
Tetrahedron Letters 51 (2010) 1317–1321
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Highly fluorescent intramolecular dimmers of two pyrenyl-substituted
fluorenes bridged by 1,6-hexanyl: synthesis, spectroscopic, and self-organized
properties

Chao He a,b, Qingguo He a,*, Qing Chen a, Liqi Shi a,b, Huimin Cao a, Jiangong Cheng a,*, Changmin Deng a,b,
Tong Lin c

a Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, Changning Road 865, Shanghai 200050, China
b Graduate School of the Chinese Academy of Sciences, Yuquan Road 19, Beijing 100039, China
c Centre for Material and Fibre Innovation, Deakin University, Geelong, Vic. 3217, Australia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 22 October 2009
Revised 20 December 2009
Accepted 29 December 2009
Available online 7 January 2010
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.12.136

* Corresponding authors. Tel.: +86 21 62511070 8
8934.

E-mail addresses: hqg@mail.sim.ac.cn (Q. He), jgche
Two intramolecular dimmers of 4-, 8-pyrenyl-substituted fluorenes bridged by 1,6-hexanyl unit have
been synthesized. They showed very strong fluorescent emission with the emission peak at around
450 nm and fluorescence efficiency as high as �0.9. The absorption spectra also had high extinction coef-
ficients. The cyclic voltammetric curves showed that they can be used as electron-donating materials. The
DSC results suggested the dimmers have higher glass transition temperature. It was also found that these
novel dimmers can self-organize into spherical particles from the solutions due to evaporation of the
solvent.

� 2010 Elsevier Ltd. All rights reserved.
Fluorene and its analogs have shown many attractive proper-
ties, such as wide energy gap, high luminescent efficiency, tunable
emission color and easy functionalization at the 9-position of the
fluorene ring, which have received considerable attentions for
applications in the fields of optoelectronic devices.1 In comparison
with fluorene-based macromolecules, the fluorene derivatives of
low molecular weight have advantages in easily controlling the
structure, purification and pure emission color.2 However, the
small molecule derivatives tend to crystallize because of the heat
effect leading to deteriorated film quality. The solutions to this
problem have been reported based on introducing bulky aromatic
groups or spiro structures to the molecules, which complicated the
synthesis process.3

In this Letter, we report on a simple and effective way to pre-
pare amorphous fluorene derivatives, by using a novel intramolec-
ular dimmer structure.4 Hexanyl was used as a linker to bridge the
two fluorene moieties in order to modulate the solubility of the
compounds and the distance between the chromophores. The flu-
orene rings were also be functionalized by introducing pyrenyl
units at the 2- and 7-positions to improve the extinction coeffi-
cient, fluorescence quantum yield and thermal stability.5 In addi-
tion, we added carbazolyl units into the dimmer molecule to
demonstrate the flexibility of tuning the electronic properties by
introducing electron-donating/accepting units to the molecule.6 It
ll rights reserved.
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has been found that the dimmer compounds, 4PR-2F and 8PR-2F
have higher extinction coefficient, higher glass transition tempera-
ture and lower band gap in contrast to their counterparts 2PR-F
and 2PR-Cz.

Scheme 1 outlines the synthetic routes for the two dimmers,
4PR-2F and 8PR-2F. Detailed synthesis process is described in Ref-
erences and notes. Compound 1 was easily obtained by the reac-
tion between 2,7-dibromofluorene (DBF) and 1,6-dibromohexane
(DBH) with the optimized ratio (2:3, mol/mol), which led to a
moderate yield (40%). The reaction between 1 and carbazole was
conducted in acetone and KOH aq 50% mixture using tetrabutylam-
monium bromide (TBAB) as the phase transfer catalyst to provide
compound 2 with a yield of 79%. The parallel reaction of 1 with
3,6-dibromocarbazole-yielded compound 3 (yield 86%). 1-Bromop-
yrene, synthesized according to the literature7 was subjected to
halogen–lithium exchange and subsequent reaction with 2-isopro-
poxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane to give pyrene boro-
nic acid ester (PyBOH, yield 86%). Suzuki cross-coupling between 2
and PyBOH resulted in 4PR-2F (yield, 45%). In a similar way, 8PR-
2F was synthesized with a yield of 41% from 3 and PyBOH.8 The
compounds 2PR-Cz and 2PR-F were also synthesized by a Suzuki
coupling reaction in the yield of 63% and 72%, respectively.

The absorption and emission spectra of 2PR-Cz, 2PR-F, 4PR-2F,
and 8PR-2F in dilute THF solution are shown in Figure 1. The opti-
cal absorption and emission results are summarized in Table 1. It is
noted that the molar extinction coefficient increases significantly
by introducing more pyrenyl units into the molecule. It is almost
doubled from 2PR-F (log e = 4.88) to 4PR-2F (log e = 5.16). And
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Scheme 1. Structure and synthetic routes for 4PR-2F and 8PR-2F.
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Figure 1. UV–vis absorption (a) and emission (b) spectra of 2PR-Cz, 2PR-F, 4PR-2F, and 8PR-2F in THF (concentration, 10�7–10�6 M).

Table 1
Spectroscopic and electrochemical properties of 2PR-Cz, 2PR-F, 4PR-2F, and 8PR-2F

Absa, kmax (nm) PLa, kmax (nm) HOMOb (eV) LUMOb (eV) DEb (eV) Uc Log emax
d

Solution Film Solution Film

2PR-Cz 349 368 426 442 �5.81 �2.66 3.15 0.85 4.81
2PR-F 359 368 419 458 �5.93 �2.74 3.19 1.00 4.88
4PR-2F 349 368 426 Broad 449 �5.62 �2.64 2.98 0.86 5.16
8PR-2F 349 358 426 Broad 455 �5.60 �2.56 3.04 0.91 5.36

a The excitation light wavelength was at 360 nm, and the film was prepared by spin-coated from its THF solution on quartz plate.
b The HOMO energy level and LUMO energy level were estimated according to the literature, DE (band gap) = HOMO � LUMO.9
c The fluorescence quantum yields of the above compounds in THF solution were measured using a dilute solution of 9,10-diphenylanthracene (U � 0.9) in cyclohexane as

the standard.10

d The molar absorption coefficient was measured at the absorption maxima (kmax).
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there is about 66% increase from 4PR-2F (log e = 5.16) to 8PR-2F
(log e = 5.36), which is critical for photo responsive devices.

The emission spectra of dimmers are a little broader than that of
2PR-F and 2PR-Cz, which might be attributed to the superimposi-
tion of the increased emitting units with different conjugated
length. Additionally, the emission maxima from 2PR-Cz to
8PR-2F almost keep constant. All these compounds exhibit
respectable quantum efficient yields in THF as given in Table 1.
Unlike 2PR-F and 2PR-Cz, the dimmer materials tend to form
homogenous films via spin-coating procedure. Figure 2 shows
the absorption and emission spectra of the spin-coated films. The
absorption maxima of 2PR-Cz, 2PR-F, and 4PR-2F are all red-shift
to 368 nm with a long tail (475–550 nm) relative to their solution
counterparts. Interestingly, 8PR-2F shows less red-shift and a nar-
rower absorption peak without the long tail absorption. This could
be attributed to the large steric hindrance arising from the four
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Figure 2. UV–vis absorption (a) and emission (b) spectra of 2PR-Cz, 2PR-F, 4PR-2F, and 8PR-2F films.
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large chromospheres. The emission peak of 2PR-F red-shift about
39 nm with the broadest emission profile among the four
compounds compared with its solution counterpart. Compounds
4PR-2F and 8PR-2F red-shift only 23 nm and 29 nm, suggesting
the dimmer structure could be beneficial for preventing severe
aggregation in film state, especially for 4PR-2F, in which the broad
emission tail is not observed.

The cyclic voltammetric curves of 2PR-Cz, 2PR-F, 4PR-2F, and
8PR-2F are shown in Figure 3. All compounds exhibit quasi-revers-
ible oxidative and reductive cycles. The oxidation onset potentials
of 4PR-2F and 8PR-2F are lower compared with that of 2PR-Cz and
2PR-F, which suggests that 4PR-2F and 8PR-2F could be used as
strong electron-donating materials. It is also revealed that the
de-doping process of oxidation cycle show a broad peak possibly
arising from a multiple-electron involved process. The correspond-
ing data is also summarized in Table 1.
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Figure 3. The CV curves of 2PR-Cz, 2PR-F, 4PR-2F, and 8PR-2F o
DSC measurements were performed to understand the thermal
properties. Glass transition temperatures (Tg) were measured to be
81.2, 114.6, 126.7 and 164.7 �C for 2PR-F, 2PR-Cz, 4PR-2F, and
8PR-2F, respectively. The elevation of Tg from 2PR-F to 8PR-2F is
consistent with the increased ratio of rigid aromatic units to alkyl
chains. Compound 8PR-2F has four more pyrenyl units in the
molecule and it shows higher Tg compared with 4PR-2F. Since
materials with higher Tg tend to show stronger capacity to resist
self-crystallization under unfavorable heating condition, the dim-
mers could be more suitable for making optically stable thin-film
devices, such as organic light emitting diodes (OLED) and laser
devices.

In order to understand the molecular structure of 4PR-2F and
8PR-2F, quantum chemistry calculations were performed. Two
optimized conformations were obtained in a so-called open and
close state (Fig. 4) named according to the distance of the two
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Figure 4. Optimized structures of 8PR-2F.

Figure 5. SEM image of drop-casted 8PR-2F particles.
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carbazole-contained chromospheres arising from the free moving
of three alkyl chains. Both conformations exhibit a highly steric
three-dimensional (3D) structure, which is responsible for the iso-
tropic electronic properties of the devices during a solution-based
process. The 3D and rigid structure could assist in reducing the
intermolecular interaction in the solid state, as proved by their
spectroscopic data.

Inspired by their 3D structure, the self-organization behavior of
the dimmers was studied. When the solvent evaporated naturally
from the 4PR-2F and 8PR-2F solutions at room temperature, solid
powders with perfect sphere morphology (Fig. 5) were precipitated
from the solutions. And the size of the amorphous spheres was
tunable to some extent by a simple changing of the concentration.
However, no such spherical morphology was formed from 2PR-Cz
or 2PR-F solutions under the same condition. The detailed forma-
tion mechanism of the morphology structure is warrant to be
investigated.

In summary, new intermolecular fluorene dimmers have 4- and
8-substituted pyrenyls in the fluorene rings have been synthesized.
These fluorene dimmers tend to form amorphous structure arising
from the high steric hindrances of the 3D molecular structure. DSC
results suggested the dimmers could be more suitable for making
stable films for organic electronic devices. Optical properties re-
vealed that the dimmers have higher molar extinction coefficients
and can prevent severe aggregation in film state. The cyclic voltam-
metric curves showed that the dimmers could be used as strong
electron-donating materials. And also the SEM data exhibited an
interesting self-organization behavior that deserved for further
study.
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