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The novel perylene bisimides functionalized with oligothiophene substituents in the bay position of
the perylene corBl,N'-di(2-ethylhexyl)-1,7-di(thiophen-2-yl)perylene-3,4,9,10-tetracarboxylic acid bisimide
(28), N,N'-di(2-ethylhexyl)-1,7-di[(2,9bithiophen-5-yl]perylene-3,4,9,10-tetracarboxylic acid bisimide
(2b), andN,N'-di(2-ethylhexyl)-1,7-di[(2,25',2")terthiophen-5-yl]perylene-3,4,9,10-tetracarboxylic acid
bisimide @c) have been synthesized and fully characterized. As compared to the unsubstituted perylene
bisimide @), the UV—vis absorptions oRa—c undergo a bathochromic shift along with considerable
band broadening and a less pronounced vibronic fine structure. Moreover, efficient intramolecular electron
transfer between the oligothiophene-donor and perylene-acceptor leads to remarkable fluorescence
guenching of the perylene core. Cyclic voltammetry measurements of these compounds were performed
and corresponding polymers from the monome@is and 2c were prepared by electrochemical
polymerization. Both oligomers and polymers possess a facile reductive process, and their oxidation
potential can be tuned by variation of the number of thiophene groups. These properties make them
promising materials for optoelectrical devices such as molecular switches, solar energy harvesters, and
supercapacitors for energy storage.

Introduction Thiophenes or oligothiophenes are commonly employed

In recent years, doneracceptor conjugated complexes or @S electrqn-donating moieties with various .substitution pat-
oligomers have attracted intense scientific investigation due {€"ns, which often represent the best choice because they
to their unique optical and electrical properties with potential &€ electron-rich subunits with special intrinsic physical
applications in many fields such as molecular electronics, Properties and numerous chemical transformations. Thiophene-
optoelectronics, and artificial photosynthetic systéiPerylene ~ Pased electronic materials are of much interest due to their
bisimides represent a class of highly thermostable n-type gnwronm_ental and thermal s_tab|I|ty and potential _apphcatpns
semiconductors with relatively high electron affinity and N many fields such as electrical conductors, nonlinear optical
excellent transport property. More and more attention has dewc_es, solar cells, energy storage batteries, and flelq-eﬁect
been focused on the modification of perylene bisimide FransstoriAIthough much re;earc;h has been investigated
structures through high-yield synthetic routes to improve their in the systems based on oligothiophene as the donor or
chemical and physical propertié¥hese molecules and their ~ Perylene as the acceptor, few papers were reported on the
derivatives have been used not only as building blocks for ©ligothiophene-perylene system. The doneacceptor sys-
electronics and optoelectronics devices such as organic light-
emitting diodes93 light-harvesting array$,photovoltaic
cell® but also for studying the photoinduced energy and
electron-transfer proce$s.
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tems will play important roles in artificial photosynthetic
systems, molecular switches, and photovoltaic c&ilg§d:8
On the other hand, conjugated polymers with easy p- and O
n-doping processes have attracted much interest due to theit .
unigue optical properties and intrinsic conductivity. The w
polymers using functionalized thiophene as the repeated units’

Scheme 1. Synthetic Route to Compound 1
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have been studied intensively, and many instances of their Br
p-doping process have been well documefitétbwever, Q O O 05_/_/
only limited work has been reported on those that exhibit Zef7NHz CsHrCOM N . N
. R [ reflux, 20h, 90Y
an easy n-doping process because of its intrinsic difficdity. 4 O O S

The polymers with good p- and n-cyclability properties are Br
necessary for application in polymeric supercapacitors for 1
energy storagé& One approach to design these polymers is
the use of donor and acceptor monomers with regular
arrangements in the repeated units to control the energies of
the m-system’s effective high occupied molecular orbital
(HOMO) and low unoccupied molecular orbital (LUMO) i i
levels, which determine the polymer’s p-doping and n-doping
propertiec412 Therefore, the band gap can be tuned
significantly.

Scheme 2. Synthetic Route to Compounds 2a, 2b, and®c
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Herein, we introduced the oligothiophene groups to the
perylene core for the first time by the Suzuki or Stille
coupling reaction. Thus, we obtained three oligothiophene
perylene-oligothiophene triads with a-conjugated system,
in which oligothiophene groups act as the electron-donor and
the perylene bisimide as the electron-acceptor. The optical
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and electrochemical properties of the triads were carefully
investigated. As compared to the unsubstituted perylene
bisimide @), the UV—vis absorptions oRa—c undergo a
bathochromic shift along with considerable band broadening
and a less pronounced vibronic fine structure. Moreover, the
fluorescence quenching of the perylene core was observed
possibly due to the efficient intramolecular electron transfer
between the oligothiophene-donor and perylene-acceptor
induced by excitation of the electron acceptor perylene
bisimide chromophore. Furthermore, the typical perylene core
emission on excitation of the oligothiophene accounts for
the singlet-singlet energy transfer from the oligothiophene
to the perylene core. In the cyclic voltammetBa—c have
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Scheme 3. Synthetic Route to Compound 3
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a relatively high reduction potential because of the presence
of the perylene bisimide moiety, and their oxidation potential
can be tuned by variation of the thiophene moieties.
Furthermore2b and2c can be electrochemically polymer-
ized to produce low band-gap conducting materials. The
characterization of the pol2b) and poly@c) film by
electronic absorption and cyclic voltammetry was also
presented.

z
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Results and Discussion
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Synthesis and Characterization of the MonomersThe Wavelength/nm
synthetic approach of the necessary precutsisroutlined
in Scheme 1. Condensation of 1,7-dibromoperylene tetra- 1500 - B
carboxylic acid anhydridé with 2-ethylhexylamine in re-
fluxing propionic acid gave N,N'-di(2-ethylhexyl)-1,
7-dibromoperylene-3,4,9,10-tetracarboxylic acid bisimide as
a deep red solid in a yield of 909%9 Subsequent reaction
to synthesizea—c is showed in Scheme 2. F@a, using
the palladium-catalyzed Suzuki coupling reactibmeacted
with 2-thiopheneboronic acid under refluxing for 24 h in the
deaerated solvent of aqueousQQO; solution and tetra-
hydrofuran (THF). The purple solid obtained was purified
by column chromatography in a good yield of 88.6%. Wavelengthinm
Compounds2b and2c were S_ynthe_5|zed thr‘?“gh an analo- Figure 1. Electronic absorption spectra of compourgi2a, 2b, and2c
gous two-step procedure: first, tributyl-[Z@thiophen-5- (A) and fluorescence spectra 6f 2a, and 2b (2.0 x 1075 M) (B) in
yl-stannane or tributyl-[2,25',2""Jterthiophen-5-yl-stannane ~ CH:Cl. The inset shows the amplificatory fluorescence spectrbof
was prepared by the reaction of bithiophene or terthiophene
with 1 equiv of butyllithium followed by treatment with
tributyltin chloride!* The raw products were then reacted
with 1 through the palladium-catalyzed Stille coupling
reaction in dry N,N-dimethylformamide (DMF) at 69
70 °C for 48 h. After purification by silica gel column
chromatography?2b and2c were obtained as black solids in
good yields of 83.3% and 82.4%, respectively. Due to the
presence of the flexible alkyl substituents and the oligo-
thiophene groups in the bay position of the perylene core,
all compounds exhibit excellent solubility in common organic
solvents such as dichloromethane ¢CH), trichloromethane
(CHCIly), toluene, and THF. Thus, characterization such as
MALDI-TOF mass spectroscopy, elemental analyses, and
NMR spectroscopy, especially th&C NMR spectroscopy,
is easily accomplished. ItH NMR spectra, the alkyl
resonances ila, 2b, and2c are almost the same as those in
a reference compoundy,N'-di(2-ethylhexyl)perylene-3,4,
9,10-tetracarboxylic acid bisimide3,( mentioned below)
because the oligothiophene moieties have little correlation
with alkyl groups. Yet the chemical shifts of protons at the

1200 |-

900 -

600 -

300 -

Fluorescence Intensity

e T TR ———

500 550 600 650 700 750 800 850

5-, 6- or 11-, 12-positions assigned to the perylene backbone
in 2a, 2b, and2c undergo upfield shifting relative to those
of compound3. The significant shifting is attributed to the
shielding effect caused by the close proximity of the
thiophene moieties. The chemical shiftswthiophene or
B-thiophene protons are found as specific doublet and pairs
of doublet signals bearing the same intensity in the range of
7.0-7.5 ppm.

To investigate the influence of the oligothiophene moieties
on the optical and electrochemical properties of perylene
bisimide, we synthesized compouBds a reference by the
reaction of perylene tetracarboxylic acid anhydride with
2-ethylhexylamine in quinoline with acetate zinc as catalyst
(Scheme 3).

Optical Properties of the Monomers.Figure 1A shows
the electronic absorption spectrazd#—c and the reference
compound3 recorded in CHCl,. Increasing the number of
thiophene substituents in the bay position of the perylene
core alters significantly the characteristic absorption. The
longest absorption bands assigned to the electrofiSS
transition (a transition dipole moment along the long mo-
lecular axis}® undergo a bathochromic shift of the maximum

(13) Bthm, A.; Arms, H.; Henning, G.; Blaschka, P. U.S. Patent 6,184, -
378, Feb 6, 2001.

(14) (a) Miller, L. L.; Yu, Y. J. Org. Chem1995 60, 6813. (b) Zhu, S. (15) Guvishi, R.; Reisfeld, R.; Burshtein, Zhem. Phys. Lettl993 213
S.; Swager, T. MJ. Am. Chem. S0d.997, 119, 12568. 338.
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absorption from 524 nm3j to 557 @a), 601 @b), and Table 1. Redox Potentials of Triads 2a-c and Reference Compound
621 nm @c), respectively, along with considerable band &

broadening and a less pronounced vibronic fine structure. O™ PP P~ < P> band gap
Moreover, the lower absorption bands assigned to the compd En(V) EdEpa(V)  EndEa(V)  E°(€V) Ef(eV)
electronic $—S; transition (a transition dipole moment 2a 153 —0.63~0.53 -0.85~0.72  1.88 1.97
perpendicular to the long molecular axis)2s#—c evolve at 222 iig :8-22/’:8-2; :g-;g/’:g-;g i-gf 122
408, 458, and 487 nm, respectively. These results stem from "5 175 366,056 —089/-0.75 ' 531

the donor substituents in the bay position of the perylene

16 th | of . y'p b f pery d aEpa = peak anode potentiak,c = peak cathode potential, OTM
core, _t een argement ot-conjugation ecause of append-  gjigothiophene moiety, P= perylene. Potentials vs Ag/AgCI, working
ing oligothiophenes] and the loss of planarity and rigidity  electrode Pt, 0.1 M BINPR;—CHCly, scan rate 50 mV/$ Electrochemical
of the perylene bisimide chromophdfeThe absorptions ~ Pand gapsOptical band gap.

below 400 nm mainly come from the oligothiophene groups, 20
which undergo a substantially bathochromic shift relative to A
those of thiophene, bithiophene (302 nm), and terthiophene 15F

(354 nm), respectively. The continuous bathochromic shifts
result from the formation of a highly extendaedelocalized
system through the perylene cdfeand the remarkable
increase of absorption intensity reflects the corresponding
increases in the number of thiophene units in the oligomers.
Figure 1B shows the fluorescence emission specti@ of
2a, and2b at the same concentration in @El, excited at
490, 560, and 600 nm, respectively. As compared to 000 500 0 =00 1000 1500
compound3, the triad 2a displays a sharp drop of the Potential/mV
fluorescence intensity. In the case2if, only a very weak
signal-to-noise ratio is observed for the emission (Figure 1B
inset), while for2c, no fluorescence is detected in the visible
region. It demonstrates that the presence of oligothiophene
dramatically quenches the fluorescence of the perylene core
in the solvent. The phenomenon of the fluorescence quench-
ing might be attributed to the efficient intramolecular electron
transfer between the electron-donor oligothiophene moieties
and the electron-acceptor perylene core induced by excitation
of the electron acceptor perylene bisimide chromopHugfe°
The further experimental proof femtosecond transient ab- e
sorption spectroscopy will be carried out, and a full explana- 0 200 400 600 800 1000 1200 1400 1600
tion will be reported in due course. In these systems, energy . Potential/imV _
transfer is also detected by the following experiment. E('%‘;rse (ZF_;)%’%‘f‘i‘ﬁ'g‘&’;‘%@%’ﬂj&'ﬁ’béi;:]'\gt(:‘ég”rﬂ\ﬁgeated potential
Excitation of the thiophene at 290 nm resulted in the typical

perylene core emission, indicating the singisingletenergy  can be easily oxidized and subsequently deposited as

transfer from thiophene to the perylene core (representativeelectroactive polymer films on the working electrode surface.

example of2a, Supporting Informationj?'©%:2! _ So the cathodic scan was carried out first to avoid the
Electrochemistry of Monomers and Electrochemical  contamination of electrode surface. Table 1 lists the redox

POlymerlzatlon. Further InS|ght into the electronic propertles potentia|s of triada—c together with the reference com-

of these compounds was investigated by cyclic voltammetry nound3 for comparison. Figure 2A shows the representative

at room temperature. Thiophene or functionalized thiophene cyclic voltammetry of2b.

In the cathodic scan region, tria@s—c all give rise to

Current/pA
o o

o
T

'
(9]
T

-10

Current/pA
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124, 11848. M. R. J. Phys. Chem. B002 106, 1299.
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reported by Zhao et af.Furthermore, the potential difference 14l N
between the first and the second one-electron reduction O —poly(2b)
waves is obviously reduced with the increase of the 2 =~ -poly(Ze)
mr-conjugation fronRato 2c. The phenomenon is consistent g 10
with the result observed by Bard’'s group in the perylene, S os
terrylene, and quaterrylene bisimide systém. § 06

In the anodic scan region of the compounds, no oxidation <
potential is observed for referen8elue to the solvent-limited 04
potential in our experiments. So the irreversible oxidation 02
peak of 2a observed at 1.53 V can be attributed to the 0.0 . . . . . .
oxidation of thiophene moieties. Fab and2c, the oxidation 300 400 500 600 700 800 900 1000
potentials observed at 1.33 and 1.12 V are attributed to the Wavelength/nm

oxidation of bithiophene and terthiophene moieties, re:spec-fF_Ii@JU(fje 3. _Elzctf0f|1¥:oafb50fpti|0n Spfilctra_ of Inelftral paly) and pO'V?_C) g

. . . . m epOS|te on rom electrochemical po ymenzatlon normalized at
tively, which is progressively redgceq as compared to that o perylene bisimide absortion maximum.

of 2a. The result shows that the oxidation potentials decrease

with the increasing of the thiophene units, which is in the feature of cyclic voltammetry has no changes and no
agreement with related studies on substituted and unsubstifjim forms on the electrode surface during the subsequent
tuted thiophene previously reported by other autfofs.  cycles.
From the second scan (Figure 2B shows the representative sybsequently, the HOMOLUMO energy gap of the
repeated potential scans 2l), the appearance and growth  monomers can be estimated as 1.88, 1.68, and 1.51 eV from
of the new broad peaks at a diminished potential relative to the difference between the first oxidation and the first
the bithiophene and terthiophene moiety indicate the presenceeduction potential obtained from the electrochemical studies.
of a species grafted onto the electrode with a more extendedrhe result is in line with the electronic absorption spectral
conjugation that can be assigned to the oxidation of the newly stydies mentioned above and leads to the compo2indsid
formed polymer in the first cyclic voltammetric scan. The ¢ as the low band-gap precursors for conducting polymers.
gradually increased current response and new broad peak The films of poly@b) and poly@c) were prepared for
observed at lower potential are typical characteristics of fyrther characterization by repeated potential scans between
conducting polymer formation on the electrode surfa€®®® o and +1.6 V (as Figure 2B). The increase of current
Accordingly, in the first reverse scan of the cyclic volt- response indicates the increase of the amount of electroactive
ammogram, the reduction peaks, located at 1.20 and 1.01 Vpolymers deposited on the electrode surfaces. Subsequently,
for 2b, 1.01 and 0.77 V for2c, can be attributed to the  prown films are observed covering the electrode surfaces.
reduction of the conductive polymers formed on the electrode  Ejectronic Absorption and Electrochemistry of the
surface from the oxidized conductive state to the neutral polymers. Figure 3 shows the electronic absorption spectra
state?*® The two-step reductive processes have been ob-of poly(2b) and poly@c) films, which had been deposited
served in other conjugated conducting polymers such ason the indium tin oxide (ITO) coated glass by cyclic
alkoxy-substituted di-2-thiophenylene polymers. The phe- yoltammetry. The remarkable bathochromic shift of the
nomenon can be attributed to ion transport phenomena orahsorption and band broadening indicate that they have an
sequential reduction of bipolaron initially to polaron and then extended conjugation system, that is, the formation of the
to neutral polymef!® However, in the case &g, because  polymers? " Evaluating from the absorption edge of the
of the decrease of the electronic density on ¢hposition spectra, the optical band gaps of paly( and poly@c) are
due to the electron-withdrawing effect of perylene bisinfide,  apout 1.43 and 1.25 eV (Table 2), respectively, which are
(23) Lee, S. K.; Zu, Y.; Herrmann, A.: Geerts, Y. Man, K. Bard, A. J. muph lower thap those of the monomers evaluated frpm the
J. Am. Chem. Sod.999 121, 3513. optical absorption or cyclic voltammetry. The narrowing of
@4 i%g?‘ig"i'g',‘g J-t?) Lsmairflflz '\J" g‘a".ea“# 3: Gar.”iek/??'gh- Met. - the band gaps verifies that highly conjugated polymers have
Synth. r\)letlsézs(es)ls,0 323, (¢) Ingas, O.- Liedberg B.: Chang.Ru,  generated on the electrode surfaces by electrochemical
W.; Wynberg, H.Synth. Met1985 11, 239. (d) Laguren-Davidson,  oxidation?>~" Subsequently, the polymers redox properties

Ié'l;eg{g:;h?rﬁngogésélTgnserizllgé;_ ('\g?r\f,’ein'é:r%?‘drg_s_’C'?'T‘i]én were investigated by cyclic voltammetry. The electrochemi-

J.; Jang, G.-W.; Hsueh, K. FChem. Mater. 1991 3, 888 cally deposited films o2b and2c were washed with Ci

(f) Henderson, P. T.; Collard, D. MChem. Mater.1995 7, 1879. ; _ O _

(g9) Robitaille, L.; Leclerc, M.Macromolecules1994 27, 1847. (;|2 and_ placed into monome_r free elecm)lyte solu

(h) Scheib, S.; Baerle, P.J. Mater. Chem1999 9, 2139. tions. Figure 4 shows the cyclic voltammetry of the polymers.
(25) (a) Demanze, F.; Yassar, A.; Garnier,Nfacromoleculesl996 29, They both exhibit good and reversible p- and n-doping

4267. (b) Collis, G. E.; Burrell, A. KJ. Org. Chem2003 68, 8974. .
(c) Audebert, P.. Catel. J.-M.; Le Coustumer, G.; Duchenet, V.; Hapiot, Processes. Moreover, the electrochemical redox processes

P.J. Phys. Chem. B99§ 102, 8661. (d) Reddinger, J. L.; Reynolds,  of the films are very stable with no obvious changes in the
J. R.Chem. Mater1998 10, 1236. (e) Jang, S.-Y.; Sotzing, G. A;; ; ;

Marquez, M. Macromolecule2002 35, 7293. (f) Loganathan, K. featurgs of the cyclic voltammetry durlng subsequently repeat
Cammisa, E. G.; Myron, B. D.; Pickup, P. Ghem. Mater.2003 scanning (over 10 cycles). In the p-doping process, the onset
C.; Officer, D. L.; Too, C. O.; Wallace, G. Gynth. Met2001, 123 P Py,
225. (h) Too, C. O.; Wallace, G. G.; Burrell, A. K.; Collis, G. E.;
Officer, D. L.; Boge, E. W.; Brodie, S. G.; Evans, E.Synth. Met. (26) (a) Roncali, J.; Shi, L. H.; Garreau, R.; Garnier, F.; LemaireSihth.
2001, 123 53. (i) Pickup, P. GJ. Mater. Chem 1999 9, 1641. Met. 199Q 36, 267. (b) Child, A. D.; Reynolds, J. R. Chem. Soc.,
(j) Kingsborough, R. P.; Swager, T. Mdv. Mater. 1998 10, 1100. Chem. Commuril991 1779.
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Table 2. Onset and Peak Potentials of p-Doping and n-Doping Processes of Poly(2b) and Poly(2c) and the Band-Gap V&lues

p-doping n-doping band gap
polymer Eon (V) Epa(V) Epc (V) Eon (V) Epc (V) Epa (V) Eg (eV) Ef (eV)
2b 0.96 1.29 0.84,1.01 —0.46 —0.80,—0.94 —0.32,—0.46 1.42 1.43
2c 0.77 1.18 0.55,0.81 —0.48 -1.02 -0.25 1.25 1.25

aPotentials vs Ag/AgCI, working electrode Pt, 0.1 M BIPR—CH,Cl,, scan rate 50 mV/< Electrochemical band gapOptical band gap.
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Figure 4. Cyclic voltammetry of poly2b) (A) and poly@c) (B) realized
in 0.1 M BwNPRs—CHCl,, scan rate 50 mV/s.

and 0.77 V for poly2c), which is higher than those of
polythiophene previously reportéd.he positive shifting of

1000 1500

have been incorporated in the bay position of the perylene
core. Their optical and electrochemical properties are also
presented. Due to the incorporation of the electro-donor
oligothiophene, the absorption spectra show a remarkable
bathochromic shift relative to those of unsubstituted perylene
bisimides, and the fluorescence quenching is observed. Cyclic
voltammetry results of these compounds indicate that their
oxidation potential can be well controlled by variation of
the number of thiophene groups and they have facile and
reversible reduction potential. Moreover, compougbdsind

2c perform polymerization under current. Due to the presence
of electron-withdrawing perylene bisimide in the backbone
of the w-conjugated polymers, the electrochemical behavior
of the polymers depicts a facile and reversible n-doping
characteristic, which endows these materials as good electron-
transporting properties. The unique properties they possessed
set up a new way for us to design new materials based on
perylene bisimide and oligothiophene, which make them
potential candidates as intrinsic semiconductors, solar energy
harvesters, and some energy conversion systems.

Experimental Section

Materials. 2-Thiopheneboronic acid, [2]Bithiophene, and
[2,2';5',2"terthiophene were purchased from Aldrich and Acros
and were used as received without further purification. Tetrabutyl-
ammonium hexafluorophosphate (BUPF;) (Aldrich) was recrys-
tallized and dried under vacuum prior to use. Tributyl-[2,2
bithiophenyl-5-yl-stannane and tributyl-[2,2,2"]terthiophen-5-

the values can be explained by the electron-accepting effectyl-stannane were prepared according to literature proce#ubadF

of the perylene bisimide as the unit of the polymers, and the was purified by distillation over phosphorus pentoxide, and
phenomenon is consistent with the previous reports that thedichloromethane was distilled over CatAll reactions were carried
polymers had more positive oxidation potential values when out under an atmosphere of nitrogen.

the electron-withdrawing groups such as nitro, cyano attached

Instrumentation. The 'H NMR and 3C NMR spectra were

to the polymers or the pyridine, cyanovinylene groups were obtained on a Bruker DMX 400 NMR spectrometer. The signals

used as the repeating unit of the polym¥#psd12b.25a9 the

have been designated as follows: s (singlet), d (doublet), t (triplet),

n-doping process, the difference reducing between the firstdd (doublet of doublets), and m (multiplet and**C chemical
and the second n-doping process as compared to that of théhn‘ts are reported in ppm downfield from tetramethylsilane (TMS)

monomer2b and the merging of the first and the second
wave in poly@c) indicate the extended conjugation in the

polymers. From the difference of the onset potential between

reference using the residual protonated solvent resonance as an
internal standard. The UWis and fluorescence spectra were
obtained on a Hitachi U-3010 and Hitachi F-4500 spectrometer,
respectively. MS spectra (MALDI-TOF-MS) were determined on

the reductive and oxidative processes, the band gaps of the, gy ker BIFLEX IIl mass spectrometer. The infrared spectra of
polymers could be estimated to be 1.42 and 1.25 eV, the compounds-KBr pellets were recorded on a Perkin-Elmer
respectively. The values are relatively low for conjugated SYSTEM 2000 FT-IR spectrometer. Elemental analyses were
conducting polymers with good reversible p- and n-doping carried out on a Carlo-Erba 1160 elemental analyzer.
processes. In addition, it is consistent with the result from N N'-Di(2-ethylhexyl)-1,7-dibromoperylene-3,4,9,10-tetracar-
the edge of the absorption mentioned above. boxylic Acid Bisimide (1). A mixture of 1,7-dibromoperylene
tetracarboxylic acid anhydride (1.65 g, 3.0 mmol) and 2-ethylhexyl-
amine (1.55 g, 12 mmol) in propionic acid (90 mL) was heated to
refluxing for 12 h. The resulting mixture was cooled and poured
into water (200 mL), filtrated, and washed with water until the

Conclusions

In summary, we have shown a facile approach for the
synthesis of doneracceptor conjugated oligome2a—c by filtrate reached neutrality. The crude solid was dried atG@nder

Suzuki and Stille coupling reactions in good yields. To our vacuum. After being purified by column chromatography (silica
knowledge, this is the first time the oligothiophene moieties gel) using a mixture of dichloromethane/petroleum ether (1:1) as
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eluent, the product was obtained (2.08 g, 90% yield) as a deep red14.06, 10.58. Anal. Calcd for £gHsoN.O4S,: C, 71.31; H, 5.34;
solid. Data forl, UV—vis (CHxCly): Amax (€ x 107%) =524 (5.22), N, 2.97. Found: C, 71.31; H, 5.57; N, 2.95.
489 (3.55), 272 nm (2.69 mol dm® cm™). IR (KBr, cm™): v = N,N'-Di(2-ethylhexyl)-1,7-di[(2,2;5',2")terthiophen-5-yl]p-
2958, 2929, 2860, 1702 (s,=0), 1662 (s, €=0), 1591, 1393,  erylene-3,4,9,10-tetracarboxylic Acid Bisimide (2c)Tributyl-
1333, 1239. MS (MALDI-TOF):m/z 771.1 (M" + 1). 'H NMR [2,2;5',2"]terthiophen-5-yl-stannane (591 mg, 1.1 mmol) and
(CDCls, 400 MHz): 6 = 9.43 (d,J = 8.2 Hz, 2H, perylene-H),  compoundL (386 mg, 0.5 mmol) in 10 mL of dry DMF were added
8.87 (s, 2H, perylene-H), 8.65 (d,= 8.1 Hz, 2H, perylene-H),  py the catalytic amount of [Pd(I)(PB}RCI] and stirred at 66
4.09-4.19 (m, 4H,—CH,—N), 1.92-1.96 (m, 2H,—CH-), 1.32- 70 °C for 48 h. After removal of the DMF under vacuum, the
1.42 (m, 16H,-CH,—), 0.95 (t, 6H,—CHs), 0.90 (t, 6H,—CHj). resulting solid was purified by column chromatography using a
13C NMR (CDCk, 400 MHz): 6 = 162.81 (G=0), 162.32 (& mixture of dichloromethane/petroleum ether (3:1) as eluent to give
O), 137.77,132.25,132.18, 129.65, 128.68, 128.06, 126.55, 122.91,a black solid (456 mg) in 82.4% y|e|d Data f@c, UV—vis
122.48, 120.67, 44.37, 37.87, 30.68, 28.61, 23.98, 23.02, 14.06,(CH,Cl,): Amax (¢ x 1074 = 621 (1.59), 487 (2.28), 378 nm
10.55. Anal. Calcd for GeHaoBrN2Os: C, 62.19; H, 5.22; N, 3.69.  (6.48 mol* dm? cm3). IR (KBr, cm1): v = 2958, 2927, 2860,
Found: C, 62.30; H, 5.23; N, 3.44. 1699 (s, G=0), 1658 (s, &0), 1591, 1404, 1328, 1243. MS
N,N'-Di(2-ethylhexyl)-1,7-di(thiophen-2-yl)perylene-3,4,9,10- ~ (MALDI-TOF): m/z 1106.3 (M"). '"H NMR (CDClz, 400 MHz):
tetracarboxylic Acid Bisimide (2a). A mixture of 2-thiophene- 0 = 8.61 (s, 2H, perylene-H), 8.29 (d,= 8.2 Hz, 2H, perylene-
boronic acid (140 mg, 1.1 mmol), compouh@86 mg, 0.5 mmol), ~ H), 8.26 (d,J = 8.2 Hz, 2H, perylene-H), 7.27 (d,= 3.7 Hz, 2H,
and Pd(PP}), catalyst in 30 mL 61 M aqueous KCO; solution thiophene-H), 7.25 (dd}; = 1.1 Hz,J, = 5.1 Hz, 2H, thiophene-
and THF (v/v, 1:1) was heated to reflux for 24 h. After being cooled H), 7.22 (d,J = 3.7 Hz, 2H, thiophene-H), 7.20 (d& = 1.1 Hz,
to room temperature, the mixture was extracted with 100 mL of J2 = 3.6 Hz, 2H, thiophene-H), 7.09 (d= 3.6 Hz, 2H, thiophene-
CHCl; three times. The combined organic phase was washed with H), 7.08 (d,J = 3.6 Hz, 2H, thiophene-H), 7.04 (dd, = 3.5 Hz,
brine, dried over MgS@and concentrated. The residue was purified J2 = 5.6 Hz, 2H, thiophene-H), 4.684.19 (m, 4H,—CH,—N),
by column chromatography using a mixture of dichloromethane/ 1.94-1.96 (m, 2H,—CH~-), 1.32-1.40 (m, 16H,—CH,—), 0.94
petroleum ether (1:1) as eluent to give the product as a purple solid (t, 6H, =CHs), 0.89 (t, 6H,—CH). *C NMR (CDCk, 100 MHz):
(345 mg). Yield: 88.6%. Data foPa, UV—vis (CHCly): Amax 0 =163.44 (G=0), 163.35 (G=0), 142.11, 140.14, 137.22, 136.76,
(€ x 10-% = 557 (2.10), 408 (0.80), 286 nm (2.45 mAldm? 135.30, 135.07, 134.10, 132.65, 132.51, 129.57, 129.63, 128.98,
cm D). IR (KBr, cm-l): v = 2956, 2928, 2861, 1698 (s.~D), 128.56, 127.93, 127.64, 125.09, 124.93, 124.84, 124.42, 124.01,
1658 (s, G=0), 1591, 1403, 1328, 1243. MS (MALDI-TOF)/z 122.20, 122.10, 44.34, 37.94, 30.74, 28.70, 24.03, 23.07, 14.12,
778.4 (M"). IH NMR (CDCls, 400 MHz): 6 = 8.68 (s, 2H, 10.63. Anal. Calcd for gHs4N04Ss: C, 69.41; H, 4.91; N, 2.53.
perylene-H), 8.25 (dJ = 8.2 Hz, 2H, perylene-H), 8.08 (d,= Found: C, 69.22; H, 4.95; N, 2.26.
8.2 Hz, 2H, perylene-H), 7.50 (dd; = 1.0 Hz,J, = 5.2 Hz, 2H, N,N'-Di(2-ethylhexyl)perylene-3,4,9,10-tetracarboxylic Acid
thiophene-H), 7.32 (dd}; = 1.0 Hz,J, = 3.5 Hz, 2H, thiophene- Bisimide (3). A mixture of perylene-3,4,9,10-tetracarboxylic acid
H), 7.19 (dd,J; = 3.7 Hz,J, = 5.1 Hz, 2H, thiophene-H), 4.1 anhydride (784 mg, 0.02 mol), zinc acetate (366 mg, 0.02 mol),
4.15 (m, 4H,—CH,—N), 1.94-1.98 (m, 2H,—CH-), 1.31-1.42 and quinoline (10 mL) was heated to 180 and remained at the
(m, 16H, —CH,—), 0.94 (t, 6H,—CHj), 0.88 (t, 6H,—CHjy). 13C temperature fo3 h under nitrogen. After being cooled to room
NMR (CDCl;, 100 MHz): 6 = 163.49 (G=0), 163.45 (CG=0), temperature, the reaction mixture was poured into HCI (1 M,
143.68, 135.55, 134.46, 133.21, 133.16, 129.61, 129.51, 129.07,100 mL). The resulting red precipitate (1.11 g) was collected by
128.71, 128.09, 127.86, 127.37, 122.34, 122.25, 44.39, 38.09, 30.90filtration, washed with water (50 mL) and methanol (50 mL), and

28.72, 24.19, 22.93, 13.84, 10.55. Anal. Calcd fegHGsN,04S;:

C, 74.00; H, 5.95; N, 3.60. Found: C, 73.99; H, 6.08; N, 3.70.
N,N’'-Di(2-ethylhexyl)-1,7-di[(2,2)bithiophen-5-yl]perylene-

3,4,9,10-tetracarboxylic Acid Bisimide (2b) A mixture of tributyl-

[2,2]bithiophen-5-yl-stannane (501 mg, 1.1 mmol) and compound

1 (386 mg, 0.5 mmol) in 10 mL of dry DMF was added by the

catalytic amount of [Pd(Il)(PR)CIl;] and stirred at 6670 °C for

then purified by column chromatography (silica gel, ).
Yield: 90%. Data for3, MS (MALDI-TOF): m/z614.4 (M"). H
NMR (CDCls, 400 MHz): 6 = 8.63 (d,J = 7.9 Hz, 4H, perylene-
H), 8.53 (d,J = 8.1 Hz, 4H, perylene-H), 4.314.21 (m, 4H,
—CH;—N), 1.97-1.20 (m, 2H, —CH-), 1.35-1.46 (m, 16H,
—CH;—), 0.98 (t, 6H,—CHg), 0.92 (t, 6H,—CHs).

General Electrochemistry.Cyclic voltammetric measurements

48 h. After removal of the DMF under vacuum, the resulting solid were carried out in a conventional three-electrode cell using Pt
was purified by column chromatography using a mixture of button working electrodes of 2 mm diameter, a platinum wire
dichloromethane/petroleum ether (2:1) as eluent affording a black counter electrode, and a Ag/AgCl reference electrode on a

solid (393 mg) in 83.3% yield. Data fd2h, UV—vis (CHCl,):

Amax (€ x 107%) = 601 (1.68), 458 (1.78), 333 nm (4.18 mbtm?
cm). IR (KBr, cm™): v = 2956, 2930, 2861, 1697 (s,=€D),
1658 (s, G=0), 1591, 1403, 1328, 1243. MS (MALDI-TOFvz
943.3 (M" + 1). 'TH NMR (CDCl;, 400 MHz): 6 = 8.60 (s, 2H,
perylene-H), 8.27 (d) = 8.2 Hz, 2H, perylene-H), 8.24 (d, 24,

= 8.2 Hz, perylene-H), 7.27 (dd;, = 0.9 Hz,J, = 5.1 Hz, 2H,
thiophene-H), 7.25 (d] = 3.3 Hz, 2H, thiophene-H), 7.22 (d,=

3.7, 2H, thiophene-H), 7.18 (dd; = 1.0 Hz,J, = 3.6 Hz, 2H,
thiophene-H), 7.03 (ddl; = 3.6 Hz,J, = 6.3 Hz, 2H, thiophene-

H), 4.09-4.16 (m, 4H,—CH,—N), 1.93-1.94 (m, 2H,—CH-),
1.30-1.40 (m, 16H,—CH,—), 0.93 (t, 6H,—CHz), 0.88 (t, 6H,
—CHs). 13C NMR (CDCk, 100 MHz): 6 = 163.50 (G=0), 163.46
(C=0), 142.02, 140.43, 136.44, 135.40, 134.30, 132.85, 132.64,
129.70, 129.59, 129.06, 128.38, 127.98, 127.75, 125.25, 124.98
124.45, 122.24, 122.11, 44.29, 37.89, 30.69, 28.65, 23.98, 23.01

computer-controlled EG&G potentiostat/galvanostat model 283 at
room temperature. For the cyclic voltammetric measurements of
monomers, freshly distilled Ci€I, was used to prepare a solution
of 2a, 2b, 2c (1 mM) containing BuNPF; (0.1 M) as supporting
electrolyte. The same condition was used for referé@b and

2c polymerized through repeated cycles by cyclic voltammetry
contained 5 mM monomer and 0.1 M electrolyte in L. After

the deposition of the polymers onto the button working electrodes,
the films were washed with Gi€l, and then cycled in a monomer-
free electrolyte CHCl, solution. A platinum button electrode was
polished before each experiment with a 005 alumina paste,
and N bubbling was used to remove oxygen from the electrolyte
solutions in the electrochemical cell.

Optical Studies of the PolymersFor the electronic absorption

,measurement of pol2p) and poly@c) films, the indium tin oxide
,coated glass was cut into 1 cmn3 cm pieces, cleaned by sonication
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in 2-propanol after being washed with detergent, and then rinsedtion, the Major State Basic Research Development Program,
with deionized water and allowed to dry prior to use. The films and the Chinese Academy of Sciences.
were deposited onto ITO with the method of polymerization

meptioned above. Thel polymer films wire held a}tfr)earv ffor h Supporting Information Available: NMR spectra, emission
5 min to ensurebcqmp()jete reduction to the neutral form before the spectra of2a, and cyclic voltammetry of the compounds. This
spectra were obtained. material is available free of charge via the Internet at

. http://pubs.acs.org.
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