders in individuals who are partially responsive or
nonresponsive to conventional therapy [1,7]. It was previously
shown that certain 1,3-thiazolidin-4-one derivatives act as anti-
convulsants [8—11]; however, their possible use as anxiolytic
agents has not been pursued thus far. (ii) A number of studies have
shown that the introduction of the ferrocene core (Fc), or a formal
exchange of an existing aromatic ring with Fc, may significantly
enhance a molecule’s (desirable) bioactive properties [12—18]. For
example, ferrocene analogues of the antimalarial drug chloroquine
are active against chloroquine-resistant strains of Plasmodium fal-
ciparum; one of these, ferroquine, made it to clinical trials [19,20].
The Fc unit might act as a hydrophobic spacer and/or lipophilicity/
bioavailability enhancer (enabling easier passage through cell
membranes) [20]. It is also known that the ferrocene Fe?*/Fe>*
redox chemistry might contribute to the bioactivity of ferrocene
derivatives [21]. (iii) Despite possessing unique features, the library
compounds isosterically resemble the known BZD-type anxiolytics
(Fig. 1), i.e., we hypothesized that they could fulfill known BZD-
binding site requirements, and thus could potentially have a high
affinity towards the GABA4 receptor [22].

Anxiolytic properties of all library compounds were evaluated in
several different in vivo models (light/dark, open field, horizontal
wire and diazepam-induced sleep tests). The involvement of the
GABA4 receptor complex was assessed using the known GABAa-
targeting agents flumazenil (competitive antagonist), picrotoxin
(GABAA channel blocker), pentylenetetrazol and isoniazid (con-
vulsants). In order to rationalize the obtained experimental results
and disclose structure—activity relationships, i.e., to gain insight
into the possible interactions of the title compounds with the
GABA, receptor (possible involvement of BZD-binding site), ligand
docking experiments were performed based on the recently
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published unified a162v2 GABAA receptor model (this is believed to
be the most abundant receptor subtype) [23]. Alongside with these
results, we present detailed data on the spectral and electro-
chemical properties, as well as the crystal structure of the studied
heterocycle-organometallic hybrids.

2. Results and discussion
2.1. Library design

The starting point for the library design was the notion that 1,3-
thiazolidin-4-ones, as is the case for GABAa agonists, are known to
act as anticonvulsants [8—11]. However, their possible use as
anxiolytic agents has not been explored previously. The idea was to
prepare a series of 1,3-thiazolidin-4-one derivatives with key
structural attributes of well-known GABAa agonists (BZD-type
compounds).

We started from Cook's et al. pharmacophore/receptor model
for agonists and inverse agonists at the GABAa (BZD-binding site)
[22]. For example, the central structural features of the GABAa
agonist diazepam (Fig. 1a), fitted into the mentioned model, is the
1H-1,4-diazepin-2(3H)-one core, which is fused to a chlorobenzene
ring and bears a phenyl substituent. The hypothetical pharmaco-
phore triangle is depicted in red (edges, angles and vertices of the
triangle are defined in Fig. 1b). According to Cook's et al. model,
potential GABAp agonists should be able to interact with the
following (sub)sites of the receptor: (i) an H-bond acceptor (Ay), (ii)
an H-bond donor (Hy), (iii) a ‘bifunctional’ hydrogen-bond donor/
acceptor site (Hz/As), (iv) four lipophilic pockets (L1, Ly, L3, and LD;),
and (v) three sterically forbidden sites (S, Sy, and S3) (Fig. 1a).
Hydrogen-bond donor sites H; and Hy, hydrogen bond acceptor Ay

b)

d)

Fig. 1. a) Pharmacophore model [7] for the BZD-binding site of the GABA, receptor (A;-As-H-bond acceptor, Hy, H,—H-bond acceptor, S;—Ss-sterically forbidden sites, L;-Ls-
lipophilic pockets), with diazepam as template; the hypothetical pharmacophore triangle is given in red. b) Edges (I, Is, Ic), angles («, B, ) and vertices (A, B, C) of the hypothetical
pharmacophore triangle. ¢) and d) Fitting of N-substituted 2-ferrocenyl-1,3-thiazolidin-4-ones into the proposed model for ligands targeting the GABA, complex. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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and lipophilic region L; were assigned as four basic anchor points
on the receptor protein-complex [22]. We believe that certain 1,3-
thiazolidin-4-one derivatives should also be able to fit this model.
We initially placed the thiazolidinone core at the position (vertex A)
of the analogous heterocyclic moiety from the diazepam molecule
(1H-1,4-diazepin-2(3H)-one ring; Fig. 1c and d): the 1,3-
thiazolidin-4-one carbonyl unit is a strong H-bond acceptor
(possible interactions with Hy receptor (sub)site), while the diva-
lent sulfur atom could either act as a weak H-bond acceptor or
eventually may form a favorable S—m interaction with the appro-
priate arene system at the receptor-binding site [24]. Now, we had
to “expand” the molecule as to fit the pharmacophoric triangle.
Thus, the 1,3-thiazolidin-4-one substitution pattern was chosen in
a way to match, as closely as possible, the value of angle o, while the
identity of the substituents had to comply with I, I, Ic (triangle
edges), p and vy (triangle angles) values (Fig. 1b). We decided one of
the substituents to be the ferrocene core, as we expected that it
would nicely fit L;/L, (Fig. 1¢) or L3 (Fig. 1d) lipophilic pockets and
could possibly act as an “activity enhancer” [12—21]. Finally, we
have chosen to vary the identity of the substituent attached to the
nitrogen atom (R, Scheme 1), in order to gain an insight into
possible SAR relationships. Two main types of R substituents were
included in the study: aliphatic (n-alkyl chains of differing lengths,
3a—f; “aliphatic analogues”) and aromatic (with benzene/furan/
thiophene cores, 3g—m; “aromatic analogues”). Within the “aro-
matic” series (which might be more active, e.g. due to possible
favorable w—m interaction), we have varied the length of the
—(CH2)p— (n = 0—2) spacer between the N-atom and the aromatic
core. This was done to finely tune Ia, Iy and ¢ values, as well as to
probe if higher conformational freedom of the molecule would
influence the net activity. Another reason for the synthesis of 3i, 3j
(heteroaromatics) and 3g (methoxyphenyl group) was the fact that
these compounds contain additional H-acceptors (S/O-atoms) that
could increase the ligand's affinity towards the receptor.

2.2. Chemistry

Among many reported protocols towards the synthesis of 1,3-
thiazolidin-4-ones [11,25], the reaction of a-mercapto carboxylic
acids with imines, known for more than sixty years [26,27], seems

0]

HO/lj

R 0O
SH

N R—N>¥7
?‘H ?/s
Fe Dcc, )

F
— THF :e

3a-m

a | n-butyl
b | n-pentyl

¢ | n-hexyl
d | n-octyl

e | n-dodecyl

f | n-hexadecyl
g | 2-(p-methoxyphenyl)ethyl
h | benzyl

i | 2-furfuryl
j | 2-thenyl
k | phenyl

1| m-tolyl
m | p-tolyl

Scheme 1. Synthesis of N-substituted 2-ferrocenyl-1,3-thiazolidin-4-ones (3a—m).

to be the most convenient one. The reaction employs readily
available substrates and is easy to perform. There are three
experimental variants of the synthesis: (i) Reaction of a-mercapto
carboxylic acids with imines obtained in a separate experiment
(as it had originally been conducted) [26]; this approach was
previously employed in the synthesis of several 2-ferrocenyl-1,3-
thiazolidin-4-ones, but the achieved yields were very poor
(1.6—10.8%) [28]; (ii) A continuous process using a water separator
and the same solvent for both steps (the synthesis of imines and
their condensation with a-mercapto carboxylic acids) [27]; (iii) a
one-pot three-component technique with the use of a suitable
dehydrating agent [29—31]. We have chosen the latter, one-pot
approach for the synthesis of the target N-substituted 2-
ferrocenyl-1,3-thiazolidin-4-ones (3a—m). The method utilizes
ferrocenecarboxaldehyde (1, FcCHO), an appropriate primary
amine (2a—m), thioglycolic acid and DCC as a dehydrating agent
in THF (Scheme 1). This approach was previously employed for the
synthesis of analogous compounds [29,31], with the ratio of re-
actants being amine/aldehyde/mercapto acid = 1/2/3. However, in
this case the yields based on the used aldehydes are necessarily
less than 50%. This was not a reasonable approach in our case,
since FcCHO (1) was the most valuable (expensive) reactant.
Hence, we tried to improve the original protocol in order to ach-
ieve higher reaction yields with regard to FcCHO. We found that
optimal results were obtained by a 25 min ultrasonic irradiation of
the reaction mixture consisting of an amine, FcCHO and thio-
glycolic acid in the ratio 1/1/2. The corresponding N-substituted
2-ferrocenyl-1,3-thiazolidin-4-ones (3a—m, Scheme 1) were ob-
tained in moderate-to-high yields, calculated by taking 1 as the
limiting reagent (See Experimental section).

Compounds 3a—m were spectroscopically characterized by IR,
UV—Vis, MS, H and 3C NMR spectroscopy (see Experimental
section and Supporting Information). The obtained spectral data
agreed favorably with the expected structures for all compounds
[15,17,32—37]. Several well-resolved IR bands associated with
characteristic vibrations of the 2-ferrocenyl substituted 1,3-
thiazolidin-4-one core—C=C stretching, Csp’-H stretching, C=0
stretching and the symmetrical deformation of the thiazolidinone
CH, group (scissoring)—were observed for nearly all compounds
[32]. An assortment of other bands, characteristic for the specific
functional groups of individual compounds, were also observable in
the corresponding spectra. For example, in the spectra of 3g, 3h and
3k—m, the arrangements of the C—H out-of-plane bending bands in
the 680—900 cm ' region reflected the substitution patterns of the
benzene ring, whereas the asymmetrical stretching and symmet-
rical deformation of the CH3 group in N-alkyl and methoxy
substituted compounds were observed as medium intensity bands
around 2960 cm~! and 1380 cm™!, respectively.

In general, UV—Vis spectra of 3a—m were marked by the pres-
ence of the ferrocene chromophore [18]. The band around 200 nm
was the most intense one, assignable to T — 7" transitions, and
was characteristic for the ferrocenyl moiety. The bands at c.a.
320 nm (although not noted in for all compounds) and 430 nm,
which were about 100 times weaker than that at 200 nm, most
probably corresponded to d — =" and d—d transitions of the
ferrocene core, respectively.

The 'H NMR spectra contained typical signals for a mono-
substituted ferrocene (dt (or m) at ~4.4 ppm, a multiplet at
~4.3 ppm and a singlet at ~4.2 ppm; last two signals were found to
overlap occasionally) [18] and were also characterized by the
presence of an ABX spin system formed by the methine (at
~5.34—5.90 ppm) and methylene protons (at ~3.60—3.81 ppm) of
the thiazolidinone scaffold [33]. Generally speaking, when
compared to the corresponding protons in 2,3-diaryl-1,3-
thiazolidin-4-ones and 3-alkyl-2-aryl-1,3-thiazolidin-4-ones, the
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ring methine and methylene protons were slightly shifted upfield
by the presence of the ferrocene unit [33,34]. Similarly, signals at
c.a. 85.0, 70.3, 69.7, 69.0, 68.5 and 67.7 ppm, observable in the 3C
NMR spectra of the library compounds, could be attributed to the
ferrocene moiety [15] while the other characteristic signals, at
about 169, 61 and 33 ppm were those corresponding to the
carbonyl-, methine and methylene carbons of the thiazolidinone
ring, respectively [35]. Depending on the nature of the substituent
attached to the N-atom, other expected signals in both 'H and 3C
NMR spectra were noted. Thus, in the spectra of 3g, 3h and 3k—m,
there were typical signals in the aromatic region, while the spectra
of 3i and 3j contained characteristic signals of the thiophen-2-yl
and furan-2-yl AMX systems.

The fragmentation pattern in the mass spectra of 3a—m was a
similar one to the previously reported for 2,3-diaryl-1,3-
thiazolidin-4-ones, with the most striking differences relating to
the base peak [36]. In the cases of 3a—m, the base peak was the
molecular ion as well; this suggests that the introduction of a
ferrocene unit onto the thiazolidinone core increased the stability
of corresponding [M]*. Other characteristic ions observable in the
MS spectra of 3a—m, m/z 186 ([(CsHs ) Fe]™), 121 ([CsHsFe]™) and 56
([Fe]™*), were those characteristic for a monosubstituted ferrocene
derivative [37]. Moreover, in spectra of almost all compounds, the
second most intense peak corresponded to a [FCcCHNHR]' ion.
Additional abundant ions in the mass spectra of N-aryl or N-ary-
lalkyl derivatives were formed by scission of the C—N bond (eg.
[CeHs] T at m/z 77 for 3K, or [C7H7]™ at m/z 91 for 3h).

2.3. Crystallographic analysis

The structural features of thiazolidin-4-one 3k as a represen-
tative example were also studied by a single-crystal X-ray structure
analysis (Fig. 2 and Supporting Information). Two ferrocenyl Cp
rings adopted an almost ideally eclipsed geometry with the
C1-Cg1—-Cg2—-C6 torsion angle of only 0.2° (Cg1 and Cg2 are the

Fig. 2. Perspective view of 3k with the atom-numbering scheme. Displacement el-
lipsoids are drawn at 40% probability level. The C6—H6...7 intramolecular interaction
is represented by a dotted red line. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

centroids of the corresponding Cp rings; designations of the atoms
are given on Fig. 2). However, the Cp rings slightly deviated from
the parallel orientation (the dihedral angle between two the Cp
rings was 4.0(2)°). The conformation of the thiazolidinone ring
could be described as being close to an envelope, and the present
orientation of the C14—C19 phenyl ring was influenced by an
intramolecular C—H...T interaction between the C6—H6 group and
the phenyl ring as a w-acceptor (Fig. 1). There were no classical H-
bonds and 7...7 intermolecular interactions in the crystal packing
of 3k.

The S1—C13 heterocyclic five-membered ring (thiazolidone
core) is directly bound to the C1—C5 cyclopentadiene ring via a
single bond (C1—C11) with a bond distance of 1.504 (3) A. However,
the longest C—C bond in the crystal structure of 3k was the
C12—C13 bond, situated within the heterocyclic ring, while the
remaining C—C bonds had m-character (Table 1). The S1 atom forms
two S—C bonds which are significantly different in bond length,
1.849 (2) and 1.796 (3) A for the S1—C11 and S1—C13, respectively.
Around the sulfur atom, the C11-S1—C13 angle was considerably
smaller than the rest of bond angles within the S1-C13 five-
membered ring (Table 1). The sum of bond angles around N1
(359.8°) indicates trigonal geometry, i.e. sp? hybridization of N1.

The conformation of the thiazolidinone ring could be described
as being close to an envelope since the C11, N1, C12 and C13 atoms
were nearly coplanar (root-mean-square deviation from a mean
plane of the fitted atoms was only 0.032 A). The S1 atom was dis-
placed from the C11—-N1—C12—C13 mean plane by 0.622 (4) A. The
present ring conformation was also in agreement with the bond
character of N1—C12 since this bond is the only one (within the
ring) which had m-character and consequently forced a coplanar
position of the C11, N1, C12 and C13 atoms. The dihedral angle
between the C11-N1—-C12—C13 plane and the C14—C19 phenyl
ring was 58.57 (8)°. However, it seems that the present orientation
of the C14—C19 phenyl ring was influenced by an intramolecular
C—H ... 7 interaction between the C6—H6 group and the phenyl
ring as a m-acceptor (Fig. 1). A perpendicular distance of the H6 on
the phenyl ring was only 2.74 A (H6 ... Cg = 2.80 A, C6—H6 ...
Cg = 131°). The dihedral angle between the phenyl and the C6—C10
cyclopentadiene rings of 69.4 (1)° was also in agreement to the
existence of this intramolecular interaction. Thus this C—H ... T was
the only apparent intramolecular interaction in the crystal struc-
ture of 3k and it probably additionally stabilized the present mo-
lecular conformation.

There were no classical H-bonds in the crystal packing of 3k. The
reason for this could be found in the fact that molecules of 3k do
not possess any significant H-bond donors, such as O—H or N—H
(Fig. 3 and S1). The C12—01 carbonyl group may be recognized as
the best H-bond acceptor in 3k but it formed only a single weak
hydrogen bond (C15—H15 ... O1, Figure S1, Supporting Information)
with H ... O distance shorter than 2.60 A. Although 3k is comprised
of three aromatic rings, it is interesting to note that this molecule
did not form any 7 ... 7 intermolecular interactions. The C6—C10

Table 1

Selected bond lengths (A) and bond angles (°) in the crystal structure of 3k.
Bonds (A) Angles (°)
S1-C13 1.796 (3) C13-S1-C11 90.69 (11)
S1—C11 1.840 (2) C12-N1-C14 1224 (2)
01-C12 1.215 (3) C12—-N1—C11 117.0 (2)
N1-C12 1.360 (3) C14—-N1—-C11 12042 (18)
N1-C14 1.437 (3) N1-C11-S1 103.52 (14)
N1-C11 1.464 (3) N1-C12—C13 1114 (2)
C1-C11 1.504 (3) C12—C13-S1 107.04 (18)
C12—C13 1.513 (4)
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Fig. 3. The centrosymmetric dimer of 3k formed via two C13—H13b ... S1 (dashed green lines) and two C13—H13a ...  (dotted red lines) intermolecular interactions. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

unsubstituted Cp ring participated in an intermolecular C—H ... ©
interaction as a m-acceptor (Figure S2, Supporting Information)
while the C14—C19 phenyl ring contributed to the same interaction
as a C—H donor.

Probably the most interesting association of the molecules of 3k
in solid state was the formation of centrosymmetric dimers.
Namely, two molecules within the dimer (Fig. 3) were inter-
connected by four interactions, two C—H ... S and two C—H ... .
Although these interactions are considered weak, their cumulative
effect and the fact that two molecules are in a centrosymmetric
arrangement most likely resulted in such stable dimers.

2.4. Conformational analysis

In line with the results of the crystallographic analysis of 3k,
previous NMR and X-ray studies of 2,3-diaryl-1,3-thiazolidin-4-
ones have showed that the favorable geometry of the heterocyclic
ring corresponds to an envelope conformation, with the out-of-
plane sulfur atom (conformations A and B, Fig. 4). Such geometry
minimizes strain within the ring and ensures co-planarity of the
carbonyl group and the N-aryl system (the latter enabling effective
overlap of the corresponding orbitals). It was previously established
that conformer A (Fig. 4), with a pseudo-axial C2 aryl substituent
(Ar’), represented the preferred solid-state geometry, while
conformer B (pseudo-equatorial Ag’, Fig. 4) was the dominant one
in solution [34,38]. This is in agreement with the crystal structure of
3k.

In order to explore the solution conformation (most probably
that connected to the activity of the compounds) of our library
compounds and to compare it to previous conformational features
of 1,3-thiazolidin-4-one derivatives [34,38], we have performed a
detailed 1D/2D NMR spectral study (DEPT, HSQC, HMBC (Fig. 5),

Ha Ha
O>A’R Jv R
B w N .
AR"/N S AR AR' Hg
Hy Hy
A B

Fig. 4. 2,3-Diaryl-1,3-thiazolidin-4-ones conformers.

TH—'H COSY and NOESY) of 3a-m, suggesting that the geometry
with the pseudo-axial Hx (conformer B, Figs. 4 and 6) was the
preferred one in solution as opposed to the solid-state one (see also
Supporting Information). The results obtained for compound 3g are
summarized in Table 2, and Figs. 5 and 6. The use of higher mag-
netic field (400 MHz) and DMSO-dg as deuterated solvent enabled a
clear resolution of the ABX splitting pattern of the thiazolidinone
methine (C2Hx) and methylene protons (C5HaHg) (Table 2). The
larger in value (in comparison to Hp) coupling of the methine
proton Hx with the methylene proton Hu, appearing at lower field,
indicated that these protons should be mutually anti-oriented. At
the same time, the methine proton showed a nOe crosspeak with
the upperfield methylene proton (and vice versa), suggesting that
Hy and Hj are spatially near one to another. Based on the calculated
A and B geometries of 3g (MM + force field), the distances of Hx—
C5Hp in A (more than 4 A) and B (around 3 A) differed significantly
in value (Fig. 6). This suggested that the geometry with the pseudo-
axial Hy (conformer B, Figs. 4 and 6) was the preferred one in so-
lution as opposed to the solid-state one; otherwise, one would
expect the Hx—Hp nOe crosspeak not to appear. Furthermore, the
ferrocene proton H5’ should be considerably closer to the N—CH»
(ca. 2 A) than to the Ar—CHj, (ca. 4 A) protons in conformer B, while
the opposite should be true for conformer A. Thus, the fact that H5’

Fig. 5. Important HMBC interactions of 3g.
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B

Fig. 6. Preferred solid-state (A) and solution (B) conformers of 3g, minimized using MM +

some atoms, double and C—Fe bonds (conformer A) are omitted for clarity.

proton showed nOe crosspeaks with N—CHy, but did not interact
with Ar—CH; protons, corroborated the assumption that B was the
preferred 3g geometry in solution (Fig. 6).

There are two more pairs of diastereotopic protons in 3g left
unassigned. The protons of the CHy directly attached to nitrogen
were shifted slightly downfield when compared to those next to
the aromatic ring. A previous NMR study of 2-aryl-3-benzyl-1,3-
thiazolidin-4-ones pointed to a large chemical shift difference (of
approximately 1.5 ppm) between diastereotopic benzylic protons
and the downfield shift of one of the protons was explained by
stronger hydrogen bonding, as well as to hindered rotation around
the N- and benzyl C-bond [34]. A similar trend was visible in the
spectra of the herein studied benzyl (3h), 2-furfuryl (3i) and 2-
thenyl (3j) derivatives, with the mentioned shift differences of
about 1.1 ppm for the geminal N—CH; protons. The shift difference
for the corresponding protons in 3g was considerable lower
(0.37 ppm), suggesting a higher degree of conformational freedom
with respect to rotation about the N—C bond in N—CH,CHo.

2.5. Electrochemistry

As mentioned above, the Fe?* [Fe3* redox chemistry is known to
contribute to the bioactivity of ferrocene derivatives [18]. Because
of this, we decided to evaluate the electrochemical properties of the
new compounds 3a—m. This was done by means of cyclic

Table 2
'H NMR (DMSO-dg, 400 MHz) and *C NMR (DMSO-ds, 100 MHz) data for 3g (atom
labels can be found in Fig. 5).

Position TH NMR 13C NMR
1 / 85.5
2 4.42 (m, 1H) 67.2
3 4.34—4.31 (m, 2H) — overlapped 68.3
4 69.4
5 4.49 (dt, ] = 2.4, 1.4, 1.4 Hz, 1H) 70.2
17,27,3", 4" and 5" 4.24 (m, 5H) 68.7
17 / 130.4
2" and 6" 6.99 (AA'BB', ] = 8.6 Hz, 2H) 129.4
3” and 5" 6.82 (AA'BB', ] = 8.6 Hz, 2H) 113.8
4 / 157.7
N-CHxH3 3.34 (ddd, J = 13.6, 10.1, 5.8 Hz, 1H) 43.7
N-CHaHp 2.97 (ddd, J = 13.6, 9.8, 5.8 Hz, 1H) 437
CHHgp-Ar 2.60 (ddd, J = 13.2, 10.1, 5.8 Hz, 1H) 31.9
CHpHp-Ar 226 (ddd, J = 13.2, 9.8, 5.8 Hz, 1H) 319
S-CH4Hp-C=0 3.61 (dd, J = 15.4, 1.6 Hz, 1H) 324
S-CHAHp-C=0 3.56 (dd, J = 15.4, 1.0 Hz, 1H) 324
N—CH-S 5.57 (br. s, TH) 60.3
O—CH3 3.71 (s, 3H) 54.9
C=0 / 169.5

force field. Important NOESY interactions are also shown on conformer B. Notation of

voltammetry in acetonitrile containing 0.1 mol/L lithium perchlo-
rate as the supporting electrolyte. Since preliminary measurements
conducted with 3a showed that this compound exhibits only a
single redox couple (E;; = +499 mV) in the potential range
between —500 and +1000 mV (belonging to the ferrocene unit), we
performed cyclic voltammetry experiments with all other com-
pounds in the potential range between 0 and +1000 mV. It turned
out that all thiazolidinones exhibit a reversible one-electron redox
couple at a very similar potential (E12 = +487 to +512, Table S1).
Since the ferrocene unit of compounds 3a—m is connected to an
electron withdrawing group, these potentials are considerably
more positive than that of the unsubstituted ferrocene. As repre-
sentative examples, the voltammograms of 3a and 3k are depicted
in Figure S3. Differences between anodic and cathodic peak po-
tentials (Table S1) were close to the theoretical value; both anodic
and cathodic peak currents were proportional to the square root of
the scan rate (as illustrative examples graphs for 3a and 3k are
given in Figure S4), and their ratio is independent of the scan rate,
indicating a diffusion-controlled process.

2.6. Pharmacological studies

The synthesized thiazolidinone derivatives 3a—m were evalu-
ated for their CNS-modulating properties using the light/dark (LD),
open field (OF), horizontal wire (HW) and diazepam-induced sleep
tests. The results of the experiments are presented in Table 3 and
Figure S5 (Supporting Information).

During the LD test, all library compounds increased the time
mice spent in the brightly illuminated area, and decreased time
spent in the dark one, in a dose-dependent manner (Table 3).
However, 3g was the only compound that significantly increased
the number of crossings between the mentioned compartments at
all applied doses, and in almost the same fashion as diazepam did.
The effects of other library compounds drastically varied in the
number of crossings and were dependent on the dose
administered.

All of the tested compounds had increased (statistical signifi-
cance) the latency of the first crossing from the illuminated
compartment to the dark one (this referred to those groups that
had transitions at all). This could be the result of an anxiolytic-like
action of the thiazolidinone derivatives that is also a characteristic
of benzodiazepines [39]. The increased latency of the first transition
between compartments could be a reflection of the reduction of
exploratory activity, which was observed for most of the herein
studied compounds (the open field test). Nevertheless, this is a
controversial parameter, commonly not discussed in studies on
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Table 3

Effect of thiazolidinone derivatives 3a—m, diazepam and vehicle on anxiety (LD test) and locomotor activity (OF test) in mice.

Compound Dose (mg/kg) Light/dark (LD) test Open field (OF) test
Time spent in light box No. of transitions Time of the first transition No. of squares crossed No. of rearings
3a 25 204 + 7¢ 25+05 39 + 15" 99 + 11 6.4 + 0.9°
50 218 + 4° 25+02 42 +15° 101 +9 44 + 0.7
100 285 + 10° 1.0 + 0.5° 195 + 9° 100 £ 9 39+09
3b 25 199 + 12° 3.0 +0.2° 47 + 9* 123 + 9 6.9 + 0.6°
50 224 + 10° 15+0.2 106 + 12 106 + 9¢ 58+ 09
100 289 + 10° 1.0 +0.22 164 + 11?2 98 +9 55+09
3c 25 203 + 8° 3.0 +0.8° 37+ 7° 98 + 10 52+04
50 219 + 167 20+05 68 + 127 87 + 11 5.0+ 0.7
100 292 + 122 1.5+02 94 +11* 64 + 10 4.2 + 0.6
3d 25 213 + 10° 20+05 46 + 9° 113 + 12° 8.0 + 0.6
50 223 +11° 15+02 42 +11° 98 +9 6.8 + 0.4°
100 300 + 0° 0+0? 0+0? 92 +2 45+03
3e 25 220 + 132 3.0 +0.2° 51 +10? 99 + 15 57 +09
50 231 + 12° 25+02 63 + 122 97 + 10 52+08
100 294 + 12° 15+05 89 + 6% 90 + 11 4.8 + 0.9
3f 25 193 + 8° 3.5 +0.5° 72 + 9% 100+ 9 55+02
50 213 + 8° 20+ 05 93 +9.° 104 + 10 51+03
100 276 + 9° 15+02 101 + 8 97 +13 49+ 0.2
3g 25 144 + 10* 35+ 08" 56 + 8* 75+ 16 124 +0.5%
50 224 + 9° 5.0 + 0.5° 61+7° 51 + 13¢ 14.0 + 0.7¢
100 257 + 10° 8.5 +0.8° 74 + 8 35+ 10° 15.5 + 0.3%
3h 25 271 + 112 1.5 +0.2¢ 84 + 5% 75+ 16 23+08
50 300 + 0* 0+0° 0+0° 51 +13¢ 3.6+0.5
100 300 + 0° 0+0° 0+0° 35+ 10° 51+08
3i 25 221 + 10° 20+02 89 + 127 144 + 3° 7.2 +£0.3%
50 277 +9° 1.0 +0.5° 106 + 11?2 123 + 107 8.1 + 0.6%
100 300 + 0° 0+0% 0+0° 114 + 9° 8.6 +0.9°
3j 25 207 + 12° 1+1¢ 57 + 5% 157 + 11° 83 +0.7¢
50 300 + 0° 0+0? 0+0% 145 + 7° 9.5 + 0.6°
100 300 + 0° 0+0% 0+0° 107 + 8¢ 10.1 £ 0.9°
3k 25 132 + 117 3.0 +0.2° 54 +10° 143 + 12° 7.4 +0.8%
50 194 + 10? 25+02 64 + 10? 124 + 14? 6.7 + 0.4°
100 279 + 122 1.5+ 05 71+ 9 100 + 10 54 +09
31 25 121 + 11¢ 20+02 44 + 6° 135 + 15% 8.7 + 0.6%
50 175 + 11?2 25+02 50 + 10° 162 + 12?2 9.5 + 0.7°
100 267 + 15° 1.5+0.5 99 + 82 108 + 13¢ 53+06
3m 25 117 £ 16 25+02 32 +6° 144 + 11° 8.5+ 0.6*
50 181 + 13 15+08 63 + 7% 98 + 10 6.6 + 0.8°
100 300 + 0° 0+0? 0+0? 86+ 15 24 +09
DzZpP 2 184 + 12?2 10.5 + 0.5% 69 + 3?2 145 + 10? 7.6 +3.1°
VEH 10 99 +9 20+0.25 16+ 6 80 + 21 41 +21

All substances (in the doses of 25, 50, 100 mg/kg for the experimental substances; DZP (2 mg/kg); Vehicle (VEH, 10 mL/kg)), were administrated 1 h prior to the experiment.

Data are presented as mean + SD, n = 6.
3p <0.001; °p < 0.01; p < 0.05 vs. vehicle.

experimental anxiety; compounds cause a decrease in locomotion
and thus give false positive results [40].

To circumvent this situation, all new drugs are screened for
nonspecific increases or decreases (aspects of sedation) in general
locomotion in a novel arena (OF test). Anxiety behavior in rodents,
observed during the OF test, is a consequence of individual (out of
the group) testing of animals and agoraphobia. In these situations,
rodents show a thigmotaxic behavior, identified by spontaneous
preference for the periphery of the apparatus and reduced ambu-
lation [41]. At lower doses, almost all tested substances increased
the number of squares crossed in the OF apparatus (Table 3),
whereas at higher doses a reversed effect was observed. This
indicated the possible sedative/hypnotic or muscle relaxant effect
of the library compounds. The impact on animal movement in the
OF test depended on the structure of the group attached to the
nitrogen atom. For example 3h, with a benzyl group in the side
chain, caused a suppression of the motor activity in the OF test even
at low doses. The introduction of a heteroatom into the aromatic
ring, as in 3i and 3j, resulted in an increase of locomotion in the
lowest dose (25 mg/kg), although at higher doses the mentioned
reversal of effect was noted. Elongation of the side chain with a
methylene unit and the introduction of a methoxy group onto the

aromatic ring (3g) caused a dose-dependent increase in the num-
ber of squares crossed.

To rule out the possible muscle relaxant effect, mice were sub-
mitted to an HW test. All animals treated with thiazolidinone de-
rivatives (at all doses) were capable of grasping a wire within the
10 s period (displaying 100% of activity), whereas diazepam (2 mg/
kg; causing a failure to grasp in 50% of cases) decreased the ability
of animals to grasp the wire (data not shown).

The observed depressant activity of 3a—m during the OF sug-
gested central mechanisms and not a peripheral neuromuscular
blockade, as opposed to diazepam (at higher doses > 10 mg/kg) that
affects both mechanisms [42,43], as the library compounds did not
exhibit a muscle relaxant activity even at doses as high as 100 mg/kg.

Strictly speaking, having all of this in mind and taking into ac-
count that the most reliable parameters for the assessment of
anxiolytic drugs are the increase in time spent in the illuminated
area, the number of crossings between light and dark compart-
ments and increase of locomotion [44], under our experimental
conditions, only substance 3g could be regarded as possessing
purely anxiolytic properties.

Because of the fact that the title compounds were designed to
target the GABAA receptor, we decided to experimentally assess its
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Fig. 7. Effect of vehicle (white column), diazepam (1 mg/kg; black column) and 3g (50 mg/kg, striped column) following flumazenil (FLU; 3 mg/kg by ip) treatment on the time that
the animals spent in the light compartment (first graph), on the number of crossings between compartments (second graph) and on the time of the first transition (third graph).
Values are expressed as mean + SD, n = 6, (a) p < 0.0001 vs. FLU + vehicle, FLU + diazepam and 3g; (b) p < 0.0001 vs. FLU + vehicle, FLU + diazepam; (c) p < 0.001 vs. 3g.
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Fig. 8. Effect of vehicle (white column), diazepam (1 mg/kg; black column) and 3g (50 mg/kg; striped column) following picrotoxin (PIC; 1 mg/kg by ip) treatment on the time that
the animals spent in the light compartment (first graph), on the number of crossings between compartments (second graph) and on the time of the first transition (third graph).
Values are expressed as mean + SD, n = 6, (a) p < 0.0001 vs. PIC + vehicle and 3g; (b) p < 0.0001 vs. PIC + diazepam.

possible involvement in the anxiolytic action of the library com-
pounds. For this purpose, we have chosen 3g, the most potent
derivative with no CNS depressant or myorelaxant activity. We
were additionally encouraged by the fact that 3g and diazepam
(GABA4 agonist) displayed similar activity in the LD test. In order to
evaluate the involvement of the GABA receptor, 3g was further
tested in the LD paradigm in combination with flumazenil (FLU, a
competitive antagonist of GABAa receptor that antagonize both
agonists and inverse agonists [45]) and picrotoxin (PIC, a
noncompetitive GABAa receptor chloride channel antagonist (one
can rather say channel blocker) [46]) (Figs. 7 and 8) and in
pentylenetetrazol (PTZ)/isoniazid (INH)-induced convulsion tests
(Table 4).

From Figs. 7 and 8, one can see that FLU and PIC, in both the
vehicle and diazepam groups, produced an expected result: they
decreased the time animals spent in the light compartment,
decreased the number of crossings between compartments and
decreased the time of the first transition. For the groups that
received FLU/PIC and 3g, the observed parameters were modified
compared to the results of the animals that received 3g alone, in the
same dose (50 mg/kg). For example, the time that the animals from

group FLU+3g spent in the light compartment was decreased for
almost a third of the time of animals from group 3g (Fig. 7),
whereas the time group PIC+3g animals spent in the light
compartment was decreased for more than a half of the time of
animals from group 3g (Fig. 8). Likewise, the number of crossings
between compartments and the time of the first transition were
only partially reduced by FLU and PIC (but to a greater extent by
PIC) when compared with the values noted for the animals from
group 3g. However, compound 3g still displayed some degree of
anxiolytic activity even in FLU and PIC pretreated animals (statis-
tically significant differences existed between 3g and vehicle pre-
treated groups). Also, statistically significant differences between
groups that received the combination of FLU/PIC and 3g and those
that were administered with FLU/PIC and diazepam suggested the
existence of additional effects that are probably due to other
mechanisms involved in its anxiolytic action.

The hypnotic/sedative activity of the library compounds was
estimated using the diazepam (20 mg/kg)-induced sleep model.
Almost all substances had no significant effect on the onset of sleep,
except for three compounds that caused a prolongation of this
period (3k—m, having an aryl group directly attached to the

Table 4
Anticonvulsant effect of the vehicle (olive oil), 3g and diazepam in the pentylenetetrazole (PTZ) — and isoniazid (INH) — induced seizures in mice.
Substance Dose PTZ INH
Seizure onset (sec) Onset of HLTE (sec) Seizure onset (sec) % of living mice
in 30 min
Vehicle 10 mL/kg 39+1 106 + 10 1244 + 26 0
3g 50 mg/kg 62 +2° 338 + 147 2207 + 43 100
Diazepam 1 mg/kg 601 + 252 1324 + 38?2 2197 + 172 100

Data are presented as mean + SD, n = 6.
4 p < 0.001 vs. vehicle.
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nitrogen atom), but all of the tested library compounds significantly
increased, in a dose-dependent manner, the duration of the sleep.
These results suggested a central nervous system depressant ac-
tivity and possible sedative properties of these thiazolidinone-
ferrocene hybrids (Fig. S5). The tested hybrids had manifested a
profound influence on the diazepam-induced sleep. Compounds
3a—f, with an alkyl chain of variable length attached to the nitrogen
atom, were the most active ones as they increased the sleeping
period, in a dose-dependent manner, almost three-fold. The lowest
effect was noted in the case of compound 3h (which possesses a
CH,Ph group) treatment, where only its highest dose caused a
statistically significant different prolongation of the diazepam-
induced sleep. Once again the introduction of an oxygen or a sul-
fur atom (3i and 3j) into the aromatic rings resulted in a significant
alteration of activity. These sedative properties can be related to the
activation of benzodiazepine and/or GABA sites of the GABA re-
ceptor complex. This is in accordance with a previous report on
several thiazolidinone derivatives, tested at a dose of 100 mg/kg,
that were found to potentiate the effect of a more general sedative,
sleep-inducing agent (pentobarbital) [11]. The effects of sleep la-
tency shortening and increase of total sleep time, as well as the
enhancement of electroencephalogram power in the delta fre-
quency range are some of the hypnotic drug characteristics (at
higher doses) and it is considered to involve more pronounced
depression of the CNS than sedation [47].

A matter that should be kept in mind when discussing the ac-
tivity of our thiazolidinone derivatives is the differentiation of ef-
fects produced by benzodiazepine-type compounds binding to
different GABAA receptor subtypes (¢4, o and a3) [43]. The o
GABA, receptor is known to mediate sedative, amnesic, and part of
the anticonvulsant effects, while the a; GABA4 (and not o3 GABAa)
receptor mediates the anxiolytic effects of diazepam. It was
observed that a; GABA receptor (expressed on motor neurons and
in the superficial layer of the dorsal horns) were primarily involved
in the myorelaxant activity of diazepam, whereas at higher doses it
was observed that a3 GABA4 receptors are also included [43]. These
results allow at least a partial explanation for the observed activity
of the tested thiazolidinone-ferrocene hybrids. One can speculate
that most of them possess higher affinity for a; GABA, receptors
(due to their activity in the OF and diazepam-induced sleep tests)
than for o;/as GABAa receptors that are involved in myorelaxant
activity (negative results in HW test). For example, 3h decreased
the number of crossings in the OF test more than two folds when
compared to the results of the vehicle pretreated animals (Table 3),
but it did not modify the performance of mice in the HW test. It also
prolonged, although not to a great extent, the diazepam-induced
sleep (Figure S5, Supporting information). Furthermore, other
compounds, such as 3i, 3k and 3m, decreased the number of
crossings in the OF test only at doses of 100 mg/kg, did not modify
animal performance in the HW test, but prolonged the diazepam-
induced sleep (two folds when compared to diazepam), also sug-
gesting their higher affinity for oy GABA4 rather than for o, and a3
GABAx receptors.

Anticonvulsant effects of the library compounds were also
studied in order to determine the possible interaction of 3g with
the GABA4 receptor complex. For that reason we utilized pentyle-
netetrazole (PTZ) and isoniazid (INH) that are known to interrelate
with the GABA neurotransmitter itself and the GABA complex. PTZ
not only produces epileptiform activity but also mimics the seizure
induced behavioral changes that are very similar to temporal lobe
epilepsy in humans and, thus, it has a predictive relevance
regarding the clinical spectrum of activity of experimental com-
pounds. It is also interesting to mention that neither PTZ nor INH-
binding sites on GABA receptors belong to the GABA or PIC sites of
the GABA receptor complex [48]. Compound 3g exerted modest

activity (the results are presented in Table 4) compared to diaz-
epam (1 mg/kg), but it significantly increased the convulsion
threshold compared to vehicle pre-treated animals. These results
further confirm the possible involvement of 3g in signal trans-
duction through GABA systems.

The used dose of 3g (50 mg/kg) applied after a specific GABAa
antagonist could have been supramaximal and in this way could
have masked its competitive effect for this receptor. Even after the
application of a nonselective antagonist (PIC), 3g exerted some
degree of anxiolytic activity in the experimental animals suggesting
that there are also other mechanisms involved in the activity of 3g.
The accumulated in vivo data regarding the possible interaction of
the library compounds and the GABA, receptor complex motivated
us to perform in silico experiments that could provide further (pro/
con) evidences for the proposed mechanism of action.

2.7. Molecular docking

The ligand-based [22] design of 3a—m relied on the structure of
GABA, targeting BZD-type anxiolytics. In order to further explore
whether the library compounds fit into the BZD-binding site and to
possibly rationalize the results of in vivo experiments, we have
decided to dock 3a—m, as well as the appropriate standard drugs
used in biological assays, into the extracellular domain of the
GABA4 receptor (anxiolytic agents (usually) bind to this domain).
Although the crystal structure for the GABA, receptor is not yet
available, there are several homology models that are in good
agreement with experimental findings [23,49]. Among them, we
have chosen a recently reported unified model of 18,72 GABAa
receptor complex (the most abundant subunit combination), based
on the glutamate-gated chloride ion channel (Fig. 9) [23]. The BZD-
binding site is located on the extracellular surface of the receptor
(Figs. 9 and 10) and it includes amino acid residues from 6
noncontiguous regions (these are usually designated as Loops A—F,
Fig. 10A) of subunits a and y [23,49]. For several classical benzo-
diazepines even specific amino acid residues that contribute to the
binding are uncovered. For example, it is known that the molecule

Fig. 9. Unified homology model of the GABA, receptor complex [24] (the show
perspective from the side of the receptor's extracellular domain). o, B2 and vy, subunits
are given in blue, green and gray, respectively; BZD- and GABA-binding sites are
marked with arrows; the most favorable docking poses of 3g are given in red (F1—F5
families of nodes). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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GLU189
Loop F

Fig. 10. The most preferred docking mode of 3g at the BZD-binding site (F1): A — molecular surface of BZD pocket Loops A—F (Loop A — gray, Loop B — pale blue, Loop C — dark blue,
Loop D — pale cyan, Loop E — bright green, Loop F — olive green); B — overlay of 3g (solid red line) and diazepam (solid black line) at the BZD-binding site; C — amino acid residues
found in the 4 A-radius sphere around 3g and diazepam, D — 3g and the nearby amino acid residues (4 A-radius sphere), a simplified representations (red dashed lines group
spatially close entities). Color coding of the receptor subunits: ¢, (secondary structure, amino acid residues (C) or labels (D))-dark blue, v, (secondary structure, amino acid residues
and labels)-light gray, B, (secondary structure)-green. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

of diazepam interacts with a1His101, 21Asn102 (Loop A), a1Gly157
(Loop B), a1Val202, a;Ser205, o1Thr206 and a;Val211 (Loop C)
[23,49].

All in silico experiments were performed as blind dockings,
covering the entire extracellular domain of the receptor. We
assumed that by limiting the search space to the BZD-binding
pocket only we could lose valuable information on other possible
favorable interactions between 3a—m and the GABA, receptor, or
could even get false “positive results”; it is known that several
compounds (e.g. GABA (y-aminobutyric acid), picrotoxin) do not

have a unique GABA receptor binding site (Fig. 9) [50]. Addition-
ally, blind docking also allowed validation of the docking experi-
ments. Although the entire extracellular domain of the receptor
was explored, the most favorable calculated pose for diazepam
(binding energy —8.6 kcal/mol) was in agreement with the previ-
ous experimental findings (Fig. 10A—C). This mainly referred to the
mutual spatial arrangement and the distance between diazepam
and several oq/y2 subunit amino acid residues, experimentally
confirmed to be important for the binding. For example, ¢1His101,
a1Asn102, a1Val202, a1Ser205, a1 Val211 “fell” within the 4 A radius

" ASN102
/ ALA45 ™,
i GLu1a7 SERS
$ THR176
VAL178

et

Fig. 11. The most preferred F4-docking mode of 3g: A—3g (solid red line) and the nearby amino acid residues (4 A-radius sphere), B — a simplified representations of A (red dashed
lines group spatially close entities). Color coding of the receptor subunits: ¢, (secondary structure, amino acid residues (A) or labels (B)) — dark blue, B, (secondary structure, amino
acid residues and labels) — green, v, (secondary structure) — light gray. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of this article.)



A. Pejovic et al. / European Journal of Medicinal Chemistry 83 (2014) 57—73 67

sphere around diazepam; the criteria that functional groups sepa-
rated by less than 7 A have the potential to interact, and that those
within 4 A may form salt bridges or hydrogen bonds, are generally
accepted [23,49].

The main results of more than 150 individual docking experi-
ments are summarized in Figs. 9—11, S6. With a few exceptions
(which were not, energetically speaking, among the most favorable
ones), all found binding modes for 3a—m clustered them into five
different families of poses (F1—F5; these designations will also be
used for the appropriate regions of the receptor further on, Fig. 9).
Modes belonging to F1 family (at the interface of a1/y, subunits)
placed the molecules into the BZD-binding site (Fig. 9 and
Fig. 10A—C). F2 modes were situated at the “top” of Loops B and E,
while those from F3, and F4 and F5 families occupied pockets at the
interface of a4/B2 and v,/P2 subunits, respectively (Fig. 9). All
docked compounds within all families had binding energies (for the
search criteria, see Experimental section) from —6.0 to —9.2 kcal/
mol. Nevertheless, in most cases, for a single compound, the best
F1—F5 modes were mutually comparable and usually differed in
less than 0.5 kcal/mol.

As discussed in previous subsections, the 2,3-disubstituted 1,3-
thiazolidin-4-one ring is known to predominantly exist in one of
the two different geometries (Fig. 4). Although AutoDock Vina [51]
includes the possibility of a flexible dock (single bonds could be
regarded as rotatable), it does not allow ring geometry to be
changed. For this reason, the docking experiments (flexible ligands)
were performed with two different input geometries of 3a—m
(these corresponded to the preferred solution and solid-state
conformers). Generally speaking, the input geometry had (some)
influence on the net docking results, but not as pronounced as one
might expect. The same families of binding sites (F1—F5) were
found for both input geometries, but the binding energies of the
conformer pairs differed to some level. For example, mutual overlay
of the best F1—F5 modes for compound 3g, calculated starting from
the two different input conformers (A and B, Fig. 4), are shown in
Figure S6. It is interesting that, according to the calculated values of
the corresponding binding energies, conformer B fitted better into
F1—F3 regions of the receptor (Fig. 9), while geometry A showed
more affinity towards F4/F5.

Except for 3d, 3e (aliphatic N-substituents) and 3k—m (without
a “spacer” between the N-atom and the aromatic core), the library
compounds were successfully docked into the BZD-binding site
(Fig. 10). According to the obtained results, compounds with a
(CH2)xAr substituent (x = 1, 2; “aromatic” analogues) attached to
the N-atom should better interact with the GABAA-BZD-binding
pocket. The binding energy calculated for derivatives from the
“aliphatic series” (3a—c and 3f) ranged from —6.4 (3f) to —7.4 kcal/
mol (3a), whereas for “aromatic” analogues (3g—j), it was found to
be from —7.1 to —8.8 kcal/mol. In general, all of the docked com-
pounds/geometries displayed a unique, energetically favorable F1-
pose. Contrary to that, multiple different orientations of a single
ligand were allowed within F2—F5 regions. This suggested that
F2—F5 pockets were “too big” for the studied compounds, and that
different types of other ligands might also fit (this was, for example,
the case with GABAx-targeting drugs we used in vivo and in silico
experiments; docking results are not shown). In other words, one
could expect these regions to be much less specific (in respect to
the geometry, volume and spatial distribution of structural char-
acters) and even unimportant for the activity (otherwise a large
number of different compounds could induce channel opening).
Thus, one could assume that the anxiolytic activity of the title
compounds might be (at least partially) due to their strong affinity
towards the GABAA-BZD-binding site. Hence, it seems that the re-
sults of the in silico simulations corroborate those of the in vivo
experiments. The two compounds with the highest calculated

affinity (binding energies) for the BZD-binding site were 3g and 3h
(Fig. S6), and in vivo results pointed to 3g as the most promising
new anxiolytic (for this reason further discussion will be mainly
focused on this compound). The opposite was true for 3d, 3e and
3k—m. One should note that the length of the N-alkyl chain, or the
presence/absence of a spacer between the N-atom and the aromatic
core, seems to be critical for interaction with the BZD-binding
pocket. One of the explanations (within the “aromatic” series)
could be found in the fact that spacers confer a certain degree of
conformational freedom to the molecule. Thus, critical structural
features of the active molecules may adopt favorable, diazepam-
like spatial arrangements. Without the spacer, the molecule is
much more constrained and possibly certain structural attributes
(aromatic core) cannot avoid unfavorable interactions with
“forbidden” regions of the receptor (Fig. 1). A similar reasoning
could be true for 3d and 3e (N-octyl and N-decyl derivatives).

Hit compound 3g was docked within the BZD-binding site in a
similar way as diazepam or flumazenil molecules were. The resi-
dues of the following 15 amino acids were within the 4 A sphere
(strong interactions expected) [49] around 3g: 2.1HIS101, 2{ASN102
(Loop A); a1LYS155, a1VAL202, a;SER204, 01GLY207, a;GLU208,
a1 TYR209, a1VAL211 (Loop C); y2PHE77 (Loop D); v2ARG144 (Loop
E); v2THR193, v2,ARG194, v,SER195 and y2ARG197 (Loop F), Fig. 10C
and D. Several residues, namely a{HIS101, o;VAL202, o1SER204,
a1TYR209, a1VAL211, y,PHE77, are known to be important for BZD
binding [23,49]. Additional 20 residues were within a 7 A-sphere
(possible interactions) around 3g: oqPHE99, a1GLY103, ayGLU137,
a1PRO153, o4SER158, a1TYR159, a;GLY200, a1GLN203, o1SER205,
a1THR206, o1VAL210, oyMET212, a;THR213, y,TYR58, v,ASNGO,
v2THR142, y,GLU189, y,ASP192, y,LEU198 and y,TRP196. Among
this, a1y TYR159 (Loop B), 21GLY200 (Loop C), a1SER205 (Loop C) and
a1 THR206 (Loop C) are important for the binding of diazepam-type
anxiolytics to the GABA4 receptor [23,49].

During the design of compounds 3a-m, we assumed two
possible “overlay-modes” of diazepam and the title compounds
(Fig. 1C and D). According to the docking results, the orientation
shown in Fig. 1D was energetically (more) favorable: the ferrocene
core pointed towards the same direction as did the diazepam
phenyl group. This was true for both input conformers of 3g (A and
B, Fig. 4 and S6). Interestingly, despite the different overall geom-
etries of 3g-A and 3g-B, the ferrocene moieties of both of them
perfectly “overlapped” within the BZD-binding site. This could
indicate that the ferrocene core fitted perfectly within this part of
the binding pocket. In fact, the ferrocene core introduced quite
unique structural features (“length”, volume, hydrophobicity) to
the molecule. For example, the distance between the two, (almost)
parallel, aromatic Cp rings was around 3.5 A. While one of the Cp
rings was positioned in a similar manner as the diazepam phenyl
group (Fig. 10 and S6), the second one enabled additional binding
interactions, not possible in the case of diazepam (Fig. 10C and D).

Interestingly, F4-docking poses (interface of a and ; subunits,
Figs. 9 and 11) were positioned in the pocket that was rather
analogous to the BZD-binding site: it included almost the same a4
amino-acid residues (vicinity of a; Loops A, B and C).

The calculated binding energies of the most favorable F1 poses
for 3g (—8.8 kcal/mol), diazepam (—8.6 kcal/mol) and flumazenil
(—8.5 kcal/mol) suggested that 3g should have a comparable or
even stronger affinity towards the GABA receptor when compared
to the mentioned two. Nevertheless, the standard anxiolytics were
(slightly) more active in in vivo assays. One of the possible expla-
nations for such discrepancy could be sought in the fact that (the
most) favorable 3g F1—F5 poses were all of comparable binding
energy. This means that one could expect, under in vivo conditions,
several different “F1—F5 type” ligand-receptor complexes to be
formed. As it is reasonable to assume that only those with 3g bound
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to the BZD site (F1-type ligand—receptor complex) would actually
enable channel opening, the active concentration of 3g would then
necessarily be much lower when compared to the nominally
applied one. We could even roughly estimate the hypothetical
fractional distribution of the different docking poses (and different
types of ligand-receptor complexes), based on the differences in the
corresponding binding energies, under the approximation that
they follow the Boltzmann distribution. Under these assumptions
(we approximated body temperature to be 310 K; all generated
F1—F5 poses were taken into account), less than 10% of 3g receptor
associated molecules (c.a. 75% of which in the geometry that was
preferred in solution) would be bound to the BZD pocket and
induce channel opening. The remaining 3g-receptor complexes
would have differently oriented 3g within F2—F5 regions and might
not result in a “positive outcome” (channel opening). In other
words, the majority of 3g molecules might be bound to the receptor
stronger than diazepam, but in a way that does not induce the
appropriate receptor response.

3. Conclusions

Herein we reported the design, synthesis, spectral, crystallo-
graphic and electrochemical characterization of a small library of N-
substituted 2-ferrocenyl-1,3-thiazolidin-4-ones (3a—m, 13 com-
pounds in total). These compounds were designed starting from the
structure of benzodiazepine-type anxiolytics, known to act via the
GABAA-BZD-binding site. Substituents introduced onto the 1,3-
thiazolidin-4-one core were chosen in a way as to enable favor-
able interactions with the BZD-binding pocket. This turned out to
be especially true for the ferrocenyl substituent, which allowed
acquiring BZD-analogs with two aromatic (Cp) rings in close
proximity (c.a. 3.5 A), “positioned” in parallel. We assumed that
such an arrangement would enable additional favorable in-
teractions with the benzodiazepine-binding site. In vivo experi-
ments (light/dark, open field, horizontal wire and diazepam-
induced sleep tests; the involvement of the GABAx-receptor com-
plex in the activity of the most potent compound (3g) was evalu-
ated using known GABAa-targeting agents) confirmed that the
designed compounds, especially 2-ferrocenyl-3-(4-
methoxyphenylethyl)-1,3-thiazolidin-4-one (3g), possess (strong)
anxiolytic properties. The docking experiments (favorable geome-
tries of 3a-m were inferred from crystallographic and NMR ana-
lyses) corroborated the assumptions made during the design of 3a-
m and justified the introduction of the ferrocene core into the
molecules; this metallocene seems to perfectly fit into the BZD-
binding site. Alongside the ferrocene core, both in vivo and in sil-
ico experiments confirmed that the introduction of CHj-spacers
between the 1,3-thiazolidin-4-one N-atom and an additional
(hetero)aromatic ring was important for their activity. To the best of
our knowledge, hybrids of ferrocene and 1,3-thiazolidin-4-one
were not previously studied for anxiolytic properties. Thus, the
herein presented data might be regarded as a start of a new chapter
in the design of new thiazolidinone-ferrocene based anxiolytics. It
is also reasonable to expect that further work on related ferrocene
containing BZD-analogues might also result in even better GABAx-
targeting compounds.

4. Experimental section
4.1. Chemistry
4.1.1. General
All commercially available chemicals and solvents were used

without further purification. TLC experiments were performed on
alumina-backed silica gel 40 F254 plates (Merck, Darmstadt,

Germany). The spots on TLC were visualized by UV light (254 nm)
and by spraying with 50% (v/v) aqueous H,SO4 or phosphomolybdic
acid (12 g) in EtOH (250 mL) followed by heating. Chromatographic
separations were carried out using silica gel 60 (particle size dis-
tribution 40—63 um) purchased from Merck (Darmstadt, Germany),
whereas silica gel 60 on Al plates, layer thickness 0.2 mm (Merck)
was used for TLC. Proton ('H) and Carbon (*3C) NMR spectra were
recorded on a Bruker Avance IIl 400 spectrometer (400 MHz for 'H,
100 MHz for 3C) and a Varian Gemini 200 spectrometer (200 MHz
for 'H, 50 MHz for 3C). Solutions were prepared in either deuter-
ochloroform (CDCl3) or deuterated dimethylsulfoxide (DMSO-dg)
with chemical shifts (in ppm) referenced to TMS and/or deuterated
solvent as an internal standard. 2D experiments ('H—'H COSY,
NOESY, HSQC and HMBC) were run on the Bruker Avance Il 400
spectrometer with the usual pulse sequences. The IR measure-
ments were carried out on a Perkin—Elmer Spectrum One FT-IR
spectrometer using KBr disks. UV spectra (in CH3CN) were
measured using a UV-1650 PC Shimadzu spectrophotometer. High-
resolution mass spectrometry (HRMS) analysis was performed us-
ing a JEOL Mstation JMS 700 instrument (JEOL, Germany). The GC/
MS analyses were performed on a Hewlett—Packard 6890N gas
chromatograph equipped with fused silica capillary column DB-
5MS (5% phenylmethylsiloxane, 30 m x 0.25 mm, film thickness
0.25 um, Agilent Technologies, USA) and coupled with a 5975B
mass selective detector from the same company. If necessary,
alongside the GC analyses, the purity was determined by high
performance liquid chromatography (HPLC). HPLC was performed
using an Agilent Technologies HPLC system 1200 series (Wald-
bronn, Germany) equipped with a quaternary pump, vacuum
degasser, thermostated autosampler, thermostated column
compartment and a diode array detector. Chromatographic sepa-
ration was carried out wusing Eclipse Plus C18 column
(50 mm x 4.6 mm, particle size 1.8 um; Agilent Technologies,
Waldbronn, Germany). Purity of all final compounds was 95% or
higher. The microanalyses were carried out by the microanalyses
service of the Institute of Organic Chemistry, Bulgarian Academy of
Sciences. Cyclic voltammetry experiments were performed at room
temperature in a standard three-electrode cell using an Autolab
potentiostat (PGSTAT 302 N). The working electrode was a plat-
inum disk (2 mm diameter; Metrohm). The counter electrode was a
platinum wire, whereas an Ag/AgCl electrode was used as the
reference. Prior to experiments, the working electrode was pol-
ished using Metrohm polishing kit 6.2802.000 (extremely fine
aluminum oxide on a cloth), followed by washing with distilled
water. Melting points were measured on a Mel-Temp cap. melting-
points apparatus, model 1001, and the given values are uncorrec-
ted. Ultrasonic cleaner Elmasonic S 10, 30 W was used for the ul-
trasonically supported synthesis.

4.1.2. General procedure for the synthesis of 2-
Ferrocenylthiazolidin-4-ones (3a—m)

An ice-cooled solution of the corresponding primary amine
(1 mmol) and ferrocenecaboxaldehyde (214 mg, 1 mmol) in THF
(2 mL) was irradiated in an ultrasonic bath for 5 min, followed by
the addition of thioglycolic acid (184 mg, 2 mmol). After further
irradiation for 5 min, DCC (206 mg, 1 mmol) was added to the
resulting mixture and irradiation continued for another 15 min
under the same conditions. DCU was removed by filtration, the
solvent evaporated and the residue taken up in EtOAc (30 mL). The
organic layer was washed with 5% aq. solution of citric acid, H,0, 5%
aq. solution of NaHCOs3 and brine, successively, and dried overnight
(anh. NayS04). After the evaporation of the solvent, the crude
mixture was purified by column chromatography (SiO,/hexane -
EtOAc 9:1, v/v).
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4.1.2.1. 3-Butyl-2-ferrocenyl-1,3-thiazolidin-4-one (3a). Yield 71%,
orange oil; IR (neat): vmax 3094.9 (arC-H), 2957.6 ((CHs3),s), 2930.9
((CHz)as), 2871.3 ((CH3)s), 1669.4 (C=0), 1442.0 (8(CH2)scissoring),
1410.0, 1377.0 (3(CHs3)s), 1297.0, 1105.8, 819.6; UV—Vis (CH3CN):
Amax (log £) 422 (2.56), 202 (4.51) nm; 'H NMR (200 MHz, CDCl3):
6 5.51 (br. s, 1TH, N—CH-S), 4.41 (m, 1H, H—C (5')), 4.14—4.31
(overlapping peaks, 8H, H—C (1”), H—C (2”), H—C (3”), H-C (4"),
H—-C (5”), H—C (2’), H—C (3’), H—C (4')), 3.61 (AA’, 2H, SCH,C=0),
3.36 (ddd,J = 13.8, 8.4, 5.4 Hz, 1H, CH4HgN), 2.82 (ddd, ] = 13.8, 8.4,
54 Hz, 1H, CHaHpN), 1.11-140 (m, 4H,CH,CH,CHs), 0.83 (t,
J = 6.8 Hz, 3H, CH3); 3C NMR (50 MHz, CDCl3): 6 170.2 (C=0), 85.1
(C(17)),70.0,69.8 (C(2'),C(5)),69.0 (C(1"),C(2"),C(3"),C(4"),C
(5")), 68.0, 67.7 (C (3’), C (4')), 61.3 (N—CH-S), 42.0 (CH2N), 33.4
(SCH,C=0), 29.0 (CH,CH,N), 19.9 (CH,CH3), 13.7 (CH3); MS (EJ,
70 eV) m/z (%): 343 [M]* (100), 310 (2.4), 270 (61.7), 230 (6), 213
(7.8),199 (5.1),186 (17.3), 166 (8.2),148 (7.9), 121 (28.4), 97 (2.7), 77
(2.2), 56 (10.1), 41 (2.6); HRMS (ESI): m/z calculated for
C17H21FeNOS+H*' [M+H™]: 344.07715. Found: 344.07709; Anal.
Calcd for C17H,1FeNOS: C, 59.48%; H, 6.17%; Fe, 16.27%; N, 4.08%; S,
9.34%. Found: C, 59.14%; H, 6.28%; N, 3.73%; S, 9.54%.

4.1.2.2. 2-Ferrocenyl-3-pentyl-1,3-thiazolidin-4-one (3b). Yield 78%,
orange solid, mp 90 °C; IR (KBr): vmax 3091.6 (arC-H), 2952.9
((CH3)as), 2930.2 ((CHa)as), 2871.6 ((CH3)s), 2856.4 ((CH,),), 1662.6
(C=0), 1458.7 ((CHa)scissoring), 1401.9, 1380.6 (3(CH3)s), 1307.9,
1104.3, 1001.8, 820.2; UV—Vis (CH3CN): Amax (log ) 422 (2.40), 315
(2.68), 203 (4.71) nm; 'H NMR (200 MHz, CDCls): 6 5.52 (br. s, 1H,
N—CH-S), 4.43 (m, 1H, H-C (5")), 4.21—4.32 (overlapping peaks,
8H, H—C (1”), H—C (2), H—C (3"), H—C (4"), H—C (5"), H—C (2"),
H—C (3'), H—C (4")), 3.62 (AA’, 2H, SCH,C=0), 3.35 (ddd, | = 13.9,
8.7, 5.2 Hz, 1H, CH4HgN), 2.84 (ddd, J] = 13.9, 8.7, 5.2 Hz, 1H,
CHaH3N), 1.1-1.48 (m, 6H, (CH>)3), 0.84 (t, ] = 6.8 Hz, 3H, CH3); °C
NMR (50 MHz, CDCl3): 6 170.1 (C=0), 85.1 (C (1')), 70.0, 69.8 (C (2'),
C(5")), 69.0 (C (1”), C(2"), C (3"), C (4"), C (5")), 68.4, 67.7 (C (3'), C
(4")), 61.4 (N—CH—S), 42.3 (CH,N), 33.4 (SCH,C=0), 28.8, 26.6, 22.2
(CH2CH,CH,CH3), 13.9 (CH3); MS (EI, 70 eV) m/z (%): 357 [M]*
(100), 324 (2.8), 284 (67), 264 (1.6), 249 (2.6), 230 (6.9), 213 (10.4),
199 (6.5),186 (18.8), 166 (8), 148 (6.6), 121 (26.4), 97 (2.5), 77 (2), 56
(7.3), 43 (3.3); HRMS (ESI): m/z calculated for CigHp3FeNOS + H*
[M + HT]: 358.09280. Found: 358.09283; Anal. Calcd for
CigHa3FeNOS: C, 60.51%; H, 6.49%; Fe, 15.63%; N, 3.92%; S, 8.95%.
Found: C, 60.83%; H, 6.64%; N, 3.64%; S, 8.80%.

4.1.2.3. 2-Ferrocenyl-3-hexyl-1,3-thiazolidin-4-one (3c). Yield 72%,
yellow solid, mp 72 °C; IR (KBr): vmax 3095.2 (arC-H), 2954.3
((CH3)as), 2926.8 ((CHa)as), 2856.8 ((CHa)s), 1671.0 (C=0), 1441.0
(8(CH2)scissoring), 1409.3, 1377.2 (5(CH3)s), 1298.2, 1225.7, 1105.9,
1000.7, 818.2; UV—Vis (CH3CN): Amax (l0g €) 430 (2.33), 203 (4.89)
nm; 'H NMR (200 MHz, CDCls): 6 5.52 (br. s, 1H, N—CH—S), 4.43 (m,
1H, H—C (5')), 4.16—4.33 (overlapping peaks, 8H, H—C (1”), H-C
(2"), H—C (3"), H—C (4"), H—C (5""), H—C (2'), H—C (3"), H—C (4")),
3.62 (AA, 2H, SCH,C=0), 3.31 (ddd, J = 13.9, 8.6, 5.3 Hz, 1H,
CHHgN), 2.80 (ddd, J = 13.9, 8.6, 5.3 Hz, 1H, CHaHN), 1.08—1.46 (m,
8H, (CH»)4CH3), 0.85 (t, | = 6.5 Hz, 3H, CH3); '3C NMR (50 MHz,
CDCl5): 6 170.1 (C=0), 85.1 (C (1')), 70.0, 69.8 (C (2'), C (5')), 69.0 (C
(17, C (2, C (3"), C (4"), C (5")), 68.4, 67.7 (C (3'), C (4)), 61.4
(N—CH-S), 424 (CHzN), 334 (SCH,C=0), 313, 26.8, 26.4
(CH2CH,CH,CH,CH3), 22.4 (CH2CH3), 13.9 (CH3); MS (L, 70 V) m/z
(%): 371 [M]* (100), 338 (2.4), 298 (58), 263 (2.1), 240 (2.2), 213
(10.6), 199 (5.5), 186 (18.5), 166 (7.8), 148 (6.4), 121 (28.2), 97 (2.6),
77 (2), 56 (8.7), 43 (5.5); HRMS (ESI): m/z calculated for
C19H25FeNOS + H™ [M + H']: 372.10845. Found: 372.10840; Anal.
Calcd for C19H,5FeNOS: C, 61.46%; H, 6.79%; Fe, 15.04%; N, 3.77%; S,
8.64%. Found: C, 61.31%; H, 6.90%; N, 3.65%; S, 8.83%.

4.1.2.4. 2-Ferrocenyl-3-octyl-1,3-thiazolidin-4-one (3d). Yield 71%,
yellow solid, mp 62 °C; IR (KBr): vmax 3092.9 (arC-H), 2954.1
((CH3)as), 2923.6 ((CH3)as), 2852.4 ((CH3)s), 1661.6 (C=0), 1440.6
(8(CH2)scissoring)» 1402.0, 1379.5 (8(CH3)s), 1307.2, 1105.1, 1002.0,
821.5; UV—Vis (CH3CN): Amax (log ) 422 (2.61), 329 (2.82), 203
(4.80) nm; 'H NMR (200 MHz, CDCl3): 6 5.52 (br. s, 1TH, N—CH-S),
4.43 (m, 1H, H—C (5')), 4.19—4.33 (overlapping peaks, 8H, H-C (1”),
H—-C (2"), H—C (3”), H—C (4""), H—C (5"), H—C (2’), H—C (3'), H—C
(4")), 3.62 (AA’, 2H, SCH,C=0), 3.33 (ddd, J = 13.9, 8.6, 5.3 Hz, 1H,
CHpHgN), 2.84 (ddd, J = 13.9, 8.6, 5.3 Hz, 1H, CHaHpN), 1.1—-1.31 (m,
12H, (CH3)6CH3), 0.87 (t, | = 6.5 Hz, 3H, CH3); '3C NMR (50 MHz,
CDCl3): 6 170.1 (C=0), 85.1 (C(1")), 70.0, 69.8 (C (2'), C(5)),69.0 (C
(1), C(2"), C(3"), C (4"), C (5")), 68.4, 67.7 (C (3'), C (4)), 614
(N—CH-S), 42.4 (CH3N), 33.4 (SCH,C=0), 31.7, 29.1, 29.0, 26.9, 26.7
(CHCH,CH,CH,CH,CH,CH3), 22.6 (CH,CH3), 14.0 (CH3); MS (EI,
70 eV) m/z (%): 399 [M]* (100), 366 (2.3), 326 (56.2), 291 (1.9), 260
(2.4),230(10),213(10.2),199 (6.6), 186 (20.4), 166 (8.4), 148 (6), 121
(27.7),97 (2.5), 79 (2), 56 (7.4), 41 (6.5); HRMS (ESI): m/z calculated
for Co1HygFeNOS + H™ [M + H*]: 400.13975. Found: 400.13968;
Anal. Calcd for Cy1H9FeNOS: C, 63.16%; H, 7.32%; Fe, 13.98%; N,
3.51%; S, 8.03%. Found: C, 63.09%; H, 7.15%; N, 3.49%; S, 8.00%.

4.1.2.5. 3-Dodecyl-2-ferrocenyl-1,3-thiazolidin-4-one (3e). Yield 90%,
yellow solid, mp 70 °C; IR (KBr): vmax 2959.8 ((CH3)ss), 2920.9
((CHz)as), 2851.9 ((CHz)a), 1664.1 (C=0), 1466.0 (3(CHz)scissoring),
1402.0, 1384.6 (3(CH3)s), 1287.5, 1122.7; UV—Vis (CH3CN): Amax (log
€) 430 (2.61), 324 (2.74), 203 (4.71) nm; 'H NMR (200 MHz, CDCl3):
0 5.52 (br. s, 1H, N—CH-S), 444 (m, 1H, H-C (5)), 417-4.34
(overlapping peaks, 8H, H—C (1), H—C (2'), H—C (3"), H—C (4"),
H—C (5""), H—C (2’), H—C (3'), H—C (4')), 3.62 (AA’, 2H, SCH,C=0),
3.33(ddd, ] = 14.0, 8.6, 5.4 Hz, 1H, CHsHgN), 2.83 (ddd, ] = 14.0, 8.6,
5.4 Hz, 1H, CHaHgN), 1.04—1.41 (m, 20H, (CH3)10), 0.87 (t,] = 6.5 Hz,
3H, CH3); 3C NMR (50 MHz, CDCl3): 6 170.1 (C=0), 85.2 (C (1')),
70.0, 69.8 (C (2'), C(5')), 69.0 (C (1”), C (2"), C(3"), C (4"), C(5M)),
68.4,67.7 (C(3"),C(4")), 61.4 (N—CH-S), 42.4 (CH3N), 33.4 (SCH,C=
0), 31.8, 29.1-29.6, 26.9, 26.7 ((CH,)9CH,CH3), 22.6 (CH,CH3), 14.1
(CHs); MS (EI, 70 eV) m/z (%): 455 [M] ' (100), 422 (1.1), 382 (32.3),
347 (0.8), 310 (0.7), 288 (3.1), 230 (10.1), 213 (7.1), 199 (6.8), 186
(13.9), 166 (6.6), 148 (4.6), 121 (17.4), 97 (1.8), 69 (1.8), 55 (4.3), 43
(8.5); HRMS (ESI): my/z calculated for Co5H37FeNOS + HY [M + H*]:
456.20235. Found: 456.20239; Anal. Calcd for CysHsz7FeNOS: C,
65.92%; H, 8.19%; Fe, 12.26%; N, 3.08%; S, 7.04%. Found: C, 66.50%; H,
7.85%; N, 3.54%; S, 7.52%.

4.1.2.6. 3-Hexadecyl-2-ferrocenyl-1,3-thiazolidin-4-one (3f). Yield 62%,
orange solid, mp 75 °C; IR (KBr): ymax 3090.8 (arC-H), 2951.1 ((CH3)as),
2917.6 ((CH)as), 2870.7 ((CHs)s), 2849.1 ((CHy),), 1664.1 (C=0),
1464.6 (3(CHp)scissoring)» 1402.3, 1380.9 (3(CH3)s), 1307.9, 1104.9,
1002.2, 823.0; UV—Vis (CH3CN): Amax (log €) 441 (2.20), 324 (2.25),
203 (4.72) nm; 'H NMR (200 MHz, CDCl3): 6 5.52 ((br. s, 1H, N—CH-S),
443 (m, 1H, H—C (5')), 4.18—4.32 (overlapping peaks, 8H, H—C (1”),
H—-C(2"),H—C(3"), H—C(4"),H—C(5""),H—C(2"), H—C(3’), H—C (4)),
3.62 (AA', 2H, SCH,C=0), 3.33 (ddd, J = 13.8, 8.4, 5.4 Hz, 1H, CH4HN),
2.82 (ddd, J = 13.8, 84, 5.4 Hz, 1H, CHaHpN), 1.03—1.39 (m, 28H,
(CH2)14CH3), 0.88 (t, ] = 6.6 Hz, 3H, CH3); >C NMR (50 MHz, CDCl3):
0 170.1 (C=0), 85.2 (C (1")), 70.0, 69.8 (C (2'), C(5")), 69.0 (C (1"), C
(27), C(3"), C(4"), C(5")), 68.5,67.8 (C (3), C (4')), 614 (N—CH-S),
424 (CHyN), 33.5 (SCH,C=O0), 319, 29.2-29.7, 269, 26.7
((CH2)13CH2CH3), 22.7 (CH2CH3), 141 (CH3); MS (El, 70 eV) m/z (%)Z
511 [M]™ (100), 478 (0.6), 438 (18.7), 397 (0.4), 366 (0.5), 344 (1.4),
324 (0.9), 287 (1.6), 260 (1.4), 230 (11), 213 (6.2), 199 (7.1), 186 (11.4),
166 (6.3), 148 (4.2), 121 (12.9), 97 (1.6), 69 (2.4), 57 (5.3), 43 (12.3);
HRMS (ESI): m/z calculated for CygHssFeNOS + H'T [M + HT]:
512.26495. Found: 512.26501; Anal. Calcd for CygH4s5FeNOS: C,
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68.08%; H, 8.87%; Fe, 10.92%; N, 2.77%; S, 6.27%. Found: C, 67.83%; H,
7.85%; N, 2.88%; S, 6.26%.

4.1.2.7. 2-Ferrocenyl-3-(4-methoxyphenethyl)-1,3-thiazolidin-4-one
(3g). Yield 82%, ocher solid, mp 130 °C; IR (KBr): vmax 3100.2 (arC-
H), 2965.2 ((OCH3)as), 2924.1 ((CH3)as), 2837.6 ((CH3),), 1667.6 (C=
0), 1511.0 (arC = arC), 1458.2 (8(CH2)scissoring), 1401.1, 1304.5
(3(CH3)s), 1240.7,1176.9, 1029.2, 817.0 (y(arC-H)); UV—Vis (CH3CN):
Amax (log ) 438 (2.18), 431 (2.18), 197 (5.08) nm; MS (EI, 70 eV) m/z
(%): 421 [M]*(100), 388 (0.2), 348 (12.5), 314 (7.1), 287 (14.8), 255
(1.8), 226 (9), 199 (7), 186 (9.5), 166 (5.4), 148 (2.4), 135 (16.5), 121
(36.6), 105 (4.3), 91 (5.9), 77 (6.6), 65 (2), 56 (8.2), 39 (1.1); HRMS
(ESI): m/z calculated for CyyHp3FeNOS+H™ [M+H']: 406.09280.
Found: 406.09286; Anal. Calcd for CyyHy3FeNOS: C, 62.71%; H,
5.50%; Fe, 13.25%; N, 3.32%; S, 7.62%. Found: C, 62.59%; H, 5.31%; N,
3.60%; S, 7.58%.

4.1.2.8. 3-Benzyl-2-Ferrocenyl-1,3-thiazolidin-4-one (3h). Yield 80%,
yellow solid, mp 105 °C; IR (KBr): vmax 3086.7 (arC-H), 2923.9
((CH2)as), 1669.6 (C=0), 1495.0 (arC = arC), 1434.7 (6(CH2)scissoring)»
1399.4, 1299.3, 1105.7, 817.1, 746.3 (y(arC-H)), 698.4; UV—Vis
(CH3CN): Amax (log €) 430 (2.24), 322 (2.38), 202 (4.78) nm; '"H NMR
(200 MHz, CDCl3): ¢ 7.30 (overlapping peaks, 3H, H—C (3""), H—C
(4'), H—C (5’)), 713 (m, 2H, H—C (2'"), H—C (6'")), 5.34 (br. s, 1H,
N—CH-S), 4.96 (br. d, ] = 15.1 Hz, 1H, CH4HgN), 4.41 (m, 1H, H—C
(5")),4.27 (m,1H, H—C (4')), 4.15—4.23 (overlapping peaks, 6H, H—C
(1), H—C (2"), H—C (3"), H—C (4""), H—C (5""), H—C (3')), 4.04 (dt,
J=2.2,11,11 Hz, 1H, H—C (2')), 3.72 (AA’, 2H, SCH,C=0), 3.61 (d,
J =15.1 Hz, 1H, CHaH3N); 13C NMR (50 MHz, CDCl3): 6 170.5 (C=0),
135.7 (C (1)), 128.5, 127.8 (C (2'"), C (3'"), C (5'"), C (6')), 127.4 (C
(4'), 84.6 (C (17)), 70.5, 69.8 (C (2), C (5)), 68.9 (C (1), C (2"), C
(3"), C(4"), C(5")), 68.2,67.6 (C(3'), C(4)), 60.5 (N—CH-S), 45.2
(CH3N), 33.3 (SCH,C=0); MS (EI, 70 eV) m/z (%): 377 [M]* (100),
344 (0.8), 304 (16.4), 269 (6.8), 237 (6.5), 213 (26.4), 186 (7.9), 166
(6),146 (6.4), 121 (25.3), 91 (21.2), 65 (4.9), 56 (10), 39 (1.3); HRMS
(ESI): m/z calculated for CyoHigFeNOS+H' [M+H']: 378.06150.
Found: 378.06143; Anal. Calcd for CygHigFeNOS: C, 63.67%; H,
5.08%; Fe, 14.80%; N, 3.71%; S, 8.50%. Found: C, 63.91%; H, 4.96%; N,
3.89%; S, 8.78%.

4.1.2.9. 2-Ferrocenyl-3-furfuryl-1,3-thiazolidin-4-one (3i). Yield
99%, light orange oil; IR (neat): ymax 2924.1 ((CH>)as), 1680.3 (C=0),
1503.8 (arC = arC), 1400.3, 1301.4, 1228.7, 1046.0, 1008.7, 821.5,
738.7; UV—Vis (CH3CN): Anax (log €) 431 (2.28), 422 (2.39), 204
(4.82) nm; '"H NMR (200 MHz, CDCl5): 6 7.37 (dd, J = 1.8, 0.7 Hz, 1H,
H—C (5'")), 6.30 (dd, J = 3.2, 1.8 Hz, 1H, H—C (4’")), 6.18 (br. d,
J = 3.2 Hz, 1H, H-C (3'")), 5.48 (br. s, TH, N—CH-S), 4.81 (br. d,
J = 15.6 Hz, 1H, CHzHgN), 4.43 (dt, ] = 2.4, 1.3, 1.3 Hz, 1H, H—C (5)),
4.18—4.34 (overlapping peaks, 8H, H—C (1), H—C (2"), H—C (3"),
H-C (4"), H—C (5"), H—C (2’), H—C (3'), H—C (4')), 3.70 (d,
J = 15.6 Hz, 1H, CHaHgN), 3.65 (AA’, 2H, SCH,C=0); *C NMR
(50 MHz, CDCl3): 6 170.2 (C=0), 149.5 (C(2'")), 142.3 (C(5'")), 110.2,
108.6 (C(3'"), C (4')), 84.3 (C(1")), 70.7,69.8 (C (2), C (5)), 69.0 (C
(1), C (2), € (3"), C (4"), C (5'), 684, 67.6 (C (3'), C (4)), 60.7
(N—CH-S), 38.1 (CH3N), 33.2 (SCH,C=0); MS (EI, 70 eV) m/z (%):
367 [M]* (100), 334 (0.3), 320 (0.3), 292 (9), 259 (3.2), 244 (5.1),
230 (9.6), 213 (28.6), 186 (7.8), 166 (4.5), 146 (2.1), 129 (6.5), 121
(26.4), 94 (2.6), 81 (21.3), 56 (10.1), 39 (1.4); HRMS (ESI): m/z
calculated for CigHi7FeNO,S + H' [M + H']: 368.04077. Found:
368.04075; Anal. Calcd for CigH17FeNO,S: C, 58.87%; H, 4.67%; Fe,
15.21%; N, 3.81v; S, 8.73%. Found: C, 58.59%; H, 4.73%; N, 3.68%; S,
8.53%.

4.1.2.10. 2-Ferrocenyl-3-thenyl-1,3-thiazolidin-4-one (3j). Yield 74%,
yellow oil; IR (neat): vymax 2924.1 ((CHy)as), 1675.8 (C=0), 1400.2,

1300.6, 1232.5, 1105.7, 1038.9, 822.9, 703.0; UV—Vis (CH3CN): Amax
(log &) 430 (2.32), 322 (2.33), 202 (4.89) nm; 'H NMR (200 MHz,
CDCl3): 6 721 (dd, J = 5.0, 1.2 Hz, 1H, H—C (5")), 6.93 (dd, ] = 5.0,
3.4 Hz, 1H, H—C (4'")), 6.86 (br. d, ] = 3.4 Hz, 1H, H—C (3'")), 5.45 (br.
s, 1H, N—CH—S), 4.95 (br.d, ] = 15.3 Hz, 1H, CHaHpN), 4.43 (dt, ] = 2.4,
1.2, 1.2 Hz, 1H, H—C (5')), 4.20—4.32 (overlapping peaks, 8H, H—C
(1), H—C (2"), H—C (3"), H—C (4"), H—C (5"), H—C (2'), H—C (3"),
H—C (4)), 3.87 (d, J = 15.3 Hz, 1H, CHaHgN), 3.64 (AA’, 2H, SCH,C=
0); 13C NMR (50 MHz, CDCl3): 6 170.2 (C=0), 138.1 (C (2'")), 126.8,
126.6,125.4 (C (3'), C (4'), C (5")), 84.3 (C (1)), 70.6, 69.9 (C (2), C
(5')), 69.0 (C (1), C (2"), C (3"), C (4"), C (5")), 68.4, 67.7 (C (3'), C
(4)), 60.2 (N—CH-S), 39.9 (CH,N), 33.2 (SCH,C=0); MS (EI, 70 eV)
m/z (%): 383 [M]™ (100), 334 (0.3), 308 (11.4), 290 (1.2), 275 (6), 245
(1.6), 230 (9.2), 213 (26.3), 186 (8.3), 166 (4.7), 121 (27.8), 97 (32.7),
56 (104), 45 (3.4); HRMS (ESI): m/z calculated for
CigH17FeNOS; + H' [M + H™]: 383.01010. Found: 383.01002; Anal.
Calcd for C1gH17FeNOS;: C, 56.40%; H, 4.47%; Fe, 14.57%; N, 3.65%; S,
16.73%. Found: C, 56.12%; H, 4.28%; N, 3.47%; S, 16.94%.

4.1.2.11. 2-Ferrocenyl-3-phenyl-1,3-thiazolidin-4-one (3k). Yield 61%,
light orange solid, mp 146 °C; IR (KBr): vmax 3099.4 (arC-H), 2909.6
((CHy)as), 1673.8 (C=0), 1592.0 (arC = arC), 1494.9 (arC = arC),
1454.1 (8(CH2)scissoring), 1401.9, 1276.5, 1215.8, 1025.7, 810.9, 692.1
(d(arC—arC)); UV—Vis (CH3CN): Amax (log &) 439 (2.19), 431 (2.18),
203 (4.92) nm; 'H NMR (200 MHz, CDCl3): 6 7.28 (m, 3H, over-
lapping peaks, H—C (3'"), H—C (4’"), H—C (5'")), 6.96 (dd, | = 8.0,
1.7 Hz, 2H, H—C (2'"), H—C (6")), 5.90 (br. s, 1H, N—CH—S), 4.47 (dt,
J=12.5,1.3,1.3 Hz, 1H, H—C (5')), 4.2 (tdd, ] = 2.5,1.3, 0.9 Hz, 1H, H—C
(4)),4.15 (s, 5H, H—C (1), H—C (2"), H—C (3"), H—C (4"), H—C (5")),
3.99(td,J = 2.5, 2.5, 1.3, 1H, H—C (3')), 3.81 (AA’, 2H, SCH,C=0), 3.70
(dt, J = 2.5, 1.3, 1.3 Hz, 1H, H—C (2)); '3C NMR (50 MHz, CDCls):
6 170.3 (C=0), 137.1 (C (1")), 129.0 (C (3"), C (5")), 127.8 (C (4")),
127.7 (C (2'), C(6)), 85.3 (C (1)), 70.4, 69.4 (C (2'), C (5')), 68.8 (C
(1), C (2), C (3"), C (4"), C (5")), 68.3, 67.2 (C (3'), C (4')), 63.9
(N—CH-S), 33.6 (SCH,C=0); MS (E, 70 eV) m/z (%): 363 [M]™ (100),
345 (0.1),321 (2.3), 303 (0.1), 290 (34.6), 269 (3), 255 (6), 224 (15.4),
186 (10.4), 145 (4), 121 (20.2), 104 (3.5), 77 (7.8), 56 (8.9), 39 (1.1);
HRMS (ESI): m/z calculated for CigH;7FeNOS + H* [M + H']:
364.04585. Found: 364.04578; Anal. Calcd for CigHqi7FeNOS: C,
62.82%; H, 4.72%; Fe, 15.37%; N, 3.86%; S, 8.83%. Found: C, 53.01%; H,
4.83%; N, 3.55%; S, 8.98%.

4.1.2.12. 2-Ferrocenyl-3-(m-tolyl)-1,3-thiazolidin-4-one (31). Yield
63%, light yellow solid, mp 138 °C; IR (KBr): vmax 3079.4 (arC-H),
2920.3 ((CHy)as), 1673.8 (C=0), 1586.6 (arC = arC), 1490.8 (arC = arC),
1455.9 (3(CH2)scissoring)» 1365.1, 1300.1, 1215.7, 1106.3, 1000.1, 820.8
(y(arC-H)), 692.4 (p(arC—arC)); UV—Vis (CH3CN): Amax (log &) 431
(2.23), 204 (4.96) nm; "H NMR (200 MHz, CDCl3): 6 7.18 (t, ] = 7.6,
7.6 Hz, 1H, H-C (5'")), 7.05 (br. d, ] = 7.6 Hz, 1H, H—C (4'")), 6.79
(overlapping peaks, 2H, H—C (2'"), H-C (6'")), 5.88 (br. s, 1H,
N—CH-S), 4.47 (dt,] = 2.5,1.3,1.3 Hz, 1H, H—C (5)), 4.21 (tdd, ] = 2.5,
1.3, 0.5 Hz, 1H, H—C (4)), 4.15 (s, 5H, H—C (1), H—C (2""), H—C (3"),
H—C (4"), H—C(5")),4.01 (td, ] = 2.5, 2.5, 1.3, 1H, H—C (3")), 3.81 (AA|,
2H, SCH,C=0), 3.71 (dt, ] = 2.5, 1.3, 1.3 Hz, 1H, H—C (2")), 2.27 (s, 3H,
CH3); 3C NMR (50 MHz, CDCl3): 6 170.4 (C=0),139.0 (C (1)), 137.1 (C
(3')), 128.8, 128.7, 128.4, 124.8 (C (2'"), C (4'"), C (5'"), C (6')), 85.5 (C
(1)), 70.5,69.4 (C(2'),C(5)),68.9 (C(1"),C(2"),C(3"),C(4"),C(5),
68.3,67.2 (C(3'),C(4")), 64.0 (N—CH-S), 33.6 (SCH,C=0), 21.2 (CH3);
MS (EL 70 eV) m/z (%): 377 [M]™ (100), 359 (0.2), 335 (2.6), 319 (0.2),
304 (41.3), 283 (3.5), 269 (6.9), 238 (18.8), 214 (8.7), 182 (12.3), 166
(7.9),152 (9.2), 121 (25.1), 91 (11.1), 77 (1.7), 56 (10.1), 39 (1.9); HRMS
(ESI): m/z calculated for CgH1gFeNOS + H™ [M + H']: 378.06150.
Found: 378.06154; Anal. Calcd for C;oH19FeNOS: C, 63.67%; H, 5.08%;
Fe, 14.80%; N, 3.71%; S, 8.50%. Found: C, 63.51%; H, 5.22%; N, 3.61%; S,
8.64%.
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4.1.2.13. 2-Ferrocenyl-3-(p-tolyl)-1,3-thiazolidin-4-one (3m).
Yield 48%, light yellow solid, mp 154 °C; IR (KBr): »pax 3072.5 (arC-
H), 2922.8 ((CHa)as), 1672.0 (C=0), 1514.0 (arC = arC), 1456.8
(8(CH2)scissoring)» 1384.6 (3(CH3)s), 1366.7, 1303.8, 1006.5, 1025.7,
(y(arC-H)); UV—Vis (CH3CN): Amax (log €) 432 (2.26), 204 (4.85) nm;
TH NMR (200 MHz, CDCl3): 6 7.09 (AABB', ] = 8.2 Hz, 2H, H—C (3'"),
H—C (5')), 6.82 (AA'BB', ] = 8.2 Hz, 2H, H—C (2'"), H—C (6')), 5.85
(br. s, 1H, N—CH-S), 4.49 (br. s, 1H, H—C (5')), 4.22 (br. s, 1H, H—C
(4')), 417 (s, 5H, H—C (1), H—C (2""), H—C (3""), H—C (4"), H—C (5"")),
4.03 (br. s, 1H, H—C (3)), 3.81 (AA, 2H, SCH,C=0), 3.73 (br. s, 1H,
H—C (2')), 2.29 (s, 3H, CH3); 13C NMR (50 MHz, CDCl3): 6 170.5 (C=
0),137.8 (C (1)), 134.5 (C (4'")), 129.7 (C (3"), C (5™)), 127.6 (C (2'"),
C(6™)), 85.5 (C (1)), 70.6, 69.4 (C (2'), C (5')), 68.9 (C (1"), C (2", C
(3"), C (4"), C (5")), 684, 67.3 (C (3'), C (4)), 64.0 (N—CH—S), 33.6
(SCH,C=0), 21.1 (CH3); MS (EI, 70 eV) m/z (%): 377 [M]* (100), 359
(0.2), 335 (2.4), 319 (0.2), 304 (35), 283 (2.8), 269 (6.5), 238 (16.5),
214 (9.8), 182 (11.9), 166 (7.4), 152 (10.4), 121 (25.9), 91 (9.4), 77
(1.9), 56 (10.9), 39 (1.8); HRMS (ESI): m/z calculated for
CooH19FeNOS + H™ [M + H™]: 378.06150. Found: 378.06152; Anal.
Calcd for CyoH19FeNOS: C, 63.67%; H, 5.08%; Fe, 14.80%; N, 3.71%; S,
8.50%. Found: C, 63.38%; H, 5.08%; N, 3.93%; S, 8.62%.

4.1.3. Crystallographic analysis

Single-crystal diffraction data for compound 3k were collected
at room temperature on an Agilent Gemini S diffractometer with
graphite-monochromated MoKa radiation (A = 71073 A). Data
reduction and empirical absorption corrections were accomplished
using CrysAlisPro [52]. Crystal structure was solved by direct
methods, using SIR2002 [53] and refined using SHELXL program
[54]. All non-H atoms were refined anisotropically to convergence.
All H atoms were placed at geometrically calculated positions with
the C—H distances fixed to 0.93 from Csp? and 0.97 and 0.98 A from
methylene and methine Csp®, respectively. The corresponding
isotropic displacement parameters of the hydrogen atoms were
equal to 1.2Ueq and 1.5Ueq of the parent Csp? and Csp?, respectively.
The crystallographic data are listed in Table 5. The PARST [55],
PLATON [56] and WinGX [57] programs were used to perform
geometrical calculation. Figures were produced using ORTEP-3 [58]
and MERCURY, Version 2.4 [59].

4.2. Pharmacology

4.2.1. Animals and treatment

Male albino BALB/c mice (4 weeks old) weighing 20—25 g were
used. The animals were kept in cages at room temperature and
allowed access to food and water ad libitum. Fourteen hours before
the start of the experiments the animals were sent to the lab and
were given only water. The experiments were performed, in
accordance with the declaration of Helsinki and European Com-
munity guidelines for the ethical handling of laboratory animals
(EEC Directive of 1986; 86/609/EEC) and the related ethics regula-
tions of our University (01-2857-4). Experimental groups consisted
of 6 animals and all animals were injected intraperitoneally (ip)
with experimental substances (25, 50 and 100 mg/kg) or with
control substances (diazepam (Hemofarm, Vrsac, Serbia), 2 mg/kg,
or olive oil, 10 mL/kg), 1 h before the commencement of each
experiment.

4.2.2. Light/dark (LD) test

The light/dark transition (the apparatus was a box of the
following dimensions: 40 cm x 60 cm x 20 cm) was used as the test
of unconditioned anxiety. The apparatus had two chambers con-
nected by a round opening (7.0 cm) located at floor level, in the
center of the dividing wall, by which mice could cross between the
chambers. A larger chamber was white and illuminated by a 60 W

Table 5
Crystallographic data for crystal structure of 3k.

C19H17FeNOS
363.25

Orange, prism
0.35 x 0.19 x 0.15

Empirical formula
Formula weight
Color, crystal shape
Crystal size (mm?)

Temperature (K) 293 (2)
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P2;/n

Unit cell dimensions

a(A) 9.0589 (4)

b (A) 5.8848 (3)
c(A) 29.7237 (13)
a(®) 90

8 (°) 96.106 (4)

v (%) 90

V(A%) 1575.58 (13)
z 4

Dcaic (Mg/m3) 1.531
w(mm™1) 1.092

# range for data collection (°) 2.90 to 29.00
Reflections collected 7006
Independent reflections, Rin¢ 3594, 0.0260
Completeness to ¢ = 26.00° 99.9
Data/restraints/parameters 3594/0/208
Goodness-of-fit on F? 1.067

Final Ry/wR; indices (I > 2q})
Final R1/wR; indices (all data)
Largest diff. peak and hole (e A~3)

0.0458, 0.0849
0.0651, 0.0921
0.252 and —0.366

bulb, whereas the smaller compartment was black and not illu-
minated at all. Each animal was placed at the center of the illumi-
nated compartment, facing away from the round passage. The time
spent in illuminated and dark places, time of the first crossing
(transition), as well as the number of entries in each space, was
recorded for 5 min [47].

4.2.3. Open field (OF) test

In order to detect any association to immobility in the tests and
changes in motor activity, the OF apparatus was used. The studies
were carried out on mice according to a method previously
described [47]. The floor of the apparatus was divided into twenty-
five equal (10 x 10 cm) squares. Mice were placed individually into
the corner of the arena and allowed to explore it freely. Behavior
scores included the frequency of ambulation (the number of
crossing sector lines with all four paws) and rearing (number of
times mouse stood on its hind limbs).

4.2.4. Horizontal wire (HW) test

The HW test was used to assess a compound's effects on the
muscle tone of mice. The test apparatus was based on that
described earlier [47]. The number of animals that were unable to
grasp a horizontal wire, with either the forepaws, or at least with
one hindpaw within 10 s was recorded.

4.2.5. Involvement of the GABA receptor complex in anxiolytic
activity of compound 3g

The involvement of GABAa-receptor complexes was evaluated
by experiments that included the application of a competitive
antagonist Flumazenil (FLU; Sigma—Aldrich, St. Louis, Missouri,
USA). Three groups of mice (6 per group) were given FLU (15 min
before other substances) as an ip injection (3 mg/kg) and after-
wards the animals were treated as follows: group I (negative con-
trol group) received vehicle (olive oil) in a dose of 10 mL/kg, group Il
(positive control group) received diazepam in a dose of 1 mg/kg and
group III (experimental) received compound 3g in a dose of 50 mg/
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kg [45]. After the treatments the animals were submitted to a LD
test.

A second set of experiments served to evaluate the interaction of
compound 3g with the picrotoxin GABAx-receptor-binding site. An
ip dose of a non-competitive antagonist picrotoxin (PIC, 1 mg/kg;
Tokyo Chemical Industry, Tokyo, Japan) administered 15 min before
other substances was used in this sense [60,61]. The treatments of
positive and negative controls, as well as the experimental groups,
were same as described in the previous paragraph. After the
treatments the animals were submitted to a LD test.

4.2.6. Diazepam-induced sleep

Sleep inducing or potentiating effects of the synthesized library
compounds were investigated in experiments where a 20 mg/kg
dose (ip) of diazepam was used to induce sleep in mice. The time
required to induce loss of the righting reflex was defined as sleep
latency, while the time that elapsed between the loss and recovery
of the righting reflex was considered sleeping time [47].

4.2.7. Anticonvulsant activity

The influence of 3g on convulsions induced by pentylenetetrazol
(PTZ; Alfa Aesar GmbH & Co KG, Karlsruhe, Germany) and isoniazid
(ISN; Tokyo Chemical Industry, Tokyo, Japan) was studied [48]. One
hour before PTZ (70 mg/kg) or INH (250 mg/kg) injections, the
animals were ip treated with vehicle (olive oil, 10 mL/kg), 3g
(50 mg/kg) or diazepam (1 mg/kg). After the PTZ application the
onset of seizures (sec) and occurrence of hind-limb tonic exten-
sions (sec) were recorded, whereas in ISN treated animals the
seizure onset (min) and % of living mice in 30 min were monitored.

4.3. Statistical analysis

Results were expressed as the mean + SD. Statistically signifi-
cant differences were determined by one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test for multiple compari-
sons (Graphpad Prism version 5.03, San Diego, CA, USA). Probability
values (p) less than 0.05 were considered to be statistically
significant.

4.4. Docking experiments

All library compounds were docked in the extracellular domain
of the unified homology model of the a1f3,v, GABA4 receptor, pri-
marily based on the glutamate-gated chloride channel [23]. This
was also done for diazepam, flumazenil, isoniazid, tetrazole, pic-
rotoxinin and picrotin, which were used in the biological in vivo
tests. All docking experiments were performed using AutoDock
Vina 1.1.2 software, as blind dockings [62]. Extracellular domain of
the receptor was divided into four partially overlapping grid boxes
(GB1-GB4), that were together large enough to encompass any
possible ligand—receptor complex. The centers of grid boxes were
at x, y, z = 27479, 66.798, 76.015 (GB1); 27.479, 66.798, 52.838
(GB2); —6.757, 66.798, 49.491 (GB3); —6.757, 66.798, 81.154 (GB4)
(Figure S7, Supporting Information); the size of each individual
search space (volume of the grid box) was set to be 46 x 76 x 54 A.
Autodock Vina docking was performed using exhaustiveness value
of 500, while the number of search modes was set to 20. All other
parameters were used as defaults. The ligands were allowed to
flexibly dock, but the receptor backbone and side chains remained
rigid during the docking. For all library compounds, two different
input conformations (these corresponding to the preferred geom-
etries found in solid state and solution and were inferred from
crystallographic and NMR analyses), generated by HyperChem 8.0
Software and minimized using molecular mechanics MM + force
field, were used. The validity of the docking results was confirmed

by AutoDock Vina ability to accurately predict the diazepam-
binding site, consistent with the available experimental data
[23,49]. Autodock Tools version 1.5.6 was used to convert the ligand
and receptor molecules to proper file formats (pdbqt) for AutoDock
Vina docking. The same program was used for the visualization of
docking results [63]. The output pdbqt files for the preferred BZD-
docking poses of the most active compound (3g, in vivo experi-
ments) are given in Supporting Information. All in silico experi-
ments were run using Intel® Core™ i7-3930K 3.20 GHz Six core
unlocked CPU Processor.
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Abstract 3-Arylamino-1-ferrocenylpropan-1-ones, prepared through
aza-Michael addition of aromatic amines to 1-ferrocenylpropenone,
were transformed into the corresponding 1,3-amino alcohols upon
NaBH,-mediated carbonyl reduction. The latter amino alcohols were
deployed as eligible substrates for the synthesis of a variety of ferro-
cene-containing heterocycles including 1,3-oxazinanes, 1,3-oxazinan-
2-ones, and tetrahydropyrimidin-2-ones, which were subsequently
evaluated for their antimicrobial and cytotoxic activities.

Key words ferrocene, heterocycles, oxazinanes, oxazinan-2-ones, tet-
rahydropyrimidin-2-ones, cyclization, amino alcohols

Ferrocenes have attracted considerable interest over the
years because of their versatility in many fields of research.
Notable areas featuring important ferrocene derivatives in-
clude asymmetric catalysis' and bioactive compound devel-
opment,? and, as a consequence, these fields have wit-
nessed a steady growth of valuable scientific contributions.
The combination of chemical stability, synthetic flexibility,
and pronounced biological activities has turned ferrocenes
into privileged scaffolds in medicinal chemistry, especially
in relationship with the design of antimalarial,? antimicro-
bial, and antitumor agents.>> Consequently, the synthesis
of new ferrocene derivatives continues to play an important
role in current organic chemistry. On the other hand, the
vast majority of pharmacophores in medicinal chemistry
accommodates a heterocyclic core fragment in their struc-
ture, and this wide range of potential medicinal applica-
tions has catalyzed significant advances at the interface of
heterocyclic chemistry and medicinal chemistry for many
years. In light of the general biological importance of het-
erocyclic compounds and the medicinal interest in ferro-

cene derivatives, the design of ferrocene-containing hetero-
cycles has emerged as an eligible approach toward the syn-
thesis of new bioactive molecules,® and it is conceivable to
expect important new contributions within this concept in
the near future.

Further elaborating on our interest in ferrocene chemis-
try’ and heterocyclic synthesis,® the present manuscript re-
ports on the preparation of a set of novel, ferrocene-con-
taining heterocyclic compounds and the preliminary evalu-
ation of their biological activity. The particular objectives of
this study comprised (i) assessment of the synthetic/chemi-
cal feasibility of y-amino alcohol cyclizations employing 3-
arylamino-1-ferrocenylpropan-1-ols as substrates to pro-
duce a small library of novel ferrocenyl heterocycles and (ii)
determination of the biological profile of these new struc-
tures by means of antifungal/antibacterial activity tests and
cytotoxicity analysis against cancer cell lines.

The synthesis of the premised 3-arylamino-1-ferrocen-
ylpropan-1-ols 5 commenced with the Friedel-Crafts acyla-
tion of ferrocene 1 with 3-chloropropanoyl chloride in CH,-
Cl, in the presence of AlCl; and the subsequent dehydroha-
logenation of the obtained 3-chloro-1-ferrocenylpropan-1-
one 2 utilizing KOAc in EtOH. Subsequently, microwave-
promoted addition of a broad variety of aromatic amines
across Michael acceptor 3 was realized under neat condi-
tions in the presence of montmorillonite K-10, affording 3-
arylamino-1-ferrocenylpropan-1-ones 4 in high yields.”
The latter ketones were then converted into the corre-
sponding alcohols upon treatment with five equivalents of
NaBH, in MeOH to produce a set of twelve 3-arylamino-1-
ferrocenylpropan-1-ols 5 as useful new substrates for fur-
ther derivatization (Scheme 1,Table 1). y-Amino alcohols in
general represent versatile synthons in organic chemistry,?
and the corresponding 1,3-amino alcohol derived heterocy-
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Scheme 1 Synthesis of 3-arylamino-1-ferrocenylpropan-1-ols 5

cles are of broad interest from a biological point of view
(antibacterial, antimalarial, anti-inflammatory, antitumor,
etc.).

The second part comprised the evaluation of ferrocenyl
amino alcohols 5 as substrates for the synthesis of novel fer-
rocene-containing heterocyclic compounds (Scheme 2,Ta-

ble 2). As stated in the introduction, ferrocenyl heterocycles
represent valuable new targets in medicinal chemistry be-
cause of the combined properties of the ferrocene moiety
and the heterocyclic core fragment.

N =~
@\(\/ . o S O
Fle % HCHO (1 equiv) g N ~ n
OH e \ 1
<= THE, 1, 121 <= 7
5a-1 6a-1 (36—99%)
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Scheme 2 Synthesis of ferrocenyl oxazinanes 6, oxazinanones 8, and tetrahydropyrimidinones 10
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Table 1 Synthesis of 3-Arylamino-1-ferrocenylpropan-1-ols 5: Substi-

tution Patterns and Yields

Compound R Yield (%)?
5a H 90
5b 2-Me 92
5c 3-Me 90
5d 4-Me 80
Se Mes 91
5f 4-n-Bu 97
5g 2-F 93
Sh 3-F 91
5i 4-F 95
5§ 2-cl 90
5k 3-c 98
5l 4-Cl 85

2 After purification by means of column chromatography on Al,O;.

Table 2 Synthesis of Ferrocenyl Oxazinanes 6, Oxazinanones 8, and

Tetrahydropyrimidinones 10: Substitution Patterns and Yields

Compound R Yield (%)?
6a H 78
6b 2-Me 99
6¢ 3-Me 98
6d 4-Me 99
6e Mes 36
6f 4-n-Bu 81
6g 2-F 84
6h 3-F 99
6i 4-F 76
6j 2-Cl 77
6k 3-cl 85
6l 4-Cl 77
8a H 64
8b 2-Me 47
8c 3-Me 53
8d 4-Me 84
8e 4-n-Bu 80
8f 2-F 97
8g 3-F 84
8h 4-F 97
8i 2-Cl 10
8j 3-cl 77
8k 4-Cl 89

10a H 61
10b 3-Me 58

Table 2 (continued)

Compound R Yield (%)?
10c 4-Me 66
10d 4-n-Bu 60
10e 2-F 57
10f 4-F 63
10g 3-cl 50
10h 4-Cl 53

2 After purification by means of column chromatography (SiO,) or prepara-
tive TLC chromatography (SiO,).

A first route involved the direct cyclization of amino al-
cohols 5 to 6-ferrocenyl-1,3-oxazinanes 6 upon treatment
with one equivalent of formaldehyde in THF, which were
purified by means of column chromatography to afford ox-
azaheterocycles 6'° in moderate to excellent yields. 1,3-0x-
azinanes have previously been reported to be interesting
systems, both from a biological'! and a synthetic!? point of
view. In a second route, ferrocenyl oxazinan-2-ones 8'3
were premised. These systems were constructed via initial
sodium hydroxide assisted N-acylation of amines 5 using
two equivalents of ethyl chloroformate in toluene, followed
by cyclization of the thus obtained intermediate carba-
mates 7 by reaction with four equivalents of NaH in THF.
The desired heterocyclic scaffolds 8 were isolated after pu-
rification by means of column chromatography in low to
excellent yields. Cyclic carbamates can be regarded as inter-
esting compounds with a variety of applications, most no-
tably as precursors for 1,3-amino alcohols,'* as chiral auxil-
iaries,’> and as the core substructure in a number of biolog-
ically active compounds.’® Finally, diazaheterocyclic
analogues of the above-mentioned oxazaheterocycles 8
were contemplated. To that end, the hydroxyl group in sys-
tems 7 was replaced with an isopropylamino substituent
through reaction with four equivalents of i-PrNH, in THF at
low temperature (0 °C) in the presence of 1.5 equivalents of
Et;N and 1.5 equivalents of (CF;CO),0, affording diamino
compounds 9. The fact that the OH group in compounds 7
resides in a position with regard to the ferrocene moiety,
comparable to a benzylic position because of the aromatic
nature of the ferrocene unit, accounts for its increased
chemical reactivity. Cyclization of diamino compounds 9
was then effected upon treatment with two equivalents of
BuLi in THF, yielding 4-ferrocenyltetrahydropyrimidin-2-
ones 10'7 in good yields after purification. Pyrimidinones in
general are known to have a long track record in bioactive
compound development, for example as kinase inhibitors'®
or as anti-HIV agents.!®

In summary, 3-arylamino-1-ferrocenylpropan-1-ols
were deployed successfully for the synthesis of 31 new fer-
rocene-containing heterocyclic scaffolds. The combination
of the ferrocene group and a heterocyclic unit in one molec-
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ular framework might result in medicinally relevant new
hybrid compounds because of the well-known biological
properties of both entities. Variation of the substitution
pattern across the aromatic ring at nitrogen results in addi-
tional molecular diversity within each class of heterocyclic
motifs.

In the next part of this study, the novel ferrocenyl het-
erocycles 6, 8, and 10 were briefly assessed with regard to
their antimicrobial and cytotoxic profile.

In a first screening, the antimicrobial activity of these
ferrocenyl heterocycles was tested on one yeast strain (Can-
dida albicans IHEM 374), one mold strain (Aspergillus flavus
IHEM 5785), and four bacterial strains (Bacillus cereus LMG
6910, Escherichia coli LMG 8223, Staphylococcus aureus
LMG 3195, and Klebsiella pneumonia ATCC 31488) by the
disk diffusion method.?° At a concentration of 500 ug per
disk, only eight samples displayed weak antibacterial activ-
ity against B. cereus, and no other compound displayed an-
timicrobial activity toward any of the other microorgan-
isms. The eight compounds showing minor activity against
B. cereus comprised oxazinan-2-ones 8b, 8f, 8g, and 8i and
tetrahydropyrimidin-2-ones 10a, 10b, 10c, and 10e. In a
previous study we had demonstrated the antimicrobial ef-
fect of 3-arylamino-1-ferrocenylpropan-1-ones 4,2 point-
ing to the potential of these ferrocene derivatives as anti-
bacterial agents. From the present results, however, it can
be concluded that carbonyl reduction and subsequent cy-
clization of ferrocenes 4 to ferrocenyl heterocycles 6, 8, and
10 is detrimental with regard to their overall antimicrobial
potency.

In addition, the biological relevance of 28 ferrocenyl
heterocycles with respect to their anticancer behavior was
investigated in vitro against two human tumor cell lines
(KB, Hep-G,). The results of these tests are depicted in Table
3. These data indicate that six compounds (6f, 61, 8i, 8k,
10b, and 10d) exert a low cytotoxic effect against both cell
lines with ICs, values <100 uM, and one of them (10d) has a
moderate activity with ICs, values <50 puM. These results
point to the potential of ferrocenyl heterocycles 6, 8, and 10
as templates for the design of new cytotoxic agents upon
further optimization.

Although a broader study is required to determine actu-
al structure-activity relationships, it seems that the pres-
ence of a fluoro atom or a methyl group on the aromatic
ring at nitrogen is beneficial for activity against B. cereus,
and the presence of a chloro atom or a n-Bu group seems to
enhance the cytotoxic activity of these ferrocenyl heterocy-
cles.

In conclusion, 3-arylamino-1-ferrocenylpropan-1-ones
were prepared through aza-Michael addition of aromatic
amines to 1-ferrocenylpropenone and further transformed
into the corresponding 1,3-amino alcohols upon NaBH,4-

Table 3 Cytotoxic Analyses of Ferrocenyl Heterocycles 6, 8, and 10

Entry Compd 1G5 (HM) KB 1C5o (UM) Hep-G2
1 6a 332.1 238.1
2 6b 211.5 218.9
3 6¢ 228.6 177.2
4 6d 2133 207.7
5 6e 279.5 >328.8
6 6f 56.3 52.2
7 69 170.6 194.1
8 6h 164.9 205.2
9 6i >350.5 329.8

10 6j 195.1 125.8
11 6k 212.4 73.7
12 6l 60.8 50.8
13 8a >354.4 >354.4
14 8b >341.1 203.0
15 8c 194.9 185.8
16 8d >341.1 >341.1
17 8e 301.4 2423
18 8f 147.7 63.8
19 8g 171.0 182.0
20 8h 314.0 276.4
21 8i 77.0 69.7
22 8j 80.9 104.7
23 8k 52.7 61.6
24 10a 77.8 171.3
25 10b 59.6 61.8
26 10c 174.9 137.7
27 10d 44.4 42.2
28 10f 120.3 123.8
29 ellipticine 1.3 1.4

mediated carbonyl reduction. The latter amino alcohols
were deployed as suitable substrates for the successful syn-
thesis of a set of 31 new ferrocene-containing heterocycles
bearing a 1,3-oxazinane, a 1,3-oxazinan-2-one, or a tetrahy-
dropyrimidin-2-one scaffold. Preliminary antimicrobial and
cytotoxic analyses revealed low to moderate bioactivity
profiles for these new compounds.
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