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The present invention relates to the use of transition metal 
carbene complexes in organic light-emitting diodes 
(OLEDs), to a light-emitting layer, to a blocking layer for 
electrons or excitons, or to a blocking layer for holes, each 
comprising these transition metal-carbene complexes, to 
OLEDs comprising these transition metal-carbene com 
plexes, to devices Which comprise an inventive OLED, and 
to transition metal-carbene complexes. 
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USE OF TRANSITION METAL CARBENE 
COMPLEXES IN ORGANIC LIGHT-EMITTING 

DIODES (OLEDS) 

[0001] The present invention relates to the use of transi 
tion metal-carbene complexes in organic light-emitting 
diodes (OLEDs), to a light-emitting layer, to a blocking 
layer for electrons or excitons, or to a blocking layer for 
holes, each comprising these transition metal-carbene com 
plexes, to OLEDs comprising these transition metal-carbene 
complexes, to devices Which comprise an inventive OLED, 
and to transition metal-carbene complexes. 

[0002] In organic light-emitting diodes (OLEDs), the 
property of materials to emit light When they are excited by 
electrical current is utiliZed. OLEDs are of particular interest 
as an alternative to cathode ray tubes and liquid-crystal 
displays for the production of ?at 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 applica 
tions in mobile telephones, laptops, etc. 

[0003] Numerous materials have been proposed Which 
emit light on excitation by electrical current. 

[0004] WO 02/15645 relates to OLEDs Which have a 
light-emitting layer Which comprises phosphorescent tran 
sition metal compounds. The transition metal compounds 
exhibit electrophosphorescence, especially in the blue 
region of the visible electromagnetic spectrum. HoWever, 
the color coordinates of the blue emitted by the complexes 
disclosed in W0 02/ 15645 are in need of improvement. 

[0005] WO 01/41512 relates to OLEDs Which have a 
light-emitting layer Which comprises a molecule of the 
general formula LZMX Where M is more preferably iridium 
and L is selected from the group consisting of 2-(l-naphth 
yl)benZoxaZole, 2-phenylbenZoxaZole, 2-phenylbenZothiaZ 
ole, 7,8-benZoquinoline, coumarin, thienylpyridine, phe 
nylpyridine, benZothienylpyridine, 3-methoxy-2 
phenylpyridine and tolylpyridine, and X is selected from the 
group consisting of acetylacetonate, hexa?uoroacetylaceto 
nate, salicylidenes, picolinate and 8-hydroxyquinolinate. 

[0006] WO 00/70655 relates to electroluminescent layers 
Which have, as the light-emitting substance, a phosphores 
cent organometallic iridium compound or osmium com 
pound. Preference is given to using tris(2-phenylpyridi 
ne)iridium as the light-emitting compound. 

[0007] Even though compounds are already knoWn Which 
exhibit electroluminescence in the blue, red and green region 
of the electromagnetic spectrum, it is desirable to provide 
more ef?cient compounds Which are industrially usable. 
Electroluminescence refers both to electro?uorescence and 
to electrophosphorescence. In addition, the provision of 
further compounds for use as materials Which block elec 
trons, excitons or holes is of interest. 

[0008] It is therefore an object of the present application to 
provide a compound class Which is suitable for electrolu 
minescence in the visible region of the electromagnetic 
spectrum. It is a further object of the present application to 
provide compounds for use as materials Which block elec 
trons, excitons or holes. 
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[0009] These objects are achieved by the use of uncharged 
transition metal complexes of the general formula I 

(1) 

(Y3), 

Where the variables are each de?ned as folloWs: 

[0010] M is a metal atom selected from the group 
consisting ofCo, Rh, lr, Nb, Pd, Pt, Fe, Ru, Os, Cr, Mo, 
W, Mn, Re, Cu, Ag and Au in any oxidation state 
possible for the particular metal atom; 

[0011] L is a mono- or dianionic ligand Which may be 
mono- or bidentate; 

[0012] K is an uncharged mono- or bidentate ligand 
selected from the group consisting of phosphines; phos 
phonates and derivatives thereof, arsenates and deriva 
tives thereof; phosphites; CO; pyridines; nitrites, 
monoole?ns and conjugated dienes Which form a 
n-complex With M; 

[0013] n is the number of carbene ligands, Where n is at 
least 1 and the carbene ligands in the complex of the 
formula I, When n>l, may be the same or different; 

[0014] m is the number of ligands L, Where m may be 
0 or 21 and the ligands L, When m>l, may be the same 
or different; 

[0015] q is the number of ligands K, Where q may be 0 
or 21 and the ligands K, When q>l, may be the same 
or different, 

[0016] Where the sum of n+m+q depends upon the 
oxidation state and coordination number of the metal 
atom used and upon the denticity and the charge of 
the ligands, With the condition that n is at least 1; 

[0017] Do is a donor atom selected from the group 
consisting of N, O and S; 

[0018] r is 1 When Do is N and 0 When Do is O or S; 

[0019] Y1, Y2 are each independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl or heteroaryl; or 

[0020] Y1 and Y2, together With the carbon atoms to 
Which they are bonded, form a six-membered aro 
matic ring Which may comprise one or tWo nitrogen 
atoms, and is optionally fused to a further ring Which 
is optionally fused and optionally comprises heteroa 
toms; 

[0021] Y3 is hydrogen or alkyl; or 

[0022] Y3 and Y2, together With the donor atom Do 
and the carbon atom to Which Y2 is bonded, form a 
?ve- or six-membered ring Which, apart from the 
donor atom Do, may also comprise a further het 
eroatom selected from the group consisting of N, O 
and S; 
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[0023] A is a bridge having three or four atoms, of 
Which one or tWo atoms may be heteroatoms and the 
remaining atoms are carbon atoms, so that the group 

[0024] forms a ?ve-membered heteroaromatic ring or 
six-membered aromatic or heteroaromatic ring, each of 
Which is optionally substituted by substituents selected 
from the group consisting of alkyl, alkyloxy, alkylthio, 
aryl, aryloxy, arylthio, halogen, CN, CHO, alkylcarbo 
nyl, arylcarbonyl, carboxyl, alkyloxycarbonyl, ary 
loxycarbonyl, hydroxysulfonyl, alkyloxysulfonyl, ary 
loxysulfonyl, NO2 and NO, and optionally fused With a 
further ring Which is optionally fused and optionally 
comprises heteroatoms, 

[0025] Where Y1, together With a group selected from 
chemical single bond, C(Y4)2, C(O), O, S, S(O), S02 
and NYS, may optionally form a tWo-membered 
bridge B to that carbon atom or heteroatom of the 
bridge A Which is in the a-position to the carbon atom 
Which is bonded to the nitrogen atom of the carbene 
unit of the carbene ligand; 

[0026] Y4, Y5 are each independently hydrogen, alkyl, 
aryl or heteroaryl, and the tWo Y4 groups in the C(Y4)2 
bridge may be varied independently of one another. 

[0027] The transition metal complexes of the formula I 
may be used in any layer of an OLED, and the ligand 
skeleton or central metal may be varied for adjustment to 
desired properties of the metal complexes. For example, it is 
possible to use the transition metal complexes of the formula 
I in a blocking layer for electrons, a blocking layer for 
excitons, a blocking layer for holes, a hole-transporting 
layer, an electron-transporting layer or the light-emitting 
layer of the OLED. Preference is given to using the com 
pounds of the formula I as emitter molecules in OLEDs. 

[0028] A bidentate ligand means a ligand Which is coor 
dinated at tWo sites to the transition metal atom M. A 
monodentate ligand refers to a ligand Which coordinates at 
one site on the ligand to the transition metal atom M. 

[0029] Depending on the coordination number of the 
metal M used and on the nature and type of the ligands L and 
K used, and on the number of carbene ligands, different 
isomers of the corresponding metal complexes may be 
present for the same metal M and same type and number of 
the ligands K and L used and the number of carbene ligands. 
For example, in the case of complexes having a metal M 
With the coordination number 6 (i.e. octahedral complexes), 
for example Ir(III) complexes, both cis/trans isomers When 
the complexes are of the general composition MA2B4 and 
fac-mer isomers (facial/meridional isomers) When the com 
plexes are of the general composition MA3B3 are possible. 
In the case of square planar complexes having a metal M 
With the coordination number 4, for example Pt(II) com 
plexes, cis/trans isomers are possible When the complexes 
are of the general composition MA2B2. The variables A and 
B are each a binding site of a ligand, and not only mono 
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dentate, but also bidentate ligands may be present. An 
unsymmetric bidentate ligand has, according to the above 
mentioned general composition, one A group and one B 
group, a symmetric ligand tWo A groups or tWo B groups. 

[0030] Those skilled in the art understand What is meant 
by cis/trans and fac-mer isomers. In octahedral complexes, 
cis isomerism means that the tWo A groups in complexes of 
the composition MA2B4 occupy adjacent comers of an 
octahedron, While the tWo A groups in transisomerism 
occupy mutually opposite corners of an octahedron. In the 
case of complexes of the composition MA3B3, three groups 
of the same type may either occupy the comers of one 
octahedral face (facial isomer) or a meridian, i.e. tWo of the 
three ligand binding sites are trans to one another (meridi 
onal isomer). With regard to the de?nition of cis/trans 
isomers and fac-mer isomers in octahedral metal complexes, 
see, for example, I. Huheey, E. Keiter, R. Keiter, Anorga 
nische Chemie: PrinZipien von Struktur und Reaktivitat 
[Inorganic Chemistry: Principles of Structure and Reactiv 
ity], 2nd, neWly revised edition, translated into German and 
extended by Ralf Steudel, Berlin; NeW York: de Gruyter, 
1995, pages 575, 576. 

[0031] In square planar complexes, cisisomerism means 
that, in complexes of the composition MA2B2, both the tWo 
A groups and the tWo B groups occupy adjacent comers of 
a square, While both A groups and both B groups in the case 
of trans isomerism each occupy the tWo diagonally opposite 
corners of a square. With regard to the de?nition of cis/trans 
isomers in square planar metal complexes, see, for example, 
I. Huheey, E. Keiter, R. Keiter, Anorganische Chemie: 
PrinZipien von Struktur und Reaktivitat, 2nd, neWly revised 
edition, translated into German and extended by Ralf Steu 
del, Berlin; NeW York: de Gruyter, 1995, pages 557 to 559. 

[0032] In addition, the carbene ligand may also be bonded 
to the metal center in accordance With the formula shoWn 
beloW 

(Y3), 

provided that the group 

comprises a CH bond Which is suitable for cyclometalation 
and is adjacent to the double bond. In addition, in complexes 
of the formula I Where n> 1, one carbene ligand may have the 
bond to the metal center M shoWn above and the at least one 
further carbene ligand may have the bond to the metal center 
M shoWn in formula I. 



US 2008/0018221 A1 

[0033] In general, the different isomers of the metal com 
plexes of the formula I may be puri?ed and/or separated by 
processes known to those skilled in the art, for example by 
chromatography, sublimation or crystalliZation. 

[0034] The present invention therefore relates both to 
individual isomers of the transition metal-carbene com 
plexes of the formula I and to mixtures of different isomers 
in any mixing ratio. 

[0035] Transition metal complexes Which comprise car 
bene ligands are knoWn in the prior art. For instance, 
Griindemann et al., J. Am. Chem. Soc., 2002, 124, 10473 to 
10481 and Danapoulos et al., J. Chem. Soc., Dalton Trans., 
2002, 3090 to 3091 relate to iridium complexes Which 
comprise a carbene ligand having the folloWing structural 
unit 

xi] 
/ 

[0036] Hitchcock et al. J. Organomet. Chem., 1982, 239, 
C 26-C 30 disclose iridium(III) complexes Which have three 
monoanionic carbene ligands and the folloWing structural 
formula 

4%] 

[0037] HoWever, none of the documents mentioned dis 
close luminescence properties, especially electrolumines 
cence properties, of the compounds disclosed or their use in 
OLEDs. 

[0038] Yam et al., Chem. Commun. 1989, 2261 to 2262 
and Yam et al., J. Chem. Soc. Dalton Trans., 2001, 1911 to 
1919 disclose ruthenium complexes Which have a carbene 
ligand. The photophysical properties of these carbene 
ligands, including the photoluminescence of the complexes, 
Was investigated in the documents speci?ed. HoWever, no 
remarks are made relating to use of these complexes nor do 
the documents comprise remarks relating to the electrolu 
minescence of the compounds investigated. 
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[0039] Che et al., Organometallics 1998, 17, 1622 to 1630 
relates to cationic Re complexes Which have a carbene 
ligand having the folloWing structural unit 

@1 
[0040] These complexes exhibit photoluminescence. 
HoWever, use of the Re complexes and the investigation of 
the electroluminescence behavior of the complexes is not 
disclosed. 

[0041] US. Pat. No. 6,160,267 and US. Pat. No. 6,338, 
977 relate to a molecular light-emitting diode Which changes 
its color depending on vapors surrounding it. This electrode 
has a sensor-emitter layer Which comprises a neutral plati 
num complex, in Which platinum is coordinated by tWo 
negatively charged ligands selected from the group consist 
ing of CN‘, N02‘, NCO‘, NCS‘, Cl‘, Br‘, I‘and oxalate, 
and the tWo further ligands are selected from at least one and 
at most tWo arylisonitrile groups and a Fischer carbene 
complex Which has the formula =C(Y)iNH4C6H4-alkyl, 
Where Y is O-alkyl, NH-alkyl or N(alkyl)2. The essential 
feature of the Pt complexes disclosed in US. Pat. No. 
6,160,267 and US. Pat. No. 6,338,977 is the presence of at 
least one arylisonitrile group. 

[0042] The suitability of transition metal-carbene com 
plexes of the formula I according to the present invention in 
OLEDs, especially as light-emitting substances in OLEDs, 
the substances of this structure type of the formula I being 
suitable for electroluminescence in the visible region of the 
electromagnetic spectrum, is mentioned in none of the 
aforementioned documents. 

[0043] It has thus been found that the transition metal 
complexes of the formula I according to the present appli 
cation in OLEDs, especially as light-emitting substances in 
OLEDs, are suitable for the production of displays. 

[0044] The transition metal-carbene complexes of the gen 
eral formula I used in accordance With the invention pref 
erably have a metal atom M selected from the group 
consisting of Rh, Ir, Pd, Pt, Ru and Os, preference being 
given to Rh(III), Ir(III), Pd(II), Pt(II), Ru(III), Ru(IV) and 
Os(IV). Metal atoms used With particular preference are Rh, 
Ir, Pt and Ru, preferably as Rh(III), Ir(III), Pt(II), Ru(III) and 
Ru(IV). Very particular preference is given to using Ir or Pt 
as the metal atom M, preferably as Ir(III) or Pt(II), most 
preferably Ir(III). 
[0045] Suitable mono- or dianionic ligands L, preferably 
monoanionic ligands L, Which may be mono- or bidentate 
are any ligands used customarily as mono- or bidentate, 
mono- or dianionic ligands. 

[0046] Suitable monoanionic monodentate ligands are, for 
example, halides, in particular Cl‘and Br‘, pseudohalides, in 
particular CN', cyclopentadienyl (Cp'), alkyl radicals Which 
are bonded via a sigma bond to the transition metal M, for 
example CH3, alkylaryl radicals Which are bonded via a 
sigma bond to the transition metal M, for example benZyl. 

[0047] Suitable monoanionic bidentate ligands are, for 
example, acetylacetonate and derivatives thereof, picolinate, 
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Schilf bases, amino acids and tetrakis(1-pyraZolyl)borates, 
and the bidentate monoanionic ligands speci?ed in W0 
02/ 15645, of Which preference is given to acetylacetonate 
and picolinate. 

[0048] Suitable uncharged mono- or bidentate ligands 
have already been speci?ed above. Preferred uncharged 
monodentate ligands are selected from the group consisting 
of PPh3, P(OPh)3, AsPh3, CO, optionally substituted 
pyridines, nitrites and derivatives thereof. Suitable 
uncharged mono- or bidentate ligands are preferably 1,4 
diphenyl-1,3-butadiene, 1-phenyl-1 ,3 -pentadiene, 2,4-hexa 
diene, cyclooctene, n4-cyclooctadiene and nz-cyclooctadi 
ene (in each case 1,3 and 1,5) and also optionally substituted 
phenanthrolines. 
[0049] In the transition metal-carbene complexes of the 
formula I used in accordance With the invention, preference 
is given to n being at least 2, in Which case the carbene 
ligands may be the same or different, and to m and q each 
being 0 or 21, and the ligands L and K When m>1 or q>1 
may each be the same or different. The variables M, L, K, 
Do, r, Y1 to Y5 and A are each as already de?ned above. 

[0050] In the transition metal-carbene complexes of the 
formula I used in accordance With the invention, preference 
is also given to n being at least 2, in Which case the carbene 
ligands may be the same or different, and to m and q each 
being 0. The variables M, L, K, Do, r, Y1 to Y5 and A here 
too are each as already de?ned above. 

[0051] In addition, preference is given in the transition 
metal-carbene complexes of the formula I used in accor 
dance With the invention to n being at least 2, and to the 
carbene ligands being the same and to m and q each being 
0. The variables M, L, K, Do, r, Y1 to Y5 andAare again each 
as already de?ned above. 

[0052] The number n of carbene ligands in uncharged 
transition metal complexes, in Which, for example, the 
transition metal atoms Ir(III), Rh(III) or Ru(III) have a 
coordination number of 6, is from 1 to 3, preferably 2 or 3, 
more preferably 3. When n is >1, the carbene ligands may 
be the same or different, preferably the same. 

[0053] When no uncharged ligands K are present, taking 
into account the coordination number of the Ir(III), Rh(III) 
or Ru(III), the number m of monoanionic ligands L in the 
aforementioned case is accordingly 4, 2 or 0, preferably 2 or 
0, more preferably 0. When In is >1, the ligands L may be 
the same or different, preferably the same. 

[0054] The number n of carbene ligands in transition metal 
complexes in Which, for example, the transition metal atoms 
Pt(II) or Pd(II) have a coordination number of 4 is 1 or 2, 
preferably 2. When n is >1, the carbene ligands may be the 
same or different, preferably the same. 

[0055] When no uncharged ligands K are present, taking 
into account the coordination number of the Pt(II) or Pd(II), 
the number m of monoanionic ligands L in the aforemen 
tioned case is accordingly 2 or 0, more preferably 0. When 
In is >1, the ligands L may be the same or different, 
preferably the same. 

[0056] The number q of uncharged ligands K is dependent 
upon Whether the coordination number 6, for example for 
Ir(III), Rh(III) or Ru(III), or 4, for example for Pt(II) or 
Pd(II), has already been attained With the aid of the carbene 
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ligands and the ligands L. When, in the case that Ir(III), 
Rh(III) or Ru(III) are used, n equals three, q assumes a value 
of 0. When, in the case that Pt(II) or Pd(II) are used, n equals 
2, q likeWise assumes a value of 0. 

[0057] In the context of the present application, the terms 
aryl, heteroaryl, alkyl, alkenyl and alkynyl are each de?ned 
as folloWs: 

[0058] Aryl is a radical having a basic skeleton of from 6 
to 30 carbon atoms, preferably from 6 to 18 carbon atoms, 
Which is formed from an aromatic ring or a plurality of fused 
aromatic rings. Suitable basic skeletons are, for example, 
phenyl, naphthyl, anthracenyl or phenanthrenyl. This basic 
skeleton may be unsubstituted (i.e. that all carbon atoms 
Which are substitutable bear hydrogen atoms), or be substi 
tuted at one of, a plurality of, or all, substitutable positions 
of the basic skeleton. Suitable substituents are, for example, 
alkyl radicals, preferably alkyl radicals having from 1 to 8 
carbon atoms, more preferably methyl, ethyl or isopropyl, 
aryl radicals, preferably C6-aryl radicals, Which may in turn 
be substituted or unsubstituted, heteroaryl radicals, prefer 
ably heteroaryl radicals Which comprise at least one nitrogen 
atom, more preferably pyridyl radicals, alkenyl radicals, 
preferably alkenyl radicals Which bear one double bond, 
more preferably alkenyl radicals having one double bond 
and from 1 to 8 carbon atoms, or groups having donor or 
acceptor action. Groups having donor action include groups 
Which have a +I and/or +M effect, and groups having 
acceptor action include groups Which have a —I and/or —M 
effect. Suitable groups having donor or acceptor action are 
halogen radicals, preferably F, Cl, Br, more preferably F, 
alkoxy radicals, aryloxy radicals, carbonyl radicals, ester 
radicals, amine radicals, for example alkyl-, dialkyl-, aryl-, 
diarylamine radicals or else diarylamine radicals having 
bridged aryl radicals such as 1-carbaZolyl, amide radicals, 
CH2F groups, CHF2 groups, CF3 groups, CN groups, thio 
groups or SCN groups. When the aryl radicals are substi 
tuted, they most preferably bear substituents selected from 
the group consisting of methyl, F, Cl, aryloxy and alkoxy. 
Aryl is preferably a C6-Cl8-aryl radical, more preferably a 
C6-aryl radical, Which is optionally substituted by at least 
one of the aforementioned substituents. More preferably, the 
C6-C18-aryl radical, preferably C6-aryl radical, has no, one 
or tWo of the aforementioned substituents, and, in the case 
of one substituent, it is arranged in the ortho-, meta- or 
para-position to the further bonding site of the aryl radical; 
in the case of tWo substituents, they may each be arranged 
in the meta-position or ortho-position to the further bonding 
site of the aryl radical, or one radical is arranged in the 
ortho-position and one radical in the meta-position, or one 
radical is arranged in the ortho- or meta-position and the 
further radical is arranged in the para-position. 

[0059] Heteroaryl refers to radicals Which differ from the 
above-speci?ed aryl in that at least one carbon atom in the 
basic aryl skeleton has been replaced by a heteroatom. 
Preferred heteroatoms are N, O and S. Most preferably, one 
or tWo carbon atoms of the basic aryl skeleton have been 
replaced by heteroatoms. Especially preferably, the basic 
skeleton is selected from systems such as pyridine and 
?ve-membered heteroaromatics such as pyrrole or furan. 
The basic skeleton may be substituted at one of, a plurality 
of, or all, substitutable positions of the basic skeleton. 
Suitable substituents are the same as have already been 
speci?ed under the de?nition of aryl. 
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[0060] Alkyl refers to a radical having from 1 to 20 carbon 
atoms, preferably from 1 to 10 carbon atoms, more prefer 
ably from 1 to 8 carbon atoms. The alkyl may be branched 
or unbranched and optionally be interrupted by one or more 

heteroatoms, preferably Si, N, O or S, more preferably N, O 
or S. In addition, the alkyl may be substituted by one or more 
of the substituents speci?ed under the de?nition of aryl. It is 
likeWise possible that the alkyl bears one or more aryl 
groups. In this context, all of the above-listed aryl groups are 
suitable. More preferably, alkyl is selected from the group 
consisting of methyl, ethyl, n-propyl, isopropyl and tert 
butyl. 

[0061] Alkenyl refers to a radical Which corresponds to the 
aforementioned alkyl having at least tWo carbon atoms, With 
the difference that at least one C4C single bond of the alkyl, 
Where possible, has been replaced by a C4C double bond. 
The alkenyl preferably has one or tWo double bonds. 

[0062] Alkynyl accordingly refers to a radical Which cor 
responds to the aforementioned alkyl having at least tWo 
carbon atoms, With the difference that at least one C4C 
single bond of the alkyl, Where possible, has been replaced 
by a C4C triple bond. The alkynyl preferably has one or 
tWo triple bonds. 

[0063] The variables Y1 and Y2 are each independently 
hydrogen, alkyl, aryl, heteroaryl or alkenyl. 

[0064] Y1 is preferably hydrogen. Y2 is preferably hydro 
gen or alkyl, more preferably hydrogen, methyl, ethyl, 
n-propyl, isopropyl or tert-butyl. 

[0065] In a further preference, Y1 and Y2, together With the 
carbon atoms to Which they are bonded, form a six-mem 
bered aromatic ring Which may comprise one or tWo nitro 
gen atoms. This may be fused to a further, optionally fused 
and optionally heteroatom-comprising ring. In this case, the 
heteroatoms may be part of the ring or be bonded to the ring 
(in the “exo-position”). 

[0066] Examples of corresponding fused substructures of 
the carbene ligands are shoWn beloW: 

<36 
X : CR2, Q0), 0, 3, NR; R : hydrogen, alkyl, aryl 

N N\ N \ N 

< 131) << <1). / DO / 
N \ N \ 

<< TQQ << Do / N Do N/ 
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-continued 
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<5. <5. 
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-continued 

IN Do 
NQ 

<5. N 
II 

[0067] In addition, more highly fused substructures Which 
derive from the substructures shown above, for example, by 
benZofusing are also possible. 

[0068] Further examples of more highly fused substruc 
tures of the carbene ligands are also: 

£1133 
@1110 

X' I CR2, C(O), O, S, NR 
(R I hydrogen, alkyl, aryl 

XICH,N 

[0069] Preferred substructures of the carbene ligands are: 

<33 @136 
<5 
<@; 006 

@111? ' 
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-continued 

I 
<N N 
Do S 

R I hydrogen, alkyl, aryl 

[0070] In addition, Y3 and Y2, together With the donor 
atom Do and the carbon atom to Which Y2 is bonded, may 
form a ?ve- or six-membered ring Which, apart from the 
donor atom Do, may also comprise one further heteroatom 
selected from the group consisting of N, O and S. In this 
ring, Y2 (together With Y1) may already be part of an 
optionally (more highly) fused aromatic ring, for instance in 
the above-listed substructures of the carbene ligands, or Y2 
is a (formally) independent radical Which, With Y3, forms a 
further substructure of the carbene ligands. 

[0071] Since, in the aforementioned case, the (formal) 
presence of the Y3 radical is obligatory, the only possible 
donor atom is a nitrogen atom. Examples of corresponding 
substructures in the carbene ligands are: 

X I CR2, O, S, NR (R I hydrogen, alkyl, aryl) 

[0072] Preferred substructures are: 

Where X is a CH2 group or an oxygen atom. 

[0073] When Y1 and Y2 additionally, as detailed above, 
form an optionally more highly fused aromatic ring, this 
results, for example, in the substructures of the carbene 
ligands shoWn beloW: 
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X, 2A2 
5 

g2 

X, 

/\\Z (2A2 6 25f 
/ \ 

/ 2A2 2% X \ 

/ \ 

N 

t, / 
X' I O, S 

X I CR2, O, S, NR (R I hydrogen, alkyl, aryl) 

Where the symbol 

3 
represents a possible fusion of the benzene ring as detailed 
above. This symbol is preferably de?ned as one of the 
fragments 

O 

\ I /S 

/ II as 
| 

O R 

R I hydrogen, alkyl, aryl 
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[0074] Preferred substructures are: 

N 

<<N 
@X 5 

Where the symbol 

1) 
is preferably as de?ned above and X is a CH2 group or an 
oxygen atom. 

[0075] The variable A in formula I is a bridge having three 
or four atoms, of Which one or tWo atoms may be heteroa 
toms and the remaining atoms are carbon atoms, so that the 
group (also referred to hereinbeloW as “G”) 

forms a ?ve- or six-membered heteroaromatic ring or a 
benZene ring. Possible heteroatoms are in particular 0, N 
and S. 

[0076] Suitable ?ve-membered heteroaromatic rings in the 
de?nition of the group G are listed below: 

l 

0 1i 1T1 S S 
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-continued 

NAO CAN NAS SAN R—N/\N 

N%\N—R 

H 
Where R is hydrogen, alkyl, alkenyl, alkynyl, aryl or het 
eroaryl, as de?ned above, and the ring nitrogen atom, When 
R is heteroaryl, is bonded via a carbon atom or optionally via 
a heteroatom, suitable for this purpose, of the heteroaryl. 

[0077] Suitable siX-membered heteroatomatic rings in the 
de?nition of the group G are: 

[0078] For the group G, preference is given to: 

[0079] The group G may be substituted by substituents 
selected from the group consisting of alkyl, alkyloxy, alky 
lthio, aryl, aryloxy, arylthio, halogen, CN, CHO, alkylcar 
bonyl, arylcarbonyl, carboxyl, alkyloxycarbonyl, aryloxy 
carbonyl, hydroxysulfonyl, alkyloxysulfonyl, 
aryloxysulfonyl, NO2 and NO. When the substituents men 
tioned comprise heteroatoms, they are bonded to the group 
G typically via carbon atoms of the group G. HoWever, the 
bonding may also take place via suitable heteroatoms of the 
group G. 

[0080] Preferred substituted groups G are: 

(Ga) 
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-continued 
(Gb) 

R/rk” Ryk 

Rk 

Where R" is CN, CHO, alkylcarbonyl, arylcarbonyl, car 
boxyl, alkyloxycarbonyl, aryloxycarbonyl, hydroxysulfo 
nyl, alkyloxysulfonyl, aryloxysulfonyl, NO2 or NO, k" 
assumes values of 0 or 1, R and R' are each independently 
alkyl or halogen, in particular ?uorine, and k and k' assume 
values of 0 or 1, With the proviso that, in group (Ga), the sum 
ofk and k' is l or 2 and, in group (Gb), the sum ofk and k 
is l or 2 When k" assumes a value of 0, and the sum of k and 
k" is 0, l or 2 When k" assumes a value of 1. In the case that 

k" assumes a value of 0, the sum of k and k' is preferably 2; 
in the case that k" assumes a value of l, the sum of k and k" 

is preferably 0 or 2. A value of 0 for k, k' or k" means in this 
context that none of the R, R' or R" substituents and thus a 

hydrogen atom is present at the corresponding position on 
the ring. When k and k' each assume a value of l, the 
substituents are preferably the same. 

[0081] For R and R', alkyl is in particular methyl, ethyl, 
n-propyl, isopropyl and tert-butyl. Alkyl and aryl Which are 
present in the corresponding radicals of the de?nition of R" 
are, respectively, in particular methyl, ethyl, n-propyl, iso 
propyl and tert-butyl, and phenyl, naphthyl, anthracenyl or 
phenanthrenyl, each of Which may be substituted by sub 
stituents selected from the group consisting of methyl, F, Cl, 
phenoxy, methoxy, ethoxy, n-propoxy, isopropoxy and tert 
butoxy, and preference is given to optionally substituted 
phenyl. 

[0082] In particular, such substituted groups include: 

I 

CH3 CH3 CN CH3 

N [BCQ [BCQ H3CAQ 
CN F 

n addition, the group G may also be fused to a further, 
optionally heteroatom-comprising ring, in Which case the 
latter ring may itself be fused again. 
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[0083] Examples of such more highly fused groups G are: 
-continued 

X X \ 

/ X 

i, QKQQK Q X \ < % 2 X 

\ / 2g % X X \ / X 

@@ O O 

Q Where X is de?ned as O, S or NR Where R is hydrogen, alkyl 
/ — \ or aryl, preferably hydrogen or alkyl. 

X’ ' X’ X’ 

[0085] In addition, Y1, together With a group selected from 
X chemical single bond, C(Y4)2, C(O), O, S, S(O), S02 and 

NYS, may form a tWo-membered bridge B to that carbon 
— atom or heteroatom of the bridge A Which is in the a-position 

to the carbon atom Which is bonded to the nitrogen atom of 
the carbene unit of the carbene ligand. Y4 and Y5 are each 
independently alkyl, aryl or heteroaryl each as de?ned 
above, or hydrogen. The tWo Y4 in the bridge C(Y“)2 may be 
Varied independently of one another, but they are preferably 

X the same. More preferably, the tWo R4 radicals are tWo 

_ hydrogen atoms or tWo methyl groups. 

[0086] Formally, such substructures can be represented as: 

Where X is O, S or NR Where R is hydrogen, alkyl or aryl, A 
and the tWo X' are each independently a carbonyl group, \*/_\B 
CR2 group, O, S or NR Where R is hydrogen, alkyl or aryl. _ 

[0084] Preferred fused groups G are: I 

Do 2 
X Y 

X \ 
X \ / 

\ Where the asterisk denotes the carbon atom or suitable 
heteroatom, in the a-position to the N-bonded Vinylic carbon 
atom, of the bridge A, and B denotes the bridge composed 
of Y1 and chemical single bond, C(Y4)2, C(O), O, S, S(O), 
SO2 or NY5. 
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[0087] Examples of such substructures are: 

(Ba) 

<2 
Do Y2 

(Bb) 

(B0) 

X 

<f 
Do Y2 

(Bd) 
N\ 

<5, I 
[0088] In the formulae (Ba) and (Bb), the bridge B in each 
case consists of an ethylenediyl unit, in the formulae (Bc) 
and (Ed) in each case of a-CH2iXi unit in Which X is 
de?ned as C(Y4)2, C(O), O, S, S(O), SO2 or NY5. 

[0089] When Y1 and Y2 additionally form an optionally 
fused aromatic ring, for example a benzene ring, this results, 
for instance, in the substructures shoWn beloW: 

(B6) 
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-continued 
(Bf) 

(Bg) 

@1153 
I \ 

/ 

(B11) 

X 

<5, 3 
Where the bridge B is in some cases part of the benZene ring. 
X is in turn a chemical single bond, C(Y4)2, C(O), O, S, 
S(O), SO2 or NY5, and the symbol 

as before is a fusion of the benZene ring. 

[0090] Preference is given here too to this symbol having 
the de?nition of the fragments 

O 

\ I do / \N 

O l 
R 

/l J3 
R I hydrogen, alkyl, aryl 
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[0091] Preferred substructures are: 

Where X is in particular 0, S, a C(CH3)2 or SO2 group. 

[0092] In the context of the present invention, uncharged 
transition metal-carbene complexes of the general formula I 

(1) 

[mm N Y1 

( | 
Do 

(Y3), 

E 
rg/ 

are also claimed, Where the variables are each de?ned as 
folloWs: 

[0093] M is a metal atom selected from the group 
consisting of Co, Rh, lr, Nb, Pd, Pt, Fe, Ru, Os, Cr, Mo, 
W, Mn, Re, Cu, Ag and Au in any oxidation state 
possible for the particular metal atom; 

[0094] L is a mono- or dianionic ligand Which may be 
mono- or bidentate; 

[0095] K is an uncharged mono- or bidentate ligand 
selected from the group consisting of phosphines; phos 
phonates and derivatives thereof, arsenates and deriva 
tives thereof; phosphites; CO; pyridines; nitrites, 
monoole?ns and conjugated dienes Which form a 
J's-complex With M; 

[0096] n is the number of carbene ligands, Where n is at 
least 1 and the carbene ligands in the complex of the 
formula I, When n>l, may be the same or different; 

[0097] m is the number of ligands L, Where m may be 
0 or 21 and the ligands L, When m>l, may be the same 
or different; 
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[0098] q is the number of ligands K, Where q may be 0 
or 21 and the ligands K, When q>l, may be the same 
or different, 

[0099] Where the sum of n+m+q depends upon the 
oxidation state and coordination number of the metal 
atom used and upon the denticity and the charge of 
the ligands, With the condition that n is at least 1; 

[0100] Do is a donor atom selected from the group 
consisting of N, O and S; 

[0101] r is 1 When Do is N and 0 When Do is O or S; 

[0102] Y1, Y2 are each independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl or heteroaryl; or 

[0103] Y1 and Y2, together With the carbon atoms to 
Which they are bonded, form a six-membered aro 
matic ring Which may comprise one or tWo nitrogen 
atoms, and Which is optionally fused to a further ring 
Which is optionally fused and optionally comprises 
heteroatoms; 

[0104] Y3 is hydrogen or alkyl; or 

[0105] Y3 and Y2, together With the donor atom Do 
and the carbon atom to Which Y2 is bonded, form a 
?ve- or six-membered ring Which, apart from the 
donor atom Do, may also comprise a further het 
eroatom selected from the group consisting of N, O 
and S; 

[0106] A is a bridge having three or four atoms, of 
Which one or tWo atoms may be heteroatoms and the 
remaining atoms are carbon atoms, so that the group 

[0107] forms a ?ve- or six-membered heteroaromatic 
ring or benZene ring each of Which is optionally sub 
stituted by substituents selected from the group con 
sisting of alkyl, alkyloxy, alkylthio, aryl, aryloxy, 
arylthio, halogen, CN, CHO, alkylcarbonyl, arylcarbo 
nyl, carboxyl, alkyloxycarbonyl, aryloxycarbonyl, 
hydroxysulfonyl, alkyloxysulfonyl, aryloxysulfonyl, 
NO2 and NO, and optionally fused With a further ring 
Which is optionally fused and optionally comprises 
heteroatoms, 

[0108] Where Y1, together With a group selected from 
chemical single bond, C(Y4)2, C(O), O, S, S(O), S02 
and NYS, may optionally form a tWo-membered 
bridge B to that carbon atom or heteroatom of the 
bridge A Which is in the a-position to the carbon atom 
Which is bonded to the nitrogen atom of the carbene 
unit of the carbene ligand; 

[0109] Y4, Y5 are each independently hydrogen, alkyl, 
aryl or heteroaryl, and the tWo Y4 groups in the C(Y“)2 
bridge may be varied independently of one another. 
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[0110] The preferred structural features of the complexes 
and the preferred de?nitions of the variables With regard to 
the use in OLEDs also apply to the complexes claimed in 
accordance With the invention. 

[0111] Preferred inventive complexes of the formula I 
comprise one or more carbene ligands Which are obtained by 
combination of substructures selected from the group of 

<51: Q1) @1133 
Y1, Y2 I hydrogen, alkyl 

X I O, S 

mo 

R I hydrogen, alkyl, aryl 

and selected from the group of 
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-continued 

\ X 
X 

X 

i 2/ :\ /: 
CH 

X \ O 3 

CH3 

0:; i=0 [0112] X=O, S, NR; R=hydrogen or alkyl Where the 
donor atom Do is preferably S or NIY3, and Y3 is prefer 
ably methyl, ethyl, n-propyl, isopropyl or tert-butyl. 

O 

[0113] Particularly preferred inventive complexes of the 
formula I comprise one or more carbene ligands Which are 
obtained by combination of substructures selected from the 

£11 no 
Y1, Y2 I hydrogen, alkyl 

and selected from the group of 

CH3 CN CH3 CN 
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-continued -continued 

5% M 
X I O, S, NR; R I hydrogen or alkyl 

| Y2 
Y3 

Where the donor atom Do is preferably S or NiY3 and Y3 
is preferably methyl, ethyl, n-propyl, isopropyl or tert-butyl. _ _ 

[0114] In particular, the following complexes Which have 
only carbene ligands should be mentioned for this combi- NR 
nation: 

S N 

M—%<l l Y2 
Y3 

N 

M__<<l _ _ 
l Y2 
Y3 O 

S 

N 

M—%<l N 
N 

M < l I Y2 
N Y3 

n 



US 2008/0018221 A1 

1? Y2 
Y3 

NR 

N 

M < 
N 

| 
Y3 

n 

NR 

N 

M __<< 
N 

| 
Y3 

S 

M — 

-continued 

0 

14 

-continued 

S 
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N 

M C 
N 

| 
Y3 

H 

CH3 

CH3 
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-c0ntinued 

NC 

\ / 
N 

M (l M 
N Y2 

43 
n 

NC 

CH3 

15 

-continued 
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-continued -c0ntinued 

M 

W3; @A 
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-continued -continued 

0 

I 
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Where M is Ru(lll), Rh(lll), lr(lll), Pd(II) or Pt(ll), n is 3 for 
Ru(lll), Rh(lll) and lr(lll) and is 2 for Pd(II) and Pt(ll), and 
Y2 and Y3 are each hydrogen, methyl, ethyl, n-propyl, 
isopropyl or tert-butyl. M is preferably lr(lll) Where n=3. Y3 
is preferably methyl, ethyl, n-propyl, isopropyl or tert-butyl. 
Some of the isomeric compounds listed above are shoWn in 
order to illustrate What Was stated at the outset With regard N 

to the isomerism of the carbene complexes of the formula I. M (:Qjx 

[0115] Further particularly preferred inventive complexes N \ 
of the formula I comprise one or more carbene ligands Which Elf 
are obtained by combination of substructures selected from _ “ 

the group of 

<11)? @QGQ 

<< 
Do _n 

O _ 

X:O,S 

<N S 
Do N 

| / 
R X 

\ 

—n 

I X:O,S 

<N N — 
Do S 

R I hydrogen, alkyl, aryl 

and selected from the group of 

QM CN - 
Where the donor atom Do is preferably S or NiY3 and Y3 N 
is preferably methyl, ethyl, n-propyl, isopropyl or tert-butyl. M < 

[0116] In particular, the folloWing complexes Which have I? 
only carbene ligands should be mentioned for this combi- Y3 
nation: _ n 
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Y Q; 
-continued 

Y 

Y2 

CN 

NC NC 

NC 

N 

Where M is Ru(lll), Rh(lll), lr(lll), Pd(II) or Pt(ll), n is 3 for I 
Ru(lll), Rh(lll) and lr(lll) and is 2 for Pd(II) and Pt(ll), and 
Y3 is hydrogen, methyl, ethyl, n-propyl, isopropyl or tert- DO Y2 
butyl. M is preferably lr(lll) Where n=3. Y3 is preferably 

methyl’ ethyl’ n propyl’ lsopropyl or ten butyli Where Do is de?ned as S or NiY3 and Y is de?ned as O, 

[0117] Further particularly preferred inventive complexes S, C(CH3)2 or S02, Y2 is de?ned as hydrogen, methyl, ethyl, 
of the formula I comprise one or more carbene ligands Which n-propyl, isopropyl or tert-butyl, and Y3 is de?ned as 
comprise substructures selected from the group of: methyl, ethyl, n-propyl, isopropyl or tert-butyl. 




































