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ABSTRACT

Phosphole-cored dendrimers having poly(benzyl ether) units through the third generation have been synthesized. The dendrimers display
intense blue photoluminescence, the quantum yield increasing with the increasing generation of the dendron units. The optical properties are
easily tuned by oxidation of the phosphorus atom of the phosphole ring.

Over the past decades, the design and synthesis of novel
π-conjugated systems have been active areas of research
because of their applications as optoelectronic materials, such
as organic thin film transistors and organic electroluminescent
(EL) devices. Among a variety ofπ-conjugated systems,
π-conjugated molecules containing the main group element
have attracted considerable interest recently.1 This is because
the orbital interaction of the main group element moiety plays
an intriguing role in theπ-conjugated framework. In this
context, phosphacyclopentadiene, phosphole, is an interesting
building block for the construction of conjugated systems,
where an interaction between the butadieneπ* orbital and

the low-lying σ*(P-R) orbital takes place in the ring.2

Phosphole also possesses a central phosphorus atom, which
retains a versatile reactivity. This offers the possibility of
tuning the electronic properties of the materials by simple
chemical modifications, such as oxidation. Several reports
have addressed the synthesis of phospholes with a variety
of substituent groups3-5 and phosphole-based polymers.6,7

Réau and co-workers very recently demonstrated light-
emitting behavior in phospholes and their sulfide derivatives.8
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We designed dendrimers with phosphole at the core.
Dendrimers are a class of highly ordered, three-dimensional,
tree-like macromolecules that are potential building blocks
for the construction of functional materials.9,10 In this regard,
dendritic macromolecules offer a special opportunity for
improvement of photophysical properties. For example, the
dendritic framework provides a site-isolation framework for
chromophores placed at the core, a light-harvesting antenna,
and an energy transfer interaction.11 In the application to EL
devices, it is also important to develop materials with
improved stability and an alternative class of materials for
solution processing. Recently, several groups have reported
dendrimer-based EL devices.12,13 We show herein the
synthesis and photophysical properties of phosphole-cored
dendrimers.14

Our synthetic strategy for phosphole-cored dendrimers is
based on the convergent method,15 i.e., by coupling the focal
point of the dendrons to the phosphole-core. Scheme 1 shows
the synthesis of phosphole-cored dendrimers4a-c. A Ti(II)-
mediated cyclization16-18 of 1,7-diyne 1 leading to an

intermediate titanacyclopentadiene followed by subsequent
addition of dichlorophenylphosphine gave phosphole2 in
83% yield. Deprotection of2 with boron tribromide afforded
phosphole3 (90% yield), which was treated with dendritic
benzyl ether-type bromides to furnished dendrimers4a-c
in moderate yields (44-58%). Although the reactivity of the
dendritic bromide became somewhat low as the generation
increased, monitoring each reaction by TLC revealed that
the starting bromide was consumed nearly completely in a
few hours.

Next, we examined oxidation of the phosphorus atom of
the phosphole dendrimers because phosphole can be sub-
jected to simple chemical modifications to alter its electronic
properties, as mentioned in the introductory section. The
reaction of phospholes4a-c with hydrogen peroxide af-
forded phosphole oxide-cored dendrimers5a-c in good
yields (70-97%).

The dendrimers4a-cand5a-cwere fully characterized
by 1H, 13C, and31P NMR, and elemental analyses. In the
31P NMR spectra, the signals assigned to the phosphorus
atom on the phosphole and phosphole-oxide ring core were
observed at about 13 and 43 ppm, respectively. The elemental
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analyses were also satisfactory. All these spectral observa-
tions support the structure of the phosphole-cored and
phosphole oxide-cored dendrimers.

The photophysical properties of phosphole-cored4a-c and
phosphole oxide-cored dendrimers5a-c are of interest. The
photophysical data in solution, along with those of the parent
compounds4d and5d (see below), are summarized in Table

1 and the absorption and photoemission spectra of4a-d are
shown in Figure 1. In the absorption spectra, the phosphole-
cored dendrimers4a-c display two absorption bands at about
280 and 360 nm, assignable to the benzyl ether-type dendrons
and the focal phosphole ring, respectively. The intensity of
the absorption of the dendron units increases with the
increasing generation of the dendrons, while the intensity
and position of absorption of the phosphole ring do not
change significantly. When the phosphole ring is excited at
360 nm,4a-c display an emission at about 470 nm. The
excitation spectra, monitored at 470 nm, reproduce the
absorption spectra almost perfectly for4a-c. The quantum
yield (ΦPL) increases with the increasing generation of the
dendron units, as shown in Table 1. TheΦPL of the parent
phosphole4d is 12%, but theΦPL of 4c is 46%, which is
the highest ever reported for 2,5-diaryl-substituted phosphole
chromophores in solution.

When the benzyl ether-type dendron unit is excited at 280
nm, the dendrimers also display an emission at around 470
nm from the phosphole ring unit, but no emission from the
benzyl ether-type dendron units (310 nm),11b indicating that
the energy transfer (ET) from the dendron units to the focal
phosphole ring occurs within the dendrimers. However, the
ET efficiency, estimated by a comparison of the absorption

spectrum and the excitation spectrum of the phosphole-cored
dendrimers by monitoring the emission of the acceptor,19 is
not high (67% for4b and 24% for4c) compared with that
of the previously reported light-harvesting dendrimers.11 This
is probably because the spectral overlap between donor
emission and acceptor absorption necessary for high ET
efficiency20 is small.

The phosphole oxide-cored dendrimers5a-c exhibit
absorption maxima at about 380 nm, which is red-shifted
relative to those of the phosphole-cored dendrimers (Table
1; also see the Supporting Information). In the photoemission
spectra, the phosphole oxide-cored dendrimers5a-c show
a significant red shift of about 30 nm and an emission at
500 nm, while the quantum yields drop sharply. These
spectral features mean that the optical and electronic proper-
ties of the phosphole-cored dendrimers are changed by
oxidation of the phosphorus atom of the phosphole ring.

The solid-state behavior will probably increase the feasi-
bility of employing these compounds in electronic devices.
The conformal films of4a-d and5a-d on a quartz substrate
were obtained by casting a toluene solution of the dendrim-
ers. The photophysical data in the solid state are summarized
in Table 1. The absorptions are red-shifted to about 360 nm
in the film relative to those of the solution absorption spectra.
In the emission spectra, the films of4a-c and5a-c display
an intense blue light emission (λPL,max ) 470-490 nm) and
a bluish-green emission (λPL,max ) 500 nm), respectively.

In summary, we have demonstrated the first example of
the synthesis of phosphole-cored and phosphole oxide-cored

(19) (a) Gust, D.; Moore, T. A.; Moore, A.; Devadoss, C.; Liddell, P.
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Sons, Inc: New York, 1993; Vol. 3.
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Table 1. Photophysical Properties of Phosphole-Cored4 and
Phosphole Oxide-Cored Dendrimers5

in solutiona filmb

ABS EM

compd
λmax/
nm

ε/
104 cm-1 M-1

λPLmax/
nmc ΦPL

d,e

ABS
λmax/
nm

EM
λPLmax/

nmf

4a 357 12.2 469 0.19 362 489
4b 357 11.5 477 0.37 359 472
4c 357 11.6 476 0.46 358 469
4d 352 10.4 460 0.12 356 492
5a 375 9.2 505 0.0020 379 503
5b 379 9.8 502 0.0062 382 505
5c 379 8.5 501 0.016 389 501
5d 370 8.5 505 0.0012 380 496

a In THF. b Cast film from a toluene solution on a quartz plate.c Excited
at ca. 370 nm.d Quantum yield.e Determined with quinine sulfate as a
standard.f Excited at ca. 380 nm.

Figure 1. Absorption and photoemission (excited at ca. 370 nm)
spectra of4a-d in THF.
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dendrimers having poly(benzyl ether) units through the third
generation. These dendrimers display an intense blue-green
photoluminescence, the quantum yield increasing with the
increasing generation of the dendron units. In addition, the
optical properties of the phosphole-cored dendrimer are easily
tuned by oxidation of the phosphorus atom of the phosphole
ring. Further, the conformal films of these dendrimers on a
quartz substrate are obtained by casting a toluene solution
of the dendrimers and an intense emission is observed. The
findings reported herein would be important in view of

optoelectronic applications. Further study along this line is
currently in progress.
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