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MATERIALS FOR ELECTRONIC DEVICES

RELATED APPLICATIONS

This application is a national stage entry, filed pursuant to
35 US.C. § 371, of PCT/EP2014/001148, filed Apr. 29,
2014, which claims the benefit of European Patent Appli-
cation No. 13004921.6, filed Oct. 14, 2013, which is incor-
porated herein by reference in its entirety.

The present application relates to a compound of the
formula (I) below and to the use thereof in electronic
devices, in particular in organic electronic devices (OLEDs).
The invention furthermore relates to certain embodiments of
electronic devices comprising the compound of the formula
(I), and to a process for the preparation of the compound of
the formula (I).

In accordance with the present invention, the term elec-
tronic device is generally taken to mean electronic devices
which comprise organic materials. It is preferably taken to
mean OLEDs.

The general structure and functional principle of OLEDs
are known to the person skilled in the art and are described,
inter alia, in U.S. Pat. Nos. 4,539,507, 5,151,629, EP
0676461 and WO 1998/27136.

Further improvements are necessary with respect to the
performance data of the electronic devices, in particular in
view of broad commercial use, for example in displays or as
light sources. Of particular importance in this connection are
the lifetime, the efficiency and the operating voltage of the
electronic devices and the colour values achieved. In par-
ticular in the case of blue-emitting OLEDs, there is potential
for improvement with respect to the lifetime of the devices
and the colour values achieved of the emitted light.

An important starting point for achieving the said
improvements is the choice of the emitting compound
employed in the electronic device. In the prior art, a multi-
plicity of compounds, in particular arylamines having an
indenofluorene basic structure, are described as compounds
which emit blue light. Examples thereof are benzindeno-
fluorenamines, for example in accordance with WO 2008/
006449 and WO 2007/140847.

As compounds for the emitting layer which do not emit
light (matrix compounds), the prior art discloses, inter alia,
anthracene compounds, as described, for example, in WO
2008/145239 and WO 2009/100925. Furthermore, benzin-
denofluorene compounds are described for this use, for
example in the above-mentioned applications WO 2008/
006449 and WO 2007/140847.

The prior art likewise describes, inter alia, compounds
having an indenofluorene basic structure as compounds for
use in hole-transporting or hole-injecting layers, for example
in WO 2006/108497, WO 2006/122630, and WO 2009/
141026.

However, there continues to be a demand for novel
compounds for use in electronic devices. In particular, there
is a demand for compounds with which excellent perfor-
mance data for the electronic devices can be achieved. A
particularly low operating voltage, long lifetime, high power
efficiency and suitable colour coordinates of the emitted
light should be emphasised here.

In investigations of novel compounds for use in electronic
devices, it has now been found, unexpectedly, that com-
pounds of a formula (I) having a bisindenofluorene basic
structure are highly suitable for use in electronic devices.

These compounds preferably have one or more properties
selected from low operating voltage, long lifetime, high
power efficiency and suitable colour coordinates of the
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emitted light. In particular, they enable, on use in the
emitting layer, an excellent lifetime to be achieved in
combination with deep-blue colour coordinates of the emit-
ted light.

The invention thus relates to a compound of a formula (I)

formula (I)

Xl Xl Xl
/ NN
Arl—— AP —— AP — A

»

where:

Ar' is on each occurrence, identically or differently, an
aryl or heteroaryl group having 6 to 18 aromatic ring
atoms, which may be substituted by one or more
radicals R';

Ar® is on each occurrence, identically or differently, an
aryl or heteroaryl group having 6 aromatic ring atoms,
which may be substituted by one or more radicals R*;

X! is on each occurrence, identically or differently, BR?,
CRY, —CR)—CR)— —CR),—O0—,
—C(R?*,—S—, —RC=CR*—, —R3C=N—,
Si(R%),, —Si(R*),—Si(R*),—, C=0, O, S, S=0,
SO,, NR?, PR? or P(—0)R?;

R', R?, R? are on each occurrence, identically or differ-
ently, H, D, F, Cl, Br, I, C(=0)R?, CN, Si(R%);,
N(R?Y,, P(=0)(R*),, OR?, S(=0)R*, S(=0),R*, a
straight-chain alkyl or alkoxy group having 1 to 20 C
atoms or a branched or cyclic alkyl or alkoxy group
having 3 to 20 C atoms or an alkeny! or alkynyl group
having 2 to 20 C atoms, where the above-mentioned
groups may each be substituted by one or more radicals
R* and where one or more CH, groups in the above-
mentioned groups may be replaced by —R*C—=CR*—,
—C=C—, Si(R*,, (=0, C=NR*, —C(=0)0—,
—C(=0)NR*—, NR*, P=O)R", —O0—, —S—,
SO or SO,, or an aromatic or heteroaromatic ring
system having 5 to 30 aromatic ring atoms, which may
in each case be substituted by one or more radicals R*,
where two or more radicals R® may be linked to one
another and may form a ring;

R* is on each occurrence, identically or differently, H, D,
F, C1, Br, I, C(=0)R’, CN, Si(R’),, N(R®),, P(=0)
(R®),, OR?, S(=0)R*, S(=0),R>, a straight-chain
alkyl or alkoxy group having 1 to 20 C atoms or a
branched or cyclic alkyl or alkoxy group having 3 to 20
C atoms or an alkenyl or alkynyl group having 2 to 20
C atoms, where the above-mentioned groups may each
be substituted by one or more radicals R* and where
one or more CH, groups in the above-mentioned
groups may be replaced by —R*C—CR*—, —C=C—,
Si(R),, C=0, C=NR’, —C(=0)0—, —C(=0)
NR®—, NR®, P(=0)[R®), —O—, —S—, SO or SO,,
or an aromatic or heteroaromatic ring system having 5
to 30 aromatic ring atoms, which may in each case be
substituted by one or more radicals R®, where two or
more radicals R* may be linked to one another and may
form a ring;

R’ is on each occurrence, identically or differently, H, D,
F or an aliphatic, aromatic or heteroaromatic organic
radical having 1 to 20 C atoms, in which, in addition,
one or more H atoms may be replaced by D or F; two
or more substituents R® here may be linked to one
another and may form a ring;

where at east one of the two groups Ar' must contain 10

or more aromatic ring atoms; and
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where, if one of the two groups Ar' is a phenyl group, the
other of the two groups Ar' must not contain more than 14
aromatic ring atoms.

For the formula (I), the bonds to adjacent groups Ar' or
Ar? and to groups X' may each be present at any desired
positions of the groups Ar? or Ar* respectively. In particular,
the depiction of the formula (I) does not imply that the
groups X' must be present in the cis-position to one another.
The groups X* can be present in the cis- or trans-position to
one another.

An aryl group in the sense of this invention contains 6 to
60 aromatic ring atoms; a heteroaryl group in the sense of
this invention contains 5 to 60 aromatic ring atoms, at least
one of which is a heteroatom. The heteroatoms are prefer-
ably selected from N, O and S. This represents the basic
definition. If other preferences are indicated in the descrip-
tion of the present invention, for example with respect to the
number of aromatic ring atoms or the heteroatoms present,
these apply.

An aryl group or heteroaryl group here is taken to mean
either a simple aromatic ring, i.e. benzene, or a simple
heteroaromatic ring, for example pyridine, pyrimidine or
thiophene, or a condensed (annellated) aromatic or het-
eroaromatic polycycle, for example naphthalene, phenan-
threne, quinoline or carbazole. A condensed (annellated)
aromatic or heteroaromatic polycycle in the sense of the
present application consists of two or more simple aromatic
or heteroaromatic rings condensed with one another.

An aryl or heteroaryl group, which may in each case be
substituted by the above-mentioned radicals and which may
be linked to the aromatic or heteroaromatic ring system via
any desired positions, is taken to mean, in particular, groups
derived from benzene, naphthalene, anthracene, phenan-
threne, pyrene, dihydropyrene, chrysene, perylene, fluo-
ranthene, benzanthracene, benzophenanthrene, tetracene,
pentacene, benzopyrene, furan, benzofuran, isobenzofuran,
dibenzofuran, thiophene, benzothiophene, isobenzothio-
phene, dibenzothiophene, pyrrole, indole, isoindole, carba-
zole, pyridine, quinoline, isoquinoline, acridine, phenanthri-
dine, benzo-5,6-quinoline, benzo-6,7-quinoline, benzo-7,8-
quinoline, phenothiazine, phenoxazine, pyrazole, indazole,
imidazole, benzimidazole, naphthimidazole, phenanthrimi-
dazole, pyridimidazole, pyrazinimidazole, quinoxalinimida-
zole, oxazole, benzoxazole, naphthoxazole, anthroxazole,
phenanthroxazole, isoxazole, 1,2-thiazole, 1,3-thiazole, ben-
zothiazole, pyridazine, benzopyridazine, pyrimidine, benzo-
pyrimidine, quinoxaline, pyrazine, phenazine, naphthyri-
dine, azacarbazole, benzocarboline, phenanthroline, 1,2,3-
triazole, 1,2,4-triazole, benzotriazole, 1,2,3-oxadiazole, 1,2,

4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 1,2,3-
thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 1,3,4-
thiadiazole, 1,3,5-triazine, 1,2,4-triazine, 1,2,3-triazine,

tetrazole, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1,2,3,5-tetra-
Zine, purine, pteridine, indolizine and benzothiadiazole.
An aromatic ring system in the sense of this invention
contains 6 to 60 C atoms in the ring system. A heteroaro-
matic ring system in the sense of this invention contains 5 to
60 aromatic ring atoms, at least one of which is a heteroa-
tom. The heteroatoms are preferably selected from N, O
and/or S. An aromatic or heteroaromatic ring system in the
sense of this invention is intended to be taken to mean a
system which does not necessarily contain only aryl or
heteroaryl groups, but instead in which, in addition, a
plurality of aryl or heteroaryl groups may be connected by
a non-aromatic unit (preferably less than 10% of the atoms
other than H), such as, for example, an sp>-hybridised C, Si,
N or O atom, an sp>-hybridised C or N atom or an sp-
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hybridised C atom. Thus, for example, systems such as
9,9%-spirobifluorene, 9,9'-diarylfluorene. triarylamine, diaryl
ether, stilbene, etc., are also intended to be taken to be
aromatic ring systems in the sense of this invention, as are
systems in which two or more aryl groups are connected, for
example, by a linear or cyclic alkyl, alkenyl or alkynyl group
or by a silyl group. Furthermore, systems in which two or
more aryl or heteroaryl groups are linked to one another via
single bonds are also taken to be aromatic or heteroaromatic
ring systems in the sense of this invention, such as, for
example, systems such as biphenyl, terphenyl or diphenyl-
triazine.

An aromatic or heteroaromatic ring system having 5-60
aromatic ring atoms, which may in each case also be
substituted by radicals as defined above and which may be
linked to the aromatic or heteroaromatic group via any
desired positions, is taken to mean, in particular, groups
derived from benzene, naphthalene, anthracene, benzanthra-
cene, phenanthrene, benzophenanthrene, pyrene, chrysene,
perylene, fluoranthene, naphthacene, pentacene, benzopy-
rene, biphenyl, biphenylene, terphenyl, terphenylene,
quaterphenyl, fluorene, spirobifluorene, dihydrophenan-
threne, dihydropyrene, tetrahydropyrene, cis- or trans-inde-
nofluorene, truxene, isotruxene, spirotruxene, spiroisotrux-
ene, furan, benzofuran, isobenzofuran, dibenzofuran,
thiophene, benzothiophene, isobenzothiophene, dibenzoth-
iophene, pyrrole, indole, isoindole, carbazole, indolocarba-
zole, indenocarbazole, pyridine, quinoline, isoquinoline,
acridine, phenanthridine, benzo-5,6-quinoline, benzo-6,7-
quinoline, benzo-7,8-quinoline, phenothiazine, phenox-
azine, pyrazole, indazole, imidazole, benzimidazole, naph-
thimidazole, phenanthrimidazole, pyridimidazole,
pyrazinimidazole, quinoxalinimidazole, oxazole, benzox-
azole, naphthoxazole, anthroxazole, phenanthroxazole,
isoxazole, 1,2-thiazole, 1,3-thiazole, benzothiazole,
pyridazine, benzopyridazine, pyrimidine, benzopyrimidine,
quinoxaline, 1,5-diazaanthracene, 2,7-diazapyrene, 2,3-di-
azapyrene, 1,6-diazapyrene, 1,8-diazapyrene, 4,5-diazapy-
rene, 4,5,9,10-tetraazaperylene, pyrazine, phenazine, phe-
noxazine, phenothiazine, fluorubin, naphthyridine,
azacarbazole, benzocarboline, phenanthroline, 1,2,3-triaz-
ole, 1,24-triazole, benzotriazole, 1.2,3-oxadiazole, 1,2,4-
oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 1,2,3-thiadi-
azole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole,
1,3,5-triazine, 1,2,4-triazine, 1,2,3-triazine, tetrazole, 1,2,4,
S-tetrazine, 1,2,3 4-tetrazine, 1,2,3,5-tetrazine, purine, pte-
ridine, indolizine and benzothiadiazole, or combinations of
these groups.

For the purposes of the present invention, a straight-chain
alkyl group having 1 to 40 C atoms or a branched or cyclic
alkyl group having 3 to 40 C atoms or an alkenyl or alkynyl
group having 2 to 40 C atoms, in which, in addition,
individual H atoms or CH, groups may be substituted by the
groups mentioned above under the definition of the radicals,
is preferably taken to mean the radicals methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 2-meth-
ylbutyl, n-pentyl, s-pentyl, cyclopentyl, neopentyl, n-hexyl,
cyclohexyl, neohexyl, n-heptyl, cycloheptyl, n-octyl,
cyclooctyl, 2-ethylhexyl, trifluoromethyl, pentafluoroethyl,
2,2,2-trifluoroethyl, ethenyl, propenyl, butenyl, pentenyl,
cyclopentenyl, hexenyl, cyclohexenyl, heptenyl, cyclohep-
tenyl, octenyl, cyclooctenyl, ethynyl, propynyl, butynyl,
pentynyl, hexynyl or octynyl. An alkoxy or thioalkyl group
having 1 to 40 C atoms is preferably taken to mean methoxy,
trifluoromethoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
i-butoxy, s-butoxy, t-butoxy, n-pentoxy, s-pentoxy, 2-meth-
ylbutoxy, n-hexoxy, cyclohexyloxy, n-heptoxy, cyclohepty-
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loxy, n-octyloxy, cyclooctyloxy, 2-ethylhexyloxy, pentaftuo-
roethoxy, 2,2.2-trifluoroethoxy, methylthio, ethylthio,
n-propylthio, i-propylthio, n-butylthio, i-butylthio, s-butyl-
thio, t-butylthio, n-pentylthio, s-pentylthio, n-hexylthio,
cyclohexylthio, n-heptylthio, cycloheptylthio, n-octylthio,
cyclooctylthio, 2-ethylhexylthio, trifluioromethylthio, penta-
fluoroethylthio, 2.,2,2-trifluoroethylthio, ethenylthio, prope-
nylthio, butenylthio, pentenylthio, cyclopentenylthio, hex-
enylthio, cyclohexenylthio, heptenylthio, cycloheptenylthio,
octenylthio, cyclooctenylthio, ethynylthio, propynylthio,
butynylthio, pentynylthio, hexynylthio, heptynylthio or
octynylthio.

The formulation that two or more radicals may form a ring
with one another is intended for the purposes of the present
application to be taken to mean, inter glia, that the two
radicals are linked to one another by a chemical bond.
Furthermore, however, the above-mentioned formulation is
also intended to be taken to mean that, in the case where one
of the two radicals represents hydrogen, the second radical
is bonded to the position to which the hydrogen atom was
bonded, with formation of a ring.

The bonds from the groups Ar” to the adjacent group Ar*
or Ar? are preferably each present in the para-position to one
another.

Ar! is preferably selected on each occurrence, identically
or differently, from aryl groups or heteroaryl groups having
6 to 14 aromatic ring atoms, particularly preferably 6 to 10
aromatic ring atoms, where Ar' may in each case be sub-
stituted by one or more radicals R”.

Ar' is preferably selected on each occurrence, identically
or differently, from aryl groups having 6 to 14 aromatic ring
atoms, particularly preferably 6 to 10 aromatic ring atoms,
where Ar' may in each case be substituted by one or more
radicals R.

The groups Ar® are preferably pheny! groups, which may
be substituted by one or more radicals R*.

According to a particularly preferred embodiment, the
groups Ar' are naphthyl groups, which may be substituted by
one or more radicals R', and the groups Ar’* are phenyl
groups, which may be substituted by one or more radicals
RZ.

According to an alternative particularly preferred embodi-
ment, one of the two groups Ar' is a phenyl group, which
may be substituted by one or more radicals R, and the other
of the two groups Ar' is a naphthyl group, which may be
substituted by one or more radicals R', and the groups Ar>
are phenyl groups, which may be substituted by one or more
radicals R?.

It is preferred for X' to be selected on each occurrence,
identically or differently, from CR*),, —C(R*),—C(R?),
—, —CR*,—0—, —R’C=CR’—, Si(R?),, C=0, 0, S,
S—0, SO, and NR?, particularly preferably C(R?),,
—C(R*,—CR*),—, —CR?*),—0—, Si(R?),, O, S and
NR?, very particularly preferably C(R?),.

R! and R? are preferably on each occurrence, identically
or differently, H, D, F, CN, Si(R*),, a straight-chain alkyl or
alkoxy group having 1 to 20 C atoms or a branched or cyclic
alkyl or alkoxy group having 3 to 20 C atoms, where the
above-mentioned groups may each be substituted by one or
more radicals R* and where one or more CH, groups in the
above-mentioned groups may be replaced by —C=C—,
—R*C=CR*—, Si(R",, C=0, —NR*—, —O— or
—S—, or an aromatic or heteroaromatic ring system having
5 to 20 aromatic ring atoms, which may in each case be
substituted by one or more radicals R,

R? is particularly preferably equal to H or D, particularly
preferably equal to H.
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R? is preferably on each occurrence, identically or differ-
ently, F, CN, Si(R*),, a straight-chain alkyl or alkoxy group
having 1 to 20 C atoms or a branched or cyclic alkyl or
alkoxy group having 3 to 20 C atoms, where the above-
mentioned groups may each be substituted by one or more
radicals R* and where one or more CH, groups in the
above-mentioned groups may be replaced by —C=C—,
—R*C=CR*—, Si(R*,, (=0, —NR*—, —O— or
—S—, or an aromatic or heteroaromatic ring system having
5 to 20 aromatic ring atoms, which may in each case be
substituted by one or more radicals R*, where two or more
radicals R* may be linked to one another and may form a
ring.

According to a preferred embodiment, two radicals R?
which are a constituent of a group X' which represents
C(R?), or Si(R*), form a ring with one another, so that a
spiro compound is formed. A five- or six-membered ring is
preferably formed here. Furthermore, it is preferred in this
case for the radicals R® to represent alkyl groups, so that a
spirocyclic alkyl ring is formed, particularly preferably a
spirocyclohexane ring or a spirocyclopentane ring.

R* is preferably on each occurrence, identically or differ-
ently, F, CN, Si(R®),, a straight-chain alkyl or alkoxy group
having 1 to 20 C atoms or a branched or cyclic alkyl or
alkoxy group having 3 to 20 C atoms, where the above-
mentioned groups may each be substituted by one or more
radicals R® and where one or more CH, groups in the
above-mentioned groups may be replaced by —C=C—,
—RC=CR—, Si(R%),, =0, —NR’—, —0— or
—S—, or an aromatic or heteroaromatic ring system having
5 to 20 aromatic ring atoms, which may in each case be
substituted by one or more radicals R>, where two or more
radicals R* may be linked to one another and may form a
ring.

According to a preferred embodiment of the invention, all
groups R' and R* in formula (I) are equal to H or D,
particularly preferably equal to H.

According to a further preferred embodiment of the
invention, one or more groups R' are equal to CN, particu-
larly preferably precisely two groups R' are equal to CN.

According to a further preferred embodiment of the
invention, one or more groups R' are equal to an aromatic or
heteroaromatic ring system having 6 to 20 aromatic ring
atoms, which may be substituted by one or more radicals R*,
particularly preferably precisely two groups R* are equal to
an aromatic or heteroaromatic ring system having 6 to 20
aromatic ring atoms, which may be substituted by one or
more radicals R*.

According to a particularly preferred embodiment, R" is a
benzindenofluorene  group, particularly preferably a
monobenzindenofluorene group, which may in each case be
substituted by radicals R*.

According to a further preferred embodiment of the
invention, none of the groups R' and R? are groups of the
formula N(R*),. In this case, the groups X' are preferably
not equal to NR?, the groups X" are in this case particularly
preferably equal to C(R?),.

According to a further preferred embodiment of the
invention, one or more groups R' are equal to N(R*),,
particularly preferably precisely two groups R* are equal to
N(R*),.

A preferred embodiment of the compound conforms to the
formula (I-1)
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formula (I-1)
X! X! X!
zl/ \22/ 22/ \zl
17 7 X XNy

7o 72 72 72 7
7217 | \224 \224 | Xyl
lzl z! VA ,lzl
\Zl/ \Zl/ ’
where:

7! is on each occurrence, identically or differently, CR* or
N, where Z' is equal to C if a group is bonded;

72 is on each occurrence, identically or differently, CR? or
N, where Z? is equal to C if a group is bonded; and

the groups X' are defined as above.

An alternative preferred embodiment of the compound
conforms to the formula (I-2)

formula (I-2)
Xl Xl Xl
Zl ZZ/ ZZ/ \Zl
717 \4 \ZX S X N X
il Ti T Ti T Ti |
n n 1 n 0 n
7! 72 7 72 72 7! z!
i | Y- i e
I 1
Z§Z1 Lz
where:

7! is on each occurrence, identically or differently, CR* or
N, where Z' is equal to C if a group is bonded;

72 is on each occurrence, identically or differently, CR* or
N, where 7 is equal to C if a group is bonded; and

the groups X' are defined as above.

For the formulae (I-1) and (I-2), the bonds to groups X'
and the bonds between the aromatic rings may each be
present at any desired positions of the aromatic rings, as can
the bonds between the individual aromatic rings. In particu-
lar, the depiction of the formulae (I-1) and (I-2) does not
imply that the groups X* must be present in the cis-position
to one another. The groups X' can be present in the cis- or
trans-position to one another.

It is preferred for a maximum of two groups Z' per
aromatic ring to be equal to N, particularly preferably for a
maximum of one group Z' per aromatic ring to be equal to
N, and very particularly preferably for no group Z' in an
aromatic ring to be equal to N.

It is generally preferred for Z' to be equal to CR".

It is preferred for a maximum of two groups 7 per
aromatic ring to be equal to N, particularly preferably for a
maximum of one group 7> per aromatic ring to be equal to
N, and very particularly preferably for no group 7* in an
aromatic ring to be equal to N.

It is generally preferred for Z* to be equal to CR>.

Preferred embodiments of the formula (I-1) conform to
the following formulae (I-1-1) to (I-1-11) and (I-2-1) to
(1-2-8)
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formula (I-1-1)

x!
—7 72— —7!
\Z
aweaw
x! 1 1

z\\ //z

Zl_zl

Zl—zl
Zl
4
A
\
7l=7!
Zl
1
Zl
\
Zl=zl
71
V]
Zl
\lezl

Zl — Zl
formula (I-1-4)

X! x!
—7!

\ N N TR
72—7 72—7 4 \ p

Zl_zl
72=72 72=72 7!
\ / \ / \
x! x!
Xl
72=72 7=
\ /\ /N,
Xl
Xl
72 7!
\, /\
Xl

formula (I-1-5)

_z1

e

z2\—7!
formula (I-1-6)
=7
—7!
1
//Z
Zl_zl
formula (I-1-7)
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-continued -continued
formula (I-1-9) formula (I-2-6)
1
1 1 1 71=7! X
X X X A 71—z 7272 72— —7!

formula (I-2-7)

X! X!
7! — —72 7!=7!
A 0aOaWe
A \ 7N\ N\ 7
2 Zl
1

7! —7! 72—7?2 7z
1=z X
formula (I-2-8)
Xl
7}— —7?
X! / \ X!
\ 7\, /
217 = IZJ
z X7l 71 7!
X! X! z\ 22 zl\ I
aaWaGa >
7! 7! .
\ )\ 7\ /s vhem 1
) \ 72 72 7171 7’ is on each occurrence, identically or differently, CR" or
1 N;
7 71 X ' . I .
/ 77 is on each occurrence, identically or differently, CR” or
z2'=7! N; and

the groups X' are defined as above.

In particular for the groups Z', Z* and X", the preferred
embodiments indicated above are also preferred for the
above formulae.

It is again particularly preferred in the formulae (I-1-1) to
(I-1-11) and (I-2-1) to (I-2-8) for Z* to be equal to CR*, for
7% 10 be equal to CR?, and for X" to be equal to C(R?),.

Of the formulae (I-1-1) to (I-1-11) and (I-2-1) to (I-2-8)
7=7! the formulae (I-1-2), (I-2-1) and (I-2-8) are particularly

formula (I-2-3) preferred, the formula (I-1-2) is most preferred.

Compounds of the formula (I) preferably conform to one
of the formulae (I-1-2-1) and (I-2-1-1)

formula (I-1-2-1)

= Xl Xl
1 1
1 2 2 1
7= —7 7P = _Z\ 55 X!
7! z!
I 7N /N N\
Z! z! 72 72 z\—z! formula (I-2-1-1)
\zl=zl X! . <l
X
formula (1-2-5) 60
ZI_ZI Zz:zz Z2=22 ZJ:ZI Rl O O O O Rl
Zl / \ \Zl .
TSN\ Q X
65
\Zl:zl Xl Xl Xl

where X! and R! are as defined above.



US 10,559,756 B2

11

X! in the formulae (I-1-2-1) and (I-2-1-1) is preferably
selected on each occurrence, identically or differently, from
C(R3)25 4C(R3)27C(R3)27: 7C(R3)24075 SI(R3)2 Os
S, and NR?, X* is particularly preferably equal to C(R>),.

R! in the formulae (I-1-2-1) and (I-2-1-1) is preferably on
each occurrence, identically or differently, H, D, F, CN,
Si(R*),, or an aromatic or heteroaromatic ring system hav-
ing 5 to 20 aromatic ring atoms, which may in each case be
substituted by one or more radicals R*.

According to a particularly preferred embodiment, R in
the formulae (I-1-2-1) and (I-2-1-1) is a benzindenofluorene
group, particularly preferably a monobenzindenofluorene
group, which may in each case be substituted by radicals R”.

Very particularly preferred embodiments of the com-
pounds of the formula (I) conform to the following formu-
lae, where the following preferably applies: Z' is CR" and Z*
is CR*:

Basic structure of X! (left) X' (middle) X! (right)
1 formula (i-1-1)  CR*, CRY, C(RY,
2 " —C(R"’)Z—C(R"’)Z— "
3 " —C(R"’)Z—O— "
4 " " Si(R3)Z "
5 " o "
6 v " S "
7 " " N—R3 "
8 formula (i-1-2) CR*, C(R?), C(RY),
g " —C(R}DZ—C(R3)Z— "
o " " —C(R3fi2—O— "
11 " " Si(R3)2 "
T " o "
3o " S "
14 " " N—RS "
15 formula (-1-3)  CR3, C(R3), C(RY),
16 " " —C(R}iZ—C(RS)Z— "
7 " —C(R3ii2—O— "
18 " " Si(R3)2 "
o v " o "
0 " S "
21 " " N—RS "
22 formula (i-1-4)  CR?*, C(R?), C(RY),
23 " " —C(R}iz—C(RS)z— "
2 " —C(R3iD2—O— "
25 " " SI(R3)2 "
% " o "
7 " S "
28 " " N—RS "
29 formula (i-1-5)  CR?, C[®R?), CR?),
30 " " —C(R}iz—C(RS)z— "
31 " —C(RSL—O— "
32 " " SI(R3)2 "
3 " o "
EYI " S "
35 " " N—R3 "
36 formula (i-1-6)  CR?, CR?), CR*),
37 v " —C(R}Dz—C(R3)2— "
g " " —C(RSL—O— "
39 " " SI(R3)2 "
0 " o "
an " S "
42 " " N—R3 "
43 formula (i-1-7)  CR*, C[R?), C(RY),
a4 " —C(R}Dz—C(R3)2— "
45 " —C(RSL—O— "
46 " " SI(R3)2 "
a7 " o "
PR " g "
49 " " N—R3 "
50  formula (i-1-8)  C(R*, C(R?), C(RY),
51 " " —C(R}Dz—C(R3)2— "
5 v " —C(R3fD2—O— "
53 " " SI(R3)2 "
4 " o "
550 " g "
56 " " NRS "
57 formula (i-1-9)  CR%*, CR?), C(R*2
58 " " —C(RS:iz—C(RS)z— "
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-continued
Basic structure of X! (left) X! (middle) X! (right)
59 v " —CR*),—0— "
60 " " Si(RY), "
61 " " 0 "
62 " " S "
63 " " NR? "
64 formula (-1-10) CR?*, CRY, CRY,
65 " —CR),—CRY),— "
66 " " —CR*)—0— "
67 " " Si(RY), "
68 " " 0 "
69 " " S "
70 " " NR? "
71 formula (i-1-11)  CR%, C(R?), C(R%),
72" ! —CR)—CR)— "
730 " —CR}),—0— "
2 " Si(RY), "
750 " 0 "
76 " " S "
77" " NR? "
78 formula (i-2-1)  CR%Y, CR?), C(R),
" ! —CR)—CR)— "
8o " " —CR}),—0— "
81 " " Si(RY), "
82 " " 0 "
83 " " S "
84 " " NR? "
85 formula (-2-2) CR%Y, CR?Y), C(RY),
86 " ! —CR)—CR)— "
87 " " —C(R*),—0— "
88 " " Si(RY), "
8o " " 0 "
9 " " S "
91 " " NR? "
92 formula (i-2-3)  CRY, CRY, CRY,
93 " ! —CR)H—CR)y— "
94 " " —C(R%),—0— "
95 " " Si(RY), "
9 " " 0 "
97 " " S "
98 " " NR? "
99 formula (i-2-4) CRY, CRY, CRY,
100 " " —CR},—CR}),— "
w1 " —CR3),—0— "
02 " " SI(RY, "
103 " " 0 "
104 " S "
05 " " NR? "
106 formula (-2-5) CR?Y, CRY), C(RY),
07 " " —CR),—C(R)— "
108 " " —CR3),—0— "
09 " " SIRY), "
mo " " 0 "
m " S "
m2 " " NR? "
113 formula (i-2-6)  CR?), CR), C(RY),
14 " —CR%),—CR)— "
s " " —CR3,—0— "
16 " " SI(RY), "
ISV " o) "
1ng " " S "
1o " " NR? "
120 formula (-27)  CR%, CRY), C(RY),
2 ! —CR),—CR)— "
122 " —CR3),—0— "
123 " Si(R"), "
124 " " o) "
125 " " S "
126 " " NR? "
127 formula (-2-8)  CR%, CR?), C(RY),
128 " ! —CRY),—CR)— "
129 " " —C(R*),—0— "
130 " " Si(RY), "
131 " " o) "
132 " " S "
133 " NR? "

The following compounds are examples of compounds of
the formula (I):
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389

390

The compounds of the formula (I) can be prepared by
known processes or reaction steps of organic chemistry.

A preferred process for the preparation of compounds of

the formula (I) is shown below (Scheme 1):

Scheme 1

functionalisation coupling

X reaction X reaction
/N /\ I

Ar—Ar Y*—Ar—Ar—Y*
formula (1) formula (2)

X X X X

/ \ ring-closure reaction / \ / \ / \
Ar—Ar—Ar—Ar —— » Ar—Ar—Ar—Ar
)l(* )l(* formula (4)

formula (3)

Ar: aromatic or heteroaromatic group

X: bridging group

X*: precursor group of the bridging group
Y*: reactive group, for example Cl, Br, [

To this end, reactive groups are introduced into a starting
compound (formula (1)), which is in many cases commet-
cially available, for example by bromination, or by bromi-
nation and subsequent boronation. A double coupling reac-

tion, for example a Suzuki coupling reaction, is
subsequently carried out, by means of which two further
aromatic groups are introduced. These further aromatic

45 groups contain a functional group X*, which is able to carry
out a ring closure with formation of a bridging group X.
After the ring-closure reaction, a compound of the formula
(D) (formula (4) in Scheme 1) is obtained, which can
optionally be functionalised further.

Alternatively, as shown in Scheme 2, the starting material
can be a compound which already contains two bridging
groups X (formula (5) in Scheme 2). Processes for the
preparation of such compounds are known to the person
skilled in the art, for example from WO 2008/006449. The
further steps correspond to those indicated in the case of
Scheme 1.

60 Scheme 2

functionalisation coupling
X X reaction X X reaction
/IN/\ — /\/\ —_—
Ar—Ar—Ar Ar—Ar—Ar—Y*
65 formula (5) formula (6)
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X X X X X
/\/ ring-closure reaction /\N/\/\
Ar—Ar—Ar—Ar ——» Ar—Ar—Ar—Ar
)l(* formula (8)
formula (7)

Ar: aromatic or heteroaromatic group

X: bridging group

X* precursor group of the bridging group
Y*: reactive group, for example Cl, Br, [

Details on the processes indicated schematically above
can be obtained from the working examples.

The person skilled in the art will be able to deviate from
the processes indicated schematically above or modify them
in order to obtain compounds of the formula (I), if this is
necessary. This is carried out within the scope of the usual
abilities of the person skilled in the art.

The present application thus relates to a process for the
preparation of a compound of the formula (I), characterised
in that it comprises at least one metal-catalysed coupling
reaction and at least one ring-closure reaction.

The metal-catalysed coupling reaction here is preferably
a transition-metal-catalysed coupling reaction, particularly
preferably a Suzuki reaction.

The compounds according to the invention described
above, in particular compounds which are substituted by
reactive leaving groups, such as bromine, iodine, chlorine,
boronic acid or boronic acid ester, can be used as monomers
for the preparation of corresponding oligomers, dendrimers
or polymers. Suitable reactive leaving groups are, for
example, bromine, iodine, chlorine, boronic acids, boronic
acid esters, amines, alkenyl or alkynyl groups containing a
terminal C—C double or triple bond respectively, oxiranes,
oxetanes, groups which undergo a cycloaddition, for
example a 1,3-dipolar cycloaddition, such, as, for example,
dienes or azides, carboxylic acid derivatives, alcohols and
silanes.

The invention therefore furthermore relates to oligomers,
polymers or dendrimers comprising one or more compounds
of the formula (I), where the bond(s) to the polymer,
oligomer or dendrimer may be localised at any desired
positions in formula (I) which are substituted by R', R or
R®. Depending on the linking of the compound of the
formula (I), the compound is part of a side chain of the
oligomer or polymer or part of the main chain. An oligomer
in the sense of this invention is taken to mean a compound
which is built up from at least three monomer units. A
polymer in the sense of the invention is taken to mean a
compound which is built up from at least ten monomer units.
The polymers, oligomers or dendrimers according to the
invention may be conjugated, partially conjugated or non-
conjugated. The oligomers or polymers according to the
invention may be linear, branched or dendritic. In the
structures linked in a linear manner, the units of the formula
(I) may be linked directly to one another or linked to one
another via a divalent group, for example via a substituted
or unsubstituted alkylene group, via a heteroatom or via a
divalent aromatic or heteroaromatic group. In branched and
dendritic structures, three or more units of the formula (I)
may, for example, be linked via a trivalent or polyvalent
group, for example via a trivalent or polyvalent aromatic or
heteroaromatic group, to give a branched or dendritic oli-
gomer or polymer.

The same preferences as described above for compounds
of the formula (I) apply to the recurring units of the formula
(D) in oligomers, dendrimers and polymers.
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For the preparation of the oligomers or polymers, the
monomers according to the invention are homopolymerised
or copolymerised with further monomers. Suitable and
preferred comonomers are selected from fluorenes (for
example in accordance with EP 842208 or WO 00/22026),
spirobifluorenes (for example in accordance with EP
707020, EP 894107 or WO 06/061181), para-phenylenes
(for example in accordance with WO 1992/18552), carba-
zoles (for example in accordance with WO 04/070772 or
WO 2004/113468), thiophenes (for example in accordance
with EP 1028136), dihydrophenanthrenes (for example in
accordance with WO 2005/014689 or WO 2007/006383),
cis- and trans-indenofluorenes (for example in accordance
with WO 2004/041901 or WO 2004/113412), ketones (for
example in accordance with WO 2005/040302), phenan-
threnes (for example in accordance with WO 2005/104264
or WO 2007/017066) or also a plurality of these units. The
polymers, oligomers and dendrimers usually also contain
further units, for example emitting (fluorescent or phospho-
rescent) units, such as, for example, vinyltriarylamines (for
example in accordance with WO 2007/068325) or phospho-
rescent metal complexes (for example in accordance with
WO 2006/003000), and/or charge-transport units, in particu-
lar those based on triarylamines.

The polymers, oligomers and dendrimers according to the
invention have advantageous properties, in particular long
lifetimes, high efficiencies and good colour coordinates.

The polymers and oligomers according to the invention
are generally prepared by polymerisation of one or more
types of monomer, at least one monomer of which results in
recurring units of the formula (I) in the polymer. Suitable
polymerisation reactions are known to the person skilled in
the art and are described in the literature. Particularly
suitable and preferred polymerisation reactions which result
in C—C or C—N links are the following:

(A) SUZUKI polymerisation;

(B) YAMAMOTO polymerisation;

(C) STILLE polymerisation; and

(D) HARTWIG-BUCHWALD polymerisation.

The way in which the polymerisation can be carried out
by these methods and the way in which the polymers can
then be separated off from the reaction medium and purified
is known to the person skilled in the art and is described in
detail in the literature, for example in WO 2003/048225,
WO 2004/037887 and WO 2004/037887.

For the processing of the compounds according to the
invention from the liquid phase, for example by spin coating
or by printing processes, formulations of the compounds
according to the invention are necessary. These formulations
can be, for example, solutions, dispersions or emulsions. It
may be preferred to use mixtures of two or more solvents for
this purpose. Suitable and preferred solvents are, for
example, toluene, anisole, 0-, m- or p-xylene, methyl ben-
zoate, mesitylene, tetralin, veratrol, THF, methyl-THF, THP,
chlorobenzene, dioxane, phenoxytoluene, in particular
3-phenoxytoluene, (-)-fenchone, 1,2,3,5-tetramethylben-
zene, 1,2,4,5-tetramethylbenzene, 1-methylnaphthalene,
2-methylbenzothiazole, 2-phenoxyethanol, 2-pyrrolidinone,
3-methylanisole, 4-methylanisole, 3,4-dimethylanisole, 3,5-
dimethylanisole, acetophenone, a-terpineol, benzothiazole,
butyl benzoate, cumene, cyclohexanol, cyclohexanone,
cyclohexylbenzene, decalin, dodecylbenzene, ethyl benzo-
ate, indane, methyl benzoate, NMP, p-cymene, phenetol,
1,4-diisopropylbenzene, dibenzyl ether, diethylene glycol
butyl methyl ether, triethylene glycol butyl methyl ether,
diethylene glycol dibutyl ether, triethylene glycol dimethyl
ether, diethylene glycol monobutyl ether, tripropylene glycol
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dimethy! ether, tetraethylene glycol dimethyl ether, 2-iso-
propylnaphthalene, pentylbenzene, hexylbenzene, heptyl-
benzene, octylbenzene, 1,1-bis(3,4-dimethylphenyl)ethane
or mixtures of these solvents.

The invention therefore furthermore relates to a formu-
lation, in particular a solution, dispersion or emulsion,
comprising at least one compound of the formula (T) or at
least one polymer, oligomer or dendrimer containing at least
one unit of the formula (I), and at least one solvent,
preferably an organic solvent. The way in which solutions of
this type can be prepared is known to the person skilled in
the art and is described, for example, in WO 2002/072714,
WO 2003/019694 and the literature cited therein.

The compounds of the formula (I) are suitable for use in
electronic devices, in particular in organic electrolumines-
cent devices (OLEDs). Depending on the substitution, the
compounds are employed in various functions and layers.

The compound of the formula (I) can be employed in any
function in the organic electroluminescent device, for
example as hole-transporting material, as matrix material, as
emitting material, or as electron-transporting material.

The invention therefore furthermore relates to the use of
a compound of the formula (I) in an electronic device. The
electronic device here is preferably selected from the group
consisting of organic integrated circuits (OICs), organic
field-effect transistors (OFETs), organic thin-film transistors
(OTFTs), organic light-emitting transistors (OLETs),
organic solar cells (OSCs), organic optical detectors, organic
photoreceptors, organic field-quench devices (OFQDs),
organic light-emitting electrochemical cells (OLECs),
organic laser diodes (O-lasers) and particularly preferably
organic electroluminescent devices (OLEDs).

The invention furthermore relates to an electronic device
comprising at least one compound of the formula (I). The
electronic device is preferably selected from the devices
indicated above. Particular preference is given to an organic
electroluminescent device comprising anode, cathode and at
least one emitting layer, characterised in that at least one
organic layer comprises at least one compound of the
formula (I).

Apart from cathode, anode and the emitting layer, the
organic electroluminescent device may also comprise fur-
ther layers. These are selected, for example, from in each
case one or more hole-injection layers, hole-transport layers,
hole-blocking layers, electron-transport layers, electron-in-
jection layers, electron-blocking layers, exciton-blocking
layers, inter-layers, charge-generation layers (IDMC 2003,
Taiwan; Session 21 OLED (5), T. Matsumoto, T. Nakada, J.
Endo, K. Mori, N. Kawamura, A. Yokoi, J. Kido, Multipho-
ton Organic EL Device Having Charge Generation Layer)
and/or organic or inorganic p/n junctions.

The sequence of the layers of the organic electrolumines-
cent device is preferably as follows: anode-hole-injection
layer hole-transport layer-emitting layer-electron-transport
layer-electron-injection layer-cathode. It is not necessary for
all of the said layers to be present, and further layers may
additionally be present, for example an electron-blocking
layer adjacent to the emitting layer on the anode side, or a
hole-blocking layer adjacent to the emitting layer on the
cathode side

The organic electroluminescent device according to the
invention may comprise a plurality of emitting layers. In this
case, these emission layers particularly 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 phos-
phoresce and which emit blue, green, yellow, orange or red
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light are used in the emitting layers. Particular preference is
given to three-layer systems, i.e. systems having three
emitting layers, where at least one of these layers preferably
comprises at least one compound of the formula (I) and
where the three layers exhibit blue, green, yellow, orange or
red emission (for the basic structure see, for example, WO
2005/011013). It should be noted that, for the generation of
white light, an emitter compound used individually which
emits in a broad wavelength range may also be suitable
instead of a plurality of emitter compounds emitting in
colour. Alternatively and/or additionally, the compounds
according to the invention may also be present in the
hole-transport layer or in another layer in an organic elec-
troluminescent device of this type. The various emitting
layers may be directly adjacent to one another, or they may
be separated from one another by non-emitting layers.
According to a preferred embodiment of the invention, a
white-emitting OLED is a so-called tandem OLED, i.e. two
or more complete OLED layer sequences are present in the
OLED, where the OLED layer sequences in each case
comprise hole-transport layer, emitting layer and electron-
transport layer, which are each separated from one another
by a charge-generation layer.

It is preferred for the compound of the formula (I) to be
employed in an emitting layer. The compound of the formula
(1) is particularly suitable for use as emitting compound or
as matrix material in an emitting layer.

The compound according to the invention is particularly
suitable for use as blue-emitting emitter compound or as
matrix compound for a blue-emitting emitter compound.

If the compound according to the invention is employed
as matrix material in an emitting layer of an OLED, it is
preferred for none of the substituents R', R* and R> to be
selected from groups which are conjugated with the basic
structure of the formula (I), in particular for none of the
substituents R*, R? and R to be selected from cyano groups,
arylamino groups or aryl or heteroaryl groups. In the case of
the use of the compound according to the invention as matrix
material, R' and R? are particularly preferably selected from
H, D, F and alkyl groups having 1 to 10 C atoms, particularly
preferably from H and D, R and R? are very particularly
preferably equal to H.

If the compound according to the invention is employed
as emitter compound in an emitting layer of an OLED, it is
preferred for one or more substituents R, R* and R> to be
selected from groups which are conjugated with the basic
structure of the formula (I), for example cyano groups,
arylamino groups or aryl or heteroaryl groups.

If the compound according to the invention is employed
as emitting compound in an emitting layer, it is preferably
employed in combination with one or more matrix materials.
A matrix material here is taken to mean a material which is
present in the emitting layer, preferably as the principal
component, and which does not emit light on operation of
the device.

The proportion of the emitting compound in the mixture
of the emitting layer is between 0.1 and 50.0%, preferably
between 0.5 and 20.0%, particularly preferably between 1.0
and 10.0%. Correspondingly, the proportion of the matrix
material or matrix materials is between 50.0 and 99.9%,
preferably between 80.0 and 99.5%, particularly preferably
between 90.0 and 99.0%.

The specifications of the proportions in % are, for the
purposes of the present application, taken to mean % by vol.
if the compounds are applied from the gas phase and % by
weight if the compounds are applied from solution.
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If the compound according to the invention is employed
as matrix material, it can be employed in combination with
all known emitting compounds. It is preferably employed in
combination with the preferred emitting compounds indi-
cated below, particularly the preferred fluorescent com-
pounds indicated below.

If the compound of the formula (T) is employed as matrix
material in combination with a phosphorescent emitter in an
emitting layer, the phosphorescent emitter is preferably
selected from the embodiments of phosphorescent emitters
indicated below. In this case, one or more further matrix
materials are furthermore preferably present in the emitting
layer.

So-called mixed-matrix systems of this type preferably
comprise two or three different matrix materials, particularly
preferably two different matrix materials. One of the two
materials here is preferably a material having hole-trans-
porting properties and the other material is a material having
electron-transporting properties. The compound of the for-
mula (I) preferably represents the material having hole-
transporting properties.

However, the desired electron-transporting and hole-
transporting properties of the mixed-matrix components
may also be combined principally or completely in a single
mixed-matrix components, where the further mixed-matrix
component(s) fulfil other functions. The two different matrix
materials here may be present in a ratio of 1:50 to 1:1,
preferably 1:20to 1:1, particularly preferably 1:10to 1:1 and
very particularly preferably 1:4 to 1:1. Mixed-matrix sys-
tems are preferably employed in phosphorescent organic
electroluminescent devices. More precise information on
mixed-matrix systems is given, inter alia, in the application
WO 2010/108579.

Particularly suitable matrix materials which can be used
in combination with the compounds according to the inven-
tion as matrix components of a mixed-matrix system are
selected from the preferred matrix materials indicated below
for phosphorescent emitting compounds or the preferred
matrix materials for fluorescent emitting compounds,
depending on what type of emitting compound is employed
in the mixed-matrix system.

The compounds according to the invention can also be
employed in layers other than the emitting layer, for example
as hole-transport materials in a hole-injection or hole-trans-
port layer or electron-blocking layer.

If the compound of the formula (I) is employed as
hole-transport material, for example in a hole-transport
layer, a hole-injection layer or an electron-blocking layer,
the compound can be employed as pure material, i.e. in a
proportion of 100%, in the hole-transport layer, or it can be
employed in combination with one or more further com-
pounds. According to a preferred embodiment, the organic
layer comprising the compound of the formula (I) then
additionally comprises one or more p-dopants. Preferred
p-dopants employed in accordance with the present inven-
tion are organic electron-acceptor compounds which are
able to oxidise one or more of the other compounds in the
mixture.

Particularly preferred embodiments of p-dopants are the
compounds disclosed in WO 2011/073149, EP 1968131, EP
2276085, EP 2213662, EP 1722602, EP 2045848, DE
102007031220, U.S. Pat. Nos. 8,044,390, 8,057,712, WO
2009/003455, WO 2010/094378, WO 2011/120709, US
2010/0096600 and WO 2012/095143.

It is furthermore preferred in this case for the electronic
device to have a plurality of hole-transporting layers
between the anode and the emitting layer. The case may
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occur that all these layers comprise a compound of the
formula (I), or that only individual layers thereof comprise
a compound of the formula (7).

If the compound of the formula (I) is employed as
hole-transport material, it is preferred for it to have a large
separation between the HOMO and LUMO energy levels. It
is furthermore preferred for it to contain no amino groups as
substituents. It is furthermore preferred for it to contain
absolutely no substituents on the aromatic rings, i.e. for R*
and R” to be equal to H or D, particularly preferably equal
to H.

The compound of the formula (I) can furthermore be
employed as electron-transporting compound in an electron-
transport layer, a hole-blocking layer or an electron-injection
layer. It is preferred for this purpose for the compound of the
formula (I) to contain one or more substituents selected from
electron-deficient heteroaryl groups, such as, for example,
triazine, pyrimidine or benzimidazole.

Generally preferred classes of material for use as corre-
sponding functional materials in the organic electrolumines-
cent devices according to the invention are indicated below.

Suitable phosphorescent emitting compounds are, in par-
ticular, compounds which emit light, preferably in the vis-
ible region, on suitable excitation and in addition contain at
least one atom having an atomic number greater than 20,
preferably greater than 38 and less than 84, particularly
preferably greater than 56 and less than 80. The phospho-
rescent emitting compounds used are preferably compounds
which contain copper, molybdenum, tungsten, rhenium,
ruthenium, osmium, rhodium, iridium, palladium, platinum,
silver, gold or europium, in particular compounds which
contain iridium, platinum or coppet.

All luminescent iridium, platinum or copper complexes
are regarded as phosphorescent compounds in the sense of
the present invention.

Examples of the phosphorescent emitting compounds
described above are revealed by the applications WO 2000/
70655, WO 2001/41512, WO 2002/02714, WO 2002/15645,
EP 1191613, EP 1191612, EP 1191614, WO 2005/033244,
WO 2005/019373 and US 2005/0258742. In general, all
phosphorescent complexes as are used in accordance with
the prior art for phosphorescent OLEDs and as are known to
the person skilled in the art in the area of organic electrolu-
minescent devices are suitable for use in the devices accord-
ing to the invention. The person skilled in the art will also
be able, without inventive step, to employ further phospho-
rescent complexes in combination with the compounds
according to the invention in OLED:s.

Preferred fluorescent emitters, besides the compounds
according to the invention, are selected from the class of the
arylamines. An arylamine in the sense of this invention is
taken to mean a compound which contains three substituted
or unsubstituted aromatic or heteroaromatic ring systems
bonded directly to the nitrogen. At least one of these
aromatic or heteroaromatic ring systems is preferably a
condensed ring system, particularly preferably having at
least 14 aromatic ring atoms. Preferred examples thereof are
aromatic anthracenamines, aromatic anthracenediamines,
aromatic pyrenamines, aromatic pyrenediamines, aromatic
chrysenamines or aromatic chrysenediamines. An aromatic
anthracenamine is taken to mean a compound in which one
diarylamino group is bonded directly to an anthracene
group, preferably in the 9-position. An aromatic anthracene-
diamine is taken to mean a compound in which two diary-
lamino groups are bonded directly to an anthracene group,
preferably in the 9,10-position. Aromatic pyrenamines,
pyrenediamines, chrysenamines and chrysenediamines are
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defined analogously thereto, where the diarylamino groups
are preferably bonded to the pyrene in the 1-position or in
the 1,6-position. Further preferred emitters are indenofluo-
renamines or indenofluorenediamines, for example in accor-
dance with WO 2006/108497 or WO 2006/122630, benzo-
indenofluorenamines or benzoindenofluorenediamines, for
example in accordance with WO 2008/006449, and diben-
zoindenofluorenamines or dibenzoindenofluorenediamines,
for example in accordance with WO 2007/140847, and the
indenofluorene derivatives containing condensed aryl

150

groups which are disclosed in WO 2010/012328. Preference
is likewise given to the pyrenarylamines disclosed in WO
2012/048780 and WO 2013/185871. Preference is likewise
given to the benzoindenofluorenamines disclosed in WO
2014/037077, the benzofluorenamines disclosed in the as yet
unpublished EP 13000012.8 and the indenofluorenes dis-
closed in the as yet unpublished EP13004921.6.

Preferred fluorescent emitting compounds are depicted in
the following table:
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Preferred matrix materials for use in combination with
fluorescent emitting compounds are selected from the
classes of the oligoarylenes (for example 2,2',7,7'-tetraphe-
nylspirobifluorene in accordance with EP 676461 or dinaph-
thylanthracene), in particular the oligoarylenes containing
condensed aromatic groups, the oligoarylenevinylenes (for
example DPVBIi or spiro-DPVBI in accordance with EP
676461), the polypodal metal complexes (for example in
accordance with WO 2004/081017), the hole-conducting
compounds (for example in accordance with WO 2004/
058911), the electron-conducting compounds, in particular
ketones, phosphine oxides, sulfoxides, etc. (for example in
accordance with WO 2005/084081 and WO 2005/084082),
the atropisomers (for example in accordance with WO
2006/048268), the boronic acid derivatives (for example in
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accordance with WO 2006/117052) or the benzanthracenes
(for example in accordance with WO 2008/145239). Par-
ticularly preferred matrix materials are selected from the
classes of the oligoarylenes, comprising naphthalene,
anthracene, benzanthracene and/or pyrene or atropisomers
of these compounds, the oligoarvlenevinylenes, the ketones,
the phosphine oxides and the sulfoxides. Very particularly
preferred matrix materials are selected from the classes of
the oligoarylenes, comprising anthracene, benzanthracene,
benzophenanthrene and/or pyrene or atropisomers of these
compounds. An oligoarylene in the sense of this invention is
intended to be taken to mean a compound in which at least
three aryl or arylene groups are bonded to one another.

Particularly preferred matrix materials for use in combi-
nation with the compounds of the formula (I) in the emitting
layer are depicted in the following table.
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Suitable charge-transport materials, as can be used in the
hole-injection or hole-transport layer or electron-blocking
layer or in the electron-transport layer of the organic elec-
troluminescent device according to the invention, are, for
example, the compounds disclosed in Y. Shirota et al.,
Chem. Rev. 2007, 107(4), 953-1010, or other materials as
are employed in these layers in accordance with the prior art.

Examples of preferred hole-transport materials which can
be used besides the compounds of the formula (I) in a
hole-transport, hole-injection or electron-blocking layer in
the electroluminescent device according to the invention are
indenofluorenamine derivatives (for example in accordance
with WO 06/122630 or WO 06/100896), the amine deriva-
tives disclosed in EP 1661888, hexaazatriphenylene deriva-
tives (for example in accordance with WO 01/049806),
amine derivatives containing condensed aromatic rings (for
example in accordance with U.S. Pat. No. 5,061,569), the
amine derivatives disclosed in WO 95/09147, monobenzo-
indenofluorenamines (for example in accordance with WO
08/006449), dibenzoindenofluorenamines (for example in
accordance with WO 07/140847), spirobifluorenamines (for
example in accordance with WO 2012/034627 or WO
2013/120577), fluorenamines (for example in accordance
with the as yet unpublished applications EP 12005369.9, EP
12005370.7 and EP 12005371.5), spiro-dibenzopyran-
amines (for example in accordance with WO 2013/083216)
and dihydroacridine derivatives (for example in accordance
with WO 2012/150001).

The cathode of the organic electroluminescent device
preferably comprises metals having a low work function,
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metal alloys or multilayered structures comprising various
metals, such as, for example, alkaline-earth metals, alkali
metals, main-group metals or lanthanoids (for example Ca,
Ba, Mg, Al, In, Mg, Yb, Sm, etc.). Also suitable are alloys
comprising an alkali metal or alkaline-earth metal and silver,
for example an alloy comprising magnesium and silver. In
the case of multilayered structures, further metals which
have a relatively high work function, such as, for example,
Ag or Al, can also be used in addition to the said metals, in
which case combinations of the metals, such as, for example,
Ca/Ag, Mg/Ag or Ag/Ag, are generally used. It may also be
preferred to introduce a thin interlayer of a material having
a high dielectric constant between a metallic cathode and the
organic semiconductor. Suitable for this purpose are, for
example, alkali metal fluorides or alkaline-earth metal fluo-
rides, but also the corresponding oxides or carbonates (for
example LiF, 11,0, BaF,, MgO, NaF, CsF, Cs,CO;, efc.).
Furthermore, lithium quinolinate (1iQ) can be used for this
purpose. The layer thickness of this layer is preferably
between 0.5 and 5 nm.

The anode preferably comprises materials having a high
work function. The anode preferably has a work function of
greater than 4.5 eV vs. vacuum. Suitable for this purpose are
on the one hand metals having a high redox potential, such
as, for example, Ag, Pt or Au. On the other hand, metal/metal
oxide electrodes (for example AUNI/NiO_, AI/PtO ) may
also be preferred. For some applications, at least one of the
electrodes must be transparent or partially transparent in
order to facilitate either irradiation of the organic material
(organic solar cells) or the coupling-out of light (OLEDs,
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O-lasers). Preferred anode materials here are conductive
mixed metal oxides. Particular preference is given to indium
tin oxide (ITO) or indium zinc oxide (IZO). Preference is
furthermore given to conductive, doped organic materials, in
particular conductive, doped polymers.

The device is appropriately (depending on the applica-
tion) structured, provided with contacts and finally sealed,

since the lifetime of the devices according to the invention
is shortened in the presence of water and/or air.

Int-a
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Br Br

In a preferred embodiment, the organic electrolumines-
cent device according to the invention is characterised in
that one or more layers are coated by means of a sublimation
process, in which the materials are applied by vapour
deposition in vacuum sublimation units at an initial pressure
of less than 10~° mbar, preferably less than 1075 mbar.
However, it is also possible here for the initial pressure to be
even lower, for example less than 10~ mbar.

Preference is likewise given to an organic electrolumi-
nescent device, characterised in that one or more layers are
coated by means of the OVPD (organic vapour phase
deposition) process or with the aid of carrier-gas sublima-
tion, in which the materials are applied at a pressure of
between 107> mbar and 1 bar. A special case of this process
is the OVIP (organic vapour jet printing) process, in which
the materials are applied directly through a nozzle and are
thus structured (for example M. S. Arnold et al., Appl. Phys.
Lett. 2008, 92, 053301).

Preference is furthermore given to an organic electrolu-
minescent 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,
nozzle printing or offset printing, but particularly preferably
LITT (light induced thermal imaging, thermal transfer print-
ing) or ink-jet printing. Soluble compounds of the formula
(I) are necessary for this purpose. High solubility can be
achieved through suitable substitution of the compounds.

For the production of an organic electroluminescent
device according to the invention, it is furthermore preferred
to apply one or more layers from solution and one or more
layers by a sublimation process.

In accordance with the invention, the electronic devices
comprising one or more compounds according to the inven-
tion can be employed in displays, as light sources in lighting

202

applications and as light sources in medical and/or cosmetic
applications (for example light therapy).

WORKING EXAMPLES
A) Synthesis Examples
A-1) Variant 1

The procedure is in accordance with the following general

scheme:
Br (€]
O/\

Int-b
bromination O Q.O '
I
R R
\/
X
35
Br / Br
R\ R
40 R /
\X—X _-R
45 Compeund Synthesis/yield
Int-al Commercially
available
50
Int-a2 Commercially
available
55
Br Q Br
60
Int-a3 Bioorg. &
O, Med. Chem.
Lett., 2012,
Br / \ Br 57 5108-5113
65
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R R R R
\/ \/
X X
5
Br Q Br Br Q Br
R R 10 R R
R\ / R
\X_X/R \\X_X//R
—~ OO
15
Compound Synthesis/yield Compeund Synthesis/yield
Int-ad Tetrahedron Int-a7 Org, Letr.
\Si/ 2001, 37, 2008, 10,
10047-10053 773-776
Br Q Br 20
25
30
35
Int-a5 Synthesis
2003, 16
2% 40 Inta8 WO 2012/
24702472 O 60283 Al
N,
O
Br Q Q Br
50
Compound Int-b
2,7-Dibromo-9,9-dimethyl-9H-fluorene (130 g, 369
mmol), bis(pinacolato)-diborane (225 g, 886 mmol) and
33 potassium acetate (217 g, 2.22 mol) are suspended in 1.4 1
of dioxane. The solution is degassed and saturated with
argon. PdCl,(dppf)-CH,Cl, (15 g, 18 mmol) is then added.
o Lhe reaction mixture is heated at the boil under a protective-
Int-a6 7. Mat. Chem. gas atmosphere for 4 h. The mixture is filtered and washed
2009, 19, o )
. 4148-4156 with dioxane. After filtration of the crude product, the
Br Q Q Br residue remaining is extracted with THF in a Soxhlet extrac-
65

tor, then filtered. The yield is 137 g (83% of theory) as a grey
solid. Purity>95% (NMR in CDCL,).
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The following compounds are prepared analogously:

Ty

R S
\X—X/

R
0] O
\ /
B B
/ \ .
Compound 0] 0] Yield

T
o atece
Sasters
NN

Int-b5 85%

(6] N. (6]
\ / ﬁ
e etey
Int-b6 90%
(0] O
i ) *. ¢
B B
/ \
(6] [¢]

Int-b2

Int-b3 50%

75%
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Int-b7

Int-b8

80%

70%
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Compound 1

2,7-Bispinacolato-9,9-dimethyl-9H-fluorene (137 g, 307
mmol), 1-bromonaphthalene-2-carboxylic acid (173 g, 620
mmol) and fripotassium phosphate monohydrate (283 g,
1.23 mol) are suspended in a water/toluene/dioxane mixture
(1:1:1, 1.5 1). The solution is degassed and saturated with
argon. Tri(o-tolyl)phosphine (22.4 g, 73 mmol) and palla-
dium(IT) acetate (2.76 g, 12.3 mmol) are then added. The
reaction mixture is heated at the boil under a protective-gas
atmosphere for 5.5 h. The phases are separated, and the
aqueous phase is washed with toluene. The organic phase is
dried over Na,SO, and evaporated in a rotary evaporator.
The mixture is filtered through silica gel and AlOx with
toluene and evaporated in a rotary evaporator. The yellow oil
is dried in a vacuum drying cabinet and is not purified.

The yellow oil in 500 ml of THF is added dropwise to a
mixture of cerium(IIl) trichloride (166 g, 670 mmol) and

45

50

55

60

65

500 ml of THF. The reaction mixture is stirred at room
temperature for 1 h, then cooled to 0° C. Methyl-magnesium
chloride (813 ml, 3M in THF) is added dropwise at this
temperature. The reaction mixture is stirred overnight. 500
ml of water are added to the batch, which is then filtered with
THEF. The phases of the mother liquor are separated. The
organic phase is dried over Na,SO, and evaporated in a
rotary evaporator. The yellow oil is dried in a vacuum drying

cabinet and is not purified further.

The yellow oil and polyphosphoric acid (446 g, 4.56 mol)
are suspended in 1 1 of dichloromethane. Methanesulfonic
acid (296 ml, 4.56 mol) is slowly added dropwise. The
reaction mixture is stirred for 1 h. 700 ml of ethanol are
added. The batch is filtered, and the residue remaining is
recrystallised from toluene. The yield is 109 g (68% of
theory) as a yellow solid. Purity 99.7% (HPLC).
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Compound Int-c

Ia (80 g, 152 mmol) is dissolved in 500 ml of DCM. Br,
(16 ml, 311 mmol) in 300 ml of DCM is added dropwise at
0° C. The reaction mixture is stirred at room temperature
overnight. 20 ml of sodium thiosulfate solution are added,

214

and the mixture is stirred for 15 min. The batch is filtered
with ethanol. The residue remaining is recrystallised three
times from toluene. The yield is 60 g (57% of theory) as a
grey solid. Purity 96.3% (HPLC).

The following compounds are prepared analogously:

Compound

Yield

Int-cl

Int-c2

Int-c3

Int-c4

O.Q'O.g :

65%

50%
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Compound Yield
Int-c5 65%
Int-c6 69%

SR
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Compound 11

Intc (17 g, 24 mmol), K,[Fe(CN)s]*3H,0 (10.5 g, 24
mmol) and sodium carbonate (7.9 g, 75 mmol) are sus-
pended in 400 ml of DMF. The solution is degassed and
saturated with argon. S-Phos (816 mg, 2 mmol) and palla-
dium(IT) acetate (223 mg, 1 mmol) are then added. The
reaction mixture is heated at the boil under a protective-gas
atmosphere overnight. The reaction mixture is cooled, then
evaporated in a rotary evaporator. The resultant solid is
extracted with toluene over aluminium oxide in a Soxhlet
extractor, then recrystallised 7x from chloroform. The yield
is 2.5 g (17.5% of theory) as a grey solid. Purity 99.9%
(HPLC).

The following compounds are prepared analogously:

Compound

Yield

Ila

1Ib

e

O 17.5%

CN

26%
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Compound I11

Int-c (800 mg, 1.5 mmol), benzeneboronic acid (342 mg,
3 mmol) and tripotassium phosphate monohydrate (1.08 g,
4.7 mmol) are suspended in a water/toluene/dioxane mixture
(1:1:1, 6 ml). The solution is degassed and saturated with
argon. Tri(o-tolyl)phosphine (43 mg, 0.14 mmol) and pal-
ladium(IT) acetate (10 mg, 0.05 mmol) are then added. The
reaction mixture is heated at the boil under a protective-gas
atmosphere overnight. The phases are separated, and the
aqueous phase is washed with toluene. The organic phase is
dried over Na,SO, and evaporated in a rotary evaporator.
The mixture is filtered through silica gel and AlOx with
toluene and evaporated in a rotary evaporator. The solid is
recrystallised from toluene. The yield is 505 mg (64% of
theory) as a yellow solid. Purity 99% (HPLC).

The following compounds are prepared analogously:

Compound

Yield

IIla

1IIb

Ille

1I1d

64%

42%

59%

5%
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Compound Int-d
2,4-Dimethylphenylamine (1.12 ml, 8.9 mmol), 4-bro-

O Br modibenzofuran (2 g, 8.1 mmol) and sodium tert-butoxide
+ - (1.9 g, 20 mmol) are suspended in 150 ml of toluene. The
solution is degassed and saturated with argon. PdCL,(dppi)-
NH,

[

CH,Cl, (132 mg, 162 mmol) is then added. The reaction
mixture is heated at the boil under a protective-gas atmo-
10 sphere overnight. The mixture is filtered through silica gel
and AlOx with toluene and evaporated in a rotary evapora-
tor. The oil is purified over a silica-gel column with heptane.
The yield is 1.9 g (82% of theory) as a pale-brown oil. Purity

94% (HPLC).

15

The following compounds are prepared analogously:
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Ar\ N A
O Compound Yield

o NH

H
Int-d1 82%
o]
30 N O
Int-d H
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Compound H Yield 5 Compound H Yield
Int-d2 30%
Int-d5 90%
O
H
15
Int-d6 88%
20 ; ;
Int-d3 80%
N
9, H Q
N
H < > 25
Compounds IVa and VDb
Int-c (1 g, 1.46 mmol), the dibenzofuran compound (903
30 mg, 3.14 mmol) and sodium tert-butoxide (421 mg, 4.38
mmol) are suspended in 40 ml of toluene. The solution is
degassed and saturated with argon. Tri-tert-butyl-phosphine
Int-d4 §5% (117 ul, 1M in toluene) and palladium(Il) acetate (48 mg,
35
O 0.06 mmol) are then added. The reaction mixture is heated
at the boil under a protective-gas atmosphere for 4 h. The
g mixture is filtered through silica gel and AlOx with toluene
O 40 and evaporated in a rotary evaporator. The product is recrys-
tallised three times from toluene. The yield is 200 mg (13%
of theory) as a pale-brown oil. Purity 96.7% (HPLC).
Cempound Yield

%.0'0.8 20
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Compound Yield
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Vg 10%
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A-2) Variant 11 35

The procedure is in accordance with the following general
scheme:
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Compound V

Int-e (10 g, 20 mmol), K,[Fe(CN),J*3H,0 (4.3 g, 10
mmol) and sodium carbonate (3.3 g, 31 mmol) are sus-
pended in 150 ml of DMF. The solution is degassed and
saturated with argon. S-Phos (336 mg, 0.82 mmol) and
palladium(IT) acetate (92 mg, 0.41 mmol) are then added.
The reaction mixture is heated at the boil under a protective-
gas atmosphere overnight. The reaction mixture is cooled,
then evaporated in a rotary evaporator. The resultant solid is
extracted with toluene over aluminium oxide in a Soxhlet
extractor, then recrystallised 7x from chloroform. The yield
is 5.3 g (67% of theory) as a yellow solid. Purity 99.6%
(HPLC).

Compound Int-f

Compound V (3 g, 7.7 mmol) is dissolved in 25 ml of
DCM. Br, (394 ul, 7.7 mmol) in 25 ml of DCM is added
dropwise at 0° C. The reaction mixture is stirred at room
temperature overnight. 10 ml of sodium thiosulfate solution
are added, and the mixture is stirred for 15 min. The batch
is filtered with ethanol. The residue remaining is recrystal-
lised three times from heptane/toluene 1:1. The yield is 1.7
g (44% of theory) as a yellow solid. Purity 94% (HPLC).

Compound VI

Compound Int-f (1 g, 2.2 mmol), 1-bromonaphthalene-
2-carboxylic acid (649 mg, 2.5 mmol) and tripotassium
phosphate monohydrate (1.5 g, 6.5 mmol) are suspended in
a water/toluene/dioxane mixture (1:1:1, 30 ml). The solution
is degassed and saturated with argon. Trio-tolyl)-phosphine
(79 mg, 0.3 mmol) and palladium(IT) acetate (9.7 mg, 0.04
mmol) are then added. The reaction mixture is heated at the
boil under a protective-gas atmosphere for 7 h. The phases
are separated, and the aqueous phase is washed with toluene.
The organic phase is dried over Na,SO, and evaporated in
arotary evaporator. The mixture is filtered through silica gel
and AlOx with toluene and evaporated in a rotary evapora-
tor. The yellow solid is dried in a vacuum drying cabinet and
is not purified further.

The yellow solid in 20 ml of THF is added dropwise to a
mixture of cerium(I1I) trichloride (600 mg, 2.37 mmol) and
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20 ml of THF. The reaction mixture is stirred at room
temperature for 1 h, then cooled to 0° C. Methyl-magnesium
chloride (1.25 ml, 3M in THF) is added dropwise at this
temperature. The reaction mixture is stirred overnight. 20 ml
of water are added to the batch, which is then filtered with
THF. The phases of the mother liquor are separated. The
organic phase is dried over Na,SO, and evaporated in a
rotary evaporator. The yellow solid is dried in a vacuum
drying cabinet and is not purified.

The yellow solid and polyphosphoric acid (2.1 g, 21.5
mol) are suspended in 30 ml of dichloromethane. Methane-
sulfonic acid (1.4 ml, 21.5 mol) is slowly added dropwise.
The reaction mixture is stirred for 1 h. 30 ml of ethanol are
added. The batch is filtered, and the residue remaining is
recrystallised from toluene. The yield is 809 mg (75% of
theory) as a yellow solid. Purity 97% (HPLC).

Compound Int-g

Compound VI (809 mg, 1.6 mmol) is dissolved in 25 ml
of DCM. Br, (83 pl, 1.6 mmol) in 25 ml of DCM is added
dropwise at 0° C. The reaction mixture is stirred at room
temperature overnight. 10 ml of sodium thiosulfate solution
are added, and the mixture is stirred for 15 min. The batch
is filtered with ethanol. The residue remaining is recrystal-
lised three times from heptane/toluene 1:1. The yield is 790
mg (85% of theory) as a yellow solid. Purity 96% (HPLC).

Compound VII

Int-g (790 mg, 1.3 mmol), benzeneboronic acid (342 mg,
3 mmol) and tripotassium phosphate monohydrate (1.08 g,
4.7 mmol) are suspended in a water toluene/dioxane mixture
(1:1:1, 6 ml). The solution is degassed and saturated with
argon, Tri(o-tolyl)phosphine (43 mg, 0.14 mmol) and pal-
ladium(IT) acetate (10 mg, 0.05 mmol) are then added. The
reaction mixture is heated at the boil under a protective-gas
atmosphere overnight. The phases are separated, and the
aqueous phase is washed with toluene. The organic phase is
dried over Na,SQO, and evaporated in a rotary evaporator.
The mixture is filtered through silica gel and AlOx with
toluene and evaporated in a rotary evaporator. The solid is
recrystallised from toluene. The yield is 675 mg (73% of
theory) as a yellow solid. Purity 97% (HPLC).

The following compounds are prepared analogously:

Festiag
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B) Device Examples: Production of the OLEDs

OLEDs according to the invention and OLEDs in accor-
dance with the prior art are produced by a general process in
accordance with WO 04/058911, which is adapted to the
circumstances described here (layer-thickness variation,
materials).

The data for various OLEDs are presented in the follow-
ing examples (see Tables 1 to 3). The substrates used are
glass substrates which have been coated with structured ITO
(indium tin oxide) in a thickness of 50 nm. The OLEDs have
in principle the following layer structure: substrate/hole-
injection layerl (95% of HTL1+5% of HIL, 20 nm)'hole-
transport layer (HTL, thickness indicated in Table 1)/emis-
sion layer (EML, 20 nm) electron-transport layer (ETL, 20
nm)/electron-injection layer (EIL, 3 nm) and finally a cath-
ode. The cathode is formed by an aluminium layer with a
thickness of 100 nm. A layer of Clevios P VP Al 4083
(purchased from Heraeus Clevios GmbH, Leverkusen) with
a thickness of 20 nm is applied as buffer by spin coating. All
remaining materials are applied by thermal vapour deposi-
tion in a vacuum chamber. The structure of the OLED:s is
shown in Table 1. The materials used are shown in Table 3.

The emission layer (EML) always consists of at least one
matrix material (host=H) and an emitting compound
(dopant=D), which is admixed with the matrix material in a
certain proportion by volume by co-evaporation. An expres-
sion such as H1:D1 (97%:3%) here means that material H1
is present in the layer in a proportion by volume of 97% and
D1 is present in the layer in a proportion of 3%.

The OLEDs are characterised by standard methods. For
this purpose, the electroluminescence spectra are recorded,
the current efficiency (measured in cd/A) and the external
quantum efficiency (EQE, measured in percent as a function
of the luminous density assuming Lambert emission char-
acteristics are calculated from current/voltage/luminous
density characteristic lines (IUL characteristic lines), and
finally the lifetime of the components is determined. The
electroluminescence spectra are recorded at a luminous
density of 1000 ¢d/m?, and the CIE 1931 x and y colour
coordinates are calculated therefrom. The expression EQE
@ 1000 cd/m* denotes the external quantum efficiency at an
operating luminous density of 1000 cd/m®. The lifetime
LT95 @ 1000 cd/m? is the time which passes until the initial
luminance has dropped by 5% from 1000 cd/m*. The data
obtained for the various OLEDs are summarised in Table 2.

40
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Use of the Compounds According to the Invention as
Emitters in Fluorescent OLEDs

Compounds D3, D4, D5, D6, D7, D8, D9, D10, D11 and
D12 according to the invention are employed individually as
emitters in the emitting layer of OLEDs (structure see Table
3). The matrix material used in the emitting layer here is
compound V-H2. The OLEDs obtained are E4 to E6 and E9
to E15. They exhibit a very good lifetime in the case of
deep-blue emission (Table 2). Compared with emitter mate-
rials known from the prior art (V-D1 and V-D2, cf. V1 to
V3), the lifetime is considerably improved, with constant
quantum efficiency.

In particular the comparison with material V-D1 shows
the improvement achieved by the bisindenofluorene basic
structure according to the invention compared with the
indenofluorene basic structure known from the prior art.

Use of the Compounds According to the Invention as
Matrix Materials in Fluorescent OLEDs

Example E7, in which compound H3 according to the
invention is employed as matrix material, likewise exhibits
a good lifetime and quantum efficiency in the case of
deep-blue emission (Table 2). This confirms the good suit-
ability of the compounds according to the invention as
matrix materials in the emitting layer.

Use of the Compounds According to the Invention as
Hole-Transport Materials in OLEDs

Example E8, in which compound H3 according to the
invention is employed as hole-transport material in the
hole-transport layer, likewise exhibits a good lifetime and
quantum efficiency in the case of deep-blue emission (Table
2). This confirms the good suitability of the compounds
according to the invention as hole-transporting compounds.

TABLE 1

Structure of the OLEDs

HTL
Material EML

Ex. Thickness/nm Material

V1 HTL3 V-H1(97%):V-D1(3%)
195 nm

V2 HTL3 V-H2(97%):V-D1(3%)
195 nm

V3 HTL3 V-H2(97%):V-D2(3%)
195 nm
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Structure of the OLEDs
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TABLE 2

Data of the OLEDs

HTL
Material EML 5 EQE @ 1795 @
Ex. Thickness/nm Material 1000 od/m? 1000 od/m? CIE
E4 HTL3 V-H2(97%):D3(3%)
195 nm Ex. % [h] x y
ES HTL3 V-H2(97%):D4(3%)
195 nm 10
E6 HTL3 V-H2(97%):D5(3%) V1 7.5 90 0.13 0.13
195 nm V2 78 110 0.13 0.14
E7 HTL2 H3(95%):D3(1%) Vi 29 9% o013 0.10
20 nm
E8 D3 V-H2(95%)V-D2(5%) E4 74 350 0.14 0.11
20 nm 15 ES 7.6 320 0.14 0.14
E9 HTL3 V-H2(97%):D6(3%) 6 6.9 150 014 013
195 nm
E10 HTL3 V-H2(97%):D7(3%) E7 6.9 120 0.13 0.13
195 nm E8 73 140 0.13 0.14
Ell HTL3 V-H2(97%):D8(3%) - 70 140 014 011
195 nm
E12 HTL3 V-H2(97%):D9(3%) 20 E10 72 370 0.14 0.14
195 nm Ell 78 140 0.13 0.10
E13 HTL3 V-H2(97%):D10(3%) - 76 280 014 005
195 nm : : i
El4 HTL3 V-H2(97%):D11(3%) E13 75 270 0.13 0.09
195 nm El4 7.3 280 014 011
E15 HTL3 V-H2(97%):D12(3%) 25
195 om E15 78 350 0.14 026
TABLE 3

Structures of the materials used

(X

ETL
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Structures of the materials used

HTL1

EIL

HTL2
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Structures of the materials used
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Structures of the materials used

The invention claimed is:
1. A compound of formula (I):

M

AN
_ArZ/_\AIZ_\Arl

wherein

the groups Ar' are naphthy! groups, which are optionally
substituted by one or more radicals R', and the groups
Ar” are phenyl groups, which are optionally substituted
by one or more radicals R?; or

one of the two groups Ar' is a phenyl group, which is
optionally substituted by one or more radicals R, and
the other of the two groups Ar' is a naphthyl group,
which is optionally substituted by one or more radicals
R!, and the groups Ar' are phenyl groups, which are
optionally substituted by one or more radicals R*

X! is on each occurrence, identically or differently, BR?,
CRY,  —CR)—CR),—  —CRY),—0—,
—C(R*,—S—, —R’C=CR>—, —R’C=N—,
Si(R%),, —Si(R*),—Si(R*),—, C=0, O, S, S=0,
SO,, NR?, PR?, or P(=0)R?;

R', R? and R?
are on each occurrence, identically or differently, H, D,

F, Cl, Br, I, C(=0)R?, CN, Si(R*),, N(R),. P(=0)
(RY,, OR*, S(=O)R* S(==O0),R* a straight-
chain alkyl or alkoxy group having 1 to 20 C atoms,

a branched or cyclic alkyl or alkoxy group having 3

to 20 C atoms, or an alkenyl or alkynyl group having

2 to 20 C atoms, wherein the above-mentioned

groups are optionally substituted by one or more

radicals R* and wherein one or more CH, groups in
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the above-mentioned groups are optionally replaced
by —R*C=CR*—, —C=C—, Si(R*),, C=0,
C=NR*, —C(=0)0—, —C(=0)NR*—, NR*,
P(=0)(R*), —O—, —S—, SO, or SO, or an aro-
matic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which is optionally substituted
by one or more radicals R*, and wherein two or more
radicals R” are optionally linked to one another so as
to define a ring;

R* is on each occurrence, identically or differently, H, D,
E, Cl, Br, I, C(— O)RD CN, Sl(RS)Q, N(R?),, P(= O)
(R5)2, OR5 S(—O)R>, S(—0),R>, a straight-chain
alkyl or alkoxy group having 1 to 20 C atoms, a
branched or cyclic alkyl or alkoxy group having 3 to 20
C atoms, or an alkenyl or alkynyl group having 2 to 20
C atoms, wherein the above-mentioned groups are
optionally substituted by one or more radicals R®> and
wherein one or more CH, groups in the above-men-
tioned groups are optionally replaced by
—R°C=CR’—, —C=C—, Si(R’),, C=0,

C=NR’, —C(=0)0—, —C(=ONR’— NR?
P(=0)(R*), —0—, —S—, SO, or SO,, or an aro-
matic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which is optionally substituted
by one or more radicals R®, and wherein two or more
radicals R* are optionally linked to one another so as
to define a ring;

R® is on each occurrence, identically or differently, H, D,
F, or an aliphatic, aromatic, or heteroaromatic organic
radical having 1 to 20 C atoms, wherein one or more H
atoms are optionally replaced by D or F, and wherein
two or more substituents R> are optionally linked to one
another so as to define a ring.

2. The compound of claim 1, wherein the bonds from the

groups Ar” to the adjacent group Ar® or Ar* are each present
in the para-position to one another.
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3. The compound of claim 1, wherein X" is selected on
each occurrence, identically or differently, from the group
consisting of C(R?),, —C(R*),—C(R*),—, —C(R>),—
0—, Si(R*),, O, S, and NR®.

4. The compound of claim 1, wherein X* is C(R?),.

5. The compound of claim 1, wherein R* is H or D.

6. An oligomer, polymer, or dendrimer comprising one or
more compounds of claim 1, wherein the bond(s) to the
polymer, oligomer, or dendrimer are optionally localised at
any position in formula (I) substituted by R', R? or R®.

7. A formulation comprising at least one compound of
claim 1 and at least one solvent.

8. A formulation comprising at least one oligomer, poly-
mer, or dendrimer of claim 6 and at least one solvent.

9. An electronic device comprising at least one oligomer,
polymer, or dendrimer of claim 6, wherein the electronic
device is selected from the group consisting of organic
integrated circuits, organic field-effect transistors, organic
thin-film transistors, organic light-emitting transistors,
organic solar cells, organic optical detectors, organic pho-
toreceptors, organic field-quench devices, organic light-
emitting electrochemical cells, organic laser diodes, and
organic electroluminescent devices.

10. The electronic device of claim 9, wherein the elec-
tronic device is selected from the group consisting of organic
electroluminescent devices comprising a cathode, an anode,
and at least one organic layer. wherein the at least one
organic layer comprises the at least one oligomer, polymer,
or dendrimer.
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11. The electronic device of claim 10, wherein the at least
one oligomer, polymer, or dendrimer is present as a hole-
transport material in a hole-transport layer, as an emitting
compound in an emitting layer, or as a matrix compound in
an emitting layer.

12. An electronic device comprising at least one com-
pound of claim 1, wherein the electronic device is selected
from the group consisting of organic integrated circuits,
organic field-effect transistors, organic thin-film transistors,
organic light-emitting transistors, organic solar cells,
organic optical detectors, organic photoreceptors, organic
field-quench devices, organic light-emitting electrochemical
cells, organic laser diodes, and organic electroluminescent
devices.

13. The electronic device of claim 12, wherein the elec-
tronic device is selected from the group consisting of organic
electroluminescent devices comprising a cathode, an anode,
and at least one organic layer, wherein the at least one
organic layer comprises the at least one compound.

14. The electronic device of claim 13, wherein the at least
one compound is present as a hole-transport material in a
hole-transport layer, as an emitting compound in an emitting
layer, or as a matrix compound in an emitting layer.

15. A process for preparing a compound of claim 1,
comprising the steps of performing at least one metal-
catalysed coupling reaction and performing at least one
ring-closure reaction.
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