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The present invention relates to an organic light-emitting
diode which has a light-emitting layer C which comprises at
least one hole-conducting material CA and at least one phos-
phorescence emitter CB, to mixtures comprising at least one
carbene complex in combination with at least one hole-con-
ducting material or in combination with at least one phospho-
rescence emitter, and to the use of mixtures comprising at
least one hole-conducting material and at least one phospho-
rescence emitter as a light-emitting layer in OLEDs for pro-
longing the lifetime of the light-emitting layer. The inventive
organic light-emitting diode may have, in at least one of the
layers of the organic light emitting diode, preferably in the
hole-blocking layer and/or the electron-blocking layer and/or
the light-emitting layer C, in addition to the hole-conducting
material CA and the emitter CB, at least one compound
selected from disilylcarbazoles, disilyldibenzofurans, disi-
lyldibenzothiophenes,  disilyldibenzophospholes,  disi-
lyldibenzothiophene S-oxides and disilyldibenzothiophene
S,S-dioxides.
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OLED DISPLAY WITH EXTENDED
LIFETIME

[0001] The present invention relates to an organic light-
emitting diode which has a light-emitting layer C which com-
prises at least one hole-conducting material CA and at least
one phosphorescence emitter CB, to mixtures comprising at
least one carbene complex in combination with at least one
hole-conducting material or in combination with at least one
phosphorescence emitter, and to the use of mixtures compris-
ing at least one hole-conducting material and at least one
phosphorescence emitter as a light-emitting layer in OLEDs
for prolonging the lifetime of the light-emitting layer. The
inventive organic light-emitting diode may have, in at least
one of the layers of the organic light-emitting diode, prefer-
ably in the hole-blocking layer and/or the electron-blocking
layer and/or the light-emitting layer C, in addition to the
hole-conducting material CA and the emitter CB, at least one
compound selected from disilylcarbazoles, disilyldibenzo-
furans, disilyldibenzothiophenes, disilyldibenzophospholes,
disilyldibenzothiophene  S-oxides and  disilyldiben-
zothiophene S,S-dioxides.

[0002] Organic light-emitting diodes (OLEDs) utilize the
property of materials of emitting light when they are excited
by electrical current. OLEDs are of particular interest as an
alternative to cathode ray tubes and liquid-crystal displays for
the production of flat visual display units. Owing to the very
compact design and the intrinsically low power consumption,
devices comprising OLEDs are suitable especially for mobile
applications, for example for uses in cellphones, laptops, etc.
[0003] The basic principles of the way in which OLEDs
function and suitable constructions (layers) of OLEDs are
known to those skilled in the art and are specified, for
example, in WO 2005/113704 and the literature cited therein.
The light-emitting materials used (emitters) may, as well as
fluorescent materials (fluorescence emitters), be phosphores-
cent materials (phosphorescence emitters). The phosphores-
cence emitters are typically organometallic complexes
which, in contrast to the fluorescence emitters which exhibit
singlet emission, exhibit triplet emission (M. A. Baldow et al.,
Appl. Phys. Lett. 1999, 75, 4 to 6). For quantum-mechanical
reasons, when the phosphorescence emitters are used, up to
four times the quantum efficiency, energy efficiency and
power efficiency are possible. In order to implement the
advantages of the use of the organometallic phosphorescence
emitters in practice, it is necessary to provide phosphores-
cence emitters and device compositions which have a long
operative lifetime, a high stability toward thermal stress and a
low use voltage and operating voltage.

[0004] Inorder to satisfy the aforementioned requirements,
numerous phosphorescence emitters and device composi-
tions have been proposed in the prior art.

[0005] For instance, WO 2005/019373 relates to the first
use of uncharged transition metal complexes which comprise
at least one carbene ligand in OLEDs. According to WO
2005/019373, these transition metal complexes can be used in
any layer of an OLED, and the ligand structure or central
metal can be varied for adjustment to desired properties of the
transition metal complexes. For example, it is possible to use
the transition metal complexes in a blocking layer for elec-
trons, a blocking layer for excitons, a blocking layer for holes
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or the light-emitting layer of the OLED, preference being
given to using the transition metal complexes as emitter mol-
ecules in OLED:s.
[0006] WO 2005/113704 relates to luminescent com-
pounds which bear carbene ligands. WO 2005/113704 speci-
fies numerous transition metal complexes with various car-
bene ligands, preference being given to using the transition
metal complexes as phosphorescent light-emitting material,
more preferably as a dopant substance.
[0007] U.S. Pat. No. 5,668,438 discloses an organic light-
emitting diode formed from a cathode, an electron transport
layer, a hole transport layer and an anode, the electron trans-
port layer and the hole transport layer being selected so as to
ensure that the light emission proceeds in the hole transport
layer of the organic light-emitting diode. In one embodiment
in U.S. Pat. No. 5,668,438, the hole transport layer is doped
with a fluorescent material. The use of phosphorescent mate-
rials is not mentioned in U.S. Pat. No. 5,668,438. The organic
light-emitting diode according to U.S. Pat. No. 5,668,438 is
notable in particular for an improved efficiency over custom-
ary organic light-emitting diodes. U.S. Pat. No. 5,668,438
mentions, by way of example, the use of a green-fluorescing
hole transport material having a typical band gap of 2.50 eV,
which is used together with a blue-fluorescing electron trans-
port material having a typical band gap of 2.75 eV.
[0008] DE-A 103 55 380 relates to material mixtures com-
prising at least one matrix material which has a certain struc-
tural unit L=X and/or M=X, where the X radical has at least
one non-bonding electron pair, the L radical is P, As, Sb or Bi,
the M radical is S, Se or Te, and at least one emission material
which is capable of emission and is a compound which emits
light in the event of suitable excitation and comprises at least
one element of atomic number>20. The mixtures can be used
in electronic components, especially in OLEDs, and lead,
according to DE-A 103 55380, to an improvement in relation
to the efficiency in combination with a greatly increased
lifetime. It is pointed out that the mixtures according to DE-A
103 55 380 make possible a significantly simplified layer
structure of the OLED, since neither a separate hole-blocking
layer nor a separate electron transport layer and/or electron
injection layer need be used. According to the examples, an
OLED with bis(9,9"-spirobifluoren-2-yl)phenylphosphine
oxide as the host material, which has been doped with
Ir(PPy), as an emitter, is used, and the OLED exhibits green
emission.
[0009] Thereis still a need for organic light-emitting diodes
which feature not only good efficiency and a low use voltage
and operating voltage, but also a particularly long operative
lifetime. In particular, the need for OLEDs which emit blue
light is very high.
[0010] It is therefore an object of the present invention to
provide organic light-emitting diodes (OLEDs) and materials
which can be used in the emitter layer in organic light-emit-
ting diodes, which feature in particular a long operative life-
time and preferably emit light in the blue region of the elec-
tromagnetic spectrum.
[0011] This object is achieved by an organic light-emitting
diode (OLED) comprising

[0012] 1) an anode A;

[0013] ii) a hole-conducting layer, formed from at least

one hole-conducting material, B;

[0014] iii) a light-emitting layer C;

[0015] iv) an electron-conducting layer D;

[0016] v) a cathode E;
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where the layers A, B, C, D and E are arranged in the afore-
mentioned sequence and one or more further layers may be
applied between layers A and B, B and C, C and D and/or D
and E.

[0017] In the inventive organic light-emitting diode
(OLED), the light-emitting layer comprises at least one hole-
conducting material CA and at least one phosphorescence
emitter CB.

[0018] It has been found that, surprisingly, the lifetime of
the light-emitting layer of an OLED comprising at least one
hole-conducting material CA together with at least one phos-
phorescence emitter CB can be prolonged by up to 100 times
compared to a light-emitting layer which does not comprise a
hole-conducting material.

Anode A

[0019] The anode materials used for the anode A may be all
anode materials known to those skilled in the art. Suitable
materials for the anode are, for example, materials which
comprise a metal, a mixture of different metals, a metal alloy,
a metal oxide or a mixture of different metal oxides. Alterna-
tively, the anode may be a conducting polymer. Suitable met-
als are, for example, metals of groups 1B, IIB, IVB, VB, VIB,
VIII, IVA and IVB of the Periodic Table of the Elements
(CAS version). When the anode should be transparent, mixed
metal oxides of groups IIB, IITA and IVA of the Periodic Table
of'the Elements (CAS version) are generally used, especially
indium tin oxide (ITO), which is particularly preferred. It is
likewise possible that the anode A comprises an organic mate-
rial, for example polyaniline, as described, for example, in
Nature, vol. 357, page 477 to 479 (Jun. 11, 1992). At least
either the anode or the cathode should be at least partly
transparent in order to be able to emit the light formed in the
light-emitting layer.

Hole-Conducting Layer B and Light-Emitting Layer C
Hole-Conducting Materials B and CA

[0020] The hole-conducting layer B is formed from at least
one hole-conducting material. According to the invention, the
light-emitting layer C comprises, as well as at least one phos-
phorescence emitter CB, likewise at least one hole-conduct-
ing material CA. The hole-conducting materials in the light-
emitting layer C and the hole-conducting layer B may be the
same or different.

[0021] The HOMO of the at least one hole-conducting
material of the hole-conducting layer B and the HOMO of the
atleast one hole-conducting material CA of the light-emitting
layer C preferably have a separation from the work function
oftheanode of =1 eV, preferably in the region of about =0.5
eV. When, for example, the anode material used is ITO,
whose work function is about 5 eV, the hole-conducting mate-
rial used in layer B and the hole-conducting material CA used
in layer C are preferably a material whose HOMO is =6 eV,
preferably in the range from 5 to 6 eV.

[0022] The hole-conducting materials used in layers C and
B may be all suitable hole-conducting materials known to
those skilled in the art. The band gap of the at least one
hole-conducting material, both of the hole-conducting layer
B and of the light-emitting layer C, is preferably greater than
the band gap of the at least one phosphorescence emitter CB
used in the light-emitting layer C. In a further embodiment of
the present invention, it is likewise possible that the band gap
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of the hole-conducting layer B is equal to or smaller than the
band gap of the at least one phosphorescence emitter CB used
in the light-emitting layer C.

[0023] Inthe context of the present application, band gap is
understood to mean the triplet energy.

[0024] Typical hole-conducting materials are disclosed, for
example, in Kirk-Othmer, Encyclopedia of Chemical Tech-
nology, 4th ed., vol. 18, pages 837 to 860, 1996. Both hole-
transporting molecules and polymers can be used as hole-
conducting materials. Hole-conducting materials which are
typically used are selected from the group consisting of 4,4'-
bis[N-(1-naphthyl)-N-phenylamino|biphenyl (a-NPD),
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-[ 1,1'-biphenyl]-4,
4'-diamine (TPD), 1,1-bis[(di-4-tolylamino)-(3,3'-dimethyl)
biphenyl]-4,4'-diamine (ETPD), tetrakis(3-methylphenyl)-
N,N,N',N'-2,5-phenylenediamine (PDA), o-phenyl-N,N-
diphenylaminostyrene (TPF), p-(diethylamino)-
benzaldehyde diphenylhydrazone (DEH), triphenylamine
(TPA), bis[4-(N,N-di-ethylamino)-2-methylphenyl](4-meth-
ylphenyl)methane (MPMP), 1-phenyl-3-[p-(diethyl-amino)
styryl]-5-[p-(diethylaminophenyl)|pyrazoline ~ (PPR  or
DEASP), 1,2-trans-bis(9H-carbazol-9-yl)cyclobutane
(DCZB), N,N,N'N'-tetrakis(4-methylphenyl)-(1,1'-biphe-
nyl)-4,4'-diamine (TTB), 4,4',4"-tris(N,N-diphenylamino)
triphenylamine (TDTA) and porphyrin compounds, and also
phthalocyanines such as copper phthalocyanines. Hole-trans-
porting polymers which are typically used are selected from
the group consisting of polyvinylcarbazoles, (phenylmethyl)
polysilanes, PEDOT (poly(3,4-ethylenedioxythiophene)),
preferably PEDOT doped with PSS (polystyrenesulfonate),
and polyanilines. It is likewise possible to obtain hole-trans-
porting polymers by doping hole-transporting molecules into
polymers such as polystyrene and polycarbonate. Suitable
hole-transporting molecules are the molecules already men-
tioned above.

[0025] As already mentioned above, the band gap of the at
least one hole-conducting material of layer B and of the at
least one hole-conducting material CA of layer C is prefer-
ably greater than the band gap of the at least one phosphores-
cence emitter CB. In a further embodiment of the present
invention, it is likewise possible that the band gap of the
hole-conducting layer B is equal to or smaller than the band
gap of the at least one phosphorescence emitter CB used in the
light-emitting layer C.

[0026] In addition to the aforementioned customary hole-
conducting materials, suitable hole-conducting materials for
layer B and for layer C are additionally, for example, transi-
tion metal complexes, and materials which are used custom-
arily as emitter materials are also suitable. For example, phos-
phorescence emitters can be used as hole-conducting
materials in layers B and C when they have a band gap which
is larger than the band gap of the phosphorescence emitter CB
used in layer C. Suitable hole-conducting materials which
belong to the aforementioned group of materials are, for
example, the transition metal complexes mentioned below as
phosphorescence emitters, provided that they fulfill the afore-
mentioned condition in relation to the phosphorescence emit-
ter used.

[0027] Furthermore, in addition to the aforementioned
hole-conducting materials, in a further embodiment of the
present invention, disilylcarbazoles and disilylbenzophosp-
holes of the general formula (IIT) mentioned below (X—NR>’
or PR?’) are suitable as hole-conducting materials for the
layer B or as component CA in the light-emitting layer C.
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[0028] The band gaps mentioned in the present application
and the energies of the HOMOs and LUMOs of the materials
used in the inventive OLED can be determined by different
methods, for example by solution electrochemistry, for
example cyclic voltammetry, or by ultraviolet photon electron
spectroscopy (UPS). It is also possible to calculate the posi-
tion of the LUMO of a particular material from the electro-
chemically determined HOMO and the band separation
determined optically by absorption spectroscopy. The data
cited in the present application regarding the position of the
HOMOs and LUMOs, and the band separation of the mate-
rials used in the inventive OLED, are determined by means of
UPS on the pure compounds in the form of their solids. UPS
is a process known to those skilled in the art, and the deter-
mination of the position of the HOMOs and LUMOs and of
the band gap on the basis of the results of the UPS are known
to those skilled in the art.

Phosphorescence Emitter CB

[0029] Suitable phosphorescence emitters CB in the light-
emitting layer are in principle all phosphorescence emitters
known to those skilled in the art. According to the present
invention, preference is given to using, in the light-emitting
layer C, phosphorescence emitters CB which have a band gap
of Z2.5 eV, preferably from 2.5 ¢V to 3.4 eV, more preferably
from 2.6 eV t0 3.2 eV, most preferably from 2.8 eV t0 3.2 eV.
Very particular preference is thus given to phosphorescence
emitters which emit blue light. As already mentioned above,
the band gap of the hole-conducting material used in layers B
and C is preferably larger than the band gap of the phospho-
rescence emitter. The above value of the band gap of the
phosphorescence emitter can be used to determine the band
gap of the hole-conducting material of layer B and of layer C
suitable with preference in a simple manner.

[0030] In the inventive OLED, preference is given to using
aphosphorescence emitter CB which has at least one element
selected from groups 1B, IIB, 1IIB, IVB, VB, VIIB, VIIB,
VIIIB, the lanthanides and IIIA of the Periodic Table of the
Elements (CAS version). The phosphorescence emitter pref-
erably has at least one element selected from groups IIB, I1IB,
1VB, VB, VIIB, VIIB, VIII of the Periodic Table of the Ele-
ments (CAS version), Cu and Eu. Even more preferably, the
phosphorescence emitter has at least one element selected
from groups IB, VIIB, VIIB, VIII and Eu, the at least one
element preferably being selected from Cr, Mo, W, Mn, Tc,
Re, Ru, Os, Co, Rh, Ir, Fe, Nb, Pd, Pt, Cu, Ag, Au and Eu; the
atleast one element is even more preferably selected from Os,
Rh, Ir, Ru, Pd and Pt, and even more especially preferably
from Ru, Rh, Ir and Pt. In a further very especially preferred
embodiment, the phosphorescence emitter has at least one
element selected from Ir and Pt.

[0031] Ina very particularly preferred embodiment, the at
least one hole-conducting material CA in the layer C and/or
the phosphorescence emitter CB is a carbene complex. The
hole-conducting material of the hole-conducting layer B may
likewise be a carbene complex. Preference is given to carbene
complexes which have at least one of the aforementioned
elements. When carbene complexes are used both as hole-
conducting materials and as phosphorescence emitters, the
carbene complexes used are different carbene complexes, the
band gap of the carbene complex used as the hole-conducting
material being greater than the band gap of the carbene com-
plex used as the phosphorescence emitter. The carbene com-
plexes used as the hole-conducting material CA in the light-
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emitting layer and the carbene complexes used as the hole-
conducting material in the hole-conducting layer B may be
the same or different.

[0032] The carbene complex used with preference as the
phosphorescence emitter in the light-emitting layer has, in a
preferred embodiment, a band gap of =2.5 eV, preferably
from 2.5 eV to 3.4 eV, more preferably from2.6eVto3.2 eV,
most preferably from 2.8 eV to 3.2 eV. Especially preferably,
the carbene complex used as the phosphorescence emitter CB
is a blue light-emitting compound.

[0033] Carbene complexes used with preference as the
phosphorescence emitter CB in the light-emitting layer C or
as the hole-conducting material CA in the layer C or as the
hole-conducting material in the layer B have the general
formula I:

.1
[carbene],-M! o)
\ i
[Xlo pW

in which the symbols are each defined as follows:

[0034] M'is a metal atom selected from the group consist-
ing of transition metals of groups IB, IIB, I1IB, IVB, VB,
VIIB, VIIB, VIII, the lanthanides and IIIA of the Periodic
Table of the Elements (CAS version) in any oxidation state
possible for the particular metal atom; where preferred
metal atoms are the metal atoms already mentioned above
for the phosphorescence emitter CB;

[0035] carbeneisa carbene ligand which may be uncharged
or monoanionic and mono-, bi- or tridentate; the carbene
ligand may also be a bis- or triscarbene ligand;

[0036] L is a mono- or dianionic ligand, preferably
monoanionic ligand, which may be mono- or bidentate;

[0037] K is an uncharged mono- or bidentate ligand,

[0038] nisthenumberofcarbeneligands, wherenis atleast
1, preferably from 1 to 6, and the carbene ligands in the
complex of the formula I when n>1 may be the same or
different;

[0039] m is the number of ligands L, where m may be 0 or
=1, preferably from 0 to 5, and the ligands L. when m>1
may be the same or different;

[0040] o is the number of ligands K, where o may be 0 or
=1, preferably from 0 to 5, and the ligands K when o>1
may be the same or different;

[0041] p is the charge of the complex: 0, 1,2, 3 or 4;

[0042] W~ is a monoanionic counterion;

where the sum of n+m+o and the charge p depends on the

oxidation state and coordination number of the metal atom

used, the charge of the complex and on the denticity of the
carbene, L and K ligands, and on the charge of the carbene and

L ligands, with the condition that n is at least 1.

[0043] In a particularly preferred embodiment of the

present invention, the phosphorescence emitter CB, the hole-

conducting material used in the hole-conducting layer B and
the hole-conducting material CA used in the light-emitting

layer C are each a carbene complex of the general formula I,

the band gap of the hole-conducting material used in the layer

B and in the layer C being larger than the band gap of the

phosphorescence emitter CB.

[0044] Suitable carbene complexes of the formula I used

with preference are specified in WO 2005/019373, WO 2005/
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113704, WO 06/018292, WO 06/056418 and European appli-
cations 06112198.4, 06112228.9, 06116100.6 and
06116093.3, which have an earlier priority date but had not
been published at the priority date of the present application.
Particularly preferred carbene complexes are specified in WO
05/019373 and WO 06/056148. The carbene complexes men-
tioned in the above documents can be used either as the
hole-conducting material in the hole-conducting layer B or
hole-conducting material CA in the layer C and/or as the
phosphorescence emitter CB in the light-emitting layer C.
The hole-conducting materials which can be used in layer B
or in layer C may be carbene complexes other than the mate-
rials used as the phosphorescence emitter in the light-emitting
layer C. The carbene complexes used as hole-conducting
materials preferably have a larger band gap than the carbene
complexes used as the phosphorescence emitter CB, as has
already been mentioned above. Suitable band gaps for car-
bene complexes used with preference have likewise already
been mentioned above.

[0045] Depending on the coordination number of the metal
M used in the carbene complexes of the formula I and the
nature and the number of the L, K and carbene ligands used,
different isomers of the corresponding metal complexes may
be present with the same metal M' and the same nature and
number of the K, L and carbene ligands used. For example, in
the case of complexes with a metal M" of coordination num-
ber 6 (i.e. octahedral complexes), for example Ir(IlT) com-
plexes, both cis/trans isomers, when the complexes are of the
general composition MA,B,, and fac-mer isomers (facial/
meridional isomers), when the complexes are of the general
composition MA,B;, are possible. In square-planar com-
plexes with ametal M* of coordination number 4, for example
Pt(Il) complexes, cis/trans isomers are possible when the
complexes are of the general composition MA,B,. The sym-
bols A and B are each one binding site of a ligand, and not
only monodentate but also bidentate ligands may be present.
An unsymmetrical bidentate ligand has an A group and a B
group according to the aforementioned general composition.
[0046] Those skilled in the art know what is meant by
cis/trans and fac-mer isomers. Further remarks regarding cis/
trans and fac-mer isomerism can be taken, for example, from
WO 05/019373.

[0047] In general, the different isomers of the metal com-
plexes of the formula I can be separated by processes known
to those skilled in the art, for example by chromatography,
sublimation or crystallization.

[0048] More preferably, the carbene complexes of the gen-
eral formula I have a metal atom M" selected from the group
consisting of Ir, Os, Rh and Pt, preference being given to
Os(II), Rh1D), Ir(1), Ir(I1l) and Pt(1I). Particular preference is
given to using Ir, preferably Ir(III).

[0049] Suitable mono- or dianionic ligands L, preferably
monoanionic ligands L, which may be mono- or bidentate are
the ligands used customarily as mono- or bidentate, mono- or
dianionic ligands.

[0050] The ligands L used are typically non-photoactive
ligands. Suitable ligands are, for example, monoanionic
monodentate ligands such as halides, especially C1-, Br~, I~,
pseudohalides, especially CN~, OAc™, alkyl radicals which
are bonded to the transition metal atom M' via a sigma bond,
for example CH,, alkoxides, thiolates, amides. Suitable
monoanionic bidentate ligands are, for example, acetylaceto-
nate and its derivatives, and also the monoanionic bidentate
ligands and oxide mentioned in WO 02/15645.
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[0051] Suitable uncharged mono- or bidentate ligands K
are those ligands which are used customarily as uncharged
mono- or bidentate ligands. In general, the ligands K used in
the transition metal-carbene complexes of the formula I are
non-photoactive ligands. Suitable ligands K are, for example,
phosphines, especially trialkylphosphines, e.g. PEt;, PnBu,,
triarylphosphines, e.g. PPh,; phosphonates and derivatives
thereof, arsenates and derivatives thereof, phosphites, CO,
nitriles, amines, dienes which can form a w-complex with M,
for example 2,4-hexadiene, n*-cyclooctadiene and 1°-cy-
clooctadiene (in each case 1,3 and 1,5), allyl, methallyl,
cyclooctene and norbornadiene. In addition, suitable
uncharged bidentate ligands K are heterocyclic noncarbene
ligands, as disclosed in European application 06112198.4.

[0052] Suitable monoanionic counterions W~ are, for
example, halide, pseudohalide, BF,~, PF,~, AsF;~, SbF,~ or
OAc™, preferably CI~, Br~, I-, CN~, OAc~, more preferably
BrrorI™.

[0053] The number n of carbene ligands in the transition
metal-carbene complexes of the formula I is at least 1, pref-
erably from 1 to 6. The number n is based on the number of
bonds of carbene carbon atoms to the transition metal M*.
This means that, for a bridged carbene ligand which has, for
example, two carbene carbon atoms which can form a bond to
the transition metal M*, n=2. When bidentate carbene ligands
are used, where the bond to M is via a carbene carbon atom
and a noncarbene carbon atom, n=1. Such carbene complexes
are preferred and are described in detail below. When biden-
tate carbene complexes are used, where one bond to M is via
a carbene carbon atom and the second bond to M' is via a
noncarbene carbon atom, n is preferably from 1 to 3, more
preferably 2 or 3, most preferably 3.

[0054] The number m of monoanionic ligands L in the
transition metal-carbene complexes of the formula I is from 0
to 5, preferably from 0 to 2. When m is >1, the ligands L. may
be the same or different, preferably the same.

[0055] The number o of uncharged ligands K in the transi-
tion metal-carbene complexes of the formula I is from 0 to 5,
preferably from 0 to 3. When o is >1, the ligands K may be the
same or different, preferably the same.

[0056] The number p specifies the charge of the transition
metal complex, which may be uncharged (p=0) or positively
charged, p=1, 2, 3 or 4, preferably 1, 2, 3, more preferably 1
or 2. More preferably, p is 0, 1 or 2; most preferably, p is 0. At
the same time, the number p specifies the number of monoan-
ionic counterions W~.

[0057] When the transition metal-carbene complex of the
formula Iis an uncharged metal-carbene complex, p=0. When
the transition metal-carbene complex is positively charged,
the number p of monoanionic counterions corresponds to the
positive charge of the transition metal-carbene complex.

[0058] The number of carbene, K and L ligands and the
number of monoanionic counterions W™, i.e. n, 0, m and p, are
dependent upon the oxidation state and the coordination num-
ber of the metal atom M* used, and upon the charge of the
ligands and the total charge of the complex.

[0059] The “carbene” ligand may in principle be any suit-
able carbene ligand, preference being given to the carbene
ligands disclosed in the aforementioned documents. The car-
bene ligand more preferably has the general formula II:
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m
R? R!

[RO)—Do%l,  (X)p

\
N—Y!
Do!—R?
/

),

where the symbols in the carbene ligands of the general

formula II are each defined as follows:

[0060] Do' is a donor atom selected from the group con-
sisting of C, P, N, O, S and Si, preferably P, N, O and S;
[0061] Do? is a donor atom selected from the group con-

sisting of C, N, P, O and S;

[0062] ris2whenDo'isCorSi,is 1 whenDo'is N orP, and
is O when Do' is Q or S;

[0063] sis2 when Do?is C,is 1 when Do?is N or P, and is
0 when Do?is O or S;

[0064] X is a spacer selected from the group consisting of
silylene, alkylene, arylene, heteroarylene, alkynylene, alk-
enylene, NR'?>, PR'* BR'’, O, 8, SO, SO,, CO, CO—O,
O—CO and (CR'°R'7), , where one or more nonadjacent
(CR'®R') groups may be replaced by NR'?, PR'4, BR'?,
0, S, SO, SO,, CO, CO—0, 0—CO;

[0065] w is from 2 to 10;

[0066] R'R'* R'°, RS, R'7 are each H, alkyl, aryl, het-
eroaryl, alkenyl, alkynyl;

[0067] pisOorl;

[0068] qisOorl;

[0069] Y',Y?are each independently hydrogen ora carbon
group selected from the group consisting of alkyl, aryl,
heteroaryl, alkynyl and alkenyl groups; or

[0070] Y!andY? together form a bridge between the donor
atom Do and the nitrogen atom N, said bridge having at
least two atoms of which at least one is a carbon atom;

[0071] R*',R?areeachindependently hydrogen, alkyl, aryl,
heteroaryl, alkynyl or alkeny] radicals,

[0072] or

[0073] R' and R? together form a bridge having a total of
from 3 to 5 atoms, of which from 1 to 5 atoms may be
heteroatoms and the remaining atoms are carbon atoms,
such that the group

R? R!
forms a five- to seven-membered ring which, if appropriate—
in addition to the double bond already present—may have one
further double bond or—in the case of a six- or seven-mem-
bered ring—two further double bonds, and may optionally be
substituted by alkyl or aryl groups and/or groups with donor
or acceptor action, and may optionally comprise at least one

heteroatom, and the five- to seven-membered ring may
optionally be fused to one or more further rings;
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in addition, Y' and R' may be bonded to one another via a
bridge, where the bridge may be defined as follows:
alkylene, arylene, heteroarylene, alkynylene, alkenylene,
NR'%, PR'®, BR®, 0, S, SO, SO., SiR*R>!, CO, CO—O,
0O—CO and (CR?>'R*®),, where one or more nonadjacent
(CR*'R??) groups may be replaced by NR*®, PR'®, BR*, O,
S, SO, SO,, SiR*°R3’, CO, CO—0, O—CO, where
[0074] x is from 2 to 10; and
[0075] RIS, ng, R20’ R21, R22’ R30, R3l
[0076] are each H, alkyl, aryl, heteroaryl, alkenyl, alky-
nyl;
[0077] R?ishydrogen, an alkyl, aryl, heteroaryl, alkynyl or
alkenyl radical;
[0078] Y?ishydrogen, an alkyl, alkynyl or alkenyl radical,
[0079] or

R R

[(R)y—Do*ly  (X)y

i \

where Do?, ¢, s', R*, R"", R*, X' and p' are each indepen-

dently as defined for Do?, g, s, R?>, R', R? X and p;

[0080] in addition, Y? and Y* in each of the n carbene
ligands may be bonded to one another via a bridge, where
the bridge may be defined as follows:

[0081] alkylene, arylene, heteroarylene, alkynylene, alk-
enylene, NR25, PR?%, BR?", 0,8, SO, SO,, SiR*2, R*, CO,
C0-0,0—CO and (CR**R*),, where one or more nonad-
jacent (CR*®*R?°) groups may be replaced by NR>*, PR,
BR>, 0, S, SO, SO,, SiR¥R*», CO, CO—0, 0O—CO,
where

[0082] vy isfrom 2 to 10;
[0083] and
[0084] R?°,R?% R?>’, R?®, R?°, R32, R?3 are each
[0085] H, alkyl, aryl, heteroaryl, alkynyl, alkenyl.
[0086] Theterms arylradical or group, heteroaryl radical or

group, alkyl radical or group, alkenyl radical or group, and
alkynyl radical or group, and also groups or substituents with
donor or acceptor action, each have the definitions detailed in
European application 06112198 4.

[0087] Theterms arylradical or group, heteroaryl radical or
group, alkyl radical or group, and groups or substituents with
donor or acceptor action, are preferably each defined as fol-
lows:

[0088] The alkyl radicals and the alkyl radicals of the
alkoxy groups according to the present invention may be
either straight-chain or branched or cyclic, and/or are option-
ally substituted by substituents selected from the group con-
sisting of aryl, alkoxy and halogen. Suitable aryl substituents
are specified below. Examples of suitable alkyl groups are
C,-C,p-alkyl, preferably C,-C,,-alkyl, more preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl,
and also derivatives of the alkyl groups mentioned substituted
by aryl, alkoxy and/or halogen, especially F, for example CF;.
Also included are both the n-isomers of the radicals men-
tioned and branched isomers such as isopropyl, isobutyl,
isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3-dimethylbutyl,
2-ethylhexyl, etc. Preferred alkyl groups are methyl, ethyl,
tert-butyl and CF;.

[0089] The cyclic alkyl radicals according to the present
invention may optionally be substituted by substituents
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selected from the group consisting of aryl, alkoxy and halo-
gen. The cyclic alkyl radicals are preferably unsubstituted.
Suitable aryl substituents are specified below. Examples of
suitable cyclic alkyl radicals are C;- to C,,-cycloalkyl, pref-
erably C;-to C, ,-cycloalkyl; particular preference is given to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep-
tyl, cyclooctyl, cyclononyl and cyclodecyl. If appropriate, the
ring systems may also be polycyclic ring systems such as
decalinyl, norbornanyl, bornanyl or adamantyl. The cyclic
alkyl radicals may be unsubstituted or optionally substituted
by one or more further radicals, especially alkyl, aryl, alkoxy
and/or halogen.

[0090] Suitable halogen substituents in the context of the
present application are fluorine, chlorine, bromine and
iodine, preferably fluorine, chlorine and bromine, more pref-
erably fluorine and chlorine.

[0091] Suitable alkoxy and alkylthio groups derive corre-
spondingly from the alkyl radicals, as defined above.
Examples here include OCH,, OC,H,, OC;H,, OC,H, and
OCH,,, and also SCH,, SC,Hs, SC;H,, SC,H, and SC.H, ,,
C;H,, C,H, and C,H,, are understood to mean both the
n-isomers and branched isomers such as isopropyl, isobutyl,
sec-butyl, tert-butyl and 2-ethylhexyl. Particularly preferred
alkoxy or alkylthio groups are methoxy, ethoxy, n-octyloxy,
2-ethylhexyloxy and SCHj;.

[0092] Inthe present invention, aryl refers to radicals which
are derived from monocyclic, bicyclic or tricyclic aromatics
which do not comprise any ring heteroatoms. When the sys-
tem is not a monocyclic system, the saturated form (perhydro
form) or the partly unsaturated form (for example the dihydro
form or tetrahydro form) are also possible for the second ring
in case of the term “aryl”, provided that the particular forms
are known and stable. In other words, the term “aryl” in the
present invention also comprises, for example, bicyclic or
tricyclic radicals in which either both or all three radicals are
aromatic, and also bicyclic or tricyclic radicals in which only
one ring is aromatic, and also tricyclic radicals in which two
rings are aromatic. Examples of aryl are: Cg-C,,-aryl, pref-
erably C4-Cg-aryl, where the number of carbon atoms is
based on the aryl base skeleton, more preferably phenyl,
naphthyl, indanyl, 1,2-dihydronaphthenyl, 1,4-dihydronaph-
thenyl, indenyl, anthracenyl, phenanthrenyl or 1,2,3,4-tet-
rahydronaphthyl. Aryl is more preferably phenyl or naphthyl,
most preferably phenyl.

[0093] The aryl radicals may be unsubstituted or substi-
tuted by one or more further radicals. Suitable further radicals
are selected from the group consisting of C,-C,,-alkyl,
Cs-C;o-aryl or substituents with donor or acceptor action,
suitable substituents with donor or acceptor action being
specified below. The aryl radicals are preferably unsubsti-
tuted or substituted by one or more C,-C,,-alkoxy groups,
CN, CFj, F or amino groups (NR'R", where suitable R' and R"
radicals are alkyl or aryl). Further preferred substitutions of
the aryl radicals in the compounds of the compounds of the
formula (III) specified below depend on the end use of the
compounds of the general formula (IIT) and are specified
below.

[0094] Suitable aryloxy, arylthio and arylcarbonyloxy
groups derive correspondingly from the aforementioned aryl
radicals as defined above. Particular preference is given to
phenoxy, phenylthio and phenylcarbonyloxy.

[0095] Suitable amino groups have the general formula
—NR'R" where R' and R" are each independently alkyl or
aryl. Suitable alkyl and aryl radicals, each of which may
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optionally be substituted, are specified above. Examples of
suitable amino groups are diarylamino groups such as diphe-
nylamino and dialkylamino groups such as dimethylamino,
diethylamino and arylalkylamino groups such as phenylm-
ethylamino.

[0096] Heteroaryl having from 5 to 30 ring atoms is under-
stood to mean unsubstituted or substituted heteroaryl, prefer-
ably mono-, bicyclic or tricyclic heteroaromatics which can
be derived partly from the aforementioned aryl, in which at
least one carbon atom in the aryl base skeleton has been
replaced by a heteroatom. Preferred heteroatoms are N, O and
S. The heteroaryl radicals more preferably have from 5 to 13
ring atoms. Especially preferably, the base skeleton of the
heteroaryl radicals is selected from systems such as pyridine
and five-membered heteroaromatics such as thiophene, pyr-
role, imidazole or furan. These base skeletons may optionally
be fused to one or two six-membered aromatic radicals. Suit-
able fused heteroaromatics are carbazolyl, benzimidazolyl,
benzofuryl, dibenzofuryl or dibenzothiophenyl. The base
skeleton may be substituted at one, more than one or all
substitutable positions, suitable substituents being the same
as have already been specified under the definition of C4-C,,-
aryl. However, the heteroaryl radicals are preferably unsub-
stituted. Suitable heteroaryl radicals are, for example, pyri-
din-2-yl, pyridin-3-yl, pyridin-4-yl, thiophen-2-yl, thiophen-
3-yl, pyrrol-2-yl, pyrrol-3-yl, furan-2-yl, furan-3-yl and
imidazol-2-yl, and also the corresponding benzofused radi-
cals, especially carbazolyl, benzimidazolyl, benzofuryl,
dibenzofuryl or dibenzothiophenyl.

[0097] Heterocyclic alkyl is understood to mean radicals
which differ from the aforementioned cyclic alkyl in that, in
the cyclic alkyl base skeleton, at least one carbon atom has
been replaced by a heteroatom. Preferred heteroatoms are N,
O and S. The base skeleton may be substituted at one, more
than one or all substitutable positions, suitable substituents
being the same as have already been specified under the
definition of aryl. Mention should be made here in particular
of the nitrogen-containing radicals pyrrolidin-2-yl, pyrroli-
din-3-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl.
[0098] Inthe contextofthe present application, groups with
donor or acceptor action are understood to mean the follow-
ing groups:

[0099] Groups with donor action are understood to mean
groups which have a +] und/oder +M effect, and groups with
acceptor action are understood to mean groups which have a
-I and/or -M effect. Preferred groups with donor or acceptor
action are specified below:

[0100] C,-C,p-alkoxy, Cs-Cyp-aryloxy, C,-C,q-alkylthio,
C-C,p-arylthio, SiR**R3*3R3S, halogen radicals, halogenated
C,-C,o-alkyl radicals, carbonyl (—CO(R>")), carbonylthio
(—C=0(SR?*)), carbonyloxy (—C=0(OR>%)), oxycarbo-
nyl (—OC=—0(R>%)), thiocarbonyl (—SC—0(R>*)), amino
(—NR3**R?), OH, pseudohalogen radicals, amido (—C=0
(NR?**)), —NR>**C=0(R*"), phosphonate (—P(O)(OR>**),,
phosphate (—OP(O)(OR>*),), phosphine (—PR**R>%),
phosphine oxide (—P(O)R?%,), sulfate (—OS(0O),OR>*%),
sulfoxide (—S(0)R?**), sulfonate (—S(0),OR>**), sulfonyl
(—S(0),R**), sulfonamide (—S(O),NR*R?*®), NO,,
boronic esters (—OB(OR??),), imino (—C=—=NR>*R*%)),
borane radicals, stannane radicals, hydrazine radicals, hydra-
zone radicals, oxime radicals, nitroso groups, diazo groups,
vinyl groups, sulfoximines, alanes, germanes, boroximes and
borazines. Preferred substituents with donor or acceptor
action are selected from the group consisting of:
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[0101] C,- to C,p-alkoxy, preferably C,-Cg-alkoxy, more
preferably ethoxy or methoxy; Cy-C;4-aryloxy, preferably
C¢-C ,-aryloxy, more preferably phenyloxy; SiR**R*°R?®
where R** R*3 and R3® are preferably each independently
substituted or unsubstituted alkyl or substituted or unsubsti-
tuted phenyl; at least one of the R**, R* or R*S radicals is
more preferably substituted or unsubstituted phenyl; at least
one of the R**, R** and R*° radicals is most preferably sub-
stituted phenyl, where suitable substituents have been speci-
fied above; halogen radicals, preferably F, Cl, Br, more pref-
erably F or Cl, most preferably F, halogenated C,-C,,-alkyl
radicals, preferably halogenated C,-Cg4-alkyl radicals, most
preferably fluorinated C,-Cg-alkyl radicals, e.g. CF;, CH,F,
CHF, or C,Fs; amino, preferably dimethylamino, diethy-
lamino or diphenylamino; OH, pseudohalogen radicals, pref-
erably CN, SCN or OCN, more preferably CN, —C(O)OC, -
C,-alkyl, preferably —C(O)OMe, P(O)R,, preferably P(O)
Ph,, or SO,R,, preferably SO,Ph.

[0102] Very particularly preferred substituents with donor
or acceptor action are selected from the group consisting of
methoxy, phenyloxy, halogenated C,-C,-alkyl, preferably
CF,, CH,F, CHF,, C,Fs, halogen, preferably F, CN,
SiR3**R*3R3®, where suitable R**, R*® and R3° radicals have
already been mentioned, diphenylamino, —C(O)OC,-C,-
alkyl, preferably —C(O)OMe, P(O)Ph,, SO,Ph.

[0103] The aforementioned groups with donor or acceptor
action are not intended to rule out the possibility that further
aforementioned radicals and groups may also have donor or
acceptor action. For example, the aforementioned heteroaryl
radicals are likewise groups with donor or acceptor action,
and the C,-C,-alky] radicals are groups with donor action.
[0104] The R**, R* and R>° radicals mentioned in the
aforementioned groups with donor or acceptor action are
each as already defined above, i.e. R**, R*, R are each
independently:

[0105] Substituted or unsubstituted C, -C,,-alkyl or substi-
tuted or unsubstituted C4-C,,-aryl, where suitable and pre-
ferred alkyl and aryl radicals are specified above. More pref-
erably, the R**, R* and R® radicals are C,-Cq-alkyl, e.g.
methyl, ethyl or i-propyl, phenyl or benzyl. In a preferred
embodiment—in the case of SIR**R*’R3**—R>** R* and R*®
are preferably each independently substituted or unsubsti-
tuted C,-C,,-alkyl or substituted or unsubstituted phenyl;
more preferably, at least one of the R**, R** and R?® radicals
is substituted or unsubstituted phenyl; most preferably, at
least one of the R**, R** and R3S radicals is substituted phe-
nyl, where suitable substituents have been specified above.

[0106] Preferred carbene ligands of the formula II are like-
wise the carbene ligands disclosed in European application
06112198 .4. Particularly preferred carbene ligands have the
following general formulae aa to ae:

aa

RIZ
o'~(
\ -
7
R4
N R®
/N R
¥ R7
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-continued
ab

ac
ad

ae

v3

where the symbols are each defined as follows:
Y? is an alkyl, alkynyl or alkenyl radical, or a group of the

following structure:
Zl,J\ 7
A
R1Z 77 RIZ

[0107] Z is the same or different and is CR*? or N;

[0108] Z'is the same or different and is CR'* or N;
[0109] Z"is the same or different and is CR'® or N;
[0110] R'2, R are the same or different and are each

independently H, an alkyl, aryl, heteroaryl, alkynyl or alk-
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enyl radical, or in each case two R'? and/or R'* radicals
together form a fused ring which may optionally comprise
at least one heteroatom, or R'? and/or R is a radical with
donor or acceptor action;
[0111] R* R> RS R’,R® R°,R''and R'"
[0112] areeach hydrogen, alkyl, aryl, heteroaryl, alkynyl
or alkenyl, or a radical with donor or acceptor action;
[0113] R'° in the Z" groups are each independently H,
alkyl, aryl, heteroaryl, alkynyl or alkenyl, or in each case
two R' radicals together form a fused ring which may
optionally comprise at least one heteroatom, or R'° is a
radical with donor or acceptor action;

[0114] in addition, the group of the structure

via the aromatic base structure or via one of the R'? radicals,
may be bonded via a bridge to R* or R® or the carbon atom to
which R*and R? are bonded in the moiety aa, R® or the carbon
atom to which R® is bonded in the moiety ab, one of the R*°
radicals or one of the carbon atoms to which R'° is bonded in
the moiety ac, and R*! or the carbon atom to which R'! is
bonded in the moiety ad;

and/or

the group of the structure

via the aromatic base structure or via one of the R** radicals,
may be bonded via a bridge to R® or R” or the carbon atom to
which R® or R” are bonded in the moiety aa, R® or the carbon
atom to which R? is bonded in the moiety ab, one of the R*°
radicals or one of the carbon atoms to which R'° is bonded in
the moiety ac, and R'"" or the carbon atom to which R*!" is
bonded in the moiety ae;

where the bridge in each case may be defined as follows:
alkylene, arylene, heteroarylene, alkynylene, alkenylene,
NR'%, PR'?, BR*, O, S, SO, SO,, SiR*°R*!, CO, CO—O,
O—CO and (CR?*'R*?)_, where one or more nonadjacent
(CR?'R??) groups may be replaced by NR'%, PR'®, BR*>°, O,
S, SO, SO,, SiR*°R*!, CO, CO—O0, O—CO, where

x is from 2 to 10;

and

RIS, ng, R20, R21, R22, R30, R31

[0115]
enyl;

are each H, alkyl, aryl, heteroaryl, alkynyl, alk-
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where, in the cases in which the group of the structure

is bonded via a bridge to the carbon atom to which R* and R®
are bonded (moiety aa), the carbon atom to which R® is
bonded (moiety ab), one of the carbon atoms to which R is
bonded (moiety ac) or the carbon atom to which R*! is bonded
(moiety ad), the particular R* or R’ radical, R®, one of the R'®
radicals or R'! is replaced by a bond to the bridge;

and, in the cases in which the group of the structure

is bonded via a bridge to the carbon atom to which R® and R”
are bonded (moiety aa), the carbon atom to which R® is
bonded (moiety ab), one of the carbon atoms to which R is
bonded (moiety ac) or the carbon atom to which R*! is bonded
(moiety ad), the particular R® or R” radical, R”, one of the R'°
radicals or R" is replaced by a bond to the bridge.

[0116] The carbene ligand may either be “symmetrical” or
“unsymmetrical”. A “symmetrical” carbene ligand is under-
stood to mean a carbene ligand in which Y? is a group of the
following structure

RY RY

[(R¥)y —/Doz’]qr (X\)f

H

where the symbols Z' and R** are each as defined above;
an “unsymmetrical” carbene ligand is understood to mean a
carbene ligand in which Y? is hydrogen, an alkyl, an alkynyl
or an alkenyl radical, preferably an alkyl, alkynyl or alkenyl
radical, both preferred alkyl, alkynyl or alkenyl radicals and
preferred groups of the formula

R? RV

[(R¥)y—Do”]ly  (X)y

P
i \

being specified, for example, in European application
06112198.4.

[0117] Preferred “symmetrical” carbene complexes are
disclosed, for example, in WO 05/019373.
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[0118] Particularly preferred “symmetrical” carbene com-
plexes are Ir-carbene complexes of the general formulae Ia to
Id

Ta

R*
5
N R

N RS

(Rlz')t’

Ic

_<< |/ and

('Rlz‘)/
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-continued

R"),

®R1?),

in which R*, R, RS, R7, R®, R®, R'° and R'? and R'*' are each
as defined above,
[0119]

[0120] tandt arethe same ordifferent, preferably the same,
and are from 0 to 3, where the R'? and R** radicals may be

7., 7! are the same or different and are each CH or N;

the same or different when tor t'is >1; t or t' is preferably
Oor1;whentort'is 1, the R'? or R'* radical is in the ortho,
meta or para position to the bonding site with the nitrogen
atom adjacent to the carbene carbon atom; and

[0121]
0, where the four carbon atoms of the aryl radical in for-
mula Ic, each of which is optionally substituted by R*°,
bear hydrogen atoms when v is 0.

[0122] Particular preference is given to “symmetrical” car-

bene complexes of the formula Ia to Id, in which Z and 7' are

each CH, R® and R® are each H, t, t' and v are each 0, and the
remaining radicals are each as defined above.

v is from O to 4, preferably 0, 1 or 2, most preferably

[0123] Very particularly preferred “symmetrical” carbene
complexes are carbene complexes of the formulae Ib and Ic,
where R® and R® in the carbene complexes of the formula Ib
are most preferably H, and t and t' in the carbene complexes of
the formulae Ib and Ic are each independently O or 1, where
R'? and R**" are more preferably each an alkyl radical or a
group with donor or acceptor action, for example selected
from the group consisting of F, alkoxy, aryloxy, carbonyl,
ester, amino groups, amide radicals, CHF,, CH,F, CF;, CN,
thio groups and SCN, and v in the carbene complexes of the
formula Ic is more preferably 0.

[0124] Preferred “unsymmetrical” carbene complexes are
disclosed in WO 06/056418.

[0125] Particularly preferred “unsymmetrical” carbene
complexes are Ir-carbene complexes which have the general
formulae Ie to Ii.
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Ie
R12),

It
R12),

A=

h__<§\|(

— —I3 and

Ii

N\N
L
N 11
/ R
3

— —I3

where R*, R>, RS, R7,R8,R%, R**, RV, R'?, Z and Z" are each

as defined for the “symmetrical” carbene complexes; and

[0126] Y7 ishydrogen, an alkyl, aryl, heteroaryl, alkynyl or
alkenyl radical, preferably an alkyl, heteroaryl or aryl radi-
cal, more preferably an alkyl radical.
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[0127] Very particular preference is given to “unsymmetri-
cal” carbene complexes of the formulae If and Ig.

[0128] Very particular preference is given to “unsymmetri-
cal” carbene complexes in which Z is CR'?, Z" is CH and Y
is alkyl, where R'? is more preferably hydrogen, alkyl or a
radical with donor or acceptor action, for example selected
from the group consisting of F, alkoxy, aryloxy, carbonyl,
ester, amino groups, amide radicals, CHF,, CH,F, CF;, CN,
thio groups and SCN, where three of the four possible sub-
stituents R'? are preferably hydrogen and one of the R'?
radicals is hydrogen, alkyl or a radical with donor or acceptor
action.

[0129] In addition to the homoleptic carbene complexes
shown above, i.e. carbene complexes which bear identical
carbene ligands, heteroleptic carbene complexes, as dis-
closed, for example, in European application 06112228.9 are
also suitable. Additionally suitable are carbene complexes
which, as well as carbene ligands, bear further noncarbene
ligands. Suitable complexes which, as well as carbene
ligands, bear noncarbene ligands are disclosed, for example,
in Buropean application 06112198.4. In addition, it is pos-
sible to use specific transition metal-carbene complexes, as
disclosed in FEuropean applications 06112198.4 and
06116100.6, in the inventive OLEDs.

[0130] The carbene complexes used with preference in the
inventive OLEDs can be prepared by processes known to
those skilled in the art. Suitable preparation processes are
disclosed, for example, in WO 05/019373, WO 06/056418, in
European applications 06101109.4, 06112198.4, 06112228.
9, 06116100.6 and 06116093.3, and the literature cited
therein.

[0131] The phosphorescence emitter CB used in the light-
emitting layer C in the inventive OLED is preferably a car-
bene complex, more preferably a carbene complex as defined
above.

[0132] In a further preferred embodiment, the at least one
hole-conducting material of the hole-conducting layer B and/
or the at least one hole-conducting material CA of the light-
emitting layer C is a carbene complex, preferably a carbene
complex as defined above. The carbene complexes of the
hole-conducting materials in layers B and C may be the same
or different.

[0133] In a particularly preferred embodiment, the phos-
phorescence emitter CB used in the light-emitting layer C and
the at least one hole-conducting material CA in the light-
emitting layer C and the at least one hole-conducting material
of the hole-conducting layer B are each a carbene complex.
The carbene complexes of the hole-conducting material in the
hole-conducting layer B and in the light-emitting layer C are
different from the carbene complex of the phosphorescence
emitter CB in the light-emitting layer C, the band gap of the
carbene complexes used as the hole-conducting material
being greater than the band gap of the carbene complex which
is used as the phosphorescence emitter.

Electron-Conducting Layer D

[0134] Suitable materials for the electron-conducting layer
(also known as electron transport layer) are known to those
skilled in the art. Examples of a suitable electron-conducting
layer are electron-conducting layers based on aluminum tris-
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8-hydroxyquinolinate (AlQ;) or 1,3,5-tris(N-phenyl-2-ben-
zylimidazolyl)benzene (TPBI).

Cathode E

[0135] Suitable cathode materials are typically metals,
metal combinations or metal alloys with low work function.
Examples are Ca, Ba, Cs, Mg, Al, In and Mg/Ag. Suitable
cathode materials are known to those skilled in the art.

OLED Structure

[0136] The inventive OLED may have further layers in
addition to layers A, B, C, D and E.

[0137] The organic light-emitting diode preferably has,
between the light-emitting layer C and the electron-conduct-
ing layer D, in direct contact to the light-emitting layer C, a
hole-blocking layer formed from at least one hole blocker
material and/or exciton blocker material, in which case the
hole blocker material may serve simultaneously as the exci-
ton blocker material. It is likewise possible that the electron-
conducting layer D simultaneously serves as the hole-block-
ing layer.

[0138] In a further embodiment, the organic light-emitting
diode has an electron-blocking layer formed from at least one
electron blocker material and/or exciton blocker layer
between the hole-conducting layer B and the light-emitting
layer C.

[0139] In addition, the inventive organic light-emitting
diode, in addition to layers A to E and, if appropriate, the
hole-blocking layer, may comprise further layers, for
example a hole injection layer between the anode A and the
hole-conducting layer B, suitable materials for the hole injec-
tion layer being known to those skilled in the art. Examples of
suitable materials are materials based on copper phthalocya-
nine (CuPc) or conductive polymers such as polyaniline
(PANI) or polythiophene derivatives such as PEDOT. In addi-
tion, the inventive OLED may comprise one or more electron
injection layers which is/are arranged between the electron-
conducting layer and the cathode, and this layer may coincide
partly with one of the other layers, or be formed from part of
the cathode. Typically, the electron injection layers are thin
films formed from a material with a high dielectric constant,
for example LiF, Li,0, BaF,, MgO and/or NaF.

[0140] The inventive organic light-emitting diode may
comprise, in at least one of the layers of the organic light-
emitting diode, preferably in the hole-blocking layer and/or
the electron-blocking layer and/or the light-emitting layer C,
in addition to the hole-conducting material CA and the emit-
ter CB, at least one compound selected from disilylcarba-
zoles, disilyldibenzofurans, disilyldibenzothiophenes, disi-
lyldibenzophospholes, disilyldibenzothiophene S-oxides and
disilyldibenzothiophene S,S-dioxides of the general formula
11

(1)
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in which:

[0141] XisNR*’, S, O, PR*7, SO, or SO;

[0142] R?7 is substituted or unsubstituted C,-C.,-alkyl,
substituted or unsubstituted C4-C;,-aryl, or substituted or
unsubstituted heteroaryl having from 5 to 30 ring atoms;

[0143] R3%, R¥ R, R4 R*2 R*

[0144] are each independently substituted or unsubsti-
tuted C,-C,y-alkyl, or substituted or unsubstituted
Cy-Cso-aryl, or a structure of the general formula (c)

©

[0145] R R®

[0146] are each independently substituted or unsubsti-
tuted C,-C,,-alkyl, substituted or unsubstituted C4-Cs,-
aryl, or substituted or unsubstituted heteroaryl having
from 5 to 30 ring atoms or a substituent with donor or
acceptor action selected from the group consisting of:
C,-Cyo-alkoxy, C4-Cypmaryloxy, C,-C,p-alkylthio,
C4-Co-arylthio, SiR**R*°R?°, halogen radicals, halo-
genated C,-C,,-alkyl radicals, carbonyl (—CO(R>**)),
carbonylthio (—C—0(SR>*)), carbonyloxy (—C—0
(OR?*%), oxycarbonyl (—OC=0(R?*%)), thiocarbonyl
(—SC=O0®R’**), amino (—NR**R*), OH,
pseudohalogen radicals, amido (—C—O(NR>)),
—NR?**C=0(R?’), phosphonate (—P(O)(OR?**),,
phosphate (—OP(O)(OR>*),), phosphine (—PR>**R?>?),
phosphine oxide (—P(O)R*%,), sulfate (—OS(O)
,OR?%), sulfoxide (S(O)R**), sulfonate (—S(0),0R>*),
sulfonyl ~ (—S(O),R**),  sulfonamide (—S(O)
,NR**R?%), NO,, boronic esters (—OB(OR>*),), imino
(—C=NR?*R??)), borane radicals, stannane radicals,
hydrazine radicals, hydrazone radicals, oxime radicals,
nitroso groups, diazo groups, vinyl groups, sulfox-
imines, alanes, germanes, boroximes and borazines;

[0147] R**R*3,R3®
[0148] are each independently substituted or unsubsti-

tuted C,-C,,-alkyl, or substituted or unsubstituted
Co-Cso-aryl;

[0149] q,rare each independently O, 1, 2 or 3; where, in the
case when q or r is 0, all substitutable positions of the aryl
radical are substituted by hydrogen,

where the radicals and indices in the group of the formula (c)

X'", R41"', R42"', R43'", RamRbm’ qm and r' are each indepen-

dently as defined for the radicals and indices of the com-

pounds of the general formula III X, R*!, R*2, R**, R%, R?, q

and r. Suitable definitions for the aforementioned radicals and

groups alkyl, aryl, heteroaryl, substituents with donor or
acceptor action, alkoxy, aryloxy, alkylthio, arylthio, halogen,
amino and amido are mentioned above.

[0150] Preferred R*® to R**, R% and R? radicals and groups

depend on the layer of the inventive OLED in which the

compounds of the formula III are used, and on the electronic
properties (positions of HOMOs and LUMOs) of the particu-
lar layers used in the inventive OLED. It is thus possible, by
virtue of suitable substitution of the compounds of the for-
mula ITI, to adjust the HOMO and LUMO orbital positions to



US 2009/0278119 Al

the further layers used in the inventive OLED and thus to
achieve a high stability of the OLED and hence a long opera-
tive lifetime and/or an improved efficiency.
[0151] Suitable hole blocker materials are known to those
skilled in the art. Customary materials are 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (bathocuproin, (BCP)), bis(2-
methyl-8-quinolinato)-4-phenylphenylato)aluminum(I1I)
(BAlq), phenothiazine derivatives and 1,3,5-tris(N-phenyl-2-
benzylimidazolyl)benzene (TPBI), TPBI also being suitable
as an electron-conducting material. In addition 9-(4-tert-bu-
tylphenyl)-3,6-bis(triphenylsilyl)carbazole ~ (CzSi) and
9-(phenyl)-3,6-bis(triphenylsilyl)carbazole, can also be used
as hole blocker materials.

[0152] In addition to the 3,6-disilylcarbazoles of the for-

mula III which have been mentioned as hole blocker materi-

als, (9-(4-tert-butylphenyl)-3,6-bis(triphenylsilyl)carbazole
and 9-(phenyl)-3,6-bis(triphenylsilyl)carbazole, in which:

[0153] R37 is 4-tert-butylphenyl in the case of 9-(4-tert-
butylphenyl)-3,6-bis(triphenylsilyl)carbazole, or unsub-
stituted phenyl in the case of 9-(phenyl)-3,6-bis(triphenyl-
silyl)carbazole,

[0154] R3%, R, R%, R#, R#2, R
[0155] are each unsubstituted phenyl; and

[0156] qundr
[0157] are each O,

suitable hole blocker materials are the further aforementioned

compounds of the formula III. Preferred compounds of the

formula III are specified below.

[0158] The compounds of the formula III are disilyl com-

pounds in which the radicals and indices are each defined as

follows:
[0159] XisNR*,S, 0,PR*’, SO, or SO; preferably NR?’,
SorO;
[0160] R>7 is substituted or unsubstituted C,-C.,-alkyl,
substituted or unsubstituted C4-C;-aryl, or substituted or
unsubstituted heteroaryl having from 5 to 30 ring atoms;
preferably substituted or unsubstituted C4-C;4-aryl, more
preferably substituted or unsubstituted C,-C,-aryl or
unsubstituted C,-C,,-alkyl, most preferably substituted or
unsubstituted phenyl, suitable substituents having been
specified above;
[0161] R38, ng, R4o’ R41, R42, R
[0162] are each independently substituted or unsubsti-
tuted C,-C,,-alkyl or substituted or unsubstituted
Cs-C;o-aryl or a structure of the general formula (c);

[0163] preferably at least one of the R*®, R** and R*°
radicals and/or at least one of the R*, R** and R*
radicals is substituted or unsubstituted C,-C;,-aryl,
more preferably substituted or unsubstituted C4-C, -
aryl, most preferably substituted or unsubstituted phe-
nyl, suitable substituents having been specified above,
and/or one of the R*%, R*® and R*° radicals and/or one of
the R*!, R*? and R* radicals is a radical of the structure
(©);

[0164] R“ R® are each independently substituted or unsub-
stituted C, -C,-alkyl, substituted or unsubstituted C4-Cs,-
aryl, substituted or unsubstituted heteroaryl having from 5
to 30 ring atoms, or a substituent with donor or acceptor
action, suitable and preferred substituents with donor or
acceptor action having been specified above;

[0165] R** R’ R
[0166] are each independently substituted or unsubsti-

tuted C,-C,p-alkyl or substituted or unsubstituted
Cs-Cyp-aryl, preferably substituted or unsubstituted
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C,-Cg4-alkyl or substituted or unsubstituted C4-C, ,-aryl,
where R**, R** and R3S are more preferably each inde-
pendently substituted or unsubstituted C,-C,,-alkyl or
substituted or unsubstituted phenyl; more preferably, at
least one ofthe R**, R*® and R>° radicals is substituted or
unsubstituted phenyl; most preferably, at least one of the
R**, R?® and R® radicals is substituted phenyl, suitable
substituents having been specified above;

[0167] q,rare each independently O, 1, 2 or 3, where, when
qorris 0, all substitutable positions of the aryl radical bear
hydrogen atoms, preferably 0.

[0168] Inone embodiment, the present invention relates to

an inventive organic light-emitting diode in which the X

group in the compounds of the formula ITTis NR>?, where the

R?7 radical has already been defined above, in which at least

one of the R*” to R**, R* or R” radicals in the compounds of

the formula III comprises at least one heteroatom. Preferred

heteroatoms are N, Si, halogen, especially F or Cl, O, S or P.

The heteroatom may be present in the form of a substituent of

at least one of the R*” to R*3, R or R radicals, or in the form

of part of a substituent, or be present in the base skeleton of at
least one of the R37 to R**, R“ or R? radicals. Suitable sub-
stituents or base skeletons are known to those skilled in the art
and are specified under the definitions of the R*” to R*3, R or
R? radicals.

[0169] A preferred embodiment of the present invention
relates to an organic light-emitting diode according to the
present invention, in which at least one of the R*®, R** and R*°
and/or at least one of the R*', R*? and R* radicals in the
compounds of the formula III is substituted or unsubstituted
Cs-Cyp-aryl. Preferred aryl radicals and their substituents
have already been specified above.

[0170] A further embodiment of the present invention
relates to an inventive organic light-emitting diode in which
the compound of the general formula III is a 3,6-disilyl-
substituted compound of the general formula II1a:

(ITIa)

RH RY7
X
RS R4S
R*® Q O
39 \ 41
RIS si— %
\ " R46 RY /43\R42
R R

in which:

[0171] XisNR*’,S,0,PR*’, SO, or SO; preferably NR*7,
S or O; more preferably NR7;

[0172] R?7 is substituted or unsubstituted C,-C,q-alkyl,
substituted or unsubstituted C4-C;,-aryl, or substituted or
unsubstituted heteroaryl having from 5 to 30 ring atoms;
preferably substituted or unsubstituted C4-C,,-aryl or sub-
stituted or unsubstituted C,-C,,-alkyl, more preferably
substituted or unsubstituted C4-C,,-aryl or unsubstituted
C4-C,p-aryl, most preferably substituted or unsubstituted
phenyl, suitable substituents having been specified above;

[0173] R38, R39, R40, R41, R42, R*®
[0174] are each independently substituted or unsubsti-

tuted C,-C,,-alkyl or substituted or unsubstituted
Cg-Cso-aryl or a structure of the general formula (c);
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[0175] preferably at least one of the R*®, R* and R*°
radicals and/or at least one of the R*, R** and R*?
radicals is substituted or unsubstituted Cy4-Csq-aryl,
more preferably substituted or unsubstituted Cg-C,,-
aryl, most preferably substituted or unsubstituted phe-
nyl, suitable substituents having been specified above,
and/or one of the R*%, R* and R*° radicals and/or one of
the R*!, R** and R* radicals is a radical of the structure

C);

[0176(]) R44, R45, R46, R47, R48, R49

[0177] are each independently hydrogen or are as
defined for R% and R?, i.e. are each independently sub-
stituted or unsubstituted C,-C,y-alkyl, substituted or
unsubstituted C4-C,q-aryl, substituted or unsubstituted
heteroaryl having from 5 to 30 ring atoms or a substitu-
ent having donor or acceptor action, suitable substitu-
ents with donor or acceptor action having been specified
above; preferably hydrogen, substituted or unsubsti-
tuted C,-Cg-alkyl, substituted or unsubstituted Cy-C -
aryl or SiR**R**R>°; more preferably hydrogen, methyl,
ethyl, phenyl, CF, or SiR**R**R>®, where R**, R*>* and
R3S are preferably each independently substituted or
unsubstituted C,-C,,-alkyl or substituted or unsubsti-
tuted phenyl; more preferably, at least one of the R,
R?® and R?® radicals is substituted or unsubstituted phe-
nyl; most preferably, at least one of the R*#, R* and R*°
radicals is substituted phenyl, suitable substituents hav-
ing been specified above;

and the further radicals and indices R3*, R*°, R3° are each as

defined above.

[0178] In a particularly preferred embodiment, the com-

pounds of the formula (II) used in the inventive organic light-

emitting diodes have the following definitions for the R*>” to

R*?, R* and R radicals and the X group:

[0179] X is NR*’;

[0180] R37 is substituted or unsubstituted C4-Csq-aryl,
preferably substituted or unsubstituted C4-C, ,-aryl, more
preferably substituted or unsubstituted phenyl, suitable
substituents having been specified above;

[0181] R3%, R, R%, R#, R#2, R
[0182] are each independently substituted or unsubsti-

tuted C,-C,,-alkyl or substituted or unsubstituted
Cs-Csyp-aryl, or a structure of the general formula (c),
preferably each independently substituted or unsubsti-
tuted C,-Cq-alkyl or substituted or unsubstituted
C4-Cp-aryl, more preferably substituted or unsubsti-
tuted C, -Cg-alkyl or substituted or unsubstituted phenyl;
where, in one embodiment, at least one of the R*®, R*®
and R*° radicals and/or at least one of the R*, R** and
R* radicals is substituted or unsubstituted C4-C;,-aryl,
preferably substituted or unsubstituted C;-C,-aryl,
more preferably substituted or unsubstituted phenyl;
preferred substituents having been specified above;

[0183] R44, R45, R46, R47, R48, R49
[0184] are each independently hydrogen or are each as

defined for R% and R?, i.e. are each independently sub-
stituted or unsubstituted C,-C,,-alkyl, substituted or
unsubstituted C4-C;o-aryl, substituted or unsubstituted
heteroaryl having from 5 to 30 ring atoms or a substitu-
ent having donor or acceptor action, suitable substitu-
ents with donor or acceptor action already having been
specified above; preferably hydrogen, substituted or
unsubstituted C,-Cg4-alkyl, substituted or unsubstituted
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C4-C o-aryl or SiR**R**R>%; more preferably hydrogen,
methyl, ethyl, phenyl, CF, or SiR**R**R>S;
[0185] R3** R*, R
[0186] are each independently substituted or unsubsti-
tuted C,-C,y-alkyl or substituted or unsubstituted
C4-Cyp-aryl, preferably substituted or unsubstituted
C,-Cg-alkyl or substituted or unsubstituted C4-C, ,-aryl,
where R**, R*® and R*° are more preferably each inde-
pendently substituted or unsubstituted C,-C,,-alkyl or
substituted or unsubstituted phenyl; more preferably, at
least one ofthe R**, R*® and R*° radicals is substituted or
unsubstituted phenyl; most preferably, at least one of the
R**, R?® and R® radicals is substituted phenyl, suitable
substituents having been specified above.
[0187] In a further preferred embodiment, the present
invention relates to an organic light-emitting diode in which a
compound of the formula ITT is used, in which the R*” radical
and/or at least one of the radicals from the group of R*®, R’
and R*® and/or at least one of the radicals from the group of
R*,R** and R*? is independently substituted or unsubstituted
Cg-aryl of the following formula:

4</:\\/> (RSO)p
in which

[0188] pisO,1,2,3,4o0r5, preferably 0, 1, 2 or 3, more
preferably O, 1 or 2;

[0189] R>° is hydrogen, substituted or unsubstituted
C,-C,p-alkyl, substituted or unsubstituted C,-C, -aryl,
substituted or unsubstituted heteroaryl having from 5 to 30
ring atoms, a substituent with donor or acceptor action,
suitable substituents with donor or acceptor action having
been specified above, or

[0190] aradical of the general formula a or b

(2)

(b

in which
[0191] X'is NorP, and
[0192] the radicals and indices X", R*® R, R**" R*",

R41|v R42', R42", R43', R43", Rar’ Ran, va’ Rb", qy, qn, ' and
r" are each independently as defined for the radicals and
indices X, R*®, R* R* R* R*} R** R% R’ qandr;
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or
one ofthe R**, R** and R*° radicals and/or one of the R*!, R*?
and R* radicals is a radical of the general formula ¢

©

in which the radicals and indices X", R**", R**" R*>" R“",
R, g™ and ' are each independently as defined for the
radicals and indices X, R*!, R**, R** R% R®, qandr.
[0193] Preferred R radicals are selected from the group
consisting of hydrogen, substituted or unsubstituted C,-Cg4-
alkyl, substituted or unsubstituted C4-C, ,-aryl, substituted or
unsubstituted heteroaryl having from 5 to 13 ring atoms,
preferably carbazolyl, a substituent with donor or acceptor
action selected from the group consisting of C,- to C,,-
alkoxy, preferably C,-Cg-alkoxy, more preferably ethoxy or
methoxy; C4-C;o-aryloxy, preferably Cq-C,,-aryloxy, more
preferably phenyloxy; SiR**R**R>®; halogen radicals, pref-
erably F, Cl, Br, more preferably F or Cl, most preferably F,
halogenated C,-C,,-alkyl radicals, preferably halogenated
C,-Cs-alkyl radicals, most preferably fluorinated C,-Cg-
alkyl radicals, e.g. CF;, CH,F, CHF, or C,Fs; amino, prefer-
ably dimethylamino, diethylamino or diphenylamino, more
preferably diphenylamino; OH, pseudohalogen radicals,
preferably CN, SCN or OCN, more preferably CN; C(O)
OC,-C,-alkyl, preferably —C(O)OMe, P(O)Ph,, SO,Ph,
where R**, R*® and R*® are each independently substituted or
unsubstituted C, - to C¢-alkyl or substituted or unsubstituted
Cs- to C,y-aryl and—in the case of SiR**R**R*°—are pref-
erably each independently substituted or unsubstituted alkyl
or substituted or unsubstituted phenyl; more preferably, at
least one of the R**, R*® and R radicals is substituted or
unsubstituted phenyl; most preferably, at least one of the R**,
R>® and R?° radicals is substituted phenyl, suitable substitu-
ents having been specified above. More preferably, the R>°
radicals are each independently selected from the group con-
sisting of methoxy, phenyloxy, unsubstituted C,-C,-alkyl,
preferably methyl, halogenated C,-C,-alkyl, preferably CF;,
CHF,, CH,F, C,Fs, CN, halogen, preferably F, —C(O)O—
C,-C,-alkyl, preferably —C(O)OMe, P(O)Ph,, and substi-
tuted or unsubstituted heteroaryl having from 5 to 13 ring
atoms, preferably carbazolyl.

[0194] Inafurther embodiment ofthe present invention, the
indices r and q in the compounds of the formula 11 are each O,
i.e. all substitutable positions of the aryl groups bear hydro-
gen atoms. For all other radicals and indices, the aforemen-
tioned preferences apply.

[0195] The compounds of the formula III used in accor-
dance with the invention may be used in different layers of the
inventive organic light-emitting diode, suitable and preferred
layer sequences in the inventive OLEDs having been speci-
fied above.

[0196] In one embodiment, the present invention relates to
organic light-emitting diodes in which the compounds of the
formula 11T are used as a matrix in the light-emitting layer E.
Inthis case, the compounds of the formula (II) are used in the
light-emitting layer in addition to components CA and CB. It
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is additionally possible to use the disilylcarbazoles or the
disilylbenzophospholes of the formula (III) (X=NR>? or
PR?") as a hole-conducting material CA in addition to com-
ponent CB.

[0197] In a further embodiment, the present invention
relates to an inventive organic light-emitting diode in which
the compounds of the formula III are used in the blocking
layer for electrons as an electron/exciton blocker and/or in the
hole injection layer and/or in the hole conductor layer. It is
likewise possible that the compounds of the formula III are
additionally present in the light-emitting layer C and/or one
or more of the aforementioned layers.

[0198] In a further embodiment, the present invention
relates to an inventive organic light-emitting diode in which
the compounds of the formula III are used in the blocking
layer for notes as a hole/exciton blocker and/or in the electron
injection layer and/or in the electron conductor layer. It is
likewise possible that the compounds of the formula III are
present in the light-emitting layer C and/or one or more of the
aforementioned layers.

[0199] In a further embodiment, the present invention
relates to an inventive organic light-emitting diode in which
the compounds of the formula (III) are used in the blocking
layer for holes as a hole/exciton blocker and/or in the electron
injection layer and/or in the electron conductor layer. It is
likewise possible that the compounds of the formula (III) are
present in the light-emitting layer C and/or one or more of the
aforementioned layers.

[0200] Depending on the layer in which the compounds of
the formula III are used, the compounds of the formula III
have different preferred R37, R*®, R?, R*, R*!, R*?, R*3, R*
and R” radicals and different X groups. In addition to the
function of the layer in which the compounds of the formula
111 can be used in the inventive OLED, the R*” to R**, R% and
R? radicals and the X group of the compounds of the formula
IIT are additionally dependent on the electronic properties
(relative positions of the HOMOs and LUMOs) of the par-
ticular layers used in the inventive OLED. It is thus possible,
by virtue of suitable substitution of the compounds of the
formula (IT), to adjust the HOMO and LUMO orbital posi-
tions to the further layers used in the inventive OLED, and
thus to achieve a high stability of the OLED and hence a long
operative lifetime and good efficiencies.

[0201] The principles regarding the relative positions of
HOMO and LUMO in the individual layers of an OLED are
known to those skilled in the art. The principles, by way of
example with regard to the properties of the blocking layer for
electrons and of the blocking layer for holes, in relation to the
light-emitting layer are detailed hereinafter:

[0202] The LUMO of the blocking layer for electrons is
energetically higher than the LUMO of the materials used in
the light-emitting layer (both of the emitter material and of
any matrix materials used). The greater the energetic differ-
ence of the LUMOs of the blocking layer for electrons and of
the materials in the light-emitting layer, the better are the
electron- and/or exciton-blocking properties of the blocking
layer for electrons. Suitable substitution patterns of the com-
pounds of the formula III suitable as electron and/or exciton
blocker materials thus depend upon factors including the
electronic properties (especially the position of the LUMO)
of the materials used in the light-emitting layer.

[0203] The HOMO of the blocking layer for electrons is
energetically higher than the HOMOs of the materials present
in the light-emitting layer (both of the emitter materials and of
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any matrix materials present). The greater the energetic dif-
ference of the HOMOs of the blocking layer for holes and of
the materials in the light-emitting layer, the better are the
hole- and/or exciton-blocking properties of the blocking layer
for holes. Suitable substitution patterns of the compounds of
the formula (II) suitable as hole and/or exciton blocker mate-
rials thus depend upon factors including the electronic prop-
erties (especially the position of the HOMO) of the materials
present in the light-emitting layer.

[0204] Comparable considerations relating to the relative
position of the HOMOs and LUMOs of the different layers
used in the inventive OLED apply to the further layers which
may be used in the OLED and are known to those skilled in
the art.

[0205] Preferably suitable R*7, R*®, R*°, R*°, R*, R*?,
R*?, R and R? radicals of the compounds of the formula III,
depending on their use in different layers of the inventive
OLEDs, are specified below. It is pointed out that substitu-
tions of the compounds of the formula III other than those
specified below may in principle be suitable for use in the
different layers—depending on the electronic properties of
the further layers of the OLED, especially depending on the
electronic properties of the light-emitting layer.

Compounds of the General Formula IT1I Which are Especially
Suitable for Use in the Light-Emitting Layer C as Materials in
Addition to Components CA and CB, and for Use in the
Blocking Layer for Electrons, in the Hole Injection Layer
and/or in the Hole Conductor Layer

[0206] A preferred embodiment of the present invention
relates to an organic light-emitting diode in which the com-
pounds of the formula III are used in a blocking layer for
electrons, in a hole injection layer and/or in a hole conductor
layer and/or in the light-emitting layer C in addition to com-
ponents CA and CB.

[0207] Preferred compounds of the formula III which can
be used in at least one of the aforementioned layers have at
least one R®7, R®®% R3° R*°, R*', R*? or R*® radical which is
substituted or unsubstituted C,-C,,-alkyl, heteroaryl having
from 5 to 30 ring atoms, substituted or unsubstituted C4-C,,-
aryl, alkyl-substituted C4-Cjp-aryl (where “alkyl-substi-
tuted” means C,-C,-alkyl-substituted C,-C;,-aryl), C4-Cs;o-
aryl substituted by at least one substituent with donor action,
or C4-C4p-aryl substituted by heteroaryl having from 5 to 30
ring atoms, or a substituent having donor action or, in the case
of R*%, R* R*, R*, R** or R*, hydrogen.

[0208] Suitable substituents with donor action (electron-
donating radicals) are preferably selected from the group
consisting of substituted and unsubstituted C, -Cg-alkyl, pref-
erably methyl, substituted and unsubstituted C4-C,,-aryl,
substituted and unsubstituted electron-rich heteroaryl having
from five to 30 ring atoms, preferably selected from the group
consisting of carbazolyl, pyrrolyl, imidazolyl, pyrazolyl, tria-
zolyl, oxazolyl, thiophenyl, preferably carbazolyl, and
thiophenyl, C,-C,,-alkoxy, preferably C,-Cg-alkoxy, more
preferably methoxy and ethoxy, C4-C;o-aryloxy, preferably
Cy-C,g-aryloxy, more preferably phenyloxy, C,-C,,-alky-
Ithio, preferably C,-Cgs-alkylthio, more preferably —SCH,,
C4-C;p-arylthio, preferably C4-C, ,-arylthio, more preferably
—SPh, F, SiR**R**R?® where R**, R*® and R*S are preferably
donor-substituted phenyl groups, amino (—NR?**R?%), pref-
erably diphenylamino, phosphine (—PR**R>®), hydrazine
radicals, OH, donor-substituted vinyl groups, where R>*, R**
and R® are each as defined above and are preferably donor-
substituted phenyl groups.
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[0209] Very particularly preferred substituents with donor
action are selected from the group consisting of dipheny-
lamino, carbazolyl, methoxy, phenoxy, very particular pref-
erence being given especially to methoxy and carbazolyl.

[0210] More preferably, the at least one radical which is
used in the aforementioned layers is a C4-aryl radical of the
formula (d) substituted by at least one substituent with donor
action and/or at least one heteroaryl radical having from 5 to

30 ring atoms
N
in which:

[0211] p'is 1, 2, 3, 4 or 5, preferably 1, 2 or 3, more
preferably 1 or 2, and

[0212] R™ is in each case independently substituted or

unsubstituted C,-C,-alkyl, preferably methyl, substituted
or unsubstituted C,-C,y-aryl, C,-C,,-alkoxy, preferably
C,-Cs-alkoxy, more preferably methoxy and ethoxy,
C4-C5p-aryloxy, preferably C,-C,-aryloxy, more prefer-
ably phenyloxy, C,-C,,-alkylthio, preferably C,-Cs-alky-
Ithio, more preferably —SCH,, C-C;p-arylthio, prefer-
ably C4-C,g-arylthio, more preferably —SPh,
SiR3*R*R3% where R*#, R3® and R3¢ are each as defined
above and are preferably each donor-substituted phenyl
groups, amino (—NR>*R>?), preferably diphenylamino,
amido (—NR?** (C=O(R?%)), phosphine (—PR>**R??),
hydrazine radicals, OH, donor-substituted vinyl groups,
where R**, R*>* and R are each as defined above and are
preferably each donor-substituted phenyl groups,

[0213] or R®' is substituted or unsubstituted electron-
rich heteroaryl having from five to 30 ring atoms, pref-
erably selected from the group consisting of carbazolyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, oxazolyl,
thiophenyl, more preferably carbazolyl and pyrrolyl.

[0214] Preferred R>' groups are selected from the group
consisting of methoxy, ethoxy, phenoxy, very particular pref-
erence being given especially to methoxy, and carbazolyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, oxazolyl and
thiophenyl, very particular preference being given to meth-
oxy, phenyloxy, carbazolyl and NR**R>! where R** and R**
are each phenyl or tolyl.

[0215] More preferably, the compounds of the formula (I1I)
used in the aforementioned layers have at least one R*’, R*®,
R*, R*%, R*, R** or R*® radical selected from the group
consisting of

(d)

OMe

@ow, ,

OMe
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[0216] Ina preferred embodiment, at least the R! radical is
a Cg-aryl radical of the formula (d) substituted by at least one
substituent with donor action and/or at least one heteroaryl
radical having from 5 to 30 ring atoms;

and the R*® R3°, R*®, R*!, R*? and R* radicals are preferably
each phenyl, methyl or methoxy- or phenyloxy-substituted
phenyl.

Use of the Compounds of the Formula III in the Light-Emit-
ting Layer C in Addition to Components CA and CB and/or in
a Blocking Layer for Holes, an Electron Injection Layer
and/or an Electron Conductor Layer
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[0217] The present invention further relates to an inventive
organic light-emitting diode in which at least one compound
of the formula III is present in at least one of the layers
selected from light-emitting layer C in addition to compo-
nents CA and CB, blocking layer for holes, electron injection
layer and electron conductor layer.

[0218] Preferred compounds of the formula III used in the
aforementioned layers have at least one R*’, R*®, R*?, R*,
R*, R** or R*® radical which is C, - to C,-alkyl substituted
by at least one substituent with acceptor action (electron-
withdrawing radical), C4-C;,-aryl substituted by at least one
substituent with acceptor action, C4-C,-aryl substituted by
at least one heteroaryl radical having from 5 to 30 ring atoms,
or a substituent with acceptor action.

[0219] Suitable substituents with acceptor action (electron-
withdrawing radicals) are selected from the group consisting
of electron-deficient heteroaryls having from 5 to 30 ring
atoms, carbonyl (—CO(R?*)), carbonylthioc (—C=0
(SR*%), carbonyloxy (—C—O(OR™)), oxycarbonyl
(—OC=0(R?%)), thiocarbonyl (—SC—0(R>**)), OH, halo-
gen, halogen-substituted C,-C,,-alkyl, pseudohalogen radi-
cals, amido (—C=—O(NR>*), phosphonate (—P(O)(OR>*%),),
phosphate (—OP(O)(OR**),), phosphine oxide (—P(O)
R**R*), sulfonyl (—S(0),R*%), sulfonate (—S(0),OR>*),
sulfate (—OS(0),0R**), sulfoxide (—S(O)R**), sulfona-
mide (—S(0),NR**R*?), NO,, boronic esters (—OB(OR>**)
5, imino (—C—NR?**R*)), hydrazine radicals, hydrazole
radicals, oxime radicals, nitroso groups, diazo groups, sul-
foximines, SiR**R**R3S, borane radicals, stannane radicals,
acceptor-substituted vinyl groups, boroxines and borazines,
where R3** R3> and R3S are each substituted or unsubstituted
C,-C,-alkyl, preferably substituted or unsubstituted C,-C,-
alkyl, or substituted or unsubstituted C4-C;-aryl, preferably
substituted or unsubstituted C4-C, o-aryl.

[0220] Preferred substituents with acceptor action are
selected from the group consisting of halogen, preferably F,
halogen-substituted alkyl, preferably CF,, CH,F, CHF,,
C,Fs, C,F; H,, pseudohalogen, preferably CN, carbonyloxy
(—C=0O(OR")), preferably —C=—O(OCH,), phosphine
oxide, preferably P(O)Ph,, and sulfonyl, preferably S(O)
>Ph,.

[0221] The at least one radical which is used in the afore-
mentioned layers is more preferably a substituted Cg-aryl
radical of the formula (e)

in which:

[0222] p"is 1, 2, 3, 4 or 5, preferably 1, 2 or 3, more
preferably 1 or 2; and

[0223] R is carbonyl (—CO(R?*), carbonylthio
(—C=0(SR??%)), carbonyloxy (—C=0(OR>%)), oxycar-
bonyl (—OC=0(R>")), thiocarbonyl (—SC=0(R>*%)),
OH, halogen, halogen-substituted C,-C,,-alkyl,
pseudohalogen radicals, amido (—C—O(NR>*), phospho-
nate (—P(O)(OR*"),), phosphate (—OP(O)(OR>**),),
phosphine oxide (—P(O)R**R>*), sulfonyl (—S(O),R>**),
sulfonate (—S(0),0R>**), sulfate (—OS(0),0OR>*?), sul-
foxide (—S(O)R**), sulfonamide (—S(O),NR**R??),
NO,, boronic  esters (—OB(OR?),, imino

(e)
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(—C=NR?**R*)), hydrazine radicals, hydrazole radicals,
oxime radicals, nitroso groups, diazo groups, sulfox-
imines, SiR3**R**R>®, borane radicals, stannane radicals,
acceptor-substituted vinyl groups, boroxines and bora-
zines, where R**, R** and R3° are each substituted or
unsubstituted C,-C,y-alkyl, preferably substituted or
unsubstituted C,-Cg-alkyl, or substituted or unsubstituted
Cy-Csp-aryl, preferably substituted or unsubstituted
C4-C,paryl; preferably halogen, preferably F, halogen-
substituted alkyl, preferably CF;, CH,F, CHF,, C,Fs,

C,F;H,, pseudohalogen, preferably CN, carbonyloxy

(—C=0(0R>%)), preferably —C—0(OCHS,), phosphine

oxide, preferably P(O)Ph,, and sulfonyl, preferably S(O)

2Phy;

[0224] or R>? is substituted or unsubstituted electron-
deficient heteroaryl having from five to 30 ring atoms,
preferably selected from the group consisting of pyri-
dine, pyrimidine and triazine.

[0225] More preferably, the compounds of the formula III
used in the aforementioned layers have at least one R*7, R*®,
R*, R*, R*!, R*? or R*® radical, selected from the group
consisting of:

O

CF,
CN C
CN
E F
F, AQ*F» C3HyF3,
F F
(0]
OCH,
and
Hs
O,

OCH;

F CF;
N

O
O~

OCH;

Preparation of the Compounds of the Formula III Used in
Accordance with the Invention

[0226] The compounds of the formula III can in principle
be prepared by processes known to those skilled in the art; for
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example, carbazoles of the formula III (X—=NR?") can be
prepared thermally or photochemically by oxidative ring clo-
sure from diphenylamine (or suitably substituted derivatives
thereof) and, if appropriate, subsequent substitution, for
example on the nitrogen. In addition, the carbazoles of the
formula (II) can be obtained proceeding from the suitably
substituted tetrahydrocarbazoles by oxidation. A typical car-
bazole synthesis is the Borsche-Drechsel cyclization (Bor-
sche, Ann., 359, 49 (1908); Drechsel, J. prakt. Chem., [2], 38,
69, 1888). The aforementioned tetrahydrocarbazoles can be
prepared by processes known to those skilled in the art, for
example by condensation of, if appropriate, suitably substi-
tuted phenylhydrazine with, if appropriate, suitably substi-
tuted cyclohexanone to obtain the corresponding imine. In a
subsequent step, an acid-catalyzed rearrangement and ring
closure reaction is effected to obtain the corresponding tet-
rahydrocarbazole. It is likewise possible to carry out the
preparation of the imine and the rearrangement and ring clo-
sure reaction in one step. The imine is—as mentioned
above—oxidized to the desired carbazole.

[0227] Thecompounds ofthe formula I1I are prepared pref-
erably proceeding from the corresponding base structure of
the formula IV:

av
X

-0

where X is NR*’, SO, SO,, S, O or PR*” or NH or PH.
Suitable base structures of the formula (IIT) are either com-
mercially available (especially in the cases when X is SO,
SO,, S, O, NH or PH) or can be prepared by processes known
to those skilled in the art.

[0228] Inthe case that X is NH or PH, the R*” radicals may
be introduced before or after the introduction of the R%, R?,
SiR*®*R*?R*° and SiR*'R**R*’ radicals, provided that the R*
and R® radicals are present in the compounds of the formula
IIT or precursor compounds suitable for introducing the R,
R?, SIR**R3*R*° and SiR*'R*?R*? radicals. Thus, three vari-
ants—in the case that X==NR?>” and PR*"— are possible.

Variant a)

[0229] ia) preparing a precursor compound suitable for
introducing the R“, R®, SiR**R*°R*® and SiR*'R*’R*?
radicals,

[0230] iia) introducing the R*” radical,

[0231] iiia) introducing the R?, R? radicals, where present,
and the SiR**R**R* and SiR*'R**R* radicals;

Variant b)

[0232] Variant b) is preferred especially when R>7 is sub-

stituted or unsubstituted C,-C,,-alkyl or unsubstituted

C-Csp-aryl or C,-C,y-alkyl-substituted C4-C,-aryl.

[0233] ib) introducing the R?” radical,

[0234] iib) preparing a precursor compound suitable for
introducing the R¢, R, SiR**R*°R*® and SiR*'R*?R*?
radicals,
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[0235] iiib) introducing the R?, R? radicals, where present,
and the SiR**R3**R*° and SiR*'R**R*’ radicals.

Variant ¢)

[0236] ic) preparing a precursor compound suitable for
introducing the R% R®, SiR*R**R* and SiR*'R**R*?
radicals,

[0237] iic) introducing the R?, R radicals, where present,
and the SiR**R3**R*° and SiR*'R**R™ radicals,

[0238] iiic) introducing the R*” radical.

[0239] Inthe case that X in formula (IIT) is NR*?, SO, SO,,

S, O or PR, the step of “introducing the R?>” radical” is

dispensed with, such that the process comprises the following

steps (variant d):

[0240] id) preparing a precursor compound suitable for
introducing the R% R®, SiR**R**R* and SiR*'R*’R*
radicals,

[0241] iid) introducing the R?, R? radicals, where present,
and the SiR**R**R*° and SiR*'R**R*® radicals.

Step ia), iib), ic) and id)
[0242] Suitable precursor compounds for introducing the
R% R?, SiR**R*R* and SiR*'R**R* radicals are especially
the correspondingly halogenated, preferably brominated,
compounds, and the corresponding base skeletons can be
halogenated by methods known to those skilled in the art.
Particular preference is given to brominating with Br, in
glacial acetic acid or chloroform at low temperatures, e.g. 0°
C. Suitable processes are, for example, when X—NPh,
described in M. Park, I. R. Buck, C. J. Rizzo, Tetrahedron,
1998, 54,12707-12714, and, when X—S, in W. Yang et al., J.
Mater. Chem. 2003, 13, 1351. In addition, some brominated
products are commercially available.
Step iia), ib) and iiic)
[0243] The R?” radical is introduced by methods known to
those skilled in the art.
[0244] TheR?” radical is preferably introduced by reacting
a suitable halogenated or unhalogenated base skeleton in
which X is NH or PH with an alkyl halide or aryl halide or
heteroaryl halide of the formula R*’—Hal where R>” has
already been defined above and Halis F, Cl, Br or I, preferably
Br,lorF.
[0245] Preference is given to introducing the R*” radical by
reacting the suitable halogenated or unhalogenated base skel-
eton in which X is NH or PH with an alkyl fluoride, aryl
fluoride or heteroaryl fluoride in the presence of NaH in DMF
(nucleophilic substitution) or by reaction with an alkyl bro-
mide or iodide, aryl bromide or iodide or heteroaryl bromide
or iodide under Cu/base or Pd catalysis.
Step iiia), iiib), iic) and iid)
[0246] The desired silylated compounds of the formula II1
are prepared proceeding from the halogenated precursor
compounds generally by halogen/metal exchange and subse-
quent silylation by methods known to those skilled in the art.
[0247] Further preferred compounds of the formula III and
further details of suitable preparation processes for com-
pounds of the formula III are specified in the application filed
at the same time, which was unpublished at the priority date
of the present application, with the title “Organic light-emit-
ting diodes comprising carbene-transition metal complex
emitters and at least one compound selected from disilylcar-
bazoles, disilyldibenzofurans, disilyidibenzothiophenes,
disilyldibenzophospholes, disilyldibenzothiophene S-oxides
and disilyldibenzothiophene S,S-dioxides”.
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[0248] In a preferred embodiment, the compounds of the
formula III are used as exciton blockers in the hole- and/or
electron-blocking layer and/or as a further material in the
light-emitting layer C comprising components CA and CB. In
the case when the compound of the formula III is a disilyl-
carbazole or disilyldibenzophosphole (X in formula III is
NR! or PR"), the compound of the formula Ill, in a further
embodiment, can be used as component CA in addition to
component CB in the light-emitting layer C.

[0249] The present invention therefore further provides an
inventive organic light-emitting diode in which at least one
compound of the formula III is present as a hole blocker
material and/or exciton blocker material in the hole-blocking
layer. Preferably, the hole-conducting material CA used in the
organic light-emitting diode is at least one compound of the
formula IIT in which X is NR' or PR".

[0250] The present invention therefore further provides an
inventive organic light-emitting diode in which at least one
compound of the formula III is present as a electron blocker
material and/or exciton blocker material in the electron-
blocking layer. Preferably, the hole-conducting material CA
used in the organic light-emitting diode is at least one com-
pound of the formula III in which X is NR* or PR*.

[0251] Very particular preference is given to the use of the
compounds of the formula I1I as hole and/or exciton blockers
in the hole-blocking layer. Preferred compounds of the for-
mula III suitable as hole blockers have already been specified
above. These materials may be used simultaneously as exci-
ton blockers in the hole-blocking layer. In a preferred
embodiment, 9-(4-tert-butylphenyl)-3,6-bis(triphenylsilyl)
carbazole (CzSi) and 9-(phenyl)-3,6-bis(triphenylsilyl)car-
bazole are used as hole blocker materials. In general, the
different layers of the inventive OLED have customary layer
thicknesses known to those skilled in the art. Suitable layer
thicknesses are, for example: anode A from 50 to 500 nm,
preferably from 100 to 200 nm; hole-conducting layer B from
5 to 100 nm, preferably from 20 to 80 nm; light-emitting layer
C from 1 to 100 nm, preferably from 10 to 80 nm; electron-
conducting layer D from 5 to 100 nm, preferably from 20 to
80 nm; cathode E from 20 to 1000 nm, preferably from 30 to
500 nm. Any hole-blocking layer additionally present in the
inventive OLED generally has a thickness of from 2 to 100
nm, preferably from 5 to 50 nm. It is possible that the elec-
tron-conducting layer and/or the hole-conducting layer have
greater thicknesses than the layer thicknesses specified when
they are electrically doped.

[0252] The inventive OLED can be produced by methods
known to those skilled in the art. In general, the OLED is
produced by successive vapor deposition of the individual
layers onto a suitable substrate. Suitable substrates are, for
example, glass, inorganic semiconductors or polymer films.
For the vapor deposition, customary techniques can be used:
thermal evaporation, chemical vapor deposition (CVD),
physical vapor deposition (PVD) and others. In an alternative
process, organic layers of the OLED can be applied from
solutions or dispersions in suitable solvents, for which coat-
ing techniques known to those skilled in the art are used. The
transition metal-carbene complexes of the general formula I
which are used with preference in accordance with the inven-
tion in the hole-conducting layer B and in the light-emitting
layer C are preferably applied by means of vapor deposition.

Mixtures Suitable for Use in OLEDs

[0253] As already mentioned above, it has been found in
accordance with the invention, surprisingly, that it is possible
to provide OLEDs with a surprisingly long lifetime when the
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light-emitting layer C is formed from a mixture of at least one
hole-conducting material CA and at least one phosphores-
cence emitter CB. In general, the light-emitting layer C used
in the inventive OLED comprises from 5 to 99% by weight,
preferably from 20 to 97% by weight, more preferably from
50 to 95% by weight, most preferably from 70 to 95% by
weight, of at least one hole-conducting material CA, and from
1 to 95% by weight, preferably from 3 to 80% by weight,
more preferably from 5 to 60% by weight, most preferably
from 5 to 30% by weight, of at least one phosphorescence
emitter CB, where the total amount of the at least one hole-
conducting material CA and the at least one phosphorescence
emitter CB is 100% by weight. It has been found that even
small amounts of the phosphorescence emitter are sufficient
to obtain an inventive OLED with good efficiencies. In a very
particularly preferred embodiment, the light-emitting layer C
of the inventive OLED thus comprises from 5 to 20% by
weight of at least one phosphorescence emitter CB and from
80 to 95% by weight of at least one hole-conducting material
CA, where the total amount of the at least one hole-conduct-
ing material CA and of the at least one phosphorescence
emitter CB is 100% by weight. It is possible in principle that
the light-emitting layer C comprises further functional mate-
rials as well as components CA and CB. For example, the
light-emitting layer C may additionally comprise at least one
compound of the formula III, preferred compounds of the
formula IIT having been specified above.

[0254] The present invention therefore further relates to
mixtures comprising at least one carbene complex in combi-
nation with at least one hole-conducting material other than
the first carbene complex or in combination with at least one
phosphorescence emitter other than the first carbene com-
plex.

[0255] The present invention further provides mixtures
comprising at least two different carbene complexes CA and
CB, the band gap of the carbene complex CA being greater
than the band gap of the carbene complex CB. Carbene com-
plex CB preferably has a band gap of 2.5 eV, more prefer-
ably from 2.5 eV t0 3.4 eV, even more preferably from 2.6 eV
to 3.2 eV and very especially preferably from2.8eVto3.2eV.
In a very especially preferred embodiment, the carbene com-
plex CB is a blue light-emitting carbene complex.

[0256] The carbene complexes CA and CB are preferably
each carbene complexes of the general formula I, the carbene
complexes CA and CB being different. Suitable and preferred
carbene complexes of the formula I and suitable quantitative
ratios of the carbene complexes CA and CB have already been
mentioned above. In a further embodiment, the present inven-
tion relates to mixtures comprising at least one carbene com-
plex in combination with at least one hole-conducting mate-
rial other than the first carbene complex or in combination
with at least one phosphorescence emitter other than the first
carbene complex, the mixtures comprising at least one car-
bene complex CB and at least one compound of the formula
1II according to claim 10, in which X is NR* or PR*, as the
hole-conducting material CA.

[0257] Ithas been found that, when mixtures comprising at
least one hole-conducting material CA and at least one phos-
phorescence emitter CB are used as the light-emitting layer in
OLEDs, a significant lengthening in the lifetime of the OLED
can be achieved. The present invention therefore further pro-
vides for the use of mixtures comprising at least one hole-
conducting material CA and at least one phosphorescence
emitter CB as a light-emitting layer in OLEDs for prolonging
the lifetime of the OLEDs. Preferred mixtures are mixtures as
have been defined above, particular preference being given to
using mixtures of two carbene complexes CA and CB, the
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band gap of the carbene complex CA used as the hole-con-
ducting material being greater than the band gap of the car-
bene complex CB used as the phosphorescence emitter. Pre-
ferred carbene complexes and suitable amounts of the at least
one hole-conducting material and of the at least one phospho-
rescence emitter in the light-emitting layer have already been
mentioned above.

[0258] The examples which follow provide additional
illustration of the invention.

EXAMPLES
Example
Production of an OLED

[0259] The ITO substrate used as the anode is cleaned first
with commercial detergents for LCD production (Deconex®
20NS and neutralizing agent 2SORGAN-ACID®) and then
in an acetone/isopropanol mixture in an ultrasound bath. To
remove possible organic residues, the substrate is exposed to
a continuous ozone flow in an ozone oven for a further 25
minutes. This treatment also improves the hole injection
properties of the ITO.

[0260] Thereafter, the organic materials specified below are
applied to the cleaned substrate by vapor deposition with a
rate of approx. 0.5-5 nm/min at about 10~7 mbar. The hole
conductor and exciton blocker applied to the substrate is
Ir(dpbic), with a thickness of 30 nm.

VD

Ir(dpbic)s

(For the preparation, see Ir complex (7) in the application WO
2005/019373.)

[0261] Subsequently, a mixture of 30% by weight of the
compound Ir(cn-pmbic),

CN

Ir(cn-pmbic)z
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and 70% by weight of the compound Ir(dpbic), is applied by
vapor deposition in a thickness of 20 nm, the former com-
pound functioning as the emitter, the latter as the matrix
material.

[0262] Subsequently, the material 9-(phenyl)-3,6-bis
(triphenylsilyl)-9H-carbazole is applied as the exciton and
hole blocker with a thickness of 5 nm by vapor deposition.

\ : N ’\
Si Si
9-(Phenyl)-3,6-bis(triphenylsilyl)carbazole

[0263] Next, an electron transporter TPBI (1,3,5-tris(N-
phenyl-2-benzylimidazolyl)benzene) in a thickness of 50 nm,
a 0.75 nm-thick lithium fluoride layer and finally a 110 nm-
thick Al electrode are applied by vapor deposition.

[0264] To characterize the OLED, electroluminescence
spectra are recorded at various currents and voltages. In addi-
tion, the current-voltage characteristic is measured in combi-
nation with the light output emitted. The light output can be
converted to photometric parameters by calibration with a
photometer. To determine the lifetime, the OLED is operated
ata constant current density of 3.2 mA/cm? and the decline in
the light output is recorded. The lifetime is defined as that
time which elapses as the luminance declines to half of the
initial luminance.

[0265] For comparison, an OLED with an electron-con-
ducting host material was produced. The structure was as
follows: 30 nm of Ir(DPBIC);, a 20 nm-thick mixture of 30%
Ir(CN-PMBIC); and 70% of an electron-conducting host,
TPBI in a thickness of 50 nm, a 0.75-thick lithium fluoride
layer and finally 110 nm of aluminum.

[0266] The lifetime of the inventive OLED is improved by
a factor of 50 compared to the comparative OLED.

1-19. (canceled)

20. An organic light-emitting diode comprising

i) an anode A;

ii) a hole-conducting layer B formed from at least one
hole-conducting material;

iii) a light-emitting layer C;

iv) an electron-conducting layer D; and

v) a cathode E;

where the layers A, B, C, D and E are arranged in the
aforementioned sequence and one or more further layers
may be arranged between layers A and B, Band C, C and
D and/or D and E, wherein the light-emitting layer C
comprises at least one hole-conducting material CA and
at least one phosphorescence emitter CB,

wherein a hole-blocking layer formed from at least one
hole blocker material and/or exciton blocker material is
present between the light-emitting layer C and the elec-
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tron-conducting layer D in direct contact to the light-
emitting layer C, wherein at least one compound of
formula III is present in the hole-blocking layer as hole
blocker material and/or excition blocker material,

(1)

R, X ®,
R39\\ X P \ /R
Si Siv— R42
R* R/‘”
in which:

X is NR¥, S, 0, PR¥, SO, or SO;

R?7 is substituted or unsubstituted C,-C,,-alkyl, substi-
tuted or unsubstituted C4-C,p-aryl, or substituted or
unsubstituted heteroaryl having from 5 to 30 ring atoms;

R38, R39, R40, R41, R42, R43
are each independently substituted or unsubstituted

C,-C,p-alkyl, or substituted or unsubstituted C4-Cs,-
aryl, or a structure of the general formula (c)

©

R, R’
are each independently substituted or unsubstituted
C,-C,p-alkyl, substituted or unsubstituted C4-Cs,-
aryl, or substituted or unsubstituted heteroaryl having
from 5 to 30 ring atoms or a substituent with donor or
acceptor action selected from the group consisting of:
C,-C,y-alkoxy, C,-C;, aryloxy, C,-C,,-alkylthio,
Cs-Cso-arylthio, SiR*R*°R?S, halogen radicals,
halogenated C,-C,,-alkyl radicals, carbonyl (—CO
(R3")), carbonylthio (—C=O0(SR>%)), carbonyloxy
(—C=0(0R?*%), oxycarbonyl (—OC—O0(R>**)),
thiocarbonyl (—SC =O(R**)), amino (—NR3**R??),
OH, pseudohalogen radicals, amido (—C=0
(NR?*)), —NR**C—=0(R?>®), phosphonate (—P(O)
(OR?%),, phosphate (—OP(O)(OR>*),), phosphine
(—PR**R**), phosphine oxide (—P(O)R>%,), sulfate
(—OS(0),0R*"), sulfoxide (S(O)R**), sulfonate
(—S(0),0R*H), sulfonyl (—S(0),R>**), sulfonamide
(—S(0),NR**R?*®), NO,, boronic esters (—OB
(OR?*),), imino (—C=NR>**R>)) borane radicals,
stannane radicals, hydrazine radicals, hydrazone radi-
cals, oxime radicals, nitroso groups, diazo groups,

vinyl groups, sulfoximines, alanes, germanes,
boroximes and borazines;
R34, R35, R36

are each independently substituted or unsubstituted
C,-C,-alkyl, or substituted or unsubstituted C4-C,,-
aryl; and
q,r are each independently 0, 1, 2 or 3; where, in the case
when q or r is 0, all substitutable positions of the aryl
radical are substituted by hydrogen,

21
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where the radicals and indices in the group of the formula
(C) X", R41'", R42"', R43'", Ram’ Rb"', qm and ' are each
independently as defined for the radicals and indices of
the compounds of the general formula IIT X, R*!, R**,
R*,R% R’ qandr.

21. The organic light-emitting diode according to claim 20,
wherein the HOMO of the at least one hole-conducting mate-
rial of the hole-conducting layer B and the HOMO of the at
least one hole-conducting material CA present in the light-
emitting layer C have a separation from the work function of
the anode A of =1 eV.

22. The organic light-emitting diode according to claim 20,
wherein the band gap of the at least one hole-conducting
material of the hole-conducting layer B and of the at least one
hole-conducting material CA of the light-emitting layer C is
greater than the band gap of the phosphorescence emitter CB.

23. The organic light-emitting diode according to claim 20,
wherein the band gap of the phosphorescence emitter CB in
the light-emitting layer is 2.5 eV.

24. The organic light-emitting diode according to claim 20,
wherein the at least one phosphorescence emitter CB com-
prises at least one element selected from groups IB, I1IB, I1IB,
IVB, VB, VIIB, VIIB, VIII, the lanthanides and IITA of the
Periodic Table of the Elements (CAS version).

25. The organic light-emitting diode according to claim 20,
wherein the at least one phosphorescence emitter is a transi-
tion metal-carbene complex of the general formula I

M

—

pt
[carbene],,-M" @ pW-

~

MLl
[XJ,

in which the symbols are each defined as follows:

M! is a metal atom selected from the group consisting of
transition metals of groups 1B, 1IB, I1IB, IVB, VB, VIIB,
VIIB, VIII, the lanthanides and IIIA of the Periodic
Table of the Elements (CAS version) in any oxidation
state possible for the particular metal;

carbene is a carbene ligand which may be uncharged or
monoanionic and mono-, bi- or tridentate; the carbene
ligand may also be a bis- or triscarbene ligand,

L is a mono- or dianionic ligand, which may be mono- or
bidentate;

K is an uncharged mono- or bidentate ligand,

nis the number of carbene ligands, where n is at least 1, and
the carbene ligands in the complex of the formula I when
n>1 may be the same or different;

m is the number of ligands L, where m may be 0 or Z1, and
the ligands L when m=1 may be the same or different; o
is the number of ligands K, where o may be 0 or 21, and
the ligands K when o>1 may be the same or different;

p is the charge of the complex: 0, 1, 2, 3 or 4; and

W~ is a monoanionic counterion;
where the sum of n+m-+o and p depends on the oxidation

state and coordination number of the metal atom used,
the charge of the complex and on the denticity of the
carbene, L and K ligands, and on the charge of the
carbene and L ligands, with the condition that n is at

least 1.
26. The organic light-emitting diode according to claim 20,
wherein the at least one hole-conducting material of the hole-
conducting layer B and/or the at least one hole-conducting
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material CA of the light-emitting layer C comprise a carbene
complex, where the carbene complexes of the hole-conduct-
ing materials in layers B and C may be the same or different,
and the band gap of the carbene complexes used as the hole-
conducting material is greater than the band gap of the at least
one phosphorescence emitter CB.

27. The organic light-emitting diode according to claim 20,
wherein an electron-blocking layer formed from at least one
electron blocker material and/or exciton blocker material is
present between the hole-conducting layer B and the light-
emitting layer C.
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28. The organic light-emitting diode according to claim 20,
wherein at least one compound of the formula I1I is present in
the electron-blocking layer as an electron blocker material
and/or exciton blocker material.

29. The organic light-emitting diode according to claim 20,
wherein the hole-conducting material CA is at least one com-
pound of the formula IIT in which X is NR or PR*.
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