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Figure 1
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Figure 3
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Figure 4
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Figure 7
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Figure 11
7 Cathode, Al: 60 nm
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Figure 12
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Hole-transport layer HTL: CuPc = copper phthalocyanine
o-NPD 30 nm
UGH = ultrahigh gap host matrix material having a large
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ITO = indium tin oxide
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Figure 13
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MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

[0001] Theinvention relates to mononuclear neutral copper
(I) complexes of the formula A ([(N™N)Cul,]) and to the
use thereof for the production of opto-electronic components,

formula A

[0002] where NN stands for a chelating N-heterocyclic
ligand, which is bonded to the copper atom via two nitrogen
atoms, and L is, independently of one another, a phosphine or
arsine ligand. The two ligands [ may also be bonded to one
another, giving rise to a divalent ligand. In this case, either a)
N N must be mononegative and the two ligands (phosphine
or arsine ligands) must be neutral (preferred embodiment) or
b) NN must be neutral and the two phosphine/arsine
ligands taken together must be mono-negatively charged, so
that the mononuclear copper(l) complex is electrically neu-
tral.

INTRODUCTION

[0003] A change is currently evident in the area of display
screen and illumination technology. It will be possible to
manufacture flat displays or lighting areas with a thickness of
less than 0.5 mm. These are distinguished by many fascinat-
ing properties. Thus, for example, it will be possible to
develop lighting areas as wallpapers having very low energy
consumption. However, it is particularly interesting that it
will be possible to produce colour display screens having
hitherto unachievable colour fidelity, brightness and viewing-
angle independence, having low weight and very low power
consumption. It will be possible to design the display screens
as microdisplays or large display screens having an area of
several m? in rigid or flexible form, but also as transmission or
reflection displays. It is furthermore possible to employ
simple and cost-saving production processes, such as screen
printing, ink-jet printing or vacuum sublimation. This will
facilitate very inexpensive manufacture compared with con-
ventional flat display screens. This novel technology is based
on the principle of OLEDs, Organic Light Emitting Devices.
[0004] Components of this type consist predominantly of
organic layers, as shown diagrammatically and in a simplified
manner in FIG. 1. At a voltage of, for example, 5V to 10V,
negative electrons exit from a conducting metal layer, for
example an aluminium cathode, into a thin electron-conduc-
tion layer and migrate in the direction of the positive anode.
The latter consists, for example, of a transparent, electrically
conductive, thin indium tin oxide layer, from which positive
charge carriers (“holes”) migrate into an organic hole-con-
duction layer. These holes move in the opposite direction
compared with the electrons, more precisely towards the
negative cathode. A central layer, the emitter layer, which
likewise consists of an organic material, additionally contains
special emitter molecules, at which or in the vicinity of which
the two charge carriers recombine and result in energetically
excited states of the emitter molecules. The excited states then
release their energy as light emission. It may also be possible
to omit a separate emitter layer if the emitter molecules are
located in the hole- or electron-conduction layer.
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[0005] The OLED components can have a large-area
design as illumination elements or an extremely small design
as pixels for displays. The crucial factor for the construction
of highly efficient OLEDs is the light-emitting materials used
(emitter molecules). These can be achieved in various ways,
using organic or organometallic compounds. It can be shown
that the light yield of the OLEDs can be significantly greater
with organometallic substances, so-called triplet emitters,
than with purely organic emitter materials. Owing to this
property, the further development of organometallic materi-
als is of essential importance. The function of OLEDs has
already been described very frequently [i-vi]. A particularly
high efficiency of the device can be achieved using organo-
metallic complexes having a high emission quantum yield.
These materials are frequently referred to as triplet emitters or
phosphorescent emitters. This knowledge has been known for
some time [i-v]. Many protective rights have already been
applied for or granted for triplet emitters [vii-xix].

[0006] Triplet emitters have great potential for the genera-
tion of light in displays (as pixels) and in illumination areas
(for example as light-emitting wallpaper). A very large num-
ber of triplet emitter materials have already been patented and
are in the meantime also being employed technologically in
first devices. The solutions to date have disadvantages/prob-
lems, more precisely in the following areas:

[0007] long-term stability of the emitters in the OLED
devices,

[0008] thermal stability,

[0009] chemical stability to water and oxygen,

[0010] chemical variability,

[0011] availability of important emission colours,

[0012] manufacturing reproducibility,

[0013] achievability of high efficiencies of the conver-

sion of electrical current into light,

[0014] achievability of very high luminous densities at
the same time as high efficiency,

[0015]

[0016] toxicity of the materials used/disposal of used
light-emitting elements,

[0017]

[0018] Organometallic triplet emitters have already suc-
cessfully been employed as emitter materials in OLEDs. In
particular, it has been possible to construct very efficient
OLEDs with red- and green-luminescent triplet emitters.
However, the production of blue-emitting OLEDs continues
to encounter considerable difficulties. Besides the lack of
suitable matrix materials for the emitters, suitable hole- and/
or electron-conducting matrix materials, one of the main dif-
ficulties is that the number of usable triplet emitters known to
date is very limited. Since the energy separation between the
lowest triplet state and the ground state for blue-luminescent
triplet emitters is very large, the emission is often quenched
intramolecularly by thermal occupation of non-emitting,
excited states, in particular the metal-centred dd* states. In
previous attempts to produce blue-emitting OLEDs, pre-
dominantly organometallic compounds from the platinum
group were employed, for example Pt(1l), Ir(IIT), Os(II).
Some structural formulae (1 to 4) are depicted below by way
of example.

use of inexpensive emitter materials,

development of blue-emitting OLEDs.
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[0019] However, the blue-emitting triplet emitters used to
date are disadvantageous in a number of respects. In particu-
lar, the synthesis of such compounds requires complex, mul-
tistep (for example two or more steps) and time-consuming
reactions. In addition, the syntheses of such organometallic
compounds are frequently carried out at very high tempera-
tures (for example T=100° C.) in organic solvents. In spite of
the great synthetic complexity, only moderate to poor yields
are frequently achieved. Since, in addition, rare noble-metal
salts are used for the synthesis, very high prices (in the order
of € 1000/g) of the blue-emitting triplet emitters obtainable to
date are the consequence. In addition, the emission quantum
yields are in some cases still low, and there is a need for
improvement in the long-term chemical stability of the mate-
rials.

[0020] An alternative to such organometallic compounds
from the platinum group may be the use of organometallic
complexes of other, cheaper transition metals, in particular of
copper. Luminescent copper(I) complexes have already been
known for some time, for example copper(I) complexes with
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aromatic diimine ligands (for example 1,10-phenanthrolines)
have intense red photoluminescence [xx]. Likewise, a large
number of binuclear and polynuclear copper(I) complexes
with N-heteroaromatic [xxi] and/or phosphine ligands [xxii,
xxiil,xxiv] which exhibit intense luminescence has already
been described.

[0021] Some copper(I) complexes have already been pro-
posed as OLED emitter materials. JP 2006/228936 (I. Toshi-
hiro) describes the use of binuclear and trinuclear Cu, Ag, Hg
and Pt complexes with nitrogen-containing heteroaromatic
ligands, in particular with substituted pyrazoles. WO 2006/
032449 A1 (A. Vogler et al.) has described the use of mono-
nuclear copper(l) complexes with a tridentate trisphosphine
ligand and a small anionic ligand (for example halogen, CN,
SCN, etc.). Contrary to what has been postulated [xxv], how-
ever, this is very probably a binuclear complex [xxvi]. Elec-
troluminescent copper(I) complexes with diimine ligands
(for example 1,10-phenanthroline) have been proposed in US
2005/0221115 Al (A. Tsuboyama et al.), as have organic
polymers to which complexes of this type are attached. Vari-
ous copper(I)/diimine complexes and copper clusters [xxvii]
as green and red triplet emitters in OLEDs and LECs [xxviii]
(light-emitting electrochemical cells) have likewise been
described [xxix]. Binuclear Cu complexes with bridging,
bidentate ligands are described in WO 2005/054404 A1 (A.
Tsuboyama et al.).

DESCRIPTION OF THE INVENTION

[0022] The present invention relates to mononuclear, neu-
tral copper(I) complexes of the formula A and to the use
thereof in opto-electronic components.

formula A

[0023] In formula A (also referred to as [(NNN)CuL,]
below), NN N stands for a chelating N-heterocyclic ligand,
which is bonded to the copper centre via two nitrogen atoms,
and L stands, independently of one another, for a phosphine
or arsine ligand, where the two ligands [ may also be bonded
to one another, giving rise to a divalent ligand, or where one
ligand L or both ligands I may also be bonded to Nn N,
giving rise to a trivalent or tetravalent ligand. In this case,
either

[0024] a) NN must be mononegative and the two ligands
L (phosphine and/or arsine ligands) must be neutral (pre-
ferred embodiment) or

[0025] b) NN must be neutral and the two ligands L
(phosphine and/or arsine ligands) taken together must be
mononegatively charged, so that the copper(I) complex of the
formula A overall is electrically neutral.

[0026] Specific embodiments of the mononuclear, neutral
copper(I) complexes of the formula A according to the inven-
tion are represented by the compounds of the formulae I to IX
and are explained below.
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formula I

formula IT

formula IIT

formula IV

formula V

formula VI

formula VII
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-continued
formula VIII
N\
ol B
/ DL
formula IX
E [B""]
N \Lp
" / e
B Cu\ [B ]p
L
F N /
B””:|p

[0027] The meaning of the symbols and indices used in the
formulae I to IX is explained below.

[0028] Many of the copper complexes presented to date
usually have the disadvantage of not being neutral, but instead
being charged. In some cases, this results in problems during
the production and operation of the usual opto-electronic
components. For exaniple, the lack of volatility of charged
complexes prevents application by vacuum sublimation, and
charged emitters could result in undesired ion migration dur-
ing operation of a conventional OLED due to the high elec-
trical field strengths.

[0029] The neutrality of the copper(I) complexes of the
formulae I to IX is in all cases given since Cu(]) is monopo-
sitively charged and one of the ligands is mononegatively
charged. The mononuclear neutral copper(I) complexes
according to the invention accordingly have one mononega-
tively charged ligand and one neutral ligand.

[0030] In order that the complexes are suitable as blue
triplet emitters for OLEDs, their S,-T, energy separations
must be sufficiently large (S,=electronic ground state,
T,=lowest excited triplet state). The energy separations
should be greater than 22,000 cm™, preferably greater than
25,000 cm™!. This requirement is satisfied by the complexes
of the present invention. Complexes having a smaller S;-T,
energy separation are also suitable for green or red emission.

[0031] A) Anionic Ligands N—B—N and Neutral Ligands
L or L-B'-LL (Phosphines and Arsines, Monovalent or Diva-
lent)

[0032] Preference is given to complexes of the formulae 1
and I1, namely

formula I

B) Cu<
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_continued [0039] (B)is R,B, where R has the meaning mentioned
formula 1T above, for example H,B, Ph,B, Me,B, (R*),N),B etc.
(where Ph=phenyl, Me=methyl), and where B stands for
boron;
\ I [0040] “*” denotes the atom which forms the complex
/ bond; and
\ [0041] “% denotes the atom which is bonded to the sec-
ond unit via B.

[0042] These ligands will be referred to as N—B—N
below.

[0043] The following examples are intended to illustrate

[0033] with a mononegatively charged ligand, so that the these ligands:

monopositive charge of the Cu(I) central ion is neutralised. In
these formulae,

: 9 9
@N @N* H\B/N N Ph B/N N
# H/ \N—N Ph/ N—NXN
Zi—7Zy  Z3—7 Z3—Y Y—72 \ \
NN N N\ N\
Z; N Y\/I\ * ZZ\/N* ZZVN* L . L _
4 # # #
O () O
[0034] where j / i
[0035] Z,-7, are on each occurrence, identically or dif- Me\ /N_N N_N\ /N_‘\I
ferently, N or CR; /B\ /B\
[0036] R is on each occurrence selected, identically or Me N—N N—N N—X
differently, from the group consisting of H, D, F, Cl, B, \ \ \
I, CN, NO,, NR"),, C(FO)RY, Si(R1),, a straight-chain AN AN AN

alkyl, alkoxy or thioalkyl group having 1 to 40 C atoms
or a branched or cyclic alkyl, alkoxy or thioalkyl group
having 3 to 40 C atoms or an alkeny! or alkynyl group N

N
having 2 to 40 C atoms, each of which may be substi- ( (/ 7
tuted by one or more radicals R', where one or more / /
non-adjacent CH, groups may be replaced by R"C=CR, H\ /N_N Ph\ /N_\I
C=C, Si(R"),, Ge(R'),, Sn(R"),, C=0, C=8, C=Se, /B\ /B\
C=NR',P(=O)(R"), SO, SO,,NR", 0, S or CONR* and H N—N Pi"  N—N
where one or more H atoms may be replaced by D, F, Cl, < ) 4 )
Br, I, CN or NO,, an aromatic or heteroaromatic ring \N X
system having 5to 60 aromatic ring atoms, which may in - - - -
each case be substituted by one or more radicals R!, an B N ] N N ]
aryloxy or heteroaryloxy group having 5 to 60 aromatic ( 7 ( 7 ( 7
ring atoms, which may be substituted by one or more / / /
radicals R', or a combination of these systems, where Me\ /N_N N_N\ /N_N
two or more adjacent substituents R may optionally /B\ /B\
form a monocyclic or polycyclic, aliphatic, aromatic or Me N—N N—N N—N
heteroaromatic ring system, which may be substituted 4 ) < ) 4 )
by one or more radicals R'; \N \N \N
[0037] R'is on each occurrence selected, identically or - - - -
differently, from the group consisting of H, D, F, CN, an B AN ] B AN N
aliphatic hydrocarbon radical having 1 to 20 C atoms, an O\ O\
aromatic or heteroaromatic ring system having 5 to 30 H N=N Ph N=V
aromatic ring atoms, in which one or more H atoms may \B/ \B/
be replaced by D, F, Cl, Br, I or CN, where two or more 7\ 7/ \
adjacent substituents R* may form a mono- or polycy- H /N =N i /N=‘\I
clic, aliphatic, aromatic or heteroaromatic ring system o\) O\)
with one another; L _ L .

[0038] Y is on each occurrence, identically or differ-
ently, O, S or NR;
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-continued
[ /§ ParTaYy
\ o\
Me N=N N=N N=N
\B/ \B/
7/ \ 7\
Me /N=N N=N\ /N=N
i O\)_ _&/O O\)_

[0044] These structures may also be substituted by one or
more radicals R.

[0045] Inaddition, the anionic ligands ofthe formulae III to
VI can also be a nitrogen ligand of the general formula:

N_
*
c N*
I3=74
[
ZZVN*
#
"
AN Zs—74 Ti=74 Y—7;
R A .
2 * * 2 *
\N/ \/ N4
# # #
7 R R
7—Y 77 g, R Y
‘SR
2 5
\/ v Zg/ \N/
# # # #

[0046] where Z,-Z, have the same meaning as defined
above for Z,-7,, and where R, Y and the symbols “*” and “#”
have the same meaning as defined above, and furthermore:

[0047] B" is a neutral bridge, in particular is on each
occurrence, identically or differently, a divalent bridge
selected from NR, BR, O, CR,, SiR,, C=NR, C=CR,, S,
S=0, SO,, PR and P(=O)R.

[0048] Nitrogen ligands which contain the bridge B" will
be referred to as N—B"—N below, and those which do not
contain the bridge will be referred to as N N.
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[0049] The following examples are intended to illustrate
these ligands:

[0050] These structures may also be substituted by one or
more radicals R.

[0051] Complexes of the general formulae 111 to VI thus
arise:

formula IIT

formula IV

formula V

formula VI

[0052] where:

[0053] L is a monodentate phosphine or arsine ligand

R;E (where E=P or As),

[0054] L-B'-L is a phosphanyl or arsanyl radical (R,E#,
where E=P or As), which is bonded to a further radical L
via a bridge B' and thus forms a bidentate ligand; and

[0055] B'is an alkylene or arylene group or a combina-
tion of the two, or —O—, —NR— or —SiR,—.



US 2016/0043332 Al

[0056] 1In a preferred embodiment of the invention, E is
equal to phosphorus.

[0057]
this:
[0058] Examples of L:

[0059] Ph,P, Me,P, Et,P, Ph,MeP, Ph,BnP, (cyclohexyl),P,
(PhO),P, (MeO),P, Ph;As, Me;As, Et;As, Ph,MeAs,
Ph,BnAs, (cyclohexyl);As (Ph=phenyl, Me=methyl,
Et=ethyl, Bn=benzyl).

[0060] Examples of L-B'-L:

The following examples are intended to illustrate

RZP/\ PR, / \ / \

RoP PR, R.P PR,
Il{ PR,
! Rop NN -~

PR,

PR,

PR,
l l PR, .
P/\/
OO .
PRy JL
RoP PR
PR, 2 2
0~ ;
PR, PR,
R,P PR,
R
R R
R
R R
> < R P
p NS R
R,P PR,
R
R R
R
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-continued

o]
R,P ><
R,P. o

R R

| |

0 0

0 S

P PR, R OPR,

PP

R/| |\R
R R

etc.

[0061] The ligands [ and L-B'-L here may also be substi-
tuted by one or more radicals R, where R has the meaning
mentioned above.

[0062] B) Neutral Ligands N—B"—N and Anionic
Ligands L-B"-L

[0063] As already stated above, Cu(I) complexes of the
form [(NMN)Cu(R;P),]An or [(NN)Cu(PmP)]An [(N
M N)=diimine ligand, (P P)=bidentate phosphine ligand,
An=anion] have already been described as luminescent mate-
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rials and have also already been used in opto-electronic com-
ponents. The novel feature of the metal complexes of the
formulae VII and VIII is the neutrality, which is why they can
advantageously be employed in corresponding applications.

formula VII

formula VIII

[0064] Nitrogen heterocycles are defined as under A), but
the bridge B" is neutral.

[0065] This gives rise to neutral nitrogen ligands, such as,
for example:
8 a8
N N
= T/
N
/ N \ \N
x
Z N
X
[0066] The ligands here may also be substituted by one or

more radicals R.
[0067] They will be denoted by L-B"-L, or N'N' below.

[0068] L is likewise defined as under A). B™ is a monon-
egatively charged bridge, such as R,B(CH,), or carborane.
Examples of mononegatively charged phosphine ligands can
therefore be the following:
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[0069] The ligands here may also be substituted by one or
more radicals R.

[0070] The above-mentioned neutral and mononegatively
charged nitrogen and phosphine ligands are already known
from the coordination chemistry of the transition metals. US
6649801 B2 (J. C. Peters et al.) and US 5627164 (S. Gorun et
al.) have described some zwitterionic transition-metal com-
plexes with boron-containing ligands as potential catalysts.
Since the excited states of the N-heteroaromatic groups (in
particular pyrazolyl groups) and those of the phosphine and
arsine ligands are energetically very high, these ligands are
frequently used as auxiliary ligands (i.e. they are not involved
in the T -S, transition which is responsible for the emission)
in luminescent transition-metal complexes. The patents WO
2005118606 (H. Konno), CN 1624070 A (Z. H. Lin) and US
20020182441 A1 (M. E. Thompson et al.) comprehensively
describe Ir(IlI), Pt(Il), Os(II) complexes as emitters which
contain cyclometallating ligands of the 2-phenylpyridine
type as chromophores and pyrazolylborates as auxiliary
ligands.
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[0071] The combination described of A) mononegatively
charged nitrogen ligands N—B—N (or N—B"—N and N
™ N) and neutral ligands I or L-B'-L and of B) neutral ligands
N—B"—N (or N'n N') and mononegatively charged ligands
L-B™-L in a metal complex with a tetracoordinated Cu(l)
central ion surprisingly results in strongly photoluminescent
materials. Both the metal atom and the (hetero)aromatic moi-
eties of the two ligands N—B—N (or N—B"—N, N~ N) and
L-B'-LorN—B"—N (or N'""N”)and L-B"'-L are involved in
the electronic transition on which the emission is based and
which is associated with the HOMO-LUMO transition. This
is illustrated in FIG. 4, which shows by way of example the
limiting orbitals for a complex.

[0072] C)Complexes with a Bridge Between the N Ligand
and L
[0073] Preference is given to neutral complexes of the for-
mula IX:
formula IX
[BV " V]P
E N \
\ 2
B Cu< [B"]
e
F N
B)
[0074] Inthis formula, the Nheterocycles denoted by E and

F have, independently of one another, the same meaning as
the heterocycles denoted by A, B, C or D above. B"" has,
independently of one another, the same meaning as the above-
mentioned bridges B, B', B" or B™ or may also stand for a
single bond. The index p stands, independently of one
another, for 0, 1, 2 or 3, preferably for 0, 1 or 2, particularly
preferably for 0 or 1, where at least one index p which
describes a bridge between an N heterocycle and L is not
equal to 0. p=0 here means that no bridge B"" is present. In
order to obtain neutral complexes, the charges of the N het-
erocycles denoted by E and F and of the bridges B"" must be
selected appropriately so that the charges compensate for the
charge of the Cu(I) ion.

[0075] As stated above, the compounds according to the
invention are used in an electronic device. An electronic
device here is taken to mean a device which comprises at least
one layer which comprises at least one organic compound.
However, the component may also comprise inorganic mate-
rials or also layers which are built up entirely from inorganic
materials.

[0076] Theelectronic deviceis preferably selected from the
group consisting of organic electroluminescent devices
(OLED:s), organic integrated circuits (O-1Cs), organic field-
effect transistors (O-FETs), organic thin-film transistors
(O-TFTs), organic light-emitting transistors (O-LETs),
organic solar cells (O-SCs), organic optical detectors, organic
photoreceptors, organic field-quench devices (O-FQDs),
light-emitting electrochemical cells (LECs), organic laser
diodes (O-lasers), OLED sensors, in particular gas and
vapour sensors which are not hermetically screened from the
outside, and organic plasmon emitting devices (D. M. Koller
et al., Nature Photonics 2008, 1-4), but preferably organic
electroluminescent devices (OLEDs).
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[0077] The organic electroluminescent device comprises a
cathode, anode and at least one emitting layer. Apart from
these layers, it may also comprise further layers, for example
in each case one or more hole-injection layers, hole-transport
layers, hole-blocking layers, electron-transport layers, elec-
tron-injection layers, exciton-blocking layers and/or charge-
generation layers. Interlayers, which have, for example, an
exciton-blocking function, may likewise be introduced
between two emitting layers. However, it should be pointed
out that each of these layers does not necessarily have to be
present. The organic electroluminescent device here may
comprise one emitting layer or a plurality of emitting layers.
If a plurality of emission layers are present, these preferably
have in total a plurality of emission maxima between 380 nm
and 750 nm, resulting overall in white emission, i.e. various
emitting compounds which are able to fluoresce or phospho-
resce are used in the emitting layers. Particular preference is
given to three-layer systems, where the three layers exhibit
blue, green and orange or red emission (for the basic structure
see, for example, WO 05/011013).

[0078] In a preferred embodiment of the invention, the
complexes of the formulae A and I to IX according to the
invention are employed as triplet emitters in an emitter layer
of a light-emitting opto-electronic component. In particular
through a suitable combination of the ligands N—B—N (or
N—B"—N and N N) and L or L-B"-L, emitter substances
can also be obtained for blue emission colours (see below,
Examples 1-3), where, on use of other ligands having lower-
lying triplet states, it is also possible to synthesise light-
emitting Cu(l) complexes having other emission colours
(green, red) (see also Example 4).

[0079] The complexes of the formulae A and I to IX can, in
accordance with the invention, also be employed as absorber
materials in an absorber layer of an opto-electronic compo-
nent, for example in organic solar cells.

[0080] The proportion ofthe copper(I) complex in the emit-
ter or absorber layer in an opto-electronic component of this
type is 100% in an embodiment of the invention. In an alter-
native embodiment, the proportion of the copper(I) complex
in the emitter or absorber layer is 1% to 99%.

[0081] The concentration of the copper(I) complex as emit-
ter in optical light-emitting components, in particular in
OLEDs, is advantageously between 1% and 10%.

[0082] Suitable matrix materials which can be used in com-
bination with the copper(I) complex are preferably selected
from aromatic ketones, aromatic phosphine oxides and aro-
matic sulfoxides and sulfones, for example in accordance
with WO 04/013080, WO 04/093207, WO 06/005627 or the
unpublished application DE 102008033943.1, triarylamines,
carbazole derivatives, for example CBP (N,N-biscarbazolyl-
biphenyl) and the carbazole derivatives disclosed in WO
05/039246, US 2005/0069729, JP 2004/288381, EP 1205527
or WO 08/086851, indolocarbazole derivatives, for example
in accordance with WO 07/063754 or WO 08/056746, azac-
arbazole derivatives, for example in accordance with EP
1617710,EP 1617711, EP 1731584, IP 2005/347160, bipolar
matrix materials, for example in accordance with WO
07/137725, silanes, for example in accordance with WO
05/111172, azaboroles and boronic esters, for example in
accordance with WO 06/117052, triazine derivatives, for
example in accordance with the unpublished application DE
102008036982.9, WO 07/063754 or WO 08/056746, zinc
complexes, for example in accordance with EP 652273 or
WO 09/062578, and diazasilol and tetraazasilol derivatives,
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for example in accordance with the unpublished application
DE 102008056688.8. It may also be preferred to use a mix-
ture of two or more of these matrix materials, in particular of
at least one hole-transporting matrix material and at least one
electron-transporting matrix material.

[0083] Itisalso possible to use the compounds according to
the invention in another layer of the organic electrolumines-
cent device, for example in ahole-injection or -transport layer
or in an electron-transport layer. Due to the comparatively
easy oxidisability of the copper(]) ion, the materials are also
particularly suitable as hole-injection or hole-transport mate-
rial.

[0084] In general, all further materials which are usually
used in the area of organic semiconductors, inparticular in the
area of organic electroluminescent devices, for example hole-
injection and -transport materials, electron-injection and
-transport materials, hole-blocking materials, exciton-block-
ing materials, etc., can be employed in accordance with the
invention for the other layers. The person skilled in the art can
therefore employ all materials known for organic electrolu-
minescent devices in combination with the compounds
according to the invention without inventive step.

[0085] The present invention also relates to electronic
devices, in particular the electronic devices mentioned above,
which comprise a copper(I) complex described here. The
electronic component here can preferably be in the form of an
organic light-emitting component, an organic diode, an
organic solar cell, an organic transistor, an organic light-
emitting diode, a light-emitting electrochemical cell, an
organic field-effect transistor or an organic laser.

[0086] Preference is furthermore given to an electronic
device, in particular an organic electroluminescent device,
characterised in that one or more layers are applied by means
of a sublimation process, in which the materials are applied
by vapour deposition invacuum sublimation units at an initial
pressure of below 10~ mbar, preferably below 10~° mbar.
However, it is also possible for the initial pressure to be even
lower, for example below 1077 mbar.

[0087] Preference is likewise given to an electronic device,
in particular an organic electroluminescent device, character-
ised in that one or more layers are applied by means of the
OVPD (organic vapour phase deposition) process or with the
aid of carrier-gas sublimation, in which the materials are
applied at a pressure between 10~> mbar and 1 bar. A special
case of this process is the OVJP (organic vapour jet printing)
process, in which the materials are applied directly through a
nozzle and thus structured (for example M. S. Amold et al.,
Appl. Phys. Lett. 2008, 92, 053301).

[0088] Preference is furthermore given to an electronic
device, in particular an organic electroluminescent device,
characterised in that one or more layers are produced from
solution, such as, for example, by spin coating, or by means of
any desired printing process, such as, for example, screen
printing, flexographic printing or offset printing, but particu-
larly preferably LITI (light induced thermal imaging, thermal
transfer printing) or ink-jet printing. Soluble compounds,
which are obtained, for example, by suitable substitution, are
required for this purpose. The application can also be carried
out by wet-chemical methods by means of a colloidal suspen-
sion. If the application is carried out by wet-chemical meth-
ods by means of a colloidal suspension, the particle size is
preferably <10 nm, particularly preferably <1 nm.
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[0089] These processes are generally known to the person
skilled in the art and can be applied by him without inventive
step to organic electroluminescent devices comprising the
compounds according to the invention. Hybrid processes, in
which a plurality of the above-mentioned processes are com-
bined for different layers, are likewise possible. The present
invention likewise relates to these processes.

[0090] The compounds according to the invention are very
highly suitable for use in electronic devices and result, in
particular on use in an organic electro-luminescent device, in
high efficiencies, long lifetimes and good colour coordinates.

FIGURES

[0091] Advantageous embodiments arise, in particular,
from the copper(l) complexes according to the invention
shown in the figures and the experimental data obtained using
them. The drawings show the following:

[0092] FIG. 1 shows a diagrammatic and simplified repre-

sentation of the mode of functioning of an OLED (the applied
layers only have a thickness of, for example, about 300 nm);

[0093] FIG. 2 shows limiting orbital contours: HOMO
(left) and LUMO (right) of [Cu(pz,BH, )(pop)] (see Example
1) (the DFT calculations were carried out at the B3LYP/
LANL2DZ theory level. The starting geometry used was the
crystal structure of [Cu(pz,BH,)(pop)]);

[0094] FIG. 3 shows an ORTEP image of a [Cu(H,Bpz,)
(pop)] molecule;

[0095] FIG. 4 shows photoluminescence spectra of [Cu
(H,Bpz,)(pop)] investigated as pure polycrystalline material
(a) and as dopant in a PMMA film (b);

[0096] FIG. 5 shows an ORTEP image ofa [Cu(H,B(5-Me-
pZ),)(pop)] molecule;

[0097] FIG. 6 shows a photoluminescence spectrum of [Cu
(H,B(5-Me-pz),)(pop)] as pure polycrystalline material;
[0098] FIG. 7 shows an ORTEP image of a [Cu(Bpz,)
(pop)] molecule;

[0099] FIG. 8 shows a photoluminescence spectrum of [Cu
(Bpz4)(pop)] as pure polycrystalline material;

[0100] FIG. 9 shows an ORTEP image of a [Cu(H,Bpz,)
(dppb)] molecule;

[0101] FIG. 10 shows a photoluminescence spectrum of
[Cu(Bpz,)(pop)] as pure polycrystalline material;

[0102] FIG. 11 shows an example of an OLED device hav-
ing an emitter layer comprising a copper complex according
to the invention, which can be applied by wet-chemical meth-
ods (the layer thickness data are illustrative values);

[0103] FIG. 12 shows an example of an OLED device
which can be produced by means of the vacuum sublimation
technique, comprising complexes according to the invention
in the emitter layer; and

[0104] FIG. 13 shows an example ofa differentiated, highly
efficient OLED device comprising a sublimable copper com-
plex according to the invention as emitter material.
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EXAMPLES

[0134] The invention is now explained by means of
examples with reference to figures, without wishing it to be
restricted thereby. The person skilled in the art will be able to
carry out the invention throughout the range disclosed from
the descriptions and prepare further complexes according to
the invention without inventive step and use them in elec-
tronic devices or use the process according to the invention.

Example 1

o

B

[0135]

—N \N
\ /
C\ -/N\ B/N\- /)
/\
H H

[Cu(H;Bpz;)(pop)]

[0136] Preparation

[0137] A solution of [Cu(CH;CN),](PF,) (0.186 g, 0.500
mmol) and bis(2-diphenyl-phosphinophenyl) ether (pop,
0.269 g, 0.500 mmol) in acetonitrile (15 ml) is stirred for 30
min. under an argon atmosphere. K[H,Bpz,] (0.093 g, 0.500
mmol) is then added to the solution, and the resultant mixture
is stirred for a further 2 hours under an argon atmosphere. The
resultant white precipitate is filtered off and washed three
times with 5 ml of acetonitrile. Yield 0.313 g, 84%.
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Cu(CH;CN),
P,

—N N—
\N N/ CH3CN
\C / \ / Va
H/B\H
K+

[0138] 'H-NMR (CDCl,, 298 K): 87.59 (d, 2H), 7.05-7.22
(m, br, 20H), 6.78-6.87 (m, br, 6H), 6.68-6.71 (m, br, 2H),
5.84 (1, 2H), 5.30 (s, 2H). *C{'H}-NMR: 8 128.2, 129.2,
130.6, 132.8, 134.0, 134.3, 140.1. *'P{'H}-NMR: § -17.23
(s), —-18.75 (s). ES-MS: m/e=749.3 (MH"*, 100.0%), 750.3
(58.0%), 748.2 (24.0%), 752.3 (21.5%), 753.3 (4.8%). EA:
found C, 61.72;H,4.52; N, 6.72%; calc. C, 61.93; H,4.59; N,
6.72 (for C,3H;,BCuN,OP,Cl,).

[0139]

[0140]
3.

[0141]

[0142] The photoluminescence properties of this complex
are shown in FIG. 4.

Crystal Structure
An ORTEP image of this complex is shown in FIG.

Photoluminescence Properties
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Example 2

[0143]

O
o0
C_N N=—

\ /

AN N\B/Nj
/\

HoH

[Cu(H;B(5-Me-pz);)(pop}]

[0144] Preparation

[0145] The synthetic route is analogous to [Cu(H,Bpz,)
(pop)] (Example 1). Yield 81%. 'H-NMR (CDCl,, 298 K): &
7.52 (d, 2H), 7.35-7.29 (m, br, 10H), 7.22 (d, 4H), 7.12 (t,
8H), 6.99 (td, 2H), 6.86 (td, 2H), 6.72-6.67 (m, br, 2H),
6.61-6.58 (m, 2), 5.76 (d, 2F), 1.46 (s, 6F). *C{'H}-NMR:
d 14.07, 103.1, 119.6, 124.1, 128.1, 128.2, 129.2, 130.4,
132.5,132.6,133.8, 133.4,134.5, 134.7,135.4, 148 .9, 157.0.
3PIHLNMR: § —14.89 (5), -16.18 (s), -17.14 (5). ES-MS:
m/e=MH", 772.2 (100.0%), 778.2 (57.0%), 780.2 (22.2%),
781.2(6.8%). EA: found C, 68.45; H, 5.10; N, 7.33%; calc. C,
68.00; H, 5.19; N, 7.21 (for C,,H,;BCuN,OP,CL,).

[0146] Crystal Structure

[0147] An ORTEP image of this complex is shown in FIG.
5.

[0148] Photoluminescence Properties

[0149] The photoluminescence properties of this complex
are shown in FIG. 6.

Example 3
[0150]

P

—N
\

AN

7

Z,

4

S

\

B

S

[Cu(Bpzy)(pop)]

Z
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[0151] Preparation

[0152] The synthetic route is analogous to [Cu(H,Bpz,)
(pop)] (Example 1). Yield 79%. 'H-NMR (CDCl,, 298 K): &
7.38 (br, 4H), 7.05-7.24 (m, br, 20H), 6.76-6.98 (m, br, 6H),
6.68-6.71 (m, br, 2H), 5.85 (1, 4H), 5.30 (s, 4H). *C{'H}-
NMR: § 104.4, 106.3, 120.3, 124.4, 124.8, 126.4, 128.2,
128.3,128.5,128.6,129.3,129.7,130.8,131.5,131.6, 131.8,
132.0,133.2,133.3, 133.4,133.8, 134.0, 134.1,135.3, 135.9,
141.7, 157.8, 157.9, 158.1. 3! P{'H}-NMR: & -14.37 (s).
ES-MS: m/e=881.4 (MH", 100.0%), 882.4 (63.0%), 883.4
(59.0%), 884.3 (26.1%), 880.4 (23.2%), 885.4 (6.3%), 886.3
(1.4%). EA: found C, 61.55; H, 4.48; N, 11.63%; calc. C,
60.85; H, 4.48; N, 11.59 (for C,,H,,BCuN,OP,CL,).
[0153] Crystal Structure

[0154] An ORTEP image of this complex is shown in FIG.
7.

[0155] Photoluminescence Properties

[0156] The photoluminescence spectrum of this complex is
shown in FIG. 5.

[0157] Example 4

OO
STt

\N\ Y%

Z\Z

\

[Cu(H,Bpz,)(dppb)]

[0158] Synthetic Route

[0159] The synthetic route is analogous to [Cu(H,Bpz,)
(pop)] (Example 1). Yield 80%. 'H-NMR (CDCl,, 298 K):
7.38 (br, 4H), 7.05-7.24 (m, br, 20H), 6.76-6.98 (m, br, 6H),
6.68-6.71 (m, br, 2H), 5.85 (1, 4H), 5.30 (s, 4H). *C{'H}-
NMR: § 103.0, 128.4, 128.5, 128.6, 128.9, 129.0, 129.2,
130.3,132.5,132.9, 133.0, 133.1, 133.8,134.1,134.3, 134.5,
134.6, 134.7, 139.9, 142.7, 143.2, 143.6. >'P{'H}-NMR: §
-1.96 (s), -7.37 (s). ES-MS: m/e=657.1 (MH", 100.0%),
658.1(52.4%), 656.1 (34.6%), 660.1 (14.1%), 661.1 (4.2%).
EA: found: C, 65.42; H, 4.86; N, 8.42%; calc.: C, 65.81; H,
4.91; N, 8.53 (for C,oH,;BCuNgOP,).

[0160] Crystal Structure

[0161] An ORTEP image of this complex is shown in FIG.
9.

[0162] Photoluminescence Properties

[0163] The photoluminescence spectrum of [Cu(Bpz,)
(pop)] as pure polycrystal-line material is shown in FIG. 10.

Example 5

OLED Devices

[0164] The copper complexes according to the invention
can be used as emitter substances in an OLED device. For
example, good power efficiencies can be achieved in a typical
OLED layer structure consisting of an ITO anode, a hole
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conductor comprising PEDOT/PSS, the emitter layer accord-
ing to the invention, optionally a hole-blocking layer, an
electron-conductor layer, a thin LiF or CsF interlayer for
improving electron injection and a metal electrode (cathode).
These various layers having a total thickness of a few 100 nm
can be applied, for example, to a glass substrate or another
support material. A corresponding sample device is shown in
FIG. 11.

[0165] The meaning of the layers shown in FIG. 11 is as
follows:
[0166] 1. The support material used can be glass or any

other suitable solid or flexible transparent material.
[0167] 2. ITO=indium tin oxide.

[0168] 3. PEDOT/PSS=polyethylenedioxythiophene/
polystyrenesulfonic acid. This is a hole-conductor mate-
rial (HTL=hole transport layer) which is water-soluble.

[0169] 4. Emitter layer, frequently abbreviated to EML,
comprising an emitter substance according to the inven-
tion. This material can be dissolved, for example, in
organic solvents, which enables dissolution of the
underlying PEDOT/PSS layer to be prevented. The
emitter substance according to the invention is used in a
concentration which prevents or greatly restricts self-
quenching processes or triplet-triplet annihilations.
Concentrations greater than 2% and less than 12% have
proven highly suitable.

[0170] 5. ETL=electron-transport material. For
example, vapour-depositable Alq, can be used. The
thickness is, for example, 40 nm.

[0171] 6. The very thin interlayer of, for example, CsF or
LiF reduces the electron-injection barrier and protects
the ETL layer. This layer is generally applied by vapour
deposition. For a further simplified OLED structure, the
ETL and CsF layers can optionally be omitted.

[0172] 7. The conductive cathode layer is applied by
vapour deposition. Al represents an example. It is also
possible to use Mg:Ag (10:1) or other metals.

[0173]
to 15 V.

[0174] Further embodiments are shown by FIGS. 12 and
13, in which OLED devices comprising the emitter sub-
stances according to the invention are produced by means of
the vacuum sublimation technique.

[0175]
follows:

[0176] 1. The support material used can be glass or any
other suitable solid or flexible transparent material.

[0177] 2. ITO=indium tin oxide.

[0178] 3. HTL=hole transport layer. o-NPD, for
example, in a thickness of, for example, 40 nm can be
employed for this purpose. The structure shown in FIG.
13 can be supplemented by a suitable further layer
between layers 2 and 3, which improves hole injection
(for example copper phthalo-cyanine (CuPe, for
example 10 nm in thickness)).

[0179] 4. The electron-blocking layer is intended to
ensure that electron transport to the anode is suppressed
since this current would only cause ohmic losses (thick-
ness, for example, 30 nm). This layer can be omitted if
the HTL layer is already intrinsically a poor electron
conductor.

The voltage applied to the device is, for example, 3

The meaning of the layers shown in FIG. 13 is as
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[0180] 5. The emitter layer comprises or consists of the
emitter material according to the invention. For sublim-
able materials according to the invention, this can be
applied by sublimation. The layer thickness can be, for
example, between 50 nm and 200 nm. For emitter mate-
rials according to the invention which emit in the green
or red, the common matrix materials, such as CBP (4,4'-
bis(N-carbazolyl)biphenyl), are suitable. For emitter
materials according to the invention which emit in the
blue, UHG matrix materials (see, for example, M. E.
Thompson et al., Chem. Mater. 2004, 16, 4743) or other
so-called wide-gap matrix materials can be employed.

[0181] 6. The hole-blocking layer is intended to reduce
ohmic losses caused by hole currents to the cathode.
This layer can, for example, have a thickness of 20 nm.
A suitable material is, for example, BCP (4,7-diphenyl-
2,9-dimethylphenanthroline=bathocuproin).

[0182] 7. ETL=electron-transport material. For
example, vapour-depositable Alq; can be used. The
thickness is, for example, 40 nm.

[0183] 8. Thevery thin interlayer of, for example, CsF or
LiF reduces the electron-injection barrier and protects
the ETL layer. This layer is generally applied by vapour
deposition.

[0184] 9. The conductive cathode layer is applied by
vapour deposition. Al represents an example. It is also
possible to use Mg:Ag (10:1) or other metals.

[0185] The voltage applied to the device is, for example, 3
Vio15V.

Example 6

Production and Characterisation of Organic
Electroluminescent Devices from Solution

[0186] LEDs are produced by the general process outlined
below. In individual cases, this is adapted to the particular
circumstances (for example layer-thickness variation in order
to achieve optimum efficiency or colour).

[0187] General Process for the Production of OLEDs:

[0188] The production of such components is based on the
production of polymeric light-emitting diodes (PLEDs),
which has already been described many times in the literature
(forexamplein WO 2004/037887 A2). In the present case, the
compounds according to the invention are dissolved in tolu-
ene, chlorobenzene or DMF together with the matrix materi-
als or matrix-material combinations mentioned. The typical
solids content of such solutions is between 10 and 25 g/l if, as
here, the layer thickness of 80 nm which is typical fora device
is to be achieved by means of spin coating. OLEDs having the
following structure are produced analogously to the above-
mentioned general process:

PEDOT 20 nm (spin-coated from water; PEDOT purchased from
BAYER AG; poly|[3,4-ethylenedioxy-2,5-thiophene])

Matrix + 80 nm, 10% by weight of emitter (spin-coated from tolu-

emitter ene, chlorobenzene or DMF)

Ba/Ag 10 nm of Ba/150 nm of Ag as cathode.

[0189] Structured ITO substrates and the material for the

so-called buffer layer (PEDOT, actually PEDOT:PSS) are
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commercially available (ITO from Technoprint and others,
PEDOT:PSS as Clevios Baytron P aqueous dispersion from
N. C. Starck).

[0190] The structures of an emitter E1 in accordance with
the prior art and of the matrices M are depicted below for
clarity:

emitter E1
— — ClOy
(US 2005/0221115)

M1

N\ /N

e Si\
N N
(DE10200856688.8)
M2
0

(DE102008033943.1)
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-continued

(DE102008033943.1)

[0191] The emission layer is applied by spin coating in an
inert-gas atmosphere, in the present case argon, and dried by
heating at 120° C. for 10 min. Finally, a barium and silver
cathode is applied by vacuum vapour deposition. The solu-
tion-processed devices are characterised by standard meth-
ods; the OLED examples mentioned have not yet been opti-

mised.

[0192] Table 1 shows the efficiency and voltage at 100

cd/m? and the colour.

TABLE 1

14

1-12. (canceled)

M3 13. A compound of the formula IX:

Brrrr]p
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formula IX

where the N heterocycles denoted by E and F are, indepen-

dently of one another,

#
N Z3—174
E F - z// SR
2 * &
N* \N/
# #

Device results

Z3=74

[\
NS

#

EQE at Voltage at
Matrix 100cd/m? 100 cd/m? CIE
Ex. Emitter [%] V] x/y
Ex. 7 ML (20%) 43 8.4 0.45/0.49
(comparison) M3 (70%)
Emitter E1
Ex. 8 ML (65%) 5.7 3.6 0.12/0.26
M3 (25%)
Ex. 1
Ex. 9 M3 3.0 6.5 0.11/0.23
Ex. 2
Ex. 10 M2 (55%) 3.5 6.3 0.12/0.25
M3 (35%)
Ex. 3
Ex. 11 ML (20%) 9.3 4.8 0.46/0.52
M3 (70%)
Ex. 4

where * denotes the atom which forms the complex bond
and

# denotes the atom which is bonded to the second unit via
B, and the following applies to the other symbols used:

Z,-Z, are on each occurrence, identically or differently, N
or CR;

R is on each occurrence selected, identically or differently,
from the group consisting of H, D, F, Cl, Br, I, CN, NO,,
NRY,, C(=0R', Si(RY);, a straight-chain alkyl,
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alkoxy or thioalkyl group having 1 to 40 C atoms or a
branched or cyclic alkyl, alkoxy or thioalkyl group hav-
ing 3 to 40 C atoms or an alkenyl or alkynyl group having
21040 C atoms, each of which may be substituted by one
or more radicals R', where one or more non-adjacent
CH, groups may be replaced by R'C=CR!, C=C,
SiRY, GeR'),, SnRY), C=0, C=S, C=Se,
C=NR!, P(=0O)(R}), SO, SO,, NR!, O, S or CONR*
and where one or more H atoms may be replaced by D,
F, Cl, Br, I, CN or NO,, an aromatic or heteroaromatic
ring system having 5 to 60 aromatic ring atoms, which
may in each case be substituted by one or more radicals
R*, an aryloxy or heteroaryloxy group having 5 to 60
aromatic ring atoms, which may be substituted by one or
more radicals R', or a combination of these systems,
where two or more adjacent substituents R may option-
ally form a monocyclic or polycyclic, aliphatic, aro-
matic or heteroaromatic ring system, which may be sub-
stituted by one or more radicals R';

R! is on each occurrence selected, identically or differ-
ently, from the group consisting of H, D, F, CN, an
aliphatic hydrocarbon radical having 1 to 20 C atoms, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, in which one or more H atoms may
be replaced by D, F, Cl, Br, I or CN, where two or more
adjacent substituents R* may form a mono- or polycy-
clic, aliphatic, aromatic or heteroaromatic ring system
with one another;

Y is on each occurrence, identically or differently, O, S or
NR;

L is a monodentate phosphine or arsine ligand R,E (where
E=P or As);

(B)is R,B, where R has the meaning mentioned above, for
example H,B, Ph,B, Me,B, ((R'),N),B etc. (where
Ph=phenyl, Me=methyl).

B'is an alkylene or arylene group or a combination of the
two, or —O—, —NR— or —SiR,—;

B" is a neutral bridge, in particular is on each occurrence,
identically or differently, a divalent bridge selected from
NR,BR, O, CR,, SiR,, C=NR, C—CR,, S, S—0, SO,,
PR and P(—O)R,

B" is a mononegatively charged bridge, such as R,B
(CH,), or carborane.

15
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and

B"" has, independently of one another, the same meaning
as the bridges (B), B', B" or B" or may also stand for a
single bond; furthermore: the index p stands, indepen-
dently of one another, for 0, 1, 2 or 3, where at least one
index p which describes a bridge between an N hetero-
cycle and L is not equal to 0.

14. The compound according to claim 13, wherein the
coordinating atom E in the ligands [ is equal to phosphorus.

15. A method comprising utilizing the compound accord-
ing to claim 13 in an electronic device.

16. An electronic device comprising one or more of the
compounds according to claim 13, wherein the device is
selected from the group consisting of organic electrolumines-
cent devices (OLEDs), organic integrated circuits (O-ICs),
organic field-effect transistors (O-FETs), organic thin-film
transistors (O-TFTs), organic light-emitting transistors
(O-LETs), organic solar cells (O-SCs), organic optical detec-
tors, organic photoreceptors, organic field-quench devices
(O-FQDs), light-emitting electrochemical cells (LECs),
organic laser diodes (O-lasers), and OLED sensors.

17. An electronic device according to claim 16, wherein the
compound is employed as emitter in an emitter layer of a
light-emitting opto-electronic component or as absorber
material in an absorber layer ofan opto-electronic component
or as charge-transport material, or as hole-transport material.

18. Organic electroluminescent device according to claim
16, wherein the compound is employed in combination with
a matrix material, where the matrix material is preferably
selected from aromatic ketones, aromatic phosphine oxides,
aromatic sulfoxides, aromatic sulfones, triarylamines, carba-
zole derivatives, indolocarbazole derivatives, azacarbazole
derivatives, bipolar matrix materials, silanes, azaboroles,
boronic esters, triazine derivatives, zinc complexes, diaza-
silol or tetraazasilol derivatives and mixtures of two or more
of these matrix materials.

19. Process for the production of an electronic device
according to claims 16, wherein one or more layers are
applied by means of a sublimation process or in that one or
more layers are applied by means of the OVPD (organic
vapour phase deposition) process or with the aid of carrier-
gas sublimation or in that one or more layers are produced
from solution or by means of any desired printing process.
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