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Here we report the synthesis and electrophosphorescence of a new deep-red phosphorescent Ir(1ll) complex
with spatially embracing and thus solubilizing arylsilyl-substituted ligands, Ir(lll) tris(zb€hzop]-
thienyl)-5-(4-triphenylsilylphenyl)pyridinatdN,C?). A poly(N-vinylcarbazole) (PVK) film doped with

this Ir(lll) complex exhibited excellent phase homogeneity and showed saturated red electrophospho-
rescence of 2.7% maximum external quantum efficiency, whose Commission Internationale de L’Eclairage

coordinates were (0.69, 0.30).

Introduction

Past works aimed at realizing large-area organic light-emitting
diodes (OLEDs) have yielded promising results using solution
processing with a fluorescent polymer-emitting lay/etowever,
the inherently low efficiency of fluorescent polymer devices
has limited their practical applications. A potential approach to
overcoming this problem is to use phosphorescent Ir(lll)
complexes, which greatly outperform inherently low efficiency
of the fluorescence-based deviée&.

One of key challenges in developing Ir(lll) complexes suitable
for use in emitting layers in OLEDs is achieving both saturated
red emission and high processibility (solubilii}® Generally,
Ir(Ill) complexes are not sufficiently compatible to form

homogeneous molecular dispersions in polymer films. This poor
solubility, in turn, restricts device efficiency and lifetinkeln
this regard, macromolecular systems of (1) Ir(lll) complexes
covalently attached to polymer chalfsc and (2) Ir(lll)
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complexes embedded in hyperbranched structiifdsave been introducing tetraphenylsilyl groulf. We found that compared
enthusiastically studied with an aim of enhanced processibility. to Ir(ppy), the modified Ir(ppyj complex containing three

A widely used approach to enhancing the solubility of Ir(lll) identical 4-tetraphenylsilane-substituted ligands showed higher
complexes has been to attach solubilizing alkyl moieties or to solubility and higher electrophosphorescence efficiency (32.8
introduce dendritic architecturé$However, the introduction  cd/A) when doped in a polj-vinylcarbazole) (PVK) layer.
of alkyl groups perturbs charge carrier transport and lowers the  In addition to the improvement in solubility and phospho-
glass transition temperatur&y. Hence, sterically hindered all-  rescence efficiency that can be achieved by tetraphenylsilyl
aromatic substituents, which give rise to less side effects, aresubstitution, we wished to elucidate the phosphorescence color
considered better solubilizing grou¥8 As a successful example  tuning effect of this type of substitution. Hence, in the present
of this approach, we have found that the green electrophospho-study, we sought to synthesize a saturated red-emitting Ir(I1l)
rescence from the well-known complex Ir(ppy)r(lll) tris(2- complex with tetraphenylsilyl substitution and, additionally, to
phenylpyridinatoN, C?)) can be improved remarkably by investigate the optical role of the tetraphenylsilyl substituents.
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Tsuboyama, A.; Iwawaki, H.; Furugori, M.; Mukaide, T.; Kamatani, J.; emitting Ir(Ill) complex, btplracac (Ir(lll) bis(2-(2-benzop]-
lgawa, S.; Moriyama, T.; Miura, S.; Takiguchi, T.; Okada, S.; Hoshino, thienyl)pyridinatoN,C?) (acetylacetonatd¥® 2, in Scheme 1).

M.; Ueno, K.J. Am. Chem. So2003 125 12971-12979. (c) Ragni, R.; ;
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M.; Naso, F.; De Cola, LJ. Mater. Chem2006 16, 1161-1170. (d) attached a tetraphenylsilyl group to the 5-position of the pyridine
Lamansky, S.; Djurovich, P.; Murphy, D.; Abdel-Razzaq, F.; Kwong, R.; ring (see Chart 1). This modification should extend the
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2001, 40, 1704-1711. (€) Anthopoulos. T. D.: Frampton, M. J.; Namdas, " conjugation in the ligand structure, causing a red-shift in the

E. B.; Burn, P. L.; Samuel, I. D. WA, Mater. 2004 16, 557-560. ()~ Phosphorescence emission. _ _
Yeh, S.-J.; Wu, M.-F.; Chen, C.-T.; Song, Y.-H.; Chi, Y.; Ho, M.-H.; Hsu, This approach is supported by quantum chemical calculations

S.-F.; Chen, C. HAdv. Mater. 2005 17, 285-289. (g) Li, J.; Djurovich, ; ; i ;
P 1. Alleyne, B. D. Tsyba, I.. Ho, N. N.- Bau, R.. Thompson, M. E. based on density functional theory (DFT), which predict that

Polyhedron 2004 23, 419-428. (h) Tamayo, A. B.; Alleyne, B. D.;  the lowest unoccupied molecular orbital (LUMO) df is
Djurovich, P. I.; Lamansky, S.; Tsyba, I.; Ho, N. N.; Bau, R.; Thompson, stabilized by 0.095 eV compared to thatbfThis stabilization
M. E. J. Am. Chem. So@003 125 7377-7387. is attributed to elongation of the region containing the LUMO

J.;(gég?n?gb%fk;gr’,fﬁy'géo%ztrggsgk&f'(bc)"A'\ggiﬁf’g';’BBQB?eMn’. c. glectronic population, Which is Ipcalized on the pyridingl ring
A.; Thompson, M. E.; Forrest, S. R. Appl. Phys2001 90, 5048. (c) in 2, but on both the pyridine ring as well as the additional
Bal(%)'('\;LTAii'tAd%Chil“C'; Fgrrtesst, S. %hyé_-tReH BTZOOQ E_Z,YlOgGZ- . phenyl ring of tetraphenylsilane ifh (see Chart 1). We also
a) IoKiIto, S.; lijima, 1.; suzurl, Y.; Kita, H.; [SUzuki, Y.; sato, r. 5 H H H
Appl. Phys. Let2003 813’ 569. (b) Ren, X.. Li. J.. Holmes. R. J.: Djurovich. find that.energ.y Ievgls of the molecular orbitals neighboring
P. 1.; Forrest, S. R.; Thompson, M. Ehem. Mater2004 16, 4743. (c) the frontier orbitals (i.e., a set of HOMO-1 and HOMO-2, and
Kawamura, Y.; Shozo, Y.; Forrest, S. R. Appl. Phys2002 92, 87. (d) a set of LUMOt1 and LUMO+2) approach those of the highest

Lamansky, S.; Kwong, R. C.; Nugent, M.; Djurovich, P. I.; Thompson, M. gccupied molecular orbital (HOMO) or LUMO (see bottom of
E. Org. Electron.2001 2, 53. ch 1).C ideri he f h L b | |
(8) (a) Kappaun, S.- Eder. S.: Sax, S.: Saf, R.: Mereiter, K.: List, E. . Chart 1). Considering the fact that excitations between molecular

W.; Slugovc, C.J. Mater. Chem2006 16, 4389. (b) Kwon, T.-H.; Cho, orbitals other than HOMO and LUMO also significantly
IH-SS-;KK'm,HM- gr};' K”Sv ﬁ/-l-Wc-;hK'mv i(JK LE& K--JH-?DPafkv S. Jt-?”_Sh'n, contribute effective transitiori$ this prediction further supports
-, KIM, H. In, D. i ung, Y. K.; Rong, J.-PDrganometallics HH ) _
2008 24, 1578. (c) Kim, Y. H.; Abn, J. H.: Shin, D. C.» Kwon, S. K. sFabl]lzatlon o_f the phosphorescent statd.ofhus, tetraphenyl
Polymer2004 45, 2525. (d) Yang, C.-H.; Cheng, Y.-M.; Chi, Y.: Hsu,  Silyl introduction on the Ir(lll) complex appears to lower the
C.-J.; Fang, F.-C.; Wong, K.-T.; Chou, P.-T.; Chang, C.-H.; Tsai, M.-H.; optical transition energy, making it possible to achieve deep-

Wu, C.-C.Angew. Chem., Int. EQR007, 46, 2418. (e) Yang, C.; Zhang, T indi ; _
X.: You, H.. Zhu, L. Chen, L.- Zhu, L Tao. Y. Ma. D.: Shuai, .- Qin. red phosphorescence. These findings indicate that the introduc

J. Adv. Funct. Mater.2007 17, 651. tion of structural motifs utilizing arylsilane substituents is a
(9) (@) Yang, C.-H.; Cheng, Y.-M.; Chi, Y,; Hsu, C.-J.; Fang, F.-C.; convenient way to achieve both enhanced processability and

Chem., Int. ED2007, 46, 2418. (b) Yang, C.-H.; Tai, C.-C.; Sun, |-W.
Mater. Chem2004 14, 947. (c) Sun, Y.-H.; Zhu, X.-H.; Chen, Z.; Zhang,

Y.; Cao, Y.J. Org. Chem200§ 71, 6281. Results and Discussion
(10) (a) Wong, W.-Y.; Zhou, G.-J.; Yu, X.-M.; Kwok, H.-S.; Tang, B.-
Z. Adv. Funct. Mater.2006 16, 838. (b) Ding, J.; Gao, J.; Cheng, Y.; Xie, The tetraphenylsilyl-substituted ligaddvas synthesized by
g;SYVa”g’ L. Ma, D.; Jing, X.; Wang, Fadv. Funct. Mater.2006 16, successive palladium-catalyzed Suztiyaura reactions.
(11) Noh, Y.-Y.; Lee, C.-L.; Kim, J.-J0. Chem. Phy2003 118 2853. Specifically, lithiation of 1,4-dibromobenzene witkBuLi (1.6

(12) (a) Sandee, A. J.; Williams, C. K.; Evans, N. R.; Davies, J. E;; M in hexane) followed by substitution with a triphenylsilyl-

Boothby, C. E.; Kdler, A.; Friend, R. H.; Holmes, A. BJ. Am. Chem. ; ine- i i i
S00.2004 126 7041, (b) Chen, X.: Liao, J. Liang. ¥.. Ahmed. M. O. chloride gave the bromine-terminated tetraphenylsilane in

Tseng, H.-E.; Chen, S.-Al. Am. Chem. So2003 125 636. (c) You, Y.; quantitative yield..Then., a fgrther lithiation with-BuLi and
Kim, S. H.; Jung, H. K_; Park, S. YMacromolecule2006 39, 349. (d) subsequent reaction with trimethylborate afforded the corre-
Hecht, S.; Frehet, J. M. JAngew. Chem., Int. E®001, 40, 74. sponding methyl boronate, which was further transformed to

(13) (a) Anthopoulos, T. D.; Frampton, M. J.; Namdas, E. B.; Burn, P. : . . .
L.; Samuel, I. D. WAdv. Mater. 2004 16, 557 and references therein. (b) the corresponding boronic ac,ld by treatment with ,aqueous 2N
Bolink, H. J.; Cappell, L.; Coronado, E.; Gzel, M.; Orfy E.; Costa, R. ~ HCI. Another part of the ligand, 2-(benzop]thienyl)-5-
D.; Viruela, P. M._; Nazeeruc}w M. KI. Am. Chem. $0¢2006 128 1.4786- bromopyridine, was easily obtained via Suzukiyaura reac-
(c) Wong, W.-Y.; Ho, C-L.; Gao, Z-Q.; Mi, B.-X,; Chen, C.-H.; Cheah, 4o of 5_hromo-2-iodopyridine and 2-benbithiopheneboronic
K-W.; Lin, Z. Angew. Chem., Int. E®006 45, 7800. (d) Lepeltier, M.; _ _ OpYy and niop
Le Bozec, H.; Guerchais, \Organometallics2005 24, 6069. (e) Wong, auq. Exclusive cqupllng at the iodine of pyridine was observed,
W.-Y.; Zhou, G.-J.; Yu, X.-M.; Kwok, H.-S.; Tang, B.-Adv. Funct. Mater. which was confirmed by mass spectrometry. Finally, the
2006 16, 838. (f) King, S. M.; Al-Attar, H. A.; Evans, R. J.; Congreve, A,; ini i idi i i -
Beeby, A Monkman. A. PAdy, Funct. Mater 2006 16, 1043, remaining bromine of the pyridine was coupled with triphenyl
(14) You, Y.; An, C.-G.; Lee, D.-S.; Kim, J.-J.; Park, S. Y. Mater.
Chem.2006 16, 4706. (15) Hay, P. JJ. Phys. Chem. R002 106, 1634.
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Deep Red Phosphorescent Ir(lll) Complex

SCHEME 1. Synthesis of the Ir(lll) Complex 1
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Top: Simplified Representation of the Spatial HOMO (blue) and LUMO (red) Positions of 1 and 2. Bottom: Their

Respective Energy Level of Molecular Orbitals. See the Supporting Information for the Full Contour Plots
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silylbenzeneboronic acid by further Suzai¥iyaura reaction
to give the chelating ligand (2-(5-(4-triphenylsilylphenyl)-
pyridyl)benzop]thiophene). Interestingly, a substantial amount
(about 30%) of a homo-coupled adduct of the 4-triphenylsilyl-
benzeneboronic acids, 4Hdis(triphenylsilyl)biphenyl, was ob-
served during the reactidf. The ligand 4 was thoroughly
purified by silica gel column chromatography prior to the
chelation reaction.

The Ir(lll) complex was synthesized via the standard two-

step procedure because direct formation of the tris-chelate from
Ir(acacy in the presence of excess ligand requires harsh reaction

N
Ir
2
em--- LUMO+2 (-1.873 eV)
e LUMO+1 (-2.362 eV)
Ss---- LUMO (-2.374 eV)

........ HOMO (-4.287 eV)
.-~ HOMO-1 (-4.872 eV)

_____

"~ HOMO-2 (-1.873 eV)

conditions and generally gives low yields. Nonoyama reaction
of the synthesized ligandl and IrCh-xH,0 in a mixed solvent
system of 2-ethoxyethanol and water (3:1 by volume) gave the
cyclometalated:-chloride-bridged Ir(Ill) dimer in 76% yield.
Subsequently, the chloride of thechloride-bridged Ir(l1l) dimer

was substituted by the additional chelating ligahdvith the
assistance of potassium carbonate in a thoroughly degassed
glycerol at 240°C. The crude product was purified by silica
gel column chromatography followed by recrystallization in

(16) Lohse, O.; Thevenin, P.; Waldvogel, Eynlett1999 1, 45.
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FIGURE 1. Image restoration microscope images of spin-coated PVK 360 400 500
films doped with 60umol/g of 1 (a) or 2 (b). Excitation wavelength

was 360+ 20 nm from a 10 mW mercury lamp. The red color is pseudo Wavelength (nm)
color, and the length of scale bar corresponds t:80

FIGURE 2. Absorption and photoluminescence spectraloh the

toluene to give the tris-chelate Ir(Ill) compléx Ir(lll) tris(2- solution state (1M in Ar-saturated PhMe) (black open circles) and

(2'-benzop]thienyl)-5-(4-triphenylsilylphenyl)pyridinato- photoluminescence spectrum biin the film state (PVK film doped

N,C?), in 58% yield. by 7 wt % of 1) (black f_|IIed circles). The _correspondlng spect_ra20f
o . . L o are shown for comparison (gray open triangles for the solution state
Compared to2, which lacks arylsilyl moieties1 exhibits and gray filled triangles for the film state). Inset: Electrophosphores-

much greater solubility in common organic solvents, indicating cence spectrum df.

successful operation of the solubilizing triphenylsilyl group; for

example,1 and2 showed solubilities of 71.8 mg/mL and 3.8 This efficiency is satisfactory if we consider the very high purity
mg/mL in chlorobenzene, respectively. The high solubility of of red phosphorescent color of the fif#.

1 was also evident in the polymer film state. When we spin-  Fipally, we constructed polymer light-emitting diodes em-
coated a chlorobenzene solution (5% wiw) containing Ir(Ill) ploying 1 as a red phosphorescent emitter. A heterostructured
complex/PVK (6Qumol/g) onto a glass substrate, we observed polymer-based device was fabricated with the configuration of
substantially different aggregate formation behavior after an- pepOT:PSS (poly(3,4-ethylenedioxythiophene):poly(styrene sul-
nealing under typical conditions (13Q for 10 min), depending  fonate)) as a hole injection layer, an emitting layer of PVK co-
on whetherl or 2 was used. Observation of tH#PVK film doped with PBD (2-(4-biphenylyl)-5-(tert-butylphenyl)-1,3,4-
with an image restoration microscope (Figure 1a) revealed that gxadiazole) and as electron transport and emitting components,
it is homogeneous, with virtually no aggregates or crystals. In respectively, BAlq (bis-(2-methyl-8-quinolinolate)-4-(phenylphe-
contrast, the image of th&/PVK film (Figure 1b) showed  nolato) aluminum) as an exciton blocking layer, and LiF:Al as
densely distributed luminescent spots of diameteB@ um a cathode. PVK was selected as the polymer host because of
range; given that even in the solid state, Ir(lll) complexes are jtg high hole mobility 1075 cm?/Vs),2® high glass transition
generally efficient phosphorescence emtters, these spots argemperature, and good film forming property and because its

attributed to aggregates or crystalline domains 2of The HOMO and triplet state energy levels match thosd.olVhen
improved phase homogeneity of théVK film compared to e consider the redox potentials bineasured by an electro-
the 2/PVK film is indicative of enhanced compatibility df chemical method, efficient hole and electron trapping inside the

with the polymer host. Hence, in a polymer-emitting layer,  pyK was expected to give exclusive emission frbnConsistent
would be less prone to phase separation during long-termyith the excellent compatibility ofL with PVK established
operation. Overall, the superior solubility and phase homogene- apove, a high-quality spin-coatéfPVK film was easily realized
ity of 1 are related to the structure of the arylsilyl moiety, and during device fabrication. From the device, saturated red
it is noteworthy that such improvements can be accomplished electrophosphorescence was observed with a peak wavelength
using an alkyl-free structure. of 640 nm accompanied by a shoulder at 680 nm, giving a CIE
Another important issue in synthesizifigvas to achieve deep  coordinate of (0.69, 0.30) (Figure 3). A peak external quantum
red emission. As shown in Figure 2, the peak wavelengtiis of efficiency of 2.7% was recorded at a current density of 0.57
are 640 and 646 nm in the solution and the film states, mA/cn¥?, and a luminance of 1018 cd?mvas observed at a
respectively, compared to 621 and 625 nmZ¢Table 1). (The current density of 132 mA/ctn Considering the moderate
small red shift of the peak wavelength in the film statela absolute photoluminescence quantum yield1of17%), this
likely due to a reduction of the dihedral angle between the appreciable device efficiency demonstrates the beneficial role
phenyl and the pyridine rings.) The peak wavelength$ afe of the arylsilyl moiety.
thus bathochromically shifted relative to those2oby ca. 20
nm_' |mp|y|ng that the addltlonal phenyl ring conjugated to the (17) The poly(methyl methacrylate) host was used in order to exclude
pyridine successfully yielded deeper red phosphorescence.the energy transfer from the host. See the Supporting Information for
Transformation of the phosphorescence spectra of the film statesexperimental details. o o ,
into Comission Internationale de L'Eclarage (CIE) coord- (19 Acualy, the Einsten spontancous emision eiatonsnp precict
nates givesx, y) = (0.69, 0.31) forl compared to (0.68, 0.31)  quantum yield, decreases as the photoemission shifts toward red: Yu, G.;
for 2, confirming the deeper red emission bf The absolute Yin, S.; Liu, Y.; Chen, J.; Xu, X.; Sun, X.; Ma, D.; Zhan, X.; Peng, Q.;
photoluminescence quantum yield was observed to be 17% fromShuai, Z.; Tang, B.; Zhu, D.; Fang, W.; Luo, ¥. Am. Chem. So2005

’ . 127, 6335.
a poly(methyl methacrylate) film doped with(7 wt % doped) (19) Kawamura, Y.; Yanagida, S.; Forrest, S..JRAppl. Phys2002
compared to 11% for the corresponding film doped vt 92, 87.
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TABLE 1. Optical and Electrochemical Properties of Ir(lll) Complexes

JOC Article

entry Aabs(nm) (loge)? Zp (NMY PLQY (%) Ered (V)© Eox (V)¢ IP (eV) CIE coordinatex,y)®
1 308 (4.75), 326 (4.69), 640 (sol), 646 (film) 17 -0.72,-1.35 1.55,0.88 —5.36 (0.69, 0.30)
348 (4.32), 433 (3.74),
497 (3.54)
2 309 (4.52), 324 (4.44), 349 (3.98), 496 (3.00) 621 (sol), 625 (film) 11 -0.77,-1.36 1.40,0.83 —5.33 (0.68,0.31)

aMeasured in Ar-saturated PhMe solutions (/). ® Absolute photoluminescence quantum yield obtained with a system comprising an integrated
sphere (see the Supporting Information for experimental details). PMMA films doped by the Ir(Ill) complex (7 wt %) were used for measuvteasuated
by cyclovoltametry (Pt wires were used for a working and a counter electrodes, pseudo Ag wire for a reference electrode, andNBFMrBGH,Cl,
for the electrolyte at a scan rate of 50 mV/)onization potentials calculated with the oxidation potential of F¢/&e an internal standar8Obtained with

the electrophosphorescence spectra of the Ir(Ill) compléaversible wave.

3.0 ey
L —0=—1Wwt% |
—~ 25} o, —o—4wt% |
— 0,
E = e I
2.0
2
SX 15
0 >
® e 10
c
= -
..3 o 05
&= I
I.LI m 00 40 80 120 160
Ur Current density (mA/cm?) 7

0.1 1
Current density (mA/cm?)

10

FIGURE 3. External quantum efficiency (%, photons/electron) versus
current density (mA/c#) of devices with a configuration of ITO/PSS:
PEDOT/PVK:PBD (40 wt %}t (x wt%)/BAlg/LiF:Al. Inset: luminance
(cd/n?) profiles against current density (mA/ém

Synthesis of 2-(5-(4-Triphenylsilylphenyl)pyridyl)benzop]-
thiophene (4). The same procedure for 2-(2-benziphienyl)-5-
bromopyridine was applied to give white powder (4.10 g, 7.51
mmol) in 58% yield."H NMR (300 MHz, CDC}) 6 7.35-7.46
(m, 15H), 7.59-7.60 (m, 5H), 7.67 (dJ = 8.3 Hz, 2H), 7.81 (m,
1H), 7.88 (m, 3H), 8.91 (dJ = 1.6 Hz, 1H).3C NMR (CDCl,

125 MHz): 6 119.4,122.8, 123.3, 124.3, 124.4, 128.1, 128.5, 132.5,
132.6, 133.1, 133.3, 134.3, 136.8, 137.7, 140.5, 140.9, 143.7. MS
(FAB) m/z 546 (M*). Anal. Calcd for G;H,/NSSi: C, 81.43; H,
4.99; N, 2.57; S, 5.88. Found: C, 81.39; H, 5.02; N, 2.69; S,
5.86.

Synthesis ofu-Chloride-Ir(lll) Dimer. The cyclometalating
ligand4 (3.00 g, 5.50 mmol) and iridium(lll) chloride hydrate (0.41
g, 1.37 mmol) were solvated in the mixed solvent system of
2-EtOEtOH:water (30 mL:10 mL). After a thorough degassing
procedure was performed, the temperature was maintained at
145°C for 20 h. Red precipitates were observed when the reaction
mixture was cooled down to room temperature. Filtration gave a
red powder which was further washed with the mixed solvent
system of acetone:EtOrthexane (5 mL:5 mL:40 mL). Then, the
filtrate was dissolved in CkCl, and recrystallized to give red
crystals (0.532 g, 0.221 mmol) in 68%4 NMR (spectral shape
was broad and structureless; splitting patterns were hard to assign.

In summary, we have designed and synthesized a new deep®00 MHz, CDCH) 6 7.37 (m, 8H), 7.43 (m, 24H), 7.48 (m, 12H),

red-emitting Ir(lll) complex with excellent solubility and
efficiency. Arylsilane-based alkyl-free substituents successfully

7.63 (m, 28H), 7.72 (s, 4H), 7.73 (s, 4H), 7.83 (m, 4H), 7-872
(m, 12H), 7.97 (m, 4H), 8.95 (s, 4H¥C NMR (CDCk, 75 MHz):
6 119.2, 119.9, 122.3, 122.8, 123.0, 124.0, 124.2, 124.4, 124.8,

facilitated both bathochromically shifted phosphorescence and 155 4 1256 125.8 126.5 126.7. 126.8. 127.7. 128.1. 128. 2. 128.3
higher phase homogeneity of the Ir(lll) complex inside a PVK 128 4, 128.7, 129.9, 130.0, 130.1, 131.3, 132.5, 133.3, 133.6, 134.1,
host. Polymer organic light-emitting devices based on the Ir- 135.4, 135.7, 136.3, 136.6, 137.1, 137.4, 140.7, 141.0, 141.9, 143.0,
(1M complex exhibited a peak electrophosphorescence wave-144.1, 144.5, 147.9, 148.1, 149.7, 152.3, 154.2, 162.9, 163.3, 165.1,

length of 640 nm along with a shoulder around 680 nm; which
is deeper red (CIEX( y) = (0.69, 0.30)) than for the original
Ir(lll) complex without a tetraphenylsilyl group at the
ligand.

Experimental Section

Synthesis of 2-(2-Benzdi]thienyl)-5-bromopyridine. 5-Bromo-
2-iodopyridine (10.0 g, 35.2 mmol), benbithiophene-2-ylboronic
acid (6.21 g, 34.9 mmol), and tetrakis(triphenylphosphine)palladium-
(0) (1.61 g, 1.40 mmol) were added to a round-bottomed flask
equipped with a reflux condenser and dissolved in 200 mL of THF.
After addition of 100 mL of aque@ N sodium carbonate solution,
the reaction mixture was heated at 80 for 1 day. The cooled
crude mixture was poured onto water (200 mL) and extracted with
CH,CIl; (100 mL x three times) and dried over anhydrous
magnesium sulfate. Finally, silica gel column chromatography (
hexane:EtOAc 5:1) gave a white powder (8.20 g, 28.3 mmol) in
81% yield.'H NMR (CDCl;, 500 MHz): ¢ 7.34 (m, 2H), 7.62 (d,
J=8.5Hz, 2H), 7.78 (m, 3H), 7.84 (m, 1H), 8.65 (#i= 2.2 Hz,
1H). 3C NMR (CDCk, 125 MHz): 6 119.5, 120.8, 121.9, 122.8,

171.4, 175.2. MALDI-TOF-MSm/z 2634.50, calcd for GdHior
CI2Ir2N4S4Si4 = 2632.49. Anal. Calcd for Qd‘|104C|2|I'2N4S4Si4:

C, 67.48; H, 3.98; N, 2.13; S, 4.87. Found: C, 67.55; H, 4.01; N,
2.15; S, 4.95.

Synthesis of Ir(lll) Tris(2-(2-benzo[b]thienyl)-5-(4-triphenyl-
silylphenyl)pyridinato- N,C?) (1). To a glycerol solution (10 mL)
containing4 (0.102 g, 0.208 mmol) and-chloride-Ir(lll) dimer
(0.200 g, 0.0830 mmol) was delivered potassium carbonate (0.115
g, 0.830 mmol). Prior to raising the temperature, the reaction
mixture was thoroughly degassed via repetitive vacuum-freeze-thaw
technique. Then, refluxing at 22€ was performed for 20 h. After
being cooled down to room temperature, the reaction mixture was
poured into water. The red precipitate was further washed with water
(100 mL), MeOH (50 mL), and then ether (50 mL). A dark orange-
colored powder was obtained after silica gel column purification
with CH,CI, eluent. Finally, recrystallization in PhMe gave the red
phosphorescent product (0.131 g, 0.0790 mmol) in 48% yield.
NMR (500 MHz, CDC}) 6 6.34 (d,J = 8.1 Hz, 1H), 6.43 (dJ =
9.1 Hz, 1H), 6.67 (dJ = 8.1 Hz, 1H), 6.776.84 (m, 3H), 7.09-

7.14 (m, 6H), 7.26 (dJ = 8.4, 2H), 7.34-7.47 (m, 36H), 7.52
7.54 (m, 16H), 7.62 (d) = 6.6 Hz, 3H), 7.65 (m, 2H), 7.73 (d,

124.4, 124.8, 125.5, 139.3, 140.5, 140.9, 143.7, 150.9, 151.3. MS= 5.6, 2H), 7.80 (m, 2H), 8.02 (dl = 1.6, 1H), 8.07 (dJ = 1.4

(FAB) m/z 289 (M"). Anal. Calcd for GsHgBINS: C, 53.81; H,
2.78; N, 4.83; S, 11.05. Found: C, 53.86; H, 2.81; N, 4.85; S,
10.93.

Hz, 1H), 8.38 (dJ = 1.6 Hz, 1H).13C NMR (CDCk, 75 MHz):
6 118.2, 118.7, 119.2, 122.3, 122.8, 123.0, 124.0, 124.2, 125.3,
125.4,125.6, 125.8, 126.5, 126.7, 126.8, 127.7, 128.1, 128. 2, 128.3,
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154.9, 162.9, 164.2, 165.6, 173.1, 177.2. MALDI-TOF-M#

1826.38, calcd for GiH7elrNsS;Sis = 1825.43. Anal. Calcd for Supporting Information Available: Copies of spectroscopic
Ci1H7lNsSsSis: C, 72.99; H, 4.30; N, 2.30; S, 5.27. Found: C, jdentification includingH, 3C NMR, and MALDI-TOF mass
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