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PHOSPHORESCENT METAL COMPLEX
COMPOUND, METHOD FOR THE
PREPARATION THEREOF AND RADIATING
COMPONENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and hereby claims priority to
International Application No. PCT/EP2009/059092 filed on
Jul. 15, 2009 and German Application No. 102008 033 929.6
filed on Jul. 18, 2008, the contents of which are hereby incor-
porated by reference.

BACKGROUND

The invention relates to a phosphorescent metal complex
compound, a method for preparing same and a radiation
emitting component, in particular an organic light emitting
electrochemical cell (OLEEC).

Organic electroluminescent elements generally have at
least one organic layer which is sandwiched between two
electrodes. As soon as voltage is applied to the electrodes,
electrons are injected from the cathode into the lowest unoc-
cupied molecular orbitals of the organic light emitting layer
and migrate to the anode. Correspondingly, holes are injected
from the anode into the highest occupied molecular orbitals
ofthe organic layer and migrate accordingly to the cathode. In
the cases where migrating hole and migrating electron come
together within the organic light emitting layer on a light
emitting material, an exciton is produced which decays with
the emission of light. In order that light can exit the electrolu-
minescent element at all, at least one electrode must be trans-
parent, in most cases said one electrode being of indium tin
oxide which is used as the anode. The ITO layer is normally
deposited on a glass substrate.

In the organic light emitting diodes (OLEDs), particularly
in the case of the OLEDs based on small molecules, a so-
called multilayer structure is implemented, because, in addi-
tion to the light emitting layer, efficiency-increasing layers
such as hole and/or electron injection layers are disposed
between the electrodes for better transference of the charge
carriers. Highly reactive materials are often used here, which
means that, among other things, encapsulation is critical for
the service life of the light emitting element, as it protects the
auxiliary layers from decomposition.

Alternatively, there are the so-called organic light emitting
electrochemical cells (OLEECs) which are of simpler design
than the OLEDs and which in most cases can be implemented
by simply mounting an organic layer between two electrodes
and subsequent encapsulation. The active layer of an OLEEC
is generally made of a material which is a mixture of an ion
conductor/electrolyte or also of a completely inert matrix
(isolator) with an emitting species. Suitable for this purpose
are ionic transition metal complexes (iTMC for short) such as
ruthenium trisbipyridine hexafluorophosphates in polymer
matrices. However, there is as yet an inadequate selection of
suitable materials, there being in particular a dearth of blue
emitting materials.

SUMMARY

One potential object is therefore to create a material class
suitable for use in OLEEC cells and to specify a synthesis to
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2
that end. A further potential object is to specify an OLEEC
cell constructed using the material class and the use of said
material class in OLEEC cells.

The inventors propose a phosphorescent metal complex
compound comprising at least one metallic central atom M
and at least one ligand coordinated by the metallic central
atom and containing a bidentate ligand with a triazole unit.
The inventors also propose a radiation emitting component
comprising a substrate, a first electrode layer on said sub-
strate, at least one organic emitting layer on the first electrode
layer and a second electrode layer on the organic emitting
layer, wherein the organic emitting layer comprises a phos-
phorescent metal complex compound. The inventors further
propose a method for preparing a phosphorescent metal com-
plex compound, comprising the following

A) Preparing a central atom compound of a metallic central
atom, having exchange ligands coordinated to the cen-
tral atom,

B) Mixing the central atom compound and a ligand dis-
solved in a first solvent to form the metal complex com-
pound, the exchange ligand being replaced by the ligand
which is coordinated in a bidentate manner to the central
atom and comprises a triazole unit.

In particular, the material class is that of a metal complex

having the following general structure I:

Said complex has two known ligands L (shown on the left)
which can be selected independently of one another and can
be the same or different and preferably complex in a bidentate
manner, in particular via a carbon and a nitrogen atom, said
known ligands [ being, for example, according to one
embodiment, the conventional and also commercially avail-
able emitters with phenylpyridine ligands, substituted e.g.
with fluorine for blueshifting. Known complexes with iri-
dium as the central atom are 2 4-difluorophenyl-2-pyridyl-
iridium(IIT) picolinate (FlrPic) or Flr,.

According to another embodiment of the material class, the
two ligands L shown to the left of the metal atom and already
known in the literature are preferably selected from the fol-
lowing documents: WO 2005/097942 A1, WO 2006/013738
Al, WO 2006/098120A1, WO 2006/008976 A1, WO 2005/
097943 A1, U.S. Pat. No. 6,902,830, U.S. Pat. No. 7,001,536,
U.S. Pat. No. 6,830,828, WO 2007/095118 A2, US 2007 0
190 359 A1 (UDC), EP 1 486 552 B1, for example, 2-phe-
nylpyridine or 2-phenylimidazole as well as related and simi-
lar structures such as phenanthridine shall be mentioned by
way of example.

According to another advantageous embodiment, the two
known ligands [ can have, for example, carbene functionality
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which is used as a deep blue emission source. Examples of
said ligands L. may be found in the publications WO 2005/
19373 or EP 1 692 244 B1.

Further examples of possible ligands L are disclosed in the
publications EP 1 904 508 A2, WO 2007/004113 A2, WO
2007/004113 R4A3, said ligands L also being shown in the
context of charged metal complexes having at least one phe-
nylpyridine ligand with corresponding donor groups such as
dimethylamino. The compounds exhibit an increased LUMO
level of the complex, acceptor groups such as 2,4 difluoro
being introduced into the phenyl ring in order to lower the
level of the HOMO orbital. It is shown that by varying the
ligands and their substituents, the emission color can be var-
ied across the entire visible spectrum.

Inaddition to the ligands [, the metal complex according to
the structural formula I has at least one triazole ligand, either
a 1,2,3- or a 1,2, 4-triazole. The triazole unit has a heteroaro-
matic oran aromatic substituent in ortho position with respect
to the two mutually adjacent nitrogens of the triazole ring,
resulting in a structure of the general formula I.

The 1,2,3-triazole compounds are obtained with Z,=N and
7,=C whereas the 1,2,4-triazole compounds are produced
with Z,=C and 7,=N. The ring numbering system was devel-
oped on the basis of the 1,2,3-triazoles and, for the purposes
of this description, is used as shown, the 1,2,4-triazoles of
course being obtained from the 1,2,3-triazoles by exchanging
the C and N substituents Z. In both cases, the carbon atom
with the substituent which causes the bidenticity of the entire
ligand and which is preferably an aryl substituent, is num-
bered 4.

Preferably M=iridium. Also possible, however, are metals
such as Re, Ru, Rh, Os, Pd, Pt, Au, Hg and Cu. The stoichi-
ometry of the corresponding complexes will then vary
depending on the coordination sphere of the respective cen-
tral atom, in particular because not all metals form octahedral
complexes like iridium.

Y is preferably nitrogen. This means that the hetero triazole
ligands are neutral with respect to the inner coordination
sphere. Charged substituents or substituents which can stabi-
lize charge, i.e. are “chargeable”, can be placed in the outer
positions. The heteroaromatic ring contains, in the ortho posi-
tion with respect to the bridge carbon atom, a nitrogen atom
which, along with the nitrogen atom 2 in the triazole unit, is
the second chelating atom of the ligand. For the case that
Y=C, the conventional cyclometalated compound is pro-
duced, the triazole ligand being technically negatively
charged.

This means that, for the case M=Ir, neutral species are
obtained. Optionally, both aromatic units can still be linked
via a second bridge.

According to another embodiment of the material class, R,
and/or R, are linked to otherresidues R, ' and/or R,' of another
metal complex. The linking group can be taken from the
examples given below. If more highly functional links are
selected, more highly crosslinked complexes right up to poly-
mer complexes are accessible. On the other side, a bridge can
be formed via one of the known ligands L to one or more
further complexes with ligands and central atoms. Access to
oligomeric and polymeric compounds is also possible via this
side. M can also be Re, Os, Pt, Au, Hg as well as Ru, Rh, Pd
and Ag, Cu. Moreover, R, and/or R, may additionally be
coordinated to M. Another alternative is that at least two
metallic central atoms M are coordinated to one another viaa
metal-metal interaction.
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For the case that Y and Z, are both N, the following struc-
ture la is produced

The proposed metal complex compound preferably com-
prises a group of the structural formula II

where
M=Ir, Re, Os, Pt, Au, Hg, Ru, Rh, Pd, Ag, Cu
Y,Z=NorC

R=independently of one another —H, branched alkyl resi-
dues, unbranched alkyl residues, condensed alkyl residues,
cyclic alkyl residues, completely or partially substituted
unbranched alkyl residues, completely or partially substi-
tuted branched alkyl residues, completely or partially substi-
tuted condensed alkyl residues, completely or partially sub-
stituted cyclic alkyl residues, alkoxy groups, amines, amides,
esters, carbonates, aromatics, completely or partially substi-
tuted aromatics, heteroaromatics, condensed aromatics, com-
pletely or partially substituted condensed aromatics, hetero-
cyclics, completely or partially substituted heterocyclics,
condensed heterocyclics, halogens, pseudohalogens and

Aryl=any partially or completely substituted aromatic or het-
eroaromatic residue which can also be condensed, can estab-
lish a bridge to another compound, and/or can be present in
condensed form or fused with other aromatics or heteroaro-
matics, and linked to other cyclic compounds.

Some examples will now be given of the ring structure of
the heteroaromatics in the ortho position with respect to the
two adjacent nitrogens of the triazole ring, e.g. a 6-membered
ring. In the simplest case, this is a pyridine ring or a derivative
thereof:

whereas

Qm

4
Triazole
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-continued

o~

/ X5
Il
N A X
4
Triazole

X means either the residue —C—R, where R is one of the
substituents listed below or a nitrogen atom with a free elec-
tron pair.

Examples of the substituents “a” on the triazole are:

Pyridine derivatives, where X |, X,, X5, X, areall —C—R
residues, all the R being independent of one another and one
of the substituents listed below.

Pyrimidine derivatives, where X,=N or X ,=N, all the other
residues being —C—R.

Pyrazine derivatives, where X;=N, all the others being
—C—R.

Pyridazine derivatives, where X, =N, all the others being
—C—R.

1,3,5-triazine derivatives, where X,=N and X =N, all the
others being —C—R.

Examples of the substituents “b” on the triazole are:

Isoquinoline derivatives, where all the X are the residues
—C—R with a linkage to the triazole ligand in position 1.

Quinazoline derivatives, where X,=N, and all the other
residues are of type —C—R.

Phthalazine derivatives, where X =N, and all the other
residues are of type —C—R.

Examples of the substituents “c” on the triazole are:

Isoquinoline derivatives which are structural isomers of the
isoquinoline derivatives of the abovementioned derivatives
for the substituents “b” on triazole.

Examples of the substituents “d” on the triazole are:

Quinoline derivatives, where all the X are residues of type
—C—R.

Quinoxaline derivatives, where X ;=N and all the others are
of type —C—R,

Quinazoline derivatives with X,=N and all the other resi-
dues are of type —C—R.
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More highly condensed systems can be prepared in a simi-
lar manner, e.g. pteridine, acridine, phenazine, phenanthri-
dine and/or purine and derivatives thereof as well as com-
pounds with additional heteroatoms such as oxygen or sulfur
in the condensed ring which carries the coordinating nitrogen
atom.

A number of examples will now be given of the ring struc-
ture of the heteroaromatic in the ortho position with respect to
the two adjacent nitrogens of the triazole ring, e.g. a 5-mem-
bered ring:

In the simplest case, the 6-membered ring is a pyridine
ring. Examples of hetero five-ring substituted triazoles are
given here:

whereas

@m

Triazole
a
X—X;
I\
N, X3
4
Triazole
b
XZ—X3
/2R
X X4
N 5
4
Triazole

Examples of the substituents “a” on the triazole are:

Oxazole derivatives, where X;=0 or X,=0, and all the
other residues are of type —C—R;

Thiazole derivatives, where X;=S or X,=S, and all the
other residues are of type —C—R.

Isoxazole derivatives, where X, =0 and all the other resi-
dues are of type —C—R.

Isothiazole derivatives, where X =S, and all the other resi-
dues are of type —C—R.

Imidazole derivatives, where X, X, are residues of type
—C—R and X is a residue of type N—R.

Pyrazole derivatives, where X,, X, are residues of type
C—R and X is a residue of type N—R.

Tetrazole derivatives, where X, X,, X5 all =N.

Examples of the substituents “b” on the triazole are:

Benzimidazole derivatives, where X5 is of type N—R and
X, X,, X;, X, areresidues of type —C—R. Further nitrogen
atoms may be contained in the linked benzene ring, thus
producing benzimidazole analogs pyridine, pyrimidine, pyra-
zine or pyridazine ring, by substitution of the C—R by nitro-
gen.

Examples are purine derivatives: X5 is a residue of type
N—R and X, X;, are of type N and X, are of type —C—R.

Allthe substituents R can be, independently of one another,
H, methyl, ethyl or generally linear or branched, condensed
(decahydronaphthyl, adamantyl), cyclic (cyclohexyl) or
completely or partially substituted alkyl residues (C1-C20).
The alkyl groups can be functional groups such as ether
(ethoxy, methoxy, etc.), ester, amide, carbonates, etc. or halo-
gens, preferably F. R is not limited to residues of the alkyl
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type, but can have substituted or unsubstituted aromatic sys- _continued
tems such as phenyl, biphenyl, naphthyl, phenanthryl, etc.
and benzyl, etc. N
. . . . N Ny

A summary of basic aromatic systems is shown in the Table S |

below. y o =N
Quinoxaline phthalazine

<

) ) 1 N N
VOLOL )&
Furan Thiophen Pyrol Oxazol Thiazol | Y > N

( C\ (\ (\ O 1,2 4-benzotriazine Pyrido[2,3-d]pyrimidine
) 15

N

N N,
Isoxazol Isothiazol N S N A
Imidazol Pyrazol DPyridin | |
/ N z N
N & N #

20

j O k Pyrido[3,2-d]pyrimidine pteridine

\ N,
Pyrazin Pyrimidin 1,3,6 Triazin Pyryhum 55 =
N/ Z
(@]
\ \ L N
acridine phenazine
0 0 ‘ | ©

//
Z

30
alpha-Pyrone Benzo [b] furan
O
gamma-Pyrone
N
35 benzo[g|pteridine H
\ \ \N 9H-carbazole
. . X3— X]Z X11
Benzo [b] thiophen Indol 2H-Isoindol
40 X4 X1 X7 Xll)
N = N, XS_XQ
\> S Bipyridin & Derivate (0 - 2)(/Ring = N)
S /
Benzothiazol 2-benzothioph - 45 . RTIY
clronaze crzoriopiene 1H-benzimidazole Only the basic structures are shown here for simplicity’s

sake. Substitutions can occur here at any position with a
potential bond valence.

N N,
N\ \ | \> Equally, the residue R can be of an organometallic nature,

N N
N// / 50 e.g. ferrocenyl, phtalacyaninyl or metal cations, e.g. sur-
| 3-benzoxazole rounded by a functionalized crown ether, as shown below.
1H-benzotriazole 1H-indazole ’
> AN 5 (\O /\I
O
< U
k / > o ¢ e j
2-benzofuran Chinolin 0
TH-purine o)
“ \
N
N ) Lastly, the residue R can also be charged and therefore
either bring charge into a hitherto uncharged complex, which
Iso-Chinolin Quinazoline 65 is advantageous for OLEEC applications, or neutralize a

charged complex and therefore make it accessible for OLED
applications.
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Examples of charged residues R are:

O

/\/\803- Na*

@7803- Na+

For synthesis of the 1,2,3-triazoles, there are various
approaches, anumber of which will be taken here via excerpts
relating to the subject matter of the present description:

Synthesis Example 1

1 mol- % Pdydbas
4 mol- % xantphos

dioxane, 90° C., 14 h

Ar/\/Br + NaNj
3eq.

N=N

\

NH
AN

The palladium-catalyzed synthesis of 1H-triazole from
alkenyl halogens and sodium azide is a completely new reac-
tion in the context of palladium chemistry. See J. Barluenga,
C. Valdés, G. Beltran, M. Escribano, F. Aznar, Angew. Chem.
Int. Ed., 2006, 45, 6893-6896.

Synthesis Example 2
2-5 mol- % Pd,dbag

8-20 mol- % xantphos _
DMSO, 110° C., 20-24 h

NaN3

R/\/Br +

Jeq.

R alkyl, vinyl
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I. Barluenga, C. Valdés, G. Beltran, M. Escribano, F. Aznar,
Angew. Chem. Int. Ed., 2006, 45, 6893-6896.

Synthesis Example 3
0.1 eq. Cu/C R N
~ 7N
1.1 eq. NEt3 NN
R—N; + —%R
dioxane —
1.leq. 60° C.,10-120 min R

This is a highly efficient chemistry between azides and
terminal alkynes, and can be heterogeneously catalyzed by
copper nanoparticles on special charcoal. The reaction can be
accelerated by the stoichiometric addition of Et;N, by
increasing the temperature or using microwave irradiation.

B. H. Lipshutz, B. R. Taft, Angew. Chem. Int. Ed., 2006, 45,
8235-8238.

Synthesis Example 4
_ 9 R N,
1 mol- % CuSOy4 ~o N
0.1 eq. sodium ascorbate N N
RN; + =
H,0/t-BuOH (1:1) —
rt., 12-24h (TLC) R

The copper-catalyzed stepwise cycloaddition of azides to
terminal alkynes opens up a wide spectrum and enables 1,4-
disubstituted-1,2,3-triazoles to be prepared in high yields and
with high regioselectivity.

V. V. Rostovtsev, L. G. Green, V. V. Fokin, K. B. Sharpless,
Angew. Chen., 2002, 114, 2708-2711.

Synthesis Example 5
R\ 6 eq. EiN, 0.1 eq. Cul
eq. EtsN, 0.1 eq. Cu
+ Br/\ + \;—R' -
/NH % ! H,0, t.t., 7-16
R deq. 2.4 eq.
N
R NZF N\
|\)\/ o
N, |
R/
R: Alkyl

R'’: Ar, alkyl, benzyl

A copper(])-catalyzed three-component reaction of amines
with propargyl halides and azides in water produces 1-sub-
stituted-1H-1,2,3-triazol-4-ylmethyl)-dialkylamines. A syn-
thetic advantage aside from the high selectivity is the low
environmental impact, wide substrate scope as well as mild
reaction conditions and good yields.
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Z.-Y. Yan, Y.-B. Zhao, M.-J. Fan, W.-M. Liu, Y.-M. Liang,
Tetrahedron, 2005, 61, 9331-9337.

Synthesis Example 6

leg Cul,leg ICI R N
' AN
1.2 eq. NEts N N
RN; + R—=—=
THF, .t, 20 h =
I R

This is a method for the regiospecific synthesis of 1,4,5-
trisubstituted-1,2,3-triazole which is catalyzed by copper(I)
iodide. This is the first example of regiospecific synthesis of
5-i0do-1,4-disubstituted-1,2,3-triazole, which can be further
elaborated to produce 1,4,5-trisubstituted-1,2,3-triazole
derivatives.

Y.-M. Wu, J. Deng, Y. L. Li, Q.-Y. Chen, Synthesis, 2005,

1314-1318.

Synthesis Example 7

I neat
Ve Nz _/_ G
R MeO 200°C.,~6h

1.1-1.2 eq.
N4N R N4N
| R
_N Hf —™ /Nj
R R
OMe

R': COMe, CN, alkyl

1,2,3-triazoles were prepared in moderate to good yields
by cycloaddition of alkyl azides onto enol ethers under sol-
ventless conditions. This reaction can provide access to ring-
fused triazoles that are unavailable by azide-alkyne cycload-
ditions. Moreover, the reaction can be easily scaled up from
lab scale. The 1,2,3-triazoles thus produced can be readily
derivatized.
D. R.Rogue, J. L. Neill, J. W. Antoon, E. P. Stevens, Synthe-

sis, 2005, 2497-2502.

Synthesis Example 8

1.5 eq. tBuONO

1.2 eq. TMSN;
Ar—NI, —— »
CH3CN, rt, 2h
leq. == Ph
=N
7 mol- % CuSO, /
[Ar—DN;]

14 mol- % scdium ascorbate

N
a” N\ Ny
CH,CN/ILO (10:1), ., 16 b

The synthesis of aromatic azides from the corresponding
amines is accomplished under mild conditions with tert-butyl
nitrite and azidotrimethylsilane. 1,4-disubstituted-1,2,3-tria-
zoles were obtained in excellent yields from various aromatic
amines without the need for isolation of the azide intermedi-
ates.
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K. Barral, A. D. Moorhouse, J. E. Moses, Org. Lett., 2007, 9,
1809-1811.

Synthesis Example 9

2 . /\/ocone N
1.2 eq.
2.5 mol- % Pdy(dba)3*CHCl3 N
0.1 eq. CuCl(PPhs); =\
TMSN; N
0.2 eq. P(OPh); \N/ _\_
l.2eq. AcOEL, 100° C., 4-24 h R

Triazoles were synthesized via a three-component cou-
pling reaction with an unactivated terminal alkyne, an allyl
carbonate, and a trimethylsilyl azide under palladium(0) and
copper(]) bimetallic catalysis. The deallylation of the result-
ing allyltriazoles is also described.

S. Kamijo, T. Jin, Z. Huo, Y. Yamamoto, J. Am. Chem. Soc.,
2003, 125, 7786-7787.

Synthesis Example 10

0.1 eq. TBAF+3 H,0
2 eq. TMSN;
- 0 .
solvent free
30°C.,0.153h

NO,

N 2

OH

\_/

| CN

This involves TBAF-catalyzed [3+2] cycloaddition of
2-aryl-1-cyano- or 2-aryl-1-carbethoxy-1-nitroethenes with
TMSN; under solvent-free conditions (SFC) which allows
the preparation of 4-aryl-5-cyano- or 4-aryl-5-carbethoxy-
1H-1,2,3-triazoles under mild reaction conditions with good
to excellent yields.

D. Amantini, F. Fringuelli, O. Piermatti, F. Pizzo, E. Zunino,
L. Vaccaro, J. Org. Chem., 2005, 70, 6526-6529.

Or:

0.1 eq. TBAF
4 eq. TMSN;

_——
solvent free

500r80°C.,4-12h

NO,
7
T

a

A

COOEt
N

NZ\
NH

\\.

|
[ COOEt

R_
a
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D. Amantini, F. Fringuelli, O. Piermatti, F. Pizzo, E. Zunino,
L. Vaccaro, J. Org. Chem., 2005, 70, 6526-6529.

Synthesis Example 11

1) 1 eq. EtMgBr
THEF, 50° C., 15 min
2) 1 eq. PhN;
r.t., (30 min) — 50° C. {1 h)

Ph

N N
Ph\N/ §N Ph\N/ \\N
sat. NH,Cl : /
Ph MgBr Ph
75% (isol.)

Triazole-based monophosphine ligands were prepared via
efficient cycloadditions.

Palladium complexes derived therefrom are highly active
catalysts for the Suzuki-Miyaura coupling reaction and ami-
nation reactions of aryl chlorides.

D. Liu, W. Gao, Q. Dai, X. Zhang, Org. Lett., 2005, 7, 4907-

4910.

Synthesis Example 12

R’

5 mol- %
Pd(PPhs),Cl; or Pd(OAc),
Ar—Br +
2 eq. BuiyNOAc
N N
L3 eq RN NMP, 100° C., 2-24 h
Ar R
N N
&
R/ \N/
R Bn, Ar, alkyl
R H, Ar, alkyl

A highly efficient method for the synthesis of multisubsti-
tuted 1,2,3-triazoles via a direct palladium-catalyzed C-5 ary-
lation reaction is presented.

S. Chuprakov, N. Chernyak, A. S. Dudnik, V. Gevorgyan,

Org. Lett., 2007, 9, 2333-2336.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become more apparent and more readily appre-
ciated from the following description of the preferred
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 shows the "H proton spectrum of the compound.

FIGS. 2 to 5 show the respective NMR spectra of the
compound.

FIGS. 6 to 8 show the NMR spectra of the tetrafluorobo-
rate.

FIGS. 9 to 10 show spectra of [F2(ppy)Ir(adamantyl tria-
zolyl pyridine)|PF6; a photoluminescence spectrum (FIG. 9)
and an electroluminescence spectrum (FIG. 10).

FIG. 11 shows the light-current-voltage characteristic of
the compound [F2(ppy)Ir(adamantyl triazolyl pyridine )| PF6.
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FIG. 12 shows an electroluminescence spectrum of the
tetrafluoroborate compound [F2(ppy)lr(adamantyl triazolyl
pyridine)|BF4.

FIG. 13 shows the light-current-voltage characteristic, this
time of the compound [F2(ppy)lr(adamantyl triazolyl pyri-
dine)|BF4.

FIG. 14 shows the 1-H NMR for the compound bis(2,4-
difluorophenyl-pyridyl) (4-pyridyl-1-phenyl-triazole) iri-
dium (1I) tetrafluoroborate.

FIG. 15 shows an absorption spectrum of a bridged iridium
(1II) triazole compound.

FIG. 16 shows a photoluminescence spectrum of the
bridged iridium (IIT) compound as described above at a tem-
perature of 77 Kelvin and

FIG. 17 shows another photoluminescence spectrum of the
bridged iridium (III) compound at room temperature.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. wherein like ref-
erence numerals refer to like elements throughout.

Other individual synthesis examples will now be described
in detail.

Example 1

Synthesis of [F2(ppy)lr(adamantyl triazolyl
pyridine)|BF4

a) Preparation of Ligands:

9 9
/N N
+ N3;CioHis —_—
1-azidoadamantane
I '
\
2-ethynylpyridine N—N
CioHis

adamantyl ligand

Description: 1 equivalent of an azide component and 1
equivalent of 2-ethylpyridine are mixed with a catalytic quan-
tity of copper bromide and pentamethyldiethylene triamine
(both with approx. 0.04 equivalents) in a freshly distilled
oxygen-free tetrahydrofuran (6 ml). The mixture reacts
exhaustively for 12 hours at room temperature in a nitrogen
atmosphere. After removal of the solvent under reduced pres-
sure, the solid matter is column chromatographically purified
in hexane/ether 20/80 as the mobile phase. A white crystalline
compound is obtained.

FIG. 1 shows the 'H proton spectrum of the compound.

'"HNMR (300 MHz, CD2CI2) § 8.54 (d, J=4.2, 1H), 8.23
(s, 1H), 8.13 (d,J=8.0, 1H), 7.77 (t,J=9.0, 1H), 7.24-7.18 (m,
1H), 2.29 (s, 9H), 1.82 (s, 6H). HRMS calculated for
(C17H20N4)H 281.1761 [MH], found 281.1648.

b) Reaction of the Ligand with the Chloro-Bridged Iridium
Parent Compound.
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A
AN
e |
ICl P
T
+ —
NN
\
N—N
F
L 2 1, CioHis
dichloro-bridged complex adamantyl ligand

chloride complex

chloride complex + NH4PFg —_—

PF¢

1 equivalent of the dichloro-bridged iridium complex and
2.2 equivalents of the adamantyl ligand are dissolved in 30 ml
dichloromethane and 10 ml methanol. The mixture is then
transferred to a 2-necked flask where it exhaustively reacts in
4 hours at 45° C. in a nitrogen atmosphere. When the mixture
has cooled down to room temperature, the solvents are
removed at reduced pressure and the excess ligand is chro-
matographically separated via a silicate powder with ethyl
acetate and methanol as the mobile phase. The purified prod-
uct in the form of its chloride is re-dissolved in methanol. A
saturated solution of NH, PF; in methanol is then added. The
mixture is agitated for several hours and then concentrated at
reduced pressure in order to precipitate the yellow solid
which is then rinsed 3x with water (3x20 ml) and 2x with cold
methanol (2x20 ml).

FIGS. 2 to 5 show the respective NMR spectra of the
compound.

'HNMR (300 MHz, CDCI3) 4 10.69 (s, 1H), 10.27-10.16
(m, 3H), 10.00 (t, J=6, 1H), 9.81-9.70 (m, 3H), 9.46 (d, J=6,
1H), 9.41 (d, I=6, 1H), 9.28 (t, J=6, 1H), 9.01 (t, J=9.0, 1H),
8.95 (1, J=9.0, 1), 8.58-8.40 (m, 2H), 7.66 (1, J=0, 211), 4.13
(s, 9H), 3.69 (s, 6H). HRMS calculated for Cy;H;,F,IrNg
853.2254 [M-PF], found 853.2171.
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¢) Conversion of the Chloride to the Tetrafluoroborate:

chloride complex + NH4BF; ——

BF,

To obtain the tetrafluoroborate, one equivalent of the chlo-
ride complex, which can be obtained as described above, is
dissolved in acetone. To this solution are added 3 equivalents
of ammonium tetrafluoroborate dissolved in minimum water.
The mixture is agitated over night, then a white powder is
filtered off which is presumably excess ammonium tetrafluo-
roborate, and the solvent is removed under reduced pressure.
The solid obtained is partially dissolved in water and the
insoluble portion is filtered and washed several times with
water. It is finally dissolved in dichloromethane and dried
over magnesium sulfate.

FIGS. 6 to 8 show the NMR spectra of the tetrafluorobo-
rate.

'HNMR (300 MHz, CDCI3) 8 9.28 (s, 1H), 8.68 (d, J=8.0,
1H), 8.28 (d, J=8.0, 2H), 8.05 (1, J=7.1, 1H), 7.80 (t, ]=9.0,
2H), 7.73 (d, J=3.0, 1H), 7.50 (d, J=6.0, 1H), 7.44 (d, I=6.0,
1H), 7.29 (t, I=6.0, 1H), 7.08 (1, I=6.0, 1H), 7.01 (t, J=6.0,
1H), 6.59-6.44 (m, 2H), 5.72-5.60 (m, 2H), 2.19 (s, 9H), 1.72
(s, 6H). HRMS calculated for C,oH;,F,IrN, 853.2254
[M-BF,], found 853.2148.

FIGS. 9 to 10 show spectra of [F2(ppy)Ir(adamanty] tria-
zolyl pyridine)|PF6; a photoluminescence spectrum (FIG. 9)
and an electroluminescence spectrum (FIG. 10).

FIG. 11 shows the light-current-voltage characteristic of
the compound [F2(ppy)Ir(adamantyl triazolyl pyridine )| PF6.

FIG. 12 shows an electroluminescence spectrum of the
tetrafluoroborate compound [F2(ppy)lr(adamantyl triazolyl
pyridine)|BF4.

FIG. 13 shows the light-current-voltage characteristic, this
time of the compound [F2(ppy)lr(adamantyl triazolyl pyri-
dine)|BF4.

FIG. 14 shows the 1-H NMR for the compound bis(2,4-
difluorophenyl-pyridyl) (4-pyridyl-1-phenyl-triazole) iri-
dium (1II) tetrafluoroborate.

Table 1 shows the redox potentials of the bridged iridium
(1IT) compounds.

Compound E1/2R5d W) ]51/20)C )
Flu -1.72; -2.06 —
Ir-flu-Ir -2.05% 0.88
FFL-flu-IFF -1.96° 1.21
Ru-flu-Ru -1.76; -1.94° 0.93

“?Scanrate 100 mV/s
Blrreversible.
€Adsorption at the electrode.

The measurements were carried out in water-free acetone
nitrile (for the complexes), and in THF for the ligands, (Flu)
the values were measured compared to ferrocene/ferroce-
nium as the internal standard.
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(JF-NT-T4D 4 =X
G- H=X
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FIG. 15 shows an absorption spectrum of a bridged iridium
(1II) triazole compound.

FIG. 16 shows a photoluminescence spectrum of the
bridged iridium (III) compound as described above at a tem-
perature of 77 Kelvin and

FIG. 17 shows another photoluminescence spectrum of the
bridged iridium (TIT) compound at room temperature.

Shown below are structures of two triazole ligands which
are used by way of example according to the inventors’ pro-
posals, thereby producing highly efficient blue emitters.

=

AN

The triazole ligand system can be used to produce blue and
green emitters which can be used in organic light emitting
electrochemical cells (OLEECs). Some of the emitters shown
here for the first time, in particular the class of iridium com-
plex compounds presented here, are the bluest emitters that
have ever existed.

The invention has been described in detail with particular
reference to preferred embodiments thereof and examples,
but it will be understood that variations and modifications can
be effected within the spirit and scope of the invention cov-
ered by the claims which may include the phrase “at least one
of A, B and C” as an alternative expression that means one or
more of A, B and C may be used, contrary to the holding in
Superguide v. DIRECTV, 69 USPQ2d 1865 (Fed. Cir. 2004).

The invention claimed is:
1. A light-emitting organic electrochemical cell compris-
ing:
a substrate;
a first electrode layer on the substrate;
at least one organic emitting layer on the first electrode
layer; and
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a second electrode layer on the organic emitting layer,
wherein each organic emitting layer comprises a
charged phosphorescent metal complex having the
structural formula:

where:

M-=Ir, Re, Os, Pt, Au, Hg, Ru, Rh, Pd, Ag, or Cu,

7,=C, Z,=N,

Aryl=any partly or fully substituted aromatic or heteroaro-
matic radical which may also be fused, may form a
bridge to a further compound, may be fused and/or anne-
lated to further aromatic or heteroaromatic systems, and/
or may be bonded to further cyclic compounds,

and one of (a) and (b):

(a)Y=Nand R, and R, are independently selected from
the group consisting of H, alkyl radicals, alkoxy
groups, amines, amides, esters, carbonates, aromatic
systems, heteroaromatic systems, halogens and
pseudohalogens,

(b)Y=Cand R, and R, are independently selected from
the group consisting of H, alkyl radicals, alkoxy
groups, amines, amides, esters, carbonates, aromatic
systems, heteroaromatic systems, halogens and
pseudohalogens.

2. The electrochemical cell as claimed in claim 1, wherein
the metal complex has at least two metallic central ators that
are bridged.

3. The electrochemical cell as claimed in claim 1, wherein
the metal complex is multinuclear and has at least two metal-
lic central atoms M.

4. The electrochemical cell as claimed in claim 1, wherein

the metal complex contains a bridging ligand, and

the at least two metallic central atoms M are linked via the
bridging ligand.

5. The electrochemical cell as claimed in claim 1, wherein
the phosphorescent metal complex is present in a matrix
material.

6. The electrochemical cell as claimed in claim 1, wherein
when a voltage is applied between the first and second elec-
trode layers, the at least one organic emitting layer emits light
with a color selected from the group consisting of green,
blue-green, and blue.

7. The electrochemical cell as claimed in claim 1, wherein
the substrate and the first electrode layer are transparent.

L S T T
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