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A series of new blue-phosphorescent iridium(III) complexes 1−14 with ligands of 2-phenylimidazo[1,2-a]pyridine
(pip) derivatives were successfully prepared, and their electrochemical, photophysical, and electroluminescent (EL)
properties were systematically investigated. It was found that the emission maxima are significantly dependent on
the substituents on the phenyl ring in the range of 489−550 nm. For instance, electron-withdrawing groups such
as F and CF3 shift the emission maxima to shorter wavelengths by lowering the HOMO levels (complexes 4−8),
whereas the extended π-conjugation leads to bathochromic shifts (2, 3). To obtain further information about the
frontier orbital, substitution effects on the imidazole part were also investigated here, and it was found that electron-
withdrawing or -donating substituents on the imidazole ring affected the emission maxima (9, 557 nm; 10, 525 nm).
These results including their oxidation potentials suggest that the HOMO of the pip-based complex is a mixture of
Ir-d, phenyl-π, and imidazole-π orbitals. From this viewpoint, combination of electron-withdrawing substituents on
the phenyl ring with the use of another ancillary ligand enabled further blue shifts (13, 468, 499 nm; 14, 464, 494
nm). This new system based on pip is one of the rare examples of iridium complexes whose emissions can be
tuned to the blue region. Preliminary polymer light-emitting devices (PLEDs) employing the Ir complexes were
fabricated, and the devices showed moderate EL efficiencies.

Introduction

Phosphorescent materials have been extensively studied
during the past decade and continue to be the focus of intense
interest in materials chemistry owing to their applications
for organic light-emitting diodes (OLEDs) with high
performances.1-3 In an emitting layer of OLEDs, singlet and
triplet excitons are generated in 25 and 75%, respectively,

according to simple spin statistics of hole-electron recom-
bination; this implies that utilization of phosphorescence can
lead to an internal quantum efficiency approaching 100%
which results in high external quantum efficiency of device.
Therefore, many research groups have focused on the
development of heavy metal complexes as phosphorescent
materials since strong spin-orbit coupling induced by the
heavy metal ion promotes intersystem crossing from the
singlet to the triplet excited state and allows strong phos-
phorescence at room temperature.2-10
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Through such studies, platinum (Pt)4 and iridium (Ir)
complexes have been recognized as useful phosphors, and
in particular, Ir complexes based on 2-phenylpyridine (ppy)
ligands have been innumerably reported.5-8 In these com-
plexes, emission color can be tuned by introducing various
substituents at suitable positions of the ppy ligands.5,6 In
addition, color tuning to blue has been achieved by introduc-
ing various ancillary ligands; for example, deep-blue emissive
Ir complexes with ancillary ligands of pyrazolylborate,
diphosphine, and isocyanide have been reported.9a On the
other hand, the extension ofπ-conjugation on the ligands
tunes the color toward the red region.8 However, new color

tunable Ir complexes based on new ligands9,10have been less
explored in contrast to the rapid progress of ppy-based
complexes. Furthermore, pure-blue phosphorescent materials
are in a great demand for the application to full-color display:
6,9 the development of blue phosphors, regarding the im-
provement of quantum efficiency and color purity, has lagged
behind that of green and red ones.

In this context, we believe that a breakthrough to solve
the problem is the development of new phosphorescent
materials along with better knowledge of structure-property
relationship. In view of this point, Thompson and Forrest et
al. recently reported near-UV phosphorescent Ir complexes
with carbene ligands,9b,c and subsequently, deep-blue phos-
phorescent phenyltriazole-based complexes were reported by
Burn and Samuel et al.9d

On the other hand, we have recently designed and prepared
a series of Ir complexes with new ligands of 2-phenylimid-
azo[1,2-a]pyridines (pip)11 and found that the emission
maxima are significantly dependent on the substituents on
the phenyl ring even though deep-blue emission could not
be obtained. This new ligand has the following advantages:
(1) The LUMO energy level of 2-phenylimidazo[1,2-a]-
pyridine is relatively high,11a which is considered to be use-
ful for making the emission blue-shifted. (2) Various
derivatives can be easily prepared by a mild one-step reaction
from the corresponding 2-aminopyridines and 2-bromo-
acetophenones.12 (3) It is also possible to introduce various
substituents to the imidazole ring.13aA variety of derivatives
brought about by these synthetic advantages are expected to
facilitate the modification of physical and chemical properties
such as emission color, morphology, carrier-transporting, and
thermal stability of the complex. Moreover, although imid-
azo[1,2-a]pyridine derivatives have received considerable
attention in the fields of organic chemistry and medicinal
chemistry,13,14 there have been no reports concerning their
applications to electronic devices, except for our recent
attempt.11a,bIn this paper, we have systematically synthesized
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and characterized a series of pip-based Ir complexes, which
are illustrated in Chart 1. To gain an insight into the frontier
orbitals of the complex, the substituent effects on the
imidazole ring were also investigated. The phosphorescence
color was successfully tuned to the blue region by the
appropriate combination of electron-withdrawing substituents
on both the phenyl and imidazole rings. In addition, we
fabricated polymer light-emitting devices (PLEDs) based on
some complexes to evaluate their applicability to devices.

Results and Discussion

Synthesis and Characterization.Synthetic routes for the
ligands1a-14aare outlined in Scheme 1. 2-Phenylimidazo-
[1,2-a]pyridine (1a) and its derivatives2a-8a bearing
substituents on the phenyl ring were readily prepared in good
yields (62-95%) from 2-aminopyridine and the correspond-
ing 2-bromoacetophenones. Ligands9aand10a, which have
the substituent on the imidazole ring, were prepared via
3-iodo-2-phenylimidazo[1,2-a]pyridine (1b). For example,
3-methyl-2-phenylimidazo[1,2-a]pyridine (9a) was obtained
in 90% yield by the Suzuki cross-coupling reaction of 3-iodo
precursor1b and methylboronic acid.13a On the other hand,
2-phenyl-3-(trifluoromethyl)imidazo[1,2-a]pyridine (10a) was
prepared in 65% yield by the reaction of1b with (trifluoro-
methyl)trimethylsilane ((TMS)CF3) in the presence of CuI
and KF.15 Furthermore, this method was applicable to the
synthesis of other derivatives containing electron-withdraw-
ing groups on the phenyl ring; the reactions of the corre-
sponding iodo precursors, which were easily prepared from
4a, 6a, and8a, with (TMS)CF3 proceeded well to give CF3-
substituted derivatives11a-13a (39-83% yields). For the

synthesis of multi-substituted ligand14a, the trifluoromethyl
group could be additionally introduced to derivative13aby
a method described in our recent paper.6g

Bis-cyclometalated Ir complexes1-14containing acetyl-
acetonate (acac) or pyridyltriazolate as an ancillary ligand
were prepared by a two-step reaction via Ir(III)-µ-chloro-
bridged dimer complexes according to a conventional
procedure5b in moderate overall yields (24-69%) except for
2 (18%) and11 (12%). The complexes were purified by
recrystallization from ethanol/dichloromethane after chro-
matography. Although single crystals were obtained for some
complexes, complete X-ray structure analyses were unsuc-
cessful probably due to the poor quality of crystals. All the
complexes are thermally stable up to around 300°C in air.
These complexes were fully characterized by1H NMR, mass
spectrometry, and elemental analysis. Some complexes could
be finally purified by sublimation. Interestingly, the com-
plexes containing fluorine atoms or trifluoromethyl groups,
i.e., complexes4, 6-8, and10-14, could be sublimed under
high vacuum, while other derivatives including nonsubsti-
tuted complex1 were not sublimable at all. These observa-
tions clearly suggest that fluorination of the C-H bonds
makes sublimation of the complex easier because of reduced
intermolecular interactions;16 this would be essential for
purification of materials and the fabrication of thermally
deposited OLEDs.
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Chart 1. Structures of the Ir Complexes Scheme 1. Synthetic Routes of the Ligandsa

a Key: (i) I2/pyridine, 5 h, 50°C; (ii) MeB(OH)2, Pd(PPh3)4, DME, 40
h, 85 °C; (iii) TMSCF3, CuI/KF, NMP, 24 h, RT; (iv) LDA/I2, THF.
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Electrochemical Properties.To have an insight into the
highest occupied molecular orbital (HOMO) energy levels
of the complexes, oxidation potentials were measured in
DMF solution versus SCE by cyclic voltammetry (CV). Their
values are reported relative to a ferrocenium/ferrocene
(Cp2Fe+/Cp2Fe) redox couple, as shown in Table 1. All the
Ir complexes show reversible oxidation processes during the
anodic scan with the rate of 100 mV/s. On the other hand,
clear reduction peaks, which are associated with the lowest
unoccupied molecular orbital (LUMO) levels, were not
observable for the complexes. From the CV measurement,
it was found that introducing the electron-withdrawing groups
such as fluorine atom (F) and trifluoromethyl (CF3) group
on the phenyl rings leads to higher oxidation potentials for
the complexes. For example, while nonsubstituted complex
1 has the oxidation potential of 0.17 V, complexes4 and
6-8 with F or CF3 groups on the phenyl ring have much
higher potentials of 0.50, 0.68, 0.70, and 0.45 V, respectively.
Additionally, chlorine atoms (Cl) affect the potential to give
the value of 0.60 V. These results evidently indicate that
electron-withdrawing groups effectively lower the HOMO
energy level of pip-based complex. In contrast to the effects
of electron-withdrawing groups, extendedπ-conjugation does
not influence the HOMO level, as evidenced by the fact that
complexes2 and 3 with naphthyl groups have identical
values (0.18, 0.17 V) with1.

Furthermore, it is important to note that substituents on
the imidazole ring also affect the electrochemical behavior,
in which complex9 with a methyl group shows a slightly
lower oxidation potential (0.13 V), compared to nonsubsti-
tuted 1, whereas10 containing a CF3 group has a higher
potential (0.34 V). This observation as well as the effects of
substitutents on the phenyl ring reveals that the HOMO of
the complex is expanded over the imidazole ring, phenyl
ring, and iridium center. This interpretation is also supported
by the following electrochemical behavior: complexes11
and12having CF3 groups on both the phenyl and imidazole
rings exhibited oxidation waves at further higher potentials
(0.94, 0.56 V). In addition, replacement of the picolate ligand
with 3-(trifluoromethyl)-5-(2-pyridyl)-1,2,4-triazolate6d for
the ancillary ligand resulted in an additional positive shift
of the potential (0.97 V for13), suggesting that the electron-
accepting pyridyltriazole ligand interacts with the pip ligand

in the HOMO including the metal orbital to further stabilize
the energy level. In complex14, it is presumed that its further
higher oxidation potential did not allow the detection of a
peak in the potential window. It is noteworthy that these
electrochemical properties discussed here are closely related
to the photophysical properties of the Ir complexes (vide
infra).

Photophysical Properties.Table 1 summarizes the photo-
physical data of the Ir complexes, and their absorption and
photoluminescence (PL) spectra are shown in Figures 1-5.
In the UV-visible absorption spectrum of complex1 (Figure
1), a broad absorption at around 330 nm was observed. This
is assigned to theπ-π* transition of the pip ligand since
free ligand 1a shows an absorption band at the similar
wavelength (around 320 nm). On the other hand, the band
at 387 nm, which is not observed in the spectrum of free
ligand and is assignable to the singlet metal-to-ligand charge-
transfer (1MLCT) transition, appeared after cyclometalation
with iridium. In addition, the longer wavelength band at
around 440 nm was observed and can be attributed to a
mixture of 3MLCT and ligand-centered (LC) tripletπ-π*
transition.

Nonsubstituted complex1 in solution exhibits broad green
phosphorescence with an emission maximum at 546 nm at
room temperature as shown in Figure 2. The maximum was
blue-shifted at 77 K (500, 538 nm), and the spectrum became
highly resolved as shown in comparison of Figures 1 and 2.
The quantum efficiency in solution at ambient temperature

Table 1. Photophysical and Electrochemical Properties of the Ir Complexes

complex λabs(log ε)/nma λem/nm (77 K)b λem/nm (RT)a Φc E1/2°x/Vd

1 249 (4.72); 387 (3.93) 500; 538; 583 (sh) 521 (sh); 546 0.024 0.17
2 234 (4.75); 276 (4.66); 320 (4.42); 378 (3.98); 431 (3.95) 546; 591; 648 550; 597; 648 (sh) 0.019 0.18
3 258 (4.89); 417 (3.69) 514; 556; 608 522; 560; 602 (sh) 0.004 0.17
4 248 (4.72); 343 (4.04); 371 (4.00) 482; 520; 560 499; 531 0.035 0.50
5 259 (4.74); 355 (4.08); 386 (4.02) 486; 524; 565 500; 536 0.064 0.60
6 249 (4.70); 327 (4.18); 347 (4.15); 376 (4.07) 478; 514; 555 489; 523; 560 (sh) 0.032 0.68
7 247 (4.66); 373 (3.99); 401 (3.90) 499; 537; 583 505; 539 0.058 0.70
8 250 (4.73); 339 (4.03); 362 (4.01); 391 (3.93) 491; 531; 565 509; 540 0.045 0.45
9 259 (4.69); 366 (3.99); 393 (4.03) 509; 550; 596 535 (sh); 557 0.041 0.13

10 256 (4.77); 359 (3.84); 406 (3.81) 484; 517; 555 (sh) 525 0.045 0.34
11 250 (4.70); 350 (3.97); 378 (3.90) 457; 490; 527 473; 503; 541 (sh) 0.007 0.94
12 250 (4.77); 3.43 (3.95); 365 (3.88); 406 (3.80) 480; 515; 557 (sh) 490; 517 (sh) 0.064 0.56
13 247 (4.75); 317 (4.22); 337 (4.12); 362 (4.02) 457; 489; 526 468; 499; 535 (sh) 0.027 0.97
14 248 (4.64); 310 (4.18); 335 (4.10); 355 (3.99) 453; 485; 522 463; 493; 529 (sh) 0.033

a In CH2Cl2. b In 2-MeTHF. c In CH2Cl2 using fac-Ir(ppy)3 (Φ ) 0.40) as a reference.d In DMF containing 0.1 Mn-Bu4NPF6 vs Cp2Fe/Cp2Fe+.

Figure 1. Absorption (in CH2Cl2 at RT) and PL (in 2-MeTHF at 77 K)
spectra of complexes1-3.
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(0.024), however, is considerably low compared with those
of ppy derivatives.4 Other derivatives have the same trend
in quantum efficiency, which ranges from 0.004 to 0.064.
Although the reason has not been clear at present, a plausible
explanation for the low efficiencies involves the presence
of thermally accessible nonradiative excited-state based on
a metal-centered (MC) excited state.4a,9b,17This is interpreted
by the fact that these complexes exhibit strong emission at
low temperature (77 K, in 2-MeTHF rigid matrix).

For complex4 having fluorine atoms, the phosphorescence
lifetime was measured in polycarbonate (PC) thin film at
room temperature. The emission decayed double exponen-
tially with relatively long lifetimes (τ1 ) 5.8 µs, τ2 ) 15.5
µs) compared with that of reported iridium (III) bis(2-
phenylpyridinato-N,C2′)acetylacatonate (Ir(ppy)2(acac)) (τ )
1.6 µs).5b In addition, vibronic progressions clearly appear
in the PL spectra of all complexes, and large Stokes shifts
were observed. These findings suggest that the pip-based Ir
complexes emit from the mixed3LC and MLCT excited
states. In particular, the phosphorescence of some Ir com-
plexes originates from the excited state with large3LC
character.5b,8a

1. Effect of Extended π-Conjugation. As shown in
Figure 1, the emission maxima of the spectra for2 and3 at
77 K are red-shifted by 46 and 14 nm (energy difference:
0.21 and 0.07 eV), respectively, compared to that of1 owing
to the effect of extendedπ-conjugation without a remarkable
change of the HOMO level as supported by the electro-
chemical data. However, these red-shifts are smaller than
that of a ppy-based system (0.33 eV) of Ir(ppy)2(acac)5b and
Ir(NaPy)2(acac) [NaPy) 2-(1-naphthalenyl)pyridine].8c This
difference is rationalized by the assumption that the LUMO
of pip is almost localized in the imidazo[1,2-a]pyridine side
in contrast to a ppy-based complex whose LUMO is
somewhat extended to the phenyl ring as revealed by the
MO calculations.9a,18 Such a feature of the pip-based Ir
complex seems favorable for a hypsochromic shift that results
from the substitution of electron-withdrawing groups on the
phenyl ring.

2. Effect of the Substituents Attached to the Phenyl
Ring. For the achievement of phosphorescence color tuning

to the blue region, we investigated the effect of electron-
withdrawing substituents attached to the phenyl ring (Figure
3). The emission maximum of the complex4 containing two
fluorine atoms at themetaposition to Ir (482 nm at 77 K)
was shorter by 18 nm than that of the nonsubstituted complex
1 owing to stabilization of the HOMO energy level,
indicating an increase of the HOMO-LUMO gap. This blue-
shift is consistent with a shift of the end-absorption wave-
length of complexes1 and4 (Figure 3). A similar effect has
been observed in the study of ppy derivatives with regard to
fluorine substitution; introducing fluorine atoms to themeta
position to Ir is effective to lower the HOMO levels.5a,6aIn
our study, chlorine atoms at the same positions similarly
affected the emission, where the blue shift of 14 nm was
observed for complex5. This is the first example of Ir
complex utilizing a chlorine atom as an electron-withdrawing
group to aim at developing blue phosphors.

In addition, in complex6, substitution of CF3 groups at
the ortho and para positions to Ir shifted the emission
maximum to 478 nm, which is further shorter by 4 nm (10
nm at RT (room temperature)) than that of complex4 with
fluorines at themetaposition. This shift is attributed to the
fact that the HOMO level is lower than that of4, as judged
from their electrochemical properties. However, this observa-
tion concerning the effect of the CF3 substitution is contras-
tive to the results in the ppy system: a recent research by
Coppo et al. reveals that an Ir complex with a 3,5-CF3-
substituted ppy ligand exhibits longer emission maxima (466,
499 nm) than a 2,4-F-substituted complex (461, 491 nm)
although the HOMO level of the CF3 substituted complex
is lower than that of the F-substituted one.6e A similar trend
has been observed in the phosphorescent properties of iridium
bis(4,6-difluorophenylpyridinato)picolate (FIrpic)6a,band the
corresponding CF3-substituted analogue [(CF3ppy)2Ir(pic)].19

These different results observed in pip-based complexes are
rationalized by the difference in the degree of delocalization
of the LUMOs, as mentioned before.

On the other hand, introduction of two CF3 groups at the
metaposition in complex7 also lowers the HOMO energy
since7 has an oxidation potential similar to that of complex
6. Nevertheless, phosphorescence from complex7 has an

(17) Nazeeruddin, Md. K.; Humphry-Baker, R.; Berner, D.; Rivier, S.;
Zuppiroli, L.; Graetzel, M.J. Am. Chem. Soc.2003, 125, 8790.

(18) Hay, P. J.J. Phys. Chem. A2002, 106, 1634.
(19) Tokito, S.; Iijima, T.; Tsuzuki, T.; Sato, F.Appl. Phys. Lett.2003,

83, 2459.

Figure 2. PL spectra of complexes1-3 in CH2Cl2 at RT. Figure 3. Absorption (in CH2Cl2 at RT) and PL (in 2-MeTHF at 77 K)
spectra of complexes1, 4, and6.
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emission maximum similar to that of nonsubstituted1 (499
nm for 7, 500 nm for1 at 77 K). Complex8 with one CF3
at themetaposition shows a similar effect. These results
are presumably due to lowering of the LUMO level,
suggesting that the most effective substitution position of
electron-withdrawing CF3 group for the blue shift ispara
with regard to Ir on the phenyl ring.

Furthermore, the introduction of F, Cl, and CF3 groups
makes a slight change in quantum efficiencies of the
complexes in solution at room temperature. Thus, quantum
efficiencies of complexes4-8 with these electron-withdraw-
ing groups are higher than those of1-3. This may be due
to a C-F bond with lower vibrational frequency compared
with a C-H bond, reducing the degree of nonradiative
deactivation.16 In addition, increased separation between
radiative 3LC/MLCT excited state and nonradiative MC
excited state may be another reason because CF3 groups
lower the LUMO energy levels.

3. Effect of the Substituents Attached to the Imidazole
Ring. The influence of the substituents linked to the
imidazole ring upon the photophysical properties was
investigated to obtain further information about the electronic
states of the complexes. The emission maximum of complex
9, which has an electron-donating methyl group on the
imidazole ring, was red-shifted by 9 nm compared to that
of 1, while complex10 with an electron-withdrawing CF3
group exhibited a hypsochromic shift of 16 nm (Figure 4).
This can be explained by considering that the methyl group
destabilizes the HOMO level of the complex, whereas the
CF3 group stabilizes it, as evidenced by their oxidation
potentials (0.17 V for1; 0.13 V for9; 0.34 V for10). These
results imply that the HOMO mainly consists of the phenyl-
π, imidazole-π, and Ir-d orbitals, while the LUMO is
localized on the pyridine ring of the imidazo[1,2-a]pyridine
part.

4. Tuning of Phosphorescence Color toward the Blue
Region. From the viewpoint of the proposed HOMO
distribution, it was expected that if electron-withdrawing
substituents are introduced on both the phenyl and imidazole
rings, the HOMO level would be largely lowered to give
blue color phosphorescence. To investigate the effect of CF3

substituents attached to the phenyl and imidazole rings, we
synthesized complex11with three CF3 groups, in which the

introduction of CF3 at thepara position to Ir was expected
to be favorable for the effective blue shift on the basis of
the above discussion. As a result, complex11 showed
significant blue emission in 2-MeTHF at 77 K, and the
emission maximum was found to be largely blue-shifted to
457 nm compared to those of1 (500 nm),6 (478 nm), and
10 (484 nm), as shown in Figure 5; complexes6 and 10
contain CF3 groups on the phenyl or imidazole ring,
respectively. Figure 5 represents that the blue shift in
emission increases with an increase of the number of CF3

on the ligand. In addition, it should be also noted that the
HOMO level of 11 is much lower since the oxidation
potential is extremely high (0.94 V). On the other hand,
complex12, which contains two CF3 substitutents on the
phenyl and imidazole, shows a blue-shift in comparison with
phosphorescent properties of8 and10, although the PL color
of 12 is not so blue. These results clearly demonstrates that
the introduction of electron-withdrawing groups on both the
phenyl and imidazole rings is effective for lowering the
HOMO level to show a large blue shift in phosphorescence
of pip-based Ir complexes.

However, it is not easy to synthesize blue phosphor11.
Its overall yield of 15% is relatively low compared with those
of other complexes. Therefore, other combination of the
substituents as well as the use of 3-(trifluoromethyl)-5-(2-
pyridyl)-1,2,4-triazolate6d as an alternative ancillary ligand
was tested by preparing complexes13and14, whose overall
yields were 60 and 58%, respectively. In complex13, the
phenyl ring is substituted with fluorine atoms, while a CF3

Figure 4. Absorption (in CH2Cl2 at RT) and PL (in 2-MeTHF at 77 K)
spectra of complexes1, 9, and10.

Figure 5. PL (in 2-MeTHF at 77 K) spectra of complexes1, 6, 10, and
11.

Figure 6. Plot of emission energy vs oxidation potential for the pip-based
complexes.
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group is additionally introduced at thepara position to Ir in
complex14. Complex13exhibited blue emission (λmax: 457
nm) that resembles luminescence of11. In addition, blue
phosphorescence was observed at 468 nm at room temper-
ature, which is similar to that of well-known blue phosphor,
FIrpic,6a,b even though the spectrum of13 is significantly
broader (see Supporting Information). On the other hand,
the emission of complex14 containing both F and CF3 on
the phenyl ring exhibited further 4 nm blue shift, resulting
in 453 nm because of the lower HOMO level that originates
from the additional CF3 effect. Utility of this method using
both F and CF3 groups on the phenyl ring for color tuning
has also been demonstrated by a ppy system in our recent
paper.6g

The relationship between the emission energy and the
oxidation potentials of the complexes is illustrated in Figure
6, which clearly indicates that the HOMO level of an Ir
complex is closely related to the emission energy. Complexes
2, 3, and7 are considerably out of the relationship, which is
probably due to their low LUMO levels. Although the PL
efficiencies of the complexes at room temperature are still
unsatisfactory compared to ppy derivatives, this class of
complexes provides an excellent opportunity to tune phos-
phorescence color from green to blue by appropriate
combination of the substituents on the pip ligand and the
ancillary ligand. In particular, this new system based on pip
is one of the rare examples of Ir complexes whose emission
can be tuned to the blue region and, thereby, would provide
important information for designing new phosphorescent
materials.

Polymer Light-Emitting Devices Using the Pip-Based
Complexes.We finally fabricated preliminary polymer light-
emitting devices (PLEDs) doped with complexes4, 10, and
12 to evaluate electroluminescent properties of our com-
plexes. PLEDs fabricated using wet processes have been
known to be advantageous for the practical applications in
a large area display owing to their simple and low-cost
fabrication processes.20 In the present device, poly(N-
vinylcarbazole) (PVK) was selected as a host material
because it has a high triplet energy along with high hole
mobility.21 The simple device structure is as follows (also
depicted in Scheme 2): indium tin oxide (ITO)/poly-
(ethylenedioxythiophene) doped with poly(stylenesulfonate)
(PEDOT/PSS) as a hole-injecting layer (30 nm)/PVK and

electron-transporting 1,3-bis[(4-tert-butylphenyl)-1,3,4-oxa-
diazolyl]phenylene (OXD-7) blend layer doped with 5 wt
% Ir complexes (60 nm)/Ba(3 nm)/Al(100 nm). PVK, OXD-
7, and the Ir complex were of the ratio of 65:30:5 by weight.

Table 2 summarizes performances of the devices. Figures
8-10 show applied voltage-current density, current density-
external quantum efficiency, and current density-luminous
efficiency characteristics, respectively. Each of the devices
shows clear electroluminescent characteristics. As shown in
Figure 7, all the devices exhibited electroluminescence (EL),
which originates from the doped Ir phosphors because of
the similarity with the PL spectra of the complexes. It is
noteworthy that the EL efficiencies seem to correlate with
the PL efficiencies of the complexes in solution at room
temperature. Among the PLEDs, the device using complex
12 shows the best external quantum efficiency of 3.6% and
luminous efficiency of 10.3 cd/A, which are moderate
compared to the efficiencies of some recent polymer LEDs
doped with phosphors.5h,8e,22 The maximum brightness
reached 1970 cd/m2. Furthermore, the device based on12
has the lowest turn-on voltage among the devices (see Figure
8). This is probably attributed to the different electrochemical
property of complex12; that is, the LUMO level of12 is(20) (a) Lee, C.-L.; Lee, K. B.; Kim, J.-J.Appl. Phys. Lett.2000, 77, 2280.

(b) Gong, X.; Robinson, M. R.; Ostrowski, J. C.; Moses, D.; Bazan,
G. C.; Heeger, A. J.AdV. Mater. 2002, 14, 581. (c) Chen, F.-C.; Yang,
Y.; Thompson, M. E.; Kido, J.Appl. Phys. Lett.2002, 80, 2308.

(21) (a) Yokoyama, M.; Tamamura, T.; Nakano, T.; Mikawa, H.J. Chem.
Phys.1976, 65, 272. (b) Kido, J.; Hongawa, K.; Okuyama, K.; Nagai,
K. Appl. Phys. Lett.1993, 63, 2627.

(22) (a) Zhang, X.; Jiang, C.; Mo, Y.; Xu, Y.; Shi, H.; Cao, Y.Appl. Phys.
Lett. 2006, 88, 051116. (b) Shao, K.-F.; Xu, X.-J.; Yu, G.; Liu, Y.-
Q.; Yang, L.-M. Chem. Lett. 2006, 35, 404. (c) Li, J.; Sano, T.;
Hirayama, Y.; Tomita, T.; Fujii, H.; Wakisaka, K.Jpn. J. Appl. Phys.
2006, 45, 5232.

Scheme 2. Device Structure and the Materials Used for PLEDs

Table 2. Performances of PLEDsa

dopant λem/nm L/cd m-2 ηext/% ηc/cd A-1 ηp/lm W-1
CIE at

100 cd m-2

4 499; 534 479 1.7 (1.5) 5.0 (4.5) 2.6 (0.9) (0.37, 0.54)
10 537 639 2.9 (1.8) 8.8 (5.3) 4.9 (1.0) (0.36, 0.55)
12 493; 523 1970 3.6 (3.6) 10.3 (10.3) 5.5 (4.5) (0.28, 0.52)

a The data for external quantum efficiency (ηext), brightness (L), current
efficiency (ηc), and power efficiency (ηp) are the maximum values. Values
in parentheses are reported at 100 cd/m2.

Figure 7. EL spectra of the PLEDs.
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lower than those of others, and direct injection of electron
to the phosphor is considered to be more efficient.

Although the device structure is not fully optimized yet,
these preliminary results suggest that the pip-based com-
plexes act well as a color tunable emitter of PLED and would
be candidates for new phosphorescent materials.

Conclusion

A series of new phosphorescent Ir complexes with
2-phenylimidazo[1,2-a]pyridine ligands have been prepared
and examined for their electrochemical, photophysical, and
EL properties. The electron-withdrawing substituents on the
phenyl or imidazole rings of the pip ligands effectively lower
the HOMO levels to afford emissions with shorter wave-

lengths, since the HOMO of the complex is a mixture of
Ir-d, phenyl-π, and imidazole-π orbitals. In particular, the
introduction of electron-withdrawing groups at the appropri-
ate positions of both the phenyl and imidazole rings as well
as the use of a proper ancillary ligand brought about further
hypsochromic shifts to give blue phosphorescence. Addition-
ally, the PLEDs using some complexes exhibited moderate
EL efficiencies, suggesting that the pip-based Ir complexes
would be candidates of new phosphorescent materials for
OLEDs. This new ligand system, which can be finely
modified, is also applicable to the cyclometalation with
platinum and new functionalized metal complexes.

Various imidazo[1,2-a]pyridine derivatives with fluori-
nated substitutents were prepared here, and the synthetic
results would provide useful information on the synthesis
of such compounds which are of interest in the fields of
organic chemistry and medicinal chemistry.13,14

Experimental Section

General Information. Melting and decomposition points were
obtained on a Yanako MP-500D apparatus and uncorrected.1H
NMR spectra were recorded on a JEOL JNM-ECP300 NMR
spectrometer, and chemical shifts were referenced to tetramethyl-
silane (TMS). Elemental analyses were carried out with a LECO/
CHNS-932 analyzer (Chemical Resources Laboratory at Tokyo
Institute of Technology) and a YANAKO CHN corder MT-6
(Center for Advanced Materials Analysis at Tokyo Institute of
Technology). EI mass spectra were collected on a SHIMAZU
GCMA-QP5000 mass spectrometer. FAB-mass and HRMS spectra
were collected on a JEOL JMS-700 mass spectrometer.

Cyclic voltammetry (CV) was carried out using a BAS 100B
system. Anhydrous DMF (Kanto Chemical Co., Inc.) was used as
the solvent under an argon atmosphere, and 0.1 M tetra-n-
butylammonium hexafluorophosphate was used as the supporting
electrolyte. A Pt disk, Pt wire, and SCE (Yanako MR-P2A) were
used as the working, counter, and reference electrodes, respectively.
Gel permeation chromatography (GPC) was performed using a JAI
HPLC LC-918 with JAIGEL-2H column (eluent: chloroform).

UV-visible absorption and PL spectra were recorded on a
Shimazu MultiSpec-1500 and JASCO FP-6600 spectrometer,
respectively. Luminescence quantum yield measurements were
carried out at room temperature in an argon prepurged dichloro-
methane solution using an optically dilute method.23 Before the
measurements, argon was bubbled through the dichloromethane
solutions of the complexes (10-6 M) for 1.5 min. A solution of
fac-Ir(ppy)3 in dichloromethane (Φ ) 0.40)24 was used as a
reference.

Fabrication of Polycarbonate Thin Film and Phosphorescence
Lifetime Measurement. Polycarbonate (PC) thin film was fabri-
cated by spin-coating from a chloroform solution containing 5 wt
% complex 4 onto a cleaned quartz substrate (20× 20 mm2;
thickness, 0.5 mm) under nitrogen. After being dried at 100°C for
1 h, the film was encapsulated with a glass cap under nitrogen using
UV-epoxy adhesive. The sample was excited with the light at 355
nm with a diode-pumped passively Q-switched Nd:YAG laser
(Crystal GmbH, FTSS355-Q). Then, the emission was detected
using a photomultiplier tube and a streak camera (Hamamatsu

(23) DePriest, J.; Zheng, G. Y.; Goswami, N.; Eichhorn, D. M.; Woods,
C.; Rillema, D. P.Inorg. Chem. 2000, 39, 1955.

(24) Kim, J., II; Shin, I.-S.; Kim, H.; Lee, J.-K.J. Am. Chem. Soc.2005,
127, 1614.

Figure 8. Applied voltage-current density characteristic.

Figure 9. Current density-external quantum efficiency characteristic.

Figure 10. Current density-luminous efficiency characteristic.
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Photonics, C4334). The lifetime was determined by fitting the decay
curves to the double exponential function.

PLEDs Fabrication and Measurements.An ITO-coated glass
substrate was rinsed and degreased by sonication in a detergent
solution, pure water, acetone, and 2-propanol and cleaned in a UV-
ozone chamber. Then, a nonemitting conducting polymer layer of
poly(ethylenedioxythiophene) doped with poly(stylenesulfonate)
(PEDOT/PSS) was spin-coated on a precleaned glass substrate and
dried at 180°C for 1 h. The 1 wt % 1,2-dichloroethane solution of
poly(N-vinylcarbazole) (PVK), 1,3-bis[(4-tert-butylphenyl)-1,3,4-
oxadiazolyl]phenylene (OXD-7), and phosphorescent Ir complex
was spin-coated on to the PEDOT/PSS layer and dried at 100°C
for 1 h. The remaining solvent was removed by drying the sample
in vacuum at room temperature for ca. 16 h. The cathode electrode
(Ba/Al) was deposited by high-vacuum (10-5 Pa) thermal evapora-
tion onto the substrate. Finally, the device was encapsulated with
a resin polymerized by UV irradiation under a nitrogen atmosphere.
Current-voltage characteristics were measured with a Keithley
2400 source meter, while luminance was measured with a Minolta
LS-110. External quantum efficiency was calculated from the
luminance, current density, and electroluminescence (EL) spectrum
under the assumption of Lambertian emission.

Materials. 2-Aminopyridine and 2-bromoacetophenone (phen-
acyl bromide) were purchased from Tokyo Chemical Industry (TCI)
Co., Ltd., and were used without further purification. The other
2-bromoacetophenone derivatives (i.e., 2-bromo-1′-acetonaphthone,
2-bromo-2′-acetonaphthone, 1-bromo-2′,4′-difluoroacetophenone,
1-bromo-2′,4′-dichloroacetophenone, 2-bromo-3′,5′-bis(trifluoro-
methyl)acetophenone, 2-bromo-2′,4′-bis(trifluoromethyl)acetophe-
none, 2-bromo-4′-trifluoromethylacetophenone) were prepared from
the corresponding acetophenones by bromination using copper(II)
bromide.12b 3-(Trifluoromethyl)-5-(2-pyridyl)-1,2,4-triazole for an-
cillary ligand was prepared according to the literature.25 Iridium(III)
chloride trihydrate (IrCl3‚3H2O) was purchased from Acros Organ-
ics. 2-Methyltetrahydrofuran (2-MeTHF), which was purchased
from TCI Co. Ltd. for PL measurements at low temperature, was
distilled over lithium aluminum hydride. All other chemicals were
purchased and used without further purification.

Synthesis of the Ligands. 2-Phenylimidazo[1,2-a]pyridine
(1a)11,12(General Procedure).A mixture of 2-aminopyridine (0.58
g, 6.2 mmol), phenacyl bromide (1.0 g, 5.0 mmol), and sodium
hydrogen carbonate (0.65 g, 7.8 mmol) in ethanol (4 mL) was stirred
for 12 h at room temperature. The solution was evaporated in vacuo,
and water (50 mL) was added to the residue. This was extracted
with chloroform twice (50 mL× 2), and the chloroform solution
was washed with water (50 mL) and brine (50 mL). The chloroform
solution was dried over sodium sulfate, and the filtrate was
evaporated in vacuo. The crude product was subjected to column
chromatography on alumina (solvent: dichloromethane) to obtain
2-phenylimidazo[1,2-a]pyridine (4.3 mmol; 86%). Other derivatives
2-8a were also prepared from 2-aminopyridine and the corre-
sponding 2-bromoacetophenones by the similar procedure except
for the need of higher reaction temperature (80°C).

2-Phenylimidazo[1,2-a]pyridine (1a): colorless solid, mp 135-
136 °C; 1H NMR (CDCl3, 300 MHz) 8.12 (d,J ) 5.4 Hz, 1H),
7.96 (d,J ) 7.8 Hz, 2H), 7.87 (s, 1H), 7.64 (d,J ) 8.4 Hz,1H),
7.44 (t,J ) 7.4 Hz, 2H), 7.33 (t,J ) 7.4 Hz, 1H), 7.17 (t,J ) 7.8
Hz,1H), 6.78 (t,J ) 6.0 Hz, 1H); MS/EI (70 eV) 194 [M]+.

2-(1-Naphthalenyl)imidazo[1,2-a]pyridine (2a):11ayield: 62%,
red oil; 1H NMR (CDCl3, 300 MHz) 8.61 (d,J ) 9.6 Hz, 1H),
8.20 (d,J ) 6.9 Hz, 1H), 7.86-7.93 (m, 3H), 7.83 (d,J ) 6.3 Hz,
1H), 7.72 (d,J ) 9.3 Hz, 1H), 7.48-7.56 (m, 3H), 7.23 (t,J ) 8.0
Hz, 1H), 6.84 (t,J ) 6.8 Hz, 1H); MS/EI (70 eV) 243 [M]+.

2-(2-Naphthalenyl)imidazo[1,2-a]pyridine (3a): yield 67%,
colorless solid, mp 155-162°C; 1H NMR (CDCl3, 300 MHz) 8.53
(s, 1H), 8.17 (d,J ) 6.9 Hz, 1H), 7.83-8.04 (m, 5H), 7.69 (d,J
) 9.0 Hz, 1H), 7.46-7.50 (m, 2H), 7.18-7.26 (m, 1H), 6.81 (t,J
) 7.1 Hz, 1H); MS/EI (70 eV) 244 [M]+.

2-(2,4-Difluorophenyl)imidazo[1,2-a]pyridine (4a):11a yield
95%, colorless solid, mp 136-137°C; 1H NMR (CDCl3, 300 MHz)
8.30-8.38 (m, 1H), 8.14 (d,J ) 6.9 Hz, 1H), 8.00 (d,J ) 4.2 Hz,
1H), 7.63 (d,J ) 9.2 Hz, 1H), 7.17-7.23 (m, 1H), 6.98-7.04 (m,
1H), 6.88-6.95 (m, 1H), 6.80 (t,J ) 6.8 Hz, 1H); MS/EI (70 eV)
230 [M]+.

2-(2,4-Dichlorophenyl)imidazo[1,2-a]pyridine (5a): yield 83%,
colorless solid, mp 179-180 °C; 1H NMR (CDCl3, 300 MHz)
8.26-8.29 (m, 2H), 8.15 (d,J ) 6.9 Hz, 1H), 7.63 (d,J ) 9.0 Hz,
1H), 7.49 (s, 1H), 7.36 (d,J ) 8.7 Hz, 1H), 7.21 (t,J ) 7.8 Hz,
1H), 6.81 (t,J ) 6.8 Hz, 1H).

2-[3,5-Bis(trifluoromethyl)phenyl]imidazo[1,2-a]pyridine (6a):
11a yield 72%, colorless solid, mp 130-132 °C; 1H NMR (CDCl3,
300 MHz) 8.41 (s, 2H), 8.17 (d,J ) 6.6 Hz, 1H), 8.01 (s, 1H),
7.82 (s, 1H), 7.67 (d,J ) 9.0 Hz, 1H), 7.26 (t,J ) 8.0 Hz, 1H),
6.86 (t,J ) 6.9 Hz, 1H); MS/EI (70 eV) 330 [M]+.

2-[2,4-Bis(trifluoromethyl)phenyl]imidazo[1,2-a]pyridine (7a):
yield 65%, colorless solid, mp 83-85 °C; 1H NMR (CDCl3, 300
MHz) 8.15-8.24 (m, 2H), 8.03 (s, 1H), 7.88-7.90 (m, 2H), 7.66
(d, J ) 9.0 Hz, 1H), 7.24 (t,J ) 6.8 Hz, 1H), 6.85 (t,J ) 6.5 Hz,
1H); MS/EI (70 eV) 330 [M]+.

2-(4-(Trifluoromethyl)phenyl)imidazo[1,2-a]pyridine (8a): yield
88%, pale yellow solid, mp 197-200 °C; 1H NMR (CDCl3, 300
MHz) 8.15 (d,J ) 6.6 Hz, 1H), 8.07 (d,J ) 8.1 Hz, 2H), 7.94 (s,
1H), 7.64-7.70 (m, 3H), 7.21 (t,J ) 8.0 Hz, 1H), 6.82 (t,J ) 6.8
Hz, 1H); MS/EI (70 eV) 262 [M]+.

3-Iodo-2-phenylimidazo[1,2-a]pyridine (1b)13a (General Pro-
cedure for Iodination). To a solution of phenylimidazo[1,2-a]-
pyridine (0.50 g, 2.6 mmol) in pyridine (2 mL) was added iodine
(0.98 g, 3.9 mmol). The reaction mixture was heated at 50°C for
5 h and then poured into water (50 mL). The aqueous solution was
extracted with dichloromethane (30 mL× 3). The combined organic
extracts were washed with water (50 mL), Na2S2O3(aq) (50 mL),
and brine (50 mL). The dichloromethane solution was dried over
sodium sulfate, and the filtrate was evaporated in vacuo. The crude
product was subjected to column chromatography on alumina
(solvent: dichloromethane) to obtain1b (2.2 mmol; 84%). Other
iodinated compounds4b, 6b, and8b were prepared analogously
from the corresponding pip ligands4a, 6a, and8a.

3-Iodo-2-phenylimidazo[1,2-a]pyridine (1b): pale yellow solid,
mp 169-171°C (lit. mp:13a 168°C); 1H NMR (CDCl3, 300 MHz)
8.24 (d,J ) 6.9 Hz, 1H), 8.07 (d,J ) 6.9 Hz, 2H), 7.63 (d,J )
8.7 Hz, 1H), 7.49 (t,J ) 7.4 Hz, 2H), 7.37-7.44 (m, 1H), 7.20-
7.32 (m, 1H), 6.94 (t,J ) 6.9 Hz, 1H); MS/EI (70 eV) 320 [M]+.

3-Iodo-2-[3,5-bis(trifluoromethyl)phenyl]imidazo[1,2-a]pyri-
dine (6b): yield 89%, colorless solid, mp 176-180 °C; 1H NMR
(CDCl3, 300 MHz) 8.62 (s, 2H), 8.27 (d,J ) 6.9 Hz, 1H), 7.90 (s,
1H), 7.66 (d,J ) 9.3 Hz, 1H), 7.26-7.38 (m, 1H), 7.01 (t,J ) 6.9
Hz, 1H); MS/EI (70 eV) 456 [M]+.

3-Iodo-2-(4-trifluorophenyl)imidazo[1,2-a]pyridine (8b): yield
76%, colorless solid, mp 187-188°C; 1H NMR (CDCl3, 300 MHz)
8.17-8.32 (m, 3H), 7.74 (d,J ) 7.5 Hz, 2H), 7.64 (d,J ) 9.0 Hz,
1H), 7.31 (t,J ) 6.6 Hz, 1H), 6.90-7.05 (m, 1H).

(25) (a) Medwid, J. B.; Paul, R.; Baker, J. S.; Brockman, J. A.; Du, M. T.;
Hallett, W. A.; Hanifin, J. W.; Hardy, R. A., Jr.; Tarrant, M. E.; Torley,
L. W.; Wrenn, S.J. Med. Chem.1990, 33, 1230. (b) Funabiki, K.;
Noma, N.; Kuzuya, G.; Matsui, M.; Shibata, K.J. Chem. Res.,
Miniprint 1999, 1301.
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2-(2,4-Difluorophenyl)-3-iodoimidazo[1,2-a]pyridine (4b): yield
80%, pale yellow solid, mp 179-180 °C; 1H NMR (CDCl3, 300
MHz) 8.21 (d,J ) 6.6 Hz, 1H), 7.57-7.71 (m, 2H), 7.24-7.35
(m, 1H), 6.90-7.07 (m, 3H).

3-Methyl-2-phenylimidazo[1,2-a]pyridine (9a).13aTo a mixture
of 3-iodo-2-phenylimidazo[1,2-a]pyridine (1b) (0.31 g, 1.0 mmol)
and Pd(PPh3)4 (56 mg, 0.048 mmol) in 1,2-dimethoxyethane (16
mL) was added methylboronic acid (0.29 g, 4.8 mmol) followed
by the addition of sodium hydroxide (0.18 g, 4.6 mmol) in water
(8 mL). The reaction mixiture was refluxed at 85°C for 40 h under
argon. Then the mixture was poured into water (40 mL). The
aqueous solution was extracted with dichloromethane (30 mL×
3). The combined organic extracts were washed with water (50
mL) and brine (50 mL). The dichloromethane solution was dried
over sodium sulfate, and the filtrate was evaporated in vacuo. The
residue was subjected to column chromatography on alumina
(solvent: dichloromethane) to obtain9a (0.87 mmol; 90%).

3-Methyl-2-phenylimidazo[1,2-a]pyridine (9a): pale yellow
solid, mp 154-157°C (lit. mp:13a 157°C); 1H NMR (CDCl3, 300
MHz) 7.92 (d,J ) 6.9 Hz, 1H), 7.81 (d,J ) 6.9 Hz, 2H), 7.65 (d,
J ) 9.0 Hz, 1H), 7.48 (t,J ) 7.5 Hz, 2H), 7.37 (d,J ) 7.5 Hz,
1H), 7.16-7.22 (m, 1H), 6.86 (t,J ) 6.8 Hz, 1H), 2.66 (s, 3H);
MS/EI (70 eV) 208 [M]+.

2-Phenyl-3-(trifluoromethyl)imidazo[1,2-a]pyridine (10a) (Gen-
eral Procedure for CF3-Substitution on the Imidazole Ring6g,15).
A mixture of copper(I) iodide (0.22 g, 1.2 mmol) and spray-dried
anhydrous potassium fluoride (68 mg, 1.2 mmol) was heated with
a burner under reduced pressure while being gently shaken until
the color changed into yellow. After the addition of iodo compound
1b (0.25 g, 0.78 mmol), a vessel was Ar-purged, andN-methyl-
pyrrolidinone (2 mL) and (trifluoromethyl)trimethysilane (0.22 g,
1.6 mmol) were added to the mixture. Then, the suspension was
vigorously stirred for 24 h at room temperature. The mixture was
poured into 14% aqueous ammonia (30 mL) and extracted with
dichloromethane (30 mL× 2). The organic layer was washed with
water (30 mL× 2) and brine (30 mL) and dried over sodium sulfate.
The filtrate was evaporated in vacuo. The residue was subjected to
column chromatography on alumina (solvent: 1:4 EtOAc/n-hexane),
followed by purification using gel permeation chromatography
(GPC) (solvent: chloroform) to give pure10a (0.51 mmol, 65%).
Other CF3-substituted ligands11-13awere prepared analogously
from the corresponding iodo compounds6b, 8b, and4b.

2-Phenyl-3-(trifluoromethyl)imidazo[1,2-a]pyridine (10a): pale
yellow solid, mp 80-81 °C; 1H NMR (CDCl3, 300 MHz) 8.32 (d,
J ) 6.3 Hz, 1H), 7.68-7.76 (m, 3H), 7.37-7.50 (m, 4H), 7.00 (t,
J ) 6.9 Hz, 1H); MS/EI (70 eV) 262 [M]+.

2-[3,5-Bis(trifluoromethyl)phenyl]-3-trifluoromethylimidazo-
[1,2-a]pyridine (11a): yield 39%, pale yellow solid, mp 59-60
°C; 1H NMR (CDCl3, 300 MHz) 8.35 (d,J ) 6.9 Hz, 1H), 8.18 (s,
2H), 7.96 (s, 1H), 7.78 (d,J ) 9.0 Hz, 1H), 7.45-7.51 (m, 1H),
7.09 (t,J ) 7.1 Hz, 1H); MS/EI (70 eV) 398 [M]+.

3-(Trifluoromethyl)-2-(4-trifluoromethylphenyl)imidazo[1,2-
a]pyridine (12a): yield: 83%, colorless solid, mp 67-70 °C, 1H
NMR (CDCl3, 300 MHz): 8.34 (d,J ) 6.9 Hz, 1H); 7.83 (d,J )
8.4 Hz, 2H); 7.71-7.77 (m, 3H); 7.44 (t,J ) 7.5 Hz, 1H); 7.05 (t,
J ) 7.4 Hz, 1H).

2-(2,4-Difluorophenyl)-3-(trifluoromethyl)imidazo[1,2-a]pyri-
dine (13a): yield 57%, colorless solid, mp 97-99 °C; 1H NMR
(CDCl3, 300 MHz) 8.30 (d,J ) 6.9 Hz, 1H), 7.74 (d,J ) 9.3 Hz,
1H), 7.57-7.65 (m, 1H), 7.42 (t,J ) 7.7 Hz, 1H), 6.90-7.06 (m,
3H).

2-(2,4-Difluoro-3-(trifluoromethyl)phenyl)-3-trifluoromethyl-
imidazo[1,2-a]pyridine (14a). 2.0 M solution (3.1 mL) of lithium

diisopropylamide in heptane/THF/ethylbenzene was added dropwise
to the THF (10 mL) solution of 2-(2,4-difluorophenyl)-3-(trifluoro-
methyl)imidazo[1,2-a]pyridine (13a) (0.74 g, 2.5 mmol) at-78
°C and stirred for 1 h. Then iodine (1.6 g, 6.3 mmol) dissolved in
THF (10 mL) was added to the solution, and the mixture was stirred
for 3 h at -78 °C and warmed to room temperature. Water (50
mL) was added, and the solution was extracted with diethyl ether
(50 mL × 3). The ether solution was washed with Na2S2O3(aq)
(50 mL× 2) and brine (50 mL). The solution was dried over sodium
sulfate, and the filtrate was evaporated in vacuo. The residue was
subjected to column chromatography on alumina (solvent: dichloro-
methane), followed by purification using GPC (solvent: chloroform)
to give 2-(2,4-difluoro-3-iodophenyl)-3-(trifluoromethyl)imidazo-
[1,2-a]pyridine (13b) (1.4 mmol, 59%). Iodide13bwas then treated
with (trifluoromethyl)trimethylsilane by the procedure similar to
CF3 substitution for10a to afford 2-(2,4-difluoro-3-(trifluorometh-
yl)phenyl)-3-(trifluoromethyl)imidazo[1,2-a]pyridine (14a) (31%).

2-(2,4-Difluoro-3-iodophenyl)-3-(trifluoromethyl)imidazo[1,2-
a]pyridine (13b): pale yellow solid, mp 164-165 °C; 1H NMR
(CDCl3, 300 MHz) 8.30 (d,J ) 6.9 Hz, 1H), 7.74 (d,J ) 9.3 Hz,
1H), 7.56-7.64 (m, 1H), 7.44 (t,J ) 8.0 Hz, 1H), 6.99-7.08 (m,
2H); MS/EI (70 eV) 424 [M]+.

2-(2,4-Difluoro-3-(trifluoromethyl)phenyl)-3-(trifluoromethyl)-
imidazo[1,2-a]pyridine (14a): colorless solid;1H NMR (CDCl3,
300 MHz) 8.31 (d,J ) 6.3 Hz, 1H), 7.73-7.84 (m, 2H), 7.45 (J
) 8.0 Hz, 1H), 7.05-7.17 (m, 2H); MS/EI (70 eV) 366 [M]+.

Synthesis of the Ir Complexes. Iridium(III) bis(2-phenylimid-
azo[1,2-a]pyridinato- N,C2′) acetylacetonate (1) (General Proce-
dure). A mixture of iridium(III) chloride trihydrate (0.17 g, 0.48
mmol) and 2-phenylimidazo[1,2-a]pyridine (1a)(0.28 g, 1.5 mmol)
in 2-ethoxyethanol/water (6.7 mL; 3:1) was refluxed under argon
for 18 h at 125°C. After cooling of the sample to room temperature,
the precipitate was filtered off and washed with ethanol to give
the Ir(III)-µ-chloro-bridged dimer complex. A mixture of the
resulting dimer complex, acetylacetone (0.11 g, 1.14 mmol), and
sodium carbonate (0.17 g, 1.60 mmol) was heated at 125°C in
2-ethoxyethanol (12 mL) for 8 h under argon. The solution was
evaporated in vacuo, and the desired complex1 was isolated by
column chromatography on alumina (solvent: dichloromethane).
The complex1 was purified by recrystallization from dichloro-
methane/ethanol (0.17 mmol; overall yield 36%). Other complexes
were also prepared from the corresponding ligands by a similar
procedure.

Iridium(III) bis(2-phenylimidazo[1,2- a]pyridinato- N,C2′) acetyl-
acetonate (1):11aocherous solid, dec ca. 286°C; 1H NMR (CDCl3,
300 MHz) 8.12 (d,J ) 6.9 Hz, 2H), 7.74 (s, 2H), 7.57 (d,J ) 8.1
Hz, 2H), 7.42 (d,J ) 7.8 Hz, 2H), 7.14 (t,J ) 8.0 Hz, 2H), 6.87
(t, J ) 7.4 Hz, 2H), 6.73 (t,J ) 6.8 Hz, 2H), 6.53 (t,J ) 6.6 Hz,
2H), 6.17 (d,J ) 8.4 Hz, 2H), 5.16 (s, 1H), 1.77 (s, 6H). Anal.
Calcd for C31H25IrN4O2: C, 54.93; H, 3.72; N, 8.27. Found: C,
54.10; H, 3.68; N, 7.92. HRMS (FAB): calcd for C31H25IrN4O2,
678.16067; found, 678.1605 [M]+.

Iridium(III) bis[2-(1-naphthalenyl)imidazo[1,2- a]pyridinato-
N,C2′] acetylacetonate (2):11aoverall yield 18%, ocher orange solid,
dec ca. 285°C; 1H NMR (DMSO-d6, 300 MHz) 8.96 (s, 2H), 8.72
(d, J ) 6.9 Hz, 2H), 8.28 (d,J ) 8.1 Hz, 2H), 7.60 (d,J ) 8.4 Hz,
2H), 7.50 (t,J ) 7.1 Hz, 2H), 7.44 (d,J ) 3.9 Hz, 4H), 7.25 (t,J
) 7.5 Hz, 2H), 7.12-7.17 (m, 2H), 6.92 (d,J ) 8.4 Hz, 2H), 6.23
(d, J ) 8.1 Hz, 2H), 5.20 (s, 1H), 1.67 (s, 6H). Anal. Calcd for
C39H29IrN4O2: C, 60.22; H, 3.76; N, 7.20. Found: C, 59.33; H,
3.85; N, 7.07. HRMS (EI): calcd for C39H29IrN4O2, 778.19197;
found, 778.1921 [M]+.
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Iridium(III) bis[2-(2-naphthalenyl)imidazo[1,2- a]pyridinato-
N,C2′] acetylacetonate (3):overall yield 37%, yellow solid, dec
ca. 272°C; 1H NMR (CDCl3, 300 MHz) 8.11 (d,J ) 6.9 Hz, 2H),
7.93 (s, 2H), 7.87 (s, 2H), 7.66 (d,J ) 9.3 Hz, 2H), 7.53-7.56
(m, 2H), 7.12-7.18 (m, 4H), 7.02-7.05 (m, 4H), 6.84 (t,J ) 6.6
Hz, 2H), 6.54 (s, 2H), 5.22 (s, 1H), 1.76 (s, 6H). Anal. Calcd for
C39H29IrN4O2: C, 60.22; H, 3.76; N, 7.20. Found: C, 59.00; H,
3.65; N, 7.05. HRMS (FAB): calcd for C39H29IrN4O2, 778.19197;
found, 778.1946 [M]+.

Iridium(III) bis[2-(4,6-difluorophenyl)imidazo[1,2- a]pyridi-
nato-N,C2′] acetylacetonate (4):11aoverall yield 24%, yellow solid,
dec ca. 320°C; 1H NMR (CDCl3, 300 MHz) 8.17 (d,J ) 6.9 Hz,
2H), 7.86 (s, 2H), 7.51 (d,J ) 9.3 Hz, 2H), 7.21 (t,J ) 8.1 Hz,
2H), 6.93 (t,J ) 6.6 Hz, 2H), 6.29 (t,J ) 9.9 Hz, 2H), 5.58 (d,J
) 9.5 Hz, 2H), 5.21 (s, 1H), 1.78 (s, 6H). Anal. Calcd for C31H21F4-
IrN4O2: C, 49.66; H, 2.82; N, 7.47. Found: C, 49.51; H, 2.77; N,
7.27. FAB-MS (m/e): found, 750 [M]+.

Iridium(III) bis[2-(4,6-dichlorophenyl)imidazo[1,2- a]pyridi-
nato-N,C2′] acetylacetonate (5):overall yield 26%, yellow solid,
dec ca. 330°C; 1H NMR (CDCl3, 300 MHz) 8.26 (s, 2H), 8.19 (d,
J ) 6.6 Hz, 2H), 7.52 (d,J ) 9.3 Hz, 2H), 7.19-2.26 (m, 2H),
6.94 (t,J ) 6.8 Hz, 2H), 6.87 (s, 2H), 5.96 (s, 2H), 5.16 (s, 1H),
1.75 (s, 6H). Anal. Calcd for C31H21Cl4IrN4O2: C, 45.65; H, 2.60;
N, 6.87. Found: C, 45.78; H, 2.66; N, 6.91. HRMS (FAB): calcd
for C31H21

35Cl4IrN4O2, 814.004 78; found, 814.003 9 [M]+, 816.002 7
[M + 2]+.

Iridium(III) bis[2-(3,5-bistrifluoromethylphenyl)imidazo[1,2-
a]pyridinato- N,C2′] acetylacetonate (6).11a The dimer complex is
soluble in 2-ethoxyethanol. Therefore, the crude dimer complex
was obtained by extraction with dichloromethane (30 mL× 3) after
evaporation of 2-ethoxyethanol: overall yield 28%, yellow solid,
dec ca. 280°C; 1H NMR (DMSO-d6, 300 MHz) 8.68 (s, 2H), 8.63
(d, J ) 6.3 Hz, 2H), 8.26 (s, 2H), 7.23-7.31 (m, 4H), 7.14 (d,J
) 9.0 Hz, 2H), 7.03 (t,J ) 6.8 Hz, 2H), 4.91 (s, 1H), 1.56 (s, 6H).
Anal. Calcd for C35H21F12IrN4O2: C, 44.26; H, 2.23; N, 5.90.
Found: C, 44.02; H, 2.42; N, 5.73. FAB-MS: found, 950 [M]+.

Iridium(III) bis[2-(4,6-bis(trifluoromethyl)phenyl)imidazo-
[1,2-a]pyridinato- N,C2′] acetylacetonate (7):overall yield 40%,
yellow solid, dec ca. 277°C; 1H NMR (CDCl3, 300 MHz) 8.18 (d,
J ) 7.2 Hz, 2H), 8.13 (s, 2H), 7.56 (d,J ) 9.3 Hz, 2H), 7.37 (s,
2H), 7.22-7.27 (m, 2H), 6.99 (t,J ) 6.9 Hz, 2H), 6.51 (s, 2H),
5.16 (s, 1H), 1.74 (s, 6H). Anal. Calcd for C35H21F12IrN4O2: C,
44.26; H, 2.23; N, 5.90. Found: C, 44.20; H, 2.17; N, 5.50. FAB-
MS (m/e): found, 950 [M]+.

Iridium(III) bis[2-(4-trifluoromethylphenyl)imidazo[1,2- a]py-
ridinato- N,C2′] acetylacetonate (8):overall yield 26%, yellow
solid, dec ca. 270°C; 1H NMR (DMSO-d6, 300 MHz) 8.72 (d,J
) 6.9 Hz, 2H), 8.55 (s, 2H), 7.68 (d,J ) 7.8 Hz, 2H), 7.46 (t,J
) 8.2 Hz, 2H), 7.37 (d,J ) 9.3 Hz, 2H), 7.14 (t,J ) 6.7 Hz, 2H),
7.02 (d,J ) 8.4 Hz, 2H), 6.13 (s, 2H), 5.22 (s, 1H), 1.71 (s, 6H).
Anal. Calcd for C33H23F6IrN4O2: C, 48.71; H, 2.85; N, 6.88.
Found: C, 47.90; H, 3.17; N, 6.64. HRMS (FAB): calcd for
C33H23F6IrN4O2, 814.135 44; found, 814.134 2 [M]+.

Iridium(III) bis(3-methyl-2-phenylimidazo[1,2- a]pyridinato-
N,C2′) acetylacetonate (9):overall yield 55%, yellow solid, dec
ca. 307°C; 1H NMR (CDCl3, 300 MHz) 7.95 (d,J ) 6.9 Hz, 2H),
7.56-7.63 (m, 4H), 7.12 (t,J ) 8.0 Hz, 2H), 6.92 (t,J ) 6.3 Hz,
2H), 6.75 (t,J ) 7.2 Hz, 2H), 6.49 (t,J ) 7.4 Hz, 2H), 6.13 (d,J
) 6.9 Hz, 2H), 5.13 (s, 1H), 2.87 (s, 6H), 1.73 (s, 6H). Anal. Calcd
for C33H29IrN4O2: C, 56.15; H, 4.14; N, 7.94. Found: C, 54.59;
H, 4.16; N, 7.75. HRMS (FAB): calcd for C33H29IrN4O2, 706.191 97;
found, 706.193 1 [M]+.

Iridium(III) bis(2-phenyl-3-(trifluoromethyl)imidazo[1,2- a]-
pyridinate-N,C2′) acetylacetonate (10):overall yield 69%, yellow
solid, mp 324-326 °C; 1H NMR (CDCl3, 300 MHz) 8.43 (d,J )
6.9 Hz, 2H), 7.84 (d,J ) 8.7 Hz, 2H), 7.77 (d,J ) 9.3 Hz, 2H),
7.34 (t,J ) 7.5 Hz, 2H), 7.07 (t,J ) 7.2 Hz, 2H), 6.82 (t,J ) 6.9
Hz, 2H), 6.59 (t,J ) 6.8 Hz, 2H), 6.23 (d,J ) 6.9 Hz, 2H), 5.11
(s, 1H), 1.73 (s, 6H). Anal. Calcd for C33H23F6IrN4O2: C, 48.71;
H, 2.85; N, 6.88. Found: C, 48.53; H, 2.86; N, 6.74. FAB-MS:
found, 814 [M]+.

Iridium(III) bis[2-[3,5-bis(trifluoromethyl)phenyl]-3-trifluoro-
methylimidazo[1,2-a]pyridinate- N,C2′] acetylacetonate (11).The
dimer complex is soluble in 2-ethoxyethanol. Therefore, the crude
dimer complex was obtained by extraction with dichloromethane
(30 mL× 3) after evaporation of 2-ethoxyethanol. In addition, GPC
was needed for the isolation of11 before recrystallization: overall
yield 12%, yellow solid, mp ca. 340°C; 1H NMR (DMSO-d6, 300
MHz) 8.81 (d,J ) 6.9 Hz, 2H), 8.25 (s, 2H), 7.63 (t,J ) 8.4 Hz,
2H), 7.46 (s, 2H), 7.32-7.38 (m, 4H), 4.88 (s, 1H), 1.56 (s, 6H).
Anal. Calcd for C37H19F18IrN4O2: C, 40.93; H, 1.76; N, 5.16.
Found: C, 41.15; H, 1.88; N, 4.94. FAB-MS (m/e): found, 1086
[M] +.

Iridium(III)bis(3-(trifluoromethyl)-2-(4-(trifluoromethyl)phenyl)-
imidazo[1,2-a]pyridinate- N, C2′) acetylacetonate (12):overall
yield 60%, yellow solid, mp ca. 318°C; 1H NMR (CDCl3, 300
MHz) 8.48 (d,J ) 6.9 Hz, 2H), 7.91 (d,J ) 8.4 Hz, 2H), 7.73 (d,
J ) 9.3 Hz, 2H), 7.42 (t,J ) 7.5 Hz, 2H), 7.15 (t,J ) 7.0 Hz,
2H), 7.09 (d,J ) 8.4 Hz, 2H), 6.38 (s, 2H), 5.12 (s, 1H), 1.74 (s,
6H). Anal. Calcd for C35H21F12IrN4O2: C, 44.26; H, 2.23; N, 5.90.
Found: C, 44.10; H, 1.93; N, 5.75. FAB-MS (m/e): found, 950
[M] +.

Iridium(III) Bis[2-(2,4-difluorophenyl)-3-(trifluoromethyl)-
imidazo[1,2-a]pyridinate- N,C2′] 3-(trifluoromethyl)-5-(2-pyridyl)-
1,2,4-triazolate (13) (General Procedure).A mixture of irid-
ium(III) chloride trihydrate (0.046 g, 0.13 mmol) and 2-(2,4-difluoro-
phenyl)-3-(trifluoromethyl)imidazo[1,2-a]pyridine (13a) (0.087 g,
0.29 mmol) in 2-ethoxyethanol/water (2.7 mL; 3:1) was refluxed
under argon for 18 h at 125°C. After cooling of the sample to
room temperature, the precipitate was filtered off and washed with
ethanol to give the Ir(III)-µ-chloro-bridged dimer complex. A
mixture of the resulting dimer complex, 3-(trifluoromethyl)-5-(2-
pyridyl)-1,2,4-triazole (0.038 g, 0.18 mmol), and sodium carbonate
(0.032 g, 0.30 mmol) was heated at 125°C in 2-ethoxyethanol (3
mL) for 8 h under argon. After the reaction, water (40 mL) was
added to the mixture. This was extracted with dichloromethane (30
mL × 3), and the combined dichloromethane solution was washed
with water (40 mL× 2) and brine (40 mL). The dichloromethane
solution was dried over sodium sulfate, and the filtrate was
evaporated in vacuo. The crude product was subjected to column
chromatography on alumina (solvent: dichloromethane). The
obtained complex13 was purified by recrystallization from di-
chloromethane/ethanol (0.078 mmol; overall yield 60%). Complex
14 was similarly prepared from ligand14a.

Iridium(III) bis[2-(2,4-difluorophenyl)-3-(trifluoromethyl)-
imidazo[1,2-a]pyridinate- N,C2′] 3-(trifluoromethyl)-5-(2-pyridyl)-
1,2,4-triazolate (13): yellow solid, mp 375-378 °C; 1H NMR
(CDCl3, 300 MHz) 8.40 (t,J ) 6.6 Hz, 2H), 8.20 (d,J ) 8.1 Hz,
1H), 7.84-7.92 (m, 2H), 7.28 (t,J ) 6.3 Hz, 1H), 7.17 (t,J ) 7.8
Hz, 1H), 6.94-7.03 (m, 3H), 6.41-6.58 (m, 2H), 6.29 (d,J ) 9.0
Hz, 1H), 5.77-5.82 (m, 2H), 5.55 (d,J ) 8.9 Hz, 1H). Anal. Calcd
for C36H16F13IrN8: C, 43.25; H, 1.61; N, 11.21. Found: C, 42.94;
H, 1.64; N, 10.39. HRMS (FAB): calcd for C36H16F13IrN8,
1000.091 95; found, 1000.093 2 [M]+, 1001.099 8 [M+ H]+.

Takizawa et al.

4318 Inorganic Chemistry, Vol. 46, No. 10, 2007



Iridium(III) bis[2-(4,6-difluoro-5-(trifluoromethyl)phenyl)-3-
(trifluoromethyl)imidazo[1,2- a]pyridinate- N,C2′] 3-(trifluoro-
methyl)-5-(2-pyridyl)-1,2,4-triazolate (14). The dimer complex
is soluble in 2-ethoxyethanol. Therefore, the crude dimer complex
was obtained by extraction with dichloromethane (30 mL× 3) after
evaporation of 2-ethoxyethanol. In addition, GPC was needed for
the isolation of14 before recrystallization: overall yield 58%,
yellow solid, mp ca. 343°C; 1H NMR (CDCl3, 300 MHz) 8.43-
8.51 (m, 2H), 8.22 (d,J ) 8.1 Hz, 1H), 7.95 (t,J ) 7.4 Hz, 1H),
7.87 (d,J ) 5.7 Hz, 1H), 7.36 (t,J ) 6.6 Hz, 1H), 7.22 (d,J ) 8.0
Hz, 1H), 7.03-7.11 (m, 3H), 6.27 (d,J ) 9.0 Hz, 1H), 5.99 (d,J
) 9.9 Hz, 1H), 5.78-5.83 (m, 1H), 5.70 (d,J ) 11.4 Hz, 1H).
Anal. Calcd for C38H14F19IrN8: C, 40.19; H, 1.24; N, 9.87. Found:
C, 40.23; H, 1.40; N, 10.21. FAB-MS (m/e): found, 1137 [M+
H]+.
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