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Three novel iridium complexes (2a–c) have been synthesized as structural modifi-
cations of a promising electrophosphorescent material, Ir(ppy)3 (1). The dichloro-
methane solutions of these complexes like 1 showed a broad metal-to-ligand
charge transfer band at around 380 nm in the absorption spectra and at around
520 nm in the emission spectra. In contrast to that of Ir(ppy)3, the film phases of
2a–c show remarkable emission owing to the prevention of aggregation quenching
due to their bulky ligands. Organic electroluminescence devices using 2a–c emit-
ted green light.

Keywords: electrophosphorescent material; iridium complex; organic electrolumines-
cence device; photoluminescence

INTRODUCTION

Recent utilization of highly efficient electrophosphorescent materials
made a breakthrough in organic electroluminescence (EL) device
performance [1]. One of the most promising electrophosphorescent
materials is fac tris(2-phenylpyridine) iridium (1), Ir(ppy)3 [2], and
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the development of highly efficient EL materials by its chemical mod-
ifications has attracted current attention [3]. Here we would like to
report three novel iridium complexes (2a–c), which involve terphenyl-
ylpyridine or (tritylphenyl)pyridine ligands (Chart 1).

RESULTS AND DISCUSSION

The three compounds 2a–c were synthesized via the dinuclear com-
plexes 4a–c by tris-cyclometallation of iridium trichloride trihydrate
with the corresponding terphenylylpyridine or (tritylphenyl)pyridine
compounds (3a–c) according to the protocol shown in Scheme 1 [4].
The key compounds 3a–c were derived from known compounds 5
[5], 8 [6], and 12 [7], respectively, by utilizing conventional Suzuki
coupling or Stille coupling, as shown in Scheme 2. All new compounds
were characterized by spectroscopic and elemental analyses [8]. The
proton NMR spectra of 2a,b display twelve kinds of distinct aromatic
proton resonances, indicating that the three ligands surrounding
the iridium atom are magnetically equivalent and therefore, they
have facial C3 symmetrical structures. No signals assignable to the
meridional isomers with C1 symmetrical structures were observed.

SCHEME 1 Reagents and conditions: i) IrCl3�3H2O, 3:1 diglyme–water,
reflux, 18 h; ii) 3.5 equiv 3a–c CF3SO3Ag, ethylene glycol, 110–140 �C, 24 h.

CHART 1
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Ten kinds of aromatic proton resonances observed in the NMR spec-
trum of 2c also supported the existence of only the facial isomer.

Figure 1 shows the electronic absorption spectra of 1 and 2a–c
measured in dichloromethane, and Table 1 summarizes their specific
peak positions together with those measured in the film phase. All
absorption spectra have essentially the same features: intense ligand-
localized transition (LT) bands in the short wavelength region
(240–310 nm) and a broad metal-to-ligand charge-transfer (MLCT)
band in the long wavelength region (around 380 nm). These absorption
bands tend to be red-shifted in the film phase, presumably being
ascribable to molecular aggregation. However, it is worthy noticing
that the red shifts for 2a–c are smaller than those for Ir(ppy)3 (1),
and the MLCT band of 2b is rather blue-shifted. Evidently the bulky
ligands tend to prevent aggregation in the film phase.

As shown in Figure 2, the emission spectra of Ir(ppy)3(1) and 2a–c
exhibit a broad phosphorescence band at around 520 nm due to MLCT

SCHEME 2 Reagents and conditions: i) I2, H5IO6, 10:2:0.3 AcOH�H2O�
H2SO4, reflux, 24 h; ii) n-BuLi, �78 �C, 0.5 h then 2-isopropoxy-4,4-5,5-
tetramethyl-1,3,2-dioxaborolane, rt, 3 h; iii) 2-bromopyridine, cat Pd(PPh3)4,
K3PO4, DMF, 120 �C, 11 h; iv) phenylboronic acid, cat Pd(PPh3)4, 1:1 toluene–
NaOH aq, reflux, 44 h; v) m-bromoiodobenzene, 1:1 toluene–NaOH aq, reflux,
60 h; vi) 2-tributylstannylpyridine, cat Pd(PPh3)4, toluene, reflux, 14 h.
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transition. On comparison to that of 1, the photoluminescence intensi-
ties of 2a–c are considerably weakened and the photoluminescence
maxima are a little red-shifted. Evidently the extension of the ligand
p-systems function so as to reduce the MLCT emission. In the film
phase, the photoluminescence of 1 becomes very weak and red-shifted
because of molecular aggregation. On the other hand, the film phases

FIGURE 1 UV-Vis absorption spectra of 1 (solid line), 2a (broken line), 2b
(dot line), and 2c (dot-dash line) in dichloromethane.

TABLE 1 Electronic Absorption and Emission Data of 1 and 2a–c

kmax (abs)=nm

Compd LT MLCT kmax (emis)=nm

1 Solutiona 244, 284 377 515
Film 246, 296 387 527 (very weak)

2a Solutiona 250, 296 388 524
Film 251, 298 389 526

2b Solutiona 250, 289 386 525
Film 289 380 520

2c Solutiona 257, 296 379 525
Film 262, 305 387 527

aMeasured in dichloromethane.
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of 2a–c still show remarkable photoluminescence. Little shifts of the
emission bands in film relative to those in solution also indicate no
or less aggregation in the films of 2a–c. In particular, it is notable that
the MLCT photoluminescence band of 2b is blue-shifted, similarly to
the case for the MLCT absorption band. This spectral difference
between the regioisomers 2a and 2b may be related to both different
sterical and electronic effects depending on substitution sites in the
2-phenylpyridine ligands of Ir(ppy)3.

Thanks to the bulky ligands, all three iridium complexes (2a–c) are
highly soluble in common solvents, being superior in thin film proces-
sability. Thus they have a potential as promising electrophosphores-
cent materials for organic electroluminescence (EL) devices. A
preliminary experiment demonstrated that all EL devices based on
2a–c emitted green light, whose spectra are almost identical to their
photoluminescence spectra. Specifically, the device with the configur-
ation, ITO=5% 2a-CBP (100 nm)=BCP (30 nm)=LiF (0.7 nm)=Al [9],
demonstrated maximum luminance 15 cd=m2 (6.8 V) and power
efficiency 0.12 lm=W.

FIGURE 2 Emission spectra of 1 (solid line), 2a (broken line), 2b (dot line),
and 2c (dot-dash line) upon excitation at MLCT band in dichloromethane,
where the absorbances of all samples are kept constant.
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0.78 (t, J ¼ 6.8 Hz, 9 H), 0.74 (t, J ¼ 7.1 Hz, 9 H); MS m=z 1615.94 (Mþ , calcd
1616.49). 2c: yellow powder; mp > 300�C; 1H NMR d 7.79 (br d, J ¼ 7.9 Hz, 3 H),
7.51 (br td, J ¼ 7.9, 1.2 Hz, 3 H), 7.45 (br dd, J ¼ 4.9, 1.2 Hz, 3 H), 7.16 (d, J ¼ 8.5 Hz,
3 H), 7.05–6.98 (m, 9H), 6.95–6.65 (m, 36H), 6.67 (br dd, J ¼ 7.9, 4.9 Hz, 3 H), 6.59
(br s, 3 H), 6.43 (d, J ¼ 8.5 Hz, 3 H); MS m=z 1381.97 (Mþ , calcd 1381.49). 3a:
pale yellow oil; 1H NMR d 8.73 (ddd, J ¼ 4.9, 2.2, 1.1 Hz, 1 H), 8.06 (d, J ¼ 8.1 Hz,
2 H), 7.81 (ddd, J ¼ 7.8, 2.2, 1.1 Hz, 1 H), 7.76 (td, J ¼ 7.8, 1.7 Hz, 1 H), 7.49
(d, J ¼ 8.1 Hz, 2 H), 7.45–7.38 (m, 5 H), 7.25 (ddd, J ¼ 7.8, 4.9, 1.1 Hz, 1 H), 7.17
(s, 1 H), 7.15 (s, 1 H), 2.62–2.55 (m, 4 H), 1.55–1.40 (m, 4 H), 1.30–1.10 (m, 12 H),
0.81 (t, J ¼ 6.8 Hz, 3 H), 0.80 (t, J ¼ 6.8 Hz, 3 H); MS m=z 475.97 (Mþ , calcd
475.32). 3b: yellow oil; 1H NMR d 8.71 (ddd, J ¼ 4.8, 1.4, 1.1 Hz, 1 H), 8.02 (dt,
J ¼ 7.8, 1.7 Hz, 1 H), 7.98 (t, J ¼ 1.7 Hz, 1 H), 7.79–7.73 (m, 2 H), 7.54 (t, J ¼ 7.8 Hz,
Hz, 1 H), 7.45–7.30 (m, 6 H), 7.25 (ddd, J ¼ 7.8, 4.9, 1.1 Hz, 1 H), 7.19 (s, 1 H), 7.14 (s,
1 H), 2.59 (t, J ¼ 7.7 Hz, 2 H), 2.57 (t, J ¼ 7.8 Hz, 2 H), 1.56–1.44 (m, 4 H), 1.25–1.10
(m, 12 H), 0.81 (t, J ¼ 6.9 Hz, 3 H), 0.77 (t, J ¼ 7.0 Hz, 3 H); MS (EI) m=z 475 (Mþ ).
3c: colorless needles; mp 232–233�C; 1H NMR d 8.66 (ddd, J ¼ 4.9, 1.7, 1.2 Hz, 1 H),
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7.86 (d, J ¼ 8.6 Hz, 2 H), 7.73 (td, J ¼ 8.0, 1.7 Hz, 1 H), 7.69 (dt, J ¼ 8.0, 1.2 Hz, 1 H),
7.34 (d, J ¼ 8.6 Hz, 2 H), 7.27–7.18 (m, 16H); MS (EI) m=z 397 (Mþ ). 4a: yellow pow-
der; mp 124–126�C; 1H NMR d 9.32 (dd, J ¼ 5.6, 1.4 Hz, 4 H), 7.87 (dd, J ¼ 8.0, 1.5 Hz,
4 H), 7.76 (td, J ¼ 8.0, 1.4 Hz, 4 H), 7.52 (d, J ¼ 8.0 Hz, 4 H), 7.40–7.25 (m, 20 H), 6.94
(s, 4 H), 6.88 (s, 4 H), 6.78 (dd, J ¼ 8.0, 1.5 Hz, 4 H), 6.71 (ddd, J ¼ 8.0, 5.6, 1.4 Hz,
4 H), 6.03 (d, J ¼ 1.5 Hz, 4 H), 2.44 (t, J ¼ 7.9 Hz, 8 H), 2.24–2.34 (m, 8 H), 1.45–1.00
(m, 64 H), 0.81 (t, J ¼ 6.9 Hz, 12 H), 0.75 (t, J ¼ 7.3 Hz, 12 H); MS m=z 1176.08
(M2þ , calcd 1176.56). 4b: yellow powder; mp 210–212�C; 1H NMR d 9.34 (dd,
J ¼ 5.9, 1.5 Hz, 4 H), 7.91, (dd, J ¼ 8.0, 1.5 Hz, 4 H), 7.78 (td, J ¼ 8.0, 1.5 Hz, 4 H),
7.53 (d, J ¼ 1.8 Hz, 4 H), 7.45–7.30 (m, 20 H), 7.08 (s, 4 H), 7.06 (s, 4 H), 6.85 (ddd,
J ¼ 8.0, 5.9, 1.5 Hz, 4 H), 6.65 (dd, J ¼ 8.1, 1.8 Hz, 4 H), 6.10 (d, J ¼ 8.1 Hz, 4 H),
2.52 (t, J ¼ 8.8 Hz, 8 H), 2.50, (t, J ¼ 9.0 Hz, 8 H), 1.51–1.15 (m, 64 H), 0.78 (t,
J ¼ 6.8 Hz, 12 H), 0.74 (t, J ¼ 7.1 Hz, 12 H); MS m=z 1175.26 (M2þ , calcd 1176.56).
4c: yellow powder; mp > 300�C; 1H NMR d 8.96 (dd, J ¼ 5.8, 1.4 Hz, 4 H), 7.47 (dd,
J ¼ 8.0, 1.2 Hz, 4 H), 7.31 (td, J ¼ 8.0, 1.4 Hz, 4 H), 7.23 (d, J ¼ 8.3 Hz, 4 H), 7.05–
6.95 (m, 36 H), 6.85–6.80 (m, 24 H), 6.57 (dd, J ¼ 8.3, 1.7 Hz, 4 H), 6.25 (ddd,
J ¼ 8.0, 5.8, 1.4 Hz, 4 H), 5.51 (d, J ¼ 1.7 Hz, 4 H); MS m=z 1020.19 (M2þ , calcd
1020.26).

[9] CBP: 4,40-N,N0-dicarbazole-biphenyl; BCP: 2,9-dimethyl-4,7-diphenyl-1,10- phenan-
throline. The 5% 2a-CBP layer was fabricated by spin coating from dichloromethane
solution.
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