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Osa dokmopcka ducepmauuja je pahena y Hncmumymy 3a xemujy
Ilpupoorno-mamemamuuroe paxynimema, Ynusepsumema y Kpazyjesuy, noo
MEHMOPCKUM pyKosoocmeom douerma, op 3oparna Pamrkosuha. 3axsasvyjem
ce c80M MeHMOpPY HA NpedsioXHceHo] memu 00Kmopcke ducepmaltiije, Kao U Ha
geniuKkoj nomohu, noopwyu, nNpPeHemoM 3HAMY, YKA3AHOM NO8eperYy,
CMPRJbery U 30J1020HY MOKOM C8UX 08UX 200UHA O0KMOPCKUX CMYyouja.

3axsamyjem ce npog. op Sopuuu Byzapuuh u douernmy op Cresxcaru
‘Bophesuh na yuewhy y komucuju 3a npeanied, oueHy u 000pany mese, KAo U
Ha nomohu u jaKo KOPUCHUM CY2eCmUjama U Casemuma Koju cy OOnpuUHesl
bovem Keanumemy ose mese. Taxohe ce zaxsamwyjem maahum unarnosuma
Komucuje Hayurum-capaoruuyuma op Hearny Jlamwanosuhy, op Buonemu
Maprosuh u op Henady Jankosuhy Ha 6e3pezepsrHoj noopuili, capaorl U
8e/1uK0j nomohu, Kao U KOPUCHUM cagemuma nPu RUCAHY 08e ducepmaruje.
JIp Buonemu Maprosuh Oyeyjem u eenuky 3axeasiHocm 3a nomoh, bpuey u
NOOPWLKY Y C8AKOM MPEHYMKY.

3axsamyjem ce op loparny A. Boeoarnosuhy, HaQyuHOM-CABeMHUKY HA
unHcmumymy  3a  HYKJeapHe — Hayke  ,Bunua® Ha  ypabenum
KPUCmMaioepagcKum QHAIUIAMA U MYMAUery pe3yimama Koju cy OnuUcaru
y osom paody. Heusmepny 3zaxeannocm oyzyjem u npog op bBparnucnasy
Paukxosuhy u meeosoj capaonuuu oouenmy op Mapujanu Kocanuh Ha
ypaheHum U UMEPNPeMmMUPAHUM  Pe3yJmamuma  MUKPOOUOSIOULKLX
UCnUMUBarA.

Csa ucmpasicusarsa koja cy ypahena mokom 00KmMOpCcKux cmyouja 0eo
¢y npojekma 6p. OH 172034 (pyxosodunauy, npogp. op Pacmrxo [JI.
Byruhesuh), xkoju ce gpunarncupa cpeocmsuma Murnucmapcmaea, npoceéeme,
Hayke u mexnonowkoe paseoja Penybnuxe Cpbuje, Ha uemy ce
Munucmapcemsy cpoauno 3zaxsasvyjem. Ipog. op Pacmrky Byxkuhesuhy ce
makohe zaxeasvyjem 3a 8eaUKY NOMOR U NOOPULKY MOKOM MOJjUX OOKMOPCKUX
cmyouja.

Hajsehy saxseannocm Oyeyjem c¢60joj nopoouu, MOjum
pooumesbuma u b6pamy, Koju ¢y MU 02POMHA NOOPULKQA Y HCUBOMY
U KOju Ccy Y8EK UMQJU pazymesara 3a cee. Xeasa um 3a
Hecebuumny Joybas, bpucy u noumosarbe Koje Mu npyxicajy u 3a cee
wmo cam ja ycnena 0a nocmucHem y xcusomy. Xeana um uLmo cy
yeex my oa mu ce Hahy Kaoa je mo nompebro.

Onu cy moj ocnaHaly, u moje cee U 3amo UM X8AJa HA C8eMY
uLmo cy mu npyxcusiu u uwmo cy me nayqunu!!!
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Ckpahenurre:

A549
BHT

Bmim
calA
calB
CoA
m-CPBA
DBU
DHZ
DNK
DHPMs
DDQ
DIBAL-H
DMF
DMSO
L-DOPA
ehyA
ehyB
FBS
HCT-116
IC50

MDA-MB
MIBK
MIC
MSCs

MTT
MW
PCC
(PhsP);RNCI

XyMaHH KapIHOM Iutyha
OyTHUJIOBaHU XHAPOKCUTONYeEH (2,6-nu-tert-oyrui-
-4-metundenon)
OyTHII-METHIIMMUAA30IIH] yM
KOHHM(epHI1 aJIKOX0JI-AEXHIPOreHasa
KOHH(epH1 aJIieXu1-1eXuporeHasa
KOEH3UM A
M-xjoprnepOeH30eBa KUceIuHa
1,8-nuazabunukinol 5,4,0ynaen-7/-exn
JNEXUAPO3UHTEPOH
JIe30KCUPUOOHYKIIEMHCKA KUCEINHA
muxuaponupuMuanH-2-(1H)-onn
JUXJIOPO-TUINjaHO XHHOH
TUU300yTHIIATyMUHU]YM XUIPUT
JUMeTUI(popMaMu
JTUMETUIICYI(HOKCHT
JeBooma
€YreHoJ Xuapokcuiasa A
eyTreHoJ XuJpokcuiaza B
rosehu gerannu cepym
XyMaHHU KapIMHOM Je0eTor 1peBa
KOHIIGHTpallMja HCIMTUBAHOI areHca Kkoja jgoBoau 10 50%
MHXUOMIIM]e peXHBIbaBama henrje y 0JHOCY Ha KOHTPOITy
XyMaHHU KaHLep J10jKe
METUI-U300yTHIT KETOH
MUHHMAaJIHA HHXUOUTOpHA KOHIIEHTpAIHja
Me3eHXHMMallHa MaTu4Ha henuja (HOpMaiHa HeKaHIepOoreHa
henujcka nmuHHja)
3-(4,5- numeTHnTHA301-2-11)- 2,5- T e HUATETPA30IH] YM OPOMHET
MHUKpPOTAJIACHO 3padyeHe
MUPUAUHU] yM-XJIOPXpOMaT

tris-(tpudennndochun)poaunjym(l) xmopua
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PIFA
DiPAMP
TEOC
TFA
THF
TLC
VMA

benmnnjomo-bis(rpudayopoanerar)
1,2-bis-[(2-meTokcudpenmn)pernndocduno|eran
TPUMETUIICHITNIICTOKCUKAPOOHHIT
TpudIyopo-cupheTHa KUCeIrnHa
TeTpaxuapopypan

TaHKOCJIOjHA XpoMarorpaduja

BaHHWJIMHMaHACIIMYHA KUCCIINHA



1. ollliTU JIEO
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1.1. 3HAYAJ, IPUMEHA 1 OCOBUHE BAHUJIMHA

Banunun je nmepuBar Oenzanmexuia, 4-xumpokcu-3-merokcubensanmexun (1)
(Cnuka 1) xapakTepuCTUYHOT MHpHCa U ciaTkor ykyca. OBaj MPUPOJHU MPOU3BOJ Y
CBOM CacTaBy CaJpXKU alJEeXUJHYy, €TapcKy U (peHoJHYy Ipylmy, Ma cTora IoKasyje

XEMH]JCKE 0COOMHE KapaKTepUCTUYHE 332 OBE KJIace JeIUbCHha.

HO
OCH;

1

Cnuka 1. Cmpyxmypa sanununa

Haj3nauajHuju n3BOp BaHWIMHA NIPEICTaBba MIMUPOKO KOPUITNSHH 3a4MH MTO3HAT
nox uMeHoM BaHuia. OBaj 3auMH ce A00Mja U3 BUIIETOJUIIE OUJPHE BpPCTE Koja
npunaga MOPOIUIM OpXHJeja W 10 JaHac je uAeHTH(UKoBaHO je oko 110 coptu oBe
oubke. Melytum, camo Tpu Cy BaxkHe y KomepijaaHoMm cmuciy (Cnuka 2): Vanilla
fragrans (Salisbury) Ames, mo3unara u xao Vanilla planifolia Andrews, Vanilla pompona
Schiede u Vanilla tahitensis." Vanilla pompona Schiede je mmBma Bpcra Koja pacrte y
obOmactuma jyrouctoyHor Mekcuka, Llentpanne Awmepuke, 3amagHe Wuaumje u y
ceBepHuM jenoBuMa Jy:kHe Awmepuke. Vanilla tahitensis je mecnarta, 3espacrta
BUILIETOJIMIIHFA JI03a KOja yCIeBa y TOIUIO] U BIAXHO] KJIMMHU TPU Y€MY MOXKE Ja
JOCTUTHE BUCUHY U 110 15M u Haj3actyrubeHuja je Ha Taxutyjy. 3a pasnuky o]l OBE JBE
Bpcre, Vanilla planifolia je najBpennuja mo cBOjUM KBaJMTETUMa U HCTOBPEMEHO

. . . .. 2
Hajy3rajaHuja copTa Koja je Hallljla BeIMKY IPUMEHY y MPOU3BOIHU XpaHe.

Cnuka 2. V. planifolia Andrews; V. pompona Schiede « V. tahitensis

[15]
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ApomaTHyHa CBOjCTBa IUI0OJA BaHWIE TPBU MyT cy npuMmehena y Mekcuky u 3a
€BPOIICKO TpKUIITE cBe 70 cpenuHe XX Beka oBa apxasa je Ouia jenuHu mpousBohay
BaHWIe. Mako cy ynaraHu BEJIMKH HAloOpH Ja ce MPOU3BOJba MPOIIMPH BaH HHEHUX
rpaHuIla, ycmex je u3ocrao Oyayhu aa je mporiec ornpamiBamba UCKJbYYHUBO BPIIHIIA
moceGHa BPCTa ITYele KOja XMBH y jy’KHHM perrmoHnMa Mekcuka.® Wmak, MOHOION
Mekcuka y mpou3BoAmH je pa3dujen oko 1819. romune, kaga cy dpaHiy3u npeHenn
BaHMIy y CBOjy KONOHH]y, octpso Peynnon’. IIpopecop Charles Morren je passuo
BEIITAYKA METOJ olpamuBama 1841. roguHe W TOCTA0 je MPBU KOjU je€ yCIeo Ja
poM3Bejie BaHWIy BaH rpanuia Mekcuka. Iler roguna kacuuje, Edmond Albins, 12-
TOIWIIEBN POO KOjU je OO 3arociieH Ha IIaHTakaMa Ha OBOM OCTPBY, OCMHCIIHO je
NpakTUYaH METOJ| PY4YHOT ompamuBama kopucrehm mram GamOyca. Tek Tama je
KOMepIlfjajiHa TpOW3BOAKa BaHWie moctana Mmoryha. Kopucrehu oBaj mporec,
OpaHniry3u cy yop30 3amouelid Ipou3BO/ Iy BaHHIE HA MHOTHM OCTpBUMa y MHIHjcKOM
OKeaHy, HCTOUHO] 1 3amaanoj Wummju u ®paniyckoj Oxeannjm.*

®paniycka BaHWIa je To3HaTa Kao ,,Bourbon® Banmia, a mMme je moOmia 1o
CTapoM Ha3uBYy 3a ocTpBO PeyHHoH, koje ce panuje 3Baio bypoon. o 1890. rogune
BaHWJIA je YCICNIHO y3rajaHa Ha JaBu, Taxurtujy, Manarackapy, Cejiennuma, OCTpBIMa
Maypunjyc, Llejmony (manamma Illpu Jlanka), 3an3ubapy, Jamajiim ¥ HEKOJIHKO
JIPYTHX PErHOHA Y TPOTICKMM KpajeBiMa.”

Yaeo Mekcrka y Ipou3BOIKBH BaHUIIE JaHAC je ToToBO OezHauajaH (0,41%), a
npUMaT Cy mpeysene 3emibe nonyt Munonesuje (46% cBeTcke NpOM3BO/IEKHE BaHUIIC) U
Mapnarackapa (43,5%); a satum ciene Komopu (2,7%), Tonro (3%), ®dpanimycka
Iomuresnja (4,5%) u Kocrapuka (0,3%).°

[Tponec npepaje BaHWIE ca IMJbeM J1I00Mjamba BaHWIMHA MOJIpa3yMeBa CyIICHE
MaxyHe oBe OuJbKe Koje je mpaheHO CIIOHTaHUM XEMH]CKUM M €H3UMCKUM peakliijama.
Mako je cBaka 3eMiba Pa3BHJIA CONCTBEHH IPOLEC CYIICHa, CBH OHH CE YIIIABHOM
cactoje U3 4 (asze: mypeme, CyHUamEe/3HOJCHE, CYIICHEe U KIMMaTh3anuja. Y TOKY
MOCTYIKa IIypema, Koje ce 30Be M yOWjame, J0ja3u 10 3ayCTaBJbalba BETeTaTUBHE
¢aze. Behnna oBux merona ykjbyuyjy noTaname MaxyHa y Bpyhy BoJy y mepuony onx
1-2 mun. Jlpyra ¢aza, cyH4yame, MHUIUpPA aKTUBHpamke €H3MMa — TIIyKO3WJase MU
OKCHJIa3e yclieql yera MaxyHe 00ujajy KapakTepuctuuny opaon 60jy. Tokom oBe (asze

J10J1a341 U 10 MIMPEHha MaxyHa I0J yTUIajeM TOIUIOTE U Ha by CE HaJoBe3yje MOCTyIaK

! dp. La Réunion-BykaHcko 0CTPBO I MPEKOMOPCKH (paHITyCKH AenapT™aH y MHamjckoM oKeany,
UCTOYHO o Manarackapa
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MO3HAT TI0JT HA3WBOM 3HOj€H-E KOJU €€ M3BOJIM TAKO IITO C€ MaXyHE YMOTa]y Y JIUCTOBE
nmanupa IpeMa3aHe BOCKOM M IIOTOM CTaB€ Y XEPMETHYKM 3aTBOPEHE TOCYIE.
CaBpemena mpepaja MaxyHE BaHWIE YIJIaBHOM II0YMBAa Ha YHOTPEOM JBE METOJE:
Mekcu4ikoj (MeToau cyHL[a)8 u Manarackapckoj (t3B. Bypoon MeTO,Z[I/I).g

HeonxonHo je HamoMeHyTH Ja MaxyHa BaHWJIE, MOpE] BaHWJIMHA, CAIPXKU U
npoTtenHe, Mmehepe, UTHOLETYIO3HA BIIAKHA, IETYJI03y, OpPraHCKe KHCEINHE,
MOHOXUAPOKCHIIHE (heHOJIe, MaCTH, BOCKOBE, CMOJIE, TUTMEHTE, MHUHEpaJie, UCTIapJbhBa
apoMaTH4HAa U €TapcKa yJba. [ TaBHU cacTojiu BaHWIIE KOjU Cy OATOBOPHU 32 MUPUC U
ykyc (mopen BaHWIMHA), CY MCHApJbHBE CYINCTAHIE MOMYT KAapOOHHIHHUX jEIHEbCHbA,
ApPOMAaTUYHUX aJKOXOJa, ApPOMAaTHYHUX KHCEIMHA, apOMAaTHUYHHX ecTapa, (eHona,
anmi(paTHYHUX aJTKOXO0JIa, JIAKTOHA, ApOMATHYHUX M anu(paTHYHUX YTJbOBOJOHHUKA,
TepreHomnaa u xerepourkana.’’ MelyTiM, BaKHH KOHCTHTYCHTH Cy M HEHCIIApJbHBE
KOMIIOHEHTE Kao IITO Cy TaHWUHH, MOIU(PEHOIH, CMOJIe U CI000JHE aMHUHOKHCETHUHE
KOjH Takohe TOmpHHOCE KapaKTEPUCTHIYHOM MUPHUCY BaHHJIE.

[TpucycTBO BaHWJIMHA y IPUPOIU HHjE€ OTPAHUYCHO CaMO Ha BaHWITY, Beh Ta uma
U y pasHoBpcHOM Bohy W BOhHHMM mpou3Boguma (MaHTy, 30BHHHM 0OoOuIlaMa,
OOpoBHHIIAMA, TOMOPAHIIH, Jar0I1, JIMYMJH — a3UjCKO] TPEIIbU KOja pacTe y obractuma
jyrozanaane Asuje, jyxue Kune, Mnnonesnje u OununuHa), cujaMCKOM 6GH3OI/IHy11
(mpupoaHa cMoJjia U3 ApBeTa nmopekyiom u3z Muaaokune), mehepHoj perH/I,12 acn'clparycy,13
mamuju™® (rycra, 3e/bacTa BHIIETOHIIHA OHJbKA TOPEKIOM yIITaBHOM 13 MeKCHKa, alu
je nma u y llentpannoj Amepunu u Komym6uju), cmonama, Oan3zamuma M ApYrUM
cyrncradiama. VIHTepecanTHO je J1a ce y MaHTy, jaBjba Kao ,,cJI000/1HU" BaHUJIMH U Kao
BAHHIIMH TTTYKO3H/I. BaHHMIIMH ce MOXe CPECTH y TParoBHMa M y APYrHM GHbKaMa’™ Kao
ITO Ccy Hapuuc, 3ymOyia, kpomnup M ayBaH. Ilopen Tora, mpucytaH je y pa3HUM
npexpaMOeHUM TPOM3BOJMMA TMOMYT KOKHIA, EKCTPYIMPAHOT OBCEHOI OpalllHa,
jaOykoBaue u He'-IypKI/I.lG MelytuMm, BaHWIa TIPEICTABIha U AaJbE JEIUHN KOMEPITU]jaTHA
W3BOp MPUPOIHOT BaHMIIMHA.

Banuna moOujeHa W3 YKUCTO TMPHUPOJHOT MaTepHjajia CaJp KM BaHWIMH Kao
TJIaBHY KOMIIOHEHTY (3acTymbeHocT, 86%) W mopex e joul HEKOJIMKO CIMYHHX
jenumema Kao mTo ¢y p-xuapokcudensanaexun (2) (8,6%), Banununacka kucenuHa (3)

(4,3%) u p-xuapokcudensun metua erap (4) (0,9%) (Cruka 3).

[17]



JOKTOPCKA JUCEPTALUJA Josana MywKurwa

O O
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HO HO HO
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2 3 4

Cnuka 3. Jeourersa koja yrase y cacmag 6anuie

[lpBo wu3onoBame BanwinHa je wu3Bpimo Nicolas-Theodore Gobley 1858.
rOoJMHE KOJU je YyImapuo eKCTPAKT BaHWIEC JO0 CyBa M TIOTOM IOCTYIIKOM
pekpucTanusaiyje u3 Bpyhe Boxe 06HO penaTHBHO YnCTy cyrcraniy.’ OunrienHo je
Ja OBaj HayMH J00Mjarkba BaHWUJIMHA M3UCKYyje [IOCTa BpeMEHa M Hamopa IITO ce
peduiekTyje Ha camy IieHy MPUPOIHOTr BaHWianHA Koja ce kpehe ox 1200 — 4000 $ mo
kiorpamy.'® Crora je BpeMeHOM 06Wjamse BaHMIMHA W3 NPHPOIHOT MaTepHjaia
MIPEYCMEPEHO HAa CHHTETHYKE TMOCTYNKE KOjU Cy JalleKO eKOHOMHYHHUjU. ['oauiime ce
npoussene Buie oa 12 000 ToHa BaHuIMHA, OJ1 Yera je Mame of 1% mpupoaHu, 0K ce
Behu J1e0 100Mja XeMHjCKUM IPOIIECUMA.

[IpBU CHHTETHYKHM BaHWIMH Cy 100uian Hemauku Hayununu Ferdinand Tiemann
u Wilhelm Haarmann 1874. romune u3 kouudepuna (5) u oBaj mocrymak je
rckopuiheH 3a MPBO TOKPETamhe WHIYCTPH]jCKE MPOU3BOAEG BaHWIMHA.' 3ampaso,
caM TOCTynak je OasupaH Ha Xuaposusu kKouudepuna (5), MPUPOIHOr TIYKO3HIA
W30JI0BAHOT M3 CBEXKE IMOCEYCHOr Oopa, 10 KoHHubepuit-ankoxona (6) koju ce nabe

OKCHJIyje XpOMHOM KHucennHoM 10 BanmiuHa (1) (Cxema 1).

&/ g
H20
H3CO H;CO OH

HO HO

—— + H,O + CO
— OH _0O 2
H,CO H5CO

Cxema 1. Ilpsa cunmesa éanununa

OBako 100MjeH BaHWIMH KapakTepwuiie IieHa oa 158 mo kuorpamy, ma je 3aro

OBa] MOJIEKYJ T[I0CTa0 3HA4ajHO YHOTpeOJbMBHja CHPOBHMHA Y XEMHJCKO] U
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dapmarieyrckoj uHAYCTpUjU. OH ce KOPHCTH Yy TIpexpaMOeHUM W HEmpexpaMOeHUM
OpOM3BOJMMA, MHUPHUCHMAa W Kao0 MHUpPHUCHAa KOMIOHEHTa Yy (apmaueyrcKum
npenaparuma. TpeHyTHO, oko 50% NpPOU3BEACHOr CHUHTETHYKOT BaHUJIWHA IIHPOM
cBeTa ce ymoTpeOsbaBa Kao HMHTEPMEAMjep Yy IPOU3BOJABU  Xepouumna,
aHTUIICHYIIaBaIla, JI€KOBa Kao ImTO cy mnanaBepuH, L-DOPA, L-merun-gomna wu
AHTUMUKPOOHOT areHca TpuMmeTronpuMma (yaasu y cactaB mpenapata Bactrim).
CUHTETHYKM BaHWJIMH ce€ ynoTpeOjpaBa M Yy MPOM3BOAMMA KOjU CE€ KOpHCTE Yy
noMahuMHCTBY, Kao IITO Cy OCBEXHMBAYM U CPEJCTBA 3a Mojupame nojaosa. [locra ce
npuMemyje M Kao apoMaTUYHU JojJaTak 3a cBehe, TamjaH, MUPHCE U MHPHUCHE
ocBexuBaue. [IpuMeHy je Hamao W y MHAYCTPHjH IUIACTUYHUX Maca, KO3METHYKO]
uHIycTpuju (300r cBojux aHTH-UV ocoOuHa ynasu y cactaB Kpema 3a CyHYame), a
KOPHCTHU CE€ M 3a CIpeyaBame MojaBe MeHe Y ybuMa 3a MOoJMa3uBame, Kao J0JaTaK 3a
Cjaj TpeBllake KOJl TallBaHM3alMja Y UWHKAHUM KyNaTWINMa, Kao aKTUBATOp Y
nporecuMa eIeKTPOJIUTUYKOT [WHKOBama M Kao MOMONHO CpelcTBO 3a OKCHAALU)Y
JaHeHor ysba.?

Hajseha ymorpeba BaHWIMHAa Kao apomMe je YyoOM4YajeHa Yy CIIaTKUM
HamupHuiiamMa. Yak 75% BaHwiIMHa ce ynorpebsbaBa y MPOU3BOALM Clagoiiefa U
YOKOJIAJIHO] WHAYCTPHjH, IOK CE Mame KOJMYMHE KOPHCTE y MOociIacTUYapHHUIIaMa U
nexapama.’!

OpaBHO je MO3HATO Jla C€ MUPHUCH BUHA U JIPYTHX aJKOXoJHuX nuha (pakuja,
KOH-aK, BUCKH, PYM, UT]) MEHajy yclle cTajama y Oypaguma. ToM mpUIMKOM, TUTHUH
W3 JIpBETa C€ UCIUpa y JOJIMPY Ca aJIKOXOJOM M XUIPOJu3yje, IpH dyeMy ce ao0uja
€TaHOJI-TUTHUHCKUA KOMIUIEKC KOJU C€ IMOTOM pasjiaXke Ha apoMaTH4He annexuae. Mehy
BUMa je YecTO JJOMMHAHTaH BaHWIMH KOjU yTH4Ye Ha apoMmy mnuha. Kao mHTepecanTan
TpEMep ce MOJKe HABECTH ainKkoxouHo muhe Karmaca.”? OBo Beoma momynapHo mihe y
bpasmny ce mobuja om cupoBor coka mehepHe Tpcke W ciaumvHO je pymy. Hajseha
pa3nuka u3Mely oBa aBa nuha je ympaBo y MPHUCYCTBY BaHWJIMHA, KOJU j€ TJIaBHA
MHUpHCHA KOMIIOHEHTa pyMa (jaBjba Ce yCle/l CTajamba y XpacTOBUM Oypaauma), TOK
Kalaca yorTe He CaJp>KU OBaj alAeXHI.

[Topen Tora mro mpejncTaB/ba BaXHY apOMaTHUHY KOMIIOHEHTY pPa3IMYUTHX
MIPOM3BOJIa ¥ TIPUPOTHOT MaTepHjajia, BAHWINH MOKa3yje U MUPOK CIIEKTap OMOIOITKUX
aktuBHOCcTH. OH JNenyje Kao aHTHUKaHIEpOTreH Ha HEKOJHMKO JIMHHja KaHIIEPOTCHUX

henuja, Tako mMTO cMamyje OPOj MHTECTUHAIHUX TyMOpa, KOje M3a3UBajy Pa3IUuYUTH
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KaHueporeHH.23’24 [Topen Tora, BAHWJIMH MMOCEyj€ U AHTUMHKPOOHA, aHTI/IOKCI/II[aHTHa,ZS

aHTI/IMyTareHa26 Y aHTUIJbMBUYHA CBojCTBa.m'29

AHTUMUKpOOHA aKTUBHOCT BaHWJIMHA C€ OIJIela y FHErOBOM JIeJIOBamy Ha
cienehe marorene mukpoopranusme. Escherichia coli, Pseudomonas aeruginosa,
Enterobacter aerogenes u Salmonella enterica subsp. enterica serovar Newport u 3
mretHa opranusma: Candida albicans, Lactobacillus casei u Penicillum expansum.
HcnuTuBaHO je U HEeroBO aHTHMHUKPOOHO JICjCTBO y HEKMM cOpTaMa 3eJICHHX ja0yKa.
MuHrMaHa KOHIIEHTpallMja BaHWIMHA KOja MOXKE Ja U3a30BE€ HWHXHOUIIH]Y
MHUKpoopranuzama u3Hocu 6-18 mM. Haheno je na koHIeHTpanuja BaHWIMHA OJ CaMO

12 mM wunxubupa pact mukpoopranuzama msmelhy 37-66% y “Empire” u “Crispin”

coprama jaGyka. JloGujeHe BpeaHOCTH Cy npukasane y Tademu 1.

Ta6esa 1. UaxuOuTopHa CBOjCTBa BaHIIMHA IIPeMa MHUKPOOPTaHU3MUMA KOjU CY IPUCYTHH
y HEKUM copTama jabyka

Muxkpoopranusmu ITapameTpu Konuenrpauuja pannanaa (mM)

Matorenn/

HNuaukaropckn 01 ’ ° e 18
E. coli % MHXUOUIIHje - 3 60 73 99 99
E. Aerogenes % uHXUOUIIH]je - 0,3 13 18 73 99
P. aeruginosa % MHXUOHIIHjEe - -3 0,1 45 91 98
S. newport % MHXHOUIIHje - 6 21 37 84 98
HITeTnn -

C. albicans % MHXUOHIIHjEe - 41 69 98 100 100
L. casei % uHXUOUIIHje - 0 0,5 0,8 74 98
P. expansum % MHXHOUIIHje - 37 91 94 94 94

Cama BaHmMIIa ce cMatpa appoausnjakoM U ctumynaHcoM. Tako je y Beneryenn
IpoHAaIUIa IPUMEHY 3a JIeuee TPO3HUIIE U TpyYa, JOK ce Y APreHTHHH ynorpelsbaBa
Kao apoan3njak u 3a JIeueHe TUCMEHOpeje, Tpo3HuIle U xuctepuje. bynyhu na Banmny
KapakTepuIlly JIEKOBUTAa CBOJCTBA M Jla j€é y3 TO BHCOKO II€HEHO CpPEICTBO 3a
no0oJblIake yKyca, MHOTH jOj TPUIKCY]y M OrpOMaH MOTEHLHjal U BaXHY YIOTY y
KOH3EpBUpamy U MPOU3BOAKHY 3/IpaBe xpaHe. Jlanac ce oHa ynorpebspaBa y KJIaCHYHUM
MEIUIIMHCKUM TIPOM3BOJMMA-THHKTYpaMa W cupynuma. [IpencraBipa jemaH ox Tpu
Hajuemrhe kopumheHuX nojaTaka y pasHMM CHpYyIMMa KOjuMa Jaje MOJHOUIBUB YKYC

Mackupajyhu HempujaTHe MUpHCE XEMHKalIdja KOje C€ Hajla3e Y IUXOBOM CacTaBy.
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Kako je BaHWIWH BHEH TJIABHU CacTOjak, cMaTpa ce Ja Ha BehmHy rope HaBeIeHHX
ocobuHa yTrue 0all BeroBo MpHCycTBO.

Ca XeMHjCKOT acleKTa, BaHWIMH je CBOjy HajBaXHH]y YJOry MPOHAIIA0 Y
TaHKOCJIOjHO] XpomaTorpaduju TIe ce KOPHCTH 3a M3a3uBame MpJba. Hajuemhe ce
pUMeEYje Yy BUAY BaHWIWI-Cyiadara KOju Jaje YUTaB CIEKTap 000jeHMX ajykaTa ca
PA3IHYNTHM THIIOBHMA jCIHICHHA.

MHora jenumema Koja CaAp)Ke BAHWIMHCKH (parMeHT Kao JIe0 CBOje
CTPYKType, TOKa3yjy MHTEpecaHTHe ocoOmHe. Tako je Mmo3HaTo Ja MM MarpHyulle
n3a3uBajy ocehaj jake TOIIOTE y OPraHU3My MPUIMKOM KOH3yMHpama. CyrncTaHia Koja

. . . 2
je oaroBopHa 3a oBaj eexar jecre karcanmus (7, Cimka 4).3

O

Iz

HO

7
/O

Cnuka 4. Cmpyxmypa kancauyuna

Kancannus je mpBu myT HM30J10Ba0 Thresh® 1876. roamue eKCTPaKIUjoM W3
JbyTe mampuke, 1a Gu Hakon tora Nielsen®* oxpemno meroBy crpykrypy, a kacHuje n
TPECTABHO PA3UIKTE ITYTEBE 33 FCTOBY CHHTE3Y. >

Kancanmun HHje jenuHa mpupoaHA CYNCTaHIA KOja je MOo3HaTra Mo ,,JbyTUM*
ocobunama. ITopen mera mo3HaTH cy U nmunepuH 8 (akTHBHHU cacTojak LpHOT Oubepa),
3uHrepos 9 (u3 hymOupa) u pesunudeparoxkcu 10, uzonosan nz CeBepHo Adpuukor
kaktyca, Euphorbia resinifera, 3a xoju je yrBpheno na mzasuBa oko 1000 myra jauu
ocehaj spyTrHe ox kancauiuHa (Ciuke 5 u 6). KapakreprcTH4HO 3a CBa OBa jeIUbCHA
je na cagp)ke apoMaTH4YHH IMPCTEH Ca AJIKOKCU- U (EHOJIHUM CYICTUTyeHTHUMa. 300r
CIIMYHOCTH HAaBEJIEHUX CTPYKTypa Ca BaHWJIMHOM, OBE CYICTAHLIE Cy OMINTE MO3HAaTe

Kao BAaHHJIOU/IMU.
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Q-
10 )\
H,C

Cnuka 6. Cmpykmype nunepuna, 3uH2epona u pesunupepamokcuna

[22]



JOKTOPCKA JUCEPTALUJA Josana MywKurwa

1.2. CHUHTE3A BAHWIVUHA

WNmajyhu y Buay ma moTtpebe 3a BaHMIMHOM Kao0 HMHTEPECAHTHOM M BeoMa
yrnoTpe0JbaBaHOM CHPOBHHOM CBaKOJHEBHO PacCTy, MPOHAl)CHW Cy HAYMHH 32 HErOBO
nobujame y Behum konnurHama. Ilopen panuje moMeHyTe cuHTe3e U3 Konudepuna (5)
U H30JI0Bakba M3 OWJbKE BaHMIIE, JlaHAC CE OBO jJEeOUIbEHE J00Mja pPa3IMUYUTHUM
XEMHJCKUM TOCTYNIMMa Tojia3ehu ox cymncrpata Koju Cy Hajuemhe KOMEPIUjaTHO

JIOCTYIIHH.

1.2.1. JOBUJAILE BAHWJINHA U3 JUTHUHA

Jlureun (Cimka 7) je ApYrH Haj3acTYIUBEHHjU TOIEMep . (IOCHE LEmynose) y
npeery, kora mMa oko 30% w OH mpencTaBiba jeJaH OJl 3HAUYAJHUJUX H3BOPA
apOMaTHYHHX jelnibeha. JJo0rja ce y BEJTMKAM KOJMMYHHAMA KA0 CIIOPEIHHU IPOU3BOJ Y

MMPOU3BOAKLU LICIIYJIO3€C U ITallMpa IMOCTYIIKOM eKCTpaKHI/IjC U3 JPBCTA.
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|
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Cnuka 7. Cmpykmypa muenuna
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OBaj MHAYCTPHJCKH TPOIEC TOJpa3zyMeBa M0o0Hjame CyI(DHUTHOT JIyra KOju ce
MOTOM TpeThpa 0a3oM Ha TMOBUIICHO] TEMIIEPATYpU K TPHUTUCKY Y MPHUCYCTBY
OKCUJAIIMOHUX cpefcTaBa. M3 noOujeHe peakIMoHEe CMece BaHWJIMH CE Of JAPYTrux
MIPOM3BO/Ia, 0/[Baja EKCTPAKII]OM, ICCTUIIAIIN]OM U KPUCTATH3AIIN]OM.

Cam 1mocTymak ce U3BOJIM TaKO IITO Ce JUTHUH ce paznaxe y npucycrsy NaOH
win Ca(OH); u ucTOBpeMEeHO OKCHIyje Ha Ba3ayXy y IMPUCYCTBY KaTajau3aTopa
(autpoOen3eH wim 6akap-okcun). [1o 3aBpieHoj peakiuju YKIOHU CE UBPCTH OCTaTaK U
cMeca ce 3aKUCeld CyMIIOPHOM KuceluHOM. [loToM ce BaHWIMH €KCTpaxyje Hu3
3aKHUIIEJFEHOT pacTBOpa momohy oarosapajyher pactBapada (OyTaHos wiau OCH3EH) U
uctimpa pactBopomM NaHSOj;. Hakon Tora, Bpmm ce BakyyMm JAeCTHIIAIMja TPHUINKOM
KOje ce I0O0Mja CHpOBH BaHWJIMH, KOjU MOpa Jia C€ MIPEKPHUCTAIHINE HEKOJIMKO MTyTa KaKo

6u ce n3050Bao ucT mpoussoxa 1 (Cxema 2).37’38

o \\ O\W
CH, CH, o
SOzH OH ~
NHa(())H okcupauuvja
OCHj, 2 OCH; OCHj,
OH OH OH

Cxema 2. Jlobujare 6anununa us meHuna

[TpBa Beha ¢abOpuka nanupa Koja je Mpou3BOANIIA BAHWIMH Ha OBaj HA4YMH, OMIIa
je orBopena y Owntapujy. o 1981. romune ona je umana yneo ox 60% cBerckor
TPKUILTA Y TPOU3BOIBM CHHTETUUKOT BaHWINHA. Mel)yTM, OBOM METOo0M ce n1o0uja
caMo OKko 5% BaHMIMHA® INTO je YCIOBHIO PasBOj APYTHX, OOJBHX IOCTYIaKa
3aCHOBAaHMX Ha XEMHJCKUM CHHTE3aMa KojuMma ce Toyiazehm onx Beiaukor Opoja

Pa3HOBPCHUX CYIICTpaTa MOTY JOOWTH 3HATHO Behe KoIu4rHe BaHUIIMHA.

1.2.2. JOBUJAILE BAHUWINHA U3 EYTEHOJIA

Tiemann je 1876. roamHe mpoHamiao MpoLEC 3a MPOU3BOJAKY BaHWIMHA H3
eyrenona (12), mpupoaHor (eHosa Koju ce Moxe Hahu y kapandwmimhy, MyckaTHOM

opamrynhy u 1uMeTy. BpemeHom cy pas3BujeHe TpH METOJIe 3a M00Hjamke BaHUJIWHA Ha
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oBaj Haumn (Cxema 3),%0%

MIPU Y€MY je 3a CBE TPH KapPaKTEPUCTUYHO J1a CE OAUTPaBajy
y nBe (ase.
[IpBa (aza je waeHTHYHA Y CBa TPH MOCTYNKAa M OHa 00yXBaTa M30MEpH3AIH]jy
eyrenona (12) no mzoeyrenona (13) momohy KOH y nuernnenriukoiy. 3a pasiuky o
npee (ase, apyra ce COPOBOAM y TOTATHO Pa3IMYUTHM YCIOBMMAa M TOJApa3yMeBa
tpancdopmanujy nzoeyrenoina (13) no BanmimHa (1) Ha Tpu HauUHA:
1) mnpeBohewe uzoeyrenona (13) y ameratr u okcupaiujy nomohy OsOs wu
NalO,.

i) nmupexTtHa okcumanmja mzoeyrenoina (13) mo Banmiamna (1) momohy V705 y
NPUCYCTBY KHCEOHUKA, y t-OyTaHOIy Kao pacTBapady.

Iii) mupekTHa okcupanuja wuzoeyrenona (13) o Bammnmua (1) momohy
HUTpoOeH3eHa y npucyctsy DMSO-a.

Cse 10 kpaja XIX Beka CHHTETHUKH BAHHIIMH" Ce MIPOU3BOJIMO U3 €yreHoIa,

.. . 4
KOjH j& KOMEPIHMjalHO J0CTymaH. "

X = O\
KOH okcupaumja
OCH;, OCH; OCH;
OH OH OH
12 13 1

Cxema 3. Cunmesa 6anuiuna u3 eyeeHoia

1.2.3. JOBUJAE BAHWJIMHA M3 TBAJAKOJIA

CaBpemeHe MeTojie 0OMjama BaHWJIMHA Cy Oa3upaHe Ha peakiidjaMa I'Bajakoja
(14). Iocroje Tpu HaYKMHA KOja Cy yrmoTpeoOu:
1) IMocrynak Ga3upaH Ha KOHJEH3alWjU Ca TIIMOKCAITHOM KUCEIHMHOM KOJH je U
HajacTymbennji;
i) Toctynmak 3acHOBaH Ha peakilMju ca aHXUAPHUIOM CHpheTHe KucenuHe u Fries-
OBOM IIpEMELITakY; 1
Iii) IMocrynak 3acHoBaH Ha Reimer-Tieman-oBom ¢hopMuIOBamby.
[IpBu MeTon Mmoapa3yMeBa TpeTHpame rBajakoia (14) rIMoKCATHOM KHCETHHOM
KOJU TIOAJIeRKE eNeKTPOPUIHO] apOMATHYHO] CYICTUTYIHJU W TIPH TOM Jaje

BaHWJIMHMaHennuHy kucenauny (15) (VMA-Hanasum ce y ypuHy M IIpeAcTaBlba
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MeTaboJuT KaTexonamuHa). Jlooujena kucennna 15 ce 3aTuM mpeBoaAu y 4-XHIPOKCH-3-
-MeTOKCH(DEHMITIIMOKCATHY KuceauHy (16, BaHWIOWI-MpaBJby KHCEIHHY), Ja OU ce y

MOCJICIbEM KOPaKy OKCHIATHBHOM JeKapOOKcuianujoM mpeBena y BaHwiuH (1)

(Cxewma 4).%

TH o HOL_-COOH O.__COOH O
COOH O, co,
—_— ﬁ»
oH|® H
OCH3I ] OCH; OCHz 2 OCH;
OH OH OH OH
14 15 16 1

Cxema 4. Cunmesa sanununa uz 2éajaxona nomoly enuoxcanne Kuceiune

['Bajakon ce Moke M ecTepu(PUKOBATH aHXHAPHAOM CHphEeTHE KHCEIHHE Y
NPUCYCTBY Majie KOJIMYMHE CYMIIOpHE KucenuHe, najyhu reajakosn-arerar (17). Ilpu
TpeTupamy oBor mnpousBoja anxuapoBanuM AlCl; Ha HHCKO] TeMmepaTypu 10ja3u 10
npeMemTa}ba46 aretri-rpyrne y nosioxaj 4 (Fries-oBo mpemerirame) Mpu yeMy Hacraje
amoruuuH (18). Baxan aktop koj oBOr mocTymnka jecte Op3unHa noxaBama AlCls,
Oynyhu ma ucysuiie Op30 u3Boheme peakiiyje AOBOJU JI0 TMOBHUIIEHA TEMIIEpaType,
ycien yera ce GopMHpajy Mame KOJWYMHE aleTUI-XJIOPHAAa KOje WHXHOHUpajy OBO
npememirame. Anoruaud (18) morom pearyje ca HHTpPOOEH3EHOM y jako 0a3HOj
cpenunu, najyhu Banugoun-mpassby kuceiauny (16). OBa KHCeIMHA U y KHCEIUM H Y
0a3HMM YCIIOBMMa je 3HAaTHO cTabwWiHHja o0 4-OKCH-3-MEeTOKCU(PEHHUITINKOIHE
KHCEJIMHE, KOja TMOJIeXe JAeXuIpaTalyju U Jaje cMmoracte npousBoje. Kao mro ce
MO’K€ BHJIETH OBaj MOCTYIAK je 3HaTHO OOJbU Y OJHOCY Ha MPBU METOJ jep Cc€ HHME
uzberaBa CHHTE3a ,lpoOneMatuyne” kucenune 15. Pasnmarame kucenune”’ 16 je
noTpeOHO M3BOJWUTU Yy pacTBapadyy Kako Ou ce crnpeuwsio (opMupame
JNeXUAPOBAaHUIIMHA W BaHWIMHCKE KucenwHe. Kao Haj0obe pememe ce I0Ka3ao
N,N-aumeTun-p-ToayuauH KOjH caM BpIIM pasjiaramke MpHU YeMy C€ KHCEIMHAa CKOpO

KBaHTUTATUBHO TpeBOAM y BaHWIHH (Cxema 5).
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@) COOH

_Ac0 _ACI; CeHsNO, _C0Op
TH,S0, TH
OCHi OCHs OCHs OCH, OCHs
H

14 O 17 18 16 1

Cxema 5. Cunmesa éanununa u3 2eajaxona y3 nomoh cuphemmue u cymnopte Kucenume

Tpehu, yjeaHo u HajjeJHOCTaBHHjM TIOCTYIAaK 00yXBara peakiiujy raajakona (14)
ca xJI0pod)OpMOM y AIKOXOIy y IpUCYCTBY jake Gase (Cxema 6).*® Ounrnemmo, y
IErOBOj OCHOBHU j€ jeHa O] HajcTapujux Merofa (opMUIIOBama, Ma je 3aTo OBaj

MNOCTYyIaK y yrIOTpe6I/I Beh Buie o4 CTO roJuHa.

ankoxon, CHCl3
——

Oasza
OCH; OCH;

OH OH
14 1

Cxema 6. Cunmesa sanununa uz 26ajaxona

1.2.4. JOBUJAILE BAHWJINHA U3 4-XUAPOKCUBEH3AJJAEXUIA

Jom jemaH oj 3rogHMX CyICTpaTta y CHHTE3W BaHWIMHA e 4-XUApPOKCH-
oensangexun (19) xoju moIeke PErMOCETEKTHBHOM OpOMOBambYy MpPH YeMy HacTaje
3-0pomo-4-xuapokcubensanaexun  (20). HheroBuM  METOKCHIIOBamEM  TOMONY
HaTpUJyM-METOKCHJA y NPUCYCTBY OakapHOT KaTajau3aTopa y3 3arpeBame ce J00Hja
pammmma’ (Cxema 7). Peakumja ce W3BOGM y METaHONY Kao pacTBapady a

npeuynnrhaBamke CHPOBOT BAaHWIIMHA j€ HajJIaKIle U3BECTH PEKPUCTAIN3ALINjOM U3 BOJIE.
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O\ O\ O\
Br, NaOMe, CuBr
—_— —_—
MeOH EtOAc, A
Br OCH3
OH OH OH
19 20 1

Cxema 1. [lobujarwe sanununa uz 4-xuopoxcubenzandexuoa

1.2.5. JOBUJAKE BAHUJINHA U3 IIVKOBAHWJINHA U IJ1YKO3E

Kao mTo je paHuje MOMEHYTO, MpPBH CHUHTETHYKM BaHWIMH je J0OUjeH u3
koruepuna (5), rykosuna koHudepun ankoxoma (6). MehyruM y imreparypu’’ ce
Moxe nmpoHahu ¥ OOpHYTH IyT y KOM ce BaHWIMH 10o0uja u3 konudepona (6). [Ipeu
KOpaK OBOT' KATAJIMTUYKOT ITyTa je npeBoheme koHudepona (6) y konudepu (5) koje ce
BPIIK MOCPEICTBOM CH3MMa TIyKo3ui-Tpancdepase. OBako nodujerHn konudepun (5)
ce Jajbe TpaHchOpMHUIlIe Y TIyKOBaHWIUH (21) KOju Ce y MPUCYCTBY a-TIYKO3MIa3e
xuaponusyje 10 BanwimnHa (1) u riykose (22) (Cxema 8). OBa peakiuja mpeacTaBiba

OMOCHHTETHYKH IyT 100Wjama BAHWIIMHA.

OH OH
o)
HOH,C HOH,C
HO /_> y 2 O o / y ; O o 7
D
Ko OH Ko OH
HsCO 6 OH HsCO 5 OH HsCO 21
0 o)
HOH,C HOH,C
7 o o / > %OH + HO /
|1—?0 OH I—,?O OH
OH HsCO OH HyCO
21 22 1

Cxema 8. Buocunmemuuru nym 006ujara 8aHUIUHA U3 KOHUGpEpoLa

[Tponahen je jomr jemaH OMOCHMHTETHYKH MYT KOJHU C€ MOXKE KOPUCTUTH 32
CHHTE3y BaHWJIMHA 0a3MpaH Ha yrmoTpeOu riaykose kao cymcrpara (Cxema 9). bume ce
3a00unazu  (EHWINpONMaHOWAHA OMOCHMHTE3a U peakifje INIMKO3WIaluje W

JIETJINKO3UJIaIH]je, IITO 3HATHO CMamYyje Opoj MOTpeOHUX €H3UMA.
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OH O~__OH O
\\\OH
o | | 3, | A, |
HO” Y YoH © OH OCH; OCH;
OH OH OH

22 23 24 25 1

OII-
Oln

Cxema 9. Jlobujamwe sanununa uz anykose. Peazencu u peaxyuonu ycnosu: 1) 3-0ezoxcu-T-
gochoxenmynonam cunmasa; 3-0exuOpOXUHAMHA CUHMA3A, 3-0eXUOPOXUHAMHA 0eXuopamasa
2) 3-0exudpowuxumam dexuopozenasa, 3) kamexon O-memun mpancgepasa, 4) apun ardexud
oexuopozcenasa.

Y mpBOM CTymBY TIIyKO3a C€ €H3MMCKH NPEBOIU Y 3-IeXHUIPOIIUKUMHUHCKY
kucenuny (23), BakaH OHOXEMHjCKH MeTabOJUT OMbaka U MUKpoOpranusama. HheHo
MMe TIOTHYE O] jAaHCKOT HA3MBa 3a I[BET 3BE3/1aCTOr aHuca, mmkumu (2% ). OBako
HacTaJla KHCEJIMHAa TIOJ JICjCTBOM ojaroBapajyher eH3uma JexXuaporeHase Jaje
NPOTOKATEX YMHCKY Kucenuny (24), koja ce mocpeacTBoM TpaHcdepase TpaHchopMHuIie
y BaHWIMHCKY KkucenuHy (25). Kpajibu cTymam OHOKATAIMTHYKOr MpOIeca jecTe
EH3MMCKa pelyKlrja KuceanHe 25 10 BaHUINHA.

OBaj mocTynmak ¥Ma MHOTO HPEIHOCTH Yy OJHOCY Ha cBe mpehamme HaunHe
noOujama BaHWIMHA. IIpe cBera y moTmyHocTH je u30erHyra ynorpeda TOKCHYHHX
deHONMa ¥ rBajakona KOjH ce J06Mjajy M3 KaHIeporeHor oemsena.”” HapaBHo, oBjie ce
MOpa HarjacuTH Jla Cy paHHje MOMEHYTe KHCEJIMHE M3BeJIeHEe U3 TIIYKO3€ arcoJyTHO
Herokcuune. I[lopen tora, mumetmsn cyindaT Koju ce ymoTrpedshbaBa 3a METHUIIOBAIHE
¢deHonHe rpymne je Takolhe KaHIEpOreH, J0K ce MPOTOKATEXYWHCKA KHCEIMHA METUITYje
nomohy S-ageHoszun mernonuHa (Cnmka 8) KoOju ce MHaue OMOCHUHTETHINE y jeTpU

(MHTpaLeNyIapHO).

A
-

HO  OH

Cauka 8. S-adenosun memuonuH

1.2.6. HOBE METOJE 3A JOBUJALE BAHWINHA

HoBuje metone noOujama BaHWIWHA U3 €YreHOJIA TOJPAa3yMEBajy MPHCYCTBO
oxrosapajyhux ensuma. [IpBo ce eyreHos y MprCyCcTBY eyreHo-xuapokcunase (ehyA u

ehyB) npeBoau y xorudepun aakoxoa (6). OH ce mocpeacTBoM KOHUGBEPUI-aTKOXO0J
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nexuaporenase (calA) mperBapa y kouubepuwn amgexun (26), Koju 1mOJ JISjCTBOM

koHu(epuI-angexus nexuaporenase (calB) maje depyinry kucemny (27).%

OH _0O 0

A 2 2 =
OH
A, 2, 3,
OCH,4 OCH,4 OCH,4 OCHj,
OH OH OH OH
12 6 26 27

Cxema 10. Ensumcka peaxyuja oobujarwa eanununa. Peaxyuonu ycnosu: 1) eyeenon-
xuopoxcunasa (ehyA, ehyB), 2) xounugepun anxoxon-oexuopozcenaza (calh), 3) xonugepun
anoexuo-oexuopoeenasa (calB)

Depynna kucenuHa (27) ce 3aTHM MOXKE MPEBECTH Y BAHWIMH HA JBa HaunHA. Y
NPBOj peakiyju mocpeacTBom oarosapajyhe ripuse Aspergilus Niger, ona mpenasu y
BaHWIMHCKY Kucenuny (25), koja motom pearyjyhu ca rtipuBoM Pycnoporus

cinnabarinus xaje Banmms (1).%

o OH
= © O\
OH
1) 2)
e E—
OCHj; OCH; OCH,
OH OH OH
27 25 1

Cxema 11. JJobujarve sanununa u3 epyane Kucenune npeko aHuIuHcke Kuceaune. Peakyuonu
yenosu: 1) Aspergillus Niger, 2) Pycnoporus cinnabarinus

Jpyrom peakuujom mpBo Hactaje depynomn-CoA (28), koju moToM peakiujom
ca 4-xuapoxcunuHamonn CoA-xuaparazoMm Jaje 4-XUIpOKCU-3-MeTOoKcupeHun f-
-xuapokcu-tpornoHua-CoA (29). ¥V npucyctBy 4-xuapoxcununamont-CoA-xuaparase

najbe HacTaje BanmwiuH (1).
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O O  HO
OH SCoA SCOA
1) 2)
e —_—
OCHj4 OCH34 OCH3 OCH;
OH OH
27 28 29 1

Cxema 12. JJobujare sanununa uz gepyne kucerune nomohy CoA. Peaxyuonu ycrosu: 1) 4-
xuopoxcuyunamam-CoA-nueaza, 2) 4d-xuopokcuyunamoun CoA-xuopamasza (ech), 3) 4-
xuopoxcuyunamoun CoA-xuopamasza (ech)

1.2.7. IOBUJAILE BAHUWJINHA U3 BEH3EHA (JIABOPATOPUJCKO JOBUJAE)

[Topen Tora mTo je BAaHWIMH KOMEPIH]jaTHO JOCTYITHA CYIICTAHIIA, jep ce mobuja
y BehnMm Konu4yMHamMa Ha paHHMje NOMEHYTE€ HAa4YMHE, MOXE C€ CHHTETHCATH U Y
1a00paTOpHUjCKUM yCIOBHUMA. JenaH o] HAUMHA 32 HEroBO JOOMjame jecTe CHHTE3a U3

.. 4
OcH3eHa Koja je mpeacTaBbeHa Cxemom 13.°

/@ CHO

5 6 7 8

HO HO HaCO HaCO HaCO
3\« prd ® ° :
4 NO, NH, OH OH

Cxema 13. Jlabopamopujcko oobujarve sanununa uz 6ensena. Peaxyuonu ycrosu: 1) Cly,
AICl;. 2) NaOH, 350°C; H,0, HCI; 3) CH3CH(OH)CHs, AICl3, 4) O, A; 5) H,SO4, HNOg,
oecmunayuja eooenom napom; 6) (CH3),SO,, NaOH; H,, Pd/C, EtOH, 25°C; 7) a) NaNO,, HCI,
H,0, 0-5°C, 6) H,0, A , 8) CHClI3, NaOH.

bensen ce monBprae peakiuju xjioposama (Cxema 13, peakiujal) npu yemy ce
no6uja xJI0pOeH3eH KOjU Jlajbe MOAJIeKe HYKICO(UITHO] apOMAaTHYHO] CYNICTUTYLIH]H Y
6a3HOj cpeauHHU y3 3arpeBambe (DOw-oBa peaknuja) najyhu denon (Cxema 13, peakiuja
2). AnTepHaTHMBHMM ITyTeM OCH3CH Ce€ MOKE MPEeBECTH y (EHOJI TaKo INTO Ce MPBO
AIIKMITyje M3OIMPONMI aJIKOXOJIOM Yy TMPHCYCTBY LEWIS-0BUX KaTaiu3atopa, a MOTOM
nooujenn kymeH (Cxema 13, peakuumja 3) Xuaponm3yje 0 KeJbEHOI MHTEepMeaujepa
(Cxema 13, peaknuja 4). /loOujeHn ¢eHON ce HUTpYje MOMOhy cMmemie a30THE |
CYMIIOpHE KHCEIMHE M TOM MPUIMKOM HacTaje cMelna o- u p- Hutpodenona (Cxema 13,

peakuuja 5). Pa3nBajambe wW30Mepa ce BpIIM JCCTHIALKAJOM BOJEHOM mapoMm. Y
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cineneheM kKopaky ce W3IBOJEHH 0-HUTPO(PEHOJ aIKMITyje AUMETHI-CYI(daToM, a TOTOM
u peaykyje no o-metokcuanwiuHa (Cxema 13, peakuuja 6). AHWIMH y peakiuju ca
a30TaCTOM U XJIOPOBOJOHHMYHOM KHCEJIMHOM TPaJyl apeHIMA30HUjyM CO KOja MOJJIekKE
XMIPOJIU3H y3 3arpeBame MPH Y€MY C€ aMHUHO Tpyla MPeBoaAn y XuaApokcuiHy (Cxema
13, peakumja 7). Jlobujenu o-meTokcu (EHOI ce y Kpajioj ¢asu dopmunyje Reimer-

-Tiemann-oBum noctynkom aajyhu Banwims (Cxema 13, peakuuja 8).
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1.3. IIPUMEHA BAHWJIMHA Y CUHTE3M PA3JIMYUTUX MEJUIIMHCKHUX
IIPEITAPATA

BanunuH, mocMmarpad U3 yria XemMuuapa, HajBaXHH]Yy YJIOTY UMa y TPOIECY
NPOM3BOJIE JICKOBA TJ€ Ce MCKJbYYMBO YHoOTpeOspaBa Kao cyrcTpaT. Pasior Ttome je
pelaTHBHO HHMCKA IIEHA y OJTHOCY Ha BPEAHOCT KpajihHX Mpou3Boja. Majia cy mo3Hare
CHHTE3€ JICKOBa KOj€ c€ OJUrpaBajy Hajuenihe Kpo3 jeHy Wwin aBe ¢ase, y JIUTepaTypu

Cy CBE MPHUCYTHHJHU OMKCH TMOCTYIaKa KOjU ce CIPOBOJIe KPo3 3HATHO Behu Opoj Kopaka

(20-30).

1.3.1. CHHTE3A IPOU3BOJA KOJU CE MOI'Y JIOBUTH U3 BAHWINHA V MAILEM

BPOJY KOPAKA

VYnorpeba BaHMIMHA Kao MPEKypcopa JIEKOBa y CHHTE3aMa KOje e OJUrpaBajy
Kpo3 Maiu Opoj Kopaka ce YIJIaBHOM CBOAM Ha mpumpeMmy muktoBamona (30),%°

eramuBana (32),”° nesonone (39)°" u N-merun-nore (46).%
1.3.1.1. To6ujame NMKJI0OBAJIOHA

[MuknoBamon  (30) je  Moyekyln KOjU C€  ONJIMKYyje  H3paKECHOM
AHTUMH(IAMaTOPHOM aKTHUBHOIINY, a TO3HATO j€ /1a MOTIIOMa)Ke Bapemhe U CTUMYJINIIE
dydyewme Kyud. IberoBa cuHTe3a je Oa3upaHa Ha KOHJAEH3alUjU BaHWIMHA ca
IIUKJIOXEKCAHOHOM KOja Ce€ 0/IBHja y KHCEeJIO] CPEMHM Ha HauMH KaKo je TO MPUKa3aHO

Cxemom 14.

o)
H,CO OCH;
o U
+ —
OCH, HO OH
30

Cxema 14. Jlobujamwe yuxnosanona nomohy yukioxekcanona

OH 1
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1.3.1.2. looujame eraMmuBaHa

EramuBan (32) koju je pecnupaTopHU CTUMYJAHC U aHAJICHTHK, MOXE CE€ W3
BaHWJIMHA OOUTH KopucTehy qBa CHHTETHYKA TTyTa.

[TpBu Ha4yWH MoApa3yMeBa PEaKIIMjy BaHWINHA Ca TUETHII aMHHOM Y MIPUCYCTBY
cymmnopa (Cxema 15) kojom ce mobuja tmoBaumuza (31, N,N-guernn-4-xumpokcu-3-
-meTokcutuobOeHnzamu). OBaj UHTEPMEIUjEp c€ Y APYrOM KOPaKy OKCHUIYje€ BOJOHHK-

MEPOKCHIOM JI0 eTamMuBaHa (32).

O0x S N~ 0 N~
H
N H,O
OCH; OCHs OCH;
OH OH

OH
1 31 32

Cxema 15. Cunmesa emamusana nomohy ouemun amuna

AnTepHaTHBHHM Ha4yMH je Oa3vpaH Ha CHHTE3W BaHWJIMHCKe KucenuHe (25) u3
BanmimHa (1), Koja Aajpe pearyje ca IUETHI aMHHOM y npucyctBy P2Os najyhu amun 32
(Cxema 16). Y nuteparypu ce Mory mpoHahu JiBe nporeaype 3a J00ujambe BAHUINHCKE

kucenuue: 1) oOkcumalnMja BaHWIMHA HanI/IjYM-XJ'IOPI/ITOM,Sg

U 2) peakigja ca
KHCEJIMHaMa KOjy j€ OIHcao Pearl.® [Tpema oBOM TIOCTYTIKY, BaHIINH ce Tpeje ca KOH
Ha BHCOKOj TEMIIEpaTypH, a 3aTHM CE€ peaklMOHa CMeIa ,.racu’ BOJIOM y MPHUCYCTBY

kucenune (HCI mmm HySOy).

o 1) KOH, 140-240°C
X 2) H,0, H,SO, K

O OH r“w O N~

OCHg NaClO, M,

OH OCHj OCHj

OH OH
25 32

Cxema 16 Cunmesa emamu8ana u3 6AHUIUHCKE KUCETUHE
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1.3.1.3. looujame Jeogomne (L-DOPA)

JleBomomna (39, 3,4-nuxunpokcudenmnanannt, L-DOPA) je ncuxoakTUBHU Jiek
KOjU ce HajBuUIIe yrnoTpeOspaBa y nedewy [lapkuHcoHoBe Oonectu. Moxke ce qOOUTH
KopucTehn Beauku Opoj pa3IMUUTHX CHHTETHYKHX MyTEBa, a JBa OJ] IbHX CE OCNIambajy
Ha BaHWJIMH Kao CYICTpar.

[IpBy acumerpuuny cunTe3y JieBojore je passuo William S. Knowles, u nanac

0167 (Cxema 17). OBaj Bumedasuu

je OBaj MoCTymakK Mo3HaT Kao MOHCAHTO MpoIiec.
nporiec obyxBara peakuujy BanwinHa (1) ca rimunuaom (33) ¥ aHxuaPUIOM cHpheTHe
kucenune (34) y kojoj Hactaje 4-(2,5-aHMOKCOMMUIA30HIMH-4- HITHICHMETHI )-2-
meTtokcubenmsn ecrap cupherne kucenune (35). Jlasbum TpeTHpameM OBOT ecTpa
KHCEJIMHOM JI0JIa3H JI0 OTBapama MPCTeHA U HacTaje 2-aleTHiaMHHO-3-(4-Xuapokcu-3-
-MeTOKCH-(eHnn)akpuiaHa kucenuna (36) Koja omer y peakiuju ca aHXHIPUIOM
cuphetne kucenune (34) maje anerat 37. ALETHIOBAHH MPOM3BO C€ MOTOM PEIyKYje

1o N-anerun-3-(4-anerokcu-3-merokcudennn)-L-anannna (38) koju mearneTrioBameM

noMohy 6pOMOBOIOHHYHE KHCEIHHE Aaje JieBoaomny (39).

Ox 5 5
0
H3C_< H;CO N
+ HO + o — 10
OCH; L HCe—( AcO X
2 0 35 CHs
OH 1 33 34 0 H.O
3
H3C_<
o) 0 0
H3C‘<
HsCO
HsCO Xy~ “oH o ° Xy~ oH
NHAc NHAc
AcO HO
37 36
Ho
o) o)
HsCO HO
OH HBr OH
NHAc H NH,
AcO HO
38 39

Cxema 17. Cunmesa L-DOPE
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Kipydqun kopak oOBe acMMETpUYHE CHHTE3€ j€ CHAHTHOCEJICKTHBHA
XUIpOreHn3anyja uHTepMenujepa 37 Koja ce BpIIM y3 MOMOh Karammsaropa

Rh(DiPAMP) uuja je crpykTypa npukasana vHa Couiu 9.

Q=
(R,R)DIPAMP=
)

Cnuka 9. Pooujymoe kamanuzamop 3a cenekmueHy pedykyujy

Jlpyru HauuH 3a q00Hjarmbe JICBOJOIE MoapasyMeBa peakinjy BaHuinHa (1) ca
xugantondoM (40) npu dyemy Hacraje 5-(4-XuapOKCH-3-METOKCHOCH3WIIUJICH )-
-umunazonuaua-2,4-quon  (41), xoju ce 3arum penykyje ca Pd/C u Tpermpa
OpOMOBOJJOHUYHOM KHCEIHMHOM. OBUM MOCTYIIKOM ce 100uja panemcka cmema D- u L-
uzomepa u3 koje ce JseBogona (39) wm3nmBaja kopumhemeM HEKOJIMKO IOCTyIaKa

. . -7
paszBajama Koju cy Beh ommcann y muteparypin.’®

O
H3CO 1. Hy,, Pd/C
2.HBr
NH ——
HN
OCH; %
OH

1 4

HO pauemMcko
OH pa3nara|-be
NH
HO 2

Cxema 18. JJobujarwe L-DOPE nomohy xudanmouna
1.3.1.4. looujame N-meTunia-gome
N-metmi-nona (46, 3-(3,4-nuxunpokcueHun)-2-MeTHIIATaHuH) je Tpermapar
KOjH j& CBOjYy MPUMEHY HaIllao y JIeYeHhY BUCOKOT KPBHOT IPUTHUCKA.

CuHTe3a OBOT KOMILJIEKCHOT MOJIEKYJIa C€ OCTBapyje MOCTYNKOM KOjU j€ yBEO

Guerrero ca capagHHIIMMa, a KOjU CE€ CIIPOBOJM MPEKO a3JIaKTOHA Kao MHTEpMeIujepa
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(Cxema 19)."' Kibyunu wunTepmenujep, asmaktoH 43, ce noGuja peakiujom
KoHJeH3anuje BaHwimHa (1) u kpearnnuHa (42) Koju ce y HapeIHOM KOpaKy aiuiyje
aHxuIpuaoM cupherne kucenune (34). Y oBoM ey CHHTE3€ J10J1a3M 10 alleTUIIOBamba
OH rpyne koja motuue w3 BaHwiIMHA, amd U NH Tpyne KpeaTMHHMHCKOT oOcCTaTka.
Jobujenn auaneTwiioBanu npousBoj 43 ce motom penykyje Na-amanramom npu yemy
HacTaje jeaumeme 44 uymjom Oa3HOM XHIPOJIU3OM JOJNa3d [0 EIMMHHAIH]je
dopmaMuHEe Tpyne y3 HCTOBpEMEHO neareTwioBame. Kpajmu mpousBon N-merui-
-poma (46), y 00iMKy paleMcKe cMmelne, ce a00Mja peakidjoM HHTepMearjepa 45 ca

pBeHuM ochopom.

O o
Hk Ac.O AcO
NH cy Na(Hg)
—= —nNac NaHa)
N-§ NaOAc D\J\: H,0
OCHj H,CO
OH CH3
1 42 43
AcO o
NAc Ba(OH), _HLP _ _HLP
> H2304 N/CH3 Aco0O, t
H,CO H,CO
4a c:H3
—CH
HO N=R
46

Cxema 19. Cunmesa N-memun-oone

1.3.2. JOBAJAE ITPOMU3BOJIA M3 BAHUJIMHA ¥ CHHTE3AMA KOJE CE CACTOJE

N3 BEJIUKOI' BPOJA KOPAKA

1.3.2.1. Cunre3a BUCKOJIHMHA

Buckomuu (56) npezacrasiba npupoanu 1,3-auapuinponad npoHaleH y OwsbLu
Viscum coloratum (dbamunmja ApBEHUX CKPUBEHOCEMEHHUIIA), KOja ce OOMYHO KOPHCTH
Ka0 HapoJHU JIEK 3a Jiederhe OpojHuX 000JbeHa Kao IITO Cy KpBapemwa, IMXT, 00JecTn
cpua, eNWIencHje, apTPUTHCA W XHIepTeHsmje.’>’> CTpyKTypa OBOT GHOAKTHBHOT

MOJIEKYJIa je IprKa3zaHna Ha ciuiy 10.
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OCH,

HO OCH, OH
E E OCH,
OCH,

Cnuka 10. Cmpyxmypa euckonuna

Buckonun ce nobuja u3 oarosapajyher amerodpeHona 52 u jaepuBata BaHWINHA
53 mocTynmkoM Koju 3amouHmbe peakiujoM annoiHe konuaenzamuje (Cxema 20). Osa
TPOCTENEHA CHHTE3a C€ M3BOJAM KpPO3 HEKOJIMKO KOpaka Ipu 4emy ce Tpeba mmatu y
BUJY Ja cy 00a peakTaHTa 100MjeHa u3 BaHuIMHA.

[IpBa da3za peaknuje odyxBaTta nodujame nepuBata aneropeHona 52. [lonazuu
cyncrpar, BaHwiuH (1), ce TPBO pPErHOCENEKTUBHO OpoMyje NpU YeMy Hacraje
5-0pomBanuiut (47) urjoM 0a3HOM XUAPOJIU3OM y MPUCYCTBY OaKpa Kao KaTaauszaTopa
HacTaje S-xunpokcuBanwinH (48) y mpunocy on 80%. Y HapenqHOM KOpaky BpIIH ce
3aIITUTA XUJIPOKCHIIHE TpyIe Yy Iapa IMojoxajy nomohy auMeTHi-cyidara, aa Ou ce
3aTuM Tpeoctana (eHodHa Tpyma ajJKWwiIoBana wu3onponmi-Opomumom. Hacramu
npous3Box 49 ce Baeyer-Villiger-osom okcunanujom ca m-CPBA npeBoau y ectap Koju
[0 M3BPLICHO] XHJIPOJM3M y 0a3HO] CpeAMHUM U METWIOBamY Jaje MOJIMETapCKU
apomatuyHu npousBox S0 y Buny obojeHor ymba. LlusbHu nHTepMenujep 52 ce nobuja
Friedel-Crafts-oBum arnuoBameM Mpu 4eMy ce Kao pearcHC KOPHUCTH alleTHI-XJI0OpH/Ia,
JIOK yiory karanu3aropa uma SNCly.

VY toky apyre ¢asze BanwiuH (1) ce ankunyje uzonpomnmwi-opomuaom y DMF-y
Kao pacTBapauy IpH 4eMy HacTaje anjaexus 53.

OBako nmoOujeHu npousBoau 52 u 53 ce KOHAEH3Yjy y 0a3HOj cpenunu aajyhu
XaJIKOHCKU HWHTepMenujep 54 y jako BHcokoM mnpuHOocy (97%). Jla 6u ce moGuo
MOJIEKYJ1 56 HEONXOAHO je U3BPILIUTH PEAYKIH]Y U ose(puHCKE U KapOOHMIIHE IpyTie 10
MeTuiaeHCkHX. OBaj MOCTyMak ce OCTBapyje pEaklHjoM ca TPHUETWICUIAHOM Y
npucyctBy TFA u tom mpuimkom Hacraje mpomsBojg (55). Ilocmeama ¢dasza ose
peakiiije jecte yKiIamarme 3allTUTHUX u3onpormi rpyna nomohy BCls mpu demy ce

no6uja BuckosuH (56) y npunocy ox 88%.
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OH OH OH /j\ OCH;

OCHj Br OCHj HO OCHj o} OCHj
a, 6,
CHO CHO CHO CHO
1 47 49
OCHj,4 OCH,4 /L OCH3
OCHg, OCHj,4 OCHj3
i» —+
OCH, OCH3 OCH3 o}
50

HO
f
—_—
H
H3CO H;CO

1

/L OCH, /L OCH3 J\
OCH, . o O OCH, 0
X
—_— —_—
. « O
H;CO OCHjg

OCH; O 0 OCH3 O
52

/L OCHs J\ OCH3
0] l OCHj ! o HO OCH3 OH

OCH,4 l ! OCH,

OCH; g OCH,
Cxema 20. Cunmesa suckonuna uz éanununa. Peazencu u peaxyuonu ycnoeu: a) Bro, MeOH,
0°C, H,0 6) NaOH (aq), Cu, pegayre; 6) (1) (CH3),S04, Na,COs, ayemon, pegpayke, (2)
(CHs3),CHBr, K,CO3;, DMF, pegayke, 2) (1) m-CPBA, CH,Cl, cobna memnepamypa; (2)
NaOH-MeOH, co6na memnepamypa, (3) CHsl, K,CO3, MeOH, co6na memnepamypa; o) AcCl,

SnCly, CH,Cly, cobna memnepamypa; h) (CHz),CHBr, K,CO3, DMF, 60°C; ¢) NaOH, MeOH,
cobna memnepamypa; ac) Et,SiH, TFA, co6na memnepamypa, 3) BCls, CH,Cl,, 0°C

1.3.2.2. Cunre3a BapauuHa

Oprancky monucynpuIu Cy WHTEPECAHTHHU Ipe cBera 300T CBOjUX (PU3MYKHX
KapakTepuCTUKa ¥ Kopumhema y CHHTe3aMa, Maja y IIOCIeA’e BpeMe pacte
MHTEpECOBamke 3a HBUMa U 300T jako H3pakeHe OWOJIOMIKE AKTUBHOCTU IOjeAMHUX
ki1aca. HapoumTo je 3HayajaH JOMAMUHCKHM JEepUBAT LUKIMYHUX TOIUCYI(DUIA,
BapaimH (63), xoju je m3omoBaH u3 Bpcre Lissoclinum tunicates. On ce ommkyje

HU3PaAKCHOM aHTUTJBUBUYHOM M UTOTOKCUYHOM aKTI/IBHOIth.
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Bapanun (63) ce no6uja u3 BammauHa (1) MOCTYIKOM KOjU Ce OmurpaBa y
HEKOJIMKO CTYIbeBa. Y TIPBOM KOpaKy ce cuHTeTHine 5,6-muopomBanHminH (57)
peakiujoM OpomoBama y cHphETHO] KHCEIMHHM, > KOjH peakuujoM ca Oakap-n-
-OyTHJIIMEPKANTUIOM y XMHOJMHY M NUPHAMHY aaje jeaumerse 58. IloTtom ce Bpim
MeTUJIOBamke (DeHOJIa M KOHJICH3aIlfja HacTalor HHTepMeanjepa 59 ca HUTPOMETAaHOM.
VY HapeaHoMm Kopaky noOujeHH HUTpPO aepuBar 60 ce peaykyje JTUTHjyM-aTyMUHU)yM-
XWAPUIAOM M HacTajla aMuHO Tpyla ce INTUTH TmpeBohemem Yy oarosapajyhu
TPUMETHIICHIIMIT €TOKCUKapOoHun JnepuBat 61. Bytwi-rpyne ce moToM ykiamajy
PEaKIMjoM ca HaTPHjyM-aMHUI0M, HaKOH 4yera JIo0ujeHrn nHTepmeanjep pearyje ca S;Cl,
U Jaje NUKIMIHN noiucyindun 62. Y mocneameM Kopaky yKIama ce 3allTHTHA Ipyma

nomohy TFA najyhu Bapauun (63).

Br SBu
HO HO Br HO SBu
O - B
—_— e
MeO CHO H,CO CHO H5CO CHO
1 57 58
SBu SBu SBu
H5CO SBu H,CO SBu Hs;CO SBu
= _TEOC
H,CO CHO H5CO NO, H4CO ”
59 60 61
S-(S)n s-(S)n
. s o}
H,CO S H,CO S )J\ ,
e TEOC= E O/\/SlMe3
_TEOC =3
H5CO ” H5CO NH,
62 63

Cxema 21. Cunmesa eapayuna uz eanununa. Peazencu u peaxyuonu yciosu: a) Br,, HOAC;
6) CuS,Bu, xunonun/nupuoun, 160°C; ) (MeO),SO,, K,CO; n-BuyNI, CH,CI,/H,0;
2) MeNO,/HOAC; 0) (1) LiAIH,; (2) p-O,NCsH,OTEOC; %) Na/NHs, S,Cl,, THF; e) TFA;

1.3.2.3. Cunre3a namenapuna D u H

Jlamenapuau D u H, (76a u 766), nzomoBanu cy U3 MOPCKHX OpraHM3ama Kao
IITO Cy: MEKyIIlu, acuuauje u cynHhepu. OBa jenumerma IpelCcTaBibajy JepUBaTe
nuposickux ankanouaa (Cnmka 11) koju Mmokasyjy jako H3pa)keHy aHTHTYMOPCKY

aKTI/IBHOCT.76
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Cnuxka 11. Cmpyxmypa namepanuna D (76a, R=Me) u rameparuna H (766, R=H)

HenagHo je pa3BujeHa BpIIo jelHOCTaBHA METOJIA 32 CHHTE3y OBUX OMOMOJIEKyia
Koja je OasupaHa Ha ymoTpeOu BanwimmHa (1) u w3oBanmimua (67). Banwmuu ce (1)
Hajlipe alKWiyje wus3onponwi-opomumoM, a 3atum  Wittig-oBom peakimjom ca
onrosapajyhum mimaom npeBoau y enon erap 65. Kuceno katain3oBaHOM XHIPOIN30M
OBOT €HOJI eTpa ce Ao0uja anaexus 66 ca jeTHOM METHIICHCKOM I'PYIIOM BHIIIE.

VY 1pyrom, MoTIyHO OJIBOjJEHOM KOpaKy, KOMEPIHjaHO JOCTYITHH M30BaHWINH

(67) ce moctynuuMma erepuduKaije, KOHIACH3AIMje ca HUTPOMETAHOM M PEIyKIIHje
g.7778

HO i-PrBr, K,CO;  I-PrO PhsPCH,OMeCl
D\/ DMSO _ j@\/ t-BuOK, THF -
o) 0 - ¢ 82Y%
MeO = 9% MeO & °
1 64
i-Pro i-Pro
m 2% TFA, 2% H,0 :@\/\
CH,Cl, B
MeO M OMe MeO Xo
65 66
MeO 1. i-PrBr, K,COs3, DMSO MeO
2. CHsNO,, NH,OAc,HOAC
_0 3.LiBH,, TMSCI, THF
HO i-Pro NH,
67 68

Cxema 22. Cunmesa anoexuoa 66 u amuna 68

TpaHchopMHuILIe Y aMUH 6

Kibyunu wuHTEpMenujep y CHHTE3M JaMepaliHa HacTajeé OKCHUIATHBHUM
KyIUToBameM anjiexuaa 66 u ammna 68 (Cxema 23). OBaj N-cyncruryucanu mupon 69
ce notoM (opmunyje kopumihemem Vilsmeier-Haack-oBor moctynka, mpu yemy ce
dbopMuI Tpyma yBOAW y MHpoJckH mnpcTeH. [lobOujenu ammexunp 70 ce HaKOH Tora

OKCHJlyje 10 KapOOKCHUIIHE KHCEIHHE ToMOohy HaTpHjyM-XJIOpHTA.
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NH, i-PrO Qi-Pr

MeO
/ \ ;
MeO i-PrO

Oi-Pr OMe
68 i- PrO 69

i-PrO Qi-Pr i-PrO Oi-Pr

Wo¥a Wo¥a
/Y [

D\) Meo o
i-PrO i- PrO 71

Cxema 23. JJobujarmwe unmepmedujepne kucenune 11. Peazencu u peakyuonu yciou:
a) AgOAc, NaOAc, THF, 60°C; 6) POCl;, DMF, MW; 6) suoemu mabeny 2

Tabena 2. Onrumuszanuja Lindgren-ose oxcumanuje jenumerma 70
i-PrO MeO Oi-Pr i-PrO MeO Oi-Pr i-PrO MeO Oj-Pr

-0 -0 0 ~Q 8
NaCI02 NaH2PO4

2-meTun-2-6yteH

a COOH MeO /N\ COOH

pacTBapayd TEMIICpaTypa IMPOLCHAT OJHOC IIPpHUHOC

(°C) (%) (60:61) (60+61)
(%)

1 DMSO/H,0 0-25 0 / 0

2 THF:t-BuOH:H,0 (4:1:4) 25 29 3:1 21
3 THF:t-BuOH:H,0 (4:1:4) 10-25 60 8:1 44
4 THF:t-BuOH:H,0 (4:1:4) 10 45 100:0 35
5 THF:t-BuOH:H,0 (3:3:1) 10 100 100:0 87

PactBapau urpa BaxkHy yjory y oBoj peakuuju. Ox ognoca THF/t-BUOH/H,0
3aBUCH TPUHOC TPOM3BOJA, j€p Y OBOj pEaKIMju MOXKE Jla HACTaHe W XJIOPOBaHU

npou3BoJl 72 koju oMeTa oBy peakuujy (Tabemna 2)."
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Hacrana kucenuna 71 mamwe ce tperupa Pb(OAC)s y kibyuamom EtOAC, npu
yeMy HacTaje JakToH /3. NHTpamMoneKkynckiuM OMapuiIHUM KYIUIOBAH-EM TOJ YCIOBUMA
koje je ommcao Kita’s®® nomasu 1o dopmumpama wHTEpMemmjepa 74 Koju TpH
okcunanuju ca DDQ-om naje 75. CelneKTUBHUM YKJIamkamkbeM H30IPOIUI Ipyma nmomohy
BCl; nacraje mamepanuu D (76a), 10k ce mpeBolhemeM CBHX €TapcKuX rpyma y GpeHoHe

ca BBr; no6uja mamepanus H (766).%

Cxema 24. Cunmesa nameparuna D (76a, R=Me) u nameparuna H (766, R=H), Peaxyuonu
yenosu a) Pb(OAc),, EtOAc; 6) PIFA, BF3s-Et,O, CH,Cly; 6) DDQ, moayon, 2) (1) 3a
Jlamepanun D: BClz, CH,Cly; (2) 3a Jlamepanun H: BBr;, CH,Cl,

1.3.2.4. Cunre3a xepdepTeHamnoJia

Xepoeprenanon (96) je mepusar usonoBaH u3 Ousbke Herbertus koja mpunana
nopoaunu Liverworts. 3a oBy OWJbKY je KapakTEPHCTHYHO Ja MHOTa jeIUbCHA
M30JI0BaHA W3 € MOKa3yjy MIMPOK CIIEKTap aKTHBHOCTH, Ka0 IMITO CYy aHTHMHUKpPOOHA,
AQHTHUTJPMBUYHA, aHTHMHKOTHYKA, IIUTOTOKCHYHA W aHTUTyMopcka. M3mely ocrammx
TakaB je U XepOepTeHIMOJ, CECKBUTEPIIEHCKU JE€PUBAT, YH]y j€ CHHTE3y H3BPIIHO
Matsuo® ca capauumimva monasehiu o1 BAHUIHHA.

Cama cunre3a je 3amouera Clemensen-oBom penyknujom BanwiauHa (1) y
npucyctBy amanrama IuHka (Cxema 25), mpu yemy Hactaje (eHOT 77 KOjU je Jajbe

erepuukoBaH amwi-OpomunoM kako O6u mao erap /8. Claisen-oBum mpememramem
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vl Tpyne, Koje je mpaheHo M3oMepu3aliijoM IBOCTpyke Beze mobuja ce denon 80.
OBaj gepuBar je 1ajbe aTKUIOBaH MOMONY AUMETUII-CyadaTa U 030HOIN30M MIPEBEACH Y
annexun 81. TperupameM oBOr jenumbemba Grignard-eBum peareHCOM HacTaje aKoXOJ
82 koju je moTom okcuaoBaH 10 keroHa 83. Keron 83 je ankuiaoBaH aami-OpoMHIOM
pu 4eMy je Hactana cmema C-aakuioBaHOT KeToHa 84 u anmi-eHou erpa 85 koju Ha
BHCOKOj TEMIIepaTypu IMOJUIekKe NpeMemTamy najyhn ketoH 84 y jako BHCOKOM

npunocy oxa 91%.

OH OH o/m OH
MeO MeO MeO MeO P
a 6 B
1 77 78 79
CHO
|
OMe O OMe OH OMe OH
MeO MeO MeO CHO MeO X
<e— <l <—ﬂ
83 82 81 80
lm
OMe O oMe 07 NF
MeO M
eO N \
+ 2> 84
84 85

Cxema 25. Cunmesa kemona 84 xao unmepmedujepa y peaxyuju dobujarea xepbepmenouoa.
Peazencu u peaxyuonu ycaosu: a) Zn, xony. HCIl,  pegmyrxe 3h, 80%; 6) K,COj,
CH,=CHCH,Br, ayemon, pegpryxc 6h, 95%; 6) sameopena enpysema, 180°C, 24 h, 90%; o)
KOH, MeOH, pegnyrc 10h, 95%; 0) (1) Os/0,, CH,Cl,, MeOH, -70°C; (2) Me,S, cobra
memnepamypa, 6h, 80%; 7) i-PrMgBr, Et,0, 0°C— cobna memnepamypa, 3h, 88%; e) PCC,
cunuxaeen, CH,Cl,, cobna memnepamypa, 2h, 96%; ac) NaH, THF, , pegnyxe, CH,=CHCH,Br,
10h, 99%); 3) 3ameopena enpysema, 180°C, 0.5h, 92%.

Hacramu ketoH 84 ce TpeTnpa OpraHOIMTH]YMOBHUM jeAHBCHEM H J1aje aTKOXOI
86, a moToMm ce peaykiujom TpocTpyke Bese momohy Lindlar-osor karamuzaropa nobuja
untepmenujep 87. Opaj eHoscku nepusar pearyje ca PCC najyhu annexun 88 koju je
peruocenekTuBHOM peaykuujom ca NaBH, npeBesieH y nuHaMonI allkOXOJIHU JI€pUBAT
89. TperupameM OBOT JleprUBaTa ca TPUETHI-OPTOANETATOM Y MPUCYCTBY KAaTAIUTHYKE

KOJIMYMHE TPOIMOHCKE KHcennHe n00uja ce Hesacuhenu ecrap 90 koju pearyje ca
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Grubbs-oBum kaTaau3aTOpPOM MpBE ITeHEpalyje U Jaje [MUKIONMEeHTCHAIIETaTHH JepUBaAT

91. PeaykiujoM ABOCTPYKE Be3e Y IMKIONCHTEHY g00Mja ce ectap 92 (Cxema 26).

91 92
OMe OMe

Cxema 26. Cunmesa ecmpa 92 kao unmepmedujepa y peaxyuju 0obujara xepbepmeHouoaa.
Peacencu u peaxyuonu ycnosu: a) CH=CLIi-(NH,CH,),, THF, 15-20°C, 2h, 90%; 6) H,, Pd-
CaCO0;, EtOH, 24h, 97%; ¢) PCC, cunuxacen , CH,Cl,, cobna memnepamypa , 30h, 85%; 2)
NaBH;, MeOH, 0°C— cobna memnepamypa, 1.5h, 75%; o) CH;C(OEt);, EtCOOH, 180°C,
48h, 28%; 5) Cl,(PCys),Ru=CHPh, CH,Cl,, cobna memnepamypa, 6h, 80%; e) H, (1amm.),
10% Pd-C, EtOH, 3h, 99%.

[Tocnenmwu 1e0 CHHTE3€ C€ U3BOJIU MpeMa cxemu 27:

92

Cxema 27. Cunmesa xepbepmenouona. Peazencu u peaxyuonu ycnosu: a) LiAIH,, Et,0, 0°C,
1h, 98%; 6) PCC, cunukacen, CH,Cl,, cobna memnepamypa, 0.5h, 89%;, ¢) (PhsP);RhCI (20
mol%), CsHs, 3ameopena enpysema, 120-130°C, 20h, 77%; 2) BBr;, CH,Cl,, -40°C— cobna
memnepamypa, 2h, 98%.
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Y oBoj da3u Bpmm ce peaykmnuja gobujeror ectpa 92 momohy LiAIH; mo
ankoxona 93, okcumammja go amgexuna 94 y mpucyctsy PCC u enuvuHanuja
kapoonmnHe rpyme  Wilkinson-oBum  katanmzaropoM. Y KpajleM  KOPaKy

xepoeprenanoi (96) ce moduja neMeTHIOBamEM jeanbemba 95 momohy BBr3.

1.3.2.5. Cunre3a HeKHUX HEOJIMTHAHA

Aumanrongon® (110), XH-14% (116), u oGosaren™ (126) cy npupoxHu
NpOM3BOAM KOju mpunanajy nopoaunu neonmurHana (Cinuka 12). Jlurnanu cy uHaue
JMMEPH KOjU CalipKe MPONUiI-OeH3eH jeIMHMIIC TIOBE3aHe MPEKO MPOIWII OcTaTaka. 3a
pa3iuKy O HUX BE3¢ y HEOJIUTHaHUMa Ce OCTBapyjy NPEKO (EHUIIPONIAHOUTHUX
jenuunua.® O6e oBe BpCTe jeAMbEba HMa]y jAKO H3PAXKEHE GUONOIIKE aKTHBHOCTH Kao

;
1ITO cy: aHTI/IKaHueporeHa,8 aHTI/IHpOJH/I(bepaTI/IBHa,88 aHTI/IBI/IpyCHa,Sg

90 91 92 93
HMYHOCYIIPECHUBHA, aHTI/ITpOM6OI_[I/ITHa, AHTHOKCHAaTHUBHA, HMHCCKTUIIMHA,
94 95
aHTI/II/IH(bJ'IaMaTOpHa U aHTUI'JbHMBHYHA. HOpCI[ TOra OHa Cy W BdaXHHU HU3BOPpHU

q)MToeCTporeHa.96

_ Y =
\ 7 \ 7/

Cnuka 12. Cmpyxmype auenana u neonuznana

3ajeIHMYKO 3a CBa TPU jellMbema, amnantounon, XH-14 u oboBareH, jecte na
Ce CHHTETHIIY IOCTYNIMMa YHjH Cy IOJa3HH CTYIHEBU BeOMa CIWYHM CBE [0
U30JI0Bakba KJbYUHOT MHTEpMeIujepa 2-CYNCTUTYHUCAHOT (PeHMI-3-XJI0pOMEPKYpH-
OeH3zo(dypaHa, HAaKOH Yera ce peakiije BOJIC Y pa3IMYUTUM TMpPaBIUMa Ca IHIBEM
no0ujama )KeJheHUX MPOU3BO/IA.

[IpBa (¢aza peakuuje mnouume TpahemeM OeH30()eHOHCKOT JepHuBara,
1-6pomo-2,3-mumerokcu-5-(5,5-mumernin-1,3-muokcan-2-mn)oensena (99) (Cxema 28),
Koju ce mobuja u3 BaHmwinHA (1) 97 bpomoBameM BaHWIMHA y WHUIUJAITHOM KOpaKy
Hactaje 3-OpomBanwiuH (97) Koju ce TMOTOM MeTHIyje MOMONYy METHJI-jOIu/a.
MetunoBanu npousBoj 98 pearyje ca AMMETHINIPONAHIMOIOM U jAaje mpou3Box 99.
CunterucaHno jeaumemne 99 mpencraBba TauKy payBamba CUHTETHUYKUX ITyTEBa OJaKJe

Cy peakiiije BoheHe y 3ace0HUM TpaBlIUMA.
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Br Br Br
H a H (3] H B O

—_— e —_—

OH OH OMe OMe
OMe OMe OMe OMe
1 97 98 99

Cxema 28. Cumnmesa 1-6pomo-2,3-oumemoxcu-5-(5,5-0umemun-1,3-0uoxcan-2-un)oensena.
Peacencu u peaxyuonu ycnosu: a) Bra, ACOH, cobna memnepamypa, 87%, 6) TBNI, CH,Cl,,
NaOH, H,0, Mel, coora memnepamypa, 6) oumemunnponanouon, p-1SOH, pegpnyxc, 71%.

1.3.2.5.1. Cunre3a amyiaHTOU10J12

Kon cuntese amnantoumona (110), jenumeme 99 ce agupa Ha KapOOHMIIHY
rpyny 4-6ensunokcu-3-merokcubenzanaexuaa (100) y mpucycrtsy n-BuLi mpu uemy

HacTaje npousBo 101. Mehyrtum, peakuuja je uecto npaheHa nooujameM CIIOPEIHUX

npousBoja 102 u 103 (Cxema 29).

OMe
0 AC
+ H eKB n- BULI
-78°C
OMe
OoM Me

100 101 102 103

Cxema 29. JJobujarve cmewre npoussoda peakyujom bensun-eanununa u npouzeooa 99

Hacranu npousBox 101 ce morom okcuayje ca MnO, no xerona 104. Oako
NOOMjeHH KETOH pearyje ca TPUMETHJICHIWIIMA30METaHOM NpU YeMy JA0Ja3H [0
Colvin-oBor mpemernrama® ¥ ToM HpHIMKOM HacTaje jemmmere 105. TokoMm oBOT
nmpeMelnTama KapOOHWIHA Tpyla Koja je TpucyTHa y jeaumemy 104 ce mpeBomu y
TPOCTPYKY Be€3y y3 HHCEpTOBam€ yIJbeHHKa M3 onarosapajyher amasomerana. OBaj
npou3Box 105 ce 3aTuM TpeTupa *KHUBa-aleTaToM y CUpheTHOj KUCEIMHU U J1aje, paHuje
NOMEHYTH, KJbY4HH UHTepMenujep 2-(4-0eH3mnokcu-3-MeTokcudeHmn)-3-Xaopome-
pkrypo-5-(5,5-numeTui-1,3-auokcan-2-ui)- 7-metokcuoenzopypan (106). CunreTrcanu
¢dypancku nepusar 106 masbe moasexe ykiamamy MepKypH rpyme nomohy NaBHjs y

THF najyhu 107. Hakon Tora Bpie ce NpBO peAayKIidja, a OTOM U KUCella XUAPOIH3a
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mpom3Boga 107. VYV ToKy OBHX peakidja yKiIamajy ce OCH3WI- M 3allTUTHA
JUMETHIINPOIIAaHANOJICKa Tpyna, a Hactaje ammexun 108. Wittig-oBom peakijom ca
(kapOerokcumeruiieH)tpuderundpochopanom, amaexua 108 ce mpesogu y 2-(4-
-0€H3UIIOKCU-3-MeTOKCH(PEHMIT )- 7 -METOKCH-5-(kapOeTokcu-1-nponenmn)oenzodypan

(109). Kpajwu mpousBox oBe cuHTe3e, amiaantouaona (109), mobuja ce pemykiujom

Hacrasor komyroBasor ectpa 109 y npucycrsy DIBAL-H (Cxema 30).

OBn

Cxema 30. Cunmesa aunanmoudona. Peazencu u peaxyuonu yciosu: a) MnO,, CH,Cly, coona
memnepamypa, 96%, 6) TMSC(Li)N,, -78°C, 98%); ) (1) Hg(OAC)/AcOH; (2) 3ac. NaCl (aq) ,
cobona memnepamypa, 2) NaBH,, KOH (aq), co6na memnepamypa, 85%;, 0) (1) Pd-C/H,, 4,14
6apa, CHyCl,, cobna memnepamypa , 88%, (2) 2.6 N HCl/ayemon, cobrna memnepamypa ,
72%; i) EtOCOCH=PPhs, THF, -78°C, 97%; ¢) DIBAL-H/THF, -78°C, 97%.
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1.3.2.5.2. Cunre3a XH-14

OBo jenumeme ce Takohe Moxke 1oouTH nonazehu ox jenumerma 99 (Cxema 31).
[TpBu neo cuHTe3e je ucTu Kao koj awrtantonnona 110 mo macrajama WHTEpMenujepa
106. Hakon Tora ce BpIiu yBol)eme ecTapcke rpyie y mojoxaj 3 rperupamem ca PACly,
MgO u LiCl (1:2:1) y mpucyctBy CO y meraHoiay Ha cobOHOj Temmeparypu. Tom
npuinkoM Hacraje  2-(4-0eH3miokcH-3-MeTokcupeHm)-3-MmeTokcukapoonmi-5-(5,5-
nuMeTHi-1,3-nuokcan-2-uin)-7-merokcu-oenzodpypan (111) u  mMame  KOIMYUHE
omrosapajyher jemumema (107) koje He caapkuh ecTapcky rpymy. Kucemom
XMIPOJIU30M jenuibera 111 u3 nuokcana ce pererepuiie hopmui rpymna koja ce Wittig-
OBOM peakmujoM npeBoau y ectap 113. Jlajbe ce HA UCTHM HaYMH KAao M KOJ
amnanTouaona (110), nobuja quon 114 (obGe ecrapcke rpyrie pearyjy u jajy alkoXOJIHY
rpyny). JloOujeHn auos moiiexe peayKuuju ABocTpyke Beze momohy Pd/C majyhun
uaMrepmenujep 115 (ucToBpeMeHO ce ykiama U OSH3WI IpyIa), 1a OU ce CeIeKTUBHOM

okcuaanujom nomohy MnO, cunrerucao XH-14 (116).

1
OMe 6

Cxema 31. Cunmesza XH-14. Peazencu u peaxyuonu ycnoeu: a) PdCl,, MgO, LiCl, CO, MeOH,;
6) HCl/ayemon,, 97%, ¢) EEOCOCH=PPh;Br’, 78%; 2) DIBAL-H, 49%; 0) Pd-C/H,; /) MnO,,
24%.
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1.3.2.5.3. Cunre3a odooBaTeHa

CuHTeTHYKH TYT y 1pBOj (hazu 3a qo0Hjarmbe OBOT MPOM3BOJA j€ MCTH KA0 KO
amnanTouaona (110), ca MajoM pa3IuKoOM y ajIeXHuy KOjU ce KOPUCTH 3a KYILUIOBAaWkEe y
noyetHoj ¢Gasu (Cxema 32). Ymecro Oensmia-anmiauaa (100) ymorpebipaBa ce
3,4-nmubensmnokcu-5-meroxcubensangexun (117) koju ce n00Hja alKHUIOBamkEM

3,4-muxuapoKcu-5-meTokcuben3anaexuaa ca Oensun-Opommaom u  KyCOz  y

AUMCTUIIALICTaAMU Y.
Bn OBn
MeO OBn MeO OBn
O

oM O

99 + : OL
OBn

OBn 117 OMe OMe 118 OMe 419

OBn ]
A(\o P O o8 O HgCl OMe
n
7 _r> A
O —
120 5
oM
0

121

Bn
OMe L OMe _
Q(\ h
O ; O O O
(@)
Me OBn

Me / 3
(e} O
Me 124 OBn Me 125 OBn

Me Me
|O OH
O

Cxema 32. Cunmesa o6oéamena. Peazencu u peaxyuonu ycnosu: a) 1 exe. n-BuLi, 77%; 6)
MnO,, CH,Cl,, 96%; 6) TMSC(Li)N,, THF, 99%; 2) (1) Hg(OAc),/AcOH; (2) 3ac. NaCl (aq),
cobna memnepamypa, 0) Br/CHCI;, 64%; /) n-BuLi, Mel, 90%; e) HCl/ayemon, 77%; oxc)
MeCH,P*Ph;l’; 3) BBrs3, 31%.
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Kao pesynrar oBe peakiyje KyrmioBama HacTaje ankoxonau nepuBar 118. Osaj
pOM3BOJI ce OKcuayje y nmpucyctsy MnO; 1o kerona 119 koju 3atum noziexe Colvin-
OBOM IMpEMEHITalby y MPUCYCTBY TPUMETHICHIMIIAA30METaHa, Kao KOJl CHHTE3e
amnantougona (110). Hacramo jemumeme 120 ce moaBpraBa peakiuju ca >KHBa-
aleTaToM y CHUpheTHO] KMCEJIMHHM U JIOBOAM JO ITMKIM3AIlMje U HacTajama (ypaHCKOT
untepmenujepa 121. BpomoBameM OBOT jenumema Hactaje 3-Opom nepuBar 122 kon
KOTa c€ MOTOM CYICTUTYHWIIe OpOM METHJI TPYNOM y pPEakKLWju ca METHII-jOIUIOM.
OBaKo CHHTETUCAHO jeaumbere 123 ce Xuapoiau3yje y KHCelloj CPEeANHU MPU YeMy ce
pereHepuie KapOOHWIHA rpyna W Hacraje anaexun 124. OH pajke pearyje ca
oxrosapajyhum dochopuum mwimaom Wittig-oBom peakijom u gaje anken 125. Ha

Kpajy ce BpIlU yKIamame 0eH3ui rpyne nomohy BBrs3 u mo6uja ce odbosaren (126).

1.3.2.6. CunTe3a BUHAKCAHTOHA

MHore rJbUBe, JHIIAjeBU U OaKTepuje caapike KcaHToHe (aepuBate 9H-kcanTeH-
9-ona, “xanthone” u3 rpukor “xanthos” 3Haum XyTO) Kao CEKyHIapHE METaOOJHTE.
KcanTonun cy OOWYHO TOJMUCYNCTUTYHCAHH ApPOMAaTHYHU CHUCTEMH KOjU MOTY OHUTH
JTMXHUIIPO-, TeTpaxuapo-, uim pehe xekcaxmapo-pepuBatu. OBa Tpyna jeaumema je
HAPOYHMTO HHTEPECAHTHA 300T CBOjE jaKo M3PAKEHe GHOMONIKE AKTHBHOCTH.

Jenan ox 3HavajHMjUX KcaHTOHA jecte BHHakcaHToH (136) (Cruka 13), koju ce

MOKe JoOuTH 1onasehn o1 BaHWIMHA.

BunakcanToH je u3onoBan u3 Penicillium vinaceum 1991. roause.

Cnuka 13. Cmpyxmypa sunaxcanmona

Jom jenmHa BakHA KapakTepUCTHKAa OBOI HPUPOAHOI MPOM3BOJA jecTe Ja
MoKa3yje 3HayajHe pereHepaTuBHE e(ekTe KOMIUIETHE KHUMEHe MOXkauHe (paheHo Ha
KUBOTUICKMUM MOJIeJIMMa), Ta JaHac MpeicTaBba jelaH O]l HajIepCHeKTUBHUJUX

MoJteKya 3a pa3Boj 13B. SCl-TpeTmaHa (TpeTMaH onopaBka KHUMEHE MOXK/IHHE).
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TotanHy cHHTE3y BHHAKCAaHTOHA j€ M3BPIIHO Tatsuta™ ca capagauiuma 2007.
roquHe. CuHTe3a oOyxBata 11 xopaka M KJby4Ha peakilfja jeCTe WHTEPMOJICKYJICKA

Diels-Alder-osa nuknoamuiuja (Cxema 33).

OCHjy OCHjy OCH,4
OI H,CO
—~ + HyCO—S—OCH; —2>» B
CHO o Br CHO
97 127
OCH Br o)
3 . \/\CN a
+ H,C= C C=N —> —
OCH3 H,CO
OCH3; 129
H3CO 0 HacO H3CO o}
X,
H,CO H,CO H,CO
Br (0]
130 131
H,CO o) O

i
* HC—C—C=CH, .

Cxema 33. Cunmesa eunaxcanmona. Peazencu u peaxyuonu ycnoeu: a) Bro, ACOH, 6h, coona
memnepamypa; 6) K,COs3, Me,CO, 9.5h, 50°C; 6) 1) m-CPBA, CH,CI,, 11h, pegnyxrc; 2) EtsN,
MeOH, 2h, cobra memnepamypa; 2) DBU, 72h, 75°C;0) 1) xuopoausa; 2) MeNO,, AICl;, H,0,
0.5h, 60°C; %) emunen-anuxor, CH(OMe)s, p-MeCgH,SOsH, PhMe, 11h, 80°C; ¢) 1) Buli,
CICO,Me, THF, 1h, -78°C; 2) HCI, MeOH, 2h, cobna memnepamypa; sxnc) 1, DMSO, 5h,
110°C; 3) Et;N, Pd(OAC),, MeCN, 7.5h, 50°C; u) BHT, O,, PhMe, 24h, 200°C; ;) AIC,, PhMe,
2h, 110°C.
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VY 1npBoj ¢a3u oBe CHHTE3€ BPIIM CE PETHOCEICKTHBHO OPOMOBAHE BAHMJIMHA
(1), a morom MeTuioBame (EHOJHE Trpyle Tako aoOujeHor 3-OpomBanuiuHa (97)
nomohy numerui-cyindara. Hacramu Oensannmexun 127 ce Dakin-oBom peakiujom
JUpPEKTHO mpeBoan y ¢henon 128, a nakon tora Michael-oBom amuiujom npoussoga 128
ca aKpuJIOHHTpUJIOM nobuja ce HuTpmi 129. [locne Xxuaposins3e HUTPUITHE TPYIIEe BPIITH
ce muKIu3andja myreM uHTpamosekyiackor Friedel-Crafts-osor ammmoBama y
npucyctBy AlCl;. Tom npunukom Hactaje xpomaHoH 130 Koju y peakiuju ca eTUJICH-
-rauKoJIoM Aaje nukiandHu keran 131. OBaj keTanm y gajbeM TOKY CHHTE3€ pearyje ca
OPTraHOJUTHjYMOBUM jEUICEHEM IPH YEMY JIOJIa3W [0 CYICTUTYLHjE XalloreHa
mutjymMoM. Hacrano jemumeme y MPHUCYCTBY METHI-XJIopdopmujara, a TOTOM U
XHUIIPOJIM30M, TIPU KOjOj C€ YKJIama 3alTHTa KapOOHMIIHE TpyIe, aaje XpomaHoH 132.
Tpertupamem xpomanona 132 jomom Ha moBuiieHoj temmneparypu y DMSO-y kao
pactBapauy cuHTteTHIe ce BuHWI-jomua 133. Veren Heck-oBor kymioBama ca MeTHI
BUHUJ KeToHOM mpou3Box 133 rpaam xbyunu npekypcop 134 koju ce aumepusyje y
cienehem kopaky Diels-Alder-opom numknoaaunmjom y tonyeny Ha 200°C, majyhu
mumep 135. V kpajmeM Kopaky oBe CHMHTe3e BHHakcaHTOH 136 ce nobuja ykiamameMm

3alITATHUX METWI rpyma ca ¢enona Hacramor mumepa 135 y mpucyctBy AlCl3 y

TOJIyeHy y3 pediykc.
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2.1. YBOJI

[TomTo je BaHWIMH Halla0 OTPOMHY MPHUMEHY Y pPa3IMYUTUM HaydYHUM
oOnacTuMa, JaHac je OH TNpeAMET MHOTMX HCTpakuBama Ilopen cBojux moOpux
ocoOMHA W aKTHUBHOCTH KOj€ IOCelyje, OH C€ IO0Ka3ao M Kao nobap cymcrpar 3a
no0ujamke pa3sHUX JICKOBA. 3axBaJbyjyhu MPUCYTHO] alAeXuaHO] U (EHOIHO] TPYIHU H
apOMAaTUYHOM CHUCTEMY, OH MpYyxa MOryhHOCT 3a orpoman O6poj CHHTE3A.

AnnexuaHa rpyrna BaHWIMHA CBAKaKo MPECTaBJba HAjpeakTUBHUjH eHTap. OHa
ce MOXK€ IOJBPrHYTH YHMTAaBOM HHU3Y TpaHcopManuja Koje o06e3behyjy mpuctym
HIMPOKOM CIIEKTPY Pa3IMUUTHUX JeHCHha KOja MOTYy OMTH O] MHTepeca 3a ¢apmMaiujy
U MeIuIHy. Tako ce oBa rpyma, u3Mel)y ocTaior, MOXe MPEBECTH M Y CHOHCKU CHCTEM
KOjH je OMO O] KPYIMjaTHOT 3Hadaja 3a OBaj paj.

CaMu eHOHHM Cy 4YecTO OHMOAaKTHMBHA jeMIbCHA, Maja MOry OuUTH H Jo0pa
MIOJIa3HH CYIICTPATH Y CUHTE3H JAPYrHX OWOJIOUIKU MHTEPECAHTHUX MoJjekyna. [lo3Hate
Cy peakuuje H00Ujarma pasiMuMTHX XCTCPOLMKIMYHUX jeIMECHA C °' U3 OBAKBHX
cUCTeMa y KOjUMa Ce€ Kao pEeakTaHTW Hajuenthe KOpUCTe a30THU JCPUBATH IOMYT

XUAPOKCHUIIaMHHA, XHUJpa3duHa, 'YaHUWJIWHA, YPEC U THOYpPEC. OBakBu XCTCPOUUKIIN Y

HajBeheMm Opojy citydajeBa MOKa3yjy U3BECHY OMOJIOIIKY aKTUBHOCT.

VY OKBHUpY OBe Te3€ CUHTETHCAaHE Cy TPHU BPCTE €HOHa, Mojiazehu o BaHWINHA, Yy
BUCOKUM IpuHOcuMa. OBH JIepUBaTH Cy C€ MOKa3aJld Kao jaKo 3aXBaJIHA JeAUE-CHA 3a
CHUHTE3y U UCNUTHBame. HampassbeHa je cepuja OBUX MPOU3BOJIA U UCIUTAH j€ YTUIIA]

102,103 Hekwu

NOJeIMHUX Tpyla y OBUM MOJIEKYJIMMa Ha HHXOBO OMOJIOIIKO MOHAIIAHE.
0]l €HOHa (AepHBAaTHU JEXHUIPO3UHIEpOHA) Cy OMIM M jaKO HOTOJHM CYyICTpaTdh 3a
cunTesy oxrosapajyhnx N-amernmmmpasona’® y peaxumjn ca xuapasisom y cupheTHO]
KHCEIINHH.

Vpahena je u cuHTE3a pa3IUMUUTHX JepuBaTa AUXHIPONHPUMHIMHOHA U
paspaheHa je epukacHa CHHTETHYKA METO/O0JIOTHja 3a OBY peaklMjy KoHjeH3amuje O-

1
QIKWIOBAaHUX BaHWIMHA ca f-KETO-eCTpUMa U YpPEOM. % Oga TPOKOMIIOHEHTHA

peakiija mo3HaTta je joun u o HazuBoM Biginelli-jea peakiuja.
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CBe MmpeTxoAHO MOMEHYTE CHUHTE3€ Ce 3aCHMBAjJy Ha YHNOTpeOM BaHUIIMHA Kao
[JIABHOT CyIICTpaTra, Ma C€ CHHTCTUYKH IYTEBU HHErOBE TpaHCPopMaIije MOry

npukaszaru u cienehom Cxemom 34.

0 0
N AN

. o 7 S

) EtO
H{ R. = NH
© BaHWIWH 0O \

_©

\
/@/\/‘k /@/\)‘\
R<
O

Cxema 34. Tpancopmayuje sanununa

Pagu nmotBpae CcTpykTypa HOBOCHMHTETHCAHMX jJelUmemha ypaheHa cy
criekTpockoricka ucnutuBama (IR, H NMR, 3¢ NMR) u nerabHa Tymadema
no0MjeHux nojaTaka. YpaleHe cy U MaceHa U elleMeHTapHa aHajlu3a, a y cllydyajeBuMa
rze je To 6mio moryhe u3BpIlleHa je U peHANeHCKa CTPYKTypHa aHalIn3a.

bynyhu na nepuBatu Koju cajipike BaHWJIMHCKH (PparMeHT MOCENy]y OrpOMaH

OMOJIOUIKM TOTEHIMjal, jeJaH Of 3aJaraka je OO W Ja ce HUCIUTa OUOIIoIIKa
aKTUBHOCT HOBOCHMHTETHCAHUX TNpoM3BoJga. TOM TNPUIMKOM HCHOHUTAaHA je
AHTUMUKPOOHA AaKTHBHOCT CBUX HOBUX jeJUEHa, KA0 M IIUTOTOKCHYHOCT

IMUPA30JICKUX JACpHUBaTa.
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2.2  4-(4-AJKOKCU-3-METOKCU®EHWI)BYT-3-EH-2-OHU

KonnmensanujoM BaHWIMHA ca aleroHoM jobuja ce  4-(4-xuapokcu-3-
MetokcueHmn)-3-0yreH-2-ou (1a), jenumeme Koje je MO3HATHje IO/ TPUBHjaTHUM
HasuBoM JAexmaposunrepon (DHZ). Oum ce 3ajeqHo ca CBOjUM pPEIyKOBaHHM
npou3BoaoM  (4-(4-xuapokcu-3-MeToOKCU(BEHII)-2-0yTaHOHOM), T3B. 3HHIE€POHOM
Moske Hahu y pu3omy Ouspke hymoup. [To3Haro je na ce oBa OMJbKa KOPHCTH Kao 3a4UH
U BeoMa je BakHa y menuiuHd. OHa ce ynoTpebsbaBa Kao aHTHCENTHYKO CPEACTBO H
CMHpYyje Kalllajb 300T Yera ce KOPUCTH U Kao JI0JaTaK TOIUIMM HaIHUIIMMa TOKOM 3UME.
Crumynuuie ¢GyHKUMjy jeTpe U Jenyje Kao jak aHTuokcuigant. Ca npyre crpase,
nokazano je nma DHZ nocenyje antumHdnamatopHe, aHTHOKCHAATHBHE U
antrkanneporene ocoduue, % ma ce cxomHO TOME MOXKE NPETIIOCTABHTH 1a OBO
jeanmbemke 3HaYajHO JOIPUHOCH KapaKTepHCTUKaMa OBE OMJIBKE.

MHoru mnpupoIHU TPOM3BOAM Koju caapxe ¢parment DHZ-a mokasyjy
pa3nuuuTe OHOJIONIKE aKTUBHOCTH. JeaHo o wux je u KypkymuH (Ciuka 14). On ce
HaJIa3u y OMJBIIM KYpKYMU Koja je Kao u hymOup BpJio mo3Hat saypy. 28110 [Topen Tora
cacTaBHHU /€0 3a4MHA Kapu je Takohe KypKyMHH OJi KOra MOTHYE KapaKTepHUCTUYHA
kKyTa 00ja. ¥ Muauju ra 4yak 30BY ,,CBETH Mpax™, jep Neiyje Ha YUTaB OpraHu3zaM U

KOpHUCTHU CC Yy JICUCHY U HpCBCHHI/IjI/I MHOTHX OOJIECTH Kao IITO Cy: MaJIuTHE 6OJ'IGCTI/I,

ajiepruja, apTpuTUC U aujaderec.

Cnuxka 14. Cmpyxmypa kypkymuna

3axBasbyjyhu orpoMHOM 3Hauajy U aKTUBHOCTH K0jy nocenyje DHZ, ynpaso oa
omucana Merona Claisen-Schmidt-oBe koHaeH3anuje ca alleTOHOM HCKOpHIhieHa je U y
oBoM pany. Mako je cuHTe3a MHOTO pammje objaBibeHa,  oae je DHZ moGujen y
umeM mnpuHOocy (90%) u mponaheH je HajjeJHOCTaBHMjU HA4YWH 32 HHETOBY
Kkpuctanu3zanyjy. [To oBoM moctymnky, cupoBu aexuapo3unrepor (la), xoju je 3esneHe
0oje, pactBopu ce y Bpyhoj Boau u mpokyBa Heko Bpeme. Jlok je jomr Bpyh pactBop,
MpOLEAN ce MPEeKo Bare (1a ce oTKIoHe HeuncTohe) y oaroapajyhy uamry. Xiahemem
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JI0 COOHE TemIeparype jaBJjbajy CE JICTIH WUTIMYACTH JUMYH JKYTH KPUCTaIH, KOJH CE€
npotesie npeko buxHepoBor jieBka u ocyiie Ha Ba3ayxy. OBakaB MMOCTYIAK je yjeAHO
€KOHOMHYHHjH, jep je y paHuje o0jaBibeHMM panoBuma o DHZ-y kpucramuzammja
YIJIABHOM BPIIICHA M3 €TaHOJIa WM CMEIIE €TaHoJIa U BOJIC.

CunTerncanu npousBoj la je Jajbe MOIBPTrHYT AIKHIOBaWKY (PEHOJHE TpyIie
noMohy pa3muuuTux ankwi-xanorenuaa y npucyctsy K,COs kao 6aze, y anerony. Ha
OBaj HauuH je noOujeHa cepuja (4-ankokcu-3-mMeTokcudenun)-3-0yreH-2-oHa, 1(0-e)

(Cxema 35).

0] (@] (0]
N N

(0]
H a 6
P = -
H\o R.

o 1la o)

1(6-¢)
_0 - -

6) R=CH3! B) R=02H5’ r) R= C:3H7y ,D,) R=I‘-C3H7, h) R= C4Hg’ e) R=CGH5CH2

Cxema 35. Cummesa jeourwerwa 1(a-e). Peazencu u peaxyuonu ycrosu: a) NaOH; 6. RX,
K,COs, ayemon, pegayxc npexo nohu

AnxunoBaHu ACpUBATH JACXUAPO3HUHICPOHA CY TaKOI’_)e ,ZLO6I/IjCHPI Y BHCOKOM

npunocy (81-97%), anu camo je OyTui- qepuBaT HOBO jenumbeme. OcTaiu MPOU3BOAN

112-114
Tlo3uare

cy u MukpoOuosomnike ocoonne DHZ-a n HekuxX WHeroBux aJKUIOBAHHUX z[epI/IBaTall5 "

Cy CHHTETHCAaHU PaHH]€ OBOM HJIM HEKOM JIPyrOM OIMKMCAHOM METOJIOM.

MOKa3aHo je Jia Cy OHM HapO4YMTO aKTUBHM Ipema Oaktepujama u3 pema Bacillus. Osa
AaKTHUBHOCT je moceOHO m3paxeHa kon camor DHZ-a, ma ce cmarpa na je xuapokcuiaHa
rpyra Ta Koja je Y OBOM CiIy4ajy oAroBopHa 3a aktuBHOCT. [Tomro DHZ moka3yje u
N00py aHTUKaHIEPOTeHYy aKTUBHOCT, OBE OCOOMHE Cy IMOCIYXHJIe Kao TOACTUIAj 3a
JaJby CUHTE3Y HOBUX MOTEHIM]AIHO OMOJIOMIKY aKTUBHUX jeTUHECHHA.

Jako 3aHMMJbHBA 32 CUHTE3Y jeCy U MUPA30JICKa JeANHCHA KOja MOKa3yjy MUPOK
CIieKTap OWOJIOMIKMX aKTUBHOCTH Kao INTO Cy aHTHWH(MIAMAaTOpHA, aHTHJICIIPECHBHA,
aHTHOAKTepHjCKa, aHTUBUPYCHA, aHTUKAHIIEPOTeHa U aHTI/Iija6eTc1<a.116'119 Hajuenthe
kopuirheHa MeToa 3a 100ujame nMupas3oia je peakinja MUKIOKOHIeH3allje XUIpa3uHa
ca eHOHHMMa Kao enekTpodunnma. [IpBy cuHTe3y mupasona Ha OBaj HAYMH 00jaBHUIIU Cy
Fischer u Knovenagel y XIX Beky y peakiuju akponenna ca (heHWI-XHapasHHOM. 2
[Tocne oBe cuHTE3e peaknuje o,f-He3acMNeHUX alIexXu]la ¥ KeTOHa ca XUApa3uHUMa

rmocTane Cy Haj3HaYajHUje METOJC 33 CHHTE3y PasiIMdMTHX JepHBaTa mupasona. 3
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[Tupazonm Mory OWTH CHHTETHCAHM TpETUpameM «,f-He3acuheHnx KapOOHWIHHX

133-135

jeImbemha ca XUAPa3uHOM y 0a3HOj WIIM KHCEN0] CPEIUHHU. [To3nate cy peakuuje

nobujama N-ametun mupasona y mMpucycTBy peareHaca Kao mTo Cy CHpheTHa KUCEInHA

WU BEH aHXI/II[pI/Iz[.136‘137 MexaHu3aM OBaKBe jeJIHE PEaKirje JIaT j€ Ha CXEMH 36138

HoN

OD NH oH
. - = NS
R']/\)szNHZ H2O R1/\)< R2

HoN
1 2

O O \ .,4 R.=Ph
\ R,= 3,4-anmeTnn-Ph

Cxema 36. Mexanusam cunmese N-ayemun depueama nupazona us Xaikona

\oE- z.
0

VY mocienme BpeMe CBe ce BUIIE NMaxme rnocBehyje cuHTe3nw mupasosia Koju
cajip>Ke pa3IMYUTO CYINCTUTyHCaHe apoMartuuHe cucreme. [lomro cam DHZ u werosu
JIEpUBATH CaJp)Ke CHOHCKH CHCTEM, CAMHUM THM OHH TPEICTaBJbajy OJJIMYHE IOJIa3He
MoJIeKyJie 3a pasnuunte TpaHchopmanuje. Tako cy nobujenu nepusatu DHZ-a 1(6-e)
UCKOpHUIINEHN 3a CHHTE3y NHUpaszoyia IpeMa MpPeTXOAHO omucaHoj Meroau. OBH
npousBoau 1(6-e), kao u cam DHZ (la), TpeTupanu cy XHIPa3HMHOM Yy TPUCYCTBY
cupherne kucenmune (Cxema 37). Tom mnpuimkom Hactajy N-ameTwn aepuBaté
nupaszona, Tj. 1-(5-(4-ankokcu-3-metokcupennn)-3-merun-4,5-nuxuapo-1H-nupa3zos-
1-un)eranonu, 2(6-e) (Tabena 3). Mako je mpou3Bo 2a CHHTETHCAH PaHUje, O3HATA je
caMO HEroBa KPHUCTAJIHA CTPYKTypa, JOK je€ y OBOj AHWCEpPTalldju OH JeTajbHU]e

104
neduHmCaH. 0
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Tabena 3. 1-Auernn-5-apun-4,5-nuxuapo-1H-nupasonu

bp. Ilosa3Ho jequmeme IIpousBon IMpunoc
o)
o N-N
1 N ‘
61%
HO HO
e _0
_J(o
O N-N
2 N ‘ 75%
.0 _0
J(o
o N-N
3 N ‘ 78%
/\O /\O
0 _0
—_«o
o N-N
4 N ‘ 72%
\/\O \/\O
Y _0
_J(o
O N-N
5 N ‘ 88%
.0 _0
,J<O
o N-N
6 N - 81%
/\/\O /\/\O
-0 _0
_J(o
o N-N
7 N ; 97%
O 0
.0 @ _0
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v

0] N—N

\

N
_a 5
R. RJ
(@] (0]
1(a-e) 2(a-e)
/O /O

a) R=H, 6) R=CH3, B) R=CzH5’ r) R= C3H7’ ﬂ,) R=I.-C3H7’ F]) R= C4Hg’ e) R=CGH5CH2

Cxema 37. Cummesa jeourwera 2(a-e). Peacencu u peaxyuonu ycnosu: a) NH,NH,-H,0,
CH3COOH, pegryrc 5h.

CTpyKType CBUX jeluiberba moTBphene cy crekrpockornckoMm (IR, 'H NMR u
B¢ NMR) u eremeHTapHOM aHATHU30M.

IR cnexTpuma notBpheHo je mpucycTBo BasieHIIMoHUX BuOpanuja OH-rpyne kox
jenumema 2a y obmacTd oko 3323 CM  y 06Ky MIMPOKOr CHrHana. BaleHimone
BUOpanyje KapOOHWIIHE Tpyle CBHX INPOHM3BOJA CYy MAJI0 IIOMEpeHEe Ka HIDKUM
BpenHocTuMma y onHocy Ha DHZ. OBe Bpemnoctu ce kpehy ox 1627-1661 cm L,
[IpumeTHO je na je HajMamke CMamkEeHhe XEMHUJCKOT MoMepama Ko OyTui nepuBata 2,
IITO TOBOPH O TOME JIa Ca IMOPaCTOM JIMIO(HUITHOT KapakTepa MOJIEKYJIa, Maby j€ YTHIA]
CYIICTHTYEHTa Ha €JIEKTPOHCKY T'yCTHHY KapOOHWJIHE TpyIie, a THME W Ha XEMHjCKO
noMepame. Y OBOM CIEKTPY BUAJBHUBO j€ U MOCTOjame CUTHala y o0JacTH OOMYHO O
1483-1687 cm ™! koju nmotuuy og C=N BuGpammja. OBe BUOpaLMje MOTY GHTH TEIIKO
UICHTU(PHUKOBAHE yCIIe/l BEIMKUX Bapujanuja y uaTeHsurery u omauckoctu C=C u C=0
Bn6paunja.14o

VY 'H NMR CIEeKTPUMA 3ala)ka ce M30CTaHaK JiBa AyOieTa y obsiactu ox 6,59 u
7,46 ppm, Koju Ccy MOTUIATH OJ MPOTOHA Be3aHUX 3a C-aToMe ABOCTPYKE Be3e KO
nepuBata DHZ-a. Jom jenaH kapakTepuCTMYHM CUTHad Haiasu ce Ha 2,30 ppm u
MOTHUYE O] MPOTOHA M3 METUJI TpyIie (METHII-KETOH), KOjU j€ IIOMEPEH Ka HEeIITO HUKUM
BPETHOCTUMA y OJIHOCY Ha Taj CHUTHAI KOJ IOYETHOT jefnmema. VcTo momepame je
npuMeheHo U Koja curHaia Ha 3,85 ppm, Koju MOTHYE O] MPOTOHA U3 METOKCH IpyIlie
B€3aHE 3a apoMaTH4HO je3rpo. CUrHalM KOju TNpHIajajy NpOTOHMMAa Be3aHuM 3a C-
aToMe THPA30JICKOT TPCTeHa jaBJhajy c€ Yy OONHMKY JBa ayOJsieT-1yodsieTa W jeaHOT
myntuiuiera. Ha 2,68 ppm u y obmactu ox 3,26-3,42 ppm Haiaze ce jemaH ayoJiet-
nybneta M jeJaH MYNTUIUIET KOjU TOTHYY OJ IPOTOHA U3 METHJIEHCKE Tpyme

MUPA30JICKOT MPCTEHA, I0K ce Ha 5,36 ppm Haylazu apyru AyoneT-aybiera Koju moTuye
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O]l MIPOTOHA BE3aHOT 3a YIJbEHUK CyCceNaH METHJIEHCKO] TpyNH M YjeAHO Be3aH 3a
ApPOMATUYHU CUCTEM.

v BC NMR CIIEKTPY yodaBa ce CHUTHalI Ha oko 168 ppm koju motuue og C=0
rpymne. 3HauajHu Cy U CUTHAIM KOjH MOTHUYY OJ1 TUPA30JICKOT MpcTeHa Ha 59,2, 46,3, u
155,9 ppm. IlpBu curnan noruue on C-aToMa KOjHU j€ BE3aH 3a apOMAaTUYHU CHCTEM,
JIPYTH O METUJICHCKE TpyIie, a Tpehu nmpumnaga C-aToMy Be3aHUM JIBOCTPYKOM BE30M 3a
a3oT. CUrHaIM Koju MoTH4y 0J OeH3eHa Hallaze ce y obmactu og oko 109 mo 150 ppm.

EnemenTtapHom aHanu3oM NOTBphEHO je [1a je 3aCTYIJbEHOCT MOjeIMHUX aToMa Yy
MPOM3BOJMMA Yy TMIPOLIEHTUMA KOjU C€ TMOKJIamnajy ca TEOpPUJCKU U3paduyHaTUM

BpEIHOCTHUMA.
2.2.1. Kpucranorpagcka anaiausa

Jenumema 20, 2r u 2l cy nobujeHa y KpucTalHOM OOJUKY, KOjU je OMOo orojaH
3a PEHIIreHCKY CTPYKTYpHY aHanu3y. Ha oBaj HaumH je momaTHO moTBpheHa mHXOBa
CTPYKTYpa, a CaMUM THM H CTPYKTYypE€ OCTAIMX JepUBaTa KOJH CE OJ HHUX Pa3IHKYjy
camo 1o oarosapajyhoj amkui- rpynu. JletasbHUja aHamM3a y OBOM pajy je M3BpIICHA

camo 3a jenumema 20 u 21). Bbuxose cTpykType Cy npukaszane Ha cinunu 15.
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Cnuxka 15. Kpucmanne cmpykmype jeoureroa 26 u 2h

Ca cnuke ce BUIH, Aa UaKo 00a jeIUbekha UMajy BpJIO CIIMYHY CTPYKTYpPY, UITaK
MOKa3yjy Heke KOH(OpMalMOHE pa3iMKe, IITO Ce youaBa MocMmaTpameM MelycoOHe
OpHjeHTallfje JiBa apoMaTHyHa NpcTeHa. Tako je m3padyHaTo Aa TOP3UOHU YIJIOBU
N1-C6—C7-C12 uznoce 2,9 (2)° 3a 26 u -54,9 (2)° 3a 2} jenumeme. [Auenapcku yrao
u3melyy nBa mpcreHa je y mpBoMm ciydajy 73,01 (5)°, a y apyrom 87,05 (5)°. Ose
pasnuke ce u npumehyjy 0063UpoM KOJMUKO je OCH3€HOB NMPCTEH HEKAKO POTUPaH Yy
OJIHOCY Ha IHMPa3oJl y MpBoj CTpyKTypu. [IpernocraBipa ce Ja y3pok OBOME MOTY Ja
Oyny onpelheHe HHTEPMOJIEKYJICKE HHTEPAKIIHje KOj€ CE jaBJbajy Y CAMUM jeIU-CHUMA.
Kon jemumema 26 BepoBartHO je y muramy uHTepakmuja Cl12—H...N1, nox xom 2§
umamo uHTepakmujy C12—H...m.

AKO mocMarpaMo MUPA30JICKH MpcTeH Buiehemo fna u y jeAHO] U Yy JpYroj
CTPYKTYpPHU OH UMa UCTYy KOH(popMalujy koBepre. Atromu nupasosnosor npcrera N1, N2,
C4 u C5 cy ckopo ujaeaHO KOIUIaHApHH y 00a MoJjekyina, camo je atom C6 wmaio
M3MEIITEH W3BaH PaBHU OCTAJIOT Jienia mpcreHa. Pasnmka y moMepamy je MHOTO Beha y

TIPBOM MOIIEKYJ1y, y ofHocy Ha apyru 0.0312 A macripam 0.0215 A.
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Tabena 4. Pacrojama usmeljy nojenuanx aroma (A) y xpucramamm crpyxrypama 26 u 2.

26 25
0l1—Cl 1,2260(18) 1,2250(16)
02-C9 1,3620(16) 1,3653(13)
02-C13 1,4178(18) 1,4143(16)
03-C10 1,3706(16) 1,3667(14)
03-Cl14 1,4216(18) 1,4258(15)
N1-Cl1 1,3487(17) 1,3422(17)
N1-N2 1,4080(15) 1,4036(14)
N1-C6 1,4706(16) 1,4846(15)
N2-C4 1,2785(17) 1,2769(17)
C4-CS5 1,4965(19) 1,4930(18)
C6-CS5 1,5375(18) 1,5387(18)
C6-C7 1,5227(18) 1,5129(16)

N3 tabene 4 ce MOxe BUICTH Jla Cy AY>KHHE IOJEMHUX Be3a y o0a Mojekysa
Beoma cimune. Yak cy u pyxune nsoctpyke Bese N2—C4 nmpubmmkae. JeauHo ce gocrta
pasznmukyjy ayxune C6-C7, jep je MHOTO qya Be3a y APYyroM MoJieKyiny. Moxe ce
younutu u 1a aroMm C6 rpaau nBe Hajryxe Bese y oba monekyna, C6—C5 u C6—C7.

WHTepecaHTHO je U To Ja cy y 06a ciydaja cynctutyeHTn O2—R 1 O3—R ckopo
KOIUTAHAPHU ca OEH3EHOBUM MPCTEHOM, jeauHn n3y3erak je C17, MeTwi rpyma u3 amkui

CYNCTUTYEHTa KOJH C€ HaJla3W MaJIo U3BaH paBHMU.

2.2.2. BroJionIKa aKTHBHOCT jenibema 2(a-e)

2.2.2.1. MuKpoOH0JIOIIKA AaKTUBHOCT jenibema 2(a-e)

Hcnurana je MHKpPOOHMONIOIIKA aKTUBHOCT jeaumbema 2(a-e). Kao Tect
opranusmu kopurihenu cy cienchu cojeBu 6akrepuja: Staphylococcus aureus, Bacillus
subtilis, Bacillus cereus, Escherichia coli, Proteus mirabilis u rmeuBa: Aspergillus
flavus, Aspergillus fumigates, Candida albicans, Penicillium purpurescens wu
Penicillium verucosum.

Munnmanna waxuOutopHa kourenrpanuja (MIC) je ompehena meromom

141

MHUKpopazpehema menujyma kopuumihemem mioua ca 96 OyHapuuha. [Tonazuu

pacTBOpU Cy 100MjeHHU pacTBapameM UCIUTHBAHUX cyncTaHiu y 5% DMSO, onakie cy
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BpIIICHA JIBOCTPYKa pa3z0iaxkema. Pecasypus je penokc HHANKATOp KOjH je KopuIllheH 3a
npoleHy pacta Mukpoba. Kao mo3uTHBHa KOHTpOJIa WHXUOWIHMjE pacTta Oakrepuja
kopuiitheH je CTPENTOMHUIIMH, a 3a IJbHBE, KETOKOHA30JI.

Pesynratu cy natu y Tabenu 5.

Tabesna 5. Munumanna naxuburopaa kourentpanuja (MIC) jenumema 2(a-e)

MuKpoopraHuzMu "
] c
3 2 g =
5 X% 4 = 2 g 5 2 ? 2
®© = 3 O sl 3 2 s e 3]
2} 2 5 © © = € S a 2
3 S g g £ § = 2 5
0 ) o = g cn 2 < 5 o
8 2] 2} 8 " é’ (%] ] o
S = 3 o 5 o = e £ g
° S S S 2 @ o = S =
TecTupana 2 3 3 \# e 73 o T = o
= W o < > O 2 =
Jenumema ) < ® o
2a 0,625 0,039 0,078 1,25 0,625 5 2,5 2,5 10 10
26 0,625 0,078 0,156 1,25 1,25 5 2,5 1,25 10 10
2B 1,25 0,156 0,312 2,5 1,25 10 5 2,5 10 10
2r 1,25 0,156 0,312 2,5 2,5 10 5 2,5 10 10
2n 0,312 0,039 0,078 2,5 0,625 2,5 2,5 1,25 10 10
2h 0,312 0,078 0,156 2,5 0,625 2,5 2,5 1,25 10 10
2e 1,25 0,156 0,625 5 2,5 10 5 2,5 10 10

AHTHOMOTHLH 0,031 0,016 0,016 0062 0,062 0,078 0078 0039 0,15 0,156

Bpennocrtu cy gare y mg/mL

N3 Tabene ce BUAM Ja CBa jelMIbemha IOKa3yjy M3BECHY aKTHBHOCT U KOJ
OakTepuja m Koja ribmBa. Wmak, oHa je KoJ TJbMBa BeoMa ciabo m3paxeHa. MIC
BpeaHoctu ce kpehy ox 0,039 no 10 mg/mL. HajocetspuBHje cy Oaktepuje u3 peaa
Bacillus, u To Hapouuro Bacillus subtilis. Hajjauy akTuBHOCT pema oBUM OakTepujama
NOoKa3yjy jeAumema 2a U 24, Tj. XUIPOKCH W HM3O0MPONMII JEPUBATH alETHIIOBAHUX
nupasona. PaHuja ucTpakuBama Cy TMOKa3aia Ja Cy HajaKTUBHHUjA jeIUEHa Koja
canpxxe OH rpymy, a 1a ca mopacToMm JHIOPIIHOT KapakTepa Ipyre, akTHBHOCT oraja
ko xankona.'*? V oBoM ciyuajy BUIM ce 1a KO MUPA3OJICKUX JIEPUBATA MOCTOj¢ HEKe
Mame pa3iMKe y aKTUBHOCTH je[HMibela y mnopehemy ca XalkoHMMa M3 KOjUX Ccy
nobujenu. Kako cy OH u OCHj; rpyne enekTpoH TOHOPCKE rpyre, OHE MMajy MHOTO
yTHIlaja Ha AaKTUBHOCT jenumema. Ca mopacToM ankuia ocrtaTka nosehaBa ce
JTUMOGUIHOCT MOJIEKYJIa U aKTUBHOCT OMaJia, IIITO Ce U youaBa KOJ jeIumbeha 2B U 2T.
Mehytum, BUJBHMB je MambH MOpAcT aKTUBHOCTH KO jeumerma 24 u 2l), koju caapxke

u3onponwit u Oytui rpymy. OBle BepoBaTHO IpeoBialjyje M HEKHU IPyry YTHUIIA], a HE
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camo nunopunHocT rpymne. Kako je jenumemne 2l u kpucramHo, mocmaTpajyhu meroBy
CTPYKTYpy Ha ciuuu 16, MOXEMO 3aKJby4MTH Ja MPOCTOPHU paCIOpe] rpyna uma
yTHIIaja Ha aKTUBHOCT, & BEPOBATHO Y OBOM CJIY4ajy U KOIUITAHAPHOCT MOJIEKYIIa, KOja je
OBJIC jaKO M3pakeHa. beH3WIHU JepuBaT MOKa3yje Hajcladujy aKTHUBHOCT MPEMa CBHM
MHUKPOOPTraHU3MHUMa, Ha IITa BEPOBATHO yTUYE M BOJYMHHO3HOCT IIPCTEHA.
HajpesucrentHuja Oaktepuja mpemMa oOBMM TnpomsBoauma 2(a-e) jecre
Escherichia coli, kao 1 xox oarosapajyhux aHTHOMOTHKA, TOK j€ HAjOCCTIbUBH]jA IJbHBA

Candida albicans.

2.2.2.2. AHTHTYMOPCKA aKTHBHOCT jeHiberha 2(a-e)

HcnuTaHa je ¥ UTOTOKCHYHOCT jenuibea 2(a-e) mpema heiaujckum JInHujama
xymaHor kapuuHoma jaojke (MDA-MB), xymanor kapuunoma ruryha (A549) u xymaHor
kapuuHoma jaebenor npesa (HCT-116). MSCs henuje cy kopuiheHe Kao KOHTPOJIHE
(HopMasiHa HekapuuHOreHa henujcka auHMja). OBa UCIMTHBAWKA Cy BpLICHA y LUJbY
onpehuBama edexkra HOBOCHHTETUCAHHMX jEAMIbEHha HAa BHUTATHOCT IOMEHYTHX
hemmjekux mummja. 1%

EdexTtn 0BUX jenumema Ha pa3Boj MOMEHYTHUX henujckux JMHHUja cy oapeheHu
kopuihemem MTT (3-(4,5-numeTtrnTrason-2-un)-2,5- tubeHUITETPa3oarjyM OpOMuI)
tecta. JoOujeHu pe3yiTaTu mpuKkasaHu cy Ha ciukama 16, 17, 18 u 19. Ha wuma je
noMohy pa3MMYUTUX KpHBa TpPEACTaBJbEHA 3aBHCHOCT MPOICHATa HUTOTOKCHYHOCTH
onroeapajyhux jenumema ol BUXOBE KOHIeHTparuje. OBe KpUBe MOKa3zyjy y KOM ce
HPOLICHTY MHXUOUpa pact oarosapajyhux hemuja Tokom nepuoaa ox 72h, kopuirhemem
pa3IMYUTHX KOHIIEHTPAIHja PACTBOPA HCITUTHBAHUX jEUHCHA.

Ca cmuka ce Moxke yountd W BpemHocT ICsp, koja ce nmeduHuIe Kao
KOHIIEHTpallija UCIUTUBAHOT areHca koja AoBoau 10 50% uHxuOulrje NpeKruBIbaBamba
henuje y o1HOCY Ha KOHTPOIY.

Ananu3a je mokasaia Jja cBa TECTUPaHa JeIUbeHha MOKa3yjy YMEpEeHY aKTHUBHOCT
npema MDA-MB, A549 hemujckum nuHHMjama, jaky aktuBHOCT mpema HCT-116
henujckoj MTUHUJU W HEMUTOTOKCUYHOCT npema MSCs hemmjm, mTo je jako mobap

pe3ynrar.
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Cnuxa 16. Kpuse szasucnocmu yumomoxcuunocmu jedurera 2(a-e) 00
muxose konyenmpayuje npema HCT-116 heruju

Hajjaun edexar ma HCT-116 henujckoj nTUHUjU je TOKa3alno jenumeme 21
(Cnuka 16). Ono nokasyje yak 90% uHXHOHIIHje pacTa KoJa oBe henujcke NuHUje, mpu
KOHIIeHTpauuju o 250 uM, a npu jako HUCKUM KOHIeHTpauujama oxa 1,95 pM nma gyak
npeko 50% wunxubunuje. To 3Haum ga je 1Csp BpeAHOCT MHOrO UCHOA OBE
KoHIeHTparnyje. Ocrana jequmema MOKa3yjy J0CTa BHCOKY IIMTOTOKCHYHOCT IpeMa
oBOj henuju mpu jako HUCKUM KOHIIeHTpanujama. Jenumeme 20 uma |Csy BpegHocT npu
KOoHIeHTpanuju ox oko 3,9 UM. Ca jenumema Koja MOKa3yjy IIMOTOKCHYHOCT KO
kojux je ICso BpemHoct Mama onx 10 PM, cmarpajy ce H3y3eTHO aKTUBHHUM
jemumemuMa. Y OBOj CEpHjH, JeIUHO jeUibema 2a, 2r M 2e HEeMajy HU3pakeHy
aKTHUBHOCT, jep MHXuOMpajy pacT henuje Tek mpu HemTo BehHM KOHLEHTpalujama y

nopehemy ca ocTanuM Ipou3BOIUMA.
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Cnuka 17. Kpuee 3asucnocmu yumomokxcuunocmu jeourbera 2(a-e) 00
ruxose konyenmpayuje npema A549 henuju

HcnutuBana jenumema 2(a-e) Mokasyjy 3HAuajHO claOHjy IIMTOTOKCUYHY
akTUBHOCT mipemMa AS549 henmmjama, y mopehewy ca HCT-116 hemmjama. Hajjauy
aKTHBHOCT OBJIE ITTOKa3yje jeH-eHhe 2B NMPH HUCKUM KOHIIEHTpalujama, ald je Tajaa
npoleHaT HHXUOuIMje Bpiao Manu U u3Hocu oko 10%. IIpu BehuM kKoHIEHTpanmjama
Haj00JbE Cy ce MoKasaja jenmbema 21 u 2e, au ce oBjie paju 0 KOHIICHTpaIuju o 250
MM. 1Csp BpemHOCTH 3a cBa jenumema ce kpehy y obmactuma mpeko 100 UM, mTo

JIOBOJIM /IO 3aKJbyUKa J1a j€ BbUXO0Ba aKTUBHOCT IpeMa 0BOj henuju jako MaJa.

[68]



JOKTOPCKA JUCEPTALUJA Josana MywKurwa

MDA-MB
©100
=
é 90 —2a
x 80 —8—26
@ 70
% 60 2B
S 50 2r
3]
° 40 —=2n
Z 30
[&]
E 10 2e
= B I v~/ A" S
1,95 3,9 7,8 15,625 31,25 62,5 125 250
KoHueHTpaumja (UM)

Cnuxa 18. Kpuse szasucnocmu yumomoxcuunocmu jedurera 2(a-e) 00
muxose konyenmpayuje npema MDA-MB henuju

Y mnopehewy ca ocramum henmujama, MDA-MB henuja je HajpesucreHTHHja.
[IporierTn MHXMOWIIM]jE CYy jaKO HUCKM TPU HIDKUM KOHIIEHTpalHjaMa W M3HOCE OKO
10% npu HajMawo] KOHUEHTpauuju ox npubmmwkHo 15 UM, nok ce ICso BpenHocTH
Hanaze y obnactu oko 125 UM 3a ucnutuBaHa jequmema. OBO TOBOPH 0 Beoma cinadoj

AKTUBHOCTH MCIUTUBAHUX MMPOU3BOJIa TIpeMa oBOj henuju.
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Cnuxa 19. Kpuse szasucnocmu yumomoxcuunocmu jedurera 2(a-e) 00
muxose konyenmpayuje npema MSCS

Ha ve-manmuraum xymanum henmjama MSCS, creneH akTHUBHOCTH MCIIMTHBAHUX
jemumerma je jJocta cinabujum Hero Ha MaymrHuUM henmjama. |Csy BpemHOCTH HM3HOCE
ornpuirke npexo 200 UM. OBo ykasyje Ha TO J1a OBe CyICTaHIe iN VivO Mory OuTH
Mambe TOKCHMYHE 3a HOpMallHa TKHBA, HEr0 3a MAJIWTHO NpPOMEHmEHa TKHBA, Tj.
MPEJICTaBJbajy jako J00pe CYICTpare 3a aHTUTYMOPCKAa WCIMTHBAKA, jep HeMajy

HITETHH YTHIAj HAa HOpMaTHY hemwjy.
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3a pasznuKy 0] MUKPOOHMOJIONIKOT WMCIUTHBama, KOJ Kora Haj0oJby aKTUBHOCT
nokasyje OH-gepuBar (2a), oBIe je TO jeAWICHC HajMame aKTUBHO. PaHuja
AHTHTYMOpPCKA HCIHTHBAA KOja Cy paljeHa Ha HEKHM NHpA30JICKHMM epuBaThma,'*®
nokazaina cy n1a OH-rpyma koja ce Hana3u y moyiokajy 4 Be3aHa 3a apOMaTUYHU CHCTEM
UMa MHHHAMAJIHY WM HUKAKBY YJIOTY Yy aKTHBHOCTH, INTO C€ W OBJIE MOKA3aJl0 Kao
tauno. Cyncturynuja OH-rpyne moBehaBa akTHBHOCT MpOW3BOJA, IITO je M OBJE
noTBpheHo, jep HajOOJby aKTHUBHOCT IOKa3yje jeaumemne 21, koje campxku OyTui rpymy
Be3aHy 3a apoMaTu4HO je3rpo ymectro OH-rpyme. Jako cia0y akTHBHOCT IOKa3syje W
jenumeme 2e mpemMa CBUM henujcKUM JIMHHWjama, Ia BEPOBAaTHO BOJYMHHO3HOCT
npcTeHa yTude Ha akTuBHOCT. OHO mTO ce mpuMehyje KOJ OBOT jeIUI-CHa jecTe Ja
noka3syje W M3BeCHy TOoKcmyHOCT mpema MSCSs henuju npu KoHIeHTpanujama oko 70
MM, ma Huje HajOOJbe jenUIEHE 3a Jajba UCHUTHBama, y nopehemy ca octanum
IPOU3BOINMA.

VY3umajyhu cBe pesyirare y o03up, MOXE C€ MPETOCTABHTH Ja Ha aKTHBHOCT
jeaumema YTy M0JI0Ka] ¥ BEJIMYMHA CYIICTUTYECHATa BE3aHUX 3a ADOMATHYHH CHUCTEM,
KPYTOCT CHUCTEMa, PacTBOPJPHBOCT jelUICHA, Kao W KOH(opMaiuja apoMaTu4HOT

IpcTeHa y oArosapajyhum npousBoauma.
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2.3  (E)-1-(4-AJJKOKCHU-3-METOKCU®EHWI)-5-METHWJI-
XEKC-1-EH-3-OHHU

Xankonu, onHocHO 1,3-amapui-2-mporneH-1-oHu, Cy BakHa Kjlaca OPraHCKUX
jenumema, Koja YIrJIaBHOM NPEACTaBJbajy CTPYKTYpHE LEIMHE MHOTUX HPUPOIHUX
IPOM3BO/A U JIEKOBA.

OBa rpymna jeaumemna 4ecTo MOKazyje pa3uuuTe OHMOJIONIKE aKTUBHOCTH Kao
MITO Cy aHTUUMH(IAMATOpHA, AaHTUMHUKpOOHA, aHTU(]yHrasHa, AaHTHOKCHUIATHBHA,
IITOTOKCHYHA, AHTHTYMOPCKA 1 anTHKanueporena, 48

Tsukiyama je w3y4aBao MOTCHIHWjAJHY aHTHOAKTEPHjCKY  aKTHBHOCT
nMKoxankoHa A u ymkoxamkoma B Om jé HCIUTHBAO YTHUIA] MOjeIUHHUX
CYIICTHTYEHATa Y apOMaTUYHOM IIPCTEHY Ha aKTUBHOCT OJiroBapajyhux anamora oBa /iBa

xankoHa. Jlomao je Mo 3akibydka Ja ciiobogHa ¢eHoNHA Tpyma y Tojoxajy 4,

NpeacTaBba KJby4YHU (1)aKTOp 3a aHTI/I6aKTepI/Ij CKY aKTHUBHOCT.

Nmajyhu y Buay cBe 100pe ocoOuHe XalkoHa, HarpaBsbeHa je cepuja (E)-1-(4-
AIKOKCH-3-MeToKcu(eHmn )-5-metnnxekc-1-en-3-oHa, Kao aHaimora xajkoHa. Muaeja je
Owna na ce WCOMTa Kako aJKWIOBamke (EHONHE TIpyne YTHYe Ha aKTUBHOCT
oaroBapajyher anamora XankoHa M MMa JIM yTHIlaja TPOMEHa rpymne (pa3iudure Of
apoMaTH4YHE) Be3aHe 32 KapOOHWIIHY IpYyIly Ha aKTUBHOCT.

IlpBa ¢a3a cunTese oOyxmara Claisen-Schmidt-oBy peakinjy BanwinHa ca
Metiin-u300yTin keroHom (MIBK), mpu uemy ce nobuja oarosapajyhu aHaaor xaikoHa

(E)-1-(4-xunpoxcu-3-merokcudennn)-5-metunxekc-1-eH-3-oH, 3a (Cxema 38).

3a
/O /O

Cxema 38. Cunmesa (E)-1-(4-xuopoxcu-3-wemokcughenun)-5-wemunxexc-1-en-3-ona

[Moxymmanu cMo 1a Hal)eMo HajoBOJbHHU]E YCIOBE 32 CHHTE3Y OBOT IIPOU3BO/A, Y
Kome Hehe OMTH BHILIKAa HEM3pPEaroBaHOT BAaHMIJIMHA, 300T HErOBOT TEIIKOT YKIIamkamba

u3 cupoBe cmeme. Kama cMoO W3BOIMIM peakivjy y KOjO] pearyjy €KBHUBAJICHTHE
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KOJMYMHE 00a CyrncTpara, OHJa MPOU3BOJ] MPAKTHYHO HUCMO YCIENH J1a J100ujeMo, jep
peaknuja Huje Omna moryha. Ca mamum Bumkom MIBK-a, dopmupa ce odekuBanu
pOU3BOJI, anu caMo oko 20%, JOK OCTalIM €0 YNHU HEU3pearoBaHu BaHWIWH. AKO ce
y3me 10 myra Beha xonmumHa, oBehaBa ce MPUHOC MPOHM3BOJA, AJIM OH M JaJbe HUje
YHCT. JEMHO pelieke je OMI0 UICKOPUCTUTH KETOH Y BeoMa BEJIMKOM BHIIKY, e he oH
Jla ce ToHAIla M Kao CYICTpaT W Kao pacTtBapady. Ha oBaj HauuH je 100MjeH MPOU3BOA
3a, 6e3 TparoBa BaHWJIMHA, aJld ca BUIIKOM KETOHA. 300T BHIIIKAa KETOHA, oHeMoryheHa
je KpucTaju3aiuja Mpou3Bo/ia, a U HelpHjaTaH MUPUC KETOHA je OCTa0 Yy MPOHM3BOINY.
Buiak keToHa je yKIOHmEH JACSCTHIIAIKM]OM BOJeHOM mapoM. Ha oBaj HauuH n0o0ujeH je

JaKO YMCT MPOU3BO/J] KOjU KPUCTAJHILE y BUIY OCTUYaCTUX KPUCTaa y IPUHOCY O] YaK

90%.

OBako n100ujeHH MPOU3BOJ je Jajbe MOABPIHYT aJIKUIOBamy (heHoJIHE Tpyme
noMohy pa3NuYUTHX amkuia-xajgoreHuna y npucyctBy Ko,COs kao 6a3e, y aneTony, Kao
y mpeTxoaHoj cuHTe3u aepuBatra DHZ-a. [Jlobujena je cepuja (E)-1-(4-ankokcu-3-

-mMeTokcudenmnn)-5-merunxekc-1-eu-3-ona, 3(6-¢), Cxema 39.

0] 0]
X AN
RX/K,COs5
H o aLeToH R o
3a 3(6-e)
_ 0] /O

a) R=H, 6) R=CH3, B) R=CzH5, r) R= C3H7, D,) R=i-C3H7, F]) R= C4H9, e) R=CeH5CH2
Cxema 39. Cunmesa (E)-1-(4-anxoxcu-3-memoxcugpenun)-5-memunxexc-1-en-3-ona

VY cnenehoj Tabenu cy mpukazaHe CTPYKType U IPUHOCH TOOMjEHUX MPOU3BO/IA.
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Tabena 6. (E)-1-(4-ankokcu-3-meTokcudenmn)-5-metunxekc-1-ea-3-ouu, 3(a-e)

bp. IIpounsson IIpunoc
(@)
N
1 90%
HO
-0 3a
(@)
N
2 o 99%
-0 30
(@)
AN
3 ~ 81%
-0 3B
(@)
N
4 ~o 92%
-0 3r
(@)
A
5 78%
)\O 0
/O 3;[
(@)
A
6 ~p 96%
/O 3])
(0]
N
7 81%

e
-0 3e

CBa jenumema Cy OKapakTepHcaHa OJroBapajyhum CHeKTpalHUM HoJalnuMa
(IR, *H NMR 1 **C NMR), unme je moTBpheHa \wuxoBa CTPyKTypa.

IR cnextpuma mokazano je mpucyctBo OH-rpyme kop jenumema 3a, y BUIY
IIUPOKOT CUTHANIa y obyiactu oko 3344 cm? KOJH TOTHYE O] BaJCHIIMOHUX BHOpaIja

OH rpyrme. KOI[ OCTAJIMX IIPOU3BOAA YOHUaBa CC U30CTaHAK IMHWPOKOI' CMI'Hajla O OH
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rpy1e, ITOo TOBOPH Ja je IOILIO 10 PeaKilyje Ha TOM MECTY. YOUJbUBH CYy U CUTHAJIH 32
KapOOHHIIHY TPYIy Ha BpeaHocTHMa oko 1680 cm™', jeqmmo ce kox GyTwi- aepuBaTa
OBaj CUTHAJl Haja3W Ha HEIITO HWKHUM BpenHoctuma (1651 cm ™). Curnanu KOju
notuuy o C,=Cg Hanasze ce y obnactu oko 1595 Cmfl, a CUTHaJIM Ha OKo 1466 Cmfl,
roBope o npucytHoj C=C Be3u y apOMaTUYHOM CUCTEMY.

vV 'H NMR CHEKTpUMa MPUCYTHH Cy CUTHAIU KOjU MOTUYY O] IPOTOHA BE3aHUX
3a yIJb€HHKOBE aToMe JBOCTPYKE Be3e Koj a,f-He3acmheHHX KapOOHMIIHUX CHCTEMA,
Kao JBa aybsera y obmactuma oko 6,61 m 7,49 ppm. Ha HajHMKUM BpeIHOCTHMA
Haja3e Ce M CUTHAIM Koju moTudy oj yBeaeHor MIBK-a, koju takohe moTephyjy na je
HACTaJ0 OYEKHMBaHO jenumeme. OHU ce Hamaze y oOnuky nybsiera Ha 0,98 ppm koju
MOTUYE O] IBE METWJI TPyIe MPUCYTHE y MOJeKyny. Ty je M MyaTHILIET y 001acTH 01
2,16-2,31 ppm xoju notuue oa CH-rpyne 3a kojy cy Be3aHe JBe MPETXOAHO TOMEHYTE
METHJI TPyIE M jolI jeAaH ayOJjeT o] METHIIEHCKE Ipyle Be3aHe 3a kapOoHua Ha 2,53
ppm. Kox jenumema 2a mpucyran je u cunriaer ogq OH-rpyne na 6,25 ppm. Konx
QIKWJIOBAHUX JIEpUBaTa, MOPE] OBUX NOMEHYTHX CHTHAJIa TOCTOj€ M CHTHAIU KOjU
MOTUYY OJ1 IPOTOHA BE3aHUX 32 YIJbEHUKOBE aTOME OJroBapajyhux amkui rpymna, Koju
Cy U IaTU y €KCIIEpUMEHTAIIHOM JIeTy OBOT pajia, YuUMe je I0Ka3aHa lUX0Ba CTPYKTYpa.

v B¥C NMR cnektpy curHanu Ha 200, 142 u 124 ppm notBplhyjy npucycrso
o,f-ne3acuhenux kapOoHunaHuX cucrema. Kon jenumema 2a Ha 146 u 148 ppm ce
HaJla3e CUTHAJIM YIJbeHUKOBHMX aToMa 3a koje cy Besane OH nu OCHj; rpyne, 10k cy kox
AJKWJIOBAaHUX J€pHBaTa OBU CUTHAIM Mayo noMepeHu, Ha 149 m 150 ppm. Ocranu
CUTHAJIM MOTUYYy o apomatuyHor cuctema (109, 111 (wm 112, wmm 114), 122, 127
ppm). CurHamu on oxaroBapajyhmx aikui Tpyna ce Hajaze Ha jako HUCKHM
BPETHOCTUMA XEMHUJCKUX MTOMEpama M MPHUKa3aH! Cy JICTaJbHHUjE y EKCIIEPUMEHTATHOM
Jeny.

2.3.1. buoJsiomiKa aKTUBHOCT jeAumbemba 3(a-e)

Wcnurana je MHKpPOOHMONIOIIKA aKTUBHOCT jeaumbera 3(a-e). Kao Tecr
opranusmu kopuiihenu cy cienchu cojeBu 6akrepuja: Staphylococcus aureus, Bacillus
subtilis, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa u rbHBa:
Aspergillus flavus, Aspergillus fumigates, Candida albicans, Penicillium purpurescens
u Penicillium verucosum.

Munnmanna waxuOutopHa kouientpanuja (MIC) je oxmpehena meromom

MHUKpopa3zpehema Menujyma kopumhemeM mioda ca 96 6ynapunha. Ilonasau pactBopu
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Cy 100MjeHH pacTBapameM HUCIMUTUBaHUX cyrcraHiu y 5% DMSO, onakiie cy 3aTtum
BpIIICHA JBOCTPYKA paz0iaxkema. PecazypuH je peoKkC HHANKATOP KOjU je KOpHIIheH 3a
IPOIIEHY pacTa MUKpOOa, a Kao MO3UTHBHA KOHTPOJIAa MHXUOUIIH]je pacTa KOpUIINeHHU Cy
CTPENTOMHUIIVH, 32 OaKTepHje U KETOKOHA30JI 32 TJbUBE.

Pesynratu cy natu y Tabenu 7.

Tabena /. Munumanna naxuburopaa kourenrpandja (MIC) jenumema, 3(a-e)

MukpoopranuzmMu
%)
2 9 s £
[} S a =
5 2 4 5 2 3 g 2 ? 2
© = 8 o o) % 2 S - o
0 Qo pust © © = e = > >
3 7 8 = = e S 2 = )
Q [} o < E 2] - ] 5 S
o ) %) 2 P = 0 @ a
o = = < 3 o = =2 I g
2 S S S 2 @ o = =} =
> I} © D o o E % = S
Tectupana s 1] 1] w & 2 o 8 Z 2
o] c o
jenumema n < P o
3a 0,156 0,009 0,019 0312 0,15 0625 0,312 0,312 0,312 0,625
30 0,625 0,078 0,156 2,5 1,25 5 2,5 1,25 5 5
3B 1,25 0,156 0,312 2,5 1,25 5 5 1,25 5 5
3r - 0,625 1,25 - - - - - - -
3n - - - - - - - - - -
3h - - - - - - - - - -
3e - - - - - - - - - -

AHTHOMOTHLH 0,031 0,016 0,016 0062 0,062 0,078 0078 0039 0,15 0,156

Bpennoctu cy mate y mg/mL

Jenumwema 3(a-B) MOKa3yjy pelaTUBHO jaKy aHTHMMHKPOOHY aKTHBHOCT IpeMa
cBUM TectupanuM mukpoopranuzmuma (MIC BpeaHOCTH OBHX jefnbeHa y OJHOCY Ha
TecTHpaHe Mukpoopranusme kpehy ce ox 0,009 mo 5 mg/mL), ok jeaumema 3(a-e) He
NOKa3yjy HUKaKBY aKkTHBHOCT. Hajjaua akTHBHOCT 3ama)keHa je KOJ jelnmbermna 3a, Tj.
XUIPOKCHJIIHOT JepHBaTa, KOjU MHXMOMpa PacT CBUX MHUKPOOpraHMW3ama, a HapouuTO
Oakrepuja. Kon mera je yodena jako Hucka MIC Bpennoct 3a Oakrtepujy Bacillus
subtilis u oma wm3nocu 0,009 mg/mL, Mama W oa BpeAHOCTH oxaroBapajyher
AHTUOMOTHKA CTPENTOMHUIIMHA, IITO TOBOPH O BEOMa jaKO] aKTHBHOCTH TpeMa OBOj
6axrepuju. Kox ripuBa, BpeHOCT je HemTo Beha, anu U 1ajke 3a10BoJbaBajyha. [Tpommn
nepuBaT, 3r moka3yje aKTHBHOCT caMO IpeMa JiBeMa Bpcrama OakTepHwja U3 pena
Bacillus u xonuenTpanuje cy Hemro Behe y mopehemy ca KOHIEHTpalUjaMa OCTaTHX

jenumema 3a ucre Oakrepuje. Hajpehy akTUBHOCT jenumema 3(a-r) mokasyjy mpema

[76]



JOKTOPCKA JUCEPTALUJA Josana MywKurwa

6akrepuju Bacillus subtilis, a majmamy mpema Escherichia coli, mox je xoa ripuBa
AKTUBHOCT CBHX IPOU3BO/IA CI1a00 H3paxKeHa.
13 oBux pe3ynrTara ce BHIAHM Ja Cy OaKTepuje 3HATHO OCETJbUBHjE OJ TJbUBA

npema oJiropapajyhum aHTHOHOTHLIMA, ™"

alli ¥ TIpeMa TeCTUPAHUM jeTUHCHIMA.

Pesynratn wucnuTHBama AHTUMUKPOOHE AaKTHBHOCTH TIOKa3yjy Ja je
HAjaKTUBHHU]E JeIUCHE Koje canpku nonapHy OH-rpymy Be3aHny 3a OCH3EHOB MPCTEH.
Ca noBehamem HHM3a KO/ alIKWIJI TPyIe, aKTHBHOCT CE€ CBE BHILIE CMambyje, 0K MOTIIYHO
HE M30CTaHe, Kao IITOo je cliydaj ca jenumemeM 3l). [TokazaHo je u 1a Koa BCTe aaKuil
rpyme y MOJIEKYIy, pauBambe YTHUYEC HA CMambeHhe aKTHBHOCTH (jeaumberbe 31). bensun
nepuBaT 3e HE IOKa3zyje HHUKAKBY aKTHBHOCT, IITO jeé Y OBOM CIIy4ajy BEpOBATHO
pe3yaTar BOIyMUHO3HOCTH U KOH(OpPMAIHje KOjy 3ay3uma.

Opnasze ce BUAM ¥ TIOTBP/a PaHUjUX UCIHMTUBAKA Koja je Bpimmo Tsukiyama xa
HEKHUM aHaJo3MMa XallkoHa, KOjuMa je MoKasao Ja je npucyctBo cinobogne OH rpymne y

P-TIONIOXKA]y KO OEH3EHOBOT MPCTEHA OJrOBOPHO 32 aHTUOAKTEPHUjCKY aKTUBHOCT, Kao U

Ja ca mopactom JII/IHO(bI/IJIHOF KapaKTepa or1aia akTUBHOCT.
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2.4 1-OEPOUNEHWI-3-(4-AJKOKCHU-3-METOKCUD®EHWJI)-2-
NPONEHOHU (PEPOINEHCKHN XAJKOHHU)

BbuoopranoMeranna xemuja je IOXKMBENAa MPOIBAT Kaga Cy IMOYENTH Ja ce
CHHTETHINY aHAJIO3U OAroBapajyhux OpraHCKuMX MOJIEKyJa KOju cajpike (epOoleHCKU
(dbparMeHT kao z1eo cBoje cTpykrype. JlaHac je xemuja eporieHa 10cTa UCTPAKEHA, Kao
U Kopumheme pa3nunyuTux (EpOICHCKUX JepuBaTa y CHHTE3UW OpOJHUX JIeKOBa. Jako
Ba)XHHU Cy (PEPOLICHCKU XAJTKOHH KOjU MPHIIAajy TPyIH XaJIKOHA y KOjoj jeiHa Wi 00e
apoMaTU4YHE TPyIe MOTHIy of (eporieHcKor cuctema. JloOpe ocoOuHe OBHX JepuBaTa
deporeHa Cy omIMYHA CTAGHIHOCT y BOJAGHHM H aepoGHMM CpeIMHAMa, . Jaka
JNOCTYITHOCT ~ BEIIMKOT  Opoja  pa3IMYMTUX  JepUBaTa W  KapaKTePUCTUYHA
elIeKTpoXeMHujcka cBojersa. >

@DepoleHIIT XaIKOHCKU JIEPUBATH Cy WHTEPECaHTHA jelUIberha 300T FHUXOBE
Benuke npumene. Kopucre ce kox omrnukux ypehaja, ' kao pemoke mexmjaropu 3a
eH3MMCKe censope,* Groropusa hemnje,™ 3a cuHTe3y (PEpOLEHNIT AMHHOKUCEIHHA >
M Kao aHTHTYMOpcka cpenctBa.’> Heku jmepuBaté (epolieHa MOKa3yjy OHOJIOLIKY
AKTHBHOCT KA0 JTAPBHIINIHA M aHTHOAKTEPH I/,

Paznuuuti cyncTutyeHTH y (hepoleHm XanKoHCKOM je3rpy Mory jaa nosehajy
TMOTEHIMjaIHE PUMEHE ¥ IIPOLINPE CHHTETHUKY CIIOCOOHOCT ° OBHX JIepPHBATA.

CunTe3a (epoleHmT XaTKOHa MOXKE JIa Ce M3BE/Ie PA3IMIUTUM METo/ama, ajiH
XOMOT€Ha peakildja y aJKoOXojdy je yoOuuajeHa peakiiyja 3a HUXOBO 1106HjaH>e.161'162
Friedel-Crafts-oBo ammioBame ¢deporena amerun-xiopuaom y npucyctBy AlCl; je
jeAHa O] HajBAXHUJUX MeToJa 3a jJodOujame aneTwi-(epolueHa (keToHa Koju he y
peakiuju ca oAroBapajyhuM apoMaTHUYHMM alAeXHJIOM JIaTh XalkoH). OBaj KETOH ce
BPJIO JIAKO CHHTETHIIE, 3aTO IITO je JOKa3aHO Ja je (epOIeH MHOTO PEaKTUBHHJH O]
Gerzena, 0310

K. Schlégl™® u M. Rausch'® cy 1957. roguue cunterncamu npeu (pepoueHn
XaJIKOH W3 anerwi-peporieHa u Oensanmexuna kopucrehu Claisen-Schmidt-oy
KoHzeH3anujy, a ek 1969.%%" u 1980.%° ronuue je ypahena u merosa CrieKTpoCKOICKa
aHaJM3a, YUMe je MoTBpheHa CTpykTypa.

Beh roagnnama riaBHM NmpeaMeT HCTpakKMBamba MHOTHX Hay4YHUKa KOjU ce OaBe
CHUHTE30M XaJIKOHa M HHUXOBHUX aHAJlora, jecTe YTHLQj IMOjeMHUX Ipyla KojuMa je

CYIICTUTYUCAH apOMAaTUYHU CUCTEM, HAa aKTUBHOCT.
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3Hajyhu na Ha aKTUBHOCT XaJIKOHA JOCTa YTUIAja UMajy U OCOOMHE U CTPYKTypa
CYIICTHUTYEHaTa BE3aHHX 3a apOMAaTHUYHO je3Tpo, MPHUIPEMIbEHA je cepHja (HeporeHHIT
XaJIKOHA Yy Peakluju ca pa3auuuTuM JaepuBaruma BanwinHa (Cxema 40). JloOujenu cy

1-dpepouenun-3-(4-ankokcu-3-mMeTokcudenun)-2-nporneHonn 5(a-h).

)\© x
H RX, KZCO NaOH
aueTOH e MeOH R o Fe

4(a-fl) 5(a-h)

a) R=(:H3Y 6) R=C2H5‘ B) R= C3H7Y r) R=I’-C3H7Y ,q) R= (;4HgY F_]) R=CGHSCH2
Cxema 40. Cunmesa I1-pepoyenun-3-(4-arkoxcu-3-wemoxcughenun)-2-nponenona.

Y 1npBoj (a3um peaknuje W3BPIICHO je ATKWIOBAKE BAHWIMHA Ca PA3IMIUTHM
ankwi-xaorenuauma y npucyctsy KoCOs u anerona. ™ Opako NOOWjeHN BaHWIMHU
cy uckopuiiheHH Kao CymncTpaTH 3a noOujame XajdkoHa. Heka on OBHX jeumbema Cy
HOBOCHHTETHCAHA, JIOK Cy CHHTE3¢ JPYrux OmucaHe MHOro panuje. Mako je erwi-
BaHWINH (40) TMO3HATO jeAWICEHE, Yy OBOM pagy MH CMO YCIend Ja ra
I/ICKpI/ICTam/mleMO169 U BHEroBa KpUCTalHA CTPYKTypa je mpukazana Ha ciumu 20. OBo
jenumeme je To0UjeHo ApyrayujoM METOJOoM, y mopehemy ca ocTanuM alKHIOBaHUM
nepuBaTMa BaHwiMHA. OBJe je aJKWwioBame BpIIeHO noMohy muertwi-cyndara
((C2Hs),S04) y mpucyctey NaOH y BojieHOM pacTBOpY ¥ Ipou3Bo. 40 je KpUCTATHCaH

u3 Bpyhe Boe.

Cnuxka 20. Kpucmanna cmpykmypa 4-emokcu-3-memoxcubensanoexudd.
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AJIKWITOBaHM BaHWJIMHH Cy TPETHpaHU ca MoHoanetui-depouerom y Claisen—
Schmidt-oBoj peakumju  majyhu  1-¢epouenmn-3-(4-ankokcu-3-MeTOKCUDEHMI)-2-
nporeHoHe, 5(a-).

HoBu npon3Bo i HACTaIM y OBOj peaKIyju IPUKa3aHu Cy y cieaehoj Tadenu:

Tao6ena 8. 1-peponennn-3-(4-ankokcu-3-MeTokcudpenun )-2-npomnenonu, 5(a-1)

bp. IMona3Ho jenumeme IIpousBoxa IIpunoc
(0] )
H A
1 ~ /[ ) 78%
0 ~0 Fe
/O 4a /O 5a
O O
H N
2 0 —~6 = 85%
A9 46 _0 < 56
O )
H N
3 ~0 o = 79%
/O 4B /O 5B
O 0]
X
H
° 0 <
/O 4r /O 5r
O O
H A
5 "0 A~ Fe 68%
/O 4}1 /O 5]—1

(op}

(@] (0]
[ j 67%
(o) 0 Fe
@ 0 41 g 4 @51)

CBa cuHTeTHCaHa jeUIEHha U3 OBE CEpHje Cy OKapaKTepHCaHa CHEKTPATHUM
nomarmma (IR, *H 1 3C NMR), unme je moTBplheHa BUXoBa CTPYKTYpa.
V¥ IR cnextpuma BaneHuunone Budpamnuje C=0 rpyne Hamasze ce y odactuma oJ

oko 1647-1653 cm*. KapakTeprcTHYHH CHTHAH 3a Co=Cp cy y obmnactu oxo 1586 no

[80]



JOKTOPCKA JUCEPTALUJA Josana MywKurwa

1592 cm .. [Ipumeheno je ma m3omponuia JAepwBaT KapakTepHIle HajBeha BpeaHOCT
dbpekBeHIMje 3a KapOOHWIIHY TPYIy, Tla MOXKE J1a ce MpeTnocTaBu na Behu yruiaj Ha
OBO TNIOMEPAE MMa payBambe CYINCTUTYEHATa BE3aHUX 32 apOMATHYHU CHUCTEM, a He
€JIEKTPOHCKHU WM PE30HAHIIMOHU €PEeKTH.

Y 'H NMR CIIEKTPUMA MPUCYTHU Cy CUTHAIIA KOJU TTOTHYY O] MPOTOHA BE3aHUX
3a YIJbCHHKOBE aTOME JIBOCTPYKE Be3e KOI «,f-He3acumheHuX KapOOHHIHUX CHCTEMa
Kao jBa nybrnera y obmactuma oko 6,99 u 7,75 ppm, ca KOHCTaHTama KyIjioBama J =
15,6 Hz, mro ykasyje Ha trans koHgopMainjy JBOCTpyKe Bese. "° 3HaYajHU Cy CUTHAIN
KOJU Cy KapaKTepUCTHUYHU 32 MOHOCYIICTUTYUCAHU (epolLeH U TO MHTEH3UBaH, OLITAp
cuarner Ha 4,21 ppm, koju caapxxku SH w motude o HECYNCTUTYHCAHOT
UKJIONEHTAIMEHCKOT MPCTeHA KO MOJIeKysa (epoleHa; 1Ba Icey10 TPUILIETa Ha OKO
4,58 u 4,92 ppm, no 2H, koju mOTUYY OJ OCTajla YETUPH MPOTOHA CYNCTHUTYHUCAHOT
npcreHa ko (epouena. [Ipucyran je u curnHan Ha 3,94-3,98 ppm koju mpumana
NPOTOHMMA M3 METOKCH Tpyle BaHHJIMHCKOT mpcTeHa. OCTaqu CHUTHAIM Ce OJHOCE Ha
NPOTOHE OAToBapajyhux alKuil rpyna, KOju Cy JaTH JeTaJbHUje Y eKCIePUMEHTATHOM
Jeny.

Curnanu Koju OJroBapajy mpoToHHMMa Be3aHUM 3a C-aToMe TBOCTpYKE Be3e,
HaJjla3e Ce Ha 3HATHO BHIIIEM MOMEpary HEro KOJl jeIUibCHha U3 MPEeTXo/He ceprje 3(a-
€), IITO 3HAYM Ja yBohjeme ¢epolieHa nMa J0CTa yTHIaja Ha TTOMEPAe EIEKTPOHCKE
I'YCTHHE KOHYIOBAaHOI CHCTEMa, a CaMHUM THM M Ha XEMMJCKO MoMmepame. Bemuku
yTULA] UMajy U CYIICTUTYEHTH Be3aHU 3a apoMaTH4Hu cucteM. OBo noTBphyje paHuja

: 1
MCTINTHBamA Koja cy Bpmena 1980. roxune'®®

Ha HEKUM (DEepOIeHCKIM XaJIKOHUMA, OJ1
crpane Solcaniova, riae ce HaBoau 1a KO PepOIEHCKUX XalKoHa HajBehu yTuiaj nmajy
0COOWHE CYIICTUTYeHaTa Be3aHUX 32 apPOMATUYHH CHCTEM.

Y BC NMR CHEKTpY BpeHOCTH curHana Ha oko 193, 141 u 122 ppm notsphyjy
IPUCYCTBO a,f-He3acuheHnx KapOOHWIHUX cucTeMa. CUrHai 3a KapOOHWIIHY TpyIly je
MaJjio TIOMEPEH y OJHOCY Ha UCTU curHai kog DHZ-a u Hama3u ce Ha HUXKO] BPEAHOCTH
XEMHJCKOT ToMepama. Pa3nuka je oko 6 ppm. Ha oBo momepame ouMrienHo Hema
yTUIQj IPUpOJA CYIICTUTYEHATa Be3aHa 3a apOMaTHUYHU CUCTEM (CBU MPOU3BOAM MUMajy
CIIMYHE BpeAHOCTH), Beh ycnen yBohema deporiena, nosehasa ce eIeKTpOHCKA I'yCTHHA
KapOOHMITHE TpyIle, IITO JTOBOAM JI0 IMOMepama Ka HIKUM BpenHoctuma. IITo ce True
CHUTHAJIa KOjH CE€ OJHOCE Ha MPOTOHE Be3aHE 3a YIJbEHWKOBE aTOME JBOCTPYKE Be3e,

Buau C€ 1a je MHOro Behe IoMepamke KO ﬂ-yr.l'beHI/IKOBOP aToMa HEro Konag

0-yTJb€HUKOBOTI aTOMa, jep C€ CMamyje EJIeKTPOHCKAa TyCTHHA Ha [-yrJbeHMKOBOM
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aToMy YCiel Ppe3OHaHImje ca KapOoHmitHOM rpymoM.''t IlomTo HHCYy HNpPHCYTHH
CYIICTHUTYCHTH Ca HU3PAKEHHM EJICKTPOH-IOHOPCKHM WM EJIEKTPOH-aKIICITOPCKUM
ocoOMHaMa, HeMa MHOTO YTHIIaja HU Ha IBOCTPYKY Be3y a,f-He3acuheHor KapOOHUITHOT
cucreMa (EJNIEKTPOH-TIPUBJIAYHUA CYIICTUTYEHTH CMambyjy €JIeKTPOHCKY TyCTUHY Ha
OCH3CHY KOjH OBE €JICKTPOHE HaJOKHal)yje TpUBIAYCHEM EICKTPOHA JIBOCTPYKE BeE3e.
VYcnen TakBe pe30OHaHIMjE CMambyje C€ CIEKTPOHCKA T'YCTUHA Ha O-YTJbEHHKOBOM
aTOMy, a CaMHM THUM U CIIOCOOHOCT pe30HaHIMje KapOOHWIIHE TpyIe, JIOK EICKTPOH
JIOHOPCKU CYIICTUTYEHTH Jeyjy OOpHYTO), TaKO Jia HEMa MHOTO BEJIHMKHX pasHKa y
XEMHjCKOM MoMepamy y onHocy Ha DHZ. BpenHocTr 3a curHajie yribeHMKOBHUX aToMa
3a KOje cy Be3aHe aikokcu rpymne m3Hoce 149 m 151 ppm. Kom oBux nepuBara
KapaKTePUCTUYHO j€ W MPHCYCTBO CHTHAJIA KOjU MOTHYY OJl MOHOCYIICTUTYHCAHOT

deporeHa, a Hanaze ce y obnactuma oko 69, 70, 72 u 80 ppm.
2.4.1. Kpucranorpagcka anaiusa

3a jenumema 50 u S5u ypahena je kpucranorpadcka aHalM3a U HUXOBE
CTPYKType Ccy aare Ha cymnu 21.

PenareHcka cTpykTypHa aHaim3a IMOKasyje Jla OBE JBE KPUCTAIHE CTPYKType
UMajy BpJIO CJIMYHE T€OMETpHje MoJeKysa. [[MKIONeHTaIueHCKU TPCTEHOBU MOJICKYIIa

depolieHa UMajy CKOpPO HACATHY SKIUTICHY KOH(pOpMaIH]y.

co/JI\c10 '+ gl
C6 c20(! 3 NA
N /Y, 02 93 ot
“Ce cr 4
(56)
c4 G5 c1
o—{( ;f\r‘-«.‘i—aﬂ' c12 |
Yo >N 1)\ &£
03\‘ a5 T AR L
/et C18R Ny
15, Qo
Cc10 KC17 o
co /[ C18Q 0 /
o~ RS 02[}\ \@\,'”021_}
cs o7 oty 2 Db N R
Y e
(51) PP
A

Cnuxka 21. Kpucmame cmpykmype  I-pepoyenun-3-(4-emoxcu-3-memoxcugpenun)-2-
nponenona, 56 u 1-gepoyenun-3-(4-6ymoxcu-3-memoxcughenun)-2-nponenona, 50
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Ca cnmke ce BHOM Ja Cy CBH aTOMH pa3IMYUTH OJ] BOJOHHMKAa MelycoOHO
KOIUTAHAPHH KO/ 00a MOJIEKYJIa, aJli C€ 3HAYajHO PA3JIUKY]y AUEIAPCKHU yrioBu u3melhy
(beHUI TpyIe M CYINICTUTYHUCAHOT UKJIONEHTaIUeHCKOr npcTeHa koa deporena (Cpl).
Onwu m3Hoce 12,4(2)° 3a jenumerme 56 u 15,4(2)° 3a Sa. Buau ce u 1a je yribeHUYHU HH3
ankun rpymne Be3aHe 3a C21 3matHO wm3BujeH (cnmmke 21 w 22) y mpaBmy
HECYIICTUTYHUCAHOT IUKIoneHTaaueHckor npereHa (Cp2). OBakBa opujeHTanHja ce
nobuja kao mocnenuna poranuje oko C1—C11 Bese, mTo A0BOAM U 70 TOTA J1a TOP3UOHU

yrao C5—C1-C11-C12 usnocu —167,3(2)° u —162,1(2)° 3a jenumemna 56 u 5.

o1

Fe1

03
02

Cnuka 22. Ipexnanawe cmpykmypa monexyia 56 (niaso) u 50 (ypeeno) xopucmehu Cpl
ApCMeH Kao 3ajeOHuyKU 0eo mux cmpykmypa

Cpl u Cp2 mpcreHOBH TOKa3yjy camMoO Mally MPOMEHY YIJIOBa Y OJHOCY Ha
oarosapajyhe Cpl/Cp2 muenapcke yriose. Ca ciimke ce BUAM J1a je Ko oba MojeKyna
(56 u 5x) uneanHo noknanamwe CPl mpCTEHOBa, IITO BEPOBATHO Y3POKYje U jaKO CIMYHE
npoctopHe opujeHtanuje Cl-cymcruryeHara. JequHa pasnuka ce yodaBa y IOJIOXajy
OEH3€HOBOI' NIPCTEHA, KOJU j€ Yy CTPYKTYpU SA HEWTO BHILE CaBUJEH Yy IMpaBIy
HECYICTUTYHUCAHOT LIUKJIONEHTaJUEHCKOT ITPCTEHA.

Hyxune ceux C-H Be3a oxarosapajy TEOpHjCKM M3padyHaTUM BPEJHOCTHMA U
oHe cy dukcupane Ha 0,93 3a Csp? i 0,96 1 0,97A 3a Mernn u MermeHcKe Tpyme. OGe
MOJIEKYJICKE CTPYKTYpe MMajy BeoMa CIMYHE BPETHOCTH 3a AY)KHHE Be3a U yIIIOBE Be3a
(Tabena 9). /IBoctpyka Beza C12—C13 je Hajkpaha mpocTta Beza y obOa MoiiekyIa.
WutepecanTHO je BuaeTH y Tabenu na ce jako pasnukyjy yrimosu O2—C16—C15 u
02-C16—C17, xao u O3—C17-C16 u O3—C17-C18. OBo Ham roBopu o Tome na cy 02
u O3 aTomu jako OJU3Y jedaH JAPYrom, Tako Jia ¢y U oarosapajyhe O-aikui rpyme jako
npubimkene. OBaj J1eo MoJsieKylla urpa moceOHy yiory y cTaOWiIM3aluju camor

MOJICKYJIa 4 CaMWUM TUM U Y I-LCFOBOj AKTUBHOCTH.
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Tabesa 9. Pacrojama usmely nojenunux aroma (A) 1 yriosu Besa y KpucTaiHum

CTPYKTypama jeumheba 50 U Sa.

Jeanmema 50 Sn
Jlyxune Be3a (A)

O1-Cl11 1,224(2) 1,222(2)
02-C16 1,367(2) 1,362(2)
02—-C20 1,426(2) 1,432(2)
03-C17 1,355(2) 1,362(2)
03-C21 1,439(2) 1,435(2)
Cl1-Cl1 1,466(3) 1,467(3)
Cl1-C12 1,472(3) 1,474(3)
C12-C13 1,320(3) 1,324(3)
C13—Cl14 1,451(3) 1,459(3)
VYrnosu Be3a (°)

C2-C1-Cl11 128,01(19) 127,51(19)
C5-C1-Cl11 124,8(2) 125,10(19)
02-C16—Cl15 125,40(17) 125,51(17)
02-C16—C17 114,46(18) 114,99(18)
03-C17-Cl18 125,58(18) 125,60(18)
03-C17-C16 115,78(17) 115,24(18)
Top3uonu yriosu (°)

C20-02—C16—C17 —174,48(19) —170,25(18)
C21-03-C17-C16 174,15(18) 169,16(17)

Kox o0a jenumema MPUMETHO je TMOCTOjale MHTEPMOJIEKYJICKAX BOJOHHYHHMX
Beza C21-H...O1 u C21-H...n (Cauka 23). 3aHMMJbHBO je HAMIOMEHYTH 1a y 00¢
MeljyMoJieKyJicke MHTEepaKInje, Koje ce jaBjbajy, MeTuieHcka rpyna C21 urpa BaxHy

ynory H-gonopa.
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Cnuka 23. Kpucmanno naxosarse Monekyia 56 Npukasamo Kao jeOHOOUMEH3UOHATHO
VOPYIHCUBATLE MOJIEKYIA NYMeEM UHMEPMOAeKyAcKkux unmepakyuja usmehy C1 cyncmumyenama

2.4.2. BuoJionka akTUBHOCT jenuimbema 5(a-h).

Panuje ucnuruane aktuBHoct DHZ-a u meroBux nepuBara ykasyjy Ha TO Aa
KapOOHMJI paJMKall Wrpa TJaBHY YJIOTY Yy aHTUMHKPOOHO] akTMBHOCTU. [IpmcycTBo
nosiapuzoBaHe C-O Be3e U IBOCTPYKE Be3€ j€ HajBEPOBATHH]E OJITOBOPHO 32 aKTUBHOCT,
jep yruue Ha ¢popmupame KoBajeHTHe Bese ca [JHK Mukpooprannzama u omera \UXOB

"2 Pasna mcnuTHBama Koja cy paljeHa Ha XaJIKOHHMA IOBENa Cy JIO

MeTa0oI13aM.
3akJbydka jaa rpyne kao mro cy OH u OCH; Be3aHe 3a apoMaTU4YHHM CUCTEM, YTUUYY HA
OMOJIOIIKY aKTUBHOCT XaJKOHA Ha Ta) HAYMH LITO j€ 3HaTHO yBehaBajy Hero kaj uMamo

* To je TmoTBpheHO ¥ TPUIUKOM HCIUTUBAKA

HEKe Jpyre cyHCTI/ITyeHTe.17
MI/IKpO6I/IOJ'IOI_HKe AKTHUBHOCTH HAIIMX aHaJIora XaJIKOHa 3(3-6).

VY oBOM pafy je ucnuTaHa MUKPOOHOJIOIIKAa aKTUBHOCT cepuje 1-pepornennin-3-
(4-amkokcu-3-MeTokcu(eHU)-2-MPONICHOHA, Ja OM ce YTBPAWIO HMMa JIM YyTHUIaja
IpUCYCTBO (hepolieHa Ha paHHje MOMEHYTY aKTUBHOCT jeIUHEHha.

Kao Tect OpraHu3MH 3a OBa HCIIUTUBAKA KOpI/IIJ_IheHI/I cy cnez{ehn COjeBI/I
oaxrepuja: Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Escherichia coli,
Pseudomonas aeruginosa, Proteus mirabilis u rseuBa: Mucor mucedo, Trichoderma
viride, Aspergillus niger, Candida albicans, Penicillium italicum. Pesynraru cy natu y

tabenu 10.
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MunnManna wuaxuOutopHa kouuenrpanuja (MIC) je ompehena meromom
MHUKpopaspehema Meaujyma, I1e je BpIICHO 3acejaBare UCIUTUBAHUX henuja y mioye
ca 96 Oynapuunha. 3a cBaKy UCIIUTUBAHY CYIICTaHIly €KCIIEPUMEHTH CY ITOCTaBJbaHU TPU
nyra. [lomazHu pacTBopu Cy MOOMjeHH pacTBapameM HCIUTHBAHHUX CYICTaHIHU Y 5%
DMSO, onmakne cy BpieHa IBOCTpYKa pa3Onakema. PecazypuH je peaokc MHIMKATOP
KOjH je KopHuIIheH 3a MpoIeHy pacTa MUKpo0a, a Kao MO3UTHBHA KOHTPOJIa HHXUOUIIH]je
pacta KopuIheHH Cy CTPENTOMUIINH, 3a OaKTepHje U KETOKOHA30JI 3a TJbUBE.

Tectupana jequmema MOKa3yjy BpJIO CIMYHY aHTHMUKPOOHY aKTHBHOCT. M3
tabene 10 ce BUAM Aa OHM MHXHOMpAjy U OaKkTepHje W TJbHBE, I MHOTO Mambe HETo

CTaHgapaHu aHTI/I6I/IOTI/H_II/I.

Ta6ena 10. Munumanna uaxuburopna koruentparmja (MIC) jenumerma 5(a-1)

MukpoopranuzmMu
%)
>
% K] %] S 2 o g P 2 g
] = 2 3] 3 = S =) g &2
%) o = o @ 8 c = ©
=] > (V] = = S © n o =
0 73 o = g = ) <
Q ) %) L S = = ot £
8 = = 5 > 5 g 2 j =
IS = = 5 =
T s % 0§ 3 8 : ¢ § % @
ecThpaHa E a = < S S
jenvmena "
5a 1,25 0,625 0,312 1,25 2,5 1,25 2,5 2,5 0,625 2,5
56 0,625 0,312 0,625 1,25 1,25 5 1,25 5 0,625 2,5
58 0,625 0,312 0,312 2,5 1,25 2,5 2,5 2,5 1,25 1,25
5r 2,5 0,625 0,312 1,25 1,25 2,5 1,25 5 0,312 1,25
51 2,5 1,25 0,625 2,5 1,25 5 2,5 5 1,25 5
5h 5 1,25 1,25 5 2,5 10 5 10 2,5 5

AHTHOMOTULHU 0,031 0,016 0,016 0062 0062 0156 0078 0,078 0,039 0,156

Bpennoctu cy gare y mg/mL

MIC Bpeanoctu 3a 6akrepuje ce kpehy ox 0,312 10 5 mg/mL, a 3a ribuBe 01
0,312 no 10 mg/mL. V mnopehewy ca obmunmm xaikonuma u DHZ-om, muxoBa
aKTHBHOCT j€ HEWTO Mama. Y OJHOCY Ha NpeTXomHy cepujy 3(a-e), oBae Hema
jenMmena Koje He Moceyje HUKAKBY akTUBHOCT. HajakTHBHUjE je jeumemne SB U Ta
aKTUBHOCT j€ HajBHUIIIEe M3paXkeHa rmpeMa Oaktepujama u3 pena Bacillus, mro morphyje
Y paHWja UCITUTHUBaKkhA Ha XAITKOHCKUM )1ep1/113aTI/1Mal74 KOJl KOjuX je oBa hemujcka BpcTa
Ouna HajoceTsbuBHja, a Escherichia coli najmame ocetsbuBa. [Ipumehena je n Benuka

pe3ucTeHTHOCT npeMa Oakrepuju Staphylococcus aureus. OBa pe3UCTEHTHOCT je BHUIIIE
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M3pakeHa KoJi METHJI IepuBaTa S5a, Hero K01 HaJaKTUBHH]ET JeIMbCHha U3 OBE Ceprje DB
(mpormii- nepuBata). OBO HaM TOBOPH U O TOME J1a KOJ (EPOIECHCKUX XAIKOHA MOpe]
WHIYyKTUBHOT ¥ PE30HAHIIMOHOr e(eKTa CYICTUTYCHaTa BE3aHUX 3a apOMATUYHU
CHCTEM, Ha aHTHOAKTEPHjCKy aKTHBHOCT JOCTa yTHIaja UMa M IPOCTOPHHU pacroper
THX CYIICTUTYCHaTa. AHTUTJBMBHYHA aKTHBHOCT je cltabo u3pakeHa, a Aspergillus niger
je Hajpe3CTEeHTHNM]a TJBKBA, IITO j¢ y CYNPOTHOCTH ca akTuBHomhy nepusata DHZ, '
KOjH Cy HajaKTUBHH]H IIPEMa OBOj TJbUBH.

Pesynratu nokasyjy na yBoheme ¢eporieHa JOBOIU 0 CMamEHha aKTUBHOCTH
onrosapajyhmux xajakoHa W Jla aKTUBHOCT YMHOTOME 3aBHUCH OJ KoH(popmarmje
UCIUTHBAHOT JeUIbCHA, Tj. OJ IOJOXKaja CYICTUTYCHaTa BE3aHUX 3a apOMATUYHU

CHCTEM y OJTHOCY Ha caM (hepOILIiCH.
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2.5. 2-OKC0-1,2,3,4-TETPAXUJIPOIIUPUMUTUHU
(BIGINELLI-JEBH TPOU3BOMN)

VY nocienmsux HEKOJIMKO roguHa 2-okco-1,2,3,4-TeTpaxuaponupuMuInHA (WK
3,4- nuxunpormmpumuann-2-(1H)-oan (DHPMS) 1 BUXOBU JepUBATH MPUBJIAYE BEIUKY
MaXKEby 300T jaKO M3PAKECHUX TEPaIeyTCKHX M (papMakosomkux ocoouna.'” Hekn ox
BUX HCI0JbaBajy pa3IMYUTE OHOJIOIIKE AaKTHBHOCTH, YKJbY4yjyhu aHTHBHpYCHE,
aHTHTYMOpCKe, ~aHTHOakTepujcke u  antuuH(uamaropue.” °  HajjenmocraBuujy
JMPEKTHY METOJy 38 CHHTE3y TUXHUAPONMPUMHUIMHOHA npBH je objaBuo Pietro Biginelli
1893. roaume.l’” Osa peakija je mo3Hara noja HasuBom “Biginelli-jeBa peakiuja”,
“Biginelli-jeea xonnensammja”’, wim kao “Biginelli-jea muxuapOTUPUMHIHHCKA
cuare3a”. To je BUIIEKOMIIOHEHTHA pPeaKifja KOHJCH3aIMje alleXuaa, f-KeTo ecTpa u
ypee moj jako KucenuM yciaoBuMma. Yetpaecer roauna kacuuje Folkers m Johnson cy

00jaBWJIM U NIPBU MEXAHU3aM 32 OBY peaKquy178 (Cxema 41).

(0] 0 (@]
B A Sen,
o i TN N, CH HN N&Co Et
) W
HN™ “NH;, R™ H HN NH, HN NH
b D
© o)
R = Ph, Ar j-HzO

H 1 CH,
HN | ~— A ’

COZE'[ 'OC(NHZ)Z HN

! TNHZ

o

Cxema 41. Mexanuszam Biginelli-jese peaxyuje

['maBHM HeJOCTaTak OBE peakifje Cy jJaKOo HUCKH NMPUHOCH M TO HAPOUUTO Y
ClydajeBUMa CYIICTUTYHUCAHUX apOMATHYHUX aJlJIeXUa.

[{nsp MoOzepHE OpraHcKe CHHTE3€ je€ HM3BPIIUTH IITO epUKACHUjE XEMH]CKe
TpaHchopMalrje Koje yKbydyjy peaklujy TpH WM BUIIE KOMIIOHEHATa Y jeaH] ¢a3u
kopuctehu oparomapajyhe karanmuzarope y3 us0eraBame yHorpede TOKCHUHUX
peareHaca, BeJIMKe KOJIMYMHE pacTBapada, CKyIHX peareHaca, Jyra BpeMeHa W3Bolema

peakiyje M KOMIUIMKOBaHE TexHHKe mpeuuithaBama. Tako y ciydajy HpeTxoaHO
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MMOMEHYTE peakifje MmoTpeOHo je Hahu MmTO jenHOCTaBHHUjE, Ojare u euKacHE YCIOBE
3a 700Mjame AepuBaTa AUXUIPONUPUMHIINHOHA.

VY nocneamuM JelieHHjaMa 3HAaTHO cy moOosbianu ycioBu 3a Biginelli-jeBy
peakumjy y3 ynorpeGy pasmmunTix karammsaropa.’ ¥ Muore Lewis-oBe kucemnme
Kao IITO ¢y OakapHe COJIH MOoKa3ajie Cy ce Kao BeoMma J00pU KaTalu3aTopu 3a CHHTE3Y
JUXUAIPONUPUMHUIMHOHA.

basuu OakapHM KaTajiu3aTopyd Kao MITO Cy Cu(OTf)z,181 CMS,82 cucl,, 8
Cu(NOs),-3H,0,®* Cu-cyngamar,'’®> Cu(NT),,** [Gmim]CI-Cu(ll),**" Cu-nanoue-
cruue,™®  Cu(acac),[bmim]BF,™*® CuCl,2H,0,**® Cu(Cl04)»6H,0,** Cu(BF,),, %
Cul™ u SiO-CuCl™ memaBHo cy wuckopumlieHH Yy CHHTE3H —pPasIHUNTHX
JMXuIponupuMunHoHa. [lopen Tora, HEKe HEOPraHCKe M OPraHCKe aMOHHjyMOBE

% 19 4 Gemsun

COMH, KA0 WITO Cy aMOHHjyM-KapGoHaT, > aIKHIaMOHHjyMOBE COJH
TPUETUIIAMOHU]YM xuaopug™" cy Takohe ynorpebsbeHe y oBoj peakiuju. Mnak, oHO mTO
j€ jako HEMOBOJPHO y CBHM OBHUM peakilMjaMa jecTe TEIIKO H30JIOBAmhE MPOW3BOAA U

HUCKHU IIPUHOCH.

Wmajyhu y Bumy cBa oBa oTkpuha Kao M HHHXOBE HETaTHBHE CTpPaHE,
CHUHTETHCAaHA j€ Cepuja HOBHUX JUXUIPOIHPHMHIMHOHA, Toja3ehum on BaHWIMHA |
IETOBUX JepHUBaTa Kao apoMaTHYHUX anaexuna. Kao karanuzarop je uckopwuirheHa
OakapHa co, terpaxyopuao(bis)benmnamo-uujym-6akap(ll) ((PhNH3),CuCly), xoja je
TPHTIPEMIbEHA IPEeMa PAHHUje OMICAHO] IIPOLCAYPH.

VY npBOM Kopaky IuIaHHpaHa je CHHTE3a alKHJIOBAaHHUX JIepUBaTa BAaHUJIMHA, KOJU
Cy IJIaBHM CYIICTPaTH y OBOj peakiuju. OHU Cy CUHTETHCAHU IIpeMa paHuje OMMCaHO]
meronn M kox  nobujama  1-depouerm-3-(4-ankokcu-3-MeTOKCHDEHNT)-2-
-IIPOTICHOHA.

buio je HEONMXOJHO CHMHTETHCATH XaJIOTEHUAE KOjU HHCY OWMIIM KOMEpIIHjaTHO
noctynHu. OHU cy KopHIINeHH 3a alKUIoBamke (PeHOIHE rpyle BaHWINHA U JOOHjeHa je
cepuja (4-anxokcu-3-meTokcudenun)-oeH3anaexuaa, 6. OBU anaexuan Cy MOCTYKHUIH
Kao jako j00pwu cyrctpatu 3a Biginelli-jeBy peaximjy.

[IpBo je u3BpIIEHAa ONTHMHU3AIMja YCIOBa 3a OBY peakiyjy. Y IOYETKy Cy
yIOTPeOJbCHN pacTBapaudl pasziIMyMTe MOJAPHOCTH y mpucyctBy 1 mol% panuje
MOMEHYTOT KaTtaiu3aTopa. Peaknmje cy m3BoheHe Ha cOOHO] TeMIepaTypu y MEepUOIY

on 24h. Kao pactBapaun ymotpebsbenn cy: metmieH-xjopun (CH,Cly), meranon

MeOH, eranon (EtOH), Terpaxunpodypan (THF) u auneronutpun (MeCN). EtOH ce
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MOKa3ao Kao HajOOJBM M ca UM Ccy mpuHOcH Omiu HajBumu. Crnenehe mro je Tpedayio
ypaauTH, jecte Hahy HAjIIOBOJEHUjHU OJHOC Yy KoMe he pearoBaTw IepuBaTH BaHWIMHA,
onrosapajyhu f-keto-ectap u ypea. [Ipahenu cy npunocu jenumemna 8a y3 kopuriheme
pasIMYMTUX OJHOCa peakraHata. OHOCH Cy Bapupanu Ha cieachu maumn: (1:1:1,5,
1:1,1:1,5, u 1:1,2:1,5) Toxom 24h. HajBumm npuHOC je 610 Kana je y3er cieachu ogHoc
1:1,2:1,5. Ha kpajy je 6uno norpedbHo HahM M ONTUMAIHY KOJIMYHMHY KaTajau3aTopa 3a
OBY pe€aKiMjy, MPH pPa3IUYUTAM BpeMeHUMa ojurpaBama peakiuje (Tabema 11).
Vpaheno je 8 mpoda kopuctehn 5 u 10 mol% kartanuzaropa. YHoTpeO/beHO je HUCTO

JEIMIbEE 3a NCTIUTHBAA, 8a.

Tabena 11. Ontumusanuja konmuuune karanusaropa (PhNH;),CuCly,

Bpoj  Bpeme Konuyuna [IpuHOC

(h) KaTajau3aTopa jenumema

(mol%) 8a (%)

1 2 5 TParoBu
2 5 5 15
3 10 5 34
4 15 5 50
S 20 5 56
6 20 10 87
7 25 10 90
8 29 10 94

N3 rtabene ce Bumu na HajOosbe pesynrare mokaszyje ymorpeba 10 mol%
Katanusaropa y nepuony ox 29h (mpunoc 94%). OBaj MPUHOC je MHOTO BHIIH O]
paHuje 1oOUjeHHX MPUHOCA UCTOT MPOU3BOAA, KOJU j€ TIO3HAT U3 JH/ITepaType.199'203 On
uzHocu 94%, nok je y nureparypu 91% unm 84% u 72% kana ce peakiuja oaBrja Mo
TEPMUYKHM YCIOBUMAa M MUKPOTAJIACHUM 3PaUCHEM.

[Tomro cy Hal)eHH HajIOBOJFHUJH YCJIOBHU 3a peakifjy, HalpaBJbeHa je cepHja

HOBHX 2-0Kc0-1,2,3,4-TeTpaxuaponupumuanta 8(a-o0) u 8(a’-k’), Cxema 42.
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Cxema 42. Cunmesa 2-oxco-1,2,3,4-mempaxuoponupumuouna

[TpousBoau 8a, 86 u 8B cy 011 paHHje MO3HATH y JUTEpaTypu (OMUCAHU y CBEra
2-3 panma), DOK je y OBOM pajay OCTBape€H MHOTO BHIIM IMPUHOC M H3BpIICHA je
KOMIUIETHa KapakTepu3alyja, IITO HHUje Cciay4a) M Y THPETXOAHO IOMEHYTHM
paJIOBHMa.2°4'205

Vpahene cy u peaknuje 6e3 MpUCyCTBa pacTBapaya Koje ca CTAHOBHUIITA ,,3€JICHE
xemuje® y JaHalllkhe BpeMe UMajy Beluku 3Hauaj. Kao karanusarop je kopuirhena ncra
OakapHa co, a BpIIIEHA jeé XOMOTeHHu3alMja pearyjyhux cyncraniu y aBany y “solvent
free” ycnosuma. Ha oBaj HaumH ce 100Mjajy MPOU3BOAM Y MPUHOCHMA KOJH CY CIUYHU

ca TPETXOAHO TO0OMjeHMM BPEIHOCTHMA KajJa C€ peakifja OJBHjaJla y TMPUCYCTBY
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pacTBapaya, ajqu ce 3HaTHO ckpahyje Bpeme m3Bohema. Maio je Apyraunju u MOJIapHU
onHoc pearyjyhux cyncrannu (1:1,3:1).

Haj6osp1 mprHOCH OCTBapeHU Cy MPUIMKOM J00Hjama MPOU3BOJIa KOJU CaIpPKe
¢parmente CH,COOH, CH,COOEt, (CH;)3Br u CH,C(CH,)CH3 (81, 8j, 8:x’, 83’ u
8x’). IIpunoc npousBoma 8j u 8:x’ y peakijama 6e3 mpHUCyCcTBa pacTBapaya je UCTH H

oH u3Hocu 95% u o mocie camo 1,5 u 2,5h.

Ha cnukama 24 u 25 nare cy crpykrype nobujenux mpousBoaa. Ca nome JieBe
CTpaHe y CBaKOM II0JbY JIaTO je BpeMe OJMIpaBama oJropapajyhux peakiuja y caruma,
a JIECHO MPUHOCH JOOWjeHUX MpOou3BOa. Y 3arpajama ce Hallaze BPEIHOCTH KOje ce

OJTHOCE Ha peakiujy 0e3 mpucycTBa pacTBapaya.

Hanpasseena je cepuja on 30 jenumerma, Kopucteh 1 XOMOT€HY M XETEPOTeHY
KaTanu3y (ca U 6e3 MpUCYCTBa pacTBapaya), 0j KOjux Cy 27 MOTIIYHO HOBA jeIUIbCIbA.
CBH MpOU3BOJIM CY OKapaKTepUCaHU CHEKTpocKorckumM nonanuma (IR, 'H NMR u BC
NMR), uume je nmorBphena muxoBa cTpyKTypa. YpaheHe cy U MaceHa M elIeMEeHTapHa

aHaln3a, a HeKW O TPOU3BO/Ia Cy OWJIM MTOTOIHY 32 PEHIITCHCKY CTPYKTYpHY aHAU3Y.
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Cauxka 24. Emun 6-memun-2-okco-4-(4 ’-anxoxcu-3 -memoxcughenun)-1,2,3,4-mempaxuoponupumuoun-5-kapboxcunramu
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Cnuka 25. Memun 6-memun-2-okco-4-(4 -ankoxcu-3 -memoxcugpenun)-1,2,3,4-mempaxudponupumudun-5-kapookcunamu
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VYV IR nexkTpruMa OBHX jeIMbECHha MPUCYTHU CY CUTHAIH y obnactu o 3214-3252
cm ' xoju motray ox N-H BuOpammja Ko MHPUMHINHOHCKOT pCcTeHa. Y 001acTH 01
1700-1710 cm ! u 1640-1664 cm ™ nanase ce BaneHuuoHe BUGpaLHje jeIHe ecTapcKe U
jemHe aMuIHe TpyIe.

Y 'H NMR CIIEKTpHUMa IPUMETHA Cy J[Ba IHUPOKa CHHTIIEeTa y obsactu ox 7,68-
7,79 ppm u 9,15-9,26 ppm koju moruuy ox asa NH (NH-3 u NH-1) mporona u3
MUPUMHIMHOHCKOT TipcTeHa. Y cycenctny jenne NH rpyme nanasu ce C-atom 3a Koju je
Be3zana metui rpyna (H-6) u ogrosapa joj xemujcko momepame y obnactu of 2,24-2,26
ppm. IlpoToH Be3aH 3a yIJb€HMK HUPUMHUAMHOHCKOI IPCTEHA 3a KOjU je Be3aH U
apOMAaTUYHM CHCTEM Hajla3u ce y obmactu on oko 5,04-5,17 ppm u To kKao my0Guer.
MeTtokcu rpyma je IpucyTHa KOJA CBHX IPOW3BOJA M EHEHU NMPOTOHU C€ Hala3e Ha
nomepamy o oko 3,69-3,75 ppm u oHa je AUPEKTHO Be3aHa 3a apOMATHYHU CHUCTEM.
YowbHBH Cy U IPOTOHHM KOjU Cy Be3aHM 3a C-arome OEH3EHOBOI' IPCTEHAa M KOjU Ce
Halla3e y OYEKMBAHO] OOJACTH apOMaTHYHUX jeUbCHha OTIPHIMKE OKO 6-7 ppm.
Bpeanoctu ce Mano pasnuKyjy oJ MPOU3BOa 10 IPOU3BOA, jep I0CTA YTUIaja HAa OBO
XEMHJCKO MOMEpame HMMajy CYICTHYTEHTH Be3aHHM 3a OeH3eHOB mpcTeH (dparMeHTH
QJIKWJIOBAHUX JIepUBaTa BAaHUJIMHA).

VYnopehuBameM BpEeAHOCTH XEMHjCKOT TOMEpama y MPOTOHCKOM CIIEKTPY,
NPUMETHO j€ BeOMa M3PaKEHO TIOMEpamke Ka BUIITNM BPEIHOCTHMA KO Ipou3Boaa 83 u
8e’, Koju ce 0JJHOCE Ha MPOTOHE apOMATUYHOI CHCTEMa U JiBa MIMpoKa cuHriera o N-
H. To je u ouekuBaHO 003MPOM J1a MPUCYTHA ALETHJI TPyINa Be3aHa 3a OEH3E€HOB NMPCTEH
MMa M3pakeHe eNIEKTPOH-TIpUBIayHe ocoOuHe. OHA cMamyje €IeKTPOHCKY T'YCTHHY Ha
apoOMaTUYHOM CUCTEMY U Ha Ta] HAYUH yTUYE J1a C€ XEMHJCKO IOMEpame IMPOTOHA U3
apoOMaTUYHOI cucTeMa MoBehaBa, a yciel pe30HaHLHje TO CMambeme EIEKTPOHCKE
rycTHHe ce mpeHocH u Ha N-H koa mupuMuAMHOHCKOT MTpCTEHa.

v B¥C NMR CHEKTPHUMa Ha HajBUILIEM XEMHJCKOM IMOMepamy Hajla3e ce CUTHAIU
nBe C=0O rpyme. Jemna je ectapcka y oOmactu oko 166 ppm, a apyra je wus
nupuMHIMHOHCKOT npcTeHa (C-2) Ha moMepamy oko 152 ppm. Ha BpenHocTH curnana
oko 148,3 ppm Hanaszu ce curHan oa C-aroma Koju 1MoBe3yje MUPUMUIUHOHCKH IPCTEH
u OenszeH (C-4). YIJbeHUKOB aTOM M3 MHPHUMHUAMHOHCKOT MPCTEHA 3a KOjU je Be3aHa
oarosapajyha metun wim etuii- ectapeka rpyma (C-5) uma cur"an y obmacta oko 100
ppm. Ha HajMamUM BpeTHOCTHMA TIOMEpaka Hajla3e Ce CUTHAIH KOjU TIOTHIY O METHII
rpyne IUPEeKTHO Be3aHe 3a MUPUMHIMHOHCKM mpcteH U C-6 aroma 3a KOju je OHa

Be3zaHa. OHu ce Hanaze y obmactu oko 18 ppm u 49,6 ppm. CBu oBu nmojaiy noTephyjy
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HacTajamkbe oaroBapajyher NUPUMHAMHOHCKOT TIPCTEHA Yy TIPOLeCy IHKIH3aIuje.
CurHaiim 3a apoMaTMyaH CHUCTEM ce Hajna3e y oOiacTuMa Koje OAroBapajy Hu
noMepamuMa KO/ MOYETHHX ajjexuaa. To cy rpymne curaana y odmactu ox oko 109-
150 ppm.

XeMmHjcKa TOMepama Koja OJAroBapajy aJKWi Tpylnama H3 BaHWIUHA U
NPOM3BO/IA CY JIeTaJbHHjE OMUCaHA Y EKCIICPUMEHTAIHOM Pajy OBOT IOKTOpaTa.

CBH OBM OJANM TIOKA3yjy Jia je J0OMjeHa HOBA cepHja jeUbCHha U J1a je IheHa

CTPYKTYpa HEIBOCMUCIICHO MOTBpleHa.
2.5.1. Kpucranorpadgcka anaiusa

JloOujeHa cy Tpu KpUCTAJIHA jeIUCHa M3 OBE CEpHje, YMME je JI0JIaTHO
notBpheHa muxoBa crpykrypa (85, 8k u 8m). JlerapHuje je oOpaljeHo camo jeanumbembe

81 (Cunixa 26).7%°

C18L 05
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Cnuka 26. Kpucmanna cmpyxmypa emun 6-memun-2-oxco-4-(4’-uzonponoxcu-3 ’-memorcu-
@enun)-1,2,3,4-mempaxudponupumuoun-5-kapbokcunrama, 8h

CBH aTOMH y XETEPOIMKINIHOM crucTeMy (ocuMm aroma BogoHuka) N1-C2-N3-
C4-C5-C6, cy mpubmmxkHO KomiaHapHu u3y3eB C4 atoma KOjU je Majio U3MEIITEH y
olHOCY Ha paBaH ocrtanor jnena upcreHa. ®Penun npcren C11-Cl6 je ckopo
OpPTOTOHAJIAaH Y OJTHOCY Ha XETEPOIUKINYHH NpcTeH. M3pauyHato je ma je C5-C6 Besa
Hajkpaha Be3a y monekyny 81, anu je weHa qykuHa HemTo Beha ol qykuHe oOUYHE
nBocTpyke Bese. OBzie ce BpIIM AejoKainu3aiuja n-Beze kpo3 pparment C5-C6-N1-C2-

N3. IIponaheno je na nyxune N-C Be3za penom uznoce: 1,380 A (C6-N1), 1,370 A (N1-
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C2) u 1,339 A (C2-N3), mrro je kpahe on nyxune obmune N-C. Opo motBphyje u
MPETXO/IHO M3HETE YMIHCHMIIC J1a JIOJIa3H JIO JEeJIOKaIu3alije MpeKo OBOr (parMeHTa,
300r yera oBe Be3e MOMPUMA]jy MapIHjaTHU KapaKTep JABOCTPYKE Be3e. YcCie lUXOBOT
ckpahuBama oHe noBjave ka ceou u N4-arom, na Huje uyaHo aa je N3-C4 3natHo myxka

o]l oOMYHe BpPEJHOCTH 3a Ty Be3y, a YjeHO U Hajayxka Be3a y Moisiekyny 8. Ona uznocu

1.459 A
2.5.2. BHOJIOIIKA AaKTUBHOCT jeIHIbermha 8

VYpahena cy u MUKpOOHOJIOIIKA UCIIUTUBAKbA OBUX JEIUELCHA, Al Cy HUXOBE
AKTUBHOCTH OuJie BpJo ciale.

Kao tect opranusmu xopuinhenu cy cienehu cojeBu 6akrepuja: Staphylococcus
aureus, Bacillus subtilis, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa,
Proteus mirabilis u risuBa: Mucor mucedo, Trichoderma viride, Aspergillus niger,
Candida albicans, Penicillium italicum.

Panmja ucnutuBama koja cy BpuieHa Ha HekuMm Biginelli-jeBum mpousBoauma
KOja Cy caipkala MOHOCYICTHTYHCAHH OCH3GHOB MpPCTEH’)' [OKasala Cy aa je
HajakTHBHU]jE jenumeme Koje caapku NO; rpymy kao cyncrutyeHT. Mcnutupama cy
BplIeHa Ha cienehum Oakrepujama u ripuBama: Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa u Candida albicans u Aspergillus flavus. OnaBne ce
MOXe 3akJbyduTH jaa akTuBHOCT Biginelli-jeBux mpousBoma HMCKIbY4MBO 3aBHCH O]
SNIEKTPOHCKUX edeKara CyNCTHTyeHaTa M Ja eNeKTPOH-TIpUBIavHe rpymne moehasajy

AKTUBHOCT OBUX IIPOU3BOJA.
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3.1. Onure HAIOMEHEe

3a u3Boheme peaknuja KopumiheHH Cy KOMEPILHUjalIHO IOCTyNaH BaHWJIMH U
KOMEpIIMjaTHO JIOCTYITHU pacTBapayuu: METUJICH-XJIOPH, TOJyeH, eTHII-alleTaT, XeKcaH,
eTap ¥ aneToH. PactBapaun xopuiheHH TOKOM OBOT pajia Cy JECTHIOBAHH U CYIICHU
10 TIOTpeOH.

Tankocnojua xpomatorpaduja (TLC) wusBoheHa je Ha amTyMUHHUjYMCKUM
mio4ama IpeByYCHUM cliojeM cuinka-rena aeospure 0,2 mm (Silica gel 60, Merck u
Silica gel 40, F254, Merck), y3 Buzyenuzanujy UV samnom (254 nm) win u3a3uBambeM
MpJba eTaHOJICKKM pacTBopoM anuc-aiaaexuaa (0,5 ml anuc-angexuma, 20 ml C,HsOH,
0,5 ml 97% H»SO4 u 1 ml CH3;COOH).

[lpousBoaM KOjU Cy CHHTETHCAaHM Yy OBOM paiay npeunmihaBaHud Cy
xpomatorpadujom Ha ctyOy (kononu). Komnona je mymena cuuka-resnom (Silica gel 60,
0,063-0,200 mm, Merck).

Tauke TorUbewa oapehuBane cy Ha amapary MelTemp, momen 1001 u Hucy
KOpUTOBaHe.

Wudpaupsenn cnekrpu cHuManu cy Ha Perkin Elmer Spectrum One FT-IR
cnektpodotomerpy ca KBr nuckom. Cu 'Hu ®C NMR cniektpu cauManu ¢y y CDCl3
u DMSO-ds y ognocy Ha terpamermicunan (TMS, 6=0) na VarianGemini 200 MHz
NMR crexrpomerpy (200 MHz 3a *H 1 50 MHz 3a *C), a xemujcka nomepama (8) nara
cy y ppm (parts per million). Ckpahenune xopumhene 3a 'H NMR curuane cy: s
(cunrier), d (ny6uet), t (Tpurutett), q (kBapter), m (mynrumuier), dd (xybner-ayonera),
br. s. (mmpoxu cunrner). Koncranre kymioBama (J) cy uspaxene y xepuuma (Hz).

['acHo-MaceHne aHanu3e paljene cy Ha uactpymenty Agilent Technologies mozaen
6890N ca HP-5N komonoMm (5% denwmi-, 95% mernnmommcuinokcan). Kao Hocehu rac
kopumrheH je XxenwjyM, JOK je eHepruja jonusanuje 70 eV. OmgHoc Mace u
HaeJeKTPHCambha 3a JOHE Y MaCeHUM CIIEKTpUMa JaT je kao M/Z. MaceHa criekTpoMeTpuja
je m3Benena Ha Waters Micromass ZQ macenom criekrpometpy, MassLynx codsep je
KopuirheH 3a KOHTPOITY ¥ 00pay ImojaTaka.

Mukpoananuse cy pahene Ha cinenehum mactpymentuma: Carlo Erba EA1108
mukpoananusaropy u Vario I1l CHNS Elemental Analyzer, Elemental Analysensysteme

GmbH u Microanalyses of C, H and N.
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[Tomamm 0 mudpakmuju X-3paka Ha MOHOKPUCTAJIUMa OJIroBapajyhux jenmbemna
NPUKYIUBCHU Cy Ha COOHOj Temmeparypu, kopuctehu amapar Oxford Diffraction

Xcalibur Sapphire3 Gemini diffractometer, onpemsben uzBopom 3pauera Mo Ka (A =

0,71073 A). 3a ananu3y noaaraka kopunihenu cy copTepn CrySAIiSPrO208

2209

. Kpucranna
CTPYKTypa je pemeHa AupekTHoM wmetogoM kopuctehu SIR200
SHELXL*® u3 makera WinGX.

henujcke muuuje MDA-MB u A549 cy nabasssene ox American Type Culture

U Tporpam

Collection (ATCC, Manacac, Cjenumene Amepuuke JIpxase). henujcka munuja HCT-
116 je moknon ox ap Jauujenme Burmesuh (Institute Curie, ITapus, dpaniycka).
Mesenxumante marndae henuje (MSC) cy nabasibene ox Invitrogen (Kapnc6an, CA,
Cjenumene Amepuuke [pxase ). MDA-MB u HCT-116 henuje ce onpkaBajy u raje y
uHKybaropy Ha Temmnepatypu on 37°C y atmochepu koja je oborahena ca 5% CO; u
3acuhena BojeHoM mapoM. OBe KyJIType ce OAp)KaBajy y BUAY MOHOCTIOja Y XPaHIbHBOM
menujymy RPMI 1640 (Sigma Aldrich, Munxen, Hemauka). Y oBe XpaHJbUBE MOJIOTE
ce npe ynorpebe nomaje 10% roseher derannor cepyma, FBS (Sigma), nenunmnuna G
(100 1U/mL) u crpentomununa (100 pg/mL). A549 hemuje u MSC cy oapxkaBaHe y
Dulbecco’s Modified Eagle Medium (DMEM) kome ce nomaje 10% FBS, 100 IU/mL
neannminaa G u 100 pg/mL crpentomuriuaa (Sigma).

bakTtepujcku cojeBu koju cy kopuiiheHu 3a TecTHpame cy: Staphylococcus
aureus (ATCC 25923), Bacillus subtilis (ATCC 6633), Bacillus cereus (ATCC 10987),
Escherichia coli (ATCC 25922) u Proteus mirabilis (ATCC 12453). Cse Gaxtepuje
Koje cy kopuirhene cy HabGaBibeHe ox American Type Culture Collection (ATCC).
bakTepujcke kynrype cy rajene Ha Mueller-Hinton arapy (Topnak, beorpasn).

CojeBu 1puBa KOju Cy Kopuihenu 3a tectupame cy: Aspergillus niger (ATCC
16888), Candida albicans (ATCC 10259), Penicillium italicum (ATCC 10454), Mucor
mucedo (ATCC 20094) u Trichoderma viride (ATCC 13233). CBu cojeBH IJbUBa KOjH
cy kopurithenn cy HabaBsbenu o American Type Culture Collection (ATCC).

Kynrype ripuBa Ccy ojapkaBaHe Ha KpOMIHUpPOBOM JekcTpozHoM arapy (PD),
u3y3eB rupbuBe Candida albicans koja je ogpkaBana Ha Sabourad nexcTposHoM arapy

(SD) (Topnak, beorpan).
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3.2. Cunre3a l-anetwi-5-apuia-4,5-guxuapo-1H-nupa3zona

Jobujamwe 4-(4-ankokcu-3-memoxcugenun)-oym-3-en-2-ona, 1(a-e)

Cwmermra aexuaposunrepona, la (1,92 g, 10 mmol), oxrosapajyher amkui-
xamoreruaa (30 mmol) u K,COj3 (7 g, anxuaposanor) y arnerony (40 mL) 3arpesa ce y3
pediryKc Ha MemrYaHoM KymaTuiy Mpeko Hohu y atmMochepu aproHa. AIETOH U aJIKHII-
XaJIOTEHH]] Ce yrape Ha BaKyyM ylapuBauy, a OCTaTak y 0aJoHy Ce pacTBOPH y BOAH H
exctpaxyje ca CH,Cl, (3x50 mL). Oprancku cioj ce ucmepe BOAOM M 3acuheHHM
pactBopom NaCl u cymu mpeko anxuapoBanor Na,SOy. Ilocie ykiiamama pacTBapaya
ylapaBameM, OCTaTaK Ce MPOIMYCTH KPO3 KPaTKy KOJIOHY ca CHJIMKarelioMm Kopuctehu
CH,CI; kao enyenr. JloOujeHH MPOM3BOAM Cy WM yJba WIIM KPHCTAIIUINY CTajalbeM Y

BHJY )KYTUX KPUCTAJIA.

Jobujamwe 1-[5-(4-ankoxcu-3-memokcugpenun)-3-memun-4,5-ouxuopo-1H-nupasol-1-

unjemanona, 2(a-e)

Wsmepu ce oarosapajyha xomwuuna 4-(4-ankokcu-3-mMeTokcudpennn)-0yr-3-eH-
2-oHa, 1(a-e) (10 mmol) y 6anon ox 50 mL. Joga ce CH3;COOH (10 mL) u y3 meriame
ce nomaaje NH,NH,-H,O (1,25 mL, 25 mmol). OcraBu ce 1a ce 3arpeBa Ha MeHI4aHOM
KynaTuiay y3 pedaykroBame 5 h. PacTBapad ce ymapu Ha BakyyM yrmapuBady, a OCTaTak
ce m3pyud y xjaaHy Boay (50 mL) u mema HeKo BpeMe Ha COOHOj TemrmepaTypH.
[TomTo Hema Tanora, eKCTpaxyje ce ca pPeakIMOHOM CMEIIOM TOJyeH/eTHII-alleTaT
(95:5). Tlocne yknamama pacTBapaya, yjbaHH OCTaTaK CE PaCTBOPHU Y €TPY U OCTAaBH Y

3aMp3uBauy. HakoH ozpel)eHOr BpeMeHCKOT Mepuojia jaBjbajy ce KpUCTaJId MpOU3BOJa

2(a-e).
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4-(4-Xuopokcu-3-memokcugpenun)-oym-3-en-2-on (la). Ilpunoc: 90%; T.T. 127-
o 128°C; IR (KBr): 3290, 1637, 1619, 1582, 1519, 1452,
X 1296, 1266, 1187, 1123, 1026 cm*; *H NMR (200 MHz,
CDClsy): & 37 (s, 3H, CH5CO), 3,92 (s, 3H, OCHs), 6,26 (s,
1H, OH), 6,59 (d, 1H, J = 16,2 Hz, CH), 6,91-7,11 (m, 3H,
Ar-H), 7,46 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz,

CDCly): § 27,2, 55,9, 109,3, 114,8, 123,5, 124,8, 126,7, 143,9, 146,9, 148,3, 198,6.

4-(3,4-Tumemoxcugpenun)-oym-3-en-2-on (16). Ilpunoc: 97%; T.T. 84-85°C; IR

o  (KBr): 3467, 1668, 1643, 1620, 1595, 1517, 1459, 1363,

X 1272, 1225, 1161, 1138, 1019 cm™; *H NMR (200 MHz,

~ CDClg): 6 2,37 (s, 3H, CH3CO), 3,92 (s, 6H, 2xOCHy),

6,60 (d, 1H, J = 16,2 Hz, CH), 6,86-7,14 (m, 3H, Ar-H),

7,47 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz, CDCly):
0 27,2,55,7,109,4, 110,9, 122,8, 125, 127,1, 143,4, 149,1, 151,1, 198,2.

_0

4-(4-Emoxcu-3-memokcugpenun)-oym-3-en-2-on (18). llpunoc: 87%; T.T. 105-106°C;

o IR (KBr): 3436, 1659, 1634, 1622, 1595, 1514, 1423,

X 1396, 1253, 1227, 1166, 1142, 1033 cm*; 'H NMR

(200 MHz, CDCl3): § 1,49 (t, 3H, J = 7,0 Hz, CHa),

2,37 (s, 3H, CH3CO), 3,91 (s, 3H, OCHs3), 4,14 (q, 2H,

J =7,0 Hz, CH,), 6,60 (d, 1H, J = 16,2 Hz, CH), 6,85-

7,13 (m, 3H, Ar-H), 7,46 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz, CDCls): & 14,6,
27,2,55,8, 64,3, 109,8, 112, 122,9, 125, 126,9, 143,5, 149,3, 150,6, 198,3.

-0

_©

4-(3-Memoxcu-4-nponoxcugpenun)-oym-3-en-2-on (1r). Ipunoc: 93%; T.T. 93-94°C;

O IR (KBr): 3434, 1664, 1639, 1623, 1596, 1514, 1422,

N 1355, 1268, 1253, 1224, 1169, 1143, 1036 cm*; *H

o NMR (200 MHz, CDCl3): & 1,05 (t, 3H, J = 7,4 Hz,

0 CHj3), 1,79-1,98 (m, 2H, CH,), 2,37 (s, 3H, CH3CO),

3,90 (s, 3H, OCHj3), 4,02 (t, 2H, J = 6,8 Hz, CH,),

6,60 (d, 1H, J = 16,2 Hz, CH), 6,85-7,13 (m, 3H, Ar-H), 7,46 (d, 1H, J = 16,2 Hz, CH);

3C NMR (50 MHz, CDCly): § 10,3, 22,2, 27,2, 55,9, 70,3, 109,9, 112,2, 122,9, 124,9,
126,9, 143,5, 149,4, 150,9, 198,3.
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4-(3-Memoxcu-4-uzonponokcughenun)-oym-3-en-2-on (1n). Ilpunoc: 81%; T.T. 56-
57°C; IR (KBr): 3434, 2976, 1664, 1638, 1618, 1594,

(e
N 1511, 1422, 1359, 1255, 1226, 1166, 1137, 1028 cm%;
)\O 'H NMR (200 MHz, CDCl5): & 1,40 (d, 6H, J = 6,0 Hz,
5 2XCHs), 2,37 (s, 3H, CH5CO), 3,89 (s, 3H, OCH3), 4,55-
~

4,67 (m, 1H, CH), 6,60 (d, 1H, J = 16,2 Hz, CH), 6,87-
7,13 (m, 3H, Ar-H), 7,46 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz, CDCls): & 21,9,
27,2,55,9, 71,2, 110,5, 114,5, 122,7, 125, 127,2, 143,5, 149,8, 150,3, 198,2.

4-(4-Bymoxkcu-3-memoxcugpenun)-oym-3-en-2-on (11). Ilpunoc: 96%; T.T. 79°C; IR

(KBr): 3435, 2931, 1667, 1641, 1622, 1598, 1517,

1421, 1387, 1270, 1254, 1227, 1167, 1139, 1032

cm*; *H NMR (200 MHz, CDCls): & 0,98 (t, 3H, J

"0 = 7,2 Hz, CHy), 1,45-1,56 (m, 2H, CH,), 1,77-1,88

e (m, 2H, CH,), 2,37 (s, 3H, CH5CO), 3,89 (s, 3H,

OCHs), 4,05 (t, 2H, J = 6,6 Hz, CHy), 6,59 (d, 1H, J = 16,2 Hz, CH), 6,85-7,13 (m, 3H,

Ar-H), 7,46 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz, CDCl5): & 13,7 (CH3), 19,1

(CH,), 27,2 (CHs), 30,9 (CH,), 55,9 (OCH3), 68,6 (CH.), 110 (C-6, Ar), 112,2 (C-9,

Ar), 122,9 (C-10, Ar), 124,9 (CH), 126,9 (C-5, Ar), 143,5 (CH), 149,5 (C-8, Ar), 150,9
(C-7, Ar), 198,2 (CO).

o]
XN

4-(4-(Benszunoxcu)-3-memoxcugenun)-oym-3-en-2-on (le). Ilpunoc: 91%; T.T. 95-
96°C; IR (KBr): 3435, 1662, 1635, 1621, 1593,

(e}
\ 1513, 1423, 1385, 1272, 1248, 1222, 1167, 1139,
1036 cm*; *H NMR (200 MHz, CDCl3): & 2,35 (s,
©/\ 0O 3H, CH3CO), 3,91 (s, 3H, OCHj3), 5,18 (s, 2H,
o
v

CHs), 6,59 (d, 1H, J = 16,2 Hz, CH), 6,85-7,08 (m,
3H, Ar-H), 7,29-7,48 (m, 6H, CH, Ar-H); *C NMR (50 MHz, CDCls): § 27,2, 55,9,
70,8, 110,3, 113,4, 122,6, 125,3, 127,1, 127,6, 127,9, 128,5, 136,4, 143,3, 149,8, 150,4,
198,1.
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1-[5-(4-Xuopokcu-3-memoxcugpenun)-3-wemun-4,5-ouxuopo-1H-nupaszon-1-unl-
O emanon (2a). Ipunoc: 61%; T.T. 181-182°C; IR (KBr):
3323, 2962, 1627, 1528, 1374, 1125, 1037 cm™*; *H NMR
\ (200 MHz, CDClg): & 2,07 (s, 3H, CH3), 2,30 (s, 3H,
CH3CO), 2,68 (dd, 1H, J = 18,2, 4,6 Hz, H-8), 3,25-3,41
(m, 1H, H-8), 3,85 (s, 3H, OCH3), 5,36 (dd, 1H, J = 11,4,
- 4,6 Hz, H-7), 5,81 (s, 1H, OH), 6,62-6,83 (m, 3H, Ar-H);
B3C NMR (50 MHz, CDCls): & 16 (CHs), 21,8 (CHs), 46,4 (C-8, Pz), 55,9 (OCH3), 59,3
(C-7, Pz), 108,6 (C-2, Ar), 114,8 (C-6, Ar), 117,9 (C-5, Ar), 134 (C-1, Ar), 145,1 (C-4,
Ar), 146,6 (C-3, Ar), 155,5 (C-9, Pz), 168,3 (CO). ESI-MS (40 eV): m/z (%) = 249
(17%) [M+1]"; 207 (69%), 190 (21,5%), 175 (70,5%), 83 (100%).

1-[5-(3,4-Aumemoxcugpenun)-3-memun-4,5-ouxuopo-1H-nupazon-1-unlemanon (26).

0 IMpunoc: 75%; T.T. 92-93°C; IR (KBr): 3002, 1659, 1516,

//< 1375, 1139, 1020 cm*; *H NMR (200 MHz, CDCls): § 2,07

Rj (s, 3H, CHj3), 2,31 (s, 3H, CH3CO), 2,68 (dd, 1H, J = 18,2,

4,6Hz, H-8), 3,26-3,42 (m, 1H, H-8), 3,85 (d, 6H, J =

o 3,8Hz, 2xOCHj3), 5,38 (dd, 1H, J = 11,6, 4,6Hz, H-7), 6,69-

- 6,83 (m, 3H, Ar-H); *C NMR (50 MHz, CDCl5): & 15,9

(CHj3), 21,8 (CHj3), 46,3 (C-8, Pz), 55,8 (OCHj3), 55,9 (OCH3), 59,2 (C-7, Pz), 109,1 (C-

2, Ar), 111,6 (C-6, Ar), 117,4 (C-5, Ar), 134,7 (C-1, Ar), 148,4 (C-4, Ar), 149,2 (C-3,

Ar), 155,4 (C-9, Pz), 168,3 (CO). Uspauynato 3a C14H1sN,0O3: C, 64,10, H, 6,91, N,

10,68%; maheno: C, 64,48, H, 6,94, N, 10,62%. ESI-MS (40 eV): m/z (%) = 263 (72%)
[M+1]; 221 (98%), 206 (74%), 189 (93%), 82 (100%).

1-[5-(4-Emoxcu-3-memokcugpenun)-3-memun-4,5-ouxuopo-1H-nupazon-1-un)-
0 emanon (2B). Tlpunoc: 78%; T.T. 87-88°C; IR (KBr):
/4 2980, 1657, 1519, 1378, 1139, 1031 cm*; *H NMR (200
h\l MHz, CDCls): & 1,43 (t, 3H, J = 7,0 Hz, CH3), 2,07 (s,
3H, CHa), 2,30 (s, 3H, CHsCO), 2,68 (dd, 1H, J = 18,2,
4,6 Hz, H-8), 3,26-3,42 (m, 1H, H-8), 3,85 (s, 3H, OCHs),
-0 4,06 (g, 2H, J = 7,0 Hz, CH,), 5,38 (dd, 1H, J = 11,6, 4,6
Hz, H-7), 6,67-6,83 (m, 3H, Ar-H); **C NMR (50 MHz, CDCls): § 14,7 (CH3), 15,9
(CH3), 21,8 (CHs), 46,3 (C-8, Pz), 55,9 (OCHs), 59,2 (C-7, Pz), 64,3 (CH,), 109,3 (C-2,
Ar), 113,1 (C-6, Ar), 117,3 (C-5, Ar), 134,6 (C-1, Ar), 147,7 (C-4, Ar), 149,5 (C-3, Ar),
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155,4 (C-9, Pz), 168,2 (CO). U3spauynato 3a C1sH0N,03: C, 65,19, H, 7,29, N, 10,13%;
naheno: C, 65,84, H, 7,27, N, 10,17%. ESI-MS (40 eV): m/z (%) = 277 (65%) [M+1]";
235 (78%), 220 (69%), 203 (92%), 82 (100%).

1-[5-(3-Memoxkcu-4-nponokcugpenun)-3-memun-4,5-ouxuopo-1H-nupaszon-1-unl-
o} emanon (2r). Ilpunoc: 72%; T.T. 103-104°C; IR
’( (KBr): 2963, 1645, 1513, 1379, 1143, 1039, 1019 cm™
\ 1 1H NMR (200 MHz, CDCls): & 1,01 (t, 3H, J = 7,6
Hz, CH3), 1,78-1,92 (m, 2H, CHy,), 2,07 (s, 3H, CHs),
2,31 (s, 3H, CH3CO), 2,68 (dd, 1H, J = 18,2, 4,4 Hz,
-~ H-8), 3,26-3,41 (m, 1H, H-8), 3,84 (s, 3H, OCHy),
3,94 (t, 2H, J = 6,8 Hz, CHy), 5,38 (dd, 1H, J = 11,6, 4,6 Hz, H-7), 6,67-6,82 (m, 3H,
Ar-H), C NMR (50 MHz, CDCls): & 10,3 (CHs), 15,5 (CHs3), 21,8 (CH,), 22,4 (CHs),
46,3 (C-8, Pz), 56,1 (OCHj3), 59,2 (C-7, Pz), 70,6 (CH,), 109,6 (C-2, Ar), 113,3 (C-6,
Ar), 117,4 (C-5, Ar), 134,6 (C-1, Ar), 147,9 (C-4, Ar), 149,7 (C-3, Ar), 155,4 (C-9, P2),
168,2 (CO). Uspauynaro 3a CigHzoN,Os3: C, 66,18, H, 7,64, N, 9,65%; naheno: C,
65,55, H, 7,66, N, 9,76%. ESI-MS (40 eV): m/z (%) = 291 (19,5%) [M+1]"; 249 (14%),

217 (16%), 165 (21,5%), 125 (42%), 83 (100%).

1-[5-(3-Memoxkcu-4-uzonponoxcugpenun)-3-memun-4,5-ouxuopo-1H-nupazon-1-unl-
o emanon (2n). Ipunoc: 88%; T.T. 101-102°C; IR (KBr):
2981, 1643, 1514, 1378, 1141, 1038 cm™*; *H NMR (200

N—N
\\  MHz, CDCly): § 1,34 (d, 6H, J = 6,0 Hz, 2xCHs), 2,06 (s,
)\ 3H, CHa), 2,31 (s, 3H, CHy), 2,68 (dd, 1H, J = 18,0, 4,4
o Hz, H-8), 3,26-3,41 (m, 1H, H-8), 3,83 (s, 3H, OCH3),
O
~

4,40-4,52 (m, 1H, CH), 5,39 (dd, 1H, J = 11,6, 4,4 Hz, H-
7), 6,64-6,83 (m, 3H, Ar-H); *C NMR (50 MHz, CDCls): § 15,9 (CH3), 21,8 (2XxCHs3),
22,1 (CHs), 46,3 (C-8, Pz), 55,9 (OCHj3), 59,2 (C-7, Pz), 71,5 (CH), 109,8 (C-2, Ar),
116,1 (C-6, Ar), 117,3 (C-5, Ar), 135 (C-1, Ar), 146,7 (C-4, Ar), 150,6 (C-3, Ar), 155,4
(C-9, Pz), 168,3 (CO). M3pauynato 3a CisH»N,03: C, 66,18, H, 7,64, N, 9,65%:
naljero: C, 65,78, H, 7,67, N, 9,62%. ESI-MS (40 eV): m/z (%) = 291 (12%) [M+1]":
249 (9%), 207 (21%), 192 (28%), 165 (42%) 125 (39%), 82 (100%).
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1-[5-(4-Bymoxkcu-3-memoxcugpenun)-3-wemun-4,5-ouxuopo-1H-nupaszon-1-unl-
o emanon (21). Ipunoc: 81%; T.T. 59-60°C; IR
(KBr): 2958, 1661, 1515, 1378, 1140, 1034 cm %;
\ 'H NMR (200 MHz, CDCls): § 0,96 (t, 3H, J = 7,4
Hz, CH3), 1,41-1,56 (m, 2H, CH), 1,72-1,86 (m,
2H, CHy), 2,07 (s, 3H, CHj3), 2,31 (s, 3H, CHsy),
- 2,68 (dd, 1H, J = 18,2, 4,4 Hz, H-8), 3,26-3,41 (m,
1H, H-8), 3,84 (s, 3H, OCH3), 3,97 (t, 2H, J = 6,6 Hz, CH,), 5,39 (dd, 1H, J = 11,6, 4,4
Hz, H-7 ), 6,65-6,82 (m, 3H, Ar-H); *C NMR (50 MHz, CDCl3): & 15,9 (CH3), 19,1
(CHy), 21,8 (CH3) 31,2 (CH,), 46,3 (C-8, Pz), 56,1 (OCH3), 59,2 (C-7, Pz), 68,8 (CH,),
109,6 (C-2, Ar), 113,3 (C-6, Ar), 117,4 (C-5, Ar), 134,6 (C-1, Ar), 148 (C-4, Ar), 149,6
(C-3, Ar), 155,5 (C-9, Pz), 168,3 (CO). Uzpauynaro 3a C17H24N,03: C, 67,08, H, 7,94,
N, 9,20%; naheno: C, 66,95, H, 7,99, N, 9,15 %. ESI-MS (40 eV): m/z (%) = 305
(23%) [M+1]"; 263 (13%), 231 (11%), 206 (9%), 192 (12%), 175 (15%), 124 (49%), 82
(100%).

1-[5-(4-(Pensunokcu)-3-memoxcughenun)-3-memun-4,5-ouxuopo-1H-nupazon-1-unl-

o) emanon (2e). Tlpunoc: 97%; T.T. 99-100°C; IR

/4 (KBr): 2932, 1656, 1516, 1228, 1379, 1133, 1015

\ cm*; *H NMR (200 MHz, CDCls): § 2,07 (s, 3H,

CHg3), 2,32 (s, 3H, CHg), 2,68 (dd, 1H, J = 18,2,

©/\O 4,6 Hz, H-8), 3,26-3,42 (m, 1H, H-8), 3,89 (s, 3H,

A0 OCH), 5,13 (s, 2H, CHy), 5,37 (dd, 1H, J = 11,4,

4,4 Hz, H-7), 6,62-6,84 (m, 3H, Ar-H), 7,28-7,46 (m, 5H, Ar-H); **C NMR (50 MHz,

CDClg): 6 15,9 (CH3), 21,8 (CHs3), 46,3 (C-8, Pz), 56,1 (OCHs), 59,2 (C-7, Pz), 71,1

(CHy), 109,7 (C-2, Ar), 114,3 (C-6, Ar), 117,3 (C-5, Ar), 127,2 (C-18, Ar), 127,7 (C-16,

20, Ar), 128,5 (C-17, 19, Ar), 137,2 (C-15, Ar), 135,2 (C-1, Ar), 147,6 (C-4, Ar), 149,9

(C-3, Ar), 155,4 (C-9, Pz), 168,3 (CO). Uspauynaro 3a CyH2N,03: C, 70,98, H, 6,55,

N, 8,28%; naheno: C, 71,65, H, 6,52, N, 8,19%. ESI-MS (40 eV): m/z (%) = 339 (39%)
[M+1]"; 297 (25%), 270 (21%), 124 (54%), 91 (70%), 82 (100%).
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3.3. Cunre3a (E)-1-(4-ankokcu-3-MmeTokcHpeHM)-5-MeTHIIXeKC-1-eH-
-3-ona, 3(0-e)

Joobujarwe (E)-1-(4-xuopokcu-3-memoxcugpenun)-5-memunxexc-1-en-3-ona, 3a

Banunun (4,56 g, 30 mmol) ce pactBopu y 50 mL CH3OH u y To ce noxa 100
mL metmin-uzobytun kerona (MIBK). Kana ce cmerra 106po xoMoreHusyje, TpeTupa ce
10% NaOH (25 mL) u nacraBu ca memamem 48h na remneparypu ox 60°C. MertaHon u
HeM3pearoBaHH KeTOH (je/iaH J1eo) ce yrape Ha BaKyyM ynapuBady. YJbaHOM OCTaTKy Ce
nona 100 mL Boxe u 3akucenu ce ca 2M HCI (pH=2). IIpousBoj ce ekcrpaxyje ca
CH,CI; (3x50 mL) u oprancku cioj ce ucnepe Bogaom u 3acuhernm pactBopom NaCl, a
norom cymmm ca anxuapoBanuM Na,SO,4. Kana ce pactBapau ynapu, octarak y 0ajaoHy
ce JIeCTHIIyje BOJICHOM IapoM, CBE JIOK He MpecTaHe Aa ce oceha HenmpujaTaH MEPHUC O]
suinka MIBK-a, koju je npucyran y aectuiary. BojeHo/yibaHu ocTaTak ce eKcTpaxyje
ca toayeroM (3%x50 mL). HakoH ekcTpakiiyje, OpraHCKH J1e0 Ce UCIHUPA U CYIIH Kao U Yy
npeTxoaHoj ¢pa3u. [lToHOBHUM yrnapaBameM pacTBapayda Ha BaKyyM ylapuBady, 3a0CTaje
KyhKacTH yJbaHU TPOM3BOJ KOjU CTajalbeM KPUCTAIHWIIE y BUAY JKYTHX KPHCTAla,

najyhu (E)-1-(4-xunpoxcu-3-merokcudenni)-5-metunxexc-1-eH-3-oH, 3a.

T'enepanna npouedypa 3a oOooujawe (E)-1-(4-anxokcu-3-memoxcugpenun)-5-

-memunxexc-1-en-3-ona, 3(0--€)

Cwmemra npoumssona 3a (0,47 g, 2 mmol), oarosapajyher ankui-xaJoreHua
(Bumak, 10 mmol) u K,CO3 (1,94 g, anxuaposauu, 14 mmol) y aunerony (50 mL) ce
3arpeBa y3 pediaykc npexko HohM Ha MenryaHoM KynaTuily y atMocgepu aprona. Hakon
yKIIamhamka alleTOHA U BUINKA alKHI-XaJOreHuaa yrapaBambeM Ha BaKyyM yHapHBauy,
YBPCTH OCTaTaK ce pacTBopu y Boau m ekctpaxyje ca CHoCly (3%X50 mL). Oprancku
cioj ce ucrepe BogoMm W 3acuhienum pactBopoM NaCl u cymm mpeko aHXHIpOBaHOT
Na;SOs4. Ilocne ykinamama TJIaBHOT Jeja pacTBapaya, OCTaTak ce IMPOIMYCTH Kpo3
KpaTKy KOJIOHY UCIYH-EHY CHIIMKA-TeJIoM paau npeunithaBama cyncranie. Hakon tora
uje JAeCcTUIalldja BOJCHOM IapoM, YKOJIUKO je TO MOTpeOHO (KOa HEKHX MPOU3BOjA je
NOTPEOHO YKJIOHWTH BUIIAK aJIKWJI-XaJlOTeHHIa Ha OBaj HauuH). Jlasba ekcTpakimja u
oOpaia uay kao kox mpousBoia 3a. [loOujeHu mpou3Boau Mory OWUTH yiba (eTHI U
W30MPONMI) MJIM MOTY HCKPUCTAIMCATH CTajabeM Ha COOHOj TemriepaTypu (ocTaiu

TPOU3BOJIN).
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(E)-1-(4-xuopoxcu-3-memokcugpenun)-5-memunxexc-1-en-3-ona  (3a).  Ilpunoc:

¢} 89,6%; T.T. 82°C; IR (KBr): 3344, 2970, 2952,

X 2870, 1678, 1601, 1584, 1517, 1286, 1268, 1146,

1065, 988 cm; 'H NMR (200 MHz, CDCls): 0,98

o (d, 6H, J = 6,6 Hz, 2xCHj3), 2,16-2,30 (m, 1H, CH),

2,53 (d, 2H, J = 7,0 Hz, CHy), 3,92 (s, 3H, OCHj3),

6,25 (s, 1H, OH), 6,61 (d, 1H, J = 16,2 Hz, CH), 6,93 (d, 1H, J = 8,2 Hz, Ar-H), 7,05-

7,11 (m, 2H, Ar-H), 7,48 (d, 1H, J = 16,2 Hz, CH); **C NMR (50 MHz, CDCls): 22,6,
25,3, 49,6, 55,9, 109,5, 114,8, 123,3, 124,4, 127, 142,7, 146,9, 148,2, 200,4 (CO).

(E)-1-(3,4-0umemoxcugpenun)-5-memunxexc-1-en-3-on (36). CHsl, 1,45 g (Bumak, 10

) mmol); [punoc: 99,4%; T.T. 67°C; IR (KBr): 2957,

N 2926, 2869, 1683, 1648, 1595, 1582, 1517, 1464,

~ 1366, 1273, 1253, 1190, 1141, 1017, 975 cm*; *H

0 NMR (200 MHz, CDCl3): 6 0,98 (d, 6H, J = 6,6 Hz,

2XCHj3), 2,17-2,31 (m, 1H, CH), 2,53 (d, 2H, J = 6,8

Hz, CHy), 3,92 (d, 6H, J = 1,2 Hz, 2xOCHp3), 6,63 (d, 1H, J = 16,2 Hz, CH), 6,88 (d,

1H, J = 8,2 Hz, Ar-H), 7,08-7,16 (m, 2H, Ar-H), 7,49 (d, 1H, J = 16,0 Hz, CH); *C

NMR (50 MHz, CDCl3): 6 22,6, 25,2, 49,6, 55,9, 109,7, 111,1, 122,8, 124,7, 127,5,
142,3, 149,2, 151,2, 200,1 (CO).

e

(E)-1-(4-emoxcu -3-memoxcugpenun)-5-memunxexc-1-en-3-on (38). CyHsl, 1,56 g

10 (Bumrak, 10 mmol); ympacra cymncranna; [Tpunoc:

AN 80,9%. IR (KBr): 2957, 2871, 1683, 1649, 1596,

1513, 1466, 1266, 1232, 1141, 1035, 983 cm™*; 'H

NMR (200 MHz, CDCls): 6 0,98 (d, 6H, J = 6,6

Hz, 2xCHj3), 1,49 (t, 3H, J = 7,0 Hz, CHj3), 2,17-

2,30 (m, 1H, CH), 2,53 (d, 2H, J = 7,0 Hz, CH,), 3,91 (s, 3H, OCHy), 4,14 (g, 2H, J =

7,0 Hz, CH,), 6,62 (d, 1H, J = 16,2 Hz, CH), 6,86 (d, 1H, J = 8,2 Hz, Ar-H), 7,07-7,14

(m, 2H, Ar-H), 7,49 (d, 1H, J = 16,2 Hz, CH); **C NMR (50 MHz, CDCls): & 14,6,

22,7, 25,3, 49,7, 55,9, 64,4, 110,1, 112,3, 122,8, 124,6, 127,3, 142,5, 149,5, 150,7,
200,2 (CO).

-0

_©
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(E)-1-(3-memokcu-4-uzonponoxcugpenun)-5-wemunxexc-1-en-3-on  (3r). i-C3Hl,

o) 1,70 g (Bumak, 10 mmol); yspacra cyrmcrania;

N Hpunoc: 77,7%. IR (KBr): 2960, 2871, 1682,

)\O 1652, 1595, 1509, 1466, 1420, 1268, 1230, 1138,
o 1110, 983 cm™*; *HNMR (200 MHz, CDCls): &

0,98 (d, 6H, J = 6,8 Hz, 2xCH3), 1,39 (d, 6H, J =
6,0 Hz, 2xCH3), 2,17-2,30 (m, 1H, CH), 2,53 (d, 2H, J = 7,0 Hz, CH,), 3,89 (s, 3H,
OCHs), 4,55-4,67 (m, 1H, CH), 6,62 (d, 1H, J = 16,0 Hz, CH), 6,88 (d, 1H, J = 8,0 Hz,
Ar-H), 7,09-7,14 (m, 2H, Ar-H), 7,49 (d, 1H, J = 16,2 Hz, CH); *C NMR (50 MHz,
CDCly): & 21,9, 22,7, 25,3, 49,7, 55,9, 71,3, 110,7, 114,6, 122,7, 124,6, 127,5, 142,5,
149,8, 150,3, 200,2 (CO).

(E)-1-(3-memoxcu-4-nponokcugenun)-5-memunxexc-1-en-3-on (31). n-C3H;Br, 1,23

0 g (Bumaxk, 10 mmol); T.T. 49-50°C; IIpunoc:

AN 91,7%. IR (KBr): 2960, 2939, 2874, 1689, 1645,

~"0o 1619, 1595, 1515, 1466, 1423, 1271,1226, 1140,

o 1033, 973 cm*; *H NMR (200 MHz, CDCls): &

g 0,98 (d, 6H, J = 6,6 Hz, 2xCH3), 1,05 (t, 3H, J =

7,6 Hz, CH3), 1,79-1,98 (m, 2H, CH,), 2,17-2,30 (m, 1H, CH), 2,53 (d, 2H, J = 6,8 Hz,

CHy), 3,91 (s, 3H, OCHj3), 4,02 (t, 2H, J = 6,8 Hz, CHy), 6,62 (d, 1H, J = 16,0 Hz, CH),

6,87 (d, 1H, J = 8,2 Hz, Ar-H), 7,07-7,14 (m, 2H, Ar-H), 7,49 (d, 1H, J = 16,2 Hz, CH);

BC NMR (50 MHz, CDCly): & 10,3, 22,3, 22,7, 25,3, 49,7, 56, 70,5, 110,3, 1125,
122,9, 124,6, 127,3, 142,5, 149,6, 150,9, 200,2 (CO).

(E)-1-(4-6ymoxkcu-3-memoxcugpenun)-5-wemunxexc-1-en-3-on (3h). n-C4HqBr, 1,37 g

o (Bumak, 10 mmol); T.T. 54°C; IIpunoc:

N 96,5%. IR (KBr): 2954, 2871, 1651, 1622,

1598, 1514, 1466, 1425, 1273, 1169, 1140,

1042, 981 cm™; *H NMR (200 MHz, CDCl):

60,98 (d, 6H, J = 6,6 Hz, 2xCH3), 1,41-1,59

(m, 2H, CH,), 1,77-1,92 (m, 2H, CH,), 2,18-2,30 (m, 1H, CH), 2,53 (d, 2H, J = 7,0 Hz,

CHy), 3,90 (s, 3H, OCHj3), 4,05 (t, 2H, J = 6,8 Hz, CHy), 6,62 (d, 1H, J = 16,0 Hz, CH),

6,87 (d, 1H, J = 8,0 Hz, Ar-H), 7,07-7,14 (m, 2H, Ar-H), 7,49 (d, 1H, J = 16,0 Hz, CH):

3C NMR (50 MHz, CDCls): § 13,8, 19,1, 22,7, 25,3, 31, 49,7, 55,9, 68,7, 110,3, 1124,
122,9, 124,6, 127,3, 142,5, 149,6, 150,9, 200,2 (CO).
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(E)-1-(4-6en3unoxcu-3-memokcugpenun)-5-memunxexc-1-en-3-on  (3e). CgHsCH,CI,

O 1,27 g (excess, 10 mmol); T.T. 71-72°C;

N Ipunoc: 81,3%. IR (KBr): 2956, 2930, 2862,

o 1679, 1646, 1624, 1595, 1512, 1465, 1455,

EjA 0 1256, 1163, 1138, 1030, 981 cm*; ‘*H NMR

(200 MHz, CDCl3): § 0,97 (d, 6H, J = 6,6 Hz,

2XCHs), 2,16-2,29 (m, 1H, CH), 2,52 (d, 2H, J = 6,8 Hz, CH5), 3,92 (s, 3H, OCHa),

5,18 (s, 2H, CH,), 6,61 (d, 1H, J = 16,2 Hz, CH), 6,87 (d, 1H, J = 8,0 Hz, Ar-H), 7,03-

7,09 (M, 2H, Ar-H), 7,26-7,51 (m, 6H, CH, Ar-H); *C NMR (50 MHz, CDCl5): & 22,7,

25,3, 49,7, 55,9, 70,8, 110,4, 113,5, 122,6, 124,8, 127,1, 127,8, 127,9, 128,5, 136,5,
142,3, 149,8, 150,4, 200,2 (CO).
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3.4. Cunre3a 1-pepoueHni-3-(4-aakokcu-3-MeToKkcuGeHHT)-
-2-TIpoNeHOHA

Onroapajyhu Banuinuacku angexun 4(a-h) (10 mmol) ce pactBopu y 20 mL
Bpyher eranona u y To ce noaa MoHoarerui-gpepouet (10 mmol). Cvema ce mema 10
MHUHYyTa U Jiarano ce y to goxaje 1 mL 40% NaOH. Peaknuona cMmeria ce meria mpeko
Hohm Ha Temmepatypu oxa 50°C.

VY yvamy ox 250 mL ce cuna ucutwenu yen (100 g) u y To U3pyuu npeTxoaHa
cMelia y3 Memame. ToOM MPWIMKOM HEKH TPOW3BOAM KPHUCTAIHIINY Yy BHIY I[PBEHOT
Tajora U 0/iBajajy ce uehememM mpexo GuiaTep mamnupa U CylmemheM Ha Ba3ayXy, JIOK je
KOJl IPYTuX HeomnxonaHa ekctpakiuja ca toayeHoMm win CH,Cly (3X50 mL). Oprancku
CJ10j T0OMjeH eKCTpaKIMjoM ce ucmupa BojoM u 3acuherum pactBopom NaCl u cymm
npeko auxuapoBaHor Na,SO4. PactBapau ce ymapu na 1/3 3ampeMuHe, a ocTatak ce
IPOIYCTH KPO3 KPaTKy KOJOHY ucmymeHy cuiukarenom u Al,Os. IMocie moHoBHOT
ylapaBama pacTBapaya JI0o Kpaja Ha BaKyyM ylapuBady, YBPCTH OCTaTak y OajloHy ce
xpomarorpaduine Kpo3 KOJIOHY HCIYHEHY CHIMKAreiaoM Kopuctehu cmemry ToiyeH-
eTwi-anetar (8:2) Kao €JIYeHT 3a Of[Bajarbe PeakIMOHUX Mpou3Boaa 5(a-) on Buiika
Heu3pearoBaHor MoHoaueTwia-gepoueHa. Ilo ymapaBamy oBe cMmelne, a00ujajy ce

I[PBEHO 000jeHe KPUCTATHE CYTICTaHIIE.

1-@epouenun-3-(3,4-oumemorkcugpenun)-2-nponenon  (5a). Ilunobep  o00ojeHH

kpucranu; T.T. 148-149°C; IMpunoc: 78%; IR (KBr):

MHz, CDCls): & 3,95 (d, J = 6,8 Hz, 6H), 4,22 (s,

@ 5H), 4,58 (t, J = 2 Hz, 2H), 4,92 (t, J = 2,0 Hz, 2H),

6,91 (d, J = 8,4 Hz 1H), 6,99 (d, J = 15,6 Hz, 1H),

7,14-7,27 (m, 2H), 7,76 (d, J = 15,6 Hz, 1H); **C NMR (50 MHz, CDCls): § 55,9, 69,7,

70, 72,5, 80,7, 110,6, 111,3, 121, 122,4, 128,2, 140,9, 149,2, 151,1, 192,8 (CO).

Uszpauynato 3a CpHxoFeOs (376,227): C, 67,04; H, 5,36; Fe, 14,84; O, 12,76%;
Haheno; C, 66,10; H, 5,30%.

0]
O X — 1648, 1586, 1517, 1263, 1081 cm™; 'H NMR (200
F
\O e
O

~
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1-Depouenun-3-(4-emokcu-3-memoxcugpenun)-2-nponenon (56). Ilunobep obojeHn

o) kpuctamm; T.T. 155-156°C; Ilpunoc: 85%; IR

O X = (KBr): 1650, 1588, 1513, 1267, 1076 cm™; 'H

o Fe NMR (200 MHz, CDCls): 6 1,49 (t, J = 7,0 Hz,

@ 3H), 3,96 (s, 3H), 4,16 (q, J = 7,2 Hz, 2H), 4,21

(s, 5H), 4,57 (t, J = 1,8 Hz, 2H), 4,92 (t, J = 1,8

Hz, 2H), 6,90 (d, J = 8,4 Hz 1H), 6,99 (d, J = 15,6 Hz, 1H), 7,14-7,27 (m, 2H), 7,75 (d,

J = 15,6 Hz, 1H); *°C NMR (50 MHz, CDCls): & 14,7, 56,1, 64,4, 69,6, 70, 72,5, 80,8,

110,9, 112,5, 120,9, 122,4, 128, 141, 149,5, 150,5, 192,9 (CO). Uspauynato 3a

CaoH2FeO3 (390,253): C, 67,71; H, 5,68; Fe, 14,31; O, 12,30%, uaheno: C, 66,61; H,
5,61%.

_©

1-Depouenun-3-(3-memoxcu-4-nponokcughenun)-2-nponenon (58B). unoGep
o6ojenn kpucramu; T.T. 104-105°C; IlIpunoc:
79%; IR (KBr): 1647, 1586, 1515, 1258, 1079

N
O —> cm™; 'H NMR (200 MHz, CDCls): 5 1,06 (t, J
\/\O

0]

F
@e = 7,6 Hz, 3H), 1,80-1,98 (m, 2H), 3,95 (s, 3H),

O 4,03 (t, J = 6,8 Hz, 2H), 4,21 (s, 5H), 4,57 (t, J
= 1,6 Hz, 2H), 4,92 (t, J = 2,0 Hz, 2H), 6,90 (d, J = 8,4 Hz 1H), 6,99 (d, J = 15,6 Hz,
1H), 7,14-7,27 (m, 2H), 7,75 (d, J = 15,6 Hz, 1H); *C NMR (50 MHz, CDCls): 5 10,3,
22,3, 56,2, 69,6, 70, 70,5, 72,5, 80,8, 111,2, 112,7, 120,8, 122,4, 127,9, 141, 1496,
150,8, 192,8 (CO). Anal.: Uspauaynaro 3a Cp3H,4FeO; (404,280): C, 68,33; H, 5,98; Fe,
13,81; O, 11,87%; naheno: C, 67,51; H, 5,93%.

1-@epouenun-3-(4-usonponoxcu-3-memokcugpenun)-2-nponenon  (5r).  IunoGep

06ojenu kpucranu; T.T. 114°C; IIpunoc: 59%; IR

(KBr): 1653, 1590, 1508, 1264, 1074 cm™; 'H

)\ O NMR (200 MHz, CDCl3): & 1,41 (d, J = 6,2 Hz,

@e 6H), 3,94 (s, 3H), 4,21 (s, 5H), 4,57 (t, J = 1,6 Hz,

-0 2H), 4,92 (t, J = 2,0 Hz, 2H), 6,92 (d, J = 8,4 Hz

1H), 6,99 (d, J = 15,6 Hz, 1H), 7,15-7,26 (m, 2H), 7,75 (d, J = 15,6 Hz, 1H); *C NMR

(50 MHz, CDCls): 6 22, 56,2, 69,7, 70, 71,4, 72,5, 80,8, 111,6, 120,9, 122,2, 128,2, 129,

141, 149,6, 150,4, 192,9 (CO). Uspauynaro 3a Cy3HpsFeO3z (404,280): C, 68,33; H,
5,98; Fe, 13,81; O, 11,87%; naheno: C, 67,31; H, 5,95%.
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1-Depouenun-3-(4-oymokcu-3-memoxcugpenun)-2-nponenon (51). lunobep obojenn
kpuctamm; T.T. 128°C; Ilpunoc: 68%; IR
(KBr): 1651, 1592, 1511, 1264, 1077 cm'™;

O N "— 'H NMR (200 MHz, CDCl3): 5 0,99 (t, J =
"0 é 7.4 Hz, 3H), 1,45-1,57 (m, 2H), 1,76-1,89

0 (m, 2H), 3,95 (s, 3H), 4,08 (t, J = 6,8 Hz,
2H), 4,21 (s, 5H), 4,57 (t, J = 2,0 Hz, 2H), 4,92 (t, J = 2,0 Hz, 2H), 6,91 (d, J = 8,2 Hz
1H), 6,99 (d, J = 15,6 Hz, 1H), 7,14-7,26 (m, 2H), 7,75 (d, J = 15,6 Hz, 1H); *C NMR
(50 MHz, CDCls): § 13,8, 31,1, 56,2, 68,7, 69,7, 70, 72,5, 80,8, 111,2, 112,7, 120,8,
122,4, 127,9, 141, 149,6, 150,8, 192,9 (CO). Uzpauynaro 3a Cy4H26FeO3 (418,306): C,

68,91; H, 6,26; Fe, 13,35; O, 11,47%; naheno: C, 68,16; H, 6,23%.

O

1-Depouenun-3-(4-oenzunokcu-3-memoxcugpenun)-2-nponenon  (5h).  Iunobep

ob6ojenn  kpucramu; T.T. 135-136°C;

O
Mpuroc: 67%; IR (KBr): 1650, 1591, 1515,
N
O N 1262, 1084 cm™ 'H NMR (200 MHz,
Fe
0 />, CDCl): 33,97 (s, 3H), 420 (5, 5H), 457 (¢
©/\ /O

J = 2,0 Hz, 2H), 4,91 (t, J = 2,0 Hz, 2H),
5,21 (s, 2H), 6,91 (d, J = 8,2 Hz, 1H), 6,98 (d, J = 15,6 Hz, 1H), 7,15-7,43 (m, 7H), 7,74
(d, J = 15,6 Hz, 1H); **C NMR (50 MHz, CDCls): § 56,1, 69,6, 70, 70,9, 72,5, 80,7,
111,3, 113,7, 121,1, 122,1, 127,2, 127,9, 128,5, 128,6, 136,6, 140,9, 1498, 150,2, 192,8
(CO). Mspauynato 3a Co7Hx4FeOs (452,323): C, 71,69; H, 5,35; Fe, 12,35; O, 10,61%;
Haheno: C, 70,61; H, 5,32%.
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3.5. CunTe3a 2-0kco-1,2,3,4-TeTpaxuAponupUMHINHA

Metoaa 1 (xomorena KaraJjimn3a):

Onrosapajyhu Banuauacku angexu (1 mmol) ce pactsopu y 5 mL eranona (3a
nobujame mpoussosa 80, 88, u 8u kopuctu ce 15 mL 360r caabe pacTBOPJHUBOCTH) Y3
Mmerame. Y cmenry ce 1oaajy ypea (0,09 g, 1,5 mmol) u etun- wiu metui-aneroanerart
(0,156 g mnm 0,139 g, 1,2 mmol), u Ha kpajy 10 mol% (PhNH3),CuCl, (u3pauynaro y
OJTHOCY Ha KOJWuYMHY angexuaa). OcTaBu ce Ja ce Mella Ha COOHOj TeMIepaTypu.
Peakumja ce mnpatu mnomohy TaHKOCIOjHE XpoMaTtorpaduje y3 eInyeHT eTHII-
arierat:meranon (8:2). JaBspa ce Oenu mpalikacTy Tajor, KOju ¢e MPOLEAN U UCIepe ca
MaauM HOpLMjaMa XJIaJIHOI eTaHoNa M MeTwieH-xjopuaa u cymu Ha 100°C. Tom

MPUIMKOM ce ToOWja jako YKCT JKeJbeHU MPOU3BO/] 0€3 HaKHA/IHE peKpUCTaInU3aIlyje.
Metona 2 (xeTeporena karajim3a-oe3 pacrsapaua):

Onrosapajyhu Banmmuucku angexun (1 mmol), ypea (0,09 g, 1,5 mmol), etuin-
wim Metuia-aneroanerar (0,169 g wimm 0,151 g, 1,3 mmol), u 10 mol% karanusaropa ce
I00po XxoMOreHn3yjy y aBany. CMerna ce ocTaBu Ja OJCTOjU Ha cOOHOj TemmepaTypu 1-
5h. Peakmuja ce mpat mnomohly TaHKOC/IOjHE XpomaTtorpaduje y3 eIyeHT eTHII-
arerar:MeTanon (8:2). Kana ce peakiuja 3aBpIim, CMeIIa y aBaHy MOCTaje MpaIikacTa u
cBeTIo-KyTe 0oje. JloOujeHna mpamikacta CymncTaHIla c€ HCIEepe ca MaJMM IOpIHjaMa
€TaHoJIa, MeTUJICH-XJIOpUA U Ha Kpajy ca BOJAOM U CYIIU Ha 100°C. Tom IPUIIMKOM C€

no0Hja jako YUCT KeJbeHU MPOU3BOJ] 0e3 HaKHa/IHE peKpHCTalIn3aluje.

Emun 6-memun-2-okco-4-(4’-emoxcu-3’-memoxcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunam  (8r). bema  wurinuacra
cyncranna; [Tpunoc: 86 (6e3 pacrBapaua = 89)%. T.T. 207-
208°C. IR (KBr): 3248, 3117, 2976, 2934, 1724, 1706,
1658, 1607, 1519, 1477, 1464, 1242, 1227 cm™; '"H NMR
(200 MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,0 Hz, CH3), 1,29
(t, 3H, J = 7,0 Hz, CH3), 2,25 (s, 3H, CHj3), 3,72 (s, 3H,
OCHpg), 3,90-4,05 (m, 4H, 2xCH>), 5,10 (d, 1H, J = 3,2 Hz,
H-4), 6,68-6,89 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,16 (br. s, 1H, NH); *C NMR
(50 MHz, DMSO-dg): & 14,3, 14,9, 17,9, 53,7, 55,6, 59,4, 63,9, 99,6, 110,9, ,113,1,
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118,1, 137,6, 147,4, 148,3, 148,9, 152,4, 165,6; MS (70 eV) m/z 334 ([M]*, 50%).
Nzpauynato 3a C17H2N20s: C, 61,06; H, 6,63; N, 8,37%; naheno: C, 60,94, H, 6,53; N,
8,45%.

Emun  6-memun-2-oxco-4-(3’-memoxcu-4’-nponokcugpenun)-1,2,3,4,-mempaxuopo-
nupumuoun-5-kapooxcunam (81). bema npamkacra
cyncrannua; [Ipunoc: 89 (6e3 pactBapaya = 93)%. T.T. 185-
186°C. IR (KBr): 3252, 3122, 2967, 2937, 2904, 1720,
1706, 1653, 1607, 1592, 1517, 1259, 1224 cm™; 'H NMR
(200 MHz, DMSO-d): 6 0,94 (t, 3H, J = 7,2 Hz, CH3), 1,11
(t, 2H, J = 7,0 Hz, CH3), 1,64-1,74 (m, 2H, CHy), 2,24 (s,
3H, CHg), 3,72 (s, 3H, OCHj3), 3,85 (t, 2H, J = 6,6 Hz, CH,),
3,94-4,04 (q, 2H, CHy), 5,10 (d, 1H, J = 3,0 Hz, H-4), 6,68-6,89 (m, 3H, Ar-H), 7,69
(br. s, 1H, NH), 9,16 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-dg): & 10,6, 14,3,
17,9, 22,3, 53,7, 55,8, 59,4, 70, 99,7, 111, 113,3, 118,2, 137,6, 147,7, 148,3, 148,9,
152,5, 165,7; MS (70 eV) m/z 348 ([M]", 60%). U3zpauynaro 3a C15H24N,0s: C, 62,05;
H, 6,94; N, 8,4%; naheno: C, 61,91; H, 6,97; N, 8,14%.

Emun 6-memun-2-okco-4-(4’-uzonponokcu-3’-memoxcughenun)-1,2,3,4-mempa-
xuoponupumuoun-5-xapooxcunam (8h). berna wrnmuacra
0 cyncranna; [Ipunoc: 84 (6e3 pacteapaya = 90)%. T.T. 201-
0 202°C. IR (KBr): 3345, 3209, 3102, 2973, 2987, 1702,
| 1673, 1647, 1589, 1504, 1328, 1236, 1090 cm *; *H NMR
O (200 MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,0 Hz, CH3), 1,21
/\OJ\| NH  (d, 6H, J = 6,0 Hz, 2xCHs), 2,24 (s, 3H, CH3), 3,71 (s, 3H,
/\E/&O OCHpg), 3,94-4,05 (q, 2H, CHy), 4,44-4,49 (m, 1H, CH), 5,09
(d, 1H, J = 3,2 Hz, H-4), 6,68-6,91 (m, 3H, Ar-H), 7,69 (br.
s, 1H, NH), 9,18 (br. d, 1H, J =1,6 Hz, NH); *C NMR (50 MHz, DMSO-d¢): & 14,3,
17,9, 22,1, 53,7, 55,7, 59,3, 70,6, 99,6, 111,3, 115,8, 118,2, 137,9, 146,2, 148,3, 149,9,
152,5, 165,6; MS (70 eV) m/z 348 ([M]", 36%). Uspauynaro 3a C1gH24N,0s: C, 62,05;
H, 6,4; N, 8,04%; naheno: C, 62,10; H, 6,98; N, 8,10%.
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Emun 6-memun-2-okco-4-(4’-o6ymoxkcu-3’-memokcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunram (8¢). bema mpamkacra
cyncranua; [Tpunoc: 73 (6e3 pacrBapaua = 91)%. T.T. 154-
155°C. IR (KBr): 3251, 3121, 2961, 2936, 1725, 1708,
1658, 1518, 1258, 1239, 1097, 1089 cm™.'H NMR (200
MHz, DMSO-dg): 6 0,91 (t, 3H, J = 7,2 Hz, CH3), 1,11 (t,
3H, J = 7,0 Hz, CH3), 1,35-1,46 (m, 2H, CHy), 1,62-1,69
(m, 2H, CHy), 2,24 (s, 3H, CHj3), 3,72 (s, 3H, OCHj3), 3,87-
4,05 (m, 4H, 2xCH,), 5,09 (d, 1H, J = 3,0 Hz, H-4), 6,68-6,90 (m, 3H, Ar-H), 7,68 (br.
s, 1H, NH), 9,16 (br.s, 1H, NH); **C NMR (50 MHz, DMSO-dg): & 13,8, 14,3, 17,9,
18,9, 31, 53,7, 55,7, 59,3, 68,1, 99,6, 111, 113,3, 118,2, 137,6, 147,7, 148,2, 148,9,
152,4, 165,6; MS (70 eV) m/z 362 ([M]", 60%). U3zpauynaro 3a C19H26N,Os: C, 62,96;
H, 7,23; N, 7,72%; naheno: C, 62,98; H, 7,29; N, 7,76%.

Emun-6-memun-2-okco-4-(4’-6ensunoxcu-3’-memoxcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunam (8:x). bema mpamkacra
cyncranna; [Tpunoc: 88 (6e3 pacteapaya = 90)%. T.T. 191-
192°C. IR (KBr): 3358, 3244, 3117, 3020, 2982, 2937,
1702, 1654, 1513, 1280, 1227, 1095 cm'H NMR
(200MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,2 Hz, CHj3), 2,25
(s, 3H, CHa), 3,74 (s, 3H, OCHj3), 3,94-4,05 (g, 2H, CHy),
5,04 (s, 2H, CHy), 5,11 (d, 1H, J = 3,2 Hz, H-4), 6,69-6,99
(m, 3H, Ar-H), 7,31-7,44 (m, 5H, Ar-H), 7,69 (br. s, 1H, NH), 9,17 (br. s, 1H, NH); °C
NMR (50 MHz, DMSO-dg): 6 14,3, 17,9, 53,7, 55,7, 59,3, 70,2, 99,6, 111, 113,8, 118,1,
127,8, 127,9, 128,6, 137,4, 138, 147,2, 148,3, 149,1, 152,4, 165,6; MS (70 eV) m/z 396
(IM]*, 14%). Nspauynato 3a CyH24N20s: C, 66,65; H, 6,10; N, 7,06%; naheno: C,
66,69; H, 6,18; N, 7,16%.
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Emun 6-memun-2-okco-4-(4’-ayemoxcu-3’-memokcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunam  (83). bena  mpamikacta
cyncranna; [Ipunoc: 81 (6e3 pactBapaya = 86)%. T.T. 185-
187°C. IR (KBr): 3243, 3109, 2984, 2938, 1772, 1701,
1654, 1511, 1283, 1229, 1095, 1034 cm*; *H NMR (200
MHz, DMSO-dg): & 1,12 (t, 3H, J = 7,0 Hz, CHj3), 2,25 (d,
6H, J = 5,0 Hz, CH3 COCHj3), 3,74 (s, 3H, OCHj3), 3,96-
4,07 (q, 2H, CHy), 5,17 (d, 1H, J = 3,2 Hz, H-4), 6,76-7,05
(m, 3H, Ar-H), 7,79 (br. s, 1H, NH), 9,24 (br. s, 1H, NH),
3C NMR (50 MHz, DMSO-ds): & 14,3, 18,0, 20,5, 53,9, 55,8, 59,5, 99,2, 111,2, 117,9,
122,9, 138,6, 143,9, 148,8, 150,7, 152,4, 165,6, 168,8; MS (70 eV) m/z 348 ([M]",
10%). Uspauynato 3a C17H20N206: C, 58,61; H, 5,78; N, 8,04%; naheno: C, 58,67; H,
5,84; N, 8,10%.

Emun 6-memun-2-okco-4-(4’-kapookcumemunoxcu-3’-memoxcugpenun)-1,2,3,4-
HO -mempaxuoponupumuoun-5-kapooxcuram (8u). bena
jl/\o npamkacta cyncranna; I[lpuHoc: 94 (6e3 pactBapaua =
93)%. T.T. 191-192°C. IR (KBr): 3277, 3115, 2980, 2940,
2727, 2548, 1755, 1702, 1640, 1517, 1454, 1261, 1224,
P NH 1145, 1085 cm™*; *H NMR (200 MHz, DMSO-dg): & 1,12 (t,
/& 3H, J = 7,0 Hz, CHs), 2,24 (s, 3H, CH3), 3,74 (s, 3H,
OCHpg), 3,95-4,05 (g, 2H, CHy), 4,62 (s, 2H, CH,), 5,10 (d,
1H, J = 3,2 Hz, H-4), 6,66-6,87 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,16 (br. s, 1H,
NH); **C NMR (50 MHz, DMSO-dg): & 14,4, 17,9, 53,7, 55,8, 59,5, 65,3, 99,6, 111,2,
113,5, 118,1, 138,4, 146,7, 148,4, 148,8, 152,5, 165,7, 170,4; MS (70 eV) m/z 363
([M]+, 44%). Uzpauynato 3a Ci17HoN,O7: C, 56,04; H, 5,53; N, 7,69%; uaheno: C,
56,08; H, 5,61; N, 7,75%.
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Emun 6-memun-2-okco-4-(4’-emoxcuxapoonun-memunoxcu-3’-memoxcugenu)-
~_O \[(\o -1,2,3,4-mempaxuoponupumuoun-5-xkapooxcunam  (8j).
bena npamkacra cyncranna; [Ipunoc: 90 (6e3 pactBapaua
= 95)%. T.T. 177-179°C. IR (KBr): 3247, 3120, 2981,
2963, 2935, 1761, 1744, 1704, 1654, 1518, 1284, 1225,
s NH 1094 cm*; *H NMR (200 MHz, DMSO-dg): & 1,02-1,23
/g (m, 6H, 2xCHs), 2,24 (s, 3H, CHs), 3,74 (s, 3H, OCHj3),
3,94-4,05 (g, 2H, CH>), 4,09-4,19 (q, 2H, CH,), 4,72 (s, 2H,
OCH,CO), 5,10 (d, 1H, J = 3,0 Hz, H-4), 6,65-6,88 (m, 3H, Ar-H), 7,72 (br. s, 1H,
NH), 9,19 (br. s, 1H, NH), *C NMR (50 MHz, DMSO-dg): & 14,2, 14,3, 17,9, 53,7,
55,8, 59,4, 60,8, 65,6, 99,5, 111,2, 113,8, 118, 138,7, 146,5, 148,4, 148,9, 152,4, 165,6,
168,9; MS (70 eV) m/z 392 ([M]", 35%). Uspauynarto 3a Ci9H24N,07: C, 58,15; H,
6,16; N, 7,14%; naheno: C, 58,20; H, 6,18; N, 7,16%.

Emun 6-memun-2-oxco-4-(4’-(2°’,6 ’-ouxnopoodenszunokcu)-3’-memoxcupenun)-
-1,2,3,4-mempaxuoponupumuoun-5-xapooxcunam  (8K).
bena npamikacra cyncranua; [Tpunoc: 82 (6e3 pactBapaua =
77)%. T.T. 231-233°C. IR (KBr): 3243, 3127, 2939, 2937,
1723, 1707, 1659, 1515, 1259, 1227 cm™*; *H NMR (200
MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,2 Hz, CHj3), 2,25 (s,
3H, CHj3), 3,69 (s, 3H, OCHj3), 3,95-4,06 (g, 2H, CH,), 5,12
(d, 1H, J = 3,2 Hz, H-4), 5,17 (s, 2H, CHy), 6,72-7,11 (m,
3H, Ar-H), 7,46-7,56 (m, 3H, Ar-H), 7,71 (br. s, 1H, NH),
9,18 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-de): & 14,4,
17,9, 53,7, 55,7, 59,4, 65,8, 99,6, 111,1, 113,9, 118,2, 128,9, 131,8, 132,1, 136,4, 138,6,
147,3, 148,4, 149,1, 152,4, 165,7; MS (70 eV): m/z 488 ([M" + Na], 44%). U3pauynaro
3a CxH2Cl2N,0s: C, 56,78; H, 4,77; N, 6,02%; naheno: C, 56,73; H, 4,73; N, 6,01%.

Cl Cl
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Emun 6-memun-2-okco-4-(4’-(3’-opomonponoxcu)-3’-memoxcugpenun)-1,2,3,4-

B "0 -mempaxuoponupumuoun-5-kapooxcunram (81). bena
mpamikacra cymncranna; Ilpunoc: 87 (6e3 pacrBapaya =
82)%. T.T. 155-157°C. IR (KBr): 3240, 3112, 2942, 1726,
1701, 1651, 1519, 1465, 1259, 1221 cm™; 'H NMR (200
MHz, DMSO-dg): 6 1,11 (t, 3H, J =7,0 Hz, CH3), 2,18-2,24
(m, 5H, CH3C-6, CHy), 3,64 (t, 2H, J = 6,4 Hz, CH,), 3,73
(s, 3H, OCHg3), 3,94-4,05 (m, 4H, 2xCHy), 5,10 (d, 1H, J =
3,2 Hz, H-4), 6,69-6,94 (m, 3H, Ar-H), 7,68 (br. s, 1H, NH), 9,17 (br. s, 1H, NH); *C
NMR (50 MHz, DMSO-dg): 6 14,3, 17,9, 31,4, 32,2, 53,7, 55,8, 59,4, 66,5, 99,6, 111,1,
113,8, 118,2, 138,1, 147,2, 148,3, 149,1, 152,4, 165,6; MS (70 eV): m/z 450 ([M" + Na];
21%). Uzpauynaro 3a Ci13H23BrN,Os: C, 50,60; H, 5,43; N, 6,56%; naheno: C, 50,56;
H, 5,34; N, 6,51%.

Emun 6-memun2-oxco-4-(4’-(4’-opomodoymoxcu)-3’-memoxcugpenun)-1,2,3,4-

Br\/\/\o -mempaxuoponupumuoun-5-xkapooxcunam (8m). bena
0 npamkacta cyrncranna; I[Ipunoc: 76 (06e3 pactBapaua =

88)%. T.T. 137-139°C. IR (KBr): 3240, 3114, 2951,

0 1702, 1651, 1513, 1473, 1250, 1223 cm™; *H NMR (200

-0 NH MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,2 Hz, CHg), 1,79-

1,98 (m, 4H, 2xCH>), 2,24 (s, 3H, CHs), 3,59 (t, 2H, J =
6,6 Hz, CH,), 3,72 (s, 3H, OCH3), 3,91-4,04 (m, 4H,
2xCHy), 5,09 (d, 1H, J = 3,0 Hz, H-4), 6,68-6,91 (m, 3H, Ar-H), 7,68 (br. s, 1H, NH),
9,15 (br.s, 1H, NH); *C NMR (50 MHz, DMSO-dg): & 14,3, 17,9, 27,6, 29,3, 34,9,
53,6, 55,7, 59,3, 67,7, 99,6, 111, 113,5, 118,2, 137,8, 147,4, 148,3, 148,9, 152,4, 165,6;
MS (70 eV): m/z 464 ([M* + Na], 14%). Uspauyrato 3a C1sHzsBrN,Os: C, 51,71; H,
5,71; N, 6,35%; maljeno: C, 51,63; H, 5,70; N, 6,29%.
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Emun 6-memun-2-okco-4-(4’-(4°’-opomonenmunoxcu)-3’-memoxcugpenun)-1,2,3,4-
N N -mempaxuoponupumuoun-5-kapooxcunam (8m). bena
mpamikacra cyncranna; [Ipunoc: 80 (6e3 pactBapaua =
83)%. T.T. 126-128°C. IR (KBr): 3248, 3105, 2939,
1702, 1654, 1515, 1465, 1257, 1225 cm™; 'H NMR
(200 MHz DMSO-dg): 6 1,11 (t, 3H, J = 7,0 Hz, CHj3),
1,46-1,58 (m, 2H, CH,), 1,65-1,89 (m, 4H, CH,), 2,24
(s, 3H, CHj3), 3,54 (t, 2H, J = 6,6 Hz, CHy), 3,72 (s, 3H,
OCHjy), 3,87-4,05 (m, 4H, 2xCHy), 5,09 (d, 1H, J = 3,4 Hz, H-4), 6,68-6,91 (m, 3H, Ar-
H), 7,69 (br. s, 1H, NH), 9,16 (br. s, 1H, NH); *C NMR (50 MHz DMSO-dg): & 14,3,
17,9, 24,5, 28,1, 32,1, 32,2, 35,2, 53,7, 55,8, 59,4, 68,4, 99,6, 111,1, 113,4, 118,2,
137,7, 147,6, 148,3, 148,9, 152,4, 165,6; MS (70 eV): m/z 478 ([M* + Na], 10%).
Uzpauynato 3a CyoH2;BrN,Os: C, 52,75; H, 5,98; N, 6,15%; naheno C, 52,67; H, 5,89;
N, 6,05%.

Emun 6-memun-2-oxco-4-(4’-(6ym-2’-enunoxcu)-3’-memokcugenun)-1,2,3,4-
N0 -mempaxuoponupumudun-5-xapooxcunam (8u). bena
o npamikacta cyrcrandmna; [Ipunoc: 89 (6e3 pactBapaua =
86)%. T.T. 172-173°C. IR (KBr): 3248, 3113, 2935, 1723,
0 1707, 1515, 1463, 1259, 1227, 1094 cm™; 'H NMR (200
-0 NH MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,0 Hz, CH3), 1,68 (d,
3H, J = 6,0 Hz, CH3), 2,24 (s, 3H, CHs), 3,71 (s, 3H,
OCHpg), 3,94-4,05 (q, 4H, 2xCHy), 4,41 (d, 1H, J = 5,4 Hz,
CH), 4,55 (d, 1H, J = 4,0 Hz, CH), 5,09 (d, 1H, J = 3,2 Hz, H-4), 5,69-5,79 (m, 2H,
CHy,), 6,67-6,91 (m, 3H, Ar-H), 7,68 (br. s, 1H, NH), 9,16 (br. s, 1H, NH); **C NMR
(50 MHz, DMSO-dg): 6 14,3, 17,7, 17,9, 53,7, 55,7, 59,4, 68,9, 99,6, 110,9, 1135,
118,1, 126,8, 129,8, 137,7, 147,2, 148,3, 148,9, 152,4, 165,6; MS (70 eV): m/z 383 ([M"
+ Na], 21%). Uspauynato 3a Ci9H24N,Os: C, 63,32; H, 6,71; N, 7,77%; naheno: C,

63,25; H, 6,64; N, 7,75%.
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Emun 6-memun-2-oxco-4-(4’(anunokcu)-3’-memoxcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunam (8w). bena mpaimkacra
cyncranna; [Tpunoc: 71 (6e3 pacrBapaua = 76)%. T.T. 171-
173°C. IR (KBr): 3241, 3107, 2936, 1702, 1654, 1516,
1282, 1224, 1136, 1094 cm*; *H NMR (200 MHz, DMSO-
ds): 0 1,11 (t, 3H, J = 7,0 Hz, CH3), 2,24 (s, 3H, CH3), 3,73
(s, 3H, OCHg3), 3,94-4,05 (q, 4H, 2xCH,), 4,51 (d, 2H, J =
5,2 Hz, CHy), 5,09 (d, 1H, J = 3,2 Hz, H-4), 5,20-5,41 (m,
2H, CHy), 5,94-6,09 (m, 1H, CH), 6,68-6,92 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,17
(br. s, 1H, NH); *C NMR (50 MHz, DMSO-dg): & 14,3, 17,9, 53,7, 55,7, 59,3, 69,2,
99,6, 111, 113,88, 117,6, 118,1, 134,1, 137,9, 147, 148,3, 148,9, 152,4, 165,6; MS (70
eV): m/z 369 ([M* + Na], 12%). W3pauynaro 3a CigH2N20s: C, 62,42; H, 6,40; N,
8,09%; naheno: C, 62,36; H, 6,38; N, 8,01%.

Emun 6-memun-2-okco-4-(3’-memokcu-4’-(2°’-memanunokcu)penun)-1,2,3,4-

-mempaxuoponupumuoun-5-kapooxcuram (80). bena

\[(\O o npamkacta cyncrania; Ilpunoc: 80 (6e3 pactBapaua =

89)%. T.T. 195-197°C. IR (KBr): 3242, 3107, 2935, 1702,

0 1654, 1516, 1282, 1226, 1134, 1094 cm™; *H NMR (200

o0 NH MHz, DMSO-dg): 6 1,11 (t, 3H, J = 7,0 Hz, CH3), 1,74 (s,

l /& 3H, CHs), 2,24 (s, 3H, CH3), 3,73 (s, 3H, OCHj3), 3,94-4,05

(g, 2H, CHy), 4,41 (s, 2H, CHy), 4,92-5,03 (m, 2H, CH,),

5,09 (d, 1H, J = 3,2 Hz, H-4), 6,67-6,91 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,17 (br. s,

1H, NH); *C NMR (50 MHz, DMSO-de): & 14,3, 17,9, 19,4, 53,7, 55,8, 59,4, 71,9,

99,6, 111,2, 112,5, 113,9, 118,1, 137,9, 141,2, 147,2, 148,3, 149, 152,4, 165,6; MS (70

eV): m/z 383 ([M* + Na], 15%). U3pauynato 3a C19H24N,Os: C, 63,32; H, 6,71; N,
7,77%; naheno: C, 63,25; H, 6,65; N, 7,75%.
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Memun 6-memun-2-oxco-4-(3’,4’-oumemoxcugpenun)-1,2,3,4-mempaxuoponupu-
Muoun-5-xkapooxcunam (8a’). bena mpamikacta CyIncTaHIIa;
ITpunoc: 90 (6e3 pacrtBapaua = 78)%. T.T. 180-182°C. IR
(KBr): 3250, 3112, 2954, 1710, 1698, 1647, 1608, 1520, 1463,
1424, 1241, 1223, 1092 cm*; *H NMR (200 MHz, DMSO-dg):
0 2,25 (s, 3H, CH3), 3,54 (s, 3H, OCHg), 3,72 (d, 6H, J = 1,6
Hz, 2xOCHj3), 5,10 (d, 1H, J = 3,4 Hz, H-4), 6,68-6,90 (m, 3H,
Ar-H), 7,70 (br. s, 1H, NH), 9,19 (br. s, 1H, NH); *C NMR
(50 MHz, DMSO-dg): 6 17,9, 50,9, 53,6, 55,6, 55,8, 99,3, 110,7, 112, 118, 137,3, 148,3,
148,6, 148,8, 152,4, 166,1; MS (70 eV): m/z 306 ([M]", 34%). UzpauyyHato 3a
CisH1sN20s: C, 58,82; H, 5,92; N, 9,15%; naheno: C, 58,74; H, 5,85; N, 9,05%.

Memun 6-memun-2-okco-4-(4’-emokcu-3’-memokcugpenun)-1,2,3,4-mempaxuopo-
nupumuoun-5-kapooxcunam  (86°). bena  mpamkacrta
cyncranna; Ilpunoc: 88 (6e3 pacrapaua = 93)%. T.T. 202-
204°C. IR (KBr): 3247, 3117, 2962, 1720, 1702, 1652, 1518,
1462, 1260, 1225, 1094 cm™*; *H NMR (200 MHz, DMSO-ds):
61,29 (t, 3H, J = 6,8 Hz, CH3), 2,25 (s, 3H, CH3), 3,54 (s, 3H,
OCHz), 3,72 (s, 3H, OCHg3), 3,90-4,01 (g, 2H, CHy), 5,09 (d,
1H, J = 3,2 Hz, H-4), 6,66-6,89 (m, 3H, Ar-H), 7,70 (br. s, 1H,
NH), 9,19 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-de): & 14,9, 17,9, 50,9, 53,5,
55,6, 63,9, 99,3, 110,8, 113,1, 117,9, 137,3, 147,4, 148,6, 148,9, 152,4, 166,1; MS (70
eV): m/z 320 ([M+ + 23], 22%). Uspauynaro 3a CigHoN2Os: C, 59,99; H, 6,29; N,
8,74%; naheno: C, 59,97; H, 6,24; N, 8,70%.
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Memun 6-memun-2-okco-4-(3’-memoxcu-4’-nponoxcugpenun)-1,2,3,4-mempaxuopo-
~"0 nupumuoun-5-kapooxcunam  (88°).  bema  mpamikacta
cyncranna; Ilpunoc: 81 (6e3 pacrBapaua = 85)%. T.T. 198-
199°C. IR (KBr): 3242, 3112, 2950, 1702, 1650, 1609, 1513,
1454, 1250, 1226, 1088 cm*, *H NMR (200 MHz, DMSO-de):
60,95 (t, 3H, J = 7,4 Hz, CH3), 1,64-1,75 (m, 2H, CHy), 2,25
(s, 3H, CHj3), 3,54 (s, 3H, OCH3), 3,72 (s, 3H, OCH3), 3,86 (t,
2H, J = 6,6 Hz, CHy), 5,09 (d, 1H, J = 3,4 Hz, H-4), 6,66-6,89
(m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,18 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-
ds): 0 10,6, 17,9, 22,3, 50,9, 53,6, 55,8, 69,9, 99,3, 111, 113,3, 118,1, 137,3, 147,7,
148,6, 149, 152,4, 166,1; MS (70 eV): m/z 334 ([M]", 41%). W3pauyHato 3a
C17H2N20s: C, 61,07; H, 6,63; N, 8,38%; naheno: C, 60,97; H, 6,56; N, 8,33%.

Memun 6-memun-2-okco-4-(4’-uzonponokcu-3’-memokcugpenun)-1,2,3,4-mempa-
xuoponupumuoun-5-xapooxcunam (8r’). bema mnparikacra
cyncranna; Ilpunoc: 73 (6e3 pactBapaya = 90)%. T.T. 188-
189°C. IR (KBr): 3248, 3114, 2949, 1723, 1652, 1611, 1511,
1448, 1263, 1225, 1100 cm; *H NMR (DMSO-dg): & 1,22 (d,
6H, J = 6,0 Hz, 2xCHj3), 2,25 (s, 3H, CHj3), 3,55 (s, 3H, OCHy),
3,72 (s, 3H, OCHg), 4,41-4,53 (m, 1H, CH), 5,09 (d, 1H, J =
3,4 Hz, H-4), 6,66-6,89 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH),
9,19 (br. s, 1H, NH); **C NMR (DMSO-dg): 6 17,9, 22,1, 50,9,
53,5, 55,7, 70,6, 99,3, 111,2, 115,7, 118, 137,7, 146,2, 148,6, 149,9, 152,4, 166,1; MS
(70 eV): m/z 357 ([M* + Na], 32%). U3zpauynaro 3a C17H22N20s: C, 61,07; H, 6,63; N,
8,38%; naheno: C, 60,97; H, 6,60; N, 8,37%.
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Memun 6-memun-2-okco-4-(4’-oymoxcu-3’-memoxcugpenun)-1,2,3,4-mempaxuopo-

NG nupumuoun-5-kapooxcunam  (8n°). bema  mparmikacra
cyncranna; IIpunoc: 76 (6e3 pactBapaua = 85)%. T.T. 153-
154°C. IR (KBr): 3252, 3118, 2961, 1720, 1658, 1610, 1519,
1437, 1255, 1227, 1085 cm™; *H NMR (200 MHz, DMSO-dg):
60,91 (t, 3H, J = 7,2 Hz, CH3), 1,35-1,46 (m, 2H, CH,), 1,63-
1,69 (m, 2H, CHy), 2,25 (s, 3H, CH3), 3,54 (s, 3H, OCHj3), 3,72
(s, 3H, OCHs3), 3,89 (t, 2H, J = 6,4 Hz, CHy), 5,09 (d, 1H, J =
3,4 Hz, H-4), 6,66-6,89 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,19 (br.s, 1H, NH); *C
NMR (50 MHz, DMSO-dg): 6 13,8, 17,9, 18,9, 31, 50,9, 53,5, 55,8, 68,1, 99,3, 111,
113,3, 118,1, 137,3, 147,7, 148,6, 149, 152,4, 166,1; MS (70 eV): m/z 371 ([M* + Na],
28%). Uspauynaro 3a C1gH24N20s: C, 62,05; H, 6,94; N, 8,04%; naheno: C, 61,96; H,
6,88; N, 8,02%.

Memun 6-memun-2-okco-4-(4’-6ensunoxcu-3’-memoxcugpenun)-1,2,3,4-mempa-
xuoponupumuoun-5-kapooxcuaar (8h’). bema mnpamkacra
cyncrania; [Ipunoc: 87 (6e3 pactBapaua = 90)%. T.T. 199-
200°C. IR (KBr): 3300, 3010, 2950, 1701, 1664, 1647, 1512,
1437, 1350, 1224, 1081 cm™*; *H NMR (200 MHz, DMSO-dg):
8 2,26 (s, 3H, CHg), 3,54 (s, 3H, OCHs3), 3,74 (s, 3H, OCHjy),
5,04 (s, 2H, CHy), 5,11 (d, 1H, J = 3,4 Hz, H-4), 6,67-6,98 (m,
3H, Ar-H), 7,38-7,41 (m, 5H, Ar-H), 7,69 (br. s, 1H, NH), 9,20
(br. s, 1H, NH); *C NMR (50 MHz, DMSO-de): & 17,9, 50,9, 53,6, 55,7, 70,2, 99,2,
111, 113,8, 117,9, 127,8, 127,9, 128,6, 137,4, 137,8, 137,9, 147,3, 148,6, 149,1, 152 /4,
166,1; MS (70 eV): m/z 382 ([M], 24%). W3zpauynato 3a Cy1H22N20s: C, 65,96; H,
5,80; N, 7,33%; naheno: C, 65,95; H, 5,71; N 7,28%.
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Memun 6-memun-2-okco-4-(4’-auemoxcu-3’-memoxcugpenun)-1,2,3,4-mempaxudpo-
nupumuoun-5-kapooxcunam (8¢’). bena npaiikacra CyrncTaHIa,
[Tpunoc: 91 (6e3 pactBapaua = 92)%. T.T. 208-210°C. IR (KBr):
3225, 3100, 2961, 1765, 1700, 1647, 1509, 1453, 1264, 1218,
1083, cm*; *H NMR (200 MHz, DMSO-dg): & 2,25 (d, 6H, J =
6,0 Hz, CH3 COCHg), 3,56 (s, 3H, OCHj3), 3,74 (s, 3H, OCH3),
5,17 (d, 1H, J = 3,0 Hz, H-4), 6,75-7,05 (m, 3H, Ar-H), 7,79 (br.
s, 1H, NH), 9,26 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-
de): & 18, 20,5, 51, 53,7, 55,8, 98,9, 111,2, 117,8, 122,9, 138,6,
143,6, 149,1, 150,8, 152,3, 166, 168,7; MS (70 eV): m/z 357 ([M* + Na], 14%).
Uzpauynato 3a C16H18N206: C, 57,48; H, 5,43; N, 8,38%; naheno: C, 57,39; H, 5,41; N,
8,33%.

Memun 6-memun-2-okco-4-(4’-emokcuxkcpoonun-memunoxcu-3’-memoxcupenun)-
~_O 7(\0 -1,2,3,4-mempaxuoponupumuoun-5-xkapooxcunam (8:x’).
Bena npamkacra cyncranna; [punoc: 92 (6e3 pactBapaua =
95)%. T.T. 194-195°C. IR (KBr): 3320, 3210, 3100, 2952,
1761, 1700, 1664, 1512, 1354, 1247, 1093 cm*; 'H NMR
(200 MHz, DMSO-dg): 6 1.19 (t, 3H, J = 7,2 Hz, CH3), 2,25
/g (s, 3H, CHg3), 3,54 (s, 3H, OCHj3), 3,75 (s, 3H, OCHj3), 4,09-
H 4,20 (g, 2H, CHy), 4,71 (s, 2H, CHy), 5,10 (d, 1H, J =34
Hz, H-4), 6,65-6,89 (m, 3H, Ar-H), 7,70 (br. s, 1H, NH), 9,20 (br. s, 1H, NH); **C NMR
(50 MHz, DMSO-dg): 6 14,2, 17,9, 50,9, 53,5, 55,8, 60,7, 65,6, 99,2, 111,2, 113,9,
117,9, 138,4, 146,5, 148,7, 148,9, 152,4, 166, 168,9; MS (70 eV): m/z 378 ([M]", 20%).
Wzpauynato 3a C1gH22N207: C, 57,14; H, 5,86; N, 7,40%; naheno: C, 57,08; H, 5,80; N,
7,35%.
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Memun 6-memun-2-okco-4-(4’-(3’’-6pomonponoxcu)-3’-memoxcugpenun)-1,2,3,4-
NN -mempaxuoponupumuoun-5-xkapooxkcunram (83’). bena
npamikacra cyrncranna; [Tpunoc: 96 (6e3 pactBapaua = 67)%.
T.T. 157-158°C. IR (KBr): 3227, 3100, 2948, 1704, 1650,
1519, 1447, 1225, 1098 cm*, *H NMR (200 MHz, DMSO-
de): 0 2,18-2,25 (m, 5H, CH3C-6, CHy), 3,54 (s, 3H, OCHj),
3,65 (t, 2H, J = 6,6 Hz, CHy), 3,73 (s, 3H, OCH3), 4,03 (t,
2H, J = 6,0 Hz, CHy), 5,10 (d, 1H, J = 3,2 Hz, H-4), 6,67—
6,94 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,19 (br. s, 1H, NH); **C NMR (50 MHz,
DMSO-dg): & 17,9, 31,4, 32,2, 50,9, 53,5, 55,8, 66,5, 99,2, 111, 113,8, 118, 137,9,
147,2, 148,6, 149,1, 152,4, 166, MS (70 eV): m/z 414 ([M]", 17%). Uzpauynato 3a
C17H21BrN2Os: C, 49,41; H, 5,12; N, 6,78%; naheno: C, 49,34; H, 5,05; N, 6,75%.

Memun 6-memun-2-oxco-4-(4’-(6ym-2°’-enunoxcu)-3’-memoxcugpenun)-1,2,3,4-

-mempaxuoponupumuoun-5-kapooxcunram  (8w’). bena
/\/\O
o npaiikacta cyncranma; [Ipunoc: 83 (6e3 pacrBapaua = 71)%.
h T.T. 195-196°C. IR (KBr): 3225, 3110, 2960, 1702, 1663,
0 1512, 1462, 1253, 1225, 1087 cm; 'H NMR (200 MHz,
~o0 NH DMSO-dg): 6 1,68 (d, 3H, J = 6,2 Hz, CHj3), 2,25 (s, 3H, CH3),

| ,g 3,54 (s, 3H, OCHs), 3,72 (s, 3H, OCHs), 4,41 (d, 1H, J = 5,6

Hz, CH), 4,55 (d, 1H, J = 5,8 Hz, CH), 5,09 (d, 1H, J = 3,2 Hz,

H-4), 5,65-5,79 (m, 2H, CH,), 6,65-6,92 (m, 3H, Ar-H), 7,69 (br. s, 1H, NH), 9,18 (br.

s, 1H, NH); *C NMR (50 MHz, DMSO-de): & 17,6, 17,9, 50,9, 53,5, 55,6, 68,9, 99,3,

110,9, 113,5, 117,9, 126,2, 126,8, 128,3, 129,7, 137,4, 147,2, 148,6, 149, 152,4, 166,1;

MS (70 eV): m/z 369 ([M™ + Na], 49%). Nzpauynato 3a C1gH22N20s5: C, 62,42; H, 6,40;
N, 8,09%; naljero: C, 62,33; H, 6,35; N, 8,01%.
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Memun 6-memun-2-oxco-4-(4’-(anunoxcu)-3’-memokcugpenun)-1,2,3,4-mempa-
xuoponupumuoun-5-xkapooxcunam (8j°). bena mnpaimkacra
cyncranna; IIpunoc: 80 (6e3 pactBapaua = 91)%. T.T. 180-
181°C. IR (KBr): 3248, 3102, 2946, 1725, 1700, 1654, 1511,
1425, 1287, 1226, 1085 cm™*; 'H NMR (200 MHz, DMSO-
de): & 2,25 (s, 3H, CHg3), 3,54 (s, 3H, OCHg), 3,73 (s, 3H,
OCHpg), 4,48-4,53 (dt, 2H, CHy), 5,10 (d, 1H, J = 3,2 Hz, H-4),
5,25-5,41 (m, 2H, CHy), 5,95-6,09 (m, 1H, CH), 6,66-6,91 (m,
3H, Ar-H), 7,69 (br. s, 1H, NH), 9,19 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-ds):
6 17,9, 50,9, 53,5, 55,7, 69,2, 99,3, 111, 113,8, 117,6, 117,9, 134,1, 137,7, 147,1, 148,6,
149,1, 152,4, 166,1; MS (70 eV): m/z 332 ([M]", 45%). U3pauynaro 3a C17HN,0s: C,
61,44; H, 6,07; N, 8,43%; naheno: C, 61,39; H, 5,98; N, 8,36%.

Memun 6-memun-2-okco-4-(3’-memoxcu-4’-(2’-memanunoxcu)genun)-1,2,3,4-
-mempaxuoponupumuoun-5-kapooxcunam  (8x’).  bena
nparikacta cyncrania; [Ipunoc: 94 (6e3 pactBapaua = 77)%.
T.T. 203-204°C. IR (KBr): 3250, 3112, 2954, 1710, 1698,
1649, 1435, 1283, 1226, 1094 cm; *H NMR (200 MHz,
DMSO-dg): & 1,75 (s, 3H, CHg3), 2,25 (s, 3H, CH3), 3,54 (s,
3H, OCHjy), 3,74 (s, 3H, OCHg), 4,41 (s, 2H, CH,), 4,92-5,04
(m, 2H, CHy), 5,09 (d, 1H, J = 3,0 Hz, H-4), 6,65-6,90 (m, 3H,
Ar-H), 7,69 (br. s, 1H, NH), 9,19 (br. s, 1H, NH); *C NMR (50 MHz, DMSO-dg): &
17,9, 19,3, 50,9, 53,5, 55,8, 71,9, 99,2, 111,1, 1124, 113,8, 117,9, 137,7, 141,2, 147,2,
148,6, 149,1, 152,4, 166,1; MS (70 eV): m/z 346 ([M]", 37%). Mzpauynato 3a
C1sH2N20s: C, 62,42; H, 6,40; N, 8,09%; naheno: C, 62,36; H, 6,35; N, 8,08%.
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4. BAK/bYYAK

Ha ocnoBy pe3ynrtara npukazanux y llornasmy ,,Hamm pagoBu®, mory ce

U3BECTH ciesehn 3aKkibydnu:

e [lpencraBibeHH Cy OpPUTMHAIHM ITOCTYIIIU 332 CHHTE3Y MET KJIaca HOBUX jeANICHA
KOjU cajip)ke BaHWIMHCKU (parmeHT: 4-(4-ankokcu-3-merokcudenun)oyr-3-eH-2-
-onu, 1(a-e), 1-(4-ankokcu-3-MeTOKCH-(PEeHMI)-5-MeTHI-XeKC-1-eH-3-0HH1, 3(a-e),
3-(4-ankokcu-3-merokcu-hennn)-1-pepouenunmnpon-2-eu-1-onn, 5(a-h), 1-[5-(4-
-aJIKOKCHU-3-MeT-0Kcupermn)-3-metmii-4,5- muxuapo-1H-nupaszol-1-un)etanonw,
2(a-e) u 3,4-nuxunponupumunut-2-(1H)-onwu, 8.

e Kon nobujeHnx €HOHCKUX nepuBara (mpousBoau 1, 3 u 5) ucnuran je yTuiaj
yBohea pa3IMUUTUX Tpylna Ha HEKe OMOJIOIIKE KapaKTepUCTUKE jenumberma. CBe
TPU Tpyle NPOU3BOJAa MMAjy jaKO H3PaKEHY MHUKPOOMOJIOUIKY aKTUBHOCT, JIOK
MOjeIMHU TIPOM3BOAM I0Ka3zyjy Oo0Jby AaKTUBHOCT Ipema OakTepujamMa © Yy
nopehemy ca onrosapajyhum antnonoTHINMA.

e IlpousBoau 2(a-e), Koju npunaznajy rpymnu N-aneTuioBaHUX MHPa3oJia HACTAIUX Y
peakifji [UKIM3alMje E€HOHCKOT CHCTeMa jenuiberha 1(a-e), mokasyjy mao0py
MHUKPOOHOJIOIIKY M aHTUTYMOPCKY AaKTHBHOCT. AHTHTYMOPCKAa aKTHBHOCT je
HApOYHMTO M3paKeHa NpeMa henujcKuM JMHHMjaMa XyMaHOT KapIHHOMa aeberior
npesa (HCT-116).

e Kox ¢epouenckux xamkoHa, 5(a-h), koju ce mo0Hjajy KOHICH3AIUjOM
AIIKWIOBAaHUX JIepUBaTa BaHWIMHA M MOHOAIETH] (eporeHa, MHKPOOHOJIONIKA
AKTHUBHOCT j€ HEUITO Mambe U3Pa’KeHa.

e Cepuja mpousBoga 8 cunrterucana je Biginelli-jeom peakimjom y3 ymorpeOy
QIKWJIOBAHUX JIepHBaTa BaHWIMHA, ypee M €THJI- WIM MeTwianeroarerara. Csa
JjemMmbema Cy CHHTETHCAaHa Y jaKO BHCOKOM TIPHHOCY H YHOTpeOOM BpIIO
jeaHocraBHe MeTozie. JJoOujeHo je 27 HOBUX jeTUbCHA.

e CrpyKkType CBUX HOBHX NMPOU3BOJA Cy OoTBpheHe moMohy criekTpaHuX rmoiaTaxa,
eIEMEHTapHEe M MaceHe aHalli3e, a HEKU OJ] HBHX Cy J0JaTHO OKapaKTepHCaHH

METOJIOM PEHATE€HCKE CTPYKTypHE aHaJIn3e.
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6. BUOI'PADUIA

Joana Mymkuma je pohena 08.02.1986. romumne y Kparyjesiy. OcHOBHY
mkoiy ,,CranucnaB CpemueBuh” u [IpBy TexHuuky mkoiy 3aBpummia je y Kparyjesiy.
Ha I[Ipuponno-maremarnuku akynrer y Kparyjepuy, rpyna Xemuja, ynucana ce 2005.
roauae u aurtomupana jyna 2010. ronuae ca mpoce4HoM olieHoM 9,37, 9yume je cTekIia
CTPYYHO 3Bame — AUIUIOMHUPAHU XeMU4ap. Y TOKY OCHOBHHUX CTy/auja, mKkoicke 2008/09
roauHe, Owna je crunenaucra @onna 3a muazne tainenre Brnage Pemybnuke Cpouje,a
tokoM 2011. romuHe ypydyeHO joj je CHENHjaJHO MpH3HAKE M TOAMIIbAa Harpajga
Cprckor XeMHjCKOT JpyIITBa HAMEHheHa HajOObUM JUINIOMUPAHUM CTYAEHTUMA.

Jlokropcke akagemcke cryauje Ha IlpupogHo-maremaTHukoMm (akyirery y
KparyjeBiy, cmep Oprancka xemuja, oJy MEeHTOPCTBOM JIOoIIeHTa Jip 3opana PaTkosuha,
yrnucana je mkoicke 2010/11. Janyapa 2011. roauHe 3amocinia ce Kao MCTPaKHUBay-
-IPUNIPABHUK HAa HMCTPaXHBAuKoM mpojekry Op. 172034 MunucrtapctBa mIpocCBeTe,
HayKe W TexHoJomkor pasBoja Penybmuke CpOuje — ,HoBe enexTpoxemujcke H
XEMH]jCKE METOJIE Y CHHTE3H OPTaHCKUX jeIUbCHha 0J1 MHTEpeca 3a MEIUIIUHY U XeMH]y
marepujana’, mox pykooactBoM mpod. ap Pactka JI. Bykuhesuha. ¥V 3Bame
ucTpaxxupad-capagHuk uzadpana je 30. 01. 2014. ronune Ha [IpupogHO-MaTEMaTHUKOM
daxynrery y Kparyjesuy, riae u caga panu. Jlo caga cazna je Boauia BexxOe U3 rmpeamera
Unnyctpujcka xemuja 2, Illkoncku ornean y HactaBu xemuje u nospeMeHo Illkoncka
mpakca, rie ce OaBuia 00y4yaBameM CTyJeHaTa YEeTBPTE TOJAMHE XEeMHje, 3a paa y
mkoiama. Ha mactepy npku mpeaMer OpraHoMmMeTanHa XeMHja. YUecTBOBajla je Ha
pasnnuuTuM (pecTuBaIMMa Hayke U npojektuma ,,Hoh McerpaxuBaua® rae je nu3Boauia
pas3He orjene u3 XeMHje U TaKo IPOMOBHCAlIa HAYKy BaH HHCTUTYTA 32 XEeMH]Y.

JoBana Mymikuma ce 0aBU HAyYHO-HCTPAKUBAUYKUM PAJIOM Y 00JIACTH OPTaHCKe
xemuje. [Ipeaqmer meHOr HCTpakMBamba jecTe CHHTE3a Pa3IMYUTHX MPOU3BOJA KOJU Y
CBOM CacTaBy caJip>Ke€ BaHWJIMHCKM (parMeHT, a Koju Ou morum OutH U jnobpa
OMOJIOIIKKM aKTUBHA jenumema. [lo cama je o0jaBwiia JeBeT HayyHUX pajoBa y
MO3HATUM dYacomNrcHMa Mel)yHapoJHOT 3Havaja M JBa CAOIIITEHha HA HAIMOHATHUM

HayYHUM KOH(]epeHIIMjaMa ITaMIIaHUM Y U3BOY.
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A small series of 1-acetyl-5-aryl-4,5-dihydro-1H-pyrazoles (aryl = 4-hydroxy-3-methoxyphenyl and 4-
alkoxy-3-methoxyphenyl) was prepared, starting from 4-(4-hydroxy-3-methoxyphenyl)-3-buten-2-
one, dehydrozingerone, and its alkyl derivatives. Their in vitro cytotoxic activity against some cancer
cell lines was tested, showing significant anticancer activity. All the new compounds were well char-
acterized by IR, 'H, 13C NMR and ESI-MS spectroscopy and physical data, whereas structures of two of

them were determined by single crystal X-ray analysis.
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1. Introduction

Many natural products, such as vanillin, were used as starting
materials in the new drug design, and consequently a plethora of
newly introduced medicals were originated from known natural
sources. Sometimes, these starting materials undergo only to small
chemical changes allowing them to remain certain biological ac-
tivity, but improving certain feature, like hydrophilicity, lip-
ophilicity, etc.

Chalcones, 1,3-diaryl-2-propen-1-ones, are an important class of
natural occurring compounds, since they often represent core
structure of many natural products and pharmaceuticals. Chalcones
and its derivatives exhibit different pharmacological and biological
activities such as antifungal [1,2], antimicrobial [3—5], anticonvul-
sant [6], antioxidant [7—10], anti-malarial [11—14], antiprotozoal

* Corresponding author.
E-mail address: wor@kg.ac.rs (Z. Ratkovic).

http://dx.doi.org/10.1016/j.molstruc.2015.12.079
0022-2860/© 2016 Elsevier B.V. All rights reserved.

[15], anti-inflammatory [ 16—19], anticancer [20—28].

Starting from vanillin, a pungent constituent of ginger rhizome
4-(4-hydroxy-3-methoxyphenyl)-3-buten-2-one, dehydrozinger-
one 1a, was prepared [29]. In this phenolic compound, the enone
function is conjugated, its structure is however different from
standard chalcones, as the methyl group is linked to the carbonyl
and not to the aryl group. This compound, as a half analogue of
curcumin, also exhibits a wide range of biological activities, among
which antitumor features were found to be well expressed
[30—32].

On the other hand, dihydropyrazoles are important five-
membered heterocycles which are present in different bioactive
compounds, showing broad spectrum of biological activities, such
as anti-inflammatory, anti-depressant, anti-bacterial, anti-viral,
anti-cancer activities [33—35] and antidiabetic activities [36].
Moreover, functionalized dihydropyrazoles are also of significance
for the preparation of compounds similar to natural products and
extensive efforts have been directed toward the synthesis of these
scaffolds.
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In continuation of our interest in synthesis of heterocycles
exhibiting some biological activity [37—40], herein we described
the synthesis and characterization of several 1-acetyl-5-aryl-4,5-
dihydro-1H-pyrazoles, characterize all the new products by their
spectral data (IR, MS, 'H NMR and 3C NMR). The crystal structure of
1-[5-(3,4-dimethoxyphenyl)-3-methyl-4,5-dihydro-1H-pyrazol-1-
yllethanone (2b) and 1-[5-(4-buthoxy-3-methoxyphenyl)-3-
methyl-4,5-dihydro-1H-pyrazol-1-yl]ethanone (2f) were also re-
ported. In addition, in vitro antitumor activities of compounds 2
were tested.

2. Experimental
2.1. Materials and methods

All starting chemicals were commercially available and used as
received, except that the solvents were purified by distillation. (E)-
4-(4-hydroxy-3-methoxyphenyl)-but-3-en-2-one, dehydrozinger-
one 1a was prepared according to procedure [29]. O-alky dehy-
drozingerones were synthesized according to described procedures
[41—43]. Compounds 1b-e and 1g are known compounds and were
synthesized according to published methods, Scheme 1, [44,45]. n-
Buthyl derivative 1f is new compound and their structure and
spectral data are given.

From products of type 2, compound 2a is earlier described [46]
whereas 2b-g are new compounds, prepared according procedure
[47], Scheme 1.

Column chromatography: silica gel 60 (Merck, 230—400 mesh
ASTM); TLC: Silica gel 60 F,54-precoated plates (Merck); IR spectra:
Perkin—Elmer Spectrum One FT-IR spectrometer with a KBr disc, v
in cm~!; NMR spectra: Varian Gemini 200 MHz spectrometer
(200 MHz for 'H and 50 MHz for 3C), using CDCl; as the solvent
and TMS as the internal standard. 'H and '3C NMR chemical shifts
were reported in parts per million (ppm) and were referenced to
the solvent peak; CDCl3 (7.26 ppm for 'H and 76.90 ppm for 3C).
Multiplicities are represented by s (singlet), d (doublet), t (triplet), q
(quartet) and m (multiplet). Coupling constants (J) are in Hertz
(Hz). Assignation of carbon atoms for compounds 1a-g and 2a-g are
given in Supplementary data file.

Elemental microanalyses for C, H and N were performed by
standard methods on a Vario Il CHNS Elemental Analyzer,
Elemental Analysensysteme GmbH.

Mass spectrometry was performed by Waters Micromass ZQ
mass spectrometer and MassLynx software for control and data
processing. Electro spray ionization in the positive mode was used.
The electro spray capillary was set at 4.3 kV and the cone at 40 V.
The ion source temperature was set at 125 °C and the nitrogen flow
rates were 400 1/h and 50 1/h, for desolvation and cone gas flow
respectively. The collision energy was 40 eV.

Melting point of products was determined by using Mel-
Temp1000 apparatus.

(0]
(0] 0] ”/<N—N
X A \
a b
HO RO RO
OCH, OCH, OCHg
1a 1(b-g) 2(a-g)

a) R=H, b) R=CHj, ¢) R=C,Hs, d) R=C4H;, €) R=i-C3H;, f) R=C,Hg, g) R=CgHsCH,

Scheme 1. Synthesis of compounds 1b-g and 2a-g.

2.2. Chemical synthesis

2.2.1. Synthesis of 4-(4-buthoxy-3-methoxyphenyl)-but-3-en-2-
one (1f)

A mixture of dehydrozingerone 1a (1.92 g, 10 mmol), n-buthyl
bromide (excess, 30 mmol) and K,CO3 (7 g, anhydrous) in acetone
(40 mL) was heated to reflux overnight under argon. Acetone and
excess of alkyl halide was evaporated under reduced pressure and
solid residue was dissolved in water and extracted with CH,Cl;
(3 x 50 mL). The combined extracts were washed with water and
dried over anhydrous Na;SO4. After removal of the main part of
solvent the residue was filtered over SiO,. Product, compound 1f
were isolated as oil, and crystallize on standing. Yield: 96%; m.p.
79 °C; IR (KBr): 3435, 2931, 1667, 1641, 1622, 1598, 1517, 1421, 1387,
1270,1254,1227,1167,1139,1032 cm ™ '; '"HNMR (CDCl3): 0.98 (t, 3H,
J =72 Hz, CH3), 1.45—1.56 (m, 2H, CH,), 1.77—1.88 (m, 2H, CH,), 2.37
(s, 3H, CH3CO), 3.89 (s, 3H, OCH3), 4.05 (t, 2H, ] = 6.6 Hz, CH;), 6.59
(d, 1H, J = 16.2 Hz, CH), 6.85—7.13 (m, 3H, Ar—H), 7.46 (d, 1H,
J=16.2 Hz, CH); '*C NMR (CDCls): 13.7 (CH3),19.1 (CHy), 27.2 (CH3),
30.9 (CHy), 55.9 (OCH3), 68.6 (CH>), 110 (C-6, Ar), 112.2 (C-9, Ar),
122.9 (C-10, Ar), 124.9 (CH), 126.9 (C-5, Ar), 143.5 (CH), 149.5 (C-8,
Ar), 150.9 (C-7, Ar), 198.2 (CO).

2.2.2. General procedure for synthesis of 1-[5-(4-alkoxy-3-
methoxyphenyl)-3-methyl-4,5-dihydro-1H-pyrazol-1-ylJethanone
(2a-g)

To a stirred solution of 1a-g (10 mmol), in acetic acid (10 mL)
was added hydrazine monohydrate (1.25 mL, 25 mmol) and reac-
tion mixture was heated to reflux for 5 h. The solvent was evapo-
rated under reduced pressure and cold water (50 mL) was added to
the yellow residue. Products were extracted from the reaction
mixture with toluene or toluene/EtOAc (95:5) mixture. After sol-
vent evaporation oily residue was dissolved in ether from which
products 1a-g crystallize on standing in deepfreeze.

2.2.2.1. 1-[5-(4-hydroxy-3-methoxyphenyl)-3-methyl-4,5-dihydro-
1H-pyrazol-1-ylJethanone (2a). Yield: 61%; m.p. 181-182 °C; IR
(KBr): 3323, 2962, 1627, 1528, 1374, 1125, 1037 cm~!; THNMR
(CDCl3): 2.07 (s, 3H, CH3), 2.30 (s, 3H, CH3CO0), 2.68 (dd, 1H, ] = 18.2,
4.6 Hz, H-8),3.25—3.41 (m, 1H, H-8), 3.85 (s, 3H, OCH3), 5.36 (dd, 1H,
J =114, 4.6 Hz, H-7), 5.81 (s, 1H, OH), 6.62—6.83 (m, 3H, Ar—H); 13C
NMR (CDCl3): 16 (CH3), 21.8 (CH3), 46.4 (C-8, Pz), 55.9 (OCH3), 59.3
(C-7,Pz),108.6 (C-2, Ar), 114.8 (C-5, Ar), 117.9 (C-6, Ar), 134 (C-1, Ar),
145.1 (C-4, Ar), 146.6 (C-3, Ar), 155.5 (C-9, Pz), 168.3 (CO). ESI-MS
(40 eV): m/z (%) = 249 (17%) [M+1]"; 207 (69%), 190 (21.5%), 175
(70.5%), 83 (100%).

2.2.2.2. 1-[5-(3,4-dimethoxyphenyl)-3-methyl-4,5-dihydro-1H-pyr-
azol-1-ylJethanone (2b). Yield: 75%; m.p. 92—93 °C; IR (KBr): 3002,
1659, 1516, 1375, 1139, 1020 cm~'; 'HNMR (CDCl3): 2.07 (s, 3H,
CH3), 2.31 (s, 3H, CH3CO), 2.68 (dd, 1H, ] = 18.2, 4.6 Hz, H-8),
3.26—3.42 (m, 1H, H-8), 3.85 (d, 6H, | = 3.8 Hz, 2xOCH3), 5.38 (dd,
1H, J = 11.6, 4.6 Hz, H-7), 6.69—6.83 (m, 3H, Ar—H); 3C NMR
(CDCl3): 15.9 (CH3), 21.8 (CH3), 46.3 (C-8, Pz), 55.8 (OCH3), 55.9
(OCH3), 59.2 (C-7, Pz), 109.1 (C-2, Ar), 111.6 (C-5, Ar), 117.4 (C-6, Ar),
134.7 (C-1, Ar), 148.4 (C-4, Ar), 149.2 (C-3, Ar), 155.4 (C-9, Pz), 168.3
(CO). Calc. for C14H;gN703: C 64.10, H 6.91, N 10.68%; found: C 64.48,
H 6.94, N 10.62%. ESI-MS (40 eV): m/z (%) = 263 (72%) [M+1]*; 221
(98%), 206 (74%), 189 (93%), 82 (100%).

2.2.2.3. 1-[5-(4-ethoxy-3-methoxyphenyl)-3-methyl-4,5-dihydro-
1H-pyrazol-1-ylJethanone (2c). Yield: 78%; m.p. 87—88 °C; IR (KBr):
2980, 1657,1519,1378,1139,1031 cm™'; "THNMR (CDCl3): 1.43 (t, 3H,
J = 7.0 Hz, CH3), 2.07 (s, 3H, CH3), 2.30 (s, 3H, CH3CO), 2.68 (dd, 1H,
J =18.2, 4.6 Hz, H-8), 3.26—3.42 (m, 1H, H-8), 3.85 (s, 3H, OCH3s),
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4.06 (g, 2H, | = 7.0 Hz, CHy), 5.38 (dd, 1H, | = 11.6, 4.6 Hz, H-7),
6.67—6.83 (m, 3H, Ar—H); 13C NMR (CDCl3): 14.7 (CH3), 15.9 (CH3),
21.8 (CH3), 46.3 (C-8, Pz), 55.9 (OCH3), 59.2 (C-7, Pz), 64.3 (CHa),
109.3 (C-2, Ar), 113.1 (C-5, Ar), 117.3 (C-6, Ar), 134.6 (C-1, Ar), 147.7
(C-4, Ar), 149.5 (C-3, Ar), 155.4 (C-9, Pz), 168.2 (CO). Calc. for
C15Ha0N203: € 65.19, H 7.29, N 10.13%; found: C 65.84, H 7.27, N
10.17%. ESI-MS (40 eV): m/z (%) = 277 (65%) [M+1]*; 235 (78%), 220
(69%), 203 (92%), 82 (100%).

2.2.2.4. 1-[5-(3-methoxy-4-propoxyphenyl)-3-methyl-4,5-dihydro-
1H-pyrazol-1-ylJethanone (2d). Yield: 72%; m.p. 103—104 °C; IR
(KBr): 2963, 1645, 1513, 1379, 1143, 1039, 1019 cm~!; "HNMR
(CDCl3): 1.01 (t, 3H, ] = 7.6 Hz, CH3), 1.78—1.92 (m, 2H, CH3), 2.07 (s,
3H, CH3), 2.31 (s, 3H, CH3CO), 2.68 (dd, 1H, J = 18.2, 4.4 Hz, H-8),
3.26—3.41 (m, 1H, H-8), 3.84 (s, 3H, OCH3), 3.94 (t, 2H, ] = 6.8 Hz,
CHy), 5.38 (dd, 1H, J = 11.6, 4.6 Hz, H-7), 6.67—6.82 (m, 3H, Ar—H),
13C NMR (CDCl3): 10.3 (CH3), 15.5 (CH3), 21.8 (CHy), 22.4 (CH3), 46.3
(C-8, Pz), 56.1 (OCH3), 59.2 (C-7, Pz), 70.6 (CHy), 109.6 (C-2, Ar),
113.3 (C-5, Ar), 117.4 (C-6, Ar), 134.6 (C-1, Ar), 147.9 (C-4, Ar), 149.7
(C-3,Ar), 155.4 (C-9, Pz), 168.2 (CO). Calc. for C46H22N,03: C 66.18, H
7.64, N 9.65%; found: C 65.55, H 7.66, N 9.76%. ESI-MS (40 eV): m/z
(%) = 291 (19.5%) [M+1]"; 249 (14%), 217 (16%), 165 (21.5%), 125
(42%), 83 (100%).

2.2.2.5. 1-[5-(3-methoxy-4-iso-propoxyphenyl)-3-methyl-4,5-
dihydro-1H-pyrazol-1-ylJethanone (2e). Yield: 88%; m.p.
101—-102 °C; IR (KBr): 2981, 1643, 1514, 1378, 1141, 1038 cm
THNMR (CDCl3): 1.34 (d, 6H, | = 6.0 Hz, 2xCHj3), 2.06 (s, 3H, CH3),
2.31 (s, 3H, CH3), 2.68 (dd, 1H, J = 18.0, 4.4 Hz, H-8), 3.26—3.41 (m,
1H, H-8), 3.83 (s, 3H, OCHs), 4.40—4.52 (m, 1H, CH), 5.39 (dd, 1H,
J = 11.6, 4.4 Hz, H-7), 6.64—6.83 (m, 3H, Ar—H); '3C NMR (CDCl3):
15.9 (CHs), 21.8 (2xCH3), 22.1 (CH3), 46.3 (C-8, Pz), 55.9 (OCH3),
59.2 (C-7, Pz), 71.5 (CH), 109.8 (C-2, Ar), 116.1 (C-5, Ar), 117.3 (C-6,
Ar), 135 (C-1, Ar), 146.7 (C-4, Ar), 150.6 (C-3, Ar), 155.4 (C-9, Pz),
168.3 (CO). Calc. for C1gH22N203: C 66.18, H 7.64, N 9.65%; found: C
65.78, H 7.67, N 9.62%. ESI-MS (40 eV): m/z (%) = 291 (12%) [M+1];
249 (9%), 207 (21%), 192 (28%), 165 (42%) 125 (39%), 82 (100%).

2.2.2.6. 1-[5-(4-buthoxy-3-methoxyphenyl)-3-methyl-4,5-dihydro-
1H-pyrazol-1-ylJethanone (2f). Yield: 81%; m.p. 59—60 °C; IR (KBr):
2958, 1661, 1515, 1378, 1140, 1034 cm™'; "HNMR (CDCl3): 0.96 (t,
3H, ] = 7.4 Hz, CH3), 1.41-1.56 (m, 2H, CH>), 1.72—1.86 (m, 2H, CH3),
2.07 (s, 3H, CH3), 2.31 (s, 3H, CH3), 2.68 (dd, 1H, ] = 18.2, 4.4 Hz, H-8),
3.26—3.41 (m, 1H, H-8), 3.84 (s, 3H, OCH3), 3.97 (t, 2H, ] = 6.6 Hz,
CHj), 5.39 (dd, 1H, ] = 11.6, 4.4 Hz, H-7), 6.65—6.82 (m, 3H, Ar—H);
13C NMR (CDCl3): 15.9 (CH3), 19.1 (CHy), 21.8 (CH3), 31.2 (CHy), 46.3
(C-8, Pz), 56.1 (OCH3), 59.2 (C-7, Pz), 68.8 (CH>), 109.6 (C-2, Ar),
113.3 (C-5, Ar), 117.4 (C-6, Ar), 134.6 (C-1, Ar), 148 (C-4, Ar), 149.6 (C-
3, Ar), 155.5 (C-9, Pz), 168.3 (CO). Calc. for C;7H24N503: C 67.08, H
7.94, N 9.20%; found: C 66.95, H 7.99, N 9.15%. ESI-MS (40 eV): m/z
(%) =305 (23%) [M+1]*; 263 (13%), 231 (11%), 206 (9%), 192 (12%),
175 (15%), 124 (49%), 82 (100%).

2.2.2.7. 1-(5-(4-(benzyloxy)-3-methoxyphenyl)-3-methyl-4,5-
dihydro-1H-pyrazol-1-yl)etha-none  (2g). Yield: 97%; m.p.
99-100 °C; IR (KBr): 2932, 1656, 1516, 1228, 1379, 1133, 1015 cm™ |;
THNMR (CDCl3): 2.07 (s, 3H, CHs), 2.32 (s, 3H, CH3), 2.68 (dd, 1H,
J = 18.2, 4.6 Hz, H-8), 3.26—3.42 (im, 1H, H-8), 3.89 (s, 3H, OCH3),
5.13 (s, 2H, CHy), 5.37 (dd, 1H, ] = 11.4, 4.4 Hz, H-7), 6.62—6.84 (m,
3H, Ar—H), 7.28—7.46 (m, 5H, Ar—H); >C NMR (CDCls): 15.9 (CH3),
21.8 (CH3), 46.3 (C-8, Pz), 56.1 (OCH3), 59.2 (C-7, Pz), 71.1 (CHy),
109.7 (C-2, Ar), 114.3 (C-5, Ar), 117.3 (C-6, Ar), 127.2 (C-18, Ar), 127.7
(C-16, 20, Ar), 128.5 (C-17, 19, Ar), 137.2 (C-15, Ar), 135.2 (C-1, Ar),
147.6 (C-4, Ar), 149.9 (C-3, Ar), 155.4 (C-9, Pz), 168.3 (CO). Calc. for
CyoH22N,03: C 7098, H 6.55, N 8.28%; found: C 71.65, H 6.52, N

8.19%. ESI-MS (40 eV): m/z (%) = 339 (39%) [M+1]"; 297 (25%), 270
(21%), 124 (54%), 91 (70%), 82 (100%).

2.3. X-ray structure determination

Single-crystal X-ray diffraction data were collected at room
temperature on an Agilent Gemini S diffractometer using Cu Ka and
Mo Ka radiation for compounds 2b and 2f respectively. Data
reduction and empirical absorption corrections were performed
with CrysAlisPro [48]. Crystal structure was solved by direct
methods, using SIR2002 [49] and refined using SHELXL program
[50] by full-matrix least-squares on F2,

In both crystal structures all non-H atoms were refined
anisotropically to convergence. The contribution of the hydrogen
atoms, in their calculated positions, was included in the refine-
ment using a riding model. Crystallographic data and refinement
parameters are listed in Table 1. The software used for the prep-
aration of the materials for publication: WinGX [51], ORTEP-3
[52], PLATON [53], PARST [54]. Selected bond lengths are given
in Table 2.

2.4. Cytotoxicity

2.4.1. Cells and cell culture

Human breast cancer cell line MDA-MB and human lung carci-
noma epithelial cell line A549 were purchased from American Type
Culture Collection (ATCC, Manassas, USA). Human cancer colon cell
line HCT-116 was kindly provided by Dr Danijela Vignjevi¢ (Insti-
tute Curie, Paris, France). Mesenchymal stem cells (MSCs) were
purchased from Invitrogen (Carlsbad, CA, USA).

2.4.2. Cytotoxicity assay

Cytotoxicity assay experiments were conducted to determine
effects of newly synthesized 2b-g compounds as well as previously
synthesized compound 2a on cell viability of MDA-MB cell line (a
human breast cancer cell line) [55], HCT-116 cell line (an adherent

Table 1
Crystallographic data and structure refinement for crystal structures of 2b and 2f.
2b 2f
Empirical formula C14 Hig N O3 C17 Ha4 N3 O3

Formula weight 262.30 304.38

Color, crystal shape
Crystal size (mm?>)

Colorless, prism
0.44 x 0.27 x 0.21

Colorless, prism
0.52 x 0.20 x 0.15

Temperature (K) 293 (2) 293 (2)
Wavelength (A) 1.5418 0.71073
Crystal system Triclinic Monoclinic
Space group P1— P2;/c

Unit cell dimensions

a(A) 8.6539 (9) 12.4607 (3)
b (A) 8.8770 (6) 13.2079 (3)
c(A) 10.5595 (10) 10.2512 (3)
a(°) 114.167 (8) 90

B () 101.623 (8) 97.743 (2)

v (°) 103.347 (7) 90

V (A%) 678.90 (11) 1671.76 (7)
V4 2 4

Deare (Mg/m?) 1.283 1.209
w(mm™1) 0.745 0.083

0 range for data collection (°) 4.87-72.60° 3.08 to 29.02
Reflections collected 4376 27,458
Independent reflections, Rint 2598, 0.0154 4134, 0.0196
Data/restraints/parameters 2598/0/177 4134/0/203
Goodness-of-fit on F? 1.049 1.037

Final Ry/wR; indices (I > 2a)
Final R1/wR; indices (all data)
Largest diff. peak and hole (e A~3)

0.0397, 0.1089
0.0433, 0.1129
0.171 and —-0.132

0.0448, 0.1139
0.0586, 0.1234
0.153 and —-0.218




Z. Ratkovic et al. / Journal of Molecular Structure 1109 (2016) 82—88 85

Table 2
Selected bond distances (A) in the crystal structures of 2b and 2f.
2b 2f

01-C1 1.2260 (18) 1.2250 (16)
02-C9 1.3620 (16) 1.3653 (13)
02-C13 1.4178 (18) 1.4143 (16)
03-C10 1.3706 (16) 13667 (14)
03-C14 1.4216 (18) 1.4258 (15)
N1-C1 1.3487 (17) 1.3422 (17)
N1-N2 1.4080 (15) 1.4036 (14)
N1-C6 1.4706 (16) 1.4846 (15)
N2—C4 1.2785 (17) 1.2769 (17)
C4—C5 1.4965 (19) 1.4930 (18)
C6—C5 1.5375 (18) 1.5387 (18)
c6—C7 1.5227 (18) 1.5129 (16)

epithelial cell line) originating from human colorectal carcinoma
[56], while human lung carcinoma epithelial cell line A549 is
in vitro most usually used cancer cell line for research in the field of
testing cytotoxicity and metabolism of new synthesized com-
pounds towards human lung carcinoma epithelial cells [57]. MSCs
were used for control. Synthesized compounds 2 are stable in HyO/
DMSO working medium. Spectra of compound 2c are recorded in
D,0/DMSO-dg, then after 12, 24 h and after one week. No changes
in spectra were observed.

MDA-MB and HCT-116 cells were maintained in RPMI 1640
(Sigma Aldrich, Munich, Germany) supplemented with 10% fetal
bovine serum, FBS (Sigma), penicillin G (100 IU/mL), streptomycin
(100 pg/mL), and in a humidified atmosphere of 95% air/5% CO, at
37 °C. The A549 cells and MSCs were cultured in Dulbecco's
Modified Eagle Medium (DMEM) containing 10% FBS, 100 IU/mL
penicillin G and 100 pg/mL streptomycine (Sigma). Cell number and
viability were determined by trypan blue staining. MDA-MB, HCT-
116, A549 cells and MSCs in passage 3 were used throughout these
experiments.

2.4.3. Assessment of cytotoxicity

The effects of the compounds 2 on viability of MDA-MB, HCT-
116, A549 cancer cells and MSCs were determined by using MTT 3-
(4,5-Dimethylthiazol-2-y1)-(2,5-diphenyltetrazolium bromide)
test.

MDA-MB, HCT-116, A549 cells and MSCs were diluted with
medium to 5 x 10% cells/mL and aliquots (5 x 10> cells/100 pL)
were placed in individual wells in 96-multiplates. After 24 h, cells
were treated with selected concentrations of compounds for 3
days: medium was exchanged with 100 pL of different com-
pounds, which had been serially diluted 2-fold in the medium to
concentrations ranging from 250 pM to 3.9 pM. Control wells
were prepared by the addition of culture medium. Wells con-
taining culture medium without cells were used as blanks. After
incubation drug containing medium was discarded and replaced
with serum free medium containing 15% of MTT (5 mg/ml) dye.
After additional 4 h of incubation 37 °C in a 5% CO, incubator,
medium with MTT was removed and DMSO (150 pL) with glycine
buffer (20 uL) was added to dissolve the blue formazan crystals.
The plates were shaken for 10 min. The optical density of each
well was determined at 595 nm. The percentage of cytotoxicity
was calculated using the formula:

% cytotoxicity = 100 — ((TS — BGO) — E/(TS — BGO) x 100)

where BGO is for background of medium alone, TS is for total
viability/spontaneous death of untreated target cells and E is for
experimental well.

3. Results and discussion
3.1. The crystal structure of 2b and 2f compounds

The molecular structures of 2b and 2f (Fig. 1) were confirmed by
single crystal X-ray diffraction analysis. Although very similar in
composition two molecules exhibit some conformational differ-
ences. The main dissimilarity between 2b and 2f is in the mutual
orientation of two rings (Fig. 1a and b). Thus the N1-C6—C7—C12
torsion angle is 2.9 (2) and —54.9 (2)° in crystal structures of 2b and
2f respectively while the dihedral angle between two rings is 73.01
(5) and 87.05 (5)° for 2b and 2f. It seems that this structural

Fig. 1. The molecular structures of the compounds 2b and 2f.
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difference is under the influence of an intramolecular interaction
with participation of the C12—H group (the C12—H ... N1 interac-
tion in the case of 2b and the C12—H ... 7 in the case of 2f).

In both compounds the N1-N2—-C4—C5—C6 five-membered
ring adopts the same envelope conformation. The N1, N2, C4 and
C5 atoms are almost ideally coplanar in both molecules but the C6
atom is more displaced from the N1-N2—C4—C5 mean plane in
structure 2b [displacement of 0.0312(2) A] than in 2f [0.0215(2) A].
It is interesting to note that the O2—R and O3-R substituents are
nearly coplanar with phenyl ring in both crystal structures (with
only exception for the C17 methyl group in 2f). Corresponding bond
lengths are very similar in compounds 2b and 2f but the C6—C7
bond which interconnects two rings is significantly dissimilar
(Table 2). The N2—C4 bond [1.278 (2) and 1.277 (2) in 2b and 2f
respectively] is only localized double bond in both molecules (be-
sides the C1—01) while the C6 atom forms two the longest C—C
bonds (The C6—C5 and C6—C7, see Table 2).

3.2. In vitro activity of compounds 2a-g

The analysis of cancer cell viability showed that all tested
compounds were cytotoxic on human colon carcinoma cell (HCT-
116) (Fig. 2), human breast carcinoma cell (MDA-MB) (Fig. 3) and on
human lung carcinoma epithelial cells (A549) (Fig. 4). Cytotoxic
effect was dose dependent: concentration decrease of all tested
compounds was followed by markedly increase of tumor cell
viability.

IC50 values for compound 2a-g are given in Table 3.

The tested compounds showed moderate and high cytotoxicity
against cancer cells (Figs. 2—4) and low cytotoxicity against MSCs
(Fig. 5).

At the highest tested concentration (250 uM) all compounds
demonstrated high cytotoxicity against MDA-MB, HCT 116 and
A549 cells. In comparison with other compounds, at all concen-
trations and against all tested cancer cell lines, compound 2f
showed the highest cytotoxicity (Figs. 2—4). Importantly, at the
highest tested concentration (250 M) cytotoxicity of 2f compound
was above 80% for all cancer cell lines. Additionally, the percentage
of dead HCT-116, MDA-MB and A549 cells were above 10% after
72 h treatment with the lowest tested concentration (1.95 uM) of 2f
suggesting that this compound has potent anti-tumor activity.
Compounds 2a-e and 2g showed low cytotoxicity against MDA-MB
and A549 cells at concentration below 15.625 pM. However, at the
lowest tested concentrations (1.95 puM), compounds 2b-g have
demonstrated high cytotoxicity against HCT 116 cells. From the
investigated compounds, the lowest activity, against all tested
cancer cell lines, was observed for the compounds 2a.

HCT 116 cells (human colorectal carcinoma)
100
920
80
70
60
50 -
40 -
30
20
10

0 +—@——r—u=_f— T |

7,8 15625 31,256 625 125 250
Concentration (uM)

cytotoxicity (% dead cells)

Fig. 2. The effects of the compounds 2 on viability of MDA-MB cancer cells.

MDA-MB cells (human breast cancer)
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Fig. 3. The effects of the compounds 2 on viability of HCT-116 cancer cells.

A549 cells (human lung cancer cell line)
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Fig. 4. The effects of the compounds 2 on viability of A549 cancer cells.

It is important to note that all tested compounds showed low
cytotoxicity against MSCs. At the highest tested concentration
(250 uM) the percentage of dead MSCs was below 50% for all tested
compounds and at the lowest tested concentration (1.95 puM)
neither of tested compounds was cytotoxic against MSCs.

4. Conclusion

Many chalcones and its derivatives exhibit different anti-cancer
activities and their cytotoxic properties get enhanced by the
incorporation of pyrazole ring on enone system. Pyrazole de-
rivatives of chalcones have been studied earlier [58].

It is well known that dehydrozingerone 1a show expressed
anticancer activity [29—31], and from this point of view we decide
to prepare their pyrazole derivatives (chalcone analogues without
phenyl group at position C(3)) and investigate their potential
in vitro cytotoxic activity against some cancer cell lines (MDA-MB,
HCT 116 and A549).

In conclusion, we described herein the synthesis of a small li-
brary of 1-acetyl-5-aryl-4,5-dihydro-1H-pyrazoles 2b-g staring
from vanillin via derivatives 1b-g, and their anticancer activity.
Synthesized compounds, although simple by structure show
moderate to high in vitro cytotoxicity on human colon carcinoma
cells, human breast carcinoma cells and on human lung carcinoma
epithelial cells. At the same time, the most important low cyto-
toxicity against Mesenchymal stem cells is observed.

From this point, the results of this study suggest that dehy-
drozingerone based derivatives are promising candidates for
treatment of different cancer cell lines due its easy modification of
enone system, alkyl chain connected to carbonyl group, or
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Table 3
IC50 values for compound 2a-g.
Name of HCT 116 MDA-MB A549 MSCs
compound
Mean IC50 concentration of  +SD Mean IC50 concentration of ~ +SD Mean IC50 concentration of ~ +SD Mean IC50 concentration of ~ +SD
compounds in pM compounds in pM compounds in pM compounds in pM
2a 27.50 3.36 187.39 31.04 173.56 41.43 187.50 20.35
2b 116.24 11.65 185.59 19.84 169.30 9.58 187.12 2043
2c 13.81 9.69 132.74 9.57 145.83 20.24 156.49 19.96
2d 13.69 13.09 100.91 11.39 159.71 25.71 187.50 14.57
2e 14.51 12.89 112.08 24.54 187.50 22.77 187.50 11.89
2f 90.96 19.70 133.42 28.70 41.49 14.05 2224 5.09
2g 15.19 8.27 132.91 23.54 183.72 435 77.02 4.25
MSCs E.C. Grisard, J. Assreuy, J.B. Calixto, A.R.S. Santos, Antimicrob. Agents Che-
mother. 47 (2003) 1449—1451.
100 [16] H.L. Yadav, P. Gupta, P.S. Pawar, P.K. Singour, U.K. Patil, Med. Chem. Res. 19
20 2 (2010) 1-8.
N — =48 [17] X.W. Zhang, D.H. Zhao, Y.C. Quan, LP. Sun, X.M. Yin, L.P. Guan, Med. Chem.
3 80 f —a—2b Res. 19 (2010) 403—412.
< 70 [18] F. Herencia, M.L. Ferrandiz, A. Ubeda, ].N. Dominguez, ].E. Charris, G.A. Lobo,
_§ 60 / —tr—2C M.J. Alcaraz, Bioorg. Med. Chem. Lett. 8 (1998) 1169—1174.
= 50 / et [19] Z. Nowakowska, Eur. ]J. Med. Chem. 42 (2007) 125—137.
5 / [20] G. Achanta, A. Modzelewska, L. Feng, S.R. Khan, P. Huang, Mol. Pharmacol. 70
g 40 F i 7 =g (2006) 426—-433.
3 30 [21] R. Romagnoli, P.G. Baraldi, M.D. Carrion, C.L. Cara, O. Cruz-Lopez, D. Preti,
§> 20 ——2f Bioorg. Med. Chem. 16 (2008) 5367—5376.
[ [22] C. Echeverria, J.F. Santibanez, O. Donoso-Tauda, C.A. Escobar, R.R. Tagle, Int. J.
10 —2g Mol. Sci. 10 (2009) 221-231.
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Concentration (uM)
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Fig. 5. The effects of the compounds 2 on viability of MSCs cells.

substituent on phenolic group.
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ABSTRACT. Vanillin and isobuthyl methyl ketone (4-methylp@am2-one) reacts under
Claisen—Schmidt conditions yielding correspondimipydirozingerone analogueg){1-
(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-en-3-one.small series of itsO-alkyl
derivatives was prepared by alkylation of free mitiengroup with corresponding alkyl
halides. Products had been tested for their bicdgictivity and demonstrated relatively
strongin vitro antimicrobial activity towards different straing lmacteria and fungi. All
new compounds were well characterized by IR, and *C NMR spectroscopy and
physical data.

Keywords: vanillin, dehydrozingerone, enone system, mialagjical activity.

INTRODUCTION

Chalcones, 1,3-diaryl-2-propen-1-ones, are onehefitportant classes of organic
compounds, which have a unique chemical structutle eonjugated double bonds and a
completely delocalized-electron system on both aromatic rings.

Chalcones and its derivatives exhibit different rpiecological and biological
activities. They show good antifungal [1-3], antnabial [4-6], anticonvulsant [7],
antioxidant [8-10], antiprotozoal [11], antitrichomal [12] antimalarial [13-15], anti-
inflammatory [16-18], trypsin inhibitors [19] anditacancer activity [20-23]. At this kind of
molecules is important to identify the fragmenttio¢ir structure responsible for previously
described activities. It has been reported tha pleenolic group in ring at position 4- was
key factor important for potent antibacterial aityivof licochalcone A and licochalcone B
[24-25]. Activity is dependant on the nature, positand number of substituent on aromatic
rings.

From ginger root, fresh or dried, many differenhds of compounds, such as
dehidrozingerone, zingerone, gingerol, shogaolagar and their derivatives have been
isolated. Vanillin fragment is presented in all dsnof those compounds. Those compounds
also have well expressed bioactivity, such as anter, anti-oxidant, antimicrobial, anti-
inflammatory, antidiabetic, anti-allergic [26-28].
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Starting from this fact we supposed that vanillin suitable substrate for further
transformation, due its easy modification, ®alkylation [29-30], by coupling reactions and
forming of divanillin [31], formylations in positio5- [32].

Dehydrozingerone,  4-(4-hydroxy-3-methoxyphenyl)-3-
0 buten-2-one, Fig. 1, one of pungent constituentsgiwfger
N rhizome, also exhibits a wide range of biologiceti\aties [33-
35]. Although conjugate enone system is presentedthis
~0 phenolic compound, its structure differs from cbales; instead
of the aryl group to the carbonyl is connected inethyl one.
- Enone system could be easily transformed into soseble

Figure 1. Structure of heterocyclic derivatives [36-38].

dehydrozingerone : . . . . .
In continuation of our interest in synthesis of Nan

derivatives we synthesized, starting from vanilloehydrozingerone analogu&){1-(4-
hydroxy-3-methoxyphenyl)-5-methylhex-1-en-3-atee Starting from this enone compound
severalO-alkyl derivatives were synthesized, and all newdpicts were characterized by
their spectral data (IRH NMR and™C NMR). Their biological activity toward some strai
of microorganisms wave been tested.

MATERIALS AND METHODS
General remarks

All starting chemicals were commercially availabled used as received, except that
the solvents were purified by distillation. Chroogtaphic separations were carried out using
silica gel 60 (Merck, 230-400 mesh ASTM) wheredisasigel on Al plates, layer thickness
0.2 mm (Merck), was used for TLC. IR spectra weeorded on a Perkin-Elmer One FT-IR
spectrometer with a KBr dise,in cmi’; NMR spectra were recorded on a Varian Gemini 200
MHz spectrometer (200 MHz fdH and 50 MHz for*C), using CDGJ as solvent and TMS
as the internal standartd and**C NMR chemical shifts were reported in parts pellioni
(ppm) and were referenced to the solvent peak; @26 ppm forH and 76.90 ppm for
13C). Multiplicities are represented by s (singlet)(doublet), t (triplet), g (quartet) and m
(multiplet). Coupling constantd)(are in Hertz (Hz).

The antimicrobial activity was estimated by deteration of the minimal inhibitory
concentration (MIC) using the broth microdilutiorethod against five species of bacteria
and five species of fungi.

Experimental procedure
1. Chemistry

Vanillin and 4-methylpentan-2-one reacts under Claisen-Schnoiddidons yielding
corresponding enone compour{ef)-1-(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-en-3-
one,2ain good yield, Scheme 1. Compouddwas prepared according to slightly modified
procedure [39]. A set of it©-alkyl derivatives, compoundb-g, was prepared by alkylation
of free phenolic group ir2a with corresponding alkyl halides, according to thescribed
literature procedures, [29,30,40], Scheme 2.
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Compounds2a and 2b are known compounds and their chemical synthesis w
published earlier [41,42]. Compoun@t-g are new compound and their structure and
spectral data are given.

O o)
O N
H o, M NaOH
H. CHOH  H
0 3 ~0
-0 1 0 2a

Scheme 1. Synthesis (#)-1-(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-erefle, 2a

(0] O
N RX/ K,CO4 X
H. acetone R.
(e} 0]
_0 2a O 2(b-g)

R= CH3, C2H5, i'C3H7, n'C3H7, n'C4H9, C6H5CH2

Scheme 2Synthesis ofE)-1-(4-alkoxy-3-methoxyphenyl)-5-methylhex-1-en-8ep2b-g

2. Chemical synthesis
2.1. Synthesis of (E)-1-(4-hydroxy-3-methoxyphenyl)-5-methyl hex-1-en-3-one, 2a

Vanillin, 4.56 g (30 mmol) was dissolved in 50 mt.methanol and 100 mL of-
methylpentan-2-one was added. In to a well stir@thogenous mixture 10% NaOH (25 mL)
was added and mixture was stirred for 48 hoursO&€ 6Solvents, methanol and metiyl-
buthyl ketone, was removed under reduced pressurécaoily residue 100 mL of water was
added, then acidified with 2M HCI (pH=2). Producasvextracted with C}Ll,, 3x50 mL,
and organic layer was washed with water and drigd anhydrous NgO,. Solvent was
distilled off and residue was distilled with steamtil no more methyl-buthyl ketone odour
was presented in distillate. Water/oil residue wextracted with toluene, 3x50 mL, organic
phase was dried and solvent was evaporated undecee pressure, yielding a yellow oily
product(E)-1-(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-ere3e,2a which crystalize on
standing.

Yield: 89.6%; m.p. 82°CjR (KBr): 2970, 2952, 2870, 1678, 1601, 1584, 1517,
1286, 1268, 1146, 1065, 988 CrHNMR (CDCl): 0.98 (d, 6H,J=6.6Hz, 2xCH), 2.16-
2.30 (m, 1H, CH), 2.53 (d, 2H=7.0Hz, CH), 3.92 (s, 3H, OCH), 6.25 (s, 1H, OH), 6.61
(d, 1H,J=16.2Hz, CH), 6.93 (d, 1HI=8.2Hz, Ar-H), 7.05-7.11 (m, 2H, Ar-H), 7.48 (d, 1H
J=16.2Hz, CH);13C NMR (CDCh): 22.6, 25.3, 49.6, 55.9, 109.5, 114.8, 123.3,4,2427,
142.7, 146.9, 148.2, 200.4 (CO).

2.2. General procedure for synthesis of (E)-1-(4-alkoxy-3-methoxyphenyl)-5-
methyl hex-1-en-3-one, 2b-g
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A mixture of E)-1-(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-ere3e,2a (0.470
g, 2 mmol), corresponding alkyl halide (excesspifiol) and KCO; (1.94 g, anhydrous, 14
mmol) in acetone (50 mL) was heated to reflux oigrhunder argon. Acetone and excess of
alkyl halide was evaporated under reduced pressali€, residue was dissolved in water and
extracted with ChCl, (3x50 mL). The combined extracts were washed walker and dried
over anhydrous N&Q,. After removal of the main part of solvent theides was filtered
over short Si@ column and then distilled with steam, if necess&npducts, compoundx:
and2d were isolated as oils, and others crystallizetanding.

2.2.1. Synthesis of (E)-1-(3,4-dimethoxyphenylp-methylhex-1-en-3-one, 2b

CHal, 1.45 g (excess, 10 mmol); m.p. 67°C; Yield: 99.4

IR (KBr): 2957, 2926, 2869, 1683, 1648, 1595, 158,7] 1464, 1366, 1273, 1253,
1190, 1141, 1017, 975 ¢m*H NMR (CDCk): 0.98 (d, 6H,J=6.6Hz, 2xCH), 2.17-2.31 (m,
1H, CH), 2.53 (d, 2HJ=6.8Hz, CH), 3.92 (d, 6H,J=1.2Hz, 2xOCH), 6.63 (d, 1H,
J=16.2Hz, CH), 6.88 (d, 1HJ=8.2Hz, Ar-H), 7.08-7.16 (m, 2H, Ar-H), 7.49 (d, 1H
J=16.0Hz, CH);*C NMR (CDCk): 22.6, 25.2, 49.6, 55.9, 109.7, 111.1, 122.8,2,2127.5,
142.3, 149.2, 151.2, 200.1 (CO).

2.2.3. Synthesis of (E)-1-(4-ethoxy -3-methoxyphenyl)-5-methyl hex-1-en-3-one, 2¢

CoHsl, 1.56 g (excess, 10 mmol); oil; Yield: 80.9%.

IR (KBr): 2957, 2871, 1683, 1649, 1596, 1513, 1466, 12682,12141, 1035, 983
cm; 'H NMR (CDCl): 0.98 (d, 6H,J=6.6Hz, 2xCH),1.49 (t, 3H,J=7.0Hz, CH), 2.17-
2.30 (m, 1H, CH), 2.53 (d, 2H=7.0Hz, CH), 3.91 (s, 3H, OC}H), 4.14 (q, 2HJ=7.0Hz,
CH,), 6.62 (d, 1HJ=16.2Hz, CH), 6.86 (d, 1H]=8.2Hz, Ar-H), 7.07-7.14 (m, 2H, Ar-H),
7.49 (d, 1H,J=16.2Hz, CH);**C NMR (CDCk): 14.6, 22.7, 25.3, 49.7, 55.9, 64.4, 110.1,
112.3, 122.8, 124.6, 127.3, 142.5, 149.5, 150.0,2(C0O).

2.2.4. Synthesis of (E)-1-(3-methoxy-4-isopropoxyphenyl)-5-methyl hex-1-en-3-one, 2d

i-CgH7I, 1.70 g (excess, 10 mmol); oil; Yield: 77.7%.

IR (KBr): 2960, 2871, 1682, 1652, 1595, 1509, 1466, 1426812230, 1138, 1110,
983 cm®; *H NMR (CDCLk): 0.98 (d, 6H,J=6.8Hz, 2xCH), 1.39 (d, 6H,J=6.0Hz, 2xCH)),
2.17-2.30 (m, 1H, CH), 2.53 (d, 2857.0Hz, CH), 3.89 (s, 3H, OCH), 4.55-4.67 (m, 1H,
CH), 6.62 (d, 1HJ=16.0Hz, CH), 6.88 (d, 1H]=8.0Hz, Ar-H), 7.09-7.14 (m, 2H, Ar-H),
7.49 (d, 1H,J=16.2Hz, CH);**C NMR (CDCk): 21.9, 22.7, 25.3, 49.7, 55.9, 71.3, 110.7,
114.6, 122.7, 124.6, 127.5, 142.5, 149.8, 150.8,2(C0).

2.2.5. Synthesis of (E)-1-(3-methoxy-4-propoxyphenyl)-5-methylhex-1-en-3-one, 2e

n-CsH;Br, 1.23 g (excess, 10 mmol); m.p. 49-50°C; Yiéltl:7%.

IR (KBr): 2960, 2939, 2874, 1689, 1645, 1619, 1595, 15166,14423, 1271, 1226,
1140, 1033, 973 cmi '*H NMR (CDChk): 0.98 (d, 6H,J=6.6Hz, 2xCH), 1.05 (t, 3H,
J=7.6Hz, CH), 1.79-1.98 (m, 2H, Ch, 2.17-2.30 (m, 1H, CH), 2.53 (d, 2BE6.8Hz, CH),
3.91 (s, 3H, OCh), 4.02 (t, 2H,J=6.8Hz, CH), 6.62 (d, 1HJ=16.0Hz, CH), 6.87 (d, 1H,
J=8.2Hz, Ar-H), 7.07-7.14 (m, 2H, Ar-H), 7.49 (d, 18£16.2Hz, CH);**C NMR (CDClk):
10.3, 22.3, 22.7, 25.3, 49.7, 56, 70.5, 110.3,8,122.9, 124.6, 127.3, 142.5, 149.6, 150.9,
200.2 (CO).
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2.2.6. Synthesis of (E)-1-(4-buthoxy-3-methoxyphenyl)-5-methylhex-1-en-3-one, 2f

n-C4HqBr, 1.37 g (excess, 10 mmol); m.p. 54°C; Yield:396.

IR (KBr): 2954, 2871, 1651, 1622, 1598, 1514, 1466, 142%3,12169, 1140, 1042,
981 cm™; 'H NMR (CDClk): 0.98 (dt, 9H,J=6.6Hz, 2xCH)), 1.41-1.59 (m, 2H, Ch), 1.77-
1.92 (m, 2H, Ch)), 2.18-2.30 (m, 1H, CH), 2.53 (d, 2BE7.0Hz, CH), 3.90 (s, 3H, OCH,
4.05 (t, 2H,J=6.8Hz, CH), 6.62 (d, 1H,J=16.0Hz, CH), 6.87 (d, 1HI=8.0Hz, Ar-H), 7.07-
7.14 (m, 2H, Ar-H), 7.49 (d, 1HI=16.0Hz, CH):**C NMR (CDCk): 13.8, 19.1, 22.7, 25.3,
31, 49.7,55.9, 68.7, 110.3, 112.4, 122.9, 12£8,3, 142.5, 149.6, 150.9, 200.2 (CO).

2.2.7. Synthesis of (E)-1-(4-benzyl oxy-3-methoxyphenyl)-5-methylhex-1-en-3-one, 29

CsHsCHCI, 1.27 g (excess, 10 mmol); m.p. 71-72°C; Yid:3%.

IR (KBr): 2956, 2930, 2862, 1679, 1646, 1624, 1595, 151@5,14455, 1256, 1163,
1138, 1030, 981 crt 'H NMR (CDCk): 0.97 (d, 6HJ=6.6Hz, 2xCH), 2.16-2.29 (m, 1H,
CH), 2.52 (d, 2H,J=6.8Hz, CH), 3.92 (s, 3H, OCH), 5.18 (s, 2H, Ch), 6.61 (d, 1H,
J=16.2Hz, CH), 6.87 (d, 1H]=8.0Hz, Ar-H), 7.03-7.09 (m, 2H, Ar-H), 7.26-7.5th( 6H,
CH, Ar-H); °C NMR (CDCk): 22.7, 25.3, 49.7, 55.9, 70.8, 110.4, 113.5, 62224.8,
127.1, 127.8, 127.9, 128.5, 136.5, 142.3, 149.8,41%200.2 (CO).

3. Antimicrobial activity
Microorganisms and media

The following bacteria were used as test organismthis study:Staphyl ococcus
aureus (ATCC 25923), Bacillus subtilis (ATCC 6633), B. cereus (ATCC 10987),
Escherichia coli (ATCC 25922) andPseudomonas aeruginosa (ATCC 27853). All of the
bacteria used were obtained from the American T@péure Collection (ATCC). The
bacterial cultures were maintained on Muller-Hingmgar substrates (Torlak, Belgrade). The
fungi used as test organisms wetspergillus flavus (ATCC 9170),A. fumigatus (ATCC
1022), Candida albicans (ATCC 10259), Penicillium purpurescens (ATCC 48987), P.
verucosum (ATCC 48959). All of the fungi were from the Ameaic Type Culture
Collection (ATCC). The fungal cultures were maintd on potato dextrose (PD) agar,
except forC. albicans that was maintained on Sabourad dextrose (SD) &banak,
Belgrade). All of the cultures were stored at 4™d aubcultured every 15 days.

Bacterial inoculi were obtained from bacterial avds incubated for 24 h at 37°C on
Muller-Hinton agar substrates and brought up bwtdih according to the 0.5 McFarland
standard to approximately 3GFU/mL. Suspensions of fungal spores were prepéoed
freshly mature (3- to 7-day-old) cultures that gr@v80°C on a PD agar substrate. The spores
were rinsed with sterile distilled water, used &tedmine turbidity spectrophotometrically at
530 nm, and were then further diluted to approxalyatd CFU/mL according to the
procedure recommended by NCCLS (1998).

Minimal inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC) was detened by the broth
microdilution method using 96-well micro-titer pist [43]. A series of dilutions with
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concentrations ranging from 20 to 0.004 mg/mL & tested compounds was used in the
experiment against every microorganism tested. sktaging solutions of tested compounds
was obtained by measuring off a certain quantityhef compounds and dissolving it in 5%
dimethyl sulphoxide (DMSO). Two-fold dilutions ohé compounds were prepared in a
Muller-Hinton broth for bacterial cultures and a $th for fungal cultures. The MIC was
determined with resazurin. Resazurin is an redakcator used for the evaluation of
microbial growth. It is a blue non-fluorescent dyat becomes pink and fluorescent when
reduced to resorufin by oxidoreductases within Matells. The boundary dilution without
any changing color of resazurin was defined asMh@ for the tested microorganism at a
given concentration. As a positive control of grbwinhibition, streptomycin and
ketoconazole was used. A 5% DMSO solution was wsed negative control for the
influence of the solvents.

RESULTS AND DISCUSSION

Dehydrozingerone analogueés, with i-buthyl group attached to carbonyl, were
synthesized under Claisen—Schmidt conditions yagldiorresponding enone compou(id-
1-(4-hydroxy-3-methoxyphenyl)-5-methylhex-1-en-3ep8a in good yield.This compound
reacts with various alkylalides yielding correspondir@-alkyl derivatives2b-g.

Synthesized compound®2a-g was well characterized by spectral data and
microbiological activity. The tested compounda-c demonstrated relatively strong
antimicrobial activity inhibiting all tested microganisms. The MIC for these compounds
relative to the tested microorganisms ranged fro@0® to 5 mg/mL. The strongest
antibacterial activity was found 2a component, which inhibited all the species of baat
especiallyB. subtilis where measured MIC value was extremely low (0.0@@mL). This
compound also inhibited the growth of the testamyflbut in slightly higher concentrations
(MIC values were from 0.312 to 0.625 mg/mL). Compad@d inhibited onlyB. subtilis and
B. cereus. Other tested componentgetg did not inhibite any of the test microorganisms.
Among the bacteria, the highest resistance was shot. coli, while the most sensitive was
B. subtilis. Among the fungi, the most sensitive appearecetG.al bicans.

The antimicrobial activity was compared with thanstard antibiotics, streptomycin
(for bacteria) and ketoconazole (for fungi). Theules showed that standard antibiotics had
stronger activity than tested samples as shown abler 1. In these experiments, the
compounds examined at the same concentrations shewskghtly stronger antibacterial than
antifungal activity. These results could be expectee to the fact that numerous tests proved
that bacteria are more sensitive to the antibiotbmpared to fungi [44]. The reason for
different sensitivities between fungi and bacteaa be found in different permeabilities of
the cell wall. The cell wall of the gram-positivadberia consists of peptidoglycans (murein)
and teichoic acids, while the cell wall of gram-atge bacteria consists of
lipopolysaccharides and lipopoliproteins [45], wdees, the cell wall of fungi consists of
polysaccharides such as chitin and glucan [46].

Compounds2b-c have substituent with short carbon chain on oxy@dé¢a and Et),
whereas compoundXl-g have longer carbon chain on oxyge#(, n-Pr, n-Bu and Bz). We
suppose that structure of alkyl group is respoedin the lack of their activity.

From this point, the results of this study suggbsit dehydrozingerone analogue
derivatives2a-g are promising candidates, after some modificationfesting of some other
activities.
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Table 1. Minimum inhibitory concentration (MIC) tdsted compoundZa-g
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2a 0.156 0.009 0.019 0.312 0.156 0.625 0.312 0.312 120.3 0.625
2b 0.625 0.078 0.156 2.5 1.25 5 2.5 1.25 5
2c 1.25 0.156 0.312 2.5 1.25 5 5 1.25 5 5
2d - 0.625 1.25 - - - - - - -
2e - - - - - - -
2f - - - - - - - -
29 - - . - - - - -
Antibiotics 0.031 0.016 0.016 0.062 0.062 0.078 0.078 0.039 560.1 0.156

Values given as mg/mL
Antibiotics: Streptomycin (for bacteria) and Ketaeazole (for fungi),
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In the title compound, C;(H;;0O;, all non-H atoms are
approximately coplanar, with an r.m.s. deviation of 0.046 A.
In the crystal, very weak C—H---O interactions link the
molecules into sheets parallel to (101).
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For the bioactivity of dehydrozingerone derivatives and their
role in the synthesis of heterocycles, see: Tatsuzaki et al.
(2006); Kubra et al. (2013); Panda & Chowdary (2008);
Mostahar et al. (2007). For related crystal structures, see:
Matos Beja et al. (1997); Velavan et al. (1995).
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Experimental

Crystal data

CyoH1,0;5 b = 87905 (11) A
M, = 180.20 ¢ =93363 (13) A

Monoclinic, P2, /c

- B = 97339 (14)°
a=115314 (16) A

V =9386(2) A’

Z=4 T=293K
Cu Ko radiation 0.39 x 0.17 x 0.14 mm
w=078 mm'

Data collection

6035 measured reflections
1848 independent reflections
1299 reflections with I > 20(1)
R = 0.021

Agilent Gemini S diffractometer

Absorption correction: multi-scan
(CrysAlis PRO; Agilent, 2013)
T'min = 0.933, Tyax = 1.000

Refinement

R[F? > 20(F%)] = 0.047
wR(F?) = 0.148
§=104

1848 reflections

120 parameters

H-atom parameters constrained
APmax =012 A7?

APmin = —017 ¢ A7

Table 1

Hydrogen-bond geometry (A, °).

D—H - -A D—H H--A DA D—H --A
Cl—HI.-.0l' 0.93 2.67 3.547 (3) 157
C10—HI10B---02" 0.96 2.62 3.525(2) 156

Symmetry codes: (i) —x,y —3, —z +3 (i) —x+1,y -3, —z +1.

Data collection: CrysAlis PRO (Agilent, 2013); 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:
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1. Comment

Dehydrozingerone derivatives belong to an important class of compounds, not only due to their different bioactivities
(Tatsuzaki et al., 2006; Kubra et al., 2013), but also as the key substrates in synthesis of some heterocycles (Panda ef al.,
2008), particularly flavones (Mostahar ef al., 2007). They can be synthesized by condensation of the corresponding
aromatic aldehyde with acetone. Thus, starting substrate in synthesis of ethyl derivative of dehydrozingerone is 4-eth-
oxy-3-methoxybenzaldehyde (I), compound obtained by simple methylation of vanillin.

In the title structure, all non-hydrogen atoms are approximately coplanar with a mean deviation of 0.046 A (Fig. 1). A
somewhat higher displacement of 0.102 (2) A has been observed for atom C9 belonging to ethoxy moiety. The dihedral
angle between the best planes through the phenyl ring and the non-H atoms of ethoxy moiety is 8.1 (1)°. The aromatic C
—C bond lengths are in the expected range of 1.368 (2)-1.411 (2) A (Table 2). The five C—O bonds have various
lengths. The shortest length is found for the carbonyl C1—O1 = 1.204 (2) bond in accordance with the prevaling double
bond character.

The crystal structure exhibits no conventional hydrogen bonding. The molecules are held together by weak C—H:--O and
van der Waals interactions. The two C—H--O intermolecular contacts shorter than the sum of the van der Waals radii [C1
—H1=0.93; HI--01=2.67 A; C1—H]1--0O1' = 157.3° and C10—H10B = 0.96, H10B--02 = 2.62 A, C10—H10B:-02}
=156.4° (symmetry codes: i = -x,+y - 1/2,-z + 3/2; ii=-x + 1,4y - 1/2,-z + 1/2)] connect the molecules into a sheet
parallel to (101). These sheets further connect into three-dimensional structure by C—H:--x interaction [C10—H10c¢ =
0.96, H10c*Cgl = 3.00 A C10—H]10c--Cgl = 147° [(symmetry code: iii = -x + 1,-y,-z + 1)] (Fig. 2). The approximate
distance between the adjacent parallel sheets is 3.5 A. For related crystal structures, see Matos Beja et al. (1997) and
Velavan et al. (1995).

2. Experimental

Diethyl sulfate was dropped into a water solution of sodium hydroxide and vanillin. The reaction mixture was stirred
overnight at 50°C and cooled at room temperature resulting firstly an oily product, which on standing gave crude crystal
4-ethoxy-3-methoxybenzaldehyde.

One gram of crude 4-ethoxy-3-methoxybenzaldehyde was stirred vigorously in 150 ml of boiling water, the hot mixture
filtered of through a cotton pad. The obtained milky-white emulsion upon overnight cooling at room temperature gave

crystal needles of 4-ethoxy-3-methoxybenzaldehyde.

3. Refinement

All H atoms were included in calculated positions and treated as riding with d(C—H) equal to: 0.96 A (CH;), 0.97 A
(CH,) or 0.93 A (aromatic CH) and Us,(H) equal to: 1.5 U.,(C) for CH; or 1.2 Ue,(C) for CH, and CH.

Acta Cryst. (2013). E69, 01728 sup-1
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Computing details

Data collection: CrysAlis PRO (Agilent, 2013); cell refinement: CrysAlis PRO (Agilent, 2013); data reduction: CrysAlis
PRO (Agilent, 2013); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury
(Macrae et al., 2006); software used to prepare material for publication: WinGX (Farrugia, 2012), PLATON (Spek, 2009)
and PARST (Nardelli, 1995).

Figure 1
The molecular structure of the title compound, with atom labels and 30% probability displacement ellipsoids for non-H

atoms.

Figure 2
Three-dimensional layered structure of the title compound. All H atoms which are not involved in intermolecular

interactions are omitted for clarity.

Acta Cryst. (2013). E69, 01728 sup-2
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4-Ethoxy-3-methoxybenzaldehyde

Crystal data

CioH1205

M, =180.20
Monoclinic, P2/c
Hall symbol: -P 2ybc
a=11.5314 (16) A
b=8.7905 (11) A
c=9.3363(13) A
£=97.339 (14)°
7'=938.6 (2) A®
Z=4

Data collection

Agilent Gemini S
diffractometer
Radiation source: Enhance (Cu) X-ray Source
Graphite monochromator
Detector resolution: 16.3280 pixels mm'!
 scans
Absorption correction: multi-scan
(CrysAlis PRO; Agilent, 2013)
Tinin = 0.933, Tinax = 1.000

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F*)] = 0.047

wR(F?)=0.148

§=1.04

1848 reflections

120 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

F(000) =384

D,=1275Mgm™

Cu Ko radiation, A = 1.54180 A

Cell parameters from 1676 reflections
6=3.9-71.1°

4 =0.78 mm™

T=293K

Needle, white

0.39 x 0.17 x 0.14 mm

6035 measured reflections
1848 independent reflections
1299 reflections with 7> 20(J)
Ry =0.021

Omax = 73.2°, Omin = 3.9°
h=-14—14

k=-10—8

[=-11-9

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w = 1/[6X(F,?) + (0.0746P)* + 0.0716P]
where P = (F,2 + 2F2)/3

(A/0)max < 0.001

APy = 0.12 ¢ A3

Apmin=—0.17 ¢ A

Experimental. Absorption correction: empirical absorption correction using spherical harmonics, implemented in
SCALE3 ABSPACK scaling algorithm (CrysAlis PRO; Agilent, 2013)

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz)

X y z Uiso™ Ueq

(0] —-0.01326 (13) —0.00997 (18) 0.78722 (16) 0.0954 (5)
02 0.27667 (11) 0.22381 (13) 0.46226 (14) 0.0818 (4)
03 0.37383 (11) —0.00811 (13) 0.35924 (13) 0.0780 (4)
C1 0.03443 (17) -0.1075 (2) 0.7257 (2) 0.0824 (5)
H1 0.0130 -0.2076 0.7411 0.099*

C2 0.12260 (15) —0.0833 (2) 0.62934 (18) 0.0683 (5)
C3 0.15663 (15) 0.0635 (2) 0.59500 (18) 0.0675 (5)
H3 0.1230 0.1470 0.6348 0.081*

C4 0.23881 (14) 0.08576 (18) 0.50352 (17) 0.0642 (4)
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CS5 0.29161 (15) —0.0414 (2) 0.44602 (18) 0.0665 (5)
C6 0.25783 (15) —0.1856 (2) 0.47925 (19) 0.0768 (5)
H6 0.2918 —0.2696 0.4406 0.092*
C7 0.17310 (17) —0.2063 (2) 0.5703 (2) 0.0793 (6)
H7 0.1502 —0.3043 0.5917 0.095%*
C8 0.22711 (16) 0.3550 (2) 0.5194 (2) 0.0889 (6)
H8A 0.1438 0.3535 0.4938 0.133*
H8B 0.2588 0.4447 0.4804 0.133*
H8C 0.2453 0.3554 0.6227 0.133*
C9 0.43966 (16) -0.1315 (2) 0.3099 (2) 0.0812 (6)
H9A 0.3872 —0.2051 0.2583 0.097*
H9B 0.4838 —0.1823 0.3916 0.097*
C10 0.52047 (17) —0.0694 (3) 0.2129 (2) 0.0930 (7)
H10A 0.4761 —-0.0211 0.1314 0.140*
H10B 0.5659 —-0.1507 0.1799 0.140%
H10C 0.5717 0.0037 0.2645 0.140%*
Atomic displacement parameters (42)

Ull U22 U33 U12 U13 U23
0Ol 0.0975 (10) 0.0929 (10) 0.1040 (11) —0.0069 (8) 0.0448 (9) —0.0036 (8)
02 0.0900 (8) 0.0605 (7) 0.1034 (9) 0.0055 (6) 0.0452 (7) 0.0059 (6)
03 0.0846 (8) 0.0715 (8) 0.0838 (8) 0.0123 (6) 0.0332 (7) 0.0019 (6)
Cl1 0.0844 (12) 0.0782 (12) 0.0887 (13) —0.0103 (10) 0.0265 (10) 0.0006 (10)
C2 0.0694 (10) 0.0658 (11) 0.0714 (10) —0.0022 (8) 0.0152 (8) 0.0024 (8)
C3 0.0679 (10) 0.0652 (10) 0.0715 (10) 0.0047 (8) 0.0170 (8) —0.0022 (8)
C4 0.0661 (9) 0.0578 (10) 0.0706 (10) 0.0041 (7) 0.0162 (8) 0.0045 (7)
C5 0.0675 (9) 0.0694 (11) 0.0643 (9) 0.0050 (8) 0.0153 (8) 0.0017 (8)
C6 0.0872 (12) 0.0633 (11) 0.0834 (12) 0.0063 (9) 0.0239 (10) —0.0036 (9)
C7 0.0920 (13) 0.0600 (11) 0.0887 (12) —0.0049 (9) 0.0224 (10) 0.0028 (9)
C8 0.0965 (14) 0.0606 (11) 0.1171 (16) 0.0027 (9) 0.0431 (12) —0.0010 (10)
C9 0.0803 (12) 0.0827 (12) 0.0839 (12) 0.0139 (10) 0.0235 (10) —0.0118 (10)
C10 0.0837 (13) 0.1090 (17) 0.0911 (14) 0.0149 (11) 0.0294 (11) —0.0087 (12)
Geometric parameters (A, ©)
01—Cl1 1.204 (2) Cc6—C7 1.387 (2)
02—C4 1.3618 (18) C6—H6 0.9300
02—C8 1.421 (2) C7—H7 0.9300
03—C5 1.355(2) C8—HSA 0.9600
03—C9 1.433 (2) C8—HS8B 0.9600
Ccl—C2 1.457 (2) C8—H8C 0.9600
Cl—HI1 0.9300 C9—Cl10 1.484 (3)
c2—C7 1.376 (2) C9—HO9A 0.9700
C2—C3 1.398 (2) C9—H9B 0.9700
C3—C4 1.368 (2) C10—H10A 0.9600
C3—H3 0.9300 C10—H10B 0.9600
C4—Cs 1.411 (2) C10—H10C 0.9600
C5—Co6 1.374 (2)

Acta Cryst. (2013). E69, 01728 sup-4



supplementary materials

C4—02—C8 117.27 (13) C2—C7—H7 119.7
C5—03—C9 117.93 (14) C6—C7—H7 119.7
01—C1—C2 126.0 (2) 02—C8—HBA 109.5
01—Cl1—H1 117.0 02—C8—HS8B 109.5
C2—C1—HI1 117.0 H8A—C8—HSB 109.5
C7—C2—C3 119.20 (16) 02—C8—HS8C 109.5
Cc7—C2—C1 119.78 (17) H8A—C8—HS8C 109.5
C3—C2—C1 121.02 (17) H8B—C8—HSC 109.5
C4—C3—C2 120.83 (16) 03—C9—C10 108.51 (16)
C4—C3—H3 119.6 03—C9—H9A 110.0
C2—C3—H3 119.6 C10—C9—HO9A 110.0
02—C4—C3 125.22 (15) 03—C9—H9B 110.0
02—C4—C5 115.38 (14) C10—C9—H9B 110.0
C3—C4—C5 119.40 (15) H9A—C9—H9B 108.4
03—C5—C6 125.06 (16) C9—C10—HI10A 109.5
03—C5—C4 115.17 (15) C9—C10—HI10B 109.5
C6—C5—C4 119.77 (16) H10A—C10—H10B 109.5
C5—Co—C7 120.13 (17) C9—C10—HI10C 109.5
C5—C6—H6 119.9 H10A—C10—H10C 109.5
C7—C6—H6 119.9 H10B—C10—H10C 109.5
C2—C7—C6 120.65 (17)

01—C1—C2—C7 177.57 (19) 02—C4—C5—03 0.8(2)
01—C1—C2—C3 -2.7Q3) C3—C4—C5—03 —178.53 (14)
C7—C2—C3—C4 0.23) 02—C4—C5—C6 —178.87 (16)
Cl—C2—C3—C4 —179.46 (15) C3—C4—C5—C6 1.7.(3)
C8—02—C4—C3 03 (3) 03—C5—C6—C7 179.56 (16)
C8—02—C4—C5 —179.05 (16) C4—C5—C6—C7 -0.8(3)
C2—C3—C4—02 179.20 (15) C3—C2—C7—C6 0.8(3)
C2—C3—C4—C5 -1.53) C1—C2—C7—C6 —179.51 (17)
C9—03—C5—C6 -6.9 (3) C5—Co6—C7—C2 -0.5(3)
C9—03—C5—C4 173.41 (14) C5—03—C9—C10 177.85 (15)
Hydrogen-bond geometry (4, °)

D—H-A4 D—H H-4 DA D—H-4
Cl—H1--0l! 0.93 2.67 3.547 (3) 157
C10—H10B--02i 0.96 2.62 3.525(2) 156

Symmetry codes: (i) —x, y—1/2, —z+3/2; (ii) —x+1, y—1/2, —z+1/2.
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Abstract O-alkylated vanillin derivatives 2a—f and acetyl
ferrocene react under Claisen—Schmidt conditions, result-
ing in good-to-high yields of the corresponding ferrocene
chalcones 3a—f. None of the resultant compounds 3b—f has
been previously described in the literature. All synthesized
compounds were characterized by spectral and physical
data, whereas two of them, 1-ferrocenyl-3-(4-ethoxy-3-
methoxyphenyl)-prop-2-en-1-one (3b) and 1-ferrocenyl-3-
(4-buthoxy-3-methoxy-phenyl)-prop-2-en-1-one (3e),
were crystalline substances, suitable for single-crystal X-
ray analysis, which confirmed undoubtedly their struc-
tures. Chalcones 3a—f were tested for their biological
activity and demonstrated relatively good in vitro anti-
microbial activity towards different strains of bacteria and
fungi. The best antibacterial activity is expressed by
compounds 3b and 3¢, while compound 3d shows the best
antifungal activity.

Keywords Vanillin - Ferrocene - Ferrocenyl chalcones -
Microbial activity - Crystal structure
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Introduction

Chalcones are an important class of organic compounds
since they often represent the core structure of many natural
products and pharmaceuticals. Chalcones (1,3-diaryl-2-
propen-1-ones) and their derivatives exhibit different phar-
macological and biological activities, the major ones being
antifungal (Bag et al., 2009; Lahtchev et al., 2008; Mostahar
et al., 2007), antimicrobial (Yayli et al., 2006; Trivedi et al.,
2008; Sivakumar et al., 2010; Opletalova, 2000; Katade
et al., 2008), anticonvulsant (Kaushik et al., 2010), anti-
oxidant (Vasilev et al., 2010, Sivakumar et al., 2010; Vogel
et al., 2008, Cheng et al., 2008), antiprotozoal (Lunardi
et al., 2003), antitrichomonal (Oyedapo et al., 2004), anti-
malarial (Motta et al., 2006; Awasthi et al., 2009; Lim et al.,
2007; Wu et al., 2002; Liu et al., 2001), anti-inflammatory
(Yadav et al., 2010; Zhang et al., 2010; Herencia et al.,
1998; Nowakowska 2007), trypsin inhibition (Maliar et al.,
2004) and anti-cancer activity (Achanta et al., 2006;
Romagnoli et al., 2008; Echeverria et al., 2009; Szliszka
et al., 2009; Ilango et al., 2010; Wattenberg et al., 1994;
Edwards et al., 1988; Kumar et al., 2011; Seo et al., 2010).

Different research groups are involved with the aim to
identify the fragment in chalcones molecules, synthesized
or modified natural ones, responsible for previously
described activities. Tsukiyama et al. (2002) reported the
potent antibacterial activity of licochalcone A and lico-
chalcone B. Following these results, it was estimated that
free phenolic group in the ring at position 4 was the key
factor responsible for their antibacterial activity (Chen et al.,
1997). Starting from the fact that natural products, such as
curcumines, show various bioactivities (Chan, 1995; Mishra
et al., 2005; Dubey et al., 2008), and vanillin fragment is
present in these molecules, we supposed that vanillin is a
suitable aldehyde for chalcone formation due to its easy
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Scheme 1 Synthesis of ferrocenyl chalcones

modification by O-alkylation (Loev et al., 1956, Tatsuzaki
et al., 2006, Katritzky et al., 2006), by coupling reactions
and forming of divanillin (Nishimura et al., 2010), formyla
tions in position 5 (BlaZevi¢ et al., 1979), and halogenation
in position 5 (Pepper and MacDonald, 1953). On the other
hand, enone system is the key part of substrates and could
be easily converted into various heterocyclic derivatives
(Abdel-Rahman et al., 2007, Kalirajan et al., 2009).

Ferrocenyl derivatives are among the most promising
compounds, which can be used in microbiological research.
The water-soluble ferrocenyl derivatives are more potent as
drugs than the water-insoluble ones. In our previous work
we had reported on the synthesis of different ferrocene
derivatives with expressed biological activities (Damljanovi¢
et al., 2009; Damljanovi¢ et al., 2009; Ratkovic et al., 2010)
and we expected that incorporation of vanillin pharmaco-
phore and the ferrocene scaffold into the same molecule
might have an attractive structural result for the development
of novel antimicrobial agents, expecting the interesting
features due to the coexistence of two kinds of promising
pharmacophores.

In the present paper we wish to report on synthesis,
spectral characterization and evaluation of antimicrobial
activity of a series of novel chalcone derivatives containing
ferrocene unit, prepared from O-alkylated vanillines and
acetylferrocene, as well as single-crystal X-ray analysis for
two of them.

Experimental
Material and methods

All the chemicals used were commercially available and
used as received, except that the solvents were purified by
distillation. Chromatographic separations were carried out
using silica gel 60 (Merck, 230-400 mesh ASTM), whereas
silica gel on Al plates, layer thickness 0.2 mm (Merck), was
used for TLC. IR spectra were recorded on a Perkin-Elmer
Spectrum One FT-IR spectrometer with a KBr disc. NMR
spectra were recorded on a Varian Gemini (200 MHz)
spectrometer using CDCl; as the solvent and TMS as the
internal standard.

Elemental microanalyses for C, H, and N were
performed by standard methods on a Vario IIl CHNS
Elemental Analyzer, Elemental Analysensysteme GmbH.

Synthesis

Keeping in mind the reactivity of aldehyde functional
group, the synthesis of ferrocene containing chalcones was
carried out as a simple Claisen—Schmidt condensation of
O-alkylated vanilline derivatives and acetylferrocene. A set
of O-alkyl derivatives 2a—f (Scheme 1) was prepared by
alkylation free phenolic group of vanillin 1 with corre-
sponding alkyl halides, according to the described literature
procedures (Loev and Dawson, 1956; Tatsuzaki et al., 2006;
Katritzky et al., 2006). Their spectral data were listed in
another paper (Ratkovi¢ et al., 2016), describing synthesis
and biological activity of vanillin-based 1-acetyl-5-aryl-4,5-
dihydro-1H-pyrazoles.

In the next step, aldehydes 2a-f were subjected to the
reaction with acetylferrocene following the literature procedure
(Cheng et al., 2008), and the desired ferrocene containing
chalcone products were isolated in 59-85 % yields (Table 1).
The detailed analysis of 'H and '>C NMR spectra (see below)
revealed the structures of compounds 3a-f (Scheme 1),
whereas the structures of 3b and 3e were unambiguously
confirmed by the single-crystal X-ray analysis.

General procedure for synthesis of chalcones

The corresponding vanillin aldehyde 2a—f (10 mmol) and
acetylferrocene (10 mmol) were dissolved in 20 mL of
warm ethanol, and the mixture was stirred for 10 min and
1 mL of 40% NaOH was added slowly. The reaction
mixture was stirred overnight at 50°C. Crushed ice, 100 g,
was placed in a beaker and the reaction mixture was poured
onto it with stirring. The product in some cases could be
isolated by filtration, if not it was necessary to extract with
toluene or dichloromethane (3 x50 mL). The organic layer
was washed with water (2 x50 mL), brine (2 x50 mL), and
dried over anhydrous Na,SO,. The main part of the solvent
was evaporated at reduced pressure and crude concentrated
solution was filtered through a short column of silica gel.
The solvent was evaporated under reduced pressure and the
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Table 1 Synthesis of ferrocene Entry Vanillines Products Yield
derivatives 3a—f (%)
! CHO 0 7
NN
H,CO | O F
e
OCHj3 H3;CO @
OCH3
2a 3a
2 CHO o) 5
NS
pe SRB =
OCH3 C2H5O @
OCHs3
2b 3b
3 CHO 0 7
n—C3H7O O =
e
OCHg3 n-C3H;0 @
OCH3
2¢ 3c
4 CHO 0 >
i-C3H;0 O E
e
OCHj3 i-C3H;0O @
OCHj3
2d 3d
> CHO 0 o8
NN
n-C4H90 O =
e
OCH3 n—C4H90 @
OCHg3
2e 3e
6 CHO 0 o
NN
CeHsH,CO O F
e
OCH3 CGH5H2CO @
OCHj3
2f 3f

? Yields of isolated products based on acetylferrocene
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residue was chromatographed on silica gel column using
toluene-ethyl acetate (8:2) mixture as eluent for separation
of reaction products 3a—f.

1-Ferrocenyl-3-(3,4-dimethoxyphenyl)prop-2-en-1-one (3a)

Cinnabar red crystals; m.p. 148-149 °C; yield 78 %;
IR (cm™'): 1648, 1586, 1517, 1263, 1081; 'H NMR
(200 MHz, CDCl5): 6 3.95 (d, J = 6.8 Hz, 6H), 4.22 (s, SH),
4.58 (t, J=2Hz, 2H), 4.92 (t, J=2Hz, 2H), 691 (d, J=
8.4Hz 1H), 6.99 (d, J=15.6Hz, 1H), 7.14-7.27 (m, 2H),
7.76 (d, J=15.6Hz, 1H); >*C NMR (50 MHz, CDCl5):
5 559, 69.7, 70, 72.5, 80.7, 110.6, 111.3, 121, 122.4,
128.2, 140.9, 149.2, 151.1, 192.8 (CO). Anal.: calcd. for
C21H20FCO3 (376227) C, 6704, H, 536, Fe, 1484, O,
12.76. Found: C, 66.10; H, 5.30.

1-Ferrocenyl-3-(4-ethoxy-3-methoxyphenyl)prop-2-en-1-
one (3b)

Cinnabar red crystals; m.p. 155-156 °C; yield 85 %; IR
(em™): 1650, 1588, 1513, 1267, 1076; '"H NMR (200 MHz,
CDCly): 6 1.49 (t, J=T7Hz, 3H), 3.96 (s, 3H), 4.16 (q, J =
7.2Hz, 2H), 4.21 (s, 5H), 4.57 (t, J=1.8Hz, 2H), 4.92
(t, J=1.8Hz, 2H), 6.90 (d, J=8.4Hz 1H), 6.99 (d, J=
15.6Hz, 1H), 7.14-7.27 (m, 2H), 7.75 (d, J = 15.6Hz, 1H);
3C NMR (50 MHz, CDCls): § 14.7, 56.1, 64.4, 69.6, 70,
72.5, 80.8, 110.9, 112.5, 120.9, 122.4, 128, 141, 149.5,
150.5, 192.9 (CO). Anal.: calcd. for C,,H,,FeO5 (390.253):
C, 67.71; H, 5.68; Fe, 14.31; O, 12.30. Found: C, 66.61;
H, 5.61.

1-Ferrocenyl-3-(3-methoxy-4-propoxyphenyl)prop-2-en-1-
one (3c)

Cinnabar red crystals; m.p. 104-105 °C; yield 79 %;
IR (cm™): 1647, 1586, 1515, 1258, 1079; 'H NMR
(200 MHz, CDCl5): § 1.06 (t, J=7.6Hz, 3H), 1.80-1.98
(m, 2H), 3.95 (s, 3H), 4.03 (t, J = 6.8Hz, 2H), 4.21 (s, 5H),
4.57 (t, J=1.6Hz, 2H), 4.92 (t, J =2Hz, 2H), 6.90 (d, J=
8.4Hz 1H), 6.99 (d, J=15.6Hz, 1H), 7.14-7.27 (m, 2H),
7.75 (d, J=15.6Hz, 1H); >*C NMR (50 MHz, CDCLy):
5 10.3, 22.3, 56.2, 69.6, 70, 70.5, 72.5, 80.8, 111.2, 112.7,
120.8, 122.4, 127.9, 141, 149.6, 150.8, 192.8 (CO). Anal.:
calcd. for Cy3H,4FeO5 (404.280): C, 68.33; H, 5.98; Fe,
13.81; O, 11.87. Found: C, 67.51; H, 5.93.

1-Ferrocenyl-3-(4-isopropoxy-3-methoxyphenyl)prop-2-en-
I-one (3d)

Cinnabar red crystals; m.p. 114 °C; yield 59 %; IR (cm_l):
1653, 1590, 1508, 1264, 1074; 'H NMR (200 MHz,
CDClL;): 6 1.41 (d, J=6.2Hz, 6H), 3.94 (s, 3H), 4.21

(s, SH), 4.57 (t, J = 1.6Hz, 2H), 4.92 (t, J = 2Hz, 2H), 6.92
(d, J=8.4Hz 1H), 6.99 (d, J=15.6Hz, 1H), 7.15-7.26
(m, 2H), 7.75 (d, J=15.6Hz, 1H); 3*C NMR (50 MHz,
CDCls): 8 22, 56.2, 69.7, 70, 71.4, 72.5, 80.8, 111.6, 120.9,
122.2, 128.2, 129, 141, 149.6, 150.4, 192.9 (CO). Anal.:
calcd. for Co3Hy4FeOs (404.280): C, 68.33; H, 5.98; Fe,
13.81; O, 11.87. Found: C, 67.31; H, 5.95.

1-Ferrocenyl-3-(4-butoxy-3-methoxyphenyl)prop-2-en-1-
one (3e)

Cinnabar red crystals; m.p. 128 °C; yield 68 %; IR (cm_l):
1651, 1592, 1511, 1264, 1077; 'H NMR (200 MHz,
CDCl3): 6 0.99 (t, J=7.4Hz, 3H), 1.45-1.57 (m, 2H),
1.76-1.89 (m, 2H), 3.95 (s, 3H), 4.08 (t, J=6.8Hz, 2H),
4.21 (s, 5H), 4.57 (t, J=2Hz, 2H), 4.92 (t, J=2Hz, 2H),
6.91 (d, J=8.2Hz 1H), 6.99 (d, J = 15.6Hz, 1H), 7.14-7.26
(m, 2H), 7.75 (d, J=15.6Hz, 1H); '*C NMR (50 MHz,
CDCl5): 6 13.8,31.1,56.2, 68.7, 69.7, 70, 72.5, 80.8, 111.2,
112.7, 120.8, 122.4, 127.9, 141, 149.6, 150.8, 192.9 (CO).
Anal.: calcd. for Co4H,y6FeO5 (418.306): C, 68.91; H, 6.26;
Fe, 13.35; O, 11.47. Found: C, 68.16; H, 6.23.

1-Ferrocenyl-3-(4-benzyloxy-3-methoxyphenyl)prop-2-en-
1-one (3f)

Cinnabar red crystals; m.p. 135-136 °C; yield 67 %;
IR (cm™): 1650, 1591, 1515, 1262, 1084; 'H NMR
(200 MHz, CDCl5): 3.97 (s, 3H), 4.20 (s, 5H), 4.57 (t, J =
2Hz, 2H), 4.91 (t, J = 2Hz, 2H), 5.21 (s, 2H), 6.91 (d, J=
8.2Hz, 1H), 6.98 (d, J=15.6Hz, 1H), 7.15-7.43 (m, 7H),
7.74 (d, J=15.6Hz, 1H); >*C NMR (50 MHz, CDCl;):
5 56.1, 69.6, 70, 70.9, 72.5, 80.7, 111.3, 113.7, 121.1,
122.1, 127.2, 127.9, 128.5, 128.6, 136.6, 140.9, 149.8,
150.2, 192.8 (CO). Anal.: calcd. for Co,H,4FeO; (452.323):
C, 71.69; H, 5.35; Fe, 12.35; O, 10. 61. Found: C, 70.61;
H, 5.32.

X-ray crystallography and structural comparisons of 3b
and 3e

Crystal data and experimental details for 3b and 3e com-
pounds are summarized in Table 2. Single-crystal diffrac-
tion data were collected at room temperature on an Agilent
Gemini S diffractometer equipped with Mo Ka radiation
(A=0.71073 A). Data integration and scaling of the
reflections were performed using the CRYSALIS software
(Agilent Technologies, 2013) with multi-scan absorption
corrections applied using SCALE3 ABSPACK (Agilent
Technologies, 2013). Crystal structure was solved by direct
methods, using SIR2002 (Burla et al., 2003) and refined
using SHELXL97 (Sheldrick, 2008) program both incor-
porated in WinGX (Farrugia, 1999) program package.
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Table 2 Crystallographic data for 3b and 3e

Compound 3b 3e
Empirical formula CyyH5,FeO5 Cy4Hy6FeOs
Formula weight 390.25 418.30
Temperature (K) 293(2) 293(2)
Wavelength (A) 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group P2,/c P2,/c

Unit cell dimensions

ad) 14.6500(6) 16.1310(6)
b (A) 7.9537(2) 7.9881(2)

c (A) 16.7216(5) 17.3283(6)
B () 106.086(3) 113.533(4)
V(A% 1872.14(11) 2047.15(12)
Z 4 4

Deae (Mg/m®) 1.385 1.357

4 (mm™") 0.823 0.758
Crystal size (mm®) 0.50 x 0.37 x0.12 0.48 x0.24 x 0.17
6 range for data collection (°)  3.04-28.93 2.94-29.02
Reflections collected 11443 10841
Independent reflections, R;,, 4333, 0.0244 4731, 0.0280
Completeness to 8 = 26° (%) 99.8 % 99.8 %
Data/restraints/parameters 4333/0/237 4731/0/255
Goodness-of-fit on F> 1.076 1.041

Final R,/wR, indices (I
>20))

Final R/wR; indices (all
data)

Largest differential density
peak and hole (e A‘3)

0.0437, 0.0905 0.0397, 0.0827

0.0633, 0.0975 0.0622, 0.0929

0.285 and -0.218 0.285 and —0.306

All non-H atoms were refined anisotropically to con-
vergence. All H atoms were placed at geometrically calculated
positions with the C-H distances fixed to 0.93 from Csp?, and
0.96 and 0.97 A from methyl and methylene Csp’, respec-
tively. The corresponding isotropic displacement parameters of
the hydrogen atoms were equal to 1.2U.q and 1.5U., of the
parent Csp® and Csp®, respectively. Figures were produced
using ORTEP-3 (Farrugia, 1997) and MERCURY, Version
2.4 (Macrae et al., 2006). The software used for the prepara-
tion of the materials for publication are WinGX (Farrugia,
1999), PLATON (Spek, 2003) and PARST (Nardelli, 1995).

Antimicrobial activity

The antimicrobial activity was estimated by determining the
minimal inhibitory concentration (MIC) using the broth micro
dilution method against five species of bacteria and five species
of fungi. As a result of the study, the measured MIC values for
tested compounds varied from 0.0352 to 0.8873 mg/ml.

The following bacteria were used as test organisms in
this study: Staphylococcus aureus (ATCC 25923), Bacillus
subtilis (ATCC 6633), Bacillus cereus (ATCC 10987),
Escherichia coli (ATCC 25922), and Proteus mirabilis
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(ATCC 12453). All of the bacteria used were obtained from
the American Type Culture Collection (ATCC). The bac-
terial cultures were maintained on Mueller-Hinton agar
substrates (Torlak, Belgrade). The fungi used as test
organisms were: Aspergillus niger (ATCC 16888), Candida
albicans (ATCC 10259), Penicillium italicum (ATCC
10454), Mucor mucedo (ATCC 20094), Trichoderma viride
(ATCC 13233). All of the fungi were from ATCC. The
fungal cultures were maintained on potato dextrose (PD)
agar, except for Candida albicans that was maintained on
Sabourad dextrose (SD) agar (Torlak, Belgrade). All of the
cultures were stored at 4 °C and subcultured every 15 days.

Bacterial inoculum were obtained from bacterial cultures
incubated for 24 h at 37 °C on Mueller-Hinton agar sub-
strates and brought up to approximately 10® CFU/ml by
dilution according to the 0.5 McFarland standard. Suspen-
sions of fungal spores were prepared from freshly mature
(3- to 7-day-old) cultures that grew at 30 °C on a PD agar
substrate. The spores were rinsed with sterile distilled water,
used to determine turbidity spectrophotometrically at
530 nm, and were then further diluted to approximately 10°
CFU/ml according to the procedure recommended by
NCCLS (1998).

The MIC was determined by the broth microdilution
method using 96-well micro-titer plates (Sarker et al.,
2007). A series of dilutions with concentrations ranging
from 20 to 0.0195 mg/ml of the tested compounds were
used in the experiment against every microorganism tested.
The starting solutions with tested compounds were obtained
by measuring a certain quantity of the compounds and
dissolving it in 5% DMSO. Two-fold dilutions of the
compounds were prepared in a Mueller-Hinton broth for
bacterial cultures and a SD broth for fungal cultures. The
MIC was determined with resazurin. Resazurin is an
oxidation-reduction indicator used for the evaluation of
microbial growth. It is a blue non-fluorescent dye that
becomes pink and fluorescent when reduced to resorufin by
oxidoreductases within viable cells. The boundary dilution
without any change in the color of resazurin was defined as
the MIC for the tested microorganism at a given con-
centration. As a positive control of growth inhibition,
streptomycin was used in the case of bacteria and ketoco-
nazole in the case of fungi. A 5 % DMSO solution was used
as a negative control for the influence of the solvents.
Experiment was carried out in triplicate.

Results and Discussion

Spectral characterization

All synthesized compounds were characterized by IR, 'H,
and '>C NMR spectral data. In IR spectra of the synthesized
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Fig. 1 Molecular structures of 3b (a) and 3e (b) with atom numbering
scheme

compounds the most recognizable band appears in the
carbonyl group region 1680 cm™' and alkoxy group region
1261-1269 cm™.

"HNMR spectra of compounds 2a—f could be recognized
as sharp signals, corresponding to the aldehyde proton, § =
9.83-9.86 ppm, and strong sharp signals corresponding
to three protons, approximately 6 =3.94 ppm, belongs to
methyl protons of methoxy group [-OCH3;] from vanillin.

"HNMR spectra of compounds 3a—f could be recognized
as the most important signals, such as doublet signals,
appear at 6=7.75 and 6=6.99 ppm, corresponding to
protons of chalcone double bond with characteristic J=
15.6 Hz, ferrocene unsubstituted ring at 4.22 area, and
strong sharp signal corresponding to three protons,
approximately 6 =3.94-3.98 ppm, belongs to methyl pro-
tons of 3-methoxy group from vanillin ring.

X-ray structure determination

Single-crystal X-ray crystallographic studies of 3b and 3e
show that two compounds have very similar molecular
geometries (Fig. 1; displacement ellipsoids are drawn
at the 30 % probability level; additional projections are
shown in the Supplementary Material file, Fig. SI).
The cyclopentadienyl rings (Cp) of both molecules
have an almost ideal eclipsed conformation. The Cl-
Cgl1-Cg2—-C6 torsion angle is 1.8(2)° in 3b and —0.8(2)° in
3e (Cgl and Cg2 are centroids of the corresponding Cp
rings, the C1-C5 and C6-C10). The Cpl and Cp2 rings
show only small mutual tilting as evidenced from the cor-
responding Cp1/Cp2 dihedral angles which are 1.7(2) and
1.0 (2)° in 3b and 3e, respectively. Most importantly, two
molecules are very similar in spatial orientation of the

o1

Fel

03
02

Fig. 2 The molecules of 3b (blue) and 3e (red) are overlapped using
the C1-CS5 ring as a common structural part

Table 3 Selected geometrical parameters in the crystal structures of
3b and 3e compounds

Compound 3b 3e
Selected bond lengths (A)

O1-Cl11 1.224(2) 1.222(2)
02-Cl16 1.367(2) 1.362(2)
02-C20 1.426(2) 1.432(2)
03-C17 1.355(2) 1.362(2)
03-C21 1.439(2) 1.435(2)
C1-C11 1.466(3) 1.467(3)
Cl11-C12 1.472(3) 1.474(3)
C12-C13 1.320(3) 1.324(3)
C13-C14 1.451(3) 1.459(3)
Selected bond angles (°)

C2-C1-Cl11 128.01(19) 127.51(19)
C5-C1-Cl11 124.8(2) 125.10(19)
02-C16-C15 125.40(17) 125.51(17)
02-C16-C17 114.46(18) 114.99(18)
03-C17-C18 125.58(18) 125.60(18)
03-C17-C16 115.78(17) 115.24(18)
Selected torsion angles (°)

C20-02-C16-C17 —174.48(19) —170.25(18)
C21-03-C17-C16 174.15(18) 169.16(17)

Cl-substituent regarding the ferrocene unit. Structure 3e is
somewhat larger deformed than 3b and this is well illustrated
in Fig. 2, where two molecules are overlapped by Cpl1 rings.
This perspective view illustrates similarity in spatial orien-
tation of the Cl-substituent in the two molecules.

All non-H atoms in the C1-substituent are approximately
coplanar in both the molecules (Fig. 1). However, the
substituent is significantly displaced from the C1-C5 (Cpl)
ring plane. For example, dihedral angle between phenyl and
Cpl rings is 12.4(2) and 15.4(2)° for 3b and 3e, respec-
tively, while the C21 alkyl group is bent in the direction of
Cp2 ring plane. Such an orientation of the substituent is
attained by rotation around the CI-C11 bond and as a
consequence the C5-C1-C11-C12 torsion angle has values
of —167.3(2) and —162.1(2)° for 3b and 3e, respectively. In
the two compounds, the corresponding bond lengths and
bond angles are very similar (Table 3). The C12—-C13 bond
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with bond distance of 1.32 A is the shortest C—C bond in
both the molecules and it could be accepted as the only
localized double C—C bond.

It is interesting to analyze positions of O2 and O3 atoms.
The O2-C16-C15 and O2-C16—C17 angles (which directly
reflect directionality of the O2 atom regarding the phenyl
ring) are extremely different (Table 3). The same could be
found for the O3 atom (Table 3) and in this way two oxygen
atoms are shifted close to each other. As a result, the O2 and
03 atoms attain a relatively short O...O distance (2.574(2)
and 2.571(3) A for 3b and 3e, respectively) with lone pair of
electrons directed to each other. The present nearly coplanar
orientation of O-alkyl groups (see the corresponding torsion
angles in Table 3) with a short O2...03 interatomic contact
is also noticed in majority of the crystal structures (pos-
sessing similar structural fragment) that are found by
searching the Cambridge Structural Database (Allen, 2002).
Obviously this structural feature is not coincidental and
probably it plays specific role in the stabilization of mole-
cular conformation.

Both the compounds do not possess any significant
hydrogen bond donor and as a consequence the C21-H...Ol1

Fig. 3 The crystal packing fragment of 3b illustrating one-
dimensional association of the molecules via intermolecular interac-
tions between Cl-substituents

is only the noteworthy intermolecular H-bond. The C21-H...
O1 together with C21-H...n (the C14-C19 phenyl ring)
interaction interconnect the molecules of 3b and 3e into
infinite tapes where all Cl-substituents are parallel to each
other as illustrated in Fig. 3. It is interesting to note that in
both intermolecular interactions the C21 methylene group
plays the role of a C—H donor (C21-H...O1 and C21-H...n
interactions are shown with dotted blue lines; H atoms not
involved in intermolecular interactions have been omitted for
clarity; corresponding diagram for 3e is shown in the Sup-
plementary Material file, Fig. S2).

Antimicrobial activity

The antimicrobial activity of the investigated compounds
against the test bacteria is shown in Table 4 and fungi in
Table 5. The tested compounds exhibited a similar anti-
microbial activity. They inhibited all the tested bacteria and
antifungal activities. The MIC for bacteria ranged from
0.312 to 5 mg/ml, while MIC for fungi varied from 0.312 to
10 mg/ml. The most sensitive, among the bacteria, were
B. subtilis and B. cereus, whereas the highest resistance
was shown by the Gram-negative bacteria (E. coli and
P. mirabilis). Among the fungi, the most sensitive appeared
to be C. albicans, while A. niger was the most resistant.
The antimicrobial activity was compared with the standard
antibiotics, streptomycin (for bacteria) and ketoconazole
(for fungi). The results showed that standard antibiotics had
stronger activity than the tested samples as shown in
Tables 4 and 5.

In these experiments, the compounds examined at the
same concentrations showed a slightly stronger antibacterial
than antifungal activity. These results could be expected due
to the fact that numerous tests proved that bacteria are more
sensitive to the antibiotic compared to fungi (Hugo and
Russel, 1983). The reason for different sensitivities between
fungi and bacteria can be found in different permeabilities
of the cell wall. The cell wall of the Gram-positive bacteria
consists of peptidoglycans (murein) and teichoic acids,
while the cell wall of Gram-negative bacteria consists of

Table 4 Antibacterial activity Bacteria Staphylococcus Bacillus Bacillus Escherichia coli Proteus
of tested compounds aureus subtilis cereus mirabilis
Test compounds MIC (mg/ml)
3a 1.25 0.625 0.312 1.25 2.5
3b 0.625 0.312 0.625 1.25 1.25
3c 0.625 0.312 0.312 2.5 1.25
3d 2.5 0.625 0.312 1.25 1.25
3e 2.5 1.25 0.625 2.5 1.25
3f 5 1.25 1.25 5 2.5
Streptomycin 0.031 0.016 0.016 0.062 0.062
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Table S Antifungal activity of Fungi Mucor Trichoderma Aspergilus Candida Penicillium
tested compounds mucedo viride niger albicans italicum

Test compounds MIC (mg/ml)

3a 1.25 2.5 2.5 0.625 2.5

3b 5 1.25 5 0.625 2.5

3c 2.5 2.5 2.5 1.25 1.25

3d 2.5 1.25 5 0.312 1.25

3e 5 2.5 5 1.25 5

3f 10 5 10 2.5 5

Ketoconazole 0.156 0.078 0.078 0.039 0.156
lipopolysaccharides and lipopoliproteins  (Heijenoort, some halcones and their derived pyrazoles, pyrazolines, iso-

2001), whereas the cell wall of fungi consists of poly-
saccharides such as chitin and glucan (Farkas, 2003).

Conclusion

We described herein synthesis, spectral, analytical, single-
crystal X-ray characterization, and in vitro microbiological
activity of a series of ferrocenyl chalcones (3a—f). Chalcones
were prepared in high yields from O-alkylated vanillines
and acetylferrocene.

Single-crystal X-ray analysis of 3b and 3e compounds
show that they have very similar conformation and inter-
molecular association via the C21-H...Ol and C21-H...n
interactions. In both molecules the terminal alkyl groups
attain an approximately coplanar position with phenyl ring
while the methoxy O2 and alkoxy O3 atoms are mutually
located at a surprisingly short interatomic distance of 2.57 A.
This structural feature could be a significant supplementary
factor for antimicrobial activity of this class of molecules.

We found out that these organometallic derivatives show
noticeable activity toward different strains of bacteria and
fungi. Compared with our compounds, standard antibiotics,
streptomycin (for bacteria) and ketoconazole (for fungi)
showed stronger activity.
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Abstract A small library of novel 2-oxo-1,2,3,4-tetrahydr-
opyrimidines was synthesized via a one-pot multicomponent
Biginelli reaction. Copper complex (PhNH3),CuCly, which
was used for the first time as a homogeneous and heteroge-
neous catalyst, makes this a facile and efficient reaction at
room temperature. All the obtained products fall out of the
solution in pure form and are easily isolated via filtration
in good-to-excellent yields. The molecular structure of one
of the products, ethyl 6-methyl-2-ox0-4-(4'-isopropoxy-3’'-
methoxyphenyl) - 1,2,3.4 - tetrahydropyrimidine-5- carboxy-
late, has been determined by X-ray crystallography. All
non-hydrogen atoms in the heterocyclic, six-membered ring
are determined to be approximately coplanar.

Keywords Homogeneous catalysis - Heterogeneous
catalysis - Multicomponent reactions (MCRs) - Heterocycles
Introduction

Reactions that use three or more reactants to furnish a
single product in one step are known as multicomponent
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reactions (MCRs) [1]. This multicomponent methodology
provides easy and rapid access to various libraries of
organic compounds with diverse substitution patterns via
a one-pot conversion, which allows for the formation of
several new carbon—carbon and carbon-heteroatom bonds
in a single operation. MCRs are characterized with exper-
imental simplicity, a simple work-up, and the possibility
for diversity-oriented synthesis. It can be said that these
advantages are the primary reason for using multicom-
ponent strategies in organic synthesis and pharmacology.
One of the most important multicomponent reactions is
the Biginelli reaction, which was published in 1891 by
Pietro Biginelli as a novel approach for the direct prepa-
ration of 2-oxo-1,2,3,4-tetrahydropyrimidine (also called
3,4-dihydropyrimidin-2(1 H)-one) core in a one-step proce-
dure [2—-6]. Tetrahydropyrimidines usually display a broad
spectrum of biological activities, namely, the compounds
presented in Fig. 1: (S)-enastron [7], (R)-fluorastrol [7], (S)-
monastrol and its oxygenated analog (S)-oxomonastrol [8],
(R)-piperastrol [9], and other tetrahydropyrimidine deriva-
tives. They exhibit different biopotentials, such as antimitotic
[7], antiproliferative [8], and cytotoxic activities [9]. Com-
pounds with a tetrahydropyrimidine core can be used suc-
cessfully as antivirals and antibacterials, adrenergic receptor
antagonists, calcium channel modulators, and mitotic kinesin
inhibitors [10]. Compounds that contain the pyrimidine
nucleus, i.e., the conjugated m-system, display fluorescent
properties and are successfully used as electronic and pho-
tonic materials [11-13].

Taking into account the importance of compounds pre-
sented in Fig. 1, there is a reasonable tendency to synthesize
new compounds with the tetrahydropyrimidine nucleus.
In the last decades, numerous improved procedures with
new catalysts for the Biginelli reaction have been reported
[14,15]. Many Lewis acids, such as copper salts, have proven
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Fig. 1 Examples of several biologically active tetrahydropyrimidines

to be very good catalysts for the preparation of tetrahydropy-
rimidines.

Copper-based catalysts, such as Cu(OTf), [16], CMS
[17], CuCl, [18], Cu(NO3)2-3 H,O [19], Cu sulfamate [20],
Cu(NTf), [21], [Gmim]CI-Cu(Il) [22], Cu-nanoparticles
[23], Cu(acac); [bmim]BF4 [24], CuCl;-2H,O [25],
Cu(ClOy4)2-6 H,O [26], Cu(BF4)2 [27], poly(4-vinylpyr-
idine-co-divinylbenzene)-Cu(Il) complex [28], Cul [29], and
Si0O,-CuCl, [30], etc., have recently been employed in
the synthesis of different tetrahydropyrimidines. In addi-
tion, some inorganic and organic ammonium salts, such as
ammonium carbonate [31], alkylammonium salts [32], and
benzyltriethylammonium chloride [33], were also used as
catalysts in the Biginelli reaction. However, all of these cat-
alysts come with drawbacks, such as difficulty to isolate,
tedious work-up, and low yields.

In our previous study [34], we achieved excellent yields
from the Biginelli reaction using (PhNH3),CuCly as a
homogeneous catalyst. It was shown that the yields are inde-
pendent of substituents (electron-withdrawing or electron-
donating) on the aldehyde aromatic ring. For example,
p-nitro benzaldehyde (strong electron-withdrawing group)
and vanillin (strong electron-donating groups) gave excel-
lent isolated yields (96 and 94 %, respectively). Based on
these results, we decided to use a cooper-complex salt,
tetrachlorido(bis)phenylammonium-copper(Il) as a homoge-
neous and heterogeneous catalyst (solvent-free) for synthesis
of the novel 2-o0x0-1,2,3,4-tetrahydropyrimidine core con-
taining an O-alkyl vanillic fragment (Scheme 1).

Results and discussion

For purposes of our investigation, the reaction of vanillin,
ethyl acetoacetate, and urea was selected as a model
reaction (Scheme 1). For synthesis of the complex salt,
(PhNH3),CuCly, we applied the procedure described ear-
lier [35]. We first optimized the Biginelli reaction conditions
for our catalytic system under different solvents. Initially,
the reaction was carried out in the presence of 1 mol% of the
catalyst using solvents of different polarities (see Table 1).
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These reactions were implemented out at room temperature
over the duration of 24 h. Based on the isolated yields of Sa,
the best result was achieved using ethanol as a solvent (entry
3). As a measure of the nucleophilic properties of the sol-
vents used, we applied their donor numbers [36,37]. Table 1
shows ethanol as having the greatest DN value, and thus, the
most pronounced nucleophilicity, namely, the oxygen atom
in EtOH is an excellent electron-pair donor. One can derive
that this solvent coordinates hydrogen atoms bonded on the
«-C atom of the ethyl acetoacetate, and, in this way, facili-
tates the carbanion generation.

After the solvent has been optimized, the molar ratio of
vanillin, ethyl acetoacetate, and urea was varied (1:1:1.5,
1:1.1:1.5, and 1:1.2:1.5). Over a duration of 24 h, the fol-
lowing yields of Sa were achieved: 26, 28, and 34 %. Thus,
the molar ratio of 1:1.2:1.5 was applied in all other reactions
carried out in ethanol.

The effects of the catalyst amounts (5 and 10 mol%) on the
yields were then investigated (Table 2). For this purpose, we
carried out eight independent reactions (entries 1-8). Accord-
ing to the Sa yields obtained, the best results were achieved
with 10 mol% of the catalyst (94 % after 29 h). This yield is
greater than those reported in the literature [30,39-43]. In
these studies, the product 5a was obtained at different yields
(up to 91 % [39-43]), or 84 and 72 % under thermal and
microwave irradiation heating conditions, respectively [30].

Taking into account the fact that (PhNH3),CuCly proved
to be an excellent alternative to the synthesis of 2-oxo-
1,2,3,4-tetrahydropyrimidines [34] and the high yield in our
model reaction (94 % of Sa), we focused on the catalyzed
synthesis of the vanillin core containing derivatives of 2-
oxo-1,2,3,4-tetrahydropyrimidines.

We prepared a series of novel 2-oxo-1,2,3,4-tetrahydro-
pyrimidines reacting O-alkyl vanillic aldehydes (1 mmol),
ethyl- or methyl acetoacetate (1.2 mmol), and urea (1.5
mmol) in ethanol with 10 mol% of the catalyst (Scheme 1).
The used O-alkyl vanillic aldehydes were synthesized
according to the previously described methodology [44,45].
The yields and reaction times for synthesis of the compounds
S5a-r and 5a’-1' are illustrated in Table 3. These results
show the best yields of 2-oxo0-1,2,3,4-tetrahydropyrimidines
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Scheme 1 One-pot synthesis of 2-oxo0-1,2,3,4-tetrahydropyrimidines Sa-r and 5a’—I’

were obtained with vanillin, and vanillic aldehydes contain-
ing the fragments CH,COOH, CH,COOEt, (CH3)3Br, and
CH,C(CH;,)CHj3 (2§, 2h/, 2i/, and 2I', respectively). Also,
in the reaction of iodovanillin (2b), ethyl acetoacetate, and
urea, our catalyst produced Sb in a high yield (90 %). This
same reaction has been described in only two articles [46,47],
where the reported yield was slightly lower (85 % [46]).
Solvent-free conditions in the one-pot Biginelli reaction
present an excellent green strategy for the construction of
tetrahydropyrimidines [48-55]. Inspired by this fact, we
applied (PhNH3),CuCly as a heterogeneous catalyst under

solvent-free conditions. Aldehyde 2j, ethyl- or methyl ace-
toacetate, and urea (molar ratio 1:1.3:1) with 10 mol% of the
catalyst were homogenized in the mortar with pestle. The
reaction was monitored by TLC, and 5j was isolated at a
93 % yield after only 3 h (Table 3). Compared to the results
under homogeneous catalysis, the yields are similar, but the
reaction times for heterogeneous catalysis are significantly
shorter.

Finally, after achieving similar yields for both the homo-
geneous and heterogeneous procedures, we evaluated the
preparative value for the solvent-free procedure. We carried
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Table 1 Solvent optimization for our model reaction

Solvent e [38] DN (kJ mol~ 1) Isolated yield (%)
1 DCM 8.9 - Trace
2 MeOH 32.7 79.5 28
3 EtOH 24.6 131.8 34
4 THF 7.6 83.7 24
5 MeCN 36.6 59.0 15

¢ and DN represent the dielectric constant and donor number, * respec-
tively

* Donor number is defined as the negative enthalpy value for 1:1
adduct formation between the antimony pentachloride and electron-
pair donor solvent in dilute solution of the non-coordinating solvent
1,2-dichloroethane

Table 2 Optimization of the catalytic amount

Entry Time (h) Catalyst (mol%) Isolated yield of Sa (%)
1 2 5 Trace

2 5 5 15

3 10 5 34

4 15 5 50

5 20 5 56

6 20 10 87

7 25 10 90

8 29 10 94

out this reaction at a multigram-scale with the goal to syn-
thesize several selected 2-oxo0-1,2,3,4-tetrahydropyrimidines
(5a, 5b, and 5d). Aldehydes 2a (7.6 g, 50 mmol), 2b (13.9

g, 50 mmol), and 2d (9 g, 50 mmol) with ethyl acetoacetate
(8.45 g, 65 mmol) and urea (3 g, 50 mmol) in the presence
of the catalyst (10 mol%), gave Sa, Sb, and 5d in isolated
yields of 85, 80, and 92 %, respectively.

For the first time, we fully characterized the 27 newly
synthesized Biginelli compounds 5d-r and 5a’-1" with IR,
NMR, MS, elemental analysis, and melting point. The NMR
("H and 3C) spectra of the new compounds are given in
Electronic supplementary material. The known compounds
Sa-c were characterized by comparing our experimental
data to the NMR spectral data reported in the literature
[47,56]. In addition, the melting points for products Sa, Sb,
and Sc are 233-234 °C (lit. 233-235 °C [20]), 159-161
°C (no lit. data), and 176-178 °C (lit. 175-177 °C [20]),
respectively.

The molecular structure of 5f [57] was confirmed by X-ray
crystallography (Fig. 2).

Conclusions

In this paper, we presented a one-pot synthesis of 2-oxo-
1,2,3,4-tetrahydropyrimidines linked with O-alkyl vanillic
aldehydes. The copper-complex salt (PhNH3),CuCly was
proven to be very useful in the Biginelli reaction, as both
the homogeneous and heterogeneous catalysts. This catalyst
is non-hygroscopic, stable, easy-to-synthesize, efficient, and
eco-friendly. The solvent-free synthetic protocol was shown
to enable a gram-scale preparation of the desired products.
Considering the mild reaction conditions and simple work-

Table 3 Yields of the 2-oxo-

1,23 4-tetrahydropyrimidines Aldehyde Yield (%)* and reaction time (h)
R; =Bt (4) R; = Me(4) R; =Et(4) R; = Me(4)
OH 29 (1)* /4 94 (89)P /
OMe
-
OH 42 (0.5) / 90 (84) /
| OMe
b
OMe 53 (2) 41 (1.2) 76 (83) 90 (78)
OMe
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Table 3 continued Aldehyde Yield (%)* and reaction time (h)
R; = Bt (4) R; = Me(4) R, = Et (4) R; = Me)
OEt 21 (2) 24 (3) 86 (89) 88 (93)
OMe
hiid
OPr 20 (0.1) 14 (0.5) 89 (93) 81 (85)
OMe
M
O'Pr 34 (0.5) 28 (1.2) 84 (90) 73 (90)
OMe
i
OBu 26 (2) 30(3) 73 (91) 76 (85)
OMe
Y
OBn 16 (0.3) 23 (1) 88 (90) 87 (90)
OMe
v
OAc 31 (3) 24 (1.5) 81 (86) 91 (92)
OMe
o~
0~ >COOH 54.(3) / 94 (93) /
©/0Me
e
0~ “COOEt 19.2.5) 12(L.5) 90 (95) 92(95)
OMe
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Table 3 continued

@ Springer

Aldehyde Yield (%)* and reaction time (h)
R; =Et(4) R; = Me@) Ry =Et4) R; =Me@)
15(2) / 82 (77) /
Cl Cl
@)
OMe
o~
O/(CHz)sBr 18 (2.5) 31(1.5) 87 (82) 96 (67)
OMe
i
O/(CH2)4Br 24 (1) / 76 (88) /
OMe
v
o (CH,)sBr 30 (2.5) / 80 (83) /
OMe
Y
O/\/\ 38 (3.5) 52 (4) 89 (86) 83 (71)
OMe
J\Ji\l\/
o A~F 24 (3) 37 (4.5) 71 (76) 80 (91)
OMe
v
j/ 50 (5) 41 (3.95) 80 (89) 94 (77)
©/0Me

* Tsolated yields, in parentheses, are the given reaction time® and yields in solvent-free reaction

*#* No reaction
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ups, and, at the same time, the good-to-excellent yields in
short-reaction times, our procedure can be very favorable for
one-pot conversion of similar reactants into corresponding
products.

Experimental
General information

The NMR spectra of compounds Sa-r and 5a’-1" were per-
formed in DMSO-dg with 0.02% water and TMS as the
internal standard on a Varian Gemini 200 MHz NMR spec-
trometer (‘H at 200 and !3C at 50 MHz). Abbreviations for
the NMR signal that were used are: s = singlet, d = doublet,
t = triplet, m = multiplet, and br.s. = broad singlet. The IR
spectra were recorded by a Perkin—Elmer Spectrum One FT-
IR spectrometer on a KBr pellet. The GC/MS analyses were
performed on an Agilent 6890N/5975B gas chromatograph.
Microanalyses of C, H, and N were obtained on a Carlo
Erba EA1108. The melting points (mps) were determined
on a Mel-Temp apparatus and are uncorrected. Thin-layer
chromatography (TLC) was carried out on 0.25-mm Sigma-
Aldrich coated silica gel plates (60F-254) using an ethyl
acetate-methanol (8:2) mixture as a mobile phase and UV
light for visualization. All solvents (EtOH and DCM) and
substrates (ethyl acetoacetate, methyl acetoacetate, urea, ani-

line, and vanillin) were purchased from Sigma. AIINMR ('H
and 3C) spectral data are furnished in Electronic Supplemen-
tary Material (see Figs. S1-S54).

Single-crystal X-ray diffraction data for 5f were collected
at room temperature on an Agilent Gemini S diffractome-
ter equipped with Mo K « radiation (A = 0.71073 A). Data
reduction and empirical absorption corrections were per-
formed using CrysAlisPro [58]. The crystal structure was
solved by direct methods, using SIR2002 [59], and they were
refined using the SHELXL-97 program [60] by full-matrix
least-squares on F2.

All H-atoms attached to the aromatic C-atoms were placed
geometrically and refined using a riding model with C-H =
0.93 A and Uy, (H) = 1.2 Uy (C). The hydrogen atoms from
methine, methylene, and the methyl groups were placed at
geometrically idealized positions with C—H distances fixed
to 0.98, 0.97, and 0.96 A, respectively. Their isotropic dis-
placement parameters were set equal to 1.2Ueq and 1.5U¢q
of the parent C atoms. Two hydrogen atoms attached to
the N1 and N3 nitrogen atoms were located in different
Fourier maps and refined isotropically. Selected crystallo-
graphic data for 5f are as follows: C{gH24N,O5, M = 348.39,
colorless prismatic crystals, D¢y = 1.264 Mg/m3, triclinic
crystal system, space group P-1, Z = 2, final R indicates
Ri/wRy (I > 207) = 0.0561/0.1578 (239 parameters and
4435 independent reflections), and GOF = 1.047. Unit cell
dimensions were as follows: a = 7.5727(3), b = 9.8383(4),
c = 12.8276(5) A; o = 84.202(3), B = 74.397(4), y =
89.035(3)°; and V = 915.71(6) A3.

General experimental procedures for synthesis
2-0x0-1,2,3,4-tetrahydropyrimidines (homogeneous
catalysis)

To a stirred solution of 0.09 g, 1.5 mmol of urea in a 50-mL
round-bottom flask in 5 mL of ethanol (for product prepa-
ration Sb, Sc, and 5j, we used 15 mL), vanillic aldehyde (1
mmol) and ethyl- or methyl acetoacetate (0.156 or 0.139 g,
1.2 mmol) were added followed by 10 mol% of the catalyst
(calculated with respect to aldehyde) at room temperature.
The reaction was followed by TLC (eluent EtOAc:MeOH
8:2). The white powder formed was filtered, washed with
small portions of cold ethanol and DCM, and then dried at
100 °C to afford the desired product with a good purity grade
(without recrystallization).

Solvent-free procedures for synthesis of
2-0x0-1,2,3,4-tetrahydropyrimidines (heterogeneous
catalysis-solvent free)

Urea (0.09 g, 1 mmol), vanillic aldehyde (1 mmol), ethyl-

or methyl acetoacetate (0.169 or 0.151 g, 1.3 mmol), and
10 mol% of catalyst were taken into a mortar, then grind at
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room temperature for appropriate time duration (1-5 h). The
reaction was followed by TLC (eluent EtOAc:MeOH 8:2).
Upon completion of the reaction, the resultant light-yellow
mixture was washed with DCM, ethanol, and then water.

Spectral data of novel 2-oxo -1,2,3,4-
tetrahydropyrimidines (5d-r and 5a’-1’)

Ethyl 6-methyl-2-oxo-4-(4'-ethoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydro-pyrimidine-5-carboxylate (5d)

White needles; Yields: 86 (solvent-free = 89) %. mp 207-
208 °C. IR (KBr) 3248, 3117, 2976, 2934, 1724, 1706,
1658, 1607, 1519, 1477, 1464, 1242, 1227 cm~!.1\H NMR
(200 MHz, DMSO-dg) $1.11 (t, 3H, J = 7.0Hz, CHj3),
1.29 (t, 34, J = 7.0Hz, CH3), 2.25 (s, 3H, CH3), 3.72
(s, 3H, OCH3), 3.90-4.05 (m, 4H, 2 x CH»), 5.10 (d, 1H,
J = 3.2Hz, H-4), 6.68-6.89 (m, 3H, Ar-H), 7.69 (br. s, 1H,
NH), 9.16 (br. s, 1H, NH).13C NMR (50 MHz, DMSO-dg)
§14.3, 14.9, 17.9, 53.7, 55.6, 59.4, 63.9, 99.6, 110.9,,113.1,
118.1, 137.6, 147.4, 148.3, 148.9, 152.4, 165.6.MS (70 eV)
m/z 334 (IM]T, 50%). Calcd. for C17H2,N,05: C, 61.06;
H, 6.63; N, 8.37; found: C, 60.94; H, 6.53; N, 8.45(%).

Ethyl 6-methyl-2-oxo-4-(3'-methoxy-4'-propoxyphenyl)-
1,2,3,4-tetrahydro-pyrimidine-5-carboxylate (5e)

White powder; Yields: 89 (solvent-free = 93) %. mp 185-186
°C. IR (KBr): 3252, 3122, 2967, 2937, 2904, 1720, 1706,
1653, 1607, 1592, 1517, 1259, 1224 cm~'."H NMR (200
MHz, DMSO-dg)$ 0.94 (t, 3H, J = 7.2Hz, CH3), 1.11 (t,
2H, J = 7.0Hz, CH3), 1.64-1.74 (m, 2H, CH3), 2.24 (s, 3H,
CH3), 3.72 (s, 3H, OCH3), 3.85 (t, 2H, J = 6.6 Hz, CH3),
3.94-4.04 (q, 2H, CHy), 5.10 (d, 1H, J = 3.0Hz, H-4),
6.68-6.89 (m, 3H, Ar—H), 7.69 (br. s, 1H, NH), 9.16 (br.
s, 1H, NH).13C NMR (50 MHz, DMSO-dg) $10.6, 14.3,
17.9, 22.3, 53.7, 55.8, 59.4, 70, 99.7, 111, 113.3, 118.2,
137.6,147.7,148.3,148.9,152.5,165.7.MS (70eV) m /7 348
(IM]7%,60 %). Calcd. for C1gH24N»0s5: C, 62.05; H, 6.94; N,
8.04; found: C, 61.91; H, 6.97; N, 8.14(%).

Ethyl 6-methyl-2-oxo-4-(4'-isopropoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5f)

White needles; Yields: 84 (solvent-free = 90) %. mp 201-
202 °C. IR (KBr) 3345, 3209, 3102, 2973, 2987, 1702, 1673,
1647, 1589, 1504, 1328, 1236, 1090 cm~!. 'H NMR (200
MHz, DMSO-dg) § 1.11 (t, 3H, J = 7.0Hz, CH3), 1.21 (d,
6H, J = 6.0Hz,2 x CHj3), 2.24 (s, 3H, CH3), 3.71 (s, 3H,
OCH3), 3.944.05 (q, 2H, CHy), 4.44-4.49 (m, 1H, CH),
5.09 (d, 1H, J = 3.2Hz, H-4), 6.68-6.91 (m, 3H, Ar-H),
7.69 (br. s, 1H, NH), 9.18 (br. d, 1H, J = 1.6 Hz, NH). 13C
NMR (50 MHz, DMSO-dg) § 14.3, 17.9, 22.1, 53.7, 55.7,
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59.3, 70.6, 99.6, 111.3, 115.8, 118.2, 137.9, 146.2, 148.3,
149.9, 152.5, 165.6. MS (70 eV) m/z 348 (IM]™, 36 %).
Calcd. for C1gH»4N>Os5: C, 62.05; H, 6.94; N, 8.04; found:
C, 62.10; H, 6.98; N, 8.10 (%).

Ethyl 6-methyl-2-oxo-4-(4'-butoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5g)

White powder; Yields: 73 (solvent-free =91) %. mp 154155
°C. IR (KBr) 3251, 3121, 2961, 2936, 1725, 1708, 1658,
1518, 1258, 1239, 1097, 1089 cm~!.'"H NMR (200 MHz,
DMSO-dg) § 091 (t, 3H, J = 7.2Hz,CH3), 1.11 (t, 3H,
J = 7.0Hz, CH3), 1.35-1.46 (m, 2H, CH»), 1.62-1.69 (m,
2H, CH,), 2.24 (s, 3H, CH3), 3.72 (s, 3H, OCH3), 3.87-4.05
(m, 4H, 2 x CH»), 5.09 (d, 1H, J = 3.0Hz, H-4), 6.68-6.90
(m, 3H, Ar—H), 7.68 (br. s, 1H, NH), 9.16 (br.s, 1H, NH).!13C
NMR (50 MHz, DMSO-dg) § 13.8, 14.3,17.9, 18.9, 31, 53.7,
55.7,59.3,68.1,99.6, 111, 113.3, 118.2, 137.6, 147.7, 148.2,
148.9, 152.4, 165.6.MS (70 eV) m/z 362 (IM]*, 60%).
Calcd. for C19Hp6N>O5: C, 62.96; H, 7.23; N, 7.72; found:
C, 62.98; H,7.29; N, 7.76( %).

Ethyl 6-methyl-2-oxo-4-(benzyloxy-3'-methoxyphenyl)-)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (Sh)

White powder; Yields: 88 (solvent-free = 90) %. mp 191-192
°C. IR (KBr) 3358, 3244, 3117, 3020, 2982, 2937, 1702,
1654, 1513, 1280, 1227, 1095 cm™'.'"H NMR (200MHz,
DMSO-de) § 1.11 (t, 3H, J = 7.2Hz, CH3), 2.25 (s, 3H,
CH3), 3.74 (s, 3H, OCH3), 3.94-4.05 (q, 2H, CH3), 5.04 (s,
2H, CH»), 5.11 (d, 1H, J = 3.2 Hz, H-4), 6.69-6.99 (m, 3H,
Ar-H), 7.31-7.44 (m, 5H, Ar-H), 7.69 (br. s, 1H, NH), 9.17
(br. s, 1H, NH).'>C NMR (50 MHz, DMSO-ds) § 14.3, 17.9,
53.7,55.7,59.3,70.2,99.6, 111, 113.8, 118.1, 127.8, 127.9,
128.6, 137.4, 138, 147.2, 148.3, 149.1, 152.4, 165.6.MS (70
eV) m/z 396 (IM]*, 14%). Calcd. for CpoHp4N,05: C,
66.65; H, 6.10; N, 7.06; found: C, 66.69; H,6.18; N, 7.16 (%).

Ethyl 6-methyl-2-oxo-4-(4'-acetoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (51)

White powder; Yields: 81 (solvent-free = 86) %. mp 185-187
°C. IR (KBr) 3243, 3109, 2984, 2938, 1772, 1701, 1654,
1511, 1283, 1229, 1095, 1034 cm~!.'"H NMR (200 MHz,
DMSO-dg) §1.12(t,3H, J = 7.0Hz, CH3),2.25(d,6H, J =
5.0Hz, CH3, COCH3), 3.74 (s, 3H, OCH3), 3.96-4.07 (q,
2H, CHy), 5.17 (d, 1H, J = 3.2 Hz, H-4), 6.76-7.05 (m, 3H,
Ar-H), 7.79 (br. s, 1H, NH), 9.24 (br. s, 1H, NH).!3C NMR
(50 MHz, DMSO-de) § 14.3, 18.0, 20.5, 53.9, 55.8, 59.5,
99.2,111.2,117.9, 122.9, 138.6, 143.9, 148.8, 150.7, 152.4,
165.6, 168.8.MS (70 eV) m/z 348 (IM]*, 10 %). Calcd. for
Ci17Hp9N>Ogq: C, 58.61; H, 5.78; N, 8.04; found: C, 58.67;
H, 5.84; N, 8.10(%).
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Ethyl 6-methyl-2-oxo-4-(4'-carboxymethyloxy-3'-
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5j)

White powder; Yields: 94 (solvent-free = 93)%. mp 191-
192 °C. IR (KBr) 3277, 3115, 2980, 2940, 2727, 2548,
1755, 1702, 1640, 1517, 1454, 1261, 1224, 1145, 1085
cm~!. "TH NMR (200 MHz, DMSO-dg) § 1.12 (t, 3H,
J = 7.0Hz, CH3), 2.24 (s, 3H, CH3), 3.74 (s, 3H, OCH3),
3.95-4.05 (q, 2H, CHy), 4.62 (s, 2H, CHy), 5.10 (d, 1H,
J = 3.2Hz, H-4), 6.66-6.87 (m, 3H, Ar—H), 7.69 (br. s, 1H,
NH), 9.16 (br. s, 1H, NH).'>C NMR (50 MHz, DMSO-ds) §
14.4,17.9, 53.7, 55.8, 59.5, 65.3,99.6, 111.2, 113.5, 118.1,
138.4, 146.7, 148.4, 148.8, 152.5, 165.7, 170.4.MS (70 eV)
m/z 363 (IM]", 44 %). Calcd. for C;7Hy0N207: C, 56.04;
H, 5.53; N, 7.69; found: C, 56.08; H, 5.61; N, 7.75( %).

Ethyl 6-methyl-2-oxo-4-(4'-ethoxycarbonyl-methyloxy-3'-
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5k)

White powder; Yields: 90 (solvent-free = 95)%. mp 177-
179 °C. IR (KBr) 3247, 3120, 2981, 2963, 2935, 1761,
1744, 1704, 1654, 1518, 1284, 1225, 1094 cm~!.1\H NMR
(200 MHz, DMSO-dg) §1.02-1.23 (m, 6H, 2xCH3), 2.24
(s, 3H, CH3), 3.74 (s, 3H, OCH3), 3.94-4.05 (q, 2H, CHy),
4.09-4.19 (q, 2H, CH,), 4.72 (s, 2H, OCH,CO), 5.10 (d,
1H, J = 3.0Hz, H-4), 6.65-6.88 (m, 3H, Ar-H), 7.72
(br. s, 1H, NH), 9.19 (br. s, 1H, NH).'>*C NMR (50 MHz,
DMSO-dg) § 14.2, 14.3, 17.9, 53.7, 55.8, 59.4, 60.8, 65.6,
99.5, 111.2, 113.8, 118, 138.7, 146.5, 148.4, 148.9, 152.4,
165.6, 168.9.MS (70 eV) m/z 392 (IM]™, 35%). Calcd. for
Ci9H24N»>O7: C, 58.15; H, 6.16; N, 7.14; found: C, 58.20;
H, 6.18; N, 7.16( %).

Ethyl 6-methyl-2-oxo-4-(4'-(2",6" -dichlorobenzyloxy)-3' -
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (51)

White powder; Yields: 82 (solvent-free =77) %. mp 231-233
°C. IR (KBr): 3243, 3127, 2939, 2937, 1723, 1707, 1659,
1515, 1259, 1227 cm™'. "H NMR (200 MHz, DMSO-ds): §
1.11(t,3H, J = 7.2Hz, CH3),2.25 (s, 3H, CH3), 3.69 (s, 3H,
OCH3), 3.95-4.06 (q, 2H, CHy), 5.12 (d, 1H, J = 3.2Hz,
H-4), 5.17 (s, 2H, CHy), 6.72-7.11 (m, 3H, Ar—H), 7.46—
7.56 (m, 3H, Ar-H), 7.71 (br. s, 1H, NH), 9.18 (br. s, 1H,
NH); 3C NMR (50 MHz, DMSO-dg): 14.4,17.9,53.7,55.7,
59.4, 65.8, 99.6, 111.1, 113.9, 118.2, 128.9, 131.8, 132.1,
136.4,138.6, 147.3, 148.4, 149.1, 152.4, 165.7; MS (70 eV):
m/z 488 (IM™ + Na], 44 %). Caled. for CopH,>CIpN,Os: C,
56.78;H,4.77; N, 6.02; found: C, 56.73; H,4.73; N, 6.01( %).

Ethyl 6-methyl-2-oxo-4-(4'-(3"-bromopropoxy)-3'-
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (Sm)

White powder; Yields: 87 (solvent-free = 82) %. mp 155—
157 °C. IR (KBr): 3240, 3112, 2942, 1726, 1701, 1651,
1519, 1465, 1259, 1221 cm™'. "H NMR (200 MHz, DMSO-
de): 8§ = 1.11 (t, 3H, J = 7.0Hz, CH3), 2.18-2.24 (m, 5H,
CH3C-6, CHy), 3.64 (t, 2H, J = 6.4 Hz, CHy), 3.73 (s, 3H,
OCH3), 3.94-4.05 (m, 4H, 2xCH5), 5.10(d, 1H, J = 3.2 Hz,
H-4), 6.69-6.94 (m, 3H, Ar-H), 7.68 (br. s, 1H, NH), 9.17
(br. s, 1H, NH); 3C NMR (50 MHz, DMSO-dg): § = 14.3,
17.9, 31.4, 32.2, 53.7, 55.8, 59.4, 66.5, 99.6, 111.1, 113.8,
118.2, 138.1, 147.2, 148.3, 149.1, 152.4, 165.6; MS (70 eV):
m/z 450 ((IM*+ Nal; 21 %). Calcd. for C1gH23BrN,Os: C,
50.60; H, 5.43; N, 6.56; found: C, 50.56; H, 5.34; N, 6.51(%).

Ethyl 6-methyl-2-oxo-4-(4'-(4"-bromobutoxy)-3' -
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5n)

White powder; Yields: 76 (solvent-free = 88) %. mp 137-139
°C. IR (KBr): 3240, 3114, 2951, 1702, 1651, 1513, 1473,
1250, 1223 cm~'."H NMR (200 MHz, DMSO-dg): § 1.11
(t, 3H, J = 7.2 Hz, CH3), 1.79-1.98 (m, 4H, 2xCH>»), 2.24
(s, 3H, CH3), 3.59 (t, 2H, J = 6.6Hz, CH»), 3.72 (s, 3H,
OCH3), 3.91-4.04 (m, 4H, 2xCH>), 5.09 (d, 1H, J = 3.0
Hz, H-4), 6.68-6.91 (m, 3H, Ar-H), 7.68 (br. s, 1H, NH),
9.15 (br.s, 1H, NH); 13C NMR (50 MHz, DMSO-ds): 14.3,
17.9,27.6,29.3,34.9,53.6,55.7,59.3,67.7,99.6, 111, 113.5,
118.2,137.8, 147.4, 148.3, 148.9, 152.4, 165.6; MS (70 eV):
m/z 464 ((M™ + Na], 14 %). Calcd. for C;9Hp5BrN;Os: C,
51.71; H, 5.71; N, 6.35; found: C, 51.63; H, 5.70; N, 6.29
(%).

Ethyl 6-methyl-2-oxo-4-(4'-(4" -bromopentyloxy)-3' -
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (50)

White powder; Yields: 80 (solvent-free = 83) %. mp 126—
128 °C. IR (KBr): 3248, 3105, 2939, 1702, 1654, 1515,
1465, 1257, 1225 cm~!. 'H NMR (200 MHz DMSO-dp):
§ 1.11 (t, 3H, J = 7.0Hz, CH3), 1.46-1.58 (m, 2H, CH»),
1.65-1.89 (m, 4H, CHy), 2.24 (s, 3H, CH3), 3.54 (t, 2H,
J = 6.6Hz, CH»), 3.72 (s, 3H, OCH3), 3.87—4.05 (m, 4H,
2xCHy), 5.09 (d, 1H, J = 3.4Hz, H-4), 6.68-6.91 (m, 3H,
Ar-H), 7.69 (br. s, 1H, NH), 9.16 (br.s, 1H, NH); 13C NMR
(50 MHz DMSO-dp): 14.3,17.9,24.5,28.1,32.1,32.2,35.2,
53.7,55.8,59.4,68.4,99.6,111.1,113.4,118.2,137.7, 147.6,
148.3, 148.9, 152.4, 165.6; MS (70 eV): m/z 478 ((MT +
Na], 10 %). Calcd. for Co9H»7BrN,O5: C, 52.75; H, 5.98; N,
6.15; found: C, 52.67; H, 5.89; N, 6.05 (%).
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Ethyl 6-methyl-2-oxo-4-(4'-(but-2" -enyloxy)-3'-methoxy
phenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (Sp)

White powder; Yields: 89 (solvent-free = 86) %. mp 172—
173 °C. IR (KBr): 3248, 3113, 2935, 1723, 1707, 1515,
1463, 1259, 1227, 1094 cm~!. "H NMR (200 MHz, DMSO-
de): § = 1.11 (t, 3H, J = 7.0Hz, CH3), 1.68 (d, 3H,
J = 6.0Hz, CH3), 2.24 (s, 3H, CH3), 3.71 (s, 3H, OCH3),
3.94-4.05 (q, 4H, 2xCH,), 4.41 (d, 1H, J = 5.4Hz, CH),
4.55 (d, 1H, J = 4.0 Hz, CH), 5.09 (d, 1H, J = 3.2Hz, H-
4),5.69-5.79 (m, 2H, CHy), 6.67-6.91 (m, 3H, Ar-H), 7.68
(br. s, 1H, NH), 9.16 (br. s, 1H, NH); *C NMR (50 MHz,
DMSO-de): § =14.3,17.7,17.9,53.7,55.7,59.4, 68.9, 99.6,
110.9,113.5,118.1,126.8, 129.8, 137.7, 147.2, 148.3, 148.9,
152.4, 165.6; MS (70 eV): m/z 383 (IM' + Nal, 21 %).
Calcd. C19H24N7Os5: C, 63.32; H, 6.71; N, 7.77; found: C,
63.25; H, 6.64; N, 7.75 (%).

Ethyl 6-methyl-2-oxo-4-(4'-(allyloxy)-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5q)

White powder; Yields: 71 (solvent-free=76)%. mp 171-
173 °C.1IR (KBr): 3241, 3107,2936, 1702, 1654, 1516, 1282,
1224,1136, 1094 cm~!. '"HNMR (200 MHz, DMSO-dg): § =
1.11(t,3H, J = 7.0 Hz, CH3), 2.24 (s, 3H, CH3), 3.73 (s, 3H,
OCH3), 3.94-4.05 (q, 4H, 2xCH,), 4.51 (d, 2H, J = 5.2 Hz,
CH,), 5.09 (d, 1H, J = 3.2Hz, H-4), 5.20-5.41 (m, 2H,
CH,), 5.94-6.09 (m, 1H, CH), 6.68-6.92 (m, 3H, Ar-H),
7.69 (br.s, IH,NH),9.17 (br.s, |H, NH); 3C NMR (50 MHz,
DMSO-dg): § = 14.3,17.9, 53.7, 55.7, 59.3, 69.2, 99.6, 111,
113.8, 117.6, 118.1, 134.1, 137.9, 147, 148.3, 148.9, 152.4,
165.6. MS (70 eV): m/z 369 (IM* + Na], 12%). Calcd.
Ci1gH2»N»05: C, 62.42; H, 6.40; N, 8.09; found: C, 62.36;
H, 6.38; N, 8.01(%).

Ethyl 6-methyl-2-oxo-4-(3'-methoxy-4'-(2" -methallyloxy)
phenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (5r)

White powder; Yields: 80 (solvent-free =89) %. mp 195-197
°C. IR (KBr): 3242, 3107, 2935, 1702, 1654, 1516, 1282,
1226, 1134, 1094 cm~'. '"H NMR (200 MHz, DMSO-dp):
§ =1.11(t,3H,J = 7.0Hz,CHj3), 1.74 (s, 3H, CH3),2.24 (s,
3H, CH3), 3.73 (s, 3H, OCH3), 3.94-4.05 (q, 2H, CH3), 4.41
(s, 2H, CH3), 4.92-5.03 (m, 2H, CH>), 5.09 (d, 1H, J = 3.2
Hz,H-4),6.67-6.91 (m, 3H, Ar-H), 7.69 (br. s, 1H,NH), 9.17
(br. s, 1H, NH); 13C NMR (50 MHz, DMSO-de): § = 14.3,
17.9,19.4, 53.7, 55.8,59.4,71.9,99.6, 111.2, 112.5, 113.9,
118.1,137.9, 141.2, 147.2, 148.3, 149, 152.4, 165.6. MS (70
eV): m/z 383 (IM* + Na], 15%). Calcd. C19Hp4N>Os: C,
63.32; H, 6.71; N, 7.77; Found: C, 63.25; H, 6.65; N, 7.75
(%).
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Methyl 6-methyl-2-ox0-4-(3',4 -dimethoxyphenyl)-1,2, 3,4-
tetrahydropyrimidine-5-carboxylate (5a’)

White powder; Yields: 90 (solvent-free =78) %. mp 180-182
°C. IR (KBr): 3250, 3112, 2954, 1710, 1698, 1647, 1608,
1520, 1463, 1424, 1241, 1223, 1092 cm™'. "H NMR (200
MHz, DMSO-dg): § = 2.25 (s, 3H, CH3), 3.54 (s, 3H,
OCH3), 3.72 (d, 6H, J = 1.6 Hz, 2xOCH3), 5.10 (d, 1H,
J = 3.4Hz, H-4), 6.68-6.90 (m, 3H, Ar-H), 7.70 (br. s, 1H,
NH), 9.19 (br. s, 1H, NH); '*C NMR (50 MHz, DMSO-de):
8=17.9,50.9,53.6,55.6,55.8,99.3,110.7, 112, 118, 137.3,
148.3, 148.6, 148.8, 152.4, 166.1. MS (70 eV): m/z 306
(IM]™, 34 %). Calcd. for CsH;gN,Os: C, 58.82; H, 5.92; N,
9.15; found: C, 58.74; H, 5.85; N, 9.05 (%).

Methyl 6-methyl-2-oxo-4-(4'-ethoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5b")

White powder; Yields: 88 (solvent-free =93) %. mp 202-204
°C. IR (KBr): 3247, 3117, 2962, 1720, 1702, 1652, 1518,
1462, 1260, 1225, 1094 cm~'. '"H NMR (200 MHz, DMSO-
de): 8 = 1.29 (t, 3H, J = 6.8 Hz, CH3), 2.25 (s, 3H, CH3),
3.54 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.90-4.01 (q, 2H,
CHy), 5.09 (d, 1H, J = 3.2Hz, H-4), 6.66-6.89 (m, 3H,
Ar-H), 7.70 (br. s, 1H, NH), 9.19 (br. s, 1H, NH); 13C NMR
(50 MHz, DMSO-dp): § = 14.9, 17.9, 50.9, 53.5, 55.6, 63.9,
99.3,110.8, 113.1, 117.9, 137.3, 147.4, 148.6, 148.9, 152.4,
166.1. MS (70 eV): m/z 320 ([IM™ + 23], 22 %). Calcd. for
Ci16H2oN»Os: C, 59.99; H, 6.29; N, 8.74; found: C, 59.97,
H, 6.24; N, 8.70 (%).

Methyl 6-methyl-2-oxo-4-(3'-methoxy-4'-propoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5¢')

White powder; Yields: 81 (solvent-free = 85) %. mp 198-199
°C. IR (KBr): 3242, 3112, 2950, 1702, 1650, 1609, 1513,
1454, 1250, 1226, 1088 cm™!. '"H NMR (200 MHz, DMSO-
de): 8 =095 (t, 3H, J = 7.4Hz, CH3), 1.64-1.75 (m, 2H,
CH,), 2.25 (s, 3H, CH3), 3.54 (s, 3H, OCHj3), 3.72 (s, 3H,
OCH3), 3.86 (t, 2H, J = 6.6Hz, CH»), 5.09 (d, IH, J =
3.4Hz, H-4), 6.66-6.89 (m, 3H, Ar-H), 7.69 (br. s, IH, NH),
9.18 (br. s, 1H, NH); '3*C NMR (50 MHz, DMSO-ds): §
=10.6, 17.9, 22.3, 50.9, 53.6, 55.8, 69.9, 99.3, 111, 113.3,
118.1, 137.3, 147.7, 148.6, 149, 152.4, 166.1. MS (70 eV):
m/z 334 (IM]T, 41 %). Caled. for C17H25N,05: C, 61.07;
H, 6.63; N, 8.38; found: C, 60.97; H, 6.56; N, 8.33 (%).

Methyl 6-methyl-2-oxo- 4-(4' -isopropoxy
-3’ -methoxyphenyl)-1,2,3,4- tetrahydropyrimidine-5-
carboxylate (5d")

White powder; Yields: 73 (solvent-free =90) %. mp 188-
189°C.IR (KBr): 3248,3114,2949, 1723, 1652, 1611, 1511,
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1448, 1263, 1225, 1100 cm~L.'H NMR (DMSO-dp): § =1.22
(d,6H, J = 6.0 Hz, 2 x CH3),2.25 (s, 3H, CH3),3.55 (s, 3H,
OCH3), 3.72 (s, 3H, OCH3), 4.41-4.53 (m, 1H, CH), 5.09
(d, 1H, J = 3.4Hz, H-4), 6.66-6.89 (m, 3H, Ar-H), 7.69
(br. s, 1H, NH), 9.19 (br. s, 1H, NH); 13C NMR (DMSO-ds):
17.9, 22.1, 50.9, 53.5, 55.7, 70.6, 99.3, 111.2, 115.7, 118,
137.7, 146.2, 148.6, 149.9, 152.4, 166.1. MS (70 eV): m/z
357 ((IMT + Na], 32 %). Calcd. for C;7H22N>Os: C, 61.07;
H, 6.63; N, 8.38; found: C, 60.97; H, 6.60; N, 8.37 (%).

Methyl 6-methyl-2-oxo-4-(4'-butoxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5¢’)

White powder; Yields: 76 (solvent-free=85)%. mp 153—
154 °C. IR (KBr): 3252, 3118, 2961, 1720, 1658, 1610,
1519, 1437, 1255, 1227, 1085 cm~!.'\H NMR (200 MHz,
DMSO-dg): § = 091 (t, 3H, J = 7.2Hz, CHj3), 1.35-
1.46 (m, 2H, CHj), 1.63-1.69 (m, 2H, CH>), 2.25 (s, 3H,
CH3), 3.54 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.89 (t, 2H,
J = 6.4Hz,CHy), 5.09 (d, IH, J = 3.4Hz, H-4), 6.66—
6.89 (m, 3H, Ar-H), 7.69 (br. s, 1H, NH), 9.19 (br.s, 1H,
NH); 13C NMR (50 MHz, DMSO-dg): 13.8, 17.9, 18.9, 31,
50.9,53.5,55.8,68.1,99.3, 111, 113.3, 118.1, 137.3, 147.7,
148.6, 149, 152.4, 166.1. MS (70 eV): m/z 371 ((IM™ + Na],
28 %). Calcd. for C;gH24N»>O5: C, 62.05; H, 6.94; N, 8.04;
found: C, 61.96; H, 6.88; N, 8.02 (%).

Methyl 6-methyl-2-oxo-4-(4'-benzyloxy-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5f')

White powder; Yields: 87 (solvent-free = 90) %. mp 199-200
°C. IR (KBr): 3300, 3010, 2950, 1701, 1664, 1647, 1512,
1437, 1350, 1224, 1081 cm~'. 'H NMR (200 MHz, DMSO-
dg): § = 2.26 (s, 3H, CH3), 3.54 (s, 3H, OCH3), 3.74 (s, 3H,
OCH3), 5.04 (s, 2H, CHy), 5.11 (d, 1H, J = 3.4Hz, H-4),
6.67-6.98 (m, 3H, Ar—H), 7.38-7.41 (m, 5H, Ar-H), 7.69
(br. s, 1H, NH), 9.20 (br. s, 1H, NH); 3C NMR (50 MHz,
DMSO-dg): 17.9, 50.9, 53.6, 55.7, 70.2, 99.2, 111, 113.8,
117.9,127.8,127.9,128.6,137.4,137.8, 137.9, 147.3, 148.6,
149.1, 152.4, 166.1. MS (70 eV): m/z 382 (IM]", 24 %).
Calcd. for Cp1H23N»Os5: C, 65.96; H, 5.80; N, 7.33; found:
C,65.95;H,5.71; N 7.28 (%).

Methyl 6-methyl-2-ox0-4-(4'-acetoxy-3' -methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5g')

White powder; Yields: 91 (solvent-free = 92) %. mp 208—
210°C.IR (KBr): 3225,3100, 2961, 1765, 1700, 1647, 1509,
1453,1264, 1218, 1083, cm~!. '"HNMR (200 MHz, DMSO-
de): § = 2.25 (d, 6H, J = 6.0Hz, CH3, COCH3), 3.56 (s,
3H, OCH3), 3.74 (s, 3H, OCH3), 5.17 (d, 1H, J = 3.0 Hz,
H-4), 6.75-7.05 (m, 3H, Ar-H), 7.79 (br. s, 1H, NH), 9.26
(br. s, IH, NH); '3C NMR (50 MHz, DMSO-de): 18, 20.5,

51,53.7,55.8,98.9,111.2,117.8,122.9, 138.6, 143.6, 149.1,
150.8, 152.3, 166, 168.7. MS (70 eV): m/z 357 ((M™ + Na],
14 %). Calcd. for C1gHgN»>Og: C, 57.48; H, 5.43; N, 8.38;
found: C, 57.39; H, 5.41; N, 8.33(%).

Methyl 6-methyl-2-oxo-4-(4'-ethoxycarbonyl-methyloxy-3' -
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5h")

White powder; Yields: 92 (solvent-free = 95) %. mp 194—195
°C. IR (KBr): 3320, 3210, 3100, 2952, 1761, 1700, 1664,
1512, 1354, 1247, 1093 cm™~'.'"H NMR (200 MHz, DMSO-
de): § =1.19 (t, 3H, J = 7.2Hz, CH3), 2.25 (s, 3H, CH3),
3.54 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 4.09-4.20 (q, 2H,
CHy), 4.71 (s, 2H, CH»), 5.10 (d, 1H, J = 3.4Hz, H-4),
6.65-6.89 (m, 3H, Ar-H), 7.70 (br. s, 1H, NH), 9.20 (br. s,
1H, NH); 13C NMR (50 MHz, DMSO-dy): 14.2, 17.9, 50.9,
53.5,55.8,60.7,65.6,99.2,111.2,113.9,117.9,138.4, 146.5,
148.7,148.9,152.4,166,168.9.MS (70eV): m/z 378 (M] T,
20 %). Calcd. for C;gH22N>O7: C, 57.14; H, 5.86; N, 7.40;
found: C, 57.08; H, 5.80; N, 7.35 (%).

Methyl 6-methyl-2-oxo-4-(4'-(3"-bromopropoxy)-3'-
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (51)

White powder; Yields: 96 (solvent-free=67) %. mp 157—
158 °C. IR (KBr): 3227,3100, 2948, 1704, 1650, 1519, 1447,
1225,1098 cm~!. '"HNMR (200 MHz, DMSO-dg): §=2.18—
2.25 (m, SH, CH3C-6, CHj), 3.54 (s, 3H, OCH3), 3.65 (t,
2H, J = 6.6 Hz, CHj), 3.73 (s, 3H, OCH3), 4.03 (t, 2H,
J = 6.0Hz, CHy), 5.10 (d, 1H, J = 3.2Hz, H-4), 6.67—
6.94 (m, 3H, Ar-H), 7.69 (br. s, 1H, NH), 9.19 (br. s, 1H,
NH); '3C NMR (50 MHz, DMSO-dg): § = 17.9, 31.4,32.2,
50.9, 53.5, 55.8, 66.5, 99.2, 111, 113.8, 118, 137.9, 147.2,
148.6,149.1,152.4,166. MS (70eV): m /z 414 ((M]T, 17 %).
Calcd. for C17H, BrN;O5: C,49.41; H, 5.12; N, 6.78; found:
C,49.34; H, 5.05; N, 6.75 (%).

Methyl 6-methyl-2-oxo-4-(4'-(but-2" -enyloxy)-3'-
methoxyphenyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5§')

White powder; Yields: 83 (solvent-free =71) %. mp 195-196
°C. IR (KBr): 3225, 3110, 2960, 1702, 1663, 1512, 1462,
1253, 1225, 1087 cm~'. '"H NMR (200 MHz, DMSO-dp):
8 = 1.68 (d, 3H, J = 6.2Hz, CHy), 2.25 (s, 3H, CH3), 3.54
(s, 3H, OCH3), 3.72 (s, 3H, OCH3),4.41 (d, 1H, J = 5.6 Hz,
CH),4.55(d, 1H, J = 5.8Hz, CH),5.09(d, 1H, J/ = 3.2 Hz,
H-4), 5.65-5.79 (m, 2H, CH,), 6.65-6.92 (m, 3H, Ar—H),
7.69 (br.s, IH,NH),9.18 (br. s, |H, NH); 3C NMR (50 MHz,
DMSO-dg): §=17.6,17.9,50.9, 53.5,55.6,68.9,99.3, 110.9,
113.5,117.9, 126.2,126.8,128.3, 129.7, 137.4, 147.2, 148.6,
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149, 152.4,166.1. MS (70 eV): m/z 369 ((IM™ + Na], 49 %).
Calced. C1gH2N»Os5: C, 62.42; H, 6.40; N, 8.09; found: C,
62.33; H, 6.35; N, 8.01(%).

Methyl 6-methyl-2-oxo-4-(4'-(allyloxy)-3'-methoxyphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (5K’)

White powder; Yields: 80 (solvent-free=91)%. mp 180-
181 °C. IR (KBr): 3248, 3102, 2946, 1725, 1700, 1654,
1511, 1425, 1287, 1226, 1085 cm~!. 'H NMR (200 MHz,
DMSO-dg): 8 = 2.25 (s, 3H, CH3), 3.54 (s, 3H, OCH3),
3.73 (s, 3H, OCH3), 4.48-4.53 (dt, 2H, CH>), 5.10 (d, 1H,
J = 3.2Hz, H-4), 5.25-5.41 (m, 2H, CH3), 5.95-6.09 (m,
1H, CH), 6.66-6.91 (m, 3H, Ar-H), 7.69 (br. s, 1H, NH),
9.19 (br. s, 1H, NH); 13C NMR (50 MHz, DMSO-ds): § =
17.9, 50.9, 53.5, 55.7, 69.2, 99.3, 111, 113.8, 117.6, 117.9,
134.1, 137.7, 147.1, 148.6, 149.1, 152.4, 166.1. MS (70 eV):
m/z 332 (IM]T, 45%). Calcd. C17Hy9N,Os: C, 61.44; H,
6.07; N, 8.43; found: C, 61.39; H, 5.98; N, 8.36 (%).

Methyl 6-methyl-2-oxo-4-(3 -methoxy-4'-(2" -methallyloxy)
phenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (51')

White powder; Yields: 94 (solvent-free =77) %. mp 203-204
°C. IR (KBr): 3250, 3112, 2954, 1710, 1698, 1649, 1435,
1283, 1226, 1094 cm™!. 'H NMR (200 MHz, DMSO-dp): §
=1.75 (s, 3H, CHj3), 2.25 (s, 3H, CH3), 3.54 (s, 3H, OCH3),
3.74 (s, 3H, OCH3), 4.41 (s, 2H, CH»), 4.92-5.04 (m, 2H,
CHj), 5.09 (d, 1H, J = 3.0Hz, H-4), 6.65-6.90 (m, 3H,
Ar-H), 7.69 (br. s, 1H, NH), 9.19 (br. s, 1H, NH); 3C NMR
(50 MHz, DMSO-dp): § = 17.9, 19.3, 50.9, 53.5, 55.8, 71.9,
99.2, 111.1, 1124, 113.8, 117.9, 137.7, 141.2, 147.2, 148.6,
149.1, 152.4, 166.1. MS (70 eV): m/z 346 (IM]", 37 %).
Calced. C1gH2N»Os5: C, 62.42; H, 6.40; N, 8.09; found: C,
62.36; H, 6.35; N, 8.08 (%).
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