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A series of thiophene-based homologues with an aromatic core surrounded by terthiophene “arms” with acetylene linkages has been synthesized
by using Sonogashira coupling methods. The homologues were investigated spectroscopically in solution and in the solid state. They display
extended z-conjugation through the aromatic core that affects the strong emission and redox properties.

Conjugated organic oligomers and macromolecules continuehave thoroughly demonstrated the utility of triple bonds in
to receive considerable attention for electronic devices sucha series of oligag-thiopheneethynylenes) and studied their
as field-effect transistors and light-emitting diodeBor use in molecular scale electronic deviégdthough similar
example, we recently reported a terthiophene-based quino-‘starlike” molecules and polymers have been prepared with
dimethane as an-channel conductor in a thin-film transis-  thioether linkages and direct thiophenearomatic core
tor2 As part of an ongoing research project to create materialsbonds! ¢ these systems are not anticipated to support
with favorable structural and optoelectronic properties, we extended zz-conjugation through the core. The ethynyl
now report the synthesis and electronic properties of a new
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Scheme 1

a Reagents and conditions: (a) NBS, AcOH:CE@I°C; (b) (trimethylsilyl)acetylene, Pd(PBBCl,, Cul, (PrpNH, THF, rt; (c) KxCO;,
CH,Clx:MeOH, rt; (d) Pd(PP}).Cl,, Cul, ({PrpNH, THF:toluene, reflux.

linkages between the oligothiophene arm and the benzene Radial oligothiophene5—8 were synthesized according
core enhance conjugation by allowing the arms and core toto the general route in Scheme 1. Bromination of the phenyl-
achieve coplanarity. capped oligomed with N-bromosuccinimide (NBS), fol-

Table 1. Physical Properties of Homologuds-8

absorption emission
A’ .
compound M rm: eM!'em™®) Mma nnz max’ nrrl @! Mo nnz olxgonTer
(AE, eV) (AE, eV) (AE, eV) (AE, eV) oxidation/
4 RH 374 (3.32) 28,000 404 (3.07) 493 (2.51) 0.086 578 (2.15) 1.06 V&

400 (3.10) 120,000 433 (2.86) 520(2.38) 0.21 583 (2.13) 093V

R
R’ i R
R R
I:( 417 (2.97) 140,000 456 (2.72)  576(2.15) 034  661(1.88) 087V
R R
R
R R
7 458 (2.71) 180,000 499 (2.48) 615(2.02) 020 690 (1.80) -k
R R
R
s
R R
W
R R

402 (3.08) 110,000 434 (2.86) 570(2.18) 0.21  661(1.88) 0.88V

aDichloromethane solutions. Reported values afe not corrected for overlap with other absorption bahd#in films. Reported values are uncorrected
ATR values.© Dichloromethane solutions measured at room temperatureiaits 435.8 nm.@ Quantum yields measured relative to [Ru(bpiBFe)2 in
acetonitrile,® = 0.06214 ¢ Thin films on quartz slides.Potential vs Ag/AgCl in a 0.1 M TBAPFCH,CI, solution. All E° ' values, unless otherwise noted.
9Irreversible procesgpa value provided! Measurement precluded due to limited solubility.
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lowed by a Sonogashité' coupling with (trimethyisilyl)- | NN
acetylene afforded the silylated oligon&iProtodesilylation
with potassium carbonate gave the acetylide atnin T ' ' AR ' ' ‘
quantitative yield. To force complete substitution of the
appropriate aromatic halide, 9, 20, and 36 molar equig of
were added to producs, 6, and 7, respectively, using
Sonogashira coupling.

The electronic spectra of the arm and radial homologues
were recorded in dichloromethane (Table 1); spectra of the
benzene-core series are shown in Figure 1. The absorption
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Figure 2. Electronic absorption spectrum—) and emission
spectrum {-+) for thin films of 7.

[
T

series for the solid and solution spectra. The series shows

surprisingly good linearity. Typically, a plot ckE vs 1h

results in a linear relationship for-conjugated oligomers

and a saturation limit foAE vs n is reached for a given

oligomer lengtht> Clearly, this series of homologues is

300 00 300 00 700 unique as no hint of a saturation limit f&«E is evident as
Wavelength (nm) the number of thiophene rings is increased. To our knowl-

Figure 1. Electronic absorption spectra recorded in dichlo- edge, such a relationship is unprecedented in thiophene-based

romethane for (), 5 (), 6 (), and7 (—). conjugated oligomers.

maximum @may for the lowestz—s* transition increases

with the number of arms around the benzene core. The trend 34 . . ;
is consistent with a previously reported series of phenyl-
ethynyl-substituted benzene systéfnand is evidence of
extendedr-conjugation through the benzene core. Homo-
logue 8 with the thiophene core exhibits a maximum
absorption at 402 nm and is substantially red-shifted relative
to the arm (374 nm), again suggesting the formation of a
delocalizedr-system through the core. 26 ]
Solid-state spectra of the homologues were also recorded.
Figure 2 shows the electronic absorption spectrum of a thin 24 s ‘ :
film of 7 cast from a dichloromethane solution onto a cubic 0 SNumber ofTh]i%phene Ringsls 2
zirconia ATR crystal. The spectrum is red-shifted compared
with the solution phase and exhibits low energy fine structure. Figure 3. Energy QAE) of the lowest electronic transition for
Both qualities are characteristic of solid-state spectra of Solution @) and solid ©) for 4-7 vs the number of thiophene
conjugated homologues and polym&t3he large red-shift rings in the conjugated homologue.
has generally been attributed to enhanced planarity of the
molecule in the solid state. However, the origin of the fine
structure is still debatable and will not be discussed here.
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The emissive properties of the homologues were also
Figure 3 shows plots of the lowest energy transition vs studied in _solution and in the solid SFate (Table 1, Figur_es_z
the number of thiophene rings for the arm and benzene-core"’md 4). Asin the case for the gbsorptloq spectra, the_emlssmn

spectra of the homologues display a distinct red-shift as the
(10) (a) Cherioux, F.; Guyard, LAdv. Func. Mater 2001, 11, 305 number of thiophene rings increases. The radial homologues
309. (b) Cherioux, F.; Maillotte, H.; Audebert, P.; ZyssChem. Commun.  exhibit good quantum efficiencies>@0%) in dichloro-

1999 2083-2084. (c) Cherioux, F.; Guyard, L.; Audebert, Ehem. ; ; _
Commun1998 22252226 methane solution at room temperature (relative to the [Ru

(11) (a) Sonogashira, K.; Tohda, Y.; Hagihara,Metrahedron Lett1975
4467. (b) Takahashi, S.; Hagihara, N.; Kuroyama, Y.; Sonogashira, K. (14) Caspar, J. V.; Meyer, T. J. Am. Chem. S0d.983 105 5583—

Synthesisl98Q 627. 5590.
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Commun.1995 55-56. Roncali, JJ. Am. Chem. S0d998 120, 8150-8158. (b) Guay, J.; Kasai,
(13) For example, see the following and references therein: Koren, A. P.; Diaz, A.; Wu, R.; Tour, J. M.; Dao, L. HChem. Mater1992 4, 1097
B.; Curtis, M. D.; Kampf, J. WChem. Mater200Q 12, 1519-1522. 1105.
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Figure 5. Cyclic voltammogram ob (v = 100 mV/s) in 0.1 M

Figure 4. Emissi tra of (—), 5 (---), 6 (+++), 7 (—), and8 :
'gure 4. Emission spectra of (~), 5 (), 6 (), 7 (=), an TBAPF¢/CH,Cl, solution.

(- - -) in dichloromethane (relative intensity displayed).

processes are observed ®atE°' = 0.87, 1.06, and 1.51

(bpy)](PFs)2 (@ = 0.062) standafd). Emission spectra of V. The large current “spike” for the return of the third process
solid films are red-shifted relative to the solution spectra, is attributed to precipitation of the highly charged species
indicating the excited states of the thin films have greater generated in the third anodic process on the electrode surface.
conjugation lengths than in solution. A reversible reductionE®' = —1.49 V) followed by an

The redox properties of the homologues were investigatedirreversible reductiont,. = —1.81 V) is also observed for
with cyclic voltammetry and Osteryoung square-wave vol- 6. The observation of reversible oxidations and reductions
tammetry. The TMS-protected ar@displays two reversible  in thiophene-based homologues are rare and offer attractive
one-electron oxidations witB® ' = 1.00 and 1.42 V. These  prospects for device applications. These applications and
two processes correspond to the sequential formation of afurther investigations of the redox behavior of these mol-
radical cation and dication. The protonated atrexhibits ecules will be reported soon.

irreversible oxidation processes B, = 1.06 and 1.56 V _
and no stable oxidized species on the CV time scale are Acknowledgment. This research was supported by the
National Science Foundation under Grant CHE-9307837. We

observed.
The radial homologues, 6, and8 display stable oxidized ~ thank Daron Janzen for assistance with the emission data
species on the CV time scale. The redox behaviat asuld acquisition.

not be determined due to limited solubility. The potential of S tina Inf tion Available: E . al
the first oxidation for each homologue is listed in Table 1. upporting information Avallable. EXxperimental pro-

Each homologue exhibits a lower first oxidation potential cedures an_d absorptmn and emission spectra of the_ homo-
than the arm indicative of a more delocalized oxidized logues. This material is available free of charge via the
species. A representative cyclic voltammogram is provided Internet at http://pubs.acs.org.

for homologue6 in Figure 5. Three distinct oxidation 0L026292L
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