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electronegativities (EN), which are too small between Cu and
As or Te for a discrete separation into Cu'* and As*~/ Te?"
ions; IP: 745.4(Cu), 946.5(As), 869.2(Te); EA: 118.5(Cu),
78.2(As), 190.2(Te); EN(Pauling): 1.9(Cu), 2.0(As), 2.1(Te).
In other words, the formal charge assignment to give Cu'* and
As’>~/Te* centers produces an “additional” electron pair
which is described by an MO that is embedded in the valence
band formed by the arsenic 4p orbitals or the tellurium S5p
orbitals, and the 4s orbitals of copper.

Experimental Section

LiAs(SiMe;),- 1.2THF (0.77 g, 2.4 mmol) was added to a suspension of
CuCl (0.2 g, 2 mmol) and dppm (0.5 g, 1.3 mmol) in DME (50 mL) at
—20°C. A clear yellow solution was formed which as the temperature
increased towards room temperature gradually turned a brilliant red, and
was nearly black at room temperature. After reducing the volume of the
solution by about half, black needlelike crystals of 1 were obtained in under
two weeks (yield, based on CuCl, 0.12 g, 30 % ). The C and H analyses of 1
fit the given formula.
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A Blue Luminescent Starburst Molecule and Its
Orange Luminescent Trinuclear Pd" Complex:
1,3,5-tris(7-azaindol-1-yl)benzene (tabH) and
[Pd} (tab),Cl,]**

Qingguo Wu, Andrea Hook, and Suning Wang*

Luminescent organic and organometallic compounds have
attracted much attention recently, mostly because of their
potential applications in organic light-emitting devices
(OLEDs).I'2l We have demonstrated previously that AI™
and B™ complexes of 7-azaindolyl (deprotonated 7-azain-
dole) are bright blue emitterst! and capable of producing a
bright blue light when in OLEDs.[! Our recent efforts have
focused on the modification of the 7-azaindolyl ligand to
improve the stability and performance of compounds based
on 7-azaindole. One of the modifications we carried out was
to replace the proton on the indole nitrogen atom by an
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= aromatic group so that the new
7\ Y ligand can bind to a metal ion as a
N~ "N neutral chelate ligand.’! An ex-
ample of the modified 7-azaindol-
~=N . .
\ yl ligands obtained by our group
7N N is the novel starburst molecule,
== — 1,3,5-tris(7-azaindol-1-yl)benzene

N, P (tabH).
tabH was synthesized by the
reaction of 1,3,5-tribromoben-
zene with 7-azaindole using Ull-
mann condensation methods, in which Cu' and K,CO, were
used as the catalyst and bromide scavenger. tabH has a
melting point of 220°C and emits a bright blue color in
solution and in the solid state when irradiated by UV light.
The emission maxima of tabH in solution (5 mgmL~}
CH,Cl,) and the solid state are at 409 nm and 413 nm,
respectively (Figure 1). The luminescence of tabH is believed
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Figure 1. Excitation and emission spectra of solid tabH (blue) at ambient
temperature and 1 (orange) at 77 K. Excitation = triangles, emission = solid
line.

to be of fluorescent origin, based upon our previous studies on
related molecules.> ¥ The blue luminescence of tabH is in
sharp contrast to 7-azaindole, which has an emission band in
the 1,,,<400nm region. The attachment of the benzene
moiety to 7-azaindole is clearly responsible for the red shift of
emission energy by tabH. A similar red shift in the emission
energy, on account of the replacement of the indole proton in
7-azaindole by an aromatic group, has been observed
previously.’! The photoluminescent efficiency of tabH in
solution was determined to be ~0.40 relative to that of 9,10-
diphenylanthracene, which indicates that it is a bright blue
emitter. Examples of luminescent and electroluminescent
starburst organic molecules are previously known.l How-
ever, stable and blue luminescent starburst molecules are still
rare. Our preliminary investigation showed that tabH is
promising as a blue emitter in OLEDs. Further details will be
published in due course.

Recently, several examples of luminescent transition metal
complexes have been reported to be promising emitters in
light-emitting devices.’!l However, luminescent transition
metal complexes that are useful in OLEDs are still scarce.
We therefore investigated the potential of the tabH molecule
as a ligand to form luminescent transition metal complexes.
We have found that the tabH molecule complexes readily with
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Pd" and Pt" ions to form a variety of novel compounds, an
example of which is [Pd¥(tab),Cl,] (1), obtained from the
treatment of K,PdCl, with tabH in a 3:2 ratio using a
procedure similar to that reported recently by Cadenas et al.]
The structure of 1 was determined by a single-crystal X-ray
diffraction analysis.'’? As shown in Figures 2 and 3, 1 has three
Pd" ions in two different environments: Pd(2) is situated at
the crystallographically imposed inversion center and coordi-
nated by two nitrogen and two chlorine atoms in a trans
fashion while Pd(1) and Pd(1A) are related by the inversion

Ct1e)

Figure 2. ORTEP representation of the molecular structure of 1 with
labeling schemes and 50 % thermal ellipsoids. Hydrogen atoms are omitted
for clarity. Selected bond lengths [A] and angles [°]: Pd(1)-C(22) 1.989(5),
Pd(1)-N(1) 2.019(5), Pd(1)-N(3) 2.047(4), Pd(1)-CI(1) 2.3946(15), Pd(2)-
N(6) 2.045(4), Pd(2)-Cl1(2) 2.3031(14); N(1)-Pd(1)-N(3) 176.22(18), C(22)-
Pd(1)-CI(1) 172.96(15), N(6)-Pd(2)-CI(2) 89.07(12), N(6)-Pd(2)-CI(2A)
90.93(12).

L

Figure 3. A space-filling diagram showing the orientation of the tab~
ligands in 1.

center of symmetry and coordinated by two nitrogen, one
chlorine and one carbon atom. Owing to the presence of the
inversion center, the three Pd" ions are in a rigorous linear
arrangement with the Pd(1)-Pd(2) separation being
5.866(1) A. The Pd(1) and Pd(2) centers have a square-planar
geometry with a dihedral angle of 30.0° between the Pd(1) and
Pd(2) square planes. The tab ligand acts both as a chelating
and a bridging ligand. The formation of the Pd(1)—C(22) bond
is a consequence of cyclometalation of tabH, favored by the
geometry of the ligand and the chelating effect—a common
phenomenon in organopalladium and organoplatinum com-
pounds.l 1 The palladium —ligand bonds in 1 are typical.> 1]
The three 7-azaindolyl groups of the tab ligand are not
coplanar with the benzene moiety. The dihedral angles
between the benzene ring and the N(2), N(4), and N(6) rings
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are 23.4°, 35.1°, and 68.4°, respectively, attributable to steric
interactions between hydrogen atoms and the geometric
constraint of the ligand.

The coordination of the tabH ligand to the Pd! centers
leads to a drastic change of luminescence. At ambient
temperature, in contrast to the free tabH ligand, 1 has no
luminescence. At 77 K, upon excitation at A=370 nm, an
orange emission band at 1,,,, =575 nm from 1 was observed,
as shown in Figure 1. The excitation band of 1 is similar to that
of tabH. The ~ 160 nm red shift of the emission energy cannot
be attributed to the abstraction of one proton from the
benzene ring of tabH, based on the fact that LiTtab~ does not
have an orange emission. Luminescence observed in previ-
ously reported Pd" complexes has often been attributed to
metal-to-ligand charge transfer (MLCT) or metal-metal-to-
ligand charge transfer (MMLCT) bands.'t! The Pd—Pd
separation distance of 5.866 A in 1is too large to allow any
significant Pd—Pd interactions or MMLCT. The participation
of 4d orbitals from the Pd" ion in the luminescent transition of
1 appears to be very likely, based on the results of our
preliminary ab initio molecular orbital calculations. However,
a complete understanding of the luminescence displayed by 1
awaits further theoretical and experimental study.

Although 1 is not suitable as an emitter for electrolumi-
nescent devices because of the absence of luminescence at
ambient temperature, it demonstrates that the tab- ligand can
bind readily to a transition metal center to form luminescent
complexes, thus providing a new avenue for luminescent
transition metal compounds. It is conceivable, that with the
appropriate choice of the central metal ion and the non-
emitting ligands (for example, chloride in 1), bright lumines-
cent transition metal complexes based on tab ligands could be
obtained.

Experimental Section

tabH: 1,3,5-Tribromobenzene  (4.00 mmol, 1.259g), 7-azaindole
(16.00 mmol, 1.890¢g), K,CO; (16.00 mmol, 2.211g), and CuSO,
(0.100 mmol, 0.025 g) were mixed and heated at 205°C for 9 h under N,.
After being cooled to ambient temperature, the reaction mixture was
dissolved in CH,Cl, (300 mL) and washed with water. The organic layer
was separated, dried over sodium sulfate, and evaporated to dryness by
vacuum. The residue was passed through a silica gel column using hexanes/
ethyl acetate (3/1) as the eluent. The first fraction collected was 1-bromo-
3,5-bis(7-azaindol-1-yl)benzene, the second was tabH. Recrystallization
from CH,Cl,/hexanes yielded a colorless solid of tabH (0.92 g, 54 % yield).
M.p. 220°C.'THNMR (CDCl;, 25°C): 6 =8.36 (d, 3/ = 5.1 Hz, 3H; 7-azain),
8.34 (s, 3H; benzene), 7.97 (dd, 3/, =75, 3J,= 1.8 Hz, 3H; 7-azain), 7.70 (d,
3] =4.2 Hz, 3H; 7-azain), 7.14 (dd, 3/, =17.5, 3J,=4.5 Hz, 3H; 7-azain), 6.67
(d, 3J=3.6 Hz, 3H; 7-azain); *C NMR (CDCl;, 25°C): 6 =143.72 (7-
azain), 129.20 (7-azain), 127.77 (7-azain), 117.05 (benzene), 116.12 (7-
azain), 102.36 (7-azain); elemental analysis for C,;H;sN,- 0.3 CH,Cl,: calcd:
C 7255, H 4.08, N 18.59; found: C 72.35, H 3.99, N 18.41; MS: m/z: 426.3
[M+].

[Pd;(tab),CL] (1): tabH (0.20 mmol, 0.0853 g) and K,PdCl, (0.30 mmol,
0.0979 g) were added to acetate acid (10 mL). The mixture was heated at
110-120°C and refluxed for 6 h under N,. After the reaction mixture was
cooled to ambient temperature, the off-white solid was collected by
filtration and washed by acetic acid, CH;OH, and diethylether (each 5 mL).
Recrystallization of the crude product from DMF and ethanol yielded light
yellow crystals of 1 in a 76% yield. M.p. 196°C. 'H NMR ([D¢]DMSO,
25°C): 6=9.08 (d, 3J=5.7Hz, 2H; 7-azain), 8.58 (d, 3/=3.9 Hz, 2H;
7-azain), 8.36-8.30 (m, 3H; 7-azain), 8.09 (d, 3/ = 7.5 Hz, 1 H; 7-azain), 8.03
(d, 3/ =3.6 Hz, 1 H; 7-azain) 7.93(s, 2H; benzene), 7.33 (dd, 3J, =72, 3],=
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6.3 Hz, 2H; 7-azain), 7.22 (dd, 3J, =75, 3J,=4.5 Hz, 1H; 7-azain), 7.02 (d,
3] =3.6 Hz, 2H; 7-azain), 6.69 (d, 3J=3.6 Hz, 1H; 7-azain); “C NMR
([Dg]DMSO, 25°C): 6=156.69 (benzene), 148.18 (7-azain), 146.96 (7-
azain), 143.10 (7-azain), 141.35 (7-azain), 137.26 (benzene), 136.27 (ben-
zene), 132.47 (7-azain), 129.39 (7-azain), 128.62 (7-azain), 128.09 (7-azain),
123.07 (benzene), 121.44 (7-azain), 116.94 (7-azain), 113.96 (7-azain),
109.99 (7-azain), 105.49 (7-azain), 101.64 (7-azain); elemental analysis for
Cs,H3,N,CLPd; - 2(CH;),NCHO - H,O: caled: C 48.77, H 3.38, N13.27;
found: C 48.33, H 3.50, N 13.22.
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