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Luminescent organoboron complexes featuring substituted 8-quinolinolates as chelating ligands have
been synthesized and characterized. Substitution of the quinolinolate has been achieved in the 5 and the
7 positions introducing phenyl, biphenyl, and'd¢hexylfluorenyl substituents by reacting 8-benzyloxy-
5,7-dibromoquinoline with the corresponding boronic acid derivatives in a Suzuki-type cross-coupling
reaction. Upon deprotection, the 8-quinolinol derivatives have been transformed into the target compounds
upon reaction with BPh («?-(N,0)-5,7-dibromo-8-quinolinolate)diphenylboran®),( («*-(N,0)-5,7-
diphenyl-8-quinolinolate)diphenylboranelq), («*-(N,O)-5,7-bis(biphenyl-4-yl)-8-quinolinolate)diphe-
nylborane {1), and ?-(N,0)-5,7-bis(9,9-dihexylfluoren-2-yl)-8-quinolinolate)diphenylboratg) (have
been investigated by nuclear magnetic resonance and infrared spectroscopy, matrix-assisted laser desorption
ionization time-of-flight mass spectrometry, thermal analysis, cyclic voltammetry; \i&/absorption
spectroscopy, and luminescence measurements in solution and in the solid state to retrieve a concise
knowledge of the introduced compounds. Special emphasis has been placed on studying the consequences
of extension of the conjugatedsystem of the quinolinolate ligand on materials properties. Small molecule
organic light emitting devices (SMOLED) based on compoub@sll, and12 give bright yellow to
orange electroluminescence with low onset voltages{3.% V) and continuous wave luminance intensities
exceeding 1000 cd/nwhile devices based dhgive poor results, proving to be an unsuitable emissive
material.

Introduction num quinolinolates, efficient emission-color tuning can be
. ] . achieved by attachment of various substituents to the
Luminescent organic and organometallic compounds haveg_nydroxyquinoline ligand, thus allowing coverage of the
attracted much interest because of their applications in gngire visible spectrurh.Moreover, low cost solution pro-
organic light emitting devices (OLEDs). For the fabrication  cessing becomes possible by incorporating the organometallic
of fu_II—coIor flat panel displays, electrolummoph(_)re_s that compound into a polymer structut®*One of the issues with
provide stable red, green, and blue (RGB) emission are p|q, is that it exists in two isomeric forms (tHfac andmer
needed. Tris(8-quinolinolate)Al(lIl) (Algg) was fI.I’St reported isomers). The possibility of Algisomerization and the
by Tang and VanSlyke to possess electroluminescent properyssociated changes of material properties are assumed to be
ties and is one of the best known examples of emitting/ 5 grawback for technological applications and have, therefore,
electron transporting materials in OLEB&or these alumi- prompted intense theoretical and experimental reséahsh.
a potential alternative to aluminum quinolinolates, the
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corresponding organoboron quinolinolates seem to be prom-LS-1-CAL) and a Perkin-Elmer Lambda 9 UV/vis/near-infrared
ising candidates. Organoboron quinolinolates suchxas (  spectrophotometer. Combined differential scanning calorimetry
(N,0)-8-quinolinolate)diphenylborane (EBy) exhibit effi- (DSC)/thermogravimetric analysis (TGA) measurements were
cient luminescence as well as good stability due to the performed with a Polymer Laboratories simultaneous thermal
increased covalency of the boretigand bonds. They also analyzer STA 625 (crucibles: aluminum from Rheometric Scien-

. . L : tific). DSC measurements were made with a Perkin-Elmer Pyris
offer the possibility of incorporation into a polymer backbone _. ) , ) . . .

. 7 Diamond DSC differential scanning calorimeter equipped with a

and do not form isomers’ Recent attempts geared at

. . 2 Perkin-Elmer CCA7 cooling system using liquid nitrogen. Mass
understanding the electronic effects of substituents andgpecira were recorded with a Micromass TofSpec 2E, equipped

ligands in organoboron quinolinolates demonstrated a sig- with a nitrogen laser (337 nm wavelength, operated at a frequency
nificant impact on the emission characterisfiddere, we of 5 Hz) and a time lag focusing unit. Spectra were acquired in
report the synthesis, electronic and electroluminescent prop-reflectron mode at an accelerating voltage of 20 kV. All spectra
erties of highly emissive, stable 5,7-disubstituted organoboronwere recorded in positive ion mode. The analysis of data was done
quinolinolates with extended aromatic systems. These  Wwith MassLynx Software 3.4, Micromass, Manchester, U.K.
studies give basic insight into the possibilities of tuning the Electrochemica! measurements were carried out with an AUTOLAB
emission characteristics and should lead to the development”GSTAT100 high voltage potentiostat/galvanostat, manufactured
of new OLED materials for practical applications. by Eco Chemie B.V., Utrecht, The Netherlands. For control, data
acquisition, and analysis the provided software, General Purpose
Electrochemical System (GPES), version 4.9.004, developed by Eco
Chemie, was used. The cyclic voltammograms were recorded in a
Unless otherwise noted, materials were obtained from com- three-electrode cell, equipped with an argon inlet, a glass-sealed
mercial sources (Aldrich, Fluka, or Lancaster) and were used platinum-disk working electrode (diameter 1 mm), a platinum
without further purification. Solvents for reactions were freshly counter electrode, and a silver wire as pseudo-reference electrode.
distilled over appropriate drying agents prior to use. Reactions were  Ligand Synthesis.Compound<, 3, 4, 6, and7 were prepared
carried out under an inert atmosphere of argon using standardaccording to literature procedur€Biphenylboronic acid and (9,9-
Schlenk techniquesH NMR spectra were recorded on a Varian dihexylfluoren-2-yl)boronic acid were synthesized as described

Experimental Section

INOVA 500 MHz spectrometer at 500 MHZC{H} NMR spectra

elsewheré?

were recorded at 125 MHz, Assignment of the peaks was done by  g.Benzyloxy-5,7-bis(9,9-dihexylfluoren-2-yl)quinoline (5)Com-
DEPT and correlation NMR spectroscopy. Solvent residual peqks pound5 was prepared analogously to a literature procedira.
were used for referencing the NMR spectra to the corresponding (100 mg, 0.254 mmol), (9,9-dihexylfluoren-2-yl)boronic acid (300

values given in the literatufeFourier transform infrared spectra
were obtained from films on NaCl windows with a Perkin-Elmer
Spectrum One and a DTGS detector. Y\¥isible absorption spectra
were recorded on a Cary 50 Bio WWisible spectrophotometer,

mg, 0.792 mmol, 3.0 equiv), and MaO; (300 mg, 2.830 mmol,

11.1 equiv) were suspended in degassed toluene (3 mL), ethanol

(3 mL), and water (3 mL) under an inert atmosphere of argon. After
the addition of Pd(PRjy (25 mg, 0.022 mmol, 0.09 equiv) the

and fluorescence spectra were recorded on a Perkin-Eimer lumi-reaction mixture was refluxed under argon for 24 h af@5The

nescence spectrometer LSSOB. Photoluminescence (PL) quantunproduct was extracted with GBI, dried over NaSOy, and purified
yields were measured on a Shimadzu RF-5301PC spectrofluorom-py flash column chromatography on silica (cyze@:1). Sampling

eter calibrated using a tungstehalogen light source (Ocean Optics

(5) (a) Kaji, H.; Kusaka, Y.; Onoyama, G.; Horii, B. Am. Chem. Soc.
2006 128 4292. (b) Utz, M.; Nandagopal, M.; Mathai, M.; Papadimi-
trakopoulos, FAppl. Phys. Lett2003 83, 4023. (c) Muccini, M.;
Loi, M. A.; Kenevey, K.; Zamboni, R.; Masciocchi, N.; Sironi, A.
Adv. Mater. 2004 16, 861. (d) Braun, M.; Gmeiner, J.; Tzolov, M.;
Cdlle, M.; Meyer, F.; Milius, W.; Hillebrecht, H.; Wendland, O.; von
Schiiz, J.; Briiting, W. J. Chem. Phy2001, 114, 9625. (e) Kushto,
G. P.; lizumi, Y.; Kido, J.; Kafafi, Z. HJ. Phys. Chem. £00Q 104,
3670. (f) Halls, M. D.; Aroca, RCan. J. Chem1998 76, 1730. (g)
Malliaras, G. G.; Shen, Y.; Dunlap, D. H.; Murata, H.; Kafafi, Z. H.
Appl. Phys. Lett2001, 79, 2582. (h) Curioni, A.; Boero, M.; Andreoni,
W. Chem. Phys. Lettl998 294, 268.
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(b) Hassan, A.; Wang, S. Chem. Soc., Chem. CommaQ98 211.
(c) Wu, Q.; Esteghamatian, M.; Hu, N.-X.; Popovic, Z.; Enright, G.;
Tao, Y.; D’lorio, M.; Wang, S.Chem. Mater.200Q 12, 79. (d)
Anderson, S.; Weaver, M. S.; Hudson, ASynth. Met200Q 111—
112 459. (e) Son, H. J.; Jang, H.; Jung, B.-J.; Kim, D.; Shin, C. H.;
Hwang, K. Y.; Shim, H.-K.; Do, Y .Synth. Met2003 137, 1001. (f)
Lee, J. E.; Choi, G. C.; Rim, B. O.; Kim, S. M.; Park, N. G.; Ha, Y.
K.; Kim, Y. S. Mater. Sci. Eng., Q004 24, 269.

(8) (a) Cui, Y.; Liu, Q.-D.; Bai, D.-R.; Jia, W.-L.; Tao, Y.; Wang, S.
Inorg. Chem2005 44, 601. (b) Chen, H.-Y.; Chi, Y.; Liu, C.-S.; Yu,

J.-K.; Cheng, Y.-M.; Chen, K.-S.; Chou, P.-T.; Peng, S.-M.; Lee, G.-

H.; Carty, A. J.; Yeh, S.-J.; Chen, C.-Adv. Funct. Mater.2005 15,
567. (c) Liu, Q.-D.; Mudadu, M. S.; Thummel, R.; Tao, Y.; Wang, S.
Adv. Funct. Mater.2005 15, 143. (d) Teng, Y. L.; Kan, Y. H.; Su, Z.
M.; Liao, Y.; Yan, L. K; Yang, Y. J.; Wang, R. Snt. J. Quantum
Chem.2005 103 775.

(9) Gottlieb, H. E.; Kotylar, V.; Nudelman, Al. Org. Chem1997, 62,
7512.

the band aR = 0.7 (cy:ee= 3:1) and drying in a vacuum yielded
185.0 mg of pureb (80.9%). Anal. Calcd for gH/NO (MW
900.32): C, 88.05; H, 8.62. Found: C, 87.92; H, 8.49.NMR
(0, 20°C, CDCh): 9.03 (dd,3Jyy = 3.9 Hz,*Jyy = 1.5 Hz, 1H,
qz), 8.28 (dd,SJHH =8.3 HZ,4JHH = 1.5 Hz, 1H, d), 7.85 (d,3JHH
=7.8 Hz, 1H, fk*), 7.80-7.76 (m, 4H, f§&5 fl49), 7.69 (s, 1H,
), 7.64 (dd,2Jyn = 6.3 Hz,*Jyy = 1.5 Hz, 1H, fk¥), 7.51 (dd,
8Jun = 7.8 Hz,%Jyy = 1.5 Hz, 1H, f3), 7.48 (s, 1H, f}1), 7.39-
7.31 (m, 7H, fi8, fl 8, bre3459,7.24-7.22 (m, 2H, fi8, fI;5), 7.18—
7.15 (m, 3H, §, fls’, fl;7), 5.19 (s, 2H, El,), 2.02-1.96 (m, 8H,
Hext), 1.35-0.95 (m, 24H, He%*9), 0.78-0.70 (m, 20H, He%5).
13C NMR (0, 20°C, CDCh): 151.3 (1C, §), 151.2, 151.1, 150.9,
141.0 (4C, fita9% f|,8a9% 149.8 (1C, q), 143.9 (1C,%9, 140.8,
140.5, 138.0, 137.2 (4C,sfr4b fl4249 137.6 (1C, b#), 136.5,
134.9, 134.9, 134.5 (4C>24 fls?, fl%), 134.6 (1C, ¢), 129.8 (1C,
), 129.0, 128.7 (2C, 48, fl;®), 128.6 (2C, b9, 128.1 (2C, bh9),
127.7 (1C, bf), 127.5 (1C, 9, 127.4, 127.2, 127.0, 126.9, 124.9,
124.8, 123.2, 123.1 (8C,sH*57 fl,1457, 121.0 (1C, §), 120.0,
119.9, 119.9, 119.6 (4C,sf°, fl25), 76.3 (1C,CH,), 55.4, 55.3

(10) (a) shoji, E.; Miyatake, K.; Hlil, A. R.; Hay, A. S.; Maindron, T.;
Jousseaume, V.; Dodelet, J. P.; Tao, Y.; D’lorio, 34.Polym. Sci.,
Part A: Polym. Chem2003 41, 3006. (b) Kappaun, S.; Sovic, T.;
Stelzer, F.; Pogantsch, A.; Zojer, E.; Slugovc(Zg. Biomol. Chem.
2006 4, 1503

(11) (a) Dingemans, T. J.; Murthy, N. S.; Samulski, EJTPhys. Chem.
B 2001, 105, 8845. (b) Kanibolotsky, A. L.; Berridge, R.; Skabara, P.
J.; Perepichka, I. F.; Bradley, D. D. C.; Koeberg, 84.Am. Chem.
Soc.2004 126, 13695.



Organoboron Quinolinolates

(2C, fls, 159, 40.5, 40.4 (4C, He¥, 31.7, 29.9, 29.8, 24.0, 24.0,
22.7, 22.7 (16C, He¥é49, 14.2, 14.1 (4C, HEY. IR (film on
NaCl): 3061, 2954, 2927, 2856, 1597, 1498, 1454, 1370, 1339,
1277, 1214, 1098, 1073, 1005, 892, 832, 791, 741, 694'cm
8-Hydroxy-5,7-bis(9,9-dihexylfluoren-2-yl)quinoline (8). 8vas
prepared referring to the modified procedure of Vankar and
Rao!%12A suspension 06 (210 mg, 0.233 mmol) and Kl (1.011
g, 6.090 mmol, 26.1 equiv) in GEN (25 mL) was carefully
degassed. After adding BfEt,O (0.7 mL, 5.5 mmol, 23.7 equiv)

Chem. Mater., Vol. 18, No. 15, 208641

total of 108.1 mg of the product could be isolated as a yellow solid
(69.7%). Anal. Calcd for gH,sBNO (MW 461.36): C, 85.91; H,
5.25. Found: C, 86.12; H, 5.48d NMR (0, 20°C, CDCk): 8.63

(d, 33y = 4.9 Hz, 1H, §), 8.52 (d,3J4n = 8.3 Hz, 1H, d), 8.20

(d, 3Jun = 7.3 Hz, 2H, pk?9), 7.99 (s, 1H, §), 7.56-7.20 (m,
19H, ﬁ, ph12,3,4,5,(? ph22,3,4,5,§ ph_’2,3,4.5,(? ph7345§ 13C NMR (é, 20

°C, CDCh): 155.2 (1C, §), ca. 147.3 (2C, pf, pht), 139.7 (1C,
g9, 138.6, 138.3 (2C, ph ph'), 137.7, 132.9 (2C, %), 136.3
(1C, 9, 132.2, 127.7 (8C, pR358 phy2359,129.8, 129.1, 128.8,

the reaction mixture was heated for 24 h under an inert atmospherel28.5, 127.1 (10C, ph345¢ ph,2345§, 127.8 (2C, phf, ph?),

of argon at 80°C. Quenching with water and adding aqueous
N&S,05 (10%, 4 mL) and aqueous HCI (10%, 2 mL) gave the
crude product after extraction with GBI, and drying over Na
SO,. The product was recrystallized from hot methanol yielding
20.0 mg of8 (10.6%). Anal. Calcd for gHsNO (MW 810.20):

C, 87.46; H, 8.83. Found: C, 87.23; H, 9.061 NMR (0, 20°C,
CDCly): 9.10-8.80 (bs, 1H, ®), 8.78 (d,3Juy = 3.9 Hz, 1H,
o?), 8.29 (d,3Jyy = 8.3 Hz, 1H, ), 7.80-7.18 (m, 16H, 5,
flgh34.56.78,1.34567§ 1,.97-1.91 (m, 8H, He¥X), 1.08-0.94 (m,
24H, He®¥49, 0.71-0.66 (m, 20H, He%%. 13C NMR (9, 20 °C,
CDCly): 151.4 (1C, §), 151.2, 151.1, 151.0, 150.8, 141.2, 141.0
(6C, c-8a fls8a9%a f],82.99 140.8, 140.8, 140.7, 140.6, 140.5, 137.9,
136.2, 131.4 (8C, T, fls24a4b fl 24248 1130.3 (1C, €), 129.0, 128.3,

126.9, 126.2, 122.0 (4C#&P), 122.5 (1C, §). IR (film on NaCl):
3034, 2927, 1600, 1491, 1465, 1443, 1379, 1338, 1199, 1148, 1105,
903, 881, 818, 757, 735, 702 cfa MALDI-MS (m/2): [M-Na']
484.1794 (calcd 484.1855).
(k?-(N,0)-5,7-Bis(biphenyl-4-yl)-8-quinolinolate)diphenylbo-
rane (11). Referring to the general proceduiz(190 mg, 0.423
mmol) and BPh (1.9 mL, 0.25 M in THF, 0.5 mmol, 1.1 equiv)
were stirred in dry CHCl, (10 mL) under an inert atmosphere of
argon for 24 h yielding 127.4 mg of a yellow solid (49.1%). Anal.
Calcd for GsH3,BNO (MW 613.26): C, 88.09; H, 5.26. Found:
C, 88.33; H, 5.44!H NMR (0, 20 °C, CDCh): 8.58 (d,3Jun =
4.9 Hz, 1H, §), 8.52 (d,3Jyn = 8.3 Hz, 1H, d), 8.25 (d,3uy =
8.8 Hz, 2H, bp?9), 8.02 (s, 1H, §), 7.71-7.17 (m, 27H, &

127.4,127.1,127.0, 126.9, 126.8, 124.8, 124.3, 123.1, 123.1 (11C,ph12,3,4,5,§ phy2:3:456 hp;2.356234.58 3523456 13C NMR (9,

Of, fls4578 f| 14578, 127.1 (1C, éf), 121.4 (1C, &, 120.0, 120.0,
119.7, 119.7 (4C, £, fl:29), 55.3 (2C, fie, fI9), 40.5 (4C, HeX),
31.7, 31.6, 29.9, 29.8, 24.0, 24.0, 22.7 (16C, Hebd, 14.2 (4C,
Hex). IR (film on NaCl): 2954, 2927, 2856, 1578, 1500, 1465,

1449, 1411, 1375, 1325, 1276, 1260, 1166, 1099, 831, 791, 740,

722 cnl,

General Procedure for the Preparation of 5,7-Disubstituted
Organoboron Quinolinolates. According to Wu and co-workers,
the corresponding 8-hydroxyquinoline derivaie®, 7, and8) was
dissolved in dry CHCI, under an inert argon atmosphere. The
reaction mixture was stirred for 24 h at room temperature after a
solution of triphenylborane in tetrahydrofuran (THF) had been
added. Quenching with water, extraction with £Hp, drying over
NaSQ,, and precipitation from CKCl/MeOH gave the pure
products9, 10, 11, and12. Although9 has already been published
in a patent, we want to report our findings on this compound for a
better demonstration of the influence of the conjugation length on
the material propertie’s.

(k2-(N,0)-5,7-Dibromo-8-quinolinolate)diphenylborane (9).
The preparation 08 could be achieved by the treatmentlof105
mg, 0.347 mmol) with BPh(1.6 mL, 0.25 M in THF, 0.4 mmol,
1.2 equiv) in dry CHCI, (6 mL) under an inert atmosphere of argon
according to the general procedure yielding 97.9 mg of a yellow-
greenish solid (60.3%). Anal. Calcd for,fE,BBr,NO (MW
466.96): C, 54.01; H, 3.02. Found: C, 54.22; H, 3.48.NMR
(0, 20°C, DMSOdg): 9.29 (d,3Juy = 5.4 Hz, 1H, §), 8.75 (d,
8Jun = 8.3 Hz, 1H, d), 8.25 (s, 1H, §), 8.07 (dd,2Jun = 8.3 Hz,
3Jun = 5.4 Hz, 1H, §), 7.36-7.18 (m, 10H, pf3458 ph234.59,
13C NMR (9, 20°C, DMSOdg): 155.8 (1C, §), 146.6 (2C, pkt,
pht), 144.2 (1C, ), 140.4, 137.2 (2C,4), ca. 138.5 (1C, ),
132.2, 128.2 (8C, pA3°>6 ph?359, 127.6 (2C, pkt, phy?), 127.2
(1C, o9, 126.5 (1C, §), 105.0, 101.6 (2C,¥). MALDI-MS (m/

2): [M-Na'] 487.9424 (calcd 487.9437).

(k?-(N,0)-5,7-Diphenyl-8-quinolinolate)diphenylborane (10).

6 (100 mg, 0.336 mmol) and BRI{1.5 mL, 0.25 M in THF, 0.4
mmol, 1.2 equiv) were stirred in dry GBl, under an inert
atmosphere of argon for 24 h following the general procedure. A

(12) Vankar, Y. D.; Rao, C. TJ. Chem. Resl985 232.
(13) Heuer, H.-W.; Wehrmann, R.; Elschner, A. European Patent 969531,
2000.

20°C, CDCh): 155.4 (1C, §), ca. 147.3 (2C, ph, ph?), 140.9,
140.7, 140.6, 140.4, 138.7, 137.2, 135.2 (78, lops1 1,4, bpt1,4),
139.8 (1C, §), 137.8, 132.6 (2C, %), 132.2, 127.8 (8C, phAs>6
ph>359,130.2, 129.1, 129.0, 128.8, 127.8, 127.6, 127.5, 127.3,
127.2’ 1271 (2007 ﬁh phz4, bQ,2'3'5’6*23'*4'15"6', bp72,3,5,6,23,¢,5’,6’),
126.5, 126.3, 121.7 (3C4&), 122.6 (1C, §). IR (film on NaCl):
3027, 1600, 1499, 1488, 1463, 1432, 1381, 1261, 1199, 1148, 1007,
903, 841, 801, 764, 735, 699 cfn MALDI-MS (m/z): [M-Na']
636.2474 (calcd 636.2482).
(k2-(N,0)-5,7-Bis(9,9-dihexylfluoren-2-yl)-8-quinolinolate)-
diphenylborane (12).Stirring of 8 (131 mg, 0.162 mmol) in dry
CH.Cl, (10 mL) with BPh (0.8 mL, 0.25 M in THF, 0.2 mmol,
1.2 equiv) for 24 h under an inert atmosphere of argon gave the
orange product in a yield of 62.0 mg (39.3%). Anal. Calcd for
C71HgoBNO (MW 974.21): C, 87.53; H, 8.28. Found: C, 87.91;
H, 8.59.1H NMR (6, 20°C, CDC}): 8.65 (d,3Juy = 4.9 Hz, 1H,
g?), 8.48 (d,%Jun = 8.3 Hz, 1H, d), 8.26 (s, 1H, f}}), 8.18 (d,
3Juy = 7.8 Hz, 1H, fI?), 8.10 (s, 1H, ), 7.83-7.70, 7.54-7.48,
7.36-7.19 (m, 22H, pkp-3456 phy?34.56 f| 134567845678 7 44
(s, 1H, §), 2.06-1.92 (m, 8H, He¥), 1.12-0.97 (m, 24H, He¥*9),
0.77-0.65 (m, 20H, Hek%). 3C NMR (9, 20 °C, CDCE): 155.1
(1c, f), 151.6, 151.6, 151.1, 151.1, 141.0, 140.9, 140.8, 140.6 (8C,
flBa9a4abf| Bavadadp 1477 (2C, pit, ph?t), 139.7 (1C, §), 138.7
(1C, ¢, 137.7 (1C, §), 136.9, 135.0 (2C, 4, fl?), 134.9, 132.6,
128.6, 128.1, 127.5, 127.2, 127.1, 127.0, 126.9 (12G*, min?,
flst457.8 f|,14579 127.4, 126.3 (2C, %), 132.0, 127.7 (8C,
ph2358 ph2359 124.3, 123.1, 123.1, 122.2, 120.2, 120.0 (6C,
g8, fls38, f1,36), 122.8 (1C, ¢), 55.3, 55.3 (2C, #, fl?), 40.6,
40.5, (4C, He¥), 31.7, 31.6, 30.0, 29.9, 24.1, 24.0, 22.7 (16C,
Hex2349, 14.2, 14.1 (4C, Hé¥}. IR (film on NaCl): 3048, 3007,
2955, 2928, 2855, 1618, 1504, 1488, 1466, 1450, 1432, 1378, 1336,
1261, 1199, 1149, 1096, 1021, 927, 902, 881, 801, 739, 70t.cm
MALDI-MS (m/2): [M-Na'] 996.6194 (calcd 996.6242).

X-ray Diffraction. Single crystals 09 were obtained from ether
diffusion into a saturated GJ&l, solution. X-ray data were collected
on a Bruker AXS Smart charge-coupled device (CCD) area detector
diffractometer at 173(2) K using graphite monochromatized Mo
Ko radiation,A = 0.710 73 A, and 03w scan frames covering a
complete sphere of the reciprocal space. After data integration with
the SAINT program, corrections for absorption, th@ effect of
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the detector, and crystal decay were applied to the data using the Scheme 1. Synthesis of 5,7-Disubstituted Organoboron
SADABS progrant4 The structure was solved by direct methods Quinolinolates®
using the SHELXS97 program. Structure refinementF8rwas

Br Br R
carried out with the SHELXL97 progra® All non-hydrogen atoms N (i N (i N
were refined anisotropically. Hydrogen atoms were inserted in | — | —
idealized positions and were refined riding with the atoms to which N 4 Br N ) Br N ) R
Bn Bn

they were bonded. Fin& indices [4308 > 20(l), 232 parameters]

are R1= 0.0251 and wR2= 0.0589. Salient crystal data férare 1 2 ZR=

CoH1BBILNO, M = 466.96, monoclinicP2y/n, a = 8.9807(4)b 4:R=

=18.1461(9)c = 11.2254(5) A8 = 101.851(1), V = 1790.35- 5:R=

(14) A3, and Z = 4; atomic coordinates, thermal displacement (i)

parameters, bond lengths, and bond anglesak given in a CIF ‘

(see Supporting Information). R R
Mass Spectroscopy.Solid samples were dissolved in THF (iv) A (iv) X

(0.5-1 mg/mL); 1,8,9-trihydroxyanthracene was used as the matrix 1 — | N7 R — N7 R

(20 mg/mL in THF), and sodium trifluoroacetate was used as the \ o OH

ionizing agent (1 mg/mL in THF). Solutions were mixed in the ®/B

cap of a microtube in the ratio ofdL:5 xL:0.5uL, and 0.5uL of @

the resulting mixture was spotted onto the target and allowed to

air-dry. Calibration was carried out with appropriately selected

oligoethyleneglycols. 1zf 2: g/ : iz

Thermal Properties. Thermal properties were determined in 11; R= 3; R=
aluminum pans with a heat rate of 10/min in a nitrogen flow of 12: R=
approximately 35 mL/min in the case of the combined DSC/TGA
experiments. DSC measurements of compal@were performed a (i) Benzyl bromide, KOH, EtOH, kD, 100°C, 20 h: (ii) boronic acid,
in aluminum pans with heating rates of 20 and “@'min in a [Pd(PPh)4], NaCQ;, toluene, EtOH, HO, Ar, 95°C, 24 h; (i) BRs*Et,0,
nitrogen flow of 20 mL/min. KI, CH3CN, Ar, 80 °C, 24 h; (iv) BPh in THF, CH.Cl,, Ar, room

. . temperature, 24 h. B benzyl.
Absorption and Fluorescence MeasurementsFor solution P y

inyestigatipns the corresppnding compound was dissolved in andyqre evaporated at the same base pressure in an evaporation
diluted with CHCh. UV/vis absorption and PL spectra were  champer located in an Ar glovebox (exposure to air between the
reco_rded using q_ua_rtz cu_vettes Qf 1 cm path length. PL spectr_a Wel€eyaporation processes in the two chambers was kept at a minimum).
obtained by irradiation with UV light at 348 nm. PL quantumyields  peyjces were tested in an Ar atmosphere to avoid oxidation. Device
of compound®—12 were determined in diluted CHE$olutions characteristics were recorded using a customized setup. While
at room temperature using quinine sulfate dihydrate in 0.1N H ¢\, rentpoltage characteristics were measured using a Keithley 236
SO, as the standard with excitation wavelengths of 420, 435, 440, g4rce measure unit, a photodiode mounted in an integrating sphere
and 450 nm, respectively. Samples for film investigations were 5.4 connected to a Keithly 181 nanovoltmeter was used to measure
prepared by spin coating (1000 rpm) of solution®ef12 (1 g/L) the emission intensity. To obtain luminance values (for devices
in CHC; onto quartz plates. operated in continuous wave (cw) mode), the setup was calibrated

Cyclic Voltammetry. The electrochemical properties 8f-12 using a luminance meter LS100 (Minolta) near the maximum
were probed by cyclic voltammetry with a scan rate of 0.1 V/sin  emjssion intensity. Electroluminescence (EL) spectra were obtained
solutions of tetrabutylammonium perchlorate in dry £ (0.7 with a DB401 UV CCD detector (Andor) mounted on an Oriel
M) under an inert atmosphere of argon with an analyte concentration 77400 grid spectrometer. The spectral sensitivity was calibrated
of 1 mM. Ferrocene was used for referencing and quantification wjth an Ocean Optics LS-1-CAL tungstehalogen lamp.
of the obtained cyclic voltammograms.

Device Fabrication. OLEDs were fabricated on glass substrates Results and Discussion
with transparent indium tin oxide (ITO) anodes in a commonly
used sandwich structure. First, the samples were cleaned in an SynthesisWe have recently reported a general procedure
ultrasonic bath using a series of different organic solvents. for the preparation of 5,7-disubstituted 8-hydroxyquinoline
Subsequently, they were etched for 10 min in an oxygen plasma. derivatives starting from commercially available 5,7-di-
Then poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonate) (PE- bromo-8-hydroxyquinolinel) as depicted in Scheme!®
DOT/PSS) was applied by spin coating under ambient conditions Benzylation of the starting material by refluxirigwith an
(approximate thickness 50 nm). After annealing the sample_s in @ axcess of benzyl bromide in EtOH, water, and KOH for 20
vacuum oven at a temperature of 160 for at least 20 min, 1, 44ye analytically pure 8-benzyloxy-5,7-dibromoquinoline

followed by cooling .to room temperature over 40 min, the samples (2) after column chromatography on silica in 43% yiéfd.
were transferred directly to an evaporation chamber. At a base . ) .
For the extension of ther-conjugation length,2 was

pressure lower than 2< 1076 mbar, 40 nm of N,N'-bis(3- " k LS
methylphenyl)N,N'-diphenylbenzidine (TPD) followed by 40 nm  converted into 8-benzyloxy-5,7-diphenylquinolir, (8-ben-

of the boron containing compound were evaporated by conductive ZyIOX)_/-5,7-bi§(biphenyl-4-yl)quinol.ine4.§, and S'benZWOXX'
heating in a quartz tube. Ca top electrodes and an Al capping layer5,7-bis(9,9-dihexylfluoren-2-yl)quinolines) via a Suzuki
cross-coupling reaction using the catalyst tetrakis(tri-

(14) SMART version 5.625SAINT, version 6.22SADABSversion 2.10; phenylphospine)palladium [Pd(Pg§j. The C,C-cross-
>,\§|PI§_EF,’ vc\e/(/sllon 6.12;SHELXTL, version 6.12. Bruker AXS, Inc.: coupling reaction of with the corresponding boronic acid
aaison, . P . .
(15) Sheldrick, G. M.SHELXS97 SHELXL97 University of Gatingen, was performed within 24 h at 9% in a solvent mixture of

Géttingen, 1997. toluene, EtOH, and water using p&0; as the base (yield
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30-80%)° The removal of the benzyloxy group was moiety (i.e., @—0) is hardly shifted in all four compounds
achieved by refluxing a suspension of the corresponding 5,7-under investigation. Corresponding §lgnals are 155.8 (in
disubstituted 8-benzyloxy compour#H5), Kl, and BR-Et,O 9), 155.2 (in10), 155.4 (in11), and 155.1 ppm (i12). As

in CH:CN. The 5,7-disubstituted 8-hydroxyquinoline deriva- expected, the €carbons of the two phenyl substituents of
tives were obtained after precipitation from hot methanol in the boron atom are very low in intensity and broadened.
moderate yields (1141%)10b.12 Resonances were obtained in the range of 14746.6 ppm.

For the synthesis of organoboron quinolinolates several To obtain further data to confirm the identity of the
methods are described in the literature. Most commonly usedprepared complexes, exact masses were determined using
is the exchange of an alkyloxy group in dialkoxyorganobo- MALDI-TOF MS. Among the expected pseudo-molecular
ranes or the esterification of organoboronic acids. An ions [9-Na]' — [12-Na], fragment ions with a mass
alternative way of preparation is the alcoholysis of triorga- corresponding to [9-6Hs] ™ — [12-CsHs] ™ were also detected.
noboranes under the cleavage of one organic substittient. These fragmentation processes became more important
The latter one was our method of choice because of thewithin the serie9—12 (cf. Supporting Information). Fat2,
commercial availability and ease of handling of the tri- [12-GsHs]* is clearly the base peak. Hohaus and Riépe
phenylborane solution in THF. The organoboron quinolino- reported that the ratio of [MJ[M—CsHs]™ observed in
lates &2-(N,0)-5,7-dibromo-8-quinolinolate)diphenylborane electron impact mass spectra of comparable compounds can
(9), (x*-(N,0)-5,7-diphenyl-8-quinolinolate)diphenylborane be used as an estimate for the stability of 8-quinolinctate
(10), (x*-(N,0)-5,7-bis(biphenyl-4-yl)-8-quinolinolate)diphe-  boron chelates. Higher intensities of the f\@¢Hs]* peak
nylborane (1), and (?(N,0)-5,7-bis(9,9-dihexylfluoren-2- indicate a stronger binding of the chelate ligand. Applying
yl)-8-quinolinolate)diphenylboranel®) were prepared by  this argument, an increase of the relative stability of the
dropwise addition of a BRfsolution (0.25 M in THF) to a  chelation of the quinolinolate ligands upon extension of the
solution of the corresponding 5,7-disubstituted 8-hydroxy- sz system was obtained. To ensure the identity of the prepared
quinoline derivative 1, 6—8) in dry CH,Cl, under an inert compounds, finally, elemental analyses were performed,
atmosphere of argoh. which were in agreement with the expected data.

Stirring for 24 h at room temperature, evaporating off the  Crystal Structure. To further confirm the structural
solvent, and precipitation from GRBI/MeOH gave the identities of the formed organoboron quinolinolates, we tried
products in pure form (yield 3970%). It is worth noting  to grow single crystals from ether diffusion into saturated
that9—11 could be readily precipitated from these solvents CH,CI, solutions of 9—12. Only compound9 could be
in a solid crystalline form, whereak2 was obtained as a  crystallized by this method, while attempts to prepare single
waxy solid. Attempts to overcome the three-step ligand crystals of10, 11, and12 by the above-mentioned methodol-
synthesis for the preparation 9 by reacting phenylboronic  ogy and alternatively by layering of GBI, solutions with
acid with 9 under otherwise identical conditions for the n-pentane were unsuccessful. According to literature, the
Suzuki cross-coupling reaction failed. Compouris12 growth of single crystals suitable for X-ray diffraction of
were characterized byH,"*C NMR spectroscopy, IR spec- this class of materials is somewhat diffictdt.To our
troscopy, elemental analysis, and matrix-assisted laser deknowledge only a few successful examples of X-ray structure
sorption ionization time-of-flight (MALDI-TOF) MS to  determinations of organoboron quinolinolates have been
determine the exact mass. All four compounds are air-stablehitherto reported in the literaturé®2The boron center i
both in the solid state and in solution. Thermal behavior and displays a typical tetrahedral geometry, as shown in Figure
stability were further studied by simultaneous thermal 1. The quinolinolate ligand is chelated to the boron to form
analysis (STA) and DSC measurements (see below). a five-membered ring. Selected bond lengths and angles are

The 'H NMR spectrum o exhibits peaks equivalent of ~ given in the caption of Figure 1. The-BN, B—O, and B-C
1 proton each at 9.29, 8.75, 8.25, and 8.07 ppm as well asbond lengths as well as the characteristic angles are similar
a signal with an intensity of 10 protons in the range of 736  to those reported previously for related compouffds.

7.18 ppm. The first four signals can be easily assigned to  Thermal Properties. To determine the thermal properties,
the protons 2, 4, 6, and 3 (in order of appearance from low especially the thermal stability of compounéis 12, heat

to high field) of the quinolinolate moiety based on their flux DSC/TGA measurements were performed. As described
multiplicity (cf. Experimental Section) and chemical shift, by Wu and co-workers, significant effects on the melting
while the signal at higher field corresponds to the two phenyl points of organoboron quinolinolates are obtained by en-
rings bonded to the boron atom. The indicative quinolinolate hancing the intermolecular—x interactions’® In the case
protons inl0, 11, and12 are shifted to higher field compared  of 8-quinolinolatodiethylborane, 8-quinolinolatodiphenylbo-
to that of 9. As an example, the signals corresponding to rane, and 8-quinolinolatodi(2-naphthyl)borane, an increase
proton 2 of the quinolinolate appear at 8.63 1), 8.58 (in

11), and 8.65 ppm (inl2). Particularly indicative for the 16, ) Hohaus, E.; Riepe, V. Naturforsch1973 288, 440. (b) Hohaus,
m-extended derivatives is the appearance of signals for two E.; Riepe, W.Z. Naturforsch.1976 31B, 324. _

protons at a comparatively low field around 8.20 ppm. These (17) éa) c')—:gér?digt;ﬁz‘[s%jé ch 9A2é27' 0'3:2 (';;LN'\i‘é?e-;r]:’fpﬁ\_’_'cbg-r;gwaf_‘g'
peaks were assigned to the ortho protons of the aromatic  knoeppel, D. Krause, J.; Shore, S. iBorg. Chem1992 31, 3162.

substituent in the 7 position of the quinolinolate cof€ (Ccr)] Hsul'glé'?Yz';a Mlehr;at?g)uikq. FI-; wedfnglg, K‘i; Sgor% ?{-Iﬁﬂégj
. . em. 26, . iegel, W.; Lubkowitz, G.; Rettig, S. J.;
NMR spectra were also in agreement with the proposed Trotter, J.Can. J. Chem1991, 69, 1217. (e) Dal Negro, A.; Ungaretti,

structure. Interestingly, the carbon 8 of the quinolinolate L.; Perotti, A. Dalton Trans.1972 15, 1639.
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Figure 3. TGA thermograms of compounds-12.
Figure 1. ORTEP of9 (40% ellipsoids). Selected bond lengths (A) and . . . . o
angles (deg): BN, 1.629(2): B-O, 1.542(2); B-C(10), 1.604(3); B-C(16), their melting points. The temperature at a weight loss of 5%
1.600(3); Br(1)-C(5), 1.889(2); Br(2)-C(7), 1.883(2); C(8yO—B, 110.3(1); was chosen as a measure for the thermal stability of the four
C(L-N-C(9), 119.3(1); C(.yN—B, 132.8(1); C(9rN—B, 107.9();  compounds under investigation. From the corresponding
0O—B—C(16), 111.7(1); ©B—C(10), 108.6(1); C(16yB—C(16), 117.0(1); .
and O-B—N, 98.4(1). temperature values (34% for 10, 387°C for 11, and 377

°C for 12), an increased thermal stability of the aryl
substituted derivatives compared to that of the dibromo
12 derivative9 (310 °C) is evident. Furthermore, findings of
the MALDI-TOF MS investigation discussed above are
. corroborated by these data. It is worth noting that thermal
—7\/ stability is also crucial for an application in thermal evapora-
2088°¢ tion processes. Our results and the results of Wu et al. provide

= a convenient method for tuning the thermal properties of
217_503{ organoboron quinolinolates.

9

Electrochemical Properties.The electrochemical proper-
294,2( ties of the organoboron quinolinolat8s-12 were studied,

and the energy levels of their highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) were estimated. The oxidation of compou@adn
Figure 2. Measurement of the melting points by heat flux DSC. CH,Cl/Bu;NCIO, (Figure 4a) ata platinum disk electrode
shows a strong irreversible oxidation peak at 1.31 V (peak
potential) versus ferrocene/ferrocenium (F¢/=d he latter
redox couple was used as an internal standard to calibrate
the potential of the silver pseudo-reference electrode and,
because of its ideally reversible one-electron transfer, for the
estimation of the number of electrons transferred in the
electrochemical reactions of the investigated compounds
9—12. Compared to the peak height of an equimolar Ft/Fc
couple the oxidation 0@ is close to a three-electron transfer.
Compared to9, compoundsl10—12 show an additional
irreversible peak at lower oxidation potentials. The peak
potentials are 0.98, 0.96, and 0.86 V, respectively. The peaks
d1ave approximately the same height as that of Fcifdtich
Indicates a one-electron transfer. The facilitated oxidation
of compounds9, 10, and 11, compared to9, can be
rationalized by the extension of the aromaticsystem of

Heat flow (a.u.)

T T T T T
200 225 250 275 300
Temperature (°C)

of the melting point of 45°C to above 200°C was
observed® Our measurements (Figure 2) revealed the inverse
effect by extension of ther-conjugation length of the
8-hydroxyquinoline ligand. Whil® exhibits the onset of the
melting point at 295C, the melting points of0and11 are
reduced to 218C and 207°C, respectively. Fol2, we
succeeded in the preparation of a semicrystalline sample
analyzed by power-compensated DSC revealifg galue
of 52.2°C and a melting point of 16€C. It should be noted
that the melting point ofLl2 could only be detected in the
first heating run which can be rationalized by the fact that
12 does not readily recrystallize under the conditions of the
DSC experiment. These results clearly indicate a decrease
possibility of intermolecular interactions and demonstrate the
impact of modifying the ligand on the material properties.
Concerning practical applications it is known that materials Lo ) . :
with good thermal stability improve device lifetim&sThe the quinolinolate moiety (cf. Flgure_ 4a). On reduction,
thermal stability of compound&—12was evaluated by TGA cpmpoqndg ha_s a broad wave startm_g atl.2 V f"md a
measurements under a nitrogen atmosphere. As shown irp|st|nc.t irreversible one—elec_tron reduction peak with a peak
Figure 3, all materials exhibit excellent thermal stability up potential O,f_,l'73 v (sge Flggre 4b). Compound8—-12
to 290°C. While 9 decomposes immediately after melting, show a similar behavior with a broad wave between

compoundsl0—12 exhibit enlarged thermal stability above ~2PProximately-1.1Vand—1.8 V; then a sharp one-electron
reduction peak appears at1.97, —1.95, and—1.99 V,

(18) Kim, Y. H.. Ahn, J. H.: Shin, D. C.; Kwon, S. K2olymer2004 45 respectively, which is slightly reversible at the scan rates of
2525, 0.1 V/s. A distinct influence of the substituents R cannot be
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Figure 4. (a) Cyclic voltammograms of compounéis-12 (anodic runs) and (b) cyclic voltammograms of compoude4?2 (cathodic runs), both performed

in CH,Cl2/BusNOCls. The ticks mark the onsets used for the calculation of HOMO and LUMO energy levels.

Table 1. Absorption, Emission, and Electrochemical Data for Compounds 912

PLsof PLyim®
abg HOMO/LUMOP Amax NM Q.yd maxfilm, M
compd Aabd€), nm (L moi~t cm™?) band gap (eV) (energy, eV) b, % (energy, eV)
7 7 505 (2.465",
PhBq 396, 264, 247¢ 504 (2.46) 307 AR
420 (1870), 348 (1720), ~5.92-3.17
9 334 (1680), 276 (22120) 275 519 (2.39) 24:2 535(2.32)
435 (3530), 365 (3740), —5.63+2.97
10 352 (3580), 299 (36100) 2.66 550 (2.25) 302 564 (2.20)
441 2 —5.50/-2.97 559 (2.22
11 (%igo()zigggso()w 0), e 2.22) 2742 577 (2.15)
12 452 (3790), 330 (41060) —548f 2.94 578 (2.15) 22t 2 579 (2.14)

aMeasured in CHGl P HOMO and LUMO levels with respect to zero vacuum level were estimated from cyclic voltammograms performegCiy/ CH
BusNPFs. The substrate concentration was 1 mM, the scan rate was 0.1 V/s, the currents were normalized to the concentration; and the potential was
calibrated versus the redox couple Fc/Ras internal standard.In CHCls, upon excitation at the absorption maximum of the absorption band at lowest
energy.d In CHCls, at room temperature, under ambient conditions, quinine sulfate dihydrate in 3@ &k the referencé.Measured on quartz substrates.
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Figure 5. (a) UV—vis absorption spectra of compoun@is12 in CHCI3 solutions. (b) Enlarged UVvis absorption spectra of compoung@s12 in the

low-energy region.

seen; we suggest that the reduction is dominated by electrorof the quinolinolate core from-5.92 eV for9to —5.48 eV
transfer to the organoboron quinolinolate skeletal structure. for 12. The same accounts for the LUMO energy level, which
With some restrictions the reduction and oxidation onsets rises from—3.17 eV to—2.94 eV within the serie9—12
of the cyclic voltammetry peaks can be used to estimate the(cf. Table 1).

Absorption. UV—vis absorption and PL spectra were
recorded in diluted solutions of CHEAt room temperature

electron affinity Ex ~ LUMO energy) and the ionization
HOMO energy) of the compounds. The
calculations were done assuming that the absolute level of

~
~

potential (p

the Fc/F¢ redox pair is 4.8 eV below the vacuum levél.

under ambient conditions. In Figure 5a, the B¥s absorp-

tion spectra of compounds-12 are shown. All complexes

The HOMO energy level rises with extension of conjugation e . L : .
9 U9 exhibit similar absorption characteristics featuring absorption

(19) Pommerehne, J.; Vestweber, H.; Guss, W.; Mahrt, R. F.; Bassler, H.; peaks \_Nlth large e.XtInF:tIO_I’? coefficients in the _UV and
Porsch, M.; Daub, JAdv. Mater. 1995 7, 551. absorption peaks with significantly smaller extinction coef-
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Figure 6. PL of compound®9—12in CHCl; solutions.

ficients (see Figure 5b) in the visible range. While the
strongest absorbing peaks are significantly red-shifted upon
extension of ther-conjugation length (from 276 nm @to

330 nm in12, cf. Table 2), comparably small influence on
the absorption bands at lower energies was noted. A similar
trend was found studying the absorption of relateéx-
tended 8-benzyloxyquinolines, and this could be related to
different degrees of delocalization of the excited states onto
the substituents at the 5 positi#hThe optical properties of
compound®—12 are summarized in Table 1.

Luminescent Properties.lrradiation of the organoboron
quinolinolate9—12 with UV light results in bright greenish-
yellow to orange-yellow emission in solution. As shown in
Figure 6,9 exhibits its emission maximum at 519 nm, and
10, 11, and12 emit with maxima at 550, 559, and 578 nm,
respectively. While the emission characteristics are consider-
ably influenced by modifications of the 8-hydroxyquinoline
ligand, PL quantum yields determined in CHGblutions
at room temperature under ambient conditions (ranging
between 22% and 30% using quinine sulfate dihydrate in
0.1 N H:SQ, as the standard; see Table 1) are hardly affected.
For comparison, the corresponding values fopBehare
reported to be 504 nni.(ax Of emission) with a PL quantum
yield of 30% (in this case measured relative to 9,10-
diphenylanthracene in GBI, at room temperaturéy.Con-

Kappaun et al.

103 T T T T T T T 104
— 2L M
e 10°F j10°
2 10} E

1.n2

g 10° 5
> 10°F .2
‘B ° 110' §
$ 10'F 5 °
o 0 Q
- .2 3100 =
§ 10°F N & 3,
= T ., M 10" -
S 10k £ v N
o 10 -" o -m‘:5

10 HFHr—rT——"T"—"T"—"r—T—"T—r%rr110?

Voltage (V)
Figure 7. Current density-voltage characteristics of a device with as

the emissive layer.
11
12
10 7’”%\

gw
2 4 6 8 10 12 14
Voltage (V)

Figure 8. Current efficiency-voltage characteristics of devices wiih-12
as the emissive layers.

Current efficiency (cd/A)

oo0000
82R8R

LELAN B B B\ S B S B B B B B
TP PR SO P\ PR TR SRR B PR RS PR SO RO |
\y

o

16

been kept low enough to achieve very thin films with
emission intensity close to the detection limit of the setup,
self-absorption processes can also not be fully excluded. For
comparison, Anderson et al. reported a solid-state lumines-
cence for PsBq peaking at 505 nrf albeit a discrepancy

with data from Wu et al. has to be noted. These authors report

a blue shifted emission maximum in the solid statg.{ =
495 nm)’c

Electroluminescence EL devices using, 10, 11, or 12
as the emitter were fabricated in a multilayer architecture
consisting of ITO/PEDOT/PSS (50 nm)/TPD (40 nén}0,
11, or 12 (40 nm)/Ca (30 nm)/Al (300 nm), where TPD acts
as hole-transport/electron blocking layer. TPD, the boron

sistent with absorption measurements and with literature dataquinolinolates, and the metal cathodes were applied by

for aluminum quinolinolates with extended chromophdfé%,
extension of ther system of the quinolinolate chromophore
leads to a red shift of emission. PL spectra in film were

vacuum deposition. As a representative example, the cur-

rent-voltage and luminancevoltage characteristics of the
device containind.1 are shown in Figure 7 (for the respective

determined using samples prepared by spin-coating solutionscurves of the other devices, see Supporting Information). The
of 9—12in CHCl; (1 mg/mL) onto quartz substrates (a figure onset voltage®d were between 3.5 and 3.7 V fag, 11, and

showing the corresponding emission spectra can be found

12 with cw luminance intensities exceeding 1000 ct/fhe

in the Supporting Information). Emission maxima were materials possess good hole blocking capabilities as evi-

determined to be 535 nm (2.32 eV), 564 nm (2.20 eV), 577 denced by the low reverse leaking currents. Current efficien-

nm (2.15 eV), and 579 nm (2.14 eV), respectively. cies of the devices are shown in Figure 8. While the
The red shift compared to solution data is attributed to efficiency of 9 was very low (vide infra), the maximum

intermolecular interactions in the films (solid-state effects). efficiencies of the devices fabricated witl, 11, and12 as

Although the concentrations in the spin coating process haveemissive materials range from close to 2.2 cd/A 16rto

2.8 cd/A for11. Interestingly, the current efficiency of the

(20) A detailed description of absorption and emission spectra based on
guantum chemical calculations of 8-benzyloxy-5,7-(diphenyl)quinoline (21) Onset voltages are defined by the voltage where, in the semilogarithmic
and 8-benzyloxy-5,7-di(biphenyl-4-yl)quinoline can be found in ref plot, the luminance rises from the background noise and where the
10b. tangent to the luminaneevoltage curve is close to vertical.
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Wavelength (nm) Supporting Information). The results within electrolumi-
450 500 550 600 650 700

e nescence lines up with the description of detrimental effects
of Br groups on the EL properties of devices made of
polymeric materialg?

Conclusion

In the present study, we have established synthetic
procedures for preparing 5,7-disubstituted diphenylborane-
quinolinolates. As the substituents, phenyl, biphenyl, and 9,9-
dihexylfluorenyl have been introduced. The molecules

. . ; ; display increasing thermal stability within the ser2s12,
28 26 24 22 20 18 with approximately the same thermal stability fbt and
Energy (eV) . . . L
Figure 9. EL spectra of devices witB—12 as the emissive layers 12 Mel.tmg points, On.the other hand, are dec.reasmg within
‘ ' the series from 294C in the case 09 to 160°C in the case
of 12. All organoboron quinolinolates under investigation
are emissive exhibiting PL quantum yields of-220% in
solution. Emission wavelengths are progressively shifted to

The EL spectra of the devices containih@ 11, and12 the_ “T_d lfponl_extednsli(_)nh of the_ ar(()jma:t'tcsy;temdof the
(Figure 9) were strongly reminiscent of the PL spectra with quinolinolate figand. Light emitting devices based on com-
peaks at 556 nm (2.23 V) fa0, 587 nm (2.11 eV) fog1, ~ POundsi0, 11, and12give bright yellow to orange EL with
and 566 nm (2.19 eV) fot2. No bias-voltage dependence attraCt.'\./e onset vpltages (3:3.7 \./) and. cw luminance
or change of emission spectra during operation of the devices'n.tenSItIes exceeding 1900 cdimvhile dewqes based. (ﬁ]
was observed. give poor results, provin® to be an unsuitable emissive

In sharp contrast to the devices described above, OLEDsmate”al' . . .
fabricated with the dibromo derivativ@ as the emitting _ Our results line up with recent reports that boron contain-
material showed poor performance. cw luminance remained'"Y compounds are useful electroluminescent materials and
below 25 cd/r, and a low current efficiency of only 0.03 interesting alternatives to other, widely used quinolinolate
cd/A at 8 cd/m ;Nas achieved. The EL maximum at 667 nm comple_xes such as Adﬁf&zs.-rh? influence_ of enlarging the
(1.86 eV) is strongly red-shifted relative to the PL peak (519 aromaticr system of the quinolinolate moiety on the thermal
nm in solution and 535 nm in the film). Moreover, the EL and electro- and photochemical properties discussed here
spectrum changed during operation with a broad shoulderOfffarSI.a Iratlonal toodl for _thel flne—tudnlng of organoboron
growing around 2.4 eV. To ensure the chemical integrity of quinolinolates toward particular needs.
the used batch 09, a second series of devices was built
using the same type of device structure but newly synthesized

9. The results presented above were in principle reproducedand the Austrian Science Fund in the framework of the Austrian
(0.01 cd/A at 8 cd/f). To ensure that the molecule is not  \jano Initiative (Research Project Cluster 0760Integrated
adversely affected by the evaporation process, PL measuregrganic Sensor and Optoelectronics TechnologieResearch

ment on an evaporated sampledafas performed, yielding  project Nos. 0701 and 0702) is gratefully acknowledged.
the same spectra as for the spin-cast film. Therefore, the

origin of the red-shifted emission in EL is not understood  Supporting Information Available: MALDI-TOF MS data and
yet. It could be related to interaction with other materials in H and*C NMR spectra 0f9—12, PL of films made of9—12,
the multilayer structure (a similar red-shifted emission of photograph of a film 0B, and current densityvoltage character-
Ph:Bq had been attributed to exciplex formation by othiérs) istics of devices made o8, 10, and 12 (PDF), as well as
or be due to an increased influence of defects in EL Caused,crystallographic _data fad in CIF format. This material is available
for example, by charge carrier trapping. The latter might be free of charge via the Internet at http://pubs.acs.org.

related to the reduced thermal stability3odr to defect states ~ CM060720Q

at grain boundaries. These could play a more pronounced
role in 9, as can be inferred from the more grainy structure (22) Yang, X. H.; Yang, W.; Yuan, M.; Hou, Q.; Huang, J.; Zeng, X, R.;
for films consisting of this material compared to films made (3 Cao, V. Synth. Met2003 135-136, 189,

. . ) Kulkarni, A. P.; Tonzola, C. J.; Babel, A.; Jenekhe, SChem. Mater.
from 10—12 (a corresponding photograph can be found in 2004 16, 4556.

Normalized intensity 3I/6E

device containind.2 remained virtually constant up to a bias
voltage of 11.5 V; also forl0, the decrease in current
efficiency was relatively gradual.
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