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1
TRIPHENYLENE-BASED MATERIALS FOR
ORGANIC ELECTROLUMINESCENT
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application (under 35
U.S.C. § 371) of PCT/EP2011/004654, filed Sep. 16, 2011,
which claims benefit of German application 10 2010 048
608.6, filed Oct. 15, 2010 which are both incorporated by
reference.

The present invention relates to materials for use in
electronic devices, in particular in organic electrolumines-
cent devices.

The structure of organic electroluminescent devices
(OLEDs) in which organic semiconductors are employed as
functional materials 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. The emitting materials employed here are
increasingly organometallic complexes which exhibit phos-
phorescence instead of fluorescence (M. A. Baldo et al.,
Appl. Phys. Lett. 1999, 75, 4-6). For quantummechanical
reasons, an up to four-fold energy and power efficiency is
possible using organometallic compounds as phosphores-
cent emitters. In general, there is still a need for improve-
ment, for example with respect to efficiency, operating
voltage and lifetime, in the case of OLEDs, in particular also
in the case of OLEDs which exhibit triplet emission (phos-
phorescence). This applies, in particular, to OLEDs which
emit in the relatively short-wave region, for example green.

The properties of phosphorescent OLEDs are determined
not only by the triplet emitters employed. In particular, the
other materials used, such as matrix materials, hole-blocking
materials, electron-transport materials, hole-transport mate-
rials and electron- or exciton-blocking materials, are also of
particular importance here. Improvements in these materials
can thus also result in significant improvements in the
OLED properties. There is also still a need for improvement
in the case of these materials for fluorescent OLED:s.

In accordance with the prior art, triphenylene derivatives
are used as matrix materials for phosphorescent emitters, for
example in accordance with JP 2005/071983 or WO 2006/
038709. However, there is also a need for improvement on
use of these matrix materials, in particular with respect to the
efficiency and lifetime of the device.

The object of the present invention is the provision of
compounds which are suitable for use in a fluorescent or
phosphorescent OLED, in particular a phosphorescent
OLED, for example as matrix material and/or as holetrans-
port/electron-blocking material or exciton-blocking material
and/or as electron-transport or hole-blocking material. In
particular, it is the object of the present invention to provide
matrix materials which are suitable for green- and red-
phosphorescent OLEDs.

Surprisingly, it has been found that triphenylene deriva-
tives which are substituted in positions 1 and 12 by aromatic
or heteroaromatic ring systems, carbonyl groups or phos-
phine oxide groups or in which positions 1 and 12 are
bridged by a group selected from in each case optionally
substituted boron, carbon, silicon, germanium, tin, nitrogen,
oxygen, sulfur or phosphorus achieve this object and result
in improvements in the organic electroluminescent device,
in particular with respect to the lifetime, efficiency and
operating voltage. This applies, in particular, to red- and
green-phosphorescent electroluminescent devices, espe-
cially on use of the compounds according to the invention as
matrix material. The materials according to the invention
can be synthesised in few steps and in high yield. The
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2

present invention therefore relates to these materials and to
organic electroluminescent devices which comprise com-
pounds of this type.

For clarity, the numbering of triphenylene is depicted
below:

The present invention therefore relates to a neutral com-
pound of the following formula (1) or formula (2),

Rl
R! R!

Z X
AR \
] /o

Z
Ny O X
Rl Rl
Rl
R]
Rl Rl
4 O
ﬂ/ \ R
i 2 R
Nz
R! R!
R]

where the following applies to the symbols and indices used:
X is on each occurrence, identically or differently, preferably
identically, BR?% C(R?),, C=0, Si(R?),, Ge(R?).,
Sa(R%),. NR?, O, S, SO, SO,, PR? ar P(=0)R?,
or X is, for n=0, a group of the following formula (3),

formula (1)

formula (2)

. formula (3)
R
R R!
“. 7 ~ |z
A
-~ \Z _ 7
R! R!
R!

A is C, Si, Ge or Sn; the dashed bonds on A here indicate the
bonding to the triphenylene;
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Y is BR?, O, S, NR?, PR? or P(=0)R?;

7 is on each occurrence, identically or differently, CR' or N,
with the proviso that a maximum of two groups Z per ring
stand for N;

R is selected on each occurrence, identically or differently,
from the group consisting of N(Ar'),, C(=0)Ar!, P(=0)
(Ar'), and an aromatic or heteroaromatic ring system
having 5 to 60 aromatic ring atoms, which may in each
case be substituted by one or more radicals R';

Ar' is on each occurrence, identically or differently, an
aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may be substituted by one or
more non-aromatic radicals R® two radicals Ar' here
which are bonded to the same N atom or P atom may also
be bridged to one another by a single bond or a bridge
selected from N(R*), C(R"),, O or S,

R! is selected on each occurrence, identically or differently,
from the group consisting of H, D, F, Cl, Br, I, CN, NO,,
N(Ar"),. N(R?),, C(=0)Ar", C(=O)R*, P(=0)(Ar"),, a
straight-chain alkyl, alkoxy or thioalkyl group having 1 to
40 C atoms or a branched or cyclic alkyl, alkoxy or
thioalkyl group having 3 to 40 C atoms or an alkenyl or
alkynyl group having 2 to 40 C atoms, where the alkyl,
alkoxy, thioalkoxy, alkenyl or alkynyl group may in each
case be substituted by one or more radicals R? and where
one or more non-adjacent CH, groups may be replaced by
R’C=CR’®, C=C, Si(R%),, Ge(R?),, Sn(R?),, C=O0,
C=S. C=S8e, C=NR’, (=0)(R?), SO, SO,,NR? O, S
or CONR? and where one or more H atoms may be
replaced by D, F, Cl, Br, I, CN or NO,, an aromatic or
hetercaromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R®, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which may be
substituted by one or more radicals R, or a combination
of these systems, where two or more adjacent substituents
R! which are bonded to the same benzene ring may
optionally form a monocyclic or polycyclic, aliphatic,
aromatic or heteroaromatic ring system;

R? is selected on each occurrence, identically or differently,
from the group consisting of a straight-chain alkyl group
having 1 to 20 C atoms or a branched or cyclic alkyl group
having 3 to 20 C atoms, each of which may be substituted
by one or more radicals R?, where one or more non-
adjacent CH, groups may be replaced by R*C—=CR?,
C=C, Si(R?),, C=0, C=NR? P(=O0)R?), SO, SO,,
NR?, O, S or CONR? and where one or more H atoms may
be replaced by D, F, Cl, Br, I, CN or NO,, or an aromatic
or heteroaromatic ring system having 5 to 60 aromatic
ring atoms, which may in each case be substituted by one
or more radicals R?, where two substituents R? which are
bonded to the same carbon, silicon, germanium or tin
atom may optionally form a monocyclic or polycyclic,
aliphatic, aromatic or heteroaromatic ring system with
one another, which may be substituted by one or more
radicals R?;

R? is selected on each occurrence, identically or differently,
from the group consisting of H, D, F, Cl, Br, I, CN, NO,,
N(R*),, C(=0)Ar', C(=0)R*, P(=0)(Ar"),, a straight-
chain alkyl, alkoxy or thioalkyl group having 1 to 40 C
atoms or a branched or cyclic alkyl, alkoxy or thioalkyl
group having 3 to 40 C atoms or an alkenyl or alkynyl
group having 2 to 40 C atoms, where the alkyl, alkoxy,
thioalkyl, alkenyl or alkynyl group may be substituted by
one or more radicals R* and where one or more non-
adjacent CH, groups may be replaced by R*C—CR?,
C=C, Si(RY,, C=0, C=NR", P(=0)R™", SO, SO,,
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4

NR*, O, S or CONR* and where one or more H atoms may
be replaced by D, F, Cl, Br, I, CN or NO,, an aromatic or
heteroaromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which may be
substituted by one or more radicals R*, or a combination
of these systems, where two or more adjacent substituents
R? may optionally form a monocyclic or polycyclic,
aliphatic, aromatic or heteroaromatic ring system, which
may be substituted by one or more radicals R*;

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

nis Oor 1;

with the proviso that at least one group R' in formula (1)

stands for an aromatic or heteroaromatic ring system if X

stands for C=0, O, S, SO or SO, and n=0;

and furthermore with the proviso that the following com-

pounds are excluded from the invention:

CH,Br

@]
A X ¢

S0 %2

\ /7 \ _/\ /
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-continued

i

A “non-aromatic radical” R?, as mentioned in the defini-
tion of Ar', is a radical in accordance with the definition of
R* which contains no aromatic or heteroaromatic groups,
i.e., for example, also no aromatic carbonyl group.

An aryl group in the sense of this invention contains 6 to
60 C atoms; a heteroaryl group in the sense of this invention
contains 2 to 60 C atoms and at least one heteroatom, with
the proviso that the sum of C atoms and heteroatoms is at
least 5. The heteroatoms are preferably selected from N, O
and/or S. 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, thio-
phene, etc., or a condensed (anellated) aryl or heteroaryl
group, for example naphthalene, anthracene, phenanthrene,
quinoline, isoquinoline, etc. Aromatic groups which are
linked to one another by a single bond, such as, for example,
bipheny! or bipyridine, are, by contrast, not referred to as
aryl or heteroaryl group, but instead as aromatic ring system.

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 2 to
60 C atoms and at least one heteroatom in the ring system,
with the proviso that the sum 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 invention, an aromatic
or heteroaromatic ring system is intended to be taken to
mean a system which does not necessarily contain only aryl
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6

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, a C, N, O or Si atom.
Thus, for example, systems such as fluorene, 9,9'-spirobif-
luorene, 9.9-diarylfluorene, triarylamine, diaryl ether, stil-
bene, etc., are also intended to be taken to be aromatic ring
systems for the purposes of this invention, as are systems in
which two or more aryl groups are connected, for example,
by an alkyl group having one to five C atoms or a carbonyl
group.

For the purposes of the present invention, an aliphatic
hydrocarbon radical or an alkyl group or an alkenyl or
alkynyl group, which may typically contain 1 to 40 or also
1 to 20 C atoms and in which, in addition, individual H
atoms or CH, groups may be substituted by the above-
mentioned groups, is 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, neopentyl, cyclo-
pentyl, n-hexyl, neohexyl, cyclohexyl, n-heptyl, cyclohep-
tyl, n-octyl, cyclooctyl, 2-ethylhexyl, triftuoromethyl, pen-
tafluoroethyl,  2,2,2-trifluoroethyl, ethenyl, propenyl,
butenyl, pentenyl, cyclopentenyl, hexenyl, cyclohexenyl,
heptenyl, cycloheptenyl, octenyl, cyclooctenyl, ethynyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl or octynyl.
An alkoxy 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-methylbutoxy, n-hexoxy, cyclohexyloxy,
n-heptoxy, cycloheptyloxy, n-octyloxy, cyclooctyloxy,
2-ethylhexyloxy, pentafluoroethoxy and 2,2,2-trifluoroeth-
oxy. A thioalkyl group having 1 to 40 C atoms is taken to
mean, in particular, methylthio, ethylthio, n-propylthio,
i-propylthio, n-butylthio, i-butylthio, s-butylthio, t-butyl-
thio, n-pentylthio, s-pentylthio, n-hexylthio, cyclohexylthio,
n-heptylthio, cycloheptylthio, n-octylthio, cyclooctylthio,
2-ethylhexylthio, trifluoromethylthio, pentafluoroethylthio,
2,2, 2-trifluoroethylthio, ethenylthio, propenylthio, butenyl-
thio, pentenylthio, cyclopentenylthio, hexenylthio, cyclo-
hexenylthio, heptynylthio, cycloheptenylthio, octenylthio,
cyclooctenylthio, ethynylthio, propynylthio, butynylthio,
pentynylthio, hexynylthio, heptynylthio or octynylthio. In
general, alkyl, alkoxy or thioalkyl groups in accordance with
the present invention may be straight-chain, branched or
cyclic, where one or more non-adjacent CH, groups may be
replaced by the above-mentioned groups; furthermore, one
or more H atoms may also be replaced by D, F, Cl, Br, I, CN
or NO,, preferably F, CI or CN, further preferably F or CN,
particularly preferably CN.

An aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may also in each case be
substituted by the above-mentioned radicals R? or a hydro-
carbon radical and which may be linked via any desired
positions on the aromatic or heteroaromatic ring system, is
taken to mean, in particular, groups derived from benzene,
naphthalene, anthracene, benzanthracene, phenanthrene,
pyrene, chrysene, perylene, fluoranthene, naphthacene, pen-
tacene, benzopyrene, biphenyl, biphenylene, terphenyl, tri-
phenylene, fluorene, spirobifluorene, dihydrophenanthrene,
dihydropyrene, tetrahydropyrene, cis- or trans-indenofluo-
rene, cis- or trans-indenocarbazole, cis- or trans-indolocar-
bazole, truxene, isotruxene, spirotruxene, spiroisotruxene,
furan, benzofuran, isobenzofuran, dibenzofuran, thiophene,
benzothiophene, isobenzothiophene, dibenzothiophene, pyr-
role, indole, isoindole, carbazole, pyridine, quinoline, iso-
quinoline, acridine, phenanthridine, benzo-5,6-quinoline,
benzo-6,7-quinoline, benzo-7,8-quinoline, phenothiazine,
phenoxazine, pyrazole, indazole, imidazole, benzimidazole,
naphthimidazole, phenanthrimidazole, pyridimidazole,
pyrazinimidazole, quinoxalinimidazole, oxazole, benzox-
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azole, naphthoxazole, anthroxazole, phenanthroxazole,
isoxazole, 1,2-thiazole, 1,3-thiazole, benzothiazole,

pyridazine, hexaazatriphenylene, benzopyridazine, pyrimi-
dine, benzopyrimidine, quinoxaline, 1,5-diazaanthracene,
2,7-diazapyrene, 2,3-diazapyrene, 1,6-diazapyrene, 1,8-di-
azapyrene, 4,5-diazapyrene, 4,5,9,10-tetraazaperylene,
pyrazine, phenazine, phenoxazine, phenothiazine, fluorubin,
naphthyridine, azacarbazole, benzocarboline, phenanthro-
line, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, 1,2,3-0x-
adiazole, 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-
tetrazine, purine, pteridine, indolizine and benzothiadiazole
or groups derived from combinations of these systems.

In a preferred embodiment of the invention, a maximum
of one group Z per ring stands for N and the other groups 7
stand, identically or differently on each occurrence, for CR'.
In a particularly preferred embodiment of the invention, all
groups Z stand, identically or differently on each occurrence,
for CR*,

Preferred embodiments of the compounds of the formula
(1) and (2) are therefore the compounds of the following

formulae (4) to (7),
formula (4)
formula (5)
formula (6)
Rl
R! R!
Rl
R! X\
/Y
R! X
R!
R! R!

Rl
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-continued
formula (7)
Rl
R! R!
R] O
Rl
:
‘ R
Rl
R]
R! R!
Rl

where the symbols used have the meanings given above. X
in formula (4) and (6) cannot be a group of the formula (3).

Preferred embodiments of the compounds of the formulae
(4) to (7) are the compounds of the following formulae (4a)
to (7a),

formula (4a)

Rl
Rl
Rl
X
Rl
Rl
Rl
formula (5a)
R! R!
RIRL
R! O O R!
' O O '
R!R!
R! R!
formula (6a)
R!
R!
R! O X\
‘ Y
R! O X
R!
R!
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formula (7a)
Rl
Rl
Rl
R
R
Rl
Rl
Rl

where the symbols used have the meanings given above.

In compounds of the formula (1) where n=0 or formula (4)
or formula (4a), X is preferably selected from the group
consisting of C(R?),, Si(R?), and N(R?), particularly pref-
erably N(R?).

R? preferably stands, identically or differently on each
occurrence, for an aromatic or heteroaromatic ring system
having 5 to 40 aromatic ring atoms, preferably having 5 to
24 aromatic ring atoms, which may in each case also be
substituted by one or more radicals R® and where two
radicals R? which are bonded to the same carbon, silicon,
germanium or tin atom may also form an aromatic ring
system with one another and may thus form a spiro system.
Particularly preferred aromatic or heteroaromatic ring sys-
tems R? are shown below together with the preferred groups
for R".

In a preferred embodiment of the compounds of the
formula (1) in which X stands for a group of the formula (3),
or formula (5) or formula (5a), the two triphenylene moieties
which are bonded to A are in each case substituted identi-
cally. In these compounds, A furthermore preferably stands
for carbon or silicon, particularly preferably for carbon.

In compounds of the formula (1) where n=1 or formula (6)
or formula (6a), the group X—Y—X is preferably selected
from the group consisting of C(RH),—O0—C(R?),,
Si(R%),—0—Si(R*),, O—BR*-0, O—PR*-0O, O—P
(=0)R*—0 and C(=0)—NR*—C(=0).

In a preferred embodiment of the compounds of the
formula (2) or formula (7) or formula (7a), the two radicals
R are selected identically.

In a preferred embodiment of the invention, R' in the
formulae given above is selected, identically or differently
on each occurrence, from the group consisting of H, D, F, Cl,
Br, CN, N(Ar'),, C(=0)Ar', a straight-chain alkyl or
alkoxy group having 1 to 10 C atoms or a branched or cyclic
alkyl or alkoxy group having 3 to 10 C atoms or an alkenyl
or alkynyl group having 2 to 10 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 0 and where
one or more H atoms may be replaced by D or F, 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*.

In a particularly preferred embodiment of the invention,
R' in the formulae given above is selected, identically or
differently on each occurrence, from the group consisting of
H, D, F, CN, a straight-chain alkyl group having 1 to 10 C
atoms or a branched or cyclic alkyl group having 3 to 10 C
atoms, each of which may be substituted by one or more
radicals R?, where one or more H atoms may be replaced by
D or F, or an aromatic or heteroaromatic ring system having

10

15

20

25

30

35

40

45

50

55

60

65

10

5 to 18 aromatic ring atoms, which may in each case be
substituted by one or more radicals R>.

In a further embodiment of the invention, the radicals R*
which are bonded directly to the triphenylene are equal to H.

For compounds which are processed by vacuum evapo-
ration, the alkyl groups preferably have not more than four
C atoms, particularly preferably not more than 1 C atom. For
compounds which are processed from solution, compounds
which are substituted by alkyl groups having up to 10 C
atoms or which are substituted by oligoarylene groups, for
example ortho-, meta-, para- or branched terphenyl groups
or quaterphenyl groups, are also suitable.

Depending on the use of the compounds according to the
invention, different substituents R and R' are selected.

If the compounds of the formulae (1) or (2) or (4) to (7)
or (4a) to (7a) are used as matrix material for phosphorescent
emitters, at least one radical R' preferably stands for
N(Ar'),, C(=0)Ar', P(=0)(Ar"), or for an aromatic or
heteroaromatic ring system having 5 to 60 aromatic ring
atoms, which may be substituted by one or more radicals R?,
where the group Ar' or the radicals on Ar' or the aromatic
or heteroaromatic ring system or the radicals R* on the
aromatic or heteroaromatic ring system contain no con-
densed aryl groups having more than 10 C atoms and no
condensed heteroaryl groups in which more than two aryl or
6-membered heteroaryl groups are condensed directly onto
one another.

In a particularly preferred embodiment of the invention,
Ar! or the radicals on Ar' or the aromatic or heteroaromatic
ring system or the radicals R* on the aromatic or heteroaro-
matic ring system contain no condensed aryl groups and no
condensed heteroaryl groups in which two or more aryl or
6-membered heteroaryl groups are condensed directly onto
one another.

Particularly preferred groups Ar' are selected from the
group consisting of phenyl, ortho-, meta- or para-biphenyl,
ortho-, meta- or para-terphenyl, ortho-, meta-, para- or
branched quaterphenyl, fluorene or spirobifluorene, each of
which may be substituted by one or more non-aromatic
radicals R?, but are preferably unsubstituted.

Particularly preferred aromatic ring systems R* and R? are
selected from the group consisting of phenyl, ortho-, meta-
or para-biphenyl, ortho-, meta- or para-terphenyl, ortho-,
meta-, para- or branched quaterphenyl, fluorene or spirobi-
fluorene, each of which may be substituted by one or more
radicals R, but are preferably unsubstituted.

Particularly preferred heteroaromatic ring systems R* and
R? contain, as heteroaryl group, triazine, pyrimidine, pyra-
zine, pyridazine, pyridine, benzothiophene, benzofuran,
indole, carbazole, azacarbazole, diazacarbazole, dibenzoth-
iophene and/or dibenzofuran. The heteroaromatic ring sys-
tems here are, in particular, selected from the structures of
the following formulae (8) to (38),

formula (8)
R} N, R}
Y \(
N\/ N
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R3
R} R?
B
N\/N
R3 N R?
\f ¥
N
S "
R3
N)\N

R3

R3

US 9,985,226 B2

formula (9)

formula (10)

formula (11)

formula (12)

formula (13)

formula (14)

formula (15)

formula (16)
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-continued

formula (17)

formula (18)

formula (19)

formula (20)

formula (21)

formula (22)

formula (23)

P

R3/\ R?

R3

formula (24)
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-continued -continued
formula (25) formula (32)
R3
| R
5 N N
N / \ R3
0
R} R}
10 R3 R3
formula (33)
formula (26 RS
6) o j o
N,
15 .. / \ R3
N,
R3
R} R}
20 formula (34)
formula (27) R}
R? | R?
N,
.~ / \ R3
25
=y
R® R?
R3
formula (35)
3
formula (28) ¥ R Il{ RY
N,
.~ / \ R3
35 N
R® R?
R3
formula (36)
R3
R? | R?
formula (29
(29) 40 N
.. / \ R3
=N
R3
45 b e
formula (37)
R?
R} | R}
formula (30) 50
55
formula (38)
R3
R} |
formula (31) N N
. R3
60 / N
/
R? R?
R? R®
65

where R? has the meanings given above and the dashed bond
represents the bond to the triphenylene skeleton or to X.
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Preferred embodiments of the groups of the formulae (8) -continued
8 8(3)8) are the structures of the following formulae (8a) to 3 3 formula (162)
a), R R
O,
> R R?
formula (82)
R N R?
X P
| . v
N N
A 10
1 formula (17a)
i R’ R}
formula (92) 0)
R R}
\ . R3
| 15
N\/ N
' R3 R3
' formula (182)
\ R?
formula (10a) 20 j
R} N R} R3 R
\f \
N
/ R3 R3
H 25
' formula (19a)
formula (11a) R3 R3
R3
)\ S
R? R}
I\i Xy 30
[ R3
E formula (20a)
: formula (12a) 35 e R3
, S
N,
.. R3
R2 R} )
40
R3 R3
3 3
R R formula (212)
formula (13a) 1
R N
45 N
N R3 / \ R3
3 3
R R -~
R} R}
L e 50 formula (22a)
formula (14a) i
R? :
N
N J R’
55 N \
.. R3
e
R? R?
R} R? formula (23a)
formula (152) ¢ \
N
i/ \ R3
65 Na=<
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-continued -continued
formula (24a) R3 formula (32a)
N . . N
R3 / \ R3 - / \ .
==y —
R3 R3 R3 R3
formula (252) 10 . formula (33a)
R
N
——. / \ R3
15
N
R?
formula (26a) formula (34a)
R3 .
| 20 |
N N,
3
N4 \ R 4 \ R}
Sy
&" 3 \N
R 25 R3 R3
formula (27a) formula (35a)
I|{3
N
30 / \ R}
NT
R3 R3
formula (282) s formula (36a)
35 R
|
N
.. / \ R3
40 ==N
R3
formula (37a)
R3
formula (29a) |
i x
45
N —— / AN N
3 3
’ [ N _
==N R} R3
4 formula (382,
. % - 08e)
formula (30a) |
N
N,
... / \ R3
55 .
R} R3

where R> has the meanings given above and the dashed bond

60 represents the bond to the triphenylene skeleton or to X. R?
in formula (8a) preferably stands, identically or differently,
for an aromatic or heteroaromatic ring system having 5 to 24
aromatic ring atoms, in particular, identically or differently,
for phenyl, biphenyl, terphenyl or quaterphenyl.

65 If R' or R stands for a group N(Ar"),, this group is then
preferably selected from the structures of the following
formula (39) or (41), and if R' or R? or R stands for an

formula (31a)
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aromatic or heteroaromatic ring system which is a triarylam-
ine or triheteroarylamine group, this group is then preferably
selected from the structures of the following formula (40),

formula (39)
Ar!
/
----N
\ 1
Ar
formula (40)
A
/
By —X
AP
formula (41)
R? R?
R} R}
----N E
R? R?
R} R}

where the symbols used have the meanings given above, the

dashed bond represents the bond to the triphenylene skeleton

or in formula (40) also to X and furthermore:

Ar? is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 24
aromatic ring atoms, which may be substituted by one or
more radicals R?; the sum of the aromatic ring atoms of
all groups Ar® together is not greater than 60 here;

E is selected from the group consisting of C(R*),, NR*, O or
S.

Ar' in formula (39) and Ar? in formula (40) preferably
stands, identically or differently on each occurrence, for
phenyl, 1- or 2-naphthyl, ortho-, meta- or para-biphenyl,
ortho-, meta-, para- or branched terphenyl, ortho-, meta-,
para- or branched quaterphenyl, 2-fluorenyl or 2-spirobif-
luorenyl, each of which may be substituted by one or more
radicals R®,

If the compound of the formula (2) or (7) or (7a) is used
as matrix material for phosphorescent emitters, R further-
more preferably stands, identically or differently on each
occurrence, for N(Ar'),, C(=0)Ar', P(=0)(Ar'), or an
aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may be substituted by one or
more radicals R, where the group Ar' or the radicals on Ar*
or the aromatic or heteroaromatic ring system or the radicals
R' on the aromatic or heteroaromatic ring system contains
no condensed aryl groups having more than 10 C atoms and
no condensed heteroaryl groups in which more than two aryl
or 6-membered heteroaryl groups are condensed directly
onto one another.

In a particularly preferred embodiment of the invention,
Ar' or the radicals on Ar' or the aromatic or heteroaromatic
ring system or the radicals R' on the aromatic or heteroaro-
matic ring system contain no condensed aryl groups and no
condensed heteroaryl groups in which two or more aryl or
6-membered heteroaryl groups are condensed directly onto
one another.
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Very particularly preferred groups Ar® are selected from
the group consisting of phenyl, ortho-, meta- or para-
biphenyl, ortho-, meta- or para-terphenyl, ortho-, meta-,
para- or branched quaterphenyl, fluorene or spirobifluorene,
each of which may be substituted by one or more non-
aromatic radicals R?, but is preferably unsubstituted.

Very particularly preferred aromatic or heteroaromatic
ring systems R in formula (2) are selected from the group
consisting of phenyl, ortho-, meta- or para-biphenyl, ortho-,
meta- or para-terphenyl, ortho-, meta-, para- or branched
quaterphenyl, fluorene, spirobifluorene, triazine, pyridine,
pyrazine, pyrimidine, pyridazine or carbazole, each of which
may be substituted by one or more radicals R, but is
preferably unsubstituted.

If the compounds of the formulae (1) or (2) or (4) to (7)
or (4a) to (7a) are used as matrix material for a fluorescent
emitter, at least one radical R and/or at least one radical R®
which is bonded to X and/or at least one radical R in the
formulae (2), (7) or (7a) preferably stands for an aromatic or
heteroaromatic ring system which contains at least one aryl
group having at least three condensed six-membered rings,
preferably anthracene. X here preferably stands for N(R?) or
for C(R?),.

If the compounds of the formulae (1) or (2) or (4) to (7)
or (4a) to (7a) are used as fluorescent emitter, X preferably
stands for N(R?) and R* stands for an aromatic or heteroaro-
matic ring system which contains at least one aryl group or
an aromatic ring system having at least two condensed
six-membered rings. which is preferably bonded directly to
the nitrogen of the group X. The condensed aryl group here
is preferably selected from anthracene, pyrene, phenan-
threne, chrysene, monobenzoindenofluorene or dibenzoin-
denofluorene.

If the compounds of the formulae (1) or (2) or (4) to (7)
or (4a) to (7a) are used as electron-transport material, at least
one radical R* and/or at least one radical R in the formulae
(2), (7) or (7a) preferably stands for C(=0)Ar', P(=0)
(Arh), or for an electron-deficient heteroaromatic ring sys-
tem having 5 to 40 aromatic ring atoms, preferably having
5 to 25 aromatic ring atoms, which may be substituted by
one or more radicals R, and/or X in compounds of the
formula (1) where n=0 preferably stands for BR?, C=0,
SO, SO, or P(—=0)R?),. An electron-deficient heteroaro-
matic ring system in the sense of the present invention is a
heteroaromatic ring system which contains at least one
electron-deficient heteroaryl group, which is either a
6-membered heteroaryl group having at least one nitrogen
atom or a S-membered heteroaryl group having at least two
heteroatoms.

Particularly preferred electron-deficient heteroaromatic
ring systems R' contain, as heteroaryl group, at least one
group selected from triazine, pyrimidine, pyrazine,
pyridazine, pyridine, imidazole, pyrazole, oxazole, oxadiaz-
ole, triazole, thiazole, thiadiazole, benzimidazole, quinoline,
isoquinoline and quinoxaline. The heteroaromatic ring sys-
tems here are, in particular, selected from the structures of
the formulae (8) to (11) and (8a) to (11a) given above or
from the following formulae (42) to (45),

formula (42)

R3
N R?
; R?
3
R X
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formula (43)
R} R? R
N R}
N 3
/ R
R} RS R’ R
formula (44)
R3
N R
R3—</
X R
/ 8
formula (45)
R3
N R}
R34</
N 3
R} R
3
R? K
R3
/ R}

where R> has the meanings given above and the dashed bond
represents the bond to the triphenylene skeleton.

Preferred embodiments of the groups of the formulae (42)
to (45) are the structures of the following formulae (42a) to
(45a),

formula (42a)
N
N
/
R3
formula (43a)
: N
N
/
R3
formula (44a)

N
R3~</
N

/

formula (452)

/N
R {N

}
i
‘
'

where R? has the meanings given above and the dashed bond
represents the bond to the triphenylene skeleton. R here
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preferably stands, identically or differently, for an aromatic
or heteroaromatic ring system having 5 to 24 aromatic ring
atoms, in particular, identically or differently, for phenyl,
biphenyl, terphenyl or quaterphenyl.

If the compounds of the formulae (1) or (2) or (4) to (7)
or (4a) to (7a) are used as hole-transport material or as
emitting compound, at least one radical R* and/or R pref-
erably stands for N(Ar"),, for a triarylamino group or for an
electron-rich heteroaromatic ring system having 5 to 40
aromatic ring atoms, in particular 5 to 25 aromatic ring
atoms, which may be substituted by one or more radicals R?,
in particular for a radical of one of the formulae (39) to (41)
given above; and/or X in compounds of the formula (1)
where n=0 stands for NR? or PR?. An electron-rich het-
eroaromatic ring system in the sense of the present invention
is a heteroaromatic ring system which contains at least one
electron-rich heteroaryl group, which is a 5-membered het-
eroaryl group having precisely one heteroatom, onto which,
in addition, one or more aryl groups may be condensed.

Particularly preferred electron-rich heteroaromatic ring
systems R' contain, as heteroaryl group, pyrrole, furan,
thiophene, benzothiophene, benzofuran, indole, carbazole,
dibenzothiophene, dibenzofuran and/or azacarbazole. The
electron-rich heteroaromatic ring systems here are, in par-
ticular, selected from the structures of the formulae (12) to
(38) given above.

In an embodiment of the invention, preferences given
above can be combined with one another as desired.

Examples of preferred compounds of the above-men-
tioned embodiments or compounds as can preferably be
employed in electronic devices are the compounds of the
following structures (1) to (91).
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The compounds according to the invention can be pre-
pared by synthetic steps known to the person skilled in the
N 55 art, as depicted schematically in Scheme 1 to 3.

\ / 30 A suitable synthetic method is the reaction of 1,12-
N dilithiotriphenylenex2 TMEDA (Chanda et al., Organome-
tallics 2007, 26(7), 1635-1642) with electrophiles to give the

\ / \ /
|

55 compounds of the formula 1 to 3 according to the invention,

as depicted in Scheme 1.

Scheme 1:

oM@, v
M = §i, Ge, Sn ~ R2

\_/

) <

B—R?

Li X,BR?
—_—
Li X =CLR,0R

x 2 TMEDA

IS

{
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P—R2
> L0,
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c12P /
P—R?
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RZLRZ R
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RZ

In addition, correspondingly substituted triphenylene —continued

derivatives can be converted into aromatic or heteroaromatic C—N coupling, e.g. Buchwald amination:

hydrocarbons, amines, ethers, thioethers, etc., by methods of

organic chemistry which are familiar to the person skilled in 35
the art, such as, for example, by Suzuki, Stille, Heck,
Sonogashira, Yamamoto, Negishi, Ullmann or Buchwald RBI

. . <Pd> phosphine,
couplings, as shown by way of example in Scheme 2. <Pd> base
here stands for a palladium catalyst. 40

Scheme 2:
45
c—cC ling, e.g. Suzuki ling:
coupling, e.g. Suzuki coupling; N—R?
50
! R—BOp In addition, correspondingly substituted triphenylene
1 <Pd>, phosphine, derivatives (Saito et al., J. Organomet. Chem. 2010, 695(7),
base 1035-1041) can be functionalised further in a plurality of
steps, as shown by way of example in Scheme 3.
3 Scheme 3:
Li
60
S —
R
R
65 Li

x 2 TMEDA
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R

The present invention therefore furthermore relates to a
process for the preparation of a compound of the formula (1)
or (2) by reaction of 1,12-dilithiotriphenylene derivatives
with electrophiles or by reaction of halogen- or amino-
substituted triphenylene derivatives in a metal-catalysed
coupling 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, or by reactive, polymeri-
sable groups, such as olefins or oxetanes, can be used as
monomers for the generation of corresponding oligomers,
dendrimers or polymers. The oligomerisation or polymeri-
sation here preferably takes place via the halogen function-
ality or the boronic acid functionality or via the polymeri-
sable group. It is furthermore possible to crosslink the
polymers via groups of this type. The compounds and
polymers according to the invention can be employed as
crosslinked or uncrosslinked layer.

The invention therefore furthermore relates to oligomers,
polymers or dendrimers containing one or more of the
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compounds according to the invention indicated above,
where one or more bonds are present from the compound
according to the invention to the polymer, oligomer or
dendrimer. Depending on the linking of the compound
according to the invention, this therefore forms a side chain
of the oligomer or polymer or is linked in the main chain.
The polymers, oligomers or dendrimers may be conjugated,
partially conjugated or non-conjugated. The oligomers or
polymers may be linear, branched or dendritic. The same
preferences as described above apply to the recurring units
of the compounds according to the invention in oligomers,
dendrimers and polymers.

For the preparation of the oligomers or polymers, the
monomers according to the invention are homopolymerised
or copolymerised with further monomers. Preference is
given to homopolymers or copolymers in which the units of
the formula (1) or (2) or the preferred embodiments indi-
cated above are present to the extent of 0.01 to 99.9 mol %,
preferably 5 to 90 mol %, particularly preferably 20 to 80
mol %. Suitable and preferred comonomers which form the
polymer backbone are selected from fluorenes (for example
in accordance with EP 842208 or WO 2000/22026), spiro-
bifluorenes (for example in accordance with EP 707020, EP
894107 or WO 2006/061181), para-phenylenes (for example
in accordance with WO 92/18552), carbazoles (for example
in accordance with WO 2004/070772 or WO 2004/113468),
thiophenes (for example in accordance with EP 1028136),
dihydrophenanthrenes (for example in accordance with WO
2005/014689), 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),
phenanthrenes (for example in accordance with WO 2005/
104264 or WO 2007/017066) or also a plurality of these
units. The polymers, oligomers and dendrimers may also
contain further units, for example hole-transport units, in
particular those based on triarylamines, and/or electron-
transport units. In addition, the polymers may contain phos-
phorescent emitters, either copolymerised or mixed in as a
blend. In particular, the combination of units of the formula
(1) or (2) or the preferred embodiments indicated above with
phosphorescent emitters leads to particularly good results.

Furthermore, the compounds of the formula (1) or (2) or
the preferred embodiments indicated above may also be
functionalised further and thus converted into extended
structures. The reaction with arylboronic acids by the Suzuki
method or with primary or secondary amines by the
HartwigBuchwald method may be mentioned here as an
example. Thus, the compounds of the formula (1) or (2) or
the preferred embodiments mentioned here may also be
bonded directly to phosphorescent metal complexes or also
to other metal complexes.

The compounds according to the invention are suitable for
use in an electronic device. An electronic device here is
taken to mean a device which comprises at least one layer
which comprises at least one organic compound. However,
the component here may also comprise inorganic materials
or also layers built up entirely from inorganic materials.

The present invention therefore furthermore relates to the
use of the above-mentioned compounds according to the
invention in an electronic device, in particular in an organic
electroluminescent device.

The present invention still furthermore relates to an
electronic device comprising at least one of the above-
mentioned compounds according to the invention. The pref-
erences stated above likewise apply to the electronic
devices.
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The electronic device is preferably selected from the
group consisting of organic electroluminescent devices
(OLEDs), organic integrated circuits (O-1Cs), organic field-
effect transistors (O-FETs), organic thin-film transistors
(O-TFTs), organic light-emitting transistors (O-LETs),
organic solar cells (O-SCs), organic optical detectors,
organic photoreceptors, organic field-quench devices
(O-FQDs), light-emitting electrochemical cells (LECs),
organic laser diodes (O-lasers) and “organic plasmon emit-
ting devices” (D. M. Koller et al., Nature Photonics 2008,
1-4), but preferably organic electroluminescent devices
(OLEDs), particularly preferably phosphorescent OLEDs.

The organic electroluminescent device comprises cath-
ode, anode and at least one emitting layer. Apart from these
layers, it may also comprise further layers, for example in
each case one or more hole-injection layers, hole-transport
layers, hole-blocking layers, electron-transport layers, elec-
tron-injection layers, exciton-blocking layers, electron-
blocking layers and/or charge-generation layers. It is like-
wise possible for interlayers, which have, for example, an
exciton-blocking function, to be introduced between two
emitting layers. However, it should be pointed out that each
of these layers does not necessarily have to be present. The
organic electroluminescent device here may comprise one
emitting layer or a plurality of emitting layers. If a plurality
of emission layers are present, these preferably have in total
a plurality of emission maxima between 380 nm and 750
nm, resulting overall in white emission, i.e. various emitting
compounds which are able to fluoresce or phosphoresce are
used in the emitting layers. Particular preference is given to
systems having three emitting layers, where the three layers
exhibit blue, green and orange or red emission (for the basic
structure see, for example, WO 2005/011013).

The compound according to the invention in accordance
with the above-mentioned embodiments can be employed in
various layers, depending on the precise structure. Prefer-
ence is given to an organic electroluminescent device com-
prising a compound of the formula (1) or (2) or the preferred
embodiments indicated above as matrix material for fluo-
rescent or phosphorescent emitters, in particular for phos-
phorescent emitters, and/or as fluorescent emitter and/or in
a hole-blocking layer and/or in an electron-transport layer
and/or in an electron-blocking or exciton-blocking layer
and/or in a hole-transport or hole-injection layer, depending
on the precise substitution. The preferred embodiments
indicated above also apply to the use of the materials in
organic electronic devices.

In a further embodiment of the invention, the organic
electroluminescent device comprises the compound of the
formula (1) or (2) or the preferred embodiments indicated
above in an optical coupling-out layer. An optical coupling-
out layer here is taken to mean a layer which is not located
between the anode and the cathode, but instead which is
applied to an electrode outside the actual device, for
example between an electrode and a substrate, in order to
improve the optical coupling-out.

In a preferred embodiment of the invention, the com-
pound of the formula (1) or (2) or the preferred embodiments
indicated above is employed as matrix material for a fluo-
rescent or phosphorescent compound, in particular for a
phosphorescent compound, in an emitting layer. The organic
electroluminescent device here may comprise one emitting
layer or a plurality of emitting layers, where at least one
emitting layer comprises at least one compound according to
the invention as matrix material.

If the compound of the formula (1) or (2) or the preferred
embodiments indicated above is employed as matrix mate-
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rial for an emitting compound in an emitting layer, it is
preferably employed in combination with one or more
phosphorescent materials (triplet emitters). Phosphores-
cence in the sense of this invention is taken to mean the
luminescence from an excited state of relatively high spin
multiplicity, i.e. a spin state>1, in particular from an excited
triplet state. For the purposes of this application, all lumi-
nescent complexes with transition metals or lanthanides, in
particular all iridium, platinum and copper complexes, are to
be regarded as phosphorescent compounds.

The mixture of the compound of the formula (1) or (2) or
the preferred embodiments indicated above and the emitting
compound comprises between 99 and 1% by vol., preferably
between 98 and 10% by vol., particularly preferably
between 97 and 60% by vol., in particular between 95 and
80% by vol., of the compound of the formula (1) or (2) or
the preferred embodiments indicated above, based on the
entire mixture comprising emitter and matrix material. Cor-
respondingly, the mixture comprises between 1 and 99% by
vol., preferably between 2 and 90% by vol., particularly
preferably between 3 and 40% by vol., in particular between
5 and 20% by vol., of the emitter, based on the entire mixture
comprising emitter and matrix material.

A further preferred embodiment of the present invention
is the use of the compound of the formula (1) or (2) or the
preferred embodiments indicated above as matrix material
for a phosphorescent emitter in combination with a further
matrix material. Particularly suitable matrix materials which
can be employed in combination with the compounds of the
formula (1) or (2) or the preferred embodiments indicated
above are aromatic ketones, aromatic phosphine oxides or
aromatic sulfoxides or sulfones, for example in accordance
with WO 2004/013080, WO 2004/093207, WO 2006/
005627 or WO 2010/006680, triarylamines, carbazole
derivatives, for example CBP (N,N-biscarbazolylbiphenyl)
or the carbazole derivatives disclosed in WO 2005/039246,
US 2005/0069729, JP 2004/288381, EP 1205527 or WO
2008/086851, indolocarbazole derivatives, for example in
accordance with WO 2007/063754 or WO 2008/056746,
indenocarbazole derivatives, for example in accordance with
WO 2010/136109 or WO 2011/000455, azacarbazole
derivatives, for example in accordance with EP 1617710, EP
1617711, EP 1731584, JP 2005/347160, bipolar matrix
materials, for example in accordance with WO 2007/
137725, silanes, for example in accordance with WO 2005/
111172, azaboroles or boronic esters, for example in accor-
dance with WO 2006/117052, triazine derivatives, for
example in accordance with WO 2007/063754, WO 2008/
056746, WO 2010/015306, WO 2011/057706, WO 2011/
060859 or WO 2011/060877, zinc complexes, for example
in accordance with EP 652273 or WO 2009/062578, diaz-
asilole or tetraazasilole derivatives, for example in accor-
dance with WO 2010/054729, diazaphosphole derivatives,
for example in accordance with WO 2010/054730, bridged
carbazole derivatives, for example in accordance with the
unpublished applications WO 2011/042107 or WO 2011/
060867. A further phosphorescent emitter which emits at
shorter wavelength than the actual emitter may likewise be
present in the mixture as co-host.

Suitable as phosphorescent compound (=triplet emitter)
are, in particular, compounds which emit light, preferably in
the visible 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, par-
ticularly preferably greater than 56 and less than 80, in
particular a metal having this atomic number. The phospho-
rescent emitters used are preferably compounds which con-
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tain copper, molybdenum, tungsten, rhenium, ruthenium,
osmium, rhodium, iridium, palladium, platinum, silver, gold
or europium, in particular compounds which contain iridium
or platinum.

Examples of the emitters described above are revealed by
the applications WO 00/70655, WO 01/41512, WO
02/02714, WO 02/15645, EP 1191613, EP 1191612, EP
1191614, WO 05/033244, WO 05/019373 and US 2005/
0258742. In general, all phosphorescent complexes as 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 electroluminescence are suitable, and the person
skilled in the art will be able to use further phosphorescent
complexes without inventive step.

Examples of suitable phosphorescent compounds are
indicated in the following table.
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In a further embodiment of the invention, the organic
electroluminescent device does not comprise a separate
hole-injection layer and/or hole-transport layer and/or hole-
blocking layer and/or electron-transport layer, i.e. the emit-
ting layer 1s directly adjacent to the hole-injection layer or
the anode, and/or the emitting layer is directly adjacent to
the electron-transport layer or the electron-injection layer or
the cathode, as described, for example, in WO 2005/053051.
It is furthermore possible to use a metal complex which is
identical or similar to the metal complex in the emitting
layer as hole-transport or hole-injection material directly
adjacent to the emitting layer, as described, for example, in
WO 2009/030981.

In a further preferred embodiment of the invention, the
compound of the formula (1) or (2) or the preferred embodi-
ments indicated above will be employed as matrix material
for a fluorescent emitter in an emitting layer.

Suitable fluorescent dopants are selected, for example,
from the group of the monostyrylamines, the distyrylamines,
the tristyrylamines, the tetrastyrylamines, the styrylphos-
phines, the styryl ethers and the arylamines. A monos-
tyrylamine is taken to mean a compound which contains one
substituted or unsubstituted styryl group and at least one,
preferably aromatic, amine. A distyrylamine is taken to
mean a compound which contains two substituted or unsub-
stituted styryl groups and at least one, preferably aromatic,
amine. A tristyrylamine is taken to mean a compound which
contains three substituted or unsubstituted styryl groups and
at least one, preferably aromatic, amine. A tetrastyrylamine
is taken to mean a compound which contains four substi-
tuted or unsubstituted styryl groups and at least one, pref-
erably aromatic, amine. The styryl groups are particularly
preferably stilbenes, which may also be further substituted.
Corresponding phosphines and ethers are defined analo-
gously to the amines. An arylamine or aromatic amine in the
sense of this invention is taken to mean a compound which
contains three substituted or unsubstituted aromatic or het-
eroaromatic 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 pyre-
namines, aromatic pyrenediamines, aromatic chrysenamines
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or aromatic chrysenediamines. An aromatic anthracenamine
is taken to mean a compound in which a diarylamino group
is bonded directly to an anthracene group, preferably in the
9-position or in the 2-position. Aromatic pyrenamines,
pyrenediamines, chrysenamines and chrysenediamines are
defined analogously thereto, where the diarylamino groups
on the pyrene are preferably bonded in the 1-position or in
the 1,6-position. Further preferred dopants are selected from
indenofluorenamines or indenofluorenediamines, for
example in accordance with WO 2006/108497 or WO
2006/122630, benzoindenofluorenamines or benzoindeno-
fluorenediamines, for example in accordance with WO
2008/006449, and dibenzoindenofluorenamines or dibenzo-
indenofluorenediamines, for example in accordance with
WO 2007/140847. Examples of dopants from the class of
the styrylamines are substituted or unsubstituted tristilbe-
namines or the dopants described in WO 2006/000388, WO
2006/058737, WO 2006/000389, WO 2007/065549 and WO
2007/115610. Furthermore suitable fluorescent dopants are
the condensed hydrocarbons disclosed in WO 2010/012328.

In a further preferred embodiment of the invention, the
compound of the formula (1) or (2) or the preferred embodi-
ments indicated above will be employed as fluorescent
emitter in an emitting layer.

Suitable host materials (matrix materials) for the fluores-
cent dopants, in particular for the above-mentioned dopants,
are selected, for example, from the classes of the oli-
goarylenes (for example 2,2',7,7'-tetraphenylspirobifluorene
in accordance with EP 676461 or dinaphthylanthracene), in
particular the oligoarylenes containing condensed aromatic
groups, in particular anthracenes, the oligoarylenevinylenes
(for example DPVB1 or spiro-DPVBi in accordance with EP
676461), the polypodal metal complexes (for example in
accordance with WO 2004/081017), the holeconducting
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
accordance with WO 2006/117052), the benzanthracene
derivatives (for example benz[a]anthracene derivatives in
accordance with WO 2008/145239 or WO 2011/012212)
and the benzophenanthrene derivatives (for example benz
[c]phenanthrene derivatives in accordance with WO 2010/
083869). Particularly preferred host materials are selected
from the classes of the oligoarylenes, containing naphtha-
lene, anthracene, benzanthracene, in particular benz[a]an-
thracene, benzophenanthrene, in particular benz[c]phenan-
threne, and/or pyrene, or atropisomers of these compounds.
Very particularly preferred matrix materials for the fluores-
cent emitter are anthracene derivatives. 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.

In a further preferred embodiment of the invention, the
compound of the formula (1) or (2) or the preferred embodi-
ments indicated above is employed as electron-transport
material in an electron-transport or electron-injection layer.
The emitting layer here may be fluorescent or phosphores-
cent. If the compound is employed as electron-transport
material, it may be preferred for it to be doped, for example
with alkali-metal complexes, such as, for example, LiQ
(lithium hydroxyquinolinate).

In still a further preferred embodiment of the invention,
the compound of the formula (1) or (2) or the preferred
embodiments indicated above is employed in a hole-block-
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ing layer, in particular in a phosphorescent OLED. A hole-
blocking layer is taken to mean a layer which is directly
adjacent to an emitting layer on the cathode side.

It is furthermore possible to use the compound of the
formula (1) or (2) or the preferred embodiments indicated
above both in a hole-blocking layer or electron-transport
layer and also as matrix in an emitting layer.

In still a farther embodiment of the invention, the com-
pound of the formula (1) or (2) or the preferred embodiments
indicated above is employed in a hole-transport layer or in
an electron-blocking layer or exciton-blocking layer.

In the further layers of the organic electroluminescent
device according to the invention, it is possible to use all
materials as usually employed in accordance with the prior
art. The person skilled in the art will therefore be able,
without inventive step, to employ all materials known for
organic electroluminescent devices in combination with the
compounds of the formula (1) or (2) according to the
invention or the preferred embodiments indicated above.

Preference is furthermore given to an organic electrolu-
minescent device, characterised in that one or more layers
are coated by means of a sublimation process, in which the
materials are vapour-deposited in vacuum sublimation units
at an initial pressure of less than 10~ mbar, preferably less
than 1075 mbar. However, it is also possible for the initial
pressure to be even lower, for example less than 1077 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 between
10~ 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 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, offset
printing, LITI (light induced thermal imaging, thermal trans-
fer printing), inkjet printing or nozzle printing. Soluble
compounds, which are obtained, for example, by suitable
substitution, are necessary for this purpose. These processes
are also particularly suitable for oligomers, dendrimers and
polymers.

Furthermore possible are hybrid processes, in which, for
example, one or more layers are applied from solution and
one or more further layers are applied by vapour deposition.
Thus, it is possible, for example, for the emitting layer to be
applied from solution and for an electron-transport layer to
be applied to this layer by vacuum vapour deposition

These processes are generally known to the person skilled
in the art and can be applied by him without inventive step
to organic electroluminescent devices comprising the com-
pounds according to the invention.

For processing from solution, formulations, in particular
solutions, suspensions or mini-emulsions, of the compounds
according to the invention are required. The present inven-
tion therefore furthermore relates to formulations, in par-
ticular solutions, suspensions or mini-emulsions, comprising
at least one compound according to the invention and at least
one solvent, in particular an organic solvent.
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The compounds according to the invention and the
organic electroluminescent devices according to the inven-
tion are distinguished by the following surprising advan-
tages over the prior art:

1. The compounds according to the invention or compounds
of the formula (1) or (2) or the preferred embodiments
indicated above, employed as matrix material for fluo-
rescent or phosphorescent emitters, result in very high
efficiencies and in long lifetimes. This applies, in particu-
lar, if the compounds are employed as matrix material for
a phosphorescent emitter.

2. The compounds according to the invention or compounds
of the formula (1) or (2) or the preferred embodiments
indicated above are suitable not only as matrix for red-
phosphorescent compounds, but also, in particular, for
green-phosphorescent compounds.

3. The compounds according to the invention are accessible
synthetically in a simple manner in few reaction steps and
with high yields.

4. The compounds according to the invention, employed in
organic electroluminescent devices, result in high effi-
ciencies and in steep current/voltage curves with low use
voltages.

5. Also on use as electron-transport material or as hole-
transport material, the compounds according to the inven-
tion result in very good properties with respect to the
efficiency, lifetime and operating voltage of organic elec-
troluminescent devices.

These above-mentioned advantages are not accompanied
by an impairment of the other electronic properties.

The invention is explained in greater detail by the fol-
lowing examples, without wishing to restrict it thereby. The
person skilled in the art will be able to carry out the
invention throughout the range disclosed on the basis of the
descriptions and prepare further compounds according to the
invention without inventive step and use them in electronic
devices or use the process according to the invention.

EXAMPLES
A) Synthesis Examples

The following syntheses are carried out, unless indicated
otherwise, in dried solvents under a protective-gas atmo-
sphere. The metal complexes are additionally handled with
exclusion of light. The solvents and reagents can be pur-
chased, for example, from Sigma-ALDRICH or ABCR. The
CAS numbers of the starting materials are in each case
indicated in square brackets.

Example 1: 4-(2.4,6-Trimethylphenyl)-4H-4-boracy-
clopenta[def]-triphenylene

A: 1,12-Dilithiotriphenylene®*2 TMEDA

58.1 g (500 mmol) of N,N-tetramethylethylenediamine
are added dropwise to 312.5 ml (500 mmol) of n-butyl-
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lithium (1.6 M in n-hexane), and the mixture is stirred at
room temperature for 1 h. A solution of 22.8 g (100 mmol)
of triphenylene in 150 ml of n-hexane is added dropwise to
the mixture, which is subsequently heated under reflux for 5
h. After about 250 ml of n-hexane have been distilled off, the
reaction mixture is allowed to cool and is then cooled at
-30° C. for 24 h, during which a brown solid deposits. The
brown solid is filtered off with suction, washed three times
with 100 ml of ice-cold n-hexane each time and dried in
vacuo. Yield: 134.7 g (285 mmol), 57%. Care: 1,12-dilith-
iotriphenylene®*2 TMEDA is pyrophoric!

B: 4-(2,4,6-Trimethylphenyl)-41'-4-boracyclopenta
[def]tsriphenylene

A solution of 20.1 g (100 mmol) of dichloro-2,4,6-
trimethylphenylborane [69464-76-2] in 500 ml of THF is

74

added dropwise to a solution of 47.2 g (100 mmol) of
1,12-dilithiotriphenylene*2 TMEDA in 1500 ml of THF, and
the mixture is stirred at room temperature for 16 h. After
removal of the solvent in vacuo, the residue is taken up in
500 m] of dichloromethane and washed three times with 200
ml of water each time. After drying over sodium sulfate, the
organic phase is evaporated, the residue is recrystallised five
times from dioxane and subsequently subjected to fractional
sublimation in vacuo twice (p about 10~° mbar, T about 300°
C.). Yield 13.2 g (37 mmol), 37%. Purity: 99.9% according
to HPLC.

The following compounds are accessible analogously by

reaction of 1,12-dilithiotriphenylene*2 TMEDA with the
corresponding electrophiles:

Ex. Electrophile

Product Yield

Cl
Si
Cl

e

[80-10-4]

[18030-58-5]

4 cocl
Si

/\

a’ o«
[32962-41-7]

5 SiCl,
[10026-04-7]

W,
40

38%

SO

S
sl

32%

SO

26%
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Ex. Electrophile Product

Yield

6
cl O

Sn

Cl/ l

[1135-99-5]

/

[824-72-6]

Cl\P O
Cl/ \O l

17%

L

41%

Example 8: 1,10-Bis-(N-phenylcarbazol-2-y1)-4H-4-
thiacyclopenta| def]-triphenylene

30

35

40

45

A) Triphenyleno[1,12-bed]thiophene-2,11-diboronic
acid
50
OH HO

HO—B g B—OH 55
. 60

48.8 g (420 mmol) of N,N-tetramethylethylenediamine 65
are added to a suspension of 25.8 g (100 mmol) of triph-
enyleno[1,12-bed]thiophene [68558-73-6] in 2000 ml of

n-hexane, and 250 ml (400 mmol) of n-butyllithium (1.6 M
in n-hexane) are then added dropwise, and the mixture is
subsequently stirred at 60° C. for 4 h. After the mixture has
been allowed to cool and cooled to -60° C., 46.8 g (450
mmol) of trimethyl borate are added in one portion with
vigorous stirring. The mixture is stirred at —60° C. for a
further 30 min., then allowed to warm to room temperature,
the n-hexane is removed in vacuo, the residue is taken up in
300 ml of THF, a mixture of 300 ml of water and 30 ml of
glacial acetic acid is added, the mixture is stirred for a
further 2 h, the precipitated solid is filtered off with suction,
washed twice with 200 ml of water each time and dried in
vacuo. Yield: 30.7 g. Purity: about 90.0% according to
NMR, the crude product is subsequently used without fur-
ther purification.

B) 1,10-Bis-(N-phenylcarbazol-2-yl)-4H-4-thiacy-
clopenta[ def]-triphenylene

913 mg (3 mmol) of tri-o-tolylphosphine and then 112 mg
(0.5 mmol) of palladium(II) acetate are added with stirring
to a mixture of 17.3 g (50 mmol) of triphenyleno[1,12-bed]
thiophene-2,11-diboronic acid, 41.9 g (130 mmol) of
2-bromo-9-phenylcarbazole [94994-62-4] and 31.8 g (150
mmol) of tripotassium phosphate in a mixture of 200 ml of
toluene, 100 ml of ethanol and 300 ml of water, and the
mixture is heated under reflux for 16 h. After cooling, the
precipitated solid is filtered off with suction, washed three
times with 100 ml of a mixture of water and ethanol (1:1,
v:v) each time and then three times with 100 ml of ethanol
each time and dried in vacuo. The solid is subjected to
hot-vapour extraction with toluene over aluminium oxide
(basic, activity grade 1) five times and then subjected to
fractional sublimation in vacuo twice (p about 10~° mbar, T
about 350° C.). Yield 12.6 g (34 mmol), 34%. Purity: 99.9%
according to HPLC.

The following compounds are accessible analogously by
reaction of triphenyleno[ 1,12-bed]thiophene-2,11-diboronic
acid with the corresponding bromides:
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Bromide Product

Yield

9 l Br
‘ S

[2113-57-7]
10

Br
[36809-26-4]

O S

43%

31%

Example 11: 4-Biphenyl-4-yl-4H-4-azacyclopenta
[def]triphenylene
50

avat

235 mg (1.3 mmol) of di-tert-butylchlorophosphine and
then 225 g (1 mmol) of palladium(II) acetate are added to a o
vigorously stirred suspension of 12.1 g (50 mmol) of 4H-4-

azacyclopenta[def]triphenylene [109606-75-9], 14.0 g (60

mmol) of 4-bromobiphenyl and 9.0 g (65 mmol) of potas-
sium carbonate in 150 ml of toluene, and the mixture is
heated under reflux for 16 h. After cooling to 60° C., water
is added, the mixture is stirred for a further 30 min., the
precipitated solid is then filtered off with suction, washed
three times with 100 ml of a mixture of water and ethanol
(1:1, v:v) each time and then three times with 100 ml of
ethanol each time and dried in vacuo. The solid is subjected
to hot-vapour extraction with toluene over aluminium oxide
(basic, activity grade 1) five times and then subjected to
fractional sublimation in vacuo twice (p about 107% mbar, T
about 320° C.). Yield: 7.3 g (19 mmol), 37%. Purity: 99.9%
according to HPLC.

The following compounds are accessible analogously by
reaction 4H-4-azacyclopenta[def]triphenylene with the cor-
responding bromides:
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Ex. Bromide Product Yield
12 Q O 52%
“ O‘ N O NO
Br
[1153-85-1]
13 ; [ 44%
N
N, l
Br N

[94994-62-4]

28 Br O 38%
O O ’ :

[499128-71-1] O Q

29 Br 41%

®
@
OOO

[728039-63-2]

@

> s
"0

O
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Ex. Bromide Product Yield

2o et

[67665-47-8]
Use 0f130 mmol of 4H-4-

azacyclopenta[def]-
triphenylene and 150 mmol
of potassium carbonate

b od

[19111-87-6]

T

[1257248-18-20]

33 33%
I N
Br

[1233200-57-1]

32 42%
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o Br 24%

Br

[16400-51-4]
Use of 130 mmol of 4H-4-

Ex. Bromide Product Yield
azacyclopenta[def]-
triphenylene and 150 mmol

NN
ol

[1205748-61-3]

» 28%

% 31%

[1292251-85-0]

e o &

[1246562-40-2]
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Ex. Bromide Product Yield
38 ‘ S O 30%
[1258016-27-1] O
39 Br O 22%
O 4
C ) O O
S=0=0 v &
[895146-32-4]
40 OO O O O B
Br
[400607-04-7]
41 44%

S

[474688-73-8]
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Ex. Bromide Product Yield

42 38%

ONERY
: aOaUa®
&

%

[1062390-01-6]

43 B 22%

O
e
0@
ags

s

Br

[523-27-3]

Use of 130 mmol of 4H-4-
azacyclopenta[def]-
triphenylene and 150 mmol
of potassium carbonate

44

Br

w
¥
>

[1160506-32-0]

45 19%

Br

AE |
Z,

[1005771-04-9]
Use of 130 mmol of 4H-4-
azacyclopenta[def]-
N

triphenylene and 150 mmol
of potassium carbonate



US 9,985,226 B2

89

90

-continued

Bromide

Product Yield

Q.Q'% : N

[1001911-28-9]

Example 14:
1,12-(Dibenzothiophen-2-yl)triphenylene

S

9,

o

304 mg (1 mmol) of tri-o-tolylphosphine and then 45 mg
(0.2 mmol) of palladium(II) acetate are added with stirring

20

25

40

to a mixture of 9.6 g (20 mmol) of 1,12-diiodotriphenylene
[130197-34-1], 11.4 g (50 mmol) of 2-dibenzothiophenebo-
ronic acid [108847-24-1] and 10.6 g (50 mmol) of tripotas-
sium phosphate in a mixture of 200 ml of toluene, 50 ml of
dioxane and 200 ml of water, and the mixture is heated under
reflux for 30 h. After cooling, the precipitated solid is filtered
off with suction, washed three times with 50 ml of a mixture
of water and ethanol (1:1, viv) each time and then three
times with 50 ml of ethanol each time and dried in vacuo.
The solid is subjected to hot-vapour extraction with toluene
over aluminium oxide (basic, activity grade 1) four times
and then subjected to fractional sublimation in vacuo twice
(p about 107° mbar, T about 310° C.). Yield 5.0 g (8.4
mmol), 42%. Purity: 99.9% according to HPLC.

The following compounds are accessible analogously by

reaction with the corresponding boronic acids:

Ex. Bromide Product Yield
47 13%
N.
B(OH),
[854952-58-2]

Use of 80 mmol
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Ex. Bromide Product Yield
48 O O 18%
O B(OH),
[934603-99-3] O O

G

Example 15: 4,4-Bis[1,1',3",1"]terphenyl-5'-y1-4H-
cyclopenta[def]-triphenylene

o
ho o
Yoo

O

A solution of 48.7 g (100 mmol) of bis[1,1',3",1"]terphe-
nyl-5"-ylmethanone [1205748-29-3] in 500 ml of THF is
added dropwise to a solution of 47.2 g (100 mmol) of
1,12-dilithiotriphenylene*2 TMEDA in 1500 ml of THF, and
the mixture is then heated under reflux for 2 h. After
quenching of the reaction mixture using S0 ml of ethanol and
removal of the solvent in vacuo, the residue is taken up in
500 ml of glacial acetic acid, 20 ml of conc. hydrochloric
acid and 20 ml of acetic anhydride are added to the suspen-
sion, and the mixture is heated under reflux for 3 h. After
cooling, the precipitated solid is filtered off with suction,
washed three times with 100 ml of ethanol each time and
dried in vacuo. The solid is recrystallised five times from
DMF and subsequently subjected to fractional sublimation 45
in vacuo twice (p about 107 mbar, T about 350° C.). Yield:
38.3 g (55 mmol), 55%. Purity: 99.9% according to HPLC.

55

60

Example 49: 4,8,9,10-Pentaphenyl-4H-4-azacyclo-
penta[def]-triphenylene

=)

A: 8,9-Diiodo-1,2,3,4-tetraphenyltriphenylene

7.6 ml (50 mmol) of N,N-tetramethylethylenediamine are
added dropwise to 31.3 ml (50 mmol) of n-butyllithium (1.6
M in n-hexane), and the mixture is stirred at room tempera-
ture for 1 h. A solution of 10.6 g (20 mmol) of 1,2,3.,4-
tetraphenyltriphenylene [36262-81-4] in 50 ml of n-hexane
is added dropwise to the mixture, which is subsequently
heated under reflux for 5 h. After about 75 ml of n-hexane
have been distilled off, the reaction mixture is allowed to
cool, is cooled to =100° C., 50 ml of THF are added, and a
solution 0of 7.0 g (55 mmol) of iodine in 50 ml of THF is then
slowly added dropwise. When the addition is complete, the
mixture is allowed to warm slowly to room temperature. The
reaction mixture is diluted with 200 ml of ethyl acetate, then
washed once with 100 ml of saturated sodium sulfite solu-
tion, twice with 100 m] of water each time and once with 100
ml of sat. sodium chloride solution. After drying over
magnesium sulfate and removal of the solvent in vacuo, the
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mixture is chromatographed on silica gel with heptane/ethyl
acetate (4:1, v/v). Yield 7.1 g (9 mmol), 45%. Purity: 95%
according to HPLC.
B:

A mixture of 7.8 g (10 mmol) of 89-diiodo-1,2,3,4-
tetraphenyltriphenylene, 1.0 ml (11 mmol) of aniline, 2.4 g
(25 mmol) of sodium tert-butoxide, 809 mg (4 mmol) of
tri-tert-butylphosphine, 500 mg (2 mmol) of palladium(II)
acetate and 100 ml of toluene is heated under reflux for 16
h. After cooling, 100 ml of toluene are added to the reaction
mixture, the mixture is washed twice with 100 ml of water
each time, dried over magnesium sulfate, and the solvent is
then removed in vacuo. The solid obtained in this way is
subjected to hot-vapour extraction with toluene over alu-
minium oxide (basic, activity grade 1) four times and then
subjected to fractional sublimation in vacuo twice (p about
107° mbar, T about 370° C.). Yield 2.9 g (4.6 mmol), 46%.
Purity: 99.9% according to HPLC.

The following compounds are accessible analogously by
reaction with the corresponding amines:

94

water; purchased from H. C. Starck, Goslar, Germany) for
improved processing. These coated glass plates form the
substrates to which the OLEDs are applied. The OLEDs
have in principle the following layer structure: substrate/
hole-injection layer (HIL, with HIL1, 20 nm)/hole-transport
layer (HTL, with HTM1 (reference) or the HTMs according
to the invention, 20 nm)/electron-blocking layer, optional
(EBL, 10 nm)/emission layer (EML with the individual
matrices according to the invention or mixed matrices M, 40
nm)/electron-transport layer (ETL, with ETL1, 20 nm)/
electron-injection layer (EIL, with LIF, 1 nm) and finally a
cathode. The cathode is formed by an aluminium layer with
a thickness of 100 nm. The precise structure of the OLEDs,
in particular the structure of the hole-conductor or emitter
layer, and the results obtained with these OLEDs on use of
the compounds according to the invention as hole-conductor
material, matrix materials for phosphorescent emitters, as
matrix materials for fluorescent emitters and as fluorescent
dopants is shown in Table 1, 2, 3 and 4.

The % data here relate to % by vol. The results for the use
of compounds according to the invention both as matrix

Ex. Amine Product Yield
50 PEN 38%
Q.Q NH; | P
@\ I\
[108714-73-4]

=

$

51 O O

LN

[90-41-5]

g0

30%

N O

B) Device Examples
Example 16: Production of 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 2004/058911, which is adapted to the
circumstances described here (layer-thickness variation,
materials used).

The results for various OLEDs are presented in the
following examples (see Tables 1, 2, 3, 4). Glass plates
coated with structured ITO (indium tin oxide) in a thickness
of 150 nm are coated with 20 nm of PEDOT (poly(3.4-
ethylenedioxy-2,5-thiophene), applied by spin coating from

55

60
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materials for phosphorescent emitters and also as hole-
transport materials are shown in Table 1, 2, 3 and 4. Results
for the use of compounds according to the invention both as
matrix materials for fluorescent emitters, as blue-fluorescent
emitters and also as hole-transport materials are shown in
Table 5.

The materials used for the production of the OLEDs are
shown in Table 6.

All materials are applied by thermal vapour deposition in
a vacuum chamber. The emission layer here always consists
of at least one matrix material (host material) and an
emitting dopant (emitter), with which the matrix material or
matrix materials is admixed in a certain proportion by
volume by co-evaporation.



The as yet unoptimised OLEDs are characterised by
standard methods. For this purpose, the electroluminescence
spectra, the current efficiency (measured in cd/A) and the
voltage are determined. The efficiencies and voltages indi-
cated in the tables relate to the corresponding values at an

95

operating luminance of 1000 cd/m>.
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TABLE 1
Green-emitting OLEDs
Efficiency
Ex. EML [ed/A] Voltage [V] CIE, x/y
17 Ex. I 40.0 4.7 0.34/0.62
TEGI (15%)
18 Ex. 2: 43.9 4.8 0.33/0.62
TEGI (15%)
19 Ex. 5: 51.0 4.6 0.33/0.62
TEG1 (10%)
20 Ex. 5: 54.7 4.5 0.32/0.61
TEG?2 (15%)
21 Ex. 5 (60%): 554 4.2 0.32/0.61
EBL (25%):
TEG?2 (15%)
22 Ex. 8: 28.0 4.1 0.33/0.61
TEG?2 (15%)
23 Ex. 14: 45.2 4.2 0.32/0.61
TEG?2 (15%)
TABLE 2
Green-emitting OLEDs without EBL
Efficiency
Ex. HTM/EML [ed/A] Voltage [V] CIE, x/y
17 Ex. 28/ 46.0 4.0 0.34/0.61
TMMI:
TEG2 (10%)
52 Ex. 29/ 57.9 3.8 0.35/0.61
TMMI:
TEG2 (10%)
53 Ex. 37/ 67.0 3.9 0.35/0.61
TMMI:
TEG2 (10%)
54 Ex. 29/ 64.5 3.7 0.35/0.61
TMMI (60%)
Ex. 29 (33%)
TEG2 (7%)
55 Ex. 29/ 66.1 3.8 0.35/0.61
TMMI (60%)
Ex. 37 (33%)
TEG2 (7%)
56 Ex. 29/ 56.0 4.2 0.34/0.61
Ex. 30 (60%)
Ex. 29 (33%)
TEG2 (7%)
57 Ex. 29/ 45.8 4.3 0.35/0.61
Ex. 31 (60%)
Ex. 29 (33%)
TEG2 (7%)
58 Ex. 29/ 61.8 3.9 0.33/0.62
Ex. 32 (70%)
Ex. 29 (25%)
TEGI (5%)
59 Ex. 29/ 43.8 4.4 0.34/0.61
Ex. 33 (70%)
Ex. 29 (25%)
TEG2 (5%)
60  Ex. 29/ 48.9 4.2 0.35/0.61
Ex. 34 (60%)
Ex. 29 (33%)
TEG2 (7%)
61  Ex.29/ 585 3.8 0.35/0.61

Ex. 35 (60%)
Ex. 29 (30%)
TEG2 (10%)
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TABLE 2-continued

Green-emitting OLEDs without EBL

Efficiency
Ex. HTM/EML [ed/A] Voltage [V] CIE, x/y
62 Ex.29/ 61.6 3.8 0.35/0.61
Ex. 36 (65%)
Ex. 29 (30%)
TEG2 (5%
63 Ex. 29/ 57.7 4.0 0.34/0.62
Ex. 38 (65%)
Ex. 29 (30%)
TEG2 (5%)
64 Ex. 37/ 45.2 4.1 0.35/0.61
Ex. 49 (50%)
Ex. 29 (45%)
TEG2 (5%
65 Ex.29/ 50.7 4.0 0.35/0.61
Ex. 50 (60%)
Ex. 29 (33%)
TEG2 (7%)
66  Ex. 29/ 49.3 4.2 0.35/0.61
Ex. 51 (70%)
Ex. 29 (33%)
TEG2 (7%
TABLE 3
Red-emitting OLEDs
Efficiency
Ex. EML [cd/A] Voltage [V] CIE, x/y
24 Ex. 13: 12.4 4.8 0.67/0.33
TER1 (15%)
25  Ex. 11: (20%) 13.6 4.6 0.67/0.33
Ex. 15: (70%)
TER2 (10%)
TABLE 4
Red-emitting OLEDs, without EBL
Efficiency
Ex. HTM/EML [cd/A] Voltage [V] CIE, x/y
26 Ex. 12/ 15.2 4.4 0.67/0.33
Ex. 8:
TERI (15%)
27 Ex. 13/ 14.3 4.1 0.67/0.33
Ex. 13:
TER2 (10%)
TABLE 5
Blue-emitting OLEDs
Efficiency
Ex. EML [ed/A] Voltage [V] CIE, x/y
67 Ex. 40: 33 6.5 0.14/0.15
SEBI (5%)
68 Ex. 41: 5.2 6.4 0.14/0.15
SEBI (5%)
69 Ex. 42: 4.9 8.0 0.14/0.16
SEB2 (1%)
70 Ex. 43: 3.5 5.2 0.14/0.16
SEB2 (1%)
71 Ex. 44: 5.0 7.8 0.14/0.16
SEB2 (1%)
72 Ex. 42: 4.0 6.0 0.15/0.18
Ex. 45 (5%)
73 Ex. 42: 6.2 5.8 0.15/0.16

Ex. 46 (5%)
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TABLE 6-continued

Structural formulae of the materials used

Structural formulae of the materials used

\/

<

(&
o g
Lok |

OQ
NN ~

[94928-86-6]
s TEG1
[515834-67-0]

HILL 20
/Ir
25

E [359014-71-4]
N N . 30 TEG2

©©

/

[123847-85-8] 35
HTMI (NPB) \
N
2N
\Ir
40 L~
—3
[435203-93.9]
45
N\ /N TERI
/Si\
N N

v\ / 0

50
WO 2010/054729
EBL
55
Pt

[2085-33-8] 65 [851604-97-2]
ETM1 (Alg) TER2
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TABLE 6-continued

Structural formulae of the materials used

I\! /N 10

\(N 25
N

sta ndl

35

S
R

O 50

SEB2 60

As is clearly evident from the examples given above, the
materials according to the invention are particularly suitable
for use as matrix materials for phosphorescent emitters and 45
as hole conductors, where they result in high efliciencies and
low operating voltages.
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The invention claimed is:
1. A neutral compound of the formula (1),

formula (1)
Rl
R! R!
Z X
A \
J /o
&
\Z X
R! R!
Rl

where the following applies to the symbols and indices
used:

X is on each occurrence, identically or differently, BR?,
Si(R?), or NR%

or X is, for n=0, a group of the following formula (3),

. formula (3)
R
R! R!
. 7 ~ ”z
A
.~ \Z/ 7
R! R!
R!

A is Si; the dashed bonds on A indicate the bonding to the
triphenylene;

Y is BR?, O, S, NR?, PR? or P(—=0O)R?%;

7 is on each occurrence, identically or differently, CR' or
N, with the proviso that a maximum of two groups Z
per ring stand for N;

Ar' is on each occurrence, identically or differently, an
aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which is optionally substituted by
one or more non-aromatic radicals R?; two radicals Ar’
which are bonded to the same N atom or P atom may
also be bridged to one another by a single bond or a
bridge selected from N(R*), C(R*),, O or S;

R! is selected on each occurrence, identically or differ-
ently, from the group consisting of H, D, F, Cl, B, I,
CN, NO,, N(Ar'),, NR?),, C(=0)Ar', C(=0R’,
P(=O0)(Ar"),, a straight-chain alkyl, alkoxy or thio-
alkyl group having 1 to 40 C atoms or a branched or
cyclic alkyl, alkoxy or thioalkyl group having 3 to 40
C atoms or an alkenyl or alkynyl group having 2 to 40
C atoms, where the alkyl, alkoxy, thioalkyl, alkenyl or
alkynyl group is optionally substituted by one or more
radicals R® and where one or more non-adjacent CH,
groups is optionally replaced by R’C—=CR?, C=C,
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Si(R%),, Ge(R?),, Sn(R*), C=0, C=S, C=Se,
C=NR?, P(=0)[R?), 8O, SO,, NR?, O, S or CONR?
and where one or more H atoms is optionally replaced
by D, F, Cl, Br, I, CN or NO,, an aromatic or het-
eroaromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R?, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which is optionally
substituted by one or more radicals R?, or a combina-
tion of these systems, where two or more adjacent
substituents R* which are bonded to the same benzene
ring may optionally form a monocyclic or polycyclic,
aliphatic, aromatic or heteroaromatic ring system;

R? is selected on each occurrence, identically or differ-
ently, from the group consisting of a straight-chain
alkyl group having 1 to 20 C atoms or a branched or
cyclic alkyl group having 3 to 20 C atoms, each of
which is optionally substituted by one or more radicals
R3, where one or more non-adjacent CH, groups is
optionally replaced by R*C—CR’®, C=C, Si(R?),,
C=0, C=NR?, P(=0)(R?), SO, SO,, NR?, O, S or
CONR® and where one or more H atoms is optionally
replaced by D, F, Cl, Br, I, CN or NO,, or an aromatic
or heteroaromatic ring system having 5 to 60 aromatic
ring atoms, which may in each case be substituted by
one or more radicals R?, where two substituents R*
which are bonded to the same carbon, silicon, germa-
nium or tin atom may optionally form a monocyclic or
polycyclic, aliphatic, aromatic or heteroaromatic ring
system with one another, which is optionally substi-
tuted by one or more radicals R*;

R? is selected on each occurrence, identically or differ-
ently, from the group consisting of H, D, F, Cl, B, I,
CN, NO,, NR*,, C(=0)Ar', C(=0)R*, P(=0)
(Ar),, a straight-chain alkyl, alkoxy or thioalkyl group
having 1 to 40 C atoms or a branched or cyclic alkyl,
alkoxy or thioalkyl group having 3 to 40 C atoms or an
alkenyl or alkynyl group having 2 to 40 C atoms, where
the alkyl, alkoxy, thioalkyl, alkenyl or alkynyl group is
optionally substituted by one or more radicals R*,
where one or more non-adjacent CH, groups is option-
ally replaced by R*C=CR* C=C, Si(R*),, C=0,
C=NR*, P(=0)(R"), SO, SO,, NR*, O, S or CONR*
and where one or more H atoms is optionally replaced
by D, F, Cl, Br, I, CN or NO,, an aromatic or hetero-
aromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R*, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which is optionally
substituted by one or more radicals R, or a combina-
tion of these systems, where two or more adjacent
substituents R> may optionally form a monocyclic or
polycyclic, aliphatic, aromatic or heteroaromatic ring
system, which is optionally substituted by one or more
radicals R*;

R* is selected from the group consisting of H, D, F, CN,
an aliphatic hydrocarbon radical having 1 to 20 C
atoms, an aromatic or heteroaromatic ring system hav-
ing 5 to 30 aromatic ring atoms, in which one or more
H atoms is optionally replaced by D, F, Cl, Br, I, CN or
an alkyl group having 1 to 5 C atoms, where two or
more adjacent substituents R* may form a mono- or
polycyclic, aliphatic, aromatic or heteroaromatic ring
system with one another;

nisOor 1.
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2. The compound according to claim 1, wherein the

compound is selected from the compounds of the formulae

#) to (6),

formula (4)

formula (5)

formula (6)
Rl
R! R!
Rl

R! O X

\
/Y
R! X
Rl
R! R!
Rl
formula (7)
Rl
RY R!
Rl
R! O
R
R
Rl
R! O
R! R!
Rl

where the symbols used have the meanings given in claim
1.

3. The compound according to claim 1, wherein the

compound is selected from the compounds of the formulae
(4a) to (6a),
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o formula (4a) formula (4)
R!
5
R
. X
R! O 10
R!
R!
15

formula (5a)

R! R! formula (4a)

1
Rl R 20 R
Rl
R! R!
R! R! = X
Rl
R! R!
Rl w0 Rl

formula (62)

Rl
Rl
R! 35
formula (5)
Rl X Rl Rl
\
Y 1 R! R R! R! 1
1 / 40 R R
R O X Rl Rl
R! A

! R! R!
R 45
R! R!
R! RIR! R!
N formula (7a) R R
R 50
R O formula (5
R ormula (52)
1 1
R 5 R R
R! O RIR!
R! 1 !
R R
1
R 60 A
R! R!
where the symbols used have the meanings given in claim
1 -
4. The compound according claim 1, wherein the com- 65
pound of formula (1) is selected from the group consisting R! R!

of formula (4), (4a), (5), (5a), (6), or (6a),



US 9,985,226 B2

105
-continued
formula (6)
Rl
R. R!
Rl
R! O X\
‘ /Y
R! X
Rl
R! R!
Rl
formula (6a)
Rl
Rl
R! O X\
‘ /Y
R! O X
Rl

wherein, in compounds of the formula (1) where n=0 or
in compounds of the formula (4) or formula (4a), X is
selected from the group consisting of Si(R?), and N(R?)
and R? stands, identically or differently on each occur-
rence, for an aromatic or heteroaromatic ring system
having 5 to 40 aromatic ring atoms, which may in each
case also be substituted by one or more radicals R* and
where two radicals R* may also form an aromatic ring
system with one another;
and in that, in compounds of the formula (1) where
X=formula (3) or in compounds of the formula (5) or
formula (5a). the two triphenylene moieties which are
bonded to A are in each case substituted identically and
A stands for silicon;

and in that, in compounds of the formula (1) where n=1
or in compounds of the formula (6) or formula (6a), the
group X—Y—X is Si(R*),—O0—Si(R?),.

5. A process for the preparation of the compound accord-
ing to claim 1 which comprises reacting 1,12-dilithiotriph-
enylene derivatives with electrophiles or by reaction of
halogen- or amino-substituted triphenylene derivatives in a
metal-catalyzed coupling reaction.

6. An oligomer, polymer or dendrimer containing one or
more of the compounds according to claim 1, where one or
more bonds are present from the compound to the polymer,
oligomer or dendrimer.

7. An electronic device which comprises the compound
according to claim 1.

8. An electronic device which comprises the oligomer,
polymer or dendrimer according to claim 6.

9. The electronic device as claimed in claim 7, wherein
the device is selected from the group consisting of organic
electroluminescent devices (OLEDs), organic integrated cir-
cuits (O-ICs), organic field-effect transistors (O-FETs),
organic thin-film transistors (O-TFTs), organic light-emit-
ting transistors (O-LETs), organic solar cells (O-SCs),
organic optical detectors, organic photoreceptors, organic
field-quench devices (O-FQDs), light-emitting electro-
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chemical cells (LECs), organic laser diodes (O-lasers) and
organic plasmon emitting devices.

10. An organic electroluminescent device which com-
prises the compound according to claim 1, wherein the
compound is employed as matrix material for fluorescent or
phosphorescent emitters and/or as fluorescent emitter and/or
in a hole-blocking layer and/or in an electron-transport layer
and/or in an electron-blocking or exciton-blocking layer
and/or in a hole-transport or hole-injection layer and/or in an
optical coupling-out layer.

11. An organic electroluminescent device which com-
prises the compound according to claim 1 is wherein the
compound is employed as matrix material for phosphores-
cent emitters and in that at least one radical R' stands for
N(Ar"),. C(=0)Ar", P(—=0)Ar"), or for an aromatic or
heteroaromatic ring system having 5 to 60 aromatic ring
atoms, which is optionally substituted by one or more
radicals R?, where the group Ar" or the radicals on Ar' or the
aromatic or heteroaromatic ring system or the radicals R* on
the aromatic or heteroaromatic ring system contains no
condensed aryl groups having more than 10 C atoms and no
condensed heteroaryl groups in which more than two aryl or
6-membered heteroaryl groups are condensed directly onto
one another.

12. The organic electroluminescent device according to
claim 11, wherein at least one radical R' and/or R® is
selected from the group consisting of phenyl, ortho-, meta-
or para-biphenyl, ortho-, meta- or para-terphenyl, ortho-,
meta-, para- or branched quater-phenyl, fluorene or spiro-
bifluorene, each of which is optionally substituted by one or
more radicals R>,

and/or in that at least one radical R' and/or R? is selected

from the structures of the formulae (8) to (38),

formula (8)

formula (9)

formula (10)

formula (11)
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formula (12)
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formula (20)
R3 R3
S
.. Q O R3
R? R?
R? R?

formula (21)

formula (22)

formula (23)

formula (24)

formula (25)

formula (26)
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N
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R} R?
R3 R}
R3
R} | R}
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formula (27)

formula (28)

formula (29)

formula (30)

formula (31)

formula (32)

formula (33)
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formula (34)
R3
R? | R
N
.~ / \ R3
==y
R R?
R3
formula (35)
R3
R} | R?
N
. / \ R3
N
R? s R?
R
formula (36)
R3
R} | R}
N
.. / \ R3
—=N
R3
R? R}
formula (37)
3 Il{3 3
R R
formula (38)
R3
R} |
N
N,
. / \ R3
—
R R?
R? R

wherein
R? is selected on each occurrence, identically or differ-
ently, from the group consisting of H, D, F, Cl, B, I,
CN, NO,, N(R%,, C(=0)Ar', C(=0)R*, P(=0)
(Ar"),, a straight-chain alkyl, alkoxy or thioalkyl group
having 1 to 40 C atoms or a branched or cyclic alkyl,
alkoxy or thioalkyl group having 3 to 40 C atoms or an
alkenyl or alkyny] group having 2 to 40 C atoms, where
the alkyl, alkoxy, thioalkyl, alkenyl or alkynyl group is
optionally substituted by one or more radicals R*,
where one or more non-adjacent CH, groups is option-
ally replaced by R*C=CR* C=C, Si(R%, C=0,
C=NR*, P(=0)[R*), SO, S0O,, NR*, O, S or CONR*
and where one or more H atoms is optionally replaced
by D, F, Cl, Br, I, CN or NO,, an aromatic or hetero-
aromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R*, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which is optionally
substituted by one or more radicals R*, or a combina-
tion of these systems, where two or more adjacent
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substituents R* may optionally form a monocyclic or
polycyclic, aliphatic, aromatic or heteroaromatic ring
system, which is optionally substituted by one or more
radicals R

R* is selected from the group consisting of H, D, F, CN,
an aliphatic hydrocarbon radical having 1 to 20 C
atoms, an aromatic or heteroaromatic ring system hav-
ing 5 to 30 aromatic ring atoms, in which one or more
H atoms is optionally replaced by D, F, Cl, Br, I, CN or
an alkyl group having 1 to 5 C atoms, where two or
more adjacent substituents R* may form a mono- or
polycyclic, aliphatic, aromatic or heteroaromatic ring
system with one another;

Ar' is on each occurrence, identically or differently, an
aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which is optionally substituted by
one or more non-aromatic radicals R?; two radicals Ar'
which are bonded to the same N atom or P atom may
also be bridged to one another by a single bond or a
bridge selected from N(R*), C(R*),, O or S;

and the dashed bond represents the bond to the triph-
enylene skeleton or to X;

and/or in that at least one radical R selected from the
structures of the formulae (39) to (41) and/or in that at
least one radical R* is selected from the structures of the
formula (40),

formula (39)
Ar!
/
----N
\ 1
Ar
formula (40)
Ar?
/
A2 —X
Ar?
formula (41)
R} R?
R? R}
----N E
R} R}
R? R}

Ar? is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 24
aromatic ring atoms, which is optionally substituted by
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one or more radicals R?; the sum of the aromatic ring
atoms of all groups Ar* together is not greater than 60;
and

E is selected from the group consisting of C(R*),, NR*, O

or S.

13. An organic electroluminescent device which com-
prises the compound according to claim 1 is wherein the
compound is employed as electron-transport material and at
least one radical R* stands for C(=0)Ar*, P(—=0)(Ar"), or
for an electron-deficient heteroaromatic ring system having
5 to 40 aromatic ring atoms, which is optionally substituted
by one or more radicals R*; and/or X stands for BR>.

14. The organic electroluminescent device according to
claim 13, wherein the electron-deficient heteroaromatic ring
system R! and/or R? contains, as heteroaryl group, triazine,
pyrimidine, pyrazine, pyridazine, pyridine, imidazole, pyra-
zole, oxazole, oxadiazole, triazole, thiazole, thiadiazole,
benzimidazole, quinoline, isoquinoline or quinoxaline.

15. An organic electroluminescent device which com-
prises the compound according to claim 1 is wherein the
compound is employed as hole-transport material or as
emitting compound and at least one radical R' stands for
N(Ar"),. for a triarylamino group or for an electron-rich
heteroaromatic ring system having 5 to 40 aromatic ring
atoms, which is optionally substituted by one or more
radicals R?; and/or X stands for NR2.

16. A formulation comprising at least one compound
according to claim 1 and at least one solvent.

17. A formulation comprising at least one or more poly-
mers, oligomers or dendrimers according to claim 6 and at
least one solvent.

18. The compound as claimed in claim 1, wherein the
compound is

19. An organic electroluminescent device which com-
prises the compound according to claim 1, wherein the
compound is employed as matrix material for fluorescent
emitter.

20. An organic electroluminescent device which com-
prises the compound according to claim 1, wherein the
compound is employed as matrix material for in a hole-
blocking layer.
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