
Tetrahedron Letters 51 (2010) 5287–5290
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Synthesis and photophysical properties of monodisperse
oligo(9,9-di-n-octylfluorene-2,7-vinylene)s functionalized anthracenes

Huipeng Zhou, Ran Lu *, Xin Zhao, Xianping Qiu, Pengchong Xue, Xingliang Liu, Xiaofei Zhang
State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun 130012, PR China

a r t i c l e i n f o
Article history:
Received 25 June 2010
Revised 27 July 2010
Accepted 29 July 2010
Available online 1 August 2010

Keywords:
Oligofluorene
Anthracene
Excimer
Fluorescence
Monodisperse-conjugated oligomer
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.07.155

* Corresponding author. Tel.: +86 431 88499179; fa
E-mail address: luran@mail.jlu.edu.cn (R. Lu).
a b s t r a c t

Four new well-defined monodisperse linear oligofluorenes with anthracene core An-OFVn (n = 1–4) have
been synthesized through Heck and Wittig reaction. These conjugated oligomers exhibit good solubility
in common organic solvents. It is found that the conjugation length of the oligomers can be extended and
the formation of excimers can be suppressed with increasing the number of fluorene–vinylene units
linked in the 9,10-positions of anthracene.

� 2010 Elsevier Ltd. All rights reserved.
Monodisperse, well-defined p-conjugated oligomers, have at- excimer with bathochromic-shifted emission is often detected in

tracted much current attention in terms of molecular, electronic,
and optoelectronic materials because they can be used as nonde-
fected structures for electronic devices,1 such as organic light-
emitting diodes (OLEDs),2 solar cells,3 electrical conductors,4 and
field-effect transistors (FETs),5 and as models for understanding
the structure–property relationship as well as the fundamental
properties of their analogous polydisperse polymers.6 A number
of functionalized oligomers have been synthesized, including oli-
gothiophenes,7 oligocarbazoles,8 oligophenothiazine,9 oligoani-
lines,10 and oligophenylenes11. Especially, since Miller and
Klaerner reported the first monodisperse oligo(9,9-di-n-hexylfluo-
renes),12 many kinds of oligofluorenes13 have been prepared as
model compounds of poly(alkylfluorene)s, which have emerged
as leading electroluminescent materials due to their high photolu-
minescence quantum efficiencies, high hole mobility, high thermal
stability, and good solubility. For example, Chen and co-workers
have synthesized a series of monodisperse chiral oligofluorenes
with chiroptical activities.14 Tsutsui and co-workers have reported
the monodisperse oligo(9,9-dihexyl-2,7-fluoreneethynylene)s as
light-emitting layer in LEDs. Geng and co-workers have found that
the photophysical properties and the thermal properties varied
with the molecular length of the monodisperse oligo(9,9-di-n-
octylfluorene-2,7-vinylene)s. In addition, oligofluorene-functional-
ized star-shaped architectures have also been prepared by several
groups.15 On the other hand, anthracene derivatives are also one of
the promising candidates in blue fluorescent materials.16 However,
ll rights reserved.
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some anthracene-based emitting materials.17 Miller and co-work-
ers have suggested that the formation of excimers can be sup-
pressed by the introduction of small amounts of anthracene into
the main chain linked via the 9,10-positions.18 In order to reveal
the effect of the oligofluorene linked to anthracene on the forma-
tion of excimer, herein, a series of new monodisperse linear oligo-
fluorenes-functionalized anthracenes An-OFVn (n = 1–4) have
been synthesized. It is found that the emission of excimer is quite
strong for An-OFV1 and it can be suppressed effectively for An-
OFV4. Therefore, the formation of excimers can be gradually sup-
pressed with increasing the number of fluorene–vinylene units
linked to the 9,10-positions of anthracene, which will be helpful
for the design of novel blue-emitting materials with high fluores-
cence efficiency.

The synthetic routes for monodisperse oligo(9,9-di-n-octylfluo-
rene-2,7-vinylene)s-functionalized anthracenes An-OFVn are
sketched in Scheme 1. The precursors of oligo(9,9-di-n-octylfluo-
rene-2,7-vinylene)s with terminal vinylene groups E-OFVn were
first prepared by alternate Heck reaction and Wittig reaction.11a,19

For example, E-OFV1 was obtained through Wittig reaction be-
tween methyltriphenylphosphoniumiodine and 2-formyl-9,9-di-
n-octylfluorene (1), which was synthesized according to the meth-
od reported in the Ref. 13a in a yield of 95%. Then, compound 4 was
readily obtained from E-OFV1 and 2-bromo-7-formyl-9,9-di-n-
octylfluorene (3), which was an important intermediate for
extending the fluorene units in E-OFVn and prepared in accor-
dance with the literature,13a catalyzed by Pd(OAC)2 in N,N-dimeth-
ylformamide (DMF) at 110 �C for 10 h via the Heck reaction in a
yield of 78%. The Wittig reaction between compound 4 and meth-



Scheme 1. Synthesis of An-OFVn. Reagents and conditions: (a) [Ph3PCH3]+ I�, t-BuOK, THF, 0 �C to rt; (b) (1) n-BuLi, THF, �78 �C; (2) DMF, �78 �C; (c) Pd(OAC)2, K2CO3, DMF,
Bu4NBr, 110 �C, 10 h.
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yltriphenylphosphoniumiodine could afford E-OFV2 in a yield of
85%. Accordingly, by using alternate Heck reaction and Wittig reac-
tion, we gained E-OFV3 and E-OFV4 in good yields. Finally, the lin-
ear monodisperse p-conjugated oligomers of An-OFVn were
synthesized by Heck reaction between E-OFVn and 9,10-dibromo-
anthracene. The yields for the compounds An-OFV1, An-OFV2, An-
OFV3, and An-OFV4 are 75%, 70%, 68%, and 65%, respectively. All
the intermediates and the final products were purified by column
chromatography followed by recrystallization, and the new com-
pounds were characterized with FT-IR, 1H NMR, 13C NMR, elemen-
tal analysis, and MALDI/TOF mass spectroscopy [24]. The
compounds An-OFVn exhibited a vibration absorption band
around 960 cm�1 arising from the wagging vibration of the trans-
double bond (C@C) in the IR spectrum.13b,20 In addition, the 1H
NMR spectra of An-OFVn also confirmed that all the ethenyl
groups adopted the trans-conformation on account of the absence
of the signal at �6.5 ppm assigned to protons in cis-double bonds
(–CH@CH–).20,21 Due to the introduction of long carbon chains
An-OFVn were readily dissolved in many organic solvents, includ-
ing dichloromethane, chloroform, toluene, ethyl acetate, and
tetrahydrofuran.

The UV–vis absorption spectra of An-OFVn and E-OFVn in solu-
tions are shown in Figure 1. It was clear that in dilute solution
(2.0 � 10�6 M, Fig. 1b) E-OFV1 gave three absorption bands at
286, 298, and 318 nm, which red shifted significantly with increas-
ing the number of fluorene–vinylene units on account of the
extending of p-conjugation. For instance, the absorption maximum
shifted to 398, 425, and 438 nm for E-OFV2, E-OFV3, and E-OFV4,
respectively (Table S1). Whereas, the absorption of An-OFVn
exhibited red-shift compared with that of E-OFVn. For instance,
An-OFV1 showed three absorption peaks at 325, 336, and
423 nm, in which the two former ones due to fluorene units gave
a little red shift compared with those of E-OFV1 and the latter
one was ascribed to the electronic transition of the anthracene-
based conjugated system. Because of the overlap of the absorption
of the conjugated difluorene units and anthracene core the absorp-
tion bands of An-OFV2 are merged into a broad band between 350
and 450 nm and a feeble hump around 430 nm was observed. With
increasing the fluorene–vinylene units, the absorption of oligofluo-
rene units became dominating, so we could find two absorption
bands at 409 and 434 nm for An-OFV3 as well as the ones at 420
and 444 nm for An-OFV4 which were similar to those of E-OFV3
and E-OFV4, and further red shifted compared to An-OFV2
(Table S1). Meanwhile, the absorption bands of An-OFVn in the
films red shifted compared with those in solutions. From Figure S1,
we could find that the absorption maxima of An-OFV1 in the film
red shifted to 438 nm from 423 nm in the solution, indicating the
occurrence of the intermolecular interaction in the solid states.

Figure 2 shows the concentration-dependent fluorescent emis-
sion spectra of An-OFVn in chloroform. It is obvious that An-
OFV1 exhibits three emission bands at 412, 439, and 459 nm in di-
lute solution below 1.0 � 10�8 M. With increasing the concentra-



Figure 1. UV–vis absorption spectra of (a) An-OFVn in chloroform (1.0 � 10�6 M) and (b) E-OFVn in chloroform (2.0 � 10�6 M).

Figure 2. Concentration-dependent fluorescent emission spectra of (a) An-OFV1, (b) An-OFV2, and (c) An-OFV4 in chloroform (kex = 365 nm).
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tion, the bands in the region of 400–460 nm were intensified with-
out shift, but another broad band at 602 nm appeared and became
stronger and stronger, whose intensity was ca. five times higher
than that at 439 nm at 1.0 � 10�5 M. We deemed that the emission
at 602 nm of An-OFV1 should be ascribed to the emission of the
excimer formed in the excited state,22,23 which can be further con-
firmed by the absorbance-concentration diagram of An-OFVn in
solution. From Figure S2, a well linear relationship between the
absorption maximum and the concentration for An-OFV1, An-
OFV2, and An-OFV3 can be detected, suggesting that no aggregates
are formed in ground state when the concentration was less than
1.0 � 10�5 M. Similarly, An-OFV2 and An-OFV3 also gave the
emission at 400–500 nm, which red shifted compared with those
of An-OFV1 on account of the enlargement of the conjugation.
On the other hand, when the concentrations are higher than
1.0 � 10�7 M, the emission at ca. 600 nm ascribed to the excimer
emerged. It should be notable that the emission intensity at ca.
600 nm is comparable to that at 441 nm for An-OFV2 when the
concentration reached 1.0 � 10�5 M, meaning that the emission
from excimer is not as strong as that in An-OFV1. In the case of
An-OFV4, as shown in Figure 2c, the emission of the excimer is
quite lower than that at ca. 450 nm. Thus, with increasing the
length of oligofluorene linked to the 9,10-positions of anthracene,
the formation of excimer can be suppressed on account of the ste-
ric effect as well as the interaction between fluorene–vinylene
units, and the emission of excimer decreases significantly when
the number of fluorene–vinylene units in the arms reached four.
It should be noticed that the emission intensity at ca. 455 nm for
An-OFV4 at 1.0 � 10�5 M decreased compared with that at lower
concentration, which might be due to the molecular aggregation
at higher concentration (Figs. S2 and S3). In addition, An-OFVn
showed similar asymmetrical emission peaks located at ca.
570 nm in the films, which might be due to the emission of the
molecular aggregates and the excimers (Fig. S1). The fluorescence
quantum yields (UF) of An-OFVn (n = 1–4) in toluene were mea-
sured by using quinine sulfate (UF = 0.546, kex = 365 nm) as a stan-
dard, and they were 0.21, 0.34, 0.77, and 0.85, respectively.

In conclusion, we have synthesized four new well-defined
monodisperse linear oligofluorenes-functionalized anthracenes
An-OFVn (n = 1–4) by alternate Heck and Wittig reactions in good
yields. The absorption bands exhibited red shift with increasing the
number of fluorene–vinylene units because of the enlargement of
the conjugation. Meanwhile, the strong emission at 602 nm as-
signed to the electronic transition of the excimer for An-OFV1
can be detected, but decreases significantly when the number of
fluorene units in the arms reached four, suggesting that the forma-
tion of excimer can be suppressed with increasing the number of
fluorene–vinylene units linked in the 9,10-positions of anthracene.
The strategy of restraint of the excimer formation will be helpful
for fabrication of novel blue-emitting materials with high fluores-
cence efficiency.
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