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MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

[0001] The present invention relates to novel anthracene
derivatives, to the use thereof in organic electroluminescent
devices, and to organic electroluminescent devices compris-
ing these compounds.

[0002] Organic semiconductors are used as functional
materials in a number of different applications which can be
ascribed to the electronics industry in the broadest sense. The
general structure of organic electroluminescent devices
which are capable of the emission of light in the visible
spectral region 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 efficiency, colour and lifetime of the organic
electroluminescent devices are still inadequate for high-
quality applications.

[0005] 2. The compounds used frequently do not have a
sufficiently high glass-transition temperature.

[0006] 3. The redox stability (stability to holes and elec-
trons) of the compounds used to date is still inadequate.

[0007] 4.Thecharge-carrier mobility, in particular the elec-
tron mobility, is inadequate.

[0008] 5. The operating voltage should be reduced still
further, in particular for mobile applications.

[0009] The closest prior art which may be mentioned is the
use of various condensed aromatic compounds, in particular
anthracene or pyrene derivatives, as host materials, in particu-
lar for blue-emitting electroluminescent devices. 9,10-Bis(2-
naphthyl)anthracene is known as host material in accordance
with the prior art (US. Pat. No. 5,935,721). Further
anthracene derivatives which are suitable as host materials are
described in WO 01/076323, in WO 01/021729, in WO
04/013073, in WO 04/018588, in WO 03/087023 or in WO
04/018587. Host materials based on aryl-substituted pyrenes
and chrysenes are described in WO 04/016575. WO
03/095445 and CN 1362464 describe 9,10-bis(1-naphthyl)
anthracene derivatives for use in OLEDs.

[0010] The object of the present invention was to provide
compounds having improved properties, in particular
improved host materials.

[0011] Surprisingly, it has been found that organic elec-
troluminescent devices which comprise anthracene deriva-
tives which are substituted in the 9,10-position by ortho-
substituted phenyl groups and which are furthermore
substituted in the 2,6-position by aryl or heteroaryl groups
have significant improvements compared with the prior art.
The present invention therefore relates to these compounds
and to the use thereof in OLEDs.

[0012] WO 03/060956 and WO 05/097756 disclose
anthracene derivatives which are substituted in the 9,10-po-
sition by ortho-biphenyl and which are furthermore substi-
tuted in the 2,6-position by aryl groups which contain benz-
imidazole. The positive effect of these compounds is
attributed to the presence of the benzimidazole groups.
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[0013]
)

The invention relates to compounds of the formula

Formula (1)

where the following applies to the symbols and indices used:

[0014] Ar is on each occurrence, identically or differently,
an aromatic or heteroaromatic ring system having 6 to 30
aromatic ring atoms, which may be substituted by one or
more radicals R';

[0015] R, R! are, identically or differently on each occur-
rence, F, Cl, Br, I, CN, N(Ar"),, C(=0)Ar', P(Ar").,
P(—O)(ArY),, Si(R?),, NO,, a straight-chain alkyl, alkoxy
or thioalkoxy group having 1 to 40 C atoms or a branched
or cyclic alkyl, alkoxy or thioalkoxy group having 3 to 40
C atoms, each of which may be 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%),,
Ge(R?),, Sn(R?),, C=, C=S, C=S8e, C=NR? —O—,
—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
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which may be substituted by one or
more radicals R or an arvloxy or heteroaryloxy group
having 5 to 24 aromatic ring atoms, which may be substi-
tuted by one or more radicals R?, or a combination of two,
three, four or five of these systems; adjacent substituents R
and R' or adjacent substituents R' here may also form a
mono- or polycyclic, aliphatic ring system with one
another;

[0016] Ar'isoneachoccurrence, identically or differently,
an aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which may be substituted by one or
more non-aromatic radicals R'; two radicals Ar' here may
also be connected to one another by a single bond or an O,
S. N(R?) or C(R?), group;

[0017] R?is on each occurrence, identically or differently,
H or a hydrocarbon radical having 1 to 20 C atoms, which
may be aliphatic or aromatic or a combination of aliphatic
and aromatic and which may also be substituted by F; two
or more radicals R* here may also form a mono- or poly-
cyclic, aliphatic or aromatic ring system with one another;

[0018] nis,identically or differently on each occurrence, 0,
1,20r3;
[0019] pis,identically or differently on each occurrence, 0,

1,2,30r4;
with the proviso that the substituents Ar are not substituted or
unsubstituted benzimidazole and that no radicals R* which
contain substituted or unsubstituted benzimidazole are
bonded to the substituents Ar.
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[0020] For the purposes of this invention, an aryl group or
heteroaryl group is taken to mean an aromatic group or het-
eroaromatic group respectively having a common aromatic
n-electron system. For the purposes of this invention, this
may be a simple homo- or heterocycle, for example benzene,
pyridine, etc., or it may be a condensed aryl or heteroaryl
group 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 thus also a common aromatic n-elec-
tron system. These aryl or heteroaryl groups may be substi-
tuted or unsubstituted; any substituents present may likewise
form further ring systems. Thus, for example, systems such as
naphthalene, anthracene, phenanthrene, pyrene, etc., are to be
regarded as acyl groups and quinoline, acridine, ben-
zothiophene, carbazole, etc., are as heteroaryl groups for the
purposes of this invention, while, for example, biphenyl, fluo-
rene, spirobifluorene, etc., are not aryl groups since they
involve separate aromatic electron systems.

[0021] For the purposes of this invention, an aromatic ring
system contains 6 to 40 C atoms in the ring system. For the
purposes of this invention, a heteroaromatic ring system con-
tains 2 to 40 C atoms and at least one heteroatom in the ring
system, with the proviso that the total number of C atoms and
heteroatoms is at least 5. The heteroatoms are preferably
selected from N, O and/or S. These aromatic and heteroaro-
matic ring systems may be substituted or unsubstituted; any
substituents present may likewise form further ring systems.
For the purposes of this invention, an aromatic or heteroaro-
matic 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
(preferably less than 10% 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, 9,9-
diarylfluorene, triarylamine, diaryl ethers, etc., are also to be
regarded as aromatic ring systems for the purposes of this
invention. Part of the aromatic or heteroaromatic ring system
here may also be a condensed group.

[0022] For the purposes of this invention, a cyclic alkyl
group is taken to mean both monocyclic and bi- and polycy-
clic alkyl groups.

[0023] 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-buty],
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-
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, trifluoro-methoxy, ethoxy,
N-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy
or 2-methylbutoxy. An aromatic or heteroaromatic ring sys-
tem having 1 to 30 aromatic ring atoms, which may in each
case also be substituted by the above-mentioned radicals R*
and R* and which may be linked to the aromatic or heteroaro-
matic via any desired positions, is taken to mean, in particular,
groups derived from benzene, naphthalene, anthracene,
phenanthrene, pyrene, chrysene, perylene, fluoranthene, tet-
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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-oxa-
diazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiaz-
ole, 1,23-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, benzothiadiazole, triph-
enylamine, diphenylnaphthylamine,
dinaphthylphenylamine, diphenyl ether, stilbene and tolan.
[0024] Preferred embodiments of compounds of the for-
mula (1) are described below.

[0025] Preference is given to compounds of the formula (1)
in which the symbol Ar stands for an aryl or heteroaryl group
having 6to 16 aromatic ring atoms, which may be substituted
by R'. The symbol Ar particularly preferably stands for phe-
nyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 1-naphthyl, 2-naphthyl,
2-anthryl, 9-anthryl, 2-phenanthrenyl, 3-phenanthrenyl,
9-phenanthrenyl, 1-pyrenyl or 2-pyrenyl. The symbol Ar very
particularly preferably stands for phenyl, 1-naphthyl, 2-naph-
thyl or 9-anthryl.

[0026] Both compounds of the formula (1) in which the two
substituents Ar are selected identically and also compounds
of the formula (1) in which the substituents Ar are different
are in accordance with the invention. In a preferred embodi-
ment of the invention, the two symbols Ar are selected iden-

tically. Particular preference is therefore given to the com-
pounds of the formulae (2), (3), (4) and (5)

Formula (2)

il
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-continued

Formula (3)

Formula (4)

Formula (5)
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in which R, R*, n and p have the same meaning as described
above, and g stands for 0, 1,2,3,4 or 5

[0027] Inthe compounds of the formulae (1) and (2) to (5),
the phenyl groups in the 9- and 10-position on the anthracene
may have hindered rotation about the anthracene-phenyl
bond. For the purposes of this invention, hindered rotation is
taken to mean a rotation barrier of at least 80 kJ/mol prefer-
ably at least 100 kJ/mol, in particular at least 120 kJ/mol at
room temperature. This rotation barrier can be determined
experimentally by temperature-dependent NMR measure-
ments. If the compound of the formulae (1) and (2) to (5)
exhibits atropisomerism about one or more bonds, the corre-
sponding isolated or enriched atropisomers are in each case
also a subject-matter of the invention. This relates both to
enantiomers and also to diastereomers. Hindered rotation
about the anthracene-phenyl bond is achieved by sufficiently
large substituents R.

[0028] Preference is furthermore given to compounds of
the formulae (1) and (2) to (5) in which the symbol R stands
for Si(R?),, N(Ar'),, C(=0)Ar', P(—=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, 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*— or —O— and where one or
more H atoms may be replaced by F, or for an aryl or het-
eroaryl group having 5 to 16 aromatic ring atoms, which may
be substituted by one or more radicals R, or acombination of
two, three or four of these systems; adjacent substituents R
and R' here may also form a mono- or polycyclic, aliphatic
ring system with one another. R particularly preferably stands
for 8i(R?),, a straight-chain alkyl group having 1 to 4 C atoms
or a branched alkyl group having 3 to 5 C atoms, each of
which may be substituted by one or more radicals R*, where
one or more H atoms may be replaced by F, or for an aryl or
heteroaryl group having 6 to 14 aromatic ring atoms, which
may be substituted by one or more radicals R?, or a combi-
nation of two or three of these systems; adjacent substituents
R and R' here may also form a mono- or polycyclic, aliphatic
ring system with one another.

[0029] Both compounds of the formulae (1)and (2)to (5)in
which the two substituents R are selected identically and also
compounds of the formulae (1) and (2) to (5) in which the two
substituents R are different are in accordance with the inven-
tion. The two substituents R are preferably selected identi-
cally.

[0030] Preference is furthermore given to compounds of
the formulae (1) and (2) to (5) in which the symbol R,
identically or differently on each occurrence, stands for
Si(R?)3, F, N(ArY),, a straight-chain alkyl or alkoxy group
having 1 to 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*— or —O—
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, which may be substituted by one or more radicals
R?, or a combination of two or three of these systems; two or
more radicals R' here may also form a meno- or polycyclic,
aliphatic ring system with one another or with an adjacent
radical R. Particularly preferred radicals R* are selected from
the group consisting of Si(R*),, F, straight-chain alkyl groups
having 1 to 4 C atoms or branched alkyl groups having 3 to 5
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
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aromatic ring atoms, or a combination of two of these sys-
tems; two or more adjacent radicals R' here may also form a
mono- or polycyclic, aliphatic ring systen with one another
or with an adjacent radical R.

[0031] Ifone ofthe radicals R and/or R stands for a group

of the formula N(Ar"),, it preferably stands for a group of the
formula (6) or (7)

Formula (6)
R
,
-==-N X
R
Formula (7)
Ar
/
-=--N
\Arl

ey
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where R? has the above-mentioned meaning and furthermore:

[0032] X stands for a single bond, O, S, N(R?) or C(R?),;

[0033] Ar'is,identically or differently on each occurrence,
an aryl or heteroaryl group having 5 to 20 aromatic ring
atoms or a triarylamine group having 15 to 30 aromatic ring
atoms, each of which may be substituted by one or more
radicals R', preferably an aryl or heteroaryl group having 6
to 14 aromatic ring atoms ora triarylamine group having 18
to 26 aromatic ring atoms, each of which may be substi-
tuted by one or more non-aromatic radicals R*, particularly
preferably phenyl, o-tolyl, p-tolyl, o-fluorophenyl, p-fluo-
rophenyl, 1-naphthyl, 2-naphthyl, triphenylamine or naph-
thyldiphenylamine;

[0034] ris on each occurrence, identically or differently, O
or 1, preferably 0.

[0035] Preference is furthermore given to compounds of

the formulae (1) and (2) to (3) in which the index n stands for

0 or 1, particularly preferably for O.

[0036] Preference is furthermore given to compounds of

the formulae (1) and (2) to (5) in which the index p stands for

0, 1 or 2, particularly preferably for O or 1.

[0037] Preference is furthermore given to compounds of

the formula (2) in which the index q stands for 0, 1, 2 or 3,

particularly preferably for 0, 1 or 2, very particularly prefer-

ably for O or 1.

[0038] Preference is furthermore given to compounds of

the formula (1) whose molecular weight is between 500 and

2000 g/mol, particularly preferably between 600 and 1500

g/mol.

[0039] Examples of preferred compounds of the formula

(1) are compounds (1) to (50) depicted below.

@

@
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49)
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[0040] Table 1 below indicates further preferred structures
of the formula (1). The symbols and indices used in the table

relate to formula (8) depicted below:
Formula (8)

[0041]
(11):

Ar here stands for a group of the formula (9), (10) or

Formula (9)
RC

o
J%
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(50)
-continued
Formula (10)
Formula (11)

) O RC

where the dashed bond denotes the link to the anthracene unit.

[0042] Furthermore, the abbreviation N(p-Tol), in Table 1
stands for a bis(para-tolyl)amino group.
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TABLE 1-continued
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Preferred structures of the formula (8}

Preferred structures of the formula (8)

Ar Ar
No. Ar Re Rd Ra Rb No. Ar Re Rd Ra Rb
1 Phenyl H H Methyl H 71  Phenyl H tert-Butyl tert-Butyl N(p-Tol),
2 Phenyl H H Methyl Methyl 72 Phenyl H tert-Butyl tert-Butyl Phenyl
3 Phenyl H H Methyl tert-Butyl 73 Phenyl H tert-Butyl Si(Me); H
4 Phenyl H H Methyl Si(Me), 74 Phenyl H tert-Butyl  Si(Me);  Methyl
5 Phenyl H H Methyl N(p-Tol), 75  Phenyl H tert-Butyl  Si(Me);  tert-Butyl
6  Phenyl H H Methyl Phenyl 76  Phenyl H tert-Butyl  Si(Me);  Si(Me);
7 Phenyl H H tert-Butyl H 77 Phenyl H tert-Butyl  Si(Me);  N(p-Tol),
8  Phenyl H H tert-Butyl Methyl 78  Phenyl H tert-Butyl  Si(Me);  Phenyl
9 Phenyl H H tert-Butyl  tert-Butyl 79  Phenyl H tert-Butyl N(p-Tol), H
10 Phenyl H H tert-Butyl  Si(Me), 80  Phenyl H tert-Butyl N(p-Tol), Methyl
11 Phenyl H H tert-Butyl  N(p-Tol), 81  Phenyl H tert-Butyl  N(p-Tol), tert-Butyl
12 Phenyl H H tert-Butyl  Phenyl 82 Phenyl H tert-Butyl N(p-Tol), Si(Me);
13 Phenyl H H SiMe); H 83 Phenyl H tert-Butyl  N(p-Tol), N(p-Tol),
14 Phenyl H H Si(Me);  Methyl 84 Phenyl H tert-Butyl  N(p-Tol), Phenyl
15 Phenyl H H Si(Me);  tert-Butyl 85 Phenyl H tert-Butyl  Phenyl H
16 Phenyl H H SiMe);  Si(Me); 86 Phenyl H tert-Butyl  Phenyl Methyl
17 Phenyl H H SiMe);  N(p-Tol), 87  Phenyl H tert-Butyl  Phenyl tert-Butyl
18 Phenyl H H Si(Me);  Phenyl 88  Phenyl H tert-Butyl  Phenyl Si(Me);
19 Phenyl H H N(p-Tol), H 89 Phenyl H tert-Butyl  Phenyl N(p-Tol),
20 Phenyl H H N(p-Tol), Methyl 90  Phenyl H tert-Butyl  Phenyl Phenyl
21 Phenyl H H N(p-Tol), tert-Butyl 91  Phenyl H Si(Me);  Methyl H
22 Phenyl H H N(p-Tol), Si(Me), 92 Phenyl H Si(Me);  Methyl Methyl
23 Phenyl H H N(p-Tol), N(p-Tol), 93  Phenyl H Si(Me);  Methyl tert-Butyl
24 Phenyl H H N(p-Tol), Phenyl 94 Phenyl H Si(Me);  Methyl Si(Me);
25  Phenyl H H Phenyl H 95  Phenyl H Si(Me);  Methyl N(p-Tol),
26  Phenyl H H Phenyl Methyl 96  Phenyl H Si(Me);  Methyl Phenyl
27 Phenyl H H Phenyl tert-Butyl 97  Phenyl H Si(Me);  tert-Butyl H
28  Phenyl H H Phenyl Si(Me), 98  Phenyl H Si(Me);  tert-Butyl Methyl
29  Phenyl H H Phenyl N(p-Tol), 99 Phenyl H Si(Me);  tert-Butyl tert-Butyl
30 Phenyl H H Phenyl Phenyl 100 Phenyl H Si(Me);  tert-Butyl Si(Me);
31  Phenyl H Methyl Methyl H 101 Phenyl H Si(Me);  tert-Butyl N(p-Tol),
32 Phenyl H Methyl Methyl Methyl 102 Phenyl H Si(Me);  tert-Butyl Phenyl
33 Phenyl H Methyl Methyl tert-Butyl 103 Phenyl H Si(Me);  Si(Me); H
34 Phenyl H Methyl Methyl Si(Me), 104 Phenyl H Si(Me);  Si(Me);  Methyl
35  Phenyl H Methyl Methyl N(p-Tol), 105 Phenyl H Si(Me);  Si(Me);  tert-Butyl
36 Phenyl H Methyl Methyl Phenyl 106 Phenyl H Si(Me);  Si(Me);  Si(Me),
37  Phenyl H Methyl tert-Butyl H 107 Phenyl H Si(Me);  Si(Me);  N(p-Tol),
38  Phenyl H Methyl tert-Butyl Methyl 108  Phenyl H Si(Me);  Si(Me);  Phenyl
39 Phenyl H Methyl tert-Butyl tert-Butyl 109  Phenyl H Si(Me);  N(p-Tol), H
40 Phenyl H Methyl tert-Butyl ~ Si(Me), 110 Phenyl H Si(Me);  N(p-Tol), Methyl
41 Phenyl H Methyl tert-Butyl  N(p-Tol), 111 Phenyl H Si(Me);  N(p-Tol), tert-Butyl
42 Phenyl H Methyl tert-Butyl  Phenyl 112 Phenyl H Si(Me);  N(p-Tol), Si(Me);
43 Phenyl H Methyl SiMe); H 113 Phenyl H Si(Me);  N(p-Tol), N(p-Tol),
44 Phenyl H Methyl Si(Me);  Methyl 114 Phenyl H Si(Me);  N(p-Tol), Phenyl
45 Phenyl H Methyl Si(Me);  tert-Butyl 115 Phenyl H Si(Me);  Phenyl H
46 Phenyl H Methyl SiMe);  Si(Me); 116 Phenyl H Si(Me);  Phenyl Methy!l
47 Phenyl H Methyl SiMe);  N(p-Tol), 117 Phenyl H Si(Me);  Phenyl tert-Butyl
48  Phenyl H Methyl Si(Me);  Phenyl 118  Phenyl H Si(Me)3  Phenyl Si(Me),
49 Phenyl H Methyl N(p-Tol), H 119 Phenyl H Si(Me);  Phenyl N(p-Tol),
50  Phenyl H Methyl N(p-Tol), Methyl 120 Phenyl H Si(Me);  Phenyl Phenyl
51  Phenyl H Methyl N(p-Tol), tert-Butyl 121  Phenyl H N(p-Tol), Methyl H
52 Phenyl H Methyl N(p-Tol), Si(Me), 122 Phenyl H N(p-Tol), Methyl Methyl
53 Phenyl H Methyl N(p-Tol), N(p-Tol), 123 Phenyl H N(p-Tol), Methyl tert-Butyl
54 Phenyl H Methyl N(p-Tol), Phenyl 124 Phenyl H N(p-Tol), Methyl Si(Me);
55  Phenyl H Methyl Phenyl H 125 Phenyl H N(p-Tol), Methyl N(p-Tol),
56  Phenyl H Methyl Phenyl Methyl 126  Phenyl H N(p-Tol), Methyl Phenyl
57  Phenyl H Methyl Phenyl tert-Butyl 127 Phenyl H N(p-Tol), tert-Butyl H
58  Phenyl H Methyl Phenyl Si(Me), 128  Phenyl H N(p-Tol), tert-Butyl Methyl
59 Phenyl H Methyl Phenyl N(p-Tol), 129 Phenyl H N(p-Tol), tert-Butyl tert-Butyl
60 Phenyl H Methyl Phenyl Phenyl 130 Phenyl H N(p-Tol), tert-Butyl Si(Me);
61  Phenyl H tert-Butyl  Methyl H 131  Phenyl H N(p-Tol), tert-Butyl N(p-Tol),
62 Phenyl H tert-Butyl  Methyl Methyl 132 Phenyl H N(p-Tol), tert-Butyl Phenyl
63  Phenyl H tert-Butyl  Methyl tert-Butyl 133 Phenyl H N(p-Tol), Si(Me); H
64  Phenyl H tert-Butyl  Methyl Si(Me)3 134 Phenyl H N(p-Tol), Si(Me);  Methyl
65  Phenyl H tert-Butyl  Methyl N(p-Tol), 135 Phenyl H N(p-Tol), Si(Me); tert-Butyl
66  Phenyl H tert-Butyl  Methyl Phenyl 136  Phenyl H N(p-Tol), Si(Me};  Si(Me);
67  Phenyl H tert-Butyl tert-Butyl H 137  Phenyl H N(p-Tol), Si(Me);  N(p-Tol),
68  Phenyl H tert-Butyl tert-Butyl Methyl 138 Phenyl H N(p-Tol), Si(Me);  Phenyl
69  Phenyl H tert-Butyl tert-Butyl tert-Butyl 139  Phenyl H N(p-Tol), N(p-Tol), H
70 Phenyl H tert-Butyl tert-Butyl Si(Me), 140  Phenyl H N(p-Tol), N(p-Tol), Methyl
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Preferred structures of the formula (8) Preferred structures of the formula (8)
Ar Ar
No. Ar Re Rd Ra Rb No. Ar Re Rd Ra Rb
141 Phenyl H N(p-Tol), N(p-Tol), tert-Butyl 211 Phenyl Si(Me), H Methyl H
142 Phenyl H N(p-Tol), N(p-Tol), Si(Me), 212 Phenyl Si(Me), H Methyl Methyl
143 Phenyl H N(p-Tol), N(p-Tol), N(p-Tol), 213 Phenyl Si(Me), H Methyl tert-Butyl
144 Phenyl H N(p-Tol), N(p-Tol), Phenyl 214 Phenyl Si(Me), H Methyl Si(Me);
145 Phenyl H N(p-Tol), Phenyl H 215 Phenyl Si(Me), H Methyl N(p-Tol),
146 Phenyl H N(p-Tol), Phenyl Methyl 216  Phenyl Si(Me), H Methyl Phenyl
147 Phenyl H N(p-Tol), Phenyl tert-Butyl 217 Phenyl Si(Me), H tert-Butyl H
148 Phenyl H N(p-Tol), Phenyl Si(Me), 218 Phenyl Si(Me), H tert-Butyl Methyl
149 Phenyl H N(p-Tol), Phenyl N(p-Tol), 219 Phenyl Si(Me), H tert-Butyl  tert-Butyl
150  Phenyl H N(p-Tol), Phenyl Phenyl 220 Phenyl Si(Me), H tert-Butyl  Si(Me);
151  Phenyl Methyl H Methyl H 221 Phenyl Si(Me), H tert-Butyl  N(p-Tol),
152 Phenyl Methyl H Methyl Methyl 222 Phenyl Si(Me), H tert-Butyl  Phenyl
153 Phenyl Methyl H Methyl tert-Butyl 223 Phenyl Si(Me), H SiMe); H
154 Phenyl Methyl H Methyl Si(Me), 224 Phenyl Si(Me), H Si(Me);  Methyl
155 Phenyl Methyl H Methyl N(p-Tol), 225  Phenyl Si(Me), H Si(Me);  tert-Butyl
156  Phenyl Methyl H Methyl Phenyl 226  Phenyl Si(Me), H Si(Me);  Si(Me);
157 Phenyl Methyl H tert-Butyl H 227 Phenyl Si(Me), H SiMe);  N(p-Tol),
158 Phenyl Methyl H tert-Butyl Methyl 228 Phenyl Si(Me)3 H Si(Me)3  Phenyl
159 Phenyl Methyl H tert-Butyl  tert-Butyl 229 Phenyl Si(Me), H SiMe); H
160 Phenyl Methyl H tert-Butyl  Si(Me), 230 Phenyl Si(Me), H N(p-Tol), Methyl
161  Phenyl Methyl H tert-Butyl  N(p-Tol), 231 Phenyl Si(Me), H N(p-Tol), tert-Butyl
162 Phenyl Methyl H tert-Butyl  Phenyl 232 Phenyl Si(Me), H N(p-Tol), Si(Me);
163 Phenyl Methyl H SiMe); H 233 Phenyl Si(Me), H N(p-Tol), N(p-Tol),
164 Phenyl Methyl H SiMe);  Methyl 234 Phenyl Si(Me), H N(p-Tol), Phenyl
165  Phenyl Methyl H Si(Me);  tert-Butyl 235 Phenyl Si(Me), H Phenyl H
166  Phenyl Methyl H SiMe);  Si(Me); 236 Phenyl Si(Me), H Phenyl Methyl
167  Phenyl Methyl H SiMe);  N(p-Tol), 237 Phenyl Si(Me), H Phenyl tert-Butyl
168  Phenyl Methyl H Si(Me);  Phenyl 238 Phenyl Si(Me), H Phenyl Si(Me);
169  Phenyl Methyl H N(p-Tol), H 239 Phenyl Si(Me), H Phenyl N(p-Tol),
170 Phenyl Methyl H N(p-Tol), Methyl 240 Phenyl Si(Me), H Phenyl Phenyl
171 Phenyl Methyl H N(p-Tol), tert-Butyl 241 Phenyl N(p-Tol), H Methyl H
172 Phenyl Methyl H N(p-Tol), Si(Me), 242 Phenyl N(p-Tol), H Methyl Methyl
173 Phenyl Methyl H N(p-Tol), N(p-Tol), 243 Phenyl N(p-Tol), H Methyl tert-Butyl
174 Phenyl Methyl H N(p-Tol), Phenyl 244 Phenyl N(p-Tol), H Methyl Si(Me);
175 Phenyl Methyl H Phenyl H 245  Phenyl N(p-Tol), H Methyl N(p-Tol),
176  Phenyl Methyl H Phenyl Methyl 246  Phenyl N(p-Tol), H Methyl Phenyl
177  Phenyl Methyl H Phenyl tert-Butyl 247 Phenyl N(p-Tol), H tert-Butyl H
178  Phenyl Methyl H Phenyl Si(Me), 248 Phenyl N(p-Tol), H tert-Butyl  Methyl
179 Phenyl Methyl H Phenyl N(p-Tol), 249 Phenyl N(p-Tol), H tert-Butyl tert-Butyl
180  Phenyl Methyl H Phenyl Phenyl 250 Phenyl N(p-Tol), H tert-Butyl ~ Si(Me),
181  Phenyl tert-Butyl H Methyl H 251 Phenyl N(p-Tol), H tert-Butyl  N(p-Tol),
182 Phenyl tert-Butyl H Methyl Methyl 252 Phenyl N(p-Tol), H tert-Butyl  Phenyl
183 Phenyl tert-Butyl H Methyl tert-Butyl 253 Phenyl N(p-Tol), H SiMe); H
184 Phenyl tert-Butyl H Methyl Si(Me), 254 Phenyl N(p-Tol), H Si(Me);  Methyl
185 Phenyl tert-Butyl H Methyl N(p-Tol), 255 Phenyl N(p-Tol), H Si(Me);  tert-Butyl
186  Phenyl tert-Butyl H Methyl Phenyl 256 Phenyl N(p-Tol), H Si(Me);  Si(Me);
187  Phenyl tert-Butyl H tert-Butyl H 257  Phenyl N(p-Tol), H SiMe);  N(p-Tol),
188 Phenyl tert-Butyl H tert-Butyl Methyl 258  Phenyl N(p-Tol), H Si(Me);  Phenyl
189 Phenyl tert-Butyl H tert-Butyl  tert-Butyl 259 Phenyl N(p-Tol), H N(p-Tol), H
190  Phenyl tert-Butyl H tert-Butyl  Si(Me), 260 Phenyl N(p-Tol), H N(p-Tol), Methyl
191  Phenyl tert-Butyl H tert-Butyl  N(p-Tol), 261  Phenyl N(p-Tol), H N(p-Tol), tert-Butyl
192 Phenyl tert-Butyl H tert-Butyl  Phenyl 262  Phenyl N(p-Tol), H N(p-Tol), Si(Me),
193 Phenyl tert-Butyl H SiMe); H 263 Phenyl N(p-Tol), H N(p-Tol), N({p-Tol),
194 Phenyl tert-Butyl H Si(Me);  Methyl 264 Phenyl N(p-Tol), H N(p-Tol), Phenyl
195  Phenyl tert-Butyl H Si(Me);  tert-Butyl 265  Phenyl N(p-Tol), H Phenyl H
196  Phenyl tert-Butyl H SiMe);  Si(Me), 266  Phenyl N(p-Tol), H Phenyl Methyl
197  Phenyl tert-Butyl H SiMe)3  N(p-Tol), 267  Phenyl N(p-Tol), H Phenyl tert-Butyl
198  Phenyl tert-Butyl H Si(Me);  Phenyl 268  Phenyl N(p-Tol), H Phenyl Si(Me),
199  Phenyl tert-Butyl H N(p-Tol), H 269  Phenyl N(p-Tol), H Phenyl N(p-Tol),
200 Phenyl tert-Butyl H N(p-Tol), Methyl 270 Phenyl N(p-Tol), H Phenyl Phenyl
201  Phenyl tert-Butyl H N(p-Tol), tert-Butyl 271  Phenyl Phenyl H Methyl H
202 Phenyl tert-Butyl H N(p-Tol), Si(Me), 272 Phenyl Phenyl H Methyl Methy!l
203 Phenyl tert-Butyl H N(p-Tol), N(p-Tol), 273 Phenyl Phenyl H Methyl tert-Butyl
204  Phenyl tert-Butyl H N(p-Tol), Phenyl 274  Phenyl Phenyl H Methyl Si(Me);
205  Phenyl tert-Butyl H Phenyl H 275  Phenyl Phenyl H Methyl N(p-Tol),
206  Phenyl tert-Butyl H Phenyl Methyl 276  Phenyl Phenyl H Methyl Phenyl
207  Phenyl tert-Butyl H Phenyl tert-Butyl 277  Phenyl Phenyl H tert-Butyl H
208  Phenyl tert-Butyl H Phenyl Si(Me), 278  Phenyl Phenyl H tert-Butyl Methyl
209  Phenyl tert-Butyl H Phenyl N(p-Tol), 279  Phenyl Phenyl H tert-Butyl  tert-Butyl
210  Phenyl tert-Butyl H Phenyl Phenyl 280  Phenyl Phenyl H tert-Butyl ~ Si(Me);
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Preferred structures of the formula (8) Preferred structures of the formula (8)
Ar Ar

No. Ar Re Rd Ra Rb No. Ar Re Rd Ra Rb

281  Phenyl Phenyl H tert-Butyl  N(p-Tol), 351 1-Naphthyl Methyl — N(p-Tol), tert-Butyl
282 Phenyl Phenyl H tert-Butyl  Phenyl 352 1-Naphthyl Methyl — N(p-Tol), Si(Me),
283  Phenyl Phenyl H SiMe); H 353  1-Naphthyl Methyl — N(p-Tol); N(p-Tol),
284 Phenyl Phenyl H Si(Me);  Methyl 354 1-Naphthyl Methyl — N(p-Tol), Phenyl
285 Phenyl Phenyl H Si(Me);  tert-Butyl 355 1-Naphthyl Methyl — Phenyl H

286  Phenyl Phenyl H SiMe);  Si(Me); 356 1-Naphthyl Methyl — Phenyl Methyl
287  Phenyl Phenyl H SiMe);  N(p-Tol), 357 1-Naphthyl Methyl — Phenyl tert-Butyl
288  Phenyl Phenyl H Si(Me);  Phenyl 358  1-Naphthyl Methyl — Phenyl Si(Me);
289 Phenyl Phenyl H N(p-Tol), H 359  1-Naphthyl Methyl — Phenyl N(p-Tol),
290 Phenyl Phenyl H N(p-Tol), Methyl 360 1-Naphthyl Methyl — Phenyl Phenyl
291  Phenyl Phenyl H N(p-Tol), tert-Butyl 361 2-Naphthyl — — Methyl H

292 Phenyl Phenyl H N(p-Tol), Si(Me), 362 2-Naphthyl — — Methyl Methyl
293 Phenyl Phenyl H N(p-Tol), N(p-Tol), 363 2-Naphthyl — — Methyl tert-Butyl
294 Phenyl Phenyl H N(p-Tol), Phenyl 364  2-Naphthyl — — Methyl Si(Me);
295  Phenyl Phenyl H Phenyl H 365 2-Naphthyl — — Methyl N(p-Tol),
296  Phenyl Phenyl H Phenyl Methyl 366 2-Naphthyl — — Methyl Phenyl
297  Phenyl Phenyl H Phenyl tert-Butyl 367 2-Naphthyl — — tert-Butyl H

298  Phenyl Phenyl H Phenyl Si(Me), 368 2-Naphthyl — — tert-Butyl Methyl
299  Phenyl Phenyl H Phenyl N(p-Tol), 369 2-Naphthyl — — tert-Butyl  tert-Butyl
300  Phenyl Phenyl H Phenyl Phenyl 370 2-Naphthyl — — tert-Butyl ~ Si(Me),
301 1-Naphthyl H — Methyl H 371 2-Naphthyl — — tert-Butyl  N(p-Tol),
302 1-Naphthyl H — Methyl Methyl 372 2-Naphthyl — — tert-Butyl  Phenyl
303  1-Naphthyl H — Methyl tert-Butyl 373 2-Naphthyl — — SiMe): H

304  1-Naphthyl H — Methyl Si(Me), 374 2-Naphthyl — — Si(Me):  Methyl
305 1-Naphthyl H — Methyl N(p-Tol), 375 2-Naphthyl — — Si(Me),  tert-Butyl
306 1-Naphthyl H — Methyl Phenyl 376 2-Naphthyl — — Si(Me):  Si(Me);
307 1-Naphthyl H — tert-Butyl H 377  2-Naphthyl — — SiMe):  N(p-Tol),
308 1-Naphthyl H — tert-Butyl Methyl 378  2-Naphthyl — — Si(Me);  Phenyl
309 1-Naphthyl H — tert-Butyl  tert-Butyl 379  2-Naphthyl — — N(p-Tol), H

310 1-Naphthyl H — tert-Butyl  Si(Me), 380 2-Naphthyl — — N(p-Tol), Methyl
311 1-Naphthyl H — tert-Butyl  N(p-Tol), 381 2-Naphthyl — — N(p-Tol), tert-Butyl
312 1-Naphthyl H — tert-Butyl  Phenyl 382 2-Naphthyl — — N(p-Tol), Si(Me);
313  1-Naphthyl H — SiMe); H 383 2-Naphthyl — — N(p-Tol), N(p-Tol),
314  1-Naphthyl H — SiMe);  Methyl 384 2-Naphthyl — — N(p-Tol), Phenyl
315 1-Naphthyl H — Si(Me);  tert-Butyl 385 2-Naphthyl — — Phenyl H

316 1-Naphthyl H — SiMe);  Si(Me), 386 2-Naphthyl — — Phenyl Methy!l
317 1-Naphthyl H — SiMe);  N(p-Tol)2 387 2-Naphthyl — — Phenyl tert-Butyl
318 1-Naphthyl H — SiMe);  N(p-Tol), 388 2-Naphthyl — — Phenyl Si(Me);
319 1-Naphthyl H — N(p-Tol), H 389 2-Naphthyl — — Phenyl N(p-Tol),
320 1-Naphthyl H — N(p-Tol), Methyl 390 2-Naphthyl — — Phenyl Phenyl
321 1-Naphthyl H — N(p-Tol), tert-Butyl 391 9-Anthryl 1-Naphthyl — Methyl H

322 1-Naphthyl H — N(p-Tol), Si(Me); 392 9-Anthryl 1-Naphthyl — Methyl Methy!l
323  1-Naphthyl H — N(p-Tol), N(p-Tol), 393 9-Anthryl 1-Naphthyl — Methyl tert-Butyl
324  1-Naphthyl H — N(p-Tol), Phenyl 394 9-Anthryl 1-Naphthyl — Methyl Si(Me),
325 1-Naphthyl H — Phenyl H 395  9-Anthryl 1-Naphthyl — Methyl N(p-Tol),
326 1-Naphthyl H — Phenyl Methyl 396 9-Anthryl 1-Naphthyl — Methyl Phenyl
327 1-Naphthyl H — Phenyl tert-Butyl 397 9-Anthryl 1-Naphthyl — tert-Butyl H

328 1-Naphthyl H — Phenyl Si(Me), 398  9-Anthryl 1-Naphthyl — tert-Butyl Methyl
329 1-Naphthyl H — Phenyl N(p-Tol), 399 9-Anthryl 1-Naphthyl — tert-Butyl  tert-Butyl
330 1-Naphthyl H — Phenyl Phenyl 400 9-Anthryl 1-Naphthyl — tert-Butyl ~ Si(Me),
331 1-Naphthyl Methyl — Methyl H 401 9-Anthryl 1-Naphthyl — tert-Butyl  N(p-Tol),
332 1-Naphthyl  Methyl — Methyl Methyl 402 9-Anthryl 1-Naphthyl — tert-Butyl  Phenyl
333  1-Naphthyl Methyl — Methyl tert-Butyl 403 9-Anthryl 1-Naphthyl — SiMe); H

334 1-Naphthyl Methyl — Methyl Si(Me), 404 9-Anthryl 1-Naphthyl — Si(Me);  Methyl
335  1-Naphthyl  Methyl — Methyl N(p-Tol), 405 9-Anthryl 1-Naphthyl — Si(Me);  tert-Butyl
336 1-Naphthyl  Methyl — Methyl Phenyl 406  9-Anthryl 1-Naphthyl — Si(Me);  Si(Me);
337 1-Naphthyl Methyl — tert-Butyl H 407 9-Anthryl 1-Naphthyl — SiMe);  N(p-Tol),
338 1-Naphthyl  Methyl — tert-Butyl  Methyl 408  9-Anthryl 1-Naphthyl — Si(Me);  Phenyl
339 1-Naphthyl  Methyl — tert-Butyl  tert-Butyl 409 9-Anthryl 1-Naphthyl — N(p-Tol), H

340  1-Naphthyl Methyl — tert-Butyl  Si(Me), 410 9-Anthryl 1-Naphthyl — N(p-Tol), Methyl
341  1-Naphthyl  Methyl — tert-Butyl  N(p-Tol), 411 9-Anthryl 1-Naphthyl — N(p-Tol), tert-Butyl
342 1-Naphthyl  Methyl — tert-Butyl  Phenyl 412 9-Anthryl 1-Naphthyl — N(p-Tol), Si(Me);
343 1-Naphthyl = Methyl — SiMe); H 413 9-Anthryl 1-Naphthyl — N(p-Tol), N(p-Tol),
344 1-Naphthyl = Methyl — Si(Me);  Methyl 414 9-Anthryl 1-Naphthyl — N(p-Tol), Phenyl
345  1-Naphthyl — Methyl — Si(Me);  tert-Butyl 415 9-Anthryl 1-Naphthyl — Phenyl H

346  1-Naphthyl  Methyl — Si(Me);  Si(Me), 416  9-Anthryl 1-Naphthyl — Phenyl Methyl
347  1-Naphthyl  Methyl — SiMe);  N(p-Tol), 417 9-Anthryl 1-Naphthyl — Phenyl tert-Butyl
348  1-Naphthyl  Methyl — Si(Me);  Phenyl 418 9-Anthryl 1-Naphthyl — Phenyl Si(Me),
349  1-Naphthyl = Methyl — N(p-Tol), H 419 9-Anthryl 1-Naphthyl — Phenyl N{p-Tol),

350 1-Naphthyl  Methyl — N(p-Tol), Methyl 420  9-Anthryl 1-Naphthyl — Phenyl Phenyl
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421 9-Anthryl 2-Naphthyl — Methyl H
422 9-Anthryl 2-Naphthyl — Methyl Methyl 487 9-Anthryl Phenyl — tert-Butyl H
423 9-Anthryl 2-Naphthyl — Methyl tert-Butyl 488  9-Anthryl Phenyl — tert-Butyl Methyl
424 9-Anthryl ~ 2-Naphthyl — Methyl  Si(Me)s 489  9-Anthryl  Phenyl — tert-Butyl  tert-Butyl
425 9-Anthryl  2-Naphthyl — Methyl  N(p-Tol), 490 9-Anthryl  Phenyl — tert-Butyl ~ Si(Me);
426 9-Anthryl  2-Naphthyl — Methyl ~ Phenyl 491  9-Anthryl  Phenyl — tert-Butyl  N(p-Tol),
427 9-Anthryl 2-Naphthyl ~ — tert-Butyl - H 492 9-Anthryl Phenyl — tert-Butyl  Phenyl
428 9-Anthryl 2-Naphthyl —— tert-Butyl  Methyl 493 9-Anthryl Phenyl o Si(Me)s H
429 9-Anthryl 2-Naphthyl — tett-Butyl telrt—Butyl 494 9-Anthryl Phenyl o Si(Me); Methyl
430 9-Anthryl 2-Naphthyl — tert-Butyl  Si(Me), 495 9-Anthryl Phenyl o Si(Me): tert-Butyl
431 9-Anthryl 2-Naphthyl — tert-Butyl  N(p-Tol), 49 9-Anthryl Phenyl - g (Me)~ Si(Me)s
432 9-Anthryl 2-Naphthyl — tert-Butyl  Phenyl i 3 8 >
433 9-Anthryl 2Naphthyl — SiMe); H 497  9-Anthryl Phenyl — S}(Me)g N{p-Tol),
434 9-Anthryl  2-Naphthyl — Si(Me);  Methyl 498 S-Anthryl - Phenyl - Si(Me);  Phenyl
435 9-Anthryl  2-Naphthyl — Si(Me); tert-Butyl 499 9-Anthryl  Phenyl — Np-Tel), H
436  9-Anthryl  2-Naphthyl — SiMe);  Si(Me), 500  9-Anthryl  Phenyl — N(p-Tol); Methyl
437 9-Anthryl  2-Naphthyl — SiMe);  N(p-Tol), 501 9-Anthryl  Phenyl — N(p-Tol),  tert-Butyl
438  9-Anthryl  2-Naphthyl — Si(Me);  Phenyl 502 9-Anthryl  Phenyl — N(p-Tol),  Si(Me);
439 9-Anthryl 2-Naphthyl — N(p-Tol), H 503 9-Anthryl Phenyl — N(p-Tol), N(p-Tol),
440 9-Anthryl 2-Naphthyl — N(p-Tol), Methyl 504 9-Anthryl Phenyl — N(p-Tol), Phenyl
441 9-Anthryl 2-Naphthyl — N(p-Tol), tert-Butyl 505 9-Anthryl Phenyl — Phenyl H
442 9-Anthryl ~ 2-Naphthyl — N(p-Tol), Si(Me)s 506 9-Anthryl  Phenyl — Phenyl  Methyl
443 9-Anthryl  2-Naphthyl — N(p-Tol), N(p-Tol), 507 9-Anthryl  Phenyl — Phenyl tert-Butyl
444 9-Anthryl 2-Naphthyl —— N(p-Tol), Phenyl 508  9-Anthryl Pheny! _ Phenyl Si(Me);
445  9-Anthryl  2-Naphthyl — Phenyl  H -
446 9—Anthgl 2-Naghth§l — Phen§1 Methyl 209 S-Aubryl Phewl B Phemyl - Mo-Tol),

510 9-Anthryl Phenyl — Phenyl Phenyl
447 9-Anthryl 2-Naphthyl — Phenyl tert-Butyl
448 9-Anthryl 2-Naphthyl — Phenyl Si(Me),
i:g gzﬁg} ;Eigﬂgﬁ - gizﬁ I;ézng?l)z [0043] The compounds can be synthesised, for example,
451 9-Anthryl  N(p-Tol);  — Methyl H starting from 2,6-dichloro- or dibromoanthraquinone. This is
432 S-Anthyl - Np-Toh), — — Methyl  Methyl reacted with arylboronic acids in a Suzuki coupling to give
i;i gﬁﬁg} Eg%i B ﬁi&hﬁ tSiI(TNi l;tyl the corre§p0nding 2,6‘-diar}‘llanthraquinone‘:. This can be
455 oAnthyl  NpTo), — Methyl  Np-Tol), reacted with an aromatic Grignard reagent in a further step
456 9-Anthryl ~ N(p-Tol);  — Methyl ~ Phenyl and then with a reducing agent, for example tin(IT) chloride,
457 9-Anthryl — N(p-Tol),  — tert-Butyl - H to give 2,6,9,10-tetraarylanthracene
458  9-Anthryl  N(p-Tol), — tert-Butyl  Methyl T ’
459  9-Anthryl  N(p-Tol), — tert-Butyl  tert-Butyl [0044] The present invention therefore furthermore relates
460 9-Anthryl  N(p-Tol), — — tert-Butyl  Si(Me); to a process for the preparation of compounds of the formula
igi gﬁiﬁ EEE%E _ EZEEE;} I;éz I';?l)z 1) by.reac.tion o.f 2,.6-dih:aloanthraq1.1inor.1e or an a.nalogous
463 9-Anthryl  Np-Tol), — SiMe); H sulfonic acid derivative with a boronic acid derivative of the
464 9-Anthryl  N(p-Tol);  — Si(Me); ~ Methyl group Ar with palladium catalysis, followed by reaction with
465 9-Anthryl N(p-Tol), — SiMe);  tert-Butyl : : : .
466 Amhyl N, SiMe),  Si(Me), a gorre;spondmg ortho-subshtuted organometallic phenyl
467 %-Anthryl  Np-Tol),  — SiMe)s  N(p-Tol) derivative and reduction.
468 S-Anthryl  N(p-Tol), — — Si(Me);  Phenyl [0045] The process thus takes place in accordance with the
469  9-Anthryl N(p-Tol), — N(p-Tol), H following scheme:
470 9-Anthryl N(p-Tol), — N(p-Tol), Methyl ’
471 9-Anthryl N(p-Tol), — N(p-Tol), tert-Butyl
472 9-Anthryl N(p-Tol), — N(p-Tol), Si(Me),
473 9-Anthryl N(p-Tol), — N(p-Tol); N(p-Tol), Y
474 9-Anthryl N(p-Tol), — N(p-Tol), Phenyl
475 9-Anthryl N(p-Tol), — Phenyl H
476 9-Anthryl N(p-Tol), — Phenyl Methyl
477 9-Anthryl N(p-Tol), — Phenyl tert-Butyl
i;g g—ﬁgryl N(p-Tol), — Phenyl Si(Me), Ar—B(ORZ)Z

- ryl N(p-Tol), — Phenyl N(p-Tol), 0 0

480 9-Anthryl N(p-Tol), — Phenyl Phenyl "Pd”
481  9-Anthryl Phenyl — Methyl H
482 9-Anthryl Phenyl — Methyl Methyl
483 9-Anthryl Phenyl — Methyl tert-Butyl
484 9-Anthryl Phenyl — Methyl Si(Me),
485 9-Anthryl Phenyl — Methyl N(p-Tol),

486 9-Anthryl Phenyl — Methyl Phenyl Y
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2. Reduction

[0046] Ar, R, RY, R?and p here have the same meanings as
described above. Y stands for chlorine, bromine or iodine,
preferably bromine, or for a group of the formula OSO,R?. M
stands for an electropositive metal, in particular lithium, mag-
nesium or zinc, and, in the case of a divalent metal, also
contains a further organic group or a group Y. The way in
which a Suzuki coupling (first reaction step) is carried out and
which palladium catalysts are particularly suitable for this
purpose is known to the person skilled in the art of organic
synthesis. The reducing agent employed in the second reac-
tion step is preferably tin(IT) chloride.

[0047] The compounds of the formula (1) can be employed
in organic electroluminescent devices. They are particularly
suitable for use as host material for fluorescent emitters, but
may each of which may, depending on the substitution pat-
tern, also be employed as emitter, as hole-transport matetial,
as hole-blocking material and/or as electron-transport mate-
rial.

[0048] The invention therefore furthermore relates to the
use of compounds of the formula (1) in organic electronic
devices, in particular in organic electroluminescent devices,
in particular as host material, as emitter, as hole-transport
material, as hole-blocking material and/or as electron-trans-
port material.

[0049] The invention furthermore relates to organic elec-
tronic devices, in particular organic electroluminescent
devices, comprising anode, cathode and at least one emitting
layer, where at least one layer comprises at least one com-
pound of the formula (1). The layer which comprises the
compound of the formula (1) is preferably an emitting layer,
a hole-transport layer, a hole-injection layer, a hole-blocking
layer or an electron-transport layer.

[0050] Apart from the cathode, anode and emitting layer (or
emitting layers), the organic electroluminescent device may
also comprise further layers. These may be, for example:
hole-injection layer, hole-transport layer, hole-blocking
layer, electron-transport layer, electron-injection layer and/or
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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. Each of these layers does not
necessarily have to be present. Suitable hole-transport mate-
rials are, for example, aromatic amines, as usually used in
accordance with the prior art and which may also be p-doped.
Suitable electron-transport materials are, for example, metal
chelate complexes, for example AlQ,, compounds based on
electron-deficient heterocycles, for example triazine deriva-
tives, or compounds containing aromatic carbonyls or phos-
phine oxides, as described, for example, in WO 05/084081
and WO 05/084082, which may in each case also be n-doped.
Suitable electron-injection materials are, in particular, fluo-
rides and oxides of the alkali and alkaline earth metals, for
example NaF, BaF,, CaF,, LiF or Li,0.

[0051] In a preferred embodiment of the invention, the
compound of the formula (1) is employed as host material, in
particular for fluorescent emitters, and/or as electron-trans-
port material and/or as hole-blocking material. This is the
case, in particular, if the compound does not contain any
substituents of the fornmula N(Ar*),.

[0052] A host material is taken to mean the component in a
system comprising host and dopant (binary mixture) which is
present in the system in the higher proportion. 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 is the highest in the mixture.

[0053] The proportion of the host material of the formula
(1) in the emitting layer 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. Correspond-
ingly, the proportion of the dopant in the emitting layer is
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.

[0054] Preferred dopants are selected from the class of the
aromatic anthracenamines, the aromatic anthracenediamines,
the aromatic pyrenamines, the aromatic pyrenediamines, the
monostyrylamines, the distyrylamines, the tristyrylamines,
the tetrastyrylamines, the styrylphosphines, the styryl ethers
and the arylamines. 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.
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 and pyrenediamines are defined analogously,
with the diarylamino groups preferably being bonded to the
pyrene in the 1-position or in the 1,6-position. A monostyry-
lamine is taken to mean a compound which contains a sub-
stituted or unsubstituted styryl group and at least one, prefer-
ably 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 unsubstituted 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 at least one, preferably aro-
matic, amine. 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
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aromatic or heteroaromatic ring systems bonded directly to
the nitrogen. At least one aryl group here is preferably a
condensed aryl group having at least three rings. The styryl
groups are particularly preferably stilbenes, which may also
be further substituted. Particularly preferred dopants are
selected from the classes of the tristilbenamines, the aromatic
stilbenediamines, the anthracenediamines and the pyrenedi-
amines, Very particularly preferred dopants are selected from
the class of the tristyrylamines. 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.

[0055] In a further embodiment of the invention, the
organic electroluminescent device comprises a plurality of
emitting layers, where at least one of these layers comprises at
least one compound of the formula (1). These emission layers
particularly preferably have in total a plurality of emission
maxima between 380 nm and 750 nm, resulting overall in
white emission, i.e. at least one further emitting compound
which is able to fluoresce or phosphoresce and emits yellow,
orange or red light is used in the further emitting layer(s).
Preference is given to three-layer systems, where at least one
of these layers comprises at least one compound of the for-
mula (1) and where the three layers exhibit blue, green and
orange or red emission (for the basic structure, see, for
example, WO 05/011013). Emitters which have broad-band
emission bands and thus exhibit white emission are likewise
suitable for white emission.

[0056] Inaddition to the compounds of the formula (1) and
the dopant(s), further substances, for example hole- or elec-
tron-transport materials, may also be present in the emitting
layer.

[0057] Ifthe symbol R stands for an N(Ar"), group and/or
at least one substituent R' on the Ar group or in another
position stands for an N(Ar"), group, the compound of the
formula (1) is particularly suitable as emitting compound
and/or as hole-transport material, as described in more detail
below.

[0058] Ifthe compound of the formula (1) is emploved as
hole-transport material, it is preferably employed in a hole-
transport layer and/or in a hole-injection layer. For the pur-
poses of this invention, a hole-injection layer is a layer which
is directly adjacent to the anode. For the purposes of this
invention, a hole-transport layer is a layer which is located
between a hole-injection layer and an emission layer. If the
compounds of the formula (1) are used as hole-transport or
hole-injection material, it may be preferred for them to be
doped with electron-acceptor compounds, for example with
F,-TCNQ or with compounds as described in EP 1476881 or
EP 1596445.

[0059] If the compound of the formula (1) is emploved as
emitting compound, it is preferably employed in combination
with a host material.

[0060] The proportion of the emitting compound of the
formula (1) in the mixture of the emitting layer is 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. Correspondingly, the proportion of the host material
in the layer 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.

[0061] Suitable host materials are various classes of sub-
stance. Preferred host materials are selected from the classes
of the oligoarylenes (for example 2, 2',7,7'-tetraphenylspiro-
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bifluorene as described in EP 676461 or dinaphthylan-
thracene), in particular the oligoarylenes containing con-
densed aromatic groups, the oligoarylenevinylenes (for
example DPVBI or spiro-DPVBi as described in EP 676461),
the polypodal metal complexes (for example as described in
WO 04/081017), the hole-conducting compounds (for
example as described in WO 04/058911), the electron-con-
ducting compounds, in particular ketones, phosphine oxides,
sulfoxides, etc. (for example as described in WO 05/084081
or WO 05/084082), the atropisomers (for example as
described in WO 06/048268) or the boronic acid derivatives
(for example as described in WO 06/117052). Particularly
preferred host materials are selected from the classes of the
oligoarylenes containing naphthalene, anthracene and/or
pyrene or atropisomers of these compounds, the oligoaryle-
nevinylenes, the ketones, the phosphine oxides and the sul-
foxides. Very particularly preferred host materials are
selected from the classes of the oligoarylenes containing
anthracene and/or pyrene or atropisomers of these com-
pounds, the phosphine oxides and the sulfoxides.
[0062] Preference is furthermore given to an organic elec-
troluminescent device, characterised in that one or more lay-
ers are coated by means ofa sublimation process, in which the
materials are vapour-deposited in vacuum sublimation units
at a pressure of less than 10~> mbar, preferably less than 10~
mbat, particularly preferably less than 1077 mbar.

[0063] Preference is likewise given to an organic electrolu-

minescent device, characterised in that one or more layers are

coated by the OVPD (organic vapour phase deposition) pro-
cess or with the aid of carrier-gas sublimation, in which the

materials are applied at a pressure between 10~> mbar and 1

bar.

[0064] Preference is furthermore given to an organic elec-

troluminescent device, characterised in that one or more lay-

ers are produced from solution, such as, for example, by spin
coating, or by means of any desired printing process, such as,
for example, screen printing, flexographic printing or offset
printing, but particularly preferably LITT (light-induced ther-
mal imaging, thermal transfer printing) or ink-jet printing.

Soluble compounds of the formula (1) are necessary for this

purpose. The compounds according to the invention are there-

fore very highly suitable for processing from solution since,
due to the substitution, they have high solubility in organic
solvents.

[0065] The organic electroluminescent devices according

to the invention have the following surprising properties:

[0066] 1. The compounds according to the invention have
high thermal stability and in particular a high glass-transi-
tion temperature.

[0067] 2. The compounds according to the invention
exhibit high efficiency, a good lifetime and good colour
coordinates on use in OLEDs.

[0068] 3. The compounds according to the invention have
good solubility in organic solvents, which simplifies the
preparation and processing of these compounds.

[0069] 4. The compounds according to the invention have
high redox stability (high stability to holes and electrons).

[0070] 5. The film-formation properties of the compounds
according to the invention are very good.

[0071] The present application text is directed to the use of

compounds according to the invention in relation to OLEDs

and the corresponding displays.

[0072] In spite of this restriction of the description, it is

possible for the person skilled in the art, without further
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inventive step, also to use the compounds according to the
invention for further uses in other electronic devices, for
example for organic field-effect transistors (O-FETs), organic
thin-film transistors (O-TFTs), organic light-emitting transis-
tors (O-LETs), organic integrated circuits (O-ICs), organic
solar cells (O-SCs), organic field-quench devices (O-FQDs),
organic photo receptors, light-emitting electrochemical cells
(LECs) or also organic laser diodes (O-lasers), to mention but
a few applications.

[0073] The present invention furthermore relates to the use
of the compounds according to the invention in the corre-
sponding devices and to these devices themselves.

[0074] The invention is explained in greater detail by the
following examples, without wishing to restrict it thereby.

EXAMPLES

[0075] The following syntheses are carried out under a
protective-gas atmosphere, unless indicated otherwise. The
starting materials can be purchased from ALDRICH or
ABCR (palladium(Il) acetate, tri-o-tolyl-phosphine, di-tert-
butylchlorophosphine, bromides, amines, inorganics, sol-
vents). 2,6-Dibromoanthraquinone is prepared by the method
of Lee et al., Org. Lett. 2005, 7(2), 323; 2-trimethylsilylbro-
mobenzene is prepared by the method of Klusener etal., Org.
Chem. 1990, 55(4), 1311; pinacolyl 10-(4-methylnaphth-1-
yl)anthracene-9-boronate is prepared in accordance with EP
05009643.7;  1-bromo-2-(1-methyl-1-phenylethyl)benzene
is prepared by the method of Sigmundova et al., Synth. Com-
mun. 2004, 34(20), 3667.

Example 1
2,6,9,10-Tetra-o-tolylanthracene
a) 2,6-Bis-o-tolylanthraquinone

[0076]

O 0]

[0077] A suspension of 28.7 g (100 mmol) of 2,6-dibro-
moanthraquinone, 32.6 g (240 mmol) of o-tolylboronic acid,
89.2 g (420 mmol) of potassium phosphate, 1.8 g (8 mmol) of
tri-o-tolylphosphine and 225 mg (1 mmol) of palladium(II)
acetate in a mixture of 200 ml of dioxane, 400 ml of toluene
and 500 ml of water is refluxed for 16 h. After cooling, the
solid is filtered off with suction, washed three times with 100
ml of water each time and three times with 100 ml of ethanol
each time, dried in vacuo and subsequently recrystallised
twice from DMF. Yield: 33.0 g (85 mmol), 84.9% of theory,
purity: 98% according to NMR.
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b) 2,6,9,1-Tetra-o-tolylanthracene
[0078]

[0079] The corresponding Grignard reagent is prepared
from 3.7 g (153 mmol) of magnesium and 18.0 ml (150
mmol) of 2-bromotoluene in 500 ml of THF. 19.4 g (50 mmol)
of 2,6-bis-o-tolylanthraquinone are added to the Grignard
reagent. The reaction mixture is subsequently refluxed for 16
h. After cooling, 30 ml of ethanol are added, the solvent is
removed in vacuo, the residue is taken up in 300 ml of DMF
and warmed to 60° C., and 8.9 g (65 mmol) of tin(II) chloride
are then added in portions with vigorous stirring (note: exo-
thermic reaction! ). The mixture is subsequently stirred at 60°
C. for a further 2 h. After cooling, 500 ml of 2.5N hydrochlo-
ric acid are added, and the solid 1s filtered off with suction.
The solid is washed three times with 100 ml of 2.5N hydro-
chloric acid each time, three times with 100 m1 of water each
time and three times with 100 ml of ethanol each time, dried
in vacuo and subsequently recrystallised three times from
acetic acid and twice from DMF. Sublimation p=1x107>
mbar, T=335° C. Yield: 19.8 g (37 mmol), 73.5% of theory;
purity: 99.8% according to HPLC. Mixture of two atropiso-
mers according to "H-NMR spectroscopy.

Example 2
2,6-Bis-o0-tolyl-9,10-bis(2-(1-methyl-1-phenylethyl)
phenyl)-anthracene

[0080]
®
/vi
| Y g\
av a\s
g
\/
[0081] Procedure analogous to Example 1b. Instead of 18.0

ml (150 mmol) of 2-bromotoluene, 41.3 g (150 mmol) of
1-bromo-2-(1-methyl-1-phenylethyl)benzene are used.
Recrystallisation from dioxane. Sublimation p=1x10~> mbar,
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T=360° C. Yield: 22.6 g (30 mmol), 60.5% of theory; purity:
99.9% according to HPLC. Atropisomerically pure according
to 'H-NMR spectroscopy.

Example 3
2,6-Bis-o-tolyl-9,10-bis(2-biphenyl)anthracene

[0082]
O/

AN

[0083] Procedure analogous to Example 1b. Instead of 18.0
ml (150 mmol) of 2-bromotoluene, 25.9 ml (150 mmol) of
2-bromobiphenyl are used. Recrystallisation from chloroben-
zene. Sublimation p=1x10~> mbar, T=360° C. Yield: 27.1 g
(41 mmol), 81.7% of theory; purity: 99.9% according to
HPLC. Atropisomerically pure according to 'H-NMR spec-
troscopy.

Jun. 11, 2009

Example 4
2,6-Bis-o0-tolyl-9,10-bis(2-trimethylsilylphenyl )an-
thracene
[0084]
X

NN

L0

)®

F

® |
Si

\

>

/

[0085] Procedure analogous to Example 1b. Instead of 18.0
ml (150 mmol) of 2-bromotoluene, 34.4 g (150 mmol) of
2-trimethylsiylbromobenzene are used. Recrystallisation
from dioxane. Sublimation p=1x10~> mbar, T=330° C. Yield:
21.9 g (33 mmol), 66.8% of theory; purity: 99.9% according
to HPLC. Atropisomerically pure according to 'H-NMR
spectroscopy.

Example 5

[0086] The following compounds are prepared analogously
to Examples 1b, 2, 3 and 4:

Ex. Bromide

Product

Br AN

v
L
F
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26
-continued
Ex. Bromide Product
7 Br
| x
C 0
(X
(7Y
~ ]
N
8 Br

Oads
W,

\_/
-

Jun. 11, 2009



US 2009/0146139 A1

27
-continued
Ex. Bromide Product
10 Br
@
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12 Br
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Example 13
2,6-Bisnaphth-1-yl-9,10-bis-o-tolylanthracene

a) 2,6-Bisnaphth-1-ylanthraquinone

[0088] A suspension of 28.7 g (100 mmol) of 2,6-dibro-
moanthraquinone, 44.7 g (260 mmol) of 1-naphthylboronic
acid, 89.2 g (420 mmol) of potassium phosphate, 1.8 g (6
mmol) of tri-o-tolylphosphine and 225 mg (1 mmol) of pal-
ladium(IT) acetate in a mixture of 200 ml of dioxane, 400 ml
of toluene and 500 ml of water is refluxed for 16 h. After
cooling, the solid is filtered off with suction, washed three

times with 100 m1 of water each time and three times with 100
ml of ethanol each time, dried in vacuo and subsequently

[0087]

[¢]
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recrystallised twice from chlorobenzene. Yield: 41.6 g (90
mmol), 90.3% of theory; purity: 99% according to NMR.

b) 2,6-Bisnaphth-1-y1-9,10-bis-o-tolylanthracene

[0089]

[0090] Procedure analogous to Example 1b. Recrystallisa-
tion from NMP. Sublimation p=1x10~> mbar, T=375° C.
Yield: 22.2 g (36 mmol), 72.7% of theory; purity: 99.9%

according to HPLC. Mixture of two atropisomers according
to 'H-NMR spectroscopy.

Example 14

[0091] The following compounds are prepared analogously
to Example 13:

Ex. Bromide Product
15 Br ‘
16 Br
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Ex. Bromide Product

Example 18

2,6-Bis(9-(4-methylnaphthyl)anthracen-10-y1)-9,10-
bis-o-tolylanthracene

a) 2,6-Bis-(9-(4-methylnaphthyl)anthracen-10-y1)
anthraquinone

[0092]

[0093] A suspension of 28.7 g (100 mmol) of 2,6-dibro-
moanthraquinone, 133.3 g (300 mmol) of pinacolyl 10-(4-
methylnaphth-1-yl)anthracene-9-boronate, 96.7 g (600
mmol) of potassium fluoride and 1.2 g (1 mmol) of tetrakis-
triphenylphosphinopalladium(0) in a mixture of 500 ml of
ethylene glycol dimethyl ether, 200 ml of ethanol and 400 ml
of water is refluxed for 36 h. After cooling, the solid is filtered
off with suction, washed three times with 100 ml of water
each time and three times with 100 ml of ethanol each time,
dried in vacuo and subsequently recrystallised twice from
o-dichlorobenzene.Yield: 66.9 g (79 mmol), 79.5% of theory;
purity: 98% according to NMR.

b) 2,6-Bis-(9-(4-methylnaphthyl)anthracen-10-y1)-9,
10-bis-o-tolyl-anthracene

[0094]

[0095] Procedure analogous to Example 1b. Instead of 19.4
g (50 mmol) of 2,6-bis-o-tolylanthraquinone, 42.1 g (50
mmol) of 2,6-bis(9-(4-methylnaphthyl) anthracen-10-yl)an-
thraquinone are used. After addition of the 2,6-bis(9-(4-me-
thylnaphthyl)anthracen-10-yl)anthraquinone, 300 ml of tolu-
ene are added to the reaction mixture. Recrystallisation from
o-dichlorobenzene. Sublimation p=1x10~> mbar, T 400° C.
Yield: 27.5 g (28 mmol), 55.5% of theory; purity: 99.9%
according to HPLC. Mixture of two atropisomers according
to 'H-NMR spectroscopy.

Example 19
2,6-Bis(p-tolylamino)-9,10-bis-o-tolylanthracene
a) 2,6-Dibromo-9,10-bis-o-tolylanthracene
[0096]

)

/ \
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[0097] Procedure analogous to Example 1b. Instead of 19.4
g (50 mmol) of 2,6-bis-o-tolylanthraquinone, 18.3 g (50
mmol) of 2,6-dibromoanthraquinone are used. Recrystallisa-
tion from toluene. Yield: 12.3 g (24 mmol), 47.6% of theory;
purity: 97% according to NMR.
b) 2,6-Bis(di-p-tolylaminophenyl-4-y1)-9,10-bis-o-
tolylanthracene
[0098]

| ‘

[0099] A suspension of 51.6 g (100 mmol) of 2,6-dibromo-
9,10-bis-o-tolylanthracene, 82.5 g (260 mmol) of di-p-toly-
laminophenyl-4-boronic acid, 89.2 g (420 mmol) of potas-
sium phosphate, 1.8 g (6 mmol) of tri-o-tolylphosphine and
225 mg (1 mmol) of palladium(1I) acetate in a mixture of 200
ml of dioxane, 400 ml of toluene and 500 ml of water is
refluxed for 16 h. After cooling, the solid is filtered off with
suction, washed three times with 100 ml of water each time,
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washed three times with 100 ml of ethanol each time, dried in
vacuo, recrystallised five times from DMF and then sublimed
in vacuo (p=1x10"> mbar, T=365° C.). Yield: 68.7 g (76
mmol), 76.2% of theory; purity: 99.9% according to HPLC.

Example 20

[0100] The following compounds are prepared analogously
to Example 19:

Ex. Amine

Product

21 OH

OH

‘ N

N |
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Ex. Amine Product
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Example 29

2,6-Bisnaphth-1-yl-9-o0-tolyl-10-2-biphenylan-
thracene

[0102] A 2-lithiobiphenyl solution in 200 ml of THF, pre-
pared from 11.7 g (50 mmol) of 2-bromobiphenyl and 20 m1
(50 mmol) of 2.5N n-butyllithium at -78° C., is added drop-
wise at —=78° C. with vigorous stirring to a suspension of 46.1
2 (100 mmol) of 2,6-bisnaphth-1-ylanthraquinone in 500 ml

[0101]

of THF, and the mixture is stirred for a further 30 min. A
2-lithiotoluene solution in THF, prepared from 8.7 g (50
mmol) of 2-bromotoluene and 20 ml (50 mmol) of 2.5 N
n-butyllithium at -78° C., is subsequently added to this sus-
pension, and the mixture is stirred for a further 30 min. The
reaction mixture is allowed to warm to room temperature, 30
ml of ethanol are added, and the solvent is removed in vacuo.
The residue is taken up in 300 ml of DMF and warmed to 60°
C., and 17.7 g (130 mmol) of tin(IT) chloride are added in
portions with vigorous stirring (note: exothermic reaction!).
The mixture is subsequently stirred at 60° C. for a further 2 h.
After cooling, 500 ml of 2.5 N hydrochloric acid are added,
and the solid is filtered off with suction. The solid is washed
three times with 100 ml of 2.5 N hydrochloric acid each time,
three times with 100 ml of water each time and three times
with 100 ml of ethanol each time, dried in vacuo and subse-
quently recrystallised once from acetic acid and three times
from dioxane. Sublimation p=1x10~> mbar, T=345° C. Yield:
43.1 g (64 mmol), 64.0% of theory; purity: 99.9% according
to HPLC. Mixture of two atropisomers according to "H-NMR
spectroscopy.

Example 30

[0103] Thefollowing compounds are prepared analogously
to Example 29:

Ex. Bromides

Product

31
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Example 35 [0105]
Production of OLEDs
[0104] OLEDs are produced by a general process as

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

The results for various OLEDs are presented in
Examples 36 to 48 below. Glass plates coated with structured
ITO (indium tin oxide) form the substrates of the OLEDs. For
improved processing, PEDOT (spin-coated from water; pur-
chased from H. C. Starck, Goslar, Germany; poly(3,4-ethyl-
ene-dioxy-2,5-thiophene)) is applied directly to the substrate.
The OLEDs always consist of the following layer sequence:
substrate/PEDOT 20 nm/hole-injection layer (HIL1) 20
nm/hole-transport layer (HTM1) 20 nm/emission layer
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(EML) 30 nm/electron-transport layer (ETM1) 20 nm and
finally a cathode. The materials apart from PEDOT are ther-
mally vapour-deposited in a vacuum chamber. The EML here
always consists of a matrix material (host) and a dopant
(guest), 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 2 shows the chemical struc-
tures of the materials used to construct the OLEDs.

[0106] These OLEDs are characterised by standard meth-
ods; for this purpose, the electroluminescence spectra, the
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efficiency (measured in cd/A), the power efficiency (mea-
sured in Im/W) as a function of the brightness, calculated
from current/voltage/luminance characteristics (IUL charac-
teristics), and the lifetime are determined

[0107] +. The lifetime is defined as the time after which the
initial luminance has dropped from 1000 cd/m? to half.
[0108] Table 3 shows the results for some OLEDs (Ex-
amples 36 to 48). The comparative example used is host H1 in
accordance with the prior art.

TABLE 2

Compounds used

O-LH-0
O G010

HIL1

N

HTM1

Al N\ /

ETM1
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TABLE 2-continued

Compounds used

H1 (comparison)

//N

U
N
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wherein

Ar is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 6 to 30
aromatic ring atoms optionally substituted by one or
more radicals R*;

Rand R!
are, identically or differently on each occurrence, F; Cl;
Br; I; CN; N(Ar'),; C(=0)Ar"; P(Ar"),; P(=0)(Ar'),;
Si(R?);; NO,; a straight-chain alkyl, alkoxy or thio-
alkoxy group having 1 to 40 C atoms optionally substi-
tuted by one or more radicals R?; or 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 of said
straight-chain alkyl, alkoxy or thioalkoxy group or said
branched or cyclic alkyl, alkoxy or thioalkoxy group are
optionally replaced by —R*C—=CR*—, —C=C—,
Si(R%), GeR?),, Sn(R?), C=0, C=S, C=Se,
C=NR?*, —O—, —S—, —N([R?*—, or —CONR*—
and wherein one or more H atoms of said straight-chain
alkyl, alkoxy or thioalkoxy group or said branched or
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TABLE 3
OLED results
Max. efficiency Voltage (V) at Lifetime (h) at
Example EML (cd/A) 1000 ed/m? CIE 1000 cd/m?
36 H1 +5% D1 9.9 57 x=0.17/y = 033 4050
(comparison)
37 HL +5% D2 34 6.2 x=0.15/y=0.13 1200
(comparison)

38 Bx. 1+ 5% D1 10.5 5.5 x=0.17/y = 033 6100

39 Ex. 1+3% D2 3.8 5.8 x=0.15y=014 1800

40 Bx. 3+ 5% D1 12.2 57 x=0.17/y = 033 5800

41 Ex. 3+ 3% D2 2 59 x=0.15y=014 1600

42 Bx. 9+ 3% D2 113 54 x=0.17/y = 032 6300

43 Ex. 9+ 3% D2 3.9 5.8 x=0.15y=015 2200

44 Bx. 17 + 5% D3 11.5 5.5 x=0.17/y = 033 7100

4 Ex. 17+ 5% D3 3.5 59 x=0.15y=014 2000

46 Ex. 9+ 5% Ex. 11 7.8 53 x = 0.15/y = 0.19 4800

47 Ex. 9+ 3% Ex. 19 8.0 5.6 x=0.15y =024 5300

48 Bx. 17 + 7% Ex. 19 8.3 53 x = 0.16/y = 0.26 5600
1-15. (canceled) cyclic alkyl, alkoxy or thioalkoxy group are optionally
16. A compound of formula (1) replaced by F, Cl, Br, I, CN, or NO,; an aromatic or
heteroaromatic ring system having 5 to 30 aromatic ring
atoms optionally substituted by one or more radicals R*;
Formula (1) or an aryloxy or heteroaryloxy 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 adjacent substituents
R and R* or adjacent substituents R optionally define a
mono- or polycyclic, aliphatic ring system with one
another;

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 non-aromatic radicals R' and wherein two radicals
Ar! are optionally connected to one another by a single
bond or an O, S, N(R?), or C(R?), group;

R? is, identically or differently on each occurrence, H or a
hydrocarbon radical having 1 to 20 C atoms, wherein
said hydrocarbon radical is aliphatic, aromatic, or a
combination of aliphatic and aromatic and is optionally
substituted by F and wherein two or more radicals R*
optionally define a mono- or polycyclic, aliphatic or
aromatic ring system with one another;

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

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

with the proviso that Ar is not optionally substituted ben-
zimidazole and if R* contains a benzimidazole group, it
is not bonded to Ar.

17. The compound of claim 16, wherein Ar is phenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 1-naphthyl, 2-naphthyl, 2-an-
thryl,  9-anthryl, 2-phenanthrenyl,  3-phenanthrenyl,
9-phenanthrenyl, 1-pyrenyl, or 2-pyrenyl.

18. The compound of claim 16, wherein both Ar are iden-
tical.

19. The compound of claim 16, wherein said compound
has a formula selected from the group consisting of formulae

(2).(3), (4). and (5)
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Formula (2)

Formula (3)

Formula (4)
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-continued

Formula (5)

wherein qis 0, 1, 2, 3,4, or 5.

20. The compound of claim 16, wherein R is Si(R?),;
N(Ar!),; C(=0)Ar"; P(=0)(Ar"),; a straight-chain alkyl or
alkoxy grouphaving 1 to 10 C atoms optionally substituted by
one or more radicals R%; or a branched or cyclic alkyl or
alkoxy grouphaving 3 to 10 C atoms optionally substituted by
one or more radicals R*; wherein one or more non-adjacent
CH, groups of said straight-chain alkyl or alkoxy group or
said branched or cyclic alkyl or alkoxy group is optionally
replaced by —R*C—CR*— or —O— and wherein one or
more H atoms of said straight-chain alkvl or alkoxy group or
said branched or cyclic alkyl or alkoxy group is optionally
replaced by F, or an aryl or heteroaryl group having 5 to 16
aromatic ring atoms optionally substituted by one or more
radicals R?; or a combination of two, three, or four of these
systems; and wherein adjacent substituents R and R option-
ally define a mono- or polycyclic, aliphatic ring system with
one another.

21. The compound of claim 16, wherein both R are iden-
tical.

22. The compound of claim 16, wherein nis 0 or 1.

23. The compound of claim 16, wherein pis 0, 1, or 2.

24. A process for preparing the compound of claim 16
comprising (1) reacting an anthraquinone substituted in the
2,6-position by chlorine, bromine, iodine, or a sulfonic acid
derivative with a boronic acid derivative of the group Ar with
palladium catalysis to form a first intermediate, (2) reacting
said first intermediate with a corresponding ortho-substituted
organometallic phenyl derivative to form a second interme-
diate, and (3) reducing said second intermediate.

25. An organic electronic device selected from the group
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, light-emitting electrochemical cells and organic
laser diodes, comprising at least one compound of claim 16.

26. An organic electroluminescent device comprising at
least one compound of claim 16
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27. The organic electroluminescent device of claim 26,
comptrising an anode, a cathode, and at least one emitting
layer, and optionally comprising further layers selected from
the group consisting of hole-injection layers, hole-transport
layers, hole-blocking layers, electron-transport layers, elec-
tron-injection layers, and/or charge-generation layers.

28. The organic electroluminescent device of claim 27,
wherein said organic electroluminescent device comprises a
host material comprising a host and a dopant wherein said
host material comprises the compound of claim 16 and is used
as a fluorescent emitter and/or as an electron-transport mate-
rial and/or as a hole-blocking material.

29. The organic electroluminescent device of claim 28,
wherein said dopants are selected from the group consisting
of aromatic anthracenamines, aromatic anthracenediamines,

Jun. 11, 2009

aromatic ~ pyrenamines,  aromatic  pyrenediamines,
monostyrylamines, distyrylamines, tristyrylamines, tet-
rastyrylamines, styrylphosphines, styryl ethers, and ary-
lamines.

30. The organic electroluminescent device of claim 27,
wherein said compound of claim 16 is used as an emitting
compound in an emitting layer and/or as a hole-transport
material.

31. The organic electroluminescent device of claim 30,
wherein said hole-transport material is a hole-transport layer
or a hole-injection layer.

32. The organic electroluminescent device of claim 31,
wherein R is an N(Ar'), group and/or R" is an N(Ar"), group.
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