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Two kinds of dendritic β-diketonato ligands (1a,1b and 2a–
2c) which contain a dibenzoylmethane (dbm) core and poly-
(aryl ether) dendron, have been synthesized by a convergent
strategy. The attachment point of the dendron to dbm is
found to play an important role in the preparation of europi-
um(III) complexes. Reaction of the β-diketonato ligands 2a–
2c, which bear a dendron substituted on the phenyl group
of dbm, with EuCl3·6H2O gives the first- to third-generation
dendritic europium(III) complexes in good yields, while euro-
pium(III) complexes could not be formed with β-diketonato

Introduction

Trivalent lanthanide ions are known for their unique lu-
minescence properties, such as their 100% theoretical quan-
tum efficiency and narrow-width emission bands.[1] How-
ever, lanthanide ions often suffer from quite low lumines-
cence intensity owing to their low extinction coefficients
and the easy formation of lanthanide clusters, which cause
the self-quenching of lanthanide ions. Although the forma-
tion of lanthanide complexes through rational design of the
ligands could increase the luminescence intensity signifi-
cantly,[1,2] in most cases their electroluminescence (EL) per-
formance is not satisfactory. Dendrimers are highly
branched molecules that are composed of a core, dendrons,
and surface groups and have well-defined structures and a
three-dimensional geometry.[3] Dendritic structures have
been incorporated into different molecular materials to in-
crease their luminescence efficiency.[4,5] Recently, Kawa and
co-workers reported the first lanthanide-cored dendrimers
obtained by self-assembly between lanthanide ions and a
polyether dendron with a carboxy group at the focal
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ligands 1a and 1b, which have dendrons attached to the 2-
position of dbm. The resulting dendritic europium(III) com-
plexes were characterized by elemental analysis and
MALDI-TOF mass spectrometry, and further confirmed by
luminescence measurements. Incorporation of 1,10-phenan-
throline as the second ligand in these dendritic (β-diketon-
ato)europium(III) complexes gives new dendritic europi-
um(III) complexes with enhanced luminescence intensity.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

point.[6] They found that the luminescence intensity of the
lanthanide ions was enhanced due to the site isolation im-
parted by the dendrons, which decreases their rate of self-
quenching. Inspired by this work, and as part of our contin-
uing efforts on the synthesis of organometallic dendri-
mers,[7] we report here the synthesis of a new kind of euro-
pium complexes employing dendritic β-diketonato ligands.

(β-Diketonato)lanthanide complexes are well-known mo-
lecular luminescent materials.[1,8,9] Over the past several
years, considerable efforts have been devoted to the modifi-
cation of β-diketonato ligands[9a–9e] and the pursuit of novel
second ligands.[9f–9h] Most recently, a remarkable EL break-
through obtained from the terbium complex [Tb(eb-pmp)3-
tppo] [eb-pmp = 4-(2-ethylbutanoyl)-5-methyl-2-phenyl-2,4-
dihydro-3H-pyrazol-3-one; tppo = triphenylphosphane ox-
ide] was reported.[9h] However, there has been little work on
the design and synthesis of well-defined polymeric[10,11] or
dendritic (β-diketonato)lanthanide complexes.[6,12,13] Dur-
ing our study on the synthesis of dendritic (β-diketonato)-
lanthanide complexes, Tian and co-workers reported the
synthesis of a first-generation poly(aryl ether) dendritic β-
diketonate and antenna-functionalized dendritic β-diketon-
ates, and their europium complexes.[13] These reports caused
us to present our own results in this area. Thus, we describe
herein the synthesis of two new kinds of dendritic β-dike-
tonato ligands (1a,1b and 2b,2c) and a new series of den-
dritic 2-(2-pyridyl)benzimidazoles (3a–3c) by a convergent
strategy and their applications in the preparation of europi-
um(III) complexes (Scheme 1).
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Scheme 1. Chemical structures of the three kinds of dendritic ligands.

Results and Discussion

For the synthesis of dendritic β-diketonato-containing
europium(III) complexes, dendritic wedges can be attached
onto either the β-diketonato ligand or the second ligand. In
our study, dibenzoylmethane (dbm) and 2-(2-pyridyl)benz-
imidazole (pbm) were chosen as the first and the second
ligand, respectively, due to the following factors: (1) dbm
and its derivatives exhibit relatively high PL and EL effi-
ciencies in europium complexes; (2) dbm is easily synthe-
sized or modified according to well-established methodolo-
gies; and (3) pbm is one of the most commonly used second
ligands and can be easily modified by an N-alkylation reac-
tion.

Synthesis and Characterization of the Dendritic Ligands

Dendritic Dibenzoylmethane Ligands

Firstly, attachment of the dendron to the 2-position of
dbm was proposed according to the synthetic route outlined
in Scheme 2. Fréchet’s polyether dendritic bromides were

Scheme 2. Reagents and conditions: NaH, thf, reflux 24 h.
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readily prepared according to published procedures.[14] Al-
kylation of dbm with the corresponding dendritic bromides
was carried out in the presence of NaH as a base to give
the dendritic ligands 1a and 1b in moderate yields. Both
ligands were characterized by 1H and 13C NMR spec-
troscopy, high-resolution FT-ICR mass spectrometry, and
elemental analysis. All results were consistent with the
structures proposed.

We also synthesized a series of dendritic dbm derivatives
by attaching the polyether dendrons to the phenyl group of
dbm. The synthetic route is shown in Scheme 3. Fréchet’s
dendrons with a carboxyl ester at the focal point were first
synthesized according to the same procedures described
above. Claisen condensation of the resulting dendritic ester
with acetophenone in the presence of NaH successfully pro-
vided the desired dendritic ligands 2a–2c. We found that the
yield decreased slightly with increasing generation of the
dendrons. The characterization of the dendrimers prepared
was successfully carried out by 1H and 13C NMR spec-
troscopy, mass spectrometry, and elemental analysis. All
these dendrimers show well-resolved 1H NMR spectra con-
sistent with their structures.
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Scheme 3. Reagents and conditions: NaH, thf, reflux 24 h.

Dendritic 2-(2-Pyridyl)benzimidazole Ligands

An alternative way to improve the luminescence effi-
ciency of the lanthanide complexes is to introduce a second
ligand because it can not only saturate the coordination
number of the lanthanide cation but also improve the vola-
tility, stability, and electron-transport properties of the com-
plexes.[1] In addition, the low electroluminescence efficiency
of lanthanide complexes is due to their poor ability to
transport charge carriers, especially electrons. In order to
resolve this problem, modifications of 2-(2-pyridyl)benz-
imidazole as the second ligand with oxadiazole-function-

Scheme 4. Reagents and conditions: NaH, thf, reflux 24 h.
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alized groups have been reported.[9g] However, lanthanide
complexes with a dendritic second ligand have not been re-
ported to date. Therefore, with the aim of combining the
advantages of both the dendrimer and functionalized oxa-
diazole groups, we designed and synthesized a series of den-
adritic 2-(2-pyridyl)benzimidazole ligands peripherally
functionalized with these groups.

The synthetic route is outlined in Scheme 4. We first
prepared 5-[4-(bromomethyl)phenyl]-2-(4-tert-butylphenyl)-
1,3,4-oxadiazole (6a) and the oxadiazole-functionalized
first- and second-generation dendritic benzylic bromides 6b



Dendritic β-Diketonato Ligands and Their Europium Complexes FULL PAPER
and 6c by a convergent method according to literature pro-
cedures.[15] Coupling of 2-(2-pyridyl)benzimidazole with the
corresponding dendritic benzylic bromides in the presence
of NaH afforded the zeroth- to second-generation dendritic
ligands 3a–3c. All these dendritic ligands were fully charac-
terized by 1H and 13C NMR spectroscopy, mass spectrome-
try, and elemental analysis.

Synthesis and Characterization of the Europium(III)
Complexes

With these dendritic ligands in hand, we studied the syn-
thesis of the dendritic europium(III) complexes with both
dendritic β-diketonato ligands (1a,1b and 2a–2c) according
to conventional literature methods (Scheme 5).[8,9d] We
found that the attachment point of the dendron plays an
important role in the formation of europium(III) com-
plexes. Thus, reaction of 2a–2c with EuCl3·6H2O in a mix-
ture of thf and H2O proceeded smoothly to give the first-
to third-generation dendritic (β-diketonato)europium(III)
complexes 7a–7c in high yields. However, we failed to pre-
pare the corresponding europium(III) complexes when
using β-diketonato ligands 1a and 1b bearing a dendron
attached to the 2-position of dbm. The sterically demanding
dendritic structure substituted in the 2-position might influ-
ence the formation of europium(III) complexes. Similarly,
although a dbm derivative bearing an oxadiazole group in
the 2-position was synthesized recently, its lanthanide com-
plex was not reported.[9b]

Purification of the dendritic complexes 7a–7c by silica
gel column chromatography failed as they were found to
decompose on the column, possibly due to interaction with
the surface silanol groups of the silica gel. Fortunately, the
dendrimer structure facilitated the purification of these
complexes by a solvent precipitation method.

Because of the paramagnetism of europium(III), the den-
dritic complexes could not be characterized by conventional
spectroscopy techniques. For example, the 1H NMR spectra
did not provide useful information because of the extremely
broad signals. To assess more clearly the identity of chemi-
cal structures, further characterization was performed by

Scheme 5. Reagents and conditions: 1  NaOH, thf/H2O, 60 °C, 2 h.
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MALDI-TOF mass spectrometry. The peaks were consist-
ently found at m/z values within 0.1% of the theoretical
values for all three [Eu(1-Gndbm)3] complexes 7a–7c. Fi-
nally, the purity of all three dendritic complexes was con-
firmed by elemental analysis. The results obtained were
consistent with the proposed structures. Further experimen-
tal evidence for the formation of the dendritic europium
complexes was provided by luminescence measurements.

UV/Vis absorption spectra were recorded in toluene
solution with a typical concentration of 1�10–5 ; photo-
luminescence spectra were obtained from the same solution.
Figure 1 shows the absorption and emission spectra of
[Eu(1-Gndbm)3] (7a–7c). All three dendritic europium(III)
complexes give similar absorption and luminescence inten-
sities. The absorption peak located at about 354 nm is asso-
ciated with the β-diketonato part of the dendritic ligands.
The sharp bands in the PL spectra are due to the character-
istic emission of the EuIII ion. The main emission peak at
612 nm corresponds to the 5D0�7F2 transition of the EuIII

ion. Generally, because the central EuIII ion itself shows
little or no absorption in the Vis region, the luminescence
of the europium complexes is critically dependent on the
energy transfer from the π-conjugated β-diketonato ligand.
Therefore, the strong luminescence observed for all three
dendritic europium complexes undoubtedly confirms the
formation of dendritic (β-diketonato)europium complexes.
The photoluminescent quantum yields of all three europi-
um(III) complexes were also determined to be 0.0069 (7a),
0.0072 (7b) and 0.0087 (7c) by an optically dilute relative
method[16] using [Ru(2,2�-bipyridyl)3]Cl2 (Φref. = 0.028 in
aerated H2O)[17] as a reference. As expected, the generation
of a dendrimer has only a slight effect on the quantum yield
in dilute solution.

Having successfully synthesized these dendritic β-dike-
tonate europium complexes, we next investigated the incor-
poration of a second ligand into these complexes to further
improve the luminescence intensity of the lanthanide com-
plexes. In our initial study, 1,10-phenanthroline was chosen
as the second ligand. Thus, reaction of [Eu(1-Gndbm)3] (7a–
7c) with 1,10-phenanthroline in toluene was carried out suc-
cessfully to furnish the first- to third-generation dendritic β-
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Figure 1. UV/Vis absorption and emission spectra of different gen-
erations of the dendritic europium(III) complexes [Eu(1-Gndbm)3]
(7a–7c) (n = 1, 2, 3) in toluene solution. Excitation was performed
at 361 nm in the emission spectra.

diketonate europium(III) complexes [Eu(1-Gndbm)3(phen)]
(8a–8c) in good yields (Scheme 6). All three dendritic com-
plexes were purified by solvent precipitation and charac-

Scheme 6. Reagents and conditions: 1,10-phenanthroline, toluene, 100 °C, 2 h.
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terized by elemental analysis. Further confirmation of the
chemical structures by MALDI-TOF mass spectrometry
was not successful.

Figure 2. UV/Vis absorption spectra and emission spectra of the
dendritic europium(III) complexes [Eu(1-Gndbm)3(phen)] (8a–8c)
(n = 1, 2, 3) in toluene solution. Excitation was performed at
361 nm in the emission spectra.
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Scheme 7. Reagents and conditions: Eu(dbm)3·2H2O, toluene, 100 °C, 2 h.

Figure 2 shows the absorption and emission spectra of
[Eu(1-Gndbm)3(phen)] (8a–8c). All three dendritic europi-
um(III) complexes have similar absorption and lumines-
cence intensities. Incorporation of 1,10-phenanthroline into
the dendritic complexes increases the luminescence intensity
about threefold. The photoluminescent quantum yields of
these europium(III) complexes were determined to be 0.020
(8a), 0.022 (8b) and 0.026 (8c). These results also demon-
strate the formation of the dendritic (β-diketonato)euro-
pium complexes with 1,10-phenanthroline as the second li-
gand.

Encouraged by the successful synthesis of these dendritic
(β-diketonato)europium complexes, we further studied the
synthesis of dendritic europium complexes by using den-
dritic 2-(2-pyridyl)benzimidazole derivatives as the second
ligand instead of 1,10-phenanthroline (Scheme 7). Basically,
incorporation of the second dendritic ligand should not
only enhance the core-isolation effect imparted by the den-
dritic shell but also improve the carrier-transporting ability
by introducing an electron-transporting oxadiazole surface
group. However, we failed to prepare the dendritic euro-
pium complexes by conventional procedures. After screen-
ing several solvents and changing the ratio of the ligand
oxdGnpbm (3a–3c) and Eu(dbm)3·2H2O we were not able
to obtain dendritic europium complexes, even when using
the first-generation dendritic ligand oxdG1pbm (3b). We
propose that the sterically demanding dendron attached to
the second ligand might result in a reduced coordination
capability. This was confirmed by the following experimen-

Figure 3. UV/Vis absorption and emission spectra of the europi-
um(III) complex [Eu(dbm)3(oxdG0pbm)] (9) in toluene solution.
Excitation was performed at 361 nm in the emission spectrum.
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tal evidence. When the dendritic ligands 3a–3c were treated
with the corresponding small molecular counterpart
Eu(dbm)3·2H2O under conventional conditions, only
the zeroth-generation europium complex [Eu(dbm)3-
(oxdG0pbm)] (9) was obtained. The absorption and emis-
sion spectra of 9 in toluene are shown in Figure 3.

Conclusions

We have synthesized two new kinds of dendritic β-dike-
tonato ligands (1a,1b and 2b,2c) and a new series of den-
dritic 2-(2-pyridyl)benzimidazole ligands (3a–3c) by a con-
vergent strategy. The attachment point of the dendron to
dbm has been found to play an important role in the prepa-
ration of europium complexes: only dendritic β-diketonato
ligands bearing dendrons substituted on the phenyl group
of the diketonato backbone can react with EuCl3·6H2O to
provide the first- to third-generation dendritic EuIII com-
plexes in good yields. These dendrimers were characterized
by elemental analysis and MALDI-TOF mass spectrome-
try. Formation of the dendritic EuIII complexes was further
confirmed by luminescence measurements. Reaction of
these dendritic (β-diketonato)EuIII complexes with 1,10-
phenanthroline as the second ligand gives new dendritic
EuIII complexes with enhanced luminescence intensity.
Generation of the dendrimer has only a slight effect on the
luminescence properties of the dendritic EuIII complexes
7a–7c and 8a–8c. However, incorporation of the sterically
demanding 2-(2-pyridyl)benzimidazole-cored dendrimers
into (β-diketonato)EuIII complexes was not successful.
Study of the application of these dendritic (β-diketonato)-
EuIII complexes as electroluminescent materials is currently
underway.

Experimental Section
General: Toluene and thf were distilled from sodium/benzophenone
under nitrogen. Trichloromethane was distilled from calcium hy-
dride. Acetone was dried with anhydrous K2CO3. Poly(aryl ether)
dendrons 4a,4b, 5a–5c, 6a–6c[14,15] and the europium(III) com-
plexes Eu(dbm)3·2H2O[8] were prepared according to literature pro-
cedures. All other starting materials and reagents were obtained
with analytic purity and were used without further purification,
unless otherwise noted. 1H and 13C NMR spectra were recorded
with a Bruker WM 300 spectrometer. TMS was used as internal
reference for all the compounds. Elemental analysis was performed
using a Flash EA 1112 series elemental analyzer (Thermo Quest
CE Instruments). High resolution mass spectra were recorded with
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a Bruker APEX-II FTICR mass spectrometer. MALDI-TOF mass
spectra were measured with an APEX-II spectrometer (Bruker) at
an acceleration voltage of 19000 V, using α-cyano-4-hydroxycin-
namic acid or 1,8,9-trihydroxyanthracene as matrix. Absorption
spectra were recorded with a UV-2401 (PC) S UV/Vis recording
spectrophotometer (Shimadzu) with a 10-mm quartz cell at 20 °C.
PL was measured with an F-4500 (Hitachi) fluorescence spectro-
photometer with a 10-mm quartz cell at 20 °C. The photolumines-
cence quantum yields were measured by an optically dilute relative
method[16] using [Ru(2,2�-bipyridyl)3]Cl2 (Φ = 0.028 in aerated
H2O)[17] as a reference.

General Procedure for the Preparation of Dendritic β-Diketonato Li-
gands 2-Gndbm (1a–1b): A solution of dibenzoylmethane (dbm,
1 equiv.) and 60% sodium hydride (NaH, 1.2 equiv.) in anhydrous
thf (5 mL) was stirred at room temperature for 0.5 h. The corre-
sponding dendritic bromide (4a or 4b; 1 equiv.) was then added,
and the mixture was refluxed for 24 h. The resulting solid was fil-
tered off, and the solvent was evaporated under reduced pressure.
The residue was partitioned between water and CH2Cl2, and the
aqueous layer was subsequently extracted with CH2Cl2
(3�10 mL). The combined extracts were dried with Na2SO4 and
the solvents evaporated. The solid residue was purified by flash
column chromatography as indicated below.

2-G1dbm (1a): This compound was prepared from 4a (0.50 g,
1.29 mmol) and purified by flash silica gel column chromatography,
eluting with petroleum ether/CH2Cl2 (1:3, v/v). After precipitation
from petroleum ether, a white powder was obtained (0.42 g, 62%).
1H NMR (CDCl3, 300 Hz): δ = 3.36 (d, J = 6.6 Hz, 2 H), 4.93 (s,
4 H), 5.48 (t, J = 6.6 Hz, 1 H), 6.42–6.48 (m, 3 H), 7.25–7.42 (m,
14 H), 7.51–7.56 (m, 2 H), 7.86 (dd, J1 = 7.2, J2 = 1.4 Hz, 4 H)
ppm. 13C NMR (300 MHz, CDCl3): δ = 35.8, 58.7, 70.1, 100.7,
108.6, 127.8, 128.2, 128.8, 129.1, 133.8, 136.2, 137.1, 141.7, 160.3,
195.7 ppm. HRMS (SIMS): calcd. for C36H30O4 549.2036 [M +
Na]+; found 549.2039. C36H30O4 (526.62): calcd. C 82.11, H 5.74;
found C 81.97, H 5.75.

2-G2dbm (1b): This compound was prepared from 4b (1.50 g,
1.86 mmol) and purified by flash column chromatography, eluting
with petroleum ether/CH2Cl2 (1:5, v/v). After precipitation from
methanol, a white powder was obtained (0.87 g, 49%). 1H NMR
(CDCl3): δ = 3.36 (d, J = 6.6 Hz, 2 H), 4.86 (s, 4 H), 5.02 (s, 8 H),
5.47 (t, J = 6.6 Hz, 1 H), 6.40–6.65 (m, 9 H) 7.29–7.50 (m, 26 H),
7.86 (dd, J1 = 7.2, J2 = 1.4 Hz, 4 H) ppm. 13C NMR (300 MHz,
CDCl3): δ = 35.8, 58.9, 70.2, 70.3, 100.7, 101.8, 106.7, 108.6, 127.8,
128.3, 128.4, 128.8, 129.1, 133.8, 136.3, 137.1, 139.6, 141.7, 160.2,
160.4, 195.7 ppm. HRMS (SIMS): calcd. for C64H54O8 973.3711
[M + Na]+; found 973.3692. C64H54O8 (951.11): calcd. C 80.82, H
5.72; found C 80.75, H 5.81.

General Procedure for the Preparation of Dendritic β-Diketonato Li-
gands 1-Gndbm (2a–2c): 60% Sodium hydride (NaH, 1.2 equiv.) was
added to a dried flask containing a solution of acetophenone
(1 equiv.) and dendritic ester (5a, 5b or 5c; 1 equiv.) in anhydrous
thf. The reaction mixture was heated to reflux under nitrogen for
24 h. The solution was then acidified with dilute HCl and extracted
with CH2Cl2. The combined extracts were dried with Na2SO4 and
the solvents evaporated. The solid residue was purified by flash
column chromatography as indicated below.

1-G1dbm (2a): This compound was prepared from 5a (2.18 g,
6.27 mmol) with anhydrous thf (20 mL) as the solvent, and ex-
tracted with CH2Cl2 (3�30 mL). The crude product was purified
by flash column chromatography, eluting with petroleum ether/
CH2Cl2 (1:1, v/v). Further purification by recrystallization from
ethyl acetate/petroleum ether (1:5, v/v) gave 2a as white crystals
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(0.93 g, 34%). 1H NMR (300 MHz, CDCl3): δ = 5.04 (s, 4 H), 6.70–
6.74 (m, 2 H), 7.16–7.46 (m, 16 H), 7.90 (dd, J1 = 7.0, J2 = 1.5 Hz,
2 H) ppm. 13C NMR (300 MHz, CDCl3): δ = 70.5, 93.6, 106.4,
106.6, 127.4, 127.8, 128.4, 128.9, 132.7, 135.5, 136.8, 138.0, 160.3,
185.3, 186.0 ppm. HRMS (SIMS): calcd. for C29H24O4 437.1747
[M + H]+; found 437.1738. C29H24O4 (436.50): calcd. C 79.80, H
5.54; found C 79.48, H 5.65.

1-G2dbm (2b): This compound was prepared from 5b (3.38 g,
4.37 mmol) with anhydrous thf (30 mL) as the solvent, and ex-
tracted with CH2Cl2 (3�30 mL). The crude product was purified
by flash column chromatography, eluting with petroleum ether/
CH2Cl2 (2:3, v/v), to give 2b as a white powder (0.79 g, 21%). 1H
NMR (300 MHz, CDCl3): δ = 4.98 (s, 12 H), 6.53–6.71 (m, 8 H),
7.15–7.45 (m, 26 H), 7.91 (d, J = 7.1 Hz, 2 H) ppm. 13C NMR
(300 MHz, CDCl3): δ = 70.3, 93.6, 102.0, 106.4, 106.7, 127.5, 127.8,
128.1, 128.3, 128.9, 129.0, 132.8, 135.5, 137.1, 138.0, 139.3, 160.3,
160.5, 185.4, 186.0 ppm. HRMS (SIMS): calcd. for C57H48O8

883.3241 [M + Na]+; found 883.3237. C57H48O8 (951.11): calcd. C
79.51, H 5.62; found C 79.44, H 5.65.

1-G3dbm (2c): This compound was prepared from 5c (4.11 g,
2.53 mmol) with anhydrous thf (40 mL) as the solvent, and ex-
tracted with CH2Cl2 (3�50 mL). The crude product was purified
by flash column chromatography, eluting with petroleum ether/
CH2Cl2 (1:3, v/v), to give 2c as a colourless glass (0.78 g, 18%). 1H
NMR (300 MHz, CDCl3): δ = 4.91 (s, 8 H), 4.95 (s, 20 H), 6.51–
6.71 (m, 20 H), 7.17–7.41 (m, 46 H), 7.90 (d, J = 7.4 Hz, 2 H) ppm.
13C NMR (300 MHz, CDCl3): δ = 70.3, 93.7, 102.0, 106.5, 106.8,
127.6, 127.9, 128.2, 128.4, 129.0, 129.1, 132.9, 135.5, 136.8, 137.2,
137.6, 138.1, 139.4, 139.7, 160.4, 160.6, 185.4, 186.1 ppm. MALDI-
TOF: m/z = 1732.3 [M + Na]+. C113H96O16 (1710.0): calcd. C
79.37, H 5.66; found C 78.94, H 5.72.

General Procedure for the Preparation of Dendritic 2-(2-Pyridyl)-
benzimidazole Ligands oxdGnpbm (3a–3c): 60% Sodium hydride
(NaH, 1.2 equiv.) was added quickly to a solution of 2-(2-pyridyl)-
benzimidazole (pbm, 1 equiv.) in anhydrous thf or dmf. The reac-
tion mixture was stirred under nitrogen at room temperature for
0.5 h. The corresponding dendritic bromide (6a, 6b or 6c; 1 equiv.)
was then added, and the mixture was refluxed for 24 h. The re-
sulting solid was filtered off, and the solvent was evaporated under
reduced pressure. The residue was partitioned between water and
CH2Cl2, and the aqueous layer was subsequently extracted with
CH2Cl2 (3�10 mL). The combined extracts were dried with
Na2SO4 and the solvents evaporated. The solid residue was purified
by flash column chromatography as indicated below.

oxdG0pbm (3a): This compound was prepared from 6a (1.00 g,
2.69 mmol) with thf (10 mL) as solvent, and purified by flash col-
umn chromatography, eluting with CH2Cl2/CH3OH (50:1, v/v).
Further purification by recrystallization from CH2Cl2/CH3OH
(50:1, v/v) gave 3a as white crystals (0.83 g, 63%). 1H NMR
(CDCl3): δ = 1.24 (s, 9 H), 6.13 (s, 2 H), 7.16–7.25 (m, 6 H), 7.41
(d, J = 8.5 Hz, 2 H), 7.68–7.80 (m, 2 H), 7.90 (d, J = 8.3 Hz, 4 H),
8.36 (d, J = 8.3 Hz, 1 H), 8.48 (d, J = 4.2 Hz, 1 H) ppm. 13C NMR
(CDCl3): δ = 31.2, 35.2, 48.9, 110.6, 120.4, 121.1, 123.2, 123.9,
124.1, 124.7, 126.2, 126.8, 127.3, 127.5, 136.8, 137.1, 141.5, 142.9,
148.7, 149.9, 150.4, 155.4, 164.1, 164.7 ppm. MS (ESI): m/z =
485.91 [M]+. C31H27N5O (485.58): calcd. C 76.68, H 5.60, N 14.42;
found C 76.63, H 5.62, N 14.31.

oxdG1pbm (3b): This compound was prepared from 6b (0.50 g,
0.64 mmol) with thf (10 mL) as solvent, and purified by flash col-
umn chromatography, eluting with CH2Cl2/CH3OH (40:1, v/v).
Further purification by precipitation from methanol gave 3b as a
white powder (0.34 g, 59%). 1H NMR (CDCl3): δ = 1.38 (s, 18 H),
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4.99 (s, 4 H), 6.10 (s, 2 H), 6.43 (s, 2 H), 6.49 (s, 1 H), 7.23–7.30
(m, 4 H), 7.45 (d, J = 8.1 Hz, 4 H), 7.55 (d, J = 8.4 Hz, 4 H), 7.79–
7.87 (m, 2 H), 8.07 (dd, J1 = 8.3, J2 = 1.8 Hz, 8 H), 8.44 (d, J =
8.6 Hz, 1 H), 8.54 (d, J = 4.4 Hz, 1 H) ppm. 13C NMR (CDCl3):
δ = 31.2, 35.2, 49.0, 69.4, 101.5, 106.3, 110.8, 120.3, 121.2, 123.0,
123.6, 123.77, 123.9, 124.7, 126.2, 126.9, 127.2, 127.7, 136.9, 140.3,
140.7, 142.8, 148.7, 149.9, 150.6, 155.5, 159.9, 164.2, 164.8 ppm.
MS (ESI): m/z = 898.08 [M]+. C57H51N7O4 (898.06): calcd. C 76.23,
H 5.72, N 10.92; found C 76.16, H 5.77, N 10.72.

oxdG2pbm (3c): This compound was prepared from 6c (0.45 g,
0.28 mmol) with dmf (10 mL) as solvent, and purified by flash col-
umn chromatography, eluting with CH2Cl2/CH3OH (20:1, v/v).
Further purification by precipitation from methanol gave 3c as a
white powder (0.25 g, 52%). 1H NMR (CDCl3): δ = 1.37 (s, 36 H),
4.86 (s, 4 H), 5.09 (s, 8 H), 6.08 (s, 2 H), 6.43 (s, 3 H), 6.58 (q, J =
2.1 Hz, 6 H), 7.26 (s, 4 H), 7.53–7.57 (m, 16 H), 7.77–7.85 (m, 2
H), 8.05 (d, J = 8.5 Hz, 8 H), 8.13 (d, J = 8.3 Hz, 8 H), 8.40 (d, J
= 8.1 Hz, 1 H), 8.55 (d, J = 4.9 Hz, 1 H) ppm. 13C NMR (CDCl3):
δ = 31.2, 35.2, 49.1, 69.5, 69.8, 101.0, 101.8, 106.4, 106.5, 110.9,
120.22, 121.1, 123.0, 123.7, 123.7, 124.0, 124.8, 126.2, 126.9, 127.2,
127.9, 136.9, 137.0, 139.5, 140.1, 140.7, 142.8, 148.7, 149.9, 150.5,
155.5, 159.9, 160.0, 164.2, 164.8 ppm. MALDI-TOF: m/z = 1723.0
[M]+, 1745.9 [M + Na]+, 1762.2 [M + K]+. C109H99N11O10 (1723.0):
calcd. C 75.98, H 5.79, N 8.94; found C 75.95, H 6.05, N 8.54.

General Procedure for the Preparation of the Dendritic EuIII Com-
plexes [Eu(1-Gndbm)3] (7a–7c): A 1  aqueous NaOH (3 equiv.)
solution was added dropwise to a solution of 1-Gndbm (2a, 2b or
2c; 3 equiv.) in thf, followed by aqueous EuCl3·6H2O (1 equiv.).
The reaction mixture was stirred under nitrogen at 60 °C for 2 h.
After removal of the solvent, the product was separated and puri-
fied by solvent precipitation from hexane.

[Eu(1-G1dbm)3] (7a): This compound was prepared from 2a (1.50 g,
3.44 mmol) as a yellowish powder (1.40 g, 84%). MALDI-TOF:
m/z = 1482.0 [M + Na]+. C87H69EuO12 (1458.4): calcd. C 71.65, H
4.77; found C 71.56, H 4.87.

[Eu(1-G2dbm)3] (7b): This compound was prepared from 2b
(0.632 g, 0.735 mmol) as a yellowish powder (0.576 g, 86%).
MALDI-TOF: m/z = 2754.1 [M + Na]+. C171H141EuO24 (2731.9):
calcd. C 75.18, H 5.20; found C 75.03, H 5.23.

[Eu(G3dbm)3] (7c): This compound was prepared from 2c (0.350 g,
0.205 mmol) as a yellowish glass (0.273 g, 76%). MALDI-TOF:
m/z = 5301 [M + Na]+. C339H285EuO48 (5278.8): calcd. C 77.13, H
5.44; found C 77.33, H 5.58.

General Procedure for the Preparation of the Dendritic EuIII Com-
plexes [Eu(1-Gndbm)3(phen)] (8a–8c): A solution of 1,10-phenan-
throline (1.1 equiv.) and [Eu(1-Gndbm)3] (1 equiv.) in toluene was
heated to 100 °C under nitrogen for 2 h. Ethanol was then added
dropwise to precipitate the product. The resulting yellow oil was
solidified by drying in vacuo.

[Eu(1-G1dbm)3(phen)] (8a): This compound was prepared from 7a
(0.294 g, 0.202 mmol) as a yellowish powder (0.294 g, 89%).
C99H77EuN2O12 (1638.6): calcd. C 72.56, H 4.74, N 1.71; found C
72.19, H 4.79, N 1.83.

[Eu(1-G2dbm)3(phen)] (8b): This compound was prepared from 7b
(0.288 g, 0.084 mmol) as a yellowish powder (0.151 g, 62%).
C183H149EuN2O24 (2912.10): calcd. C 75.48, H 5.16, N 0.96; found
C 75.75, H 5.32, N 0.59.

[Eu(1-G3dbm)3(phen)] (8c): This compound was prepared from 7c
(0.200 g, 0.038 mmol) as a yellowish glass (0.122 g, 59%).
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C351H293EuN2O48 (5459.0): calcd. C 77.23, H 5.41, N 0.51; found
C 77.87, H 5.50, N 0.46.

Preparation of the EuIII Complex [Eu(dbm)3(oxdG0pbm)] (9): A
solution of Eu(dbm)3·2H2O (0.109 g, 0.127 mmol) and 3a (0.065 g,
0.133 mmol) in toluene (3 mL) was heated to 100 °C under nitrogen
for 2 h. The solvent was then removed under reduced pressure in a
water bath. The crude product was recrystallized from CH2Cl2/hex-
ane (1:1, v/v) to give yellowish crystals of complex 9 (0.081 g, 49%).
C76H60EuN5O7 (1307.28): calcd. C 69.83, H 4.63, N 5.36; found C
69.43, H 4.83, N 5.32.

Supporting Information (see footnote on the first page of this arti-
cle): Characterization data including 1H and 13C NMR spectra of
compounds 1a,b, 2a–c and 3a–c, and mass spectra of compounds
1a,b, 2a–c, 3a–c, and 7a–c.
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