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Conjugated polymers have great potential as organic field effect Scheme 1. Synthetic Scheme of Pentacene Polymers 1 and 2
transistors (OFETS) photovoltaic cells (OPVCS)and light emit- o N Br 0
ting devices (OLED$) Thiophene-based conjugated polymers have \©: LI \©¢:: LI Br——Br
been extensively studied for the above applicatibhsaddition, 8 &
acene- and heteroacene-based organic semiconductors, such as Br,PQ (2,9- & 2,10-)
pentacene and fused oligothiophenes, have been intensely inves- TPs ps
tigated for OFET applicatiof’sAmong them, pentacene and its I I
derivatives have the highest reported thin-film transistor mobility . N N a N
at above 5 crhV 15718 To date, there are few reported conjugated By OOO 2T OOO
acene-containing polymers, most of which feature anthracenes. Il
Pentacene-containing conjugated polymers will be of great interest TIPS TIPS

. . . . . Pol 1: R = Dodk |
as solution-soluble polymers with high charge carrier mobility and TIPSEBr;P Polymer 2. R = 2.Ethyinexyl

low band gap. In addition, extending the conjugation of pentacene

reduces the electron density on the reactive 6 and 13 positions ando\mF, 60°C, 2 days; (c) 1) (2-triisopropylsilyl)ethynylmagnesium
therefore improves the stability of pentacene, as seen later in thiscnoride; (2) SnG2H,0, 10% HCl(aq); (d) 1,4-diethynyl-2,5-
work from the increased oxidation potential of the polymer. dialkoxybenzene (R= dodecyl or 2-ethylhexyl), Pd@PhCN},

So far, there has been only one report on a pentacknarene PBus, 'PLNH, Cul, toluene, room temperature for 3 days.
random copolymer with the pentacene core orthogonal to the TIPSEB,P did not show sign of degradation 1l NMR spectra,
conjugated polymer chain through the 6 and 13 positions for OLED indicating that it should be stable enough under basic conditions
devices’@The main difficulty in synthesizing pentacene-containing even at an elevated temperatiéitddowever, we were concerned
conjugated polymers is due to the poor solubility of pentacene in that the elevated temperature and long reaction times commonly
common organic solvents as well as its rapid degradation when ysed in Sonogashira polymerization reactions might result in partial
exposed to light and oxygen. decomposition of the pentacene monomer and polymer. It is well-

Recently, Anthony’s and Neckers’ groups reported a class of known that trace amounts of impurity may have a significant impact
soluble triisopropylsilylethynyl TIPSE) substituted pentacene  on device performance. Therefore, we adapted a room-temperature
derivatives’ Compared to pentacene, the bulky TIPSE substituents Sonogashira coupling reaction condition for aryl bromides reported
make the resulting pentacene derivatives very soluble in common recently by Fu and Buchwald using Pd@hCN)/PBus; as the
organic solvents and afford improved stability under ambient catalysti!
conditions both in the solid state and in solution. The polymerization was carried out betwe€lPSEBr,P and

In this Communication, we report the synthesis of pentacene- 1 4-diethynyl-2,5-dialkoxybenzene (Rdodecyl or 2-ethylhexyl}
containing conjugated polymers with low-bandgaps of less than at room temperature to obtain the desired pentacene-containing
1.7 eV, using alternating TIPSE-substituted pentacene with linear copolymers1 and 2 in 47% and 62% vyields, respectively, after
or branched alkoxyl-substituted diethynylphenyl moiefiessing washing with appropriate solvents. We limited the reaction time to
Sonogashira coupling reaction conditions at room temperéture. 6 h so that a large fraction of the resulting polymer was soluble in
Our pentacene copolymers exhibited much better air stability than common organic solvents. When a longer reaction time was used
TIPSE-substituted pentacenEIRSEP) in the solution state. (12 h), less than 30 wt % of the polymer was soluble. The molecular

The polymerization scheme and conditions are summarized in weights of the polymers were determined by gel permeation
Scheme 1. The TIPSE-substituted dibromopentacEifSEBT .P) chromatography (GPC) using tetrahydrofuran (THF) as the eluent
was prepared from dibromopentacene quinone. First, 4-bm@mo- and polystyrene standards. Polynieras found to have a number
xylene was converted to dibromopentacene quinone in two steps,averaged molecular weighMg) of 1.13 x 10* g mol* with a
yielding a mixture of 2,9- and 2,10-dibromopentacene quinone. polydispersity (PDI) of 2.21, while polymeZ had M, = 2.39 x
Because of similar solubility and polarity, we were not able to 10* g molt and PDI= 2.42. To our knowledge, these are the first
separate these isomers. They were subsequently converted t@xamples of pentacene-containing phenylethynylene polymers as

TIPSEBYr,P using conditions reported in literatuteFrom the'H well as the first application of room-temperature Sonogashira
NMR of TIPSEBr,P in deuterated chloroform (CDg| we coupling reaction using an aryl bromide as a starting monomer to
estimated that the ratio of 2,9- to 2,10-isomer was around five to the preparation of polyarylethynylenes (PAES) polymers.

four12 Before polymerization, we checked the stabilityTét® SEBr ,P Polymer 2 showed good solubility 5.0 mg/mL) in most

under the commonly used Sonogashira polymerization conditions chlorinated organic solvents as well as in THF and toluene, while
without addition of the comonomer in a degassed mixture of polymerl had only limited solubility 0.3 mg/mL) in halogenated
toluenelPrL,NH at 70-80 °C. benzene solvents. This difference is attributed to the difference in

The reactions were run using the following reagents and bulkiness of the alkoxy group substituted on the main polymer
conditions: (a) NBS, BPO, Cglreflux; (b) 1,4-benzoquinone, Nal,  backbone.
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Table 1. Summary of Electrochemical and Optical Properties of
Pentacene Copolymers and TIPSEP?2

Eredronset Eoxfonset optical
compound V) V) AmaxlAonset energy gap
polymerl -1.80 +0.32 671/693¢-DCB) 1.68
—-1.37 672/736 (film)
polymer2 —1.82 +0.28 674/695¢-DCB) 1.76
—1.42 674/706 (film)
TIPSEP —1.54 +0.24 649/667¢-DCB) 1.86

2 EredionsetS the onset reduction potentidswonsedS the onset oxidation
potential;onsetiS the absorption edge.
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Figure 1. (a) Cyclic voltammograms of polyme2 (top) and TIPSEP

(bottom) in 0.05 M tetraz-butylammonium hexafluorophosphate (TBAJPF
of o-dichlorobenzenectDCB); (b) UV—vis spectra of polymet (solid
line) and polymer2 (dashed line) films and im-DCB (inset) at room
temperature.

To estimate the highest occupied molecular orbital (HOMO)
levels, lowest unoccupied molecular orbital (LUMO) levels, and
optical energy gaps for polymerk and 2, we examined their
electrochemical and optical properties by cyclic voltammetry (CV)
and UV-vis spectrometry in solution and in thin film. We
compared this data to that GIPSEP. Table 1 summarizes the
CV and UV-vis results and the optical energy gaps. In terms of
electrochemical properties, polymér exhibited one reversible

oxidative step and two reversible reductive steps, as shown in Figure

1, which indicates high chemical stability in the solvated oxidized
and reduced states. On the other hand, polyhierd one reversible

oxidation step and two pseudoreversible reduction steps. The onset

of oxidation for polymer2 is 0.04 eV higher than that dfIPSEP
while the onset of reduction f&was 0.12 eV lower. On the basis

of the onset values, the HOMOs and LUMOs were calculated to
be 5.28 and 3.57 eV for polymer and 5.24 and 3.54 eV for
polymer 2, respectively. As a comparison, the HOMO level of
TIPSEP was 5.20 eV versus vacuum, indicating that it is more
easily oxidized than the polymeksThe slightly increased oxidation
potentials of the polymers is due to the incorporation of pentacene
into the conjugated polymer leading to delocalizationradlectrons

on pentacene ring and making it less electron rich. The band gaps

determined from CV were 1.69 and 1.70 eV for polynieand?2,
respectively. The UVvis spectra in solution for polymerand2
were very similar with theillymax and Agnset Slightly red-shifted by
about 22-28 nm compared to that GIPSEP. With respect to the
properties of polymer films deposited by spin-coating or dip-coating,
the absorption of polymet has an onset at approximately 736 nm,
and the spectrum displays a broad tail in the range of-BID
nm. On the other hand, the absorption onset of poly2risrabout

30 nm blue-shifted compared to polynteindicating that polymer

1 has a slightly stronger interchain interaction.

We have also investigated the stability of these pentacene
polymers. We monitored UVvis absorption over time for the
polymer solution ino-dichlorobenzene as compared TtPSEP,
which was reported to be approximately 50 times more stable than
pentacené Consistent with the CV results, our pentacene polymers

exhibited better stability (about three times the half-life) than
TIPSEP under our measurement conditions (see Supporting
Information).

In conclusion, we have synthesized a new type of conjugated
polymer containing pentacene using a room-temperature Sono-
gashira coupling reaction. Polym2rexhibited good solubility in
common organic solvents>6.0 mg/mL) which should make it a
good candidate for solution-processable device applications. The
optical gap of these polymers was lowered with respetiRSEP
and was as small as 1.68 eV for polynierAt the same time, the
oxidative stability of these polymers in solution was better than
TIPSEP both from CV measurements and monitoring YVis
absorption. Determination of the charge transport properties of these
new polymers is underway.
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Note Added after ASAP Publication. An error was detected
in paragraph 6 in the version published August 8, 2007; Cul was
added as a reagent in the version published August 14, 2007.

Supporting Information Available: Details of experimental
procedures, synthesis of all compounds,-tXs spectra, FL spectra,
cyclic voltammogram, TGA and DSC of polymgand?2. This material
is available free of charge via the Internet at http:/pubs.acs.org.
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