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CONJUGATED POLYMERS AND BLENDS
CONTAINING CARBAZOLE,
REPRESENTATION AND USE THEREOF

RELATED APPLICATIONS

[0001] This Application is a Division of U.S. patent appli-
cation Ser. No. 10/544,437, filed on Aug. 23, 2005, which is
a U.S. national stage application of International Application
No. PCT/EP2004/00994, filed Feb. 4, 2004, all of which are
incorporated herein by reference in their entirety and which
claims priority of German Patent Application No. 103 04
819.7, filed on Feb. 6, 2003.

[0002] Wide-ranging research on the commercialization of
display and lighting elements based on polymeric (organic)
light-emitting diodes (PLEDs) has been pursued for about 12
years. This development was triggered by the fundamental
developments disclosed in EP 423 283 (WO 90/13148).
Recently, a first product in the form of a relatively small
display (in a shaver from PHILIPS N.V.) has also become
available on the market. However, significant improvements
are still necessary to make these displays genuinely competi-
tive with the liquid crystal displays (LCDs) which currently
dominate the market or to surpass them. In particular, it is
necessary to provide polymers for all emission colors (red,
green, blue) which meet the requirements of the market (color
saturation, efficiency, operating life, voltage, to name the
most important).

[0003] Various classes of materials have been proposed or
developed as polymers for full-color display elements. Thus,
polyfluorene derivatives as are disclosed, for example, in EP
0842208, WO 99/54385, WO 00/22027, WO 00/22026 and
WO 00/46321 come into consideration. Furthermore,
polyspirobifluorene derivatives as disclosed in EP 0707020,
EP 0894107 and WO 03/020790 are also possibilities. Poly-
mers which comprise a combination of the two first-named
structural elements, as disclosed in WO 02/077060, have also
been proposed. In general, polymers comprising poly-para-
phenylene (PPP) as structural element are possible for such
use. Apart from the abovementioned classes, “ladder PPPs”
(=LPPPs) (e.g. as described in WO 92/18552), polytetrahy-
dro-pyrenes (e.g. as described in EP-A-699699) and also
PPPs containing ansa structures (e.g. as described in EP-A-
690086), for example, also come into question.

[0004] As has already been established in some of the
abovementioned patent applications, it is necessary to poly-
merize particular comonomers into the appropriate polymers
in order to produce all three emission colors (cf., for example,
WO 00/46321, DE 10143353.0 and WO 02/077060). It is
then generally possible, starting from a blue-emitting back-
bone, to produce the two other primary colors red and green.
[0005] Furthermore, it has been reported that the insertion
of particular arylamino groups gives an improvement in the
properties:

[0006] WO 99/54385 describes polyfluorenes whose
efficiency and operating voltage can be improved by
polymerizing derivatives of triphenylamine, tetraphe-
nyl-p-diamino-benzene or tetraphenyl-4,4'-diaminobi-
phenyl into the main chain of the respective polymers.

[0007] DE 19846767 describes polyfluorenes in which
the efficiency and operating voltage is likewise
improved by incorporating substituted diarylamino
units into the main chain.

[0008] WO 01/49769 describes polymers containing tri-
arylamino groups in which at least one of the aryl groups
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is a heteroaryl group in general terms. Particular advan-
tages of these polymers are not described.

[0009] WO 01/66618 describes copolymers which have
not only aryl units but also specific triarylamino or tet-
raaryl-p-di-aminoarylene units in the main chain. The
corresponding amino building blocks comprise trifluo-
romethyl-substituted phenyls which are bound directly
to the nitrogen atoms, but are not incorporated into the
main chain. An advantage mentioned is that these mate-
rials have, especially in contrast to the derivatives men-
tioned in the abovementioned WO 99/54385, a more
readily adjustable HOMO position and therefore have
advantages in use.

[0010] Despite the progress cited in the abovementioned

patent applications, there is still a considerable need for

improvements in such materials. Significant improvements
are still necessary in, inter alia, the following fields:

[0011] (1) The current-voltage curves have to become con-
siderably steeper for a high brightness to be achieved in use
at sufficiently low voltages and thus a higher power effi-
ciency to be achieved. This is of tremendous importance
since, firstly, it allows the same brightness to be achieved at
a lower energy consumption, which is very important for,
in particular, mobile applications (displays for mobile tele-
phones, PDAs, etc.). Secondly, higher brightnesses are
obtained at the same energy consumption, which can be of
interest for, for example, lighting applications.

[0012] (2) Many of the BLUE-emitting polymers described
do not display a saturated deep blue emission, but instead a
light blue emission whose color saturation is not satisfac-
tory for all applications.

[0013] As can be seen from this description of the prior art,
there continues to be a great need for improvements in the
field of light-emitting polymers.
[0014] We have surprisingly found that hitherto unknown
polymers comprising particular carbazole units give consid-
erable improvements, especially in the two abovementioned
areas, i.e. the steepness of the current-voltage curves (and
thus the operating voltage) and the color. These are therefore
subject matter of the present patent application.

[0015] The invention accordingly provides conjugated

polymers (POLY1) comprising 1-100 mol %, preferably

5-100 mol %, particularly preferably 10-100 mol %, of units

of the formula (1),

FORMULA (I)
R
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where the symbols and indices have the following meanings:
[0016] R isidentical or different on each occurrence and is
a cycloalkyl system which has from 3 to 40 carbon atoms
and may be substituted or unsubstituted, an aromatic or
heteroaromatic ring system which has from 2 to 40 carbon
atoms and may be substituted or unsubstituted or an alky-
lenearyl, alkylenecycloalkyl or alkyleneheteroaryl system
which has a linear or branched alkylene chain having from
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1 to 16 carbon atoms and may be substituted or unsubsti-
tuted; the aryl, heteroaryl and cycloalkyl systems can also
be part of a larger fused aromatic or aliphatic ring system;
the possible substituents R* can potentially be located on
each free position;

[0017] Aryl are identical or different on each occurrence
and are each an aromatic or heteroaromatic ring system
which has from 2 to 40 carbon atoms and may be substi-
tuted or unsubstituted or a substituted or unsubstituted
stilbenylene or tolanylene unit; the possible substituents R
can potentially be located on each free position;

[0018] R'isidentical or different on each occurrence and is
a straight-chain, branched or cyclic alkyl or alkoxy chain
which has from 1 to 22 carbon atoms and in which one or
more nonadjacent carbon atoms may also be replaced by
N—R2, O, S, —CO—0—, O—CO—0, where one or
more H atoms may also be replaced by fluorine, an aryl or
aryloxy group which has from 5 to 40 carbon atoms and in
which one or more carbon atoms may also be replaced by
O, S or N which may also be substituted by one or more
nonaromatic radicals R*, or Cl, F, CN, N(R?),, B(R?),,
where two or more radicals R' may also together form a
ring system;

[0019] R“isidentical or different on each occurrence and is
a straight-chain, branched or cyclic alkyl or alkoxy chain
which has from 1 to 22 carbon atoms and in which one or
more nonadjacent carbon atoms may also be replaced by
N—R2, O, S, —CO—0—, O—CO—0, where one or
more H atoms may also be replaced by fluorine, an aryl or
aryloxy group which has from 5 to 40 carbon atoms and in
which one or more carbon atoms may also be replaced by
O, S or N which may also be substituted by one or more
nonaromatic radicals R, or C1, F, CN, N(R?),, B(R?),;

[0020] R?is identical or different on each occurrence and is
H, a straight-chain, branched or cyclic alkyl chain which
has from 1 to 22 carbon atoms and in which one or more
nonadjacent carbon atoms may also be replaced by O, S,
—CO—0—, O—CO—0, where one or more H atoms
may also be replaced by fluorine, an aryl group which has
from 5 to 40 carbon atoms and in which one or more carbon
atoms may also be replaced by O, S or N which may also be
substituted by one or more nonaromatic radicals R';

[0021] m isidentical or different on each occurrence and is
0,1o0r2;

[0022] o is identical or different on each occurrence and is
0, 1 or 2, with the proviso that o must not be 0 when m=2;

[0023] risidentical or different on each occurrence and is 0
orl,

[0024] =z is identical or different on each occurrence and is
0,1.20r3;

the open-line bond indicates the linkage in the polymer; it

should in the present case not be a methyl group.

BRIEF DESCRIPTION OF THE FIGURE

[0025] FIG. 1 shows a comparison of the current-voltage
curves for the polymer P35 according to the invention (con-
taining 10% of carbazole) with the comparative polymer C2
(containing 10% of the hole conductor M9 but no carbazole)
and the comparative polymer C4 (containing no other hole
conductor nor any carbazole).

[0026] The carbazole unit can be bound in various ways in
the polymer chain: linkage at only one of the points leads to an
end group or to incorporation of the structural unit of the
formula (I) into the side chain; linkage at two positions leads
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to incorporation of the monomer into the main chain of the
polymer; incorporation of the structural unit of the fornmula (I)
into the main chain preferably occurs via the 3, 6 or 2,7
positions of the carbazole or else via the 2, 9 or 3,9 positions
if R is an aromatic or heteroaromatic ring system in the last
two cases so that conjugation of the polymer is retained. The
carbazole is particularly preferably incorporated via the 3,6 or
2,7 positions or via the 3,9 positions if R is an aromatic or
heteroaromatic ring system. It is very particularly preferably
incorporated via the 3, 6 or 2,7 positions. For the sake of
clarity, the numbering of carbazole is indicated in the follow-
ing structure:

[0027] For the purposes of the present invention, conju-
gated polymers are polymers which contain mainly sp*-hy-
bridized (or also sp-hybridized) carbon atoms in the main
chain, which may also be replaced by appropriate heteroat-
oms. In the simplest case, this means the presence of alter-
nating double and single bonds in the main chain. “Mainly”
means that naturally occurring defects which lead to interrup-
tions to the conjugation do not invalidate the term “conju-
gated polymers”. Furthermore, a polymer in which, for
example, arylamine units such as the carbazole of the formula
(I) or other such units and/or particular heterocycles (i.e.
conjugation viaN, O or S atoms) and/or organometallic com-
plexes (i.e. conjugation via the metal atom) are present in the
main chain is likewise described as conjugated in the present
patent application. On the other hand, units such as simple
(thio)ether bridges, ester linkages, amide or imide linkages
would be unambiguously defined as non-conjugated seg-
ments.

[0028] The polymers of the invention can comprise further
structural elements in addition to the units of the formula (D).
These are, inter alia, those which have been disclosed in the
abovementioned patent applications. Reference will at this
point be made, in particular, to the relatively comprehensive
listing in the abovementioned patent application WO
02/077060; this is incorporated by reference into the present
invention. The further structural units can come, for example,
from the classes described below:

[0029] 1. Structural units which can form the polymer

backbone or BLUE-emitting units:

[0030] Mention should here firstly be made of units
which form polyphenylenes and structures derived
therefrom. These are, for example, (in each case substi-
tuted or unsubstituted) ortho-, meta- or para-phenylenes,
1,4-naphthylenes, 9,10-anthracenylenes, 2,7-phenan-
threnylenes, 1,6- or 2,7- or 4,9-pyrenylenes or 2,7-tet-
rahydropyrenylenes.  Corresponding  heterocyclic
“polyphenylene”-forming structures, for example 2,5-
thiophenylene, 2,5-pyrrolylene, 2,5-furanylene, 2,5-py-
ridylene, 2,5-pyrimidinylene or 5,8-quinolinylene are
also possible.

[0031] Furthermore, more complex units such as the
abovementioned fluorenes, spiro-9,9'-bifluorenes, mul-
tiply bridged units (e.g. short segments of the abovemen-



US 2011/0068304 Al

tioned LPPP polymers) and also “double fluorene” units
(indenofluorenes) are possible. These, too, may be sub-
stituted or unsubstituted. Corresponding heterocyclic
structures in which, for example, individual ring carbons
are replaced by heteroatoms such as sulfur are also pos-
sible here.

[0032] 2. Structural units which improve the charge injec-
tion properties or charge transport properties. This can
relate both to the electron injection or electron transport
properties (for example oxadiazole units) and to the hole
injection or hole transport properties (for example triary-
lamine units). Here, reference may once again be made to
the comprehensive listing of such structural units in the
above-cited patent application WO 02/077060; this is
incorporated by reference into the present invention. Naph-
thylarylamines as are described in the unpublished patent
application DE 10249723.0 are likewise possible for this
purpose.

[0033] 3. Structural units which, for example, shift the
color of the emission, thus also alter the band gap of the
polymer and thus generally also alter the charge injection
or charge transport properties:

[0034] Mention may here be made of, for example, fur-
ther heterocyclic compounds such as the structures men-
tioned in the abovementioned patent application WO
02/077060 under the formulae (XX) to (XXXXV).

[0035] Furthermore, arylene-vinylene or arylene-acety-
lene structures such as substituted or unsubstituted stil-
benylenes, tolanylenes, bisstyrylarylenes, bis(arylacety-
lene)arylenes may also be mentioned here.

[0036] Finally, the incorporation of relatively large aro-
matic units such as chrysenes, naphthacenes, penta-
cenes, perylenes or coronenes can also produce the
color-shifting effect.

[0037] 4. Structural units which can emit light with high
efficiency from the triplet state even at room temperature:
[0038] These are firstly, in particular, compounds con-

taining heavy atoms, i.e. atoms from the Periodic Table
of the Elements which have an atomic number of greater
than 36.

[0039] Compounds which containd and f transition met-
als which meet the abovementioned conditions are par-
ticularly suitable for this purpose. Very particular pref-
erence is given here to corresponding structural units
containing elements of groups 8 to 10 (i.e. Ru, Os, Rh, Ir,
Pd, Pt).

[0040] Various complexes which are described, for
example, in the patent applications WO 02/068435, WO
02/081488, EP 1239526 and the unpublished patent
application DE 10238903.9 are possible as structural
units for the polymers of the invention.

[0041] A selection of preferred further units for the poly-

mers of the invention are listed in the following overview:

-continued
(RY,

Mar. 24, 2011



US 2011/0068304 Al

-continued
(RY,

3 7
®Y), N/ \N

<1|1‘>n <I|U>n
N — N\
O—=

®Y Ry, :
- "Al'yl_\\ '
(Rz)q/ - Anl—y
w2 § | N P T—
[ ®), N B ®RY, "]
|\\ A |
2N PRI
\\M/
N
NS YO N
®D, |, | ®Y Bl
7 AN
®hy— | ——®),
/
. Tryl
R,
N
&

R

[0042] The symbols Aryl, R" and R* used here are defined

analogously to those described further above.

[0043] nis identical or different on each occurrence and is
0,1,2,30r4;

[0044] p is identical or different on each occurrence and is
0,1,2o0r3;
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[0045] q is identical or different on each occurrence and is
0,1o0r2;

[0046] M is identical or different on each occurrence and is
RhorIr;

and the broken-line bonds shown in each case symbolize the

linkage in the polymer; these should in the present case not be

methyl groups.

[0047] The polymers of the invention are either homopoly-

mers, i.e. they contain only one structure of the formula (I), or

copolymers. It can be preferred that these either contain a

plurality of different structural units of the formula (I) or

contain one or more of the above-described or above-listed
structural units in addition to one or more structural unit(s) of

the formula (I).

[0048] The copolymers of the invention can have either

random or alternating or block-like structures or a plurality of

these structures can alternate in them. The use of a plurality of
different structural elements enables properties such as solu-
bility, solid state morphology, color, etc., to be adjusted.

[0049] As stated above, particularly preferred polymers

according to the invention comprise at least 10 mol of struc-

tural units of the formula (I). Specifically for use as emitting
material in the PLEDs mentioned, a proportion in this order of
magnitude has been found to be useful. For other applica-
tions, e.g. as charge transport layer in organic field effect
transistors (OFETs), a significantly higher proportion (up to

100 mol %) can also prove to be useful.

[0050] Inpreferred structures of the formula (1), the follow-

ing applies:

[0051] R isidentical or different on each occurrence and is
an aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, pyridine, qui-
noxaline,  fluorene, spirobifluorene, naphthalene,
anthracene, pyrene and phenanthrene which bears from 0
to 3 substituents R* on the free positions or an alkylenearyl
or alkyleneheteroaryl ring system whose alkylene chain
can be linear or branched and has from 1 to 16 carbon
atoms and whose aryl and heteroaryl system consists of the
systems described in detail above which bear from 0 to 3
substituents R on the free positions;

[0052] Arylisidentical or different on each occurrence and
is an aromatic or heteroaromatic ring system which has
from 2 to 40 carbon atoms and may be substituted or
unsubstituted; the aryl and heteroaryl systems can also be
part of a larger fused aromatic ring system; the possible
substituents R* can, if present, be located on each free
position;

[0053] R',R? R r,zare analogous to the definitions given
above;

[0054] m is identical or different on each occurrence and is
Oorl;

[0055] o is identical or different on each occurrence and is
0,1o0r2;

the structural unit of the formula (I) is bound into the main

chain of the polymer via the 3, 6 or 2,7 positions or via the 2,

9 or 3,9 positions if R is an aromatic or heteroaromatic unit.

[0056] In particularly preferred structures of the formula

(D), the following applies:

[0057] Risidentical or different on each occurrence and is
an aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, pyridine,
naphthalene, anthracene, pyrene and phenanthrene which
are unsubstituted or substituted by a substituent R', or a
9,9'-substituted fluorene or a methyleneary! or methylene-
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heteroaryl ring system whose aryl or heteroaryl system
comprises the systems described in detail above which can
have the same substitution pattern as the abovementioned
systems:

[0058] Arylisidentical or different on each occurrence and
is an aromatic or heteroaromatic ring system which has
from 2 to 20 carbon atoms and may be substituted or
unsubstituted; the aryl and heteroaryl systems can also be
part of a larger fused aromatic ring system; the possible
substituents R" can potentially be located on each free
position;

[0059] R', R? R< r are analogous to the definitions given
above;

[0060] m is identical or different on each occurrence and is
Oorl;

[0061] o is identical or different on each occurrence and is
0,1o0r2;

[0062] zis identical or different on each occurrence and is
Oorl;

the structural unit of the formula (I) is bound into the main

chain of the polymer via the 3,6 positions, the 2,7 positions or

the 3,9 positions if R is an aryl or heteroaryl system.

[0063] Particularly preferred structures of the formula (I)

are substituted or unsubstituted structures corresponding to

the depicted formulae (I) to (XXXI), where the broken-line

bonds define the linkage in the polymer and potential sub-
stituents are generally not shown in the interests of clarity:

Formula (I)
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Formula (V)

Formula (VI)

Formula (VII)

Formula (VIIT)

Formula (IX)
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Formula (X)
Formula (XI)
Formula (XID)
Fomula (XIII)
‘i‘
Formula (XIV)
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Formula (XV)
Z\ S

‘i\.
Formaul (XVI)

“
Formula (XVII)
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Formaul (XVIIT)

Z\ S
“

Formaul (XIX)
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-continued -continued
Formula (XX) Formula (XXV)

Formula (XXTI)
Formula (XXVI)

Formula (XXII)

N
Formula (XX VII)

‘OO AT

Formula (XX VIIT)

Formula (XXIV)
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-continued
Formula (XXIX)

Formula (XXX)

Formula (XXXI)

O OGO

[0064] In very particularly preferred structures of the for-

mula (1), the following applies:

[0065] R is identical or different on each occurrence and is
an aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, naphthalene,
anthracene and phenanthrene which are unsubstituted or
substituted by a substituent R*, or a benzyl group whose
phenyl group can have the same substitution pattern as the
abovementioned systems;

[0066] Arylis identical or different on each occurrence and
is an aromatic or heteroaromatic ring system which has
from 2 to 20 carbon atoms and may be substituted or
unsubstituted; the aryl and heteroaryl systems can also be
part of a larger fused aromatic ring system; the possible
substituents R' can potentially be located on each free
position;

[0067] R, R* R? rare analogous to the definitions given
above;

[0068] m is identical or different on each occurrence and is
OorI;

[0069] ois 1 on each occurrence;
where the unit is bound into the polymer chain via the 3,6 or
2,7 positions of the carbazole.

[0070] Even if this is indicated by the description, it will at
this point be once more stated explicitly that both the struc-
tural units of the formula (T) and any units of the formulae (IT)
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to (XXXI) can be unsymmetrically substituted, i.e. different
substituents R* can be present on one unit or these can also be
bound in different positions.
[0071] The polymers of the invention generally have from
10 to 10 000, preferably from 50 to 5000, particularly pref-
erably from 50 to 2000, repeating units. The polydispersity
PD s preferably less than 10, particularly preferably less than
5.
[0072] The necessary solubility is achieved, in particular,
by means of the substituents R' both on structures of the
formula (I) and on structures which, as indicated above, are
additionally present in corresponding copolymers.
[0073] In general, it is therefore necessary for at least 2
nonaromatic carbon atoms to be present on average in the
substituents per repeating unit. Preference is given to at least
4, particularly preferably at least 8, carbon atoms. Individual
carbon atoms among these carbon atoms can also be replaced
by Oor S. This does not rule out a situation where a particular
proportion of repeating units, both of the formula (I) and of
other structural types, bear no further nonaromatic substitu-
ents.

[0074] Preference is given to no long-chain substituents

having more than 12 carbon atoms, preferably none having

more than § carbon atoms, particularly preferably none hav-
ing more than 6 carbon atoms in a linear chain, being present,
so that the morphology of the film is not impaired.

[0075] Nonaromatic carbon atoms are, as in the description

of R, present in appropriate straight-chain, branched or

cyclic alkyl or alkoxy chains.

[0076] Preference is therefore also given to polymers

according to the invention in which:

[0077] R'isidentical or different on each occurrence and is
a straight-chain, branched or cyclic alkyl or alkoxy chain
having from 1 to 10 carbon atoms, where one or more H
atoms may also be replaced by fluorine, or an aryl group
which has from 6 to 14 carbon atoms and is also substituted
by one or more nonaromatic radicals R'.

[0078] Particular preference is therefore also given to poly-

mers according to the invention in which:

[0079] R'isidentical or different on each occurrence and is
a straight-chain or branched alkyl or alkoxy chain having
from 1 to 8 carbon atoms or an aryl group which has from
6 to 10 carbon atoms and is also substituted by one or more
nonaromatic radicals R”.

[0080] The polymers of the invention have, inter alia, the

following surprising advantages compared to the abovemen-

tioned prior art:

[0081] The current at a given voltage is significantly
higher for comparable polymers when used in PLEDs
(cf. data intable 2 and in FIG. 1), i.e. the current-voltage
curve is steeper when the polymer comprises structural
units of the formula (I). This gives significant advan-
tages, as indicated above, in use since the objective of
producing efficient full-color displays having a low
energy consumption is made possible.

[0082] The use of polymers according to the invention
for the production of blue emission surprisingly has
further advantages: the emission color becomes deeper
(i.e. deep blue) than that obtained when using analogous
polymers without structural units of the formula (I)
(compare, for example, polymers P1 and P2 with poly-
mers C1 and C2).

[0083] Copolymers of this type can be constructed so
that they can emit all primary colors (red, green, blue).
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[0084] The solubility in organic solvents is generally
good, i.e. the polymers are soluble in concentrations of
from 1 to at least 30 g/1 (depending on molecular weight)
in solvents such as toluene, xylene, anisole, methylani-
sole or methylnaphthalene.

[0085] The polymers of the invention are generally pre-
pared by polymerization of one or more monomers of which
at least one comprises structures of the formula (I).

[0086] There is in principle a relatively large number of
different polymerization reactions suitable for this purpose;
however, the types listed below, which all lead to C—C bond
formation, have been found to be particularly useful:

(A) SUZUKI polymerization

(B) YAMAMOTO polymerizations

(C) STILLE polymerizations

(D) HARTWIG/BUCHWALD polymerizations

[0087] More precise details regarding the polymerization
methods (A) to (D) may be found, for example, in the unpub-
lished patent application DE 10249723.0. In the case of poly-
mers containing double bonds (alkene units), the following
polymerization methods are also possible:

(E) WITTIG-HORNER polymerization: here, monomers
used are firstly a bisaldehyde and secondly bisphosphonates
or corresponding monoaldehyde monophosphonates and
these are reacted under basic conditions in the presence of
solvents to give the corresponding alkene compounds. Reac-
tions of this type which lead to conjugated polymers have
been described hitherto: (i) A. P. Davey et al., Synth. Met.
1999, 103, 2478, (11) S.-H. Jin et al., Eur. Polym. J. 2002, 38,
895. The corresponding descriptions are hereby incorporated
by reference into the present patent application.

(F) Polymerization by precursor methods (for example sul-
foxy precursor methods): starting from bis(chloromethyl)
compounds which are able to form a quinodimethane, alky-
Ithiomethyl-chloromethy] intermediates are firstly obtained
by substitution on one side. The sulfoxide is obtained from
these intermediates by oxidation. This precursor monomer is
reacted under the conditions of the Gilch polymerization,
with the effective monomer being an alkylsulfoxyquin-
odimethane. The relatively temperature-stable precursor
polymer obtained in this way is a poly(arylene-alkylsulfoxy-
ethylene) which when simply heated at below 200° C. elimi-
nates alkylsulfinic acid to form the fully conjugated polymer.
These reactions are described, inter alia, in the following
references: (1) WO 00/35987 (ii) A. Issaris, D. Vanderzande,
Macromolecules 1998, 31, 4426-4431. The corresponding
descriptions are hereby incorporated by reference into the
present patent application.

[0088] The ways in which the polymerizations can prefer-
ably be carried out and the ways in which the polymers can
then be separated off from the reaction solution and be puri-
fied are described, for example, in the unpublished patent
application DE 10249723.0.

[0089] To be able to prepare the polymers of the invention,

for example by the abovementioned methods, the corre-

sponding monomers are required, as described.

[0090] In the case of structures of the formula (I), these can

be obtained, for example, as described in the following:

[0091] The synthesis of 3,6-dibromocarbazole is carried

out by bromination of carbazole, as described in the
literature: Smith et al., Tetrahedron 1992, 48, 7479-
7488.
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[0092] The synthesis of 2,7-dibromocarbazole is carried
out by building up the carbazole, as described in the
literature: Tidwell et al., Eur. J. Med. Chem. 1997, 32,
781-793.

[0093] An appropriate functionalization which makes
use as monomers possible (i.e., for example, introduc-
tion of halogen end groups) can either be carried out on
the precursors or as last step on the previously fully
constructed monomeric skeleton. Both variants have
both advantages and disadvantages, depending on the
desired target structure.

[0094] The functions can be present beforehand if they
do not react or react only sluggishly in the reaction to
form the appropriate monomer. This can, for example,
be the case for a simple substitution reaction or when
different reactivities (e.g. iodine versus bromine, or bro-
mine versus chlorine) can be exploited. Thus, for
example, a monomer which gives the structural units of
the formula (IIT) can be prepared by exploiting the selec-
tivity of iodine compared to bromine, as described in
example 2.

[0095] On the other hand, it can also be advantageous
(e.g. in the case of existing substitution or directing
radicals) firstly to build up the N-substituted carbazole
skeleton and to introduce the halide in a last step. It is
thus possible, for example, to introduce bromine in the 3
and 6 positions of the carbazole in structures of the
formula (IT) (for example by means of a mild NBS
bromination, cf., for example, Creason et al., J. Org.
Chem., 1972, 37, 4440), when a substituent is present in
the para position on the N-aryl substituent. As indicated
above, this process can generally be employed in the
presence of (i) appropriate blocking substituents, (ii)
appropriate directing radicals or (iii) activated or deac-
tivated heterocycles even for further structures of the
formula (T).

[0096] The N-alkylation or N-benzylation of carbazoles
is known in the literature. Likewise, N-alkylarylcarba-
zoles and N-cycloalkylcarbazoles can be obtained. The
synthesis 1s carried out by reaction of carbazole with an
alkylating agent under basic conditions, as described,
for example, in: M. E. Wright, M.-1. Jin, J. Org. Chem.
1989, 54, 965-968.

[0097] The N-arylation of carbazole can be carried out
by the Hartwig-Buchwald method and is described for
carbazole in, for example: M. Watanabe et al., Tetrake-
dron Lett. 2000, 41, 481-483.

[0098] Starting from the halide derivatives produced in
this way, corresponding bisboronic acid derivatives or
bisstannane derivatives (which are required for the
abovementioned polymerization processes of the types
A and C) can be prepared by standard methods. These
methods are well known to those skilled in the art and
generally comprise replacing the halogen present by a
metal (e.g. magnesium, lithium) and then reacting the
product with a boric ester compound or a trialkyltin
halide compound. For the preparation of boronic acid
derivatives, catalytic processes involving direct reaction
of the halides with, for example, diboranes in the pres-
ence of palladium are also known. Comparable reactions
are also known for the corresponding tin compounds.
Corresponding monohalide-monoboronic acid deriva-
tives or monohalide-monostannane compounds are also
obtainable if a suitable stoichiometry is employed.
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[0099] The corresponding bisaldehyde derivatives
required for the abovementioned polymerization pro-
cess of the type E can likewise be prepared from the
halide derivatives. This method is well known to those
skilled in the art and generally comprises replacing the
halogen present by a metal (e.g. magnesium, lithium)
and then reacting the product with a formic acid deriva-
tive (e.g. dimethyl-formamide).

[0100] The corresponding phosphonate derivatives
which are required for the abovementioned polymeriza-
tion process of the type E can be produced from the
corresponding methylene halide compounds which are
then reacted with trialkyl esters of phosphorous acid.
Such processes are well known to those skilled in the art.

[0101] Thesynthesis of the further monomers whichlead to
structures which do not correspond to the formula (I) but have
been described above is comprehensively described in the
abovementioned patent applications and patents.

[0102] A good overview is given by the patent application
WO 02/077060; the details given there on this subject are
incorporated by reference into the present patent application.
[0103] The polymers obtained in this way can be used as
single components in applications described in more detail
below. They can also be used as blends (mixtures of polymers
with further polymeric or low molecular weight compo-
nents). The invention thus also provides a blend of the poly-
mer of the invention with other polymers which can be, for
example, conjugated or non-conjugated.

[0104] Furthermore, it is known and prior art that blends
(mixtures) of nonconjugated polymers such as PVK (polyvi-
nylcarbazole) with low molecular weight metal complexes
which allow transfer of singlet excitons to triplet excitons and
can emit light from the triplet state result in efficient elec-
troluminescence of the metal complex. Such mixtures are
described, for example, by F.-C. Chenetal., (Appl. Phys. Lett.
2002, 80, 2308-2310). Compared to metal complexes which
have to be vapor deposited in a complicated and expensive
process to allow them to be used, these blends offer the
advantage that they can be processed more simply and
cheaply from solution. However, the operating voltages for
these systems are very high, which results in a very low power
efficiency.

[0105] Blends of low molecular weight metal complexes
which emit light from the triplet state with conjugated poly-
mers have likewise been described in the literature. T. F. Guo
etal. (Organic Electronics 2000, 1, 15) and D. F. O’Brien et
al. (Synth. Met. 2001, 116, 379) describe good quantum effi-
ciencies when using blends of a platinum-porphyrin complex
with polyfluorenes; in both cases, the efficiencies are signifi-
cantly lower than in the case of comparable devices made up
of small molecules. W. Zhu et al. (4ppl. Phys. Lett. 2002, 80,
2045-2047) describe a blend of a soluble iridium-phenylpy-
ridine complex with a poly-para-phenylene. Better but still
relatively low quantum efficiencies were measured in this
case. In particular, very high voltages were required for this
system, and these would stand in the way of an industrial
application. Thus, there continues to be a great need for
improvement here, too.

[0106] TIthas surprisingly been found that hitherto unknown
blends (i.e. mixtures) of the polymers described below with
dendrimers and/or low molecular weight compounds and
possibly but not necessarily a further conjugated or noncon-
jugated polymer give unexpected advantages in the applica-
tion here. Like the polymers POLY1 of the invention them-
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selves, these novel blends display steeper current-voltage

curves and thus lower operating voltages.

[0107] The invention thus further provides blends (mix-

tures) comprising

[0108] (A) 5-99.5% by weight of at least one conjugated
polymer (POLY2) comprising 1-100 mol %, preferably
5-100 mol %, particularly preferably 10-100 mol %, of
units of the formula (XXXII),

FORMULA (XXXII)

R3

!
AR G A K
Mj\ﬁm Al

n (RY, ®Y,

=

where the symbols and indices have the following meanings:

[0109] R?isidentical or different on each occurrence and is
a linear or branched alkyl chain which has from 1 to 40
carbon atoms and may be substituted or unsubstituted, a
cycloalkyl system which has from 3 to 40 carbon atoms and
may be substituted or unsubstituted, an aromatic or het-
eroaromatic ring system which has from 2 to 40 carbon
atoms and may in each case be substituted or unsubstituted
or an alkylenearyl, alkylenecycloalkyl or alkylenehet-
eroaryl system which may be substituted or unsubstituted;
the possible substituents R' can potentially be located on
each free position; the aryl and heteroaryl systems can also
be part of a larger fused aromatic ring system;

the further symbols and indices are as defined above under the

formula (I);
and
[0110] (B) 0.5-95% by weight of at least one organic or

organo-metallic dendrimer or at least one low molecular
weight molecule having a molecular weight in the range
<10 000 (COMP1) which in a pure or dilute film is capable
of fluorescence or phosphorescence and which has
adequate solubility in suitable solvents, preferably toluene,
xylene, anisole, THF, methylanisole or methylnaphtha-
lene, to be able to be processed in the blend together with
the polymer from a solution in this solvent.

[0111] The proportion of the dendrimer or the low molecu-
lar weight compound in the blend is preferably from 0.5 to
80% by weight, particularly preferably from 1 to 50% by
weight, in particular from 2 to 25% by weight.

[0112] Theproportionofthe polymer (POLY?2)in the blend
is preferably from 20 to 99.5% by weight, particularly pref-
erably from 50 to 99% by weight, in particular from 75 to 98%
by weight.

[0113] For the present purposes, a dendrimer is a highly
branched compound which is made up of a multifunctional
core to which branched monomers are bound in a regular
arrangement so as to give a tree-like structure. Both the core
and the monomers can have any branched structures which
may consist of purely organic units and of organometallic
compounds or coordination compounds. For the present pur-
poses, a dendrimer is in general terms as described in, for
example, M. Fischer, F. Vogtle, Angew. Chem., Int. Ed. 1999,
38, 885-905.
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[0114] The structural unit of the formula (XXXII) is a con-
stituent of homopolymers and copolymers as described above
for the structural unit of the formula (I). Here too, the same
monommers like, for example, the monomers M1 to M23 indi-
cated in the examples are possible. The synthesis of these
polymers can be carried out by the above-described methods.
It has been found that in the case of blends which emit light
from the singlet state, a proportion in the region of 10 mol %
of structural units of the formula (XXXII) in the polymer
POLY?2 gives good results. For other applications, in particu-
lar for blends which emit light from the triplet state, it can be
preferable to have a proportion of greater than 10 mol % of
structural units of the formula (XXXII) in the polymer
POLY2.

[0115] Blends which emit light from the triplet state pref-

erably have a proportion of 20-100 mol % of structural units

of the formula (XXXII) in the polymer POLY2. A proportion
0f30-100 mol % of structural units of the formula (XXXII) is
particularly preferred for these blends.

[0116] In preferred polymers POLY2, the following

applies:

[0117] R?isidentical or different on each occurrence and is
a linear or branched alkyl chain which has from 1 to 40
carbon atoms and may be substituted or unsubstituted, an
aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, pyridine, qui-
noxaline, fluorene, spirobifluorene, naphthalene,
anthracene, pyrene and phenanthrene which bears from 0
to 3 substituents R on the free positions or an alkylenearyl
or alkyleneheteroaryl ring system whose alkylene chain
may be linear or branched and has from 1 to 16 carbon
atoms and whose aryl or heteroaryl system comprises the
systems described in detail above which bear from 0 to 3
substituents R' on the free positions;

and the further symbols and indices are as described above for

preferred structures of the formula (T).

[0118] In particularly preferred polymers POLY2, the fol-

lowing applies:

[0119] R?isidentical or different on each occurrence and is
a linear or branched alkyl chain which has from 2 to 30
carbon atoms and may be substituted or unsubstituted, an
aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, pyridine,
naphthalene, anthracene, pyrene and phenanthrene which
are unsubstituted or substituted by a substituent R*, or a
9,9'-substituted fluorene or a methylenearyl or methylene-
heteroaryl ring system whose aryl or heteroaryl system
comprises the systems described in detail above which can
have the same substitution pattern as the systems men-
tioned above;

and the further symbols and indices are as described above for
particularly preferred structures of the formula (I).

[0120] Invery particularly preferred polymers POLY?2, the
following applies:

[0121] R?isidentical or different on each occurrence and is
a linear or branched alkyl chain which has from 3 to 20
carbon atoms and may be substituted or unsubstituted, an
aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, naphthalene,
anthracene and phenanthrene which are unsubstituted or
substituted by a substituent R', or a benzyl ring system
whose phenyl group can have the same substitution pattern
as the systems mentioned above;
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and the further symbols and indices are as defined above for
very particularly preferred structures of the formula (T).

[0122] The dendrimers or low molecular weight com-
pounds COMP1 used in the blend can be selected from a wide
variety of classes of substances. Preference is given here to
blends of polymers POLY2 with one or more dendrimers or
one or more low molecular weight compounds which make a
transfer of singlet excitons to triplet excitons possible and
which can emit light with high efficiency from the triplet state
even at room temperature: these are firstly, in particular, com-
pounds which contain heavy atoms, i.e. atoms from the Peri-
odic Table of the Elements having an atomic number of
greater than 36. Compounds containing d and f transition
metals which meet the abovementioned condition are particu-
larly useful for this purpose. Very particular preference is
given here to structural units of this type containing elements
of groups 8 to 10 (i.e. Ru, Os, R, Ir, Pd, Pt). Possible low
molecular weight structural units of this type are, for
example, various complexes which are described, for
example, in the patent applications WO 02/068435, WO
02/081488, EP 1239526 and the unpublished patent applica-
tion DE 10238903.9. Dendrimer structures which can be used
for this purpose are complexes as described, for example, in
the patent applications WO 99/21935, WO 01/059030 and
WO 02/066552. The corresponding descriptions are hereby
incorporated by reference into the present patent application.

[0123] The blends of the invention have, inter alia, the
following surprising advantages compared to the abovemen-
tioned prior art:

[0124] The current at a given voltage is significantly
higher for comparable blends when used in PLEDs (cf.
data in table 3), i.e. the current-voltage curve is steeper
when the polymer component of the blend comprises
structural units of the formula (XXXI1). This gives sig-
nificant advantages, as indicated above, in use since the
objective of producing efficient full-color displays hav-
ing a low energy consumption is made possible.

[0125] Theuse of blends according to the invention com-
prising components which emit from the triplet state
surprisingly has the following further advantage: the
energy transfer from the polymer to the metal complex
occurs more efficiently in a blend according to the inven-
tion than in comparable blends which do not contain any
polymers POLY2, which leads to more efficient emis-
sion by the metal complex (cf. data in table 3).

[0126] The solubility in organic solvents is generally
good, i.e. the polymers POLY 1 and blends are soluble in
concentrations of from 1 to at least 30 g/1 (depending on
molecular weight) in solvents such as toluene, xylene,
anisole, methylanisole or methylnaphthalene. Possible
solvents and solvent mixtures are, for example, those
described or cited in the patent application WO
02/072714. Although this is not in itself an improvement
over the prior art, it is important that this property is
maintained in the introduction of new structures.

[0127] The polymers of the invention or the blends of the
invention can be used in PLEDs. The way in which PLEDs
can be produced is described, comprehensively as a general
method in DE 10249723.0, which can be adapted appropri-
ately for each individual case.

[0128] Asstated above, the polymers of the invention are
very particularly useful as electroluminescence materi-
als in PLED:s or displays produced in this way.
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[0129] As stated above, the polymers and blends of the
invention are very particularly useful as electroluminescence
materials in PLEDs or displays produced in this way.

[0130] For the purposes of the invention, electrolumines-
cence materials are materials which can be used as active
layer in a PLED. Active layer means that the layer is capable
of emitting light on application of an electric field (light-
emitting layer), and/or that it improves the injection and/or
transport of the positive and/or negative charges (charge
injection layer or charge transport layer).

[0131] The invention therefore also provides for the use of
a polymer or blend according to the invention in a PLED, in
particular as electroluminescence material.

[0132] The invention thus likewise provides a PLED com-
prising one or more active layers, wherein at least one of these
active layers comprises one or more polyniers and/or blends
according to the invention. The active layer can, for example,
be a light-emitting layer and/or a transport layer and/or a
charge injection layer.

[0133] PLEDs are emploved, for example, as self-illumi-
nating display elements such as control lamps, alphanumeric
displays, multi-color or full-color displays, information signs
and 1n opto-electronic couplers.

[0134] The present patent application and also the further
examples below are directed at the use of polymers or blends
according to the invention in PLEDs and the corresponding
displays. Despite this restriction of the description, a person
skilled in the art will readily be able, without having to make
a further inventive step, to utilize the polymers or blends
according to the invention for further applications in other
electronic devices, e.g. for organic integrated circuits
(O-ICs), in organic field effect transistors (OFETs), in
organic thin film transistors (OTFTs), for organic solar cells
(O-SCs), nonlinear optics or organic laser diodes (O-lasers),
to name only a few applications. In the case of O-ICs and
OFETs in particular, it is possible to use appropriate polymers
according to the invention which have a relatively high pro-
portion of structural elements of the formula (I) (preferably a
proportion of more than 20 mol %).

[0135] The invention is illustrated by the following
examples without being restricted thereby.

EXAMPLES
Part A
Synthesis of the Monomers and Blend Constituents
Al: Monomers for Units of the Formula (I)

[0136] 3.6-Dibromocarbazole and 2,7-dibromocarbazole
were synthesized as described by Smith et al., Tetrahedron
1992, 48, 7479-7488, and Tidwell et al., Eur. J. Med. Chem.
1997, 32, 781-793. 3,6-Dibromo-N-ethylhexylcarbazole
(=EHC) were synthesized as described by J. Huang et al.,
Macromolecules 2002, 35, 6080-6082.

[0137] The structural integrity of all products was demon-
strated by means of 'H NMR spectroscopy, and the purity of
the products was determined by means of HPL.C.
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Example 1
N-(4-tert-Butylphenyl)-3,6-dibromocarbazole (EM1)
[0138]

OO
Br Br

[0139] A degassed solution of 17 g (80 mmol) of 1-bromo-
4-tert-butyl-benzene in 1500 ml of xylene was saturated with
N, for 1 hour. The solution was subsequently admixed with
500 g of glass spheres (6 mm) and 15.37 g (160 mmol) of
K,PO, and was stirred for another 15 minutes. After stirring
for 5 minutes, the reaction mixture was admixed with 90 mg
(0.4 mmol) of palladium(Il) acetate, 400 mg (2 mmol) of
P(t-Bu); and 10 g (60 mmol) of carbazole. The reaction mix-
ture was refluxed for 4 hours. After cooling, the solvent was
removed under reduced pressure and the product was recrys-
tallized from n-hexane. Purity according to HPLC: 99.6%.
Yield: 13 g (68%).

[0140] ‘H-NMR (CDCl,, 500 MHz): 1.42 (s, 9H), 7.26 (t,
1,=7.7Hz, 2H),7.40 (m, 4H), 7.48 (d. J=8.7Hz, 2H), 7.59 (d,
J=8.7 Hz, 2H), 8.14 (d, ]=8 Hz, 2H).

[0141] 12 g (40 mmol) of N-(4-tert-butylphenyl)carbazole
and 70 g of silica gel together with 700 ml of CH,Cl, were
placed in a reaction vessel. 13 g (80 mmol) of NBS were
subsequently added a little at a time to the solution at 0° C.
while protecting it from light and the mixture was stirred at
this temperature for hours. The mixture was admixed with
100 ml of water and extracted with CH,Cl,. The organic
phase was dried over MgSO, and the solvent was removed
under reduced pressure. The product was stirred with hot
hexane and filtered. Yield: 11 g (66%) of colorless powder
which had an HPLC purity of 99.2%.

[0142] 'H-NMR (CDCl,, 500 MHz): 1.42 (s, 9H), 7.25 (d,
J=8.7 Hz, 2H), 7.39 (d, I=8.3 Hz, 2H), 7.48 (dd, J,=8.7 Hz,
1,=2Hz, 2H), 7.61 (d, J=8.7 Hz, 2H), 8.18 (d, J,=8 Hz, 2H).

Example 2
N-(4-tert-Butylphenyl)-2,7-dibromocarbazole (EM2)
[0143]

Br I N I Br
[0144] A degassed solution of 489.5 mg (0.156%) of cop-
per(D) chloride and 906 mg (1%) mmol) of 1,10-phenanthro-
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line in 100 m] of toluene were saturated with N, for 1 hour and
heated to 130° C. The solution was subsequently admixed
with 16.2 g (50 mmol) of 2,7-dibromocarbazole and 13.2 g
(50 mmol) of 1-iodo-4-tert-butylbenzene and heated at 180°
C. for 2 hours. After cooling, the mixture was admixed with
180 ml of water, the organic phase was separated off and the
solvent was removed under reduced pressure. The product
was recrystallized from n-hexane. Yield: 13 g (59%). Purity
according to HPLC: 99.5%

[0145] '"H-NMR (CDCl,, 500 MHz): 1.43 (s, SH), 7.21 (1,
J=7.7 Hz, 2H), 7.23 (t, J=7.7 Hz, 2H), 7.32 (dd, ],=8.7 Hz,
1,=1.6 Hz, 2H), 7.50 (d, 1,=1.6 Hz, 2H), 7.89 (d, J=8.7 Hz,
2H).

Example 3
N-(4-tert-Butylphenyl)methyl-3,6-dibromocarbazole
(EM3)
[0146]
N
Br Br

[0147] 1In a 250 ml one-neck flask provided with a reflux
condenser, 990 mg (41.2 mmol) of NaH were suspended in 80
ml of dry DMF under protective gas. 10 g (30.8 mmol) of
3,6-dibromocarbazole in 80 ml of DMF were added dropwise
to this reaction mixture at RT over a period of 20 minutes. A
solution of 4-(tert-butyl)-benzyl bromide in 50 ml of DMF
was subsequently added dropwise and the mixture was heated
at 60° C. for 8 hours. After cooling to room temperature, 300
ml of water and 200 ml of ethyl acetate were carefully added.
The organic phase was washed with 4x50 ml of H,O, then
dried over MgSO, and the solvents were removed under
reduced pressure. The pure product was obtained by recrys-
tallization from n-hexane. Yield: 11 g (78%); HPLC purity:
99.4%.

[0148] 'H-NMR (CDCL,, 500 MHz): 1.22 (s, 9H), 5.42 (s,
2H), 6.98 (d, J=8.7 Hz, 2H), 7.22 (d, J=8.7 Hz, 2H), 7.26 (d,
J=8.4 Hz, 2H), 7.50 (dd, J,=8.4 Hz. J,=2 Hz, 2H), 8.14 (d,
J,=2 Hz, 2H).

Example 4

N-(4-tert-Butylphenyl)methyl-2,7-dibromocarbazole
(EM4)

[0149] The Synthesis was Carried Out Using a Method
Analogous to example 3, starting from 2,7-dibromocarba-
zole. The yield was 94%.
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[0150] 'H-NMR (CDCl,, 500 MHz): 1.21 (s, 9H), 5.41 (s,
2H), 6.97 (d, 1=8.7 Hz, 2H), 7.23 (d, 1=8.7 Hz, 2H), 7.33 (dd,
1,=8.7 Hz, 1,=1.6 Hz, 21), 7.51 (d, J,=1.6 Hz, 2H), 7.88 (d,
J=8.7 Hz, 2H).

Example 5

N-(4-tert-Butylphenyl)carbazole-3,6-biscarbalde-
hyde (EMY)

[0151]

N

[0) O O (0]

H H

[0152] Ina 250 ml Three-Necked Flask, 32 Mmol of EM1
were Dissolved in 100 ml of dry THF under protective gas.
After cooling to -78° C., precooled BuLi (80 mmol, 15%
strength) was injected into the solution via a septum while
stirring. Cooling was maintained and after 2 hours 5.2 ml of
DMF were added dropwise at -60° C. The mixture was
allowed to warm to RT and stirring was continued overnight.
200 ml of ice water were subsequently added carefully and
the mixture was extracted with chloroform. The organic
phase was dried over MgSO, and the solvents were removed
under reduced pressure. The pure product was obtained by
recrystallization from n-hexane. Yield: 8 g (68%). Purity
according to HPLC: 99.1%

[0153] 'H-NMR (CDCl,, 500 MHz): 1.34 (s, 9H), 6.38 (d,
J=8.1Hz, 2H), 6.82 (d, J=8.7Hz,2H), 7.04 (d, J=8.1 Hz, 2H),
7.18 (d, J=8.7 Hz, 2H), 7.31 (d, ]=8.7 Hz, 2H), 9.2 (s, 2H).

Example 6

3,6-Bis[2-(4-bromophenyl)ethenyl]-N-(4-tert-butyl-
phenyl)carbazole (EM6)

[0154]

[0155] 32 mmol of diethyl 4-bromobenzylphosphonate
were dissolved in 90 ml of dry DMF under protective gas and
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cooled to 5° C. 60 mmol of NaO’Bu were subsequently added
in small portions, with the temperature not rising above 5° C. -continued
After 30 minutes, 14.7 mmol of EM5 in 25 ml of DMF were
added dropwise at 5° C. and the mixture was stirred for a
further 30 minutes at this temperature. The reaction mixture
was cooled, 25 ml of 4M HCI were added dropwise and the
precipitate was filtered off with suction. 100 ml of water were
subsequently added carefully and the mixture was extracted
with CH,Cl,. The organic phase was dried over MgSO,, and
the solvents were removed under reduced pressure. The pure
product was obtained by recrystallization from ethyl acetate/
CH,Cl, mixture (1:1). Yield: 79 g (90%). Purity according to
HPLC: 99.6%

[0156] ‘H-NMR (CDCl,, 500 MHz): 1.33 (s, 9H), 6.34 (d,
J=8.1 Hz, 2H), 7.02 (d, J=8.1 Hz, 2H), 7.08 (d, J=16.4 Hz,
2H),7.30(d,J=16.4 Hz, 2H), 7.37 (d, J=8.3 Hz, 2H), 7.41 (d,
J=8.3 Hz, 4H), 7.48 (d, I=8.3 Hz, 4H), 7.64 (dd, J,=8.3 Hz,
1,.=1.6 Hz, 2H), 8.23 (d, J,=1.6 Hz, 2H).

[0157] Further monomers of the formula (I) or the formulae
(II) to (XXXI) were synthesized by methods analogous to the
abovementioned examples.

A2: Monomers for Further Units

[0158] The synthesis of the further monomers M1 to M23
has been described in detail in WO 02/077060 and the refer-
ences cited therein. The monomers are shown once again

below so as to give a better overview: i I O\/M
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A3: Low Molecular Weight Compounds for Use in Blends

OMe

M22

M23

[0159] The low molecular weight compounds used here by
way of example in blends according to the invention are, for
example, soluble derivatives of tris(phenylpyridyl)iridium
(IIT). The synthesis of these compounds has been described in
the patent application WO 02/081488 and in the unpublished
patent application DE 10238903.9. However, it will be
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clearly stated once more at this point that the blends according
to the invention are not restricted to these low molecular
weight compounds used here, but the nonpolymeric compo-
nents can be the compounds COMP1 specified in more detail
above. To give an overview, the two iridium complexes used
here by way of example are shown once more below:
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Part B
Preparation of the Polymers and Blends

Synthesis of Polymer P1:

[0160] 3.2026 g (4 mmol) of monomer M2, 1.6237 g (2.4
mmol) of monomer M7, 0.6069 g (0.8 mmol) of monomer
M9, 0.3770 g (0.8 mmol) of EM1 and 3.91 g (2.125 equiva-
lents) of potassium phosphate hydrate were dissolved in 37.5
ml of dioxane, 12.5 ml of toluene and 6.8 ml of H,O (all
solvents oxygen-free). The reaction solution was degassed by
means of argon for 30 minutes at 40° C. 0.45 mg (0.025%) of
Pd(OAc), and 3.65 mg (0.15%) of P(o-tolyl); were then
added as catalyst and the solution was refluxed under an argon
atmosphere for 1.5 hours. The highly viscous polymer solu-
tion was diluted with 20 ml of toluene. The end-capping was
then carried out by adding 100 mg of benzene-boronic acid,
refluxing for 45 minutes, then adding 0.2 ml of bromoben-
zene and refluxing for a further 45 minutes. The polymer
solution was stirred with 100 ml of 0.01% strength aqueous
NaCN solution at 60° C. for 3 hours. The phases were then
separated and the organic phase was washed with 4x 100 ml of
H,0. The polymer was precipitated by addition of twice the
volume of methanol and filtered. Further purification was
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effected by dissolution in 200 ml of toluene at 60° C. under
argon, filtration through a glass frit and renewed precipitation
by addition of twice the volume of methanol. The polymer
was filtered off and dried under reduced pressure. 4.85 2 (96%
of theory) of polymer were isolated; M, =578 000, M, =156
000, polydispersity=3.7.

Synthesis of Polymer P2:

[0161] The polymer was synthesized by a method analo-
gous to that for polymer P1 using 3.2026 g (4 mmol) of
monomer M2, 1.0825 g (1.6 mmol) of monomer M7, 0.6069
£ (0.8 mmol) of monomer M9, 0.8185 g (0.8 mmol) of mono-
mer M19, 0.3658 g (0.8 mmol) of EM4 and 3.91 g (2.125
equivalents) of potassium phosphate hydrate in 25 ml of
dioxane, 25 ml of toluene and 6.8 ml of H,0. 4.57 g (92% of
theory) of polymer were isolated M, =791 000, M, =239 000,
polydispersity=3.3.

[0162] Further polymers were prepared by methods analo-
gous to that described for P1. The chemical properties are
summarized in table 1. Some comparative polymers (which
do not contain any units of the formula (I)) were also pre-
pared. These, too, are shown in the table.

Preparation of the Blends:

[0163] The blends are synthesized by dissolving the poly-
mer together with the dendrimer or the low molecular weight

compound in the desired ratio in a suitable solvent such as
toluene, xylene, THF, chlorobenzene or anisole and process-
ing the solution directly without isolation of the blend in solid
form.

[0164] Allpolymers and blends were also examined for use
in PLEDs. The way in which PLEDs can be produced has
firstly been mentioned above and is described in part C.

[0165] Some device properties (color, efficiency and oper-
ating voltage) are also shown in table 1.

[0166] The current-voltage characteristics of some poly-
mers are documented in table 2 and FIG. 1. It can readily be
seen here that the curves rise significantly more steeply in the
case of the polymers according to the invention and the cur-
rent at a given voltage is significantly higher in the case of the
polymers and blends according to the invention than in the
case of the comparative polymers or blends comprising
unconjugated polymers with low molecular weight com-
pounds according to the prior art.

[0167] Intable 3, some device properties (color, efficiency
and operating voltage) of blends according to the invention
are shown and compared with blends corresponding to the
prior art.

TABLE 1
Proportion of monomers in the Electroluminescence®**
polymerization [%] GPC** Voltage Visco, *#kwk
Monom. 3 M,, M, Max. at CIE Gel
Polymer {+possibly (-1000  (=1000 A, eff 100 Cd/m?  coordinates**** temp.
(type)* Monom. 1 Monom. 2 mono. 4) EM g/mol)  g/mol) [nm] [Cd/A] V] x/y) [°C]
P1(S) 350%of  30%of 10% of M9 10% of EM1 578 156 449 3.10 4.7 0.15/0.12 <0°C.
M2 M7
P2(S) 350% of 20% of 10% of 10% of EM4 791 239 455/ 2.12 5.8 0.18/0.25 <0° C.
M2 M7 M9, 10% 482
of M19
P3(S) 30%of 40% of 10% of EM2 624 132 433/ 2.25 44 0.16/0.10 <0° C.
2 M1 449
PA(S) 50% of 50% of EM3 298 61 427 1.24 79 0.16/0.06
M2
P5(S) 50%of  30%of 10% of 10% of EM3 824 204 454/ 5.06 3.6 0.17/0.25 <0°C,
M2 M7 M19 481
P6 30% of 50% of EHC? 298 61
S M2
P7 50% of 50% of EM1 308 79
SF M2
P8 50% of 40% of 10% of EHC? 764 200
SF M2 Ml
P9 50% of 10% of 10% of M9 30% of EHC” 350 114
S M2 Ml
C1(S) 350% of 40% of 10% of M9 1190 199 464 342 49 0.16/0.17 <0” C.
M2 M7
C2(S) 30% of 30% of 10% of 464 126 439/ 531 42 0.18/0.29 <0° C.
M2 M7 M9, 10% 484
of M19
C3(S) 350% of 50% of 207 63 433/ 1.38 4.8 0.16/0.11 <0° C.
M2 M1 449
C4(8) 30% of 40% of 10% of 520 170 461/ 3.99 4.1 0.16/0.25 <0° C.
M2 M7 M19 483

*§ = Prepared by Suzuki polymerization (cf. ex. P1), Y = prepared by Yamamoto polymerization
#*GPC measurements in THF; | ml/min, Plgel 10 pm Mixed-B 2 x 300 x 7.5 mm’, 35° C., RI detection was calibrated against polystyrenc

**#For production of the polymer LEDs, see¢ part C

*#x*+CIE coordinates: chromaticity coordinates of the Commission Internationale de I’Eclairage
*FexESolutions of the polymer (10 mg/ml) in toluene were heated to 60° C., cooled at 1° C./minute and the viscosity was measured in a Brookfield LVDV-III rheometer (CP-41). A sharp

increase in viscosity occurs at the gel temperature determined in this way.

“Polymer P6 to polymer P9 were examined only in blends with triplet emitters (cf. table 3).

PEHC = 3,6-dibromo-N-ethylhexylcarbazole
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TABLE 2

Current density
(mA/cm?) at a voltage of

Polymer 2V 3V 4V 5V 6V
P5 0 0.3 4.6 183 51.7
C2 0 0.2 2.6 12.3 38.0
C4 0 0.1 1.7 6.5 16.4

[0168] Comparison of the current at different voltages (for
the example of a polymer according to the invention and two
polymers which have a similar composition but do not con-
tain any structural units of the formula (1)).

[0169] FIG. 1 shows a comparison of the current-voltage
curves for the polymer P5 according to the invention (con-
taining 10% of carbazole) with the comparative polymer C2
(containing 10% of the hole conductor M9 but no carbazole)
and the comparative polymer C4 (containing no other hole
conductor nor any carbazole).

TABLE 3
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FORMULA (XXXII)

R3
I
N T
N TN
[[MIWMMJW

where the symbols and indices have the following mean-
ings:

R3 is identical or different on each occurrence and is a

linear or branched alkyl chain which has from 1 to 40
carbon atoms and may be substituted or unsubstituted, a
cycloalkyl system which has from 3 to 40 carbon atoms
and may be substituted or unsubstituted, an aromatic or
heteroaromatic ring system which has from 2 to 40 car-

Electroluminescence*

Blend composition CIE1931
Iridium  Proportion of I Max. eff. Voltage at coordinates®*

Blend Polymer complex  complex [%] . [nm]  [cd/A] 100 Cd/m? [V] (x/y)
Bl PS5 Irl 8 534 9.29 5.90 0.40/0.58
B2 PS5 Ir2 g 604 6.22 10.62 0.59/0.41
B3 P6 Irl g 532 9.23 5.88 0.38/0.60
B4 P7 Irl 8 532 12.82 6.92 0.38/0.60
B5S P7 Irl 20 532 14.49 5.87 0.38/0.60
B6 P6 Ir2 8 604 6.27 10.60 0.50/0.61
B7 P8 Ir2 8 611 442 6.41 0.62/0.38
B8 P8 Ir2 20 614 7.53 4.35 0.62/0.38
B9 P9 Ir2 8 606 6.62 6.91 0.60/0.40
CBl C3 Irl 8 529 0.63 6.33 0.36/0.55
CB2 C3 Ir2 8 605 0.40 6.70 0.60/0.39
CB3 PVK*¥* Irl g 520 7.13 13.71 0.37/0.60
CB4 PVK*#* Ir2 8 600 3.64 13.41 0.58/0.42

*For the production of the polymer LEDs, see part C

**CIE coordinates: chromaticity coordinates of the Commission Internationale de I’Eclairage of 1931

*#*¥PVK = poly(vinylcarbazole)

Part C
Production and Characterization of LEDs

[0170] All polymers and blends were examined for use in
PLED:s. These PLEDs were in each case two-layer systems,
i.e. substrate/ITO//PEDOT//polymer//cathode. PEDOT is a
polythiophene derivative (Baytron P from H. C. Stark, Gos-
lar). As cathode, Ba/Ag (both from Aldrich) was used in all
cases. The way in which PLEDs can be produced is described
in detail in DE 10249723.0 and the references cited therein.

1-19. (canceled)
20. A mixture comprising

(A) 5-99.5% by weight of at least one conjugated polymer
(POLY?2) comprising 1-100 mol % of units of the for-
mula (XXX1I),

bon atoms and may in each case be substituted or unsub-
stituted or an alkylenearyl, alkylenecycloalkyl or alky-
leneheteroaryl system which may be substituted or
unsubstituted; the possible substituents R' can poten-
tially be located on each free position; the aryl and
heteroaryl systems can also be part of a larger fused
aromatic ring system;

Aryl are identical or different on each occurrence and are

each an aromatic or heteroaromatic ring system which
has from 2 to 40 carbon atoms and may be substituted or
unsubstituted or a substituted or unsubstituted stilbe-
nylene or tolanylene unit; the possible substituents R*
can potentially be located on each free position;

R! is identical or different on each occurrence and is a

straight-chain, branched or cyclic alkyl or alkoxy chain
whichhas from 1 to 22 carbon atoms and in which one or
more nonadjacent carbon atoms may also be replaced by
N—R?, 0, S, —CO—0—, O—CO—0, where one or
more H atoms may also be replaced by fluorine, an aryl
or aryloxy group which has from 5 to 40 carbon atoms
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and in which one or more carbon atoms may also be
replaced by O, S or N which may also be substituted by
one or more nonaromatic radicals R', or Cl, F, CN,
N(R?),, B(R?),, where two or more radicals R' may also
together form a ring system;

R“ is identical or different on each occurrence and is a
straight-chain, branched or cyclic alkyl or alkoxy chain
which has from 1 to 22 carbon atoms and in which one or
more nonadjacent carbon atoms may also be replaced by
N—R? 0, S, —CO—0—, 0—CO—O0, where one or
motre H atoms may also be replaced by fluorine, an aryl
or aryloxy group which has from 5 to 40 carbon atoms
and in which one or more carbon atoms may also be
replaced by O, S or N which may also be substituted by
one or more nonaromatic radicals R', or CI, F, CN,
N(R?),, B(R?),;

R? is identical or different on each occurrence and is H, a
straight-chain, branched or cyclic alkyl chain which has
from 1 to 22 carbon atoms and in which one or more
nonadjacent carbon atoms may also be replaced by O, S,
—CO—0—, O—CO—0, where one or more H atoms
may also be replaced by fluorine, an aryl group which
has from 5 to 40 carbon atoms and in which one or more
carbon atoms may also be replaced by O, S or N which
may also be substituted by one or more nonaromatic
radicals RY;

m s identical or different on each occurrence and is 0, 1 or
2

o is identical or different on each occurrence and is 0, 1 or
2, with the proviso that o must not be 0 when m=2;

r is identical or different on each occurrence andis 0 or 1,

7 is identical or different on each occurrence and is 0, 1, 2
or3;

and

(B) 0.5-95% by weight of at least one organic or organo-
metallic dendrimer or at least one low molecular weight
molecule having a molecular weight in the range <10
000 (COMP1) whichin a pure or dilute film is capable of
fluorescence or phosphorescence and which has
adequate solubility in suitable solvents to be able to be
processed in the blend together with the polymer from a
solution in this solvent.

21. The mixture as claimed in claim 20, wherein the com-
ponent COMP1 of the blend comprises one or more metal
complexes which make transfer of singlet excitons to triplet
excitons possible and which emit light from the triplet state.

22. The mixture as claimed in claim 20, wherein the COMP
1 contains at least one d and/or f transition metal.

23. The mixture as claimed in claim 22, wherein the
COMP1 contains at least one transition metal from groups 8
10 10.

24. The mixture as claimed in claim 20, wherein POLY?2
comprises 30-100 mol % of structural units of the formula
(XXXI).

25. An organic integrated circuits (O-ICs), organic field
effect transistors (OFETs), organic thin film transistors (OT-
FTs), organic solar cells (O-SCs) organic light-emitting
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diodes (OLEDs), organic laser diodes (O-lasers) or nonlinear
optics which comprises the mixture as claimed in claim 20.

26. An electronic component comprising one or more
active layers, wherein at least one of these active layers com-
prises one or more mixtures as claimed in claim 20.

27. An electronic component as claimed in claim 26,
wherein the component is an organic light-emitting diode.

28. The mixture as claimed in claim 21, wherein the
COMP1 contains at least one d and/or f transition metal.

29. The mixture as claimed in claim 28, wherein the
COMPI contains at least one transition metal from groups 8
to 10.

30. The mixture as claimed in claim 29, wherein POLY2
comprises 30-100 mol % of structural units of the formula
(XXX1D).

31. The mixture as claimed in claim 20, wherein

R? is identical or different on each occurrence and is a
linear or branched alkyl chain which has from 2 to 30
carbon atoms and may be substituted or unsubstituted,
an aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, pyridine,
naphthalene, anthracene, pyrene and phenanthrene
which are unsubstituted or substituted by a substituent
R!, or a 9,9'-substituted fluorene or a methylenearyl or
methylene-heteroaryl ring system whose aryl or het-
eroaryl system which can have the same substitution
pattern as the systems mentioned above;

Arylis identical or different on each occurrence and is an
aromatic or heteroaromatic ring system selected from
among thiophene, benzene, pyridine, fluorene, spirobi-
fluorene, anthracene, phenanthrene, pyrene, quinoline
and naphthalene which bears from Oto 2 substituents R*
on the free positions;

m is identical or different on each occurrence andis O or 1.

32. The mixture as claimed in claim 30, wherein

R? is identical or different on each occurrence and is a
linear or branched alkyl chain which has from 3 to 20
carbon atoms and may be substituted or unsubstituted,
an aromatic or heteroaromatic ring system selected from
among thiophene, benzothiophene, benzene, naphtha-
lene, anthracene and phenanthrene which are unsubsti-
tuted or substituted by a substituent R, or a benzyl ring
system whose phenyl group can have the same substitu-
tion pattern as the systems mentioned above:

Aryl s identical or different on each occurrence and is an
aromatic or heteroaromatic ring system selected from
among thiophene, benzene, pyridine, fluorene, spirobi-
fluorene, anthracene, phenanthrene, pyrene, quinoline
and naphthalene which bears from 0 to 2 substituents R*
on the free positions;

m is identical or different on each occurrence and is O or 1.

33. The mixture as claimed in claim 20, wherein mixture
contains (POLY2) in an amount from 20 to 99.5% by weight

34. The mixture as claimed in claim 20, wherein mixture
contains (POLY2) in an amount from 50 to 99% by weight

35. The mixture as claimed in claim 20, wherein mixture
contains (POLY2) in an amount from 75 to 98% by weight.

k ok ok k%
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