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(7) ABSTRACT

The present invention relates to the improvement of organic
electroluminescent devices, in particular blue-emitting
devices, by using compounds of the formula (1) as dopants in
the emitting layer.

v W Yi‘
’Efmsr“r\( 4 Wm?'

@



US 2015/0031896 A1l

COMPOUNDS FOR ORGANIC ELECTRONIC
DEVICES

[0001] The present invention describes novel compounds

and the use thereof in organic electronic devices.

[0002] The general structure of organic electroluminescent

devices is described, for example, in U.S. Pat. No. 4,539,507,

U.S. Pat. No. 5,151,629, EP 0676461 and WO 98/27136.

However, these devices still exhibit considerable problems

which require urgent improvement

[0003] 1. The efficiency, especially in the case of fluores-
cent OLEDs, is still too low and must be improved.

[0004] 2. The operating lifetime is still low, in particular in
the case of blue emission, meaning that it has hitherto only
been possible to achieve simple applications commer-
cially.

[0005] 3. The operating voltage is quite high, especially in
the case of fluorescent OLEDs, and should therefore be
further reduced in order to improve the power efficiency.
This is of particularly great importance for mobile appli-
cations.

[0006] 4. Many blue-emitting emitters which comprise
both aromatic amines and also vinyl groups are thermally
unstable and decompose on sublimation or on vapour
deposition. The use of these systems is consequently only
possible with great losses and with high technical com-
plexity, if at all.

[0007] 5.Inhole-transport materials in accordance with the
prior art, the voltage is dependent on the layer thickness of
the transport layer. In practice, a greater layer thickness of
the hole-transport layer would be desirable. However, this
cannot be achieved with materials in accordance with the
prior art owing to the associated increase in voltage.

[0008] As closest prior art, the use of certain arylviny-

lamines by Idemitsu (for example WO 04/013073, WO

04/016575, WO 04/018587) can be mentioned. Very good

lifetimes with dark-blue emission are cited therewith. How-

ever, these results are highly dependent on the host material
used, meaning that the lifetimes cited cannot be compared as
absolute values, but instead always only on use in an opti-
mised system. Furthermore, these compounds are thermally
unstable and cannot be evaporated without decomposition,
which therefore requires high technical complexity for the

OLED production and thus represents a significant technical

disadvantage. A further disadvantage is the emission colour

of these compounds. While Idemitsu cites dark-blue emission

(CIE y coordinates in the range 0.15-0.18), it has not been

possible to reproduce these colour coordinates in simple

devices in accordance with the prior art. On the contrary,
greenblue emission is obtained here. It is not clear how blue
emission can in fact be produced using these compounds.

[0009] There thus continues to be a demand for blue-emit-

ting compounds which result in good efficiencies in organic

electroluminescent devices and at the same time result in long
lifetimes and can be processed without technical problems.

Surprisingly, it has now been found that organic electrolumi-

nescent devices which comprise certain compounds—men-

tioned below—as blue-emitting dopants in a host material
have significant improvements over the prior art. Itis possible
with these materials to obtain longer lifetimes at the same
time as higher efficiency. In addition, these compounds can,
in contrast to materials in accordance with the prior art, be
sublimed without notable decomposition, even in relatively
large amounts, and are therefore significantly easier to handle
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than materials in accordance with the prior art. The present
invention therefore relates to these compounds and to the use
thereof in OLEDs.

[0010] The invention relates to compounds of the formula

@
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where the following applies to the symbols and indices used:

[0011] Y, Z are, identically or differently, N, P, P—0O, PF,,
P—=S, As, As—0, As—S, Sb, Sb—0, Sb—S, Bi, Bi—O,
Bi=S, C=0, 0, S, Se, Te, S=0, SO,, Se—0, Se0,,
Te—=0 or TeO,;

[0012] Ar', Ar®, Ar® are on each occurrence, identically or
differently, an aryl or heteroaryl group having 5 to 24
aromatic ring atoms, which may be substituted by one or
more radicals R';

[0013] Ar*, Ar’, Ar® Ar’ are on each occurrence, identi-
cally or differently, an aromatic or heteroaromatic ring
system having 5 to 40 aromatic ring atoms, which may be
substituted by one or more radicals R';

[0014] Eis on each occurrence, identically or differently, a
single bond, N(R"), O, S, CR"),, Si(R"), or BR");

[0015] R!is on each occurrence, identically or differently,

H, F, C, Br, I, CN, NO,, B(OR?)2, Si(R*)3, a straight-chain

alkyl, alkoxy or thioalkoxy group having 1 to 40 C atoms ora

branched or cyclic alkyl, alkoxy or thioalkoxy group having 3

to 40 C atoms, each of which may be substituted by one or

more radicals R%, where one or more non-adjacent CH,
groups may be replaced by —R*C—=CR*—, —C—, Si[R?)2,

Ge(R*)2, Sn(R*)2, C=0, C=S, C=Se, C=NR?, —O0—,

—8—, —COO— or —CONR?— and where one or more H

atoms may be replaced by F, C, Br, I, CN or NO,, or an

aromatic or heteroaromatic ring system having 5 to 40 aro-
matic ring atoms, which may be substituted by one or more
non-aromatic radicals R', or an aryloxy or heteroaryloxy
group having 5 to 40 aromatic ring atoms, which may be

substituted by one or more non-aromatic radicals R*, or a

combination of these systems; two or more substituents R*

here may also form a mono- or polycyclic ring system with

one another,

[0016] R?is on each occurrence, identically or differently,
H or an aliphatic or aromatic hydrocarbon radical having 1
to 20 C atoms;

[0017] X', X*are on each occurrence, identically or differ-
ently, a bridge which, with Ar" and Ar®, defines a cyclic
system selected from B(R'), C(RY),, Si(RY)2, C=O0,
C=NR', C=C[R"),, O, S, S=0, 80,, NR"), PR"),
P(=O)R', P(=S)R" ora combination of two, three or four
of these groups;

[0018] X?, X are on each occurrence, identically or differ-
ently, a bridge which, with Ar” and Ar®, defines a cyclic ring
system selected from B(R'), C(R'), Si(R')2, C=0,
C=NR', C=C[R"),, O, S, =0, S0,, N(R"), P(R"),
P(=O0)R*, P(=S)R or a combination of two, three or four
of these groups;
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[0019] n, o, p are on each occurrence, identically or differ-
ently, 0 or 1, with the proviso that n, p and o may only
simultaneously be 0 if X* is a group other than a C(R"),
bridge where R'=an open-chain alkyl radical; n=0 and 0=0
and p=0 here mean that two H or R radicals are present
instead of the bridge;

[0020] q, r are on each occurrence 1 if the corresponding
central atom of the group Y or Z, is an element from the 5th
main group and on each occurrence are equal to 0 if the
corresponding central atom of the group Y or Z is an
element from the 4th or 6th main group;

[0021] sis1,2or3;

[0022] tis on each occurrence, identically or differently, 0
or 1, where t=0 means that R" radicals are bonded instead
of the group E; furthermore, t=0 if g=0.

[0023] For the purposes of this invention, an aryl group or a
heteroaryl group is taken to mean an aromatic group or het-
eroaromatic group respectively having a common aromatic
electron system, where an aryl group contains 6 to 24 C atoms
and a heteroaryl group contains 2 to 24 C atoms and a total of
at least 5 aromatic ring atoms. The hetero atoms are prefer-
ably selected from N, O and/or S. For the purposes of this
invention, this can be a single homo- or heterocyclic ring, for
example benzene, pyridine, thiophene, etc., or it can be a
fused aromatic ring system in which at least two aromatic or
heteroaromatic rings, for example benzene rings, are fused to
oneanother, i.e. have at least one common edge and thus also
a common aromatic system. This aryl or heteroaryl group
may be substituted or unsubstituted; any substituents present
may likewise form further ring systems. Thus, for example,
systems such as naphthalene, anthracene, phenanthrene,
pyrene, etc., are to be regarded as aryl groups for the purposes
of this invention and quinoline, acridine, benzothiophene,
carbazole, etc., are to be regarded as heteroaryl groups for the
purposes of this invention, while, for example, biphenyl, fluo-
rene, spirobifluorene, etc., are not aryl groups since separate
aromatic electron systems are present here.
[0024] For the purposes of this invention, an aromatic ring
system contains 6 to 40 C atoms in the ring system. For the
purposes of this invention, a heteroaromatic ring system con-
tains 2 to 40 C atoms and at least one heteroatom in the ring
system, with the proviso that the total number of C atoms and
heteroatoms is at least 5. The heteroatoms are preferably
selected from N, O and/or S. For the purposes of this inven-
tion, an aromatic or heteroaromatic ring system is taken to
mean a system which does not necessadly contain only aryl or
heteroaryl groups, butin which, in addition, a plurality of aryl
or heteroaryl groups may be interrupted by a short, non-
aromatic unit (less than 10% of the atoms other than H,
preferably less than 5% of the atoms other than H), such as,
for example, a C, N or O atom. Thus, for example, systems
such as 9,9-spirobifluorene, 9,9-di-arylfluorene, triary-
lamine, diaryl ether, etc., are also to be regarded as aromatic
ring systems for the purposes of this invention.

[0025] For the purposes of the present invention, a C,- to

C,o-alkyl group, in which individual H atoms or CH, groups

may also be substituted by the above-mentioned groups, is

particularly preferably taken to mean the radicals methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl,
2-methylbutyl, n-pentyl, s-pentyl, cyclopentyl, n-hexyl,
cyclohexyl, n-heptyl, cycloheptyl, n-octyl, cyclooctyl, 2-eth-
ylhexyl, trifluoromethyl, pentafluoroethyl, 2,2,2-trifluoroet-
hyl, ethenyl, propenyl, butenyl, pentenyl, cyclopentenyl, hex-
enyl, cyclohexenyl, heptenyl, cydoheptenyl, octenyl,
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cyclooctenyl, ethynyl, propynyl, butynyl, pentynyl, hexynyl
or octynyl. A C,- to C,,-alkoxy group is particularly prefer-
ably taken to mean methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, i-butoxy, s-butoxy, t-butoxy or 2-methyl-butoxy. A
C,C, -aryl or -heteroaryl group, which can be monovalent or
di-valent depending on the use, may also be substituted by the
above-mentioned radicals R' and may be linked to the aro-
matic or heteroaromatic ring system via any desired posi-
tions, is taken to mean, in particular, groups derived from
benzene, naphthalene, anthracene, phenanthrene, pyrene,
dihydropyrene, chrysene, perylene, fluoranthene, tetracene,
pentacene, benzopyrene, furan, benzofuran, isobenzofuran,
dibenzofuran,  thiophene, benzothiophene, isoben-
zothiophene, dibenzothiophene, pyrrole, indole, isoindole,
carbazole, pyridine, quinoline, isoquinoline, acridine,
phenanthridine, benzo-5,6-quinoline, benzo-6,7-quinoline,
benzo-7,8-quinoline, phenothiazine, phenoxazine, pyrazole,
indazole, imidazole, benzimidazole, naphthimidazole,
phenanthrimidazole, pyridimidazole, pyrazinimidazole, qui-
noxalinimidazole, oxazole, benzoxazole, naphthoxazole,
anthroxazole, phenanthroxazole, isoxazole, 1,2-thiazole, 1,3-
thiazole, benzothiazole, pyridazine, benzopyridazine, pyri-
midine, benzopyrimidine, quinoxaline, pyrazine, phenazine,
naphthyridine, azacarbazole, benzocarboline, phenanthro-
line, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, 1,2,3-0xa-
diazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiaz-
ole, 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-triaz-
ine, tetrazole, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1,2,3,5-tet-
razine, purine, pteridine, indolizine and benzothiadiazole.
For the purposes of this invention, aromatic and heteroaro-
matic ring systems are taken to mean, in particular, biphe-
nylene, terphenylene, fluorene, spirobifluorene, dihydro-
phenanthrene, tetrahydropyrene and cis- or trans-
indenofluorene, in addition to the above-mentioned aryl and
heteroaryl groups.

[0026] Preference is given to compounds of the formula (1)
in which the symbols Y and Z, identically or differently, stand
for nitrogen, C—0, phosphorus or P—O, particularly pref-
erably for nitrogen, C=0 or P—0.Y and Z very particularly
preferably stand for nitrogen.

[0027] Preference is furthermore given to compounds of
the formula (1) in which the symbols Ar', Ar* and Ar®, iden-
tically or differently on each occurrence, stand for an aryl or
heteroaryl group having 5 to 16 aromatic ring atoms, which
may be substituted by one or two radicals R*, particularly
preferably for an aryl or heteroaryl group selected from ben-
zene, naphthalene, anthracene, phenanthrene, pyridine,
pyrene and thiophene, in particular benzene, each of which
may be substituted by one or two radicals R'. The direct
linking between Y, Ar', Ar®, Ar® and Z particularly preferably
takes place via the para-positions of the benzene (or the
corresponding positions of the other aromatic compounds).
[0028] Particular preference is thus given to compounds of
the formula (1a)

Formula (1a)
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where the symbols and indices have the same meanings as
described above.

[0029] Preference is furthermore given to compounds of
the formulae (1) and (1a) in which the symbols Ar*, Ar®, Ar®
and Ar’, identically or differently on each occurrence, stand
for an aromatic or heteroaromatic ring system having 5 to 16
aromatic ring atoms, for a triarylamine or for spirobifluorene,
each of which may be substituted by one or more radicals R*,
particularly preferably for an aromatic or heteroaromatic ring
system selected from benzene, naphthalene, anthracene,
phenanthrene, pyridine, pyrene, thiophene, triphenylamine,
diphenyl-1-naphthylamine, diphenyl-2-naphthylamine, phe-
nyldi(1-naphthyl)amine, and phenyldi-(2-naphthyl)amine,
each of which may be substituted by R'. The symbols Ar”,
Ar®, ArS and Ar’ very particularly preferably stand, identi-
cally or differently on each occurrence, for phenyl, 1-naph-
thyl or 2-naphthyl, each of which may be substituted by one
or two radicals R.

[0030] Preference is furthermore given to compounds of
the formulae (1) and (1a) in which the index t=0 or in which
the index t=1 and the corresponding symbol E stands for a
singlebond, O, S or N(R"). Very particular preference is given
to compounds of the formulae (1) and (la) in which the index
t=0orin which the index t=1 and the corresponding symbol E
stands for a single bond.

[0031] Preference is furthermore given to compounds of
the formula (1) in which the symbol R', identically or differ-
ently oneach occurrence, stands for H, F, CN, a straight-chain
alkyl group having 1 to 5 C atoms or a branched alkyl group
having 3 to 5 C atoms, where in each case one or more
non-adjacent CH, groups may be replaced by —R*C—
CR*>—, —C=C—, —0— or—S— and where one or more
H atoms may be replaced by F, or a monovalent aryl or
heteroaryl group having 5 to 16 aromatic ring atoms, which
may be substituted by one or more non-aromatic radicals R,
where two or more radicals R' may form a ring system with
one another; R* particularly preferably stands for H, F, CN,
methyl, tert-butyl or a monovalent aryl or heteroaryl group
having 4 to 6 C atoms, which may be substituted by one or
more non-aromatic radicals R', where two aromatic radicals
R may form a ring system with one another. R very particu-
larly preferably —H if it is bonded directly to one of the
groups Ar' to Ar’.

[0032] Rispreferably, if it is bonded to a group X, X2, X°
and/or X*, is furthermore preferably a straight-chain alkyl
group having 1 to 10 C atoms or a branched or cyclic alkyl
group having 3 to 10 C atoms, where in each case one or more
non-adjacent CH, groups may be replaced by
—R*C—CR*>—,—(C=C—,—0O— or—S— and where one
or more H atoms may be replaced by F, or a monovalent aryl
or heteroaryl group having 5 to 16 aromatic ring atoms, which
may be substituted by one or more non-aromatic radicals R*;
two radicals R here may also form a ring system with one
another.

[0033] Preference is furthermore given to compounds in
which p=0 and one of the two indices n and o=1, while the
other of the two indices=0; particulary preferably, p and n=0
and o=1.

[0034] Particular preference is therefore given to the struc-
tures of the formulae (1 b) and (Ic), in particular of the
formula (1¢), shown below
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Formula (1b)

A =T T At
E Y Z E
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: Formula (1c)
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where the symbols and indices have the same meanings as
described above.

[0035] Preference is furthermore given to compounds of
the formulae (1) and (1a) to (1¢) in which the symbols X*, X2,
X? and X* on each occurrence, identically or differently, are a
bridge which, with Ar* and Ar* or with Ar” and Ar®, defines a
cyclic system selected from C(R"),, C=0, C=NR, O, S,
S=0, SO,, NRY, PRY, P=0O)R', C(R"),—CR"),,
CR'),, CRY),—CR"),, CRY),—O, C(R'),—O—CR",.
Very particular preference is given to compounds of the for-
mula (1) in which the symbols X', X*, X> and X* on each
occurrence, identically or differently, are selected from C(R')
5 N(RY), P(R") and P(=O0)(R"), very particularly preferably
C(RY), and N(RY), in particular C(R'),.

[0036] Very particular preference is therefore given to com-
pounds of the formula (1d)

Formula (1d)
R! R!
Ar‘*\, C T
L Oglialbael

R! R!

where the symbols and indices have the same meanings as
described above.

[0037] Instructures of the formula (1d), the symbols R' are
preferably selected from straight-chain alkyl groups having 1
to 10 C atoms or branched or cyclic alkyl groups having 3 to
10C atoms, where in each case one or more non-adjacent CH,
groups may be replaced by —R*C—CR*—, —(C=C—,
—O— or —S— and where one or more H atoms may be
replaced by F, or monovalent aryl or heteroaryl groups having
5to0 16 aromatic ring atoms, which may be substituted by one
or more non-aromatic radicals R'; two radicals R here may
also form a ring system with one another. In the radicals R*
are particularly preferably selected from straight-chain alkyl
groups having 1 to 4 C atoms and branched alkyl groups
having 3 or4 C atoms, in particular methyl groups, and phenyl
groups; two or more radicals R* here may form a ring system
with one another.

[0038] Ifaplurality of radicals R' form a ring system with
one another, a spiro structure is formed. This may be pre-
ferred, in particular, if the radicals R* stand for phenyl groups.
This then gives rise to structures of the general formula (1e)



US 2015/0031896 A1l

Formula (1e)
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where the symbols and indices have the same meanings as
described above and where the spiro systems may each be
substituted by one or more non-aromatic radicals R*.

[0039] Preference is furthermore given to compounds of
the formulae (1) and (1a) to (1d) in which the symbol s=1 or
s=2. Very particular preference is given to compounds where
s=1.

[0040] Preference is furthermore given to compounds of
the formulae (1) and (1a) to (1e) in which Y—Z. Very par-
ticular preference is given to compounds in which, in addi-
tion, Ar*—Ar® and, if present, Ar®—Ar" and, if present, both
groups E are selected identically.

[0041] Examples of preferred compounds of the formula
(1) are structures (1) to (104) shown below.
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-continued
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[0042] The compounds according to the invention
described above, for example compounds in accordance with
structures (63), (85), (86), (89) and (91), can be used, for
example, as comonomers for the production of corresponding
conjugated, partially conjugated or non-conjugated poly-
mers, oligomers or also as the core of dendrimers. The poly-
merisation here is preferably carried out via the halogen func-
tionality.

[0043] The invention thus furthermore relates to conju-
gated, partially conjugated and non-conjugated polymers,
oligomers and dendrimers comprising one or more com-
pounds of the formula (1), where one or more radicals R*
represent bonds from the compound of the formula (1) to the
polymer or dendrimer. The unit of the formula (1) is prefer-
ably bonded into the polymer via the groups Ar*, Ar’, Ar®
and/or At

[0044] These polymers may comprise further recurring
units. These further recurring units are preferably selected
from the group consisting of fluorenes (for example in accor-
dance with EP 842208 or WO 00/22026), spirobifluorenes

(103)

O/N
DN Q.QQQ Q

(104)

o0

N

O/N
Qoo o

CO

(for example in accordance with EP 707020, EP 894107 or
EP 04028865.6), triarylamines, para-phenylenes (for
example in accordance with WO 92/18552), carbazoles (for
example in accordance with WO 04/070772 and WO
04/113468), thiophenes (for example in accordance with EP
1028136), dihydrophenanthrenes (for example in accordance
with WO 05/014689), indenofluorenes (for example in accor-
dance with WO 04/041901 and WO 04/113412), aromatic
ketones (for example in accordance with WO 05/040302),
phenanthrenes (for example in accordance with WO
05/104264) and/or metal complexes, in particular ortho-met-
allated iridium complexes. It should be expressly pointed out
here that the polymers may also have a plurality of different
recurring units selected from one or more of the above-men-
tioned groups.

[0045] The compounds according to the invention can be
prepared by synthetic steps known to the person skilled in the
art, such as, for example, bromination, Suzuki coupling,
Hartwig-Buchwald coupling, etc.
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[0046] Thus, the indenofluorene precursors can be pre-
pared, for example, as shown in synthesis scheme 1: Suzuki
coupling of a benzeneboronic acid and 1,4-dibromo-2,5-bis
(methyl carboxylate)benzene followed by ring dosure under
the action of a strong acid and reduction gives access to the
unsubstituted trans-indenofluorene, which can be alkylated
using alkylating agents. This can either be halogenated, for
example brominated, or converted into the corresponding
amino compound by nitration and reduction. Bisdiarylami-
noindenofluorenes can be synthesised by Hartwig-Buchwald
coupling of the dibromo compound, as shown in synthesis
scheme 2.

[0047] Indenofluorene-containing phosphines and phos-
phine oxides can be synthesised from dibromoindenofluo-
rene by lithiation and reaction with diaryl-chlorophosphines,
as shown in synthesis scheme 3. Oxidation then gives the
corresponding phosphine oxide. Other electrophiles can also
be employed here, such as, for example, AsCl,, arylPCl,,
SOCl,, Ar,S,, etc. Further compounds according to the
invention can easily be synthesised in accordance with these
and similar synthesis schemes by processes known to the
person skilled in the art for organic synthesis. Furthermore,
the compounds obtained can be brominated by standard pro-
cesses and can thus be employed as monomers for polymers,
oligomers or dendrimers.

Synthesis scheme 1: Precursers of indenofluorene derivatives

COOMe
Br B(OH),
Palladium (II) salt
+ ——
Phosphine
Br Base
COOMe
COOMe
Q Q O —
e
MeOOC

NH, x H;O/A
_— =
Diethylene glycol

Mel/K-O-tert-Bu

B —
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-continued

GO0~

)

99050

HNO3/A020
—_—

Q'O.Q

SnCl/MeOH/

o)
HAc
[ S e

~ A

3

Synthesis scheme 2: Indenofluorene-amine compounds

Rotages

Pd(ac),/CIP(tert-Bu),/
Na-O-tert-Bu

0.0

&)
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-continued

SO0

)

Synthesis scheme 3: Indenofluorene-phosphine compounds

GO~

M

oo

1) n-BuLi/Et,O/f
78° C.>0°C.

Dl

—O

OO0

(6)

[0048] Electrophiles which can be reacted analogously:
AsCl,, SbCl,, BiCl,, arylPCl,, SCL,, SOCL,, SO,CL,
Ar,S,, Ar,Se, Ar,Te,, efc.

[0049] The compounds of the formula (1) can be employed
in organic electroluminescent devices. The precise use of the
compounds here depends on the substituents and in particular
on the choice of groups Y and Z, but also on the choice of
groups X' to X*.

[0050] In a preferred embodiment of the invention, the
compound of the formula (1) is employed in the emitting
layer, preferably in a mixture with at least one further com-
pound. It is preferred for the compound of the formula (1) in
the mixture to be the emitting compound (the dopant). This
applies in particular if the symbols Y and Z stand for nitrogen.
Preferred host materials are organic compounds whose emis-
sion is of shorter wavelength than that of the compound of the
formula (1) or which do not emit at all.

[0051] The invention therefore furthermore relates to mix-
tures of one or more compounds of the formula (1) with one
or more host materials.
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[0052] The proportion of the compound of the formula (1)
in the mixture of the emitting layer is between 0.1 and 99.0%
by weight, preferably between 0.5 and 50.0% by weight,
particularly preferably between 1.0 and 20.0% by weight, in
particular between 1.0 and 10.0% by weight. Correspond-
ingly, the proportion of the host material in the layer is
between 1.0 and 99.9% by weight, preferably between 50.0
and 99.5% by weight, particularly preferably between 80.0
and 99.0% by weight, in particular between 90.0 and 99.0%
by weight.

[0053] Suitable host materials are various classes of sub-
stance. Preferred host materials are selected from the classes
of oligoarylenes (for example 2,2',7,7'-tetraphenylspirobif-
luorene in accordance with EP 676461 or dinaphthylan-
thracene), in particular oligoarylenes containing fused aro-
matic groups, oligoarylenevinylenes (for example DPVBi or
spiro-DPVBI in accordance with EP 676461), polypodal
metal complexes (for example in accordance with WO
04/081017), hole-conducting compounds (for example in
accordance with WO 04/058911), electron-conducting com-
pounds, in particular ketones, phosphine oxides, sulfoxides,
etc. (for example in accordance with WO 05/084081 or WO
05/084082), atropisomers (for example in accordance with
the unpublished application EP 04026402.0) or boronic acid
derivatives (for example in accordance with the unpublished
application EP 05009643.7). Particularly preferred host
materials are selected from the classes of oligoarylenes con-
taining naphthalene, anthracene and/or pyrene or atropiso-
mers of these compounds, oligoarylenevinylenes, ketones,
phosphine oxides and sulfoxides. Very particularly preferred
host materials are selected from the classes of oligoarylenes
containing anthracene and/or pyrene or atropisomers of these
compounds, phosphine oxides and sulfoxides.

[0054] Itis furthermore particularly preferred for the com-
pounds of the formula (1) to be employed as hole-transport
material and/or as hole-injection material. This applies, in
particular, if the symbols Y and Z and/or the symbols X" to X*
stand for nitrogen. The compounds are then preferably
employed in a hole-transport layer and/or in a hole-injection
layer. For the purposes of this invention, a hole-injection layer
is a layer which is directly adjacent to the anode. For the
purposes of this invention, a hole-transport layer is a layer
which is located between the hole-injection layer and the
emission layer. If the compounds of the formula (1) are used
as hole-transport or hole-injection material, it may be pre-
ferred for them to be doped with electron-acceptor com-
pounds, for example with F,-TCNQ, or with compounds as
described in EP 1476881 or EP 1596445.

[0055] If the compound of the formula (1) is employed as
hole-transport material in a hole-transport layer, it may also
be preferred to use a proportion of 100%, i.e. to use this
compound as the pure material.

[0056] It is furthermore preferred to employ the com-
pounds of the formula (1) as electron-transport material and/
or as hole-blocking material for fluorescent and phosphores-
cent OLEDs and/or as triplet matrix material for
phosphorescent OLEDs. This applies, in particular, to com-
pounds in which the groups Y and Z stand for C—0, P—O or
S=0.

[0057] Compounds of the formula (1) can also be employed
in polymers, either as emitting unit and/or as hole-transport-
ing unit and/or as electron-transporting unit.

[0058] Preference is furthermore given to organic elec-
troluminescent devices, characterised in that a plurality of
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emitting compounds are used in the same layer or in different
layers, where at least one of these compounds has a structure
of the formula (1). These compounds particularly preferably
have in total a plurality of emission maxima between 380 nm
and 750 nm, overall resulting in white emission, i.e. in addi-
tion to the compound of the formula (1), at least one further
emitting compound, which may be fluorescent or phospho-
rescent and emits yellow, orange or red light, is also used.
Particular preference is given to three-layer systems, where at
least one of these layers comprises a compound of the formula
(1) and where the layers exhibit blue, green and orange or red
emission (for the basic structure, see, for example, WO
05/011013). Broad-band emitters can also be used for white-
emitting OLEDs.

[0059] Inaddition to cathode, anode and the emitting layer,
the organic electroluminescent device may also comprise
further layers. These may be, for example: hole-injection
layer, hole-transport layer, hole-blocking layer, electron-
transport layer, electron-injection layer and/or a charge-gen-
eration layer (T. Matsumoto et al., Multiphoton Organic EL
Device Having Charge Generation Layer, IDMC 2003, Tai-
wan; Session 21 OLED (5)). However, it should be pointed
out at this point that each of these layers does not necessarily
have to be present. Thus, in particular on use of compounds of
the formula (1) with electron-conducting host materials, very
good results are furthermore obtained if the organic electrolu-
minescent device does not comprise a separate electron-
transport layer and the emitting layer is directly adjacent to
the electron-injection layer or to the cathode. Alternatively,
the host material may also simultaneously serve as electron-
transport material in an electron-transport layer. It may like-
wise be preferred for the organic electroluminescent device
not to comprise a separate hole-transport layer and for the
emitting layer to be directly adjacent to the hole-injection
layer or to the anode. It may furthermore be preferred for the
compound of the formula (1) to be used simultaneously as
dopant in the emitting layer and as hole-conducting com-
pound (as pure substance or as a mixture) In a hole-transport
layer and/or in a hole-injection layer.

[0060] Preference is furthermore given to an organic elec-
troluminescent device, characterised in that one or more lay-
ers are coated by a sublimation process. The materials here
are vapour-deposited in vacuum sublimation units at a pres-
sure of below 10~ mbar, preferably below 107 mbar, par-
ticularly preferably below 1077 mbar.

[0061] Preference is likewise given to an organic electrolu-
minescent device, characterised in that one or more layers are
coated by the OVPD (organic vapour phase deposition) pro-
cess or with the aid of carrier-gas sublimation. The materials
here are applied at a pressure between 10-mbar and 1 bar.
[0062] Preference is furthermore given to an organic elec-
troluminescent device, characterised in that one or more lay-
ers are produced from solution, such as, for example, by spin
coating, or by any desired printing process, such as, for
example, screen printing, flexographic printing or offset
printing, but particularly preferably LITT (light induced ther-
mal imaging, thermal transfer printing) or ink-jet printing.
Soluble compounds of the formula (1) are necessary for this
purpose. High solubility can be achieved by suitable substi-
tution of the compounds. These processes for the production
of layers are particularly suitable for polymers.

[0063] The compounds according to the invention have the
following surprising advantages over the prior art on use in
organic electroluminescent devices:
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[0064] 1. The efficiency of corresponding devices is higher
compared with systems in accordance with the prior art.

[0065] 2. The stability of corresponding devices is higher
compared with systems in accordance with the prior art,
which is particularly evident in a significantly longer life-
time.

[0066] 3.On use of the compounds according to the inven-
tion as hole-transport material in a hole-transport and/or
hole-injection layer, it is found that the voltage is indepen-
dent of the layer thickness of the corresponding hole-trans-
port or hole-injection layer. By contrast, materials in accor-
dance with the prior art with relatively large thicknesses of
the hole-transport or hole-injection layers give asignificant
increase in voltage, which in turn results in lower power
efficiency of the OLED.

[0067] 4.Thecompounds can be sublimed well and without
considerable decomposition, are consequently easier to
process and are therefore more suitable for use in OLEDs
than materials in accordance with the prior art. Without
wishing to be tied to a particular theory, we assume that the
higher thermal stability is attributable to the absence of
olefinic double bonds.

[0068] In the present application text and also in the
examples following below, the aim is the use of the com-
pounds according to the invention in relation to OLEDs and
the corresponding displays. In spite of this restriction of the
description, it is readily possible for the person skilled in the
art, without an inventive step, also to use the compounds
according to the invention for further uses in other electronic
devices, for example for organic field-effect transistors
(O-FETs), organic thin-film transistors (O-TFTs), organic
light-emitting transistors (O-LETs), organic integrated cir-
cuits (O-1Cs), organic solar cells (O-SCs), organic field-
quench devices (O-FQDs), light-emitting electrochemical
cells (LECs), organic photoreceptors or also organic laser
diodes (O-lasers), to mention but a few applications.

[0069] The present invention likewise relates to the use of
the compounds according to the invention in the correspond-
ing devices and to these devices themselves.

[0070] The invention is explained in greater detail by the
following examples, without wishing to be restricted thereby.

EXAMPLES

[0071] The following syntheses are carried out under a
protective-gas atmosphere, unless indicated otherwise. The
starting materials can be purchased from ALDRICH or
ABCR (palladium(II) acetate, di-tert-butylchlorophosphine,
amines, inorganics, solvents). 6,12-Dihydro[1,2b]indenof-
luorene is prepared by the method of Hadizad et al., Org. Lett.
2005,7(5),795-797, [1,2b]indenofluorene-6,12-dione is pre-
pared by the method of Deuschel et al., Helv. Chim. Acta
1951, 34, 2403, 2-bromo-4,4'-di-tert-butylbiphenyl is pre-
pared by the method of Tashiro et al., J. Org. Chem. 1979,
44(17),3037,1,4-dibromo-2,5-diiodobenzene is prepared by
the method of Chanteau et al., J. Org. Chem. 2003, 68(23),
8750, 3,9-dibromo-5,11-dimethylindolo[3,2-b]carbazole is
prepared analogously to 3,9-dibromo-5,11-bisdodecylindolo
[3,2-b]carbazole by the method of Li et al., Adv. Mat. 2005,
17(7), 849.
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Example 1

2,8-Bis(diphenylamlno)-6,6,12,12-tetramethyl-6,12-
dihydroindeno[1,2b]fluorene

a) 6,6,12,12-Tetramethyl-6,12-dihydroindeno[1,2b]
fluorene

99050

[0073] The preparation is carried out analogously to the
preparation of 9,9-dimethylfluorene from 6,12-dihydroin-
deno[1,2b]fluorene, dimethyl sulfate and sodium hydroxide
solution in accordance with JP 08113542. Yield 86.0% of
theory; purity 98% according to 'H-NMR.

[0072]

b) 2,8-Dibromo-6,6,12,12-tetramethyl-6,12-dihy-
droindeno[1,2b]-fluorene

[0074]

OO

[0075] A solution of 155.9 g (1260 mmol) of sodium car-
bonate in 1000 ml of water is added to a solution of 122.0 g
(393 mmol) of 6,6,12,12-tetramethyl-6,12-dihydroindeno[1,
2b]fluorene in 1800 ml of dichloromethane. 56.4 ml (1100
mmol) of bromine diluted with 200 ml of dichloromethane
are added dropwise at +5° C. with exclusion of light and with
vigorous stirring, the mixture is stirred for a further 6 h, and
the precipitate is filtered off with suction and washed three
times with 300 ml of water:ethanol (1:1, v:v) and then three
times with 300 ml of ethanol. Yield: 178.1 g (380 mmol),
96.8% of theory; purity: 99% according to *H-NMR.

¢) 2,8-Bs(diphenylamino)-6,6,12,12-tetramethyl-,12-
dihydroindeno-[1,2b]fluorene

[0076]

S0

[0077] 23.1 g (240 mmol) of sodium tert-butoxide, 235 mg
(1.3 mmol) of di-tert-butylchlorophosphine and 225 mg (1

22
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mmol) of palladium(1T) acetate are added to a suspension of
46.8 g (100 mmol) of 2,8-dibromo-6,6,12,12-tetramethyl-6,
12-dihydroindeno[1,2b]fluorene and 37.2 g (220 mmol) of
diphenylamine in 1000 ml of toluene, and the mixture is
subsequently refluxed for 6 h. After cooling, 300 ml of water
are added, and the solid is filtered off, washed three times with
300 ml of water each time and three times with 300 ml of
ethanol each time, subsequently recrystallised five times from
NMP and then sublimed under reduced pressure (p=1x10~>
mbar, T=360° C.). Yield: 52.0 g (81 mmol), 80.6% of theory;
purity: 99.9% according to HPLC.

Example 2
2,8-Bis(bis(4-methylphenyl)amino)-6,6,12,12-tet-
ramethyl-6,12-dihydroindeno[ 1,2b]fluorene
[0078]

GO

[0079] Procedure analogous to Example 1. Instead of
diphenylamine, 43.4 g (220 mmol) of bis(4-methylphenyl)
amine are used. Recrystallisation six times from o-dichlo-
robenzene, sublimation p=1x10~> mbar, T=365° C. Yield:
45.1 g (64 mmol), 64.3% of theory; purity: 99.8% according
to HPLC.

Example 3

2,8-Bis(bis(2-methylphenyl)amino)-6,6,12,12-tet-
ramethyl-6,12-dihydroindeno[ 1,2b]fluorene

[0080]

e SO

[0081] Procedure analogous to Example 1. Instead of
diphenylamine, 43.4 g (220 mmol) of bis(2-methylphenyl)
amine are used. Recrystallisation five times from o-dichlo-
robenzene, sublimation p=1x10° mbar, T=360° C.Yield: 57.4
2 (82 mmol), 81.9% of theory; purity: 99.9% according to
HPLC.
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Example 4

2,8-Bis(bis(4-tert-butylphenyl Jamino)-6,6,12,12-

tetramethyl-6,12-dihydroindeno[1,2b]fluorene
[0082]

GO

Jan. 29,2015

[0083] Procedure analogous to Example 1. Instead of
diphenylamine, 61.9 g (220 mmol) of bis(4-tert-butylphenyl)
amine are used. Recrystallisation five times from NMP, sub-
limation p=1x10~° mbar, T=350° C. Yield: 73.0 g (84 mmol),
84.0% of theory; purity: 99.9% according to HPLC.

Example 5

Synthesis of Further Indenofluorenamines

[0084] The following products are prepared analogously to
Example 1 in a purity of 99.9% according to HPLC:

Product

OO

OO
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-continued
Ex. Amine Product
16

o SQ;@S

[0085] The corresponding cis-indenofluorene derivatives
can also be synthesised analogously to these syntheses, where
the cis-indenofluorene dibromide as starting compound can
be synthesised in accordance with WO 04/113412.

Example 17
2,8-Bis(bis(4-tert-butylphenyl )amino)dispiro| 2, 7-di-

tert-butylfluoren-9,6'-indenofluorene[ 1,2b]fluorene-
12'9"-fluorene]

a) Dispiro[2,7-di-tert-butylfluoren-9,6'-indenofluo-
rene[ 1,2b]fluorene-12',9"-flucrene]

[0086]

[0087] The corresponding Grignard reagent is prepared
from 6.2 g (255 mmol) of magnesium and 86.3 g (250 mmol)
of 2-bromo-4,4-di-tert-butylbiphenyl in 500 ml of THF. A
further 500 ml of THF and 28.8 g (100 mmol) of [1,2b]-
indenofluorene-6,12-dione are added to this Grignard
reagent. The reaction mixture is refluxed for 10 h and cooled,
50 ml of ethanol are added, and the mixture is evaporated to
dryness under reduced pressure. The residue is refluxed for 3

h in a mixture of 1000 ml of acetic acid and 25 ml of conc.
hydrochloric acid. After cooling, the colourless crystals are
filtered off with suction, washed with 100 ml of acetic acid,
then three times with 100 ml of ethanol each time and dried
under reduced pressure. The product is subsequently recrys-
tallised twice from NMP. Yield: 56.9 g (73 mmol), 73.0% of
theory; purity: 99% according to ‘H-NMR.

b) 2,8-Dibromodispiro[2,7-di-tert-butyfluoren-9,6'-
indenofluorene-[1,2b]fluorene-12',9"-fluorene]

[0088]

[0089] A solution of 16.8 g (200 mmol) of sodium hydro-
gencarbonate in 500 m1 of water is added to a solution 0of 39.0
g (50 mmol) of dispiro[2,7-di-tert-butyl-fluoren-9,6'-inde-
nofluorene[1,2b]fluorene-12",9"-fluorene] in 2000 ml of
dichloromethane. 5.4 ml (105 mmol) of bromine are added
dropwise to the two-phase mixture with vigorous stirring, and
the mixture is stirred for a further 16 h. After addition of 1000
ml of ethanol, the solid is filtered off with suction, washed five
times with 300 ml of water each time and three times with 200
ml of ethanol each time, dried under reduced pressure and
recrystallised from o-dichlorobenzene. Yield: 38.7 g (41
mmol), 82.6% of theory; purity 99% according to ‘H-NMR.
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¢) 2,8-Bis(bis(4-tert-butylphenyl)amino)dispiro[2,7-
di-tert-butyl-fluoren-9,6'-indenofluorene[ 1,2b]fluo-
rene-12',9"-fluorene]

[0090]

Jan. 29,2015

[0091] Procedure analogous to Example 1. Instead of 2,8-
dibromo-6,6,12,12-tetramethyl-6,12-dihydroindeno[1,2b]
fluorene, 28.1 g (30 mmol) of 2,8-di-bromodispiro[2,7-di-
tert-butylfluoren-9,6'-indenofluorene[1,2b]fluorene-12',9"-
fluorene] are used, and instead of diphenylamine, 18.6 g (66
mmol) of di-(4-tert-butylphenyl)amine are used. Recrystalli-
sation five times from o-dichlorobenzene, sublimation p=1x
10~ mbar, T=390° C. Yield: 23.2 g (17 mmol), 57.8% of
theory; purity: 99.9% according to HPLC.

Example 18

2,8-Bis(bis(4-methylphenyl)amino)dispiro[fluoren-9,
6'-indenofluorene[ 1,2b]fluorene-12',9"-fluorene]

a) 2,8-Dibromo[1,2b] Indenofluorene-6,12-dione

[0092]
0]
e
-
(0]
[0093] 30.7 ml (600 mmol) of bromine are added dropwise

at 80° C. to a suspension of 56.5 g (200 mmol) of [1,2b]
indenofluorene-6,12-dione and 3.0 g of iron(IIT) chloride (an-
hydrous) in 2000 ml of 1,2-dichloroethane, and the mixture is
stirred at 80° C. for 30 h. After cooling, the precipitated solid
is filtered off with suction, washed by stirring twice under

reflux with 1000 ml of ethanol each time and dried under
reduced pressure. Yield: 81.6 g (85 mmol), 92.7% of theory;
purity 95% according to 'H-NMR.

b) 2,8-Dibromodispiro[fluoren-9,6'-indenofluorene
[1,2b]fluorene-12',9"-fluorene]

[0094]

[0095] Preparation analogous to Example 17a. Instead of
2-bromo-4,4'-di-tert-butylbiphenyl and [1,2b]indenofluc-
rene-6,12-dione, 58.3 g (250 mmol) of 2-bromobiphenyl and
44.0 g (100 mmol) of 2,8-dibromo[1,2bJindenofluorene-6,
12-dione are employed. Recrystallisation from o-dichlo-
robenzene. Yield: 24.5 g (34 mmol), 34.4% of theory; purity:
98% according to ‘H-NMR.

¢) 2,8-Bis(diphenylamino)dispiro[ fluoren-9,6'-inde-
nofluorene[1,2b]-flucrene-12',9"-fluorene|
[0096]
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[0097] Preparation analogous to Example lc. Instead of
2,8-dibromo-6,6,12,12-tetramethyl-6.12-dihydroindeno[ 1,
2b]fluorene, 71.3 g (100 mmol) of 2,8-di-bromodispiro[ fluo-
ren-9,6'-indenofluorene[1,2b]fluorene-12',9"-fluorene] are
employed. Recrystallisation from o-dichlorobenzene, subli-
mation at p=1x10~> mbar, T=390° C.Yield: 71.9 g (81 mmol),
80.9% of theory; purity: 99.7% according to HPLC.

Example 19

2,8-Bis(phenylcarbonyl)(,6,6,12,12-tetramethyl-6,
12-dihydroindeno[1,2b]fluorene)

[0098]
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[0099] 84.0ml (210 mmol) of n-butyllithium (2.5M in hex-
ane) are added dropwise to a suspension, cooledto-78°C., of
46.8 g (100 mmol) of 2,8-dibromo-6,6,12,12-tetramethyl-6,
12-dihydroindeno[1,2b]fluorene in 700 m1 of THF. The mix-
ture is allowed to warm slowly to 0° C. over the course of2h
and stirred at 0° C. for a further 1 h, a mixture 0of27.5 ml (230
mmol) of 4-methylbenzonitrile in 100 ml of THF is then
added, and the mixture is stirred at room temperature for a
further 16 h. 20 m1 of ethanol, then 100 ml of 1N hydrochloric
acid are added dropwise to the mixture, which is then refluxed
for 5 h. After cooling, the solvent is removed under reduced
pressure, and the residue is taken up in 500 ml of NMP, 20 ml
of water and 5 ml of acetic acid and refluxed for 5 h. After
cooling, the crystals are filtered off with suction and recrys-
tallised three times from NMP. Sublimation at p=1x10~°
mbar, T=320° C. Yield: 44.2 g (81 mmol), 80.8% of theory;
purity: 99.9% according to HPLC.

Example 20

Synthesis of Further Indenofluorene Carbonyls

[0100] The following products are prepared analogously to
Example 19 in a purity of 99.9% according to HPLC:

Ex. Nitrile Product
21 CN
22 CN
F
23 CN

CF;
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Ex. Nitrile Product
30 CN

K

Example 31

2,8-Bis(diphenylphosphinyl)(6,6,12,12-tetramethyl-
6,12-dihydroindeno[1,2b]fluorene)

[0101]

[0102] 84.0 ml (210 mmol) of n-butyllithium (2.5M in
n-hexane) are added to a suspension, cooled to -78° C., of
46.8 g (100 mmol) of 2,8-dibromo-6.6,12,12-tetramethyl-6,
12-dihydroindeno[1,2b]fluorene in 700 ml of THF. The mix-
ture is allowed to warm slowly to 0° C. over the course of2 h
and stirred at 0° C. for a further 1 h, a mixture of41.3 ml (230

mmol) of chlorodiphenylphosphine in 100 ml of THF is then
added, and the mixture is stirred at room temperature for a
further 16 h. After addition of 10 ml of ethanol, the solvent is
stripped off in a full vacuum, the residue is dissolved in 500
ml of ethyl acetate, the organic phase is washed three times
with 300 ml of water, a mixture of 22.2 ml (250 mmol) of
hydrogen peroxide and 100 ml of water is then added drop-
wise with vigorous stirring, and the mixture is stirred at room
temperature for 16 h. The precipitated solid is filtered off with
suction, washed with ethanol, dried and recrystallised from
chlorobenzene.

[0103] Sublimation at p=1x10~> mbar, T=340° C. Yield:
46.0 g (65 mmol), 64.7% of theory; purity: 99.9% according
to HPLC.

Fxample 32

Synthesis of Further Indenofluorenephosphine
Oxides

[0104] The following products are prepared analogously to
Example 31 in a purity of 99.9% according to HPLC:

Ex. Chlorophosphine

Product

Cl

F

OO

aotasot

o0 00

les]
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31
-continued

Ex. Chlorophosphine Product
35

Cl

1|‘ |
O | O

36 Cl

P,

(o)

Example 37 [0106] Preparation analogous to Example lc. Instead of

2,8-dibromo-6,6,12,12-tetramethyl-6,12-dihydroindeno[ 1,
2b]fluorene, 44.2 g (100 mmol) of 3,9-dibromo-5,1 1-dimeth-
ylindolo[2.3-b]carbazole are used. Recrystallisation from
NMP. Sublimation p=1x10~> mbar, T=350° C.Yield: 43.9 g
(71 mmol), 70.9% of theory; purity: 99.8% according to
HPLC.

|
N.
N Q Example 38
N
N
|

3,9-Bis(diphenylamino)-5,11-dimethylindolo[3,2-b]
carbazole

[0105]

Synthesis of further Indolocarbazole derivatives

[0107] The following products are prepared analogously to
Example 37 in a purity of 99.9% according to HPLC:

Ex. Amine Product

N—

jan]
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Example 45

3,9-Bis(diphenylamlno)-5,11-diphenylphosphindolo-
[3.2-b]dibenzophosphol

a) 2',5-Dibromo-4.,4.4' 4'-tetra-p-tolyl-[1,1',4,4]-ter-
phenyl-4,4'-diamine

[0108]
[0109] A suspension of 24.4 g (50 mmol) of 1,4-dibromo-

2,5-diiodobenzene, 51.9 g (130 mmol) of 4-(4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yI-di-p-tolylamine, 26.5 g (250
mmol) of sodium carbonate and 116 mg (0.1 mmol) of tet-
rakis(triphenylphosphino)palladium(0) in a mixture of 300
ml of toluene, 100 ml of dioxane and 300 ml of water is
refluxed for 18 h. After cooling, 500 ml of ethanol are added
to the reaction mixture, and the solid is filtered off with
suction, washed three times with 200 ml of water each time
and three times with 200 m1 of ethanol each time, dried under
reduced pressure and recrystallised from dioxane. Yield: 18.6
g (24 mmol), 47.7% of theory; purity: 97% according to
NMR.

b) 3,9-Bis(diphenylamino)-5,11-diphenylphosphin-
dolo[3,2-b]dibenzophosphol 5,11-oxide
[0110]

[0111] 16.8 ml (42 mmol) of n-butyllithium (2.5M in
n-hexane) are added dropwise to a solution, cooled to -78°
C., of 15.6 g (20 mmol) of 2',5'-dibromo-4,4,4' 4'-tetra-p-
tolyl-[1,1',4,4]-terphenyl-4,4'-diamine in 500 ml of THEF, the
mixture is stirred at -78C fora further 3 h, and a mixture 0f 6.2
ml (44 mmol) of phenylphosphonous dichloride and 50 ml of
THF is added over the course of 1 min. After slow warming to
room temperature, the solvent is removed fully under reduced
pressure, the residue is taken up in 200 m1 of 1,2-dichloroet-
hane, 26.7 g (200 mmol) of anhydrous aluminium chloride
are added, and the mixture is refluxed for 15 h. After cooling,
200 ml of 5N hydrochloric acid are added, the organic phase
1s separated off, washed once with 100 ml of 5N hydrochloric
acid and five times with 300 ml of water each time and dried
over magnesium sulfate, the solvent is removed under
reduced pressure, and the product is recrystallised from NMP.
Sublimation p=1x10"° mbar, T=360° C. Yield: 6.2 g (7.7
mmol), 38.3% of theory; purity: 99.8% according to HPLC,
including all stereoisomers.

Example 46

Production of OLEDs Comprising
Indenofluorene-Diamines as Hole-Injection Material
or Hole-Transport Material in FluoRescent OLEDs

[0112] OLEDs are produced by a general process as
described in WO 04/058911, which is adapted in individual
cases to the respective circumstances (for example layer-
thickness variation in order to achieve optimum efficiency or
colour).

[0113] The results for various OLEDs are presented in
Examples 47-62 below. The basic structure and the materials
used (apart from the hole-transport layer) are identical in the
examples for better comparability. OLEDs having the follow-
ing structure are produced analogously to the above-men-
tioned general process:

[0114] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water; purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0115] Hole-transport layer (HTMI1) B2 (compound
according to Example 2)

[0116]
[0117]
[0118]

or B1 (compound according to Example 1)
or B9 (compound according to Example 9)

or B15 (compound according to Example 15)
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[0119]

[0120]
thyl-N-phenylamino)triphenylamine
NaphDATA, purchased from SynTec)

[0121] Hole-transport layer (HTM2) 20 nm NPB (N-naph-
thyl-N-phenyl-4,4'-diaminobiphenyl)

[0122] Emission layer (EML) 30 nm doped layer of 9,10-
bis(1-naphthylanthracene) as host material (abbreviated to
H1), doped with 5% of tris[4-(2,2-di-phenylvinyl)phenyl]
amine as dopant (abbreviated to D1, vapour-deposited,
synthesised in accordance with WO 06/000388)

[0123] Electron conductor (ETC) 20 nm AlQ, (purchased
from SynTec, tris(quinolinato)aluminium(III))

[0124] Cathode 1 nm LiF, 150 nm Al on top.
[0125] The OLEDs can also be produced without PEDOT
as hole-injection layer. In these cases, the indenofluorenedi-
amine derivative according to the invention is then the hole-
injection compound. These OLEDs exhibit comparably good
properties.
[0126] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A) and the power efficiency (mea-
sured in Im/W) are determined as a function of the brightness,
calculated from current/voltage/brightness characteristic
lines (IUL characteristic lines).

[0127] Table 1 shows the results for some OLEDs (Ex-

amples 47 to 62) in which the layer thickness of the hole-

transport layer (HIM1) is varied. The comparative material
used in the comparative examples is NaphDATA.

[0128] The host material H1 is 9,10-bis(1-naphthyl)an-

thracene, and the dopant employed is D1. Both are shown

below:

or B37 (compound according to Example 37)
or: as comparative example 4,4',4"-tris(N-1-naph-
(abbreviated  to

Host H1

Dopant D1

[0129] As canbe seen from Examples 51 to 62 according to
the invention in Table 1, OLEDs comprising the hole-trans-
port material according to the invention (HITM1) exhibit a
significantly lower operating voltage than with NaphDATA in
accordance with the prior art as hole-transport material. The
operating voltage is furthermore independent of the layer
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thickness of the hole-transport layer. This property is of major
advantage for the construction of full-colour displays since
the thickness of the pixels of the primary colours blue, green
and red can be made the same by variation of the layer
thickness of the hole-transport layer. The hole-transport
material according to the invention can thus serve as thickness
compensation layer here without adversely affecting the elec-
tro-optical properties of the device. As can be seen from the
comparative examples, this is not the case for the hole-trans-
port material (NaphDATA) in accordance with the prior art
here, a significantly higher operating voltage is required at a
greater layer thickness of the hole-transport layer.

TABLE 1
Voltage
HTL1 Max. (V)
or efficiency  at 1000

Example HIL HTL2 (cd/A) ed/m?  CIE

Example 47 NaphDATA NPB 7.5 6.1 x=0.16
(comparison) (20 nm) (20 nm) y=10.25
Example 48 NaphDATA NPB 7.2 6.0 x=0.16
(comparison) (50 nm) (20 nm) y=10.25
Example 49 NaphDATA NPB 6.4 79 x=0.16
(comparison) (100 nm) (20 nm) y=0.24
Example 50 NaphDATA NPB 5.7 84  x=0.16
(comparison) (150 nm) (20 nm) y=10.26
Example 51 B2 NPB 8.5 52 x=0.16
(20 nm) (20 nm) y=10.25
Example 52 B2 NPB 8.6 53 x=0.16
(50 nm) (20 nm) y=10.25
Example 53 B2 NPB 8.6 55  x=0.16
(100 nm) (20 nm) y=10.24
Example 54 B2 NPB 8.7 56  x=0.16
(150 nm) (20 nm) y=10.26
Example 55 Ble NPB 8.2 54  x=0.16
(20 nm) (20 nm) y=10.25
Example 56 Blce NPB 8.3 5.5 x=0.16
(100 nm) (20 nm) y=10.24
Example 57 B9 NPB 8.2 6.1 x=0.16
(20 nm) (20 nm) y=10.25
Example 58 B9 NPB 8.1 63  x=0.16
(100 nm) (20 nm) y=10.24
Example 59 BI35 NPB 8.8 56  x=0.16
(20 nm) (20 nm) y=10.25
Example 60 BL5 NPB 8.9 58  x=0.16
(100 nm) (20 nm) y=0.24
Example 61 B37 NPB 7.9 63  x=0.16
(20 nm) (20 nm) y=10.25
Example 62 B37 NPB 8.0 6.5 x=0.16
(100 nm) (20 nm) y=0.24
Example 63

Production of OLEDs Comprising
Indenofluorene-Diamines as Hole-Injection Material
or Hole-Transport Material in Phosphorescent
OLEDs

[0130] OLEDs are produced by a general process as
described in WO 04/093207, which is adapted in individual
cases to the respective circumstances (for example layer-
thickness variation in order to achieve optimum efficiency or
colour).

[0131] The results for various OLEDs are presented in
Examples 64-68 below.

[0132] The basic structure and the materials used (apart
from the hole-transport layer) are identical in the examples
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for better comparability. OLEDs having the following struc-

ture are produced analogously to the above-mentioned gen-

eral process:

[0133] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water; purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0134] Hole-transport layer (HTM1) B2 (compound
according to Example 2)

[0135] or: as comparative example 4,4'.4'-tris(N-1-naph-
thyl-N-phenylamino)triphenylamine  (abbreviated to
NaphDATA, purchased from SynTec) (comparative stan-
dard)

[0136] Hole-transport layer (HTM2) 20 nm (vapour-depos-
ited; S-TAD prepared in accordance with WO 99/12888;
2,2',7,7"-tetrakis(diphenylamino)spirobifluorene)

[0137] or 20 nm NPB (N-naphthyl-N-phenyl-4,4'-diami-
nobiphenyl)

[0138] Emission layer (EML) 40 nm ketone 1 (bis(9,9'-
spirobifluoren-2-yl) ketone (vapour-deposited, synthe-
sised in accordance with WO 04/093207), doped with 15%
of triplet emitter E1 (synthesised in accordance with WO
04/085449)

[0139] AlQ; 20 nm (vapour-deposited; AlQ; purchased
from SynTec; tris(quinolinolato )aluminium-(11T))

[0140] Cathode 1 nm LiF, 150 nm Al on top.
[0141] The OLEDs can also be produced without PEDOT
as hole-injection layer. In these cases, the indenofluorenedi-
amine derivative according to the invention is then the hole-
injection compound. These OLEDs exhibit comparably good
properties.
[0142] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A) and the power efficiency (mea-
sured in [m/W) are determined as a function of the brightness,
calculated from current/voltage/brightness characteristic
lines (IUL characteristic lines).

[0143] Table 2 shows the results for some OLEDs (Ex-

amples 64 to 68) in which the layer thickness of the hole-

transport layer (HTM1) is varied. The comparative material
used in the comparative examples is NaphDATA.

El

(ketone 1)

Bis(9,9'-spirobifluoren-2-yl) ketone
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[0144] As can be seen from Examples 65 to 68 according to
the invention in Table 2, OLEDs comprising the hole-trans-
port material according to the invention (HTM1) exhibit a
significantly lower operating voltage and higher efficiency
than with NaphDATA in accordance with the prior art as
hole-transport material. The operating voltage is furthermore
independent of the layer thickness of the hole-transport layer.
The hole-transport material according to the invention can
thus serve as thickness compensation layer here without
adversely affecting the electro-optical properties of the
device.

TABLE 2
Voltage

HTL1 Max. \%)

or efficiency  at 1000
Example HIL HTL2 (cd/A) cd/m®>  CIE
Example 64 NaphDATA S-TAD 33 45  x=0.38
(comparison) (20 nm) (20 nm) y=0.58
Example 65 B2 S-TAD 42 3.8  x=0.38

(20 nm) (20 nm) y=0.58
Example 66 B2 S-TAD 40 39 x=0.36

(150 nm) (20 nm) y=0.60
Example 67 B2 NPB 37 42  x=0.38

(20 nm) (20 nm) y=0.58
Example 68 B2 NPB 35 43 x=0.36

(150 nm) (20 nm) y=0.60

Example 69

Production of OLEDs Comprising Indenofluorene
Ketones or Indenofluorenephosphine Oxides as
Electron-Transport Material in Phosphorescent

OLEDs OLEDs are produced by a general process as
described in WO 04/093207, which is adapted in
individual cases to the respective circumstances (for
example layer-thickness variation in order to achieve
optimum efficiency or colour).

[0145] The results for various OLEDs are presented in
Examples 70-73 below. The basic structure and the materials
used (apart from the electron-transport layer) are identical in
the examples for better comparability. OLEDs having the
following structure are produced analogously to the above-
mentioned general process:

[0146] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water; purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0147] Hole-transport layer (HTM1) 20 nm 4,4',4"-tris(N-
1-naphthyl-N-phenyl-amino)triphenylamine (abbreviated
to NaphDATA, purchased from SynTec)

[0148] Hole-transport layer (HTM2) 20 nm S-TAD (va-
pour-deposited; S-TAD prepared in accordance with WO
99/12888; 2,2',7,7'-tetrakis(diphenyl-amino)spirobifluo-
rene)

[0149] Emission layer (EML) 40 nm ketone 1 (bis(9,9'-
spirobifluoren-2-yl) ketone (vapour-deposited, synthe-
sised in accordance with WO 04/093207), doped with 15%
of triplet emitter E1 (synthesised in accordance with WO
04/085449)

[0150] Electron-transport layer 20 nm B19 (compound
according to Example 19)

[0151] or 20 nm B26 (compound according to Example 26)

[0152] or20nm B31 (compound according to Example 31)
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[0153] or 20 nm AlQ, (AlQ; purchased from SynTec; tris
(quinolinolato)aluminium(IIT), comparison)

[0154] Cathode 1 nm LiF, 150 nm Al on top.

[0155] These OLEDs are characterised by standard meth-

ods; for this purpose, the electroluminescence spectra, the

efficiency (measured in cd/A) and the power efficiency (mea-

sured in Im/W) are determined as a function of the brightness,

calculated from current/voltage/brightness characteristic

lines (IUL characteristic lines).

[0156] Table 3 shows the results for some OLEDs (Ex-

amples 70 to 73) in which the electron-transport layer (ETL)

is varied. The comparative material used in the comparative

examples is Alq.

[0157] The emitter E1 and the matrix material ketone 1 are

shown in Example 63.

[0158] As canbe seen from Examples 71 to 73 according to

the invention in Table 3, OLEDs comprising the electron-

transport material according to the invention exhibit a lower

operating voltage and higher efficiency than with Alq in

accordance with the prior art.

TABLE 3
Max. Voltage (V)
efficiency at
Example ETL (cd/A) 1000 cd/m?  CIE
Example 70 Alg 33 4.5 x=10.38;
(comparison) (20 nm) y=0.58
Example 71 B19 35 4.2 x=0.38;
(20 nm) y=0.58
Example 72 B26 38 39 x=0.38;
(20 nm) y=0.58
Example 73 B31 37 4.1 x=0.38;
(20 nm) y=0.58
Example 74

Production of Red-Phosphorescent OLEDs
Comprising Indenofluorene Ketones or
Indenofluorenephosphlne Oxides as Triplet Matrix
Material

[0159] OLEDs are produced by a general process as
described in WO 04/093207, which is adapted in individual
cases to the respective circumstances (for example layer-
thickness variation in order to achieve optimum efficiency or
colour).

[0160] The results for various OLEDs are presented in

Examples 75-78 below. The basic structure and the materials

used (apart from the electron-transport layer) are identical in

the examples for better comparability. OLEDs having the
following structure are produced analogously to the above-
mentioned general process:

[0161] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water; purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0162] Hole-transport layer (HTM1) 20 nm 4,4',4"-tris(N-
1-naphthyl-N-phenyl-amino)triphenylamine (abbreviated
to NaphDATA, purchased from SynTec)

[0163] Hole-transport layer (HTM2) 20 nm S-TAD (va-
pour-deposited; S-TAD prepared in accordance with WO

99/12888; 2,27, 7-tetrakis(diphenylamino)spirobifluo-
rene)
[0164] Emission layer (EML) 20 nm 819 (compound

according to Example 26)

Jan. 29,2015

[0165] or20nm B26 (compound according to Example31)
[0166] or20nm B31 (compound according to Example31)
[0167] or ketone 1 (bis(9,9"-spirobifluoren-2-yl) ketone

(vapour-deposited, synthesised in accordance with WO
04/093207) (comparative standard), in each case doped
with 10% of triplet emitter E2 (synthesised in accordance
with WO 05/033244)

[0168] Electron-transport layer 20 nm AlQ, (vapour-de-
posited: AlQ; purchased from SynTec; tris(quinolinolato)
aluminium(III))

[0169] Cathode 1 nm LiF, 150 nm Al on top.

[0170] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A) and the power efficiency (mea-
sured in Im/W) are determined as a function of the brightness,
calculated from current/voltage/brightness characteristic
lines (IUL characteristic lines).

[0171] Table 4 shows the results for some OLEDs (Ex-
amples 75 to 78) in which the triplet matrix material of the
emission layer (EML) is varied. The comparative material
used in the comparative examples is ketone 1. The emitter E1
and the triplet matrix material ketone 1 are shown below for
clarity:

E2

Bis(9,9"-spirobifluoren-2-yl) ketone
(comparative material ketone 1)

As can be seen from Examples 76 to 78 according to the
invention in Table 4, OLEDs comprising the electron-trans-
port material according to the invention exhibit a lower oper-
ating voltage and higher efficiency than with ketone 1 in
accordance with the prior art.

TABLE 4
Max. Voltage (V)

EML efficiency at
Example host:emitter (cd/A) 1000 cd/m? CIE
Example 75 E2:ketone 1 13.3 5.5 x = 0.65;
(comparison) (40 nm) y=0.35
Example 76 E2:B19 154 5.2 x=0.65;

(40 nm) y=0.35
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TABLE 4-continued

Max. Voltage (V)
EML efficiency at
Example host:emitter (cd/A) 1000 ed/m? CIE
Example 77 E2:B26 14.8 5.4 x=0.65;
(40 nm) y=0.35
Example 78 E2:B31 14.5 5.1 x=0.65;
(40 nm) y=0.35
Example 79
Production of Oleds Comprising
Indenofluorene-Diamines as Emitter
[0172] OLEDs are produced by a general process as

described in WO 04/058911, which is adapted in individual
cases to the respective circumstances (for example layet-
thickness variation in order to achieve optimum efficiency or
colour).

[0173]
Examples 80-86 below. The basic structure and the materials
used (apart from the emitting layer) are identical in the
examples for better comparability. OLEDs having the follow-
ing structure are produced analogously to the above-men-
tioned general process:

[0174] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water, purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0175] Hole-transport layer (HTM1) 20 nm B2 (compound
according to Example 2)

[0176] Hole-transport layer (HTM2) 20 nm NPB (N-naph-
thyl-N-phenyl-4,4'-diaminobiphenyl)

[0177] Emission layer (EML)30 nm layer of H1, H2 or H3
as host material doped with x % (see table) of B2 (com-
pound according to Example 2) or B17 (compound accord-
ing to Example 17) as dopant

[0178] Electron conductor (ETC) 20 nm (vapour-depos-
ited; AlQ, purchased from SynTec, tris(quinolinolato)alu-
minium-(I11))

[0179] Cathode 1 nm LiF, 150 nm Al on top.

[0180] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A) and the power efficiency (mea-
sured in [m/W) are determined as a function of the brightness,
calculated from current/voltage/brightness characteristic
lines (IUL characteristic lines).

[0181] Table 5 shows the results for some OLEDs (Ex-
amples 80 to 86) in which B2 (compound according to
Example 2) or B17 (compound according to Example 17) is
used as dark-blue emitter and its degree of doping is varied.

The results for various OLEDs are presented in
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[0182] Thehostmaterials H1, H2 and H3 are shown below:

Host H1
Host H2
Host H3

OO0 00
O

[0183] As can be seen from Examples 80 to 86 in Table 5,
OLEDs comprising the dopants B2 (compound according to
Example 2) and B17 (compound according to Example 17)
according to the invention exhibit efficient dark-blue emis-
sion. By contrast, colour coordinates of only (0.15; 0.15) are
achieved with commercial OLEDs. The internal quantum
efficiency is close to 100%.

TABLE 5
Max. Voltage (V)
efficiency at

Example EML (cd/A) 1000 cd/m? CIE
Example 80 H2 2.5 6.6 x=0.16

2% of B2 y=0.09
Example 81 H2 2.8 6.4 x=0.16

5% of B2 y=0.10
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TABLE 5-continued

Max. Voltage (V)
efficiency at
Example EML (cd/A) 1000 cd/m? CIE
Example 82 H2 2.7 6.3 x=0.16
10% of B2 y=0.13
Example 83 H3 23 6.8 x=0.16
5% of B2 y=0.04
Example 84 H3 22 6.5 x=0.16
10% of B2 y=0.05
Example 85 H3 2.0 6.3 x=10.16
15% of B2 y=0.05
Example 86 H1 24 6.2 x=0.16
10% of B17 y=0.08

Example 87

Bis(N-(4-tert-butylphenyl)-N-(4-bromophenyl)
amino)-6,6,12,12-tetraoctyl-6,12,dihydroindeno[1,
2b]fluorene

a) Bis(N-(4-tert-butylphenyl)-N-phenylamino)-6,6,
12,12-tetraoctyl-6,12-dihydroindeno[1,2b]fluorene

[0184]
HiCs CsHiy
OO
s
H;Cg CgHyr
[0185] A solution of 17.2 g (20.0 mmol) of 6,6,12,12-tet-

raoctyl-6,12-dihydro-[ 1,2b]indenofluorene dibromide and
10.0 g (44.4 mmol) of 4-tert-butyl-phenylphenylamine in 130
ml of dry toluene is saturated with argon. 81.0 mg of tri-tert-
butylphosphine, 45 mg of palladium acetate and 5.97 g of
sodium tert-butoxide are then added. The reaction mixture is
refluxed for 12.5 h. After cooling to RT, the mixture is
extracted with 2M HCI (2x100 ml). The organic phase is
separated off, filtered through Celite and evaporated in a
rotary evaporator. The crude product is recrystallised from
EtOH/toluene, giving 18.6 g (81%) of yellow crystals.
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b) Bis(N-(4-tert-butylphenyl)-N-4-bromopheny1)
amino)-6,6,12,12-tetraoctyl-6,12,dihydroindeno[1,

2b]fluorene
[0186]
Br
Hi:Cs Cslyr
O30
me
Hy,Cs CsHyr

Br

[0187] 5.0 g (3.8 mmol) of bis(N-(4-tert-butylphenyl)-N-

phenylamino)-6,6,12,12-tetraoctyl-6,12,dihydroindeno[ 1,
2b]fluorene are dissolved in 22.4 ml of dry THEF, and a solu-
tion of 1.5 g of NBS in 22.4 ml of THF is added dropwise at
0° C. The reaction mixture is allowed to come to RT, and the
solvent is removed. The solid is washed by boiling with
ethanol and filtered off with suction. After drying under
reduced pressure, the crude product is recrystallised from
acetonitrile/toluene, giving 2.16 g (43%) of pale-yellow crys-
tals.

[0188] Bis(N-(4-tert-butylphenyl)-N-(4-bromophenyl)
amino)-6,6,12,12-tetraoctyl-6,12,dihydroindeno| 1,2b]fluo-
rene can be employed as monomer for polymerisation, for
example for Suzuki or Yamamoto polymerisation. This com-
pound is particularly suitable for incorporation into conju-
gated or partially conjugated polymers and is particularly
suitable as hole-conducting compound in these polymers.

Example 838

2,10-Bis(diphenylamino)-12,15-dihydro-6,6,12,12,
15,15-hexamethyl-6H-diindeno[1,2-b:2',1'-h]fluo-
rene

a) 12,15-Dihydro-6,6,12,12.15,15-hexamethyl-6H-
diindeno-[1,2-b:2",1'-h]fluorene

[0189]
[0190] The preparation is carried out analogously to the

preparation of 9,9-dimethylfluorene from 12,15-dihydro-6H-
diindeno[1,2-b:2',1'-h]fluorene (Stauner et al., Helv. Chim.
Acta 1970, 53(6), 1311), dimethyl sulfate and sodium
hydroxide solution in accordance with JP 08113542. Yield
61.0% of theory; purity 97% according to 'H-NMR.
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39

b) 2,10-Dibromo-12,15-dihydro-6,6,12,12,15,15-
hexamethyl-6H-diindeno[1,2-b:2',1'-h]|fluorene

[0191]

~C O

[0192] Preparation analogous to Example 1b. Instead of
122.0 g (393 mmol) of 6,6,12,12-tetramethyl-6,12-dihy-
droindeno[1,2b]fluorene, 167.7 g (393 mmol) of 12,15-dihy-
dro-6,6,12,12,15,15-hexamethyl-6H-diindeno-[1,2-b:2',1'-
h]fluorene are employed. Yield: 198.5 g (339 mmol), 86.4%
of theory; purity: 98% according to 'H-NMR.

¢) 2,10-Bis(diphenylamino)-12,15dihydro-6,6,12,12,
15,15-hexamethyl-6H-diindeno[1,2-b:2',1'-h]fluo-
rene

[0193]

N~
OQ.QO

[0194] Preparation analogous to Example lc. Instead of
46.8 g (100 mmol) of 2,8-dibromo-6.6,12,12-tetramethyl-6,
12-dihydroindeno[1,2b]fluorene, 58.4 g (100 mmol) of 2,10-
dibromo-12,15-dihydro-6,6,12,12,15,1 5-hexamethyl-6H-di-
indeno[1,2-b:2',1"-h]fluorene are used. Sublimation p=1x

@,N
Qo

QND
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107> mbar, T=390° C. Yield: 55.0 g (72 mmol), 72.3% of
theory; purity: 99.9% according to HPLC.

Example 89

2.8-Bis(bis(4-diphenylaminophenyl)amino)-6,6,12,
12-tetramethyl-6,12-dihydroindeno[1,2b]fluorene

a) 2,8-Bis(bis(4-bromphenyl)amino)-6,6,12,12-tet-
ramethyl-6,12-dihydroindeno[ 1,2b]fluorene

[0195]

Br

0

Br
Br

[0196] 74.8 g (420 mmol) of N-bromosuccinimide are
added in portions with vigorous stirring to a solution of 64.5
£ (100 mmol) of 2,8-bis(diphenyl-amino)-6,6,12,12-tetram-
ethyl-6,12-dihydroindeno[1,2b]fluorene in 1500 ml of
dichloromethane, and the mixture is stirred at room tempera-
ture for 16 h. The reaction mixture is concentrated to a volume
of 200 ml under reduced pressure, 1000 ml of ethanol are
added, the precipitate is filtered off with suction, stirred with
1000 m1 of hot ethanol, filtered off with suction, washed three
times with 300 ml of ethanol each time and dried under
reduced pressure. Yield: 82.1 g (85 mmol), 85.5% of theory;
purity: 97% according to *H-NMR.

b) 2,8-Bis(bis(4-diphenylaminophenyl)amino)-6,6,
12,12-tetramethyl-6,12-dihydroindeno[ 1,2b]fluorene
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[0198] Procedure analogous to Example 1c. Instead 0f 46.8
2 (100 mmol) of 2,8-dibromo-6,6,12,12-tetramethyl-6,12-di-
hydroindeno|1,2b]fluorene, 48.0 g (50 mmol) of 2,8-bis(bis
(4-bromophenyl)amino)-6,6,12,12-tetramethyl-6,12-dihy-
droindeno[1,2b]fluorene are employed. Recrystallisation
from dioxane; sublimation p=1x10° mbar, T=380° C. Yield:
48.8 g (37 mmol), 74.3% of theory; purity: 99.8% according
to HPLC.

Example 90
2,8-Bis((4-methylphenyl)4-diphenylaminophenyl)-
amino)-6,6,12,12-tetramethyl-6,12-dihydroindeno|[1,
2b]fluorene
a) 2,8-Bis((4-bromophenyl)(4-ethylphenyl)amino)-6,

6,12,12-tetramethyl-6,12-dihydroindeno[ 1,2b]fluo-
rene

[0199]

Br

asttes

Br

®/N
Q50
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[0200] 74.8 g (420 mmol) of N-bromosuccinimide are
added in portions with vigorous stirring to a solution of 134.6
£ (200 mmol) of 2,8-bis((phenyl)(4-methylphenyl)amino)-6,
6,12,12-tetramethyl-6,12-dihydroindeno[ 1,2b]-fluorene
(preparation analogous to Example 1¢) in 1500 m! of dichlo-
romethane, and the mixture is stirred at room temperature for
16 h. The reaction mixture is concentrated to a volume of 200
ml under reduced pressure, 1000 ml of ethanol are added, the
precipitate is filtered off with suction, stirred with 1000 ml of
hot ethanol, filtered off with suction, washed three times with
300 ml of ethanol each time and dried under reduced pressure.
Yield: 139.0 g (167 mmol), 83.6% of theory; purity: 98%
according to H-NMR.

b) 2,8-Bis((4-methylphenyl)(4-diphenylaminophe-
nyl)amino)6,6,12,12-tetramethyl.-6,12-dihydroin-
deno[1,2b]fluorene

[0201]

[0202] Procedure analogous to Example 1c. Instead 0f 46.8
£ (100 mmol) of 2,8-dibromo-6,6,12,12-tetramethyl-6,12-di-
hydroindeno|[1,2b]fluorene, 83.1 g (100 mmol) of 2,8-bis((4-
bromophenyl)(4-methylphenyl)amino)-6,6,12,12-tetram-
ethyl-6,12-dihydroindeno| 1,2b]fluorene are employed.
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Recrystallisation from NMP; sublimation p=1x10"mbar,
T=370° C. Yield: 83.6 g (83 mmol), 82.9% of theory; purity:
99.7% according to HPLC.

Example 91

Production of OLEDs Comprising
Indenofluorene-Tetramines or -Hexamines as
Hole-Injection Material or Hole-Transport Material
in Fluorescent OLEDs

[0203] OLEDs are produced by a general process as
described in WO 04/058911, which is adapted in individual
cases to the respective circumstances (for example layer-
thickness variation in order to achieve optimum efficiency or
colour).

[0204] The results for various OLEDs are presented in
Examples 92-94 below. The basic structure and the materials
used (apart from the hole-transport layer) are identical in the
examples for better comparability. OLEDs having the follow-
ing structure are produced analogously to the above-men-
tioned general process:

[0205] Hole-injection layer (HIL) 20 nm PEDOT (spin-
coated from water; purchased from H.C. Starck, Goslar,
Germany; poly(3,4-ethylenedioxy-2,5-thiophene))

[0206] Hole-transport layer (HITMI1) B89 (compound
according to Example 89)

[0207]

[0208]
thyl-N-phenylamino)triphenylamine
NaphDATA, purchased SynTec)

[0209] Hole-transport layer (HTM2) 20 nm NPB (N-naph-
thyl-N-phenyl-4,4'-diaminobiphenyl)

[0210] Emission layer (EML) 30 nm doped layer of 9,10-
bis(1-naphthylanthracene) as host material (abbreviated to
H1), doped with 5% of tris[4-(2,2-diphenylvinyl)phenyl]
amine as dopant (abbreviated to D1, vapour-deposited,
synthesised as described in WO 06/000388)

[0211] Electron conductor (ETC) 20 nm AlQ, (purchased
from SynTec, tris(quinolinato)aluminium(III))

[0212] Cathode 1 nm LiF, 150 nm Al on top.

[0213] The OLEDs can likewise be produced without
PEDOT as hole-injection layer. In these cases, the indenof-
luorenetetramine or -hexamine derivative according to the
invention is then the hole-injection compound. These OLEDs
exhibit comparably good properties.

[0214] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A) and the power efficiency (mea-
sured in [m/W) are determined as a function of the brightness,
calculated from current/voltage/brightness characteristic
lines (IUL characteristic lines).

[0215] Table 6 shows the results for some OLEDs (Ex-
amples 92 to 94), in which the layer thickness of the hole-
transport layer (HITM1) is varied. The comparative material
used in the comparative examples is NaphDATA.

[0216] The host material HI employed is 9,10-bis(1-naph-
thyl)anthracene, the dopant employed is D1. Both are shown
below:

or B90 (compound according to Example 90)

or as comparative example 4,4'4"-tris(N-1-naph-
(abbreviated  to

Jan. 29,2015

Host H1

Dopant D1

[0217] As can be seen from Examples 92 and 93 according
to the invention in Table 6, OLEDs comprising the hole-
transport material according to the invention (HTM1) exhibit
significantly greater efficiency than with NaphDATA in
accordance with the prior art as hole-transport material. The
operating voltage is furthermore independent of the layer
thickness of the hole-transport layer. This property is of major
advantage for the construction of full-colour displays since
the thickness of the pixels of the primary colours blue, green
and red can be made the same by variation of the layer
thickness of the hole-transport layer. The hole-transport
material according to the invention can thus serve as thickness
compensation layer here without adversely affecting the elec-
tro-optical properties of the device. As can be seen from the
comparative examples, this is not the case for hole-transport
material (NaphDATA) in accordance with the prior art here, a
significantly higher operating voltage is required at a greater
layer thickness of the hole-transport layer.

TABLE 6
Voltage

HTL1 Max. (V)

or efficiency  at 1000
Example HIL HTL?2 (cd/A) cdim®  CIE
Example 92 B89 NPB 8.9 54 x=0.16

(20 nm) (20 nm) y=10.25
Example 93 B90 NPB 9.0 5.5 x=0.16

(20 nm) (20 nm) y=10.25
Example 94 NaphDATA NPB 7.5 6.1 x=0.16
(comparison) (20 nm) (20 nm) y=10.25
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1-22. (canceled)
23: A compound of the formula (1)

Formula (1)
A AN
Art R Ard
[E \/Y—Arl AP Ar z/ EI
‘ A15] \/ 1/ \[‘Aﬂ !
q x! X r

where the following applies to the symbols and indices
used:

Y and Z are N;

Ar', Ar’ and Ar® are on each occurrence, identically or
differently, an aryl or heteroaryl group having 5 to 24
aromatic ring atoms, which may be substituted by one or
more radicals RY;

Ar*, Ar°, Ar® and Ar’ are on each occurrence, identically or
differently, an aromatic or heteroaromatic ring system
having 5 to 40 aromatic ring atoms, which may be sub-
stituted by one or more radicals R*;

E is on each occurrence, identically or differently, a single
bond, N(RY), O, S, C(RY),, Si(R"), or B(RY);

R! is on each occurrence, identically or differently, H, F, Cl,
Br, 1, CN, NO,, Si(R?),, B(OR?),, a straight-chain alkyl,
alkoxy or thioalkoxy group having 1 to 40 C atoms or a
branched or cyclic alkyl, alkoxy or thioalkoxy group
having 3 to 40 C atoms, each of which may be substi-
tuted by one or more radicals R?, where one or more
non-adjacent CH, groups may be replaced by
—R*C=CR*—, —C=C—, Si(R?),, Ge(R?),. Sn(R?)
2 C:O, C:S, C:Se, C:NRz, —O—, —S—,
—COO— or —CONR*— and where one or more H
atoms may be replaced by F, Cl, Br, I, CN or NO,, or an
aromatic or heteroaromatic ring system having 5 to 40
aromatic ring atoms, which may be substituted by one or
more non-aromatic radicals R, or an aryloxy or het-
eroaryloxy group having 5 to 40 aromatic ring atoms,
which may be substituted by one or more non-aromatic
radicals R', or a combination of these systems; two or
more substituents R' here may also form a mono- or
polycyclic ring system with one another;

R? is on each occurrence, identically or differently, H or an
aliphatic or aromatic hydrocarbon radical having 1 to 20
C atoms;

X! and X* are on each occurrence, identically or differ-
ently, a bridge which, with Ar' and Ar?, defines a cyclic
system selected from C(R'),, Si(R"),, O or S;

X* and X? are on each occurrence, identically or differ-
ently, a bridge which, with Ar* and Ar®, defines a cyclic
ring system selected from C(R'),, Si(R'),, O, S or
NR");

pis 0;

one of the two indices n and o is equal to 1, and the other
one of the two indices n and o is equal to 0;

n=0 and 0=0 and p=0 here mean that two H or R* are
present instead of the bridge;

q and r are on each occurrence 1;
$1s 2;

42
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t is on each occurrence, identically or differently, 0 or 1,
where t=0 means that R' radicals are bonded instead of
the group E.

24: The compounds according to claim 23, wherein the
symbols Ar', Ar* and Ar’, identically or differently on each
occurrence, stand for an aryl or heteroaryl group having 5 to
16 aromatic ring atoms, which may be substituted by one or
two radicals R".

25: The compounds according to claim 23, wherein Ar',
Ar*and Ar, identically or differently on each occurrence, are
selected from benzene, naphthalene, or anthracene, each of
which may be substituted by one or two radicals R'.

26: The compounds according to claim 23, wherein Ar’,
Ar*and Ar, identically or differently on each occurrence, are
selected from benzene and naphthalene.

27: The compounds according to claim 23, wherein Ar',
Ar*and Ar*, identically or differently on each occurrence, are
selected from benzene and naphthalene, and where one or two
of groups Ar', Ar® and Ar® are selected to be naphthalene.

28: The compounds according to claim 23, wherein t=0.

29: The compounds according to claim 23, wherein the
symbols Ar*, Ar’, Ar®, Ar’, identically or differently on each
occurrence, stand for an aromatic or heteroaromatic ring sys-
tem having 5 to 16 aromatic ring atoms, for a triarylamine or
for spirobifluorene, each of which may be substituted by one
or more radicals R'.

30: The compounds according to claim 23, wherein the
symbol R, identically or differently on each occurrence,
stands for H, F, CN, a straight-chain alkyl group having 1 to 5
C atoms or a branched alkyl group having 3 to 5 C atoms,
where in each case one or more non-adjacent CH, groups may
be replaced by —R*C—CR*—, —C=C—, —0—or—S—
and where one or more H atoms may be replaced by F, or a
monovalent aryl or heteroaryl group having 2 to 16 C atoms,
which may be substituted by one or more radicals R?.

31: The compounds according to claim 23, wherein the
symbols X', X?, X and X* on each occurrence, identically or
differently, represent a bridge which, with Ar* and Ar” or with
Ar® and Ar®, defines a cyclic system and are C(R?),.

32: The compounds according to claim 23, wherein Ar',
Ar*and Ar, identically or differently on each occurrence, are
selected from benzene, naphthaline, and anthracene, each of
which may be substituted by one or two radicals R'; and

X!, X2, X2 and X* on each occurrence, identically or dif-

ferently, represent a bridge which, with Ar' and Ar* or
with Ar” and Ar’, defines a cyclic system and are C(R').;
and

t=0.

33: An organic electronic device comprising at least one
compound according to claim 23.

34: The organic electronic device according to claim 33,
wherein the device is selected from the group consisting of an
organic electroluminescent device (OLED), an organic field-
effect transistor (O-FET), an organic thin-film transistor
(O-TFT), an organic light-emitting transistor (O-LET), an
organic integrated circuit (O-IC), an organic solar cell
(O-SC), an organic field-quench devices (O-FQDs), light-
emitting electrochemical cells (LECs), organic photorecep-
tors or organic laser diode (O-laser).

35: An organic electroluminescent device which comprises
at least one compound according to claim 23 is present in a
layer selected from emitting layers, electron blocking layers
and hole transport layers.
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36: An organic electroluminescent device which comprises
at least one compound according to claim 23 is present in an
emitting layer as an emitter.

37: An organic electroluminescent device which comprises
at least one compound according to claim 23 is present in an
emitting layer as a host material.

# % % k&
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