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A two-step synthetic route to 9,9°-(furan-2,5-diylbis(4,1-phenylene))bis-9H-carbazole was
developed. On the first stage, by arylation of furan with
4-bromophenyldiazonium  chloride under the Meerwein reaction conditions 2,5-bis(4-
bromophenyl)furan was obtained. The Ullmann reaction between carbazole and 2,5-bis(4-
bromophenyl)furan led to the formation of 9-(4-(5-(4-bromophenyl)-2-furyl)phenyl)-9H-carbazole
and 9,9°-(furan-2,5-diylbis(4,1-phenylene))bis-9H-carbazole.
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1. Introduction

Over the past few decades, the studies, synthesis and investigation of m-conjugated
organic materials drew considerable research attention owing to their possible applications
in the field of organic optoelectronics. One of important advantages of low-molar-mass
organic semiconductors is the fact that the energy of levels of their peripheral orbitals and
subsequent energy gaps of organic molecules can be easily modified by molecular design
and as a result photoelectronic and electrochemical properties can be finely adjusted.
Presently, the conjugated compounds are of a special attention because of their applicability
in optoelectronic and electronic devices, such as organic light emitting diodes (OLEDs) [1-
3], solar cells [4, 5] and organic thin-film transistors [6].

Commercialization of materials for organic electronics for the manufacturing
purposes requires simple synthetic routes and readily available synthetic precursors.
Carbazole is cheap and at the same time is one of the most popular building blocks for
organic optoelectronic materials due to high triplet energy levels, good hole transporting
properties and thermal stability [7, 8]. On the other hand, diarylfuran structural motif also
often appears in structures of semiconducting materials and compounds showing prominent
photophysical properties [9, 10]. In this light, combination of carbazole and diarylfuran
moieties is a promising tool for the preparation of practically valuable materials. Herein, we
report on the two-step synthetic approach to the preparation of 9,9°-(furan-2,5-diylbis(4,1-
phenylene))bis-9H-carbazole based on the subsequent copper-mediated Meerwein and
Ullmann reactions.
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2. Results and discussion

On the first step for the preparation of 2,5-bis(4-bromophenyl)furan 3 we applied the
Meerwein arylation reaction. The reaction of two equivalents of 4-bromophenyldiazonium
chloride 1 with furan 2 proceeds in water-acetone medium in the presence of catalytic
amounts of copper (11) chloride.

Scheme 1. Synthesis of 2,5-bis(4-bromophenyl)furan
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Then, 2,5-bis(4-bromophenyl)furan 3 was studied in the reaction with carbazole 4
under the Ullmann reaction conditions. The reactions were carried out in refluxing p-xylene
during 48 h. Meanwhile, Cu/CuCl/phenantroline and potassium carbonate was used as a
catalytic system and base respectively.

Scheme 2. The Ullmann reaction

ey Q0.

O o
Cu/CuCl/Phen
—_——

K,CO,, p-xylene, +

boiling, 48 hr

“ SRR

43%

It was found that application of stoichiometric ratio (2:1) of carbazole 4 and
diarylfuran 3 under the chosen reaction conditions led to predominant formation of
monoarylated product 5 in 72 % yield, while compound 6 was formed in trace amounts. In
its turn, increasing of reagents ratio to 10:1 resulted in formation of the mixture of
compounds 5 and 6 with yields 26 and 43 % respectively. Further increasing of reagents
ratio found to be unsuitable in terms of complication of isolation procedure. Solutions of
carbazole-containing compounds show strong blue fluorescence under exposure to sunlight.
In general, the reaction yields are rather poor nevertheless starting materials and catalysts
are cheap and commercially available.

+

3. Conclusion

In summary, practically oriented a two-step approach to the synthesis of carbazole-
decorated diarylfurans was developed. Further detailed investigation of photophysical
properties of obtained compounds is on the way.



R. Lytvyn, V. Kalmuk, Kh. Pitkovych et al.
282 ISSN 2078-5615. Visnyk of the Lviv University. Series Chemistry. 2019. Issue 60. Pt. 2

4. Experimental details

H, 13C NMR spectra of the solutions in DMSO-ds were obtained using Bruker DRX
400 spectrometer (400 MHz (*H), 100 MHz (*3C)). Chemical shifts (8) are reported in ppm
referenced to tetramethylsilane (TMS). Column chromatography was carried out on Fluka
Silica Gel 60. Thin layer chromatography (TLC) was performed on silica gel (Merck TLC
Silica Gel 60 F2s4) and visualized with UV-lamp.

2,5-Bis(4-bromophenyl)furan 3

A mixture of furan 2 (1.0 g, 14.7 mmol) and CuCl,-2H,O (0.2 g) in 25 ml of acetone
was placed in a flask with magnetic stirrer, dropping funnel and bubble counter and stirred
vigorously. The solution of arenediazonium salt obtained by diazotation of 4-bromoaniline
(5.1 9, 29.4 mmol) was added dropwise during 15 min and the stirring continued for about
2 hr. After the nitrogen evolution caused the semisolid was filtered and recrystallized from
ethanol. The compound 3 obtained as white needles, yield 36 % (2.0 g), mp = 196-197 °C.

The Ullmann reaction procedure

A mixture of carbazole 4 (2.2 g, 13.2 mmol), 2,5-bis(4-bromophenyl)furan 3 (0.5 g,
1.3mmol), copper (0.02g, 0.3mmol), copper (I) chloride (0.03g, 0.3 mmol),
1,10-phenanthroline (0.06 g, 0.3 mmol) and K>COs (1.8 g, 13.2 mmol) were added to 20 ml
of p-xylene and heated at 155 °C for 48 h. After cooling to room temperature, the mixture
was poured into water and extracted with ethyl acetate. The organic extracts were washed
with water and dried over anhydrous sodium sulfate. After the solvent was removed, the
residue was purified by column chromatography on silica gel with hexane/dichloromethane
(5:1) as the eluent to give the desired products 5 and 6.

9-(4-(5-(4-Bromophenyl)-2-furyl)phenyl)-9H-carbazole 5 was obtained as white
needles, Rf = 0.4 (5:1 hexane/DCM), yield 26 %. *H NMR (400 MHz, DMSO-dg) § 7.22
(d, J =3.4 Hz, 1H), 7.24 (d, J = 3.4 Hz, 1H), 7.28-7.34 (m, 2H), 7.42-7.49 (m, 4H), 7.67
(d, J=8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 8.11 (d, J = 8.3 Hz,
2H), 8.26 (d, J = 7.7 Hz, 2H). **C NMR (100 MHz, DMSO-dg) & 109.59, 109.76, 110.17
(2C), 120.65 (2C), 121.03 (2C), 121.04, 123.30 (2C), 125.69 (2C), 125.96 (2C), 126.78
(2C), 127.63 (2C), 129.50, 129.69, 132.37 (2C), 136.50, 140.51 (2C), 152.43, 152.86.

9,9’ -(Furan-2,5-diylbis(4,1-phenylene))bis-9H-carbazole 6 was obtained as off-
white solid, Rf = 0.2 (5:1 hexane/DCM), vield 43 %. 'H NMR (400 MHz, DMSO-d¢)
8 7.28-7.36 (m, 6H), 7.43-7.51 (m, 8H), 7.75 (d, J = 8.2 Hz, 4H), 8.17 (d, J = 8.2 Hz, 4H),
8.28 (d, J = 7.7 Hz, 4H). ¥*C NMR (100 MHz, DMSO-ds) & 109.70 (2C), 110.20 (4C),
120.65 (4C), 121.03 (4C), 123.31 (4C), 125.68 (4C), 126.80 (4C), 127.70 (4C), 129.63
(2C), 136.49(2C), 140.54 (4C), 152.90 (2C).
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IporsiroM OCTaHHIX HECSATWIITH CHHTE3 Ta MIOCHI/PKCHHs 7-KOH IOTOBAaHMX OpPraHIuHHX
MaTepialliB MPUBEPHYIIM 3HAYHY yBary AOCHTIJHUKIB y 3B’SI3Ky 3 aKTUBHUM 3aCTOCYBaHHIM iX B
opraHiuHiii omntoenekTpoHimi. OHIEI0 3 BWKIUBHX MepeBar HU3bKOMOJICKYISPHUX OpraHidyHUX
HAMIBIIPOBIJHUKIB € Te, MIO eHeprii piBHIB mepudepiiHux opOiTaneid Ta BiAMOBIAHI EHEprii
MepexXoiB B OPraHIiYHUX MOJEKYylaX Jerko MOAU(DIKYIOThCS 3a JOMOMOTOK MOJEKYISIPHOrO
JIM3aiiHy, BHACHTIOK YOro ()OTOETEKTPOHHI Ta eNeKTPOXiMiYHI BIACTUBOCTI TAKUX CIOIYK MOXHA
JIETKO CKOperyBaTty. 3 iHmoro 60Ky, KoMepiliai3amisi MaTepiaiB i BUPOOHHIHX Iiijiel moTpedye
MPOCTUX CHHTETHYHUX HUISIXIB Ta JEIMICBUX 1 JIETKOJOCTYMHUX CHHTETHYHHUX MPEKYpCOpiB. Y i
mpari MU BHUPIIIAIN MOEAHATA B ONHIM MOJeKymi ¢parmeHTH Kapbazony Ta miapundypany, sKi €
YacTO BKHUBAHHUMH CTPYKTYPHUMH ()parMeHTaMH OpPTraHiYHMX HAIiBIPOBIAHMKOBUX MarepiamiB. 3
Li€I0 METOI0 MU PO3POOIITN ABOCTA I HUI METO CHHTE3Y JiapuidypaHiB, JeKOPOBaHUX (parMeHTaMU
kapba3oiy, KU TPYHTYEThCS HAa KYNPYM KaTaliTHYHHX peakiisx MeepBeitHa Ta YibMaHa.
Cniovatky Mu ofepxaiu 2,5-6ic(4-0pomodeHin)dypan apuntoBaHsM GypaHy 4-6pomModeHinTia3oHii
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XJIOPU/IOM, SIKMH Ha HACTYIHIN CTajil BBEIH B peakuilo YJIbMaHa 3 Kap0Oa30JIoM, YHACITIIOK YOro
orpumanu  9-(4-(5-(4-6pomodenin)-2-pypui)denin)-9H-kapbaszon Ta  9,9'-(6ic-2,5-miinGic(4,1-
¢eninen))oic-9H-kap6azon 3 Buxomamu 26 1 43 %, BimnoBimzHo. BynoBy oTrpumaHmMX Ccromyk
noBenero 3a nornomororo ‘H ta *C SIMP cnekrpockomnii. Criekrp SIMP 'H criomyku 6 BHacmigox
CHMeTpil MOJNEKYIH € BITHOCHO TPOCTHM 1 MICTHTh 5 TpyHn CHTHATIB 3 IHTETrpaJIbHAMH
iHTeHcuBHOCTSIMU 4:4:4:8:6. HaiiOurem crabononeHuit ayoner (8,3 M.4.) HaJIeXWUTh INPOTOHAM
kapbazony y monokeHHsX | Ta 8. IIpoToHM (eHieHOBHX TpyN NaloTh ABa OyoOinetH mpu 8,2
i 7,8 m.4. Cur"anu npotoHiB y nmosumisx 2, 3, 6, 7 kap0azoiny 3IHIIHCh Y MyIbTHILIET 1ipu 7,4—7,5
M.4., & MyIBTHIUIET TpH 7,3—7,4 M.4. HAJIOKUTh CUTHAJIAM MPOTOHIB Kap0a30y y MONOKEeHHsX 4 Ta 5
1 IpOTOHIB (pypaHOBOTO sApa.

OTxe, po3po0IeHO [BOCTAAIWHMI Ta CHHTETHYHO TIPUBAONMBHHA METOX CHHTE3Y
nmiapwidypaHiB, JeKOpOBaHMX (parMeHTaMH KapOa3ony — TMepCHeKTHBHHX MaTepiasliB st
OpraHivyHOi ONTOEJIEKTPOHIKH.

Knrouoei crosa: xap6asorn, 2,5-6ic(4-6pomodenin)dypan, apuintoBanHsl, peakiis Meepseiina,
peakuist YiipMaHa.
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