Copyright WILEY-VCH Verlag GmbH & Co. KGaA, 69469 awvheim, Germany,
2006.

Supporting Information foMacromol. Rapid Commun. 2006 27, 1142.

Synthesis, Photophysics, and Electroluminescence of

Poly(dibenzofluorene)s

Wei-Zhi Wang,® Rui Zhu, Qu-Li Fan,*® Hui Xu,? Lin-Tao Hou,® Yong Cao,° and Wi
Huang?>%“

% Institute of Advanced Materials (IAM), Fudan Unisgy, 220 Handan Road,
Shanghai 200433, People’s Republic of China
P |nstitute of Advanced Materials and Organic Engig§MOE),Southeast University,
2 Si Pai Lou, Nanjing 210096, People’s Republi€bina
¢ Institute of Polymer Optoelectronic Materials dbelvices, South China University
of Technology, Guangzhou 510640, People’s Repulblichina
4 Faculty of Engineering, National University of §apore, 9 Engineering Drive 1,
Singapore 117576, Republic of Singapore

“To whom correspondence should be addressed. g@l(24) 5566 4188 / 4198; Fax: +86 (21) 6565 512366
4192; E-mails: wei-huang@fudan.edu.cn / chehw@dussg.

1



Measurement and Characterization.'H NMR, *C NMR, and 2D-NMR spectra
were recorded by Varian Mercury plus 400 spectrensetand chemical shifts were
reported in ppm units with tetramethylsilane asimternal standard. Chloroform
(CDCls) was mainly used as the solvent for recording N§fiectra. Infrared spectra
were measured KBr pellets on a Shimadzu IR Preg&tlgepectrometer, where the
percentage of transmittance versus the wavenuniben(®) was plotted. Molecular
weights and polydispersities of polymers were deteed by gel permeation
chromatography (GPC) analysis with polystyrenehasstandard. The mobile phase
was THF flowing at 1.0 mL/min. Elemental analyseevperformed on a Vario EL
Elemental Analysis Instrument (Elementar Co.). TRévisible absorption spectra
were obtained in chloroform on a Shimadzu UV-31%@&csrophotometer. The
photoluminescence spectra were recorded on a Shinfel-5301 PC fluorometer at
room temperature. A Shimadzu DTG-60H thermal amalywas used to record
thermogravimetric analysis (TGA) under a heating @&f 10 °C/min and a nitrogen
flow rate of 20 mL/min. Cyclic voltammetry was dad out on a T30/FRA2
electrochemical workstation with platinum at a scate of 50 mV/s against a
AgQ/AgNO; reference electrode with nitrogen-saturated swhutiof 0.1 M
tetrabutylammonium hexafluorophosphate fBBF TBAPF;) in acetonitrile
(CH3CN). To measure the PL quantum yieldg)( polymer solutions in spectral
grade THF were prepared. The concentration® (M) was adjusted so that the
absorbance of the solution would be lower than ®1.10° M solution of
9,10-diphenylanthracene in toluer. & 0.93) was used as a standard.
Matrixassisted laser desorption/ionization (MALDHass spectrometry experiments
were carried out using a Shimadzu AXIMA- CPRolus time-of-flight mass spectro-
meter (Kratos Analytical, Manchester, UK). The masale was calibrated externally,
using the peptides angiotensin bisadykinin fragmenti Vil,and PxivR(Sigma, St.
Louis, MO) as mass standards. Those MALDI analyggdbe polymers with matrix

and salt utilized the following compound as matdithranol (DI; Aldrich) and silver



trifluoroacetate (TFAAg, Aldrich) as cationizatisalt. The solvent, inhibitor-free
tetrahydrofuran (THF; Fluka), stored in a Sure/Se#tle, was used as received. For
MALDI tests, the polymer solutions (5 mg/mL) wereepared in THF. The matrix,
1,8-dihydroxy-9[1®]-anthracenone (dithranol), was also dissolved IHFT(20
mg/mL). A 2L portion of the polymer solution was mixed with 2Q of the matrix
solution. A silver trifluoroacetate solution A of a solution at 5 mg/mL in THF)
was finally added to favor ionization by catioreatiment. A 2: L portion of the final
solution was deposited onto the sample target diotved to dry in air at room
temperature.

Fabricating Light-Emitting Devices. Polymer LED devices were fabricated having
the configuration of ITO/poly-(styrenesulfonate)@loped poly
(3,4-ethylenedioxythiophene) (PEDOT) (35 nm)/ligimitting layer (50-70 nm)/
Ba(100 nm)/AI(100 nm). To improve hole injectiondasubstrate smoothness, the
PEDOT was spin-coated directly onto the ITO glas$ dried at 80 °C for 12 h under
vacuum. The light-emitting layer was spin-coatedtgm of the PEDOT layer using
toluene as the solvent and then dried for 3 h at@@nder vacuum. Prior to film
casting, the polymer solution was filtered throumhreflon filter (0.45um). The
cathode Ba was deposited onto the polymer layeevaporation, followed by an

additional layer of Al (100 nm) deposited onto #iley as a protection layer.

Di-a-naphthylcarbino1(2)!*® The preparation of this carbinol according to the
directions given in the literature. A solution abmonaphthalene (23 g, 0.11 mol) in
60 mL THF was added slowly with stirring to a misglof magnesium turnings (2.4 g,
0.1 mol), 7 mL of THF and a crystal of iodine unaetrogen. After 20 h at room
temperature, freshly distilled ethyl formate (3,10¢)35 mol) was added, a few drops
at a time. The white carbinol, in the form of itegmesium bromide addition product,
precipitated almost completely. After twenty-fousuns the THF was decanted and
the precipitate decomposed with ice and the caledlamount of dilute hydrochloric
acid. The crystalline product was washed with allsaraount of dilute hydrochloric
acid, dried and then triturated with a small qusndif ether several times. The yield
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of pure product2z was 5.0 g (76%). Three recrystallizations (cyekdne) gave
smallneedles which incorporated cyclohexane: mp 125°C27H NMR §, 2.40(d, J
=4.7Hz, 1H, OH), 7.31(d, J = 4.7Hz, 1H collapses to singlet when exchanged with
D,0, CHOH), 7.36-7.53m, 8 H), 7.81-7.93m, 4H), 8.03-8.0gm, 2H); *C NMR 5,
69.1, 123.1, 124.4, 124.9, 125.1, 125.9, 128.0,3,280.5, 133.4, 137.9nal. Calcd
for Co1H160 (284.35): C, 88.7(H, 5.67.Found: C, 88.924, 6.23.

13H-Dibenzofg, i]fluorene (3)*" This reaction was performed as follows. A 0.50 g
(1.76 mmol) portion of the carbin@ and 1.5 g of crystalline 420, were ground
together. The paste was transferred to a rounaiet flask, which was evacuated at
1-2 mbar. The flask was placed in an oil bath & 6 for 1 h. The resulting solid
was crushed to a powder, washed with distille®@Hand taken up in benzene. The
organic phase was washed withHuntil the water washings were neutral. The
benzene phase was dried with anhydrous Mg&@ then concentrated to give 0.40 g
of crude reaction mixture. Column chromatograpletrigdeum ether-dichloromethane
10:1, changed gradually to 1:1) affordg@as the second fraction: 0.15 g (32%) of as
white plateletsRs = 0.32; mp 233-235 °CH NMR ¢ 8.11 (d,J = 8.3 Hz, 2H, H 12,
7.97 (d,J = 8.4, 2H, H-), 7.90-7.94 (m, 4H, kks9, 7.58 (ddd,) =7.1, 8.1, 1.0, 2H,
H211), 7.47 (dddJ = 8.0, 7.0, 1.0, 2H, &) 4.47 (s, 2H, hk13) (assignments are
based on 2D),13C NMR ¢ 140.1, 139.9, 133.5, 131.7, 129.2, 127.8, 125.5,02
124.3, 118.6, 35.6; GC-MS retention time 23.6 min.

13, 13'-Dioctyl-dibenzol[a,i]fluorene (4) To a solution of 26.6g (100 mmol) &fin
THF (300 mL) at -78 °C was added dropwise, 130 @10(mmol) of n-butyllithium
(1.6 M in hexane; Aldrich). The mixture was stirr@d-78 °C for 45 min, and 45.40 g
(235 mmol) of octyl bromide (Aldrich) in THF (50 mlwas added dropwise to the
mixture. The solution was allowed to warm to ro@mperature and was stirred for 3
h. The mixture was poured into water and extraetgld ether. The organic extracts
were washed with brine and dried over magnesiufiateulThe solvent was removed
under reduced pressure. The excess of octyl bromégeremoved by distillation (44
°C/0.3 mmHg) to givel. R = 0.87 (silica TLC in hexane)Hd NMR 6 8.11 (d,J = 8.3
Hz, 2H, H 12, 7.97 (d,J = 8.4, 2H, H7), 7.90-7.94 (m, 4H, kksg9, 7.58 (dddJ =
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7.1, 8.1, 1.0, 2H, khy), 7.47 (dddJ = 8.0, 7.0, 1.0, 2H, ¥ho 1.92 (m, 4HJ = 3.8
Hz), 1.25-1.04 (m, 20H), 0.86 (t, 6H= 5.1 Hz), 0.69 (m, 4H] = 3.8 Hz).)*C NMR
0141.2,139.7,134.5, 133.2, 129.2, 128.7, 125.6,0,223.4, 119.7, 60.4, 40.3, 31.8,
29.8, 29.0, 23.9, 22.7, 14.2. HRMS. Calcd farHGs: C, 90.55; H, 9.45. Found: C,
90.52; H, 9.48.

5,8-Dibromo-13, 13’-dbctyl-dibenzola,iJfluorene (5)

To a solution of 9,9-dioctylfluorene (4) (15.0138.42 mmol) in CHG (58 mL) at O
°C were added 96 mg (0.59 mmol) of ferric chlorated 4.14 mL (80.52 mmol) of
bromine. It is important that the reaction proceedsthe dark to avoid any
bromination of the aliphatic part of the moleculée solution was warmed to room
temperature and was stirred for 3 h. The resuliogry was poured into water and
washed with sodium thiosulfate until the red calisappeared. The aqueous layer
was extracted with CHgIl(two times), and the combined organic layers wiied
over magnesium sulfate to afford 21.07 g (>99%theftitle product as a pale-brown
solid. R = 0.85 (silica TLC in hexane}H NMR § 8.48 (d,J = 8.1 Hz, 2H, Hy), 8.18

(s, 2H, H7), 8.14 (d,J = 8.7 Hz, 2H, H.2), 7.74 (dddJ =8.1, 7.1, 1.0, 2H, kho),
7.68 (dddJ = 8.0, 7.0, 1.0, 2H, %49, 1.86 (m, 4H,J = 3.7 Hz), 1.26-1.05 (m, 20H),
0.83 (t, 6H,J = 3.6 Hz), 0.58 (m, 4HJ) = 3.5 Hz).*C NMR 6 146.3, 145.6, 140.3,
135.3, 132.8, 131.7, 128.2, 126.0, 124.4, 119.4,,611.5, 32.6, 30.9, 28.7, 22.9, 22.5,
14.1. HRMS. Calcd for &Ha4Bry: C, 68.52; H, 6.84. Found: C, 68.50; H, 6.88.
MALDI-TOF: m/z 648.2, 646.2 ( M[Br]*, M[®'Br]* 100%, 100%), 570.2, 568.2
(IM-"Br]*, [M-3'Br]* 70%, 70%), 490.4 ( [M-2Bf] 35%). The 2D NMR spectrum is
shown in the Supporting Information.

13H-Dibenzofa,g]fluorene (7)1*® Reaction of6 with 2-(bromomethyl)naphthalene
by the usual method (24-h reaction time) furnishied corresponding alkylated
ketone (76%), mp 67-68.0 °C. Cyclodehydration lbis tketone (9.0 g) with
methanesulfonic acid for 1 h at room temperatuferééd a dihydro product. This
compound (4.03 g, 15 mmol) and DDQ (3.75 g, 16.50fnm 190 mL of dry
benzene was heated at reflux for 5 min underTde hydroquinone that separated on
cooling was removed by filtration, and the solutiwas evaporated to dryness. The
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residue was dissolved in hexane-benzene (2:1) ittedel through a short column of
Florisil. Evaporation of the solvent 1€ft(85%), mp 175-175.5 °C (benzene); NMR
8.80 (d, 1, H, J = 8.52 Hz), 8.50 (d, 1, J = 8.65 Hz), 8.06 (d, 1, HJ = 8.11 Hz),
7.95 (m, 3, Ar), 7.79 (d, 1, Ad, = 8.26 Hz), 7.77 (d, 1, Ad = 8.16 Hz), 7.28-7.62 (m,
4, Ar), 4.22 (s, 2, CB.13C NMR 6 145.7, 145.1, 143.9, 140.2, 139.4, 137.6, 135.6,
134.1, 129.7, 129.5, 128.4,127.3, 126.8, 125.1,812824.0, 122.9, 122.6, 122.4,
119.6, 36.7.

13, 13’-Dioctyl-dibenzop,g]fluorene (8)

The preparation was similarly to the proceduret.ofH NMR ¢ 8.77 (d, 1, H, J =
8.57 Hz), 8.52 (d, 1, &1J = 8.56 Hz), 8.12 (d, 1, HJ = 8.15 Hz), 7.88 (m, 3, Ar),
7.78 (d, 1, ArJ = 8.23 Hz), 7.71 (d, 1, Ad = 8.46 Hz), 7.23-7.60 (m, 4, Ar), 1.82 (m,
4H, J = 3.8 Hz), 1.22-0.99 (m, 20H), 0.88 (t, 6= 5.1 Hz), 0.55 (m, 4H] = 3.8
Hz). 13C NMR ¢ 146.9, 145.9, 142.1, 140.2, 139.0, 138.5, 138.0,6,3.36.2, 135.6,
135.0, 134.2, 132.4, 130.5, 129.5, 127.5, 126.8,11222.4, 119.6, 36.7, 58.5, 40.5,
33.6, 29.7, 28.5, 21.9, 20.5, 14.0. HRMS. CalcddgHae C, 90.55; H, 9.45. Found:
C, 90.44; H, 9.56.

2,8-Dibromo-13, 13’-dbctyl-dibenzo[a,g]fluorene (9)

The preparation was similarly to the procedur&.dH NMR ¢ 8.88 (d,J = 8.2 Hz,
1H, Hs), 8.57 (d,J = 8.7 Hz,1H, K, 8.43 (d,J = 8.8 Hz, 1H, Hb), 8.15 (s, 1H, H),
8.13 (d,J = 8.8 Hz, 1H, k), 7.93 (s, 1H, K), 7.88 (d, 1H,] = 8.7 Hz, Ho), 7.73 (ddd,

J =84, 8.2, 1.4, 1H, b, 7.63-7.68 (ddd, 2H, H), 1.82 (m, 4H,J = 3.6 Hz),
1.26-1.05 (m, 20H), 0.83 (t, 6H,= 3.6 Hz), 0.58 (m, 4H) = 3.5 Hz)."*C NMR ¢
151.6, 145.7, 140.2, 135.7, 134.1, 131.8, 131.9.313129.8, 128.7, 128.5, 127.8,
127.5, 126.6, 125.4, 124.8, 124.3, 122.9, 122.6,3157.5, 40.1, 31.9, 29.9, 29.2,
23.4, 22.7, 14.2. HRMS. Calcd fogfl44Br2: C, 68.52; H, 6.84. Found: C, 68.66; H,
6.78. MALDI-TOF: m/z 648.2, 646.2 ( M[Br]*, M[®'Br]* 100%, 100%), 571.3,
568.3 ([M°Br]*, [M-8'Br]* 30%, 30%), 490.5 ( [M-2Bf] 10%). The 2D NMR
spectrum is shown in the Supporting Information

7H-Dibenzo[c,g]fluorene (11)*® Reaction ofl0 with 2-(bromomethyl)naphthalene
by the usual method (24-h reaction time) furnishid corresponding alkylated
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ketone (79%), mp 56.5-58.0 °C: NMR7.00-8.25 (m, 11, Ar), 3.55 (m, 1, methine),
2.52-3.00 (m, 4, benzylic), 1.45-2.25 (m, 2, alijpt)a Cyclodehydration of this
ketone (8.0 g) in anhydrous HF for 72 h at roomgerature afforded 8,9-dihydio-
(92% based on 5.0 g of unrecovered starting mateng 133-134 °C. A solution of
the dihydro compound (4.03 g, 15 mmol) and DDQ%3y716.5 mmol) in 190 mL of
dry benzene was heated at reflux for 5 min undeffNe hydroquinone that separated
on cooling was removed by filtration, and the solutwas evaporated to dryness. The
residue was dissolved in hexane-benzene (2:1) ittedel through a short column of
Florisil. Evaporation of the solvent left 3.40 g588) of 11, mp 142.5-143 °C
(hexane-benzene}4-NMR § 8.71 (d, 2, H12 J=8.33Hz),7.94 (d, 2, Ho J=7.98
Hz), 7.83 (d, 2, kg, J = 8.12 Hz), 7.69 (d, 2, &4, J = 8.08 Hz), 7.50 (M, 4, +11.1),
4.08 (s, 2, Ch).°C NMR § 144.8, 140.1, 139.6, 136.3, 134.1, 129.7, 128.5,312
124.1, 119.6, 37.9.

7, 7’-Dioctyl-dibenzolc,g]fluorene (12)

The preparation was similarly to the procedurd.dH-NMR 6 8.72 (d, 2, H12 J =
8.33 Hz), 7.94 (d, 2, kho J = 7.98 Hz), 7.83 (d, 2, 44, J = 8.12 Hz), 7.69 (d, 2, &4,

J = 8.08 Hz), 7.50 (M, 4, H111), 4.08 (s, 2, CH,1.86 (m, 4H,J = 3.7 Hz),
1.26-1.05 (m, 20H), 0.83 (t, 6H,= 3.6 Hz), 0.58 (m, 4HJ = 3.5 Hz)*C NMR ¢
144.8, 140.1, 139.6, 136.3, 134.1, 129.7, 128.6,31224.1, 119.6, 58.9, 41.5, 32.8,
30.1, 28.3, 24.2, 23.5, 14.3.

5,9-Dibromo-7, 7’-Dioctyl- dibenzolc,g]fluorene (13)

The preparation was similarly to the procedur&.cH NMR § 8.90 (d,J = 8.4 Hz,
2H, Ha0), 8.30 (s, 2H, K-), 8.24 (dJ = 8.7 Hz, 2H, K1), 7.72 (ddd]J = 7.1, 8.1, 1.0,
2H, Hs10), 7.67 (ddd,) = 8.0, 7.0, 1.0, 2H, 17, 1.86 (m, 4H,) = 3.7 Hz), 1.26-1.05
(m, 20H), 0.83 (t, 6HJ = 3.6 Hz), 0.58 (m, 4H] = 3.5 Hz)."*C NMR § 148.8, 146.5,
143.6, 140.3, 138.7, 135.6, 128.7, 125.3, 124.8,9158.8, 40.5, 31.7, 29.7, 27.8,
23.2, 22.8, 14.2. HRMS. Calcd fog#l44Br,: C, 68.52; H, 6.84. Found: C, 68.50; H,
6.88. MALDI-TOF: m/z 648.3, 646.3 ( MBr]*, M[®'Br]* 100%, 100%), 570.4,
568.4 (IM-*Br]*, [M-3'Br]* 100%, 100%), 490.5 ( [M-2Bf] 70%).
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