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CHUHTE3 N-(4-(9H-KAPBA30JI-9-U)®EHLT)-N-AHETUJIALIETAMIJY
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3a [gomoMororo peakuii HyKIeo(iTbHOTO apoOMaTHYHOTO 3aMillleHHS atomMa (QTopy
kap0a3obHUM (parMeHTOM y Mouekylni 1-¢propo-4-HitpoOeHseny orpumano (4-Hirpodenin)-9H-
Kap0a3oJ1, MoJajbllie BiIHOBICHHS sikoro karamitmuHoro cucremoro NiCly-6H,0/NaBH, Beme o
yTBOpeHHs 9-(4-aminodenin)-9H-kap6azommy. OcTaHHIO CIONYKY 0OpOOJISIN OLTOBUM aHTiIPUIOM i
onepsxkami N-(4-(9H-kap6azom-9-im)denin)-N-anernaneramis.

Kniouosi cnosa: dochopecrenmisi, Kpoc-CrionydeHHs, Kap0a3oi, HyKIeodinbHe
apoMaTHYHe 3aMillleHHs, XJIOPH/I HIKEIO.
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1. Beryn

Konm #inetsest mpo TFOMIHECIIEHTHI OpTaHivHI MaTepialii, TO 31e0UTBIIOr0 MAafOTh Ha
yBa3l Marepiand, SKi BUABIAIOTE (uryopecreHiiito. HatoMicte ochopeciieHTHI CHOTyKH
Bijomi 3HauHo Menme. 3a BusHaueHHsiM IUPAC, ¢docdopecuenmiss — 1e
CBITJIOBUIIPOMIHIOBAJIGHAMA TEpeXiJl 3 BHIOTO EHEPTeTWYHOTO pIiBHA HA HIDKYHH, IO
CYIIPOBO/DKYETHCS 3MIHOIO CITiHA €JeKTpOHA. Y KIACHYHOMY BHWITAAKY BiIOyBaeThCA
nepexin 3i 36ymkenoro tpumterHoro piBHs (T;) Ha ocHoBHHE cunrieTHHd (So) [1].
Crporogui  sBumie  ¢ocdopecueHnii  AOCTIHKEHO HE Tak JeTalbHO, SK  SBHUIIE
¢uryopecrienttii, ToMmy au3aiiH GocopecieHTHUX CHONYK € BOXJINBUM 3aBHaHHAM. OKpiM
TOro, (GochOpeceHTHI CIOMYKH YacT0 BHKOPHCTOBYIOTh y CBiTiomiomax [2],
xemocerncopax [3] Ta g OGiosisyamizaumii [4]. Bimomo Gararo Haiipi3HOMAaHITHIIINX
dochopecleHTHHX OpraHiyHUX CHONYK [S5—7], oAHaK ocoONMBY yBary NPHIIISIOTH
CIIONYKaM, SIKi Y CBOTH CTPYKTYpi MicTsATh Kap6a3on [8, 9], mo € 3BuyHUM OiIIiHT-0110KOM
y Iu3aiiHi opraHiyHuX (OCPOPECHEHTHUX CHONYK. Y Wil poOOTI MU Olep)Kajld HOBI
¢ocdopecueHTHi crioiyku 3 pparMeHTOM Kap0a3ody.

2. Pe3yabTaTH Ta iX 00roBOpeHHs

Hdns cuHTe3y (OCHOpEecCHeHTHHUX CIIONYK 3 KapOa3oidbHHM SIpOM MOTPiOHO
¢dopmyBatu 3B’s130k N-C. 3 1i€I0 METOI BHUKOPHCTOBYIOTH PEaKIlii KpOC-CIIONY4eHHS,
30Kkpema peakiii YnpmaHa Ta byxBambma. Taki cuHTETHUHI migxoau 3a0e3nedyroTh
BHCOKHMI BUXiJ HIJTbOBUX MPOIYKTIB, MPOTE, 3a3BUYall, BOHH HMOTPEOYIOTh BUKOPHUCTAHHS
BaXKUX METANiB K KaTaJi3aTOpPiB Ta MPAKTUYHO HE3PYYHHX YMOB IPOBEIACHHS pPEaKIIii.
Mu 3BepHYJIM yBary Ha peakililo HyKJIeOo(IIbHOIO apOMaTHYHOIO 3aMIIICHHs, Ky MOXHA
BUKOPHCTATH AJS TakWxX mijie. SIk peareHT oOpamu l-¢pTopo-4-HiTpoOensen 1 3 meroro
3aMimieHHs PTopy KapOa3oIpHUM (parMEeHTOM. 3’SICOBAHO, III0 TaKa PeaKIlisl BiMOyBa€ThCA
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3a nHarpiBanus 1-dropo-4-HiTpoOenseny 1 3 kapbazoiom 2 y IUMETHIACYIbGOKCHAL i3
BUKODHMCTAHHAM KapOOHATy Kajilo sK OCHOBM. Peakuiro nposoawin mpu 50 °C Tta
HeTepepBHOMY TIepeMilIyBaHHI MpoTaroM 24 ron, ii mepedir KOHTPOIIOBAIN METOIOM
TIIX.

NO, NO
O O DMSO, K,CO;3
+ >
50°C, 24h N
N 3
F | t O

Jnst omepkaHHS LiJIBOBOTO TMPOAYKTY MOTPIOHO OYJIO BIHOBUTH HITPOTPYIY Y
cronymi 3. 3 1iero Mertoro BHKopHcTanu Goporiapun Hatpiro Ta NiCly6H,0. 3BicHo, Mu
HaMarajucs YHHUKHYTH 3aCTOCYBaHHS B2)KKMX METalliB, OJHAK IHIII METOIU HE JaBaju
3amoBinbHOTO pesyabrary. Crmonyky 3 ta NiCly-6H,O posumusiin y Terpariapodypai,
JIOTAF0YM HEBEIMKY KiBKICTh eTHI0OBOTO crupTy (s kpamoi posuunuocti NiCly 6H,0)
JI0 TIOBHOTO pO34MHEHHs. Jlali HeBEMMKMMH MOPIISIMU Ta 33 TOCTIHHOTO MepeMilllyBaHHsI
nofasany ooporiapun Harpiro. [licnst toro, sik Becb NaBH, nonanu y peakuiiiny cymim, i
3anumany Ha miBroguHu. Ilicns 3aBepuieHHS peaklii OTpUMaHy peakliiiHy cymimn
eKCTparyBaiy eTujaneraroM. AMiH 4 3a TakOK METOJUKOK OTPUMAlH MPAaKTHIHO 3
KUTBKICHUM BUXOJIOM.

/©/ O /©/NH2
NaBH,, NiCl,6H,0_ N
THF/EtOH O 4

Crionyky 4 amumioBaJId OLTOBUM aHTiApuaoM. ITicis YOTHPUTOAMHHOTO KA ATIHHS
peareHTiB ojepxaid HpoAykKT 5. OcTaHHIM BHAIIMIM 33 JOMOMOTOK KOJOHKOBOL
xpoMmarorpagii Ha cuiiKaresi, BHKOPHUCTOBYIOUH SIK EJIOCHT CYMIIl Te€KCaH—METHJICH
xnopuctuii (2:1). Tlicast mepexpucTamisailii 3 eTaHOIy OTPUMYBAITH OJTi10-KOBTI KPUCTATH
CIIONyKH 5, 3a onpoMiHeHHs Kol Y D-mammoro (365 HM) mpocTexyBamu hocdopecieHitio
3a KiMHaTHOI Temneparypu. bynoBy croiyku 5 miaTBepauiiv JaHUMH 'H ta B®C SIMP
CIEeKTPOCKOMIT.
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3. BucHoBkH

YHacTigoK MpOBEIEHUX MOCTIKEHb CHHTE30BAHO CIIONYKY, sika (ochopeciiroe 3a
KiMHaTHOI Temmeparypu. Po3poOiieHa CHHTETHMYHAa cXeMa BiJIKPHBAE MOXIHBOCTI JUISA
CHHTE3Y IHIINX MOMIOHMX CIIONYK, SIKI MOXYTh 3HaWTH 3aCTOCYBaHHS B OpTraHiYHIN
ONTOCJCKTPOHIII Ta MEIHUIIHHI.

4. ExcriepuMeHTAIbHA YaCTHHA

Cnextpu SAMP '"H ra ®C OTpUMaHO Ha Tpwiami Varian 3 pobo4or0 YacToToro
400 MI'u, BHyTpiwHii craHAgapT — Terpamerwicuiad. ToHKolapoBy xpomatorpadito
BHKOHYBAJIH HA AMOMIHI€BHX TUIACTMHKAX, MOKPUTHX cumikarenem 60 (0,02 mm) Alugram®
Xtra SIL G/UVs4; Bisyamizariisn — Y®-maMnor0 3 poOOYUMHU JOBXHUHAMH XBHIb 254 Ta
365 HM.

9-(4-Himpogenin)-9H-kapoazon 3

VY kpyriaonoHHy koi0y emHicTiO 50 M 3 mimankor nomimanu 3,3 r (0,02 moib)
kap6azomy 2 Tta 2,77 (0,02 Mmomp) K,COsz, micms woro momuBamu 15ma JIMCO i
nepeminryBaiu. Ilicist pozunHenHs1 kapbasoxny 2 y kondy BHocwmm 1,4 r (0,01 mons) 1-
¢ropo-4-nitpobenseny 1. Cymin HarpiBamu 10 50 °C Ta mepemiinyBany BIPOAOBK 24 roj.
[Ticns 3aBepIIeHHS peakilii OTPUMaHUI PO3YHH BIIUBAIK Y Boy. Ocaa BindinbTpoByBaly,
MEePEKPUCTATTI30BYBAIH 3 KPH)KAHOI OLITOBOT KUCIOTH i omepkyBain 1,64 r (57 %) cBitio-
JKOBTOT'O ITOPOIIKOBOTO ocany 9-(-4-uitpodenin)-9H-kapbazony 3.

9-(4-Aminogpenin)-9H-kapoazon 4

Cywmim 1,64 t (5,7 mmons) 9-(4-uitpodenin)-9H-kapbazony 3 Ta 1,35 r (5,7 Mmons)
reKcariipaty XJOpHIy HIKeNo po3uuHsuin y 35 Mi MeraHoiy ta 10 ma eranomy. [lo
onepkanoi cymimni npotsroMm 15 xB nmoctynoBo goxaBanu 1 r (28,5 MMoins) Goporigpumy
HaTpifo, Mic/s YOTo MepeMilryBaHHs MpooBxyBau e 30 XB 3a KIMHATHOI TeMIIepaTypH.
OpnepxaHy CyCIEH3i10 eKCTparyBalld eTUIaleTaToM Ta IPOMUBAIM TPHOMA ITOPIISIMUA BOIH
no 50 mu, cymmnu 0e3BOAHUM cyinbgaroM Harpito. Ilicis BiIrOHKH pO3YMHHUKA
onepxysain 1,45 r (97 %) aminy 4.

N-(4-(9H-Kapobazon-9-in)penin)-N-auemunayemamio 5

OpnepxaHuii 32 TONEPETHBOI0 METOIMKOI0 aMiH MEepEeHOCHNIH y KoilOy Ha 50 mu,
OCHAIIeHy 3BOPOTHHUM XOJIOJMJIBHHKOM Ta MIIIAJIKOo0, 1 JomaBaiaw 15 mi OmTOoBOTO
anrizpuay. CyMim JOBOAMIM A0 KHIIHHS 1 mepeMimyBanmn BHpojoBx 4 roxa. Ilicms
3aBEpIICHHS peakllii peakiiifHy CyMill BIIMBAJIM Y BOJY Ta BiA(iIbTPOBYBAIN OTPUMAaHUH
ocaj1. Moro oummanm 3a 10mOMOroi0 KoJoHKOBOI xpoMaTorpadii Ha cuikareri (I = 25 cwm;
d = 3cMm; emoeHT — auxiopomeraH-TekcaH, 1:2). Ilicns mepekpucramizamii 3 eraHony
onepxamu 0,32 r (17 %) Gmigo-xoBTHX Kpucramis cromyku 5 (Ty, = 167 °C). Crextp ‘H
SIMP (400 MHz, IMCO-dg), 6, m.u.: 8,24 (m, J = 7,7 I'n, 2H), 7,72 (n, J = 8,6 'y, 2H),
7.58 (1, J = 8,6 'y, 2H), 7,47-7,41 (m, 4H), 7,29 (a.x, J = 8,6, 7,9 'y, 2H), 2,27 (c, 6H).
Criextp °C SIMP (101 MHz, JIMCO -dg), 8, m.u.: 172,86, 140,37, 138,99, 137,24, 131,35,
127,86, 126,79, 123,32, 121,03, 120,73, 110,13, 27,28.
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When talking about luminescent organic materials, in most cases the main attention is paid to

materials that have fluorescence, while phosphorescent compounds are given relatively less attention.
According to IUPAC, phosphorescence can be represented as a light-emitting transition from a higher
energy level to a lower one, and is accompanied by a change in the electron spin, thus in the classical
case there is a transition from excited triplet level (T1) to basic singlet (SO) [1]. Today, the
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phenomenon of phosphorescence has not been studied in as much detail as the phenomenon of
fluorescence, hence the design of phosphorescent compounds is an important task. In addition,
phosphorescent compounds are often used in OLEDs [2], chemosensors [3] and bicimaging [4]. To
date, there are a huge amount of different phosphorescent organic compounds [5-7], but special
attention is paid to compounds that contain carbazole in their structure [8, 9], which is often used as a
building block for the design of organic phosphorescent compounds. Finally, we decided to choose
carbazole for the synthesis of new phosphorescent compounds. In order to obtain the target molecule,
we started from reaction of nucleophilic aromatic substitution between 1-fluoro-4-nitrobenzene 1 and
carbazol 2, the resulting compound was reduced to 9-(4-aminophenyl)-9H-carbazole 4 by using
nickel chloride hexahydrate with sodium borohydride in THF/EtOH under mild conditions.
Eventually, the according amine 4, interreacted with acetic anhydride, after purification of resulting
mixture by the column chromatography on silica gel using as eluent a mixture of hexane/DCM 2/1
and the following recrystallization from EtOH gave us the terminal N-(4-(9H-carbazol-9-yl)phenyl)-
N-acetylacetamide 5 as a white-yellow crystals. After UV-irradiation (365 nm) of compound 5 we
saw the long room temperature phosphorescence. The structure of compound 5 we approve by *C
and *H NMR spectroscopy.

Keywords: phosphorescence, cross-coupling, carbazole, nucleophilic aromatic substitution,
nickel chloride.
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