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1
MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application (under 35
U.S.C. §371) of PCT/EP2011/004106, filed Aug. 16 2011,
which claims benefit of German application 10 2010 045
405.2, filed Sep. 15, 2010 which are both incorporated by
reference.

The present invention relates to materials for use in elec-
tronic devices, in particular in organic electroluminescent
devices, and to electronic devices comprising these materials.

The structure of organic electroluminescent devices
(OLEDs) in which organic semiconductors are employed as
functional materials is described, for example, in U.S. Pat.
No. 4,539,507, U.S. Pat. No. 5,151,629, EP 0676461 and WO
98/27136. The emitting materials employed here are increas-
ingly organo-metallic complexes which exhibit phosphores-
cence instead of fluorescence (M. A. Baldo et al., Appl. Phys.
Lett. 1999, 75, 4-6).

In accordance with the prior art, the hole-transport mate-
rials used in the hole-transport layer or in the hole-injection
layer are, in particular, triarylamine derivatives which either
contain at least two triarylamino groups or at least one triary-
lamino group and at least one carbazole group. These com-
pounds are frequently derived from diarylamino-substituted
triphenylamines (TPA type), from diarylamino-substituted
biphenyl derivatives (TAD type) or combinations of these
base compounds. Furthermore, for example, use is made of
spirobifluorene derivatives which are substituted by two or
four diarylamino groups (for example in accordance with EP
676461 or U.S. Pat. No. 7,714,145). In the case of these
compounds, there is furthermore a need for improvement
both in the case of fluorescent and in the case of phosphores-
cent OLEDs, in particular with respect to efficiency, lifetime
and operating voltage on use in an organic electroluminescent
device and with respect to the thermal stability during subli-
mation.

The object of the present invention is to provide com-
pounds which are suitable for use in a fluorescent or phos-
phorescent OLED, in particular a phosphorescent OLED, for
example as hole-transport material in a hole-transport or exci-
ton-blocking layer or as matrix material in an emitting layer.

Surprisingly, it has been found that certain compounds
described below in greater detail achieve this object and result
in significant improvements in the organic electrolumines-
cent device, in particular with respect to the lifetime, the
efficiency and the operating voltage. This applies to phospho-
rescent and fluorescent electroluminescent devices, espe-
cially on use of the compounds according to the invention as
hole-transport material or as matrix material. The materials
generally have high thermal stability and can therefore be
sublimed without decomposition and without a residue. The
present invention therefore relates to these materials and to
electronic devices which comprise compounds of this type. In
particular, it is a surprising result that very good results are
obtained with an aromatic monoamine, since hole-transport
materials containing at least two nitrogen atoms are generally
employed in organic electroluminescent devices.

The present invention therefore relates to a compound of
the following formula (1):
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formula (1)

where the following applies to the symbols and indices used:

Ar is, identically or differently on each occurrence, an aro-
matic ring system selected from the group consisting of
benzene, naphthalene, phenanthrene, fluorene, spirobif-
luorene, dibenzofuran and dibenzothiophene, each of
which may be substituted by one or more radicals R"; Ar
may also be connected to Ar' and/or to Ar* here by a group
E;

Ar', Ar* are, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 6 to 60 C
atoms selected from the group consisting of benzene, naph-
thalene, phenanthrene, fluorene, dibenzofuran, diben-
zothiophene, each of which may also be substituted by one
or more radicals R', or unsubstituted spirobifluorene or a
combination of two, three, four or five of these groups,
which may in each case be identical or different; Ar' and
Ar? here may be connected to one another and/or Ar' may
be connected to Ar and/or Ar* may be connected to Ar by a
group E;

E is, identically or differently on each occurrence, selected
from the group consisting of C(R'),, O, S and NR';

R, R' are on each occurrence, identically or differently,
selected from the group consisting of H, D, F, C1, Br, I, CN,
Si(R?),, a straight-chain alkyl, alkoxy or thioalkyl group
having 1 to 40 C atoms or a branched or cyclic alkyl, alkoxy
or thioalkyl group having 3 to 40 C atoms, each of which
may be substituted by one or more radicals R?, where in
each case one or more non-adjacent CH, groups may be
replaced by Si(R?),, C=NR?, P(=0)(R?), SO, SO,,NR?,
0, S or CONR? and where one or more H atoms may be
replaced by D, F, Cl, Br or I, an aromatic or heteroaromatic
ring system having 6 to 60 C atoms selected from the group
consisting of benzene, naphthalene, phenanthrene, fluo-
rene, spirobifluorene, dibenzofuran and dibenzothiophene,
which may in each case be substituted by one or more
radicals R?, or a combination of two, three, four or five of
these groups, which may in each case be identical or dif-
ferent, an aryloxy group having 5 to 60 aromatic ring
atoms, which may be substituted by one or more radicals
R?, or an aralkyl group having 5 to 60 aromatic ring atoms,
which may in each case be substituted by one or more
radicals R*, where two or more adjacent substituents R or
two or more adjacent substituents R' may optionally form
amono-or polycyclic, aliphatic ring system, which may be
substituted by one or more radicals R%;

R? is on each occurrence, identically or differently, selected
from the group consisting of H, D, F, Cl, Br, I, Si(R*),, a
straight-chain alkyl, alkoxy or thioalkyl group having 1 to
40 C atoms or a branched or cyclic alkyl, alkoxy or thio-
alkyl 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 Si(R%),,
C=NR?, P(=O)R?), SO, SO, NR?, O, S or CONR? and
where one or more H atoms may be replaced by D, F, Cl, Br
or I, an aromatic ring system having 6 to 60 C atoms
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selected from the group consisting of benzene, naphtha-
lene, phenanthrene, fluorene, spirobifluorene or a combi-
nation of two, three, four or five of these groups, which may
in each case be identical or different, which may in each
case be substituted by one or more radicals R, an aryloxy
group having 5 to 60 aromatic ring atoms, which may be
substituted by one or more radicals R?, or an aralkyl group
having 5 to 60 aromatic ring atoms, which may be substi-
tuted by one or more radicals R?, where two or more
adjacent substituents R* may optionally form a mono- or
polycyclic, aliphatic ring system, which may be substituted
by one or more radicals R?;

R? is selected from the group consisting of H, D, F, an ali-
phatic hydrocarbon radical having 1 to 20 C atoms, an
aromatic ring system having 6 to 30 C atoms, in which one
or more H atoms may be replaced by D or F, where two or
more adjacent substituents R* may form a mono- or poly-
cyclic, aliphatic ring system with one another;

mis0,1,2or3;

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

pis0,1or2;

the following compounds are excluded from the invention:
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-continued

-
a2

As is evident from the definitions given above, the com-
pound of the formula (1) contains no heteroaromatic substitu-
ents R on the spirobifluorene. Furthermore, apart from the
arylamino group shown in the formula (1) and optionally the
group E, it contains no further amino groups and no carbazole
groups.

Anaryl group in the sense of this invention is taken to mean
either a simple aromatic ring, i.e. benzene, or a condensed
(anellated) aryl group, for example naphthalene or phenan-
threne. By contrast, aromatic groups linked to one another by
a single bond, such as, for example, biphenyl or fluorene, are
not referred to as an aryl group, but instead as an aromatic ring
system.

An aromatic ring system in the sense of this invention
contains 6 to 60 C atoms in the ring system, where the aro-
matic ring system is built up from benzene, naphthalene,
phenanthrene, fluorene and spirobifluorene or combinations
of these groups. An aromatic ring system in the sense of this
invention is, in particular, also intended to be taken to mean a
system in which, in addition, a plurality of aryl groups is
linked to one another directly or via a carbon atom. Thus, for
example, systems such as biphenyl, terphenyl, quaterphenyl,
fluorene, 9,9"-spirobifluorene, 9,9-diarylfluorene, etc., in par-
ticular, are also intended to be taken to be aromatic ring
systems in the sense of this invention. The aromatic ring
system here by definition contains no amino groups. Triary-
lamino groups are thus not covered by the definition of an
aromatic ring system.

For the purposes of the present invention, an aliphatic
hydrocarbon radical or an alkyl group or an alkenyl or alkynyl
group, which may typically contain 1 to 40 or also 1 to 20 C
atoms and in which, in addition, individual H atoms or CH,
groups may be substituted by the above-mentioned groups, is
preferably taken to mean the radicals methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 2-methylbutyl,
n-pentyl, s-pentyl, neopentyl, cyclopentyl, n-hexyl, neo-
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hexyl, cyclohexyl, n-heptyl, cycloheptyl, n-octyl, cyclooctyl,
2-ethylhexyl, trifluoromethyl, pentafluoroethyl, 2,2,2-trifluo-
roethyl, ethenyl, propenyl, butenyl, pentenyl, cyclopenteny],
hexenyl, cyclohexenyl, heptenyl, cycloheptenyl, octenyl,
cyclooctenyl, ethynyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl or octynyl. An alkoxy group having 1 to 40 C atoms
is preferably taken to mean methoxy, trifluoromethoxy,
ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy,
t-butoxy, n-pentoxy, s-pentoxy, 2-methylbutoxy, n-hexoxy,
cyclohexyloxy, n-heptoxy, cycloheptyloxy, n-octyloxy,
cyclooctyloxy, 2-ethylhexyloxy, pentafluoroethoxy or 2,2,2-
trifluoroethoxy. A thioalkyl group having 1 to 40 C atoms is
taken to mean, in particular, methylthio, ethylthio, n-propy-
Ithio, i-propylthio, n-butylthio, i-butylthio, s-butylthio, t-bu-
tylthio, n-pentylthio, s-pentylthio, n-hexylthio, cyclohexy-
Ithio,  n-heptylthio,  cycloheptylthio,
cyclooctylthio, 2-ethylhexylthio, trifluoromethylthio, pen-
tafluoroethylthio, 2,2,2-trifluoroethylthio, ethenylthio, pro-
penylthio, butenylthio, pentenylthio, cyclopentenylthio, hex-
enylthio, cyclohexenylthio, heptenylthio, cycloheptenylthio,
octenylthio, cyclooctenylthio, ethynylthio, propynylthio,
butynylthio, pentynylthio, hexynyl-thio, heptynylthio or
octynylthio. In general, alkyl, alkoxy or thicalkyl groups in
accordance with the present invention can be straight-chain,
branched or cyclic, where one or more non-adjacent CH,
groups may be replaced by the above-mentioned groups;
furthermore, one or more H atoms may also be replaced by D,
F, Cl, Br, I, CN or NO,, preferably F, Cl or CN, further
preferably F or CN, particularly preferably CN.

In a preferred embodiment of the invention, the compound

of the formula (1) is selected from the compounds of the
following formula (2):

® O‘Q Ar+p\N\/‘f1

where the symbols and indices used have the meanings given
above.

Inaparticularly preferred embodiment of the invention, the
compound of the formula (1) is selected from the compounds
of the following formulae (3a) and (3b):

i)
~0

n-octylthio,

formula (2)

formula (3a)

Arl
Ar-}p\N/

\
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-continued

50

where the symbols and indices used have the meanings given
above, and the radicals R on the spirobifluorene preferably
stand for H.

In a very particularly preferred embodiment of the inven-
tion, the index p=0, and the compound of the formula (1) is
selected from the compounds of the following formulae (4a)
and (4b):

formula (3b)

formula (4a)

P
N
b
formula (4b)
P
R N
b
where the symbols used have the meanings given above.
The two radicals R in compounds of the formula (4a) or
(4b) particularly preferably stand for H. The compound of the

formula (1) is therefore particularly preferably selected from
the compounds of the following formula (4¢):

jjf |

where the symbols used have the meanings given above.

formula (4c)

In a preferred embodiment of the invention, the groups Ar"
and Ar? are selected, identically or differently on each occur-
rence, from the groups of the following formulae (5) to (28):



R! R!
. Rr!
R! R!

Rl Rl

R!
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formula (5)

formula (6)

formula (7)

formula (8)

formula (9)

formula (10)
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-continued
formula (11)

Rl Rl

formula (12)

formula (13)

formula (14)
R! R!
o O Rl
R! R!
formula (15)
R! R!
R!
R!
R!
R! R!
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-continued -continued
formula (16) . . formula (22)
R! R! R! R! R R
S
O 5 R - O O Rl
———— Rl
! 1
Rl Rl Rl Q Rl ’ Rl Rl ’
10 formula (23)
R! R!
formula (17)
R! R! R! R! 15
R!
o formula (24)
R!
R! Rl RI 20
R! R!
formula (18)
R! R! 25
formula (25)
30
formula (26)
R! R! 35
formula (19)
R! R!
R!
40
R! formula (27)
Rl
R! R! 45
R! R!
formula (20)
R! R! 50
formula (28)
R! R!
[ Rl
55
Rl Rl Rl Rl
formula (21)

80 where the symbols used have the meanings given above, and
the dashed bond indicates the position of the bond from the
group to the nitrogen.

Inaparticularly preferred embodiment of the invention, the

65 groups Ar' and Ar* are selected, identically or differently on

each occurrence, from the groups of the following formulae
(5a) to (28a):
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formula (5a)

formula (6a)

formula (7a)

formula (8a)

formula (9a)
Rl R!

;

o

formula (10a)

formula (11a)

formula (122)
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12

-continued

formula (13a)

formula (14a)
formula (15a)
formula (16a)

¢

formula (172)

formula (18a)

¥

formula (19a)

iy

formula (20a)

.



US 9,312,495 B2
13 14

-continued
formula (21a) Art Ar?
R! R
formula (5) formula (3)
formula (5) formula (6)
5 formula (5) formula (7)
formula (5) formula (8)
formula (5) formula (9)
formula (5) formula (10)
//' formula (5) formula (11)
formula (5) formula (12)
S formula (222) 10 formula (5) formula (13)
formula (5) formula (21)
ceel formula (5) formula (22)
formula (5) formula (23)
formula (5) formula (24)
formula (5) formula (25)
formula (23a) 5 formula (6) formula (6)
§ formula (6) formula (7)
formula (6) formula (8)
formula (6) formula (9)
formula (6) formula (10)
K formula (6) formula (11)
s formula (6) formula (12)
formula (24a) 20 formula (6) formula (13)
'\‘ formula {6) formula (21)
' O formula (6) formula (22)
formula (6) formula (23)
formula (6) formula (24)
formula (6) formula (25)
25 formula (7) formula (7)
formula (25a) formula (7) formula (8)
(o) formula (7) formula (9)
formula (7) formula (10)
formula (7) formula (11)
formula (7) formula (12)
30 formula (7) formula (13)
’," formula (7) formula (21)
formula (7) formula (22)
R R! formula (26a) formula (7) formula (23)
formula (7) formula (24)
formula (7) formula (25)
. 35 formula (8) formula (8)
formula (8) formula (9)
formula (8) formula (10)
formula (8) formula (11)
1 formula (8) formula (12)
Y formula (8) formula (13)
' formula (8) formula (21)
formula (272) 40 formula (8) formula (22)
formula (8) formula (23)
formula (8) formula (24)
formula (8) formula (25)
formula (9) formula (9)
formula (9) formula (10)
45 formula (9) formula (11)
formula (9) formula (12)
. formula (28a) formula (9) formula (13)
4 g formula (9) formula (21)
¥ formula (9) formula (22)
formula (9) formula (23)
50 formula (9) formula (24)
formula (9) formula (25)
formula (10) formula (10)
formula (10) formula (11)
formula (10) formula (12)
where the symbols used have the meanings given above, and ?mm}ﬂ ‘518) ?’mmiﬂ (ii)
the dashed bond indicates the position of the bond from the 55 fgﬁﬁlz 1210; ﬁiﬁﬁ 252;
group to the nitrogen. formula (10) formula (23)
{ I 2
The two groups Ar' and Ar* of the above-mentioned for- ?gﬁﬁi &8; gﬁﬁi 25‘51;
mulae (5) to (28) and (5a) to (28a) which are bonded to the formula (11) formula (11)
nitrogen can be combined with one another as desired. The formula (11) formula (12)
formula (11) formula (13)
groups of the formulae (5), (6), (7), (8), (9), (10), (11), (12), formula (11) formula (21)
(13)5 (2]), (22)5 (23)5 (24) and (25) or (58), (621), (7a), (Sa), formula (11) formula (22)
(9a), (10a), (11a), (12a), (13a), (21a), (22a), (23a), (24a) and formula (11) formula (23)
(25a) are particularly preferred here. formula (1) formula (24)
formula (11) formula (25)
Particularly preferred groups —NAr'Ar® are therefore 65 formula (12) formula (12)
groups which contain the following combinations for Ar* and formula (12) formula (13)

Ar?
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-continued

Ar! Ar?

formula (12) formula (21)
formula (12) formula (22)
formula (12) formula (23)
formula (12) formula (24)
formula (12) formula (25)
formula (13) formula (13)
formula (13) formula (21)
formula (13) formula (22)
formula (13) formula (23)
formula (13) formula (24)
formula (13) formula (25)

Very particularly preferred groups —NAr' Ar* are groups
which contain the combinations Ar' and Ar* from the table
given above in which formulae (5a) to (28a) are employed
instead of formulae (5) to (28) respectively.

In a preferred embodiment of the invention, the group Ar'
is a group of the formula (6), (7), (8), (9) or (21) and in
particular a group of the formula (6a), (7a), (8a),(9a) or (21a),
in particular (6a) or (9a). Very good results for the organic
electroluminescent device are achieved, in particular, with
these groups Ar'. Apart from the combinations indicated in
the above table, the following combinations of Ar* and Ar* are
therefore particularly preferred:

Ar! Ar

formula (6) formula (14)
formula (6) formula (15)
formula (6) formula (16)
formula (6) formula (17)
formula (6) formula (18)
formula (6) formula (19)
formula (6) formula (20)
formula (6) formula (26)
formula (6) formula (27)
formula (6) formula (28)
formula (9) formula (14)
formula (9) formula (15)
formula (9) formula (16)
formula (9) formula (17)
formula (9) formula (18)
formula (9) formula (19)
formula (9) formula (20)
formula (9) formula (26)
formula (9) formula (27)
formula (9) formula (28)

Very particularly preferred groups —NAr"Ar® are there-
fore furthermore groups which contain the combinations Ar*
and Ar” from the table given above in which formula (6a) is
employed instead of formula (6) and/or formula (9a) is
employed instead of formula (9) and the formulae (14a) to
(20a) and (26a) to (28a) are employed correspondingly
instead of the formulae (14) to (20) and (26) to (28).

In a preferred embodiment of the invention, the groups Ar*
and Ar? are different from one another.

In a further preferred embodiment of the invention, at least
one of the groups Ar' and Ar® is unbridged, i.e. contains
neither a fluorene nor a spirobifluorene, i.e. no group of the
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55

formula (8), (9) or (21), or (8a), (9a) or (21a) respectively. If 60

the compound of the formulae (1) to (4) is employed as matrix
material for green-phosphorescent emitters, both groups Ar"
and Ar? are preferably unbridged, i.e. contain neither a fluo-
rene nor a spirobifluorene.

In a further preferred embodiment of the invention, the
compound of the formula (1), (2), (3a), (3b), (4a), (4b) or (4¢)
does not contain a spirobiffuorene as group Ar' or Ar”.

65
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Ifthe groups Ar' and Ar? in the compounds of the formulae
(1),(2), (3a), (3b), (4a), (4b) and (4¢) are linked to one another
by a group E, the group —NAr' Ar* then preferably has the
structure of one of the following formulae (29), (30), (31) and
(32):

formula (29)

R! R!
formula (30)

R! R!

Rl AQ Rl

----N [0)

R! R!
formula (31)

R! R!

Rl

=z
w2

T

~

formula (32)
Rl

~

=

.
=
|
~

-

R! R!

where the symbols used have the meanings given above, and
the dashed bond indicates the bond to the spirobifluorene or to
Ar.

Preferred embodiments of the formulae (29) to (32) are the
following formulae (29a) to (32a):
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formula (29a)

10

formula (30a)

15

20

formula (31a)

25

30

formula (32a)

35

40

where the symbols used have the meanings given above, and
the dashed bond indicates the bond to the spirobifluorene or to

Ar.

45

If the group Ar is linked to Ar' by a group E, the group
—Ar—NAr'Ar? then preferably has the structure of one of
the following formulae (33) to (36), and the dashed bond

indicates the bond to the spirobifluorene. An analogous situ- 5o
ation applies to the linking of the group Ar to Ar”.

R! ,

18
-continued
formula (34)
R! .
R! R!
APP—N 0
R R!

s

R! R!

formula (35)

~

R

o

i
Z,
[ %)

R

X

R! R!
formula (36)
R! .
R! R!
Ar—N N—R!
R R!

e

R! R!

where the symbols used have the meanings given above, and
the dashed bond indicates the bond to the spirobifluorene.

Preferred embodiments of the formulae (33) to (36) are the
following formulae (33a) to (36a):

formula (33)
55

60

65

formula (33a)

z,
CO0
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-continued
formula (34a)
E E |
A?—N 0
G 10
formula (35a)
/! 15
AP—N S 20
formula (36a) 55
30
AP—N N—R!
G 15

where the symbols used have the meanings given above, and
the dashed bond indicates the bond to the spirobifluorene.

In a further preferred embodiment of the invention, the 40
index p=1 or 2, and the group —(Ar),— stands for a group of
one of the following formulae (37) to (50):

formula (37) 45

R! R!
50
R! R!
formula (38)
R! R!
55
R R!
R! “‘
ol ol formula (39) 60
R Rl
4 65

~

R]

Rl

20

-continued

Rl

Rl

Rl

formula (40)

formula (41)

formula (42)

formula (43)

formula (44)

formula (45)
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-continued -continued
formula (46) formula (39a)

formula (40a)
10
formula (47)
R! R!
R! R! -
15
formula (41a)
R! R' R R!
ft la (42
formula (48) 20 Y ormula (42a)
formula (43a)
formula (49)
30
35 formula (44a)
formula (50) m-- ----
40
formula (452)
45 ~ -
formula (46a)
where the symbols used have the meanings given above, and
onedashed bond indicates the bond to the spirobifluorene and 50
the other dashed bond indicates the bond to the nitrogen atom.
Inaparticularly preferred embodiment of the invention, the a ‘\
index p=1 or 2, and the group —(Ar),— stands for a group of formula (472)
one of the following formulae (37a) to (50a): 55
formula (37a) T o
[ cee- formula (48a)
60 Rl R

formula (38a)

5

~
N
~
-
’
.
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O
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. Iy
’ .

formula (49a)

formula (50a)

-

where the symbols used have the meanings given above, and
onedashed bond indicates the bond to the spirobifluorene and
the other dashed bond indicates the bond to the nitrogen atom.

In a preferred embodiment of the invention, R in the com-
pounds of the formulae (1) to (4) is selected, identically or
differently on each occurrence, from the group consisting of
H, D, F, Si(R?),, CN, 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 substi-
tuted by one or more radicals R?, where one or more non-
adjacent CH, groups may be replaced by O and where one or
more H atoms may be replaced by D or F, an aromatic ring
system having 6 to 60 C atoms selected from the group
consisting of benzene, naphthalene, phenanthrene, fluorene,
spirobifluorene or a combination of two, three or four ofthese
groups, which may in each case be identical or different,
which may ineach case be substituted by one or more radicals
R?, where two or more adjacent substituents R may optionally
form a mono- or polycyelic, aliphatic ring system, which may
be substituted by one or more radicals R*.

In a particularly preferred embodiment of the invention, R
in the compounds of the formulae (1) to (4) is selected,
identically or differently on each occurrence, from the group
consisting of H, D, a straight-chain alkyl group having 1 to 10
C atoms or a branched or cyclic alkyl group having 3 to 10 C
atoms, each of which may be substituted by one or more
radicals R?, an aromatic ring system having 6 to 60 C atoms
selected from the group consisting of benzene, naphthalene,
phenanthrene, fluorene, spirobifluorene or a combination of
two or three of these groups, which may in each case be
identical or different, which may in each case be substituted
by one or more radicals R?, where two or more adjacent
substituents R may optionally form a mono- or polycyclic,
aliphatic ring system, which may be substituted by one or
more radicals R*.

In a very particularly preferred embodiment of the inven-
tion, R in the compounds of the formulae (1) to (4) is equal to
H.
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In a further preferred embodiment of the invention, the
radical R' bonded to Ar* or Ar” or Ar is selected, identically or
differently on each occurrence, from the group consisting of
H, D, a straight-chain alkyl group having 1 to 10 C atoms or
a branched or cyclic alkyl group having 3 to 10 C atoms.

In a further preferred embodiment of the invention, at least
one radical R' bonded in the ortho-position of the aryl group
of Ar' or Ar* which is bonded directly to the nitrogen is not
equal to hydrogen or deuterium. This applies, in particular, if
a further aryl group is not already bonded in the ortho-posi-
tion of the aryl group, as is the case, for example, in formula
©).

It may furthermore be preferred for the two substituents R*
in the 9-position of a fluorene to form a cycloalkyl ring
together, preferably having 3 to 8 C atoms, particularly pref-
erably having 5 or 6 C atoms.

In a further preferred embodiment, R', which is bonded to
the carbon bridge in formula (29) or (33), is selected, identi-
cally or differently on each occurrence, from the group con-
sisting of a straight-chain alkyl group having 1 to 10 C atoms,
a branched or cyclic alkyl group having 3 to 10 C atoms or an
aromatic ring system having 6 to 30 C atoms, which is as
defined above and which may be substituted by one or more
radicals R%. The two groups R* here may also form with one
another a ring system, which may be aliphatic or also aro-
matic in addition to the definition of R* given above. A spiro
system is formed by ring formation.

In a further preferred embodiment, R', which is bonded to
the nitrogen bridge in formula (32) or (36), is selected from
the group consisting of a straight-chain alkyl group having 1
to 10 C atoms, a branched or cyclic alkyl group having 3 to 10
C atoms or an aromatic ring system having 6 to 30 C atoms,
in particular an aromatic ring system having 6 to 24 C atoms,
which is as defined above and which may be substituted by
one or more radicals R?.

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

In a preferred embodiment of the invention, R* is selected,
identically or differently on each occurrence, from the group
consisting of H, D, a straight-chain alkyl group having 1 to 10
C atoms or a branched or cyclic alkyl group having 3 to 10 C
atoms or an aromatic ring system having 6 to C atoms, which
is as defined above and which may in each case be substituted
by one or more radicals R>.

Inaparticularly preferred embodiment of the invention, R*
is selected, identically or differently on each occurrence, from
the group consisting of H, D, a straight-chain alkyl group
having 1 to 5 C atoms or a branched or cyclic alkyl group
having 3 to 5 C atoms, or an aromatic ring system having 6 to
18 C atoms, which is as defined above.

Particular preference is given to compounds of the formu-
lae (1), (2), (3a), (3b), (4a), (4b) and (4c) in which the pre-
ferred embodiments mentioned above occur simultaneously.
Particular preference is therefore given to compounds for
which:
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Ar is, identically or differently on each occurrence, an aro-
matic ring system, where, for p=1 or 2, —(Ar),— is
selected from the groups of the formulae (37) to (50); Ar
here may also be connected to Ar* and/or Ar* by a group E;

Ar', Ar* are, identically or differently on each occurrence, an
aromatic ring system selected from the groups of the for-
mulae (5) to (28); or —NAr'Ar? stands for a group of one
of the formulae (29) to (32); or —Ar—NAr" Ar” stands for
a group of one of the formulae (33) to (36);

E is on each occurrence, identically or differently, C(R'),,
N@R"Y, OorS;

R is selected on each occurrence, identically or differently,
from the group consisting of H, D, F, Si(R?)s, a straight-
chain alky! 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 O and where one or more H atoms may
be replaced by D or F, an aromatic ring system having 6 to
60 C atoms selected from the group consisting of benzene,
naphthalene, phenanthrene, fluorene, spirobifluorene or a
combination of two or three of these groups, which may in
each case be identical or different, which may in each case
be substituted by one or more radicals R, where two or
more adjacent substituents R may optionally form a mono-
or polycyclic, aliphatic ring system, which may be substi-
tuted by one or more radicals R?;

R! is, if the radical R' is bonded to Ar' or Ar?, selected,
identically or differently on each occurrence, from the
group consisting of H, D, a straight-chain alkyl group
having 1 to 10 C atoms or a branched or cyclic alkyl group
having 3 to 10 C atoms;
or R! which is bonded to the carbon bridge in formula (29)

or (33) is selected, identically or differently on each
occurrence, from the group consisting of a straight-
chain alkyl group having 1 to 10 C atoms, a branched or
cyclic alkyl group having 3 to 10 C atoms or an aromatic
ring system having 6 to 30 C atoms, which may be
substituted by one or more radicals R?; the two radicals
R! here may also form an aliphatic or aromatic ring
system with one another;

or R which is bonded to the nitrogen bridge in formula

(32) or (36) is selected from the group consisting of a
straight-chain alkyl group having 1 to 10 C atoms, a
branched or cyclic alkyl group having 3 to 10 C atoms or
an aromatic ring system having 6 to 30 C atoms, which
may be substituted by one or more radicals R?;

R? is selected on each occurrence, identically or differently,
from the group consisting of H, D, a straight-chain alkyl
group having 1 to 5 C atoms or a branched or cyclic alkyl
group having 3 to 5 C atoms, or an aromatic ring system
having 6 to 18 C atoms;

R? is selected from the group consisting of H, D, F, an ali-
phatic hydrocarbon radical having 1 to 10 C atoms, an
aromatic ring system having 6 to 24 C atoms, in which one
or more H atoms may be replaced by D or F, where two or
more adjacent substituents R* may form a mono- or poly-
cyclic, aliphatic, aromatic or heteroaromatic ring system
with one another;

mis0,1or2;

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

pis0,1or2.

Very particular preference is given to compounds of the
formulae (1), (2), (3a), (3b), (4a), (4b) and (4c) for which:
Ar is, identically or differently on each occurrence, an aro-

matic ring system, where, for p=1 or 2, —(Ar),— is
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selected from the groups of the formulae (37a) to (50a); Ar
here may also be connected to Ar' or Ar* by a group F;

Ar', Ar* are, identically or differently on each occurrence, an
aromatic ring system selected from the groups of the for-
mulae (5a) to (28a), where at least one group Ar* and/or Ar®
represents an unbridged group;

or —NAr'Ar” stands for a group of one of the formulae
(29a) to (32a);
or —Ar—NAr* Ar* stands for a group of one of the formu-
lae (33a) to (36a);
E is on each occurrence, identically or differently, C(R'),,
NR', OorS;

R is selected on each occurrence, identically or differently,
from the group consisting of H, D, a straight-chain alkyl
group having 1 to 10 C atoms or a branched or cyclic alkyl
group having 3 to 10 C atoms, each of which may be
substituted by one or more radicals R? an aromatic ring
system having 6 to 60 C atoms selected from the group
consisting of benzene, naphthalene, phenanthrene, fluo-
rene, spirobifluorene or a combination of two of these
groups, which may in each case be identical or different,
which may in each case be substituted by one or more
radicals R?, where two or more adjacent substituents R
may optionally form a mono- or polycyclic, aliphatic ring
system, which may be substituted by one or more radicals
R?; R is preferably equal to H;

R! is, if the radical R is bonded to Ar' or Ar?, selected,
identically or differently on each occurrence, from the
group consisting of H, D, a straight-chain alkyl group
having 1 to 5 C atoms or a branched or cyclic alkyl group
having 3 to 5 C atoms;

or R' which is bonded to the carbon bridge in formula (29)
or (33) is selected, identically or differently on each
occurrence, from the group consisting of a straight-
chain alkyl group having 1 to 10 C atoms, a branched or
cyclic alkyl group having 3 to 10 C atoms or an aromatic
ring system having 6 to 30 C atoms, which may be
substituted by one or more radicals R?; the two radicals
R' here may also form an aliphatic or aromatic ring
system with one another;

or R! which is bonded to the nitrogen bridge in formula
(32) or (36) is selected from the group consisting of a
straight-chain alkyl group having 1 to 10 C atoms, a
branched or cyclic alkyl group having 3 to 10 C atoms or
an aromatic ring system having 6 to 24 C atoms, which
may be substituted by one or more radicals R%;

R? is selected on each occurrence, identically or differently,
from the group consisting of H, D, a straight-chain alkyl
group having 1 to 5 C atoms or a branched or cyclic alkyl
group having 3 to 5 C atoms, or an aromatic ring system
having 6 to 18 C atoms;

R? is selected from the group consisting of H, D, F, an ali-
phatic hydrocarbon radical having 1 to 5 C atoms, an aro-
matic ring system having 6 to 12 C atoms, in which one or
more H atoms may be replaced by D or F, where two or
more adjacent substituents R*> may form a mono- or poly-
cyclic, aliphatic, aromatic or heteroaromatic ring system
with one another;

mis 0;
nis on each occurrence, identically or differently, 0 or 1;
pis 0, 1or2.

Examples of suitable compounds according to the inven-
tion are the compounds shown in the following table:
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The compounds according to the invention can be prepared _continued

by synthetic steps known to the person skilled in the art, such
as, for example, bromination, Ullmann arylation, Hartwig-
Buchwald coupling, etc. In particular, the compounds can be
synthesised from a corresponding halogen-substituted spiro-
bifluorene by introduction of the amino group, as shown in
Scheme 1. It is either possible here firstly to introduce a
primary amine having a substituent Ar* and to introduce the
group Ar” in a further coupling reaction, as shown in Scheme
1a). It is likewise possible to introduce the secondary amine
Ar'Ar*NH directly in one step, as shown in Scheme 1b).
Suitable as group X on the spirobifluorene are reactive leav-
ing groups. such as, for example, Cl, Br, I, triflate or tosylate.
Suitable coupling reactions are, for example, Hartwig-Buch-
wald or Ullmann coupling reactions. The reaction conditions
which can be used for these coupling reactions are known to
the person skilled in the art of organic synthesis.

Scheme 1

a)

Ar'—NH,

_— =
Buchwald
or
Ullmann

Ar'—Br
—_
Buchwald
or
Ullmann

b)

Ar'AP—NH
—_—
Buchwald
or

25

30

35

For compounds where p=1 or 2, the group Ar—NAr'Ar?
can likewise be introduced via a metal-catalysed coupling
reaction, for example via a Suzuki coupling or a Stille cou-
pling.

The present invention therefore furthermore relates to a
process for the preparation of a compound of the formula (1)
by coupling a spirobifluorene derivative which is substituted
in the 2-position by a reactive leaving group to
a) a primary amine, followed by coupling to a further aro-

matic group which is substituted by a reactive leaving

group, or
b) to a secondary amine, or
¢) to a triarylamine derivative.

The reactive leaving group here is preferably selected from
Cl, Br, 1, triflate or tosylate or, for a Suzuki coupling, also a
boronic acid or boronic acid derivative, in particular a boronic
acid ester.

The coupling reaction is preferably selected from Hartwig-
Buchwald couplings, Ullmann couplings and Suzuki cou-
plings.

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

The present invention therefore furthermore relates to the
use of the compounds according to the invention in an elec-
tronic device, in particular in an organic electroluminescent
device.
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The present invention again furthermore relates to an elec-
tronic device comprising at least one compound according to
the invention. The preferences stated above likewise apply to
the electronic devices.

The electronic device is preferably selected from the group
consisting of organic electroluminescent devices (organic
light-emitting diodes, OLEDs), organic integrated circuits
(O-ICs), organic field-effect transistors (O-FETs), organic
thin-film transistors (O-TFTs), organic light-emitting transis-
tors (O-LETs), organic solar cells (O-SCs), organic dye-sen-
sitised solar cells (ODSSCs), organic optical detectors,
organic photoreceptors, organic field-quench devices
(O-FQDs), light-emitting electrochemical cells (LECs),
organic laser diodes (O-lasers) and organic plasmon emitting
devices (D. M. Koller et al., Nature Photonics 2008, 1-4), but
preferably organic electroluminescent devices (OLEDs), par-
ticularly preferably phosphorescent OLEDs.

The organic electroluminescent devices and the light-emit-
ting electrochemical cells can be employed for various appli-
cations, for example for monochromatic or polychromatic
displays, for lighting applications or for medical and/or cos-
metic applications, for example in phototherapy.

The organic electroluminescent device comprises a cath-
ode, an anode and at least one emitting layer. Apart from these
layers, it may also comprise further layers, for example in
each case one or more hole-injection layers, hole-transport
layers, hole-blocking layers, electron-transport layers, elec-
tron-injection layers, exciton-blocking layers, electron-
blocking layers and/or charge-generation layers. Interlayers,
which have, for example, an exciton-blocking function, may
likewise be introduced between two emitting layers. How-
ever, it should be pointed out that each of these layers does not
necessarily have to be present.

The organic electroluminescent device here may comprise
one emitting layer or a plurality of emitting layers. If a plu-
rality of emission layers is present, these preferably have in
total a plurality of emission maxima between 380 nm and 750
nm, resulting overall in white emission, i.e. various emitting
compounds which are able to fluoresce or phosphoresce are
used in the emitting layers. Particular preference is given to
systems having three emitting layers, where the three layers
exhibit blue, green and orange or red emission (for the basic
structure see, for example, WO 2005/011013). It is possible
here for all emitting layers to be fluorescent or for all emitting
layers to be phosphorescent or for one or more emitting layers
to be fluorescent and one or more other layers to be phospho-
rescent.

The compound according to the invention in accordance
with the embodiments indicated above can be employed here
in different layers, depending on the precise structure. Pref-
erence is given to an organic electroluminescent device com-
prising a compound of the formula (1) or the preferred
embodiments as hole-transport material in a hole-transport or
hole-injection or exciton-blocking layer or as matrix material
for fluorescent or phosphorescent emitters, in particular for
phosphorescent emitters. The preferred embodiments indi-
cated above also apply to the use of the materials in organic
electronic devices.

In a preferred embodiment of the invention, the compound
of the formula (1) or the preferred embodiments is employed
as hole-transport or hole-injection material in a hole-transport
or hole-injection layer. The emitting layer here can be fluo-
rescent or phosphorescent. A hole-injection layer in the sense
of the present invention is a layer which is directly adjacent to
the anode. A hole-transport layer in the sense of the present
invention is a layer which is located between a hole-injection
layer and an emitting layer.
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Instill a further preferred embodiment of the invention, the
compound of the formula (1) or the preferred embodiments is
employed in an exciton-blocking layer. An exciton-blocking
layer is taken to mean a layer which is directly adjacent to an
emitting layer on the anode side.

The compound of the formula (1) or the preferred embodi-
ments is particularly preferably employed in a hole-transport
or exciton-blocking layer.

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

If the compound of the formula (1) or the preferred
embodiments is employed as matrix material for an emitting
compound in an emitting layer, it is preferably employed in
combination with one or more phosphorescent materials
(triplet emitters). Phosphorescence in the sense of this inven-
tion is taken to mean the luminescence from an excited state
having a spin multiplicity >1, in particular from an excited
triplet state. For the purposes of this application, all lumines-
cent complexes containing transition metals or lanthanoids,
in particular all luminescent iridium, platinum and copper
complexes, are to be regarded as phosphorescent compounds.

The mixture comprising the compound of the formula (1)
or the preferred embodiments and the emitting compound
comprises between 99.9 and 1% by weight, preferably
between 99 and 10% by weight, particularly preferably
between 97 and 60% by weight, in particular between 95 and
80% by weight, of the compound of the formula (1) or the
preferred embodiments, based on the entire mixture compris-
ing emitter and matrix material. Correspondingly, the mixture
comprises between 0.1 and 99% by weight, preferably
between 1 and 90% by weight, particularly preferably
between 3 and 40% by weight, in particular between 5 and
20% by weight, of the emitter, based on the entire mixture
comprising emitter and matrix material. The limits indicated
aboveapply, in particular, if the 1ayer is applied from solution.
If the layer is applied by vacuum evaporation, the same
numerical values apply, with the percentage in this case being
indicated in % by vol. in each case.

A particularly preferred embodiment of the present inven-
tion is the use of the compound of the formula (1) or the
preferred embodiments as matrix material for a phosphores-
cent emitter in combination with a further matrix material.
Particularly suitable matrix materials which can be employed
in combination with the compounds of the formula (1) or the
preferred embodiments are aromatic ketones, aromatic phos-
phine oxides or aromatic sulfoxides or sulfones, for example
in accordance with WO 2004/013080, WO 2004/093207,
WO 2006/005627 or WO 2010/006680, triarylamines, carba-
zole derivatives, for example CBP (N,N-biscarbazolylbiphe-
nyl), m-CBP or the carbazole derivatives disclosed in WO
2005/039246, US 2005/0069729, JP 2004/288381, EP
1205527 or WO 2008/086851, indolocarbazole derivatives,
for example in accordance with WO 2007/063754 or WO
2008/056746, indenocarbazole derivatives, for example in
accordance with WO 2010/136109 or WO 2011/000455,
azacarbazole derivatives, for example in accordance with EP
1617710,EP 1617711, EP 1731584, JP 2005/347160, bipolar
matrix materials, for example in accordance with WO 2007/
137725, silanes, for example in accordance with WO 2005/
111172, azaboroles or boronic esters, for example in accor-
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dance with WO 2006/117052, triazine derivatives, for
example in accordance with WO 2010/015306, WO 2007/
063754 or WO 08/056,746, zinc complexes, for example in
accordance with EP 652273 or WO 2009/062578, fiuorene
derivatives, for example in accordance with WO 2009/
124627, diazasilole or tetraazasilole derivatives, for example
in accordance with WO 2010/054729, diazaphosphole
derivatives, for example in accordance with WO 2010/
054730, or bridged carbazole derivatives, for example in
accordance with US 2009/0136779, WO 2010/050778, WO
2011/042107 or in accordance with the unpublished applica-
tion DE 102010005697.9. It is furthermore possible to use an
electronically neutral co-host which has neither hole-trans-
porting nor electron-transporting properties, as described, for
example, in WO 2010/108579.

It is likewise possible to use two or more phosphorescent
emitters in the mixture. Inthis case, the emitter which emits at
shorter wavelength acts as co-host in the mixture.

Suitable phosphorescent compounds (=triplet emitters)
are, in particular, compounds which emit light, preferably in
the visible region, on suitable excitation and in addition con-
tain at least one atom having an atomic number greater than
20, preferably greater than 38 and less than 84, particularly
preferably greater than 56 and less than 80. in particular a
metal having this atomic number. The phosphorescent emit-
ters used are preferably compounds which contain copper,
molybdenum, tungsten, rhenium, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold or
europium, in particular compounds which contain iridium,
platinum or coppet.

Examples of the emitters described above are revealed by
the applications WO 2000/70655, WO 2001/41512, WO
2002/02714, WO 2002/15645,EP 1191613, EP 1191612, EP
1191614, WO 2005/033244, WO 2005/019373, US 2005/
0258742, WO 2009/146770, WO 2010/015307, WO 2010/
031485, WO 2010/054731, WO 2010/054728, WO 2010/
086089, WO 2010/099852 and WO 2010/102709. Also
suitable are, for example, the complexes in accordance with
the unpublished applications EP 100062082 and DE
102010027317.1. In general, all phosphorescent complexes
as used in accordance with the prior art for phosphorescent
OLEDs and as are known to the person skilled in the art in the
area of organic electroluminescence are suitable, and the
person skilled in the art will be able to use further phospho-
rescent complexes without inventive step.

In a further embodiment of the invention, the organic elec-
troluminescent device according to the invention does not
comprise a separate hole-injection layer and/or hole-transport
layer and/or hole-blocking layer and/or electron-transport
layer, i.e. the emitting layer is directly adjacent to the hole-
injection layer or the anode, and/or the emitting layer is
directly adjacent to the electron-transport layer or the elec-
tron-injection layer or the cathode, as described, for example,
in WO 2005/053051. It is furthermore possible to use a metal
complex which is identical or similar to the metal complex in
the emitting layer as hole-transport or hole-injection material
directly adjacent to the emitting layer, as described, for
example, in WO 2009/030981.

It is furthermore possible to use the compound of the for-
mula (1) or the preferred embodiments both in a hole-trans-
port layer or exciton-blocking layer and as matrix in an emit-
ting layer.

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

Preference is furthermore given to an organic electrolumi-
nescent device, characterised in that one or more layers are
applied by means of a sublimation process, in which the
materials are vapour-deposited in vacuum sublimation units
atan initial pressure of usually less than 10~> mbar, preferably
less than 10~ mbar. However, it is also possible for the initial
pressure to be even lower, for example less than 1077 mbar.

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

Preference is furthermore given to an organic electrolumi-
nescent device, characterised in that one or more layers are
produced from solution, such as, for example, by spin coat-
ing, or by means of any desired printing process, such as, for
example, LITI (light induced thermal imaging, thermal trans-
fer printing), ink-jet printing, screen printing, flexographic
printing, offset printing or nozzle printing. Soluble com-
pounds, which are obtained, for example, by suitable substi-
tution, are necessary for this purpose. These processes are
also particularly suitable for the compounds according to the
invention, since these generally have very good solubility in
organic solvents.

Also possible are hybrid processes, in which, for example,
one or more layers are applied from solution and one or more
further layers are applied by vapour deposition. Thus, for
example, the emitting layer can be applied from solution and
the electron-transport layer by vapour deposition.

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

The processing of the compounds according to the inven-
tion from the liquid phase, for example by spin coating or by
printing processes, requires formulations of the compounds
according to the invention. These formulations can be, for
example, solutions, dispersions or mini-emulsions. It may be
preferred to use mixtures of two or more solvents for this
purpose. Suitable and preferred solvents are, for example,
toluene, anisole, 0-, m- or p-xylene, methyl benzoate, dim-
ethylanisole, mesitylene, tetralin, veratrol, THF, methyl-
THEF, THP, chlorobenzene, dioxane or mixtures of these sol-
vents.

The present invention therefore furthermore relates to a
formulation, in particular a solution, dispersion or mini-emul-
sion, comprising at least one compound of the formula (1) or
the preferred embodiments indicated above and at least one
solvent, in particular an organic solvent. The way in which
solutions of this type can be prepared is known to the person
skilled in the art and is described, for example, in WO 2002/
072714, WO 2003/019694 and the literature cited therein.

The present invention furthermore relates to mixtures com-
prising at least one compound of the formula (1) or the pre-
ferred embodiments indicated above and at least one further
compound. The further compound can be, for example, a
fluorescent or phosphorescent dopant if the compound
according to the invention is used as matrix material. The
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mixture may then also additionally comprise a further mate-

rial as additional matrix material.

The compounds according to the invention and the organic
electroluminescent devices according to the invention are
distinguished by the following surprising advantages over the
prior art:

1. The compounds according to the invention are very highly
suitable foruse in a hole-transport or hole-injection layer in
an organic electroluminescent device. They are also suit-
able, in particular, for use in a layer which is directly
adjacent to a phosphorescent emitting layer, since the com-
pounds according to the invention do not extinguish the
luminescence.

. The compounds according to the invention, employed as
matrix material for fluorescent or phosphorescent emitters,
result in very high efficiencies and long lifetimes. This
applies, in particular, if the compounds are employed as
matrix material together with a further matrix material and
a phosphorescent emitter.

3. The compounds according to the invention, employed in
organic electroluminescent devices, result in high efficien-
cies and in steep current/voltage curves with low use and
operating voltages.

. The compounds according to the invention have high ther-
mal stability and can be sublimed without decomposition
and without a residue.

5. The compounds according to the invention have high oxi-
dation stability, which has, in particular, a positive effect on
the handling of these compounds and on the storage stabil-
ity for solutions.

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

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

EXAMPLES

The following syntheses are carried out under a protective-
gas atmosphere, unless indicated otherwise. The starting
materials can be purchased from ALDRICH or ABCR. The
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numbers in square brackets in the case of the starting mate-
rials known from the literature are the corresponding CAS
numbers.

A1) Biphenyl-2-y1-(9,9'-spirobi-9H-fluoren-2-y1)
amine

.

OO0

1,1'-Bis(diphenylphosphino)ferrocene  (5.89 g, 10.6
mmol), palladium acetate (2.38 g, 10.6 mmol) and sodium
tert-butoxide (88.6 g, 921 mmol) are added to a solution of
biphenyl-2-ylamine (119.9 g, 709 mmol) and 2-bromo-9,9-
spirobifluorene (280.3 g, 709 mmol) in degassed toluene (400
ml), and the mixture is heated under reflux for 20 h. The
reaction mixture is cooled to room temperature, diluted with
toluene and filtered through Celite. The filtrate is diluted with
water and re-extracted with toluene, and the combined
organic phases are dried and evaporated in vacuo. The residue
is filtered through silica gel (heptane/dichloromethane) and
crystallised from isopropanol. The product is obtained in the
form of a pale-yellow solid. The yield is 298 g (87%).

The following compounds are obtained analogously:

Starting Starting

Ex. material 1 material 2

Product Yield

RO
30

Q 90%

[92-67-1] 0.0 N

0
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-continued
Starting Starting
Ex. material 1 material 2 Product Yield
A7 89%
0.0 Br ‘ Q
[63019-98-7] O.Q N
H

a%-0 N QQ
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-continued

Starting
material 1

Starting

Ex. material 2

Product Yield

All

DeoN
0

[118951-68-1]

L o3

[171408-76-7]

a2e

B1) Biphenyl-4-ylbiphenyl-2-y1-(9,9'-spirobi-9H-
fluoren-2-yl)amine

:
g Q
S0

Q

25

Tri-tert-butylphosphine (4.4 ml of a 1.0 M solution
in toluene, 4.4 mmol), palladium acetate (248 mg, 1.1 mmol)
and sodium tert-butoxide (16.0 g, 166 mmol) are added to a
solution of biphenyl-2-yl-(9,9'-spirobi-9H-fluoren-2-yl)
amine (53.0 g, 110 mmol) and 4-bromobiphenyl (32 g, 140
mmol) in degassed toluene (500 ml), and the mixture is
heated under reflux for 2 h. The reaction mixture is cocled to
room temperature, diluted with toluene and filtered through
Celite. The filtrate is evaporated in vacuo, and the residue is
The

product is extracted in a Soxhlet extractor (toluene) and puri-

crystallised from ethyl acetate/heptane. crude
fied by zone sublimation in vacuo twice (p=3x10~* mbar,
T=298° C.). The product is isolated in the form of a pale-
yellow solid (60 g, 87% of theory, purity >99.99% according

to HPLC).

The following compounds are obtained analogously:
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Example C

Synthesis of biphenyl-2-y1-(9,9-dimethyl-9H-fluo-
ren-2-y1)-(9,9'-spirobifluoren-2-yl)amine

Br *
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a) Biphenyl-2-y1-(9,9-dimethy1-9H-fluoren-2-y1)
amine

1,1-Bis(diphenylphosphino)ferrocene (1.5 g, 2.7 mmol),
palladium acetate (616 mg, 2.7 mmol) and sodium tert-bu-
toxide (22.9 g, 238 mmol) are added to a solution of biphenyl-
2-ylamine (31.0 g, 183 mmol) and 2-bromo-9,9-dimethyl-
9H-fluorene (50.0 g, 183 mmol) in degassed toluene (400 ml),
and the mixture is heated under reflux for 20 h. The reaction
mixture is cooled to room temperature, diluted with toluene
and filtered through Celite. The filtrate is diluted with water
and re-extracted with toluene, and the combined organic
phases are dried and evaporated in vacuo. The residue is
filtered through silica gel (heptane/dichloromethane) and
crystallised from isopropanol, giving biphenyl-2-yl-(9,9-
dimethyl-9H-fluoren-2-yl)amine in the form of a pale-yellow
solid (63.0 g, 95% of theory).

b) Biphenyl-2-y1-(9,9-dimethyl-9H-fluoren-2-y1)-(9,
9'-spirobifluoren-2-yl)amine

Tri-tert-butylphosphine (4.4 ml of'a 1.0 M solution in tolu-
ene, 4.4 mmol), palladium acetate (248 mg, 1.1 mmol) and
sodium tert-butoxide (16.0 g, 166 mmol) are added to a solu-
tion of biphenyl-2-yl-(9.9-dimethyl-9H-fluoren-2-yl)amine
(40.0 g, 111 mmol) and 2-bromo-9,9"-spirobifluorene (56.9 g,
144 mmol) in degassed toluene (500 ml), and the mixture is
heated under reflux for 2 h. The reaction mixture is cocled to
room temperature, diluted with toluene and filtered through
Celite. The filtrate is evaporated in vacuo, and the residue is
crystallised from ethyl acetate/heptane. The crude product is
extracted in a Soxhlet extractor (toluene) and purified by zone
sublimation in vacuo twice (p=3x10* mbar, T=298° C.).
Biphenyl-2-y1-(9,9-dimethyl-9H-fluoren-2-y1)~(9,9'-spirobi-
fluoren-2-yl)amine is isolated in the form of a pale-yellow
solid (20.4 g, 27% of theory, purity >99.99% according to
HPLC).

The following compounds can be obtained analogously:

Starting
material 1

Starting

material 2

Product Yield

Ex.
Cl

[1190360-23-6] [90-41-5]
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Starting Starting
Ex. material 1 material 2 Product Yield
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Example D

2-(9,9'-Spirobi(9H-fluorene))-9,9-dimethyl-10-phe-
nyl-9,10-dihydroacridine

I I Cl l l Cl
N N N

i i
[918163-16-3]

a) Synthesis of
2-chloro-9,9-dimethyl-9,10-dihydroacridine

30.3 g (116 mmol) of 2-[2-(4-chlorophenylamino)phenyl]
propan-2-ol are dissolved in 700 ml of degassed toluene, a
suspension of 93 g of polyphosphoric acid and 61.7 g of
methanesulfonic acid is added, and the mixture is stirred at
room temperature for 1 h and heated at 50° C. for 1 h. The
batch is cooled, added to ice and extracted three times with

60

ethyl acetate. The combined organic phases are washed with
saturated sodium chloride solution, dried over magnesium
sulfate and evaporated. Filtration of the crude product
through silica gel with heptane/ethyl acetate (20:1) gives 25.1

OCO
(n

[236389-21-2

g (89%) of 2-chloro-9,9-dimethyl-9,10-dihydroacridine as
pale-yellow crystals.

b) Synthesis of 2-chloro-9,9-dimethyl-10-phenyl-9,
10-dihydroacridine

A degassed solution of 16.6 ml (147 mmol) of 4-iodoben-
zene and 30 g (123 mmol) of 2-chloro-9,9-dimethyl-9,10-
dihydroacridine in 600 ml of toluene is saturated with N, for
1 h. Then, firstly 2.09 ml (8.6 mmol) of P(tBu),, then 1.38 g
(6.1 mmol) of palladium(Il) acetate are added, and subse-
quently 17.7 g (185 mmol) of NaOtBu in the solid state are
added to the solution. the reaction mixture is heated under
reflux for 1 h. After the mixture has been cooled to room
temperature, 500 ml of water are carefully added. The aque-
ous phase is washed with 3x50 ml of toluene and dried over
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MgSQ,, and the solvent is removed in vacuo. Filtration of the
crude product through silica gel with heptane/ethyl acetate
(20:1) gives 32.2 g (81%) of 2-chloro-9,9-dimethyl-10-phe-
nyl-9,10-dihydroacridine as pale-yellow crystals.

¢) Synthesis of 2-(9,9"-spirobi(9H-fluorene))-9,9-
dimethyl-10-phenyl-9,10-dihydroacridine

39.6 g (110 mmol) of 9,9'-spirobi[ 9H-fluoren]-2-ylboronic
acid, 35.2 g (110 mmol) of 2-chloro-9,9-dimethyl-10-phenyl-
9,10-dihydroacridine and 9.7 g (92 mmol) of sodium carbon-
ate are suspended in 350 ml oftoluene, 350 ml of dioxane and
500 ml of water. 913 mg (3.0 mmol) of tri-o-tolylphosphine
and 112 mg (0.5 mmol) of palladium(II) acetate are added to
this suspension, and the reaction mixture is heated under
reflux for 16 h. After cooling, the organic phase is separated
off, filtered through silica gel, washed three times with 200 ml
of water and subsequently evaporated to dryness. The residue
is recrystallised from toluene and from CH,Cl,/isopropanol
and finally sublimed in a high vacuum.

Yield: 52 g (100 mmol), 79% of theory, purity according to
HPLC 99.9%.

Example E
Production of OLEDs

OLEDs according to the invention and OLEDs in accor-
dance with the prior art are produced by a general process in
accordance with WO 2004/058911, which is adapted to the
circumstances described here (layer-thickness variation,
materials).

The data for various OLEDs are presented in Examples
C1-168, Soll-3 below (see Tables 1 and 2). Glass plates
coated with structured ITO (indium tin oxide) in a thickness
of 150 nm are coated with 20 nm of PEDOT (poly(3,4-
ethylenedioxy-2,5-thiophene), applied by spin coating from
water; purchased from H.C. Starck, Goslar, Germany) for
improved processing. These coated glass plates form the sub-
strates to which the OLEDs are applied. The OLEDs basically
have the following layer structure: substrate/optional hole-
injection layer (HIL)/hole-transport layer (HTL)/optional
interlayer 1 (IL.1)/optional interlayer 2 (IL.2 )/electron-block-
ing layer (EBL )/emission layer (EML)/optional hole-block-
ing layer (HBL)/electron-transport layer (ETL)optional
electron-injection layer (EIL) and finally a cathode. The cath-
ode is formed by an aluminium layer with a thickness of 100
nm. The precise structure of the OLEDs is shown in Table 1.
The materials required for the production of the OLEDs are
shown in Table 3.

All materials are applied by thermal vapour deposition in a
vacuum chamber. The emission layer here always consists of
at least one matrix material (host material) and an emitting
dopant (emitter), with which the matrix material or matrix
materials is (are) mixed by co-evaporation in a certain pro-
portion by volume. An expression such as Ketl:FTPh:TEG1
(60%:30%:10%) here means that material Ket1 is present in
the layer in a proportion by volume of 60%, FTPh is present
in the layer in a proportion of 30% and TEG1 is present in the
layer in a proportion of 10%. Analogously, the electron-trans-
port layer may also consist of a mixture of two materials.

The OLEDs are characterised by standard methods. For
this purpose, the electroluminescence spectra, the current
efficiency (measured in cd/A), the power efficiency (mea-
sured in Im/W) and the external quantum efficiency (EQE,
measured in percent) as a function of the luminous density,
calculated from current/voltage/luminous density character-
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istic lines (IUL characteristic lines), and the lifetime are
determined. The electroluminescence spectra are determined
at a luminous density of 1000 cd/m?, and the CTE 1931 x and
ycolour coordinates are calculated therefrom. The expression
U1000 in Table 2 denotes the voltage required for a luminous
density of 1000 cd/m*. CE1000 and PE1000 denote the cur-
rent and power efficiency respectively achieved at 1000
ed/m?. Finally, EQE1000 is the external quantum efficiency
at an operating luminous density of 1000 cd/m?. The lifetime
LT is defined as the time after which the luminous density has
dropped from the initial luminous density LO to a certain
proportion L1 on operation at constant current. The expres-
sions LO=4000 cd/m> and L.1=80% in Table 2 mean that the
lifetime indicated in column LT corresponds to the time after
which the initial luminous density of the corresponding
OLED has dropped from 4000 cd/m> to 3200 cd/m?. The
values for the lifetime can be converted into a figure for other
initial luminous densities with the aid of conversion formulae
known to the person skilled in the art. The lifetime for an
initial luminous density of 1000 cd/m” is the usual specifica-
tion here.

The data for the various OLEDs are summarised in Table 2.
Examples C1-C20 are comparative examples in accordance
with the prior art, while Examples I1-168 and Soll-3 show
data for OLEDs comprising materials according to the inven-
tion.

Some of the examples are explained in greater detail below
in order to illustrate the advantages of the compounds accord-
ing to the invention. However, it should be pointed out that
this only represents a selection of the data shown in Table 2.
As can be seen from the table, significant improvements over
the prior art are also achieved on use of the compounds
according to the invention that are not mentioned in greater
detail, in some cases in all parameters, but in some cases only
an improvement in efficiency or voltage or lifetime can be
observed. However, even the improvement of one of the said
parameters represents a significant advance since different
applications require optimisation with respect to different
parameters.

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

OLEDs C1-C5 and C13-C20 are comparative examples
which comprise hole-transport materials BPA1, NPB, ChzA1
and SpA-tb in accordance with the prior art. The materials
according to the invention employed are compounds B1-BS,
B10-B21, B23-B25, C, C1-C2, C4-C7 and D (Examples 11,
13, [6-112, 115-120, 122, 124-131, 133-168).

The use of materials according to the invention gives, in
particular, significant improvements in the current efficiency
and lifetime. The operating voltage remains approximately
the same compared with the prior art, which, owing to the
improved current efficiency, results in an improvement in the
power efficiency. Thus, for example, the use of compound
B11 in an OLED comprising the blue-fluorescent dopant D1
gives an increase in the power efficiency of about 35% com-
pared with NPB (Examples 117, C1). The lifetime can be
increased by almost 70% compared with NPB if compound C
is used (Examples 130, C2).

In the case of the use of thicker layers, which can be
employed, for example, for optimisation of the optical cou-
pling-out efficiency and for improving the product yield, the
materials according to the invention likewise exhibit advan-
tages: whereas an increase in the layer thickness from 20 to 70
nm results in an increase in voltage of 0.6 V with compound
SpA-th, which contains a tert-butyl-substituted spirobifluc-
rene, the voltage remains virtually unchanged in the case of
the use of compound C (Examples C19, C20,161, 162). Only
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amoderate increase in the voltage of 0.2V is also obtained in
the case of the use of compound C5, which contains only a
substituted spirobifluorene. The same applies to compound
B16, which contains two unsubstituted spirobifluorene units
(Examples 163-166).

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

The materials according to the invention can also be
employed as a component in mixed-matrix systems. In a
mixed matrix, a first matrix component is mixed with a sec-
ond matrix component and a dopant, which offers, in particu-
lar, an improvement in the lifetime compared with the single-
matrix materials. In this case, however, an increase in the
operating voltage and a reduction in the efficiency compared
with single-matrix materials frequently arise in accordance
with the prior art. The use of the compounds according to the
invention enables improvements to be achieved here.

Compared with CBP, an improvement in the voltage by 0.7
V, for example, is obtained through the use of B13 in combi-
nation with ST1, which is evident from a significant increase
in the power efficiency by about 20% (Examples 123, C7). An
improvement in the lifetime by about 50% arises through the
replacement of CBP by compound B2 in a mixed matrix with
Ketl as the second component (Examples I5, C9). In combi-
nation with DAP1, the use of compound B9 likewise gives a
significant improvement in the power efficiency (Examples
114, C12). This shows that the materials according to the
invention can profitably be combined with very different
classes of material in a mixed matrix.

In combination with the red dopant TER1, good perfor-
mance data (Example C6) are already obtained with material
TSpAl. If materials B1 and B18 in accordance with the prior
art are used, a further improvement can be achieved (Ex-
amples 12, 132). In particular, material B1, which contains
only one spiro unit, exhibits an improvement of about 30% in
the lifetime and 20% in the power efficiency compared with
TSpAl (Examples 12, C6).
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Use of Compounds According to the Invention as Solution-
Processed HTM

Films with a thickness of 40 nm are produced on various
substrates by spin coating from a formulation of 10 mg/ml of
substance C in toluene. The sample is subsequently dried by
heating at a temperature of 180° C. on a hotplate for 10 min.
The sample is subsequently introduced into a vacuum evapo-
ration unit, and an emission layer with a thickness of 30 nm
consisting of M2:D4 (95%:5%) is applied by vapour deposi-
tion. An electron-transport layer having a thickness of 20 nm
comprising ST2:1.1Q (50%:50%) is subsequently applied by
vapour deposition, and finally a cathode with a thickness of
100 nm comprising aluminium is applied by vapour deposi-
tion.

Example Soll

The layer sequence described is applied to the following
substrate: ITO with a thickness of 50 nm on glass, to which a
PEDOT layer with a thickness of 20 nm has been applied. The
PEDOT layer is applied by spin coating from water as
described above.

Example Sol2

The layer sequence described is applied to the following
substrate: ITO with a thickness of 50 nm on glass, to which an
HAT-CN layer with a thickness of 20 nm has been applied.
The HAT-CN layer is applied by evaporation in a vacuum
unit.

Example Sol3

The production s carried out as in the case of Sol2, with the
exception that ST2:LiQ is replaced by material ETM2 as
electron-transport layer and an LiF layer with a thickness of
1.5 nm as electron-injection layer.

As revealed by Table 2, good to very good data are obtained
with substance C processed from solution, in particular if the
material is applied to an HAT-CN layer.

TABLE 1
Structure of the OLEDs
HIL HTL L1 L2 EBL EML HBL ETL EIL
thick- thick-  thick- thick-  thick-  thick- thick-  thick- thick-
Ex.  ness ness ness ness ness ness ness ness ness
Cl  HATCN  SpAl — — NPB MI1:D1 — Alg3 LiF
5nm 140 nm 20nm  (95%:5%) 20 nm 1 nm
30 nm
C2  HATCN  SpAl — — NPB MI1:D1 — ETMLLIQ —
5nm 140 nm 20nm  (95%:5%) (50%:50%)
30 nm 20 nm
C3  HATCN  SpAl — — NPB M2:D2 — Alg, LiF
5nm 110 nm 20nm  (90%:10%) 20nm 1nm
30 nm
C4  HATCN  SpNPB — — NPB M2:D3 — ST2:LiQ —
5 nm 40 nm 20nm  (98.5%:1.5%) (50%:50%)
30 nm 20 nm
cs — SpAl  HATCN — BPAl  Ketl:TEG1 — ST1:LiQ —
70nm  Sum 90 nm  (90%:10%) (50%:50%)
30 nm 40 nm
c6  — SpAl  — — NPB Ketl:TSpAL:TER1 Ketl Alg, LiF
20 nm 20nm  (65%:25%:10%) 10nm  20nm 1nm
30 nm
c7 — SpAl  HATCN — BPAl  ST1:.CBP:TEGI STL ST1:LiQ —
70nm 5 nm 90nm  (30%:60%:10%) 10nm  (50%:50%)
30 nm 30 nm
cs — SpAl  HATCN — BPAl  STL.TCTA:-TEGL  — ST1:LiQ —
70nm  5nm 90nm  (30%:60%:10%) (50%:50%)
30 nm 30 nm
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TABLE 1-continued
Structure of the OLEDs
HIL HTL L1 L2 EBL EML HBL ETL EIL
thick- thick-  thick- thick-  thick-  thick- thick-  thick- thick-
Ex. ness ness ness ness ness ness ness ness ness
C9  HATCN — — — BPAl  Ketl:FTPh:TEGI Ketl ETM2 LiF
20 nm 20nm  (60%:30%:10%) 10nm 20nm 1 nm
30 nm
C10 HATCN — — — BPAl  Ketl:TCTA:TEG1  Ketl ETM2 LiF
20 nm 20nm  (60%:30%:10%) 10nm 20nm 1 nm
30 nm
Cll HATCN — — — BPA1  Ketl:CBP:TEGI Ketl ETM2 LiF
20 nm 20nm  (60%:30%:10%) 10nm 20nm 1 nm
30 nm
c12 — SpAl  HATCN — BPA1  DAPL:.CBP:TEG1I — ST1:LiQ —
70nm  Sum 90nm  (30%:60%:10%) (50%:50%)
30 nm 30 nm
c13 — SpAl  HATCN — BPAl  ICL:TEGL ST1 ST1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
Cl4 HATCN  SpAl HATCN — BPA1  M2:D4 — ST1:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
C15 HATCN  SpAl HATCN — NPB M2:D4 — ST1:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
Cl16 HATCN TIFA1 HATCN — CbzAl M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
C17 HATCN  SpAl HATCN — CbzAl ICL:TEGL — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
C18 HATCN  SpAl HATCN  CbzAl CbzAl M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 10nm  20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
C19 HATCN  SpAl HATCN — SpA-tb  ICL:TEG1 — ST2:LiQ LiQ
5 nm 130nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
C20 HATCN  SpAl HATCN — SpA-tb  ICL:TEG1 — ST2:LiQ LiQ
5 nm 80nm 5 nm 70nm  (90%:10%) (50%:50%) 1 nm
30 nm 40 nm
11 — SpAl  HATCN — B1 IC1:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
12 — SpAl  — — NPB Ket1:B1:TER1 Ketl Alqg, LiF
20 nm 20nm  (65%:25%:10%) 10nm  20nm 1 nm
30 nm
13 HATCN  SpNPB — — B2 M2:D3 — ST2:LiQ —
5nm 40 nm 20nm  (98.5%:1.5%) (50%:50%)
30 nm 20 nm
14 — SpAl  HATCN — BPAl  STI:B2:TEGL ST1 ST1:LiQ —
70nm 5 nm 90nm  (30%:60%:10%) 10nm  (50%:50%)
30 nm 30 nm
15 HATCN  — — — BPAl  Ketl:B2:TEGI Ketl ETM2 LiF
20 nm 20nm  (60%:30%:10%) 10nm  20nm 1 nm
30 nm
16 HATCN  SpAl — — B3 M1:D1 — ETMLLIQ —
5nm 140 nm 20mm - (95%:5%) (50%:50%)
30 nm 20 nm
17 HATCN  SpAl — — B4 M2:D2 — Alg, LiF
5nm 110 nm 20nm  (90%:10%) 20nm 1nm
30 nm
18 HATCN  SpAl — — BS M2:D2 — Alg, LiF
5nm 110 nm 20mm  (90%:10%) 20 nm 1 nm
30 nm
19 HATCN  SpAl — — B6 M2:D2 — Alg, LiF
5 nm 110 nm 20nm  (90%:10%) 20 nm 1nm
30 nm
110 HATCN  SpAl — — B7 M2:D2 — Alg, LiF
5 nm 110 nm 20mm  (90%:10%) 20nm 1nm
30 nm
111  HATCN  SpAl — — BR M1:D1 — ETML:LIQ —
5nm 140 nm 20nm  (95%:5%) (50%:50%)
30 nm 20 nm
2 — SpAl  HATCN — BR IC1:TEG1 ST1 ST1:LiQ —
70nm  5nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
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TABLE 1-continued
Structure of the OLEDs
HIL HTL L1 L2 EBL EML HBL ETL EIL
thick- thick-  thick- thick-  thick-  thick- thick-  thick- thick-
Ex. ness ness ness ness ness ness ness ness ness
13 — SpAl  HATCN — BPAl  STI:B9:TEGL ST1 ST1:LiQ —
70nm 5 nm 90nm  (30%:60%:10%) 10nm  (50%:50%)
30 nm 30nm
4 — SpAl  HATCN — BPA1  DAPI:B9:TEG1 — ST1:LiQ —
70nm  Sum 90nm  (30%:60%:10%) (50%:50%)
30 nm 30nm
115 HATCN  SpAl — — B10 M1:D1 — ETML:LIQ —
5nm 140 nm 20mm  (95%:5%) (50%:50%)
30 nm 20nm
e — SpAl  HATCN — B10 Ketl:TEG1 — ST1:LiQ —
70nm  Sum 90nmm  (90%:10%) (50%:50%)
30 nm 40 nm
117 HATCN  SpAl — — Bi1 M1:D1 — Alg3 LiF
5 nm 140 nm 20nm  (95%:5%) 20 nm 1nm
30 nm
118 HATCN  SpAl — — Bi1 M2:D2 — Alg; LiF
5 nm 110 nm 20nm  (90%:10%) 20 nm 1nm
30 nm
e — SpAl  HATCN — Bi1 IC1:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30nm
120 HATCN  SpNPB — — B12 M2:D3 — ST2:LiQ —
5nm 40 nm 20nm  (98.5%:1.5%) (50%:50%)
30 nm 20nm
nm — SpAl  HATCN — BPAl  STI:BI12:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (30%:60%:10%) 10nm  (50%:50%)
30 nm 30nm
122 HATCN  SpNPB — — B13 M2:D3 — ST2:LiQ —
5nm 40 nm 20nm  (98.5%:1.5%) (50%:50%)
30 nm 20nm
23 — SpAl  HATCN — BPAl  STI:BI3:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (30%:60%:10%) 10nm  (50%:50%)
30 nm 30nm
124 HATCN  SpAl — — B14 M1:D1 — Alg3 LiF
5 nm 140 nm 20nm  (95%:5%) 20 nm 1nm
30 nm
125 HATCN  SpAl — — B14 M2:D2 — Alg, LiF
5 nm 110 nm 20nm  (90%:10%) 20 nm 1nm
30 nm
126 HATCN  SpAl — — B15 M1:D1 — Alg3 LiF
5nm 140 nm 20nm  (95%:5%) 20nm 1nm
30 nm
127 HATCN  SpAl — — B15 M1:D1 — ETMLLIQ —
5nm 140 nm 20mm  (95%:5%) (50%:50%)
30 nm 20nm
128 HATCN  SpAl — — B16 M1:D1 — ETMLLIQ —
5nm 140 nm 20mm  (95%:5%) (50%:50%)
30 nm 20nm
129 HATCN  SpAl — — B17 M1:D1 — ETML:LIQ —
5nm 140 nm 20nm  (95%:5%) (50%:50%)
30 nm 20 nm
130  HATCN  SpAl — — B18 M1:D1 — ETMLLIQ —
5nm 140 nm 20mm - (95%:5%) (50%:50%)
30 nm 20nm
131 HATCN  SpNPB — — B18 M2:D3 — ST2:LiQ —
5nm 40 nm 20nm  (98.5%:1.5%) (50%:50%)
30 nm 20nm
32 — SpAl — — NPB Ket1:B18:TER1 Ketl Alg3 LiF
20 nm 20mm  (65%:25%:10%) 10nm  20nm 1 nm
30 nm
33 — SpAl  HATCN — B19 IC1:.TEG1 ST1 ST1:LiQ —
70nm  5nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30nm
34 — SpAl  HATCN — B20 IC1:TEG1 ST1 ST1:LiQ —
70nm  Snm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30nm
35 — SpAl  HATCN — B21 IC1:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30nm
136 HATCN  SpAl — — C M1:D1 — Alg3 LiF
5 nm 140 nm 20nm  (95%:5%) 20 nm 1nm

30 nm
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TABLE 1-continued
Structure of the OLEDs
HIL HTL L1 L2 EBL EML HBL ETL EIL
thick- thick-  thick- thick-  thick-  thick- thick-  thick- thick-
Ex. ness ness ness ness ness ness ness ness ness
137 HATCN  SpAl — — C M1:D1 — ETML:LIQ —
5nm 140 nm 20nm  (95%:5%) (50%:50%)
30 nm 20 nm
138 HATCN  SpAl — — C M2:D2 — Alg, LiF
5 nm 110 nm 20nm  (90%:10%) 20 nm 1nm
30 nm
39 — SpAl  HATCN — C IC1:TEG1 ST1 ST1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
140 HATCN  SpAl  HATCN — C M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:3%) (50%:50%) 1nm
20 nm 30 nm
141  HATCN  SpAl  HATCN — C M2:D4 — ST1:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
142 HATCN  TIFA1 HATCN — B1 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
143  HATCN TIFA1 HATCN — C M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
144 HATCN SpAl HATCN C B18 M2:D4 — ST2:LiQ LiQ
5 nm 125nm 5 nm 10nm  20nm  (95%:3%) (50%:50%) 1 nm
20 nm 30 nm
145  HATCN  SpAl HATCN C D M2:D4 — ST2:LiQ LiQ
5 nm 125nm 5 nm 10nm  20nm  (95%:3%) (50%:50%) 1 nm
20 nm 30 nm
146 HATCN  SpAl HATCN C B19 M2:D4 — ST2:LiQ LiQ
5 nm 125nm 5 nm 10nm  20nm  (95%:5%) (50%:50%) 1 nm
20 nm 30 nm
147 HATCN  SpAl HATCN — C5 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
148 HATCN  SpAl HATCN  CbzAl C6 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 10nm  20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
149  HATCN  SpAl HATCN — C6 IC1:TEG1 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
150 HATCN  SpAl HATCN — Cc7 IC1:TEG1 — ST2:LiQ LiQ
5nm 140nm 5 nm 20nm  (90%:10%) (50%:50%)  1nm
30 nm 40 nm
151  HATCN  SpAl  HATCN — B22 IC1.TEGL — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
152 HATCN  TIFA1 HATCN — C1 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
153  HATCN  SpAl HATCN — B23 IC1.TEG1 — ST2:LiQ LiQ
5nm 140nm 5 nm 20nm  (90%:10%) (50%:50%)  1nm
30 nm 40 nm
54 — SpAl  HATCN — B24 IC1.TEG1 ST1 ST1:LIQ —
70nm  5nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
155 HATCN  SpAl  HATCN — B24 M2:D4 — ST2:LiQ LiQ
5nm 140nm 35 nm 20mm  (95%:5%) (50%:50%)  1nm
20 nm 30nm
156 HATCN  SpAl HATCN — B25 M2:D4 — ST2:LiQ LiQ
5nm 140nm 5 nm 20mm  (95%:5%) (50%:50%) 1lnm
20 nm 30nm
57 — SpAl  HATCN — Cc2 IC1:.TEG1 ST1 ST1:LiQ —
70nm  5nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
58 — SpAl  HATCN — c4 IC1:TEG1 ST1 ST1:LiQ —
70nm  Snm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30nm
159  HATCN  SpAl  HATCN  CbzAl B26 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 10nm  20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
160  HATCN  SpAl  HATCN  CbzAl B27 M2:D4 — ST2:LiQ LiQ
5 nm 140nm 5 nm 10nm  20nm  (95%:5%) (50%:50%) 1nm
20 nm 30 nm
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TABLE 1-continued
Structure of the OLEDs
HIL HTL L1 L2 EBL EML HBL ETL EIL
thick- thick-  thick- thick-  thick-  thick- thick-  thick- thick-
Ex. ness ness ness ness ness ness ness ness ness
161 HATCN SpAl HATCN — C IC1:TEG1 — ST2:LiQ LiQ
5 nm 130nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
162 HATCN  SpAl HATCN — C IC1:TEG1 — ST2:LiQ LiQ
5 nm 80nm 5 nm 70nm  (90%:10%) (50%:50%) 1 nm
30 nm 40 nm
163 HATCN  SpAl HATCN — (&3] IC1:TEG1 — ST2:LiQ LiQ
5 nm 130nm 5 nm 20nm  (90%:10%) (50%:50%) 1nm
30 nm 40 nm
164 HATCN SpAl HATCN — (&3] IC1:TEG1 — ST2:LiQ LiQ
5 nm 80nm 5 nm 70nm  (90%:10%) (50%:50%) 1 nm
30 nm 40 nm
165 HATCN SpAl HATCN — B16 IC1:TEG1 — ST2:LiQ LiQ
5nm 130nm 5 nm 20nm  (90%:10%) (50%:50%)  1nm
30 nm 40 nm
166 HATCN SpAl HATCN — B16 IC1:TEG1 — ST2:LiQ LiQ
5 nm 80nm 5 nm 70nm  (90%:10%) (50%:50%) 1 nm
30 nm 40 nm
167 HATCN SpAl HATCN — BI18 M2:D4 — ST2:LiQ LiQ
5nm 140nm 35 nm 20mm  (95%:5%) (50%:50%) 1nm
20 nm 30nm
68 — B6 HATCN  — BPAl  ICL:TEGL ST1 STI1:LiQ —
70nm 5 nm 90nm  (90%:10%) 10nm  (50%:50%)
30 nm 30 nm
TABLE 2
Data for the OLEDs
U1000 CE1000 PE1000 EQE CIE x/y at L0 L1 Lifetime
Ex. W) (cd/A)  (Im/W) 1000  1000cd/m? (cd/m?) % {h)
Cl 6.4 5.1 25 42%  0.14/0.15 6000 50 150
C2 4.7 8.1 54 6.3%  0.14/0.16 6000 50 145
Cc3 5.0 17 11 5.0%  0.280.61 25000 50 480
C4 43 9.8 7.1 7.6% 0.141/0.160 6000 50 210
Cs 39 41 33 11.0%  0.36/0.61 4000 80 315
C6 43 7.7 56  10.8%  0.68/0.32 4000 80 360
C7 44 48 34 13.3%  0.37/0.60 4000 80 450
C8 4.2 43 32 12.0%  0.35/0.60 4000 80 195
C9 4.0 46 36 12.8%  0.36/0.61 4000 80 370
C10 39 42 34 11.6%  0.35/0.60 4000 80 175
Cl1 4.1 44 34 12.3%  0.36/0.61 4000 80 280
C12 4.6 47 32 13.2%  0.36/0.60 4000 80 490
C13 3.5 53 48 14.8%  0.36/0.60 4000 80 430
Cl4 4.2 7.0 95 7.4%  0.14/0.16 6000 50 250
C15 4.2 8.2 6.3 6.5%  0.14/0.16 6000 50 315
C16 44 7.6 54 5.4%  0.14/0.18 6000 65 240
C17 3.5 59 33 16.4%  0.37/0.60 10000 70 235
C18 43 8.4 6.1 6.5%  0.14/0.16 6000 50 320
C19 3.5 59 33 16.3%  0.37/0.60 10000 65 310
C20 4.1 57 43 15.9%  0.37/0.60 10000 65 210
11 3.7 59 50 16.4%  0.36/0.60 4000 80 490
2 4.2 9.0 67 12.8%  0.68/0.32 4000 80 460
3 44 104 74 81%  0.14/0.16 6000 50 260
4 4.0 51 40 142%  0.37/0.61 4000 80 620
5 3.7 50 43 14.0%  0.37/0.61 4000 80 350
16 4.6 9.1 6.3 7.1%  0.14/0.16 6000 50 130
7 5.1 19 12 5.4%  0.28/0.61 25000 50 460
18 5.1 18 11 5.2%  0.28/0.61 25000 50 320
9 4.3 20 13 5.8%  0.28/0.61 25000 50 330
110 5.0 18 11 5.3%  0.28/0.61 25000 50 430
111 4.7 8.7 58 6.8%  0.14/0.15 6000 50 160
112 3.4 58 34 16.1%  0.36/0.60 4000 80 420
113 4.1 50 38 13.9%  0.37/0.61 4000 80 470
114 3.9 52 41 14.4%  0.37/0.61 4000 80 460
115 4.3 9.2 6.1 7.2%  0.14/0.15 6000 50 230
116 4.0 46 36 12.8%  0.37/0.60 4000 80 470
117 6.1 6.7 34 5.5%  0.14/0.15 6000 50 230
118 5.2 20 12 5.7%  0.280.61 25000 50 620
119 3.5 56 50 15.6%  0.36/0.60 4000 80 350
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TABLE 2-continued
Data for the OLEDs
U1000 CE1000 PE1000  EQE CIE x/y at Lo L1 Lifetime
Ex. V) (d/A) (Im/W) 1000 1000edim? (edm®) %  (h)
120 45 11 7.6 8.4% 0.14/0.16 6000 50 290
121 3.8 47 40 13.1% 0.36/0.62 4000 80 440
122 45 11 73 8.2% 0.14/0.16 6000 50 270
123 3.7 49 41 13.6% 0.36/0.62 4000 80 470
124 6.2 6.2 31 5.1% 0.14/0.15 6000 50 175
125 5.0 19 12 5.7% 0.28/0.61 25000 50 510
126 6.3 6.4 32 5.3% 0.14/0.15 6000 50 190
127 4.8 9.5 6.2 7.4% 0.14/0.15 6000 50 175
128 45 8.7 6.1 6.8% 0.14/0.15 6000 50 180
129 4.6 79 54 6.2% 0.14/0.16 6000 50 165
130 48 9.5 63 7.4% 0.14/0.16 6000 50 245
151 4.4 11 7.5 8.2%  0.14/0.160 6000 50 280
132 44 8.2 59 11.6% 0.68/0.32 4000 80 420
133 3.6 57 50 15.9% 0.36/0.60 4000 80 410
134 3.8 58 49 16.1% 0.36/0.60 4000 80 380
1535 34 59 54 16.4% 0.37/0.60 4000 80 360
136 6.2 6.6 33 5.4% 0.14/0.15 6000 50 215
137 47 9.5 63 7.4% 0.14/0.16 6000 50 240
138 5.2 19 12 5.7% 0.28/0.61 25000 50 610
139 3.6 57 50 15.8% 0.36/0.60 4000 80 530
140 42 10 74 7.7% 0.14/0.16 6000 50 390
141 39 10.3 83 8.3% 0.14/0.16 6000 50 360
142 45 8.3 57 5.9% 0.14/0.18 6000 65 280
143 4.3 9.0 6.6 6.4% 0.14/0.18 6000 65 295
144 43 9.0 63 7.3% 0.14/0.15 6000 65 185
145 4.5 9.5 6.7 7.5% 0.14/0.16 6000 65 190
146 4.7 10.5 69 8.5% 0.14/0.16 6000 65 165
147 42 9.7 72 7.5% 0.14/0.16 6000 50 395
148 43 10.1 77 8.4% 0.14/0.16 6000 50 300
149 33 62 58 17.1% 0.37/0.60 10000 70 230
150 34 61 57 17.3% 0.37/0.60 10000 70 240
151 35 64 58 17.7% 0.37/0.60 10000 70 225
152 42 9.9 74 7.8% 0.14/0.16 6000 50 340
153 3.6 60 53 16.5% 0.37/0.60 10000 70 215
154 35 56 49 15.4% 0.36/0.60 4000 80 495
155 43 8.7 65 6.8% 0.14/0.16 6000 50 350
156 42 9.5 70 7.3% 0.14/0.16 6000 50 355
157 35 56 50 15.4% 0.36/0.60 4000 80 460
158 3.6 59 52 16.3% 0.36/0.60 4000 80 490
159 42 9.9 74 7.7% 0.14/0.60 6000 50 240
160 42 9.5 7.1 7.4% 0.14/0.60 6000 50 290
161 34 61 56 16.8% 0.37/0.60 10000 65 380
162 3.5 60 54 16.5% 0.37/0.60 10000 65 370
163 35 61 55 16.9% 0.37/0.60 10000 65 305
164 3.7 59 50 16.3% 0.37/0.60 10000 65 270
165 34 56 51 15.4% 0.37/0.60 10000 65 340
166 3.6 55 47 15.3% 0.37/0.60 10000 65 345
167 42 8.8 6.6 7.1% 0.14/0.16 6000 50 315
168 34 55 50 15.1% 0.36/0.60 4000 80 465
Soll 48 8.4 55 6.9% 0.14/0.15 6000 50 155
Sol2 4.7 6.8 4.6 5.5% 0.14/0.15 6000 50 260
Sol3 4.7 6.4 43 5.4% 0.14/0.14 6000 65 190
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TABLE 3
Structural formulae of the materials for the OLEDs
N N HATCN
\ 7
N o N
\ 7/
N=— —N
N= =N
\ /N /
/ \
O NPB (prior art)
oo N'
BPAI1 (prior art)
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Structural formulae of the materials for the OLEDs
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Structural formulae of the materials for the OLEDs
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Structural formulae of the materials for the OLEDs
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Structural formulae of the materials for the OLEDs
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Structural formulae of the materials for the OLEDs
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Structural formulae of the materials for the OLEDs

Q CbzAl (prior art)

SpA-tb {prior art)

The invention claimed is: Ar' and Ar? are, identically or differently on each occur-
1. A compound of the formula (1), 45 rence, selected from the groups of the formulae (5) to
(28),

formula (1) formula (5)

R! R!

50
— Rl

R! R!

33 formula (6)

where the following applies to the symbols and indices
used:

Ar is, identically or differently on each occurrence, an
aromatic ring system selected from the group consisting
of benzene, naphthalene, phenanthrene, fluorene, spiro-
bifluorene, dibenzofuran and dibenzothiophene, each of 65
which is optionally substituted by one or more radicals
RY
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formula (7)
R R!
5
P R!
Rl
R]
R! R! 10
R! R!
formula (8)
R! R R R! 15
N ﬁ '
R! R' R R! 20
formula (9)
R! R R R!
N . Rl B
R! R!
R! R!
formula (10) 30
35
formula (11
ah 40
45
50
formula (12) 3
R! R!
R Rl
RI R! R! 60
Rl
Rl Rl
65
R! R!' R! R!
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formula (13)

R! R!
formula (14)
R! R!
o O Rl
R! R!
formula (15)
R! R!
Rl
Rl
Rl
R! R!
formula (16)
R! R! R! R!
o O Rl
R! R!
formula (17)
R! R! R! R!
Rl
Rl
R! R! R!



US 9,312,495 B2

211
-continued
formula (18)
R! R!
formula (19)
R! R!
Rl
O‘ R!
Rl
R! R!
formula (20)
R! R!
formula (21)

formula (22)
. R!

R! R!

formula (23)

formula (24)
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formula (25)

R! R!

formula (26)

formula (27)

formula (28)

where the dashed bond indicates the position of the bond to

the nitrogen;

R is on each occurrence, identically or differently, and are
H, D, F, Cl, By, I, CN, Si(R?),, a straight-chain alkyl,
alkoxy or thioalkyl group having 1 to 40 C atoms or a
branched or cyclic alkyl, alkoxy or thioalkyl group hav-
ing 3 to 40 C atoms, each of which is optionally substi-
tuted by one or more radicals R, where in each case one
or more non-adjacent CH, groups is optionally replaced
by Si(R%),, C=NR?, P(=0)(R?), 80, S0,,NR? O, S or
CONR? and where one or more H atoms is optionally
replaced by D, F, Cl, Br or I, an aromatic or heteroaro-
matic ring system having 6 to 60 C atoms selected from
the group consisting of benzene, naphthalene, phenan-
threne, fluorene, spirobifluorene, dibenzofuran and
dibenzothiophene, which may in each case be substi-
tuted by one or more radicals R?, or a combination of
two, three, four or five of these groups, which may in
each case be identical or different, an aryloxy group
having 5 to 60 aromatic ring atoms, which is optionally
substituted by one or more radicals R?, or an aralkyl
group having 5 to 60 aromatic ring atoms, which may in
each case be substituted by one or more radicals R?,
where two or more adjacent substituents R or two or
more adjacent substituents R' may optionally form a
mono- or polycyclic, aliphatic ring system, which is
optionally substituted by one or more radicals R?;

R' are on each occurrence, identically or differently, and
are H, D, F, CN, a straight-chain alkyl having 1 to 40 C
atoms or a branched or cyclic alkyl group having 3 to 40
C atoms, or an aromatic or heteroaromatic ring system
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having 6 to 60 C atoms selected from the group consist-
ing of benzene, naphthalene, phenanthrene, dibenzofu-
ran and dibenzothiophene, or a combination of two,
three, four or five of these groups, which may in each
case be identical or different;

R? is on each occurrence, identically or differently, is H, D,
F, Cl, Br, I, Si(R®),, a straight-chain alkyl, alkoxy or
thioalkyl group having 1 to 40 C atomnis or a branched or
cyclic alkyl, alkoxy or thioalkyl group having 3 to 40 C
atoms, each of which is optionally substituted by one or
more radicals R?, where one or more non-adjacent CH,
groups is optionally replaced by Si(R%),, C=NR?,
P(=O0)(R?), SO, SO,, NR?, O, S or CONR? and where
one or more H atoms is optionally replaced by D, F, Cl,
BrorI, an aromatic ring system having 6 to 60 C atoms
selected from the group consisting of benzene, naphtha-
lene, phenanthrene, fluorene, spirobifluorene or a com-
bination of two, three, four or five of these groups, which
may in each case be identical or different, which may in
each case be substituted by one or more radicals R?, an
aryloxy group having 5 to 60 aromatic ring atoms, which
is optionally substituted by one or more radicals R?, or
an aralkyl group having 5 to 60 aromatic ring atoms,
which is optionally substituted by one or more radicals
R?, where two or more adjacent substituents R may
optionally form a mono- or polycyclic, aliphatic ring
system, which is optionally substituted by one or more
radicals R?;

R? is selected from the group consisting of H, D, F, an
aliphatic hydrocarbon radical having 1 to 20 C atoms, an
aromatic ring system having 6 to 30 C atoms, in which
one or more H atoms is optionally replaced by D or F,
where two or more adjacent substituents R> may form a
mono- or polycyclic, aliphatic ring system with one
another;

mis 0,1, 2or3;

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

pis0,1o0r2;

the following compounds are excluded from the invention:
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Wests
0
O -

Datetis

O
D

2. The compound according to claim 1 of the formula (2),

formula (3a), (3b), (4a) or formula (4b),

formula (2)

O

=
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-continued -continued
formula (3a)

O‘O b s
(i
@

formula (8a)

formula (9a)

]

formula (10a)

\ 15

) ’
-0
10
formula (3b)

8

formula (4a) 20

2 0.0 2 2

formula (11a)

formula (4b)

. O‘O e 30
a% .

formula (12a)

where the symbols and indices used have the meanings

given in claim 1. 40

3. The compound according to claim 1, wherein the groups
formula (132)

Ar' and Ar® are selected, identically or differently on each
occurrence, from the groups of the formulae (5a) to (28a),
45
formula (5a)
@ 50
formula (62)

55

formula (14a)

4

o

formula (7a)

60

formula (15a)
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formula (16a) formula (26a)
R R
Q O 5
formula (17a)
Q Q 10 formula (27a)
formula (18a)
15
OQ formula (282)
formula (19a)
o Q 25
where the symbols used have the meanings given in claim
1, and the dashed bond indicates the position of the bond
from the group to the nitrogen.
30

4. The compound according to claim 1, wherein Ar’ is a
group of the formula (6), (7), (8), (9) or (21).

5. The compound according to claim 3, wherein Ar' is a
group of the formula (6a), (7a), (8a), (9a) or (21a).

6. The compound according to claim 1, wherein the groups
formula 212y Ar' and Ar? are different from one another.

formula (20a)

]
'
%)
o

(e
~

7. A compound of the formula (1),

40
formula (1)

“o
>

formula (22a)
45

formula (232)
50

formula 24a) 55 where the following applies to the symbols and indices
used:

o

O

0

Ar is, identically or differently on each occurrence, an
aromatic ring system selected from the group consisting
of benzene, naphthalene, phenanthrene, fluorene, spiro-
bifluorene, dibenzofuran and dibenzothiophene, each of
which is optionally substituted by one or more radicals
R

the group —NAr'Ar? has the structure of one of the for-

65 mulae (29), (30), (31) or (32) or in that the group —Ar—

NAr'Ar” has the structure of one of the formulae (33),
(34), (35) or (36),

60
formula (252)
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formula (29)
R! R!
formula (30)
R! R!
RIAQ;IU
----N [0)
RIAQ;IU
R! R!
formula (31)
R! R!

>

2z
w2

R!

&

R! R!

formula (32)
R! R!

-

2z
Z
|

~

-

R! R!

and the dashed bond indicates the bond to the spirobiftuo-
rene or to Ar;
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formula (33)

Rl Rl
formula (34)
R! ”
R! R!
AP—N 0
R! AQ— R!
R! R!
formula (35)
R! B
R! Q R!
Ar—N g
R! AQ— R!
R! R!
formula (36)
R! ”
R! R!
Arr—N N—R!

R R!

e

R! R!

and the dashed bond indicates the bond to the spirobifluo-
rene;

where

R is on each occurrence, identically or differently, and are
H, D, F, Cl, By, I, CN, Si(R?),, a straight-chain alkyl,
alkoxy or thioalkyl group having 1 to 40 C atoms or a



US 9,312,495 B2

221

branched or cyclic alkyl, alkoxy or thioalkyl group hav-
ing 3 to 40 C atoms, each of which is optionally substi-
tuted by one or more radicals R, where in each case one
or more non-adjacent CH, groups is optionally replaced
by Si(R?),, C=NR? P(=0)(R?), SO, SO,,NR? O, S or
CONR? and where one or more H atoms is optionally
replaced by D, F, Cl, Br or 1, an aromatic or heteroaro-
matic ring system having 6 to 60 C atoms selected from
the group consisting of benzene, naphthalene, phenan-
threne, fluorene, spirobifluorene, dibenzofuran and
dibenzothiophene, which may in each case be substi-
tuted by one or more radicals R?, or a combination of
two, three, four or five of these groups, which may in
each case be identical or different, an aryloxy group
having 5 to 60 aromatic ring atoms, which is optionally
substituted by one or more radicals R?, or an aralkyl
group having 5 to 60 aromatic ring atoms, which may in
each case be substituted by one or more radicals R?,
where two or more adjacent substituents R or two or
more adjacent substituents R' may optionally form a
mono- or polyeyclic, aliphatic ring system, which is
optionally substituted by one or more radicals R?;

R! are on each occurrence, identically or differently, and
are H, D, F, CN, a straight-chain alkyl having 1 to 40 C
atoms or a branched or cyclic alkyl group having 3 to 40
C atoms, or an aromatic or heteroaromatic ring system
having 6 to 60 C atoms selected from the group consist-
ing of benzene, naphthalene, phenanthrene, dibenzofu-
ran and dibenzothiophene, or a combination of two,
three, four or five of these groups, which may in each
case be identical or different;

R? is on each occurrence, identically or differently, is H, D,
F, Cl, Br, I, Si(R%),, a straight-chain alkyl, alkoxy or
thioalkyl group having 1 to 40 C atoms or a branched or
cyclic alkyl, alkoxy or thioalkyl group having 3 to 40 C
atoms, each of which is optionally substituted by one or
more radicals R?, where one or more non-adjacent CH,
groups is optionally replaced by Si(R*),, C=NR’,
P(=0)(R?), SO, 8O,, NR?, O, S or CONR? and where
one or more H atoms is optionally replaced by D, F, Cl,
BrorI, an aromatic ring system having 6 to 60 C atoms
selected from the group consisting of benzene, naphtha-
lene, phenanthrene, fluorene, spirobifluorene or a com-
bination of two, three, four or five of these groups, which
may in each case be identical or different, which may in
each case be substituted by one or more radicals R?, an
aryloxy group having 5 to 60 aromatic ring atoms, which
is optionally substituted by one or more radicals R?, or
an aralkyl group having 5 to 60 aromatic ring atoms,
which is optionally substituted by one or more radicals
R?, where two or more adjacent substituents R* may
optionally form a mono- or polycyclic, aliphatic ring
system, which is optionally substituted by one or more
radicals R?;

R? is selected from the group consisting of H, D, F, an
aliphatic hydrocarbon radical having 1 to 20 C atoms, an
aromatic ring system having 6 to 30 C atoms, in which
one or more H atoms is optionally replaced by D or F,
where two or more adjacent substituents R* may form a
mono- or polycyclic, aliphatic ring system with one
another;
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mis0,1,2or3;

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

pis0,1or2;and

the following compounds are excluded from the invention:

L
0
L
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O
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8. The compound according to claim 1, wherein the group
—(Ar),— stands for a group of one of the formulae (37) to

(50),

1

R! R
R! R

1

Rl

Rl

R! R!
R!

R! R!

l" Rl

R R!

— R!

R!

formula (37)

formula (38)

formula (39)

formula (40)

—
o

25
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R! R! R!
R! R' R!
R! RA R!
R]
R! R!

R! R!

R! R! R!

R!

Rl

formula (41)

formula (42)

formula (43)

formula (44)

formula (45)

formula (46)

formula (47)
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formula (48)

R! KA R!
formula (49)
formula (50)

where the symbols used have the meanings given in claim
1, and one dashed bond indicates the bond to the spiro-
bifluorene and the other dashed bond indicates the bond
to the nitrogen atom.

9. A process for the preparation of the compound according
to claim 1 which comprises coupling a spirobifluorene deriva-
tive which is substituted in the 2-position by a reactive leaving
group to

a) a primary amine, followed by coupling to a further

aromatic group which is substituted by areactive leaving
group, or

b) to a secondary amine, or

¢) to a triarylamine derivative.

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

11. A solution, dispersion or mini-emulsion comprising at
least one compound according to claim 1 and at least one
organic solvent.

12. A mixture comprising at least one compound according
to claim 1 and at least one further compound.

13. An electronic device comprising the compound accord-
ing to claim 1.
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14. An electronic device comprising the formulation
according to claim 10.
15. The electronic device according to claim 13, wherein
the electronic device is an organic electroluminescent device
(organic light-emitting diode, OLED), an organic integrated
circuit (O-IC), an organic field-effect transistor (O-FET), an
organic thin-film transistor (O-TFT), an organic light-emit-
ting transistor (O-LET), an organic solar cell (O-SC), an
organic dye-sensitised solar cell (ODSSC), an organic optical
detector, an organic photoreceptor, na organic field-quench
device (O-FQD), alight-emitting electrochemical cell (LEC),
an organic laser diode (O-laser) or an organic plasmon emit-
ting device.
16. The electronic device according to claim 14, wherein
the electronic device is an organic electroluminescent device
(organic light-emitting diode, OLED), an organic integrated
circuit (O-IC), an organic field-effect transistor (O-FET), an
organic thin-film transistor (O-TFT), an organic light-emit-
ting transistor (O-LET), an organic solar cell (O-SC), an
organic dye-sensitised solar cell (ODSSC), an organic optical
detector, an organic photoreceptor, na organic field-quench
device (O-FQD), alight-emitting electrochemical cell (LEC),
an organic laser diode (O-laser) or an organic plasmon emit-
ting device.
17. An organic electroluminescent device comprising the
compound according to claim 1 is employed as hole-transport
material in a hole-transport or hole-injection or exciton-
blocking layer or as matrix material for fluorescent or phos-
phorescent emitters.
18. An organic electroluminescent device comprising the
mixture according to claim 12 is employed as hole-transport
material in a hole-transport or hole-injection or exciton-
blocking layer or as matrix material for fluorescent or phos-
phorescent emitters.
19. The compound according to claim 1, wherein
R? is selected from the group consisting of H, D, F, an
aliphatic hydrocarbon radical having 1 to 20 C atoms, an
aromatic ring system having 6 to 30 C atoms, in which
one or more H atoms is optionally replaced by D or F.

20. The compound according to claim 1, wherein

R! is identically, or differently, on each occurrence selected
from the group consisting of H or D, a straight-chain
alkyl having 1 to 10 C atoms, and a branched or cyclic
alkyl group having 3 to 10 C atoms.

21. The compound according to claim 7, wherein

R* is identically, or differently, on each occurrence selected

from the group consisting of H or D, a straight-chain
alkyl having 1 to 10 C atoms, and a branched or cyclic
alkyl group having 3 to 10 C atoms.

* #* * #* #®
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