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The present invention relates to anthracene derivatives which
are suitable for use in organic electroluminescent devices, and
to organic electroluminescent devices containing these
anthracene derivatives.
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NOVEL MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

[0001] The present invention relates to novel materials for
organic electroluminescent devices, to the use thereof, and to
organic electroluminescent devices containing these materi-
als.

[0002] The general structure of organic electroluminescent
devices which are capable of the emission of light in the
visible spectral region and which contain semiconducting
organic compounds 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.

[0003] However, these devices still exhibit considerable
problems which require urgent improvement for use in high-
quality full-colour displays:

[0004] 1. The operating lifetime is still short, in particu-
lar in the case of blue emission, meaning that it has
hitherto only been possible to achieve simple applica-
tions commercially.

[0005] 2. The efficiency is also still inadequate, in par-
ticular in the case of blue emission, and must be
improved further for high-quality applications.

[0006] 3.Some compounds which are used as host mate-
rials for blue-emitting electroluminescent devices tend
towards crystallisation during vapour deposition instead
of the formation of glass-like films and do not have an
adequately high glass-transition temperature. Further
improvements are necessary here.

[0007] The object of the present invention was therefore to
offer improvements for this purpose, in particular compounds
which result in improved efficiency and an improved lifetime
in organic electroluminescent devices. The object of the
present invention was furthermore to provide compounds
which have a higher glass-transition temperature and a lower
crystallisation tendency.

[0008] Phenylanthracene derivatives in which two pheny-
lanthracene groups are linked via a divalent group are known
from the prior art (EP 0681019). The divalent groups dis-
closed are single bonds and arylene groups, in particular
phenylene groups and phenylene groups which are inter-
rupted by an alkylene group, —O—, —S—or —NR—. It is
not evident from this application that other divalent groups
could be particularly suitable for linking the two anthracenes.
It is equally unclear from this application that anthracene
derivatives which contain other groups bonded instead of the
phenyl group could be particularly suitable. The prior art
furthermore discloses dimeric anthracene derivatives of the
formula anthracene-X-anthracene, where X represents a het-
erocyclic compound having at least two rings (JP 2004/
002351). It is not evident from this application that
anthracene derivatives of this type which contain a heteroaryl
group bonded in the 9- and 9'-positions are particularly suit-
able.

[0009] EP 1221434 discloses compounds in which two
anthracene units are linked via a fluorene unit. Inter alia, a
compound is also disclosed which additionally contains a
pyridine group in each of the 9- and 9'-positions of the two
anthracene units. However, this document teaches that the
fluorene unit is necessary in order to achieve particularly
good results in organic electroluminescent devices.

[0010] Surprisingly, it has been found that certain
anthracene derivatives described below have significant
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improvements compared with the prior art described above.
By means of these compounds, higher efficiencies and
improved lifetimes can be obtained. In addition, these com-
pounds have a lower crystallisation tendency and a higher
glass-transition temperature than compounds in accordance
with the prior art. The present invention therefore relates to
these compounds and to the use thereof in OLEDs.

[0011] The invention relates to compounds of the formula

M

Formula (1)

Al‘l

R,

where the following applies to the symbols and indices used:
[0012] Ar' is, identically or differently on each occur-
rence, an aromatic or heteroaromatic ring system having
5to30aromatic ring atoms, which may be substituted by
one or more radicals R;
[0013] Ar”is, if both groups Ar' represent an aromatic
ring system, a group of the formula (2)

Formula (2)

X=X
R \ / I
X
N7
X—X

[0014] where X, identically or differently on each
occurrence, stands for CR' or N,

[0015] or

[0016] is, if at least one group Ar' represents a het-
eroaromatic ring system, identically or differently on
each occurrence, an aryl or heteroaryl group having 5
to 20 aromatic ring atoms, which may be substituted
by one or more radicals R';

[0017] R! is, identically or differently on each occur-
rence, H, F, Cl, Br, I, CN, NO,, N(R?),, a straight-chain
alkyl, alkoxy or thioalkoxy group having 1t0 40 C atoms
or a branched or cyclic alkyl, alkoxy or thioalkoxy group
having 3 to 40 C atoms, each of which may be substi-
tuted by one or more radicals R?, where one or more
non-adjacent CH, groups may be replaced by
—R*C=CR*—, —C=C—, Ge(R?),, Sn(R?),, C=0,
C=S8, C=Se, C=NR?, —0—, —S— —N([R*— or
—CONR?— and where one or more H atoms may be
replaced by F, Cl, Br, I, CN or NO,, or an aryl or het-
eroaryl group having 5 to 30 aromatic ring atoms, which
may be substituted by one or more radicals R?, or an
aryloxy or heteroaryloxy group having 5 to 24 aromatic
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ring atoms, which may be substituted by one or more
radicals R, or a combination of two, three, four or five of
these systems; two or more adjacent substituents R* here
may also form a mono- or polycyclic, aliphatic ring
system with one another;

[0018] R?is on each occurrence, identically or differ-
ently, H or ahydrocarbonradical having 1 to 20 C atoms,
which may be aliphatic, aromatic or a combination of
aliphatic and aromatic and in which one or more H atoms
may be replaced by F; two or more radicals R here may
also form a mono- or polycyclic, aliphatic or aromatic
ring system with one another;

[0019] nis, identically or differently on each occurrence,
0,1,2,30r4;

[0020] mis1,2,3,40r5.

[0021] For the purposes of this invention, a cyclic alkyl
group is taken to mean both monocyclic and also bi- and
polycyclic alkyl groups.

[0022] For the purposes ofthis invention, adjacent substitu-
ents are taken to mean substituents which are bonded to
directly adjacent C atoms, i.e. to C atoms which have a direct
bond.

[0023] For the purposes of this invention, an aryl group or
heteroaryl group is taken to mean an aromatic group or het-
eroaromatic group having a common aromatic m-electron
system. For the purposes of this invention, this may be a
simple homo- or heterocycle, for example benzene, pyridine,
thiophene, etc., or it may be a condensed aromatic ring sys-
tem, in which at least two aromatic or heteroaromatic rings,
for example benzene rings, are “fused” to one another, i.e. are
condensed onto one another by anellation, i.e. have at least
one common edge and consequently also a common aromatic
n-electron system. These aryl or heteroaryl groups may be
substituted or unsubstituted. Thus, for example, systems such
as naphthalene, anthracene, phenanthrene, pyrene, etc., are to
be regarded as aryl groups and quinoline, acridine, ben-
zothiophene, carbazole, etc., as heteroaryl groups for the
purposes of this invention, while, for example, biphenyl, fluo-
rene, spirobifluorene, etc., do not represent aryl groups since
they involve separate aromatic electron systems.

[0024] For the purposes of this invention, an aromatic ring
system contains 6 to 30 C atoms in the ring system. For the
purposes of this invention, a heteroaromatic ring system con-
tains 2 to 30 C atoms and at least one heteroatom in the ring
system, with the proviso that the total number of C atoms and
heteroatoms is at least 5. The heteroatoms are preferably
selected from N, O and/or S. For the purposes of this inven-
tion, an aromatic or heteroaromatic ring system is intended to
be taken to mean a system which does not necessarily contain
only aryl or heteroaryl groups, but instead in which a plurality
of aryl or heteroaryl groups may also be interrupted by a short
non-aromatic unit (less than 10% of the atoms other than H,
preferably less than 5% of the atoms other than H), such as,
for example, an sp*-hybridised C, N or O atom. Thus, for
example, systems such as 9,9'-spirobifluorene, fluorene, tri-
arylamine, diaryl ethers, etc., are also intended to be taken to
mean aromatic ring systems for the purposes of this invention.
Part of the aromatic or heteroaromatic ring system here may
also be a condensed group.

[0025] For the purposes of the present invention, a C,- to
C,q-alkyl group, in which, in addition, individual H atoms or
CH, groups may be substituted by the above-mentioned
groups, is particularly preferably taken to mean the radicals
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl,
t-butyl, 2-methylbutyl, n-pentyl, s-pentyl, cyclopentyl,
n-hexyl, cyclohexyl, n-heptyl, cycloheptyl n-octyl, cyclooc-
tyl, 2-ethylhexyl, trifluoromethyl, pentafluoroethyl, 2,2,2-tri-

Dec. 11, 2008

fluoroethyl, ethenyl, propenyl, butenyl, pentenyl, cyclopen-
tenyl, hexenyl, cyclohexenyl, heptenyl, cycloheptenyl,
octenyl, cyclooctenyl, ethynyl, propynyl, butynyl, pentynyl,
hexynyl or octynyl. A C,- to C,,-alkoxy group is particularly
preferably taken to mean methoxy, ethoxy, n-propoxy, i-pro-
POXy, n-butoxy, i-butoxy, s-butoxy, t-butoxy or 2-methylbu-
toxy. An aromatic or heteroaromatic ring system having 1 to
30 aromatic ring atoms, which may also in each case be
substituted by the above-mentioned radicals R* or R* and
which may be linked to the aromatic or heteroaromatic ring
via any desired positions, is taken to mean, in particular,
groups derived from benzene, naphthalene, anthracene,
phenanthrene, pyrene, chrysene, perylene, fluoranthene, tet-
racene, pentacene, benzopyrene, biphenyl, biphenylene, ter-
phenyl, terphenylene, fluorene, spirobifluorene, truxene,
isotruxene, dihydrophenanthrene, dihydropyrene, tetrahy-
dropyrene, cis- or trans-indenofluorene, furan, benzofuran,
isobenzofuran, dibenzofuran, thiophene, benzothiophene,
isobenzothiophene, dibenzothiophene, pyrrole, indole, isoin-
dole, carbazole, pyridine, quinoline, isoquinoline, acridine,
phenanthridine, benzo-5,6-quinoline, benzo-6,7-quinoline,
benzo-7,8-quinoline, phenothiazine, phenoxazine, pyrazole,
indazole, imidazole, benzimidazole, naphthimidazole,
phenanthrimidazole, pyridimidazole, pyrazinimidazole, qui-
noxalinimidazole, oxazole, benzoxazole, naphthoxazole,
anthroxazole, phenanthroxazole, isoxazole, 1,2-thiazole, 1,3-
thiazole, benzothiazole, pyridazine, benzopyridazine, pyri-
midine, benzopyrimidine, quinoxaline, pyrazine, phenazine,
naphthyridine, azacarbazole, benzocarboline, phenanthro-
line, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, 1,2,3-0xa-
diazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiaz-
ole, 1,2 3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole,
1,3 ,4-thiadiazole, 1,3,5-triazine, 1,2.4-triazine, 1,2,3-triaz-
ine, tetrazole, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1,2,3,5-tet-
razine, purine, pteridine, indolizine and benzothiadiazole.
[0026] Preferred embodiments of the compounds of the
formula (1) are the compounds of the formula (3) or (4)

Formula (3)

Formula (4)
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where Ar’, identically or differently on each occurrence,
stands for a heteroaromatic ring system having 5 to 30 aro-
matic ring atoms, which may be substituted by one or more
radicals R*, and the other symbols and indices have the same
meaning as described above.

[0027] In a preferred embodiment of the compound of the
formula (3), amaximum of two symbols X stand for N and the
other symbols X stand for CR'. Preferred groups Ar®, or
central units in the compound of the formula (3), are the
groups of the following formulae (5) to (10). Of these, par-
ticular preference is given to the groups of the formulae (5)
and (9), very particularly preferably the group of the formula

)

Formula (5)

Formula (6)

Formula (7)

Formula (8)

Formula (9)
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-continued
Formula (10)

[0028] In another preferred embodiment of the compound
of the formula (3), the symbols Ar', identically or differently
on each occurrence, stand for an aromatic or heteroaromatic
ring system having 9 to 25 aromatic ring atoms, which may be
substituted by one or more radicals R, Particular preference
is given to compounds of the formula (3) in which the symbol
Ar', identically or differently on each occurrence, stands for
acondensed aryl or heteroaryl group having 10 to 16 aromatic
ring atoms or for an aromatic, optionally bridged biaryl
group, each of which may be substituted by one or more
radicals R'. Particular preference is furthermore given to
compounds of the formula (3) in which the symbol Ar',
identically or differently on each occurrence, stands for a
1-naphthyl,  2-naphthyl, 9-anthryl, 2-phenanthrenyl,
9-phenanthrenyl, quinolinyl, isoquinolinyl, thienyl, ben-
zothienyl, dibenzothienyl, furanyl, benzofuranyl, dibenzo-
furanyl, pyrrolyl, indolyl. carbazolyl, each of which may be
linked via C or N, imidazolyl, which may be linked via C or
N, benzimidazolyl, which may be linked via C or N, 2-, 3- or
4-pyridyl, pyrazinyl, 2-, 4- or 5-pyrimidinyl, 3- or 4-pyridazi-
nyl, quinolinyl, isoquinolinyl, orthobiphenyl or 2-fluorenyl
group, each of which may be substituted by one or more
radicals R', in particular for 1-naphthyl, 2-naphthyl,
9-phenanthrenyl, thienyl, benzothienyl, carbazolyl, benzimi-
dazolyl, 3-pyridyl, quinolinyl, orthobipheny! or 2-fluorenyl,
each of which may be substituted by one or more radicals R".
The two groups Ar' are preferably identical.

[0029] In a preferred embodiment of the compound of the
formula (4), the heteroaryl group of the heteroaromatic ring
system Ar is bonded directly to the anthracene. The symbols
Ar, identically or differently on each occurrence, preferably
stand for a heteroaromatic ring system having 5 to 20 aro-
matic ring atoms, which may be substituted by one or more
radicals R, Particular preference is given to compounds of
the formula (4) in which the symbol Ar’, identically or dif-
ferently on each occurrence, stands for a heteroaryl group
having 5to 14 aromatic ring atoms, which may be substituted
by one or more radicals R'. Very particular preference is given
to compounds of the formula (4) in which the symbol Ar’,
identically or differently on each occurrence, stands for a
thienyl, benzothienyl, dibenzothienyl, furanyl, benzofuranyl,
dibenzofuranyl, pyrrolyl, indolyl or carbazolyl, each of which
may be linked via C or N, imidazolyl, which may be linked via
C or N, benzimidazolyl, which may be linked via C or N, 2-,
3- or 4-pyridyl, pyrazinyl-, 2-, 4- or 5-pyrimidinyl, 3- or
4-pyridazinyl, quinolinyl or isoquinolinyl group, each of
which may be substituted by one or more radicals R, in
particular for thienyl, benzothienyl, carbazolyl, benzimida-
zolyl, 3-pyridyl or quinolinyl, each of which may be substi-
tuted by one or more radicals R*. The two groups Ar> are
preferably identical.
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[0030] In another preferred embodiment of the compound
of the formula (4), the symbol Ar?, identically or differently
on each occurrence, stands for an aryl or heteroaryl group
having 5 to 14 aromatic ring atoms, which may be substituted
by one or more radicals R*. The symbol Ar*, identically or
differently on each occurrence, particularly preferably stands
for 1,4-naphthylene, 1,5-naphthylene, 2,6-naphthylene, 1,2-,
1,3- or 1,4-phenylene or 2,7-phenanthrenylene.

[0031] Preference is furthermore given to compounds of
the formula (1), or of the formula (3) or formula (4), in which
the symbol R, identically or differently on each occurrence,
stands for H, F, a straight-chain alkyl or alkoxy group having
1to 6 C atoms or a branched or cyclic alkyl or alkoxy group
having 3 to 10 C atoms, where in each case one or more CH,
groups may be replaced by —R*C—CR*—, —O—, —S—
or —N(R?)— and where in each case one or more H atoms
may be replaced by F, or an aryl or heteroaryl group having 5
to 14 aromatic ring atoms, or a combination of two or three of
these systems; two or more radicals R* here may also form a
mono- or polycyclic, aliphatic ring system with one another.
Particularly preferred radicals R* are selected from the group
consisting of H, F, straight-chain alkyl groups having 1to 4 C
atoms, branched alkyl groups having 3 to 5 C atoms or cyclic
alkyl groups having 5 to 10 C atoms, where in each case one
or more H atoms may be replaced by F, or aryl or heteroaryl
groups having 6 to 10 aromatic ring atoms, or a combination
of two of these systems; two or more adjacent radicals R here
may also form a mono- or polycyclic, aliphatic ring system
with one another.

[0032] Preference is furthermore given to compounds of
the formula (1), or of the formula (3) or formula (4), in which
the index nstands for 0, 1 or 2, particularly preferably for 0 or
1, very particularly preferably for 0. If the index n stands for
1, the substituent R* is preferably bonded in the 2-position
and/or in the 6-position of the anthracene.

[0033] Preference is furthermore given to compounds of
the formula (1), or of the formula (3) or formula (4), in which
the index m stands for 1, 2 or 3, particularly preferably for 1
or 2,

[0034] Preference is furthermore given to compounds of
the formula (1), or of the formula (3) or formula (4), whose
molecular weight is between 600 and 2000 g/mol, particu-
larly preferably between 700 and 1500 g/mol.

[0035] It should be emphasised here that both compounds
of the formula (1), or of the formula (3) or formula (4), in
which the two groups Ar' or the two groups Ar” are selected to
be identical, and also compounds in which the two groups Ar*
or the two groups Ar” are different, are in accordance with the
invention. Preference is given to compounds in which the two
groups Ar® are identical and also identically substituted, or in
which the two groups Ar® are identical and also identically
substituted.

[0036] Depending on the choice of Ar', Ar* and Ar®, the
compounds of the formula (1), or of the formula (3) or for-
mula (4), have hindered rotation about one or more bonds
(bonds between Ar' or Ar* or Ar® and anthracene) and are thus
capable of the formation of atropisomers, i.e. of the formation
of stereoisomers which are stable at room temperature. If the
compound of the formula (1), or of the formula (3) or formula
(4), exhibits atropisomerism about one or more bonds, the
invention in each case also relates to the corresponding
enriched or isolated atropisomers. This relates both to enan-
tiomers and also to diastereomers. The choice of suitable
atropisomers enables, for example, the solubility of the com-

Dec. 11, 2008

pound, the glass-transition temperature and the electro-opti-
cal properties to be influenced. Preference is given to com-
pounds which do not exhibit atropisomerism.

[0037] Examples of preferred compounds of the formula
(3) are the compounds listed in Table 1 below. Ph stands fora
phenyl group. The abbreviations entered in the table stand for
the following groups, where the dashed line in each case
indicates the link to the anthracene.

TABLE 1
Arl:
Arl(A)
RB
RA ““
Arl(B)
Arl(C)
Arl(D)
Arl(E)
RB
RA O o
Arl(F)
Arl(G)
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5

TABLE 1-continued TABLE 1-continued
Arl(H) 40 Arl(A) A2(B) 2 CH3 F
4 Al(A) A2(A) 1 CH3  CH3
/ \ 2 Al A2(A) 2 CH3  CH3
K 43 Arl(A) A2(B) 1 CH3  CH3
R S . 44 Ar(A) A2(B) 2 CH3  CH3
45 Arl(A) A2(A) 1 CH3 Ph
Arl(I) 46 Arl(A) Ar2(A) 2 CH3 Ph
47 Ar(A) A2(B) 1 CH3 Ph
48 Arl(A) A2(B) 2 CH3 Ph
\ 49 Arl(A) A(A) 1 Ph H
. 500 Arl(A) A2(A) 2 Ph H
o 51 Ard(A) A2(B) 1 Ph H
52 Ar(A) A2(B) 2 Ph H
A 53 Ar(A) A2(A) 1 Ph F
AR(A) 54 Arl(A) Ar2(A) 2 Ph F
55 Arl(A) A2(B) 1 Ph F
56 Arl(A) A2(B) 2 Ph F
57 Arl(A) A2(A) 1 Ph CH3
58 Arl(A) Ar2(A) 2 Ph CH3
50 Arl(A) A2(B) 1 Ph CH3
60 Arl(A) A2(B) 2 Ph CH3
61 Arl(A) A2(A) 1 Ph Ph
62 Arl(A) Ar2(A) 2 Ph Ph
63 Arl(A) A2(B) 1 Ph Ph
Ar2(B) 64 Arl(A) AR(B) 2 Ph Ph
65 Arl(A) A2(A) 1 H —
66 Arl(B) A2(A) 2 H —
67 Arl(B) A2(B) 1 H —
68 Arl(B) A2(B) 2 H —
7/ \ 69  Arl(B) Ar2(A) 1 F —
N N 70 Arl(B) A2(A) 2 F -
\—/ 1 Arl(B) A2(B) 1 F —
72 Afl(B) A2(B) 2 F —
Ar! 73 Ar(B) A2(A) 1 CH3 —
74 Ar(B) AR2(A) 2 CH3 —
No. At AP m R4 RE 75 Arl(B) AR(B) 1 CH3 —
76 Arl(B) A2(B) 2 CH3 —
1 Af(A) AR(A) 1 H H 77 Ar(B) Ar2(A) 1 Ph —
2 A AR2(A) 2 H H 78 Ar(B) A2(A) 2 Ph —
3 Ar(A) AR®B) 1 H H 79 Arl(B) A2(B) 1 Ph —
4 Ad(A) ARB) 2 H H 80 An(B) A2(B) 2 Ph —
5 Ar(a) AR(A) 1 H F 81 A(Q) Ar2(A) 1 — —
6 Arl(A) AR2(A) 2 H F 82 A A2(A) 2 — —
7 Ar(A) AR®B) 1 H F 83 A A2(B) 1 — —
8 Afl(A) ARB) 2 H F 84 A(Q) AR2(B) 2 — —
9 Ar(a) AR(A) 1 H cm3 85 Ar(D) Ar2(A) 1 H —
10 Ara) AR2(A) 2 H cH3 8  Ar(D) AR2(A) 2 H —
1 Al AR®B) 1 H cm3 87 Ar(D) A2(B) 1 H —
12 Al ARB) 2 H cm3 88 Arl(D) AR2(B) 2 H —
13 Al AR(A) 1 H Ph 8 Arl(D) Ar2(A) 1 F —
14 A AR(A) 2 H Ph 90  Ar(D) AR2(A) 2 F —
15 A AR®B) 1 H Ph 91  Ar(D) AR(B) 1 F —
16 Arl(a) ARB) 2 H Ph 92 Arl(D) AR2(B) 2 F —
17 Ar(a) AR(A) 1 F H 93 Ar(D) Ar2(A) 1 cH3 —
18 Arl(a) AR(A) 2 F H 94 Ar(D) AR2(A) 2 CH3 —
19 Ar(a) AR®B) 1 F H 95 Ar(D) A2(B) 1 CH3 —
20 Arl(A) AR®B) 2 F H 9  Arl(D) AR(B) 2 cH3 —
2 Arl(A) AR(A) 1 F F 97 Ar(D) Ar2(A) 1 Ph —
2 Arl(A) AR(A) 2 F F 98  Arl(D) AR2(A) 2 Ph —
23 Arl(A) AR®B) 1 F F 99  Arl(D) A2(B) 1 Ph —
24 Arl(A) AR®B) 2 F F 100 Arl(D) AR(B) 2 Ph —
25 Arl(A) AR(A) 1 F cH3 101 Al Ar2(A) 1 H H
2% Arl(A) AR(A) 2 F cH3 102 Al AR2(A) 2 H H
27 Arl(A) AR®B) 1 F cH3 103 Arl(®) AR2(B) 1 H H
2% Arl(A) AR®B) 2 F cH3 104 Ar(®) AR(B) 2 H H
20 Arl(A) AR(A) 1 F Ph 105 Arl(®) Ar2(A) 1 H F
30 Arl(A) AR(A) 2 F Ph 106 Arl(®) AR2(A) 2 H F
31 Arl(A) AR®B) 1 F Ph 107 Al AR2(B) 1 H F
32 Arl(A) ARB) 2 F Ph 108 Arl(B) AR2(B) 2 H F
33 Arl(A) AR(A) 1 cHs3 H 109 Arl(®) Ar2(A) 1 H CH3
34 Arl(A) AR(A) 2 cHs3 H 110 Arl(®) AR2(A) 2 H CH3
35 Arl(A) AR®B) 1 CH3 H 11 A A2(B) 1 H CH3
36 Arl(A) ARB) 2 CH3 H 12 A AR2(B) 2 H CH3
37 Arl(A) AR(A) 1 cHs3 F 13 A Ar2(A) 1 H Ph
38 Arl(A) AR2(A) 2 CH3 F 114 Al AR2(A) 2 H Ph
30 Arl(A) AR®B) 1 CH3 F 115 Al A2(B) 1 H Ph
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TABLE 1-continued

TABLE 1-continued
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116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

161
162

191

AT1(E)
Ar1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
AT1(E)
Ar1(E)
AT1(E)
AT1(E)
Ar1(E)
Ar1(E)
AT1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Ar1(E)
Arl(E)
Arl(E)
Ar1(E)
Arl(E)
Arl(E)
Ar1(E)
Arl(E)
ATl (E)
Arl(E)
Arl(E)
ATl (E)
A1l (E)
Arl(E)
ATl (E)
A1l (E)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(F)
Arl(H)
Arl(H)
Arl(H)
Arl(H)
Arl(H)
Arl(H)

Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A2(A)
Ar2(B)
Ar2(B)
A2(A)
A2(A)
Ar2(B)
Ar2(B)
A12(A)
A12(A)
Ar2(B)
Ar2(B)
A12(A)
A2(A)
Ar2(B)
Ar2(B)
A2(A)
A12(A)
Ar2(B)
AR(B)
AR2(A)
A12(A)
AR(B)
AR(B)
AR2(A)
A2(A)
AR(B)
AR(B)
AR2(A)
A12(A)
AR(B)
AR(B)
A2(A)
AR2(A)
AR(B)
AR(B)
AR2(A)
AR2(A)
Ar2(B)
AR2(B)
AR2(A)
AR2(A)
AR(B)
AR(B)
AR2(A)
AR2(A)
A(B)
AR(B)
AR2(A)
AR2(A)
A(B)
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192 Arl(H) A2(B) 2 F —
193 Arl(H) A(A) 1 CH3 —
194 Arl(H) A2(A) 2 CH3 —
195 Arl(I) AR(B) 1 CI —
196 Arl(H) A2(B) 2 CH3 —
197 Arl(H) A(A) 1 Ph —
198 Arl(H) A2(A) 2 Ph —
199 Arl(I) AR(B) 1 Ph —
200 Arl(H) A2(B) 2 Ph —
201 Arl(D An(A) 1 — —
202 Ar() Ar2(A) 2 — —
203 Ar(D AR(B) 1 — —
204 Arl(D A2(B) 2 — —
[0038] Examples of preferred compounds of the formula

(4) are the compounds listed in Table 2 below. Ph stands fora
phenyl group. The abbreviations entered in the table stand for
the following groups, where the dashed line in each case
indicates the link to the anthracene:

TABLE 2
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A3 (A)

A13(B)

A3(C)

A3(D)

AB(E)

AR3(F)

A13(G)
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7
TABLE 2-continued TABLE 2-continued
A 20 A13(B) Ar2(D) 2 —
Ar2(A) 21 A3(B) AR(E) 1 —
2 A3(B) AR(E) 2 —
23 A(B) AR2(F) 1 —
24 A3(B) AR2(F) 2 —
25 A3(C) Ar2(A) 1 —
26 A3(C) Ar2(A) 2 —
27 A3(C) Ar2(B) 1 —
28 A3(C) Ar2(B) 2 —
29 A3(C) Ar2(C) 1 —
AD®) 30 A13(C) Ar2(0) 2 —
31 A3(C) Ar2(D) 1 —
2 A3(C) Ar2(D) 2 —
“--- 33 A3(C) AR2(E) 1 —
34 A3(C) AR(E) 2 —
Tt 35 A3(C) AR2(F) 1 —
36 A3(C) AR2(F) 2 —
37 A3 (D) Ar2(A) 1 —
Ar2(C) 38 A3 (D) Ar2(A) 2 —
39 A3 (D) Ar2(B) 1 —
L L 40 Ar3(D) Ar2(B) 2 —
41 A3 (D) Ar2(C) 1 —
2 A3 (D) Ar2(C) 2 —
43 A3(D) Ar2(D) 1 —
A(D) 44 Ar3(D) Ar2(D) 2 —
45 A3 (D) AR(E) 1 —
46 A3(D) Ar(E) 2 —
47 A3 (D) AR2(F) 1 —
48 A3 (D) AR2(F) 2 —
49 A13(E) Ar2(A) 1 —
50 A13(E) Ar2(A) 2 —
51 A3(E) Ar2(B) 1 —
2 A13(E) Ar2(B) 2 —
AR(E) 53 A13(E) Ar2(C) 1 —
54 A13(E) Ar2(C) 2 —
55 A13(E) Ar2(D) 1 —
56 A13(E) Ar2(D) 2 —
57 A13(E) AR(E) 1 —
58 A13(E) AR(E) 2 —
59 A13(E) AR2(F) 1 —
60 A13(E) Ar2(F) 2 —
An2(F) 61 A3(F) Ar2(A) 1 H
2 A13(F) Ar2(A) 2 u
63 A13(F) Ar2(B) 1 u
64 A13(F) Ar2(B) 2 u
65 A13(F) Ar2(C) 1 u
66 A13(F) Ar2(C) 2 u
67 A13(F) Ar2(D) 1 u
68 A13(F) Ar2(D) 2 u
69 A13(T) Ar2(E) 1 u
70 Ar3(F) Ar(E) 2 5§
71 A13(F) Ar2(F) 1 u
2 A13(T) Ar2(F) 2 u
73 A13(F) Ar2(A) 1 F
, Ar3 74 AB(F) Ar2(A) 2 F
No Ar A m R1 75 AB(E) Ar2(B) 1 F
- 76 A13(F) Ar2(B) 2 F
1 Ar3(A) Ar2(A) 1 - 77 AB(F) Ar2(C) 1 F
2 Ar3(4) Ar2(A) 2 - 78 A13(F) Ar2(C) 2 F
3 Ar3(A) Ar2(B) 1 - 79 A13(F) Ar2(D) 1 F
4 Ar3(A) Ar2(B) 2 — 80 AB(F) Ar2(D) 2 F
5 Ar3(A) Ar2(C) 1 - 81 AB(F) Ar2(E) 1 F
6 Ar3(A) Ar2(C) 2 - 2 AB(F) AR(E) 2 F
7 Ar3(A) Ar2(D) 1 - 83 AB(F) AR2(F) 1 F
8 Ar3(A) Ar2(D) 2 - 84 AB(F) AR2(F) 2 F
9 Ar3(A) An2(E) L - 83 A3(F) Ar2(A) 1 CH3
10 Ar3(A) Ar2(E) 2 - 86 A13(F) Ar2(A) 2 CH3
1 Ar3(A) Ar2(F) 1 - 87 AB(F) Ar2(B) 1 CH3
12 Ar3(A) Ar2(F) 2 - 88 AB(F) Ar2(B) 2 CH3
13 Ar3(B) Ar2(A) 1 - 89 A13(F) Ar2(C) 1 CH3
14 Ar3(B) Ar2(A) 2 — 90 AB(F) Ar2(C) 2 CH3
15 Ar3(B) Ar2(B) 1 — 91 AB(F) Ar2(D) 1 CH3
16 AT3(B) Ar2(B) 2 — 2 A3(F) Ar2(D) 2 CH3
17 AT3(B) A2(C) 1 — 93 A13(F) A12(E) 1 CH3
18 AT3(B) Ar2(C) 2 — 94 A13(F) AT2(E) 2 CH3
19 AT3(B) Ar(D) 1 — 95 A13(F) AR2(F) 1 CH3



US 2008/0303423 Al

TABLE 2-continued

96 Ar3(F) A2(F) 2 CH3
97 Ar3(F) Ar2(A) 1 Ph
98 Ar3(F) Ar2(A) 2 Ph
99 Ar3(F) Ar2(B) 1 Ph
100 A3 (F) AR(B) 2 Ph
101 Ar3(F) A2(C) 1 Ph
102 Ar3(F) Ar2(C) 2 Ph
103 Ar3(F) A2(D) 1 Ph
104 Ar3(F) A2(D) 2 Ph
105 Ar3(F) Ar2(E) 1 Ph
106 Ar3(F) Ar2(E) 2 Ph
107 Ar3(F) A2(F) 1 Ph
108 Ar3(F) A2(F) 2 Ph
109 A3(G) A2(A) 1 H
110 AR3(G) Ar2(A) 2 H
111 A3(G) Ar2(B) 1 H
112 A3(G) Ar2(B) 2 H
113 AR3(G) Ar2(C) 1 H
114 AR3(G) A2(C) 2 H
115 A3(G) A2(D) 1 H
116 AR3(G) A2(D) 2 H
117 AR3(G) Ar2(E) 1 H
18 AR3(G) Ar2(E) 2 H
119 AR3(G) A2(F) 1 H
120 AR3(G) A2(F) 2 H
121 AR3(G) Ar2(A) 1 F
122 Ar3(G) Ar2(A) 2 F
123 AR3(G) Ar2(B) 1 F
124 AR3(G) Ar2(B) 2 F
125 Ar3(G) A2(C) 1 F
126 A3(G) A2(C) 2 F
127 AR3(G) Ar2(D) 1 F
128 Ar3(G) A2(D) 2 F
129 A3(G) A12(E) 1 F
130 Ar3(G) A12(E) 2 F
131 A3(G) A2(F) 1 F
132 A3(G) A2(F) 2 F
133 Ar3(G) A2(A) 1 CH3
134 A3(G) Ar2(A) 2 CH3
135 A3(G) A2(B) 1 CH3
136 Ar3(G) A2(B) 2 CH3
137 A3(G) Ar2(C) 1 CH3
138 A3(G) A2(C) 2 CH3
139 Ar3(G) A2(D) 1 CH3
140 A3(G) A2(D) 2 CH3
141 A3(G) Ar2(E) 1 CH3
142 A3(G) A12(E) 2 CH3
143 A3(G) A2(F) 1 CH3
144 A3(G) A2(F) 2 CH3
145 A3(G) A12(A) 1 Ph
146 A3(G) Ar2(A) 2 Ph
147 A3(G) Ar2(B) 1 Ph
148 A3(G) Ar2(B) 2 Ph
149 A3(G) Ar2(C) 1 Ph
150 A3(G) Ar2(C) 2 Ph
151 A3(G) A2(D) 1 Ph
152 A3(G) A2(D) 2 Ph
153 A3(G) A12(E) 1 Ph
154 A3(G) Ar2(E) 2 Ph
155 A3(G) Ar2(F) 1 Ph
156 A3(G) Ar2(F) 2 Ph
[0039] The compounds according to the invention can be

synthesised by a sequence of transition metal-catalysed cou-
pling reactions. A coupling reaction which has proven par-
ticularly successful is the Suzuki coupling of arylboronic acid
derivatives, for example arylboronic acids or arylboronic acid
esters, and aromatic halides, in particular with palladium
catalysis. The typical reaction conditions for the Suzuki cou-
pling are known to the person skilled in the art. It is likewise
known to the person skilled in the art that suitable halides are,
in particular, the bromides and iodides, but that other leaving
groups, such as, for example, tosylate, triflate or sulfonates in
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general, can also be used. Thus, for example, it is possible to
synthesise a diboronic acid derivative of the central aromatic
unit Ar?, which is coupled to an optionally substituted 9-ha-
loanthracene in a Suzuki coupling. In a further step, the
anthracene can be halogenated, for example brominated
using NBS, in the 10-position. The halogenated compound
can be coupled in a further step to a boronic acid derivative of
the group Ar' in a Suzuki coupling to give the compound of
the formula (1), or of the formula (3) or formula (4). Con-
versely, it is likewise possible firstly to couple a boronic acid
derivative of the group Ar* to an optionally substituted 9-ha-
loanthracene in a Suzuki coupling, which can be halogenated
in a further step in the 10-position, for example using NBS.
The halogenated compound can be coupled in a further step to
a diboronic acid derivative of the group Ar” in a Suzuki
coupling to give the compound of the formula (1), or of the
formula (3) or formula (4), or, after conversion into a boronic
acid derivative, can be coupled to a dihalide of the group Ar”.
These processes are independent of the precise structure of
the groups Ar" and Ar” and are used equally for aromatic and
heteroaromatic groups Ar', Ar* and Ar’. Instead of the Suzuki
coupling, other metal-catalysed coupling reactions are also
suitable, such as, for example, the Stille coupling, i.e. the
coupling of organotin compounds with palladium catalysis.
[0040] The invention furthermore relates to a process for
the synthesis of compounds of the formula (1), or of the
formula (3) or formula (4), characterised in that the bonds
between the anthracene and the groups Ar' or Ar® or Ar” are
formed by Suzuki coupling.

[0041] The compound of the following formula (11) is a
valuable intermediate for the synthesis of compounds of the
formula (1), or of the formula (3) or formula (4), by the
process described above.

[0042] The invention therefore furthermore relates to a
compound of the formula (11)

Formula (11)

| m

R, R,

whereY, identically or differently on each occurrence, stands
for chlorine, bromine, iodine or a group of the formula
0SO,R?, where R represents an organic group having 1 to 20
C atoms, in which, in addition, individual H atoms may be
replaced by fluorine, in particular for bromine, and the other
symbols and indices have the meaning given above.

[0043] Thecompounds ofthe formula (1), or of the formula
(3) or formula (4), are suitable for use in organic electronic
devices, in particular in organic electroluminescent devices.
[0044] The invention therefore furthermore relates to the
use of the compounds of the formula (1), or of the formula (3)
or formula (4), in organic electronic devices, in particular in
organic electroluminescent devices.
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[0045] The invention again furthermore relates to organic
electronic devices containing at least one compound of the
formula (1), or of the formula (3) or formula (4). The organic
electronic devices are preferably selected from organic elec-
troluminescent devices (OLEDs, PLEDs), organic field-ef-
fect transistors (O-FETs), organic thin-film transistors
(O-TFTs), organic light-emitting transistors (O-LETs),
organic integrated circuits (O-ICs), organic solar cells
(O-SCs), organic field-quench devices (O-FQDs), organic
photo receptors or organic laser diodes (O-lasers); particular
preference is given to organic electroluminescent devices
(OLEDs, PLEDs).

[0046] The organic electroluminescent device comprises
anode, cathode and at least one emitting layer and may also
comprise further layers. These may be, for example: hole-
injection layer, hole-transport layer, electron-transport layer,
electron-injection layer and/or a charge-generation layer (T.
Matsumoto et al., Multiphoton Organic EL Device Having
Charge Generation Layer, IDMC 2003, Taiwan; Session 21
OLED (5)). The materials in these layers may also be doped.
However, each of these layers does not necessarily have to be
present. Suitable hole-transport materials are, for example,
aromatic amines, as usually used in accordance with the prior
art, which may also be p-doped. Suitable electron-transport
materials are, for example, metal chelate complexes, for
example AlQ,, compounds based on electron-deficient het-
erocycles, for example triazine derivatives, compounds con-
taining aromatic carbonyls or phosphine oxides, as described,
for example, in WO 05/084081 and WO 05/084082, or also
further electron-transport materials in accordance with the
prior art, which may each also be n-doped. Suitable electron-
injection materials are, in particular, fluorides and oxides of
the alkali and alkaline-earth metals, for example NaF, BaF',,
CaF,, LiF or Li,O.

[0047] The compound of the formula (1), or of the formula
(3) or formula (4), is preferably employed in an emitting
layer. It is preferably employed here as host material together
with adopant. A host material is taken to mean the component
in a system comprising host and dopant (binary mixture)
which is present in the higher proportion in the system. In a
system comprising a host and a plurality of dopants (ternary
and higher mixtures), the host is taken to mean the component
whose proportion in the mixture is the highest. The com-
pound of the formula (1), or of the formula (3) or (4), is
particularly suitable here as host material for blue singlet
emitters, but also for green- or red-emitting compounds.
[0048] The proportion of the compound of the formula (1),
or of the formula (3) or formula (4), in the mixture is between
50.0 and 99.9% by weight, preferably between 80.0 and
99.5% by weight, particularly preferably between 90.0 and
99.0% by weight. The proportion of the dopant(s) in the
mixture is correspondingly between 0.1 and 50.0% by
weight, preferably between 0.5 and 20.0% by weight, par-
ticularly preferably between 1.0 and 10.0% by weight.
[0049] Preferred dopants are selected from the class of the
monostyrylamines, the distyrylamines, the tristyrylamines,
the tetrastyrylamines, the styrylphosphines, the styryl ethers
and the arylamines. A monostyrylamine 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 unsubstituted styryl groups and at least
one, preferably aromatic amine. A tristyrylamine is taken to
mean a compound which contains three substituted or unsub-
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stituted styryl groups and at least one, preferably aromatic
amine. A tetrastyrylamine is taken to mean a compound
which contains four substituted or unsubstituted styryl groups
and atleast one, preferably aromatic amine. The styryl groups
are particularly preferably stilbenes, which may also be fur-
ther substituted. Corresponding phosphines and ethers are
defined analogously to the amines. For the purposes of this
invention, an arylamine or an aromatic amine is taken to mean
acompound which contains three substituted or unsubstituted
aromatic or heteroaromatic ring systems bonded directly to
the nitrogen. At least one of these aromatic or heteroaromatic
ring systems is preferably a condensed ring system, prefer-
ably having at least 14 aromatic ring atoms. Examples thereof
are aromatic anthracenamines, aromatic anthracenediamines,
aromatic pyrenamines, aromatic pyrenediamines, aromatic
chrysenamines or aromatic chrysenediamines. An aromatic
anthracenamine is taken to mean a compound in which one
diarylamino group is bonded directly to an anthracene group,
preferably in the 9-position. An aromatic anthracenediamine
is taken to mean a compound in which two diarylamino
groups are bonded directly to an anthracene group, preferably
in the 9,10-position. Aromatic pyrenamines, pyrenediamines,
chrysenamines and chrysenediamines are defined analo-
gously thereto, where the diarylamino groups are preferably
bonded to the pyrene in the 1-position or in the 1,6-position.
Particularly preferred dopants are selected from the classes of
the tristilbenamines, the aromatic stilbenediamines, the
anthracenediamines, the pyrenediamines and the chrysenedi-
amines. Examples of dopants of this type are substituted or
unsubstituted tristilbenamines or the dopants described in
WO 06/000388, WO 06/058737 and WO 06/000389.

[0050] Preference is furthermore given to organic elec-
troluminescent devices, characterised in that a plurality of
emitting layers are used, where at least one of these layers
comprises at least one compound of the formula (1), or of the
formula (3) or formula (4). These emission layers particularly
preferably have in total a plurality of emission maxima
between 380 nm and 750 nm, resulting overall in white emis-
sion, i.e. atleast one further emitting compound which is able
to fluoresce or phosphoresce is used in the further emitting
layer(s). Particular preference is given to three-layer systems,
where the three layers exhibit blue, green and orange or red
emission (for the basic structure see, for example, WO
05/011013).

[0051] Apart from the compound of the formula (1), or of
the formula (3) or formula (4), and the dopant(s), further
substances, for example hole- or electron-transport materials,
may also be present in the emitting layer.

[0052] In a further embodiment of the invention, the com-
pounds of the formula (1), or of the formula (3) or (4), are
employed as emitting materials, in particular as blue- or
green-emitting materials. The proportion of the compound of
the formula (1), or of the formula (3) or (4), in the mixture of
the emitting layer is then between 0.1 and 50.0% by weight,
preferably between 0.5 and 20.0% by weight, particularly
preferably between 1.0 and 10.0% by weight. Correspond-
ingly, the proportion of the host material is between 50.0 and
99.9% by weight, preferably between 80.0 and 99.5% by
weight, particularly preferably between 90.0 and 99.0% by
weight. Suitable host materials for this purpose are materials
from various classes of substance. Preferred host materials
are selected from the classes of the oligoarylenes (for
example 2,2',7,7'-tetraphenylspirobifluorene in accordance
with EP 676461 or dinaphthylanthracene), in particular the
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oligoarylenes containing condensed aromatic groups, the oli-
goarylenevinylenes (for example DPVBI or spiro-DPVBi in
accordance with EP 676461), the polypodal metal complexes
(for example in accordance with WO 04/081017), the hole-
conducting compounds (for example in accordance with WO
04/058911), the electron-conducting compounds, in particu-
lar ketones, phosphine oxides, sulfoxides, etc. (for example in
accordance with WO 05/084081 and WO 05/084082), the
atropisomers (for example in accordance with WO
06/048268) or the boronic acid derivatives (for example in
accordance with WO 06/117052). Suitable host materials are
furthermore also the compounds according to the invention
described above Apart from the compounds according to the
invention, particularly preferred host materials are selected
from the classes of the oligoarylenes containing naphthalene,
anthracene and/or pyrene or atropisomers of these com-
pounds, the oligoarylenevinylenes, the ketones, the phos-
phine oxides and the sulfoxides. Apart from the compounds
according to the invention, very particularly preferred host
materials are selected from the classes of the oligoarvlenes
containing anthracene and/or pyrene or atropisomers of these
compounds, the phosphine oxides and the sulfoxides. For the
purposes of this invention, an oligoarylene is intended to be
taken to mean a compound in which at least three aryl or
arylene groups are bonded to one another.

[0053] In still another embodiment of the invention, the
compounds of the formula (1), or of the formula (3) or (4), are
employed as electron-transport material. It is preferred here
for one or more groups Ar' or Ar* or Ar® to contain at least one
electron-deficient heterocyclic compound, for example nitro-
gen heterocycles, such as pyridine, pyrimidine, quinoline,
etc. It may furthermore be preferred for the compound to be
doped with electron-donor compounds.

[0054] The organic electroluminescent device can be pro-
duced by application of one or more layers by a sublimation
process, where the materials are vapour-deposited in vacuum
sublimation units at a pressure below 10~ mbar, preferably
below 10~% mbar, particularly preferably below 10~7 mbar.
[0055] The production can furthermore be carried out by
application of one or more layers by means of the OVPD
(organic vapour phase deposition) process or with the aid of
carrier-gas sublimation, where the materials are applied at a
pressure between 10> mbar and 1 bar.

[0056] The production can furthermore be carried out by
application of one or more layers from solution, such as, for
example, by spin coating, or by means of any desired printing
process, such as, for example, screen printing, flexographic
printing or offset printing, but preferably LITI (light induced
thermal imaging, thermal transfer printing) or ink-jet print-
ing. Soluble compounds of the formula (1), or of the formula
(3) or formula (4), are necessary for this purpose. High solu-
bility can be achieved either through suitable substitution of
the compounds or also through the choice of suitable atropi-
somers.

[0057] Theinvention therefore furthermore relates to a pro-
cess for the production of organic electroluminescent
devices, characterised in that at least one compound of the
formula (1), or of the formula (3) or formula (4), optionally
together with a dopant and/or other compounds, is applied by
a sublimation process or from solution, for example by a
printing process.

[0058] The organic electroluminescent devices according
to the invention have the following surprising advantages
over the prior art:
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[0059] 1. The stability of the devices becomes higher
compared with systems in accordance with the prior art,
which is evident, in particular, from a significantly
longer lifetime.

[0060] 2. The organic electroluminescent devices have
significantly higher efficiency, in particular in the case of
blue luminescence, compared with systems in accor-
dance with the prior art.

[0061] 3. The compounds according to the invention
have a high glass-transition temperature and a low crys-
tallisation tendency and are therefore particularly suit-
able for use in organic electroluminescent devices.

[0062] The present application text and also the examples
following below are directed to the use of mixtures according
to the invention in relation to OLEDs and the corresponding
displays. In spite of this restriction of the description, it is
possible for the person skilled in the art, without inventive
step, also to use the compounds according to the invention for
the further electronic devices mentioned above.

[0063] The invention is explained in greater detail by the
following examples without wishing it to be restricted
thereby.

EXAMPLES

[0064] The following syntheses are carried out under a
protective-gas atmosphere, unless indicated otherwise. The
starting materials can be purchased from ALDRICH or
ABCR or prepared by syntheses known from the literature.

Example 1
Preparation of 1,4-bis[9-(2-naphthyl)]-10-anthryl-
naphthalene
[0065] a) Naphthalene-1,4-diboronic acid ethylene glycol
ester
o] O
B B
/ \
O O O
[0066] A Grignard solution, prepared from 223.5 g (780

mmol) of dibromonaphthalene and 41.5 g (1.6 mol) of mag-
nesium in 1500 ml of dried THF, is added dropwise at-75° C.
to 260 ml (2.34 mol) of trimethyl borate in 500 ml of THF, the
mixture is stirred at =50° C. for 1 h, then warmed to RT,
hydrolysed using 500 ml of water and 50 ml of conc. acetic
acid and worked up by extraction. The residue obtained after
removal of the solvent is boiled with 110 ml (1.6 mol) of
ethylene glycol in 1000 ml of toluene on a water separator, the
solvent is removed, and the residue is recrystallised from
ethyl acetate/heptane, leaving 157.1 g (75%) of the diester as
a pale-yellow, crystalline solid.
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b) Preparation of 1,4-bis(9-anthryl)naphthalene

[0067] 22.8 g (90 mmol) of 9-bromoanthracene and 11.9 g
(45 mmol) of naphthalene-1,4-diboronic acid ethylene glycol
ester are initially introduced in 550 ml of dimethoxyethane
and 140 ml of ethanol, 440 ml of 2 M Na,CO, solution are
added, and the mixture is saturated with nitrogen. 3.2 g (10.7
mmol) of tris-ortho-tolylphosphine and 400 mg (1.8 mmol) of
palladium(II) acetate are subsequently added, and the mix-
ture is heated at the boil for 48 h. When the reaction is
complete, 400 ml of water are added, the solid is filtered off
with suction, washed repeatedly with water and EtOH and
dried in vacuo. Filtration and recrystallisation from 1,4-diox-
ane gives a colourless solid (18.4 g, 87%).

c) Preparation of 1,4-bis[(10-(9-bromoanthryl)|naphthalene

BrBr

11
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[0068] 9.1 g (18.9 mmol) of 1,4-bis(9-anthryl)naphthalene
are suspended in 150 ml of dichloromethane, 7.1 g of NBS are
added, and the resultant suspension is stirred at RT for 24 h.
The reaction mixture is evaporated in a rotary evaporator,
washed by boiling in EtOH/H,O (1:1) and subsequently
recrystallised from dioxane, giving 11.2 g (93%) of a pale-
yellow solid having a purity of >98% (RP-HPLC).

d) Preparation of 1,4-bis[9-(2-naphthyl)-10-anthryl |naphtha-
lene

A ORR
OH -
aiale

[0069] 30.0 g (44.4 mmol) of 1,4-bis[(10-(9-bromoan-
thryl)|naphthalene, 19.1 g (110.9 mmol) of naphthalene-2-
boronic acid, 4.4 g (3.84 mmol) of palladium tetrakistriph-
enylphosphine and 440 ml of 2 M Na,CO; solution are
suspended in 550 ml of dimethoxyethane and 140 ml of
ethanol and heated at the boil for 48 h. The solid is filtered off,
washed with water and ethanol, dissolved in chloroform and
filtered. Subsequent recrystallisation from toluene and subli-
mation gives a pale-yellow solid which has a purity of >99.
9% (determined by RP-HPLC). Yield: 20 g (68%). T ;=195°
C.

Examples 2-14

[0070] The following compounds are prepared analogously
to Example 1 in the stated yields with a purity of 99.9%
according to RP-HPLC starting from the boronic acids men-
tioned by coupling to the dibromide prepared in 1c¢) by the
process described in 1d).

Boronic acid
coupling analo-

Ex. gously to 1c)

Product Yield

2 HO\ /OH
B“
3 OH

I
B
Ho”

81%*

73%
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-continued
Borenic acid
coupling analo-
Ex. gously to 1c) Product Yield
4 OH 55%%*
HO—B

81%*

66%

60%

79%
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-continued
Boronic acid
coupling analo-

Ex. gously to 1¢) Product Yield

9 65%
10 1%
11 68%
12 47%
13 43%
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Borenic acid
coupling analo-
Ex. gously to 1¢) Product Yield
14 N 58%
| N
HO
\]l3 Z
OH

* Atropisomer mixture, purity including all isomers

Example 15

Preparation of 4,4'-bis| 9-(2-naphthyl)]-10-anthryl-1,
1'-dinaphthalene

[0071] a)Preparation of4,4'-bis(9-anthryl)-1,1'-dinaphtha-

lene

[0072] 22.8 g (90 mmol) of 9-bromoanthracene and 17.7 g
(45 mmol) of 1,1'-binaphthyl-4,4'-diboronic acid ethylene
glycol ester are initially introduced in 500 ml of toluene and
100 ml of dioxane, 500 m] of 2 M Na,COj solution are added,
and the mixture is saturated with nitrogen. 3.2 g (10.7 mmol)
of tris-ortho-tolylphosphine and 400 mg (1.8 mmol) of pal-
ladium(IT) acetate are subsequently added, and the mixture is
heated at the boil for 12 h. When the reaction is complete, 500
ml of water are added, the solid is filtered off with suction,

washed repeatedly with water and EtOH and dried in vacuo.
Filtration and recrystallisation from 1,4-dioxane gives a
colourless solid (42.6 g, 78%).

b) Preparation of 4,4'-bis[(10-(9-bromoanthryl)]-1,1'-di-
naphthalene

O Q O Br

[0073] 19.7 g(50 mmol) of 4,4'-bis(9-anthryl)-1,1"-dinaph-
thalene are suspended in 500 ml of dichloromethane, 18.7 g
(105 mmol) of NBS are added, and the resultant suspension is
stirred at RT for 18 h. The reaction mixture is evaporated in a
rotary evaporator, washed by boiling in 500 ml of EtOH/H,O
(1:1) and subsequently recrystallised from dioxane, giving
36.7 g (96%) of a pale-yellow solid having a purity of >98%
(RP-HPLC).

¢) Preparation of 4,4'-bis[9-(2-naphthyl)-10-anthryl]-1,1'-di-
naphthalene
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[0074] 30.6 g (40 mmol) of 1,4-bis[(10-(9-bromoanthryl)]
naphthalene and 17.2 g (100 mmol) of naphthalene-2-boronic
acid are initially introduced in 500 ml of toluene and 100 ml
of dioxane, 500 ml of 2 M Na,CQO; solutionare added, and the
mixture is saturated with nitrogen. 3.2 g (10.7 mmol) of
tris-ortho-tolylphosphine and 400 mg (1.8 mmol) of palla-
dium(IT) acetate are subsequently added, and the mixture is
heated at the boil for 12 h. The solid is filtered oft, washed
with water and ethanol, dissolved in chloroform and filtered.
Subsequent recrystallisation from toluene and sublimation

Dec. 11, 2008

gives a pale-yellow solid which has a purity of >99.9% (deter-
mined by RP-HPLC). Yield: 24.4 g (71%). Tz=244° C.

Examples 16-28

[0075] The following compounds are prepared analogously
to Example 15 in the stated yields with a purity of 99.9%
according to RP-HPLC starting from the boronic acids men-
tioned by coupling to the dibromide prepared in 15b) by the
process described in 15¢).

Boronic acid
coupling analo-
Ex. gous to 15¢)

Product Yield

16 H

[0) OH
~ B/

18 OH

20

80%

54%*
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-continued

Borenic acid

coupling analo-

Yield

Product

gous to 15c¢)

Ex.

21

@]
=

22

23

24

25

26
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-continued
Borenic acid
coupling analo-
Ex. gous to 15¢) Product Yield
27
HO\ /OH
B
A
Z
N
28 N
| =
HO_ P
!
OH

* Atropisomer mixture, purity including all isomers

Examples 29-40 tioned by coupling by the process described in 15a), subse-

quent bromination by the process described in 15b) and sub-

[0076] The following compounds are prepared analogously sequent re-coupling to  quinoline-3-, pyridine-4-,
to Example 15 in the stated yields with a purity of 99.9% benzothiophene-2- or benzofuran-2-boronic acid by the pro-

according to RP-HPLC starting from the boronic acids men- cess described in 15¢).
Boronic acid
coupling analo-
Ex. gous to 15a) Product Yield
o
29 HO\ /OH 70%
B
B
HO/ \OH
0,
30 HO\ /OH 69%
B
B




US 2008/0303423 Al Dec. 11, 2008

-continued
Boronic acid
coupling analo-
Ex. gous to 15a) Product Yield
LA

31 HO\ /OH O 48%

B
32 O 52%
33 O 64%
34 83%
35 HO 78%

HO
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-continued

Boronic acid
coupling analo-
Ex. gous to 15a) Product Yield

36 HO OH
\ /
B B
/ \
HO OH
HO—
OH

65%

37 OH 66%

/
H
B_
/
HO
HO H
~p”
B
o~ on

H

38 O 54%

39 43%

23%
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Example 41
Production of OLEDs

[0077] OLED:s are produced by a general process in accor-
dance with WO 04/058911, which is adapted in individual
cases to the respective circumstances (for example layer-
thickness variation in order to achieve optimum efficiency or
colour).

[0078] In Examples 42 to 63 below, the results for various
OLEDs are presented. Glass plates coated with structured
ITO (indium tin oxide) form the substrates of the OLEDs. For
improved processing, PEDOT (applied by spin coating from
water; purchased from H. C. Starck, Goslar, Germany; poly-
(3,4-ethylenedioxy-2,5-thiophene)) is applied to the sub-
strate. The OLEDs consist of the following layer sequence:
substrate/PEDOT 20 nm/hole-injection layer (HIL) compris-
ing hole-injection material HIL, 20 nm/hole-transport layer
(HTM) 20 nm/emission layer (EML) 30 nm/electron-trans-
port layer (ETM) 20 nm and finally a cathode. The materials
apart from PEDOT are vapour-deposited thermally in a
vacuum chamber.

Dec. 11, 2008

[0079] The emission layer here always consists of a matrix
material (host) and a dopant, which is admixed with the host
by co-evaporation. The cathode is formed by a 1 nm thin LiF
layer and a 150 nm Al layer deposited on top. Table 3 shows
the chemical structures of the materials used to build up the
OLEDs.

[0080] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
efficiency (measured in cd/A), the power efficiency (mea-
sured in Im/W) as a function of the luminance, calculated
from current/voltage/luminance characteristic lines (IUL
characteristic lines), and the lifetime are determined. The
lifetime is defined as the time after which the initial lumi-
nance has dropped from 2000 cd/m? to half.

[0081] Table 4 shows the results for some OLEDs (Ex-
amples 42 to 63). The host materials according to the inven-
tion were the compounds from Examples 1, 6, 10, 13, 14, 16,
19, 35, 37 and 40. The comparative examples used are hosts
H1 and H2 in accordance with the prior art.

TABLE 3

HIL1

OO

HTM1
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TABLE 3-continued

HTM2

9
SUSAGNS
0 O
0 O

ETM1

ETM2

AN/
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TABLE 3-continued

Host H1

/

\_/
J
9

O
8

/ _\
]
9

Host H2

Dopant D1
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TABLE 3-continued

Dopant D2
N
AN
Dopant D3

Dopant D4
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TABLE 4
Max. effi-
ciency Voltage (V) at Lifetime at
Example HTM  EML ETM (cd/A) 1000 cd/m?  CIE 2000 ed/m? (h)
4 HTM1 Hl1 + 5% of D1 ETM1 10.9 58 x=0.17/y =0.33 3200
(comparison)
43 HTM1 H2 +5% of D1 ETM1 11.2 57 x=0.17/y =0.33 2500
(comparison)
44 HTM1  H1 +5% of D2 ETM1 3.6 63 x=0.15/y =0.13 700
(comparison)
45 HTM2  H2 +5%of D2 ETM1 3.2 65 x=0.15/y=0.17 300
(comparison)
46 HTM2  H1 +5% of D3 ETM2 204 54 x=0.31/y =0.63 7300
(comparison)
47 HTM2  H1 + 5% of D4 ETM2 19.7 53 x=0.28/y = 0.60 8500
(comparison)
48 HTM1 Ex. 1+3%o0fDl  ETMI1 12.3 55 x=0.17/y =0.33 5100
49 HTM1 Ex. 6+3%o0fDl  ETMI1 13. 57 x=0.17/y=0.33 5800
50 HTM1 Ex. 16+5%0of D1 ETMI1 11.0 5.1 x=0.17/y=0.33 4900
51 HTM1 Ex. 1+3%o0fD2  ETMI1 4.1 55 x=0.15/y =0.15 2100
52 HTM1 Ex. 6+3%o0fD2  ETMI1 4.2 57 x=0.15/y = 0.14 2500
53 HTM1 Ex. 19+ 5% 0of D2 ETMI1 45 5.6 x=0.15/y=0.12 2800
54 HTM2  Ex. 10+ 5% 0f D3 ETM2 24.4 58 x=0.30/y = 0.63 7000
55 HTM2  Ex. 14+ 5% of D3 ETM2 21.6 55 x=0.30/y = 0.63 8100
56 HTM2  Ex. 16+ 5% of D3 ETM2 21.3 5.6 x=0.31/y=0.63 8800
57 HTM2  Ex.35+35%of D4 ETM2 23. 5.1 x=0.28/y = 0.60 9000
58 HTM2  Ex.37+3%of D4 ETM2 26.1 52 % =0.29/y = 0.59 8700
59 HTM2  Ex. 40+ 5% of D4 ETM2 19.7 53 x=0.28/y = 0.59 9300
60 HTM2 Ex. 6+5%o0fD4  ETM2 24.3 50 x=0.31/y =0.61 9100
61 HTM2 Ex. 6+3%o0fD4  Ex. 14 26.4 52 x=0.31/y=0.62 10300
62 HTM2 EBx. 6+3%o0fD4  Ex.37 25.1 5.1 % =0.30/y = 0.61 11000
63 HTM2  Ex. 6+5%o0fD4  Ex. 40 24.6 5.1 x=0.30/y = 0.62 10800
1-18. (canceled) wherein X, identically or differently on each occurrence,
19. A compound of formula (1) isCR! orN, oris, if at least one group Ar' is a heteroaro-
matic ring system, identically or differently on each
Formula (1) occurrence, an aryl or heteroaryl group having 5 to 20

Ar!

[1|11]n
wherein
Ar' is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms optionally substituted by one or
more radicals R*;
Ar?is, ifbothgroups Ar* are aromatic ring systems, a group
of formula (2)

Formula (2)

X=X
R \ / -
X
N7
X—X

aromatic ring atoms optionally substituted by one or
more radicals R*;

R! is, identically or differently on each occurrence, H, F,
Cl, Br, I, CN, NO,, N(R?),, a straight-chain alkyl,
alkoxy, or thioalkoxy group having up to 40 C atoms
optionally substituted by one or more radicals R,
wherein one or more non-adjacent CH, groups are
optionally replaced by —R*C—=CR*—, —C=C—,
Ge(R?),, Sn(R?), (=0, C=S, C=Se, C=NR?,
—0—, —S—, —NR?*—, or —CONR*>—, and
wherein one or more H atoms are optionally replaced by
F, Cl, Br, I, CN, or NO,; a branched or cyclic alkyl,
alkoxy, or thioalkoxy group having 3 to 40 C atoms
optionally substituted by one or more radicals R,
wherein one or more non-adjacent CH, groups are
optionally replaced by —R*C=CR*—, —C=C—,
Ge(R?),, Sn(R?),, C=0, C=S, C=Se, C=NR?
—0—, —S—, —N(R*)—, or —CONR*—, and
wherein one or more H atoms are optionally replaced by
F, Cl, Br, I, CN, or NO,; an aryl or heteroaryl group
having 5 to 30 aromatic ring atoms optionally substi-
tuted by one or more radicals R?, or an aryloxy or het-
eroaryloxy group having 5 to 24 aromatic ring atoms
optionally substituted by one or more radicals R?; or a
combination of two, three, four, or five of these systems;
and wherein two or more adjacent substituents R'
optionally define a mono- or polycyclic, aliphatic ring
system with one another;

R? is, identically or differently on each occurrence, H or a
hydrocarbon radical having up to 20 C atoms, wherein
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said radical is aliphatic, aromatic or a combination of
aliphatic and aromatic, and wherein one or more H
atoms are optionally replaced by F; and wherein two or
more radicals R? optionally define a mono- or polycy-
clic, aliphatic or aromatic ring system with one another;

nis, identically or differently on each occurrence, 0,1, 2,3,
or4;

mis 1,2, 3,4,or5.

20. The compound of claim 19 having formula (3)

Formula (3)

21. The compound of claim 19, wherein said group of
formula (2) is selected from the group consisting of formulae

(5). (6), (7). (8), (9), and (10):

Formula (5)

Formula (6)

Formula (7)
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-continued
Formula (8)
Formula (9)
R! R!
Formula (10)

22. The compound of claim 19, wherein Ar" s, identically
or differently on each occurrence, an aromatic or heteroaro-
matic ring system having 9 to 25 ring atoms optionally sub-
stituted by one or more radicals R*.

23. The compound of claim 22, wherein Ar" is, identically
or differently on each occurrence, a condensed aryl or het-
eroaryl group having 10 to 16 aromatic ring atoms or an
optionally bridged biaryl group, each of which is optionally
substituted by one or more radicals R*.

24. The compound of claim 19 having formula (4)

Formula (4)

wherein
Ar® is, identically or differently on each occurrence, a
heteroaromatic ring system having 5 to 30 aromatic ring
atoms optionally substituted by one or more radicalsR*.
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25. The compound of claim 24, wherein Ar® is, identically Ar?is, ifboth groups Ar* are aromatic ring systems, a group
or differently on each occurrence, a heteroaromatic ring sys- of formula (2)
tem having 5 to 20 aromatic ring atoms optionally substituted
by one or more radicals R*.

26. The compound of claim 25, wherein Ar” is, identically X—X Formula (2)
or differently on each occurrence, a heteroaryl group having
5 to 14 aromatic ring atoms optionally substituted by one or \ /
more radicals R'.

27. The compound of claim 24, wherein Ar” is, identically ¥ X
or differently on each occurrence, an aryl or heteroaryl group N/
having 5 to 14 aromatic ring atoms optionally substituted by X—X
one or more radicals R*.

28. The compound of claim 24, wherein Ar? is, identically wherein X, identically or differently on each occurrence,
or differently on each occurrence, 1,4-naphthvlene, 1,5-naph- is CR* or N, or s, if at least one group Ar is a heteroaro-
thylene, 2,6-naphthylene, 1,2-phenylene, 1,3-phenylene, 1,4- matic ring system, identically or differently on each
phenylene, or 2,7-phenanthrenylene. occurrence, an aryl or heteroaryl group having 5 to 20

29. The compound of claim 19, wherein R" is, identically aromatic ring atoms optionally substituted by one or
or differently on each occurrence, H, F, a straight-chain alkyl more radicals R';
or a]koxy group having up to 6 C atoms, wherein one or more R! iS, identical]y or differently on each occurrence, H, F,
CH, groups are optionally replaced by —R*C—CR*—, Cl, Br, I, CN, NO,, N(R?),, a straight-chain alkyl,
—0O—, —S—, or —N(R*)— and wherein one or more H alkoxy, or thioalkoxy group having up to 40 C atoms
atoms are optionally replaced by F; a branched or cyclic alkyl optionally substituted by one or more radicals R?,
or alkoxy group having 3 to 10 C atoms, wherein one or more wherein one or more non-adjacent CH, groups are
CH, groups are optionally replaced by —R*C=CR*—, optionally replaced by —R*C—=CR*>—, —C=C—,
—O—, —S—, or —N(R?*)— and wherein one or more H Ge(R%),, Sn(R?), C—=0, C=S, C=Se, C—=NR’,
atoms are optionally replaced by F; or an aryl or heteroaryl —0—, —S$—, —NR*—, or —CONR*>—, and
group having 5 to 14 aromatic ring atoms; or a combination of wherein one or more H atoms are optionally replaced by
two or three of these systems; and wherein two or more F, Cl, Br, I, CN, or NO,; a branched or cyclic alkyl,
radicals R* optionally define a mono- or polycyelic, aliphatic alkoxy, or thioalkoxy group having 3 to 40 C atoms
ring system with one another. optionally substituted by one or more radicals RZ,

30. The compound of claim 19, whereinn is 0, 1 or 2. wherein one or more non-adjacent CH, groups are

: 2 2 .
31. The compound of claim 19, whereinnis 0 or 1. gg(‘gi}y Srrf(pfgid gL(IRCC:?Ié;Se,ACZzSIE:

32. The compound of claim 19, wherein m is 1, 2, or 3. 0, —S, NR>»—, or —CONR>—, and

33. The compound of claim 19, wherein m is 1 or 2. wherein one or more H atoms are optionally replaced by

34. The compound of claim 19, wherein the two groupsAr1 F, Cl, Br, I, CN, or NO,; an aryl or heteroaryl group
are identical and identically substituted or the two groups Ar’ having 5 to 30 aromatic ring atoms optionally substi-
are identical and identically substituted. tuted by one or more radicals R?, or an aryloxy or het-

35. A process for preparing the compound of claim 19, eroaryloxy group having 5 to 24 aromatic ring atoms
comprising forming the bonds between the anthracene and optionally substituted by one or more radicals R*; or a
the groups Ar' or Ar® or Ar® via Suzuki coupling. combination of two, three, four, or five of these systems;

36. A compound of formula (11) and wherein two or more adjacent substituents R'

optionally define a mono- or polycyclic, aliphatic ring
system with one another;

Formula (11) R? is, identically or differently on each occurrence, H or a
hydrocarbon radical having up to 20 C atoms, wherein
said radical is aliphatic, aromatic or a combination of
aliphatic and aromatic, and wherein one or more H
atoms are optionally replaced by F; and wherein two or
more radicals R? opticnally define a mono- or polycy-
clic, aliphatic or aromatic ring system with one another;

nis, identically or differently on each occurrence, 0, 1, 2, 3,
or 4;

misl,2, 3,4, or5;

Y is, identically or differently on each occurrence, chlo-
rine, bromine, iodine, or a group of the formula
0SO,R?, in particular bromine; and

R? is an organic group having 1 to 20 C atoms, in which, in
addition, individual H atoms may be replaced by fluo-

wherein rine.
Ar' is, identically or differently on each occurrence, an 37. An organic electroluminescent device comprising the
aromatic or heteroaromatic ring system having 5 to 30 compound of claim 19,
aromatic ring atoms optionally substituted by one or 38. An organic electronic device comprising the compound

more radicals R'; of claim 19, wherein said device is selected from the group
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consisting of organic electroluminescent devices, organic
field-effect transistors, organic thin-film transistors, organic
light-emitting transistors, organic integrated circuits, organic
solar cells, organic field-quench devices, organic photo
receptors, and organic laser diodes.

39. The organic electroluminescent device of claim 38,
wherein said device comprising an anode, a cathode, at least
oneemitting layer, and optionally further layers selected from
the group consisting of hole-injection layers, hole-transport
layers, electron-transport layers, electron-injection layers,
charge-generation layers, and combinations thereof.

Dec. 11, 2008

40. The organic electroluminescent device of claim 38,
wherein said compound of claim 19 is employed as host
material together with a dopant or is employed as an emitter
or as an electron-transport compound.

41. A process for producing the organic electroluminescent
device of claim 38, comprising applying at least one com-
pound of claim 19, optionally together with a dopant and/or
other compounds, via a sublimation process or from solution
or by a printing process.

% ok ok sk ok
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