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Summary

A novel polyquinoline PQDBP8) cotaining the pendent 4'-octytybiphenyl group in
the 4-pogion of the quinoline ring was prepared by the acid-catalyzed polymerization
(Friedlander quinoline synthesis) of 1-(4-{2-§dmino-3-(4'-octyloxybiphenyl-4-
carbonyl)-phenyllvinyl}phenyl)ethanone 6)¢ PQDBP8 showed highly thmal stability

(T, = 384°C, T = 183°C). PQDBP8 showed blue dbrescence in dilute solution (, =

449 nm) and green fluorescence in soltdtes @ = 494, 540 nm) due to edmer
formation. EL sgctrum of PQDBPS8lies in the green regionA(,, = 572 nm) and
PQDBP8/PVK blendifm lies in the blue regiom(, , = 446 nm).

Introduction

Polyquinolines were developed during the 1970's bifeSand co-vorkers in response to
increasing demand for polymermaterials with high thermal and oxidative stability,2).
Recently, optical and eleonic propeties of poyquinolines such aslectroluminescent
(3), third order nonlinear adgal (4), and photocondiive propeties (5), have been
studied extensively for their potes use in photonics andelectonic applications.
Generally high molecular weight paguinolines can be ohined from the
bis(aminoketone) monomers (AA type) and bis(ketomethylene) monomers (BB type) by
Friedlander quinoline synthesis. Polyquinolines from the monometaioomy both the
ketomethylene moiety and the armoketone group in one rexule (AB type) are also
possible but are rare due to the difficulties of the synthesis. In th@styeve synthezed

a novel polyquinoline with the pendent 4'-octyloxybiphenyl group in the Hi@osof the
quinoline ring from an AB type monomer, as an extension of our polyquinoline study
(5,6). PQDBPS8 is expcted to havegood themal and electricapropeties due to its fully
aromatic main-chain structure while maintainirgpod solullity in common organic
solvents.
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Scheme 1. Synthesis of PQDBPS.

Experimental

1-bromo-4-atyloxybenzengl1): A mixture of 34.6 g (0.2 mol) of 4-bromophenol, 34.6
mL (0.2 mol) of octylbromide, 27.64 g (0.2 mol) of potassium caabmnand100 mL of
acetone was refluxetbr 48 h. After cooling the mixture was poured int@ter and then
extracted with ether. The extracts were washed Wifo sodium hydroxide, followed by
water, and dried over MgSORemoval of the solvent and distillatiomnder reduced
pressure yielded!9.76 g (87.2%) of colorless liquid: bp 132-13@ (0.3 mm);'H NMR
(CDCl,) 6 7.32 (d, 2H), 6.76 (d, 2H), 3.88 (t, 2H), 1.77 (quint, 2H), 1.28-1.42 (10H), 0.89
(t, 3H). Anal. Calcdor C H, OBr: C, 58.96; H, 7.42. Found: C, 58.71; H, 6.99.
(4-octyloxyphenyDtributyltin (2):  1-bromo-4-octyloxybenzenel) (28.52 g, 0.1 mol) was
dissolved in 60 mL of dry THF and cooled to -78. n-BuLi (62.5 ml, 1.6 M solution in
hexane) was added under &nd stirred for 30 min. To this solution 27.12 g (0.1 mol) of
tributyltinchloride in 60 mL ofdry THF was added dropwise at -78. The temperature
was slowly raised overnight to roomemperature. The reaction mixture was quenched
with water and then extracted with ether. Towganic extacts were dried over MgSO
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Removal of the solvent and distillatiaimder reduced pressureelged 43.4 g (87.6%) of
colorless liquid: bp 180-182C (0.3 mm);'H NMR (CDCI3) & 7.34 (d, 2H), 6.90 (d, 2H),
3.94 (t, 2H), 1.77 (quint, 2H), 0.86-1.58 (40H). Analal€l for C,H,OSn: C, 63.04; H,
9.77. Found: C, 63.39; H, 8.92.

(4'-octyloxybipheny#-yl)acetonitrile (3): A solution of 22.6 g (0.115 mol) of 4-
bromobenzylcyanide, 2.69 g (2 mol%) aétrakis(triphenyphosphine)plladium(0), and
100 mL of toluene was dated to refix. To this solution 71.03 g (0.143 mol) of (4-
octyloxybiphenyl-4-ylacebnotile (2) in 100 mL of toluene was added dropwise. After
refluxed for 48 h, the solution was holtdred. The filterate was then allowed to cool to O
°C and 25.66 g (69.2%) of wbk plate was obtained: mpl6-118°C; IR (NaCl window)
2253 (CN) cnf; '"H NMR (CDCL) & 7.56 (d, 2H), 7.50 (d, 2H), 7.38 (d, 2H), 6.98 (d, 2H),
4.00 (t, 2H), 3.78 (s, 2H), 1.81 (quint, 2H), 1.29-1.50 (10H), 0.89 (t, 3H). AraltdCfor
C,H,NO: C, 82.20; H, 8.47; N, 4.36. Found: C, 82.62; H, 7.91; N, 4.37.
5-bromo-3-(4'-atyloxybipheny#-yl)benzo|clisoxazole(4): To a stirred solution of 46 g
(0.82 mol) of potassium hydroxide in 150 mL wofethanol at ice bath temperature was
added 14.14 g (44 mmol) of (4'-octyloxybiphenyl-4agigtonitrile 8). To this slurry was
added 8.08 g (40 mmol) op-bromonitrobenzene in 100 mL of THF. The dark blue
reaction mixture was stirred at @ for 30 min and thendated to 65°C for 48 h, and
poured into 500 mL of ater. The precipitate was isolated by suction filtration and then
continuously extcted with methanofor 12 h. The light gllow solid was dried to féord
8.96 g (46.8%) ofd: mp 173-175°C; 'H NMR (CDCL) & 7.37-8.01 (m, 9H), 7.00 (d, 2H),
4.02 (t, 2H), 1.83 (quint, 2H), 1.30-1.55 (10H), 0.88 (t, 3H). Analalc€ for
C,H,NO,Br: C, 67.78; H, 5.90; N, 2.93. Found: C, 68.95; H, 5.30; N, 3.20.
(2-amino-5-bromophenyl)-(4'etyloxybiphenyé-yl)methanone  (5): To a stirred
suspension of 8.66 g (18 mmol) of  5-bromo-3-(4'-octyloxybiphenyl-4-
yl)benzo[clisoxazole 4) in 300 mL of dacial acetic acid at 98C was added 27 g (0.48
mol) of iron powder in eight equal portions for 1 h. Whalh iron had been added the
reaction mixture was heated at 9% for 3 h, cooled, and poured intoatgr. The
precipitate was collected by suction filtration and filterdgdotigh dica gel methylene
chloride as eluent. Removing of the solvent and recrystallizatrom MeOH/THF
yielded 5.36 g (62%) of5: mp 164-167°C; IR (NaCl window) 3356, 3466 (NH 1632
(C=0, benzophenone) ¢m'H NMR (CDCL) & 7.35-7.72 (m, 8H), 7.00 (d, 2H), 6.67 (d,
1H), 6.02 (bs, 2H), 4.02 (t, 2H), 1.82 (quint, 2H), 1.30-1.50 (10H), 0.88 (t, 3H). Anal.
Calcdfor C,H,NO,Br: C, 67.50; H, 6.29; N, 2.92. Found: C, 68.82; H, 5.83; N, 3.16.

27" 30
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1-(4-{2-[4-amino-3-(4'-atyloxybiphenyé-carbonyl)-phenyllvinyl}phenyl)ethanone (6):

A mixture of 1.20 g (2.5 mmol) of (@mino-5-bromophenyl)-(4'-octyloxybiphenyl-4-
yl)methawone 6), 0.457 g (3.13 mmol) of 4-vikgcebphenone, 0.0056 g (0.025 mmol)
of palladium acetate,0.0304 g (0.10 mmol) of tm-tolylphosphine, 2.6 mL of
triethylamine, and6.6 mL of DMF was leated at 90°C overnight under N The cooled
reaction mixture wagpoured into \ater, collected by suction filtratn, and recrytsallized
from ethanol to give 0.66 g (48.4%) 6f mp 202-204°C; IR (NaCl window) 3360, 3466
(NH,), 1680 (C=0, acetyl), 1635 (C=0, benzophenone), 962 (C=Gilbene) cni; 'H
NMR (CDCl) 6 6.78-7.91 (m, 17H), 6.22 (bs, 2H), 4.02 (t, 2H), 2.59 (s, 3H), 1.82 (quint,
2H), 1.30-1.50 (10H), 0.89 (t, 3H). Anal.aled for C_ H. NO,: C, 81.43; H, 7.20; N, 2.57.
Found: C, 81.62; H, 6.94; N, 2.43.

Polymerization A solution containingd.55 g (1 mmol) of6, 5 ml of m-cresol and 5 g of
diphenylphospate was heated td40-142 °C for 72 h under N After cooling the
polymer was precipitated byouring the eaction mixture into500 mL of ethanol
containing 50 mL of triethylamine. The polymer was combusly extacted in ®xhlet
apparatus with ethanol. After drying 0.40 g (72.7%) of poly[B;6Henylvinyl)-4-(4'-
octyloxybiphenyl-4-yl)quinoline] was d¢ained. Anal. Calcdfor (C,H,NO)n: C, 84.0; H,
6.88; N, 2.57. Found: C, 87.18; H, 6.93; N, 2.75.

Charecterization IR spectra were recded from NaCl window on a Midac FT-IR
spectrophotmeter and a Variar200 (200MHz) were used for NMRheasurements. GPC
analysis of the polymer was performed on\aters HPLC comonent syem equipped
with five ultraqu -styragel columns (0 10, 10, 500A) using THF as solvent. DSC
analysis was performed on a Perlgimer DSC7 at a heating rate of ¥3/min and TGA
analysis was condted with a Du PonR2950 at a bating rate of 20C/min under nitrogen
gas flow. UV-vis spectrum was recorded with a HP 8452A Diode Array
spectrophotmeter. Photoluminescence (PL) spectra and electroluminescence (EL)
spectra were obtained using ISS K2 multifrequency phasernileter equipped with
300W-xenon artamp.

LED device fabrication20 mg of PQDBP8 was dissolved in 1 mL of cyclohex® to
make 2.0 wt% solution which wasltéred trough a poreize of 0.2 p m. The LED
structure consists of an aluminum contact on tindase of PQDBP8 which was spin cast
on plasma treated ITO glass. Aluminum was deposited onto utiace of the spin-cast
film by vacuum evporation at pressure below “lQorr, yielding an active layer with a
area of 0.18 cfn All processing steps were carried out in air. In case of PQDBP8/PVK
blend film, 5 mg of PQDBP8 and 20 mg of PVK were dissolved in 1 mL of
cyclohexanone to make 2.5 wt% solution.
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Fig. 1. TGA thermogram of PQDBPS8 Fig. 2. DSC thermogram of PQDBPS8

Results and Discussion

The synthesis of the monomer and polymer is outlined in Scheme 1. Acetonitrile
compound3 was obtained by the palladium catalyzesugling reaction(7) of 2 and 4-
bromobenzylcyanide. The product was easilylatsal and purified in good jelds. No
separation by chromatography was required. Compo@ndvas condensed with 4-
bromonitrobenzene to produced benzisoxazole inteatedl, which was hydrogeated
to the o-benzoylamine copound 5 (8). Compound5 was then coupled with 4-
vinylacebphenone (9) by Heckeaction (10) to give target monomer. The new polymer
PQDBP8 was syntheed by Friedlander pgfuinoline synthesis with goodield. The
disappearance of a ddaeb absrption band of amine, daonyl strechings ofacetyl and
benzophenone unit of IR sptrum and the disappearance of broad lsingeak &ound
6.22 ppm(-NH) and singlet peak a2.59 ppm(-COCE in NMR spectrum confirmed the
complete cyclizatin. The méecular weight of PQDBP8 is N= 1.46x10, M, = 5.3x10.
PQDBP8 was soluble in commonganic solvents such as THF and cyclohexanone.

Figure 1 and 2 present the TGA and DSC thermogranP@DBP8. PQDBP8 showed
highly thermal stability with initial decomposition temperature 384 °C and retained
58% of its mass up to 80€ and had Jof 183°C.
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Fig. 3. (a) UV absorption spectrum, (b) Fig. 4. (a) EL spectrum of PQDBPS
PL spectrum of solution (10°M), (¢) and (b) EL spectrum of
PL spectrum of film of PQDBPS8 and PQDBP8/ PVK blend film
(d) PL spectrum of PQDBP8/PVK
blend film.

Figure 3 shows the absorption aremission spectra ofPQDBP8. The UV-visible
absorption peak of PQDBP8 wé&98 nm, which isattributed to therert = transition.

The PL spectra oPQDBP8 showeemission maximum of 449 nm and minor peak at 474
nm for dilute solution (in THF, 10M) when excited at365 nm. For thin ifm, PQDBPS8

had two peaks at 494 nm and 540 nm and showed geesssion. This broad peak
around 540 nm is likely duo to interchaincarer emission(11-13). We supposed that in
spite of the pendengroup, the chaintacking was not uppressed suffiently duo to the
rigid-rod main-chain structure. To study thecérer formation of PQDBP8 in solid tate,
PQDBP8 was blended with PVK14, 15). Broad peak around 540 nm disappeared in
PQDBP8/PVK blend ifm (20/80 by weight, esited at 340 nm), which is origiated from

the dilution effect ofPVK. The dilute solutionemission spectrum can be attributed to the
singlet excited states of single chain but thin film emission of the conjugated polymer is
originated from mainly singlet excimers. gure 4 presentselectroluminescence (EL)
spectrum of PQDBP8 and PQDBP8/PVK blendmf The emission maximum for
PQDBP8 ocarred around 572 nm with shoulder around 650 nm in the green region and
PQDBPS8/PVK blend ilm showed blue emission with emission maximumouad 446 nm

with minor shoulder around 480 and 520 nm.
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In  summary, a novel AB type polyquinoline, poly[2@ghenylvinyl)-4-(4'-
octyloxybiphenyl-4-yl)quinoline] PQDBP8) was syntheed successfully by Friedlander
polyquinoline synthesis and its thesl and luminescentpropeties were investigated.
PQDBP8 was themally stable with T of 384 °C and T of 183 °C. PQDBP8 showed blue
emission in dilute solution and green electroluminescence in thin film state and
PQDBP8/PVK blend ifm (20/80 by weight) showed bluelctroluminescence due to
dilution effect.
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